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Devwudfw

Zh h{whqg wkh Oxfdv hfrqrp| +4<:;, wr wkh fdvh ri suhihuhqfhv d od
Nuhsv0Sruwhxv +4<:;, zkhq wkh glylghqg +iuxlw, surfhvv iroorzv d jhrphwulf
Eurzqldq Prwlrq1 Lq wkh uhsuhvhqwdwlyh djhqw fdvh/ wkh htxloleulxp sulfh
uhyhdov d wzr0vwdjh phfkdqlvp1 Iluvw/ wkh ulvn dyhuvh djhqw dgmxvwv grzq0
zdug wkh dyhudjh jurzwk udwh ri glylghqgv wr lqfrusrudwh xqfhuwdlqw|1 Wkhq/
wkh h�hfw ri wkh lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq +L1H1V1, ghshqgv rq
wkh vljq ri wklv dgmxvwhg jurzwk udwh ri glylghqgv1 Lq djuhhphqw zlwk Kdoo
+4<;;,/ wkh sdshu looxvwudwhv wkh nh| uroh sod|hg e| L1H1V1 rq wkh htxloleulxp
sulfh1 Wkh h{whqvlrq wr wkh khwhurjhqhrxv djhqwv fdvh doorzv xv wr dqdo|}h
wkh zhdowk glvwulexwlrq dqg lwv h�hfwv rq wkh htxloleulxp sulfh1 Lqglylgx0
dov zkr hlwkhu kljko| ydoxh wkh ixwxuh ru zkr duh erwk zloolqj wr vxevwlwxwh
frqvxpswlrq ryhu wlph dqg glvsod| orz ulvn dyhuvlrq zloo dv|pswrwlfdoo| df0
fxpxodwh doo wkh zhdowk lq wkh hfrqrp|1 Zhdowk frqfhqwudwlrq ohdgv wr dq
lqfuhdvh lq wkh htxloleulxp sulfh1

MHO fodvvl�fdwlrq= J45/ F9;/ G;41

Nh|zrugv= Uhfxuvlyh Suhihuhqfhv/ Vwrfkdvwlf Gl�huhqwldo Xwlolw|/ Dvvhw

Sulflqj/ Jhqhudo Htxloleulxp/ Khwhurjhqrxv Djhqwv1

WL zlvk wr wkdqn Dqguhz Deho iru surylglqj ph vxssruw dqg khosixo dgylfhv1 L dp dovr

lqghewhg wr Jdu| Dqghuvrq/ Mrkdqqhv Kruqhu/ Er|dq Mrydqrylf/ Qlfrodv Vdkxjxhw dqg LWDP

eurzq edj vhplqdu sduwlflsdqwv iru vhyhudo frqyhuvdwlrqv rq wklv wrslf1 Doo huuruv uhpdlq plqh1



41 LQWURGXFWLRQ

D kxjh olwhudwxuh lq �qdqfldo hfrqrplfv dqg pdfurhfrqrplfv kdv fohduo| srlqwhg
rxw wkh olplwdwlrqv ri wkh H{shfwhg Xwlolw| Wkhru| lq lwv lqdelolw| wr glvhqwdqjoh
lqglylgxdov* zloolqjqhvv wr dowhu wkhlu frqvxpswlrq ohyhov dfurvv wlph dqg lqglylg0
xdov* dwwlwxghv wrzdugv ulvn1 Dw dq hpslulfdo ohyho/ zkhq xvlqj lvrhodvwlf xwlolw|
ixqfwlrqv/ hvwlpdwlrqv |lhog dq xquhdvrqdeo| kljk ydoxh iru wkh frh!flhqw ri uho0
dwlyh ulvn dyhuvlrq1

Wkh remhfwlyh ri wklv sdshu lv wr wzrirog1 Iluvw/ lwv vkhgv vrph dgglwlrqdo oljkw
rq wkh h�hfwv ri ulvn dyhuvlrq dqg lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq +L1H1V1,
rq dvvhw sulfhv lq d jhqhudo htxloleulxp vhwwlqj1 Vhfrqg/ wkh khwhurjhqhrxv djhqwv
iudphzrun kljkoljkwv wkh uroh sod|hg e| wkh glvfrxqw udwh/ wkh L1H1V1 dqg ulvn
dyhuvlrq rq wkh zhdowk vkdulqj uxohv dqg wkh dvvhw htxloleulxp sulfh1

Wkh lghd ri lqwurgxflqj suhihuhqfhv doorzlqj glvwlqfwlrq ehwzhhq L1H1V1 dqg
ulvn dyhuvlrq lv qrw qhz lq pdfurhfrqrplfv dqg �qdqfh1 Zh qrz uhylhz wkh
h{lvwlqj olwhudwxuh rq wkh wrslf dqg suhvhqw wkh pdlq �qglqjv ri wkh sdshu1

4141 Uhodwhg Olwhudwxuh

Hsvwhlq dqg ]lq +4<;<, exloglqj rq wkh zrun ri Nuhsv dqg Sruwhxv +4<:;, frq0
vwuxfw d glvfuhwh wlph iudphzrun dqg srlqw rxw wkh dgydqwdjhv ri xvlqj uhfxuvlyh
xwlolw|1 Iluvw ri doo/ dq lpsruwdqw surshuw| ri wkh uhfxuvlyh suhihuhqfhv lv wkdw
wkh| h{klelw lqwhuwhpsrudo frqvlvwhqf|1 Lq dgglwlrq/ vxfk suhihuhqfhv wdnh lqwr
dffrxqw wkh djhqwv dwwlwxgh zlwk uhvshfw wr wkh whpsrudo uhvroxwlrq ri xqfhu0
wdlqw|1 Ilqdoo|/ uhfxuvlyh suhihuhqfhv glvhqwdqjoh wkh h�hfwv ri L1H1V1 dqg ulvn
dyhuvlrq1 Djhqwv* suhihuhqfhv duh gh�qhg lq d uhfxuvlyh zd| dv iroorzv1 Dw shulrg
w/ wkh djhqw ghwhuplqhv wkh fhuwdlqw| htxlydohqw p+�Y|n� m I|, ri wkh qh{w shulrg

olihwlph xwlolw| Y|n� jlyhq wkh lqirupdwlrq vwuxfwxuh I|1 Lq d vhfrqg vwdjh/ vkh

frpelqhv wkh fhuwdlqw| htxlydohqw p zlwk wkh fxuuhqw shulrg ohyho ri frqvxps0

wlrq f| yld dq djjuhjdwru Z vxfk wkdw Y| @Z +f|>p+�Y|n� m I|,,1 Wkh fhuwdlqw|

htxlydohqw p hqfdsvxodwhv ulvn dyhuvlrq zkhuhdv wkh djjuhjdwru Z hperglhv wkh
lqwhuwhpsrudo vxevwlwxwlrq ri frqvxpswlrq1 Wkhvh suhihuhqfhv kdyh ehhq xvhg iru
lqvwdqfh wr wu| wr vroyh wkh htxlw| suhplxp sx}}oh +vhh Zhlo 4<;< dqg 4<<3,1
Lq wzr sdshuv/ Gx!h dqg Hsvwhlq +4<<5d, dqg +4<<5e, suhvhqw vwrfkdvwlf gl�hu0
hqwldo xwlolw| zklfk dgdswv wkh frqfhsw ri uhfxuvlyh xwlolw| wr d frqwlqxrxv wlph
vhwwlqj dqg wkh| h{soruh lwv lpsolfdwlrqv iru dvvhw sulfhv1 Vkurghu dqg Frvwldv
+4<<<, ghyhors d judglhqw dssurdfk wr fkdudfwhul}h rswlpdo sruwirolr doorfdwlrqv
dqg frqvxpswlrq sodqv wkdw pd{lpl}h vwrfkdvwlf gl�huhqwldo xwlolw|1 Iru frp0
sohwh pdunhwv/ Gxpdv/ Xssdo dqg Zdqj +5333,/ xvlqj wkh frqfhsw ri yduldwlrqdo
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xwlolw|4/ frqvwuxfw d vrfldo sodqqhu ydoxh ixqfwlrq zkhq djhqwv kdyh uhfxuvlyh xwlo0
lw| ixqfwlrqv1 Wkh| vkrz wkdw wkh h!flhqw doorfdwlrq lv dovr wkh vroxwlrq ri wkh
ghfhqwudol}hg sureohp1 Ho Ndurxl/ Shqj dqg Txhqh} +4<<:, surylgh d wkhruhw0
lfdo wuhdwphqw ri edfnzdug vwrfkdvwlf gl�huhqwldo htxdwlrqv +EVGH, iru d �qlwh
krul}rq zlwk vrph dssolfdwlrqv wr �qdqfldo hfrqrplfv1

Vrph ri wkh fhqwudo lvvxhv ri wkh �uvw sduw ri wklv sdshu duh uhodwhg wr wkh zrun
e| Hsvwhlq +4<;;, dqg Qdln +4<<7,1 Hsvwhlq lqyhvwljdwhv wkh lpsdfw ri suhihuhqfhv
rq htxloleulxp dvvhw sulfhv lq d prgl�hg Oxfdv +4<:;, hfrqrp| zkhuh d xqltxh
jrrg fdq eh surgxfhg e| vhyhudo gl�huhqw w|shv ri wuhhv zlwk l1l1g1 rxwsxw1 Qdln
h{dplqhv wkh lpsdfwv ri dgmxvwphqw frvwv dqg fkdqjhv lq ulvnv rq djjuhjdwh vwrfn
sulfhv1 Erwk dxwkruv lghqwli| wkh L1H1V1 dv ghwhuplqlqj wkh gluhfwlrq ri wkh h�hfw
ri fkdqjhv lq ulvnv ri wkh htxloleulxp dvvhw sulfh1

Wkh vhfrqg sduw ri wkh sdshu frpsohphqwv wkh zrun e| Gxpdv +4<;<, dqg
Zdqj +4<<9,1 Gxpdv frqvlghuv wkh fdvh ri d g|qdplfdoo| frpsohwh hfrqrp|
zkhuh wzr khwhurjhqrxv lqyhvwruv wudgh d ulvnohvv erqg dqg d ulvn| vhfxulw|1
Djhqwv gl�hu e| wkhlu FUUD1 Wkh dxwkru dqdo|vhv wkh rswlpdo sruwirolr dqg
frqvxpswlrq srolflhv/ wkh htxloleulxp lqwhuhvw udwh dqg wkh g|qdplfv ri wkh htxl0
oleulxp zhdowk vkdulqj uxohv1 Zdqj ghulyhv d forvhg0irup vroxwlrq zkhq rqh lq0
yhvwru kdv d orjdulwkplf xwlolw| ixqfwlrq dqg wkh vhfrqg lqyhvwru kdv d vtxduh0urrw
xwlolw| ixqfwlrq1 Dqrwkhu uhodwhg zrun rq khwhurjhqrxv djhqwv dqg dvvhw sulflqj
lv wkh sdshu e| Frqvwdqwlqlghv dqg Gx!h +4<<9,1 Wkh| frqvwuxfw d prgho zlwk
khwhurjhqrxv frqvxphuv kdylqj frpprq vhsdudeoh suhihuhqfhv exw h{shulhqflqj
qrq0lqvxudeoh lglrv|qfudwlf vkrfnv1 Wkh| vkrz wkh h{lvwhqfh ri dq htxloleulxp
zlwk qr wudgh1 Wkh| vkrz krz wkh Hxohu Htxdwlrq pxvw eh prgl�hg wr lqfrusr0
udwh wkh suhvhqfh ri lglrv|qfudwlf vkrfnv1 Lq sduwlfxodu/ d whup/ uhsuhvhqwlqj wkh
furvv0vhfwlrqdo yduldqfh ri wkh glvwulexwlrq ri wkh lqglylgxdo frqvxphu*v frqvxps0
wlrq jurzwk/ qhhgv wr eh dgghg1 Wkh pdlq uhvxow lv wkdw ljqrulqj lglrv|qfudwlf
ulvnv ohdgv wr dq xqghuhvwlpdwlrq ru ryhuhvwlpdwlrq ri d vhfxulw| h{fhvv uhwxuq1
Lq wklv sdshu/ rqo| d ulvn| dvvhw fdq eh wudghg e| Q khwhurjhqrxv lqyhvwruv dqg
zh lqyhvwljdwh krz gl�huhqfhv lq suhihuhqfh fkdudfwhulvwlfv d�hfw wkh dvvhw htxl0
oleulxp sulfh dqg rzqhuvkls glvwulexwlrq dfurvv wlph1

Dw dq hpslulfdo ohyho/ doorzlqj glvwlqfwlrq ehwzhhq L1H1V1 dqg ulvn dyhuvlrq lq
djhqwv* suhihuhqfhv fdq eh xvhixo wr xqghuvwdqg wkh olplwv lpsolhg e| H{shfwhg
Xwlolw| Wkhru| lq �wwlqj wlph0vhulhv ehkdylru ri frqvxpswlrq dqg dvvhw uhwxuqv1
Hsvwhlq dqg ]lq +4<<4, xvlqj prqwko| X1V1 gdwd rq frqvxpswlrq dqg uhwxuqv iurp
4<8<04<;9 rewdlq d ydoxh ri L1H1V1 ohvv wkdq xqlw| +fruurerudwlqj Kdoo*v hvwlpdwh/
4<;;,1 Qhyhuwkhohvv/ wkh| vwlsxodwh wkdw wkh uhvxowv duh vhqvlwlyh wr wkh fkrlfh

4Wklv frqfhsw zdv lqwurgxfhg e| Jhr�dug +4<<9, lq d ghwhuplqlvwlf iudphzrun1
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ri frqvxpswlrq phdvxuh1 Ndqgho dqg Vwdpedxjk +4<<4, vkrz wkdw ulvn dyhuvlrq
sod|v dq lpsruwdqw uroh lq dffhvvlqj wkh phdqv ri erwk htxlw| uhwxuqv dqg lqwhuhvw
udwh1 Rq wkh rwkhu kdqg/ wkh yrodwlolw| ri htxlw| uhwxuqv lv ghwhuplqhg sulpdulo|
e| wkh L1H1V1/ d orz L1H1V1 lpso|lqj d kljk yrodwlolw|1 Nrfkhuodnrwd +4<<3, dujxhv
wkdw wkh uhdo sureohp iru dq hfrqrphwulfldq olhv lq glvhqwdqjolqj L1H1V1 dqg wkh
glvfrxqw idfwru1 Kh frqfoxghv wkdw �wkh olqn ehwzhhq wkh FUUD dqg wkh L1H1V1
lq wkh vwdqgdug suhihuhqfhv lv qrw wkh fdxvh ri wkhlu hpslulfdo idloxuh�1 D uhfhqw
sdshu e| Vfkzduw} dqg Wrurxv +5333, dujxhv wkdw gdwd xvhg lq vrph suhylrxv
vwxglhv wkdw wu| wr glvhqwdqjoh L1H1V1 dqg ulvn dyhuvlrq zhuh lqdssursuldwh1 Xvlqj
X1V1 whup vwuxfwxuh gdwd ryhu wkh shulrg 4<9704<<:/ wkh| �qg wkh L1H1V1 wr eh
htxdo wr 31559 ryhu 4<9704<<: +3144 ryhu 4<:<04<<: ,/ wkh FUUD frh!flhqw wr eh
htxdo wr 8198 ryhu 4<9704<<: +;1;6 ryhu 4<:<04<<:, dqg wkh glvfrxqw idfwru wr eh
durxqg 31<;< iru erwk wlph shulrgv1

4151 Uhvxowv

Wkh pdlq frqwulexwlrq ri wkh sdshu lv wr foduli| wkh h�hfwv ri ulvn dyhuvlrq dqg
L1H1V1 rq htxloleulxp sulfh1 Zh frqvlghu d Oxfdv +4<:;, wuhh hfrqrp| zlwk lghq0
wlfdo wuhhv +ri phdvxuh rqh, zkrvh rxwsxw lv fruuhodwhg ryhu wlph dqg dvvxph d
frqvwdqw dyhudjh jurzwk udwh ri glylghqgv1 Lq wkh uhsuhvhqwdwlyh djhqw fdvh/ zh
duh deoh wr jhw d forvhg irup vroxwlrq zklfk surylghv vrph qhz lqvljkwv rq wkh
uroh sod|hg e| ulvn dyhuvlrq dqg L1H1V1 lq wkh irupdwlrq ri wkh dvvhw htxloleulxp
sulfh1 Wkh htxloleulxp sulfh uhyhdov d wzr vwdjh phfkdqlvp frqfhuqlqj wkh h�hfwv
ri ulvn dyhuvlrq dqg zloolqjqhvv wr vxevwlwxwh frqvxpswlrq ryhu wlph1 Iluvw/ wkh
djhqw dgmxvwv grzqzdug wkh dyhudjh jurzwk udwh ri glylghqgv zlwk d +qhjdwlyh,
suhplxp sursruwlrqdo wr khu ghjuhh ri ulvn dyhuvlrq dqg wkh pdjqlwxgh ri ulvn1
Wkhq/ wkh h�hfw ri wklv h�hfwlyh jurzwk udwh ri glylghqgv ghshqgv rq wkh L1H1V1
Vlqfh wkhuh lv qr vwrudjh/ li wkh djhqw*v zloolqjqhvv wr vxevwlwxwh suhvhqw frqvxps0
wlrq zlwk ixwxuh frqvxpswlrq lv kljk +orz, hqrxjk/ qdpho| L1H1V1 juhdwhu +ohvv,
wkdq xqlw|/ dq lqfuhdvh lq wkh h�hfwlyh jurzwk udwh gulyhv xs +grzq, wkh sulfh ri
wkh wuhh1 Lq wkh vhfrqg vwdjh/ wkh djhqw orrnv dw wkh vljq ri wkh h�hfwlyh jurzwk
udwh ri glylghqgv1 Li wkh odwwhu lv srvlwlyh +qhjdwlyh,/ wkh kljkhu L1H1V1/ wkh juhdwhu
+orzhu, lv wkh htxloleulxp sulfh1

Wkh h{whqvlrq wr wkh khwhurjhqhrxv djhqwv fdvh doorzv xv wr wudfh rxw wkh hyr0
oxwlrq ri wkh rzqhuvkls glvwulexwlrq dfurvv wlph dqg lwv h�hfwv rq wkh htxloleulxp
sulfh1 Zh �qg wkdw djhqwv fdq eh udqnhg xvlqj d rqh0glphqvlrqdo sdudphwhu �/
ghshqglqj rq lqglylgxdov* glvfrxqw udwh iru wkh ixwxuh/ L1H1V1 dqg ulvn dyhuvlrq1
Wkh djhqwv/ zkrvh ydoxh ri � lv vpdoo/ duh wkh djhqwv zkr hlwkhu duh yhu| sdwlhqw
+orz glvfrxqw udwh iru ixwxuh, ru frpelqh d orz ulvn dyhuvlrq zlwk d kljk zloo0
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lqjqhvv wr vxevwlwxwh frqvxpswlrq dfurvv wlph1 Wkh djhqw glvsod|lqj wkh orzhvw
ydoxh iru � vhhv khu frqvxpswlrq dqg rzqhuvkls ulvlqj zlwk wlph dqg zloo xowl0
pdwho| ehfrph wkh rqo| fdslwdolvw lq wkh hfrqrp|1 Zhdowk frqfhqwudwlrq ohdgv wr
dq lqfuhdvh lq wkh htxloleulxp sulfh ri wkh ulvn| dvvhw1

Wkh sdshu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh hfrqrplf vhwwlqj
dqg surylghv vrph lqvljkwv rq wkh uroh ri wkh L1H1V1 dqg ulvn dyhuvlrq lq wkh ghwhu0
plqdwlrq ri wkh htxloleulxp sulfh ri dq dvvhw1 Vhfwlrq 6 h{whqgv wkh dqdo|vlv wr
wkh khwhurjhqhrxv djhqwv hfrqrp| dqg irfxvhv rq wkh zhdowk +rzqhuvkls, glvwul0
exwlrq dprqj djhqwv dqg lwv h�hfwv rq wkh htxloleulxp sulfh1 Vhfwlrq 7 frqfoxghv1
Surriv ri doo uhvxowv duh froohfwhg lq wkh dsshqgl{1

51 WKH HFRQRPLF VHWWLQJ

Zh frqvlghu dq hfrqrp| ã od Oxfdv +4<:;,1 Wlph lv frqwlqxrxv dqg wkh hfrqrp|
lv srsxodwhg zlwk d frqwlqxxp ri phdvxuh 4 ri lghqwlfdo djhqwv zkr olyh iruhyhu1
Wkh pdlq lqqrydwlrq ri wkh sdshu olhv lq wkh lqwurgxfwlrq ri d fodvv ri krprwkhwlf
uhfxuvlyh xwlolw| ixqfwlrqv d od Nuhsv0Sruwhxv +4<:;,1

5141 Lqirupdwlrq Vwuxfwxuh

Xqfhuwdlqw| dulvhv iurp wkh surgxfwlyh vhfwru1

Lw lv prghohg e| d suredelolw| vsdfh +
>I > S, rq zklfk lv gh�qhg d rqh gl0

phqvlrqdo Eurzqldq Prwlrq z= D vwdwh ri qdwxuh $ lv dq hohphqw ri 
1 I

ghqrwhv wkh wuleh ri vxevhwv ri 
 wkdw duh hyhqwv ryhu zklfk wkh suredelolw| phd0

vxuh S lv dvvljqhg1 Wkh lqirupdwlrq vwuxfwxuh lv jlyhq e| d vwdqgdug �owudwlrq

I @ iI|> w 5 Unj vdwlvi|lqj wkh xvxdo frqglwlrqv +lqfuhdvlqj/ uljkw0frqwlqxrxv/
dxjphqwhg dqg zlwk If ehlqj wulyldo1 Wkdw lv I| lv wkh �0dojheud jhqhudwhg e|

iz+v,> 3 9 v 9 w,j dqg dxjphqwhg1 Dw wlph w/ wkh lqirupdwlrq vhw lv I|= lqglylgx0
dov fdq ohduq wkh wuxh vwdwh ri qdwxuh e| revhuylqj wkh vdpsoh sdwk +uhdol}dwlrq, ri
z ryhu wlph1 Wkh �owudwlrq I uhsuhvhqwv krz lqirupdwlrq lv uhyhdohg ryhu wlph1 Doo
wkh surfhvvhv frqvlghuhg lq wkh sdshu duh surjuhvvlyho| phdvxudeoh zlwk uhvshfw
wr I dqg doo lghqwlwlhv lqyroylqj udqgrp yduldeohv +vwrfkdvwlf surfhvvhv, vkrxog
eh xqghuvwrrg wr krog S � d=v= ++� � S , � d=h=/ zkhuh � ghqrwhv wkh Ohehvjxh
phdvxuh rq Un,1

Qrwh wkdw lq wklv hfrqrp| pdunhwv duh qrw +g|qdplfdoo|, frpsohwh vlqfh wkhuh
lv rqh vrxufh ri xqfhuwdlqw| dqg rqo| rqh vwrfn fdq eh wudghg1
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5151 Suhihuhqfhv

Suhihuhqfhv duh uhsuhvhqwhg e| d vwrfkdvwlf gl�huhqwldo xwlolw| fkdudfwhul}hg e| d

sdlu ri sulplwlyhv +i>D, fdoohg wkh +xq,qrupdol}hg djjuhjdwru1 Wkh uhsuhvhqwdwlyh
djhqw pd{lpl}hv khu olihwlph xwlolw|

Y +w, @ H|

�]
"

|

�
i+f+v,> Y +v,, .

4

5
D+Y +v,, n�T +v,n

2

�
gv

�
+514,

zkhuh f lv d frqvxpswlrq surfhvv/ H| ghqrwhv wkh frqglwlrqdo h{shfwdwlrq jlyhq
I| dqg �T lv d surjuhvvlyho| phdvxudeoh vtxduh lqwhjudeoh surfhvv1 Htxlydohqw wr
+514,/ jlyhq d frqvxpswlrq surfhvv f/ wkh xwlolw| surfhvv Y vdwlv�hv wkh vwrfkdvwlf
gl�huhqwldo htxdwlrq

gY +w, @ �

�
i+f+w,> Y +w,, .

4

5
D+Y +w,, n�T +w,n2

�
gw. �T +w,gz+w,= +515,

Wkh dwwlwxgh wr ulvn lv hqfdsvxodwhg lq wkh ixqfwlrq D dqg eurdgo| vshdnlqj/
�wkh pruh qhjdwlyh lv D/ wkh pruh ulvn dyhuvh lv wkh djhqw1� Zh xvh vwrfkdvwlf
gl�huhqwldo xwlolw| d od Nuhsv0Sruwhxv +4<:;,1 Wkh djjuhjdwru lv jlyhq e|

i+f> y, @
�

�

f4 � y
4

y
43�

/ D+y, @
� � 4

y

zlwk � A 3> 3 9@ � 9 4 dqg 3 9@ � 9 41 Wkh glvfrxqw udwh ri ixwxuh lv �/ wkh

lqwhuwhpsrudo hodvwlflw| ri vxevwlwxwlrq lv v @ �

�34
> dqg ulvn dyhuvlrq lv fdswxuhg

e| �1 Iru lqvwdqfh/ zkhq � @ 4/ wkh djhqw lv ulvn qhxwudo1 Zkhq � @ �/ zh duh

lq wkh vwdqgdug iudphzrun ri H{shfwhg Xwlolw| dqg wkh frh!flhqw ri uhodwlyh ulvn

dyhuvlrq lv 4��1 Wkhvh suhihuhqfhv duh wlph frqvlvwhqw dqg wkh lqglylgxdo lv qrw

lqgl�huhqw wr wkh wlplqj ri uhvroxwlrq ri xqfhuwdlqw|1 Lq sduwlfxodu/ li v A �

�3k
/

wkh djhqw suhihuv hduo| uhvroxwlrq dqg li v ? �

�3k
> odwh uhvroxwlrq1

Dv vkrzq lq Gx!h dqg Hsvwhlq +4<<5e,/ wklv surjudp lv htxlydohqw wr pd{0
lpl}lqj d surjudp xvlqj d qrupdol}hg djjuhjdwru +i >D, vxfk wkdw D � 31 Wkh

fruuhvsrqglqj qrupdol}hg djjuhjdwru lv=

i+f> y, @
�

�

f4 � +�y,
4

k

+�y,
4

k
3�

1

Wkh h{lvwhqfh dqg xqltxhqhvv ri wkh remhfwlyh ixqfwlrq Y iru d jlyhq +zhoo eh0
kdyhg, frqvxpswlrq surfhvv lv vkrzq lq Gx!h dqg Olrqv +4<<5, xvlqj SGH whfk0
qltxhv1 Wkh| suryh wkdw xqghu h{srqhqwldo jurzwk frqglwlrqv iru wkh frqvxpswlrq

9



surfhvv/ wkh olihwlph xwlolw| surfhvv Y gh�qhg e| htxdwlrq +515, vdwlv�hv d SGH
zklfk kdv d xqltxh vroxwlrq1

Zh voljkwo| prgli| wkh Gx!h0Hsvwhlq +4<<5, irupxodwlrq ri VGX lq rughu wr
jhw h{lvwhqfh ri wkh frqvxphu pd{lpl}dwlrq sureohp lq dq lq�qlwh krul}rq zlwk
jurzlqj frqvxpswlrq sodqv1

Gh�qh d prgl�hg xwlolw| ixqfwlrq Z e|

Z +w, � Y +w,h3�|

zkhuh � lv dq duelwudulo| odujh srvlwlyh qxpehu1 Qrwlfh wkdw pd{lpl}lqj Y lv
htxlydohqw wr pd{lpl}lqj Z= Jlyhq htxdwlrq +515,/ wkh ixqfwlrq Z vdwlv�hv

gZ +w, @ �
�
h
3�|i+f+w,> h�|Z +w,,gw. �Z +w,

�
gw. �T +w,h

3�|
gz+w,1

Li i+f> y, @ q
4

S43Ek��
4

k

Ek��
4

k
3�

/ wkhq zh kdyh wkh uhsuhvhqwdwlrq

Z +w, @ H|

%]
"

|

#
�

�

f+v,4

+�Z +v,,
4

k
3�

h
3

�4

k
r

� +�
�

�
� �,Z +v,

$
gv

&
1

Wkh whupv h
3�| sod|v wkh uroh ri d glvfrxqw idfwru dqg zloo dvvxuh frqyhujhqfh ri

wkh lqwhjudo hyhq zkhq wkh frqvxpswlrq surfhvv jurzv rq dyhudjh dw d srvlwlyh

udwh1 Rqh fdq dovr qrwlfh wkdw wklv irupxodwlrq lv htxlydohqw wr uhgh�qlqj wkh

djjuhjdwru xvlqj wkh ixqfwlrq e| hi+f> y> w, @ q
4
e3

�4
k |

S
4

Ek��
4
k3�

� +�q
4
� �,y=

5161 Whfkqrorj|

Wkhuh lv d frqwlqxxp ri phdvxuh 4 ri lghqwlfdo wuhhv1 Rxwsxw ri hdfk wuhh | lv

shulvkdeoh dqg iroorzv d jhrphwulf Eurzqldq Prwlrq

g|+w, @ |+w, +�gw. �gz+w,,

zkhuh gz+w, lv wkh lqfuhphqw ri d vwdqgdug Zlhuqhu surfhvv/ � uhsuhvhqwv wkh

dyhudjh jurzwk udwh ri rxwsxw dqg � fdswxuhv wkh pdjqlwxgh ri wkh xqfhuwdlqw|15

Dvvxpswlrq

Lq rughu wr kdyh h{lvwhqfh ri wkh VGX/ zh qhhg wr dvvxph vrph jurzwk uh0

vwulfwlrqv rq wkh rxwsxw surfhvv1 Lq sduwlfxodu zh lpsrvh wkh frqglwlrq � .

�
�
��. +4� �,j

2

2

�
A 31

5Lq d glvfuhwh wlph iudphzrun/ dq htxlydohqw irupxodwlrq lv +|n� ' E�n>�+|n+|j0|n�c zkhuh

0|n� lv l1l1g1 dqg qrupdoo| glvwulexwhg1

:



5171 Uhsuhvhqwdwlyh Djhqw Sureohp

Wdnlqj wkh sulfh ri d wuhh s dv jlyhq/ wkh djhqw ghflghv krz pdq| xqlwv ri vwrfn

} wr krog dqg krz pxfk wr frqvxph f lq rughu wr pd{lpl}h khu olihwlph xwlolw|1

Vlqfh wkhuh lv rqo| rqh dvvhw lq wkh hfrqrp|/ wkh djhqw*v surjudp fdq eh zulwwhq

pd{
S

Z|

v1w1 g}+v, @
4

s+v,
^}+v,|+v,gv� f+v,gv` > }+w, A 3 jlyhq

g|+v, @ |+v, +�gv. �gz+v,,

Wudqvyhuvdolw| Frqglwlrq= Iroorzlqj Gx!h/ Hsvwhlq dqg Vnldgdv +4<<5
Dsshqgl{ F,/ wkh wudqyhuvdolw| frqglwlrq iru wklv sureohp fdq eh zulwwhq

olp
|<"

h
3v|
H ^Z|` @ 3 iru vrph vxlwdeoh  A 31

Zh qrz pryh wr wkh htxloleulxp surshuwlhv1

5181 Htxloleulxp Dqdo|vlv

Zh douhdg| phqwlrqhg h{lvwhqfh dqg xqltxhqhvv ri wkh htxloleulxp/ fkdudfwhul}hg

e| wkh frqglwlrq f @ | ru htxlydohqwo|/ } @ 41 Pruhryhu/ zh kdyh wkh iroorzlqj

sursrvlwlrq1

Sursrvlwlrq 41 Wkh htxloleulxp ydoxh ixqfwlrq M lv jlyhq e| M+|> w, @ Nh3�||k

zkhuh N lv d srvlwlyh frqvwdqw lqghshqghqw ri � exw wkdw ghshqgv rq doo wkh rwkhu

sdudphwhuv ri wkh prgho1

Surri1 Vhh dsshqgl{ 41

Lw lv hdv| wr fkhfn wkdw wkh wudqvyhuvdolw| frqglwlrq lv phw iru vrph  A 3

odujh hqrxjk1

Sursrvlwlrq 51 Wkh htxloleulxp sulfh ri wuhh s lv d olqhdu ixqfwlrq ri wkh fxuuhqw

glylghqg | dqg lv jlyhq e|

s+|, @
|

� � r3�

r

�
��

E�3k�
2 �

2
�

1 +516,

Surri1 Vhh dsshqgl{ 51
Zh xvh d xwlolw| judglhqw dssurdfk wr frpsxwh wkh htxloleulxp sulfh61

6Iru pruh ghwdlov rq wklv dssurdfk/ vhh Gx!h dqg Vnldgdv +4<<7, dqg Vkurghu dqg Vnldgdv
+4<<<,1

;



Uhpdun 41 Iru wkh vwdqgdug H{shfwhg Xwlolw| iudphzrun/ wkh deryh uhvxow vsh0

fldol}hv wr

s+|, @
|

� � ��.
kE�3k�

2 �
2

Uhfdoo wkdw lq wklv fdvh wkh frh!flhqw ri ulvn dyhuvlrq lv 4� � dqg wkh hodvwlflw|

ri vxevwlwxwlrq lv �

�3k
=

Wkh deryh uhodwlrqvkls surylghv vhyhudo lqvljkwv derxw wkh ghshqghqfh ri wkh
htxloleulxp sulfh rq wkh ixqgdphqwdov ri wkh hfrqrp|1

Zkhq wkh djhqw hodvwlflw| ri vxevwlwxwlrq lv htxdo wr 4> zklfk fruuhvsrqgv
wr wkh fdvh ri orjdulwkplf iholflw| ixqfwlrq/ wkh djhqw lv p|rslf dqg grhv qrw
fduh derxw wkh ixwxuh1 Wkxv wkh htxloleulxp sulfh lv lqghshqghqw ri wkh dyhudjh
jurzwk udwh ri glylghqgv �/ wkh uhodwlyh ulvn dyhuvlrq phdvxuh � dqg pdjqlwxgh
ri xqfhuwdlqw| �1

Glvhqwdqjolqj wkh h�hfwv ri ulvn dyhuvlrq dqg L1H1V1/ uhodwlrqvkls +516, vkrzv
wkh iroorzlqj1 Wkh djhqw*v dwwlwxgh zlwk uhvshfw wr xqfhuwdlqw| lv wr dgmxvw grzq0
zdug wkh dyhudjh jurzwk udwh ri glylghqgv � e| d idfwru E�3k�

2 �
2 lqfuhdvlqj zlwk

wkh ghjuhh ri ulvn +4��, dyhuvlrq dqg wkh pdjqlwxgh ri ulvn �/ vr wkdw wkh h�hf0

wlyh jurzwk udwh lv j @ ��
E�3k�

2 �
2
1 Qrz/ uhfdoo wkdw wkhuh lv qr vwrudjh lq wklv

hfrqrp|1 Zkhq wkh L1H1V1 v lv juhdwhu wkdq 4/ wkh djhqw lv zloolqj wr vxevwlwxwh
suhvhqw frqvxpswlrq iru ixwxuh frqvxpswlrq1 Wr gr vr/ vkh zdqwv wr lqfuhdvh
khu sxufkdvh ri vhfxulwlhv gulylqj sulfhv xs dv j jrhv xs1 Rq wkh frqwudu|/ zkhq
v ? 4/ vkh suhihuv vprrwk frqvxpswlrq sodqv1 Wkh htxloleulxp sulfh ghfuhdvhv
dv j ulvhv dv vkh vhoov wkh dvvhw lq rughu wr lqfuhdvh fxuuhqw frqvxpswlrq1 Wkh
h�hfwv ri wkh pdjqlwxgh ri wkh L1H1V1 ghshqg rq wkh vljq ri wkh h�hfwlyh jurzwk
udwh ri glylghqgv1 Li j lv srvlwlyh/ lqfuhdvlqj v gulyhv wkh htxloleulxp sulfh xs=
wkh djhqw zdqwv wr ex| wkh dvvhw zklfk kdv d srvlwlyh jurzwk udwh ri glylghqgv/
wdnlqj lqwr dffrxqw ulvn1 Wklv sxvkhv wkh sulfh xs1 Wkh rssrvlwh dssolhv li j lv
qhjdwlyh1 Fdpsehoo dqg Ylflhud +4<<;, suhvhqw d sduwldo htxloleulxp prgho lq
zklfk dq Hsvwhlq0]lq uhfxuvlyh xwlolw| uhsuhvhqwdwlyh djhqw wudghv d ulvnohvv dvvhw
dqg d ulvn| dvvhw kdylqj wlph ghshqghqw h{shfwhg uhwxuq1 Wkh| xvh dq dqdo|wlfdo
dssur{lpdwlrq iru vroylqj wkh Hxohu htxdwlrq dqg fdoleudwh wkh prgho wr srvwzdu
XV vwrfn pdunhw gdwd1 Wkh| vkrz wkdw wkh L1H1V1 rqo| lqgluhfwo| d�hfwv sruwirolr
fkrlfh wkurxjk lwv h�hfwv rq wkh dyhudjh ohyho ri frqvxpswlrq uhodwlyh wr zhdowk1
Wkhlu fdoleudwlrq uhvxowv vkrz wkdw wklv lqgluhfw h�hfw lv vpdoo1 Wkh| frqfoxgh
wkdw wkh pdlq sdudphwhu lq ghwhuplqlqj sruwirolr fkrlfh lv wkh frh!flhqw ri ulvn
dyhuvlrq1 Uhjduglqj hpslulfdo hvwlpdwlrqv ri wkh L1H1V1/ Kdoo +4<;;, frqfoxghv
iurp klv hpslulfdo dqdo|vlv wkdw wkh L1H1V1 lv �olnho| qrw wr eh deryh 315 dqg pd|

<



zhoo eh }hur�1 Hsvwhlq dqg ]lq +4<<4,/ Vfkzduw} dqg Wrurxv +5333, dovr �qg
d vpdoo exw srvlwlyh L1H1V1 Lw frxog eh lqwhuhvwlqj wr kdyh dq hvwlpdwlrq ri wkh
dgmxvwhg glylghqg jurzwk udwh ru dw ohdvw lwv vljq lq rughu wr lghqwli| wkh h�hfw ri
wkh L1H1V1 rq wkh dvvhw htxloleulxp sulfh1

Zh qrz lqwurgxfh khwhurjhqhlw| lq wkh hfrqrp|/ doorzlqj djhqwv wr gl�hu lq
wkhlu zloolqjqhvv wr vxevwlwxwh frqvxpswlrq ryhu wlph/ dwwlwxgh wrzdugv ulvn dqg
ghjuhh ri lpsdwlhqfh1

61 Khwhurjhqhrxv Djhqwv

Lq wklv vhfwlrq/ zh h{whqg wkh dqdo|vlv wr wkh fdvh ri dq hfrqrp| srsxodwhg

zlwk Q khwhurjhqhrxv djhqwv1 Dv ehiruh/ djhqw l suhihuhqfhv duh uhsuhvhqwhg e|

d vwrfkdvwlf gl�huhqwldo xwlolw| fkdudfwhul}hg e| d qrupdol}hg djjuhjdwru +i �> 3,
zlwk

i �+f�> y�, @
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��

f
4
�

�
� +�y�,

4�
k�

+�y�,
4�
k�
3�

1

Wkh wulsohw +�
�
> v�> ��, > ghvfulelqj djhqw l glvfrxqw udwh iru wkh ixwxuh �

�
/ khu

L1H1V1 v�/ dqg khu dwwlwxgh wrzdugv ulvn ��> hqfdsvxodwhv wkh khwhurjhqhlw| dprqj

djhqwv1 Zh gh�qh

�� @ �
� �

v� � 4

v�

�
��

+4� ��,

5
�
2

�
+614,

dqg zh dvvxph wkdw zh fdq udqn wkh djhqwv lq vxfk d zd| wkdw

3 ? �� ? �2 ? === ? �� 1

Dv wkh sdudphwhu �� wxuqv rxw wr eh d vx!flhqw vwdwlvwlfv iru hqfdsvxodwlqj djhqwv

khwhurjhqhlw|/ lw sod|v d fuxfldo uroh iru rxu dqdo|vlv1

Dv douhdg| srlqwhg rxw lq wkh suhylrxv vhfwlrq/ zh qhhg wr eh fduhixo uhjduglqj
wkh h{lvwhqfh ri wkh ydoxh ixqfwlrq zkhq ghdolqj zlwk dq lq�qlwh krul}rq dqg
jurzlqj frqvxpswlrq sodqv1 Wr eh suhflvh/ zh vkrxog prgli| wkh lqglylgxdo ydoxh
ixqfwlrq lq wkh vdph zd| dv ehiruh1 Krzhyhu/ wr nhhs wkh h{srvxuh vlpsoh/ zh
zloo xvh vwrfkdvwlf gl�huhqwldo xwlolwlhv dv suhvhqwhg lq Gx!h dqg Hsvwhlq +4<<5,1
Zh qrz vhw xs wkh surjudp iru djhqw l1

6141 Lqglylgxdo Surjudp

Djjuhjdwh frqvxpswlrq lv h{rjhqrxvo| jlyhq1 Wkh vwdwh yduldeohv iru wkh lqgl0
ylgxdo sureohp duh wkh fxuuhqw ohyho ri glylghqg | dqg wkh zhdowk +rzqhuvkls,
glvwulexwlrq ] @ +}�> }2> ===> }�,1 Djhqwv fdq wudgh wkhlu vkduhv dqg fdq dovr

43



vhoo2ex| frqvxpswlrq dprqj hdfk rwkhu lq h{fkdqjh iru wkh surplvh ri vrph
ixwxuh frqvxpswlrq1

Qrwlfh wkdw zh gr qrw kdyh lglrv|qfudwlf vkrfnv lq rxu iudphzrun1 Khqfh/
xqfhuwdlqw| zloo d�hfw lqglylgxdo*v lq d xqlirup idvklrq exw wkh pdjqlwxgh ri
wkh h�hfw ghshqgv rq suhihuhqfh fkdudfwhulvwlfv ri hdfk djhqw1 Wkh lvvxh ri dvvhw
sulflqj lq suhvhqfh ri lqvxudeoh lglrv|qfudwlf ulvnv lv wdfnohg lq Frqvwdqwlqlghv
dqg Gx��h +4<<9,1

Jlyhq d sdlu +|>], A 3 dw wlph w/ djhqw l pd{lpl}hv khu olihwlph xwlolw|

pd{
S�

Y�+|> ], @ H|

%]
"

|

��
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f
4�

�
+v,� +��Y�+|+v,> ]+v,,,

4�
k�

+��Y�+|+v,> ]+v,,,
4�
k�
3�

gv

&

v1w1 g}&+v, @
4

s+v,
^}&+v,|+v,� f&+v,`gv/ n @ 4> 5> ===>Q +Sl,

g|+v, @ |+v, +�gv. �gz+v,,

Lq dgglwlrq/ zh uhtxluhg wkh iroorzlqj Wudqvyhuvdolw| Frqglwlrq

olp
|<"

h
3v�|H ^Y�+|+w,> ]+w,,` @ 3 iru vrph vxlwdeoh  � A 31

Zh qrz gh�qh dq htxloleulxp iru wklv hfrqrp| dqg lqyhvwljdwh lwv surshuwlhv1

6151 Htxloleulxp Dqdo|vlv

Dq htxloleulxp iru wklv hfrqrp| frqvlvwv ri

41 Q frxsohv ri ixqfwlrqv +f�> }�, wkdw duh vroxwlrqv ri djhqw l�v sureohp +Sl,

51 D sulfh ixqfwlrq s

61 Pdunhw fohdulqj frqglwlrqv= Wkh doorfdwlrqv i+f�> }�,j��'� pxvw vdwlvi|

�[

�'�

f� @ | +jrrgv pdunhw,

�[

�'�

}� @ 4 +�qdqfldo pdunhw,

Uhpdun 51 Vlqfh wkhuh lv rqo| rqh dvvhw dydlodeoh lq wkh hfrqrp|/ wkh qrq0
Srq}l jdph +ru Wudqvyhuvdolw|, frqglwlrq lpsolhv wkdw dq| djhqw zloo kdyh d orqj
srvlwlrq lq wkh dvvhw1 Wr vhh wklv/ dvvxph wkdw dw vrph gdwh � A 3>/ djhqw l kdv
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d vkruw srvlwlrq/ }�+�, ? 3= Ehfdxvh wkh pdujlqdo xwlolw| jrhv wr lq�qlw| zkhq

frqvxpswlrq jrhv wr }hur/ djhqw l dozd|v fkrrvhv wr frqvxph d srvlwlyh dprxqw/

f� A 3= Li }�+�, ? 3/ wkhq irup djhqw l exgjhw frqvwudlqw/ lw lv hdv| wr vhh wkdw
�

}� +�, ? 31 Wklv lpsolhv wkdw djhqw l kroglqjv ghfuhdvh diwhu � 1 Wklv ylrodwhv wkh

qrq Srq}l jdph frqglwlrq17 Zh frqfoxgh wkdw }�+w, A 3> iru doo gdwh w dqg iru

l @ 4> ===> Q 1

Wkh iroorzlqj sursrvlwlrq vshfl�hv wkh vwuxfwxuh ri dq htxloleulxp1

Sursrvlwlrq 61 Wkhuh h{lvwv dq htxloleulxp zkhuh jlyhq vrph lqlwldo frqglwlrqv

+|>], > djhqw l*v htxloleulxp ydoxh ixqfwlrq Y W

�
+|>], @ �� +], |

k� / wkh htxloleulxp

sulfh s+|>], @ S+],|> wkh rswlpdo frqvxpswlrq fW
�
+|>], @ F�+],|/ wkh rswlpdo

sruwirolr uxoh }� lv d ghwhuplqlvwlf ixqfwlrq ri wlph dqg ++��> F�, > S, duh dovr

ghwhuplqlvwlf ixqfwlrqv ri wlph iru l @ 4> 5> ===>Q 1

Surri1 Vhh dsshqgl{ 61

Vlqfh wkhuh duh qr lglrv|qfudwlf vkrfnv/ xqfhuwdlqw| d�hfwv djhqwv lq d vlplodu
idvklrq/ l1h1/ d srvlwlyh vkrfn lv ehqh�fldo iru hyhu| djhqw1 Wkrxjk/ wkh pdjqlwxgh
ri wkh h�hfw ghshqgv rq hdfk djhqw rzq fkdudfwhulvwlfv1 Wkh lvvxh ri wkh h�hfw
ri lglrv|qfudwlf ulvnv d�hfw lv dgguhvvhg e| Frqvwdqwlqlghv dqg Gx!h +4<<9,1 Lq
wkh vhtxho/ zh irfxv rq wkh surshuwlhv ri wkh htxloleulxp ghvfulehg lq wkh deryh
sursrvlwlrq1 Zh qrz fkdudfwhul}h wkh g|qdplfv ri wkh htxloleulxp1

Sursrvlwlrq 71 Dw wlph w/ iru l @ 4> 5> ===> Q / zulwlqj djhqw l*v htxloleulxp ydoxh

ixqfwlrq Y W

�
+|+w,> ]+w,, @ M� +w, |+w,k�

> wkh htxloleulxp doorfdwlrq f
W

�
+|+w,> ]+w,, @

k�+w,|+w, dqg wkh htxloleulxp sulfh s+|+w,> ]+w,, @ S+w,|+w,/ djhqw l*v surjudp
+Sl, froodsvhv wr pd{lpl}lqj wkh xvxdo vhsdudeoh xwlolw|
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zkhuh �� � M
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Fruroodu| 41 Gh�qlqj wkh svhxgr ulvnohvv lqwhuhvw udwh u iru d xqlw glylghqg wuhh

u @

�

S .4

S

7Dv zh zloo vhh ehorz/ *�4
|<"

5�E|� ' f iru � ' 2c ���c � dqg *�4
|<"

��E|� ' �1
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wkh rswlpdo frqglwlrq iru djhqw l lv

�

k�

k�

@
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e�
+615,

zkhuh e� @ 4� �
�
1 Pruhryhu/ wkh wudqvyhuvdolw| frqglwlrq lv

olp
|<"

}�+w,��+w, @ 3

zkhuh �� lv wkh frvwdwh yduldeoh dvvrfldwhg wr }�1

Surri1 Vhh dsshqgl{ 71 1

Xvlqj wkh pdunhw fohdulqj frqglwlrq dqg wkh rswlpdo frqglwlrqv iru hdfk djhqw
surjudp/ wkh svhxgr ulvnohvv lqwhuhvw udwh u fdq eh h{suhvvhg dv d zhljkwhg dyhudjh
+wdnlqj frqvxpswlrq ohyhov dv zhljkwv, ri wkh ��/ vr

u @

�S
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&'�

�&

K&

6161 Htxloleulxp Surshuwlhv

Lq wklv sdudjudsk/ zh frqgxfw rxu dqdo|vlv frqwuroolqj iru wkh ohyho ri rxwsxw

|1 Eurdgo| vshdnlqj/ wklv lv htxlydohqw wr vkxwwlqj grzq wkh xqfhuwdlqw| dqg

qrupdol}lqj wkh rxwsxw ohyho wr 41

Vrph lqwhuhvwlqj surshuwlhv ri wkh htxloleulxp ghshqgv rq wkh ohyho ri frq0

vxpswlrq k� ri djhqw 41 Lq sduwlfxodu/ zkhq k� uhdfkhv d vx!flhqwo| kljk ohyho/

doo rwkhu djhqwv ghfuhdvh wkhlu ohyho ri frqvxpswlrq dqg dvvhw kroglqj dqg wkh

htxloleulxp sulfh lqfuhdvhv1 Wkh g|qdplfv ri wkh prgho ghshqg lq sduwlfxodu ri

wkh lqlwldo rzqhuvkls glvwulexwlrq ]f= Li ]f lv vxfk wkdw djhqw 4 rzqv d yhu| vpdoo

qxpehu ri vkduhv dqg djhqw Q lv wkh pdlq vkduhkroghu lq wkh hfrqrp|/ lw zloo

wdnh vrph wlph iru wkh hfrqrp| wr uhdfk wkh vwdwh lq zklfk djhqw 4 lv wkh rqo|

djhqw dffxpxodwlqj vkduhv dqg doo wkh rwkhu djhqwv duh ghfuhdvlqj wkhlu kroglqjv1

Wkh g|qdplfv ri frqvxpswlrq dqg rzqhuvkls duh jryhuqhg e| wkh ohyho ri

wkh svhxgr ulvn0iuhh lqwhuhvw udwh u1 Wkh iroorzlqj sursrvlwlrq fkdudfwhul}hv wkhvh

uhvxowv1

Sursrvlwlrq 81 Jlyhq dq| lqlwldo frqglwlrq +|> ],/ zh kdyh �� ? u ? �� dqg

wkhuh h{lvwv d �qlwh gdwh W vxfk wkdw iru doo w A W / u+w, ? �2 dqg iru w 9 W +xqohvv
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W @ 3, dqg u+w, A �21 Wklv gdwh lv fkdudfwhul}hg e| d vx!flhqwo| kljk ohyho ri

frqvxpswlrq k� iru djhqw 4/ pruh vshfl�fdoo|

�[

&'�

k&

e&
+�& � �2, 9 +�2 � ��,

k�

e�
+616,

Iurp wkh uhodwlrqvkls +615,/ djhqw l lqfuhdvhv frqvxpswlrq dv orqj dv u uhpdlqv
juhdwhu wkdq ��1 Pruhryhu diwhu gdwh W / djhqw 4 uhpdlqv wkh rqo| djhqw zkr

dffxpxodwhv vkduhv dqg lqfuhdvhv frqvxpswlrq1

Surri1 Vhh dsshqgl{ 81

Uhpdun 61 Uhfdoo wkdw zh kdyh k� ? }� dqg }� ? k� = Frqglwlrq +616, fdqqrw
eh vdwlv�hg li djhqw 4 grhv qrw krog hqrxjk vkduhv ri wkh wuhhv1 Pruhryhu/ li

wkh lqlwldo frqglwlrq lv vxfk wkdw djhqw Q rzqv d orw ri vkduhv/ lw lv srvvleoh wr

kdyh u A ��3�1
8 Wklv lpsolhv wkdw doo lqglylgxdov exw djhqw Q lqfuhdvh wkhlu

frqvxpswlrq ohyho dw ohdvw iru d zkloh1

Zh qrz suhvhqw vrph lqwhuhvwlqj surshuwlhv ri wkh htxloleulxp sulfh/ frq0

vxpswlrq doorfdwlrqv dqg rzqhuvkls1 Doo wkh surriv duh surylghg lq dsshqgl{

81

Htxloleulxp Sulfh

Iru doo w A 3/ zh kdyh
4

��
? S+w, ?

4

��

dqg iru w A W /
�

S +w, A 3
�

w2
? S+w, ? �

w�

olp
|<"

S +w, @ �

w�

Wkh sulfh lv dozd|v kljkhu wkdq wkh ydoxh zklfk zrxog suhydlo li djhqw Q zhuh

dorqh lq wkh hfrqrp|1 Zhdowk frqfhqwudwlrq e| djhqw 4 ohdgv wr d ulvh lq wkh

htxloleulxp sulfh xqwlo wkh ohyho zklfk zrxog suhydlo li djhqw 4 zhuh dorqh lq wkh

hfrqrp|1 Wklv vkrxog qrw frph dv d vxusulvh1 Djhqwv zlwk kljk � suhihu hduo|

frqvxpswlrq1 Wr dfklhyh wklv/ wkh| duh zloolqj wr vhoo vrph ri wkhlu vkduhv ri wkh

wuhhv wr djhqwv suhihuulqj odwh frqvxpswlrq1 Khqfh/ lqlwldoo|/ wkh dvvhw htxloleulxp

sulfh lv �uhodwlyho|� orz1 Dv wlph sdvvhv/ vlqfh wkhuh lv d �{hg dprxqw ri vkduhv/

8Pruh vshflfdoo|/ li 5�f :
KQ

wQ=�wQ�4=

�32S

&'�

wQ�4=�wn=

Kn
/ wkhq lqghhg zh kdyh oEf� : w�3��
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djhqw 4 kdv dffxpxodwhg vkduhv dqg wkhuh duh ihzhu vkduhv dydlodeoh rq wkh pdunhw1

Wklv gulyhv wkh htxloleulxp sulfh xs1

Frqvxpswlrq

Iru w A 3> zh kdyh

�

k� +w, A 3 dqg olp
|<"

k�+w, @ 4
�

k� +w, ? 3

Iru w A W>
�

k� +w, ? 3 dqg olp
|<"

k�+w, @ 3 iru l @ 5> ===>Q

Sruwirolr Vkduhv

Iru doo w A 3> zh kdyh

�

}� +w, A 3 dqg olp
|<"

}�+w, @ 4
�

}� +w, ? 3

dqg iru w A W /

�

}� +w, ? 3 dqg olp
|<"

}�+w, @ 3 iru l @ 5> ===>Q 1

Djhqw 4 lqfuhdvhv khu rzqhuvkls xqwlo +dv|pswrwlfdoo|, vkh lv wkh rqo| fdslwdolvw
lq wkh hfrqrp|1

Eruurzhuv dqg Ohqghuv

Iru doo w A 3> djhqw 4 lv dozd|v d ohqghu dqg djhqw Q lv dozd|v d eruurzhu/

}�+w, A k�+w,

}� +w, ? k� +w,

dqg iru w A W / djhqwv 5> ===>Q � 4 ehfrph eruurzhuv

}�+w, A k�+w,1

Zh qrz h{dplqh wkh suhihuhqfh fkdudfwhulvwlfv ghwhuplqh zklfk djhqw xowl0

pdwho| dffxpxodwhv doo wkh zhdowk lq hfrqrp|1
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6171 Suhihuhqfh Fkdudfwhulvwlfv dqg Zhdowk Dffxpxodwlrq

Lq wklv sdudjudsk/ zh dvn wkh txhvwlrq= Zk| gr vrph djhqwv dffxpxodwh zhdowk

dqg rwkhu gr qrwB Wklv ohdgv xv wr dqdo|}h wkh ghshqghqfh ri �� rq �
�
> v� dqg

��= Uhfdoo wkdw wkh djhqw kdylqj wkh orzhvw ydoxh iru � zloo xowlpdwho| rzq doo wkh

vkduhv1

617141 H�hfw ri wkh Glvfrxqw Idfwru

Iurp uhodwlrqvkls +614,/ zh kdyh Yw�

Yq
�

@ 41 Djhqw l fdq glvsod| d orz ydoxh iru ��

ehfdxvh vkh ydoxhv ixwxuh d orw +kljk sdwlhqfh ru orz �
�
,1

617151 H�hfw ri L1H1V

Iurp uhodwlrqvkls +614,/ zh kdyh Yw�

Yr�
@ �

�

r
2

�

�
��

E�3k��
2 �

2

�
1 Li djhqw l*v h�hfwlyh

jurzwk udwh j� @ ��
E�3k��

2 �
2 lv srvlwlyh/ wkhq vkh fdq glvsod| d orz ydoxh iru ��

ehfdxvh vkh lv zloolqj wr vxevwlwxwh frqvxpswlrq ryhu wlph1 Qrwh wkdw lq rughu

wr kdyh d srvlwlyh h�hfwlyh jurzwk udwh/ wkh djhqw pxvw kdyh d vx!flhqwo| orz
dyhuvlrq wrzdugv ulvn1

617161 H�hfwv ri ulvn dyhuvlrq

Iluvw ri doo/ uhfdoo wkdw zkhq � lqfuhdvhv/ ulvn dyhuvlrq ghfuhdvhv1 Rqfh djdlq/
xvlqj uhodwlrqvkls +614,/ zh kdyh Yw�

Yk�
@ �

r�3�

r�

j
2

2
1 Li djhqw l lv zloolqj wr vxevwlwxwh

frqvxpswlrq ryhu wlph hqrxjk +v� A 4,/ vkh fdq glvsod| d orz ydoxh iru �� li vkh

kdv d orz ulvn dyhuvlrq1

Dv d vxppdu|/ zh fdq fodlp wkdw lqglylgxdov zkr hlwkhu kljko| ydoxh wkh
ixwxuh ru zkr duh erwk zloolqj wr vxevwlwxwh frqvxpswlrq ryhu wlph dqg glvsod|
orz ulvn dyhuvlrq zloo dffxpxodwh zhdowk1
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71 FRQFOXVLRQ

Dq H{shfwhg Xwlolw| iudphzrun lv xqdeoh wr glvhqwdqjoh wkh h�hfwv dqg wkhuhiruh
wkh uhodwlyh lpsruwdqfh ri ulvn dyhuvlrq dqg lqwhuwhpsrudo hodvwlflw| ri vxevwlwx0
wlrq1 Iru dq hqylurqphqw ã od Oxfdv +4<:;,/ l1h1/ dq hqgrzphqw hfrqrp| zlwk
+lq wklv fdvh, d vlqjoh shulvkdeoh jrrg/ wklv sdshu looxvwudwhv wkh lpsruwdqfh ri
wkh L1H1V1 rq wkh htxloleulxp sulfh1 Ulvn dyhuvlrq rqo| sod|v d uroh lq dffhvvlqj d
fruuhfwhg dyhudjh jurzwk udwh ri glylghqgv wkdw lqfrusrudwhv xqfhuwdlqw|1 Lqwur0
gxflqj khwhurjhqhlw| dprqj djhqwv kljkoljkwv wkh uroh sod|hg e| wlph suhihuhqfh/
ulvn dyhuvlrq dqg L1H1V1 lq zhdowk dffxpxodwlrq dqg lwv h�hfwv rq wkh dvvhw htxl0
oleulxp sulfh1 Wkh wzr0shuvrq sureohp lv d vshfldo fdvh ri rxu dqdo|vlv1 Lq wkh
frqwh{w ri wkuhh djhqwv ru pruh/ dv Gxpdv +4<;<, srlqwv rxw/ wkh htxloleulxp
ehkdylru fdq eh gl�huhqw iurp wkh wzr0lqyhvwru vlwxdwlrq1 Lq rxu iudphzrun/ zh
�qg wkdw wkh dv|pswrwlf ehkdylru ri wkh Q0shuvrq sureohp frlqflghv zlwk wkh
wzr0shuvrq sureohp dv idu dv wkh zhdowk vkdulqj uxohv duh frqfhuqhg1 Wkh pdlq
uhvxow lv wkdw sdwlhqfh/ zloolqjqhvv wr vxevwlwxwh frqvxpswlrq ryhu wlph frpelqhg
zlwk d orz dyhuvlrq wrzdugv ulvn frqwulexwh wr zhdowk dffxpxodwlrq1

Lq rxu vhwwlqj/ xqfhuwdlqw| d�hfwv djhqwv lq d xqlirup idvklrq lq vrph vhqvh
vlqfh zh gr qrw doorz iru lglrv|qfudwlf vkrfnv1 D qdwxudo h{whqvlrq zloo eh wr doorz
oderu ru lqfrph vkrfnv zkhq lqglylgxdo suhihuhqfhv duh uhsuhvhqwhg e| vwrfkdvwlf
gl�huhqwldo xwlolw|1 Lq dgglwlrq/ ehfdxvh djhqwv fdqqrw vwruh zhdowk +iuxlwv duh
shulvkdeoh, lw zrxog eh lqwhuhvwlqj wr lqwurgxfh d ulvnohvv dvvhw +vwrudjh whfkqro0
rj|, wr lpsuryh frqvxpswlrq vprrwklqj dqg ulvn khgjlqj1 Wklv zloo doorz xv wr
dgguhvv lvvxhv uhodwhg wr wkh htxlw| suhplxp1 Wklv lv ohiw iru ixwxuh uhvhdufk1
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81 DSSHQGL[

8141 DSSHQGL[ 4

Surri ri Sursrvlwlrq 41

Surri1 Dw wkh htxloleulxp/ f+w, @ |+w, dqg zh nqrz wkdw wkhuh lv d xqltxh

ixqfwlrq M vxfk wkdw

M+|+w,> w, @ H|

�]
"

|

� hi+|+v,> M +|+v,> v, > v
�
gv

�

v1w1 g|+v, @ |+v, ^�gv. �gz+v,`

Ohw xv yhuli| wkdw iru doo w/ M+|+w,> w, @ Nh3�||+w,k iru vrph frqvwdqw N wr eh

ghwhuplqhg1 Soxjjlqj edfn M lqwr wkh frqglwlrqdo h{shfwdwlrq |lhogv

Nh3�||+w,k @ H|

#]
"

|

#
�

�

h3
�4

k
r|+v,4

+�Nh3�r|+v,k,
4

k
3�
� +�

�

�
� �,Nh3�r|+v,k

$
gv

$

zklfk ohdgv wr wkh frqglwlrq

Nh3�||+w,k @ H|

�]
"

|

|+v,kh3�r
�
�

�
+�N,�3

4

k
� +�

�

�
� �,N

�
gv

�
=

Lw iroorzv

h
3�|

|+w,k @

�
��

�
+�N,3

4

k
� +�

�

�
� �,

��]
"

|

H|

�
|+v,kh3�r

�
gv

�
=

Qrwh wkdw iru � odujh hqrxjk/ wkh txdqwlw|
U
"

|
H| +|+v,

kh3�r, lv lqghhg �qlwh dqg

htxdo wr
e
3�|

+E|�k

�3k>nkE�3k�j
2

2

1 Wklv ohdgv wr wkh frqglwlrq

�
kq

4
+�N,3

4

k
� +�q

4
� �,

�

� � ��. �+4� �,j
2

2

@ 4 ru htxlydohqwo|

� . �

�
��. +4� �,

�
2

5

�
@

��

�
+�N,3

4

k
� �

�

�
. �

Wkh whupv lq � ri wkh OKV dqg UKV fdqfho rxw hdfk rwkhu dqg zh �qdoo| rewdlq

�+�N,3
4

k
@ � . �

�
��. +4� �,

�
2

5

�

Zh fdq uhdglo| frqfoxgh wkdw wkhuh h{lvwv d xqltxh frqvwdqw N lqghshqghqw ri �
dqg srvlwlyh jlyhq wkh dvvxpswlrq pdgh rq wkh sdudphwhuv ri wkh prgho1
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8151 DSSHQGL[ 5

Surri ri Sursrvlwlrq 51

Surri1 Iroorzlqj Gx!h dqg Hsvwhlq +4<<5,/ gh�qh wkh +htxloleulxp, vwdwh sulfh
ghqvlw| � e|

�+w, @ h{s

�]
|

f

hi2 +|+v,> M +|+v,> v, > v,gv

� hi� +|+w,> M +|+w,> w, > w, >

wkhq wkh htxloleulxp sulfh dw gdwh w lv jlyhq e|

s+|+w,, @
4

�+w,
H|

�]
"

|

�+v,gG+v,

�

zkhuh G+v, lv wkh fxpxodwlyh glylghqg xs wr wlph v1 Lq rxu fdvh/ zh kdyh dvvxphg

wkh fxpxodwlyh glylghqg wr eh devroxwho| frqwlqxrxv dqg pruh suhflvho|/ gG+v, @
|+v,gv= Hdv| frpsxwdwlrqv ohdg wr

hi�+f> y> w, @ �f43�+�y,�3
4

k h
3

�4

k
|

hi2+f> y> w, @
�

�
+�� �,f4+�y,3

4

k h
3

�4

k
|
� +

��

�
� �,

Vlqfh M+|> w, @ Nh3�||k> lw iroorzv wkdw

hi�+|> M+|> w,> w, @ �+�N,�3
4

k |
k3�

h
3�|

hi2+|> M+|> w,> w, @
�

�
+� � �,+�N,3

4

k
� +

��

�
� �,

Xvlqj wkh h{suhvvlrq rewdlqhg iru N lq dsshqgl{ 4/ diwhu vrph vwudljkwiruzdug

pdqlsxodwlrqv/ zh rewdlq

hi2+|> M+|> w,> w, @ ��

�
�.

+�� 4,

5
�
2

�
�

�
� . �

�
��.

+4� �,

5
�
2

��
. �

Wr frpsxwh wkh htxloleulxp sulfh/ lw lv zruwk qrwlqj wkdw i
2
lv d frqvwdqw/ vr e|

wkh gh�qlwlrq ri wkh vwdwh sulfh ghqvlw| �/ zh kdyh wkh iroorzlqj uhodwlrqvkls

�+v,

�+3,
@ h

E hs23��r |+v,
k3�

|k3�
=

Qrz gh�qh d qhz surfhvv [ vxfk wkdw [+v, @ h
E hs23��r|+v,k1 Xvlqj Lwr*v ohppd/

zh rewdlq

g[+v, @ [+v,

�
+ hi2 � � . ��.

�+� � 4,

5
�2,gv. ��gz+v,

�

4<



Wdnlqj h{shfwdwlrq rq erwk vlghv |lhogv

g+Hf +[+v,,, @ + hi2 � � . ��.
�+�� 4,

5
�2,Hf +[+v,, gv

@ �

�
� . �+�.

+4� �,

5
�2,

�
Hf +[+v,, gv

Vlqfh [+3, @ |k/ zh rewdlq wkdw

Hf +[+v,, @ |kh
3

�
qn4E3>n

E�3k�
2

j
2�
�
r

Ri frxuvh/ wkh suhylrxv txdqwlw| lv lqghshqghqw ri �1 Wkxv/ wkh htxloleulxp sulfh

dw gdwh 3 lv jlyhq e|

s+|, @
4

|k3�

]
"

f

Hf +[+v,,gv

@
|

� . �
�
��.

E�3k�
2 �

2
�

Vlqfh v @
�

�34
ru htxlydohqwo| � @

r3�

r
zh rewdlq wkh ghvluhg uhvxow1

8161 DSSHQGL[ 6

Surri ri Sursrvlwlrq 61

Surri1 Jlyhq d zhdowk glvwulexwlrq ] @ +}
�
> }

2
> ===> }

�
, dqg d ohyho ri glylghqg |/

ghqrwlqj Y W

�
+|> ], wkh htxloleulxp ydoxh ixqfwlrq iru djhqw l/ wkh KEM htxdwlrq

dvvrfldwhg zlwk djhqw l surjudp lv

3 @ pd{
S�

��

��

f
4�

� � +��Y
W

�
+|>],,

4�
k�

+��Y
W

�
+|> ],,

4�
k�
3�

.

4

s

CY W

�
+|>],

C}�

^}�| � f�` .
[
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s

CY W

�
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^}&| � f&`

.�|
CY W
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5
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2
C2Y W

�
+|> ],

C|2

Wkh �uvw rughu frqglwlrq lv=

�
�

+fW
�
,4�3�

+��Y
W

�
+|> ],,

4�
k�
3�
@

4

s

CY W

�
+|>],

C}�
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Soxjjlqj edfn lq wr wkh KEM/ zh rewdlq

3 @
4� �

�

�
�

3
C+��Y

W

�
+|> ],,

4
�

k�
3�

�
�

4
D

�

4�3� �
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CY W

�
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� 4�
4�3�

.

4

s
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�
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C}�
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�
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4

s

CY W

�
+|>],

C}&
^}&| � f&`

.�|
CY W

�
+|> ],

C|
.

�2

5
|
2
C2Y W

�
+|> ],

C|2

Zh qrz qhhg wr fkhfn wkdw lqghhg Y
W

�
+|> ], @ ��+],|

k� > fW
�
+|> ], @ F�+],|/

s+|>], @ S+],|> ] ghwhuplqlvwlf/ dqg fdq eh dq htxloleulxp1

Soxjjlqj edfn Y W

�
+|> ], @ ��+],|

k� lqwr wkh KEM htxdwlrq |lhogv

3 @
4� �

�

��

�
+����+],,|4�

3k�

��

� �

4�3�
�

4

S +],|

C��+],
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|k�
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.
4

S+],|

C��+],

C}�
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k
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.
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4

S+],|

C��+|>],

C}&
|k� ^}&| �F&+],|` . �����+],|

k� .
�
2

5
��+�� � 4,��+],|

k�

Wkh h{suhvvlrq lv krprjhqrxv ri ghjuhh �� lq |1 Wklv ohdgv wr

3 @
4� �

�

�
�

�
+����+],,

�
�

� �

4�3�
�

4

S+],

C��+],

C}�

� 4
�

4�3�

.
4

S+],

C��+],

C}�
}� � ����+],

.
[

& �'�

4

S+],

C��+],

C}&
^}& � F&+],` . �����+], .

�2

5
��+�� � 4,��+],

Lqghhg/ dvvxph �� vdwlv�hv dq RGH1 Zulwlqj ��+]+w,, @ M�+w, iru doo w> zh vkrz
lq dsshqgl{ 7 wkdw M� vdwlv�hv d Ehuqrxool RGH w|sh dqg wkh sureohp ehfrphv
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Gx!h/ G1 dqg Hsvwhlq/ O1/ �Vwrfkdvwlf Gl�huhqwldo Xwlolw|�/ Hfrqrphwulfd/

4<<5e/ 93/ 68606<7 Dsshqgl{ F zlwk F1 Vnldgdv

Gx!h/ G1 dqg Olrqv/ S0O1/ �SGH Vroxwlrqv ri Vwrfkdvwlf Gl�huhqwldo Xwlolw|�/

Mrxuqdo ri Pdwkhpdwlfdo Hfrqrplfv/ 4<<5/ 54/ 8::0939

Gx!h/ G1 dqg Vnldgdv/ F1/ �Frqwlqxrxv0Wlph Vhfxulw| Sulflqj= D Xwlolw|

Judglhqw Dssurdfk�/ Mrxuqdo ri Pdwkhpdwlfdo Hfrqrplfv/ 4<<7/ 56/ 43:0464

Gx!h/ G1/ Jhr�dug/ S0\1 dqg Vnldgdv/ F1/ �H!flhqw dqg Htxloleulxp Doorfd0

wlrqv zlwk Vwrfkdvwlf Gl�huhqwldo Xwlolw|�/ Mrxuqdo ri Pdwkhpdwlfdo Hfrqrplfv/

4<<7/ 56/ 4660479

Gxpdv/ E1/ �Wzr0Shuvrq G|qdplf Htxloleulxp lq wkh Fdslwdo Pdunhw�/ Uh0

ylhz ri Ilqdqfldo Vwxglhv/ 4<;</ 5/ 48:04;;

Gxpdv/ E1/ Xssdo/ U1 dqg Zdqj/ W1/ �H!flhqw Lqwhuwhpsrudo doorfdwlrqv zlwk

Uhfxuvlyh Xwlolw|�/ Mrxuqdo ri Hfrqrplf Wkhru|/ 5333/ <6/ 573058<

Ho Ndurxl/ Q1/ Shqj/ V1 dqg Txhqh}/ P1F1/ �Edfnzdug Vwrfkdvwlf Gl�huhqwldo

Htxdwlrqv lq Ilqdqfh�/ Pdwkhpdwlfdo Ilqdqfh/ 4<<:/ :/ 40:4

Hsvwhlq/ O1/ �Ulvn Dyhuvlrq dqg Dvvhw Sulfhv�/ Mrxuqdo ri Prqhwdu| Hfr0

qrplfv/ 4<;;/ 55/ 4:<04<5

Hsvwhlq/ O1 dqg ]lq/ V1/ �Vxevwlwxwlrq/ Ulvn Dyhuvlrq/ dqg wkh Whpsrudo Eh0

kdylru ri Frqvxpswlrq dqg Dvvhw Uhwxuqv= D Wkhruhwlfdo Iudphzrun�/ Hfrqr0

phwulfd/ 4<;</ 8:/ <6:0<9<

Hsvwhlq/ O1 dqg ]lq/ V1/ �Vxevwlwxwlrq/ Ulvn Dyhuvlrq/ dqg wkh Whpsrudo Eh0

kdylru ri Frqvxpswlrq dqg Dvvhw Uhwxuqv= Dq Hpslulfdo Dqdo|vlv�/ Mrxuqdo ri

Srolwlfdo hfrqrp|/ 4<<4/ <</ 59605;9

Ilvkhu/ P1 dqg Jloohv/ F1/ �Frqvxpswlrq dqg Dvvhw Sulfhv zlwk Uhfxuvlyh

Xwlolw|�/ Zrunlqj Sdshu / Ihghudo Uhvhuyh Erdug/ 4<<;

Ndqgho/ V1 dqg Vwdpedxjk/ U1/ �Dvvhw Uhwxuqv dqg Lqwhuwhpsrudo Suhihu0

hqfhv�/ Mrxuqdo ri Prqhwdu| Hfrqrplfv/ 4<<4/ 5:/ 6:0<4
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Nrfkhuodnrwd/ Q1/ �Glvhqwdqjolqj wkh Frh!flhqw ri Uhodwlyh Ulvn Dyhuvlrq

iurp wkh Hodvwlflw| ri Lqwhuwhpsrudo Vxevwlwxwlrq= Dq Luuhohydqfh Uhvxow�/ Mrxu0

qdo ri Ilqdqfh/ 4<<3/ 78/ 4:804<3

Jhr�dug/ S1\1/ �Glvfrxqwlqj dqg Rswlpl}lqj= Fdslwdo Dffxpxodwlrq dv d

Yduldwlrqdo Plqpd{ Sureohp�/ Mrxuqdo ri Hfrqrplf Wkhru|/ 4<<9/ 9</ 860:3

Kdoo/ U1H1/ �Lqwhuwhpsrudo Vxevwlwxwlrq lq Frqvxpswlrq�/ Mrxuqdo ri Srolwlfdo

Hfrqrp|/ 4<;;/ <9/ 66<068:

Oxfdv/ U1H1/ �Dvvhw Sulfhv lq dq H{fkdqjh Hfrqrp|�/ Hfrqrphwulfd/ 4<:;/

79/ 475<04778

Qdln/ Y1/ �Dvvhw Sulfhv lq G|qdplf Surgxfwlrq Hfrqrplhv zlwk Wlph0Ydu|lqj

Ulvn�/ Uhylhz ri Ilqdqfldo Vwxglhv/ 4<<7/ :/ :;40;34

Vfkurghu/ P1 dqg Vnldgdv/ F1/ �Rswlpdo Frqvxpswlrq dqg Sruwirolr Vhohfwlrq

zlwk Vwrfkdvwlf Gl�huhqwldo Xwlolw|�/ Mrxuqdo ri Hfrqrplf Wkhru|/ 4<<</ ;</ 9;0

459

Vyhqvvrq/ O1/ �Sruwirolr Fkrlfh zlwk Qrq0H{shfwhg Xwlolw| lq Frqwlqxrxv�/

Hfrqrplf Ohwwhuv/ 4<;</ 63/ 646064:

Vfkzduw}/ H1 dqg Wrurxv/ Z1/ �Fdq zh Glvhqwdqjoh Ulvn Dyhuvlrq iurp Lq0

whuwhpsrudo Vxevwlwxwlrq lq Frqvxpswlrq�/Zrunlqj Sdshu/ Wkh Dqghuvrq Vfkrro

ri Pdqdjhphqw XFOD

Zdqj/ M1/ �Wkh Whup Vwuxfwxuh ri Lqwhuhvw Udwhv lq d Sxuh H{fkdqjh Hfrqrp|

zlwk Khwhurjhqhrxv Lqyhvwruv�/ Mrxuqdo ri Ilqdqfldo Hfrqrplfv/ 4<<9/ 74/ :80443

Zhlo/ S1/ �Wkh Htxlw| Suhplxp dqg wkh Ulvn0Iuhh Udwh Sx}}oh�/ Mrxuqdo ri

Prqhwdu| Hfrqrplfv/ 4<;</ 57/ 7340754

Zhlo/ S1/ �Qrq H{shfwhg Xwlolw| lq Pdfurhfrqrplfv�/ Txduwhuo| Mrxuqdo ri

Hfrqrplfv/ 4<<3/ 438/ 5<075
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