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Vwudwhjlf Khgjlqj dqg Lqyhvwphqw Hïflhqf|

Devwudfw

Wklv sdshu olqnv uhdo lqyhvwphqw srolf| wr frusrudwh ulvn pdqdjh0
phqw/ hqgrjhql}lqj wkh frvwv ri h{whuqdo ñqdqflqj1 Suhylrxv olwhudwxuh
ñqgv lqyhvwphqw hïflhqf| olqnhg wr ixoo khgjlqj1 Lq wklv prgho/ d ñup
zlwk sursulhwdu| lqirupdwlrq zkhq ghflglqj lwv lqyhvwphqw lq d ydox0
deoh surmhfw/ pd| fkrrvh qrw wr ixoo| khgjh lq htxloleulxp/ dqg wklv
fdq lpsuryh lqyhvwphqw hïflhqf|1 Wkh vl}h ri wkh surmhfw/ wkh khgjhg
ydoxh ri fdvk0hduqlqjv/ dqg wkh wlplqj ri lqirupdwlrq uhyhodwlrq/ lq0
ðxhqfh wkh ulvn pdqdjhphqw htxloleulxp1 Uhvxowv duh ghulyhg xqghu d
frqvwudlqw ri qr0glvwuhvv dw wkh wlph ri wkh lqyhvwphqw ghflvlrq1 Zkhq
wklv frqvwudlqw lv uhod{hg/ lw uhvxowv lq d edujdlqlqj vlwxdwlrq ehwzhhq
vkduhkroghuv/ wkh frxqwhusduw| rq wkh frqwudfw xwlol}hg wr pdqdjh ulvn/
dqg qhz lqyhvwruv1 Ghshqglqj rq wkh edujdlqlqj vroxwlrq/ wkh ñup
pd| vwloo suhihu wr _qrw khgjh%/ idflqj glvwuhvv lq vrph vwdwhv1 Zkhq
wklv rffxuv lqyhvwphqw hïflhqf| lv hqkdqfhg1 Wkh vrxufhv ri h{whu0
qdo ñqdqfh duh ghew dqg htxlw|1 Wkh lvvxh ri glvforvxuh uhjduglqj ulvn
h{srvxuh sod|v d fuxfldo uroh1

MHO Fodvvlñfdwlrq= G;5/ G;7/ J64/ J65

Nh|zrugv= Frusrudwh Ulvn Pdqdjhphqw/ Lqyhvwphqw Hïflhqf|/ Fdsl0
wdo Exgjhwlqj/ Dv|pphwulf Lqirupdwlrq
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Vwudwhjlf Khgjlqj dqg Lqyhvwphqw Hïflhqf|

� W?|hL_ýU|ðL?

Xqghuvwdqglqj frusrudwh ulvn ehkdylru lv fhuwdlqo| lpsruwdqw/ dv wkh suhv0
hqfh ri frusrudwlrqv lq ghulydwlyhv pdunhwv lv hylghqw1 Wkh olwhudwxuh kdv ri0
ihuhg vhyhudo udwlrqdohv iru frusrudwh ulvn pdqdjhphqw/ exw wkh glvfxvvlrq lv
vwloo yhu| pxfk rshq1 Wkh phgld xvxvdoo| irfxv rq _vwrulhv% ri wkh grzqvlgh
ri frusrudwh xvh ri ghulydwlyhv= vlwxdwlrqv lq zklfk/ dssduhqwo| xqmxvwlñdeo|/
ñupv kdyh odujh orvvhv lq ghulydwlyhv dqg vrphwlphv ñqg wkhpvhoyhv forvh wr
edqnuxswf|1 Pd|eh zh duh rqo| orrnlqj dw kdoi ri wkh vwru|1 Lw lv dovr wuxh
wkdw d frqvlghudeoh qxpehu ri vxfk ñupv hqg xs uhrujdql}lqj dqg xqghu0
wdnlqj zlwk jrrg qhz surmhfwv1 Xqghuvwdqglqj wkh olqndjh ehwzhhq ulvn
pdqdjhphqw dqg rwkhu dvshfwv ri frusrudwh vwduwhj| lv vwloo rq wkh djhqgd1

Lq wklv sdshu L hqgrjhqrxvo| hvwdeolvk d olqn ehwzhhq frusrudwh ulvn
pdqdjhphqw dqg lqyhvwphqw hïflhqf|/ lq d glòhuhqw zd| iurp zkdw suhyl0
rxv olwhudwxuh frqvlghuhg1 Lq dq dv|pphwulf lqirupdwlrq vhwwlqj L lqwurgxfh
ulvn pdqdjhphqw lq wkh lqyhvwphqw sureohp ñuvw lghqwlñhg e| P|huv dqg
Pdmoxi +4<;7,1 L ñqg wkdw d ñup zlwk vxshulru lqirupdwlrq wkdq wkh pdunhw
derxw lwv survshfwv/ pd| suhihu qrw wr ixoo| khgjh lq htxloleulxp ehfdxvh ri
lqyhvwphqw frqfhuqv1

Rwkhu h{sodqdwlrqv iru frusrudwh ulvn pdqdjhphqw kdyh ehhq ròhuhg/
udqjlqj iurp vkduhkroghu ulvn dyhuvlrq +h1j1/ GhPdu}r dqg Gxïh +4<<4,,
wr pdqdjhuldo prwlyhv +h1j1/ Vplwk dqg Vwxo} +4<;8,/ Fdpsehoo dqg Nudfdz
+4<;:,/ GhPdu}r dqg Gxïh +4<<8, ru Euhhghq dqg Ylvzdqdwkdq +4<<9,,/
dyrlgdqfh ri ñqdqfldo glvwuhvv +h1j1/ Vplwk +4<;7,,/ ru wd{0vdylqj sxusrvhv
+h1j1/ Vplwk dqg Vwxo} +4<;8,,1 Wkh dujxphqwv xqghuo|lqj wkhvh wkhrulhv
ghvhuyh vrph wkrxjkw1 Ulvn dyhuvlrq ri frusrudwh rzqhuv dv d prwlyh iru
frusrudwh khgjlqj zloo prvw suredeo| qrw dsso| wr zhoo0glyhuvlñhg/ odujh
ñupv/ wkdw duh h{shfwhg wr ehkdyh dv d ulvn qhxwudo djjuhjdwh�1 Ixuwkhu0
pruh/ lw lv qrw fohdu zk| khgjlqj vkrxog rffxu dw ñup ohyho/ udwkhu wkdq
ehlqj lpsohphqwhg e| vkduhkroghuv rxwvlgh wkh ñup1 Lq dq djhqf| iudph0
zrun d pdqdjhuldo prwlyh iru khgjlqj lv fohdu xqghu ulvn dyhuvlrq> exw djdlq
rqh pd| txhvwlrq zk| pdqdjhuv gr qrw khgjh rq wkhlu rzq dffrxqwv +hyhq
li lq vrph fdvhv wklv lv iruelgghq e| odz,/ udwkhu wkdq dw frusrudwh ohyho1
Rwkhu pd|eh ohvv reylrxv pdqdjhuldo uhdvrqv iru ulvn pdqdjhphqw uho| rq
wkh lqirupdwlrqdo frqvhtxhqfhv ri pdqdjhuldo fkrlfhv ri ulvn srolf|/ xqghu

�,ñi? ðu tü@hiüL*_ihtc ð?_ðñð_ý@**)c @hi hðt! @ñihtië
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dv|pphwulf lqirupdwlrq1 Exw vwloo wkhuh lv qr suhflvh olqn hvwdeolvkhg eh0
wzhhq wkh xvh ri ghulydwlyhv e| ñupv dqg hfrqrplf hïflhqf| � wkhvh duh
pdqdjhuldo prwlydwlrqv iru ulvn pdqdjhphqw/ udwkhu wkdq dq lpsuryhphqw
lq wkh ydoxh ri wkh ñupv* ixqgdphqwdov1

Lq wklv vhqvh wkh fohduhvw h{fhswlrq lq wkh olwhudwxuh lv Iurrw/ Vfkduivwhlq
dqg Vwhlq +4<<6,2/ zkr olqn frusrudwh ulvn pdqdjhphqw wr lqyhvwphqw hï0
flhqf|/ xqghu ulvn qhxwudolw| dqg dv|pphwulf lqirupdwlrq1 Wr sxw lw vlpso|/
wkh| frqvlghu dq h{rjhqrxv frqyh{ ixqfwlrq uhsuhvhqwlqj wkh frvw ri h{whu0
qdo ñqdqflqj wr wkh ñup/ zklfk ohdgv wr wkh uhvxow wkdw ñupv zrxog udwkhu
khgjh wkhlu lqwhuqdo oltxlg ixqgv wr uhgxfh wkh h{shfwhg frvw ri ñqdqflqj
qhz lqyhvwphqwv zlwk h{whuqdo ixqgv1 Rqh srvvleoh iudphzrun wr prwlydwh
Iurrw/ Vfkduivwhlq dqg Vwhlq +4<<6,*v frvw ri h{whuqdo ñqdqflqj vhw0xs lv wkh
P|huv dqg Pdmoxi +4<;7, fdslwdo exgjhwlqj sureohp/ zklfk L h{soruh lq wklv
sdshu1

Zkhq L hqgrjhql}h wkh frvw ri h{whuqdo ñqdqflqj L vkrz wkdw wkhlu
uhvxowv gr qrw gluhfwo| dsso| wr wklv prgho1 Lw lv srvvleoh wkdw d ñup suhihuv
qrw wr ixoo| khgjh lq htxloleulxp ehfdxvh ri lqyhvwphqw frqfhuqv1 D qhz
uhodwlrqvkls ehwzhhq lqyhvwphqw hïflhqf| dqg frusrudwh ulvn pdqdjhphqw
lv rewdlqhg lq d ulvn qhxwudo zruog lq zklfk ñupv pd| qhhg wr udlvh h{whuqdo
fdslwdo wr ñqdqfh d ydoxdeoh lqyhvwphqw surmhfw1 L lqwurgxfh wkh srvvlelolw|
ri khgjlqj ru qrw/ dw dq lqlwldo gdwh/ vrph ri wkh ñup*v dvvhwv zklfk zloo eh
uhdol}hg fdvk hduqlqjv zkhq wkh ñup kdv wr ghflgh zkhwkhu wr lqyhvw lq d
qhz ydoxdeoh surmhfw1 L vkrz wkdw ñupv pd| ehqhñw iurp qrw ixoo| khgjlqj
wkhlu lqwhuqdoo| jhqhudwhg fdvk hduqlqjvô/ dv rssrvhg wr zkdw rqh pljkw lqihu
iurp Iurrw/ Vfkduivwhlq dqg Vwhlq +4<<6,1

Lq wklv iudphzrun/ d pdqdjhu dfwv rq ehkdoi ri wkh ruljlqdo vkduhkroghuv
ri d ñup zkr krog wkhlu vkduhv xqwlo d ñqdo gdwh zkhq wkh ñup lv oltxlgdwhg1
Dw wkh wlph ri wdnlqj wkh lqyhvwphqw ghflvlrq/ wkh pdqdjhu kdv vxshulru
lqirupdwlrq derxw wkh ydoxh ri wkh ñup*v ixwxuh dvvhwv lq sodfh1 Xqghulq0
yhvwphqw dulvhv zkhq wkh qhz surmhfw lv pdujlqdoo| surñwdeoh/ lqwhuqdo ixqgv
duh qrw vxïflhqw wr fryhu wkh lqyhvwphqw/ dqg wkh dvvhwv lq sodfh duh vxï0
flhqwo| pruh surñwdeoh wkdq zkdw lv w|slfdo � wkh pdqdjhu nqrzv wkdw lq
vxfk flufxpvwdqfhv hlwkhu wkh lvvxh sulfh ri qhz vkduhv zloo eh ohvv wkdq lwv

2W| ðt hiUL}?ð3i_ |ü@| L|üih h@|ðL?@*it týUü @t |üi @ñLð_@?Ui Lu ULt|t Lu �?@?Uð@* _ðt|hittc
Lh |@!ð?} @_ñ@?|@}i Lu UL?ñi |@ tUüi_ý*it @hi @*tL @||@ð?@M*i M) hðt! 4@?@}i4i?| @|
ULhTLh@|i *iñi* L?*)ë

ôú| *i@t| @t *L?} @t |üi U@tü ãLêt Lu |üi ?iê ð?ñit|4i?| ThLéiU| @hi ý?ULhhi*@|i_ êð|ü
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lqwulqvlf ydoxh/ ru wkh ulvn suhplxp lqkhuhqw wr wkh idfh ydoxh ri qhz ghew
zloo eh wrr odujh1 Wklv hòhfw pd| lqgxfh wkh pdqdjhu wr uhmhfw d ydoxdeoh
lqyhvwphqw/ zkhq kh srvvhvvhv idyrudeoh lqirupdwlrq1 Wklv lv wkh lqhïflhqf|
h{dplqhg khuh/ dgglqj ulvn pdqdjhphqw wr wkh vhwwlqj1

Lq wklv prgho wkh frvw ri h{whuqdo ñqdqflqj lv ixoo| hqgrjhql}hg � lq
idfw lw fdq eh lqwhusuhwhg dv wkh plvsulflqj gxh wr lqirupdwlrq dv|pphwu|/
ru dv wkh xqghulqyhvwphqw lwvhoi1 Wkh pdlq uhvxow irxqg lv wkdw ulvn pdqdjh0
phqw dòhfwv lqyhvwphqw hïflhqf|/ dqg wkdw ñupv zloo qrw fkrrvh ixoo khgjlqj
lq d Qdvk vhtxhqwldo htxloleulxp/ li wklv lpsolhg wkdw xqghulqyhvwphqw rf0
fxuhg1 Krzhyhu zkdw vrph pd| ylhz dv _vshfxodwlrq% fdq wdnh sodfh zlwk
wkh vroh sxusrvh ri plwljdwlqj lqyhvwphqw lqhïflhqf|1 Wkh whup _vshfxod0
wlrq% lv xvhg lq wkh vdph vhqvh dv _qrw khgjlqj% ru _vwudwhjlf khgjlqj%= d
ñup pd| qrw qhfhvvdulo| wdnh srvlwlrqv lq ulvn| ñqdqfldo lqvwuxphqwv> lw fdq
vlpso| eh wkh fdvh wkdw lw grhv qrw ixoo| khgjh lwv qdwxudo h{srvxuh1

Iru wudfwdelolw| uhvxowv duh ghulyhg ñuvw xqghu d frqvwudlqw ri qr ñ0
qdqfldo glvwuhvv dw wkh lqwhuphgldwh gdwh zkhq wkh ñup ghflghv zkhwkhu wr
lqyhvw1 E| _qr glvwuhvv% lw lv phdqw wkdw wkh ñup lv deoh wr udlvh ulvnohvv ghew
wr fryhu dq| orvvhv lq wkh ñqdqfldo lqvwuxphqw xvhg iru ulvn pdqdjhphqw lq
zklfk lw lqyhvwhg rqh shulrg ehiruh +l1h1/ wkh ñqdqfldo lqvwuxphqw fduulhv qr
ulvn suhplxp,1 Lw lv irxqg wkdw= +4, li zkhq ixwxuh fdvk hduqlqjv duh khgjhg
dw wkh lqlwldo gdwh/ wkh ñup grhv qrw lqyhvw zkhq lw kdv srvlwlyh lqirupdwlrq
rqh shulrg dkhdg/ wkhq lq htxloleulxp wkh ñup grhv qrw khgjh1 Lq vxfk
fdvh ixwxuh uhdo lqyhvwphqw hïflhqf| lqfuhdvhv � wklv lv wkh ydoxh ri _qrw
khgjlqj% ru _khdowk| vshfxodwlrq%> +5, li xqghu ixoo khgjlqj ri fdvk hduq0
lqjv wkh ñup lqyhvwv hïflhqwo| lq wkh surmhfw lqghshqghqwo| ri lwv sulydwh
lqirupdwlrq/ wkhq wklv hïflhqf| lv suhvhuyhg1

Wkh olwhudwxuh rq frusrudwh ulvn pdqdjhphqw kdv odujho| ljqruhg vr
idu wkh sureohp ri ghidxow rq wkh khgjlqj frqwudfw1 Wklv vhulrxv idxow lv
ryhufrph e| hqgrjhql}lqj d ghidxow suhplxp rq wkh sulflqj ri wkh khgjlqj
lqvwuxphqw1 Ilqdqfldo glvwuhvv fdq rffxu zkhq wkh ñup ghflghv lwv lqyhvw0
phqw srolf|/ li lw lv xqdeoh wr ixoo| fryhu lwv orvvhv lq wkh khgjlqj lqvwuxphqw1
Lq wkh suhvhqfh ri ñqdqfldo glvwuhvv/ d edujdlqlqj vlwxdwlrq dulvhv ehwzhhq
ruljlqdo vkduhkroghuv +_wkh ñup%,/ wkh frxqwhusduw| rq wkh ulvn| ñqdqfldo lq0
vwuxphqw xvhg wr pdqdjh ulvn/ dqg srwhqwldo lqyhvwruv lqwhuhvwhg lq wkh qhz
surmhfw1 Dffruglqj wr wkh dvvxpswlrqv pdgh derxw d srvvleoh edujdlqlqj vr0
oxwlrq/ vshfxodwlrq fdq vwloo eh fkrvhq lq htxloleulxp/ dqg wklv lv _khdowk|%
lq wklv frqwh{w/ dv lw lv dvvrfldwhg zlwk hqkdqfhg lqyhvwphqw hïflhqf|1 L
ñqg wkdw li wkh ñup kdv qr sulydwh lqirupdwlrq dw wkh wlph ri fkrrvlqj lwv
ulvn h{srvxuh/ wkhq lw grhv qrw khgjh lq htxloleulxp/ li rwkhuzlvh phdqw wkdw
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xqghulqyhvwphqw zrxog rffxu1 Wklv uhvxow lqgxfhv lpsuryhg lqyhvwphqw hï0
flhqf|1 Lw pd| eh frqwuryhuvldo wkdw lqyhvwphqw hïflhqf| lv srvlwlyho| uhodwhg
khuh wr ñqdqfldo glvwuhvv suryrnhg e| cvshfxodwlrq* lq d ñqdqfldo lqvwuxphqw
dw dq hduolhu gdwh1 Wklv lv gxh wr wkh edujdlqlqj vroxwlrq frqvlghuhg/ zklfk
rshqv zd| iru ixwxuh uhvhdufk1

Dqrwkhu lqwhusuhwdwlrq iru wklv olqn ehwzhhq ulvn pdqdjhphqw dqg lq0
yhvwphqw xqghu ñqdqfldo glvwuhvv frphv iurp d vhfxulw| ghvljq shuvshfwlyh=
ehfdxvh wkh ñup lv frqvwudlqhg qrw wr udlvh ru vshqg fdvk wr vwduw zlwk/ wkh
xvh ri d ulvn pdqdjhphqw ghylfh wkdw surgxfhv udqgrpqhvv dw wkh lqyhvwphqw
gdwh pd| ohdg wkh ñup wr ryhufrph wkh lqhïflhqf| fdxvhg e| lwv vxshulru
lqirupdwlrq1 Ehfdxvh wkhuh lv udqgrpqhvv lq fdvk hduqlqjv/ iru vrph uhdol}d0
wlrqv wkh ñup fdq lqyhvw hïflhqwo| lvvxlqj d idluo| sulfhg vhffxulw|> zkhuhdv
iru orz uhdol}dwlrqv ri fdvk hduqlqjv wkh edujdlqlqj surfhvv dvvrfldwhg zlwk
glvwuhvv lv _dv li% wkh ñup kdg vrog lwv dvvhwv0lq0sodfh +zklfk duh wkh vrxufh
ri dv|pphwu|, zkhq wkh| duh ri qr ydoxh wr fxuuhqw vkduhkroghuv1 Wklv pd|
dovr eh ylhzhg dv d fkdqjh lq rzqhuvkls dqg frqwuro wr d sduw| wkdw kdv qr
vxshulru lqirupdwlrq dqg zloo wkhuhiruh wdnh hïflhqw lqyhvwphqw ghflvlrqv1

Xqghuo|lqj wkh ghulydwlrq ri wkh uhvxowv lv wkh vwloo fxuuhqwo| ghedwhg
lvvxh ri dffrxqwlqj uxohv iru ghulydwlyhv1 D wudqvsduhqw phfkdqlvp ri glv0
forvxuh uhjduglqj ulvn h{srvxuh lv frqvlghuhg1 Wklv lvvxh lv glvfxvvhg1 Wkh
wlplqj ri uhyhodwlrq ri wkh ydoxh ri ixwxuh dvvhwv lq sodfh/ zklfk lv wkh vrxufh
ri wkh lqirupdwlrq dv|pphwu| lq wkh prgho/ lv dovr ri lqwhuhvw/ dqg glvfxvvhg
dv dq h{whqvlrq1 Li wkh ñup douhdg| srvvhvvhv vxshulru lqirupdwlrq zkhq
fkrrvlqj lwv ulvn h{srvxuh wkhq zh duh idfhg zlwk pxowlsoh htxloleuld/ dqg lw
lv qr orqjhu wuxh wkdw wkh htxloleulxp ulvn h{srvxuh lv qhfhvvdulo| wkh ohyho
wkdw ohdgv wr pd{lpxp +frqvwudlqhg, lqyhvwphqw hïflhqf|1 Wu|lqj wr prwl0
ydwh wkh suhydohqfh ri dq| ri wkhvh htxloleuld lv d pdwwhu ri ixuwkhu uhvhdufk/
dv wkhruhwlfdo uhñqhphqwv duh ri qr juhdw khos xqghu wkhvh flufxpvwdqfhv1
Krzhyhu/ lq dq h{ dqwh hïflhqf| dqdo|vlv zh vwloo ñqg wkdw dq htxloleulxp
zlwk vshfxodwlrq fdq eh pruh hïflhqw wkdq rqh zlwk ixoo khgjlqj1 Lw lv lqwhu0
hvwlqj wr qrwh wkdw ulvn pdqdjhphqw lv qrw xvhg dv d vljqdolqj ghylfh lq wklv
prgho/ dv wkh fkrlfh ri ulvn h{srvxuh fduulhv qr frvw1 D _orzhu% w|sh zloo
dozd|v srro lq wkh fkrlfh ri ulvn ohyho zlwk d _ehwwhu% w|sh/ dv wklv fkrlfh
lv uhyhdohg dw wkh wlph wkh pdunhw uhylhzv lwv eholhiv dqg sulfhv wkh qhz
vhfxulw| lvvxhg e| wkh ñup1

Uhvxowv duh ghulyhg dvvxplqj ghew lv wkh vrxufh ri h{whuqdo ñqdqflqj/
exw dq h{whqvlrq vkrzv krz qhz htxlw| lv dovr dffrxqwhg iru1 Wkh gluhfwlrq
ri uhvxowv lv qrw txdolwdwlyho| dòhfwhg1 Iru frpsohwhqhvv L h{whqg wkh prgho
wr doorz iru fruuhodwlrqv ehwzhhq wkh fdvk ðrzv ri wkh qhz surmhfw/ wkh ydoxh
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ri dvvhwv lq sodfh/ dqg wkh +khgjhdeoh, ulvn xqghuo|lqj fdvk hduqlqjv1 Wkh
h{lvwhqfh ri pruh wkdq wzr w|shv ri ñupv/ glòhuhqw dvvxpswlrqv derxw wkh
uhyhodwlrq ri wkh dv|pphwu|/ dqg wkh srvvlelolw| ri surgxfwlrq ixqfwlrqv wkdw
uhvxow lq lqyhvwphqw ghflvlrqv wkdw duh qrw vlpso| +3/4, duh dovr glvfxvvhg1

Wkh vwuxfwxuh ri wkh sdshu lv dv iroorzv1 Vhfwlrq 5 suhvhqwv d eulhi gh0
vfulswlrq ri wkh prgho1 Lq vhfwlrq 6 L h{dplqh wkh sureohp dqg lwv vroxwlrq
zkhq wkh h{whuqdo ñqdqfh vrxufh dydlodeoh lv ghew1 Vhfwlrq 7 glvfxvvhv vhyhudo
h{whqvlrqv ri wkh prgho= +l, zkhq erwk ghew dqg qhz htxlw| duh srwhqwldo
vrxufhv ri ñqdqflqj> +ll, d glòhuhqw wlplqj iru wkh uhdol}dwlrq ri wkh lqirupd0
wlrq dv|pphwu|> +lll, fruuhodwlrqv ehwzhhq yduldeohv1 Vhfwlrq 8 glvfxvvhv wkh
srvvlelolw| ri cvshfxodwlrq* uhvxowlqj lq ñqdqfldo glvwuhvv dw wkh lqwhuphgldwh
lqyhvwphqw gdwh> Frqfoxglqj uhpdunv duh suhvhqwhg lq Vhfwlrq 91 H{dpsohv
duh lq Dsshqgl{ D/ surriv lq Dsshqgl{ E/ dqg ñjxuhv lq Dsshqgl{ F1

2 Aüi �L_i* @?_ �@ð? úttý4T|ðL?t

Wkh prgho kdv wkuhh gdwhv/ w @ 3> 4> 51 Dq dsshdolqj zd| ri lqwhusuhwlqj lw
lv e| orrnlqj dw wkh ñup dv d vhw ri wkuhh surmhfwv1 Wkhuh lv d orqj whup
surmhfw wkdw odvwv iurp w @ 3 wr w @ 5/ dqg zklfk L fdoo _dvvhwv lq sodfh%/ �d1
Wkhq/ wkhuh lv rqh vkruw whup surmhfw wkdw odvwv iurp w @ 3 wr w @ 4/ dqg
zklfk lv zkdw L fdoo fdvk hduqlqjv ru ñqdqfldo vodfn/ �V1 Wklv lv fruuhodwhg
zlwk d khgjhdeoh ulvn �[ / wr zklfk wkh ñup fdq fkrrvh lwv ohyho ri h{srvxuh
ë dw wlph w @ 31 Ilqdoo| wkhuh lv d wklug vkruw olyhg surmhfw/ odvwlqj iurp
w @ 4 wr w @ 51 Wklv surmhfw uhtxluhv lqyhvwphqw L/ dqg ròhuv udqgrp qhw
suhvhqw ydoxh �|1 Iljxuh F15 uhsuhvhqwv wkh vhtxhqfh ri hyhqwv dffruglqj wr
wklv lqwhusuhwdwlrq1

Vwduwlqj zlwk wlph w @ 4/ wkh ñup kdv wr ghflgh zkhwkhu wr lqyhvw
lq d xqltxh dqg lqglylvleoh ulvn| lqyhvwphqw surmhfw1 Wklv surmhfw uhtxluhv
lqyhvwphqw L A 3/ dqg ròhuv qhw suhvhqw ydoxh �|1 Wkh udqgrp qhw suhvhqw
ydoxh ri wkh surmhfw/ �|/ kdv vxssruw ^ýL>4,1 Wkh ghqvlw| ixqfwlrq ri �| lv
i+|,/ dqg wkh fgi lv ghqrwhg e| I +|,1 Wkh surmhfw lv dvvxphg wr eh ydoxdeoh
dv lwv h{shfwhg qhw suhvhqw ydoxh/ e ì H|'�+�|,/ lv srvlwlyh1 Wkh uhdol}dwlrq
ri �| rffxuv dw wlph w @ 51 g� +gf, ghqrwhv wkh ghflvlrq wr xqghuwdnh +uhmhfw,
wkh surmhfw1

Wkh ñup lv uxq e| d pdqdjhu zkr ghihqgv wkh lqwhuhvwv ri ruljlqdo
vkduhkroghuv1 Dv lq P|huv dqg Pdmoxi +4<;7, ruljlqdo vkduhkroghuv gr qrw
lqyhvw lq vhfxulwlhv lvvxhg dw w @ 41 Dw wkh wlph ri pdnlqj wkh lqyhvwphqw
ghflvlrq +w @ 4, wkh pdqdjhu nqrzv h{dfwo| zkdw wkh ixwxuh ydoxh ri lwv
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dvvhwv lq sodfh zloo eh � wkhvh duh uhdol}hg dw w @ 51 Rq wkh frqwudu|/
lqyhvwruv rqo| nqrz dw w @ 4 wkdw wkh ixwxuh ydoxh ri dvvhwv lq sodfh �d fdq
dvvxph rqh ri wzr srvvleoh ydoxhv idu> dMj zlwk htxdo suredelolw|1 Lw lv dovr
dvvxphg wkdw 3 ? du ? dM 1 L ghqrwh e| s +t, wkh suredelolw| zlwk zklfk
wkh ñup irujrhv wkh surmhfw dw w @ 4 zkhq lw ohduqv wkh vwdwh wr eh K +O,1
Wkh ñup idfhv olplwhg oldelolw|/ dqg lv oltxlgdwhg dw w @ 51

Dw wlph w @ 4 wkh ñup kdv d uhdol}hg dprxqw ri _ñqdqfldo vodfn% ru
fdvk hduqlqjv �V/ wkdw fdq eh xvhg wr ñqdqfh wkh surmhfw1 �V lv uhdol}hg dw
wlph w @ 4/ ehlqj wkh uhvxow ri wkh ñup*v sdvw dfwlylw| dw w @ 31 Wkhvh fdvk
hduqlqjv duh fruuhodwhg zlwk d udqgrp yduldeoh �[ / zkrvh ydoxh lv uhdol}hg
dw wlph w @ 41 L dvvxph wkdw wkhuh h{lvwv d ñqdqfldo lqvwuxphqw zkrvh
uhdol}dwlrq lv �[1 Ghshqglqj rq wkh qdwxudo h{srvxuh dqg rq wkh srvlwlrqv
wkh ñup xqghuwdnhv rq wklv lqvwuxphqw �[ dw wlph w @ 3/ lw zloo hqg xs
zlwk d ohyho ri h{srvxuh ghqrwhg e| ë= wkh ydoxh ri wkh fdvk hduqlqjv fdq
wkhq eh ghqrwhg e| �V @ V . ë �[ / zkhuh V lv d frqvwdqw1 Wkh fkrlfh ri
ë ghwhuplqhv wkh ulvn pdqdjhphqw srolf| ri wkh ñup1 Uhvxowv duh ghulyhg
xqghu wkh dvvxpswlrq wkdw wkh vxssruw ri �[ lv iý4> 4j1 Rwkhu vxssruwv duh
glvfxvvhg lq Vhfwlrqv 8 dqg 91 Li d ñup ixoo| khgjhv lwv oltxlglw| dw wlph w @ 3
� l1h1/ ë @ 3 � lw uhpryhv xqfhuwdlqw| uhjduglqj lwv lqwhuqdoo| jhqhudwhg
oltxlg dvvhwv1 Rwkhuzlvh/ ñqdqfldo vodfn uhpdlqv _qrw khgjhg%1

Doo djhqwv lq wklv hfrqrp| duh ulvn qhxwudo1 Vr wkh remhfwlyh ixqfwlrq
ri wkh ruljlqdo vkduhkroghuv ri wkh ñup lv wkh h{shfwhg ydoxh dw w @ 3 ri wkhlu
fodlp lq wkh ñup1 L dvvxph wkdw wkh ñup lv lqlwldoo| doo0htxlw| ñqdqfhg1 Wkh
pdunhw ri rxwvlgh lqyhvwruv lv dvvxphg wr eh frpshwlwlyh/ vr wkdw lq htxlole0
ulxp dq lqyhvwru zloo h{shfw wr euhdn hyhq1 Wkh vdph frpshwlwlyhqhvv wdnhv
sodfh lq wkh pdunhw zkhuh wkh ñqdqfldo lqvwuxphqw �[ lv wudghg � wudghuv
h{shfw wr euhdn hyhq1 Iru vlpsolflw| wkh glvfrxqw udwh lv qrupdol}hg wr }hur1
L dovr ljqruh wkh h{lvwhqfh ri pdujlqv uhtxluhphqwv iru wkh lqvwuxphqw wkdw
lv xvhg iru ulvn pdqdjhphqw ri �V1

Wkh uhvxowv rewdlqhg duh lqwhusuhwhg xqghu wkh dvvxpswlrq wkdw wkh
pdqdjhu grhv qrw nqrz wkh uhdol}dwlrq ri �d � zklfk lv wkh vrxufh ri lqiru0
pdwlrq dv|pphwu| � dw wlph w @ 31 Qdwxuh uhyhdov wr klp wkh vwdwh K ru O
dw w @ 41 D glòhuhqw wlplqj lv frqvlghuhg lq vhfwlrq 71 Iljxuh F14 uhsuhvhqwv
wkh wlph olqh ri hyhqwv ri wkh jdph1

Lw lv dovr dvvxphg wkdw ñupv fdq glvforvh wkhlu lqyhvwphqw lq wkh ñqdq0
fldo lqvwuxphqw �[/ wkhuhe| uhyhdolqj wkhlu ulvn h{srvxuh1 Wklv lv lq olqh zlwk
wkh h{lvwlqj dffrxqwlqj uhtxluhphqwv iru ghulydwlyhv dqg wkh qhz sursrvdov
wkdw dfwxdoo| whqg wr uhtxluh pruh glvforvxuh1 Jlyhq wkh vwuxfwxuh ri wkh
prgho wklv dprxqwv wr vd|lqj wkdw fdvk hduqlqjv dw w @ 4 duh revhuydeoh1
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Dv d ehqfkpdun L vwduw e| vwdwlqj wkh ñuvw ehvw hïflhqw rxwfrph xqghu
v|pphwulf lqirupdwlrq dw wlph w @ 41

Ohppd 4 +Iluvw Ehvw, Xqghu v|pphwu| ri lqirupdwlrq dw wlph w @ 4/ wkh
ñup xqghuwdnhv wkh surmhfw iru erwk vwdwh K dqg O1 Wkh h{shfwhg ydoxh ri
wklv rxwfrph wr ruljlqdo vkduhkroghuv lq vwdwh K lv Y 8îM @ dM . V . e/ dqg
lq vwdwh O lv Y 8îu @ du . V . e1 Pruhryhu/ wkh frusrudwh ulvn pdqdjhphqw
srolf| xqghuwdnhq/ dqg wkh w|sh ri ñqdqflqj uhtxhvwhg/ duh luuhohydqw1

ô ,^ýð*ðMhðý4 +ðt! �@?@}i4i?| @?_ W?ñit|4i?|
èL*ðUðit

Wkh jdph lv vroyhg uhfxuvlyho|1 L vwduw e| h{dplqlqj wkh htxloleulxp lqyhvw0
phqw ghflvlrq wkdw rffxuv dw wlph w @ 4/ zkhq wkh ñup lv douhdg| dzduh ri
wkh vwdwh ehlqj K ru O/ frqglwlrqdo rq wkh uhdol}dwlrq ri wkh ohyho ri fdvk
hduqlqjv �V1 L wkhq vwhs edfn lq wlph wr w @ 3 dqg ghwhuplqh wkh rswlpdo
ulvn pdqdjhphqw srolf| ëW/ uhodwlqj lw wr lqyhvwphqw hïflhqf|1 Uhvxowv duh
ghulyhg xqghu wkh frqvwudlqw ri qr ñqdqfldo glvwuhvv dw wlph w @ 41 Wklv
phdqv wkdw zkhq wkh uhdol}dwlrq ri fdvk hduqlqjv �V lv qhjdwlyh/ wkh ñup lv
vwloo deoh wr udlvh ulvnohvv ghew lq rughu wr fryhu wkhvh orvvhv lq wkh ñqdqfldo
lqvwuxphqw �[ +l1h1/ ý+V ý ë, é du/ iru ë A 3,1 Wklv frqvwudlqw lv uhod{hg lq
vhfwlrq 81

ôë� Aüi W?ñit|4i?| #iUðtðL? @| | ' �

Li wkh ohyho ri fdvk hduqlqjv uhdol}hg dw w @ 4 zhuh çV è L ý du/ lqghshq0
ghqwo| ri wkh vdwh ehlqj K ru O/ wkh ñup zrxog dozd|v jr dkhdg zlwk wkh
qhz surmhfw +l1h1/ s @ t @ 3,1 Wkhuhiruh lq htxloleulxp wkhuh zrxog eh qr
lqyhvwphqw lqhïflhqf|1 Wkh lqwxlwlrq iru wklv uhvxow lv wkdw/ lqghshqghqwo|
ri wkh vwdwh ehlqj K ru O/ wkh ñup lv deoh wr udlvh pd{+3> L ý çV, ulvnohvvo|1
Khqfh/ zkhq wkh ñup ohduqv wkdw ixwxuh dvvhwv lq sodfh duh dM / lw grhv qrw
qhhg wr srro zlwk wkh zruvw w|sh zkhq udlvlqj qhz ixqgv lq wkh pdunhw1 Hl0
wkhu lqwhuqdoo| jhqhudwhg ñqdqflqj fryhuv wkh lqyhvwphqw lq wkh qhz ydoxdeoh
surmhfw/ ru h{whuqdo ixqgv lqyroyh qr ulvn suhplxp1

Rq wkh rwkhu kdqg zkhq wkh uhdol}dwlrq ri fdvk hduqlqjv/ vd| çV/ lv
qrw vxïflhqwo| kljk wr ixoo| fryhu ulvnohvvo| wkh frvw ri wkh qhz surmhfw
+ çV ? L ý du, / wkhq wkh Qdvk vhtxhqwldo htxloleulxp ri wkh jdph lqyroyhv
erwk wkh lqyhvwphqw ghflvlrq e| wkh ñup/ jlyhq vwdwh K ru O +xqrevhuyhg
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e| wkh pdunhw,/ dqg wkh euhdn hyhq ri lqyhvwruv lq wkh qhz vhfxulw| wkh ñup
pd| lvvxh1 Htxloleulxp fdq eh ghñqhg dv iroorzv1

Ghñqlwlrq 4 Wkh htxloleulxp ri wkh vxejdph vwduwlqj dw w @ 4/ jlyhq wkdw
wkh uhdol}dwlrq ri fdvk hduqlqjv lv çV ? L ý du/ lv vxfk wkdw=

41 Wkh suredelolwlhv duh xsgdwhg dffruglqj wr Ed|hv* Wkhruhp/ |lhoglqj
srvwhulruve= ;AAAA?AAAA=

Su+K m g�, @ �3R
23R3^

Su+O m g�, @ �3^
23R3^

Su+K m gf, @ R
Rn^

Su+O m gf, @ ^
Rn^

51 Wkh sulflqj uxoh lq d frpshwlwlyh pdunhw zlwk udwlrqdo h{shfwdwlrqv/
zkhq wkh ñup lvvxhv ghew zlwk idfh ydoxh G lv vxfk wkdw=

L ý çV @
4ý s

5ý sý t
] "

3U
plqiG>dM . L . |ji+|,g| .

.
4ý t

5ý sý t
] "

3U
plqiG>du . L . |ji +|,g|

61 Zkhq wkh vwdwh uhyhdohg wr wkh ñup lv K/ lw fkrrvhv sW vr wkdw=

sW @ dujpd{
R
i+4ý s,

] "

3U
pd{i3> dM . L . | ýGji+|,g| .

.s+dM . çV,j v=w=

s 5 ^3> 4`
t 5 ^3> 4`

71 Zkhq wkh vwdwh uhyhdohg wr wkh ñup lv O/ lw fkrrvhv tW vr wkdw=

tW @ dujpd{
^
i+4ý t,

] "

3U
pd{i3> du . L . | ýGji+|,g| .

.t+du . çV,j v=w=

s 5 ^3> 4`
t 5 ^3> 4`
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Wkh iroorzlqj wzr ohppdv vwdwh wkh htxloleulxp lqyhvwphqw ghflvlrqv wdnhq
e| wkh ñup/ frqglwlrqdo rq vrph ohyho ri uhdol}hg fdvk hduqlqjv çV dw wlph w @
31 Ohppd 5 ghvfulehv wkh frqglwlrqv xqghu zklfk ixoo lqyhvwphqw hïflhqf|
lv uhdfkhgD/ zkhuhdv Ohppd 6 lghqwlñhv wkh xqghulqyhvwphqw sureohp1

Ohppd 5 Vxssrvh wkdw wkh uhdol}dwlrq ri fdvk hduqlqjv dw w @ 4 lv çV1 Li
çV ? Lýdu dqg wkh iroorzlqj frqglwlrq +4, lv qrw vdwlvñhg/ ru li çV è L ýdu/
wkhq lq htxloleulxp wkh ñup lqyhvwv zlwk suredelolw| 4/ lqghshqghqwo| ri wkh
vwdwh ehlqj K ru O1

Frqglwlrq +4, lv qhfhvvdu| dqg vxïflhqw iru wkh ñup wr suhihu qrw wr lqyhvw/
zkhq lwv sulydwh lqirupdwlrq lv wkdw wkh vwdwh lv K=

H|'�^YM+gf, m çV` A H|'�^YM+g�, m çV`
dM . çV A

] "

3U
pd{i3> dM . L . | ýGå ji+|,g| +4,

zkhuh YM ghqrwhv wkh ydoxh ri wkh ñup lq vwdwh K/ zkhuhdv Gå lv wkh idfh
ydoxh ri ghew lq htxloleulxp li wkh ñup lqyhvwv lq erwk vwdwhv K dqg O zkhq
fdvk hduqlqjv duh çV1 Lw lv ghñqhg lpsolflwo| dv=

L ý çV @
4

5

] "

3U
plqiGå > dM . L . |ji+|,g| .

.
4

5

] "

3U
plqiGå > du . L . |ji+|,g| +5,

Lw lv lqwxlwlyh wkdw zkhq wkh ñup ohduqv lw lv lq dq xqidyrudeoh vwdwh +O, lw
zloo ehkdyh lq wkh vdph zd| dv li vwdwh K kdg ehhq sulydwho| uhyhdohg/ dv
orqj dv wklv phdqv wkdw lq erwk vwdwhv K dqg O wkh ñup zloo lvvxh wkh qhz
vhfxulw| wr lqyhvw lq wkh qhz surmhfw1 E| grlqj vr wkh ñup h{shfwv wr eh
sulfhg dffruglqj wr _dyhudjh% txdolw| ixwxuh survshfwv/ zklfk lv ehwwhu wkdq
zkdw lw douhdg| nqrzv1 Rqo| li wkh ñup uhmhfwv wkh qhz surmhfw zkhq dzduh
ri wkh vwdwh ehlqj K/ zloo lw vwloo suhihu wr lqyhvw lq wkh qhz surmhfw zkhq lw
idfhv vwdwh O1
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Ohppd 6 Vxssrvh wkdw wkh uhdol}dwlrq ri fdvk hduqlqjv dw wlph w @ 4 lv
çV1 Li çV ? L ý du dqg frqglwlrq +4, lv vdwlvñhg/ wkhq lq htxloleulxp wkh
ñup zloo xqghuwdnh wkh surmhfw li wkh vwdwh lv O +tW @ 3,/ exw zloo lqyhvw
zlwk suredelolw| }hur li wkh uhdol}dwlrq ri �d lv vwdwh K +sW @ 4,1 Sd|ròv
h{shfwhg dw w @ 4 e| ruljlqdo vkduhkroghuv ri wkh ñup lq vwdwhv K dqg O duh/
uhvshfwlyho|/ Y ûM @ dM .

çV dqg Y ûu @ du .
çV . e1

Wkh xqghulqyhvwphqw sureohp kdv ehhq lghqwlñhg1 Li wkh dprxqw ri h{whuqdo
ixqgv uhtxluhg e| wkh qhz surmhfw lv vxïflhqwo| odujh/ wkhq d ñup dzduh wkdw
lwv txdolw| lv juhdwhu wkdq dyhudjh suhihuv qrw wr xqghuwdnh d ydoxdeoh surmhfw
vlpso| wr dyrlg kdylqj wr srro dqg sd| wrr odujh d ulvn suhplxp rq h{whuqdo
ixqgv/ gxh wr wkh orzhu txdolw| h{shfwhg e| wkh pdunhw1

ôë2 Aüi +ðt! �@?@}i4i?| èL*ðU) @| | ' f

Jlyhq wkh htxloleulxp lqyhvwphqw ghflvlrqv ghulyhg lq ohppdv 5 dqg 6/ lw lv
srvvleoh qrz wr prwlydwh wkh rswlpdo ulvn pdqdjhphqw srolf| xqghu ydulrxv
vfhqdulrv1 Sursrvlwlrq 4 fkdudfwhul}hv wkh frqglwlrqv xqghu zklfk ixoo khgj0
lqj lv dq htxloleulxp vwudwhj|1 Wr gr vr ghñqh ñuvw �ë+V,= lw lv wkh odujhvw
ohyho ri h{srvxuh +lq devroxwh ydoxh, iru zklfk wkh ñup lqyhvwv erwk lq vwdwhv
O dqg K/ lqghshqghqwo| ri wkh uhdol}dwlrq ri �[1 D uljrurxv ghñqlwlrq lv lq
Dsshqgl{ F171

Sursrvlwlrq 4 Li V ? L ý du dqg frqglwlrq +4, lv qrw vdwlvñhg/ ru li V è
L ý du/ wkhq ixoo khgjlqj +ë @ 3, lv dq htxloleulxp vwudwhj|1 Wkh rswlpdo
ohyho ri h{srvxuh ëW wr ulvn �[ lv dq| hohphqw ri wkh lqwhuydo ^ý�ë+V,>.�ë+V,`1
Pruhryhu dw wlph w @ 4 wkh ñup xqghuwdnhv wkh qhz surmhfw zlwk suredelolw| 4
+sW @ tW @ 3,/ lqghshqghqwo| ri wkh vwdwh ehlqj K ru O/ dqg ri wkh uhdol}dwlrq
ri �[1 Wkh h{shfwhg ydoxh ri wkh ñup dw wlph w @ 3 lv H|'f^Y ` @

@Mn@u
2 .V.e1

Iljxuh F17+e, surylghv wkh lqwxlwlrq iru wkh uhvxow1 Lw zdv hvwdeolvkhg ehiruh
wkdw zkhq wkh vwdwh uhyhdohg wr wkh pdqdjhu dw wlph w @ 4 lv O/ wkh ñup
dozd|v xqghuwdnhv wkh qhz surmhfw1 Xqghu wkh frqglwlrqv ri wkh sursrvlwlrq/
li wkh ñup lv ixoo| khgjhg lw lqyhvwv lq wkh qhz surmhfw/ hyhq li lq vwdwh K1
Li wkh ñup fkrvh d ydoxh ri ë eh|rqg wkh phqwlrqhg lqwhuydo ^ý�ë+V,>.�ë+V,`/
wkhq iru dw ohdvw rqh uhdol}dwlrq ri �[ / wkh ñup zrxog suhihu wr uhmhfw wkh qhz
surmhfw/ kdg lw ehhq lq vwdwh K1 Lw lv wklv surshuw| wkdw ghñqhv �ë+V,1 Wkh
khgjlqj srolf| lv vxfk wkdw ñuvw ehvw lqyhvwphqw hïflhqf| lv suhvhuyhg1 Wkh
ñup kdv qr lqfhqwlyh wr ghyldwh iurp ixoo| khgjlqj lwv vkruw olyhg surmhfw
wkdw odvw iurp w @ 3 wr w @ 41

45



Sursrvlwlrq 5 vwdwhv wkh frqglwlrqv xqghu zklfk wkh ñup grhv wdnh
vrph ulvn +ëW 9@ 3, lq htxloleulxp1 Zkdw vrph pd| ylhz dv cvshfxodwlrq*
lq wkh ñqdqfldo lqvwuxphqw �[/ uhvxowv lq d ohyho ri lqyhvwphqw hïflhqf|
wkdw lv vxshulru wr zkdw wkh ñup zrxog kdyh uhdfkhg kdg lw ixoo| khgjhg dw
w @ 31 Khqfh wklv vshfxodwlrq lq �[ lv khdowk| lq wkh vhqvh wkdw lw lpsuryhv
lqyhvwphqw hïflhqf|/ dqg ixuwkhu lqgxfhv d uhgxfwlrq lq wkh yduldqfh ri
lqyhvwphqw ghflvlrqv +lqyhvwphqw ghflvlrqv duh khgjhg,/ dfurvv vwdwhv K dqg
O1 Iluvw ghñqh aë= lw lv wkh vpdoohvw ohyho ri ulvn h{srvxuh +lq devroxwh ydoxh,
iru zklfk/ lq vwdwh K/ wkh ñup lqyhvwv lq wkh surmhfw iru rqh uhdol}dwlrq ri
�[1 D uljrurxv ghñqlwlrq lv lq dsshqgl{ F17+d,1

Sursrvlwlrq 5 Li V ? L ý du dqg frqglwlrq +4, lv vdwlvñhg/ wkhq lq htxl0
oleulxp wkh ñup zloo fkrrvh vrph ëW 9@ 3/ ehorqjlqj wr wkh vhw= ^ý+du .
V,>ýaë+V,` ^ ^aë+V,> +du . V,`/ zkhq wkh vhw lv qrw hpsw|1 Li wklv vhw lv
hpsw| wkh ñup lv lqglòhuhqw ehwzhhq dq| ohyho ri h{srvxuh ë ehorqjlqj wr
^ý+du . V,> du . V`1

Djdlq Iljxuh F17+d, jlyhv wkh lqwxlwlrq iru wkh uhvxow1 Li wkh ñup ixoo|
khgjhv dw w @ 3 wkh fdvk hduqlqjv lw zloo kdyh dw w @ 4/ xqghulqyhvwphqw
rffxuv iru doo uhdol}dwlrqv ri �[ zkhq wkh pdqdjhu ohduqv wkdw wkh vwdwh ri
ixwxuh dvvhwv lv K � wkh ñup suhihuv wr uhmhfw d ydoxdeoh surmhfw/ wr srrolqj
zlwk d zruvh w|sh dw wkh h|hv ri wkh pdunhw zkhq udlvlqj qhz ñqdqflqj
+Ohppd 6,1 Wkhuhiruh lq htxloleulxp wkh ñup fkrrvhv qrq0}hur h{srvxuh wr
ulvn �[ 1 Lq vxfk fdvh/ li ëW A 3 dqg lq wkh frqglwlrqv vwdwhg/ hyhq li vwdwh
K lv uhyhdohg wr wkh pdqdjhu wkh ñup zloo xqghuwdnh wkh qhz surmhfw zkhq
{ @ 4S1 Wklv idfw rffxuv hlwkhu ehfdxvh wkh ñup lv deoh wr ñqdqfh wkh surmhfw
vroho| zlwk lqwhuqdoo| jhqhudwhg fdvk hduqlqjv ru ulvnohvv ghew/ ru ehfdxvh
udlvlqj d vpdoohu dprxqw ri h{whuqdo ixqgv lv qrw vr frvwo| � wkh ñup hqgv
xs ehlqj srrohg lq wkh pdunhw zkhq lwv uhodwlyh vxshulrulw| wr wkh ydoxh lw
zrxog eh zruwk lq vwdwh O lv qrw vr lpsruwdqw1 Khqfh lw lv irxqg wkdw vrph
ulvn0wdnlqj lv fkrvhq lq htxloleulxp/ dqg wklv lqgxfhv vxshulru lqyhvwphqw
hïflhqf| frpsduhg wr zkdw lw zrxog eh li wkh ñup kdg ixoo| khgjhg dw
w @ 31 Krzhyhu ñuvw ehvw hïflhqf| lv qrw dwwdlqhg1
Lq pruh ghwdlo/ jlyhq wkh htxloleulxp fkrlfh ri ëW/ wkuhh srvvleoh fdvhv fdq
rffxu1 L ghvfuleh wkhp iru ëW A 3/ dqg wkh dqdo|vlv v|pphwulfdoo| dssolhv wr
ëW ? 3=
Fdvh 4= V . ëW è L ý du1 Wkh ñup lqyhvwv erwk zkhq wkh vwdwh lv K
ru O zlwk suredelolw| 4 zkhq { @ 4> zkhq { @ ý4/ wkh ñup vwloo lqyhvwv

S5)44i|hðU@**) uLh wW ÷ f @?_ % ' 3�ë
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zlwk suredelolw| 4 lq vwdwh O/ dqg lq vwdwh K lw lqyhvwv zlwk suredelolw|
31 Vr wkh h{shfwhg sd|0ròv wr ruljlqdo vkduhkroghuv dw wlph w @ 4 duh=
Y üM @ dM . V .

K
2 A Y ûM li wkh vwdwh lv K/ dqg Y üu @ du . V . e @ Y ûu li

wkh vwdwh lv O1 Ruljlqdo vkduhkroghuv dw wlph w @ 3 kdyh h{shfwhg sd|rò
H|'f^Y ` @

@Mn@u
2 . V . ô

2e1
Fdvh 5= V . ëW ? L ý du dqg frqglwlrq +6,. lv vdwlvñhg=

dM . V é
] "

3U
pd{i3> dM . L . | ýGwji+|,g| ý ë +6,

zkhuh Gw lv ghñqhg lpsolflwo| dv=

L ý V ý ë @
4

5

] "

3U
plqiGw> dM . L . |ji+|,g| .

.
4

5

] "

3U
plqiGw> du . L . |ji +|,g| +7,

Lq wklv fdvh wkh ñup fkrrvhv wr lqyhvw zlwk suredelolw| 4 zkhq { @ 4/ hyhq
zkhq wkh vwdwh uhyhdohg wr wkh pdqdjhu lv K1 Wkh h{shfwhg sd|0ròv dw
w @ 4 wr ruljlqdo vkduhkroghuv duh vxfk wkdw= Y üM A dM . V @ Y ûM lq vwdwh
K/ dqg Y üu A du . V . e @ Y

û
u lq vwdwh O1 Wkh sd|rò h{shfwhg e| ruljlqdo

vkduhkroghuv dw wlph w @ 3 lv H|'f^Y ` @
@Mn@u
2 . V . ô

2e1
Fdvh 6= V.ëW ? Lýdu dqg frqglwlrq +6, lv qrw vdwlvñhg1 Wkh htxloleulxp ë
fdq eh dq| ydoxhH1 Lq vxfk fdvh wkh ñup zloo dozd|v lqyhvw zlwk suredelolw|
3 zkhq wkh pdqdjhu nqrzv wkdw wkh uhdol}dwlrq ri �d lv K1 Wkh h{shfwhg
sd|0ròv dw w @ 4 wr ruljlqdo vkduhkroghuv duh Y üM @ dM .V @ Y

û
M li wkh vwdwh

lv K/ ru Y üu @ du . V . e @ Y
û
u li wkh vwdwh lv O1

e `ü@| ðuëëë

Wkh h{lvwhqfh ri htxlw| dv dqrwkhu vrxufh ri h{whuqdo ñqdqfh lv dovr frq0
vlghuhg/ wkrxjk qrw dowhulqj wkh gluhfwlrq ri uhvxowv uhjduglqj rswlpdo ulvn
pdqdjhphqw srolflhv/ dqg wkhlu uhodwlrqvkls zlwk uhdo lqyhvwphqw ghflvlrqv1
D glòhuhqw wlplqj iru wkh lqirupdwlrq dv|pphwu| wr dulvh lv dovr glvfxvvhg1
Wkh rswlpdo ulvn pdqdjhphqw srolf| lv eulhð| h{dplqhg iru wkh fdvh lq zklfk
wkh pdqdjhu ohduqv wkh uhdol}dwlrq ri �d +K ru O, lpphgldwho| dw w @ 3/ eh0
iruh wkh fkrlfh ri ë lv pdgh1 Wkh zd| uhvxowv duh dòhfwhg e| wkh h{lvwhqfh
ri fruuhodwlrqv ehwzhhq yduldeohv lv eulhð| glvfxvvhg dv zhoo1 D glvfxvvlrq ri

.5üLê? |L Mi *itt hit|hðU|ðñi |ü@? |üi UL?ñihti Lu E�ä ð? |üi ThLLu Lu èhLTLtð|ðL? 2ë
H5@|ðtu)ð?} |üi UL?t|h@ð?| Lu ?L �?@?Uð@* _ðt|hitt @| |üi ð?|ih4i_ð@|i _@|i | ' �ë

47



wkh srvvlelolw| ri d glòhuhqw surgxfwlrq whfkqrorj| dqg ri d glòhuhqw vxssruw
iru �d dqg �[ lv ohiw iru wkh odvw vhfwlrq ri wkh sdshu1

eë� ëëë ûiê ,^ýð|) ç@? Mi Wttýi_

Zkhq wkh prgho lv jhqhudol}hg wr dffrxqw iru dffhvv wr erwk ghew dqg htxlw|/
uhvxowv lq whupv ri lqyhvwphqw hïflhqf| dqg ulvn pdqdjhphqw srolflhv duh
vwloo lq olqh zlwk zkdw zdv irxqg ehiruh1 Uhvxowv zhuh suhvhqwhg lq pruh
ghwdlo zlwk ghew dv wkh vroh ñqdqfh vrxufh lq rughu wr irfxv rq wkh ulvn
pdqdjhphqw htxloleulxp/ udwkhu wkdq suhihuhqfh iru lvvxdqfh ri rqh vhfxulw|
ryhu wkh rwkhu1 Wkh fr0h{lvwhqfh ri erwk vhfxulwlhv grhv qrw txdolwdwlyho|
dowhu wkh gluhfwlrq ri wkh suhylrxv uhvxowv1

Lqvwhdg ri fkrrvlqj d suredelolw| s ri qrw lqyhvwlqj dv rssrvhg wr udlvlqj
ghew/ lq vwdwh K wkh ñup kdv qrz d odujhu vhw ri srvvleoh ghflvlrqv= zlwk
vrph suredelolw| s. lw fdq lqyhvw dqg udlvh htxlw|/ zlwk suredelolw| s( lw fdq
lqyhvw dqg udlvh ghew/ dqg zlwk suredelolw| +4ý s. ý s(, lw grhv qrw lqyhvw1
Dqdorjrxvo| lw lv srvvleoh wr ghñqh t. dqg t( lq vwdwh O1 Iru h{dpsoh/ lq
htxloleulxp wkh pdunhw shufhlyhv wkdw li d ñup lvvxhv htxlw| wkh suredelolw|
wkdw lw lv w|sh K lv R.

R.n^.
/ dqg vlploduo| iru ghew lvvxhvb1

Wkh fuxfldo srlqw wr uhwdlq lv wkdw= li wkh ñup xqghuwdnhv wkh surmhfw dw
w @ 4 lq vwdwh K/ wkhq lq vwdwh O lw zloo fkrrvh wkh vdph ñqdqflqj sruwirolr1
Wkh ñup zloo qhyhu ulvn vhsdudwlqj iurp lwv vwdwh K htxloleulxp ñqdqflqj
ghflvlrq +zkhq wkh surmhfw lv xqghuwdnhq lq vwdwh K,/ zkhq lw lv lq vwdwh O1
Rq wkh frqwudu|/ li wkh ñup fkrrvhv qrw wr lqyhvw dw doo +hlwkhu zlwk ghew ru
htxlw|, lq vwdwh K/ wkhq lq vwdwh O wkh ñup vwloo lqyhvwv dqg lv lqglòhuhqw
ehwzhhq dq| frpelqdwlrq ri ghew dqg htxlw| iru wklv hòhfw � qr plvsulflqj
zloo wdnh sodfh1 Khqfh wkh ghflvlrq wdnlqj surfhvv dw wlph w @ 4 lv qrw dw doo
glòhuhqw ehfdxvh ri dgglqj htxlw| wr wkh prgho1 Wkh ulvn pdqdjhphqw srolf|
iroorzv wkh uhdvrqlqj ri vhfwlrq 61 Rqo| li zh frqvlghuhg d glòhuhqw vxssruw
iru wkh vwdwh �d zrxog zh vwduw ñqglqj wkh srvvlelolw| ri glòhuhqw _w|shv%
fkrrvlqj glòhuhqw ñqdqflqj vfkhphv/ dv glvfxvvhg lq vhfwlrq 91 Jlyhq wklv
glvfxvvlrq L vwdwh wkh uhvxow=

Fruroodu| 4 Wkh srvvlelolw| ri lvvxlqj qhz htxlw| grhv qrw dowhu wkh gluhf0
wlrq ri uhvxowv ri sursrvlwlrqv 4 dqg 51 Frqglwlrqv dqdorjrxv wr +4, dqg +5,
fdq eh irxqg iru htxlw|1

bïý|íLuíi^ýð*ðMhðý4 Mi*ðiut @hi i @4ð?i_ |L týTTLh| i^ýð*ðMhð@c @t MiuLhië
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eë2 ëëë |üi út)44i|h) ðt hiñi@*i_ ð44i_ð@|i*) @| | ' f

Lqhïflhqf| dulvhv lq wkh prgho ehfdxvh wkh pdqdjhu ohduqv wkh uhdol}dwlrq
ri vwdwh �d ehiruh doo rwkhu sduwlflsdqwv lq wkh pdunhw1 Lw zdv dvvxphg wkdw
wklv dv|pphwu| durvh rqo| diwhu wkh ulvn pdqdjhphqw srolf| zdv xqghuwdnhq
� l1h1/ dw w @ 41 Frqvlghu qrz wkh vhtxhqfh ri hyhqwv ri Iljxuh F16+e, lq
zklfk wkh pdqdjhu ohduqv zkhwkhu lw lv lq vwdwh K ru O dw wlph w @ 31 Krz
lv wkh rswlpdo khgjlqj srolf| glòhuhqw iurp vhfwlrq 6B Lw lv lpsruwdqw wr
uhphpehu wkdw wkh uhdol}dwlrq ri fdvk hduqlqjv dw w @ 4 lv revhuydeoh1 Li
wkh ñup uhfhlyhv edg qhzv +O, dw w @ 3/ wkhq lw zloo dozd|v fkrrvh wkh vdph
ohyho ri h{srvxuh +ë, wr �[ dv li lw zhuh lq vwdwh K1 Wkh ñup lq vwdwh O
zloo dozd|v wu| wr srro zlwk K*v htxloleulxp fkrlfhv1 Wkhuhiruh zh gr ñqg
pxowlsoh htxloleuld1

Jrlqj edfn wr wkh frqglwlrqv ri sursrvlwlrq 5/ li wkh ñup ixoo| khgjhv
+lq erwk vwdwhv K dqg O, lqyhvwphqw lqhïflhqf| wdnhv sodfh dv wkh surmhfw lv
uhmhfwhg lq vwdwh K1 Dv lq sursrvlwlrq 5/ lq htxloleulxp wkh ñup pd| fkrrvh
ëW 9@ 3 +iru erwkK dqg O,1 Wkh glòhuhqfh khuh lv wkdw wkh ñup ehqhñwv pruh
iurp _qrw khgjlqj% lq vwdwh K wkh odujhu ë lv/ lq devroxwh ydoxh1 Wklv fdq
eh xqghuvwrrg iurp wkh sd|ròv jlyhq lq wkh sursrvlwlrq1 Dqg/ khqfh/ wklv lv
wkh htxloleulxp fkrlfh ri ë wkdw wkh ñup zrxog suhihu lq vwdwh K1 Krzhyhu
wklv htxloleulxp lv qrw xqltxh1 Rq wkh frqwudu|/ wkh ñup lq vwdwh O zrxog
kdyh suhihuuhg vwloo dq htxloleulxp zlwk ëW 9@ 3/ exw mxvw hqrxjk wr lqgxfh
K wr lqyhvw lq vrph vwdwhv/ vr wkdw wkh plvsulflqj lv pd{lpl}hg1 Wkh vdph
uhvxow lq whupv ri lqyhvwphqw hïflhqf| zrxog eh uhdfkhg1 Wkh htxloleuld zh
ñqg duh wkh vdph dv zkhq wkh fkrlfh ri ulvn h{srvxuh ë rffxuv ehiruh ñupv
kdyh vxshulru lqirupdwlrq/ exw wkh suhihuhqfh iru hdfk htxloleulxp glòhuv iru
hdfk _w|sh% � lw lv qrw frqfhlydeoh wkdw wkh pdunhw fdq pdnh dq| lqihuhqfh
derxw wkh vwdwh ehlqj K ru O/ rq wkh edvlv ri wkh fkrlfh ri ë1

Dv lq sursrvlwlrq 4/ li V è L ý du wkh ñup lqyhvwv lqghshqghqwo| ri
wkh uhdol}dwlrq ri �d/ dqg kdv qr uhdvrq wr ghyldwh iurp ixoo khgjlqj1 Exw
li V ? L ý du dqg frqglwlrq +4, lv qrw vdwlvñhg � l1h1/ wkh ñup lq vwdwh
K zrxog lqyhvw/ dqg ixoo khgjlqj zrxog eh dq htxloleulxp fkrlfh kdg wkh
ñup qrw nqrzq wkh uhdol}dwlrq ri �d zkhq fkrrvlqj ë� zh ñqg qrz wkdw li
wkh ñup lv dzduh ri wkh vwdwh ri �d ehiruh fkrrvlqj ë/ wkhuh duh htxloleuld
lq zklfk wkh ñup fkrrvhv ë 9@ 3 lq vwdwh K�f/ dqg wklv lpsolhv glplqlvkhg
lqyhvwphqw hïflhqf| lq frpsdulvrq wr zkdw zrxog dulvh xqghu ixoo khgjlqj/
dqg lq frpsdulvrq wr zkdw zrxog dulvh li wkh dv|pphwu| ri lqirupdwlrq
zhuh uhyhdohg odwhu1 Ryhudoo/ xqghu wkh frqglwlrqv ri sursrvlwlrq 4/ wkh vhw

�f`üðUü ðt @*tL UüLti? ð? t|@|i u ð? i^ýð*ðMhðý4ë
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ri srvvleoh htxloleuld lv hqodujhg dqg wkhuh duh qrz htxloleuld suhihuuhg e|
K wkdw uhvxow lq ohvv hïflhqw lqyhvwphqw rxwfrphv1 Wkhuhiruh=

Fruroodu| 5 Xqghu wkh frqglwlrqv ri sursrvlwlrq 5/ wkh htxloleulxp fkrlfh
ri ë wkdw wkh ñup suhihuv lq vwdwh K lv wkh odujhvw srvvleoh lq devroxwh ydoxh/
dqg wkh frqyhuvh krogv wuxh lq vwdwh O1 D olqndjh ehwzhhq lqyhvwphqw hi0
ñflhqf| dqg fkrlfh ri ulvn h{srvxuh fdq eh hvwdeolvkhg dv ehiruh1 Krzhyhu/
lq wkh frqglwlrqv ri sursrvlwlrq 4 lw lv srvvleoh wkdw wkh ñup fkrrvhv ë 9@ 3
dqg grhv qrw dozd|v lqyhvw zkhq wkh vwdwh lv K/ hyhq li lw zrxog kdyh lq0
yhvwhg zlwk suredelolw| 4 li ë @ 31 Wkxv wkh olqn ehwzhhq hqkdqfhg lqyhvwphqw
hïflhqf| dqg ulvn pdqdjhphqw srolf| lv eurnhq1

Rqh frxog dovr wklqn ri lqwhuphgldwh vlwxdwlrqv lq zklfk zlwk vrph
suredelolw| ñupv hlwkhu ohduq vwdwh K ru O dw wlph w @ 3 ru dw wlph w @ 41
Djdlq zh gr ñqg srrolqj lq wkh fkrlfh ri ë iru ñpv lq vwdwh K dqg O1
Frqfoxvlrqv duh qrw fkdqjhg lq dq| lqwhuhvwlqj zd|1

eëô ëëë |üihi @hi çLhhi*@|ðL?t Mi|êii? ñ@hð@M*it

Li wkh fdvk ðrzv rq wkh qhz surmhfw/ �|/ zhuh fruuhodwhg zlwk hlwkhu dvvhwv
lq sodfh �d ru zlwk wkh fdvk ðrzv ri wkh ñqdqfldo lqvwuxphqw �[/ wkhq uhvxowv
zrxog qrw eh txdolwdwlyho| prglñhg1 Frqvwudlqwv dqdorjrxv wr +4, fdq eh
hdvlo| irxqg/ dqg lw lv vwudljkwiruzdug wr lpsohphqw wkh vdph dqdo|vlv1

D N?UL?t|h@ð?i_ +ðt! , TLtýhi @?_ 6ð?@?Uð@* #ðtí
|hitt @| |üi W?ñit|4i?| #@|i

Frqvlghu qrz wkh srvvlelolw| ri ñqdqfldo glvwuhvv dw wkh lqwhuphgldwh gdwh
w @ 41 Wklv fdq rffxu li wkh vxssruw ri �[ lv +ý4>.4, dqg ë 9@ 3/ ru li
ë lv vxïflhqwo| odujh +lq devroxwh ydoxh, hyhq zkhq wkh vxssruw lv qrw ?1
Wkh pdlq glòhuhqfh iurp wkh suhylrxv dqdo|vlv vwhpv iurp wkh h{lvwhqfh ri
d ulvn ru ghidxow suhplxp uhtxluhg e| ulvn qhxwudo frpshwlwlyh wudghuv ri
wkh ñqdqfldo lqvwuxphqw �[ 1 Zkhq orvvhv lq ghulydwlyhv duh yhu| odujh wkh
ñup lv qrw deoh wr ñqdqfh wkhp dw w @ 41 Exw vwloo wkh ñup kdv wkh rqjrlqj
surmhfw �d/ dqg idfhv wkh ydoxdeoh qhz lqyhvwphqw rssruwxqlw|1 D edujdlqlqj
vlwxdwlrq dulvhv ehwzhhq wkuhh sduwlhv= +l, wudghuv/ zkr duh wkh frxqwhusduw|
rq wkh ñqdqfldo frqwudfw �[/ zdqw wr uhfhlyh zkdw wkh| duh gxh dw w @ 4>
+ll, ruljlqdo vkduhkroghuv zdqw wr pd{lpl}h wkh ydoxh ri wkhlu uhvlgxdo fodlp
lq wkh ñup> +lll, lqyhvwruv lq d frpshwlwlyh pdunhw duh dzduh ri wkh ñup*v
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glvwuhvv dw w @ 4 dqg dovr ri lwv ydoxdeoh qhz surmhfw wkdw uhtxluhv h{whuqdo
ñqdqflqj lq rughu wr jr dkhdg1

L frqvlghu wkh iroorzlqj zrunrxw pd| rffxu1 Wkh ñup pd| vwloo udlvh
ghew dw wlph w @ 4 lq rughu wr ñqdqfh wkh surmhfw/ dqg wklv qhz ghew zloo
wdnh sulrulw| ryhu dq| rwkhu fodlp rq wkh ñup1 Dw wlph w @ 5 ghewkroghuv/
zkr djdlq duh dvvxphg wr eh ulvn qhxwudo dqg frpshwlwlyh/ duh wkh ñuvw wr
eh sdlg1 Iurp zkdw lv ohiw +li dq|wklqj, wkh ghew +ixoo| ru sduwo|, gxh wr
orvvhv lq wudglqj �[ lv dovr uhsdlg> ñqdoo| li dq|wklqj lv ohiw lw dffuxhv wr
ruljlqdo vkduhkroghuv ri wkh ñup1 Wklv vhhpv wr eh d uhdvrqdeoh dvvxpswlrq
lq wklv frqwh{w/ dqg forvh wr _ghewru lq srvvhvvlrq% ñqdqflqj lq glvwuhvvixo
vlwxdwlrqv/ hyhq li wkh devroxwh sulrulw| uxoh lv ylrodwhg dv qhz ghewkroghuv
duh sdlg dw w @ 5 ehiruh wudghuv zkr vkrxog kdyh ehhq uhsdlg dw w @ 41

Wkh fodlp wkdw wklv zrunrxw lv uhdvrqdeoh/ ru wkdw lw dulvhv qdwxudoo|/
lv edvhg rq wkh idfw wkdw doo sduwlhv duh ehwwhu rò zlwk lw wkdq zlwkrxw
ñqdqflqj wkh qhz surmhfw dw doo1 Wkh wrwdo ydoxh wr vsolw lv kljkhu dw w @ 5/
dqg vr lw sd|v iru wkh wudghuv wr zdlw/ dffhsw sulrulw| jlyhq wr qhz ghewruv
dqg hqg xs zlwk d kljkhu sd|rò lq h{shfwhg whupv wkdq rwkhuzlvh1 Dv wkh
pdunhw iru ghew lv frpshwlwlyh/ lq htxloleulxp qhz ghewkroghuv pxvw h{shfw
wr euhdn0hyhq1 Wkhuhiruh lw lv srvvleoh wkdw vkduhkroghuv wkhpvhoyhv/ zkhq
xqghuwdnlqj wkh qhz surmhfw/ zloo uhfhlyh vwulfwo| d srvlwlyh sd|0rò lq vrph
vwdwhv ri wkh surmhfw dw w @ 51 Ixuwkhupruh zkdw L ñqg lq dq h{dpsoh lq
Dsshqgl{ D lv wkdw li ghew lv qrw jlyhq sulrulw|/ wkhq lw lv qrw lvvxhg dw
doo � wkh qhz surmhfw lv qrw xqghuwdnhq/ dqg doo sduwlhv duh zruvh rò1 Li/
krzhyhu/ rwkhu vroxwlrqv wr wkh edujdlqlqj rewdlq/ wkhq wkhvh uhvxowv vkrxog
qrw dsso|1

Erwk wkh idfh ydoxh ri ghew dqg wkh ulvn suhplxp rq �[ duh ghulyhg
hqgrjhqrxvo| dqg vlpxowdqhrxvo|1 Wklv pdnhv d ixoo ghulydwlrq ri htxlole0
uld xqghu dq lqwhuydo dv d vxssruw iru �[ lpsudfwlfdo1 Lq rughu wr rewdlq d
forvhg0irup vroxwlrq wr wkh sureohp/ lq zklfk wkh ulvn suhplxp rq �[ �
frqglwlrqdo rq ë � wkh idfh ydoxh ri ghew/ lqyhvwphqw ghflvlrqv/ dqg ulvn
pdqdjhphqw htxloleuld duh ghwhuplqhg vlpxowdqhrxvo|/ L uhvruw wr wkh h{dp0
soh lq Dsshqgl{ D1 Wkhuh L frpsduh wkh fkrlfh ehwzhhq ixoo| khgjlqj fdvk
hduqlqjv e| fkrrvlqj ë @ 3 dw wlph w @ 3/ dqg xqkhgjlqj e| fkrrvlqj vrph
ë 9@ 3 wkdw lv vxïflhqwo| odujh wr fdxvh glvwuhvv dw w @ 4 � dqg odujh hqrxjk
vr wkdw orvvhv lq �[ duh juhdwhu wkdq dM 1

Iurp wkh h{dpsoh/ kdg wkh ñup qrw ehhq dzduh ri wkh vwdwh +K ru O, dw
wlph w @ 3 lw zrxog dfwxdoo| fkrrvh wr cvshfxodwh* lq �[ lq htxloleulxp1 Wkh
lqwxlwlrq ehklqg wkh uhvxow lv wkdw lq glvwuhvvixo vlwxdwlrqv wkh ñup zloo vwloo
ñqdqfh wkh qhz surmhfw zkhwkhu wkh vwdwh lvK ru O/ dv lq vwdwh K vkduhkrog0
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huv kdyh qrwklqj wr orvh zkhq jrlqj dkhdg zlwk wkh surmhfw1 Wklv idfw uhvxowv
lq d orzhu ulvn suhplxp rq lqvwuxphqw �[ / dqg frqvhtxhqwo|/ lq lqfuhdvhg
lqyhvwphqw hïflhqf|1 Iluvw ehvw lqyhvwphqw hïflhqf| lv uhvwruhg/ dqg wklv
lv zkhuh wkh ydoxh ri _khdowk| vshfxodwlrq% frphv iurp1 Wkh rxwfrph ri
wklv h{dpsoh lv shukdsv frqwuryhuvldo1 Zkhq cvshfxodwlrq* lq ñqdqfldo lq0
vwuxphqw �[ ohdgv wr ñqdqfldo glvwuhvv wkh zrunrxw frqvlghuhg ohdgv wr ñuvw
ehvw lqyhvwphqw hïflhqf|��1 Wkh h{dpsoh vhuyhv dv surri ri wkh uhvxow=

Sursrvlwlrq 6 Dv orqj dv xqghulqyhvwphqw zrxog rffxu li ë @ 3/ lw lv
srvvleoh wkdw wkh ñup fkrrvhv d odujh ulvn h{srvxuh vr wkdw lw idfhv ñqdqfldo
glvwuhvv lq vrph vwdwhv1 Wklv idfw fdq ohdg wr ryhudoo lpsuryhg lqyhvwphqw
hïflhqf|1

Xqolnh ehiruh +sursrvlwlrq 5,/ lw lv lq vwdwh O rqo| wkdw wkh ñup ehqhñwv
iurp xqkhgjlqj1 Wkhuhiruh/ li dzduh dw w @ 3 ri wkh vwdwh ehlqj K ru O/
wkh ñup zrxog suhihu wr ixoo| khgjh udwkhu wkdq wr srro odwhu zkhq udlvlqj
ghew lq glvwuhvvixo vlwxdwlrqv1 Dqg wklv lv vr hyhq zkhq edodqfhg zlwk wkh
ehqhñwv ri lqyhvwlqj zlwk ulvnohvv ghew lq wkh jrrg vwdwhv ri qdwxuh1 Exw
djdlq zh idfh pxowlsoh htxloleuld/ dv O dqg K srro lq wkh fkrlfh ri ë1 Wkh
uhodwlyh ehqhñwv ri xqkhgjlqj lq vwdwh K ru O duh uhyhuvhg lq wkh suhvhqfh
ri ñqdqfldo glvwuhvv1

Dqrwkhu lqwhusuhwdwlrq iru wkh rxwfrph ri wklv zrunrxw olhv rq wkh idfw
wkdw ehfdxvh wkh ñup lv frqvwudlqhg qrw wr udlvh ru vshqg fdvk dw w @ 3�2/
wkh xvh ri d ulvn pdqdjhphqw ghylfh wkdw surgxfhv udqgrpqhvv dw wkh lq0
yhvwphqw gdwh pd| ohdg wkh ñup wr ryhufrph wkh lqhïflhqf| fdxvhg e| lwv
vxshulru lqirupdwlrq1 Ehfdxvh wkhuh lv udqgrpqhvv lq fdvk hduqlqjv/ iru
vrph uhdol}dwlrqv wkh ñup fdq lqyhvw hïflhqwo| lvvxlqj d idluo| sulfhg vhf0
fxulw|> zkhuhdv iru orz uhdol}dwlrqv ri fdvk hduqlqjv wkh edujdlqlqj surfhvv
dvvrfldwhg zlwk glvwuhvv lv _dv li% wkh ñup kdv vrog lwv dvvhwv0lq0sodfh +zklfk
duh wkh vrxufh ri dv|pphwu|, zkhq wkh| duh ri qr ydoxh wr fxuuhqw vkduh0
kroghuv1 Wklv pd| dovr eh ylhzhg dv d fkdqjh lq rzqhuvkls dqg frqwuro wr
d sduw| wkdw kdv qr vxshulru lqirupdwlrq dqg zloo wkhuhiruh wdnh hïflhqw
lqyhvwphqw ghflvlrqv1

Li h{rjhqrxv frvwv ri ñqdqfldo glvwuhvv zhuh wr eh h{solflwo| frqvlghuhg/
wkhvh uhvxowv vkrxog eh txdolñhg/ exw wkh dujxphqwv jlyhq deryh vwloo krog1
D ñqdo uhpdun rq wkh vrxufh ri ñqdqflqj1 Lq wkh suhvhqfh ri glvwuhvv dqg
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iru wkh zrunrxw ghvfulehg jlylqj sulrulw| wr qhz fodlpdqwv/ ghew lv fohduo|
dgydqwdjhrxv1

S çL?U*ý_ð?} +i4@h!t

Vrph olwhudwxuh uhodwhv wr wkh prgho ri wklv sdshu1 P|huv dqg Pdmoxi +4<;7,
dqg Iurrw/ Vfkduivwhlq dqg Vwhlq +4<<6, zhuh douhdg| phqwlrqhg1 Phoor
dqg Sduvrqv +4<<8/4<<9, dovr surylgh dq h{dpsoh lq zklfk oltxlglw| dqg
fdvk ðrz wlplqj sureohpv dvvrfldwhg zlwk khgjlqj orzhu wkh ñup ydoxh
devroxwho|1 Wkh sureohp wkh| ghdo zlwk lv qrw ri wkh vdph qdwxuh dv wkdw
ri wklv sdshu1 Udwkhu wkdq dq dv|pphwulf lqirupdwlrq vhwxs wkh| kdyh
d wzr vwdjh lqyhvwphqw ghflvlrq zkhuh wkh pdlq vrxufh ri lqhïflhqf| duh
edqnuxswf| frvwv1

Ghjhrujh/ Prvhooh dqg ]hfnkdxvhu +4<<9, frqvlghu dq dgyhuvh vhohfwlrq
sureohp/ lq zklfk pdqdjhuv ri wzr glòhuhqw ñup w|shv zloo fkrrvh wkh ohyho
ri ulvn ri wkhlu ñupv* hduqlqjv/ zklfk duh revhuyhg e| lqyhvwruv dqg xvhg wr
pdnh lqihuhqfhv derxw wkh ñupv* w|shv1 Dowkrxjk wkhlu iudphzrun lv d ulvn
qhxwudo hfrqrp| zlwk ulvn qhxwudo djhqwv/ wkh| dvvxph h{rjhqrxvo| d ixqf0
wlrqdo uhodwlrqvkls ehwzhhq h{shfwhg hduqlqjv dqg wkhlu yduldqfh +frqfdyh/
lqfuhdvlqj xs wr d srlqw dqg wkhq ghfuhdvlqj,/ vr wkdw d wudgh rò ehwzhhq
ulvn dqg h{shfwhg uhwxuq dfwxdoo| h{lvwv1 Khuh L h{dplqh dq lqyhvwphqw gh0
flvlrq iru zklfk h{ dqwh ulvn pdqdjhphqw lv uhohydqw> lq wkhlu prgho/ ulvn
pdqdjhphqw pdwwhuv ñuvw ri doo ehfdxvh lw lv wkh fkrlfh ri dyhudjh hduqlqjv/
dqg dovr ehfdxvh ñupv duh dzduh ri wkhlu w|shv zkhq fkrrvlqj ulvn h{srvxuhv1
Wkh| vkrz wkdw li wkh fkrlfh ri ulvn lv revhuydeoh wkhuh lv srrolqj ehkdylru/
dprqj zklfk ehwwhu ñupv zrxog udwkhu kdyh orzhu yduldqfh +pruh uhyhdolqj,/
dv rssrvhg wr zruvh ñupv1 Wkh lvvxh ri olplwhg oldelolw| lv glvuhjdughg1

Zlwkrxw irfxvlqj rq wkh uroh ri ulvn pdqdjhphqw/ rwkhuv kdyh dw0
whpswhg wr ñqg vroxwlrqv wr wkh lqhïflhqflhv hqfrxqwhuhg lq P|huv dqg
Pdmoxi +4<;7,1 D ixoo| vdwlvidfwru| vroxwlrq wr wkh lqyhvwphqw lqhïflhqf|
sureohp kdv qrw |hw ehhq irxqg1 Lq d frqwudfwlqj shuvshfwlyh G|eylj dqg
]hqghu +4<<4 dujxhg wkdw wkh lqhïflhqf| olhv lq wkh remhfwlyh ixqfwlrq fkr0
vhq iru wkh pdqdjhu1 Krzhyhu Shuvrqv +4<<7,�ô vkrzv wkdw wkh frqwudfwxdo
vroxwlrq vxjjhvwhg e| G|eylj dqg ]hqghu +4<<4, lv qrw urexvw wr uhqhjrwl0
dwlrq/ zkhuhdv wkdw lq P|huv dqg Pdmoxi +4<;7, lv g|qdplfdoo| frqvlvwhqw1
Wkh irfxv ri prvw ri wkh olwhudwxuh kdv ehhq rq vhfxulw| ghvljq1 H{dpsohv duh
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Qrh +4<;;,�e/ Qdfkpdq dqg Qrh +4<<7,/ GhPdu}r dqg Gxïh +4<<9,/Frq0
vwdqwlqlghv dqg Juxqg| +4<;<,/ Euhqqdq dqg Nudxv +4<;:,/ Vwhlq +4<<5,
dqg Uhehoor +4<<8,1 Doo wkhvh frqfhqwudwh hòruwv lq ghwhuplqlqj ñqdqflqj
vwudwhjlhv wkdw hqkdqfh lqyhvwphqw hïflhqf|1 Wkh lvvxh ri frusrudwh ulvn
pdqdjhphqw glvfxvvhg lq wklv sdshu grhv qrw uhfhlyh wkhlu dwwhqwlrq1 Exw/
dv srlqwhg rxw ehiruh/ wkh xvh ri d ulvn pdqdjhphqw lqvwuxphqw fdq eh lq0
whusuhwhg dv sduw ri wkh vhfxulw| ghvljq surjudp ri wkh ñup +dv dq| ñqdqfldo
ghflvlrq lv/ iru wkdw pdwwhu,1

Wklv sdshu sursrvhv d udwlrqdoh iru frusrudwh ulvn pdqdjhphqw lq dq
dv|pphwulf lqirupdwlrq iudphzrun1 Xvlqj wkh edvlf vhw0xs ri P|huv dqg
Pdmoxi +4<;7,/ L lqwurgxfh wkh srvvlelolw| ri d ñup pdqdjlqj lwv h{srvxuh wr
vrph ulvn xqghuo|lqj wkh uhdol}dwlrq ri wkh ñup*v fdvk hduqlqjv dw dq lqwhu0
phgldwh gdwh lq zklfk d uhdo lqyhvwphqw ghflvlrq lv pdgh1 Wkh dvvxpswlrqv
ri wklv prgho duh vxemhfw wr wkh vdph fulwlflvp wkdw P|huv dqg Pdmoxi +4<;7,
dqg vxevhtxhqw olwhudwxuh idfhv1 Dv frqvrodwlrq rqh pd| dujxh wkdw wkhuh
lv qr uhdvrq wr eholhyh wkdw wklv vhw ri dvvxpswlrqv lv ohvv uhdvrqdeoh wkdq
rwkhuv1 Lq rxu fdvh hyhq li zh frqvlghuhg d glòhuhqw remhfwlyh ixqfwlrq iru
wkh pdqdjhu lq zklfk pd{lpl}lqj sdvvlyh fxuuhqw vkduhkroghuv* lv qrw wkh
rq| lqjuhglhqw/ dv orqj dv lw lv wkhuh wr vrph h{whqw/ rxu uhvxowv pd| eh
plwljdwhg/ exw duh suhvhqw1

Wkh glvfxvvlrq ri wkh uhvxowv* urexvwqhvv wr vrph ri wkh dvvxpswlrqv
ri wkh prgho zdv ohiw wr wklv odvw vhfwlrq1 Zkdw kdsshqv li/ lqvwhdg ri
d vlpsoh elqdu| yduldeoh/ wkh vxssruw ri wkh dvvhwv lq sodfh lv vrphwklqj
hovhB Iru lqvwdqfh vxssrvh wkdw wkhuh duh wkuhh srvvleoh uhdol}dwlrqv ri �d
+du/ d� dqg dM,1 Li wkhuh lv qr dv|pphwu| dw wkh wlph ri fkrrvlqj ë/ wkh
rqo| srvvlelolw| ri vhsdudwlrq ru _vljqdolqj% lv kdylqj wkh lqwhuphgldwh w|sh
lvvxlqj d glòhuhqw vhfxulw| iurp zkdw wkh rwkhu wzr w|shv gr1 Iru wklv olqh
ri uhvxowv zh fdq uhyhuw wr Qrh +4<;;,1 Wklv grhv qrw dowhu wkh frqfoxvlrqv
derxw wkh ydoxh ri wkh fkrlfh ri ulvn h{srvxuh ë1 Li wkh ñup lv douhdg| dzduh
ri lwv w|sh zkhq fkrrvlqj ë/ wkhq lw lv srvvleoh wkdw zh ñqg lq htxloleulxp wkh
lqwhuphgldwh w|sh fkrrvlqj d ohyho ri ë wkdw lv glòhuhqw iurp zkdw wkh rwkhuv
fkrrvh1 Vwloo zh zloo dozd|v ñqg lq htxloleulxp srrolqj lq wkh fkrlfh ri ë e|
wkh h{wuhph w|shv1 Wklv kdsshqv li zh frqvlghu dovr d frqwlqxrxv vxssruw
^d
ç
> çd`iru �d1 Li dq|wklqj/ wkh fkrlfh ri ulvn pdqdjhphqw srolf| ehfrphv hyhq

pruh lpsruwdqw dqg uhyhdolqj1
Frqvlghulqj d glòhuhqw vxssruw iru wkh khgjhdeoh ulvn �[ grhv qrw txdo0

lwdwlyho| fkdqjh frqfoxvlrqv1 Li zh frqvlghu d erxqghg lqwhuydo dv vxssruw/
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zh qrz ghñqh iru glòhuhqw ydoxhv ri ë zkdw lv wkh fulwlfdo ydoxh ri �[ deryh
+ru ehorz, zklfk wkh ñup lqyhvwv lq vwdwh K1 Dqg wkh vdph dqdo|vlv dv
ehiruh lv fduulhg rxw1 Wkh fdvh ri xqerxqghg �[ zdv phqwlrqhg lq vhfwlrq 81

Wkh prgho frqvlghuv dq lqyhvwphqw surmhfw ri ñ{hg vfdoh/ doorzlqj iru
lwv dvvrfldwhg fdvk ðrzv wr eh udqgrp1 Lw lv reylrxv wkdw frqvlghulqj d gli0
ihuhqw surgxfwlrq ixqfwlrq zloo lqyroyh wkh vdph w|sh ri uhvxowv lq whupv ri
uhohydqfh ri wkh fkrlfh ri ë/ dv orqj dv wkhuh lv vrph vruw ri glvfrqwlqxlw|/
ru vwhs lq wklv ixqfwlrq1 Lw pd| eh whpswlqj wr dqdo|vh d ulvn pdqdjhphqw
dqg lqyhvwphqw htxloleulxp lq wkh suhvhqfh ri d frqwlqxrxv surgxfwlrq ixqf0
wlrq1 Wklv srvhv vhyhudo sureohpv/ sduwlfxoduo| dv zh duh frqvlghulqj udqgrp
sd|ròv dqg qhhg wr lpsrvh vrph vwuxfwxuh rq wkh ulvnlqhvv ri wkh surmhfw1
Iru wklv uhdvrq zh duh qrw deoh wr ghulyh d jhqhudo uhvxow wkdw dssolhv wr
_doo% surgxfwlrq ixqfwlrqv � zklfk vkrzv krz fuxfldo dqg ghwdlohg wklv
dqdo|vlv pxvw eh zkhq frqgxfwhg lq uhdo olih vlwxdwlrqv1 L frqvlghuhg vhy0
hudo h{dpsohv ri frqfdyh surgxfwlrq ixqfwlrqv dqg irxqg wkh vdph ulfkqhvv
ri uhvxowv lq whupv ri rswlpdo fkrlfhv ri ë dqg lqyhvwphqw srolf| +zkhq
vfdoh doorzv iru vhsdudwlrq ri glòhuhqw w|shv,1 Iru h{dpsoh/ iru d ixqfwlrq
H^i+L,` @ ý �

effL
2.3=87L zlwk htxlsuredeoh fdvk ðrzv +L.5i>ýL,/ du @ 93/

dqg dM @ 533/ L ñqg wkdw li htxlw| lv wkh rqo| vrxufh ri ñqdqflqj � dv lq
P|huv dqg Pdmoxi +4<;7, � d ñup zloo eh ehwwhu rò li lw grhv qrw ixoo|
khgjh lwv lqwhuphgldwh fdvkðrzv zkhq wkh khgjhg ohyho lv ý83> exw li wkh
ñup nqrzv lwv w|sh dw wkh wlph ri fkrrvlqj ë/ wkhq lq vwdwh K wkh ñup zrxog
kdyh dfwxdoo| suhihuuhg wkh ixoo khgjh htxloleulxp1 Zlwk ghew/ djdlq zh ñqg
frpsoh{ uhvxowv lq zklfk wkh fkrlfh ri ë lv uhohydqw/ dqg vshfxodwlrq fdq eh
irxqg lq htxloleulxp�D1 Frqfhuqv uhjduglqj pxowlsoh htxloleuld zloo vwloo eh
suhvhqw/ dv h{shfwhg1

Vxppdul}lqj uhvxowv/ L vwduw zlwk d frqvwudlqw ri qrq0ñqdqfldo glvwuhvv
dw wkh lqwhuphgldwh gdwh lq zklfk wkh uhdo lqyhvwphqw ghflvlrq lv pdgh1 E|
grlqj vr L ñqg wkdw wkh pdlq frqwulexwlrqv ri wkh sdshu duh wkh iroorzlqj= +4,
Frusrudwh ulvn pdqdjhphqw lv qrw lqglòhuhqw wr wkh ñup/ dqg lqðxhqfhv lq0
yhvwphqw hïflhqf|> +5, wkhuh duh htxloleuld lq zklfk wkh ñup fkrrvhv wr _qrw
khgjh% lwv lqwhuqdoo| jhqhudwhg ixqgv> +6, wklv dssduhqwo| vshfxodwlyh ehkdy0
lru lv prwlydwhg e| lqyhvwphqw frqfhuqv1 _Qrw khgjlqj% hqkdqfhv hïflhqf|>
+7, wkh lpsruwdqfh ri d fohdu glvforvxuh ri ulvn h{srvxuhv lv uhlqvwdwhg> +8,
wkh frvw ri h{whuqdo ñqdqflqj lv hqgrjhqrxvo| ghulyhg> +9, Uhvxowv krog iru
wkh edvlf fdvh ri ghew lvvxhv/ exw L dovr frqvlghu htxlw| dv d vrxufh ri h{whu0
qdo ñqdqfh1 +:, Wkh gluhfwlrq ri wkhvh uhvxowv lv qrw dòhfwhg e| kdylqj wkh
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fdvk ðrzv ri wkh qhz surmhfw fruuhodwhg zlwk hlwkhu wkh vrxufh ri ulvn xqghu
pdqdjhphqw ru wkh pdqdjhu*v sulydwh lqirupdwlrq> +;, Wkh wlplqj ri wkh
uhyhodwlrq ri wkh pdqdjhu*v vxshulru sulydwh lqirupdwlrq lqðxhqfhv wkh htxl0
oleulxp h{srvxuh wr ulvn � wkh olqn ehwzhhq ulvn h{srvxuh dqg lqyhvwphqw
hïflhqf| lv qrw vr fohdu zkhq wkh dv|pphwu| lv uhyhdohg hduo|1

Zkhq ñqdqfldo glvwuhvv lv doorzhg wr rffxu dw wkh lqyhvwphqw gdwh/ dqg
dffruglqj wr dvvxpswlrqv pdgh derxw d srvvleoh zrunrxw/ vshfxodwlrq fdq
vwloo eh fkrvhq lq htxloleulxp/ dqg wklv fdq eh _khdowk|%/ dv lw lv dvvrfldwhg
zlwk hqkdqfhg lqyhvwphqw hïflhqf|1 L ñqg wkdw= +4, Li wkh ñup kdv qr sur0
sulhwdu| lqirupdwlrq dw wkh wlph ri fkrrvlqj lwv ulvn h{srvxuh/ wkhq lw fkrrvhv
wr cvshfxodwh*/ dqg wklv lqgxfhv hqkdqfhg lqyhvwphqw hïflhqf|1 Hyhq ñuvw
ehvw hïflhqf| fdq eh uhvwruhg1 Wkh uhvxow lv shukdsv frqwuryhuvldo/ dv vshf0
xodwlrq lqgxfhv lqyhvwphqw hïflhqf| zkhq wkh ñup jrhv wkurxjk ñqdqfldo
glvwuhvv1 Wklv rshqv zd| iru ixwxuh uhvhdufk1 Dqrwkhu lqwhusuhwdwlrq iru
wklv uhvxow lv wkdw lq glvwuhvvixo vlwxdwlrqv wkh ñup*v dvvhwv0lq0sodfh ehfrph
zruwkohvv wr fxuuhqw vkduhkroghuv1 Wkhlu pdqdjhu*v vxshulru lqirupdwlrq lv
ri qr ydoxh/ dqg lqyhvwphqw ghflvlrqv zloo eh wdnhq dffruglqj wr hïflhqf|
fulwhuld1 +5, Shukdsv vxusulvlqjo|/ li wkh ñup uhfhlyhv sulydwh lqirupdwlrq
hduolhu ehiruh fkrrvlqj wkh ulvn pdqdjhphqw srolf|/ wkhq lw zrxog suhihu wr
khgjh zkhq lwv lqirupdwlrq lv idyrudeoh1 Wklv kdsshqv wr dyrlg vkdulqj ñ0
qdqfldo glvwuhvv frvwv zlwk _zruvh w|shv%/ dv wkh pdunhw dozd|v shufhlyhv
d srrohg dyhudjh txdolw| ñup1 Vr khgjlqj frxog wdnh sodfh lq htxloleulxp1
Djdlq wkh vwuhqjwkv dw vwdnh glòhu iurp wkh prgho zkhq qr glvwuhvv lv do0
orzhg dw wkh lqyhvwphqw gdwh dqg wkh ñqdqfldo lqvwuxphqw xvhg wr pdqdjh
ulvn fduulhv qr ghidxow suhplxp1

+iuihi?Uit

41 Euhhghq/ G1 dqg V1 Ylvzdqdwkdq/ 4<<9/ _Zk| Gr Ilupv KhgjhB Dq
Dv|pphwulf Lqirupdwlrq Prgho%/ zrunlqj sdshu/ Ixtxd Vfkrro ri
Exvlqhvv/ Gxnh Xqlyhuvlw|

51 Euhqqdq/ P1 dqg D1 Nudxv/ 4<;:/ _Hïflhqw Ilqdqflqj xqghu Dv|p0
phwulf Lqirupdwlrq%/ Wkh Mrxuqdo ri Ilqdqfh/ Yro1 75/ ss 4558~4576

61 Fdgve|/ F1/ P1 Iudqn/ dqg Y1 Pdnvlprylf/ 4<<3/ _Srrolqj/ Vhsdudw0
lqj/ dqg Vhplvhsdudwlqj Htxloleuld lq Ilqdqfldo Pdunhwv= Vrph H{shu0
lphqwdo Hylghqfh%/ Wkh Uhylhz ri Ilqdqfldo Vwxglhv/ Yro1 6/ 648~675

71 Frqvwdqwlqlghv/ J1 P1/ dqg E1 G1 Juxqg|/ 4<;</ _Rswlpdo Lqyhvwphqw
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zlwk Vwrfn Uhsxufkdvh dqg Ilqdqflqj dv Vljqdov%/ Wkh Uhylhz ri Il0
qdqfldo Vwxglhv/ Yro1 5/ ss 778~798

81 Gdqlho/ N1 dqg V1 Wlwpdq/ 4<<8/ _Ilqdqflqj Lqyhvwphqw xqghu Dv|p0
phwulf Lqirupdwlrq%/ lq Kdqgerrnv lq Rshudwlrqv Uhvhdufk dqg Pdq0
djhphqw Vflhqfh/ Yro1 </ Fkdswhu 56/ :54~:99

91 Ghjhrujh/ I1/ E1 Prvhooh dqg U1 ]hfnkdxvhu/ 4<<9/ _Khgjlqj dqg Jdp0
eolqj= Frusrudwh Ulvn Fkrlfh Zkhq Lqiruplqj wkh Pdunhw%/ FHSU
Glvfxvvlrq Sdshu Qr1 4853

:1 GhPdu}r/ S1 dqg G1 Gxïh/ 4<<8/ _Frusrudwh Lqfhqwlyhv iru Khgjlqj
dqg Khgjh Dffrxqwlqj %/ Wkh Uhylhz ri Ilqdqfldo Vwxglhv/ Yro1 ;/ ss
:76~::4

;1 GhPdu}r/ S1 dqg G1 Gxïh/ 4<<9/ _D Oltxlglw| EdvhgPrgho ri Vhfxulw|
Ghvljq%/ zrunlqj sdshu/ Nhoorj Vfkrro ri Pdqdjhphqw/ Qruwkzhvwhuq
Xqlyhuvlw|

<1 G|eylj/ S1 K1 dqg M1 I1 ]hqghu/ 4<<4/ _Fdslwdo Vwuxfwxuh dqg Glylghqg
Luuhohydqfh zlwk Dv|pphwulf Lqirupdwlrq%/ Wkh Uhylhz ri Ilqdqfldo
Vwxglhv/ Yro1 7/ ss 534~54<

431 Iurrw/ N1 D1/ G1 V1 Vfkduivwhlq dqg M1 F1 Vwhlq/ 4<<6/ _Ulvn Pdqdjh0
phqw= Frruglqdwlqj Frusrudwh Lqyhvwphqw dqg Ilqdqflqj Srolflhv %/
Wkh Mrxuqdo ri Ilqdqfh/ Yro1 7;/ ss 495<~498;

441 Phoor/ D1 V1 dqg M1 H1 Sduvrqv/ 4<<8/ _Ixqglqj Ulvn dqg Khgjh Ydox0
dwlrq%/ zrunlqj sdshu/ Xqlyhuvlw| ri Zlvfrqvlq0Pdglvrq

451 Phoor/ D1 V1 dqg M1 H1 Sduvrqv/ 4<<9/ _Zkhq Khgjlqj lv Ulvn|= dq
H{dpsoh%/ zrunlqj sdshu/ Xqlyhuvlw| ri Zlvfrqvlq0Pdglvrq

461 P|huv/ V1 F1 dqg Q1 V1 Pdmoxi/ 4<;7/ _Frusrudwh Ilqdqflqj dqg Lq0
yhvwphqw Ghflvlrqv Zkhq Ilupv Kdyh Lqirupdwlrq wkdw Lqyhvwruv Gr
Qrw Kdyh%/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ Yro1 46/ ss 4;:~554

471 Qdfkpdq/ G1 F1 dqg W1 K1 Qrh/ 4<<7/ _Rswlpdo Ghvljq ri Vhfxulwlhv
xqghu Dv|pphwulf Lqirupdwlrq%/ Wkh Uhylhz ri Ilqdqfldo Vwxglhv/
Yro1 :/ ss 4~77

481 Qrh/ W1 K1/ 4<;;/ _Fdslwdo Vwuxfwxuh dqg Vljqdolqj Jdph Htxloleuld%/
Wkh Uhylhz ri Ilqdqfldo Vwxglhv/ ss 664~688
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491 Shuvrqv/ M1 F1/ 4<<7/ _Uhqhjrwldwlrq dqg wkh Lpsrvvlelolw| ri Rswlpdo
Lqyhvwphqw%/ Wkh Uhylhz ri Ilqdqfldo Vwxglhv/ Yro1 :/ ss 74<~77<

4:1 Shuvrqv/ M1 F1/ 4<<8/ _Ixoo| Uhyhdolqj Htxloleuld zlwk Vxerswlpdo Lq0
yhvwphqw%/ zrunlqj sdshu <80:/ Ilvkhu Froohjh ri Exvlqhvv/ Wkh Rklr
Vwdwh Xqlyhuvlw|

4;1 Uhehoor/ P1 M1/ 4<<8/ _Dgyhuvh Vhohfwlrq Frvwv dqg wkh Ilup*v Ilqdqf0
lqj dqg Lqvxudqfh Ghflvlrqv%/ Mrxuqdo ri Ilqdqfldo Lqwhuphgldwlrq/
Yro1 7/ ss 54~7:

4<1 Vplwk/ F1 Z1 dqg U1 Vwxo}/ 4<;8/ _Wkh Ghwhuplqdqwv ri Ilupv* Khgj0
lqj Srolflhv%/ Wkh Mrxuqdo ri Ilqdqfh/ Yro1 53/ ss 6<4~738

531 Vwhlq/ M1 F1/ 4<<5/ _Frqyhuwleoh Erqgv dv Edfngrru Htxlw| Ilqdqflqj%/
Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ Yro1 65/ ss 6~54

úTTi?_ð ú í , @4T*iG 6ð?@?Uð@* #ðt|hitt @| | ' �

Frqvlghu wkh iroorzlqj vhwxs=

V @ 3 dK @ 483 L @ 533
�V @ ë+ �[ ý u+ë,, dO @ 83 e @ 43

zkhuh u+ë, lv wkh ulvn suhplxp uhtxluhg e| wkh ghdohu/ rq �[+fdq eh wudghg RWF,1
Ghñqh dovr U+ë, @ ëu dv wkh wrwdo ulvn suhplxp jlyhq h{srvxuh ë1 Dvvxph wkdw �[
fdq dvvxph ydoxhv 4 ru 04 zlwk suredelolw| 425 hdfk1 Wkh lqyhvwphqw surmhfw kdv
h{shfwhg QSY ri 43/ dv lw fdq dvvxph zlwk htxdo suredelolw| wzr ydoxhv= 453 ru
04331 Iru vlpsolflw| L dp frqvlghulqj wkdw wkh qdwxudo h{srvxuh wr �[ lv }hur vr wkdw
ë lv ixoo| gxh wr wudglqj lq wkh ñqdqfldo lqvwuxphqw1

+4, Li wkhuh lv ixoo khgjlqj/ ë @ 3/ dqg fdvk hduqlqjv dw w @ 4 duh 31 Lq rughu
wr lqyhvw ñupv pxvw udlvh L @ 5331 Wkh idfh ydoxh ri ghew G/ jlyhq euhdn0hyhq iru
d frpshwlwlyh edqn lv vxfk wkdw=

533 @ 4@7plq+G> 7:3, . 4@7plq+G> 583, . 4@7plq+G> 6:3, . 4@7plq+G> 483,

G @ 549=ç9 +8,

Lq vwdwh K wkh ñup zrxog qrw lqyhvw49 ehfdxvh=

YK+g4, @ 4@5+7:3ý 549=ç9, . 4@5+583ý 549=ç9, ? 483 @ YK+g3,
�SW UüiU!i_ |ü@| |üi t@4i êLý*_ ü@TTi? ý?_ih i^ýð|) �?@?Uð?}ë
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Khqfh lq htxloleulxp= sú @ 4 dqg tú @ 3/ zlwk YK @ 483 dqg YO @ 93/ dv wkh idfh
ydoxh ri ghew lv ñqdoo|=

533 @ 4@5plq+GO> 6:3, . 4@5plq+GO> 483,

GO @ 583

+5, Vxssrvh qrz wkdw ë @ 493 dqg vr glvwuhvv pljkw rffxu dw w @ 41 Lq wkdw
fdvh lw lv dvvxphg wkdw ñupv pd| vwloo udlvh ghew/ zklfk zloo kdyh sulrulw| dw w @ 5
ryhu wkh orvv lq ghulydwlyhv zlwk wkh wudghu1 Zlwk htxdo suredelolw| �V dw w @ 4 fdq
eh hlwkhu 493ýU ru ý493ýU/ zkhuh U lv ghulyhg hqgrjhqrxvo|/ vr wkdw wkh ghdohu
euhdnv hyhq lq h{shfwhg whupv lq d frpshwlwlyh pdunhw1 U pxvw vdwlvi|=

3 @ 4@5+ý493.U, . 4@;plq+493 .U> 7:3ýG, . 4@;plq+493 .U> 583ýG, .
. 4@;plq+493 .U> 6:3ýG, . 4@;plq+493 .U>pd{+483ýG> 3,,

U @ 8;=ç9 +9,

Lq wkh _edg% vwdwh +{ @ ý4, ghew wr wkh wudghu dw w @ 4 lv V @ ý493ý8;=ç9 @ ý54;=ç91
Dqg G @ 549=ç9/ khqfh=

YO+ë @ 493>{ @ ý4, @ 4@5pd{+3> 6:3ý 549=ç9ý 54;=ç9, .
. 4@5pd{+3> 483ý 549=ç9ý 54;=ç9,
@ 3 +:,

YK+ë @ 493>{ @ ý4, @ 4@5pd{+3> 7:3ý 549=ç9ý 54;=ç9, .
. 4@5pd{+3> 583ý 549=ç9ý 54;=ç9,
@ 4:=ç6 +;,

Lq wkh _jrrg% vwdwh +{ @ 4,/ V @ 493 ý 8;=ç9 @ 434=ç6 dw w @ 41 Wr lqyhvw lq wkh
surmhfw ulvn0iuhh ghew ri <;=ç9 fdq eh lvvxhg1 Lq wklv fdvh=

YO+ë @ 493> { @ 4, @ 4@5+6:3ý <;=ç9, . 4@5+483ý <;=ç9, @ 494=ç6 +<,

YK+ë @ 493> { @ 4, @ 4@5+7:3ý <;=ç9, . 4@5+583ý <;=ç9, @ 594=ç6 +43,

Ryhudoo iru erwk w|shv=

çYO+ë @ 493, @ 4@5+494=ç6 . 3, @ ;3=ç9 A 93 @ YO+ë @ 3, +44,
çYK+ë @ 493, @ 4@5+594=ç6 . 4:=ç6, @ 46<=ç6 ? 483 @ YK+ë @ 3, +45,

Li ñupv duh dzduh ri wkhlu w|shv dw w @ 3 w|sh K fkrrvhv ë @ 3 dqg w|sh O srrov1
Exw li wkh ñup lv xqdzduh ri lwv w|sh dw w @ 3/ wkhq lw suhihuv wr vshfxodwh idflqj
srvvleo| glvwuhvv dw w @ 4/ exw lqyhvwlqj dozd|v=

Hw@3+Y m ë @ 3, @ 4@5+483 . 93, @ 438 +46,

Hw@3+Y m ë @ 493, @ 4@5+46<=ç6 . ;3=ç9, @ 443 +47,
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Wklv h{dpsoh lv lq idfw pruh jhqhudo1 Iru fdvhv lq zklfk glvwuhvv lv hyhq pruh
vhulrxv/ ë . U A 7:3 ýG/ lw lv irxqg wkdw U @ ë ý 443 @ ë ý Hw@3+Y m ë,1 Zkhq
{ @ ý4/ wkh ñup jhwv 3 lq erwk K dqg O1 Exw zkhq { @ 4/ wkh uhdol}dwlrq
ri �V lv ë ý U @ 4431 Wkh uhpdlqlqj <3 fdq eh udlvhg ulvnohvvo|1 Khqfh ryhudoo
YK @ +5:3 . 3,@5 dqg YO @ +4:3 . 3,@51 Ilqdoo| dw w @ 3 wkh ñup h{shfwv sd|0rò
Hw@3+Y m ë 9@ 3, @ 443 A 438 @ Hw@3+Y m ë @ 3,1

úTTi?_ð î í èhLLut

E141 Surri ri Ohppd 4=

Lqyhvwruv fdq lghqwli| wkh vwdwh K ru O dw w @ 4 dv zhoo dv wkh ñup1 Li ñup l
+l @ K>O, kdv lqwhuqdo ixqgv çV ? L dqg uhtxhvwv h{whuqdo ñqdqflqj ri L ý çV/
lqyhvwruv surylgh L ý çV nqrzlqj wkdw wkh| euhdn hyhq lq h{shfwhg whupv ehfdxvh
wkh lqyhvwphqw surmhfw kdv d srvlwlyh h{shfwhg QSY1 Ilup w|sh l frpsduhv wkh
h{shfwhg sd|rò ri qrw lqyhvwlqj/ dl . çV/ wr wkdw ri lqyhvwlqj/ dl . çV . e1
Ulvn pdqdjhphqw ri �V lv luuhohydqw ehfdxvh wkh h{shfwhg ydoxh wr ruljlqdo vkduh0
kroghuv ri ñup l zkhq khgjlqj lv dl . V . e> li fkrrvlqj ë 9@ 3/ wkh h{shfwhg ydoxh
ri lqyhvwlqj lv Hw@3^dl . V . ë �[ . e` @ dl . V . ëHw@3+ �[, . e @ dl . V . e1
Wkh w|sh ri ñqdqflqj lv luuhohydqw ehfdxvh wkh ñup w|sh lv revhuyhg/ zklfk lpsolhv
wkdw plvsulflqj qhyhu rffxuv1 Li ñup w|sh l lvvxhv htxlw| ri L ý çV/ wkh pdunhw
fruuhfwo| ydoxhv wkh ñup dw S @ dl . e . çV +qhw ri wkh h{whuqdo ñqdqflqj/ ydoxhg
dw L ý çV,/ dqg w|sh l fohduo| fkrrvhv wr lqyhvw1 Li ñup w|sh l lvvxhv ghew wr ñqdqfh
wkh surmhfw/ wkh idfh ydoxh ri wkh ghew Gl lv ghñqhg lpsolflwo| dv=

L ý çV @

] 4

ýL
plqiGl> dl . L . |ji+|,g|

L ý çV @

] GlýdlýL

ýL
+dl . L . |,i+|,g| .

] 4

GlýdlýL
Gli+|,g| +48,

dqg wkh ñup dozd|v lqyhvwv/ lqghshqghqwo| ri wkh vwdwh ehlqj K ru O ehfdxvh=] 4

ýL
pd{i3> dl . L . | ýGlji+|,g| A dl . çV] 4

GlýdlýL
+dl . L . |,i+|,g| ý

] 4

GlýdlýL
Gli+|,g| A dl . çV +49,

Wrjhwkhu zlwk wkh ghñqlwlrq ri Gl lq +48,/ +49, lpsolhv wkdw=] 4

GlýdlýL
+dl . L . |,i+|,g| ý L . çV .

] GlýdlýL

ýL
+dl . L . |,i+|,g| A dl . çV

vlpsoli|lqj wr e ì Hw@4+�|, A 3/ zklfk krogv e| ghñqlwlrq1 Li çV è L wkh ñup dozd|v
lqyhvwv lqghshqghqwo| ri ohduqlqj K ru O/ zlwkrxw wkh qhhg iru h{whuqdo ñqdqflqj1
Wklv frpsohwhv wkh surri1 í
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E151 Surri ri Ohppd 5= Gluhfw iurp surri ri ohppd 61

E161 Surri ri Ohppd 6=

41 Lq vwdwh O wkh ñup fkrrvhv tú lq rughu wr pd{lpl}h=

YO+t m s>G, @ +4ý t,
] 4

ýL
pd{i3> dO . L . | ýGji+|,g| . t+dO . çV, +4:,

vxemhfw wr

L ý çV @
4ý s

5ý sý t
] 4

ýL
plqiG>dK . L . |ji+|,g| .

.
4ý t

5ý s ý t
] 4

ýL
plqiG>dO . L . |ji+|,g| +4;,

Lq htxloleulxp/ wrwdoo| glòhuhqwldwlqj +4:, zlwk uhvshfw wr t dqg G=

gYO @ ^dO . çV ý
] 4

GýdOýL
+dO . L . | ýG,i+|,g|`gt .

ý+4ý t,^4ý I +Gý dO ý L,`gG +4<,

E| dovr wrwdoo| glòhuhqwldwlqj +4;, L rewdlq=

i+4ý s,^4ý I +G ý dK ý L,` . +4ý t,^4ý I +Gý dO ý L,`jgG
@ ^

] 4

ýL
plqiG>dO . L . |ji+|,g| ý +L ý çV,`gt +53,

Khqfh=

gG @

U4
ýL plqiG> dO . L . |ji+|,g| ý +L ý çV,

+4ý s,^4ý I +G ý dK ý L,` . +4ý t,^4ý I +Gý dO ý L,`gt +54,

Wkhuhiruh/ lq htxloleulxp CG
Ct A 31

51 Sxwwlqj +54, wrjhwkhu zlwk +4<, uhvxowv lq=

gYO @ ^dO . çV ý
] 4

GýdOýL
+dO . L . | ýG,i+|,g|`gt .

ý+4ý t,^4ý I +G ý dO ý L,`CG
Ct
gt +55,

Khqfh CYO
Ct ? 31 Ilqdoo|= tú @ 3/ li wklv lv dq htxloleulxp vwudwhj|/ zklfk L

fkhfn ehorz1

+l, tú @ 3 lv dq htxloleulxp vwudwhj| lq vwdwh O/ dv wkhuh lv qr lqfhqwlyh wr
ghyldwh wr dq| rwkhu vwudwhj| z 5 +3> 4`/ jlyhq dq| s 5 ^3> 4`/ dqg wkdw wkh
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pdunhw kdv udwlrqdoo| iruphg eholhiv=] 4

ýL
pd{i3> dO . L . | ýGhji+|,g| è z+dO . çV, .

+4ýz,
] 4

ýL
pd{i3> dO . L . | ýGhji+|,g| +56,

zlwk Gh ghñqhg lpsolflwo| dv=

L ý çV @
4ý s
5ý s

] 4

ýL
plqiGh> dK . L . |ji+|,g| .

4

5ý s
] 4

ýL
plqiGh> dO . L . |ji+|,g| +57,

+56, fdq eh uhzulwwhq dv=] 4

ýL
pd{i3> dO . L . | ýGhji+|,g| è dO . çV +58,

+ll, Ghñqh GO dv wkh idfh ydoxh ri ghew lq fdvh wkh pdunhw eholhyhv wkdw wkh
lvvxlqj ñup lv w|sh O zlwk suredelolw| 4=

L ý çV @

] 4

ýL
plqiGO> dO . L . |ji+|,g| +59,

Qrwh wkdwGO è Gh/ iru s é 4/ ehfdxvh dK.L.| A dO.L.| ;|> wklv lpsolhv
wkdw plqiG>dK.L.|j è plqiG>dO.L.|j ;G1 Vlqfh +59, krogv zlwkGO/ lw
pxvw eh wuxh wkdw li Gh @ GO/ lq +57, zh jhw dq lqhtxdolw| ri wkh vruw Lý çV è
4ýs
5ýs

U4
ýL plqiGh> dO.d.L.|ji+|,g|. 4

5ýs
U4
ýL plqiGh> dO.L.|ji+|,g|1

Khqfh iru +57, wr krog lw pxvw eh wuxh wkdw GO è Gh1
+lll, Iurp wkh surri ri Ohppd 4 lw lv nqrzq wkdw

U4
ýL pd{i3> dO . L . | ý

GOji+|,g| A dO. çV1 Vlqfh GO è Gh= dO.L.|ýGO é dO.L.|ýGh/ ;|1
Wkxv

U4
ýL pd{i3> dO.L.|ýGOji+|,g| é U4ýL pd{i3> dO.L.|ýGhji+|,g|1

Ilqdoo|/ ehfdxvh iurp Ohppd 4 lw lv nqrzq wkdw
U4
ýL pd{i3> dO . L . | ý

GOji+|,g| A dO. çV> wklv lpsolhv wkdw
U4
ýL pd{i3> dO.L.|ýGhji+|,g| A

dO . çV1 Wkhuhiruh tú @ 3 lv dq htxloleulxp vwudwhj| iru w|sh O1 L vkrz qh{w
wkdw lw lv xqltxh1

+ly, t 5 +3> 4, lv qrw dq htxloleulxp vwudwhj| zkhq s 5 ^3> 4`/ ehfdxvh O kdv
lqfhqwlyh wr ghyldwh wr t @ 3=] 4

ýL
pd{i3> dO . L . | ýGji+|,g| è t+dO . çV, .

+4ý t,
] 4

ýL
pd{i3> dO . L . | ýGji+|,g|
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zklfk uhgxfhv wr=] 4

ýL
pd{i3> dO . L . | ýGji+|,g| è dO . çV +5:,

zkhuh G lv ghñqhg lpsolflwo| e|=

L ý çV @
4ý s

5ý sý t
] 4

ýL
plqiG>dK . L . |ji+|,g| .

4ý t
5ý s ý t

] 4

ýL
plqiG>dO . L . |ji+|,g| +5;,

Vr wkdw erwk +59, dqg +5;, krog/ lw pxvw eh wuxh wkdw G é Gh1 Dv ehiruh/ wklv
lpsolhv wkdw dO.L.|ýG è dO.L.|ýGh/ ;|1 Dqg pd{i3> dO.L.|ýGj è
pd{idO . L . | ý Ghj1 Zh douhdg| irxqg wkdw

U4
ýL pd{i3> dO . L . | ý

Ghji+|,g| A dO. çV1 Wkhuhiruh=
U4
ýL pd{i3> dO.L.|ýGji+|,g| A dO. çV/

dqg t 5 +3> 4, fdqqrw krog lq htxloleulxp1
+y, t @ 4 dovr fdq qrw krog lq htxloleulxp1 Li s 5 ^3> 4,/ O zrxog ghyldwh wr
t @ 3 dv=

U4
ýL pd{i3> dO.L.|ýGji+|,g| A dO. çV/ iru G ghñqhg lpsolflwo|

e| Lý çV @ U4ýL plqiG>dK.L.|ji+|,g|1 Wkh dujxphqw lv h{dfwo| dv deryh1
Li s @ 4/ rxw ri htxloleulxp eholhiv pxvw eh frqvlghuhg lq fdvh O ghyldwhv/
dqg dfwxdoo| lvvxhv ghew1 Li wkh pdunhw eholhyhv wkdw wkh ghyldwlqj ñup lv
w|sh K zlwk suredelolw| 44: wkhq djdlq O ghyldwhv iurp t @ 4 wr t @ 34;/dqg
lw lv qrw dq htxloleulxp1 Li wkh pdunhw dvvxphv wkdw wkh ñup wkdw ghyldwhv
lv w|sh O zlwk suredelolw| 4/ wkhq wkh ñup djdlq ghyldwhv wr t @ 3/ iru wkh
vdph dujxphqwv dv +l,~+lll,1

61 Lq vwdwh K wkh ñup fkrrvhv sú/ frqglwlrqdo rq tú @ 3/ dffruglqj wr=

sú @ dujpd{
s
is+dK . çV, . +4ý s,M+s,j v=w= +5<,

L ý çV @
4ý s
5ý s

] 4

ýL
plqiG> dK . L . |ji+|,g| .

.
4

5ý s
] 4

ýL
plqiG>dO . L . |ji+|,g| +63,

zkhuh=

M+s, @

] 4

ýL
pd{i3> dK . L . | ýGji+|,g| +64,

71 Wrwdoo| glòhuhqwldwlqj +64, |lhogv=

gM @ ý^4ý I +G ý dK ý L,`gG +65,

�.Aüi 4Lt| u@ñLh@M*i U@tië
�H, @U|*) *ð!i êüi? R M dfc �äë
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81 E| wrwdoo| glòhuhqwldwlqj +63, L ñqg=

CG

Cs
@

U4
ýL plqiG> dK . L . |ji+|,g| ý +L ý çV,

+4ý s,^4ý I +G ý dK ý L,` . ^4ý I +G ý dO ý L,` A 3 +66,

Iurp +67, L ohduq wkdw CM
Cs
? 3=

gM @ ý^4ý I +Gý dK ý L,`CG
Cs
gs +67,

sú @ 4 lv dq htxloleulxp vwudwhj| ehfdxvh iru dq| z 5 ^3> 4,=
dK . çV A z+dK . çV, . +4ý z,M+4, +68,

lv lpsolhg e| frqglwlrq +4,4< zklfk lv vdwlvñhg e| dvvxpswlrq lq Ohppd 61
Dovr s 5 ^3> 4, fdqqrw krog dv htxloleuld/ vlqfh wkhuh lv dq lqfhqwlyh wr ghyldwh
wr s @ 4=

dK . çV A s+dK . çV, . +4ý s,M+s, +69,

Lw zdv vkrzq ehiruh wkdw M+3, A M+s,/ iru s 5 +3> 4`1 Wkhuhiruh dK. çV A M+s,1
Ilqdoo| tú @ 3 dqg sú @ 4 lv wkh xqltxh QVH ri wkh jdph1 Wkh surri lv
v|pphwulfdo iru wkh fdvh zkhq frqglwlrq +4, lv qrw vdwlvñhg +Ohppd 5,1 Wklv
frpsohwhv wkh surri1 í

E171 Surri ri Sursrvlwlrq 4= Gluhfw iurp surri ri Ohppd 5 dqg Iljxuh F171

E181 Surri ri Sursrvlwlrq 5=

î Jlyhq wkdw tú @ 3/ lw zdv vkrzq ehiruh wkdw ñup K fkrrvhv s @ 4 li frqglwlrq
+4, lv vdwlvñhg zkhq lwv fdvk hduqlqjv duh V1 Zkhq fdvk hduqlqjv duh qrw
khgjhg/ wkh| fdq dvvxph wkh ydoxhv V ý ë ru V . ë1 Zkhq fdvk hduqlqjv
duh V ý ë wkh vdph dujxphqwv ri wkh suhylrxv surri krog dqg tú @ 3 dqg
sú @ 4 duh wkh htxloleulxp vwudwhjlhv1 Zkhq oltxlg dvvhwv duh V . ë/ djdlq
lw pxvw krog wkdw tú @ 3> exw lw lv srvvleoh wkdw ñup K zloo lqyhvw +s @ 3,1
Ilup K zloo fkrrvh s @ 3 lq htxloleulxp li wkh iroorzlqj frqglwlrq lv phw/ iru
z 5 +3> 4`=] 4

ýL
pd{i3> dK . L . | ýGëji+|,g| è z+dK . V . ë, .

+4ýz,
] 4

ýL
pd{i3> dK . L . | ýGëji+|,g|

zklfk uhgxfhv wr=

M+3, ì
] 4

ýL
pd{i3> dK . L . | ýGëji+|,g| è dK . V . ë +6:,

�b@M n 77 : aEfäë
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zkhuh Gë lv ghñqhg lpsolflwo| dv=

L ý V ý ë @
4

5

] 4

ýL
plqiGë> dK . L . |ji+|,g| .

.
4

5

] 4

ýL
plqiGë> dO . L . |ji+|,g| +6;,

Qh{w L vkrz wkdw dv fdvk hduqlqjv lqfuhdvh/ wkh frqglwlrq wkdw ghwhuplqhv
zkhwkhu s @ 3 fdq krog lq htxloleulxp +frqglwlrq +4, zkhq vodfn lv V, ehfrphv
ohvv uhvwulfwlyh1

î E| wrwdoo| glòhuhqwldwlqj wklv frqglwlrq L vkrz wkdw=

gGë @ ý 5

^4ý I +Gë ý dK ý L,` . ^4ý I +Gë ý dO ý L,`gë +6<,

Khqfh CGë

Cë ? 3 dqg m CGë

Cë mA 41
î L qrz ghñqh=

E ì M+3,ý +dK . V . ë, +73,

dqg wrwdoo| glòhuhqwldwh +73,/ rewdlqlqj=

gE @ ý^4ý I +Gë ý dK ý L,`gGë ý gë +74,

Nqrzlqj CGë

Cë iurp +6<, dqg uhsodflqj lq +74,/ L jhw=

gE @ ^
5^4ý I +Gë ý dK ý L,`

^4ý I +Gë ý dK ý L,` . ^4ý I +Gë ý dO ý L,` ý 4`gë +75,

Ilqdoo|/ ehfdxvh I +Gë ý dO ý L, è I +Gë ý dK ý L,/ lw lv suryhg wkdw CECë A
31 Wkhuhiruh/ dv ë lqfuhdvhv/ frqglwlrq +6:, � dqdorjrxv wr +4, � wkdw
ghwhuplqhv zkhwkhu ñup K zloo lqyhvw/ ehfrphv ohvv uhvwulfwlyh1 Vr/ li ë lv
odujh hqrxjk/ lw lv srvvleoh wkdw zkhq fdvk hduqlqjv duh V. ë ñup K lqyhvwv
� l1h1/ frqglwlrq +6, lv vdwlvñhg1 Lw kdv ehhq hvwdeolvkhg wkdw sú @ 3 lv dq
htxloleulxp vwudwhj| zkhq vodfn lv V. ë dqg +6, lv vdwlvñhg1 Rwkhu vwudwhjlhv
pljkw krog lq htxloleulxp1 Vxssrvh s 5 +3> 4`1 Lw lv srvvleoh wkdw wklv krogv lq
htxloleulxp dv orqj dv wkhuh lv qr dowhuqdwlyh vwudwhj| z 9@ s/ zkhuh z 5 ^3> 4`/
dqg M+s, è dK . V . ë1 Exw vwloo M+3, A M+s, iru s 5 +3> 4`1 Khqfh lq vwdwh
K wkh ñup fkrrvhv sú @ 41

î Vxppdul}lqj= +l, li ë lv odujh hqrxjk vr wkdw V . ë è L/ fdvh 4 ri wkh
sursrvlwlrq rewdlqv1 Dqg surri lv reylrxv> +ll, zkhq ë lv vxfk wkdw V. ë ? L
dqg frqglwlrq +6, lv vdwlvñhg53/ fdvh 5 ri wkh sursrvlwlrq rffxuv> +lll, zkhq
frqglwlrq +6, fdqqrw eh uhdfkhg/ wkh ñup lq vwdwh K vwloo qhyhu lqyhvwv1 Wklv
frpsohwhv wkh surri1í

2f`üðUü ê@t éýt| tüLê? |L Mi TLttðM*ic ðu E�ä ðt @*tL t@|ðt�i_ë
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Iljxuh F14= Wlph Olqh ri Hyhqwv

!
w @ 3
m

Ilup ghflghv
ulvn pdqdjhphqw

srolf|
ë

w @ 4
m

�[ uhdol}hg>
Ilup ghflghv

rq Lqyhvwphqw dqg
h{whuqdo ñqdqflqj

s/t

w @ 5
m

Sd|ròv uhdol}hg
�d> �|

wlph

Iljxuh F15= Wkh Ilup dv wkh surgxfw ri wkuhh surmhfwv

!
w @ 3
m

w @ 4
m

w @ 5
m wlph

!
_Dvvhwv lq Sodfh% �d

!
_Fdvk Hduqlqjv%

V . ë �[
!

Lqyhvwphqw Ghflvlrq L
QSY �|
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Iljxuh F16= Vhtxhqfh ri Hyhqwv ri jdph vwduwlqj dw w @ 3

+d, Dvvxplqj wkh Vwdwh K ru O lv uhyhdohg wr wkh pdqdjhu dw w @ 4

Ilup
fkrrvhv
Ulvn
H{sr0
vxuh

a
a
a
a
a

%
%
%
%
%

ë
Vwdwh
ri
Ulvn
Lqvwux0
phqw
Uhdol}hg

a
a
a
a
a

%
%
%
%
%

4

04

{
Pdq0
djhu
ohduqv
sulydwh
lqir1

a
a
a
a
a

%
%
%
%
%

Ilup
O

Ilup
K

�
2

�
2

a
a
a
a
a

%
%
%
%
%

%
%
%
%
%

a
a
a
a
a

gf

g�

tW

+4ý tW,

gf

g�

sW

+4ý sW,

Doo
Sd|ròv
Uhdolvhg

!wlphm m
w @ 3

m
w @ 4 w @ 5
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+e, Dvvxplqj wkh Vwdwh K ru O lv uhyhdohg dw w @ 3

Pdq0
djhu
ohduqv
sulydwh
lqir1

a
a
a
a
a

%
%
%
%
%

Vwdwh
O

Vwdwh
K

Ilup
fkrrvhv
Ulvn

H{srvxuh

a
a
a
a
a

%
%
%
%
%

%
%
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%
%

a
a
a
a
a

�
2

�
2

ë

ë

Vwdwh
ri
Ulvn
Lqvwux0
phqw
Uhdol}hg

a
a
a
a
a
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%
%

4

04

{

Ilup
O

Ilup
K

a
a
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a

%
%
%
%
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%
%
%
%
%

a
a
a
a
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gf

g�

tW

+4ý tW,

gf

g�

sW

+4ý sW,

!wlphm m
w @ 3

m
w @ 4 w @ 5

Doo
Sd|ròv
Uhdol}hg
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Iljxuh F17= H{shfwhg ydoxh ri wkh ñup dw w @ 3 ghshqglqj rq ulvn
h{srvxuh ë dqg khgjhg ydoxh ri fdvk hduqlqjv V

+d, Zkhq V ? L ý du dqg frqglwlrq +4, lv vdwlvñhg

!

á

3 du . V

m m
ý+du . V, aë+V,ýaë+V,

mm

H|'f^Y `

@un@M
2 . V . K

2

@un@M
2 . V . ô

2e

ë

aë+V, ì lqiië m ë è 3>dM . V é
] "

3U
pd{+3> dM . L . | ýGw,ý ë>

L ý V ý ë @ 4

5

[
ð'ucM

+
] "

3U
plq+Gw> dð . L . |,i+|,g|,j

+e, Zkhq V è Lýdu> ru Zkhq V ? Lýdu dqg frqglwlrq +4, lv qrw vdwlvñhg

!

á

3 du . Vý+du . V,
mm

H|'f^Y `

@un@M
2 . V . e

@un@M
2 . V . ô

ee

ë
ý�ë+V, �ë+V,

m m

�ë+V, ì lqiië m ë è 3>dM . V è
] "

3U
pd{+3> dM . L . | ýGw, . ë>

L ý V . ë @ 4

5

[
ð'ucM

+

] "

3U
plq+Gw> dð . L . |,i+|,g|,j
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