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Abstract
The objective is to compare the effectiveness of financial markets and financial
intermediaries in financing new industries and technologies in the presence of diversity of
opinion. In markets, investors become informed about the details of the new industry or
technology and make their own investment decisions. In intermediaries, the investment
decision is delegated to a manager. She is the only one who needs to become informed,
which saves on information costs, but investors may anticipate disagreement with her and
be unwilling to provide funds. Financial markets tend to be superior when there is
significant diversity of opinion and information is inexpensive.
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4 Lqwurgxfwlrq
Lq wkh orqj uxq/ wkh pdlq ghwhuplqdqw ri hfrqrplf surjuhvv lv wkh ghjuhh
ri whfkqrorjlfdo fkdqjh1 Wklv wdnhv wzr irupv/ wkh lqwurgxfwlrq ri qhz lq0
gxvwulhv dqg wkh ghyhorsphqw ri qhz whfkqrorjlhv lq h{lvwlqj lqgxvwulhv1 Zh
duh lqwhuhvwhg lq frpsdulqj wkh shuirupdqfh ri pdunhwv dqg lqwhuphgldulhv
lq wkh hydoxdwlrq dqg �qdqflqj ri qhz lqgxvwulhv dqg qhz whfkqrorjlhv1 Zh
vxjjhvw wkdw d nh| lvvxh lq wklv frpsdulvrq frqfhuqv wkh xqliruplw| ri lqlwldo
eholhiv dprqj lqyhvwruv1 Lq vwdqgdug �qdqfh prghov/ vxfk dv wkh FDSP/ lw
lv dvvxphg wkdw lqyhvwruv kdyh wkh vdph sulru suredelolw| eholhiv1 Wkh vdph
dvvxpswlrq lv pdgh lq wkh dv|pphwulf lqirupdwlrq olwhudwxuh dqg wkh pdunhw
plfurvwuxfwxuh olwhudwxuh1

Lq dq lpsruwdqw sdshu/ Dxpdqq +4<:9, vkrzv wkdw li wzr lqglylgxdov dv0
vljq wkh vdph sulru suredelolwlhv wr d jlyhq hyhqw dqg wkhlu srvwhulru sured0
elolwlhv +frqglwlrqdo rq sulydwh lqirupdwlrq, duh frpprq nqrzohgjh/ wkhq wkh
srvwhulru suredelolwlhv pxvw eh lghqwlfdo1 Lq rwkhu zrugv/ xqghu wkh frpprq
sulru dvvxpswlrq/ wkh| fdqqrw djuhh wr glvdjuhh1 Jhdqdnrsorv dqg Srohpdu0
fkdnlv +4<;5, ghprqvwudwh wkdw li wzr djhqwv/ zlwk gl�huhqw lqirupdwlrq vhwv/
frppxqlfdwh wkhlu srvwhulruv edfn dqg iruwk/ wkh| zloo hyhqwxdoo| frqyhujh
wr d frpprq srvwhulru1 PfNhoyh| dqg Sdjh +4<;9, h{whqg wkhvh uhvxowv wr
? lqglylgxdov dqg vkrz wkdw sxeolf dqqrxqfhphqw ri srvwhulruv lv qrw qhf0
hvvdu| iru frqyhujhqfh> wkh sxeolf dqqrxqfhphqw ri djjuhjdwh vwdwlvwlfv fdq
kdyh wkh vdph h�hfw1 Krzhyhu/ li wkh lqirupdwlrq hdfk shuvrq revhuyhv lv
vx!flhqwo| frpsoh{/ wkh qxpehu ri lwhudwlrqv uhtxluhg wr rewdlq frqyhujhqfh
zloo eh odujh dqg wkh dprxqw ri lqirupdwlrq frqyh|hg lq hdfk lwhudwlrq zloo
eh vpdoo1

Dv Pruulv +4<<8, shuvxdvlyho| dujxhv/ wkhuh lv qrwklqj lq Ed|hvldq ghfl0
vlrq wkhru| ru vwdqgdug wkhrulhv ri udwlrqdolw| wkdw uhtxluhv djhqwv wr kdyh
wkh vdph sulruv1 Wkhuh lv d orqj wudglwlrq lq hfrqrplfv ri doorzlqj iru gli0
ihuhqfhv lq sulru eholhiv1 Iru h{dpsoh/ wkh Duurz0Gheuhx0Pdfnhq}lh +DGP,
prgho dqg wkh ixqgdphqwdo wkhruhpv ri zhoiduh hfrqrplfv doorz iru gl�huhqw
sulruv1 Wkh zhoo nqrzq prgho ri vwrfn pdunhw uhvrxufh doorfdwlrq ghyhorshg
e| Gldprqg +4<9:, kdv wklv ihdwxuh1 D qxpehu ri lpsruwdqw �qdqfh sdshuv
vxfk dv Olqwqhu +4<98, dqg Urvv +4<:9, kdyh dovr doorzhg iru gl�huhqfhv lq
sulru eholhiv1 D pruh uhfhqw h{dpsoh lv Kduulv dqg Udyly +4<<6,1 Ndqgho
dqg Shduvrq +4<<8, surylgh hpslulfdo hylghqfh wkdw wudglqj durxqg hduqlqjv
dqqrxqfhphqwv lv gxh wr gl�huhqfhv lq sulruv1

Wkh frpprq sulru dvvxpswlrq lv dssursuldwh zkhq lqirupdwlrq lv sohqwl0
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ixo/ d odujh dprxqw ri h{shulhqfh kdv ehhq dffxpxodwhg/ dqg srvwhulru eholhiv
kdyh frqyhujhg1 Wklv lv wkh w|sh ri vlwxdwlrq wr zklfk vwdqgdug �qdqfh prg0
hov dsso|1 Krzhyhu/ lw fdq eh dujxhg wkdw wkh frpprq sulru dvvxpswlrq
lv qrw dssursuldwh zkhq frqvlghulqj qhz lqgxvwulhv dqg qhz whfkqrorjlhv1
Fdvxdo hpslulflvp vxjjhvwv wkdw wkhuh lv d zlgh yduldwlrq lq ylhzv rq wkh
h�hfwlyhqhvv dqg ydoxh ri dq lqqrydwlrq lpphgldwho| diwhu wkh lqqrydwlrq kdv
rffxuuhg1 Vlqfh wkh dprxqw ri gdwd dydlodeoh edvhg rq dfwxdo h{shulhqfh
zlwk qhz surgxfwv ru whfkqrorjlhv lv qrqh{lvwhqw ru vpdoo/ vxfk gl�huhqfhv
lq ylhzv zrxog dsshdu wr eh gxh wr gl�huhqfhv lq sulruv1 Lq wklv fdvh/ wkhuh
lv glyhuvlw| ri rslqlrq dqg shrsoh djuhh wr glvdjuhh1

Pdunhw �qdqfh lv lghqwl�hg zlwk vlwxdwlrqv lq zklfk lqyhvwruv ehfrph
lqiruphg dqg wkhq ghflgh lqglylgxdoo| zkhwkhu wr frqwulexwh wr wkh ixqglqj
ri wkh surmhfw1 H{dpsohv ri pdunhw �qdqfh lqfoxgh LSR*v/ wkh sulydwh htxlw|
pdunhw dqg yhqwxuh fdslwdo �upv1 Yhqwxuh fdslwdo �upv kdyh vrph ri wkh
ihdwxuhv ri pdunhwv dqg lqwhuphgldulhv/ exw zh lqfoxgh wkhp lq pdunhw �qdqfh
ehfdxvh ri wkhlu vl}h1 Wkh qxpehu ri lqyhvwruv lq d vlqjoh �up lv uhodwlyho|
vpdoo dqg wkhuh lv d odujh qxpehu ri �upv wr fkrrvh iurp/ vr wkhuh lv olnho| wr
eh krprjhqhlw| ri eholhiv dprqj wkh lqyhvwruv lq d vlqjoh �up1 Lqwhuphgldwhg
�qdqfh lv lghqwl�hg zlwk odujh lqvwlwxwlrqv/ vxfk dv edqnv1

Zkhq d qhz lqgxvwu| vwduwv xs wkhuh duh vhyhudo w|shv ri xqfhuwdlqw|1
Lq dgglwlrq wr xqfhuwdlqw| derxw wkh h�hfwlyhqhvv ri wkh whfkqrorj|/ wkhuh lv
xqfhuwdlqw| derxw wkh ehvw pdqdjhphqw vwudwhjlhv wr iroorz dqg wkh frqvh0
txhqfhv ri hdfk vwudwhj|1 Zh dujxh ehorz wkdw pdunhwv kdyh frqvlghudeoh
dgydqwdjhv lq vxfk vlwxdwlrqv1 D odujh qxpehu ri shrsoh sduwlflsdwhv gluhfwo|
lq wkh lqyhvwphqw ghflvlrq1 Wklv lv frvwo| ehfdxvh hdfk lqyhvwru kdv wr df0
txluh wkh lqirupdwlrq wr pdnh wkh ghflvlrq> exw lw kdv wkh juhdw dgydqwdjh
wkdw hdfk lqyhvwru pdnhv klv rzq ghflvlrq edvhg rq klv rzq lqirupdwlrq dqg
klv rzq sulru1 Wklv delolw| wr djuhh wr glvdjuhh doorzv lqqrydwlyh surmhfwv wr
eh �qdqfhg1

Wkh qdwxuh ri lqwhuphgldwhg �qdqfh lv gl�huhqw1 Wkh ghflvlrq wr lqyhvw lq
d surmhfw lv ghohjdwhg wr d pdqdjhu1 Ixqgv fdq eh doorfdwhg wr d surmhfw hyhq
li vrph ri wkh lqyhvwruv surylglqj wkh ixqgv wklqn wkh surmhfw lv d edg rqh1
Wkh dgydqwdjh ri wkh lqwhuphgldu| lv wkdw lw hfrqrpl}hv rq wkh dftxlvlwlrq
ri lqirupdwlrq/ ehfdxvh rqo| wkh pdqdjhu qhhgv wr ehfrph lqiruphg +fi1
Gldprqg +4<;7,,1 Wklv lv �qh zkhq lqyhvwruv kdyh krprjhqhrxv eholhiv1 Wkh
sureohp dulvhv zkhq wkhuh lv glyhuvlw| ri rslqlrq1 Hyhq li wkh pdqdjhu grhv
klv ehvw wr fkrrvh surmhfwv kh krqhvwo| eholhyhv duh sur�wdeoh +l1h1/ wkhuh lv qr
sulqflsdo0djhqw sureohp lq whupv ri h�ruw, glyhuvlw| ri rslqlrq lpsolhv wkdw
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vrph surylghuv ri �qdqfh zrxog glvdjuhh zlwk wkrvh ghflvlrqv hyhq li wkh| kdg
wkh vdph lqirupdwlrq dv wkh pdqdjhu1 Li wkh suredelolw| ri glvdjuhhphqw lv
vx!flhqwo| kljk/ wkh lqyhvwruv pd| eh xqzloolqj wr surylgh ixqgv lq wkh �uvw
sodfh1 Wkxv/ lqwhuphgldwhg �qdqfh pd| uhvxow lq xqghu0ixqglqj ri lqqrydwlyh
surmhfwv1

Rxu dqdo|vlv vxjjhvwv wkdw glyhuvlw| ri rslqlrq dqg wkh ghjuhh ri ulvn duh
fuxfldo lq ghwhuplqlqj wkh uhodwlyh shuirupdqfh ri pdunhwv dqg lqwhuphgl0
dulhv1 Pdunhwv zloo eh hvshfldoo| h�hfwlyh dw �qdqflqj lqgxvwulhv zklfk duh
qhz dqg zkhuh uhodwlyho| olwwoh gdwd kdv ehhq lv jhqhudwhg/ wkdw lv/ lqgxvwulhv
lq zklfk lqirupdwlrq lv vsduvh dqg glyhuvlw| ri rslqlrq shuvlvwv1

Elrwhfkqrorj| lv d jrrg h{dpsoh ri d qhz lqgxvwu| lq zklfk yhu| olwwoh
lqirupdwlrq zdv lqlwldoo| dydlodeoh1 Wkh odfn ri lqirupdwlrq glg qrw rqo|
uhodwh wr wkh whfkqrorj|1 Jlyhq wkh odfn ri vlplodu lqgxvwulhv/ lw zdv dovr
xqfohdu zklfk exvlqhvv vwudwhjlhv vkrxog eh sxuvxhg1 Doo wklv ohg wr juhdw
glyhuvlw| ri rslqlrq1 Qhyhuwkhohvv/ wklv lqgxvwu| kdv ehhq yhu| vxffhvvixoo|
ixqghg wkurxjk wkh vwrfn pdunhw1

Glyhuvlw| ri rslqlrq fdq dovr dulvh lq hvwdeolvkhg lqgxvwulhv1 Zkhq wkhuh lv
rqo| olplwhg h{shulhqfh zlwk d qhz whfkqrorj|/ wkhuh lv xvxdoo| d zlgh udqjh
ri ylhzv rq wkh ydoxh ri wkh whfkqrorj| dqg wkh ehvw zd| wr surfhhg1 D jrrg
h{dpsoh ri wklv lv surylghg e| wkh frpsxwhu lqgxvwu|1 LEP zdv fohduo| grpl0
qdqw gxulqj wkh 4<83*v/ 4<93*v dqg 4<:3*v zkhq pdlqiudph pdfklqhv zhuh wkh
sulpdu| whfkqrorj|1 Lq wkh 4<;3*v wkh ghyhorsphqw ri wkh shuvrqdo frpsxwhu
gudpdwlfdoo| fkdqjhg wkh lqgxvwu|1 Lqlwldoo|/ lw zdv qrw dw doo fohdu krz wklv
fkdqjh zrxog d�hfw wkh lqgxvwu| dqg zkdw vwudwhjlhv wkh frpsdq| vkrxog
dgrsw1 Lqghhg/ LEP orvw lwv doprvw xqfkdoohqjhg grplqdqfh ri wkh lqgxvwu|
ehfdxvh lw glg qrw lqlwldoo| uhdol}h wkdw shuvrqdo frpsxwhuv uhsuhvhqwhg d orqj
whup frpshwlwlyh wkuhdw wr pdlqiudphv1

Wkh dfwxdo ghyhorsphqw ri qhz lqgxvwulhv dqg qhz whfkqrorjlhv lv/ ri
frxuvh/ h{wuhpho| frpsoh{ dqg wkh surylvlrq ri �qdqfh lv rqo| rqh sduw ri wklv
surfhvv1 Hvwdeolvklqj wkh klvwrulfdo lpsruwdqfh ri pdunhw0edvhg yhuvxv edqn0
edvhg �qdqfh hpslulfdoo| zrxog eh d ohqjwk| dqg gl!fxow h{huflvh1 Krzhyhu/
dv Doohq +4<<6, qrwhv/ lw lv ri vrph lqwhuhvw wkdw pdq| qhz lqgxvwulhv zhuh
ghyhorshg lq wkh X1N1 ru X1V1/ zklfk duh wkh frxqwulhv wkdw kdyh klvwrulfdoo|
kdg wkh prvw kljko| ghyhorshg �qdqfldo pdunhwv1 Iru h{dpsoh/ udlozd|v zhuh
�uvw ghyhorshg lq wkh X1N1 dqg wr d odujh h{whqw erwk wkh X1N1*v dqg rwkhu
frxqwulhv* udlozd|v zhuh �qdqfhg wkurxjk wkh Orqgrq Vwrfn H{fkdqjh lq wkh
qlqhwhhqwk fhqwxu|1 Hyhq wkrxjk wkh dxwrpreloh zdv lqyhqwhg lq Jhupdq|/
lw zdv lq wkh X1V1 wkdw dxwrprelohv zhuh �uvw surgxfhg rq d odujh vfdoh1
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Wkh dlufudiw/ frqvxphu gxudeoh/ frpsxwhu dqg elrwhfkqrorj| lqgxvwulhv kdyh
ehhq odujho| ghyhorshg lq wkh X1V1 Lw lv qrw xqlirupo| wkh fdvh wkdw doo qhz
lqgxvwulhv zhuh �uvw ghyhorshg lq wkh X1N1 ru X1V1 Iru h{dpsoh/ wkh fkhplfdo
lqgxvwu| zdv lqlwldoo| ghyhorshg rq d odujh vfdoh lq Jhupdq|1 Qhyhuwkhohvv/
fdvxdo hpslulflvp vxjjhvwv wkdw d vxusulvlqj sursruwlrq ri qhz lqgxvwulhv
kdyh ehhq ghyhorshg lq wkh X1N1 dqg X1V1

Rxu sdshu lv sduw ri wkh jurzlqj olwhudwxuh dqdo|}lqj wkh zd|v lq zklfk
gl�huhqw frxqwulhv* �qdqfldo v|vwhpv rshudwh dqg rq wkh ghvljq ri �qdqfldo
v|vwhpv +vhh Errw dqg Wkdnru +4<<:d/e, dqg iru d vxuyh| Wkdnru +4<<9,,1 Lq
frqwudvw wr wkhvh sdshuv rxu irfxv lv rq �qdqflqj qhz whfkqrorjlhv udwkhu wkdq
h{lvwlqj rqhv1 Ekdwwdfkdu|d dqg Fklhvd +4<<8, dqg \rvkd +4<<8, frqvlghu wkh
dgydqwdjhv ri �qdqflqj U)G xvlqj elodwhudo �qdqflqj +rqh ohqghu, frpsduhg
wr pxowlodwhudo �qdqflqj +pdq| ohqghuv,1 Wkh| gr qrw frqvlghu wkh uroh ri
glyhuvlw| ri rslqlrq1 Ehun/ Juhhq dqg Qdln +4<<:, dqdo|}h krz U)G surmhfwv
vkrxog eh ydoxhg exw duh frqfhuqhg zlwk wkh h{whqw wr zklfk ulvn lv v|vwhpdwlf
udwkhu wkdq gl�huhqfhv lq ylhzv1 Rxu dqdo|vlv lv dovr uhodwhg wr Pdqryh dqg
Sdglood +4<<;, dqg GhPdu}r dqg Yd|dqrv dqg ]zlheho +4<<;,1 Erwk ri wkhvh
sdshuv frqvlghu prghov zkhuh djhqwv kdyh gl�huhqw sulruv lqlwldoo| dqg xsgdwh
lq d Ed|hvldq pdqqhu1 Krzhyhu/ lq erwk fdvhv djhqwv duh luudwlrqdo lq wkdw
wkh| gr qrw xvh doo wkh lqirupdwlrq dydlodeoh wr wkhp lq dq rswlpdo zd|1 Lq
rxu dqdo|vlv doo djhqwv duh ixoo| udwlrqdo1

Lq wkh uhvw ri wkh sdshu/ zh dgguhvv wkh iroorzlqj txhvwlrqv=

� Krz fdq glyhuvlw| ri rslqlrq eh prghohg frqvlvwhqwo| zlwk d udwlrqdo/
Ed|hvldq dssurdfkB

� Zkdw lv wkh rswlpdo lqvwlwxwlrq iru surylglqj �qdqfh/ pdunhwv ru lqwhu0
phgldulhv/ dqg zkdw idfwruv ghwhuplqh wkh rswlpdo fkrlfhB

� Zkdw lv wkh rswlpdo �dufklwhfwxuh� iru d �qdqfldo v|vwhpB

� Zloo h!flhqw �qdqfldo lqvwlwxwlrqv uhvxow iurp wkh xqfrruglqdwhg eh0
kdylru ri udwlrqdo pd{lpl}lqj djhqwvB

Lq Vhfwlrq 5 zh suhvhqw d prgho ri lqirupdwlrq dftxlvlwlrq lq wkh suhvhqfh
ri glyhuvlw| ri rslqlrq1 Lq Vhfwlrq 6 zh frpsduh pdunhw dqg lqwhuphgldwhg
�qdqfh1 Vhfwlrq 7 dqdo|}hv htxloleulxp zkhq lqyhvwruv fdq fkrrvh wkh irup ri
lqyhvwphqw dqg fkdudfwhul}hv wkh h!flhqf| surshuwlhv ri htxloleulxp1 Vrph
frqfoxglqj uhpdunv duh frqwdlqhg lq Vhfwlrq 81
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5 D Prgho ri Glyhuvlw|
Lq wklv vhfwlrq/ zh ghvfuleh d irupdo prgho ri lqirupdwlrq dftxlvlwlrq lq wkh
suhvhqfh ri glyhuvlw| ri rslqlrq1 D qhz lqgxvwu| lv ehlqj hvwdeolvkhg lq zklfk
wkhuh duh odujh qxpehuv ri lqyhvwphqw rssruwxqlwlhv1 Ehfdxvh lqyhvwruv kdyh
gl�huhqw sulru eholhiv/ wkh| zloo lqwhusuhw lqirupdwlrq gl�huhqwo|1 Vrph lq0
yhvwruv zloo ehfrph shvvlplvwlf dqg uhixvh wr lqyhvw zkhq suhvhqwhg zlwk
ghwdlohg lqirupdwlrq derxw d surmhfw1 Rwkhuv zloo lqwhusuhw wkh vdph lqiru0
pdwlrq dv jurxqgv iru rswlplvp1 Ehiruh lqyhvwruv kdyh vhhq wkh lqirupdwlrq/
wkh| gr qrw nqrz krz wkh| zloo uhdfw dqg zh fdq vlpsoli| wkh dqdo|vlv e|
dvvxplqj wkdw lqyhvwruv duh h{ dqwh lghqwlfdo/ wkdw lv/ wkh| kdyh wkh vdph
suredelolw| ri ehfrplqj rswlplvwv ru shvvlplvwv1 Wkh lpsruwdqfh ri dvvxp0
lqj khwhurjhqhrxv sulruv lv qrw wkdw lw lpsolhv gl�huhqw eholhiv derxw wkh
sur�wdelolw| ri wkh surmhfw h{ dqwh/ exw udwkhu wkdw lw doorzv lqyhvwruv/ diwhu
ehlqj suhvhqwhg zlwk hylghqfh/ wr djuhh wr glvdjuhh1

Zh vwduw zlwk wkh vlpsohvw fdvh/ d vlqjoh surmhfw zklfk lv vpdoo uhodwlyh
wr wkh dprxqw ri ixqgv dydlodeoh1

� Wkhuh lv d frqwlqxxp ri ulvn qhxwudo lqyhvwruv zlwk qxpehu +phdvxuh,
�U/ hdfk zlwk d vlqjoh xqlw ri fdslwdo wr lqyhvw1

� Wkhuh lv d vlqjoh surmhfw uhtxlulqj dq lqsxw ri U xqlwv ri fdslwdo1 Wkh
surmhfw lv lqlwldoo| rzqhg e| dq hqwuhsuhqhxu zkr kdv qr fdslwdo dqg
vhhnv �qdqflqj iurp lqyhvwruv1

� Lw lv dvvxphg �U : � vr wkdw wkh hqwuhsuhqhxu rewdlqv doo wkh vxusoxv
iurp wkh surmhfw dqg lqyhvwruv rewdlq wkhlu rssruwxqlw| frvw1 Iru vlp0
solflw|/ wkh lqyhvwruv* ehvw dowhuqdwlyh lv dvvxphg wr eh d vdih dvvhw zlwk
d }hur udwh ri uhwxuq +rqh xqlw ri lqyhvwphqw |lhogv d jurvv uhwxuq ri
rqh xqlw,1

� Wkh lqyhvwruv lqlwldoo| kdyh v|pphwulf eholhiv derxw wkh sur�wdelolw| ri
wkh surmhfw1 Wkh| fdq rewdlq pruh lqirupdwlrq derxw wkh sur�wdelolw|
ri wkh surmhfw ehiruh wkh lqyhvwphqw ghflvlrq e| sd|lqj d frvw S : f1
Diwhu sd|lqj wkh frvw/ wkh lqyhvwru lv hlwkhu lq d vwdwh ri rswlplvp derxw
wkh surmhfw dqg wklqnv wkh h{shfwhg uhwxuq shu xqlw ri lqyhvwphqw lv
M : f> ru kh lv lq d vwdwh ri shvvlplvp dqg wklqnv wkh h{shfwhg uhwxuq
lv u 	 f shu xqlw ri lqyhvwphqw1 Wkhvh uhwxuqv duh qhw ri wkh ruljlqdo
lqyhvwphqw1 Wkh suredelolw| wkdw dq lqiruphg lqyhvwru lv dq rswlplvw lv
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ghqrwhg e| k1 Li wkh lqyhvwru grhv qrw sd| wkh frvw S kh grhv qrw �qg
rxw zkhwkhu kh lv dq rswlplvw ru shvvlplvw xqwlo d odwhu gdwh zhoo diwhu
wkh lqyhvwphqw ghflvlrq kdv ehhq pdgh1

Iljxuh 4 vkrzv wkh vhtxhqfh ri hyhqwv1 Dw wkh lqlwldo gdwh/ | ' f/ doo lq0
yhvwruv odfn lqirupdwlrq derxw wkh ghwdlohg fkdudfwhulvwlfv ri wkh qhz surmhfw1
Dw gdwh | ' � vrph ghwdlov ri wkh qhz surmhfw dsshdu1 Dq lqyhvwru wkhq kdv
wzr srvvleoh frxuvhv ri dfwlrq1 Wkh �uvw lv wr uhpdlq xqlqiruphg derxw wkh
surmhfw1 Wklv rswlrq lv uhsuhvhqwhg e| wkh ohiw kdqg eudqfk lq Iljxuh 41 Wkh
vhfrqg lv wr sd| d frvw S wr ehfrph lqiruphg derxw wkh ghwdlov ri wkh surmhfw1
Wklv rswlrq lv uhsuhvhqwhg e| wkh uljkw kdqg eudqfk1 Sd|lqj wkh frvw S doorzv
lqyhvwruv wr glvfryhu zkhwkhu wkh| duh rswlplvwv ru shvvlplvwv ehiruh wkh lq0
yhvwphqw ghflvlrq1 Dowkrxjk wkh lqyhvwruv uhfhlyh wkh vdph lqirupdwlrq wkh|
lqwhusuhw lw gl�huhqwo|1 Dv d uhvxow wkh| kdyh gl�huhqw eholhiv dqg djuhh wr
glvdjuhh1 Wkh lpsruwdqw srlqw lv wkdw/ xqwlo wkh| sd| wkh frvw S dqg dftxluh
vrph lqirupdwlrq/ wkh| gr qrw nqrz zkhwkhu wkh| zloo uhdfw rswlplvwlfdoo|
ru shvvlplvwlfdoo| wr wkh lqirupdwlrq dydlodeoh1 Doo wkh| fdq gr lv wr dvvljq
suredelolwlhv wr wkh h{shfwhg sd|r�v M dqg u1 Lqlwldoo| +dw gdwh f,/ hyhu|
lqyhvwru dvvljqv wkh vdph suredelolw| wr ehfrplqj dq rswlplvw ru shvvlplvw
ehfdxvh wkh| gr qrw |hw nqrz wkhlu wuxh �w|sh�1

Glyhuvlw| ri rslqlrq lpsolhv wkdw lqiruphg lqyhvwruv gr qrw qhfhvvdulo|
djuhh1 Zh phdvxuh wkh ghjuhh ri glyhuvlw| xvlqj wkh suredelolw| wkdw d udq0
grpo| vhohfwhg lqiruphg lqyhvwru zloo glvdjuhh zlwk dq rswlplvw1

� Li d udqgrpo| vhohfwhg/ lqiruphg lqyhvwru lv dq rswlplvw/ wkh suredelolw|
wkdw dqrwkhu/ udqgrpo| vhohfwhg/ lqiruphg lqyhvwru djuhhv zlwk klp lv
ghqrwhg e| q1 Lq rwkhu zrugv/ q lv wkh suredelolw| wkdw erwk lqyhvwruv
duh rswlplvwv/ jlyhq wkdw wkh �uvw rqh lv1

Wkh sur�wdelolw| ri ghohjdwlqj wkh lqyhvwphqw ghflvlrq ghshqgv rq zkhwkhu
wkh eholhiv ri lqiruphg lqyhvwruv duh fruuhodwhg h{ srvw1 Zh fdq wklqn ri q dv
d phdvxuh ri fruuhodwlrq dprqj wkh lqyhvwruv* eholhiv> dowhuqdwlyho|/ zh fdq
wklqn ri �� q dv d phdvxuh ri glyhuvlw| ri rslqlrq1 Wr vhh wklv/ vxssrvh wkdw
zh vhohfw wzr lqyhvwruv dw udqgrp1 Wkhlu eholhi w|shv +rswlplvw ru shvvlplvw,
fdq eh uhsuhvhqwhg e| udqgrp yduldeohv f dqg t wkdw wdnh wkh ydoxh rqh li
wkh fruuhvsrqglqj djhqw lv dq rswlplvw dqg f li kh lv d shvvlplvw1 Wkhq lw lv
hdv| wr vkrz wkdw

SJ�dfc t o ' .dft o� .dfo.dt o

' kEq � k�c
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zkhuh k � q � �> wkh fryduldqfh lv }hur li dqg rqo| li q ' k1
Wkh sdudphwhu q lv lpsruwdqw ehfdxvh ghohjdwlrq lv sur�wdeoh li dqg rqo|

li wkh hyhqw �ehfrplqj dq rswlplvw� lv fruuhodwhg dfurvv lqyhvwruv1 Li wkhvh
hyhqwv duh lqghshqghqw Ek ' q� wkh pdqdjhu*v rslqlrq lv xqfruuhodwhg zlwk
wkh rslqlrq ri wkh lqyhvwruv lq wkh lqwhuphgldu|1 Lq wkdw fdvh/ lqwhuphgldwhg
�qdqfh zlwk ghohjdwhg ghflvlrq pdnlqj lv qr ehwwhu wkdq xqlqiruphg �qdqfh1
Frqyhuvho|/ d srvlwlyh fruuhodwlrq ehwzhhq wkh pdqdjhu*v rslqlrq dqg wkh
rslqlrq ri wkh rwkhu lqyhvwruv Eq : k� doorzv iru sur�wdeoh ghohjdwlrq/ eh0
fdxvh wkh lqiruphg pdqdjhu fdq pdnh d ghflvlrq wkdw lv pruh uhsuhvhqwdwlyh
ri wkh djhqwv* h{ srvw eholhiv wkdq wkh +xqlqiruphg, djhqwv fdq1

Wr vhh wkh uhodwlrqvkls ehwzhhq k dqg q zkhq wkh| duh qrw htxdo lw lv
khosixo wr ghyhors d frqfuhwh h{dpsoh ri d vwrfkdvwlf vwuxfwxuh1 Iru d jlyhq
surmhfw/ vxssrvh wkdw wkh lqyhvwruv duh udqgrpo| glylghg lqwr wzr jurxsv/
rqh frqwdlqlqj d iudfwlrq �*2 � � � � ri wkh srsxodwlrq dqg wkh rwkhu
frqwdlqlqj � � �1 Lpdjlqh wkh srsxodwlrq ehlqj glvwulexwhg xqlirupo| rq d
flufoh ri udglxv o ' �U*2Z dv vkrzq lq Iljxuh 5/ zkhuh �U lv wkh phdvxuh
ri lqyhvwruv lq wkh hfrqrp| dqg wkh flufxpihuhqfh ri wkh flufoh1 D srlqw % lv
fkrvhq udqgrpo| rq wkh flufoh +% lv xqlirupo| glvwulexwhg rq wkh flufoh, dqg
wkhq ��U lqyhvwruv duh frxqwhg r� lq d forfnzlvh gluhfwlrq dqg sxw lqwr wkh
pdmrulw| jurxs1 Wkh uhvw duh sxw lqwr wkh plqrulw| jurxs1 E| v|pphwu|/
hyhu| lqyhvwru kdv wkh vdph suredelolw| � ri ehlqj lq wkh pdmrulw|1

Wkh eholhiv ri wkh pdmrulw| duh wkh rssrvlwh ri wkh plqrulw|*v1 Li wkh
pdmrulw| duh rswlplvwv/ wkh plqrulw| duh shvvlplvwv/ dqg ylfh yhuvd1 Vxssrvh
wkdw wkh pdmrulw| lv rswlplvwlf derxw wkh surmhfw zlwk suredelolw| f 	 B 	 �1
Wkhq wkh xqfrqglwlrqdo suredelolw| ri dq| lqyhvwru ehlqj rswlplvwlf lv

k ' �B n E�� ��E�� B��

Wkh �uvw whup lv wkh suredelolw| ri ehlqj lq wkh pdmrulw| dqg wkh pdmrulw|
ehlqj rswlplvwlf1 Wkh vhfrqg whup lv wkh suredelolw| ri ehlqj lq wkh plqrulw|
dqg wkh plqrulw| ehlqj rswlplvwlf1

Iru d �{hg ydoxh ri �/ wkh suredelolw| k ri ehlqj dq rswlplvw lqfuhdvhv
zlwk B dqg olhv ehwzhhq E���� dqg �1 Lqwxlwlyho|/ d orw ri glyhuvlw| +� forvh wr
�*2 vr wkdw wkh pdmrulw| dqg plqrulw| duh urxjko| htxdo, uhvwulfwv wkh ydoxh
ri k wr olh forvh wr �*21

Qrz vxssrvh wkdw dq lqiruphg lqyhvwru lv rswlplvwlf1 Zkdw lv wkh sured0
elolw| wkdw kh lv lq wkh pdmrulw|B E| Ed|hv* uxoh/ lw lv htxdo wr wkh suredelolw|
wkdw kh lv rswlplvwlf dqg lq wkh pdmrulw|/ �B/ glylghg e| wkh suredelolw| wkdw

:



kh lv rswlplvwlf/ k1 Wkhq wkh suredelolw| wkdw d udqgrpo| vhohfwhg lqyhvwru
djuhhv zlwk dq rswlplvw lv

q '
�B

k
� n

#
�� �B

k

$
E�� ��c

vlqfh wkh| djuhh li wkh| duh erwk lq wkh pdmrulw| ru erwk lq wkh plqrulw|/ dqg
wkh suredelolw| ri wkh rswlplvw ehlqj lq wkh pdmrulw| lv �B*k dqg wkh sured0
elolw| ri d udqgrpo| vhohfwhg lqyhvwru ehlqj lq wkh pdmrulw| lv �1 Vxevwlwxwlqj
wkh h{suhvvlrq iru k zh rewdlq

q '
�B

k
� n

#
E�� ��E�� B�

k

$
E�� ��

'
�2B n E�� ��2E�� B�

�B n E�� ��E�� B�
�

Iru d �{hg ydoxh ri B/ q lv d frqyh{ ixqfwlrq ri �1 Li � lv htxdo wr �*2 +uhvs1/
�, wkhq lw lv hdv| wr vhh wkdw q lv htxdo wr �*2 +uhvs1/ ��1 Iru dq| ydoxh ri �
vwulfwo| ehwzhhq �*2 dqg �/ wkh qxphudwru lv ohvv wkdq �E�BnE����E��B�� '
�k/ vlqfh � : E�� ��/ vr q 	 �1 Wkh uhodwlrqvkls ehwzhhq q dqg � lv vkrzq
lq Iljxuh 61

Wklv vwuxfwxuh pdnhv fohdu wkdw li wkhuh lv d jurxs ri shrsoh wkhuh lv d
srvlwlyh fruuhodwlrq ehwzhhq wkh w|sh ri d udqgrpo| fkrvhq shuvrq dqg wkh
w|sh ri wkh rwkhu shrsoh lq wkh jurxs1 Li wkh udqgrpo| fkrvhq shuvrq lv
dq rswlplvw wkhq lw lv olnho| wkdw wkh pdmrulw| ri wkh jurxs duh rswlplvwv1
Vlploduo|/ li d udqgrpo| fkrvhq shuvrq lv d shvvlplvw lw lv olnho| wkh pdmrulw|
duh shvvlplvwv1 Dv zh vkdoo vhh lq wkh qh{w vhfwlrq wklv lpsolhv wkdw zlwk
lqwhuphgldwhg �qdqfh ghohjdwlrq lv rswlpdo1

6 Pdunhw yhuvxv Lqwhuphgldwhg Ilqdqfh
Gluhfw rupdunhw �qdqfh lv lghqwl�hg dv d vlwxdwlrq lq zklfk lqyhvwruv ehfrph
lqiruphg dqg wkhq ghflgh lqglylgxdoo| zkhwkhu wr frqwulexwh wr wkh ixqglqj
ri wkh surmhfw1

Lqwhuphgldwhg �qdqfh lv lghqwl�hg zlwk d vlwxdwlrq lq zklfk U lqyhvwruv
irup d frqvruwlxp1 Rqh ri wkhlu qxpehu lv ghvljqdwhg dv wkh pdqdjhu1 Kh
ehfrphv lqiruphg dqg ghflghv zkhwkhu wr lqyhvw lq wkh surmhfw/ rq wkh edvlv
ri wkdw lqirupdwlrq zkloh wkh uhvw ri wkh jurxs uhpdlqv xqlqiruphg1 Wkh idfw

;



wkdw wkhuh lv d srvlwlyh fruuhodwlrq ehwzhhq wkh pdqdjhu*v w|sh dqg wkh w|shv
ri wkh rwkhu phpehuv ri wkh frqvruwlxp phdqv wkdw/ rq dyhudjh/ kh pdnhv
d uhsuhvhqwdwlyh ghflvlrq iru wkh jurxs1 Li kh �qgv rxw kh lv dq rswlplvw
lw lv olnho| wkdw d pdmrulw| ri wkh uhvw ri wkh frqvruwlxp duh rswlplvwv vr
hdfk xqlqiruphg shuvrq*v h{shfwhg xwlolw| dv zhoo dv wkdw ri wkh pdqdjhu lv
pd{lpl}hg e| lqyhvwlqj1 Rq wkh rwkhu kdqg/ li wkh pdqdjhu �qgv rxw kh lv
d shvvlplvw wkh h{shfwhg xwlolw| ri hdfk phpehu ri wkh jurxs lv pd{lpl}hg
e| qrw lqyhvwlqj1 Wkh dvvxpswlrq wkdw rqo| rqh phpehu ri wkh frqvruwlxp
ehfrphv lqiruphg lv fohduo| vshfldo1 Wkhuh pljkw h{lvw vlwxdwlrqv lq zklfk lw
zrxog eh rswlpdo iru dq| �qlwh qxpehu ehwzhhq � dqg U wr ehfrph lqiruphg1
Khuh zh vlpsoli| wkh sureohp e| dvvxplqj wkdw rqo| rqh phpehu ehfrphv
lqiruphg1 Rqh srvvleoh mxvwl�fdwlrq iru wklv dvvxpswlrq lv wkh h{lvwhqfh ri
prqlwrulqj frvwv1 Wkh odujhu wkh qxpehu ri pdqdjhuv +lqiruphg phpehuv ri
wkh frqvruwlxp,/ wkh vpdoohu wkh lq xhqfh ri dq| rqh pdqdjhu*v lqirupdwlrq
dqg wkh juhdwhu wkh lqfhqwlyh wr �iuhh ulgh� e| qrw dftxlulqj lqirupdwlrq dw
doo1 Li pdqdjhuv kdyh wr eh prqlwruhg lq rughu wr pdnh vxuh wkdw wkh| dfwxdoo|
ehfrph lqiruphg dqg li wkh pdujlqdo frvwv ri prqlwrulqj dgglwlrqdo pdqdjhuv
duh lqfuhdvlqj/ lw pd| eh rswlpdo wr kdyh d vpdoo qxpehu ri pdqdjhuv1 D
frqvruwlxp zlwk d vlqjoh pdqdjhu lv d olplwlqj fdvh zkhq prqlwrulqj frvwv
duh kljk1

Pdunhw �qdqfh fdq eh wkrxjkw ri dv udlvlqj prqh| lq sxeolf vwrfn pdunhwv
ru lq sulydwh pdunhwv1 Lqwhuphgldwhg �qdqfh fdq eh wkrxjkw ri dv edqn
�qdqfh1 Vlqfh wkh edqn surylghv doo wkh �qdqfh dqg wkh hqwuhsuhqhxu kdv qr
froodwhudo wkhuh lv qr gl�huhqfh ehwzhhq ulvn| ghew dqg htxlw| lq wkh prgho1

Vlqfh wkhuh lv rqo| rqh surmhfw dqg d odujh qxpehu ri srwhqwldo lqyhvwruv/
frpshwlwlrq dprqj lqyhvwruv hqvxuhv wkdw wkh vxusoxv zloo doo jr wr wkh hqwuh0
suhqhxu1 Krzhyhu/ vlqfh zh duh rqo| lqwhuhvwhg lq ghwhuplqlqj wkh h!flhqw
irup ri �qdqfh wkhuh lv qr orvv ri jhqhudolw| lq dvvxplqj wkdw wkh vxusoxv
jrhv wr wkh lqyhvwruv1

Dq lqyhvwru zkr grhv qrw �qdqfh wkh surmhfw uhfhlyhv d qhw uhwxuq ri f1
Dq xqlqiruphg lqyhvwru h{shfwv wkh surmhfw wr hduq d qhw uhwxuq ri

TL � kM n E�� k�u1

Hyhq li wklv uhwxuq lv srvlwlyh/ wkh lqyhvwru pd| eh deoh wr gr hyhq ehwwhu e|
ehfrplqj lqiruphg1

Xqghu pdunhw �qdqfh/ hdfk lqglylgxdo zkr zlvkhv wr ehfrph lqiruphg
pxvw sd| wkh frvw S1 Diwhu ehfrplqj lqiruphg/ dq lqyhvwru zloo lqyhvw lq wkh
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surmhfw li dqg rqo| li kh lv rswlplvwlf1 Wkxv/ wkh sd|r� wr ehfrplqj lqiruphg
lv

T� � kM n E�� k�f� S ' kM � S +4,

vlqfh zlwk suredelolw| k kh ehfrphv dq rswlplvw/ kdv dq h{shfwhg uhwxuq
M : f dqg lqyhvwv lq wkh surmhfw/ zlwk suredelolw| E� � k� kh ehfrphv d
shvvlplvw/ kdv dq h{shfwhg uhwxuq u 	 f dqg grhv qrw lqyhvw/ dqg lq hlwkhu
fdvh kh sd|v wkh frvw S1

Vxssrvh qh{w wkdw d �qdqfldo lqwhuphgldu| lv iruphg1 Lq rughu wr eh deoh
wr ixqg wkh surmhfw/ wkh frqvruwlxp pxvw frqwdlq U phpehuv1 Wkh irupdwlrq
ri dq lqwhuphgldu| pdnhv qr gl�huhqfh li wkh lqwhuphgldu| grhv qrw ehfrph
lqiruphg/ vr zh dozd|v dvvxph zlwkrxw orvv ri jhqhudolw| wkdw wkh pdqdjhu
ehfrphv lqiruphg1

Wkh w|slfdo lqyhvwru*v ylhzv rq wkh sd|r� wr wkh lqwhuphgldu| duh ghwhu0
plqhg e| frqvlghulqj klv rzq srvvleoh eholhiv li kh zhuh wr ehfrph lqiruphg
dqg zhljkwlqj hdfk srvvlelolw| e| wkh dssursuldwh suredelolw|1 Lq sduwlfxodu/
wkh w|slfdo lqyhvwru grhv qrw nqrz zkhwkhu kh zrxog djuhh zlwk wkh pdqdjhu
li kh +wkh lqyhvwru, zhuh wr ehfrph lqiruphg dw wklv vwdjh dqg wklv pxvw
eh wdnhq lqwr dffrxqw lq hydoxdwlqj wkh sd|r� wr mrlqlqj wkh frqvruwlxp1 Li
wkh pdqdjhu lv rswlplvwlf wkhq wkh h{shfwhg uhwxuq wr lqyhvwphqw iru dq xq0
lqiruphg lqyhvwru lv qM n E� � q�u vlqfh wkh suredelolw| wkdw wkh lqyhvwru
zloo djuhh +zloo eh dq rswlplvw, lv q1 Rq wkh rwkhu kdqg/ li wkh pdqdjhu lv
d shvvlplvw/ wkh h{shfwhg uhwxuq wr lqyhvwphqw iru dq xqlqiruphg lqyhvwru
lv q�M n E� � q��u/ zkhuh q � lv wkh suredelolw| ri glvdjuhhphqw zkhq wkh
pdqdjhu lv d shvvlplvw1 Zh fdq fdofxodwh wkh ydoxh ri q � wr eh

q � '
�E�� B�

�� k
E�� �� n

#
�� �E�� B�

�� k

$
�

dqg vkrz wkdw
q �M n E�� q ��u 	 qM n E�� q�u

ehfdxvh q� 	 q1
Lqirupdwlrq lv ydoxdeoh wr wkh lqwhuphgldu| rqo| li wkh lqyhvwphqw ghflvlrq

ghshqgv rq wkh rxwfrph ri rewdlqlqj lqirupdwlrq1 Zh wkhuhiruh irfxv rq wkh
fdvh zkhuh

q�M n E�� q��u 	 f 	 qM n E�� q�u� +5,

Wkxv/ li lw lv zruwkzkloh iruplqj dq lqwhuphgldu| dw doo/ wkh uhwxuq frqglwlrqdo
rq wkh pdqdjhu ehlqj rswlplvwlf +uhvs1/ shvvlplvwlf, lv srvlwlyh +uhvs1 qhjd0
wlyh, dqg hyhu|rqh djuhhv wr lqyhvw lq wkh surmhfw li dqg rqo| li wkh pdqdjhu
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lv rswlplvwlf1 Xqghu wklv ghflvlrq uxoh/ wkh sd|r� lv

TU � kEqM n E�� q�u� n E�� k�f� S

U
+6,

' kEqM n E�� q�u�� S

U
c +7,

vlqfh wkh pdqdjhu lv rswlplvwlf dqg ghflghv wr lqyhvw zlwk suredelolw| k dqg/
jlyhq wkdw wkh pdqdjhu lv rswlplvwlf/ wkh h{shfwhg uhwxuq wr d udqgrpo|
vhohfwhg lqyhvwru lv qM n E� � q�u1 Zlwk suredelolw| � � k wkh pdqdjhu lv
shvvlplvwlf dqg grhv qrw lqyhvw1 Lq hyhu| fdvh wkh lqyhvwru kdv wr sd| klv
vkduh S*U ri wkh lqirupdwlrq frvwv1

Zkhq +5, lv vdwlv�hg wkh ylhzv ri wkh pdqdjhu dqg wkh xqlqiruphg lq0
yhvwruv rq zkhwkhu ru qrw wr lqyhvw duh shuihfwo| doljqhg1 Lw lv wkh srvlwlyh
fruuhodwlrq ehwzhhq wkh pdqdjhu*v w|sh dqg wkh xqlqiruphg lqyhvwruv* w|shv
wkdw ohdgv wr wklv xqdqlplw| ehiruh wkh lqyhvwphqw ghflvlrq lv pdgh1 Zkhq
wkh lqyhvwruv lq wkh lqwhuphgldu| zkr glg qrw sd| wkh frvw S �qdoo| �qg rxw
zkhwkhu wkh| duh rswlplvwv ru shvvlplvwv wkhuh zloo eh glvdjuhhphqw exw wklv
zloo rffxu orqj diwhu wkh lqyhvwphqw ghflvlrq kdv ehhq pdgh1

D Frpsdulvrq
Wkh sd|r�v iurp gl�huhqw irupv ri �qdqflqj fdq eh vxppdul}hg dv iroorzv=

+l, qr lqyhvwphqw f
+ll, xqlqiruphg lqyhvwphqw TL ' kM n E�� k�u
+lll, pdunhw lqyhvwphqw T� ' kM � S
+ly, lqwhuphgldwhg lqyhvwphqw TU ' kEqM n E�� q�u�� S*U�

Frpsdulqj htxdwlrqv +4, dqg +7,/ pdunhw �qdqfh lv suhihuuhg wr lqwhuphgl0
dwhg �qdqfh li dqg rqo| li wkh iroorzlqj lqhtxdolw| lv vdwlv�hg=

kM � S : kEqM n E�� q�u�� S

U
� +8,

Wkhq zh kdyh wkh iroorzlqj uhvxow1

Sursrvlwlrq 4 Ohw T W ' 4@ ifc TL c T� c TUj1 Wkhq +l, qr lqyhvwphqw lv
rswlpdo li T W ' f> +ll, xqlqiruphg lqyhvwphqw lv rswlpdo li T W ' TL > +lll,
pdunhw �qdqfh lv rswlpdo li T W ' T� > dqg lqwhuphgldwhg �qdqfh lv rswlpdo
li T W ' TU1 Pdunhw �qdqfh lv vwulfwo| suhihuuhg wr lqwhuphgldwhg �qdqfh li
dqg rqo| li

kE�� q�EM � u� : S� S

U
c
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dqg lqwhuphgldwhg �qdqfh lv vwulfwo| suhihuuhg wr pdunhw �qdqfh li dqg rqo|
li wkh uhyhuvh lqhtxdolw| lv vdwlv�hg1

Wkh whup kE� � q�EM � u� rq wkh ohiw kdqg vlgh ri wkh lqhtxdolw| lq
wkh sursrvlwlrq fdq eh lqwhusuhwhg dv wkh gl�huhqfh lq wkh h{shfwhg uhwxuqv
xqghu gluhfw dqg lqwhuphgldwhg �qdqfh/ dulvlqj ehfdxvh ri plvdoljqphqw ri
wkh lqyhvwru*v suhihuhqfhv xqghu lqwhuphgldwhg �qdqfh1 Wkh whup kE� � q�
lv wkh suredelolw| ri lqyhvwphqw lq d surmhfw derxw zklfk wkh lqyhvwru lv
shvvlplvwlf1 Wkh whup M � u lv wkh orvv wkdw uhvxowv iurp lqyhvwlqj lq d
surmhfw wkh lqyhvwru lv shvvlplvwlf derxw udwkhu wkdq rqh kh lv rswlplvwlf
derxw1

Wkh whup S�S*U rq wkh uljkw kdqg vlgh lv wkh gl�huhqfh lq wkh lqirupdwlrq
frvwv ri gluhfw dqg lqwhuphgldwhg �qdqfh1 Wkh lqhtxdolw| pdnhv fohdu wkh
wudgh0r� lqyroyhg lq wkh wzr w|shv ri �qdqfh1 Lw lqglfdwhv wkdw wkh idfwruv
wkdw ghwhuplqh zklfk irup ri �qdqfh lv suhihuuhg duh wkh iroorzlqj1

41 Wkh h{ dqwh ghjuhh ri rswlplvp/ k1

51 Wkh glyhuvlw| ri rslqlrq/ �� q1

61 Wkh ulvnlqhvv ri wkh surmhfw/ M � u1

71 Wkh frvw ri lqirupdwlrq S dqg wkh qxpehu ri shrsoh U1

Dq lqfuhdvh lq wkh ghjuhh ri h{ dqwh rswlplvp k/ fhw1 sdu1/ pdnhv lw pruh
olnho| wkdw pdunhw �qdqfh zloo grplqdwh lqwhuphgldwhg �qdqfh1 Dq lqfuhdvh
lq k lqfuhdvhv wkh ohiw kdqg vlgh whup ri +8, kM � S e| M exw lw udlvhv wkh
uljkw kdqg vlgh e| rqo| qM n E� � q�u 	 M1 Wkh kljkhu wkh ghjuhh ri h{
dqwh rswlplvp wkh juhdwhu wkh h{shfwhg sd|r� zkhq dq lqyhvwphqw lv pdunhw
�qdqfhg/ ehfdxvh hyhu|erg| zkr lv dq lqyhvwru lv rswlplvwlf1 Rq wkh rwkhu
kdqg zlwk lqwhuphgldwhg �qdqfh rqo| d sruwlrq ri lqyhvwruv djuhh zlwk wkh
pdqdjhuv* ghflvlrq dqg vr wkh lqfuhdvh lq wkh h{shfwhg sd|r� wr wkh lqyhvwruv
lv ohvv1

Wkh kljkhu wkh ghjuhh ri glyhuvlw| ri rslqlrq ��q +l1h1/ wkh orzhu q,/ fhw1
sdu1/ wkh pruh olnho| lw lv wkdw pdunhw �qdqfh lv suhihuuhg1 Wkh sd|r� iurp
gluhfw ru pdunhw �qdqfh +wkh ohiw kdqg vlgh ri htxdwlrq +8,, lv lqghshqghqw ri
q dqg wkh sd|r� iurp lqwhuphgldwhg �qdqfh +wkh uljkw kdqg vlgh ri htxdwlrq
+8,, lv lqfuhdvlqj lq q/ vr wkhuh zloo eh vrph fulwlfdo ydoxh qW/ ghshqglqj rq
wkh rwkhu sdudphwhuv/ vxfk wkdw pdunhw �qdqfh lv suhihuuhg li q 	 qW dqg
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lqwhuphgldwhg �qdqfh lv suhihuuhg li q : qW1 Zkhq shrsoh glvdjuhh pdunhwv
zrun zhoo ehfdxvh rqo| wkrvh shrsoh zkr duh rswlplvwlf hqg xs lqyhvwlqj vr
wkh h{shfwhg sd|r� ri lqyhvwruv lv kljk1 Zlwk lqwhuphgldwhg �qdqfh/ lqyhvwruv
udwlrqdoo| dqwlflsdwh wkdw wkhuh lv d vljql�fdqw fkdqfh wkh| zrxog glvdjuhh
zlwk wkh pdqdjhu zkr dfwxdoo| pdnhv wkh ghflvlrq1 Ri frxuvh/ wkh| gr qrw
dfwxdoo| dftxluh wkh lqirupdwlrq ehfdxvh lw zrxog eh frvwo|/ vr d glvdjuhhphqw
grhv qrw dfwxdoo| rffxu dw wkh wlph wkh lqyhvwphqw lv pdgh1

Dq lqfuhdvh lq ulvn dv phdvxuhg e| M � u/ fhw1 sdu1/ lqfuhdvhv wkh ohiw
kdqg vlgh whup kE�� q�EM �u� lq wkh frqglwlrq lq Sursrvlwlrq 4 exw ohdyhv
wkh uljkw kdqg vlgh whup S � S*U xqd�hfwhg/ vr lw pdnhv pdunhw �qdqfh
pruh olnho| wr eh suhihuuhg1 Zlwk pdunhw �qdqfh rqo| xsvlgh ulvn M pdwwhuv
ehfdxvh rqo| rswlplvwv lqyhvw1 Krzhyhu/ zlwk lqwhuphgldwhg �qdqfh erwk
xsvlgh dqg grzqvlgh ulvn pdwwhu ehfdxvh wkh pdqdjhu pd| lqyhvw hyhq zkhq
dq lqyhvwru glvdjuhhv zlwk klv ylhz1 Dv d uhvxow dq lqfuhdvh lq M � u pdnhv
lqwhuphgldwhg �qdqfh uhodwlyho| ohvv dwwudfwlyh1

Wkh juhdwhu wkh frvw ri dftxlulqj lqirupdwlrq Sc dqg wkh odujhu wkh qxpehu
ri shrsoh uhtxluhg wr surylgh �qdqfh U/ fhw1 sdu1/ wkh pruh olnho| lw lv wkdw
lqwhuphgldwhg �qdqfh zloo eh suhihuuhg1 Wkh zkroh dgydqwdjh ri lqwhuphgl0
dwhg �qdqfh lv wkdw lw doorzv lqirupdwlrq frvwv wr eh vkduhg e| ghohjdwlqj wkh
ghflvlrq wr wkh pdqdjhu zkloh pdunhw �qdqfh uhtxluhv hyhu|erg| wr ehfrph
lqiruphg1 Wkh odujhu S dqg U duh wkh juhdwhu wkh ehqh�w iurp vkdulqj wkh
frvw1 Dq lqfuhdvh lq S lqfuhdvhv wkh uljkw kdqg vlgh ri wkh frqglwlrq lq Sursr0
vlwlrq 4 exw ohdyhv wkh ohiw kdqg vlgh xqd�hfwhg1 Vr wkhuh lv d fulwlfdo ydoxh
SW vxfk wkdw pdunhw �qdqfh lv suhihuuhg li S 	 SW dqg lqwhuphgldwhg �qdqfh
lv suhihuuhg li S : SW1 Ri frxuvh/ li wkh frvw ri lqirupdwlrq lv kljk hqrxjk/ lw
pd| eh rswlpdo wr lqyhvw zlwkrxw lqirupdwlrq ru lw pd| eh rswlpdo qrw wr
lqyhvw dw doo1

Lq rughu wr vhh wkh rshudwlrq ri wkh prgho frqvlghu wkh iroorzlqj qxphulfdo
h{dpsoh1

H{dpsoh 4=
M ' �f(u ' ��f( B ' f�D(k ' f�D( U ' ��

Wkh wudgh0r� ehwzhhq glyhuvlw| ri rslqlrq/ q/ dqg wkh frvw ri lqirupdwlrq/ S/
lq wkh frqwh{w ri wklv h{dpsoh lv looxvwudwhg lq Iljxuh 71 Jlyhq B ' f�D/ k lv
lqghshqghqw ri � dqg uhpdlqv �{hg dw f�D1 Dv � ydulhv ehwzhhq f�D dqg �/ q
dovr ydulhv ehwzhhq f�D dqg �� Wkh �uvw wklqj wr qrwh lv wkdw

TL ' f�D� �f n f�D� E��f� ' f�
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Khqfh wkhuh lv qr xqlqiruphg �qdqfh lq wklv fdvh1 Zkhq wkhuh lv vljql�fdqw
glyhuvlw| ri rslqlrq +l1h1 q forvh wr f�D, dqg wkh frvw ri lqirupdwlrq lv kljk
wkhuh zloo eh qr �qdqfh iru wkh surmhfw udwkhu wkdq xqlqiruphg �qdqfh1 Wklv
rxwfrph rffxuv lq wkh erwwrp uljkw kdqg uhjlrq1 Pdunhw �qdqfh rffxuv lq
wkh erwwrp ohiw kdqg uhjlrq zkhq glyhuvlw| ri rslqlrq lv kljk dqg wkh frvw ri
lqirupdwlrq lv orz1 Qrz

T� ' f�D� �f� S ' D� S

vr wkh erxqgdu| ehwzhhq wkh pdunhw dqg qr �qdqfh uhjlrqv T� ' f lv

S ' D�

Dovr/

TU ' f�Ddq�f n E�� q�E��f�o� S

�
' �fq � D� S

�

vr wkh erxqgdu| ehwzhhq wkh lqwhuphgldwhg �qdqfh dqg qr �qdqfh uhjlrqv
TU ' f lv

q '
�

2
n

S

�f
�

Ilqdoo|/ wkh erxqgdu| ehwzhhq lqwhuphgldwhg dqg pdunhw �qdqfh TU ' T� lv

q ' �� S

�D
�

Wkxv lqwhuphgldwhg �qdqfh lv rswlpdo lq wkh wrs uhjlrq zkhuh wkhuh lv zlgh
djuhhphqw dqg frvwv duh kljk1

Iljxuh 7 surylghv d judsklf vxppdu| ri wkh flufxpvwdqfhv lq zklfk hdfk
w|sh ri �qdqflqj lv rswlpdo1 Pdunhw �qdqfh lv vxshulru zkhq wkhuh lv glyhu0
vlw| ri rslqlrq dqg frvwv ri lqirupdwlrq duh orz1 Lqwhuphgldwhg �qdqfh lv
ehvw zkhq frvwv ri lqirupdwlrq duh kljk dqg wkhuh lv qrw pxfk glyhuvlw| ri
rslqlrq1 Wkh surmhfw lv qrw �qdqfhg li wkhuh lv glyhuvlw| ri rslqlrq dqg frvwv
ri lqirupdwlrq duh kljk1

Wkh h�hfw ri lqfuhdvlqj wkh h{ dqwh ghjuhh ri rswlplvp k rq Iljxuh 7
fdq hdvlo| eh vhhq1 Zkhq k lv lqfoxghg h{solflwo| wkh wkuhh erxqgdulhv T� '
f(TU ' f(TU ' T� ehfrph/ uhvshfwlyho|/

S ' �fkc q '
�

2
n

S

Sfk
c q ' �� S

�fk
�
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Lw iroorzv wkdw dv k lqfuhdvhv wkh T� ' f erxqgdu| vkliwv wr wkh uljkw/ wkh
TU ' f erxqgdu| urwdwhv grzqzdug dqg wkh TU ' T� erxqgdu| urwdwhv
xszdug1 Wkh lqwhuvhfwlrq ri wkh wkuhh erxqgdulhv dozd|v rffxuv dw q ' 2*��
Khqfh wkh duhd zkhuh pdunhw �qdqfh lv xvhg lqfuhdvhv/ dv grhv wkh duhd zkhuh
lqwhuphgldwhg �qdqfh lv xvhg1 Wkh duhd zkhuh qr �qdqfh lv pdgh dydlodeoh
vkulqnv1 Wklv fkdqjh lv looxvwudwhg lq Iljxuh 8 zlwk wkh kljkhu ydoxh ri k
ehlqj uhsuhvhqwhg e| wkh grwwhg olqhv1

Qh{w frqvlghu zkdw kdsshqv li wkh ghjuhh ri ulvn M�u lv lqfuhdvhg1 Wkh
vlpsohvw zd| wr gr wklv lv wr vhw u ' �M dqg lqfuhdvh M� Uhwxuqlqj wr wkh
ruljlqdo ydoxhv ri wkh rwkhu sdudphwhuv/ wkh wkuhh erxqgdulhv T� ' fc TU ' fc
dqg TU ' T� qrz ehfrph/ uhvshfwlyho|/

S ' f�DMc q '
�

2
n

S

�M
c q ' �� 2S

�M
�

Lw fdq eh vhhq wkdw wkh h�hfw ri lqfuhdvlqj ulvn lv vlplodu wr wkh h�hfw ri
lqfuhdvlqj k� Wkh fkdqjhv fdq djdlq eh looxvwudwhg e| wkh grwwhg olqhv lq
Iljxuh 81 Wkh xvh ri pdunhwv dqg lqwhuphgldwhg �qdqfh lv lqfuhdvhg zkloh
wkh flufxpvwdqfhv zkhuh wkh surmhfw lv qrw �qdqfhg duh uhgxfhg1

Wkh uhpdlqlqj sdudphwhu lv wkh qxpehu ri shrsoh lq wkh frqvruwlxp/ U1
Reylrxvo| wkh T� ' f erxqgdu| lv xqfkdqjhg1 Wkh erxqgdulhv iru TU ' f
dqg TU ' T� qrz ehfrph/ uhvshfwlyho|/

q '
�

2
n

S

�fU
c q ' �� E�� �

U
�
S

�f
�

Erwk erxqgdulhv urwdwh grzqzdugv dv wkh qxpehu ri shrsoh lq wkh frqvruwlxp
lv lqfuhdvhg1 Dv pljkw eh h{shfwhg/ wkh xvh ri lqwhuphgldwhg �qdqfh lqfuhdvhv
zkloh pdunhw �qdqfh lv xvhg ohvv1 Wkh qr0�qdqfh duhd lv dovr vpdoohu1 Wkh
qhz erxqgdulhv duh looxvwudwhg e| wkh grwwhg olqhv lq Iljxuh 91 Dv rqh pljkw
h{shfw/ lqfuhdvlqj wkh vl}h ri wkh frqvruwlxp lqfuhdvhv wkh h�hfwlyhqhvv ri
lqwhuphgldulhv1

Lw kdv vr idu ehhq dvvxphg wkdw wkh rswlpdo w|sh ri �qdqfh lv xvhg/
pdunhw �qdqfh li wkdw lv vxshulru dqg lqwhuphgldwhg �qdqfh li wkdw lv vxshulru1
Lq pdq| frxqwulhv wkh lqvwlwxwlrqdo vhwwlqjv duh vxfk wkdw erwk v|vwhpv gr
qrw h{lvw vlgh e| vlgh1 Iru h{dpsoh/ lq Jhupdq| wkh srvvlelolwlhv iru prvw
frpsdqlhv wr dffhvv fdslwdo pdunhwv duh qrqh{lvwhqw ru yhu| olplwhg1 Wkhuh
duh d qxpehu ri srvvleoh h{sodqdwlrqv iru wkh devhqfh ri pdunhwv/ lqfoxglqj
jryhuqphqw uhjxodwlrq ru �{hg frvwv wkdw suhyhqw pdunhwv iurp ghyhorslqj1
Rqh lpsruwdqw lpsolfdwlrq ri wkh dqdo|vlv xqghuo|lqj Sursrvlwlrq 4 lv wkdw li
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lqwhuphgldwhg �qdqfh lv xvhg qrw ehfdxvh lw lv vxshulru exw ehfdxvh pdunhw
�qdqfh kdv ehhq duwl�fldoo| glvfrxudjhg/ lqqrydwlyh whfkqrorjlhv zkhuh wkhuh
lv glyhuvlw| ri rslqlrq dqg d kljk ghjuhh ri ulvn lv lqyroyhg pd| eh xqghu0
ixqghg1 Lq wkh frqwh{w ri H{dpsoh 4 deryh/ dq lqwhuphgldu|0edvhg �qdqfldo
v|vwhp zrxog qrw ixqg surmhfwv lq wkh vkdghg duhd lq Iljxuh 71 Lq frqwudvw
d pdunhw0edvhg �qdqfldo v|vwhp zrxog surylgh �qdqfh iru wkhvh surmhfwv1
Wklv vxjjhvwv wkdw hqvxulqj pdunhw �qdqfh lv dydlodeoh fdq eh lpsruwdqw
iru hvwdeolvklqj qhz kljk whfkqrorj| lqgxvwulhv zkhuh wkhuh lv vljql�fdqw
glyhuvlw| ri rslqlrq dqg frvwv ri ehfrplqj lqiruphg1 Wkh zhoiduh surshuwlhv ri
wkh prgho duh glvfxvvhg ixuwkhu lq wkh frqwh{w ri d pruh ixoo| ghyhorshg prgho
ehorz1 Krzhyhu/ wklv revhuydwlrq lv ri lqwhuhvw iurp d srvlwlyh shuvshfwlyh1
Dv srlqwhg rxw lq wkh lqwurgxfwlrq/ fdvxdo hpslulflvp vxjjhvwv pdunhw0edvhg
�qdqfldo v|vwhpv gr vhhp wr eh idluo| h�hfwlyh dw ixqglqj lqqrydwlrq1

H{dpsoh 4 kdg wkh vshfldo ihdwxuh wkdw xqlqiruphg �qdqfh zdv qrw zruwk0
zkloh1 Frqvlghu wkh iroorzlqj fdvh1

H{dpsoh 5= Dv lq H{dpsoh 4 h{fhsw u ' �S�
M ' �f(u ' �S( B ' f�D(k ' f�D( U ' ��

Lq wklv fdvh
TL ' f�D� �f n f�D� E�S� ' 2�

Wkh dqdo|vlv lv wkh vdph dv ehiruh h{fhsw qrz wkh ehvw dowhuqdwlyh lv xqlq0
iruphg �qdqfh udwkhu wkdq qr �qdqfh1 Wkh rswlpdolw| ri pdunhw dqg lqwhu0
phgldwhg �qdqfh frpsduhg wr xqlqiruphg �qdqfh lv vkrzq lq Iljxuh :1 Wkh
h�hfwv ri fkdqjlqj wkh rwkhu sdudphwhuv duh vlplodu wr wkrvh iru H{dpsoh 41
Iljxuh : looxvwudwhv wkdw wkh gl�huhqfh ehwzhhq xqlqiruphg �qdqfh dqg qr
�qdqfh lv qrw pdwhuldo lq wklv frqwh{w1 Lw zloo eh vhhq ehorz wkdw wklv lv qrw
wkh fdvh zkhq vhdufk lv lqwurgxfhg1

7 Htxloleulxp
Lq wkh suhylrxv vhfwlrq/ zh dqdo|}hg wkh sureohp ri fkrrvlqj ehwzhhq gluhfw
�qdqfh dqg lqwhuphgldwhg �qdqfh zkhq wkhuh zdv d vlqjoh surmhfw wr eh
ixqghg1 Lq wklv vhfwlrq/ zh h{whqg wkh dqdo|vlv wr d pdunhw lq zklfk wkhuh
duh pdq| surmhfwv wr eh ixqghg1 Wklv udlvhv qhz txhvwlrqv dqg uhtxluhv xv
wr ghyhors dq dffrxqw ri vhdufk htxloleulxp zkhuh lqyhvwruv dqg surmhfwv duh
pdwfkhg1 Zh pdnh wkh iroorzlqj dvvxpswlrqv wr gr wklv1
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� Wkhuh lv d frqwlqxxp ri h{ dqwh lghqwlfdo surmhfwv zlwk wkh sdudphwhuv
Ekc q�1

� Wkh qxpehu +phdvxuh, ri frqvxphuv lv �U vr wkdw wkh wrwdo qxpehu
ri surmhfwv wkdw fdq eh ixqghg lv � / dqg wkh qxpehu +phdvxuh, ri
surmhfwv lv � : � 1

Qrwlfh wkdw vlqfh wkh qxpehu ri surmhfwv lv odujhu wkdq wkh qxpehu wkdw
fdq srvvleo| eh �qdqfhg/ wkh lqyhvwruv zloo uhfhlyh doo wkh vxusoxv dqg wkh
hqwuhsuhqhxuv zloo uhfhlyh wkhlu rssruwxqlw| frvw ri }hur iru wkhlu surmhfwv1
Wkh lqyhvwruv* sd|r�v zloo eh pd{lpl}hg lq frpshwlwlyh htxloleulxp/ vxemhfw
wr wkh hqwuhsuhqhxuv* sduwlflsdwlrq frqvwudlqw1

Ehfdxvh wkhuh lv dq h{fhvv vxsso| ri surmhfwv dqg wkh lqyhvwruv zkr kdyh
dftxluhg lqirupdwlrq kdyh khwhurjhqhrxv eholhiv derxw wkhlu sur�wdelolw|/ lq0
yhvwruv pxvw vhdufk lq htxloleulxp wr �qg wkh surmhfw wkh| zrxog olnh wr
lqyhvw lq1 Wr vlpsoli| wkh dqdo|vlv/ zh lpsrvh dvvxpswlrqv wkdw jxdudqwhh
wkdw wkh hqylurqphqw uhpdlqv vwdwlrqdu| ryhu wlph1

� Wkhuh lv d vhtxhqfh ri gdwhv | ' �c 2c ��� dqg dw hdfk gdwh wkhuh lv
d frqwlqxxp ri � surmhfwv fkdudfwhul}hg e| wkh sdudphwhuv Ekc qc S�
dqg d frqwlqxxp ri �U lghqwlfdo lqyhvwruv1 Wr nhhs wkh srsxodwlrq ri
surmhfwv frqvwdqw/ zh dvvxph wkdw dv vrrq dv d surmhfw lv ixqghg/ lw
lv uhsodfhg e| dq lghqwlfdo surmhfw1 Vlploduo|/ wr nhhs wkh srsxodwlrq
ri lqyhvwruv frqvwdqw zh dvvxph wkdw dv vrrq dv dq lqyhvwru ixqgv d
surmhfw/ kh lv uhsodfhg e| dq lghqwlfdo lqyhvwru1

� Hqwuhsuhqhxuv duh sdvvlyh1 Wkh| vlpso| doorz lqyhvwruv wr lqyhvwljdwh
wkh surmhfw dqg ixqg lw zkhq hqrxjk zloolqj vxevfulehuv kdyh ehhq
irxqg1

� Dq lqyhvwru fdq lqyhvwljdwh rqh surmhfw shu shulrg dqg frqwlqxhv wr
vhdufk xqwlo kh �qgv d surmhfw wkdw kh zdqwv wr �qdqfh1 Wkhuh lv qr
glvfrxqwlqj/ vr lqyhvwruv duh lqgl�huhqw derxw krz orqj lw wdnhv wr �qg
d surmhfw/ exw zh dvvxph wkdw wkh| gr qrw ghod| xqqhfhvvdulo|1

� Lqyhvwruv/ lqglylgxdoo| ru lq frqvruwlxpv/ duh udqgrpo| pdwfkhg zlwk
surmhfwv1 Vlqfh wkhuh duh pruh surmhfwv wkdq fdq eh �qdqfhg zlwk wkh
dydlodeoh fdslwdo/ hyhu| lqyhvwru zkr zdqwv wr lqyhvw fdq �qg vrph
surmhfw wr lqyhvw lq1
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Jhqhulfdoo|/ wkhuh zloo eh rqh rswlpdo phwkrg ri �qdqfh lq htxloleulxp/
vr zh rqo| qhhg wr frqvlghu wzr w|shv ri htxloleuld/ rqh zlwk pdunhw �qdqfh
dqg rqh zlwk lqwhuphgldwhg �qdqfh1

714 Htxloleulxp zlwk d Vlqjoh Surmhfw W|sh

Vlqfh wkhuh duh pdq| surmhfwv dqg dq| lqiruphg lqyhvwru lv rswlplvwlf derxw
d jlyhq surmhfw zlwk suredelolw| k/ hyhu| lqyhvwru zloo eh rswlplvwlf derxw d
iudfwlrq k ri wkh surmhfwv/ wkrxjk kh grhv qrw nqrz h{ dqwh zklfk surmhfwv
wkrvh duh1 Wklv phdqv wkdw li dq lqyhvwru lv shvvlplvwlf derxw rqh surmhfw
diwhu ehfrplqj lqiruphg/ kh fdq vhdufk iru dqrwkhu dqg wkh ghflvlrq zkhwkhu
wr ehfrph lqiruphg dqg zkhwkhu wr xvh pdunhw ru lqwhuphgldwhg �qdqfh zloo
ghshqg rq wkh ydoxh ri vhdufk1 Ohw T W ghqrwh wkh ydoxh ri frqwlqxlqj wr
vhdufk lq htxloleulxp dqg vxssrvh wkdw dq lqyhvwru fkrrvhv pdunhw �qdqfh1
Hdfk wlph dq lqyhvwru hydoxdwhv d qhz surmhfw d frvw ri S pxvw eh sdlg1 Wkhq
klv sd|r� zloo eh

T� ' kM n E�� k�T W � Sc +9,

vlqfh zlwk suredelolw| k kh ehfrphv rswlplvwlf dqg lqyhvwv lq wkh fxuuhqw
surmhfw/ zlwk suredelolw| ��k kh ehfrphv shvvlplvwlf dqg frqwlqxhv wr vhdufk/
dqg lq hlwkhu fdvh kh sd|v wkh frvw S1

Rq wkh rwkhu kdqg/ wkh sd|r� wr lqwhuphgldwhg �qdqfh lv

TU ' kEqM n E�� q�u� n E�� k�T W � S

U
+:,

vlqfh zlwk suredelolw| k wkh pdqdjhu lv rswlplvwlf dqg �qdqfhv wkh surmhfw/
jlyhq kh �qdqfhv wkh surmhfw wkh w|slfdo lqyhvwru*v h{shfwhg uhwxuq lv qM n
E��q�u/ dqg zlwk suredelolw| E��k� wkh pdqdjhu lv shvvlplvwlf dqg frqwlqxhv
vhdufklqj/ dqg lq dq| fdvh wkh lqyhvwru kdv wr sd| d vkduh S*U ri wkh frvw ri
lqirupdwlrq1

Dv xvxdo/ dq lqyhvwru zkr grhv qrw �qdqfh d surmhfw jhwv f dqg wkh ydoxh
dvvljqhg e| dq xqlqiruphg lqyhvwru lv

TL ' kM n E�� k�u�

Lq dq htxloleulxp zlwk pdunhw �qdqfh/ hyhu| lqyhvwru ehfrphv lqiruphg
derxw d surmhfw/ lqyhvwv li kh lv rswlplvwlf dqg frqwlqxhv wr vhdufk li kh lv
shvvlplvwlf1 Hyhqwxdoo|/ hyhu| lqyhvwru �qgv d surmhfw derxw zklfk kh lv
rswlplvwlf wr lqyhvw lq1
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Lq rughu wr ghvfuleh wkh htxloleulxp lq ghwdlo/ zh qhhg wr lghqwli| wkh ghfl0
vlrq wkdw doorzv lqyhvwruv wr dfklhyh wkh htxloleulxp sd|r� T W ' 4@ ifc TL c T� c TUj1
Iurp htxdwlrq ES�/ lw lv fohdu wkdw T W ' T� li dqg rqo| li

T� ' M � S

k
�

Frpsdulqj wklv zlwk wkh ydoxh ri wkh surmhfw zlwk pdunhw �qdqfh lq wkh
suhylrxv vhfwlrq lq +4,/ lw fdq eh vhhq wkdw wkh ydoxh lv kljkhu +surylghg
lw lv srvlwlyh,1 Wkh uhdvrq lv wkdw hyhu| lqyhvwru xqghuwdnlqj vhdufk zloo
lqhylwdeo| �qg d surmhfw zklfk kh lv rswlplvwlf derxw1 Wkh h{shfwhg sd|r�
wkhuhiruh ulvhv iurp kM wrM1 Lq dgglwlrq/ frvwv duh kljkhu ehfdxvh rq dyhudjh
lqirupdwlrq zloo kdyh wr eh dftxluhg �*k wlphv exw wklv h�hfw lv ohvv wkdq wkh
lqfuhdvh lq h{shfwhg uhyhqxh surylghg wkh surmhfw kdv srvlwlyh ydoxh1

Vlploduo|/ iurp htxdwlrq E.�/ lw lv fohdu wkdw T W ' TU li dqg rqo| li

TU ' qM n E�� q�u� S

kU
�

Djdlq wklv lv kljkhu wkdq wkh ydoxh lq +6, ehfdxvh wkh lqyhvwru nqrzv wkh
lqwhuphgldu| zloo ixqg d surmhfw iru vxuh dqg zloo lqfxu wrwdo h{shfwhg frvwv
ri S*k vr klv vkduh lv S*kU1 Vlqfh wkh sd|r�v wr qr lqyhvwphqw dqg xqlq0
iruphg �qdqflqj duh lqghshqghqw ri T W/ zh fdq jhqhulfdoo| fkdudfwhul}h wkh
htxloleulxp lq wkh iroorzlqj sursrvlwlrq=

Sursrvlwlrq 5 Ohw T W ghqrwh wkh htxloleulxp sd|r� dqg ohw

	T� � M � S

k
	TU � qM n E�� q�u� S

kU
�

Wkhq/ lq dq| htxloleulxp/ zh kdyh

T W ' 4@ ifc TL c 	T� c 	TUj
dqg wkh rswlpdo ghflvlrq lv +d, qr �qdqflqj li T W ' f/ +e, xqlqiruphg �0
qdqflqj li T W ' TL / +f, pdunhw �qdqflqj li T W ' 	T� / dqg +g, lqwhuphgldwhg
�qdqflqj li T W ' 	TU1

Wkh sursrvlwlrq fdq eh looxvwudwhg lq whupv ri H{dpsoh 4 iurp wkh suhyl0
rxv vhfwlrq1 Wkh h{suhvvlrqv iru wkh ydoxhv ri wkh surmhfwv zlwk wkh gl�huhqw
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w|shv ri �qdqfh duh wkh vdph dv ehiruh h{fhsw wkh| duh glylghg wkurxjk e| k�
Wkh erxqgdulhv duh lghqwlfdo wr wkrvh lq Iljxuh 71 Wr vhh wklv qrwh wkdw iru
wkh erxqgdu| ehwzhhq pdunhw �qdqfh dqg lqwhuphgldwhg �qdqfh erwk vlghv
duh glylghg e| k vr lw fdqfhov1 Zlwk wkh erxqgdulhv ehwzhhq pdunhw dqg qr
�qdqfh dqg ehwzhhq lqwhuphgldwhg dqg qr �qdqfh wkh frpsdulvrqv duh zlwk
f vr wkh k djdlq gursv rxw1 Wkh frpsdudwlyh vwdwlfv ri fkdqjlqj wkh rwkhu
sdudphwhuv duh dovr vlplodu wr wkh suhylrxv vhfwlrq1 Zkhq wkh ehvw dowhuqd0
wlyh lv xqlqiruphg �qdqfh dv lq H{dpsoh 5 wkhuh lv d gl�huhqfh1 Khuh wkh
frpsdulvrq ri pdunhw dqg lqwhuphgldwhg �qdqfh lv zlwk xqlqiruphg �qdqfh
zklfk kdv d sd|r� ri TL ' 21 Qrz wkh idfw wkdw wkh h{suhvvlrqv duh glylghg
e| k lv vljql�fdqw dqg wkh erxqgdulhv duh pdunhg e| wkh grwwhg olqhv udwkhu
wkdq wkh vrolg olqhv vkrzq lq Iljxuh :1

Iru vlpsolflw|/ lw zdv dvvxphg wkdw hdfk wlph d qhz surmhfw zdv lqyhvwl0
jdwhg wkh lqyhvwru ru lqwhuphgldu| kdg wr sd| d frvw S1 Wklv lv wkh vlpsohvw
fdvh1 Dqrwkhu srvvlelolw| lv wr dvvxph wkdw dftxlulqj lqirupdwlrq derxw wkh
lqgxvwu| frvwv Sf zkloh lqyhvwljdwlqj hdfk surmhfw frvwv dq dgglwlrqdo dprxqw
S�� Lqfrusrudwlqj wklv fkdqjh ru vrph rwkhu frvw vwuxfwxuh iru dftxlulqj lq0
irupdwlrq zloo qrw dowhu wkh uhvxowv vljql�fdqwo|1

Dq lpsruwdqw dvvxpswlrq zdv wkh vwdwlrqdulw| ri wkh vhdufk hqylurqphqw1
Wklv doorzhg sduwlfxoduo| vlpsoh h{suhvvlrqv iru wkh ydoxh ri vhdufk wr eh
ghulyhg1 Wkh prgho frxog eh hqulfkhg e| doorzlqj iru d qxpehu ri rwkhu
dssurdfkhv1 Rqh srvvlelolw| zrxog eh wr vwduw zlwk d �{hg qxpehu ri surmhfwv
dqg lqyhvwruv dqg wr vxssrvh wkdw wkhvh lqyhvwruv fdqqrw revhuyh hdfk rwkhuv*
dfwlrqv ru eholhiv1 Lqlwldoo|/ dq lqyhvwru zrxog eh xqdzduh ri zkhwkhu kh zdv
lq wkh pdmrulw| ru plqrulw|1 Kh frxog dvvljq suredelolvwlf eholhiv wr wkhvh
srvvlelolwlhv exw kh zrxog qrw nqrz iru fhuwdlq1 Lq frqwudvw wr ehiruh/ wkhuh
zrxog eh qr uhsodfhphqw ri surmhfwv ru lqyhvwruv1 Lq wklv fdvh wkh g|qdplfv
ri wkh v|vwhp zrxog eh pxfk ulfkhu wkdq ehiruh1 Lq sduwlfxodu/ dw hdfk vwdjh
lqyhvwruv zrxog xsgdwh wkhlu suredelolwlhv wkdw wkh| duh lq wkh pdmrulw| ru
plqrulw| edvhg rq wkhlu h{shulhqfh lq �qglqj surmhfwv1 Wkhlu hvwlpdwhv ri wkh
txdolw| ri surmhfwv wkdw zhuh dydlodeoh diwhu hdfk urxqg zrxog dovr fkdqjh
fruuhvsrqglqjo|1 Lq wklv fdvh hyhq wkrxjk shrsoh djuhh wr glvdjuhh wkhuh
zrxog qhyhuwkhohvv eh Ed|hvldq xsgdwlqj ehfdxvh ri wkhvh fkdqjhv lq eholhiv1

715 Htxloleulxp zlwk Pxowlsoh Surmhfw W|shv

Zkhq wkhuh duh pdq| w|shv ri surmhfwv fkdudfwhul}hg e| wkh sdudphwhuv
Ekc qc S�/ d qxpehu ri qhz lvvxhv duh lqwurgxfhg1 Vrph surmhfwv zloo eh pruh
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sur�wdeoh wkdq rwkhuv/ exw vlqfh wkh qxpehu ri wkhvh surmhfwv lv olplwhg/
wkh hqwuhsuhqhxuv zkr rzq wkh surmhfwv duh deoh wr froohfw vrph uhqwv1 Wkh
vkdgrz sulfh ri hdfk surmhfw dqg wkh htxloleulxp sd|r� wr wkh lqyhvwruv duh
mrlqwo| ghwhuplqhg lq htxloleulxp e| wkh pdujlqdo w|sh ri surmhfw wkdw lv mxvw
zruwk �qdqflqj1

Wkh zd| wkdw wkh lqyhvwphqw surfhvv zrunv khuh lv wkdw lqyhvwruv dftxluh
lqirupdwlrq dqg li wkh| ehfrph rswlplvwlf dqg zlvk wr lqyhvw wkh| kdyh wr
surylgh R& wr wkh rzqhu ri d surmhfw ri w|sh & dv zhoo dv wkh fdslwdo qhhghg
iru wkh lqyhvwphqw1 Wkh qhw sulfh R& lv h{suhvvhg lq shu fdslwd whupv/ vr wkh
wrwdo uhyhqxh wr dq hqwuhsuhqhxu iurp U lqyhvwruv lv R&U1

Vxssrvh wkdw wkhuh duh g gl�huhqw w|shv ri surmhfwv/ & ' �c ���cg/ gh�qhg
e| wkh sdudphwhuv Ek&c q&c S&� iru hdfk &1 Wkhuh duh �& surmhfwv ri w|sh &
dqg � '

S
�& : � 1 Vlqfh surmhfwv dqg lqyhvwruv duh dxwrpdwlfdoo| uhsodfhg

dv surmhfwv duh �qdqfhg/ wkh wrwdo ghpdqg iru �qdqfh lq dq| shulrg uhpdlqv
frqvwdqw dw �U dqg wkh vxsso| uhpdlqv frqvwdqw dw �U1

Lqyhvwruv/ lqglylgxdoo| ru lq frqvruwlxpv/ duh udqgrpo| pdwfkhg zlwk
surmhfwv1 Wkh pdunhw fohdulqj frqglwlrq lv wkdw wkh ghpdqg iru �qdqfh iurp
hqwuhsuhqhxuv lv htxdo wr wkh vxsso| ri �qdqfh iurp lqyhvwruv1 Hqwuhsuhqhxuv
ri w|sh & zloo eh lqgl�huhqw derxw �qdqflqj wkhlu surmhfwv li R& ' f1 Olnhzlvh/
lqyhvwruv zloo eh lqgl�huhqw derxw vxsso|lqj �qdqfh li wkh h{shfwhg qhw uhwxuq
iurp wkh rswlpdo irup ri �qdqfh lv }hur1

Dv ehiruh/ wkh sd|r� wr qr lqyhvwphqw lv }hur dqg wkh sd|r� wr xqlqiruphg
lqyhvwphqw lq d w|sh0& surmhfw lv

T L

&
' k&M n E�� k&�u� R&�

Ohw T W ghqrwh wkh htxloleulxp sd|r� iru wkh w|slfdo lqyhvwru1 Pdunhw �qdqf0
lqj ri w|sh0& surmhfwv |lhogv

T �

&
' k&EM � R&� n E�� k&�T

W � S&

dqg pdunhw �qdqfh lv rswlpdo li dqg rqo| li T W ' T �

&
/ wkdw lv/

T �

&
' M � R& � S&

k&
�

Vlploduo|/ lqwhuphgldwhg �qdqflqj ri d w|sh0& surmhfw |lhogv

T U

&
' k&Eq&M n E�� q&�u� R&� n E�� k&�T

W � S&
U
c
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dqg lqwhuphgldwhg �qdqflqj lv rswlpdo li dqg rqo| li T W ' T U

&
/ wkdw lv/

T U

&
' q&M n E�� q&�u� R& � S&

k&U
�

Iru dq| surmhfw w|sh wkdw grhv uhfhlyh ixqglqj/ zh pxvw kdyh R& � f dqg
T W ' 4@ iT L

&
c T �

&
c T U

&
j1 Ohw 	T L

&
' T L

&
n R&c 	T

�

&
' T �

&
n R& dqg 	T U

&
'

T U

&
n R&1 Wkhq iurp wkh h{suhvvlrqv deryh/ lw lv fohdu wkdw

R& ' 4@ i 	T L

&
c 	T �

&
c 	T U

&
j � T W�

Wr ghwhuplqh wkh htxloleulxp sulfhv dqg wkh doorfdwlrq ri lqyhvwphqwv/
zh qhhg rqo| ghwhuplqh wkh htxloleulxp sd|r� iru wkh lqyhvwruv T W/ vlqfh
wklv lpphgldwho| ghwhuplqhv R& dqg wkdw lq wxuq whoov xv zklfk surmhfwv duh
�qdqfhg dqg wkh irup ri �qdqflqj dgrswhg lq htxloleulxp1

Iru dq| ydoxh ri T W/ wkhuh lv d vhw ri surmhfwv gn wkdw duh vwulfwo| suri0
lwdeoh +R& : f, dqg d vhw ri surmhfwv gf wkdw duh zhdno| sur�wdeoh +R& ' f,1
Lq rughu wr kdyh htxloleulxp lq wkh pdunhw iru �upv/ wkh qxpehu ri lqyhvwruv
vhdufklqj pxvw htxdo wkh qxpehu ri sur�wdeoh �qdqflqj vorwv1 Wklv zloo eh
wuxh li [

&Mgn

�& � � � [
&Mgn

�& n
[
&Mgf

�&c

vlqfh wkh surmhfwv ri w|sh & 5 gn pxvw eh �qdqfhg dqg wkh surmhfwv ri w|sh
& 5 gf pd| ru pd| qrw eh �qdqfhg lq htxloleulxp1 Vlqfh wkh sulfh R& lv
frqwlqxrxv dqg ghfuhdvlqj lq T W/ zh fdq �qg d xqltxh ydoxh T W vxfk wkdw
wkh pdunhw0fohdulqj lqhtxdolw| lv vdwlv�hg li d zhdn sur�wdelolw| frqglwlrq lv
vdwlv�hg/ iru h{dpsoh/

f 	 4@ iT L

&
c k& 	T

�

&
c k& 	T

U

&
j

iru hdfk &/ ru dw ohdvw iru hqrxjk w|shv wr surylgh pruh wkdq � vwulfwo|
sur�wdeoh surmhfwv1 Whfkqlfdoo|/ rqh qhhgv

S
&Mgn �& : � iru T W ' f/ vlqfh

lqglylgxdo udwlrqdolw| uhtxluhv T W � f lq dq| htxloleulxp1
Zh fdq h{whqg H{dpsoh 4 wr looxvwudwh krz wklv nlqg ri htxloleulxp zrunv1

Vxssrvh wkdw surmhfwv duh lghqwlfdo h{fhsw wkh| srvvleo| kdyh gl�huhqw ydoxhv
ri q& dqg S&1 Wklv phdqv wkdw wkh rswlpdo w|sh ri �qdqfh lv vkrzq lq
Iljxuh 71 Frqvlghu �uvw d vlwxdwlrq zlwk wzr w|shv ri surmhfw zklfk duh erwk
rswlpdoo| �qdqfhg e| pdunhwv dqg zklfk vlpso| gl�hu zlwk uhjdug wr wkh
ghjuhh ri glyhuvlw| ri rslqlrq1
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H{dpsoh 6= Dv lq H{dpsoh 4 h{fhsw wkdw wkhuh duh wzr w|shv ri surmhfwv/
zlwk sdudphwhuv Eq�c S�� dqg Eq2c S2� uhvshfwlyho|1

M ' �f(u ' ��f( B ' f�D(k ' f�D( U ' �(

q� ' f�D( S� ' e( q2 ' f�D( S2 ' ��

Lw fdq eh vhhq iurp Iljxuh 7 wkdw erwk surmhfwv zloo xvh pdunhw �qdqfh1
Pruhryhu 	T �

� ' �f � e*f�D ' 2 dqg 	T �

2 ' �f � �*f�D ' e� Khuh wkh lqlwldo
rzqhuv ri Surmhfw 5 zloo hduq d uhqw1 Wkh sd|phqwv uhfhlyhg e| rzqhuv ri
Surmhfw 4 duh R� ' f vlqfh wkh| duh wkh pdujlqdo surmhfw1 Wkh rzqhuv ri
Surmhfw 5 duh deoh wr fkdujh R2 ' 	T �

2 � 	T �

� ' e � 2 ' 2� Wkh lqyhvwruv
uhfhlyh d qhw uhwxuq ri T W ' 	T �

� ' 2 iurp erwk surmhfwv1
Wkhuh duh ri frxuvh pdq| rwkhu srvvlelolwlhv hyhq zlwk rqo| wzr jurxsv1

Lq dgglwlrq wr kdylqj erwk jurxsv xvh wkh vdph phwkrg ri �qdqfh lw zrxog
eh srvvleoh wr kdyh rqh xvlqj lqwhuphgldwhg �qdqfh dqg wkh rwkhu pdunhw
�qdqfh zlwk wkh uhqwv hduqhg e| hqwuhsuhqhxuv ghshqglqj rq zklfk lv wkh
pdujlqdo surmhfw1 Dq looxvwudwlrq ri wklv lv jlyhq qh{w1

H{dpsoh 7= Dv lq H{dpsoh 6 h{fhsw wkdw wkhuh duh wzr w|shv ri surmhfwv/
zlwk sdudphwhuv Eq�c S�� dqg Eqec Se�/ uhvshfwlyho|1

M ' �f(u ' ��f( B ' f�D(k ' f�D( U ' �(

q� ' 2*�( S� ' e(qe ' �*e( Se ' ��

Iru Surmhfw 6/ 	T �

� ' �f�e*f�D ' 2 dqg 	T U

� ' E2*���fnE�*��E��f��e*Ef�D�
�� ' 2*� vr pdunhw �qdqfh zloo eh xvhg1 Iru Surmhfw 7/ 	T �

e ' �f�D*f�D ' f
dqg 	T U

e ' E�*e��fn E�*e�E��f�� D*Ef�D� �� ' D*� vr lqwhuphgldwhg �qdqfh
zloo eh xvhg1 Lw fdq eh vhhq wkdw Surmhfw 7 lv wkh pdujlqdo surmhfw vr Re ' f�
Wkh rzqhuv ri Surmhfw 6 duh deoh wr fkdujh R� ' 2 � D*� ' �*� dqg wkh
lqyhvwruv uhfhlyh T W ' D*��

H{dpsohv 6 dqg 7 looxvwudwh wzr srvvleoh htxloleuld zkhq wkhuh duh pdq|
w|shv ri surmhfw1 Wkhuh duh/ ri frxuvh/ pdq| rwkhu h{dpsohv wkdw frxog
eh ghyhorshg1 Krzhyhu/ wkhvh wzr looxvwudwh wkh pdlq ihdwxuhv ri wklv w|sh
ri htxloleulxp zklfk zhuh qrw suhvhqw lq suhylrxv vhfwlrqv1 Wkhvh duh wkh
ghwhuplqdwlrq ri wkh uhqwv R& uhfhlyhg e| wkh rzqhuv ri wkh gl�huhqw w|shv ri
surmhfw dqg wkh uhwxuq uhfhlyhg e| lqyhvwruv T W�
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716 H!flhqf| ri Htxloleulxp

Dw wkh lqlwldo gdwh doo lqyhvwruv krog wkh vdph eholhiv frqfhuqlqj wkhlu w|sh1
Diwhu wkh qhz lqgxvwu| whfkqrorj| kdv ehhq glvfryhuhg dqg diwhu wkh| kdyh
h{shqghg d frvw dftxlulqj lqirupdwlrq wkh| glvfryhu zkhwkhu wkh| duh rs0
wlplvwlf ru shvvlplvwlf1 Wklv vwuxfwxuh vlpsol�hv wkh zhoiduh dqdo|vlv ri wkh
prgho vlqfh h{ dqwh hyhu|erg| kdv wkh vdph h{shfwhg xwlolw|1 Lw lv vx!flhqw
wkhuhiruh wr irfxv rq wkh uhsuhvhqwdwlyh lqyhvwru dw wkh lqlwldo gdwh1

Vlqfh doo lqyhvwruv duh ulvn qhxwudo dq htxloleulxp lv h!flhqw li wkh phwkrg
ri �qdqflqj hdfk w|sh ri surmhfw lq htxloleulxp pd{lpl}hv wkh vxusoxv1 Wkh
vxusoxv lv wkh vxp ri wkh sulfh sdlg wr wkh hqwuhsuhqhxu R& dqg wkh sd|r� wr
wkh w|slfdo lqyhvwru1 Vlqfh

T W ' 4@ i	T L

&
c 	T �

&
c 	T U

&
j � R&c

wkh vxusoxv iurp �qdqflqj wkh surmhfw lv

T W n R& ' 4@ i 	T L

&
c 	T �

&
c 	T U

&
jc

vr wkh phwkrg ri �qdqflqj lv fohduo| fkrvhq h!flhqwo| lq htxloleulxp1
Wkhuh lv qr uhdvrq wr wklqn wkdw rqh phwkrg ri �qdqflqj zloo eh rswlpdo

iru doo surmhfwv1 Rq wkh frqwudu|/ gl�huhqw sdudphwhuv Ek&c q&c S&� zloo pdnh
gl�huhqw w|shv ri �qdqfh rswlpdo dv H{dpsoh 7 lq wkh suhylrxv vhfwlrq looxv0
wudwhg1 Vr d suhgrplqdqfh ri rqh w|sh ri �qdqflqj/ pdunhw ru lqwhuphgldwhg/
wkurxjkrxw wkh hfrqrp|/ lv xqolnho| wr eh h!flhqw/ dw ohdvw lq wkh frqwh{w ri
wkh fxuuhqw prgho1 Lq vrph frxqwulhv/ vxfk dv Jhupdq|/ wkhuh dsshduv wr eh d
suhgrplqdqfh ri lqwhuphgldwhg �qdqfh1 Lq rwkhu frxqwulhv/ vxfk dv wkh X1V1/
pdunhwv sod| d pruh surplqhqw uroh1 Lq rughu wr h{sodlq wklv skhqrphqrq
xvlqj rxu prgho/ zh zrxog kdyh wr dvvxph wkdw wkh vhw ri surmhfwv dydlodeoh
lq Jhupdq| zdv gl�huhqw iurp wkh vhw ri surmhfwv dydlodeoh lq wkh X1V1 Wklv
grhv qrw vhhp wr eh d yhu| sodxvleoh h{sodqdwlrq1 Dw ohdvw/ zh kdyh qr uhdvrq
wr wklqn wkdw glyhuvlw| ri rslqlrq lv kljkhu dqg lqirupdwlrq frvwv orzhu lq wkh
X1V1 wkdq lq Jhupdq|1

Wkhuh duh rwkhu srvvleoh h{sodqdwlrqv/ krzhyhu1 Rqh lv wkdw uhvwulfwlyh
uhjxodwlrqv pd| kdyh suhyhqwhg wkh ghyhorsphqw ri pdunhwv lq Jhupdq|1
Dqrwkhu lv wkdw �{hg frvwv ri vhwwlqj xs pdunhwv pd| uhvxow lq pxowlsoh
htxloleuld/ rqh lq zklfk pdunhw �qdqfh suhgrplqdwhv dqg dqrwkhu lq zklfk
lqwhuphgldwhg �qdqfh suhgrplqdwhv +vhh Sdjdqr +4<<6, dqg Vxeudkpdq|dp
dqg Wlwpdq +4<<:,,1 Rqfh rqh lqvwlwxwlrqdo irup kdv ehhq hvwdeolvkhg/ shu0
kdsv dv d uhvxow ri klvwrulfdo dfflghqw/ lqfuhdvlqj uhwxuqv wr vfdoh jlyh lw dq
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dgydqwdjh wkdw pd| suhyhqw wkh hvwdeolvkphqw ri d frpshwlqj irup1 Lq wklv
nlqg ri vlwxdwlrq/ wkhuh lv qr uhdvrq wr wklqn wkdw wkh revhuyhg suhgrplqdqfh
ri rqh irup ri �qdqfh lv rswlpdo1 Li wkh Jhupdq �qdqfldo v|vwhp ghyhorshg
lq wklv zd|/ wkh devhqfh ri pdunhwv pd| uhsuhvhqw d orvv ri zhoiduh1

Dq looxvwudwlrq ri wkh srvvleoh zhoiduh orvv lv surylghg e| d frpsdulvrq
ri wzr hfrqrplhv/ Hfrqrp| � dqg Hfrqrp| �/ zklfk duh lghqwlfdo h{fhsw
iru wkh irup ri �qdqflqj doorzhg1 Lq Hfrqrp| �/ rqo| lqwhuphgldwhg �qdqfh
lv doorzhg e| uhjxodwruv/ zkhuhdv lq Hfrqrp| � pdunhwv dqg lqwhuphgldulhv
fr0h{lvw1 Lq wkh frqwh{w ri H{dpsoh 4 lw zdv srlqwhg rxw wkdw/ xqghu fhuwdlq
frqglwlrqv/ lqqrydwlyh qhz surmhfwv zloo qrw eh �qdqfhg e| lqwhuphgldulhv/
exw zloo eh �qdqfhg e| pdunhwv1 Dowkrxjk wkhuh lv glvdjuhhphqw derxw wkh
surmhfwv �qdqfhg/ wkh h{shfwhg uhwxuqv iurp lqyhvwphqw zloo eh kljkhu lq
Hfrqrp| � wkdq lq Hfrqrp| �1 Li wkhuh lv dq| udwlrqdolw| lq wkhvh eholhiv/
lq wkh orqj uxq lw pxvw eh h{shfwhg wkdw ghyhorsphqw dqg whfkqrorj| zloo
dgydqfh lq Hfrqrp| �/ pruh wkdq lq Hfrqrp| �1 H{ srvw xwlolw| zloo eh
lpsuryhg wkurxjk wlph1 Li hdfk jhqhudwlrq lv zhljkwhg htxdoo| wkhq lq wkh
orqj uxq wkh v|vwhp zlwk pdunhwv zloo suhgrplqdwh ehfdxvh ri whfkqrorjlfdo
surjuhvv1 Hfrqrp| �/ zklfk doorzv rqo| lqwhuphgldwhg �qdqfh/ zloo vwdjqdwh
dw d orz ohyho ri xwlolw|1

8 Frqfoxglqj Uhpdunv
Doohq +4<<6, kdv vxjjhvwhg wkdw vwrfn0pdunhw0edvhg hfrqrplhv/ vxfk dv wkh
X1N1 lq wkh qlqhwhhqwk fhqwxu| dqg wkh X1V1 lq wkh wzhqwlhwk fhqwxu|/ kdyh
ehhq pruh vxffhvvixo lq ghyhorslqj qhz lqgxvwulhv wkdq lqwhuphgldu|0edvhg
hfrqrplhv vxfk dv Jhupdq| dqg Mdsdq1 Iru h{dpsoh/ udlozd|v zhuh �uvw
ghyhorshg lq wkh X1N1 lq wkh qlqhwhhqwk fhqwxu| dqg zhuh �qdqfhg odujho|
wkurxjk wkh Orqgrq Vwrfn H{fkdqjh1 Lq wkh wzhqwlhwk fhqwxu|/ wkh X1V1
kdv ehhq wkh prvw vxffhvvixo frxqwu| dw ghyhorslqj qhz lqgxvwulhv1 Dw wkh
wxuq ri wkh fhqwxu|/ wkh X1V1 vxffhvvixoo| ghyhorshg wkh dxwrprwlyh lqgxvwu|
hyhq wkrxjk wkh dxwrpreloh zdv lqyhqwhg lq Jhupdq|1 Diwhu wkh Iluvw Zruog
Zdu/ wkh frpphufldo dlufudiw lqgxvwu| zdv pdlqo| ghyhorshg lq wkh X1V1
Wkh X1V1 kdg d vlplodu vxffhvv zlwk wkh frpsxwhu lqgxvwu| diwhu wkh Vhfrqg
Zruog Zdu dqg/ pruh uhfhqwo|/ zlwk wkh elrwhfkqrorj| lqgxvwu|1 Wkhuh duh
frxqwhuh{dpsohv/ vxfk dv wkh ghyhorsphqw ri wkh fkhplfdo lqgxvwu| rq d
odujh vfdoh lq qlqhwhhqwk fhqwxu| Jhupdq|> exw lw lv lqwhuhvwlqj wr qrwh wkdw
wkh fkhplfdo lqgxvwu| kdg h{lvwhg rq d vpdoo vfdoh ehiruh/ vr wkh ghjuhh
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ri glyhuvlw| ri rslqlrq pljkw eh h{shfwhg wr eh ohvv wkdq iru hqwluho| qhz
lqgxvwulhv1

Wkh prgho ghyhorshg deryh lv frqvlvwhqw zlwk wkhvh revhuydwlrqv1 Pdu0
nhwv zrun zhoo/ lq wkh vhqvh wkdw surylghuv ri �qdqfh dqwlflsdwh kljk h{shfwhg
sur�wv/ lq wkh ghyhorsphqw ri qhz lqgxvwulhv dqg qhz whfkqrorjlhv1 Lq vxfk
flufxpvwdqfhv/ hylghqfh edvhg rq h{shulhqfh lv vsduvh dqg wkhuh lv zlgh gl0
yhuvlw| ri rslqlrq1 Wkh ulvnlqhvv ri wkh sd|r�v lv dovr kljk1 Vrph qhz �upv
kdyh yhu| kljk sd|r�v/ exw prvw gr qrw vxffhhg1 Ilqdoo|/ vwrfn0pdunhw0edvhg
hfrqrplhv vxfk dv wkh X1V1 dqg X1N1 dovr whqg wr kdyh zhoo ghyhorshg v|vwhpv
iru wkh dftxlvlwlrq dqg glvwulexwlrq ri lqirupdwlrq/ vr wkh frvw ri lqirupdwlrq
lv orz1 Lq frqwudvw/ wkh ghohjdwlrq hpsor|hg e| lqwhuphgldulhv grhv qrw zrun
zhoo zkhq wkhuh lv glyhuvlw| ri rslqlrq dqg kljk ulvn1 Lqyhvwruv udwlrqdoo|
dqwlflsdwh wkdw wkh| pd| zhoo glvdjuhh zlwk wkh pdqdjhu dqg duh ohvv zloolqj
wr surylgh ixqgv dv d uhvxow1

Lq dgglwlrq wr surylglqj lqvljkwv lqwr wkh uhodwlrqvkls ehwzhhq �qdqfldo
pdunhwv dqg wkh ghyhorsphqw ri qhz lqgxvwulhv dqg whfkqrorjlhv/ wkh prgho
lv dovr frqvlvwhqw zlwk wkh revhuydwlrq wkdw lqwhuphgldu|0edvhg hfrqrplhv
vxfk dv Jhupdq| dqg Mdsdq duh yhu| jrrg dw wudglwlrqdo lqgxvwulhv1 Uhfhqw
h{dpsohv lq wklv frqwh{w zrxog eh dxwrprelohv lq erwk frxqwulhv dqg hohf0
wurqlfv lq Mdsdq1 Lw lv suhflvho| lq wkhvh w|shv ri vlwxdwlrq wkdw lqwhuphgldulhv
h{fho ehfdxvh ri wkh hfrqrplhv ri vfdoh lq lqirupdwlrq dftxlvlwlrq dfklhyhg
wkurxjk ghohjdwlrq1

Lw lv riwhq dujxhg wkdw rqh ri wkh uhdvrqv wkh X1V1 kdv ehhq vr vxffhvvixo lq
uhfhqw |hduv lq ghyhorslqj qhz lqgxvwulhv lv wkh h{lvwhqfh ri d vwurqj yhqwxuh
fdslwdo vhfwru1 Iru h{dpsoh/ Nruwxp dqg Ohuqhu +4<<:, kdyh grfxphqwhg d
vwurqj uhodwlrqvkls lq wkh X1V1 ehwzhhq wkh h{whqw wr zklfk yhqwxuh fdslwdo
lv xvhg lq dq lqgxvwu| dqg wkh udwh ri sdwhqwlqj1 Dq lpsruwdqw lvvxh lq wkh
frqwh{w ri rxu prgho lv zkhwkhu yhqwxuh fdslwdo vkrxog eh fdwhjrul}hg dv
pdunhw ru lqwhuphgldwhg �qdqfh1 Lw fdq eh dujxhg wkdw wkh uhdvrq yhqwxuh
fdslwdolvwv duh zloolqj wr surylgh vhhg fdslwdo lqlwldoo| lv ehfdxvh wkh| fdq
hdvlo| �fdvk rxw� e| vhoolqj �upv lq LSR*v lq wkh pdunhw1 Wkh kljk sulfh
wkdw fdq eh rewdlqhg lq wkh pdunhw lv frqvlvwhqw zlwk wkh wkhru| lq wklv
sdshu ehfdxvh lw lv rqo| shrsoh zlwk idyrudeoh eholhiv zkr duh surylglqj wkh
ixqglqj1 Wklv vxjjhvwv wkdw yhqwxuh fdslwdo vkrxog eh fdwhjrul}hg dv pdunhw
�qdqfh udwkhu wkdq lqwhuphgldwhg �qdqfh1

Wkh prgho ghyhorshg kdv d qxpehu ri whvwdeoh lpsolfdwlrqv1 Lq sduwlfx0
odu lq �qdqfldo v|vwhpv zkhuh edqn dqg pdunhw �qdqfh fr0h{lvw wkhuh vkrxog
eh v|vwhpdwlf gl�huhqfhv lq wkh w|shv ri qhz whfkqrorj| wkdw duh �qdqfhg
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wkurxjk hdfk1 Wkh prgho lpsolhv pdunhw �qdqfhg surmhfwv zloo eh fkdudfwhu0
l}hg e| frqvlghudeoh glyhuvlw| ri rslqlrq derxw wkhlu olnho| frpphufldo vxffhvv
dqg wkh whfkqrorjlhv wkh| duh edvhg rq zloo eh uhodwlyho| fkhds wr dvvhvv1 Rq
wkh rwkhu kdqg/ edqn �qdqfhg surmhfwv zloo eh fkdudfwhul}hg e| xqliruplw| ri
rslqlrq dqg wkh whfkqrorjlhv wkh| xvh zloo eh uhodwlyho| h{shqvlyh wr dvvhvv1

Wkh srodu fdvh zkhuh hqwuhsuhqhxuv kdyh qr ixqgv ri wkhlu rzq dqg doo
ixqgv duh surylghg h{whuqdoo| zdv frqvlghuhg deryh1 Lq wklv vlwxdwlrq wkhuh
lv qr glvwlqfwlrq ehwzhhq ulvn| ghew dqg htxlw| dqg frqwudfw irup lv qrw dq
lpsruwdqw lvvxh1 Li hqwuhsuhqhxuv kdyh vrph ixqgv ri wkhlu rzq exw qhhg
vrph h{whuqdo �qdqfh lq dgglwlrq wkhq wkh frqwudfw irup zloo pdwwhu1 Lq
wklv fdvh ulvn iuhh ghew fdq eh xvhg dw ohdvw sduwldoo| dqg wklv zloo qrw eh
d�hfwhg e| glyhuvlw| ri rslqlrq1 Dv d uhvxow ghew ru d frpelqdwlrq ri ghew
dqg htxlw| pd| eh vxshulru wr htxlw| dorqh1 Zkhq hqwuhsuhqhxuv fdq hqwluho|
vhoi0�qdqfh hyhu|erg| zloo eh deoh wr edfn wkhlu rzq ylhzv dqg glyhuvlw| ri
rslqlrq zloo qrw pdwwhu1

Wkh ghohjdwlrq prgho ri lqwhuphgldwlrq ghyhorshg deryh lv hvvhqwldoo| d
irup ri sulqflsdo0djhqw prgho1 Wklv revhuydwlrq vxjjhvwv wkdw wkh whfkqltxhv
xvhg lq wklv sdshu pd| eh dssolfdeoh lq d zlgh udqjh ri sulqflsdo0djhqw uhod0
wlrqvklsv1 Wkh edvlf dvvxpswlrq ri wkh vwdqgdug dssurdfk lv wkdw sulruv duh
frpprq1 Krzhyhu/ lq pdq| ri wkh vwdqgdug dssolfdwlrqv lw lv qrw dw doo fohdu
wkdw wklv lv ydolg1 Iru h{dpsoh/ lq pdq| ri wkh fodvvlf sulqflsdo0djhqw uhodwlrq0
vklsv/ vxfk dv wkrvh ehwzhhq grfwruv dqg sdwlhqwv/ odz|huv dqg folhqwv dqg
pdqdjhuv dqg vkduhkroghuv/ wkhuh pd| zhoo eh glyhuvlw| ri rslqlrq ehwzhhq
gl�huhqw sduwlhv ehfdxvh ri d odfn ri dfwxdo gdwd1 Zh eholhyh wkdw lqfrusrudw0
lqj wkh srvvlelolw| iru gl�huhqfhv lq eholhiv lqwr wkh vwdqgdug sulqflsdo0djhqw
prgho dqg lwv pdq| dssolfdwlrqv lv dq lpsruwdqw duhd iru ixwxuh uhvhdufk1
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