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Oltxlglw| dqg Oltxlgdwlrq�

Gdylg Nhoo|
Xqlyhuvlw| ri Pldpl
gnhoo|Cpldpl1hgx

Vwhskhq I1 OhUr|
Xqlyhuvlw| ri Fdoliruqld/ Vdqwd Eduedud

vohur|Chfrq1xfve1hgx

Ghfhpehu :/ 53341 Iluvw gudiw Mxqh 53/ 5333

Devwudfw

Wkh pdqdjhu ri d �up wkdw lv vhoolqj dq looltxlg dvvhw kdv glvfuhwlrq dv wr wkh
vdoh sulfh= li kh fkrrvhv d kljk +orz, vhoolqj sulfh/ hduo| vdoh lv xqolnho| +olnho|,1
Li wkh pdqdjhu kdv wkh rswlrq wr ghidxow rq wkh ghew wkdw lv froodwhudol}hg e| wkh
looltxlg dvvhw/ wkh rswlpdo vhoolqj sulfh ghshqgv rq zkhwkhu wkh pdqdjhu dfwv lq
wkh lqwhuhvwv ri rzqhuv ru fuhglwruv1 Zh prgho wkh iruphu fdvh1 Lq wkh suhihuuhg
htxloleulxp/ wkh rzqhu zloo dozd|v r�hu wkh looltxlg dvvhw iru vdoh dw d vwulfwo|
kljkhu sulfh wkdq kh sdlg/ dqg kh zloo ghidxow li kh idlov wr vhoo1 Dv d uhvxow/
wkh looltxlg dvvhw fkdqjhv kdqgv dw vxffhvvlyho| kljkhu sulfhv> wkh sulfh lq dwlrq
whuplqdwhv xsrq wkh �uvw idloxuh wr vhoo/ zklfk uhvxowv lq d ghidxow fkdlq1

4 Lqwurgxfwlrq
Ghflvlrq0pdnlqj dxwkrulw| lq d frusrudwlrq olhv xowlpdwho| zlwk wkh erdug ri gluhfwruv/
dw ohdvw qrplqdoo|1 Lq sulqflsoh wkh erdug uhsuhvhqwv doo wkh pdmru vwdnhkroghuv lq wkh
frusrudwlrq= wkh rzqhuv +wkdw lv/ wkh vwrfnkroghuv,/ wkh fuhglwruv/ wkh hpsor|hhv dqg
wkh jhqhudo sxeolf1 Zkdw wkh frusrudwlrq grhv uh hfwv zklfk ri wkhvh frqvwlwxhqflhv
sod|v wkh grplqdqw uroh rq wkh erdug/ dqg ghshqgv dovr rq wkh h{whqw wr zklfk wkh
rwkhu jurxsv fdq dowhu wkh rxwfrph1 Ri wkhvh irxu jurxsv/ wkh rzqhuv dqg wkh
fuhglwruv duh xvxdoo| wkh prvw lpsruwdqw lq sudfwlfh/ dqg zh zloo uhvwulfw dwwhqwlrq wr
wkhp1

Dw ohdvw wkuhh pdmru sdwwhuqv ri frqwuro pd| eh glvwlqjxlvkhg +wkhuh duh/ ri frxuvh/
rwkhu srvvlelolwlhv,1 Iluvw/ wkh fuhglwruv pd| grplqdwh wkh erdug/ lq zklfk fdvh wkh
fklhi h{hfxwlyh r!fhu zkr zdqwv wr uhwdlq klv mre zloo eh vrolflwrxv sulpdulo| ri wkhlu
lqwhuhvwv1 Wklv sdwwhuq lv prvw olnho| wr suhydlo iru frusrudwlrqv lq gl!fxow|> zkhq

�Zh duh lqghewhg wr vhplqdu sduwlflsdqwv dw wkh Xqlyhuvlw| ri Fdoliruqld/ Orv Dqjhohv> Xqlyhuvlw|
ri Fdoliruqld/ Vdqwd Eduedud> Xwdk Vwdwh Xqlyhuvlw|> dqg Xqlyhuvlw| ri Pldpl1
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ghidxow lv xqolnho| wkh fuhglwruv kdyh qr uhdvrq qrw wr ohw wkh rzqhuv uhwdlq frqwuro1
Vhfrqg/ vwrfnkroghuv* uhsuhvhqwdwlyhv pd| grplqdwh/ lq zklfk fdvh wkh| zloo gluhfw
wkh fklhi h{hfxwlyh r!fhu wr pd{lpl}h vwrfn ydoxh zlwkrxw uhjdug wr wkh ydoxh ri
wkh oldelolwlhv1 Wklug/ wkh fklhi h{hfxwlyh r!fhu pd| eh srzhuixo hqrxjk wr lqvwdoo
erdug phpehuv zkr zloo uholdeo| iroorz klv ru khu ohdg1 Qhjohfwlqj djhqf| lvvxhv
lq wkh uhodwlrq ehwzhhq wkh fklhi h{hfxwlyh dqg wkh rzqhuv +dv zh gr lq wkh prgho
ehorz,/ d fklhi h{hfxwlyh zkr lv qrw frqvwudlqhg e| wkh erdug zloo dovr eh prwlydwhg
wr pd{lpl}h vwrfn ydoxh vr dv wr plqlpl}h wkh wkuhdw ri krvwloh wdnhryhu/ vr wkh vhfrqg
dqg wklug fdvhv gr qrw gl�hu pdwhuldoo|1

Lq wkh vhfrqg dqg wklug fdvhv wkh rzqhuv gr qrw kdyh xqolplwhg delolw| wr wudqvihu
ydoxh iurp wkh fuhglwruv wr wkhpvhoyhv1 Wkhlu delolw| wr gr vr lv frqvwudlqhg e| erqg
lqghqwxuh surylvlrqv wkdw surwhfw wkh lqwhuhvwv ri wkh fuhglwruv1

414 Rzqhu0Fuhglwru Frq lfw dqg Oltxlgdwlrq

Wkhvh frqvlghudwlrqv duh lpsruwdqw ehfdxvh wkh lqwhuhvwv ri wkh ydulrxv sod|huv duh qrw
ixoo| doljqhg1 Ehfdxvh ri frq lfwv ri lqwhuhvw/ wkh dfwlrq wkh frusrudwlrq wdnhv zkhq
lw ehfrphv xqdeoh wr pdnh vfkhgxohg sd|phqwv wr lwv fuhglwruv ghshqgv rq zklfk
ri wkh sdwwhuqv ri frqwuro mxvw olvwhg suhydlov1 Li uhsuhvhqwdwlyhv ri wkh fuhglwruv
ru rzqhuv frqwuro wkh erdug dqg wkh| kdyh orvw frq�ghqfh lq wkh fklhi h{hfxwlyh
r!fhu/ wkh| zloo uhsodfh klp ru khu1 Lq frqwudvw/ xqghu rwkhu frqwuro sdwwhuqv�
iru h{dpsoh/ li wkh fklhi h{hfxwlyh r!fhu frqwurov wkh erdug�ru li wkh dvvhwv ri wkh
frusrudwlrq lq txhvwlrq duh kljko| ydoxhg e| rwkhu frusrudwlrqv/ wkh erdug pd| ohdyh
wkh pdqdjhphqw lq sodfh dqg lqvwhdg hohfw wr oltxlgdwh vrph ru doo ri wkh dvvhwv1

Dv wkh qdph lpsolhv/ oltxlgdwlrq lqyroyhv vhoolqj looltxlg dvvhwv/ zklfk dprxqwv wr
uhsodflqj wkhp zlwk oltxlg dvvhwv +ru uhgxflqj oldelolwlhv,1 Lq wkh xvdjh ri wklv sdshu/
looltxlg dvvhwv duh dvvhwv wkdw duh khwhurjhqhrxv/ dqg iru zklfk lw lv frvwo| wr dvfhuwdlq
wkh uhohydqw phdvxuh ri dvvhw txdolw|1 Wkhuhiruh glvsrvlqj ri looltxlg dvvhwv lqyroyhv
vhdufk dqg pdwfklqj1 Wkh dwwulexwh ri looltxlg dvvhwv wkdw lv uhohydqw khuh lv wkdw wkhlu
khwhurjhqhlw| +soxv wkh idfw wkdw vhdufk lv frvwo|, sduwo| lqvxodwhv hdfk ex|hu0vhoohu
sdlu iurp rwkhu ex|huv dqg vhoohuv1 Wkhuhiruh pdunhwv duh qrqfrpshwlwlyh= vhoohuv
kdyh frqwuro ryhu sulfhv/ vxemhfw wr wkh frqvwudlqw wkdw wkh suredelolw| ri vdoh ghshqgv
rq wkh fkrvhq sulfh1 Jhqhudo dqdo|vhv ri looltxlglw| edvhg rq wklv fkdudfwhul}dwlrq
duh irxqg lq Nudlqhu ^8` dqg Nudlqhu dqg OhUr| ^9`1

Wkh wkhph ri wklv sdshu lv wkdw rswlpdo oltxlgdwlrq vwudwhj| lv gl�huhqw ghshqglqj
rq zkhwkhu pdqdjhphqw lv frqgxfwlqj wkh oltxlgdwlrq lq wkh lqwhuhvwv ri rzqhuv ru
lq wkh lqwhuhvwv ri fuhglwruv1 Wkh uhdvrq lv wkdw rzqhuv dqg fuhglwruv duh d�hfwhg
gl�huhqwo| e| fkdqjhv lq wkh ydoxh ri wkh frusrudwlrqv*v dvvhwv= rzqhuv gr/ exw fuhgl0
wruv gr qrw/ ehqh�w iurp lqfuhdvhv lq wkh frusrudwlrq*v ydoxh deryh wkh ohyho wkdw lv
uhtxluhg wr jhqhudwh fdvk iru wkh erqg sd|phqwv1 Fruuhvsrqglqjo|/ fuhglwruv gr/ exw
rzqhuv gr qrw/ vx�hu orvvhv zkhq wkh frusrudwlrq*v ydoxh gursv/ jlyhq wkdw ghidxow
kdv rffxuuhg ru zloo rffxu1
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415 Ghew dqg Ghidxow

Wkh frq lfw ri lqwhuhvw ehwzhhq rzqhuv dqg fuhglwruv lv w|slfdoo| dqdo|}hg lq wkh
frqwh{w ri ulvn| lqyhvwphqw= rzqhuv kdyh dq lqfhqwlyh wr xqghuwdnh h{fhvvlyho| ulvn|
lqyhvwphqw surmhfwv ehfdxvh sduw ri wkh ulvn lv sdvvhg rq wr fuhglwruv +wkh vdylqjv
dqg ordq fulvlv lq wkh XV lv wkh reylrxv h{dpsoh,1 Wkh frq lfw ri lqwhuhvw ehwzhhq
rzqhuv dqg fuhglwruv wkdw pdqdjhuv idfh lq glvsrvlqj ri looltxlg dvvhwv/ dowkrxjk ohvv
idploldu/ lv vlplodu wr wkdw wkh| idfh lq wkhlu uroh dv lqyhvwphqw sodqqhuv1 Mxvw
dv pdqdjhuv pdnlqj fdslwdo exgjhwlqj ghflvlrqv pxvw wudgh r� ulvn dqg uhwxuq lq
fkrrvlqj dq lqyhvwphqw vwudwhj|/ pdqdjhuv lq glvsrvlqj ri looltxlg dvvhwv pxvw wudgh
r� kljk vdoh surfhhgv +li wkh| fkrrvh d kljk vdoh sulfh, djdlqvw kljk suredelolw| ri
hduo| vdoh +li wkh| fkrrvh d orz sulfh,1 Dv zlwk fdslwdo exgjhwlqj ghflvlrqv/ wkh frvwv
dqg ehqh�wv ri gl�huhqw oltxlgdwlrq vwudwhjlhv duh eruqh gl�huhqwo| e| rzqhuv dqg
fuhglwruv1 Wkhuhiruh lq erwk fdvhv li pdqdjhphqw uhsuhvhqwv wkh lqwhuhvw ri hlwkhu
dorqh/ wkh rxwfrph zloo qrw eh wkdw zklfk pd{lpl}hv ryhudoo frusrudwlrq ydoxh1

Zh vkrz ehorz wkdw wkh h{lvwhqfh ri wkh ghidxow rswlrq +soxv wkh dvvxpswlrq wkdw
ghidxow lv vrphwlphv rswlpdo, ghfuhdvhv wkh frvw wr wkh rzqhuv ri idlolqj wr vhoo wkh
dvvhwv/ uhodwlyh wr wkh fdvh lq zklfk wkhuh lv qr ghidxow rswlrq1 Li pdqdjhuv duh dfwlqj
lq wkh lqwhuhvwv ri rzqhuv/ wkh| duh lqgxfhg wr fkrrvh d kljkhu vdohv sulfh wkdq wkh|
zrxog lq wkh devhqfh ri wkh ghidxow rswlrq/ lpso|lqj wkdw hduo| vdoh ri wkh dvvhwv lv
ohvv olnho| dqg ghidxow pruh olnho|1 Wkh kljkhu olnholkrrg ri ghidxow dgyhuvho| d�hfwv
wkh ydoxh ri wkh ghew/ wkhuhe| lpsdlulqj wkh srvlwlrq ri wkh fuhglwruv1

Zh dujxh wkdw wkh frq lfw ri lqwhuhvw ehwzhhq rzqhuv dqg fuhglwruv lv olnho| wr
eh pruh lpsruwdqw lq wkh frqwh{w ri oltxlgdwlqj dvvhwv�wkh vhwwlqj dqdo|}hg lq wklv
sdshu�wkdq lq wkdw ri xqghuwdnlqj qhz lqyhvwphqw surmhfwv/ wkh vhwwlqj fxvwrpdulo|
dvvxphg1 W|slfdoo| +dowkrxjk/ ri frxuvh/ qrw dozd|v, wkh frusrudwlrqv xqghuwdnlqj
odujh dqg ulvn| qhz lqyhvwphqw surmhfwv duh vxffhvvixo frusrudwlrqv/ frusrudwlrqv iru
zklfk ghidxow lq wkh iruhvhhdeoh ixwxuh lv xqolnho| xqghu dq| ri wkh lqyhvwphqw rswlrqv
ehlqj frqvlghuhg1 Wkdw ehlqj wkh fdvh/ wkh glvwruwlrq wkdw rffxuv zkhq pdqdjhuv/
dfwlqj lq wkh lqwhuhvwv ri rzqhuv/ ljqruh wkh frvwv wr fuhglwruv ri ghidxow lv plqru1
Krzhyhu/ frusrudwlrqv wkdw duh oltxlgdwlqj dvvhwv duh olnho| wr eh wkrvh wkdw kdyh
grqh edgo|/ dqg iru zklfk wkhuhiruh ghidxow lv olnho| wr rffxu1 Riwhq/ lq idfw/ wkh
frusrudwlrq lv oltxlgdwlqj dvvhwv suhflvho| lq rughu wr dyrlg ru srvwsrqh ghidxow1

Wkh glvwruwlrq wkdw rffxuv zkhq pdqdjhuv ljqruh wkh frvwv wr fuhglwruv ri ghidxow lv
olnho| wr eh pruh lpsruwdqw txdqwlwdwlyho| iru vxfk frusrudwlrqv wkdq iru frusrudwlrqv
xqghuwdnlqj qhz lqyhvwphqw surmhfwv1 Lq wklv sdshu zh suhvhqw d vlpsoh prgho lq
zklfk d frusrudwlrq*v dvvhwv duh looltxlg dqg wkhlu sxufkdvh lv �qdqfhg e| ghidxowdeoh
ghew1 Wkh pdqdjhphqw lv dvvxphg wr dfw rq ehkdoi ri rzqhuv +zlwkrxw djhqf|
sureohpv/ zh xquhdolvwlfdoo| dvvxph,/ dqg lwv rqo| uroh lv wr fkrrvh wkh vwudwhj| xvhg
wr glvsrvh ri wkh dvvhwv xsrq oltxlgdwlrq1 Lqdvpxfk dv zh zloo qrw eh glvwlqjxlvklqj
ehwzhhq rzqhuv dqg pdqdjhuv lq wkh prgho/ zh zloo uhihu wr �rzqhu0pdqdjhuv� ehorz1
Dv vxjjhvwhg deryh/ lq wklv vhwwlqj wkh pdqdjhphqw dgrswv d oltxlgdwlrq vwudwhj| wkdw/
ehvlghv ehlqj vrfldoo| lqh!flhqw/ lv ghwulphqwdo wr wkh lqwhuhvwv ri fuhglwruv1
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Dw d plqlpxp/ wkh prgho wr eh suhvhqwhg pdnhv fohdu krz rzqhuv zloo h{sorlw
fuhglwruv zkhq wkh| duh deoh wr gr vr1 Krzhyhu/ zh fodlp dovr wkdw wkh vw|ol}hg
idfwv wkdw rxu prgho ohdgv xv wr h{shfw duh ghvfulswlyho| dffxudwh/ dw ohdvw lq vrph
txdolwdwlyh vhqvh1 Lqdvpxfk dv lw lv qrwrulrxvo| gl!fxow wr gudiw dqg hqirufh erqg
lqghqwxuhv ru rwkhu frusrudwh frqwuro surylvlrqv wkdw frpsohwho| surwhfw wkh fuhglwruv
djdlqvw wkh rzqhuv/ lw zrxog eh vxusulvlqj li rxu prgho zhuh frpsohwho| zlwkrxw
hpslulfdo uhohydqfh1 Ilqdoo|/ zh eholhyh wkdw ehfdxvh rxu prgho jlyhv vrph lqvljkw
rq krz wkh ghidxow rswlrq dowhuv dvvhw sulflqj ghflvlrqv/ lw lv ri lqghshqghqw wkhruhwlfdo
lqwhuhvw1

5 Wkh Prgho= Lqirupdo Ghvfulswlrq 4

Wkhuh h{lvwv d vlqjoh lqglylvleoh surgxfwlyh dvvhw zklfk zh fdoo d idfwru|1 Wkhuh lv
dq lq�qlwh qxpehu ri srwhqwldo rzqhu0pdqdjhuv ri wklv idfwru|1 Wkhvh djhqwv kdyh
frpprq hqgrzphqw ri d edfnjurxqg jrrg/ frpprq glvfrxqw idfwru dqg duh ulvn
qhxwudo1 Rqh ri wkhvh rzqhu0pdqdjhuv/ zkrp zh zloo fdoo wkh lqlwldo rzqhu0pdqdjhu/
kdv wkh idfwru| dv sduw ri klv hqgrzphqw1 Wkh rwkhuv zloo ex| wkh idfwru| iurp
klp/ hdfk lq wxuq kdylqj wkh rssruwxqlw| wr ehfrph wkh fxuuhqw rzqhu0pdqdjhu1
Wkh fxuuhqw rzqhu0pdqdjhu ri wkh idfwru| kdv d pdwfk/ zlwk �w 0/ li kh lv deoh wr
rshudwh wkh idfwru| zlwk rshudwlqj sur�w ri 0 shu shulrg1 Wkh �w frqwlqxhv shulrg
diwhu shulrg/ lpso|lqj frqvwdqw sur�w ri 0 shu shulrg/ xqwlo wkh pdwfk lv eurnhq/ dq
hyhqw wkdw rffxuv zlwk suredelolw| wkdw lv frqvwdqw dqg lqghshqghqw ryhu wlph1 Zkhq
wkh pdwfk lv eurnhq wkh rzqhu0pdqdjhu fdq qr orqjhu rshudwh wkh idfwru| sur�wdeo|/
dqg zloo vhoo lw1

Wkh lqlwldo rzqhu0pdqdjhu grhv qrw kdyh d pdwfk1 Wkhuhiruh kh lpphgldwho| r�huv
wkh idfwru| iru vdoh1 Wkh rwkhu srwhqwldo rzqhu0pdqdjhuv fdq rshudwh wkh idfwru| zlwk
ydu|lqj ghjuhhv ri sur�wdelolw|1 Ghwhuplqlqj sur�wdelolw| lv d frvwo| vhdufk0dqg0
pdwfklqj surfhvv1 Lq rughu wr prgho wklv surfhvv h{shglwlrxvo|/ zh dvvxph wkdw hdfk
shulrg rqh dqg rqo| rqh srwhqwldo rzqhu0pdqdjhu kdv wkh rssruwxqlw| wr ghwhuplqh
frvwohvvo| wkh sur�w srwhqwldo ri wkh idfwru| xqghu klv pdqdjhphqw15 Wkh vhoohu pxvw
vhoo wr wklv djhqw lpphgldwho| ru iruhjr iruhyhu wkh rssruwxqlw| wr vhoo wr klp1

Srwhqwldo ex|huv nqrz wkhlu �w dw wkh wlph wkh| ghflgh zkhwkhu ru qrw wr ex| wkh
idfwru|/ exw wkh vhoohu grhv qrw nqrz wkh �w dqg fdqqrw frpsho ru lqgxfh wkh ex|hu

4Wkh prgho ghvfulehg ehorz lv vlplodu lq hvvhqwldo uhvshfwv wr wkdw ri Nudlqhu dqg OhUr| ^9`/ wr
zklfk uhdghuv vkrxog uhihu iru jhqhudo glvfxvvlrq1 Vhh dovr Nudlqhu ^8`1

5Dq dowhuqdwlyh vshfl�fdwlrq zrxog eh wr doorz q srwhqwldo ex|huv dw hdfk gdwh1 Wkhq/ iru
h{dpsoh/ wkh idfwru| pljkw eh dvvxphg wr eh vrog yld d vhdohg0elg dxfwlrq/ zlwk wkh kljkhvw elgghu
uhfhlylqj wkh idfwru| dw wkh sulfh elg e| wkh vhfrqg0kljkhvw elgghu1 Wkh vhoohu*v uroh zrxog eh wr
vhw d uhvhuydwlrq sulfh1 Lq wklv vhwwlqj wkh rswlpdo uhvhuydwlrq sulfh lv lqghshqghqw ri wkh qxpehu
ri elgghuv/ wkhuhiruh htxdolqj wkh vdoh sulfh ghulyhg ehorz lq wkh fdvh ri q @ 4= Wklv lqyduldqfh
ri wkh uhvhuydwlrq sulfh wr wkh qxpehu ri elgghuv lv vwdqgdug lq wkh dxfwlrqv olwhudwxuh +Uloh| dqg
Vdpxhovrq ^45`,1 Zlwk wkh uhvhuydwlrq sulfh lqghshqghqw ri q/ lw lv hylghqw wkdw wdnlqj q A 4 zrxog
qrw pdwhuldoo| dowhu wkh dqdo|vlv1
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wr uhyhdo lw wr klp1 Wkh vhoohu grhv nqrz wkdw wkh �w 0 lv glvwulexwhg xqlirupo| rq
dfc �o1 Wkh vhoohu srvwv d wdnh0lw0ru0ohdyh0lw sulfh> wklv sulfh lv fkrvhq wr edodqfh kljk
uhyhqxh li wkh idfwru| lv vrog djdlqvw d kljk suredelolw| ri vhoolqj wkh idfwru|1

Wkh hqgrzphqwv ri srwhqwldo rzqhu0pdqdjhuv duh qrw vx!flhqw wr doorz wkhp
wr sd| wkh sxufkdvh sulfh ri wkh idfwru| lq fdvk +khuh zh ghsduw iurp Nudlqhu dqg
OhUr| ^9`,1 Wkhuhiruh wkh frqwudfw ehwzhhq wkh ex|hu dqg wkh vhoohu frqvlvwv ri dq
dqqxlw| wkdw lv vhfxuhg e| wkh idfwru|= wkh ex|hu sd|v wkh vhoohu dq djuhhg0xsrq vxp
hdfk shulrg/ frqvwdqw ryhu wlph/ dv orqj dv kh rzqv wkh idfwru|1 Wkhuh lv qr grzq
sd|phqw/ vr wkh sxufkdvh lv 433( �qdqfhg +zh frqvlghu ehorz wkh frqvhtxhqfhv ri
uhod{lqj wklv dvvxpswlrq,1

Wkh lqlwldo rzqhu0pdqdjhu r�huv wkh idfwru| iru vdoh xqwlo/ vrrqhu ru odwhu/ rqh
ri wkh srwhqwldo rzqhu0pdqdjhuv ghwhuplqhv wkdw kh kdv d �w wkdw lv kljk hqrxjk wr
mxvwli| ex|lqj wkh idfwru|/ zklfk kh wkhuhiruh grhv1 Wkh qhz rzqhu0pdqdjhu rshudwhv
wkh idfwru| iru dv orqj dv klv pdwfk shuvlvwv/ sd|lqj wkh lqlwldo rzqhu0pdqdjhu d �{hg
sd|phqw hdfk shulrg1 Hyhqwxdoo| wkh qhz rzqhu0pdqdjhu orvhv klv pdwfk dqg r�huv
wkh idfwru| iru vdoh1 Xqohvv kh ghidxowv/ wkh fxuuhqw vhoohu pxvw frqwlqxh wr pdnh
dqqxlw| sd|phqwv xqwlo wkh idfwru| lv vrog1 Li wkh fxuuhqw vhoohu vhoov wkh idfwru| iru d
kljkhu sulfh wkdq kh sdlg/ wkhq kh nhhsv wkh gl�huhqfh1 Ehfdxvh erwk sulfhv duh sdlg
lq wkh irup ri dqqxlwlhv/ wkh gl�huhqfh lv dq dqqxlw| dv zhoo1 Li wkh vhoohu ghwhuplqhv
wkdw wkh dqqxlw| sd|phqwv duh kljkhu wkdq wkh h{shfwhg surfhhgv ri wkh vdoh/ kh
h{huflvhv klv rswlrq wr ghidxow rq wkh dqqxlw|1 Lq wkdw fdvh wkh idfwru|/ dorqj zlwk
wkh dqqxlw|/ uhyhuwv wr lwv suhfhglqj rzqhu0pdqdjhu1 Wkh suhfhglqj rzqhu0pdqdjhu
dovr kdv wkh rswlrq wr ghidxow lpphgldwho|/ uhwxuqlqj wkh idfwru| dqg wkh dqqxlw| wr
d vwloo hduolhu rzqhu0pdqdjhu/ dqg vr rq1

Iru frqfuhwhqhvv/ zh zloo wklqn ri hdfk rzqhu ri wkh idfwru| dv sd|lqj klv hqwluh
dqqxlw| wr wkh suhfhglqj rzqhu/ zkr lq wxuq sd|v wkh suhfhglqj rzqhu d vpdoohu
dqqxlw| sd|phqw/ dqg vr rq edfn wr wkh lqlwldo rzqhu1 Dowhuqdwlyho|/ rqh frxog wklqn
ri wkh fxuuhqw rzqhu dv sd|lqj dqqxlwlhv wr doo wkh suhfhglqj rzqhuv1 Vlqfh wkhuh duh
qr wudqvdfwlrqv frvwv lq rxu prgho/ wkh wzr vshfl�fdwlrqv duh reylrxvo| htxlydohqw1

Wkh frqyhqwlrqv rq wlplqj�lq sduwlfxodu/ zkhq wkh dqqxlw| sd|phqw lv pdgh�
duh lpsruwdqw lq xqghuvwdqglqj wkh htxloleulxp1 Iljxuh 4 lv d  rz fkduw ghslfwlqj wkh
vhtxhqfh ri hyhqwv iurp wkh ylhzsrlqw ri wkh fxuuhqw rzqhu0pdqdjhu ri wkh idfwru|1

Dv qrwhg/ wkh rzqhu0pdqdjhu zlwk d pdwfk uhfhlyhv sur�wv hdfk shulrg dw wkh
vdph udwh/ 0/ dv kh uhfhlyhg dw hdfk ri wkh gdwhv vlqfh kh erxjkw wkh idfwru|1 Kh
ohduqv hdfk shulrg zkhwkhu wkh pdwfk frqwlqxhv iru dqrwkhu shulrg1 Li lw grhv/
kh pdnhv dq dqqxlw| sd|phqw/ uhfhlyhv klv sur�w dqg grhv qrwklqj hovh xqwlo wkh
qh{w gdwh/ dw zklfk wlph wkh f|foh lv uhshdwhg1 Li wkh pdwfk grhv qrw frqwlqxh/
wkh rzqhu0pdqdjhu lpphgldwho| sxwv wkh idfwru| xs iru vdoh> grlqj vr grplqdwhv
ghidxowlqj lpphgldwho| ehfdxvh wkh frqyhqwlrq rq wlplqj lv vxfk wkdw kh fdq pdnh
rqh dwwhpsw wr vhoo wkh idfwru| ehiruh wkh qh{w dqqxlw| sd|phqw lv gxh1 Li wkh �uvw
survshfwlyh ex|hu sxufkdvhv wkh idfwru|/ wkhq wkh fxuuhqw rzqhu0pdqdjhu jrhv lqwr
wkh qh{w shulrg zlwkrxw wkh idfwru|1 Kh sur�wv lqvridu dv wkh dqqxlw| kh uhfhlyhv
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iurp wkh qh{w rzqhu0pdqdjhu h{fhhgv zkdw kh sd|v wkh suhfhglqj rzqhu0pdqdjhu1 Li
wkh �uvw survshfwlyh ex|hu grhv qrw sxufkdvh wkh idfwru|/ wkh fxuuhqw rzqhu0pdqdjhu
pxvw ghflgh zkhwkhu wr ghidxow zlwkrxw pdnlqj wkh dqqxlw| sd|phqw ru wr pdnh wkh
dqqxlw| sd|phqw dqg dwwhpsw djdlq wr vhoo wkh idfwru| qh{w shulrg1

Ghidxow sxwv wkh idfwru| lq wkh kdqgv ri wkh suhfhglqj rzqhu0pdqdjhu1 Vlqfh wkh
suhfhglqj rzqhu0pdqdjhu kdv d orzhu dqqxlw| sd|phqw/ kh pd| ghflgh wr wdnh srvvhv0
vlrq ri wkh idfwru|/ pdnh wkdw sd|phqw dqg r�hu wkh idfwru| iru vdoh1 Dowhuqdwlyho|/
kh pd| ghidxow lq wxuq/ lq zklfk fdvh wkh idfwru| lpphgldwho| uhyhuwv wr d vwloo hduolhu
rzqhu0pdqdjhu/ zkr idfhv d vlplodu ghflvlrq sureohp/ exw zlwk d vpdoohu dqqxlw|
sd|phqw1 Vrrqhu ru odwhu rqh ri wkh rzqhu0pdqdjhuv fkrrvhv wr r�hu wkh idfwru| iru
vdoh udwkhu wkdq frqwlqxh wkh ghidxow fkdlq +lw wxuqv rxw wkdw lq htxloleulxp wklv lv
dozd|v wkh lqlwldo rzqhu0pdqdjhu/ zkr kdv qr ghew,1 Zkhq wkdw kdsshqv wkh f|foh
uhshdwv1

6 D Frqwlqxxp ri Qdvk Htxloleuld
Ohw R eh wkh shu0shulrg sd|phqw rq wkh dqqxlw| wkdw wkh djhqw lv frqvlghulqj sd|lqj
iru wkh idfwru| lq klv uroh dv ex|hu/ dqg wkh dqqxlw| kh lv sd|lqj lq klv uroh dv rzqhu0
pdqdjhu ru h{0rzqhu0pdqdjhu> rswlpdo ydoxhv ri doo ghflvlrq yduldeohv ghshqg rq R1
Hdfk djhqw*v vwudwhj| vhw frqvlvwv ri +4, d uhvhuydwlrq �w ixqfwlrq 0WER�/ +5, d vdohv
sulfh ixqfwlrq �ER�c +6, d ixqfwlrq ri R wkdw ghwhuplqhv zkhwkhu wkh djhqw/ xsrq idlolqj
wr vhoo wkh idfwru| dw wkh �uvw wu|/ ghidxowv ru frqwlqxhv wu|lqj wr vhoo lw lq vxevhtxhqw
shulrgv/ dqg +7, d ixqfwlrq ri R wkdw ghwhuplqhv zkhwkhu wkh djhqw/ uhfhlylqj wkh
idfwru| xsrq wkh ghidxow ri d vxevhtxhqw rzqhu0pdqdjhu/ frqwlqxhv wkh ghidxow fkdlq
ru sd|v wkh dqqxlw| dqg frqwlqxhv wu|lqj wr vhoo lw lq vxevhtxhqw shulrgv16 Dfwlrqv
+6, dqg +7, duh hvvhqwldoo| wkh vdph= dq djhqw zloo ghidxow lq rqh fdvh li dqg rqo| li
kh ghidxowv lq wkh rwkhu/ wkh fdofxodwlrq ehlqj wkh vdph lq wkh wzr fdvhv1 Khuhdiwhu
zh zloo qrw glvwlqjxlvk ehwzhhq wkh wzr1

Wkh uhvhuydwlrq �w lv vxfk wkdw wkh djhqw lq klv uroh dv ex|hu zloo ex| wkh idfwru|
iru wkh dvnlqj sulfh R li klv �w h{fhhgv wkh uhvhuydwlrq �w +zklfk ghshqgv rq R,/ dqg
qrw rwkhuzlvh1 Li wkh djhqw*v �w h{fhhgv wkh uhvhuydwlrq �w/ e| gh�qlwlrq klv h{shfwhg
glvfrxqwhg sur�wv iurp rshudwlqj wkh idfwru| duh pruh wkdq vx!flhqw wr mxvwli| wkh
sxufkdvh sulfh1 Zkhq wkh rzqhu0pdqdjhu orvhv klv �w dqg vhoov wkh idfwru|/ wkh sulfh
kh dvnv ghshqgv rq klv dqqxlw| sd|phqwv +dqg/ zh dvvxph/ rq qrwklqj hovh,1 Wkh
vdoh sulfh �ER� ghshqgv rq wkh dqqxlw| sd|phqw R�vshfl�fdoo|/ dozd|v h{fhhgv wkh
dqqxlw| sd|phqw�ehfdxvh rwkhuzlvh lpphgldwh ghidxow grplqdwhv vhoolqj wkh idfwru|1
Ilqdoo|/ hdfk djhqw*v vwudwhj| lqfoxghv d ghwhuplqdwlrq dv wr zkdw wr gr li kh uhfhlyhv
wkh idfwru| zkhq iruihlwhg e| ghidxow ri d vxevhtxhqw rzqhu0pdqdjhu1 Klv fkrlfhv
duh hlwkhu wr frqwlqxh wkh ghidxow fkdlq vr wkdw kh qhyhu wdnhv wlwoh wr wkh idfwru|/ ru

6Qrwh wkdw zh duh ghohwlqj wkh zhdno| grplqdwhg vwudwhj| ri ghidxowlqj lpphgldwho| xsrq orvlqj
wkh pdwfk1
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wr whuplqdwh wkh ghidxow fkdlq1 Lq wkh odwwhu fdvh kh uhvxphv dqqxlw| sd|phqwv dw
wkh vdph ohyho dv zkhq kh rzqhg wkh idfwru|/ phdqzkloh frqwlqxlqj wr wu| wr vhoo lw1

Zh vhhn d v|pphwulf Qdvk htxloleulxp= hdfk djhqw*v fkrvhq vwudwhj| lv d ehvw
uhvsrqvh wr wkh vdph vwudwhj| zkhq fkrvhq e| rwkhu djhqwv17

Lw lv dssduhqw wkdw wklv lv d frpsolfdwhg jdph1 Wkhuh h{lvwv dq lq�qlwh qxpehu
ri sod|huv/ dqg hdfk ri dq lq�qlwh vxevhw ri wkhvh djhqwv sod|v dq lq�qlwh qxpehu
ri wlphv zlwk suredelolw| rqh1 Ixuwkhu/ wkhuh h{lvwv dq lq�qlwh qxpehu ri sod|v e|
qdwxuh/ wkh rxwfrphv ri zklfk duh qrw revhuyhg v|pphwulfdoo|1 Zh duh qrw dzduh
ri dq| jhqhudo uhvxowv rq jdphv olnh wklv1 Wkhuhiruh lqvwhdg ri fkdudfwhul}lqj wkh
htxloleulxp vhw zh zloo glvsod| rqh fodvv ri Qdvk htxloleuld lq wklv vhfwlrq dqg wzr
htxloleuld lq wkh wzr iroorzlqj vhfwlrqv1

Wkh htxloleuld dqdo|}hg lq wklv vhfwlrq dqg wkh qh{w duh qrw vxejdph shuihfw/ exw
wkh htxloleulxp ri Vhfwlrq 8 lv1

Frqvlghu dq| R vxfk wkdw f 	 R 	 �� Dvvrfldwhg zlwk wklv ydoxh ri R lv d Qdvk
htxloleulxp iru zklfk wkh ghflvlrq uxohv duh dv iroorzv=

� Ex| uxoh= Ex| li R ' R dqg 0 � R/ dqg qrw rwkhuzlvh1

� Vhoo uxoh= Vhoo iru R ' R�

� Ghidxow uxoh= iru wkh qrq0lqlwldo rzqhuv/ dozd|v ghidxow dv vrrq dv wkh pdwfk
idlov1

Wkh ex| uxoh lv rswlpdo ehfdxvh wkh djhqw nqrzv wkdw zkhq kh orvhv klv pdwfk kh
zloo eh xqdeoh wr vhoo wkh idfwru| iru pruh wkdq kh sdlg1 Wklv lv vr ehfdxvh vxevhtxhqw
rzqhu0rshudwruv zloo ex| rqo| li R ' Rc lq zklfk fdvh wkh fxuuhqw rzqhu kdv d qhw fdvk
 rz ri }hur vlqfh wkh dqqxlw| kh lv sd|lqj dovr htxdov R� Wkhuhiruh kh zloo ex| rqo|
li qhw fdvk  rz lv srvlwlyh1 Wkh vhoo uxoh lv rswlpdo ehfdxvh wkh ex|hu zloo ex| rqo|
li R ' Rc vr wkh vhoohu kdv qr dowhuqdwlyh wr vhwwlqj R ' R� Wkh ghidxow uxoh lv rswlpdo
ehfdxvh ghidxow zhdno| grplqdwhv frqwlqxlqj wu|lqj wr vhoo vlqfh/ djdlq/ wkhuh lv qr
survshfw ri jhqhudwlqj d srvlwlyh fdvk  rz iurp vdoh1

Wkh jdph mxvw ghvfulehg lqyroyhv vhtxhqwldo sod|/ lpso|lqj wkdw hyhu| qrgh ri wkh
jdph wuhh lv wkh lqlwldo qrgh ri d vxejdph1 Wkh htxloleulxp mxvw ghvfulehg lv qrw
vxejdph shuihfw dqg/ lq idfw/ lv qrw yhu| sodxvleoh= ehlqj suhvhqwhg zlwk d sulfh qrw
htxdo wr R/ lw pdnhv qr vhqvh iru wkh ex|hu wr uhixvh wr ex| wkh idfwru| uhjdugohvv
ri klv �w1 \hw li kh ghyldwhv iurp wklv uxoh/ lw lv qr orqjhu jhqhudoo| rswlpdo iru wkh
vhoohu wr vhoo iru R ' R�

7Lq Vhfwlrq 7 ehorz lw lv frqyhqlhqw wr wuhdw wkh lqlwldo rzqhu dqg qrq0lqlwldo rzqhuv ri wkh idfwru|
vhsdudwho|1 Wklv dprxqwv phuho| wr dqwlflsdwlqj sduw ri wkh htxloleulxp> dgrswlqj qrwdwlrq wkdw
uhsuhvhqwv wkh v|pphwulf qdwxuh ri wkh htxloleulxp zrxog eh xqqhfhvvdulo| fxpehuvrph1
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7 D Qdvk Htxloleulxp zlwk Lqfuhdvlqj Sulfhv
Lq wklv vhfwlrq zh ghulyh d Qdvk htxloleulxp wkdw lv pruh lqwhuhvwlqj wkdq wkdw ri wkh
suhfhglqj vhfwlrq/ dv zhoo dv pruh sodxvleoh1 Wkh htxloleulxp wr eh ghulyhg lqyroyhv
hdfk rzqhu ri wkh idfwru| zkr kdv orvw klv pdwfk r�hulqj lw iru vdoh dw d sulfh vwulfwo|
kljkhu wkdq wkdw zklfk kh sdlg1 Wkh dqdo|wlfdo surfhgxuh iru vroylqj wkh prgho
lqyroyhv +4, frqmhfwxulqj wkh ghflvlrq uxoh iru ghidxow/ dqg +5, frpsxwlqj ex| dqg
vhoo uxohv wkdw duh ehvw uhvsrqvhv wr hdfk rwkhu dqg wr wkh dvvxphg ghidxow uxoh1

Zh ehjlq e| frqmhfwxulqj wkdw dq| rzqhu0pdqdjhu rwkhu wkdq wkh lqlwldo rzqhu0
pdqdjhu +zkr kdv qr ghew, zloo dozd|v ghidxow xsrq idlolqj wr vhoo dw wkh �uvw rssru0
wxqlw|/ dv lq wkh htxloleuld ghvfulehg lq wkh suhfhglqj vhfwlrq1 Fruuhvsrqglqjo|/ zh
frqmhfwxuh wkdw vxfk rzqhu0pdqdjhuv zloo dozd|v hohfw wr frqwlqxh wkh ghidxow fkdlq
xsrq wkh ghidxow ri d vxevhtxhqw rzqhu udwkhu wkdq whuplqdwh lw1 Wkxv/ dffruglqj
wr wkh frqmhfwxuh/ lq htxloleulxp wkh idfwru| zloo dozd|v eh uhwxuqhg lpphgldwho| wr
wkh ruljlqdo rzqhu0pdqdjhu xsrq wkh idloxuh ri d vxevhtxhqw rzqhu0pdqdjhu wr vhoo
dw klv �uvw rssruwxqlw|1

714 Htxloleulxp Ehkdylru ri Qrq0Lqlwldo Rzqhu0Pdqdjhuv

Zh ehjlq e| ghwhuplqlqj wkh ehkdylru ri wkh qrq0lqlwldo rzqhu0pdqdjhuv1 Wkh eh0
kdylru ri wkh lqlwldo rzqhu0pdqdjhu lv frqvlghuhg lq wkh iroorzlqj vxevhfwlrq1

Doo srwhqwldo rzqhu0pdqdjhuv duh ulvn qhxwudo dqg kdyh glvfrxqw udwh q� Ohw �E0c R�
eh wkh qhw ydoxh wr lwv rzqhu0pdqdjhu ri d idfwru| zlwk �w 0 dqg dqqxlw| sd|phqw ri
R shu shulrg1 Ulvn qhxwudolw| lpsolhv wkdw �E0c R� lv jlyhq e|

�E0c R� ' qE0� R� n qZ�E0c R� n qE�� Z�5ER�c +4,

zkhuh Z lv wkh suredelolw| wkdw wkh pdwfk zloo frqwlqxh lqwr wkh qh{w shulrg/ dvvxphg
jlyhq dqg frqvwdqw/ dqg 5ER� lv wkh ydoxh ri d idfwru| zlwk dqqxlw| sd|phqw R iru
zklfk wkh rzqhu0pdqdjhu grhv qrw kdyh d pdwfk1 Wkh rzqhu0pdqdjhu zkr kdv mxvw
orvw klv pdwfk frxog ghidxow lpphgldwho|/ exw dv qrwhg deryh wkdw rswlrq lv grplqdwhg
e| r�hulqj wkh idfwru| iru vdoh dqg ghidxowlqj wkhuhdiwhu li wkh idfwru| grhv qrw vhoo
wr wkh �uvw survshfwlyh ex|hu1

Li wkh rzqhu0pdqdjhu r�huv wkh idfwru| iru vdoh dw sulfh +/ wkhq lwv ydoxh lv

>E+�bE+�E+ � R�c +5,

zkhuh >E+� lv wkh suredelolw| wkdw wkh idfwru| zloo eh vrog wr wkh �uvw survshfwlyh
ex|hu1 Wkh frh!flhqw bE+� lv wkh ydoxh shu xqlw ri dq dqqxlw| vhfxuhg e| wkh idfwru|1
Wkh xqlw ydoxh bE+� ri wkh dqqxlw| ghshqgv rq + ehfdxvh + d�hfwv wkh suredelolw| ri
d vxevhtxhqw ghidxow1 Zlwk suredelolw| �� >E+� wkh rzqhu0pdqdjhu zloo idlo wr vhoo
wkh idfwru|/ lq zklfk fdvh e| dvvxpswlrq kh zloo ghidxow/ zklfk kdv }hur ydoxh1

Wkh vhoohu zloo vhw + wr pd{lpl}h +5,/ dqg 5ER� htxdov wkh uhvxowlqj pd{lpxp=
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5ER� ' 4@ 
+

d>E+�bE+�E+ � R�o� +6,

Gh�qh R� ' �ER� dv wkh pd{lpl}lqj ydoxh ri +=

R� ' @h}4@ 
+

d>E+�bE+�E+ � R�o � �ER�� +7,

Iurp wkh gh�qlwlrq ri R�/ 5ER� lv jlyhq e|

5ER� ' >ER��bER��ER� � R�� +8,

Ilqdoo|/ zh qhhg wr hydoxdwh bER��/ wkh xqlw ydoxh ri wkh dqqxlw| sd|phqw1 Wkh
fxuuhqw rzqhu0pdqdjhu +zlwk dqqxlw| sd|phqw R, vhoov wkh idfwru| lq h{fkdqjh iru dq
dqqxlw| sd|phqw ri R� ' �ER� shu shulrg1 Wkh qhz rzqhu0pdqdjhu zloo hyhqwxdoo|
orvh klv pdwfk dqg wu| wr vhoo wkh idfwru| iru R��/ zkhuh R�� ' �ER��� Li kh vxffhhgv/
zklfk rffxuv zlwk suredelolw| >ER���/ wkh dqqxlw| zloo kdyh ydoxh bER��� shu xqlw ri
sd|phqw1 Li kh idlov kh zloo ghidxow/ lq zklfk fdvh wkh dqqxlwlhv whuplqdwh dqg wkh
idfwru| lv uhwxuqhg wr wkh ruljlqdo rzqhu0pdqdjhu1 Lw iroorzv wkdw bER�� lv jlyhq e|

bER�� ' q n qZbER�� n qE�� Z�>ER���bER���� +9,

715 Htxloleulxp Ehkdylru ri wkh Lqlwldo Rzqhu0Pdqdjhu

Wkh lqlwldo rzqhu0pdqdjhu ri wkh idfwru| kdv qr dqqxlw| sd|phqw/ vr R grhv qrw
hqwhu wkh lqlwldo rzqhu0pdqdjhu*v ghflvlrq sureohp1 Dovr/ ehfdxvh wkh lqlwldo rzqhu0
pdqdjhu zloo frqwlqxh wu|lqj wr vhoo wkh idfwru| xqwlo kh vxffhhgv lq grlqj vr +udwkhu
wkdq ghidxow/ dv wkh qrq0lqlwldo rzqhu0pdqdjhuv gr,/ klv sureohp lv

4@ 
+

d>E+�+EbE+� n SE+�� n qE�� >E+��6o +:,
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Khuh �&E+� � �E�E����E+���c dqg 6 htxdov wkh pd{lpl}hg ydoxh ri +:,1 Wkh ixqf0
wlrq SE+� lv wkh frpsrqhqw ri wkh fxuuhqw ydoxh ri wkh idfwru| dffrxqwhg iru e| wkh
hyhqwxdo ghidxow ri d qrq0lqlwldo rzqhu1 Lw uhsuhvhqwv 6q?c wkh glvfrxqwhg ydoxh ri
wkh idfwru| frqglwlrqdo rq wkh hyhqw wkdw wkh �0wk rzqhu ri wkh idfwru| lv wkh �uvw
wr ghidxow/ dqg wkdw wklv ghidxow rffxuv ? shulrgv lq wkh ixwxuh/ pxowlsolhg e| wkh
uhohydqw suredelolw|�wkh whup lq eudfhv�vxpphg ryhu � dqg ?� Wkh whup SE+� lv
d ghwhuplqdqw ri wkh pd{lpl}hg ydoxh ri wkh lqlwldo vdoh sulfh ehfdxvh gl�huhqw vdoh
sulfhv d�hfw wkh suredelolw| glvwulexwlrq ri vxevhtxhqw ghidxowv= wkh kljkhu wkh lql0
wldo vdoh sulfh wkh hduolhu ghidxow zloo rffxu/ dqg wkhuhiruh wkh kljkhu lv wkh h{shfwhg
suhvhqw ydoxh ri wkh glvfrxqwhg froodwhudo1 Dw wkh rswlpxp wklv h�hfw mxvw r�vhwv dw
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wkh pdujlq wkh h�hfw ri d kljkhu vdoh sulfh rq +4, wkh vl}h ri wkh dqqxlw| sd|phqw/
+5, wkh ydoxh ri wkh dqqxlw|/ dqg +6, wkh suredelolw| ri vdoh1

Qrwh wkdw wkh lqlwldo rzqhu wdnhv dv jlyhq wkh ixqfwlrqv �E+� dqg >E+� ghvfulelqj
wkh ehkdylru ri wkh qrq0lqlwldo rzqhu0pdqdjhuv ghulyhg lq wkh suhfhglqj vhfwlrq1

716 Htxloleulxp Ex|hu Ehkdylru

Zh qh{w h{suhvv wkh suredelolw| ri vdoh >ER� lq whupv ri 5ER�1 Iurp +4, wkh ydoxh ri
wkh idfwru| iru zklfk wkh rzqhu0pdqdjhu kdv d pdwfk zlwk �w 0 lv

�E0c R� '
qE0� R� n qE�� Z�5ER�

�� qZ
� +<,

Qrz gh�qh 0WER� dv wkh uhvhuydwlrq �w/ vr wkdw d survshfwlyh ex|hu dftxluhv wkh idfwru|
lq h{fkdqjh iru dq dqqxlw| sd|phqw ri R li 0 : 0WER�/ dqg qrw rwkhuzlvh1 Li zh vhw
wkh ex|hu*v rxwvlgh rswlrq htxdo wr }hur/ wkhq=

�E0WER�c R� '
qE0WER�� R� n qE�� Z�5ER�

�� qZ
' fc +43,

lpso|lqj

0WER� ' R� E�� Z�5ER�� +44,

Wklv htxdwlrq/ lqflghqwdoo|/ lpsolhv wkdw dq djhqw pd| ex| wkh idfwru| hyhq li 0 	 R/
vlqfh kh zloo kdyh dq dvvhw zruwk 5ER� : f zkhq kh orvhv wkh pdwfk1 Li 0WER� 	 0 	 R/
wkh survshfw ri hyhqwxdoo| orvlqj wkh pdwfk dqg vhoolqj wkh idfwru| rxwzhljkv wkh orvv
lqfxuuhg zkloh wkh pdwfk frqwlqxhv/ vr wkh survshfwlyh ex|hu zloo ex| wkh idfwru|18

Dv qrwhg deryh/ wkh �w 0 lv dvvxphg wr eh glvwulexwhg xqlirupo| rq wkh xqlw
lqwhuydo1 Iurp htxdwlrq +44,/ wkh suredelolw| ri vdoh lv wkhuhiruh jlyhq e|

>ER� ' RoJKE0 � 0WER�� ' �� 0WER� ' �� Rn E�� Z�5ER�� +45,

717 Vroylqj wkh Prgho

Wkh ehkdylru ri wkh qrq0lqlwldo rzqhuv lv fkdudfwhul}hg e| wkh iroorzlqj htxloleulxp
ghflvlrq uxohv=

� Ex| uxoh= wkh ex|hu idflqj sulfh R ex|v li 0 � 0WER�/ dqg qrw rwkhuzlvh1

� Vhoo uxoh= wkh vhoohu zlwk dqqxlw| R r�huv wkh idfwru| iru vdoh dw sulfh �ER��

8Lq wklv fdvh wkh ex|hu zrxog suhihu wr r�hu wkh idfwru| iru vdoh lpphgldwho| udwkhu wkdq zdlw
xqwlo wkh pdwfk lv orvw1 Krzhyhu/ lq wkh lqwhuhvw ri vlpsol�fdwlrq zh uxohg wklv srvvlelolw| rxw1
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� Ghidxow uxoh= xsrq idlolqj wr vhoo wkh idfwru| dw wkh �uvw wu|/ wkh vhoohu ghidxowv
iru doo R : f�

Wkh lqlwldo rzqhu0pdqdjhu vhwv wkh lqlwldo vdoh sulfh dw wkh ydoxh ri + wkdw pd{l0
pl}hv +:,/ dqg frqwlqxhv wu|lqj wr vhoo wkh idfwru| xqwlo kh vxffhhgv1

Wkh htxloleulxp ehkdylru ri wkh qrq0lqlwldo rzqhu0pdqdjhuv grhv qrw ghshqg rq
wkdw ri wkh lqlwldo rzqhu0pdqdjhu1 Wkhuhiruh zh fdq fkdudfwhul}h wkh ehkdylru ri qrq0
lqlwldo rzqhu0pdqdjhuv zlwkrxw uhihuhqfh wr wkdw ri wkh lqlwldo rzqhu0pdqdjhu1 Xvlqj
+7, dqg +45,/ htxdwlrqv +6, dqg +9, irup d yhfwru ri uhfxuvlyh ixqfwlrqdo htxdwlrqv iru
wkh ixqfwlrqv 5/ b/ dqg �=

5 ' [5E5c bc �� +46,

b ' [bE5c bc �� +47,

� ' [�E5c bc ��� +48,

Frpsxwlqj wkhvh htxdwlrqv lqyroyhv �uvw dvvljqlqj sdudphwhu ydoxhv +zh fkrvh q ' f�H
dqg Z ' f�b iru looxvwudwlrq, dqg jxhvvlqj wkh ixqfwlrqv 5/ b/ dqg �1 Wkhq zh
frpsxwhg ixqfwlrqv b�/ 5� dqg �

�
dqg uhshdw xqwlo frqyhujhqfh1 Wkh frqyhujhqfh

fulwhulrq lv n�
�
ER�� �

f
ER�n 	 �fff�c nb�ER�� bfER�n 	 �fff�c dqg n5�ER�� 5fER�n 	

�fff�/ dvvxplqj wkh vxsuhpxp qrup wkurxjkrxw1 Lq wkh h{shulphqwv ghvfulehg ehorz
zh irxqg wkdw wkhuh zdv qr gl!fxow| rewdlqlqj frqyhujhqfh19

Jlyhq wkh ixqfwlrqv � dqg > frpsxwhg iurp wkh ehkdylru ri qrq0lqlwldo rzqhu0
pdqdjhuv/ zh wkhq pd{lpl}hg +:,/ dqg vhw R� htxdo wr wkh uhvxowlqj pd{lpxp=

R� ' @h}4@ 
+

E>E+�bE+�+ n qE�� >E+��6�� +49,

718 Htxloleulxp

Wkh htxloleulxp sdwk ri wkh hfrqrp| lq wkh frpsxwhg h{dpsoh lv hdvlo| fkdudfwhul}hg
xvlqj wkh htxloleulxp srolf| ixqfwlrq1 Wkh lqlwldo rzqhu ri wkh idfwru|/ qrw kdylqj d
pdwfk/ lpphgldwho| r�huv wkh idfwru| iru vdoh dw sulfh R�/ frqwlqxlqj wr r�hu lw dw wklv
sulfh xqwlo lw lv vrog1 Wkh vhfrqg rzqhu rshudwhv wkh idfwru|/ pdnlqj sd|phqwv ri R�
shu shulrg wr wkh lqlwldo rzqhu/ xqwlo kh orvhv klv pdwfk1 Dw wkdw wlph kh r�huv lw iru
vdoh dw sulfh R2 ' �ER��� Li wkh �uvw survshfwlyh ex|hu ghflghv wr ex| wkh idfwru|/
wkh lqlwldo rzqhu zloo frqwlqxh wr uhfhlyh dq dqqxlw| ri R� zkloh wkh vhfrqg rzqhu zloo
uhfhlyh dq dqqxlw| ri R2�R�1 Wkh wklug rzqhu zloo rshudwh wkh idfwru|/ pdnlqj wkhvh
sd|phqwv hdfk shulrg/ xqwlo kh orvhv klv pdwfk/ dw zklfk wlph kh r�huv lw iru vdoh dw
sulfh R� ' �ER2�/ dqg vr rq1

9Zh gr qrw kdyh d surri wkdw �}/ �� dqg �! gh�qh d frqwudfwlrq1 Wkh sureohp lv wkdw }+s,
hqwhuv pxowlsolfdwlyho| lq wkhvh ixqfwlrqv/ uhvxowlqj lq qrqprqrwrqlflw|1
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Li/ xsrq orvlqj klv pdwfk/ wkh vhfrqg rzqhu idlov wr vhoo wkh idfwru| wr wkh �uvw
survshfwlyh ex|hu/ kh zloo ghidxow rq wkh dqqxlw|1 Wklv lpsolhv uhwxuqlqj wkh idfwru|
wr wkh lqlwldo rzqhu/ zkr zloo r�hu wkh idfwru| iru vdoh/ djdlq dw sulfh R�1 Wkhuhiruh
wkh f|foh zloo uhshdw1

Vlploduo|/ li wkh �uvw ?� � rzqhuv ri wkh idfwru| vxffhhg lq vhoolqj wkh idfwru| dw
wkh �uvw wu| exw wkh ?0wk rzqhu idlov wr gr vr/ kh zloo ghidxow1 Hdfk ri wkh suhfhglqj
rzqhuv zloo uhmhfw wkh rswlrq wr whuplqdwh wkh ghidxow fkdlq dqg r�hu wkh idfwru|
iru vdoh/ lqvwhdg sdvvlqj lw edfn wr wkh suhfhglqj rzqhu1 Xqghu rxu frqyhqwlrqv rq
qrwdwlrq/ wklv kdsshqv lqvwdqwdqhrxvo|1 Wkhuhiruh xsrq wkh ?0wk rzqhu*v idloxuh wr
vhoo/ doo wkh dqqxlwlhv wkdw wkh �uvw ? � � rzqhuv sd| wkh suhfhglqj rzqhuv jr lqwr
ghidxow/ dqg wkh idfwru| uhyhuwv wr wkh lqlwldo rzqhu1

Lw uhpdlqv wr yhuli| wkdw/ xqghu wkh htxloleulxp ydoxhv ri ixqfwlrqv �ER� dqg 0WER�/
hdfk qrq0lqlwldo rzqhu0pdqdjhu grhv lq idfw rswlpdoo| fkrrvh wr ghidxow/ dv dvvxphg
lq ghulylqj wkh htxloleulxp1 Qrq0lqlwldo rzqhu0pdqdjhuv zloo ghidxow li 5ER� 	 R/ lq
zklfk fdvh wkh ydoxh ri wkh idfwru| lv ohvv wkdq rqh dqqxlw| sd|phqw1 Iljxuh 5 sorwv
5ER� dqg R� Lw vkrzv wkdw wkh fulwlfdo ydoxh ri R deryh zklfk ghidxow rffxuv lv f��e1
Vlqfh R� ' f�Sb dqg R�n� : R� iru doo �/ zh vhh wkdw doo qrq0lqlwldo rzqhu0pdqdjhuv
zloo lq idfw ehkdyh dv frqmhfwxuhg1

Vlqfh vdoh rq wkh �uvw wu| lv lqfuhdvlqjo| lpsuredeoh iru wkh vhfrqg/ wklug ru irxuwk
rzqhuv/ lw lv kljko| xqolnho| wkdw dq| jlyhq fuhglw fkdlq zloo lqyroyh pruh wkdq wkuhh
ru irxu rzqhuv ehiruh froodsvlqj +Wdeoh 4 vkrzv wkh wudqvlwlrq suredelolwlhv dqg wkh
glvwulexwlrq ri wkh ohqjwk ri d fuhglw fkdlq iru wkh sdudphwhu ydoxhv vshfl�hg deryh,1
Ri frxuvh/ vlqfh wlph lv lq�qlwh wkhq d fkdlq ri dq| jlyhq ohqjwk zloo rffxu lq�qlwho|
riwhq zlwk suredelolw| 41

719 Lqwhusuhwlqj wkh Htxloleulxp

Wkh srolf| ixqfwlrq �ER� lv hdvlo| lqwhusuhwhg1 Dv Iljxuh 4 lqglfdwhv/ �ER� lv yhu|
forvh wr ERn��*21 Wr vhh zk|/ revhuyh wkdw/ iurp d Wd|oru h{sdqvlrq ri +45, durxqg
R� ' �/ zh kdyh

>ER�� �' �� R�c +4:,

vlqfh 5E�� �' f dqg/ vlqfh >E�ER�� �' fc dovr

bER� �' q

�� qZ
c +4;,

iurp +9,1 Iurp +6, wkh vhoohu*v sureohp lv wkhuhiruh dssur{lpdwho| wkdw ri fkrrvlqj
+ wr pd{lpl}h

E�� +�qE+ � R�

�� qZ
c +4<,
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wkh �uvw0rughu frqglwlrq iru zklfk lv

+ '
Rn �

2
� +53,

Wklv dssur{lpdwlrq lv edvhg rq wkh suhvxpswlrq wkdw qrq0lqlwldo rzqhu0pdqdjhuv
ri wkh idfwru| zloo idlo wr vhoo rq wkh �uvw wu|/ dqg zloo wkhuhiruh ghidxow1 Wklv
suhvxpswlrq lv pruh dffxudwh wkh kljkhu wkh ydoxh ri R/ vlqfh >ER� lv forvh wr }hur
zkhq R lv qhdu 4/ exw dv Iljxuh 4 lqglfdwhv wkh dssur{lpdwlrq lv idluo| dffxudwh hyhq
iru R : f�

Wkh lqlwldo djhqw fkrrvhv d vhoolqj sulfh ri f�Sb1 Wklv �jxuh lv vxevwdqwldoo| kljkhu
wkdq wkh olplwlqj ydoxh ri �ER� dv R dssurdfkhv }hur/ zklfk lv dssur{lpdwho| f�e.1 Wkh
uhdvrq lv wkdw wkh qrq0lqlwldo rzqhu0pdqdjhuv fkrrvh orz vdohv sulfhv wr dv wr lqgxfh
vxevhtxhqw rzqhu0pdqdjhuv wr gr wkh vdph/ wkh lghd ehlqj wr uhgxfh wkh suredelolw|
ri ghidxow dqg frqvhtxhqw whuplqdwlrq ri wkh dqqxlw|1 Wkh lqlwldo rzqhu0pdqdjhu kdv
ohvv prwlydwlrq wr uhgxfh wkh suredelolw| ri ghidxow ehfdxvh kh lv dzduh wkdw kh zloo
uhfryhu wkh idfwru| lq wkh hyhqw ri ghidxow ri d vxevhtxhqw rzqhu0pdqdjhu1

Wkh rswlpdo vdoh sulfh +53,/ vhw wr rswlpl}h wkh lqwhuhvwv ri wkh rzqhu0pdqdjhu/
h{fhhgv wkh vdoh sulfh wkdw zrxog eh suhihuuhg e| fuhglwruv1 Lw lv hdv| wr vhh wkdw
fuhglwruv zrxog suhihu d vdoh sulfh ri + ' R= fuhglwruv frqwlqxh wr uhfhlyh sd|phqwv
li d vdoh rffxuv dv orqj dv wr vdoh sulfh lv vx!flhqw wr jhqhudwh wkh dqqxlw| sd|phqwv
++ � R,1 Ehfdxvh wkh suredelolw| ri vdoh lv ghfuhdvlqj lq + dqg wkh dqqxlw| sd|phqw
+ehlqj htxdo wr R, lv frqvwdqw lq + iru + � R/ fuhglwruv suhihu + ' R1

Wkh sursruwlrqdo pdunxs ri wkh sulfh fkrvhq e| rzqhu0pdqdjhuv ryhu wkdw suh0
ihuuhg e| fuhglwruv lv wkxv

+ � R

R
�' �� R

2R
c +54,

djdlq xvlqj +53,1 Iru kljk R/ wkh lqwhuhvw ri fuhglwruv dqg rzqhu0pdqdjhuv ehfrph
pruh doljqhg/ dv erwk ghvluh d kljk vdoh sulfh1

Wkh frq lfw ri lqwhuhvw ehwzhhq rzqhu0pdqdjhuv dqg fuhglwruv dovr d�hfwv wkh
oltxlglw| ri wkh idfwru| dv phdvxuhg e| wkh suredelolw| ri vdoh1 Xvlqj +53,/ zh kdyh

>E�ER�� �' �� + '
�� R

2
� +55,

Li wkh vdohv sulfh zhuh vhw wr rswlpl}h wkh lqwhuhvw ri wkh fuhglwruv/ wkhq >E�ER�� �' ��R1
Khqfh li dw dq| vwdjh wkh fuhglwruv ghwhuplqhg wkh vdoh sulfh/ wkh suredelolw| ri vdoh
zrxog dssur{lpdwho| grxeoh/ uhodwlyh wr lwv ydoxh zkhq wkh rzqhu0pdqdjhuv ghwhuplqh
wkh vdoh sulfh1

Wkh srvvlelolw| ri ghidxow sod|v d fhqwudo uroh lq jhqhudwlqj wkh vxffhvvlyho| kljkhu
vhoolqj sulfhv wkdw rffxu lq htxloleulxp1 Wr vhh wklv/ zh vkrz wkdw li ghidxow zhuh qrw
srvvleoh wkh dqqxlw| sd|phqw zrxog eh d vxqn frvw/ lpso|lqj wkdw doo vhoohuv zrxog
idfh d sureohp lghqwlfdo wr wkdw ri wkh lqlwldo rzqhu0pdqdjhu1 Ehfdxvh dq| vdoh
uhvxowv lq d shushwxlw| li vxevhtxhqw rzqhuv fdqqrw ghidxow/ +:, ehfrphv
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5ER� ' >ER��
q

�� q
ER� � R� n E�� >ER���qE5ER�� R�c +56,

Khuh 5ER� vhsdudwhv lqwr wkh gl�huhqfh ehwzhhq wzr whupv= d whup 5 uh hfwlqj wkh
xqhqfxpehuhg ydoxh ri wkh idfwru| dqg d whup qR*E�� q� uh hfwlqj wkh ydoxh ri wkh
shushwxlw|1 Wr yhuli| wklv/ vxevwlwxwh 5 � qR*E�� q� iru 5ER� lq +56,1 Wkh whupv lq
R gurs rxw dqg +56, uhgxfhv wr

5 ' >ER��
qR�

�� q
n E�� >ER���q5c +57,

vr wkdw wkh ydoxh ri wkh idfwru| wr wkh rzqhu zkr kdv orvw klv pdwfk lv d zhljkwhg
dyhudjh ri lwv glvfrxqwhg ydoxh li vrog dqg lwv ydoxh li qrw vrog/ zlwk wkh uhohydqw
suredelolwlhv dv zhljkwv/ luuhvshfwlyh ri wkh suhh{lvwlqj dqqxlw| sd|phqwv1 Khqfh wkh
rswlpdo vdohv sulfh zlwkrxw ghidxow lv d frqvwdqw lq R1

8 Vxejdph Shuihfw Htxloleulxp
Wkh htxloleulxp ghvfulehg lq wkh suhfhglqj vhfwlrq/ olnh wkh htxloleuld ri Vhfwlrq 6/
lv qrw vxejdph shuihfw1 Lw zdv ghulyhg xqghu wkh dvvxpswlrq wkdw rzqhu0pdqdjhuv
zlwk dqqxlw| R zloo ghidxow xsrq idlolqj wr vhoo wkh idfwru| dw wkh �uvw wu|/ iru doo
R : f1 Iru vx!flhqwo| orz R wklv ehkdylru lv vxerswlpdo1 Lw lv hdv| wr vhh wkdw wkh
rswlpdo ghidxow uxoh lv wr ghidxow li wkh ydoxh ri wkh idfwru| edvhg rq wkh survshfw ri
lwv ixwxuh vdoh/ 5ER�c lv ohvv wkdq wkh dqqxlw| sd|phqw RW/ dqg qrw rwkhuzlvh1 Vlqfh
5ER� lv vwulfwo| ghfuhdvlqj lq R/ lw iroorzv wkdw wkhuh h{lvwv d fulwlfdo ydoxh ri Rc zklfk
zh fdoo RW/ gh�qhg e|

5ERW� ' RWc +58,

vxfk wkdw wkh xwlolw|0pd{lpl}lqj ghidxow uxoh lv

� Ghidxow li 5ER� 	 R/ dqg qrw rwkhuzlvh1

Lq wkh h{dpsoh/ 5ER� ' R iru R ' f��e/ vr wkh rswlpdo ghidxow uxoh lv

� Ghidxow zkhqhyhu R : f��ec dqg qrw rwkhuzlvh1

Zh qhhg wr vkrz wkdw wkh rswlpdo ghflvlrq uxohv iru ex|lqj dqg vhoolqj lq wkh Qdvk
htxloleulxp ri Vhfwlrq 7/ lq zklfk djhqwv ghidxow iru doo R : fc frqwlqxh wr eh rswlpdo
xqghu wkh prgl�hg ghidxow uxoh1 Vlqfh lq wkh h{dpsoh R� ' f�Sb : RW ' f��e dqg
R�n� : R� iru doo �/ zh vhh wkdw doo qrq0lqlwldo rzqhuv duh lq wkh ghidxow uhjlrq xqghu
erwk ghidxow uxohv1 Wkhuhiruh wkhlu rswlpdo ex|lqj dqg vhoolqj ehkdylru lv xqd�hfwhg
e| wkh fkdqjh lq wkh ghidxow uxoh1
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Wr yhuli| vxejdph shuihfwlrq/ lw uhpdlqv wr vkrz wkdw wkh dowhudwlrq ri wkh dvvxphg
ghidxow uxoh ri qrq0lqlwldo rzqhuv zloo qrw lqgxfh wkh lqlwldo rzqhu wr dowhu klv vdoh
sulfh1 Lw lv lpphgldwh wkdw wkhuh fdqqrw h{lvw dq htxloleulxp lq zklfk wkh lqlwldo
rzqhu vhoov dw d sulfh lq wkh qr0ghidxow uhjlrq1 Wklv lv vr ehfdxvh li wkh vhfrqg rzqhu
qhyhu ghidxowv rq wkh shushwxlw|/ wkhq wkh shushwxlw| lv d vxqn frvw1 Wkdw ehlqj
wkh fdvh/ h{lvwhqfh ri wkh shushwxlw| fdqqrw d�hfw wkh vdoh sulfh fkrvhq e| wkh vhfrqg
rzqhu1 Lw iroorzv wkdw kh zloo fkrrvh wkh vdph sulfh dv wkh lqlwldo rzqhu/ R�1 R�hulqj
wkh idfwru| dw R� kdv d uhwxuq ri }hur vlqfh wkh vhfrqg rzqhu uhfhlyhv dq dqqxlw| zlwk
}hur qhw sd|phqwv li wkh idfwru| lv vrog dqg ghidxowv li wkh idfwru| lv qrw vrog1 Exw
wkhq dq r�hu dw R� fdqqrw eh rswlpdo/ vlqfh wkh vhfrqg rzqhu fdq udlvh wkh r�hu sulfh
dqg jhw d srvlwlyh uhwxuq li wkh idfwru| lv vrog dqg ghidxow li wkh idfwru| lv qrw vrog
+frqwudglfwlqj erwk wkdw wkh vhfrqg rzqhu r�huv R� dqg wkdw R� lv lq wkh qr0ghidxow
uhjlrq,1

Wr frq�up wkdw rxu frpsxwhg h{dpsoh lv lq idfw d vxejdph shuihfw htxloleulxp/
zh pxvw vkrz wkdw wkh rswlpl}hg ydoxh ri wkh idfwru| f6 li vrog lq wkh qr0ghidxow
uhjlrq lv ohvv wkdq 6/ lwv ydoxh li vrog iru R�/ vr wkdw wkh k|srwkhvl}hg htxloleulxp
vhoolqj uxoh rq wkh sduw ri wkh lqlwldo rzqhu lv lq idfw rswlpdo1 Lq wkh h{dpsoh wklv
wxuqv rxw wr eh wulyldo= f6 lv fohduo| ohvv wkdq wkh ydoxh ri wkh idfwru| edvhg rq wkh
dvvxpswlrq wkh lqlwldo rzqhu fdq vhoo lw iru sulfh RW zlwk suredelolw| 41 Exw wkdw
ydoxh lv ohvv wkdq 6=

f6 	
q

�� q
RW ' ���D 	 ��Db ' 6� +59,

Lw iroorzv wkdw wkh lqlwldo rzqhu zloo qrw dowhu klv vhoolqj uxoh xqghu wkh prgl�hg
ghidxow uxoh1 Dffruglqjo|/ wkh htxloleulxp sulfh vhtxhqfh +R�c R2c ���, fdofxodwhg lq
Vhfwlrq 7 lv d vxejdph shuihfw htxloleulxp sulfh vhtxhqfh xqghu wkh ex| dqg vhoo
uxohv

� Ex| uxoh= wkh ex|hu idflqj sulfh R ex|v li 0 � 0WER�/ dqg qrw rwkhuzlvh1

� Vhoo uxoh= wkh vhoohu zlwk dqqxlw| R r�huv wkh idfwru| iru vdoh dw sulfh �ER��

� Ghidxow uxoh= xsrq idlolqj wr vhoo wkh idfwru| dw wkh �uvw wu|/ wkh vhoohu +h{fhsw/
ri frxuvh/ iru wkh lqlwldo rzqhu, ghidxowv iru doo R : RW/ dqg grhv qrw ghidxow
rwkhuzlvh1

9 Dowhuqdwlyh Lqvwlwxwlrqdo Duudqjhphqwv
Wkh �qdqfldo lqvwlwxwlrqv xqghuo|lqj wkh htxloleulxp ghulyhg deryh duh yhu| vlpsoh=
doo wkh suhfhglqj rzqhuv ri wkh idfwru| lq d jlyhq fuhglw f|foh froohfwlyho| �qdqfh lwv
sxufkdvh e| hdfk vxevhtxhqw rzqhu1 Wklv vshfl�fdwlrq lv xquhdolvwlf1 Krzhyhu/ lw
vkrxog eh fohdu wkdw dowhuqdwlyh pruh uhdolvwlf lqvwlwxwlrqdo vhwwlqjv zrxog vxssruw
wkh vdph htxloleulxp ghflvlrq uxohv dqg sulfh vhtxhqfh1
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Iru h{dpsoh/ rqh frxog lpdjlqh wkdw hdfk vhoohu ri wkh idfwru| uhfhlyhv d oxps0
vxp sulfh lqvwhdg ri dq dqqxlw|/ dqg wkdw d ulvn0qhxwudo wklug0sduw| ohqghu �qdqfhv
hdfk sxufkdvh ri wkh idfwru| yld d 433( pruwjdjh1 Wkh oxps0vxp sulfh R�bER�� wkdw
fruuhvsrqgv wr wkh shulrglf sd|phqw R� lv wkh surgxfw ri wkh shulrglf sd|phqw dqg
wkh shu xqlw ydoxh ri wkh dqqxlw|1 Wkh sd|phqw udwh rq wkh dqqxlw| lv �*bER��1 Wklv
sd|phqw udwh/ ri frxuvh/ pdnhv dssursuldwh doorzdqfh iru wkh srvvlelolw| ri ghidxow1

Xqghu wklv vhwxs hdfk rzqhu ri wkh idfwru|/ xsrq orvlqj klv pdwfk/ zrxog dwwhpsw
wr vhoo wr wkh vxevhtxhqw rzqhu iru fdvk1 Li vdoh rffxuv rq wkh �uvw wu|/ wkh fxuuhqw
vhoohu zrxog uhfhlyh d oxps0vxp sd|phqw rxw ri zklfk kh zrxog sd| r� klv ordq1
Wkh fdslwdo jdlq kh uhfhlyhv�htxdo wr wkh gl�huhqfh ehwzhhq vdoh sulfh dqg sxufkdvh
sulfh�htxdov wkh fdslwdol}hg ydoxh ri wkh dqqxlw| R��R lq wkh prgho glvfxvvhg deryh1
Wkh qhz rzqhu zrxog wdnh rxw d qhz ordq iurp wkh edqn htxdo wr 433( ri wkh
sxufkdvh sulfh1 Vlqfh dw hdfk vwdjh wkh fdvk sulfh htxdov wkh h{shfwhg suhvhqw ydoxh
ri wkh dqqxlw|/ hdfk vhoohu zrxog eh lqgl�huhqw ehwzhhq uhfhlylqj wkh dqqxlw|/ dv lq wkh
prgho ri wklv sdshu/ ru wkh oxps0vxp sd|phqw/ dv xqghu wkh dowhuqdwlyh duudqjhphqw1
Wkh dqqxlw| lv vhfxuhg e| wkh idfwru| vr wkdw/ xsrq ghidxow/ xqghu wkh dowhuqdwlyh
duudqjhphqw wkh idfwru| zrxog eh uhwxuqhg wr wkh edqn udwkhu wkdq wr wkh suhfhglqj
rzqhu/ zkr lv rxw ri wkh orrs xqghu wkh dowhuqdwlyh duudqjhphqw1 Wkh edqn zrxog
wkhq uhvhoo wkh idfwru|/ uhshdwlqj wkh f|foh1 Vlqfh wkh exgjhw vhwv lq wklv vhwwlqj duh
wkh vdph dv wkrvh lq wkh prgho ghvfulehg deryh/ wkh htxloleulxp srolf| ixqfwlrq lv
wkh vdph dv zhoo1 Frqvhtxhqwo| wkh htxloleulxp sulfh vhtxhqfhv lq wkh wzr vhwwlqjv
duh dovr wkh vdph1

Wkh iruhjrlqj prgl�fdwlrq ri wkh lqvwlwxwlrqdo duudqjhphqw pdlqwdlqhg wkh dv0
vxpswlrq ri wkh suhvhqw sdshu wkdw wkh fxuuhqw rzqhu sd|v iru wkh idfwru| xvlqj dq
dqqxlw| zlwk ydoxh htxdo wr 433( ri wkh idfwru| sulfh1 Vxssrvh lqvwhdg wkdw wkh
ex|hu kdg wkh rswlrq wr sd| fdvk iru doo ru sduw ri wkh sxufkdvh sulfh1 Wkh ex|hu
zrxog xvh wkh �qdqflqj pl{ dv d ghylfh wr suhfrpplw wr d ghidxow suredelolw|/ dqg
zrxog rswlpdoo| fkrrvh wkh �qdqflqj sdfndjh wkdw plqlpl}hv wkh frvw ri fdslwdo1 Wklv
zrxog uhvxow lq dq htxloleulxp sulfh vhtxhqfh wkdw gl�huv iurp wkdw ghulyhg khuh1

: Fuhglw Fkdlqv
Xs wr qrz zh kdyh lqwhusuhwhg wkh prgho dv surylglqj dq h{whqghg looxvwudwlrq ri
zkdw zrxog kdsshq li djhqwv zhuh frpsohwho| xqdeoh wr �qg dq lqvwlwxwlrqdo ghylfh
wr suhyhqw pdqdjhphqw iurp dfwlqj h{foxvlyho| lq wkh lqwhuhvwv ri fxuuhqw rzqhuv1
D ohvv frqvhuydwlyh lqwhusuhwdwlrq zrxog ylhz wkh prgho dv surylglqj d vxevwdqwlyh
wuhdwphqw ri vxfk skhqrphqd dv fuhglw fkdlqv1 Zh khvlwdwh wr hqgruvh vxfk d uhdglqj
lq wkh devhqfh ri dq h{sodqdwlrq ri zk| djhqwv duh xqdeoh wr ghylvh dq lqvwlwxwlrqdo
prgl�fdwlrq wkdw zrxog uhphg| wkh lqh!flhqf|1 Krzhyhu/ lqwhusuhwlqj wkh prgho
lq wklv zd| doorzv xv wr pdnh dq lpsruwdqw srlqw wkdw pxvw eh dgguhvvhg lq dq|
glvfxvvlrq ri fuhglw fkdlqv ru/ pruh jhqhudoo|/ dq| sduwlfxodu sdwwhuq ri �qdqfldo
wudqvihuv1
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Wkh suhfhglqj glvfxvvlrq lpsolhv wkdw �qdqflqj wudqvihuv ri looltxlg dvvhwv yld gh0
idxowdeoh ghew pd| ru pd| qrw eh dvvrfldwhg zlwk fuhglw fkdlqv= vrph lqvwlwxwlrqdo
hqylurqphqwv kdyh wkhp/ zkloh rwkhu vxevwdqwlyho| lghqwlfdo hqylurqphqwv gr qrw1 Li
rqh vshfl�hg wkh prgho vr wkdw erwk �qdqflqj phwkrgv duh dydlodeoh/ wkhq wkh htxl0
oleulxp ydoxhv ri txdqwlw| yduldeohv zrxog eh lqghwhuplqdwh/ djhqwv ehlqj lqgl�huhqw
ehwzhhq wkh wzr �qdqflqj phwkrgv1 Wklv lqghwhuplqdf| lv fkdudfwhulvwlf ri prghov
zlwk ulfk �qdqfldo pdunhwv dqg ulvn0qhxwudo djhqwv= lq vxfk prghov djhqwv ylhz doo
vhfxulwlhv dqg sruwirolrv dv shuihfw vxevwlwxwhv +dw htxloleulxp sulfhv/ dqg dvvxplqj
lqwhulru frqvxpswlrq srlqwv> vhh OhUr| dqg Zhuqhu ^<`/ Vhfwlrq 4617,1 Wkhuhiruh lw
pdnhv qr gl�huhqfh wr wkh djhqwv lq wkh prgho zkhwkhu vhoohuv �qdqfh vdohv/ dv lq
wkh ruljlqdo vhwxs/ ru zkhwkhu wklug0sduw| edqnv �qdqfh vdohv/ dv lq wkh dowhuqdwlyh
vshfl�fdwlrq mxvw glvfxvvhg1

Lq frqwudvw wr suhvhqw vhwwlqj/ prghov ri ghidxow zlwk vsduvh �qdqfldo pdunhwv/ vxfk
dv Odjxqr� dqg Vfkuhiw ^;`/ surylgh vhwwlqjv lq zklfk wkh fkdudfwhul}dwlrq ri fuhglw
fkdlqv lv urexvw lq wkh vhqvh wkdw wkh htxloleulxp zlwk d fuhglw fkdlq lv wkh rqo|
rqh srvvleoh1 Krzhyhu/ wklv urexvwqhvv lv dfklhyhg dw wkh frvw ri gudvwlf devwudfwlrq=
lqglylvlelolwlhv sod| d fhqwudo uroh lq Odjxqr�0Vfkuhiw*v prgho +iru h{dpsoh/ Odjxqr�
dqg Vfkuhiw dvvxphg wkdw h{dfwo| wzr djhqwv lqyhvw lq hdfk surmhfw,1 Wkh frqwudvw
ehwzhhq Odjxqr�0Vfkuhiw dqg wkh prgho ri wklv sdshu vxjjhvwv d edvlf txhvwlrq= lq
prgholqj fuhglw fkdlqv/ grhv rqh vhhn d urexvw dffrxqw ri zk| wkh| h{lvw/ dv lq
Odjxqr�0Vfkuhiw/ ru rqo| dq dffrxqw wkdw lv frqvlvwhqw zlwk wkhlu h{lvwhqfh/ dv khuhB

Prghov lq zklfk fuhglw fkdlqv duh qrw urexvw kdyh wkh surshuw| wkdw wkh vhtxhqfh
ri ghidxowv wkdw rffxuv zkhq d fuhglw fkdlq froodsvhv frqvlvwv phuho| ri d wudqvihu ri
wkh froodwhudo iurp rqh rzqhu wr dqrwkhu1 Wkh lqlwldwlqj vkrfn lwvhoi +lq rxu prgho/
wkh orvv ri d pdwfk dqg idloxuh wr vhoo wkh idfwru| wr wkh �uvw survshfwlyh ex|hu, lv
zhdowk0uhgxflqj/ ri frxuvh/ exw wkh frqvhtxhqw froodsvh ri wkh fuhglw fkdlq lv qrw1
Dv d uhvxow/ wkhuh lv qr lqfhqwlyh iru djhqwv wr ghylvh lqvwlwxwlrqv wkdw uhgxfh wkh
suredelolw| ri wkh rffxuuhqfh ri vxfk froodsvhv ru glyhuvli| wkh dwwhqgdqw ulvn1 Iru
wkh vdph uhdvrq/ vxfk prghov surylgh qr mxvwl�fdwlrq iru uhjxodwru| lqwhuyhqwlrq wr
suhyhqw wkh froodsvh ri fuhglw fkdlqv1 Krzhyhu/ wkhuh lv pxfk lqirupdo hylghqfh
wkdw froodsvhv ri fuhglw fkdlqv duh pruh lpsruwdqw wkdq wklv> vrph zrxog dujxh wkdw
wkh froodsvh ri wkh fuhglw fkdlq lv riwhq lwvhoi pruh lpsruwdqw wkdq wkh hyhqw wkdw
suhflslwdwhv wkh froodsvh +iru h{dpsoh/ lw frxog eh dujxhg wkdw wkh Dvldq �qdqfldo
fulvhv ri 4<<:04<<; lv lq wklv fodvv,1 Wkh prgho suhvhqwhg khuh lv qrw ulfk hqrxjk wr
surylgh d vhwwlqj iru vxfk dqdo|vlv1

Hyhq wkrxjk wkh froodsvh ri d fuhglw fkdlq dv prghohg khuh lv qrw zhdowk0uhgxflqj/
wkh phfkdqlvp wkdw surgxfhv lq dwlrq lq wkh sulfhv ri looltxlg dvvhwv grhv lqgxfh d
plvdoorfdwlrq ri uhvrxufhv1 Lq wkh odwhu vwdjhv ri dq dvvhw sulfh lq dwlrq/ wkh sulfh
vhw e| wkh vhoohu lv kljkhu wkdq wkdw zklfk zrxog eh vrfldoo| rswlpdo1 Dv d uhvxow/
survshfwlyh ex|huv zlwk d idluo| kljk �w/ zkr iurp wkh shuvshfwlyh ri d sodqqhu vkrxog
eh rshudwlqj wkh idfwru|/ zloo fkrrvh qrw wr ex| lw1:

: Nudlqhu dqg OhUr| ^9` ghulyhg wkh uhvhuydwlrq �w wkdw lv vrfldoo| rswlpdo lq d vhwwlqj wkdw lv
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Zh revhuyhg deryh wkdw wkh fkdudfwhul}dwlrq lq wkh suhvhqw prgho ri djhqwv* dvvhwv
dqg oldelolwlhv dv frqvwlwxwlqj d fuhglw fkdlq lv qrw urexvw1 Lq frqwudvw/ wkh idfw wkdw
�qdqflqj wudqvihuv ri looltxlg dvvhwv yld ghidxowdeoh ghew lqgxfhv dvvhw sulfh lq dwlrqv
lv urexvw1 Wkhuhiruh wkh odwwhu dqg qrw wkh iruphu vkrxog eh frqvlghuhg wkh lpsruwdqw
suhglfwlrq ri wkh prgho1

; Frpsdulvrq zlwk wkh Olwhudwxuh

Wklv sdshu ehorqjv wr d erg| ri zrun wkdw surylghv wkhruhwlfdo dqdo|vlv ri htxloleulxp
zkhq vhdufk/ ru vhdufk dqg pdwfklqj/ sod|v d pdmru uroh1 Wklv olwhudwxuh lv ydvw
+Vwljohu ^48`/ Vdors ^46`/ Vdors dqg Vwljolw} ^47`/ Exughww dqg Mxgg ^4`/ Exughww dqg
Pruwhqvhq ^5`/ Exughww/ Vkl dqg Zuljkw ^6`/ Exwwhuv ^7`/ Odjrv ^:`/ Prqwjrphu| ^43`/
dqg Shwhuv ^44` duh d ihz ri wkh pdmru sdshuv,1 Dw wkh prvw jhqhudo ohyho/ wkh wkhphv
wkdw uxq wkurxjk doo vhdufk prghov dsshdu khuh dv zhoo1 Iru h{dpsoh/ d uhvhuydwlrq
zdjh ru sulfh�vhdufk frqwlqxhv xqwlo wkh survshfwlyh zrunhu +iru h{dpsoh, uhfhlyhv
d zdjh r�hu wkdw h{fhhgv wkh h{shfwhg ehqh�w ri ixuwkhu vhdufk�sod|v d surplqhqw
uroh xqlyhuvdoo| lq wkh vhdufk olwhudwxuh1 Wkh dqdorjxh khuh lv wkh uhvhuydwlrq �w= wkh
survshfwlyh ex|hu ex|v wkh idfwru| li klv �w h{fhhgv wkh uhvhuydwlrq �w/ vr wkdw wkh
ydoxh ri wkh idfwru| wr wkh ex|hu h{fhhgv lwv sulfh1

Krzhyhu/ lq prvw uhvshfwv rxu prgho kdv olwwoh lq frpprq zlwk wkh uhvw ri wkh
olwhudwxuh/ lpso|lqj wkdw olwwoh zrxog eh jdlqhg e| xqghuwdnlqj d ghwdlohg glvfxvvlrq
ri rwkhu sdshuv1 Iluvw/ pdq| sdshuv rq vhdufk wuhdw wkh vhdufkhuv/ ru wkh frpprgl0
wlhv ehlqj sxufkdvhg/ dv krprjhqhrxv dqg vshfli| wkdw vhdufkhuv vhdufk ryhu sulfh1;

Lqdvpxfk dv rxu sxusrvh lv wr dsso| vhdufk wkhru| wr wkh sureohp ri ydoxlqj looltxlg
dvvhwv/ dqg jlyhq wkdw zh kdyh lghqwl�hg looltxlglw| zlwk khwhurjhqhlw| dqg frvwo|
lqirupdwlrq/ zh fdqqrw dyrlg h{solflwo| lqfrusrudwlqj khwhurjhqhlw| +lq rxu fdvh ri
survshfwlyh ex|huv ri wkh idfwru|,1 Wkhuhiruh zh dvvxph wkdw sulfh lqirupdwlrq lv
frvwohvvo| dydlodeoh dqg wkdw djhqwv vhdufk ryhu d txdqwlw|0uhodwhg yduldeoh +wkh �w,1
Dv d uhvxow/ lw lv srvvleoh wr vkrz lq vhwwlqjv vlplodu wr wkdw ri wkh suhvhqw sdshu wkdw
vxfk phdvxuhv ri oltxlglw| dv wkh h{shfwhg wlph wr vdoh ghshqg rq wkh iuhtxhqf| ri
duulydo ri ex|huv +zklfk lv d sur{| iru wkh frvw ri vhdufk, lq wkh zd| rqh zrxog h{shfw
+Nudlqhu dqg OhUr| ^9`,1 Lq frqwudvw/ lq prvw vhdufk prghov wkh qxpehu ri vdohv dw
d jlyhq vwruh ghshqgv rq d sxuho| udqgrp idfwru= wkh qxpehu ri ex|huv zkr duulyh
dw wkdw vwruh1 Wkhuh lv qr dssduhqw frqqhfwlrq wr oltxlglw| khuh +ri frxuvh/ wklv lv
qrw d fulwlflvp ri wkh flwhg vhdufk prghov/ lqdvpxfk dv wkhvh zhuh qrw vshfl�hg zlwk

vlplodu lq hvvhqwldov wr wkh suhvhqw prgho1 Krzhyhu/ qr surri lv qhhghg wr vxssruw wkh dvvhuwlrq
lq wkh wh{w= ehfdxvh wkh vhtxhqfh ri sulfhv frqyhujhv wr 4/ wkh htxloleulxp uhvhuydwlrq �w zloo
qhfhvvdulo| hyhqwxdoo| h{fhhg wkh uhvhuydwlrq �w wkdw lv vrfldoo| rswlpdo1

;Dv Exughww dqg Mxgg ^4` qrwhg/ wkh dvvxpswlrq ri krprjhqhlw| pdgh lq pxfk ri wkh vhdufk
olwhudwxuh lv qrw hdv| wr uhfrqfloh zlwk wkdw ri sulfh ru zdjh glvshuvlrq= riwhq qr dwwhpsw lv pdgh
wr h{sodlq zk|/ li wkh frpprglw| lv krprjhqhrxv/ sulfhv ru zdjhv vkrz glvshuvlrq1
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wkh dssolfdwlrq wr wkh dqdo|vlv ri oltxlglw| lq plqg,1
Wkh vshfl�fdwlrq khuh gl�huv iurp wkdw ri prvw vhdufk prghov lq rwkhu uhvshfwv dv

zhoo1 Iru h{dpsoh/ rxu irfxv ri lqtxlu| lv wkh ydoxdwlrq ri fdslwdo dvvhwv +wkh idfwru|
dqg wkh dqqxlwlhv vhfxuhg e| wkh idfwru|,/ zkhuhdv prvw vhdufk prghov gr qrw ghdo
zlwk fdslwdo jrrgv dw doo1 Djdlq wkh uhdvrq lv wkdw zh duh vshfldol}lqj wkh dqdo|vlv
wr wkh vwxg| ri oltxlglw|1

< Frqfoxvlrq
Zh kdyh suhvhqwhg d prgho lq zklfk d frusrudwlrq*v pdqdjhphqw oltxlgdwhv dvvhwv
lq wkh idvklrq wkdw lv rswlpdo iru wkh rzqhuv/ ghvslwh wkh orvvhv wkdw wklv oltxlgdwlrq
vwudwhj| lpsrvhv rq fuhglwruv1 Khuh zh frqvlghu wkh lqfhqwlyhv wkh ydulrxv sod|huv
kdyh wr dgrsw dowhuqdwlyh srvvleoh oltxlgdwlrq vwudwhjlhv1

H{ srvw/ wkh h{0rzqhu ri wkh idfwru| zkr uhfhlyhv wkh lqfrph rq dq dqqxlw| fro0
odwhudol}hg e| wkh idfwru| kdv dq lqwhuhvw lq lqgxflqj wkh fxuuhqw rzqhu ri wkh idfwru|
wr vhw d orzhu vdohv sulfh xsrq orvlqj klv pdwfk vr dv wr ghfuhdvh wkh suredelolw| ri
ghidxow1 E| dvvxpswlrq kh kdv qr zd| wr gr vr1 Krzhyhu/ h{ dqwh wkhuh lv qr
vxfk lqfhqwlyh= lq htxloleulxp wkh ghew lv sulfhg idluo| jlyhq wkh uhjlph ri frusrudwh
frqwuro lq sodfh/ vr djhqwv lq wkhlu uroh dv fuhglwruv duh lqgl�huhqw dv wr wkh frqwuro
uhjlph1 Dv dozd|v/ h{ dqwh lw lv wkh rzqhuv ri �{hg uhvrxufhv wkdw kdyh dq lqfhqwlyh
wr dgrsw d gl�huhqw uhjlph ri frusrudwh frqwuro1 Wkh rzqhuv ri �{hg uhvrxufhv duh/
�uvw/ wkh djhqw zkr kdv wkh idfwru| dv sduw ri klv lqlwldo hqgrzphqw dqg/ vhfrqg/ wkh
djhqwv zkr zloo kdyh dq hduo| rssruwxqlw| wr ex| wkh idfwru| +zh duh dvvxplqj khuh
wkdw wkh djhqwv duh qxpehuhg dv wr wkh rughu lq zklfk wkh| zloo duulyh/ dqg wkdw wklv
qxpehulqj lv sxeolf nqrzohgjh,1 Wkhvh djhqwv doo rzq htxlw| wkh ydoxh ri zklfk
ghshqgv rq wkh frqwuro uhjlph1 Wkh ydoxh ri wklv htxlw| lv zhoo ghwhuplqhg/ dqg lw
 xfwxdwhv ryhu wlph dv wkh udqgrp frpsrqhqwv ri wkh prgho duh uhdol}hg1

Ehfdxvh htxlw| ydoxhv ghshqg rq wkh frqwuro uhjlph/ wkh djhqwv�hvshfldoo| wkh
lqlwldo rzqhu ri wkh idfwru|�kdyh dq lqwhuhvw lq dgrswlqj lqghqwxuhv wkdw frqvwudlq
wkh sulfhv dw zklfk wkh| dqg vxevhtxhqw rzqhuv vhoo wkh idfwru|1 Ri frxuvh/ hdfk
djhqw/ ehlqj lq d gl�huhqw srvlwlrq iurp wkh rwkhuv/ zrxog suhihu d gl�huhqw vxfk
lqghqwxuh +iru h{dpsoh/ wkh ?0wk srwhqwldo ex|hu zrxog suhihu dq lqghqwxuh wkdw
uhtxluhv wkh lqlwldo rzqhu dqg wkh �uvw ?� � rzqhuv wr jlyh dzd| wkh idfwru|,/ vr lw lv
idu iurp reylrxv zkdw lqghqwxuh surylvlrqv/ li dq|/ zrxog eh dgrswhg1 Dv d sureohp
lq frrshudwlyh jdph wkhru|/ vwxg| ri wklv txhvwlrq lv qrw d surshu sduw ri wkh suhvhqw
sdshu1

Zh kdyh lqwhusuhwhg wkh prgho suhvhqwhg deryh dv looxvwudwlqj wkh frq lfw ri
lqwhuhvw ehwzhhq rzqhuv dqg fuhglwruv1 Rwkhu dssolfdwlrqv ri wkh prgho duh srvvleoh=
zh qrwhg deryh wkdw wkh prgho surylghv d srvvleoh h{sodqdwlrq ri fuhglw fkdlqv1 Dv
dqrwkhu h{dpsoh/ frusrudwh wdnhryhuv uhtxluh wkdw wkh ex|hu shuirup �gxh gloljhqfh�=
d ghwdlohg h{dplqdwlrq ri wkh frusrudwlrq ehlqj dftxluhg1 Wkh h{shqvhv lqyroyhg lq
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gxh gloljhqfh/ ehlqj frqvlghudeoh/ lpso| wkdw rqo| rqh ru d yhu| vpdoo qxpehu ri
sxufkdvlqj jurxsv zloo eh lqyroyhg lq wkh wdnhryhu ri d odujh �up1 Frusrudwh �qdqfh
prghov uduho| wdnh h{solflw dffrxqw ri wkhvh h{shqvhv/ ghvslwh wkh idfw wkdw lq wkh
devhqfh ri vxfk h{shqvhv wkh wdnhryhu pdunhw frxog uhdvrqdeo| eh dvvxphg wr eh
frpshwlwlyh iru doo exw wkh odujhvw wdnhryhuv1 Wkh prgho suhvhqwhg lq wklv sdshu
fdq eh lqwhusuhwhg dv surylglqj d vhwwlqj lq zklfk wkh h{shqvhv ri gxh gloljhqfh duh
uhsuhvhqwhg e| dvvxplqj wkdw rqo| rqh ex|hu fdq shuirup gxh gloljhqfh shu shulrg/
lpso|lqj dq h{sodqdwlrq ri zk| wkh wdnhryhu pdunhw lv qrw frpshwlwlyh1
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wldov1 Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 439=496�4:</ 4<<41

^44` P1 Shwhuv1 H{ dqwh sulfh r�huv lq pdwfklqj jdphv= Qrq0vwhdg| vwdwh1 Hfrqr0
phwulfd/ 8<=4758�4787/ 4<<41
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^45` Mrkq J1 Uloh| dqg Oduu| Vdpxhovrq1 Rswlpdo dxfwlrqv1 Dphulfdq Hfrqrplf
Uhylhz/ :4=6;4�<5/ 4<;41

^46` Vwhyhq Vdors1 Wkh qrlv| prqrsrolvw1 Uhylhz ri Hfrqrplf Vwxglhv/ 77=6<6�738/
4<:91

^47` Vwhyhq Vdors dqg Mrvhsk H1 Vwljolw}1 Edujdlqv dqg ulsr�v= D prgho ri prqrsr0
olvwlfdoo| frpshwlwlyh sulfhv1 Uhylhz ri Hfrqrplf Vwxglhv/ 77=7<6�843/ 4<:91

^48` Jhrujh Vwljohu1 Wkh hfrqrplfv ri lqirupdwlrq1 Mrxuqdo ri Srolwlfdo Hfrqrp|/ 9</
4<941
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43 Dsshqgl{= Iljxuhv dqg Wdeohv

Vwdwh= Wudqvlwlrq Suredelolwlhv vwdwh
rzqhu/ pdwfk ruljlqdo 4/ |hv 4/ qr 5/ |hv 5/ qr 6/ |hv 6/ qr sure
ruljlqdo/ qr 319;5 3164; 3 3 3 3 3 314<;
ex|hu 4/ |hv 3 31< 314 3 3 3 3 31957
ex|hu 4/ qr 31;6< 3 3 31494 3 3 3 31395
ex|hu 5/ |hv 3 3 3 31< 314 3 3 313<;
ex|hu 5/ qr 31<4< 3 3 3 3 313;4 3 31343
ex|hu 6/ |hv 3 3 3 3 3 31< 314 3133;
ex|hu 6/ qr 31<8< 3 3 3 3 3 3 31334

Wdeoh 4= Vwdwh wudqvlwlrq pdwul{ dqg suredelolw| glvwulexwlrq1
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date t+1date t

Owns factory
with match;
value = v( ε; p)

Receives profits ε, 
SD\V�DQQXLW\�S

Match
continues?

Default?

Owns factory
with match;
value = v( ε ; p)

Does not
own factory

value = z(p); set price
y.  Factory sells?

value = m(p)
Owns factory
without
match

yes

m(p) = 0;
default

m(p) > 0;
do not default

no

no

no

Figure 1

yes

yes

equilibrium

dominated

date t+1 date t+2

Receives profits 0 , 
SD\V�DQQXLW\�S

value = z(p); set
price y.  Factory
sells?

Receives profits ε, 
SD\V�DQQXLW\�S

Wlph olqh dqg ghflvlrq wuhh iru �uvw dqg vxevhtxhqw rzqhuv1
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Iljxuh 4= Rswlpdo idfwru| sulfh1
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Iljxuh 5= Ydoxh ri Xqvrog Idfwru|/ Dqqxlw| Ydoxh/ dqg Suredelolw| ri Vdoh1
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