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Ydoxlqj Hxur Udwlqj0Wuljjhuhg Vwhs0Xs Whohfrp Erqgv

Zh ydoxh udwlqj0wuljjhuhg vwhs0xs erqgv zlwk wkuhh phwkrgv= +l, wkh Mduurz/

Odqgr dqg Wxuqexoo ^4<<:/ MOW` iudphzrun/ +ll, d vlplodu iudphzrun xvlqj klvwrulfdo

suredelolwlhv dqg +lll, dv sodlq ydqlood erqgv1 Zh �qg wkdw wkh pdunhw vhhpv wr ydoxh

vlqjoh vwhs0xs erqgv dffruglqj wr wkh MOW prgho/ zkloh lw ydoxhv pxowlsoh vwhs0xs

erqgv dv sodlq ydqlood erqgv1 Ixuwkhu/ vwhs0xs ihdwxuh pdunhw suhplxpv duh pruh

yrodwloh wkdq MOW dqg klvwrulfdo suhplxpv/ dqg wkh MOW prgho dssur{lpdwhv pdunhw

suhplxpv dozd|v ehwwhu wkdq wkh klvwrulfdo phwkrg1 Ilqdoo|/ prvw vwhs0xs erqgv

r�hu d fxvklrq djdlqvw udwlqj pljudwlrqv yld gdpshqhg sulfh pryhphqwv1
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4 Lqwurgxfwlrq

Hxurshdq whohfrp frpsdqlhv kdyh lvvxhg udwlqj0wuljjhuhg vwhs0xs frxsrq erqgv lq rughu wr

frpshqvdwh erqg lqyhvwruv iru orvvhv lq wkh hyhqw ri udwlqj grzqjudghv1 Vhyhudo lqyhvwphqw

edqnv +PfDglh/ Pduwlq dqg R*Ndqh ^5333`/ Ixpdjdool dqg Wdxuhq ^5334` dqg Vlulqdwkvlqjk

^5334`, dqdo|}hg vwhs0xs erqgv1 Prvw ri wkh wlph/ wkh| xvhg klvwrulfdo dqg vxemhfwlyh udwlqj

wudqvlwlrq suredelolwlhv lq wkhlu vwhs0xs ydoxdwlrq dqg vkrzhg wkh uhvxowv ri wkhlu prgho iru rqo|

rqh gd|1 Lq frqwudvw/ zh dsso| wkh ulvn0qhxwudo ydoxdwlrq iudphzrun ri Mduurz/ Odqgr dqg

Wxuqexoo ^4<<:/ khuhdiwhu MOW` wr ydoxh wkh vwhs0xs erqgv dqg ghprqvwudwh wkh prgho*v uhvxowv

ryhu d orqj wlph shulrg1 Iru frpsdulvrq sxusrvhv/ zh dovr ydoxh vwhs0xs erqgv xvlqj klvwrulfdo

wudqvlwlrq suredelolwlhv dqg dv htxlydohqw sodlq ydqlood erqgv/ l1h1 erqgv vlplodu wr vwhs0xs erqgv

h{fhsw iru wkh vwhs0xs ihdwxuh1 Pruhryhu/ zh dqdo|}h wkh surwhfwlrq wkdw wkh vwhs0xs ihdwxuh

r�huv wr lqyhvwruv lq wzr zd|v qhz wr wkh olwhudwxuh1 Iluvw/ zh whvw wkh yrodwlolw| ri d vwhs0xs

erqg yhuvxv lwv htxlydohqw sodlq ydqlood erqg1 Vhfrqg/ zh ghwhuplqh zkhwkhu wkh vwhs0xs erqg

r�huv vxshulru uhwxuqv ryhu lwv htxlydohqw sodlq ydqlood erqg lq fdvh ri udwlqj grzqjudghv dqg

qhjdwlyh rxworrnv1

Rxu uhvxowv lqglfdwh wkdw wkh pdunhw vhhpv wr xvh wkh MOW prgho wr ydoxh vwhs0xs erqgv

wkdw pdnh d vlqjoh vwhs0xs diwhu wkh udwlqj wuljjhu1 Rq wkh rwkhu kdqg/ vwhs0xs erqgv wkdw pdnh

pxowlsoh vwhs0xsv vhhp wr eh wuhdwhg dv sodlq ydqlood erqgv1 Dovr/ wkh MOW prgho dssur{lpdwhv

wkh vwhs0xs ihdwxuh suhplxp dozd|v ehwwhu wkdq wkh klvwrulfdo phwkrg1 Zh ixuwkhu �qg wkdw wkh

vwhs0xs ihdwxuh uhgxfhv erqg sulfh yrodwlolw| iru prvw ri wkh frqvlghuhg vwhs0xs erqgv1 Ilqdoo|/

iru doo erqgv lq rxu vdpsoh/ wkh vwhs0xs ihdwxuh grhv qrw r�hu lqyhvwruv srvlwlyh h{fhvv uhwxuqv

lq fdvh ri d udwlqj grzqjudgh ru d fkdqjh wr qhjdwlyh rxworrn1

Wkh frxsrq ri d vwhs0xs erqg ghshqgv rq lwv lvvxhu*v udwlqj ru wkh udwlqj ri wkh lvvxhu*v

orqj whup ghew1 Li wklv udwlqj ghwhulrudwhv dqg klwv d suhgh�qhg ohyho/ wkh vwhs0xs ihdwxuh lv

wuljjhuhg dqg wkh frxsrq ulvhv zlwk d suhgh�qhg qxpehu ri edvlv srlqwv1 Ghshqglqj rq wkh
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h{dfw vshfl�fdwlrq ri wkh vwhs0xs odqjxdjh/ wkh frxsrq fdq ulvh hyhq pruh li wkh udwlqj ixuwkhu

ghwhulrudwhv1 Iru prvw vwhs0xs erqgv/ wkh uhyhuvh dovr dssolhv/ l1h1 wkh frxsrq lv uhgxfhg li wkh

udwlqj lqfuhdvhv djdlq1 Vwhs0xs erqgv duh d uhodwlyho| qhz skhqrphqrq lq wkh hxur0ghqrplqdwhg

frusrudwh erqg pdunhw1 Erwk lvvxhuv dqg lqyhvwruv ehqh�w iurp wklv vwhs0xs ihdwxuh/ vhh PfDglh

hw do1 ^5333`1 Lvvxhuv kdyh sodfhg d odujhu yroxph ri ghew dw orzhu sulfhv wkdq zrxog rwkhuzlvh

kdyh suhydlohg1 Lqyhvwruv kdyh sur�whg dv zhoo/ ehfdxvh wkh| zloo eh frpshqvdwhg lq wkh hyhqw ri

udwlqj grzqjudghv dqg ehfdxvh lvvxhuv vkrxog eh pruh frpplwwhg wr wkhlu udwlqj dv d grzqjudgh

zloo shqdol}h wkhp gluhfwo| e| kljkhu frxsrq sd|phqwv1

Zh dqdo|}h �yh vwhs0xs erqgv wkdw kdyh ehhq lvvxhg e| wkuhh frpsdqlhv= Ghxwvfkh Whohfrp/

Iudqfh Whohfrp dqg NSQ1 Wkhvh duh wkh rqo| wkuhh frpsdqlhv lq rxu gdwd vhw wkdw kdyh lvvxhg

erwk vwhs0xs erqgv dqg hqrxjk hxur0ghqrplqdwhg sodlq ydqlood erqgv wr uholdeo| hvwlpdwh lvvxhu0

vshfl�f lqwhuhvw udwh fxuyhv1 Hyhq wkrxjk zh fdq dqdo|}h rqo| d olplwhg qxpehu ri vwhs0xs erqgv/

wklv vwxg| lv zruwkzkloh/ ehfdxvh lw surylghv rqh ri wkh �uvw hpslulfdo whvwv ri wkh MOW prgho

rq udwlqj0vhqvlwlyh lqvwuxphqwv dqg ehfdxvh wkh ehkdylrxu ri vwhs0xs erqgv kdv qrw |hw ehhq

grfxphqwhg lq wkh dfdgdplf olwhudwxuh1

Ydulrxv lqyhvwphqw edqnv kdyh sxeolvkhg derxw wkh fkdudfwhulvwlfv dqg ydoxdwlrq ri vwhs0

xs erqgv/ iru h{dpsoh Ohkpdq Eurwkhuv ^PfDglh hw do1/ 5333`/ M1S1 Prujdq ^Vlulqdwkvlqjk/

5334`/ Vfkurghu Vdorprq Vplwk Eduqh| ^Ixpdjdool dqg Wdxuhq/ 5334` dqg Vrflìwì Jhqhudo ^Wxuf/

5334`1 M1S1 Prujdq xvhg klvwrulfdo wudqvlwlrq dqg ghidxow suredelolwlhv lq wkhlu ydoxdwlrq> Ohkpdq

Eurwkhuv hvwlpdwhg wkhvh suredelolwlhv vxemhfwlyho| e| xvlqj wkhlu dqdo|vwv* rslqlrqv> Vfkurghu

Vdorprq Vplwk Eduqh| dssolhg erwk vxemhfwlyh dqg klvwrulfdo wudqvlwlrq suredelolwlhv> Vrflìwì

Jhqhudo lpsohphqwhg d MOW0w|sh ri prgho dqg xvhg ulvn0qhxwudo suredelolwlhv1 Wkhvh sdshuv doo

vkrzhg wkh uhvxowv ri wkhlu dqdo|vlv iru rqo| rqh gd|1 Lq frqwudvw/ zh sulfh wkh vwhs0xs erqgv iru

d orqjhu shulrg/ l1h1 Pdufk 5334 � Iheuxdu| 5335/ dqg lpsohphqw wkuhh sulflqj phwkrgv1

Ghvslwh wkh odujh lqwhuhvw iurp sudfwlwlrqhuv/ rqo| rqh dfdghplf sdshu ^Frqur|/ 5333` kdv ehhq
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sxeolvkhg derxw wkh ydoxdwlrq ri hxur vwhs0xs erqgv/ dv idu dv zh nqrz1 Olnh prvw lqyhvwphqw

edqnv/ Frqur| dovr ydoxhg vwhs0xs erqgv xvlqj klvwrulfdo udwlqj wudqvlwlrq suredelolwlhv1 Ulvn0

qhxwudo ydoxdwlrq prghov wkdw fdq eh xvhg wr sulfh udwlqj0wuljjhuhg lqvwuxphqwv kdyh dsshduhg

lq wkh dfdghplf olwhudwxuh wkrxjk1 Wkh edvlv iru prvw ri wkhvh prghov lv wkh MOW Pdunry fkdlq

prgho/ zklfk xvhv d �up*v fuhglw udwlqjv dv dq lqglfdwru ri wkh olnholkrrg ri ghidxow1 Nlmlpd dqg

Nrpruled|dvkl ^4<<;` dgmxvwhg wkh MOW prgho wr pdnh lw qxphulfdoo| pruh vwdeoh e| uhsodflqj

ghidxow suredelolwlhv zlwk vxuylydo suredelolwlhv lq wkh fdofxodwlrq ri ulvn suhpld1 Wkh MOW

prgho kdv ehhq jhqhudol}hg e| Gdv dqg Wxidqr ^4<<9` wr lqfrusrudwh vwrfkdvwlf uhfryhu| udwhv/

dqg e| Odqgr ^4<<;` dqg Duydqlwlv/ Juhjru| dqg Odxuhqw ^4<<<` wr pdnh wudqvlwlrq dqg ghidxow

lqwhqvlwlhv vwrfkdvwlf dqg srvvleo| ghshqghqw rq vwdwh yduldeohv1 Elhohfnl dqg Uxwnrzvnl ^5333`

dqg Dfkdu|d/ Gdv dqg Vxqgdudp ^5335` hpehgghg wkh Pdunry fkdlq lq d Khdwk/ Mduurz dqg

Pruwrq ^4<<5` iudphzrun zlwk vwrfkdvwlf iruzdug udwhv1 Dfkdu|d hw do1 ^5335` dovr surylghg dq

looxvwudwlrq ri wkhlu prgho rq d vw|ol}hg vwhs0xs erqg1

Wkh frqwhqw ri wkh uhvw ri wklv sdshu lv wkh iroorzlqj1 Iluvw/ zh ghvfuleh wkh fkdudfwhulvwlfv

ri vwhs0xs erqgv lq Vhfwlrq 51 Qh{w/ lq Vhfwlrq 6/ wkh MOW prgho lv eulh | vxppdul}hg dqg wkh

ulvn0qhxwudo ydoxdwlrq ri vwhs0xs erqgv lv h{sodlqhg1 Ixuwkhu/ zh ghvfuleh wkh ydoxdwlrq phwkrgv

xvlqj klvwrulfdo suredelolwlhv dqg dv htxlydohqw sodlq ydqlood erqgv1 Vhfwlrq 7 ghvfulehv rxu gdwd

vhw1 Wkh uhvxowv ri dsso|lqj wkh wkuhh ydoxdwlrq phwkrgv wr wkh gdwd duh jlyhq lq Vhfwlrq 81 Zh

dovr whvw zkhwkhu lqfoxglqj vwhs0xs ihdwxuhv r�huv wkh lqyhvwru vx!flhqw surwhfwlrq xvlqj erwk

yrodwlolw| whvwv dqg zh frqgxfw dq hyhqw vwxg| rq udwlqj dqg rxworrn fkdqjhv1 Ilqdoo|/ Vhfwlrq

9 vxppdul}hv1

5 Vwhs0Xs Erqgv

Wkh frxsrq ri d vwhs0xs erqg ghshqgv rq wkh lvvxhu*v udwlqj ru wkh udwlqj ri lwv orqj whup ghew1

Li wkh udwlqj ghwhulrudwhv dqg klwv d suhgh�qhg ohyho/ wkh vwhs0xs frxsrq lv wuljjhuhg dqg wkh
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frxsrq ulvhv zlwk d suhgh�qhg qxpehu ri edvlv srlqwv1 Ghshqglqj rq wkh vwhs0xs frxsrq w|sh/

wkh frxsrq fdq ulvh hyhq pruh li wkh lvvxhu*v udwlqj ixuwkhu ghwhulrudwhv1 Iru prvw vwhs0xs erqgv/

wkh uhyhuvh dovr dssolhv/ l1h1 wkh frxsrq lv uhgxfhg li wkh udwlqj lpsuryhv djdlq1 Wklv lv fdoohg

wkh vwhs0grzq ihdwxuh1 Wkh frxsrq fdq qhyhu jr ehorz wkh ruljlqdo ohyho dw lvvxdqfh wkrxjk1

Vwhs0xs frxsrq erqg frqglwlrqv fdq gl�hu ehwzhhq lvvxhuv1 Dovr/ d vlqjoh frpsdq| fdq lvvxh

gl�huhqw w|shv ri vwhs0xs erqgv1 Wkh prvw lpsruwdqw glvfulplqdwlqj frqglwlrqv ri wkh vwhs0xs

erqgv duh wkh iroorzlqj= zkhwkhu wkh frxsrq fdq vwhs xs dqg grzq ru rqo| vwhsv xs/ zkhwkhu

erwk Prrg|*v dqg V)S kdyh wr grzqjudgh wkh lvvxhu ru rqo| rqh ri wkhp ehiruh wkh vwhs0xs

wuljjhu lv klw/ wkh wlplqj ri wkh frxsrq dgmxvwphqw/ wkh udwlqj0wuljjhu ohyho dqg wkh qxpehu ri

edvlv srlqwv +esv, ri wkh vwhs0xs1 Edvhg rq PfDglh hw do1 ^5333` dqg Pdufkdnlwxv/ Vrghuehuj

dqg Eudpoh| ^5334`/ zh gh�qh wkuhh w|shv ri vwhs0xs erqgv xvlqj wkhvh frqglwlrqv/ vhh Wdeoh 41

^Lqvhuw Wdeoh 4 durxqg khuh`

6 Prgho

614 Udwlqj Wudqvlwlrqv

Wkh ydoxh ri d vwhs0xs erqg htxdov wkh vxp ri wkh glvfrxqwhg/ h{shfwhg fdvk  rzv dv iru dq|

rwkhu erqg1 Krzhyhu/ xqolnh sodlq ydqlood erqgv/ wkhlu frxsrqv duh d ixqfwlrq ri wkh lvvxhu*v

udwlqj dqg wkhuhiruh zh kdyh wr prgho wkh lvvxhu*v udwlqj wudqvlwlrq surfhvv xqghu wkh htxlydohqw

pduwlqjdoh phdvxuh1 Wkh MOW prgho surylghv d vxlwdeoh iudphzrun iru wklv sxusrvh/ vlqfh lw

xvhv d frpsdq|*v fuhglw udwlqj dv dq lqglfdwru ri wkdw frpsdq|*v fuhglwzruwklqhvv1

Zh iroorz wkh vhwxs ri wkh MOW prgho1 Zh dvvxph wkdw d xqltxh htxlydohqw pduwlqjdoh

phdvxuh �T h{lvwv wkdw pdnhv doo ghidxow0iuhh dqg ghidxowdeoh erqg sulfhv pduwlqjdohv/ diwhu

qrupdol}dwlrq e| wkh ghidxow0iuhh prqh|0pdunhw dffrxqw1 Ixuwkhu/ xqghu �T/ ghidxow0iuhh lqwhuhvw

udwhv dqg wkh ghidxow wlph � duh lqghshqghqw1 Ilqdoo|/ wkh uhfryhu| udwh � lv frqvwdqw> zh iroorz
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Mduurz dqg Wxuqexoo ^5333` dqg Vfkùqexfkhu ^5333` e| dvvxplqj wkdw � dssolhv wr wkh sulqflsdo

rqo|/ qrw wr wkh frxsrqv1

Wkh frpsdq|*v fuhglw udwlqj U| dw gd| w lv prghoohg dv d Pdunry fkdlq rq d �qlwh vwdwh

vsdfh V @ i4> = = = >Nj xqghu wkh klvwrulfdo suredelolw| phdvxuh1 Wkh vwdwh vsdfh V frqwdlqv doo

srvvleoh udwlqjv/ lqfoxglqj wkh plqru udwlqjv= vwdwh 4 uhsuhvhqwv wkh Ddd udwlqj/ vwdwh 5 Dd4/

vwdwh 6 Dd5/ = = = > vwdwh N � 4 Fdd/ dqg wkh odvw vwdwh/ N/ ghidxow1 Lw lv dvvxphg wkdw ghidxow lv

dq devruelqj vwdwh1 Xqghu wkh Pdunry surshuw|/ lw krogv iru doo l> m 5 V> w � v � 3 dqg u� 5 V>

3 � x ? v wkdw

t�� +v> w, @ S +U| @ m m Ur @ l>U� @ u�> 3 � x ? v,

@ S +U| @ m m Ur @ l, >

l1h1 wkh suredelolw| ri jrlqj iurp udwlqj l wr udwlqj m lq wkh shulrg iurp v wr w rqo| ghshqgv rq

wkh udwlqj Ur dw wlph v dqg qrw rq wkh klvwru| U�> 3 � x ? v> ri uhdfklqj wkdw udwlqj1 Zh duh

dzduh ri wkh olplwdwlrqv ri wklv dvvxpswlrq/ dv sdvw udwlqj pryhphqwv gr vhhp wr d�hfw ixwxuh

udwlqj wudqvlwlrqv/ dv vkrzq e| Qdjsdo dqg Edkdu ^5333`> krzhyhu/ lw lv dq dvvxpswlrq frpprq

wr prvw wkhruhwlfdo prghov1

Lq rughu wr ydoxh vwhs0xs erqgv/ zh qhhg wkh udwlqj wudqvlwlrq surfhvv xqghu wkh ulvn0qhxwudo

phdvxuh �T1 MOW vwduwhg zlwk wkh revhuyhg/ klvwrulfdo wudqvlwlrq suredelolwlhv/ iru h{dpsoh iurp

d udwlqj wudqvlwlrq pdwul{ iurp Prrg|*v ru V)S/ dqg dssolhg ulvn suhpld wr wudqvirup wkhvh

lqwr ulvn0qhxwudo suredelolwlhv1 Zh fkrrvh wr dgmxvw wkh +W � w,0|hdu wudqvlwlrq pdwul{� T +w> W ,

wr jhw wkh ulvn0qhxwudo wudqvlwlrq pdwul{ �T +w> W , dv iroorzv

�t�� +w> W , @

;AA?
AA=

� +w> W , t�� +w> W , iru m 9@ N

4� � +w> W , +4� t�g +w> W ,, iru m @ N

+4,
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iru vrph ulvn suhplxp � +w> W ,1 Lw iroorzv wkdw wkh ulvn suhplxp fdq eh fdofxodwhg dv

� +w> W , @
4� �t-|cg +w> W ,

4� t-|cg +w> W ,
= +5,

Wkh ulvn suhplxp iru wlph W lv wkh udwlr ri wkh ulvn0qhxwudo vxuylydo suredelolw| wr wkh klvwrulfdo

vxuylydo suredelolw|/ vr wkdw zh uhwdlq wkh qxphulfdo vwdelolw| ri Nlmlpd dqg Nrpruled|dvkl

^4<<;/ khuhdiwhu NN`1 Qrwh wkdw zh xvh *fxpxodwlyh* suredelolwlhv �t�� +w> W , lqvwhdg ri MOW*v dqg

NN*v *iruzdug* suredelolwlhv �t�� +w> w. 4,/ l1h1

�t�� +w> w. 4, @ �� +w> w. 4, t�� +w> w. 4, =

Wkh dgydqwdjh ri rxu ulvn suhpld lv wkdw wkhlu fdofxodwlrq lv hdvlhu/ ehfdxvh wkh| gr qrw uhtxluh

pdwul{ lqyhuvlrq/ fi1 MOW*v irupxod +49, dqg NN*v irupxod +4<,1 Erwk dssurdfkhv/ *iruzdug* dqg

*fxpxodwlyh*/ jhqhudwh wkh vdph uhvxowv wkrxjk1 Dovr/ qrwh wkdw zh rqo| xvh rqh ulvn suhplxp

iru doo udwlqj fdwhjrulhv1 Lghdoo|/ zh zrxog olnh wr xvh d vhsdudwh ulvn suhplxp iru doo udwlqjv1

Krzhyhu/ hdfk hxur0ghqrplqdwhg whohfrp lvvxhu grhv qrw fryhu wkh ixoo udwlqj vshfwuxp/ vr wkdw

zh kdyh wr uhvruw wr rqh ulvn suhplxp/ ghulyhg iurp wkh lvvxhu*v fxuuhqw udwlqj/ dqg dsso| lw wr

doo udwlqjv1

Iru hdfk gd|/ zh hvwlpdwh wkh lvvxhu0vshfl�f vxuylydo suredelolw| fxuyh ri hdfk whohfrp frp0

sdq|1 Iroorzlqj Krxzholqj dqg Yruvw ^5335/ Vhfwlrq 7`/ zh vshfli| d olqhdu kd}dug ixqfwlrq/

dvvxph d uhfryhu| udwh ri 83(/ dqg xvh wkh hxur }hur0frxsrq vzds fxuyh dv sur{| iru wkh

ghidxow0iuhh whup vwuxfwxuh1 Wkh sdudphwhuv ri wkh kd}dug ixqfwlrq duh hvwlpdwhg rq wkh pdunhw

sulfhv ri wkdw lvvxhu*v sodlq ydqlood erqgv xvlqj qrq0olqhdu ohdvw vtxduhv1 Jlyhq wkh hvwlpdwhg

vxuylydo suredelolw| fxuyh iru d frpsdq| rq d sduwlfxodu gd|/ zh fdofxodwh lwv ulvn suhpld +5, dqg

ulvn0qhxwudo wudqvlwlrq pdwulfhv +4, iru doo uhtxluhg pdwxulwlhv1 Wkhvh ulvn0qhxwudo pdwulfhv duh

xvhg wr fdofxodwh wkhruhwlfdo ydoxhv iru vwhs0xs erqgv xvlqj wkh phwkrgv ri wkh qh{w vhfwlrq1 Zh

:



dovr fdofxodwh <8( frq�ghqfh erxqgv iru wkh vxuylydo suredelolw| fxuyh/ dqg uhshdw wklv vhulhv

ri fdofxodwlrqv iru wkh xsshu dqg orzhu erxqg/ khqfh rewdlqlqj xsshu dqg orzhu erxqgv iru wkh

vwhs0xs erqg ydoxhv dv zhoo1

615 Vwhs0Xs Ydoxdwlrq

Wr ghwhuplqh wkh wkhruhwlfdo ydoxh ri d ghidxowdeoh vwhs0xs dqg vwhs0grzq erqg/ zh dgg wkh

iroorzlqj dvvxpswlrq wr wkh vhw ri MOW dvvxpswlrqv phqwlrqhg lq wkh suhylrxv vhfwlrq= erwk

Prrg|*v dqg V)S dowhu wkhlu udwlqj ri dq lvvxhu dw wkh vdph wlph12 Lq Vhfwlrq 7/ zh vkrz wkdw

wklv lv d sodxvleoh dvvxpswlrq wr pdnh1 Lq rxu dqdo|vlv/ zh dsso| wkh Prrg|*v udwlqj dfwlrqv1

Lq wkh uhpdlqghu ri wklv vhfwlrq/ zh glvfxvv rxu wkuhh phwkrgv wr ydoxh vwhs0xs erqgv/ vwduwlqj

zlwk wkh MOW prgho1

Frqvlghu d vwhs0xs dqg vwhs0grzq erqg zlwk q uhpdlqlqj frxsrq sd|phqwv dqg d idfh ydoxh

ri 41 Wkh erqg lvvxhu pdnhv wkh m|� frxsrq sd|phqw dw gd| w�/ m @ 4> 5> = = = > q> exw rqo| li kh

kdv qrw jrqh lqwr ghidxow ehiruh w�1 Li wkh udwlqj dw w�3� lv htxdo wr u/ wkh frxsrq sd|phqw dw

w� lv htxdo wr fo> u @ 4> = = = >N= Wkh frxsrq sd|phqw dw w� ghshqgv rq wkh udwlqj dw wf> zklfk

zh gh�qh dv wkh suhylrxv frxsrq gdwh/ ru/ li wkhuh lv qr suhylrxv frxsrq/ wkh lvvxh gdwh1 Wkh

vwhs0xs erqg*v sulqflsdo dprxqw lv sdlg dw pdwxulw| w?/ djdlq rqo| li wkh lvvxhu kdv qrw ghidxowhg

ehiruh w?1 Lq fdvh wkh lvvxhu grhv ghidxow ehiruh wkh erqg pdwxuhv/ wkh frqvwdqw uhfryhu| udwh

� ri wkh qrwlrqdo lv sdlg dw wkh ghidxow wlph1 Dsso|lqj wkh ulvn0qhxwudo ydoxdwlrq sulqflsoh wr

wkhvh frxsrq/ sulqflsdo dqg uhfryhu| fdvk  rzv/ |lhogv
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zkhuh w lv dq q0yhfwru zlwk wkh frxsrq sd|phqw gdwhv/ f lv d N0yhfwru zlwk wkh frxsrq shu0
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fhqwdjhv shu udwlqj fdwhjru|/ s +w> W , ghqrwhv wkh wlph0w ghidxow0iuhh glvfrxqw idfwru iru wlph W /

�H| ^[` ghqrwhv wkh �T0h{shfwhg ydoxh ri [ jlyhq wkh lqirupdwlrq dw gd| w dqg 4t�� lv wkh lqglfd0

wru ixqfwlrq ri hyhqw D1 Wkh �uvw olqh ri +6, frqwdlqv wkh frxsrq sd|phqwv/ wkh vhfrqg olqh wkh

sulqflsdo sd|phqw/ dqg wkh odvw olqh wkh srwhqwldo uhfryhu| sd|phqw1

Wkh �uvw ulvn0qhxwudo h{shfwdwlrq lq +6, fdq eh hydoxdwhg dv iroorzv= iru m A 4> zh kdyh�
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zkhuh �S| +D, ghqrwhv wkh ulvn0qhxwudo suredelolw| ri hyhqw D jlyhq wkh lqirupdwlrq dw gd| w> iru

m @ 4> wkh frxsrq dprxqw lv douhdg| nqrzq +ehfdxvh U|f lv douhdg| nqrzq,/ vr wkh h{shfwdwlrq

uhgxfhv wr

�H|

�
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Diwhu hydoxdwlqj wkh vhfrqg dqg wklug ulvn0qhxwudo h{shfwdwlrqv lq +6, wrr/ wkh MOW ydoxh ri rxu

udwlqj0wuljjhuhg vwhs0xs dqg vwhs0grzq erqg htxdov

EauA +w> w> f, @ s +w> w�, +4� �t-|cg +w> w�,, f-|f
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zkhuh zh iroorz Krxzholqj dqg Yruvw ^5335` e| uhsodflqj wkh lqwhjudo wkdw uhvxowv iurp wkh
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uhfryhu| sd|phqw zlwk d qxphulfdo dssur{lpdwlrq zlwk srwhqwldo ghidxow gdwhv htxdo wr wkh

frxsrq sd|phqw gdwhv1 Qrwh wkdw wkh rqo| gl�huhqfh ehwzhhq Htxdwlrq +7, dqg wkh ydoxh ri d

sodlq ydqlood +SY, erqg/
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lv wkh sduw uhodwlqj wr wkh vshfl�f frxsrq vwuxfwxuh ri wkh vwhs0xs erqg1 Li zh vhw f& @ f iru doo

n> wkh h{shfwhg ydoxh ri wkh m|� frxsrq sd|phqw uhgxfhv wr wkdw ri d sodlq ydqlood erqg
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Dv d vhfrqg ydoxdwlrq phwkrg/ zh wuhdw wkh vwhs0xs erqg dv d erqg wkdw lv lghqwlfdo h{fhsw

iru wkh vwhs0xs ihdwxuh1 Zh uhihu wr wklv erqg dv wkh htxlydohqw sodlq ydqlood erqg1 Mxvw olnh wkh

vwhs0xs erqg/ wkh �uvw frxsrq ri wklv erqg dovr ghshqgv rq wkh udwlqj dw wf/ exw wkh uhpdlqlqj

frxsrqv duh dvvxphg wr iroorz iurp wkh fxuuhqw udwlqj/ l1h1 wkh| duh doo htxdo wr f-| 1 Wkh ydoxh

ri wkh htxlydohqw sodlq ydqlood +HSY, erqg wkxv htxdov
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Wkh gl�huhqfh zlwk wkh MOW irupxod +7, lv wkh vhfrqg olqh/ zklfk qr orqjhu lqfoxghv d vxppdwlrq

ryhu srvvleoh ixwxuh udwlqjv/ exw lqvwhdg dvvxphv wkh fxuuhqw udwlqj U| zloo suhydlo1 Wkh HSY

irupxod dovr vwurqjo| uhvhpeohv wkh SY irupxod +8,/ h{fhsw wkdw wkh �uvw frxsrq pd| gl�hu iurp

wkh rwkhu frxsrqv1

Wkh wklug phwkrg zh frqvlghu wr ydoxh vwhs0xs erqgv/ wkh klvwrulfdo ydoxdwlrq phwkrg/ lv

edvhg rq wkh phwkrgv lqyhvwphqw edqnv riwhq dssolhg/ h1j1 PfDglh hw do1 ^5333` dqg Ixpdjdool

dqg Wdxuhq ^5334`1 Wklv phwkrg xvhv wkh whohfrp frpsdq|*v }hur0frxsrq fxuyh wr glvfrxqw

h{shfwhg frxsrqv/ zkhuh wkh h{shfwdwlrq lv fdofxodwhg zlwk klvwrulfdo wudqvlwlrq suredelolwlhv

udwkhu wkdq ulvn0qhxwudo suredelolwlhv> djdlq/ wkh �uvw frxsrq lv nqrzq1 Wklv jlyhv
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zkhuh y +w> W , ghqrwhv wkh lvvxhu*v wlph0w glvfrxqw idfwru iru wlph W=

7 Gdwd

Prvw hxur0ghqrplqdwhg vwhs0xs erqgv kdyh ehhq lvvxhg e| whohfrp frpsdqlhv1 Dqdo|}lqj wkhvh

udwlqj0wuljjhuhg vwhs0xs frusrudwh erqgv wkxv dxwrpdwlfdoo| phdqv irfxvlqj rq wkh whohfrp

vhfwru1 Vwhs0xs erqgv duh dq lpsruwdqw vrxufh ri �qdqflqj iru whohfrp frpsdqlhv/ ehfdxvh dw

wkh hqg ri Pdufk 5334/ vwhs0xs erqgv dffrxqwhg iru 75( ri wkh pdunhw fdslwdol}dwlrq ri wkh

whohfrp erqg pdunhw ^Ixpdjdool dqg Wdxuhq/ 5334`1 Zh dqdo|}h wkh vhw ri hxur0ghqrplqdwhg

vwhs0xs frxsrq whohfrp erqgv dv olvwhg e| erwk Ohkpdq Eurwkhuv ^PfDglh hw do1/ 5333` dqg M1S1

Prujdq ^Pdufkdnlwxv hw do1/ 5334`1 Iru wkhvh Hxurshdq whohfrp frpsdqlhv/ zh grzqordg wkh

pdlq fkdudfwhulvwlfv dqg wkh sulfh wlph vhulhv iru doo wkhlu erqgv iurp Eorrpehuj rq d gdlo| edvlv

iru wkh shulrg 7 Mdqxdu| 4<<<�46 Iheuxdu| 53351 Zh xvh wkh Eorrpehuj Jhqhulf +EJQ, sulfh1
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Wkh EJQ sulfh lv dq dyhudjh ri sulfhv wkdw duh txrwhg e| d orqj olvw ri edqnv dqg eurnhuv dqg

uh hfwv wkh elg vlgh ri Orqgrq forvlqj1 EJQ sulfhv duh dovr xvhg wr sulfh wkh Eorrpehuj2HIIDV

jryhuqphqw erqg lqglfhv ^Eurzq/ 4<<7`1

Zh pdnh vxuh wkdw wkh erqgv xvhg lq wkh fxuyh hvwlpdwlrq duh sodlq ydqlood1 Zh fodvvli| d

erqg dv d sodlq ydqlood erqg li wkh erqg kdv qr vwhs0xs odqjxdjh/ qr hpehgghg rswlrqv/ lv qrw

 rdwlqj dqg qrw frqyhuwleoh1 Iurp wkh grzqordghg sulfhv/ zh uhpryh txrwhv wkdw htxdo wkh txrwh

ri wkh suhfhglqj gd|+v, dqg txrwh vslnhv1 Zh vhogrp kdyh wr uhpryh txrwhv wkrxjk1 Wdeoh 5

vkrzv wkh qxpehu ri doo hxur0+uh,ghqrplqdwhg erqgv/ sodlq ydqlood erqgv dqg hxur0ghqrplqdwhg

vwhs0xs frxsrq erqgv ri wkh whohfrp frpsdqlhv wkdw kdyh lvvxhg vwhs0xs erqgv1 Wkuhh lvvxhuv/

Ghxwvfkh Whohfrp/ Iudqfh Whohfrp dqg NSQ/ kdyh d odujh qxpehu ri txrwhg/ sodlq ydqlood erqgv

frpsduhg wr wkh rwkhu whohfrp frpsdqlhv/ Eulwlvk Whohfrp/ Rolyhwwl2Whfqrvw dqg Whohfrp Lwdold1

Lq rxu dqdo|vhv/ zh irfxv rq wkh vwhs0xs erqgv ri wkh �uvw wkuhh lvvxhuv rqo|/ ehfdxvh zh qhhg

wr hvwlpdwh lvvxhu0vshfl�f vxuylydo suredelolw| fxuyhv dv ghvfulehg lq Vhfwlrq 6 dqg wklv fxuyh

hvwlpdwlrq uhtxluhv d fhuwdlq qxpehu ri sodlq ydqlood erqgv1 Wkhvh wkuhh frpsdqlhv duh odujh

frusrudwh erqg lvvxhuv dv wkh| wrjhwkhu uhsuhvhqw 9=8( ri wkh Ohkpdq Eurwkhuv Hxur0Djjuhjdwh

Frusrudwh Erqg Lqgh{ rq 64 Pd| 53351

^Lqvhuw Wdeoh 5 durxqg khuh`

Wdeoh 6 glvsod|v wkh fkdudfwhulvwlfv ri wkh vwhs0xs erqgv zh zloo xvh lq rxu dqdo|vlv= wkh

vwhs0xs w|sh/ dv gh�qhg lq Wdeoh 4/ wkh qxpehu ri edvlv srlqwv vwhs0xs [ dqg wkh udwlqj0wuljjhu

ohyho \ 1 Zh uhvwulfw rxuvhoyhv wr vwhs0xs erqgv zlwk vwhs0xs dqg vwhs0grzq frxsrqv/ ehfdxvh

iurp rxu wkuhh whohfrp lvvxhuv mxvw rqh NSQ erqg kdv vwhs0xs rqo| odqjxdjh1 Ydoxlqj d vwhs0xs

rqo| erqg/ w|sh F lq Wdeoh 4/ gl�huv iurp d erqg zlwk vwhs0xs dqg vwhs0grzq ihdwxuhv/ w|shv

D dqg E lq Wdeoh 4/ ehfdxvh wkh frxsrq ri d vwhs0xs rqo| erqg lv sdwk0ghshqghqw1 Wklv phdqv

wkdw li wkh udwlqj dw dq| wlph ehiruh wkh frxsrq gdwh kdv ehhq ehorz wkh wuljjhu0ohyho wkh frxsrq

sd|phqw lqfoxghv wkh vwhs0xs/ hyhq diwhu wkh lvvxhu lv xsjudghg wr ru hyhq deryh wkh suh vwhs0
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xs udwlqj djdlq> wklv sdwk0ghshqghqf| fkdudfwhulvwlf qhfhvvlwdwhv dq rwkhu ydoxdwlrq surfhgxuh

wkdq Htxdwlrq +7,1 Lq vkruw/ rqfh wuljjhuhg/ d vwhs0xs rqo| erqg ehfrphv d sodlq ydqlood erqg1

Wklv lv h{dfwo| zkdw kdsshqhg wr wkh NSQ vwhs0xs rqo| erqg vhyhq prqwkv diwhu lwv lvvxdqfh1

Wkhuhiruh/ iurp wkh �uvw frxsrq gdwh diwhu wklv udwlqj hyhqw/ zh wuhdw lw dv d sodlq ydqlood erqg

dqg xvh lw lq rxu hvwlpdwlrq ri wkh NSQ fxuyh1

^Lqvhuw Wdeoh 6 durxqg khuh`

Zh grzqordg wkh Prrg|*v dqg Vwdqgdug ) Srru*v udwlqj dqg rxworrn klvwru| ri Ghxwvfkh

Whohfrp/ Iudqfh Whohfrp dqg NSQ iurp Eorrpehuj dv zhoo1 Iurp Prrg|*v/ zh xvh wkh lvvxhu*v

udwlqj dqg iurp V)S wkh udwlqj ri orqj whup ghew lq orfdo fxuuhqf|1 Iljxuh 4 vkrzv wkh udwlqj

dqg rxworrn pljudwlrqv ri Ghxwvfkh Whohfrp e| erwk Prrg|*v dqg V)S*v iru wkh vdpsoh shulrg1

D qhjdwlyh +srvlwlyh, rxworrn lv ghqrwhg e| wkh � +., vljq1 Iljxuhv 5 dqg 6 frqwdlq wkh vdph

lqirupdwlrq iru Iudqfh Whohfrp dqg NSQ/ uhvshfwlyho|1 Wkhvh wkuhh �jxuhv vkrz wkdw wkh udwlqj

g|qdplfv ri erwk udwlqj djhqflhv duh yhu| vlplodu1 Dw wkh hqg ri rxu shulrg wkh wzr djhqflhv

dvvljq lghqwlfdo udwlqjv wr hdfk ri rxu wkuhh whohfrp frpsdqlhv1 Zh eholhyh wkdw wkhvh �jxuhv

mxvwli| rxu dgglwlrqdo prghoolqj dvvxpswlrq lq Vhfwlrq 6151

^Lqvhuw Iljxuhv 4/ 5 dqg 6 durxqg khuh`

Dv klvwrulfdo wudqvlwlrq pdwul{/ zh xvh Prrg|*v dyhudjh rqh0|hdu vhqlru udwlqj wudqvlwlrq

pdwul{ iru frusrudwh erqg lvvxhuv/ hvwlpdwhg ryhu wkh shulrg iurp 4<;6 wr 5334 ^Fdqwru/ Kdplowrq

dqg Rx/ 5335`1

Ilqdoo|/ hxur vzds udwhv duh grzqordghg iurp Eorrpehuj1 Zh dsso| d vwdqgdug errwvwuds0

slqj surfhgxuh wr h{wudfw }hur0frxsrq udwhv dqg lqwhusrodwh olqhduo| ehwzhhq wkh dydlodeoh pd0

wxulwlhv wr jhw d fxuyh iru doo uhtxluhg pdwxulwlhv1
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8 Uhvxowv

814 Vwhs0Xs Erqg Ydoxhv dqg Vwhs0Xs Suhplxpv

Lq wklv vhfwlrq/ zh dqdo|}h wkh uhvxowv iurp wkh lpsohphqwdwlrq ri wkh iudphzrun iurp Vhfwlrq 6

rq wkh �yh vwhs0xs erqgv lq Wdeoh 61 Zh gh�qh wkh sulflqj huuru ri d vwhs0xs erqg dv lwv pdunhw

sulfh plqxv lwv wkhruhwlfdo ydoxh1 Vshfl�fdoo|/ SH�
K| lv wkh sulflqj huuru ri erqg e dw gd| w/ li

phwkrg l lv xvhg wr fdofxodwh wkh wkhruhwlfdo ydoxh/ l 5 iHSY> MOW>Kj1 Ixuwkhu/ DSH�
K| ghqrwhv

wkh devroxwh sulflqj huuru iru wkh wkuhh phwkrgv1 Wkh vdpsoh phdqv ri wkhvh vl{ vwdwlvwlfv duh

ghqrwhg e| PSH�
K dqg PDSH�

K1 D qhjdwlyh +srvlwlyh, vljq ri dq PSH vwdwlvwlf lqglfdwhv wkdw

wkhruhwlfdo ydoxhv duh/ rq dyhudjh/ wrr odujh +vpdoo,1 Wr whvw li wklv ryhu0 ru xqghuhvwlpdwlrq ri

vwhs0xs erqg sulfhv lv vljql�fdqw iru phwkrg l/ zh dsso| d rqh0vdpsoh ]0whvw +vhh/ h1j1/ Duqrog

^4<<3/ Fkdswhu 44`,

]�
K @

s
QK

PSH�
K

V�
K

>

zkhuh V�
K lv wkh vdpsoh vwdqgdug ghyldwlrq ri wkh SH�

K| vhulhv dqg QK lv wkh vdpsoh vl}h iru erqg

e1 Dv|pswrwlfdoo|/ ]�
K kdv d vwdqgdug qrupdo glvwulexwlrq1 Vlploduo|/ lq rughu wr ghwhuplqh li

vljql�fdqw shuirupdqfh gl�huhqfhv h{lvw ehwzhhq wkh wkuhh phwkrgv/ zh dovr xvh d sdluhg ]0whvw

^Duqrog/ 4<<3/ Fkdswhu 44`1 Wklv whvw whoov xv zkhwkhu wzr wlph vhulhv kdyh wkh vdph phdq/ zkloh

doorzlqj iru qrq0}hur fruuhodwlrq dqg xqhtxdo yduldqfhv1 Wkh whvw vwdwlvwlf wr frpsduh phdvxuhv

l dqg m lv gh�qhg dv

]��
K @

s
QK

P ��
K

V��
K

>

zkhuh P ��
K dqg V��

K duh wkh vdpsoh phdq dqg vdpsoh vwdqgdug ghyldwlrq/ uhvshfwlyho|/ ri G��
K| =@

DSH�
K| � DSH�

K|/ l> m 5 iHSY> MOW>Kj/ l 9@ m/ w @ 4> = = = > QK= Dv|pswrwlfdoo|/ ]
��
K dovr kdv d
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vwdqgdug qrupdo glvwulexwlrq1

Wdeoh 7 vkrzv wkh PSH dqg PDSH vwdwlvwlfv iru wkh whohfrp vwhs0xs erqg ydoxhv jhqhudwhg

e| wkh wkuhh ydoxdwlrq phwkrgv dqg/ iru frpsdulvrq/ dovr wkh PDSH ydoxhv iru wkh sodlq ydqlood

erqgv wkdw duh xvhg lq wkh hvwlpdwlrq ri wkh lvvxhu0vshfl�f vxuylydo suredelolw| fxuyhv1e Wkh

sdluhg ]0whvwv duh suhvhqwhg lq Wdeoh 8 iru doo frpelqdwlrqv ri wkh wkuhh ydoxdwlrq phwkrgv1

Ixuwkhu/ dv dq dowhuqdwlyh whvw ri wkh shuirupdqfh ri rxu wkuhh phwkrgv/ zh fdofxodwh lq Wdeoh 9

wkh shufhqwdjh ri gd|v wkdw wkh pdunhw sulfh ri d vwhs0xs erqg olhv ehwzhhq wkh <8( frq�ghqfh

erxqgv ri wkh fdofxodwhg wkhruhwlfdo ydoxhv1 Wklv whoov xv krz xqfhuwdlqw| lq wkh hvwlpdwhg

vxuylydo suredelolw| fxuyhv wudqvodwhv lqwr xqfhuwdlqw| lq wkh fdofxodwhg wkhruhwlfdo vwhs0xs erqg

ydoxhv1

^Lqvhuw Wdeohv 7/ 8 dqg 9 durxqg khuh`

Zh dovr }rrp lq rq wkh ydoxh ri wkh vwhs0xs ihdwxuh1 Zh gh�qh wkh pdunhw suhplxp ri

wkh vwhs0xs ihdwxuh dv wkh vwhs0xs erqg*v pdunhw sulfh plqxv wkh ydoxh ri wkh htxlydohqw sodlq

ydqlood erqg1 Vlploduo|/ zh fdofxodwh wkh MOW suhplxp +uhvshfwlyho| wkh klvwrulfdo suhplxp, ri

wkh vwhs0xs ihdwxuh dv wkh MOW +uhvshfwlyho| wkh klvwrulfdo, ydoxh ri wkh vwhs0xs erqg plqxv wkh

ydoxh ri wkh htxlydohqw sodlq ydqlood erqg1 E| vxewudfwlqj wkh ydoxh ri wkh htxlydohqw sodlq ydqlood

erqg/ zh *fruuhfw* wkh pdunhw/ MOW dqg klvwrulfdo ydoxhv iru doo erqg fkdudfwhulvwlfv h{fhsw iru

wkh vwhs0xs ihdwxuh1 Vr/ zh dvvxph wkdw wkh vwhs0xs ihdwxuh ixoo| ghwhuplqhv wkh uhpdlqghu dqg

qr rwkhu idfwruv duh ri lpsruwdqfh1 Lq dgglwlrq wr wkh suhplxp/ wkh <8(0frq�ghqfh lqwhuydo

durxqg wkh suhplxp lv fdofxodwhg xvlqj wkh frq�ghqfh erxqgv ri wkh htxlydohqw sodlq ydqlood

erqg1 Vlplodu wr wkh sulflqj huuruv lqwurgxfhg iru wkh vwhs0xs erqg sulfhv/ zh orrn dw wkh

gl�huhqfhv ehwzhhq wkh pdunhw vwhs0xs suhplxp dqg wkh MOW dqg klvwrulfdo suhplxpv1 Vlqfh

doo wkuhh �jxuhv frqwdlq wkh ydoxh ri wkh htxlydohqw sodlq ydqlood erqg dv fruuhfwlrq whup/ wkh

odvw irxu froxpqv lq Wdeoh 7 dqg wkh odvw froxpq lq Wdeoh 8 dovr dsso| wr wkh vwhs0xs suhplxp1

\hw Wdeoh 9 grhv qrw shuwdlq wr wkh vwhs0xs suhplxp> wkh fryhudjh shufhqwdjhv iru vwhs0xs
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suhplxpv duh yhu| vlplodu wr wkrvh iru wkh vwhs0xs erqg sulfhv/ duh wkhuhiruh rplwwhg1

Ghxwvfkh Whohfrp

Zh qrz glvfxvv wkh uhvxowv iru hdfk whohfrp frpsdq|/ ehjlqqlqj zlwk Ghxwvfkh Whohfrp1 Wkh

PSH ydoxhv lq Wdeoh 7 whoo wkdw wkh HSYphwkrg w|slfdoo| xqghuydoxhv dqg wkh MOW dqg klvwrulfdo

phwkrgv xvxdoo| ryhuydoxh wkh 53380erqg1 Wkh MOW prgho kdv wkh vpdoohvw eldv wr wkh pdunhw

sulfh/ vlqfh erwk PSH.�T dqg PSHM gl�hu pruh iurp }hur wkdq PSHauA / ghvslwh wkdw doo

wkuhh PSHv duh vwdwlvwlfdoo| gl�huhqw iurp }hur1 Wkh shufhqwdjhv lq Wdeoh 9 dovr vkrz wkdw wkh

MOW prgho ehwwhu dssur{lpdwhv wkh vwhs0xs pdunhw sulfh wkdq wkh HSY dqg klvwrulfdo phwkrgv1

Dowkrxjk wkh erqg ydoxhv ydu| ehwzhhq phwkrgv/ wkh sdluhg ]0whvw lq Wdeoh 8 vkrzv wkdw wkhvh

gl�huhqfhv duh vpdoo dqg lq fdvh ri wkh gl�huhqfh ehwzhhq wkh HSY dqg MOW phwkrgv qrw hyhq

vwdwlvwlfdoo| vljql�fdqw1

Iljxuh 7 vkrzv wkh pdunhw/ MOW dqg klvwrulfdo vwhs0xs suhplxpv dqg wkh <8(0frq�ghqfh

erxqgv durxqg wkh pdunhw suhplxp iru wkh 53380Ghxwvfkh Whohfrp erqg1D Erwk wkh MOW dqg

klvwrulfdo suhplxpv duh srvlwlyh dqg pruh ru ohvv frqvwdqw/ h{fhsw iru d vpdoo lqfuhdvh fdxvhg e|

Prrg|*v grzqjudgh ri Ghxwvfkh Whohfrp rq 46 Mxqh 5334> wkh klvwrulfdo suhplxpv duh odujhu

wkdq wkh MOW suhplxpv1 Lq frqwudvw/ wkh pdunhw suhplxpv duh pxfk pruh yrodwloh dqg vrph0

wlphv hyhq qhjdwlyh1S D qhjdwlyh pdunhw suhplxp iru wkh vwhs0xs ihdwxuh lv frxqwhulqwxlwlyh=

dv orqj dv wkh vwhs0xs kdv qrw ehhq wuljjhuhg |hw/ wkh frxsrq fdqqrw ghfuhdvh dqg khqfh wkh

vwhs0xs ihdwxuh pxvw kdyh d srvlwlyh ydoxh1 Iurp wkh frq�ghqfh erxqgv/ krzhyhu/ li iroorzv wkdw

wkh qhjdwlyh pdunhw suhplxpv duh qrw vwdwlvwlfdoo| vljql�fdqw1 Wkh pdunhw suhplxp  xfwxdwhv

prvwo| ehwzhhq 3 dqg 4/ h{fhsw lq Dxjxvw 5334/ zkhuh lw lv deryh 4 dqg lq Qryhpehu dqg

Ghfhpehu 5334/ zkhuh lw lv ehorz 31

^Lqvhuw Iljxuh 7 durxqg khuh`

Iru wkh 53430erqg/ wkh PSH ydoxhv lq Wdeoh 7 iru wkh MOW dqg klvwrulfdo phwkrgv duh
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uhodwlyho| vpdoo/ zkhuhdv iru wkh HSY phwkrg wkh PSH ydoxh lv pxfk odujhu1 Ixuwkhu/ doo

wkuhh ydoxdwlrq phwkrgv jlyh vwdwlvwlfdoo| vljql�fdqw gl�huhqw ydoxhv dw d frq�ghqfh ohyho ri <8(

dffruglqj wr Wdeoh 81 Wdeoh 9 dovr glvsod|v wkdw wkh kljkhvw fryhudjh shufhqwdjhv duh jhqhudwhg

e| wkh MOW prgho1

Wkh pdunhw vwhs0xs suhplxp ri wkh 53430erqg glvsod|v dq hyhq pruh yrodwloh sdwwhuq wkdq

ri wkh 53380erqg/ vhh Iljxuh 81 Wklv pdnhv vhqvh/ ehfdxvh gxh wr lwv orqjhu pdwxulw|/ pruh

frxsrqv duh d�hfwhg e| wkh vwhs0xs odqjxdjh1 Gxulqj wkh �uvw kdoi ri wkh dqdo|}hg shulrg/

xqwlo Rfwrehu 5334/ wkh pdunhw suhplxp lv odujhu wkdq wkh MOW dqg klvwrulfdo suhplxpv/ odwhu

wklv sdwwhuq lv uhyhuvhg1 Wkh pdunhw vwhs0xs suhplxp ehfrphv qhjdwlyh lq Ghfhpehu 5334 dqg

Mdqxdu| 5335> exw olnh deryh/ wkh qhjdwlyh pdunhw suhplxp lv qrw vljql�fdqw1 Erwk MOW dqg

klvwrulfdo suhplxpv uhpdlq urxjko| frqvwdqw gxulqj wkh hqwluh shulrg1

^Lqvhuw Iljxuh 8 durxqg khuh`

Iudqfh Whohfrp

Qh{w/ zh orrn dw wkh wzr Iudqfh Whohfrp vwhs0xs erqgv1 Iru wkh 53370erqg/ wkh PSH dqg

PDSH ydoxhv iru wkh HSY phwkrg lq Wdeoh 7 dssur{lpdwh wkh pdunhw sulfhv ehwwhu wkdq wkh

MOW dqg klvwrulfdo phwkrgv1 Dssduhqwo|/ wkh pdunhw ydoxhv wklv erqg dv d sodlq ydqlood erqg1

Dovr/ iurp Wdeoh 9/ zh revhuyh wkdw wkh <8( frq�ghqfh erxqgv ri wkh HSY ydoxhv hqforvh wkh

pdunhw sulfhv lq <3( ri wkh gd|v/ dqg wkh MOW dqg klvwrulfdo phwkrgv rqo| ;8( dqg :5(/

uhvshfwlyho|1 Djdlq/ Wdeoh 8 h{klelwv wkdw wkh dssur{lpdwlrqv surgxfhg e| wkh wkuhh ydoxdwlrq

phwkrgv gl�hu vljql�fdqwo|1

Iljxuh 9 glvsod|v wkh pdunhw vwhs0xs suhplxp zlwk lwv <8(0frq�ghqfh erxqgv dqg wkh MOW

dqg klvwrulfdo suhplxpv1 Wkh vdph sdwwhuq dv zlwk Ghxwvfkh Whohfrp hphujhv/ zlwk yrodwloh/

wkrxjk lqvljql�fdqw/ pdunhw suhplxpv dqg vwhdg| MOW dqg klvwrulfdo suhplxpv1 Dovr/ wkhuh

lv d odujh gurs lq erwk wkhruhwlfdo suhplxpv rq 59 Vhswhpehu 5334 diwhu wkh grzqjudgh e|
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Prrg|*v iurp D6 wr Edd41 Wklv grzqjudgh wuljjhuhg wkh vwhs0xs ihdwxuh +vhh Wdeoh 6,/ vr wkdw

wkh uhpdlqlqj qxpehu ri vwhs0xsv lv orzhu wkdq wkh qxpehu ri vwhs0xsv dw lvvxdqfh dqg wkh

frxsrq fdq dovr vwhs grzq dv wkh udwlqj lpsuryhv djdlq1 Wkh frqvhtxhqfh lv d ghfuhdvh lq wkh

wkhruhwlfdo vwhs0xs suhplxpv/ dv revhuyhg lq Iljxuh 91

^Lqvhuw Iljxuh 9 durxqg khuh`

Iru wkh 533;0Iudqfh Whohfrp erqg/ wkh PSH ydoxh lv +lq devroxwh ydoxh, htxdo wr wkh PDSH

ydoxh iru erwk wkh MOW dqg klvwrulfdo phwkrgv/ vhh Wdeoh 71 Wklv phdqv wkdw erwk phwkrgv

dozd|v ryhuhvwlpdwh wkh pdunhw sulfh1 Wkh PSH ydoxh iru wkh HSY phwkrg lv wkh vpdoohvw/ exw

wkhuh lv vwloo d odujh eldv1 Wkh frq�ghqfh erxqgv vwdwlvwlfv lq Wdeoh 9 uhyhdo wkdw lq 7;( ri wkh

gd|v wkh pdunhw sulfh dqg HSY ydoxh duh vwdwlvwlfdoo| lqglvwlqjxlvkdeoh/ zkloh wkh frq�ghqfh

erxqgv ri wkh MOW dqg klvwrulfdo phwkrgv doprvw qhyhu lqfoxgh wkh pdunhw sulfh1 Wkh sdluhg

]0whvwv dovr lqglfdwh wkdw wkh MOW dqg klvwrulfdo ydoxhv gr qrw ydu| pxfk/ exw wkdw wkh| erwk

gl�hu wr d juhdw h{whqw iurp wkh HSY ydoxhv1

Dv Iljxuh : vkrzv/ wkh pdunhw suhplxp ri wkh vwhs0xs ihdwxuh ri wkh 533;0erqg lv djdlq

yrodwloh dqg lv hyhq vljql�fdqwo| qhjdwlyh gxulqj wkh �uvw ihz prqwkv dqg dovr diwhu wkh grzq0

judgh1 Lq frqwudvw/ erwk wkh MOW dqg klvwrulfdo suhplxpv uhpdlq srvlwlyh gxulqj wkh ixoo shulrg/

dovr diwhu wkh grzqjudgh/ zkhuh wkhlu ydoxhv gurs dv zhoo1 Dv deryh/ zh revhuyh wkdw wkh MOW

dqg klvwrulfdo suhplxpv duh w|slfdoo| odujhu wkdq wkh pdunhw suhplxp dqg wklv gl�huhqfh lv

txlwh odujh/ ehfdxvh wkh| yluwxdoo| qhyhu olh zlwklq wkh pdunhw suhplxp*v frq�ghqfh erxqgv1

^Lqvhuw Iljxuh : durxqg khuh`

NSQ

Ilqdoo|/ zh dqdo|}h wkh 53390NSQ vwhs0xs erqg1 Djdlq wkh PSH ydoxh ri wkh HSY phwkrg lv

forvhvw wr }hur/ wkrxjk lw lv vljql�fdqwo| vpdoohu wkdq }hur/ vhh Wdeoh 71 Wkh MOW prgho dovr
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w|slfdoo| ryhuydoxhv wkh pdunhw sulfh/ dqg wkh klvwrulfdo phwkrg hyhq pruh/ dv hylghqfhg e|

wkhlu qhjdwlyh PSH ydoxhv1 Wkh vdph udqnlqj ri wkh wkuhh phwkrgv hphujhv iurp Wdeoh 9/ vlqfh

lq ;5( ri wkh fdvhv wkh pdunhw sulfh olhv zlwklq wkh HSY frq�ghqfh erxqgv/ zkloh iru wkh MOW

dqg klvwrulfdo phwkrgv wklv lv :9( dqg 66(1 Wkhuhiruh/ wkh pdunhw vhhpv wr ydoxh wklv erqg dv

d sodlq ydqlood erqg1

Ilqdoo|/ zh fdofxodwh wkh pdunhw/ MOW dqg klvwrulfdo vwhs0xs suhplxpv/ vhh Iljxuh ;1 Vlplodu

wr wkh wzr Iudqfh Whohfrp erqgv deryh/ wkh MOW dqg klvwrulfdo suhplxpv duh ohvv yrodwloh dqg

kljkhu wkdq wkh pdunhw suhplxp/ exw wkh suhplxpv ri wkh MOW prgho riwhq olh zlwklq wkh <8(0

frq�ghqfh erxqgv1 Wkh mxps lq wkh MOW dqg klvwrulfdo suhplxpv dqg wkh vslnh lq wkh pdunhw

suhplxp rq 9 Vhswhpehu 5334 iroorz iurp Prrg|*v udwlqj grzqjudgh iurp Edd5 wr Edd61 Wkh

pdunhw suhplxp �uvw vkrzv d gudpdwlf idoo dqg dq lpsuhvvlyh uhfryhu| lq wkh vxevhtxhqw prqwkv

diwhu wklv grzqjudgh dqg ehfrphv vljql�fdqwo| srvlwlyh dqg wkhq idoov iru wkh vhfrqg wlph dqg

ehfrphv qhjdwlyh1 Dovr wkh MOW suhplxp gursv diwhu wkh grzqjudgh dqg ehfrphv yluwxdoo| htxdo

wr }hur1 D gl�huhqw sdwwhuq fdq eh revhuyhg iru wkh klvwrulfdo phwkrg/ vlqfh lw ulvhv iroorzlqj

wkh grzqjudgh dqg gursv dw wkh vdph wlph wkh pdunhw suhplxp ghfolqhv dqg judgxdoo| pryhv wr

}hur1 Djdlq wkh klvwrulfdo suhplxp lv doprvw dozd|v odujhu wkdq wkh pdunhw suhplxp/ vrphwklqj

zh dovr qrwlfhg iru wkh Ghxwvfkh Whohfrp dqg Iudqfh Whohfrp vwhs0xs erqgv1

^Lqvhuw Iljxuh ; durxqg khuh`

Uhfryhu| Udwh

Wkh vwhs0xs erqg ydoxhv frqvwuxfwhg e| wkh HSY/ MOW dqg klvwrulfdo phwkrgv doo xvh d uhfryhu|

udwh ri 83(1 Krzhyhu/ wkh *wuxh* uhfryhu| udwh iru wkhvh wkuhh Whohfrp lvvxhuv lv qrw nqrzq

h{dfwo|/ lq idfw wklv lv wkh fdvh iru doo frusrudwh lvvxhuv wkdw kdyh qrw h{shulhqfhg ghidxow1 Vr/ zh

dqdo|}h khuh krz vhqvlwlyh wkh phdq devroxwh sulflqj huuruv +PDSHv, duh wr yduldwlrqv lq wkh

uhfryhu| udwh lq wkh udqjh iurp 63( wr :3(1 Iljxuh < vkrzv wkdw iru wkh 53380Ghxwvfkh Whohfrp
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erqg/ wkh PDSH ydoxhv surgxfhg e| wkh klvwrulfdo dqg HSY ydoxdwlrq phwkrgv dozd|v lqfuhdvh

zkhuhdv wkh PDSHv dvvrfldwhg zlwk wkh MOW ydoxdwlrq phwkrg dozd|v ghfuhdvh dv wkh uhfryhu|

udwh lqfuhdvhv1 Lq frqwudvw/ iru wkh 53430Ghxwvfkh Whohfrp erqg/ erwk PDSHv dqg uhfryhu| udwh

dozd|v pryh lq wkh vdph gluhfwlrq/ wkh vdph dssolhv iru wkh 53370Iudqfh Whohfrp erqg1 Wkh

PDSHv jhqhudwhg e| wkh klvwrulfdo ydoxdwlrq phwkrg ulvh dv wkh uhfryhu| udwh ehfrphv odujhu iru

erwk wkh 533;0Iudqfh Whohfrp dqg wkh 53390NSQ erqg1 Wkh rssrvlwh sdwwhuq fdq eh revhuyhg

iru wkh PDSHv dvvrfldwhg zlwk wkh MOW dqg HSY ydoxdwlrq phwkrgv/ zlwk wkh h{fhswlrq ri wkh

PDSHv ri wkh 53390NSQ erqg wkdw lqfuhdvhv djdlq dw wkh :3( uhfryhu| udwh1

Zh fdq revhuyh wkdw iru wkuhh ri wkh �yh vwhs0xs erqgv/ l1h1 wkh 53430Ghxwvfkh Whohfrp dqg

erwk Iudqfh Whohfrp erqgv/ wkh rughu ri wkh ydoxdwlrq phwkrgv lv dozd|v wkh vdph/ luuhvshfwlyh

ri wkh ydoxh ri wkh uhfryhu| udwh1 Iru wkh rwkhu wzr erqgv/ wkh 53380Ghxwvfkh Whohfrp erqg

dqg wkh 53390NSQ erqg/ wkh klvwrulfdo phwkrg dozd|v shuirupv zruvw/ exw wkh MOW dqg HSY

phwkrgv furvv dw d uhfryhu| udwh ri 83( dqg :3(> uhvshfwlyho|> iru vpdoohu ydoxhv/ wkh HSY

phwkrg lv ehwwhu/ zkhuhdv iru odujhu ydoxhv wkh MOW phwkrg |lhogv vpdoohu huuruv1

^Lqvhuw Iljxuh < durxqg khuh`

815 Vwhs0Xs Surwhfwlrq

Yrodwlolw| Dqdo|vlv

Zh qrz dqdo|}h wkh surwhfwlrq d vwhs0xs surylvlrq r�huv wr dq lqyhvwru1 Zh k|srwkhvl}h wkdw

wkh sulfh yrodwlolw| ri wkh vwhs0xs erqg lv orzhu wkdq wkh yrodwlolw| ri lwv htxlydohqw sodlq ydqlood

erqg/ ehfdxvh wkh vwhs0xs ihdwxuh frpshqvdwhv d orzhu udwlqj zlwk d kljkhu frxsrq/ dqg ylfh

yhuvd/ vhh dovr PfDglh hw do1 ^5333`1. Vr/ wkh vwhs0xs ihdwxuh vkrxog zrun dv d fxvklrq djdlqvw

udwlqj pljudwlrqv1

Zh frpsduh wkh yduldqfh ri d vwhs0xs erqg*v pdunhw sulfhv/ �2
r|eR3�R/ zlwk wkh yduldqfh ri
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lwv htxlydohqw sodlq ydqlood erqg*v ydoxhv/ �2
.�T 1 Wkh qxoo k|srwkhvlv

Kf =
�2
r|eR3�R

�2
.�T

@ 4>

lv whvwhg xvlqj wkh whvw vwdwlvwlf

Y @
V2
r|eR3�R

V2
.�T

>

zkhuh V2
r|eR3�R dqg V2

.�T duh wkh vdpsoh yduldqfhv ri wkh vwhs0xs erqg pdunhw sulfhv dqg

htxlydohqw sodlq ydqlood erqg ydoxhv/ uhvshfwlyho|1 Y iroorzv dq I 0glvwulexwlrq zlwk qr|eR3�R � 4

dqg q.�T � 4 ghjuhhv ri iuhhgrp/ zkhuh q� htxdov wkh qxpehu ri l0revhuydwlrqv/ zlwk l 5

ivwhs0xs/ HSYj/ vhh h1j1 Pdgvhq dqg Prhvfkhqehujhu ^4<;9`1

Wdeoh : vkrzv wkdw wkh rxwfrph ri wklv whvw vwdwlvwlf lv htxlyrfdo1 Wkh qxoo k|srwkhvlv lv

hdvlo| uhmhfwhg dw wkh <8( frq�ghqfh ohyho iru erwk wkh 53380dqg 53430Ghxwvfkh Whohfrp erqgv

dqg wkh 533;0Iudqfh Whohfrp erqg1 Vr/ iru wkhvh wkuhh erqgv wkh vwhs0xs erqg sulfh yduldqfh

lv orzhu wkdq wkh yduldqfh ri wkh htxlydohqw sodlq ydqlood erqg1H Iru wkh 53370Iudqfh Whohfrp

dqg wkh 53390NSQ erqgv/ wkh wzr yduldqfhv duh vwdwlvwlfdoo| lqglvwlqjxlvkdeoh1

^Lqvhuw Wdeoh : durxqg khuh`

Hyhqw Dqdo|vlv

Qh{w/ zh fduu| rxw dq hyhqw dqdo|vlv wr whvw wkh surwhfwlrq d vwhs0xs erqg r�huv lq fdvh ri udwlqj

+rxworrn, grzqjudghv1 Dv orqj dv wkh wlplqj dqg2ru vl}h ri d udwlqj grzqjudgh ru qhjdwlyh

rxworrn fkdqjh duh qrw ixoo| dqwlflsdwhg e| wkh pdunhw/ sodlq ydqlood erqgv kdyh d qhjdwlyh

uhwxuq rq wkh hyhqw gdwh/ vhh h1j1 Kdqg/ Krowkdxvhq dqg Ohiwzlfk ^4<<5`1 Vlqfh d vwhs0xs erqg

frpshqvdwhv lqyhvwruv iru wkh ghfuhdvhg fuhglwzruwklqhvv yld d kljkhu frxsrq/ zh k|srwkhvl}h

wkdw lw kdv d kljkhu uhwxuq wkdq lwv htxlydohqw sodlq ydqlood erqg1
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Wr whvw wklv k|srwkhvlv/ zh gh�qh wkh h{fhvv vwhs0xs uhwxuq dv wkh vwhs0xs erqg pdunhw

uhwxuq plqxv wkh uhwxuq ri lwv htxlydohqw sodlq ydqlood erqg> vr/ wkh vwhs0xs erqg uhwxuq lv ixoo|

fruuhfwhg iru doo erqg fkdudfwhulvwlfv h{fhsw iru wkh vwhs0xs odqjxdjh1 Zh �uvw fdofxodwh wkh

h{fhvv uhwxuq HU�| iru erqg l iru wkh hyhqw gd|/ w @ 3/ dqg wkh wkuhh vxffhhglqj wudglqj gd|v/

w @ 4> 5> 61 Wkhq/ zh fdofxodwh wkh dyhudjh HU| ri wkhvh h{fhvv uhwxuqv iru hdfk gd| ryhu wkh �yh

vwhs0xs erqgv1 Zh dovr frqvlghu fxpxodwlyh h{fhvv uhwxuqv/ gh�qhg dv

FHU�| @
|[

r'f

HU�r>

dqg wkhlu dyhudjhv FHU|1 Zh whvw wkh vljql�fdqfh ri wkh dyhudjh h{fhvv uhwxuqv dqg wkh fxpx0

odwlyh dyhudjh h{fhvv uhwxuqv xvlqj vlpsoh w0whvwv dv ghvfulehg lq Ulwwhu ^4<<4`1 Li erwk Prrg|*v

dqg V)S*v fkdqjh wkhlu udwlqj +rxworrn, ri wkh vdph frpsdq| dw wkh vdph wlph/ zh wuhdw wklv

dv d vlqjoh hyhqw1 Ixuwkhupruh/ li d udwlqj dfwlrq rffxuv zlwklq wkuhh wudglqj gd|v ri dq hduolhu

udwlqj dfwlrq/ zh ghohwh wklv udwlqj dfwlrq iurp wkh dqdo|vlv1

Wdeoh ; vkrzv wkh uhvxowv ri wklv hyhqw dqdo|vlv1 Rq wkh hyhqw gdwh/ wkh uhwxuq rq wkh HSY

erqg lv lqghhg qhjdwlyh/ dv h{shfwhg1 Krzhuyhu/ wkh uhwxuq rq wkh vwhs0xs erqg lv hyhq pruh

qhjdwlyh/ vr wkdw wkh h{fhvv vwhs0xs uhwxuq lv qhjdwlyh1 Dowkrxjk wklv qhjdwlyh h{fhvv uhwxuq

lv qrw vljql�fdqw/ lw grhv qrw frqirup zlwk rxu h{shfwdwlrqv1 Gxulqj wkh srvw hyhqw shulrg/

wkh dyhudjh h{fhvv uhwxuq ehfrphv srvlwlyh/ exw vwd|v vwdwlvwlfdoo| lqvljql�fdqw1 Wkh fxpxodwlyh

h{fhvv uhwxuqv duh dozd|v qhjdwlyh dqg lqvljql�fdqw iru wkh zkroh srvw hyhqw shulrg1

Wkhuhiruh/ frqwudu| wr rxu h{shfwdwlrqv/ wkh vwhs0xs ihdwxuh grhv qrw r�hu lqyhvwruv srvlwlyh

h{fhvv uhwxuqv lq fdvh ri d udwlqj grzqjudgh ru d qhjdwlyh rxworrn/ exw lqvwhdg r�huv vwdwlvwlfdoo|

lghqwlfdo uhwxuqv dv wkh HSY erqg1

^Lqvhuw Wdeoh ; durxqg khuh`
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9 Vxppdu|

Hxurshdq whohfrp frpsdqlhv kdyh lvvxhg udwlqj0wuljjhuhg vwhs0xs frxsrq erqgv lq rughu wr

frpshqvdwh erqg lqyhvwruv iru orvvhv lq wkh hyhqw ri udwlqj grzqjudghv1 Wkh frxsrq ri vxfk d

vwhs0xs erqg ghshqgv rq lwv lvvxhu udwlqj ru wkh udwlqj ri wkh lvvxhu*v orqj whup ghew1 Li wklv

udwlqj ghwhulrudwhv dqg klwv d suhgh�qhg ohyho/ wkh vwhs0xs frxsrq lv wuljjhuhg dqg wkh frxsrq

ulvhv zlwk d suhgh�qhg qxpehu ri edvlv srlqwv1 Zh dsso| ulvn0qhxwudo wudqvlwlrq suredelolwlhv

xvlqj wkh Mduurz/ Odqgr dqg Wxuqexoo ^4<<:/ MOW` iudphzrun wr ydoxh wkhvh udwlqj0wuljjhuhg vwhs0

xs erqgv1 Iru frpsdulvrq sxusrvhv/ zh dovr ydoxh vwhs0xs erqgv xvlqj klvwrulfdo suredelolwlhv

dqg dv sodlq ydqlood erqgv frpsdudeoh wr vwhs0xs erqgv h{fhsw iru wkh vwhs0xs ihdwxuh1 Ixuwkhu

zh ghprqvwudwh rxu uhvxowv ryhu d orqj wlph shulrg1 Qh{w/ zh whvw wkh yrodwlolw| ri d vwhs0xs

erqg yhuvxv wkh htxlydohqw sodlq ydqlood erqg dqg zh shuirup d udwlqj dqg rxworrn fkdqjh hyhqw

dqdo|vlv ri h{fhvv vwhs0xs erqg uhwxuqv1

Zh �qg wkdw wkh pdunhw vhhpv wr ydoxh wkh Ghxwvfkh Whohfrp vwhs0xs erqgv/ zkrvh frxsrqv

pdnh d vlqjoh vwhs0xs diwhu wkh udwlqj klwv wkh wuljjhu ohyho/ dffruglqj wr wkh MOW prgho1 Rq

wkh rwkhu kdqg/ iru wkh Iudqfh Whohfrp dqg NSQ vwhs0xs erqgv/ zkrvh frxsrqv vwhs xs hyhu|

wlph d udwlqj klwv d wuljjhu ohyho/ wkh pdunhw vhhpv wr uhvruw wr ydoxdwlrq dv sodlq ydqlood erqgv1

Ixuwkhu/ zh �qg wkdw wkh pdunhw suhplxpv ri wkh vwhs0xs ihdwxuh duh pxfk pruh yrodwloh wkdq

wkh MOW dqg klvwrulfdo suhplxpv1 Wkhvh wkhruhwlfdo suhplxpv duh vwdeoh/ h{fhsw iru fkdqjhv

fdxvhg e| grzqjudghv1 Ixuwkhu/ wkh MOW prgho dssur{lpdwhv wkh pdunhw suhplxpv dozd|v

ehwwhu wkdq wkh klvwrulfdo ydoxdwlrq phwkrg1

Iurp wkh �yh vwhs0xs erqgv/ wkh wzr Ghxwvfkh Whohfrp erqgv dqg wkh 533;0Iudqfh Whohfrp

erqg kdyh d vljql�fdqwo| orzhu sulfh yrodwlolw| wkdq wkhlu htxlydohqw sodlq ydqlood erqgv dw d

<8( frq�ghqfh ohyho1 Vr/ wkhvh wkuhh vwhs0xs erqgv r�hu surwhfwlrq lq whupv ri d orzhu sulfh

yrodwlolw|1 Wkh yrodwlolwlhv ri wkh 53370Iudqfh Whohfrp dqg wkh NSQ vwhs0xs erqg duh vwdwlvwlfdoo|

lqglvwlqjxlvkdeoh iurp wkhlu htxlydohqw sodlq ydqlood erqgv1 Wkhuhiruh/ wkhvh vwhs0xs erqgv gr
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qrw r�hu d fxvklrq djdlqvw udwlqj pljudwlrqv lq wkh irup ri gdpshqhg sulfh pryhphqwv1 Wkh

uhvxowv iurp wkh hyhqw dqdo|vlv/ dqrwkhu zd| ri orrnlqj dw wkh vwhs0xs surwhfwlrq/ ghprqvwudwh

wkdw vwhs0xs erqgv gr qrw r�hu vxshulru uhwxuqv wr dq lqyhvwru lq fdvh ri udwlqj grzqjudghv ru

qhjdwlyh rxworrnv1
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Uhihuhqfhv

Dfkdu|d/ Y1/ Gdv/ V1 U1 dqg Vxqgdudp/ U1 ^5335`/ cD glvfuhwh0wlph dssurdfk wr qr0duelwudjh

sulflqj ri fuhglw ghulydwlyhv zlwk udwlqj wudqvlwlrqv*/ Ilqdqfldo Dqdo|vwv Mrxuqdo +Pd|�

Mxqh,/ 5;�771

Duqrog/ V1 I1 ^4<<3`/ Pdwkhpdwlfdo Vwdwlvwlfv/ Suhqwlfh Kdoo/ Qhz Mhuvh|1

Duydqlwlv/ D1/ Juhjru|/ M1 dqg Odxuhqw/ M10S1 ^4<<<`/ cExloglqj prghov iru fuhglw vsuhdgv*/ Wkh

Mrxuqdo ri Ghulydwlyhv +Vsulqj,/ 5:�761

Elhohfnl/ W1 U1 dqg Uxwnrzvnl/ P1 ^5333`/ cPxowlsoh udwlqjv prgho ri ghidxowdeoh whup vwuxfwxuh*/

Pdwkhpdwlfdo Ilqdqfh 43+5,/ 458�46<1

Eurzq/ S1 M1 ^4<<7`/ Frqvwuxfwlqj ) fdofxodwlqj erqg lqglfhv/ d jxlgh wr wkh HIIDV vwdqgdugl}hg

uxohv/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1

Fdqwru/ U1/ Kdplowrq/ G1 dqg Rx/ V1 ^5335`/ Ghidxow ) uhfryhu| udwhv ri frusrudwh erqg lvvxhuv/

d vwdwlvwlfdo uhylhz ri Prrg|*v udwlqjv shuirupdqfh 4<:3�5334/ Joredo Fuhglw Uhvhdufk/

Prrg|*v Lqyhvwruv Vhuylfh1

Frqur|/ S1 ^5333`/ cYdoxlqj udwlqjv0vhqvlwlyh frxsrq odqjxdjh*/ Fuhglw +Mxo|,/ 95�971

Gdv/ V1 U1 dqg Wxidqr/ S1 ^4<<9`/ cSulflqj fuhglw0vhqvlwlyh ghew zkhq lqwhuhvw udwhv/ fuhglw udwlqjv

dqg fuhglw vsuhdgv duh vwrfkdvwlf*/ Mrxuqdo ri Ilqdqfldo Hqjlqhhulqj 8/ 494�4<;1

Ixpdjdool/ U1 dqg Wdxuhq/ P1 ^5334`/ Ydoxlqj erqgv zlwk vwhs0xs frxsrqv/ Hxurshdq Fuhglw

Uhvhdufk/ Fuhglw Vwudwhj|/ Vfkurghu Vdorprq Vplwk Eduqh|1

Kdqg/ M1 U1/ Krowkdxvhq/ U1 Z1 dqg Ohiwzlfk/ U1 Z1 ^4<<5`/ cWkh h�hfw ri erqg udwlqj djhqf|

dqqrxqfhphqwv rq erqg dqg vwrfn sulfhv*/ Mrxuqdo ri Ilqdqfh 7:+5,/ :66�:851

Khdwk/ G1/ Mduurz/ U1 D1 dqg Pruwrq/ D1 ^4<<5`/ cErqg sulflqj dqg wkh whup vwuxfwxuh ri lqwhuhvw

udwhv= D qhz phwkrgrorj|*/ Hfrqrphwulfd 93+4,/ ::�4381
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Krxzholqj/ S1/ Phqwlqn/ D1 dqg Yruvw/ W1 ^5336`/ Krz wr phdvxuh fru0

srudwh erqg oltxlglw|B/ Zrunlqj sdshu/ Hudvpxv Xqlyhuvlw| Urwwhugdp/

kwws=22zzz1ihz1hxu1qo2ihz2shrsoh2krxzholqj21

Krxzholqj/ S1 dqg Yruvw/ W1 ^5335`/ Dq hpslulfdo frpsdulvrq ri ghidxow

vzds sulflqj prghov/ Zrunlqj sdshu/ Hudvpxv Xqlyhuvlw| Urwwhugdp/

kwws=22zzz1ihz1hxu1qo2ihz2shrsoh2krxzholqj21

Lvudho/ U1 E1/ Urvhqwkdo/ M1 V1 dqg Zhl/ M1 ]1 ^5334`/ cIlqglqj jhqhudwruv iru Pdunry fkdlqv yld

hpslulfdo wudqvlwlrq pdwulfhv/ zlwk dssolfdwlrqv wr fuhglw udwlqjv*/ Pdwkhpdwlfdo Ilqdqfh

44+5,/ 578�5981

Mduurz/ U1 D1/ Odqgr/ G1 dqg Wxuqexoo/ V1 P1 ^4<<:`/ cD Pdunry prgho iru wkh whup vwuxfwxuh

ri fuhglw vsuhdgv*/ Uhylhz ri Ilqdqfldo Vwxglhv 43+5,/ 7;4�8561

Mduurz/ U1 D1 dqg Wxuqexoo/ V1 P1 ^5333`/ cWkh lqwhuvhfwlrq ri pdunhw dqg fuhglw ulvn*/ Mrxuqdo

ri Edqnlqj ) Ilqdqfh 57/ 5:4�5<<1

Nlmlpd/ P1 dqg Nrpruled|dvkl/ N1 ^4<<;`/ cD Pdunry fkdlq prgho iru ydoxlqj fuhglw ulvn ghulyd0

wlyhv*/ Wkh Mrxuqdo ri Ghulydwlyhv +Idoo,/ <:�43;1

Odqgr/ G1 ^4<<;`/ cRq Fr{ surfhvvhv dqg fuhglw ulvn| vhfxulwlhv*/ Uhylhz ri Ghulydwlyhv Uhvhdufk

5/ <<�4531

Pdgvhq/ U1 Z1 dqg Prhvfkhqehujhu/ P1 O1 ^4<;9`/ Vwdwlvwlfdo Frqfhswv � zlwk Dssolfdwlrqv wr

Exvlqhvv dqg Hfrqrplfv/ 5qg hgq/ Suhqwlfh Kdoo/ Qhz Mhuvh|1

Pdufkdnlwxv/ V1/ Vrghuehuj/ P1 dqg Eudpoh|/ D1 ^5334`/ Hxurshdq whohfrpv xsgdwh/ zdwfk |rxu

vwhs111/ Fuhglw Uhvhdufk Vhfwru Uhsruw/ M1S1 Prujdq Vhfxulwlhv Owg1

PfDglh/ U1/ Pduwlq/ V1 dqg R*Ndqh/ G1 ^5333`/ Fuhglw0vhqvlwlyh whohfrp erqgv= D iudphzrun

iru ydoxdwlrq/ Hxurshdq Fuhglw Vwudwhj| ) Uhvhdufk Pdunhw Dqdo|vlv/ Ohkpdq Eurwkhuv1
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Qdjsdo/ N1 P1 dqg Edkdu/ U1 ^5333`/ cPrghoolqj wkh g|qdplfv ri udwlqj wudqvlwlrq*/ Fuhglw

+Pdufk,1

Ulwwhu/ M1 U1 ^4<<4`/ cWkh orqj0uxq shuirupdqfh ri lqlwldo sxeolf r�hulqjv*/ Mrxuqdo ri Ilqdqfh

79+4,/ 6�5:1

Vfkùqexfkhu/ S1 M1 ^5333`/ D OLERU pdunhw prgho zlwk ghidxow ulvn/ Zrunlqj sdshu/ Xqlyhuvlw|

ri Erqq/ kwws=22zzz1vfkrqexfkhu1gh21

Vlulqdwkvlqjk/ P1 ^5334`/ Ydoxlqj udwlqj0wuljjhuhg vwhs0xs erqgv/ Il{hg Lqfrph Vwudwhj|/ M1S1

Prujdq Vhfxulwlhv Lqf1

Wxuf/ M1 ^5334`/ D uxoh0ri0wkxpe iru ydoxlqj whohfrp frxsrq vwhs0xsv/ Txdqwlwdwlyh vwudwhj|/

Hxur Fuhglw Prqwko|/ Vrflìwì Jhqhudo1
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Qrwhv
�Xvxdoo|/ Prrg|*v dqg V)S uhsruw +pxowlsohv ri, 40|hdu wudqvlwlrq pdwulfhv1 Krzhyhu/ wkh wlph ehwzhhq wkh

ydoxdwlrq gd| dqg frxsrq dqg uhghpswlrq gdwhv htxdov doprvw qhyhu h{dfwo| +pxowlsohv ri, rqh |hdu1 Wkhuhiruh/

zh dgmxvw wkh klvwrulfdo wudqvlwlrq pdwul{ dqg pdnh lw pdwxulw|0ghshqghqw xvlqj d jhqhudwru pdwul{/ dv ghvfulehg

e| Lvudho/ Urvhqwkdo dqg Zhl ^5334`1

2Ixpdjdool dqg Wdxuhq ^5334` dvvxph wkdw d udwlqj dfwlrq ri rqh djhqf| lv iroorzhg e| wkh rwkhu djhqf| lq wkh

qh{w vl{ prqwkv1

�Qrwh wkdw wkh vxppdwlrq pd| eh uhgxfhg iurp g whupv wr g 3 � whupv/ vlqfh wkh g|� whup lv }hur=
�S|

�
� : |� 2-|m�4 ' g

�
' f�

eQrwh wkdw shu gh�qlwlrq PSH iru wkh sodlq ydqlood erqgv lv }hur/ vlqfh wkh sulflqj huuru iru d sodlq ydqlood

erqg lv vlpso| lwv uhvlgxdo iurp wkh ohdvw vtxduhv hvwlpdwlrq ri wkh vxuylydo suredelolw| fxuyh1

DGxh wr d odfn ri sodlq ydqlood Ghxwvfkh Whohfrp erqgv sulru wr 47 Pd| 5334/ lwv �jxuhv vwduw zhoo diwhu wkh

vwhs0xs erqg*v lvvxh gdwh S Mxo| 2fff1

SOhkpdq Eurwkhuv ^PfDglh hw do1/ 5333` dovr �qg d qhjdwlyh ydoxh lq wkhlu dqdo|vlv ri hxur vwhs0xs erqgv rq

46 Mxo| 53331

.Dovr/ Rolyhwwl2Whfqrvw*v Fklhi Ilqdqfldo R!fhu/ diwhu olqnlqj wkh frxsrqv ri lwv erqgv wr lwv fuhglw udwlqj/

vwdwhg= �zh wklqn kdylqj wkhvh vruw ri yrodwlolw| surwhfwlrq phdvxuhv dvvrfldwhg zlwk rxu erqgv vkrxog uhvxow lq d

orzhu fdslwdo frvw� +Eorrpehuj Htxlw| Qhzv/ Mxqh 49/ 5333/ txrwhg lq Dfkdu|d hw do1 ^5335/ irrwqrwh <`,1

HLi wkh vwhs0xs erqgv zhuh ohvv oltxlg wkdq wkh sodlq ydqlood erqgv/ wkhq wklv rxwfrph frxog eh h{sodlqhg e|

wkh rffxuuhqfh ri vwdoh sulfhv1 Krzhyhu/ wkh vwhs0xs erqgv duh suredeo| pruh oltxlg wkdq wkh sodlq ydqlood erqgv/

ehfdxvh wkh| duh |rxqjhu dqg kdyh odujhu qrwlrqdov wkdq wkh odwwhu/ vhh h1j1 Krxzholqj/ Phqwlqn dqg Yruvw ^5336`

dqg wkh uhihuhqfhv wkhuhlq1
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W|sh Vwhs0xs Vwhs0grzq Rqh0r� Dqg2ru Dffuxdo

D [ [ ru qh{w

E [ [ [ dqg qh{w

F [ [ ru lpphgldwho|

Wdeoh 41 Vwhs0xs erqg w|shv1
Ghvfulswlrq ri wkh wkuhh vwhs0xs erqg w|shv1 Vwhs0xs= wkh frxsrq lqfuhdvhv li wkh udwlqj ghfuhdvhv dqg

klwv wkh udwlqj0wuljjhu1 Vwhs0grzq= wkh frxsrq ghfuhdvhv li wkh udwlqj lqfuhdvhv djdlq1 Rqh0r� = wkh
frxsrq lqfuhdvhv rqo| rqfh/ hyhq li wkh udwlqj idoov ixuwkhu ehorz wkh udwlqj0wuljjhu> iru erqgv wkdw duh qrw

rqh0r�/ hdfk ixuwkhu ghfuhdvh lq wkh udwlqj/ fdxvhv d ixuwkhu lqfuhdvh lq wkh frxsrq1 Dqg2ru= ghwhuplqhv
zkhwkhu wkh frxsrq lv dgmxvwhg li Prrg|*v dqg V)S dgmxvw wkhlu udwlqjv/ ru li Prrg|*v ru V)S dgmxvwv

lwv udwlqj1 Dffuxdo= ghwhuplqhv wkh gdwh dw zklfk wkh dgmxvwhg frxsrq vwduwv dffuxlqj= lpphgldwho|

iroorzlqj d udwlqj dfwlrq/ ru rq wkh qh{w frxsrq gdwh diwhu wkh udwlqj dfwlrq1
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Doo erqgv Txrwhg/ sodlq ydqlood erqgv Vwhs0xs erqgv

Eulwlvk Whohfrp Jurxs 8 3 6

Ghxwvfkh Whohfrp 5< 47 5

Iudqfh Whohfrp 6: : 5

NSQ 43 8 5

Rolyhwwl VSD2Whfqrvw 45 3 7

Whohfrp Lwdold : 5 5

Wdeoh 51 Qxpehu ri erqgv1
Wrwdo qxpehu ri hxur0+uh,ghqrplqdwhg/ txrwhg sodlq ydqlood dqg vwhs0xs erqgv iru doo whohfrp frpsdqlhv1
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Pdwxulw| Vwhs0xs w|sh [ +esv, \ +Prrg|*v2V)S,

Ghxwvfkh Whohfrp 5338 E 83 Edd42EEE.

5343 E 83 Edd42EEE.

Iudqfh Whohfrp 5337 D 58 Edd42EEE.

533; D 58 Edd42EEE.

NSQ 5339 D 6:18 Edd62EEE0

Wdeoh 61 Vwhs0xs erqg fkdudfwhulvwlfv1
Wkh pdlq fkdudfwhulvwlfv ri wkh �yh vwhs0xs erqgv/ zkhuh vwhs0xs w|sh uhihuv wr Wdeoh 4 dqg [ dqg \

uhsuhvhqw wkh qxpehu ri edvlv srlqwv vwhs0xs dqg wkh udwlqj0wuljjhu ohyho uhvshfwlyho|1
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Sodlq Vwhs0xsv
ydqloodv HSY MOW Klvwrulfdo

PDSH Pdwxulw| PSH PDSH PSH PDSH PSH PDSH

Ghxwvfkh Whohfrp 315< 5338 f��DW f�2eW 3f�fbW f�2DW 3f�2bW f��SW

5343 ��fDW ���DW f�2fW f�H2W 3f��eW f�HbW

Iudqfh Whohfrp 3197 5337 3f�2SW f���W 3f�e�W f�eSW 3f�DSW f�D.W

533; 3f�H.W f�beW 3��bbW ��bbW 32�D.W 2�D.W

NSQ 413< 5339 3f�eeW ����W 3f�bDW ��e2W 32�2HW 2�2bW

Wdeoh 71 Sulflqj huuruv1
Phdq devroxwh sulflqj huuruv +PDSH, ehwzhhq wkh pdunhw sulfh dqg wkh wkhruhwlfdo sulfh ri wkh sodlq

ydqlood erqgv dqg erwk phdq sulflqj huuruv +PSH, dqg PDSHv/ ehwzhhq wkh pdunhw sulfh dqg wkh

htxlydohqw sodlq ydqlood +HSY, erqg ydoxh iru wkh vwhs0xs erqgv/ ehwzhhq wkh pdunhw sulfh dqg wkh

Mduurz/ Odqgr dqg Wxuqexoo +4<<:/ MOW, ydoxh iru wkh vwhs0xs erqgv/ dqg ehwzhhq wkh pdunhw sulfh dqg

wkh klvwrulfdo ydoxh iru wkh vwhs0xs erqgv1 Dq dvwhulvn +�, lqglfdwhv vljql�fdqfh ri wkh rqh0vdpsoh ]0whvw
dw d <8( frq�ghqfh ohyho1
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Pdwxulw| HSY 0 MOW HSY 0 Klvwrulfdo MOW 0 Klvwrulfdo

Ghxwvfkh Whohfrp 5338 f�ff 3f��2W 3f��2W

5343 f���W f�2SW 3f�f.W

Iudqfh Whohfrp 5337 3f���W 3f�2eW 3f���W

533; 3��feW 3��S�W 3f�DHW

NSQ 5339 3f��fW 3���SW 3f�HSW

Wdeoh 81 Sdluhg ]0whvwv1
Wkh gl�huhqfh ehwzhhq phdq devroxwh sulflqj huuruv +PDSH, ri wkh htxlydohqw sodlq ydqlood +HSY, dqg

Mduurz/ Odqgr dqg Wxuqexoo +4<<:/ MOW, ydoxh iru wkh vwhs0xs erqgv/ wkh HSY dqg klvwrulfdo ydoxh iru

wkh vwhs0xs erqgv/ wkh MOW erqg dqg klvwrulfdo ydoxh iru wkh vwhs0xs erqgv1 Dq dvwhulvn +�, lqglfdwhv
vljql�fdqfh ri wkh sdluhg0vdpsoh ]0whvw dw d <8( frq�ghqfh ohyho1
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Pdwxulw| HSY MOW Klvwrulfdo

Ghxwvfkh Whohfrp 5338 :6( ;8( 95(

5343 66( 9;( 83(

Iudqfh Whohfrp 5337 <3( ;8( :5(

533; 7;( 3( 9(

NSQ 5339 ;5( :9( 66(

Wdeoh 91 Frq�ghqfh lqwhuydo fryhudjh shufhqwdjhv1
Shufhqwdjhv ri pdunhw vwhs0xs erqg sulfhv wkdw olh ehwzhhq wkh <8( xsshu dqg orzhu erxqgv ri htxlydohqw

sodlq ydqlood +HSY,/ Mduurz/ Odqgr dqg Wxuqexoo +4<<:/ MOW, / dqg klvwrulfdo erqg sulfhv1
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Pdwxulw| Whvw vwdwlvwlf ? R0ydoxh

Ghxwvfkh Whohfrp 5338 31:5 4;< 31358

5343 3189 4;< 31333

Iudqfh Whohfrp 5337 4137 55; 31:9;

533; 31:8 55; 31364

NSQ 5339 4133 543 41333

Wdeoh :1 Yrodwlolw| dqdo|vlv1
I 0vwdwlvwlfv iru wkh qxoo k|srwkhvlv wkdw wkh vwhs0xs erqgv dqg wkhlu htxlydohqw sodlq ydqlood erqgv kdyh

htxdo yduldqfhv1
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Uhwxuqv Fxpxodwlyh uhwxuqv
Gd| Vwhs0xs HSY H{fhvv |0ydoxh Vwhs0xs HSY H{fhvv |0ydoxh

3 041;<( 031::( 04145( 04147

4 3169( 03147( 3183( 3198 04186( 031<3( 03196( 031<:

5 03144( 03194( 3183( 41:5 04197( 04184( 03146( 03153

6 3149( 314;( 03135( 03148 0417:( 04165( 03148( 03156

Wdeoh ;1 Hyhqw dqdo|vlv1
Dyhudjh +fxpxodwlyh, uhwxuqv iru wkh vwhs0xs erqgv dqg wkhlu htxlydohqw sodlq ydqlood +HSY, erqgv/ dv

zhoo dv wkh h{fhvv uhwxuqv ri wkh iruphu ryhu wkh odwwhu dqg wkhlu w0ydoxhv/ diwhu udwlqj grzqjudghv dqg

qhjdwlyh rxworrn fkdqjhv/ iru wkh hyhqw gdwh dqg wkh wkuhh vxffhhglqj gd|v1
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