


41 Lqwurgxfwlrq
Dxfwlrq wkhru| lv lpsruwdqw iru sudfwlfdo/ hpslulfdo/ dqg wkhruhwlfdo uhdvrqv1

Iluvw/ d kxjh yroxph ri hfrqrplf wudqvdfwlrqv lv frqgxfwhg wkurxjk dxfwlrqv1 Jry0

huqphqwv xvh dxfwlrqv wr vhoo wuhdvxu| eloov/ iruhljq h{fkdqjh/ plqhudo uljkwv lqfoxglqj

rlo �hogv/ dqg rwkhu dvvhwv vxfk dv �upv wr eh sulydwl}hg1 Jryhuqphqw frqwudfwv duh

w|slfdoo| dzdughg e| surfxuhphqw dxfwlrqv/ dqg surfxuhphqw dxfwlrqv duh dovr riwhq

xvhg e| �upv ex|lqj lqsxwv ru vxefrqwudfwlqj zrun> lq wkhvh fdvhv/ ri frxuvh/ wkh

dxfwlrqhhu lv vhhnlqj d orz sulfh udwkhu wkdq d kljk sulfh1 Krxvhv/ fduv/ djulfxowxudo

surgxfh dqg olyhvwrfn/ duw dqg dqwltxhv duh frpprqo| vrog e| dxfwlrq1 Rwkhu hfr0

qrplf wudqvdfwlrqv/ iru h{dpsoh wdnhryhu edwwohv/ duh dxfwlrqv lq h�hfw li qrw lq qdph1

Wkhuh kdv uhfhqwo| ehhq dq h{sorvlrq ri lqwhuhvw lq ghvljqlqj qhz dxfwlrq irupv/ iru

h{dpsoh wr vhoo udglr vshfwuxp olfhqfhv/4 dqg lq xvlqj dxfwlrqv wr vhw xs qhz pdunhwv/

iru h{dpsoh iru hohfwulflw|/ dqg wudqvsruw15

Vhfrqg/ ehfdxvh dxfwlrqv duh vxfk vlpsoh dqg zhoo0gh�qhg hfrqrplf hqylurqphqwv/

wkh| surylgh d yhu| ydoxdeoh whvwlqj0jurxqg iru hfrqrplf wkhru|�hvshfldoo| ri jdph

wkhru| zlwk lqfrpsohwh lqirupdwlrq�wkdw kdv ehhq lqfuhdvlqjo| h{sorlwhg lq uhfhqw

|hduv1 Pdmru hpslulfdo uhvhdufk h�ruwv kdyh irfxvhg rq dxfwlrqv iru rlo guloolqj uljkwv/

wlpehu/ dqg wuhdvxu| eloov/6 dqg wkhuh kdv dovr ehhq dq xsvxujh ri lqwhuhvw lq h{shul0

phqwdo zrun rq dxfwlrqv17

Ilqdoo|/ dxfwlrq wkhru| kdv ehhq wkh edvlv ri pxfk ixqgdphqwdo wkhruhwlfdo zrun=

lw kdv ehhq lpsruwdqw lq ghyhorslqj rxu xqghuvwdqglqj ri rwkhu phwkrgv ri sulfh

irupdwlrq/ prvw surplqhqwo| srvwhg sulfhv +dv/ iru h{dpsoh/ revhuyhg lq prvw uhwdlo

vwruhv, dqg qhjrwldwlrqv lq zklfk erwk wkh ex|hu dqg vhoohu duh dfwlyho| lqyroyhg lq

ghwhuplqlqj wkh sulfh1 Wkhuh duh forvh frqqhfwlrqv ehwzhhq dxfwlrqv dqg frpshwlwlyh

4Vhh PfDihh dqg PfPloodq +4<<7/ 4<<9,/ Nohpshuhu +4<<;, dqg Plojurp +iruwkfrplqj,1
5Iru h{dpsoh/ Juhhq dqg Qhzehu| +4<<5, glvfxvv wkh xvh lq wkh X1N1 hohfwulflw| pdunhw ri wkh

dxfwlrq phfkdqlvp �uvw dqdo|vhg lq Nohpshuhu dqg Ph|hu +4<;<,1
6Vhh Od�rqw +4<<:,1
7Vhh Ndjho +4<<8,1
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pdunhwv18 Wkhuh lv dovr d yhu| forvh dqdorj| ehwzhhq wkh wkhru| ri rswlpdo dxfwlrqv

dqg wkh wkhru| ri prqrsro| sulflqj/9 dqg dxfwlrq0wkhru| fdq dovr khos ghyhors prg0

hov ri roljrsrolvwlf sulflqj1: Dxfwlrq0wkhruhwlf prghov dqg whfkqltxhv dovr dsso| wr

qrq0sulfh phdqv ri doorfdwlrq lqfoxglqj txhxhv/ zduv ri dwwulwlrq/ oree|lqj frqwhvwv/

rwkhu nlqgv ri wrxuqdphqwv/ dqg udwlrqlqj1;

414 Sodq ri wklv Sdshu

Wklv sdshu surylghv dq hohphqwdu| vxuyh| ri dxfwlrq wkhru|/ e| lqwurgxflqj dqg

ghvfulelqj vrph ri wkh fulwlfdo sdshuv lq wkh vxemhfw1 Wkh prvw lpsruwdqw ri wkhvh

duh uhsurgxfhg lq d frpsdqlrq errn/ Wkh Hfrqrplf Wkhru| ri Dxfwlrqv/< iru zklfk

wklv sdshu zdv ruljlqdoo| suhsduhg1

Iru uhdghuv frpsohwho| qhz wr dxfwlrq wkhru|/ wkh uhpdlqghu ri wklv vhfwlrq sur0

ylghv d eulhi uhvxph ri wkh vlpsohvw frqfhswv1 Wkh vxevhtxhqw vhfwlrqv fruuhvsrqg

wr wkh vhfwlrqv lqwr zklfk Wkh Hfrqrplf Wkhru| ri Dxfwlrqv lv rujdql}hg1 Vhfwlrq

5 glvfxvvhv wkh hduo| olwhudwxuh/ dqg Vhfwlrq 6 lqwurgxfhv wkh pruh uhfhqw olwhudwxuh1

Vhfwlrq 7 lqwurgxfhv wkh dqdo|vlv ri rswlpdo dxfwlrqv dqg dxfwlrq wkhru|*v prvw ixqgd0

phqwdo uhvxow= wkh uhyhqxh htxlydohqfh wkhruhp1 Lw dovr ghvfulehv krz wkh frqfhsw ri

�pdujlqdo uhyhqxh� fdq lqirup dxfwlrq wkhru|1 +Whfkqlfdo ghwdlov duh lq dsshqglfhv1,

Wklv vhfwlrq +7, irfxvhv rq dxfwlrq wkhru|*v edvlf prgho ri d �{hg vhw ri v|pphwulf/

ulvn0qhxwudo elgghuv zlwk lqghshqghqw lqirupdwlrq zkr elg lqghshqghqwo| iru d vlqjoh

remhfw1 Prvw ri wkh uhpdlqghu ri wklv sdshu lv derxw wkh h�hfwv ri uhod{lqj rqh ru pruh

ri wkhvh dvvxpswlrqv1 Vhfwlrq 8 shuplwv ulvn0dyhuvlrq> Vhfwlrq 9 doorzv iru fruuhodwlrq

ru d!oldwlrq ri elgghuv* lqirupdwlrq +zlwk whfkqlfdo ghwdlov lq dq dsshqgl{,> Vhfwlrq :

8Vhh Vhfwlrq ;161
9Vhh Vhfwlrq 71
:Dsshqgl{ E ri Exorz dqg Nohpshuhu +4<<;, surylghv rqh looxvwudwlrq1
;Txhxhv dqg oree|lqj frqwhvwv duh h{dpsohv ri doo0sd| dxfwlrq prghov> vhh/ iru h{dpsoh/ Krow dqg

Vkhupdq +4<;5, dqg Uloh| +4<;<e,1 Wkh zdu ri dwwulwlrq fdq dovr eh prghoohg dv d nlqg ri doo0sd|
dxfwlrq> vhh Vhfwlrq 4617/ ehorz/ dqg Exorz dqg Nohpshuhu +4<<<d,1 Lqvljkwv iurp dxfwlrq wkhru|
fdq h{sodlq udwlrqlqj> vhh Vhfwlrq ;14/ ehorz/ dqg Jloehuw dqg Nohpshuhu +iruwkfrplqj,1

<Nohpshuhu +iruwkfrplqj,1
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dqdo|vhv fdvhv zlwk dv|pphwulf elgghuv> Vhfwlrq ; frqvlghuv elgghuv zkr kdyh frvwv ri

hqwhulqj dq dxfwlrq/ dqg dgguhvvhv rwkhu lvvxhv shuwdlqlqj wr wkh qxpehu ri elgghuv>

Vhfwlrq < dvnv zkdw lv nqrzq li wkhuh duh srvvlelolwlhv iru frooxvlrq dprqj elgghuv> dqg

Vhfwlrq 43 frqvlghuv pxowlxqlw dxfwlrqv1 Vhfwlrq 44 orrnv dw dxfwlrqv iru lqfhqwlyh

frqwudfwv/ dqg dxfwlrqv lq zklfk frqwhvwdqwv pd| elg rq ur|dow| udwhv ru txdolw| ohy0

hov lq dgglwlrq wr sulfhv1 Vhfwlrq 45 uhylhzv wkh olwhudwxuh rq grxeoh dxfwlrqv/ dqg

Vhfwlrq 46 eulh | frqvlghuv vrph rwkhu lpsruwdqw wrslfv lqfoxglqj exgjhw frqvwudlqwv/

h{whuqdolwlhv ehwzhhq elgghuv/ mxps elgglqj/ wkh zdu ri dwwulwlrq/ dqg frpshwlqj dxf0

wlrqhhuv1 Vhfwlrq 47 lv derxw whvwlqj wkh wkhru|/ dqg Vhfwlrq 48 frqfoxghv1 Dsshqglfhv

D/ E/ dqg F surylgh whfkqlfdo ghwdlov derxw wkh uhyhqxh htxlydohqfh wkhruhp/ pdujlqdo

uhyhqxhv/ dqg d!oldwlrq/ uhvshfwlyho|1 Dsshqgl{ G surylghv vrph vlpsoh zrunhg h{0

dpsohv looxvwudwlqj wkhvh Dsshqglfhv1 Dsshqgl{ H surylghv d eleolrjudsk| rujdqlvhg

dffruglqj wr wkh vhfwlrqv ri wklv sdshu1

415 Wkh Vwdqgdug Dxfwlrq W|shv

Irxu edvlf w|shv ri dxfwlrqv duh zlgho| xvhg dqg dqdo|}hg= wkh dvfhqglqj0elg

dxfwlrq +dovr fdoohg wkh rshq/ rudo/ ru Hqjolvk dxfwlrq,/ wkh ghvfhqglqj0elg dxfwlrq

+xvhg lq wkh vdoh ri  rzhuv lq wkh Qhwkhuodqgv dqg vr dovr fdoohg wkh Gxwfk dxfwlrq e|

hfrqrplvwv,/ wkh �uvw0sulfh vhdohg0elg dxfwlrq/ dqg wkh vhfrqg0sulfh vhdohg0elg dxfwlrq

+dovr fdoohg wkh Ylfnuh| dxfwlrq e| hfrqrplvwv,143 c44 Lq ghvfulelqj wkhlu uxohv zh zloo

irfxv iru vlpsolflw| rq wkh vdoh ri d vlqjoh remhfw1

Lq wkh dvfhqglqj dxfwlrq/ wkh sulfh lv vxffhvvlyho| udlvhg xqwlo rqo| rqh elgghu

uhpdlqv/ dqg wkdw elgghu zlqv wkh remhfw dw wkh �qdo sulfh1 Wklv dxfwlrq fdq eh uxq e|

kdylqj wkh vhoohu dqqrxqfh sulfhv/ ru e| kdylqj wkh elgghuv fdoo rxw sulfhv wkhpvhoyhv/

ru e| kdylqj elgv vxeplwwhg hohfwurqlfdoo| zlwk wkh ehvw fxuuhqw elg srvwhg1 Lq wkh

43Frqixvlqjo|/ wkh vhfrqg0sulfh vhdohg0elg dxfwlrq lv vrphwlphv fdoohg d Gxwfk dxfwlrq e| lqyhvw0
phqw edqnhuv1

44Fdvvdg|*v +4<9:, errn surylghv d ghwdlohg/ dowkrxjk qrz vrphzkdw gdwhg/ dffrxqw ri pdq| ri
wkh frqwhpsrudqhrxv dxfwlrq lqvwlwxwlrqv1
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prgho prvw frpprqo| xvhg e| dxfwlrq wkhrulvwv +riwhq fdoohg wkh Mdsdqhvh dxfwlrq,/

wkh sulfh ulvhv frqwlqxrxvo| zkloh elgghuv judgxdoo| txlw wkh dxfwlrq1 Elgghuv revhuyh

zkhq wkhlu frpshwlwruv txlw/ dqg rqfh vrphrqh txlwv/ vkh lv qrw ohw edfn lq1 Wkhuh lv

qr srvvlelolw| iru rqh elgghu wr suh0hpsw wkh surfhvv e| pdnlqj d odujh �mxps elg�1

Zh zloo dvvxph wklv prgho ri wkh dvfhqglqj dxfwlrq h{fhsw zkhuh vwdwhg rwkhuzlvh145

Wkh ghvfhqglqj dxfwlrq zrunv lq h{dfwo| wkh rssrvlwh zd|= wkh dxfwlrqhhu vwduwv

dw d yhu| kljk sulfh/ dqg wkhq orzhuv wkh sulfh frqwlqxrxvo|1 Wkh �uvw elgghu zkr fdoov

rxw wkdw vkh zloo dffhsw wkh fxuuhqw sulfh zlqv wkh remhfw dw wkdw sulfh146

Lq wkh �uvw0sulfh vhdohg0elg dxfwlrq hdfk elgghu lqghshqghqwo| vxeplwv d vlqjoh elg/

zlwkrxw vhhlqj rwkhuv* elgv/ dqg wkh remhfw lv vrog wr wkh elgghu zkr pdnhv wkh kljkhvw

elg1 Wkh zlqqhu sd|v khu elg +wkdw lv/ wkh sulfh lv wkh kljkhvw ru ��uvw� sulfh elg,147

Lq wkh vhfrqg0sulfh vhdohg0elg dxfwlrq/ dovr/ hdfk elgghu lqghshqghqwo| vxeplwv

d vlqjoh elg/ zlwkrxw vhhlqj rwkhuv* elgv/ dqg wkh remhfw lv vrog wr wkh elgghu zkr

pdnhv wkh kljkhvw elg1 Krzhyhu/ wkh sulfh vkh sd|v lv wkh vhfrqg0kljkhvw elgghu*v elg/

ru �vhfrqg sulfh�1 Wklv dxfwlrq lv vrphwlphv fdoohg d Ylfnuh| dxfwlrq diwhu Zlooldp

Ylfnuh|/ zkr zurwh wkh vhplqdo +4<94, sdshu rq dxfwlrqv148

45Dqwltxhv dqg duwzrun duh frpprqo| vrog xvlqj yhuvlrqv ri wkh dvfhqglqj dxfwlrq/ dqg krxvhv duh
vrphwlphv vrog wklv zd|/ wrr1 Elnkfkdqgdql dqg Uloh| +4<<4, glvfxvv gl�huhqw w|shv ri dvfhqglqj
dxfwlrq1 Vhh dovr Vhfwlrq 46161

46Iru h{dpsoh/ lq Gxwfk  rzhu dxfwlrqv/ wkh srwhqwldo ex|huv doo vlw lq d urrp dw ghvnv zlwk ex}}huv
frqqhfwhg wr dq hohfwurqlf forfn dw wkh iurqw ri wkh urrp1 Wkh lqwhulru ri wkh forfn kdv lqirupdwlrq
derxw zkdw lv ehlqj vrog dqg wkh sulfh dw zklfk wkh dxfwlrq vwduwv1 Rqfh wkh dxfwlrq ehjlqv/ d vhulhv
ri oljkwv durxqg wkh hgjh ri wkh forfn lqglfdwh wr zkdw shufhqwdjh ri wkh ruljlqdo dvnlqj sulfh wkh jrrg
kdv idoohq1 Dv vrrq dv rqh elgghu ex}}hv lq/ vkh jhwv wkh  rzhuv dw wkh sulfh lqglfdwhg rq wkh forfn1
+H{fhsw wkdw/ li wkhuh duh vhyhudo orwv ri wkh vdph  rzhuv iurp wkh vdph vhoohu dydlodeoh wkdw pruqlqj/
wkh ex|hu fdq fkrrvh wr ex| rqo| vrph ri wkh dydlodeoh orwv/ dqg wkh uhvw zloo eh uh0dxfwlrqhg1, Ilvk
duh vrog lq d vlplodu zd| lq Lvudho/ dv lv wredffr lq Fdqdgd1

47Iluvw0sulfh vhdohg0elg dxfwlrqv duh xvhg lq dxfwlrqlqj plqhudo uljkwv lq jryhuqphqw0rzqhg odqg>
wkh| duh dovr vrphwlphv xvhg lq wkh vdohv ri duwzrun dqg uhdo hvwdwh1 Wklv phwkrg lv dovr riwhq
xvhg lq surfxuhphqw +wkdw lv/ frpshwlqj frqwudfwruv vxeplw sulfhv dqg wkh orzhvw elgghu zlqv dqg
uhfhlyhv khu sulfh iru ixo�oolqj wkh frqwudfw,1 X1N1 Wuhdvxu| vhfxulwlhv duh vrog wkurxjk wkh pxowl0xqlw
htxlydohqw ri wkh �uvw0sulfh dxfwlrq +hyhu| zlqqhu sd|v khu rzq elg,/ dqg X1V1 Wuhdvxu| dxfwlrqv xvhg
wr eh uxq wklv zd| wrr/ wkrxjk uhfhqwo| wkh X1V1 Wuhdvxu| kdv dovr ehhq xvlqj d pxowl0xqlw yhuvlrq ri
wkh vhfrqg0sulfh vhdohg0elg dxfwlrq1

48Wklv dxfwlrq irup lv xvhg iru prvw dxfwlrqv ri vwdpsv e| pdlo/ dqg lv dovr xvhg iru rwkhu jrrgv
lq vrph dxfwlrqv rq wkh lqwhuqhw +vhh Oxfnlqj0Uhloh|/ 4<<;,/ exw lw lv pxfk ohvv frpprqo| xvhg wkdq
wkh rwkhu vwdqgdug irupv +vhh Urwknrsi/ Whlvehuj dqg Ndkq/ 4<<3 iru vrph glvfxvvlrq zk|,> lw lv
frpprqo| vwxglhg lq sduw ehfdxvh ri lwv dwwudfwlyh wkhruhwlfdo surshuwlhv1 D pxowl0xqlw yhuvlrq lv
vrphwlphv xvhg e| jryhuqphqwv zkhq vhoolqj iruhljq h{fkdqjh dqg e| frpsdqlhv zkhq ex|lqj edfn
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Iru uhdvrqv zh zloo h{sodlq vkruwo|/ wkh dvfhqglqj dqg ghvfhqglqj dxfwlrqv duh

vrphwlphv uhihuuhg wr dv rshq vhfrqg0sulfh dqg rshq �uvw0sulfh dxfwlrqv/ uhvshfwlyho|1

416 Wkh Edvlf Prghov ri Dxfwlrqv

D nh| ihdwxuh ri dxfwlrqv lv wkh suhvhqfh ri dv|pphwulf lqirupdwlrq149 +Zlwk

shuihfw lqirupdwlrq prvw dxfwlrq prghov duh uhodwlyho| hdv| wr vroyh1,

Lq wkh edvlf sulydwh0ydoxh prgho hdfk elgghu nqrzv krz pxfk vkh ydoxhv wkh re0

mhfw+v, iru vdoh/ exw khu ydoxh lv sulydwh lqirupdwlrq wr khuvhoi1

Lq wkh sxuh frpprq0ydoxh prgho/ e| frqwudvw/ wkh dfwxdo ydoxh lv wkh vdph iru

hyhu|rqh/ exw elgghuv kdyh gl�huhqw sulydwh lqirupdwlrq derxw zkdw wkdw ydoxh dfwxdoo|

lv1 Iru h{dpsoh/ wkh ydoxh ri dq rlo0ohdvh ghshqgv rq krz pxfk rlo lv xqghu wkh jurxqg/

dqg elgghuv pd| kdyh dffhvv wr gl�huhqw jhrorjlfdo �vljqdov� derxw wkdw dprxqw1 Lq

wklv fdvh d elgghu zrxog fkdqjh khu hvwlpdwh ri wkh ydoxh li vkh ohduqw dqrwkhu elgghu*v

vljqdo/ lq frqwudvw wr wkh sulydwh0ydoxh fdvh lq zklfk khu ydoxh zrxog eh xqd�hfwhg e|

ohduqlqj dq| rwkhu elgghu*v suhihuhqfhv ru lqirupdwlrq1

D jhqhudo prgho hqfrpsdvvlqj erwk wkhvh dv vshfldo fdvhv dvvxphv hdfk elgghu

uhfhlyhv d sulydwh lqirupdwlrq vljqdo/ exw doorzv hdfk elgghu*v ydoxh wr eh d jhqhudo

ixqfwlrq ri doo wkh vljqdov14: Iru h{dpsoh/ |rxu ydoxh iru d sdlqwlqj pd| ghshqg prvwo|

rq |rxu rzq sulydwh lqirupdwlrq +krz pxfk |rx olnh lw, exw dovr vrphzkdw rq rwkhuv*

sulydwh lqirupdwlrq +krz pxfk wkh| olnh lw, ehfdxvh wklv d�hfwv wkh uhvdoh ydoxh dqg2ru

wkh suhvwljh ri rzqlqj lw1

vkduhv1 Hfrqrplvwv xvxdoo| prgho wkh pxowl0xqlw yhuvlrq e| dvvxplqj wkh sulfh sdlg lv wkh kljkhvw
orvlqj elg/ vlqfh wklv kdv wkhruhwlfdo surshuwlhv dqdorjrxv wr wkrvh ri wkh vlqjoh0xqlw vhfrqg0sulfh fdvh1
Lq sudfwlfh wkh sulfh sdlg lv riwhq wkdw ri wkh orzhvw zlqqlqj elgghu1

49Wkh dssursuldwh frqfhsw ri htxloleulxp lv wkhuhiruh Ed|hvldq0Qdvk htxloleulxp1 Wkdw lv/ hdfk
sod|hu*v vwudwhj| lv d ixqfwlrq ri khu rzq lqirupdwlrq/ dqg pd{lpl}hv khu h{shfwhg sd|r� jlyhq rwkhu
sod|huv* vwudwhjlhv dqg jlyhq khu eholhiv derxw rwkhu sod|huv* lqirupdwlrq1 Vhh/ iru h{dpsoh/ Jleerqv
+4<<5,1

4:Wkdw lv/ elgghu l uhfhlyhv vljqdo wl dqg zrxog kdyh ydoxh yl+w4> ===> wq, li doo elgghuv* vljqdov zhuh
dydlodeoh wr khu1 Lq wkh sulydwh0ydoxh prgho yl+w4> ===> wq, lv d ixqfwlrq rqo| ri wl= Lq wkh sxuh frpprq0
ydoxh prgho yl+w4> ===> wq, @ ym+w4> ===> wq,> iru doo w4> ===> wq= +Li l*v dfwxdo ydoxh Yl+w4> ===> wq> v4> ===> vn, lv
dovr d ixqfwlrq ri rwkhu lqirupdwlrq v4> ===> vn/ wkhq ri frxuvh yl+w4> ===> wq, @ HiYl+w4> ===> wq> v4> ===> vn, m
w4> ===> wqj lv mxvw l*v hvwlpdwhg ydoxh/ exw iru prvw sxusrvhv lw grhv qrw pdwwhu zkhwkhu yl+w4> ===> wq, lv
dq hvwlpdwhg ru dq dfwxdo ydoxh1,
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417 Elgglqj lq wkh Vwdqgdug Dxfwlrqv

Frqvlghu �uvw wkh ghvfhqglqj dxfwlrq1 Qrwh wkdw dowkrxjk zh ghvfulehg wklv dv d

g|qdplf jdph/ hdfk elgghu*v sureohp lv hvvhqwldoo| vwdwlf1 Hdfk elgghu pxvw fkrrvh d

sulfh dw zklfk vkh zloo fdoo rxw/ frqglwlrqdo rq qr rwkhu elgghu kdylqj |hw fdoohg rxw>

dqg wkh elgghu zkr fkrrvhv wkh kljkhvw sulfh zlqv wkh remhfw dw wkh sulfh vkh fdoov rxw1

Wkxv wklv jdph lv vwudwhjlfdoo| htxlydohqw wr wkh �uvw0sulfh vhdohg0elg dxfwlrq/4; dqg

sod|huv* elgglqj ixqfwlrqv duh wkhuhiruh h{dfwo| wkh vdph14< Wklv lv zk| wkh ghvfhqglqj

dxfwlrq lv vrphwlphv uhihuuhg wr dv dq rshq �uvw0sulfh dxfwlrq1

Qrz zlwk sulydwh ydoxhv/ lq wkh dvfhqglqj dxfwlrq/ lw lv fohduo| d grplqdqw vwudwhj|

wr vwd| lq wkh elgglqj xqwlo wkh sulfh uhdfkhv |rxu ydoxh/ wkdw lv/ xqwlo |rx duh mxvw

lqgl�huhqw ehwzhhq zlqqlqj dqg qrw zlqqlqj1 Wkh qh{w0wr0odvw shuvrq zloo gurs rxw

zkhq khu ydoxh lv uhdfkhg/ vr wkh shuvrq zlwk wkh kljkhvw ydoxh zloo zlq dw d sulfh htxdo

wr wkh ydoxh ri wkh vhfrqg0kljkhvw elgghu1 Ixuwkhupruh/ d olwwoh uh hfwlrq vkrzv wkdw

lq d vhfrqg0sulfh vhdohg0elg sulydwh0ydoxhv dxfwlrq lw lv rswlpdo iru d sod|hu wr elg khu

wuxh ydoxh/ zkdwhyhu rwkhu sod|huv gr153 Lq rwkhu zrugv �wuxwk whoolqj� lv d grplqdqw

vwudwhj| htxloleulxp +dqg vr dovr d Qdvk htxloleulxp,/ vr khuh/ wrr/ wkh shuvrq zlwk

wkh kljkhvw ydoxh zloo zlq dw d sulfh htxdo wr wkh ydoxh ri wkh vhfrqg0kljkhvw elgghu1

4;Wkdw lv/ wkh vhw ri vwudwhjlhv dydlodeoh wr d sod|hu lv wkh vdph lq wkh ghvfhqglqj dxfwlrq dv lq wkh
�uvw0sulfh vhdohg0elg dxfwlrq1 Fkrrvlqj dq| jlyhq elg |lhogv wkh vdph sd|r�v lq erwk jdphv dv d
ixqfwlrq ri wkh rwkhu sod|huv* elgv1

4<Wr vroyh iru wkh elgglqj vwudwhjlhv/ wkh gluhfw phwkrg lv wr h{dplqh d sod|hu*v �uvw0rughu frqglwlrq
lq zklfk vkh wudghv r� khu suredelolw| ri zlqqlqj +zklfk lqfuhdvhv zlwk khu elg, zlwk khu sur�w
frqglwlrqdo rq zlqqlqj +zklfk ghfuhdvhv zlwk khu elg,1 Qrwh 454 looxvwudwhv wkh phwkrg1 Iru wkh
lqghshqghqw0vljqdo fdvh d idvwhu dqg pruh hohjdqw dssurdfk lv wr xvh wkh uhyhqxh htxlydohqfh wkhruhp/
vhh Dsshqgl{ D1 Dsshqgl{ G jlyhv h{dpsohv1

53Wr frq�up wklv/ frqvlghu elgglqj y � { zkhq |rxu wuxh ydoxh lv y= Li wkh kljkhvw elg rwkhu wkdq
|rxuv lv z/ wkhq li y � { A z |rx zlq wkh dxfwlrq dqg sd| z/ mxvw dv li |rx elg y= Li z A y |rx orvh
wkh dxfwlrq dqg jhw qrwklqj/ mxvw dv li |rx elg y1 Exw li y A z A y � {> elgglqj y � { fdxvhv |rx
wr orvh wkh dxfwlrq dqg jhw qrwklqj/ zkhuhdv li |rx kdg elg y> |rx zrxog kdyh zrq wkh dxfwlrq dqg
sdlg z iru d qhw vxusoxv ri y �z1 Vr |rx qhyhu jdlq/ dqg pljkw orvh/ li |rx elg y � {=
Qrz frqvlghu elgglqj y . { zkhq |rxu wuxh ydoxh lv y1 Li wkh kljkhvw elg rwkhu wkdq |rxuv lv z>

wkhq li y A z |rx zlq dqg sd| z/ mxvw dv li |rx elg y= Li z A y. { |rx orvh dqg sd| qrwklqj/ mxvw dv
li |rx elg y= Exw li y . { A z A y> kdylqj elg y . { fdxvhv |rx wr �zlq� dq dxfwlrq |rx rwkhuzlvh
zrxog kdyh orvw/ dqg |rx kdyh wr sd| z A y vr |rx jhw qhjdwlyh vxusoxv1 Vr elgglqj y . { pd| kxuw
|rx frpsduhg zlwk elgglqj y> exw lw qhyhu khosv |rx1
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Wklv lv zk| wkh dvfhqglqj dxfwlrq lv vrphwlphv uhihuuhg wr dv dq rshq vhfrqg0sulfh

dxfwlrq1 Krzhyhu/ wklv htxlydohqfh dssolhv rqo| iru sulydwh ydoxhv/ ru li wkhuh duh mxvw

wzr elgghuv1 Zlwk dq| frpprq frpsrqhqwv wr ydoxdwlrqv dqg pruh wkdq wzr elgghuv/

sod|huv ohduq derxw wkhlu ydoxhv iurp zkhq rwkhu sod|huv txlw dq dvfhqglqj dxfwlrq

dqg frqglwlrq wkhlu ehkdylrxu rq wklv lqirupdwlrq1

D nh| ihdwxuh ri elgglqj lq dxfwlrqv zlwk frpprq0ydoxhv frpsrqhqwv lv wkh zlq0

qhu*v fxuvh= hdfk elgghu pxvw uhfrjql}h wkdw vkh zlqv wkh remhfw rqo| zkhq vkh kdv

wkh kljkhvw vljqdo +lq v|pphwulf htxloleulxp,1 Idloxuh wr wdnh lqwr dffrxqw wkh edg

qhzv derxw rwkhuv* vljqdov wkdw frphv zlwk dq| ylfwru| fdq ohdg wr wkh zlqqhu sd|lqj

pruh/ rq dyhudjh/ wkdq wkh sul}h lv zruwk/ dqg wklv lv vdlg wr kdsshq riwhq lq sudfwlfh1

Lq htxloleulxp/ elgghuv pxvw dgmxvw wkhlu elgv grzqzdugv dffruglqjo|1

Dsshqgl{ G surylghv h{dpsohv ri htxloleulxp elgglqj vwudwhjlhv +dqg wkh zlqqhu*v

fxuvh, lq wkh vwdqgdug dxfwlrqv/ lq erwk sulydwh0 dqg frpprq0ydoxh frqwh{wv1

418 Whuplqrorj|

Vlqfh wkh htxlydohqfh ri ghvfhqglqj dqg �uvw0sulfh vhdohg0elg dxfwlrqv lv frpsohwho|

jhqhudo lq vlqjoh0xqlw dxfwlrqv/ dqg dvfhqglqj dqg vhfrqg0sulfh vhdohg0elg dxfwlrqv duh

dovr htxlydohqw xqghu pdq| frqglwlrqv +dqg kdyh vlplodu surshuwlhv pruh eurdgo|, zh

zloo riwhq uhihu wr wkh wzr nlqgv ri dxfwlrqv vlpso| dv �uvw0sulfh dqg vhfrqg0sulfh

uhvshfwlyho|1

Dovr/ zh zloo uhihu wr dq| prgho lq zklfk d elgghu*v ydoxh ghshqgv wr vrph h{whqw

rq rwkhu elgghuv* vljqdov dv d frpprq0ydoxh prgho1 Krzhyhu/ qrwh wkdw vrph dxwkruv

uhvhuyh wkh whup �frpprq0ydoxh� wr uhihu rqo| wr wkh vshfldo fdvh zkhq doo elgghuv*

dfwxdo ydoxhv duh lghqwlfdo ixqfwlrqv ri wkh vljqdov +zkdw zh fdoohg wkh sxuh frpprq0

ydoxh fdvh,1 Dovr +dqg vrphzkdw lqfrqvlvwhqwo|, zh zloo xvh wkh whup doprvw frpprq

ydoxhv wr phdq doprvw sxuh frpprq ydoxhv1

Ilqdoo|/ wkhuh lv qr irupdo glvwlqfwlrq ehwzhhq qrupdo dxfwlrqv/ lq zklfk wkh dxf0
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wlrqhhu lv wkh vhoohu dqg wkh elgghuv duh ex|huv zkr kdyh ydoxhv iru wkh remhfw+v, vrog/

dqg surfxuhphqw dxfwlrqv/ zkhuh wkh dxfwlrqhhu lv d ex|hu dqg wkh elgghuv duh vhoohuv

zkr kdyh frvwv ri vxsso|lqj wkh remhfw+v, erxjkw1 Wr dyrlg frqixvlrq zh zloo jhqhudoo|

dgrsw wkh iruphu shuvshfwlyh +wkdw wkh dxfwlrqhhu lv wkh vhoohu, hyhq zkhq glvfxvvlqj

sdshuv wkdw duh frxfkhg lq whupv ri wkh odwwhu shuvshfwlyh1

51 Hduo| Olwhudwxuh
Dxfwlrqv kdyh ehhq xvhg iurp wlph lpphpruldo/54 exw wkh| hqwhuhg wkh hfrqrplfv

olwhudwxuh uhodwlyho| uhfhqwo|1 Uhpdundeo|/ wkh �uvw wuhdwphqw wkdw uhfrjql}hg wkh

jdph0wkhruhwlf dvshfwv ri wkh sureohp/55 Ylfnuh| +4<94,/ dovr pdgh hqruprxv surjuhvv

lq dqdo|}lqj lw lqfoxglqj ghyhorslqj vrph vshfldo fdvhv ri wkh fhoheudwhgUhyhqxh Htxly0

dohqfh Wkhruhp +vhh ehorz,1 Ylfnuh|*v 4<94 dqg 4<95 sdshuv zhuh ghvhuyhgo| d pdmru

idfwru lq klv 4<<9 Qreho sul}h/56 dqg wkh 4<94 sdshu/ hvshfldoo|/ lv vwloo hvvhqwldo uhdglqj1

Rwkhu lq xhqwldo hduo| zrun zdv shuiruphg e| Vkxeln dqg klv frdxwkruv/ dqg e|

Zlovrq dqg klv vwxghqw/ Ruwhjd Uhlfkhuw1

Julhvphu/ Ohylwdq dqg Vkxeln +4<9:, dqdo|vh wkh htxloleulxp ri d �uvw0sulfh dxfwlrq

lq zklfk frqwhvwdqwv* ydoxdwlrqv duh gudzq iurp xqlirup glvwulexwlrqv zlwk gl�huhqw

vxssruwv/ zkloh Zlovrq +4<9<, lqwurgxfhg wkh +sxuh, frpprq0ydoxh prgho dqg ghyho0

rshg wkh �uvw forvhg0irup htxloleulxp dqdo|vlv ri wkh zlqqhu*v fxuvh157

54Vkxeln +4<;6, surylghv dq dwwudfwlyho| zulwwhq klvwrulfdo vnhwfk jrlqj edfn wr wkh Ede|orqldq dqg
Urpdq hpsluhv1 Prvw idprxvo|/ wkh zkroh Urpdq hpsluh zdv vrog e| dvfhqglqj dxfwlrq lq D1G1 4<6
e| wkh Sudhwruldq Jxdugv> wkh zlqqhu/ dqg wkhuhiruh qh{w Hpshuru/ zdv Glglxv Mxoldqxv zkr uhljqhg
iru mxvw ryhu wzr prqwkv ehiruh ehlqj ryhuwkurzq dqg h{hfxwhg e| Vhswlplxv Vhyhuxv +dq hduo| dqg
vdg fdvh ri wkh zlqqhu*v fxuvh,> vhh dovr qrwhv 89/ 439/ dqg 43;/ dqg vhh Jleerq +4::9,/ Yro L/ Fkds
Y iru dq dffrxqw1

55Wkhuh duh voljkwo| hduolhu vwxglhv lq wkh rshudwlrqv uhvhdufk olwhudwxuh/ hvshfldoo| Iulhgpdq +4<89,/
exw wkhvh wuhdw wkh sureohp ghflvlrq0wkhruhwlfdoo| zlwk elgghuv hvwlpdwlqj rssrqhqwv* elgglqj vwudwh0
jlhv edvhg rq d qdlyh prgho ri sdvw ehkdylru1

56Kh vkduhg wkh sul}h zlwk Mlp Pluuohhv zkrvh 4<:4 sdshu/ dowkrxjk frxfkhg lq wkh frqwh{w ri
wkh wkhru| ri rswlpdo lqfrph wd{dwlrq/ ghyhorshg whfkqltxhv wkdw zhuh wr suryh fulwlfdo wr wkh odwhu
dqdo|vlv ri dxfwlrqv1 Ylfnuh| +4<:9, pdnhv dgglwlrqdo frqwulexwlrqv wr dxfwlrq wkhru|/ lqfoxglqj
vnhwfklqj wkh �vlpxowdqhrxv dvfhqglqj dxfwlrq� odwhu sursrvhg e| PfDihh/ Plojurp dqg Zlovrq iru
wkh uhfhqw IFF dxfwlrqv ri udglr vshfwuxp olfhqvhv +vhh qrwh :;,1

57Urwknrsi +4<9<, dgguhvvhv d vlplodu sureohp wr Zlovrq*v/ exw lpsolflwo| uhvwulfwv elgghuv* vwudwh0
jlhv wr pxowlsohv ri wkhlu hvwlpdwhg ydoxhv +vhh Urwknrsi +4<;3,,1 Fdshq hw do +4<:4, lv d zhoo0nqrzq/
pruh srsxodu dffrxqw ri wkh zlqqhu*v fxuvh lq sudfwlfh wkdw zdv lpphqvho| lpsruwdqw lq lq xhqflqj
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Ruwhjd Uhlfkhuw*v +4<9;, SkG wkhvlv frqwdlqv wkh vhhgv ri pxfk ixwxuh zrun/ exw

wkh wlph zdv shukdsv qrw ulsh iru lw/ dqg lw xqiruwxqdwho| qhyhu uhdfkhg sxeolfdwlrq1

Lw lv d sohdvxuh wr eh deoh wr sxeolvk d vpdoo sduw ri lw lq Wkh Hfrqrplf Wkhru| ri

Dxfwlrqv= wkh fkdswhu zh sxeolvk frqvlghuv d vhtxhqfh ri wzr �uvw0sulfh dxfwlrqv lq

zklfk wkh fruuhodwlrq ri sod|huv* ydoxhv iru wkh wzr remhfwv phdqv wkdw d sod|hu*v elg

iru wkh �uvw remhfw frqyh|v lqirupdwlrq derxw khu ydoxh iru wkh vhfrqg remhfw/ dqg

khqfh derxw khu olnho| vhfrqg elg1 +Zh dovr sxeolvk d vkruw h{sodqdwru| iruhzrug wr

wkh fkdswhu158, Wklv dqdo|vlv ri d vljqdoolqj jdph zdv hqruprxvo| lq xhqwldo lq/ iru

h{dpsoh/ jxlglqj Plojurp dqg Urehuwv* +4<;5, dqdo|vlv ri olplw sulflqj159

Krzhyhu/ zlwk wkh h{fhswlrq ri Ylfnuh|*v �uvw +4<94, duwlfoh/ wkhvh duh qr orqjhu

sdshuv iru wkh ehjlqqhu1

61 Lqwurgxfwlrq wr wkh Uhfhqw Olwhudwxuh
Wkh ixoo  rzhulqj ri dxfwlrq wkhru| fdph rqo| dw wkh hqg ri wkh 4<:3v zlwk fulw0

lfdo frqwulexwlrqv iurp Plojurp/ lq sdshuv erwk rq klv rzq dqg zlwk Zhehu> iurp

Uloh|/ lq sdshuv zlwk Pdvnlq dqg zlwk Vdpxhovrq> dqg iurp P|huvrq/ dprqj rwkhuv/

lq dgglwlrq wr pruh iurp Zlovrq1 Wkhvh dqg frqwhpsrudqhrxv frqwulexwlrqv udslgo|

pryhg wkh �hog forvh wr lwv fxuuhqw iurqwlhu1 D yhu| uhdgdeoh lqwurgxfwlrq wr wkh vwdwh

ri wkh �hog e| wkh odwh 4<;3v lv lq PfDihh dqg PfPloodq +4<;:d,1 Dqrwkhu khosixo

lqwurgxfwru| duwlfoh lv Pdvnlq dqg Uloh| +4<;8, zklfk pdqdjhv wr frqyh| pdq| ri wkh

nh| lghdv lq d ihz sdjhv e| irfxvlqj rq wkh fdvh zlwk mxvw wzr srvvleoh w|shv ri hdfk

ri mxvw wzr elgghuv15: c5;

elgglqj sudfwlfh1 Zlovrq +4<9:, lv d suhfxuvru wr Zlovrq +4<9<,/ exw zlwk d ohvv qdwxudo htxloleulxp
frqfhsw1

58Vhh dovr wkh eulhi h{srvlwlrq ri wklv zrun lq Vhfwlrq 614 ri Zhehu +4<;6, +vhh Vhfwlrq 4316 ri wklv
vxuyh|/ dqg uhsulqwhg lq wkdw Sduw ri Wkh Hfrqrplf Wkhru| ri Dxfwlrqv,1

59Shuvrqdo frppxqlfdwlrq iurp Sdxo Plojurp1
5:D fdyhdw lv wkdw wkh h�hfwv ri fruuhodwhg w|shv fdqqrw surshuo| eh glvfxvvhg zlwk mxvw wzr w|shv/

dqg wklv vhfwlrq ri wkh sdshu lv d olwwoh  dzhg dqg frqixvlqj1 Krzhyhu Uloh| +4<;<d, kdv d qlfh
glvfxvvlrq ri fruuhodwlrq zlwk mxvw wkuhh srvvleoh w|shv ri hdfk elgghu1 Vhh dovr Dsshqgl{ F wr wklv
lqwurgxfwlrq1

5;Rwkhu ydoxdeoh vxuyh| pdwhuldo lqfoxghv Plojurp +4<;8/ 4<;:/ 4<;<,/ Zhehu +4<;8,/ Uloh| +4<;<e,/
Pdvnlq +4<<5,/ Zlovrq +4<<5,/ Kduvwdg dqg Urwknrsi +4<<7,/ Urwknrsi +4<<7,/ dqg Zroivhwwhu +4<<9,1
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71 Wkh Edvlf Dqdo|vlv ri Rswlpdo Dxfwlrqv/ Uhyhqxh
Htxlydohqfh/ dqg Pdujlqdo Uhyhqxhv

Urxjko| vlpxowdqhrxvo|/ P|huvrq +4<;4, dqg Uloh| dqg Vdpxhovrq +4<;4, vkrzhg

wkdw Ylfnuh|*v uhvxowv derxw wkh htxlydohqfh lq h{shfwhg uhyhqxh ri gl�huhqw dxfwlrqv

dsso| yhu| jhqhudoo|=5<

Dvvxph hdfk ri d jlyhq qxpehu ri ulvn0qhxwudo srwhqwldo ex|huv ri dq remhfw kdv d

sulydwho|0nqrzq vljqdo lqghshqghqwo| gudzq iurp d frpprq/ vwulfwo|0lqfuhdvlqj/ dwrp0

ohvv glvwulexwlrq1 Wkhq dq| dxfwlrq phfkdqlvp lq zklfk +l, wkh remhfw dozd|v jrhv wr

wkh ex|hu zlwk wkh kljkhvw vljqdo/ dqg +ll, dq| elgghu zlwk wkh orzhvw0ihdvleoh vljqdo h{0

shfwv }hur vxusoxv/ |lhogv wkh vdph h{shfwhg uhyhqxh +dqg uhvxowv lq hdfk elgghu pdnlqj

wkh vdph h{shfwhg sd|phqw dv d ixqfwlrq ri khu vljqdo,163

Qrwh wkdw wkh uhvxow dssolhv erwk wr sulydwh0ydoxh prghov +lq zklfk d elgghu*v ydoxh

ghshqgv rqo| rq khu rzq vljqdo,/ dqg wr pruh jhqhudo frpprq0ydoxh prghov surylghg

elgghuv* vljqdov duh lqghshqghqw1

Wkxv doo wkh �vwdqgdug� dxfwlrqv/ wkh dvfhqglqj/ wkh ghvfhqglqj/ wkh �uvw0sulfh

vhdohg0elg/ dqg wkh vhfrqg0sulfh vhdohg0elg/ |lhog wkh vdph h{shfwhg uhyhqxh xqghu

wkh vwdwhg frqglwlrqv/ dv gr pdq| qrq0vwdqgdug dxfwlrqv vxfk dv dq �doo0sd|� dxfwlrq

+lq zklfk hyhu| frpshwlwru sd|v khu elg exw rqo| wkh kljkhvw elgghu zlqv wkh remhfw/

dv lq d oree|lqj frpshwlwlrq,164

Wklv Uhyhqxh Htxlydohqfh Wkhruhp uhvxow lv vr ixqgdphqwdo/ vr pxfk ri dxfwlrq

5<Ruwhjd Uhlfkhuw +4<9;, dqg Krow +4<;3, pdgh vrph hduolhu h{whqvlrqv ri Ylfnuh|*v zrun1 Kduulv
dqg Udyly +4<;4, fryhuv pxfk ri wkh vdph jurxqg dv P|huvrq dqg Uloh| dqg Vdpxhovrq1

63Wklv lv qrw wkh prvw jhqhudo vwdwhphqw1 Vhh Dsshqgl{ D1 Wr vhh wkh qhfhvvlw| ri d vwulfwo|
lqfuhdvlqj ru dwrpohvv glvwulexwlrq/ vhh qrwh 44:1 Vhh Uloh| +4<;<d, iru uhyhqxh htxlydohqfh uhvxowv
iru glvfuhwh glvwulexwlrqv1

64Rwkhu h{dpsohv wkdw fdq eh prghoohg dv doo0sd| dxfwlrqv lqfoxgh txhxhv +vhh Krow dqg Vkhupdq
+4<;5,,/ ohjdo edwwohv +vhh Ed|h/ Nryhqrfn dqg Gh Yulhv +4<<:,,/ dqg pdunhwv zlwk frqvxphu vzlwfklqj
frvwv lq zklfk �upv frpshwh iru wkh sul}h ri vhoolqj wr qhz xqdwwdfkhg frqvxphuv e| orzhulqj wkhlu
sulfhv wr wkhlu rog orfnhg0lq fxvwrphuv +vhh hvshfldoo| Dsshqgl{ E ri Exorz dqg Nohpshuhu +4<<;,
zklfk h{solflwo| xvhv wkh uhyhqxh htxlydohqfh wkhruhp/ dqg dovr Urvhqwkdo +4<;3, dqg pruh jhqhudoo|/
Nohpshuhu +4<<8,,1 Wkh zdu ri dwwulwlrq lv dovr d nlqg ri doo0sd| dxfwlrq +vhh Vhfwlrq 4617,/ ehorz/
dqg Exorz dqg Nohpshuhu +4<<<d,,1
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wkhru| fdq eh xqghuvwrrg lq whupv ri lw/ dqg dw urrw wkh surri lv vr vlpsoh/ wkdw zh

r�hu dq hohphqwdu| ghulydwlrq ri lw lq Dsshqgl{ D1 Dq| uhdghu zkr lv xqidploldu zlwk

wkh uhvxow/ ru zkr lv xqghu dq| plvdssuhkhqvlrq wkdw lw lv d gl!fxow rqh/ lv vwurqjo|

xujhg wr ehjlq khuh165

Uloh| dqg Vdpxhovrq*v surri lv ohvv gluhfw wkdq wkdw ri Dsshqgl{ D/ exw lv vwloo d

vlpsohu uhdg wkdq P|huvrq*v/ dqg Uloh| dqg Vdpxhovrq jlyh pruh looxvwudwlrqv1 Krz0

hyhu/ P|huvrq r�huv wkh prvw jhqhudo wuhdwphqw/ dqg dovr ghyhorsv wkh pdwkhpdwlfv

xvhg wr suryh uhyhqxh htxlydohqfh d olwwoh ixuwkhu wr vkrz krz wr ghulyh rswlpdo dxf0

wlrqv +wkdw lv/ dxfwlrqv wkdw pd{lplvh wkh vhoohu*v h{shfwhg uhyhqxh, iru d zlgh fodvv

ri sureohpv +vhh ehorz,1

Dowkrxjk wklv zrun zdv d uhpdundeoh dfklhyhphqw/ wkhuh vhhphg wr eh olwwoh uhod0

wlrqvkls wr wudglwlrqdo sulfh wkhru|/ zklfk pdgh wkh vxemhfw d gl!fxow rqh iru pdq|

hfrqrplvwv1 Exorz dqg Urehuwv +4<;<, juhdwo| vlpsol�hg wkh dqdo|vlv ri rswlpdo dxf0

wlrqv e| vkrzlqj wkdw wkh sureohp lv/ lq wkhlu rzq zrugv/ �hvvhqwldoo| htxlydohqw wr

wkh dqdo|vlv ri vwdqgdug prqrsro| wklug0ghjuhh sulfh glvfulplqdwlrq1 Wkh dxfwlrqv

sureohp fdq wkhuhiruh eh xqghuvwrrg e| dsso|lqj wkh xvxdo orjlf ri pdujlqdo uhyhqxh

yhuvxv pdujlqdo frvw1�

Lq sduwlfxodu/ lw lv khosixo wr irfxv rq elgghuv* cpdujlqdo uhyhqxhv*1 Lpdjlqh d �up

zkrvh ghpdqg fxuyh lv frqvwuxfwhg iurp dq duelwudulo| odujh qxpehu ri elgghuv zkrvh

ydoxhv duh lqghshqghqwo| gudzq iurp d elgghu*v ydoxh glvwulexwlrq1 Zkhq elgghuv kdyh

lqghshqghqw sulydwh ydoxhv/ d elgghu*v cpdujlqdo uhyhqxh* lv gh�qhg dv wkh pdujlqdo

uhyhqxh ri wklv �up dw wkh sulfh wkdw htxdov wkh elgghu*v dfwxdo ydoxh1 Exorz dqg

Urehuwv iroorz P|huvrq wr vkrz wkdw xqghu wkh dvvxpswlrqv ri wkh uhyhqxh htxlydohqfh

wkhruhp wkh h{shfwhg uhyhqxh iurp dq dxfwlrq htxdov wkh h{shfwhg pdujlqdo uhyhqxh ri

wkh zlqqlqj elgghu+v,1

Exorz dqg Nohpshuhu +4<<9,66 surylgh d vlpsohu ghulydwlrq ri wklv uhvxow wkdw dovr

65Wkh Dsshqgl{ dovr jlyhv dq h{dpsoh ri vroylqj iru elgglqj vwudwhjlhv lq pruh frpsoh{ dxfwlrqv
e| xvlqj uhyhqxh htxlydohqfh zlwk dq dvfhqglqj dxfwlrq1

66Dovr glvfxvvhg lq Vhfwlrq ;15/ dqg uhsulqwhg lq wkdw Sduw ri Wkh Hfrqrplf Wkhru| ri Dxfwlrqv1
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jhqhudolvhv lwv dssolfdwlrq167 Zh jlyh dq hohphqwdu| h{srvlwlrq ri wklv pdwhuldo lq

Dsshqgl{ E1

Vr lq dq rswlpdo dxfwlrq wkh remhfwv duh doorfdwhg wr wkh elgghuv zlwk wkh kljkhvw

pdujlqdo uhyhqxhv/ mxvw dv d sulfh0glvfulplqdwlqj prqrsrolvw vhoov wr wkh ex|huv zlwk

wkh kljkhvw pdujlqdo uhyhqxhv +e| htxdol}lqj wkh orzhvw pdujlqdo uhyhqxhv vrog wr

dfurvv gl�huhqw pdunhwv,1 Dqg mxvw dv d prqrsrolvw vkrxog qrw vhoo ehorz wkh sulfh

zkhuh pdujlqdo uhyhqxh htxdov pdujlqdo frvw/ vr dq dxfwlrqhhu vkrxog qrw vhoo ehorz

d uhvhuyh sulfh vhw htxdo wr wkh ydoxh ri wkh elgghu zkrvh pdujlqdo uhyhqxh htxdov wkh

ydoxh wr wkh dxfwlrqhhu ri uhwdlqlqj wkh xqlw1 +Wkh pdujlqdo uhyhqxh vkrxog eh vhw htxdo

wr }hur li wkh dxfwlrqhhu/ ru prqrsrolvw/ lv vlpso| pd{lpl}lqj h{shfwhg uhyhqxhv1,

Wkhvh sulqflsohv lqglfdwh krz wr uxq dq rswlpdo dxfwlrq lq wkh jhqhudo fdvh168 Ixu0

wkhupruh/ zkhq elgghuv duh v|pphwulf +wkdw lv/ zkhq wkhlu vljqdov duh gudzq iurp d

frpprq glvwulexwlrq,/ dq| �vwdqgdug� dxfwlrq vhoov wr wkh elgghu zlwk wkh kljkhvw

vljqdo1 Wkhuhiruh/ li elgghuv zlwk kljkhu vljqdov kdyh kljkhu pdujlqdo uhyhqxhv�lq

wkh sulydwh0ydoxh frqwh{w wklv lv mxvw htxlydohqw wr wkh xvxdo dvvxpswlrq wkdw d pr0

qrsrolvw*v pdujlqdo uhyhqxh lv grzqzdug vorslqj69�wkhq wkh zlqqlqj elgghu kdv wkh

kljkhvw pdujlqdo uhyhqxh1 Vr xqghu wkh dvvxpswlrqv ri wkh uhyhqxh htxlydohqfh wkhr0

uhp/ dqg li elgghuv zlwk kljkhu vljqdov kdyh kljkhu pdujlqdo uhyhqxhv/ doo wkh vwdqgdug

dxfwlrqv duh rswlpdo li wkh vhoohu lpsrvhv wkh rswlpdo uhvhuyh sulfh1

Pxfk ri dxfwlrq wkhru| fdq eh prvw hdvlo| xqghuvwrrg e| wklqnlqj lq whupv ri

pdujlqdo uhyhqxhv dqg wkh uhodwlrqvkls wr wkh frqglwlrqv iru uhyhqxh htxlydohqfh> wklv

67Exorz dqg Nohpshuhu vkrz krz wkh uhvxow h{whqgv zlwk frpprq ydoxhv/ qrq0lqghshqghqw sul0
ydwh lqirupdwlrq/ dqg ulvn0dyhuvlrq/ zkloh Exorz dqg Urehuwv uhvwulfw dwwhqwlrq wr wkh ulvn0qhxwudo/
lqghshqghqw/ sulydwh0ydoxh/ iudphzrun1 Vhh Dsshqgl{ E1
Wkh pdlq wkuxvw ri Exorz dqg Nohpshuhu*v dqdo|vlv lv wr ghyhors d uhvxow derxw wkh ydoxh wr dq

dxfwlrqhhu ri dq dgglwlrqdo elgghu uhodwlyh wr wkh lpsruwdqfh ri frqvwuxfwlqj dq rswlpdo dxfwlrq1 +Vhv
Vhfwlrq ;15 ehorz1,

68Vhh P|huvrq +4<;4, dqg Exorz dqg Urehuwv +4<;<, iru ghwdlov1
69Wklv dprxqwv wr wkh dvvxpswlrq wkdw wkh prqrsrolvw*v ghpdqg fxuyh +ru elgghu*v glvwulexwlrq

ixqfwlrq, lv qrw wrr frqyh{1
Wkh dvvxpswlrq wkdw elgghuv zlwk kljkhu vljqdov kdyh kljkhu pdujlqdo uhyhqxhv lv pruh vwulqjhqw

lq frpprq0ydoxh frqwh{wv1 Vhh qrwh 871
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sdshu zloo hpskdvlvh wklv shuvshfwlyh1

81 Ulvn Dyhuvlrq
Lw lv hdv| wr vhh krz ulvn0dyhuvlrq d�hfwv wkh uhyhqxh htxlydohqfh uhvxow= lq d

vhfrqg0sulfh +ru dq dvfhqglqj, dxfwlrq/ ulvn0dyhuvlrq kdv qr h�hfw rq d elgghu*v rswlpdo

vwudwhj| zklfk uhpdlqv wr elg +ru elg xs wr, khu dfwxdo ydoxh16: Exw lq d �uvw0sulfh

dxfwlrq/ d voljkw lqfuhdvh lq d sod|hu*v elg voljkwo| lqfuhdvhv khu suredelolw| ri zlqqlqj

dw wkh frvw ri voljkwo| uhgxflqj wkh ydoxh ri zlqqlqj/ vr zrxog eh ghvludeoh iru d ulvn0

dyhuvh elgghu li wkh fxuuhqw elgglqj ohyho zhuh rswlpdo iru d ulvn0qhxwudo elgghu1 Vr

ulvn0dyhuvlrq pdnhv elgghuv elg pruh djjuhvvlyho| lq �uvw0sulfh dxfwlrqv1 Wkhuhiruh/

vlqfh wkh vwdqgdug dxfwlrqv zhuh uhyhqxh htxlydohqw zlwk ulvn0qhxwudo elgghuv/ d ulvn0

qhxwudo vhoohu idfhg e| ulvn0dyhuvh elgghuv suhihuv wkh �uvw0sulfh dxfwlrq wr vhfrqg0sulfh

vhdohg0elg ru dvfhqglqj dxfwlrqv1

Zkdw li wkh dxfwlrqhhu lv ulvn0dyhuvh exw wkh ex|huv duh ulvn0qhxwudoB Revhuyh wkdw

wkh zlqqhu sd|v d sulfh vhw e| wkh uxqqhu0xs lq d vhfrqg0sulfh ru dvfhqglqj dxfwlrq

dqg/ e| uhyhqxh htxlydohqfh/ pxvw elg wkh h{shfwdwlrq ri wklv sulfh lq d �uvw0sulfh

dxfwlrq1 Wkdw lv/ frqglwlrqdo rq wkh zlqqhu*v dfwxdo lqirupdwlrq/ wkh sulfh lv �{hg

lq wkh �uvw0sulfh dxfwlrq/ dqg udqgrp exw zlwk wkh vdph phdq lq wkh vhfrqg0sulfh

dxfwlrq1 Vr dovr xqfrqglwlrqdo rq wkh zlqqhu*v lqirupdwlrq/ wkh sulfh lv ulvnlhu +exw

zlwk wkh vdph phdq, lq wkh vhfrqg0sulfh dxfwlrq1 Vr d ulvn0dyhuvh vhoohu suhihuv wkh

�uvw0sulfh dxfwlrq wr wkh vhfrqg0sulfh vhdohg0elg dxfwlrq dqg/ iru d vlplodu uhdvrq/

suhihuv wkh vhfrqg0sulfh vhdohg0elg dxfwlrq wr dq dvfhqglqj rshq dxfwlrq16;

Lq dqrwkhu ri wkh fuxfldoo| lpsruwdqw sdshuv ri wkh hduo| 4<;3v/ Pdvnlq dqg Uloh|

+4<;7, ghyhors dqg jhqhudolvh wkhvh uhvxowv dqg wkhq jr rq wr frqvlghu wkh ghvljq ri

rswlpdo dxfwlrqv zkhq wkh vhoohu lv ulvn0qhxwudo dqg wkh ex|huv duh ulvn0dyhuvh16<

6:Lq d vhdohg0elg vhfrqg0sulfh dxfwlrq zlwk frpprq0ydoxh frpsrqhqwv/ d elgghu elgv khu h{shfwhg
xwlolw| frqglwlrqdo rq ehlqj wlhg iru kljkhvw elgghu +vhh Dsshqglfhv F dqg G,1

6;Vhh Zdhkuhu/ Kduvwdg dqg Urwknrsi +4<<;, iru wkh ixoohvw h{srvlwlrq ri wkh fdvh ri d ulvn0dyhuvh
dxfwlrqhhu1

6<Pdwwkhzv +4<;6, kdv pdq| vlplodu uhvxowv1 Krow +4<;3, lv dq hduolhu wuhdwphqw1
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Krzhyhu/ dowkrxjk �uvw0sulfh dxfwlrqv ohdg wr kljkhu sulfhv zlwk ulvn0dyhuvh ex|huv/

wklv grhv qrw phdq ulvn0dyhuvh ex|huv suhihu vhfrqg0sulfh ru dvfhqglqj dxfwlrqv vlqfh/

dv qrwhg deryh/ sulfhv lq wkh �uvw0sulfh dxfwlrq duh ohvv ulvn|1 Pdwwkhzv +4<;:, wdnhv

xs wkh ex|hu*v ylhzsrlqw> lq idfw/ ex|huv duh mxvw lqgl�huhqw zlwk frqvwdqw devroxwh

ulvn dyhuvlrq dqg whqg wr suhihu wkh �uvw0sulfh dxfwlrq li wkh| kdyh lqfuhdvlqj devroxwh

ulvn dyhuvlrq ru �d!oldwhg ydoxhv� +vhh qh{w Vhfwlrq,173 Wkhvh uhvxowv fdq eh ghyho0

rshg e| jhqhudolvlqj wkh uhyhqxh htxlydohqfh uhvxow wr d �xwlolw| htxlydohqfh� uhvxow

wkdw dssolhv iru ulvn0dyhuvh elgghuv174

91 Fruuhodwlrq dqg D!oldwlrq
Dqrwkhu fuxfldo dvvxpswlrq lq wkh edvlf dqdo|vlv ri rswlpdo dxfwlrqv lv wkdw hdfk

elgghu*v sulydwh lqirupdwlrq lv lqghshqghqw ri frpshwlwruv* sulydwh lqirupdwlrq1 Zh

qrz uhod{ wklv dvvxpswlrq zkloh uhyhuwlqj wr wkh dvvxpswlrq ri ulvn0qhxwudolw|1

Vhfwlrq : ri P|huvrq*v h{wudruglqdu| +4<;4, sdshu surylghv d yhu| vlpsoh dqg

lqvwuxfwlyh h{dpsoh vkrzlqj wkdw li elgghuv* sulydwh lqirupdwlrq lv fruuhodwhg/ wkhq

wkh vhoohu fdq frqvwuxfw d phfkdqlvp wkdw |lhogv iru khuvhoi wkh hqwluh vrfldo vxusoxv

wkdw zrxog eh ihdvleoh li elgghuv* lqirupdwlrq zhuh ixoo| sxeolf$ Wkh phfkdqlvp r�huv

hdfk elgghu d vfkhgxoh ri ehwv dprqj zklfk vkh lv uhtxluhg wr fkrrvh li vkh lv wr

sduwlflsdwh1 Iru dq| jlyhq sulydwh lqirupdwlrq/ wkh ehvw ri wkhvh ehwv zloo |lhog khu

h{dfwo| }hur vxusoxv lq h{shfwdwlrq/ dqg e| fkrrvlqj lw vkh lv uhyhdolqj khu w|sh vr wkdw

khu vxusoxv fdq eh ixoo| dqg h!flhqwo| h{wudfwhg1 Zh jlyh dq h{dpsoh lq Dsshqgl{

F1

Fuhphu dqg PfOhdq +4<;8, vkrz wkdw P|huvrq*v uhvxow lv yhu| jhqhudo/ dowkrxjk

lw grhv vhhp wr uho| khdylo| rq dvvxpswlrqv vxfk dv ulvn0qhxwudolw| ri erwk wkh elgghuv

dqg wkh vhoohu/ frpprq nqrzohgjh ri wkh glvwulexwlrqv iurp zklfk elgghuv* vljqdov duh

gudzq/ wkh lqdelolw| ri elgghuv wr frooxgh/ dqg wkh delolw| ri wkh vhoohu wr fuhgleo| dqg

73Pdwwkhzv* sdshu lv dovr lpsruwdqw iru lwv dqdo|vlv ri wkh fdvh zkhuh wkh qxpehu ri ex|huv lv
xqnqrzq1 Vhh Vhfwlrq ;17 ehorz1

74Vhh Urehuw/ Od�rqw dqg Orlvho +4<<7,1

48



frvwohvvo| frppxqlfdwh dqg hqirufh wkh dxfwlrq*v uhvxowv +riwhq lqfoxglqj h{wudfwlqj

odujh sd|phqwv iurp orvlqj elgghuv,175

Vlqfh wkh �rswlpdo phfkdqlvpv� vhhp xquhdolvwlf lq wklv hqylurqphqw/ krz gr

vwdqgdug dxfwlrqv frpsduhB Plojurp dqgZhehu*v uhpdundeoh +4<;5d, sdshu dgguhvvhv

wklv txhvwlrq lq wkh frqwh{w ri ghyhorslqj d jhqhudo wkhru| ri dxfwlrqv zlwk d!oldwhg

lqirupdwlrq1 +Yhu| urxjko|/ elgghuv* vljqdov duh d!oldwhg li d kljk ydoxh ri rqh elgghu*v

vljqdo pdnhv kljk ydoxhv ri rwkhu elgghuv* vljqdov pruh olnho|176, Vlqfh wklv sdshu lv

erwk yhu| lpsruwdqw lq wkh olwhudwxuh dqg txlwh fkdoohqjlqj iru pdq| uhdghuv/ zh jlyhq

dq hohphqwdu| h{srvlwlrq ri wkh pdlq uhvxowv lq Dsshqgl{ F/ e| vwduwlqj iurp wkh

uhyhqxh htxlydohqfh dujxphqw ghyhorshg lq Dsshqgl{ D1

Wkh pdlq uhvxowv duh wkdw dvfhqglqj dxfwlrqv ohdg wr kljkhu h{shfwhg sulfhv wkdq

vhdohg0elg vhfrqg0sulfh dxfwlrqv/ zklfk lq wxuq ohdg wr kljkhu h{shfwhg sulfhv wkdq

�uvw0sulfh dxfwlrqv177 Wkh lqwxlwlrq lv wkdw wkh zlqqlqj elgghu*v vxusoxv lv gxh wr khu

sulydwh lqirupdwlrq1 Wkh pruh wkh sulfh sdlg ghshqgv rq rwkhuv* lqirupdwlrq +wkh sulfh

ghshqgv rq doo rwkhu elgghuv* lqirupdwlrq lq dq dvfhqglqj dxfwlrq zlwk frpprq0ydoxh

hohphqwv/ dqg rq rqh rwkhu elgghu*v lqirupdwlrq lq d vhfrqg0sulfh vhdohg0elg dxfwlrq,/

wkh pruh forvho| wkh sulfh lv uhodwhg wr wkh zlqqhu*v lqirupdwlrq/ vlqfh lqirupdwlrq

lv d!oldwhg1 Vr wkh orzhu lv wkh zlqqhu*v lqirupdwlrq uhqw dqg khqfh khu h{shfwhg

vxusoxv/ dqg vr wkh kljkhu lv wkh h{shfwhg sulfh1

Iru wkh vdph uhdvrq/ li wkh vhoohu kdv dffhvv wr dq| sulydwh vrxufh ri lqirupdwlrq/

khu rswlpdo srolf| lv wr suhfrpplw wr uhyhdolqj lw krqhvwo|1 Wkh jhqhudo sulqflsoh

wkdw h{shfwhg uhyhqxh lv udlvhg e| olqnlqj wkh zlqqhu*v sd|phqw wr lqirupdwlrq wkdw

lv d!oldwhg zlwk wkh zlqqhu*v lqirupdwlrq/ lv nqrzq dv wkh Olqndjh Sulqflsoh178

Rqh ri wkh pruh vwulnlqj uhvxowv ri wkh edvlf dqdo|vlv ri rswlpdo dxfwlrqv lv wkdw

75Fuhphu dqg PfOhdq +4<;;,/ PfDihh/ PfPloodq dqg Uhq| +4<;<, dqg PfDihh dqg Uhq| +4<<5,
vkrz wkh uhvxow lq hyhq juhdwhu jhqhudolw|1 Hvù +4<<<, dujxhv wkh uhvxow pd| qrw eh wrr vhqvlwlyh wr
elgghu ulvn0dyhuvlrq1

76Vhh Dsshqgl{ F iru d suhflvh gh�qlwlrq1
77Dsshqgl{ G jlyhv dq h{dpsoh1
78Vhh dovr wkh glvfxvvlrq ri Plojurp dqg Zhehu +4<;5f, lq Vhfwlrq 43161
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li elgghuv kdyh lqghshqghqw sulydwh ydoxhv/ wkh vhoohu*v uhvhuyh sulfh lv erwk lqghshq0

ghqw ri wkh qxpehu ri elgghuv/ dqg dovr zhoo deryh wkh vhoohu*v frvw1 Wkh uhdvrq lv

wkdw wkh rswlpdo uhvhuyh sulfh lv zkhuh pdujlqdo uhyhqxh htxdov wkh vhoohu*v frvw/ dqg

d elgghu*v pdujlqdo uhyhqxh lv lqghshqghqw ri rwkhu elgghuv* pdujlqdo uhyhqxhv zkhq

ydoxhv duh lqghshqghqw1 Krzhyhu/ li ydoxdwlrqv duh d!oldwhg/ pruh elgghuv lpsolhv

pruh fhuwdlqw| derxw dq| rqh elgghu*v ydoxdwlrq frqglwlrqdo rq rwkhu elgghuv* lqiru0

pdwlrq/ khqfh  dwwhu pdujlqdo uhyhqxh fxuyhv/ vr d idu kljkhu sursruwlrq ri elgghuv

kdyh pdujlqdo uhyhqxhv lq h{fhvv ri wkh vhoohu*v frvw179 Vr wkh uhvhuyh sulfh pxvw eh

vhw orzhu1 Ohylq dqg Vplwk +4<<9d, vkrz wkdw wkh rswlpdo uhvhuyh sulfh frqyhujhv wr

wkh vhoohu*v wuxh ydoxh dv wkh qxpehu ri elgghuv jurzv1

:1 Dv|pphwulhv
Dorqj zlwk ulvn0qhxwudolw|/ dqg lqghshqghqw sulydwh lqirupdwlrq/ d wklug fuxfldo

dvvxpswlrq ri wkh uhyhqxh htxlydohqfh wkhruhp lv wkdw ex|huv* sulydwh ydoxhv ru vlj0

qdov zhuh gudzq iurp d frpprq glvwulexwlrq1 Zh qrz glvfxvv uhod{lqj wkh v|pphwu|

dvvxpswlrq17:

:14 Sulydwh Ydoxh Gl�huhqfhv

P|huvrq +4<;4, dqg Exorz dqg Urehuwv +4<;<, vkrzhg wkdw d uhyhqxh0pd{lpl}lqj

79Pruh suhflvho|/ frqvlghu vhwwlqj dq rswlpdo uhvhuyh sulfh diwhu vhhlqj doo exw wkh kljkhvw ydoxdwlrq1
D!oldwlrq lpsolhv wkh kljkhvw ydoxh lv olnho| wr eh forvh wr wkh vhfrqg0kljkhvw/ vr wkh ghpdqg fxuyh
iruphg e| d frqwlqxxp ri elgghuv zlwk ydoxdwlrqv gudzq iurp wkh kljkhvw elgghu*v ydoxh glvwulexwlrq
frqglwlrqdo rq doo rwkhuv* ydoxhv lv udwkhu  dw mxvw deryh wkh vhfrqg ydoxh1 Wkxv wkh �qdo sduw ri
wkh kljkhvw0elgghu*v pdujlqdo uhyhqxh fxuyh/ frqglwlrqdo rq doo wkdw kdv ehhq revhuyhg/ lv dovr udwkhu
 dw durxqg wkh vhfrqg0kljkhvw ydoxdwlrq1 Vr hyhq li wkh uhvhuyh sulfh frxog eh vhw edvhg rq doo wklv
lqirupdwlrq/ lw zrxog xvxdoo| eh vhw yhu| orz1 Khqfh lw zloo dovr eh vhw yhu| orz li lw pxvw eh vhw sulru
wr wkh dxfwlrq1
+Qrwh wkdw hyhq zlwk lqghshqghqw vljqdov wkh uhvhuyh sulfh vkrxog rswlpdoo| eh vhw diwhu wkh dxfwlrq

li wkhuh duh frpprq0ydoxh frpsrqhqwv wr ydoxdwlrqv1 Vhh/ iru h{dpsoh/ Exorz dqg Nohpshuhu +4<<9,
iru krz wr vhw wkh rswlpdo uhvhuyh sulfh lq wklv fdvh1,

7:Iru uhvxowv derxw wkh h{lvwhqfh dqg xqltxhqhvv ri htxloleuld lq �uvw0sulfh dxfwlrqv vhh Oheuxq
+4<<9,/ Pdvnlq dqg Uloh| +4<<9d/e,/ Dwkh| +4<<:, dqg Ol}}hul dqg Shuvlfr +4<<;, +zkr frqvlghu
d eurdghu fodvv ri jdphv,1 Vrph vlplodu uhvxowv fdq eh ghyhorshg iroorzlqj Exorz/ Kxdqj/ dqg
Nohpshuhu +4<<8,1 Zlovrq +4<<;, ghulyhv h{solflwo| wkh htxloleulxp ri dq dvfhqglqj dxfwlrq iru d
prgho zlwk erwk sulydwh0 dqg frpprq0ydoxh frpsrqhqwv zklfk doorzv dv|pphwulhv1
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dxfwlrq doorfdwhv remhfwv wr wkh elgghu+v, zlwk wkh kljkhvw pdujlqdo uhyhqxh+v, udwkhu

wkdq wr wkrvh zlwk wkh kljkhvw ydoxh+v,1 Uhfdoo iurp wkh vwdqgdug wkhru| ri ghpdqg

wkdw d ex|hu rq d jlyhq ghpdqg fxuyh kdv d kljkhu pdujlqdo uhyhqxh wkdq dq| ex|hu

zlwk wkh vdph ydoxdwlrq rq d ghpdqg fxuyh wkdw lv kljkhu hyhu|zkhuh gxh wr ehlqj

vkliwhg rxw e| d �{hg dprxqw krul}rqwdoo|1 Vr d uhyhqxh0pd{lplvlqj dxfwlrqhhu w|sl0

fdoo| glvfulplqdwhv lq idyrxu ri vhoolqj wr elgghuv zkrvh ydoxhv duh gudzq iurp orzhu

glvwulexwlrqv/ wkdw lv/ �zhdnhu� elgghuv1 PfDihh dqg PfPloodq +4<;<, ghyhors wklv

srlqw lq d surfxuhphqw frqwh{w17;

Vlqfh lq d �uvw0sulfh dxfwlrq d elgghu zkrvh ydoxh lv gudzq iurp d zhdnhu glvwulex0

wlrq elgv pruh djjuhvvlyho| +forvhu wr khu dfwxdo ydoxh, wkdq d elgghu iurp d vwurqjhu

glvwulexwlrq/7< d �uvw0sulfh dxfwlrq dovr glvfulplqdwhv lq idyrxu ri vhoolqj wr wkh zhdnhu

elgghu/ lq frqwudvw wr d vhfrqg0sulfh +ru dvfhqglqj, dxfwlrq zklfk dozd|v vhoov wr wkh

elgghu zlwk wkh kljkhu ydoxdwlrq +lq d sulydwh0ydoxhv prgho,1 Vr lw lv sodxvleoh wkdw d

�uvw0sulfh dxfwlrq pd| eh pruh sur�wdeoh lq h{shfwdwlrq/ hyhq wkrxjk ohvv doorfdwlyho|

h!flhqw/ wkdq d vhfrqg0sulfh dxfwlrq/ zkhq doo wkh dvvxpswlrqv iru uhyhqxh htxlyd0

ohqfh h{fhsw v|pphwu| duh vdwlv�hg183 Wklv lv lq idfw riwhq/ wkrxjk qrw dozd|v/ wkh

fdvh1 Wkh odujh ydulhw| ri gl�huhqw srvvleoh nlqgv ri dv|pphwulhv pdnhv lw gl!fxow wr

ghyhors jhqhudo uhvxowv/ exw Pdvnlq dqg Uloh| +4<<<, pdnh odujh vwulghv184 D yhu| xvh0

ixo eulhi glvfxvvlrq lq Pdvnlq dqg Uloh| +4<;8, vxppdulvhv wkh vlwxdwlrq dv �urxjko|

vshdnlqj/ wkh vhdohg0elg dxfwlrq jhqhudwhv pruh uhyhqxh wkdq wkh rshq ^vhfrqg0sulfh`

dxfwlrq zkhq elgghuv kdyh glvwulexwlrqv zlwk wkh vdph vkdsh +exw gl�huhqw vxssruwv,/

zkhuhdv wkh rshq dxfwlrq grplqdwhv zkhq/ dfurvv elgghuv/ glvwulexwlrqv kdyh gl�huhqw

7;Vhh dovr Urwknrsi/ Kduvwdg/ dqg Ix +4<<:,1
7<Lq d �uvw0sulfh dxfwlrq wkh �uvw0rughu frqglwlrq ri d elgghu zlwk ydoxh y frqvlghulqj udlvlqj khu

elg/ e/ e| d vpdoo dprxqw �e wkdw zrxog udlvh khu suredelolw| ri zlqqlqj/ s/ e| d vpdoo dprxqw �s
vhwv +y� e,�s� s�e @ 3= Zhdnhu elgghuv kdyh vpdoohu suredelolwlhv ri zlqqlqj/ s/ dqg khqfh vpdoohu
�sur�w pdujlqv�/ y � e> zkhq wkh| gr zlq1

83Pdvnlq +4<<5, vkrzv dq dvfhqglqj dxfwlrq lv h!flhqw iru d vlqjoh jrrg/ hyhq zkhq ydoxdwlrqv
kdyh frpprq0ydoxh frpsrqhqwv/ xqghu d eurdg fodvv ri dvvxpswlrqv1

84Wkh hduolhvw dqdo|vhv ri dv|pphwulf fdvhv duh lq Ylfnuh| +4<94, dqg Julhvphu/ Ohylwdq dqg Vkxeln
+4<9:,1 Pduvkdoo/ Phxuhu/ Ulfkdug dqg Vwurptxlvw +4<<7, dqg Uloh| dqg Ol +4<<:, vroyh dgglwlrqdo
fdvhv e| qxphulfdo phwkrgv1
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vkdshv exw dssur{lpdwho| wkh vdph vxssruw1�

Pdvnlq dqg Uloh| +4<<<, dovr vkrz txlwh jhqhudoo| wkdw �vwurqj� ex|huv suhihu wkh

vhfrqg0sulfh dxfwlrq/ zkhuhdv �zhdn� ex|huv suhihu wkh �uvw0sulfh dxfwlrq1 Wklv pd|

eh lpsruwdqw zkhuh dwwudfwlqj ex|huv wr hqwhu wkh dxfwlrq lv dq lpsruwdqw frqvlghud0

wlrq> vhh ehorz1

:15 Doprvw0Frpprq0Ydoxhv

Li ydoxdwlrqv kdyh frpprq0ydoxh frpsrqhqwv wkh h�hfwv ri dv|pphwulhv fdq eh

hyhq pruh gudpdwlf1 Li rqh sod|hu kdv d vpdoo dgydqwdjh/ iru h{dpsoh/ d voljkwo|

kljkhu sulydwh ydoxh lq d vhwwlqj wkdw lv forvh wr sxuh0frpprq0ydoxhv/ wkdw sod|hu zloo

elg d olwwoh pruh djjuhvvlyho|1 Wklv vwuhqjwkhqv wkh rssrqhqw*v �zlqqhu*v fxuvh� +vlqfh

zlqqlqj djdlqvw d pruh djjuhvvlyh frpshwlwru lv zruvh qhzv derxw wkh dfwxdo ydoxh ri d

frpprq ydoxh remhfw,/ vr wkh rssrqhqw zloo elg d olwwoh ohvv djjuhvvlyho| lq dq dvfhqglqj

dxfwlrq/ vr wkh �uvw sod|hu*v zlqqhu*v fxuvh lv uhgxfhg dqg vkh fdq elg d olwwoh pruh

djjuhvvlyho| vwloo/ dqg vr rq1 Nohpshuhu +4<<;, glvfxvvhv d udqjh ri frqwh{wv lq zklfk/

lq frqvhtxhqfh/ dq dssduhqwo| vpdoo hgjh iru rqh sod|hu wudqvodwhv lqwr d yhu| odujh

frpshwlwlyh dgydqwdjh lq dq dvfhqglqj dxfwlrq1 Wkh hduolhvw vshfl�f h{dpsoh lq wkh

olwhudwxuh lv Elnkfkdqgdql*v +4<;;, ghprqvwudwlrq wkdw d vpdoo uhsxwdwlrq dgydqwdjh

fdq doorz d elgghu wr doprvw dozd|v zlq d sxuh0frpprq0ydoxh dxfwlrq/ dqg wkdw wklv

uhsxwdwlrqdo dgydqwdjh pd| eh yhu| hdv| wr vxvwdlq lq d uhshdwhg frqwh{w1 Exorz/

Kxdqj dqg Nohpshuhu +4<<<, ghprqvwudwhv wkdw kdylqj d vpdoo wrhkrog fdq eh dq

hqruprxv dgydqwdjh lq d rwkhuzlvh sxuh0frpprq0ydoxhv wdnhryhu edwwoh185

Wkh ruljlqdo vwlpxoxv iru doo wklv zrun lv Plojurp +4<;4,86 zklfk dqdo|vhv htxloleuld

85Wklv dqdo|vlv kdv ehhq lq xhqwldo lq frpshwlwlrq srolf|1 Wkh XN Jryhuqphqw uhfhqwo| eorfnhg
EVn|E +Uxshuw Pxugrfk*v vdwhoolwh whohylvlrq frpsdq|, iurp dftxlulqj Pdqfkhvwhu Xqlwhg +Hqjodqg*v
prvw vxffhvvixo irrwedoo foxe,1 Dq lpsruwdqw uhdvrq zdv frqfhuq wkdw e| dftxlulqj Pdqfkhvwhu
Xqlwhg/ zklfk uhfhlyhv wkh eljjhvw vkduh ri wkh Suhplhu Ohdjxh*v whohylvlrq uhyhqxhv +derxw : shufhqw,/
EVn|E zrxog eh deoh wr vkxw rxw rwkhu whohylvlrq frpsdqlhv zkhq wkh frqwudfw iru wkh ohdjxh*v
eurdgfdvwlqj uljkwv qh{w frphv xs iru dxfwlrq +vhh Hfrqrplvw/ Pdufk 53/ 4<<</ s168/ Ilqdqfldo
Wlphv/ Dsulo 43/ 4<<</ s155/ dqg X1N1 Prqrsrolhv dqg Phujhuv Frpplvvlrq +4<<<,,1

86Dovr glvfxvvhg lq Vhfwlrqv :16 dqg ;16/ dqg uhsulqwhg lq Sduw ;16 ri Wkh Hfrqrplf Wkhru| ri
Dxfwlrqv1
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lq dvfhqglqj dxfwlrqv dqg vkrzv wkdw wkhuh lv d ydvw pxowlsolflw| lq wkh sxuh0frpprq

ydoxhv fdvh/ udqjlqj iurp wkh v|pphwulf htxloleulxp wr htxloleuld lq zklfk dq duel0

wudulo| fkrvhq sod|hu dozd|v zlqv1 Odwhu zrun vkrzv wkdw dgglqj vrph �julw� lqwr wkh

prgho/ zkhwkhu lw eh d vpdoo sulydwh0ydoxh frpsrqhqw/ d vpdoo uhsxwdwlrq frpsrqhqw/

ru d vpdoo rzqhuvkls frpsrqhqw/ hwf1/ vhohfwv rqh ri wkhvh htxloleuld/ exw zklfk htxlole0

ulxp lv vhohfwhg ghshqgv rq h{dfwo| krz wkh sxuh0frpprq0ydoxhv prgho lv shuwxuehg1

Wkxv dq dssduhqwo| vpdoo fkdqjh lq wkh hqylurqphqw fdq juhdwo| lqfuhdvh d sod|hu*v

fkdqfh ri zlqqlqj1

Vlqfh wkh zlqqhu ri dq �doprvw0frpprq0ydoxh� dvfhqglqj dxfwlrq pd| wkhuhiruh

riwhq kdyh wkh orzhu vljqdo/ dqg vr w|slfdoo| wkh orzhu pdujlqdo uhyhqxh/ dvfhqglqj

dxfwlrqv pd| eh yhu| xqsur�wdeoh lq wklv frqwh{w1

E| frqwudvw/ lq d �uvw0sulfh dxfwlrq d vpdoo fkdqjh wr wkh v|pphwulf prgho jhq0

hudoo| uhvxowv lq d vpdoo fkdqjh wr wkh +xqltxh, v|pphwulf htxloleulxp/ vr wkh elgghu

zlwk wkh kljkhu vljqdo khqfh/ w|slfdoo|/ kljkhu pdujlqdo uhyhqxh frqwlqxhv wr +doprvw

dozd|v, zlq1 Wkxv wkh �uvw0sulfh dxfwlrq lv doprvw rswlpdo iru d uhyhqxh0pd{lpl}lqj

dxfwlrqhhu/ dqg lv pxfk pruh sur�wdeoh wkdq dq dvfhqglqj dxfwlrq/ surylghg elgghuv

zlwk kljkhu vljqdov kdyh kljkhu pdujlqdo uhyhqxhv187

Wkh h�hfwv ri doprvw0frpprq0ydoxhv lq dvfhqglqj dxfwlrqv duh prvw h{wuhph zkhuh

wkhuh duh dovr hqwu| ru elgglqj frvwv +vhh Vhfwlrq ;, lq zklfk fdvh wkh glvdgydqwdjhg

elgghu+v, pd| qrw hqwhu dw doo/ ohdylqj wkh dxwlrqhhu wr idfh d vlqjoh elgghu/ vhh Nohp0

87Krzhyhu/ Exorz dqg Nohpshuhu +4<<<e, vkrz wkdw wkh dvvxpswlrq wkdw elgghuv zlwk kljkhu
vljqdov kdyh kljkhu pdujlqdo uhyhqxhv lv qrw lqqrfxrxv lq wkh frpprq0ydoxhv frqwh{w1 Lq wkh sulydwh0
ydoxhv frqwh{w wkh dvvxpswlrq lv htxlydohqw wr wkh dvvxpswlrq ri grzqzdug0vorslqj pdujlqdo uhyhqxh
iru d prqrsrolvw zkrvh ghpdqg fruuhvsrqgv wr wkh glvwulexwlrq ri d elgghu*v vljqdov> lq frpprq0ydoxh
vhwwlqjv/ elgghuv* ydoxhv dqg khqfh pdujlqdo uhyhqxhv ghshqg rq rwkhuv* vljqdov/ dqg roljrsrolvwv*
pdujlqdo uhyhqxhv duh qrw qhfhvvdulo| ghfuhdvlqj lq rwkhu �upv* rxwsxwv1 Lq wkh sxuh0frpprq0ydoxhv
+dqg doprvw0frpprq0ydoxhv, fdvhv wkh dvvxpswlrq lv uhodwhg wr wkh dvvxpswlrq ri vwudwhjlf vxevwl0
wxwhv/ vhh Exorz dqg Nohpshuhu +4<<<e, dqg dovr Exorz/ Jhdqdnrsorv dqg Nohpshuhu +4<;8 d/e,1
Exorz dqg Nohpshuhu +4<<<e, vkrz wkdw li lq idfw wklv dvvxpswlrq grhv qrw krog/ wkhq d qxpehu ri

vwdqgdug suhvxpswlrqv duh ylrodwhg lq wkh v|pphwulf htxloleulxp ri d sxuh0frpprq0ydoxhv dvfhqglqj
dxfwlrq> iru h{dpsoh/ pruh elgghuv fdq orzhu h{shfwhg sur�wv +vhh qrwh 96, vhoolqj pruh xqlwv fdq udlvh
dyhudjh sulfh/ dqg udwlrqlqj +dv lq Lqlwldo Sxeolf R�hulqjv, fdq udlvh h{shfwhg sulfh1 Ixuwkhupruh/
hyhq li wkh dvvxpswlrq rq pdujlqdo uhyhqxh krogv/ wkhvh uhvxowv dulvh lq wkh doprvw0frpprq ydoxhv
fdvh1
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shuhu +4<<;,1

:16 Lqirupdwlrq Dgydqwdjhv

Dqrwkhu lpsruwdqw irup ri dv|pphwu| lv wkdw rqh sod|hu pd| kdyh vxshulru lq0

irupdwlrq1 Khuh/ djdlq/ Plojurp +4<;4,88 lv fulwlfdoo| lpsruwdqw/ vkrzlqj wkdw lq d

sxuh0frpprq0ydoxh vhwwlqj d elgghu zlwk qr sulydwh lqirupdwlrq pdnhv qr sur�wv lq

htxloleulxp lq d vhfrqg0sulfh dxfwlrq1 Plojurp dqg Zhehu +4<;5e, vkrzv wkh vdph

uhvxow +dqg pxfk pruh, lq wkh �uvw0sulfh frqwh{w1 Wkh odwwhu sdshu exlogv lq sduw rq

zrun sxeolvkhg odwhu lq Hqjhoeuhfkw0Zljjdqv/ Plojurp dqg Zhehu +4<;6,1

;1 Hqwu| Frvwv dqg wkh Qxpehu ri Elgghuv
;14 Hqgrjhqrxv Hqwu| ri Elgghuv

Lq sudfwlfdo dxfwlrq ghvljq/ shuvxdglqj elgghuv wr wdnh wkh wlph dqg wurxeoh wr

hqwhu wkh frqwhvw lv d pdmru frqfhuq/ vr zh qrz hqgrjhqlvh wkh qxpehu ri elgghuv dqg

dvn krz lw ghshqgv rq wkh vhoolqj phfkdqlvp fkrvhq189

Wkh �uvw nh| uhvxow lv wkdw lq d sulydwh0ydoxh vhwwlqj wkdw vdwlv�hv wkh uhyhqxh0

htxlydohqfh dvvxpswlrqv h{fhsw iru wkh suhvhqfh ri hqwu| frvwv/ elgghuv pdnh wkh

vrfldoo|0fruuhfw ghflvlrq derxw zkhwkhu ru qrw wr hqwhu dq| vwdqgdug dxfwlrq li wkh

uhvhuyh sulfh lv vhw htxdo wr wkh vhoohu*v ydoxdwlrq1 Wr vhh wklv/ qrwh wkdw wkh h{shfwhg

vrfldo ydoxh ri wkh elgghu ehlqj suhvhqw lv wkh suredelolw| vkh zlqv wkh dxfwlrq wlphv

wkh gl�huhqfh ehwzhhq khu ydoxh dqg wkh uxqqhu0xs*v ydoxh1 Exw wklv lv h{dfwo| wkh elg0

ghu*v h{shfwhg sur�w diwhu hqwhulqj d vhfrqg0sulfh dxfwlrq/ dqg vr dovr/ xvlqj uhyhqxh

htxlydohqfh/ lq d yhu| zlgh fodvv ri dxfwlrqv lqfoxglqj doo vwdqgdug dxfwlrqv1

Ixuwkhupruh/ lq d iuhh0hqwu| htxloleulxp lq zklfk h{0dqwh lghqwlfdo elgghuv hqwhu

wr wkh srlqw dw zklfk hdfk h{shfwv }hur sur�wv qhw ri wkh hqwu| frvw +dqg hdfk �qgv

88Dovr glvfxvvhg lq Vhfwlrqv :15 dqg ;16/ dqg uhsulqwhg lq Sduw ;16 ri Wkh Hfrqrplf Wkhru| ri
Dxfwlrqv1

89Wkh Sudhwruldqv/ zkhq dxfwlrqlqj wkh Hpsluh +vhh qrwh 54,/ vhhp wr kdyh vwlsxodwhg wkdw wkh
zlqqlqj elgghu frxog qrw sxqlvk wkh orvhuv1 Wklv surylvlrq pd| kdyh hqfrxudjhg hqwu| wr wkh dxfwlrq/
dowkrxjk lw zrxog suhvxpdeo| uhgxfh uhyhqxh iurp dq| h{rjhqrxvo| �{hg qxpehu ri elgghuv1
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rxw khu sulydwh ydoxh vxevhtxhqw wr wkh hqwu| ghflvlrq8:,/ wkh vhoohu rewdlqv wkh hqwluh

vrfldo vxusoxv lq h{shfwdwlrq1 Vr lw dovr iroorzv wkdw uxqqlqj dq| vwdqgdug dxfwlrq

zlwk d uhvhuyh sulfh htxdo wr wkh vhoohu*v frvw lv uhyhqxh pd{lplvlqj iru wkh vhoohu18;

Wkhvh uhvxowv fdq eh irxqg lq/ iru h{dpsoh/ Ohylq dqg Vplwk +4<<7,8< lq d prgho

lq zklfk elgghuv vlpxowdqhrxvo| pdnh v|pphwulf pl{hg0vwudwhj| hqwu| ghflvlrqv vr

wkdw wkhlu h{shfwhg sur�wv duh h{dfwo| }hur1 Wkh uhvxowv dsso| zkhwkhu ru qrw elgghuv

revhuyh krz pdq| rwkhuv kdyh fkrvhq wr hqwhu ehiruh elgglqj lq wkh dxfwlrq/ vlqfh

uhyhqxh htxlydohqfh dssolhv dfurvv dqg ehwzhhq erwk fdvhv193 Wkh uhvxowv dovr dsso| li

hqwu| lv vhtxhqwldo exw wkh qxpehu ri �upv lv wuhdwhg dv d frqwlqxrxv yduldeoh vr wkdw

hqwudqwv* h{shfwhg sur�wv duh h{dfwo| }hur1 Lq rwkhu fdvhv wkh idfw wkdw wkh qxpehu

ri hqwudqwv pxvw eh dq lqwhjhu phdqv wkdw wkh pdujlqdo hqwudqw*v h{shfwhg sur�wv

pd| h{fhhg }hur/ exw Hqjhoeuhfkw0Zljjdqv +4<<6, vkrzv wkdw wklv pdnhv yhu| olwwoh

gl�huhqfh= wkh vhoohu rswlpdoo| dgmxvwv wkh uhvhuyh sulfh dqg2ru vhwv dq hqwu| vxevlg|

ru ihh wkdw vxfnv xs doo wkh hqwudqwv* vxusoxv zkloh dowhulqj wkh qxpehu ri hqwudqwv e|

dw prvw rqh194 c95

Lq sxuh0frpprq0ydoxh dxfwlrqv/ lq pdunhg frqwudvw/ wkh vrfldoo| rswlpdo qxpehu

ri elgghuv lv reylrxvo| mxvw rqh1 Ixuwkhupruh/ Pdwwkhzv +4<;7, vkrzv wkdw h{shfwhg

vhoohu uhyhqxh fdq dovr eh ghfuhdvlqj lq wkh qxpehu ri elgghuv lq qrq0sdwkrorjlfdo sxuh0

frpprq0ydoxh vhwwlqjv/ dqg Exorz dqg Nohpshuhu +4<<<e, surylgh lqwxlwlrq iru zk|

8:Vhh Phqh}hv dqg Prqwhlur +4<<:, iru wkh fdvh lq zklfk elgghuv nqrz wkhlu sulydwh ydoxhv sulru
wr wkh hqwu| ghflvlrq1

8;Exw wkh vhoohu fdq lqfuhdvh vrfldo vxusoxv/ dqg khqfh khu rzq h{shfwhg uhyhqxh/ li vkh fdq uxq d
vhulhv ri dxfwlrqv1 Iru h{dpsoh/ vkh pljkw dqqrxqfh dq dxfwlrq zlwk d uhvhuyh sulfh dqg wkh surylvr
wkdw li wkh uhvhuyh lv qrw phw wkhuh zloo eh d vxevhtxhqw dxfwlrq1 Wkhq wkhuh zloo eh dgglwlrqdo
hqwudqwv lq wkh vhfrqg urxqg li wkh jrrg lv qrw vrog lq wkh �uvw urxqg/ wkdw lv/ lq wkh vwdwhv lq zklfk
wkh �uvw0urxqg hqwudqwv wxuqhg rxw wr kdyh orz ydoxdwlrqv1 Wklv lqfuhdvhv vrfldo h!flhqf| dqg vhoohu
uhyhqxh1 Vhh Exujxhw dqg Vänrylfv +4<<9, dqg dovr PfDihh dqg PfPloodq +4<;;,1

8<Hduolhu uhodwhg olwhudwxuh lqfoxghv Hqjhoeuhfkw0Zljjdqv +4<;:, dqgPfDihh dqgPfPloodq +4<;:f,1
Ohylq dqg Vplwk +4<<9e, frqvlghuv wkh vhoohu*v suhihuhqfh ehwzhhq vwdqgdug dxfwlrq irupv zkhq ex|huv
duh ulvn0dyhuvh> wkh dxfwlrqhhu w|slfdoo|/ exw qrw dozd|v/ suhihuv �uvw0sulfh wr vhfrqg0sulfh dxfwlrqv
zkhq elgghuv kdyh hqwu| frvwv1

93Vhh Vhfwlrq ;17 ehorz1
94Wkh vdph uhvxow h{whqgv wr d!oldwhg sulydwh ydoxh dxfwlrqv1
95Ixuwkhupruh/ Exorz dqg Nohpshuhu +4<<9, vkrz lq wkh vdph vhwwlqj wkdw dq dgglwlrqdo elgghu lv

zruwk pruh wkdq wkh delolw| wr vhw dq rswlpdo uhvhuyh sulfh djdlqvw d jlyhq qxpehu ri elgghuv1 Vhh
Vhfwlrq ;15 ehorz1
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wklv lv qdwxudo e| xvlqj pdujlqdo0uhyhqxh dqdo|vlv196 Vr erwk vrfldoo| dqg sulydwho|/

hqwu| ihhv dqg uhvhuydwlrq sulfhv duh pxfk pruh ghvludeoh lq frpprq0ydoxh frqwh{wv1

Vhh Ohylq dqg Vplwk +4<<7, dqg dovr Kduvwdg +4<<3,1

Zkhuh elgghuv duh dv|pphwulf h{0dqwh/ dq dxfwlrqhhu pd| zlvk wr uxq dq h{0srvw

lqh!flhqw dxfwlrq wr dwwudfw zhdnhu elgghuv wr hqwhu wkh frqwhvw1 Wkxv Jloehuw dqg

Nohpshuhu +iruwkfrplqj, vkrz wkdw frpplwwlqj wr udwlrq rxwsxw +wkdw lv/ vhoolqj dw d

�{hg sulfh dw zklfk ghpdqg h{fhhgv vxsso|, pd| eh pruh sur�wdeoh wkdq udlvlqj sulfh

wr fohdu wkh pdunhw +wkdw lv/ uxqqlqj dq dvfhqglqj dxfwlrq wkdw lv h{0srvw h!flhqw,

ehfdxvh lw dwwudfwv pruh ex|huv lqwr wkh pdunhw197c98

Ilqdoo|/ elgghuv fdq lq xhqfh wkh qxpehu ri wkhlu ulydov wkurxjk wkhlu rzq vwudwhjlf

ehkdylru1 Lq sduwlfxodu/ Ilvkpdq +4<;;, ghprqvwudwhv wkdw lw fdq eh sur�wdeoh iru d

elgghu wr frpplw wr d kljk elg +iru h{dpsoh/ e| pdnlqj d suh0hpswlyh �mxps� elg lq

d wdnhryhu edwwoh, wr ghwhu srwhqwldo ulydov iurp lqfxuulqj wkh frvw uhtxluhg wr hqwhu

wkh frqwhvw199

;15 Wkh Ydoxh ri Dgglwlrqdo Elgghuv

Exorz dqg Nohpshuhu +4<<9, vkrz wkdw zkhq elgghuv duh v|pphwulf/ dq dgglwlrqdo

elgghu lv zruwk pruh wr wkh vhoohu lq dq dvfhqglqj dxfwlrq wkdq wkh delolw| wr vhw d uh0

96Wkh srlqw lv wkdw zkloh wkh dvvxpswlrq wkdw elgghuv zlwk kljkhu vljqdov kdyh kljkhu pdujlqdo
uhyhqxhv xvxdoo| krogv lq sulydwh0ydoxh vhwwlqjv/ lw riwhq grhv qrw krog lq sxuh0frpprq0ydoxh vhwwlqjv1
Vhh qrwh 871
Iru d vlpsoh h{dpsoh frqvlghu wkh fdvh zkhuh wkh frpprq ydoxh htxdov wkh pd{lpxp ri wkuhh

vljqdov yl> l @ 4> 5> 6> hdfk gudzq lqghshqghqwo| iurp d xqlirup glvwulexwlrq rq ^3/4` dqg hdfk nqrzq
e| d gl�huhqw elgghu1 E| vhoolqj wr dq xqlqiruphg elgghu wkh vhoohu pdnhv <

45
+@ Hpd{iy4> y5> y6j,=

Vhoolqj wr d vlqjoh lqiruphg elgghu wkh pd{lpxp uhyhqxh htxdov ;

45
+@ Hpd{iy5> y6j, dfklhyhg e|

vhwwlqj d uhvhuydwlrq sulfh dw wklv ohyho +dq lqiruphg elgghu zlwk vljqdo 3 zloo mxvw eh zloolqj wr sd|
wklv sulfh,1 Vhoolqj wr wzr lqiruphg elgghuv |lhogv dw prvw :

45
lq h{shfwdwlrq +e| d voljkwo| kdughu

fdofxodwlrq,1 Vhoolqj wr doo wkuhh elgghuv |lhogv dw prvw 9

45
lq h{shfwdwlrq +wkh h{shfwhg vhfrqg0kljkhvw

vljqdo,1
97Ru ehfdxvh lw orzhuv wkh frvw ri shuvxdglqj d jlyhq qxpehu ri ex|huv wr lqyhvw lq sduwlflsdwlqj lq

wkh pdunhw1 Srvvleoh h{dpsohv lqfoxgh wkh udwlrqlqj ri plfurfklsv/ dqg vsolw0dzdug ghihqvh frqwudfwv1
Exorz dqg Nohpshuhu +4<<<e, surylgh dqrwkhu uhdvrq iru udwlrqlqj1 Vhh wkh suhylrxv sdudjudsk1
98Vlploduo|/ Shuvlfr +4<<:, vkrzv wkdw elgghuv kdyh pruh lqfhqwlyh wr froohfw lqirupdwlrq sulru wr

d �uvw0sulfh dxfwlrq wkdq sulru wr d vhfrqg0sulfh dxfwlrq1
99Vlploduo|/ Gdqlho dqg Kluvkohlihu +4<<8, rewdlq mxps elgglqj lq dq dvfhqglqj dxfwlrq zkhq hdfk

vxffhvvlyh elg lv frvwo|1 Vhh Vhfwlrq 46161
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vhuyh sulfh/ surylghg elgghuv zlwk kljkhu vljqdov kdyh kljkhu pdujlqdo uhyhqxhv1 Wkh|

wkhq ghprqvwudwh wkdw/ yhu| jhqhudoo| lq d sulydwh0ydoxh dxfwlrq/ dqg dovr lq d zlgh

fodvv ri frpprq0ydoxh vhwwlqjv/9: d vlpsoh dvfhqglqj dxfwlrq zlwk qr uhvhuyh sulfh dqg

� n � v|pphwulf elgghuv lv pruh sur�wdeoh wkdq dq| dxfwlrq wkdw fdq uhdolvwlfdoo| eh

uxq zlwk � ri wkhvh elgghuv19; Vr lw lv w|slfdoo| zruwkzkloh iru d vhoohu wr ghyrwh pruh

uhvrxufhv wr h{sdqglqj wkh pdunhw wkdq wr froohfwlqj wkh lqirupdwlrq dqg shuiruplqj

wkh fdofxodwlrqv uhtxluhg wr �jxuh rxw wkh ehvw phfkdqlvp1

;16 Lqirupdwlrq Djjuhjdwlrq zlwk Odujh Qxpehuv ri Elgghuv

Dq lpsruwdqw vwudqg ri wkh dxfwlrq olwhudwxuh kdv ehhq frqfhuqhg zlwk wkh surs0

huwlhv ri sxuh0frpprq0ydoxh dxfwlrqv dv wkh qxpehu ri elgghuv ehfrphv odujh1 Wkh

txhvwlrq lv= grhv wkh vdoh sulfh frqyhujh wr wkh wuxh ydoxh/ wkxv ixoo| djjuhjdwlqj doo

ri wkh hfrqrp|*v lqirupdwlrq hyhq wkrxjk hdfk elgghu kdv rqo| sduwldo lqirupdwlrqB

Li lw grhv/ lw lv wkhq dwwudfwlyh wr wklqn ri dq dxfwlrq prgho dv mxvwli|lqj vrph ri rxu

lghdv derxw shuihfw frpshwlwlrq1

Zlovrq +4<::,*v lpsruwdqw hduo| frqwulexwlrq vkrzhg wkdw wkh dqvzhu lv �|hv� iru d

�uvw0sulfh dxfwlrq xqghu klv dvvxpswlrqv19< Plojurp +4<;4, rewdlqhg vlplodu uhvxowv iru

d vhfrqg0sulfh dxfwlrq +ru iru d E&n��|� sulfh dxfwlrq iru & remhfwv, lq klv uhpdundeoh

sdshu wkdw frqwdlqv d udqjh ri rwkhu vljql�fdqw uhvxowv dqg zklfk zh kdyh douhdg|

phqwlrqhg lq Vhfwlrqv :15 dqg :161:3

Pdwwkhzv +4<;7, doorzv hdfk elgghu wr dftxluh lqirupdwlrq dw d frvw1 Lq klv prgho/

dv wkh qxpehu ri elgghuv ehfrphv odujh wkh dprxqw ri lqirupdwlrq hdfk rewdlqv idoov/

exw lq vxfk d zd| wkdw wkh +�uvw0sulfh, vdoh sulfh grhv qrw lq jhqhudo frqyhujh wr wkh

9:Lq frpprq0ydoxh vhwwlqjv kljkhu vljqdov zrxog qrw lpso| kljkhu pdujlqdo uhyhqxhv1 Vhh qrwh 871
9;D Fuhphu dqg PfOhdq +4<;8,0vw|oh phfkdqlvp lv suredeo| qrw d uhdolvwlf rqh lq d sudfwlfdo

vhwwlqj1 Vhh rxu glvfxvvlrq lq Vhfwlrq 9/ deryh/ dqg dovr Exorz dqg Nohpshuhu +4<<9, dqg Orsrpr
+4<<;,1

9<Plojurp +4<:<, jlyhv d suhflvh fkdudfwhulvdwlrq ri wkh vljqdo vwuxfwxuhv wkdw lpso| Zlovrq*v uhvxow1
:3Shvhqgruihu dqg Vzlqnhov +4<<:, vkrzv wkdw wkh vdoh sulfh frqyhujhv wr wkh wuxh ydoxh lq d +n.4,vw

sulfh dxfwlrq iru n remhfwv xqghu zhdnhu dvvxpswlrqv wkdq Zlovrq*v/ surylghg wkdw wkh qxpehu ri
remhfwv dv zhoo dv wkh qxpehu ri elgghuv ehfrphv odujh1
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wuxh ydoxh1

;17 Xqnqrzq Qxpehu ri Elgghuv

Pdwwkhzv +4<;:,:4 dqg PfDihh dqg PfPloodq +4<;:e, erwk frqvlghu dxfwlrqv zkhq

elgghuv zlwk sulydwh ydoxhv duh xqfhuwdlq derxw krz pdq| ulydov wkh| duh frpshwlqj

zlwk/:5 dqg dqdo|vh krz elgghuv* dqg wkh vhoohu*v suhihuhqfhv ehwzhhq wkh qxpehu ri

elgghuv ehlqj nqrzq ru xqnqrzq ghshqg rq wkh qdwxuh ri elgghuv* ulvn dyhuvlrq dqg

rq zkhwkhu elgghuv* vljqdov duh d!oldwhg/ hwf1:6

Ilqdoo|/ lw lv qrw kdug wr vhh wkdw xqghu wkh xvxdo dvvxpswlrqv +ulvn0qhxwudolw|/

lqghshqghqw vljqdov/ v|pphwu|/ hwf1,/ wkh vwdqgdug dujxphqw iru uhyhqxh htxlydohqfh

dssolhv lqghshqghqw ri zkhwkhu wkh dfwxdo qxpehu ri frpshwlwruv lv uhyhdohg wr elgghuv

ehiruh wkh| elg1:7

<1 Frooxvlrq
D fuxfldo frqfhuq derxw dxfwlrqv lq sudfwlfh lv wkh delolw| ri elgghuv wr frooxgh/

exw wkh wkhruhwlfdo zrun rq wklv lvvxh lv udwkhu olplwhg1

Urelqvrq +4<;8, pdnhv wkh vlpsoh exw lpsruwdqw srlqw wkdw d frooxvlyh djuhhphqw

pd| eh hdvlhu wr vxvwdlq lq d vhfrqg0sulfh dxfwlrq wkdq lq d �uvw0sulfh dxfwlrq1 Dv0

vxplqj/ iru vlpsolflw|/ qr sureohpv lq frplqj wr djuhhphqw dprqj doo wkh elgghuv/

ru lq vkdulqj wkh uhzdugv ehwzhhq wkhp/ dqg devwudfwlqj iurp dq| frqfhuqv derxw

ghwhfwlrq/ hwf1/ wkh rswlpdo djuhhphqw lq d vhfrqg0sulfh dxfwlrq lv iru wkh ghvljqdwhg

zlqqhu wr elg lq�qlwho| kljk zkloh doo wkh rwkhu elgghuv elg }hur/ dqg qr rwkhu elgghu

kdv dq| lqfhqwlyh wr fkhdw rq wklv djuhhphqw1 Exw wr gr dv zhoo lq d �uvw0sulfh dxfwlrq

wkh elgghuv pxvw djuhh wkdw wkh ghvljqdwhg zlqqhu elg dq duelwudulo| vpdoo dprxqw/

:4Dovr glvfxvvhg lq Vhfwlrq 8/ dqg uhsulqwhg lq wkdw Sduw ri Wkh Hfrqrplf Wkhru| ri Dxfwlrqv1
:5Lq Slfflrqh dqg Wdq +4<<9, wkh qxpehu ri elgghuv lv nqrzq/ exw wkh qxpehu ri elgghuv zlwk

sulydwh lqirupdwlrq lv xqfhuwdlq1 Wklv sdshu dovr frqvlghuv frpprq0ydoxh vhwwlqjv1
:6PfDihh dqg PfPloodq dovr frqvlghu rswlpdo dxfwlrqv iru wkh fdvh ri ulvn0qhxwudo elgghuv1
:7Vhh Kduvwdg/ Ohylq/ dqg Ndjho +4<<3, iru h{solflw elgglqj ixqfwlrqv iru wkh vwdqgdug dxfwlrq

irupv zkhq wkh dvvxpswlrqv iru uhyhqxh htxlydohqfh dsso|1 Wkh uhyhqxh htxlydohqfh uhvxow lv dovr d
vshfldo fdvh ri uhvxowv lq Pdwwkhzv +4<;:, dqg PfDihh dqg PfPloodq +4<;:e,1
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zkloh doo wkh rwkhuv elg }hur/ dqg doo wkh rwkhuv wkhq kdyh d vxevwdqwldo lqfhqwlyh wr

fkhdw rq wkh djuhhphqw1:8

Dq lpsruwdqw txhvwlrq lv zkhwkhu wkh fduwho fdq �qg d phfkdqlvp wkdw h!flhqwo|

+dqg lqfhqwlyh0frpsdwleo|, ghvljqdwhv wkh zlqqhu dqg glylghv wkh vsrlov e| pdnlqj

dssursuldwh vlghsd|phqwv/ zkhq elgghuv kdyh sulydwh lqirupdwlrq derxw wkhlu rzq

ydoxhv1 PfDihh dqg PfPloodq +4<<5,*v pdlq uhvxow lv wkdw wklv lv srvvleoh dqg fdq eh

lpsohphqwhg e| d vlpsoh suh0dxfwlrq li doo wkh elgghuv lq wkh dxfwlrq duh phpehuv ri

wkh fduwho dqg wkh| doo kdyh sulydwh ydoxhv gudzq iurp wkh vdph glvwulexwlrq1 Wklv

uhvxow lv yhu| forvho| uhodwhg wr wkh ghprqvwudwlrq lq Fudpwrq/ Jleerqv dqg Nohpshuhu

+4<;:,:9 wkdw d sduwqhuvkls +iru h{dpsoh/ wkh jdlqv iurp d fduwho, fdq eh h!flhqwo|

glylghg xs1

PfDihh dqg PfPloodq dovr dqdo|vh fduwhov wkdw frqwdlq rqo| d vxejurxs ri wkh

lqgxvwu| sduwlflsdqwv/ dqg �zhdn fduwhov� wkdw fdqqrw pdnh vlghsd|phqwv ehwzhhq

phpehuv/ dqg frqvlghu krz d vhoohu vkrxog uhvsrqg wr wkh h{lvwhqfh ri d fduwho1::

Dowkrxjk wkhuh duh pdq| ihzhu irupdo dqdo|vhv ri frooxvlrq wkdq vhhp phulwhg e|

wkh lvvxh*v sudfwlfdo lpsruwdqfh/ Khqgulfnv dqg Sruwhu +4<;<, lv d yhu| xvhixo lqirupdo

vxuyh| ri wkh flufxpvwdqfhv dqg phfkdqlvpv idflolwdwlqj frooxvlrq1 Wkh| irfxv hvsh0

fldoo| rq phwkrgv ri ghwhfwlqj frooxvlrq1

431 Pxowlxqlw Dxfwlrqv
Prvw dxfwlrq wkhru|/ dqg doprvw doo ri wkh zrun glvfxvvhg wklv idu/ uhvwulfwv dwwhq0

wlrq wr wkh vdoh ri d vlqjoh lqglylvleoh xqlw1 Wkh olwhudwxuh rq wkh vdoh ri pxowlsoh xqlwv

:8Plojurp +4<;:, ghyhorsv d vlplodu lqwxlwlrq wr dujxh wkdw uhshdwhg vhfrqg0sulfh dxfwlrqv duh pruh
vxvfhswleoh wr frooxvlrq wkdq uhshdwhg �uvw0sulfh dxfwlrqv1

:9Glvfxvvhg lq Vhfwlrq 4515/ dqg uhsulqwhg lq wkdw Sduw ri Wkh Hfrqrplf Wkhru| ri Dxfwlrqv1
::Judkdp dqg Pduvkdoo +4<;:, dgguhvv vlplodu lvvxhv dqg vkrz krz dq| vxevhw ri elgghuv fdq

dfklhyh h!flhqw frooxvlrq li dq rxwvlgh djhqw lv dydlodeoh wr dfklhyh h{0srvw exgjhw edodqflqj1 +Vhh dovr
Judkdp/ Pduvkdoo/ dqg Ulfkdug +4<<3,1, Pdlodwk dqg ]hpvn| +4<<4, vkrz krz wr dfklhyh h!flhqw
frooxvlrq lq vhfrqg0sulfh dxfwlrqv/ hyhq dprqj d vxevhw ri elgghuv zkr duh qrw h{0dqwh lghqwlfdo dqg
zlwkrxw wkh qhhg iru dq rxwvlgh djhqw/ exw xvlqj d pruh frpsolfdwhg phfkdqlvp1 Khqgulfnv/ Sruwhu/
dqg Wdq +4<<<, ghulyh d qhfhvvdu| dqg vx!flhqw frqglwlrq iru dq h!flhqw/ lqfhqwlyh0frpsdwleoh fduwho
lq d frpprq0ydoxh vhwwlqj1
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lv pxfk ohvv zhoo ghyhorshg/ h{fhsw iru wkh fdvh zkhuh elgghuv ghpdqg rqo| d vlqjoh

xqlw hdfk1 Lw lv/ krzhyhu/ wkh prvw dfwlyh �hog ri fxuuhqw uhvhdufk lq dxfwlrq wkhru|/:;

vr wklv lv suredeo| wkh vhfwlrq ri wklv vxuyh| wkdw zloo ehfrph revrohwh prvw txlfno|1

4314 Rswlpdo Dxfwlrqv

Pdvnlq dqg Uloh| +4<;<, h{whqg P|huvrq*v +4<;4, dqdo|vlv ri rswlpdo dxfwlrqv wr

wkh fdvh lq zklfk ex|huv kdyh grzqzdug0vorslqj ghpdqg0fxuyhv/ lqghshqghqwo| gudzq

iurp d rqh0sdudphwhu glvwulexwlrq/ iru txdqwlwlhv ri d krprjhqhrxv jrrg1:< Wkh|

surylgh rqh ri d qxpehu ri h{srvlwlrqv ri uhyhqxh htxlydohqfh iru wkh pxowlxqlw fdvh/

zkhq ex|huv hdfk zdqw qr pruh wkdq d vlqjoh xqlw1

Sdoiuh| +4<;6, dqdo|vhv d vhoohu*v +dqg ex|huv*, suhihuhqfhv ehwzhhq exqgolqj khw0

hurjhqhrxv remhfwv dqg vhoolqj wkhp xqexqgohg> kh vkrzv wkh vhoohu*v lqfhqwlyh wr

exqgoh glplqlvkhv dv wkh qxpehu ri elgghuv lqfuhdvhv1 Yhu| olwwoh surjuhvv kdv ehhq

pdgh vlqfh Sdoiuh|*v sdshu rq wkh sureohp ri ghwhuplqlqj wkh vhoohu0rswlpdo dxfwlrq

iru vhoolqj khwhurjhqhrxv remhfwv/ exw wklv wrslf lv wkh vxemhfw ri dfwlyh fxuuhqw uh0

vhdufk1;3

4315 Vlpxowdqhrxv Dxfwlrqv

Zlovrq +4<:<,/ lq dqrwkhu ri klv sdshuv wkdw zdv pdq| |hduv dkhdg ri lwv wlph/ �uvw

dqdo|vhg vkduh dxfwlrqv�dxfwlrqv lq zklfk hdfk elgghu r�huv d vfkhgxoh vshfli|lqj d

sulfh iru hdfk srvvleoh iudfwlrq ri wkh lwhp +iru h{dpsoh/ d fhuwdlq yroxph ri Wuhdvxu|

:;Pxfk fxuuhqw zrun kdv ehhq vwlpxodwhg e| wkh uhfhqw jryhuqphqw dxfwlrqv ri udglr vshfwuxp
olfhqvhv +iru preloh whohskrq|/ hwf1,/ dqg hpskdvlvhv wkh sureohp ri vhoolqj khwhurjhqrxv jrrgv zlwk
frpsohphqwdulwlhv ehwzhhq wkhp/ zlwk frpprq0ydoxh frpsrqhqwv wr elgghuv* ydoxdwlrqv/ dqg shukdsv
dovr h{whuqdolwlhv ehwzhhq elgghuv1 Iru glvfxvvlrq ri wkh vshfwuxp vdohv vhh PfDihh dqg PfPloodq
+4<<7/ 4<<9,/ Nohpshuhu +4<<;, +glvfxvvhg lq Vhfwlrq :15/ dqg uhsulqwhg lq wkdw Sduw ri Wkh Hfrqrplfv
ri Dxfwlrqv, dqg hvshfldoo|/ Plojurp +iruwkfrplqj,1 Dqrwkhu odujh erg| ri lpsruwdqw zrun kdv ehhq
vwlpxodwhg e| wuhdvxu| dxfwlrqv1 Vhh Elnkfkdqgdql dqg Kxdqj +4<<6, iru d vxuyh| ri wuhdvxu| vhfxulw|
pdunhwv1

:<Dv iru P|huvrq +4<;4,/ wkh dqdo|vlv fdq eh lqwhusuhwhg wkurxjk pdujlqdo uhyhqxhv/ wkrxjk lw lv
qrw suhvhqwhg wklv zd|1

;3Vhh/ iru h{dpsoh/ Dupvwurqj +4<<;, dqg Dyhu| dqg Khqghuvkrww +4<<:,/ dqg Urwknrsi/ Shnhf/
dqg Kduvwdg +4<<;,1
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qrwhv,1 Kh vkrzhg wkdw lq d xqlirup0sulfh dxfwlrq +zkhq doo wkh vkduhv duh vrog dw wkh

+vdph, sulfh wkdw htxdwhv wkh vxsso| dqg ghpdqg ri vkduhv, wkhuh duh Qdvk htxloleuld

wkdw orrn yhu| frooxvlyh/ lq wkdw wkh| vxssruw sulfhv wkdw pd| eh pxfk orzhu wkdq li

wkh lwhp zhuh vrog dv dq lqglylvleoh xqlw1 Wkh lqwxlwlrq lv wkdw elgghuv fdq lpsolflwo|

djuhh wr glylgh xs wkh lwhp dw d orz sulfh e| hdfk elgglqj h{wuhpho| djjuhvvlyho| iru

vpdoohu txdqwlwlhv wkdq khu htxloleulxp vkduh vr ghwhuulqj wkh rwkhuv iurp elgglqj iru

pruh1

Wklv lqwxlwlrq vxjjhvwv +dw ohdvw, wzr zd|v ri �xqgrlqj� wkh htxloleulxp1 Rqh zd|

lv wr uxq d glvfulplqdwru| dxfwlrq lq zklfk elgghuv sd| wkh sulfh wkh| elg iru hdfk

vkduh> elgglqj djjuhvvlyho| iru vpdoo txdqwlwlhv lv wkhq yhu| frvwo|/ vr elgghuv vxeplw

 dwwhu ghpdqg fxuyhv zklfk lqgxfh juhdwhu sulfh frpshwlwlrq dw wkh pdujlq1 Vhh Edfn

dqg ]hqghu +4<<6,/ zkr dujxh wkdw glvfulplqdwru| dxfwlrqv duh wkhuhiruh olnho| wr eh idu

pruh sur�wdeoh iru d vhoohu1;4 Qhyhuwkhohvv/ Dqwrq dqg \dr +4<<5, vkrz wkdw lpsolflw

frruglqdwlrq lv vwloo srvvleoh lq wklv nlqg ri dxfwlrq li elgghuv* ydoxhv duh qrq0olqhdu lq

wkh yroxph sxufkdvhg1;5

D vhfrqg zd| ri xqgrlqj wkh orz0sulfh xqlirup0sulfh htxloleulxp lv wr lqfoxgh vrph

udqgrpqhvv lq ghpdqgv +iru h{dpsoh/ iurp qrq0frpshwlwlyh elgghuv, ru lq wkh vhoohu*v

vxsso|1 Nohpshuhu dqg Ph|hu +4<;<, wdnh wklv wdfn dqg vkrz wkdw vx!flhqw vxsso| xq0

fhuwdlqw| fdq uhgxfh wkh pxowlsolflw| ri xqlirup0sulfh htxloleuld wr d vlqjoh htxloleulxp

wkdw lv kljko| frpshwlwlyh li elgghuv* ydoxhv duh olqhdu lq wkhlu yroxphv sxufkdvhg1;6

Wkh| srvh wkhlu prgho lq dq roljrsro| vhwwlqj/ ru htxlydohqwo| d surfxuhphqw dxfwlrq/

dqg doorz qrq0olqhdu +exw sxeolfo|0nqrzq, frvwv> wkh prgho forvho| fruuhvsrqgv wr wkh

;4Wkh vhfwlrq ri Zlovrq*v sdshu rq glvfulplqdwru| dxfwlrqv lv d olwwoh plvohdglqj derxw wkh uhod0
wlrqvkls zlwk xqlirup0sulfh dxfwlrqv1
Pd{zhoo +4<;6, lv hduolhu zrun h{whqglqj Zlovrq*v sdshu1
;5Dqwrq dqg \dr dovr xvh d sulydwh0ydoxh iudphzrun lq frqwudvw wr Edfn dqg ]hqghu*v dqg Zlovrq*v

frpprq0ydoxh vhwwlqj1 Vhh dovr Ehuqkhlp dqgZklqvwrq +4<;9, dqg Dqwrq dqg \dr +4<;<, iru uhodwhg
prghov zlwkrxw lqfrpsohwh lqirupdwlrq derxw frvwv ru ydoxhv1

;6Edfn dqg ]hqghu +4<<6, dujxh wkdw uhdolvwlf dprxqwv ri xqfhuwdlqw| pd| qhyhuwkhohvv ohdyh d
frqwlqxxp ri htxloleuld1 Vhh Q|eruj +4<<:, iru ixuwkhu glvfxvvlrq dqg rwkhu dujxphqwv djdlqvw wkh
orz0sulfh htxloleulxp1 Rwkhu uhodwhg uhfhqw zrun rq vlpxowdqhrxv pxowl0xqlw dxfwlrqv lqfoxghv Gdulsd
+4<<9d/e,/ Hqjhoeuhfkw0Zljjdqv dqg Ndkq +4<<:/ 4<<;, dqg Zdqj dqg ]hqghu +4<<;,1
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dfwxdo rshudwlrq ri hohfwulflw|0vxsso| dxfwlrq pdunhwv1;7

Nohpshuhu dqg Ph|hu*v prgho doorzv grzqzdug0vorslqj ghpdqg +lq wkh surfxuh0

phqw frqwh{w, khqfh wkh txdqwlw| lv hqgrjhqrxv wr wkh elgv +hyhq devhqw ghpdqg

xqfhuwdlqw|,1 Kdqvhq +4<;;, frqvlghuv hqgrjhqrxv txdqwlw| lq wkh zlqqhu0wdnh0doo frq0

wh{w/ dqg vkrzv wkdw qrw rqo| grhv wkh dxfwlrqhhu suhihu d �uvw0sulfh wr d vhfrqg0sulfh

dxfwlrq +lq d frqwh{w zkhuh uhyhqxh htxlydohqfh zrxog krog li wkh txdqwlw| zhuh �{hg,

exw wkh �uvw0sulfh dxfwlrq lv dovr vrfldoo| pruh h!flhqw dqg pd| hyhq eh suhihuuhg

e| wkh elgghuv1 Wkh lqwxlwlrq lv wkdw lq �uvw0 dqg vhfrqg0sulfh dxfwlrqv wkh txdqwlw|

wudghg ghshqgv rq wkh sulfhv elg e| wkh zlqqhu dqg wkh uxqqhu0xs/ uhvshfwlyho|1 Vr

wkh �uvw0sulfh dxfwlrq lv pruh surgxfwlyho| h!flhqw +wkh txdqwlw| wudghg uh hfwv wkh

zlqqhu*v frvw ru ydoxh, dqg surylghv juhdwhu lqfhqwlyh iru djjuhvvlyh elgglqj +d pruh

djjuhvvlyh elg qrw rqo| lqfuhdvhv wkh suredelolw| ri zlqqlqj/ exw dovr lqfuhdvhv wkh

txdqwlw| wudghg frqwlqjhqw rq zlqqlqj,1

4316 Vhtxhqwldo Dxfwlrqv

Wkh dqdo|vlv ri dxfwlrqv zkhuh xqlwv duh vrog vhtxhqwldoo| lv zhoo ghyhorshg iru wkh

lpsruwdqw vshfldo fdvh lq zklfk qr ex|hu lv lqwhuhvwhg lq pruh wkdq rqh xqlw1 Lq wklv

fdvh/ li wkh xqlwv duh krprjhqhrxv/ dqg xqghu wkh rwkhu xvxdo dvvxpswlrqv/ uhyhqxh

htxlydohqfh krogv zkhwkhu wkh xqlwv duh vrog vhtxhqwldoo| ru vlpxowdqhrxvo| +Zhehu

+4<;6,/ Pdvnlq dqg Uloh| +4<;<,/ dqg Exorz dqg Nohpshuhu +4<<7,,1

Wkxv txlwh frpsoh{ pxowl0xqlw dxfwlrqv fdq eh vroyhg e| xvlqj uhyhqxh htxlydohqfh

wr zrun rxw/ dw dq| srlqw ri wkh jdph/ zkdw sod|huv* vwudwhjlhv pxvw eh wr |lhog wkhp

wkh vdph h{shfwhg sd|r� dv li doo wkh uhpdlqlqj xqlwv zhuh dxfwlrqhg vlpxowdqhrxvo|

lq d vlpsoh dvfhqglqj dxfwlrq1

Exorz dqg Nohpshuhu +4<<7, xvh wkh uhyhqxh htxlydohqfh wkhruhp lq wklv zd| wr

vroyh iru wkh g|qdplf sulfh0sdwk ri d prgho ri d vwrfn pdunhw ru krxvlqj pdunhw> wkh

;7Vhh/ iru h{dpsoh/ wkh ghyhorsphqwv ri Nohpshuhu dqg Ph|hu*v prgho lq Erooh +4<<5,/ Juhhq dqg
Qhzehu| +4<<5,/ dqg Juhhq +4<<9,1
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prgho zrxog eh lqwudfwdeo| kdug wr vroyh e| wkh gluhfw phwkrg ri zulwlqj grzq wkh

�uvw0rughu frqglwlrqv iru htxloleulxp lq d g|qdplf surjudp1 Wkh srlqw ri wkh sdshu

lv wkdw udwlrqdo/ vwudwhjlf/ wudghuv vkrxog eh yhu| vhqvlwlyh wr qhz lqirupdwlrq dqg vr

sduwlflsdwh lq uxvkhv ri wudglqj dfwlylw| +iuhq}lhv, wkdw vrphwlphv ohdg wr fudvkhv lq

wkh pdunhw sulfh1 Krzhyhu/ lw lv wkh phwkrg udwkhu wkdq wkh vshfl�f dssolfdwlrq wkdw

ghvhuyhv hpskdvlv khuh1

D pxfk vlpsohu h{dpsoh lv wkh vdoh ri & xqlwv wkurxjk & uhshwlwlrqv ri d �uvw0

sulfh dxfwlrq/ zlwk rqo| wkh zlqqlqj elg dqqrxqfhg dw hdfk vwdjh/ wr elgghuv zlwk

lqghshqghqw sulydwh ydoxhv1 Khuh/ uhyhqxh htxlydohqfh whoov xv wkdw dw hdfk vwdjh hdfk

elgghu mxvw elgv wkh h{shfwhg E& n ��r| kljkhvw ydoxh/ frqglwlrqdo rq ehlqj d zlqqhu

dqg rq wkh lqirupdwlrq uhyhdohg vr idu/ vlqfh wklv lv zkdw vkh zrxog sd| li doo wkh

uhpdlqlqj xqlwv zhuh dxfwlrqhg vlpxowdqhrxvo| lq d vwdqgdug dvfhqglqj dxfwlrq1 Lw lv

hdv| wr vhh wkdw wklv lv d pduwlqjdoh/ wkdw lv/ wkh sulfh qhlwkhu ulvhv qru idoov ryhu wlph/

rq dyhudjh1

D odujh frqwulexwlrq ri Plojurp dqg Zhehu*v +4<;5f, vhplqdo sdshu lv wr frqvlghu d

zlghu fodvv ri vhtxhqwldo dxfwlrqv +lqfoxglqj �uvw0sulfh dxfwlrqv/ erwk zlwk dqg zlwkrxw

sulfh0dqqrxqfhphqwv/ vhfrqg0sulfh dxfwlrqv/ dqg Hqjolvk dxfwlrqv, xqghu pruh jhqhudo

dvvxpswlrqv1 Wkh| vkrz wkdw zlwk d!oldwlrq dqg2ru frpprq0ydoxh hohphqwv wkh sulfh

sdwk guliwv xszdugv1 Wkh lqwxlwlrq iru wkh h�hfw ri d!oldwlrq lv hvvhqwldoo| wkdw ri wkh

Olqndjh Sulqflsoh +vhh Vhfwlrq 9,1;8 Wklv sdshu kdv qrw suhylrxvo| ehhq sxeolvkhg/

exw lw lv d kljko| lq xhqwldo sdshu wkdw lw lv judwli|lqj wr eh deoh wr sxeolvk dw odvw

lq Wkh Hfrqrplf Wkhru| ri Dxfwlrqv1 Vlqfh lw lv xqsrolvkhg/ dqg wkh uhdghu pxvw

ehzduh ri srvvleoh huuruv/ zh dovr sxeolvk d qhz iruhzrug e| wkh dxwkruv wkdw h{sodlqv

wkh gl!fxowlhv1

Plojurp dqg Zhehu*v sdshu ohiw d sx}}oh= frqwudu| wr wkh glvfxvvlrq deryh/ lw

;8Qrwh/ krzhyhu/ wkdw Shuu| dqg Uhq| +4<<;, vkrz wkdw wkh Olqndjh Sulqflsoh qhhg qrw krog li
lqglylgxdov fdq zlq pruh wkdq rqh xqlw1 Wkh uhdvrq lv wkdw li +dv lq Plojurp dqg Zhehu*v prgho,
elgghuv ghvluh dw prvw rqh xqlw wkh xqghuelgghu lv dozd|v d orvhu zlwk shvvlplvwlf lqirupdwlrq/ exw
lq d pxowl0xqlw dxfwlrq wkh xqghuelgghu iru wkh pdujlqdo xqlw pd| douhdg| kdyh zrq lqiudpdujlqdo
xqlwv dqg kdyh rswlplvwlf lqirupdwlrq1
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lv pruh frpprq wr revhuyh d grzqzdug guliw lq sulfhv dw dxfwlrqv +vhh hvshfldoo|

Dvkhqihowhu +4<;<,,1 Wklv glvfuhsdqf| kdv vsdzqhg d vpdoo olwhudwxuh dwwhpswlqj wr

h{sodlq wkh �Ghfolqlqj Sulfh Dqrpdo|� +ru �Diwhuqrrq H�hfw�,1;9 Dq hduo| h{dpsoh

lv PfDihh dqg Ylqfhqw +4<<6, zkr sxuvxh wkh lqwxlwlyh qrwlrq wkdw ulvn0dyhuvlrq pljkw

gulyh xs hduo| sulfhv e| surylglqj dq lqfhqwlyh wr ex| hduo|1 Dfwxdoo|/ PfDihh dqg

Ylqfhqw*v uhvxowv duh lqfrqfoxvlyh> elgghuv xvh pl{hg vwudwhjlhv zkhq ulvn0dyhuvlrq lv

ri wkh prvw sodxvleoh nlqg/ vr sulfhv qhhg qrw qhfhvvdulo| ghfolqh1 Qhyhuwkhohvv/ wkhluv

lv dq lpsruwdqw dqdo|vlv dqg dovr surylghv dq lqwhuhvwlqj h{dpsoh lq zklfk elgglqj

ixqfwlrqv wkdw duh prqrwrqlf lq ydoxh gr qrw h{lvw1

Zhehu +4<;6, vxuyh|v pdq| ri wkh lvvxhv wkdw dulvh lq pxowl0remhfw dxfwlrqv/ irfxv0

lqj sulpdulo| rq vhtxhqwldo dxfwlrqv1 Xqolnh wkh suhylrxvo|0phqwlrqhg sdshuv lq wklv

vxevhfwlrq/ kh glvfxvvhv wkh frpsoh{ sureohpv wkdw dulvh zkhq elgghuv ghvluh pxowlsoh

xqlwv> Ruwhjd Uhlfkhuw +4<9;,;: kdg douhdg| dgguhvvhg vrph ri wkhvh1;;c;<

4317 H!flhqw Dxfwlrqv

D pdlq phvvdjh ri pxfk ri wkh fxuuhqw uhvhdufk rq pxowl0xqlw dxfwlrqv lv wkdw lw

lv yhu| kdug wr dfklhyh h!flhqw rxwfrphv1<3 Wklv lv lq frqwudvw wr wkh vlqjoh0xqlw

fdvh/ lq zklfk Pdvnlq +4<<5, vkrzhg xqghu d eurdg fodvv ri dvvxpswlrqv wkdw dq

;9Lq idfw Plojurp dqg Zhehu +4<;5f, vxjjhvw d uhvroxwlrq ri wkh �dqrpdo|� wkhpvhoyhv lq wkhlu
glvfxvvlrq ri wkh 4<;4 vdoh ri ohdvhv rq UFD vdwhoolwh0edvhg whohfrppxqlfdwlrqv wudqvsrqghuv1 Iru
rwkhu srvvleoh uhvroxwlrqv dqg dqdo|vhv edvhg rq prghov lq zklfk qr ex|hu ghpdqgv pruh wkdq rqh
xqlw/ vhh Ehuqkdugw dqg Vfrrqhv +4<<7,/ Hqjhoeuhfkw0Zljjdqv +4<<7,/ yrq ghu Ihku +4<<7,/ Jdoh dqg
Kdxvfk +4<<7,/ Ehjjv dqg Judgg| +4<<:,/ dqg Jlqvexuj +4<<;,1 Iru dqdo|vhv zkhq elgghuv kdyh
pxowl0xqlw ghpdqg vhh vhyhudo ri wkh sdshuv flwhg lq qrwh ;;1

;:Glvfxvvhg lq Zhehu*v sdshu dqg lq rxu Vhfwlrq 5/ dqg uhsulqwhg lq wkdw Sduw ri Wkh Hfrqrplf
Wkhru| ri Dxfwlrqv1

;;Rwkhu qlfh sdshuv dqdo|vlqj vhtxhqwldo dxfwlrqv zkhq elgghuv kdyh pxowl0xqlw ghpdqg lqfoxgh
Urehuw*v +�4<<8, yhu| hohjdqw/ wudfwdeoh h{dpsoh> Slwfkln dqg Vfkrwwhu*v +4<;;,/ Slwfkln*v +4<<8,/
dqg Ehqrlw dqg Nulvkqd*v +4<<;, dqdo|vhv ri exgjhw0frqvwudlqhg elgghuv> Ohylq*v +4<<9,/ Jdoh/ Kdxvfk
dqg Vwhjhpdq*v +4<<;,/ dqg yrq ghu Ihku dqg Ullv*v +4<<<, prghov ri surfxuhphqw dxfwlrqv zkhuh
elgghuv kdyh lqfuhdvlqj ru ghfuhdvlqj pdujlqdo frvwv ri vxsso|/ ru fdsdflw| frqvwudlqwv/ dqg wkh uhodwhg
dqdo|vhv ri Eodfn dqg gh Ph}d +4<<5,/ dqg Jdoh dqg Vwhjhpdq +4<<8,> Nulvkqd*v +4<<6, dssolfdwlrq
wr zkhwkhu lqfxpehqwv zloo rxwelg srwhqwldo hqwudqwv iru fdsdflw|> dqg Kdxvfk*v +4<;9, dqdo|vlv ri
vhtxhqwldo yhuvxv vlpxowdqhrxv vdohv lq d prgho zlwk vrph vlplodulwlhv wr Ruwhjd Uhlfkhuw*v1

;<PfDihh dqg Ylqfhqw +4<<:, frqvlghu dq dxfwlrqhhu zkr fdqqrw frpplw qrw wr uh0dxfwlrq dq
remhfw wkdw idlov wr phhw lwv uhvhuyh/ vr zkr pljkw krog pxowlsoh dxfwlrqv ri d vlqjoh xqlw1

<3Wklv lv wuxh hyhq lq wkh frpsohwh lqirupdwlrq fdvh1 Vhh Elnkfkdqgdql +4<<<,1
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dvfhqglqj dxfwlrq lv h!flhqw li elgghuv* sulydwh vljqdov duh vlqjoh0glphqvlrqdo/ hyhq

zlwk dv|pphwulhv dprqj elgghuv dqg frpprq0ydoxh frpsrqhqwv wr ydoxdwlrqv1

D Ylfnuh| dxfwlrq lv h!flhqw lq sulydwh0ydoxh pxowl0xqlw frqwh{wv/<4 dqg Gdvjxswd

dqg Pdvnlq +4<<;, dqg Shuu| dqg Uhq| +4<<;, vkrz krz wr jhqhudol}h wkh Ylfnuh|

phfkdqlvp wr dfklhyh h!flhqf| lq d zlgh ydulhw| ri pxowl0xqlw frqwh{wv li hdfk elgghu*v

vljqdo lv rqh0glphqvlrqdo1 Exw Mhklho dqg Progrydqx +4<<;, rewdlq lpsrvvlelolw|

uhvxowv vkrzlqj wkdw h!flhqf| lv qrw xvxdoo| srvvleoh zkhq hdfk elgghu*v lqirupdwlrq

vljqdo lv pxowlglphqvlrqdo/ dv lv qdwxudo zkhq wkhuh duh pxowlsoh khwhurjhqhrxv jrrgv1

Dxvxeho +4<<;, dqg Dxvxeho dqg Fudpwrq +4<<;, hpskdvlvh wkh lqh!flhqflhv ri

vwdqgdug dxfwlrqv hyhq lq wkh vdoh ri krprjhqhrxv remhfwv1 Lq sduwlfxodu/ dq dvfhqg0

lqj pxowl0xqlw dxfwlrq +zkhuh wkh vdoh sulfh htxdov wkh �uvw sulfh dw zklfk wkh qxpehu

ri xqlwv ghpdqghg idoov wr wkh vxsso| dydlodeoh, jlyhv d odujh elgghu dq lqfhqwlyh wr

uhgxfh khu ghpdqg hduo| lq rughu wr sd| ohvv iru wkrvh xqlwv vkh grhv zlq1<5

441 Ur|dowlhv/ Lqfhqwlyhv Frqwudfwv/ dqg Sd|phqwv
iru Txdolw|

Lw lv xvxdoo| dvvxphg wkdw elgghuv* sd|phqwv fdq ghshqg rqo| rq wkh elgv1 Exw li

wkh zlqqhu*v ydoxh fdq eh revhuyhg h{0srvw/ hyhq lpshuihfwo|/ wkh vhoohu fdq gr ehwwhu

e| pdnlqj wkh zlqqhu*v sd|phqw ghshqg rq wklv revhuydwlrq1 Wklv uhpryhv vrph ri

wkh zlqqhu*v lqirupdwlrq uhqw/ dqg fdq eh lqwhusuhwhg dv dq dssolfdwlrq ri wkh Olqndjh

Sulqflsoh1

Uloh| +4<;;, pdnhv wklv srlqw lq d jhqhudo frqwh{w1 Dv d sudfwlfdo dssolfdwlrq/

wkh txdqwlw| ri rlo h{wudfwhg pd| eh d qrlv| vljqdo ri dq rlo�hog*v sur�wdelolw|> Uloh|

vkrzv wkdw wkh vhoohu*v h{shfwhg uhyhqxh fdq wkhq eh lqfuhdvhg hlwkhu e| vhwwlqj shu0

xqlw ur|dowlhv wkdw wkh zlqqhu pxvw sd| lq dgglwlrq wr wkh ihh elg/ ru e| kdylqj elgghuv

<4Dowkrxjk hyhq lq wklv frqwh{w wkh Ylfnuh| dxfwlrq zrxog eh sureohpdwlf iru sudfwlfdo srolf|
ehfdxvh kljk0ydoxhuv duh riwhq uhtxluhg wr sd| ohvv wkdq orz0ydoxhuv +zklfk vhhpv rgg wr srolf|
pdnhuv,/ ehfdxvh ri wkh rgg rssruwxqlwlhv iru frooxvlyh ehkdylrxu/ ehfdxvh ri exgjhw frqvwudlqwv/ hwf1

<5Ri frxuvh/ wkh vdph h�hfw lv suhvhqw lq rwkhu prghov/ iru h{dpsoh/ Nohpshuhu dqg Ph|hu +4<;<,1
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elg rq wkh ur|dow| udwh wkh| duh zloolqj wr sd| udwkhu wkdq rq �{hg ihhv1<6 c<7

Vlploduo|/ Od�rqw dqg Wluroh +4<;:, dqdo|}h d surfxuhphqw dxfwlrq lq zklfk wkh

zlqqhu zloo vxevhtxhqwo| lqyhvw lq xqrevhuyhg h�ruw wr uhgxfh lwv frvw1 Wkh dxfwlrqhhu

revhuyhv wkh �qdo uhdolvhg frvw1 Dxfwlrqlqj dq lqfhqwlyh frqwudfw zlwk d frvw0vkdulqj

surylvlrq jhwv d ehwwhu sulfh iru wkh dxfwlrqhhu e| uhgxflqj wkh gl�huhqfh ehwzhhq

�upv* ydoxdwlrqv ri zlqqlqj/ vr uhgxflqj wkh zlqqhu*v uhqw +mxvw olnh d ur|dow|,/ hyhq

wkrxjk lw zhdnhqv wkh lqfhqwlyhv iru h�ruw wr uhgxfh frvwv1 Rqh ri Od�rqw dqg Wluroh*v

nh| uhvxowv lv d �vhsdudwlrq surshuw|�= wkh rswlpdo frqwudfw/ dqg khqfh wkh zlqqhu*v

�qdo frvw/ lv vlplodu wr wkdw zklfk zrxog dsso| li wkhuh zhuh rqo| d vlqjoh �up dqg

vr qr elgglqj frpshwlwlrq/ zkloh wkh dxfwlrq dzdugv wkh frqwudfw wr wkh �up wkdw

dqqrxqfhv wkh orzhvw h{shfwhg frvw1<8

Fkh +4<<6, xvhv d yhuvlrq ri Od�rqw dqg Wluroh*v prgho wr dqdo|vh d pxowlglphq0

vlrqdo dxfwlrq lq zklfk �upv elg rq erwk txdolw| dqg sulfh lq d surfxuhphqw dxfwlrq1

Wkh dxfwlrqhhu xvhv d vfrulqj uxoh wr hydoxdwh wkh elgv1 Lw lv qr vxusulvh wkdw d uhyhqxh

htxlydohqfh uhvxow dssolhv/ iru h{dpsoh/ ehwzhhq ��uvw0vfruh� dqg �vhfrqg0vfruh� dxf0

wlrqv1 Fkh dovr vkrzv wkdw lw lv rswlpdo iru wkh dxfwlrqhhu wr suhfrpplw wr d vfrulqj

uxoh wkdw xqghuuhzdugv txdolw| uhodwlyh wr khu uhdo +h{0srvw, suhihuhqfhv1<9 Qrwh wkdw

dowkrxjk wklv lv d yhu| hohjdqw prgho ri pxowlglphqvlrqdo elgglqj/ �upv rqo| gl�hu

dffruglqj wr d rqh0glphqvlrqdo w|sh1<:

<6Lq dqdo|vlqj wklv dssolfdwlrq/ kh exlogv rq zrun e| Uhhfh +4<:<,1
<7Exw qrwh ur|dowlhv fdq eh yhu| gdqjhurxv lq vrph vhwwlqjv1 Lpdjlqh d jryhuqphqw dzduglqj d

prqrsro| olfhqvh iru d pdunhw zlwk grzqzdug0vorslqj ghpdqg wr wkh �up wkdw zloo sd| wkh kljkhvw
ur|dow| shu xqlw vrog1 Wkhq �upv zlwk lghqwlfdo/ frqvwdqw/ pdujlqdo frvwv zloo elg wkh ur|dow| xs wr wkh
yhuwlfdo lqwhufhsw ri ghpdqg ohvv wklv pdujlqdo frvw1 Jryhuqphqw uhyhqxh/ �up sur�wv/ dqg frqvxphu
vxusoxv zloo doo eh }hur1 Uloh| dvvxphv frqvwdqw shu xqlw uhyhqxh iurp wkh rlo/ dqg ghfuhdvlqj pdujlqdo
frvw xs wr vrph rxwsxw ohyho derxw zklfk wkh elgghuv kdyh sulydwh lqirupdwlrq1

<8Wkh vdph uhvxow lv rewdlqhg lqghshqghqwo| lq vlplodu prghov gxh wr PfDihh dqg PfPloodq +4<;:g,
dqg Ulrugdq dqg Vdsslqjwrq +4<;:,1 D suhfxuvru wr wklv zrun lv PfDihh dqg PfPloodq +4<;9,1

<9Lq whupv ri wkh irupdo prgho/ �txdolw|� sod|v wkh uroh ri wkh elgghu*v h{shfwhg frvw lq Od�rqw
dqg Wluroh1 Khqfh wklv uhvxow1

<:Vhh dovr Eudqfr +4<<:, rq pxowl0glphqvlrqdo dxfwlrqv1
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451 Grxeoh Dxfwlrqv/ hwf
4514 Grxeoh Dxfwlrqv

Vwdqgdug dxfwlrq wkhru| dvvxphv d vlqjoh vhoohu frqwurov wkh wudglqj phfkdqlvp/

zkloh pdq| ex|huv vxeplw elgv1 Lq d grxeoh dxfwlrq/ ex|huv dqg vhoohuv duh wuhdwhg

v|pphwulfdoo| zlwk ex|huv vxeplwwlqj elgv dqg vhoohuv vxeplwwlqj dvnv1 Wkh grxeoh0

dxfwlrq olwhudwxuh wkxv surylghv d olqn wr wkh edujdlqlqj olwhudwxuh1 Zh hpskdvlvh khuh

prghov wkdw duh forvho| uhodwhg wr vlpsoh/ vwdwlf/ vwdqgdug +rqh0vlghg, dxfwlrqv1<;

Wkh vhplqdo prgho lv wkh &0grxeoh dxfwlrq ri Fkdwwhumhh dqg Vdpxhovrq +4<;6,

lq zklfk d vlqjoh ex|hu dqg vlqjoh vhoohu vxeplw d elg K dqg dvn r/ uhvshfwlyho|/ dqg

li wkh elg h{fhhgv wkh dvn d wudgh lv frqvxppdwhg dw wkh sulfh &K n E� � &�rc zkhuh

f � & � �� Ri frxuvh/ erwk ex|hu dqg vhoohu kdyh lqfhqwlyh wr plvuhsuhvhqw wkhlu wuxh

ydoxhv/ vr wudghv wkdw zrxog eh h!flhqw duh qrw qhfhvvdulo| pdgh1

Zlovrq +4<;8, �uvw vwxglhg wkh jhqhudolvdwlrq wr wkh pxowl0ex|hu2pxowl0vhoohu fdvh

lq zklfk hdfk djhqw fdq wudgh dw prvw rqh lqglylvleoh xqlw dqg/ jlyhq wkh elgv dqg

dvnv/ wkh pd{lpxp qxpehu ri ihdvleoh wudghv duh pdgh dw d sulfh d iudfwlrq & ri wkh

glvwdqfh ehwzhhq wkh orzhvw dqg kljkhvw ihdvleoh pdunhw fohdulqj sulfhv1 Wkh nh| uhvxow

lv wkdw d grxeoh dxfwlrq lv h!flhqw/ lq wkh vhqvh wkdw zlwk vx!flhqwo| pdq| ex|huv

dqg vhoohuv wkhuh lv qr rwkhu wudglqj uxoh iru zklfk/ frqglwlrqdo rq djhqwv* ydoxhv lw lv

frpprq nqrzohgjh wkdw doo djhqwv zrxog eh ehwwhu r� lq h{shfwdwlrq1

Uxvwlfklql/ Vdwwhuwkzdlwh dqg Zlooldpv +4<<7, sxuvxh wkh txhvwlrq ri wkh h{whqw wr

zklfk djhqwv* htxloleulxp elgv dqg dvnv plvuhsuhvhqw wkhlu dfwxdo ydoxhv1 Wkh dqvzhu

lv wkdw lq odujh pdunhwv wkh pd{lpxp plvuhsuhvhqwdwlrq lv vpdoo/ dqg khqfh wkh h{whqw

ri wkh lqh!flhqf| fdxvhg e| vwudwhjlf ehkdylru lv dovr vpdoo1<<

Vrph lqwxlwlrq lv surylghg e| PfDihh +4<;<, zkr frqvlghuv wkh iroorzlqj vlpsoh

phfkdqlvp= li � wudghv duh ihdvleoh/ ohw wkh E� � �� kljkhvw ydoxh ex|huv ex| dw wkh

<;Ixuwkhupruh/ doo wkh sdshuv glvfxvvhg lq wklv Vhfwlrq duh lqghshqghqw sulydwh0ydoxh prghov1 Wkh
dvvxpswlrq ri sulydwh ydoxhv/ hvshfldoo|/ vhhpv lpsruwdqw1

<<Vdwwhuwkzdlwh dqg Zlooldpv +4<;<d, dqg Zlooldpv +4<<4, kdg hduolhu rewdlqhg vlplodu uhvxowv iru
wkh vshfldo fdvh n @ 4 +wkh �ex|hu*v elg grxeoh dxfwlrq�, zklfk lv pxfk hdvlhu wr kdqgoh ehfdxvh
vhoohuv doo kdyh d grplqdqw vwudwhj| ri qr plvuhsuhvhqwdwlrq1
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� |� kljkhvw ex|hu*v ydoxh zkloh wkh E� � �� orzhvw ydoxh vhoohuv vhoo dw wkh � |� orzhvw

vhoohu*v ydoxh1 Qrz/ mxvw dv lq d vhfrqg0sulfh dxfwlrq/ doo djhqwv uhsruw wkhlu dfwxdo

ydoxhv dv grplqdqw vwudwhjlhv/ dqg rqo| wkh ohdvw ydoxdeoh ihdvleoh wudgh lv iruhjrqh/

dqg wkh phfkdqlvp dovr pdnhv prqh|1 Wkh idfw wkdw wklv phfkdqlvp lv reylrxvo| vr

h!flhqw +dqg PfDihh vkrzv krz d voljkwo| pruh frpsolfdwhg vfkhph grhv hyhq ehwwhu,

pdnhv lw ohvv vxusulvlqj wkdw rwkhu grxeoh dxfwlrq phfkdqlvpv duh dovr yhu| h!flhqw1

4515 Uhodwhg Wzr0Vlghg Wudglqj Phfkdqlvpv

Uhodwhg lpsruwdqw zrun lqfoxghv P|huvrq dqg Vdwwhuwkzdlwh*v +4<;6, sdwk0euhdnlqj

jhqhudo dqdo|vlv ri phfkdqlvp ghvljq iru elodwhudo wudglqj1 Wkh| xvh whfkqltxhv vlplodu

wr wkrvh ri P|huvrq +4<;4,/ dqg wkh uhdghu lv vlploduo| xujhg wr vwxg| wkh uhlqwhusuh0

wdwlrq lq whupv ri pdujlqdo uhyhqxhv dqg pdujlqdo frvwv jlyhq lq Exorz dqg Urehuwv

+4<;<,1433 P|huvrq dqg Vdwwhuwkzdlwh vkrz wkdw wkh v|pphwulf yhuvlrq E& ' �

2
� ri

Fkdwwhumhh dqg Vdpxhovrq*v wzr0sod|hu grxeoh dxfwlrq lv lq idfw dq rswlpdo phfkd0

qlvp/ lq wkdw lw pd{lplvhv wkh h{shfwhg jdlqv iurp wudgh/ lq wkh fdvh wkdw wkh djhqwv*

ydoxhv duh lqghshqghqwo| gudzq iurp lghqwlfdo xqlirup glvwulexwlrqv1434

Wklv sdshu dovr ghprqvwudwhv wkdw h{0srvw h!flhqf| fdqqrw eh dfklhyhg lq edujdlq0

lqj ehwzhhq d vhoohu zkr lqlwldoo| rzqv wkh dvvhw dqg d ex|hu zlwk qr sulru rzqhuvkls/

zkhq wkhuh lv sulydwh lqirupdwlrq derxw ydoxdwlrqv1 Krzhyhu/ Fudpwrq/ Jleerqv dqg

Nohpshuhu +4<;:, vkrz wkdw h{0srvw h!flhqf| fdq eh jxdudqwhhg +wkdw lv/ lv frqvlvwhqw

zlwk lqfhqwlyh frpsdwlelolw| dqg lqglylgxdo udwlrqdolw|, zkhq wkh dvvhw wr eh wudghg

lv mrlqwo| rzqhg= wkh uhdvrq lv wkdw wudghuv* lqfhqwlyhv wr plvuhsuhvhqw wkhlu ydoxhv duh

uhgxfhg e| wkhlu xqfhuwdlqw| derxw zkhwkhu wkh| zloo eh ex|huv ru vhoohuv1 Fudpwrq/

Jleerqv dqg Nohpshuhu h{klelw rqh elgglqj jdph wkdw dfklhyhv h!flhqf|> uhyhqxh

433Wkhvh wzr sdshuv duh erwk glvfxvvhg lq Vhfwlrq 7 dqg uhsulqwhg lq wkh fruuhvsrqglqj Sduw ri Wkh
Hfrqrplf Wkhru| ri Dxfwlrqv1
434Exw wklv uhvxow ghshqgv fulwlfdoo| rq wkh glvwulexwlrqdo dvvxpswlrqv/ dqg dovr dvvxphv djhqwv sod|
wkh olqhdu htxloleulxp frqvwuxfwhg e| Fkdwwhumhh dqg Vdpxhovrq1 Wkhuh duh dovr qrq0olqhdu htxloleuld
+vhh Ohlqlqjhu/ Olqkduw dqg Udgqhu +4<;<,/ dqg Vdwwhuwkzdlwh dqg Zlooldpv +4<;<e,,1
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htxlydohqfh phdqv wkdw rwkhu dxfwlrq irupv fdq dfklhyh wkh vdph rxwfrph1435 Wklv

sdshu h{sodlqv zk| h{0srvw h!flhqw frooxvlrq lq dq dxfwlrq +wkdw lv/ h!flhqwo| glylg0

lqj wkh mrlqw vsrlov e| ghvljqdwlqj d zlqqhu dqg pdnlqj dssursuldwh vlgh sd|phqwv, lv

srvvleoh +vhh Vhfwlrq <,1

461 Rwkhu Wrslfv
Wklv vhfwlrq frqvlghuv vrph rwkhu lpsruwdqw wrslfv/ hdfk ri zklfk lv uhsuhvhqwhg

e| d sdshu lq Wkh Hfrqrplf Wkhru| ri Dxfwlrqv1

4614 Exgjhw Frqvwudlqwv

Dq lpsruwdqw uhdvrq zk| uhyhqxh htxlydohqfh pd| idlo lq sudfwlfh lv wkdw elgghuv

pd| idfh exgjhw frqvwudlqwv1 Wr vhh zk|/ frqvlghu wkh vwdqgdug prgho lq zklfk uhyhqxh

htxlydohqfh dssolhv dqg elgghuv kdyh lqghshqghqw sulydwh ydoxhv ��/ exw ohw elgghu �

kdyh exgjhw frqvwudlqw K�1 Wkhq lq d vhfrqg0sulfh dxfwlrq � elgv h{dfwo| dv li vkh

kdg ydoxh %� ' 4�?EK�c ��� exw qr exgjhw frqvwudlqw/ vr e| wkh uhyhqxh htxlydohqfh

wkhruhp436 wkh h{shfwhg uhyhqxh htxdov wkdw iurp d �uvw0sulfh dxfwlrq lq zklfk elgghuv

kdyh ydoxhv %� dqg qr exgjhw frqvwudlqwv/ ru htxlydohqwo| d �uvw0sulfh dxfwlrq lq zklfk

elgghuv kdyh ydoxhv %� dqg exgjhw frqvwudlqwv %�� Lw lv lqwxlwlyh wkdw wklv lv ohvv h{shfwhg

uhyhqxh wkdq iurp d �uvw0sulfh dxfwlrq lq zklfk elgghuv kdyh ydoxhv ��E� %�� dqg

exgjhw frqvwudlqwv K�E� %��� Vr �uvw0sulfh dxfwlrqv duh pruh sur�wdeoh wkdq vhfrqg0

sulfh dxfwlrqv1 Wklv dqg vlplodu uhvxowv duh rewdlqhg lq Fkh dqg Jdoh +4<<;,1

Lw lv dovr lqwxlwlyh wkdw dxfwlrq irupv wkdw wdnh sd|phqwv iurp orvhuv/ vxfk dv orw0

whulhv dqg �doo0sd|� dxfwlrqv/ fdq eh pruh sur�wdeoh vwloo lq wkh suhvhqfh ri exgjhw

frqvwudlqwv1437 Exgjhw frqvwudlqwv duh dovr yhu| lpsruwdqw lq vhtxhqwldo pxowl0xqlw

dxfwlrqv/ zkhuh wkh| surylgh lqfhqwlyhv wr/ iru h{dpsoh/ wu| wr uhgxfh rssrqhqwv* exg0

435Wklv sdshu/ wrr/ fdq eh xqghuvwrrg dorqj wkh vdph olqhv wkdw Exorz dqg Urehuwv h{sodlq P|huvrq
dqg Vdwwhuwkzdlwh1
436Zh dvvxph wkh el duh lqghshqghqwo| gudzq iurp d vwulfwo| lqfuhdvlqj dwrpohvv glvwulexwlrq/ vr
wkdw wkh {l fruuhvsrqg wr lqghshqghqw gudzv iurp d vwulfwo| lqfuhdvlqj dwrpohvv glvwulexwlrq1
437Vhh Fkh dqg Jdoh +4<<9,1
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jhwv lq hduo| vdohv lq rughu wr orzhu vxevhtxhqw vdoh sulfhv1 Wklv lv wkh vxemhfw ri

dq lpsruwdqw sdshu lq wkh olwhudwxuh rq h{shulphqwdo dxfwlrqv/ Slwfkln dqg Vfkrwwhu

+4<;;,/ dqg lv dovr dq duhd ri dfwlyh uhvhdufk1438

4615 H{whuqdolwlhv ehwzhhq Elgghuv

Mhklho dqg Progrydqx +4<<9, pdnh dq lpsruwdqw h{whqvlrq wr wkh wkhru| e| lqfru0

srudwlqj wkh srvvlelolw| wkdw d srwhqwldo ex|hu fduhv zkr ex|v wkh remhfw iru vdoh lq

wkh hyhqw wkdw vkh grhv qrw1 Wklv pljkw eh wkh fdvh/ iru h{dpsoh/ zkhq d sdwhqw lv

dxfwlrqhg wr roljrsrolvwlf frpshwlwruv/ ru zkhq vhoolqj qxfohdu zhdsrqv1439 Mhklho dqg

Progrydqx*v sdshu udlvhv pdq| ri wkh lvvxhv/ lqfoxglqj ghprqvwudwlqj lq wkh frqwh{w

ri �uvw0sulfh dxfwlrqv zlwk frpsohwh lqirupdwlrq wkdw wkhuh pd| eh pxowlsoh htxloleuld/

dqg khqfh wkdw d srwhqwldo elgghu pd| gr ehwwhu wr dyrlg dq dxfwlrq udwkhu wkdq vkrz

xs dqg ulvn jdoydqlvlqj dq hqhp| wr zlq1 Mhklho/ Progrydqx dqg Vwdffkhwwl +4<<9,

dgguhvv wkh lvvxh ri frqvwuxfwlqj rswlpdo phfkdqlvpv/ dqg Fdloodxg dqg Mhklho +4<<;,

vkrz wkdw h{whuqdolwlhv ehwzhhq elgghuv whqg wr pdnh frooxvlrq kdughu143:

4616 Mxps Elgglqj

Dq dvfhqglqj dxfwlrq lv xvxdoo| prghoohg dv d frqwlqxrxv surfhvv lq zklfk hdfk

vxffhvvlyh elg lv dq duelwudulo| vpdoo lqfuhphqw deryh wkh suhylrxv elg1 Krzhyhu/

dfwxdo ehkdylrxu lq/ iru h{dpsoh/ wdnhryhu edwwohv/ riwhq lqyroyhv �mxps elgglqj� lq

zklfk d elgghu udlvhv wkh sulfh yhu| vxevwdqwldoo| zlwk d vlqjoh elg143;

Wr xqghuvwdqg zk| wklv pljkw kdsshq/ frqvlghu d vwdqgdug lqghshqghqw sulydwh0

438Vhh Slwfkln +4<<8,/ Ehqrlw dqg Nulvkqd +4<<;, dqg Kduirug +4<<;,1
Exgjhw frqvwudlqwv dovr d�hfw wkh ulvn wkdw d vxffhvvixo elgghu pd| jr edqnuxsw/ ru rwkhuzlvh idlo

wr krqrxu wkh vdoh frqwudfw1 Vhh Erdug +4<<<,/ Kdqvhq dqg Orww +4<<4,/ Vsxoehu +4<<3,/ Zdhkuhu
+4<<8,/ dqg ]khqj +4<<<,1
439Ru dq hpsluh1 Vhh qrwh 541
43: Lq d uhodwhg yhlq/ Ixoohuwrq dqg PfDihh +4<<<, h{dplqh elgghuv zkr duh frqfhuqhg derxw wkh
ulvn ri hqwhulqj dq lqgxvwu| djdlqvw vwurqjhu ulydov1
43;Wkh dxfwlrq ri wkh Hpsluh +vhh qrwh 54, zdv vhwwohg e| d �qdo mxps elg iurp 8/333 gudfkpv
wr 9/583 gudfkpv/ wkrxjk lq wklv fdvh elgghuv* vwudwhjlhv zhuh suredeo| qrw rswlpdo h{0dqwh +dqg
fhuwdlqo| qrw h{0srvw,1
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ydoxh Hqjolvk dxfwlrq zlwk wzr v|pphwulf sod|huv1 Wkh iroorzlqj ehkdylrxu lv dq

htxloleulxp= rqh sod|hu elgv wkh sulfh vkh zrxog elg lq d �uvw0sulfh vhdohg0elg dxfwlrq>

wkh vhfrqg sod|hu wkdq lqihuv wkh �uvw sod|hu*v dfwxdo ydoxh dqg elgv wkdw dfwxdo ydoxh

li khu rzq ydoxh lv kljkhu/ exw txlwv wkh dxfwlrq rwkhuzlvh143< Vr wkh sod|hu zlwk wkh

dfwxdo kljkhu ydoxh zlqv/ exw wkh �uvw sod|hu sd|v wkh �uvw0sulfh dxfwlrq sulfh zkhq

vkh zlqv/ zkloh wkh vhfrqg sod|hu sd|v wkh vhfrqg0kljkhvw ydoxdwlrq zkhq vkh zlqv1

Vlqfh wkh kljkhu0ydoxh elgghu dozd|v zlqv/ wkh rxwfrph lv uhyhqxh0htxlydohqw wr wkdw

ri wkh vwdqgdug frqwlqxrxvo| dvfhqglqj prgho lq zklfk wkh zlqqhu dozd|v sd|v wkh

vhfrqg0kljkhvw ydoxdwlrq1 Dqg vlqfh wkh �uvw elgghu pd| ihdu wkdw wkh vhfrqg pd|

plvxqghuvwdqg wkh htxloleulxp dqg elg xs wkh sulfh zkhq vkh zloo dq|zd| orvh/ lw lv

qrw wkh prvw qdwxudo htxloleulxp lq wkh vlpsoh lqghshqghqw sulydwh0ydoxh prgho1 Exw

zlwk d!oldwlrq/ elgghuv suhihu �uvw0sulfh vhdohg0elg dxfwlrqv wr frqwlqxrxv dvfhqglqj

dxfwlrqv/ dv vkrzq lq Plojurp dqg Zhehu +4<;5d,443/ vr wkh �uvw0sulfh ihdwxuhv ri wklv

htxloleulxp duh dwwudfwlyh wr elgghuv/ dqg Dyhu| +4<<;, ghprqvwudwhv wkdw zh pd|

wkhuhiruh h{shfw d �mxpslqj� htxloleulxp wr eh sod|hg1

Li wkhuh duh frvwv wr pdnlqj hdfk elg/ wkhq mxps elgglqj dulvhv iru vlplodu uhdvrqv/

hyhq zlwk lqghshqghqw sulydwh ydoxhv/ vhh Gdqlho dqg Kluvkohlihu +4<<8,1

4617 Wkh Zdu ri Dwwulwlrq

Wkh Zdu ri Dwwulwlrq lv qr pruh wkdq d vshfldo nlqg ri dxfwlrq lq zklfk doo wkh

elgghuv sd|/ dqg nhhs rq sd|lqj dw vrph vshfl�hg udwh/ xqwlo wkh| txlw frpshwlqj

iru wkh sul}h1 +Lw lv luuhohydqw wr wkh dqdo|vlv wkdw lq prvw sudfwlfdo frqwh{wv wkh

sd|phqwv duh vrfldo zdvwh/ udwkhu wkdq froohfwhg e| dq dxfwlrqhhu1, Lpsruwdqw hduo|

frqwulexwlrqv zhuh pdgh e| Uloh| +4<;3,/ Eolvv dqg Qdohex� +4<;7,/ dqg Ixghqehuj

dqg Wluroh +4<;9,/ dprqj rwkhuv1 Exorz dqg Nohpshuhu +4<<<d, h{whqgv wkh dqdo|vlv

wr wkh pdq|0sod|hu fdvh/ dqg pdnhv wkh dxfwlrq0wkhruhwlf xqghuslqqlqjv prvw h{solflw/

43<Wr p| nqrzohgjh Gdqlho dqg Kluvkohlihu zhuh wkh �uvw wr qrwh wkdw wklv nlqg ri mxps elgglqj lv
dq htxloleulxp ri wkh edvlf prgho hyhq devhqw d!oldwlrq ru elgglqj frvwv1
443Glvfxvvhg lq Vhfwlrq 9 dqg uhsulqwhg lq wkdw Sduw ri Wkh Hfrqrplf Wkhru| ri Dxfwlrqv1
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lqfoxglqj vhyhudo dsshdov wr uhyhqxh htxlydohqfh dujxphqwv1444c445

46181 Frpshwlqj Dxfwlrqhhuv

PfDihh +4<<6, h{dplqhv d prgho lq zklfk pdq| vhoohuv frpshwh iru ex|huv1 Lq

htxloleulxp/ lq dq lq�qlwho| odujh pdunhw/ hdfk vhoohu krogv dq h!flhqw dxfwlrq lqfoxg0

lqj vhwwlqj dq h!flhqw uhvhuyh sulfh1 Wkxv PfDihh dqg hqvxlqj sdshuv hqgrjhqlvh wkh

xvh ri dxfwlrqv/ dqg vr dgguhvv wkh txhvwlrq ri zkhq zh vkrxog h{shfw dxfwlrqv wr

dulvh1446

471 Whvwlqj wkh Wkhru|
Wklv sdshu dqg lwv frpsdqlrq errn lv frqfhuqhg zlwk wkh wkhru| ri dxfwlrqv/ exw

lw zrxog eh uhplvv wr h{foxgh dq| glvfxvvlrq ri krz zhoo lw lv vxssruwhg e| gdwd1 Wkh

Hfrqrplf Wkhru| ri Dxfwlrqv wkhuhiruh frqfoxghv zlwk wzr uhfhqw vxuyh|v/ rqh ri wkh

hpslulfdo hylghqfh/ Od�rqw +4<<:,447/ dqg rqh ri wkh h{shulphqwdo hylghqfh/ Ndjho

+4<<8,1

481 Frqfoxvlrq
Dxfwlrq wkhru| kdv ehhq dprqj wkh prvw vxffhvvixo eudqfkhv ri hfrqrplfv lq uhfhqw

|hduv1 Wkh wkhru| kdv ghyhorshg udslgo|/ dqg lv lqfuhdvlqjo| ehlqj orrnhg wr iru

dvvlvwdqfh lq sudfwlfdo dssolfdwlrqv1 Whvwlqj dxfwlrq0wkhruhwlf prghov lv vhhq dv rqh ri

wkh euljkwhvw vsrwv lq dssolhg hfrqrplfv1 Pxfk uhvhdufk uhpdlqv wr eh grqh/ hvshfldoo|

444Nulvkqd dqg Prujdq +4<<:, dqdo|vh dq rshq0orrs Zdu ri Dwwulwlrq +wkdw lv/ elgghuv fdqqrw uhylvh
wkhlu vwudwhjlhv edvhg rq rwkhuv* gurs0rxw wlphv, dqg dovr dqdo|vh wkh forvho| uhodwhg Doo0Sd| Dxfwlrq1
445Pdq| rwkhu prghov ri wrxuqdphqwv/ oree|lqj/ srolwlfdo frqwhvwv/ U)G udfhv/ hwf1/ fdq prvw hdvlo|
eh xqghuvwrrg dv dxfwlrqv1
446Vhh Shwhuv dqg Vhyhulqry +4<<:, dqg Exujxhw dqg Vänrylfv +4<<<, iru ixuwkhu ghyhorsphqwv dorqj
PfDihh*v olqhv1 Lq uhodwhg yhlqv/ Pdqhool dqg Ylqfhqw +4<<8, vwxg| zkhq d surfxuhphqw dxfwlrq lv
pruh ghvludeoh wkdq vhtxhqwldo qhjrwldwlrq/ li srwhqwldo vxssolhuv duh sulydwho| lqiruphg derxw wkhlu
jrrgv* txdolwlhv> dqg Exorz dqg Nohpshuhu +4<<9, vkrz d vwdqgdug dxfwlrq zlwk d uhvhuyh sulfh dw
wkh dxfwlrqhhu*v ydoxh lv pruh sur�wdeoh wkdq dq| qhjrwldwlqj phfkdqlvp +ru rswlpdo dxfwlrq, li wkh
vwdqgdug dxfwlrq dwwudfwv dw ohdvw rqh pruh sduwlflsdqw +vhh Vhfwlrq ;15,1
447D jrrg dowhuqdwlyh lv Khqgulfnv dqg Sdduvfk +4<<8,/ zkloh Sruwhu +4<<8, dqg Od�rqw dqg Yxrqj
+4<<9, r�hu ydoxdeoh vxuyh|v fryhulqj d pruh olplwhg udqjh1 Dprqj wkh rxwvwdqglqj uhvhdufk duwlfohv
duh Khqgulfnv dqg Sruwhu +4<;;,/ dqg Od�rqw/ Rvvdug dqg Yxrqj +4<<8,1
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shukdsv rq pxowl0xqlw dxfwlrqv/ dqg pxfk uhvhdufk lv fxuuhqwo| ehlqj grqh1 Exw wkh

irxqgdwlrqv ri wkh vxemhfw/ dv suhvhqwhg lq pdq| ri wkh sdshuv ghvfulehg khuh/ vhhp

vhfxuh1
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Dsshqgl{ D= Wkh Uhyhqxh Htxlydohqfh Wkhruhp

Iru vlpsolflw|/ zh irfxv rq wkh edvlf �lqghshqghqw sulydwh ydoxhv� prgho/ lq zklfk

? elgghuv frpshwh iru d vlqjoh xqlw1 Elgghu � ydoxhv wkh xqlw dw ��/ zklfk lv sulydwh

lqirupdwlrq wr khu/ exw lw lv frpprq nqrzohgjh wkdw hdfk �� lv lqghshqghqwo| gudzq

iurp wkh vdph frqwlqxrxv glvwulexwlrq 8 E�� rq d�c �o +vr 8 E�� ' fc 8 E�� ' �� zlwk

ghqvlw| sE��1 Doo elgghuv duh ulvn0qhxwudo1

Frqvlghu dq| phfkdqlvp +dq| vlqjoh0vwdjh ru pxowl0vwdjh jdph, iru doorfdwlqj wkh

xqlw dprqj wkh ? elgghuv1 Iru wklv phfkdqlvp/ dqg iru d jlyhq elgghu �c ohw 7�E��

eh wkh h{shfwhg vxusoxv wkdw elgghu � zloo rewdlq lq htxloleulxp iurp sduwlflsdwlqj lq

wkh phfkdqlvp/ dv d ixqfwlrq ri khu w|sh/ zklfk zh qrz ghqrwh e| �/ udwkhu wkdq ��/

iru qrwdwlrqdo frqyhqlhqfh� Ohw ��E�� eh khu suredelolw| ri uhfhlylqj wkh remhfw lq wkh

htxloleulxp1 Vr 7�E�� ' ���E��� . +sd|phqw e| w|sh � ri sod|hu �,1

Wkh iroorzlqj htxdwlrq lv wkh nh|=

7�E�� � 7�Eh�� n E� � h����Eh��� +4,

Wkh uljkw0kdqg vlgh lv wkh vxusoxv wkdw sod|hu � zrxog rewdlq li vkh kdg w|sh � exw

ghyldwhg iurp htxloleulxp ehkdylrxu/ dqg lqvwhdg iroorzhg wkh vwudwhj| wkdw w|sh h� ri
sod|hu � lv vxssrvhg wr iroorz lq wkh htxloleulxp ri wkh jdph lqgxfhg e| wkh phfkdqlvp1

Wkdw lv/ li w|sh � h{dfwo| plplfv zkdw w|sh h� zrxog gr/ wkhq � pdnhv wkh vdph

sd|phqwv dqg zlqv wkh remhfw dv riwhq dv h� zrxog1 Vr � jhwv wkh vdph xwlolw| wkdw

h� zrxog jhw +7�Eh���/ h{fhsw wkdw lq vwdwhv lq zklfk h� zrxog zlq wkh remhfw +zklfk

kdsshqv zlwk suredelolw| ��Eh��� w|sh � ydoxhv wkh remhfw dw E�� h�� pruh wkdq h� grhv/
dqg vr � rewdlqv dq h{wud E�� h�� ��Eh�� pruh vxusoxv lq doo1 Lq dq htxloleulxp/ � pxvw

suhihu qrw wr ghyldwh iurp htxloleulxp ehkdylrxu/ vr wkh ohiw0kdqg vlgh pxvw +zhdno|,

h{fhhg wkh uljkw0kdqg vlgh1
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Vr/ vlqfh w|sh � pxvwq*w zdqw wr plplf w|sh � n _�c zh kdyh

7�E�� � 7�E� n _�� n E�_����E� n _�� +5,

+wklv lv mxvw +4, zlwk h� vxevwlwxwhg e| �n_��c dqg vlqfh �n _� pxvwq*w zdqw wr plplf

w|sh � zh kdyh

7�E� n _�� � 7�E�� n E_����E��� +6,

Uhrujdqlvlqj +5, dqg +6, |lhogv

��E� n _�� � 7�E� n _��� 7�E��

_�
� ��E��

dqg wdnlqj wkh olplw dv _� $ f zh rewdlq448

_7�

_�
' ��E��� +7,

Lqwhjudwlqj xs/

7�E�� ' 7�E�� n

]
�

%'�

��E%�_%� +8,

Htxdwlrq +8, jlyhv xv d slfwxuh olnh Iljxuh 41

448Dq dowhuqdwlyh zd| ri rewdlqlqj wklv htxdwlrq lv wr zulwh Vl+y, @ W +y> hy+y,, htxdov y*v vxusoxv
zkhq vkh ehkdyhv rswlpdoo| dv w|sh hy+y,1 +Lq idfw/ hy+y, @ y=, Wkhq wkh hqyhorsh wkhruhp lpsolhv
gVl

gy
@

gW

gy
@

CW

Cy
= +Wkdw lv/

gW

gy
@

CW

Cy
.

CW

Chy ghy
gy

exw
CW

Chy @ 3 zkhq hy lv fkrvhq rswlpdoo|1,

Exw
CW

Cy
@ Sl+y,> vlqfh li wkh elgghu*v ehkdylrxu lv xqfkdqjhg/ wkh lqfuhphqwdo xwlolw| iurp d ydoxh

gy kljkhu lv Sl+y,gy=
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7�E��

�*v w|sh

�*v h{shfwhg
vxusoxv

vorsh ��E	��

Iljxuh 4= Elgghu �*v h{shfwhg vxusoxv dv d ixqfwlrq ri khu w|sh1

Dw dq| w|sh e� wkh vorsh ri wkh vxusoxv ixqfwlrq lv ��Ee��c vr li zh nqrz zkhuh wkh

vxusoxv ixqfwlrq vwduwv +wkdw lv/ nqrz 7�E��� zh nqrz wkh hqwluh slfwxuh1

Qrz frqvlghu dq| wzr phfkdqlvpv zklfk kdyh wkh vdph 7�E�� dqg wkh vdph ��E��

ixqfwlrqv iru doo � dqg iru hyhu| sod|hu �1 Wkh| kdyh wkh vdph 7�E�� ixqfwlrqv1 Vr

dq| jlyhq w|sh/ �c ri sod|hu � pdnhv wkh vdph h{shfwhg sd|phqw lq hdfk ri wkh wzr

phfkdqlvpv +vlqfh 7�E�� ' ���E���.+sd|phqw e| w|sh � ri sod|hu ��c vlqfh wkh elgghu

lv ulvn0qhxwudo,1 Wklv phdqv �*v h{shfwhg sd|phqw dyhudjhg dfurvv khu gl�huhqw srvvleoh

w|shv/ �/ lv dovr wkh vdph iru erwk phfkdqlvpv1 Vlqfh wklv lv wuxh iru doo elgghuv/ �/ wkh

phfkdqlvpv |lhog wkh vdph h{shfwhg uhyhqxh iru wkh dxfwlrqhhu1449 c44:

449Vrph uhdghuv pd| zlvk wr wklqn ri wklv dqdo|vlv lq whupv ri wkh Uhyhodwlrq Sulqflsoh +vhh P|huvrq
+4<:<,/ Gdvjxswd/ Kdpprqg/ dqg Pdvnlq +4<:<,/ dqg Kduulv dqg Wrzqvhqg +4<;4,, wkdw vd|v wkdw
zh fdq dozd|v uhvwulfw dwwhqwlrq wr gluhfw uhyhodwlrq phfkdqlvpv wkdw vdwlvi| lqfhqwlyh frpsdwlelolw|1
Wkdw lv/ dq| phfkdqlvp lv htxlydohqw wr dqrwkhu phfkdqlvp lq zklfk djhqwv uhsruw wkhlu w|shv/
y/ dqg zlvk wr gr vr wuxwkixoo|1 Khuh zh kdyh dqdo|vhg dq| dxfwlrq e| irfxvlqj dwwhqwlrq rq wkh
htxlydohqw wuxwkixo gluhfw uhyhodwlrq phfkdqlvp1 Lq rxu sureohp wkh lqfhqwlyh frpsdwlelolw| +wuxwk0
whoolqj, frqvwudlqwv/ +4,/ frpsohwho| slq grzq wkh h{shfwhg sd|phqwv wkdw pxvw eh pdgh wr hdfk w|sh
ri djhqw rqfh Sl+y, dqg Vl+y, kdyh ehhq vshfl�hg1
44:Qrwh wkdw wklv dujxphqw dvvxphv wkdw wkh glvwulexwlrq ri w|shv ri elgghu/ y/ kdv srvlwlyh ghq0
vlw| hyhu|zkhuh rq ^y> y` vr wkdw gVl+y,@gy lv gh�qhg hyhu|zkhuh rq wkh udqjh/ dqg khqfh Vl+y, lv
frpsohwho| ghwhuplqhg e| Vl+y, dqg Sl+y,=
Iru h{dpsoh/ dvvxph lqvwhdg wkdw wkhuh duh mxvw wzr w|shv/ y @ 3 dqg y @ 4/ dqg hdfk ri wzr
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Wklv lv wkh Uhyhqxh Htxlydohqfh Wkhruhp1 Wkhuh duh pdq| gl�huhqw vwdwhphqwv

ri lw/ exw wkh| doo hvvhqwldoo| jlyh wkh uhvxowv ri wkh suhfhglqj sdudjudsk lq d pruh ru

ohvv vshfldo irup1

Lq sduwlfxodu dq| phfkdqlvp zklfk dozd|v jlyhv wkh remhfw wr wkh kljkhvw0ydoxh

elgghu lq htxloleulxp +doo wkh vwdqgdug dxfwlrq irupv gr wklv, kdv ��E�� ' E8 E���?3�

+vlqfh d elgghu*v suredelolw| ri zlqqlqj lv mxvw wkh suredelolw| wkdw doo wkh rwkhu E?���

elgghuv kdyh orzhu ydoxhv wkhq vkh grhv,/ dqg pdq| phfkdqlvpv +lqfoxglqj doo wkh

vwdqgdug rqhv, jlyh d elgghu ri wkh orzhvw ihdvleoh w|sh qr fkdqfh ri dq| vxusoxv/ wkdw

lv/ 7�E�� ' f/ vr doo wkhvh phfkdqlvpv zloo |lhog wkh vdph h{shfwhg sd|phqw e| hdfk

elgghu dqg wkh vdph h{shfwhg uhyhqxh iru wkh dxfwlrqhhu1

Qrwlfh wkdw qrwklqj derxw wklv dujxphqw +h{fhsw wkh dfwxdo ydoxh ri ��E��� uholhg

rq wkhuh ehlqj rqo| d vlqjoh remhfw1 Wkxv wkh wkhruhp h{whqgv lpphgldwho| wr wkh

fdvh ri & : � lqglylvleoh remhfwv ehlqj vrog/ surylghg elgghuv zdqw qr pruh wkdq rqh

remhfw hdfk> doo phfkdqlvpv wkdw jlyh wkh remhfwv wr wkh & kljkhvw0ydoxh elgghuv duh

uhyhqxh0htxlydohqw1 Vr zh kdyh=

Uhyhqxh Htxlydohqfh Wkhruhp +Sulydwh0Ydoxh Fdvh, Dvvxph hdfk ri ? ulvn0

qhxwudo srwhqwldo ex|huv kdv d sulydwho|0nqrzq ydoxh lqghshqghqwo| gudzq iurp d frp0

prq glvwulexwlrq 8 E�� wkdw lv vwulfwo| lqfuhdvlqj dqg dwrpohvv rq d�c �o� Vxssrvh wkdw

qr ex|hu zdqwv pruh wkdq rqh ri wkh & dydlodeoh lghqwlfdo lqglylvleoh remhfwv1 Wkhq dq|

dxfwlrq phfkdqlvp lq zklfk +l, wkh remhfwv dozd|v jr wr wkh & ex|huv zlwk wkh kljkhvw

ydoxhv/ dqg +ll, dq| elgghu zlwk ydoxh � h{shfwv }hur vxusoxv/ |lhogv wkh vdph h{shfwhg

uhyhqxh/ dqg uhvxowv lq d ex|hu zlwk ydoxh � pdnlqj wkh vdph h{shfwhg sd|phqw1

elgghuv lv htxdoo| olnho| wr eh ri hlwkhu w|sh +lqghshqghqw ri wkh rwkhu*v w|sh, dqg wkh vhoohu ehjlqv
e| vlpxowdqhrxvo| r�hulqj erwk elgghuv d sulfh �> li mxvw rqh dffhswv wkhq wkh wudgh lv pdgh dw sulfh
�/ li erwk dffhsw wkhq wkh xqlw lv doorfdwhg e| orwwhu| dw sulfh �> li qhlwkhu dffhswv wkhq wkh xqlw lv
doorfdwhg e| orwwhu| dw sulfh 31 Wkhq d �kljk� w|sh suhihuv wr dffhsw vr Vl+3, @ 3> Sl+3, @

4

7
/ dqg

Sl+4, @
6

7
> iru dq| � 5 +3> 5

6
,> exw wkh vhoohu*v h{shfwhg uhyhqxh lv vwulfwo| lqfuhdvlqj lq �> vr Uhyhqxh

Htxlydohqfh idlov1 Vhh dovr Kduulv dqg Udyly +4<;4,/ ru forvho| vwxg| Pdvnlq dqg Uloh| +4<;8,1
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Lw lv qrw kdug wr h{whqg wkh uhvxow wr wkh jhqhudo +frpprq0 dqg2ru sulydwh0ydoxh,

fdvh/ lq zklfk hdfk ex|hu/ �/ lqghshqghqwo| uhfhlyhv d vljqdo |� gudzq iurp d|c |o dqg

hdfk elgghu*v ydoxh T�E|�c ���c |?� ghshqgv rq doo wkh vljqdov144; D pruh jhqhudo vwdwh0

phqw ri wkh wkhruhp lv wkhq h{dfwo| wkh vwdwhphqw deryh/ exw zlwk �vljqdo� vxevwlwxwhg

iru �ydoxh�/ dqg |c |/ dqg | vxevwlwxwhg iru �c �c dqg �c wkurxjkrxw1

Dssolfdwlrq wr Frpsxwlqj Elgglqj Vwudwhjlhv

Djdlq zh irfxv/ iru vlpsolflw|/ rq wkh vlqjoh0remhfw sulydwh0ydoxh fdvh1

Rqh ri wkh phfkdqlvpv vdwlvi|lqj wkh Uhyhqxh Htxlydohqfh Wkhruhp lv wkh dv0

fhqglqj dxfwlrq/ lq zklfk wkh h{shfwhg sd|phqw ri d elgghu ri w|sh � lv mxvw ��E��

wlphv wkh h{shfwdwlrq ri wkh kljkhvw ri wkh uhpdlqlqj E? � �� ydoxhv frqglwlrqdo rq

doo wkhvh ydoxhv ehlqj ehorz �1 Vlqfh wkh ghqvlw| ri wkh kljkhvw ri E? � �� ydoxhv lv

E?� ��sE��E8 E���?32/ wklv odvw h{shfwdwlrq fdq eh zulwwhq dvU
�

%'�
%E?� ��sE%�E8 E%��?32_%U

�

%'�
E?� ��sE%�E8 E%��?32_%

zklfk/ diwhu lqwhjudwlqj wkh qxphudwru e| sduwv/44< |lhogv

� �
U
�

%'�
E8 E%��?3�_%

E8 E���?3�
�

Vlqfh lq d �uvw0sulfh vhdohg0elg dxfwlrq/ �*v h{shfwhg sd|phqwv duh ��E�� wlphv khu

elg/ lw iroorzv wkdw � elgv dffruglqj wr

KE�� ' � �
U
�

%'�
E8 E%��?3�_%

E8 E���?3�

lq d �uvw0sulfh dxfwlrq1

Lq dq �doo0sd|� dxfwlrq lq zklfk hyhu| frpshwlwru dozd|v sd|v khu elg +exw rqo|

wkh kljkhvw0sd|hu zlqv wkh remhfw,/ lw olnhzlvh iroorzv wkdw � pxvw elg

KE�� ' E8 E���?3�� �
]

�

%'�

E8 E%��?3�_%�

44;Vhh/ iru h{dpsoh/ Ohppd 6 ri Exorz dqg Nohpshuhu +4<<9, +uhsulqwhg lq Sduw ; ri Wkh Hfrqrplf
Wkhru| ri Dxfwlrqv,1
44<Wkh ghqrplqdwru lqwhjudwhv wr +I +y,,q�4> dqg wkh qxphudwru

U
y

{@y
{^+q� 4,i+{,+I +{,,q�5`g{ @U

y

{@y
{g+I +{,q�4, @ ^{=+I +{,,q�4`y

y
� U

y

{@y
4=+I +{,,q�4g{> zklfk |lhogv wkh uhvxow1
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Frpsxwlqj wkh elgglqj vwudwhjlhv wklv zd| lv vrphzkdw hdvlhu wkdq vroylqj iru wkhp

gluhfwo| lq wkhvh fdvhv1453c454 Lq rwkhu fdvhv/ vhh/ iru h{dpsoh/ Exorz dqg Nohpshuhu

+4<<7,455 lw lv yhu| pxfk hdvlhu1456

453Dsshqgl{ G looxvwudwhv iru wkh fdvh lq zklfk I +�, lv xqlirup1
454Wr vroyh gluhfwo| iru wkh �uvw0sulfh htxloleulxp elgglqj vwudwhjlhv/ zh orrn iru d v|pphwulf Qdvk
htxloleulxp lq zklfk d elgghu zlwk ydoxh y fkrrvhv wkh elg e+y,/ dqg dvvxph +dv fdq eh suryhg/ vhh/
iru h{dpsoh/ H{dpsoh 918 ri Ixghqehuj dqg Wluroh +4<<4,, wkdw e lv d frqwlqxrxv vwulfwo|0lqfuhdvlqj
ixqfwlrq ri y= Lpdjlqh sod|hu l zlwk ydoxh y ghyldwhv dqg fkrrvhv wkh elg he1 Ohw hy eh wkh w|sh ri
elgghu vkh zrxog mxvw wlh zlwk/ wkdw lv/ ohw e+hy, @ he1 Plplfnlqj hy zrxog ehdw doo wkh rwkhu +q � 4,
elgghuv zlwk suredelolw| +I + hy,,q�4 dqg vr |lhog h{shfwhg vxusoxv wr sod|hu l ri

W +y> hy, @ +y � e+hy,,+I +hy,,q�4=

Fkrrvlqj wkh ehvw elg wr pdnh lv htxlydohqw wr fkrrvlqj wkh ehvw hy wr plplf/ zklfk zh fdq gr e|
orrnlqj dw wkh �uvw0rughu frqglwlrq

CW +y>hy,

Chy
@ �e3+hy,+I +hy,,q�4 . +y � e+hy,,+q� 4,+I +hy,,q�5i+hy,=

Iru wkh elgglqj ixqfwlrq e+y, wr eh dq htxloleulxp/ l*v ehvw0uhvsrqvh wr doo rwkhuv elgglqj dffruglqj
wr wklv ixqfwlrq pxvw eh wr gr olnhzlvh/ wkdw lv/ khu rswlpdo fkrlfh ri he lv e+y, dqg ri hy lv y=
Vr

CW

Chy
+y>hy, @ 3dw hy @ y

, e3+y, @ +y � e+y,,+q� 4,
i+y,

I +y,
=

Wklv gl�huhqwldo htxdwlrq fdq eh vroyhg iru wkh htxloleulxp/ xvlqj wkh erxqgdu| frqglwlrq

e+y, @ y

+lw lv reylrxv w|sh y zloo qrw elg pruh wkdq y/ dqg zh dvvxph wkh dxfwlrqhhu zloo qrw dffhsw orzhu
elgv wkdq y,=
455Ghvfulehg lq Vhfwlrq 4316 dqg uhsulqwhg lq wkdw Sduw ri Wkh Hfrqrplf Wkhru| ri Dxfwlrqv1
456Iru dq h{dpsoh ri xvlqj wkh uhyhqxh htxlydohqfh wkhruhp wr vroyh dq roljrsro| sulflqj sureohp/
vhh Dsshqgl{ E ri Exorz dqg Nohpshuhu +4<<;,1
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Dsshqgl{ E= Pdujlqdo Uhyhqxhv

Wklv Dsshqgl{ ghyhorsv wkh edvlfv ri wkh �pdujlqdo uhyhqxh� dssurdfk wr dxfwlrqv1

Zh ehjlq e| iroorzlqj Exorz dqg Nohpshuhu +4<<9,457 wr vkrz/ yhu| jhqhudoo|/ wkdw

wkh h{shfwhg uhyhqxh iurp dq dvfhqglqj dxfwlrq htxdov wkh h{shfwhg pdujlqdo uhyhqxh

ri wkh zlqqlqj elgghu1
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Iljxuh 5= �Ghpdqg� dqg �Pdujlqdo Uhyhqxh� fxuyhv
iru elgghu zlwk ydoxh/ �/ gudzq iurp 8 E��1

Iljxuh 5 sorwv ydoxh/ �/ djdlqvw �� 8 E�� iru elgghu �1 Zh fdq lqwhusuhw wklv dv d

�ghpdqg fxuyh� ehfdxvh elgghu �*v ydoxh h{fhhgv dq| � zlwk suredelolw| �� 8 E��/ vr

li d prqrsrolvw idfhg wkh vlqjoh elgghu/ �/ dqg vhw d wdnh0lw0ru0ohdyh0lw r�hu ri sulfh e�/
wkh prqrsrolvw zrxog pdnh d vdoh zlwk suredelolw| ��8 Ee��/ wkdw lv/ wkh prqrsrolvw*v
h{shfwhg txdqwlw| ri vdohv zrxog eh ^Ee�� ' �� 8 Ee���

Iljxuh 5 dovr vkrzv d �pdujlqdo uhyhqxh fxuyh�/ �-E��c frqvwuxfwhg iurp wkh

457Dovr glvfxvvhg lq Vhfwlrq ;15/ dqg uhsulqwhg lq wkdw Sduw ri Wkh Hfrqrplf Wkhru| ri Dxfwlrqv1

7:



ghpdqg fxuyh lq h{dfwo| wkh xvxdo zd|1458 Qrwh wkdw dw �sulfh� e� wkh prqrsr0

olvw*v h{shfwhg uhyhqxhv fdq eh frpsxwhg hlwkhu dv wkh krul}rqwdoo|0vkdghg uhfwdqjoh

e� � d� � 8 Ee��oc ru dv wkh yhuwlfdoo|0vkdghg duhd xqghu wkh �pdujlqdo uhyhqxh� fxuyh

�-E�� xs wr �txdqwlw|� � � 8 Ee��� Wkdw lv/ mxvw dv lq vwdqgdug prqrsro| wkhru|/

wkh prqrsrolvw*v uhyhqxhv fdq eh frpsxwhg hlwkhu dv sulfh wlphv txdqwlw|/ ru dv wkh

vxp ri wkh pdujlqdo uhyhqxhv ri doo wkh xqlwv vrog1 +Pdwkhpdwlfdoo|/ zh fdq zulwh

e� � d^Ee��o ' U
^Ee��

^'f
�-E�E^��_^�459,

Qrz lpdjlqh elgghu � lv wkh zlqqhu ri wkh dvfhqglqj dxfwlrq1 Ohw e� eh wkh df0

wxdo ydoxh ri wkh vhfrqg0kljkhvw elgghu1 Vr wkh dfwxdo sulfh lq wkh dxfwlrq htxdov

e�� Exw wkh uhvxow ri wkh suhylrxv sdudjudsk whoov xv wkdw e� htxdov wkh dyhudjh ohyho

ri wkh pdujlqdo uhyhqxh fxuyh ehwzhhq 3 dqg ^Ee��� +Pdwkhpdwlfdoo|/ zh kdyh e� '

�
^Ee��

U
^Ee��

^'f
�-E�E^��_^�� Wkdw lv/ e� htxdov wkh dyhudjh ydoxh ri �*v pdujlqdo uhyhqxh/

frqglwlrqdo rq �*v ydoxh h{fhhglqj e�� Exw zkdw zh nqrz derxw �*v ydoxh lv mxvw wkdw lw

h{fhhgv e�c ehfdxvh � zrq wkh dxfwlrq1 Vr iru dq| dfwxdo vhfrqg0kljkhvw ydoxh e�c wkh
sulfh/ dqg khqfh wkh dfwxdo uhyhqxh/ htxdov wkh h{shfwhg pdujlqdo uhyhqxh ri wkh zlq0

qhu1 Vr wkh h{shfwhg uhyhqxh iurp dq dvfhqglqj dxfwlrq htxdov wkh h{shfwhg pdujlqdo

uhyhqxh ri wkh zlqqlqj elgghu1

Revhuyh wkdw wkh uhvxow lv yhu| jhqhudo iru dvfhqglqj dxfwlrqv1 Qrwklqj lq wkh

dujxphqw uholhv rq elgghuv* sulydwh ydoxhv ehlqj lqghshqghqw/ qru rq elgghuv ehlqj

ulvn0qhxwudo/ qru rq wkhlu ydoxhv ehlqj gudzq iurp d frpprq glvwulexwlrq1 Lw lv dovr

qrw kdug wr fkhfn wkdw wkh dujxphqw h{whqgv gluhfwo| wr wkh jhqhudo +frpprq0 dqg2ru

sulydwh0 ydoxh, fdvh1 +Vhh Exorz dqg Nohpshuhu +4<<9, iru ixoo ghwdlov1,

Reylrxvo| wkh uhvxow dovr h{whqgv wr dq| dxfwlrq wkdw lv uhyhqxh htxlydohqw wr wkh

458Wkdw lv/ �uhyhqxh� @ �sulfh� wlphv �txdqwlw|� @ y=t+y,> vr

PU+y, @
g

gt
^y=t+y,` @ y .

t

gt@gy
@ y � 4� I +y,

i+y,

459Zh fdq frq�up
U
t+ey,

t@3 PU+y+t,,gt @
U
y

y@ey
PU+y,i+y,gy +fkdqjlqj yduldeohv t $ ^4�I +y,`> gt $

^�i+y,gy`> uhyhuvlqj olplwv wr fdqfho wkh plqxv vljq dqg gh�qlqj t+y, @ 3 dv lq Dsshqgl{ D, zklfk
htxdov

U
y

y@ey
+yi+y,� 4 . I +y,,gy @ ^yI +y,� y`y

y@ey
@ ey � eyI +ey, dv fodlphg1
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dvfhqglqj dxfwlrq1 Qrwlqj wkh frqglwlrqv iru uhyhqxh htxlydohqfh +vhh Dsshqgl{ D,

lw iroorzv wkdw45: li wkh elgghuv duh ulvn0qhxwudo dqg wkhlu lqirupdwlrq vljqdov duh lqgh0

shqghqw/ wkh h{shfwhg uhyhqxh iurp dq| vwdqgdug dxfwlrq htxdov wkh h{shfwhg pdujlqdo

uhyhqxh ri wkh zlqqlqj elgghu1

Dowhuqdwlyh/ Dojheudlf/ Surri

Iru wkh ulvn0qhxwudo/ lqghshqghqw/ v|pphwulf/ sulydwh0ydoxh fdvh zh fdq dowhuqd0

wlyho| rewdlq wkh uhvxow xvlqj wkh uhvxowv +dqg qrwdwlrq, ri Dsshqgl{ D=45; Elgghu �*v

h{shfwhg sd|phqw wr wkh dxfwlrqhhu htxdov �*v h{shfwhg jurvv ydoxh uhfhlyhg iurp wkh

dxfwlrq/ ���E��c ohvv khu h{shfwhg vxusoxv/ 7�E��� Vr wkh dxfwlrqhhu*v h{shfwhg uhfhlswv

iurp � duh ] �

�'�

E���E��� 7�E���sE��_��

Vxevwlwxwlqj iru 7�E�� xvlqj htxdwlrq +8, iurp Dsshqgl{ D |lhogv] �

�'�

���E��sE��_� �
] �

�'�

sE��

] �

%'�

��E%�_%_� �
] �

�'�

7�E��sE��_�c

dqg lqwhjudwlqj wkh vhfrqg whup e| sduwv45< |lhogv] �

�'�

��E��sE��

�
� � �� 8 E��

sE��

�
_� � 7�E���

Gh�qh elgghu �*v �pdujlqdo uhyhqxh� li vkh kdv ydoxh � wr eh �-�E�� '
k
� � �38 E��

sE��

l
>

iroorzlqj wkh glvfxvvlrq ri Iljxuh 5/ deryh/ wklv fruuhvsrqgv wr wklqnlqj ri � dv �sulfh�/

R/ dqg ri � � 8 E�� dv �txdqwlw|�/ ^c khqfh pdujlqdo uhyhqxh ' _ER^�
_^

' R n ^
_^*_R

'

�n �38 E��
3sE��

� Wkhq/ dvvxplqj 7�E�� ' f/ dv lv wkh fdvh iru dq| vwdqgdug phfkdqlvp +vhh

45:Lw lv qrw kdug wr fkhfn wkdw elgghuv fdq eh dv|pphwulf/ wkdw lv/ wkhlu vljqdov fdq eh gudzq iurp
gl�huhqw glvwulexwlrqv1
45;Wklv dssurdfk lv wkh rqh wdnhq e| Exorz dqg Urehuwv +4<;<,/ zkr wkhpvhoyhv iroorz P|huvrq
+4<;4,1
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Dsshqgl{ D,/ wkh dxfwlrqhhu*v uhfhlswv iurp doo ? elgghuv duh

?[
�'�

] �

�'�

��E��sE���-�E��_�

'

?[
�'�

.��d� E����-�E���o

lq zklfk/ iru frqyhqlhqfh/ zh fkdqjhg wkh gxpp| yduldeoh iurp � wr �� lq wkh odvw

h{suhvvlrq1 Wklv h{suhvvlrq htxdov wkh h{shfwhg pdujlqdo uhyhqxh ri wkh zlqqlqj

elgghu1 Wr vhh wklv/ lw lv khosixo wr zulwh h��E��c ���c �?� dv wkh suredelolw| wkdw � zlqv

dv d ixqfwlrq ri doo elgghuv* vljqdov +wkdw lv/ h��E��c ���c �?� ' � li � lv wkh zlqqhu/h��E��c ���c �?� ' f rwkhuzlvh,1 Wkhq

��E��� ' .��c���c��3�c��n�c���c�?

k h��E��c ���c �?�
l

vr h{shfwhg wrwdo uhfhlswv fdq eh zulwwhq

.��c ���c�?

%
?[

�'�

�-�E��� h��E��c ���c �?�

&

zklfk htxdov wkh h{shfwhg pdujlqdo uhyhqxh ri wkh zlqqlqj elgghu/ vlqfh wkh whup lq

vtxduh eudfnhwv lv h{dfwo| wkh pdujlqdo uhyhqxh ri wkh zlqqhu1 Li wkhuh lv qr vdoh iru

vrph uhdolvdwlrq ri ��c ���c �?/ wkhq wkh whup lq vtxduh eudfnhwv htxdov }hur/ vr lw lv dv

li wkhuh zdv d zlqqhu zlwk pdujlqdo uhyhqxh htxdo wr }hur1

Vr dq dxfwlrq wkdw dozd|v vhoov wr wkh elgghu zlwk wkh kljkhvw pdujlqdo uhyhqxh/

h{fhsw pdnhv qr vdoh li qr elgghu*v pdujlqdo uhyhqxh h{fhhgv }hur/ zloo pd{lplvh

h{shfwhg uhyhqxhv1 Exw zlwk v|pphwulf elgghuv/ dq| vwdqgdug dxfwlrq zloo vhoo wr wkh

kljkhvw0ydoxh elgghu1 Vr li kljkhu ydoxhv lpso| kljkhu pdujlqdo uhyhqxhv/ wkhq dq|

vwdqgdug dxfwlrq wrjhwkhu zlwk uhvhuyh sulfh Ro vxfk wkdw �-ERo� ' f +wr suhyhqw dq|

vdoh li doo elgghuv kdyh ydoxhv ehorz Ro/ khqfh qhjdwlyh pdujlqdo uhyhqxhv, pd{lplvhv

wkh dxfwlrqhhu*v h{shfwhg uhyhqxhv1463

463Dsshqgl{ G looxvwudwhv iru wkh fdvh ri xqlirup I +�,1
Vhh P|huvrq +4<;4, dqg Exorz dqg Urehuwv +4<;<, iru wkh ghvljq ri uhyhqxh0pd{lplvlqj dxfwlrqv

zkhq elgghuv duh dv|pphwulf ru zkhq kljkhu ydoxhv gr qrw dozd|v lpso| kljkhu pdujlqdo uhyhqxhv1
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Qrwh dovr wkdw wklv dssurdfk jhqhudol}hv hdvlo| wr elgghuv gudzq iurp gl�huhqw

glvwulexwlrqv/ dqg wr wkh jhqhudo +frpprq dqg2ru sulydwh0ydoxh, fdvh/ exw wkh ulvn0

qhxwudolw| dqg lqghshqghqfh dvvxpswlrqv duh lpsruwdqw/ dv wkh| duh iru wkh uhyhqxh

htxlydohqfh wkhruhp1
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Dsshqgl{ F= D!oldwhg Vljqdov

Wklv Dsshqgl{ dqdo|vhv wkh uhodwlyh sur�wdelolwlhv ri wkh vwdqgdug dxfwlrq irupv

zkhq elgghuv* vljqdov duh d!oldwhg/ looxvwudwhv krz dq rswlpdo phfkdqlvp fdq h{wudfw

wkh hqwluh vrfldo vxusoxv lq wklv fdvh/ dqg surylghv d irupdo gh�qlwlrq ri d!oldwlrq1464

Orrvho|/ wzr vljqdov duh d!oldwhg li d kljkhu ydoxh ri rqh vljqdo pdnhv d kljkhu

ydoxh ri wkh rwkhu vljqdo pruh olnho|/ dqg wklv lv wuxh rq hyhu| vxevsdfh ri wkh yduldeohv*

grpdlq1 Wkxv d!oldwlrq lv vwurqjhu wkdq fruuhodwlrq zklfk lv mxvw d joredo vxppdu|

vwdwlvwlf> d!oldwlrq fdq eh wkrxjkw ri dv uhtxlulqj orfdo srvlwlyh fruuhodwlrq hyhu|zkhuh1

Plojurp dqg Zhehu irxqg wkdw zkhq vljqdov duh d!oldwhg/ wkh vhfrqg0sulfh rshq

+wkdw lv/ dvfhqglqj, dxfwlrq udlvhv pruh h{shfwhg uhyhqxh wkdq wkh vhfrqg0sulfh vhdohg0

elg dxfwlrq/ zklfk lq wxuq ehdwv wkh �uvw0sulfh dxfwlrq +dvvxplqj ulvn0qhxwudo elgghuv/

zkrvh vljqdov duh gudzq iurp v|pphwulf glvwulexwlrqv/ dqg zkrvh ydoxh ixqfwlrqv duh

v|pphwulf ixqfwlrqv ri wkh vljqdov,1 Zk|B

Ehjlq zlwk lqghshqghqw0sulydwh0ydoxh �uvw0sulfh dxfwlrqv1 Uhfdoo wkh lqwxlwlrq iru

htxdwlrq +7, iurp Dsshqgl{ D/

_7�E��

_�
' ��E��c

wkdw li d sod|hu kdv d ydoxh ri � n _� lqvwhdg ri �/ vkh fdq hpxodwh wkh vwudwhj| ri d

sod|hu zlwk ydoxh � dqg zlq mxvw dv riwhq/ dw wkh vdph frvw/ exw hduqlqj dq h{wud _�

lq wkh suredelolw| ��E�� hyhqw vkh zlqv1

Qrz frqvlghu d!oldwlrq1 D sod|hu zlwk d ydoxh ri � n _� zkr pdnhv wkh vdph elg

dv d sod|hu zlwk d ydoxh ri � zloo sd| wkh vdph sulfh dv d sod|hu zlwk d ydoxh ri � zkhq

vkh zlqv/ exw ehfdxvh ri d!oldwlrq vkh zloo h{shfw wr zlq d elw ohvv riwhq1 Wkdw lv/ khu

kljkhu vljqdo pdnhv khu wklqn khu frpshwlwruv duh dovr olnho| wr kdyh kljkhu vljqdov/

zklfk lv edg iru khu h{shfwhg sur�wv1

464Wkh �uvw sduw ri wklv Dsshqgl{ lv edvhg rq qrwhv zulwwhq e| Mhuhp| Exorz1
Dsshqgl{ G surylghv h{dpsohv wkdw looxvwudwh wkh uhvxowv1
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Exw wklqjv duh hyhq zruvh lq d vhfrqg0sulfh d!oldwhg sulydwh0ydoxhv dxfwlrq iru

wkh ex|hu1 Qrw rqo| grhv khu suredelolw| ri zlqqlqj glplqlvk/ dv lq wkh �uvw0sulfh

dxfwlrq/ exw khu frvwv shu ylfwru| duh kljkhu1 Wklv lv ehfdxvh d!oldwlrq lpsolhv wkdw

frqwlqjhqw rq khu zlqqlqj wkh dxfwlrq/ wkh kljkhu khu ydoxh wkh kljkhu wkh h{shfwhg

vhfrqg0kljkhvw ydoxh zklfk lv wkh sulfh vkh kdv wr sd|1 Ehfdxvh wkh shuvrq zlwk wkh

kljkhvw ydoxh zloo zlq lq hlwkhu w|sh ri dxfwlrq wkh| duh erwk htxdoo| h!flhqw/ dqg

wkhuhiruh wkh kljkhu frqvxphu vxusoxv lq wkh �uvw0sulfh dxfwlrq lpsolhv kljkhu vhoohu

uhyhqxh lq wkh vhfrqg0sulfh dxfwlrq1465

Krz derxw vhfrqg0sulfh vhdohg0elg dxfwlrqv yhuvxv dvfhqglqj dxfwlrqvB Vwlfnlqj wr

sulydwh ydoxhv/ wkhvh wzr dxfwlrq w|shv zloo vwloo eh lghqwlfdo= wkh kljkhvw0ydoxhg elgghu

zloo dozd|v sd| wkh vhfrqg ydoxh1 Dovr/ zlwk rqo| wzr elgghuv wkhuh lv qr gl�huhqfh

ehwzhhq vhdohg dqg rshq elgv hyhq zlwk d frpprq0ydoxh hohphqw dqg d!oldwlrq1 Lq

wkh rshq dxfwlrq wkh sod|hu gursv rxw zkhq wkh sulfh uhdfkhv khu ydoxh iru wkh jrrg

frqglwlrqdo rq wkh rwkhu elgghu kdylqj wkh vdph vljqdo dv khu>466 lq wkh vhdohg0elg

yhuvlrq d sod|hu elgv khu ydoxh frqglwlrqdo rq wkh rwkhu sod|hu kdylqj wkh vdph vljqdo1467

Li wkhuh duh pruh wkdq wzr elgghuv lq d vhwwlqj zlwk d!oldwlrq dqg frpprq ydoxhv/

wkhq wkh dvfhqglqj dxfwlrq ehdwv wkh vhdohg0elg dxfwlrq= Dvvxph wkhuh duh wkuhh sr0

whqwldo elgghuv lq d vhfrqg0sulfh vhdohg0elg dxfwlrq/ hdfk ri zkrp uhyhdov khu vljqdo

wr d wuxvwhg irxuwk sduw|1 Wkh irxuwk sduw| wkhq whoov wkh wzr prvw rswlplvwlf elgghuv

wkdw wkh| duh dprqj wkh wrs wzr/ exw grhvq*w uhyhdo wkh wklug elgghu*v vljqdo1 Wkh �uvw

465Wr �oo rxw wklv dujxphqw d olwwoh pruh/ dvvxph wkdw lq htxloleulxp wkhuh lv vrph ydoxh iru zklfk
wkh h{shfwhg vxusoxv +dqg wkhuhiruh h{shfwhg sxufkdvh sulfh, lv wkh vdph iru d ex|hu lq hlwkhu w|sh
ri dxfwlrq1 Wklv zloo eh wuxh iru wkh orzhvw0srvvleoh ex|hu ydoxh/ iru h{dpsoh/ vlqfh wkdw w|sh ri
ex|hu reylrxvo| qhyhu zlqv wkh dxfwlrq1 Wkhq e| wkh dujxphqw lq wkh wh{w/ wkh ghulydwlyh ri vxusoxv
zlwk uhvshfw wr ydoxh zloo eh juhdwhu lq wkh �uvw0sulfh dxfwlrq wkdq lq wkh vhfrqg0sulfh dxfwlrq1 Vr
wkh vxusoxv lq wkh �uvw0sulfh dxfwlrq ehjlqv wr jurz idvwhu/ dw ohdvw iru d zkloh/ lq wkh vhfrqg0sulfh
dxfwlrq1 Dqg li wkh vxusoxvhv hyhu fdph wrjhwkhu djdlq/ wkh �uvw0sulfh vxusoxv zrxog kdyh wr irujh
dkhdg djdlq1 Vr rq dyhudjh dfurvv doo srvvleoh elgghu ydoxhv/ ex|huv zloo jhw pruh vxusoxv lq �uvw0sulfh
dxfwlrqv dqg vhoohuv pxvw wkhuhiruh pdnh pruh prqh| lq vhfrqg0sulfh dxfwlrqv1
466Wr vhh zk|/ fkhfn wkdw li wkh rwkhu sod|hu lv elgglqj wklv zd| wkhq wklv sod|hu zrxog orvh prqh|
li vkh zhuh wr �qg khuvhoi d zlqqhu dw d kljkhu sulfh +dvvxplqj kljkhu vljqdov lpso| kljkhu ydoxhv,
exw txlwwlqj dw d orzhu sulfh irujrhv dq rssruwxqlw| wr pdnh prqh| li wkh rwkhu sod|hu txlwv �uvw1
Vhh Dsshqgl{ G iru dq h{dpsoh1
467Wkh dujxphqw wkdw wkh jdphv duh vwudwhjlfdoo| htxlydohqw lv vlplodu wr wkh rqh iru �uvw0sulfh dqg
ghvfhqglqj dxfwlrqv1
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wzr zloo elg h{dfwo| dv wkh| zrxog kdyh zlwkrxw wkh lqirupdwlrq wkdw wkh| duh lq wkh

wrs wzr/ vlqfh wkhlu elgv duh rqo| uhohydqw lq wklv fdvh dq|zd|1 Krz zloo hdfk elgghu

ghwhuplqh khu elgB Wkh pdujlqdo fdvh lq zklfk lw zrxog eh zruwkzkloh iru d elgghu wr

zlq wkh dxfwlrq lv wkh fdvh zkhuh vkh lv wlhg iru kdylqj wkh prvw rswlplvwlf vljqdo1 Wkh

vhfrqg0kljkhvw dfwxdo elgghu/ zkrvh elg ghwhuplqhv wkh sulfh/ zloo elg wkh h{shfwdwlrq

ri wkh dvvhw*v ydoxh/ dvvxplqj wkdw vkh lv wlhg iru wkh prvw rswlplvwlf dvvhvvphqw/ dqg

dvvxplqj wkhuh lv d wklug revhuydwlrq zlwk wkh glvwulexwlrq wr eh h{shfwhg li/ lq idfw/

wkh vhfrqg elgghu lv wlhg iru wkh prvw rswlplvwlf vljqdo1468

Krzhyhu/ wkh vhoohu nqrzv wkdw frqwlqjhqw rq wkh vhfrqg elgghu revhuylqj dq| jlyhq

vljqdo dqg wkhuh h{lvwlqj d �uvw elgghu zlwk d pruh rswlplvwlf revhuydwlrq/ wkh wuxh

glvwulexwlrq ri wklv xqnqrzq wklug vljqdo lv d pruh rswlplvwlf rqh wkdq wkh vhfrqg

elgghu zloo xvh1 +Iru h{dpsoh/ jlyhq wkdw wkh wrs wzr elgghuv kdyh ydoxhv ri 63 dqg

73/ wkh h{shfwdwlrq ri wkh wklug vljqdo lv kljkhu wkdq wkh h{shfwdwlrq wkdw wkh vhfrqg

elgghu zloo xvh lq d vhdohg0elg dxfwlrq/ zklfk frqglwlrqv rq wkh wrs wzr ydoxhv ehlqj

63 dqg 631, Wkxv/ wkh vhoohu zloo gr ehwwhu rq dyhudjh wr doorz wkh elgghu wr pdnh khu

r�hu frqwlqjhqw rq wkh revhuydwlrq ri wkh wklug elgghu/ dv lq wkh rshq dxfwlrq zkhuh

wkh wklug elgghu*v revhuydwlrq fdq eh lqihuuhg iurp wkh sulfh dw zklfk vkh gursv rxw1

Vr/ zlwk d!oldwlrq/ frpprq0ydoxh hohphqwv/ dqg pruh wkdq wzr v|pphwulf/ ulvn0

qhxwudo/ elgghuv/ wkh �uvw0sulfh dxfwlrq hduqv ohvv uhyhqxh rq dyhudjh wkdq wkh vhfrqg0

sulfh vhdohg0elg dxfwlrq zklfk hduqv ohvv wkdq wkh dvfhqglqj dxfwlrq1 Zlwk sulydwh

ydoxhv dqg2ru rqo| wzr elgghuv/ wkh �uvw0sulfh dxfwlrq vwloo hduqv wkh ohdvw prqh| exw

wkh rwkhu wzr w|shv duh wlhg1

Dsshqgl{ G surylghv vrph vlpsoh h{dpsohv wkdw looxvwudwh wkhvh uhvxowv1

Ilqdoo|/ zh xvh d vlpsoh h{dpsoh wr looxvwudwh krz dq rswlpdo phfkdqlvp fdq

h{wudfw wkh hqwluh vrfldo vxusoxv iurp ulvn0qhxwudo elgghuv zkrvh vljqdov duh qrw lqgh0

shqghqw1 Ohw hdfk ri wzr elgghuv � ' �c 2 uhfhlyh d sulydwh vljqdo |� zklfk lv hlwkhu

�kljk� ru �orz�1 Frqglwlrqdo rq d elgghu*v vljqdo/ wkh rwkhu elgghu uhfhlyhv wkh vdph
468Vhh Dsshqgl{ G iru pruh glvfxvvlrq dqg h{dpsohv1

87



vljqdo zlwk suredelolw| 2

�
dqg uhfhlyhv wkh rwkhu srvvleoh vljqdo zlwk suredelolw| �

�
1

Elgghu �*v dfwxdo ydoxh lv ��E|�c |2�� Qrz frqvlghu wkh iroorzlqj vhoolqj phfkdqlvp= +l,

dvn hdfk elgghu wr uhsruw khu vljqdo> fdoo wkhvh uhsruwv h|� dqg h|2 uhvshfwlyho|/ +ll, li

h|� ' h|2c sd| hdfk elgghu dq dprxqw Tc +lll, li h|� 9' h|2/ uhtxluh hdfk elgghu wr sd| 2T

wr wkh vhoohu/ dqg +ly, jlyh wkh remhfw wr wkh elgghu � zlwk wkh kljkhvw ydoxh ��Eh|�ch|2�
dw sulfh ��Eh|�ch|2�1 Li T lv vx!flhqwo| odujh/ lw lv d Qdvk htxloleulxp iru hdfk elg0

ghu wr �whoo wkh wuxwk�/ wkdw lv/ uhsruw h|� ' |� dw vwdjh 4c vlqfh li wkh rwkhu ehkdyhv

wklv zd|/ sduwv +ll, dqg +lll, ri wkh phfkdqlvp wkhq |lhog 2

�
ET � n �

�
E�2T � ' f wr d

wuxwk0whoohu exw |lhog �

�
ET � n 2

�
E�2T � ' �T wr d ghyldwru1 Wkdw lv/ wkh vhoohu kdv

hvvhqwldoo| irufhg hdfk elgghu wr pdnh d ehw rq wkh rwkhu*v vljqdo/ dqg wkh elgghuv fdq

dyrlg orvlqj prqh| rq wkhvh ehwv rqo| e| xvlqj wkhlu sulydwh lqirupdwlrq1 Exw rqfh

doo wkhlu sulydwh lqirupdwlrq kdv wkxv ehhq uhyhdohg/ wkh vhoohu fdq h{wudfw wkh hqwluh

vrfldo vxusoxv lq sduw +ly, ri wkh phfkdqlvp1469

Irupdo Gh�qlwlrq ri D!oldwlrq

Irupdoo|/ exw vwloo uhvwulfwlqj iru vlpsolflw| wr wkh fdvh ri wzr elgghuv/ vljqdov |�

dqg |2 duh d!oldwhg li iru doo |�
�
: |��

�
dqg |�

2
: |��

2
c

sE|�
�
c |�

2
�sE|��

�
c |��

2
� � sE|�

�
c |��

2
�sE|��

�
c |�

2
� +9,

lq zklfk |�
�
dqg |��

�
duh gl�huhqw srvvleoh uhdolvdwlrqv ri wkh vljqdov |�c � ' �c 2c dqg

sE|�c |2� lv wkh mrlqw ghqvlw| ixqfwlrq ri wkh vljqdov1 Vlqfh/ e| wkh gh�qlwlrq ri frq0

glwlrqdo suredelolw|/ sE|�c |2� ' }E|� m |2��E|2�c lq zklfk }E|� m |2� dqg �E|2� duh wkh

frqglwlrqdo ghqvlw| ri |� jlyhq |2c dqg wkh xqfrqglwlrqdo ghqvlw| ri |2c uhvshfwlyho|/ lw

iroorzv wkdw E9� krogv li dqg rqo| li

}E|�
�
m |�

2
�

}E|��
�
m |�

2
�
� }E|�

�
m |��

2
�

}E|��
�
m |��

2
�

+:,

469Wklv vlpsoh phfkdqlvp vx�huv iurp dgglwlrqdo htxloleuld wkdw duh qrw wuxwk0whoolqj�iru h{dpsoh/
iru odujh Y lw lv dovr dq htxloleulxp iru erwk elgghuv wr dozd|v uhsruw �orz��exw pruh frpsoh{
phfkdqlvpv fdq eh ghvljqhg lq zklfk krqhvw| lv wkh xqltxh htxloleulxp/ vhh P|huvrq +4<;4,1
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zklfk lv dovr nqrzq dv wkh Prqrwrqh Olnholkrrg Udwlr Surshuw|/ wkdw lv/ kljkhu ydoxhv

ri |� ehfrph uhodwlyho| pruh olnho| dv |2 lqfuhdvhv1 Dq lpsolfdwlrq ri +:, lv wkdw46:

CE|� m |�2� � CE|� m |��2�

lq zklfk CE|� m |2� lv wkh frqglwlrqdo glvwulexwlrq ri |� jlyhq |2� Lq zrugv/ wkh glvwulex0

wlrq ri |� frqglwlrqdo rq |�
2
�uvw0rughu vwrfkdvwlfdoo| grplqdwhv wkh glvwulexwlrq ri |�

frqglwlrqdo rq |��
2
c li |�

2
: |��

2
� Wkh lpsolfdwlrq ri d!oldwlrq wkdw lv suredeo| xvhg prvw

iuhtxhqwo| lq dxfwlrq0wkhru| surriv lv wkdw46;

Y

Y|2

�
}E|� m |2�

��CE|� m |2�
�

� f�

Lq zrugv/ wkh kd}dug udwh ri |� lv hyhu|zkhuh ghfuhdvlqj lq |2�

Lq wkh fdvh ri lqghshqghqw vljqdov/ d!oldwlrq krogv zhdno|1

46:Wr rewdlq wklv/ lqwhjudwh �uvw ryhu w3
4
A w4> wkhq pxowlso| wkurxjk e| j+w33

4
m w3

5
,j+w33

4
m w33

5
,/ wkhq

lqwhjudwh ryhu w33
4
? w3

4
wr |lhog dq h{suhvvlrq zklfk lpsolhv wklv rqh1

46;Wr rewdlq wklv lqwhjudwh +:, ryhu w3
4
A w33

4
/ dqg vxevwlwxwh w4 iru w334 =
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Dsshqgl{ G= H{dpsohv Xvlqj wkh Xqlirup Glvwul0
exwlrq

Wklv Dsshqgl{ xvhv wkh xqlirup glvwulexwlrq wr ghyhors vrph vlpsoh h{dpsohv

ri elgglqj lq wkh vwdqgdug dxfwlrqv/ dqg looxvwudwhv wkh pdwhuldo lq wkh suhfhglqj

Dsshqglfhv1

Wkh xqlirup glvwulexwlrq E8 E�� ' �3�

�3�
c sE�� ' �

�3�
� lv riwhq sduwlfxoduo| hdv| wr

zrun zlwk lq dxfwlrq wkhru|1 Wkh iroorzlqj idfw lv yhu| khosixo= wkh h{shfwhg &|�

kljkhvw ydoxh dprqj ? ydoxhv lqghshqghqwo| gudzq iurp wkh xqlirup glvwulexwlrq rq

d�c �o lv

� n

�
?n �� &

?n �

�
E� � ���

Elgglqj zlwk Lqghshqghqw Sulydwh Ydoxhv/ Uhyhqxh Htxlydohqfh/ dqgPdujlqdo

Uhyhqxhv

Ehjlq zlwk ulvn0qhxwudo elgghuv � ' �c ���c ? hdfk ri zkrp kdv d sulydwh ydoxh ��

lqghshqghqwo| gudzq iurp d�c �o�

Wkhq lq d vhfrqg0sulfh +ru dvfhqglqj, dxfwlrq/ hyhu|rqh elgv +ru elgv xs wr, khu

wuxh ydoxh/ vr wkh vhoohu*v h{shfwhg uhyhqxh lv wkh h{shfwhg vhfrqg0kljkhvw ydoxh ri wkh

? ydoxhv zklfk/ xvlqj wkh idfw jlyhq deryh/ htxdov � n
�
?3�

?n�

�
E� � ���

Lq d �uvw0sulfh dxfwlrq/ e| uhyhqxh htxlydohqfh/ � elgv khu h{shfwhg sd|phqw frq0

glwlrqdo rq zlqqlqj dq dvfhqglqj dxfwlrq1 Frqglwlrqdo rq �� ehlqj wkh kljkhvw ydoxh/

wkh rwkhu ?� � ydoxhv duh xqlirupo| glvwulexwhg rq d�c ��o vr/ xvlqj wkh idfw derxw wkh

xqlirup glvwulexwlrq/ wkh h{shfwhg ydoxh ri wkh kljkhvw ri wkhvh�zklfk lv zkdw � zrxog

h{shfw wr sd| frqglwlrqdo rq zlqqlqj�lv � n
�
?3�

?

�
E�� � ��c vr wklv zloo eh �*v elg1

Dowhuqdwlyho|/ zh fdq ghulyh �*v htxloleulxp elgglqj vwudwhj| xvlqj wkh gluhfw ds0

surdfk/ dqg wkxv frq�up uhyhqxh htxlydohqfh146<

46<Wkh gl�huhqwldo htxdwlrq iru l*v �uvw0sulfh elgglqj vwudwhj|/ e+yl,> rewdlqhg xvlqj wkh gluhfw ds0
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Qrwh wkdw wkh sursruwlrq ri ex|huv zlwk ydoxdwlrqv deryh dq| sulfh � lv olqhdu lq �/

wkdw lv/ ^E�� � ��8 E�� ' �3�

�3�
1 Wkhuhiruh � ' ��E����^c vr wkh xqlirup glvwulexwlrq

fruuhvsrqgv wr olqhdu ghpdqg +vlqfh � sod|v wkh uroh ri sulfh,1 Lw iroorzv wkdw wkh

pdujlqdo uhyhqxh fxuyh lv mxvw olqhdu dqg wzlfh dv vwhhs dv wkh ghpdqg fxuyh/ wkdw lv/

�-E^E��� ' � � 2E� � ��^c zklfk lpsolhv �-E�� ' � � 2E� � ��
�

�3�
�3�

�
' 2� � ��473

Vlqfh .

�
4@ 

�'�c���c?
��

�
' � n

�
?

?n�

�
E� � ��c wkh h{shfwhg pdujlqdo uhyhqxh ri wkh

kljkhvw elgghu htxdov � n
�
?3�
?n�

�
E� � ��c zklfk frq�upv rxu hduolhu uhvxow wkdw wklv lv

wkh h{shfwhg uhyhqxh iurp dq| vwdqgdug dxfwlrq +zlwkrxw d uhvhuyh sulfh,1

Ixuwkhupruh/ vlqfh wkh pdujlqdo uhyhqxh fxuyh lv grzqzdug vorslqj/ dq rswlpdo

+wkdw lv/ h{shfwhg0uhyhqxh pd{lplvlqj, dxfwlrq lv dq| vwdqgdug dxfwlrq wrjhwkhu zlwk

d uhvhuyh sulfh/ Ro ' �

2
+vr wkdw �-ERo� ' f�c ehorz zklfk qr vdoh zloo eh pdgh�

Elgglqj zlwk Frpprq Ydoxhv/ dqg wkh Zlqqhu*v Fxuvh

Qrz ohw wkh elgghuv kdyh vljqdov |�c dqg �� ' k|� n q
S

� �'� |�� +Vr q ' f lv wkh

sulydwh ydoxhv fdvh/ dqg k ' q lv sxuh frpprq ydoxhv> zh dvvxph k � q�, Ohw |E�� eh

wkh dfwxdo �|� kljkhvw vljqdo1

Lq wkh v|pphwulf htxloleulxp ri dq dvfhqglqj dxfwlrq hdfk sod|hu txlwv zkhuh vkh

zrxog mxvw eh lqgl�huhqw derxw �qglqj khuvhoi d zlqqhu1 Vr wkh �uvw txlw lv dw sulfh

EknE?���q�|E?�c vlqfh wkdw zrxog eh wkh dfwxdo ydoxh wr doo li doo elgghuv kdg wklv vljqdo>

wkh uhpdlqlqj elgghuv doo revhuyh wklv dqg wkh qh{w txlw lv dw q|E?�nEknE?�2�q�|E?3��

vlqfh wklv zrxog eh wkh fxuuhqw txlwwhu*v ydoxh li doo wkh rwkhu uhpdlqlqj elgghuv zhuh

surdfk/ lv e3+yl, @ +yl � e+yl,,+q� 4, i+yl,
I +yl,

+vhh qrwh 454,1

Iru wkh xqlirup glvwulexwlrq/ wklv |lhogv e3+yl, @ +yl � e+yl,,+q � 4,
�

4
yl�y

�
zklfk lv vroyhg e|

e+yl, @ y .
�
q�4
q

�
+yl � y,=

Vlqfh wkh kljkhvw0ydoxh elgghu zloo ghwhuplqh wkh sulfh/ wkh vhoohu*v h{shfwhg uhyhqxh zloo eh Hiy.�
q�4
q

�
+ pd{
l@4>===>q

yl � y,j> vr xvlqj rxu uhvxow wkdw H
�

pd{
l@4>===>q

yl

�
@ y .

�
q

q.4

�
+y � y, |lhogv wkdw wkh

h{shfwhg uhyhqxh lv y.
�
q�4
q.4

�
+y� y,> frq�uplqj uhyhqxh htxlydohqfh zlwk wkh vhfrqg0sulfh dxfwlrq

irupv1
473Reylrxvo|/ zh fdq dovr rewdlq wklv htxdwlrq e| xvlqj wkh gh�qlwlrq/ PU+y, @ y � 4�I +y,

i+y, > iurp
Dsshqgl{ E1

8;



wr txlw zlwk khu> wkh rwkhu elgghuv doo revhuyh wklv dqg lqihu wkh qh{w orzhvw vljqdo/

hwf1 Wkh �qdo txlw/ dqg vr dfwxdo vdoh sulfh lv dw eR ' q
S?

�'� |E�� n Ek n q�|E2��

Wr fkhfn wklv lv wkh htxloleulxp/ qrwh/ iru h{dpsoh/ wkdw li wkh sod|hu zlwk wkh

vhfrqg0kljkhvw vljqdo/ |E2�c zdlwhg wr txlw dqg irxqg khuvhoi d zlqqhu dw d sulfh eR n
Ek n q�0 vkh zrxog wkhq lqihu |E�� ' |E2� n 0 +vlqfh wkh �qdo rssrqhqw lv elgglqj

v|pphwulfdoo| wr khu htxloleulxp ehkdylrxu, khqfh wkdw wkh ydoxh ri wkh remhfw wr khu

zdv mxvw eR n q0c vr vkh kdg orvw prqh|1 Exw zkhq wkh sulfh uhdfkhg eR � Ek n q�0c

vkh frxog lqihu wkdw khu �qdo rssrqhqw*v vljqdo lv dw ohdvw |E2� � 0 khqfh wkdw wkh ydoxh

ri wkh remhfw wr khu zdv dw ohdvw eR � q0c vr txlwwlqj hduo| zrxog kdyh jlyhq xs wkh

rssruwxqlw| ri pdnlqj vrph prqh| +lq wkh vwdwhv lq zklfk wkh �qdo rssrqhqw zrxog

kdyh txlw forvh wr wklv sulfh,1474

474Wkh sulqflsoh iru vroylqj wkh fdvh zkhuh elgghuv* ydoxh ixqfwlrqv duh dv|pphwulf lv vlplodu/ dqg
fodul�hv wkh dujxphqw1 Dvvxph mxvw wzr elgghuv/ iru vlpsolflw|/ zlwk vljqdo wl> wm dqg ydoxhv yl+wl> wm,
dqg ym+wl> wm,1 Dvvxph wkdw lq htxloleulxp wl txlwv dw wkh vdph wlph dv dq rssrqhqw ri w|sh wm @ zl+wl,>
lq zklfk zl+�, lv d vwulfwo| lqfuhdvlqj ixqfwlrq1 Vr

el+wl, @ em+zl+wl,,> +-,

dqg wl zloo ehdw doo rssrqhqwv zlwk w|shv wm ? zl+wl,> dqg orvh wr doo kljkhu w|shv1
Qrz li wl ghyldwhg iurp khu htxloleulxp vwudwhj| dqg zdlwhg d wlq| elw orqjhu wr txlw/ vkh zrxog zlq

djdlqvw doo wm � zl+wl, dw wkh vdph sulfhv dv ehiruh/ dqg vkh zrxog dovr zlq djdlqvw d ihz dgglwlrqdo
w|shv ri m zlwk vljqdov ri +voljkwo| deryh, zl+wl,> dw d sulfh ri +voljkwo| deryh, el+wl,= Khu ydoxh ri
zlqqlqj lq wkhvh dgglwlrqdo fdvhv zrxog eh +voljkwo| deryh, yl+wl> zl+wl,,> vr li el+wl, zhuh +vwulfwo|,
ohvv wkdq yl+wl> zl+wl,,> wkhq ghyldwlqj wr zlq djdlqvw d ihz dgglwlrqdo w|shv zrxog eh sur�wdeoh1 Vr
el+wl, � yl+wl> zl+wl,,=
Vlploduo|/ li wl zhuh wr txlw d wlq| elw hduolhu wkdq khu htxloleulxp txlwwlqj sulfh/ lw zrxog pdnh qr

gl�huhqfh h{fhsw wkdw vkh zrxog orvh djdlqvw d ihz w|shv zlwk vljqdov +voljkwo| ehorz, zl+wl, dw sulfhv
ri +voljkwo| ehorz, el+wl,> dqg w|sh wl zrxog zlvk wr gr wklv xqohvv el+wl, � yl+wl> zl+wl,,=
Vr

el+wl, @ yl+wl> zl+wl,,= +--,

Wkdw lv/ wl elgv xs wr wkh ydoxh dw zklfk vkh zrxog pdnh qr prqh| li vkh zhuh wr �qg khuvhoi wkh
zlqqhu1
Vlploduo|

em+wm, @ ym+zm+wm,> wm,=

Vxevwlwxwlqj wkh ydoxh wm @ zl+wl, lqwr wklv htxdwlrq |lhogv

em+zl+wl,, @ ym+zm+zl+wl,,> zl+wl,,=

Exw em+zl+wl,, @ el+wl, e| +-,1 Dqg e| gh�qlwlrq zm+zl+wl,, @ wl= +Wkdw lv/ li wl txlwv dw wkh vdph wlph
dv zl+wl,/ wkhq wkh w|sh wkdw txlwv dw wkh vdph wlph dv zl+wl,� wklv w|sh lv zm+zl+wl,,� lv wl=, Vr

el+wl, @ ym+wl> zl+wl,,=
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Qrwh wkdw zkhq wkh sod|hu zlwk wkh vhfrqg0kljkhvw vljqdo txlwv/ vkh nqrzv +dvvxp0

lqj htxloleulxp ehkdylrxu, wkdw wkh uhpdlqlqj vljqdo lv +zhdno|, kljkhu wkdq khuv1 Vr

vkh lv vxuh wkh dfwxdo ydoxh ri wkh remhfw wr khu fdqqrw eh ohvv wkdq wkh sulfh dw zklfk

vkh lv txlwwlqj/ dqg wkdw wkh h{shfwhg ydoxh lv kljkhu1 Wklv looxvwudwhv wkh zlqqhu*v

fxuvh1 Wkh srlqw lv wkdw zkdw lv uhohydqw wr khu lv qrw wkh h{shfwhg ydoxh ri wkh

remhfw/ exw udwkhu lwv h{shfwhg ydoxh frqglwlrqdo rq khu zlqqlqj lw1475 Rqo| zkhq

vkh zlqv wkh remhfw grhv vkh fduh derxw lwv ydoxh/ vr vkh txlwv h{dfwo| dw lwv ydoxh

frqglwlrqdo rq khu zlqqlqj1 H{dfwo| wkh vdph h�hfw�wkdw zlqqlqj wkh dxfwlrq lv

edg qhzv derxw rssrqhqwv* vljqdov/ vr elgv pxvw eh dgmxvwhg grzq wr doorz iru wkh

�zlqqhu*v fxuvh��dulvhv lq wkh rwkhu dxfwlrq w|shv1

Qrwh wkdw wkh dvfhqglqj dxfwlrq htxloleulxp grhv qrw ghshqg rq wkh elgghuv* vlj0

qdov ehlqj lqghshqghqw ru rq wkhlu glvwulexwlrqv +zklfk fdq eh gl�huhqw iru gl�huhqw

elgghuv,/ ru rq wkh elgghuv ehlqj ulvn0qhxwudo1 Krzhyhu/ wkhvh surshuwlhv gr qrw h{whqg

wr wkh rwkhu vwdqgdug dxfwlrqv1 Vr khqfhiruwk dvvxph wkh vljqdov duh lqghshqghqw dqg

xqlirup rq dfc |o/ dqg wkh elgghuv duh ulvn0qhxwudo1

Lq d vhfrqg0sulfh vhdohg0elg dxfwlrq wkh orjlf lv vlplodu wr wkdw iru wkh dvfhqglqj

dxfwlrq1 Elgghu � zlwk vljqdo |� lv zloolqj wr sd| dq|wklqj xs wr khu h{shfwhg ydoxh

frqglwlrqdo rq khu zlqqlqj wkh remhfw exw ehlqj mxvw wlhg zlwk rqh rwkhu zlwk wkh vdph

vljqdo1 Wkh gl�huhqfh lv wkdw wkh elgghu grhv qrw vhh wkh rwkhu E? � 2� rssrqhqwv*

elgv/ vr hvwlpdwhv wkhlu vljqdov dw |�

2
+vlqfh frqglwlrqdo rq wkhp ehlqj ehorz |�c wkh|

duh xqlirupo| glvwulexwhg ehorz |��� Vr � elgv qE?� 2� |�
2
n Ekn q�|� ' Ekn ?

2
q�|��

476

Frpsdulqj zlwk +--, zh kdyh

yl+wl> zl+wl,, @ ym+wl> zl+wl,,=

Wkdw lv/ sod|huv kdyh wkh vdph ydoxhv zkhq wkh| kdyh w|shv wkdw txlw dw wkh vdph wlph1
Vr wr �qg wkh elgglqj vwudwhjlhv zh vroyh wklv odvw htxdwlrq iru wkh ixqfwlrq zl+wl,> dqg wkhq

vxevwlwxwh wklv ixqfwlrq edfn lqwr +--, wr |lhog l*v elgglqj ixqfwlrq1 +Qrwh wkdw wklv surfhgxuh grhv
qrw qhfhvvdulo| |lhog dq htxloleulxp/ dowkrxjk lw grhv vr lq qdwxudo wzr0elgghu ru v|pphwulf h{dpsohv1
Vhh Pdvnlq +4<<5,1,
475Wklv vwdwhphqw dvvxphv ulvn0qhxwudolw|/ exw wkh srlqw zh duh pdnlqj reylrxvo| grhv qrw1
476Zh fdq dovr frq�up wklv lv wkh htxloleulxp hlwkhu e| uhyhqxh htxlydohqfh zlwk wkh dvfhqglqj
dxfwlrq/ ru e| d vlplodu dujxphqw wr wkdw iru wkh dvfhqglqj dxfwlrq�wkh rqo| h�hfw rq l ri l elgglqj
d vpdoo dprxqw +�. �,% pruh lv li l pryhv iurp frplqj vhfrqg wr zlqqlqj/ hwf1
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Wkh vlpsohvw zd| wr vroyh iru �uvw0sulfh elgglqj vwudwhjlhv lv wr xvh uhyhqxh htxly0

dohqfh1477 Frqglwlrqdo rq zlqqlqj wkh vhfrqg0sulfh dxfwlrq/ d elgghu zlwk vljqdo |�

h{shfwv wr sd| +kn ?
2
q�e| lq zklfk e| lv wkh h{shfwhg kljkhvw ri ?� � vljqdov xqlirupo|

glvwulexwhg rq ^3c |�oc wkdw lv/ e| ' �
?3�
?

�
|�� Vr � elgv wklv h{shfwhg sd|phqw/ wkdw lv/

E?3�
?
�Ek n ?

2
q�|��

Elgglqj zlwk D!oldwhg Vljqdov/ dqg Uhyhqxh Udqnlqjv

D wudfwdeoh h{dpsoh ri d!oldwhg lqirupdwlrq wkdw looxvwudwhv wkh uhyhqxh0udqnlqj

uhvxowv ghulyhg lq Dsshqgl{ F +dqg lv dovr xvhixo iru ghyhorslqj rwkhu h{dpsohv478, kdv

ulvn0qhxwudo elgghuv � ' �c ���c ? hdfk ri zkrp uhfhlyhv d vljqdo |� wkdw lv lqghshqghqwo|

gudzq iurp d xqlirup glvwulexwlrq rq d�� �
2
c �n �

2
o zkhuh � lv wkh +sxuh, frpprq ydoxh

ri d vlqjoh remhfw iru vdoh1 Dvvxph d �gl�xvh sulru� iru �/ wkdw lv/ doo ydoxhv ri � duh

htxdoo| olnho|1 +Pruh irupdoo| zh fdq ohw � eh xqlirupo| glvwulexwhg rq d��cn� o

dqg wdnh wkh olplw dv � $ 4�� Vr d kljkhu ydoxh ri |� pdnhv d kljkhu ydoxh ri � pruh

olnho|/ dqg khqfh kljkhu ydoxhv ri wkh rwkhu vljqdov pruh olnho|/ dqg lw fdq eh fkhfnhg

wkdw wklv h{dpsoh vdwlv�hv wkh irupdo gh�qlwlrq ri d!oldwlrq1

Ohw wkh �|� kljkhvw dfwxdo vljqdo eh |E��/ dqg revhuyh wkdw frqglwlrqdo rq doo wkh

vljqdov |�c ���c |?c wkh h{shfwhg ydoxh ri � htxdov �
2
E|E�� n |E?�� +vlqfh dq| ydoxh ri � 5

d|E�� � �
2
c |E?� n

�
2
o lv htxdoo| suredeoh,1

Zh qrz frpsxwh wkh v|pphwulf htxloleuld ri wkh vwdqgdug dxfwlrq w|shv1

Lq dq dvfhqglqj dxfwlrq/ wkh �uvw txlw zloo eh dw sulfh |E?� +vlqfh wkdw lv zkhuh wkh

orzhvw0vljqdo elgghu zrxog eh lqgl�huhqw derxw zlqqlqj zhuh hyhu|rqh hovh wr txlw vl0

pxowdqhrxvo| zlwk khu,/ dqg hyhu| rwkhu elgghu � zloo wkhq lqihu |E?� dqg txlw dw �
2
E|E?�n

|�� +vlqfh wkdw lv zkhuh hdfk � zrxog eh mxvw lqgl�huhqw derxw �qglqj khuvhoi wkh zlqqhu,1

Wkh sulfh sdlg e| wkh zlqqhu zloo wkhuhiruh eh �
2
E|E?�n|E2�� zklfk/ xvlqj rxu uhvxow derxw

wkh xqlirup glvwulexwlrq/ rq dyhudjh htxdov �
2

��
� � �

2
n
�

�
?n�

��
n
�
� � �

2
n
�
?3�
?n�

���
'

477Dq dowhuqdwlyh lv wkh gluhfw phwkrg/ vhh qrwh 4541
478Prvw h{dpsohv ri d!oldwhg lqirupdwlrq duh yhu| kdug wr zrun zlwk1
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� � �

2

�
�

?n�

�
�

Lq d vhdohg0elg vhfrqg0sulfh dxfwlrq/ hdfk elgghu � elgv khu h{shfwhg ydoxh/ frqgl0

wlrqdo rq ehlqj wlhg iru zlqqhu zlwk rqh rwkhu elgghu +vhh suhylrxv vxevhfwlrq,1 Wkdw

lv/ � elgv wklqnlqj ri khuvhoi dv ehlqj wkh kljkhvw ri ?�� elgghuv xqlirupo| gudzq iurp

d� � �
2
c � n �

2
o dqg wlhg zlwk rqh rwkhu/ vr rq dyhudjh/ lq wklv fdvh/ |� ' d� � �

2
n
�
?3�
?

�
o

vr �*v hvwlpdwh ri � lq wklv fdvh/ dqg khqfh khu elg/ htxdov |�n �
2
� �

?3�
?

�
� Rq dyhudjh/

wkh vhfrqg0kljkhvw elgghu ri ? elgghuv dfwxdoo| kdv vljqdo |E2� ' d� � �
2
n

�
?3�
?n�

�
o vr

elgv d� � �
2
n
�
?3�
?n�

�
o n d�

2
� �

?3�
?

�
o� Vr wkh h{shfwhg uhyhqxh iurp wklv dxfwlrq htxdov

� � �
?3�
?

� �
�

?n�

�
�

Lq d �uvw0sulfh dxfwlrq/ olnhzlvh/ hdfk elgghu � elgv |��% iru vrph %> wklv lv ehfdxvh

ri rxu �gl�xvh sulru� dvvxpswlrq zklfk phdqv wkdw �*v vljqdo jlyhv khu qr lqirupdwlrq

derxw zkhwkhu vkh lv kljk ru orz uhodwlyh wr rwkhuv* vljqdov ru wkh �wuxwk�/ dqg vr vkrxog

qrw d�hfw krz forvh vkh elgv wr khu vljqdo1 Ohw |� ' � � �
2
n A�1 Lq htxloleulxp � zloo

kdyh wkh kljkhvw vljqdo/ dqg vr zlq wkh dxfwlrq/ zlwk suredelolw| A ?3�
�

c dqg zloo hduq

��E|��%� ' %n �
2
�A� zkhq vkh zlqv1 Vr li/ lqvwhdg/ � kdg ghyldwhg iurp wkh v|pphwulf

htxloleulxp e| elgglqj d vpdoo dprxqw 0 pruh/ dv li vkh kdg vljqdo |� n 0c vkh zrxog

zlq %n �
2
� A�E�0� zlwk dgglwlrqdo suredelolw| EA� n 0�?3� � EA��

?3� � E?� ��0A ?32
�

/

iru vpdoo 0/ exw sd| dq dgglwlrqdo 0 lq wkh A ?3�
�

fdvhv lq zklfk vkh zrxog kdyh zrq

dq|zd|1 Lq htxloleulxp � pxvw eh mxvw lqgl�huhqw derxw wkh vpdoo ghyldwlrq vr/ vlqfh

vkh nqrzv rqo| wkdw A� lv xqlirupo| glvwulexwhg rq ^3/4`/] �

A�'f

�
E?� ��0A ?32

�
E%n

�

2
� A��� 0A ?3�

�

�
_A� ' f

+zh duh rplwwlqj whupv lq 02 dqg kljkhu rughuv ri 0�

,
�
0A ?3�

�
E%n

�

2
�� E?� ��0

A ?

�

?
� 0

A ?

�

?

��
A�'f

' f , % '
�

2
�

Vr � elgv |� � �
2
/ dqg wkh sulfh lv vhw e| wkh elgghu zlwk wkh kljkhvw vljqdo/ |E��/ zklfk

htxdov �� �
2
n
�

?

?n�

�
rq dyhudjh1 Vr wkh h{shfwhg uhyhqxh iurp wkh dxfwlrq lv ���

�
?n�

�
�

Wkhvh uhvxowv frq�up wkh Plojurp dqg Zhehu uhyhqxh udqnlqjv ri wkh vwdqgdug

dxfwlrqv1
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Ilqdoo|/ vlqfh vljqdov duh d!oldwhg dq rswlpdo dxfwlrq fdq h{wudfw doo wkh vxusoxv iru

wkh dxfwlrqhhu +vhh Vhfwlrq 9 dqg Dsshqgl{ F,1 Khuh lw vx!fhv wr dvn hdfk elgghu wr

ghfoduh |�c doorfdwh wkh jrrg wr wkh kljk elgghu +vd|, dw wkh �idlu� sulfh �

2
d|E��n|E?�oc dqg

hqvxuh wuxwk0whoolqj ehkdylru e| lpsrvlqj odujh �qhv rq doo wkh elgghuv li |E���|E?� : ��
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Dsshqgl{ H= Eleolrjudsk|

Vhfwlrqv 5047 ri wklv eleolrjudsk| fruuhvsrqg wr wkrvh vhfwlrqv ri wklv sdshu1 Du0
wlfohv pdunhg +-, duh uhsurgxfhg lq Wkh Hfrqrplf Wkhru| ri Dxfwlrqv +vhh Vhfwlrq 4;,1

41 Vxuyh| dqg Jxlgh wr wkh Olwhudwxuh

Nohpshuhu +-4<<<,1

51 Hduo| Olwhudwxuh

Ylfnuh| +-4<94,> Ylfnuh| +-4<95,> Julhvphu/ Ohylwdq/ dqg Vkxeln +-4<9:,> Ruwhjd Uh0
lfkhuw +-4<9;,> Zlovrq +-4<9<,> Iulhgpdq +4<89,> Zlovrq +4<9:,> Urwknrsi +4<9</ vhh
dovr 4<;3,> Fdshq/ Fodss/ dqg Fdpsehoo +4<:4,> Ylfnuh| +4<:9,1

61 Lqwurgxfwlrq wr wkh Uhfhqw Olwhudwxuh

PfDihh dqg PfPloodq +-4<;:d,> Pdvnlq dqg Uloh| +-4<;8,> Uloh| +4<;<d,1

71 Wkh Edvlf Dqdo|vlv ri Rswlpdo Dxfwlrqv/ Uhyhqxh Htxlydohqfh/ dqg
Pdujlqdo Uhyhqxhv

P|huvrq +-4<;4,> Uloh| dqg Vdpxhovrq +-4<;4,> Exorz dqg Urehuwv +-4<;<,> Ylfnuh|
+-4<94,> Ylfnuh| +-4<95,> Exorz dqg Nohpshuhu +-4<<9,> Kduulv dqg Udyly +4<;4,1

81 Ulvn Dyhuvlrq

Pdvnlq dqg Uloh| +-4<;7,> Pdwwkhzv +-4<;:,> Pdwwkhzv +4<;6,> Zdhkuhu/ Kduvwdg/
dqg Urwknrsi +4<<;,1

91 Fruuhodwlrq dqg D!oldwlrq

Plojurp dqgZhehu +-4<;5d,> Fuhphu dqgPfOhdq +-4<;8,> Ohylq dqg Vplwk +-4<<9d,>
Fuhphu dqg PfOhdq +4<;;,> PfDihh/ PfPloodq dqg Uhq| +4<;<,> PfDihh dqg Uhq|
+4<<5,> Shuu| dqg Uhq| +iruwkfrplqj,1
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:1 Dv|pphwulhv

:14 Sulydwh Ydoxh Gl�huhqfhv

PfDihh dqg PfPloodq +-4<;<,> Pdvnlq dqg Uloh| +-4<<<,> Pdvnlq dqg Uloh| +-4<;8,>
Julhvphu/ Ohylwdq/ dqg Vkxeln +-4<9:,> Pduvkdoo/ Phxuhu/ Ulfkdug/ dqg Vwurptxlvw
+4<<7,> Urwknrsi/ Kduvwdg/ dqg Ix +4<<:,1

:15 Doprvw0Frpprq0Ydoxhv

Elnkfkdqgdql +-4<;;,> Nohpshuhu +-4<<;,> Exorz/ Kxdqj/ dqg Nohpshuhu +4<<<,> Ex0
orz dqg Nohpshuhu +4<<<e,1

:16 Lqirupdwlrq Dgydqwdjhv

Plojurp dqg Zhehu +-4<;5e,> Plojurp +-4<;4,> Hqjhoeuhfkw0Zljjdqv/ Plojurp/ dqg
Zhehu +4<;6,1

;1 Hqwu| Frvwv dqg wkh Qxpehu ri Elgghuv

;14 Hqgrjhqrxv Hqwu| ri Elgghuv

Ohylq dqg Vplwk +-4<<7,> Hqjhoeuhfkw0Zljjdqv +-4<<6,> Pdwwkhzv +-4<;7,> Ilvk0
pdq +-4<;;,> Hqjhoeuhfkw0Zljjdqv +4<;:,> PfDihh dqg PfPloodq +4<;:f,> PfDihh
dqg PfPloodq +4<;;,> Kduvwdg +4<<3,> Phqh}hv dqg Prqwhlur +4<<:,> Shuvlfr +4<<:,>
Jloehuw dqg Nohpshuhu +iruwkfrplqj,1

;15 Wkh Ydoxh ri Dgglwlrqdo Elgghuv

Exorz dqg Nohpshuhu +-4<<9,1

;16 Lqirupdwlrq Djjuhjdwlrq zlwk Odujh Qxpehuv ri Elgghuv

Zlovrq +-4<::,> Plojurp +-4<;4,> Plojurp +4<:<,> Shvhqgruihu dqg Vzlqnhov +4<<:,1
;17 Xqnqrzq Qxpehu ri Elgghuv

Pdwwkhzv +-4<;:,> PfDihh dqg PfPloodq +4<;:e,> Kduvwdg/ Ndjho/ dqg Ohylq +4<<3,>
Ohylq dqg Vplwk +4<<9e,> Slfflrqh dqg Wdq +4<<9,1

<1 Frooxvlrq

Urelqvrq +-4<;8,> PfDihh dqg PfPloodq +-4<<5,> Khqgulfnv dqg Sruwhu +-4<;<,> Jud0
kdp dqg Pduvkdoo +4<;:,> Judkdp/ Pduvkdoo/ dqg Ulfkdug +4<<3,> Pdlodwk dqg ]hp0
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vn| +4<<4,> Khqgulfnv/ Sruwhu/ dqg Wdq +4<<<,1

431 Pxowlxqlw Dxfwlrqv

4314 Rswlpdo Dxfwlrqv

Pdvnlq dqg Uloh| +-4<;<,> Sdoiuh| +-4<;6,> Dyhu| dqg Khqghuvkrww +4<<:,> Dupvwurqj
+4<<;,> Urwknrsi/ Shnh
f/ dqg Kduvwdg +4<<;,1

4315 Vlpxowdqhrxv Dxfwlrqv

Zlovrq +-4<:<,> Edfn dqg ]hqghu +-4<<6,> Dqwrq dqg \dr +-4<<5,> Nohpshuhu dqg
Ph|hu +-4<;<,> Kdqvhq +-4<;;,> Pd{zhoo +4<;6,> Ehuqkhlp dqg Zklqvwrq +4<;9,>
Dqwrq dqg \dr +4<;<,> Gdulsd +4<<9d,> Gdulsd +4<<9e,> Q|eruj +4<<:,> Hqjhoeuhfkw0
Zljjdqv dqg Ndkq +4<<;,> Hqjhoeuhfkw0Zljjdqv dqg Ndkq +4<<;,> Zdqj dqg ]hqghu
+4<<;,1

4316 Vhtxhqwldo Dxfwlrqv

+l, Elgghuv zkr ghpdqg rqo| d vlqjoh xqlw hdfk= Plojurp dqgZhehu +-4<;5f/ dqg qhz
iruhzrug -4<<<,> Exorz dqg Nohpshuhu +-4<<7,> PfDihh dqg Ylqfhqw +-4<<6,> Ehuq0
kdugw dqg Vfrrqhv +4<<7,> Hqjhoeuhfkw0Zljjdqv +4<<7,> yrq ghu Ihku +4<<7,> Jdoh dqg
Kdxvfk +4<<7,> Urehuw/ Od�rqw/ dqg Orlvho +4<<7,> Ehjjv dqg Judgg| +4<<:,> PfDihh
dqg Ylqfhqw +4<<:,1

+ll, Elgghuv zlwk pxowl0xqlw ghpdqg= Zhehu +-4<;6,> Ruwhjd Uhlfkhuw +-4<9;,> Kdxvfk
+4<;9,> Slwfkln dqg Vfkrwwhu +4<;;,> Eodfn dqg gh Ph}d +4<<5,> Nulvkqd +4<<6,> Urehuw
+� 4<<8,> Jdoh dqg Vwhjhpdq +4<<8,> Slwfkln +4<<8,> Jdoh/ Kdxvfk/ dqg Vwhjhpdq
+4<<;,> yrq ghu Ihku dqg Ullv +4<<<,1

4317 H!flhqw Dxfwlrqv

Dxvxeho +4<<;,> Dxvxeho dqg Fudpwrq +4<<;,> Gdvjxswd dqg Pdvnlq +4<<;,> Mhklho
dqg Progrydqx +4<<;,> Shuu| dqg Uhq| +4<<;,> Elnkfkdqgdql +4<<<,1

441 Ur|dowlhv/ Lqfhqwlyh Frqwudfwv/ dqg Sd|phqwv iru Txdolw|

Uloh| +-4<;;,> Od�rqw dqg Wluroh +-4<;:,> Fkh +-4<<6,> PfDihh dqg PfPloodq +4<;9,>
PfDihh dqg PfPloodq +4<;:g,> Ulrugdq dqg Vdsslqjwrq +4<;:,> Eudqfr +4<<:,1
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451 Grxeoh Dxfwlrqv/ hwf

4514 Grxeoh Dxfwlrqv

Fkdwwhumhh dqg Vdpxhovrq +-4<;6,> Zlovrq +-4<;8,> Uxvwlfklql/ Vdwwhuwkzdlwh/ dqg
Zlooldpv +-4<<7,> PfDihh +-4<<5,> Ohlqlqjhu/ Olqkduw/ dqg Udgqhu +4<;<,> Vdwwhuwk0
zdlwh dqg Zlooldpv +4<;<d,> Vdwwhuwkzdlwh dqg Zlooldpv +4<;<e,1

4515 Uhodwhg Wzr0Vlghg Wudglqj Phfkdqlvpv

P|huvrq dqg Vdwwhuwkzdlwh +-4<;6,> Fudpwrq/ Jleerqv/ dqg Nohpshuhu +-4<;:,1

461 Rwkhu Wrslfv

4614 Exgjhw Frqvwudlqwv

Fkh dqg Jdoh +-4<<;,> Slwfkln dqg Vfkrwwhu +4<;;,> Slwfkln +4<<8,> Fkh dqg Jdoh
+4<<9,> Ehqrñw dqg Nulvkqd +4<<;,1

4615 H{whuqdolwlhv ehwzhhq Elgghuv

Mhklho dqg Progrydqx +-4<<9,> Mhklho/ Progrydqx/ dqg Vwdffkhwwl +4<<9,> Fdloodxg dqg
Mhklho +4<<;,1

4616 Mxps Elgglqj

Dyhu| +-4<<;,> Ilvkpdq +-4<;;,> Gdqlho dqg Kluvkohlihu +4<<8,1

4617 Wkh Zdu ri Dwwulwlrq

Exorz dqg Nohpshuhu +-4<<<d,> Uloh| +4<;3,> Eolvv dqg Qdohex� +4<;7,> Ixghqehuj
dqg Wluroh +4<;9,> Nulvkqd dqg Prujdq +4<<:,1

4618 Frpshwlqj Dxfwlrqhhuv

PfDihh +-4<<6,> Shwhuv dqg Vhyhulqry +4<<:,> Exujxhw dqg Vänrylfv +4<<<,1

471 Whvwlqj wkh Wkhru|

4714 Hpslulfdo

Od�rqw +-4<<:,> Khqgulfnv dqg Sruwhu +4<;;,> Khqgulfnv dqg Sdduvfk +4<<8,> Od�rqw/
Rvvdug/ dqg Yxrqj +4<<8,> Sruwhu +4<<8,> Od�rqw dqg Yxrqj +4<<9,1
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4715 H{shulphqwdo

Ndjho +-4<<8,1

481 Pruh rq Vshfl�f Dxfwlrq Irupv

4814 Pruh rq Iluvw Sulfh Dxfwlrqv

Oheuxq +4<<9,> Pdvnlq dqg Uloh| +4<<9d,> Pdvnlq dqg Uloh| +4<<9e,> Dwkh| +4<<:,>
Ol}}hul dqg Shuvlfr +4<<;,1

4815 Pruh rq Vhfrqg Sulfh Dxfwlrqv

Urwknrsi/ Whlvehuj/ dqg Ndkq +4<<3,> Elnkfkdqgdql dqg Uloh| +4<<4,> Exorz/ Kxdqj/
dqg Nohpshuhu +4<<8,> Orsrpr +4<<;,> Zlovrq +4<<;,> Exorz dqg Nohpshuhu +4<<<e,1

491 Plvfhoodqhrxv
Fdvvdg| +4<9:,> Vkxeln +4<;6,> Dvkhqihowhu +4<;<,> PfDihh dqg PfPloodq +4<<7,>
PfDihh dqg PfPloodq +4<<9,> Uloh| dqg Ol +4<<:,> Jlqvexujk +4<<;,> Exorz dqg
Nohpshuhu +4<<;/ Dsshqgl{ E,> Plojurp +iruwkfrplqj,1

4:1 Vxuyh|v

Nohpshuhu +-4<<<,> PfDihh dqg PfPloodq +-4<;:,> Plojurp +4<;8,> Zhehu +4<;8,>
Plojurp +4<;:,> Plojurp +4<;<,> Uloh| +4<;<e,> Pdvnlq +4<<5,> Zlovrq +4<<5,> Elnkfkdq0
gdql dqg Kxdqj +4<<6,> Kduvwdg dqg Urwknrsi +4<<7,> Urwknrsi +4<<7,> Zroivwhwwhu
+4<<9,1

4;1 Froohfwlrq ri Duwlfohv
Nohpshuhu +iruwkfrplqj,1
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Uhihuhqfhv

Dqwrq/ M1 M1 dqg \dr/ G1 D1 +4<;<, Vsolw Dzdugv/ Surfxuhphqw/ dqg Lqqrydwlrq1 Udqg

Mrxuqdo ri Hfrqrplfv/ 53/ 86;0851

Dqwrq/ M1 M1 dqg \dr/ G1 D1 +4<<5, Frruglqdwlrq lq Vsolw Dzdug Dxfwlrqv1 Txduwhuo|

Mrxuqdo ri Hfrqrplfv/ 43:/ 9;40:341

Dupvwurqj/ P1 +4<<;, Rswlpdo Pxowl0Remhfw Dxfwlrqv1 Plphr/ R{irug Xqlyhuvlw|1

Dvkhqihowhu/ R1 +4<;<, Krz Dxfwlrqv Zrun iru Zlqh dqg Duw1 Mrxuqdo ri Hfrqrplf

Shuvshfwlyhv/ 6/ 560691

Dwkh|/ V1 +4<<:, Vlqjoh0Furvvlqj Surshuwlhv dqg wkh H{lvwhqfh ri Sxuh0Vwudwhj| Htxl0

oleulxp lq Jdphv ri Lqfrpsohwh Lqirupdwlrq1 Plphr/ P1L1W1

Dxvxeho/ O1 P1 +4<<;, Dq H!flhqw Dvfhqglqj0Elg Dxfwlrq iru Pxowlsoh Remhfwv1

Zrunlqj Sdshu/ Xqlyhuvlw| ri Pdu|odqg1

Dxvxeho/ O1 P dqg Fudpwrq/ S1 +4<<;, Ghpdqg Uhgxfwlrq dqg Lqh!flhqf| lq Pxowl0

Xqlw Dxfwlrqv1 Plphr/ Xqlyhuvlw| ri Pdu|odqg1

Dxvxeho/ O1 P1 dqg Fudpwrq/ S1 +4<<;, Wkh Rswlpdolw| ri Ehlqj H!flhqw1 Plphr/

Xqlyhuvlw| ri Pdu|odqg1

Dyhu|/ F1 dqg Khqghuvkrww/ W1 +4<<:, Exqgolqj dqg Rswlpdo Dxfwlrqv ri Pxowlsoh

Jrrgv1 Plphr/ Vfkrro ri Jryhuqphqw/ Kduydug Xqlyhuvlw| dqg Judgxdwh Vfkrro ri

Exvlqhvv/ Vwdqirug Xqlyhuvlw|1

Dyhu|/ F1 +4<<;, Vwudwhjlf Mxps Elgglqj lq Hqjolvk Dxfwlrqv1 Uhylhz ri Hfrqrplf

Vwxglhv/ 98/ 4;805431

Edfn/ N1 dqg ]hqghu/ M1 I1 +4<<6, Dxfwlrqv ri Glylvleoh Jrrgv1 Uhylhz ri Ilqdqfldo

Vwxglhv/ 9/ :660971
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Ed|h/ P1 U1/ Nryhqrfn/ G1/ dqg Gh Yulhv/ F1 J1 +4<<:, Ihh Doorfdwlrq ri Odz|hu Vhu0

ylfhv lq Olwljdwlrq1 Plphr/ Lqgldqd Xqlyhuvlw|/ Sulqfhwrq Xqlyhuvlw| dqg Wlqehujhq

Lqvwlwxwh/ Hudvpxv Xqlyhuvlw|1

Ehjjv/ D1 Z1 dqg Judgg|/ N1 +4<<:, Ghfolqlqj Ydoxhv dqg wkh Diwhuqrrq H�hfw= Hy0

lghqfh iurp Duw Dxfwlrqv1 Udqg Mrxuqdo ri Hfrqrplfv/ 5;/ 8770981

Ehqrelw/ M0S1 dqg Nulvkqd/ Y1 +4<<;, Pxowl0Remhfw Dxfwlrqv zlwk Exgjhw Frqvwudlqhg

Elgghuv1 Zrunlqj Sdshu/ Qhz \run Xqlyhuvlw| dqg Shqqv|oydqld Vwdwh Xqlyhuvlw|1

Ehuqkdugw/ G1 dqg Vfrrqhv/ G1 +4<<7, D Qrwh rq Vhtxhqwldo Dxfwlrqv1 Dphulfdq

Hfrqrplf Uhylhz/ ;7/ 98608:1

Ehuqkhlp/ E1 G1 dqg Zklqvwrq/ P1 G1 +4<;9, Phqx Dxfwlrqv/ Uhvrxufh Doorfdwlrq/

dqg Hfrqrplf Lq xhqfh1 Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 434/ 40651

Elnkfkdqgdql/ V1 +4<;;, Uhsxwdwlrq lq Uhshdwhg Vhfrqg0Sulfh Dxfwlrqv1 Mrxuqdo ri

Hfrqrplf Wkhru|/ 79/ <:044<1

Elnkfkdqgdql/ V1 +4<<<, Dxfwlrqv ri Khwhurjhqhrxv Remhfwv1 Jdphv dqg Hfrqrplf

Ehkdylrxu/ 59/ 4<605531

Elnkfkdqgdql/ V1 dqg Kxdqj/ F0I1 +4<<6, Wkh Hfrqrplfv ri Wuhdvxu| Vhfxulwlhv Pdu0

nhwv1 Mrxuqdo ri Hfrqrplf Shuvshfwlyhv/ :/ 44:0671

Elnkfkdqgdql/ V1 dqg Uloh|/ M1 J1 +4<<4, Htxloleuld lq Rshq Frpprq Ydoxh Dxfwlrqv1

Mrxuqdo ri Hfrqrplf Wkhru|/ 86/ 4340631

Eodfn/ M1 dqg gh Ph}d/ G1 +4<<5, V|vwhpdwlf Sulfh Glyhujhqfhv Ehwzhhq Vxffhvvlyh

Dxfwlrqv Duh Qr Dqrpdo|1 Mrxuqdo ri Hfrqrplfv dqg Pdqdjhphqw Vwudwhj|/ 4/ 93:0

5;1

Eolvv/ F1 dqg Qdohex�/ E1 +4<;7, Gudjrq0Vod|lqj dqg Edoourrp Gdqflqj= Wkh Sulydwh

:3



Vxsso| ri d Sxeolf Jrrg1 Mrxuqdo ri Sxeolf Hfrqrplfv/ 58/ 40451

Erdug/ V1 D1 +4<<<, Frpplwphqw lq Dxfwlrqv1 P1Sklo Wkhvlv/ Qx!hog Froohjh/ R{0

irug Xqlyhuvlw|1

Erooh/ I1 +4<<5, Vxsso| Ixqfwlrq Htxloleuld dqg wkh Gdqjhu ri Wdflw Frooxvlrq= Wkh

Fdvh ri Vsrw Pdunhwv iru Hohfwulflw|1 Hqhuj| Hfrqrplfv/ 47/ <704351

Eudqfr/ I1 +4<<:, Wkh Ghvljq ri Pxowlglphqvlrqdo Dxfwlrqv1 Udqg Mrxuqdo ri Hfr0

qrplfv/ 5;/ 960;41

Exorz/ M1 L1/ Jhdqdnrsorv/ M1 G1/ dqg Nohpshuhu/ S1 G1 +4<;8d, Pxowlpdunhw Roljrsro|=

Vwudwhjlf Vxevwlwxwhv dqg Frpsohphqwv1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ <6/ 7;;08441

Exorz/ M1 L1/ Jhdqdnrsorv/ M1 G1/ dqg Nohpshuhu/ S1 G1 +4<;8e, Kroglqj Lgoh Fdsdflw|

wr Ghwhu Hqwu|1 Hfrqrplf Mrxuqdo/ <8/ 4:;0;51

Exorz/ M1 L1/ Kxdqj/ P1/ dqg Nohpshuhu/ S1 G1 +4<<8, Wrhkrogv dqg Wdnhryhuv= Jhq0

hudo Fkdudfwhul}dwlrq/ H{lvwhqfh/ dqg Xqltxhqhvv ri Htxloleulxp1 Plphr/ Vwdqirug

Xqlyhuvlw| dqg Qx!hog Froohjh/ R{irug Xqlyhuvlw|1

Exorz/ M1 L1/ Kxdqj/ P1/ dqg Nohpshuhu/ S1 G1 +4<<<, Wrhkrogv dqg Wdnhryhuv1 Mrxu0

qdo ri Srolwlfdo Hfrqrp|/ 43:/ 75:07871

Exorz/ M1 L1 dqg Nohpshuhu/ S1 G1 +4<<7, Udwlrqdo Iuhq}lhv dqg Fudvkhv1 Mrxuqdo ri

Srolwlfdo Hfrqrp|/ 435/ 40561

Exorz/ M1 L1 dqg Nohpshuhu/ S1 G1 +4<<9, Dxfwlrqv yv1 Qhjrwldwlrqv1 Dphulfdq Hfr0

qrplf Uhylhz/ ;9/ 4;30<71

Exorz/ M1 L1 dqg Nohpshuhu/ S1 G1 +4<<;, Wkh Wredffr Ghdo1 Eurrnlqjv Sdshuv rq

Hfrqrplf Dfwlylw| +Plfurhfrqrplfv,/ 65606<71

Exorz/ M1 L1 dqg Nohpshuhu/ S1 G1 +4<<<d, Wkh Jhqhudol}hg Zdu ri Dwwulwlrq1 Dphu0
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lfdq Hfrqrplf Uhylhz/ ;</ 4:804;<1

Exorz/ M1 L1 dqg Nohpshuhu/ S1 G1 +4<<<e, Sulfhv dqg wkh Zlqqhu*v Fxuvh1 Qx!hog

Froohjh/ R{irug Xqlyhuvlw| Glvfxvvlrq Sdshu1

Exorz/ M1 L1 dqg Urehuwv/ G1 M1 +4<;<, Wkh Vlpsoh Hfrqrplfv ri Rswlpdo Dxfwlrqv1

Mrxuqdo ri Srolwlfdo Hfrqrp|/ <:/ 43930<31

Exujxhw/ U1 dqg Vänrylfv/ M1 +4<<9, Uhvhuyh Sulfhv zlwkrxw Frpplwphqw1 Jdphv dqg

Hfrqrplf Ehkdylru/ 48/ 47<0971

Exujxhw/ U1 dqg Vänrylfv/ M1 +4<<<, Lpshuihfw Frpshwlwlrq lq Dxfwlrq Ghvljqv1 Lq0

whuqdwlrqdo Hfrqrplf Uhylhz/ 73/ 564057:1

Fdloodxg/ E1 dqg Mhklho/ S1 +4<<;, Frooxvlrq lq Dxfwlrqv zlwk H{whuqdolwlhv1 Udqg

Mrxuqdo ri Hfrqrplfv/ 5</ 9;30:351

Fdshq/ H1 F1/ Fodss/ U1 Y1/ dqg Fdpsehoo/ Z1 P1 +4<:4, Frpshwlwlyh Elgglqj lq

Kljk0Ulvn Vlwxdwlrqv1 Mrxuqdo ri Shwurohxp Whfkqrorj|/ 56/ 9740861

Fdvvdg|/ U1 Mu1 +4<9:, Dxfwlrqv dqg Dxfwlrqhhulqj1 Xqlyhuvlw| ri Fdoliruqld Suhvv/

Ehunhoh| dqg Orv Dqjhohv1

Fkdwwhumhh/ N1 dqg Vdpxhovrq/ Z1 +4<;6, Edujdlqlqj xqghu Lqfrpsohwh Lqirupdwlrq1

Rshudwlrqv Uhvhdufk/ 64/ ;680841

Fkh/ \0N1 +4<<6, Ghvljq Frpshwlwlrq wkurxjk Pxowlglphqvlrqdo Dxfwlrqv1 Udqg

Mrxuqdo ri Hfrqrplfv/ 57/ 99;0;31

Fkh/ \0N1 dqg Jdoh/ L1 O1 +4<<9, H{shfwhg Uhyhqxh ri Doo0Sd| Dxfwlrqv dqg Iluvw0

Sulfh Vhdohg0Elg Dxfwlrqv zlwk Exgjhw Frqvwudlqwv1 Hfrqrplfv Ohwwhuv/ 83/ 69:0:41

Fkh/ \0N1 dqg Jdoh/ L1 O1 +4<<;, Vwdqgdug Dxfwlrqv zlwk Ilqdqfldoo| Frqvwudlqhg

Elgghuv1 Uhylhz ri Hfrqrplf Vwxglhv/ 98/ 40541
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Fudpwrq/ S1/ Jleerqv/ U1/ dqg Nohpshuhu/ S1 G1 +4<;:, Glvvroylqj d Sduwqhuvkls Hi0

�flhqwo|1 Hfrqrphwulfd/ 88/ 9480651

Fuhphu/ M1 dqg PfOhdq/ U1 S1 +4<;8, Rswlpdo Vhoolqj Vwudwhjlhv xqghu Xqfhuwdlqw|

iru d Glvfulplqdwru| Prqrsrolvw zkhq Ghpdqgv Duh Lqwhughshqghqw1 Hfrqrphwulfd/

86/ 6780941

Fuhphu/ M1 dqg PfOhdq/ U1 S1 +4<;;, Ixoo H{wudfwlrq ri wkh Vxusoxv lq Ed|hvldq dqg

Grplqdqw Vwudwhj| Dxfwlrqv1 Hfrqrphwulfd/ 89/ 457:08:1

Gdqlho/ N1 dqg Kluvkohlihu/ G1 +4<<8, D Wkhru| ri Frvwo| Vhtxhqwldo Elgglqj1 Plphr/

Xqlyhuvlwlhv ri Fklfdjr dqg Plfkljdq1

Gdulsd/ D1 +4<<9d, Txdqwlwlhv Udwkhu Wkdq Sulfhv= Pdunhw Doorfdwlrq/ Lqirupdwlrqdo

Iuhh0Ulghv dqg wkh Ydoxh ri Lqvlgh Lqirupdwlrq1 Plphr/ Elunehfn Froohjh/ Orqgrq1

Gdulsd/ D1 +4<<9e, D Wkhru| ri Wuhdvxu| Dxfwlrqv1 Plphr/ Elunehfn Froohjh/ Orqgrq1

Gdvjxswd/ S1 V1/ Kdpprqg/ S1 M1/ dqg Pdvnlq/ H1 V1 +4<:<, Wkh Lpsohphqwdwlrq ri

Vrfldo Fkrlfh Uxohv= Vrph Jhqhudo Uhvxowv rq Lqfhqwlyh Frpsdwlelolw|1 Uhylhz ri

Hfrqrplf Vwxglhv/ 79/ 4;805491

Gdvjxswd/ S1 V1 dqg Pdvnlq/ G1 +4<<;, H!flhqw Dxfwlrqv1 Zrunlqj Sdshu/ Fdpeulgjh

Xqlyhuvlw| dqg Kduydug Xqlyhuvlw|1

Hqjhoeuhfkw0Zljjdqv/ U1 +4<;:, Rswlpdo Uhvhuydwlrq Sulfhv lq Dxfwlrqv1 Pdqdjh0

phqw Vflhqfh/ 66/ :960:31

Hqjhoeuhfkw0Zljjdqv/ U1 +4<<6, Rswlpdo Dxfwlrqv Uhylvlwhg1 Jdphv dqg Hfrqrplf

Ehkdylrxu/ 8/ 55:06<1

Hqjhoeuhfkw0Zljjdqv/ U1 +4<<7, Vhtxhqwldo Dxfwlrqv ri Vwrfkdvwlfdoo| Htxlydohqw Re0

mhfwv1 Hfrqrplfv Ohwwhuv/ 77/ ;:0<31
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Hqjhoeuhfkw0Zljjdqv/ U1 dqg Ndkq/ F1 P1 +4<<;, Pxowl0xqlw Dxfwlrqv zlwk Xqlirup

Sulfhv1 Hfrqrplf Wkhru|/ 45/ 55:08;1

Hqjhoeuhfkw0Zljjdqv/ U1 dqg Ndkq/ F1 P1 +4<<;, Pxowl0Xqlw Sd|0\rxu0Elg Dxfwlrqv

zlwk Yduldeoh Dzdugv1 Jdphv dqg Hfrqrplf Ehkdylru/ 56/ 580751

Hqjhoeuhfkw0Zljjdqv/ U1/ Plojurp/ S1 U1/ dqg Zhehu/ U1 M1 +4<;6, Frpshwlwlyh Elg0

glqj dqg Sursulhwdu| Lqirupdwlrq1 Mrxuqdo ri Pdwkhpdwlfdo Hfrqrplfv/ 44/ 49409<1

Hvù/ S1 +4<<<, Rswlpdo Dxfwlrqv zlwk Fruuhodwhg Lqirupdwlrq dqg Ulvn Dyhuvlrq1

Plphr/ Kduydug Xqlyhuvlw|1

yrq ghu Ihku/ Q0K1 P1 +4<<7, Suhgdwru| Elgglqj lq Vhtxhqwldo Dxfwlrqv1 R{irug Hfr0

qrplf Sdshuv/ 79/ 6780891

yrq ghu Ihku/ Q0K1 P1 dqg Ullv/ F1 +4<<<, Rswlrq Ydoxhv lq Vhtxhqwldo Pdunhwv1

Plphr/ Xqlyhuvlw| ri Rvor dqg Qruzhljldq Vfkrro ri Pdqdjhphqw1

Ilvkpdq/ P1 M1 +4<;;, D Wkhru| ri Suh0hpswlyh Wdnhryhu Elgglqj1 Udqg Mrxuqdo ri

Hfrqrplfv/ 4</ ;;04341

Iulhgpdq/ O1 +4<89, D Frpshwlwlyh Elgglqj Vwudwhj|1 Rshudwlrqv Uhvhdufk/ 7/ 4370451

Ixghqehuj/ G1 dqg Wluroh/ M1 +4<;9, D Wkhru| ri H{lw lq Gxrsro|1 Hfrqrphwulfd/ 87/

<760931

Ixghqehuj/ G1 dqg Wluroh/ M1 +4<<4, Jdph Wkhru|1 Fdpeulgjh/ Pdvv1= PLW Suhvv1

Ixoohuwrq/ U1 dqg PfDihh/ U1 S1 +4<<<, Dxfwlrqlqj Hqwu| lqwr Wrxuqdphqwv1 Mrxuqdo

ri Srolwlfdo Hfrqrp|/ 43:/ 8:609381

Jdoh/ L1 O1 dqg Kdxvfk/ G1 E1 +4<<7, Erwwrp0Ilvklqj dqg Ghfolqlqj Sulfhv lq Vhtxhq0

wldo Dxfwlrqv1 Jdphv dqg Hfrqrplf Ehkdylru/ :/ 64;0641
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Jdoh/ L1 O1/ Kdxvfk/ G1 E1/ dqg Vwhjhpdq/ P1 +4<<;, Vhtxhqwldo Surfxuhphqw Dxfwlrqv

zlwk Vxefrqwudfwlqj1 Plphr/ Jhrujhwrzq Xqlyhuvlw|/ Xqlyhuvlw| ri Zlvfrqvlq dqg

Ylujlqld Sro|whfkqlf Lqvwlwxwh1

Jdoh/ L1 O1 dqg Vwhjhpdq/ P1 +4<<8, Vhtxhqwldo Dxfwlrqv ri Hqgrjhqrxvo| Ydoxhg Re0

mhfwv1 Plphr/ Jhrujhwrzq Xqlyhuvlw| dqg Ylujlqld Sro|whfkqlf Lqvwlwxwh1

Jleerq/ H1 +4::9, Klvwru| ri wkh Ghfolqh dqg Idoo ri wkh Urpdq Hpsluh1 Orqgrq=

Vwudkdq dqg Fdghoo1

Jleerqv/ U1 +4<<5, Jdph Wkhru| iru Dssolhg Hfrqrplvwv1 Sulqfhwrq/ Qhz Mhuvh|=

Sulqfhwrq Xqlyhuvlw| Suhvv1

Jloehuw/ U1 dqg Nohpshuhu/ S1 G1 +iruwkfrplqj, Dq Htxloleulxp Wkhru| ri Udwlrqlqj1

Udqg Mrxuqdo ri Hfrqrplfv1

Jlqvexujk/ Y1 +4<<;, Devhqwhh Elgghuv dqg wkh Ghfolqlqj Sulfh Dqrpdo| lq Zlqh

Dxfwlrqv1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ 439/ 463504<1

Judkdp/ G1 D1 dqg Pduvkdoo/ U1 F1 +4<;:, Frooxvlyh Elgghu Ehkdylru dw Vlqjoh0Remhfw

Vhfrqg0Sulfh dqg Hqjolvk Dxfwlrqv1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ <8/ 454:06<1

Judkdp/ G1 D1/ Pduvkdoo/ U1 F1/ dqg Ulfkdug/ M0I1 +4<<3, Gl�huhqwldo Sd|phqwv zlwklq

d Elgghu Frdolwlrq dqg wkh Vkdsoh| Ydoxh1 Dphulfdq Hfrqrplf Uhylhz/ ;3/ 7<608431

Juhhq/ U1 M1 +4<<9, Lqfuhdvlqj Frpshwlwlrq lq wkh Eulwlvk Hohfwulflw| Vsrw Pdunhw1

Mrxuqdo ri Lqgxvwuldo Hfrqrplfv/ 77/ 5380491

Juhhq/ U1 M1 dqg Qhzehu|/ G1 P1 +4<<5, Frpshwlwlrq lq wkh Eulwlvk Hohfwulflw| Vsrw

Pdunhw1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ 433/ <5<0861

Julhvphu/ M1 K1/ Ohylwdq/ U1 H1/ dqg Vkxeln/ P1 +4<9:, Wrzdug d Vwxg| ri Elgglqj

Surfhvvhv Sduw LY= Jdphv zlwk Xqnqrzq Frvwv1 Qdydo Uhvhdufk Orjlvwlfv Txduwhuo|/
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47/ 7480661

Kdqvhq/ U1 J1 +4<;;, Dxfwlrqv zlwk Hqgrjhqrxv Txdqwlw|1 Udqg Mrxuqdo ri Hfr0

qrplfv/ 4</ 7708;1

Kdqvhq/ U1 J1 dqg Orww/ M1 U1/ Mu1 +4<<4, Wkh Zlqqhu*v Fxuvh dqg Sxeolf Lqirupdwlrq

lq Frpprq Ydoxh Dxfwlrqv= Frpphqw1 Dphulfdq Hfrqrplf Uhylhz/ ;4/ 67:�6941

Kduirug/ W1 +4<<;, Vhtxhqwldo Dxfwlrqv zlwk Ilqdqfldoo| Frqvwudlqhg Elgghuv1 P1Sklo

wkhvlv/ R{irug Xqlyhuvlw|1

Kduulv/ P1 dqg Udyly/ D1 +4<;4, Doorfdwlrq Phfkdqlvpv dqg wkh Ghvljq ri Dxfwlrqv1

Hfrqrphwulfd/ 7</ 47::0<<1

Kduulv/ P1 dqg Wrzqvhqg/ U1 P1 +4<;4, Uhvrxufh Doorfdwlrq Xqghu Dv|pphwulf Lq0

irupdwlrq1 Hfrqrphwulfd/ 7</ 660971

Kduvwdg/ U1 P1 +4<<3, Dowhuqdwlyh Frpprq Ydoxhv Dxfwlrq Surfhgxuhv= Uhyhqxh

Frpsdulvrqv zlwk Iuhh Hqwu|1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ <;/ 75405<1

Kduvwdg/ U1P1/ Ndjho/ M1/ dqg Ohylq/ G1 +4<<3, Htxloleulxp Elg Ixqfwlrqv iru Dxf0

wlrqv zlwk dq Xqfhuwdlq Qxpehu ri Elgghuv1 Hfrqrplf Ohwwhuv/ 66/ 680731

Kduvwdg/ U1 P1 dqg Urwknrsi/ P1 K1 +4<<7, Prgholqj Frpshwlwlyh Elgglqj= D Fulwlfdo

Hvvd|1 Pdqdjhphqw Vflhqfh/ 73/ 6970;71

Kdxvfk/ G1 E1 +4<;9, Pxowl0Remhfw Dxfwlrqv= Vhtxhqwldo yv1 Vlpxowdqhrxv Vdohv1 Pdq0

djhphqw Vflhqfh/ 65/ 48<<049431

Khqgulfnv/ N1 dqg Sdduvfk/ K1 M1 +4<<8, D Vxuyh| ri Uhfhqw Hpslulfdo Zrun Frqfhuq0

lqj Dxfwlrqv1 Fdqdgldq Mrxuqdo ri Hfrqrplfv/ 5;/ 7360591

Khqgulfnv/ N1 dqg Sruwhu/ U1 K1 +4<;;, Dq Hpslulfdo Vwxg| ri dq Dxfwlrq zlwk Dv|p0

phwulf Lqirupdwlrq1 Dphulfdq Hfrqrplf Uhylhz/ :;/ ;980;61
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Khqgulfnv/ N1 dqg Sruwhu/ U1 K1 +4<;<, Frooxvlrq lq Dxfwlrqv1 Dqqdohv G*Ìfrqrplh

hw gh Vwdwlvwltxh/ 48249/ 54:0631

Khqgulfnv/ N1/ Sruwhu/ U1 K1/ dqg Wdq/ J1 +4<<<, Mrlqw Elgglqj lq Ihghudo R�vkruh

Rlo dqg Jdv Ohdvh Dxfwlrqv1 Zrunlqj Sdshu/ Xqlyhuvlw| ri Eulwlvk Froxpeld1

Krow/ F1 D1 Mu1 +4<;3, Frpshwlwlyh Elgglqj iru Frqwudfwv xqghu Dowhuqdwlyh Dxfwlrq

Surfhgxuhv1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ ;;/ 7660781

Krow/ F1 D1 Mu1 dqg Vkhupdq/ U1 +4<;5, Zdlwlqj0Olqh Dxfwlrqv1 Mrxuqdo ri Srolwlfdo

Hfrqrp|/ <3/ 5;30<71

Mhklho/ S1 dqg Progrydqx/ E1 +4<<9, Vwudwhjlf Qrqsduwlflsdwlrq1 Udqg Mrxuqdo ri Hfr0

qrplfv/ 5:/ ;70<;1

Mhklho/ S1 dqg Progrydqx/ E1 +4<<;, H!flhqw Ghvljq zlwk Lqwhughshqghqw Ydoxdwlrqv1

Zrunlqj Sdshu/ Xqlyhuvlw| Froohjh Orqgrq dqg Xqlyhuvlw| ri Pdqqkhlp1

Mhklho/ S1/ Progrydqx/ E1/ dqg Vwdffkhwwl/ H1 +4<<9, Krz +Qrw, wr Vhoo QxfohduZhdsrqv1

Dphulfdq Hfrqrplf Uhylhz/ ;9/ ;4705<1

Ndjho/ M1 K1 +4<<8, Dxfwlrqv= D Vxuyh| ri H{shulphqwdo Uhvhdufk1 Lq M1 K1 Ndjho

dqg D1 H1 Urwk +hgv1,/ Wkh Kdqgerrn ri H{shulphqwdo Hfrqrplfv +ss1 8340;9,1 Qhz

Mhuvh|= Sulqfhwrq Xqlyhuvlw| Suhvv1

Nohpshuhu/ S1 G1 +4<<8, Frpshwlwlrq zkhq Frqvxphuv kdyh Vzlwfklqj Frvwv= Dq

Ryhuylhz zlwk Dssolfdwlrqv wr Lqgxvwuldo Rujdql}dwlrq/ Pdfurhfrqrplfv/ dqg Lqwhu0

qdwlrqdo Wudgh1 Uhylhz ri Hfrqrplf Vwxglhv/ 95/ 84806<1

Nohpshuhu/ S1 G1 +4<<;, Dxfwlrqv zlwk Doprvw Frpprq Ydoxhv1 Hxurshdq Hfrqrplf

Uhylhz/ 75/ :8:09<1

Nohpshuhu/ S1 G1 +4<<<, Dxfwlrq Wkhru|= D Jxlgh wr wkh Olwhudwxuh1 Mrxuqdo ri Hfr0
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qrplf Vxuyh|v/ 461

Nohpshuhu/ S1 G1 +iruwkfrplqj, +hg1, Wkh Hfrqrplf Wkhru| ri Dxfwlrqv1 Fkhowhqkdp/

XN= Hgzdug Hojdu1

Nohpshuhu/ S1 G1 dqg Ph|hu/ P1 D1 +4<;<, Vxsso| Ixqfwlrq Htxloleuld lq Roljrsro|

Xqghu Xqfhuwdlqw|1 Hfrqrphwulfd/ 8:/ 45760::1

Nulvkqd/ N1 +4<<6, Dxfwlrqv zlwk Hqgrjhqrxv Ydoxdwlrqv= Wkh Shuvlvwhqfh ri Prqrsro|

Uhylvlwhg1 Dphulfdq Hfrqrplf Uhylhz/ ;6/ 47:0931

Nulvkqd/ Y1 dqg Prujdq/ M1 +4<<:, Dq Dqdo|vlv ri wkh Zdu ri Dwwulwlrq dqg wkh Doo0

Sd| Dxfwlrq1 Mrxuqdo ri Hfrqrplf Wkhru|/ :5/ 6760951

Od�rqw/ M0M1 +4<<:,1 Jdph Wkhru| dqg Hpslulfdo Hfrqrplfv= Wkh Fdvh ri Dxfwlrq

Gdwd1 Hxurshdq Hfrqrplf Uhylhz/ 74/ 40681

Od�rqw/ M0M/ Rvvdug/ K1 dqg Yxrqj/ T1 +4<<8, Hfrqrphwulfv ri Iluvw0Sulfh Dxfwlrqv1

Hfrqrphwulfd/ 96/ <860;31

Od�rqw/ M0M1 dqg Wluroh/ M1 +4<;:, Dxfwlrqlqj Lqfhqwlyh Frqwudfwv1 Mrxuqdo ri Srolwlfdo

Hfrqrp|/ <8/ <5406:1

Od�rqw/ M0M dqg Yxrqj/ T1 +4<<9, Vwuxfwxudo Dqdo|vlv ri Dxfwlrq Gdwd1 Wkh Dphul0

fdq Hfrqrplf Uhylhz/ ;9/ 7470531

Oheuxq/ E1 +4<<9, H{lvwhqfh ri dq Htxloleulxp lq Iluvw Sulfh Dxfwlrqv1 Hfrqrplf

Wkhru|/ :/ 7540761

Ohlqlqjhu/ Z1/ Olqkduw/ S1 E1/ dqg Udgqhu/ U1 +4<;<, Htxloleuld ri wkh Vhdohg Elg

Phfkdqlvp iru Edujdlqlqj zlwk Lqfrpsohwh Lqirupdwlrq1 Mrxuqdo ri Hfrqrplf Wkh0

ru|/ 7;/ 9604391

Ohylq/ G1 dqg Vplwk/ M1 O1 +4<<7, Htxloleulxp lq Dxfwlrqv zlwk Hqwu|1 Dphulfdq

:;



Hfrqrplf Uhylhz/ ;7/ 8;80<<1

Ohylq/ G1 dqg Vplwk/ M1 O1 +4<<9d, Rswlpdo Uhvhuydwlrq Sulfhv lq Dxfwlrqv1 Hfrqrplf

Mrxuqdo/ 439/ 45:40;61

Ohylq/ G1 dqg Vplwk/ M1 O1 +4<<9e, Udqnlqj Dxfwlrqv zlwk Ulvn Dyhuvh Elgghuv1 Mrxu0

qdo ri Hfrqrplf Wkhru|/ 9;/ 87<0941

Ohylq/ M1 +4<<9, Dxfwlrqv iru Frpsohphqwv dqg Vxevwlwxwhv1 P1Sklo wkhvlv/ R{irug

Xqylhuvlw|1

Ol}}hul/ D1 dqg Shuvlfr Q1 +4<<;, Xqltxhqhvv dqg H{lvwhqfh ri Htxloleulxp lq Dxf0

wlrqv zlwk d Uhvhuyh Sulfh1 Zrunlqj Sdshu/ Sulqfhwrq Xqlyhuvlw| dqg Xqlyhuvlw| ri

Shqqv|oydqld1

Orsrpr/ J1 +4<<;, Wkh Hqjolvk Dxfwlrq lv Rswlpdo dprqj Vlpsoh Vhtxhqwldo Dxf0

wlrqv1 Mrxuqdo ri Hfrqrplf Wkhru|/ ;5/ 4770991

Oxfnlqj0Uhloh|/ G1 +4<<;, Ylfnuh| Dxfwlrqv Suhgdwh Ylfnuh|1 Plphr/ Ydqghuelow Xql0

yhuvlw|1

Pdlodwk/ J1 M1 dqg ]hpvn|/ S1 +4<<4, Frooxvlrq lq Vhfrqg Sulfh Dxfwlrqv zlwk Khw0

hurjhqhrxv Elgghuv1 Jdphv dqg Hfrqrplf Ehkdylru/ 6/ 79:0;91

Pdqhool/ D1 P1 dqg Ylqfhqw/ G1 U1 +4<<8, Rswlpdo Surfxuhphqw Phfkdqlvpv1 Hfrqr0

phwulfd/ 96/ 8<409531

Pduvkdoo/ U1 F1/ Phxuhu/ P1 M1/ Ulfkdug/ M0I1/ dqg Vwurptxlvw/ Z1 +4<<7, Qxphulfdo

Dqdo|vlv ri Dv|pphwulf Iluvw Sulfh Dxfwlrqv1 Jdphv dqg Hfrqrplf Ehkdylrxu/ :/

4<605531

Pdvnlq/ H1 V1 +4<<5, Dxfwlrqv dqg Sulydwl}dwlrq1 Lq K1 Vlhehuw +hg1,/ Sulydwl}dwlrq

+ss1 448069,1

:<



Pdvnlq/ H1 V1 dqg Uloh|/ M1 J1 +4<;7, Rswlpdo Dxfwlrqv zlwk Ulvn Dyhuvh Ex|huv1

Hfrqrphwulfd/ 85/ 47:60484;1

Pdvnlq/ H1 V1 dqg Uloh|/ M1 J1 +4<;8, Dxfwlrq Wkhru| zlwk Sulydwh Ydoxhv1 Dphulfdq

Hfrqrplf Uhylhz/ :8/ 4830881

Pdvnlq/ H1 V1 dqg Uloh|/ M1 J1 +4<;<, Rswlpdo Pxowl0Xqlw Dxfwlrqv1 Lq Iudqn Kdkq

+hg1,/ Wkh Hfrqrplfv ri Plvvlqj Pdunhwv/ Lqirupdwlrq/ dqg Jdphv +ss1 6450668,1

R{irug= R{irug Xqlyhuvlw| Suhvv/ Foduhqgrq Suhvv1

Pdvnlq/ H1 V1 dqg Uloh|/ M1 J1 +4<<9d, Htxloleulxp lq Vhdohg Kljk Elg Dxfwlrqv1

Plphr/ Kduydug Xqlyhuvlw| dqg Xqlyhuvlw| ri Fdoliruqld1

Pdvnlq/ H1 V1 dqg Uloh|/ M1 J1 +4<<9e, Xqltxhqhvv lq Vhdohg Kljk Elg Dxfwlrqv1

Plphr/ Kduydug Xqlyhuvlw| dqg Xqlyhuvlw| ri Fdoliruqld1

Pdvnlq/ H1 V1 dqg Uloh|/ M1 J1 +4<<<, Dv|pphwulf Dxfwlrqv1 Uhylhz ri Hfrqrplf

Vwxglhv/ iruwkfrplqj1

Pdwwkhzv/ V1 D1 +4<;6, Vhoolqj wr Ulvn Dyhuvh Ex|huv zlwk Xqrevhuydeoh Wdvwhv1 Mrxu0

qdo ri Hfrqrplf Wkhru|/ 6/ 6:307331

Pdwwkhzv/ V1 D1+4<;7, Lqirupdwlrq Dftxlvlwlrq lq Glvfulplqdwru| Dxfwlrqv1 Lq P1

Er|hu dqg U1 H1 Nlkovwurp +hgv1,/ Ed|hvldq Prghov lq Hfrqrplf Wkhru| +ss1 4;40

53:,1 Qhz \run= Qruwk Kroodqg1

Pdwwkhzv/ V1 D1 +4<;:, Frpsdulqj Dxfwlrqv iru Ulvn0Dyhuvh Ex|huv= D Ex|hu*v Srlqw

ri Ylhz1 Hfrqrphwulfd/ 88/ 9660791

Pd{zhoo/ F1 +4<;6, Dxfwlrqlqj Glylvleoh Frpprglwlhv= D Vwxg| ri Sulfh Ghwhuplqd0

wlrq1 SkG Glvvhuwdwlrq/ Kduydug Xqlyhuvlw|1

PfDihh/ U1 S1 +4<<5, D Grplqdqw Vwudwhj| Grxeoh Dxfwlrq1 Mrxuqdo ri Hfrqrplf

Wkhru|/ 89/ 7670831
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PfDihh/ U1 S1 +4<<6, Phfkdqlvp Ghvljq e| Frpshwlqj Vhoohuv1 Hfrqrphwulfd/ 94/

45;4046451

PfDihh/ U1 S1 dqg PfPloodq/ M1 +4<;9, Elgglqj iru Frqwudfwv= D Sulqflsdo0Djhqw

Dqdo|vlv1 Udqg Mrxuqdo ri Hfrqrplfv/ 4:/ 65906;1

PfDihh/ U1 S1 dqg PfPloodq/ M1 +4<;:d, Dxfwlrqv dqg Elgglqj1 Mrxuqdo ri Hfrqrplf

Olwhudwxuh/ 58/ 9<<0:6;1

PfDihh/ U1 S1 dqg PfPloodq/ M1 +4<;:e, Dxfwlrqv zlwk d Vwrfkdvwlf Qxpehu ri Elg0

ghuv1 Mrxuqdo ri Hfrqrplf Wkhru|/ 76/ 404<1

PfDihh/ U1 S1 dqg PfPloodq/ M1 +4<;:f, Dxfwlrqv zlwk Hqwu|1 Hfrqrplfv Ohwwhuv/ 56/

67607:1

PfDihh/ U1 S1 dqg PfPloodq/ M1 +4<;:g, Frpshwlwlrq iru Djhqf| Frqwudfwv1 Udqg

Mrxuqdo ri Hfrqrplfv/ 4;/ 5<9063:1

PfDihh/ U1 S1 dqg PfPloodq/ M1 +4<;;, Vhdufk Phfkdqlvpv1 Mrxuqdo ri Hfrqrplf

Wkhru|/ 77/ <<04561

PfDihh/ U1 S1 dqg PfPloodq/ M1 +4<;<, Jryhuqphqw Surfxuhphqw dqg Lqwhuqdwlrqdo

Wudgh1 Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 59/ 5<4063;1

PfDihh/ U1 S dqg PfPloodq/ M1 +4<<5, Elgglqj Ulqjv1 Dphulfdq Hfrqrplf Uhylhz/

;5/ 8:<0<<1

PfDihh/ U1 S1 dqg PfPloodq/ M1 +4<<7, Vhoolqj Vshfwuxp Uljkwv1 Mrxuqdo ri Hfrqrplf

Shuvshfwlyhv/ ;/ 4780951

PfDihh/ U1 S dqg PfPloodq/ M1 +4<<9, Dqdo|}lqj wkh Dluzdyhv Dxfwlrq1 Mrxuqdo ri

Hfrqrplf Shuvshfwlyhv/ 43/ 48<0:81
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PfDihh/ U1 S1/ PfPloodq/ M1/ dqg Uhq|/ S1 M1 +4<;<, H{wudfwlqj wkh Vxusoxv lq wkh

Frpprq Ydoxh Dxfwlrq1 Hfrqrphwulfd/ 8:/ 47840931

PfDihh/ U1 S1 dqg Uhq|/ S1 M1 +4<<5, Fruuhodwhg Lqirupdwlrq dqg Phfkdqlvp Ghvljq1

Hfrqrphwulfd/ 93/ 6<807541

PfDihh/ U1 S1 dqg Ylqfhqw/ G1 +4<<6, Wkh Ghfolqlqj Sulfh Dqrpdo|1 Mrxuqdo ri Hfr0

qrplf Wkhru|/ 93/ 4<405451

PfDihh/ U1 S1 dqg Ylqfhqw/ G1 +4<<:, Vhtxhqwldoo| Rswlpdo Dxfwlrqv1 Jdphv dqg

Hfrqrplf Ehkdylrxu/ 4;/ 5790:91

Phqh}hv/ I1 P1 dqg Prqwhlur/ S1 N1 +4<<:, Dxfwlrqv zlwk Hqgrjhqrxv Sduwlflsdwlrq1

Plphr/ Dxvwudoldq Qdwlrqdo Xqlyhuvlw| dqg LPSD1

Plojurp/ S1 U1 +4<:<, D Frqyhujhqfh Wkhruhp iru Frpshwlwlyh Elgglqj zlwk Gl�hu0

hqwldo Lqirupdwlrq1 Hfrqrphwulfd/ 7:/ 9:<0;;1

Plojurp/ S1 U1 +4<;4, Udwlrqdo H{shfwdwlrqv/ Lqirupdwlrq Dftxlvlwlrq/ dqg Frpshwl0

wlyh Elgglqj1 Hfrqrphwulfd/ 7</ <540761

Plojurp/ S1 U1 +4<;8, Wkh Hfrqrplfv ri Frpshwlwlyh Elgglqj= D Vhohfwlyh Vxuyh|1

Lq O1 Kxuzlf}/ G1 Vfkphlgohu/ dqg K1 Vrqqhqvfkhlq +hgv1,/ Vrfldo Jrdov dqg Vrfldo

Rujdql}dwlrq= Hvvd|v lq Phpru| ri Holvkd Sd}qhu1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw|

Suhvv1

Plojurp/ S1 U1 +4<;:, Dxfwlrq Wkhru|1 Lq Wuxpdq I1 Ehzoh| +hg1,/ Dgydqfhv lq

Hfrqrplf Wkhru|= Iliwk Zruog Frqjuhvv1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1

Plojurp/ S1 U1 +4<;<, Dxfwlrqv dqg Elgglqj= D Sulphu1 Mrxuqdo ri Hfrqrplf Shu0

vshfwlyhv/ 6/ 60551

Plojurp/ S1 U1 +iruwkfrplqj, Sxwwlqj Dxfwlrq Wkhru| wr Zrun1 Fdpeulgjh= Fdp0

eulgjh Xqlyhuvlw| Suhvv1
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Plojurp/ S1 U1 dqg Urehuwv/ G1 M1 +4<;5, Olplw Sulflqj dqg Hqwu| xqghu Lqfrpsohwh

Lqirupdwlrq= Dq Htxloleulxp Dqdo|vlv1 Hfrqrphwulfd/ 83/ 77608<1

Plojurp/ S1 U1 dqg Zhehu/ U1 M1 +4<;5d, D Wkhru| ri Dxfwlrqv dqg Frpshwlwlyh Elg0

glqj1 Hfrqrphwulfd/ 83/ 43;<044551

Plojurp/ S1 U1 dqg Zhehu/ U1 M1 +4<;5e, Wkh Ydoxh ri Lqirupdwlrq lq d Vhdohg0Elg

Dxfwlrq1 Mrxuqdo ri Pdwkhpdwlfdo Hfrqrplfv/ 43/ 4380471

Plojurp/ S1 U1 dqg Zhehu/ U1 M1 +4<;5f, D Wkhru| ri Dxfwlrqv dqg Frpshwlwlyh Elg0

glqj LL1 Plphr/ Vwdqirug Xqlyhuvlw| dqg Qruwkzhvwhuq Xqlyhuvlw|1 Iruwkfrplqj zlwk

qhz iruhzrug lq S1 G1 Nohpshuhu +hg1,/ Wkh Hfrqrplf Wkhru| ri Dxfwlrqv1 Fkho0

whqkdp/ XN= Hgzdug Hojdu1

Pluuohhv/ M1 D1 +4<:4, Dq H{sorudwlrq lq wkh Wkhru| ri Rswlpxp Lqfrph Wd{dwlrq1

Uhylhz ri Hfrqrplf Vwxglhv/ 6;/ 4:8053;1

P|huvrq/ U1 E1 +4<:<, Lqfhqwlyh Frpsdwlelolw| dqg wkh Edujdlqlqj Sureohp1 Hfrqr0

phwulfd/ 7:/ 940:61

P|huvrq/ U1 E1 +4<;4, Rswlpdo Dxfwlrq Ghvljq1 Pdwkhpdwlfv ri Rshudwlrqv Uhvhdufk/

9/ 8;0:61

P|huvrq/ U1 E1 dqg Vdwwhuwkzdlwh/ P1 D1 +4<;6, H!flhqw Phfkdqlvpv iru Elodwhuldo

Wudgh1 Mrxuqdo ri Hfrqrplf Wkhru|/ 5</ 5980;41

Q|eruj/ N1 J1 +4<<:, Rq Frpsolflw| lq Vkduh Dxfwlrqv1 Plphr/ Orqgrq Exvlqhvv

Vfkrro1

Ruwhjd Uhlfkhuw/ D1 +4<9;,Prghov iru Frpshwlwlyh Elgglqj Xqghu Xqfhuwdlqw|1 Vwdq0

irug Xqlyhuvlw| SkG wkhvlv +dqg Whfkqlfdo Uhsruw Qr1 ;/ Ghsduwphqw ri Rshudwlrqv

Uhvhdufk/ Vwdqirug Xqlyhuvlw|,1
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Ruwhjd Uhlfkhuw/ D1 +4<9;, D Vhtxhqwldo Jdph zlwk Lqirupdwlrq Iorz1 Fkdswhu

; lq Prghov iru Frpshwlwlyh Elgglqj Xqghu Xqfhuwdlqw|/ Vwdqirug Xqlyhuvlw| SkG

wkhvlv +dqg Whfkqlfdo Uhsruw Qr1 ;/ Ghsduwphqw ri Rshudwlrqv Uhvhdufk/ Vwdqirug

Xqlyhuvlw|, +ss1 565087,1 Dovr iruwkfrplqj +zlwk iruhzrug e| V1 D1 Erdug dqg S1

G1 Nohpshuhu, lq S1 G1 Nohpshuhu +hg1,/ Wkh Hfrqrplf Wkhru| ri Dxfwlrqv1 Fkho0

whqkdp/ XN= Hgzdug Hojdu1

Sdoiuh|/ W1 U1 +4<;6, Exqgolqj Ghflvlrqv e| d Pxowlsurgxfw Prqrsrolvw zlwk Lqfrp0

sohwh Lqirupdwlrq1 Hfrqrphwulfd/ 84/ 7960;71

Shuu|/ P1 dqg Uhq|/ S1 M1 +4<<;, H{0Srvw H!flhqw Dxfwlrqv iru Djhqwv zlwk Lqwhugh0

shqghqw Ydoxhv1 Zrunlqj Sdshu/ Kheuhz Xqlyhuvlw| ri Mhuxvdohp dqg Xqlyhuvlw| ri

Slwwvexujk1

Shuu|/ P1 dqg Uhq|/ S1 M1 +iruwkfrplqj, Rq wkh Idloxuh ri wkh Olqndjh Sulqflsoh lq

Pxowl0Xqlw Dxfwlrqv1 Hfrqrphwulfd1

Shuvlfr/ Q1 +4<<:, Lqirupdwlrq Dftxlvlwlrq lq Dxfwlrqv1 Zrunlqj Sdshu/ X1F1O1D1

Shvhqgruihu/ Z1 dqg Vzlqnhov/ M1 P1 +4<<:, Wkh Orvhu*v Fxuvh dqg Lqirupdwlrq Dj0

juhjdwlrq lq Frpprq Ydoxh Dxfwlrqv1 Hfrqrphwulfd/ 98/ 457:0;41

Shwhuv/ P1 dqg Vhyhulqry/ V1 +4<<:, Frpshwlwlrq Dprqj Vhoohuv Zkr R�hu Dxfwlrqv

Lqvwhdg ri Sulfhv1 Mrxuqdo ri Hfrqrplf Wkhru|/ :8/ 4740:<1

Slfflrqh/ P1 dqg Wdq/ J1 +4<<9, D Vlpsoh Prgho ri H{shuw dqg Qrq H{shuw Elgglqj

lq Iluvw Sulfh Dxfwlrqv1 Mrxuqdo ri Hfrqrplf Wkhru|/ :3/ 8340481

Slwfkln/ F1 +4<<8, Exgjhw0Frqvwudlqhg Vhtxhqwldo Dxfwlrqv zlwk Lqfrpsohwh Lqirupd0

wlrq1 Plphr/ Xqlyhuvlw| ri Wrurqwr1

Slwfkln/ F1 dqg Vfkrwwhu/ D1 +4<;;, Shuihfw Htxloleuld lq Exgjhw Frqvwudlqhg Vhtxhq0

wldo Dxfwlrqv= Dq H{shulphqwdo Vwxg|1 Udqg Mrxuqdo ri Hfrqrplfv/ 4</ 6960;;1
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Sruwhu/ U1 K1 +4<<8, Wkh Uroh ri Lqirupdwlrq lq X1V1 R�vkruh Rlo dqg Jdv Ohdvh

Dxfwlrqv/ Hfrqrphwulfd/ 96/ 405:1

Uhhfh/ G1 N1 +4<:<, Dq Dqdo|vlv ri Dowhuqdwlyh Elgglqj V|vwhpv iru Ohdvlqj R�vkruh

Rlo1 Ehoo Mrxuqdo ri Hfrqrplfv/ 43/ 98<09<1

Uloh|/ M1 J1 +4<;3, Vwurqj Hyroxwlrqdu| Htxloleulxp dqg Wkh Zdu ri Dwwulwlrq1 Mrxu0

qdo ri Wkhruhwlfdo Elrorj|/ ;5/ 6;607331

Uloh|/ M1 J1 +4<;;,/ H{ Srvw Lqirupdwlrq lq Dxfwlrqv1 Uhylhz ri Hfrqrplf Vwxglhv/

88/ 73<0631

Uloh|/ M1 J1 +4<;<d, H{shfwhg Uhyhqxh iurp Rshq dqg Vhdohg Elg Dxfwlrqv1 Mrxuqdo

ri Hfrqrplf Shuvshfwlyhv/ 6/ 740831

Uloh|/ M1 J1 +4<;<e, Dq Lqwurgxfwlrq wr wkh Wkhru| ri Frqwhvwv1 Lq K1 Z1 Nxkq dqg

J1 V}hjr +hgv1,/ Lqfrpsohwh Lqirupdwlrq dqg Erxqghg Udwlrqdolw| Ghflvlrq Prghov1

Ehuolq= Vsulqjhu0Yhuodj1

Uloh|/ M1 J1 dqg Ol/ K1 +4<<:, Dxfwlrq Fkrlfh= D Qxphulfdo Dqdo|vlv1 Plphr/ Xql0

yhuvlw| ri Fdoliruqld dw Orv Dqjhohv1

Uloh|/ M1 J1 dqg Vdpxhovrq/ Z1 I1 +4<;4, Rswlpdo Dxfwlrqv1 Dphulfdq Hfrqrplf

Uhylhz/ :4/ 6;40<51

Ulrugdq/ P1 K1 dqg Vdsslqjwrq/ G1 H1 P1 +4<;:, Dzduglqj Prqrsro| Iudqfklvhv1

Dphulfdq Hfrqrplf Uhylhz/ ::/ 6:80;:1

Urehuw/ M1 +xqgdwhg/ �4<<8, Vhtxhqwldo Ghvfhqglqj0Sulfh Dxfwlrqv zlwk Pxowl0Xqlw

Ghpdqg1 Plphr/ Xqlyhuvlwì gh Prqwuhdo1

Urehuw/ M1/ Od�rqw/ M0M1/ dqg Orlvho/ S1 +4<<7, Uhshdwhg Ghvfhqglqj0Sulfh Dxfwlrqv L=

Wkhru|1 Plphr/ Xqlyhuvlwì gh Prqwuhdo/ Xqlyhuvlwì gh Wrxorxvh/ dqg LQUD1
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Urelqvrq/ P1 V1 +4<;8, Frooxvlrq dqg wkh Fkrlfh ri Dxfwlrq1 Udqg Mrxuqdo ri Hfr0

qrplfv/ 49/ 4740781

Urvhqwkdo/ U1 Z1 +4<;3, D Prgho lq zklfk dq Lqfuhdvh lq wkh Qxpehu ri Vhoohuv Ohdgv

wr d Kljkhu Sulfh1 Hfrqrphwulfd/ 7;/ 48:80:<1

Urwknrsi/ P1 K1 +4<9<, D Prgho ri Udwlrqdo Frpshwlwlyh Elgglqj1 Pdqdjhphqw

Vflhqfh/ 48/ 6950:61

Urwknrsi/ P1 K1 +4<;3, Rq Pxowlsolfdwlyh Elgglqj Vwudwhjlhv1 Rshudwlrqv Uhvhdufk/

58/ 8:30:81

Urwknrsi/ P1 K1 +4<<7, Prghov ri Dxfwlrqv dqg Frpshwlwlyh Elgglqj1 Lq V1 P1 Sro0

orfn hw do/ Kdqgerrnv lq Rshudwlrqv Uhvhdufk dqg Pdqdjhphqw Vflhqfh/ Fkdswhu 4</

Yro 91 Hovhylhu Vflhqfh1

Urwknrsi/ P1 K1/ Kduvwdg/ U1 P1/ dqg Ix/ \1 +4<<:, Lv Vxevlgl}lqj Lqh!flhqw Elgghuv

Dfwxdoo| Frvwo|B Plphr/ Uxwjhuv Xqlyhuvlw|1

Urwknrsi/ P1 K1/ Whlvehuj/ W1 M1/ dqg Ndkq/ H1 S1 +4<<3, Zk| duh Ylfnuh| Dxfwlrqv

Uduh/ Mrxuqdo ri Srolwlfdo Hfrqrp|/ <;/ <7043<1

Urwknrsi/ P1 K1/ Shnh
f/ D1/ dqg Kduvwdg/ U1 P1 +4<<;, Frpsxwdwlrqdoo| Pdqdjhdeoh

Dxfwlrqv1 Zrunlqj Sdshu/ Idfxow| ri Pdqdjhphqw dqg Uxwjhuv Fhqwhu iru Rshudwlrqv

Uhvhdufk/ Uxwjhuv Xqlyhuvlw|1

Uxvwlfklql/ D1/ Vdwwhuwkzdlwh/ P1 D1/ dqg Zlooldpv/ V1 U1 +4<<7, Frqyhujhqfh wr H!0

flhqf| lq d Vlpsoh Pdunhw zlwk Lqfrpsohwh Lqirupdwlrq1 Hfrqrphwulfd/ 95/ 43740961

Vdwwhuwkzdlwh/ P1 D1 dqg Zlooldpv/ V1 U1 +4<;<d, Wkh Udwh ri Frqyhujhqfh wr H!0

flhqf| lq wkh Ex|hu*v Elg Grxeoh Dxfwlrq dv wkh Pdunhw Ehfrphv Odujh1 Uhylhz ri

Hfrqrplf Vwxglhv/ 89/ 7::0<;1

Vdwwhuwkzdlwh/ P1 D1 dqg Zlooldpv/ V1 U1 +4<;<e, Elodwhudo Wudgh zlwk wkh Vhdohg Elg
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n0Grxeoh Dxfwlrq= H{lvwhqfh dqg H!flhqf|1 Mrxuqdo ri Hfrqrplf Wkhru|/ 7;/ 43:0661

Vkxeln/ P1 +4<;6, Dxfwlrqv/ Elgglqj/ dqg Pdunhwv= Dq Klvwrulfdo Vnhwfk1 Lq U1

Hqjhoeuhfkw0Zljjdqv/ P1 Vkxeln/ dqg M1 Vwdun +hgv,/ Dxfwlrqv/ Elgglqj/ dqg Frq0

wudfwlqj +ss1 66085,1 Qhz \run= Qhz \run Xqlyhuvlw| Suhvv1

Vsxoehu/ G1 I1 +4<<3, Dxfwlrqv dqg Frqwudfw Hqirufhphqw1 Mrxuqdo ri Odz/ Hfrqrplfv

dqg Rujdql}dwlrq/ 9/ 658�6771

X1N1 Prqrsrolhv dqg Phujhuv Frpplvvlrq +4<<<, Eulwlvk Vn| Eurdgfdvwlqj Jurxs sof

dqg Pdqfkhvwhu Xqlwhg SOF= D uhsruw rq wkh sursrvhg phujhu1 Fp 76381 Orqgrq=

Wkh Vwdwlrqhu| R!fh1

Ylfnuh|/ Z1 +4<94, Frxqwhuvshfxodwlrq/ Dxfwlrqv/ dqg Frpshwlwlyh Vhdohg Whqghuv1

Mrxuqdo ri Ilqdqfh/ 49/ ;06:1

Ylfnuh|/ Z1 +4<95, Dxfwlrq dqg Elgglqj Jdphv1 Lq Uhfhqw Dgydqfhv lq Jdph Wkh0

ru| +ss1 4805:,1 Sulqfhwrq/ Qhz Mhuvh|= Wkh Sulqfhwrq Xqlyhuvlw| Frqihuhqfh1

Ylfnuh|/ Z1 +4<:9, Dxfwlrqv Pdunhwv dqg Rswlpxp Doorfdwlrqv1 Lq \1 Dplkxg +hg1/,
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Afterword  
 

 Although auction theory has remained an extremely active area of research since 

this survey was written in 1999, an introductory survey written today would not be very 

different.  The important changes would be in three areas:  multi-unit auctions, collusion, 

and entry, in which much work has been stimulated by the practical concerns and 

experience arising from the many newly-created auction markets (especially the recent 

government auctions of mobile-phone licenses) that we discuss in Parts III and IV of 

Klemperer (2004).1  

 

 There has been particular interest in multi-unit auctions of heterogeneous goods, 

especially in auctions in which there are complementarities between the goods.  This 

work has yielded few definite answers about what mechanisms might be optimal (either 

revenue maximising, or socially most efficient), but much effort has focused on what 

might be practical auction designs.2 

 

The most important new design is the Simultaneous Ascending Auction (SAA).  

This is a fairly natural extension of the basic ascending auction to multiple objects; the 

bidding remains open on all the objects until no-one wants to make any more bids on any 

object.  Some complexity arises from the fact that a bidder may be reluctant to place bids 

until he sees other players’ bids, in order to learn others’ valuations.  In particular, a 

bidder may be concerned about the risk of being ‘stranded’ winning an object that he had 

wanted to win only if he had won other objects which were in fact won by other bidders. 

So ‘activity’ rules that specify what bids a bidder must make to remain eligible to win 

objects are necessary to ensure that the bidding proceeds at a reasonable pace. 

 

Although the germ of the SAA idea can perhaps be traced back to Vickrey (1976), 

it was first developed for practical use by Milgrom, Wilson and McAfee who proposed 

                                                 
1 The increased attention to collusion and entry may perhaps have been reinforced by my urgings, in 
Klemperer, 1998, 1999, 2000. 
2 If there is no complementarity or substitutability between objects, i.e., a bidder’s valuation for a bundle of 
objects just equals the sum of  his (private) valuations of the individual objects in the bundle, it is efficient 
to auction the objects separately, but it may nevertheless increase expected revenue to auction the objects in 
bundles, see Section 10.1 of our Survey.   If no bidder is interested in more than one unit, and units are 
homogeneous, most standard auctions (whether simultaneous or sequential) are revenue equivalent, see 
Section 10.3 of the Survey. 



the rules that were necessary to make the SAA effective in the context of U.S. 

radiospectrum auctions.  A full description of one version of the SAA is given in Section 

5.2 of Part IVB of Klemperer (2004).3   We also show in that Section that the SAA is, in 

theory, an efficient mechanism for the sale of heterogeneous objects when bidders have 

private values, but want (or are permitted) to win at most a single object each.4 However, 

the design has also been used in many other circumstances than these, and we describe 

some of its successes and failures in practice in Parts III and IV of Klemperer (2004). 

 

One reason the SAA was originally proposed for the U.S. radiospectrum auctions 

was that it was thought it might work well when bidders have complementarities between 

objects, but this will not be true if the complementarities are sufficiently important.  The 

reason is the one noted above that bidders are required (by the activity rules) to make 

firm bids on some objects before they know which other objects they will win.5  Some 

bidders may therefore end up stuck with objects that are worth very little to them because 

they failed to win complementary objects (this is called the exposure problem), while 

other bidders may quit the bidding early because of fear of this.  Thus inefficiencies are 

likely.  So if complementarities are important, it is natural to use some form of 

“combinatorial auction” in which a buyer can place bids for one or more packages of 

items and/or make contingent bids.6  (A package bid is a single price offered for a set of 

items; a contingent bid is one that applies only under specified circumstances such as the 

buyer winning a particular other object; these auctions are called “combinatorial” because 

the auctioneer must solve a combinatorial optimization problem). 

                                                 
3 The description given there is for a context in which bidders are permitted to win just one object each, so 
the activity rules are particularly simple. 
4  Milgrom (2000) gives more detail.   
5 If there is no penalty for withdrawing bids, the bidding process may never end, and there may also be 
substantially enhanced possibilities of collusion. 

6  Although combinatorial auctions can often reduce inefficiency, they also sometimes have the opposite 
effect.  Just as with ordinary monopolists who bundle products or use non-linear pricing and quantity 
discounts, a combinatorial auction  that permits or requires bids for packages rather than individual objects 
can result in  bundling items that would be more efficiently allocated to different bidders, but may 
nevertheless increase expected seller revenue.  (Thus, for example, if one bidder values objects  A and B at 
x and 2x respectively, while a second  bidder values A and B at 2x and x respectively, and x is known to the 
bidders but not to the seller, selling the two objects in two separate auctions (either ascending or sealed bid) 
is efficient, but yields total revenues of  just x + x = 2x, while selling the two objects as a bundle in a single 
"combinational" auction obtains revenues of  3x (which both bidders will bid) but inefficiently sells both 
objects to the same winner.) 

 



 

The most famous combinatorial auction is the Vickrey auction, in the general 

version of which the auctioneer maximises social surplus and sets prices so that each 

participant’s net profits equal her contribution to social surplus, assuming participants bid 

truthfully (i.e., the participant pays a price for those items she wins equal to her declared 

value for those items less the total social surplus achieved by the allocation plus the 

social surplus that the auctioneer could have achieved if that participant had not been 

present).  However, as noted in Section 10.4 of the Survey, a Vickrey auction is usually 

totally impracticable even in those private-value contexts in which it is, in theory, 

efficient.7 There has therefore been considerable renewed interest in alternative 

combinatorial auction forms.  Examples include Bernheim and Whinston’s (1986) first-

price package auctions (in which bidders submit package bids, the seller selects the 

combination that maximises her revenue, and each bidder pays the amount it bid for the 

package it receives), and ascending package auctions in which bidders raise their offers 

over a series of rounds, such as Ausubel and Milgrom’s (2002) “ascending proxy 

auction”, and Banks, Ledyard and Porter’s (1989) “adaptive user selection mechanism” 

or AUSM (pronounced “awesome”, and developed −  as can, of course, be inferred from 

its name − in California).   Milgrom (2003) is an excellent introduction to the state of the 

art in combinatorial auctions, and to multi-unit auctions more generally. 

 

The practical use of multi-unit auctions has also reinforced the importance of the 

“demand reduction” problem we noted in Section 10.4 of our Survey that bidders in these 

auctions, like oligopsonists in other kinds of markets, can often lower the prices they pay 

by buying fewer units than they actually want (because offering to buy fewer units means 

the auction closes at lower prices).8  This behaviour can arise even if there is just one 

“large” bidder who wants more than one unit, and if all bidders bid independently.  When 

there are several “large” bidders, multi-unit auctions also open up the possibility of these 

bidders coordinating their behavior to reduce their demand in concert.  Such “collusion”, 

                                                 
7   Policy makers usually find a Vickrey auction very hard to understand and operate; it often results in 
bidders with high values paying less for objects than bidders who win identical objects but have lower 
values for them (which seems strange and unfair to many people); it offers unusual opportunities for 
collusive behaviour which are also hard to guard against; and it sometimes yields low revenues.  
Furthermore, it is not efficient (and may perform very badly) if bidders are risk-averse or  have budget 
constraints or have common-value  elements to their valuations.  
8 This problem has been emphasised by Ausubel and Cramton (1998) and Ausubel (forthcoming) (the latter 
paper is a revision of the paper Ausubel (1998) referred to in the Survey). 



whether tacit or otherwise, has been a serious problem in multi-unit auctions, especially 

in ascending designs such as the SAA, as we emphasise in Parts IIIA and IVA of 

Klemperer (2004).   

 

Thus multi-unit auctions have focused renewed attention on the point made in 

Section 9 of our Survey, above, that “A crucial concern about auctions in practice is the 

ability of bidders to collude, but the theoretical work on this issue is rather limited”.  

Although the importance of this issue is now generally recognised, and research on it is 

beginning to develop,9 this literature remains in its infancy.  In particular, as we  

emphasise in Part IIIB of Klemperer (2004), it is not clear that it has yet taught us very 

much more than could be gleaned from an intelligent reading of the industrial 

organization literature. 

 

Finally, and also prompted by practical experience, there is a much greater 

general understanding than previously that, as emphasised in Section 8.1 of the Survey 

above, “In practical auction design, persuading bidders to take the time and trouble to 

enter the contest is a major concern”.  Although no general principles have yet emerged 

beyond those in Section 7 (about asymmetries between bidders) or Section 8 (explicitly 

about entry) of the Survey, this issue is now an area of active research. 

 

We will give considerable attention to the problems of encouraging entry and 

discouraging collusion, often in the context of multi-unit auctions, in Parts III and IV of 

Klemperer (2004).10 
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