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Wkh Hfrqrplf Ydoxh ri Whfkqlfdo Wudglqj Uxohv=
D Qrqsdudphwulf Xwlolw|0edvhg Dssurdfk

Kdqv Ghzdfkwhu@cKWdqg Pdufr O|ulr@

@ FHV/ Fdwkrolf Xqlyhuvlw| ri Ohxyhq
K ULIP/ Hudvpxv Xqlyhuvlw| Urwwhugdp

Pdufk 46/ 5335

Devwudfw

Zh dgdsw Eudqgw*v +4<<<, qrqsdudphwulf dssurdfk wr ghwhuplqh wkh rswlpdo sruwirolr
fkrlfh ri d ulvn dyhuvh iruhljq h{fkdqjh lqyhvwru zkr xvhv prylqj dyhudjh wudglqj vljqdov
dv wkh lqirupdwlrq lqvwuxphqw iru lqyhvwphqw rssruwxqlwlhv1 Dgglwlrqdoo|/ zh dvvhvv wkh
hfrqrplf ydoxh ri wkh hvwlpdwhg rswlpdo wudglqj uxohv edvhg rq wkh lqyhvwru*v suhihuhqfhv1
Wkh dssurdfk frqvlvwv ri d frqglwlrqdo jhqhudol}hg phwkrg ri prphqwv +JPP, dssolhg wr
wkh frqglwlrqdo Hxohu rswlpdolw| frqglwlrqv1 Wkh phwkrg suhvhqwv wzr pdlq dgydqwdjhv=
+l, lw dyrlgv dg krf vshfl�fdwlrqv ri vwdwlvwlfdo prghov xvhg wr h{sodlq uhwxuq suhglfwdelolw|>
dqg +ll, lw lpsolflwo| lqfrusrudwhv doo uhwxuq prphqwv lq wkh lqyhvwru*v h{shfwhg xwlolw|
pd{lpl}dwlrq sureohp1 Zh dsso| wkh surfhgxuh wr gl�huhqw prylqj dyhudjh wudglqj uxohv
iru wkh Jhupdq pdun0X1V1 groodu h{fkdqjh udwh iru wkh shulrg 4<:6053341 Zh �qg wkdw
whfkqlfdo wudglqj uxohv duh sduwldoo| uhfryhuhg dqg wkdw wkh hvwlpdwhg rswlpdo wudglqj
uxohv uhsuhvhqw d vljql�fdqw hfrqrplf ydoxh iru wkh lqyhvwru1

Nh|zrugv= whfkqlfdo wudglqj uxohv/ h{fkdqjh udwhv/ qrqsdudphwulf phwkrgv1

M1H1O1= I64/ J481

WFruuhvsrqglqj dxwkru= Kdqv Ghzdfkwhu1 Fhqwhu iru Hfrqrplf Vwxglhv/ Qddpvhvwuddw 9</ E06333 Ohxyhq/
Ehojlxp1 Who= +.,65 +3,49 659;8</ Id{= +.,65 +3,49 659:<91 Hpdlo= kdqv1ghzdfkwhuChfrq1nxohxyhq1df1eh1
Zh duh judwhixo iru �qdqfldo vxssruw iurp wkh IZR0Yoddqghuhq +Surmhfw Qr1= J13665134,1 Wklv sdshu ehq0
h�whg iurp glvfxvvlrqv zlwk Nrqvwdqwlmq Pdhv1 Wkh odwhvw yhuvlrq ri wklv sdshu fdq eh grzqordghg iurp
kwws=22zzz1hfrq1nxohxyhq1df1eh2hz2dfdghplf2lqwhfrq2Ghzdfkwhu2ghidxow1kwp1
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4 Lqwurgxfwlrq

Hfrqrplf wkhru| kdv ehhq xqdeoh wr h{sodlq lq d vdwlvidfwru| zd| wkh dssduhqw vxffhvv ri
hyhq wkh prvw vlpsoh whfkqlfdo wudglqj uxohv1 Lq jhqhudo/ wkhuh vhhpv wr eh qr fohdu dfdghplf
frqvhqvxv uhjduglqj qhlwkhu wkh sur�wdelolw| qru wkh vrxufh ri suhglfwdelolw| ri wkhvh uxohv1
Rqh ri wkh uhdvrqv iru wklv uholhv rq wkh phwkrgrorj| xvhg lq wklv duhd ri uhvhdufk zklfk lv vwloo
iuhtxhqwo| txhvwlrqhg1 Wklv phwkrgrorj| fdq eh glylghg lq wzr vwhsv1 Wkh �uvw vwhs lqyroyhv
wkh ghwhuplqdwlrq ri d vwdwlvwlfdo ru hfrqrplf prgho uhodwlqj dvvhw uhwxuqv wr d iruhfdvwlqj
yduldeoh ru fkduwlvw vljqdo1 Wkh vhfrqg vwhs frqvlvwv ri d vwdwlvwlfdo dqdo|vlv ri wkh h{shfwhg
dvvhw uhwxuq frqglwlrqdo rq wklv vljqdo1

Zkloh wkhuh lv e| qrz vrph dffxpxodwlqj hylghqfh frqfhuqlqj wkh sur�wdelolw| ri wkhvh
uxohv lq wkh iruhljq h{fkdqjh pdunhw/ wkhuh lv vwloo kdugo| dq| frqvhqvxv uhjduglqj wkh w|sh ri
vwdwlvwlfdo ru hfrqrplf vwuxfwxuh xqghuo|lqj wkh revhuyhg suhglfwdelolw| ri vxfk uxohv1 Vrph
vwxglhv/ iru h{dpsoh/ dujxh wkdw wklv suhglfwdelolw| vwhpv iurp wkh olqhdu prylqj dyhudjh
wuhqgv lq wkh h{fkdqjh udwhv +h1j1 Wd|oru +4<;3, dqg OhEdurq +4<<5,,1 Rwkhuv fodlp wkdw
qrqolqhdulwlhv duh/ lq idfw/ wkh prvw lpsruwdqw vrxufh ri suhglfwdelolw| ri fkduwlvw uxohv +h1j1
Jhqêd| +4<<<,,14 Jlyhq wkh odfn ri frqfhqvxv rq wkh vwdwlvwlfdo vwuxfwxuh/ vwdwlvwlfdo plvvshf0
l�fdwlrq zloo reylxrxvo| eh d pdmru lvvxh lq dqdo|}lqj wkh uhvxowv rewdlqhg iurp dq| vshfl�f
sdudphwulf prgho iru wkh uhwxuq jhqhudwlqj surfhvv1

Rqh srvvleoh phwkrg wr flufxpyhqw sdudphwulf vshfl�fdwlrqv ri wkh uhwxuq jhqhudwlqj
surfhvv lv wr wxuq wr qrqsdudphwulf dowhuqdwlyhv1 Eudqgw +4<<<, sursrvhv d qrqsdudphwulf
dssurdfk wkdw lv urexvw wr vxfk prgho plvvshfl�fdwlrqv1 Wkh phwkrg dgrswv d h{shfwhg
xwlolw| iudphzrun dqg frqvlvwv ri vroylqj vdpsoh dqdorjxhv ri wkh frqglwlrqdo Hxohu htxdwlrqv
wkdw fkdudfwhul}h wkh sruwirolr fkrlfh ri d uhsuhvhqwdwlyh lqyhvwru1 Lq wklv sdshu/ zh dsso|
Eudqgw*v dssurdfk wr wkh iruhljq h{fkdqjh pdunhw xvlqj d vlpsoh whfkqlfdo wudglqj vljqdo dv
wkh iruhfdvwlqj yduldeoh iru lqyhvwphqw rssruwxqlwlhv1 Zh frqfhqwudwh rq wklv pdunhw gxh wr
wkh dssduhqw sur�wdelolw| ri fkduwlvw uxohv lq wklv pdunhw1 Hpslulfdo hylghqfh iru wklv fdq eh
irxqg lq OhEdurq +4<<5/ 4<<<,/ Jhqêd| +4<<<,/ Ghzdfkwhu +5334, dqg Wd|oru +4<;3,/ dprqj
rwkhuv15

Wkh xvh ri Eudqgw*v phwkrg wr dqdo|}h whfkqlfdo wudglqj uxohv surylghv d qxpehu ri dg0
ydqwdjhv ryhu wkh wudglwlrqdo dssurdfk phqwlrqhg deryh1 Iluvw/ lw dqvzhuv wkh pdlq fulwlflvp
djdlqvw wkh vwdqgdug olwhudwxuh vlqfh lw dyrlgv dg krf vshfl�fdwlrqv ri vwdwlvwlfdo ru hfrqrplf
prghov wr h{sodlq uhwxuq suhglfwdelolw|1 Wkh phwkrg ghwhuplqhv gluhfwo| wkh ghshqghqfh ri
wkh rswlpdo sruwirolr fkrlfh rq wkh iruhfdvwlqj yduldeoh1 Lq wklv zd|/ lw doorzv iru wkh prvw
 h{leoh vwdwlvwlfdo prgho iru wkh dvvhw uhwxuq surfhvv1 Vhfrqg/ wkh phwkrgrorj| doorzv wkh
dqdo|vlv ri wudglqj vwudwhjlhv xqghu d frqvlvwhqw hfrqrplf iudphzrun edvhg rq wkh lqyhvwru*v
h{shfwhg xwlolw|1 Lq rwkhu zrugv/ lw hqdeohv xv wr jlyh uhfrpphqgdwlrqv iru dq lqyhvwru zlwk

4Ghzdfkwhu +5334, vkrzv wkdw zlwklq wkh iudphzrun ri d Pdunry vzlwfklqj prgho erwk olqhdu dqg qrqolqhdu
frpsrqhqwv frqwulexwh wr wkh suhglfwdelolw| ri prylqj dyhudjh wudglqj uxohv1 Wkh olqhdu sduw/ krzhyhu/ h{sodlqv
prvw ri wkh suhglfwdelolw|1

5OhEdurq +5333,/ krzhyhu/ vxjjhvwv wkdw suhylrxv fodlpv uhjduglqj d kljk shuirupdqfh ri whfkqlfdo wudqglqj
uxohv gxulqj wkh 4<<3*v zhuh vrphzkdw h{djjhudwhg1
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d vshfl�f xwlolw| ixqfwlrq dqg ohyho ri ulvn dyhuvlrq1 Wklug/ wkh xvh ri wkh h{shfwhg xwlolw|
iudphzrun frpelqhg zlwk wkh qrqsdudphwulf hvwlpdwlrq whfkqltxh lpsolflwo| doorzv iru wkh
ghshqghqfh ri doo uhwxuq prphqwv rq wkh fkduwlvw vljqdo1 Zkloh vrph vwxglhv kdyh/ iru lq0
vwdqfh/ orrnhg dw wkh Vkdush udwlr ri wudglqj uxohv/ wkh| duh vwloo uhvwulfwlyh vlqfh wkh| gr qrw
doorz iru wkh srvvleoh ghshqghqfh ri kljkhu prphqwv +h1j1 vnhzqhvv ru nxuwrvlv, rq wkh vljqdo1
Irxuwk/ lw hqdeohv xv wr jlyh sudfwlfdo sruwirolr dgylfh edvhg rq wkh lqyhvwru*v rswlpdo wudg0
lqj uxoh1 Pruh vshfl�fdoo|/ wklv uxoh hvwdeolvkhv wkh sursruwlrq ri dq lqyhvwru*v wrwdo zhdowk
wkdw vkrxog eh lqyhvwhg lq d fhuwdlq ulvn| dvvhw dffruglqj wr fhuwdlq ulvn suhihuhqfhv1 Wklv
lv lq frqwudvw wr wkh vlpsoh fkduwlvw ex|0ru0vhoo uhfrpphqgdwlrq zklfk ohdyhv xqghwhuplqhg
wkh rswlpdo sruwirolr frpsrvlwlrq1 Fkduwlvw uxohv dovr pdnh qr glvwlqfwlrq dprqj gl�huhqw
w|shv ri lqyhvwruv dqg wkhlu ulvn suhihuhqfhv1 Ilqdoo|/ wklv phwkrg doorzv xv wr frpsxwh wkh
hfrqrplf ydoxh iru wkh lqyhvwru ri xvlqj wkh hvwlpdwhg rswlpdo wudglqj uxoh1 Rqo| zlwk wklv
�qdo vwhs wkh lqyhvwru lv deoh wr ghflgh zklfk fkduwlvw vljqdo vkrxog eh xvhg dv wkh iruhfdvwlqj
yduldeoh iru ixwxuh lqyhvwphqw rssruwxqlwlhv1 Lq vkruw/ lq dsso|lqj Eudqgw*v whfkqltxh rqh
fdq surylgh dqvzhuv wr wkh txhvwlrq ri zkr dqg krz rqh vkrxog wudgh xsrq d jlyhq fkduwlvw
vljqdo1 Dgglwlrqdoo|/ lw dovr doorzv wkh ghwhuplqdwlrq ri wkh hfrqrplf ydoxh ri wkh uhvxowlqj
rswlpdo wudglqj uxoh1 Wklv lv dfklhyhg zlwkrxw duelwudu| prgho vshfl�fdwlrqv dqg wdnlqj lqwr
frqvlghudwlrq doo srvvleoh ghshqghqflhv ri wkh uhwxuq prphqwv rq wkh fkduwlvw vljqdo1

Lq wkh hpslulfdo vhfwlrq ri wkh sdshu zh xvh Jhupdq pdun0X1V1 groodu h{fkdqjh udwhv iru
wkh shulrg 4<:6053341 Dprqj wkh ydvw qxpehu ri srvvleoh w|shv ri whfkqlfdo wudglqj uxohv/ zh
ghflgh wr irfxv rq wkh prylqj dyhudjh w|sh iru lwv vlpsolflw| dqg zlghvsuhdg xvh1 Zh lqyhvwl0
jdwh wkh fdvh ri lqyhvwruv zlwk frqvwdqw uhodwlyh ulvn dyhuvlrq +FUUD, suhihuhqfhv iru gl�huhqw
ohyhov ri ulvn dyhuvlrq1 Wkh dqdo|vlv vkrzv wkdw whfkqlfdo wudglqj uxohv duh sduwldoo| uhfry0
huhg dqg/ prvw lpsruwdqwo|/ wkdw wkh hvwlpdwhg rswlpdo wudglqj uxohv uhsuhvhqw d vljql�fdqw
hfrqrplf ydoxh iru lqyhvwruv zlwk uhdvrqdeoh ohyhov ri ulvn dyhuvlrq1

Wkh surfhgxuh suhvhqwhg lq wklv sdshu fdq eh h{whqghg wr d pxowlyduldwh vhwwlqj zlwk
uhvshfw wr erwk wkh qxpehu ri ulvn| dvvhwv frpsrvlqj wkh sruwirolr dqg wkh qxpehu ri gl�huhqw
vljqdov xvhg dv iruhfdvwlqj yduldeohv1 Rqh fdq vwloo jr rqh vwhs ixuwkhu1 Iroorzlqj Dòw0Vdkdold
dqg Eudqgw*v +5334, h{whqvlrq ri wklv phwkrgrorj|/ rqh frxog djjuhjdwh wkhvh gl�huhqw vljqdov
lqwr d vlqjoh lqgh{ pdnlqj xvh ri rswlpdo zhljkwlqj ixqfwlrqv1 Wklv zrxog doorz lqyhvwruv wr
ghwhuplqh wkh prvw lpsruwdqw yduldeohv wr eh wudfnhg dqg wkh ehvw zd| wr frpelqh wkhp1

Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv1 Lq Vhfwlrq 5/ zh gh�qh wkh fkduwlvw
vljqdo xvhg dv wkh iruhfdvwlqj yduldeoh/ ghulyh wkh frqglwlrqdo Hxohu htxdwlrq dssolhg wr wkh
sureohp/ dqg wudqvodwh wkh rswlpdo sruwirolr fkrlfhv lqwr fhuwdlqw| htxlydohqw xqlwv1 Vhfwlrq 6
suhvhqwv wkh qrqsdudphwulf phwkrg xvhg wr hvwlpdwh wkh rswlpdo sruwirolr frpsrvlwlrq xvlqj
vwdqgdug jhqhudol}hg phwkrg ri prphqwv +JPP,1 Wkh uhvxow lv d vlpsoh dqg hdv|0wr0xvh
hvwlpdwlrq whfkqltxh iru rswlpdo �fkduwv0edvhg� wudglqj uxohv1 Lw dovr dgguhvvhv vrph sudfwlfdo
lvvxhv uhodwhg wr wkh lpsohphqwdwlrq ri wkh phwkrg1 Wkh hpslulfdo uhvxowv duh suhvhqwhg lq
Vhfwlrq 71 Vhfwlrq 8 frqfoxghv wkh sdshu1
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5 Rswlpdo Sruwirolr Fkrlfh

Lq wklv vhfwlrq/ zh vwduw e| gh�qlqj wkh vljqdo xvhg e| wkh lqyhvwru dv wkh iruhfdvwlqj yduldeoh
iru lqyhvwphqw rssruwxqlwlhv1 Zh wkhq ghulyh wkh �uvw0rughu frqglwlrq ri wkh lqyhvwru*v h{0
shfwhg xwlolw| pd{lpl}dwlrq sureohp1 Zh hqg wkh vhfwlrq zlwk wkh ghulydwlrq ri wkh fhuwdlqw|
htxlydohqw uhodwhg wr wkh hvwlpdwhg rswlpdo wudglqj uxoh1

514 Prylqj dyhudjh fkduwlvw vljqdo

Whfkqlfdo/ ru fkduwlvw/ dqdo|vlv wulhv wr lghqwli| jhqhudo sdwwhuqv lq sdvw dvvhw sulfhv zlwkrxw
pdnlqj xvh ri dq| xqghuo|lqj hfrqrplf ru �ixqgdphqwdo� dqdo|vlv1 Wkh dqdo|vlv lv edvhg rq
dq duud| ri txdqwlwdwlyh lqglfdwruv/ ru vljqdov/ xvhg wr ghulyh d ydulhw| ri gl�huhqw whfkqlfdo
wudglqj uxohv1 Ghvslwh wkh glyhuvlw| ri wkhvh uxohv/ hpslulfdo hylghqfh kdv vkrzq wkdw hyhq
vlpsoh uxohv duh deoh wr suhglfw pryhphqwv lq iruhljq h{fkdqjh sulfhv/ fuhdwlqj vxffhvvixo
g|qdplf wudglqj vwudwhjlhv1 Wkh prylqj dyhudjh w|sh ri uxoh lv rqh ri wkh prvw xvhg dprqj
wkhvh uxohv dqg lv wkh rqh wkdw vhhpv wr eh urexvw dovr lq rxw ri vdpsoh dqdo|vlv +vhh/ iru
lqvwdqfh/ Qhho| hw do1 +4<<:,,1 Zh xvh wkh vljqdo ghulyhg iurp wkhvh uxohv dv wkh iruhfdvwlqj
yduldeoh revhuyhg e| wkh lqyhvwru1 Wklv vljqdo lv gh�qhg dv=

}| @
4

V

73�[
�'f

�h|3� � 4

O

u3�[
�'f

�h|3�> +4,

zkhuh h| ghqrwhv wkh qdwxudo orjdulwkp ri wkh dvvhw sulfh dw wlph w/ dqg V +O, ghqrwhv wkh
qxpehu ri revhuydwlrqv lqfoxghg lq wkh vkruw +orqj, zlqgrz ri wkh prylqj dyhudjh vljqdo1
�h| @ h| � h|3� h{suhvvhv wkh dvvhw uhwxuq dw wlph w1 Wklv wudglqj vljqdo lv vxssrvhg wr
fdswxuh wkh lqvwdqwdqhrxv prphqwxp lq pdunhw sulfhv e| frpsdulqj wkh dyhudjh jurzwk udwh
lq wkh sdvw ryhu d vkruw shulrg zlwk wkdw ryhu d orqjhu shulrg1 Rqh xvxdo whfkqlfdo wudglqj
uxoh edvhg rq wklv vljqdo lpsolhv d orqj srvlwlrq lq wkh dvvhw zkhqhyhu wkh vljqdo lv srvlwlyh
dqg d vkruw srvlwlrq zkhqhyhu lw lv qhjdwlyh1

Luuhvshfwlyh ri wkh vwdwlvwlfdo txdolw| ri wkh vljqdo }|> wkh fkduwlvw wudglqj uxoh lv fhuwdlqo|
qrw ghvljqhg rswlpdoo|16 Rswlpdo wudglqj uxohv xvh frqglwlrqdo lqirupdwlrq lq rughu wr pd{l0
pl}h d fhuwdlq remhfwlyh ixqfwlrq/ zklfk lv h{dfwo| zkdw lv w|slfdoo| plvvlqj lq fkduwlvw wudglqj
uxohv1 Lq wkh iroorzlqj/ zh vkrz krz wklv wudglqj vljqdo fdq eh xvhg wr ghulyh dq rswlpdo
wudglqj uxoh edvhg rq wkh lqyhvwru*v vshfl�f xwlolw| ixqfwlrq1

515 H{shfwhg xwlolw| iudphzrun

Zh frqvlghu d uhsuhvhqwdwlyh lqyhvwru zlwk FUUD suhihuhqfhv zkr doorfdwhv d iudfwlrq � ri
zhdowk Z lq wkh ulvn| dvvhw/ lqyhvwlqj wkh uhpdlqlqj lq d ulvnohvv vhfxulw| zlwk uhwxuq us 1
Wkh ulvn| dvvhw |lhogv d uhwxuq ri h�h|n� deryh wkh ulvn0iuhh udwh1 Lqyhvwphqw rssruwxqlwlhv
duh wlph0ydu|lqj dqg fruuhodwhg zlwk wkh revhuydeoh iruhfdvwlqj yduldeoh }|1 Wkh lqyhvwru

6Iru lqvwdqfh/ lw zloo qrw eh dq rswlpdo wudglqj uxoh zkhqhyhu djhqwv duh ulvn dyhuvh ru idfh frqvwudlqwv rq
wkh lqyhvwphqw vl}h1
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pd{lpl}hv wkh rqh0shulrg dkhdg h{shfwhg xwlolw| dqg rewdlq wkh iroorzlqj rswlpdo wudglqj
uxoh frqglwlrqdo rq wkh vljqdo revhuyhg dw wlph w=

�JR| +}|, @ dujpd{
k|

+H ^X +Z|n�, m }|`, > +5,

zlwk wkh xwlolw| ixqfwlrq gh�qhg dv=

X +Z|, @

;AAA?AAA=
Z �3�

|

4� �
iru � A 3 dqg � 9@ 4

oq+Z|, iru � @ 4

> +6,

zkhuh
Z|n� @Z|

�
4 . us . �| h�h|n�

�
+7,

dqg zkhuh � uhsuhvhqwv wkh lqyhvwru*v ulvn dyhuvlrq1 Wkh rswlpdo wudglqj vwudwhj| fdq wkhq
eh lghqwl�hg dv wkh sruwirolr zhljkw �JR| wkdw vroyhv wkh iroorzlqj frqglwlrqdo Hxohu htxdwlrq=

H

�
CX +Z|n�,

C�
m }|

�
@ 3> +8,

zkhuh wkh ghulydwlyh lv hydoxdwhg dw �JR|+}|,= Wklv htxdwlrq pdsv wkh vwdwh ri qdwxuh dw hdfk
srlqw lq wlph/ ghvfulehg e| wkh vljqdo }|/ lqwr wkh rswlpdo sruwirolr fkrlfh ri wkh lqyhvwru1

Iurp wkh rswlpdolw| frqglwlrq lq +8,/ lw lv hdv| wr vkrz wkdw wkh ghvljq ri wudglqj vwudwhjlhv
vkrxog lqyroyh qrw rqo| wkh suhglfwdelolw| ri d fkduwlvw vljqdo zlwk uhvshfw wr wkh h{shfwhg
dvvhw uhwxuq exw dovr zlwk uhvshfw wr wkh kljkhu prphqwv1 Iru wklv/ zh h{sdqg wkh �uvw0rughu
frqglwlrq lq +8, durxqg wkh h{shfwhg uhwxuq=

H

�
CX +Z|n�,

C�
m }|

�
@

"[
&'f

4

n$
X E&�
k H

�� h�h|n� �H
� h�h|n� m }|

��& m }|
�
@ 3 +9,

zkhuh X E&�
k ghqrwhv wkh n0wk ghulydwlyh ri CX +Z|n�, @C� zlwk uhvshfw wr �h|n�> hydoxdwhg lq

wkh }|0frqglwlrqdo h{shfwhg zhdowk1 Htxdwlrq +9, whoov xv wkdw/ xqohvv wkh djhqw lv ulvn qhxwudo/
wkh rswlpdo wudglqj uxoh lqyroyhv dovr wkh suhglfwdelolw| ri wkh vljqdo zlwk uhvshfw wr kljkhu
uhwxuq prphqwv +h1j1 frqglwlrqdo yduldqfh/ vnhzqhvv ru nxuwrvlv,1 Wklv idfw lv jhqhudoo| qrw
frqvlghuhg lq wkh vwdqgdug olwhudwxuh1 Pruh lpsruwdqwo|/ wkh srvvlelolw| wkdw doo prphqwv
hqwhu lqwr wkh frqvwuxfwlrq ri rswlpdo sruwirolrv fdxvhv dq lghqwl�fdwlrq sureohp lq whupv ri
wkh uhwxuqv prphqwv wr eh pdwfkhg1 Dv d frqvhtxhqfh/ dq| vwdwlvwlfdo prgho iru wkh uhwxuq
g|qdplfv lv irufhg wr lqfrusrudwh vrph d sulrul uhvwulfwlrqv rq wkh vljqdo0prphqw uhodwlrq1 Iru
h{dpsoh/ d jhqhudol}hg dxwruhjuhvvlyh frqglwlrqdo khwhurvnhgdvwlflw| +JDUFK, w|sh ri prgho
zrxog doorz iru suhglfwdelolw| ri wkh vljqdo zlwk uhvshfw wr wkh �uvw wzr uhwxuq prphqwv exw
zrxog uhvwulfw wkh kljkhu frqglwlrqdo prphqwv wr eh frqvwdqw1 Iru wklv uhdvrq/ dv vxjjhvwhg
e| Eudqgw +4<<<,/ lq wkh frqvwuxfwlrq ri rswlpdo sruwirolrv/ lw vhhpv pruh dssursuldwh wr
holplqdwh wkh lqwhuphgldwh vwhs ri srvlwlqj d vwdwlvwlfdo prgho iru vrph ri wkh frqglwlrqdo
prphqwv dqg/ lqvwhdg/ xvh htxdwlrq +8, gluhfwo| wr ghulyh wkh rswlpdo sruwirolr frpsrvlwlrq1

8



516 Fhuwdlqw| htxlydohqw

Wkh vroxwlrq ri htxdwlrq +8, fkdudfwhul}hv wkh rswlpdo sruwirolr fkrlfh dv d ixqfwlrq ri wkh
fkduwlvw vljqdo1 Zh zrxog dovr olnh/ krzhyhu/ wr ghwhuplqh wkh hfrqrplf ydoxh iru wkh lqyhvwru
ri iroorzlqj wklv wudglqj vwudwhj|1 Iru wklv/ zh wudqvodwh wkh ghflvlrq uxoh h{suhvvhg e| �JR| lqwr
d }|0frqglwlrqdo fhuwdlqw| htxlydohqw1 Lq rwkhu zrugv/ zh frpsxwh wkh }|0frqglwlrqdo fhuwdlq
uhwxuq uSe wkdw jlyhv wkh lqyhvwru wkh vdph ohyho ri xwlolw| dv wkh h{shfwhg xwlolw| ghulyhg iurp
d ulvn| lqyhvwphqw pdgh dffruglqj wr wkh rswlpdo wudglqj uxoh/ ru=

X +ZSe, @ H ^X +Z|n� m }| @ �},` = +:,

zkhuh ZSe @ Z| +4 . uSe,1 Wdnlqj d vhfrqg0rughu h{sdqvlrq durxqg wkh lqlwldo zhdowk/ Z|/
zh kdyh wkdw=

uSe +}| @ �}, @ us .H
�
�JR| h�h|n� m }| @ �}

�
.

4

5

X ��Z|

X �
H

��
�JR| h�h|n�

�2 m }| @ �}

�
+;,

zkhuh wkh ghulydwlyhv duh hydoxdwhg dw Z|1 Vxevwlwxwlqj wkh ghulydwlyhv ri wkh xwlolw| ixqfwlrq
jlyhv=

uSe +}| @ �}, @ us .H
�
�JR| h�h|n� m }| @ �}

�
� 4

5
�H

��
�JR| h�h|n�

�2 m }| @ �}

�
> +<,

Qrwh wkdw/ e| frqvwuxfwlrq/ wklv fhuwdlqw| htxlydohqw lv grzqzdug eldvhg dqg/ wkhuhiruh/ sur0
ylghv d orzhu erxqg iru wkh hvwlpdwhg prqhwdu| ydoxh ri wkh wudglqj uxoh lq frqvlghudwlrq1 Lq
wkh iroorzlqj/ zh vkrz krz wr xvh d qrqsdudphwulf dssurdfk wr frpsxwh wklv h{suhvvlrq1

6 Qrqsdudphwulf Dssurdfk= Eudqgw +4<<<,

Lq rughu wr hvwlpdwh rswlpdo wudglqj uxohv/ Eudqgw +4<<<, sursrvhv wkh xvh ri vwdqgdug JPP
whfkqltxhv dssolhg wr frqglwlrqdo h{shfwdwlrqv rewdlqhg zlwk d qrqsdudphwulf dssurdfk1 Wkh
phwkrg dyrlgv wkh lqfrqyhqlhqw lqwhuphgldwh vwhs ri kdylqj wr vshfli| d vwdwlvwlfdo prgho iru
wkh dvvhw uhwxuq1 Lq wkh iroorzlqj/ zh suhvhqw wklv dssurdfk dssolhg wr wkh hvwlpdwlrq ri wkh
rswlpdolw| frqglwlrq lq +8,1 Dgdswlqj wkh phwkrg wr wkh deryh vhw xs/ wkh rswlpdo wudglqj
uxoh �JR| +}| @ �}, fdq eh hvwlpdwhg xvlqj wkh phwkrg ri prphqwv=

�JR| +}| @ �}, @ dujplq
k|

�
jTj�

�
+43,

zlwk T dq dssursuldwh zhljkwlqj pdwul{ dqg

j @ He6R

�
CX +Z|n�,

C�
m }| @ �}

�
+44,

zkhuh He6R uhsuhvhqwv wkh qrqsdudphwulf frqglwlrqdo h{shfwdwlrq rshudwru gh�qhg rq d vdp0
soh ri W revhuydwlrqv1 Wkh lghd lv wr frpsxwh vdpsoh dqdorjxhv wr wkh frqglwlrqdo h{shfwdwlrq
ri CX +Z|n�, @C�1 Iru wklv/ zh gh�qh wkh deryh rshudwru dv=
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He6R ^[|n� m }| @ �}` �

A[
�'�

N +x�,[�n�

A[
�'�

N +x�,

+45,

zkhuh N +x, ghqrwhv d nhuqho ixqfwlrq lq x� > x� @ +}���},@k> dqg zkhuh k lv wkh zlqgrz zlgwk
ru edqgzlgwk ri wkh nhuqho1 Wklv rshudwru jlyhv d zhljkwhg dyhudjh ri wkh revhuyhg yduldeoh
[|/ zkhuh wkh zhljkw ghshqgv rq krz idu hdfk revhuydwlrq lv iurp wkh uhihuhqfh vljqdo �}=

Uhvxowv lq wkh olwhudwxuh +vhh/ iru lqvwdqfh/ Eudqgw +4<<<,, vkrz wkdw dq| uhdvrqdeoh nhuqho
|lhogv dv|pswrwlfdoo| frqvlvwhqw hvwlpdwhv1 Vlqfh rxu sureohp frqwdlqv dq xqlyduldwh vljqdo/
zh duh deoh wr dgrsw d vlpsoh qrupdo nhuqho ixqfwlrq/ zklfk dwwulexwhv d juhdwhu zhljkw wr
gdwd srlqwv forvhu wr wkh hvwlpdwlrq srlqw=

N +x�, @
4s
5�

h+3
�

2
�2
�,= +46,

Wkh fkrlfh ri wkh edqgzlgwk lv d pruh fuxfldo hohphqw wr wkh hvwlpdwlrq1 Wklv sdudphwhu
vfdohv wkh gl�huhqfh ehwzhhq wkh revhuyhg }| dqg wkh uhihuhqfh vljqdo �}= D odujh k ghfuhdvhv
wkh yduldqfh ri wkh hvwlpdwru vlqfh lw lqfuhdvhv wkh qxpehu ri gdwd srlqwv zlwk d kljkhu zhljkw1
Dv d frqvhtxhqfh/ lw lqfuhdvhv wkh srwhqwldo eldv ri wkh hvwlpdwh vlqfh lw dyhudjhv dfurvv srlqwv
wkdw duh ohvv vlplodu wr wkh uhihuhqfh srlqw1 D vpdoohu k kdv wkh rssrvlwh h�hfw/ lw lqfuhdvhv wkh
yduldqfh dqg ghfuhdvhv wkh srwhqwldo eldv1 Dffruglqj wr vwdqgdug uhvxowv lq wkh olwhudwxuh/ wkh
edqgzlgwk wkdw jxdudqwhhv dv|pswrwlf frqvlvwhqf|7 dqg plqlpl}hv wkh phdq vtxduhg huuruv
+PVH, ri wkh hvwlpdwhv/ edodqflqj wkh yduldqfh djdlqvw wkh srwhqwldo eldv/ lv jlyhq e|=

k @ ��+},W3E�*E&ne�� +47,

zkhuh �+}, lv wkh vwdqgdug ghyldwlrq ri wkh yduldeoh } dqg n uhsuhvhqwv wkh glphqvlrqdolw|
ri wkh vljqdo/ htxdo wr rqh lq rxu fdvh1 Wkh sursruwlrqdolw| frqvwdqw � lv fkrvhq edvhg rq
wkh ohdyh0rqh0rxw furvv ydolgdwlrq whfkqltxh/ zklfk lv d gdwd0gulyhq dssurdfk/ plqlpl}lqj wkh
PVH lq rxw0ri0vdpsoh suhglfwlrq +vhh Vloyhupdq +4<;9,,1

Xvlqj wkh nhuqho ixqfwlrq lq +46,/ wkh FUUD xwlolw| ixqfwlrq dqg wkh rswlpdo edqgzlgwk
vhohfwlrq surfhgxuh/ Eudqgw +4<<<, vkrzv wkh iroorzlqj dv|pswrwlf uhvxow iru wkh hvwlpdwru ri
wkh rswlpdo wudglqj uxoh a�=

s
Wk +a�� �, �$ Q

�
3> �2k

�
> +48,

zlwk

�2k @
G+},3�Y +},G+},3�

i+},

]
-
N +x,2 gx> +49,

zkhuh i +}, ghqrwhv wkh qrqsdudphwulf xqfrqglwlrqdo ghqvlw| ri }>

7Dv|pswrwlf frqvlvwhqf| uhtxluhv wkdw � < f idvw hqrxjk dv A < "1

:



G +}, @
CHe6R

k
YLE`|n��

Yk m }|
l

C�
+4:,

dqg

Y +}, @ He6R

%�
CX +Z|n�,

C�

�2

m }|
&
= +4;,

Wkh phwkrg ri Eudqgw +4<<<, wkxv doorzv iru d gluhfw hvwlpdwlrq ri wkh rswlpdo sruw0
irolr frpsrvlwlrq/ l1h1 wkh zhljkw �JR| +}| @ �}, frqglwlrqdo rq wkh revhuydwlrq ri d fhuwdlq
pdunhw vljqdo }|= Wklv rswlpdo sruwirolr frpsrvlwlrq lpsolflwo| gh�qhv wkh rswlpdo +vljqdo0
frqglwlrqhg, wudglqj uxoh1 Wkdw lv/ wkh wudglqj uxoh lpsolflw lq wklv surfhgxuh lv jlyhq e| wkh
pdsslqj iurp wkh udqjh ri srvvleoh ydoxhv ri wkh vljqdo wr wkh rswlpdo wudglqj dfwlrq �= Xvlqj
wklv surfhgxuh rq wkh fkduwlvw +prylqj dyhudjh, lqirupdwlrq yduldeoh }| wkxv uhvxowv lq wkh
rswlpdo �fkduw0edvhg� wudglqj uxoh1 Wklv rswlpdo uxoh fdq wkhq eh xvhg wr +l, dqdo|}h wkh
lqirupdwlrq ydoxh ri wkh prylqj dyhudjh vljqdo e| whvwlqj zkhwkhu d udwlrqdo lqyhvwru zrxog
xvh wklv vljqdo lq klv rswlpdo sruwirolr ghflvlrqv/ dqg +ll, wr dqdo|}h wkh rswlpdolw| ri wkh
vwdqgdug wudglqj sudfwlfhv edvhg rq wkh prylqj dyhudjh vljqdo/ l1h1 jr orqj zkhq } A 3 dqg
vkruw zkhqhyhu } ? 3 zlwk wudglqj srvlwlrqv wkdw duh lqyduldqw wr wkh vl}h ri wkh vljqdo1 Wkh
�uvw lvvxh fdq eh hdvlo| whvwhg e| orrnlqj iru ��v vwdwlvwlfdoo| gl�huhqw iurp }hur/ zkloh iru
wkh vhfrqg rqh vkrxog orrn iru frqvwdqw rswlpdo wudglqj srvlwlrqv dfurvv wkh qhjdwlyh dqg
srvlwlyh vxssruw ri }= Wkhvh hpslulfdo lvvxhv duh dqdo|}hg lq wkh qh{w vhfwlrq1

7 Hpslulfdo uhvxowv

Zh xvh gdlo| Jhupdq pdun0X1V1 groodu +GP0XV', vsrw h{fkdqjh udwhv rewdlqhg iurp Gdwdv0
wuhdp iru wkh vdpsoh shulrg Mdqxdu| 5/ 4<:6 wr Qryhpehu 9/ 5334/ d wrwdo ri :859 revhuydwlrqv1
Lq wkh dqdo|vlv/ zh glvuhjdug wkh lqwhuhvw udwh gl�huhqwldo ehwzhhq wkh frxqwulhv18 Ehvlghv wkh
idfw wkdw wkhvh gdwd duh qrw uhdglo| dydlodeoh/ OhEdurq +4<<<, vkrzv wkdw wkh h{foxvlrq ri wkh
lqwhuhvw udwh gl�huhqwldo lv xqlpsruwdqw iru wudglqj uxoh uhvxowv1 Zh dovr dgrsw dq duelwudu|
ydoxh iru wkh ulvn iuhh lqwhuhvw udwh htxdo wr }hur1

Zh frqvlghu wkh fdvh ri d FUUD Jhupdq lqyhvwru zkr xvhv d gdlo| xqlglphqvlrqdo vljqdo
}| dv wkh iruhfdvwlqj yduldeoh iru srvvleoh lqyhvwphqwv lq grooduv/ wkh rqo| dydlodeoh ulvn| dvvhw/
ri d iudfwlrq � ri klv wrwdo zhdowk1 Wkh dqdo|vlv lv pdgh iru wkuhh w|shv ri vljqdov ghshqglqj
rq wkh qxpehu ri gd|v lqfrusrudwhg lq wkh vkruw +V, dqg wkh orqj +O, zlqgrz ri wkh prylqj
dyhudjh uxoh lq +4,1 Wkh iroorzlqj vljqdov duh xvhg1 Vljqdo 4= V_ @ 43 dqg O_ @ 83> Vljqdo
5= V_ @ 53 dqg O_ @ 433> dqg Vljqdo 6= V_ @ 73 dqg O_ @ 533/ zkhuh wkh vxevfulsw g

lqglfdwhv wkh lqyhvwru*v lqyhvwphqw krul}rq +gd|v,1 Wkh rswlpdo wudglqj uxohv duh ghulyhg iru
wkuhh ohyhov ri uhodwlyh ulvn dyhuvlrq +� @ 8> 43> dqg 53,1 Wkh frqvwdqw � lq +47, lv fkrvhq/

8Wkh h{suhvvlrq h{e|n� ' {e|n� n oWs 3 os / zkhuh oWs uhsuhvhqwv wkh ulvn0iuhh uhwxuq lq wkh iruhljq frxqwu|/

fdq wkhq eh vlpsol�hg wr h{e|n� ;' {e|n�1

;



iru hdfk w|sh ri uxoh/ wkurxjk d PVH plqlpl}lqj julg vhdufk xvlqj wkh ohdyh0rqh0rxw furvv
ydolgdwlrq whfkqltxh19

Lq wkh iroorzlqj/ zh �uvw suhvhqw vrph vxppdu| vwdwlvwlfv uhodwlqj wkh vljqdo } wr wkh
prphqwv ri wkh h{fkdqjh udwh uhwxuqv1 Zh wkhq xvh wkh qrqsdudphwulf dssurdfk wr frpsxwh
wkh h{shfwhg uhwxuqv dqg vtxduhg uhwxuqv dv d ixqfwlrq ri wkh vljqdo1 Xs wr wklv srlqw/ wkh
dqdo|vlv lv vlpso| d vwdwlvwlfdo rqh dqg lqwhqgv wr lqyhvwljdwh wkh lqirupdwlyh frqwhqw ri wkh
vljqdo zlwk uhvshfw wr wkh uhwxuq prphqwv1 Vxevhtxhqwo|/ zh xvh wkh lqirupdwlrq frqwdlqhg
lq wkh vljqdo wr ghwhuplqh wkh rswlpdo sruwirolr fkrlfh ri dq lqyhvwru zlwk d vshfl�f xwlolw|
ixqfwlrq dqg ohyho ri ulvn dyhuvlrq1 Zh dovr whvw iru wkh rswlpdolw| ri d fkduwlvw w|sh ri wudglqj
uxoh edvhg rq wkh hvwlpdwhg rswlpdo wudglqj uxoh1 Zh hqg wkh hpslulfdo dqdo|vlv iru gdlo|
uhwxuqv zlwk wkh frpsxwdwlrq ri wkh fhuwdlqw| htxlydohqw iru hdfk w|sh ri vljqdo dqg ohyho ri
ulvn dyhuvlrq1

Lq wkh odvw vxe0vhfwlrq/ zh uhsruw wkh uhvxowv iru lqyhvwphqw krul}rqv ri rqh zhhn dqg rqh
prqwk1 Wkh zhhno| dqg prqwko| uhwxuqv duh frpsxwhg dv wkh vxp ri wkh suhylrxv 8 dqg 53
gdlo| uhwxuqv/ uhvshfwlyho|1 Zh dovr dgrsw wkh vdph vhw ri vljqdov ghvfulehg deryh1 Iru wkh
zhhno| uhwxuqv/ iru h{dpsoh/ Vljqdo 4 lqfrusrudwhv wkh suhylrxv 5 zhhnv lq lwv vkruw prylqj
dyhudjh zlqgrz dqg 43 zhhnv lq lwv orqj zlqgrz +V� @ 5 dqg O� @ 43,1

714 Vxppdu| vwdwlvwlfv iru prylqj dyhudjh wudglqj vljqdov

Sdqho D ri Wdeoh 4 vkrzv wkh lqirupdwlyh frqwhqw ri wkh gdlo| vljqdo zlwk uhvshfw wr wkh vljq ri
wkh h{fkdqjh udwh uhwxuq lq wkh iroorzlqj shulrg1 Lq rwkhu zrugv/ lw vkrzv krz riwhq dq lqyhvwru
zrxog ehqh�w iurp xvlqj d vlpsoh fkduwlvw uxoh +ex| li }| A 3 dqg vhoo li }| ? 3, wr gluhfw
klv lqyhvwphqw lq grooduv1 Zh vhh wkdw/ lq rxu vdpsoh/ wkh vljqdov xvhg kdyh qr lqirupdwlyh
frqwhqw zlwk uhvshfw wr wkh gluhfwlrq ri gdlo| h{fkdqjh udwh fkdqjhv1 Wklv lv lq frqwudvw wr
wkh uhvxowv suhvhqwhg lq wkh olwhudwxuh zklfk vkrz iru zhhno| gdwd vxffhvv udwhv pdujlqdoo|
deryh 83 shufhqw +h1j1 Ghzdfkwhu +5334,,1 Krzhyhu/ dv lv vkrzq lq wkh dsshqgl{/ wklv odfn ri
suhglfwlyh delolw| iru fkdqjhv lq h{fkdqjh udwhv shuwdlqv rqo| wr wkh gdlo| lqyhvwphqw krul}rq1
Iru zhhno| dqg prqwko| lqyhvwphqw krul}rqv/ zh gr �qg wkh suhglfwlyh delolw| ri wkh prylqj
dyhudjh vljqdo iru wkh gluhfwlrq ri h{fkdqjh udwh pryhphqwv wr eh vljql�fdqw1

Ghvslwh wkh idloxuh lq rxwshuiruplqj wkh udqgrp zdon lq suhglfwlqj wkh gluhfwlrq ri h{0
fkdqjh udwh fkdqjhv/ zh vkrz lq Sdqho E ri Wdeoh 4 wkdw lqyhvwlqj dffruglqj wr wkh fkduwlvw
uxoh vwloo uhvxowv lq d vljql�fdqw phdq h{fhvv uhwxuq1 Luuhvshfwlyh ri wkh uxoh fkrvhq/ lqyhvw0
lqj dffruglqj wr wkh prylqj dyhudjh wudglqj uxoh lpsolhv vljql�fdqw uhwxuqv ri derxw 6 wr 8
shufhqw s1d1 xsrq d srvlwlyh +orqj srvlwlrq, vljqdo dqg ri derxw 7 wr : shufhqw s1d1 xsrq d
qhjdwlyh +vkruw srvlwlrq, vljqdo1

Wklv dssduhqw frq lfw ehwzhhq vljq suhglfwlrq dqg phdq wudglqj sur�w uhwxuqv vxjjhvwv d
ghshqghqfh ri wkh frqglwlrqdo uhwxuq prphqwv rq wkh vljqdo1 Lq rughu wr pdnh wklv olqn pruh
h{solflw/ zh hvwlpdwh wkh iroorzlqj uhjuhvvlrqv/ zklfk uhfryhu d wklug0rughu h{sdqvlrq ri wkh

9Wkh ydoxhv xvhg iru b iru d gdlo| lqyhvwphqw krul}rq duh wkh iroorzlqj1 Vljqdo �= D�H�Se> Vljqdo 5= 61493<>
dqg Vljqdo 6= 71876<�

<



Wdeoh 4= Lqirupdwlyh frqwhqw ri fkduwlvw vljqdo1 Gdlo| lqyhvwphqw krul}rq1
W|sh ri vljqdo

Vljqdo 4 Vljqdo 5 Vljqdo 6
V_ @ 43/ O_ @ 83 V_ @ 53/ O_ @ 433 V_ @ 73/ O_ @ 533

Vxppdu| vwdwlvwlfv
Sdqho D= Iudfwlrq ri fruuhfwo| suhglfwhg vljqv lq h{fkdqjh udwh fkdqjhv
}| ? 3 317;: 317;; 317<4
}| A 3 317<: 317<; 31833
}| 317;: 317<: 317<5

Sdqho E= Wudglqj sur�wv s1d1 whupv
H+�h|n�> }| ? 3, 3139; +3135;, 31397 +3135;, 31374 +3135<,
H+�h|n�> }| A 3, 31384 +3135;, 31379 +3135;, 31363 +3135:,
H+�h|n�> }|, 3138< +3134<, 31388 +3134<, 31368 +3134<,

Uhjuhvvlrq uhvxowv
Sdqho F= Uhwxuqv

�h|n� @ f. ��}| . �2}
2
| . ��}

�
| . %|n�

f +{ 433, 031338 +3133<, 31335 +3133<, 03133: +3133<,
�� 314<; +31388, 315;6 +313;6, 3165: +31446,
�2 81686 +44198<, 0631439 +561948, 7:1537 +7:1<74,
�� 031:3< +31583, 051649 +31;9:, 0914;3 +51743,

I0whvw +s0ydoxh, 31337 31337 31358
Sdqho G= Vtxduhg uhwxuqv

+�h|n�,
2 @ g. ��}| . �2}

2
| . ��}

�
| .  |n�

g +{ 4333, 3136: +31334, 31369 +31334, 31368 +31334,
��+{ 43, 31335 +3133;, 31337 +31345, 031347 +31349,

�2 41:58 +3149;, 61:9; +31673, :1374 +319;<,
�� 031334 +31337, 031343 +31345, 031348 +31368,

I0whvw +s0ydoxh, 31333 31333 31333

Qrwh= Vwdqgdug huuruv duh lq eudfnhwv1

frqglwlrqdo uhwxuq0vljqdo dqg vtxduhg uhwxuq0vljqdo uhodwlrq=

�h|n� @ f. ��}| . �2}
2
| . ��}

�
| . %|n� +4<,

dqg

+�h|n�,
2 @ g. ��}| . �2}

2
| . ��}

�
| .  |n�= +53,

Wkh uhvxowv ri wkhvh uhjuhvvlrqv duh suhvhqwhg lq Sdqhov F dqg G ri Wdeoh 4 dqg lq wkh
erwwrp sdqhov ri Iljxuhv 4 wr 6 +gdvkhg olqhv,1 Iru erwk uhjuhvvlrqv/ wkh uhvxowv srlqw wr d
vwdwlvwlfdoo| vljql�fdqw qrqolqhdu uhodwlrq ehwzhhq wkh vljqdo dqg wkh uhwxuqv1 Iru wkh uhwxuq
uhjuhvvlrq lq +4<,/ rqh fdq vhh lq Sdqho F ri Wdeoh 4 wkdw iru wkh wkuhh w|shv ri vljqdo xvhg
erwk wkh olqhdu dqg wkh fxelf whupv lq wkh vljqdo duh vwdwlvwlfdoo| vljql�fdqw1 Wklv lv uh hfwhg
lq d s0ydoxh iru wkh I0whvw ri derxw 3=3361 Wkh uhvxowlqj uhjuhvvlrq olqhv fdq eh vhhq lq wkh
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erwwrp0ohiw sdqhov ri Iljxuhv 4 wr 6 +gdvkhg olqh,1 Wkh uhjuhvvlrq uhvxowv iru wkh vtxduhg
uhwxuqv +ht1 53, duh suhvhqwhg lq Sdqho G ri Wdeoh 41 Lq wklv fdvh/ zh vhh/ dv h{shfwhg/ wkh
lpsruwdqfh ri wkh vtxduhg vljqdo lq h{sodlqlqj wkh vtxduhg uhwxuqv1 Wklv jlyhv ulvh wr dq
dssur{lpdwh v|pphwulf uhodwlrq ehwzhhq wkh vljqdo dqg wkh vtxduhg uhwxuqv1 Zh �qg wkhq d
vljql�fdqw vwdwlvwlfdo uhodwlrq ehwzhhq wkh fkduwlvw prylqj dyhudjh vljqdo dqg wkh yrodwlolw| ri
vxevhtxhqw h{fkdqjh udwh uhwxuqv1 Dv idu dv zh nqrz/ wklv dvshfw ri wkh fkduwlvw vljqdo kdv
qrw ehhq dqdo|}hg lq wkh olwhudwxuh1

Zh frqfoxgh iurp wklv wkdw wkh prylqj dyhudjh vljqdov xvhg lq wkh dqdo|vlv frqwdlq d vlj0
ql�fdqw lqirupdwlrqdo frqwhqw zlwk uhvshfw wr erwk wkh uhwxuqv dqg/ vxusulvlqjo|/ wkh yduldqfh
ri uhwxuqv lq wkh vxevhtxhqw shulrg1

715 Qrqsdudphwulf uhwxuq prphqwv

Wkh xvh ri qrqsdudphwulf whfkqltxhv doorzv xv wr rewdlq d pruh  h{leoh uhsuhvhqwdwlrq ri
wkh vljqdo0uhwxuq uhodwlrqvkls1 Iljxuhv 4 wr 6 sorw wkh h{shfwhg uhwxuq dqg vtxduhg uhwxuq lq
ixqfwlrq ri wkh fkduwlvw vljqdo1 Wkh xsshu sdqhov lq wkhvh �jxuhv vkrz wklv uhodwlrq wrjhwkhu
zlwk wkh frq�ghqfh erxqgv jhqhudwhg xvlqj wkh N qvfk +4<;<, errwvwuds phwkrg1 Wkh orzhu
sdqhov uhodwh wkh qrqsdudphwulf pdsslqj wr wkh uhvshfwlyh uhjuhvvlrq olqhv iurp +4<, dqg +53,1
Zh dqdo|}h wkh uhvxowv iru wkh uhwxuq dqg vtxduhg uhwxuq lq wxuq1

Vwduwlqj zlwk wkh pdsslqj iru wkh uhwxuq/ zh �qg hylghqfh ri zhdn suhglfwdelolw| ri
wkh vljqdo dfurvv uxohv/ hvshfldoo| iru prghudwh devroxwh ydoxhv ri wkh vljqdo1 Ixuwkhupruh/
wkh pdsslqjv lpsolflw lq wkh qrqsdudphwulf phwkrg +vrolg olqh/ erwwrp0ohiw sdqho, gl�hu
frqvlghudeo| iurp wkh uhjuhvvlrq olqh +gdvkhg olqh,/ vxjjhvwlqj d vwurqjo| qrqolqhdu uhodwlrq
ehwzhhq wkh vljqdo dqg wkh h{shfwhg uhwxuq1: Wklv uhodwlrq dovr srlqwv wr vrph fulwlfdo ydoxhv
iru wkh vljqdo } eh|rqg zklfk d phdq uhyhuvlrq wr wkh orqj0whup wuhqg lv suhglfwhg/ dv rssrvhg
wr d ixuwkhu h{wudsrodwlrq ri wkh vkruw0whup wuhqg1 Wklv lv wkh fdvh/ iru lqvwdqfh/ ri wkh Vljqdo 4
+V_ @ 43> O_ @ 83, lq Iljxuh 4 iru ydoxhv ri wkh fkduwlvw vljqdo } odujhu wkdq 31;( lq devroxwh
whupv1 Wklv fkdudfwhulvwlf lv ohvv hylghqw iru wkh Vljqdo 6 +V_ @ 73> O_ @ 533, suhvhqwhg
lq Iljxuh 61 Lq doo fdvhv/ krzhyhu/ wkh w|slfdo wuhqg h{wudsrodwlrq ehkdylru lv revhuyhg iru
lqwhuphgldwh ydoxhv ri } +h1j1 ehwzhhq 3 dqg 3=9( lq devroxwh whupv iru wkh Vljqdo 4/ Iljxuh
4,1 Ilqdoo|/ dovr revhuyh wkdw d ydoxh ri } @ 3 forvho| fruuhvsrqgv wr wkh qr0fkdqjh suhglfwlrq
pdgh e| sudfwlwlrqhuv1 Lq jhqhudo whupv/ zh wkxv �qg wkdw wkh w|slfdo wuhqg h{wudsrodwlrq
ihdwxuh ri fkduwlvw uxohv lv fruurerudwhg e| wkh qrqsdudphwulf uhjuhvvlrqv dv orqj dv zh gr
qrw revhuyh h{wuhph vljqdov1 Iru wkh odwwhu vl}hv/ zh �qg d uhyhuvdo ri wkh vkruw0uxq wuhqg
wrzdugv wkh orqj0uxq wuhqg/ lq frqwudglfwlrq wr vwdqgdug fkduwlvw eholhyhv1

Iru wkh vtxduhg uhwxuqv/ zh �qg wkdw wkh fkduwlvw vljqdo dovr kdv vrph srwhqwldo wr h{sodlq
wkh khwhurvnhgdvwlflw| suhvhqw lq h{fkdqjh udwh uhwxuqv1 Pruh lq sduwlfxodu/ zh �qg wkdw odujhu

:Wkhvh gl�huhqfhv vkrxog qrw frph dv d vxusulvh1 Uhjuhvvlrq whfkqltxhv duh w|slfdoo| joredo whfkqltxhv lq
wkdw wkh| frqvlghu wkh zkroh gdwd vhw lq wkh rswlpl}dwlrq ri wkh sdudphwhuv/ khqfh jlylqj d uhodwlyho| orz
zhljkw wr wkh wdlov ri wkh vxssruw dqg vlpso| h{whqglqj wkh vwdwlvwlfdo uhodwlrqv kroglqj iru wkh pruh ghqvh sduw
ri wkh vxssruw1 Wkh qrqsdudphwulf whfkqltxhv duh w|slfdoo| orfdo surfhgxuhv wdnlqj rqo| lqwr dffrxqw qhdue|
revhuydwlrqv1
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devroxwh ydoxhv ri wkh fkduwlvw vljqdo suhglfw dq deryh dyhudjh h{shfwhg yrodwlolw|1 Edvhg rq
wkh N qvfk vwdqgdug huuruv/ wklv uhodwlrq vhhpv wr eh kljko| vljql�fdqw1 Ixuwkhupruh/ revhuyh
wkdw wkh pruh lqhuw wkh uxoh ehfrphv wkh ohvv surqrxqfhg wklv uhodwlrq ehfrphv1 Xqolnh wkh
vwurqj gl�huhqfhv ehwzhhq wkh qrqsdudphwulf dqg sdudphwulf pdsslqjv iru wkh phdq/ zh �qg
vlplodu uhodwlrqv dv idu dv wkh vtxduhg uhwxuq pdsslqj lv frqfhuqhg1

Wkh deryh uhvxowv vxjjhvw wkdw wkh fkduwlvw vljqdo } kdv vrph suhglfwlyh frqwhqw iru erwk
wkh h{shfwhg uhwxuq dqg vtxduhg uhwxuq1 Lq wkh qh{w vhfwlrq/ zh vkrz krz wkhvh pdsslqjv
hqwhu lqwr wkh frqvwuxfwlrq ri wkh rswlpdo sruwirolr frpsrvlwlrq1

Lqvhuw Iljxuhv 4 wr 6

716 Rswlpdo wudglqj uxohv

Rswlpdo sruwirolr frpsrvlwlrqv duh rewdlqhg gluhfwo| iurp htxdwlrq +8, xvlqj Eudqgw*v +4<<<,
qrqsdudphwulf dssurdfk suhvhqwhg lq Vhfwlrq 61 Zh frqvlghu lqyhvwruv zlwk wkuhh gl�huhqw
ohyhov ri uhodwlyh ulvn dyhuvlrq sdudphwhu +� @ 8> 43 dqg 53,1 Dowkrxjk wkhuh lv qr frqvhqvxv
rq wkh prvw dssursuldwh ydoxh iru wklv sdudphwhu/ zh eholhyh wkh rqhv xvhg fryhu wkh udqjh
ri ydoxhv uhsruwhg lq wkh hpslulfdo olwhudwxuh1 Ixuwkhupruh/ wkhvh ydoxhv duh rqo| xvhg wr
fkdudfwhul}h wkh djjuhvvlyhqhvv ri wkh lqyhvwru/ uh hfwhg lq wkh hvwlpdwhg rswlpdo wudglqj
uxoh1

Iljxuhv 7 wr 9 vkrz wkh rswlpdo wudglqj vwudwhj| h{suhvvhg dv wkh iudfwlrq ri wrwdo zhdowk
lqyhvwhg lq X1V1 grooduv iru wkh gl�huhqw ohyhov ri ulvn dyhuvlrq1 Wkh frq�ghqfh erxqgv duh
frpsxwhg edvhg rq htxdwlrq +49,1 D qxpehu ri revhuydwlrqv fdq eh pdgh iurp wkhvh �jxuhv1
Iluvw/ wkh sruwirolr zhljkwv duh vljql�fdqwo| gl�huhqw iurp }hur iru prvw ri wkh vljqdo ydoxhv
dqg dfurvv wkh gl�huhqw w|shv ri vljqdov/ vxjjhvwlqj wkdw wudglqj edvhg rq fkduwlvw vljqdov
pd|/ lq idfw/ lpsuryh wkh lqyhvwru*v h{shfwhg xwlolw|1

Lqvhuw Iljxuhv 7 wr 9

Vhfrqg/ kljkhu uhwxuq prphqwv vhhp wr sod| dq lpsruwdqw uroh lq wkh ghwhuplqdwlrq ri wkh
lqyhvwphqw vl}hv1 Frpsdulqj Iljxuhv 4 wr 6 zlwk Iljxuhv 7 wr 9 rqh revhuyhv wkdw dowkrxjk
wkh gluhfwlrq ri lqyhvwphqw +jrlqj vkruw ru orqj, lv pdlqo| ghwhuplqhg e| wkh h{shfwhg uhwxuq
wkh vl}h ri wkh sruwirolr dovr ghshqgv rq kljkhu prphqwv1 Pruh lq sduwlfxodu/ lw fdq eh vkrzq
wkdw iru odujhu devroxwh ydoxhv ri wkh vljqdov wkh h{shfwhg kljkhu yduldqfh h�hfwlyho| orzhuv
wkh devroxwh vl}h ri wkh lqyhvwphqw srvlwlrqv wdnhq1 Lq rughu wr hdvh ylvxdol}dwlrq/ zh suhvhqw
d vxppdu| ri doo wkh sruwirolr uxohv lq Iljxuh D4 lq wkh dsshqgl{1

Wklug/ dv h{shfwhg/ wkh djjuhvvlyhqhvv ri wkh wudglqj uxoh ghfuhdvhv vkduso| zlwk wkh
lqfuhdvh lq wkh lqyhvwru*v uhodwlyh ulvn dyhuvlrq1 Lq rwkhu zrugv/ pruh ulvn dyhuvh djhqwv lqyhvw
d orzhu iudfwlrq ri wkhlu zhdowk lq wkh ulvn| dvvhw +X1V1 grooduv,1

Lq rughu wr fkhfn iru wkh urexvwqhvv ri wkh rswlpdo wudglqj uxohv/ zh dovr shuirup wkh
hvwlpdwlrq iru wkuhh vxe0shulrgv; zlwklq wkh wrwdo vdpsoh shulrg1 Wkh uhvxowv duh suhvhqwhg

;Wkh vxe0shulrgv fkrvhq duh wkh iroorzlqj1 Vxe0shulrg 4= iurp 3523424<:6 wr 6424524<:< +4;58 revhuyd0
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lq dsshqgl{ E +Iljxuhv E4 wr E6,/ zklfk dovr lqfoxgh wkh qrqsdudphwulf uhvxowv iru wkh
h{shfwhg uhwxuqv dqg vtxduhg uhwxuqv1 Hdfk urz ri judskv lq wkhvh �jxuhv fruuhvsrqg wr rqh
ri wkh vxe0shulrgv lq frqvlghudwlrq1 Zh frpsduh/ iru lqvwdqfh/ wkh rswlpdo uxohv iru wkh hqwluh
vdpsoh suhvhqwhg lq Iljxuh 7 zlwk wkh rqhv vkrzq lq wkh wkuhh judskv dw wkh uljkw froxpq ri
Iljxuh E41 Dowkrxjk zh revhuyh dssur{lpdwho| wkh vdph jhqhudo sdwwhuq iru wkh uxohv lq wkh
vxe0shulrgv/ wkh rswlpdo wudglqj uxohv vhhp/ lq idfw/ qrw wr eh urexvw dfurvv vxe0shulrgv1

717 Wudglqj uxoh rswlpdolw| whvw

Dowkrxjk Iljxuhv 7 wr 9 vkrz d fohdu ghshqghqfh ri wkh rswlpdo sruwirolr fkrlfh rq wkh vljqdo/
wkh k|srwkhvlv ri dq rswlpdo zhljkw ghshqghqw rqo| rq wkh vljq dqg qrw rq wkh devroxwh ydoxh
ri wkh vljqdo vkrxog eh irupdoo| whvwhg1 D sruwirolr fkrlfh ri wkh odwwhu nlqg lv vlplodu wr wkh
vwdqgdug fkduwlvw uxoh/ dowkrxjk vwloo pruh vrsklvwlfdwhg vlqfh lw vshfl�hv wkh iudfwlrq wr eh
lqyhvwhg lq wkh ulvn| dvvhw ghshqglqj rq wkh vljq ri wkh vljqdo1 Zh uhihu wr lw dv �|eS�1 Wkh
whvw fdq eh hdvlo| grqh xvlqj wkh JPP whfkqltxhv suhvhqwhg deryh1 Iru wklv/ zh frpsxwh
wkh iroorzlqj whvw vwdwlvwlfv=
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dqg zkhuh V ghqrwhv wkh yduldqfh fryduldqfh pdwul{ ri Y +}|,}| dqg W� dqg W� ghqrwh wkh
qxpehu ri qhjdwlyh dqg srvlwlyh vljqdov }|> uhvshfwlyho|1 Xqghu wkh qxoo k|srwkhvlv ri rswl0
pdolw| ri wkh fkduwlvw w|sh ri uxoh/ wkh vwdwlvwlfv lq htxdwlrqv +54, dqg +55, duh dv|pswrwlfdoo|
glvwulexwhg dv d "2 +4, udqgrp yduldeoh1 Iljxuhv 7 wr 9 vkrz wkh ydoxhv iru wkh frpsxwhg
�|eS� ghqrplqdwhg dv �fkduwlvw�1 Wkh uhvxowv ri wkh whvw duh suhvhqwhg lq Wdeoh 51 Dv fdq
eh lqihuuhg iurp wklv wdeoh/ zh �qg vwurqj hylghqfh djdlqvw wkh qxoo ri dq xqlirup rswlpdo
sruwirolr vkduh/ lqglfdwlqj d vwdwlvwlfdo uhmhfwlrq ri wkh fkduwlvw w|sh ri prylqj dyhudjh uxoh1

Wkh vxerswlpdolw| ri vwdqgdug whfkqlfdo wudglqj uxohv lv looxvwudwhg lq Iljxuhv 7 wr 91
Iljxuhv 7 wr 9 vkrz wkh ydoxhv iru wkh frpsxwhg �|eS� ghqrplqdwhg dv �fkduwlvw� dqg uhsuhvhqw
wkh rswlpdo sruwirolr frpsrvlwlrq frqglwlrqdo rq wkh vljq ri wkh prylqj dyhudjh vljqdo }> dv
w|slfdo fkduwlvw wudglqj uxohv vwlsxodwh1 Dv fdq eh vhhq/ wkh rswlpdo fkduwlvw srvlwlrq lv wkh
+iuhtxhqf| zhljkwhg, dyhudjh ri wkh rswlpdo wudglqj srvlwlrqv1 Dowkrxjk wkh fkduwlvw srvlwlrq
wudfnv wkh dyhudjh rswlpdo srvlwlrq +ryhu wkh qhjdwlyh dqg srvlwlyh sduw ri wkh vxssruw ri },>
lw idlov lq dffrxqwlqj iru wkh vl}h0ghshqghqfh ri wkh rswlpdo wudglqj srvlwlrq1

wlrqv,> vxe0shulrg 5= iurp 3423424<;3 wr 5<24524<;< +593< revhuydwlrqv,> dqg vxe0shulrg 6= iurp 3423424<<3
wr 3924425334 +63<5 revhuydwlrqv,1
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Wdeoh 5= Wudglqj uxoh rswlpdolw| whvw +whvw vwdwlvwlf,
Ulvn dyhuvlrq +�,

W|sh ri vljqdo 8 43 53
Vljqdo 4= V @ 43> O @ 83

}| ? 3 6:1;59 6;16:3 6;1:68
{ +31333333, +31333333, +31333333,

}| A 3 5518:5 551;73 55196:
+31333335, +31333334, +31333334,

Vljqdo 5= V @ 53> O @ 433
}| ? 3 471836 4718<3 4419<3

+31333473, +3133346:, +3133395;,
}| A 3 5<<1<;6 63<17;5 63915;4

+31333333, +31333333, +31333333,
Vljqdo 6= V @ 73> O @ 533

}| ? 3 8415;< 841878 841938
+31333333, +31333333, +31333333,

}| A 3 6491765 6661<37 6861443
+31333333, +31333333, +31333333,

Qrwh= s0ydoxhv duh lq eudfnhwv1

718 Hfrqrplf ydoxh ri wudglqj uxohv

Wr r�hu wkh lqyhvwru d ehwwhu zd| ri frpsdulvrq dprqj wkh rswlpdo wudglqj uxohv edvhg rq
gl�huhqw w|shv ri vljqdov/ zh frpsxwh wkh fhuwdlqw| htxlydohqw ri hdfk ri wkhvh uxohv iru wkh
gl�huhqw ohyhov ri uhodwlyh ulvn dyhuvlrq1 Wkh fhuwdlqw| htxlydohqwv wudqvodwh lq hfrqrplf whupv
wkh ydoxh iru wkh lqyhvwru ri xvlqj wkhvh uxohv1< Iru wkh frpsxwdwlrqv/ zh dsso| wkh qrqsdud0
phwulf frqglwlrqdo rshudwru gh�qhg lq +45, wr wkh h{suhvvlrq iru wkh fhuwdlqw| htxlydohqw lq
+<,1 Uhvxowv duh ghslfwhg lq Iljxuh :1 Fhuwdlqw| htxlydohqwv duh vwdwhg lq shu dqqxp whupv
dqg duh w|slfdoo| ri ydu|lqj vl}h/ ehwzhhq 3( dqg pruh wkdq 43(1 Rqh fdq lqihu hdvlo| wkdw
iru fhuwdlq udqjhv ri wkh vljqdo wkh hvwlpdwhg rswlpdo wudglqj uxohv/ edvhg rq fkduwlvw vljqdov/
surgxfh hfrqrplfdoo| vljql�fdqw jdlqv wr vwdqgdug FUUD xwlolw| w|sh ri djhqwv1 Frpsdulqj
wkh fhuwdlqw| htxlydohqwv dfurvv vljqdov/ zh vhh wkdw wkh Vljqdo 5/ +V_ @ 53> O_ @ 433,/ vhhpv
wr jhqhudwh rq dyhudjh wkh odujhu fhuwdlqw| htxlydohqwv1

Lqvhuw Iljxuh :

719 Lqyhvwphqw krul}rq dqg wudqvdfwlrq frvwv

Vr idu zh kdyh dqdo|}hg rswlpdo wudglqj uxohv dvvxplqj d gdlo| pdunlqj wr pdunhw e| �{lqj
wkh lqyhvwphqw krul}rq wr rqh gd|1 Zkloh wklv dqdo|vlv vkrzhg wr uhvxow lq vljql�fdqw wudglqj
srvlwlrqv frqglwlrqdo rq wkh prylqj dyhudjh vljqdo/ lw qhjohfwv frpsohwho| wkh suhvhqfh ri

<Reylrxvo|/ wkhvh fhuwdlqw| htxlydohqwv duh frqglwlrqdo rq d fhuwdlq vljqdo 5| dqg/ wkhuhiruh/ gr qrw frqvwlwxwh
d surshu phdvxuh iru wkh fhuwdlqw| htxlydohqw ri xvlqj wkh wudglqj uxoh frqwlqxrxvo|1
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wudqvdfwlrq frvwv dqg wkh frqvhtxhqfhv ri rshqlqj dqg forvlqj rq d gdlo| edvlv wkh vshfxodwlyh
srvlwlrqv1 Lw lv txlwh olnho| wkdw/ lq sudfwlfh/ wkh h{lvwhqfh ri +vpdoo, wudqvdfwlrq frvwv ghfuhdvh
ru dqqlklodwh wkh sur�wdelolw| ri wkhvh rswlpdo wudglqj srvlwlrqv143 Lq rughu wr ghdo zlwk
wkhvh lvvxhv/ zh dovr dqdo|}h wkh rswlpdo wudglqj uxohv iru orqjhu lqyhvwphqw krul}rqv/ zhhno|
dqg prqwko|/ h�hfwlyho| uhgxflqj wkh qxpehu ri pdunhw wudqvdfwlrqv e| �yh dqg wzhqw|/
uhvshfwlyho|/ dqg srvvleo| lqfuhdvlqj wkh h{shfwhg uhwxuqv ryhu wkh wrwdo lqyhvwphqw krul}rq1
Zh gr nhhs/ krzhyhu/ wkh gdlo| iuhtxhqf| ri gdwd wkxv orrnlqj dw wkh rswlpdo sruwirolr +zlwk
lqyhvwphqw krul}rq ri rqh zhhn ru rqh prqwk, wkdw frxog eh iruphg hdfk gd|1

Lq rughu wr vdyh rq vsdfh/ zh uhihu wkh wdeohv dqg �jxuhv uhodwhg wr wkh vwdwlvwlfdo dqdo|vlv
ri wkh vljqdo0uhwxuq uhodwlrq wr wkh dsshqgl{ dqg rqo| frpphqw rq wkh pdlq lvvxhv khuh1
Wdeohv F4 dqg F6 lq wkh dsshqgl{ suhvhqw wkh vxppdu| vwdwlvwlfv iru hdfk wudglqj vljqdo iru
lqyhvwphqw krul}rqv ri rqh zhhn dqg rqh prqwk/ uhvshfwlyho|1 Sdqho D lq erwk wdeohv vkrz wkdw
iru zhhno| dqg prqwko| lqyhvwphqw krul}rqv/ dv rssrvhg wr gdlo| lqyhvwphqw krul}rq +Wdeoh
4,/ doo wkh vljqdov kdyh vrph lqirupdwlyh frqwhqw zlwk uhvshfw wr wkh gluhfwlrq ri h{fkdqjh
udwh fkdqjhv1 Sdqho E vkrzv wkdw lqyhvwlqj dffruglqj wr wkh fkduwlvw uxohv uhvxow lq vljql�fdqw
phdq h{fhvv uhwxuqv ri derxw 6 wr 9 shufhqw s1d1 iru d zhhno| lqyhvwphqw krul}rq dqg derxw
5 wr 6 shufhqw s1d1 iru d prqwko| lqyhvwphqw krul}rq1 Wkh qrqolqhdu uhodwlrq ehwzhhq wkh
vljqdo dqg wkh uhwxuq prphqwv lv dovr suhvhqw iru orqjhu lqyhvwphqw krul}rqv +Sdqhov F dqg
G,1 Dv iru wkh zhhno| lqyhvwphqw krul}rq/ lq prvw fdvhv erwk wkh olqhdu dqg wkh fxelf whupv
lq wkh vljqdo duh vwdwlvwlfdoo| vljql�fdqw1 Iru wzr ri wkh vljqdov lq wkh prqwko| krul}rq/ wkh
txdgudwlf whup lq wkh vljqdo lv dovr vljql�fdqw lq h{sodlqlqj wkh phdq h{fhvv uhwxuq1 Uhjduglqj
wkh uhjuhvvlrq iru wkh vtxduhg uhwxuqv/ zh dovr revhuyh wkh h{shfwhg lpsruwdqfh ri wkh vtxduhg
vljqdo lq h{sodlqlqj wkh vtxduhg uhwxuqv1 Iru wkh prqwko| krul}rq/ erwk wkh olqhdu dqg wkh
fxelf whupv duh dovr vwdwlvwlfdoo| vljql�fdqw1

Wkh fuxfldo dvshfw derxw fkdqjlqj wkh lqyhvwphqw krul}rq lv wkdw wkh vljqdo0uhwxuq uhodwlrq
pd| fkdqjh gudvwlfdoo| dqg khqfh dovr wkh uhodwlrq ehwzhhq wkh vljqdo dqg wkh rswlpdo wudglqj
uxoh1 Lq rughu wr dvvhvv wkh lpsolfdwlrqv ri wkh fkdqjh ri krul}rq/ zh dqdo|}h wkh qrqsdudphwulf
uhvxowv iru hdfk ri wkh vljqdov dqg kroglqj shulrgv1 Wkhvh uhvxowv duh vxppdul}hg lq Iljxuhv ;
dqg < zkloh d pruh ghwdlohg dqdo|vlv lv suhvhqwhg lq wkh Dsshqgl{ F1 Iljxuhv ; dqg < ghslfw wkh
uhodwlrq ehwzhhq wkh gdlo| dqg uhvshfwlyho| zhhno| dqg prqwko| h{shfwhg uhwxuq dqg yduldqfh
iru hdfk ri wkh vljqdov1 Wkh vfdwwhu sorwv duh frqvwuxfwhg vxfk wkdw gdlo| uhwxuqv +yduldqfhv,
duh sorwwhg djdlqvw wkhlu zhhno| ru prqwko| htxlydohqwv +frqglwlrqdo rq dq lghqwlfdo ydoxh ri
wkh vljqdo }|,= D uhpdundeoh ihdwxuh ri wkhvh �jxuhv lv wkdw/ lq jhqhudo/ wkh h{shfwhg uhwxuqv
+yduldqfhv, whqg wr eh urxjko| h{whqghg olqhduo| ryhu wkh zhhno| dqg prqwko| lqyhvwphqw

43Wkh ohyho ri wudqvdfwlrq frvwv frxog eh phdvxuhg lqgluhfwo| xvlqj ghyldwlrqv iurp hlwkhu wkh fryhuhg lqwhuhvw
udwh sdulw| ru wuldqjxodu duelwudjh frqglwlrqv/ dv sursrvhg e| Iuhqnho dqg Ohylfk +4<::,1 Reylrxvo|/ vxfk
wudqvdfwlrq frvwv duh phdvxuhg shu urxqg wuls dqg suredeo| zloo rqo| dsso| wr pdmru �qdqfldo sod|huv lq wkhvh
pdunhwv1 Hvwlpdwhv rq wkh urxqg wuls frvwv whqg wr ghfuhdvh zlwk wkh lqfuhdvh lq pdunhw yroxphv dqg oltxlglw|
ryhu wlph1 Grroh| dqg Vkdihu +4<;9, xvh d ydoxh ri derxw 314(1 Pruh uhfhqw hvwlpdwhv uhgxfh wkhv frvwv wr
derxw 3138( shu urxqg wuls/ h1j1 Rvohu dqg Fkdqj +4<<8,/ Qhho| hw do1 +4<<:,1 Pruh uhfhqw hvwlpdwhv e|
Do0Dzdg dqg Juhqqhv +5335, fruurerudwh wkh deryh hvwlpdwhv1 Lqvshfwlrq ri Iljxuhv 4 wr 6 fohduo| vkrz wkdw
hyhq vpdoo wudqvdfwlrq frvwv dv uhsruwhg deryh fdq eh dq lvvxh zkhq xvlqj d gdlo| lqyhvwphqw krul}rq/ l1h1
h{shfwhg h{fhvv uhwxuqv riwhq duh orzhu wkdq wklv 3138( ehqfkpdun1
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krul}rqv144 Wklv fdq eh vhhq fohduo| e| lqvshfwlqj wkh glvshuvlrq durxqg wkh vwudljkw olqh/
h{whqglqj olqhduo| wkh h{shfwhg uhwxuq dqg yduldqfh ri gdlo| lqyhvwphqw krul}rqv1 Wkhvh
h{whqvlrqv wkxv vxjjhvw wkdw wkh prylqj dyhudjh vljqdo lv fdswxulqj vrph shuvlvwhqw wuhqg lq
wkh h{fkdqjh udwh uhwxuq dqg yduldqfh/ pdnlqj/ iru lqvwdqfh/ wkh h{shfwhg uhwxuq dqg yduldqfh
iru wkh zhhno| lqyhvwphqw krul}rq durxqg �yh wlphv dv odujh dv wkh rqhv iru wkh gdlo| kroglqj
shulrg1

Lqvhuw Iljxuhv ; dqg < +57,

Rqh lpsruwdqw lpsolfdwlrq ri wkh olqhdu h{whqvlrq ri phdq dqg yduldqfhv wr orqjhu kroglqj
shulrg uhwxuqv lv wkdw wkh phdq0yduldqfh uhodwlrq lv frqvwdqw dfurvv lqyhvwphqw krul}rqv1 Wr
wkh h{whqw wkdw wkhvh prphqwv dqg/ pruh lq sduwlfxodu/ wkhlu udwlr ghwhuplqhv wkh rswlpdo
wudglqj srvlwlrq/ zh gr qrw h{shfw wr �qg vxevwdqwldo gl�huhqfhv lq wkh rswlpdo sruwirolr
frpsrvlwlrq dfurvv lqyhvwphqw krul}rqv1 Wkh rswlpdo sruwirolr srvlwlrqv iru gdlo| dqg zhhno|
+prqwko|, kroglqj shulrgv duh uhodwhg lq Iljxuh 43 +44,1 Dv fdq eh revhuyhg/ wkh joredo slfwxuh
vkrzv wkdw wkh rswlpdo sruwirolr srvlwlrq lv uhodwlyho| lqghshqghqw ri wkh kroglqj shulrg1
Iljxuh 43/ uhodwlqj wkh rswlpdo sruwirolr srvlwlrqv iru gdlo| kroglqj uhwxuqv wr wkh rswlpdo
sruwirolr srvlwlrqv iru zhhno| kroglqj uhwxuqv/ fohduo| looxvwudwhv wkh foxvwhulqj durxqg wkh 78
ghjuhh olqh iru prvw ri wkh vljqdov1 Iru prqwko| uhwxuqv/ Iljxuh 44 fruurerudwhv wklv �qglqj/
dowkrxjk wkh revhuyhg glvshuvlrq lv vljql�fdqwo| odujhu lq wklv fdvh1 Wkh hylghqfh wkdw wkh
rswlpdo sruwirolr ghfrpsrvlwlrq lv uhodwlyho| urexvw zlwk uhvshfw wr d vkliw lq wkh lqyhvwphqw
krul}rq lpsolhv wkdw fkduwlvw uxohv fdq eh xvhg eh|rqg wkh gdlo| lqyhvwphqw shulrg/ zklfk lq lwv
wxuq jhqhudwhv ohvv wudqvdfwlrq frvwv dv wkh uhedodqflqj ri sruwirolrv lv vwurqjo| uhgxfhg1 Wklv
uhgxfwlrq lq wudqvdfwlrq frvwv srvvleo| doorzv wkh dssolfdwlrq ri wkh deryh rswlpdo wudglqj
uxohv lq sudfwlfh1 Pruh lq sduwlfxodu/ zh �qg wkdw wkh fhuwdlqw| htxlydohqwv/ uhsruwhg lq Iljxuh
: +iru wkh gdlo| lqyhvwphqw krul}rq,/ gr urxjko| fduu| ryhu wr wkh zhhno| lqyhvwphqw krul}rq
+dqg wr d pxfk ohvvhu h{whqw wr wkh prqwko| kroglqj shulrg,1 Wkh lpsruwdqw gl�huhqfh ehlqj
wkdw wkh fhuwdlqw| htxlydohqw iru wkh prqwko| kroglqj shulrg fdq eh rewdlqhg zlwk d pxfk
uhgxfhg qxpehu ri wudghv/ ghfuhdvlqj vxevwdqwldoo| wkh lpsruwdqfh ri wudqvdfwlrq frvwv1 D
ghwdlohg dqdo|vlv dorqj wkh olqhv ri wkh rqh grqh iru wkh gdlo| lqyhvwphqw krul}rq fdq eh irxqg
lq Dsshqgl{ F1

Lqvhuw Iljxuhv 43 dqg 44 +58,

8 Frqfoxvlrq

Lq wklv sdshu/ zh xvh d qrqsdudphwulf dssurdfk wr hvwlpdwh rswlpdo wudglqj uxohv dqg wr
ghwhuplqh wkhlu hfrqrplf ydoxh frqglwlrqlqj rq d fkduwlvw prylqj dyhudjh wudglqj vljqdo dqg

44Vljqdo 4/ l1h wkh vljqdo zlwk wkh vkruwhvw zlqgrzv +7_ ' �f dqg u_ ' Df, lv wkh h{fhswlrq wr wklv olqhdu
h{whqvlrq1 Wklv lv gxh wr wkh idfw wkdw lq wkh h{wuhphv ri wkh vljqdo wkh olqhdu uhodwlrq euhdnv grzq frpsohwho|1
Iru pruh prghudwh ydoxhv ri wkh vljqdo/ krzhyhu/ wkh olqhdu uhodwlrq ehwzhhq gdlo| dqg zhhno| +prqwko|,
uhwxuqv lv uhfryhuhg1
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zlwklq d vwdqgdug h{shfwhg xwlolw| iudphzrun1 Wkh phwkrg frqvlvwv ri d JPP dssurdfk
dssolhg wr wkh �uvw0rughu frqglwlrq ri wkh lqyhvwru*v h{shfwhg xwlolw| pd{lpl}dwlrq sureohp1
Wklv dssurdfk dyrlgv dg krf vshfl�fdwlrqv ri vwdwlvwlfdo ru hfrqrplf prghov wr h{sodlq uhwxuq
suhglfwdelolw| dqg lpsolflwo| lqfrusrudwhv doo wkh uhwxuq prphqwv lq wkh ghwhuplqdwlrq ri wkh
rswlpdo sruwirolr fkrlfh1

Zh dsso| wkh phwkrgrorj| wr wkh Jhupdq pdun0X1V1 groodu h{fkdqjh udwh iru wkh shulrg
iurp 4<:6 wr 53341 Zh xvh gl�huhqw w|shv ri prylqj dyhudjh wudglqj vljqdov dqg frqvlghu
lqyhvwruv zlwk gl�huhqw ohyhov ri uhodwlyh ulvn dyhuvlrq1 Lq rughu wr ehwwhu xqghuvwdqg wkh
fkdudfwhulvwlfv ri wkh uhvxowlqj rswlpdo wudglqj uxohv/ zh �uvw dqdo|}h wkh lqirupdwlrqdo frqwhqw
ri wkh vhohfwhg fkduwlvw vljqdov1 Iurp qrqsdudphwulf uhjuhvvlrqv/ zh revhuyh fohduo| hylghqfh
ri vrph lqirupdwlrqdo frqwhqw ri wkh prylqj dyhudjh vljqdo1 Prvw lqwhuhvwlqjo|/ qrw rqo| wkh
phdq exw dovr wkh yduldqfh ri ixwxuh uhwxuqv vhhp wr ghshqg rq wkh prylqj dyhudjh vljqdo/
fohduo| lqglfdwlqj wkdw wkh lqirupdwlrqdo frqwhqw ri wkh fkduwlvw vljqdov duh qrw uhvwulfwhg wr
wkh h{shfwhg uhwxuq1

Zh vxevhtxhqwo| hvwlpdwh wkh rswlpdo wudglqj uxohv frqglwlrqlqj rq wkh fkduwlvw vljqdov
iru FUUD lqyhvwruv zlwk gl�huhqw ohyhov ri ulvn dyhuvlrq1 Wkh rswlpdo wudglqj uxohv glvsod|
vl}h ghshqghqfh dqg dovr kdyh d qrqolqhdu uhodwlrq zlwk uhvshfw wr wkh prylqj dyhudjh vljqdo1
Wkhvh uxohv/ krzhyhu/ gl�hu vljql�fdqwo| iurp wkh fkduwlvw uxohv xvhg e| sudfwlwlrqhuv/ zklfk
vwlsxodwh d vkruw +orqj, srvlwlrq ghshqglqj rq wkh vljq ri wkh vljqdo exw lqghshqghqw ri lwv
devroxwh ohyho1 Zh dovr shuirup vwdwlvwlfdo whvwv iru wkh rswlpdolw| ri d fkduwlvw w|sh ri uxoh
lq zklfk wkh rswlpdo zhljkw ghshqgv rqo| rq wkh vljq ri wkh vljqdo1 Wkh whvwv vkrz fohduo|
wkdw wklv w|sh ri uxoh lv vxe0rswlpdo iru FUUD0w|sh ri lqyhvwruv/ vlqfh wkh| idlo wr lqfrusrudwh
wkh revhuyhg qrqolqhdu uhodwlrq ehwzhhq wkh prylqj dyhudjh vljqdo dqg wkh �uvw dqg vhfrqg
uhwxuq prphqwv1 Dowkrxjk zh uhmhfw wkh rswlpdolw| ri fkduwlvw w|sh ri uxohv/ wklv grhv qrw
lpso| wkdw fkduwlvw whfkqltxhv duh uhgxqgdqw1 Rq wkh frqwudu|/ zh vkrz wkdw xvlqj fkduwlvw
vljqdov wr frqvwuxfw rswlpdo wudglqj vwudwhjlhv +dv rssrvhg wr iroorzlqj fkduwlvw wudglqj uxohv,
surgxfhv erwk vwdwlvwlfdoo| dqg hfrqrplfdoo| vljql�fdqw lpsuryhphqwv iru d uhsuhvhqwdwlyh
FUUD lqyhvwru1 Frqglwlrqdo fhuwdlqw| htxlydohqwv riwhq vxusdvv wkh whq shufhqw shu dqqxp
ohyho1

Ilqdoo|/ zh �qg wkdw wkh uhvxowv ri wkh rswlpdo wudglqj uxoh iru d gdlo| lqyhvwphqw krul}rq
fdq lq jhqhudo eh h{whqghg wr orqjhu lqyhvwphqw krul}rqv1 Wklv �qglqj vxjjhvwv wkdw wkh
fkduwlvw vljqdov slfn xs vrph lqhuw vwrfkdvwlf wuhqg lq uhwxuqv +erwk phdqv dqg yduldqfhv,1
Vr/ hyhq li wkh gdlo| lqyhvwphqw vwudwhj| pd| eh sudfwlfdoo| lqihdvleoh gxh wr wudqvdfwlrq
frvwv/ lqyhvwlqj rq d zhhno| krul}rq h�hfwlyho| uhgxfhv wkhvh wudqvdfwlrq frvwv zlwkrxw dq|
vxevwdqwldo orvv lq hfrqrplf ydoxh +fhuwdlqw| htxlydohqw, ri wkh wudglqj uxoh1

Wkh dssurdfk xvhg lq wklv sdshu fdq eh h{whqghg dorqj wkh olqhv ri Dòw0Vdkdold dqg
Eudqgw +5334, wr hydoxdwh gl�huhqw w|shv ri xwlolw| ixqfwlrqv/ h1j1 orvv dyhuvlrq ixqfwlrqv/ wr
lqfrusrudwh pxowlglphqvlrqdo vljqdov/ kljkhu glphqvlrqdo sruwirolrv ru lqwhuwhpsrudo rswlpdo
wudglqj1 Wkhvh h{whqvlrqv/ zklfk duh xqghu lqyhvwljdwlrq/ zhuh qrw lqfrusrudwhg lq wklv sdshu
vlqfh zh lqwhqghg wr irfxv rq wkh idfw wkdw hyhq wkh vlpsohvw fkduwlvwv vljqdov gr suhvhqw d
vljql�fdqw hfrqrplf ydoxh iru wkh lqyhvwru1
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Sdqho D= Iudfwlrq ri fruuhfwo| suhglfwhg vljqv lq h{fkdqjh udwh fkdqjhv
}| ? 3 31865 3186; 3185:
}| A 3 3185; 31866 31858
}| 31863 31869 31859

Sdqho E= Wudglqj sur�wv s1d1 whupv
H+�h|n�> }| ? 3, 3138: +31346, 3139: +31346, 31373 +31346,
H+�h|n�> }| A 3, 3136< +31346, 3137< +31346, 3135< +31345,
H+�h|n�> }|, 3137; +3133<, 3138; +3133<, 31367 +3133;,

Uhjuhvvlrq uhvxowv
Sdqho F= Uhwxuqv

�h|n� @ f. ��}| . �2}
2
| . ��}

�
| . %|n�

f +{ 433, 03147; +31353, 3133: +31353, 031358 +31353,
�� 3148; +31358, 315:4 +3136:, 315;7 +31384,
�2 031559 +4138<, 081479 +51467, 91734 +715;;,
�� 031354 +31338, 0313;8 +31349, 0314<9 +31376,

I0whvw +s0ydoxh, 31333 31333 31333
Sdqho G= Vtxduhg uhwxuqv

+�h|n�,
2 @ g. ��}| . �2}

2
| . ��}

�
| .  |n�

g +{ 4333, 314<6 +31339, 314;7 +31339, 314;3 +31339,
��+{ 43, 31337 +3133:, 031353 +31344, 031335 +31348,

�2 31649 +31364, 31::5 +31395, 416<7 +31455,
�� +{ 4333, 31366 +31465, 31897 +31789, 041;78 +41569,

I0whvw +s0ydoxh, 31333 31333 31333

Qrwh= Vwdqgdug huuruv lq eudfnhwv1
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Wdeoh F5= Lqirupdwlyh frqwhqw ri fkduwlvw vljqdo1 Prqwko| lqyhvwphqw krul}rq1
W|sh ri vljqdo

Vljqdo 4 Vljqdo 5 Vljqdo 6
V6 @ 3=8/ O6 @ 5=8 V6 @ 4/ O6 @ 8 V6 @ 5/ O6 @ 43

Vxppdu| vwdwlvwlfv
Sdqho D= Iudfwlrq ri fruuhfwo| suhglfwhg vljqv lq h{fkdqjh udwh fkdqjhv
}| ? 3 31869 3187< 31865
}| A 3 31864 31877 3185<
}| 31866 31879 31864

Sdqho E= Wudglqj sur�wv s1d1 whupv
H+�h|n�> }| ? 3, 31365 +3133:, 31375 +3133:, 31369 +3133:,
H+�h|n�> }| A 3, 31347 +3133:, 3135: +3133:, 31358 +31339,
H+�h|n�> }|, 31356 +31338, 31367 +31338, 31363 +31338,

Uhjuhvvlrq uhvxowv
Sdqho F= Uhwxuqv

�h|n� @ f. ��}| . �2}
2
| . ��}

�
| . %|n�

f +{ 433, 031375 +31375, 31353 +31375, 0313<8 +31375,
�� 313;5 +31346, 31488 +31353, 31454 +3135:,
�2 0314<7 +31473, 04135; +315;4, 418:3 +31894,

�� +{ 433, 03138: +313483, 03166: +31384:, 031653 +31475,
I0whvw +s0ydoxh, 31333 31333 31333

Sdqho G= Vtxduhg uhwxuqv
+�h|n�,

2 @ g. ��}| . �2}
2
| . ��}

�
| .  |n�

g +{ 4333, 31<59 +31354, 31<7; +31354, 31<5< +31353,
��+{ 43, 031348 +3133:, 031364 +31343, 031358 +31346,

�2 3137; +3133:, 31384 +31347, 31376 +3135:,
�� +{ 4333, 3134< +3133:, 313<; +31359, 31565 +3139;,

I0whvw +s0ydoxh, 31333 31333 31333

Qrwh= Vwdqgdug huuruv lq eudfnhwv1
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