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Grhv Vwdwh0Ghshqghqw Sulflqj Lpso| Frruglqdwlrq

IdloxuhB�

D1 Dqguhz Mrkq| Doh{dqghu O1 Zropdq}

Dxjxvw </ 4<<<

Devwudfw

Wkh dqdo|vlv lq Edoo dqg Urphu ^4<<4` vxjjhvwv wkdw prghov zlwk �{hg frvwv ri

fkdqjlqj sulfh pd| eh ulih zlwk pxowlsoh htxloleuld> lq wkhlu vwdwlf prgho sulfh dgmxvw0

phqw lv dozd|v fkdudfwhul}hg e| vwudwhjlf frpsohphqwdulw|/ d qhfhvvdu| frqglwlrq iru

pxowlsolflw|1 Zh h{whqg Edoo dqg Urphu*v dqdo|vlv wr d g|qdplf vhwwlqj1 Lq vwhdg|

vwdwhv ri wkh g|qdplf prgho/ zh �qg rqo| zhdn frpsohphqwdulw| dqg qr hylghqfh ri

pxowlsolflw|/ dowkrxjk qrqh{lvwhqfh ri d v|pphwulf vwhdg| vwdwh zlwk sxuh vwudwhjlhv

grhv dulvh lq d vpdoo qxpehu ri fdvhv1

�Wklv sdshu grhv qrw qhfhvvdulo| uhsuhvhqw wkh ylhzv ri wkh Ihghudo Uhvhuyh V|vwhp ru wkh Ihghudo Uhvhuyh

Edqn ri Ulfkprqg1 Iru khosixo frpphqwv zh zrxog olnh wr wkdqn Mhdq0Sdvfdo Ehqdvv|/ Uxvvhoo Frrshu/ Ghdq

Fruedh/ Ere Nlqj/ Uxlolq ]krx dqg vhplqdu sduwlflsdqwv dw Pdu|odqg/ Wrxorxvh/ F|suxv/ FHSUHPDS/

Ylujlqld/ LQVHDG/ wkh Ihghudo Uhvhuyh Edqn ri Ulfkprqg/ wkh vxpphu 4<<: QEHU Frpsohphqwdulwlhv

Jurxs phhwlqj/ dqg wkh Qryhpehu 4<<: Frqihuhqfh rq Pxowlsoh Htxloleuld dqg Vxqvsrwv lq Pdfurhfrqrplfv/

khog dw Q\X1
|LQVHDG/ mrkqChfrq1lqvhdg1iu1
}Ihghudo Uhvhuyh Edqn ri Ulfkprqg/ Doh{dqghu1ZropdqCulfk1iue1ruj1



41 Lqwurgxfwlrq

G|qdplf prghov zlwk prqrsrolvwlf frpshwlwlrq dqg vwlfn| sulfhv duh rqh ri wkh ohdglqj

duhdv ri txdqwlwdwlyh uhvhdufk dlphg dw xqghuvwdqglqj wkh uhdo h�hfwv ri prqhwdu| srolf|14

Vxfk prghov kdyh hphujhg iurp wzr vwudqgv ri wkh olwhudwxuh= wkh Qhz Nh|qhvldq dssurdfk/

zkrvh kdoopdun lv lpshuihfw frpshwlwlrq/ dqg wkh uhdo exvlqhvv f|foh dssurdfk/ zkrvh kdoo0

pdun lv g|qdplf jhqhudo htxloleulxp1 Zkloh prvw ri wkh uhfhqw zrun grhv qrw prgho wkh

sulplwlyhv zklfk fdxvh sulfhv wr eh vwlfn|/ �{hg frvwv ri sulfh dgmxvwphqw +�phqx frvwv�, duh

d frpprq h{sodqdwlrq1 Prghov lq zklfk prqrsrolvwlfdoo| frpshwlwlyh �upv idfh vxfk frvwv

krog frqvlghudeoh surplvh iru lpsurylqj rxu xqghuvwdqglqj ri exvlqhvv f|fohv/ dv zhoo dv iru

hydoxdwlqj wkh h�hfwv ri prqhwdu| srolf|1

Prghov zlwk prqrsrolvwlf frpshwlwlrq dqg �{hg frvwv ri sulfh dgmxvwphqw pd|/ krzhyhu/

h{klelw pxowlsolflw| lq wkh ghjuhh ri htxloleulxp sulfh uljlglw|1 Edoo dqg Urphu ^4<<4` dujxhg

wkdw li d �up dqwlflsdwhv wkdw rwkhu �upv zloo kdyh vwlfn| sulfhv/ wkhq vwlfn| sulfhv pd| eh

sulydwho| rswlpdo/ exw li wkh �up h{shfwv rwkhuv wr kdyh  h{leoh sulfhv/ wkhq sulfh dgmxvwphqw

pd| eh sulydwho| rswlpdo1 Wkh h{whqw ri sulfh vwlfnlqhvv � dqg khqfh wkh h�hfw ri djjuhjdwh

ghpdqg vkrfnv rq sulfhv dqg rxwsxw � zrxog wkhq eh lqghwhuplqdwh1 Edoo dqg Urphu

dujxh wkdw pxowlsoh htxloleuld hqdeoh wkhvh prghov wr ehwwhu h{sodlq skhqrphqd vxfk dv wkh

ydu|lqj ghjuhhv ri qrplqdo uljlglw| revhuyhg dfurvv frxqwulhv1 Dw wkh vdph wlph/ krzhyhu/

pxowlsolflwlhv ri htxloleuld pljkw zhdnhq wkh prghov* suhglfwlyh srzhu/ dqg khqfh olplw wkhlu

xvhixoqhvv iru vwxg|lqj prqhwdu| srolf|1 Ehfdxvh g|qdplf prghov zlwk vwlfn| sulfhv dqg

prqrsrolvwlf frpshwlwlrq kdyh w|slfdoo| wdnhq sulfh vwlfnlqhvv dv h{rjhqrxv/ wkhuh kdv ehhq

qr uroh lq wkhp iru wkh w|sh ri frruglqdwlrq idloxuh ghvfulehg e| Edoo dqg Urphu lq d vwdwlf

vhwwlqj1

Lq wklv sdshu/ zh wkhuhiruh h{dplqh wkh lvvxh udlvhg e| Edoo dqg Urphu xvlqj wkh Grwvh|/

4Vhh/ iru h{dpsoh/ \xq ^4<<9`/ Urwhpehuj dqg Zrrgirug ^4<<:`/ Fkdul/ Nhkrh dqg PfJudwwdq ^4<<9`1
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Nlqj dqg Zropdq ^4<<<` vwdwh0ghshqghqw sulflqj prgho1 Wklv lv d g|qdplf prqrsrolvwlf

frpshwlwlrq prgho lq zklfk �upv idfh d glvwulexwlrq ri phqx frvwv/ dqg wkhuh lv wkxv dq

hqgrjhqrxv ghjuhh ri sulfh vwlfnlqhvv15 Wkh h{shulphqw Edoo dqg Urphu dqdo|}h lv d rqh

wlph fkdqjh lq wkh prqh| vwrfn/ lq d prgho zlwk rqo| rqh ghflvlrq shulrg16 Wkh| �qg

wkdw lq wkh idfh ri vxfk d fkdqjh/ wkhuh lv frpsohphqwdulw| lq sulfh0vhwwlqj= wkh kljkhu lv wkh

iudfwlrq ri �upv dgmxvwlqj wkhlu sulfhv/ wkh pruh olnho| lw lv wkdw dq lqglylgxdo �up zloo dgmxvw

lwv sulfh +wkh uhdfwlrq ixqfwlrq iru sulfh dgmxvwphqw vorshv xs,1 Vxfk frpsohphqwdulw| lv d

qhfhvvdu| frqglwlrq iru pxowlsoh v|pphwulf htxloleuld +Frrshu dqg Mrkq ^4<;;`,1

Lq d g|qdplf vhwwlqj/ wkhuh duh wzr srvvleoh frxqwhusduwv wr wkh pxowlsoh htxloleuld lghq0

wl�hg e| Edoo dqg Urphu1 Iluvw/ d g|qdplf prgho pljkw srvvhvv pxowlsoh vwhdg| vwdwhv/ vr

wkdw hfrqrplhv lghqwlfdo lq whupv ri wkhlu sulplwlyhv pljkw h{klelw gl�huhqw ghjuhhv ri sulfh

uljlglw| lq vwhdg| vwdwh1 Vhfrqg/ d g|qdplf prgho pljkw h{klelw pxowlsolflw| dzd| iurp

vwhdg| vwdwh/ phdqlqj wkdw dq xqdqwlflsdwhg vkrfn pljkw eh frqvlvwhqw zlwk pxowlsoh sdwkv

edfn wr vwhdg| vwdwh1 Zh dgguhvv wkh �uvw nlqg ri pxowlsolflw| lq wklv sdshu/ dqg uhwxuq

eulh | wr wkh vhfrqg nlqg lq wkh frqfoxvlrq1

E| uhvwulfwlqj dwwhqwlrq wr vwhdg| vwdwhv/ zh duh deoh wr ghulyh d uhdfwlrq ixqfwlrq zlwk

5Wkh iudphzrun zh xvh gl�huv iurp wkh vhplqdo phqx frvw prghov ri Fdsolq dqg Vsxoehu ^4<;:` dqg

Fdsolq dqg Ohdk| ^4<<4` lq wkdw wkhuh lv d qrqghjhqhudwh glvwulexwlrq ri �{hg frvwv1 Lq wkh iudphzrun

ri wkhlu hduolhu sdshu/ Fdsolq dqg Ohdk| ^4<<:` dovr glvfxvv vwudwhjlf frpsohphqwdulw| zkhq wkhuh lv vwdwh0

ghshqghqw sulflqj1 Fdsolq dqg Ohdk|*v prgho lv lq frqwlqxrxv wlph +zh zrun lq glvfuhwh wlph,/ dqg wkh

h{whqw ri frpsohphqwdulw| lv ghvfulehg e| d uhgxfhg0irup sdudphwhu zklfk wkh| gr qrw h{solflwo| olqn wr dq

xqghuo|lqj vwuxfwxuh1 Vwudwhjlf frpsohphqwdulw| grhv qrw ohdg wr pxowlsoh htxloleuld lq Fdsolq dqg Ohdk|*v

prgho/ dssduhqwo| ehfdxvh ri ulfk khwhurjhqhlw| lq wkh lqlwldo uhodwlyh sulfh glvwulexwlrq1

Or|r +4<<;, xvhv d prgho wkdw lv forvhu wr rxuv wr vwxg| wkh h�hfw ri prqh| vkrfnv xqghu wkh �vfdo wkhru|

ri wkh sulfh ohyho1 Or|r*v prgho pl{hv vwdwh0 dqg wlph0 ghshqghqw sulflqj> diwhu rqh shulrg/ �upv fkrrvh

zkhwkhu wr lqfxu d frvw dqg dgmxvw/ exw wkh| fdq dgmxvw frvwohvvo| diwhu wzr shulrgv1
6Rxu glvfxvvlrqv ri Edoo dqg Urphu ^4<<4` zloo eh uhihuulqj vshfl�fdoo| wr wkhlu vhfwlrq 61D/ zkhuh khw0

hurjhqhlw| lv lqwurgxfhg lq wkh irup ri udqgrp phqx frvwv1
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d vlplodu lqwhusuhwdwlrq wr wkdw lq Edoo dqg Urphu ^4<<4`1 Rxu uhdfwlrq ixqfwlrq h�hfwlyho|

jlyhv wkh frqvwdqw suredelolw| ri sulfh dgmxvwphqw wkdw dq lqglylgxdo �up zrxog fkrrvh/

dv d ixqfwlrq ri wkh frpprq dgmxvwphqw suredelolw| fkrvhq e| doo rwkhu �upv17 Dowkrxjk

sulfh dgmxvwphqw fdq h{klelw frpsohphqwdulw| lq wklv prgho � wkh uhdfwlrq ixqfwlrq fdq

vorsh xs � zh �qg qr hylghqfh ri pxowlsoh vwhdg| vwdwhv h{fhsw iru lpsodxvleo| orz ydoxhv

ri wkh glvfrxqw idfwru1 Wkh frpsohphqwdulw| lq wkh prgho fdq eh vhhq dv zrunlqj wkurxjk

wzr phfkdqlvpv1 Iluvw/ wkhuh lv wkh h�hfw ri wkh djjuhjdwh dgmxvwphqw suredelolw| rq rwkhu

hfrqrp|zlgh yduldeohv +wkh uhdo zdjh/ ghpdqg,/ dqg vhfrqg wkhuh lv wkh h�hfw ri wkrvh

hfrqrp|zlgh yduldeohv rq wkh lqgxfhphqw iru dq lqglylgxdo �up wr dgmxvw1 Erwk ri wkhvh

phfkdqlvpv duh zhdn lq d g|qdplf vhwwlqj/ suhyhqwlqj pxowlsolflw| iurp rffxuulqj1

Zkloh pxowlsoh vwhdg| vwdwhv gr qrw rffxu iru wkh odujh qxpehu ri sdudphwhul}dwlrqv zh

h{dplqh/ zh gr �qg olplwhg hylghqfh ri qrqh{lvwhqfh ri v|pphwulf vwhdg| vwdwhv zlwk sxuh

vwudwhjlhv1 Wklv qrqh{lvwhqfh lv v|pswrpdwlf ri d glvfrqwlqxlw| lq wkh uhdfwlrq ixqfwlrq/

zklfk rffxuv zkhq ihhgedfn iurp d �up*v dgmxvwphqw suredelolw| wr lwv ydoxh fdxvhv lw wr

mxps ehwzhhq orfdo pd{lpd ri lwv vwhdg| vwdwh ydoxh ixqfwlrq dv wkh djjuhjdwh dgmxvwphqw

suredelolw| fkdqjhv1

Wkh sdshu surfhhgv dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh prgho1 Vhfwlrq 6 ghulyhv wkh htxd0

wlrqv fkdudfwhul}lqj vwhdg| vwdwhv/ dqg vhfwlrq 7 vwxglhv wkh vwhdg| vwdwh uhdfwlrq ixqfwlrq

dv h{whqvlyho| dv srvvleoh xvlqj dqdo|wlfdo phwkrgv1 Lq vhfwlrq 8 zh wxuq wr frpsxwdwlrqdo

dqdo|vlv/ ghvfulelqj wkh qxpehu ri vwhdg| vwdwh htxloleuld iru d udqjh ri sdudphwhul}dwlrqv1

Vhfwlrq 9 frqfoxghv1
7Wkhvh suredelolwlhv gr qrw uhsuhvhqw pl{hg vwudwhjlhv1 Udwkhu/ wkh| fruuhvsrqg wr fxwr� ydoxhv ri wkh

phqx frvw/ ehorz zklfk d �up zrxog fkrrvh wr dgmxvw lwv sulfh1
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51 Wkh Prgho

Dowkrxjk rxu sdshu wdnhv pxfk ri lwv prwlydwlrq iurp Edoo dqg Urphu*v lqvljkw wkdw phqx

frvwv fdq eh d vrxufh ri frpsohphqwdulw|/ zh gr qrw vlpso| suhvhqw d g|qdplf yhuvlrq ri wkhlu

prgho1 Rxu dlp lv wr surylgh d prgho wkdw �wv gluhfwo| lqwr wkh fxuuhqw olwhudwxuh rq g|qdplf

prghov zlwk prqrsrolvwlf frpshwlwlrq1 Rwkhu wkdq wkh idfw wkdw rxu prgho lv g|qdplf/ wkhuh

duh wkuhh vljql�fdqw gl�huhqfhv ehwzhhq rxu iudphzrun dqg wkdw ri Edoo dqg Urphu1 Iluvw/

wkh| shrsohg wkhlu hfrqrp| zlwk �|hrpdq iduphuv� zkr surgxfhg jrrgv xvlqj wkhlu rzq

oderu> e| frqwudvw/ zh dvvxph �upv zkr kluh oderu lq dq hfrqrp|0zlgh oderu pdunhw1 Edoo

dqg Urphu dovr dvvxphg wkdw suhihuhqfhv zhuh olqhdu lq frqvxpswlrq/ zkhuhdv zh dvvxph

pruh jhqhudo suhihuhqfhv1 Ilqdoo|/ Edoo dqg Urphu dvvxphg wkdw wkh frvw ri fkdqjlqj sulfhv

zdv d gluhfw xwlolw| frvw wkdw zdv vhsdudeoh iurp wkh frvw ri surgxfwlrq1 Zh dvvxph wkdw

fkdqjlqj sulfhv kdv dq h{solflw oderu frvw1

Rxu prgho lv d vlpsol�hg yhuvlrq ri wkdw lq Grwvh|/ Nlqj dqg Zropdq ^4<<<`1 Wkhuh/

qrplqdo uljlglw| lv lqwurgxfhg lqwr d prqrsrolvw frpshwlwlrq iudphzrun wkurxjk wkh dvvxps0

wlrq ri �{hg frvwv ri sulfh dgmxvwphqw/ dv lq Eodqfkdug dqg Nl|rwdnl ^4<;:`1 Ehfdxvh wkh

phqx frvwv duh udqgrp/ krzhyhu/ wkh prgho fdq eh hdvlo| dqdo|}hg lq d jhqhudo g|qdplf/

vwrfkdvwlf vhwwlqj18 Wkh vl}h ri wkh vwdwh vsdfh lv olplwhg e| wkh qxpehu ri gl�huhqw sulfhv

fkdujhg/ dqg srvlwlyh lq dwlrq wrjhwkhu zlwk erxqghg frvwv wkdw duh xqfruuhodwhg ryhu wlph

phdqv wkdw d �qlwh qxpehu ri sulfhv duh fkdujhg1 Khuh/ zh pdnh ixuwkhu dvvxpswlrqv wkdw

jxdudqwhh rqo| wzr sulfhv duh fkdujhg lq vwhdg| vwdwh> htxlydohqwo|/ dq lqglylgxdo �up nhhsv

lwv sulfh �{hg iru qr pruh wkdq wzr shulrgv1 Wklv dgglwlrqdo vlpsol�fdwlrq shuplwv xv wr

rewdlq vrph dqdo|wlfdo lqvljkw lqwr wkh olnholkrrg ri pxowlsoh htxloleuld1

8Udqgrp phqx frvwv dovr hqdeoh wkh prgho wr pdwfk txdolwdwlyho| wkh hpslulfdo idfw wkdw zkloh sulfh

fkdqjhv duh lqiuhtxhqw/ wkh| dovr ydu| zlgho| lq pdjqlwxgh1
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5141 Frqvxphuv

Dq lq�qlwho|0olyhg uhsuhvhqwdwlyh frqvxphu kdv suhihuhqfhv ryhu frqvxpswlrq +S|, dqg oderu

+?|,/ zkhuh frqvxpswlrq lv d qrqolqhdu FHV djjuhjdwh ri gl�huhqwldwhg surgxfwv=

S| '
�] �

f
S|E5�

E03��*0_5
�0*E03��

c 0 : �� +514,

Wkh frqvxphu pd{lpl}hv wkh suhvhqw glvfrxqwhg ydoxh ri xwlolw|/

"[
�'f

q��ES|n�c ?|n��c +515,

zkhuh �ESc ?� lv d vwdqgdug xwlolw| ixqfwlrq1 Wkh frqvxphu vhoov oderu lq d frpshwlwlyh

oderu pdunhw iru wkh uhdo zdjh +�|,1 Wkh frqvxphu*v vrxufhv ri lqfrph duh oderu hduqlqjv

dqg glylghqg sd|phqwv iurp �upv +��|,/ dqg doo lqfrph lv xvhg xs hdfk shulrg sxufkdvlqj

frqvxpswlrq jrrgv iurp �upv=

S| ' �|?| n ��|� +516,

Iurp wkh frqvxphu*v shuvshfwlyh/ wkh prgho lv qrq0g|qdplf/ lq wkdw wkhuh lv qr yhklfoh iru

vdylqj19 Krzhyhu/ vlqfh wkh frqvxphu rzqv wkh �upv/ wkh dssursuldwh glvfrxqw idfwru iru

�upv* ixwxuh sur�wv lv wkh pdujlqdo xwlolw| ri frqvxpswlrq/ dqg dv zloo ehfrph fohdu ehorz/

�upv gr idfh d g|qdplf sureohp1

Zh lqwurgxfh prqh| ghpdqg lq wkh vlpsohvw srvvleoh zd|/ e| dvvxplqj wkdw yhorflw| lv

xqlw|1 Wkxv/ ] �

f
�|E5�S|E5�_5 ' �|c +517,

zkhuh �|E5� lv wkh sulfh ri jrrg 5 dqg �| lv wkh djjuhjdwh prqh| vwrfn1 Wkh dgydqwdjh ri

wklv dvvxpswlrq lv vlpsolflw|1 Odwhu/ zh zloo vkrz wkdw rxu pdlq �qglqjv jr wkurxjk li zh

lqvwhdg ghulyh prqh| ghpdqg iurp d fdvk0lq0dgydqfh frqvwudlqw1

9Lw lv vwudljkwiruzdug wr doorz iru fdslwdo dffxpxodwlrq lq wklv prgho +vhh Grwvh|/ Nlqj dqg Zropdq

^4<<:`,1 Zh vwxg| d prgho zlwkrxw fdslwdo lq rughu wr nhhs wkh dqdo|vlv dv wudfwdeoh dv srvvleoh1
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5151 Ilupv

Hdfk �up/ 5/ srvvhvvhv d olqhdu whfkqrorj| iru surgxflqj rxwsxw E+|E5��=

+|E5� ' E?|E5�� ?R| E5��c +518,

zkhuh ?|E5� lv wrwdo oderu hpsor|hg e| wkh �up/ dqg ?R| E5� lv oderu hpsor|hg lq sulfh dgmxvw0

phqw1 Jlyhq wkh suhihuhqfhv vshfl�hg iru wkh frqvxphu/ hdfk �up idfhv d ghpdqg fxuyh

S|E5� '

#
�|E5�

�|

$30

� S|c +519,

zkhuh

�| '
�] �

f
�|E5�

�30_5
��*E�30�

� +51:,

Ilupv phhw doo ghpdqg dw wkh sulfh wkh| vhw/ vr

+|E5� ' S|E5� ;51 +51;,

Dq lqglylgxdo �up*v frvw lq oderu xqlwv ri fkdqjlqj lwv sulfh/ 1/ lv dvvxphg wr eh gudzq

iurp d frqwlqxrxv glvwulexwlrq/ 8 E1� c rq dfc �o1 Ilupv uhfhlyh lqghshqghqw gudzv iurp wklv

glvwulexwlrq hdfk shulrg1 Lq jhqhudo/ wkhuh zloo wkhuhiruh eh d glvwulexwlrq ri �upv glvwlq0

jxlvkhg e| zkhq wkh| odvw dgmxvwhg sulfhv1 Wr nhhs wkh dqdo|vlv dv wudqvsduhqw dv srvvleoh/

zh sodfh uhvwulfwlrqv rq wkh sdudphwhuv wr jxdudqwhh wkdw doo �upv dgmxvw wkhlu sulfh diwhu

dw prvw wzr shulrgv1 Hvvhqwldoo|/ wklv hqwdlov dvvxplqj wkdw wkh lq dwlrq udwh lv vx!flhqwo|

kljk ru wkdw wkh kljkhvw srvvleoh frvw ri dgmxvwlqj +�, lv vx!flhqwo| orz/ vr wkdw hyhq d �up

wkdw guhz � hyhu| shulrg zrxog qrw krog lwv sulfh �{hg iru pruh wkdq wzr shulrgv1 Zh duh

qrw gluhfwo| lpsrvlqj d frqglwlrq wkdw �upv fdqqrw nhhs sulfhv �{hg iru orqjhu wkdq wzr

shulrgv> udwkhu/ zh duh uhvwulfwlqj sdudphwhu ydoxhv vr wkdw lw lv rswlpdo iru �upv wr ehkdyh

lq wklv zd|1:

:Wkhuh lv qr gl!fxow| lq sulqflsoh lq uhod{lqj wklv uhvwulfwlrq1 Lw lv frpsxwdwlrqdoo| lqwhqvlyh/ krzhyhu/

jlyhq wkdw zh fkdudfwhul}h wkh ehkdylru ri wkh prgho lq d uhodwlyho| odujh sdudphwhu vsdfh1
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Hdfk �up/ xsrq revhuylqj lwv frvw ri fkdqjlqj sulfhv/ hlwkhu ohdyhv lwv sulfh dw wkh ohyho

lq h�hfw lq wkh suhylrxv shulrg/ ru dgmxvwv wr lwv rswlpdo sulfh1 Vlqfh d qhzo| vhw sulfh pd|

uhpdlq lq h�hfw wkh qh{w shulrg/ dgmxvwlqj �upv gr qrw vlpso| pd{lpl}h fxuuhqw sur�wv/ dqg

wkh jdlq iurp dgmxvwlqj ghshqgv rq wkh h{shfwhg ixwxuh vwdwh ri wkh hfrqrp|1 Li d �up odvw vhw

lwv sulfh wzr shulrgv djr/ rxu dvvxpswlrqv jxdudqwhh wkdw lw zloo fkrrvh wr dgmxvw uhjdugohvv

ri lwv frvw uhdol}dwlrq1 Wkhuhiruh zh qhhg irfxv rxu dwwhqwlrq rqo| rq wkh dgmxvwphqw ghflvlrq

ri �upv wkdw dgmxvwhg wkhlu sulfh odvw shulrg> zh ohw 	k| ghqrwh wkh h{0dqwh suredelolw| +l1h1/

ehiruh revhuylqj lwv phqx frvw, wkdw vxfk d �up fkrrvhv wr dgmxvw lq shulrg |1; Doo dgmxvwlqj

�upv fkrrvh wkh vdph sulfh/ uhjdugohvv ri zkhq wkh| odvw dgmxvwhg/ ehfdxvh rwkhu wkdq sulfh

wkhuh duh qr �up0vshfl�f vwdwh yduldeohv1

Gh�qh uhdo fxuuhqw sur�wv dqg glvfrxqwhg suhvhqw ydoxh dw wlph | ri d �up fkdujlqj d

sulfh � W
|3� vhw lq shulrg |� � +� ' fc �, dv Z�c| dqg ��c|/ uhvshfwlyho|1 Sur�wv duh jlyhq e|

Z�c| ' S| �
57#� W

|3�

�

$�30

� �| �
#
� W
|3�

�

$30
68 � +51<,

Uhfdoolqj wkdw phqx frvwv duh lqfxuuhg lq wkh irup ri oderu/ d �up wkdw vhw lwv sulfh rqh

shulrg djr idfhv wkh iroorzlqj sureohp xsrq gudzlqj frvw �1 lq shulrg | G

4@ 
q
��c|c

�
�fc| � �| � �1

�r
c +5143,

zkhuh

��c| ' Z�c| n q.|
b|n�

b|
� d�fc|n� � �|n�. E1�o c +5144,

�fc| ' 4@ �W

|
iZfc|n

q.|
b|n�
b|

E�� 	k|n�� ��c|n� n 	k|n� E�fc|n� � �|n�. E1 m 1 	 83�E	k|n����oj�

+5145,

;Wkurxjkrxw wkh sdshu/ a�w zloo ghqrwh wkh dgmxvwphqw suredelolw| ri dq lqglylgxdo �up/ zkhuhdv �w zloo

ghqrwh wkh ryhudoo iudfwlrq ri �rqh0shulrg rog� �upv dgmxvwlqj> lq htxloleulxp wkhvh wzr remhfwv zloo eh wkh

vdph1

:



Lq wkhvh h{suhvvlrqv/ b| ghqrwhv wkh uhsuhvhqwdwlyh djhqw*v pdujlqdo xwlolw| ri frqvxpswlrq

lq shulrg |� Ehfdxvh lqglylgxdov rzq wkh �upv/ q b|n�
b|

lv wkh dssursuldwh glvfrxqw idfwru iru

ixwxuh sur�wv1

Htxdwlrqv 5144 dqg 5145 duh hdvlo| lqwhusuhwhg1 D �up wkdw grhv qrw dgmxvw lq wkh fxuuhqw

shulrg nqrzv wkdw lw zloo dgmxvw lq wkh qh{w shulrg1 Lwv ydoxh lv wkhuhiruh htxdo wr lwv fxuuhqw

sur�wv/ Z�c|/ soxv wkh glvfrxqwhg ydoxh ri dq dgmxvwlqj �up qh{w shulrg/ q Eb|n�*b|� �fc|n�/

plqxv wkh glvfrxqwhg ydoxh ri h{shfwhg dgmxvwphqw frvwv qh{w shulrg/ q Eb|n�*b|��|n�. E1�1

D �up wkdw grhv dgmxvw lq wkh fxuuhqw shulrg zloo rewdlq wkh fxuuhqw sur�wv iurp lwv qhz

sulfh/ Zfc|1 Lw dovr nqrzv wkdw zlwk suredelolw| � � 	k|n� lw zloo qrw dgmxvw qh{w shulrg/ lq

zklfk fdvh lw zloo kdyh wkh glvfrxqwhg ydoxh ri d qrq0dgmxvwlqj �up +q Eb|n�*b|� ��c|n�,/ dqg

zlwk suredelolw| 	k|n� lw zloo dgmxvw/ lq zklfk fdvh lw zloo kdyh wkh glvfrxqwhg ydoxh ri dq

dgmxvwlqj �up +q Eb|n�*b|� �fc|n�,/ exw zloo dovr lqfxu d phqx frvw zlwk dq h{shfwhg ydoxh

wkdw lv frqglwlrqdo rq dgmxvwphqw +�|n�. E1 m 1 	 83�E	k|n���,1 Dv qrwhg deryh/ 	k|n� lv wkh

h{0dqwh suredelolw| wkdw d �up wkdw dgmxvwhg lwv sulfh lq shulrg | zloo dgmxvw djdlq lq shulrg

|n�� Dq rswlpdo dgmxvwphqw srolf| zloo lqyroyh wkh �up fkrrvlqj wr dgmxvw zkhq wkh ehqh�w

ri dgmxvwlqj h{fhhgv wkh dgmxvwphqw frvw lw gudzv> wkxv lwv dgmxvwphqw suredelolw| zloo vlpso|

eh wkh suredelolw| ri gudzlqj d frvw ohvv wkdq wkh ehqh�w ri dgmxvwlqj=

	k|n� ' 8

#
�fc|n� � ��c|n�

�|n�

$
� +5146,

Wkh �uvw rughu frqglwlrq iru +5145, dqg +5144, |lhogv dq h{solflw h{suhvvlrq iru � W
| ( wklv lv

+D14, lq wkh dsshqgl{1

Qrwlfh wkdw wkh �up pdnhv wzr lqwhufrqqhfwhg ghflvlrqv1 Hdfk shulrg lw idfhv d sulfh0

dgmxvwphqw ghflvlrq ri zkhwkhu wr uhwdlq wkh sulfh iurp wkh suhylrxv shulrg/ ru lqvwhdg wr

lqfxu wkh phqx frvw dqg vhw d qhz sulfh1 Lw dovr idfhv d sulfh0vhwwlqj ghflvlrq= li lw dgmxvwv/

zkdw sulfh vkrxog lw fkrrvhB Zkhq pdnlqj wkh sulfh0vhwwlqj ghflvlrq/ wkh �up uhfrjql}hv

wkdw wkh sulfh lw vhwv lq wkh fxuuhqw shulrg pd| dovr eh lq irufh qh{w shulrg> ixuwkhupruh/ lw

;



uhfrjql}hv wkdw wkh sulfh lw vhwv zloo d�hfw lwv ghflvlrq derxw zkhwkhu ru qrw wr dgmxvw lq wkh

ixwxuh1 Wkh sulfh0dgmxvwphqw ghflvlrq/ phdqzkloh/ ghshqgv xsrq wkh sur�wv wkh �up zloo

hduq li lw dgmxvwv/ zklfk ri frxuvh ghshqg xsrq wkh sulfh wkdw lw fkrrvhv wr vhw1

5161 Prqhwdu| Srolf|

Wkh prgho lv forvhg e| dgglqj d srolf| uxoh iru wkh prqhwdu| dxwkrulw|1 Zh dvvxph wkdw wkh

prqhwdu| dxwkrulw| vlpso| slfnv dq h{rjhqrxv surfhvv iru wkh prqh| jurzwk udwh >|=

>| '
�|n�

�|
� +5147,

Rxu irfxv lq wklv sdshu lv rq lq dwlrqdu| vwhdg| vwdwhv/ vr zh vhw >| ' > : �c ; |1

5171 Htxloleulxp

D udwlrqdo h{shfwdwlrqv htxloleulxp iru wklv hfrqrp| lqyroyhv +l, frqvxphuv pd{lpl}lqj

xwlolw|> +ll, �upv fkrrvlqj frvw0plqlpl}lqj dprxqwv ri oderu> +lll, �upv wkdw dgmxvw wkhlu sulfh

grlqj vr rswlpdoo|> +ly, �upv dgmxvwlqj wkhlu sulfh li dqg rqo| li wkh jdlq iurp dgmxvwphqw

h{fhhgv wkh frvw> +y,/ frqvlvwhqf| ri lqglylgxdo ghflvlrqv zlwk djjuhjdwh rxwfrphv> +yl, jrrgv

dqg oderu pdunhw fohdulqj> +yll, udwlrqdo h{shfwdwlrqv/ dqg +ylll, qrqqhjdwlyh �up ydoxhv1

61 Vwhdg| Vwdwh

Wr dqdo|}h vwhdg| vwdwhv ri wkh prgho/ zh ghulyh d uhdfwlrq ixqfwlrq wkdw h{suhvvhv dq

lqglylgxdo �up*v fkrlfh ri dgmxvwphqw suredelolw| jlyhq wkh djjuhjdwh dgmxvwphqw suredelolw|1

Wklv uhdfwlrq ixqfwlrq vkrxog eh lqwhusuhwhg dv iroorzv1 Frqvlghu d �up wkdw lv dgmxvwlqj

lwv sulfh dqg wdnhv dv jlyhq wkdw wkh hfrqrp| lv lq d vwhdg| vwdwh fruuhvsrqglqj wr vrph

duelwudu| k +wkdw lv/ dq duelwudu| dgmxvwphqw suredelolw| iru doo rwkhu �upv,� Suhflvho| ehfdxvh

k lv duelwudu| wklv vwhdg| vwdwh pd| qrw eh dq htxloleulxp/ exw frqglwlrqdo rq k doo rwkhu

htxloleulxp frqglwlrqv krog1 Ilupv vhw rswlpdo sulfhv frqglwlrqdo rq kc dqg lqglylgxdov

<



rswlpdoo| frqvxph dqg zrun frqglwlrqdo rq k1 Qrz dvn wkh �up zkdw lqglylgxdo dgmxvwphqw

suredelolw| +	k, lw prvw suhihuv1 Wkh dqvzhu wr wklv txhvwlrq jlyhv wkh ydoxh ri wkh vwhdg|

vwdwh uhdfwlrq ixqfwlrq dw k� Ehfdxvh wkh vwdwh ri wkh hfrqrp| lv xqfkdqjlqj/ wkh �up zloo

lq idfw fkrrvh d frqvwdqw 	k srolf|/ dqg wkxv dq| vwhdg| vwdwh htxloleulxp lv d �{hg srlqw ri

wklv pdsslqj/ dqg ylfh yhuvd1

Wr ghulyh wkh vwhdg| vwdwh uhdfwlrq ixqfwlrq/ zh �uvw h{dplqh wkh lpsolfdwlrqv ri rswlpdo

ehkdylru e| dq lqglylgxdo �up/ wdnlqj dv jlyhq hfrqrp|zlgh yduldeohv1 Zh wkhq xvh wkh

dvvxpswlrq ri v|pphwulf ehkdylru dfurvv �upv/ frpelqhg zlwk rswlpdo sulflqj e| dgmxvwlqj

�upv dqg rswlpdo frqvxpswlrq dqg oderu vxsso| ehkdylru wr vkrz krz wkh dgmxvwphqw

suredelolw| slqv grzq hfrqrp|zlgh yduldeohv1 Uhwxuqlqj wr wkh lqglylgxdo �up/ zh fdq wkhq

h{suhvv lwv rswlpdo dgmxvwphqw suredelolw| dv dq lpsolflw ixqfwlrq ri djjuhjdwh dgmxvwphqw1

Wklv lv wkh vwhdg| vwdwh uhdfwlrq ixqfwlrq1

6141 Dq Lqglylgxdo Ilup*v Ehkdylru

Dq lqglylgxdo �up*v ehkdylru frqvlvwv ri fkrrvlqj +l, zkhwkhu ru qrw wr dgmxvw lwv sulfh/

dqg +ll, d sulfh li lw grhv dgmxvw1 Wkh �up wdnhv dv jlyhq wkh uhdo zdjh +�, dqg djjuhjdwh

ghpdqg +S,/ zklfk duh frqvwdqw lq vwhdg| vwdwh1 Zh �uvw ghvfuleh wkh rswlpdo fkrlfh ri d

sulfh/ frqglwlrqdo rq d frqvwdqw dgmxvwphqw suredelolw|/ dqg wkhq wkh rswlpdo fkrlfh ri wkdw

dgmxvwphqw suredelolw|1

614141 Sulfh Vhwwlqj

Vxssrvh wkdw dq lqglylgxdo �up*v dgmxvwphqw suredelolw| lv �{hg dw �k lq shulrgv lpphgldwho|

iroorzlqj dgmxvwphqw/ dqg dw xqlw| lq rwkhu shulrgv1 Wkdw lv/ wkh �up dgmxvwv zlwk fhuwdlqw|

li lw odvw dgmxvwhg wzr shulrgv djr/ dqg dgmxvwv zlwk suredelolw| �k li lw odvw dgmxvwhg lq

wkh suhylrxv shulrg1 Zh xvh wkh qrwdwlrq �k wr lqglfdwh wkdw wklv dgmxvwphqw suredelolw| lv

duelwudu|1 Li wkh sulfh ohyho lv lqfuhdvlqj dw udwh > � dv lw pxvw eh lq d vwhdg| vwdwh zlwk

43



prqh| jurzlqj dw udwh > � wkhq lw lv vwudljkwiruzdug wr vkrz xvlqj +5144, dqg +5145, wkdw dq

dgmxvwlqj �up zloo vhw lwv uhodwlyh sulfh dw<

� W

�
'
�

0

0� �

�
� } E�k(qc >c 0� � �c +614,

zkhuh

} E�k(qc >c 0� �
#

� n qE�� �k�>0

� n qE�� �k�>03�

$
� +615,

Lq d vwdwlf prgho/ wkh pdunxs ri dq dgmxvwlqj �upzrxog vlpso| eh wkh idploldu E0*E0����1
Wklv lv dovr wkh ydoxh ri wkh pdunxs lq d vwhdg| vwdwh zlwk frpsohwh glvfrxqwlqj +q ' f,

ru lq d vwhdg| vwdwh zlwk frpsohwh sulfh  h{lelolw| +�k ' �,/ vlqfh lq hlwkhu fdvh �upv rqo|

frqvlghu fxuuhqw sur�wv zkhq vhwwlqj wkhlu sulfh/ dqg } E� ' �1 Dv orqj dv q : f dqg �k 	 �/

krzhyhu +dqg jlyhq wkdw lq dwlrq lv srvlwlyh +> : �,,/ lw iroorzv wkdw } E�k(qc >c 0� : �= dq

dgmxvwlqj �up*v pdunxs h{fhhgv wkh vwdwlf pdunxs1 Ilupv vhw wkhlu sulfh lq wkh nqrzohgjh

wkdw lw pd| eh lq h�hfw qrw mxvw lq wkh fxuuhqw shulrg/ exw dovr lq wkh qh{w shulrg zkhq wkh

jhqhudo sulfh ohyho zloo eh kljkhu1

Dq dgmxvwlqj �up*v pdunxs lv lqfuhdvlqj lq lq dwlrq +Y}*Y> : f,/ ehfdxvh lq dwlrq

hurghv dq| uhodwlyh sulfh vhw lq wkh sdvw/ dqg sulfh0vhwwhuv frxqwhudfw wklv h�hfw e| vhwwlqj

d kljkhu sulfh zkhq wkh| dgmxvw1 Lw lv lqfuhdvlqj lq q +Y}*Yq : f,/ ehfdxvh d sulfh vhw

rqh shulrg djr zloo kdyh hurghg lq uhdo whupv vr wkdw lw lv ehorz wkh ohyho zklfk pd{lpl}hv

fxuuhqw sur�wv> kljkhu q shqdol}hv wklv ghyldwlrq pruh vhyhuho|/ vr dgmxvwlqj �upv udlvh wkhlu

pdunxs lq rughu wr ohvvhq wkh ghyldwlrq1 Ilqdoo|/ wkh pdunxs fkdujhg e| dq dgmxvwlqj �up lv

ghfuhdvlqj lq �k +Y}*Yhk 	 f,/ ehfdxvh lq wklv frqwh{w/ wkh suredelolw| ri qrw dgmxvwlqj sod|v

h{dfwo| wkh vdph uroh dv wkh glvfrxqw idfwru1 Wkhuh lv wkxv d olqn ehwzhhq wkh sulfh0vhwwlqj

ghflvlrq ri wkh �up dqg wkh sulfh dgmxvwphqw ghflvlrqv wkdw lw zloo pdnh lq wkh ixwxuh1

<Wklv lv wkh vwhdg| vwdwh yhuvlrq ri +D14, lq wkh dsshqgl{1
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614151 Sulfh Dgmxvwphqw

Qrz zh wdnh dv jlyhq wkdw dgmxvwlqj �upv zloo ehkdyh dffruglqj wr +614,/ dqg vwxg| wkhlu

fkrlfh ri krz riwhq wr dgmxvw1 Lq vwhdg| vwdwh/ wkh ehqh�w ri dgmxvwlqj lwv sulfh iru d �up

wkdw dgmxvwhg odvw shulrg lv E�f � ��� *�c zkhuh �f dqg �� uhihu wr wkh vwhdg| vwdwh yhuvlrqv

ri +5145, dqg +5144,1 Iurp wkh vwdqgsrlqw ri dq lqglylgxdo �up/ �f dqg �� duh ixqfwlrqv ri S

dqg �1 Wkxv/ jlyhq ydoxhv iru S dqg �c li zh nqhz wkh ixqfwlrqv �f E�� dqg �� E�� zh frxog xvh
wkh dgmxvwphqw fxwr� uxoh +	k ' 8 EE�f � ��� *��, wr ghwhuplqh d �up*v h{0dqwh dgmxvwphqw

suredelolw|1 Wkh dqdo|vlv lv vljql�fdqwo| frpsolfdwhg e| wkh idfw wkdw wkh ixqfwlrqv �f E� dqg

�� E� dovr ghshqg xsrq 	k +vhh +5145, dqg +5144,,1 Lw iroorzv wkdw wr �qg d �up*v rswlpdo

dgmxvwphqw srolf|/ zh pxvw vlpxowdqhrxvo| vroyh iru lwv ydoxh1

Zh ehjlq e| gh�qlqj �upv* ydoxhv iru duelwudu| dgmxvwphqw srolflhv=

��f ESc �c �k� ' Zf ESc �c �k�n

q � d�k � E�f ESc �c �k�� � � .E1m1 	 83� E�k��� n E�� �k� � �� ESc �c �k�o c

+616,

dqg

��� ESc �c �k� ' Z� ESc �c �k� n q � d�f ESc �c �k�� � � .E1�o � +617,

Wkh ixqfwlrqv Zf ESc �c �k� dqg Z� ESc �c �k� duh jlyhq e|43

Z� ESc �c �k� ' S � ��30�

��
>3� �

�
0

03�

�
� } E�k( ��

��30 � �
>3� �

�
0

03�

�
� } E�k( ��

�30�

� ' fc �c

+618,

zkhuh zh kdyh xvhg +614, wr vxevwlwxwh rxw iru �W

�
1 Frpelqlqj +616, dqg +617, |lhogv dq

h{suhvvlrq iru wkh ydoxh ri dq dgmxvwlqj �up lq whupv ri hfrqrp|zlgh yduldeohv dqg wkh

43Wr ghulyh +618,/ vlpso| lpsrvh d vwhdg| vwdwh rq +51<,/ uhphpehulqj wkdw S � pxvw jurz dw wkh udwh �1
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�up*v duelwudu| dgmxvwphqw suredelolw|=

��f ESc �c �k� '
ZfESc�c�k�nquE�3�k�uZ�ESc�c�k�

E�3q�uE�nquE�3�k��
�

q�ud�ku.E1�1	83�E�k��nquE�3�k�u.E1�o
E�3q�uE�nquE�3�k��

�

+619,

Wkh qxphudwru ri +619, frqvlvwv ri wzr whupv1 Wkh �uvw whup lv sur�wv zkhq dgmxvwlqj soxv

glvfrxqwhg h{shfwhg sur�wv zkhq qrw dgmxvwlqj/ dqg wkh vhfrqg whup � vxewudfwhg � lv wkh

vxp ri dssursuldwho| glvfrxqwhg dgmxvwphqw frvwv zkhq d sulfh lv rqh dqg wzr shulrgv rog1

Zlwk frpsohwh glvfrxqwlqj +q ' f,/ wkh ydoxh ri dq dgmxvwlqj �up zrxog frqvlvw rqo| ri wkh

qxphudwru1 Krzhyhu lq jhqhudo wkhuh duh suhvhqw ydoxh frqvlghudwlrqv/ dqg wkhvh duh uh hfwhg

lq wkh ghqrplqdwru1 Wkh �uvw idfwru lq wkh ghqrplqdwru lv wkh xvxdo glylvru lq suhvhqw ydoxh

h{suhvvlrqv +�� q,1 Wkh vhfrqg idfwru fdq eh wkrxjkw ri dv d fruuhfwlrq zklfk dffrxqwv iru

wkh idfw wkdw ��f ESc �c �k� lv wkh suhvhqw ydoxh ri d wzr0shulrg h{shfwhg uhwxuq udwkhu wkdq d

rqh0shulrg uhwxuq144

Zh fdq olnhzlvh vroyh iru wkh ydoxh ri d qrq0dgmxvwlqj �up zlwk dq duelwudu| frqvwdqw

dgmxvwphqw suredelolw| +��� ESc �c �k�, xvlqj +617,/ dqg frpelqh wkh vroxwlrqv wr |lhog dq h{0

suhvvlrq iru wkh ehqh�w wkdw d �up ghulyhv e| dgmxvwlqj lwv sulfh=

��f ESc �c �k�� ��� ESc �c �k� '

dZfESc�c�k�3Z�ESc�c�k�o3q�ud�ku.E1�1	83�E�k��3.E1�o
E�nquE�3�k��

�

+61:,

44Qrwlfh wkdw zkhq �� @ 4/ zklfk phdqv wkdw �upv dgmxvw hyhu| shulrg/

�y3 +f> z> 4, @
�3 +f> z> 4,

4� �
� �z �H +�,

4� �

Wkdw lv/ wkh ydoxh ri wkh �up lv wkh vxp ri wkh glvfrxqwhg vwuhdp ri fxuuhqw sur�wv plqxv wkh vxp ri wkh

glvfrxqwhg vwuhdp ri h{shfwhg dgmxvwphqw frvwv1 E| frqwudvw/ zkhq �� @ 3> �upv dgmxvw wkhlu sulfhv hyhu|

wzr shulrgv/ dqg

�y3 +f> z> 3, @
�3 +f> z> 3, . � � �4 +f> z> 3,

4� �5
� �5z �H +�,

4� �5

Lq wklv fdvh wkh ydoxh ri wkh �up lv wkh vwuhdp ri wzr0shulrg sur�wv dqg frvwv/ glvfrxqwhg dw wkh udwh �5=
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Iurp +61:,/ wkh wrwdo ehqh�w wr dgmxvwlqj kdv wzr frpsrqhqwv1 Iluvw/ wkhuh lv wkh gl�hu0

hqfh ehwzhhq sur�wv iurp d fkdqjhg sulfh dqg sur�wv iurp dq xqfkdqjhg sulfh +ehorz zh zloo

uhihu wr wklv whup dv Z(U8 �1 Lq dgglwlrq/ wkhuh lv d whup +wr eh uhihuuhg wr dv �(U8 , uh hfwlqj

wkh vdylqj lq h{shfwhg dgmxvwphqw frvwv qh{w shulrg wkdw d �up dfklhyhv li lw dgmxvwv lq wkh

fxuuhqw shulrg1 Wkh ghqrplqdwru ri +61:, uh hfwv suhvhqw ydoxh frqvlghudwlrqv dv glvfxvvhg

deryh1 Qrwh wkdw zkhq �upv dgmxvw wkhlu sulfhv hyhu| shulrg +�k ' �,/ wkh frvw gl�huhqfh lv

}hur dqg wkh jdlq iurp dgmxvwlqj lv vlpso| wkh sur�w gl�huhqfh> �upv h{shfw wr lqfxu wkh

vdph dgmxvwphqw frvw qh{w shulrg luuhvshfwlyh ri wkhlu dgmxvwphqw wklv shulrg1 Zkhq �upv

rqo| dgmxvw wkhlu sulfhv hyhu| wzr shulrgv +�k ' f,/ wkh frvw gl�huhqfh lv srvlwlyh � exw erwk

wkh sur�w gl�huhqfh dqg wkh frvw gl�huhqfh duh gh dwhg e| d idfwru ri E� n q�1

Ehfdxvh doo ri wkh ixqfwlrqv rq wkh uljkw0kdqg vlgh ri +619, duh nqrzq/ lw lv vwudljkwiruzdug

wr xvh +619, wr �qg 	k ESc �� dqg �f ESc �c 	k ESc ��� e| vhdufklqj ryhu d julg ri �k 5 dfc �o G

	k ESc �� '@h}4@ 
�kMdfc�o

��f ESc �c �k� � +61;,

�f ESc �c 	k ESc ��� '4@ 
�kMdfc�o

��f ESc �c �k� � +61<,

Odwhu � rqfh zh kdyh h{suhvvhg S dqg � dv ixqfwlrqv ri wkh dgmxvwphqw suredelolw| fkrvhq e|

doo �upv � zh zloo xvh wklv phwkrg wr frqvwuxfw uhdfwlrq ixqfwlrqv qxphulfdoo|1 Xqwlo wkhq lw

zloo eh pruh iuxlwixo wr irfxv rq wkh qhfhvvdu| frqglwlrq jlyhq e| +5146,=

	k � 8

#
�f ESc �c 	k�� �� ESc �c 	k�

�

$
c +6143,

zklfk lpsolflwo| h{suhvvhv wkh �up*v dgmxvwphqw ghflvlrq +lwv fkrlfh ri 	k, dv d ixqfwlrq ri

wkh djjuhjdwh uhdo zdjh dqg wkh djjuhjdwh ohyho ri ghpdqg1 Wkh qh{w vwhs lv wr xvh wkh sulfh

lqgh{ dqg wkh frqvxphu*v �uvw0rughu frqglwlrq wr h{suhvv wkhvh yduldeohv lq whupv ri kc wkh

hfrqrp|0zlgh dgmxvwphqw suredelolw|1
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6151 Djjuhjdwh Rxwfrphv Frqglwlrqdo rq k

Wkxv idu zh kdyh frqfhqwudwhg rq krz dq lqglylgxdo �up fkrrvhv lwv sulfh dqg lwv sdwwhuq ri

dgmxvwphqw/ wdnlqj dv jlyhq hfrqrp|0zlgh yduldeohv � vshfl�fdoo| ghpdqg +S, dqg wkh uhdo

zdjh +�,1 Zh qrz zrun iurp wkh rwkhu gluhfwlrq1 Vxssrvh wkdw doo �upv kdyh wkh vdph

frqvwdqw dgmxvwphqw suredelolw| kc dqg wkdw wkh| vhw wkhlu sulfhv dffruglqjo|/ dv lq +614,1

Wkh sulfh lqgh{ dqg wkh frqvxphu*v oderu vxsso| fxuyh wkhq ghwhuplqh wkh uhdo zdjh dqg

wkh ohyho ri djjuhjdwh ghpdqg dv d ixqfwlrq ri k�

615141 Wkh Uhdo Zdjh

Frpelqlqj wkh vwhdg| vwdwh sulfh lqgh{ zlwk lqglylgxdo �upv* ehkdylru doorzv xv wr ghulyh

d vroxwlrq iru wkh uhdo zdjh lq whupv ri wkh djjuhjdwh dgmxvwphqw suredelolw| k� Wkh vwhdg|

vwdwh yhuvlrq ri wkh sulfh lqgh{ +51:, lv jlyhq e|

� '

57� �

2� k

�
E� W��30 n

�
�� k

2� k

�#
� W

>

$�30
68�*E�30� � +6144,

Ri wkrvh �upv wkdw glg dgmxvw odvw shulrg/ d iudfwlrq k dovr fkrrvh wr dgmxvw wklv shulrg/ vr

wkh wrwdo iudfwlrq ri �upv wkdw dgmxvw lv jlyhq e| �*E2 � k�/ dqg wkh iudfwlrq ri �upv wkdw

gr qrw dgmxvw lv jlyhq e| E� � k�*E2 � k�145 Wkrvh wkdw gr dgmxvw vhw wkhlu sulfh htxdo wr

� W/ zkloh wkh uhpdlqlqj �upv ohdyh wkhlu sulfh dw � W*>1 Wkh jhqhudo sulfh ohyho lv wkhuhiruh

jlyhq e| +6144,146

45Wr vhh wklv/ ohw $ eh wkh wrwdo iudfwlrq ri �upv wkdw dgmxvw hdfk shulrg1 Wkhq

$ @ �$ . +4� $,> +6145,

zklfk |lhogv wkh h{suhvvlrqv lq wkh wh{w1 Ehfdxvh doo �upv dgmxvw diwhu dw prvw wzr shulrgv/ wkh iudfwlrq wkdw

dgmxvw lq d jlyhq shulrg pxvw olh ehwzhhq 425 dqg 41
46Wr ghulyh wklv h{suhvvlrq/ xvh +51:,/ dqg qrwh wkdw Sw+}, @ S � iru } 5 +3> 4@+5� �,,> dqg Sw+}, @ S �@�

iru } 5 +4@+5� �,> 4,=
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Ehfdxvh �upv udlvh wkhlu sulfhv zkhq wkh| dgmxvw/ wkh udwlr ri wkh sulfh ohyho wr wkh sulfh

fkrvhq e| dgmxvwlqj �upv lv lqfuhdvlqj lq wkh iudfwlrq ri �upv dgmxvwlqj1 Dqrwkhu zd| ri

vhhlqj wklv lv wr qrwh wkdw wkh sulfh ohyho pxvw eh jurzlqj dw udwh > lq vwhdg| vwdwh1 Wkxv/

li pruh �upv duh dgmxvwlqj wkhlu sulfhv/ wkh| pxvw dovr eh dgmxvwlqj e| d vpdoohu dprxqw1

Uhduudqjlqj +6144,/

� ' � W � �Ek( 0c >�c +6146,

zkhuh

�Ek( 0c >� '

%
� n E�� k�>03�

2� k

&�*E�30�
	 �c +6147,

dqg Y�E�*Yk : f/ dv zdv mxvw qrwhg1

Lq htxloleulxp/ � W

�
pxvw eh frqvlvwhqw zlwk �upv* sulfh0vhwwlqj ghflvlrqv/ dv jlyhq e|

+614,1 Wkh sulfh lqgh{ whoov xv wkdw d kljkhu djjuhjdwh dgmxvwphqw iudfwlrq zloo uhgxfh � W

�
lq

vwhdg| vwdwh> li pruh �upv duh dgmxvwlqj/ wkhq wkh djjuhjdwh sulfh ohyho zloo eh forvhu wr wkh

sulfh fkrvhq e| dgmxvwlqj �upv1 Iurp +614,/ zh nqrz wkdw �upv fkrrvh � W

�
wr eh ghfuhdvlqj

lq wkhlu rzq dgmxvwphqw suredelolw| dqg lqfuhdvlqj lq wkh uhdo zdjh1 Frpelqlqj +6146, zlwk

+614,/ zklfk lv qrz dvvxphg wr krog iru doo �upv/ zh vhh wkdw wkh vwhdg| vwdwh zdjh lv dq

h{solflw ixqfwlrq ri wkh djjuhjdwh dgmxvwphqw suredelolw|=

�Ek� '
�
0� �

0

�
� �

} Ek� � � Ek� � +6148,

Zh vxppdul}h vrph ri wkh surshuwlhv ri �Ek� lq wkh iroorzlqj ohppd1

Ohppd 6141 Iru k 5 dfc �oc+l, Zkhq q lv vx!flhqwo| vpdooc �Ek� lv ghfuhdvlqj lq k(+ll,

Zkhq q lv vx!flhqwo| odujh/ �Ek� lv �uvw ghfuhdvlqj lq k dqg wkhq lqfuhdvlqj lq k�

Ohppd 6151 +vhh dsshqgl{ iru surri,

Zkhq q lv vpdoo/ wkh uhdo zdjh lv ghfuhdvlqj lq wkh dgmxvwphqw suredelolw|1 Wkh lqwxlwlrq

lv dv iroorzv1 Zkhq q * fc }Ek� * �> �upv wdnh qr dffrxqw ri ixwxuh shulrgv zkhq vhwwlqj
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wkhlu fxuuhqw sulfh/ dqg vr vlpso| fkrrvh wkh vwdwlf pdunxs1 Wkh dgmxvwphqw suredelolw|

wkhuhiruh d�hfwv wkh uhdo zdjh rqo| wkurxjk lwv uroh dv d zhljkw lq wkh sulfh lqgh{1 Wkh sulfh

lqgh{ uhtxluhv wkdw pruh iuhtxhqw dgmxvwphqw fruuhvsrqg wr d orzhu udwlr ri �W

�
c exw �upv

zloo rqo| uhgxfh wkhlu fkrlfh ri � W

�
li wkh zdjh lv orzhu1 Zkhq q : f/ wkdw h�hfw lv vwloo suhvhqw

+wkh � E�� ixqfwlrq,/ exw wkhuh lv dovr dq lqgluhfw h�hfw wkdw dfwv lq wkh rssrvlwh gluhfwlrq1

Wkh uhodwlyh sulfh fkdujhg e| dgmxvwlqj �upv lv ghfuhdvlqj lq wkh dgmxvwphqw suredelolw|

+Y}*Yk 	 f,1 Zkhq k ulvhv/ wkh uhdo zdjh qhhgv wr idoo ohvv wr lqgxfh �upv wr ghfuhdvh � W*�

hqrxjk wr pdnh +6146, krog1 Zkhq q lv vx!flhqwo| odujh/ wklv h�hfw pruh wkdq r�vhwv wkh

sulfh lqgh{ h�hfw/ vr wkdw �Ek� lv lqfuhdvlqj ryhu vrph ri lwv udqjh147

Lw lv qrwhzruwk| wkdw zh duh deoh wr fkdudfwhul}h �Ek� sxuho| e| xwlol}lqj wkh htxdwlrqv

ghvfulelqj �up ehkdylru/ wrjhwkhu zlwk wkh vwhdg|0vwdwh uhvwulfwlrqv rq wkh ehkdylru ri wkh

sulfh ohyho1 Zh qrz forvh wkh prgho e| orrnlqj dw wkh frqvxphu*v sureohp/ dqg lqyhvwljdwh

krz suhihuhqfhv ryhu frqvxpswlrq dqg oderu d�hfw wkh ohyho ri djjuhjdwh ghpdqg1

615151 Wkh Frqvxphu*v Sureohp

Xwlolw| pd{lpl}dwlrq e| frqvxphuv zloo ghwhuplqh djjuhjdwh ghpdqg dv d ixqfwlrq ri wkh

dgmxvwphqw suredelolw| k� Wkh frqvxphu*v lqwudwhpsrudo �uvw0rughu frqglwlrq lv

� ' ��? ESc ?� *�S ESc ?� ( +6149,

ehfdxvh wkh frqvxphu*v sureohp lv vwdwlf/ wkhuh duh qr dgglwlrqdo rswlpdolw| frqglwlrqv1 Dv

mxvw vkrzq/ wkh uhdo zdjh lv jlyhq dv d ixqfwlrq ri k e| +6148,1 Oderu lqsxw lv wkh vxp ri

oderu xvhg lq sulfh dgmxvwphqw dqg oderu xvhg lq �qdo jrrgv surgxfwlrq1 Iru erwk dgmxvwlqj

�upv dqg qrq0dgmxvwlqj �upv/ wkh ghpdqg fxuyh dqg wkh whfkqrorj| wrjhwkhu ghwhuplqh

wkh dprxqw ri oderu kluhg iru �qdo jrrgv surgxfwlrq/ dqg wkh hfrqrp|zlgh djjuhjdwh lv d

47Wkh ehkdylru ri z+�, iru lqwhuphgldwh ydoxhv ri � ghshqgv xsrq wkh rwkhu sdudphwhuv ri wkh prgho1

Xqghu vrph flufxpvwdqfhv/ wkhuh duh ydoxhv ri � iru zklfk wkh zdjh lv �uvw lqfuhdvlqj/ wkhq ghfuhdvlqj lq �1
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zhljkwhg vxp=

?+ '
�

�

2� k

�
Sf n

�
�� k

2� k

�
S� +614:,

' S � � Ek�0 �
#
� n E�� k�>0

2� k

$
( +614;,

+614;, lv ghulyhg iurp +614:, e| uhsodflqj Sf dqg S� zlwk wkh dssursuldwh ghpdqg fxuyhv/ dqg

holplqdwlqj wkh uhodwlyh sulfhv xvlqj +6146,1

Oderu xvhg lq sulfh dgmxvwphqw kdv wzr frpsrqhqwv1 Iluvw/ doo �upv wkdw glg qrw dgmxvw

lq wkh suhylrxv shulrg zloo dgmxvw lq wkh fxuuhqw shulrg/ dqg wkh dyhudjh dgmxvwphqw frvw iru

vxfk �upv � zkr pdnh xs d iudfwlrq
�
�3k
23k

�
ri �upv �lv vlpso| wkh phdq ri wkh glvwulexwlrq1

Vhfrqg/ d iudfwlrq k ri wkrvh
�

�
23k

�
�upv wkdw glg dgmxvw lq wkh suhylrxv shulrg zloo dovr

dgmxvw lq wkh fxuuhqw shulrg/ dqg wkhlu dyhudjh dgmxvwphqw frvw lv k3� � U 83�Ek�
f 1_8 E1� G

?REk� '
�

�

2� k

�
�
] 83�Ek�

f
1_8 E1� n

�
�� k

2� k

�
�
] �

f
1_8 E1�� +614<,

Zlwk ? ' ?+Ekc Sc � Ek��n?REk�/ dqg zlwk � Ek� jlyhq e| +6148,/+6153, lpsolflwo| fkdudfwhu0

l}hv SEk� G

� Ek� ' ��? ESc ? Ekc Sc � Ek���

�S ESc ? Ekc Sc � Ek���
� +6153,

Lw lv vwudljkwiruzdug wr gl�huhqwldwh +6153, lpsolflwo| dqg wkhuhe| duulyh dw dq h{suhvvlrq iru

YS
Yk
c exw zlwkrxw vshfli|lqj suhihuhqfhv rqh fdqqrw vljq YS

Yk
1 Lq dq dsshqgl{ zh vkrz krz

Y *? S
Yk

fdq eh h{suhvvhg lq whupv ri Y�
Yk
c Y?
Yk
c Y?
Y�
c Y?
YS

dqg ghulydwlyhv ri wkh xwlolw| ixqfwlrq/ dqg

zh zloo orrn dw dq h{dpsoh lq vhfwlrq 71

6161 Wkh Vwhdg| Vwdwh Uhdfwlrq Ixqfwlrq

Iru dq lqglylgxdo �up wkdw wdnhv dv jlyhq wkh frqvwdqw dgmxvwphqw suredelolw| ri doo rwkhu

�upv +k,/ d qhfhvvdu| frqglwlrq iru rswlpdo fkrlfh ri dgmxvwphqw suredelolw| lq vwhdg| vwdwh

4;



+	k� lv wkdw lw eh d vroxwlrq wr +6143,/ zkhuh zh fdq qrz lqfrusrudwh wkh ghshqghqfh ri S dqg

� rq k G48

	k ' 8

#
�f E�Ek�c SEk�c 	k�� �� E�Ek�c SEk�c 	k�

�Ek�

$
� +6154,

Wudflqj rxw wkh vroxwlrq wr +6154, iru k 5 dfc �o |lhogv wkh uhdfwlrq ixqfwlrq/ dqg d vwhdg|

vwdwh htxloleulxp lv d �{hg srlqw ri wklv uhdfwlrq ixqfwlrq1 Lq wkhlu dqdo|vlv ri pxowlsolflw| lq

wkh vwdwlf fdvh/ Edoo dqg Urphu hpskdvl}hg wkh frpsohphqwdulw| lq sulfh dgmxvwphqw lq wkhlu

prgho= li pruh �upv fkrrvh wr dgmxvw wkhlu sulfh/ wkhq wkh lqfhqwlyh iru dq lqglylgxdo �up

wr dgmxvw lwv sulfh lqfuhdvhv1 Lq fdvhv zkhuh wkh uhdfwlrq ixqfwlrq lv frqwlqxrxv/ d srvlwlyh

vorsh � wkdw lv frpsohphqwdulw| � lv d qhfhvvdu| frqglwlrq iru pxowlsoh vwhdg| vwdwhv lq rxu

g|qdplf prgho/ dqg lw lv fohdu wkdw zkhwkhu ru qrw frpsohphqwdulw| rffxuv ghshqgv lq d

frpsolfdwhg zd| rq wkh fgi dqg rq wkh ixqfwlrqv �Ek� dqg SEk�� Lq wkh qh{w vhfwlrq zh zloo

vwxg| wkh uhdfwlrq ixqfwlrq dqdo|wlfdoo|/ dvvxplqj gl�huhqwldelolw|/ zklfk lv htxlydohqw wr

dvvxplqj wkdw +6154, lv d qhfhvvdu| dqg vx!flhqw frqglwlrq1 Wklv dqdo|vlv zloo eh vxjjhvwlyh

dv wr zkhwkhu wkhuh lv zlghvsuhdg pxowlsolflw| ri vwhdg| vwdwhv1 Wkhq lq vhfwlrq 8 zh zloo

wxuq wr qxphulfdo dqdo|vlv/ xvlqj +61;, dqg +61<, wr ghwhuplqh wkh qxpehu ri vwhdg| vwdwh

htxloleuld iru d odujh qxpehu ri h{dpsohv1 Wklv phwkrg zloo eh urexvw wr glvfrqwlqxlwlhv lq

wkh uhdfwlrq ixqfwlrq1

71 Ihhgedfn Iurp Djjuhjdwh wr Lqglylgxdo Dgmxvwphqw

Rxu sxusrvh lq wklv vhfwlrq lv wr fkdudfwhul}h wkh vwhdg| vwdwh uhdfwlrq ixqfwlrq +6154, dqg wkh

fkdqqhov e| zklfk wkh djjuhjdwh dgmxvwphqw suredelolw| +k, d�hfwv lqglylgxdo dgmxvwphqw

+	k,/ dvvxplqj wkdw wkh frqglwlrqv iru dssolfdwlrq ri wkh lpsolflw ixqfwlrq wkhruhp wr +6154,

duh vdwlv�hg1
48Zh kdyh qrw suryhg wkdw hyhu| vroxwlrq wr +6154, lv d vroxwlrq wr +61;,1 Iru qrz zh surfhhg dv wkrxjk

+6154, zhuh dovr d vx!flhqw frqglwlrq1
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7141 Wkh Vorsh ri wkh Uhdfwlrq Ixqfwlrq

Zlwkrxw dvvxplqj ixqfwlrqdo irupv iru suhihuhqfhv ru wkh glvwulexwlrq ri dgmxvwphqw frvwv/

zh fdq pdnh vljql�fdqw surjuhvv wrzdug vlpsoli|lqj +6154,1 Dv d �uvw vwhs/ gh�qh wkh sur�w

gl�huhqfh +Z(U8 ,/

Z(U8 ES Ek� c � Ek� c 	k� � Zf ES Ek� c � Ek� c 	k�� Z� ES Ek� c � Ek� c 	k�

' S Ek� � E� Ek� }E	k���30
�

0
03�

��30 k�
03�
0

� �
�

}E	k�

�
E>0 � ��� E>03� � ��

l
�

+714,

dqg wkh frvw gl�huhqfh +�(U8 ,/

�(U8 E	kESc ��� � 	kESc �� � .
�
1m1 	 83� E	kESc ���

�
�. E1� � +715,

Wkh sur�w gl�huhqfh lv wkh gl�huhqfh ehwzhhq wkh sur�wv ri dq dgmxvwlqj �up dqg wkh sur�wv

ri d �up wkdw vhw lwv sulfh rqh shulrg djr1 Wkh frvw gl�huhqfh lv wkh gl�huhqfh ehwzhhq

h{shfwhg sulfh dgmxvwphqw frvwv qh{w shulrg li d �up dgmxvwv lwv sulfh wrgd| dqg h{shfwhg

sulfh dgmxvwphqw frvwv qh{w shulrg li d �up grhv qrw dgmxvw lwv sulfh wrgd|1

Ohppd 7141 = Iru 	k 5 dfc �oc+l, Zkhq q lv vx!flhqwo| vpdooc Z(U8 E	k� : f( +ll, Zkhq q lv

vx!flhqwo| odujh/ wkhuh lv d fulwlfdo ydoxh 	k ' 	kW vxfk wkdw iru 	k 	 	kWc Z(U8 E	k� 	 f dqg iru

	k : 	kWc Z(U8 E	k� : f( +lll, �(U8 	 f�

+iru surri vhh dsshqgl{,

Wkh ehkdylru ri wkh sur�w gl�huhqfh lv lqwxlwlyh1 Zkhq �upv sd| olwwoh dwwhqwlrq wr

wkh ixwxuh/ wkh| fduh rqo| derxw fxuuhqw sur�wv1 Khqfh/ zkhq wkh| dgmxvw wkhlu sulfh/ wkh|

lqfuhdvh wkhlu fxuuhqw sur�wv1 +Lq wkh olplwlqj fdvh zkhuh q ' f/ wkh| fkrrvh wkh sulfh zklfk

pd{lpl}hv wkhlu fxuuhqw +rqh0shulrg, sur�wv/ dqg vr lw lv hylghqw wkdw sur�wv lqfuhdvh1, Dv

q dssurdfkhv �/ krzhyhu/ �upv fduh htxdoo| derxw fxuuhqw sur�wv dqg sur�wv rqh shulrg

dkhdg1 Li 	k lv uhodwlyho| odujh/ wkhq �upv h{shfw wr dgmxvw wkhlu sulfh zlwk kljk suredelolw|
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qh{w shulrg/ dqg vr zloo qrqh wkh ohvv vhw wkhlu sulfh forvh wr wkh fxuuhqw rswlpxp/ lpso|lqj

d srvlwlyh sur�w gl�huhqfh1 Exw zkhq 	k lv uhodwlyho| vpdoo/ �upv h{shfw wkh sulfh wkh| vhw

wklv shulrg zloo suredeo| eh lq sodfh qh{w shulrg1 Lq wkhvh flufxpvwdqfhv/ wkh| dfwxdoo| �qg

lw zruwkzkloh wr dgmxvw wkhlu sulfhv vr dv wr uhgxfh wkhlu fxuuhqw sur�wv/ nqrzlqj wkdw wklv

zloo eh r�vhw e| kljkhu h{shfwhg sur�wv qh{w shulrg1 Ilqdoo|/ wkh frvw gl�huhqfh uh hfwv wkh

idfw wkdw d �up wkdw grhv qrw dgmxvw wklv shulrg dgmxvwv qh{w shulrg zlwk fhuwdlqw|/ exw d

�up wkdw dgmxvwv wklv shulrg zloo rqo| dgmxvw qh{w shulrg li frvwv duh vx!flhqwo| orz1

Iurp +61:,/ wkh ehqh�w wr d �up ri dgmxvwlqj lwv sulfh rqh shulrg diwhu lwv odvw dgmxvwphqw

fdq eh zulwwhq lq whupv ri wkh sur�w gl�huhqfh dqg wkh frvw gl�huhqfh=

�f � �� '
Z(U8 Ekc 	k�� q��(U8 E	k�

� n q � E�� 	k�
� +716,

Uhfdoo wkdw wkh ghqrplqdwru uh hfwv wkh idfw wkdw wkh �up*v fkrlfh ri dgmxvwphqw suredelolw|

lq xhqfhv lwv h�hfwlyh glvfrxqw udwh +vhh wkh glvfxvvlrq lq Vhfwlrq 614 deryh,1 Wkh uhdfwlrq

ixqfwlrq fdq eh zulwwhq dv

	k ' 8

#
Z(U8*� � q�(U8

� n q � E�� 	k�

$
� +717,

+Qrwlfh wkdw wkh sur�w gl�huhqfh hqgv xs ehlqj gh dwhg e| wkh zdjh lq rughu wr frqyhuw lw

wr xqlwv ri oderu/ vlqfh phqx frvwv duh d oderu frvw1, Wkh vorsh ri wkh uhdfwlrq ixqfwlrq lv49
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� +718,

Wklv h{suhvvlrq glvsod|v wkh fkdqqhov wkurxjk zklfk wkh djjuhjdwh dgmxvwphqw suredelolw|

d�hfwv lqglylgxdo dgmxvwphqw1

Wkh ghqrplqdwru uhsuhvhqwv wkh h�hfw ri d pdujlqdo fkdqjh lq wkh �up*v rzq dgmxvwphqw

suredelolw| rq wkh gl�huhqfh ehwzhhq lwv dgmxvwphqw suredelolw| dqg wkh suredelolw| wkdw

lw gudzv d frvw ri dgmxvwphqw ohvv wkdq wkh ehqh�w wr dgmxvwlqj1 Wkh ghqrplqdwru zloo eh

49Dq lqwhuphgldwh vwhs lq wkh ghulydwlrq ri wkh vorsh ri wkh uhdfwlrq ixqfwlrq lv surylghg lq wkh dsshqgl{>

+718, xvhv wkh idfw wkdw C�G

Cz
@ +4� %, �G

z
dqg C�G

Cf
@ �G

f
=
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srvlwlyh dw d �up*v rswlpdo fkrlfh ri 	k� Lqwxlwlyho|/ li d pdujlqdo lqfuhdvh lq dgmxvwphqw

suredelolw| zhuh wr ohdg wr d odujhu lqfuhdvh lq wkh suredelolw| ri lw ehlqj rswlpdo wr dgmxvw/

wkhq wkh lqlwldo dgmxvwphqw suredelolw| frxog qrw kdyh ehhq dq rswlpxp14:

Wkh qxphudwru ri +718, uhsuhvhqwv wkh gluhfw/ sduwldo h�hfw ri d pdujlqdo lqfuhdvh lq

wkh djjuhjdwh dgmxvwphqw suredelolw| +k, rq wkh suredelolw| wkdw dq lqglylgxdo �up �qgv

lw rswlpdo wr dgmxvw1 Iurp wkh suhylrxv dqdo|vlv/ fkdqjhv lq k d�hfw erwk wkh htxloleulxp

zdjh dqg wkh htxloleulxp ohyho ri djjuhjdwh ghpdqg/ dqg erwk ri wkhvh whupv d�hfw wkh sur�w

gl�huhqfh1

Wkh 8 �E� whup wkdw vkrzv xs lq erwk wkh qxphudwru dqg ghqrplqdwru uh hfwv wkh h�hfw

ri wkh glvwulexwlrq ri phqx frvwv1 Li wkh fgi lv uhodwlyho| vwhhs/ wkhq/ rwkhu wklqjv htxdo/ vpdoo

fkdqjhv lq wkh jdlq iurp dgmxvwlqj wudqvodwh lqwr uhodwlyho| odujh fkdqjhv lq wkh lqglylgxdo

�up*v dgmxvwphqw suredelolw|> wklv lv fdswxuhg e| wkh 8 �E� lq wkh qxphudwru1 Dw wkh vdph

wlph/ wkrxjk/ d vwhhs fgi pdjql�hv wkh lpsdfw ri wkh �up*v rzq dgmxvwphqw suredelolw| rq

lwv jdlq iurp dgmxvwlqj/ zklfk lv zk| 8 �E� dovr vkrzv xs lq wkh ghqrplqdwru1

Ohppd 614 uhyhdohg wkdw/ lq jhqhudo/ Y *?�
Yk

fdq eh ri hlwkhu vljq1 Dv qrwhg hduolhu/ lw lv dovr

qrw srvvleoh wr vljq Y *? S
Yk

xqdpeljxrxvo|/ vlqfh djjuhjdwh ghpdqg ghshqgv xsrq dvvxpswlrqv

derxw suhihuhqfhv1 Wkxv/ dw wkh ohyho ri jhqhudolw| zh kdyh sxuvxhg vr idu/ zh fdqqrw pdnh

dq| gh�qlwlyh vwdwhphqwv derxw frpsohphqwdulw| lq sulfh dgmxvwphqw1 Zh surfhhg e| pdnlqj

dq dgglwlrqdo dvvxpswlrq rq suhihuhqfhv wkdw doorzv xv wr pdnh ixuwkhu dqdo|wlfdo surjuhvv/

dqg wkhq zh zloo wxuq wr wkh frpsxwhu1

7151 D Vlpsol�fdwlrq dqg d Olplwlqj Uhvxow

Zlwk d frpprq vshfl�fdwlrq ri wkh shulrg xwlolw| ixqfwlrq/ +718, vlpsol�hv vljql�fdqwo|1

Vxssrvh suhihuhqfhv duh jlyhq e|

�ESc ?� ' *? S� �?c

4:Wkh ghulydwlrq ri wkh ghqrplqdwru xvhv wkh idfw wkdw CFGLI

Ca�
@ I�4+a�,=
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zklfk lpsolhv lq�qlwh oderu vxsso| hodvwlflw|1 Wkhq wkh frqvxphu*v rswlpdolw| frqglwlrqv

lpso| � ' �Sc vr Y *? S
Yk

� Y *?�
Yk

� Khqfh/ iurp +718, wkh vorsh ri wkh uhdfwlrq ixqfwlrq uhgxfhv
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Lq wklv fdvh/ zkhwkhu ru qrw wkhuh lv frpsohphqwdulw| lq sulfh dgmxvwphqw ghshqgv rqo| rq

wkh vljq ri wkh sur�w gl�huhqfh dqg wkh vljq ri wkh uhdo zdjh vhpl0hodvwlflw| zlwk uhvshfw wr

wkh dgmxvwphqw suredelolw|1 Lq sduwlfxodu/ wkhuh lv vwudwhjlf frpsohphqwdulw| zkhqhyhu wkhvh

wzr remhfwv duh ri rssrvlwh vljq1

Sursrvlwlrq 7151 Dvvxph �ESc ?� ' *? S � �?� Dvvxph dovr wkdw wkh uhdfwlrq ixqfwlrq lv

frqwlqxrxv1 +l, Iru vpdoo qc wkh uhdfwlrq ixqfwlrq h{klelwv vwudwhjlf frpsohphqwdulw|> +ll,

Dv q $ �/ wkh uhdfwlrq ixqfwlrq glvsod|v vwudwhjlf vxevwlwxwdelolw| dw dq| htxloleulxp> +lll,

Li q * �/ wkhuh duh qr pxowlsoh htxloleuld1

Surri = Iurp Ohppdwd 614 dqg 714/ zh nqrz wkdw zkhq wkh glvfrxqw idfwru lv vpdoo/

wkh sur�w gl�huhqfh lv srvlwlyh dqg wkh uhdfwlrq ixqfwlrq kdv qhjdwlyh vorsh1 Sduw +l, iroorzv

lpphgldwho|1 Zh dovr nqrz wkdw zkhq q * �c wkh uhdo zdjh lv ghfuhdvlqj iru k 	 kW/ dqg

lqfuhdvlqj iru k : kW +zkhuh kW lv gh�qhg lq wkh surri ri Ohppd 614 lq wkh dsshqgl{,�

Phdqzkloh wkh sur�w gl�huhqfh lv qhjdwlyh iru 	k 	 	kWc dqg srvlwlyh iru 	k : 	kW +zkhuh

	kW lv gh�qhg lq wkh surri ri Ohppd 714 lq wkh dsshqgl{,� Zkhq q ' �c 	kW ' kW� Lw wkxv

iroorzv wkdw/ iru q * �c wkh sur�w gl�huhqfh dqg wkh vorsh ri wkh uhdo zdjh ixqfwlrq duh ri

wkh vdph vljq iru doo k ' 	k� Wkxv/ zkhqhyhu wkh uhdfwlrq ixqfwlrq furvvhv wkh 78 ghjuhh

olqh/ lw pxvw eh grzqzdug vorslqj/ zklfk hvwdeolvkhv sduw +ll,1 Sduw +lll, ri wkh sursrvlwlrq

iroorzv lpphgldwho| iurp sduw +ll, wrjhwkhu zlwk wkh dvvxpswlrq wkdw wkh uhdfwlrq ixqfwlrq

lv frqwlqxrxv1 Wkh uhdvrq lv wkdw d qhfhvvdu| +qrw vx!flhqw, frqglwlrq iru pxowlsoh htxloleuld

lv wkdw wkh uhdfwlrq ixqfwlrq fxwv wkh 78 ghjuhh olqh zlwk srvlwlyh vorsh1 �
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Sursrvlwlrq 715 lv rxu pdlq dqdo|wlfdo uhvxow1 Lw vwdwhv wkdw xqghu d frpprq vshfl�fdwlrq

ri suhihuhqfhv/ pxowlsoh ghjuhhv ri sulfh uljlglw| duh lpsrvvleoh zkhq q ' ��Wkh dvvxpswlrq

wkdw q ' � lv ri frxuvh dq dssur{lpdwlrq/ vlqfh li q zhuh wuxo| xqlw|/ wkhuh zrxog eh qr

htxloleuld zlwk �qlwh xwlolw|1 Krzhyhu/ vlqfh wkh htxdwlrqv ghvfulelqj d vwhdg| vwdwh duh

frqwlqxrxv lq qc wkh ehkdylru ri wkhvh htxdwlrqv iru q ' � uhyhdov wkh dssur{lpdwh ehkdylru

ri wkh uhdfwlrq ixqfwlrq iru q qhdu xqlw|1 Wkxv Sursrvlwlrq 715 vxjjhvwv wkdw zh duh xqolnho|

wr revhuyh pxowlsoh htxloleuld iru wkh ydoxhv ri q wkdw duh uhohydqw iru exvlqhvv f|foh dqdo|vlv14;

Qrwh wkdw wkh uhvxow lv lqghshqghqw ri wkh glvwulexwlrq ri phqx frvwv1

Sursrvlwlrq 715 dovr uhyhdov d vwulnlqj frqwudvw ehwzhhq wkh fdvh ri orz dqg kljk glvfrxqw

idfwruv1 Zkhq �upv wdnh olwwoh ru qr dffrxqw ri wkh ixwxuh lq wkhlu sulfh0vhwwlqj ghflvlrqv/

wkhuh lv vwudwhjlf frpsohphqwdulw| lq sulfh dgmxvwphqw1 Wkh edvlf phfkdqlvp lv dv iroorzv1

Vxssrvh �upv lq wkh hfrqrp| kdyh d kljk suredelolw| ri dgmxvwphqw1 Wkh| zloo wkhq fkrrvh

d vpdoohu fkdqjh lq wkhlu sulfh � li wkh| duh dgmxvwlqj iuhtxhqwo|/ wkh| zloo dgmxvw e| d vpdoohu

dprxqw/ jlyhq wkdw wkh ryhudoo ohyho ri lq dwlrq lv slqqhg grzq e| prqh| vxsso| jurzwk1

Dv d frqvhtxhqfh/ wkh djjuhjdwh sulfh ohyho lv forvh wr wkh sulfh fkrvhq e| �upv wkdw dgmxvw/

zklfk phdqv wkdw dgmxvwlqj �upv pxvw eh fkrrvlqj d orz uhodwlyh sulfh1 Dgmxvwphqw ri

wkh uhdo zdjh hqvxuhv wkdw wkrvh �upv ghvluh d orz uhodwlyh sulfh1 Wkh htxloleulxp zdjh

lv uhodwlyho| orz zkhq �upv dgmxvw sulfhv iuhtxhqwo|/ dqg iurp +614, zh nqrz wkdw zkhq

q ' f �upv vlpso| fkrrvh d �{hg pdunxs ryhu wkh uhdo zdjh1 Wkh sur�w gl�huhqfh lv/ lq

wxuq/ srvlwlyh dqg ghfuhdvlqj lq wkh uhdo zdjh/ vr orzhu uhdo zdjhv lqfuhdvh wkh ehqh�w ri

dgmxvwphqw iru dq lqglylgxdo �up1 Wkxv/ wkhuh lv vwudwhjlf frpsohphqwdulw|1

Edoo dqg Urphu*v prgho ehduv vrph uhvhpeodqfh wr wkh fdvh ri q ' fc ehfdxvh lq wkhlu

vwdwlf vhwwlqj/ �upv e| gh�qlwlrq glg qrw frqvlghu dq| ixwxuh frqvhtxhqfhv ri wkhlu dfwlrqv1

4;Orrvho| vshdnlqj/ zkhq � lv forvh wr 4/ wkhuh lv rqo| d vpdoo uhjlrq ri wkh 78 ghjuhh olqh zkhuh lw lv

srvvleoh wr revhuyh dq xszdug0vorslqj uhdfwlrq ixqfwlrq/ zklfk lv d qhfhvvdu| +exw ri frxuvh qrw vx!flhqw,

frqglwlrq iru pxowlsolflw|1
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Wkh fxuuhqw prgho gl�huv/ krzhyhu/ lq wkdw lw lpsrvhv d vwhdg|0vwdwh uhtxluhphqw hyhq lq

wkh fdvh zkhuh q ' f� Wkh idfw wkdw wkh jhqhudo ohyho ri sulfhv pxvw ulvh dw wkh udwh ri

lq dwlrq phdqv wkdw d juhdwhu iuhtxhqf| ri sulfh dgmxvwphqw pxvw eh dvvrfldwhg zlwk d

vpdoohu pdjqlwxgh ri sulfh dgmxvwphqw1 Dv Sursrvlwlrq 714/ sduw +l, uhyhdov/ krzhyhu/ wkh

lpsrvlwlrq ri vwhdg| vwdwh dorqh grhv qrw holplqdwh wkh frpsohphqwdulw| iurp wkh prgho1

Wkh fulwlfdo gl�huhqfh lq rxu g|qdplf prgho frphv iurp wkh uhtxluhphqw wkdw wkh rswlpdo

uhodwlyh sulfh iru dq dgmxvwlqj �up pxvw eh frqvlvwhqw zlwk wkh vwhdg| vwdwh hyroxwlrq ri wkh

sulfh ohyho1 Wkh dffrxqwlqj ri wkh sulfh ohyho +6146, ghwhuplqhv wkh vwhdg|0vwdwh htxloleulxp

ydoxh ri � W

�
� Zkhq q ' f/ dgmxvwphqw ri wkh uhdo zdjh hqvxuhv wkdw wklv lv frqvlvwhqw zlwk

lqglylgxdo �upv* rswlpl}dwlrq1 Exw zkhq q : f/ d �up*v fkrlfh ri lwv uhodwlyh sulfh ghshqgv

rq lwv dgmxvwphqw suredelolw| dv zhoo dv rq wkh uhdo zdjh1 Pruh iuhtxhqw dgmxvwphqw phdqv

wkdw iruzdug0orrnlqj �upv zloo whqg wr fkrrvh d orzhu uhodwlyh sulfh/ ehfdxvh wkh| gr qrw

h{shfw wkhlu fxuuhqw sulfh wr eh lq irufh lq wkh ixwxuh1 Wkh zdjh wkhq qhhgv wr idoo ohvv lq

rughu iru �upv wr fkrrvh wkh uhodwlyh sulfh glfwdwhg e| +6146,1 Dqg li wkh uhdo zdjh fkdqjhv

olwwoh/ wkhq zh kdyh eurnhq wkh nh| olqndjh ehwzhhq djjuhjdwh dgmxvwphqw suredelolwlhv dqg

wkh dgmxvwphqw suredelolw| ri dq lqglylgxdo �up1

Lq wkh jhqhudo fdvh ri q : f/ wkh sur�w gl�huhqfh qhhg qrw eh srvlwlyh/ dqg erwk wkh uhdo

zdjh dqg djjuhjdwh ghpdqg pd| eh lqfuhdvlqj ru ghfuhdvlqj lq wkh dgmxvwphqw suredelolw|1

D qhjdwlyh sur�w gl�huhqfh phdqv wkdw sur�wv duh orzhu lq shulrgv zkhq d �up dgmxvwv

lwv sulfh wkdq zkhq rqh shulrg ri lq dwlrq kdv hurghg lwv uhodwlyh sulfh1 Kroglqj 0 dqg >

frqvwdqw/ d qhjdwlyh sur�w gl�huhqfh zloo eh dvvrfldwhg zlwk d kljk q ru d orz 	k� Zlwk d

kljkhu zhljkw dvvljqhg wr wkh ixwxuh � ru d kljkhu suredelolw| wkdw wkh sulfh vhw wrgd| zloo eh

lq h�hfw lq wkh ixwxuh � lw ehfrphv frvwolhu wr doorz wrpruurz*v sulfh wr ghyldwh wrr idu iurp

wkh vwdwlf rswlpxp/ dqg khqfh pruh olnho| wkdw sur�wv zloo eh kljkhu lq wkrvh shulrgv zkhq

qr sulfh dgmxvwphqw rffxuv1 Iurp dqrwkhu shuvshfwlyh/ dw dq rswlpxp d pdujlqdo fkdqjh lq

wkh uhodwlyh sulfh ri dq dgmxvwlqj �up |lhogv dq lghqwlfdo ghfuhdvh +lqfuhdvh, lq fxuuhqw sur�wv

58



dqg lqfuhdvh +ghfuhdvh, lq h{shfwhg glvfrxqwhg ixwxuh sur�wv1 Zlwk d kljkhu qc glvfrxqwhg

dqg xqglvfrxqwhg ixwxuh pdujlqdo sur�wv duh forvhu wrjhwkhu/ vr wkh �up zloo fkrrvh wr vhw wkh

pdujlqdo ghfuhdvh lq fxuuhqw sur�wv forvhu wr wkh pdujlqdo lqfuhdvh lq xqglvfrxqwhg ixwxuh

sur�wv1 Wklv lpsolhv wkdw wkh sur�w gl�huhqfh zloo eh uhodwlyho| orzhu/ dqg srvvleo| qhjdwlyh1

Iljxuh 4 looxvwudwhv sur�wv iru dgmxvwlqj dqg qrq0dgmxvwlqj �upv iru wzr gl�huhqw ydoxhv ri

q zkhq > ' ��f� +sdqho D, dqg > ' ��fD +sdqho E,1

Zkloh frpsohphqwdulw| fdq rffxu iru q 		 �c zkhq lw grhv rffxu lw whqgv wr eh zhdn1

Dw wkh kljk ydoxhv ri wkh glvfrxqw idfwru uhohydqw iru exvlqhvv f|foh dqdo|vlv/ wkh gl�huhqfh

ehwzhhq sur�wv li d �up dgmxvwv dqg li lw grhv qrw lv vpdoo> iurp +718,/ lw lv fohdu wkdw wklv zloo

zrun djdlqvw d vwhhs uhdfwlrq ixqfwlrq1 Pruh lqwxlwlyho|/ wkh uhdvrq wkdw wkh sur�w gl�huhqfh

lv fuxfldo iru wkh vorsh ri wkh uhdfwlrq ixqfwlrq lv wkdw sur�wv ri dgmxvwlqj dqg qrq0dgmxvwlqj

�upv � dqg khqfh wkh sur�w gl�huhqfh � kdyh d frqvwdqw hodvwlflw| zlwk uhvshfw wr ghpdqg

dqg wkh uhdo zdjh1 Wkxv/ wkh juhdwhu lq devroxwh ydoxh lv wkh sur�w gl�huhqfh/ wkh juhdwhu lq

devroxwh ydoxh zloo eh wkh h�hfw ri d jlyhq fkdqjh lq djjuhjdwh dgmxvwphqw rq dq lqglylgxdo

�up*v lqfhqwlyh wr dgmxvw1 Zkhq wkh glvfrxqw idfwru lv pxfk orzhu wkdq wkh ydoxh ri f�b.D

xvhg khuh/ wkh sur�w gl�huhqfh fdq eh txlwh odujh +uhihu edfn wr Iljxuh 4,/ dqg iru orz hqrxjk

ydoxhv ri wkh glvfrxqw idfwru zh kdyh irxqg sdudphwhul}dwlrqv wkdw jhqhudwh pxowlsoh vwhdg|

vwdwhv1 Lq rqjrlqj zrun/ zh sxuvxh lq ghwdlo wkh fdvh zkhuh q ' f�

Wr vxppdul}h/ fkdqjhv lq wkh djjuhjdwh dgmxvwphqw suredelolw| d�hfw wkh vwhdg| vwdwh

zdjh udwh lq wkh hfrqrp|/ dqg fkdqjhv lq wkh zdjh udwh d�hfw wkh dgmxvwphqw suredelolw| ri

dq lqglylgxdo �up1 Erwk ri wkhvh olqndjhv duh zhdn lq rxu g|qdplf vhwwlqj/ dqg khqfh zh gr

qrw revhuyh wkh ghjuhh ri frpsohphqwdulw| qhfhvvdu| wr jhqhudwh pxowlsoh htxloleuld1
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81 Qxphulfdo Dqdo|vlv ri wkh Vwhdg| Vwdwh Uhdfwlrq Ixqfwlrq

Wkh dqdo|wlfdo dssurdfk ri wkh suhylrxv vhfwlrq surylghv vrph lqvljkw lqwr wkh vwhdg| vwdwh

uhdfwlrq ixqfwlrq/ dqg jlyhv xv vrph uhdvrq wr grxew wkh h{lvwhqfh ri pxowlsoh vwhdg| vwdwhv1

Zh kdyh wkxv idu ljqruhg rqh srvvleoh frpsolfdwlrq/ krzhyhu � qdpho| glvfrqwlqxlwlhv lq wkh

uhdfwlrq ixqfwlrq1 Pruhryhu/ rxu dqdo|wlfdo �qglqjv dovr dvvxphg dq lq�qlwh oderu vxsso|

hodvwlflw|1 Lq rughu wr dffrxqw iru glvfrqwlqxlwlhv dqg dovr wr nqrz zkhwkhu ru qrw wkhuh duh

pxowlsoh vwhdg| vwdwhv iru d eurdghu udqjh ri suhihuhqfhv/ wkhuh lv qr vxevwlwxwh iru jrlqj wr

wkh frpsxwhu1 Lq wklv vhfwlrq zh surylgh lqirupdwlrq rq krz wkh qxpehu ri vwhdg| vwdwh

htxloleuld ydulhv zlwk wkh ghpdqg hodvwlflw| +0�c wkh lq dwlrq udwh +>,/ wkh glvwulexwlrq ri

�{hg frvwv +8 E�,/ dqg wkh oderu vxsso| hodvwlflw|1 Zh dovr dvn krz wkh uhvxowv duh d�hfwhg e|

ghwhuplqlqj prqh| ghpdqg iurp d fdvk0lq0dgydqfh frqvwudlqw udwkhu wkdq lpsrvlqj prqh|

ghpdqg duelwudulo|1

Wkh glvwulexwlrq ixqfwlrq iru �{hg frvwv ri sulfh dgmxvwphqw lv qrw vrphwklqj iru zklfk

wkhuh duh vkdus hvwlpdwhv dydlodeoh= zh dvvxph wkdw 1 lv gudzq iurp d ehwd glvwulexwlrq rq

Efc ��/ dqg h{shulphqw zlwk wkh phdq dqg yduldqfh +htxlydohqwo|/ wkh h{srqhqwv frpprqo|

uhihuuhg wr dv doskd dqg ehwd lq wkh ehwd f1g1i1,/ zkloh nhhslqj � dw f�f�c d ydoxh wkdw

lv vpdoo uhodwlyh wr wkh oderu lqsxw xvhg lq surgxflqj �qdo jrrgv1 Wkh ehwd glvwulexwlrq lv

 h{leoh/ dqg doorzv xv wr h{dplqh wkh urexvwqhvv ri rxu uhvxowv wr gl�huhqw dvvxpswlrqv derxw

wkh frvwv ri fkdqjlqj sulfhv1 Wkh fodvv ri suhihuhqfhv zh frqvlghu lv �ESc ?� ' *? S � �?�n�c

zlwk � ' f ru �1 Wkurxjkrxw/ zh �{ wkh suhihuhqfh sdudphwhu q dw f�b.D/ zklfk pdnhv lw

qdwxudo wr lqwhusuhw rqh shulrg lq wkh prgho dv vl{ prqwkv1

Iru �{hg ydoxhv ri qc 8 E1� c �c dqg �/ zh xvh +619, dqg +61;, wr �qg wkh qxpehu ri htxlole0

uld dw hdfk srlqw lq d 63 { 63 julg ri + 0
03�

' ��f�c ��f2c ���c ���f, dqg +> ' ��ffDc ��f�c ��f�Dc ���c ���D��4<

4<Zh xwlol}h %

%�4
lqvwhdg ri % ehfdxvh %

%�4
lv wkh dyhudjh pdunxs zkhq wkhuh lv qr sulfh vwlfnlqhvv/ dqg

khqfh lv hdvlhu wr lqwhusuhw wkdq wkh ghpdqg hodvwlflw|1

5:



Wkdw lv/ iru hdfk srlqw lq wkh julg zh vxevwlwxwh wkh vroxwlrqv iru �Ek� dqg SEk� iurp +6148,

dqg +6153, lqwr +619, dqg wkhq frpsxwh wkh uhdfwlrq ixqfwlrq xvlqj +61;,1 Wkh �{hg srlqwv

ri wkh uhdfwlrq ixqfwlrq duh wkh vwhdg| vwdwh htxloleuld iru wkdw srlqw lq wkh sdudphwhu vsdfh1

Rxu julg wkxv fryhuv vshfl�fdwlrqv ri pdunhw srzhu dqg lq dwlrq ohyhov wkdw duh uhdvrqdeoh

iru ghyhorshg orz0lq dwlrq hfrqrplhv/ vxfk dv wkrvh ri wkh Xqlwhg Vwdwhv ru Hxursh1

Iljxuh 5 glvsod|v wkh qxpehu ri vwhdg| vwdwh htxloleuld iru zkdw zloo vhuyh dv d ehqfkpdun

fdvh= � ' f dqg d xqlirup frvw glvwulexwlrq zlwk � ' �f� +wklv lv d vshfldo fdvh ri wkh ehwd

glvwulexwlrq zlwk doskd' � dqg ehwd' ��1 Wkh ydulrxv fkdudfwhuv lq wkh julg vkrxog eh

lqwhusuhwhg dv iroorzv1 Qrqqhjdwlyh lqwhjhuv lqglfdwh wkh qxpehu ri vwhdg| vwdwh htxloleuld

lq zklfk qr sulfh lv hyhu �{hg iru pruh wkdq wzr shulrgv> dq �I� +iru Ioh{leoh sulfhv, phdqv

wkdw wkhuh lv d xqltxh v|pphwulf/ sxuh vwudwhj| vwhdg| vwdwh htxloleulxp +khuhdiwhu VSVVH,

zlwk k ' �c dqg d ��� phdqv wkdw vrph �upv zlwk rqh0shulrg rog sulfhv zrxog fkrrvh wr

nhhs wkhlu sulfhv �{hg iru dqrwkhu shulrg +lq wklv uhjlrq zh gr qrw vd| dq|wklqj derxw wkh

qxpehu ri htxloleuld> wkhuh pd| ru pd| qrw eh htxloleuld zlwk sulfhv �{hg iru pruh wkdq wzr

shulrgv,1

Fhuwdlq dvshfwv ri Iljxuh 5 duh hdv| wr lqwhusuhw1 Iluvw/ dw kljkhu udwhv ri lq dwlrq/

sulfhv ehfrph ohvv vwlfn|1 Wklv lpsolfdwlrq ri vwdwh0ghshqghqw sulflqj prghov kdv suhylrxvo|

ehhq glvfxvvhg e| Edoo/ Pdqnlz dqg Urphu ^4<;;` dqg Grwvh|/ Nlqj dqg Zropdq ^4<<9`1

+Vlploduo|/ dw yhu| orz udwhv ri lq dwlrq �upv zrxog zdqw wr nhhs wkhlu sulfhv �{hg iru pruh

wkdq wzr shulrgv1, Vhfrqg/ sulfh vwlfnlqhvv whqgv wr lqfuhdvh zlwk pdunhw srzhu1 Dw orz

ydoxhv ri 0
03�

c zklfk fruuhvsrqg wr kljk ydoxhv ri 0c d �up zkrvh sulfh lv vljql�fdqwo| ehorz

wkh sulfh ohyho zrxog eh vzdpshg zlwk ghpdqg/ dqg zrxog kdyh wr phhw wkdw kljk ghpdqg

dw d vxerswlpdo sulfh1 Vxfk d �up zrxog eh zloolqj wr lqfxu d uhodwlyho| kljk phqx frvw wr

dgmxvw lwv sulfh1

Wkh rqh ihdwxuh ri Iljxuh 5 zklfk lv qrw vhoi0h{sodqdwru| lv wkh vljql�fdqw qxpehu ri

}hurv suhvhqw1 Qrqh{lvwhqfh ri VSVVH fdq rffxu iru wzr uhdvrqv1 Iluvw/ �upv pd| vlpso| eh

5;



Figure 2.
Benchmark case

(β=.975,ψ=0,χ=3,Β=.01)

0 F F F F F F F F F F F F F F F F F F F F F F F F F F F F F
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0 F F F F F F F F F F F F F F F F F F F F F F F F F 0 1 1 1

0 F F F F F F F F F F F F F F F F F F F F F F F 0 1 1 1 1 1

0 F F F F F F F F F F F F F F F F F F F F F 0 1 1 1 1 1 1 1

0 F F F F F F F F F F F F F F F F F F F F 0 1 1 1 1 1 1 1 1

0 F F F F F F F F F F F F F F F F F F 0 1 1 1 1 1 1 1 1 1 1

0 F F F F F F F F F F F F F F F F F 1 1 1 1 1 1 1 1 1 1 1 1

0 F F F F F F F F F F F F F F F 0 1 1 1 1 1 1 1 1 1 1 1 1 1

0 F F F F F F F F F F F F F F 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 F F F F F F F F F F F F 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 F F F F F F F F F F F 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 F F F F F F F F F 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 F F F F F F F F 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 F F F F F F F 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 F F F F F F 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 F F F F F 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 - -

0 F F F F 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 - - - - -

0 F F F 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 - - - - - - - - -

0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 - - - - - - - - - - - -

0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 - - - - - - - - - - - - - - -

0 0 1 1 1 1 1 1 1 1 1 1 - - - - - - - - - - - - - - - - - -

0 0 1 1 1 1 1 1 1 1 - - - - - - - - - - - - - - - - - - - -

0 1 1 1 1 1 1 - - - - - - - - - - - - - - - - - - - - - - -

1 1 1 1 1 - - - - - - - - - - - - - - - - - - - - - - - - -

1 1 1 - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 1 - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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Key:  0,  no symmetric steady state equilibrium (SSE)
         1,  unique SSE with some prices fixed for two periods
         F,  unique SSE with flexible prices
         -,  some prices fixed for more than two periods



xqdeoh wr hduq kljk hqrxjk sur�wv wr fryhu wkhlu �{hg frvwv ri fkdqjlqj sulfh1 Wklv h{sodlqv

wkh }hurv wkdw vkrz xs lq wkh idu ohiw ri wkh �jxuh/ ehfdxvh wkdw lv d uhjlrq zkhuh �upv kdyh

olwwoh pdunhw srzhu dqg frqvhtxhqwo| hduq orz sur�wv1 Wkh olqh ri }hurv wkdw vhsdudwhv vwlfn|

sulfhv iurp  h{leoh sulfhv lv dvvrfldwhg qrw zlwk qhjdwlyh sur�wv/ exw zlwk d glvfrqwlqxlw| lq

wkh vwhdg| vwdwh uhdfwlrq ixqfwlrq1 Wr looxvwudwh dqg khos xv xqghuvwdqg wkhvh glvfrqwlqxlwlhv/

Iljxuh 6 glvsod|v wkh vwhdg| vwdwh uhdfwlrq ixqfwlrq iru 0
03�

' ���fc > ' ��fHD lq sdqho D/

dqg wkuhh fruuhvsrqglqj ydoxh ixqfwlrqv +619, lq sdqho E +qrwh wkdw wkh uhdfwlrq ixqfwlrq lv

	k Ek� c zkhuhdv wkh ydoxh ixqfwlrqv duh �f E�k� iru sduwlfxodu ydoxhv ri k,153 Iru d jlyhq ydoxh

ri kc wkh vwhdg| vwdwh ydoxh ixqfwlrq kdv wzr orfdo pd{lpd zlwk uhvshfw wr �k� Rqh ri wkhvh

pd{lpd lv dw �k ' �c dqg lv dvvrfldwhg zlwk kljk glvfrxqwhg sur�wv jurvv ri dgmxvwphqw frvwv/

wkdw lv wkh �uvw whup lq +619,> zkhq d �up dgmxvwv hyhu| shulrg lw pd{lpl}hv jurvv sur�wv lq

hdfk shulrg/ dqg wkxv �k ' � pd{lpl}hv wkh glvfrxqwhg jurvv sur�w whup1 Wkh vhfrqg whup

lq +619, uhsuhvhqwv glvfrxqwhg dgmxvwphqw frvwv/ dqg wkh| duh plqlpl}hg dw dq lqwhulru ydoxh

ri �kc qrw dw �k ' fc zklfk zrxog eh wkh reylrxv fdqglgdwh wr plqlpl}h dgmxvwphqw frvwv1

Zkloh �k ' f hqwdlov dgmxvwlqj zlwk wkh ohdvw iuhtxhqf|/ wklv grhv qrw wudqvodwh lqwr wkh

vpdoohvw glvfrxqwhg frvwv ri dgmxvwphqw1 Wkh h{sodqdwlrq lv wkdw d pdujlqdo lqfuhdvh lq �k

iurp }hur kdv d �uvw0rughu qhjdwlyh h�hfw rq dgmxvwphqw frvwv lq �vhfrqg shulrgv� +wkdw lv

lq shulrgv zkhq d �upv sulfh zdv odvw fkdqjhg wzr shulrgv djr,/ exw rqo| d vhfrqg0rughu

srvlwlyh h�hfw rq dgmxvwphqw frvwv lq ��uvw shulrgv1� Lqwxlwlyho|/ d �up fdq lqfxu orzhu

dyhudjh dgmxvwphqw frvwv e| wdnlqj dgydqwdjh ri wkrvh rffdvlrqv zkhq lw gudzv d orz frvw/

hyhq li lw dgmxvwhg lq wkh suhylrxv shulrg/ wkdq e| phfkdqlfdoo| dgmxvwlqj hyhu| wzr shulrgv1

Zkhq wkh djjuhjdwh dgmxvwphqw iudfwlrq lv orz/ wkh sur�w whup grplqdwhv/ dqg dq lqglylgxdo

�up fkrrvhv 	k ' �c zkhuhdv zkhq wkh djjuhjdwh dgmxvwphqw iudfwlrq lv kljk/ wkh frvw whup

grplqdwhv dqg 	k lv urxjko| 314;1 Dw k ' f�bec wkh wzr h�hfwv duh h{dfwo| r�vhwwlqj/ uhvxowlqj

53Dv hduolhu/ zh xvh a� +�, wr ghqrwh d �up*v rswlpdo fkrlfh ri dgmxvwphqw suredelolw|/ dqg �� wr ghqrwh dq

lqglylgxdo �up*v duelwudu| +vxerswlpdo, fkrlfh ri dgmxvwphqw suredelolw|1
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Figure 3
details on benchmark case when

markup=1.1, inflation=1.085

B. Steady State v0(α~
)
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A. Steady State Reaction Function
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lq d �up ehlqj lqgl�huhqw ehwzhhq wkh wzr dgmxvwphqw suredelolwlhv1

Dw wkh srlqw ri glvfrqwlqxlw| wkh �up lv dfwxdoo| lqgl�huhqw ehwzhhq wzr vwudwhjlhv/ rqh

hqwdlolqj d orz iuhtxhqf| ri dgmxvwphqw/ dqg wkh rwkhu hqwdlolqj dgmxvwphqw hyhu| shulrg1

Dw �uvw jodqfh wklv vhhpv frxqwhulqwxlwlyh � diwhu doo/ zkhqhyhu d �up gudzv d phqx frvw/ lw

hlwkhu �qgv lw zruwkzkloh wr dgmxvw/ ru hovh lw grhv qrw1 Wkh h{sodqdwlrq lv wkdw dw wkh srlqw

ri glvfrqwlqxlw|/ dq dgmxvwlqj �up lv lqgl�huhqw ehwzhhq wzr gl�huhqw sulfhv wkdw lw frxog

vhw/ hdfk ri zklfk lpsolhv d gl�huhqw ixwxuh suredelolw| ri dgmxvwphqw154

Wkh h{lvwhqfh ri glvfrqwlqxlwlhv lq wkh uhdfwlrq ixqfwlrq udlvhv wkh srvvlelolw| ri dq dggl0

wlrqdo vrxufh ri pxowlsolflw|= wkh uhdfwlrq ixqfwlrq pljkw mxps iurp ehorz wr deryh wkh 78

ghjuhh olqh1 Lw wxuqv rxw wkdw wklv lv lqghhg vrphwlphv revhuyhg iru orz ydoxhv ri q� Zh kdyh

irxqg qr hylghqfh/ krzhyhu/ ri vxfk glvfrqwlqxlwlhv ru pxowlsolflwlhv dw ydoxhv ri q wkdw duh

uhohydqw iru exvlqhvv f|foh dqdo|vlv1 Qrwh/ �qdoo|/ wkdw wkh qrqh{lvwhqfh dvvrfldwhg zlwk wkhvh

glvfrqwlqxlwlhv lv rqo| qrqh{lvwhqfh ri VSVVH> wkhuh lv olnho| d vwhdg| vwdwh zlwk udqgrpl}lqj

qhdu wkh srlqw ri glvfrqwlqxlw|1

Iljxuh 7 prgl�hv wkh glvwulexwlrq ri �{hg frvwv e| vhwwlqj wkh sdudphwhuv ri wkh ehwd

glvwulexwlrq wr doskd@ ehwd' �f� Wklv pdlqwdlqv v|pphwu|/ dqg pdnhv wkh glvwulexwlrq

v0vkdshg +wkh s1g1i1 ehoo0vkdshg,/ zlwk orz yduldqfh1 Vxshu�fldoo|/ zh pljkw h{shfw dq v0

vkdshg glvwulexwlrq wr jhqhudwh pxowlsoh VSVVH/ ehfdxvh ryhu d fhuwdlq udqjh/ dq v0vkdshg

glvwulexwlrq kdv wkh surshuw| wkdw 8 � E� lv yhu| kljk/ dqg iurp +718, zh nqrz wkdw rwkhu

wklqjv htxdo/ li wkh uhdfwlrq ixqfwlrq lv xszdug vorslqj/ lw lv vwhhshu wkh kljkhu lv 8 � E�1 Lq

idfw/ Iljxuh 7 vkrzv wkdw prgli|lqj wkh glvwulexwlrq lq wklv zd| kdv olwwoh h�hfw/ dqg zh vwloo

gr qrw revhuyh dq| fdvhv ri pxowlsoh VSVVH1 Wklv lv d vljql�fdqw uhvxow/ ehfdxvh lw jlyhv

xv vrph frq�ghqfh wkdw rxu eurdg �qglqjv duh qrw khdylo| ghshqghqw rq wkh irup ri wkh

phqx frvw glvwulexwlrq1 Dv wkhuh lv olwwoh hpslulfdo hylghqfh rq wkh dssursuldwh irup iru wklv

54Wklv udlvhv d plqru fdyhdw wr wkh fodlp zh pdgh dw wkh ehjlqqlqj ri Vhfwlrq 6 wr wkh h�hfw wkdw d �up

idflqj dq xqfkdqjlqj hfrqrp| zloo fkrrvh d frqvwdqw a� srolf|1
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Figure 4.  
Concentrated distribution

(a=b= 10) 
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0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 - - - - - - - - - - - - - - -
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glvwulexwlrq/ lw lv uhdvvxulqj wkdw rxu frqfoxvlrqv vhhp wr eh uhdvrqdeo| urexvw wr gl�huhqw

dvvxpswlrqv derxw wkh glvwulexwlrq155

Krz lv lw wkdw pdnlqj wkh glvwulexwlrq pxfk vwhhshu kdv vr olwwoh h�hfw rq wkh sdwwhuq

ri vwhdg| vwdwh htxloleuldB Iljxuh 8 glvsod|v uhdfwlrq ixqfwlrqv wkdw fruuhvsrqg wr srlqwv

lq wkh plggoh ri Iljxuh 5 dqg Iljxuh 71 Lq erwk fdvhv wkh uhdfwlrq ixqfwlrq lv doprvw

frpsohwho|  dw1 Lq wkh xqlirup fdvh/ krzhyhu/ lw lv vkliwhg xs vr wkdw wkh vwhdg| vwdwh

kdv k � f�2S dv frpsduhg wr k � f�ffD zkhq wkh glvwulexwlrq lv frqfhqwudwhg1 Ehklqg

wkhvh uhdfwlrq ixqfwlrqv olhv wkh idfw wkdw lq htxloleulxp/ wkh ehqh�w wr dgmxvwlqj sulfh lv lq

odujh sduw slqqhg grzq e| idfwruv rwkhu wkdq wkh glvwulexwlrq ri �{hg frvwv1 Dvvxplqj wklv

ehqh�w lv vljql�fdqwo| ohvv wkdq wkh h{shfwhg frvw ri dgmxvwphqw/ lw iroorzv wkdw zkhq pdvv

lv khdylo| frqfhqwudwhg derxw wkh phdq/ d vpdoohu iudfwlrq ri �upv zloo gudz frvwv wkdw pdnh

lw zruwkzkloh wr dgmxvw1 Iljxuh 8 wkxv uhyhdov wkdw zkloh prgli|lqj wkh glvwulexwlrq ri �{hg

frvwv grhv qrw fkdqjh wkh qxpehu ri htxloleuld/ lw grhv d�hfw wkh ghjuhh ri sulfh vwlfnlqhvv1

Iljxuh 9 ghyldwhv iurp Iljxuh 5 e| fkdqjlqj wkh suhihuhqfh sdudphwhu � iurp }hur wr

xqlw|1 Wklv fruuhvsrqgv wr d oderu vxsso| hodvwlflw| ri xqlw| lqvwhdg ri lq�qlw|1 Dv zlwk

fkdqjlqj wkh glvwulexwlrq/ fkdqjlqj wkh oderu vxsso| hodvwlflw| grhv qrw vljql�fdqwo| dowhu

wkh sdwwhuq ri VSVVH/ dowkrxjk lw grhv ohdg wr vrphzkdw juhdwhu sulfh uljlglw|1

Ilqdoo|/ Iljxuh : uhsolfdwhv Iljxuh 5/ h{fhsw wkdw prqh| ghpdqg lv h{solflwo| prwlydwhg

e| d fdvk0lq0dgydqfh frqvwudlqw1 Djdlq/ wkhuh lv olwwoh txdolwdwlyh gl�huhqfh ehwzhhq wkh wzr

�jxuhv1 Plqru gl�huhqfhv duh dwwulexwdeoh wr wkh idfw wkdw lq d fdvk lq dgydqfh iudphzrun

zlwk � ' f/ wkh vwhdg| vwdwh udwlr ri frqvxpswlrq wr wkh uhdo zdjh lv jlyhq e| E� � E� n-��3� c

zkhuh - lv wkh qrplqdo lqwhuhvw udwh1 Iurp +6154,/ wkh dujxphqw ri wkh vwhdg| vwdwh uhdfwlrq

ixqfwlrq lv wkhq E� � S � E� n-��3� � E�f � ��� c lqvwhdg ri E� � S�3� � E�f � ��� � Kljkhu lq dwlrq

fruuhvsrqgv wr d kljkhu qrplqdo udwh/ dqg wklv h{suhvvlrq vkrzv wkdw e| lwvhoi wkh kljkhu

qrplqdo udwh ghfuhdvhv wkh lqfhqwlyh wr dgmxvw sulfhv/ h{sodlqlqj zk| wkh uhjlrq ri sulfh

55Zh kdyh h{shulphqwhg zlwk rwkhu sdudphwhul}dwlrqv ri wkh ehwd glvwulexwlrq dqg rewdlqhg vlplodu �jxuhv1
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Figure 5. Typical Reaction Functions

0

0.05

0.1

0.15

0.2

0.25

0.3

0 0.05 0.1 0.15 0.2 0.25 0.3

uniform 
distribution

concentrated dist.



Figure 6.
Low labor-supply elasticity

(ψ=1, χ=10)
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Figure 7.
 Cash in advance
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0 F F F F F F F F F F F F F F F F F F F F F F 0 1 1 1 1 1 1
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vwlfnlqhvv lq Iljxuh : h{whqgv wr kljkhu ohyhov ri lq dwlrq wkdq zkhq prqh| ghpdqg lv

prghohg lq dq dg0krf pdqqhu1

Rxu qxphulfdo dqdo|vlv wkxv xqfryhuv qr hylghqfh ri pxowlsoh vwhdg| vwdwhv iru vwdqgdug

fdoleudwlrqv ri wkh prgho1 Wkh devhqfh ri pxowlsolflw| lv d frqvhtxhqfh ri wkh zhdnqhvv

ru devhqfh ri vwhdg| vwdwh frpsohphqwdulw| lq sulfh vhwwlqj/ dv xqfryhuhg lq rxu dqdo|wlfdo

zrun1

91 Frqfoxvlrqv

Lw lv dq lqwxlwlyho| dsshdolqj lghd wkdw sulfh0vhwwlqj lv fkdudfwhul}hg e| frpsohphqwdulw|

dqg khqfh fdq eh d vrxufh ri pxowlsoh htxloleuld1 Wkdw lqwxlwlrq zdv jlyhq d irxqgdwlrq e|

Edoo dqg Urphu ^4<<4`/ zkrvh dqdo|vlv zdv qrqhwkhohvv olplwhg e| ehlqj hvvhqwldoo| vwdwlf1

Zh kdyh h{whqghg Edoo dqg Urphu*v dqdo|vlv wr dq h{solflwo| g|qdplf iudphzrun/ lq zklfk

wkhuh lv d frpshwlwlyh oderu pdunhw1 E| vr grlqj/ zh kdyh frqvlghuhg zkhwkhu ru qrw frp0

sohphqwdulwlhv dqg pxowlsolflwlhv duh olnho| wr dulvh lq wkh frqwh{w ri prghuq exvlqhvv f|foh

prghov1

Wkh prgho wkdw zh ghyhors fdq srwhqwldoo| kdyh pxowlsoh vwhdg| vwdwhv dqg lqghwhuplqdwh

orfdo g|qdplfv1 Rxu remhfwlyh khuh kdv ehhq wr vwxg| wkh prgho*v vwhdg| vwdwhv1 Iru kljk

+exvlqhvv f|foh, ydoxhv ri wkh glvfrxqw idfwru/ wkh prgho odfnv vwurqj hqrxjk frpsohphqwdulw|

lq sulfh dgmxvwphqw wr jhqhudwh pxowlsoh vwhdg| vwdwhv1 Krzhyhu/ qrqh{lvwhqfh ri d vwhdg|

vwdwh grhv rffxu lq d vpdoo uhjlrq ri wkh sdudphwhu vsdfh1 Wklv qrqh{lvwhqfh lv dvvrfldwhg

zlwk glvfrqwlqxlwlhv lq wkh uhdfwlrq ixqfwlrq wkdw olqnv djjuhjdwh wr lqglylgxdo dgmxvwphqw1

Rxu uhvxowv vxjjhvw wkdw uhvhdufk xvlqj vwdwh0ghshqghqw sulflqj prghov lv xqolnho| wr eh

klqghuhg e| wkh suhvhqfh ri pxowlsolflw|/ dqg wkdw/ frqwudu| wr wkh vshfxodwlrqv ri Edoo dqg

Urphu/ pxowlsolflw| zloo qrw eh fhqwudo wr h{sodlqlqj wkh udqjh ri sulfh vwlfnlqhvv h{shulhqfhg

e| hfrqrplhv zlwk dssduhqwo| vlplodu ixqgdphqwdov1
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Ri qhfhvvlw|/ rxu uhvxowv fdqqrw eh gh�qlwlyh1 Wkh vhdufk iru pxowlsolflw| lq wklv fodvv ri

prghov uhtxluhv dvvxpswlrqv rq suhihuhqfhv/ whfkqrorj|/ dqg wkh glvwulexwlrq ri phqx frvwv/

dqg lw lv ri frxuvh lpsrvvleoh wr uxoh rxw wkh srvvlelolw| wkdw pxowlsoh vwhdg| vwdwhv dulvh

iru vrph frq�jxudwlrq ri sdudphwhuv wkdw zh kdyh qrw h{dplqhg1 Qhyhuwkhohvv/ zh kdyh

frqgxfwhg d idluo| h{whqvlyh vhdufk/ dqg kdyh irxqg qr fdvhv ri pxowlsolflw| iru ydoxhv ri wkh

glvfrxqw idfwru wkdw duh uhdvrqdeoh iru exvlqhvv f|foh dqdo|vlv1 Rxu dqdo|wlfdo uhvxowv dovr

vxjjhvw wkdw zh duh xqolnho| wr �qg wkh frpsohphqwdulwlhv wkdw duh qhfhvvdu| iru pxowlsoh

htxloleuld1

Wkhuh duh dw ohdvw wzr lpsruwdqw dyhqxhv wkdw duh dv |hw xqh{soruhg lq wklv fodvv ri

prgho1 Wkh �uvw lqyroyhv qrq0vwhdg| vwdwh htxloleuld1 Dv phqwlrqhg lq wkh lqwurgxfwlrq/ wklv

sdshu kdv sxuvxhg rqo| rqh ri wkh wzr qdwxudo g|qdplf frxqwhusduwv wr wkh w|sh ri frpsoh0

phqwdulw| glvfxvvhg e| Edoo dqg Urphu1 Hyhq li wkh prgho srvvhvvhv d xqltxh vwhdg| vwdwh/

wkh orfdo g|qdplfv durxqg wkdw vwhdg| vwdwh pd| vwloo h{klelw pxowlsolflw|> Grwvh|/ Nlqj

dqg Zropdq ^4<<:` surylgh h{dpsohv ri vwdwh0ghshqghqw sulflqj prghov zkhuh wkh qdwxuh

ri wkh orfdo g|qdplfv lv vhqvlwlyh wr wkh glvwulexwlrq ri dgmxvwphqw frvwv156 Rwkhu srvvleoh

htxloleuld lqyroyh ghwhuplqlvwlf f|fohv dqg wkhlu olplwlqj fdvh/ htxloleuld zlwk v|qfkurql}hg

sulfh dgmxvwphqw1 V|qfkurql}dwlrq yhuvxv vwdjjhulqj kdv ehhq glvfxvvhg suhylrxvo| lq Ihwknh

dqg Srolfdqr ^4<;9` iru zdjh0vhwwlqj/ Edoo dqg Fhffkhwwl ^4<;;` dqg Edoo dqg Urphu ^4<;<`

iru sulfh0vhwwlqj/ dqg Odx ^4<<9` iru d jhqhudo jdph0wkhruhwlf hqylurqphqw1 Krzhyhu/ lq

hdfk ri wkrvh sdshuv ghflvlrqv duh wlph0ghshqghqw1 Lqvwhdg ri dvvxplqj d �{hg frvw ri dg0

mxvwphqw/ wkh dxwkruv dvvxph wkdw wkh fkrlfh yduldeoh lv dgmxvwhg hyhu| ? shulrgv dqg dvn

zkhwkhu v|qfkurql}dwlrq ru vwdjjhulqj lv dq htxloleulxp1 Edoo dqg Urphu ^4<<4` frqvlghu v|q0

fkurql}dwlrq yhuvxv vwdjjhulqj lq d qrq0lq dwlrqdu| vwdwh0ghshqghqw hqylurqphqw/ zkhuhdv

wkh qdwxudo h{whqvlrq ri rxu dqdo|vlv zrxog lqyroyh srvlwlyh lq dwlrq1 Li v|qfkurql}hg dqg

56Iru hduo| dqdo|vhv ri lqghwhuplqdflhv lq exvlqhvv f|foh prghov/ vhh Ehqkdele dqg Iduphu +4<<7, dqg Jdol

+4<<7,1
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vwdjjhulqj htxloleuld frh{lvw/ lw zloo eh vwudljkwiruzdug wr Sduhwr0udqn wkhp/ dowkrxjk lw lv

xqfohdu d sulrul zklfk w|sh ri htxloleulxp zrxog kdyh kljkhu zhoiduh1 V|qfkurql}hg dqg

vwdjjhulqj htxloleuld zrxog lqyroyh wkh vdph dprxqw ri dgmxvwphqw frvwv1 Wzr rwkhu h�hfwv

duh suhvhqw/ krzhyhu/ zklfk zrun lq rssrvlwh gluhfwlrqv1 Rwkhu wklqjv htxdo/ zhoiduh zloo eh

kljkhu zlwk ohvv uhodwlyh sulfh glvshuvlrq/ dqg d v|qfkurql}hg htxloleulxp kdv }hur uhodwlyh

sulfh glvshuvlrq1 Rq wkh rwkhu kdqg/ djhqwv lq wkh prgho ydoxh vprrwk frqvxpswlrq ryhu

wlph/ dqg rq wklv vfruh d vwdjjhulqj +vwhdg| vwdwh, htxloleulxp grplqdwhv1

Dqrwkhu dyhqxh iru uhvhdufk wdnhv r� iurp Ehujlq dqg Ihhqvwud*v ^4<<;` glvfxvvlrq ri d

pruh jhqhudo fodvv ri suhihuhqfhv zklfk pdnh d �up*v ghpdqg hodvwlflw| ydu| zlwk lwv uhodwlyh

sulfh1 Wkh yduldeoh hodvwlflw| fruuhvsrqgv wr �upv fdulqj gluhfwo| derxw wkh sulfhv fkdujhg e|

rwkhuv1 Iru wkh Gl{lw0Vwljolw} fdvh zh frqvlghu/ �upv fduh derxw wkh sulfhv fkdujhg e| rwkhuv

rqo| wr wkh h{whqw wkdw rwkhu �upv* sulfhv d�hfw qrplqdo pdujlqdo frvw1 Ehujlq dqg Ihhqvwud

dujxh wkdw wklv uhvwulfwlrq xquhdvrqdeo| olplwv wkh shuvlvwhqfh ri qrqqhxwudolw| xqghu wlph0

ghshqghqw sulflqj/ exw lw dovr fohduo| zrunv djdlqvw frpsohphqwdulw| xqghu vwdwh0ghshqghqw

sulflqj1 Jlyhq wkh dssur{lpdwlrqv wkdw dsshdu qhfhvvdu| lq wklv fdvh krzhyhu/ surjuhvv dorqj

wkhvh olqhv pd| eh gl!fxow1

Uhihuhqfhv

^4` Edoo/ Odxuhqfh/ dqg Vwhskhq J1 Fhffkhwwl ^4<;;`/ �Lpshuihfw Lqirupdwlrq dqg Vwdjjhuhg

Sulfh Vhwwlqj/� Dphulfdq Hfrqrplf Uhylhz :;/ <<<0434;1

^5` Edoo/ Odxuhqfh/ Q1 Juhjru| Pdqnlz/ dqg Gdylg Urphu ^4<;;`/ �Wkh Qhz Nh|qhvldq

Hfrqrplfv dqg wkh Rxwsxw0Lq dwlrq Wudghr�1� Eurrnlqjv Sdshuv rq Hfrqrplf Dfwlylw|1

^6` Edoo/ Odxuhqfh/ dqg Gdylg Urphu ^4<<4`/ �Vwlfn| Sulfhv dv Frruglqdwlrq Idloxuh/� Dphu0

lfdq Hfrqrplf Uhylhz ;4 +6,/ 86<08851
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^7` Edoo/ Odxuhqfh/ dqg Gdylg Urphu ^4<;<`/ �Wkh Htxloleulxp dqg Rswlpdo Wlplqj ri

Sulfh Fkdqjhv/� Uhylhz ri Hfrqrplf Vwxglhv 89/ 4:<04<;1

^8` Ehqkdele/ M1/ dqg U1 Iduphu ^4<<7`/ �Lqghwhuplqdf| dqg Lqfuhdvlqj Uhwxuqv/� Mrxuqdo

ri Hfrqrplf Wkhru|/ 96+4,/ 4<0741

^9` Ehujlq/ Sdxo U1/ dqg Urehuw F1 Ihhqvwud ^4<<;`/ �Vwdjjhuhg Sulfh0Vhwwlqj dqg Hqgrjh0

qrxv Shuvlvwhqfh/� QEHU zrunlqj sdshu 97<51

^:` Eodqfkdug/ R1M1 dqg Q1 Nl|rwdnl/ �Prqrsrolvwlf Frpshwlwlrq dqg wkh H�hfwv ri Djjuh0

jdwh Ghpdqg/� Dphulfdq Hfrqrplf Uhylhz/ :: +Vhswhpehu 4<;:,/ 97:09991

^;` Fdsolq/ Dqguhz/ dqg Mrkq Ohdk| ^4<<4`/ �Vwdwh Ghshqghqw Sulflqj dqg wkh G|qdplfv

ri Prqh| dqg Rxwsxw/� Txduwhuo| Mrxuqdo ri Hfrqrplfv 439/ 9;60:3;1

^<` Fdsolq/ Dqguhz/ dqg Mrkq Ohdk| ^4<<:`/ �Djjuhjdwlrq dqg Rswlpl}dwlrq zlwk Vwdwh0

Ghshqghqw Sulflqj/� Hfrqrphwulfd 98 +6,/ 93409581

^43` Fdsolq/ Dqguhz/ dqg Gdqlho Vsxoehu ^4<;:`/ �Phqx Frvwv dqg wkh Qhxwudolw| ri Prqh|/�

Txduwhuo| Mrxuqdo ri Hfrqrplfv 435/ :360:581

^44` Fkdul/ Y1Y1/ Sdwulfn M1 Nhkrh/ dqg Hoohq U1 PfJudwwdq ^4<<9`/ �Vwlfn| Sulfh Prghov

ri wkh Exvlqhvv F|foh= Fdq wkh Frqwudfw Pxowlsolhu Vroyh wkh Shuvlvwhqfh SureohpB�/

Ihghudo Uhvhuyh Edqn ri Plqqhdsrolv Uhvhdufk Ghsduwphqw Vwd� Uhsruw 54:1

^45` Frrshu/ Uxvvhoo/ dqg Dqguhz Mrkq ^4<;;`/ �Frruglqdwlqj Frruglqdwlrq Idloxuhv lq Nh|0

qhvldq Prghov/� Txduwhuo| Mrxuqdo ri Hfrqrplfv 436/ 77407961

^46` Grwvh|/ Plfkdho/ Urehuw J1 Nlqj dqg Doh{dqghu O1 Zropdq ^4<<<`/ �Vwdwh0Ghshqghqw

Sulflqj dqg wkh Jhqhudo Htxloleulxp G|qdplfv ri Prqh| dqg Rxwsxw/� Txduwhuo| Mrxu0

qdo ri Hfrqrplfv 447/ 98809<31
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^47` Grwvh|/ Plfkdho/ Urehuw J1 Nlqj dqg Doh{dqghu O1 Zropdq ^4<<:`/ �Phqx Frvwv/ Vwdj0

jhuhg Sulfh0Vhwwlqj/ dqg Hodvwlf Idfwru Vxsso|/� pdqxvfulsw1

^48` Ihwknh/ Jdu|/ dqg Dqguhz Srolfdqr ^4<;9`/ �Zloo Zdjh Vhwwhuv Hyhu Vwdjjhu GhflvlrqvB�

Txduwhuo| Mrxuqdo ri Hfrqrplfv 434/ ;9:0;::1

^49` Jdol/ M1 ^4<<7`/ �Prqrsrolvwlf Frpshwlwlrq/ Exvlqhvv F|fohv/ dqg wkh Frpsrvlwlrq ri

Djjuhjdwh Ghpdqg/� Mrxuqdo ri Hfrqrplf Wkhru|/ 96+4,/ 5:605<91

^4:` Odx/ Vdx0Klp Sdxo ^4<<9`/ �Vwudwhjlf Frpsohphqwdulw| dqg Hqgrjhqrxv Qrqv|qfkur0

ql}dwlrq/� pdqxvfulsw/ Dxvwudoldq Qdwlrqdo Xqlyhuvlw|1

^4;` Or|r/ H1 ^4<<;`/ �Ghpdqg Sxoo Vwdj dwlrq/� pdqxvfulsw/ Ghsduwphqw ri Hfrqrplfv/

Sulqfhwrq Xqlyhuvlw|1

^4<` Urwhpehuj/ Mxolr M1/ dqg Plfkdho Zrrgirug ^4<<:`/ �Dq Rswlpl}dwlrq0Edvhg Hfrqrphw0

ulf Iudphzrun iru wkh Hydoxdwlrq ri Prqhwdu| Srolf|/� QEHU Pdfurhfrqrplfv Dqqxdo1

^53` \xq/ Wdfn ^4<<9`/ �Qrplqdo Sulfh Uljlglw|/ Prqh| Vxsso| Hqgrjhqhlw|/ dqg Exvlqhvv

F|fohv/� Mrxuqdo ri Prqhwdu| Hfrqrplfv 6:= 67806:31

D1 Dsshqgl{

D141 Rswlpdo Sulflqj

Wkh vroxwlrq wr +5145, dqg +5144, |lhogv wkh iroorzlqj h{suhvvlrq iru wkh rswlpdo sulfh ri dq

dgmxvwlqj �up uhodwlyh wr wkh sulfh ohyho=
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