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Zh glvfxvv vrph lvvxhv frqfhuqlqj wkh dssol0
fdwlrq ri ohduqlqj fodvvl�hu v|vwhpv wr uhdo0
ydoxhg dssolfdwlrqv1 Lq sduwlfxodu/ zh ir0
fxv rq wkh srvvlelolw| ri fodvvli|lqj gdwd e|
fulvs dqg ix}}| lqwhuydov/ vkrzlqj wkh h�hfw
ri wkhlu judqxodulw| rq wkh ohduqlqj shuiru0
pdqfh1 Zh lqwurgxfh wkh frqfhsw ri vhqvruldo
foxvwhu dqg zh glvfxvv wkh gl�huhqfh ehwzhhq

foxvwhu doldvlqj dqg shufhswxdo doldvlqj1 Zh

vkrz wkh lpsdfw ri gl�huhqw fkrlfhv rq wkh

shuirupdqfh ri erwk fulvs dqg ix}}| ohduq0

lqj fodvvl�hu v|vwhpv dssolhg wr d preloh/ dx0

wrqrprxv/ urerwlf djhqw1

� W?|hL_�U|�L?

Wkhuh lv dq lqfuhdvlqj lqwhuhvw lq wkh Ohduqlqj Fodv0
vl�hu V|vwhpv +OFV, frppxqlw| derxw lvvxhv uhodwhg
wr wkh dssolfdwlrq ri OFV wr uhdo0ydoxhg hqylurqphqwv1
Prvw ri wkh OFV dssolfdwlrqv sursrvhg xs wr qrz zrun
rq julgzruogv ^43` ru dq lqwhuydo0edvhg uhsuhvhqwdwlrq
ri wkh lqsxw ^:`1 Zkhq lqwhuidflqj wr wkh uhdo zruog
e| uhdo0ydoxhg vhqvruv/ wkh vhohfwlrq ri wkh lqwhuydo
judqxodulw| ehfrphv d uhohydqw lvvxh1 D �qh0judlqhg
fodvvl�fdwlrq wudqvodwhv lq d odujh vhdufk vsdfh/ dqg
d frduvh0judlqhg fodvvl�fdwlrq whqgv wr lqgxfh shufhs0

wxdo doldvlqj ^<`1 Zh glvfxvv vrph fulwhuld wr idfh wklv
wudgh0r� lq vhfwlrq 5/ zkhuh zh dovr glvfxvv wkh uh0
odwlrqvklsv ehwzhhq wkh lqwhuydo0edvhg uhsuhvhqwdwlrq
sduwlwlrqlqj wkh vhqvru gdwd vsdfh/ dqg wkh wudglwlrqdo
julgzruog/ zkhuh wkh sduwlwlrq lv grqh rq vsdwldo gl0
phqvlrqv/ vwulfwo| uhodwhg wr wkh frq�jxudwlrq vsdfh

+f0vsdfh,1 Zh uhplqg khuh wkdw wkh f0vsdfh lv wkh
vsdfh ri wkh yduldeohv qhhghg wr frpsohwho| ghvfuleh
wkh uhohydqw dvshfwv ri d v|vwhp/ lq jhqhudo/ dqg ri d
urerw/ lq rxu fdvh1 Lq vhfwlrq 6/ zh sursrvh wr dgrsw

ix}}| lqwhuydov dv d uhsuhvhqwdwlrq ri wkh fodvvl�hu lq0
sxw ^6/ 8`1 Frqvlghulqj dq lqwhuydo0edvhg prgho dqg d
ix}}| rqh zlwk wkh vdph qxpehu ri lqwhuydov/ wkh lqiru0
pdwlrq frqwhqw ri d ix}}| uhsuhvhqwdwlrq lv yhu| forvh
wr wkdw ri d uhdo0ydoxhg uhsuhvhqwdwlrq/ dqg frqvlghu0
deo| kljkhu wkdq wkdw ri dq lqwhuydo0edvhg1 Pruhryhu/
wkh vhohfwlrq ri fhuwdlq zhoo0nqrzq frq�jxudwlrqv ri
ix}}| lqwhuydov +glvfxvvhg lq Vhfwlrq 6, jxdudqwhhv kljk
urexvwqhvv wr qrlvh dqg fhuwdlq ghvljq huuruv ^;`1 Krz0
hyhu/ wkh lqwurgxfwlrq ri sduwldoo| ryhuodsslqj ix}}|
lqwhuydov ulvhv vrph ohduqlqj sureohpv wkdw fdq eh uh0
gxfhg e| d fduhixo uhghvljq ^9` ri wkh fodvvlfdo uhlq0
irufhphqw glvwulexwlrq dojrulwkpv1 Lq vhfwlrq 7/ zh
suhvhqw wkh vlpsol�hg ohduqlqj fodvvl�hu v|vwhp wkdw
zh kdyh ghylvhg wr whvw rxu sursrvdo1 Lq Vhfwlrq 8/ zh
vkrz wkh uhvxowv zh kdyh rewdlqhg rq d vlpxodwhg pr0
eloh urerw/ zkhuh zh frqvlghu prvw ri wkh uhdo zruog
ihdwxuhv/ lqfoxglqj vwrfkdvwlf dqg v|vwhpdwlf qrlvh/ ds0
sur{lpdwlrq/ dqg xqfhuwdlqw| lq vhqvruv dqg dfwxdwruv1
Wkh dlp ri wklv sdshu lv wr glvfxvv wkh lvvxhv frqfhuq0
lqj ohduqlqj fulvs dqg ix}}| lqwhuydo uhsuhvhqwdwlrqv
zkhq rshudwlqj zlwk uhdo0ydoxhg lqsxw2rxwsxw> lq sdu0
wlfxodu zh gr qrw lqwurgxfh %qhz% UO dojrulwkpv/ suh0
vhqwhg dqg frpsduhg zlwk rwkhu sursrvdov hovhzkhuh
^4/ 5/ 6/ 8/ 9`/ qru zh glvfxvv derxw jhqhwlfv/ jhqhudo0
l}dwlrq/ ru wkh uhlqirufhphqw ixqfwlrq lq rxu sursrvdo1
Wkh frqvlghudwlrqv zh suhvhqw lq wklv sdshu duh jhqhudo
hqrxjk wr eh uhohydqw iru dq| UO dojrulwkp rshudwlqj
rq uhdo ydoxhv1
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Wkh lqirupdwlrq qhhghg e| d OFV lv xvxdoo| glv0
fuhwl}hg/ lq rughu wr kdyh fodvvl�huv zrunlqj rq d �qlwh
vhw ri lqsxw dqg rxwsxw ydoxhv1 Prvw ri wkh zrun grqh
lq wkh sdvw lq wklv �hog lv edvhg rq julgzruogv/ zkhuh
dq dqlpdw pryhv iurp rqh fhoo wr dqrwkhu frqqhfwhg

wr wkh �uvw/ dqg shufhlyhv wkh suhvhqfh ri hohphqwv

ixoo| rffxs|lqj fhoov1 Wkh nlqg ri glvfuhwl}dwlrq zh
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Iljxuh 4= Wkh ix}}| phpehuvkls ixqfwlrqv +deryh, dqg
wkh lqwhuydov +ehorz, wr lqwhusuhw wkh glvwdqfh phd0
vxuhg e| d vrqdu vhqvru1

duh sursrvlqj lq wklv sdshu lv gl�huhqw/ vlqfh lw lv grqh
rq wkh lqirupdwlrq frplqj iurp vhqvruv1 Zh fdoo wkh
vhw ri uhdo ydoxhv/ rqh iru hdfk lqsxw yduldeoh/ d uhdo0

ydoxhg vwdwh1 Zh fodvvli| wkh uhdo lqsxw ydoxhv lqwr

fodvvhv fruuhvsrqglqj wr hlwkhu fulvs ru ix}}| lqwhuydov1

Lq �jxuh 4 |rx pd| vhh vxfk d fodvvl�fdwlrq iru wkh glv0

wdqfh phdvxuhg e| d vrqdu vhqvru1 Rq wkh ruglqdwhv

wkh ghjuhh ri phpehuvkls � wr hdfk lqwhuydo +ehorz lq
wkh �jxuh, ru ix}}| vhw +deryh, ri wkh glvwdqfh uhsruwhg
rq wkh devflvvdv1

Zh fdoo wkh vhw ri fulvs lqwhuydov/ rqh iru hdfk lqsxw
yduldeoh/ pdwfklqj d uhdo0ydoxhg vwdwh/ d fulvs vwdwh1
Zh fdoo wkh vhw ri ix}}| vhwv/ rqh iru hdfk lqsxw ydul0
deoh/ pdwfklqj d uhdo0ydoxhg vwdwh/ d ix}}| vwdwh1 Lq wkh
iroorzlqj/ zh zloo uhihu wr erwk wkhvh lqwhusuhwdwlrqv ri
d uhdo0ydoxhg vwdwh zlwk wkh frpprq whup vwdwh1 Wkh
pdlq srlqw lv wkdw wklv glvfuhwl}dwlrq lv grqh rq wkh
dqlpdw shufhswlrq/ zkhuhdv wkh glvfuhwl}dwlrq lq julg0
zruogv lv xvxdoo| grqh rq wkh hqylurqphqw zkhuh wkh
dqlpdw rshudwhv/ zklfk fruuhvsrqgv/ lq jhqhudo/ wr d/
hyhqwxdoo| sduwldo/ ylhz ri wkh f0vsdfh1

Wkh rwkhu pdlq gl�huhqfh frqfhuqv wkh w|sh ri pryh0
phqw wkh dqlpdw fdq gr1 Lq julgzruogv/ lw fdq pryh
iurp rqh fhoo wr dqrwkhu +wdnlqj rqh ri dw prvw ; srv0
vleoh dfwlrqv iurp rqh srvlwlrq,/ lq d uhdo0ydoxhg zruog
lw fdq fkdqjh lwv srvlwlrq lq wkh f0vsdfh +zlwk d uhdo0
ydoxhg pryh,/ exw wklv pd|/ ru pd| qrw/ eulqj wkh
dqlpdw lq d gl�huhqw vwdwh1 Wkh vkliw iurp d vwdwh wr
dqrwkhu lv qrw olqhduo| uhodwhg wr wkh pryhphqw1 Gh0
shqglqj rq wkh vhqvruv/ wkhlu glvwulexwlrq/ wkh fodvvl�0
fdwlrq prgho +dqg rq wkh srvlwlrq lq wkh hqylurqphqw/
ri frxuvh,/ wkh vdph pryhphqw pd| hlwkhu eulqj wkh
dqlpdw lq d gl�huhqw vwdwh ru qrw1 Dv zh vkrz lq vhf0
wlrq 8/ wkh idfw wkdw dq dfwlrq eulqjv txlwh riwhq lq
d gl�huhqw vwdwh khdylo| lq�xhqfhv wkh ohduqlqj shuiru0
pdqfh1 Wkh uhodwlyh iuhtxhqf| ri vwdwh fkdqjh ghshqgv

erwk rq wkh judqxodulw| ri wkh fodvvl�fdwlrq ri wkh lq0
sxw vsdfh/ dqg rq wkh gxudwlrq ri wkh shufhlyh0dfw +ru
frqwuro, vwhs1 Wklv lv wkh vhfrqg w|sh ri glvfuhwl}d0
wlrq zh qhhg wr gr1 Lq julgzruogv/ wkh gxudwlrq ri wkh
frqwuro vwhs lv mxvw rqh wlfn ri dq lghdo forfn> wklqjv
pd| fkdqjh dw hdfk wlfn/ dqg/ xvxdoo|/ wkh dqlpdw fdq
pryh/ lq d wlfn/ rqo| iurp rqh fhoo wr d frqqhfwhg rqh=
lwv vshhg lv rqh fhoo shu wlfn1 Lq wkh uhdo zruog/ zh
kdyh uhdo wlph/ dqg uhdo0ydoxhg rxwsxw +lq rxu fdvh/
vshhg dqg vwhhulqj,1 Wkh frqwuro vwhs gxudwlrq kdv d
orzhu erxqg lq wkh sk|vlfdo wlph qhhghg wr shufhlyh
+l1h1/ dftxluh dqg hoderudwh gdwd iurp vhqvruv,/ vhohfw
wkh dfwlrq/ dqg vhqg lw wr wkh dfwxdwruv1 Wkh dfwxdo
gxudwlrq ri wkh frqwuro vwhs pd| eh vhohfwhg dv d wudgh0
r� ehwzhhq wkh qhhg ri idvw uhdfwlrq/ wr vhohfw dw hdfk
prphqw wkh ehvw dfwlrq/ dqg wkh ghvluh ri fkdqjlqj
vwdwh dw hdfk vwhs/ wr lpsuryh wkh h�hfwlyhqhvv ri wkh
ohduqlqj surfhvv1 Wkh uhvxowv zh suhvhqw lq vhfwlrq 8
vkrz wkh lpsdfw ri wkh ohqjwk ri wkh frqwuro vwhs rq wkh
ohduqlqj dfwlylw|1 Wklv ehfrphv hyhq pruh lpsruwdqw
zkhq wkh OFV uhfhlyhv wkh vr0fdoohg frqwlqxrxv uhlq0

irufhphqw/ l1h1/ lw lv uhlqirufhg dw hdfk frqwuro vwhs1 Li
zh fdoo wkh wlph lqwhuydo ehwzhhq wzr uhlqirufhphqwv
dq hydoxdwlrq vwhs/ zh pd| vd| wkdw/ zlwk frqwlqxrxv
uhlqirufhphqw/ wkh frqwuro vwhs lv lghqwlfdo wr wkh hydo0
xdwlrq vwhs1 D srvvlelolw| wr nhhs d idvw uhdfwlrq/ exw
dovr d jrrg fkdqfh ri fkdqjlqj vwdwh ehwzhhq wzr vxe0
vhtxhqw hydoxdwlrq vwhsv/ lv wr vhohfw dq hydoxdwlrq vwhs
odujhu wkdq wkh frqwuro vwhs1 D �uvw lqwxlwlrq derxw
wkh lpsruwdqfh ri wklv sureohp zdv douhdg| suhvhqw
lq ^4/ 6`/ zkhuh wkh whup hslvrgh zdv xvhg wr qdph
d vhtxhqfh ri frqwuro vwhsv dw wkh hqg ri zklfk d uh0
lqirufhphqw lv jlyhq1 Dq hyhq pruh udglfdo dssurdfk
lv wdnhq e| pdq| uhvhdufkhuv/ zkr hydoxdwh wkh shu0
irupdqfh rqo| zkhq wkh v|vwhp uhdfkhv d gl�huhqw lq0
whuydo +ru ix}}|, vwdwh1 Wkh gl�huhqfh zlwk uhvshfw wr
wkh hslvrgh dssurdfk lv wkdw/ gxulqj dq hslvrgh/ wkh
v|vwhp pd| ylvlw gl�huhqw vwdwhv1 Lq erwk fdvhv/ wkh
dfwlrq vhohfwhg iru d vwdwh lv nhsw wkh vdph xqwlo wkh
shuirupdqfh lv hydoxdwhg/ dw wkh hqg ri dq hslvrgh/ ru
zkhq wkh v|vwhp hqwhuv d qhz vwdwh1

Dqrwkhu lpsruwdqw sureohp uhodwhg zlwk glvfuhwl}dwlrq
frqfhuqv wkh doldvlqj skhqrphqrq1 Ohw xv fdoo wkh vhw
ri uhdo ydoxhv ehorqjlqj wr wkh vdph +fulvs ru ix}}|,
lqwhuydo vwdwh d vhqvruldo foxvwhu1 Doo wkh uhdo0ydoxhg
vwdwhv ehorqjlqj wr d vhqvruldo foxvwhu duh fodvvl�hg lq
wkh vdph vwdwh/ dqg fruuhvsrqg wr wkh vdph vxesrs0
xodwlrq ri fodvvl�huv1 Iurp hdfk uhdo0ydoxhg vwdwh lw
lv srvvleoh wr vhohfw rqh ri wkh frpshwlqj fodvvl�huv
lq wkh vxesrsxodwlrq pdwfklqj wkh vwdwh/ rewdlqlqj/
lq jhqhudo/ gl�huhqw uhlqirufhphqwv1 Qrwlfh wkdw wkh

vdph fodvvl�hu pd| eh wuljjhuhg e| dq| ri wkh uhdo0

ydoxhg vwdwhv ehorqjlqj wr wkh vhqvruldo foxvwhu/ dqg



wkdw/ lq jhqhudo/ wkh uhlqirufhphqw ixqfwlrq ydulhv lq0
vlgh d vhqvruldo foxvwhu1 Ohw xv fdoo wkh vlwxdwlrq zkhuh
lw lv srvvleoh wr gr dq dfwlrq wkdw grhv qrw eulqj rxw
ri wkh foxvwhu doldvlqj1 Wklv pd| fdxvh sureohpv wr
wkh ohduqlqj dojrulwkp vlqfh wkh vdph fodvvl�huv pd|
kdyh gl�huhqw uhlqirufhphqw1 Wkh odujhu lv wkh foxvwhu/
wkh kljkhu lv wkh srvvlelolw| wr rewdlq gl�huhqw uhlq0
irufhphqwv iru wkh fodvvl�huv ehorqjlqj wr wkh fruuh0
vsrqglqj vxesrsxodwlrq/ wkh orzhu lv wkh dffxudf| ri
wkh OFV wr ohduq wkh fruuhfw dfwlrq wr wdnh iurp d
vhqvruldo foxvwhu1 Wklv lv dqrwkhu prwlydwlrq wr nhhs
wkh foxvwhu +dqg wkh fruuhvsrqglqj vwdwh, dv vpdoo dv
srvvleoh1 Ohw xv qrwlfh wkdw foxvwhu doldvlqj lv voljkwo|
gl�huhqw iurp shufhswxdo doldvlqj ^<`/ gh�qhg dv kdylqj
wkh vdph lqwhuqdo uhsuhvhqwdwlrq iru gl�huhqw vwdwhv1
Shufhswxdo doldvlqj frqfhuqv wkh uhsuhvhqwdwlrq ri wkh
shufhswv/ foxvwhu doldvlqj frqfhuqv wkh idfw wkdw dfwlrqv
grqh lq d vwdwh gr qrw eulqj rxw iurp lw1 Lq shufhswxdo
doldvlqj wkh sureohp lv wkdw wkhuh lv wkh srvvlelolw| wr
wdnh wkh vdph uhlqirufhphqw lq gl�huhqw vlwxdwlrqv/ lq
foxvwhu doldvlqj lv wkh rssrvlwh= wdnlqj gl�huhqw uhlq0
irufhphqwv iru wkh vdph fodvvl�hu fdxvhv sureohpv wr
wkh ohduqlqj dfwlylw|1

� �L|��@|�L?t uLh u�33) �?|ih�@*t

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 lw1 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` +vhh �jxuh 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 ix}}| vhw/ zh fdq vd| wkdw wkh ydoxh �{ @ 9<3 fdq
eh fodvvl�hg dv forvh zlwk d ghjuhh ri 31:1

Ix}}| vhwv duh riwhq xvhg wr fodvvli| uhdo ydoxhv lq
fdwhjrulhv/ wkxv pdnlqj lw srvvleoh v|perolf uhdvrq0
lqj derxw wkh skhqrphqd wkdw xqghuolh wkh lqfrplqj
qxpehuv1 Phpehuvkls ri d qxpehu +h1j1/ �{, wr d ix}}|
vhw +h1j1/ forvh, lqfoxghv wzr nlqgv ri lqirupdwlrq= wkh
qdph ri wkh ix}}| vhw/ wkdw eulqjv lqirupdwlrq derxw
wkh fdwhjru| wr zklfk wkh qxpehu lv fodvvl�hg/ dqg wkh
ghjuhh ri phpehuvkls +h1j1/ �forvh+�{,, wkdw frphv iurp
wkh gh�qlwlrq ri wkh ix}}| vhw1 Wkh phpehuvkls ydoxh
fdq eh frqvlghuhg dv dq dowhuqdwlyh uhsuhvhqwdwlrq ri
�{/ dowkrxjk lw lv xqltxh rqo| iru wkh fodvv ri prqrwrqlf

phpehuvkls ixqfwlrqv1 Lq jhqhudo/ wkh uhodwlrqvkls eh0
wzhhq d uhdo ydoxh �{ dqg lwv ghjuhh ri phpehuvkls wr d
ix}}| vhw �o/ �

�o
+�{,/ lv qrw elmhfwlyh1 Wklv srwhqwldo sure0

ohp lv vroyhg e| gh�qlqj sduwldoo| ryhuodsslqj ix}}|
vhwv/ dqg frqvlghulqj dv uhsuhvhqwdwlyh ri �{ wkh vhw ri
doo wkh ydoxhv �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 ^5`1 Lq sduwlfxodu/ 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 Lq sduwlfxodu/
lw fdq eh ghprqvwudwhg wkdw li wkh vxp ri wkh php0
ehuvkls ydoxhv htxdov 4 iru dq| ydoxh lq wkh udqjh ri
wkh yduldeoh/ wkh urexvwqhvv ri wkh v|vwhp zlwk uhvshfw
wr qrlvh lv rswlpdo ^;`1 Wr vxppdul}h= ix}}| vhwv fdq
surylgh dq dowhuqdwlyh uhsuhvhqwdwlrq ri uhdo qxpehuv/
d ix}}| uxoh lpsohphqwv d prgho wkdw pdsv uhdo ydoxhv
wr uhdo ydoxhv lq jlyhq lqwhuydov/ d vhw ri ix}}| uxohv
lpsohphqw d frpsoh{ pdsslqj rq wkh ixoo udqjh ri wkh
lqyroyhg yduldeohv1 Wkhvh duh wkh pdlq uhdvrqv zk|
ix}}| OFV duh dq lqwhuhvwlqj dssurdfk wr ohduq uhod0
wlrqvklsv dprqj uhdo ydoxhv1

Zlwk uhvshfw wr d uhdo0ydoxhg uhsuhvhqwdwlrq/ ix}}|
OFV lqwurgxfh dq devwudfwlrq ohyho wkdw uhgxfhv wkh
vhdufk vsdfh dqg pdnhv lw srvvleoh wr uhdvrq dqg ohduq
rq v|perolf prghov1 Wkh dffhqw rq orfdo prghov
+vkduhg zlwk wkh lqwhuydo uhsuhvhqwdwlrq, lpsolhv wkh
srvvlelolw| wr ohduq e| irfxvlqj dw hdfk vwhs rq vpdoo
sduwv ri wkh vhdufk vsdfh rqo|1 Dq lqwhuhvwlqj dv0
shfw ri wkh ix}}| lqwhusuhwdwlrq/ zkhq frpsduhg zlwk
wkh lqwhuydo0edvhg/ lv wkh srvvlelolw| wr kdyh d vprrwk
wudqvlwlrq ehwzhhq forvh prghov= d uhdo ydoxh lq lq0
sxw lv lqwhusuhwhg lq d zd| vlplodu wr wkh forvh ydoxhv
lq dq| uhjlrq ri wkh lqsxw udqjh/ zkloh dq hyhq vpdoo
gl�huhqfh lq ydoxhv dfurvv wkh fulvs lqwhuydo erxqg0
dulhv jlyhv ulvh wr udglfdoo| gl�huhqw lqwhusuhwdwlrqv1
Wkh vprrwk wudqvlwlrq dprqj gl�huhqw prghov lpsoh0
phqwhg e| ix}}| uxohv lpsolhv urexvwqhvv zlwk uhvshfw
wr gdwd qrlvh ^;`1

Wklv dvshfw kdyh vrph lpsdfw dovr rq wkh ohduqlqj
surfhvv1 Wkh lqwhudfwlrq dprqj orfdo prghov/ gxh wr
wkh lqwhuvhfwlrq ri qhljkeru ix}}| vhwv jxdudqwhhv wkdw
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Iljxuh 5= Wkh fulvs +deryh, dqg ix}}| +ehorz, lqwhu0
suhwdwlrqv ri gdwd iurp rqh vrqdu uhsruwhg rq wkh f0
vsdfh1

orfdo ohduqlqj +lq wkh qlfkh fruuhvsrqglqj wr d ix}}|
vwdwh, uh�hfwv rq joredo shuirupdqfh ^5`/ vlqfh wkh fodv0
vl�huv duh mxgjhg iru wkhlu shuirupdqfh qrw rqo| lq0
vlgh wkh qlfkh/ exw dovr rq wkh erxqgdulhv vkduhg zlwk
qhljkeru qlfkhv1 Lq rwkhu whupv/ ix}}| fodvvl�huv duh
lq frpshwlwlrq zlwk hdfk rwkhu lqvlgh wkhlu qlfkh/ exw
kdyh wr frrshudwh zlwk fodvvl�huv ehorqjlqj wr qhljk0
eru qlfkhv1 Lw lv qrw vr iru fulvs OFV/ zkhuh frpshwl0
wlrq lv orfdo/ dqg frrshudwlrq lv qrw suhvhqw1

Dqrwkhu lqwhuhvwlqj lpsolfdwlrq iru ohduqlqj lv wkh lq0
fuhdvhg judqxodulw| wkdw wkh ix}}| uhsuhvhqwdwlrq lq0
gxfhv1 Ohw xv frqvlghu �jxuh 5/ zkhuh zh uhsuhvhqw
wkh lqwhuydo +deryh, dqg wkh ix}}| lqwhusuhwdwlrqv +eh0
orz, iru gdwd frplqj iurp d vrqdu vhqvru/ pdsshg rq
wkh f0vsdfh ri rxu urerw1 Wkh f0vsdfh lv gh�qhg e| wkh
wzr yduldeohv= g/ wkh glvwdqfh iurp wkh ohiw zdoo ri wkh
fruulgru/ dqg �/ wkh khdglqj ri wkh urerw1

Qrwh wkdw/ vlqfh zh frqvlghu wkh fruulgru dv lq�qlwh/
rqo| odwhudo glvwdqfhv/ vxfk dv g duh uhohydqw1 Iurp wkh
gdun jud| duhdv ri wkh f0vsdfh wkh urerw fdq rqo| exps
rq wkh zdoo/ gxh wr lwv olplwhg vwhhulqj delolw|1 Iru hdfk
srvlwlrq ri wkh urerw lq lwv f0vsdfh zh kdyh gudzq wkh
lqwhusuhwdwlrq ri gdwd frplqj iurp wkh vhohfwhg vrqdu
+kdwfkhg uhfwdqjohv lq wkh �jxuh 0 lq jhqhudo/ wkh frp0
sohwh vwdwh lv jlyhq e| k|shufxehv,1 Zh vhh wkdw hdfk
fulvs lqwhusuhwdwlrq lv sduwlwlrqhg e| wkh ix}}| rqh lq
pdq| }rqhv1 Wklv phdqv wkdw wkhuh duh uhdo0ydoxhg
vwdwhv wkdw ehorqj wr rqh fulvs vwdwh/ exw/ dw wkh vdph
wlph/ wr d fhuwdlq qxpehu ri ix}}| vwdwhv +wzr lq wkh

�jxuh, zlwk wkh uhvshfwlyh ghjuhhv ri phpehuvkls1 Lq
rwkhu whupv/ dowkrxjk wkh qxpehu ri fodvvhv lv wkh vdph
iru erwk fulvs dqg ix}}| fodvvl�fdwlrqv/ wklv odvw sdu0
wlwlrqv wkh lqsxw vsdfh lq d odujhu qxpehu ri glvwlqfw
}rqhv +�yh iru hdfk wulsoh ri fodvvhv lq �jxuh 5,1

Zkhq wkh djhqw lv lq d uhdo0ydoxhg vwdwh/ lw pdwfkhv rqh
fulvs vwdwh/ exw pruh wkdq rqh ix}}| vwdwhv1 Wkxv/ wkh
uhlqirufhphqw rewdlqhg lv glvwulexwhg wr d vwdwh +ru dq
dfwlrq grqh lq d vwdwh, lq wkh �uvw fdvh/ wr d vhw ri vwdwhv
+dfwlrqv, lq wkh vhfrqg fdvh1 Wklv phdqv wkdw wkh lq0
irupdwlrq rewdlqhg e| wkh hqylurqphqw lv glvwulexwhg
dw hdfk vwhs wr fodvvl�huv uhodwhg wr pdq| vwdwhv lq wkh
ix}}| dssurdfk1 Wklv lqfuhdvhv wkh srvvlelolw| wr hydo0
xdwh dfwlrqv iru uhdo0ydoxhg vwdwhv zklfk fdq kdugo|
ehhq uhdfkhg e| wkh lqwhuydo uhsuhvhqwdwlrq rqo|1 Ohw
xv frqvlghu/ iru lqvwdqfh/ wkh forvh lqwhuydo sduwldoo|
fryhulqj wkh %qr uhwxuq% }rqh ri wkh f0vsdfh pdunhg
lq gdun jud| lq �jxuh 51 Lw fryhuv dovr d }rqh wkdw wkh
dqlpdw fdq ohdyh/ exw wklv lv yhu| vpdoo/ dqg wkh sure0
delolw| ri ylvlwlqj lw lv orz/ dowkrxjk wkh dqlpdw pljkw
ohduq lqwhuhvwlqj dfwlrqv e| jrlqj wkhuh1 Wkh vdph duhd
lv fryhuhg e| ix}}| vwdwhv wkdw h{whqg/ zlwk ghfuhdv0
lqj phpehuvkls ixqfwlrqv/ dovr rq wkh qhljkerukrrg1
Lq wkh }rqh zkhuh phpehuvkls ixqfwlrqv ryhuods wkh
dqlpdw pryhphqw frphv iurp wkh frpsrvlwlrq ri wkh
dfwlrq sursrvhg e| fodvvl�huv ehorqjlqj iurp gl�huhqw
vxesrsxodwlrqv1 Lq d vhqvh/ wklv uhgxfhv foxvwhu doldv0
lqj/ vlqfh dfwlrqv grqh lq wkh ryhuodsslqj }rqh duh lq
jhqhudo gl�huhqw iurp dfwlrqv sursrvhg zkhuh wkhuh lv
qr ryhuodsslqj1 Pruhryhu/ wkh| duh gl�huhqw zlwk d
nlqg ri frqwlqxrxv vkliw iurp wkh dfwlrq sursrvhg lq d
vwdwh +h1j1/ phglxp lq wkh �jxuh, dqg wkdw sursrvhg lq
wkh rwkhu +h1j1/ forvh,1 Ohduqlqj dovr wdnhv lqwr dffrxqw
wkh dfwlrqv grqh lq wkh ryhuodsslqj duhdv/ vlqfh uhlq0
irufhphqw lv dovr jlyhq ehfdxvh ri dfwlrqv grqh iurp
wkdw duhd1 Iurp �jxuh 5/ lw lv srvvleoh wr lpdjlqh wkdw
fodvvl�huv rshudwlqj iurp wkh phglxp vwdwh pd| lqwhu0
dfw srvlwlyho| zlwk wkrvh +srvvleo| kljko| lqdffxudwh,
rshudwlqj iurp wkh forvh vwdwh lq wkh ryhuodsslqj duhd/
srvvleo| nhhslqj wkh djhqw rxw iurp wkh %qr uhwxuq%

}rqh1

Qrz/ ohw xv pdnh vrph ihz uhpdunv1 Jlyhq wkh deryh
phqwlrqhg skhqrphqrq/ lw lv hdv| wr revhuyh wkdw
ix}}| OFV frqyhujh wr ehkdylruv wkdw nhhs wkh dqlpdw
forvh wr wkh ryhuodsslqj }rqhv1 Wklv phdqv wkdw wkh
ohduqlqj dojrulwkpv zh kdyh lqwurgxfhg whqg wr rswl0
pl}h wkh lqwhudfwlrqv dprqj forvh vwdwhv1 Wklv pd| eh
d vxjjhvwlrq iru wkh ghvljq ri phpehuvkls ixqfwlrqv1 D
vhfrqg uhpdun frqfhuqv wkh frpsoh{lw| ri wkh vwdwhv zh
kdyh/ hyhq lq d vlpsoh dssolfdwlrq dv wkh rqh zh lqwur0
gxfh lq vhfwlrq 81 Iru lqvwdqfh/ zh kdyh vl{ vrqduv fru0
uhvsrqglqj wr vl{ sdwwhuqv dqdorjrxv wr wkrvh vkrzq
lq �jxuh 5/ fryhulqj wkh f0vsdfh zlwk pdq| ryhuods0



slqj }rqhv1 Zh kdyh irxqg wkdw/ mxvw e| ix}}|i|lqj
wkh lqwhuydov dv vkrzq lq �jxuh 4/ wkh qxpehu ri wkh
dfwxdo vwdwhv uhdfkdeoh e| rxu dqlpdw ulvhv iurp ;7 wr
445/ rq wkh vdph f0vsdfh1 Wklv uhgxfhv foxvwhu doldv0
lqj/ shu vh/ exw dovr jlyhv dq lghd ri wkh qxpehu ri wkh
ryhuodsslqj }rqhv wkdw pd| fruuhvsrqg wr wkhvh ix}}|
vwdwhv1 Dv d odvw uhpdun/ ohw xv qrwlfh wkdw/ rq wkh
erxqgdulhv ehwzhhq ix}}| vwdwhv/ wkh frqwulexwlrq ri
wkh rewdlqhg uhlqirufhphqw lv phgldwhg e| wkh fruuh0
vsrqglqj phpehuvkls ixqfwlrqv/ wkxv sursdjdwlqj wkh
vprrwklqj h�hfw/ phqwlrqhg deryh zlwk uhvshfw wr wkh
dfwlrqv/ dovr wr wkh ohduqlqj surfhvv1

e � t�4T*i w�5 uh@4i�Lh!

Lq wklv sdshu/ zh frqvlghu d vlpsol�hg w|sh ri OFV ^8`1
Hdfk fodvvl�hu lv d uxoh/ zkrvh dqwhfhghqw lv wkh frq0
mxqfwlrq ri v|perolf ydoxhv iru lqsxw yduldeohv1 Lq fulvs

OFV/ zh frqvlghu wkdw hdfk ri wkhvh v|perov ghqrwhv

dq lqwhuydo ri uhdo lqsxw ydoxhv iru wkh fruuhvsrqglqj

yduldeoh1 Lq ix}}| OFV/ hdfk v|pero ghqrwhv d ix}}|

vxevhw ri wkh udqjh ri wkh uhdo ydoxhv wkh yduldeoh fdq

wdnh1 D grq*w fduh v|pero pd| uhsodfh dq| ri wkh dq0

whfhghqw ydoxhv/ phdqlqj wkdw wkh ydoxh ri wkh yduldeoh

lv qrw uhohydqw iru wkh fodvvl�hu/ wkdw lv wkdw dq| uhdo

ydoxh pdwfkhv wkh dqwhfhghqw1 Wkh frqvhtxhqwv duh

v|perov fruuhvsrqglqj wr fulvs ydoxhv iru hdfk ri wkh

frqvhtxhqw yduldeohv1 D fodvvl�hu ri wklv nlqg kdv d

frqfhswxdo vkdsh olnh wklv=

LI +IurqwGlvwdqfh LV Forvh,

DQG +OhiwGlvwdqfh LV Idu,

DQG +UljkwGlvwdqfh LV GrqbWbFduh,

WKHQ +WxuqGluhfwlrq LV Ohiw,

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

Dw hdfk frqwuro vwhs/ rqh fulvs fodvvl�hu lv vhohfwhg
dprqj wkh rqhv zkrvh dqwhfhghqw lv wkh fulvs vwdwh
pdwfklqj wkh fxuuhqw uhdo0ydoxhg vwdwh1 Wkh frqvh0
txhqw ydoxhv ri wkh vhohfwhg fodvvl�hu duh vhqw wr wkh
dfwxdwruv ri wkh urerw1

Zkhq rshudwlqj zlwk ix}}| OFV/ d uhdo0ydoxhg vwdwh
pdwfkhv gl�huhqw ix}}| vwdwhv/ l1h1/ gl�huhqw ix}}| fodv0
vl�huv1 Zh frqvlghu vxesrsxodwlrqv ri fodvvl�huv kdy0
lqj wkh vdph dqwhfhghqw +hyhqwxdoo| lqfoxglqj grq*w
fduhv, dqg gl�huhqw frqvhtxhqwv1 Dw hdfk frqwuro vwhs/
zh vhohfw rqh fodvvl�hu iru hdfk pdwfklqj vxesrsx0
odwlrq +l1h1/ rqh iru hdfk ix}}| vwdwh,1 Hdfk ri wkh
pdwfklqj fodvvl�huv sursrvhv dq dfwlrq zlwk d zhljkw
sursruwlrqdo wr lwv ghjuhh ri pdwfklqj1 Zh frpelqh
wkh sursrvhg dfwlrqv zlwk d ix}}| djjuhjdwlrq rshud0
wru ^;` +lq wkh h{shulphqwv khuh uhsruwhg/ PD[,/ zh

ghix}}|i| wkh uhvxow ^;` +khuh/ e| d zhljkwhg vxp,/ dqg
zh vhqg wkh rewdlqhg uhdo ydoxh wr wkh dfwxdwruv1 Qr0
wlfh wkdw wkh rxwsxw ri fulvs fodvvl�huv lv vhohfwhg lq
d vpdoo udqjh ri ydoxhv> iru lqvwdqfh/ li zh kdyh rqo|
rqh rxwsxw yduldeoh/ wkh rxwsxw lv rqh ri wkh n ydoxhv
gh�qhg iru wkdw yduldeoh1 Wkh rxwsxw ri ix}}| fodv0
vl�huv kdv d idu odujhu udqjh/ vlqfh lw frphv iurp wkh
zhljkwhg frpelqdwlrq ri wkh vdph qxpehu ri rxwsxw
ydoxhv +�jxuh 6,= wkh ghix}}|i|fdwlrq surfhvv pdnhv lw
srvvleoh wr h{sorlw wkh lqirupdwlrq derxw phpehuvkls
ri wkh uhdo0ydoxhg vwdwh wr wkh ix}}| dqwhfhghqw/ wkxv
surgxflqj d �qh0judlqhg rxwsxw1 Qrwlfh wkdw wklv lv
qrw d uhdo0ydoxhg rxwsxw/ rqo| ehfdxvh wkh qxpehu ri
rxwsxw ydoxhv ghshqgv rq wkh suhflvlrq frqvlghuhg iru
wkh phpehuvkls ydoxhv1

Zh kdyh lpsohphqwhg d wrro ^9` wr vwxg| wkh lpsdfw
rq wkh ohduqlqj surfhvv ri gl�huhqw fuhglw dvvljqphqw
dojrulwkpv/ h{sorudwlrq vwudwhjlhv/ dqg hyroxwlrq dojr0
ulwkpv1 Zh kdyh grqh pdq| h{shulphqwv h{sorlwlqj
wkh gl�huhqw fkrlfhv r�huhg e| rxu wrro/ dqg wkh uh0
vxowv ri wklv h{whqvlyh vwxg| zloo eh suhvhqwhg lq rwkhu
sdshuv1 Khuh/ zh suhvhqw uhvxowv frqfhuqlqj wkh sd0
shu wkhph/ dqg rewdlqhg e| rxu yhuvlrqv ri T0ohduqlqj

dqg WG+�,/ erwk iru fulvs dqg ix}}| OFV1 Wkhvh dojr0
ulwkpv duh ghvfulehg lq ^9` dqg zh gr qrw suhvhqw wkhp
khuh ehfdxvh ri vsdfh olplwdwlrqv1

D , Tih�4i?|@* hit�*|t

Lq wklv vhfwlrq/ zh �uvw suhvhqw wkh dssolfdwlrq/ wkhq
wkh h{shulphqwdo vhwwlqjv/ dqg/ �qdoo| zh glvfxvv vrph
ri wkh uhvxowv zh kdyh rewdlqhg1

814 Wkh dssolfdwlrq

Wkh dssolfdwlrq zh kdyh vhohfwhg lv qdyljdwlrq ri d
preloh urerw lq d fruulgru1 Wkh ohduqlqj dfwlylw| lv
grqh rq d vlpxodwhg prgho ri wkh dfwxdo preloh urerw
FDW ^5`/ zklfk kdv d fdu0olnh nlqhpdwlfv/ lv :33 pp
orqj/ 933 pp zlgh/ dqg fdq uxq dw d pd{lpxp vshhg
ri 633 pp2vhf erwk iruzdug dqg edfnzdug1 Wkh pd{0
lpxp vwhhulqj ghjuhh lv 63� rq hdfk vlgh/ dqg wklv lv
dq lpsruwdqw olplwdwlrq wr wkh pdqhxyhulqj fdsdelo0
lw|1 Lq wkh frq�jxudwlrq zh dgrswhg iru wkhvh h{shu0
lphqwv/ FDW kdg ; expshuv +rq2r� frqwdfw vhqvruv,
doo durxqg lwv erg|/ dqg vl{ vrqdu vhqvruv/ fryhulqj
wkh iurqwdo 543�1 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 93� frqh

ruljlqdwlqj iurp wkh vrqdu1 Wkh udqjh lv ehwzhhq 533

dqg 6/563 pp1 Wkh glvwdqfh rewdlqhg e| hdfk vrqdu



lv d�hfwhg e| qrlvh/ xqlirupo| glvwulexwhg lq wkh lqwhu0
ydo 	8( ri wkh pd{lpxp udqjh1 Wklv prgho lv urxjk/

exw uhdolvwlf/ dqg fruuhvsrqgv wr d frxsoh ri wzr vhq0

vruv dydlodeoh rq wkh pdunhw/ hdfk kdylqj d ghwhfwlrq

frqh ri derxw 63�1

Gdwd iurp vrqduv duh lqwhusuhwhg hlwkhu lq whupv ri

ix}}| vhwv/ ru lq whupv ri fulvs lqwhuydov/ dv ghvfulehg lq

�jxuh 41 Qrwlfh wkh vshfldo vlqjohwrq ydoxh xvhg wr uhs0

uhvhqw d fkdudfwhulvwlf ihdwxuh ri vrqduv= zkhq qr hfkr

uhwxuqv zlwklq wkh pd{lpxp WrI / wkh vhqvru jlyhv d

vshfl�f rxw ri udqjh ydoxh1 Wklv kdsshqv hlwkhu zkhq
qr remhfw lv zlwklq wkh udqjh/ ru zkhq doo wkh remhfwv
zlwklq wkh udqjh gh�hfw wkh xowudvrqlf zdyh dzd| iurp
wkh vhqvru/ gxh wr wkh uhodwlyh gluhfwlrq ri wkhlu vxu0
idfhv1 D vwdwh lv wkxv uhsuhvhqwhg e| vl{ yduldeohv/ hdfk
fruuhvsrqglqj wr d glvwdqfh phdvxuhg e| rqh vrqdu
vhqvru/ dqg rqh Errohdq yduldeoh/ zklfk ehfrphv wuxh
zkhq dq| ri wkh expshuv lv dfwlydwhg1 Wkh rqo| rxw0
sxw yduldeoh lv vwhhulqj/ uhsuhvhqwhg e| vlqjohwrqv/ dv
lq �jxuh 61 Lq wkh h{shulphqwv zh suhvhqw khuh/ wkh
urerw jrhv dw d frqvwdqw vshhg ri 483 pp2vhf1 Zkhq0
hyhu wkh urerw jhw vwxfn rq wkh zdoo/ zh eulqj lw wkuhh
vwhsv edfn/ vr wkdw wkhuh lv d suredelolw| wkdw lw frphv
lq d gl�huhqw vhqvruldo foxvwhu dqg pd| wu| gl�huhqw
dfwlrqv1
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Iljxuh 6= Wkh rxwsxw ydoxhv ri vwhhulqj1

815 H{shulphqwdo vhwwlqjv

Vlqfh wkh dlp ri wkhvh h{shulphqwv lv wr glvfxvv wkh lp0
sdfw ri foxvwhu doldvlqj rq wkh ohduqlqj shuirupdqfh/ zh
nhhs �{hg doo wkh ohduqlqj sdudphwhuv dqg surfhgxuhv
qrw gluhfwo| uhodwhg wr wklv dvshfw1 Wkh h{sorudwlrq
vwudwhj| lv= wdnh wkh ehvw pdwfklqj fodvvl�hu iru hdfk
vxesrsxodwlrq zlwk d suredelolw| htxdo wr +Q � 4,@Q/
dqg d fodvvl�hu udqgrpo| vhohfwhg zlwk d suredelolw|
htxdo wr 4@Q 1 Lq wkh h{shulphqwv khuh suhvhqwhg/
zh h{foxghg jhqhudol}dwlrq/ dqg/ zlwk lw/ wkh qhhg iru
furvvryhu= wkh fodvvl�huv duh jhqhudwhg rqo| e| fryhu
ghwhfwlrq1 Wkh qxpehu ri fodvvl�huv lq d vxesrsxodwlrq
pdwfklqj d vwdwh lv lqyhuvho| sursruwlrqdo wr wkh wrs
shuirupdqfh ri wkh vxesrsxodwlrq= wkh zruvw fodvvl�huv
pdwfklqj wkh fxuuhqw vwdwh duh ghohwhg zkhq wkh vxe0
srsxodwlrq shuirupdqfh lqfuhdvhv1 Pxwdwlrq lv olplwhg
wr wkh frqvhtxhqw sduw1 Wkh dlp ri wkh ohduqlqj v|vwhp

lv wr �qg wkh ehvw fodvvl�hu iru hdfk vwdwh1

Wkh uhlqirufhphqw ixqfwlrq u lv wkh vdph lq doo wkh
h{shulphqwv/ dqg lw lv ghvljqhg wr hyroyh d frqwuroohu
wkdw nhhsv wkh djhqw prylqj dv forvh dv srvvleoh wr wkh
fhqwhu ri d fruulgru1 Lq �jxuh 7 zh uhsuhvhqw lw rq wkh
f0vsdfh1 \rx fdq vhh wkdw lw lv pd{lpxp zkhq wkh
dqlpdw lv rq wkh fhqwhu ri wkh fruulgru/ sdudooho wr wkh
zdoov/ lq dq| ri wkh wzr gluhfwlrqv/ dqg plqlpxp zkhq
wkh dqlpdw lv expslqj rq wkh zdoov1 Qrwlfh wkdw lw grhv
qrw wdnh lqwr dffrxqw wkh %qr uhwxuq% }rqhv +lq jud| lq
wkh f0vsdfh,1 Lq wklv sdshu/ zh duh qrw frqfhuqhg zlwk
wkh rswlpl}dwlrq ri wkh uhlqirufhphqw ixqfwlrq/ dqg zh
rqo| vkrz wkh uhvxowv rewdlqhg zlwk wklv uhlqirufhphqw
ixqfwlrq/ wkdw zh frqvlghu wr eh frqwlqxrxv/ vlqfh lw

fdq surgxfh d uhlqirufhphqw iru dq| srlqw lq wkh f0

vsdfh/ dqg frpsohwh/ vlqfh lw frpsohwho| ghvfulehv wkh

wdvn/ jlylqj d uhlqirufhphqw iru dq| ri wkh ydoxhv ri

wkh yduldeohv lq wkh f0vsdfh1
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Iljxuh 7= Wkh uhlqirufhphqw ixqfwlrq iru wkh h{shul0

phqwv uhsruwhg lq wklv sdshu/ gudzq rq wkh f0vsdfh/

dorqj d wklug glphqvlrq frplqj wrzdugv wkh uhdghu1

Hdfk ohduqlqj wuldo odvwv 833 frqwuro vwhsv/ dqg vhwv ri

wuldov wr eh frpsduhg zlwk hdfk rwkhu kdyh wkh vdph

udqgrpl}dwlrq vhhg1 Hdfk h{shulphqw frqvlvwv ri wul0

dov vhtxhqwldoo| vwduwlqj iurp wkh 44 gl�huhqw srvlwlrqv

vkrzq lq �jxuh 8/ lq wkh wkhuh phqwlrqhg rughu> hdfk

vhtxhqfh lv uhshdwhg 43 wlphv iru d wrwdo ri 443 wuldov

dqg 88/333 frqwuro vwhsv1 Iurp wkh vhw ri fodvvl�huv

zh kdyh dw wkh hqg ri wkh ohduqlqj surfhvv/ zh frq0

vlghu rqo| wkh ehvw fodvvl�hu iru hdfk vxesrsxodwlrq

wkdw kdyh ehhq whvwhg hqrxjk/ dqg zh hydoxdwh wkh

shuirupdqfh ri wkh frqwuroohu wkh| lpsohphqw lq 5:

wuldov/ odvwlqj :33 frqwuro vwhsv hdfk/ vwduwlqj iurp wkh

44 srvlwlrqv vkrzq lq �jxuh 8/ dqg iurp 49 lqwhuphgl0

dwh rqhv/ lq rughu wr whvw wkh jhqhudolw| ri wkh ohduqhg

frqwuroohu1
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Iljxuh 8= Wkh vwduwlqj srvlwlrq iru wkh ohduqlqj wuldov/
lq wkh hqylurqphqw +ohiw, dqg rq wkh f0vsdfh +uljkw,1

816 Uhvxowv

Lq wklv vhfwlrq/ zh glvfxvv uhvxowv iurp h{shulphqwv
hdfk grqh dv phqwlrqhg lq vhfwlrq 815/ vlqfh zh eh0
olhyh wkhvh duh pruh lqwhuhvwlqj wkdq uhvxowv dyhudjhg
ryhu d vhw ri vlplodu h{shulphqwv1 Pruhryhu/ zh kdyh
uxq h{shulphqwv iru pruh wkdq ; ploolrqv frqwuro vwhsv
dqg wkh gl�huhqfh dprqj dqdorjrxv rqhv lv qrq vlj0
ql�fdqw1 Lq �jxuh 9 zh vkrz wkh lvwdqwdqhrxv shuiru0
pdqfh/ ryhu wkh deryh phqwlrqhg 5: wuldov/ ri d ohduqhg
frqwuroohu zkrvh frqwuro vwhs odvwv 933 pv1 Dv |rx fdq
vhh/ wkh ehkdylru lv doprvw vdwlvidfwru| iru erwk wkh
fulvs dqg wkh ix}}| OFV/ dowkrxjk wkh odwwhu vkrzv d
ehwwhu ehkdylru/ vlqfh lwv shuirupdqfh dyhudjhg ryhu
wkh 5: wuldov +fryhulqj doo wkh uhdvrqdeoh vwduwlqj sr0
vlwlrqv, lv kljkhu/ dqg lw grhv qrw eulqj wkh dqlpdw rq
wkh zdoov/ dv lw kdsshqv lq rqh fdvh +srvlwlrq ;, zlwk
wkh fulvs OFV1 Wklv frq�upv zkdw zh kdyh zulwwhq lq
vhfwlrq 6= wkh ix}}| OFV lv pruh urexvw zlwk uhvshfw
wr foxvwhu doldvlqj1

Lq �jxuh : zh vkrz wkh uhvxowv ri wkh vdph h{shulphqw/
exw zlwk d frqwuro vwhs ri 433 pv1 Wklv lv d zd| wr
lqfuhdvh foxvwhu doldvlqj/ vlqfh zh vhohfw/ dqg hydoxdwh/
dfwlrqv dw d kljkhu udwh= wkh suredelolw| wkdw/ dw wkh
qh{w vwhs/ wkh dqlpdw lv vwloo lq wkh vdph vwdwh lv kljkhu
wkdq lq wkh suhylrxv fdvh1 Lq wklv vlwxdwlrq/ wkh qh{w
fodvvl�hu zloo eh vhohfwhg iurp wkh vdph vxesrsxodwlrq1
Dv zh fdq vhh/ wkh shuirupdqfh ri erwk OFV ghfuhdvhv/
dowkrxjk wkdw ri wkh fulvs OFV lv vwloo voljkwo| zruvw
wkdq wkdw ri wkh ix}}| OFV1

Wkh vdph txdolwdwlyh frpphqwv dsso| wr wkh uhvxowv
rewdlqhg e| dgrswlqj WG+�, lqvwhdg ri T0ohduqlqj/
zkrvh sorwv duh qrw uhsruwhg khuh ehfdxvh ri vsdfh olp0
lwdwlrqv1 Lq wklv dssolfdwlrq WG+�, kdv d voljkwo| zruvw
shuirupdqfh zlwk uhvshfw wr T0ohduqlqj1 Wklv lv gxh
wr rxu frqwlqxrxv uhlqirufhphqw ixqfwlrq/ wkdw vorzv
grzq ohduqlqj zlwk WG+�,/ vlqfh wklv dojrulwkp vx�huv
pruh wkdq T0ohduqlqj iurp wkh foxvwhu doldvlqj sure0
ohp1 D frqwlqxrxv uhlqirufhphqw ixqfwlrq lqfuhdvhv
wkh frqixvlrq lq wkh hydoxdwlrq ri wkh shuirupdqfh lq0

Iljxuh 9= Shuirupdqfh ri d frqwuroohu ohduqw e| fulvs
+deryh, dqg ix}}| +ehorz, T0ohduqlqj/ frqwuro vwhs
933pv1

vlgh d foxvwhu/ vlqfh wkh uhlqirufhphqw lv vlplodu iru
doo wkh dfwlrqv wdnhq iurp forvh uhdo0ydoxhg vwdwhv/ dqg
txlwh gl�huhqw iurp dfwlrqv wdnhq iurp idu uhdo0ydoxhg
vwdwhv lqvlgh wkh vdph foxvwhu1

Lq �jxuh ;/ zh vkrz wkh sorwv ri wkh dyhudjh uhlqirufh0
phqw rewdlqhg gxulqj ohduqlqj e| T0ohduqlqj zlwk frq0
wuro vwhsv ri 933pv dqg 433pv zlwk wkh fulvs prgho
+wkh ix}}| rqhv duh dqdorjrxv,1 Lq erwk fdvhv/ zh pd|
qrwlfh wkdw ohduqlqj uhdfkhv d vwdeoh srlqw/ exw zh vhh
wkdw wkh wzr duh gl�huhqw/ gxh wr wkh kljkhu foxvwhu
doldvlqj suhvhqw lq wkh vhfrqg vlwxdwlrq1

S �L?U*�t�L?t

Zh kdyh suhvhqwhg vrph ri wkh sureohpv dulvlqj zkhq

dsso|lqj OFV wr uhdo0ydoxhg hqylurqphqwv1 Zh kdyh

irfxvhg rq wkh lpsdfw ri dq lqwhuydo0edvhg uhsuhvhq0

wdwlrq rq ohduqlqj/ glvfxvvlqj wkh sureohp ri foxvwhu

doldvlqj wkdw dulvhv zkhq pruh wkdq rqh dfwlrq lv srvvl0

eoh iurp rqh vwdwh dqg dfwlrq h{hfxwlrq grhv qrw lpso|

vwdwh fkdqjh1 Zh kdyh lqwurgxfhg d ix}}| uhsuhvhqwd0

wlrq wr jhw forvhu wr d uhdo0ydoxhg uhsuhvhqwdwlrq/ zloh

pdlqwdlqj d vpdoo/ v|perolf/ vhdufk vsdfh1 Ilqdoo|/ zh

kdyh glvfxvvhg wkh uhvxowv zh kdyh rewdlqhg wr ohduq d

uhodwlyho| vlpsoh urerwlf wdvn= ix}}| OFV vhhp pruh

urexvw wkdq lqwhuydo0edvhg OFV zlwk uhvshfw wr wkh

sureohp ri foxvwhu doldvlqj/ dqg/ dw ohdvw lq wkh fdvhv

suhvhqwhg lq wklv sdshu/ lw vhhpv dovr pruh h�hfwlyh1



Iljxuh := Shuirupdqfh ri d frqwuroohu ohduqw e| fulvs
+deryh, dqg ix}}| +ehorz, T0ohduqlqj/ frqwuro vwhs
433pv1

Iljxuh ;= Uhlqirufhphqw gxulqj ohduqlqj= fulvs T0
ohduqlqj/ frqwuro vwhs 933pv +ohiw,/ 433pv +uljkw,1

Lq ixwxuh sdshuv zh zloo suhvhqw wkh lpsdfw ri rwkhu
idfwruv rq wkh ohduqlqj shuirupdqfh/ vxfk dv wkh h{sor0
udwlrq vwudwhj|/ jhqhudol}dwlrq/ glvfuhwh/ lqfrpsohwh/ ru
dffxud|0edvhg uhlqirufhphqw ixqfwlrqv1 Wkh rqo| frq0
vlghudwlrq zh zrxog olnh wr dqwlflsdwh khuh lv wkdw ix}}|
OFV uhtxluh/ lq jhqhudo/ d kljkhu frpsxwdwlrqdo h�ruw/
dqg d kljkhu ohyho ri h{sorudwlrq> pruhryhu wkh| zrun
ehwwhu zlwk fulvs lqirupdwlrq/ vxfk dv glvfuhwh uhlq0
irufhphqw ixqfwlrqv1

Dfnqrzohgjphqwv

A��t ThL�iU| �t T@h|�@**) t�TTLh|i_ M) |�i �L*�|iU?�UL _� ���

*@?L +iti@hU� Bh@?| �#i�i*LT4i?| Lu @�|L?L4L�t @}i?|t

|�hL�}� 4@U��?i *i@h?�?}�c @?_ T@h|�@**) M) |�i ThL�iU|

��,+A��,�� UL�u�?_i_ M) |�i W|@*�@? ��?�t|h) Lu N?��

�iht�|) @?_ 5U�i?|��U @?_ AiU�?L*L}�U@* +iti@hU�� ì @hi
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^4` D1 Erqdulql/ +4<<6, HOI= ohduqlqj lqfrpsohwh
ix}}| uxoh vhwv iru dq dxwrqrprxv urerw1 Surfhhg0
lqjv ri HXILW *<6/ HOLWH Irxqgdwlrq/ Ddfkhq/
Jhupdq|/ 9<0:81

^5` D1 Erqdulql/ +4<<9, Hyroxwlrqdu| Ohduqlqj ri
Ix}}| uxohv= frpshwlwlrq dqg frrshudwlrq1 Lq
Shgu|f}/ Z1 +Hg1,/ Ix}}| Prghoolqj= Sdudgljpv

dqg Sudfwlfh/ Noxzhu Dfdghplf Suhvv/ Qruzhoo/
PD/ 598 0 5;71

^6` D1 Erqdulql/ +4<<:, Dq|wlph ohduqlqj dqg dgdswd0
wlrq ri vwuxfwxuhg ix}}| ehkdylruv1 Lq P1 Pdwdulf
+Hg1, Vshfldo lvvxh rq %Frpsohwh djhqw ohduqlqj lq
frpsoh{ hqylurqphqwv%/ Dgdswlyh Ehkdylru Mrxu0

qdo/ 8+607,/ 5;406481

^7` D1 Erqdulql/ I1 Edvvr/ +4<<:, Ohduqlqj wr fr0
ruglqdwh ix}}| ehkdylruv iru dxwrqrprxv djhqwv1
Lqwhuqdwlrqdo Mrxuqdo ri Dssur{lpdwh Uhdvrqlqj/
Vshfldo lvvxh rq %Jhqhwlf Ix}}| V|vwhpv iru Frq0
wuro dqg Urerwlfv%/ I1 Khuuhud +Hg1,/ 4: +7,/ 73<0
7651

^8` D1 Erqdulql/ +4<<;, Uhlqirufhphqw glvwulexwlrq
wr ix}}| fodvvl�huv= d phwkrgrorj| wr h{whqg
fulvs dojrulwkpv1 Surfhhglqjv ri wkh LHHH Zruog
Frqjuhvv rq Frpsxwdwlrqdo Lqwhooljhqfh +ZFFL,
0 Hyroxwlrqdu| Frpsxwdwlrq/ LHHH Frpsxwhu
Suhvv/ Slvfdwdzd|/ QM/ 840891

^9` D1 Erqdulql/ +4<<<, Frpsdulqj Uhlqirufhphqw
Ohduqlqj Dojrulwkpv Dssolhg wr Fulvs dqg
Ix}}| Ohduqlqj Fodvvl�hu V|vwhpv1 Surfhhglqjv ri
JHFFR*<</ lq suhvv1

^:` P1 Gruljr/ P1 Frorpehwwl +4<<:,1 Urerw vkds0

lqj= Dq h{shulphqw lq ehkdylru hqjlqhhulqj1 PLW
Suhvv2Eudgirug/ Fdpeulgjh/ PD1

^;` J1 M1 Nolu/ E1 \xdq/ X1 Vw1 Fodlu +4<<:, Ix}}|

vhw wkhru|= irxqgdwlrqv dqg dssolfdwrqv/ Suhqwlfh0
Kdoo/ Hqjohzrrg Fol�v/ PD1

^<` Zklwhkhdg V1G1/ Edoodug G1K1 +4<<4,1 Ohduqlqj
wr shufhlyh dqg dfw e| wuldo dqg huuru1 Pdfklqh

Ohduqlqj/ :/ 780;61

^43` V1 Z1 Zlovrq/ +4<<8,1 Fodvvl�hu �wqhvv edvhg rq
dffxudf|1 Hyroxwlrqdu| frpsxwdwlrq/ 6+5,/ 47<0
4:81


