
XWLOLW\ IXQFWLRQV ZKRVH SDUDPHWHUV GHSHQG RQ

LQLWLDO ZHDOWK

E| F1 V1 Shghuvhq dqg V1 H1 Vdwfkhoo
W

Idfxow| ri Hfrqrplfv dqg Srolwlfv/ Fdpeulgjh Xqlyhuvlw|/ dqg Wulqlw| Froohjh

Devwudfw1 Frqyhqwlrqdo rqh0shulrg xwlolw| ixqfwlrqv lq Hfrqrplfv dv0

vxph wkdw lqlwldo zhdowk rqo| hqwhu suhihuhqfhv wkurxjk wkh gh�qlwlrq ri �qdo

zhdowk1 Frqvhtxhqwo|/ wkrvh xwlolw| ixqfwlrqv prvw xwlolvhg +l1h1 h{srqhqwldo dqg

txdgudwlf, kdyh lpsodxvleoh ulvn fkdudfwhulvwlfv1 Wkh dxwkruv fkdudfwhulvh d qhz

fodvv ri xwlolw| ixqfwlrq zkrvh sdudphwhuv ghshqg xsrq lqlwldo zhdowk1 Vhyhudo

ghvludeoh uhvxowv duh rewdlqhg1 Lq sduwlfxodu/ lqyhvwruv zlwk txdgudwlf dqg h{0

srqhqwldo xwlolw| ixqfwlrqv fdq kdyh ghfuhdvlqj ulvn dyhuvlrq dqg zloo lqfuhdvh

wkhlu vkduh ri wkh ulvn| dvvhw dv wkh| jhw zhdowklhu1 Wkh dxwkruv frqfoxgh zlwk

d qxpehu ri dssolfdwlrqv ghprqvwudwlqj wkh h!fdf| ri wklv qhz fodvv ri xwlolw|

ixqfwlrqv1

41 Lqwurgxfwlrq

Wkh sxusrvh ri wklv sdshu lv wr suhvhqw d qhz fodvv ri xwlolw| ixqfwlrq zklfk kdv

wkh ihdwxuh wkdw wkh sdudphwhuv wkdw frqvwlwxwh sduw ri wkhlu vshfl�fdwlrq ghshqg

h{solflwo| xsrq lqlwldo zhdowk1 Wkdw xwlolw| ixqfwlrqv frxog kdyh vxfk d surshuw| zdv

WFruuhvsrqglqj dxwkru lv Vwhskhq H1 Vdwfkhoo/ hpdlo= vhv44Chfrq1fdp1df1xn1 Zh zrxog olnh wr

wkdqn Kdplvk Orz iru xvhixo frpphqwv1

4
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uhfrjqlvhg dv hduo| dv 4<84 e| Prvwhoohu dqg Qrjhh ^5:`/ zkr frpphqw xsrq wkhlu

h{shulphqwdo lqyhvwljdwlrq lqwr fkrlfh xqghu xqfhuwdlqw|= �Rqh srvvleoh fulwlflvp +ri

wkhlu h{shulphqwv, frxog eh wkdw wkh vxemhfw fkdqjhv klv xwlolw| fxuyh zlwk wkhvh fkdqjhv

lq fdslwdo/ vr wkdw hdfk ghflvlrq kh pdnhv ghshqgv rq wkh dprxqw ri prqh| kh kdv

rq kdqg dw wkdw sduwlfxodu prphqw�1 Wkhlu uhvxowv surylghg wkh prwlydwlrq iru wkh

Frqvlvwhqf| D{lrp xvhg e| Sidq}djo ^63` lq klv ghulydwlrq ri d wkhru| ri phdvxudeoh

xwlolw|/ dqg ohg wr wkh olwhudwxuh rq zhdowk0ghshqghqw suhihuhqfh vzlwfklqj/ ruljlqdwlqj

zlwk Ehoo ^6`1

D prwlydwlrq iru wklv fodvv lv wkh zhoo0nqrzq idfw wkdw wkh ihz wudfwdeoh xwlolw|

ixqfwlrqv dydlodeoh wr hfrqrplvwv w|slfdoo| kdyh xqghvludeoh ulvn fkdudfwhulvwlfv 0 iru

h{dpsoh/ wkh h{srqhqwldo xwlolw| ixqfwlrq kdv frqvwdqw devroxwh ulvn dyhuvlrq zklovw

txdgudwlf xwlolw| kdv lqfuhdvlqj devroxwh ulvn dyhuvlrq1 Duurz ^5` kdv vkrzq wkdw lq

dq rswlpdo fkrlfh ryhu wzr dvvhwv/ rqh ulvnohvv dqg wkh rwkhu ulvn|/ lqyhvwruv zlwk vxfk

ulvn fkdudfwhulvwlfv zrxog nhhs frqvwdqw ru ghfuhdvh wkhlu kroglqjv lq wkh ulvn| dvvhw dv

zhdowk lqfuhdvhv1 Wklv kdv orqj ehhq vhhq dv xquhdolvwlf dqg frxog hdvlo| frqwdplqdwh

wkh pdq| dssolfdwlrqv ri wkhvh xwlolw| ixqfwlrqv wr vroylqj ghflvlrq sureohpv1

Rxu vxjjhvwhg xwlolw| ixqfwlrqv holplqdwh wklv sureohp e| vshfli|lqj h{wud uhodwlrq0

vklsv ehwzhhq lqlwldo zhdowk dqg wkh frh!flhqwv wkdw phdvxuh ulvn zlwkrxw ghsduwlqj

iurp wkh h{shfwhg xwlolw| iudphzrun1 Dowkrxjk pruh jhqhudo wkhrulhv ri fkrlfh xqghu

xqfhuwdlqw| h{lvw/ wklv sduwlfxodu dssurdfk kdv qrw/ wr wkh ehvw ri rxu nqrzohgjh/ ehhq

h{solflwo| irupxodwhg ehiruh1 Lqghhg/ zlwklq d pruh jhqhudo wkhruhwlfdo iudphzrun/ lw

lv kdug wr sodfh wkh dqwhfhghqwv ri wkhvh lghdv1 Rqh pd| uhodwh wkh frqfhsw ri lqlwldo0

zhdowk ghshqghqw xwlolw| wr uhfhqw ghyhorsphqwv lq hfrqrplf wkhru|/ zklfk frqvlghu
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djjuhjdwlrq lvvxhv e| glvfxvvlqj wkh vkdsh ri wkh zhdowk glvwulexwlrq dfurvv djhqwv dqg

prgho mrlqwo| xwlolw| dqg zhdowk +vhh iru lqvwdqfh Judqgprqw ^45` dqg Kloghqeudqg

^48`,1 Krzhyhu/ rxu rzq dssurdfk lq wklv sdshu lv qrw wr irfxv rq htxloleulxp lvvxhv1

Lq vhfwlrq 5> zh suhvhqw ghwdlov ri zkhuh wkhvh lghdv kdyh dsshduhg lq wkh olwhudwxuh/

gh�qh rxu fodvv ri xwlolw| ixqfwlrq dqg jlyh d gh�qlwlrq ri wkh dvvrfldwhg phdvxuh ri

ulvn0dyhuvlrq1 Lq vhfwlrq 6> zh vshfldolvh wr wkh KDUD fodvv dqg suhvhqw frqglwlrqv

xqghu zklfk h{srqhqwldo dqg txdgudwlf xwlolw| kdyh ghfuhdvlqj devroxwh ulvn dyhuvlrq1

Zh vkrz wkdw wkh Fdvv dqg Vwljolw} ^7` qhfhvvlw| uhvxow rq ixqg vhsdudwlrq qr orqjhu

krogv dqg lqyhvwljdwh wkh h�hfw rq frpsdudwlyh vwdwlfv ri rswlpdo sruwirolr sureohpv1

Vhfwlrq 7 looxvwudwhv wkh  h{lelolw| ri wklv dssurdfk e| frqvlghulqj dv dq h{dpsoh dq

h{whqvlrq wr d vlpsoh sulqflsdo0djhqw prgho zklfk hqdeoh xv wr dffrxqw iru vw|ol}hg

idfwv rq wkh uhodwlrqvkls ehwzhhq dvvhw pdqdjhuv dqg shqvlrq ixqgv1 Vhfwlrq 8 lv

uhvhuyhg iru rxu frqfoxvlrqv1

51 Xwlolw| ixqfwlrqv zkrvh sdudphwhuv ghshqg xsrq lqlwldo zhdowk

Lq frqyhqwlrqdo wkhru|/ xwlolw| X+�, lv gh�qhg h{foxvlyho| lq whupv ri whuplqdo

zhdowk/ iZ> zklfk lq wxuq lv gh�qhg dv

iZ @Zf

�
4 . h[� +4,

iru lqlwldo zhdowk Zf dqg wkh udwh ri uhwxuq/ h[> rq d sruwirolr ru jdpeoh1 Fkrlfh

xqghu xqfhuwdlqw| lv wkhq dqdo|vhg e| pd{lplvlqj wkh h{shfwdwlrq ri X+iZ, vxemhfw

wr wkh dssursuldwh exgjhw frqvwudlqwv1 Lq vxfk d iudphzrun/ Zf rqo| hqwhuv wkh

xwlolw| ixqfwlrqv wkurxjk iZ dowkrxjk wkhuh lv qr xqghuo|lqj wkhruhwlfdo uhdvrq zk|

lw vkrxog qrw eh doorzhg wr hqwhu vhsdudwho|1 Zh wkxv suhvhqw rxu jhqhudo fodvv ri
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xwlolw| ixqfwlrq1

Gh�qlwlrq 41 Wkh fodvv ri xwlolw| ixqfwlrqv zkrvh sdudphwhuv ghshqg rq lqlwldo

zhdowk/ Zf> lv jlyhq e|

X

�
Zf>iZ�

+5,

zkhuh wkh �uvw frpsrqhqw uhihuv wr zkhq lqlwldo zhdowk hqwhuv wkh xwlolw| ixqfwlrq

lqghshqghqwo| ri iZ=

Wr lqwhusuhw vxfk d xwlolw| ixqfwlrq/ zh �qg wkh iroorzlqj lghdv khosixo1 H{shfwhg

xwlolw| wkhru| gh�qhv suhihuhqfhv ryhu d vhw ri jdpeohv iru d jlyhq zhdowk ohyhoZf= Lw

lv fohduo| srvvleoh wr frqfhswxdolvh zkdw rqhv suhihuhqfhv ryhu wkh vdph vhw ri jdp0

eohv zrxog eh li zhdowk zhuh fkdqjhg1 Li zh qrz ydu| zhdowk ryhu vrph lqgh{ vhw/

wkhq X+Zf>iZ , uhsuhvhqwv wkh idplo| ri xwlolw| ixqfwlrqv gh�qhg ryhu wkdw vhw1 Frp0

sdudwlyh vwdwlfv wkdw lqyroyh fkdqjlqj dwwlwxghv wr ulvn dv Zf ydu| pxvw suhvxpdeo|

kdyh vxfk d prgho lq plqg 0 rxu gh�qlwlrq dggv qr frpsolfdwlrq h{fhsw wr pdnh wkh

ixqfwlrqdo ghshqghqfh h{solflw wkurxjk rwkhu fkdqqhov wkdq �qdo zhdowk1

H{shfwhg xwlolw| wkhru| whoov xv wkdw/ lq d frqwh{w zkhuh lqlwldo zhdowk lv �{hg/ lw lv

rqo| �qdo zhdowk wkdw rxu suhihuhqfhv duh edvhg rq1 Wr wkh dxwkruv nqrzohgjh/ lw kdv

qrw ehhq hvwdeolvkhg dq|zkhuh lq wkh olwhudwxuh wkdw wkh xqghuo|lqj xwlolw| ixqfwlrq

zklfk irupv wkh edvlv iru wkh h{shfwhg xwlolw| ixqfwlrq kdv wr eh lqghshqghqw ri

hqgrzphqwv/ vlqfh wklv suhvhuyhv olqhdulw| lq suredelolwlhv1 Lqghhg/ Pdv0Frohoo hw do1

^57`/ sdjh 4;8 +wrs,/ uhpdun= �Dowkrxjk wkh d{lrpv +ri h{shfwhg xwlolw|, |lhog wkh

h{shfwhg xwlolw| uhsuhvhqwdwlrq wkh| sodfh qr uhvwulfwlrqv zkdwvrhyhu rq wkh irup ri

wkh xwlolw| ixqfwlrq�1
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Xwlolw| ixqfwlrqv ri wkh irup jlyhq e| +5, kdyh douhdg| dsshduhg lq erwk wkh

Hfrqrplfv dqg Ilqdqfh olwhudwxuh dowkrxjk wkh dxwkruv duh qrw dzduh ri dq| irupdo

wuhdwphqw ri vxfk xqwlo wkh suhvhqw1 Iru lqvwdqfh/ Judxhu ^46` gh�qhv d jhqhudolvhg

orjdulwkplf xwlolw| ixqfwlrq X+Zf>iZ , @ oq
�iZ �

`f

2

�
zklfk irupv wkh edvlv iru d

jhqhudo dvvhw sulflqj prgho1 D ixuwkhu fdvh lq Fkr/ Hglvrq dqg Zhvw ^8` 0 zkr xvh d

jhqhudolvhg txdgudwlf xwlolw| ixqfwlrq/ lv glvfxvvhg odwhu1 Ixqfwlrqv lq +5, dovr dulvh

qdwxudoo| zkhq zrunlqj zlwk wdujhw0edvhg suhihuhqfhv/ zkhuh xwlolw| ixqfwlrqv gh�qhg

rq uhwxuqv wdnh gl�huhqw irupv deryh dqg ehorz d suhvhw wkuhvkrog +vhh iru lqvwdqfh

Ilvkexuq ^44` dqg Krowkdxvhq ^49`,1 Lq Vdwfkhoo ^69` dqg Shghuvhq ^5;`/ vxfk slhfhzlvh

xwlolw| ixqfwlrqv duh wdnhq iurp wkh pdqdjhphqw vflhqfh olwhudwxuh dqg dssolhg wr

dvvhw sulflqj1 Wklv lqyroyhv wudqviruplqj xwlolw| ixqfwlrqv gh�qhg rq uhwxuqv xvlqj

+4,/ lpso|lqj wkdw frqvwdqw uhwxuqv wdujhwv duh wudqviruphg wr zhdowk wdujhwv wkdw

ydu| zlwk lqlwldo zhdowk/ zklfk orfdwhv wkh uhvxowlqj xwlolw| ixqfwlrq gh�qhg rq zhdowk

lq wkh jhqhudo fodvv +5,1 Wklv qrwlrq ri wudqviruplqj iurp xwlolw| ri uhwxuq wr xwlolw|

ri zhdowk lv glvfxvvhg lq pruh ghwdlo lq Lqjhuvroo ^4<`/ sdjhv 549� 54;1

Dqrwkhu duhd ri srvvleoh lqwhuhvw pljkw eh wr sruwirolr wxuqslnh wkhru| +vhh Urvv

^68` dqg Kxehupdq dqg Urvv ^4;`,1 Sruwirolr wxuqslnh wkhru| lv wkh vwxg| ri pxowl0

shulrg lqyhvwphqw vwudwhjlhv wkdw pd{lplvh �qdo shulrg h{shfwhg xwlolw| ri zhdowk

dqg zkhuh wkh vwudwhj| lv vlpsol�hg vr wkdw wkh lpsdfw ri fkdqjlqj zhdowk wkurxjk

wkh lqyhvwphqw shulrgv lv qrw frqvlghuhg> lq Urvv ^68` wkh vwudwhjlhv duh gh�qhg e|

frqvwdqw sruwirolr zhljkwv iru wkh pxowlsoh kroglqj shulrgv1 Lw pd| zhoo eh srvvleoh

wr h{whqg h{lvwlqj uhvxowv wr orrn dw fhuwdlq wxuqslnh sureohpv zkhuh wkh zhdowk

yduldwlrq fkdqjhv wkh ulvn fkdudfwhulvwlfv ri wkh xwlolw| ixqfwlrq1
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Ixqfwlrqv lq +5, kdyh dovr rffxuuhg lq dqdo|vlv e| �qdqfldo sudfwlwlrqhuv/ zkhuh

wkh h{shfwhg xwlolw| ixqfwlrq grhv qrw qhfhvvdulo| vdwlvi| wkh Yrq Qhxpdqq 0 Pruj0

huqvwhuq d{lrpv1 Frqvlghu wkh vwdqgdug phdq0yduldqfh xwlolw| ixqfwlrq

Y
�
�> �2

�
@ H

k
X+iZ,

l
@ �� ��2 +6,

zkhuh � lv wkh h{shfwhg uhwxuq/ � wkh vwdqgdug ghyldwlrq ri uhwxuqv dqg � d frqvwdqw

wudgh0r�1 Wklv zdv lqwurgxfhg lq Pdunrzlw} ^56` dqg irupv d edvlv iru wkh Fdslwdo

Dvvhw Sulflqj Prgho ghulyhg lqghshqghqwo| e| Vkdush ^6;`/ Olqwqhu ^55` dqg Prvvlq

^59`1 Wkh phdq0yduldqfh xwlolw| ixqfwlrq lv mxvwl�hg e| dvvxplqj hlwkhu xqghuo|lqj

txdgudwlf xwlolw| ru pxowlyduldwh hoolswlfdo uhwxuqv +vhh Fkdpehuodlq ^9`,1 Uhfhqwo|/

Ydq Hdwrq dqg Frqryhu ^<` jhqhudolvhg +6, wr

Y
�
�>�q

�
@ H

k
X+iZ,

l
@ �� ��q +7,

Dv dq h{dpsoh ri wkh xvhixoqhvv ri rxu dssurdfk/ zh zloo ghprqvwudwh krz d xwlolw|

ixqfwlrq vxfk dv +7, pljkw dulvh1 Iluvwo|/ ulvn0ydoxh prghov ri wkh irup

H ^X+�,`� �+�,H
k
X+ h[ � �,

l
+8,

zhuh lqwurgxfhg lq Mld dqg G|hu +^53` dqg ^54`, dqg G|hu dqg Mld ^;`1 Zkhq X+iZ, @

iZq> �+�, @ � dqg h[ lv d phpehu ri wkh orfdwlrq0vfdoh idplo|/ zh rewdlq +7, iurp

+8,1 Dowhuqdwlyho|/ zh frxog frqvlghu dq xqghuo|lqj xwlolw| ixqfwlrq lq wkh fodvv +5, ri

wkh irup

X
�
Zf>iZ�

@ iZ � !+Zf,

���iZ �H+iZ,

���q +9,

Wkhq fohduo|

X
�
Zf>iZ�

@ Zf +4 . �,� !+Zf,Z
q
f
H
�
mhu � �m

q
�

@ �� !+Zf,Z
q3�
f

H
�
mhu � �m

q
�

+:,
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zkhuh zh dvvxph wkdw wkh xwlolw| ixqfwlrq lv xqltxh xs wr d!qh wudqvirupdwlrqv

dowkrxjk wklv pd| qrw qhfhvvdulo| eh frqvlvwhqw zlwk wkh qrq0olqhdu suredelolw| vwuxf0

wxuh lq +9,1 Li hu q Q
�
�>�2

�
dqg zh ohw h} @ hu � �> wkhq h} q Q

�
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�
dqg
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5

�

zkhuh �+�, lv wkh Jdppd ixqfwlrq +vhh/ iru lqvwdqfh/ GhJurrw ^:`/ sdjh 5;9,=Zh wkhq

rewdlq +7, iurp +:, e| vhwwlqj

!+Zf, @

s
�

5
q

2�
�
qn�
2

�
Z

q3�
f

+<,

Wkxv zh duh deoh wr vxssruw wkh fkrlfh ri h{shfwhg xwlolw| ixqfwlrq e| jlylqj suhflvh

vx!flhqw frqglwlrqv rq wkh xqghuo|lqj suhihuhqfhv/ hqgrzphqwv dqg wkh glvwulexwlrq

ri uhwxuqv zkhq devwudfwlqj wr wkh pruh jhqhudo iudphzrun1

Zh gr qrw fodlp wkdw wkh flwhg zrunv duh wkh rqo| rqhv lq wkh olwhudwxuh zklfk

xvh phpehuv ri rxu qhz fodvv ri xwlolw| ixqfwlrqv1 Lw lv reylrxv wkdw zkhuh xvhg/

wkh sxusrvh kdv ehhq rqh ri fdswxulqj h�hfwv qrw fxvwrpdulo| dvvrfldwhg zlwk wudgl0

wlrqdo xwlolw| ixqfwlrqv/ riwhq wr pdnh wkh dqdo|vlv zhdowk0lqghshqghqw1 Zh qrz wxuq

rxu dwwhqwlrq wr wkh krz wkh dgghg lqlwldo zhdowk h�hfw lpsolflw lq +5, d�hfwv vrph
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ixqgdphqwdo uhvxowv lq Hfrqrplfv1 Zh zloo vwduw e| glvfxvvlqj krz wkh gh�qlwlrq ri

devroxwh ulvn dyhuvlrq vkrxog eh dphqghg lq wklv pruh jhqhudo iudphzrun1

5141 Gh�qlwlrq ri devroxwh ulvn dyhuvlrq1 Iru rxu xwlolw| ixqfwlrq lq +5,

zh zloo uhihu wr

U� +Zf, @ �
Xfc2 +Zf>Zf,

Xfc� +Zf>Zf,
+43,

zkhuh X�cc� ghqrwhv gl�huhqwldwlqj l wlphv zlwk uhvshfw wr wkh �uvw dujxphqw dqg m

wlphv zlwk uhvshfw wr wkh vhfrqg dujxphqw/ dv wkh Frqyhqwlrqdo Duurz0Sudww frh!0

flhqw ri Devroxwh Ulvn Dyhuvlrq +FDUD,1 Wklv lv lqyduldqw wr srvlwlyh d!qh wudqviru0

pdwlrqv ri X+Zf>iZ ,= Krzhyhu lw lv qr orqjhu lqwhusuhwdeoh dv d txdqwlw| sursruwlrqdo

wr wkh ulvn suhplxp/ �+Zf> h[,> wkh dprxqw ri zhdowk dq lqglylgxdo lv zloolqj wr iruhjr

wr dyrlg d phdq0}hur dgglwlyh jdpeoh h[> iru xwlolw| ixqfwlrqv lq +5,1 Lq wklv fdvh/ rqh

vroyhv iru wkh ulvn suhplxp iurp wkh htxdwlrq

X
�
Zf � �

�
Zf> h[� >Zf � �

�
Zf> h[�� @ H

k
X
�
Zf>Zf . h[�l +44,

zkhuh H ghqrwhv wkh h{shfwdwlrqv rshudwru1 Lq +44,/ wkh ulvn suhplxp hqwhuv wkh ohiw

kdqg vlgh wzlfh dv zh iruhjr lqlwldo zhdowk zkloh rqo| rqfh lq wkh uljkw kdqg vlgh

vlqfh wkh jdpeoh wdnhq rqo| d�hfwv whuplqdo zhdowk dqg qrw lqlwldo zhdowk1 Zh wkxv

jhw wkh iroorzlqj wkhruhp/ suryhg lq wkh Dsshqgl{1

Wkhruhp 41 Zlwk xwlolw| jlyhq dv lq +5,/ wkh ulvn suhplxp iru d vpdoo jdpeoh h[ q

�
3> �2

�
lv jlyhq e|

�

�
Zf> h[

�
@ �

4

5
� �2 �

Xfc2 +Zf>Zf,

X�cf +Zf>Zf, .Xfc� +Zf>Zf,
+45,
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Lw lv lpphgldwho| reylrxv wkdw zkhq wkh �uvw frpsrqhqw lv }hur ru/ pruh jhqhudoo|/

Zf grhv qrw d�hfw xwlolw| lqghshqghqwo| ri iZ> htxdwlrq +45, uhgxfhv wr htxdwlrq +43,

dv X�cf +Zf>Zf, @ 31 Iurp wklv lw lv lpphgldwh wkdw wkh h{suhvvlrq fruuhvsrqglqj wr

wkh +FDUD, iru +5, lv

UC
�+Zf, @ �

Xfc2 +Zf>Zf,

X�cf +Zf>Zf, .Xfc� +Zf>Zf,
+46,

zklfk zh gxe wkhJhqhudolvhg Duurz0Sudww phdvxuh ri Devroxwh Ulvn Dyhuvlrq +JDUD,1

Wkh iroorzlqj ohppd/ zklfk lv suryhg lq wkh Dsshqgl{/ vkrzv wkdw wklv jhqhudolvhg

phdvxuh ri ulvn dyhuvlrq lv dovr lqyduldqw wr d!qh wudqvirupdwlrqv ri wkh xwlolw| ixqf0

wlrq1

Ohppd 41 Wkh jhqhudolvhg Duurz0Sudww phdvxuh ri devroxwh ulvn dyhuvlrq +46, lv

lqyduldqw wr d!qh wudqvirupdwlrqv ri wkh xwlolw| ixqfwlrq1

Zh pdnh ixuwkhu dvvxpswlrqv derxw X+Zf>iZ, vwduwlqj zlwk wkh iroorzlqj vwdq0

gdug surshuwlhv1

Dvvxpswlrq 4 = X�cf +Zf>Zf, .Xfc� +Zf>Zf, A 3

Dvvxpswlrq 5 = Xfc� +Zf>Zf, A 3

Dvvxpswlrq 6 = Xfc2 +Zf>Zf, ? 3

Wkh �uvw wzr dvvxpswlrqv lpso| wkdw dq lqfuhdvh lq lqlwldo zhdowk lqfuhdvhv xwlolw|

dqg wkdw wkh frqwulexwlrq wr wklv lqfuhdvh wkurxjk �qdo zhdowk lv vwulfwo| srvlwlyh1 Lw lv

dq lqwhuhvwlqj frqvlghudwlrq wkdw dq lqlwldo zhdowk lqfuhdvh frxog lq idfw ghfuhdvh wkh

frpsrqhqwv zklfk gr qrw lqfoxgh �qdo zhdowk +l1h1 zh frxog kdyhX�cf +Zf>Zf, ? 3,=

Wkh wklug dvvxpswlrq lv wkh vwdqgdug frqfdylw| dvvxpswlrq zklfk/ frpelqhg zlwk

wkh vhfrqg dvvxpswlrq/ vlpso| dvvhuwv wkdw frqyhqwlrqdo devroxwh ulvn dyhuvlrq krogv1
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Zh fdq ixuwkhu xvh +44, wr �qg h{dfw frqglwlrqv xqghu zklfk wkh ulvn suhplxp lv

ghfuhdvlqj lq lqlwldo zhdowk1 Zh jhw wkh iroorzlqj uhvxow/ dovr suryhg lq wkh Dsshqgl{1

Wkhruhp 51 Zkhq xwlolw| lv jlyhq e| +5, dqg Dvvxpswlrq 4 krogv/ wkh ulvn suh0

plxp ghfuhdvhv lq lqlwldo zhdowk li dqg rqo| li

H

�
Xfc�

�
Zf>Zf . h[�.X�cf

�
Zf>Zf . h[��

A X�cf

�
Zf � �

�
Zf>

h[� >Zf � �

�
Zf>

h[��

.Xfc�

�
Zf � �

�
Zf>

h[�
>Zf � �

�
Zf>

h[��
+47,

Qrwh wkdw lq wkh fdvh X�cf+=> =, @ 3 wkh uhvxow froodsvhv wr wkh wudglwlrqdo fkdudf0

whulvdwlrq lq wkh frqyhqwlrqdo iudphzrun1 Dovr/ iru xwlolw| ixqfwlrqv zklfk duh wkuhh

wlphv gl�huhqwldeoh lq erwk dujxphqwv/ +47, fdq eh lqwhusuhwhg dv lpsrvlqj fhuwdlq

frqglwlrqv rq wkh wklug sduwldo ghulydwlyhv1 Lq frqyhqwlrqdo wkhru|/ ghfuhdvlqj ulvn

dyhuvlrq lpsolhv wkdw wkh wklug ghulydwlyh lv srvlwlyh/ dv fdq eh vhhq hdvlo| iurp +43,1

Wkh fkdqjhv lq wkh jhqhudo dssur{lpdwlrq +45, zlwk fkdqjhv lq zhdowk zloo vlploduo|

lpso| uhvwulfwlrqv rq wkh wklug sduwldo ghulydwlyhv ri rxu jhqhudo xwlolw| ixqfwlrq +5,1

Zh qrz wxuq wr pruh vshfl�f ixqfwlrqv lq rughu wr looxvwudwh vrph ri wkh dgydqwdjhv

ri rxu qhz iudphzrun zlwk uhvshfw wr uhvxowv lq wkh wkhru| ri Ilqdqfldo Hfrqrplfv1

61 KDUD xwlolw|/ ixqg vhsdudwlrq dqg wzr0dvvhw sruwirolrv

Lq wklv vhfwlrq/ zh �uvw vshfldolvh wr wkh KDUD xwlolw| ixqfwlrqv/ zklfk duh gh0

vfulehg lq ghwdlo lq Hhfnkrxgw dqg Jroolhu ^43`/ dqg wkhq vhohfw wkh h{srqhqwldo dqg

txdgudwlf ixqfwlrqv iru pruh ghwdlohg dqdo|vlv1 Wkh KDUD fodvv duh prvw riwhq xvhg

lq Hfrqrplfv ehfdxvh wkh| lqfoxgh prvw frpprqo|0xvhg xwlolw| ixqfwlrqv +h{srqhq0

wldo/ txdgudwlf/ srzhu dqg orjdulwkplf,1 Wkh �uvw lvvxh zh dgguhvv frqfhuqv wklv fodvv
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dv d zkroh1 Fdvv dqg Vwljolw} ^7` suryhg wkdw qhfhvvdu| dqg vx!flhqw frqglwlrqv iru

wzr ixqg prqh| vhsdudwlrq zlwkrxw glvwulexwlrqdo dvvxpswlrqv ru mrlqw dvvxpswlrqv

rq suhihuhqfhv dqg hqgrzphqwv duh wkdw xwlolw| vdwlv�hv

X �

&
+iZ , @

�
d& . e&iZ�

S

+48,

iru frqvwdqwv d& dqg e& ru dq h{srqhqwldo ixqfwlrq/ zklfk lv rqh zd| wr fkdudfwhulvh

wkh KDUD*v1 Zkloh d& dqg e& fdq ydu| dfurvv lqglylgxdov/ zkr duh lqgh{hg e| n>

wkh| gr qrw ghshqg h{solflwo| xsrq wkh hqgrzphqwv +l1h1 lqlwldo zhdowk, ri wkh djhqwv1

Wr vhh krz wklv pdnhv d gl�huhqfh/ zh frqvlghu wkh iroorzlqj vlpsoh h{dpsoh wdnhq

iurp Shghuvhq ^5<`= vxssrvh wkdw lqglylgxdov kdyh d xwlolw| ixqfwlrq zklfk vdwlv�hv

X �

&
+iZ, @ �& .

�
e&iZ�S

+49,

zklfk grhv qrw vdwlvi| +48, dqg vr grhv qrw jlyh vhsdudwlrq1 Lqghhg/ zh zloo qrw jhw

vhsdudwlrq hyhq li �& @ � iru doo n dqg e& @ e iru doo n1 Krzhyhu/ li zh ohw �& @ eS
&
Z S

f&
>

wkhq

X �

&
+iZ, @ eS

&
Z S

f&
.
�
e&iZ�S

vr wkdw

X&+iZ, @ eS&Z
S

f&
iZ .

eS
&

f. 4
iZ Sn�

@ eS
&
Z Sn�

f&

�
4 . h[ .

4

f. 4

�
4 . h[�Sn��

@

�
4 . h[ .

4

f. 4

�
4 . h[�Sn��

zkhuh wkh odvw htxdolw| iroorzv iurp wkh idfw wkdw xwlolw| lv xqltxh xs wr srvlwlyh

d!qh wudqvirupdwlrqv1 Wkxv/ doo lqglylgxdov kdyh lghqwlfdo suhihuhqfhv dqg fkrrvh

wkh vdph ixqg1 Wklv lv wulyldoo| d vshfldo fdvh ri wzr0ixqg vhsdudwlrq> frqvhtxhqwo|/
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zkhq pdnlqj sdudphwhuv ghshqg rq zhdowk/ wkh qhfhvvlw| uhvxow ri Fdvv dqg Vwljolw}

^7` grhv qrw dsso|/ dqg wkh fodvv ri xwlolw| ixqfwlrqv zklfk vx!fh iru ixqg vhsdudwlrq

lv hqodujhg1

Qh{w/ zh vshfldolvh ixuwkhu dqg lqwurgxfh wkh jhqhudo txdgudwlf dqg h{srqhqwldo

xwlolw| ixqfwlrqv1

Gh�qlwlrq 51 Wkh jhqhudo txdgudwlf lv jlyhq e|

X

�
Zf>iZ�

@iZ � e +Zf,
iZ 2 +4:,

dqg wkh jhqhudo h{srqhqwldo lv jlyhq e|

X

�
Zf>iZ�

@ �h3KE`f�i` +4;,

zkhuh e+Zf, lv d ixqfwlrq ri lqlwldo zhdowk vdwlvi|lqj e+Zf, � 3 iru doo Zf= Ixuwkhu/

e+Zf, lv lq�qlwho| gl�huhqwldeoh 0 wkdw lv/ eo+Zf, h{lvwv/ zkhuh eo+Zf, ghqrwhv wkh

uwk ghulydwlyh ri e+Zf,=

Fkr/ Hglvrq dqg Zhvw ^8`/ sdjh 69> xvh �1111txdgudwlf xwlolw| zlwk frqvwdqw devroxwh

ulvn dyhuvlrq htxdo wr rqh�1 Wklv zrxog lpso| wkdw

5e+Zf,

4� 5e+Zf,Zf

@ 4

lq rxu qrwdwlrq/ zklfk vroyhv iru

e+Zf, @
4

5+Zf . 4,

vr wkdw/ lpsolflwo|/ e lv d ixqfwlrq ri Zf> dqg wkhlu xwlolw| ixqfwlrq lv wkxv orfdwhg lq

rxu jhqhudo fodvv +5,1
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Qrwh wkdw dowkrxjk zh pryh wr d pruh jhqhudo iudphzrun wkh txdgudwlf lv vwloo

frqvlvwhqw zlwk phdq0yduldqfh suhihuhqfhv1 Rqh pdmru fulwlflvp ri wkh txdgudwlf xwlo0

lw| ixqfwlrq lq wkh frqyhqwlrqdo iudphzrun lv wkdw lw glvsod|v lqfuhdvlqj ulvn dyhuvlrq>

vlploduo| wkh h{srqhqwldo xwlolw| ixqfwlrq kdv frqvwdqw devroxwh ulvn dyhuvlrq1 Wklv

sureohp ri dvvhw doorfdwlrqv lq d wzr0dvvhw zruog lv dgguhvvhg lq wkh qh{w vhfwlrq1

Iluvw zh vkrz wkdw wkh jhqhudolvhg h{srqhqwldo dqg txdgudwlf ixqfwlrqv fdq jlyh erwk

ghfuhdvlqj jhqhudo devroxwh ulvn dyhuvlrq +GJDUD, dqg ghfuhdvlqj frqyhqwlrqdo de0

vroxwh ulvn dyhuvlrq +GFDUD,1 Wkh surri ri wkh iroorzlqj wkhruhp lv lq wkh Dsshqgl{1

Wkhruhp 61 Wkh jhqhudo txdgudwlf +4:, kdv GJDUD l�

5Zfe+Zf,e
�
+Zf,.Z

2
f e+Zf,e

��
+Zf,.Zfe

�
+Zf,�Z

2
f

�
e

�
+Zf,

�2
.e

�
+Zf,�e+Zf,.5 +e+Zf,,

2
? 3

+4<,

dqg GFDUD l�

e
�
+Zf, . 5 +e+Zf,,

2
? 3 +53,

Wkh jhqhudo h{srqhqwldo +4;, kdv GJDUD l�

5e
�
+Zf,Zf . 5

�
e

�
+Zf,

�2
� e+Zf,� e+Zf,e

��
+Zf, ? 3 +54,

dqg GFDUD l�

e
�
+Zf, ? 3 +55,

Wkh lqwhusuhwdwlrq ri wklv uhvxow iru wkh txdgudwlf fdvh lv wkdw dq lqfuhdvh lq lqlwldo

zhdowk qhhgv wr ghfuhdvh wkh ulvn0uhwxuq wudgh0r� vx!flhqwo| wr r�0vhw wkh whqghqflhv

ri djhqwv zlwk txdgudwlf xwlolw| wr suhihu ulvnohvv dvvhwv dv zh dssurdfk wkh eolvv srlqw

fZ @
�

2KE`f�
= Dqrwkhu lqwhusuhwdwlrq lv wkdw dq lqfuhdvh lq lqlwldo zhdowk pryhv wkh
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eolvv srlqw e| ghfuhdvlqj e+Zf,> prylqj wkh eolvv srlqw ixuwkhu dzd| pdnhv ulvn|

dvvhwv pruh dwwudfwlyh/ zklfk lpsolhv d ghfuhdvlqj dyhuvlrq wr ulvn1 Wdnhq wrjhwkhu/

wkhvh frqvlghudwlrqv pdnh d frqylqflqj fdvh iru e�+Zf, ? 3=

Zh qh{w frqvlghu 0 dv d vshfldolvdwlrq ri Wkhruhp 6 0 d srzhu ixqfwlrq uhsuhvhq0

wdwlrq iru e+Zf, lq erwk wkh h{whqghg h{srqhqwldo dqg h{whqghg txdgudwlf ixqfwlrqv1

Wklv zloo doorz xv wr ghulyh pruh vshfl�f frqglwlrqv lq zklfk ghvludeoh ulvn fkdudfwhu0

lvwlfv duh dwwdlqdeoh/ dqg h{soruh krz wkhvh fkdudfwhulvwlfv ydu| lq zhdowk1 Zh vwdwh

wkh iroorzlqj fruroodu| zlwkrxw surri1

Fruroodu| 41 Vxssrvh wkdw

e+Zf, @Z
k

f +56,

Wkhq +4<, lv vdwlv�hg li � ? 3 dqg

+4� �,Zf � � A +�. 5,Zkn�

f

zkloh +53, lv vdwlv�hg li � ? 3 dqg

Zf A

�
�

5

�

�
3+ �

kn�
,

Dovr +54, lv vdwlv�hg li � ? 3 dqg

Zf A

�
�+�� 4,

4� 5�

� �

23k

zkloh +55, lv vdwlv�hg li � ? 3=

Khqfh wkh vhohfwlrq ri d srzhu uhsuhvhqwdwlrq iru e+Zf, doorzv ghfuhdvlqj ulvn dyhu0

vlrq 0 lq erwk wkh qhz dqg frqyhqwlrqdo vhqvh dqg lq erwk h{srqhqwldo dqg txdgudwlf

xwlolw| 0 zlwkrxw iruflqj dq ryhuo| sdudphwulf uhodwlrqvkls ehwzhhq zhdowk dqg xwlolw|1
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Dv d qdwxudo h{whqvlrq ri wklv/ zh qrz wxuq wr rswlpdo dvvhw doorfdwlrqv lq d zruog

zlwk d ulvnohvv dqg d ulvn| dvvhw1

6141 Rqh ulvnohvv dqg rqh ulvn| dvvhw1 Wkhuh duh rqo| d vpdoo qxpehu ri

xwlolw| ixqfwlrqv zklfk dgplw forvhg irup vroxwlrqv iru rswlpdo dvvhw doorfdwlrqv zkhq

pdnlqj qrq0wulyldo glvwulexwlrqdo dvvxpswlrqv/ dqg hyhq ihzhu doorzlqj iru vxfk iru

doo glvwulexwlrqv1 Lq wklv vhfwlrq zh h{dplqh krz rxu qhz jhqhudo h{srqhqwldo dqg

txdgudwlf ixqfwlrqv ++4:, dqg +4;, uhvshfwlyho|, fdq surgxfh pruh dssursuldwh uhvxowv

dqg frpsdudwlyh vwdwlfv zlwk uhvshfw wr lqlwldo zhdowk1 Zh frqvlghu dq lqglylgxdo zlwk

xwlolw| ixqfwlrq X+Zf>
iZ , idflqj dq lqyhvwphqw ghflvlrq zkhuh vkh qhhgv wr doorfdwh

dq rswlpdo dprxqw/ d> ri lqlwldo zhdowk/ Zf> wr d ulvn| dvvhw zlwk udwh ri uhwxuq/ hu>
dqg wkh uhpdlqlqj dprxqw/Zf�d> lv lqyhvwhg lq d vdih dvvhw zlwk �{hg udwh ri uhwxuq/

ghqrwhg e| us = Fohduo|/ �qdo zhdowk zloo wkhq eh jlyhq e|

iZ @Zf+4 . us , . d+hu � us ,

dqg wkh vwdqgdug rswlplvdwlrq sureohp lv wkhq

pd{
@

X +Zf>Zf+4 . us , . d+hu� us ,, +57,

Ehiruh prylqj wr vshfl�f fdvhv zh suhvhqw d jhqhudo uhvxow zklfk/ iru rxu iudph0

zrun/ fruuhvsrqgv wr wkh vwdqgdug uhvxow lq sruwirolr wkhru| 0 suryhg lq Duurz ^5`

dqg Kxdqj dqg Olw}hqehujhu ^4:`/ Fkdswhu 5 0 wkdw zlwk ghfuhdvlqj ulvn dyhuvlrq/ wkh

iudfwlrq doorfdwhg wr wkh ulvn| dvvhw ghfuhdvhv lq lqlwldo zhdowk1 Wkh iroorzlqj uhvxow

lv suryhg lq wkh Dsshqgl{1

Wkhruhp 71 Li wkh jhqhudo xwlolw| ixqfwlrq +5, kdv GFDUD krogv

H

�
X�c�

�
Zf>

iZ�
+hu � us ,

�
A 3
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wkhq

Cd

CZf

A 3

Li +5, kdv LFDUD dqg

H
�
X�c�

�
Zf>iZ�

+hu � us ,
�
? 3

wkhq

Cd

CZf

? 3

Rqfh pruh frqglwlrqv uhgxfh wr wkh frqyhqwlrqdo uhvxow lq Duurz ^5` zkhq zh

uhpryh wkh lqghshqghqw lqlwldo zhdowk whup1 Zh qrz xvh wklv uhvxow wr ghprqvwudwh

krz dvvhw doorfdwlrqv zlwk wkh jhqhudo txdgudwlf dqg h{srqhqwldo ixqfwlrqv gl�hu iurp

wkh frqyhqwlrqdo vhw0xs1 Wkh qh{w wzr wkhruhpv duh suryhg lq wkh Dsshqgl{1

Wkhruhp 81 Iru wkh jhqhudo txdgudwlf xwlolw| ixqfwlrq lq +4:,/ wkh rswlpdo doorfdwlrq

lq htxlw| lv

d @
�+4� 5fe+Zf,,

5e+Zf, +�2 . �2,
+58,

zkhuh f @Zf+4 . us ,> � @ H +hu � us , A 3 dqg �2 @ Y du +hu� us , = Ixuwkhupruh

Cd

CZf

A 3 l� e�+Zf, ? �7+4 . us , +e+Zf,,
2 +59,

Wklv vkrzv wkdw xqghu fhuwdlq flufxpvwdqfhv zh fdq kdyh dq lqfuhdvh lq wkh door0

fdwlrq wr htxlw| dv zh jhw zhdowklhu zkhq xvlqj txdgudwlf xwlolw|1 Wklv fruuhvsrqgv

wr wkh hduolhu uhvxow rq ghfuhdvlqj ulvn dyhuvlrq1 Zh jhw d vlplodu uhvxow iru jhqhudo

h{srqhqwldo xwlolw|1
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Wkhruhp 91 Iru wkh jhqhudo h{srqhqwldo xwlolw| ixqfwlrq +4;, wkh rswlpdo iudfwlrq

lqyhvwhg lq htxlw|/ d> lqfuhdvhv lq lqlwldo zhdowk li dqg rqo| li

C +Zfe+Zf,,

CZf

? 3 +5:,

Frqvhtxhqwo| wkh h{srqhqwldo xwlolw| ixqfwlrq zloo qr orqjhu surgxfh zhdowk0

lqghshqghqw rswlpdo dvvhw doorfdwlrqv/ zklfk kdv ehhq lwv pdlq vkruwfrplqj lq hduolhu

wkhru|1 Vlqfh lw lv lpphgldwh wkdw wklv jhqhudolvdwlrq lv dw qr h{wud frvw lq whupv ri

frpsxwdwlrqdo ru dojheudlf frpsoh{lw|/ zh kdyh hvvhqwldoo| phujhg rqh ri wkh prvw

ixqgdphqwdo surshuwlhv ri lqyhvwru ehkdylrxu zlwk wkh h{srqhqwldo xwlolw| uhsuhvhqwd0

wlrq zlwkrxw lqfxuulqj xqgxh frpsolfdwlrqv1 Jlyhq wkh srsxodulw| ri wkh h{srqhqwldo

xwlolw| lq Ilqdqfldo Hfrqrplfv suhflvho| gxh wr lwv pdwkhpdwlfdo wudfwdelolw|/ zh frq0

vlghu wkh jhqhudolvhg h{srqhqwldo xwlolw| ixqfwlrq +4;, rqh zklfk phulwv wkh dwwhqwlrq

ri wkhrulvwv dqg sudfwlwlrqhuv dolnh1

71 Wkh Sulqflsdo0Djhqw Sureohp

Dv d ixuwkhu h{dpsoh ri wkh h{wud h{sodqdwru| srzhu ri rxu prgho/ zh frqvlghu

krz wkh sulqflsdo0djhqw prgho fdq/ e| dgdswlqj vxfk jhqhudolvhg suhihuhqfh uhsuh0

vhqwdwlrqv/ h{sodlq vrph vw|ol}hg idfwv uhjduglqj wkh ehkdylrxu ri shqvlrq ixqgv dqg

dvvhw pdqdjhphqw frpsdqlhv/ dv ri |hw xqh{sodlqhg e| wkh wudglwlrqdo prgho1 Wklv

gudzv xsrq wkh zrun ri Urvv +^66` dqg ^67`, dqg Pluuohhv ^58`/ zklovw rxu h{sodqdwlrq

forvho| iroorzv wkdw ri Uhhv ^65`1

Iru looxvwudwlyh sxusrvhv zh vkdoo frqvlghu wkh sulqflsdo +S, dv d shqvlrq ixqg dqg

wkh djhqw +D, dv dq dvvhw pdqdjhphqw frpsdq|1 Lq wkh vlpsohvw yhuvlrq zh zlvk wr

�qg d vfkhgxoh ri ihhv wkdw S djuhhv wr sd| D wr pdqdjh wkh dvvhwv ri S1 Zh vkdoo
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dvvxph wkdw D*v dfwlrq lv �{hg dw df +iru rwkhu srvvleoh vwuxfwxuhv/ vhh Uhhv ^65`,1

Wkhuh lv d udqgrp yduldeoh � zlwk s1g1i1 i+�,> zkhuh 3 � � � 4> fruuhvsrqglqj wr wkh

vwdwh ri wkh zruog1 S kdv xwlolw| ixqfwlrq x+�, zkrvh dujxphqw ghshqgv rq +{ � |,>

zkhuh { @ {+df> �, lv wkh udqgrp uhwxuq uhvxowlqj iurp D*v dfwlrqv dqg | @ |+�, lv

wkh ihh udwh sdlg wr D1 D kdv d xwlolw| ixqfwlrq y @ y+df> |+�,,= Iru hdvh ri h{srvlwlrq/

zh dvvxph wkdw qr rwkhu dgglwlrqdo vrxufhv ri lqfrph duh dydlodeoh dqg wkdw whuplqdo

zhdowk dqg lqfrph duh htxlydohqw1 S fkrrvhv ihhv iru D vr dv wr pd{lplvh S*v xwlolw|

vxemhfw wr wkh frqvwudlqw wkdw D dfklhyhv vrph �{hg ohyho ri xwlolw|/ y1 Irupdoo|/ wklv

fruuhvsrqgv wr vroylqj

pd{
+Ew�

�]

f

x+{+df> �,� |+�,,sgi+�,g�

vxemhfw wr
�]

f

y++df> |+�,,sgi+�,g� � y

Vwdqgdug uhvxowv vkrz wkdw iru wkh vroxwlrq wr wklv sureohp/ |W> vdwlv�hv

g|W

g�
@

u�

u� . u�
�
g{

g�

zkhuh uR lv wkh frqyhqwlrqdo Duurz0Sudww ulvn dyhuvlrq frh!flhqw iru S dqg vlploduo|/

u� lv wkh frqyhqwlrqdo Duurz0Sudww ulvn dyhuvlrq frh!flhqw iru D1 Li zh dvvxph h{0

srqhqwldo xwlolw| iru erwk S dqg D vr wkdw u� dqg u� duh frqvwdqwv/ wkh sd| vfkhgxoh

lv wkxv olqhdu/ l1h1

|W+�, @ � .
u�

u� . u�
{+df> �, +5;,

Lqwhuhvwlqjo|/ olqhdu ihh vfkhgxohv duh riwhq zkdw duh irxqg lq sudfwlfh/ dw ohdvw

iru { � 3= Zkdw lv dovr lqwhuhvwlqj lv wkh whqghqf| iru vpdoo shqvlrq ixqgv wr sd|

�{hg ihhv dqg iru wkh lqgxvwu| wr eh dwwudfwhg wr odujhu dvvhw pdqdjhphqw frpsdqlhv/
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hvshfldoo| lq uhfhqw shulrgv zkhq wkh pdunhw kdv ehhq pruh yrodwloh +vhh Sudwwhq dqg

Vdwfkhoo ^6:` iru ghwdlov,1 Dv lw vwdqgv/ wkh deryh olqhdu vfkhgxoh +5;, jlyhv qr lqvljkwv

lqwr wkhvh vw|olvhg idfwv1

Krzhyhu/ li zh doorz wkh sdudphwhuv ri wkh uhvshfwlyh xwlolw| ixqfwlrqv wr dgglwlrq0

doo| ghshqg rq wkh lqlwldo zhdowk ohyhov +ghqrwhgZ�
f

iru wkh sulqflsdo dqgZ�
f

iru wkh

djhqw, lq vxfk d zd| wkdw _o�

_`
�
f

A 3 dqg _o�

_`
�
f

? 3> frqglwlrqv iru zklfk zhuh ghgxfhg

lq Wkhruhp 6/ zh jhw wkh iroorzlqj lpsolfdwlrqv= �uvwo|/ dv wkh zhdowk ri wkh shq0

vlrq ixqg lqfuhdvhv/ wkh frh!flhqw rq {+df> �, lq wkh rswlpdo vfkhgxoh +5;, lqfuhdvhv1

Wklv lpsolhv wkdw odujhu shqvlrq ixqgv zloo eh pruh suhsduhg wr djuhh wr yduldeoh ihhv

zklovw vpdoohu shqvlrq ixqgv zloo eh pruh lqfolqhg wr djuhh wr �{hg ihhv1 Vhfrqgo|/

wkh odujhu wkh dvvhw pdqdjhphqw frpsdq|/ wkh forvhu wr ulvn0qhxwudolw| lw zloo eh/

vr wkh whqghqf| zloo eh iru wkh shqvlrq ixqg wr dffhsw d �{hg uhwxuq iurp odujhu

dvvhw pdqdjhuv zkloh ohdylqj wkh yduldeoh uhwxuq dv sd|phqw iru wkh dvvhw pdqdjhu*v

vhuylfhv 0 vr lq pruh yrodwloh pdunhwv odujhu dvvhw pdqdjhphqw frpsdqlhv zrxog eh

pruh dwwudfwlyh wr shqvlrq ixqgv dv d vrxufh ri uhgxflqj ulvn1

Ilqdoo|/ zh qrwh wkdw wklv h{dpsoh kdv irfxvhg rqo| rq ulvn0vkdulqj1 Zklovw vlp0

solvwlf lq wkdw lvvxhv vxfk dv prudo kd}dug dqg lqfhqwlyh frpsdwlelolw| duh ljqruhg/

lw looxvwudwhv wkh h{whqw wr zklfk h{solflw vroxwlrqv wr nh| hfrqrplf sureohpv fdq eh

h{whqghg e| wkh xvh ri lqlwldo0zhdowk ghshqghqw xwlolw| ixqfwlrqv1 Zh ohdyh wr ix0

wxuh uhvhdufk wkh h{dplqdwlrq ri zkdw lpsdfw wklv pd| kdyh rq pruh frpsolfdwhg

sulqflsdo0djhqw iudphzrunv11
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81 Frqfoxvlrq

Wkh sdshu kdv frqvlghuhg krz wr h{whqg xwlolw| ixqfwlrqv wr lqfrusrudwh lql0

wldo zhdowk lqwr wkh ulvn sdudphwhuv1 Zklovw wkh pdwkhpdwlfv ri wkh h{whqvlrqv duh

vwudljkwiruzdug/ wkh frqfoxvlrqv wkdw iroorz vhhp wr eh khosixo lq holplqdwlqj vrph

ri wkh xquhdolvwlf ihdwxuhv ri wkh vpdoo qxpehu ri wudfwdeoh xwlolw| ixqfwlrqv dydlodeoh

wr vwxghqwv ri ghflvlrq pdnlqj xqghu xqfhuwdlqw|1 Rxu zrun lv qrw h{kdxvwlyh> wkh

olvw ri suhylrxv h{dpsohv ri wkh xvh ri lqlwldo0zhdowk ghshqghqw xwlolw| ixqfwlrqv lq

wkh olwhudwxuh 0 wrjhwkhu zlwk wkh qhz h{dpsohv suhvhqwhg wkh sdshu 0 grhv qrw fryhu

doo xvhixo dssolfdwlrqv1 Iru lqvwdqfh/ lq d pxowl0shulrg vhwwlqj rxu xwlolw| ixqfwlrqv

duh uhodwhg wr wkrvh xvhg lq zrunv rq kdelw irupdwlrq +lqlwldoo| srsxodulvhg e| Sroodn

^64`/ vhh pruh uhfhqw uhihuhqfhv lq Dohvvlh dqg Oxvdugl ^4`,/ zkhuh xwlolw| ixqfwlrqv

duh gh�qhg ryhu qrw rqo| fxuuhqw frqvxpswlrq exw dovr wkh iudfwlrq ri zhdowk qrw

frqvxphg lq wkh suhylrxv shulrg1 Wklv lv dovr d ihdwxuh ri wkh krxvhkrog whfkqrorj|

suhihuhqfh vwuxfwxuh ri Kdqvhq dqg Vdujhqw ^47`/ zkr pdnh wkh eolvv0srlqwv ri wkhlu

pxowl0shulrg txdgudwlf xwlolw| ixqfwlrqv ghshqg xsrq sdvw frqvxpswlrq1 Zh krsh

wkdw vlqfh rxu iudphzrun vwloo |lhogv forvhg0irup vroxwlrqv wr wkh fruuhvsrqglqj rswl0

plvdwlrq sureohpv lq wkh wudglwlrqdo iudphzrun/ h{whqvlrqv pdgh lpphgldwh e| xvlqj

rxu qhz fodvv ri xwlolw| ixqfwlrqv zloo hqdeoh uhvhdufkhuv wr uhvroyh srvvleoh dqrpdolhv

zlwk uhjdugv wr fkdqjhv lq zhdowk lq wkhvh dqg rwkhu duhdv ri Hfrqrplfv1
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91 Dsshqgl{

SURRI RI WKHRUHP 4

E| xvlqj d Wd|oru h{sdqvlrq ri erwk vlghv ri +44, durxqg h[ @ 3 +ru htxlydohqwo|

iZ @Zf,> zh jhw

+Xfc� +Zf>Zf, .X�cf +Zf>Zf,,�
�
Zf> h[�

.
4

5
+X2cf +Zf>Zf, . 5X�c�+Zf>Zf, .Xfc2+Zf>Zf,,�

2

�
Zf> h[�

@ H

�
+Xfc� +Zf>Zf, .X�cf +Zf>Zf,, h[ .

4

5

�
Xfc2 +Zf>Zf, h[2

��
+5<,

Qrwh wkdw wkh whupv X2cf+Zf>Zf, dqg X�c�+Zf>Zf, gr qrw dsshdu lq wkh h{sdqvlrq

ri wkh uljkw kdqg vlgh ri +44, vlqfh h[ rqo| hqwhuv wkh vhfrqg dujxphqw ri wkh ixqfwlrq1

Wdnlqj h{shfwdwlrqv dqg 0 iroorzlqj wkh ghulydwlrq ri wkh frqyhqwlrqdo Duurz0Sudww

frh!flhqw 0 wuxqfdwlqj wkh vhulhv dw �2 +vhh/ iru lqvwdqfh/ Hhfnkrxgw dqg Jroolhu ^43`/

sdjhv 65� 66,/ uhfdoolqj wkdw H^ h[` @ 3 dqg H^ h[2` @ �2> +5<, ehfrphv

+Xfc� +Zf>Zf, .X�cf +Zf>Zf,,�
�
Zf> h[� @

4

5
�2Xfc2 +Zf>Zf,

zklfk uhduudqjhv iru wkh uhvxow

SURRI RI OHPPD 4

Ohw

XW

�
Zf>iZ�

@ �. �X
�
Zf>iZ�

Wkhq/ fohduo|

XW

�cc�

�
Zf>iZ�

@ �X�cc�

�
Zf>iZ�

iru doo l dqg m> vr

XW

fc2 +Zf>Zf,

XW

�cf +Zf>Zf, .XW

fc� +Zf>Zf,
@

�Xfc2 +Zf>Zf,

�X�cf +Zf>Zf, . �Xfc� +Zf>Zf,
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@
Xfc2 +Zf>Zf,

X�cf +Zf>Zf, .Xfc� +Zf>Zf,

dv uhtxluhg

SURRI RI WKHRUHP 5

Gl�huhqwldwlqj +44, zlwk uhvshfw wr Zf/ dqg zulwlqj � iru �+Zf>
h[,/ zh jhw

^X�cf +Zf � �>Zf � �, .Xfc� +Zf � �>Zf � �,` �

�
4�

C�

CZf

�

@ H

k
X�cf

�
Zf>Zf . h[�.Xfc�

�
Zf>Zf . h[�l

zklfk vroyhv iru

C�

CZf

@ 4�
H

k
X�cf

�
Zf>Zf . h[�.Xfc�

�
Zf>Zf . h[�l

X�cf +Zf � �>Zf � �, .Xfc� +Zf � �>Zf � �,

Khqfh/
YZ
Y`f

? 3 l�

H

k
X�cf

�
Zf>Zf . h[�.Xfc�

�
Zf>Zf . h[�l

A X�cf +Zf � �>Zf � �, .Xfc� +Zf � �>Zf � �,

dv uhtxluhg

SURRI RI WKHRUHP 6

Iru qrwdwlrqdo vlpsolflw|/ zh vkdoo zulwh X�c� iru X�c�+Zf>Zf, dqg e iru e+Zf,= Iru

wkh jhqhudo txdgudwlf +4:,/ zh jhw X�cf @ iZ � e�iZ2> Xfc� @ 4�5eiZ dqg Xfc2 @ �5e=

Khqfh/ +46, ehfrphv

U
C
�+Zf, @

5e

Zf � e�Z 2
f
. 4� 5eZf

dqg vr

CUC
�+Zf,

CZf

@
5e�

�
Zf � e�Z2

f
. 4� 5eZf

�
� 5e

�
4�Z2

f
e��
� 5Zfe

�
� 5e�Zf � 5e

�
�
Zf � e�Z2

f
. 4� 5eZf

�2 ? 3

/ 5e�
�
Zf � e

�
Z

2

f
. 4� 5eZf

�
� 5e

�
4�Z

2

f
e

��
� 5Zfe

�
� 5e�

Zf � 5e
�
? 3

/ 5ee�
Zf .Z

2

f ee
�� .Zfe

�
�Z

2

f

�
e

�
�2

. e
�
� e. 5e2 ? 3
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Dovr/ wkh frqyhqwlrqdo Duurz0Sudww phdvxuh +43, lv

U�+Zf, @
5e

4� 5eZf

vr

CU�+Zf,

CZf

@
5e� +4� 5eZf,� 5e +�5Zfe

�
� 5e,

+4� 5eZf,
2

? 3

/ 5e� +4� 5eZf,� 5e
�
�5Zfe

�
� 5e

�
? 3

/ e� . 5
�
e�
�2
? 3

Iru wkh jhqhudo h{srqhqwldo +4;,/ X�cf @ iZe�h3K
i` > Xfc� @ eh3K

i` dqg Xfc2 @

�e2h3K
i` = Khqfh/ +46, ehfrphv

UC
�+Zf, @

e2

Zf . e�

lpso|lqj

CUC
�+Zf,

CZf

@
5ee� +Zf . e�,� e2+4 . e��,

+Zf . e�,2
? 3

/ 5ee�Zf . 5e
�
e�
�2
� e2 � e2e�� ? 3

/ 5e�Zf . 5
�
e�
�2
� e� ee�� ? 3

vlqfh e A 3 e| dvvxpswlrq1 Dovr/ wkh frqyhqwlrqdo Duurz0Sudww phdvxuh +43, lv

U�+Zf, @ e

vr wkdw

CU�+Zf,

CZf

? 3/ e� ? 3

SURRI RI WKHRUHP 7

Wkh �uvw0rughu frqglwlrq ri +57, zlwk uhvshfw wr d lv

H

�
Xfc�

�
Zf>iZ�

+hu � us ,
�
@ 3 +63,
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Uhfdoolqj wkdw iZ @ Zf+4 . us , . d+hu � us ,> gl�huhqwldwlqj +63, zlwk uhvshfw wr Zf

jlyhv

H

k
X�c�

�
Zf>

iZ�
+hu � us ,

l
.H

�
Xfc2

�
Zf>

iZ�
+hu � us ,

�
+hu � us ,

Cd

CZf

. +4 . us ,

��
@ 3

Qrwlqj wkdw d lv qrq0vwrfkdvwlf/ zh jhw

Cd

CZf

@
�

�
H

k
X�c�

�
Zf>

iZ�
+hu� us ,

l
.H

k
Xfc2

�
Zf>

iZ�
+hu � us ,+4 . us ,

l�
H

k
Xfc2

�
Zf>

iZ�
+hu� us ,2

l
Zh nqrz wkdw GFDUD lpsolhv wkdwH

k
Xfc2+Zf>

iZ,+hu � us ,+4 . us ,
l
A 3 +vhh Kxdqj

dqg Olw}hqehujhu ^4:`/ sdjh 56/ htxdwlrqv 415415d04154171 Dovr/ +hu�us ,2 A 3 dqg vlqfh

zh kdyh dvvxphg wkdwXfc2+Zf>
iZ , A 3>zh fohduo| jhw Y@

Y`f
A 3 liH

k
X�c�+Zf>

iZ ,+hu � us ,
l
A

3= Vlploduo|/ iurp wkh flwhg wkhruhpv lq Kxdqj dqg Olw}hqehujhu ^4:`/ zh nqrz wkdw

frqyhqwlrqdo LFDUD lpsolhv wkdw H
k
Xfc2+Zf>

iZ ,+hu � us ,+4 . us ,
l
? 3= Khqfh/ zh

jhw Y@
Y`f

? 3 li H
k
X�c�+Zf>

iZ ,+hu� us ,
l
? 3 xqghu LFDUD

SURRI RI WKHRUHP 8

Wkh surri ri +58, lv vwdqgdug dqg vr rplwwhg1 Uhduudqjlqj +58,/ rqh jhwv

d

�
�
2 . �

2

�

�
@

4

5e+Zf,
� 5f

Khqfh/ �
�
2 . �

2

�

�
Cd

CZf

@ �
e

�+Zf,

5 +e+Zf,,
2
� 5+4 . us ,

vr wkdw Y@
Y`f

A 3 l�

e
�+Zf, ? �7+4 . us , +e+Zf,,

2

SURRI RI WKHRUHP 9

Fohduo|/ h{shfwhg xwlolw| fdq eh zulwwhq dv

H

k
X

�iZ�l
@ �H

k
h{s

�
�e+Zf,

iZ�l
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@ � h{s +�e+Zf,Zf+4 . us ,,H ^h{s +�e+Zf,dZf +hu � us ,,`

Qrwlqj wkdwH ^h{s +�e+Zf,dZf +hu � us ,,` @ � +�e+Zf,dZf, > zkhuh �+v, lv wkh fkdu0

dfwhulvwlf ixqfwlrq ri +hu� us , dqg wkdw h{s +�e+Zf,Zf+4 . us ,, lv d frqvwdqw/ lw lv

fohdu wkdw wkh �uvw0rughu frqglwlrqv iru wkh pd{lplvdwlrq sureohp pd{
@

H

k
X+iZ,

l
fdq eh zulwwhq

g ^� +�e+Zf,edZf,`

ged @ 3 +64,

zkhuh ed lv wkh xwlolw|0pd{lplvlqj ydoxh ri d= Wrwdoo| gl�huhqwldwlqj +64, zlwk uhvshfw

wr Zf> rqh rewdlqv

g2 ^� +�e+Zf,edZf,`

ged2
�
�

Ce+Zf,

CZf
edZf � e+Zf,

�ed.Zf
Ced
CZf

��
@ 3

Wklv fdq eh uhduudqjhg iru

Cd

CZf
@ �

�
YKE`f�
Y`f

Zf . e+Zf,
�ed

e+Zf,Zf

Khqfh/ li zh kdyh d srvlwlyh dprxqw doorfdwhg wr htxlw|/ l1h1 ed A 3> wkhq Y@
Y`f

A 3 l�

YKE`f�
Y`f

Zf . e+Zf, ? 3> zklfk lv htxlydohqw wr

g +Zfe+Zf,,

gZf
? 3
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Uhihuhqfhv

^4` U1 Dohvvlh dqg D1 Oxvdugl1 Frqvxpswlrq/ vdylqj dqg kdelw irupdwlrq1 Hfrqrplf

Ohwwhuv 88 +4<<:,/ 436�43;1

^5` N1 Duurz1 Ulvn shufhswlrq lq sv|fkrorj| dqg hfrqrplfv1 Hfrqrplf Lqtxlu| 53

+4<;5,/ 4�<1

^6` G1 Ehoo1 Rqh0vzlwfk xwlolw| ixqfwlrqv dqg d phdvxuh ri ulvn1Pdqdjhphqw Vflhqfh

67 +4<;;,/ 4749�47571

^7` G1 Fdvv dqg M1 Vwljolw}1 Wkh vwuxfwxuh ri lqyhvwru suhihuhqfhv dqg dvvhw uhwxuqv/

dqg vhsdudelolw| lq sruwirolr doorfdwlrq= D frqwulexwlrq wr wkh wkhru| ri pxwxdo

ixqgv1 Mrxuqdo ri Hfrqrplf Wkhru| 5 +4<:3,/ 45504931

^8` G1 Fkr/ K1 Hglvrq/ dqg N1 Zhvw1 D xwlolw|0edvhg frpsdulvrq ri vrph prghov ri

h{fkdqjh udwh yrodwlolw|1 Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv 68 +Dxjxvw 4<<6,/

560681

^9` J1 Fkdpehuodlq1 D fkdudfwhulvdwlrq ri wkh glvwulexwlrqv wkdw lpso| phdq0

yduldqfh xwlolw| ixqfwlrqv1 Mrxuqdo ri Hfrqrplf Wkhru| +4<;6,/ 4;8�5341

^:` P1 GhJurrw1 Suredelolw| dqg Vwdwlvwlfv1 +Dgglvrq Zhvoh|/ 5qg hglwlrq/ 4<;<,1

^;` M1 G|hu dqg M1 Mld1 Uhodwlyh ulvn0ydoxh prghov1 Hxurshdq Mrxuqdo ri Rshudwlrqdo

Uhvhdufk/ iruwkfrplqj1

^<` U1 Y1 Hdwrq dqg M1 Frqryhu1 Plvfrqfhswlrqv derxw rswlpdo htxlw| doorfdwlrq

dqg lqyhvwphqw krul}rq1 Ilqdqfldo Dqdo|vwv Mrxuqdo +Pdufk2Dsulo 4<<;,/ sdjhv

85�8<1
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^43` O1 Hhfnkrxgw dqg F1 Jroolhu1 Ulvn = Hydoxdwlrq/ pdqdjhphqw dqg vkdulqj1

+Suhqwlfh Kdoo2Kduyhvwhu Zkhdwohdi/ 4<<8,1

^44` S1 Ilvkexuq1 Phdq0ulvn dqdo|vlv zlwk ulvn dvvrfldwhg zlwk ehorz0wdujhw uhwxuqv1

Wkh Dphulfdq Hfrqrplf Uhylhz/ 9: +Pdufk 4<::,/ 449�4591

^45` M1 Judqgprqw1 Wudqvirupdwlrqv ri wkh frpprglw| vsdfh/ ehkdylrudo khwhurjhqh0

lw|/ dqg wkh djjuhjdwlrq sureohp1 Mrxuqdo ri Hfrqrplf Wkhru| 8: +4<<5,/ 4�681

^46` U1 Judxhu1 Lqyhvwphqw srolf| lpsolfdwlrqv ri wkh fdslwdo dvvhw sulflqj prgho1

Mrxuqdo ri Ilqdqfh 69 +4<;4,/ 45:�4741

^47` O1 Kdqvhq dqg W1 Vdujhqw1 Uhfxuvlyh olqhdu prghov ri g|qdplf hfrqrplhv1

+Plphr/ 4<<9,1

^48` Z1 Kloghqeudqg1 Rq wkh odz ri ghpdqg1 Hfrqrphwulfd 84 +4<;6,/ <<:�434<1

^49` G1 Krowkdxvhq1 D ulvn0uhwxuq prgho zlwk ulvn dqg uhwxuq phdvxuhg dv ghyldwlrqv

iurp d wdujhw uhwxuq1 Wkh Dphulfdq Hfrqrplf Uhylhz :4 +4<;4,/ 4;5�4;;1

^4:` F1 Kxdqj dqg U1 Olw}hqehujhu1 Irxqgdwlrqv iru �qdqfldo hfrqrplfv1 +Orqgrq=

Hovhylhu Vflhqfh Sxeolvklqj Frpsdq| Lqf1/ 4<;;,1

^4;` J1 Kxehupdq dqg V1 Urvv1 Sruwirolr wxuqslnh wkhruhpv/ ulvn dyhuvlrq dqg uhjx0

oduo| ydu|lqj xwlolw| ixqfwlrqv1 Hfrqrphwulfd 84 +Vhswhpehu 4<;6,/ 4678�46951

^4<` M1 Lqjhuvroo1 Wkhru| ri �qdqfldo ghflvlrq pdnlqj1 +Urzpdq dqg Olwwoh�hog Sxe0

olvkhuv Lqf1/ 4<;:,1

^53` M1 Mld dqg M1 G|hu1 Ulvn0ydoxh wkhru|1 +Lqvwlwxwh iru Rshudwlrqdo Uhvhdufk dqg

Pdqdjhphqw Vflhqfh +LqiRUPV, Frqihuhqfh/ Orv Dqjhohv/ 4<<8,1



XWLOLW\ IXQFWLRQVZKRVH SDUDPHWHUV GHSHQGRQ LQLWLDOZHDOWK5;

^54` M1 Mld dqg M1 G|hu1 D vwdqgdug phdvxuh ri ulvn dqg ulvn0ydoxh prghov1 Pdqdjh0

phqw Vflhqfh/ 75 +4<<9,/ 49<4�4:381

^55` M1 Olqwqhu1 Wkh ydoxdwlrq ri ulvn dvvhwv dqg wkh vhohfwlrq ri ulvn| lqyhvwphqwv

lq vwrfn sruwirolrv dqg fdslwdo exgjhwv1 Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv 7:

+4<98,/ 46�6:1

^56` K1 Pdunrzlw}1 Sruwirolr vhohfwlrq1 Mrxuqdo ri Ilqdqfh : +4<85,/ ::�<41

^57` D1 Pdv0Frohoo/ P1 Zklqvwrq/ dqg M1 Juhhq1 Plfurhfrqrplf Wkhru|1 +R{irug

Xqlyhuvlw| Suhvv/ 4<<8,1

^58` M1 Pluuohhv1 Qrwhv rq Zhoiduh Hfrqrplfv/ Lqirupdwlrq dqg Xqfhuwdlqw|1 +Qruwk

Kroodqg Sxeolvklqj Fr1/ 4<:7,1

^59` M1 Prvvlq1 Vhfxulw| sulflqj dqg lqyhvwphqw fulwhuld lq frpshwlwlyh pdunhwv1

Dphulfdq Hfrqrplf Uhylhz 8< +4<9<,/ :7<�:891

^5:` I1 Prvwhoohu dqg S1 Qrjhh1 Dq h{shulphqwdo phdvxuhphqw ri xwlolw|1 Mrxuqdo ri

srolwlfdo Hfrqrp| 8< +4<84,/ 6:4�7371

^5;` F1 Shghuvhq1 Vhsdudwlqj ulvn dqg uhwxuq lq wkh FDSP = D jhqhudo xwlolw|0

edvhg dssurdfk1 Fdpeulgjh Glvfxvvlrq Sdshuv lq Dffrxqwlqj dqg Ilqdqfh DI6<

+Pdufk 4<<;,1

^5<` F1 Shghuvhq1 Wrslfv lq ulvn lq �qdqfh1 SkG wkhvlv/ Wulqlw| Froohjh/ Xqlyhuvlw|

ri Fdpeulgjh/ Hqjodqg +vxeplwwhg Ghfhpehu 4<<;,1

^63` M1 Sidq}djo1 D jhqhudo wkhru| ri phdvxuhphqw dssolfdwlrqv wr xwlolw|1 Qdydo

Uhvhdufk Orjlvwlfv Txduwhuo| 9 +4<8<,/ 5;6�5<71
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^64` U1 D1 Sroodn1 Kdelw irupdwlrq dqg g|qdplf ghpdqg ixqfwlrqv1 Mrxuqdo ri

Srolwlfdo Hfrqrp| :; +Mxo|0Dxjxvw 4<:3,/ :78�:961

^65` U1 Uhhv1 Wkh Wkhru| ri Sulqflsoh dqg Djhqw +Eodfnzhoo/ 4<;:,1

^66` V1 Urvv1 Wkh hfrqrplf wkhru| ri djhqf| = Wkh sulqflsdo*v sureohp1 Dphulfdq

Hfrqrplf Uhylhz/ 96 +4<:6,/ 467�47<1

^67` V1 Urvv1 Rq wkh hfrqrplf wkhru| ri djhqf| dqg wkh sulqflsoh ri vlplodulw|1 +Qruwk

Kroodqg Sxeolvklqj Fr1/ 4<:7,1

^68` V1 Urvv1 Sruwirolr wxuqslnh wkhruhpv iru frqvwdqw srolflhv1 Mrxuqdo ri Ildqfldo

Hfrqrplfv/ 4 +Mxo| 4<:7,/ 4:4�4<;1

^69` V1 Vdwfkhoo1 Orzhu sduwldo prphqw fdslwdo dvvhw sulflqj prgho = D uh0

h{dplqdwlrq1 LIU Elunehfn Froohjh Glvfxvvlrq Sdshu Qr1 53 +4<<9,1

^6:` V1 Vdwfkhoo dqg F1 Sudwwhq1 Shqvlrq vfkhph lqyhvwphqw srolflhv1 Whfkqlfdo Uh0

sruw ;5/ Ghsduwphqw ri Vrfldo Vhfxulw| Uhvhdufk Uhsruw +4<<;,1

^6;` Z1 Vkdush1 Fdslwdo dvvhw sulfhv = D wkhru| ri fdslwdo pdunhw htxloleulxp xqghu

frqglwlrqv ri ulvn1 Mrxuqdo ri Ilqdqfh/ 4< +4<97,/ 758�7751


