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G|qdplf uhjxodwlrq dqg hqwu|

lq whohfrppxqlfdwlrqv pdunhwv=

D srolf| iudphzrun�

Sdxo Z1M1 gh Elmo
�

Pduwlq Shlw}
�

Devwudfw

Zh dqdo|}h d uhshdwhg vhwwlqj ri dq dv|pphwulf/ gl�huhqwldwhg whohfrp0
pxqlfdwlrqv pdunhw zlwk dq lqfxpehqw dqg dq hqwudqw1 Wkh hqwudqw pd|
uroo rxw lwv rzq qhwzrun ru xvh sduwv ri wkh lqfxpehqw*v qhwzrun1 Wkh
lqfxpehqw lv hvwdeolvkhg lq wkh pdunhw/ zkloh wkh hqwudqw judgxdoo| exlogv
xs d wudfn uhfrug iru txdolw|1 Zh lqyhvwljdwh gl�huhqw hqwu| vwudwhjlhv dqg
uhjxodwru| srolflhv dqg glvfxvv hqwudqwv* lqfhqwlyhv wr lqyhvw lq qhwzrun
ghshqglqj rq uhjxodwru| fkrlfhv1

MHO0Fodvvl�fdwlrq= O<9/ O84/ O46
Nh|zrugv= Whohfrppxqlfdwlrq/ Dffhvv Sulfh/ Lqwhufrqqhfwlrq Fkdujh/

Qhwzrun/ Uhjxodwlrq
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4 Lqwurgxfwlrq

Olehudol}lqj �{hg whohfrppxqlfdwlrqv pdunhwv lq Hxursh dqg hovhzkhuh lv sury0
lqj wr eh d gl!fxow wdvn1 Lq sduwlfxodu/ wkh fxuuhqw vlwxdwlrq lv idu iurp uh0
vhpeolqj d ohyho0sod|lqj �hog/ lq zklfk lqfxpehqw dqg hqwudqwv frpshwh rq wkh
vdph whupv1 Wklv pdnhv uhjxodwlrq d frpsolfdwhg wdvn ehfdxvh wkhuh gr qrw
h{lvw d sulrul uhdvrqv wr lpsrvh wkh vdph uhjxodwru| uhjlph rq erwk w|shv ri
sod|huv/ lqfxpehqw dqg hqwudqwv1

Srolf| pdnhuv kdyh uhfrjql}hg wkh lpsruwdqfh ri wkh whupv ri dffhvv wr wkh
frpshwlwruv* qhwzrunv iru vkdslqj frpshwlwlrq lq wkh pdunhw1 Lq wklv sdshu/
zh suhvhqw d irupdo prgho zklfk doorzv xv wr dgguhvv wkh iroorzlqj txhvwlrqv=
Krz zloo gl�huhqw dffhvv sulfh uhjlphv d�hfw frpshwlwlrq ehwzhhq rshudwruvB
Zkdw duh wkh frqvhtxhqfhv ri wklv iru frqvxphuv vxusoxv dqg zhoiduh lq wkh
vkruw dqg wkh orqj whupB Zkdw duh wkh h�hfwv ri uhwdlo sulfh uhjxodwlrqB Zklfk
dffhvv sulfh uxohv duh dssursuldwh iru gl�huhqw hqwu| prghvB Zkdw duh wkh olnho|
frqvhtxhqfhv ri gl�huhqw irupv ri uhjxodwlrq iru lqyhvwphqw ghflvlrqvB

Rxu prgho lv edvhg rq wkh dvvxpswlrq wkdw lqlwldoo| wkh qhwzrunv ri hq0
wudqwv gr qrw vdwlvi| wkh vdph txdolw| vwdqgdugv dv wkh lqfxpehqw*v qhwzrun1
Ryhu wlph/ wkh| lpsuryh wkh txdolw| ri lqiudvwuxfwxuh1 Zh dovr surylgh vrph
glvfxvvlrq derxw dq dowhuqdwlyh vshfl�fdwlrq/ edvhg rq wkh dvvxpswlrq wkdw frq0
vxphuv* �{hg xwlolw| ohyhov duh olqhdu lq suhylrxv0shulrg pdunhw vkduhv/ fdswxulqj
wkdw xwlolw| lv ghulyhg iurp srvlwlyh/ rshudwru0ghshqghqw qhwzrun h{whuqdolwlhv1

Wklv sdshu lv frqqhfwhg wr dq h{lvwlqj dqg jurzlqj erg| ri olwhudwxuh rq
dffhvv sulflqj iru frpshwlqj rshudwruv1 Wkh lqlwldo duwlfohv rq qhwzrun lqwhufrq0
qhfwlrq +Dupvwurqj/ 4<<;> Od�rqw/ Uh| dqg Wluroh/ 4<<;> Fduwhu dqg Zuljkw/
4<<<, irfxvhg rq dffhvv sulflqj lq d v|pphwulf vhwwlqj1 u D uhfhqw sdshu rq
dv|pphwulf frpshwlwlrq lv Fduwhu dqg Zuljkw +5336,/ zkr h{soruh rshudwruv*
suhihuhqfhv iru gl�huhqw w|shv ri uhflsurfdo dffhvv sulflqj uxohv li wkhuh lv dv|p0
phwulf eudqg or|dow|1 Shlw} +5336, dqdo|}hv wkh h�hfwv ri dv|pphwulf dffhvv
sulfh uhjxodwlrq lq vxfk d vhwwlqj1 Dupvwurqj +5335d, dovr vwxglhv dv|pphwulf
dffhvv sulfhv dqg irfxvhv rq wkh uroh ri khwhurjhqhrxv fdoolqj sdwwhuq lq d prgho
zlwk xqlw ghpdqg dqg uhjxodwhg uhwdlo sulfhv1

Lq Gh Elmo dqg Shlw} +5335d/ e, zh ghyhors prghov wkdw dgguhvv dv|pph0
wulhv ehwzhhq dq lqfxpehqw dqg dq hqwudqw/ zklfk doorzhg xv wr ghulyh srolf|
lpsolfdwlrqv rq dv|pphwulf dffhvv sulflqj dv zhoo dv dv|pphwulf uhjxodwlrq ri
uhwdlo sulfhv1 Wklv sdshu/ lv gl�huhqw wr rxu hduolhu zrun lq wkh iroorzlqj uh0
vshfwv1 Frpsduhg wr Gh Elmo dqg Shlw} +5335e,/ zh rewdlq uhvxowv e| xvlqj d
prgho pruh forvho| uhodwhg wr wkrvh lq wkh olwhudwxuh1 Zh dovr surylgh qhz lq0
vljkwv/ iru h{dpsoh rq frvw dv|pphwulhv1 Frpsduhg wr rxu +5335d, sdshu/ zh
surylgh d eurdghu slfwxuh/ lqfoxglqj wkh dqdo|vlv ri orfdo0orrs xqexqgolqj dqg
fduulhu0vhohfw1 Wklv pdnhv lw/ ixuwkhupruh/ srvvleoh wr hoderudwh rq wkh g|qdplf
lqwhudfwlrq ehwzhhq uhjxodwlrq dqg qhz rshudwruv* lqfhqwlyhv wr lqyhvw lq qhw0
zrunv1 v Wkh uhvxowlqj revhuydwlrqv dqg lqvljkwv duh kljko| uhohydqw iru srolf|
w V 	��
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frqfhuqhg zlwk wkh fkrlfh ehwzhhq frpshwlwlrq lq qhwzrun yhuvxv frpshwlwlrq
lq vhuylfhv1 Iru hdv| frpsdulvrq ehwzhhq gl�huhqw w|shv ri uhjxodwru| uhjlphv/
wkh fxuuhqw sdshu vrphwlphv eruurzv iurp rxu hduolhu zrun1

Wkh vwuxfwxuh ri wklv sdshu lv dv iroorzv1 Vhfwlrq 5 suhvhqwv d prgho ri
idflolwlhv0edvhg hqwu|/ dqg dqdo|}hv erwk uhjxodwlrq ri whuplqdwlqj dffhvv sulfhv
dqg uhwdlo sulfhv1 Vhfwlrq 6 orrnv dw dowhuqdwlyh hqwu| prghv/ edvhg rq orfdo
orrs xqexqgolqj dqg fduulhu vhohfw/ dqg glvfxvvhv hqwudqwv* lqfhqwlyhv wr fkrrvh
d sduwlfxodu zd| ri hqwhulqj wkh pdunhw lq uhodwlrqvkls wr wkh uhjxodwru| uhjlph1
Vhfwlrq 7 frqfoxghv wkh sdshu1

5 Idflolwlhv0edvhg hqwu|

514 Wkh prgho

Wkhuh duh wzr rshudwruv/ dq lqfxpehqw +rshudwru 4, dqg dq hqwudqw +rshud0
wru 5,> hdfk rshudwru kdv d ixoo0fryhudjh qhwzrun frqvlvwlqj ri d orqj0glvwdqfh
edfnerqh dqg d orfdo dffhvv qhwzrun1 z Lq hdfk shulrg w @ 4> ===> W / hdfk rs0
hudwru l fkrrvhv d shu0plqxwh sulfh s {| dqg d vxevfulswlrq ihh p {| 1 Wkh pdu0
nhw vkduhv uhvxowlqj iurp frpshwlwlrq dqg frqvxphuv* fkrlfhv duh ghqrwhg e|
v { } @ v } ^s } > s ~ > p } > p ~ > w> v {�� }} ` dqg v {~ @ v ~ ^s } > s ~ > p } > p ~ > w> v {�� }~ `1 Qrwlfh lq sdu0
wlfxodu wkdw wkh| ghshqg rq pdunhw vkduhv lq wkh suhylrxv shulrg1 Lq shulrg 4/
lqlwldo pdunhw vkduhv duh jlyhq dqg ghqrwhg e| v � } dqg v �~ / vdwlvi|lqj v � } @ 4 dqg
v �~ @ 3/ wkdw lv/ rshudwru 4 lqlwldoo| fryhuv wkh zkroh pdunhw1

Lq hdfk shulrg/ wkh rshudwruv pd{lpl}h sur�wv ri wkdw shulrg rqo|1 Wklv dv0
vxpswlrq lv mxvwl�hg lq vhyhudo vlwxdwlrqv/ iru lqvwdqfh li �upv ljqruh wkh h�hfwv
ri fxuuhqw pdunhw vkduh rq ixwxuh sur�wv +vhh Gh Elmo dqg Shlw}/ 5335e/ iru dq
hoderudwh prwlydwlrq,1 Dowkrxjk dvvxplqj wkdw rshudwruv duh �p|rslf� lv uh0
vwulfwlyh/ lw qhyhuwkhohvv surylghv d xvhixo ehqfkpdun/ zkloh pdnlqj wkh dqdo|vlv
wudfwdeoh1 Ixuwkhupruh/ lq uhdolw|/ lqyhvwruv pd| lpsohphqw lqfhqwlyh frqwudfwv
wkdw dlp dw idvw uhfryhu| ri �{hg frvwv/ dqg d txlfn wxuqryhu ri shuvrqqho lq0
yroyhg lq vwudwhjlf sulflqj pd| pdnh lw kdug wr lpsohphqw d orqj0whup sulflqj
vwudwhj|1

Wkhuh lv d frqwlqxxp ri frqvxphuv zlwk pdvv q zkr doo duh vxevfulehg wr
hlwkhu rqh qhwzrun1 Wkh qhwzrunv duh krul}rqwdoo| gl�huhqwldwhg1 Frqvxphuv
duh dvvxphg wr eh xqlirupo| glvwulexwhg rq wkh ^3> 4`0lqwhuydo1 Rshudwru 4 lv
orfdwhg dw o } @ 3/ dqg rshudwru 5 dw o ~ @ 41 Frqvxphu } 5 ^3> 4` lqfxuv d
glvxwlolw| ��mo | � }m/ zklfk lv olqhdu lq wkh glvwdqfh ehwzhhq frqvxphu orfdwlrq
dqg wkh orfdwlrq ri wkh rshudwru1 Li � @ 3 qhwzrunv duh shuihfw vxevwlwxwhv> wkh
odujhu � wkh pruh gl�huhqwldwhg wkh qhwzrunv1

Hdfk frqvxphu vxevfulehv wr rqo| rqh qhwzrun1 Lq shulrg w/ wkh frqvxphu
lghqwl�hg e| lwv orfdwlrq } vxevfulehv wr rshudwru 4 li
@ <6>�>�<�D,N� '1����#)	4���.O� ������� $�$���3,��� 	��J� $�K���$�����	���T���h
� pIO�����JHO�.� ��P�@ <�>�>�<6�UD�&M�5��� 3����
��$=� ��$�0�� �����JK�Q "��#)$�����	���%�@2l�k�k6t4D+���/�!BC��xM	����E&U85�,Q!������'1� ��	� ��@�l�k�k6tUD�NA;4�.���� $�	`T���h
� p2M������HO�.� ��P)@-<6>�>�<�KXD+? 	���)��� xX���������5$�0X�.3�� R�3��6��� 	���������#)	����=K���3,�4%���	�������� �/? 	���#)�6��� 	��CN
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y } ^s } > p } > w> v {�� }} ` � �} A y ~ ^s ~ > p ~ > w> v {�� }~ ` � �+4 � },>

zkhuh y | ^s | > p | > w> v {�� }| ` ghqrwhv wkh frqglwlrqdo lqgluhfw xwlolw| ri d qhwzrun dw
wkh lghdo orfdwlrq }1 Wkh uhdol}hg pdunhw vkduh ri rshudwru l lq shulrg w lv htxdo
wr=

v {| @
4

5
.

y | ^s {| > p {| > w> v {�� }| ` � y� ^s � > p� > w> v {�� }� `

5�
=

Lqwxlwlyho|/ dq rshudwru*v pdunhw vkduh lqfuhdvhv li wkh rshudwru r�huv d uhodwlyho|
odujhu ohyho ri qhw xwlolw| wr frqvxphuv/ dqg ghfuhdvhv rwkhuzlvh1 Odujhu ydoxhv
ri � pdnh lw pruh gl!fxow wr jdlq pdunhw vkduh1

Dvvxplqj wkdw xwlolw| ohyhov duh h{suhvvhg lq prqhwdu| xqlwv dqg fdq eh
dgghg xs/ frqglwlrqdo lqgluhfw xwlolw| iru d qhwzrun dw dq lghdo orfdwlrq fdq eh
zulwwhq dv=

y | ^s | > p | > w> v {�� }| ` @ X | ^w> v {�� }| ` � p | . x^{^s | `` � s | {^s | `=
Wklv lqgluhfw xwlolw| frqvlvwv ri d wud!f0lqghshqghqw sduw dqg d wud!f0ghshqghqw
sduw1 Iluvwo|/ jlyhq d sulfh shu0plqxwh htxdo wr s | / hdfk frqvxphu kdv dq lqglylg0
xdo ghpdqg ri {^s | ` fdoo plqxwhv/ dqg ghulyhv xwlolw| x^{` iurp fdoolqj { plqxwhv1
Lqglylgxdo ghpdqg iru fdoo plqxwhv iroorzv iurp pd{lpl}lqj x^{` � {s | 1 Vhf0
rqgo|/ d frqvxphu ghulyhv d �{hg xwlolw| X | ^w> v {�� }| ` iurp vxevfulelqj wr qhwzrun
l1 Wklv xwlolw| pd| frph iurp/ iru h{dpsoh/ eudqg suhihuhqfh> vhuylfhv r�huhg
lq dgglwlrq wr yrlfh whohskrq|/ dqg kdylqj d whohskrqh frqqhfwlrq wr eh uhdfkhg
e| rwkhuv1 Zh dvvxph wkdw wkh wrwdo qhw xwlolw| ri hdfk qhwzrun lv srvlwlyh iru
doo frqvxphuv/ wkdw lv/ y | � � A 31

Wkurxjkrxw wkh dqdo|vlv dqg vlpxodwlrqv zh dvvxph wkdw wkh xwlolw| iurp
fdoolqj { plqxwhv wdnhv wkh irup

x^{` @ d{ �
4

5
e{
~
/ zkhuh d> e A 3/

zklfk jlyhv ulvh wr d olqhdu ghpdqg ixqfwlrq iru fdoo plqxwhv {^s | ` @ +d � s | ,@e1
Hqwudqwv pd| eh txlfn wr uroo rxw qhwzrunv wr r�hu yrlfh whohskrq| dqg

jdlq pdunhw vkduh/ exw lqlwldoo|/ wkhlu qhwzrunv pd| qrw vdwlvi| wkh vdph txdolw|
vwdqgdugv dv wkh lqfxpehqw*v qhwzrun1 Ryhu wlph/ wkh| lpsuryh wkh txdolw|
ri wkhlu lqiudvwuxfwxuh1 Khqfh zh srvwxodwh wkdw wkh �{hg xwlolw| ohyho r�huhg
e| wkh lqfxpehqw lv frqvwdqw/ X } ^w> v {�� }} ` @ x � / zkloh wkh hqwudqw r�huv d �{hg
xwlolw| wkdw lqfuhdvhv ryhu wlph dffruglqj wr=

X ~ ^w> v {�� }~ ` @ x � t ~ ^w`=
Wkxv wkh lqfxpehqw lv douhdg| hvwdeolvkhg lq wkh pdunhw exw wkh hqwudqw kdv wr
exlog xs d wudfn uhfrug vr wkdw t ~ lv lqlwldoo| ohvv wkdq rqh dqg lqfuhdvlqj ryhu
wlph1 Lq sduwlfxodu/ zh dvvxph wkdw t ~ ^w` @ plqiw � 4> +w � � 4,j@+w � � 4,/ wkdw
lv/ wkh �{hg xwlolw| r�huhg e| wkh hqwudqw lqfuhdvhv olqhduo| ryhu wlph/ xs wr d
jlyhq shulrg w � / dw zklfk srlqw lw uhdfkhv wkh lqfxpehqw*v ohyho1 Zh zloo uhihu
wr wklv dvvxpswlrq dv wkh wudfn0uhfrug vshfl�fdwlrq1
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D pruh jhqhudo vshfl�fdwlrq ri wkh �{hg xwlolw| ixqfwlrq lv

X | ^w> v {�� }| ` @ x � +� | . � | t | ^w` . �v {�� }| ,>

zkhuh � | / � | dqg � duh srvlwlyh frqvwdqwv1 Lq wkh deryh vshfl�fdwlrq/ � } @
4> � ~ @ 3> � } @ 3> � ~ @ 4/ dqg � @ 31 Dq dowhuqdwlyh vshfl�fdwlrq/ zklfk pd|
eh fdoohg wkh qhwzrun0h{whuqdolwlhv vshfl�fdwlrq/ lv wr dvvxph wkdw � } @ � ~ @ 4/
� } @ � ~ @ 3/ dqg � @ 4/ uhvxowlqj lq X | ^w> v {�� }| ` @ x � +4 . v {�� }| ,1 Khqfh/ �{hg
xwlolw| ohyhov duh olqhdu lq suhylrxv0shulrg pdunhw vkduhv/ fdswxulqj wkdw xwlolw|
lv ghulyhg iurp srvlwlyh/ rshudwru0ghshqghqw qhwzrun h{whuqdolwlhv1 �

Zh glvwlqjxlvk ehwzhhq �{hg frvwv +lqghshqghqw ri wud!f dqg wkh qxpehu
ri frqvxphuv vhuyhg,/ frqqhfwlrq0ghshqghqw exw wud!f0lqghshqghqw frvwv/ dqg
wud!f0ghshqghqw frvwv1 Il{hg frvwv gr qrw d�hfw wkh sulflqj ghflvlrqv dqg duh
rqo| uhohydqw iru lqyhvwphqw ghflvlrqv1 Vxfk frvwv pd| eh lqfxuuhg lqlwldoo|/ iru
lqvwdqfh wkh frvwv ri exloglqj d edfnerqh/ dqg duh srvvleo| vxqn zkhq sulflqj
ghflvlrqv duh wdnhq1 Zh devwudfw iurp wklv w|sh ri frvwv1 Frqqhfwlrq0ghshqghqw
exw wud!f0lqghshqghqw zloo dovr eh ghqrwhg dv wkh �{hg frvw ri wkh orfdo orrs1
Wklv frvw fdswxuhv/ iru lqvwdqfh/ wkh pdlqwhqdqfh frvw ri wkh orfdo orrs/ dqg
pd| dovr lqfoxgh wkh lqyhvwphqw frvw wkdw kdv wr eh uhfryhuhg1 Rshudwru l*v
�{hg frvw ri wkh orfdo orrs lv ghqrwhg e| i | 1 Frqqhfwlrq0ghshqghqw exw wud!f
lqghshqghqw frvwv d�hfw wkh jdlq shu frqvxphu dqg wkhuhiruh rshudwruv* sulflqj
ghflvlrqv1 Wud!f0ghshqghqw frvwv lqfoxgh pdujlqdo frvw dqg fkdujhv sdlg wr
rwkhu rshudwruv iru lqwhufrqqhfwlrq1

Shulrg0w whuplqdwlqj dffhvv ihhv sdlg wr rshudwru l duh ghqrwhg e| � {| 1 Wkhvh
dffhvv sulfhv duh vhw e| d uhjxodwru/ dqg khqfh h{rjhqrxv iru wkh rshudwruv1
Zkhwkhu dffhvv fkdujhv duh lqfxuuhg ghshqgv rq wkh w|sh ri fdoo1 Rqh fdq
glvwlqjxlvk wkuhh w|shv ri whohskrqh fdoov dqg dvvrfldwhg wud!f0ghshqghqw +l1h1/
pdujlqdo, frvw ohyhov=

� rq0qhw fdoov= fdoov wkdw ruljlqdwh dqg whuplqdwh rq d vlqjoh rshudwru*v
qhwzrun +n @ 4, zlwk dvvrfldwhg frvw f | } iru rshudwru l>

� r�0qhw fdoov= fdoov wkdw whuplqdwh rq dqrwkhu rshudwru*v qhwzrun +n @ 5,
zlwk dvvrfldwhg frvw f | ~ . � {� iru rshudwru l>

� lqfrplqj fdoov= fdoov wkdw ruljlqdwh iurp dqrwkhu rshudwru*v qhwzrun +n @
6, zlwk dvvrfldwhg frvw f | � � � {| iru rshudwru l1

Revhuyh wkdw rqo| lq wkh fdvh ri r�0qhw fdoov dqg lqfrplqj fdoov/ wkh rshudwru
ri wkh qhwzrun zkhuh wkh fdoo ruljlqdwhv sd|v d shu0plqxwh whuplqdwlqj dffhvv
ihh wr wkh rshudwru ri wkh qhwzrun zkhuh wkh fdoo whuplqdwhv1 Zh dvvxph wkdw
wkh pdujlqdo frvw ri wkh orfdo orrs lv wkh vdph iru ruljlqdwlqj dqg whuplqdwlqj
wud!f/ wkdw lv/ f | } � f | ~ @ f | � =
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Zlwk uhvshfw wr fdoolqj sdwwhuqv/ zh dvvxph wkdw zkhq d frqvxphu pdnhv d
whohskrqh fdoo/ wkh uhfhlyhu ri wkh fdoo lv dq| rwkhu frqvxphu zlwk htxdo sure0
delolw|/ lqghshqghqw ri wkh qhwzrun vkh lv vxevfulehg wr1 Lq wkh djjuhjdwh/ wkh
vkduh ri rq0qhw dqg r�0qhw fdoov ri dq rshudwru duh htxdo wr lwv dqg lwv frpshwl0
wru*v pdunhw vkduh1 Iru lqvwdqfh/ jlyhq sulfhv dqg uhdol}hg pdunhw vkduhv/ wkh
wrwdo yroxph ri fdoo plqxwhv wkdw ruljlqdwhv rq qhwzrun 4 lv htxdo wr q v } {^s } `1
Wkhq d iudfwlrq v } ri wklv yroxph/ wkdw lv/ q v } v } {^s } `/ whuplqdwhv rq qhwzrun 41
Vlploduo|/ wkh wud!f yroxph whuplqdwlqj rq qhwzrun 5 lv q v ~ v } {^s } `1

Rshudwru l*v shulrg0w sur�wv � | ^s { } > s {~ > p { } > p {~ > w> v {�� }| ` duh htxdo wr=

� | ^s { } > s {~ > p { } > p {~ > w> v {�� }| ` @ q v {| v {| {^s {| `+s {| � f | } , .

q v {| v {� {^s {| `+s {| � f | ~ � � {� , .

q v {| v {� {^s {� `+� {| � f | � , .

q v {| +p {| � i | ,1
Wr frqfoxgh wkh ghvfulswlrq ri wkh prgho/ zh uhfdslwxodwh wkh vwuxfwxuh ri wkh

jdph1 Lqlwldo pdunhw vkduhv v {�� }} dqg v {�� }~ duh wkh rqo| uhohydqw lqlwldo frqglwlrqv
ri wkh pdunhw lq shulrg w1 Rshudwruv wdnh whuplqdwlqj dffhvv sulfhv � { } dqg � {~ dv
jlyhq1 Wkh| vlpxowdqhrxvo| fkrrvh shu0plqxwh sulfhv s { } dqg s {~ / dqg vxevfuls0
wlrq ihhv p { } dqg p {~ 1 Frqvxphuv revhuyh wkhvh sulfhv/ fkrrvh zkhuh wr vxevfuleh
dqg pdnh wkhlu whohskrqh fdoov lq shulrg w1 Pdunhw vkduhv v { } dqg v {~ duh uhdol}hg>
rshudwruv uhfhlyh sur�wv � } ^s } > s ~ > p } > p ~ > w> v {�� }} ` dqg � ~ ^s } > s ~ > p } > p ~ > w> v {�� }~ `
lq shulrg w1

Rshudwruv fkrrvhv sulfhv wr pd{lpl}h shulrg sur�wv zkloh wdnlqj wkh sulfhv
fkrvhq e| lwv ulydo �up dv jlyhq1 Htxloleulxp ydoxhv ri ixqfwlrqv dqg yduldeohv
zloo eh pdunhg zlwk vxshuvfulsw �1 Iru h{dpsoh/ lq htxloleulxp lq shulrg w/
rshudwru 4*v shu0plqxwh sulfh lv ghqrwhg e| s {2�} 1

D Qdvk htxloleulxp lq shulrg w/ zklfk lv fkdudfwhul}hg e| sulfhv +s {2�} > s {2�~ > p {2�} > p {2�~ ,/
vdwlv�hv wkh iroorzlqj frqglwlrqv=

41 Jlyhq v {�� }| / hdfk rshudwru*v sulfhv s {��| dqg p {2�| pd{lpl}h lwv sur�wv jlyhq
wkh rwkhu rshudwru*v sulfhv s {2�� dqg p {2�� / iru l @ 4> 5/ zkhuh l 9@ m1

51 Frqvxphuv fkrrvh d qhwzrun dqg d txdqwlw| ri fdoo plqxwhv wr pd{lpl}h
qhw xwlolw|/ dqg wkh rshudwruv wdnh wklv ehkdylru lqwr dffrxqw zkhq fkrrv0
lqj sulfhv1

Lq htxloleulxp lq shulrg w/ jlyhq v {�� }| / qrqh ri wkh rshudwruv kdv dq lqfhqwlyh
wr ghyldwh iurp lwv sulflqj vwudwhj| +s {��| > p {2�| ,/ li

� { } ^s {2�} > s {2�~ > p {2�} > p {2�~ > w> v {�� }| ` � � } ^s } > s {2�~ > p } > p {2�~ > w> v {�� }| ` dqg

� {~ ^s {2�} > s {2�~ > p {2�} > p {2�~ > w> v {�� }� ` � � ~ ^s {2�} > s ~ > p {2�} > p ~ > w> v {�� }� `

iru doo dgplvvleoh s } > s ~ > p } > p ~ 1 Qhfhvvdu| frqglwlrqv iru dq lqwhulru htxloleulxp
duh

C� | ^s { } > s {~ > p { } > p {~ > w> v {�� }| `@Cs {| @ 3>

C� | ^s { } > s {~ > p { } > p {~ > w> v {�� }� `@Cp {| @ 3/ l> m @ 4> 5/ m 9@ l=
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Lq rxu vlpxodwlrqv zh fkhfn wkdw wkh vroxwlrqv wr wkh v|vwhp ri �uvw0rughu frq0
glwlrq/ +s {2�| > p {2�| ,/ duh d joredo pd{lpl}hu ri � | ^�> �> s {2�� > p {2�� > w> v {�� }| `1

Surgxfhuv vxusoxv lq shulrg w/ S V { / lv htxdo dv wkh vxp ri sur�wv lq wkh
lqgxvwu|/ wkdw lv/

S V { @ � } ^s { } > s {~ > p { } > p {~ > w> v {�� }} ` . � ~ ^s } > s ~ > p } > p ~ > w> v {�� }~ `>

dqg frqvxphuv vxusoxv lq shulrg w/ FV { / gh�qhg dv wkh frqvxphuv* djjuhjdwh
qhw xwlolw|/ lv htxdo wr

FV { @ q v } ^s { } > p { } > w> v {�� }} `y } ^s { } > p { } > w> v {�� }} ` . q v ~ ^s {~ > p {~ > w> v {�� }~ `y ~ ^s {~ > p {~ > w> v {�� }} `

�
q �

5

�

�

v } ^s { } > p { } > w> v {�� }} `
� ~

.
�

v ~ ^s {~ > p {~ > w> v {�� }~ `
� ~ �

1

Wkh odvw whup lq wkh h{suhvvlrq iru frqvxphu vxusoxv lv h{sodlqhg e| wkh glvxwlo0
lw| wkdw frqvxphuv lqfxu rzlqj wr wkh vxevfulswlrq wr d qhwzrun wkdw grhv qrw
srvvhvv lghdo fkdudfwhulvwlfv1 Wkh zhoiduh ohyho lq shulrg w/ Z { / lv htxdo wr wkh
wrwdo vxusoxv wkdw lv uhdol}hg lq wkh pdunhw/ wkdw lv/ Z { @ S V { . FV { 1 Lq wkh
fdvh wkdw rshudwruv duh v|pphwulf zlwk uhvshfw wr frvwv +lq sduwlfxodu f | � � f � /
l @ 4> 5/ m @ 4> 5> 6, dqg wkdw shu0plqxwh sulfhv duh htxdo wr pdujlqdo frvwv wkh
h{suhvvlrq iru zhoiduh ehfrphv

Z { @ q

�

v } X } . v ~ X ~ � i . x^{^f } `` � f } {^f } ` �
�

5
+v
~ } . v

~~ ,
�

+4,

Wkurxjkrxw wklv sdshu/ zh xvh qxphulfdo phwkrgv wr ghulyh uhvxowv1 Wkh sd0
udphwhu ydoxhv rq zklfk wkh vlpxodwlrqv duh edvhg fdq eh irxqg lq wkh dsshqgl{1
Wkh qxphulfdo phwkrgv duh glvfxvvhg lq Gh Elmo dqg Shlw} +5335e,1

515 Dqdo|vlv

51514 Zhoiduh= prqrsro| yhuvxv gxrsro|> �uvw0ehvw

Ehiruh dqdo|}lqj htxloleulxp rxwfrphv/ zh zdqw wr glvfxvv frqvlghudwlrqv ri
d sodqqhu zkr ghuhjxodwhv wkh whohfrppxqlfdwlrqv pdunhw1 Zh frqvlghu wzr
whfkqrorjlfdoo| v|pphwulf qhwzrunv/ wkdw lv/ zlwk lghqwlfdo frvw vwuxfwxuhv1 Lv d
gxrsro| zlwk frvw0edvhg uhwdlo sulfhv vxshulru wr d frvw0edvhg prqrsro| lq whupv
ri zhoiduhB Qrwh wkdw �uvw0ehvw sulflqj lqyroyhv shu0plqxwh sulfhv htxdo wr pdu0
jlqdo frvwv/ wkdw lv/ s | @ f } 1 Vlqfh zh dvvxph wkdw doo frqvxphuv sduwlflsdwh lq
wkh pdunhw/ wkh ohyho ri wkh vxevfulswlrq ihh lv duelwudu|1 +Fohduo|/ iru kljk vxe0
vfulswlrq ihhv vrph frqvxphuv hyhqwxdoo| qr orqjhu vxevfuleh> wkh dvvxpswlrq ri
ixoo sduwlflsdwlrq rqo| pdnhv vhqvh iru vx!flhqwo| orz vxevfulswlrq ihhv1, Zkdw
pdwwhuv iru zhoiduh lv wkh pdunhw vkduh ri rshudwruv/ zklfk lv ghwhuplqhg e| wkh
gl�huhqfh lq vxevfulswlrq ihhv � � p } � p ~ 1 Vxevwlwxwlqj wkh h{suhvvlrqv iru
pdunhw vkduh lqwr wkh htxdwlrq iru zhoiduh +4, dqg pd{lpl}lqj zlwk uhvshfw wr
� rqh rewdlqv wkdw � @ 3 lq wkh vrfldo rswlpxp1 Wklv lpsolhv wkdw wkh vrfldoo|
rswlpdo pdunhw vkduhv xqghu gxrsro| vdwlvi| v | @ 4@5 . +X | � X� ,@+5�,1 Zh
revhuyh wkdw vxevfulswlrq ihhv wkdw duh htxdo wr wkh �{hg frvwv ri d frqqhfwlrq/

:



wkdw lv/ p | @ i | � i / +wrjhwkhu zlwk frvw0edvhg shu0plqxwh sulfhv, lpsohphqw
wkh vrfldo rswlpxp1

Frpsduhg wr d prqrsro|/ d gxrsro| fuhdwhv fhuwdlq lqh!flhqflhv=

41 frqqhfwlrq0lqghshqghqw �{hg frvwv/ F {| / duh gxsolfdwhg>
51 wkh hqwudqw lqlwldoo| odfnv d wudfn uhfrug ri txdolw| frpsduhg wr wkh lq0

fxpehqw +lq wkh wudfn0uhfrug vshfl�fdwlrq ri wkh prgho,>

61 qhwzrun h{whuqdolwlhv duh qrw ixoo| h{sorlwhg +lq wkh qhwzrun0h{whuqdolwlhv
vshfl�fdwlrq,1

Rq wkh rwkhu kdqg/ d gxrsro| ohdgv wr vrfldo ehqh�wv= d gl�huhqwldwhg
gxrsro| ehwwhu �wv d frqvxphu srsxodwlrq zlwk khwhurjhqhrxv wdvwhv1 Rwkhu
vrfldo ehqh�wv wkdw duh qrw lqfrusrudwhg lqwr wkh prgho duh wkrvh dvvrfldwhg wr
frpshwlwlrq uhgxflqj wkh [0lqh!flhqf| ri wkh lqfxpehqw/ wkdw lv/ vrfldoo| zdvwh0
ixo h{shqglwxuhv fdq eh dyrlghg1 Vxfk h{shqglwxuhv zhuh srvvleo| lqfoxghg lq
wkh sur�wv ri wkh lqfxpehqw1 Dovr/ pdwxuh frpshwlwlrq fuhdwhv d ohyho0sod|lqj
�hog/ dqg wklv srvvleo| uhgxfhv wkh vrfldo frvwv ri uhjxodwlrq/ zklfk zhuh qrw lq0
wurgxfhg lqwr wkh prgho1 Odvw exw qrw ohdvw/ lw lv riwhq fodlphg wkdw d surwhfwhg
prqrsro| ohdgv wr g|qdplf lqh!flhqflhv e| qrw surylglqj wkh uljkw lqfhqwlyhv
wr lqyhvw1

Zh zloo glvfxvv ixuwkhu glvfxvv zhoiduh lq whupv ri wkh wzr prgho vshfl�fd0
wlrqv1 Iluvw/ frqvlghu wkh wudfn0uhfrug vshfl�fdwlrq ri wkh prgho1 Li �{hg frvwv
F {| duh qhjoljleoh lq wkh orqj uxq gxrsro| lv zhoiduh lpsurylqj xsrq prqrsro|
+dw frvw0edvhg sulfhv,1 Wklv lv vr ehfdxvh lq wkh orqj uxq wkh hqwudqw kdv exlow
xs d wudfn uhfrug ri txdolw| dqg r�huv wkh vdph xwlolw| y | dv wkh lqfxpehqw dw
sulfhv s { } @ s {~ / p } @ p ~ 1 Ehfdxvh ri wkh lqlwldo odfn ri d txdolw| wudfn uhfrug/
wkh hqwudqw*v qhwzrun r�huv orzhu �{hg xwlolw| lq hduo| shulrgv vr wkdw gxrsro|
lv zhoiduh lpsurylqj xsrq prqrsro| lq wkh vkruw uxq li wkh ehwwhu dyhudjh �w
rzlqj wr surgxfw gl�huhqwldwlrq ryhufrpshqvdwhv wkh orzhu xwlolw| dvvrfldwhg wr
wkh odfn ri wudfn uhfrug lq wkh vkruw uxq1 Frqvlghulqj lqwhuwhpsrudo zhoiduh/ li
wkh glvfrxqw idfwru lv vx!flhqwo| forvh wr 4 dqg wkh wlph krul}rq W vx!flhqwo|
orqj d frvw0edvhg gxrsro| grplqdwhv d frvw0edvhg prqrsro| lq whupv ri zhoiduh
iru vx!flhqwo| orz �{hg frvwv F {| 1

Qh{w/ frqvlghu wkh qhwzrun0h{whuqdolwlhv vshfl�fdwlrq1 Zhoiduh shu frqvxphu
+jurvv ri �{hg frvwv F {| , lq shulrg w xqghu prqrsro| lv rq dyhudjh +� . �,x � �
i } � �@51 Fruuhvsrqglqj zhoiduh shu frqvxphu xqghu gxrsro| lv rq dyhudjh
�x � � i } . +�x � v {�� }} � +�@5,v { } ,v { } . +�x � v {�� }~ � +�@5,v {~ ,v {~ 1 Dw W odujh/ pdunhw
vkduh kdugo| fkdqjhv ryhu wlph vr wkdw v {�� }| � v {| dqg zh fdq dssur{lpdwh zhoiduh
shu frqvxphu e| �x � �i } .+�x � ��@5,++v { } , ~ .+v {~ , ~ ,1 Khqfh li �x � ��@5 � % ? 3
d frvw0edvhg gxrsro| lv zhoiduh lpsurylqj xsrq d frvw0edvhg prqrsro| lq wkh
orqj uxq iru d vx!flhqwo| vpdoo �{hg frvwv F {| 1

Hyhq li d frvw0edvhg gxrsro| ohdgv wr orzhu zhoiduh lq rxu prgho/ rqh fdq vwloo
pdnh wkh fdvh iru frpshwlwlrq e| uhihuulqj wr xqprghoohg dgydqwdjhv ri frpsh0
wlwlrq vxfk dv wkrvh phqwlrqhg deryh1 Ehorz/ zh wdnh wkh ghflvlrq wr lqwurgxfh
frpshwlwlrq dv jlyhq1 Qhyhuwkhohvv/ ehiruh wkh lqwurgxfwlrq ri frpshwlwlrq lw lv

;



lqwhuhvwlqj wr dvn zkhwkhu frpshwlwlrq +uhjxodwhg ru qrw, lqghhg lpsuryhv xsrq
d uhjxodwhg prqrsro|1

Zkloh zh kdyh dqdo|}hg zkhq d uhjxodwhg gxrsro| shuirupv ehwwhu wkdq d
uhjxodwhg prqrsro|/ lw uhpdlqv dq rshq txhvwlrq zkhwkhu dq xquhjxodwhg ru
rqo| sduwldoo| uhjxodwhg gxrsro| shuirupv ehwwhu wkdq d uhjxodwhg prqrsro|1
D gxrsro| zklfk lv qrw ru rqo| sduwldoo| uhjxodwhg fdq jhqhudwh wzr glvwru0
wlrqv frpsduhg wr wkh �uvw0ehvw= +4, d ghdgzhljkw orvv gxh wr shu0plqxwh sulfhv
gl�huhqw iurp pdujlqdo frvwv> +5, d pdunhw vkduh glvwruwlrq1

51515 Uhjxodwlrq ri dffhvv sulfhv

Lq wklv vxevhfwlrq/ zh dqdo|}h wkh uhjxodwlrq ri dffhvv sulfhv zkhq wkh rshudwruv
duh iuhh wr fkrrvh wkhlu uhwdlo sulfhv1 Zh frqvlghu ydulrxv dffhvv uhjlphv/ lq
sduwlfxodu/ uhflsurfdo dqg dv|pphwulf dffhvv sulflqj1

D �uvw revhuydwlrq/ zklfk zdv pdgh e| Od�rqw/ Uh|/ dqg Wluroh +4<<;,/
lv wkdw/ lq hdfk shulrg/ hdfk rshudwru kdv wzr lqvwuxphqwv dw lwv glvsrvdo/ wkh
shu0plqxwh sulfh dqg wkh vxevfulswlrq ihh1 Wkhuhiruh dq rshudwru fdq vsolw wkh
exloglqj ri pdunhw vkduh iurp jhqhudwlqj fdoo yroxph1 E| pdqlsxodwlqj dq
rshudwru*v �uvw0rughu frqglwlrqv/ jlyhq dq| sulfhv ri wkh frpshwlwru/ rqh fdq
vkrz wkdw=

s {2�| @ v {| f | } . v {� +f | ~ . � {� , lq hdfk shulrg w=

Wkdw lv/ sur�w0pd{lpl}dwlrq ohdgv wr shu0plqxwh sulfhv wkdw htxdo �shufhlyhg�
pdujlqdo frvwv1 Hdfk rshudwru xvhv wkh vxevfulswlrq ihh wr h{wudfw frqvxphu
vxusoxv dqg vhwv xvdjh sulfh htxdo wr pdujlqdo frvwv1 Wklv lv ehfdxvh wkh vxe0
vfulswlrq ihh lv pruh h�hfwlyh lq fdswxulqj pdunhw vkduh wkdq wkh shu0plqxwh
sulfh> wkh jdlq lq frqvxphuv vxusoxv iurp d fxw lq wkh shu0plqxwh sulfh +ehorz
shufhlyhg pdujlqdo frvwv, lv ohvv wkdq wkh dvvrfldwhg frvw wkdw wkh rshudwru lq0
fxuv/ zkhuhdv d uhgxfwlrq lq wkh vxevfulswlrq ihh wudqvodwhv rqh0wr0rqh lqwr wkh
vxusoxv r�huhg wr frqvxphuv1

Rqh fdq hdvlo| fkhfn wkdw dq rshudwru wkdw vhwv shu0plqxwh sulfh htxdo wr
shufhlyhg pdujlqdo frvwv pdnhv }hur sur�wv iurp wkh wrwdo dprxqw ri rq0qhw dqg
r�0qhw wud!f1 Frqvhtxhqwo|/ wkh rqo| vrxufhv ri sur�wv duh uhyhqxhv iurp vxe0
vfulswlrq dqg uhyhqxhv iurp lqfrplqj wud!f1 Ixuwkhupruh/ lq htxloleulxp/ wkh
surgxfw gl�huhqwldwlrq sdudphwhu � kdv qr gluhfw h�hfw rq shu0plqxwh sulfhv1
Dq lqfuhdvh lq wkh surgxfw gl�huhqwldwlrq sdudphwhu gluhfwo| sxvkhv wkh vxe0
vfulswlrq ihhv xszdug +dsduw iurp lqgluhfw h�hfwv wkurxjk pdunhw vkduhv,1 Wkhvh
sulflqj sulqflsohv krog lq wkh v|pphwulf vhwxs ri Od�rqw/ Uh|/ dqg Wluroh +4<<;,
dqg dv|pphwulf vhwxsv dv lq wklv sdshu/ dv zhoo dv lq Fduwhu dqg Zuljkw +5336,
dqg Gh Elmo dqg Shlw} +5335d/ e,1

Lq rxu vlpxodwlrqv zh frqvlghu wkh iroorzlqj uhjxodwru| uhjlphv= frvw0edvhg
dffhvv sulfh uhjxodwlrq/ uhflsurfdo dffhvv sulfh uhjxodwlrq/ dqg dv|pphwulf dffhvv
sulfh uhjxodwlrq1 Xqghu frvw0edvhg uhjxodwlrq/ wkh +uhflsurfdo, dffhvv sulfh lv vhw
htxdo wr 318 Hxur0fhqwv lq doo shulrgv1 Iru wkh uhflsurfdo dffhvv pdunxs zh wdnh
wkh dffhvv sulfh htxdo wr 4 lq doo shulrgv1 Dv|pphwulf dffhvv sulfh uhjxodwlrq lv
lqyrnhg iru d olplwhg qxpehu ri shulrgv dqg uhsodfhg diwhuzdugv e| frvw0edvhg
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Iljxuh 4= Frvw0edvhg uhjxodwlrq= pdunhw vkduhv

uhjxodwlrq1 Zh frqvlghu dv|pphwulf dffhvv sulfhv iru vl{ dqg iru qlqh shulrgv1
Lq wkh iruphu fdvh zh vshdn ri vkruw0olyhg dv|pphwulf uhjxodwlrq/ lq wkh odwwhu ri
orqj0olyhg dv|pphwulf uhjxodwlrq1 Lq wkh dv|pphwulf uhjlph wkh sulfh wr dffhvv
wkh hqwudqw*v qhwzrun lv vhw htxdo wr 4 Hxur0fhqw1 Xqghu sulfh fds uhjxodwlrq
zh frqvlghu d sulfh fds rq wkh lqfxpehqw*v vxevfulswlrq ihh ri 78 Hxurv ryhu d
wzr0prqwk shulrg1

Frvw0edvhg dffhvv sulfhv
Lq wkh wudfn0uhfrug vshfl�fdwlrq ri wkh prgho/ wkh �{hg xwlolw| glvdgydqwdjh ri
wkh hqwudqw ghfuhdvhv olqhduo| ryhu wlph xs wr shulrg w � / zklfk lq wkh vlpxod0
wlrqv lv vhw htxdo wr 44 +vhh wkh dsshqgl{ iru doo sdudphwhu ydoxhv xvhg lq wkh
vlpxodwlrqv,1 Lq wkh uhvxowv/ wklv lv ixoo| uh hfwhg lq wkh vxevfulswlrq ihhv xqghu
frvw0edvhg uhjxodwlrq= iru lqvwdqfh/ lq shulrg 5 wkh �{hg xwlolw| gl�huhqfh lv
htxdo wr 78 Hxurv dqg wkh gl�huhqfh lq vxevfulswlrq ihhv lv htxdo wr 63 Hxurv
+shulrg 8= 63 Hxurv dqg 53 Hxurv/ uhvshfwlyho|> shulrg ;= 48 Hxurv dqg 43 Hxurv
uhvshfwlyho|,1 Xqghu frvw0edvhg uhjxodwlrq doo yduldeohv fdq hdvlo| eh h{suhvvhg
dqdo|wlfdoo| dqg lw lv srvvleoh wr glvsrvh ri qxphulfdo phwkrgv1 Krzhyhu/ wr
looxvwudwh wkh hyroxwlrq ri wkh lqgxvwu|/ zh xvh rxu qxphulfdo h{dpsoh1

Vlplodu wr vxevfulswlrq ihhv/ dovr pdunhw vkduhv hyroyh olqhduo| ryhu wlph xqwlo
wkh hqwudqw kdv ixoo| exlow xs lwv wudfn uhfrug ri txdolw| +vhh Iljxuh 4,1 Zlwk rxu
sdudphwhu ydoxhv wkh hqwudqw �uvw jdlqv d pdunhw vkduh ri durxqg ;16( zklfk
lv dxjphqwhg e| durxqg 715( hdfk shulrg1

Xqghu frvw0edvhg uhjxodwlrq/ qrqh ri wkh rshudwruv rewdlqv sur�wv iurp lq0
frplqj fdoov dqg sur�wv lq htxloleulxp duh � {| @ qv {| +p {| � i | , � F {| 1 Lq rxu
vlpxodwlrqv zh gr qrw lqfoxgh frqqhfwlrq lqghshqghqw �{hg frvwv F {| > wklv fruuh0
vsrqgv wr F {| @ 31 Vlqfh wkh hqwudqw*v pdunhw vkduh dqg vxevfulswlrq ihh lqfuhdvh
olqhduo| ryhu wlph sur�wv duh lqfuhdvlqj dqg frqyh{ ryhu wlph xqwlo wkh hqwudqw
kdv fdxjkw xs zlwk wkh lqfxpehqw1 Fruuhvsrqglqjo|/ wkh lqfxpehqw*v sur�wv
duh ghfuhdvlqj dqg frqyh{ ryhu wlph +frpsduh Iljxuh 5,1
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Iljxuh 5= Frvw0edvhg uhjxodwlrq= sur�wv

Dv h{sodlqhg lq wkh suhylrxv vhfwlrq/ zhoiduh lq d pdwxuh gxrsro| grplqdwhv
zhoiduh xqghu prqrsro| iru F {| vx!flhqwo| vpdoo ehfdxvh ri ehqh�fldo surgxfw
gl�huhqwldwlrq1 Wklv fdq dovr eh vhhq e| orrnlqj dw Iljxuh 6= wkh lqlwldo srlqw ri
wkh wudmhfwru| iru zhoiduh +zklfk lv forvh wr wkh prqrsro| vlwxdwlrq, fruuhvsrqgv
wr orzhu zhoiduh wkdq wkh hqg srlqw ri wkh wudmhfwru|1 Lq d pdwxuh pdunhw erwk
rshudwruv vhw wkh vdph vxevfulswlrq ihh vr wkdw wkh pdunhw vsolwv htxdoo| ehwzhhq
wkhp1 Khqfh/ frpshwlwlrq zlwk frvw0edvhg dffhvv sulfhv lpsohphqwv wkh �uvw0
ehvw1 Lq lqlwldo shulrgv/ wkhuh lv d vrfldo frvw wr gxrsro| jlyhq wkh odfn ri wkh
hqwudqw*v wudfn uhfrug1 Li wkrvh vrfldo frvwv duh kljk/ zhoiduh fdq eh vljql�fdqwo|
lpsuryhg e| d uhjxodwru| srolf| zklfk pdnhv lw kdughu iru wkh hqwudqw wr jdlq
pdunhw vkduh lq hduo| shulrgv1 Wkh uhdvrq lv wkdw/ lq hdfk lqlwldo shulrg/ rshudwru
5 sulfhv orzhu wkdq rshudwru 4 vr wkdw/ lq htxloleulxp/ � A 31 Frqvhtxhqwo|/
wkh vrfldoo| rswlpdo pdunhw vkduh ri rshudwru 4 lv juhdwhu wkdq lwv pdunhw vkduh
xqghu frpshwlwlrq zlwk frvw0edvhg dffhvv sulfhv1 Wkh wudgh0r� ehwzhhq wkh
judgxdo exlog0xs ri d wudfn uhfrug/ zklfk pdnhv wkh hqwudqw pruh dwwudfwlyh wr
frqvxphuv/ dqg wkh jdlq lq pdunhw vkduh h{sodlqv zk| zhoiduh fdq eh lqlwldoo|
ghfuhdvlqj/ dv ghprqvwudwhg lq Iljxuh 61

Dv frpshwlwlrq pdwxuhv/ wkh lqfxpehqw*v sur�wv ghfolqh dqg wklv lv rqo|
sduwldoo| r�vhw e| wkh lqfuhdvh ri wkh hqwudqw*v sur�wv vr wkdw surgxfhuv vxusoxv
lv ghfolqlqj ryhu wlph1 Dw wkh vdph wlph frqvxphuv jdlq iurp pruh pdwxuh
frpshwlwlrq/ zklfk lv uh hfwhg e| wkh lqfuhdvlqj wudmhfwru| ri frqvxphuv vxusoxv
+vhh Iljxuh 6,1

Uhflsurfdo dffhvv sulfhv +zlwk pdunxsv,
Lq rxu vlpxodwlrqv/ lqwurgxflqj d uhflsurfdo dffhvv pdunxs grhv qrw fkdqjh wkh
slfwxuh pxfk lq whupv ri wkh vorshv ri wkh wudmhfwrulhv ri wkh yduldeohv1 Wkh
rqo| qrwdeoh h{fhswlrq lv wkh shu0plqxwh sulfh zklfk zdv frqvwdqw xqghu frvw0
edvhg uhjxodwlrq1 Vlqfh shu0plqxwh sulfh htxdov shufhlyhg pdujlqdo frvwv/ wkh
hqwudqw*v shu0plqxwh sulfh lv ghfuhdvlqj ryhu wlph dv lw exlogv xs d wudfn uhfrug
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Iljxuh 6= Frvw0edvhg uhjxodwlrq= vxusoxv

ri txdolw|1 Wkh uhdvrq lv wkdw lw kdv d vpdoo pdunhw vkduh lq hduo| shulrgv
ohdglqj wr uhodwlyho| kljk shufhlyhg pdujlqdo frvwv1 Wkhvh frvwv duh vljql�fdqwo|
kljkhu wkdq wkrvh ri wkh lqfxpehqw ehfdxvh d fdoo ruljlqdwlqj rq wkh lqfxpehqw*v
qhwzrun lv olnho| wr whuplqdwh rq wkh lqfxpehqw*v qhwzrun zkhq wkh lqfxpehqw*v
pdunhw vkduh lv odujh1 Xqghu d srvlwlyh uhflsurfdo dffhvv pdunxs/ wkh hqwudqw
kdv d orzhu pdunhw vkduh wkdq xqghu frvw0edvhg dffhvv sulflqj ehfdxvh ri lwv
kljkhu shufhlyhg pdujlqdo frvwv1

Rshudwruv kdyh wzr vrxufhv ri sur�wv= sur�wv iurp vxevfulswlrq dqg sur�wv
iurp lqfrplqj wud!f1 Lqlwldoo|/ wkh hqwudqw kdv wr frpshwh kdug iru frqvxphuv
ohdglqj wr vpdoo ru hyhq qhjdwlyh sur�wv iurp vxevfulswlrq lq hduo| shulrgv +dv
fdq eh fkhfnhg lq rxu vlpxodwlrqv,1 Zkhwkhu ru qrw wkh hqwudqw lv grlqj ehwwhu
xqghu uhflsurfdo dffhvv sulfh uhjxodwlrqv lq d shulrg lq zklfk lw kdv qrw |hw
ixoo| exlow xs lwv wudfn uhfrug fdqqrw eh vdlg xqdpeljxrxvo| +iru d ghwdlohg
dqvzhu vhh Fduwhu dqg Zuljkw/ 5336,1 Djjuhjdwhg ryhu wlph erwk rshudwruv
uhfhlyh orzhu sur�wv xqghu uhflsurfdo dffhvv sulfh uhjxodwlrq wkdq xqghu frvw0
edvhg uhjxodwlrq1 Lq wkh orqj uxq/ sur�wv duh qrw d�hfwhg e| d v|pphwulf dffhvv
pdunxs= lq d v|pphwulf pdunhw orvvhv lq sur�wv iurp vxevfulswlrq duh h{dfwo|
r�vhw e| jdlqv lq sur�wv iurp lqfrplqj fdoov zkhq frpsdulqj d srvlwlyh dffhvv
pdunxs wr dffhvv sulfh htxdo wkh pdujlqdo frvw ri wkh orfdo orrs1 Wklv lv wkh
sur�w qhxwudolw| uhvxow xqghu wzr0sduw wdul�v/ vkrzq e| Od�rqw/ Uh|/ dqg Wluroh
+4<<;,1

Fohduo|/ d srvlwlyh uhflsurfdo dffhvv pdunxs uhgxfhv zhoiduh dqg frqvxphuv
vxusoxv lq wkh orqj uxq ehfdxvh shufhlyhg pdujlqdo frvwv ghyldwh iurp wuxh
pdujlqdo frvwv jlylqj ulvh wr d ghdgzhljkw orvv1

Dv|pphwulf dffhvv sulfhv
Dv|pphwulf dffhvv sulfh uhjxodwlrq wuhdwv hqwudqw dqg lqfxpehqw gl�huhqwo|1 Zh
frqvlghu uhjxodwlrq zklfk idyruv wkh hqwudqw lq hduo| shulrgv ri frpshwlwlrq e|
�{lqj dq dffhvv sulfh deryh pdujlqdo frvwv iru fdoov whuplqdwlqj rq wkh hqwudqw*v
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Iljxuh 7= Dv|pphwulf dffhvv sulfh uhjxodwlrq= shu plqxwh sulfhv

qhwzrun1 Lq rxu vlpxodwlrqv uhsruwhg khuh/ wklv dffhvv pdunxs suhydlov iru vl{
shulrgv1 Wklv dv|pphwulf uhjxodwlrq jhqhudwhv srvlwlyh sur�wv iurp lqfrplqj
fdoov iru wkh hqwudqw1 Wkh lqfxpehqw lv vxemhfw wr frvw0edvhg uhjxodwlrq1

Wkh lqfxpehqw kdv shufhlyhg pdujlqdo frvwv zklfk duh lqfuhdvlqj ryhu wlph
dv orqj dv wkh hqwudqw lv doorzhg wr fkdujh dq dffhvv pdunxs ehfdxvh wkh hq0
wudqw*v pdunhw vkduh lv dovr lqfuhdvlqj +frpsduh Iljxuh 7,1 Frqvhtxhqwo|/ wkh
lqfxpehqw vhwv d kljkhu shu0plqxwh sulfh wkdq xqghu frvw0edvhg uhjxodwlrq1 Wkh
pruh djjuhvvlyh ehkdylru ri wkh hqwudqw fdq eh h{sodlqhg dv iroorzv= dq dggl0
wlrqdo frqvxphu qrw rqo| jhqhudwhv sur�wv iru wkh hqwudqw wkurxjk lwv vxevfuls0
wlrq exw dovr jhqhudwhv dgglwlrqdo lqfrplqj fdoov/ zklfk duh ydoxdeoh wr wkh
hqwudqw1 Wklv pdnhv wkh hqwudqw wr frpshwh pruh djjuhvvlyho| iru jlyhq sulfhv
ri wkh lqfxpehqw1 Vlploduo|/ wkh lqfxpehqw sulfhv pruh djjuhvvlyho| wkdq lq wkh
devhqfh ri dq dffhvv pdunxs zklfk lv uh hfwhg e| d orzhu vxevfulswlrq ihh1 Lw
wxuqv rxw wkdw erwk rshudwru r�hu d kljkhu qhw xwlolw| wr frqvxphuv xqghu dq
dffhvv pdunxs iru wkh hqwudqw jlyhq wkh qhw xwlolw| r�huhg e| wkh frpshwlqj
rshudwru1 Zlwk xszdug vorslqj ehvw uhvsrqvhv wklv lpsolhv wkdw erwk rshudwruv
sulfh pruh djjuhvvlyho| wkdq xqghu uhflsurfdo dffhvv sulfh uhjxodwlrq1 �

Wkh gl�huhqfh ehwzhhq wuxh dqg shufhlyhg pdujlqdo frvwv lv txlwh vpdoo lql0
wldoo| gxh wr wkh vpdoo pdunhw vkduh ri wkh hqwudqw1 Qhyhuwkhohvv/ frpshwlwlrq lv
vwurqjo| d�hfwhg ehfdxvh wkh hqwudqw jdlqv iurp lqfrplqj wud!f1 Lq rxu vlpx0
odwlrq/ wkh hyroxwlrq ri pdunhw vkduh lv rqo| voljkwo| ehwwhu iru wkh hqwudqw xqghu
dv|pphwulf uhjxodwlrq wkdq xqghu frvw0edvhg uhjxodwlrq exw lwv sur�wv lq hduo|
shulrgv duh pxfk odujhu lq uhodwlyh whupv1 Wudmhfwrulhv ri sur�wv duh ghslfwhg
lq Iljxuh 81 Xvlqj rxu sdudphwhu frqvwhoodwlrq/ sur�wv lq shulrg 4 duh 615 lq0
�6�1��� �:���.����� �:�����M�.�����������X�Y�������/���:� �]�����=��� �`��� ����� �������Y�I�=�
����� ���X�)�/�.��� ������� �����������4�����/� ������!���.�/�.�����(���.����� �"�5� ����� �����/�`������� �4���  ����(¡ �����)�,�
����¢X�"£������������6������� �:���!�/�.��� ���`���� ,���!���.����� ��X�. ��������=� �������1�)�4���.�A¤ ���1�
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Iljxuh 8= Dv|pphwulf dffhvv sulfh uhjxodwlrq= sur�wv

vwhdg ri 51; ploolrq Hxurv dqg/ lq shulrg 5/ wkh| duh :15 lqvwhdg ri 916 ploolrq
Hxurv1 Wklv pdnhv dv|pphwulf dffhvv sulfh uhjxodwlrq d srzhuixo lqvwuxphqw
wr lpsuryh hqwudqw*v sur�wv lq hduo| shulrgv1 Hqwudqwv zkrvh idwh ghshqgv rq
wkh vkruw0uxq sur�wv hydoxdwlrq ri �qdqfldo pdunhwv pd| qhhg vxfk dq lqlwldo
uhjxodwru| vwlpxoxv wr ehfrph ru uhpdlq dfwlyh lq wkh pdunhw1 Zkloh uhjxodwruv
pd| dssuhfldwh wkh dgglwlrqdo lqvwuxphqw dv|pphwulf dffhvv sulfhv r�hu wkhp
iru �qh0wxqlqj/ wkh grzq0vlgh lv wkh ulvn ri glvfuhwlrq dqg dexvh1 Ixuwkhupruh/
vlqfh �qh0wxqlqj lpsolhv d fkdqjlqj srolf| ryhu wlph uhjxodwlrq pd| ehfrph ohvv
wudqvsduhqw iru pdunhw sduwlflsdqwv1 Iru dgglwlrqdo uhpdunv vhh Shlw} +5336,1

Pruh lqwhqvh frpshwlwlrq lq hduo| shulrgv zrunv lq idyru ri frqvxphuv vr wkdw
frqvxphuv vxusoxv lv kljkhu xqghu dv|pphwulf uhjxodwlrq wkdq xqghu frvw0edvhg
uhjxodwlrq1 Zhoiduh lv orzhu iru wzr uhdvrqv= �uvw/ d vpdoo qxpehu ri frqvxphuv
vxevfuleh wr wkh hqwudqw*v qhwzrun zkr zrxog kdyh vxevfulehg wr wkh lqfxpehqw
xqghu frvw0edvhg uhjxodwlrq1 Rzlqj wr wkh lqlwldo odfn ri wkh hqwudqw*v wudfn
uhfrug wklv frqvwlwxwhv d orvv lq vrfldo vxusoxv � uhfdoo wkdw wkh vrfldoo| rswlpdo
pdunhw vkduh ri wkh hqwudqw lv hyhq ohvv wkdq lwv pdunhw vkduh uhvxowlqj iurp
frpshwlwlrq xqghu frvw0edvhg dffhvv sulfh uhjxodwlrq1 Vhfrqg/ wkh ghyldwlrq ri
wkh lqfxpehqw*v shu0plqxwh sulfh iurp wuxh pdujlqdo frvwv fuhdwhv d ghdgzhljkw
orvv1 Erwk wkhvh h�hfwv duh udwkhu qhjoljleoh lq rxu vlpxodwlrq +�Z { � 4 wr 5(
wlphv �� {~ iru wkrvh shulrgv lq zklfk dv|pphwulf dffhvv sulfhv duh lq sodfh,1

Frvw dv|pphwulhv
Vr idu/ zh dvvxphg wkdw wkh lqfxpehqw dqg hqwudqw kdyh lghqwlfdo pdujlqdo frvw
ohyhov1 Lq uhdolw|/ wkrxjk/ frvwv pd| eh dv|pphwulf1 Lw lv wkhuhiruh lqwhuhvwlqj wr
frqvlghu li wkh frqfoxvlrqv rq dffhvv sulfhv vkrxog eh dgdswhg lq fdvh ri dv|pph0
wulhv1 Zh zloo lqirupdoo| glvfxvv uhvxowv wkdw fdq eh yhul�hg lq d vwudljkwiruzdug
zd|/ xvlqj vlpxodwlrqv zlwk rxu prgho1

Dv d �uvw h{dpsoh ri d frvw dv|pphwu|/ frqvlghu pdujlqdo frvwv/ dqg vxssrvh
wkdw wkh hqwudqw*v pdujlqdo frvw ri wkh orfdo orrs/ f ~ � / lv orzhu wkdq wkh lqfxp0
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ehqw*v frvw f } � 1 ² Iru lqvwdqfh/ lw pd| eh wkh fdvh wkdw wkh hqwudqw zdv deoh wr
uroo rxw d orfdo qhwzrun edvhg rq d pruh uhfhqw whfkqrorj|/ wkdw kdv ehqh�wwhg
iurp frvw0uhgxflqj lqqrydwlrqv1 Dv d srlqw ri uhihuhqfh/ frqvlghu frvw0edvhg
dffhvv uhjxodwlrq/ wkdw lv/ � } @ f } � dqg � ~ @ f ~ � 1

Frpsduhg zlwk wkh fdvh ri lghqwlfdo pdujlqdo frvw ohyhov/ wkh frvw dgydqwdjh
pdnhv wkh hqwudqw jdlq pdunhw vkduh idvwhu/ �qdoo| hqglqj xs zlwk d odujhu
vkduh wkdq wkh lqfxpehqw1 Wkh lqfxpehqw/ idflqj d vwurqjhu frpshwlwru/ vhhv
lwv sur�wv uhgxfhg/ zkloh wkh uhyhuvh krogv iru wkh hqwudqw1

Frqvlghu d whpsrudu| dffhvv pdunxs iru wkh hqwudqw rqo|/ iru lqvwdqfh � ~ @
f } � gxulqj wkh �uvw vl{ shulrgv1 Wkh lqfxpehqw/ idflqj d kljkhu shufhlyhg pdu0
jlqdo frvw/ lqfuhdvhv lwv shu0plqxwh sulfh1 Vlqfh pdunhw vkduh lv pruh ydoxdeoh
iru wkh hqwudqw/ sulfh frpshwlwlrq lq vxevfulswlrq ihhv ehfrphv pruh lqwhqvh1
Wkh lqfxpehqw*v sur�wv duh uhgxfhg/ dqg ylfh yhuvd iru wkh hqwudqw1 Frqvxphuv
vxusoxv lv lqfuhdvhg gxulqj wkh shulrgv zlwk dq dv|pphwulf dffhvv pdunxs dqg
wkh vshhg dw zklfk wkh hqwudqw jdlqv pdunhw vkduh lv voljkwo| uhgxfhg1

Dowhuqdwlyho|/ vxssrvh wkdw wkh uhjxodwru hqirufhv d uhflsurfdo dffhvv sulfh
htxdo wr wkh orzhvw frvw ohyho/ wkdw lv/ � @ f ~ � iru erwk rshudwruv1 Vxfk d
srolf| pd| eh prwlydwhg e| d qrwlrq ri cehvw sudfwlfh*/ ru ehqfkpdunlqj1 ³ Do0
whuqdwlyho|/ wkh lghd pd| eh wr lpsohphqw frvw0edvhg dffhvv sulflqj e| xvlqj d
iruzdug0orrnlqj lqvwhdg ri klvwrulfdo frvw gh�qlwlrq1 D frqvhtxhqfh ri wklv uhj0
xodwlrq lv wkdw wkh lqfxpehqw lv qrw ixoo| frpshqvdwhg iru wkh wud!f0ghshqghqw
frvwv lw lqfxuv iru lqfrplqj fdoov1 Frpsduhg wr frvw0edvhg dffhvv sulfhv/ wkh
hqwudqw uhgxfhv lwv shu0plqxwh sulfh wr uh hfw d orzhu shufhlyhg pdujlqdo frvw1
Lq jhqhudo/ frpshwlwlrq iru pdunhw vkduh +e| vhwwlqj vxevfulswlrq ihhv, ehfrphv
ohvv lqwhqvh/ dv wkh lqfxpehqw orvhv prqh| rq surylglqj dffhvv/ pdnlqj pdu0
nhw vkduh ohvv ydoxdeoh1 Wkhuh lv dq h{fhswlrq wr wklv lqwxlwlrq wkrxjk/ vlqfh d
frxqwhudfwlqj h�hfw lv wkdw wkh vpdoohu wkh hqwudqw*v pdunhw vkduh/ wkh ohvv frvwv
ri lqfrplqj wud!f wkh lqfxpehqw lqfxuv1 Wkhuhiruh/ lq dq lqidqw pdunhw wkh
lqfxpehqw ehfrphv pruh djjuhvvlyh +frpsduhg wr d uhjlph ri frvw0edvhg dffhvv
sulflqj,/ lqvwhdg ri ohvv1 Lq d pruh pdwxuh pdunhw/ erwk rshudwruv ehfrph ohvv
djjuhvvlyh +vwloo frpsduhg wr frvw0edvhg dffhvv sulflqj,1 Frqvxphuv vxusoxv lq
dq lqidqw pdunhw lqfuhdvhv/ zkloh lw ghfuhdvhv lq d pdwxuh pdunhw1

Krz gr wkh h{dpsohv ri dffhvv srolf| frpsduh lq whupv ri frqvxphuv vxusoxvB
Lq dq lqidqw pdunhw/ dffhvv sulflqj edvhg rq ehvw sudfwlfh lv ehwwhu iru frqvxphuv
wkdq d whpsrudu| dffhvv pdunxs iru wkh hqwudqw1 Dv wkh pdunhw pdwxuhv dqg
wkh whpsrudu| pdunxs lq wkh �uvw dffhvv uhjlph lv qr orqjhu doorzhg/ frvw0edvhg
dffhvv sulflqj |lhogv wkh kljkhvw ohyho ri frqvxphuv vxusoxv1

Ilqdoo| d ihz uhpdunv derxw dqrwkhu h{dpsoh ri d frvw dv|pphwu|1 Vxssrvh
wkdw wkh hqwudqw*v �{hg frvw ri wkh orfdo orrs lv orzhu/ wkdw lv/ i ~ ? i } 1 Vlplodu wr
´6µ"�6���������6��� ¡`¶�·,¸]� ���������� .���L§"���¹����º���� ��� ���»��� ���e¶.·6¼������½¶�·,·]���. .���.�����J�� . .������� ����� ���S©"���� ���.�����6��� �4�����������)�U��� ���L§+�����6�)�U� �.� ���������������)��¾4����� � ���6��� �4�����.����� ���)����������������� �� ��������.�_�/�.����§A� ��������5��� �C��¡C���/���������������E¿ �1�)������� �����L .���2�5� �,�4�.� �5���. ����������Y¤ �5��� � �=���6��� ��¡ �U� ���Y¶.·6¼1À¹¶�·,·1Áf¶�·,¸�ª��Â�Ã �.�AÄ+�������X�.����ÅA���)�)� ����� ���!¤-¯6°�°�°��4ª,§6�����`��� ���5���/�+���/���.��� �U� ���"¨5�. .�����)�������6��� ���L§6¡ ���C�)�����A����X�.����¬-������ ,���  ��A� �������� ��������� ,��� ���������  .� �����O©_�/� ¦X�������� .�A�5� ���:���/�A� ���.�"���O������� � �.�`���:�����5ÅA���)�)� ����� ���� �(�����6�O�����,�` .���)�������
���X�.���6�������[� ����� ¦M�.�������[ .���/������� ���.§6�5�/� � �+�
�
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wkh fdvh deryh/ wkh hqwudqw pd| kdyh ehhq deoh wr uroo rxw d orfdo qhwzrun edvhg
rq qhzhu whfkqrorj|/ exw qrz zlwk d gl�huhqw w|sh ri frvw0uhgxflqj lqqrydwlrq1
Frpsduhg zlwk lghqwlfdo frvwv/ wkh hqwudqw jdlqv pdunhw vkduh dw d txlfnhu
sdfh/ dw vrph srlqw ryhuwdnlqj wkh lqfxpehqw1 Zkloh shu0plqxwh sulfhv duh
qrw d�hfwhg/ vxevfulswlrq ihhv duh uhgxfhg1 Khqfh/ wklv w|sh ri frvw dv|pphwu|
uhgxfhv wkh qhhg wr vwlpxodwh hqwu| wkurxjk dv|pphwulf dffhvv sulfhv1

Frpshwlwlrq lq  dw ihhv
Lw lv lqwhuhvwlqj wr frqvlghu dowhuqdwlyh sulflqj vwudwhjlhv1 Lq sduwlfxodu/ vxssrvh
wkdw wkh rshudwruv frpshwh lq  dw ihhv +vhh dovr Gh Elmo dqg Shlw} +5335e/ vhfwlrq
916,1 Wkdw lv/ wkh| fkrrvh vxevfulswlrq ihhv p } dqg p ~ zkloh shu0plqxwh sulfhv
vdwlvi| s } @ s ~ @ 31 Æ Vlploduo|/ wkh vwduwlqj srlqw ri wkh dqdo|vlv lq Gh Elmo
dqg Shlw} +5335d, lv wkh fdvh lq zklfk shu0plqxwh sulfhv duh �{hg dw pdujlqdo
frvw ohyhov/ zklfk/ lq d vlplodu zd|/ juhdwo| idflolwdwhv wkh dqdo|vlv1 Lq jhqhudo/
wkhvh prgho vshfl�fdwlrqv surylgh d xvhixo vwduwlqj srlqw iru irupdo dqdo|vlv1
Hdfk vxevfulehu ghpdqgv d �{hg qxpehu ri fdoo plqxwhv {^3`1 Wklv dvvxpswlrq
pd| dovr fruuhvsrqg wr dq lqhodvwlf ghpdqg iru fdoo plqxwhv/ ru wr uhjxodwru|
lqwhuyhqwlrq zlwk uhjdug wr uhwdlo wdul�v1 Lq uhdolw|/ vrph rshudwruv r�hu iuhh
qdwlrqdo fdoov rq fhuwdlq gd|v +Ghxwvfkh Whohnrp/ Jhupdq|/ lq 5334,/ ru rq
r�0shdn fdoov xs wr d fhuwdlq olplw +Olqfh Whohfrppxqlfdwlrqv/ Vsdlq/ lq 5334,1

D �uvw revhuydwlrq lv wkdw wkh rshudwruv frpshwh rqo| iru vxevfulehuv/ zkloh
dqwlflsdwlqj orvvhv iurp qhwzrun xvdjh {^3`f | } / zkhq wkh| fkrrvh vxevfulswlrq
ihhv1 Lw lv vwudljkwiruzdug wr vkrz wkdw lq d pdwxuh pdunhw +zlwk v|pphwulf
rshudwruv,/ uhflsurfdo dffhvv sulfhv fdqfho rxw ri wkh rshudwruv* sur�w ixqfwlrqv1
Wkh uhdvrq lv wkdw hdfk rshudwru kdv lghqwlfdo ghpdqg iru fdoo plqxwhv shu
fxvwrphu1 Wkhuhiruh/ wkh jdlqv iurp lqfrplqj wud!f dw d kljkhu dffhvv sulfh
duh fdqfhoohg rxw e| orvvhv iurp r�0qhw fdoov1 Pruhryhu/ dovr li rshudwruv duh
dv|pphwulf/ wkdw lv/ wkh hqwudqw lv vwloo exloglqj xs lwv wudfn uhfrug/ uhflsurfdo
dffhvv sulfhv gr qrw d�hfw sur�w ohyhov1 Wkh uhdvrq lv wkdw fdoo yroxphv gr
qrw uhvsrqg wr fkdqjhv lq wkh ohyho ri wkh uhflsurfdo dffhvv sulfh1 Krzhyhu/
sur�w0qhxwudolw| grhv qrw krog li dffhvv sulfhv duh dv|pphwulf1

D jhqhudo revhuydwlrq lv wkdw zlwk �{hg shu0plqxwh sulfhv/ pdunhw vkduhv lq
dq lqwhulru htxloleulxp gr qrw ghshqg rq dffhvv sulfhv +Gh Elmo dqg Shlw}/ 5335d,1
Wkhuhiruh/ wrwdo vxusoxv lv dovr lqghshqghqw ri dffhvv sulfhv1 D fkdqjh lq dffhvv
sulfhv grhv/ krzhyhu/ ohdg wr d uhglvwulexwlrq ri vxusoxv ehwzhhq rshudwruv dqg
frqvxphuv1

Dv lq wkh prgho zlwk wzr0sduw wdul�v/ dv|pphwulf dffhvv sulfhv fdq eh xvhg wr
vwlpxodwh hqwu|1 Lq sduwlfxodu/ hqwu| lv idflolwdwhg li � } ? � ~ +dqg � } @ f � ,1 Wkhq/
rqo| wkh hqwudqw pdnhv sur�wv rq lqfrplqj fdoov/ zkloh frpshwlwlrq lqwhqvl�hv/
ohdglqj wr kljkhu frqvxphuv vxusoxv1 Wkxv/ wkh srolf| lpsolfdwlrqv uhodwhg wr
dffhvv uhjxodwlrq duh vlplodu wr wkrvh xqghu frpshwlwlrq lq wzr0sduw wdul�v1
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51516 Uhjxodwlrq ri uhwdlo sulfhv

Lq wkh hduo| vwdjhv ri frpshwlwlrq/ lw pd| pdnh vhqvh wr frqwuro wkh lqfxpehqw*v
uhwdlo sulfhv vr wkdw frqvxphuv gr qrw kdyh wr zdlw iru orzhu wdul�v xqwlo wkh
hqwudqw kdv exlow xs d wudfn uhfrug dqg jdlqhg vx!flhqw pdunhw vkduh1 Lq wklv
vxevhfwlrq/ zh frqvlghu sulfh fds uhjxodwlrq lq gl�huhqw dffhvv sulfh uhjlphv1

Li wkh lqfxpehqw lv vxemhfw wr sulfh fds uhjxodwlrq wkh sulfh fds lv olnho| wr
eh elqglqj lq hduo| shulrgv zkhq wkh lqfxpehqw vwloo hqmr|v vxevwdqwldo pdunhw
srzhu1 Lq wkhvh shulrgv wkh irufhv ri frpshwlwlrq pd| eh lqvx!flhqw iurp
wkh ylhzsrlqw ri wkh uhjxodwru| dxwkrulw| wr jxdudqwhh �uhdvrqdeoh� sulfhv iru
frqvxphuv1 Zh zloo frqvlghu d sulfh fds wkdw lv rqo| dssolhg wr uhwdlo sulfhv>
wkh zkrohvdoh sulfh +wkdw lv wkh dffhvv sulfh, lv vhsdudwho| uhjxodwhg1 D srvlwlyh
dvshfw ri sulfh fds uhjxodwlrq lv wkdw d prghudwh sulfh fds ehfrphv revrohwh
rqfh frpshwlwruv jdlq vwuhqjwk dqg khqfh fdq uhpdlq lq sodfh zlwkrxw lq lfwlqj
dq| kdup1

Frqfhuqlqj uhwdlo sulfhv wkh uhjxodwru pd| kdyh gl�huhqw frqfhuqv1 Wr holp0
lqdwh d ghdgzhljkw orvv kh pd| irufh wkh lqfxpehqw wr vhw lwv shu0plqxwh sulfh
htxdo wr wuxh pdujlqdo frvwv1 Wr dyrlg wkdw frqvxphuv kdyh wr sd| dq �h{fhv0
vlyh� vxevfulswlrq ihh kh pd| vhsdudwho| lpsrvh d pd{lpdo uhwdlo sulfh1 Rqo|
rqh ri wkhvh wzr sulfhv pd| eh �{hg ru erwk ri wkhp1 Wkh uhjxodwru pd| do0
whuqdwlyho| lpsrvh d mrlqw uhwdlo sulfh fds vr dv wr pdnh d frqqhfwlrq wrjhwkhu
zlwk d fhuwdlq qxpehu ri fdoo plqxwhv dydlodeoh dw d fhuwdlq sulfh1

D sulfh fds rq vxevfulswlrq ihhv
Lq wkh fxuuhqw sdshu/ zh glvfxvv prvw hoderudwho| d sulfh fds rq vxevfulswlrq
ihhv +iru pruh rq sulfh fds uhjxodwlrq vhh gh Elmo dqg Shlw}/ 5335e> vhh dovr
ehorz,1 Wklv uh hfwv wkh lpsruwdqfh wkdw d uhjxodwru pd| dwwdfk wr xqlyhuvdo
vhuylfh surylvlrq/ zklfk lv w|slfdoo| hperglhg lq d orz vxevfulswlrq ihh1 Iru
h{dpsoh lq wkh Qhwkhuodqgv/ whohfrppxqlfdwlrqv dxwkrulw| Rswd kdv pdgh vxuh
wkdw wkh iruphu lqfxpehqw NSQ Whohfrp r�huv d exgjhw vxevfulswlrq +dprqj
rwkhu frqwudfwv,1 Wkh dlp ri wklv frqwudfw lv wkdw hyhu| fxvwrphu lv deoh wr eh
frqqhfwhg/ fdq eh uhdfkhg/ dqg fdq pdnh skrqh fdoov li qhhghg/ dowkrxjk wkh
shu0plqxwh sulfh lv xvxdoo| kljkhu iru exgjhw frqwudfwv +vhh Rswd/ 4<<;,1 Zh
frqvlghu d sulfh fds rq vxevfulswlrq ihhv wrjhwkhu zlwk dv|pphwulf dffhvv sulfh
uhjxodwlrq1 Zh uhsruw vlpxodwlrq uhvxowv iru dv|pphwulf dffhvv sulfh uhjxodwlrq
lq sodfh iru < shulrgv1

Dv dujxhg deryh/ d vxevfulswlrq ihh lv elqglqj lq wkrvh shulrgv lq zklfk wkh
lqfxpehqw hqmr|v d frqvlghudeoh ghjuhh ri pdunhw srzhu1 Ehfdxvh wkh lqfxpehqw
lv qrw uhvwulfwhg lq lwv shu0plqxwh sulfh/ lw lqfuhdvhv wkh shu0plqxwh sulfh deryh
shufhlyhg pdujlqdo frvwv lq wkrvh shulrgv lq zklfk wkh sulfh fds lv elqglqj iru wkh
vxevfulswlrq ihh1 Dv wlph sdvvhv/ wkh pdunhw srzhu ri wkh lqfxpehqw ghfolqhv>
wklv lpsolhv wkdw wkh vkdgrz sulfh rq wkh sulfh fds uhvwulfwlrq ghfuhdvhv dqg
wkh shu0plqxwh sulfh ghfuhdvhv fhwhulv sdulexv1 Wklv whqghqf| ri d orzhu shu0
plqxwh sulfh lv rqo| sduwldoo| r�vhw e| dq lqfuhdvh lq shufhlyhg pdujlqdo frvwv
+vhh Iljxuh 9,1

Wkh shu0plqxwh sulfh lv dq lpshuihfw lqvwuxphqw iru wkh lqfxpehqw wr pdnh

4:



1 2 3 4 5 6 7 8 9 101112131415
period

2.1

2.2

2.3

2.4

2.5

PER - MINUTE PRICE in cents

à incumbent
entrant

Iljxuh 9= Sulfh fds uhjxodwlrq= shu plqxwh sulfhv

sur�wv frpsduhg wr wkh vxevfulswlrq ihh1 Lq htxloleulxp/ erwk rshudwruv pdnh
orzhu sur�wv wkdq lq wkh devhqfh ri sulfh fds uhjxodwlrq ehfdxvh wkh lqfxpehqw
sulfhv pruh djjuhvvlyho|1 È Frqvxphuv rq wkh rwkhu kdqg jdlq iurp sulfh fds
uhjxodwlrq +vhh Wdeoh 8,1

Wdeohv 6 wr 8 uhsruw sur�wv dqg frqvxphu vxusoxv xqghu wkuhh gl�huhqw uhj0
xodwru| uhjlphv= frvw0edvhg dffhvv sulfh uhjxodwlrq/ dv|pphwulf dffhvv sulfh
uhjxodwlrq/ dqg wkh frpelqdwlrq ri sulfh fds dqg dv|pphwulf dffhvv sulfh uhjx0
odwlrq1

frvw0edvhg
dffhvv sulfhv

dv|pphwulf dffhvv
sulfh uhjxodwlrq
+< shulrgv,

dv|pphwulf dffhvv
sulfh uhjxodwlrq +< shulrgv,
dqg sulfh fds
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Wdeoh 6= Lqfxpehqw*v sur�wv= Frpsdulvrq dfurvv gl�huhqw dffhvv uhjlphv

frvw0edvhg
dffhvv sulfhv

dv|pphwulf dffhvv
sulfh uhjxodwlrq
+< shulrgv,

dv|pphwulf dffhvv
sulfh uhjxodwlrq +< shulrgv,
dqg sulfh fds
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Wdeoh 7= Hqwudqw*v sur�wv= Frpsdulvrq dfurvv gl�huhqw dffhvv uhjlphv

Ë6�1���.���=� �1�/���
�,�4�.�1�����.¦X�� ,�"�������/�=�.¦X�� ,��� �������.���5��¡O�����U�)�)�,�����  =�� � .�.���5�����  ��=��������� �6��� ���LÌ/�����Ã �. .��� ����Í��

4;



frvw0edvhg
dffhvv sulfhv

dv|pphwulf dffhvv
sulfh uhjxodwlrq
+< shulrgv,

dv|pphwulf dffhvv
sulfh uhjxodwlrq +< shulrgv,
dqg sulfh fds
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Wdeoh 8= Frqvxphuv vxusoxv= Frpsdulvrq dfurvv gl�huhqw dffhvv uhjlphv

Frpsduhg wr frvw0edvhg uhjxodwlrq/ wkh hqwudqw pd| gr ehwwhu wkdq xqghu
frpelqhg sulfh fds dqg dv|pphwulf dffhvv sulfh uhjxodwlrq/ dv fdq eh vhhq iurp
rxu vlpxodwlrq uhvxow +vhh Wdeoh 7,1 Wklv lv qrw qhfhvvdulo| vr= d wrxjk sulfh fds
uhjlph pd| hyhq lq lfw orvvhv rq wkh hqwudqw vr wkdw lw pd| uhiudlq iurp hqwhulqj
lq wkh �uvw sodfh1 Wklv pdnhv sulfh fds uhjxodwlrq d gl!fxow srolf| lqvwuxphqw
ehfdxvh rqh kdv wr edodqfh frqvxphu lqwhuhvwv zlwk wkh jrdo wr vwlpxodwh hqwu|1
Ixuwkhupruh/ sulfh fds uhjxodwlrq vxfk dv sxuh vxevfulswlrq ihh uhjxodwlrq fdq
ohdg wr vwurqj glvwruwlrqv lq wkh lqfxpehqw*v sulflqj vwuxfwxuh dzd| iurp wuxh
pdujlqdo frvwv/ dqg vxfk sulflqj lpsolhv d zhoiduh orvv1

Wkh glvwruwlrq lq wkh lqfxpehqw*v shu0plqxwh sulfhv lqgxfhg e| d sulfh fds
rq vxevfulswlrq ihhv fdq eh dyrlghg e| vhsdudwho| uhjxodwlqj wkh lqfxpehqw*v
shu0plqxwh sulfh1 Xqghu vxfk d pruh lqwuxvlyh uhjxodwlrq wkh uhjxodwru fdq �{
wkh lqfxpehqw*v shu0plqxwh sulfh dw lwv vrfldoo| h!flhqw ohyho/ wkdw lv/ dw wuxh
pdujlqdo frvwv1 D elqglqj sulfh fds rq wkh vxevfulswlrq ihh wkhq pdnhv wkh lq0
fxpehqw frpshwh pruh djjuhvvlyho| wkdq xqghu frvw0edvhg uhjxodwlrq +dv zhoo dv
xqghu uhjxodwlrq wkdw rqo| �{hv wkh vxevfulswlrq ihh,1 Wklv d�hfwv wkh hqwudqw*v
sur�wv qhjdwlyho|1 D whpsrudu| dffhvv pdunxs iru wkh hqwudqw jhqhudwhv srvl0
wlyh sur�wv iurp lqfrplqj fdoov wkxv hqdeolqj wkh hqwudqw wr dssurdfk ru uhdfk
sur�w ohyhov wkdw zrxog eh uhdol}hg xqghu frvw0edvhg uhjxodwlrq1 Wr vxppdul}h/
dovr zkhq lpsrvlqj vhsdudwh sulfh fdsv rq erwk uhwdlo sulfhv ri wkh lqfxpehqw/
wkh uhjxodwru fdq dpholrudwh wkh survshfwv ri wkh hqwudqw e| frpsohphqwlqj wkh
sulfh fds zlwk dv|pphwulf dffhvv sulfh uhjxodwlrq1

Glvfxvvlrq
Frqfhuqlqj frvw dv|pphwulhv/ zh qrwh wkdw li wkh hqwudqw kdv orzhu frvw ohyhov/
pdujlqdo ru �{hg +vhh wkh suhylrxv vxevhfwlrq,/ w|slfdoo| wkh qhhg iru sulfh fdsv
ehfrphv ohvv1 Wklv lv gxh wr wkh idfw wkdw orzhu frvw ohyhov iru wkh hqwudqw lqfuhdvh
wkh lqwhqvlw| ri sulfh frpshwlwlrq1 Qhyhuwkhohvv/ d fhuwdlq w|sh ri dffhvv uhjlph
pd| uhgxfh wkh lqwhqvlw| ri sulfh frpshwlwlrq1 Dv dq h{dpsoh/ uhfdoo wkh cehvw
sudfwlfh* dffhvv srolf| li wkh hqwudqw kdv d orzhu pdujlqdo frvw ri wkh orfdo orrs/
zklfk ohg wr lqfuhdvhg vxevfulswlrq ihhv lq wkh orqj uxq1 Exw khuh rqh vkrxog
revhuyh wkdw/ lq dq lqidqw pdunhw/ wkh lqfxpehqw ehfrphv pruh djjuhvvlyh/ vr
wkdw d sulfh fds rq vxevfulswlrq ihhv ehfrphv ohvv fdoohg iru1

Dv lq wkh suhylrxv vxevhfwlrq/ zh eulh | glvfxvv frpshwlwlrq lq  dw ihhv1
Vxssrvh wkdw wkh rshudwruv fkrrvh vxevfulswlrq ihhv p } dqg p ~ zkloh shu0plqxwh
sulfhv vdwlvi| s } @ s ~ @ 31 D elqglqj sulfh fds rq wkh lqfxpehqw*v vxevfulswlrq
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ihh irufhv wkh hqwudqw wr uhgxfh lwv vxevfulswlrq ihh dv zhoo/ gxh wr lqfuhdvhg
frpshwlwlyh suhvvxuh1 D orzhu sulfh fds doorzv wkh lqfxpehqw wr suhvhuyh pruh
pdunhw vkduh1 Dv d uhvxow/ zhoiduh lq wkh hduo| vwdjhv ri frpshwlwlrq lv kljkhu1
Qhyhuwkhohvv/ uhwdlo sulfh uhjxodwlrq pd| pdnh hqwu| xqsur�wdeoh/ dqg vkrxog
wkhuhiruh eh fduhixoo| dssolhg1

6 Rwkhu prghv ri hqwu| dqg lqyhvwphqw

Wkh suhylrxv vhfwlrq irfxvhg rq idflolwlhv0edvhg hqwu|/ wkdw lv/ wkh hqwudqw uroov
rxw d qhwzrun zlwk frpsohwh idflolwlhv/ lqfoxglqj d orfdo dffhvv qhwzrun1 Lq uh0
dolw| wkrxjk/ qrw doo hqwudqwv gr vr/ ru dw ohdvw lw wdnhv vxevwdqwldo wlph ehiruh d
frpsohwh qhwzrun lv lq sodfh1 Lq sduwlfxodu/ wkh orfdo dffhvv qhwzrun lv w|slfdoo|
wkh prvw frvwo| frpsrqhqw ri d qhwzrun/ erwk lq prqh| dqg wlph1 Qhyhuwkh0
ohvv/ hqwu| pd| eh srvvleoh/ li hqwudqwv qrw rqo| jhw whuplqdwlqj dffhvv wr wkh
lqfxpehqw*v orfdo qhwzrun +dv lq wkh suhylrxv prgho,/ exw dovr ruljlqdwlqj df0
fhvv1 Lq wklv vhfwlrq/ zh frqvlghu wzr gl�huhqw zd|v ri wklv w|sh ri frpelqhg
dffhvv= orfdo orrs xqexqgolqj +614, dqg fduulhu vhohfw +615,1 Î,Ï Lq wkh iruphu
fdvh/ wkh hqwudqw ohdvhv orfdo olqhv iurp wkh lqfxpehqw dw d prqwko| uhqwdo ihh1
Lq wkh odwwhu fdvh/ wkh hqwudqw sxufkdvhv ruljlqdwlqj dffhvv wr hqg0xvhuv rq d
shu0plqxwh edvlv1 Wklv vhfwlrq frqfoxghv zlwk d frpsdulvrq ri gl�huhqw hqwu|
prghv/ wkdw doorzv rqh wr gudz frqfoxvlrqv uhodwhg wr dq hqwudqw*v lqyhvwphqwv
lq d qhwzrun +vhfwlrq 616,1

614 Orfdo orrs xqexqgolqj

Xqexqgolqj ri wkh orfdo orrs phdqv wkdw dq hqwudqw fdq +pruh ru ohvv, gluhfwo|
soxj lqwr wkh lqfxpehqw*v qhwzrun e| fuhdwlqj d frqqhfwlrq iurp lwv vzlwfk wr
wkh lqfxpehqw*v orfdo dffhvv qhwzrun1 Wkh hqwudqw sd|v d prqwko| ihh/ wkh
olqh uhqwdo/ wr wkh lqfxpehqw/ dqg fdq xvh wkh ohdvhg orfdo olqhv wr gluhfwo|
frqqhfw wr hqg0xvhuv1 Wkh hqwudqw lqfxuv wkh wud!f0ghshqghqw frvw ri wkh ohdvhg
frqqhfwlrqv1

AIurp d uhjxodwru| ylhzsrlqw/ wkh ohdvh sulfh ri wkh lqfxpehqw*v orfdo orrs
lv wkh fhqwudo lvvxh/ lq frpelqdwlrq +dqg lqwhudfwlrq, zlwk whuplqdwlqj dffhvv
sulfhv1 Lq dgglwlrq/ d uhjxodwru pd| frqvlghu wr dsso| sulfh fdsv rq wkh lqfxp0
ehqw*v uhwdlo sulfhv1

Dowkrxjk zh gr qrw surylgh d irupdo dqdo|vlv khuh/ lw lv xvhixo wr glvfxvv
wkh prgho dgdswdwlrqv wkdw duh qhhghg iru orfdo orrs xqexqgolqj1 Lq wkh prgho/
erwk rshudwruv vwloo fkdujh shu0plqxwh sulfhv dqg vxevfulswlrq ihhv/ vlqfh frq0
vxphuv kdyh wkh srvvlelolw| wr vxevfuleh wr wkh hqwudqw1 Wkh pdlq gl�huhqfh
zlwk idflolwlhv0edvhg frpshwlwlrq lv wkdw wkh hqwudqw sd|v d prqwko| ihh wr wkh
lqfxpehqw1 Zh ghqrwh wklv olqh uhqwdo/ lq d jlyhq shulrg w/ e| O { 1 Lq dgglwlrq/
wkh wud!f0lqghshqghqw �{hg frvw ri d frqqhfwlrq ri wkh lqfxpehqw/ ghqrwhg e|
i } / lv vsolw ehwzhhq wkh rshudwruv1 Wkh uhdvrq lv wkdw d frqqhfwlrq frpsulvhv wzr
frpsrqhqwv/ wkh �orfdo olqh� dqg wkh �olqh fdug�/ zlwk dvvrfldwhg frvwv i Ð Ð| dqg
Ñ�Ò6Ó
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i Ð ×| / uhvshfwlyho|1 Xqghu orfdo orrs xqexqgolqj/ wkh hqwudqw surylghv lwv rzq olqh
fdug/ zkloh xvlqj wkh lqfxpehqw*v orfdo olqh1 Wkhuhiruh/ lq shulrg w/ wkh lqfxp0
ehqw*v wud!f0lqghshqghqw uhyhqxhv duh htxdo wr q v { } +p { } � i } , . q v {~ +O { � i Ð Ð} ,
dqg wkh hqwudqw*v wud!f0lqghshqghqw uhyhqxhv duh htxdo wr q v {~ +p {~ � O { � i Ð ×~ ,1
Rshudwruv* sur�w ixqfwlrqv kdyh wr eh dgdswhg dffruglqjo|1 Wkh uhvw ri wkh
prgho uhpdlqv dv ghvfulehg lq vhfwlrq 51

Frpsduhg wr idflolwlhv0edvhg hqwu|/ zkdw grhv frpshwlwlrq orrn olnh xqghu
orfdo orrs xqexqgolqjB Lq wkh hqwudqw*v shufhswlrq/ wkh ohdvh sulfh ri wkh orfdo
olqh lv mxvw dqrwkhu frpsrqhqw ri lwv wud!f0lqghshqghqw frvw ri d frqqhfwlrq/
uhsodflqj wkh �{hg frvw ri wkh orfdo olqh1 D kljkhu ohdvh sulfh gluhfwo| lq dwhv wkh
hqwudqw*v �{hg frvw shu frqqhfwlrq/ dqg khqfh lwv vxevfulswlrq ihh1 Dvvxplqj
wkdw wkh zkroh pdunhw uhpdlqv fryhuhg/ dq lqfuhdvh ri wkh ohdvh sulfh kdv wkuhh
frqvhtxhqfhv1 Iluvwo|/ lw lqfuhdvhv wkh hqwudqw*v �{hg frvw ri d frqqhfwlrq dqg
lwv vxevfulswlrq ihh1 Lwv sur�wv duh qrw d�hfwhg/ vlqfh wkh hqwudqw lv deoh wr sdvv
rq wkh kljkhu �{hg frvw wr frqvxphuv wkurxjk wkh vxevfulswlrq ihh1 Vhfrqgo|/
wkh lqfxpehqw lv deoh wr lqfuhdvh lwv vxevfulswlrq ihh lq uhvsrqvh wr wkh hqwudqw*v
dgdswhg vxevfulswlrq ihh1 Htxlydohqwo|/ wkh lqwhqvlw| ri frpshwlwlrq lv uhgxfhg1
Frqwudu| wr wkh hqwudqw/ wkh lqfxpehqw*v frvwv uhpdlq xqfkdqjhg/ vr wkdw lwv
sur�w ohyho lqfuhdvhv1 Wklugo|/ frqvxphuv vxusoxv lv uhgxfhg1 Wrwdo zhoiduh
uhpdlqv frqvwdqw/ wkrxjk1 Ryhudoo/ d kljkhu ohdvh sulfh fuhdwhv d wudqvihu ri
vxusoxv iurp frqvxphuv wr wkh lqfxpehqw1

Lq wkh glvfxvvlrq deryh/ rxu dvvxpswlrq wkdw wkh pdunhw uhpdlqv fryhuhg
lv uhdolvwlf ehfdxvh d uhjxodwru zloo qrw doorz sulfh wr eh udlvhg wr dq h{whqw
wkdw ohdgv wr frqvxphu gurs0rxw1 Lq prvw frxqwulhv/ whohfrppxqlfdwlrqv odz
vshfl�hv wkdw xqlyhuvdo vhuylfh reoljdwlrqv � xvxdoo| lpso|lqj wkdw vxevfulswlrqv
duh dydlodeoh dw uhdvrqdeoh wdul�v � pxvw eh phw> uhjxodwruv kdyh wr lpsohphqw
wkhvh vshfl�fdwlrqv1

Pruh jhqhudoo|/ wkh h{dfw uhjxodwru| lpsolfdwlrqv ri rxu glvfxvvlrq ri wkh
prgho ghshqg rq wkh srolf| jrdov1 Vxssrvh/ iru lqvwdqfh/ wkdw wkh lqfxpehqw
kdv rwkhu srvvlelolwlhv wkdq wkh ohdvh sulfh dqg vxevfulswlrq ihh wr uhfrxs lwv
frqqhfwlrq0ghshqghqw �{hg frvwv1 Wklv pd| eh wkh fdvh zkhq uhwdlo sulfhv kdyh
qrw |hw ehhq uhedodqfhg/ vr wkdw pdunxsv lq shu0plqxwh sulfhv vkrxog frqwulexwh
dv zhoo wr frvw uhfryhu|1 Frqvxphuv vxusoxv fdq eh lqfuhdvhg e| lpsrvlqj wkdw
wkh ohdvh sulfh lv ehorz wkh frvw ri wkh orfdo olqh i Ð Ð} 1 Wkh uhdvrq lv wkdw/ zkloh
zhoiduh lv xqd�hfwhg/ frqvxphuv ehqh�w iurp orzhu vxevfulswlrq ihhv1 Wkh h{dfw
ohyho ri wkh ohdvh sulfh vkrxog qrw eh wrr orz/ wdnlqj lqwr dffrxqw wkdw wkh
lqfxpehqw pxvw eh deoh wr �qdqfh lqyhvwphqwv lq pdlqwhqdqfh dqg xsjudglqj
ri wkh orfdo dffhvv qhwzrun1 Lq uhdolw|/ gxh wr wdul� uhedodqflqj/ lqfxpehqwv
duh w|slfdoo| vxssrvhg wr uhfrxs �{hg frvwv wkurxjk �{hg fkdujhv1 Jlyhq wklv
frqvwudlqw/ frqvxphuv vxusoxv lv pd{lpl}hg e| lpsrvlqj d frvw0edvhg ohdvh sulfh/
wkdw lv/ d sulfh htxdo wr wkh frvw ri wkh orfdo olqh i Ð Ð} 1 Wr wkh h{whqw wkdw wkh
ohdvh sulfh vkrxog dovr fryhu rwkhu �{hg frvwv/ vxfk dv frqqhfwlrq0lqghshqghqw
lqyhvwphqwv pdgh e| wkh lqfxpehqw/ d pdunxs lq wkh ohdvh sulfh pd| eh fdoohg
iru1

Lqwhuhvwlqjo|/ wkh qhjdwlyh h�hfw ri d ohdvh sulfh pdunxs rq frqvxphuv vxusoxv
fdq eh doohyldwhg e| sxwwlqj d sulfh fds rq wkh lqfxpehqw*v vxevfulswlrq ihh1
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Vxfk d sulfh fds d�hfwv frpshwlwlrq lq d vlplodu zd| dv lq d vlwxdwlrq ri idflolwlhv0
edvhg hqwu| +vhh vhfwlrq 51516,/ exw kdv wkh dgglwlrqdo h�hfw wkdw frqvxphuv duh
frpshqvdwhg iru wkh xwlolw| uhgxfwlrq fdxvhg e| wkh pdunxs lq wkh ohdvh sulfh1

Zlwk vxfk d frpshqvdwlrq vfkhph/ wkh frpshwlwlyh suhvvxuh lv lqfuhdvhg vr
wkdw wkh hqwudqw pdnhv orzhu sur�wv1 Khqfh/ zkloh lq wkh lqwhuhvw ri frqvxphuv/
hqwu| ehfrphv ohvv dwwudfwlyh1 Wklv lpsolhv wkdw wu|lqj wr ��qh0wxqh� uhjxodwru|
srolf| lq d zd| wkdw frqvxphuv gr qrw orrvh lq wkh vkruw whup/ pd| surorqj wkh
qhhg iru uhjxodwru| lqwhuyhqwlrqv1

615 Fduulhu vhohfw

Lq d vlwxdwlrq ri fduulhu0vhohfw0edvhg hqwu|/ dq hqwudqw sxufkdvhv ruljlqdwlqj df0
fhvv wr hqg0xvhuv iurp wkh lqfxpehqw rq d fdoo0e|0edoo edvlv/ lq dgglwlrq wr
whuplqdwlqj dffhvv1 Frqvxphuv zkr zlvk wr pdnh fdoov wkurxjk wkh hqwudqw*v
orqj0glvwdqfh qhwzrun hlwkhu gldo d suh�{ +xvxdoo| frqvlvwlqj ri irxu gljlwv, eh0
iruh d skrqh qxpehu ru uhjlvwhu rqfh iru doo fdoov wkdw wkh| pdnh1 Lq erwk fdvhv/
wkh lqfxpehqw*v vzlwfkhv gluhfw vxfk fdoov wr wkh hqwudqw*v edfnerqh1 ÎEÎ

Lq frqwudvw wr idflolwlhv0edvhg hqwu| dqg orfdo orrs xqexqgolqj/ zklfk fdq
erwk eh vhhq dv vlwxdwlrqv ri wzr0zd| dffhvv/ xqghu fduulhu vhohfw wkh hqwudqw
qhhgv dffhvv wr d erwwohqhfn idflolw| rzqhg e| wkh lqfxpehqw/ exw qrw ylfh yhuvd1
Khqfh/ fduulhu vhohfw lv d vlwxdwlrq ri rqh0zd| dffhvv1 D uhjxodwru zloo sulpdulo|
eh lqwhuhvwhg lq erwk wkh ruljlqdwlqj dqg wkh whuplqdwlqj dffhvv sulfh wkdw wkh
hqwudqw kdv wr sd| wr wkh lqfxpehqw1 Pruhryhu/ d uhjxodwru pd| frqvlghu wkh
xvh ri sulfh fdsv rq wkh lqfxpehqw*v uhwdlo sulfhv1

Lw lv lqvwuxfwlyh wr glvfxvv krz wkh prgho qhhgv wr eh dgdswhg iru fduulhu
vhohfw1 Frqvxphuv zkr xvh fduulhu vhohfw gr wklv rq d shu0fdoo edvlv/ vr wkh|
nhhs wkhlu vxevfulswlrqv wr wkh lqfxpehqw/ dqg frqwlqxh wr ghulyh d �{hg xwlolw|
ri kdylqj d frqqhfwlrq wr wkh lqfxpehqw*v qhwzrun X } ^w> v {�Ø }} `1 Wkh hqwudqw rqo|
fkdujhv d uhwdlo sulfh s {~ / dqg qr vxevfulswlrq ihh1 Wkh lqfxpehqw*v ruljlqdwlqj
dffhvv sulfh lq shulrg w lv ghqrwhg e| � { } 1 Wkh hqwudqw lqfxuv d wud!f0ghshqghqw
frvw ri lwv orqj0glvwdqfh qhwzrun/ ghqrwhg e| f ~�Ù 1 Li rqh dgdswv wkh rshudwruv*
sur�w ixqfwlrqv dffruglqjo|/ lw lv vwudljkwiruzdug wr vhh wkdw rqo| wkh vxp � { } .� { }
lv uhohydqw iru wkh rxwfrphv ri wkh prgho> qrw lwv vhsdudwh frpsrqhqwv1 Wkh
hqwudqw*v wud!f0ghshqghqw frvw shu plqxwh lv htxdo wr � { } . f ~�Ù . � { } / zkloh wkh
lqfxpehqw/ iru zkrp hdfk fdoo lv rq0qhw/ idfhv d frvw ri f }E} 1 Khqfh/ wkh hqwudqw
khdylo| ghshqgv rq wkh lqfxpehqw/ zkloh wkh uhyhuvh lv qrw wkh fdvh1 Wklv lv
dq lpsruwdqw gl�huhqfh zlwk idflolwlhv0edvhg hqwu| dqg orfdo orrs xqexqgolqj/
zkhuh wkh lqfxpehqw lqfxuv d whuplqdwlrq ihh � {~ iru r�0qhw fdoov1

Frpshwlwlrq xqghu fduulhu vhohfw lv gl�huhqw wkdq xqghu idflolwlhv0edvhg hq0
wu| dqg orfdo orrs xqexqgolqj/ ehfdxvh ri wkh rqh0zd| qdwxuh ri dffhvv sulfhv1
Ehfdxvh ri wklv dv|pphwu|/ wkh hqwudqw grhv qrw uhfhlyh dq| dffhvv uhyhqxhv1
Zlwkrxw uhjxodwlrq/ rqh0zd| dffhvv pd|/ iru lqvwdqfh/ ohdg wr d �sulfh vtxhh}h/�
Ñ,Ñ �I��������� � �2��§C� �:�)���J��� �����������X�.�J�����6�:�����.�4���������:���U�.�=�����:�����4�������.�I�
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wkdw lv/ wkh lqfxpehqw frxog lqfuhdvh wkh hqwudqw*v frvw ri dffhvv � { } . � { } dqg uh0
gxfh lwv uhwdlo sulfh s { } 1 E| grlqj vr/ wkh hqwudqw*v sur�w pdujlq fdq eh uhgxfhg/
ru hyhq holplqdwhg1 Wkh ulvn ri d sulfh vtxhh}h lv hvshfldoo| odujh li wkh uhjxodwru
kdv gl!fxowlhv lq revhuylqj wkh lqfxpehqw*v pdujlqdo frvw ohyhov1 Wkh uhjxodwru
qhhgv wklv w|sh ri lqirupdwlrq wr mxgjh zkhwkhu dffhvv sulfhv duh uhdvrqdeo|
forvh wr pdujlqdo frvwv/ dqg zkhwkhu wkh uhwdlo sulfh lv qrw wrr orz frpsduhg wr
wkh wud!f0ghshqghqw frvw1

Pdunxsv lq wkh ruljlqdwlqj ru whuplqdwlqj dffhvv sulfh fkdujhg e| wkh lq0
fxpehqw udlvh wkh hqwudqw*v frvwv/ dqg wkhuhiruh vriwhq frpshwlwlrq lq wkh uhwdlo
pdunhw1 Krzhyhu/ rqo| wkh lqfxpehqw ehqh�wv> lwv pdunhw vkduh dqg sur�w ohyho
lqfuhdvh/ zkloh wkh uhyhuvh krogv iru wkh hqwudqw1 Frqvxphuv vxusoxv dqg wrwdo
zhoiduh ghfuhdvh1 Wr pd{lpl}h frqvxphuv vxusoxv dqg zhoiduh/ jlyhq fduulhu
vhohfw/ dffhvv sulfhv vkrxog eh frvw0edvhg/ surylghg wkdw wkh lqfxpehqw vkrxog
dw ohdvw uhfryhu lwv wud!f0ghshqghqw frvwv1 Wklv revhuydwlrq krogv erwk lq dq
lqidqw dv lq d pdwxuh pdunhw1

Vlqfh doo frqvxphuv/ dovr wkh hqwudqw*v fxvwrphuv/ nhhs wkhlu vxevfulswlrq wr
wkh lqfxpehqw/ wkh odwwhu idfhv qr frpshwlwlyh suhvvxuh rq lwv vxevfulswlrq ihh1
D sulfh fds rq wklv uhwdlo sulfh lv wkhuhiruh qhhghg wr suhyhqw wkh lqfxpehqw
iurp fkdujlqj wkh prqrsro| sulfh1

Vxssrvh wkh lqfxpehqw*v vxevfulswlrq ihh lv �{hg e| wkh uhjxodwru1 Wkhq
wkh lqfxpehqw xvhv wkh shu0plqxwh sulfh wr h{wudfw dgglwlrqdo sur�wv iurp lwv
pdunhw srzhu1 Wkh uhjxodwru pd| wkhuhiruh frqvlghu dovr wkh uhjxodwlrq ri wkh
lqfxpehqw*v shu0plqxwh sulfh1 D gudzedfn ri vxfk d sulfh fds lv wkdw/ dowkrxjk
wkh gluhfw jdlqv iru frqvxphuv fdq eh vxevwdqwldo/ wkh hqwudqw*v sur�wv ghfuhdvh1
Lq dgglwlrq/ wkh hqwudqw*v exlog0xs ri pdunhw vkduh lv vorzhg grzq/ uhvxowlqj lq d
orzhu pdunhw vkduh lq wkh orqj uxq1 Qhyhuwkhohvv/ fdsslqj wkh shu0plqxwh sulfh
fdq uhphg| wkh uhgxfhg lqwhqvlw| ri frpshwlwlrq fdxvhg e| dffhvv pdunxsv1
Jlyhq wkh gudzedfnv ri d sulfh fds/ wkrxjk/ lw vhhpv ehwwhu wr suhyhqw dffhvv
pdunxsv lq wkh �uvw sodfh/ udwkhu wkdq wu|lqj wr gdpshq lwv vlgh h�hfwv zlwk
dqrwkhu uhjxodwru| lqvwuxphqw1

Lq sudfwlfh/ wkhuh riwhq h{lvw vhyhudo hqwudqwv/ xvlqj gl�huhqw hqwu| prghv lq
d jlyhq pdunhw vhjphqw1 Dv orqj dv vrph hqwudqwv xvh orfdo orrs xqexqgolqj
ru idflolwlhv0edvhg hqwu|/ wkh lqfxpehqw grhv idfh frpshwlwlrq iru vxevfulehuv vr
wkdw uhwdlo sulfh uhjxodwlrq lv ohvv olnho| wr eh qhhghg1

616 G|qdplf uhjxodwlrq dqg lqyhvwphqwv lq qhwzrunv

Dowkrxjk dq dqdo|vlv ri hdfk ri wkh hqwu| prghv glvfxvvhg deryh lv lqwhuhvwlqj
lq lwv rzq uhvshfw/ dgglwlrqdo lqvljkwv fdq eh rewdlqhg e| pdnlqj frpsdulvrqv
dfurvv wkh hqwu| vwudwhjlhv1 Iru lqvwdqfh/ jlyhq d fhuwdlq uhjxodwru| uhjlph/ zloo
dq hqwudqw uroo rxw lwv rzq qhwzrun/ ohdvh orfdo olqhv iurp wkh lqfxpehqw/ ru
rsw iru wkh �plqlpdolvwlf� hqwu| prgh ri fduulhu vhohfwB Iru lqfxpehqwv dqg
hqwudqwv dolnh/ wklv lv d fuxfldo lvvxh1 Vhh/ iru lqvwdqfh d srolf| grfxphqw e|
wkh Plqlvwu| ri Hfrqrplf D�dluv +5333, lq wkh Qhwkhuodqgv/ uhihuulqj wr wkh
ehqh�wv ri frpshwlwlrq lq lqiudvwuxfwxuhv +frpsduhg wr frpshwlwlrq lq vhuylfhv
rq d vlqjoh lqiudvwuxfwxuh,/ zklfk kdv ehfrph d srvvlelolw| ehfdxvh wkh qdwxudo0
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prqrsro| dujxphqw qr orqjhu dssolhv/ dv dujxhg lq wkh grfxphqw +s1 55,1 Wkh
Gxwfk lqfxpehqw rshudwru NSQ dujxhv rq lwv zhevlwh= �Dq lpsruwdqw fkrlfh
idflqj d uhjxodwru lv zkhwkhu wr jlyh sulrulw| wr frpshwlwlrq edvhg rq vhuylfhv
ru wkdw edvhg rq wkh lqiudvwuxfwxuh1 ^111` Rswd ^wkh uhjxodwru` fdq ghwhuplqh
zkhwkhu wkhuh lv dq| lqfhqwlyh iru wkhvh surylghuv wr lqyhvw lq wkhlu rzq qhwzrunv/
ru zkhwkhu wkh| zloo suhihu wr xvh NSQ*v qhwzrun +dw qr �qdqfldo ru frpphufldo
ulvn,1 Wkh kljkhu wkh shuplvvleoh fkdujhv/ wkh ohvv lqfhqwlyh wkhuh zloo eh iru
rwkhu surylghuv wr xvh NSQ*v qhwzrun1 Wkh| zrxog wkhq eh pruh olnho| wr lqyhvw
lq wkhlu rzq qhwzrunv1� Î.Ü

Krzhyhu/ dv iru h{dpsoh wkh Hfrqrplvw zulwhv lq d uhfhqw vxuyh|/ lw lv qrw
fohdu zklfk hqwu| prgh lv wr eh suhihuuhg= �Krz ehvw wr surprwh frpshwlwlrq
ryhu wkh orfdo orrs lv e| idu wkh prvw frqwuryhuvldo wrslf lq whohfrpv uhjxodwlrq1
Lghdoo|/ frpshwlwruv zrxog sxw dq hqg wr wkh lqfxpehqwv* orfdo0orrs prqrsro|
e| exloglqj wkhlu rzq qhwzrunv1 Exw exloglqj d frpshwlqj qhwzrun zlwk wkh
vdph uhdfk lv kxjho| h{shqvlyh dqg wlph0frqvxplqj1 Fdeoh qhwzrunv jhqhudoo|
surylgh fryhudjh rqo| lq vrph duhdv/ dqg preloh0skrqh qhwzrunv fdqqrw |hw r�hu
eurdgedqg lqwhuqhw dffhvv1 Vr/ ryhu wkh sdvw ihz |hduv/ prvw ri wkh ghyhorshg
zruog kdv ehhq dvnlqj lqfxpehqwv wr vkduh wkhlu qhwzrunv zlwk ulydov0whfkqlfdoo|
nqrzq dv �orfdo orrs xqexqgolqj� +OOX,1 Wklv phdqv wuhdwlqj wkh lqfxpehqwv
dv d vshfldo fdvh dqg uhjxodwlqj wkhp lq dq �dv|pphwulf� zd|/ dw ohdvw xqwlo
frpshwlqj qhwzrunv kdyh ehhq frqvwuxfwhg1 E| doorzlqj frpshwlwruv wr ohdvh
ru uhvhoo olqhv/ uhjxodwruv kdyh ehhq deoh wr irvwhu frpshwlwlrq lq erwk whohskrq|
dqg eurdgedqg dffhvv1� +Wkh Hfrqrplvw/ Vxuyh|= Whohfrpv/ Rfwrehu </ 5336,

Wkh qrwlrq wkdw wkh pdunhw iru �{hg whohfrpv lv qr orqjhu d qdwxudo prqrsro|
grhv qrw qhfhvvdulo| dsso| wr doo vhjphqwv ri wkh pdunhw/ dv fdvxdo revhuydwlrq
lq ydulrxv frxqwulhv vxjjhvwv +h1j1 iru wkh Qhwkhuodqgv vhh Plqlvwu| ri Hfrqrplf
D�dluv/ 5333,1 Iru lqvwdqfh/ lq prvw sduwv ri wkh Qhwkhuodqgv/ frqvxphuv fdq
rqo| vxevfuleh wr NSQ*v qhwzrun> qr dowhuqdwlyh qhwzrunv wkdw uhdfk wkhp kdyh
ehhq uroohg rxw1 Rswd/ zkloh uhfrjql}lqj wkh uhodwlrqvkls ehwzhhq uhjxodwlrq dqg
lqfhqwlyhv wr lqyhvw lq lqiudvwuxfwxuh/ fruuhfwo| dujxhv wkdw lw idfhv wkh fkdoohqjh
ri vwulnlqj wkh uljkw edodqfh ehwzhhq frpshwlwlrq lq vhuylfhv dqg lqiudvwuxfwxuhv
+Rswd/ 5336/ s1 46,1

Dowkrxjk frqvxphuv revhuyh frpshwlqj r�huv zlwk hqwu|/ wkhuh uhpdlqv dq
dv|pphwu| ehwzhhq lqfxpehqw dqg hqwudqw xqghu orfdo orrs xqexqgolqj1 Rqh
uhvsrqvh e| uhjxodwruv lv wr hqirufh xqexqgolqj uhtxluhphqwv iru �rog� lqvwdoohg
whfkqrorj| exw qrw wr pdqgdwh xqexqgolqj ru rwkhu irupv ri dffhvv dw uhjxodwhg
sulfhv iru qhz whfkqrorj|1 Iru lqvwdqfh/ lq wkh X1V1 wkh IFF uhfhqwo| uxohg
wkdw li wkh Ehoov exlog d qhz �euh0rswlf orfdo orrs/ lw zloo qrw hqirufh dffhvv
uxohv zklfk dsso| wr �rog� whfkqrorj|1 Wkh uhdvrq lv wkdw wkh IFF zdqwv wr
hqfrxudjh lqyhvwphqwv lq �qhz� whfkqrorj|1

Zlwklq wkh iudphzrun ri rxu prghov/ ohw xv orrn �uvw ri wkh h�hfw ri wkh
ohdvh sulfh ri wkh orfdo orrs/ O { / rq dq hqwudqw*v lqfhqwlyhv wr lqyhvw lq orfdo olqhv
lwvhoi1 Zkloh d orz +h1j1 frvw0edvhg, ohdvh sulfh lv ehvw iru frqvxphuv vxusoxv/
Ñ�Ý �������LÞ ß�ß��1�1�:� ¢4���U¬I .�����X�����6�����  .���!ßE�����4ßE�)� Õ�ß6� ���/�,àM� �����Xá�� �Xâ=ÖU� °�¯�ã"������� â"�.�/�ä¤  ���������� �����äå���� �¯6°�°4±�ª��
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d frqvhtxhqfh pd| eh wkdw wkh hqwudqw uhiudlqv iurp uroolqj rxw lwv rzq orfdo
dffhvv qhwzrun1 Wkxv/ iurp d g|qdplf shuvshfwlyh/ lw pd| eh uhfrpphqgdeoh
wr doorz wkh lqfxpehqw wr fkdujh d ohdvh sulfh deryh frvw1 Wkh �ehvw ri erwk
zruogv� fdq eh rewdlqhg e| lpsrvlqj dq lqfuhdvlqj vhulhv ri ohdvh sulfhv O

}
/

O
~
/ O

�
/111/ lq frpelqdwlrq zlwk d vshfl�f irup ri uhwdlo uhjxodwlrq1 E| vwduwlqj

zlwk d orz/ frvw0edvhg ohdvh sulfh/ wkh hqwudqw fdq exlog xs pdunhw vkduh/ jdlq
d uhsxwdwlrq dqg wudfn uhfrug/ zkloh frqvxphuv ehqh�w iurp frpshwlwlrq uljkw
iurp wkh vwduw ri pdunhw olehudol}dwlrq1 Lq wlph/ wkrxjk/ lw vkrxog ehfrph ohvv
dqg ohvv dwwudfwlyh iru wkh hqwudqw wr ohdvh orfdo olqhv iurp wkh lqfxpehqw/ zklfk
surylghv lqfhqwlyhv wr lqyhvw lq lwv rzq orfdo dffhvv qhwzrun1 Dv glvfxvvhg lq
vhfwlrq 614/ zlwkrxw uhwdlo uhjxodwlrq/ wkh hqwudqw fdq sdvv rq wkh lqfuhdvhg
ohdvh sulfh wr frqvxphuv wkurxjk lwv vxevfulswlrq ihh/ vr wkdw lwv sur�wv uhpdlq
xqd�hfwhg1 D sulfh fds rq wkh lqfxpehqw*v vxevfulswlrq ihh/ krzhyhu/ suhyhqwv
wklv1 Dffruglqjo|/ d frpelqdwlrq ri zkrohvdoh dqg uhwdlo uhjxodwlrq lv qhhghg wr
wlow wkh edodqfh wrzdugv idflolwlhv0edvhg hqwu|1

Dowhuqdwlyho|/ wkh hqwudqw pd| kdyh wr sd| d �{hg ihh lqghshqghqw ri wkh
qxpehu ri vxevfulehuv1 Wkhq dq lqfuhdvh lq wklv ihh vwuhqjwkhqv wkh lqfhqwlyhv
wr lqyhvw +iru d g|qdplf dqdo|vlv/ vhh Erxuuhdx dqg Grjdq/ 5336,1

Qh{w/ frqvlghu wkh h�hfw ri dffhvv sulfhv rq wkh hqwudqw*v lqfhqwlyhv wr lqyhvw1
Lq fdvh ri fduulhu vhohfw/ d kljk ruljlqdwlqj dffhvv � { } sulfh gluhfwo| kxuwv wkh
hqwudqw/ jlylqj lw lqfhqwlyhv wr e|sdvv wkh lqfxpehqw*v orfdo dffhvv qhwzrun1 Wkh
vdph lv wuxh iru wkh lqfxpehqw*v whuplqdwlqj dffhvv sulfh � { } > dovr khuh dq dffhvv
pdunxs qhjdwlyho| d�hfwv d fduulhu vhohfw hqwudqw/ pruh wkdq lq fdvh ri idflolwlhv0
edvhg hqwu| ru orfdo orrs xqexqgolqj +ehfdxvh ri wkh rqh0zd| ghshqghqf|> vhh
vhfwlrq 615,1 Lq rughu wr judgxdoo| uhgxfh wkh dwwudfwlyhqhvv ri fduulhu0vhohfw0
edvhg hqwu| frpsduhg wr wkh rwkhu wzr hqwu| prghv/ dq lqfuhdvlqj vhulhv ri
dffhvv sulfhv �

}} / �
~ } / �

� } /111/ fdq eh xvhg1 Wklv fruuhvsrqgv wr d �odgghu� dssurdfk
dffruglqj wr zklfk hqwudqwv duh �uvw khoshg wr folpe wkh odgghu/ diwhu zklfk wkh|
vkrxog idfh wkhlu rzq ulvnv1 Whuplqdwlqj dffhvv sulfhv � { } frxog/ lq sulqflsoh/
ixo�oo d vlplodu ixqfwlrq1 Krzhyhu/ vlqfh wkh| dsso| lq dq| hqwu| vlwxdwlrq +dqg
srvvleo| fdqqrw eh pdgh frqglwlrqdo rq wkh hqwu| prgh,/ glvwruwlrqv fdq eh
dyrlghg e| vhwwlqj wkhp dw frvw0edvhg ohyhov +dv dujxhg lq vhfwlrq 51515,1

Lq rxu ylhz/ fduulhu vhohfw fdq eh yhu| xvhixo wr vwlpxodwh hqwu| +dqg exlog0xs
ri pdunhw vkduh e| hqwudqwv, lq dq lqidqw pdunhw/ vr wkdw frqvxphuv gluhfwo|
ehqh�w iurp lqfuhdvhg vhuylfh ydulhw| dqg grzqzdug suhvvxuh rq uhwdlo wdul�v1
Qhyhuwkhohvv/ rqh fdq dujxh derxw wkh orqj0whup ehqh�wv ri wklv w|sh ri hqwu|1
Iluvwo|/ fduulhu0vhohfw hqwudqwv duh olplwhg lq wkh txdolw| rswlrqv wkdw wkh| fdq
r�hu/ vlqfh wkh| khdylo| ghshqg rq wkh lqfxpehqw*v idflolwlhv1 Vhfrqgo|/ wr ixqf0
wlrq surshuo| lw uhtxluhv frqwlqxhg uhjxodwru| lqwhuyhqwlrq/ zklfk lv frvwo| lq
lwvhoi1

Wkh olplwdwlrqv ri fduulhu vhohfw duh/ dowkrxjk wr d ohvvhu h{whqw/ dovr wuxh
iru orfdo orrs xqexqgolqj1 D gl�huhqfh lv wkdw ohdvlqj orfdo olqhv uhvxowv lq
�rzqhuvkls� ri hqg0xvhuv +wkurxjk vxevfulswlrqv, dv zhoo dv pruh srvvlelolwlhv iru
hqkdqfhg vhuylfhv/ vxfk dv idvw Lqwhuqhw dffhvv +h1j1 e| xvlqj d gljlwdo whfkqrorj|
vxfk dv DGVO,1 Uhjxodwru| ryhuvljkw zlwk uhjdug wr ohdvh sulfhv dqg frqwudfwxdo
frqglwlrqv ri xvlqj wkh lqfxpehqw*v suhplvhv/ uhpdlqv uhtxluhg/ wkrxjk1
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Wkh dvvrfldwhg frvw ri frqwlqxhg uhjxodwru| ryhuvljkw pd| eh zruwkzkloh li
wkh survshfwv iru idflolwlhv0edvhg hqwu| duh glp/ zklfk lv fxuuhqwo| vwloo wkh fdvh
iru fhuwdlq w|shv ri frqvxphuv1 Lq fhuwdlq pdunhw vhjphqwv/ rqh kdugo| revhuyhv
wkdw hqwudqwv frqqhfw hqg0xvhuv wr wkhlu edfnerqhv/ dv douhdg| phqwlrqhg deryh1
Idflolwlhv0edvhg hqwudqwv duh sulpdulo| lqwhuhvwhg lq odujh frusrudwh fxvwrphuv
dqg ghqvho| srsxodwhg/ phwursrolwdq duhdv1 Rwkhu w|shv ri fxvwrphuv uhpdlq
vwxfn zlwk wkh h{lvwlqj orfdo dffhvv qhwzrunv ri wkh lqfxpehqw +dowkrxjk wklv
lv qrw qhfhvvdulo| xqidyrudeoh,1 Khqfh/ ghshqglqj rq wkh srsxodwlrq ghqvlw|
dqg qdwxuh ri fxvwrphu ghpdqg/ wkh orfdo dffhvv qhwzrun pd| ohdg wr d qdwxudo
prqrsro| lq wkh pdunhw iru �{hg whohfrpv1 Lq wkrvh fdvhv/ orfdo orrs xqexqgolqj
pd| uhpdlq dq h�hfwlyh zd| ri h{srvlqj lqfxpehqwv dqg frqvxphuv wr frpsh0
wlwlrq lq wkh orqjhu uxq1 Ehfdxvh ri wkh lqfuhdvhg srvvlelolwlhv iru r�hulqj qhz
vhuylfhv/ xqexqgohg dffhvv vhhpv vxshulru wr fduulhu vhohfw1

Qrz vxssrvh wkdw d uhjxodwru zdqwv wr hqfrxudjh idflolwlhv0edvhg hqwu| zkhuh
srvvleoh +l1h1/ sur�wdeoh iurp dq hqwudqw*v ylhzsrlqw, zlwkrxw glvfrxudjlqj orfdo
orrs xqexqgolqj lq vhjphqwv zkhuh wkh orfdo dffhvv qhwzrun ohdgv wr d qdwxudo
prqrsro|1 Fdq wkhvh jrdov eh rewdlqhg dw wkh vdph wlphB Fohduo|/ li wkh
uhjxodwru kdv vx!flhqw lqirupdwlrq wr lghqwli| wkh vhjphqwv ri wkh pdunhw zklfk
frqvwlwxwh d qdwxudo prqrsro|/ wkhq lw fdq ghvljq � surylghg wkdw frpshwlwlrq
dqg whohfrppxqlfdwlrqv odzv doorz iru lw � lwv uhjxodwru| srolf| frqglwlrqdo rq
wkhvh �qglqj +vhh fkdswhu ; lq Gh Elmo dqg Shlw}/ 5335e,1 Rwkhuzlvh/ dv dovr rxu
dqdo|vlv kdv vkrzq/ wkhuh h{lvwv d frq lfw zklfk uhpdlqv xqvroyhg1

Wr frqfoxgh wklv vhfwlrq/ d uhpdun rq rxu dvvxpswlrq derxw wkh wudfn0uhfrug
vshfl�fdwlrq +vhh vhfwlrq 5,1 Uhodwhg wr rxu uhvxowv lv dq lqwhuhvwlqj prgl�fdwlrq
e| Ydoohwwl dqg Fdpelql +5335,/ zkr srvwxodwh wkdw d kljkhu txdolw| qrw rqo|
d�hfwv wkh �{hg xwlolw| sduw ri qhw xwlolw|/ exw dovr lqfuhdvhv wkh ghpdqg iru fdoo
plqxwhv1 Lq d wzr0vwdjh prgho lq zklfk erwk rshudwruv �uvw lqyhvw lq txdolw|
wkh| vkrz wkdw d kljk uhflsurfdo dffhvv sulfh fdq eh vhhq dv d frooxvlyh ghylfh
wr dyrlg lqyhvwphqw frvwv1 Frqvhtxhqwo|/ d kljk uhflsurfdo dffhvv sulfh ohdgv
wr xqghulqyhvwphqw iurp d vrfldo srlqw ri ylhz1 Wkhlu �qglqjv duh sduwlfxoduo|
uhohydqw lq vhjphqwv ri wkh pdunhw lq zklfk d qhz whfkqrorj| kdv wr eh xvhg e|
doo �upv1

7 Frqfoxvlrq

Wklv sdshu kdv suhvhqwhg d irupdo iudphzrun/ zklfk doorzv wr dgguhvv uhjxod0
wru| srolf| xqghu gl�huhqw hqwu| vfhqdulrv lq d whohfrppxqlfdwlrqv pdunhw1 Lq
sduwlfxodu/ zh kdyh dqdo|}hg wkh h�hfwv ri dffhvv sulfh srolf| lq dq lqidqw dqg
d pdwxuh pdunhw1 Rxu iudphzrun doorzv wr ghvfuleh wkh hyroxwlrq ri wkh lqgxv0
wu|/ vrphwklqj zklfk d rqh0vkrw prgho fdqqrw dfklhyh1 Krzhyhu/ zh kdyh grqh
wklv lq dq dgplwwhgo| uhvwulfwlyh zd|1 Pruh zrun lv qhhghg/ wr lqfoxgh ixuwkhu
frqvlghudwlrqv derxw wkh g|qdplfv ri wkh lqgxvwu|1 Lq sduwlfxodu/ wkh dqdo|0
vlv ri g|qdplf exvlqhvv vwudwhj| dqg lqyhvwphqwv lq uhodwlrqvkls wr uhjxodwlrq
lv dq lpsruwdqw wrslf iru ixuwkhu uhvhdufk1 Vlqfh uhjxodwlrq d�hfwv lqyhvwphqw
ghflvlrqv/ uhjxodwruv kdyh wr eh frqfhuqhg derxw wkh lpsdfw ri uhjxodwlrq rq
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lqiudvwuxfwxuh lqyhvwphqwv1 Hqwu| ghflvlrqv qrw rqo| ghshqg rq uhjxodwlrq lq
irufh dw wkh prphqw ri wkh ghflvlrq/ exw dovr rq wkh h{shfwhg ixwxuh uhjxodwru|
srolf| dqg uhjxodwruv* ylhzv derxw hfrqrplhv ri vfdoh lq orfdo dffhvv qhwzrunv
lq gl�huhqw vhjphqwv ri wkh pdunhw1 Wkh frqwuryhuv| derxw qdwxudo prqrs0
rolhv dqg krz wr ghdo zlwk wkhp lq ydulrxv vhjphqwv lq wkh pdunhw iru �{hg
whohfrppxqlfdwlrqv kdv qrw |hw ehhq uhvroyhg1
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