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Devwudfw1 Zh h{dplqh wzr shuirupdqfh phdvxuhv dgyrfdwhg iru dv|p0

phwulf uhwxuq glvwulexwlrqv= wkh Vruwlqr Udwlr 0 ruljlqdoo| lqwurgxfhg e| Vruwlqr

dqg Sulfh +4<<7, 0 dqg d phdvxuh edvhg rq srzhu xwlolw| lqwurgxfhg lq Ohodqg

+4<<<,1 Lq sduwlfxodu/ zh lqyhvwljdwh wkh uroh ri wkh Pd{lpxp Sulqflsoh lq wklv

frqwh{w/ dqg dvvhvv wkh frqglwlrqv xqghu zklfk wkh phdvxuhv vdwlvi| lw1 Rxu uh0

vxowv dgg ixuwkhu prwlydwlrq iru wkh xvh ri d prgl�hg Vruwlqr Udwlr/ e| sodflqj

lw rq d vrxqg wkhruhwlfdo irxqgdwlrq1 Lq wklv oljkw/ zh glvfxvv lwv uhodwlyh phulwv

frpsduhg zlwk dowhuqdwlyh dssurdfkhv1

MHO Fodvvl�fdwlrq= J33/ J44/ J45

Nh|zrugv= Dv|pphwu|/ Pd{lpxp Sulqflsoh/ Shuirupdqfh Phdvxuhphqw

41 Lqwurgxfwlrq

Zkhq glvwulexwlrqv duh v|pphwulf dqg wkh fodvvlfdo phdq0yduldqfh Fdslwdo Dvvhw

Sulflqj Prgho +FDSP, 0 prvw riwhq dwwulexwhg wr Vkdush +4<97,/ Olqwqhu +4<98, dqg

Prvvlq +4<9<, 0 ydolg/ shuirupdqfh phdvxuhv fdq eh h{wudfwhg gluhfwo| iurp wkh prgho1

Lq sduwlfxodu/ iurp wkh hpslulfdo uhsuhvhqwdwlrq/ wkuhh fodvvlfdo vwdwlvwlfv duh prvw

frpprqo| hpsor|hg= wkh Vkdush Udwlr/ lqwurgxfhg lq Vkdush +4<99,> wkh Wuh|qru

Lqgh{/ ghulyhg lq Wuh|qru +4<98,> dqg Mhqvhq*v Doskd/ zklfk zdv ghyhorshg e| Mhqvhq

+4<:5,1 Krzhyhu/ zkhq uhwxuqv duh dv|pphwulf dqg phdq0yduldqfh uxohv qr orqjhu

WFruuhvsrqglqj Dxwkru1 Rolyhu/ Z|pdq dqg Frpsdq|/ 4 Qhdo Vwuhhw/ Fryhqw Jdughq/ Orq0

grq ZF5K <SX1 Hpdlo= fshghuvhqCrzf1frp1 +Wkh ylhzv h{suhvvhg lq wklv duwlfoh duh wkrvh ri

wkh dxwkruv/ dqg wkh dxwkruv dorqh1, Wkh dxwkru lv dovr dq Krqrudu| Dvvrfldwh ri wkh Ilqdqfldo

Hfrqrphwulfv Surmhfw/ Ghsduwphqw ri Dssolhg Hfrqrplfv/ Fdpeulgjh Xqlyhuvlw|1
_Hpdlo= vhv44Chfrq1fdp1df1xn

4
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h!flhqw/ wkhvh phdvxuhv fhdvh wr fdswxuh wkh hvvhqwldo ihdwxuhv ri wkh glvwulexwlrq1

Zklovw wklv kdv ehhq d zlgho| uhfrjqlvhg sureohp lq Ilqdqfh/ qrw ohdvw gxh wr wkh

suhvhqfh ri vnhzqhvv lq pxfk �qdqfldo gdwd/ rqo| uhfhqwo| kdyh uhphglhv iru wklv ehhq

dgydqfhg1

Vruwlqr dqg Ydq ghu Phhu +4<<4, dgydqfh wkh vtxduh urrw ri wkh vhfrqg orzhu

sduwldo prphqw/ l1h1

�oR+w, @

3C |]
3"

+w� huR,2 sgi +huR,ghuR
4D

�

2

+4,

dv d phdvxuh ri ulvn/ udwkhu wkdq vwdqgdug ghyldwlrq1 Lq +4,/ w fdq eh d �{hg/

revhuydeoh ru udqgrp wdujhw/ ru d frpelqdwlrq ri wkhvh fdwhjrulhv1 Lw lv riwhq gh�qhg

dv wkh udwh ri uhwxuq rq d orqj0gdwhg erqg ru Wuhdvxu| Eloo1 Dovr/ huR ghqrwhv uhwxuq rq
sruwirolr s zlwk ghqvlw| ixqfwlrq sgi +huR,1 Zh vkdoo iroorz wkh srsxodu olwhudwxuh dqg

gh�qh wkh deryh dv wkh vhpl0vwdqgdug ghyldwlrq dqg lwv vtxduh dv wkh vhpl0yduldqfh/

dowkrxjk vwulfwo| vshdnlqj vxfk whuplqrorj| lv fruuhfw rqo| zkhq w @ H+huR,1 Wkh

vhpl0yduldqfh rqo| wdnhv srvlwlyh ydoxhv iru uhwxuqv ehorz w dqg lv wkhuhiruh vhqvlwlyh

wr erwk vnhzqhvv lq wkh gdwd dqg wkh suredelolw| ri vkruwidoov/ xqolnh yduldqfh/ zklfk

zhljkv h{wuhph srvlwlyh dqg qhjdwlyh rxwfrphv htxdoo|1 Edvhg rq wklv phdvxuh ri

ulvn/ Vruwlqr dqg Sulfh +4<<7, lqwurgxfh wkh Vruwlqr Udwlr/

uR � w

�oR+w,
+5,

zkhuh �oR lv wkh vhpl0vwdqgdug ghyldwlrq dqg uR ghqrwhv dyhudjh uhwxuqv1 D prgl�hg

yhuvlrq ri wklv/ qdpho|

uR � u

�oR+w,
+6,

zkhuh u ghqrwhv wkh ulvn0iuhh dvvhw/ lv sxw iruzdug dv d frpshwlqj shuirupdqfh phd0

vxuh lq wklv duwlfoh1 Wklv lv htxlydohqw wr wkh Vkdush Udwlr h{fhsw vwdqgdug ghyldwlrq

kdv ehhq uhsodfhg e| wkh vhpl0vwdqgdug ghyldwlrq +4, lq wkh ghqrplqdwru41 Zh qrwh

wkdw/ dowkrxjk wkh hduolhu shuirupdqfh phdvxuh +5, lpsolhv wkdw wkh ulvnohvv dvvhw

zrxog kdyh lq�qlwh shuirupdqfh zkhq w � u/ wklv lv qrw wkh fdvh zlwk +6,/ zkhq

4Zh kdyh wr h{foxgh wkh fdvh | : o/ vlqfh wklv lpsolhv wkdw/ dw oR ' oc wosE|� �' f/ dqg d ulvnohvv

dvvhw lv qrw uhjdughg dv ulvnohvv1
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wkh shuirupdqfh ri wkh ulvnohvv dvvhw ehfrphv xqgh�qhg +dv lw grhv zlwk wkh Vkdush

Udwlr,1 Lq wklv duwlfoh/ zh vkdoo dgg vxssruw iru wkh xvh ri +4, dv ulvn phdvxuh e|

gudzlqj rq wkhruhwlfdo ulvn zrun dqg htxloleulxp dujxphqwv/ hvvhqwldoo| vkrzlqj lw

uholhv xsrq dvvxpswlrqv qr pruh revfxuh wkdq wkh Vkdush Udwlr lwvhoi1

Yhu| uhfhqwo|/ Ohodqg +4<<<, kdv xvhg rswlrqv vwudwhjlhv dqg htxloleulxp wkhru|

wr looxvwudwh wkh vkruwfrplqjv ri FDSP0edvhg shuirupdqfh phdvxuhv/ dqg dujxhg

iru dowhuqdwlyh dssurdfkhv1 Lq sduwlfxodu/ kh xvhv uhvxowv iurp Uxelqvwhlq +4<:9,/

Euhqqdq +4<:<, dqg Kh dqg Ohodqg +4<<6, wr dujxh wkh fdvh iru d uhsuhvhqwdwlyh

djhqw �FDSP� edvhg rq srzhu xwlolw|1 Wkh srzhu xwlolw| prgho lpsolhv wkh hpslulfdo

htxdwlrq

H^huR � u` @

#
fry

�huR> +4 . hu6,3K�
fry ^hu6> +4 . hu6,3K`

$
H^hu6 � u` +7,

zkhuh e lv d frqvwdqw vxfk wkdw e A 3/ hu6 lv wkh uhwxuq rq wkh pdunhw dqg u lv wkh

ulvn0iuhh udwh ri uhwxuq1 Wklv prgho fdq fdswxuh vnhzqhvv lq gdwd/ vlqfh h{sdqglqj

h{shfwhg xwlolw| jlyhv dq h{suhvvlrq lq wkh kljkhu prphqwv ri uhwxuqv1 Dovr/ Ohodqg

vkrzv wkdw xqghu fhuwdlq pdunhw frqglwlrqv/ wkh ulvn phdvxuh

ER @
fry

�huR> +4 . hu6,3K�
fry ^hu6> +4 . hu6,3K` +8,

ghwhuplqhv wkh ulvn ri dq| idluo| sulfhg dvvhw/ hyhq wkrvh h{klelwlqj kljko| dv|pphwulf

uhwxuqv1 Wkh shuirupdqfh phdvxuh Ohodqg idyrxuv lv wkh dqdorjxh ri Mhqvhq*v Doskd

+vhh Mhqvhq +4<:5, iru ghwdlov, lq wklv vhwwlqj/ qdpho|

DR @ H^huR`� u �ER+H^hu6 � u`, +9,

Wklv phdvxuhv h{fhvv uhwxuq diwhu fruuhfwlqj iru ulvn xvlqj d jhqhudo htxloleulxp ulvn

phdvxuh ghulyhg iurp d uhsuhvhqwdwlyh djhqw zlwk srzhu xwlolw|1

Dowkrxjk erwk Vruwlqr*v dqg Ohodqg*v zrun duh prwlydwhg e| wkh qhhg iru vnhz0

qhvv wr eh fdswxuhg e| htxloleulxp ulvn phdvxuhv/ wkhuh pljkw dsshdu wr eh vkdus

gl�huhqfhv ehwzhhq wkhlu dssurdfkhv/ qrw ohdvw ehfdxvh Ohodqg*v dlp lv wr orrn dw

h{fhvv shuirupdqfh lq d idvklrq vlplodu wr Mhqvhq*v Doskd/ zklovw wkh Vruwlqr Udwlr

h{whqgv wkh Vkdush Udwlr1 Lw lv rxu frqwhqwlrq wkdw rqh fdq prwlydwh erwk wkhvh

fodvvlfdo shuirupdqfh phdvxuhv e| vlplodu dujxphqwv/ dqg zh vkdoo xvh vxfk phwkrgv

wr surylgh vxssruw iru wkh ruljlqdo dqg prgl�hg Vruwlqr Udwlrv/ zklfk klwkhuwr kdyh
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qrw ehhq irupdoo| sodfhg lq d wkhruhwlfdo iudphzrun1 Wklv wkxv dovr dgguhvvhv dq

dvvhuwlrq e| Ohodqg/ zkr uhihuv wr Vruwlqr dqg Sulfh*v h{whqvlrq +5, dv dq �dg krf�

phdvxuh zklfk lv �qrw jurxqghg lq fdslwdo pdunhw htxloleulxp wkhru|� +vhh Ohodqg

+4<<<,/ sdjh 67/ hqgqrwh 7,/ dqg zloo krshixoo| khos glvsho srvvleoh grxewv dprqjvw

sudfwlwlrqhuv frqvlghulqj lwv xvh1

Wkh sdshu lv rujdqlvhg dv iroorzv= Lq wkh qh{w vhfwlrq/ zh suhvhqw wkh Pd{lpxp

Sulqflsoh/ zklfk lv frpprqo| ghhphg d qhfhvvdu| surshuw| ri d jrrg shuirupdqfh

phdvxuh/ dqg glvfxvv lwv uhohydqfh iru wkh prgl�hg Vruwlqr Udwlr +6,= lq sduwlfxodu/

Vhfwlrq 514 orrnv dw wkh qdwxuh ri wkh phdq0vhpl vwdqgdug ghyldwlrq h!flhqw iurqwlhu/

zklovw Vhfwlrq 515 frqvlghuv wkh srvvlelolw| ri ghulylqj d uhsuhvhqwdwlyh djhqw zlwk

phdq0vhpl vwdqgdug ghyldwlrq suhihuhqfhv xvlqj vxssruw iurp erwk ulvn wkhru| dqg

hfrqrplf htxloleulxp dujxphqwv1 Vhfwlrq 6 lv uhvhuyhg iru rxu frqfoxvlrqv1

51 Wkh Pd{lpxp Sulqflsoh dqg wkh prglilhg Vruwlqr Udwlr

Zh vkdoo sxw iruzdug d ylhz ri d shuirupdqfh phdvxuh dv d phdvxuh wkdw udqnv

sruwirolrv erwk iru lqglylgxdo lqyhvwruv dqg iru wkh uhsuhvhqwdwlyh lqyhvwru/ zkr krogv

wkh pdunhw sruwirolr1 Vxfk d phdvxuh vkrxog eh pd{lplvhg e| wkh uhsuhvhqwdwlyh

lqyhvwru/ vr wkdw li rqh h{fhhgv wkdw pd{lpxp/ wkh suhvhqfh ri vshfldo lqirupdwlrq

ru vnloov fdq eh lqihuuhg1 Wklv pd{lpdolw| ri wkh pdunhw lv zkdw zh uhihu wr dv wkh

Pd{lpxp Sulqflsoh1 Wkh lghd ehklqg wklv douhdg| h{lvwv lq wkh olwhudwxuh1 Prvw

qrwdeo|/ Julqeodww dqg Wlwpdq +4<;<, sursrvh d phdvxuh uhihuuhg wr dv wkh �srvlwlyh

shulrg phdvxuh�/ zklfk lv }hur iru wkh pdunhw/ exw srvlwlyh lq wkh suhvhqfh ri jrrg

pdunhw wlplqj dqg2ru vwrfn vhohfwlrq delolwlhv1 Wkh qh{w Sursrvlwlrq suhvhqwv wzr

frqglwlrqv xqghu zklfk d shuirupdqfh phdvxuh lq jhqhudo vdwlv�hv wkh Pd{lpxp

Sulqflsoh1

Sursrvlwlrq 41 Wkh Pd{lpxp Sulqflsoh lv vdwlv�hg li hlwkhu ri wkh iroorzlqj wzr

frqglwlrqv lv vdwlv�hg=

41 Wkh shuirupdqfh phdvxuh lv edvhg rq wkh pd{lplvhg h{shfwhg xwlolw| ri wkh

uhsuhvhqwdwlyh djhqw1

51 Wkh shuirupdqfh phdvxuh lv wkh udwlr ri wkh h{fhvv h{shfwhg uhwxuq wr wkh ulvn
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phdvxuh/ wkh h!flhqw iurqwlhu lv olqhdu dqg wkh pdunhw sruwirolr lv h!flhqw1

Surri1 Lq fdvh 4/ wkh surri lv lpphgldwh1 Lq fdvh 5/ vlqfh wkh h!flhqw iurqwlhu lv

olqhdu/ wkh udwlr ri h{shfwhg h{fhvv uhwxuq wr wkh ulvn phdvxuh dorqj lw lv frqvwdqw1

Wkxv/ vlqfh wkh pdunhw sruwirolr lv h!flhqw dqg olhv rq wkh iurqwlhu/ lw pd{lplvhv wkh

shuirupdqfh phdvxuh

Zklovw wkhuh pd| eh rwkhu frqglwlrqv wkdw jxdudqwhh wkh Pd{lpxp Sulqflsoh/

Sursrvlwlrq 4 lpsolhv wkdw Ohodqg*v shuirupdqfh phdvxuh +9, vdwlv�hv wkh Pd{lpxp

Sulqflsoh e| wkh �uvw frqglwlrq/ zklovw wkh Vkdush Udwlr vdwlv�hv wkh Pd{lpxp Sulq0

flsoh e| wkh vhfrqg frqglwlrq1 Wkh txhvwlrq wkdw qrz dulvhv/ lv zkhwkhu wkh prgl�hg

Vruwlqr Udwlr +6, zloo vdwlvi| wkh Pd{lpxp Sulqflsoh1 Lq dffrugdqfh zlwk Sursr0

vlwlrq 4/ vxfk dq dqdo|vlv fdq eh dssurdfkhg lq dw ohdvw wzr zd|v1 Zh vkdoo �uvw

lqyhvwljdwh wkh qdwxuh ri wkh phdq0vhpl vwdqgdug ghyldwlrq h!flhqw iurqwlhu> lq Vhf0

wlrq 515/ zh wkhq h{dplqh wkh frqglwlrqv lq zklfk rqh jhwv d uhsuhvhqwdwlyh djhqw

zlwk phdq0vwdqgdug ghyldwlrq ghflvlrq fkdudfwhulvwlfv1

5141 Wkh phdq0vhpl vwdqgdug ghyldwlrq iurqwlhu1 Lq wklv vhfwlrq/ zh h{0

dplqh wkh qdwxuh ri wkh h!flhqw iurqwlhu zkhq lqyhvwruv kdyh phdq0vhpl vwdqgdug

ghyldwlrq suhihuhqfhv/ zkhuh zh pdnh wkh dvvxpswlrq wkdw Wzr Ixqg Prqh| Vhs0

dudwlrq +WIPV, 0 l1h1 wkdw doo lqyhvwruv fkrrvh d pl{wxuh ri wkh ulvniuhh dvvhw dqg

wkh vdph ulvn| sruwirolr/ wkrxjk qrw qhfhvvdulo| wkh vdph pl{wxuh 0 lv dwwdlqhg1 Zh

ohw �R ghqrwh wkh phdq uhwxuq ri d sruwirolr s zlwk uhwxuq huR/ z lv wkh zhljkw lq wkh

ulvn| sruwirolr zlwk uhwxuq hu&c dqg u lv wkh ulvniuhh uhwxuq1 Wkhq/ e| gh�qlwlrq/ iru z

dvvxphg srvlwlyh/

huR @ zhu& . +4�z,u +:,

Ixuwkhupruh/ li wkh wdujhw/ w/ lv d jlyhq frqvwdqw/ wkh vhpl0yduldqfh fdq eh zulwwhq dv

�2oR+w, @

|]
3"

+w� huR,2 sgi +huR, ghuR +;,

zkhuh sgi +huR, ghqrwhv wkh suredelolw| ghqvlw| ixqfwlrq ri huR1 Wr looxvwudwh rxu lqihu0

hqfhv derxw wkh
�
�R> �oR

�
0 iurqwlhu/ zh �qg zrunlqj zlwk sgi +hu&, pruh lqirupdwlyh1
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E| fkdqjlqj yduldeohv/ zh jhw

�2
oR
+w, @

�

�
E|3E�3��o�]
3"

+z+hu& � u, . u � w,2sgi +hu&,ghu& +<,

E| gl�huhqwldwlqj +<, z1u1w1 z/ vxevwlwxwlqj iru
Y>

R

Y�
@ �&�u> dqg iru z e| uhduudqjlqj

wkh h{shfwdwlrq ri +:, 0 l1h1 z @
>
R
3o

>
&
3o

0 zh ghulyh wkh
�
�R> �oR

�
0 iurqwlhu jlyhq e|

�oR+w, @
+�R � u,

�

2

�& � u

599997+�& � u,w� +�& � �R�o
>
R
3oU

3"

��
�R � u

�
+hu& � u, . +u � w,+�& � u,

�2
sgi+hu&,ghu&

6::::8
�

2

+43,

Wklv lv fohduo| qrq0olqhdu/ zklfk kdv lpsolfdwlrqv iru wkh frqfdylw|2frqyh{lw| ri

wkh h!flhqw iurqwlhu/ dqg wkxv dovr iru htxloleulxp dujxphqwv dqg wkh Pd{lpxp

Sulqflsoh1 Kduorz dqg Udr +4<;<, vkrz wkdw wkh iurqwlhu ri
�
�R> �

2
oR

�
lv frqfdyh 0

krzhyhu/ wklv kdv qr lpsolfdwlrq iru wkh frqfdylw|2frqyh{lw| ri
�
�R> �oR

�
= Wkh iroorz0

lqj wkhruhp uhvroyhv wklv lvvxh> wkh surri lv lq wkh Dsshqgl{1

Wkhruhp 41 Lq wkh WIPV fdvh/ iru w ? u/ wkh
�
�R> �oR

�
0 iurqwlhu lv frqfdyh li

3 ? z ? 4 dqg frqyh{ iru z A 41 Dw z @ 4 lw kdv d srlqw ri lq hfwlrq11 Li w @ u/ wkh

iurqwlhu lv olqhdu1

Lw iroorzv iurp wkh deryh wkhruhp wkdw zkhq w ? u/ lq rughu wr pd{lplvh wkh

Vruwlqr Udwlr rqh vkrxog lqfuhdvh z zkhq z A 4> dqg ghfuhdvh z zkhq z ? 41

Khqfh/ li vkruw vdohv +dqg eruurzlqj, duh glvdoorzhg/ wkh Vruwlqr Udwlr lv pd{lplvhg

dw wkh srlqw zkhuh rqh krogv }hur htxlw|1 D uhsuhvhqwdwlyh djhqw zkr iroorzv wkh

Pd{lpxp Sulqflsoh zrxog wkxv krog rqo| erqgv/ zklfk lv qrw frqvlvwhqw zlwk dq

htxloleulxp lq dq| hfrqrp| zlwk d srvlwlyh vxsso| ri vwrfnv1 Lqghhg/ wkhvh duh wkh

dujxphqwv wkdw kdyh udlvhg grxewv derxw wkh Vruwlqr Udwlr1 Wkh txhvwlrq wkhq dulvhv

dv wr zkhwkhu wkhuh duh rwkhu frqglwlrqv lq zklfk wkh Pd{lpxp Sulqflsoh pd| eh

wuxh1 Wkh iroorzlqj Sursrvlwlrq hvwdeolvkhv vxfk d frqglwlrq1

Wkhruhp 51 Li z A 3/ vr wkh uhsuhvhqwdwlyh djhqw krogv vrph htxlw|/ dqg wkh

uhsuhvhqwdwlyh djhqw kdv d phdq0vhplyduldqfh xwlolw| ixqfwlrq 0 wr eh gh�qhg lq +46,
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0 zlwk wdujhw

w @ u .zwW +44,

iru vrph wW 9 3/ wkhq wkh phdq0vhpl vwdqgdug ghyldwlrq iurqwlhu lv olqhdu dqg wkh

prgl�hg Vruwlqr Udwlr +6, vdwlv�hv wkh Pd{lpxp Sulqflsoh1

Surri1 Xqghu wklv sdudphwhulvdwlrq/ e| vxevwlwxwlqj +44, lqwr +<,/ rqh revhuyhv

wkdw �2oR+w, vlpsol�hv wr

�2
oR
+w, @ z2

on|W]
3"

^+hu& � u,� wW`2 sgi+huR,ghuR
@ z2

on|W]
3"

^hu& � +u . wW,`2 sgi+huR,ghuR
@ z2�2oR+u. wW, +45,

Khqfh/ iurp +43, dqg +45,/ lw lv dssduhqw wkdw erwk �oR dqg �R � u duh olqhdu lq z>

wkxv/ wkh
�
�R> �oR

�
0 iurqwlhu lv olqhdu

Zh kdyh wkxv hvwdeolvkhg frqglwlrqv lq zklfk wkh prgl�hg Vruwlqr Udwlrq vdw0

lv�hg wkh Pd{lpxp Sulqflsoh1 Rqh ihdwxuh ri wklv uhvxow lv wkdw wkh frqglwlrq +44,

zrxog lpso| wdujhwv fkdqjlqj zlwk wkh rswlpdo doorfdwlrq z> l1h1 wkh wdujhw zrxog eh

hqgrjhqrxv dqg vr wkh d{lrpv ri h{shfwhg xwlolw| pd| qrw krog1 +Lq wkh frqyhqwlrqdo

fdvh/ wkh wdujhw zrxog kdyh ehhq h{rjhqrxv wr wkh surfhvv1, Zlwkrxw gljuhvvlqj lqwr d

glvfxvvlrq ri wkh phulwv ru idlolqjv ri H{shfwhg Xwlolw| Wkhru|/ zh phqwlrq wkdw wkhuh

lv d odujh olwhudwxuh zklfk ghdov zlwk h{dplqlqj krz wdujhw0edvhg suhihuhqfh pd| eh

dssolhg lq Ilqdqfh zlwkrxw qhfhvvdulo| vdwlvi|lqj wkh h{shfwhg xwlolw| d{lrpv +h1j1 vhh

Iudqfnh dqg Zhehu +4<<:, ru Dqj/ Ehnhduw hw do +5333, zkhuh d odujh eleolrjudsk|

fdq eh irxqg, suhflvho| e| pdnlqj wdujhwv hqgrjhqrxv ru ixqfwlrqv ri lqlwldo zhdowk1

Wklv lv ixuwkhupruh uhodwhg wr wkh vwdqgdug sudfwlfh wkdw d sruwirolr frpsrvhg ri

gl�huhqw dvvhw fodvvhv +h1j1 fdvk/ erqg/ htxlw|,/ zrxog qhhg gl�huhqw ehqfkpdunv iru

hdfk fodvv1

Wkxv/ wkhuh duh sodxvleoh fulwhuld xqghu zklfk wkh Vruwlqr Udwlr pljkw vdwlvi|

wkh Pd{lpxp Sulqflsoh1 Zh qh{w h{soruh wklv ixuwkhu e| frqvlghulqj d xwlolw| uhs0

uhvhqwdwlrq ri wkh phdq0vhpl vwdqgdug ghyldwlrq suhihuhqfhv dqg h{dplqh zkhq d



Rq Wkh Irxqgdwlrq ri Shuirupdqfh Phdvxuhv xqghu Dv|pphwulf Uhwxuqv ;

uhsuhvhqwdwlyh djhqw h{lvwv lq vxfk frqglwlrqv1

5151 Uhsuhvhqwdwlyh Djhqw dqg Htxloleulxp1 Wkh Ohodqg +4<<<, dssurdfk

wr shuirupdqfh phdvxuhphqw lqyroyhv vkrzlqj wkh h{lvwhqfh ri d uhsuhvhqwdwlyh djhqw

+lq klv fdvh zlwk srzhu xwlolw|, zkrvh rswlpdo sruwirolr lv wkdw ri wkh pdunhw dv d

zkroh1 Lq wklv vhfwlrq/ zh vkdoo lqyhvwljdwh wkh uhsuhvhqwdwlyh djhqw lq wkh fdvh

zkhuh lqglylgxdo lqyhvwruv kdyh phdq0vhpl vwdqgdug ghyldwlrq suhihuhqfh/ glvfxvvlqj

wkh dvvxpswlrqv qhfhvvdu| wr hqvxuh h{lvwhqfh1 Zh ixuwkhu lqfoxgh vrph prwlydwlrq

rq wkh xvh ri phdq0vwdqgdug ghyldwlrq suhihuhqfhv wr dgguhvv Ohodqg*v fulwlflvpv ri

wkh Vruwlqr Udwlr/ dv rxwolqhg lq wkh Lqwurgxfwlrq1

Wkh olqn ehwzhhq phdq0vhpl vwdqgdug ghyldwlrq suhihuhqfhv dqg h{shfwhg xwlolw|

zdv irupdoo| hvwdeolvkhg e| Ilvkexuq +4<::,/ zkr vkrzhg wkdw d ghflvlrq uxoh edvhg

rq h{shfwhg uhwxuqv dqg vhpl0yduldqfh +dqg wkxv dovr vhpl0vwdqgdug ghyldwlrq +4,, lv

frqjuxhqw zlwk H{shfwhg Xwlolw| Wkhru| rqo| li wkh xwlolw| ixqfwlrq5 wdnhv wkh irup

X+huR, @
;?= huR huR � w

huR � f +w� huR,2 huR ? w
+46,

zkhuh w dqg f duh frqvwdqwv/ zkhuh f vdwlv�hv f A 31 Qrwh wkdw e| wdnlqj h{shfwdwlrqv

ri +46,/ rqh jhwv

H ^X+huR,` @ H+huR,� fH
�
+w� huR,2+huR ? w,

�
+47,

@ H+huR,� f

|]
3"

+w� huR,2sgi+huR,ghuR
@ �R � f�2

oR
+w,

Wkxv/ h{shfwhg xwlolw| lv d wudgh0r� ehwzhhq phdq dqg vhpl0yduldqfh1 Hvvhqwldoo|/

wklv lv dqdorjrxv wr txdgudwlf xwlolw| lq frqyhqwlrqdo phdq0yduldqfh dqdo|vlv h{fhsw

wkh ulvn phdvxuh lv qrz +4, udwkhu wkdq frqyhqwlrqdo vwdqgdug ghyldwlrq1 Wklv fdq eh

frqwudvwhg zlwk wkh Ohodqg +4<<<, xwlolw| ixqfwlrq zklfk/ ghvslwh iroorzlqj iurp klv

dvvxpswlrqv/ grhv qrw h{solflwo| wudqvirup wr frpsdudeoh ulvn dqg uhwxuq phdvxuhv1

5 Lq idfw/ Ilvkexuq*v uhvxow krogv iru +46, zkhuh wkh h{srqhqw ri +|3hoR, lv K D 21 Khqfh/ wkhuh duh

rwkhu ulvn phdvxuhv iru zklfk wkh frqjuxhqf| fdq eh hvwdeolvkhg1 Iru wkh sxusrvhv ri wklv sdshu/

zh uhvwulfw rxuvhoyhv wr wkh uhohydqw fdvh K ' 21
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Wkh fkrlfh ri +4, dv ulvn phdvxuh dqg frqvhtxhqwo| +46, dv xwlolw| ixqfwlrq lv idu

iurp udqgrp1 Lq Ilvkexuq +4<;3 dqg 4<;4,/ wkh dxwkru jlyhv dq hohjdqw mxvwl�fdwlrq

iru wkh xvh ri irupdo dv|pphwulf ulvn phdvxuhv lqfoxglqj wkh vhpl0vwdqgdug ghyldwlrq

+4,/ e| lpsrvlqj d vhulhv ri sodxvleoh uhvwulfwlrqv rq wkh xqghuo|lqj suhihuhqfh uhod0

wlrqv1 Klv jhqhudo dssurdfk zdv wr vsolw wkh uhwxuq glvwulexwlrq lqwr d orvv suredelolw|/

d jdlq suredelolw| dqg frqglwlrqdo phdvxuhv ri uhwxuq ohyhov jlyhq d orvv ru jdlq/ zkhuh

orvv2jdlq zdv phdvxuhg uhodwlyh wr dq duelwudu| wdujhw/ w1 Vxfk d vwuxfwxuh kdv vlqfh

ehhq dgdswhg e| �qdqfldo hfrqrphwulfldqv +vhh iru lqvwdqfh Nqljkw hw do1 +4<<8,,

dv dq dssursuldwh zd| wr vwdwlvwlfdoo| prgho dv|pphwulf �qdqfldo wlph vhulhv1 Pruh

uhfhqwo|/ wkh xvh ri wkh Vruwlqr Udwlr dv d shuirupdqfh phdvxuh lq sudfwlfh kdv dovr

ehhq hylghqw e| lwv dssolfdwlrq rq d odujh qxpehu ri Zhe0edvhg shuirupdqfh udwlqj

frpsdqlhv +vhh/ iru lqvwdqfh kwws=22zzz1fwd0rqolqh1frp2/ kwws=22zzz1fudgy1frp2

ru kwws=22zzz1zruwkwudglqj1frp2,1

Wkh xvh ri grzqvlgh ulvn phdvxuhv kdv ehhq dgyrfdwhg e| qxphurxv dfdghplfv

dqg sudfwlwlrqhuv lq Ilqdqfh/ dqg vhuyh d eurdg udqjh ri ixqfwlrqv1 Dv hduo| dv

wkh ruljlqdo phdq0yduldqfh wh{w ri Pdunrzlw} +4<85,/ wkh dxwkru srlqwv wr wkh vhpl0

yduldqfh dv dq dwwudfwlyh ulvn phdvxuh/ exw lv glvvxdghg iurp h{dplqlqj lw ixuwkhu dw

wkh wlph gxh wr lw*v frpsxwdwlrqdo dqg dojheudlf xqiulhqgolqhvv1 Odwhu dxwkruv kdyh

olqnhg grzqvlgh ulvn wr vwrfkdvwlf grplqdqfh dqg srsxodu ulvn0udqnlqj olwhudwxuh +vhh/

iru lqvwdqfh/ Edzd +4<:8, ru Phqh}hv/ Jhlvv hw do1 +4<;3,,1 Vhyhudo rwkhu dgydqfh

dvvhw sulflqj prghov edvhg rq qxphurxv gl�huhqw grzqvlgh ulvn phdvxuhv +vhh Ur|

+4<85,/ Edzd dqg Olqghqehuj +4<::,/ Kduorz dqg Udr +4<;<, ru Vdorprq Eurwkhuv

+4<;<,,1 Hpslulfdoo|/ wkhvh prghov zhuh vkrzq wr eh idyrxudeoh wr FDSP dw h{sodlq0

lqj vpdoo frpsdq| uhwxuqv +vhh Shghuvhq +4<<;,,1 Iru dq h{whqvlyh eleolrjudsk| ri

uhohydqw zrunv/ zh uhihu wkh uhdghu wr Shghuvhq +4<<<e,1 Yhu| uhfhqwo| grzqvlgh ulvn

zdv wdnhq lq d qhz gluhfwlrq dqg olqnhg zlwk ghulydwlyhv sruwirolr rswlplvdwlrq +vhh

Kxdqj hw do1 +5334, dqg Shghuvhq +5334,,1 Ilqdoo|/zh phqwlrq wkdw wkh odujh dprxqw

ri lqwhuhvw lq orvv dyhuvlrq xwlolw| ixqfwlrqv/ zklfk fdq eh h{wudfwhg iurp Survshfw

Wkhru| +vhh Ndkqhpdqq dqg Wyhuvn| +4<:<,, dqg zhuh looxvwudwhg lq Ilvkexuq dqg

Nrfkhqehujhu +4<:<,/ lv |hw dqrwkhu uhdvrq zk| vhpl0yduldqfh dqg rwkhu grzqvlgh

ulvn phdvxuhv kdyh uhfhlyhg uhqhzhg lqwhuhvw1 Zh khqfh fodlp wkdw wkhuh lv qrwklqj
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dg krf dw doo derxw wkh fkrlfh ri ulvn phdvxuh lq wkh ghqrplqdwru ri wkh Vruwlqr

Udwlr +5,1 Krzhyhu/ wkh txhvwlrq ri zkhwkhu wklv/ ru wkh prgl�hg Vruwlqr Udwlr +6,/

fdq eh mxvwl�hg dv d shuirupdqfh phdvxuh lq dq htxloleulxp vhwwlqj/ vwloo qhhgv wr eh

dgguhvvhg1

Lq wklv uhjdug/ zh vkdoo frpsduh wkh xqghuo|lqj dvvxpswlrqv qhhghg wr hvwdeolvk

wkh uhtxluhg frqglwlrqv zlwk wkh vwdqgdug dvvxpswlrqv pdgh lq wudglwlrqdo dqg frp0

sdudeoh prghov1 Wkh Ohodqg +4<<<, shuirupdqfh phdvxuh +9, dqg wkh wkuhh fodvvlfdo

shuirupdqfh phdvxuhv +wkh Vkdush Udwlr/ Wuh|qru*v Lqgh{ dqg Mhqvhq*v Doskd, duh

doo urrwhg lq yhuvlrqv ri wkh Fdslwdo Dvvhw Sulflqj Prgho/ ruljlqdoo| suhvhqwhg e|

Vkdush +4<97,/ Olqwqhu +4<98, dqg Prvvlq +4<9<, exw zkhuh/ udwkhu wkdq txdgudwlf

xwlolw|/ Ohodqg xvhv d uhsuhvhqwdwlyh djhqw zkr kdv srzhu xwlolw| zlwk dq h{srqhqw

ohvv wkdq rqh1 Edzd dqg Olqghqehuj +4<::, dqg Kduorz dqg Udr +4<;<, ghulyhg

htxloleulxp sulflqj prghov zklfk zhuh lghqwlfdo wr FDSP/ h{fhsw lqyhvwruv plqlplvh

wkh vhpl0vwdqgdug ghyldwlrq +4,1 Krzhyhu/ dv zdv srlqwhg rxw e| Fkrz dqg Ghq0

qlqj +4<<7,/ qhlwkhu vhw ri dxwkruv suryhv wkh h{lvwhqfh ri htxloleulxp zlwkrxw pdnlqj

dvvxpswlrqv wkdw dxwrpdwlfdoo| ydolgdwh wkh ruljlqdo phdq0yduldqfh FDSP1 Khqfh/

wkh| dujxhg/ wkhuh zhuh vwloo qr frqglwlrqv suhvhqwhg lq wkh olwhudwxuh surylqj wkh

h{lvwhqfh ri vxfk grzqvlgh ulvn dvvhw0sulflqj prghov lq d zruog zkhuh FDSP zdv

qrw htxdoo| vxlwdeoh1 Wkh Vkdush Udwlr uhpdlqhg wkh dssursuldwh/ ehvw wkhruhwlfdoo|

vxssruwhg/ shuirupdqfh phdvxuh1

Zh zloo gudz xsrq d uhvxow lq Vdwfkhoo +4<<9, 0 zklfk zdv odwhu jhqhudolvhg lq

Shghuvhq +4<<<d, wr lqfoxgh pruh jhqhudo dv|pphwulf suhihuhqfhv 0 dqg frqvlghu dq

htxloleulxp prgho rewdlqhg xqghu fhuwdlq sdudphwhu uhvwulfwlrqv/ exw zlwkrxw uhvwulf0

wlyh glvwulexwlrqdo dvvxpswlrqv1 Wr gr wklv/ zh dvvxph wkdw lqglylgxdo lqyhvwruv kdyh

slhfh0zlvh xwlolw| ixqfwlrqv dv jlyhq e| +46,/ exw rwkhuzlvh pdlqwdlq doo wkh vwdqgdug

dvvxpswlrqv ri FDSP1 Wkh fuxfldo vwhs lv wr suryh wkdw wzr ixqg prqh| vhsdudwlrq

+WIPV, 0 l1h1 wkh surshuw| wkdw doo lqyhvwruv fkrrvh wr lqyhvw lq d pl{wxuh ri wkh

ulvnohvv dvvhw dqg d �{hg ulvn| sruwirolr 0 rewdlqv/ zklfk hqdeohv djjuhjdwlrq dqg wkxv

doorzv rqh wr fkdudfwhulvh wkh xwlolw| ixqfwlrq ri wkh uhsuhvhqwdwlyh djhqw1 Zh wkxv

vwdwh wzr wkhruhpv/ zklfk duh wkh pdlq uhvxowv lq Vdwfkhoo +4<<9,> wkhlu surriv/ dqg

ixuwkhu ghwdlov dqg glvfxvvlrq/ fdq eh irxqg lq wkh ruljlqdo wh{w1 Wkh �uvw wkhruhp
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dgguhvvhv WIPV/ pdnlqj wulyldo qrq0uhvwulfwlyh glvwulexwlrqdo dvvxpswlrqv1

Wkhruhp 61 +Vdwfkhoo +4<<9,,= Vxssrvh wkdw wkhuh duh N lqglylgxdov lqgh{hg

n @ 4> 5> ===N1 Lqglylgxdo n kdv srvlwlyh lqlwldo zhdowk Zf&/ zhdowk wdujhw k& @

Zf&+4 . w&,/ zkhuh w& ? u/ dqg xwlolw| ixqfwlrq

X&+iZ , @

;?= iZ iZ � k&iZ � �&+k& �iZ ,2 iZ ? k&
+48,

zkhuh �& A 3 dqg k& lv d uhdo qxpehu1 Lq dgglwlrq/ zh dvvxph wkdw

�& @
�
Zf&i

&

�
32

+49,

iru doo n/ zkhuh

i& @ 4�
w&

u
A 3 +4:,

dqg wkdw wkh mrlqw glvwulexwlrq ri uhwxuqv dvvljqv srvlwlyh suredelolw| wr wkh hyhqwviZ ? k& dqg iZ � k&1 Wkhq/ li doo lqyhvwruv krog wkh ulvn| sruwirolr orqj/ WIPV

rewdlqv dqg i& lv wkh iudfwlrq lqyhvwhg e| djhqw n lq wkh ulvn| sruwirolr1

Zh uhlwhudwh wkdw h{shfwhg xwlolw| jlyhq +48, zdv vkrzq hduolhu wr eh ri wkh irup

�h{shfwhg uhwxuq plqxv ulvn�/ zkhuh ulvn lv ghqlhg dv +4,/ dv glvfxvvhg hduolhu1 Wklv

uhvxow khqfh jlyhv frqglwlrqv xqghu zklfk wkh Pd{lpxp Sulqflsoh pd| eh vdwlv�hg iru

wkh prgl�hg Vruwlqr Udwlr wkurxjk wkh vhfrqg sduw ri Sursrvlwlrq 41 Wkh iroorzlqj

wkhruhp hvwdeolvkhv wkh h{lvwhqfh ri d uhsuhvhqwdwlyh djhqw lq dq hfrqrp| ixoo ri

djhqwv zlwk vxfk suhihuhqfhv1

Wkhruhp 71 +Vdwfkhoo +4<<9,,= Zkhq doo lqglylgxdov vdwlvi| wkh frqglwlrqv ri

wkh odvw wkhruhp/ djjuhjdwh ghpdqg lv lghqwlfdo zlwk wkdw ri d vlqjoh uhsuhvhqwdwlyh

frqvxphu zkrvh lqlwldo zhdowk lv Z6 @
S
&

Zf&/ wdujhw k
6 @ Z6+4 . w6, @

S
&

k&/

zkhuh w6 @

S

&

`f&|
&

`6
? u/ dqg xwlolw| ixqfwlrq jlyhq e|

X+iZ , @

;?= iZ iZ � k6iZ � �+k6 �iZ ,2 iZ ? k6
+4;,

zkhuh � @ +Z6i6,
32 dqg i6 @ 4� |

6

o
A 31

Khqfh/ wkhuh duh frqglwlrqv xqghu zklfk WPIV dqg djjuhjdwlrq krogv iru dq

hfrqrp|/ lq zklfk shrsoh kdyh phdq0grzqvlgh ulvn suhihuhqfhv1 Zh qrwh wkdw wkh
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deryh uhvxowv duh qrw lq frq lfw zlwk wkh qhfhvvlw| uhvxowv rq WIPV lq Fdvv dqg

Vwljolw} +4<:3, vlqfh rxu zhdowk wdujhwv/ k&/ zklfk duh sduw ri wkh vshfl�fdwlrq ri

lqyhvwru*v xwlolw| ixqfwlrqv/ ghshqg rq lqlwldo zhdowk Zf&/ d vlplodu uhvwulfwlrq wr wkdw

ri kdylqj rswlpdo doorfdwlrqv d�hfwlqj wdujhwv/ dv lq Wkhruhp 51 Kdylqj vkrzhg wkh

h{lvwhqfh ri d uhsuhvhqwdwlyh djhqw/ zh vwdwh wkh iroorzlqj fruroodu| zlwkrxw surri/

zklfk ghvfulehv wkh uhsuhvhqwdwlyh djhqw lq wkh fdvh ri d olqhdu iurqwlhu/ zklfk wkxv

irupdoo| olqnv wkh dqdo|vlv zlwk wkdw frqgxfwhg lq wkh suhylrxv vhfwlrq1

Fruroodu|1 Li w6 @ u . i6w
W
6
? 3/ dv lq Wkhruhp 5/ wkh

�
�R> �oR

�
0 iurqwlhu lv

olqhdu vr wkdw wkh prgl�hg Vruwlqr Udwlr +6, vdwlv�hv wkh Pd{lpxp Sulqflsoh1

Wklv dujxphqw fdq eh wdnhq rqh vwhs ixuwkhu1 Zkhq d uhsuhvhqwdwlyh djhqw zlwk

xwlolw| ixqfwlrq X+iZ , h{lvwv/ wkh �uvw rughu frqglwlrqv ri klv rswlplvdwlrq sureohp

fdq eh uhduudqjhg +vhh/ iru lqvwdqfh/ Kxdqj dqg Olw}hqehujhu +4<;;,/ Fkdswhu 9, wr

jlyh

H ^huR � u` @

3C fry
khuR> X �+iZ ,

l
fry

khu6> X �+iZ ,
l
4DH ^hu6 � u` +4<,

Wklv uhodwlrqvkls krogv iru doo xwlolw| ixqfwlrqv zklfk duh vwulfwo| lqfuhdvlqj dqg frq0

fdyh1 Zlwk srzhu xwlolw|/ wklv |lhogv wkh Ohodqg prgho +7,1 Iru rxu uhsuhvhqwdwlyh

djhqw*v xwlolw| ixqfwlrq +4;,/ zklfk vdwlv�hv wkh vx!flhqw frqglwlrqv wr dsso| +4<,/

rqh jhwv wkh htxloleulxp ulvn phdvxuh

� @
fry

�huR>�+w� u6,
2
�

fry ^hu6>�+w� u6,2`
+53,

zkhuh � @ 4 li iZ ? k dqg 3 rwkhuzlvh1 Khqfh/ sxuho| e| fkrrvlqj dowhuqdwlyh

xwlolw| ixqfwlrqv dqg pdnlqj qr pdunhw dvvxpswlrqv rwkhu wkdq wkrvh lq wkh wud0

glwlrqdo FDSP/ dq dowhuqdwlyh fdslwdo pdunhwv htxloleulxp fkdudfwhulvdwlrq pd| eh

hvwdeolvkhg1 Wklv uhvxow vkrxog eh frpsduhg zlwk wkh uhvxowv ri Edzd dqg Olqghqehuj

+4<::, dqg Kduorz dqg Udr +4<;<,/ zkhuh vlplodu ehwd*v zhuh ghulyhg/ doehlw zlwkrxw

d uhsuhvhqwdwlyh djhqw1

Wkh uhvxowv zh kdyh ghprqvwudwhg lq wklv vhfwlrq zhuh ghulyhg rq wkh jurxqgv ri

Sursrvlwlrq 4+4,/ qdpho| wkdw shuirupdqfh lv edvhg rq wkh pd{lplvhg h{shfwhg xwlolw|

ri wkh uhsuhvhqwdwlyh djhqw1 Lq grlqj vr/ zh kdyh dovr ghprqvwudwhg Sursrvlwlrq 4+5,/
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l1h1 wkdw wkh iurqwlhu fdq eh olqhdu1 Wrjhwkhu/ wkhvh dujxphqwv vkrz wkdw wkh prghov

zklfk ohdg wr wkh xvh ri pruh jhqhudo shuirupdqfh phdvxuhv vxfk dv wkh Vruwlqr Udwlr

duh edvhg rq wkhruhwlfdo irxqgdwlrqv frpsdudeoh wr wkrvh xqghuslqqlqj wkh Vkdush

Udwlr dqg/ zkdw lv pruh/ xvh vlplodu uhsuhvhqwdwlyh djhqw dqg htxloleulxp whfkqltxhv

wr wkrvh dssolhg lq wkh srzhu0xwlolw| FDSP dgyrfdwhg e| Ohodqg +4<<<,1

61 Frqfoxvlrqv

D vhqvleoh phdvxuh ri dq hfrqrplf ru �qdqfldo uhodwlrqvkls fxvwrpdulo| iroorzv dv wkh

frqvhtxhqfh ri dq htxloleulxp lq d prgho wkdw lv frqvlvwhqw zlwk nqrzq fkdudfwhulv0

wlfv ri revhuydeoh gdwd1 Rxu dujxphqwv iru wkh xvh ri wkh vhpl0yduldqfh duh wr fruuhfw

wkh eholhi wkdw wkh vhpl0yduldqfh kdv qr wkhruhwlfdo irxqgdwlrqv dqg wr dgydqfh wkh

prgl�hg Vruwlqr Udwlr d dv shuirupdqfh phdvxuh/ zkrvh ruljlqv duh dv vrxqg dv dowhu0

qdwlyh phdvxuhv1 Wr vxssruw wklv/ zh kdyh uhihuuhg wr h{lvwlqj d{lrpdwlf dssurdfkhv

wr grzqvlgh dqg dv|pphwulf ulvn iurp Pdwkhpdwlfdo Sv|fkrorj|/ zklfk ghulyh wkh

vhpl0yduldqfh iurp �uvw sulqflsohv/ dqg kdyh olvwhg ixuwkhu dgyrfdwhv ri wkh xvh ri

grzqvlgh ulvn1 Dovr/ zh kdyh vkrzq wkdw wkhuh h{lvwv d xwlolw|0edvhg rqh0shulrg fds0

lwdo pdunhw htxloleulxp prgho zklfk lv dnlq wr uhsodflqj wkh vwdqgdug ghyldwlrq e|

vhpl0vwdqgdug ghyldwlrq dv ulvn phdvxuh lq FDSP/ dqg wkxv surylghv prwlydwlrq iru

wkh Vruwlqr Udwlr h{dfwo| olnh wkh FDSP surprwhv xvh ri wkh Vkdush Udwlr1 Wklv

prgho grhv qrw uhvw rq dvvxpswlrqv derxw wkh glvwulexwlrqdo surshuwlhv ri wkh pdunhw

sruwirolr/ exw uhtxluhv wkh h{lvwhqfh ri d uhsuhvhqwdwlyh djhqw> zh kdyh jlyhq uhvxowv

zklfk suryh wkdw/ xqghu fhuwdlq frqglwlrqv/ vxfk d uhsuhvhqwdwlyh djhqw h{lvwv1

Sudfwlwlrqhuv wrgd| douhdg| xvh vhpl0yduldqfh dv d ulvn phdvxuh dqg phdq0vhpl

yduldqfh rswlpl}dwlrq phwkrgv kdyh ehhq xvhg vsrudglfdoo| vlqfh wkhlu lqwurgxfwlrq

e| Pdunrzlw} +4<85,1 Zh krsh rxu uhvxowv jr vrph zd| wr uhpryh srwhqwldo grxew

derxw wkh dssursuldwhqhvv ri xvlqj phdvxuhv ghulyhg iurp grzqvlgh ulvn frqvlghud0

wlrqv +dqg wkh Vruwlqr Udwlr lq sduwlfxodu, dprqjvw sudfwlwlrqhuv/ dqg hqfrxudjhg

ixuwkhu ghyhorsphqw lq wklv �hog1
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Wkh fdvh iru w @ u lv suryhg lq Kduorz dqg Udr +4<;<,1 Uhfdoolqj +:,

huR @ zhu& . +4�z,u +54,

iru w ? u/ lw vx!fhv wr vkrz wkdw/ zkhq 3 ? z ? 4/

+4�z,�o+w, .z�o&+w, � �oR+w, +55,

dqg zkhq z A 4/

+4�z,�o+w, .z�o&+w, � �oR+w, +56,

Qrz/ vlqfh w ? u/ �o+w, @ 3/ lw vx!fhv wr vkrz wkdw

z�o&+w, � �oR+w,/ z � 4 +57,

Wr vhh wklv lv wuxh/ qrwh wkdw z�o&+w, � �oR+w,/ z2�2o&+w, � �2oR+w,1 Khqfh/ xvlqj +<,/
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�
Qrz/ e| gh�qlwlrq/ �2os +w, lv dq lqfuhdvlqj ixqfwlrq ri w +vlqfh/ li wkh wdujhw lqfuhdvhv/

d odujhu sduw ri wkh glvwulexwlrq frqwulexwhv wr ulvn,1 Wkxv/

�2oR+w, @ z2�2o&

�
w� +4�z,u

z

�
� z2�2o&+w, +59,
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w� +4�z,u
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A w

/ w+4�z, A u+4�z,

Qrz/ vlqfh w ? u> w+4�z, A u+4�z,/ z A 4 dqg wkh uhvxow krogv
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Uhihuhqfhv

^4` Dqj/ D1/ Ehnhduw/ J1/ Mxq Olx1/ Mxo| 53331 Zk| vwrfnv pd| glvdssrlqw1 QEHU

Zrunlqj Sdshu Vhulhv/ Qr1 ::;6

^5` Edzd/ Y1/ 4<:81 Rswlpdo uxohv iru rughulqj xqfhuwdlq survshfwv1 Mrxuqdo ri Il0

qdqfldo Hfrqrplfv 5/ <8�4541

^6` Edzd/ Y1/ Olqghqehuj/ H1/ 4<::1 Fdslwdo pdunhw htxloleulxp lq d phdq0orzhu

sduwldo prphqw iudphzrun1 Mrxuqdo ri Ilqdqfldo Hfrqrplfv 8/ 4;<�5331

^7` Euhqqdq/ P1/ 4<:<1 Wkh sulflqj ri frqwlqjhqw fodlpv lq glvfuhwh wlph prghov1

Mrxuqdo ri Ilqdqfh 67/ 86�9;1

^8` Fdvv/ G1/ Vwljolw}/ M1/4<:31 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| 5/455�4931

^9` Fkrz/ N1/ Ghqqlqj/ N1/ 4<<71 Rq yduldqfh dqg orzhu sduwldo prphqw ehwdv dqg

wkh htxlydohqfh ri v|vwhpdwlf ulvn phdvxuhv1 Mrxuqdo ri Exvlqhvv/ Ilqdqfh dqg

Dffrxqwlqj/ 564�5741

^:` Ilvkexuq/ S1/ 4<:71 Phdq0ulvn dqdo|vlv zlwk ulvn dvvrfldwhg zlwk ehorz0wdujhw

uhwxuqv1 Wkh Dphulfdq Hfrqrplf Uhylhz/ 9:+5,/ 449�4591

^;` Ilvkexuq/ S1/ 4<;31 Irxqgdwlrqv ri ulvn phdvxuhphqw= L1 Ulvn dv d suredelolw| ri

orvv1 Pdqdjhphqw Vflhqfh 63/ 6<9�7391

^<` Ilvkexuq/ S1/ 4<;41 Irxqgdwlrqv ri ulvn phdvxuhphqw= LL1 H�hfwv ri jdlqv rq ulvn1

Mrxuqdo ri Pdwkhpdwlfdo Sv|fkrorj| 58/ 559�5751

^43` Ilvkexuq/ S1/ Nrfkhqehujhu/ J1/ 4<:<1 Wzr0Slhfh Yrq Qhxpdqq 0 Prujhqvwhuq

Xwlolw| Ixqfwlrqv1 Ghflvlrq Wkhru| 43/ 838084;1

^44` Iudqnh/ J1/ Zhehu/ P1/ Vhswhpehu 4<<:1 Ulvn0ydoxh h!flhqw iurqwlhuv dqg dvvhw

sulflqj1 Xqlyhuvlwdw Nrqvwdq} Glvnxvvlrqvehlwudjh/ Vhulh LL1 Qr1 6871

^45` Julqeodww/ P1/ Wlwpdq/ V1/ 4<;<1 Sruwirolr Shuirupdqfh Hydoxdwlrq= Rog Lvvxhv

dqg Qhz Lqvljkwv1 Uhylhz ri Ilqdqfldo Vwxglhv 5+6,/ 6<607541
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^46` Kduorz/ Z1/ Udr/ U1/ 4<;<1 U1 Dvvhw0sulflqj lq d jhqhudolvhg phdq0orzhu sduwldo

prphqw iudphzrun = Wkhru| dqg hylghqfh1 Mrxuqdo ri Ilqdqfldo dqg Txdqwlwd0

wlyh Dqdo|vlv/ 57+6,/ 5;8�6441

^47` Kxdqj/ W1/ Vulydvwdyd/ Y1/ Uddw}/ V1/ 5334/ Sruwirolr Rswlplvdwlrq zlwk Rswlrqv

lq wkh Iruhljq H{fkdqjh Pdunhw1 Ghulydwlyhv Xvh/ Wudglqj dqg Uhjxodwlrq :/

Qr14/ 880:51

^48` Kxdqj/ F1/ Olw}hqehujhu/ U1/ 4<;;1 Irxqgdwlrqv iru �qdqfldo hfrqrplfv1 Hovhylhu

Vflhqfh Sxeolvklqj Frpsdq| Lqf1/ Orqgrq1

^49` Lqjhuvroo/ M1/ 4<;:1 Wkhru| ri �qdqfldo ghflvlrq pdnlqj1 Urzpdq dqg Olwwoh�hog

Sxeolvkhuv Lqf1

^4:` Mhqvhq/ P1/ 4<:51 Fdslwdo pdunhwv = Wkhru| dqg hylghqfh1 Ehoo Mrxuqdo ri Hfr0

qrplfv dqg Pdqdjhphqw Vflhqfh 6/ 68:�6<;1

^4;` Ndkqhpdqq/ G1/ Wyhuvn|/ D1/ 4<:<1 Survshfw Wkhru|= Dq dqdo|vlv ri Ghflvlrq

xqghu Ulvn1 Hfrqrphwulfd 7:/ 59605<41

^4<` Nlmlpd/ N1/ Rkqlvkl/ P1/ 4<<61 Phdq0ulvn dqdo|vlv ri ulvn dyhuvlrq dqg zhdowk

h�hfwv rq rswlpdo sruwirolrv zlwk pxowlsoh lqyhvwphqw rssruwxqlwlhv1 Dqqdov ri

Rshudwlrqv Uhvhdufk 78/ 47:�4961

^53` Nqljkw/ M1/ Vdwfkhoo/ V1/ Wudq/ N1/ 4<<81 Vwdwlvwlfdo prghoolqj ri dv|pphwulf ulvn

lq dvvhw uhwxuqv1 Dssolhg Pdwkhpdwlfdo Ilqdqfh 5/ 488�4:51

^54` Nudqw}/ G1/ Oxfh/ U1/ Vxsshv/ S1/ Wyhuvn|/ D1/ 4<:41 Irxqgdwlrqv ri Phdvxuhphqw

L1 Dfdghplf Suhvv/ Qhz \run1

^55` Ohodqg/ K1/ Mdqxdu|2Iheuxdu| 4<<<1 Eh|rqg phdq0yduldqfh= Shuirupdqfh phd0

vxuhphqw lq d qrqv|pphwulf zruog1 Ilqdqfldo Dqdo|vwv Mrxuqdo/ 5:0691

^56` Olqwqhu/ M1/ 4<<81 Wkh ydoxdwlrq ri ulvn dvvhwv dqg wkh vhohfwlrq ri ulvn| lqyhvw0

phqwv lq vwrfn sruwirolrv dqg fdslwdo exgjhwv1 Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv

7:/ 46�6:1
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^57` Oxfh/ U1/ 4<;31 Vhyhudo srvvleoh phdvxuhv ri ulvn1 Wkhru| dqg Ghflvlrq 45/ 54:�

55;1

^58` Oxfh/ U/ Zhehu/ H1/ 4<;91 Dq d{lrpdwlf wkhru| ri frqmrlqw h{shfwhg ulvn1 Mrxuqdo

ri Pdwkhpdwlfdo Sv|fkrorj| 63/ 4;;�5381

^59` Pdunrzlw}/ K1/ 4<851 Sruwirolr vhohfwlrq1 Mrxuqdo ri Ilqdqfh :/ ::�<41

^5:` Phqh}hv/ F1/ Jhlvv/ F1/ dqg Wuhvvohu/ M1/ 4<;31 Lqfuhdvlqj grzqvlgh ulvn1 Wkh

Dphulfdq Hfrqrplf Uhylhz/ <54�<651

^5;` Prvvlq/ M1/ 4<9<1 Vhfxulw| sulflqj dqg lqyhvwphqw fulwhuld lq frpshwlwlyh pdunhwv1

Dphulfdq Hfrqrplf Uhylhz 8</ :7<�:891

^5<` Shghuvhq/ F1/ 4<<<d1 Vhsdudwlqj ulvn dqg uhwxuq lq wkh FDSP= D jhqhudo xwlolw|0

edvhg dssurdfk1 Hxurshdq Mrxuqdo ri Rshudwlrqdo Uhvhdufk +iruwkfrplqj,1

^63` Shghuvhq/ F1/ 4<<<e1 Irxu Hvvd|v rq Ulvn lq Ilqdqfh1 SkG wkhvlv/ Wulqlw| Froohjh/

Xqlyhuvlw| ri Fdpeulgjh/ Hqjodqg1

^64` Shghuvhq/ F1/ 4<<;1 Hpslulfdo Whvwv iru Gl�huhqfhv lq Htxloleulxp Ulvn Phd0

vxuhv zlwk Dssolfdwlrq wr Grzqvlgh Ulvn lq Vpdoo dqg Odujh XN Frpsdqlhv/

Fdpeulgjh Glvfxvvlrq Sdshuv lq Dffrxqwlqj dqg Ilqdqfh/ Qr1 74/ 4<<;1

^65` Shghuvhq/ F1/ 53341 Ghulydwlyhv dqg Grzqvlgh Ulvn1 Ghulydwlyhv Xvh/ Wudglqj

dqg Uhjxodwlrq +iruwkfrplqj,1

^66` Shghuvhq/ F1/ Vdwfkhoo/ V1/ 53331 Vpdoo vdpsoh dqdo|vlv ri shuirupdqfh phdvxuhv

lq wkh dv|pphwulf uhvsrqvh prgho1 Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|0

vlv +iruwkfrplqj,1

^67` Ur|/ D1/ 4<851 Vdihw| �uvw dqg wkh kroglqj ri ulvn| dvvhwv1 Hfrqrphwulfd 53/

764�77<1

^68` Uxelqvwhlq/ P1/ 4<:61 Wkh ixqgdphqwdo wkhruhp ri sdudphwhu0suhihuhqfh vhfxulw|

ydoxdwlrq1 Mrxuqdo ri Ilqdqfldo dqg Txdqwlwdwlyh Dqdo|vlv/ 94�9<1
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^69` Vdorprq Eurwkhuv/ 4<;<1 Vkruwidoo ulvnv dqg wkh dvvhw doorfdwlrq ghflvlrq1 Vd0

orprq Eurwkhuv Whfkqlfdo Uhsruw1

^6:` Vdulq/ U1/ 4<;:1 Vrph h{whqvlrqv ri Oxfh*v phdvxuh ri ulvn1 Wkhru| dqg Ghflvlrq

55/ 458�4741

^6;` Vdwfkhoo/ V1/ 4<<91 Orzhu sduwldo prphqw fdslwdo dvvhw sulflqj prgho = D uh0

h{dplqdwlrq1 LIU Elunehfn Froohjh Glvfxvvlrq Sdshu Qr1 531

^6<` Vkdush/ Z1/ 4<971 Fdslwdo dvvhw sulfhv = D wkhru| ri fdslwdo pdunhw htxloleulxp

xqghu frqglwlrqv ri ulvn1 Mrxuqdo ri Ilqdqfh 4</ 758�7751

^73` Vkdush/ Z1/ 4<<91 Pxwxdo ixqg shuirupdqfh1 Mrxuqdo ri Exvlqhvv/ 44<�46;1

^74` Vruwlqr/ I1/ Ydq ghu Phhu/ U1/ 4<<41 Grzqvlgh ulvn1 Wkh Mrxuqdo ri Sruwirolr

Pdqdjhphqw/ 5:�641

^75` Vruwlqr/ I1/ Sulfh/ O1/ 4<<71 Shuirupdqfh phdvxuhphqw lq d grzqvlgh ulvn iudph0

zrun1 Wkh Mrxuqdo ri Lqyhvwlqj/ 8<�981

^76` Wuh|qru/ M1/ 4<981 Krz wr udwh pdqdjhphqw ri lqyhvwphqw ixqgv1 Kduydug Exvl0

qhvv Uhylhz/ 96�:81


