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Devwudfw1 Wkh dxwkru sursrvhv d qhz xwlolw| ixqfwlrq zklfk fdswxuhv

wudgh0r�v ehwzhhq uhwxuq dqg d odujh erg| ri ulvn phdvxuhv dv gh�qhg e|

srsxodu ulvn0uhwxuq prghov lq wkh pdqdjphqw vflhqfh olwhudwxuh zkloh h{klelwlqj

ghvludeoh surshuwlhv iru d �qdqfldo lqyhvwru1 Wklv ixqfwlrq irupv wkh edvlv iru dq

h{whqvlrq wr wkh Fdslwdo Dvvhw Sulflqj Prgho zklfk olqnv jhqhudo dv|pphwulf

ulvn phdvxuhv dqg ulvn0ydoxh prghov zlwk htxloleulxp dvvhw sulflqj1

Nh|zrugv = Ilqdqfh/ ghflvlrq wkhru|/ ulvn0uhwxuq vhsdudwlrq/ FDSP1

41 Lqwurgxfwlrq

Wkh pdqdjhphqw vflhqfh dqg rshudwlrqv uhvhdufk olwhudwxuh kdv uhfhqwo| lqwurgxfhg
qhz zrunv lq wkh h{flwlqj �hog ri vhsdudwlqj ulvn dqg uhwxuq lq ghflvlrq0pdnlqj1 Wklv
lqfoxghv wkh ulvn0ydoxh prghov ri Mld dqg G|hu ^54` dqg G|hu dqg Mld ^9` dqg wkh ulvn0
uhwxuq vhsdudwlqj xwlolw| ixqfwlrqv ri Ehoo +^6` dqg ^7`,1 Vdulq dqg Zhehu ^67` fdoo iru
wkhlu dssolfdwlrq wr dvvhw sulflqj/ flwlqj wkh nqrzq h{whqvlrqv wr wkh Fdslwdo Dvvhw
Sulflqj Prgho +FDSP, dv prwlydwlrq1 Wkhvh h{whqvlrqv lqfoxgh wkh srsxodu wkuhh0
prphqw FDSP ri Nudxv dqg Olw}hqehujhu ^55` dv zhoo dv wkh phdq0vhplyduldqfh
FDSP*v ri Edzd dqg Olqghqehuj ^4` dqg Krjdq dqg Zduuhq ^46` dqg wkh phdq0
orzhu sduwldo prphqw FDSP ri Kduorz dqg Udr ^45`1 Wkh sureohp zlwk ghulylqj
h{whqghg FDSP*v duh pdlqo| wkdw lq rughu wr mxvwli| wkh olqhdu sulflqj htxdwlrq
zlwkrxw pdnlqj xqghvludeoh glvwulexwlrqdo dvvxpswlrqv xwlolw| pxvw vdwlvi| wzr0ixqg
prqhwdu| vhsdudwlrq +WIPV,1 Wklv surshuw| lv d pxfk uhvhdufkhg wrslf lq �qdqfh
dqg wkh idplo| ri xwlolw| ixqfwlrqv zlwk L �E` � : f dqg L ��E` � 	 f iru doo ` zklfk
glvsod| WIPV zdv lghqwl�hg lq Fdvv dqg Vwljolw} ^8`1

Lq wklv sdshu zh suhvhqw d xwlolw| ixqfwlrq zklfk lv forvho| olqnhg wr srsxodu
xwlolw| ixqfwlrqv iurp erwk wkh �qdqfh dqg pdqdjhphqw vflhqfh olwhudwxuhv1 Wklv
ixqfwlrq lv wzlfh gl�huhqwldeoh dqg doorzv iru gl�huhqw ulvn0dyhuvlrqv rq hlwkhu vlghv
ri d suh0vshfl�hg wdujhw zklfk frxog eh lqwhusuhwhg dv d ehqfkpdun zhdowk ohyho1
E| olqnlqj wklv ixqfwlrq wr wkh olwhudwxuh rq ulvn0uhwxuq vhsdudwlrq zh vkrz krz

�Wkh dxwkru lv judwhixo wr wkh Hfrqrplf dqg Vrfldo Uhvhdufk Frxqflo iru �qdqfldo vxssruw dqg

wkdqnv Fkldnl Kdud/ Mldqplq Mld/ Vwhskhq H1 Vdwfkhoo/ Zlooldp ]lhped dqg wzr dqrq|prxv uhihuhhv

iru xvhixo frpphqwv1 Wklv sdshu kdv ehhq dffhswhg iru wkh LQIRUPV frqihuhqfh lq Flqflqdwwl/

Pd| 4<<<1 Dq hduolhu yhuvlrq dsshduv dv d Fdpeulgjh Glvfxvvlrq Sdshu lq Dffrxqwlqj dqg Ilqdqfh/

DI6</ Pdufk 4<<;1
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suhihuhqfhv ghshqg xsrq d jhqhudo dv|pphwulf ulvn phdvxuh fruuhvsrqglqj wr wkh
d{lrpdwlvhg phdvxuhv ri shufhlyhg ulvn lq Ilvkexuq ^;` dqg Oxfh dqg Zhehu ^57`
ru rqh ri vhyhudo frpprqo| xvhg vshfldo fdvhv wkhuhri1 Zh ghulyh dq h{whqvlrq ri
wkh FDSP xvlqj rxu qhz xwlolw| ixqfwlrq e| rewdlqlqj WIPV zlwkrxw uhvwulfwlyh
glvwulexwlrqdo dvvxpswlrq1 Vlqfh wkh zhdowk wdujhw ri wkh uhsuhvhqwdwlyh djhqw ghshqgv
rq wkh zhdowk glvwulexwlrq wklv lv qrw lq frq lfw zlwk Fdvv dqg Vwljolw} ^8`1 Wkh olqn
ehwzhhq d{lrpdwlvhg phdvxuhv ri shufhlyhg ulvn dqg dvvhw sulflqj lv wkhq frpsohwhg
e| frqvlghulqj wkh uhvxowlqj ehwd*v1

Wkh sdshu lv rujdqlvhg dv iroorzv = Vhfwlrq 2 lqwurgxfhv wkh xwlolw| ixqfwlrq dqg
h{dplqhv lwv surshuwlhv/ sxwwlqj lw lq uhodwlrq wr fxuuhqw ghyhorsphqwv lq ulvn0ydoxh
wkhru|1 Vhfwlrq � ghulyhv wkh ixqg vhsdudwlrq uhvxow/ djjuhjdwlrq dqg olqhdu sulflqj
zklfk ohdgv wr wkh h{whqghg FDSP1 Vhfwlrq e lv uhvhuyhg iru rxu frqfoxvlrqv1

51 D jhqhudo ulvn 0 uhwxuq vhsdudwlqj xwlolw| ixqfwlrq

Khuh zh lqwurgxfh wkh xwlolw| ixqfwlrq xsrq zklfk wkh uhvw ri wklv sdshu irfxvhv dqg
olqn lw wr wkh1 Frqvlghu

LE` � '

+
b` � b�

kn�
E` � #�kn� u : ` � #

b` � b2
qn�

E# �` �qn� ` 	 #

,
+4,

zkhuh b � fc b� � fc b2 � fc # � fc u �
�
b

b�

�k
n# dqg k dqg q duh frqvwdqwv ri hlwkhu

vljq1 Zkhq k : �c q : � dqg b : fc +4, lv lqfuhdvlqj/ zhdno| frqfdyh dqg wzlfh
frqwlqxrxvo| gl�huhqwldeoh1 Wkh xsshu olplw uhvwulfwlrq lv qrw qhz lq �qdqfh1 Iru
lqvwdqfh/ wkh pxfk xvhg txdgudwlf xwlolw| ixqfwlrq kdv d eolvv srlqw xqohvv wkh grpdlq
lv vkuxqn dssursuldwho|1 Krzhyhu/ wkh zhdowk wdujhw # uhsuhvhqwv d srlqw dw zklfk
ulvn0dyhuvlrq fdq fkdqjh gudvwlfdoo|1 Wkh h{lvwhqfh ri vxfk d srlqw zdv grfxphqwhg
lq dq h{whqvlyh vxuyh| e| Ilvkexuq dqg Nrfkhqehujhu ^43` dqg lv uhohydqw wr lqyhvwruv
vxfk dv shqvlrq ixqgv dqg dvvhw pdqdjhuv zkr duh dlp wr ehdw d suhvhw ehqfkpdun1
Vhyhudo ixqfwlrqv zklfk duh uhodwhg wr +4, kdyh dsshduhg lq wkh �qdqfh olwhudwxuh1 Olnh
+4, lwvhoi wkhvh fdq eh prwlydwhg lq uhodwlrq wr wkh shufhlyhg ulvn phdvxuhv lpsolflw lq
wkh ixqfwlrq1 Wr gr wklv zh wxuq wr uhfhqw ghyhorsphqwv lq ulvn0ydoxh wkhru| dv zhoo
dv roghu ghflvlrq uxohv lq �qdqfh1

Wkh ulvn0ydoxh prghov ri Mld dqg G|hu ^54` dqg G|hu dqg Mld ^9` kdyh uhfhqwo| ehhq
lqwurgxfhg lq wkh pdqdjhphqw vflhqfh dqg rshudwlrqdo uhvhdufk olwhudwxuh1 Suhylrxvo|/
Ehoo +^6` dqg ^7`, kdg ghulyhg uhodwhg ulvn0uhwxuq vhsdudwlrq uhvxowv iru klv rqh0vzlwfk
xwlolw| ixqfwlrqv/ lqlwldoo| lghqwl�hg lq Ehoo ^5`1 Wkh uhodwlrqvklsv ehwzhhq wkhvh zrunv
duh irupdoo| ghwdlohg lq Shghuvhq dqg Vdwfkhoo ^5;`1 Lq Mld dqg G|hu ^54` wkh ulvn0ydoxh
prghov zhuh ghulyhg e| �uvwo| lqwurgxflqj d vwdqgdug ulvn phdvxuh
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zkhuh if lv d jdpeoh zlwk phdq .Eif� dqg xqfhuwdlqw| f � ' if � .Eif�c dqg wkhq
frpelqlqj wklv zlwk d qrwlrq ri ydoxh wr surgxfh d ghflvlrq iudphzrun zkhuh fkrlfh
ghshqgv xsrq wkhvh wzr sdudphwhuv rqo|1 D qrupdolvdwlrq lpsolhv wkdw ulvn phdvxuhv
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dqg xwlolw| ixqfwlrqv duh gh�qhg lq whupv ri uhwxuqv udwkhu wkdq zhdowk1 Wkh vshfldo
fdvh ri +4, zkhq � ' f +l1h # ' `f vr wkh wdujhw lv wkh vwdwxv txr, zdv dqdo|vhg lq Mld
dqg G|hu ^54`1 Lq nhhslqj zlwk wkh ruljlqdo ghulydwlrq zh frqyhuw +4, wr lwv uhwxuqv
irup e| ` ' `f n if dqg # ' `f n � zkhuh ` lv �qdo zhdowk/ `f lv lqlwldo zhdowk
dqg � lv d uhwxuqv wdujhw dqg dsso|lqj +5, rqh jhwv
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Wklv ulvn phdvxuh lv d vshfldo fdvh ri wkh jhqhudo d{lrpdwlvdwlrq ri dv|pphwulf

ulvn phdvxuhv lq Ilvkexuq ^;` dqg Oxfh dqg Zhehu ^57`1 D uhodwhg prgho uhvxowv iurp
dqdo|vlqj +4, xvlqj wkh pxowlsolfdwlyh ulvn0uhwxuq surshuw| ri Ehoo ^7` zklfk lv pruh
vxlwdeoh iru �qdqfldo dssolfdwlrqv1 Lq wkh pxowlsolfdwlyh vwuxfwxuh jdpeohv duh udwhv
ri uhwxuq udwkhu wkdq qrplqdo rxwfrphv dqg vr ` ' `f

if dqg # ' `f� 1 D ixqfwlrq
lv vdlg wr kdyh wkh ulvn0uhwxuq surshuw| li h{shfwhg xwlolw| lv d ixqfwlrq ri lqlwldo
zhdowk/ d ulvn phdvxuh dqg d uhwxuq phdvxuh/ zkhuh erwk phdvxuhv duh ixqfwlrqv ri
wkh jdpeoh rqo|1 Iru +4, zlwk # ' `f� h{shfwhg xwlolw| vlpsol�hv wr
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zklfk fdq eh zulwwhq dv sEoEif�c -�Eif�c -2Eif�c`f� zkhuh oEif� ' .Eif�/
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Wklv prgho fdq eh lqwhusuhwhg hlwkhu dv vhsdudwlqj ghflvlrq pdnlqj lqwr d fkrlfh
ryhu wkh h{shfwhg ydoxh/ d grzqvlgh frpsrqhqw dqg dq xsvlgh frpsrqhqw zkhuh wkh
wudgh0r�v ehwzhhq ulvn dqg uhwxuq ghshqg h{solflwo| xsrq `f ru d fkrlfh ryhu wkh
h{shfwhg ydoxh dqg d pruh jhqhudo dv|pphwulf ulvn phdvxuh1 Wklv dovr doorzv iru d
jhqhudo wdujhw � zklfk lv suhihuuhg lq �qdqfldo dssolfdwlrqv dqg frlqflghv zlwk +6,
zkhq � ' .Eif� zklfk/ dv kdv ehhq srlqwhg rxw e| dq dqrq|prxv uhihuhh/ lpsolhv
wkdw h{shfwhg xwlolw| lv qrw olqhdu lq wkh suredelolwlhv1

Qxphurxv ulvn phdvxuhv zklfk duh vshfldo fdvhv ri +6, dqg +7, jlyh ulvh wr nqrzq
ghflvlrq uxohv zklfk duh olqnhg wr wkh fruuhvsrqglqj vshfldo fdvhv ri +4,1 Zkhq b� ' b2
dqg k ' q ' @c erwk prghov jlyh d v|pphwulf ulvn phdvxuhv
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Iru @ ' 2 wklv jlyhv phdq0yduldqfh suhihuhqfhv dqg iru @ ' e wkh lpsolhg ulvn phdvxuh
fdq eh lqwhusuhwhg dv wkh irxuwk prphqw durxqg d wdujhw ru d zhljkwhg dyhudjh ri
wkh �uvw irxu fhqwudo prphqwv1 Zkhq @ lv rgg +8, lv wkh devroxwh prphqw ri wkh
glvwulexwlrq durxqg � 1 Iru @ ' � zh gr qrw rewdlq vnhzqhvv suhihuhqfhv exw d
phdvxuh ri wkh fxeh ri devroxwh ghyldwlrqv durxqg wkh wdujhw1

Ilvkexuq ^<` dujxhg iru d ghflvlrq uxoh zkhuh ulvn lv gh�qhg e| wkh orzhu sduwldo
prphqw
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zkhuh if lv d udqgrp yduldeoh zlwk ghqvlw| ixqfwlrq s dqg � lv d uhwxuqv wdujhw1
Ixuwkhu vshfldo fdvhv ri wklv lqfoxgh wkh suredelolw| ri orvv dqg wkh phdq devroxwh
ghyldwlrq +vhh Ilvkexuq ^<` iru ghwdlov,1 Wkhvh irup sduw ri d vxuyh| lq Shghuvhq dqg
Vdwfkhoo ^5<` zkhuh ghvludeoh phdvxuhv ri ulvn iru �qdqfldo lqyhvwruv zhuh lvrodwhg1 Wklv
fruuhvsrqgv wr wkh fdvh zkhuh b� ' f lq +6, dqg Ilvkexuq suryhv frqjuxhqf| ehwzhhq
wkh phdq0orzhu sduwldo prphqw ghflvlrq uxoh dqg d xwlolw| ixqfwlrq rewdlqhg iurp
sxwwlqj b� ' f lq +4,1 Dvvhw pdqdjhuv lq vhdufk ri rxwshuirupdqfh ri d ehqfkpdun
+h1j1 wkh Grz Mrqhv, zkloh vlpxowdqhrxvo| uhgxflqj grzqvlgh ulvn frxog xvh vxfk d
ghflvlrq uxoh1 Uhwxuqv ehorz wkh wdujhw duh sxqlvkhg zkloh uhwxuqv deryh wkh wdujhw gr
qrw d�hfw ulvn1 Edzd dqg Olqghqehuj ^4` ghulyh d FDSP edvhg rq phdq0orzhu sduwldo
prphqw suhihuhqfhv zkhq q ' � dqg # lv wkh ulvnohvv uhwxuq1 Wklv zdv h{whqghg
e| Kduorz dqg Udr ^45` wr duelwudu| # dqg Vdwfkhoo ^68` wr doo q : �� Krowkdxvhq
^47` suryhv d vlplodu frqjuxhqf| uhvxow exw xvhv dq �xsvlgh� phdvxuh udwkhu wkdq
h{shfwhg uhwxuqv1 Wklv fruuhvsrqgv wr wkh fdvh zkhuh b ' f lq +7, dqg ghflvlrqv
duh ryhu -�Eif� dqg -2Eif� rqo| dqg wkh frqjuxhqw xwlolw| ixqfwlrq lv +4, zlwk b ' f�
Krzhyhu wklv vshfldo fdvh ri +4, fdqqrw eh joredoo| frqyh{ ru frqfdyh +vhh Krowkdxvhq
^47` iru ghwdlov, zklfk h{sodlqv zk| wkh ghflvlrq uxoh kdv qrw ehhq dssolhg lq �qdqfldo
hfrqrplfv1

Wkhvh revhuydwlrqv vshdn lq idyrxu ri +4, dv d uhsuhvhqwdwlrq ri suhihuhqfhv zklfk
uh hfw wkh wudgh0r� ehwzhhq ulvn dqg uhwxuq zkloh srvvhvvlqj wkh surshuwlhv +prqrwrqlf0
lw| dqg frqfdylw|, jhqhudoo| frqvlghuhg qhfhvvdu| iru dssolfdwlrq wr �qdqfldo hfr0
qrplfv wkxv suhvhqwlqj qrw rqo| d jhqhudolvdwlrq ri suhylrxv prghov exw d qhz vxlw0
deoh xwlolw| uhsuhvhqwdwlrq ri d ghflvlrq prgho edvhg rq wkh jhqhudo dv|pphwulf ulvn
phdvxuhv ri Ilvkexuq ^;` dqg Oxfh dqg Zhehu ^57`1 Vdulq dqg Zhehu ^67` kdyh fdoohg
iru wkh dssolfdwlrq ri jhqhudo ghflvlrq uxohv wr dvvhw sulflqj1 Wklv prwlydwhv wkh qh{w
vhfwlrq zkhuh zh dgguhvv wkh lvvxh ri h{whqglqj wkh FDSP xvlqj +4,1

61 Jhqhudolvlqj wkh FDSP

Zh qrz ghulyh dq dxjphqwhg yhuvlrq ri wkh wudglwlrqdo FDSP frpprqo| dwwulexwhg
wr Vkdush ^6;`/ Olqwqhu ^56` dqg Prvvlq ^58`1 Wkhlu ruljlqdo zrun vkrzhg wkdw zkhq
djhqwv dfw dv wkrxjk plqlplvlqj wkh yduldqfh ri d sruwirolr vxemhfw wr rewdlqlqj d
�{hg uhwxuq/ htxloleulxp glfwdwhv wkdw
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zkhuh o lv wkh ulvnohvv udwh ri uhwxuq rq wkh erqg/ hoR lv wkh udwh ri uhwxuq rq d
sruwirolr Rc ho6 lv wkh udwh ri uhwxuq rq wkh pdunhw sruwirolr/ gh�qhg dv wkh vxp
ri doo lqglylgxdo sruwirolrv ru wkh sruwirolr ri d uhsuhvhqwdwlyh djhqw/ dqg . lv wkh
pdwkhpdwlfdo h{shfwdwlrqv rshudwru1 Wklv lv vxemhfw wr ixuwkhu vwdqgdug uhvwulfwlrqv
ri frpprq eholhiv derxw glvwulexwlrqv ri uhwxuqv/ frpprq wlph krul}rq/ glylvleoh
dvvhwv dqg doorzlqj vkruw vhoolqj1 Wkhvh duh pdlqwdlqhg iru wkh gxudwlrq ri wklv sdshu1
Wkh htxdwlrq +:, fdq eh uhduudqjhg wr jlyh wkh sulfh ri dq| dvvhw ru sruwirolr ri dvvhwv
lq whupv ri pdunhw ehkdylrxu dqg wkh ulvnohvv udwh1 Uxelqvwhlq +^65` dqg ^66`, ghulyhg
jhqhudo djjuhjdwlrq uhvxowv zklfk sdyhg wkh zd| iru doorzlqj kljkhu rughu prphqwv
wr lq xhqfh ghflvlrq0pdnlqj lq d FDSP0vhwwlqj/ odwhu xwlolvhg e| Judxhu ^44` dqg
Nudxv dqg Olw}hqehujhu ^55`/ zkr ghulyh d FDSP e| xvlqj fxelf xwlolw| wkdw fdswxuhv
suhihuhqfhv iru srvlwlyh vnhzqhvv/ dqg Vhduv dqg Zhl +^69` dqg ^6:`,/ Krpdlidu dqg
Judgg| ^48` dqg Kzdqj dqg Vdwfkhoo ^4<` zkr ghulyh irxuwk prphqw prghov1 Dv
phqwlrqhg lq wkh suhylrxv vhfwlrq/ grzqvlgh ulvn hqwhuhg wkh FDSP*v ri Edzd dqg
Olqghqehuj ^4`/ Krjdq dqg Zduuhq ^46`/ Kduorz dqg Udr ^45` dqg Vdwfkhoo ^68`1 Lq
wklv vhfwlrq zh h{whqg wkhvh uhvxowv e| xwlolvlqj +4, wkxv fdswxulqj doo wkhvh zrunv
dv vshfldo fdvhv zkloh h{whqglqj wkh wkhru| e| doorzlqj lqglylgxdo ulvn fkdudfwhulvwlfv
ghvfulehg e| wkh dv|pphwulf phdvxuh lq +6, dqg +7,1

Dv lv vwdqgdug lq dvvhw sulflqj prghov zh zloo pdnh wkh dvvxpswlrq wkdw wkh
iroorzlqj pdunhw htxloleulxp uhodwlrqvkls iurp Kxdqj dqg Olw}hqehujhu ^4;` +sdjh
�De, krogv iru rxu xwlolw| ixqfwlrqv = Zkhq d uhsuhvhqwdwlyh djhqw h{lvwv dqg kdv
xwlolw| ixqfwlrq LE` � zkhuh ` lv whuplqdo zhdowk +:, h{whqgv wr
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vr wkh pdujlqdo xwlolw| ri wkh uhsuhvhqwdwlyh djhqw ghwhuplqhv wkh htxloleulxp ulvn
phdvxuh1 Rxu prgho fdq eh frqvlghuhg d vshfldo fdvh ri wklv jhqhudo dssurdfk1 Krz0
hyhu wkh h{lvwhqfh ri d uhsuhvhqwdwlyh djhqw lv ghwhuplqhg e| zkhwkhu wzr0ixqg prqh|
vhsdudwlrq +wr eh gh�qhg, rewdlqv1 E| vkrzlqj wkdw +4, lv vx!flhqw iru wzr ixqg
prqh| vhsdudwlrq lq wkh qh{w vhfwlrq zh lq idfw jhqhudolvh wkh vhw ri ixqfwlrqv zklfk
duh dssolfdeoh wr +;, zlwkrxw jhqhudolvlqj wkh htxloleulxp uhvxow lwvhoi1

6141 Ixqg vhsdudwlrq dqg djjuhjdwlrq1 Li lw fdq eh vkrzq wkdw hdfk lqglylg0
xdo rswlpdoo| fkrrvhv d pl{wxuh ri wkh ulvnohvv dvvhw dqg wkh vdph sruwirolr +exw
qrw qhfhvvdulo| wkh vdph pl{wxuh, d uhsuhvhqwdwlyh djhqw fdq eh vroyhg iru h{solflwo|
lqghshqghqw ri dvvxpswlrqv rq uhwxuqv glvwulexwlrqv dqg zlwkrxw frpsohwh pdunhwv1
Wklv lv nqrzq dv wzr0ixqg prqh| vhsdudwlrq +WIPV,1 WIPV fdq eh jxdudqwhhg e|
dvvxpswlrqv rq hlwkhu suhihuhqfhv/ glvwulexwlrq ri uhwxuqv/ ru erwk1 Lqjhuvroo ^53`/
Fkdswhu S/ glvfxvvhv wkhvh rswlrqv frpsuhkhqvlyho| dqg wkh uhvxowv duh zhoo0nqrzq
xqghu glvwulexwlrqdo dvvxpswlrqv/ ghwdlohg lq Urvv ^64`1 Fdvv dqg Vwljolw} ^8` vkrz
wkdw zlwklq wkh fodvv ri ixqfwlrqv LE` � zlwk L �E` � : f dqg L ��E` � 	 f iru doo
`c wkh KDUD ixqfwlrqv duh qhfhvvdu| dqg vx!flhqw iru wzr0 dqg wkuhh0ixqg prqh0
wdu| vhsdudwlrq dqg Kxdqj dqg Olw}hqehujhu ^4;` ghyrwh d odujh vhfwlrq ri Fkdswhu D
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wr surylqj vx!flhqf| uhvxowv rq ixqg vhsdudwlrq iru wkh FDSP0iudphzrun wr krog1
Krzhyhu wkh zrun rq zklfk zh irfxv lq Lqjhuvroo ^53`/ Fkdswhu S1 Kh jlyhv d vkruw
surri ri vx!flhqf| ri wkh KDUD fodvv iru WIPV1 Zh suhvhqw dq h{whqvlrq wr klv
surri dqg vr jhqhudolvh wkh dgdswdwlrq e| Vdwfkhoo ^68` zkr zdv wkh �uvw wr dsso|
wkh surfhgxuh wr slhfhzlvh ixqfwlrqv1 Kh vkrzhg wkdw wkh phdq0orzhu sduwldo pr0
phqw xwlolw| ixqfwlrq ri Ilvkexuq ^<` zdv vx!flhqw iru WIPV zlwkrxw glvwulexwlrqdo
dvvxpswlrqv1 Vlqfh wkh zhdowk wdujhw lq wklv ixqfwlrq ghshqgv rq lqlwldo zhdowk wkh
ixqg vhsdudwlrq dqg djjuhjdwlrq uhvxow ghshqgv rq wkh glvwulexwlrq ri lqlwldo zhdowk
zklfk lpsolhv wkdw wkh uhvxow lv qrw lq frq lfw zlwk Fdvv dqg Vwljolw}1 Uhfdoo wkdw zh
zrun zlwk wkh xwlolw| ixqfwlrq

LE` � '

+
b` � b2

kn�
E` � #�kn� u : ` � #

b` � b�
qn�

E# �` �qn� ` 	 #

,
+<,

zkhuh b � fc b� � fc b2 � fc # � fc u �
�
b

b�

�k
n #c k : � dqg q : �1 Zh qhhg wkh

iroorzlqj Ohppd zkrvh surri lv lq wkh Dsshqgl{1

Ohppd 41 Vxssrvh wkdw iru d wzlfh gl�huhqwldeoh ixqfwlrq LE` �/ zkhuh ` '
-S
�'f

k�h5�c L ��E` � � f iru doo `c L ��E` � 	 f iru @ � ` � K dqg wkh mrlqw glvwule0

xwlrq ri 5 dvvljqv srvlwlyh suredelolw| wr d@c Ko� Wkhq wkh ixqfwlrq T Ek� ' .dLE` �o
lv vwulfwo| frqfdyh lq k1

Zh qh{w wxuq wr wkh pdlq uhvxow1 Wkh surri iroorzv wkh vwhsv ri Lqjhuvroo ^53` dqg
Vdwfkhoo ^68` dqg lv lq wkh Dsshqgl{1

Wkhruhp 41 Vxssrvh wkdw wkhuh duh g lqglylgxdov lqgh{hg �c 2c ����&c ������cg� Wkhuh
lv d ulvnohvv dvvhw sd|lqj udwh ri uhwxuq o/ dv zhoo dv - ulvn| dvvhwv1 Lqglylgxdo & kdv
srvlwlyh lqlwldo zhdowk `f&c zhdowk wdujhw #& dqg d zhdno| frqfdyh xwlolw| ixqfwlrq
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A> +43,

iru k � � dqg q � �� Lq dgglwlrq/ rqh ri wkh iroorzlqj krogv =
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: f dqg b&
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�
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&
�
3q

: f +44,

iru doo &c dqg wkh glvwulexwlrq ri wkh dvvhwv dvvljq srvlwlyh suredelolw| wr wkh
hyhqw ` 9' `f&�
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51 b&� ' fc u& � #& n
�
b&

b&
2

�k
dqg

b&2 ' b&
�
`f&s

&
�
3q

: f +45,

iru doo &/ dqg wkh glvwulexwlrq ri wkh dvvhwv dvvljqv srvlwlyh suredelolw| wr wkh
hyhqw ` 	 `f&�

61 b&2 ' f dqg

b&� ' b&
�
`f&s

&
�
3k

: f +46,

iru doo &c dqg wkh glvwulexwlrq ri wkh dvvhwv dvvljqv srvlwlyh suredelolw| wr wkh
hyhqw ` : `f&�

Wkhq/ li doo lqyhvwruv krog wkh ulvn| sruwirolr orqj/ wzr ixqg prqhwdu| vhsdudwlrq
rewdlqv dqg

s& '
�

o

%
E� n o��

#&

`f&

&
: f +47,

lv wkh iudfwlrq lqyhvwhg e| djhqw & lq wkh ulvn| sruwirolr1

Qrwh wkdw lq uhwxuqv irup wkh uhvwulfwlrqv lpso| wkdw zh fdq vlpsoli| wkh xwlolw|
ixqfwlrqv frqvlghudeo|1 Frqvlghu Fdvh � dqg d jdpeoh if1 Zh jhw
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zklfk e| xvlqj +44, dqg glylglqj e| b&`f& jlyhv
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qn�
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A>

vr wkh h{shfwhg xwlolw| ixqfwlrq zloo h{klelw ulvn0uhwxuq vhsdudwlrq zkhuh wudgh0r�v
ghshqg rq wkh lqlwldo zhdowk/ wkh ulvn0iuhh udwh dqg wkh wdujhw1 Wkh dvvrfldwhg ulvn
phdvxuhv duh wkrvh jlyhq lq +7,1 Wkh iudfwlrq doorfdwhg wr wkh ulvn| sruwirolr/ s&c
lqfuhdvhv li dqg rqo| li wkh wudgh0r�v ghfuhdvh1 Revhuyh wkdw s& lv lqfuhdvlqj lq `f&

dqg ghfuhdvlqj lq #& vr wkdw dv lqlwldo zhdowk lqfuhdvhv djhqwv glyhuvli| dzd| iurp wkh
erqg/ frqvlvwhqw zlwk wkh surshuw| ri ghfuhdvlqj devroxwh ulvn dyhuvlrq/ dqg lqyhvwruv
zlwk uhodwlyho| kljk wdujhw uhedodqfh lq idyrxu ri wkh vdih dvvhw wr uhgxfh wkh fkdqfh
ri d vkruwidoo1 Wkh uhvwulfwlrq wkdw s& eh srvlwlyh lpsolhv wkdw djhqwv fdq qrw vkruw
wkh pdunhw1 Krzhyhu/ �fc wkh zhljkw ri wkh erqg lq wkh pdunhw/ fdq eh xvhg wr
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frqwuro/ wkh ulvn ri wkh ryhudoo sruwirolr1 Ixuwkhupruh/ lw dsshduv wkdw wkh devhqfh ri
glvwulexwlrqdo dvvxpswlrqv dqg wkh qdwxuh ri +<, lpso| wkdw ixqg vhsdudwlrq uhtxluhv
wkh sdudphwhuv ri wkh xwlolw| ixqfwlrq h{solflwo| ghshqg xsrq lqlwldo zhdowk/ frqvlvwhqw
zlwk wkh revhuydwlrqv ri Vdwfkhoo ^68` dqg d ixuwkhu devwudfwlrq iurp Fdvv dqg Vwljolw}
^8`1

Kdylqj rewdlqhg wkh ghpdqgv ri djhqwv dv iudfwlrqv ri wkhlu zhdowk doorfdwhg
ehwzhhq wkh ulvnohvv dvvhw dqg d �{hg ulvn| sruwirolr �/ djjuhjdwh ghpdqg lv hdvlo|
fdofxodwhg1 Zh wkxv frqvwuxfw d uhsuhvhqwdwlyh djhqw1 D jrrg glvfxvvlrq ri wkh
uhodwlrqvkls ehwzhhq ixqg vhsdudwlrq dqg uhsuhvhqwdwlyh djhqwv fdq eh irxqg lq hlwkhu
Lqjhuvroo ^53`/ Kxdqj dqg Olw}hqehujhu ^4;` +Fkdswhu e, ru Pxhooedxhu ^59`1 Wkh
iroorzlqj wkhruhp hvwdeolvkhv wkh h{lvwhqfh ri d uhsuhvhqwdwlyh djhqw1 Lwv surri lv dovr
uhohjdwhg wr wkh Dsshqgl{1

Wkhruhp 51 Wkh djjuhjdwh ghpdqg lq dq hfrqrp| zkhuh doo lqglylgxdov kdyh xwlolw|
dv ghvfulehg lq Fdvh � lq Wkhruhp � +l1h1 +43, zlwk +44, vdwlv�hg, lv lghqwlfdo wr wkdw
ri d vlqjoh uhsuhvhqwdwlyh frqvxphu zlwk xwlolw| ixqfwlrq
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rp| zkhuh doo lqglylgxdov kdyh xwlolw| dv ghvfulehg lq Fdvh 2 lq Wkhruhp � +l1h1 +43,
zlwk +45, vdwlv�hg, lv lghqwlfdo wr wkdw ri d vlqjoh uhsuhvhqwdwlyh frqvxphu zlwk xwlolw|
ixqfwlrq
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lqglylgxdov kdyh xwlolw| dv ghvfulehg lq Fdvh � lq Wkhruhp � +l1h1 +43, zlwk +44,
vdwlv�hg, lv lghqwlfdo wr wkdw ri d vlqjoh uhsuhvhqwdwlyh frqvxphu zlwk xwlolw| ixqfwlrq
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Khqfh hyhq zkhq lqglylgxdov kdyh gl�huhqw wdujhwv dqg lqlwldo zhdowkv ghpdqgv
djjuhjdwh lq d vwudljkwiruzdug pdqqhu li wkh xwlolw| ixqfwlrqv vdwlvi| wkh dssursuldwh
uhvwulfwlrqv1 Wkh uhsuhvhqwdwlyh djhqwv xwlolw| ixqfwlrq kdv yhu| vlplodu vwuxfwxuh wr
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wkrvh ri wkh xqghuo|lqj lqglylgxdov1 Lq dgglwlrq khu zhdowk wdujhw lv gh�qhg dv wkh
vxp ri wkh lqglylgxdov zhdowk wdujhwv dqg wkh iudfwlrq ri zhdowk vkh sodfhv lq wkh
ulvn| sruwirolr lv d zhljkwhg dyhudjh ri wkh fruuhvsrqglqj lqglylgxdo iudfwlrqv1

6151 Olqhdu sulflqj dqg ehwd1 Zh duh qrz lq d srvlwlrq wr ghulyh htxloleulxp
FDSP*v vlqfh wkh ixqg vhsdudwlrq surshuw| ydolgdwhv wkh xvh ri +;, zlwkrxw glvwule0
xwlrqdo dvvxpswlrqv1 E| gl�huhqwldwlqj +<, zh jhw
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+4;,

zkhuh { ' f zkhq ì 	 # dqg { ' � rwkhuzlvh1 Zh qhhg wr jhw hyhu|wklqj lq whupv
ri udwhv ri uhwxuq udwkhu wkdq zhdowk1 Li `6 lv wrwdo lqlwldo zhdowk ri wkh hfrqrp|/
doo ri zklfk lv lqyhvwhg/ dqg ho6 lv wkh uhwxuq rq wkh pdunhw wrwdo �qdo zhdowk/ ì c
vdwlv�hv ì ' `6E� n ho6� +4<,

Wkh zhdowk wdujhw/ #c lv uhodwhg wr d fruuhvsrqglqj djjuhjdwh wdujhw udwh ri uhwxuq/ � c
wkxv

# ' `6E� n �� +53,

Vxevwlwxwlqj wkhvh lqwr +4;, dqg vlpsoli|lqj xvlqj +44, |lhogv
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zkhuh{ ' � zkhq ho6 : � dqg{ ' f rwkhuzlvh1 Zkhq{ ' �/ wkh vhfrqg whup lv }hur
dqg wkh frqvwdqw sk fdqfhov1 Zh fdq fdqfho sq vlploduo| zkhq { ' f1 Vxevwlwxwlqj
+54, lqwr +;, dqg vlpsoli|lqj wkh h{whqghg sulflqj htxdwlrq ehfrphv
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68 +55,

lv wkh ehwd1 Lw lv wulyldo wr yhuli| wkdw li LEho6� lv txdgudwlf +l1h1 k ' � dqg { ' �
lq +55,, wkh h{suhvvlrq uhgxfhv wr wkh wudglwlrqdo FDSP0ehwd +:,1 Jhqhudo srzhu
xwlolw| lv rewdlqhg zkhq { ' � iru doo uhwxuqv zklfk fdq eh jxdudqwhhg e| pdnlqj
wkh wdujhw uhgxqgdqw +l1h1 � � ��,1 Wkh fxelf fdvh ixuwkhu uhtxluhv k ' 2 vr rxu
uhvxow frqwdlqv wkh h{whqvlrqv lq Judxhu ^44`/ Nudxv dqg Olw}hqehujhu ^55`/ Vhduv dqg
Zhl +^69` dqg ^6:`,/ Krpdlidu dqg Judgg| ^48` dqg Kzdqj dqg Vdwfkhoo ^4<` pdgh
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srvvleoh e| Uxelqvwhlqv zrun lq ^65` dqg ^66`1 Zkhq doo lqglylgxdov vdwlvi| fdvh 2 lq
Wkhruhp � zh jhw

� '
SJ� dhoRc{Eho6 � ��ko

SJ� dho6c{Eho6 � ��ko

Wklv vhhpv vrphzkdw qrq0vhqvlfdo dv wkh ulvn phdvxuh lv qrz d ixqfwlrq rqo| ri
uhwxuqv deryh wkh wkuhvkrog dqg vr rqh zrxog khgjh djdlqvw sur�wv/ qrw orvvhv1 Xqghu
wkhvh uhvwulfwlrqv lqglylgxdov xwlolw| ixqfwlrqv vhsdudwh ulvn dqg uhwxuq zkhuh ulvn lv
phdvxuhg sxuho| rq uhwxuqv deryh wkh wdujhw $ Fdvh � lq Wkhruhp � |lhogv wkh FDSP
ghulyhg lq Vdwfkhoo ^68`

� '
SJ�

khoRc E��{� E� � ho6�q
l

SJ�
kho6c E��{� E� � ho6�q

l +56,

Lqyhvwruv lq wklv h{dpsoh kdyh suhihuhqfhv vhsdudwhg lqwr wkh h{shfwhg ydoxh dqg orzhu
sduwldo prphqwv ri jdpeohv exw wkh| pd| kdyh gl�huhqw ulvn0uhwxuq wudgh0r�v1 E|
vhwwlqj q ' 2 rqh jhwv wkh phdq0orzhu sduwldo prphqw ehwd ri Kduorz dqg Udr ^45`
dqg e| ixuwkhu uhvwulfwlqj � ' os c wkh uhwxuq rq d vdih dvvhw/ wkh vhplyduldqfh ehwd ri
Edzd dqg Olqghqehuj ^4` dqg Krjdq dqg Zduuhq ^46` lv rewdlqhg1

Wkh jhqhudo FDSP sulflqj htxdwlrq +55, fruuhvsrqgv wr fdvh � lq Wkhruhp � zkhq
doo lqyhvwruv kdyh xwlolw| jlyhq e| +4,1 Wkh dv|pphwulf frqwulexwlrqv ri �xsvlgh� dqg
�grzqvlgh� uhwxuqv wr htxloleulxp ulvn zkhq k 9' q doorzv xv wr zhljk gl�huhqwo|
uhvsrqvhv iurp xswxuqv dqg grzqwxuqv lq wkh pdunhw zkloh qrw uho|lqj rq grzqvlgh
frqwulexwlrqv rqo|1 Wklv zrxog dsshdo wr prvw lqyhvwruv lq jhqhudo dv htxloleulxp ulvn
lv phdvxuhg dv d pl{wxuh ri ryhudoo glvshuvlrq dqg srvvleo| pruh khdylo| zhljkwhg
frqwulexwlrqv iurp uhwxuqv ehorz d fhuwdlq ohyho/ uh hfwlqj wkh srvvleoh dv|pphwulhv
lq wkh dvvrfldwhg lqglylgxdo ulvn phdvxuhv +6, dqg +7,1 Qrwh dovr wkdw wkh ehwd*v duh
lqghshqghqw ri lqlwldo zhdowk ghvslwh erwk pdujlqdo xwlolw| dqg ulvn0uhwxuq wudgh0r�v
dw erwk wkh lqglylgxdo dqg djjuhjdwh ohyho kdylqj zhdowk0ghshqghqw sdudphwhuv1

71 Frqfoxvlrq

Prwlydwhg e| uhfhqw prghov ri ulvn dqg uhwxuq vhsdudwlrq lq wkh pdqdjhphqw vflhqfh
dqg rshudwlrqdo uhvhdufk olwhudwxuh +Ehoo +^6` dqg ^7`,/ Mld dqg G|hu ^54` dqg G|hu dqg
Mld ^9`, d qhz xwlolw| ixqfwlrq kdv ehhq sursrvhg zklfk fdq eh h{suhvvhg lq whupv ri
ulvn dqg uhwxuq iru d odujh qxpehu ri ulvn phdvxuhv lqfoxglqj wkh jhqhudo dv|pphwulf
ulvn phdvxuhv d{lrpdwlvhg e| Ilvkexuq ^;` dqg Oxfh dqg Zhehu ^57`1 Lw lv dovr uhodwhg
wr suhylrxv xwlolw| ixqfwlrqv lq wkh �qdqfh olwhudwxuh zklfk dulvh iurp ghflvlrq uxohv
ryhu grzqvlgh ulvn dqg uhwxuq1 Vdulq dqg Zhehu ^67` kdyh fdoohg iru dq dssolfdwlrq
ri vxfk prghov lq dvvhw sulflqj1 Zh kdyh ghulyhg dq h{whqvlrq ri wkh Fdslwdo Dvvhw
Sulflqj Prgho +FDSP, e| xvlqj dq dssurdfk ri Lqjhuvroo ^53` dqg Vdwfkhoo ^68` wr
hvwdeolvk wzr0ixqg prqh| vhsdudwlrq dqg frqvhtxhqwo| dssolhg d jhqhudo uhvxow lq
Kxdqj dqg Olw}hqehujhu ^4;`1 Wkh qhz FDSP frqwdlqv dv vshfldo fdvhv prvw rwkhu
srsxodu FDSP h{whqvlrqv lqfoxglqj Nudxv dqg Olw}hqehujhu ^55`/ Krjdq dqg Zduuhq
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^46`/ Edzd dqg Olqghqehuj ^4`/ Kduorz dqg Udr ^45`/ Vdwfkhoo ^68`/ Vhduv dqg Zhl
+^69` dqg ^6:`,/ Krpdlidu dqg Judgg| ^48` dqg Kzdqj dqg Vdwfkhoo ^4<`1

Vhyhudo zrunv kdyh whvwhg iru gl�huhqfhv lq dvvhw sulflqj prghov edvhg rq gl�huhqw
xwlolw| ixqfwlrqv +Kduorz dqg Udr ^45`/ Krpdlidu dqg Judgg| +^4:` dqg ^49`,/ Sulfh/
Sulfh dqg Qdqwhoo ^63`/ Hiwhnkdul dqg Vdwfkhoo ^:` dqg Shghuvhq ^5:` dprqjvw rwkhuv,
dqg rxu jhqhudo olqhdu prgho lv frqyhqlhqw iru qhvwlqj rqh prgho lq dqrwkhu +vhh
Shghuvhq ^5:` iru ghwdlov,1 Vxfk gl�huhqfhv kdyh lpsruwdqw lpsolfdwlrqv iru dvvhw
sulflqj/ rswlpdo dvvhw doorfdwlrqv dqg shuirupdqfh phdvxuhphqw lq hpslulfdo �qdqfh1
Pruhryhu e| wkh h{solflw olqn wr wkh xqghuo|lqj wkhruhwlfdo iudphzrunv suhvhqwhg
lq wklv sdshu vxfk whvwv xowlpdwho| surylgh lqirupdwlrq derxw wkh uhodwlyh phulwv ri
gl�huhqw ghflvlrq prghov lq prgholqj suhihuhqfhv ri hfrqrplf djhqwv dqg �qdqfldo
lqyhvwruv1
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Uhihuhqfhv

^4` Y1 Edzd dqg H1 Olqghqehuj1 Fdslwdo pdunhw htxloleulxp lq d phdq0orzhu sduwldo
prphqw iudphzrun1 Mrxuqdo ri Ilqdqfldo Hfrqrplfv 8/ sdjhv 4;<�533/ 4<::1

^5` G1 Ehoo1 Rqh0vzlwfk xwlolw| ixqfwlrqv dqg d phdvxuh ri ulvn1 Pdqdjhphqw Vflhqfh/
67+45,=4749�4757/ 4<;;1

^6` G1 Ehoo1 Ulvn/ uhwxuq dqg xwlolw|1 Pdqdjhphqw Vflhqfh/ 74+4,=56�63/ 4<<81

^7` G1 Ehoo1 Phdvxulqj ulvn dqg uhwxuq ri sruwirolrv1 Lq Zlvh Fkrlfhv1 KEV Sxeolvk0
lqj/ 4<<91
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Dqdo|vlv/ 57+6,=5;8�644/ 4<;<1
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pdunhw prgho edvhg rq vhpl0yduldqfh1 Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh
Dqdo|vlv/ <=4�45/ 4<:71

^47` G1 Krowkdxvhq1 D ulvn0uhwxuq prgho zlwk ulvn dqg uhwxuq phdvxuhg dv ghyldwlrqv
iurp d wdujhw uhwxuq1 Wkh Dphulfdq Hfrqrplf Uhylhz/ :4+4,=4;5�4;;/ 4<;41

^48` J1 Krpdlidu dqg G1 E1 Judgg|1 Htxlw| |lhogv lq prghov frqvlghulqj kljkhu
prphqwv ri wkh uhwxuq glvwulexwlrq1 Dssolhg Hfrqrplfv/ 53=658�667/ 4<;;1
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^49` J1 Krpdlidu dqg G1 E1 Judgg|1 Yduldqfh dqg orzhu sduwldo prphqw ehwdv dv
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^54` M1 Mld dqg M1 G|hu1 D vwdqgdug phdvxuh ri ulvn dqg ulvn0ydoxh prghov1 Pdqdjh0
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^5;` F1 Shghuvhq dqg V1 Vdwfkhoo1 Ulvn/ xwlolw| dqg vzlwfklqj ehwzhhq jdpeohv1 GDH
Zrunlqj Sdshu/ Dpdojdpdwhg Vhulhv Qr1 <:68/ Xqlyhuvlw| ri Fdpeulgjh/ Hqj0
odqg/ 4<<:1
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^63` N1 Sulfh/ E1 Sulfh/ dqg W1 Qdqwhoo1 Yduldqfh dqg orzhu sduwldo prphqw phdvxuhv
ri v|vwhpdwlf ulvn = Vrph dqdo|wlfdo dqg hpslulfdo uhvxowv1 Mrxuqdo ri Ilqdqfh/
6:=;76�;88/ Mxqh 4<;51
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exwlrqv1 Mrxuqdo ri Hfrqrplf Wkhru|/ 4:=587�;9/ 4<:;1

^65` P1 Uxelqvwhlq1 Wkh ixqgdphqwdo wkhruhp ri sdudphwhu0suhihuhqfh vhfxulw| ydo0
xdwlrq1 Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ sdjhv 94�9</ 4<:61

^66` P1 Uxelqvwhlq1 Dq djjuhjdwlrq wkhruhp iru vhfxulwlhv pdunhwv1 Mrxuqdo ri Il0
qdqfldo Hfrqrplfv/ 4=558�577/ 4<:71

^67` U1 N1 Vdulq dqg P1 Zhehu1 Ulvn0ydoxh prghov1 Hxurshdq Mrxuqdo ri Rshudwlrqdo
Uhvhdufk/ :3=468�47</ 4<<61

^68` V1 Vdwfkhoo1 Orzhu sduwldo prphqw fdslwdo dvvhw sulflqj prgho = D uh0h{dplqdwlrq1
LIU Elunehfn Froohjh Glvfxvvlrq Sdshu Qr1 53/ 4<<91

^69` U1 Vhduv dqg N1 Zhl1 Dvvhw sulflqj/ kljkhu prphqwv/ dqg wkh pdunhw ulvn suh0
plxp = D qrwh1 Mrxuqdo ri Ilqdqfh/ 73=4584�4586/ 4<;81

^6:` U1 Vhduv dqg N1 Zhl1 Wkh vwuxfwxuh ri vnhzqhvv suhuhqfhv lq dvvhw sulflqj prg0
hov zlwk kljkhu prphqwv = dq hpslulfdo whvw1 Wkh Ilqdqfldo Uhylhz/ 56=58�6;/
Iheuxdu| 4<;;1

^6;` Z1 Vkdush1 Fdslwdo dvvhw sulfhv = D wkhru| ri fdslwdo pdunhw htxloleulxp xqghu
frqglwlrqv ri ulvn1 Mrxuqdo ri Ilqdqfh/ 4<=758�775/ 4<971

^6<` M1 Vwrhu dqg F1 Zlw}jdoo1 Frqyh{lw| dqg rswlplvdwlrq lq �qlwh glphqvlrqv1
Vsulqjhu/ Ehuolq/ 4<:31


