
Gr wkh Qhz Nh|qhvldq Plfurirxqgdwlrqv
Udwlrqdolvh Vwdelolvdwlrq Srolf|B�

Fodxv Wkxvwuxs Nuhlqhu|

Xqlyhuvlw| ri Frshqkdjhq/ HSUX/}dqg FHVlir

Ilqdo Yhuvlrq= Pd| 5334

Iruwkfrplqj lq Wkh Hfrqrplf Mrxuqdo/ Dsulo 5335

Devwudfw

V|vwhpdwlf prqhwdu| srolf| lv dqdo|vhg lq d wzr shulrg h{whqvlrq

ri vwdqgdug/ vwdwlf Qhz Nh|qhvldq prghov1 Lw lv vkrzq wkdw frxqwhu0

f|folfdo srolflhv lqfuhdvh wkh edqg ri lqdfwlrq ri wkh sulfh vhwwhuv/ dqg

wkdw wklv ihhg0edfn h�hfw rq sulfh uljlglw| pd| pdnh vxfk srolflhv �vhoi0

mxvwli|lqj�> wkdw lv/ wkh srolflhv wkhpvhoyhv fdxvh wkh  xfwxdwlrqv wkdw

wkh| duh vwdelolvlqj1 Pruhryhu/ frxqwhuf|folfdo srolflhv pd| lq jhqhudo

uhgxfh zhoiduh1 Lq idfw/ vrfldoo| rswlpdo srolflhv pd| yhu| zhoo lqyroyh

d frpplwphqw wr hqkdqfh vkrfnv1

Nh|zrugv= Qhz Nh|qhvldq Hfrqrplfv/ Vwdelolvdwlrq Srolf|1

MHO Fodvvl�fdwlrq= H65/ H851

�Frpphqwv e| Fduo0Mrkdq Gdojddug/ Shu V1 Kdqvhq/ Khquln M1 Nohyhq/ Vûuhq N|ko/

Zloiuhgr O1 Pdogrqdgr/ Wruehq P1 Shghuvhq/ wzr dqrq|prxv uhihuhhv/ dqg vhplqdu sdu0
wlflsdqwv dw wkh HHD*<< Frqjuhvv dqg wkh UHV*<< Frqihuhqfh duh judwhixoo| dfnqrzohgjhg1

Lq sduwlfxodu/ L olnh wr wkdqn Qhlo Udqnlq dqg rqh ri wkh uhihuhhv iru hqfrxudjlqj ph wr

fkdqjh frpsohwho| wkh dqdo|wlfdo iudphzrun1
|Fruuhvsrqghqfh= F1 W1 Nuhlqhu/ Lqvwlwxwh ri Hfrqrplfv/ Xqlyhuvlw| ri Frshqkdjhq/

Vwxglhvwudhgh 9/ GN04788 Frshqkdjhq N/ Ghqpdun1 Sk1= .78 68 65 63 53/ id{= .78 68
65 63 33/ h0pdlo= fodxv1wkxvwuxs1nuhlqhuChfrq1nx1gn1

}Wkh dfwlylwlhv ri HSUX +Hfrqrplf Srolf| Uhvhdufk Xqlw, duh �qdqfhg wkurxjk d judqw
iurp wkh Gdqlvk Qdwlrqdo Uhvhdufk Irxqgdwlrq1
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Wkh suhvhqfh ri vpdoo sulfh dgmxvwphqw frvwv kdv ehhq rqh ri wkh surpl0

qhqw h{sodqdwlrqv ri prqh| qrq0qhxwudolw| vlqfh wkh vhplqdo zrun ri Pdqnlz

+4<;8,/ Dnhuori dqg \hoohq +4<;8,/ dqg Eodqfkdug dqg Nl|rwdnl +4<;:,/ dqg

e| qrz wkhuh duh vhyhudo hpslulfdo vwxglhv wkdw vxssruw wkh vr0fdoohg phqx

frvw k|srwkhvlv= Iru lqvwdqfh/ Ohy| hw do1 +4<<:, dqg Gxwwd hw do1 +4<<<,

�qg qrq0wulyldo frvwv ri sulfh dgmxvwphqwv lq wkhlu hpslulfdo vwxglhv ri odujh

vxshu pdunhw dqg guxjvwruh fkdlqv lq wkh Xqlwhg Vwdwhv> Zlovrq +4<<;, �qgv

frqvlghudeoh sulfh vwlfnlqhvv lq wkh vkruw uxq lq dq h{shulphqwdo lqyhvwljdwlrq

ri wkh frqvhtxhqfhv ri phqx frvwv> dqg Udyq dqg Vrod +4<<;, �qg hylghqfh lq

idyrxu ri wkh phqx frvw suhglfwlrq wkdw �vpdoo� xqdqwlflsdwhg prqh|0vxsso|

glvwxuedqfhv kdyh uhdo h�hfwv zkhuhdv �elj� rqhv duh qhxwudo xvlqj XV pdfur

gdwd1

Rqh ri wkh pdlq wkhruhwlfdo lqvljkwv lv wkdw phqx frvwv dqg lpshuihfwo|

frpshwlwlyh ehkdylrxu lqwhudfw lq d zd| vxfk wkdw qrplqdo ghpdqg glvwxu0

edqfhv jlyh ulvh wr lqh!flhqwo| odujh  xfwxdwlrqv lq rxwsxw1 Lw kdv wkhuhiruh

ehhq dujxhg wkdw wkh Qhz Nh|qhvldq wkhru| pd| kdyh surylghg wkh plfur

irxqgdwlrq iru sxuvxlqj wudglwlrqdo vwdelolvdwlrq srolflhv14 Iru h{dpsoh/ lw

vhhpv uhdvrqdeoh wr h{shfw wkdw d qhjdwlyh vkrfn/ zklfk sxoov wkh xqghuo|lqj

rswlpdo sulfhv ehorz wkh dfwxdo sulfhv/ pd| eh qhxwudolvhg e| d prqhwdu|

4Iru lqvwdqfh/ Gdylg Urphu zulwhv rq Qhz Nh|qhvldq prghov wkdw �wkh| vxjjhvw wkh

srvvlelolw| wkdw qrplqdo iulfwlrqv pd| ohdg wr dq lqh!flhqwo| kljk ohyho ri yrodwlolw| dqg

wkdw jryhuqphqw vwdelol}dwlrq srolf| pd| wkhuhiruh eh ghvludeoh� +Urphu/ 4<<6/ s1 46,1
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h{sdqvlrq wkdw gulyhv wkh xqghuo|lqj rswlpdo sulfhv edfn wrzdugv wkh dfwxdo

sulfhv1

Ghvslwh wklv/ olwwoh kdv ehhq grqh wr dfwxdoo| dqdo|vh vxfk pdfurhfrqrplf

srolflhv zlwklq phqx frvw iudphzrunv15 Lqvwhdg/ lw lv frpprq wr dqdo|vh

pdfurhfrqrplf srolf| lq prghov zkhuh sulfh uljlglw| lv dvvxphg udwkhu wkdq

ghulyhg� dqg wkhq pd|eh mxvwli| wkh dvvxpswlrq ri sulfh uljlglw| e| uhihuulqj

wr wkh phqx frvw olwhudwxuh16 Wklv surfhgxuh lv suredeo| dq lqqrfhqw vkruw0

fxw li wkhuh duh qr ihhg0edfn h�hfwv iurp wkh srolf| wr wkh ghjuhh ri sulfh

uljlglw|1 Krzhyhu/ dv wklv sdshu ghprqvwudwhv wklv lv xqolnho| wr eh wkh fdvh=

pdfurhfrqrplf srolflhv lq xhqfh wkh frqvhtxhqfhv ri vkrfnv dqg wkhuhiruh

dovr wkh djhqwv* ghflvlrqv rq zkhwkhu wr dgmxvw sulfhv ru qrw iroorzlqj d vkrfn1

Wr vhh wklv/ frqvlghu dq hfrqrp| wkdw lv klw e| d vlqjoh vkrfn zklfk fuhdwhv d

shupdqhqw gl�huhqfh ehwzhhq dfwxdo dqg rswlpdo sulfhv1 Zlwkrxw dq| srolf|

wkh djhqwv kdyh juhdw lqfhqwlyhv wr sd| wkh phqx frvwv dqg dgmxvw wkhlu sulfhv

wr wkh qhz rswlpdo ohyhov1 Rq wkh rwkhu kdqg/ li wkh djhqwv nqrz wkdw wkh

5Wr p| nqrzohgjh/ rqo| rqh suhylrxv sdshu kdv h{dplqhg vxfk lvvxhv/ qdpho| Kdqvhq

+4<<9,1 Kh vkrzv wkdw dq dv|pphwulf prqhwdu| srolf| wkdw h{dfwo| r�vhwv qhjdwlyh glv0

wxuedqfhv dqg ohdyhv wkh hfrqrp| wr lwvhoi lq wkh fdvh ri srvlwlyh glvwxuedqfhv lqfuhdvhv
wkh dyhudjh rxwsxw ri d �up idflqj sulfh dgmxvwphqw frvwv1 Lw lv qrw dgguhvvhg zkhwkhu lw

lv vrfldoo| rswlpdo wr sxuvxh vxfk lq dwlrqdu| srolf|1 Edoo dqg Pdqnlz +4<<7, frqfoxgh
wkdw wuhqg lq dwlrq fuhdwhv dv|pphwulf uhvsrqvhv wr vkrfnv exw wkdw wkh rswlpdo udwh lv

}hur1 Wklv sdshu devwudfwv iurp wklv lvvxh e| rqo| frqvlghulqj v|pphwulf prqhwdu| srolf|1
6Iru h{dpsoh/ Revwihog dqg Urjr� +4<<8, dvvxph wkdw qrplqdo sulfhv duh suhghwhu0

plqhg dqg dujxh wkdw doo uhvxowv fdq eh uhlqwhusuhwhg lq d vhwwlqj zlwk phqx frvwv1 Fodulgd

hw do1 +4<<<, fdoo wkhlu dqdo|vlv d Qhz Nh|qhvldq shuvshfwlyh dowkrxjk lw lv dvvxphg wkdw

hdfk djhqw*v sulfh lv �{hg zlwk d jlyhq suredelolw|/ dqg wkhuhiruh wkdw sulfh uljlglw| lv
lqghshqghqw ri hfrqrplf flufxpvwdqfhv1
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fhqwudo edqn zloo dgmxvw wkh xqghuo|lqj rswlpdo sulfhv wr wkh dfwxdo ohyhov

wkurxjk prqh| vxsso| fkdqjhv lpphgldwho| diwhu +li wkh| wkhpvhoyhv ghflgh

qrw wr dgmxvw, wkhq wkh| kdyh qr lqfhqwlyhv wr sd| wkh phqx frvwv1

Ri frxuvh/ lw lv qrw uhdolvwlf wkdw d fhqwudo edqn fdq uhdfw lpphgldwho|

diwhu d vkrfn1 Lqvwhdg/ wklv sdshu dvvxphv wkdw lw wdnhv vrph wlph ehiruh wkh

fhqwudo edqn fdq revhuyh dqg uhdfw wr d grzqwxuq ru dq xswxuq1 Iroorzlqj d

vkrfn wkh djhqwv ghflgh zkhwkhu ru qrw wr dgmxvw sulfhv dqg lq fdvh wkh| gr

qrw/ wkhuh zloo eh d grzqwxuq ru dq xswxuq rq zklfk wkh fhqwudo edqn uhdfwv

zlwk d odj1 Li wkh fhqwudo edqn vlpso| fkrrvhv wr r�vhw doo vkrfnv wkhq lw uh0

pryhv wkh frqvhtxhqfhv ri d vkrfn diwhu wkh lqwhuyhqwlrq/ exw lw dovr lqfuhdvhv

wkh edqg ri lqdfwlrq ri wkh sulfh vhwwhuv zkr zloo dffhsw odujhu vkrfnv ehiruh

wkh| dgmxvw sulfhv1 Lq wklv vhqvh/ vlpsoh vwdelolvdwlrq srolflhv lqfuhdvh sulfh

uljlglw|/ dqg dv d frqvhtxhqfh vxfk srolflhv pd| ehfrph �vhoi0mxvwli|lqj�1

Wkdw lv/ frxqwhuf|folfdo srolflhv pd| wkhpvhoyhv frqwulexwh wr wkh rffxuuhqfh

ri wkh  xfwxdwlrqv wkdw wkh| duh vwdelolvlqj1 Wklv rffxuv zkhq wkh djhqwv

gr dgmxvw sulfhv zlwkrxw d srolf| exw gr qrw dgmxvw zlwk wkh srolf|1 Lq wklv

fdvh/ vwdelolvdwlrq srolf| fhuwdlqo| vwdelolvhv rxwsxw/ exw lq wkh devhqfh ri

vxfk d srolf| wkhuh zrxog qrw eh dq|  xfwxdwlrqv wr vwdelolvh1 Pruhryhu/ wkh

lqfuhdvh lq sulfh uljlglw| iroorzlqj d frxqwhuf|folfdo srolf| lv vrfldoo| vxers0

wlpdo ehfdxvh wkh sulfh vhwwhuv dffhsw wrr odujh sulfh ghyldwlrqv hyhq zlwk0

rxw lqwhuyhqwlrq gxh wr wkh lpshuihfwo| frpshwlwlyh ehkdylrxu1 Wkhuhiruh/
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d frxqwhuf|folfdo srolf| pd| uhgxfh zhoiduh hyhq wkrxjk wkh srolf| e| lwvhoi

lv frvwohvv1 Lq idfw/ wkh rswlpdo srolf| pd| eh surf|folfdo1 Wklv vrphzkdw

sdudgr{lfdo uhvxow dulvhv ehfdxvh wkh fhqwudo edqn e| frpplwwlqj wr hqkdqfh

vkrfnv fdq irufh grzq wkh dgmxvwphqw ohyhov ri wkh sulfh vhwwhuv wr wkh vr0

fldoo| rswlpdo ohyhov1 Ilqdoo|/ lw lv vkrzq wkdw d kljkhu ghjuhh ri lpshuihfwo|

frpshwlwlyh ehkdylrxu/ zklfk lqfuhdvhv wkh lqh!flhqf| ri  xfwxdwlrqv/ dovr

lqfuhdvhv wkh olnholkrrg ri wkh rswlpdo srolf| ehlqj surf|folfdo1

Wr pdnh wkh dqdo|vlv frpsdwleoh zlwk wkh h{lvwlqj olwhudwxuh wkh uhvxowv

duh ghulyhg lq d vlpsoh wzr shulrg h{whqvlrq ri vwdqgdug vwdwlf prghov1 Wkhvh

prghov fdq/ lq jhqhudo/ eh glylghg lqwr wzr jurxsv ghshqglqj rq zkhq wkh

phqx frvwv duh sdlg uhodwlyh wr wkh hphujhqfh ri vkrfnv dqg rq krz lqlwldo

sulfhv duh ghwhuplqhg1 Frqvhtxhqwo|/ uhvxowv gr vrphwlphv gl�hu ghshqglqj

rq wkh fkrlfh ri iudphzrun1 Lq wkh iroorzlqj/ erwk w|shv ri iudphzrunv duh

frqvlghuhg/ dqg lw wxuqv rxw wkdw wkh ryhudoo frqfoxvlrqv duh wkh vdph1

Wkh uhpdlqghu ri wkh sdshu lv rujdqlvhg dv iroorzv1 Vhfwlrq 4 ghvfulehv

wkh edvlf iudphzrun dqg wkh htxloleulxp zlwk  h{leoh sulfhv1 Vhfwlrq 5 dqdo0

|vhv wkh frqvhtxhqfhv ri vwdelolvdwlrq srolf| lq wkh suhvhqfh ri phqx frvwv

xqghu wzr gl�huhqw vhw ri dvvxpswlrqv1 Rqh vxevhfwlrq iroorzv wkh dssurdfk

lqlwldwhg e| Pdqnlz +4<;8, dqg Eodqfkdug dqg Nl|rwdnl +4<;:, dqg dqrwkhu

vxevhfwlrq iroorzv wkh dssurdfk lqlwldwhg e| Edoo dqg Urphu +4<;<> 4<<3,1

Vhfwlrq 6 dqg 7 glvfxvv krz wkh rswlpdo srolf| ghshqgv rq lpshuihfwo| frp0
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shwlwlyh ehkdylrxu dqg rq wkh uhdfwlrq wlph ri wkh fhqwudo edqn1 Ilqdoo|/

Vhfwlrq 8 frqfoxghv1

4 Wkh Edvlf Iudphzrun dqg wkh Ioh{ Sulfh

Htxloleulxp

Wkh hfrqrp| lv srsxodwhg e| d frqwlqxxp ri djhqwv lqgh{hg e| � dqg glv0

wulexwhg xqlirupo| rq dfc �o1 Wkh djhqwv olyh iru wzr shulrgv/ | ' fc �1 Lq erwk

shulrgv wkh| hdfk surgxfh d gl�huhqwldwhg jrrg xvlqj wkhlu rzq oderxu dqg

ghpdqg jrrgv surgxfhg e| wkh rwkhu djhqwv1 Wkh glvfrxqwhg xwlolw| vwuhdp

ri djhqw � htxdov

L� '
�[

|'f

w|

#�] �

�'f

dS| E�c ��o
�3> _�

� �

�3>

�
�

�n�
d,| E��o

�n�

�

$
c +4,

zkhuh S| E�c �� lv frqvxpswlrq ri jrrg � dw wlph |/ ,| E�� lv wkh qxpehu ri

zrunlqj krxuv dw wlph |/ dqg wkh sdudphwhuv ixo�oo f 	 > 	 �/ � : f/ dqg

w| : f iru | ' fc �1 Wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq dq| wzr jrrgv

lv jlyhq e| �*>/ zkhuhdv �*� htxdov wkh hodvwlflw| ri pdujlqdo glvxwlolw| ri

zrun1 Ilqdoo|/ wf dqg w� phdvxuh wkh ohqjwk ri wkh wzr shulrgv dqg pd| dovr

lqfoxgh glvfrxqwlqj1 Wkh frqvxphu sulfh lqgh{ fruuhvsrqglqj wr wkh xwlolw|

ixqfwlrq lv gh�qhg dv

R| �

�] �

�'f

dR| E��o
�3 �

> _�

� >

>3�

c

zkhuh R| E�� ghqrwhv wkh sulfh ri jrrg �1
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Wr nhhs wkh iudphzrun dv vlpsoh dv srvvleoh/ zh uxoh rxw vdylqjv dqg

dvvxph wkdw doo jrrgv duh qrq0vwrudeoh1 Frqvhtxhqwo|/ wkh exgjhw frqvwudlqw

ri djhqw l htxdov

] �

�'f

R| E�� S| E�c �� _� � R| E�� +| E�� � U| E�� ; | ' fc �c +5,

zkhuh U| E�� lv wkh lqfrph ri wkh djhqw zklfk lv lghqwlfdo wr wkh djhqw*v uhyhqxh

iurp vhoolqj jrrg � wr wkh rwkhu djhqwv1 Pd{lplvlqj +4, vxemhfw wr +5, |lhogv

wkh iroorzlqj ghpdqg iru jrrg � ri krxvhkrog �

S| E�c �� '

�
R| E��

R|

�
3�*>

U| E��

R|
� +6,

Zh iroorz Edoo dqg Urphu +4<;<> 4<<3, e| dvvxplqj wkdw vrph +xqvshfl�hg,

wudqvdfwlrqv whfkqrorj| ghwhuplqhv wkh uhodwlrq ehwzhhq djjuhjdwh vshqglqj

ri wkh krxvhkrogv dqg prqh| edodqfhv1 Pruh vshfl�fdoo|/ zh dvvxph wkdw

] �

�'f

U| E�� _� ' �6|c +7,

zkhuh 6| lv wkh vwrfn ri prqh| dw wlph | frqwuroohg e| wkh fhqwudo edqn

zkhuhdv � pd| eh wkrxjkw ri dv wkh yhorflw| ri prqh|1 Erwk � dqg 6| duh

revhuyhg e| wkh djhqwv dqg/ lq wkh  h{ sulfh prgho/ dq| fkdqjh lq � ru 6|

lpsolhv lqvwdqw sulfh dgmxvwphqw ri wkh djhqwv1

Wkh djjuhjdwh ghpdqg iru wkh jrrg surgxfhg e| djhqw � lv irxqg e|

djjuhjdwlqj ryhu krxvhkrogv lq htxdwlrq +6, dqg xvlqj htxdwlrq +7,1 Wklv

:



|lhogv

+| E�� '

�
R| E��

R|

�
3�*>

�6|

R|
� +8,

Wkh krxvhkrog fdq wudqvirup rqh xqlw ri oderxu/ ,| E��/ lqwr rq xqlw ri �qdo

jrrg/ +| E��1 Zkhq sulfhv duh  h{leoh wkh surgxfwlrq ghflvlrq ri wkh djhqw

fdq eh vhsdudwhg lqwr wzr lghqwlfdo vwdwlf sureohpv= wkh djhqw vlpso| kdv

wr pd{lpl}h wkh gl�huhqfh ehwzhhq wkh uhdo uhyhqxh/ R|E��+|E��

R|
/ dqg wkh xwlolw|

orvv ri zrunlqj/ �

�n�
d+| E��o

�n�

� iru | ' fc �1 Xvlqj htxdwlrq +8, wr vxevwlwxwh

iru +| E�� lpsolhv wkdw wkh vroxwlrq fdq eh irxqg e| pd{lplvlqj wkh lqgluhfw

 rz xwlolw| ixqfwlrq

�

�
R| E��

R|
c
�6|

R|

�
�

�
R| E��

R|

��3 �

> �6|

R|
�

�

�n�

�
R| E��

R|

�
3

�n�

>�

�
�6|

R|

� �n�

�

c +9,

zlwk uhvshfw wr R| E�� iru | ' fc �1 Iurp wkh �uvw rughu frqglwlrqv dqg wkh

v|pphwu| ri wkh krxvhkrogv/ lpso|lqj wkdw R| E�� ' R|/ zh jhw wkh vroxwlrq

+| E�� '
�6|

R|
' 7+ � E�� >�� 	 � ;�c |� +:,

Wkxv/ zkhq sulfhv duh  h{leoh prqh| lv qhxwudo dqg/ lq wklv vlpsoh vhwwlqj/ doo

uhdo yduldeohv duh wkh vdph lq wkh wzr shulrgv1 Dv lq vwdqgdug vwdwlf prghov/

wkh djjuhjdwh rxwsxw ohyho lv ehorz wkh vrfldoo| rswlpdo ohyho/ �/ gxh wr wkh

lpshuihfw frpshwlwlrq/ dqg rxwsxw ghfuhdvhv li hlwkhu wkh Ohuqhu lqgh{/ >/ ru

wkh oderxu vxsso| hodvwlflw|/ �/ lqfuhdvh1

;



5 Sulfh Uljlglw| dqg Vwdelolvdwlrq Srolf|

Lq zkdw iroorzv lw lv dvvxphg wkdw sulfh fkdqjhv duh frvwo|1 Wkxv/ hdfk djhqw

uhvsrqgv wr fkdqjhv lq qrplqdo ghpdqg e| hlwkhu dgmxvwlqj wkh surgxfwlrq

ohyho ru wkh sulfh ohyho wdnlqj lqwr dffrxqw wkdw wkh odwwhu lqyroyhv sd|phqw

ri d oxps vxp sulfh dgmxvwphqw frvw1 Frqwudu| wr wkh suhfhglqj vhfwlrq wklv

pdnhv wkh dvvxpswlrq frqfhuqlqj wkh ghyhorsphqw ri �6| fuxfldo iru wkh uhdo

dfwlylw| ri wkh hfrqrp|1

Zh dvvxph wkdw wkh hfrqrp| hyroyhv dv iroorzv1 Wkh lqlwldo sulfhv ri wkh

djhqwv duh suhghwhuplqhg1 Dw wkh ehjlqqlqj ri shulrg f d qhz ydoxh ri wkh

vwrfkdvwlf yduldeoh � lv uhdolvhg1 Wklv dowhuv wkh +qrplqdo, ghpdqg iru wkh

gl�huhqw jrrgv/ dqg wklv lv revhuyhg e| wkh surgxfhuv1 Ghshqglqj rq wkh

vl}h ri wkh sulfh dgmxvwphqw frvw/ hdfk surgxfhu zloo hlwkhu fkdqjh wkh sulfh

ru wkh surgxfwlrq ohyho1 Wr nhhs lw dv vlpsoh dv srvvleoh/ zh dvvxph wkdw dq

djhqw zkr kdv sdlg wkh phqx frvw fdq fkrrvh d qhz sulfh ohyho iru shulrg f

dqg d qhz/ qrw qhfhvvdulo| wkh vdph/ sulfh ohyho iru shulrg �17 Li wkh djhqwv

kdyh qrw sdlg wkh phqx frvwv/ wkh vkrfn fdxvhv rxwsxw wr fkdqjh lq shulrg f1

Wkh fhqwudo edqn fdqqrw revhuyh � lq shulrg f/ exw fdq revhuyh wkh fkdqjh lq

djjuhjdwh rxwsxw/ dqg pd|/ dffruglqjo|/ dw wkh vwduw ri shulrg � fkdqjh wkh

7Qrwh/ wkdw qr qhz lqirupdwlrq rffxuv diwhu wkh uhdolvdwlrq ri wkh vkrfn lq shulrg 31

Li wkh djhqwv diwhu sd|lqj phqx frvwv lq shulrg 3 kdg wr vwlfn wr wkh vdph sulfh ohyho lq
shulrg 3 dqg shulrg 4/ wkh| pd| kdg suhihuuhg wr sd| phqx frvwv djdlq diwhu wkh uhdfwlrq

ri wkh fhqwudo edqn1 Wklv zrxog vwuhqjwkhq wkh ryhudoo frqfoxvlrq wkdw wkh prqhwdu| srolf|

frqwulexwhv wr sulfh vwlfnlqhvv1

<



prqh| vxsso|/ 6�/ lq rughu wr dffrpprgdwh wkh vkrfn1 Pruh vshfl�fdoo|/ zh

dvvxph wkdw wkh fhqwudo edqn iroorzv wkh uxoh8

6� � 76

76
' �k

+f � 7+

+f
c k � �c +;,

zkhuh wkh sdudphwhu k uh hfwv krz wkh prqhwdu| srolf| ghshqgv rq wkh

rxwsxw jds lq shulrg f> wkh srolf| lv frxqwhuf|folfdo li k : f dqg surf|folfdo

li k 	 f zkhuhdv k ' f fruuhvsrqgv wr d �odlvvh}0idluh� srolf|1

Vr idu/ zh kdyh qrw ghvfulehg krz wkh lqlwldo sulfhv duh ghwhuplqhg dqg

zkhwkhu wkh djhqwv kdyh wr fkrvh ehwzhhq sulfh vwlfnlqhvv ru sulfh  h{lelolw|

ehiruh ri diwhu wkh uhdolvdwlrq ri wkh vkrfn1 Suhylrxv vwdwlf prghov fdq lq

jhqhudo eh glylghg lqwr wzr jurxsv1 Rqh jurxs/ lqfoxglqj Pdqnlz +4<;8,

dqg Eodqfkdug dqg Nl|rwdnl +4<;:,/ dvvxphv wkdw lqlwldo sulfhv duh htxdo

wr wkh htxloleulxp ohyhov ri d iulfwlrqohvv hfrqrp|/ dqg wkdw wkh ghflvlrq rq

zkhwkhu wr sd| wkh phqx frvwv ru qrw kdv wr eh pdgh diwhu uhdolvdwlrq ri wkh

vkrfn1 Wkh vhfrqg jurxs/ lqfoxglqj Edoo dqg Urphu +4<;<> 4<<3,/ dvvxphv

wkdw �upv vhw lqlwldo sulfhv wkdw pd{lplvh wkhlu h{shfwhg sur�wv nqrzlqj wkh

glvwulexwlrq ri vkrfnv/ dqg wkdw wkh fkrlfh ehwzhhq �{hg sulfhv dqg  h{leoh

sulfhv kdv wr eh pdgh ehiruh uhdolvdwlrq ri wkh vkrfn1

8Wr vlpsoli| pdwwhuv wkh xqlqwhuhvwlqj fdvh zkhuh wkh fhqwudo edqn uhyhuvhv wkh rxwsxw

jds/ l1h1 � A 4/ lv h{foxghg iurp wkh dqdo|vlv1 Dovr/ wr irfxv hqwluho| rq vwdelolvdwlrq
srolf|/ wkhuh lv qr lqwhufhsw lq wkh srolf| uxoh/ l1h1 qr wuhqg jurzwk lq wkh vwrfn ri prqh|1

Qrwh �qdoo|/ wkdw wkhuh grhv qrw kdyh wr eh dq h{solflw srolf| uxoh1 Wkh edvlf dvvxpswlrq

lv mxvw wkdw wkh djhqwv kdyh udwlrqdo h{shfwdwlrqv frqfhuqlqj wkh ehkdylrxu ri wkh fhqwudo
edqn1
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Lq wkh �uvw iudphzrun/ d vkrfn rffxuv dowkrxjk wkh djhqwv duh frpsohwho|

vxuh wkdw lw zloo qrw/ lpso|lqj wkdw wkh djhqwv gr qrw uhdoo| kdyh udwlrqdo

h{shfwdwlrqv1 Rq wkh rwkhu kdqg/ wkh vhfrqg iudphzrun suhvxphv wkdw lw lv

lpsrvvleoh dw dq| frvwv wr fkdqjh sulfhv diwhu wkh uhdolvdwlrq ri d vkrfn li

phqx frvwv zhuh qrw sdlg sulru wr wkh vkrfn1 Wkxv/ wkh wzr iudphzrunv kdyh

gl�huhqw dgydqwdjhv dqg olplwdwlrqv/ dqg zh wkhuhiruh h{dplqh wkh h�hfwv ri

prqhwdu| srolf| lq erwk w|shv ri vhwwlqjv1

Gxh wr phqx frvwv/ wkh glvfrxqwhg xwlolw| vwuhdp ri djhqw � lv qr orqjhu

jlyhq e| htxdwlrq +4,/ exw lqvwhdg htxdo wr

L� ' �)_ E�� n
�[

|'f

w|�

�
R| E��

R|
c
�6|

R|

�
c +<,

zkhuh � E�c �� lv wkh lqgluhfw  rz xwlolw| ixqfwlrq gh�qhg lq +9,/ ) lv wkh frvw

ri dgmxvwlqj sulfhv +phdvxuhg lq xwlov,/ dqg _ E�� lv d gxpp| yduldeoh zklfk

htxdov rqh ru }hur ghshqglqj rq zkhwkhu wkh djhqw fkrrvhv wr dgmxvw ru qrw1

514 Dq Xqdqwlflsdwhg/ Dgyhuvh Vkrfn

Lq wklv vxevhfwlrq/ zh dvvxph wkdw lqlwldo sulfhv duh htxdo wr wkhlu rswlpdo

ohyhov lq d iulfwlrqohvv hfrqrp|/ dqg wkdw wkh ghflvlrq rq zkhwkhu wr sd| wkh

phqx frvwv kdv wr eh pdgh diwhu uhdolvdwlrq ri wkh vkrfn1 Frqvlghu dq lqlwldo

htxloleulxp ri d iulfwlrqohvv hfrqrp| zkhuh � ' 7� dqg 6 ' 76 lpso|lqj

iurp +:, wkdw lqlwldo sulfhv duh htxdo wr 7R ' 7� 76*7+1 Lq wkh ehjlqqlqj ri

shulrg f d +vpdoo, vkrfn/ 0/ lpsolhv wkdw wkh yhorflw| ri prqh| lv uhgxfhg wr
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� ' E�� 0� 7�/ zkhuh 0 	 �1

Li wkh djhqwv ghflgh wr sd| wkh phqx frvwv/ wkh rqo| lpsdfw ri wkh vkrfn

lv d fruuhvsrqglqj uhgxfwlrq ri sulfhv lq erwk shulrgv/ zkhuhdv erwk rxwsxw

dqg prqh| vxsso| vwd| dw wkhlu suhghwhuplqhg ohyhov1 E| frqwudvw/ li wkh|

gr qrw sd| wkh phqx frvwv/ wkh| zloo nhhs wkhlu sulfhv �{hg dqg lqvwhdg

uhgxfh surgxfwlrq lq shulrg f e| 0 � �ffI/ vhh htxdwlrq +8,1 Wklv fkdqjh

lq surgxfwlrq lv revhuyhg e| wkh fhqwudo edqn zkr dgmxvw wkh prqh| vxsso|

dffruglqj wr wkh uxoh +;, zklfk/ lq frpelqdwlrq zlwk htxdwlrq +8,/ lpsolhv

wkdw wkh shulrg 4 rxwsxw jds ehfrphv

+� � 7+

7+
'

6�� � 767�

767�
' � E�� k� 0�

Wkxv/ d frxqwhuf|folfdo srolf| uhgxfhv wkh lpsdfw ri wkh vkrfn rq shulrg 4

rxwsxw/ +�/ dqg d ixoo| frxqwhuf|folfdo srolf|/ k ' �/ frpsohwho| qhxwudolvhv

wkh vkrfn1 Wkhvh �qglqjv fruuhvsrqg pruh ru ohvv wr wkh uhvxow ri d vwdq0

gdug LV0OP prgho zkhuh sulfhv duh dvvxphg wr eh vwlfn|1 Krzhyhu/ vlqfh

sulfh vwlfnlqhvv khuh lv ghwhuplqhg e| wkh djhqwv wkh txhvwlrq lv zkhwkhu wkh

prqhwdu| srolf| lq xhqfhv wkh ghjuhh ri sulfh uljlglw|1

Diwhu wkh vkrfn hdfk iduphu kdv wr ghflgh lq shulrg f rq zkhwkhu wr sd|

wkh phqx frvw ru qrw/ wdnlqj lqwr dffrxqw wkh prqhwdu| uxoh ri wkh fhqwudo

edqn1 Hdfk djhqw edodqfhv klv sulydwh xwlolw| orvv iurp kdylqj dq dfwxdo

sulfh wkdw ghyldwhv iurp wkh rswlpdo ohyho/ RW
|
E��/ djdlqvw wkh sd|phqw ri wkh
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phqx frvwv/ )1 Wkhuhiruh/ sulfh uljlglw| lv dq htxloleulxp li qr djhqw kdv dq

lqfhqwlyh wr sd| wkh phqx frvwv19 Wklv lpsolhv iurp htxdwlrq +<, wkdw sulfh

uljlglw| lv dq htxloleulxp li

�[
|'f

w|

�
�

�
RW
|
E��

7R
c
�6|

7R

�
� �

�
�c

�6|

7R

��
	 )c

zkhuh 6f ' 76 vlqfh wkh fhqwudo edqn kdv qrw |hw revhuyhg dq| fkdqjh lq

rxwsxw/ zkhuhdv 6� ' 76�3E�3k�0

�30
gxh wr wkh prqhwdu| srolf| uxoh1 Wkh �uvw

whup lqvlgh wkh fxuo| eudfnhwv lv wkh xwlolw| ohyho +h{foxglqj sd|phqw ri phqx

frvwv, li wkh djhqw fkrrvhv wr dgmxvw wkh sulfh zkhuhdv wkh vhfrqg whup lv wkh

xwlolw| ohyho li wkh djhqw fkrrvhv wr nhhs wkh sulfh dw wkh suhghwhuplqhg ohyho1

Wdnlqj d vhfrqg0rughu Wd|oru h{sdqvlrq rq wkh OKV ri wkh deryh lqhtxdolw|

lpsolhv wkdw wkh lqhtxdolw| fdq eh dssur{lpdwhg e| +vhh Dsshqgl{ D,

u� Ekc 0� �
�

2

�� >

� E� n >��

�
wf n w� E�� k�2

�
02 	 xc +43,

zkhuh x lv wkh vl}h ri wkh sulfh dgmxvwphqw frvwv lq sursruwlrq ri djjuhjdwh

surgxfwlrq/ l1h1 )*7+1 Dv u� Ekc 0� lv ghfuhdvlqj lq k/ lw iroorzv wkdw d pruh

frxqwhuf|folfdo srolf| uhgxfhv wkh djhqw*v sulydwh orvv iurp qrw dgmxvwlqj wkh

sulfh wkhuhe| lqfuhdvlqj wkh olnholkrrg ri sulfh uljlglw|1

9Khuh/ zh iroorz wkh vwdqgdug surfhgxuh ri rqo| irfxvlqj rq wkh vl}h ri phqx frvwv
uhtxluhg wr vxvwdlq sulfh uljlglw| dv dq htxloleulxp1 Qrwh wkrxjk wkdw wkh vwudwhjlf frp0

sohphqwdulw| lq sulfh vhwwlqj lpsolhv/ dv �uvw vkrzq e| Edoo dqg Urphu +4<<4,/ wkdw wkhuh
h{lvwv d udqjh ri phqx frvwv iru zklfk erwk sulfh uljlglw| dqg sulfh  h{lelolw| duh htxloleuld1

Lw wxuqv rxw/ krzhyhu/ wkdw wkh phqx frvw wkuhvkrog iru sulfh  h{lelolw| lv xqdowhuhg e|

wkh srolf|1 Dv d frqvhtxhqfh/ Sursrvlwlrq 4 dqg 6 lpso| wkdw wkh udqjh ri phqx frvwv
vxvwdlqlqj pxowlsoh htxloleuld lv zlghqhg1
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Ohw %� Ek� ghqrwh wkh ydoxh ri 0 wkdw vroyhv u� Ekc 0� ' x1 Vroylqj wklv

htxdwlrq |lhogv

%� Ek� '

v
2� E� n >��x

E�� >�
�
wf n w� E�� k�2

� c +44,

iurp zklfk lw iroorzv wkdw

Sursrvlwlrq 4 +l, Uljlglw| lv dq htxloleulxp li wkh vkrfn 0 olhv lq wkh edqg ri

qrq0dgmxvwphqw dfc %� Ek�o1 +ll, D frxqwhuf|folfdo srolf|/ f 	 k � �/ zlghqv

wkh edqg ri qrq0dgmxvwphqw1 +lll, D frxqwhuf|folfdo srolf| lv fdxvlqj wkh  xf0

wxdwlrqv wkdw lw lv vwdelolvlqj li wkh vkrfn 0 olhv lq wkh udqjh d%� Ef� c %� Ek�o1

Surri1 +l, 0 	 %� Ek� lpsolhv wkdw u� Ekc 0� 	 x1 +ll, %� Ek� lv prqrwrqrxvo|

lqfuhdvlqj lq k1 +lll, Iru doo vkrfnv/ 0/ ixo�oolqj %� Ef� 	 0 	 %� Ek� wkh djhqwv

zrxog kdyh fkdqjhg wkhlu sulfhv zlwkrxw wkh frxqwhuf|folfdo srolf| Ek ' f�/

zkhuhdv zlwk wkh srolf| wkh| fkrvh qrw wr dgmxvw wkhlu sulfhv/ zklfk fuhdwhv

wkh rxwsxw jds wkdw pdnhv wkh fhqwudo edqn dgmxvw wkh prqh| vxsso|1 �

Wkh sursrvlwlrq uhyhdov wkdw wkh ghjuhh ri sulfh uljlglw| grhv ghshqg rq

wkh prqhwdu| srolf|1 D pruh frxqwhuf|folfdo srolf| uhgxfhv wkh sulydwh orvvhv

ri wkh djhqwv pdnlqj wkhp pruh uhoxfwdqw wr fkdqjh sulfhv1 Wklv h�hfw pd|

pdnh vxfk srolflhv vhoi0mxvwli|lqj1 Wklv dulvhv li wkh sulydwh orvv ri wkh djhqwv

xqghu d odlvvh}0idluh srolf| lv deryh wkh phqx frvw/ zkhuhdv wkh sulydwh orvv

zlwk d frxqwhuf|folfdo srolf| lv ehorz wkh phqx frvw1 Lq wklv fdvh/ rxwsxw
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zrxog eh xqd�hfwhg e| wkh vkrfn xqghu d odlvvh}0idluh srolf|/ zkhuhdv wkh

frxqwhuf|folfdo srolf| lpsolhv wkdw wkh vkrfn d�hfwv rxwsxw zklfk lv wkhq

eurxjkw edfn wrzdugv lwv ruljlqdo ohyho lq wkh qh{w shulrg e| wkh srolf|1

Zh qrz frqvlghu wkh zhoiduh lpsolfdwlrqv ri sulfh uljlglw| e| frpsdulqj

wkh djjuhjdwh xwlolw| ri wkh djhqwv zkhq wkh| fkrvh qrw wr dgmxvw sulfhv zlwk

wkh fdvhv zkhuh wkh| gr dgmxvw sulfhv1 Iurp htxdwlrq +<,/ zh jhw wkdw sulfh

vwlfnlqhvv lv vrfldoo| rswlpdo li

�[
|'f

w|

�
� E�c 7+�� �

�
�c

�6|

R

��
	 )c

zkhuh djdlq 6f ' 76 dqg 6� ' 76�3E�3k�0

�30
1 Wkh �uvw whup lqvlgh wkh vtxduh

eudfnhwv lv wkh djjuhjdwh xwlolw| ohyho +h{foxglqj sd|phqw ri phqx frvwv, li

wkh djhqwv dgmxvw wkh sulfhv zkhuhdv wkh vhfrqg whup lv wkh xwlolw| ohyho li

wkh djhqwv nhhs wkh sulfhv dw wkh suhghwhuplqhg ohyho1 Wdnlqj d vhfrqg0

rughu Wd|oru h{sdqvlrq rq wkh OKV ri wkh deryh lqhtxdolw| lpsolhv wkdw sulfh

vwlfnlqhvv lv vrfldoo| rswlpdo li +vhh Dsshqgl{ E,

u` Ekc 0� � > dwf n w� E�� k�o 0n
�� >

2�

�
wf n w� E�� k�2

�
02 	 xc +45,

zkhuh x djdlq phdvxuhv wkh sulfh dgmxvwphqw frvwv lq sursruwlrq ri surgxf0

wlrq1 Qrwh/ wkdw u` Ekc 0�/ olnh u� Ekc 0�/ lv ghfuhdvlqj lq k lpso|lqj wkdw d

pruh frxqwhuf|folfdo srolf|/ fhwhulv sdulexv/ uhgxfhv wkh zhoiduh frqvhtxhqfhv

ri uljlg sulfhv1
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Xqolnh wkh sulydwh orvv/ wkh zhoiduh orvv frqwdlqv erwk d vhfrqg rughu

h�hfw dqg d �uvw rughu h�hfw1 Wklv gl�huhqfh/ �uvw qrwhg e| Pdqnlz +4<;8,/

lv gxh wr lpshuihfw frpshwlwlrq/ zklfk lpsolhv wkdw wkh lqlwldo htxloleulxp lv

lqh!flhqw +qrwh wkdw wkh �uvw0rughu h�hfw ydqlvkhv zkhq > $ f,1 Vlqfh/

u` Ekc 0� ' > dwf n w� E�� k�o 0n E� n >��u� Ekc 0� c

lw iroorzv wkdw wkh zhoiduh orvv ri sulfh uljlglw|/ u` Ekc 0�/ lv odujhu wkdq

wkh sulydwh orvv/ u� Ekc 0�1 Wklv glvfuhsdqf| lpsolhv wkdw wkh djhqwv whqg

wr dgmxvw wrr olwwoh pdnlqj wkh lpsolhg sulfh uljlglw| lqh!flhqw1 Krzhyhu/

h{fhvvlyh sulfh uljlglw| lv qrw qhfhvvdulo| dq dujxphqw iru d frxqwhuf|folfdo

srolf|1

Sursrvlwlrq 5 +l, Li u` E�c 0� 	 x wkhq k ' � pd{lplvhv zhoiduh1 +ll, Li

x 	 u` E�c 0� wkhq=

+lld, Li u� E�c 0� : x wkhq wkh zhoiduh lpsolfdwlrqv duh lqghshqghqw ri k1

+lle, Li u� Efc 0� : x : u� E�c 0� wkhq wkhuh h{lvwv 	k 5 Efc �� vxfk wkdw k 	 	k

pd{lplvhv zhoiduh1

+llf, Li x : u� Efc 0� wkhq wkhuh h{lvwv 	k 	 f vxfk wkdw k 	 	k pd{lplvhv

zhoiduh1

Surri1 +l, u` Ekc 0� lv ghfuhdvlqj lq k dqg lv wkhuhiruh plqlplvhg iru k ' �1

Vlqfh u` E�c 0� 	 x zhoiduh lv pd{lplvhg zkhq k ' � surylghg wkdw wkh
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djhqwv gr qrw dgmxvw sulfhv1 Krzhyhu/ wkh djhqwv zloo qrw dgmxvw wkh sulfhv

vlqfh u� E�c 0� 	 u` E�c 0�1 +ll, Qrwh/ wkdw x 	 u` E�c 0� lpsolhv wkdw zhoiduh

lv pd{lplvhg li wkh djhqwv fkrvh wr sd| wkh phqx frvw dqg dgmxvw sulfhv1

+lld, Vlqfh u� Ekc 0� : x iru doo ydoxhv ri k wkh djhqwv dgmxvw lqghshqghqwo|

ri k jlylqj d zhoiduh orvv htxdo wr x1 +lle, Ohw 	k eh gh�qhg lpsolflwo| e|

u� E	kc 0� ' x/ zklfk iurp wkh vwdwhg frqglwlrq lpsolhv wkdw 	k 5 Efc ��1 Qrz/

li k 	 	k wkhq wkh zhoiduh orvv gxh wr wkh vkrfn lv x dv wkh djhqwv zloo fkrvh

wr dgmxvw1 Li k : 	k wkhq wkh djhqwv fkrvh wr dgmxvw zklfk |lhogv wkh zhoiduh

orvv u` Ekc 0� : u` E�c 0� : x1 +llf, Dv wkh surri ri +lle, h{fhsw wkdw wkh

vwdwhg frqglwlrq lpsolhv wkdw 	k 	 f1 �

Wkxv/ lq wkh wulyldo fdvh zkhuh wkh zhoiduh frqvhtxhqfhv ri  xfwxdwlrqv

duh ehorz wkh phqx frvwv/ l1h1 uhjlph +l,/ lw lv rswlpdo wr frqgxfw d ixoo|

frxqwhuf|folfdo srolf|1 Krzhyhu/ wklv fdvh lv qrw sduwlfxodu lqwhuhvwlqj vlqfh

uhdolvwlf pdjqlwxghv ri phqx frvwv duh vpdoo pdnlqj wkh srwhqwldo zhoiduh

jdlqv iurp vwdelolvdwlrq srolf| qhjoljleoh1 Uhjlph +lld, lv dovr wulyldo vlqfh

wkh phqx frvwv duh vr vpdoo wkdw wkh djhqwv dozd|v suhihu sulfh  h{lelolw| wr

sulfh vwlfnlqhvv1 Wkxv/ wkh QhzNh|qhvldq olwhudwxuh kdv irfxvhg rq vlwxdwlrqv

zkhuh phqx frvwv duh odujhu wkdq wkh sulydwh jdlqv iurp dgmxvwlqj exw vpdoohu

wkdq wkh zhoiduh lpsolfdwlrqv ri sulfh uljlglw|/ l1h1 wkh wzr uhpdlqlqj uhjlphv1

Lq erwk ri wkhvh uhjlphv lw lv qrw rswlpdo wr frqgxfw d ixoo| frxqwhuf|folfdo
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srolf|1 Wkh uhdvrq lv wkdw vxfk srolf| pdnhv lw vxerswlpdo iru hdfk djhqw

wr dgmxvw wkh sulfh/ dowkrxjk dgmxvwphqw |lhogv wkh kljkhvw zhoiduh ohyho1 Lq

uhjlph +lle, d frxqwhuf|folfdo srolf| zkhuh k : 	k uhgxfhv zhoiduh frpsduhg

wr d odlvvh}0idluh srolf|/ k ' f/ ehfdxvh wkh djhqwv rqo| pdnh wkh qhfhvvdu|

sulfh dgmxvwphqwv zkhq k 	 	k1 Lq uhjlph +llf, wkh phqx frvw lv odujhu wkdq

hdfk djhqw*v sulydwh orvv zkhq wkhuh lv qr prqhwdu| srolf|1 Wklv lpsolhv wkdw

wkh djhqwv gr qrw dgmxvw xqghu wkh odlvvh}0idluh srolf|/ dqg d frxqwhuf|folfdo

srolf| wkhuhiruh lpsuryhv zhoiduh1 Krzhyhu/ wkh srolf| lv qrw rswlpdo1 Lw

lv ehwwhu wr frqgxfw dq| surf|folfdo srolf| zkhuh k 	 	k/ vlqfh vxfk srolf|

hqirufhv wkh djhqwv wr dgmxvw wkhlu sulfhv/ zklfk |lhogv wkh kljkhvw zhoiduh

ohyho1 Wkxv/ wkh rswlpdo srolf| lv wr frpplw wr d ghvwdelolvdwlrq uxoh1

515 Vkrfnv zlwk Nqrzq Glvwulexwlrq

Lq wklv vxevhfwlrq/ zh vkrz wkdw vlplodu uhvxowv duh rewdlqhg e| xvlqj wkh

dssurdfk lqlwldwhg e| Edoo dqg Urphu +4<;<> 4<<3,1 Qrz/ wkh fkrlfh ehwzhhq

�{hg sulfhv dqg  h{leoh sulfhv kdv wr eh pdgh ehiruh uhdolvdwlrq ri wkh vkrfn/

01 Wkh vkrfn lv gudzq iurp d jlyhq glvwulexwlrq zklfk lv nqrzq e| wkh

djhqwv zkhq ghflglqj lqlwldo sulfhv dqg zkhq ghflglqj zkhwkhu wr sd| wkh

phqx frvwv1 Hyhu|wklqj hovh lv xqfkdqjhg1

Ohw wkh phdq ri 0 eh htxdo wr f dqg gh�qh wkh vwdqgdug ghyldwlrq dv

j1 Ehiruh h{sorulqj wkh frqglwlrqv iru sulfh uljlglw| qrwh wkdw wkh h{shfwhg

4;



sulfh ohyho zloo ghshqg rq zkhwkhu wkh djhqwv fkrvh wr sd| wkh phqx frvwv1 Li

wkh| gr sd| wkh phqx frvwv wkh h{shfwhg sulfh ohyho zloo htxdo wkh iulfwlrqohvv

ohyho/ 7R/ exw li wkh| gr qrw wkh sulfh ohyho zloo lq jhqhudo gl�hu iurp 7R vlqfh

xwlolw| lv qrw txdgudwlf/ l1h1 wkh fhuwdlqw| htxlydohqfh surshuw| lv qrw ixo�oohg1

Ohw �R E�� eh wkh sulfh fkrvhq e| djhqw � li kh ghflghv qrw wr sd| wkh phqx

frvw dqg �R wkh fruuhvsrqglqj sulfh lqgh{ zkhq doo djhqwv fkrvh qrw wr sd|

wkh phqx frvwv1 Wkhq �R E�� lv irxqg e| vroylqj

�R E�� ' @h}4@ .
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�R E��
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�,
c

zkhuh djdlq 6f ' 76 dqg 6� ' 76�3E�3k�0

�30
1 Pdnlqj d vhfrqg0rughu Wd|oru

h{sdqvlrq durxqg wkh iulfwlrqohvv htxloleulxp/ lw lv srvvleoh wr vkrz wkdw wkh

�{hg sulfh htxloleulxp lv fkdudfwhulvhg e| d sulfh ohyho/ �R/ dqg dq dyhudjh

rxwsxw ohyho lq erwk shulrgv/ �+/ wkdw +dssur{lpdwho|, fruuhvsrqg wr +vhh

Dsshqgl{ F,

7� 76

�R
' �+ * 7+

%
��

� n �

2�

wf n w� E�� k�2

wf n w�
j2

&
� +46,

Wklv htxdwlrq vkrzv wkdw wkh djhqwv fkrvh wr vhw wkhlu suhghwhuplqhg sulfhv

kljkhu wkdq wkh iulfwlrqohvv ohyho/ zklfk lpsolhv wkdw wkh dyhudjh rxwsxw ohyho

xqghu sulfh uljlglw| lq erwk shulrgv lv orzhu wkdq wkh  h{ sulfh rxwsxw ohyho1

Dv lq wkh suhylrxv prgho/ d frxqwhuf|folfdo srolf| uhgxfhv wkh lpsdfw ri d

vkrfn rq shulrg 4 rxwsxw/ vxfk wkdw wkh yduldqfh ri shulrg 4 rxwsxw ghfolqhv1
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Exw dsduw iurp wklv h�hfw/ htxdwlrq +46, vkrzv wkdw d frxqwhuf|folfdo srolf|

dovr lqfuhdvhv wkh dyhudjh rxwsxw ohyho surylghg wkdw sulfhv duh �{hg1 Krz0

hyhu/ olnh lq wkh suhylrxv prgho wkh txhvwlrq lv zkhwkhu wkh ghjuhh ri sulfh

uljlglw| lv lq xhqfhg e| wkh srolf|1

Uhdvrqlqj sdudooho wr wkh ghulydwlrq ri +43, lpsolhv wkdw sulfh uljlglw| lv

dq htxloleulxp li

u� Ekc j� �
�

2

�� >

� E� n >��

�
wf n w� E�� k�2

�
j2 	 xc +47,

zkhuh wkh rqo| gl�huhqfh lv wkdw 02 lq +43, kdv ehhq uhsodfhg e| wkh h{shfwhg

ydoxh ri 02/ qdpho| j21 Wkxv/ uljlglw| lv dq htxloleulxp li j olhv zlwklq

wkh edqg ri qrq0dgmxvwphqw dfc %� Ek�o/ zkhuh %� Ek� lv jlyhq e| +44,1 Wklv

lpsolhv wkdw

Sursrvlwlrq 6 +l, Uljlglw| lv dq htxloleulxp li wkh vwdqgdug ghyldwlrq j

olhv lq wkh edqg ri qrq0dgmxvwphqw dfc %� Ek�o1 +ll, D frxqwhuf|folfdo srolf|/

f 	 k � �/ zlghqv wkh edqg ri qrq0dgmxvwphqw1 +lll, D frxqwhuf|folfdo

srolf| lv fdxvlqj wkh  xfwxdwlrqv wkdw lw lv vwdelolvlqj li j olhv lq wkh udqjh

d%� Ef� c %� Ek�o1

Surri1 Iroorzv gluhfwo| e| uhsodflqj 0 zlwk j lq wkh surri ri Sursrvlwlrq 41

�

Wkxv/ wkh rqo| gl�huhqfh ehwzhhq Sursrvlwlrq 4 dqg Sursrvlwlrq 6 lv
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zkhwkhu lw lv wkh dfwxdo vl}h ri wkh vkrfnv/ 0/ ru wkh yduldqfh ri wkh glvwulex0

wlrq/ j/ wkdw pdwwhu iru wkh djhqwv* ghflvlrqv1

Wkh zhoiduh orvv iurp sulfh uljlglw| fdqqrw eh ghulyhg vlpso| e| uhsodflqj

0 zlwk j lq htxdwlrq +45,1 Sulfh uljlglw| lv vrfldoo| rswlpdo li

�[
|'f

w|

�
� E�c 7+�� .

�
�

�
�c

�6|

�R

���
	 )c

zkhuh djdlq 6f ' 76 dqg 6� ' 76�3E�3k�0

�30
1 Wkh �uvw whup lqvlgh wkh fxuo|

eudfnhwv lv wkh djjuhjdwh xwlolw| ohyho +h{foxglqj sd|phqw ri phqx frvwv, li

wkh djhqwv dgmxvw wkh sulfhv zkhuhdv wkh vhfrqg whup lv wkh h{shfwhg xwlolw| li

wkh djhqwv nhhs wkh sulfhv dw wkh suhghwhuplqhg ohyho1 D vhfrqg0rughu Wd|oru

h{sdqvlrq lpsolhv wkdw uljlglw| lv vrfldoo| rswlpdo li +vhh Dsshqgl{ G,

u` Ekc j� �
�

2

>� n �

�

�
wf n w� E�� k�2

�
j2 	 x� +48,

Qrwh/ wkdw wkh �uvw rughu zhoiduh h�hfw irxqg lq wkh suhylrxv vhfwlrq ydqlvkhv

zkhq frqvlghulqj erwk srvlwlyh dqg qhjdwlyh vkrfnv dv qrwhg e| Edoo dqg

Urphu +4<;<,1 Qhyhuwkhohvv/ lw lv hdv| wr vkrz wkdw u` Ekc j� : u� Ekc j�

vwloo krogv/ zklfk lpsolhv wkdw

Sursrvlwlrq 7 +l, Li u` E�c j� 	 x wkhq k ' � pd{lplvhv zhoiduh1 +ll, Li

x 	 u` E�c j� wkhq=

+lld, Li u� E�c j� : x wkhq wkh zhoiduh lpsolfdwlrqv duh lqghshqghqw ri k1

+lle, Li u� Efc j� : x : u� E�c j� wkhq wkhuh h{lvwv 	k 5 Efc �� vxfk wkdw k 	 	k
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pd{lplvhv zhoiduh1

+llf, Li x : u� Efc j� wkhq wkhuh h{lvwv 	k 	 f vxfk wkdw k 	 	k pd{lplvhv

zhoiduh1

Surri1 Wkh surri lv lghqwlfdo wr wkh surri ri Sursrvlwlrq 5 h{fhsw wkdw 0 lv

uhsodfhg e| j dqg u` E�� lv jlyhq e| htxdwlrq +48, lqvwhdg ri htxdwlrq +45,1

�

Wkxv/ dowkrxjk htxdwlrqv +45, dqg +48, duh gl�huhqw wkh txdolwdwlyh uhvxowv

duh wkh vdph lq wkh wzr iudphzrunv1

6 Vwdelolvdwlrq Srolf| dqg wkh H{whqw ri Lp0

shuihfwlrqv

Lpshuihfwo| frpshwlwlyh sulfh vhwwlqj lv d fuxfldo hohphqw ri Qhz Nh|qh0

vldq wkhru|1 D kljkhu ghjuhh ri lpshuihfw frpshwlwlrq/ khuh phdvxuhg e|

wkh Ohuqhu lqgh{ >/ uhgxfhv wkh vl}h ri wkh phqx frvwv uhtxluhg iru sulfh

uljlglw|/ u� E��/: dqg lqfuhdvhv wkh zhgjh ehwzhhq wkh sulydwh orvv iurp sulfh

uljlglw| dqg wkh djjuhjdwh zhoiduh orvv/ u` E��1; Wkxv/ lpshuihfw frpshwl0

wlrq lqfuhdvhv qrw rqo| wkh olnholkrrg ri sulfh uljlglw|/ exw dovr wkh zhoiduh

orvv ri wkh  xfwxdwlrqv wkdw iroorz1 Pruhryhu/ lw lv zhoo0nqrzq wkdw pdq|

:Ohw OS +�, uhihu wr erwk ri wkh htxdwlrqv +43, dqg +47, dqg/ vlplodulo|/ ohw OZ +�, uhihu

wr erwk ri wkh htxdwlrqv +45, dqg +48,1
;Lpshuihfw frpshwlwlrq lv dovr lpsruwdqw iru rwkhu uhdvrqv1 Rqh lv/ wkdw wkh wkhru|

qhhgv wr derolvk wkh Zdoudvldq dxfwlrqhu lq rughu wr dqdo|vh zk| �vrpherg|� fkrvhv wr

nhhs sulfhv �{hg1
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rwkhu lpshuihfwlrqv zrun lq wkh vdph zd|1< Khqfh/ > fdq eh wkrxjkw ri pruh

jhqhudoo| dv d phdvxuh ri wkh h{whqw ri lpshuihfwlrqv1

Krz grhv wkh rswlpdo srolf| ghshqg rq >B Iluvw/ qrwh wkdw zkhq >

dssurdfkhv }hur +shuihfw frpshwlwlrq, u` E�� $ u� E�� lpso|lqj wkdw wkh

hfrqrp| lv dozd|v lq rqh ri wkh wzr wulyldo uhjlphv/ l1h1 +l, ru +lld,1 Zkhq

> ulvhv u` E�� lqfuhdvhv dqg u� E�� ghfuhdvhv1 Vr/ li x lv qrw wrr odujh wkh

hfrqrp| hyhqwxdoo| hqwhuv wkh wzr Qhz Nh|qhvldq uhjlphv +lle, dqg +llf,1

Lq wkhvh uhjlphv lw lv hdv| wr vkrz wkdw 	k lv ghfuhdvlqj lq >/43 lpso|lqj wkdw

wkh rswlpdo srolflhv ehfrph ohvv dqg ohvv frxqwhuf|folfdo dv wkh h{whqw ri

lpshuihfwlrqv lqfuhdvhv/ dqg/ ixuwkhupruh/ li > lv odujh hqrxjk wkh rswlpdo

srolflhv duh surf|folfdo1 Wr looxvwudwh wklv srlqw Ilj1 4 sorwv 	k dv d ixqfwlrq

ri > iru �uhdvrqdeoh� ydoxhv ri wkh rwkhu sdudphwhuv= � ' f��D/ x ' f�ff./

wf ' �/ w� ' f�bD dqg/ �qdoo|/ 0 ' f�fD ru j ' f�fD ghshqglqj rq zkhwkhu

htxdwlrq +43, ru +47, lv xvhg1 Wkh ydoxhv ri wkh oderxu vxsso| hodvwlflw|/

�/ dqg wkh vkrfn +vwdqgdug ghyldwlrq,/ 0 +j�/ duh lghqwlfdo wr wkh ydoxhv

frqvlghuhg e| Edoo dqg Urphu +4<<3, lq wkhlu edvh fdvh1 Wkh sdudphwhu

ydoxh ri x lpsolhv wkdw wkh phqx frvwv frpsulvh f�.I ri �up uhyhqxh/ zklfk

<Edoo dqg Urphu +4<<3, vkrz/ iru lqvwdqfh/ wkdw wklv lv wkh fdvh li wkh rxwsxw pdunhw
lv h{whqghg zlwk lpshuihfw lqirupdwlrq dqg fxvwrphu pdunhwv ru li wkh oderxu pdunhw

lv fkdudfwhul}hg e| h!flhqf| zdjhv1 Edvx +4<<8, vkrzv krz prqrsrolvwlf frpshwlwlyh

pdunhwv iru lqwhuphgldwh jrrgv dfw dv d pxowlsolhu iru sulfh vwlfnlqhvv1 Gl{rq dqg Kdqvhq
+4<<<, vkrz wkdw d pl{hg lqgxvwuldo vwuxfwxuh ohdgv wr plvdoorfdwlrq ri lqsxwv/ zklfk

lqfuhdvhv erwk wkh olnholkrrg dqg wkh zhoiduh lpsolfdwlrqv ri sulfh uljlglw|1
43 a� lv ghwhplqhg lpsolflwo| e| OS +�, @ �1 Lpsolflw gl�huhqwldwlrq ri +43, ru +47, vkrzv

wkdw ga�@g� ? 31
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lv wkh urxjk hvwlpdwh jlyhq e| Ohy| hw do1 +4<<:,1 Ilqdoo|/ wkh fkrlfhv ri w|

fruuhvsrqg wr d shulrg ohqjwk ri rqh |hdu dqg d glvfrxqw idfwru htxdo wr f�bD1

Iru wkhvh sdudphwhu ydoxhv wkh hfrqrp| lv dozd|v lq rqh ri wkh wkuhh uhjlphv

+lld,�+llf, ghshqglqj rq wkh h{whqw ri lpshuihfwlrqv1 Iru > 	 f��e wkh

hfrqrp| lv lq uhjlph +lld, dqg wkh djhqwv dozd|v dgmxvw sulfhv lqghshqghqwo|

ri wkh prqhwdu| srolf| frqgxfwhg1 Iru > : f��e lw lv vxerswlpdo wr frqgxfw

d ixoo| frxqwhuf|folfdo srolf| exw dozd|v rswlpdo wr frqgxfw d surf|folfdo

srolf|/ dqg iru > : f�D� dq rswlpdo srolf| lv dozd|v surf|folfdo1 Ilqdoo|/ qrwh

wkdw 	k ghfuhdvhv yhu| idvw lq uhjlph +llf, lpso|lqj wkdw wkh rswlpdo srolf|

ehfrphv h{wuhpho| surf|folfdo zkhq > lv kljk1 Wkh uhdvrq lv wkdw wkh sulydwh

orvv ri sulfh uljlglw| ghfuhdvhv udslgo| zkhq > lqfuhdvhv/ zklfk lpsolhv wkdw

wkh srolf| qhhgv wr eh yhu| surf|folfdo lq rughu wr hqirufh wkh sulfh vhwwhuv

wr dgmxvw wkh sulfhv1

	 Ilj1 4 khuh :

7 Rswlpdo Srolf| dqg wkh Uhdfwlrq Wlph ri

wkh Fhqwudo Edqn

Lw lv d fuxfldo dvvxpswlrq wkdw wkh fhqwudo edqn fdqqrw uhdfw lqvwdqwo| di0

whu d vkrfn/ l1h1 wkdw wf : f1 Wr vhh wklv qrwh wkdw u` E�c 0� $ f zkhq

wf $ f lpso|lqj/ dffruglqj wr Sursrvlwlrq 5/ wkdw d ixoo| frxqwhuf|folfdo

srolf| pd{lplvhv zhoiduh1 Lq wklv fdvh/ sulfhv duh qhyhu fkdqjhg exw lw kdv qr
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frqvhtxhqfhv dv wkh fhqwudo edqn frqwlqxrxvo| dgmxvwv rxwsxw wr lwv iulfwlrq0

ohvv ohyho1 Wr lqyhvwljdwh krz wkh uhdfwlrq wlph ri wkh fhqwudo edqn lq jhqhudo

lq xhqfhv wkh uhvxowv frqvlghu d ulvh lq wf dqg dq htxlydohqw uhgxfwlrq ri w�

+fruuhvsrqglqj wr qr glvfrxqwlqj dqg d �{hg wrwdo ohqjwk ri wlph ri wkh wzr

shulrgv,1 Wkh vorzhu uhdfwlrq wlph ri wkh fhqwudo edqn lpsolhv wkdw u� E�c 0�

dqg u` E�c 0� ulvh zkhuhdv u� Efc 0� dqg u` Efc 0� duh erwk xqfkdqjhg1 Lw

wkhq iroorzv iurp Sursrvlwlrq 5 wkdw wkh olnholkrrg ri wkh hfrqrp| ehlqj lq

uhjlph +l, zlwk d ixoo| frqwhuf|folfdo srolf| lv uhgxfhg1 Rq wkh rwkhu kdqg/ li

wkh hfrqrp| lv lqlwldoo| lq uhjlph +lle, zkhuh wkh rswlpdo srolf| lv ohvv wkdq

ixoo| frxqwhuf|folfdo lw pd| pryh wr uhjlph +lld, zkhuh wkh srolf| grhv qrw

pdwwhu1 Lq wkdw vhqvh/ fkdqjhv lq wkh uhdfwlrq wlph ri wkh fhqwudo edqn kdyh

dpeljxrxv h�hfwv rq wkh rswlpdo vwdelolvdwlrq srolf|1

8 Frqfoxglqj Uhpdunv

Lq wkh wudglwlrqdo LV0OP prgho vwdelolvdwlrq srolf|/ l1h1 frxqwhuf|folfdo prq0

hwdu| ru �vfdo srolf|/ uhgxfhv wkh lpsdfw ri ghpdqg  xfwxdwlrqv1 Dv wkh

Qhz Nh|qhvldq wkhru| kdv surylghg plfur irxqgdwlrq iru wkh dvvxpswlrq ri

uljlg sulfhv lq wkh vkruw uxq dqg dovr vkrzq wkdw wkh uhvxowlqj  xfwxdwlrqv

duh lqh!flhqw/ lw lv whpswlqj wr dujxh wkdw wkh Qhz Nh|qhvldq wkhru| kdv

udwlrqdolvhg vwdelolvdwlrq srolf|1 Wkh uhvxowv ri wklv sdshu vkrz wkdw wkh vwd0

elolvdwlrq lvvxh pd| eh pruh vxewoh wkdq h{shfwhg= Iluvwo|/ frxqwhuf|folfdo
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srolflhv pd| wkhpvhoyhv eh d fdxvh ri wkh  xfwxdwlrqv wkdw wkh| duh vwd0

elolvlqj1 Vhfrqgo|/ d vlpsoh srolf| wkdw ixoo| r�vhwv doo vkrfnv pd| uhgxfh

zhoiduh1 Wklugo|/ d vrfldoo| rswlpdo srolf| pd| yhu| zhoo lqyroyh d frpplw0

phqw wr hqkdqfh vkrfnv1 Dqg �qdoo|/ d kljk ghjuhh ri lpshuihfwo| frpshwlwlyh

ehkdylrxu/ zklfk lqfuhdvhv wkh lqh!flhqf| ri  xfwxdwlrqv/ dovr lqfuhdvhv wkh

olnholkrrg ri wkh rswlpdo srolf| ehlqj surf|folfdo1 Wkhvh uhvxowv duh doo gxh

wr d srvlwlyh ihhg0edfn h�hfw iurp wkh vwdelolvdwlrq srolf| wr wkh ghjuhh ri

sulfh uljlglw|= wkh srolf| uhgxfhv wkh frqvhtxhqfhv ri vkrfnv/ dqg wklv pdnhv

wkh sulfh vhwwhuv pruh uhoxfwdqw wr pdnh wkh uhtxluhg sulfh dgmxvwphqwv1

Wkh prgho lv yhu| vw|olvhg dqg lw lv ri frxuvh dq rshq txhvwlrq zkhwkhu

wkh uhvxowv fduu| ryhu wr d pruh uhdolvwlf vhwwlqj1 Xqiruwxqdwho|/ lw lv vwloo

yhu| gl!fxow wr surylgh d wudfwdeoh vwrfkdvwlf g|qdplf jhqhudo htxloleulxp

iudphzrun zkhuh sulfh uljlglw| lv fuhdwhg e| phqx frvwv144 Krzhyhu/ d pruh

uhdolvwlf vhwwlqj zrxog suredeo| mxvw pdnh lw hyhq pruh sureohpdwlf wr sxuvxh

dq dfwlyh vwdelolvdwlrq srolf|1 Iru lqvwdqfh/ wkh vkrfn vwuxfwxuh lv udwkhu

vshfldo lq wkh prgho ehfdxvh wkh fhqwudo edqn uhdfwv rq vkrfnv zlwk d odj

exw nqrzv wkdw qr qhz glvwxuedqfhv rffxu phdqzkloh1 Lw zrxog eh pruh

uhdolvwlf/ exw dovr frpsolfdwh vwdelolvdwlrq srolf| ixuwkhu/ li vxfk glvwxuedqfhv

44Iru lqvwdqfh/ Fdsolq dqg Vsxoshu +4<;:,/ Fdsolq dqg Ohdk| +4<<4,/ dqg Fdedoohur dqg
Hqjho +4<<6, orrn dw g|qdplf iudphzrunv zkhuh �upv iroorz sulfh vwudwhjlhv wkdw duh qrw

rswlpdo1 Vkhvklqvnl dqg Zhlvv +4<::> 4<;6, ghulyh rswlpdo sulfh vwudwhjlhv lq d g|qdplf
iudphzrun exw orrnv rqo| dw d vlqjoh �up1 Gdq}ljhu +4<<<, dqg Grwvh| hw do1 +4<<<, duh

suredeo| wkh rqo| h{dpsohv ri g|qdplf jhqhudo htxloleulxp prghov wkrxjk vwloo udwkhu

vshfldolvhg1
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frxog rffxu1 Wkh dqdo|vlv glvuhjdugv dovr wkh srvvlelolw| ri khwhurjhqhlw| lq

sulfh dgmxvwphqwv/ zklfk pd| xqghuplqh wkh h�hfw ri prqh| rq djjuhjdwh

dfwlylw|/ vhh Fdsolq dqg Vsxoshu +4<;:,1 Krzhyhu/ wkh uhvxowv ghprqvwudwh

wkdw lpsruwdqw h�hfwv pd| eh orvw zkhq dqdo|vhv ri pdfurhfrqrplf srolflhv

h{foxgh wkh plfurirxqgdwlrq iru sulfh uljlglw|1

Vlqfh Nh|qhv wkhuh kdv ehhq d orqj wudglwlrq ri dqdo|vlqj krz wkh frqvh0

txhqfhv ri pdfurhfrqrplf srolf| ghshqg rq sulfh uljlglw|1 Wkh Qhz Nh|qh0

vldq plfurirxqgdwlrq vxjjhvwv lqvwhdg dq lqwhughshqghqfh ehwzhhq wkh wzr

zklfk/ L eholhyh/ ghvhuyhv ixuwkhu vwxg|1

Dsshqgl{

D Ghulydwlrq ri Lqhtxdolw| +43,

Wkh vhfrqg0rughu Wd|oru h{sdqvlrq durxqg wkh lqlwldo htxloleulxp |lhogv

	u� Ekc 0� �

�[
|'f

w|

�
� E�c 7+� n

�
��

_ dRW
|
E�� *7Ro

_ E�6|*7R�
n �2

�
%|

n
�

2

#
�22 n 2��2

_ dRW
|
E�� *7Ro

_ E�6|*7R�
n ���

�
_ dRW

|
E�� *7Ro

_ E�6|*7R�

�2

n ��
_2 dRW

|
E�� *7Ro

_ E�6|*7R�
2

$
%2
|

�

�
� E�c 7+� n �2%| n

�

2
�22%

2
|

��

zkhuh %| �
�6|37� 76

7R
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xwlolw| ixqfwlrq duh vxssuhvvhg1 Vlpsoli|lqj wklv htxdwlrq dqg qrwlqj wkdw
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^4` Dnhuori/ J1 D1 dqg \hoohq/ M1 O1 +4<;8,1 cD qhdu0udwlrqdo prgho ri wkh

exvlqhvv f|foh/ zlwk zdjh dqg sulfh lqhuwld1* Txduwhuo| Mrxuqdo ri Hfr0

qrplfv/ yro1 433/ Vxss1/ ss1 ;560;6;1

^5` Edoo/ O1 dqg Pdqnlz/ Q1 J1 +4<<7,1 cDv|pphwulf sulfh dgmxvwphqwv dqg

hfrqrplf  xfwxdwlrqv1* HFRQRPLF MRXUQDO/ yro1 437 +Pdufk,/ ss1

57:05941

^6` Edoo/ O1 dqg Urphu/ G1 +4<;<,1 cDuh sulfhv wrr vwlfn|B* Txduwhuo| Mrxuqdo

ri Hfrqrplfv/ yro1 437 +Dxjxvw,/ ss1 83:08571

^7` Edoo/ O1 dqg Urphu/ G1 +4<<3,1 cUhdo uljlglwlhv dqg wkh qrqqhxwudolw| ri

prqh|1* Uhylhz ri Hfrqrplf Vwxglhv/ yro1 8: +Dsulo,/ ss1 4;605361

^8` Edoo/ O1 dqg Urphu/ G1 +4<<4,1 cVwlfn| sulfhv dv frruglqdwlrq idloxuh1*

Dphulfdq Hfrqrplf Uhylhz/ yro1 ;4 +Mxqh,/ ss1 86<08851
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^9` Edvx/ V1 +4<<8,1 cLqwhuphgldwh jrrgv dqg exvlqhvv f|fohv= lpsolfd0

wlrqv iru surgxfwlylw| dqg zhoiduh1* Dphulfdq Hfrqrplf Uhylhz/ yro1

;8 +Mxqh,/ ss1 84508641

^:` Eodqfkdug/ R1 M1/ dqg Nl|rwdnl/ Q1 +4<;:,1 cPrqrsrolvwlf frpshwlwlrq

dqg wkh h�hfwv ri djjuhjdwh ghpdqg1* Dphulfdq Hfrqrplf Uhylhz/ yro1

:: +Vhswhpehu,/ ss1 97:09991

^;` Fdedoohur/ U1 dqg Hqjho/ H1 +4<<6,1 cKhwhurjhqhlw| dqg rxwsxw  xfwx0

dwlrqv lq d g|qdplf phqx0frvw hfrqrp|1* Uhylhz ri Hfrqrplf Vwxglhv/

yro1 93 +Mdqxdu|,/ ss1 <8044<1

^<` Fdsolq/ D1 V1 dqg Vsxoehu/ G1 I1 +4<;:,1 cPhqx frvwv dqg wkh qhxwudolw|

ri prqh|1* Txduwhuo| Mrxuqdo ri Hfrqrplfv/ yro1 435 +Qryhpehu,/ ss1

:360:581

^43` Fdsolq/ D1 V1 dqg Ohdk|/ M1 +4<<4,1 cVwdwh0ghshqghqw sulflqj dqg wkh

g|qdplfv ri prqh| dqg rxwsxw1* Txduwhuo| Mrxuqdo ri Hfrqrplfv/ yro1

439 +Dxjxvw,/ ss1 9;60:3;1

^44` Fodulgd/ U1/ Jdoð/ M1/ dqg Jhuwohu/ P1 +4<<<,1 cWkh vflhqfh ri prqhwdu|

srolf|= d qhz nh|qhvldq shuvshfwlyh1* Mrxuqdo ri Hfrqrplf Olwhudwxuh/

yro1 6: +Ghfhpehu,/ ss1 499404:3:1
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^45` Gdq}ljhu/ O1 +4<<<,1 cD g|qdplf hfrqrp| zlwk frvwo| sulfh dgmxvwphqwv1*

Dphulfdq Hfrqrplf Uhylhz/ yro1 ;< +Vhswhpehu,/ ss1 ;:;0<341

^46` Gl{rq/ K1 G1 dqg Kdqvhq/ F1 W1 +4<<<,1 cD pl{hg lqgxvwuldo vwuxfwxuh

pdjql�hv wkh lpsruwdqfh ri phqx frvwv1* Hxurshdq Hfrqrplf Uhylhz/

yro1 76 +Dxjxvw,/ ss1 47:8047<<1

^47` Grwvh|/ P1/ Nlqj/ U1 J1/ dqg Zropdq/ D1 O1 +4<<<,1 cVwdwh0ghshqghqw

sulflqj dqg wkh jhqhudo htxloleulxp g|qdplfv ri prqh| dqg rxwsxw1*

Txduwhuo| Mrxuqdo ri Hfrqrplfv/ yro1 447 +Pd|,/ ss1 98809<31

^48` Gxwwd/ V1/ Ehujhq/ P1/ Ohy|/ G1 dqg Yhqdeoh/ U1 +4<<<,1 cPhqx frvwv/

srvwhg sulfhv/ dqg pxowlsurgxfw uhwdlohuv1* Mrxuqdo ri Prqh|/ Fuhglw/

dqg Edqnlqj/ yro1 64 +Qryhpehu,/ ss1 9;60:361

^49` Kdqvhq/ S1 V1 +4<<9,1 cShupdqhqw h�hfwv ri prqhwdu| srolf| lq d g|qdplf

phqx frvw prgho1* Hfrqrplfv Ohwwhuv/ yro1 85 +Mxo|,/ ss1 940991

^4:` Ohy|/ G1/ Ehujhq/ P1/ Gxwwd/ V1 dqg Yhqdeoh/ U1 +4<<:,1 cPdjqlwxgh

ri phqx frvwv= gluhfw hylghqfh iurp odujh X1V1 vxshupdunhw fkdlqv1*

Txduwhuo| Mrxuqdo ri Hfrqrplfv/ yro1 445 +Dxjxvw,/ ss1 :<40;581

^4;` Pdqnlz/ Q1 J1 +4<;8,1 cVpdoo phqx frvwv dqg odujh exvlqhvv f|fohv= d

pdfurhfrqrplf prgho ri prqrsro|1* Txduwhuo| Mrxuqdo ri Hfrqrplfv/

yro1 43 +Pd|,/ ss1 85<086<1
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^4<` Revwihog/ P1 dqg Urjr�/ N1 +4<<8,1 cH{fkdqjh udwh g|qdplfv uhgx{1*

Mrxuqdo ri Srolwlfdo Hfrqrp|/ yro1 436 +Mxqh,/ ss1 95709931

^53` Urphu/ G1 +4<<6,1 cWkh qhz nh|qhvldq v|qwkhvlv1* Mrxuqdo ri Hfrqrplf

Shuvshfwlyhv/ yro1 : +Zlqwhu,/ ss1 80551

^54` Udyq/ P1 dqg Vrod/ P1 +4<<;,1 cDv|pphwulf h�hfwv ri prqhwdu| srolf|

lq wkh XV= srvlwlyh yv1 qhjdwlyh ru elj yv1 vpdooB* Glvfxvvlrq Sdshu qr1

57:/ Xqlyhuvlwdw Srpshx Ideud1

^55` Vkhvklqvnl/ H1 dqg Zhlvv/ \1 +4<::,1 cLq dwlrq dqg frvwv ri sulfh dgmxvw0

phqw1* Uhylhz ri Hfrqrplf Vwxglhv/ yro1 77 +Mxqh,/ ss1 5;:06361

^56` Vkhvklqvnl/ H1 dqg Zhlvv/ \1 +4<;6,1 cRswlpxp sulflqj srolf| xqghu

vwrfkdvwlf lq dwlrq1* Uhylhz ri Hfrqrplf Vwxglhv/ yro1 83 +Mxo|,/ ss1

846085<1

^57` Zlovrq/ E1 M1 +4<<;,1 cPhqx frvwv dqg qrplqdo sulfh iulfwlrq= dq h{shu0

lphqwdo h{dplqdwlrq1* Mrxuqdo ri Hfrqrplf Ehkdylru ) Rujdql}dwlrq/

yro1 68 +Dsulo,/ ss1 6:406;;1
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