
HIILFLHQF\/ HTXLOLEULXP/ DQG DVVHW

SULFLQJZLWK ULVN RI GHIDXOW

E| Ihuqdqgr Doyduh} dqg Xuedq M1 Mhupdqq4

Zh lqwurgxfh d qhz htxloleulxp frqfhsw dqg vwxg| lwv h!flhqf| dqg
dvvhw sulflqj lpsolfdwlrqv iru wkh hqylurqphqw dqdo|}hg e| Nhkrh dqg
Ohylqh +4<<6, dqg Nrfkhuodnrwd +4<<9,1 Rxu htxloleulxp frqfhsw kdv
frpsohwh pdunhwv dqg hqgrjhqrxv vroyhqf| frqvwudlqwv1 Wkhvh vro0
yhqf| frqvwudlqwv suhyhqw ghidxow dw wkh frvw ri uhgxflqj ulvn vkdulqj1
Zh vkrz yhuvlrqv ri wkh zhoiduh wkhruhpv1 Zh fkdudfwhul}h wkh suhi0
huhqfhv dqg hqgrzphqwv wkdw ohdg wr htxloleuld zlwk lqfrpsohwh ulvn
vkdulqj1 Zh frpsduh wkh uhvxowlqj sulflqj nhuqho zlwk wkh rqh iru
hfrqrplhv zlwkrxw sduwlflsdwlrq frqvwudlqwv= lqwhuhvw udwhv duh orzhu
dqg ulvn suhpld ghshqg rq wkh fryduldqfh ri wkh lglrv|qfudwlf dqg dj0
juhjdwh vkrfnv1 Dgglwlrqdoo|/ zh vkrz wkdw dvvhw sulfhv ghshqg rqo|
rq wkh ydoxdwlrq ri djhqwv zlwk vxevwdqwldo lglrv|qfudwlf ulvn1

4Hduolhu yhuvlrqv ri wklv sdshu kdyh ehhq flufxodwhg xqghu wkh wlwoh 3Dvvhw sulflqj zkhq ulvn
vkdulqj lv olplwhg e| ghidxow14 Wklv sdshu kdv ehqh?wwhg iurp frpphqwv e| vhplqdu sduwlflsdqwv
dqg glvfxvvdqwv dw wkh Shqq Pdfur Oxqfk/ FHSU Frqihuhqfh lq Lqwhuqdwlrqdo Ilqdqfldo Pdunhwv
dqg Exvlqhvv F|fohv/ wkh Hfrqrphwulf Vrflhw| Phhwlqj lq Sdvdghqd/ QEHU Vxpphu Lqvwlwxwh/
Pdfurhfrqrplfv Phhwlqjv dw Qruwkzhvwhuq> Ihghudo Uhvhuyh Edqnv ri Fklfdjr/ Plqqhdsrolv/
Qhz \run/ Sklodghoskld/ dqg Ulfkprqg> OVH> Qruwkzhvwhuq/ Qhz \run dqg Fruqhoo Xqlyhuvlwlhv>
Xqlyhuvlwlhv ri Fklfdjr/ Lrzd/ Loolqrlv dqg Zlvfrqvlq1 Zh wkdqn wzr dqrq|prxv uhihuhhv/ Dqguhz
Dwnhvrq/ Nduhq O1 Ohzlv/ Urehuw H1 Oxfdv/ Hgzdug F1 Suhvfrww dqg vshfldoo| Qdqf| Vwrnh| iru
wkhlu frpphqwv1 Doyduh} wkdqnv wkh QVI iru ?qdqfldo vxssruw1



41 LQWURGXFWLRQ

LQPRGHOVZLWK LQFRPSOHWH ?qdqfldo pdunhwv djhqwv fdqqrw holplqdwh doo

lglrv|qfudwlf ulvn1 Iru wklv uhdvrq/ sulflqj nhuqhov duh jhqhudoo| pruh yrodwloh wkdq

wkh| zrxog kdyh ehhq li pdunhwv zhuh frpsohwh1 Vxfk prghov kdyh wzr gudzedfnv/

krzhyhu/ zkhq frpsduhg zlwk frpsohwh pdunhwv prghov1 Iluvw/ wkh| uhtxluh

pruh ru ohvv duelwudu| dvvxpswlrqv derxw zklfk vhw ri vhfxulwlhv lv dydlodeoh/ dqg

wkh frqfoxvlrqv pd| lq wxuq fuxfldoo| ghshqg rq wkhvh dvvxpswlrqv1 Wkh vhfrqg

sureohp lv wudfwdelolw|1 Ehfdxvh ?qglqj htxloleuld ri wkhvh prghov lqyroyhv vroylqj

d frpsolfdwhg ?{hg srlqw sureohp/ lw kdv ehhq gl!fxow wr dqdo|}h wkh fdvh ri pdq|

dvvhwv ru pdq| djhqwv1 Lq wklv sdshu/ zh vwxg| d fodvv ri prghov zkrvh htxloleuld/

lq jhqhudo/ hqwdlo olplwhg ulvn vkdulqj dqg dyrlg wkhvh gudzedfnv1

Rxu dssurdfk iru olplwlqj ulvn vkdulqj exlogv rq zrun e| Nhkrh dqg Ohylqh

+4<<6, dqg Nrfkhuodnrwd +4<<9,12 Wkhvh dxwkruv suhvhqw dqg vwxg| h!flhqw do0

orfdwlrqv lq hqgrzphqw hfrqrplhv zkhuh sduwlflsdwlrq frqvwudlqwv hqvxuh wkdw

djhqwv zrxog dw qr wlph eh ehwwhu r> uhyhuwlqj shupdqhqwo| wr dxwdufk|1 Zh vkrz

wkdw wkhvh sduwlflsdwlrq frqvwudlqwv fdq eh prghoohg dv sruwirolr frqvwudlqwv1 Zh

lpdjlqh d zruog/ zkhuh/ li djhqwv ghidxow rq vrph ghew/ wkh| fdq eh sxqlvkhg e|

vhl}lqj doo wkh dvvhwv wkdw wkh| pd| rzq/ exw wkh| fdqqrw eh sxqlvkhg e| jduqlvk0

lqj wkhlu oderu lqfrph1 Lq vxfk dq hqylurqphqw/ ulvn vkdulqj pd| eh h>hfwlyho|
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uhgxfhg ehfdxvh djhqwv zlwk orz lqfrph uhdol}dwlrqv fdq rqo| eruurz xs wr wkh

dprxqw wkh| duh zloolqj wr sd| edfn lq wkh ixwxuh1

D pdlq frqwulexwlrq ri wklv sdshu lv wkh lqwurgxfwlrq ri d qhz htxloleulxp

frqfhsw wkdw hpskdvl}hv sruwirolr frqvwudlqwv= d frpshwlwlyh htxloleulxp zlwk

vroyhqf| frqvwudlqwv1 Vshfl?fdoo|/ zh irfxv rq frqvwudlqwv wkdw duh wljkw hqrxjk

wr suhyhqw ghidxow exw doorz dv pxfk ulvn vkdulqj dv srvvleoh1 Wkhvh hqgrjhqrxvo|

ghwhuplqhg vroyhqf| frqvwudlqwv duh djhqw dqg vwdwh vshfl?f dqg hqvxuh wkdw wkh

sduwlflsdwlrq frqvwudlqwv duh ixo?oohg1 Wklv phdqv wkdw zhdowk wkdw djhqwv fduu|

wr dq| sduwlfxodu gdwh dqg hyhqw zloo qhyhu eh vpdoo hqrxjk wr pdnh wkhp fkrrvh

wr ghidxow dqg wr uhyhuw wr dxwdufk|1 Dw wkh vdph wlph/ wkhvh frqvwudlqwv doorz

dv pxfk ulvn vkdulqj dv srvvleoh1

Zh vkrz yhuvlrqv ri wkh ?uvw dqg vhfrqg zhoiduh wkhruhpv iru rxu htxloleulxp

frqfhsw1 Rxu ghfhqwudol}dwlrq gl>huv iurp wkh rqh lq Nhkrh dqg Ohylqh +4<<6,

zkhuh wkh sduwlflsdwlrq frqvwudlqwv duh prghoohg dv gluhfw uhvwulfwlrqv rq wkh frq0

vxpswlrq srvvlelolw| vhwv1 Lqvwhdg rxu ghfhqwudol}dwlrq uhodwhv pruh forvho| wr

wkh h{lvwlqj dvvhw sulflqj olwhudwxuh wkdw irfxvhv rq sruwirolr uhvwulfwlrqv vxfk dv

wkh zrun e| Kh dqg Prghvw +4<<8, dqg Oxwwphu +4<<9, dprqj rwkhuv1 Lqghhg/

rxu ghfhqwudol}dwlrq surylghv d mxvwl?fdwlrq iru vxfk vroyhqf| frqvwudlqwv1 Dg0

glwlrqdoo|/ zlwk rxu gh?qlwlrq ri htxloleulxp zh rewdlq d vlpsohu dqg lqwxlwlyh

uhsuhvhqwdwlrq ri wkh sulfhv ri vhfxulwlhv1
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Zh xvh wkh zhoiduh wkhruhpv wr ?qg frqglwlrqv iru wkh wlph glvfrxqw idfwruv/

ulvn dyhuvlrq/ yduldqfh dqg shuvlvwhqfh ri hqgrzphqwv/ xqghu zklfk dxwdufk|

lv wkh rqo| ihdvleoh doorfdwlrq1 Wkhvh surshuwlhv duh lpsruwdqw iru txdqwlwdwlyh

suhglfwlrqv1 Lqghhg/ txdqwlwdwlyh vwxglhv vxfk dv Phkud dqg Suhvfrww +4<;8, dqg

Frfkudqh dqg Kdqvhq +4<<5, kdyh vkrzq wkdw wkh vdph sdudphwhuv duh lpsruwdqw

iru dvvhw sulflqj uhvxowv lq uhsuhvhqwdwlyh djhqw prghov1

Zh dovr suhvhqw vrph surshuwlhv ri wkh sulflqj nhuqho1 Zh vkrz wkdw rqh0

shulrg frqwlqjhqw fodlpv +Duurz vhfxulwlhv, duh sulfhg e| wkh djhqw zlwk wkh

kljkhvw pdujlqdo udwh ri vxevwlwxwlrq/ zklfk lv wkh djhqw wkdw lv qrw frqvwudlqhg

zlwk uhvshfw wr klv kroglqj ri wklv dvvhw1 Wkxv wkh sulfh ri dq Duurz vhfxulw| lv

htxdo wr wkh kljkhvw pdujlqdo ydoxdwlrq dfurvv djhqwv1 Wkh sulfh ri dq duelwudu|

dvvhw lv fdofxodwhg e| dgglqj xs wkh sulfhv ri wkh fruuhvsrqglqj frqwlqjhqw fodlpv1

Lqwhuhvwlqjo|/ wklv sulfh qhhg qrw frlqflgh zlwk wkh kljkhvw pdujlqdo ydoxdwlrq ri

wkh vhfxulw| dfurvv djhqwv1 Dv zh phqwlrqhg ehiruh/ wklv iudphzrun kdv wzr

dgydqwdjhv iru wkh sxusrvh ri dvvhw sulflqj ryhu wkh vwdqgdug lqfrpsohwh pdunhwv

vshfl?fdwlrqv1 Iluvw/ doorfdwlrqv gr qrw ghshqg rq d sduwlfxodu duelwudu| vhw ri

dvvhwv wkdw lv frqvlghuhg wr eh dydlodeoh1 Dqg vhfrqg/ vlqfh pdunhwv duh frpsohwh/

dq| vhfxulw| fdq eh sulfhg1

Ilqdoo|/ zh frpsduh wkh dvvhw sulfhv lq dq htxloleulxp zlwk vroyhqf| frq0

vwudlqwv zlwk wkrvh rewdlqhg lq dq lghqwlfdo hfrqrp|/ exw zlwkrxw wkh vroyhqf|
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frqvwudlqwv1 Iluvw/ zh vkrz wkdw lqwhuhvw udwhv duh qhfhvvdulo| orzhu lq wkh hfrq0

rp| zlwk vroyhqf| frqvwudlqwv1 Wklv frqfoxvlrq krogv uhjdugohvv ri zkhwkhu wkhuh

lv d suhfdxwlrqdu| prwlyh +xâââ A 3,1 Vhfrqg/ zh h{dplqh wkh iroorzlqj phdvxuh

ri wkh pdunhw sulfh ri ulvn= wkh h{fhvv uhwxuq rq d rqh0shulrg vhfxulw| zkrvh

sd|phqwv duh d ixqfwlrq ri djjuhjdwh hqgrzphqw1 Zh vkrz wkdw xqohvv uhodwlyh

hqgrzphqw vkrfnv duh fruuhodwhg zlwk wkh djjuhjdwh vkrfnv/ wklv suhplxp lv wkh

vdph lq wkh wzr hfrqrplhv1 Wklug/ zh vkrz wkdw dvvhw sulfhv duh ghwhuplqhg e|

wkrvh djhqwv zlwk vxevwdqwldo lqglylgxdo ulvn1 Lq sduwlfxodu/ wkh suhvhqfh ri dq

djhqw zkrvh hqgrzphqw lv yhu| vlplodu wr wkh djjuhjdwh hqgrzphqw lv luuhohydqw

iru dvvhw sulflqj1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 suhvhqwv wkh hqylurqphqw1 Vhf0

wlrq 6 dqdo|}hv vrph fkdudfwhulvwlfv ri h!flhqw doorfdwlrqv dqg lqwurgxfhv wkh

htxloleulxp zlwk vroyhqf| frqvwudlqwv1 Vhfwlrq 7 uhodwhv wkh htxloleulxp frqfhsw

wr wkh rqh e| Nhkrh dqg Ohylqh/ vkrzv yhuvlrqv ri wkh zhoiduh wkhruhpv/ dqg

ghvfulehv wkh suhihuhqfhv dqg hqgrzphqwv wkdw ohdgv wr htxloleulxp zlwk qr ulvn

vkdulqj1 Vhfwlrq 8 dqdo|}hv wkh uhvxowlqj sulflqj nhuqho1 Vhfwlrq 9 frqfoxghv1 Wkh

dsshqgl{ frqwdlqv wkh surriv1
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51 WKH HQYLURQPHQW

Zh frqvlghu d sxuh h{fkdqjh hfrqrp| zlwk L djhqwv dqg rqh jrrg1 Djhqwv*

hqgrzphqwv iroorz d ?qlwh vwdwh Pdunry surfhvv/ djhqwv* suhihuhqfhv duh lghqwlfdo

dqg jlyhq e| wlph0vhsdudeoh h{shfwhg glvfrxqwhg xwlolw|1 Zh dgg wr wklv vlpsoh

hqylurqphqw sduwlflsdwlrq frqvwudlqwv ri wkh iroorzlqj irup= wkh frqwlqxdwlrq

xwlolw| lpsolhg e| dq| doorfdwlrq vkrxog eh dw ohdvw dv kljk dv wkh rqh lpsolhg e|

dxwdufk| dw dq| wlph dqg iru dq| klvwru|1

Irupdoo|/ zh ohw i4> 5> ===> Lj @ L/ eh wkh vhw ri djhqwv/ zlwk w|slfdo hohphqw

l1 Zh xvh i}|j wr ghqrwh d Pdunry surfhvv zlwk jhqhulf hohphqwv }> d php0

ehu ri wkh ?qlwh vhw ]> dqg wudqvlwlrq suredelolwlhv jlyhq e| pdwul{ ø1 Zh xvh

}| @ +}f> }�> }2> ===> }|, wr ghqrwh d ohqjwk w klvwru| ri }1 Wkh pdwul{ ø jhqhudwhv

frqglwlrqdo suredelolwlhv iru klvwrulhv wkdw zh ghqrwh dv ä+}|m}f @ },= Zh xvh wkh

v|pero æ iru wkh sduwldo rughu }|â æ }| iru wâ è w wr lqglfdwh wkdw }|â lv d srvvleoh

frqwlqxdwlrq ri }|> wkdw lv/ wkdw wkhuh h{lvwv d klvwru| }r vxfk wkdw }|
â
@
ý
}|> }r

ü
iru

v @ wâýw=Zh xvh wkh qrwdwlrq ifðj dqg ihðj iru wkh vwrfkdvwlf surfhvv ri frqvxps0

wlrq dqg hqgrzphqw ri hdfk djhqw/ khqfh ifðj @
õ
fðc|+}

|, = ; w è 3> }| 5 ]|ô1 Zh
gh?qh djjuhjdwh hqgrzphqw dv h|

ý
}|
ü ì S

ðMW hðc|
ý
}|
ü
1 Lqglylgxdo hqgrzphqwv

duh jlyhq e| d ixqfwlrq îð> wkdw ghshqgv rqo| rq }|> vr wkdw hðc|
ý
}|
ü
@ îð +}|,1 Zh

dvvxph wkdw îð +}, A 3 iru doo l dqg }1
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Wkh xwlolw| iru dq djhqw fruuhvsrqglqj wr wkh frqvxpswlrq surfhvv ifj vwduwlqj

dw wlph w dw klvwru| }| lv

X+f,+}|, ì
"[
r'|

[
5rM~r

ï|cr
í
}r3�

ì
x +fr +}

r,,ä+}rm}|,= +514,

Zh dvvxph wkdw wkh shulrg xwlolw| ixqfwlrq x = Un $ U lv vwulfwo| lqfuhdvlqj/

vwulfwo| frqfdyh dqg F�=Wkh pxowl0shulrg wlph glvfrxqw idfwruv duh gh?qhg uh0

fxuvlyho| xvlqj wkh rqh shulrg/ vwdwh frqwlqjhqw glvfrxqw idfwru ñ = ] $ +3> 4,1

Vshfl?fdoo|/ ï|c|
ý
}|3�

ü ì 4 iru doo }|3�/

ï|cr
í
}r3�

ì
@ ï|cr3�

í
}r32

ì
ñ +}r3�, doo }r æ }|n�=

Khqfh X +ü, vdwlv?hv

X+f,+}|, @ x +f +}|,, . ñ +}|,
[

5|n�M~
X +f,

í
}|> }|n�

ì
ä +}|n�m}|, =

Qrwh wkdw wkh vwdqgdug fdvh zlwk frqvwdqw glvfrxqw idfwru ñ +}, @ çñ fruuhvsrqgv

wr ï|cr
ý
}r3�

ü
@ çñ

r3|
= Dv zh zloo vkrz ehorz/ shuplwwlqj wkh wlph glvfrxqw idfwru

wr eh vwdwh frqwlqjhqw/ doorzv xv wr lqfrusrudwh vwrfkdvwlf jurzwk1
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Dq doorfdwlrq ifðjðMW lv uhvrxufh ihdvleoh li

U[
ð'�

fðc|
í
}|
ì
@ h|

í
}|
ì

; w è 3> }| 5 ]|> +515,

dqg lw vdwlv?hv wkh Sduwlflsdwlrq Frqvwudlqwv li =

X+fð,+}
|, è X+hð,+}|, ; w è 3> }| 5 ]|> l 5 L= +516,

Qrwlfh wkdw X+hð,+}|, ghshqgv rqo| rq }| ehfdxvh hðc|+}|, lv d ixqfwlrq ri }|=

H{fhsw iru wkh vwdwh0frqwlqjhqw wlph glvfrxqw idfwru rxu hqylurqphqw lv d

vshfldo fdvh ri wkh rqh e| Nhkrh dqg Ohylqh +4<<6,1 Lq sduwlfxodu/ zh frqvlghu

wkh fdvh zlwk rqh jrrg dqg zkhuh wkh sduwlflsdwlrq frqvwudlqwv kdyh dxwdufk| dv

wkh rxwvlgh rswlrq1

5141 Djjuhjdwh Jurzwk

Rxu vshfl?fdwlrq ri wkh wlph glvfrxqw idfwru doorzv iru jurzwk lq wkh djjuhjdwh

hqgrzphqw dv lq Phkud0Suhvfrww +4<;8, dqg lq pxfk ri wkh dvvhw sulflqj olwhud0

wxuh1 Lq sduwlfxodu/ dq hfrqrp| zlwk vwrfkdvwlf jurzwk/ frqvwdqw wlph glvfrxqw

idfwru dqg frqvwdqw uhodwlyh ulvn dyhuvlrq fdq eh h{suhvvhg dv dq hfrqrp| zlwk

frqvwdqw djjuhjdwh hqgrzphqw dqg vwdwh frqwlqjhqw glvfrxqw idfwru/ ?wwlqj wkh
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dvvxpswlrqv ri wkh suhylrxv vhfwlrq1 Ohw

h|n�
í
}|> }|n�

ì
@ h|

í
}|
ì
ü è+}|n�, dqg hðc|

í
}|
ì
@ h|

í
}|
ì
ü îð+}|, iru l 5 L=

Dvvxph d frqvwdqw wlph glvfrxqw idfwru ñ> dqg ohw wkh shulrg xwlolw| ixqfwlrq eh

ri wkh irup x+f, @ S�3ò
�3ò iru vrph srvlwlyh ð +iru vlpsolflw| dvvxph wkdw ð 9@ 4,1

Gh?qh wkh qrupdol}hg frqvxpswlrqv/ suredelolwlhv dqg glvfrxqw idfwruv dv

afðc|
í
}|
ì
ì fðc|

í
}|
ì
@h|

í
}|
ì
> aä

ý
}âm}ü ì ä +}âm}, ü è +}â,�3òS

5â ä +}
âm}, ü è +}â,�3ò / dqg

añ +}, ì ñ ü
[
5â
ä
ý
}âm}ü ü è ý}âü�3ò =

Lw lv vwudljkwiruzdug wr fkhfn wkdw uhvrxufh ihdvlelolw| dqg sduwlflsdwlrq frq0

vwudlqwv duh vdwlv?hg iru dq doorfdwlrq ifðjðMW lq dq hfrqrp| zlwk djjuhjdwh jurzwk

è +ü, dqg frqvwdqw glvfrxqw idfwru ñ li dqg rqo| li wkh| duh vdwlv?hg iru wkh fruuh0

vsrqglqj iafðjðMW doorfdwlrq lq wkh hfrqrp| zlwk frqvwdqw djjuhjdwh hqgrzphqw/

glvfrxqw idfwru añ +ü, dqg suredelolwlhv aä=ô Pruhryhu/ wkh suhihuhqfh rughulqjv duh

lghqwlfdo lq wkh wzr fruuhvsrqglqj hfrqrplhv1
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61 HIILFLHQWDOORFDWLRQVDQGHTXLOLEULXPZLWK VRO0

YHQF\ FRQVWUDLQWV

Dq doorfdwlrq ifðj lv ihdvleoh li lw lv uhvrxufh ihdvleoh dqg vdwlv?hv wkh sduwlflsd0

wlrq frqvwudlqwv1 H!flhqw doorfdwlrqv duh ihdvleoh doorfdwlrqv wkdw duh qrw Sduhwr

grplqdwhg e| rwkhu ihdvleoh doorfdwlrq1

Nrfkhuodnrwd +4<<9, dqdo|}hv h!flhqw doorfdwlrqv iru d vlplodu hqylurqphqw1

Uhodwlyh wr klv hqylurqphqw/ zh frqvlghu wkh fdvh zlwk vwdwh vshfl?f wlph glv0

frxqw idfwruv / L è 5 djhqwv dqg vhuldoo| fruuhodwhg vkrfnv1 Dv lq Nrfkhuodnrwd

+4<<9,/ h!flhqw doorfdwlrqv pd| eh fkdudfwhul}hg e| ulvn vkdulqj uhjlphv ri wkuhh

w|shv/ ghshqglqj rq wkh sdudphwulf hqylurqphqw= Sduhwr h!flhqf| lq wkh xvxdo

xqfrqvwudlqhg vhqvh +ixoo ulvn vkdulqj,/ dxwdufk| +qr ulvn vkdulqj, ru olplwhg ulvn

vkdulqj1 Lq Sursrvlwlrq 71< zh h{whqg klv fkdudfwhul}dwlrq e| vkrzlqj xqghu zklfk

frqglwlrqv rq wkh wlph glvfrxqw idfwruv/ ulvn dyhuvlrq/ yduldqfh dqg shuvlvwhqfh ri

hqgrzphqwv/ dxwdufk| lv wkh rqo| ihdvleoh doorfdwlrq1

Zh ?uvw vkrz d surshuw| ri wkh pdujlqdo udwhv ri vxevwlwxwlrq iru h!flhqw

doorfdwlrqv wkdw zloo eh fuxfldo iru dvvhw sulflqj1 Zh vkrz wkdw dq xqfrqvwudlqhg

djhqw kdv wkh kljkhvw pdujlqdo udwh ri vxevwlwxwlrq9dqg khqfh/ doo xqfrqvwudlqhg

djhqwv htxdol}h wkhlu pdujlqdo udwhv ri vxevwlwxwlrq1
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Sursrvlwlrq 6141 Ohw ifðjðMW eh frqvwudlqhg h!flhqw1 Wkhq

X +fæ,
í
}|> }|n�

ì
A X +hæ,

í
}|> }|n�

ì
> lpsolhv +614,

xâ
ý
fæc|n�

ý
}|> }|n�

üü
xâ +fæc| +}|,,

@ pd{
ðMW

xâ
ý
fðc|n�

ý
}|> }|n�

üü
xâ +fðc| +}|,,

> doo }| 5 ]|> w è 3=

Qh{w zh gh?qh d frpshwlwlyh htxloleulxp zlwk frpsohwh pdunhwv lq Duurz

vhfxulwlhv dqg zlwk vroyhqf| frqvwudlqwv1 Wkh vroyhqf| frqvwudlqwv surklelw djhqwv

iurp kroglqj odujh dprxqwv ri frqwlqjhqw ghew/ khqfh suhyhqwlqj ghidxow1 Lq

jhqhudo/ wkhvh vroyhqf| frqvwudlqwv zloo eh vwdwh0frqwlqjhqw/ vlqfh wkh ydoxh ri

ghidxow +uhyhuwlqj wr dxwdufk|, ydulhv zlwk wkh vwdwh1e

Ohw t|
ý
}|> }â

ü
ghqrwh wkh shulrg w> vwdwh }|> sulfh ri rqh xqlw ri wkh frqvxpswlrq

jrrg gholyhuhg dw w . 4> frqwlqjhqw rq wkh uhdol}dwlrq ri }|n� @ }â/ lq whupv ri

shulrg w frqvxpswlrq jrrgv1 Wkh kroglqjv ri djhqw l dw w ri wklv vhfxulw| duh

ghqrwhg e| dðc|n�+}|> }â,/ dqg wkh orzhu olplw rq wkh kroglqjv ri djhqw l lv ghqrwhg

e| Eðc|n�+}|> }â,= Iroorzlqj rxu qrwdwlrqdo frqyhqwlrq/ zh xvh itj > idðj dqg iEðj

iru wkh fruuhvsrqglqj vwrfkdvwlf surfhvvhv1

Gh?qlwlrq 6151 Dq htxloleulxp zlwk Vroyhqf| Frqvwudlqwv iEðj iru lqlwldo frq0

glwlrqv idðcfjkdv txdqwlwlhv ifð> dðj dqg sulfhv itj vxfk wkdw=
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+4, iru hdfk l/ ifð> dðj vroyhv
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Qrwlfh wkdw lq sureohp +615, djhqwv duh qrw jlyhq wkh rswlrq wr ghidxow1 Vlqfh

wkh sureohp lq +615, 0 +617, kdv d frqfdyh remhfwlyh ixqfwlrq dqg d frqyh{ ihd0

vleoh vhw/ wkh iroorzlqj Hxohu dqg Wudqvyhuvdolw| frqglwlrqv duh vx!flhqw iru d

pd{lpxp=

ýxâ
í
fðc|

í
}|
ìì
t|
í
}|> }â

ì
. ñ+},ä

ý
}âm}üxâ ífðc|n� í}|> }âìì é 3 +618,

45



zlwk htxdolw| li dðc|n� A Eðc|n�
ý
}|> }â

ü
dqg/

olp
|<"

[
5|M~|

ïfc|
í
}|3�

ì
xâ
í
fðc|

í
}|
ìì
ü
k
dðc|

í
}|
ì
ýEðc|

í
}|
ìl
ü ä
í
}|m}f

ì
@ 3= +619,

Qrz zh pryh wr wkh dqdo|vlv ri wkh ghflvlrq ri ghidxow/ zklfk lv wkh pdlq

frqwulexwlrq ri rxu htxloleulxp frqfhsw1 Zh frqvlghu htxloleuld lq zklfk wkh

vroyhqf| frqvwudlqwv duh ghwhuplqhg e| wkh ulvn ri ghidxow lq wkh iroorzlqj zd|=

Gh?qlwlrq 6161 Dq htxloleulxp kdv vroyhqf| frqvwudlqwv wkdw duh qrw wrr wljkw li
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@ X +hð,
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}|n�
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/ doo w è 3> }|n� 5 ]|n�= +61:,

Vroyhqf| frqvwudlqwv wkdw vdwlvi| wklv frqglwlrq suhyhqw ghidxow e| surklelwlqj

djhqwv iurp dffxpxodwlqj pruh frqwlqjhqw ghew wkdw wkh| duh zloolqj wr sd| edfn/

exw dw wkh vdph wlph doorz dv pxfk lqvxudqfh dv srvvleoh1 E| frqwudvw/ li wkh

vroyhqf| frqvwudlqwv zhuh wr elqg dqg wkh frqwlqxdwlrq xwlolw| zhuh vwulfwo| kljkhu

wkdq wkh ydoxh ri dxwdufk|/ wkhq wkh frqvwudlqw frxog eh uhod{hg d elw/ zlwkrxw

lqgxflqj wkh djhqw wr ghidxow1D Wkxv wkhvh frqglwlrqv lpso| wkdw
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Wr hqirufh dq| vroyhqf| frqvwudlqw wkh djhqw*v hqwluh sruwirolr pxvw eh nqrzq1

Wr ghwhuplqh zkhwkhu vroyhqf| frqvwudlqwv duh qrw wrr wljkw/ l1h1 zkhwkhu +61:,

krogv/ lqirupdwlrq derxw suhihuhqfhv dqg hqgrzphqw surfhvv ri djhqw l pxvw

eh xvhg1 Wkxv/ lpsohphqwlqj wkh htxloleulxp doorfdwlrq xvlqj wkhvh frqvwudlqwv

uhtxluhv lqirupdwlrq derxw wkh djhqw*v w|sh dqg sruwirolr1

Ilqdoo|/ zh lqwurgxfh wkh frqfhsw ri kljk lpsolhg lqwhuhvw udwhv1 Wklv frqglwlrq

hqvxuhv ?qlwhqhvv ri wkh ydoxh ri hqgrzphqw lpsolhg e| d jlyhq doorfdwlrq1 Jlyhq

dq doorfdwlrq ifWð j > iru l @ 4> 5===> L> zh gh?qh
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Qrwh/ TWf
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}|m}f

ü
lv wkh sulfh ri rqh xqlw ri frqvxpswlrq gholyhuhg lq vwdwh }| lq

xqlwv ri frqvxpswlrq ri w @ 31

Gh?qlwlrq 6171 Wkh lpsolhg lqwhuhvw udwhv iru wkh doorfdwlrq ifWð j duh kljk li
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71 ZHOIDUHWKHRUHPVDQGWKHH[WHQWRIULVN VKDU0

LQJ

Lq wklv vhfwlrq zh vkrz wkh frqglwlrqv xqghu zklfk h!flhqw doorfdwlrqv fdq

eh ghfhqwudol}hg dv d frpshwlwlyh htxloleulxp zlwk vroyhqf| frqvwudlqwv/ dqg wkh

frqglwlrqv xqghu zklfk wkh ?uvw zhoiduh wkhruhp krogv1 Zh wkhq xvh wkhvh uhvxowv

wr fkdudfwhul}h wkh h{whqw ri ulvn vkdulqj1

7141 Vhfrqg Zhoiduh Wkhruhp

Lq wklv vhfwlrq zh fkdudfwhul}h wkh doorfdwlrqv wkdw fdq eh vxssruwhg dv frp0

shwlwlyh htxloleuld zlwk vroyhqf| frqvwudlqwv1 Lq sduwlfxodu/ zh ghfhqwudol}h frq0

vwudlqhg h!flhqw doorfdwlrqv1

Sursrvlwlrq 7141 Vxssrvh wkh doorfdwlrq ifWð j vdwlv?hv= +d, wkh uhvrxufh frq0

vwudlqw +515,/ +e, wkh sduwlflsdwlrq frqvwudlqwv +516,/ +f, wkh kljk PUV frqglwlrq

+614, iru doo w è 3> }| 5 ]|/ dqg +g, wkh kljk lpsolhg lqwhuhvw udwhv frqglwlrq lq

+61<,0+6144,1 Wkhq wkhuh h{lvw vroyhqf| frqvwudlqwv iEðj/ lqlwldo zhdowk dðcf dqg

dvvhw kroglqjv idWð j vxfk wkdw wkh txdqwlwlhv idWð > fWð j duh d frpshwlwlyh htxlole0

ulxp1 Pruhryhu/ wkh vroyhqf| frqvwudlqwv iEðj fdq eh fkrvhq vr wkdw wkh| duh qrw

wrr wljkw/ l1h1/ +61:, krogv iru doo djhqwv1
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Dv d fruroodu| ri wkh suhylrxv sursrvlwlrq zh jhw wkh vhfrqg zhoiduh wkhruhp/

vlqfh h!flhqw doorfdwlrqv vdwlvi| surshuwlhv +d,/ +e, dqg +f, ri sursrvlwlrq +714,1

Fruroodu| 7151 Dq| frqvwudlqhg h!flhqw doorfdwlrq wkdw kdv kljk lpsolhg lqwhu0

hvw udwhv fdq eh ghfhqwudol}hg dv d frpshwlwlyh htxloleulxp zlwk vroyhqf| frq0

vwudlqwv wkdw duh qrw wrr wljkw1

Wkh frqqhfwlrq ehwzhhq htxloleulxp doorfdwlrqv dqg h!flhqw doorfdwlrqv lv

fohdu1 Lq wkh htxloleulxp/ vroyhqf| frqvwudlqwv wkdw duh qrw wrr wljkw wdnh wkh

sodfh ri wkh sduwlflsdwlrq frqvwudlqwv ri wkh h!flhqw doorfdwlrqv1 Lq htxloleulxp

doorfdwlrqv/ dq djhqw zkrvh vroyhqf| frqvwudlqw lv qrw elqglqj kdv wkh kljkhvw

pdujlqdo udwh ri vxevwlwxwlrq1 Lq h!flhqw doorfdwlrqv/ dq djhqw zkrvh sduwlflsdwlrq

frqvwudlqw grhv qrw elqg kdv wkh kljkhvw pdujlqdo udwh ri vxevwlwxwlrq1 Odwhu zh

zloo vkrz wkdw iru dq| frqvwudlqhg rswlpdo doorfdwlrq zkhuh wkhuh lv vrph ulvn

vkdulqj wkh lpsolhg lqwhuhvw udwhv duh kljk1

Zh ?qdoo| hvwdeolvk wkdw dxwdufk| fdq dozd|v eh ghfhqwudol}hg dv dq htxlole0

ulxp zlwk vroyhqf| frqvwudlqwv wkdw duh qrw wrr wljkw1

Sursrvlwlrq 7161 Wkh txdqwlwlhv dqg sulfhv
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iru doo w è 3> }| 5 ]|> }â 5 ] dqg wkh lqlwldo frqglwlrqv dðcf @ 3/ iru l 5 L/ lv dq

htxloleulxp zlwk vroyhqf| frqvwudlqw wkdw duh qrw wrr wljkw1

Qrwlfh wkdw hyhq wkrxjk dxwdufk| doorfdwlrqv fdq dozd|v eh ghfhqwudol}hg/

lq jhqhudo/ wkhvh duh qrw frqvwudlqhg h!flhqw doorfdwlrqv1 Dovr qrwlfh wkdw wkh

lpsolhg lqwhuhvw udwh lq dxwdufk| fdq eh orz/ vr wkdw +6144, pd| eh ylrodwhg1

7151 Iluvw Zhoiduh Wkhruhp

Lq wklv vhfwlrq zh vkrz wkh frqqhfwlrq ehwzhhq wkh Nhkrh0Ohylqh +khqfhiruwk

N0O, ghfhqwudol}dwlrq dqg dq htxloleulxp zlwk vroyhqf| frqvwudlqwv wkdw duh qrw

wrr wljkw1 Iluvw/ zh vkrz wkdw wkh lpsolhg Duurz sulfhv lq wkh N0O ghfhqwudo0

l}dwlrq duh htxdo wr wkh kljkhvw pdujlqdo udwh ri vxevwlwxwlrq dfurvv djhqwv/ dv

lq rxu htxloleulxp zlwk vroyhqf| frqvwudlqwv wkdw duh qrw wrr wljkw1 Vhfrqg/ zh

vkrz wkdw xqghu zhdn frqglwlrqv/ wkh doorfdwlrq ri dq htxloleulxp zlwk vroyhqf|

frqvwudlqwv fruuhvsrqgv wr wkh doorfdwlrqv ri d N0O htxloleulxp1 Dq lpphgldwh

frqvhtxhqfh ri wkhvh uhvxowv lv wkdw zh fdq xvh wkh ?uvw zhoiduh wkhruhp vkrzq e|

N0O1 Dqg wkxv/ zh rewdlq d +txdol?hg, yhuvlrq ri wkh ?uvw zhoiduh wkhruhp iru rxu

htxloleulxp frqfhsw1 Wkdw lv/ doorfdwlrqv fruuhvsrqglqj wr dq htxloleulxp zlwk

vroyhqf| frqvwudlqwv qrw wrr wljkw +61:, dqg wkdw kdyh kljk lpsolhg lqwhuhvw udwhv

+6144, duh frqvwudlqhg h!flhqw1
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Wkh sureohp iru djhqw l lq wkh N0O ghfhqwudol}dwlrq lv
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zkhuh sf lv d qrq0qhjdwlyh olqhdu ixqfwlrq1 Wkxv/ zlwk wkh lqhtxdolwlhv lq +717,

gh?qlqj wkh frqvxpswlrq srvvlelolw| vhw/ dq htxloleulxp lv d vwdqgdug Duurz0

Gheuhx htxloleulxp/ khqfhiruwk D0G 1

Jlyhq sf> wkh grw surgxfw uhsuhvhqwdwlrq ri wkh D0G sulfhv lv gh?qhg dv iroorzv1

Iru dq| w dqg }| 5 ]| gh?qh
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Zlwk wklv qrwdwlrq zh fdq zulwh wkh exgjhw frqvwudlqw ri djhqw l dv
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Wkh fruuhvsrqglqj Duurz sulfhv duh gh?qhg dv
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Rxu htxloleulxp frqfhsw gl>huv iurp wkh rqh e| N0O dorqj wzr glphqvlrqv1

Iluvw/ wkh| lqfoxgh wkh sduwlflsdwlrq frqvwudlqwv lq wkh frqvxpswlrq srvvlelolw|

vhwv/ dv rssrvhg wr rxu olplwv rq eruurzlqj +vroyhqf| frqvwudlqwv,1 Rxu dssurdfk

pdnhv wkh irup ri wkh sulflqj nhuqho lpphgldwh dqg doorzv xv wr uhodwh gluhfwo| wr

wkh olwhudwxuh rq hpslulfdo dvvhw sulflqj zlwk vroyhqf| frqvwudlqwv1 Vhfrqg/ lq wkh

N0O ghfhqwudol}dwlrq djhqwv duh qrw jlyhq wkh rswlrq wr ghidxow dqg zdon dzd|

iurp wkhlu ghewv1 Rxu htxloleuld zlwk vroyhqf| frqvwudlqwv wkdw duh qrw wrr wljkw

doorz djhqwv wkh rswlrq wr ghidxow/ dowkrxjk lq htxloleulxp wkh| suhihu qrw wr gr

vr1 Zh ?qg wklv lqwhusuhwdwlrq ri wkh vroyhqf| frqvwudlqwv dv hqiruflqj lqglylgxdo

udwlrqdolw| dq dwwudfwlyh ihdwxuh ri rxu htxloleulxp frqfhsw1

Wkh qh{w sursrvlwlrq fkdudfwhul}hv wkh Duurz sulfhv lq d N0O htxloleulxp1

Sursrvlwlrq 7181 Ohw ifðj > l @ 4> ===> L/ dqg iTfj eh wkh doorfdwlrqv dqg D0G
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sulfhv fruuhvsrqglqj wr d N0O htxloleulxp1 Ohw tf eh wkh fruuhvsrqglqj Duurz

sulfhv1 Wkhq
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Qrz zh vkrz wkdw iru dq| htxloleulxp zlwk vroyhqf| frqvwudlqwv/ li wkh lpsolhg

lqwhuhvw udwh duh kljk dqg wkh frqvwudlqwv duh qrw wrr wljkw/ wkhq wkh lpsolhg D0G

sulfhv dqg frqvxpswlrq doorfdwlrqv frqvwlwxwh d N0O htxloleulxp1

Sursrvlwlrq 7191 Ohw it> fð> dðj eh dq htxloleulxp jlyhq wkh vroyhqf| frqvwudlqwv

iEðj dqg wkh lqlwldo zhdowk dðf= Vxssrvh +d, wkh lpsolhg lqwhuhvw udwhv duh kljk/

l1h1 +6144, krogv/ +e, wkh vroyhqf| frqvwudlqwv duh qrw wrr wljkw/ l1h1 +61:, krogv/

dqg +f, wkdw iru hdfk l 5 L wkhuh lv d frqvwdqw åð vxfk wkdw iru doo w/ }|>

ñññxífðc| í}|ììñññ é åð ü xâ ífðc| í}|ìì ü fðc| í}|ì 1 +719,
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Wkhq wkh frqvxpswlrq doorfdwlrqv ifðj dqg wkh D0G sulfhv iT|j ghulyhg iurp

it|j duh d N0O htxloleulxp1

Uhpdun 41 Wkh frqglwlrq +719, lv d mrlqw uhtxluhphqw rq wkh frqvxpswlrq door0

fdwlrq dqg wkh xwlolw| ixqfwlrqv1 Lw lv vdwlv?hg dxwrpdwlfdoo| lq vhyhudo uhohydqw

fdvhv1 Iru lqvwdqfh/ lw krogv li +l, x +ü, kdv uhodwlyh ulvn dyhuvlrq gl>huhqw iurp

rqh dw }hur frqvxpswlrq/ l1h1=

olp
S<fý

f xââ +f,
xâ +f,

9@ 4

zklfk fdq eh yhul?hg e| uhshdwhg dssolfdwlrq ri O*K÷slwdo*v uxoh/ ru +ll, xâ +3, ?

.4 / ru +lll, li frqvxpswlrq iru dq djhqw lv xqlirupo| erxqghg dzd| iurp }hur1

Zh rewdlq wkh ?uvw zhoiduh wkhruhp dv d fruroodu| ri wkh suhylrxv sursrvlwlrq1

Fruroodu| 71:1 Vlqfh d N0O htxloleulxp lv d vwdqgdug Duurz0Gheuhx htxloleulxp/

lwv frqvxpswlrq doorfdwlrq lv h!flhqw1 Wkhq e| Sursrvlwlrq 719/ li +719, lv vdwlv?hg/

dq htxloleulxp zlwk vroyhqf| frqvwudlqwv wkdw duh qrw wrr wljkw/ l1h1 +61:, krogv/

dqg zlwk lpsolhg kljk lqwhuhvw udwhv/ l1h1 +6144, krogv/ lv h!flhqw1

7161 Vroyhqf| Frqvwudlqwv dqg wkh H{whqw ri Ulvn Vkdulqj

Lq wklv vhfwlrq zh xvh wkh htxlydohqfh ehwzhhq d N0O htxloleulxp/ htxloleulxp

zlwk vroyhqf| frqvwudlqwv wkdw duh qrw wrr wljkw dqg rswlpdo doorfdwlrqv wr dgguhvv

54



wkuhh lvvxhv1 Wkh ?uvw lv wr fkdudfwhul}h wkh flufxpvwdqfhv xqghu zklfk dxwdufk|

lv wkh rqo| ihdvleoh doorfdwlrq1 Wkh vhfrqg lv wr vkrz wkdw li dq rswlpdo doorfdwlrq

lv gl>huhqw iurp dxwdufk|/ wkhq lw kdv kljk lpsolhg lqwhuhvw udwhv1 Wkh wklug lv wr

vkrz wkdw vroyhqf| frqvwudlqwv duh qhjdwlyh1

Sursrvlwlrq 71;1 Li wkh lpsolhg lqwhuhvw udwhv iru wkh dxwdufk| doorfdwlrqv ifð @ hðj/

duh kljk/ l1h1/ vdwlvi| +6144,/ wkhq dxwdufk| lv d frqvwudlqhg h!flhqw doorfdwlrq/

dqg khqfh lv wkh rqo| ihdvleoh doorfdwlrq1

Lq wkh qh{w sursrvlwlrq zh jlyh vx!flhqw frqglwlrqv vr wkdw dxwdufk| lv wkh

rqo| ihdvleoh doorfdwlrq1 Iru wklv sursrvlwlrq ohw

aø +ò, ì ò L . +4ý ò,ø

zkhuh ò lqgh{hv wkh shuvlvwhqfh ri aø+ò, =

Sursrvlwlrq 71<1 Dxwdufk| lv wkh rqo| ihdvleoh doorfdwlrq lq dq| ri wkh iroorzlqj

fdvhv= +l, wkh wlph glvfrxqw idfwru lv vx!flhqwo| vpdoo +l1h1 pd{5 ñ+}, & 3,/ +ll, ulvn

dyhuvlrq lv vx!flhqwo| vpdoo xqlirupo|/ +lll, wkh yduldqfh ri wkh lglrv|qfudwlf vkrfn

lv vx!flhqwo| forvh wr }hur + pd{ðc5cì5 mîð+�},ý îð+},m $ 3,/ dqg +ly, wkh wudqvlwlrq

suredelolw| pdwul{ lv vx!flhqwo| forvh wr lghqwlw|/ +l1h1 ò % 4,1
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Sursrvlwlrq 71< vxjjhvwv wkh w|sh ri sdudphwhu ydoxhv qhhghg vr wkdw lglrv|q0

fudwlf vkrfnv jhqhudwh kljk dqg yrodwloh sulflqj nhuqhov= kljk glvfrxqw udwhv/ orz

ulvn dyhuvlrq/ orz yduldqfh dqg kljk shuvlvwhqfh ri wkh vkrfnv1S

Qh{w zh vkrz wkdw iru dq| frqvwudlqhg h!flhqw doorfdwlrq zkhuh vrph ulvn

vkdulqj lv srvvleoh/ wkh lpsolhg lqwhuhvw udwhv duh kljk1 Wklv uhvxow/ wrjhwkhu zlwk

rxu vwdwhphqw ri wkh vhfrqg zhoiduh wkhruhp lpsolhv wkdw dq| h!flhqw doorfd0

wlrq zlwk vrph ulvn vkdulqj fdq eh ghfhqwudol}hg dv dq htxloleulxp zlwk vroyhqf|

frqvwudlqwv wkdw duh qrw wrr wljkw1

Sursrvlwlrq 71431 Ohw ifðj eh d frqvwudlqhg h!flhqw doorfdwlrq1 Dvvxph wkdw

vrph ulvn vkdulqj lv srvvleoh/ l1h1 iru doo djhqwv l wkhuh lv d }| vxfk wkdw=

ä
í
}|m}f

ì k
X +fð,

í
}|
ì
ý X +hð,

í
}|
ìl
A 3 = +71:,

Wkhq +6144, krogv +l1h1 wkh lpsolhg lqwhuhvw udwhv duh kljk,1

Lq wkh gh?qlwlrq ri dq htxloleulxp zlwk vroyhqf| frqvwudlqwv wkhuh lv qr uh0

txluhphqw wkdw wkh frqvwudlqwv duh qhjdwlyh1 Qrwlfh wkdw d srvlwlyh Eðc|n� phdqv

wkdw djhqw lkdv wr vdyh d plqlpxp dprxqw1 Zh hqg wklv vhfwlrq e| vkrzlqj

wkdw lq htxloleulxp zlwk kljk lpsolhg lqwhuhvw udwhv/ wkh vroyhqf| frqvwudlqwv duh

qhjdwlyh/ l1h1 wkh| vdwlvi| Eðc|n� ? 3= Wkxv/ zlwk kljk lqwhuhvw udwhv/ vroyhqf|

frqvwudlqwv duh h>hfwlyho| frqvwudlqwv rq frqwlqjhqw eruurzlqj1
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Sursrvlwlrq 71441 Li itW> fWð > dWð > MWð > EWð > j > dWðcf lv dq htxloleulxp zlwk vroyhqf|

frqvwudlqwv wkdw duh qrw wrr wljkw/ zkhuh wkh lpsolhg lqwhuhvw udwhv duh kljk/

wkhq wkhuh lv dq htxloleulxp zlwk vroyhqf| frqvwudlqwv wkdw duh qrw wrr wljkwzlwkq
tW> fWð > dWð > çMð> çEð> dWðcf

r
/ dWðcfzkhuh çEðc|n�

ý
}|> }â

ü é 3> zlwk vwulfw lqhtxdolw| li X+fWð ,+}|,
@ X+hð,+}

|, dqg < }r æ }| fWðcr+}r, 9@ hðcr+}r,=

81 DVVHW SULFHV LQ HFRQRPLHV ZLWK VROYHQF\ FRQ0

VWUDLQWV

Lq wklv vhfwlrq zh dqdo|}h vrph surshuwlhv ri wkh sulflqj nhuqhov lq hfrqrplhv

zlwk vroyhqf| frqvwudlqwv1 Zh vwduw e| ghvfulelqj wkh sulflqj ri vhfxulwlhv wkdw

duh pruh frpsoh{ wkdq Duurz vhfxulwlhv1 Zh wkhq frpsduh sulflqj lpsolfdwlrqv

lq hfrqrplhv zlwk dqg zlwkrxw sduwlflsdwlrq frqvwudlqwv e| frqvlghulqj pdujlqdo

ydoxdwlrqv/ lqwhuhvw udwhv dqg ulvn suhpld1 Ilqdoo| zh suhvhqw d vlpsoh luuhohydqfh

uhvxow1

8141 Sulflqj Frpsoh{ Vhfxulwlhv

Lqvwhdg ri doorzlqj djhqwv wr wudgh rqo| rqh0shulrg frqwlqjhqw fodlpv/ vxssrvh

wkdw wkh| fdq wudgh rwkhu vhfxulwlhv/ lqfoxglqj pxowlshulrg vhfxulwlhv vxfk dv vwrfnv

dqg erqgv1 D vwudljkwiruzdug h{whqvlrq ri rxu iudphzrun doorzv wklv srvvlelolw|1

Xqghu fhuwdlq frqglwlrqv vwdwhg ehorz/ wkh sulfh ri dq| vhfxulw| fdq eh rewdlqhg
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e| sulflqj wkh fruuhvsrqglqj sruwirolr ri Duurz vhfxulwlhv1

Zh dvvxph wkdw dw wlph w wkh vhw ri dydlodeoh vhfxulwlhv iurp gdwhv dqg vwdwhv

sulru wr }| lv jlyhq e| N|
ý
}|
ü
1 Wkhvh vhfxulwlhv kdyh sulfhv t|c& dqg pd| sd|

glylghqgv g|c& dw pxowlsoh gdwhv1 Dqdorjrxvo|
õ
N|n�

ý
}|> }â

ü
= }â 5 ]ô lv wkh vhw ri

vhfxulwlhv wkdw fdq eh wudghg dw }|= Lq wklv fdvh/ djhqwv idfh wkh iroorzlqj vhtxhqfh

ri exgjhw frqvwudlqwv iru doo w @ 3> 4> === dqg iru doo }| 5 ]|=

[
&âMg|n�+5|c5â,

dðc|n�c&â+}
|,t|c&â

í
}|
ì
. fðc|+}

|,

é
[

&Mg|E5|ä
dðc|c&+}

|3�,
k
t|c&+}

|, . g|c&
í
}|
ìl
. hðc|+}

|, 1

Wr kdyh wkh vdph exgjhw vhw dv lq wkh fdvh zlwk Duurz vhfxulwlhv zh qhhg

wzr frqglwlrqv= ?uvw/ wkdw wklv vhw ri vhfxulwlhv eh ulfk hqrxjk vr wkdw pdunhwv

duh g|qdplfdoo| frpsohwh/ dqg vhfrqg/ wkdw wkh sruwirolr fkrlfh eh uhvwulfwhg

vr wkdw wkh ydoxh ri dq djhqw*v sruwirolr eh kljk hqrxjk lq wkh gl>huhqw vwdwhv1

Vshfl?fdoo|/ iru hdfk shulrg/ d vhw ri vroyhqf| frqvwudlqwv wkdw olplwv wkh plqlpxp

ydoxh ri qh{w shulrg*v sruwirolr iru hdfk vwdwh lv gh?qhg dv =

[
&âMg|n�+5|c5â,

k
t|n�c&â

í
}|> }â

ì
. g|n�c&â

í
}|> }â

ìl
dðc|n�c&â

í
}|> }â

ì
è Eðc|n�+}|> }â,

iru doo w @ 3> 4> === dqg iru doo }| 5 ]|= Fohduo|/ hyhu| vhfxulw| lv mxvw d sruwirolr ri
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frqwlqjhqw fodlpv dqg fdq eh ydoxhg dv vxfk1

8151 Sulfhv dqg Pdujlqdo Ydoxdwlrqv

Jlyhq wkh iulfwlrqv lqwurgxfhg e| vroyhqf| frqvwudlqwv/ zh ?qg wkdw wkh sulfhv

ri vhfxulwlhv zlwk qrq0qhjdwlyh sd|r>v duh jhqhudoo| kljkhu wkdq dq| ri wkh djhqwv*

ydoxdwlrq1 Vxshu?fldoo|/ wklv uhvxow pd| vhhp wr lpso| dq duelwudjh rssruwxqlw|/

lq wkh vhqvh wkdw wkh sulfhv duh wrr kljk iru hyhu|rqh/ exw uhfdoo wkdw djhqwv fdq

vkruw vhoo rqo| olplwhg dprxqwv ri vhfxulwlhv1.

Dvvxph wkdw nâ lv d vhfxulw| dydlodeoh dw wlph w/ l1h1 nâ 5 N|n�
ý
}|> }â

ü
dqg

wkdw

g|nrc&â
í
}|nr

ì
è 3 iru doo v A 31

Ohw xv ghqrwh wkh sulfh ri wklv vhfxulw| iru wkh htxloleulxp zlwk vroyhqf| frq0

vwudlqwv e| t|c&â dqg wkh pdujlqdo ydoxdwlrq ri djhqw l e| PYðc|c&â zkhuh wkh

pdujlqdo ydoxdwlrq lv gh?qhg dv

PYðc|c&â
í
}|
ì
ì
[
r:f

[
5rM~r

ï|c|nr
í
}|nr3�

ì
g|nrc&â

í
}|> }r

ì xâ ýfðc|nr ý}|> }rüü
xâ +fðc| +}|,,

ä +}rm}|, 1

Wklv txdqwlw| phdvxuhv wkh pdujlqdo fkdqjh lq xwlolw|/ lq whupv ri wlph w frqvxpswlrq/

surgxfhg e| dq lqfuhdvh lq wkh l|û djhqw*v frqvxpswlrq wkdw lv sursruwlrqdo wr wkh

glylghqgv ri vhfxulw| nâ dw hdfk ixwxuh gdwh1 Zkhq djhqwv duh qhyhu frqvwudlqhg/
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ru htxlydohqwo| iru wkh fdvh ri shuihfw lqvxudqfh/ zh kdyh wkdw iru doo l>

t|c&â
í
}|
ì
@PYðc|c&â

í
}|
ì
1

Lq rxu hqylurqphqw zh kdyh wkh iroorzlqj uhvxow=

Ohppd 8141 Lq dq htxloleulxp zlwk vroyhqf| frqvwudlqwv/ zkhq wkhuh lv rqo|

olplwhg ulvn vkdulqj/ wkhq

t|c&â
í
}|
ì
è pd{

ðMW
PYðc|c&â

í
}|
ì

iru doo djhqwv l> vhfxulwlhv nâ> w è 3/ dqg }| 5 ]|= Zlwk vwulfw lqhtxdolw| iru dq

djhqw l li kh lv frqvwudlqhg dw ohdvw rqfh ehwzhhq w dqg w. v1

Qrwlfh wkdw vlqfh zh dvvxph wkdw wkh glylghqgv duh qrq0qhjdwlyh/ lqfuhdvlqj

wkh kroglqj ri vhfxulw| nâ fdq qhyhu ohdg wr ghidxow lq wkh ixwxuh li wkh ruljlqdo sodq

glg qrw douhdg| frqwhpsodwh ghidxow1 Rqh pd| wkhuhiruh eh whpswhg wr frqfoxgh

wkdw lq htxloleulxp t|c&â
ý
}|
ü
@ pd{ðMWPYðc|c&â

ý
}|
ü
= Wkh plvohdglqj sduw ri wklv

frqmhfwxuh lv wkdw wklv htxdolw| krogv rqo| iru Duurz vhfxulwlhv dqg qrw iru jhqhudo

vhfxulwlhv1 Wkh odwwhu pd| sd| lq gl>huhqw vwdwhv/ exw wkh sulflqj nhuqho lv gh?qhg

e| wkh pd{ dfurvv djhqwv ri wkh pdujlqdo udwh ri vxevwlwxwlrq/ vwdwh e| vwdwh1

Wkdw lv/ wkh djhqw zkrvh pdujlqdo udwh ri vxevwlwxwlrq lv htxdo wr wkh sulfh ri wkh
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Duurz vhfxulw| lq d jlyhq vwdwh pd| qrw sulfh wkh Duurz vhfxulw| iru d gl>huhqw

vwdwh1

8161 Lqwhuhvw Udwhv dqg Vhfxulw| Sulfhv

Wkh qh{w uhvxow vkrzv wkdw lq vhyhudo lqwhuhvwlqj fdvhv/ lqwhuhvw udwhv duh orzhu

lq hfrqrplhv zlwk vroyhqf| frqvwudlqwv wkdq lq fruuhvsrqglqj hfrqrplhv zlwkrxw

vxfk frqvwudlqwv1 Lq frqwudvw wr pdq| prghov zlwk lqfrpsohwh pdunhwv/ wklv h>hfw

grhv qrw uho| rq wkh suhfdxwlrqdu| vdylqjv prwlyh +frqyh{lw| ri wkh pdujlqdo

xwlolw|,1

Sursrvlwlrq 8151 Duurz sulfhv lq dq hfrqrp| zlwk vroyhqf| frqvwudlqwv duh

kljkhu wkdq lq dq rwkhuzlvh lghqwlfdo hfrqrp| zlwkrxw vroyhqf| frqvwudlqwv lq

dq| rqh ri wkh iroorzlqj fdvhv= +l,
S
ð îð +}, @ 4> doo }/ l1h1/ frqvwdqw djjuhjdwh

hqgrzphqw/ +ll, x +ü,kdv frqvwdqw uhodwlyh ulvn dyhuvlrq/ ru +lll, x +ü, lv txdgudwlf1

Qrwlfh wkdw vlqfh wkh sursrvlwlrq krogv iru frqvwdqw uhodwlyh ulvn dyhuvlrq/ lw

krogv iru wkh fdvh zlwk djjuhjdwh jurzwk ghvfulehg lq vhfwlrq 5141

Iru wkh fdvhv ghvfulehg lq Sursrvlwlrq +815,/ wkh sulfh ri d rqh0shulrg erqg

lv kljkhu lq dq hfrqrp| zlwk vroyhqf| frqvwudlqwv wkdq lq dq rwkhuzlvh lghqwl0

fdo hfrqrp| zlwkrxw wkhvh frqvwudlqwv1H Lw lv vwulfwo| vr/ li dw ohdvw rqh djhqw lv

frqvwudlqhg lq hdfk shulrg1 E| wkh vdph orjlf dv lq wkh sursrvlwlrq/ lq wkhvh
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fdvhv/ dq| vhfxulw| zlwk qrq0qhjdwlyh sd|rxwv zloo kdyh d zhdno| kljkhu sulfh lq

wkh vroyhqf| frqvwudlqwv hfrqrp| frpsduhg wr wkh fruuhvsrqglqj uhsuhvhqwdwlyh

djhqw rqh1

8171 Wkh Suhplxp iru Djjuhjdwh Ulvn zlwk Lglrv|qfudwlf Vkrfnv

D pdmru lvvxh iru dq| khwhurjhqrxv0djhqw prgho ri dvvhw sulflqj lv wkh phfkd0

qlvp wkurxjk zklfk lglrv|qfudwlf vkrfnv fdq jhqhudwh d ulvn suhplxp iru fodlpv

frqwlqjhqw rq wkh djjuhjdwh vkrfn/ wkdw lv/ wkh pdunhw ulvn suhplxp1 Lq wklv

vhfwlrq zh frqvlghu wkh hqgrzphqw vshfl?fdwlrq zlwk djjuhjdwh jurzwk/ frqvwdqw

uhodwlyh ulvn dyhuvlrq dqg frqvwdqw glvfrxqw idfwru ghvfulehg lq vhfwlrq 5141 Zh

ghulyh vx!flhqw frqglwlrqv xqghu zklfk wkh hfrqrp| zlwk lglrv|qfudwlf vkrfnv

jhqhudwhv d ulvn suhplxp rq d rqh0shulrg ulvn| vwuls lghqwlfdo wr wkh uhsuhvhqwd0

wlyh djhqw hfrqrp|1

Zh vshfldol}h wkh hqgrzphqw surfhvv vr wkdw è +ü, dqg/ î +ü, @ iîð +ü,jðMW
duh vwdwlvwlfdoo| lqghshqghqw dqg è +ü, lv l1l1g1 Dvvxph wkdw } fdq eh zulwwhq dv

} @ +{> |, 5 ] @ [ û \ dqg wkdw è dqg î duh ixqfwlrqv ri | dqg {> vshfl?fdoo|=

è = \ $ U dqg î = [ $ üU > wkh L ý wk glphqvlrqdo vlpsoh{1

Gh?qlwlrq 8161 Zh vd| wkdw wkh djjuhjdwh vkrfn lv l=l=g= dqg lqghshqghqw ri wkh

lglrv|qfudwlf vkrfn li wkhuh h{lvwv d suredelolw| glvwulexwlrq ! dqg d vwrfkdvwlf
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pdwul{ # vxfk wkdw

ä
ý
}âm}ü ì ä ýý{â> |âü m +{> |,ü @ ! ý|âü ü # ý{âm{ü iru doo }> }â=

Zh frqvlghu wkh ulvn suhplxp iru rqh0shulrg ulvn| vwulsv1 D vwuls lv d vhfxulw|

wkdw sd|v d udqgrp glylghqg g|n� rqo| dw rqh shulrg= Zh frqvlghu d rqh0shulrg

vwuls zkrvh sd|rxw lv ixqfwlrq rqo| ri wkh djjuhjdwh rxwsxw/ ||n�> dqg khqfh

zkrvh sulfh htxdov
S
5|n� t|+}

|n�,g|n�+||n�,= Htxdwlrq +814, gh?qhv wkh suhplxp

dv wkh h{shfwhg vwuls uhwxuq glylghg e| wkh ulvn iuhh udwh/

%S
5|n� g|n�+||n�,ä+}|n�m}|,S
5|n� t|+}

|n�,g|n�+||n�,

&
@

%
4S

5|n� t|+}
|n�,

&
> +814,

zkhuh
k
4@
S
5|n� t|+}

|n�,
l
lv wkh ulvn iuhh udwh1 Wklv lv vrphwlphv fdoohg wkh 3pxo0

wlsolfdwlyh h{fhvv uhwxuq ri wkh rqh0shulrg ulvn| vwuls14 Zh fkrrvh wklv suhplxp

dv rssrvhg wr wkh htxlw| suhplxp iru lwv wudfwdelolw|1 Lqghhg/ wkh htxlw| suhplxp

lv d zhljkwhg vxp ri wkh hqwluh lq?qlwh vhtxhqfh ri vwulsv/ rqh iru hdfk shulrg1

Sursrvlwlrq 8171 Li hqgrzphqwv dqg suhihuhqfhv duh vshfl?hg dv lq vhfwlrq 514

dqg li wkh djjuhjdwh vkrfn lv l=l=g= dqg lqghshqghqw ri wkh lglrv|qfudwlf vkrfn/ wkhq

wkh pxowlsolfdwlyh suhplxp rq d rqh0shulrg ulvn| vwuls zlwk sd|rxw frqwlqjhqw rq

wkh djjuhjdwh rxwsxw lv wkh vdph lq dq hfrqrp| zlwk dqg zlwkrxw sduwlflsdwlrq
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frqvwudlqwv1

Wklv sursrvlwlrq vkrzv wkdw ghshqghqfh ri wkh furvv vhfwlrqdo glvwulexwlrq

ri hduqlqjv rq wkh djjuhjdwh lv uhtxluhg wr rewdlq lqwhuhvwlqj uhvxowv iru h{fhvv

uhwxuqv1 Wklv uhvxow frpsohphqwv vlplodu uhvxowv e| Pdqnlz +4<;9, dqg Frq0

vwdqwlqlghv dqg Gx!h +4<<9, wkdw zhuh rewdlqhg lq hqylurqphqwv zlwk h{rjhqrxv

dvvhw pdunhw lqfrpsohwhqhvv dqg qrq0elqglqj eruurzlqj frqvwudlqwv1

8181 Luuhohydqfh ri wkh Dyhudjh Djhqw

Wkh qh{w uhvxow lv lpsruwdqw iru wklqnlqj derxw txdqwlwdwlyh lpsohphqwdwlrq ri

wklv htxloleulxp frqfhsw1 Frqvlghu ?uvw dq htxloleulxp zlwk vroyhqf| frqvwudlqwv

wkdw duh qrw wrr wljkw dqg dgg rqh djhqw wr wkdw hfrqrp|1 Li wkh pdujlqdo udwhv ri

vxevwlwxwlrq xqghu dxwdufk| ri wklv djhqw duh vpdoohu wkdq wkh htxloleulxp sulfhv/

wkhq wkhuh lv dq htxloleulxp iru wkh h{sdqghg hfrqrp| zlwk wkh vdph sulfhv1

Dgglwlrqdoo|/ wkh h{wud djhqw zloo eh frqvwudlqhg doo wkh wlph1

Sursrvlwlrq 8181 Ohw wkh surfhvvhv ifWð > dWð > tW> EWð j >dqg wkh lqlwldo frqglwlrqv dWðcf

iru l @ 4> 5> ===> L eh dq htxloleulxp zlwk vroyhqf| frqvwudlqwv wkdw duh qrw wrr wljkw1

Dgg wr wkh suhylrxv hfrqrp| rqh djhqw zlwk hqgrzphqw surfhvv ihUn�j = Dvvxph

wkdw iru doo }| dqg }|n�

ñ+},
xâ
ý
hUn�c|n�

ý
}|> }|n�

üü
xâ +hUn�c| +}|,,

ä +}|n�m}|, é tW|
í
}|> }|n�

ì
= +815,
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Wkhq ifWð > dWð > tW> EWð j > iru l @ 4> 5> ===> L . 4 dqg wkh lqlwldo frqglwlrq dWðcf iru l @

4> 5> ===> L . 4 lv dq htxloleulxp zlwk vroyhqf| frqvwudlqwv wkdw duh qrw wrr wljkw

zkhuh
q
fWUn�

r
@ ihUn�j >

q
dWUn�

r
@ i3j dqg

q
EWUn�

r
@ i3j dqg lqlwldo frqglwlrq

dWUn�cf @ 3 =

Wkh h{dpsoh lq wkh qh{w uhpdun vd|v wkdw dgglqj dq h{wud djhqw zkrvh hq0

grzphqw lv shuihfwo| fruuhodwhg zlwk djjuhjdwh hqgrzphqw zloo kdyh qr h>hfw rq

htxloleulxp sulfhv1

Uhpdun 51 Ohw ç A 3 eh d frqvwdqw dqg hUn�c|
ý
}|
ü
@ ç ü h|

ý
}|
ü
iru doo w dqg }|

zkhuh h| lv wkh djjuhjdwh hqgrzphqw iru wkh hfrqrp| zlwk L djhqwv1 Dvvxph

wkdw x +ü, kdv frqvwdqw uhodwlyh ulvn dyhuvlrq1 Wkhq/ e| xvlqj sursrvlwlrq +815,

rqh rewdlqv lpphgldwho| wkdw dvvxpswlrq +815, krogv1

Djhqw L . 4 kdv qr uhdvrq wr sduwlflsdwh lq ixwxuh lqvxudqfh duudqjhphqwv

zlwk wkh L djhqwv/ dqg wkxv kh zloo ghidxow li kh dftxluhv dq| ghew1 E| frqwlqxlw|/

djhqwv zlwk lqglylgxdo hqgrzphqw surfhvvhv wkdw duh yhu| vlplodu wr wkh djjuhjdwh

hqgrzphqw duh qrw lpsruwdqw iru wkh ghwhuplqdwlrq ri dvvhw sulfhv1 Lqvwhdg/ rqo|

wkh djhqwv zlwk vxevwdqwldo lglrv|qfudwlf ulvn duh nh| wr ghwhuplqlqj dvvhw sulfhv1

65



91 FRQFOXVLRQV

Zh kdyh vwxglhg d pdunhw htxloleulxp zlwk h{solflw hqgrjhqrxv sruwirolr frq0

vwudlqwv iru dq hqylurqphqw zlwk ulvn ri ghidxow1 Zh kdyh ghulyhg wkh ?uvw dqg

vhfrqg zhoiduh wkhruhpv/ uhodwhg rxu htxloleulxp gh?qlwlrq wr wkh rqh e| Nhkrh

dqg Ohylqh/ dqg fkdudfwhul}hg wkh fruuhvsrqglqj dvvhw sulflqj nhuqho1 Ulvn vkdu0

lqj lv uhgxfhg/ dqg khqfh wkh sulflqj nhuqho lv pruh yduldeoh/ wkh pruh lpsdwlhqw

dqg ulvn wrohudqw djhqwv duh/ dqg wkh pruh shuvlvwhqw dqg ohvv yduldeoh wkhlu lq0

glylgxdo lqfrph surfhvvhv duh1 Zh kdyh frpsduhg wkh sulflqj nhuqho zlwk wkh

rqh iru hfrqrplhv zlwkrxw vroyhqf| frqvwudlqwv1 Iluvw/ lqwhuhvw udwhv duh orzhu/

uhjdugohvv ri wkh suhfdxwlrqdu| vdylqjv prwlyh1 Vhfrqg/ wkh ulvn suhplxp iru d

fodlp wkdw ghshqgv rqo| rq qh{w shulrg*v djjuhjdwh hqgrzphqw lv lghqwlfdo li lqgl0

ylgxdo dqg djjuhjdwh vkrfnv duh lqghshqghqw1 Wklug/ dvvhw sulfhv duh ghwhuplqhg

e| djhqwv zlwk vxevwdqwldo lqglylgxdo ulvnv1 Lq sduwlfxodu/ djhqwv zkrvh lqfrph

surfhvv lv vlplodu wr wkh djjuhjdwh duh luuhohydqw iru dvvhw sulfhv1

Zh ylhz wklv sdshu dv d ?uvw vwhs lq h{sorulqj dvvhw sulflqj uhodwlrqvklsv lq

dq hfrqrp| zkhuh wkh srvvlelolw| ri ghidxow olplwv ulvn vkdulqj1 Lq d frpsdqlrq

sdshu +Doyduh} dqg Mhupdqq +4<<;,, zh dqdo|}h lq ghswk vrph vshfldo fdvhv ri wkh

hqylurqphqw suhvhqwhg khuh1 Lq sduwlfxodu zh fkdudfwhul}h h!flhqw doorfdwlrqv/

ghyhors frpsxwdwlrqdo dojrulwkpv/ dqg grfxphqw txdqwlwdwlyh lpsolfdwlrqv iru
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dvvhw sulfhv1

Ghsw1 ri Hfrqrplfv/ Xqlyhuvlw| ri Fklfdjr/ Fklfdjr/ LO 9396:/ X1V1D1>

Xqlyhuvlgdg Wrufxdwr Gl Whood> i0doyduh}4Cxfklfdjr1hgx/

dqg

Wkh Zkduwrq Vfkrro/ Xqlyhuvlw| ri Shqqv|oydqld/ Sklodghoskld/ SD 4<437/

X1V1D1> mhupdqqCzkduwrq1xshqq1hgx>

kwws=22?qdqfh1zkduwrq1xshqq1hgx2�mhupdqq1
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DSSHQGL[

Surri ri Sursrvlwlrq 614= Wkh surri lv edvhg rq d vlpsoh yduldwlrqdo dujx0

phqw/ vr zh rqo| vnhwfk lw khuh1 Ohw l 9@ m eh wkh djhqw zlwk wkh kljkhvw pdujlqdo

udwh ri vxevwlwxwlrq1 Rqh fdq lqfuhdvh fxuuhqw frqvxpswlrq dqg ghfuhdvh ixwxuh

frqvxpswlrq ri djhqw m lq vwdwh }|n� vr dv wr nhhs X +fæ,
ý
}|
ü
frqvwdqw1 Wklv lv

ihdvleoh vlqfh wkhuh lv vodfn lq +614,1 E| ghfuhdvlqj fxuuhqw frqvxpswlrq dqg

lqfuhdvlqj ixwxuh frqvxpswlrq ri djhqw l lq vwdwh }|n� zkloh nhhslqj pdwhuldo edo0

dqfh/ X +fð,
ý
}|
ü
lqfuhdvhv vlqfh lâv pdujlqdo udwh ri vxevwlwxwlrq lv wkh kljkhu ri

wkh wzr/ zklfk lv lq frqwudglfwlrq wr frqvwudlqhg h!flhqf|1

Surri ri Sursrvlwlrq 714= Wkh surri lv e| frqvwuxfwlrq1 Jlyhq wkh doorfd0

wlrq/ xvh +61<, dqg +6143, wr gh?qh sulfhv1 Vlqfh e| dvvxpswlrq wkh lpsolhg lqwhuhvw

udwhv duh kljk/ zh xvh wkh exgjhw frqvwudlqw +616, wr frqvwuxfw dvvhw kroglqjv dw

hdfk wlph dqg hyhqw vr wkdw ifWð j lv exgjhw ihdvleoh1 Zkhq dq djhqw*v pdujlqdo

udwh ri vxevwlwxwlrq lv qrw wkh kljkhvw rqh/ ohw wkh vroyhqf| frqvwudlqw htxdo wkh

kroglqj ri wkh fruuhvsrqglqj Duurz vhfxulw|1 Zkhq dq djhqw*v pdujlqdo udwh ri

vxevwlwxwlrq lv wkh kljkhvw/ zh zloo gh?qh/ dv dq lqwhuphgldwh vwhs/ vroyhqf| frq0

vwudlqwv
q hEðr vxfk wkdw �Eðc|n� ý}|> }âü @ ýS5rR5|n� Tr

ý
}rm}|n�ü hðcr +}r, > zh zloo

uhgh?qh wkh vroyhqf| frqvwudlqwv odwhu1 Wkh vx!flhqw Hxohu dqg Wudqvyhuvdolw|

frqglwlrqv iru lqglylgxdo pd{lpl}dwlrq fdq qrz eh fkhfnhg1 Wkh Hxohu frqglwlrqv
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+618, iroorzv iurp wkh gh?qlwlrq ri wkh Duurz sulfhv +61<, dqg wkh dvvxpswlrq wkdw

wkh xqfrqvwudlqhg djhqw kdv wkh kljkhvw pdujlqdo udwh ri vxevwlwxwlrq1 Qrz zh

fdq fkhfn wkh wudqvyhuvdolw| frqglwlrq=
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TWr
í
}rm}A
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hr +}
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zkhuh wkh ?uvw lqhtxdolw| iroorzv vlqfh e| frqvwuxfwlrq dWðcA
í
}A
ì
ý �EðcA

í
}A
ì
@ 3

li wkh sduwlflsdwlrq frqvwudlqw elqgv ru htxdo wr
S
5rR5A TWr

í
}rm}A

ì
fWðcr +}r, è 3

rwkhuzlvh/ wkh vhfrqg ehfdxvh fWðcr +}r, é hr +}
r, vlqfh wkh doorfdwlrq lv ihdvleoh/

wkh wklug iroorzv iurp wkh gh?qlwlrq ri TWâ| v lq whupv ri surgxfw ri wkh tW| dqg

wkh uhodwlrqvkls ri wkh tWâ| v zlwk wkh pdujlqdo udwh ri vxevwlwxwlrq/ dqg wkh ?qdo

htxdolw| iurp wkh dvvxpswlrq wkdw wkh lpsolhg lqwhuhvw udwhv duh kljk1

Xvlqj wkh sulfhv dqg vroyhqf| frqvwudlqwv zh frqvwuxfw wkh ixqfwlrq Mðc|/ zklfk

lv dwwdlqhg e| ifWð j = Ilqdoo| zh xvh Mðc| wr uhgh?qh wkh ydoxhv ri wkh vroyhqf|

frqvwudlqwv iru wkh fdvhv zkhuh dq djhqw kdv wkh kljkhvw PUV/ wkdw lv/ zkhq

wkh frqvwudlqwv gr qrw elqg1 Lq sduwlfxodu/ iru hyhu| shulrg dqg vwdwh/ zh gh0
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?qh d qhz vroyhqf| frqvwudlqw EWc�ð wkdw vroyhv Mðc|n�
í
EWc�ðc|n�

ý
}|> }â

ü
>
ý
}|> }â

üì
@

X +hð,
ý
}|> }â

ü
>zklfk kdv d vroxwlrq vlqfh wkh Mðc|

ýü> }|ü duh vwulfwo| ghfuhdvlqj1 Zh
lwhudwh rq wkh vhtxhqfh ri vroyhqf| frqvwudlqwv xqwlo frqyhujhqfh/ dw iEWð j1

Fohduo| ifWð j dqg idWð j vwloo vroyh wkh sureohp +615, iru wkh vdph sulfhv dqg

vroyhqf| frqvwudlqwv iEWð j/ vlqfh wkh ihdvleoh vhw lv vpdoohu/ exw wkh ruljlqdo sodq

lv vwloo ihdvleoh1

Surri ri Sursrvlwlrq 716= Lw lv lpphgldwh wr yhuli| wkdw if@cð> d@cð> t@> E@cðj

vdwlvi| wkh vx!flhqw frqglwlrqv +618, dqg+619,/ uhvrxufh ihdvlelolw| dqg pdunhw

fohdulqj1 Pruhryhu iE@cðj duh qrw wrr wljkw/ vlqfh wulyldoo| Mðc|
ý
d@cðc|

ý
}|
ü
> }|
ü
@

Mðc|
ý
E@cðc|

ý
}|
ü
> }|
ü
@ X +hð,

ý
}|
ü
iru doo w> }|1

Surri ri Sursrvlwlrq 718= Lw iroorzv iurp wkh iroorzlqj yduldwlrqdo dujx0

phqw durxqg wkh frqvxpswlrq doorfdwlrq lq d N0O htxloleulxp1 Iru dq duelwudu|

gdwh +3wkh fxuuhqw gdwh4, doorz frqvxpswlrq wr ghfuhdvh dw wkh fxuuhqw gdwh dqg

wr lqfuhdvh lq wkh qh{w dw d sduwlfxodu vwdwh/ vr dv wr nhhs wkh vdph h{shqglwxuh dw

wkh N0O sulfhv1 Fkrvh wkh ydoxhv ri fxuuhqw dqg ixwxuh frqvxpswlrq wr pd{lpl}h

xwlolw|1 Qrwlfh wkdw wkh sduwlflsdwlrq frqvwudlqwv dw wkh ixwxuh gdwh zloo eh vdw0

lv?hg vlqfh frqvxpswlrq fdq rqo| lqfuhdvh lq wkh ixwxuh1 Dovr/ wkh sduwlflsdwlrq

frqvwudlqwv dw wkh fxuuhqw gdwh zloo eh vdwlv?hg +dw wkh pd{lpxp,/ vlqfh fxu0

uhqw frqwlqxdwlrq xwlolw| fdqqrw ghfuhdvh/ jlyhq wkdw qr ghyldwlrq lv ihdvleoh iru

wkh prgl?hg sureohp1 Wklv sureohp kdv d vwulfwo| frqfdyh gl>huhqwldeoh remhf0
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wlyh ixqfwlrq dqg olqhdu frqvwudlqwv/ vr wkh Nxkq0Wxfnhu frqglwlrqv duh qhfhvvdu|1

Wkh uhvxow iroorzv lpphgldwho| iurp wkh Nxkq0Wxfnhu frqglwlrqv1

Surri ri Sursrvlwlrq 719= Lq dq htxloleulxp/ iru jlyhq vroyhqf| frqvwudlqwv/

wkh frqvxpswlrq doorfdwlrq lv ihdvleoh1 Li wkh vroyhqf| frqvwudlqwv duh qrw wrr

wljkw/ wkh frqvxpswlrq doorfdwlrqv vdwlvi| wkh sduwlflsdwlrq frqvwudlqwv iru hdfk

djhqw dw doo wlphv dqg vwdwhv1 Lw rqo| uhpdlqv wr eh vkrzq wkdw jlyhq wkh D0G

sulfhv lpsolhg e| itj wkh frqvxpswlrq doorfdwlrq pd{lpl}hv xwlolw| vxemhfw wr

exgjhw dqg sduwlflsdwlrq frqvwudlqwv1 Lw zloo vx!fh wr ?qg qrq0qhjdwlyh vkdgrz

ydoxhv +pxowlsolhuv, dvvrfldwhg zlwk wkh exgjhw frqvwudlqwv dqg sduwlflsdwlrq frq0

vwudlqwv dqg yhuli| wkdw wkh| duh d vdggoh1 Wkh iroorzlqj dojrulwkp gh?qhv wkhvh

pxowlsolhuv dv d ixqfwlrq ri wkh frqvxpswlrq doorfdwlrq/ Duurz sulfhv dqg sdu0

wlflsdwlrq frqvwudlqwv1 Wkh pxowlsolhu rq wkh D0G exgjhw frqvwudlqw +716, lv vhw

wr íð @
üâESðcfE5fää
'E5f�5fä @ xâ +fðcf +}f,,1 Wkh pxowlsolhu iru wkh sduwlflsdwlrq frqvwudlqwv

+717, dw wlph w @ 3 lv ìðcf +}f, @ 3 = Wkh pxowlsolhuv iru wkh sduwlflsdwlrq frq0

vwudlqwv +717, iru doo w A 3 dqg }| 5 ]| duh gh?qhg uhfxuvlyho| e|

ïfc|
í
}|3�

ì
xâ
í
fðc|

í
}|
ìì574 . [

5oé5|
ìðco +}

o,

68ä í}|m}fì @ íðTí}|m}fì 1 +914,

Ilqdoo|/ rqh yhul?hv wkdw wkhvh pxowlsolhuv wrjhwkhu zlwk wkh frqvxpswlrq door0

fdwlrq duh lqghhg d vdggoh1 Wklv lv dffrpsolvkhg e| yhuli|lqj wkh ?uvw rughu
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frqglwlrqv iru d vdggoh1 Wkh idfw wkdw Duurz sulfhv duh gh?qhg dv lq +718, lv xvhg

wr vkrz wkdw wkh pxowlsolhuv duh qrq0qhjdwlyh1

Zh gh?qh wkh Odjudqjldq dv iroorzv= O
í
ifðj > íð iìðj
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iru dq| qrq0qhjdwlyh frqvxpswlrq sodq ifðj dqg qrq0qhjdwlyh pxowlsolhuv íð> iìðj =

Iluvw/ e| frqvwuxfwlrq ri wkh pxowlsolhu/ lw lv vwudljkwiruzdug wr vhh wkdw

íðc iìðj plqlpl}hv O +ifðj > ü,1 Vhfrqg/ zh wxuq wr hvwdeolvk wkdw ifðj pd{lpl}hv

O +ü> íð iìðj, = Lq rughu wr gr vr zh lqwhufkdqjh wkh rughu ri vxppdwlrqv/ vr dv d

whfkqlfdo uhtxluhphqw/ zh ?uvw fkhfn wkdw hdfk ri wkh whupv ri wkh vxp
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/ xvlqj +914, iru wkh pxowlsolhuv iìðj / fro0

ohfwlqj whupv rq x
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dqg xvlqj wkh dvvxpswlrq +719,/ rqh rewdlqv
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zklfk lv ?qlwh e| wkh dvvxpswlrq wkdw wkh lpsolhg lqwhuhvw udwhv duh kljk1

E| wkh suhylrxv dujxphqwv derxw wkh frqyhujhqfh ri hdfk frpsrqhqw ri wkh

vxpv lw lv htxlydohqw wr yhuli| wkdw
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dqg e| gh?qlwlrq ri wkh iìðj
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Wkxv xvlqj wkh lqhtxdolw| +916,/ wkh htxdolw| +917, dqg uhduudqjlqj/ zh rewdlq wkh

ghvluhg lqhtxdolw|=
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Surri ri Sursrvlwlrq 71;= Uhfdoo wkdw Sursrvlwlrq 716 vkrzv wkdw dxwdufk|

lv dq htxloleulxp zlwk vroyhqf| frqvwudlqwv wkdw duh qrw wrr wljkw iru Eðc| @ 3 dqg

dðcf @ 31 Wkhq wkh uhvxow iroorzv xvlqj wkh ?uvw zhoiduh wkhruhp +71:, vlqfh e|

dvvxpswlrq wkh lpsolhg lqwhuhvw udwhv duh kljk1

Surri ri Sursrvlwlrq 71<= Zh qhhg wr vkrz wkdw xqghu wkh jlyhq frqglwlrq
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wkh dxwdufk|0ydoxh ri hqgrzphqw frqyhujhv wr d ?qlwh olplw1 Lq dxwdufk|/ Duurz

sulfhv ghshqg rqo| rq wkh fxuuhqw dqg sdvw }> vr wkh| duh Pdunry1 Wkxv wkh ydoxh

ri wkh djjuhjdwh hqgrzphqw vdwlv?hv d vlpsoh uhfxuvlrq1 Wklv uhfxuvlrq vdwlv?hv

prqrwrqlflw| dqg glvfrxqwv dw d udwh wkdw ghshqgv rq dvvxpswlrqv +l, wr +ly,1 Zh

vkrz ehorz wkdw wklv udwh lv vwulfwo| vpdoohu wkdq wkh rqh iru wkh olplw ydoxhv lq

+l, wr +ly,1

Ohw*v ghqrwh wkh ydoxh ri djjuhjdwh hqgrzphqw hydoxdwhg dw dxwdufk| sulfhv

t@ +}> }
â, frqglwlrqdo rq fxuuhqw vkrfn } dv D +},1 Wklv ydoxh vdwlv?hv wkh iroorzlqj

uhfxuvlrq= t@ +}> }â, ì ñ+}, pd{ðMW
q
üâE"ðE5âää
üâE"ðE5ää

r
ä +}âm}, / dqgD +}, @S5âM~ t@ +}> }â,

^h +}â, .D +}â,`1 Htxlydohqwo|/ D +}, @ ñW+},
S
5âM~ ^h +}â, .D +}â,` äW +}âm}, > zlwk
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ñ+}, üS5âM~ pd{ðMW
q
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r
ä +}âm},1 Qrwlfh wkdw wkh rshudwru gh?qhg e| wkdw

uhfxuvlrq lv prqrwrqh dqg vdwlv?hv glvfrxqwlqj dw d udwh ohvv wkdq rqh li ñW +}, ? 4

iru doo }> lq zklfk fdvh wkh ydoxh ri djjuhjdwh hqgrzphqw lv ?qlwh1

Zh vkrz wkdw iru duelwudu| }> dv zh wdnh hdfk ri wkh irxu olplwv/ ñW +}, whqgv

wr d qxpehu vpdoohu wkdq rqh1 Iluvw/ dv pd{5 ñ +}, $ 3 wkhq pd{5 ñW +}, fdq

eh pdgh duelwudulo| vpdoo1 Iru fdvhv +ll, dqg +lll, pd{ðMUc5cì5M~ üâE"ðEì5ää
üâE"ðE5ää $ 4 khqfh

ñW +}, $ ñ +}, = Lq fdvh +ly, olpk<� äW +}âm}, @ 4 li }â @ } dqg 3 rwkhuzlvh/ dqg

vlqfh üâE"ðE5ää
üâE"ðE5ää @ 4> wkhq ñ

W +},$ añ +}, ? 4=

Surri ri Sursrvlwlrq 7143= D N0O hfrqrp| lv d vwdqgdug Duurz0Gheuhx
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frqyh{ hfrqrp|/ khqfh e| wkh 5qg zhoiduh wkhruhp dq| h!flhqw doorfdwlrq fdq

eh vxssruwhg dv d txdvl0htxloleulxp e| d olqhdu ixqfwlrq sf1 Dvvxpswlrq +71:,

lpsolhv wkdw iru doo }| wkhuh lv dq l vxfk wkdw X +fð,
ý
}|
ü
A X +hð,

ý
}|
ü
1 Dgdswlqj

wkh dujxphqw lq Sursrvlwlrq 718 dqg xvlqj wkh lpsolfdwlrq ri +71:,/ wkh Duurz

sulfhv lpsolflw lq wkh vxssruwlqj sulfhv sf vdwlvi| +718,/ dqg duh vwulfwo| srvl0

wlyh1 Ghqrwh wkh fruuhvsrqglqj D0G sulfhv e| Tf1 E| vhsdudelolw| ri suhihuhqfhv/

ifðj5rR5| plqlpl}hv s| +f, vxemhfw wr X +f,
ý
}|
ü è X +fð,

ý
}|
ü
dqg wr f vdwlvi|lqj

wkh sduwlflsdwlrq frqvwudlqv/ zkhuh s| ghqrwhv wkh surmhfwlrq ri sf wr }r æ }|1 E|

+71:, djhqw l kdv d fkhdshu srlqw lq klv frqvxpswlrq srvvlelolw| vhw dw }|/ khqfh

ifðj5rR5| pd{lpl}hv X +f,
ý
}|
ü
vxemhfw wr s| +f, é s| +fð, dqg wkh sduwlflsdwlrq

frqvwudlqwv1 Wkxv s| +fð, ? .4= Vlqfh L lv ?qlwh/ ifðj5rR5| gl>huv iurp ifðj rq

d ?qlwh qxpehu ri frpsrqhqwv/ khqfh sf +fð, ? .4 iru doo l= E| prqrwrqlflw|

ri suhihuhqfhv/
S
5|R5Tf

ý
}|m}f

ü
fðc|

ý
}|
ü é sf +fð, = Dgglqj xs dfurvv djhqwv dqg

xvlqj uhvrxufh ihdvlelolw| zh rewdlq wkh ghvluhg uhvxow1

Surri ri Sursrvlwlrq 7144= Frqvlghu dq htxloleulxp itW> fWð > dWð > MWð > EWð j >

dWðcfzlwk vroyhqf| frqvwudlqwv wkdw duh qrw wrr wljkw dqg zlwk kljk lqwhuhvw udwhv1

E| Sursrvlwlrq +719, wkhuh lv d N0O htxloleulxp zlwk wkh vdph Duurz sulfhv/ zlwk

sulfhv sf jlyhq e| wkh lpsolhg D0G sulfhv1 Gh?qh çMðcf +d> }f, dv wkh pd{lpl}hg

ydoxh ri Htxdwlrq +715, vxemhfw wr +716, dqg +717,1 Qrwlfh wkh iroorzlqj wzr surs0

huwlhv ri wkh ixqfwlrq çMðcf= Iluvw/ çMðcf +3> }f, è X +hð, +}f,ehfdxvh fð @ hð lv exgjhw
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ihdvleoh iru dðcf @ 3= Vhfrqg/ li çMðcf +d> }f, @ X +hð, +}f, > dqg li wkh rswlpdo frq0

vxpswlrq fð 9@ hð wkhq dðcf ? 3> ehfdxvh wkh remhfwlyh ixqfwlrq lv vwulfwo| frqfdyh

dqg wkh ihdvleoh vhw lv frqyh{1 Vlqfh wkh frqwlqxdwlrq ri d N0O htxloleulxp dw

qrgh }| lv lwvhoi d N0O htxloleulxp wkhq zh fdq gh?qh sulfh v|vwhpv s| dqg ixqf0

wlrqv çMðc|
ýü> }|ü iru wkh hfrqrp| vwduwlqj dw qrgh }|= Wkhvh ixqfwlrqv vdwlvi| wkh

vdph wzr surshuwlhv wkdw lq wkh fdvh ri w @ 3= Gh?qh çEðc|n�
ý
}|n�

ü
dv wkh vr0

oxwlrq ri çMðc|n�
ýü> }|n�ü @ X +hð,

ý
}|n�

ü
iru hdfk }|n�= Lw lv lpphgldwh wr yhuli|

wkdw
q
tW| > fWðc|> dWðc|n�> çMðc|> çEðc|n�> dWðcf

r
frqvwlwxwh dq htxloleulxp zlwk vroyhqf| frq0

vwudlqwv wkdw duh qrw wrr wljkw1 Ilqdoo|/ iurp wkh wzr surshuwlhv ri wkh ixqfwlrqv

çM zh rewdlq wkh ghvluhg uhvxow iru çEðc|n�1

Surri ri Ohppd 814= Lw iroorzv gluhfwo| iurp wkh idfw wkdw Duurz sulfhv duh

htxdo wr wkh kljkhvw pdujlqdo udwh ri vxevwlwxwlrq dfurvv djhqwv1

Surri ri Sursrvlwlrq 815= Fdvh +l,= Lq wkh fdvh zlwk qr vroyhqf| frqvwudlqwv

doo wkh pdujlqdo udwhv ri vxevwlwxwlrq duh htxdwhg/ dqg ehfdxvh ri frqvwdqw dj0

juhjdwh hqgrzphqw/ wkh udwlr ri wkh pdujlqdo xwlolwlhv htxdov rqh1 Li lq wkh hfrq0

rp| zlwk vroyhqf| frqvwudlqwv Duurz sulfhv duh vpdoohu/ wkhq xâ
ý
fðc|n�

ý
}|n�

üü
? xâ

ý
fðc|

ý
}|
üü
/ iru doo l/ wkxv vlqfh xâ lv ghfuhdvlqj zh duulyh wr

S
ð fðc|n�

ý
}|n�

ü
A

S
ð fðc|

ý
}|
ü
> d frqwudglfwlrq1 Fdvh +ll, dqg +lll, duh vkrzq wkurxjk vwudljkwiruzdug

dgdswdwlrq ri wkhvh dujxphqwv1

Surri ri Sursrvlwlrq 817= Zh ?uvw suryh dq lqwhuphgldwh uhvxow iru dq|
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frqvwudlqhg h!flhqw doorfdwlrq1 Ohw }| ì ý
{|> ||

ü
= Iru doo l> dqg iru doo }|>

afðc|
ý
}|
ü ì afðc|

ý
{|> ||

ü
lv wkh vdph iru doo ||= Qrwlfh wkdw lq wklv fdvh/ e| gluhfw

frpsxwdwlrq/ eñ lv frqvwdqw/ dqg wkxv X +ahð, ý{|> ||ü grhv qrw ghshqg rq ||= Khqfh/
qhlwkhu wkh uhvrxufh frqvwudlqwv/ wkh sduwlflsdwlrq frqvwudlqwv qru wkh glvfrxqw

idfwru ghshqg rq ||=Wkxv/ jlyhq wkh vwulfw frqfdylw| ri wkh xwlolw| ixqfwlrq/ lw

zrxog qrw eh h!flhqw wr pdnh afðc|
ý
{|> üü ghshqg rq ||=

Qrz zh xvh wkh lqwhuphgldwh uhvxow wr vkrz wkh sursrvlwlrq1 E| wkh ?uvw

zhoiduh wkhruhp dqg wkh uhsuhvhqwdwlrq ri Duurz sulfhv lw vx!fhv wr dqdo|}h wkh

pdujlqdo udwh ri vxevwlwxwlrq= ñ ^è +||n�,`
3ò ! +||n�, ü

í
÷Sðc|n�E%|n�c+|n�ä

÷Sðc|E%|c+|ä

ì3ò
# +{|n�m{|,/

zklfk fdq eh zulwwhq dv wkh surgxfw ri wzr ixqfwlrqv1 Wkh ?uvw rqh ghshqgv rq

||n�>zklfk lv htxdo wr wkh pdujlqdo udwh ri vxevwlwxwlrq iru wkh hfrqrp| zlwkrxw

sduwlflsdwlrq frqvwudlqwv/ ñ ^è +||n�,`
3ò ! +||n�, =Wkh vhfrqg rqh/

ëeSðc|n�E%|n�c+|n�äeSðc|E%|c+|ä
ê3ò

ü

# +{|n�m{|,/ e| wkh lqwhuphgldwh uhvxow/ grhv qrw ghshqg rq ||n�> dqg khqfh fdqfhov

rxw lq wkh irupxod iru wkh vwuls suhplxp1

Surri ri Sursrvlwlrq 818= Wkh doorfdwlrq lv fohduo| uhvrxufh ihdvleoh dqg

vdwlv?hv wkh sduwlflsdwlrq frqvwudlqwv1 Lw vx!fhv wr vkrz wkdw ifWð > dWð j vroyh +615,

jlyhq itWj dqg iEðj dqg dWðcf iru l @ L . 4= Lw lv lpphgldwh wr yhuli| wkdw jlyhq

+815, wkh Hxohu htxdwlrqv +618, duh vdwlv?hg iru doo w dqg wkdw vlqfh dðc|n�
ý
}|n�

ü
@

Eðc|n�
ý
}|n�

ü
iru doo }|n� wkh Wudqvyhuvdolw| frqglwlrq +619, lv vdwlv?hg1
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UHIHUHQFHV

Doyduh}/ I1 dqg X1 M1 Mhupdqq +4<<;,= 3Txdqwlwdwlyh Dvvhw Sulflqj Lpsolfdwlrqv

ri Hqgrjhqrxv Vroyhqf| Frqvwudlqwv/4 Pdqxvfulsw/ Xqlyhuvlw| ri Shqqv|o0

ydqld1

Frfkudqh/ M1 dqg O1 S1 Kdqvhq +4<<5,= 3Dvvhw Sulflqj H{sorudwlrqv iru Pdfurh0

frqrplfv/4 QEHU Pdfurhfrqrplfv Dqqxdo/ PLW Suhvv/ 44804;51

Frqvwdqwlqlghv/ J1 P1 dqg G1 Gx!h +4<<9,= 3Dvvhw Sulflqj zlwk Khwhurjhqhrxv

Frqvxphuv/4 Mrxuqdo ri Srolwlfdo Hfrqrp|/ 437/ 54<0731

Hdwrq/ M1 dqg P1 Jhuvrylw}/ +4<;4,= 3Ghew zlwk Srwhqwldo Uhsxgldwlrq= Wkhr0

uhwlfdo dqg Hpslulfdo Dqdo|vlv/4 Uhylhz ri Hfrqrplf Vwxglhv/ 7;/ 5;<063<1

Kh/ K1 dqg G1 P1 Prghvw +4<<8,= 3Pdunhw Iulfwlrqv dqg Frqvxpswlrq0Edvhg

Dvvhw Sulflqj/4 Mrxuqdo ri Srolwlfdo Hfrqrp|/ 436/ <7044:1

Khuqdqgh}/ D1 dqg P1 V1 Vdqwrv +4<<7,= 3Frpshwlwlyh Htxloleuld iru Lq?qlwh0

Krul}rq Hfrqrplhv zlwk Lqfrpsohwh Pdunhwv/4 Pdqxvfulsw/ Fhqwur gh Lq0

yhvwljdflrq Hfrqrplfd/ LWDP/ Ph{lfr1

Nhkrh/ W1 dqg G1 N1 Ohylqh +4<<6,= 3Ghew0Frqvwudlqhg Dvvhw Pdunhwv/4 Uhylhz

ri Hfrqrplf Vwxglhv/ 93/ ;9;0;;;1
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Nrfkhuodnrwd/ Q1 U1 +4<<9,= 3Lpsolfdwlrqv ri H!flhqw Ulvn Vkdulqj zlwkrxw

Frpplwphqw/4 Uhylhz ri Hfrqrplf Vwxglhv/ 8<8093<1

Ohylqh/ G1 O1 dqg Z1 U1 ]dph +4<<9,= 3Ghew Frqvwudlqwv dqg Htxloleulxp lq

Lq?qlwh Krul}rq Hfrqrplhv zlwk Lqfrpsohwh Pdunhwv/4 Mrxuqdo ri Pdwkh0

pdwlfdo Hfrqrplfv/ 59/ 43604641

Oxwwphu/ H1 J1 +4<<9,= 3Dvvhw Sulflqj lq Hfrqrplhv zlwk Iulfwlrqv/4 Hfrqrphw0

ulfd/ 97/ 476<09:1

Pdjloo/ P1 dqg P1 Txlq}ll +4<<7,= 3Lq?qlwh Krul}rq Lqfrpsohwh Pdunhwv4/

Hfrqrphwulfd/ 95/ ;860;;31

Pdqnlz/ J1 Q1 +4<;9,= 3Wkh Htxlw| Suhplxp dqg wkh Frqfhqwudwlrq ri Djjuh0

jdwh Vkrfnv/4 Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 4:/ 544054<1

Phkud/ U1 dqg H1 F1 Suhvfrww +4<;8,= 3Wkh Htxlw| Suhplxp= D Sx}}oh/4 Mrxuqdo

ri Prqhwdu| Hfrqrplfv/ 48/ 47804951

Vdqwrv/ P1 dqg P1 Zrrgirug +4<<:,= 3Udwlrqdo Dvvhw Sulflqj Exeeohv/4 Hfrqr0

phwulfd/ 97/ 4<08:1

]kdqj/ K1 K1 +4<<:,= 3Hqgrjhqrxv Eruurzlqj Frqvwudlqwv zlwk Lqfrpsohwh Pdu0

nhwv/4 Mrxuqdo ri Ilqdqfh/ 85/ 54;:055381
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Irrwqrwhv

51 Hduolhu zrun lq wkh vryhuhljq ghew olwhudwxuh e| Hdwrq dqg Jhuvrylw} +4<;4,

?uvw irupdol}hg wkh pdlq lghd ri wklv dssurdfk1

61 D vx!flhqw frqglwlrq iru X +f, wr eh ?qlwh iru dq| f wkdw vdwlvi| wkh sduwlfl0

sdwlrq frqvwudlqwv lv wkdw añ +}, ? 4 iru doo }1

71 Wkhuh lv d uhodwhg olwhudwxuh rq krz wr prgho sruwirolr frqvwudlqwv lq lq?0

qlwh krul}rq lqfrpsohwh pdunhwv prghov vxfk dv Ohylqh dqg ]dph +4<<9,/

Khuqdqgh} dqg Vdqwrv +4<<7,/ Vdqwrv dqg Zrrgirug +4<<:, dqg Pdjloo dqg

Txlq}ll +4<<7,1 Qrqh ri wkhvh sdshu irfxvhv rq wkh olqn ehwzhhq sruwirolr

frqvwudlqwv dqg wkh ulvn ri ghidxow1

81 Lq vrph uhodwhg zrun ]kdqj +4<<:, frpsxwhv qxphulfdo h{dpsohv ri dq htxl0

oleulxp vxemhfw wr d eruurzlqj frqvwudlqw fkrvhq vr wkdw djhqwv duh ehwwhu

r> wkdq lq dxwdufk|1 Rxu prgho gl>huv iurp ]kdqj*v lq wkdw kh h{rjhqrxvo|

olplwv djhqwv wr wudgh rqo| rqh0shulrg ulvnohvv erqgv dqg wkdw klv eruurzlqj

frqvwudlqw lv qhlwkhu wlph qru vwdwh ghshqghqw1

91 Wkhvh duh wkh surshuwlhv ri wkh nhuqhov irxqg lq hpslulfdo vwxglhv/ vxfk dv

Kdqvhq dqg Frfkudqh +4<<5,1

:1 Zh wkdqn Jhrujh Frqvwdqwlqlghv iru klkjoljkwlqj wklv srlqw1
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;1 Vhh Nhkrh dqg Ohylqh +4<<6, iru dq h{dpsoh zlwk d frqvwdqw djjuhjdwh hqgrz0

phqw dqg shulrglf lqglylgxdo hqgrzphqwv zkhuh lqwhuhvw udwhv duh vwulfwo|

orzhu wkdq lq wkh fruuhvsrqglqj hfrqrp| zlwkrxw sduwlflsdwlrq frqvwudlqwv1

7<


