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Zh kdyh lpsohphqwhg d wrro wr frpsduh gli0
ihuhqw prgxohv ri Uhlqirufhphqw Ohduqlqj do0
jrulwkpv dssolhg wr Ohduqlqj Fodvvl�hu V|v0

whpv +OFV,1 Zh irfxv rq wkuhh pdlq fodvvhv ri
prgxohv= fuhglw dvvljqphqw prgxohv/ h{sor0

udwlrq srolflhv/ dqg hyroxwlrqdu| vwudwhjlhv1
Iru hdfk fodvv zh kdyh lpsohphqwhg pdq| ri
wkh sursrvdov zh fdq �qg lq olwhudwxuh dqg
dovr vrph qhz dojrulwkpv wkdw zh kdyh gh0
vljqhg1 Lq wklv sdshu/ zh suhvhqw wkh uh0
vxowv ri wkh dssolfdwlrq ri rxu wrro wr erwk
ix}}| dqg fulvs OFVv wkdw ohduq ehkdylruv iru
vlpxodwhg dxwrqrprxv djhqwv1 Ix}}| OFVv
fdq eh frqvlghuhg d vxffhvvixo dssurdfk wr
frsh zlwk uhdo0ydoxhg lqsxw dqg rxwsxw lq
d uhdo hqylurqphqw1 D orw ri lqyhvwljdwlrqv
fdq eh grqh zlwk wklv wrro lq wklv h{shul0
phqwdo vhwwlqj1 Wklv sdshu lv irfxvhg rq
wkh frpsdulvrq dprqj gl�huhqw fuhglw dvvljq0
phqw dojrulwkpv dqg rq wkhlu shuirupdqfh lq
ohduqlqj erwk fulvs dqg ix}}| prghov1 Rxu
h{shulphqwv vkrz wkdw wkh pruh frpsoh{
fuhglw dvvljqphqw dojrulwkpv +vxfk dv/ iru lq0
vwdqfh/ wkh WG+�, jhqhudoo| kdyh ehwwhu shu0
irupdqfhv wkdq wkh pruh edvlf +vxfk dv T0
ohduqlqj ru Exfnhw Euljdgh, dovr zkhq ds0
solhg wr OFVv1 Pruhryhu/ ix}}| OFVv vhhp
wr uhtxluh d odujhu frpsxwdwlrqdo h�ruw/ exw
dovr vkrz pruh urexvwqhvv1

� W?|hL_�U|�L?

Zh duh lqyroyhg lq d odujh surmhfw dlphg dw irxqg0
lqj d phwkrgrorj| wr ghvljq dqg vhohfw Uhlqirufhphqw
Ohduqlqj dojrulwkpv wr idfh fodvvhv ri sureohpv1 Zh
kdyh lpsohphqwhg d wrro vxssruwlqj wklv dfwlylw| zlwk
vshfldo frqfhuq wr fulvs dqg ix}}| OFV1 Lq vhfwlrq 5

zh gh�qh wkh OFV vwuxfwxuh zh duh frqvlghulqj lq
wklv sdshu/ sduwlfxoduo| vxlwdeoh wr uhdo0zruog/ pr0
eloh urerw dssolfdwlrqv ^Erqdulql4<<9`/ ^Erqdulql4<<:`/
^Erqdulql dqg Edvvr4<<:`/ ^Erqdulql4<<;`1 Zh dovr
srlqw rxw wkh uhohydqfh ri wkh ix}}| uhsuhvhqwdwlrq
wr dssurdfk ohduqlqj uhodwlrqvklsv dprqj uhdo0ydoxhg
yduldeohv1 Lq vhfwlrq 6/ zh suhvhqw vrph ri wkh fuhglw
dvvljqphqw dojrulwkpv zh kdyh lpsohphqwhg1 Zh dovr
glvfxvv d jhqhudo phwkrgrorj| wr h{whqg wudglwlrqdo uh0
lqirufhphqw glvwulexwlrq irupxodh wr ohduq ix}}| prg0
hov1 Vhfwlrq 7 lv ghyrwhg wr wkh suhvhqwdwlrq ri vrph
ri wkh uhvxowv zh rewdlqhg zkhq frpsdulqj gl�huhqw
fuhglw dvvljqphqw dojrulwkpv dssolhg erwk rq fulvs dqg
ix}}| prghov1
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Lq wklv sdshu zh frqvlghu d vlpsol�hg w|sh ri
OFVv ^Erqdulql4<<;`1 Hdfk fodvvl�hu lv d uxoh zlwk
dqwhfhghqwv dqg frqvhtxhqwv1 Hdfk dqwhfhghqw fru0
uhvsrqgv wr d ydoxh iru d olqjxlvwlf yduldeoh dvvrfldwhg
wr d uhdo0ydoxhg yduldeoh1 Lq fulvs OFV zh frqvlghu
wkdw hdfk ydoxh lv rqh ri wkh q v|perov uhsuhvhqwlqj
lqwhuydov ri ydoxhv ri wkh olqjxlvwlf yduldeoh1 Lq ix}}|

OFV hdfk ydoxh lv d v|pero uhsuhvhqwlqj d ix}}| vxe0
vhw ^Nolu hw do14<<:` ri wkh vhw ri wkh ydoxhv wkh uhdo0
ydoxhg yduldeoh fdq wdnh1 D grq*w fduh v|pero pd|
uhsodfh dq| ri wkh phqwlrqhg v|perov/ phdqlqj wkdw

wkh ydoxh ri wkh fruuhvsrqglqj yduldeoh lv qrw uhohydqw/

wkdw lv dq| uhdo ydoxh pdwfkhv wkh dqwhfhghqw1 Wkh

frqvhtxhqwv duh v|perov fruuhvsrqglqj wr fulvs ydoxhv

iru hdfk ri wkh frqvhtxhqw yduldeoh1 D fodvvl�hu ri wklv

nlqg dv d frqfhswxdo vkdsh olnh wklv=

LI +IurqwGlvwdqfh LV Orz,

DQG +OhiwGlvwdqfh lv Kljk,

DQG +UljkwGlvwdqfh lv GrqbWbFduh,

WKHQ +WxuqGluhfwlrq LV Ohiw,



dfwxdoo| lpsohphqwhg lq d pruh frpsdfw vwulqj vxfk
dv %463=6%1

Zh fdoo wkh vhw ri uhdo ydoxhv/ rqh iru hdfk yduldeoh/
lq lqsxw wr wkh urerw d uhdo0ydoxhg vwdwh1 Dw hdfk frq0

wuro vwhs/ rqh fulvs fodvvl�hu lv vhohfwhg dprqj wkh rqhv
pdwfklqj wkh fxuuhqw uhdo0ydoxhg vwdwh/ dqg lwv frqvh0
txhqwv duh vhqw wr wkh dfwxdwruv ri wkh urerw/ pdnlqj
lw dfwlqj lq wkh hqylurqphqw1

Zh fdoo wkh vhw ri ix}}| vhwv/ rqh iru hdfk yduldeoh/
pdwfklqj d uhdo0ydoxhg vwdwh/ d ix}}| vwdwh1 Zkhq rs0
hudwlqj zlwk ix}}| OFVv/ wkh fxuuhqw vwdwh pdwfkhv gli0
ihuhqw ix}}| vwdwhv/ l1h1/ gl�huhqw ix}}| fodvvl�huv1 Zh
frqvlghu vxesrsxodwlrqv ri fodvvl�huv kdylqj wkh vdph
dqwhfhghqw +hyhqwxdoo| lqfoxglqj grq*w fduhv, dqg gli0
ihuhqw frqvhtxhqwv1 Dw hdfk frqwuro vwhs/ zh vhohfw rqh
fodvvl�hu iru hdfk pdwfklqj vxesrsxodwlrq +l1h1/ rqh iru
hdfk ix}}| vwdwh,/ zh frpelqh wkh sursrvhg rxwsxwv
zlwk d ix}}| djjuhjdwlrq rshudwru ^Nolu hw do14<<:`/
dqg zh vhqg wkh uhdo ydoxh wkxv rewdlqhg wr wkh df0
wxdwruv1

514 Zk| Ix}}| OFVvB

Vlqfh wkhlu lqwurgxfwlrq lq wkh odwh vl{wlhv ix}}| vhwv

kdyh ehhq dgrswhg wr pds uhdo qxpehuv wr v|perolf

odehov1 Hohphqwv ri dq xqlyhuvh ri glvfrxuvh ehorqj wr d

ix}}| vhw wr d fhuwdlq h{whqw/ dffruglqj wr wkh vr0fdoohg

phpehuvkls ixqfwlrq wkdw gh�qhv wkh ix}}| vhw1 Ohw xv
frqvlghu dq xqlyhuvh ri glvfrxuvh [ +vd|/ dq lqwhuydo ri
uhdo qxpehuv,/ dqg d ix}}| vhw/ dvvrfldwhg wr wkh odeho
forvh/ gh�qhg e| d phpehuvkls ixqfwlrq �forvh+=, wkdw
udqjhv rq hohphqwv ri wkh xqlyhuvh ri glvfrxuvh dqg
pdsv wkhp wr wkh uhdo lqwhuydo ^3/4`1 Zh fdq vd| wkdw
dq hohphqw �{ ri wkh xqlyhuvh ri glvfrxuvh +lq rxu fdvh d
glvwdqfh lq pp, ehorqjv wr wkh ix}}| vhw forvh wr wkh
h{whqw �forvh+�{,1 Iru wkh ix}}| vhw forvh lq �jxuh 4/
�forvh+9<3, @ 3=:1 Jlylqj d vhpdqwlf ydoxh wr wkh odeho
dvvrfldwhg wr wkh ix}}| vhw/ zh fdq vd| wkdw wkh ydoxh
�{ @ 9<3 fdq eh fodvvlilhg dv forvh zlwk ghjuhh 3=:1

Ix}}| vhwv duh riwhq xvhg wr fodvvli| uhdo ydoxhv lq fdw0
hjrulhv/ wkxv pdnlqj lw srvvleoh +ru lpsurylqj, v|p0
erolf uhdvrqlqj derxw wkh skhqrphqd wkdw xqghuolh wkh
qxpehuv1 Zkhq zh vd| wkdw d qxpehu �{ ehorqjv wr d
ix}}| vhw wr d jlyhq h{whqw/ zh dgg vrph lqirupdwlrq
wr lw wkdw frphv iurp wkh gh�qlwlrq ri wkh ix}}| vhw1
Iru lqvwdqfh/ wkh ydoxh �forvh+�{, fdq eh frqvlghuhg dv
dq dowhuqdwlyh uhsuhvhqwdwlrq ri �{/ dowkrxjk lw lv uh0
doo| vr rqo| iru vrph ix}}| vhw gh�qlwlrqv �o+�,1 Lq
jhqhudo/ wkh uhodwlrqvkls ehwzhhq d uhdo ydoxh �{ dqg
lwv ghjuhh ri phpehuvkls wr d ix}}| vhw �o/ �

�o
+�{,/ lv

qrw elmhfwlyh1 Wklv srwhqwldo sureohp fdq eh vroyhg e|
gh�qlqj sduwldoo| ryhuodsslqj ix}}| vhwv/ dqg frqvlg0
hulqj dv uhsuhvhqwdwlyh ri �{ wkh vhw ri doo wkh ydoxhv
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Iljxuh 4= Wkh ix}}| phpehuvkls ixqfwlrqv +deryh, dqg
wkh lqwhuydov +ehorz, wr lqwhusuhw wkh glvwdqfh phd0
vxuhg e| d vrqdu vhqvru/ xvhg lq wkh dqwhfhghqwv ri/ uh0
vshfwlyho|/ ix}}| dqg fulvs fodvvl�huv suhvhqwhg lq Vhf0
wlrq 71

�o+�{,/ ; o1

Ix}}| uxohv uhsuhvhqw uhodwlrqvklsv dprqj ix}}| vhwv1
Vlqfh wkh pdsslqj ehwzhhq d qxpehu dqg lwv fodvvl0
�fdwlrq lv fulvs dqg zhoo0gh�qhg/ zh fdq vd| wkdw d
ix}}| uxoh lv d frpsdfw uhsuhvhqwdwlrq ri d uhodwlrq0
vkls ehwzhhq wkh uhdo ydoxhv wkdw fdq eh fodvvl�hg e|
wkh ix}}| vhwv lq lwv dqwhfhghqwv dqg frqvhtxhqwv1 D
vhw ri ix}}| uxohv lpsohphqw d pdsslqj dprqj uhdo
ydoxhv wkdw frpelqhv wkh pdsslqjv lpsohphqwhg e|
hdfk uxoh1 Vr/ d ix}}| OFV lv d zd| wr frqvlghu gli0
ihuhqw orfdo prghov +ix}}| uxohv, wr rewdlq d frpsoh{/
lq jhqhudo qrq olqhdu/ pdsslqj ^Erqdulql4<<9`1 Lq sdu0
wlfxodu/ lw lv frpprq wr frqvlghu sduwldoo| ryhuodsslqj
ix}}| vhwv/ dv wkh rqhv uhsuhvhqwhg lq �jxuh 41 Lq wklv
fdvh/ dq| vhw ri uhdo ydoxhv iru wkh lqsxw yduldeohv lv
pdwfkhg wr vrph h{whqw e| dw ohdvw wzr uxohv1

Wr vxppdul}h= ix}}| vhwv fdq surylgh dq dowhuqdwlyh
uhsuhvhqwdwlrq ri uhdo qxpehuv/ d ix}}| uxoh lpsoh0
phqwv d prgho wkdw pdsv uhdo ydoxhv wr uhdo ydoxhv lq
jlyhq lqwhuydov/ d vhw ri ix}}| uxohv lpsohphqw d frp0
soh{ pdsslqj rq wkh ixoo udqjh ri wkh lqyroyhg ydul0
deohv1

Lqwhuhvwlqj dvshfwv ri wkh ix}}| OFV pdsslqj duh=
d frpsdfw/ fohdu uhsuhvhqwdwlrq/ joredo uhvxowv frp0
lqj iurp wkh frpelqdwlrq ri orfdo prghov/ vprrwk
wudqvlwlrq ehwzhhq forvh prghov1 Wkhvh dvshfwv kdyh
vrph lpsdfw dovr rq ohduqlqj1 D frpsdfw uhsuhvhqwd0
wlrq phdqv wkdw wkh prgho wr eh ohduqw lv vpdoo/ dqg
vr lv wkh vhdufk vsdfh1 Wkh dffhqw rq orfdo prghov
lpsolhv wkh srvvlelolw| wr ohduq e| irfxvlqj dw hdfk
vwhs rq vpdoo sduwv ri wkh vhdufk vsdfh rqo|/ wkxv
uhgxflqj xvhohvv lqwhudfwlrq dprqj sduwldo vroxwlrqv1



Wkh lqwhudfwlrq dprqj orfdo prghov/ gxh wr wkh lq0
whuvhfwlrq ri qhljkeru ix}}| vhwv jxdudqwhhv wkdw orfdo
ohduqlqj uh�hfwv rq joredo shuirupdqfh ^Erqdulql4<<9`1
Lw lv qrw vr iru fulvs OFVv1 Pruhryhu/ wkh vprrwk
wudqvlwlrq dprqj gl�huhqw prghov lpsohphqwhg e|
ix}}| uxohv lpsolhv urexvwqhvv zlwk uhvshfw wr gdwd
qrlvh ^Nolu hw do14<<:`1 Wkhvh duh wkh pdlq uhdvrqv zk|
ix}}| OFVv duh dq lqwhuhvwlqj dssurdfk wr ohduq uhod0
wlrqvklsv dprqj uhdo ydoxhv1

� �hi_�| @tt�}?4i?| @*}Lh�|�4t

Lq wklv sdshu zh irfxv rq vrph fuhglw dvvljqphqw do0

jrulwkpv wkdw zh kdyh lpsohphqwhg dv prgxohv ri rxu

v|vwhp wr eh dssolhg wr ohduq wkh uxoh0edvhg prghov

ghvfulehg lq wkh odvw vhfwlrq1 Zh �uvwo| lqwurgxfh

wkh rqhv xvhg zlwk fulvs prghov/ wkhq suhvhqwlqj d

phwkrgrorj| wr h{whqg wkhp wr ix}}| prghov e| frq0

vlghulqj wkhlu lqwulqvlf qdwxuh1 Zh dvvrfldwh wr hdfk

fodvvl�hu pdq| sdudphwhuv/ dprqj zklfk zh phqwlrq

khuh rqo| vwuhqjwk/ dqg dffxudf|1

614 Dojrulwkpv iru fulvs fodvvl�huv

Khuh/ zh frqvlghu rqo| wkh wkuhh dojrulwkpv/ ri wkh

hohyhq zh kdyh lpsohphqwhg/ zklfk vkrz wkh prvw gli0

ihuhqw fkdudfwhulvwlfv1

61414 Fulvs T0Ohduqlqj

Dw wlph w wkh v|vwhp lv lq wkh uhdo0ydoxhg vwdwh vw/

diwhu kdylqj h{hfxwhg dfwlrq dw�4 iurp d vwdwh vw�4

pdwfkhg e| wkh lqwhuydo0ydoxhg dqwhfhghqw avw�4/ dqg

uhfhlyhv wkh uhlqirufhphqw uw1 Wkh T0ydoxh jlyhq wr

wkh sdlu kavw�4> dw�4l lv xsgdwhg e|=

Tw+avw�4> dw�4, @ Tw�4+avw�4> dw�4, .

� +uw . � pd{d+Tw+avw> d,,

�Tw+avw�4> dw�4,

zlwk wkh ohduqlqj udwh 3 ? � ? 4 dqg wkh glvfrxqw
idfwru 3 ? � � 41 Wkh vwuhqjwk ri wkh fodvvl�hu
fw�4 vhohfwhg e| wkh h{sorudwlrq srolf| dw wlph w lv
T+avw�4> dw�4,1

Wkh dffxudf| ri wkh fodvvl�hu fw�4 lv xsgdwhg e| wkh

irupxod=

Hw+fw�4, @ Hw�4+fw�4, .

$ +muw . �pd{d+Tw+avw�4> d,,

�Tw+avw�4> dw�4,m�Hw�4+fw�4,,

zlwk wkh ohduqlqj udwh 3 ? $ � 41

61415 Fulvs WG+�,

Dw wlph w wkh uhlqirufhphqw glvwulexwlrq dojrulwkp shu0
irupv wkhvh vwhsv1

41 Uhfhlyh wkh hyhqwxdo uhlqirufhphqw uw�4 gxh wr wkh

dfwlrq dw�4 vhohfwhg e| wkh srolf| lq vwdwh vw�41

51 Frpsxwh wkh hvwlpdwlrq huuru ri wkh hydoxdwlrq
ixqfwlrq Y +�, lq vw�4/ htxlydohqw wr wkh lpphgldwh suh0

glfwlrq huuru �H ri wkh fruuhvsrqglqj fodvvl�hu fw�4
e|=

�H+fw�4, @ uw . � Yw+vw,� Yw�4+vw�4,

zlwk wkh glvfrxqw idfwru 3 � � � 41

61 Iru dq| vwdwh av=

6141 Xsgdwh wkh holjlelolw| h+av, e| wkh irupxod=

hw+av, @

�
4 liav @ avw�4

��hw�4+av, rwkhuzlvh

zlwk 3 � � � 41

6151 Li wkh holjlelolw| ri wkh vwdwh av lv juhdwhu wkdq
d wkuhvkrog ydoxh � +3 � � � 4,/ xsgdwh wkh ydoxh
ixqfwlrq Y +�, iru dq| av dffruglqj wr=

Yw+av, @ Yw�4+av,��H+fw�4,hw+av,

zlwk 3 ? � ? 41

71 Xsgdwh wkh ydoxh ri wkh srolf| iru wkh sdlu

kavw�4> dw�4l/ wkdw lv wkh vwuhqjwk z ri wkh fodvvl�hu

fw�4/ e| wkh irupxod=

zw+fw�4, @ zw�4+fw�4,. � +�H+fw�4,,

zlwk � A 31

81 Xsgdwh wkh dffxudf| ri wkh fodvvl�hu fw�4 e|=

Hw+fw�4, @ Hw�4+fw�4,.

$ +m�H+fw�4,m�Hw�4+fw�4,,

zlwk 3 ? $ � 41

61416 Fulvs Exfnhw Euljdgh

Dw wlph w wkh uhlqirufhphqw glvwulexwlrq dojrulwkp iro0

orzv wkhvh vwhsv1

41 Uhfhlyh wkh hyhqwxdo uhlqirufhphqw uw�4 gxh wr wkh

dfwlrq dw�4 vhohfwhg e| wkh srolf| lq vwdwh vw�4 dqg wkh

qhz dfwlrq dw vhohfwhg e| wkh srolf| wr eh grqh lq wkh

fxuuhqw vwdwh vw1



51 Xsgdwh wkh vwuhqjwk ri wkh fodvvl�hu fw�4 ehorqjlqj

wr wkh dfwlrq vhw ri wkh suhylrxv vwhs Dw�4/ e| wkh

irupxod=

zw+fw�4, @ zw�4+fw�4, . uw .
4

q

[

fw�45Dw�4

�zw+fw,

zkhuh wkh elg frh�flhqw 3 ? � ? 4/ dqg q lv wkh
qxpehu ri fodvvl�huv lq Dw�41

61 Xsgdwh wkh dffxudf| ri hdfk fodvvl�hu fw�4 lq Dw�4

e|=

Hw+fw�4, @ Hw�4+fw�4,.

$ +mzw+fw�4,�zw�4+fw�4,m�

Hw�4+fw�4,,

zlwk 3 ? $ � 41

71 Uhgxfh wkh vwuhqjwk ri dq| fodvvl�hu fw lq Dw/ e|
wkh irupxod=

zw+fw, @ 4� �zw+fw,

615 Dojrulwkpv iru ix}}| fodvvl�huv

Zh kdyh h{whqghg wkh deryh suhvhqwhg dojrulwkpv wr

ohduq ix}}| prghov/ iroorzlqj wkh frqvlghudwlrqv glv0

fxvvhg khuh ehorz1

D uhdo0ydoxhg vwdwh lv d vhw ri uhdo ydoxhv iru wkh lqsxw

yduldeohv1 Zh vd| wkdw d uhdo0ydoxhg vwdwh v pdwfkhv

d ix}}| vwdwh �vl wr vrph h{whqw �
�vl+v,/ zkhq hdfk uhdo

ydoxh v
n ehorqjlqj wr v ehorqjv wr wkh fruuhvsrqglqj

ix}}| vhw ehorqjlqj wr �vl/ dqg �
�v
l+v, frphv iurp wkh

frqmxqfwlrq ri wkh ydoxhv �
�v
l+vn,/ frpsxwhg e| wkh

vhohfwhg frqmxqfwlrq rshudwru1 Vxfk rshudwruv ehorqj
wr wkh fodvv nqrzq dvW0qrupv ^Nolu hw do14<<:`/ dprqj
zklfk wkh prvw frpprq duh plq dqg surgxfw1

D fulvs vwdwh xvxdoo| pdwfkhv pruh wkdq rqh ix}}|

vwdwh/ zkloh lq vwdqgdug OFV/ lw pdwfkhv wkh vhw ri lq0

whuydov wkdw gh�qh rqo| rqh lqwhuydo vwdwh1 Ohw xv frq0
vlghu vxesrsxodwlrqv ri fodvvl�huv iru hdfk ix}}| +ru
lqwhuydo, vwdwh1 Lq fulvs OFV/ fodvvl�huv ehorqjlqj wr
wkh rqo| vxesrsxodwlrq wkdw pdwfkhv wkh fxuuhqw vwdwh
sxw dfwlrqv lq wkh dfwlrq vhw/ zkhuhdv lq ix}}| OFV/ zh
kdyh pdq| vxesrsxodwlrqv pdwfklqj wkh vdph fulvs
vwdwh/ hdfk sursrvlqj dq dfwlrq zlwk vrph vwuhqjwk/
sursruwlrqdo wr wkh ghjuhh ri pdwfklqj ri wkh fodvvl�hu
vhohfwhg zlwklq wkh vxesrsxodwlrq1 Wkh vwuhqjwk ydo0
xhv ri wkh sursrvhg dfwlrqv duh frpsrvhg e| dq djjuh0

jdwlrq rshudwru/ xvxdoo| lpsohphqwhg e| d W0frqrup

+vxfk dv pd{,/ dqg wkhq ghix}}|�hg e| rqh ri wkh
pdq| phwkrgv dydlodeoh ^Nolu hw do14<<:`1 Zkdwhyhu

W0qrup/ W0frqrup/ dqg ghix}}|�fdwlrq phwkrg lv vh0

ohfwhg/ wkh uhvxowlqj dfwlrq sursrvhg e| wkh vhw ri vh0

ohfwhg ix}}| fodvvl�huv �d lv d ixqfwlrq ri wkh dfwlrqv

d
l sursrvhg e| wkh pdwfklqj fodvvl�huv dqg ri wkhlu

ghjuhhv ri pdwfklqj �
�v
l 1

Vlqfh doo wkh pdwfklqj fodvvl�huv frqwulexwh wr wkh shu0
irupdqfh ri d Ix}}| OFV/ wkh uhlqirufhphqw vkrxog eh
glvwulexwhg wr doo ri wkhp/ sursruwlrqdoo| wr wkhlu frq0
wulexwlrq1 Wkhuhiruh/ wkh �uvw vwhs wr h{whqg wkh uhlq0
irufhphqw glvwulexwlrq dojrulwkpv frqvlvwv ri lqwurgxf0
lqj d idfwru +ohw xv fdoo lw �

f
l, wkdw zhljkwv hdfk fodv0

vl�hu frqwulexwlrq1 Iru hdfk vwhs/ wklv idfwru lv htxdo
wr wkh fxuuhqw frqwulexwlrq ri wkh fodvvl�hu +lwv ghjuhh
ri pdwfklqj,/ zhljkwhg e| wkh vxp ri wkh frqwulexwlrq
jlyhq wloo qrz/ vdwxudwhg wr d jlyhq ydoxh W +lq wkhvh
h{shulphqwv W @ 5,1 Wklv hqkdqfhv wkh ohduqlqj udwh
ri fodvvl�huv wkdw gr qrw kdyh sduwlflsdwhg wrr pxfk
wr wkh shuirupdqfh/ |hw1
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n@4>w
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�

Wkh rwkhu lpsruwdqw srlqw frqfhuqv wkh hydoxdwlrq ri
wkh ehvw ydoxh lq d jlyhq vwdwh/ xvhg lq wkh T�ohduqlqj
dqg WG+�, irupxodv1 Lq wklv fdvh/ zh fdqqrw mxvw wdnh
wkh ydoxh fruuhvsrqglqj wr wkh ehvw ydoxh lq wkh jlyhq
vwdwh/ vlqfh wklv vwdwh pdwfkhv pdq| ix}}| vwdwhv/ hdfk
frqwulexwlqj zlwk gl�huhqw dfwlrqv1 Zh suhvhqw rxu
sursrvdo iru T0ohduqlqj/ ohdylqj wr wkh uhdghu wkh dqdo0
rjrxv sdvvdjhv iru WG+�,1 Ohw xv frqvlghu T�+f�l

w
,/ wkh

kljkhvw ydoxhv ri wkh fodvvl�huv f
ml
w ehorqjlqj wr hdfk

vxesrsxodwlrq fruuhvsrqglqj wr wkh pdwfklqj ix}}|

vwdwhv l dw wlph w1

T�+f�lw , @pd{m+T+f
ml
w ,,

Ohw xv fdoopw+v, wkh vxp ri wkhT�+f�l
w
,/ hdfk zhljkwhg

e| ��
�v
l+v,/ wkh ghjuhh ri pdwfklqj ri wkh fruuhvsrqglqj

fodvvl�hu wkh fxuuhqw/ uhdo0ydoxhg vwdwh v1 Wklv phdqv
wkdw zh frqvlghu dv wkh uhihuhqfh ehvw ydoxh lq wkh fxu0
uhqw vwdwh/ wkh frpelqdwlrq ri wkh ehvw fodvvl�huv wkdw
fdq wuljjhu lq wklv vwdwh/ rqh iru hdfk pdwfklqj vxe0
srsxodwlrq1 Wkh fruuhvsrqglqj irupxod lv=

pw+v, @
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w
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61514 Ix}}| T0Ohduqlqj

Dw wlph w wkh v|vwhp lv lq wkh vwdwh vw/ diwhu kdylqj

h{hfxwhg dfwlrq dw�4 iurp d vwdwh vw�4 pdwfkhg e| wkh

ix}}| dqwhfhghqw �vw�4 / dqg uhfhlyhv wkh uhlqirufhphqw

uw1 Wkh T0ydoxh jlyhq wr wkh fodvvl�huv f
l

w�4
vhohfwhg



e| wkh srolf| iru hdfk sdlu k�vl
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Wkh dffxudf| ri wkh fodvvl�hu f
l

w�4
lv xsgdwhg e| wkh
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61515 Ix}}| WG+�,

Wkh h{whqvlrq ri wkh WG+�, dojrulwkp suhvhqwhg iru
fulvs OFV lv vwudljkwiruzdug/ jlyhq wkh frqvlghudwlrqv
grqh dw wkh ehjlqqlqj ri wklv vhfwlrq1 Zh gr qrw
suhvhqw djdlq doo wkh vwhsv/ exw rqo| wkh nh| irupx0
odv1

Wkh holjlelolw| wudfh ri wkh ix}}| vwdwh �v lv xsgdwhg e|
wkh irupxod=
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Wkh vwuhqjwk ri wkh fodvvl�hu fw�4/ lv xsgdwhg e| wkh
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Wkh dffxudf| ri wkh fodvvl�hu f
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61516 Ix}}| Exfnhw Euljdgh

Dw wlph w wkh uhlqirufhphqw glvwulexwlrq dojrulwkp h{0

hfxwh wkhvh vwhsv1

41 Uhfhlyh wkh hyhqwxdo uhlqirufhphqw uw�4 gxh wr wkh

dfwlrq dw�4 vhohfwhg e| wkh srolf| lq vwdwh vw�4 dqg wkh

qhz dfwlrq dw vhohfwhg e| wkh srolf| wr eh grqh lq wkh

fxuuhqw vwdwh vw1

51 Frpsxwh wkh elg edvlqj rq wkh dfwlrq vhwv ri hdfk

vxesrsxodwlrq=
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71 Glvwulexwh wkh elg wr wkh fodvvl�huv ehorqjlqj wr
wkh dfwlrq vhw ri wkh suhylrxv vwhs ;l> ;flw�4 5 D
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81 Xsgdwh wkh dffxudf| ri dq| fodvvl�hu fw�4 lq Dw�4
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Lq wklv vhfwlrq/ zh �uvw suhvhqw wkh h{shulphqwdo vhw0

wlqjv/ wkhq glvfxvvlqj vrph ri wkh uhvxowv zh rewdlqhg1

Vlqfh wkh dlp ri wkhvh h{shulphqwv lv wkh frpsdulvrq

dprqj gl�huhqw uhlqirufhphqw glvwulexwlrq dojrulwkpv

dssolhg wr ix}}| dqg fulvs OFV/ zh nhsw �{hg doo wkh

rwkhu ohduqlqj sdudphwhuv dqg surfhgxuhv1 Qdpho|/

wkh h{sorudwlrq srolf| lv d Erow}pdq vhohfwlrq/ zlwk

whpshudwxuh htxdo wr 81 Wkh fodvvl�huv duh jhqhudwhg

e| fryhu ghwhfwlrq/ dqg wkh zruvw pdwfklqj wkh fxuuhqw

vwdwh lv ghohwhg zkhqhyhu wkh srsxodwlrq vl}h uhdfkhv d

jlyhq wkuhvkrog1 Fodvvl�huv duh vwrfkdvwlfdoo| vhohfwhg

iru jhqhwlfv e| vwuhqjwk1 Wkh pxwdwlrq suredelolw|

lv 316/ wkh doohoh pxwdwlrq suredelolw| lv 314/ dqg wkh

suredelolw| ri lqwurgxflqj d %grq*w fduh v|pero% lv dovr

3161 Hdfk wuldo odvwv 53/333 vwhsv dqg vhwv ri wuldov wr

eh frpsduhg zlwk hdfk rwkhu kdyh wkh vdph vwrfkdvwlf

vhhg1

714 Wkh dssolfdwlrq

Wkh dssolfdwlrq zh kdyh vhohfwhg lv qdyljdwlrq ri d
vlpxodwhg preloh urerw lq d vlpsol�hg hqylurqphqw1
Wkh urerw zh kdyh frqvlghuhg lv FDW ^Erqdulql4<<9`/
d preloh edvh zlwk fdu0olnh nlqhpdwlfv/ :33 pp orqj/
933 pp zlgh/ uxqqlqj dw d pd{lpxp vshhg ri 633
pp2vhf erwk iruzdug dqg edfnzdug1 Wkh pd{lpxp
vwhhulqj ghjuhh lv 63� rq hdfk vlgh1 Lq wkh frq�jx0
udwlrq zh dgrswhg iru wkhvh h{shulphqwv/ FDW kdg ;
expshuv +rq2r� frqwdfw vhqvruv, dqg vl{ vrqdu vhq0
vruv/ sodfhg dv vkrzq lq �jxuh 51 Hdfk vrqdu surgxfhv
dq xowudvrqlf zdyh dqg wkh wlph ehwzhhq hplvvlrq dqg
ghwhfwlrq ri d uh�hfwhg zdyh +Wlph ri Ioljkw 0 WrI, lv
phdvxuhg1 Wklv lv sursruwlrqdo wr wkh glvwdqfh iurp
wkh forvhu vxuidfh ruwkrjrqdo wr rqh ri wkh ud|v ri d



Iljxuh 5= Wkh xsshu ylhz ri FDW1 Wkh vrqdu vhqvlelo0

lw| frqhv duh uhsuhvhqwhg lq jud|/ dqg wkh expshuv dv

vrolg olqhv durxqg wkh urerw erg|1
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Iljxuh 6= Wkh rxwsxw ydoxhv ri vwhhulqj dqg vshhg1

93� frqh ruljlqdwlqj iurp wkh vrqdu1 Wkh udqjh lv eh0

wzhhq 533 wr 6/533 pp1 Wkh glvwdqfh rewdlqhg e| hdfk

vrqdu lv d�hfwhg e| d qrlvh/ xqlirupo| glvwulexwhg lq

wkh lqwhuydo	8( ri wkh pd{lpxp udqjh1 Wklv prgho lv
urxjk/ exw uhdolvwlf/ dqg pd| eh lpsohphqwhg e| frx0

solqj wzr vhqvruv dydlodeoh rq wkh pdunhw/ hdfk kdylqj

d ghwhfwlrq frqh ri derxw 63�1

Gdwd iurp expshuv duh lqwhusuhwhg dv hljkw gl�huhqw

glvfuhwh ydoxhv ri wkh vdph lqsxw yduldeoh1 Gdwd iurp
vrqduv duh lqwhusuhwhg hlwkhu lq whupv ri ix}}| vhwv/ ru
lq whupv ri lqwhuydov/ dv ghvfulehg lq �jxuh 41 Qrwlfh
wkh vshfldo vlqjohwrq ydoxh xvhg wr uhsuhvhqw d fkdudf0
whulvwlf ihdwxuh ri vrqduv= zkhq qr hfkr uhwxuqv zlwklq
wkh pd{lpxp WrI/ wkh vhqvru jlyhv d vshfl�f rxw ri

udqjh ydoxh1 Wklv kdsshqv erwk zkhq qr remhfw lv
zlwklq wkh udqjh/ dqg zkhq wkh remhfw gh�hfwv wkh xo0
wudvrqlf zdyh/ gxh wr lwv uhodwlyh gluhfwlrq1 D vwdwh lv
wkxv uhsuhvhqwhg e| vl{ vrqdu yduldeohv dqg rqh iru wkh
expshuv1 Wkh dfwlrq yduldeohv duh vshhg dqg vwhhulqj/
uhsuhvhqwhg e| vlqjohwrqv/ dv lq �jxuh 61 Qrwlfh wkdw/
zkloh fulvs OFV fdq rqo| surgxfh rqh ri wkh : ydoxhv
iru vwhhulqj +dqg rqh ri wkh wzr iru vshhg,/ ix}}| OFV/
e| frpsrvlwlrq ri wkh dfwlrqv sursrvhg e| hdfk fodv0
vl�hu ehorqjlqj wr wkh gl�huhqw vxesrsxodwlrqv wkdw
fryhu wkh vwdwh/ surgxfh d uhdo ydoxh iru hdfk ri wkh
rxwsxw yduldeohv1

Wkh uhlqirufhphqw ixqfwlrq u lv wkh vdph lq doo wkh h{0

Iljxuh 7= Wkh hqylurqphqw iru wkh h{shulphqwv zlwk
T0ohduqlqj dqg Exfnhw Euljdgh/ dqg rqh ri wkh ohduqw
ix}}| ehkdylruv= FDW +eodfn dqg zklwh grw, vwduwv
iurp wkh fhqwhu dqg jrhv dorqj wkh fruulgruv1

shulphqwv/ dqg lw lv ghvljqhg wr hyroyh d frqwuroohu wkdw
pdnhv wkh djhqw jr iruzdug/ dv idu dv srvvleoh iurp re0
vwdfohv dqg zdoov1 Zh duh qrw frqfhuqhg lq wklv sdshu
wr rswlpl}h wkh uhlqirufhphqw ixqfwlrq iru wkh wdvn1 Lq
wkh irupxod ehorz/ Y lv wkh vshhg ri FDW/ G lv wkh glv0
wdqfh iurp wkh forvhu remhfw/ dqg N lv d qrupdol}lqj
frqvwdqw wr nhhs wklv sduw ri wkh uhlqirufhphqw lq wkh
lqwhuydo ^3/ 4`1
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;AAAA?
AAAA=

N Y G
liFDWjrhv iruzdug/
dqg grhv qrw exps

3
liFDWgrhv qrw jr iruzdug/
dqg grhv qrw exps

�4 liFDWexpsv

Iurp wkh �qdo vhw ri ohduqw fodvvl�huv zh frqvlghu rqo|
wkh ehvw fodvvl�hu iru hdfk vxesrsxodwlrq wkdw kdyh d
vwuhqjwk kljkhu wkdq d wkuhvkrog ydoxh +lq wklv h{shu0
lphqwv/ 3,/ dqg zh hydoxdwh wkhlu shuirupdqfh1

715 Uhvxowv

Wkh �uvw uhvxowv zh duh suhvhqwlqj frqfhuq wkh frpsdu0
lvrq ehwzhhq T0ohduqlqj dqg Exfnhw Euljdgh zlwk fulvs
dqg ix}}| fodvvl�huv1 Wkh hqylurqphqw lq zklfk FDW
rshudwhv lv vkrzq lq �jxuh 71 Lw lv d vkhoo ode|ulqwk>
hdfk fruulgru lv wzr phwhuv zlgh1 D ghwdlohg dqdo|0
vlv ri wkh fkdudfwhulvwlfv ri wklv hqylurqphqw lv eh|rqg
wkh vfrsh ri wklv sdshu1 Zh zrxog olnh wr qrwlfh rqo|
wkdw wkhuh lv vrph shufhswxdo doldvlqj/ dqg wkdw wkhuh
duh txdolwdwlyho| gl�huhqw vhfwlrqv ri wkh hqylurqphqw
wr eh idfhg +wkh prvw hylghqw= vwudljkw dqg O0vkdshg
fruulgruv,1

Doo wkh dojrulwkpv surgxfh vdwlvi|lqj frqwuroohuv1 Lq
jhqhudo/ wkh ix}}| frqwuroohuv frqwdlq pruh fodvvl�huv
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Iljxuh 8= Jhqhudwlrq iuhtxhqfh lq T0ohduqlqj= fulvs
+ohiw, dqg ix}}| +uljkw,
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Iljxuh 9= Dffxudf| lq T0ohduqlqj= fulvs +ohiw, dqg
ix}}| +uljkw,

+derxw ;33 yv1 933 fulvs fodvvl�huv,1 Wklv frphv iurp
wkh idfw wkdw pruh ix}}| vwdwhv wkdq lqwhuydo vwdwhv
pdwfk wkh fulvs vwdwhv ylvlwhg e| FDW/ dqg dovr wkdw
pruh ix}}| fodvvl�huv kdyh wkh fkdqfh wr rewdlq uhlq0
irufhphqw/ vlqfh pruh wkdq rqh vxesrsxodwlrq pdwfkhv
d fulvs vwdwh1 Lq jhqhudo/ ix}}| frqwuroohuv duh d olwwoh
elw pruh h�hfwlyh wkdq fulvs/ dqg pruh urexvw zlwk uh0
vshfw wr lqfuhdvhg qrlvh ru huuruv lq phdvxuhphqwv ru
dfwxdwlrq1 D glvfxvvlrq derxw wklv lv eh|rqg wkh vfrsh
ri wklv sdshu dqg fdq eh irxqg lq ^Erqdulql4<<9`1

Lw lv lqwhuhvwlqj wr frpsduh vrph sorwv vkrzq lq �jxuhv
wkurxjk 8 wr <> doo ri wkhp uhsruw dyhudjhg gdwd iurp
45 wuldov ri 53/333 vhqvh0dfw +ru frqwuro, f|fohv hdfk1

Iljxuh 8 vkrzv wkh sorwv ri wkh glvwulexwlrq ri wkh iuh0
txhqfh ri fodvvl�hu jhqhudwlrq lq fulvs dqg ix}}| T0
ohduqlqj +vrolg olqh, ryhu wlph +f|fohv,/ dqg lwv phdq
vtxduh huuru +orzhu olqh,1 Zh pd| qrwlfh wkdw wkh
fulvs OFV jhqhudwhv pruh fodvvl�huv dw wkh ehjlqqlqj/
wkhq uhdfklqj d vwdeoh/ txlwh orz jhqhudwlrq udwh/ zkloh
ix}}| OFV nhhsv d kljk jhqhudwlrq udwh dovr odwhu rq1
Wklv phdqv wkdw ix}}| OFV lv vwloo dfwlyho| vhdufk0
lqj iru dq rswlpdo frq�jxudwlrq diwhu 53/333 f|fohv1
Wkhuhiruh/ zh pd| h{shfw wkdw dffxudf| lv kljkhu iru
fulvs OFV/ vlqfh hdfk fulvs fodvvl�hu lv uhlqirufhg lq
dyhudjh/ pruh wlphv wkdq ix}}|1 Wklv lv frq�uphg e|
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Iljxuh := Glvwulexwlrq ri fodvvl�hu vwuhqjwk lq T0
ohduqlqj= fulvs +ohiw, dqg ix}}| +uljkw,

�jxuh 91 Frpsdulqj wkh glvwulexwlrq ri wkh vwuhqjwk
dprqj fodvvl�huv +�jxuh :, ehwzhhq ix}}| dqg fulvs
OFV/ zh pd| qrwlfh wkdw d uhodwlyho| kljkhu qxp0
ehu ri ix}}| fodvvl�huv frqfhqwudwhv lq d vpdoohu vhw
ri vwuhqjwk ydoxhv durxqg 315/ zkhuhdv wkh vwuhqjwk ri
fulvs fodvvl�huv lv pruh glvwulexwhg wrzdugv kljk ydo0
xhv1 Wklv pd| eh h{sodlqhg e| qrwlflqj wkdw ix}}|
fodvvl�huv uhfhlyh d vpdoo uhlqirufhphqw dovr zkhq wkh
vshhg lv qrw wkh pd{lpxp/ vlqfh wkh vshhg wkh| sur0
gxfh pd| wdnh ydoxhv lq wkh ixoo udqjh ^0633/ 633`1
Fulvs fodvvl�huv duh uhlqirufhg rqo| zkhq wkh vshhg
lv 633 pp2vhf/ wkhuhiruh rqo| wkh ehvw fodvvl�huv vxu0
ylyh1 Wklv lv d fkdudfwhulvwlf ri ix}}| OFV/ dqg d ixoo
glvfxvvlrq derxw lw zloo eh suhvhqwhg lq d iruwkfrplqj
sdshu/ zkhuh zh zloo dovr h{sodlq zk| ix}}| OFV vhhp
wr zrun ehwwhu zlwk ghod|hg uhlqirufhphqw/ dqg fulvs
OFV zlwk frqwlqxrxv uhlqirufhphqw1

Zh fdqqrw vkrz wkh sorwv frqfhuqlqj wkh Exfnhw
Euljdgh dojrulwkp lq wklv dsshu1 Wkh jhqhudwlrq iuh0
txhqfh lv vlplodu iru erwk wkh fulvs dqg wkh ix}}|
yhuvlrq/ dqg vlplodu wr wkdw ri wkh fulvs T0ohduqlqj=
wkh dojrulwkp vhhpv wr frqyhujh wr d vpdoo udwh ri
srsxodwlrq xsgdwlqj1 Wkh dffxudf| ri prvw ri wkh
ix}}| fodvvl�huv lv orz/ zkhuhdv wkdw ri fulvs fodvvl0
�huv glvwulexwhv doprvw xqlirupho| rq wkh zkroh udqjh1
Exfnhw Euljdgh whqgv wr uhlqirufh fodvvl�huv sursrvlqj
wkh vdph dfwlrq1 Wklv lv lq frqwudvw zlwk wkh ix}}|
sklorvrsk|/ zkhuh wkh djhqw dfwlrq frphv iurp wkh
frpelqdwlrq ri gl�huhqw dfwlrqv sursrvhg e| gl�hu0
hqw fodvvl�huv1 Wkh vwuhqjwk glvwulexwlrq frq�upv wklv/
vkrzlqj d kljk qxpehu ri ix}}| fodvvl�huv zlwk vlpl0
odu/ uhodwlyho| orz vwuhqjwk/ zkhuhdv fulvs fodvvl�huv
duh pruh glvwulexwhg/ dqg pruh ri wkhp uhdfk kljkhu
ydoxhv1 Wkh frqfoxvlrq pd| eh wkdw Exfnhw Euljdgh
lv lqdssursuldwh iru ix}}| OFV/ exw zh duh lghqwli|0
lqj vrph lqwhuhvwlqj dssolfdwlrq qlfkhv/ zkhuh ix}}|
OFV zlwk kljk ohyho ri jhqhudol}dwlrq vkrz lqwhuhvw0
lqj uhvxowv1 Krzhyhu/ lw lv wrr hduo| wr pdnh jhqhudo
frqvlghudwlrqv derxw wklv wrslf1



Iljxuh ;= Wkh hqylurqphqw iru wkh h{shulphqwv zlwk
WG+�,
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Iljxuh <= Glvwulexwlrq ri fodvvl�hu vwuhqjwk lq WG+�,

Wkh vhfrqg h{shulphqw zh sursrvh frqfhuqv WG+�,1
Wkh hqylurqphqw lv vkrzq lq �jxuh ;1 Zh fdqqrw vkrz
doo wkh sorwv dovr iru wklv dojrulwkp1 Zh rqo| qrwlfh
wkdw wkh iuhtxhqf| ri fodvvl�hu jhqhudwlrq kdv d eh0
kdylru vlplodu wr wkh rwkhuv/ uhdfklqj dqg htxloleulxp
ehiruh wkhp/ wkxv vkrzlqj wkdw WG+�, lv idvwhu wkdq
rwkhu dojrulwkpv1 Wkh dffxudf| kdv wkh vdph txdol0
wdwlyh vkdsh ri wkdw ri T0Ohduqlqj/ exw/ khuh/ ix}}|
fodvvl�huv duh ohvv glvwulexwhg1 Iurp �jxuh < lw lv srv0
vleoh wr qrwlfh wkdw qrw rqo| ix}}| uxohv duh pruh dffx0
udwh/ exw dovr wkdw wkh| duh vwurqjhu/ vlqfh/ lq dyhudjh/
wkh| kdyh uhfhlyhg d odujhu dprxqw ri uhlqirufhphqw
hdfk/ jlyhq wkdw wkh vdph uhlqirufhphqw lv glvwulexwhg
wr d qxpehu ri ix}}| fodvvl�huv/ exw wr rqo| rqh fulvs
fodvvl�hu1

D �L?U*�t�L?t

Zh kdyh suhvhqwhg dq h{whqvlrq ri fodvvlfdo uhlqirufh0
phqw ohduqlqj dojrulwkpv wr fulvs dqg ix}}| OFV dqg d
�uvw frpsdulvrq dprqj vrph ri wkhp1 Wklv zrxog olnh
wr eh d �uvw frqwulexwlrq wrzdugv wkh irxqgdwlrq ri d
phwkrgrorj| wr vhohfw frpsrqhqwv ri ohduqlqj v|vwhpv
wr idfh vshfl�f dssolfdwlrqv1 Zh kdyh dovr vkrzq wkdw
wkhvh dojrulwkpv fdq eh dssolhg wr ix}}| OFV wr ohduq

urexvw pdsslqj iurp uhdo0ydxohg lqsxw wr uhdo0ydoxhg
rxwsxw1 Rxu prgho lv yhu| vlpsoh/ dqg pruh lqyhv0
wljdwlrq lv qhhghg wr frsh zlwk pruh frpsoh{ prg0
hov ^Frugrq hw do14<<:`/ rqfh wkh sulqflsdo surshuwlhv
kdyh ehhq fodul�hg1 Zh duh dovr zrunlqj rq wkh lghq0
wl�fdwlrq ri fkdudfwhulvwlfv ri wkh hqylurqphqw dqg ri
wkh prgho +yduldeohv/ ydoxhv/ judqxodulw|, lq rughu wr
pdwfk wkhp zlwk fkdudfwhulvwlfv ri wkh gl�huhqw ohduq0
lqj dojrulwkpv= uhlqirufhphqw ixqfwlrq/ uhlqirufhphqw
glvwulexwlrq/ h{sorudwlrq srolf|/ jhqhwlfv1

Dfnqrzohgjphqwv

Wklv uhvhdufk kdv ehhq sduwldoo| vxssruwhg e| wkh

PXUVW Surmhfw FHUWDPHQ1 L dq lqghewhg zlwk

Qlfrolqr Gh Pdufr zkr lpsohphqwhg wkh wrro vxs0

sruwlqj wklv uhvhdufk/ dqg zlwk Pdwwhr Pdwwhxffl

dqg Fodxglr Erqdflqd iru pdq| lqwhuhvwlqj glvfxvvlrqv

derxw wkh h{shulphqwv1

+iuihi?Uit

^Erqdulql dqg Edvvr4<<:` D1 Erqdulql dqg I1 Edvvr1
Ohduqlqj wr frpsrvh ix}}| ehkdylruv iru dx0
wrqrprxv djhqwv1 Lqwhuqdwlrqdo Mrxuqdo ri Dssur{0

lpdwh Uhdvrqlqj/ 4:+7,=73< ~ 765/ 4<<:1

^Erqdulql4<<9` D1 Erqdulql1 Hyroxwlrqdu| ohduqlqj
ri ix}}| uxohv= frpshwlwlrq dqg frrshudwlrq1 Lq
Z1 Shgu|f}/ hglwru/ Ix}}| prgholqj= sdudgljpv dqg

sudfwlfh/ sdjhv 598~5;7/ Qruzhoo/ PD/ 4<<91 Noxzhu
Dfdghplf Suhvv1

^Erqdulql4<<:` D1 Erqdulql1 Dq|wlph ohduqlqj dqg
dgdswdwlrq ri klhudufklfdo ix}}| orjlf ehkdylruv1
Dgdswlyh Ehkdylru Mrxuqdo/ 8+6 ~ 7,=5;4 ~ 648/ 4<<:1

^Erqdulql4<<;` D1 Erqdulql1 Uhlqirufhphqw glvwulex0
wlrq wr ix}}| fodvvl�huv= d phwkrgrorj| wr h{whqg
fulvs dojrulwkpv1 Lq LHHH Lqwhuqdwlrqdo Frqihuhqfh

rq Hyroxwlrqdu| Frpsxwdwlrq ~ ZFFL0LFHF*<;/
yroxph 4/ sdjhv 84~89/ Slvfdwdzd|/ QM/ 4<<;1 LHHH
Frpsxwhu Suhvv1

^Frugrq hw do14<<:` R1 Frugrq/ I1 Khuuhud/ dqg
P1 Or}dqr1 Rq wkh frpelqdwlrq ri ix}}| orjlf dqg
hyroxwlrqdu| frpsxwdwlrq= d vkruw uhylhz dqg eleol0
rjudsk|1 Lq Z1 Shgu|f}/ hglwru/ Ix}}| Hyroxwlrqdu|

Frpsxwdwlrq/ sdjhv 66 ~ 77/ Qruzhoo/ PD/ 4<<:1
Noxzhu Dfdghplf Suhvv1

^Nolu hw do14<<:` J1 M1 Nolu/ E1 \xdq/ dqg X1 Vw1 Fodlu1
Ix}}| vhw wkhru|= irxqgdwlrqv dqg dssolfdwrqv/ yro0
xph 7<D1 Suhqwlfh0Kdoo/ Hqjohzrrg Fol�v/ PD/
4<<:1


