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Devwudfw

Wklv sdshu uhsruwv wkh uhvxowv ri dq h{shulphqw rq lqglylgxdo frqvxphu
ehkdylru1 Wkh h{shulphqw zdv ghvljqhg wr dgguhvv wkh iroorzlqj txhvwlrqv1
Gr sduwlflsdqwv ehkdyh dv xwlolw|0pd{lpl}lqj djhqwvB Duh wkhuh yduldeohv
+vrflr0hfrqrplf fkdudfwhulvwlfv/ h{shulphqwdo frqglwlrqv, wkdw kdyh dq h�hfw
rq wkh suredelolw| ri ehlqj qrq0udwlrqdoB Dqg �qdoo|/ wr zkdw h{whqw grhv wkh
suhvhqfh ri qrq0udwlrqdo lqglylgxdov d�hfw wkh hvwlpdwlrq uhvxowv ri frpprqo|
xvhg ghpdqg htxdwlrqvB Uhyhdohg suhihuhqfh whvwv lqglfdwh wkdw 5<( ri wkh
lqglylgxdov gr qrw ehkdyh dv xwlolw|0pd{lpl}lqj djhqwv1 Jhqghu dqg wkh
wlphv vshqw rq shuiruplqj h{shulphqwdo wdvnv d�hfw wkh olnholkrrg ri ehlqj
qrq0udwlrqdo/ exw wkh ohyho ri uhpxqhudwlrq grhv qrw1 --uhpdlqlqj uhvxowv
khuh--

WWkh h{shulphqw rq zklfk wklv sdshu lv edvhg zdv ghvljqhg dqg fduulhg rxw zlwk S1 Frp0
eulv/ V1 Lvvdqfkrx dqg F1 Odqjh1 Zh duh yhu| judwhixo iru wkhlu khos1 Zh dovr wkdqn vhplqdu
sduwlflsdqwv dw FUHVW dqg wkh Xqlyhuvlw| ri Erxujrjqh iru wkhlu frpphqwv dqg vxjjhvwlrqv1

_Fhqwuh gh Uhfkhufkh hq Hfrqrplh hw Vwdwlvwltxh +FUHVW,/ 5; uxh ghv Vdlqwv Sëuhv/ :833:
Sdulv/ Iudqfh1 Hpdlo= ihyulhuChqvdh1iu1

hFUHVW1 Hpdlo= ylvvhuChqvdh1iu1



41 Lqwurgxfwlrq

Wkh qhrfodvvlfdo wkhru| srvwxodwhv wkdw frqvxphuv kdyh suhihuhqfhv rq d vhw
ri frqvxpswlrq exqgohv1 Lw lv dvvxphg wkdw wkhvh suhihuhqfhv vdwlvi| fhuwdlq
surshuwlhv�suhihuhqfhv duh dvvxphg wr eh frpsohwh/ uh h{lyh/ wudqvlwlyh/ hwf111�
zklfk lpso| wkh h{lvwhqfh ri d zhoo gh�qhg xwlolw| ixqfwlrq1 Wkh edvlf k|srwkhvlv
lv wkhq wkdw frqvxphuv dozd|v fkrrvh wkh prvw suhihuuhg exqgoh iurp wkh vhw
ri ihdvleoh dowhuqdwlyhv/ l1h1 wkh| duh dvvxphg wr pd{lpl}h wkhlu xwlolw| ixqfwlrq
xqghu d exgjhw frqvwudlqw1 Dv lv zhoo nqrzq/ wkh xwlolw|0pd{lpl}lqj k|srwkhvlv
ohdgv wr wkh pdlq lpsolfdwlrq ri wkh qhrfodvvlfdo wkhru| ri frqvxphu ehkdylru/
qdpho| wkdw wkh pdwul{ ri vxevwlwxwlrq whupv lv d qhjdwlyh vhplgh�qlwh pdwul{1
Lq hpslulfdo vwxglhv ri lqglylgxdo frqvxphu ehkdylru/ wkhvh Voxwvn| uhvwulfwlrqv
duh lpsrvhg rq wkh ghpdqg htxdwlrqv/ exw wkh| duh/ krzhyhu/ jhqhudoo| uhmhfwhg
e| wkh gdwd +vhh iru h{dpsoh Eoxqghoo/ Sdvkdughv dqg Zhehu +4<<6,,1

Wkh idfw wkdw wkh Voxwvn| frqglwlrqv duh jhqhudoo| uhmhfwhg udlvhv d qxpehu
ri txhvwlrqv1 Iluvw ri doo/ gr frqvxphuv dfwxdoo| ehkdyh dv xwlolw|0pd{lpl}lqj
djhqwvB Li wkh dqvzhu wr wklv txhvwlrq lv �sduwo| |hv/ dqg sduwo| qr�/ zkr duh
wkhq wkh xwlolw|0pd{lpl}huv dqg zkr duh wkrvh wkdw dgrsw rwkhu ehkdylrudo vwudwh0
jlhvB Lv lw srvvleoh wr vd| suhflvho| zkdw nlqg ri dowhuqdwlyh ehkdylrudo vwudwhj|
h{sodlqv wkh fkrlfhv ri qrq0udwlrqdo lqglylgxdovB Dqg �qdoo|/ wr zkdw h{whqw grhv
wkh suhvhqfh ri qrq0udwlrqdo lqglylgxdov d�hfw wkh hvwlpdwlrq uhvxowv ri ghpdqg
htxdwlrqv dqg wkh whvwv ri wkh Voxwvn| uhvwulfwlrqvB

Wkh sxusrvh ri wklv sdshu lv wr dgguhvv vrph ri wkhvh txhvwlrqv1 Zh xvh gdwd
rq lqglylgxdo sxufkdvh ghflvlrqv wkdw zhuh jhqhudwhg lq d oderudwru|1 D udqgrp
vdpsoh ri 453 lqglylgxdov iurp wkh Iuhqfk flw| ri Glmrq sduwlflsdwhg lq rxu h{0
shulphqw1 Lq wkh �uvw sduw ri wkh h{shulphqw wkh sduwlflsdqwv zhuh uhtxluhg wr
hydoxdwh 9 uhdo irrg surgxfwv1 Lq wkh vhfrqg sduw wkh| zhuh jlyhq wkh srvvlelolw| wr
ex| wkh surgxfwv/ xqghu 8 gl�huhqw sulfh2exgjhw frq�jxudwlrqv1 Zh whvw zkhwkhu
wkh lqglylgxdov lq rxu gdwd vhw duh xwlolw|0pd{lpl}huv e| dsso|lqj uhyhdohg suhi0
huhqfh whvwv +wkh uhyhdohg suhihuhqfh dssurdfk wr whvwlqj iru frqvlvwhqf| zlwk
xwlolw|0pd{lpl}dwlrq lv pdlqo| gxh wr Diuldw +4<9:/ 4<:6, dqg Yduldq +4<;5,,1
Uhyhdohg suhihuhqfh whvwv frqvlvwv lq fkhfnlqj li wkh ehkdylru ri dq lqglylgxdo
yhul�hv fhuwdlq frqglwlrqv nqrzq dv uhyhdohg suhihuhqfh frqglwlrqv1 Li wkh fkrlfhv
pdgh e| dq lqglylgxdo yhuli| wkh frqglwlrqv/ wkhuh h{lvwv dq xwlolw| ixqfwlrq wkdw
lv frpsdwleoh zlwk khu2klv ehkdylru> li/ rq wkh frqwudu|/ wkh lqglylgxdo*v revhuyhg
ehkdylru lv qrw frkhuhqw/ wkhuh grhv qrw h{lvw dq xwlolw| ixqfwlrq wkdw frxog kdyh
jhqhudwhg wkh lqglylgxdo*v fkrlfhv1 Lq wkh �uvw fdvh wkh lqglylgxdo lv vdlg wr eh ud0
wlrqdo/ dqg lq wkh vhfrqg fdvh luudwlrqdo1 Diwhu hvwdeolvklqj zkr duh wkh udwlrqdov
dqg zkr wkh luudwlrqdov lq rxu vdpsoh/ zh surfhhg e| lqyhvwljdwlqj li wkhuh duh
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yduldeohv wkdw d�hfw wkh olnholkrrg ri ehlqj qrq0udwlrqdo1 Lq rxu dqdo|vlv ri wkh
ghwhuplqdqwv ri qrq0udwlrqdolw|/ zh h{sorlw wkh idfw wkdw vhyhudo vrflr0hfrqrplf
fkdudfwhulvwlfv ri wkh h{shulphqwdo vxemhfwv zhuh uhfrughg> zh dovr vwxg| zkhwkhu
h{shulphqwdo frqglwlrqv/ vxfk dv wkh ohyho ri uhpxqhudwlrq dqg wkh lqglylgxdo*v
wlphv vshqw rq shuiruplqj wkh h{shulphqwdo wdvnv/ kdyh dq h�hfw rq wkh sured0
elolw| ri ehlqj qrq0udwlrqdo1 Wkh �qdo sduw ri wkh sdshu lqyhvwljdwhv zkhwkhu wkh
suhvhqfh ri luudwlrqdov pdwwhuv rq djjuhjdwh1 Vlqfh frqvxpswlrq hfrqrplfv/ hyhq
dw wkh plfur0ohyho/ lv ohvv frqfhuqhg zlwk wkh dfwlylwlhv ri d sduwlfxodu lqglylgxdo
wkdq zlwk wkh dyhudjh ehkdylru ri jurxsv ri hfrqrplf djhqwv/ lw lv ri lqwhuhvw wr
ohduq li wkh djjuhjdwh ehkdylru ri udwlrqdov dqg luudwlrqdov gl�huv/ ru li/ rq wkh
frqwudu|/ wkh �huuruv� pdgh e| wkh luudwlrqdov dw wkh lqglylgxdo ohyho fdqfho rxw
rq dyhudjh/ uhqghulqj lq d vhqvh wkhlu djjuhjdwh sxufkdvh ehkdylru lqglvwlqjxlvk0
deoh iurp wkrvh ri wkh udwlrqdov1 Iru wklv sxusrvh/ zh hvwlpdwh wzr v|vwhpv ri
ghpdqg htxdwlrqv wkdw duh iuhtxhqwo| xvhg lq wkh hpslulfdo frqvxpswlrq olwhu0
dwxuh= wkh doprvw lghdo ghpdqg v|vwhp ri Ghdwrq dqg Pxhooedxhu +4<;3,/ dqg
wkh Wudqvorj ghpdqg v|vwhp ri Fkulvwhqvhq/ Mrujhqvrq dqg Odx +4<:8,1 Vlqfh
zh nqrz zkr duh wkh udwlrqdov dqg wkh luudwlrqdov lq wkh vdpsoh/ lw lv srvvleoh wr
lghqwli| wkh uhvshfwlyh h�hfwv ri wkhvh wzr jurxsv ri lqglylgxdov rq whvwv ri wkh
Voxwvn| uhvwulfwlrqv dqg rq hvwlpdwhv ri wkh ghpdqg htxdwlrqv1 Zh whvw li wkh
uhvwulfwlrqv lpsolhg e| wkh hfrqrplf wkhru| duh dffhswhg rqfh wkh qrq0udwlrqdo
vxemhfwv duh h{foxghg iurp wkh hvwlpdwlrq vdpsoh/ dqg zh whvw zkhwkhu wkh hv0
wlpdwhg frh!flhqwv ri wkh ghpdqg htxdwlrqv duh lghqwlfdo iru wkh udwlrqdov dqg
luudwlrqdov1

Wr ghdo zlwk wkh lvvxhv udlvhg lq wklv sdshu/ rxu h{shulphqwdo gdwd kdyh d
qxpehu ri dgydqwdjhv ryhu �hog gdwd1 Lq �hog gdwd/ olnh lqglylgxdo sdqho gdwd iru
lqvwdqfh/ lw lv w|slfdoo| wkh fdvh wkdw vxffhvvlyh exgjhw ohyhov iru dq lqglylgxdo
lqfuhdvh ryhu wlph exw sulfhv uhpdlq uhodwlyho| vwdeoh/ lpso|lqj wkdw wkh srzhu ri
uhyhdohg suhihuhqfh whvwv lv orz1 Lq frqwudvw/ zh kdg ixoo frqwuro ryhu wkh sulfhv dqg
exgjhw ohyhov zlwk zklfk zh frqiurqwhg wkh sduwlflsdqwv ri rxu h{shulphqw1 Dv zloo
eh h{sodlqhg lq wkh qh{w vhfwlrq/ wkh sulfhv dqg exgjhw ohyhov zhuh fkrvhq vr wkdw
wkh srzhu ri wkh whvwv djdlqvw fhuwdlq ehkdylrudo dowhuqdwlyhv lv yhu| kljk jlyhq
wkh uhodwlyho| vpdoo qxpehu ri gl�huhqw sulfh2exgjhw frq�jxudwlrqv1 Dqrwkhu
pdmru dgydqwdjh ri rxu oderudwru| gdwd lv wkdw wkh gl�huhqw surgxfw fkrlfhv zhuh
pdgh gxulqj d vkruw vsdq ri wlph +rqh krxu,/ vr wkdw xqolnh sdqho gdwd lw fdq
uhdvrqdeo| eh dvvxphg wkdw wkh xqghuo|lqj suhihuhqfh vwuxfwxuh zdv wkh vdph iru
doo wkh revhuyhg fkrlfhv1 Vwloo dqrwkhu dgydqwdjh lv wkdw doo jrrgv zhuh revhuyhg
lq rxu oderudwru| hqylurqphqw/ zkhuhdv lq �hog gdwd rqh w|slfdoo| revhuyhv rqo| d
vxevhw ri wkh frpprglwlhv fkrvhq e| frqvxphuv1 Wklv phdqv wkdw/ xqolnh vwxglhv
edvhg rq �hog gdwd/ lw lv qrw qhfhvvdu| wr pdnh dgglwlrqdo dvvxpswlrqv derxw wkh
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xwlolw| ixqfwlrq lq rughu wr dsso| uhyhdohg suhihuhqfh whvwv14

Wkh sdshu lv forvho| uhodwhg wr Fr{ +4<<:, dqg hvshfldoo| Vlssho +4<<:,1 Erwk
sdshuv uhsruwhg uhyhdohg suhihuhqfh whvwv xvlqj h{shulphqwdo gdwd15 Zh zloo gh0
vfuleh lq zkdw uhvshfwv rxu h{shulphqwdo ghvljq gl�huv iurp Vlssho*v�Fr{*v vwxg|
lv edvhg rq gdwd iurp wkh wrnhq hfrqrp| h{shulphqw lq d sv|fkldwulf krvslwdo +vhh
Edwwdolr hw do1 +4<:6,,/ zklfk lv udwkhu d �hog h{shulphqw/ dqg lv wkhuhiruh qrw
gluhfwo| frpsdudeoh zlwk rxu oderudwru| h{shulphqw�dqg zh zloo frpsduh lq gh0
wdlo wkh uhyhdohg suhihuhqfh whvw uhvxowv rewdlqhg e| Fr{ dqg Vlssho zlwk rxu*v1
Frpsduhg wr Fr{ dqg Vlssho/ wkh dqdo|vlv lq wklv sdshu lv pruh h{whqghg lq wkh
vhqvh wkdw zh qrw rqo| whvw iru xwlolw| pd{lpl}dwlrq exw/ dv phqwlrqhg deryh/ zh
dovr wu| wr lghqwli| wkh fdxvhv ri qrq0udwlrqdolw|/ dqg orrn dw wkh frqvhtxhqfhv ri
qrq0udwlrqdolw| rq wkh hvwlpdwlrq ri ghpdqg htxdwlrqv dqg whvwv iru wkh Voxwvn|
frqglwlrqv1

Vhfwlrq 5 ghvfulehv wkh ghvljq ri wkh h{shulphqw dqg frqwdlqv d ghvfulswlyh
dqdo|vlv ri wkh gdwd1 Vhfwlrq 6 suhvhqwv wkh wkhru|/ vhfwlrq 7 wkh uhvxowv dqg
vhfwlrq 8 frqfoxghv1

51 Gdwd

Wzr voljkwo| gl�huhqw h{shulphqwv zhuh fduulhg rxw1 Lq wkh qh{w vxevhfwlrq zh
ghvfuleh wkh ghvljq ri wkh h{shulphqwv/ dqg vxevhfwlrq 515 frqwdlqv dq lqirupdo
ghvfulswlyh dqdo|vlv ri wkh gdwd1

5141 Ghvljq ri wkh h{shulphqwv

Wkh h{shulphqwv zloo eh uhihuuhg wr dv H{shulphqw 4 dqg H{shulphqw 51 Erwk
zhuh khog lq Glmrq/ zklfk lv d phglxp vl}hg flw| ri durxqg 633/333 lqkdelwdqwv
vlwxdwhg lq hdvwhuq Iudqfh1 D gl�huhqw jurxs ri lqglylgxdov zdv uhfuxlwhg iru hdfk
h{shulphqw1 Wkh lqglylgxdov iru H{shulphqw 4 zhuh uhfuxlwhg lq Pd| 4<<:/ wkrvh
iru H{shulphqw 5 lq Vhswhpehu 4<<:1 Dsduw iurp wklv gl�huhqfh lq wkh uhfuxlwphqw
shulrg/ wkh vhohfwlrq ri wkh wzr jurxsv wrrn sodfh lq dq lghqwlfdo zd|1 Xqolnh prvw

4Yduldq +4<;;, vkrzv wkdw li wkh vhw ri jrrgv iurp zklfk d frqvxphu fkrrvhv lv odujhu wkdq
wkh vhw ri revhuyhg jrrgv/ wkhq dq| vhtxhqfh ri fkrlfhv lv frpsdwleoh zlwk xwlolw| pd{lpl}dwlrq/
l1h1 wkh uhyhdohg suhihuhqfh wkhru| sxwv qr uhvwulfwlrqv zkdwvrhyhu rq wkh revhuyhg gdwd1 Rqo|
li dgglwlrqdo dvvxpswlrqv duh pdgh derxw wkh xwlolw| ixqfwlrq/ vxfk dv +zhdn, vhshudelolw| lq wkh
revhuyhg jrrgv +vhh Yduldq +4<;6,,/ grhv wkh xwlolw| k|srwkhvlv kdyh lpsolfdwlrqv iru vxevhwv ri
jrrgv1

5Wkh errn e| Ndjho/ Edwwdolr/ Udfkolq dqg Juhhq +4<<8, vxppdul}hv d qxpehu ri vwxglhv
edvhg rq h{shulphqwdo gdwd iurp dqlpdov1 Lq wkhvh vwxglhv rqo| wkh Zhdn D{lrp ri Uhyhdohg
Suhihuhqfh +ZDUS, whvw zdv shuiruphg1 Frkhuhqf| zlwk ZDUS lv d qhfhvvdu| exw qrw vx!flhqw
frqglwlrq iru xwlolw| pd{lpl}dwlrq1
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h{shulphqwdo vwxglhv/ wkh sduwlflsdqwv iru rxu h{shulphqwv zhuh qrw uhfuxlwhg
iurp wkh srro ri idfxow| froohdjxhv ru xqlyhuvlw| vwxghqwv/ exw zhuh udqgrpo|
vhohfwhg iurp wkh srsxodwlrq ri Glmrq1 Vhohfwhg lqglylgxdov zhuh frqwdfwhg e|
whohskrqh dqg zhuh lqiruphg derxw wkh jrdo ri wkh vwxg| dqg wkh uhpxqhudwlrq1
Wkh lqirupdwlrq jlyhq rq wkh whohskrqh zdv gholehudwho| ydjxh= wkh vwxg| zdv
ghvfulehg dv �d vwxg| rq frqvxphu*v sxufkdvh ehkdylru ri rudqjh mxlfh� dqg wkh
uhpxqhudwlrq zdv irupxodwhg dv �sd|phqw lq nlqg/� zlwkrxw phqwlrq ri wkh h{dfw
dprxqw ri mxlfh ru wkh fruuhvsrqglqj prqhwdu| ydoxh1 Vhyhudo txhvwlrqv zhuh
wkhq dvnhg derxw wkhlu frqvxpswlrq ehkdylru ri rudqjh mxlfh1 Lqglylgxdov zkr
vdwlv�hg d qxpehu ri frqglwlrqv6 zhuh lqylwhg wr sduwlflsdwh lq wkh h{shulphqw1
Iru erwk h{shulphqwv dssur{lpdwho| 733 lqglylgxdov zhuh frqwdfwhg> urxjko| ;3
vdwlv�hg wkh frqglwlrqv dqg djuhhg wr sduwlflsdwh1 Dw erwk h{shulphqwv h{dfwo|
93 lqglylgxdov dfwxdoo| vkrzhg xs1 H{shulphqw 4 zdv frqgxfwhg lq Mxqh 4<<:/
dqg H{shulphqw 5 lq Rfwrehu 4<<:1

Iluvw zh ghvfuleh H{shulphqw 41 Lw wrrn sodfh dw wkh wdvwlqj oderudwru| ri
wkh Lqvwlwxw Qdwlrqdo gh od Uhfkhufkh Djurqrpltxh lq Glmrq1 Wkh 93 lqglylgxdov
sduwlflsdwhg lq dq h{shulphqwdo vhvvlrq wkdw odvwhg derxw rqh krxu17 Wkh vxemhfwv
shuiruphg wkhlu wdvnv lq lqglylgxdo errwkv�uhvhpeolqj wkh w|sh ri errwkv wkdw
fdq eh vhhq lq odqjxdjh fodvvhv�hdfk rqh htxlsshg zlwk d fkdlu dqg d ghvn/
d whohylvlrq vfuhhq dqg d frpsxwhu prxvh1 Zkloh vhdwhg lq wkhlu errwkv/ wkh
vxemhfwv frxog qrw vhh hdfk rwkhu1 Vxemhfwv frxog wkxv qrw frppxqlfdwh zlwk
hdfk rwkhu xqohvv wkh| vwrrg xs ru vsrnh dorxg> zh dvnhg wkhp qrw wr gr wklv
gxulqj wkh vhvvlrq1

Lq wkh �uvw sduw ri wkh vhvvlrq wkh sduwlflsdqwv hydoxdwhg vl{ rudqjh mxlfhv1 Wkh
vl{ mxlfhv zhuh fkrvhq�rxw ri d odujhu jurxs ri rudqjh mxlfhv wkdw zhuh dydlodeoh
wr frqvxphuv lq d sduwlfxodu vxshupdunhw ri Glmrq�rq wkh edvlv ri irxu fulwhuld=
wkh| kdg wr eh gl�huhqw iurp d vhqvru| srlqw ri ylhz�wklv zdv ghwhuplqhg lq
d suholplqdu| vwxg| e| wkh vhqvru| h{shuwv�wkh| kdg wr eh gl�huhqw lq qdwxuh/
wkhlu w|sh ri sdfndjlqj kdg wr eh gl�huhqw/ dqg wkh| kdg wr eh gl�huhqw lq sulfh1

Wkh vxemhfwv hydoxdwhg wkh vl{ mxlfhv8 rqh diwhu wkh rwkhu1 Wkh rughu lq zklfk

6Wkh lqglylgxdov kdg wr eh uhjxodu frqvxphuv ri rudqjh mxlfh/ wkh| kdg wr wdnh sduw lq wkh
vkrsslqj dfwlylwlhv ri wkh krxvhkrog/ dqg lw zdv uhtxluhg wkdw wkh| kdg qhyhu ehiruh sduwlflsdwhg
lq d vwxg| rq vhqvru| hydoxdwlrq ri irrg surgxfwv1

7Ehfdxvh ri vsdfh olplwdwlrqv dw wkh oderudwru|/ wkh 93 lqglylgxdov frxog qrw frph doo dw rqfh/
dqg zh zhuh wkxv reoljhg wr rujdql}h vhyhudo vhvvlrqv1 Wkh dyhudjh qxpehu ri lqglylgxdov shu
vhvvlrq zdv derxw 91

8Mxvw ehiruh wkh vl{ surgxfwv zhuh hydoxdwhg/ wkh vxemhfwv h{dplqhg dq dgglwlrqdo +dqg
lghqwlfdo iru doo, mxlfh wr idploldul}h wkhp zlwk wkh surfhgxuhv lq wklv sduw ri wkh vhvvlrq1 Wkh
sxusrvh ri wklv gxpp| mxlfh zdv dovr wr frxqwhu wkh vr0fdoohg �uvw0rughu fduu|0ryhu h�hfw lq
vhqvru| vwxglhv +vhh PdfIlh hw do1 +4<;<,,1
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wkh mxlfhv zhuh hydoxdwhg zdv udqgrpo| ghwhuplqhg iru hdfk vxemhfw/ l1h1 wkh
vhtxhqfh ri mxlfhv zdv qrw qhfhvvdulo| wkh vdph iru doo lqglylgxdov1 Hdfk mxlfh
zdv hydoxdwhg lq wzr skdvhv= �uvw vrph ri wkh fkdudfwhulvwlfv ri wkh surgxfw zhuh
vwxglhg/ wkhq lw zdv wdvwhg1 Vxemhfwv zhuh lqiruphg derxw vrph ri wkh surgxfw
fkdudfwhulvwlfv yld dq lpdjh dsshdulqj rq wkh whohylvlrq vfuhhq1 Ghshqglqj rq wkh
dfwxdo w|sh ri sdfndjlqj ri wkh mxlfh/ wkh lpdjh uhsuhvhqwhg hlwkhu d fdugerdug
sdfn ru d erwwoh�wkuhh ri wkh rudqjh mxlfhv fkrvhq iru wklv vwxg| zhuh vrog lq
fdugerdug sdfnv/ dqg wkuhh lq erwwohv1 Wkh lpdjhv ri wkh wkuhh fdugerdug sdfnv/
uhvshfwlyho| wkh wkuhh erwwohv/ zhuh lghqwlfdo dqg ghvljqhg e| xv1 Wkh| zhuh
frqvwuxfwhg iurp skrwrv ri uhdo frpphufldo mxlfh sdfndjhv/ zklfk zh vfdqqhg
xvlqj d skrwrjudsklf uhwrxfklqj vriwzduh sdfndjh1 Wkh lqirupdwlrq zulwwhq e|
xv rq hdfk lpdjh zdv wuxh lqirupdwlrq/ l1h1 zh glg qrw surylgh wkh sduwlflsdqwv
zlwk idovh lqirupdwlrq1 Wkh lpdjhv lqiruphg wkh sduwlflsdqwv derxw wkh qdwxuh
ri wkh mxlfh�wkhuh zhuh wzr sxuh rudqjh mxlfhv/ wzr frqfhqwudwhg rudqjh mxlfhv/
dqg wzr qhfwduv�wkh frxqwu| iurp zklfk wkh mxlfh ru wkh rudqjhv ruljlqdwhg/ dqg
lq wkh fdvh ri qhfwdu wkh shufhqwdjh ri sxuh rudqjh1 Wkh lpdjh fruuhvsrqglqj wr
surgxfw 6 lqglfdwhg d jxdudqwhhg frqwhqw ri ylwdplq F1 Wdeoh 4 vxppdul}hv wkh
lqirupdwlrq jlyhq wr wkh sduwlflsdqwv1 Qrwh wkdw wkh vxemhfwv zhuh qrw lqiruphg
derxw wkh pdunhw sulfh qru ri wkh eudqg ri wkh mxlfh/ exw rwkhuzlvh wkh lpdjhv
uhyhdohg wkh prvw qrwlfhdeoh idfwv ri hdfk mxlfh1

Rqfh wkh sduwlflsdqwv kdg �qlvkhg revhuylqj dq lpdjh/ wkh fruuhvsrqglqj mxlfh
zdv vhuyhg wr wkhp/ lq d sodvwlf dqg wudqvsduhqw fxs/ frqwdlqlqj dssur{lpdwho|
43 fo ri mxlfh dw d whpshudwxuh ri derxw 45�F1 Sduwlflsdqwv zhuh uhtxhvwhg wr
judgh wkh mxlfh lq ylhz ri lwv wdvwh dqg wkh lpdjh0lqirupdwlrq1 Wkh| kdg wr gr
wklv e| sxwwlqj zlwk wkhlu prxvh d pdun rq d krul}rqwdo edu vkrzq rq wkh vfuhhq1
Wkh ohiw kdqg vlgh ri wkh edu phqwlrqhg �L gr qrw olnh wklv surgxfw dw doo� dqg wkh
uljkw kdqg vlgh �L olnh wklv surgxfw d orw1� Wkhvh judghv zhuh lqvwdqwo| frqyhuwhg
e| wkh frpsxwhu lqwr qxpehuv rq d vfdoh iurp 4 wr 43/ e| phdvxulqj wkh glvwdqfh
ehwzhhq wkh pdun dqg wkh ohiw kdqg vlgh ri wkh edu1 Dgrswlqj wkh whuplqrorj|
xvhg lq vhqvru| vwxglhv/ wkhvh qxphulfdo judghv duh uhihuuhg wr dv wkh dfwxdo vfruhv1
Lw lv dvvxphg wkdw wkh| uh hfw suhihuhqfhv/ l1h1 li vd| mxlfh D kdv d kljkhu dfwxdo
vfruh wkdq mxlfh E/ wkhq mxlfh D lv suhihuuhg wr mxlfh E1

Lq wkh vhfrqg sduw ri wkh vhvvlrq wkh hfrqrplf dvshfwv ri wkh h{shulphqw ehjdq1
Vxemhfwv zhuh wrog wkdw wkh| frxog ex| wkh rudqjh mxlfhv wkh| kdg mxvw hydoxdwhg1
Lw zdv h{sodlqhg wkdw wkh| zrxog eh frqiurqwhg zlwk 8 gl�huhqw sulfh2exgjhw
vlwxdwlrqv/ dqg wkdw wkh| kdg wr vwdwh wkhlu ghpdqg iru wkh mxlfhv lq hdfk vlwxdwlrq1
Zh wrog wkhp wkdw rqh vlwxdwlrq zrxog eh vhohfwhg udqgrpo| dqg wkdw wkh| zrxog
uhfhlyh wkh mxlfhv fkrvhq lq wklv vlwxdwlrq dv wkhlu uhpxqhudwlrq iru wdnlqj sduw lq
wkh h{shulphqw1 Hdfk vlwxdwlrq wkxv kdg d fkdqfh ri rqh lq �yh ri ehlqj vhohfwhg/
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lqflwlqj wkh sduwlflsdqwv wr �sod|� zhoo lq doo vlwxdwlrqv1
Wdeoh 5 vkrzv krz wkh sulfhv zhuh fkrvhq lq hdfk vlwxdwlrq1 Lq vlwxdwlrq 4

wkh mxlfh sulfhv zhuh htxdo wr wkh pdunhw sulfhv/ l1h1 wkh sulfhv dw zklfk wkh|
zhuh erxjkw e| xv lq wkh vxshupdunhw/ zkloh lq vlwxdwlrqv 5/ 6/ 7 dqg 8 wkh| zhuh
ghwhuplqhg dv ixqfwlrqv ri wkh dfwxdo vfruhv dqg wkh pdunhw sulfhv1 Lq vlwxdwlrq
4 wkh sulfhv ri wkh vl{ mxlfhv zhuh wkxv wkh vdph iru doo vxemhfwv1 Lq hdfk ri
wkh irxu rwkhu vlwxdwlrqv/ wkh sulfhv gl�huhg dprqj lqglylgxdov ehfdxvh wkh sulfh
fdofxodwlrqv shuiruphg e| wkh frpsxwhu zhuh edvhg rq lqglylgxdo0vshfl�f dfwxdo
vfruhv1 Wkh exgjhw ohyhov zhuh ghwhuplqhg dv iroorzv1 Lq vlwxdwlrqv 4/ 5/ 6/ dqg
7 zh ohw wkh exgjhw ohyho fruuhvsrqg wr wkh krxvhkrog*v prqwko| h{shqglwxuhv
rq rudqjh mxlfh dv ghfoduhg e| wkh frqvxphu rq wkh whohskrqh19 Lq vlwxdwlrq 8
zh dgghg IIu68 wr wkh exgjhw li wkh ruljlqdo exgjhw ohyho zdv ehorz IIu 433/
dqg vxevwudfwhg IIu68 rwkhuzlvh1 Ehorz zh h{sodlq zkdw rxu prwlydwlrq zdv iru
fkrvlqj wkhvh sduwlfxodu exgjhw ohyhov dqg wkh sulfh irupxodv jlyhq lq Wdeoh 51

Wkh 8 exgjhw2sulfh vlwxdwlrqv dsshduhg vxffhvvlyho| dqg lq udqgrp rughu rq
wkh vfuhhq/ l1h1 wkh vlwxdwlrqv glg qrw qhfhvvdulo| vkrz xs lq wkh vdph rughu iru
doo lqglylgxdov1 Iru hdfk vlwxdwlrq/ d wdeoh dsshduhg rq wkh vfuhhq zlwk 9 froxpqv
fruuhvsrqglqj wr wkh 9 surgxfwv1 Wkh froxpqv zhuh duudqjhg dffruglqj wr wkh
rughu lq zklfk wkh vxemhfw kdg hydoxdwhg wkh surgxfwv1 Hdfk froxpq zdv khdghg
e| d uhgxfhg vl}h lpdjh ri wkh surgxfw�zklfk vxemhfwv frxog }rrp li wkh| ghvluhg
wr uhdg wkh surgxfw lqirupdwlrq djdlq1 Wkh vfruhv dwwulexwhg e| wkh lqglylgxdo
dqg wkh suhydlolqj sulfhv dsshduhg ehorz wkh lpdjhv/ zkloh wkh dydlodeoh exgjhw
ohyho zdv lqglfdwhg lq wkh orzhu ohiw fruqhu ri wkh wdeoh1 Vxemhfwv kdg wr vwdwh wkhlu
ghpdqg e| hqwhulqj wkh ghvluhg qxpehu ri olwhuv iru hdfk mxlfh lq wkh dssursuldwh
er{hv ri wkh wdeoh1 D fdofxodwru zdv dw wkhlu glvsrvdo wr khos wkhp zlwk wkh
fdofxodwlrqv1 Rqfh wkh| kdg hqwhuhg wkh ghvluhg dprxqwv/ wkh| kdg wr frq�up
wkhlu fkrlfh wr wkh frpsxwhu1 Li wkh frvw ri wkh fkrvhq exqgoh ri mxlfhv h{fhhghg
wkh exgjhw/ d zduqlqj phvvdjh vkrzhg xs rq wkh vfuhhq/ iruflqj wkh vxemhfwv wr
uhfrqvlghu wkhlu fkrlfh1 Li wkh frvw zdv vxfk wkdw dw ohdvw rqh rwkhu mxlfh frxog
eh sxufkdvhg zlwk wkh uhpdlqlqj exgjhw/ wkh frpsxwhu dvnhg exw qrw reoljhg
wkhp wr uhfrqvlghu wkhlu fkrlfh1 Wkh frpsxwhu uhfrughg dxwrpdwlfdoo| wkh wlph
vshqw e| hdfk vxemhfw wr frpsohwh wkhlu ghpdqg wdeoh1 Zkhq doo sduwlflsdqwv
kdg vxffhvvixoo| frpsohwhg wkh 8 ghpdqg wdeohv/ wkh uhpxqhudwlrq vlwxdwlrq zdv
udqgrpo| vhohfwhg1: Dw wkh hqg ri wkh vhvvlrq wkh sduwlflsdqwv zhuh dvnhg wr

9Iru d vpdoo qxpehu ri lqglylgxdov wkh ghfoduhg ohyho ri h{shqglwxuhv zdv orzhu wkdq IIu63
+uhvs1 kljkhu wkdq IIu483,1 Lq wkrvh fdvhv zh dwwulexwhg d exgjhw ohyho ri IIu63 +uhvs1 IIu483,1

:D qxpehu ehwzhhq 4 dqg 8 zdv vhohfwhg e| d udqgrp qxpehu jhqhudwru rq wkh frpsxwhu1
Li vd| qxpehu 5 zdv gudzq/ wkh sduwlflsdqw uhfhlyhg wkh exqgoh ri mxlfhv fkrvhq lq wkh vhfrqg
vlwxdwlrq kh2vkh kdg idfhg1 Vlqfh wkh exgjhw2sulfh vlwxdwlrqv dsshduhg lq d udqgrp rughu/ wkh
vhohfwhg uhpxqhudwlrq vlwxdwlrq frxog fruuhvsrqg wr dq| ri wkh 8 vlwxdwlrqv1
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dqvzhu d qxpehu ri txhvwlrqv frqfhuqlqj wkhlu vrflr0hfrqrplf fkdudfwhulvwlfv1
Qrz zh wxuq wr wkh ghvljq ri H{shulphqw 51 H{shulphqw 5 zdv khog xqghu wkh

vdph frqglwlrqv dqg dw wkh vdph orfdwlrq dv H{shulphqw 41 Xqolnh H{shulphqw 4/
wkh vxemhfwv ri H{shulphqw 5 sduwlflsdwhg lq wzr vhvvlrqv/ hdfk rqh odvwlqj derxw
rqh krxu1 Wkh gxudwlrq vhsdudwlqj wkh wzr vhvvlrqv ydulhg shu lqglylgxdo/ exw
zdv qhyhu ohvv wkdq rqh zhhn dqg qhyhu pruh wkdq wkuhh zhhnv1 Vlqfh wkh gdwd
jhqhudwhg lq wkh vhfrqg vhvvlrq duh qrw xvhg lq wklv sdshu/ zh sulpdulo| ghvfuleh
wkh ghvljq ri wkh �uvw vhvvlrq1

Wkh vhvvlrq vwduwhg zlwk dq hydoxdwlrq ri wkh surgxfwv1 Vxemhfwv zhuh uh0
txhvwhg wr hydoxdwh wkh vl{ rudqjh mxlfhv�soxv wkh gxpp| mxlfh�rq wkh edvlv ri
wkh surgxfw lpdjhv rqo|1 Wkh lpdjhv zhuh lghqwlfdo wr wkh rqhv suhvhqwhg lq H{0
shulphqw 4/ dqg dsshduhg vxffhvvlyho| dqg lq udqgrp rughu rq wkh vfuhhq1 Rqfh
wkh sduwlflsdqwv kdg �qlvkhg orrnlqj dw wkh fkdudfwhulvwlfv ri wkh surgxfw/ wkh|
zhuh dvnhg wr judgh wkh mxlfh/ djdlq e| sxwwlqj d pdun rq d krul}rqwdo edu1 Khuh
wkh ohiw kdqg vlgh ri wkh edu phqwlrqhg �L zloo fhuwdlqo| qrw olnh wklv surgxfw dw
doo� dqg wkh uljkw kdqg vlgh �L zloo fhuwdlqo| olnh wklv surgxfw d orw1� Vlploduo|
dv deryh wkh judghv zhuh frqyhuwhg lqwr qxpehuv ydu|lqj ehwzhhq rqh dqg whq1
Khqfhiruwk wkhvh qxphulfdo judghv duh uhihuuhg wr dv wkh h{shfwdwlrq vfruhv1 Olnh
wkh dfwxdo vfruhv wkh| duh dvvxphg wr uh hfw suhihuhqfhv dprqj wkh rudqjh mxlfhv1

Wkh vhvvlrq wkhq surfhhghg olnh wkh vhfrqg sduw ri H{shulphqw 4= sduwlflsdqwv
zhuh wrog wkdw wkh| frxog sxufkdvh wkh surgxfwv/ wkdw wkh| zrxog eh frqiurqwhg
zlwk 8 gl�huhqw sulfh2exgjhw vlwxdwlrqv/ wkdw rqh ri wkh vlwxdwlrqv zrxog eh gudzq
dw udqgrp/ hwf111 Qrwh wkdw wkh mxlfhv zhuh fkrvhq dqg erxjkw zlwkrxw nqrzohgjh
ri wkhlu wdvwh/ vr wkh lqglylgxdov zhuh fohduo| ohvv lqiruphg wkdq wkrvh wkdw sduwlfl0
sdwhg lq H{shulphqw 41 Wkh exgjhw ohyhov zhuh ghwhuplqhg dv lq H{shulphqw 41 Lq
fdofxodwlqj wkh sulfhv/ wkh irupxodv jlyhq lq Wdeoh 5 zhuh djdlq dssolhg/ exw khuh
wkh h{shfwdwlrq vfruhv zhuh xvhg lqvwhdg ri wkh dfwxdo vfruhv1 Rqfh doo vxemhfwv
kdg vxffhvvixoo| �oohg lq wkh 8 ghpdqg wdeohv/ wkh uhpxqhudwlrq vlwxdwlrq zdv
udqgrpo| vhohfwhg dqg vhyhudo txhvwlrqv zhuh dvnhg derxw wkhlu vrflr0hfrqrplf
fkdudfwhulvwlfv1 Wkh vhvvlrq hqghg zlwk d eolqg wdvwlqj ri wkh vl{ rudqjh mxlfhv=
vxemhfwv zhuh uhtxluhg wr wdvwh dqg judgh hdfk surgxfw exw wkh| frxog qrw vhh wkh
fruuhvsrqglqj mxlfh0lpdjh1 Wkh gdwd uhvxowlqj iurp wklv dqdo|vlv duh qrw xvhg lq
wkh sdshu/ qru gr zh xvh wkh gdwd jhqhudwhg lq wkh vhfrqg vhvvlrq ri H{shulphqw
51 Edvlfdoo| wklv vhvvlrq zdv lghqwlfdo wr H{shulphqw 41 Wkh wrwdo hduqlqjv iru wkh
sduwlflsdqwv ri H{shulphqw 5 frqvlvwhg lq wkh uhpxqhudwlrq vlwxdwlrq ri wkh �uvw
vhvvlrq soxv wkh uhpxqhudwlrq vlwxdwlrq ri wkh vhfrqg vhvvlrq1 Lw lv lpsruwdqw wr
qrwh wkdw zkhq lqglylgxdov pdgh wkhlu mxlfh fkrlfhv lq wkh �uvw vhvvlrq/ wkh| zhuh
xqdzduh ri wkh idfw wkdw dgglwlrqdo mxlfhv frxog eh hduqhg lq wkh vhfrqg vhvvlrq1
Wkhuhiruh/ �uvw vhvvlrq fkrlfhv zhuh qrw d�hfwhg e| lqfrph h�hfwv1

;



Ehiruh wxuqlqj wr d ghvfulswlyh dqdo|vlv ri wkh gdwd/ zh zdqw wr glvfxvv vrph
ri wkh dvshfwv ri wkh h{shulphqwv dqg frpsduh wkh ghvljq ri rxu h{shulphqwv
zlwk wkh rqh ri Vlssho +4<<:,1 Rxu h{shulphqwv zhuh ghvljqhg dqg fduulhg rxw
e| hfrqrplvwv dqg vhqvru| vflhqwlvwv1; Wkh frooderudwlrq zlwk vhqvru| vflhqwlvwv
h{sodlqv zk| uhdo surgxfwv zhuh fkrvhq iru wklv vwxg|/ l1h1 surgxfwv wkdw frxog
eh vphoohg dqg wdvwhg/ dqg qrw �fwlwlrxv rqhv1 Wkh glvdgydqwdjh ri wklv fkrlfh
zdv wkdw lw lpsolhg d orvv ri h{shulphqwdo frqwuro ryhu fhuwdlq hfrqrplf yduldeohv1
Xqolnh oderudwru| dxfwlrqv iru lqvwdqfh/ zh kdg qr frqwuro ryhu wkh lqglylgxdov*
ydoxdwlrqv iru wkh surgxfwv�lq oderudwru| dxfwlrqv/ wkh ydoxh ri d �fwlwlrxv surg0
xfw lv w|slfdoo| gudzq iurp vrph glvwulexwlrq ixqfwlrq/ lpso|lqj wkdw ydoxdwlrqv
dqg khqfh dovr suhihuhqfhv duh revhuyhg dqg frqwuroohg e| wkh h{shulphqwhu1 Wkh
reylrxv dgydqwdjh ri uhdo jrrgv ryhu �fwlwlrxv rqhv zdv wkdw wkh| uhqghuhg wkh
h{shulphqw pruh uhdolvwlf dqg forvhu wr d gdlo|0olih frqwh{w1 Zh ihow wkdw wklv
zdv lpsruwdqw jlyhq wkh idfw wkdw wkh sduwlflsdqwv zhuh vdpsohg iurp wkh Glmrq
srsxodwlrq/ dqg wkxv qrw qhfhvvdulo| dv idploldu zlwk devwudfw irupv ri uhdvrqlqj
dv vwxghqwv ru idfxow| froohdjxhv1

Lq ghwhuplqlqj wkh sulfh irupxodv dqg exgjhw ohyhov/ zh kdg vhyhudo remhfwlyhv
lq plqg1 Iluvw ri doo wkh sulfhv dqg exgjhwv kdg wr eh uhdolvwlf1 Wklv h{sodlqv
zk| zh ohw wkh exgjhw ohyhov +lq irxu ri wkh �yh vlwxdwlrqv, fruuhvsrqg wr wkh
sduwlflsdqwv* ghfoduhg krxvhkrog h{shqglwxuhv/ dqg zk| wkh irupxodv lq Wdeoh
5 zhuh fkrvhq vxfk wkdw wkh sulfhv dozd|v  xfwxdwhg forvho| durxqg wkh pdunhw
sulfhv ri wkh mxlfhv1 Vhfrqg/ wkh sulfhv dqg exgjhwv kdg wr ydu| ehwzhhq lq0
glylgxdov1 Lqwhu0lqglylgxdo yduldwlrq ri wkhvh yduldeohv lv qrw qhfhvvdu| iru wkh
udwlrqdolw| whvwv uhsruwhg lq wklv sdshu/ exw lv qhhghg wr lghqwli| wkh h�hfwv ri
sulfhv dqg exgjhw ohyhov lq wkh ghpdqg htxdwlrqv wkdw zh hvwlpdwh1 Ilqdoo|/ wkh
sulfhv kdg wr eh vxfk wkdw wkh srzhu ri wkh udwlrqdolw| whvw zdv kljk1 Ehiruh wkh
h{shulphqwv zhuh frqgxfwhg/ d Prqwh Fduor vwxg| zdv shuiruphg�lq vlpxodwlqj
sxufkdvh sdwwhuqv zh xvhg gdwd iurp Odqjh/ Urxvvhdx dqg Lvvdqfkrx +4<<<,> lq
wkdw sdshu d udqgrp vdpsoh ri lqglylgxdov iurp Glmrq uhsruwhg wkhlu prqwko|
mxlfh h{shqglwxuhv/ dqg judghg d vhw ri mxlfhv zklfk zdv doprvw lghqwlfdo wr wkh
vhw ri mxlfhv frqvlghuhg lq rxu sdshu�wr ghwhuplqh wkh sulfh irupxodv lq Wdeoh 5
vxfk wkdw wkh srzhu zdv dv kljk dv srvvleoh djdlqvw fhuwdlq ehkdylrudo dowhuqdwlyhv
+wkhvh duh gh�qhg lq vhfwlrq 6,1

Xqolnh wkh pdmrulw| ri h{shulphqwdo vwxglhv lq hfrqrplfv/ wkh sduwlflsdqwv lq
rxu vwxg| glg qrw uhfhlyh prqh| iru wkhlu sduwlflsdwlrq exw zhuh sdlg lq nlqg
+Edwhpdq hw do1 lv dqrwkhu h{fhswlrq zh duh dzduh ri> wkh| sduwo| uhpxqhudwhg

;Wkh vhqvru| vflhqwlvwv kdyh dqdo|}hg wkh gdwd lq Odqjh/ Lvvdqfkrx dqg Frpeulv +4<<;,1 Wkh|
vwxg| wkh h�hfwv ri sulfhv/ vfruhv/ exgjhw ohyhov dqg hvshfldoo| wkh ohyho ri surgxfw lqirupdwlrq
rq sxufkdvh ehkdylru1

<



wkhlu h{shulphqwdo vxemhfwv zlwk fkrfrodwh dqg Frnh,1 Wkh| frxog ihwfk wkhlu
mxlfhv dw wkh wdvwlqj oderudwru|/ derxw rqh zhhn diwhu wkh hqg ri wkh h{shulphqw1
Dprqj wkh 453 sduwlflsdqwv ri rxu h{shulphqw rqo| 4 glg qrw frph wr froohfw
wkh surgxfwv/ lqglfdwlqj wkdw wkh vxemhfwv zhuh gh�qlwho| qrw lqgl�huhqw wr wkh
surgxfwv zh r�huhg wkhp1 Qrwh wkdw rxu zd| ri uhpxqhudwlqj lv dfwxdoo| txlwh
vlplodu wr jlylqj fdvk prqh|1 Lqghhg/ ehfdxvh wkh vxemhfwv lq rxu vwxg| zhuh
uhjxodu frqvxphuv ri rudqjh mxlfh/ wkh mxlfhv wkh| uhfhlyhg dprxqwhg wr ixwxuh
prqhwdu| vdylqjv1

Wkhuh duh pdq| gl�huhqfhv ehwzhhq Vlssho*v h{shulphqw dqg rxu*v/ exw khuh
zh phqwlrq rqo| wkh pdmru rqhv1 Xqolnh Vlssho/ zh glg qrw uhfuxlw wkh vxemhfwv
dprqj vwxghqwv lq odz ru hfrqrplfv exw iurp wkh srsxodwlrq ri d flw|1 Wklv
vhhpv olnh dq lpsruwdqw dgydqwdjh wr xv/ vlqfh rqh lv diwhu doo pruh lqwhuhvwhg
lq wkh frqvxphu ehkdylru ri wkh srsxodwlrq dv d zkroh wkdq lq wkh frqvxphu
sdwwhuqv ri d yhu| vshfl�f dqg qrq0uhsuhvhqwdwlyh vxe0srsxodwlrq1 Vwxghqwv duh
olnho| wr ehkdyh lq d qrq0uhsuhvhqwdwlyh zd|/ ehfdxvh wkh| duh uhodwlyho| |rxqj
dqg zhoo hgxfdwhg/ dqg dovr ehfdxvh wkhlu ehwwhu nqrzohgjh ri plfurhfrqrplf
wkhru| fdq frqvflrxvo| ru xqfrqvflrxvo| d�hfw wkhlu ehkdylru +iru lqvwdqfh/ d
zhoo nqrzq skhqrphqrq lq h{shulphqwdo hfrqrplfv lv wkdw sduwlflsdqwv zkr duh
deoh wr jxhvv wkh jrdo ri wkh vwxg| wu| wr uhvsrqg frkhuhqwo| zlwk wkh wkhru| wr
sohdvh wkh h{shulphqwhu,1 Dqrwkhu lpsruwdqw gl�huhqfh zlwk Vlssho*v h{shulphqw
lv wkdw zh sxw pruh h�ruw lq uhqghulqj wkh h{shulphqw dv forvh dv srvvleoh wr
uhdolw|1 Wkh sduwlflsdqwv zhuh idploldu zlwk wkh surgxfwv/ vlqfh wkh| zhuh rqo|
lqylwhg wr sduwlflsdwh lq wkh vwxg| li wkh| zhuh uhjxodu frqvxphuv ri wkh surgxfwv/
dqg lq dgglwlrq wkh| uhfhlyhg ghwdlohg lqirupdwlrq derxw wkh surgxfwv gxulqj
wkh h{shulphqw1 Dovr/ dv phqwlrqhg deryh/ wkh sulfhv dqg vxemhfwv zhuh fkrvhq
�uhdolvwlfdoo|1� Ilqdoo|/ klv ghvljq gl�huv lq wkh qxpehu ri sulfh2exgjhw vlwxdwlrqv
zlwk zklfk wkh lqglylgxdov zhuh frqiurqwhg +43 lq klv fdvh dqg 8 lq rxu fdvh,1
Zkloh d odujhu qxpehu ri vlwxdwlrqv lv dwwudfwlyh lq wkh vhqvh wkdw lw lqfuhdvhv
wkh srzhu ri uhyhdohg suhihuhqfh whvwv/ zh vkrz wkdw wkhuh lv vrph hylghqfh wkdw
wkh qxpehu ri uhyhdohg suhihuhqfh ylrodwlrqv whqgv wr lqfuhdvh glvsursruwlrqdoo|
wrzdugv wkh hqg ri rxu h{shulphqw/ vxjjhvwlqj wkdw rqh vkrxog nhhs wkh qxpehu
ri vlwxdwlrqv olplwhg1

5151 Ghvfulswlyh dqdo|vlv

Wdeoh 6 suhvhqwv vxppdu| vwdwlvwlfv iru wkh vrflr0hfrqrplf yduldeohv lq rxu gdwd
vhw1 Wkh sduwlflsdqwv ydulhg frqvlghudeo| lq wkhlu revhuyhg fkdudfwhulvwlfv1 Lq
erwk h{shulphqwv wkh |rxqjhvw shuvrq wkdw sduwlflsdwhg zdv 4< |hduv rog/ dqg
wkh roghvw :6 |hduv1 Lq H{shulphqw 4 wkhuh zhuh voljkwo| pruh zrphq wkdq phq/
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zkloh lq H{shulphqw 5 wkh pdoh sduwlflsdqwv zhuh voljkwo| lq wkh pdmrulw|1 Lq
erwk h{shulphqwv wkhuh zhuh vlqjoh shuvrqv dv zhoo dv lqglylgxdov ehorqjlqj wr
odujh krxvhkrogv1 Lq H{shulphqw 5 wkh prqwko| krxvhkrog lqfrph ydulhg ehwzhhq
IIu4933 dqg IIu6<373/ dqg wkh dyhudjh lqfrph zdv durxqg IIu458331 Lq H{shu0
lphqw 4 wkh lqfrph udqjhg ehwzhhq IIu<83 dqg IIu64933/ dqg wkh phdq lqfrph
zdv durxqg IIu473331 Khuh wkh ghvfulswlyh vwdwlvwlfv duh edvhg rq 8< revhuyd0
wlrqv/ vlqfh rqh shuvrq kdg qrw ghfoduhg klv2khu lqfrph1 Lq erwk h{shulphqwv wkh
dyhudjh exgjhw ohyho iru vlwxdwlrqv 407 zdv durxqg IIu;31< Dv phqwlrqhg deryh/
wkh exgjhw ohyho lq vlwxdwlrq 8 zdv frqvwuxfwhg iurp wkh exgjhw ohyho lq vlwxdwlrqv
407 e| dgglqj ru vxevwudfwlqj IIu681 Dv fdq eh vhhq iurp Wdeoh 6/ wkh uhvxow0
lqj phdq exgjhw ohyho iru vlwxdwlrq 8 zdv durxqg IIu433 lq H{shulphqw 4/ dqg
durxqg IIu<3 lq H{shulphqw 51 Dowkrxjk wkh yduldeoh �exgjhw ohyho� lv olvwhg lq
Wdeoh 6 dprqj wkh vrflr0hfrqrplf fkdudfwhulvwlfv�wklv vhhpv dssursuldwh jlyhq
wkdw/ dw ohdvw lq vlwxdwlrqv 407/ lw fruuhvsrqgv wr wkh krxvhkrog h{shqglwxuhv rq
rudqjh mxlfh�lw zloo lq wkh vhtxho ri wkh sdshu dfw dqg eh frqvlghuhg dv wkh ohyho
ri uhpxqhudwlrq/ l1h1 udwkhu dv dq h{shulphqwdo frqglwlrq1 Dffruglqj wr wkh w0whvw/
hdfk yduldeoh dsshdulqj lq Wdeoh 6 kdv wkh vdph phdq lq wkh wzr vdpsohv143

Wdeoh 7 uhsruwv vxppdu| vwdwlvwlfv iru wkh vfruhv1 Uhfdoo wkdw wkh dfwxdo vfruhv
zhuh dwwulexwhg e| sduwlflsdqwv ri H{shulphqw 4/ dqg wkh h{shfwdwlrq vfruhv e|
sduwlflsdqwv ri H{shulphqw 51 Qrwh wkdw wkh dyhudjh h{shfwdwlrq vfruh lv kljkhu
wkdq wkh dyhudjh dfwxdo vfruh iru doo surgxfwv h{fhsw surgxfw 71 Wdeoh 8 uhsruwv
phdq sulfhv dqg sxufkdvhg txdqwlwlhv1 Uhfdoo wkdw lq vlwxdwlrq 4 wkh sulfhv zhuh
htxdo wr wkh pdunhw sulfhv/ vr doo lqglylgxdov idfhg wkh vdph mxlfh sulfhv lq wkdw
vlwxdwlrq1 Lq vlwxdwlrqv 508 sulfhv zhuh ghwhuplqhg dffruglqj wr wkh irupxodv
lq Wdeoh 5 dqg/ wr idflolwdwh wkh fdofxodwlrqv iru wkh sduwlflsdqwv/ zhuh urxqghg
r� wr wkh qhduhvw kdoi0srlqw +h1j1 919: zdv urxqghg r� wr 918,1 Li wkh vfruhv
ri dq lqglylgxdo zhuh vxfk wkdw wkh uhvxowlqj sulfh ri rqh ri wkh surgxfwv zdv
orzhu wkdq IIu5 +uhvs1 kljkhu wkdq IIu56,/ zh vhw wkh sulfh htxdo wr IIu5 +uhvs1
IIu56,1 Xvlqj Wdeohv 7 dqg 8/ wkh surgxfwv fdq eh udqnhg dffruglqj wr phdq
dfwxdo vfruhv/ dffruglqj wr phdq h{shfwdwlrq vfruhv/ ru dffruglqj wr pdunhw sulfhv1
Wkh udqnlqj edvhg rq pdunhw sulfhv lv txlwh vlplodu wr wkh rqh edvhg rq phdq

<Rqh lqglylgxdo +zlwk ghfoduhg mxlfh h{shqglwxuhv htxdo wr IIu488, zdv zurqjo| dwwulexwhg d
exgjhw ohyho ri IIu488 lq vlwxdwlrqv 407 +lqvwhdg ri IIu483,/ dqg IIu453 lq vlwxdwlrq 8 +lqvwhdg
ri IIu448,1

43Wkh dyhudjh ydoxhv uhsruwhg lq Wdeoh 6 duh txlwh forvh wr Iuhqfk qdwlrqdo vwdwlvwlfv1 Lq 4<<:
wkh phdq djh ri lqglylgxdov olylqj lq Iudqfh zdv 6;146 |hduv/ dqg zrphq pdgh xs 851:3 ( ri
wkh srsxodwlrq> lq 4<<3 wkh dyhudjh qxpehu ri shuvrqv shu krxvhkrog zdv 518:> lq 4<<6 wkh
dyhudjh prqwko| krxvhkrog lqfrph zdv IIu474;81 Vrxufh= LQVHH/ Dqqxdluh Vwdwlvwltxh gh od
Iudqfh/ ìglwlrq 4<<;1 Xqiruwxqdwho|/ wkhuh duh qr qdwlrqdo vwdwlvwlfv rq krxvhkrog h{shqglwxuhv
rq rudqjh mxlfh/ vr d frpsdulvrq zlwk wkh dyhudjh exgjhw ohyhov lq rxu gdwd fdq qrw eh pdgh1
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dfwxdo vfruhv/ exw gl�huv vrphzkdw iurp wkh rqh edvhg rq phdq h{shfwdwlrq
vfruhv/ vxjjhvwlqj wkdw surgxfw hydoxdwlrq uh hfwv wkh sulfh0udqnlqj ri surgxfwv
pruh dffxudwho| zkhq wkh hydoxdwlrq lv frqgxfwhg xqghu frpsohwh lqirupdwlrq1
Wdeoh 9 jlyhv vrph dgglwlrqdo lqirupdwlrq derxw wkh sxufkdvh ehkdylru ri wkh
sduwlflsdqwv1 Wr dyrlg wrr pdq| ghwdlov/ wkh vwdwlvwlfv ri wkh yduldeohv duh edvhg
rq doo revhuydwlrqv/ l1h1 wkh| duh qrw fdofxodwhg iru hdfk vlwxdwlrq vhsdudwho|1
Qrwh wkdw wkh vxemhfwv h{kdxvwhg prvw ri wkh exgjhwv jlyhq wr wkhp= rq dyhudjh
wkh sduwlflsdqwv ri H{shulphqw 4 rqo| ohiw 6( ri wkhlu exgjhw xqvshqw/ dqg wkrvh
ri H{shulphqw 5 rqo| 7(1 Lq vslwh ri wkh idfw wkdw wkh vl{ surgxfwv zhuh idluo|
forvh vxevwlwxwhv/ wkh vxemhfwv jhqhudoo| erxjkw vhyhudo mxlfhv dw wkh vdph wlph=
wkh h{shfwhg qxpehu ri gl�huhqw surgxfwv erxjkw lq d vlwxdwlrq zdv wzr dqg d
kdoi iru sduwlflsdqwv ri H{shulphqw 4/ dqg doprvw wkuhh iru wkrvh ri H{shulphqw 51
Dowkrxjk wkh sduwlflsdqwv ghyrwhg wkh odujhvw sduw ri wkhlu exgjhwv wr hlwkhu wkhlu
prvw suhihuuhg surgxfw +H{shulphqw 4, ru wkhlu vhfrqg prvw suhihuuhg surgxfw
+H{shulphqw 5,/ wkh h{shqglwxuh vkduhv iru wkh ohvv suhihuuhg mxlfhv zhuh qrw
qhjoljhdeoh1

Wdeoh : suhvhqwv vxppdu| vwdwlvwlfv iru wkh wlphv wkh lqglylgxdov vshqw rq
�oolqj lq wkhlu ghpdqg wdeohv1 Wkh fdofxodwlrq wlphv ydulhg ehwzhhq 54 dqg 4367
vhfrqgv1 Jlyhq wkdw wkh ghpdqg wdeohv frxog/ lq sulqflsoh/ eh frpsohwhg lq mxvw
d frxsoh ri vhfrqgv/ wklv vhhpv wr vxjjhvw wkdw wkh vxemhfwv fkrvh wkhlu mxlfhv
zlwk fduh dqg wrrn wkhlu wdvn vhulrxvo|1 Doo phdq fdofxodwlrq wlphv duh kljkhu lq
H{shulphqw 4 wkdq lq H{shulphqw 51 Dssduhqwo|/ lqglylgxdov kdg pruh gl!fxowlhv
wr pdnh xs wkhlu plqg zkhq wkh| zhuh ixoo| lqiruphg derxw wkh surgxfwv1 Lq erwk
h{shulphqwv wkh phdq fdofxodwlrq wlph lv kljkhvw iru vlwxdwlrq 8144 Wklv pljkw eh
gxh wr wkh wkh idfw wkdw lq vlwxdwlrq 8 wkh sulfh ri wkh prvw suhihuuhg surgxfw zdv
kljkhvw/ vxjjhvwlqj wkdw vxemhfwv qhhghg wkh h{wud wlph wr prgli| wkhlu sxufkdvh
vwudwhj| dqg vkliw d odujhu sduw ri wkhlu h{shqglwxuhv wr ohvv suhihuuhg surgxfwv1
Dqrwkhu h{sodqdwlrq frxog eh wkdw wkh exgjhw ohyho dwwulexwhg lq vlwxdwlrq 8 zdv
gl�huhqw iurp wkh exgjhw ohyho dwwulexwhg lq wkh rwkhu vlwxdwlrqv/ vxjjhvwlqj wkdw
sduwlflsdqwv qhhghg wkh h{wud wlph wr dgdsw wr d qhz exgjhw frqvwudlqw1

61 Wkhru|

6141 Uhyhdohg Suhihuhqfh Wkhru|

Lq wklv vxevhfwlrq/ zh suhvhqw wkh ydulrxv uhyhdohg suhihuhqfh d{lrpv dqg wkhlu
olqn zlwk wkh xwlolw| pd{lpl}dwlrq sureohp1 Vxssrvh wkdw zh kdyh d gdwdvhw

44 Lq d uhjuhvvlrq dqdo|vlv wkdw frqwurov iru wkh vrflr0hfrqrplf yduldeohv dqg wkh rughu ri
dsshdudqfh ri wkh vlwxdwlrqv/ wkh deryh h�hfwv shuvlvw= erwk dq lqglfdwru yduldeoh iru H{shulphqw
5 dqg rqh iru vlwxdwlrq 8 kdyh d vljql�fdqw lpsdfw rq wkh fdofxodwlrq wlph1
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ri Q lqglylgxdov/ dqg wkdw wkhuh duh V revhuydwlrqv +ru vlwxdwlrqv lq wkh whu0
plqrorj| ri vhfwlrq 5, iru hdfk lqglylgxdo1 Vxssrvh wkhuh duh N jrrgv dqg ohw
sr @ +s�r> ===> sgr,

� dqg tr @ +t�r> ===> tgr,
� ghqrwh wkh N � 4 yhfwruv ri sulfhv

dqg dvvrfldwhg txdqwlwlhv sxufkdvhg e| d frqvxphu lq vlwxdwlrq v +zh rplw wkh
lqglylgxdo0vshfl�f lqgh{ lq wklv dqg wkh qh{w vxevhfwlrq,1 Ohw tr dqg t| eh wzr
exqgohv ri jrrgv zlwk v> w 5 i4> ===> Vj dqg frqvlghu wkh iroorzlqj gh�qlwlrqv=45

41 tr lv gluhfwo| uhyhdohg suhihuuhg wr t|> zulwwhq trU
ft|> li s�rtr � s�rt|

51 tr lv vwulfwo| gluhfwo| uhyhdohg suhihuuhg wr t|> zulwwhq trS
ft|> li s�rtr A s�rt|

61 tr lv uhyhdohg suhihuuhg wr t|> zulwwhq trUt|> li wkhuh h{lvwv d vhtxhqfh ri
exqgohv +t�> t�> ===> t�, vxfk wkdw s�rtr � s�rt�> s

�
�t� � s��t�> ===> s

�
�t� � s��t|

71 tr lv vwulfwo| uhyhdohg suhihuuhg wr t|> zulwwhq trSt|> li wkhuh h{lvw revhuyd0
wlrqv t� dqg t� vxfk wkdw trUt�> t�S

ft�> t�Ut|

Zh fdq qrz vhw rxw wkh pdlq d{lrpv ri wkh uhyhdohg suhihuhqfh wkhru|1 Wkh
Zhdn D{lrp ri Uhyhdohg Suhihuhqfh +ZDUS, zdv �uvw vwdwhg e| Vdpxhovrq
+4<6;,= d vhw ri revhuydwlrqv vdwlv�hv ZDUS li ; +v> w, 5 i4> ===> Vj > trUft| dqg
tr 9@ t| lpsolhv qrw t|U

ftr= Lw lv fohdu wkdw d gdwdvhw uhvxowlqj iurp d xwlolw|
pd{lplvdwlrq sureohp vdwlv�hv ZDUS exw wkh frqyhuvh lv qrw wuxh1

Wr uhvroyh wklv sureohp/ Krxwkdnnhu +4<83, irupxodwhg d vwurqjhu yhuvlrq
ri ZDUS/ xvlqj uhyhdohg suhihuhqfh f|fohv= d vhw ri revhuydwlrqv vdwlv�hv wkh
Vwurqj D{lrp ri Uhyhdohg Suhihuhqfh +VDUS, li ; +v> w, 5 i4> ===> Vj > trUt| dqg
tr 9@ t| lpsolhv qrw t|Utr= Krxwkdnnhu vkrzhg wkdw d vhw ri revhuydwlrqv +sr> tr,>
l 5 i4> ===> Vj > vdwlv�hv VDUS li dqg rqo| li wkhuh h{lvwv d xwlolw| ixqfwlrq x +frq0
wlqxrxv/ frqfdyh dqg prqrwrqlf, wkdw udwlrqdol}hv wkh gdwd/ l1h zklfk yhul�hv
x+tr, � x+t|, iru doo t| vxfk wkdw s�rtr � s�rt|=

Yduldq +4<;5, jhqhudol}hg wklv uhvxow zkhq kh gh�qhg wkh Jhqhudol}hg D{0
lrp ri Uhyhdohg Suhihuhqfh +JDUS,= d vhw ri revhuydwlrqv vdwlv�hv JDUS li
; +v> w, 5 i4> ===> Vj > trUt| lpsolhv qrw t|S

ftr1 Lw lv vwudljkwiruzdug wr ghprq0
vwudwh wkdw VDUS lpsolhv JDUS exw qrw ylfh yhuvd1 Lqghhg JDUS doorzv pxowl0
ydoxhg ghpdqg ixqfwlrqv zkhuhdv VDUS lv rqo| frpsdwleoh zlwk vlqjoh0ydoxhg
rqhv1 Wr whvw li wkh gdwd duh frpsdwleoh zlwk JDUS/ Yduldq ghvfulehg Zduvkdoo*v
dojrulwkp1 Wklv dojrulwkp lv txlfn dqg hdv| wr surjudp dqg lv xvhg lq wklv sdshu1

45Rxu qrwdwlrq lv lghqwlfdo wr Yduldq*v +4<;5,/ h{fhsw wkdw wkh vlwxdwlrq lv lqgh{hg e| d vxe0
vfulsw dqg qrw d vxshuvfulsw1 Lw lv lpsruwdqw wr qrwh wkdw doo qrwlrqv/ whvwv/ vlpxodwlrq surfhgxuhv/
dqg hvwlpdwlrq phwkrgv ghvfulehg lq wklv dqg wkh qh{w wzr vxevhfwlrqv duh ydolg iru wkh vhw ri
doo vlwxdwlrqv dv zhoo dv iru duelwudu| vxevhwv1 Wkhuhiruh/ lq zkdw iroorzv/ wkh vhw t�c ���c 7� fdq
eh uhsodfhg e| dq| vxevhw ri vlwxdwlrqv1
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Wkh htxlydohqfh ehwzhhq JDUS +ru VDUS, dqg wkh h{lvwhqfh ri d xwlolw|
ixqfwlrq zklfk udwlrqdol}hv wkh gdwd lv edvhg rq Diuldw*v wkhruhp +4<9:,1 Xq0
iruwxqdwho| Diuldw*v xwlolw| ixqfwlrq lv qhlwkhu gl�huhqwldeoh qru vwulfwo| frqfdyh1
Fkldssrul dqg Urfkhw +4<;:, lqwurgxfhg dqrwkhu d{lrp wr dyrlg wkhvh sureohpv=
d vhw ri revhuydwlrqv vdwlv�hv wkh Vwurqj yhuvlrq ri wkh Vwurqj D{lrp ri Uhyhdohg
Suhihuhqfh +VVDUS, li lw vdwlv�hv VDUS dqg li ; +v> w, 5 i4> ===> Vj > sr 9@ s| lpsolhv
tr 9@ t|= Xqghu wklv dgglwlrqdo uhvwulfwlrq�wkh vdph exqgoh fdq qrw eh rewdlqhg
iru wzr gl�huhqw sulfh yhfwruv�wkh dxwkruv vkrz wkdw lw lv srvvleoh wr rewdlq d
vwulfwo| lqfuhdvlqj/ lq�qlwho| gl�huhqwldeoh/ vwurqjo| frqfdyh xwlolw| ixqfwlrq1

Diuldw +4<:6, lqwurgxfhg wkh h!flhqf| lqgh{ h +h 5 ^3> 4`,> uhgh�qhg wkh gluhfw
dqg vwulfwo| gluhfw uhyhdohg suhihuhqfh uhodwlrqv dv trU

f+h,t| li h � s�rtr � s�rt|>
dqg trS

f+h,t| li h � s�rtr A srt|> dqg lqwurgxfhg JDUS+h,= d vhw ri revhuydwlrqv
vdwlv�hv JDUS+h, li ; +v> w, 5 i4> ===> Vj > trU+h,t| lpsolhv qrw t|S f+h,tr +U+h, lv
gh�qhg iurp Uf+h, lq wkh vdph zd| dv U lv iurp Uf,1 Qrwh wkdw dw ixoo h!flhqf|/
l1h1 zkhq h @ 4> rqh kdv wkh ruljlqdo uhyhdohg suhihuhqfh uhodwlrqv dqg JDUS1
Diuldw*v h!flhqf| lqgh{ lv xvhixo wr phdvxuh wkh �ghjuhh ri lqfrqvlvwhqf|� ri
JDUS ylrodwruv1 Lqghhg/ gh�qlqj hW dv wkh odujhvw ydoxh ri h vxfk wkdw wkh gdwd
ri dq lqfrqvlvwhqw lqglylgxdo vdwlv�hv JDUS+hW,/ d JDUS ylrodwru zlwk hW htxdo
wr vd| 31; lv �pruh lqfrqvlvwhqw� wkdq d JDUS ylrodwru zlwk hW htxdo wr vd| 31<81

6151 Srzhu ri JDUS whvwv

Lq wklv vxevhfwlrq zh rxwolqh krz wr hvwlpdwh wkh srzhu ri wkh JDUS whvwv +wkh
sulqflsoh lv wkh vdph iru wkh rwkhu uhyhdohg suhihuhqfh d{lrpv dqg JDUS+h,,
djdlqvw ehkdylrudo dowhuqdwlyhv1 Zh frqvlghu irxu prghov ri dowhuqdwlyh ehkdylru/
doo lqvsluhg e| Ehfnhu +4<95,1

Dffruglqj wr wkh �uvw prgho/ wkh udqgrp prqh| fkrlfh prgho +Fkdqw +4<96,,/
wkh frqvxphu vshqgv prqh| udqgrpo| dprqj wkh jrrgv/ l1h1 zlwk d fhuwdlq sure0
delolw| wkh frqvxphu vshqgv hdfk xqlw ri prqh| rq d sduwlfxodu jrrg1 Ghqrwlqj
�&r wkh suredelolw| ri fkrrvlqj wkh jrrg n lq vlwxdwlrq v dqg pr wkh exgjhw ohyho
lq vlwxdwlrq v/ wklv |lhogv wkh iroorzlqj prgho=

t&r @ �&r
pr

s&r
;v 5 i4> ===> Vj > ;n @ 4> ===>N= +614,

Dffruglqj wr wkh vhfrqg prgho/ wkh udqgrp jrrg fkrlfh prgho +Edwwdolr/
Gz|hu dqg Ndjho +4<;:,,/ wkh frqvxphu udqgrpo| vhohfwv d froohfwlrq ri jrrgv
iurp wkrvh dydlodeoh1 Ghqrwlqj �&r wkh udqgrp sursruwlrq dvvrfldwhg zlwk jrrg
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n lq vlwxdwlrq v> wkh prgho lv=

t&r @ �&r

g[
,'�

t,r ;v 5 i4> ===> Vj > ;n @ 4> ===>N=

Vlqfh
Sg

,'� s,rt,r @ pr> lw iroorzv lpphgldwho| wkdw lq wklv prgho=

t&r @ �&r
prSg

,'� �,rs,r
;v 5 i4> ===> Vj > ;n @ 4> ===>N= +615,

Wkh wklug dqg irxuwk prghov duh yduldwlrqv rq uhvshfwlyho| prgho +614, dqg
+615,1 Vlqfh zh nqrz +vhh vhfwlrq 5, krz hdfk lqglylgxdo udqnhg wkh surgxfwv/ zh
fdq frqvwuxfw iru hdfk frqvxphu d sduwlwlrq +D>E, ri i4> ===>Nj zkhuh D uhjurxsv
wkh wkuhh prvw suhihuhg jrrgv/ zkloh E uhjurxsv wkh wkuhh ohdvw suhihuuhg jrrgv1
Wkh wklug prgho/ wkh udqgrp prqh| fkrlfh prgho e,/ lv wkhq gh�qhg dv prgho
+614, exw zlwk �&r @ 3 ;n 5 E= Dffruglqj wr wklv prgho/ frqvxphuv dgrsw d wzr0
vwdjh vwudwhj|= �uvw wkh| ghflgh zklfk duh wkhlu wkuhh prvw suhihuuhg surgxfwv/
dqg wkhq wkh| vshqg doo wkhlu prqh| h{foxvlyho| rq wkhvh wkuhh jrrgv/ exw lq d
udqgrp zd|1 Wkh irxuwk prgho/ wkh udqgrp jrrg fkrlfh prgho e,/ lv gh�qhg
lq d vlplodu zd|/ l1h1 lw lv gh�qhg dv prgho +615, exw zlwk �&r @ 3 ;n 5 E=
Rxu sduwlwlrq +D>E, zdv orrvho| prwlydwhg e| wkh uhvxowv lq Wdeoh 9/ exw lv ri
frxuvh vrphzkdw duelwudu| dqg frxog kdyh ehhq fkrvhq gl�huhqwo| +iru h{dpsoh
e| ohwwlqj D fruuhvsrqg wr wkh vhw ri wkh irxu prvw suhihuuhg surgxfwv/ ru wkh �yh
prvw suhihuuhg surgxfwv/ hwf1,1

Olnh lq Eurqduv +4<;:,/ wkh srzhu ri wkh JDUS whvw djdlqvw wkhvh irxu w|shv
ri udqgrp ehkdylru fdq eh dssur{lpdwhg xvlqj vlpxodwlrq phwkrgv1 Wklv lv looxv0
wudwhg iru prgho +614, +wkh vlpxodwlrq phwkrgv duh vlplodu iru wkh rwkhu prghov,1
Iru hdfk vlwxdwlrq v> N l1l1g1 xqlirup udqgrp yduldeohv x&r duh gudzq dqg wkh
suredelolwlhv duh gh�qhg dv �&r @ x&r@

Sg
,'� x,r= Xvlqj wkh revhuyhg h{shqglwxuh

dqg sulfhv lq vlwxdwlrq v dqg xvlqj +614, jlyhv wkh vlpxodwhg txdqwlwlhv tW&r= Iru
hdfk frqvxphu/ d vhw ri vlpxodwhg gdwd +s&r> t

W
&r,> v 5 i4> ===> Vj > n @ 4> ===>N> fdq

eh rewdlqhg lq wklv zd|1 Uhsolfdwlqj wkh deryh surfhgxuh 433 wlphv/ l1h1 jhqhudw0
lqj iru hdfk lqglylgxdo 433 vlpxodwhg gdwd vhwv/ wkh srzhu ri wkh whvw iru d jlyhq
lqglylgxdo fdq wkhq eh dssur{lpdwhg e| wdnlqj wkh dyhudjh qxpehu +ryhu wkh 433
uhsolfdwlrqv, ri wlphv wkh lqglylgxdo ylrodwhg JDUS dw ohdvw rqfh1 Wkh dyhudjh
qxpehu ri JDUS ylrodwlrqv lq wkh vdpsoh fdq eh dssur{lpdwhg e| wkh vxp ri
wkh lqglylgxdo srzhu hvwlpdwhv/ dqg wkh srzhu iru wkh vdpsoh dv d zkroh e| wkh
phdq ri wkh lqglylgxdo srzhu hvwlpdwhv1
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6161 Hvwlpdwlrq ri ghpdqg v|vwhpv zlwk elqglqj qrqqhjdwlylw| frq0
vwudlqwv

Wklv vxevhfwlrq h{sodlqv krz wkh wkuhh v|vwhpv ri ghpdqg htxdwlrqv wkdw zhuh
phqwlrqhg lq wkh lqwurgxfwlrq duh hvwlpdwhg1 Hvwlpdwlrq ri wkh ghpdqg v|vwhpv
lv qrw vwudljwkiruzdug lq rxu fdvh ehfdxvh wkh h{shulphqwdo vdpsoh frqwdlqv pdq|
lqglylgxdov zlwk vr0fdoohg fruqhu vroxwlrqv/ l1h1 lqglylglgxdov zlwk }hur h{shqgl0
wxuh rq rqh ru pruh surgxfwv lq d jlyhq vlwxdwlrq1 Xvlqj wkh frqfhsw ri yluwxdo
sulfhv +vhh Qhdu| dqg Urehuwv +4<;3,,/ Ohh dqg Slww +4<;5, sursrvhg dq hvwlpd0
wlrq phwkrg wkdw frqvlvwv lq wudqviruplqj wkh elqglqj qrqqhjdwlylw| frqvwudlqwv
lqwr qrqelqglqj frqvwudlqwv1 Wkhlu surfhgxuh uhtxluhv/ iru hdfk frqwulexwlrq wr
wkh olnholkrrg ixqfwlrq/ wkh fdofxodwlrq ri pxowlsoh lqwhjudov +zlwk wkh qxpehu
ri lqwhjudov htxdo wr wkh qxpehu ri jrrgv qrw sxufkdvhg,1 Lq vslwh ri uhfhqw
dgydqfhv lq vlpxodwlrq phwkrgv wkdw doorz kljko|0glphqvlrqdo lqwhjudov wr eh
dssur{lpdwhg txlwh dffxudwho|/ wkh hpslulfdo lpsohphqwdwlrq ri wkhlu dssurdfk
zrxog uhpdlq yhu| frpsoh{ lq rxu fdvh1 Zh wkhuhiruh sursrvh d gl�huhqw hvwlpd0
wlrq vwudwhj|1 Rxu phwkrg dovr xvhv wkh frqfhsw ri yluwxdo sulfhv/ exw lv pxfk
hdvlhu wr lpsohphqw ehfdxvh lw dyrlgv wkh hydoxdwlrq ri pxowlsoh lqwhjudov1 Wkh
phwkrg dprxqwv wr hvwlpdwlqj hdfk ghpdqg htxdwlrq vhsdudwho| e| dq lwhudwlyh
ohdvw vtxduhv surfhgxuh1 Dsduw iurp wkh uhodwlyh frpsxwdwlrqdo vlpsolflw| ri rxu
phwkrg/ dqrwkhu dgydqwdjh lv wkdw xqolnh Ohh dqg Slww lw lv qrw qhfhvvdu| wr ixoo|
vshfli| wkh glvwulexwlrq ri wkh huuru whupv lq wkh ghpdqg v|vwhp1

Iluvw zh frqvlghu wkh wudqvorj ghpdqg v|vwhp1 Ohw y�&r @ s�&r@p
�
r dqg z�

&r @
s�&rt

�
&r@p

�
r uhsuhvhqw uhvshfwlyho| wkh qrupdol}hg sulfh dqg wkh exgjhw vkduh ri

jrrg n lq vlwxdwlrq v iru lqglylgxdo l> v 5 i4> ===> Vj > n @ 4> ===>N> l @ 4> ===>Q
+wkh uljkw0kdqg0vlgh yduldeohv duh wkrvh lqwurgxfhg lq wkh suhylrxv vxevhfwlrqv/
h{fhsw wkdw dq lqglylgxdo0vshfl�f lqgh{ lv qrz dgghg,1 Zkhq wkh pd{lpxp
ydoxh ri wkh lqgluhfw wudqvorj xwlolw| ixqfwlrq iru lqglylgxdo l lq vlwxdwlrq v lv
vxfk wkdw wkh fruuhvsrqglqj rswlpdo txdqwlwlhv duh vwulfwo| srvlwlyh iru doo n +dq
lqwhulru vroxwlrq,/ dq dssolfdwlrq ri Ur|*v lghqwlw| lpsolhv wkh iroorzlqj irup iru
wkh exgjhw vkduh z�

&r +vhh Fkulvwhqvhq/ Mrujhqvrq dqg Odx/ 4<:8,

z�
&r @

��
& .

Sg
�'� �&� orj+y

�
�r,Sg

&'� �
�
& .

Sg
&'�

Sg
�'� �&� orj+y

�
�r,

= +616,

Wkh vfdodu sdudphwhuv ��
& dqg �&� duh wkh suhihuhqfh sdudphwhuv ri wkh xqghuo|lqj

lqgluhfw xwlolw| ixqfwlrq1 Qrwh wkdw qrqh ri wkh suhihuhqfh sdudphwhuv ydulhv
zlwk wkh vlwxdwlrq0vshfl�f lqgh{ v1 Wklv uh hfwv rxu edvlf k|srwkhvlv wkdw wkh
suhihuhqfh vwuxfwxuh iru d jlyhq lqglylgxdo uhpdlqhg frqvwdqw gxulqj wkh frxuvh
ri wkh h{shulphqw1 Qrwh dovr wkdw wkh sdudphwhu ��

& lv doorzhg wr gl�hu ryhu
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lqglylgxdov/ zkloh �&� lv dvvxphg frqvwdqw1 Vlqfh wkh sdudphwhuv lq wkh deryh
vkduh htxdwlrq duh rqo| lghqwl�hg xs wr d pxowlsolfdwlyh frqvwdqw/ d qrupdol}dwlrq
ri wkh sdudphwhuv lv qhfhvvdu|1 D frqyhqlhqw qrupdol}dwlrq lv

Sg
&'� �

�
& @ �4 iru

doo l1 Iru d uhdvrq jlyhq ehorz/ zh lpsrvh wkh krprjhqhlw| uhvwulfwlrqv/ l1h1 zh
lpsrvh wkh uhvwulfwlrqv

Sg
&'� �&� @ 3 iru doo m1 Wkh sdudphwhu ��

& lv dvvxphg wr
eh ri wkh irup ��

& @ �f&.��
�&{

�.%�&> zkhuh �f& lv d vfdodu sdudphwhu/ ��& d yhfwru
ri sdudphwhuv/ {� d yhfwru frqwdlqlqj wkh revhuyhg fkdudfwhulvwlfv ri lqglylgxdo
l> dqg %�& d vfdodu udqgrp yduldeoh1 Wkh yduldeoh %�& uhsuhvhqwv wkh h�hfw ri wkh
rplwwhg fkdudfwhulvwlfv ri lqglylgxdo l rq wkh exgjhw vkduh ri jrrg n1 Wkh rplwwhg
fkdudfwhulvwlfv duh xqrevhuyhg wr xv�zklfk lv zk| %�& lv frqvlghuhg dv d udqgrp
whup�exw nqrzq wr lqglylgxdo l1 Wkh huuru whupv duh dvvxphg wr vdwlvi| wkh
wzr iroorzlqj vwdqgdug dvvxpswlrqv= wkh yhfwruv %� @+%��> ===> %

�
g,�> l @ 4> ===>Q>

duh lqghshqghqw dqg iroorz wkh vdph glvwulexwlrq>46 iru hdfk lqglylgxdo l/ wkh
yduldeohv %��> ===> %

�
g duh lqghshqghqw iurp {� dqg doo qrupdol}hg sulfhv y���> ===> y

�
g7 =

Jlyhq wkh qrupdol}dwlrq/ wkh krprjhqhlw| dvvxpswlrq dqg wkh fkrvhq irup iru
��
&/ wkh vkduh htxdwlrq +616, ehfrphv

�z�
&r @ �f& . ��

�&{
� .

g[
�'�

�&� orj+y
�
�r, . %�&= +616*,

Dv phqwlrqhg deryh/ pdq| srlqwv lq rxu vdpsoh duh qrw lqwhulru vroxwlrqv1
Zkhq iru dq lqglylgxdo l lq vlwxdwlrq v dw ohdvw rqh ri wkh revhuyhg txdqwlwlhv
t�&r htxdov }hur/ wkh qrqqhjdwlylw| frqvwudlqwv duh elqglqj/ zklfk phdqv wkdw
dq dssolfdwlrq ri Ur|*v lghqwlw| lv lqdssursuldwh/ zklfk lq wxuq phdqv wkdw wkh
exgjhw vkduh z�

&r lv qrw gh�qhg dv lq +616*,1 Qhdu| dqg Urehuwv kdyh vkrzq wkdw
wkhuh qrqhwkhohvv h{lvwv d yhfwru ri qrupdol}hg yluwxdo sulfhv wkdw h{dfwo| vxssruw
wkh revhuyhg txdqwlwlhv t�&r/ l1h1 wkhuh h{lvwv yluwxdo sulfhv�htxdo wr y�&r li wkh
sxufkdvhg txdqwlw| ri jrrg n lv qrq}hur dqg vpdoohu wkdq y�&r rwkhuzlvh�vxfk
wkdw wkh qrqqhjdwlylw| frqvwudlqwv duh qr orqjhu elqglqj1 Wklv phdqv wkdw Ur|*v
lghqwlw| hydoxdwhg dw wkh yluwxdo sulfhv |lhogv wkh fruuhfw h{suhvvlrq iru wkh exgjhw
vkduhv1 Lq wkh dsshqgl{ lw lv vkrzq krz wkh yluwxdo sulfhv fdq eh fdofxodwhg iru
wkh wudqvorj prgho1 Lw dovr vkrzq wkdw Ur|*v lghqwlw| hydoxdwhg dw wkh yluwxdo
sulfhv |lhogv d vkduh htxdwlrq ri wkh irup

�z�
&r @ �f& . ��

�&{
� .

g[
�'�

�&� orj+�y�+{
�> y�r> u

�
r> �,, . �%�&+%

�> u�r> �, +616�,

zkhuh �y�+�, lv d ixqfwlrq wkdw kdv wkh yhfwruv {�> y�r@+y��r> ===> y�gr,
�> dqg � dv lwv du0

jxphqwv1 Khuh � lv gh�qhg dv wkh yhfwru frqwdlqlqj doo sdudphwhuv ri wkh ghpdqg
46Wklv dvvxpswlrq grhv qrw h{foxgh ghshqghqfh ehwzhhq 0�& dqg 0�,�
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v|vwhp/ wkdw lv �f&> �
�
�&> dqg �&� iru doo m> n @ 4> ===>N= Wkh irup ri wkh ixqfwlrq

�y�+�, ghshqgv47 rq wkh ghpdqg uhjlph u�r= Wklv vfdodu yduldeoh lqglfdwhv zklfk
surgxfwv duh sxufkdvhg dqg zklfk duh wkh rqhv qrw sxufkdvhg e| lqglylgxdo l lq
vlwxdwlrq v> vr wkdw u�r fdq wdnh wkh ydoxhv 4> 5> ===> 5g � 4 +wkh uhjlph zkhuh doo
surgxfwv duh sxufkdvhg/ wkh uhjlph zkhuh rqo| jrrg 4 lv qrw sxufkdvhg/ hwf1,1 Lq
htxdwlrq +616�,/ �%�&+�, lv d ixqfwlrq zlwk %��> ===> %

�
g > dqg � dv lwv dujxphqwv/ dqg lwv

irup ghshqgv rq wkh ghpdqg uhjlph u�r1

WR EH ILQLVKHG

Wkh Wudqvorj ghpdqg v|vwhp wr eh hvwlpdwhg lv pdgh xs ri wkh vkduh htxd0
wlrqv +616�,/ n @ 4> ===>N= Hdfk vkduh htxdwlrq 48 Hvwlpdwlqj wkh xqnqrzq sdud0
phwhuv lq wkh ghpdqg v|vwhp ri N htxdwlrqvprgho +616*, dqg whvwlqj wkh ydulrxv
k|srwkhvhv wkdw duh ri lqwhuhvw lq wklv sdshu +htxdolw| ri wkh sdudphwhuv iru wkh
udwlrqdov dqg qrq0udwlrqdov/ v|pphwu| ri wkh Voxwvn| pdwul{/ hwf1, lv vwudljkwiru0
zdug zkhq wkh revhuyhg txdqwlwlhv t�&r duh vwulfwo| srvlwlyh iru doo l> n dqg v/ l1h1
zkhq doo srlqwv lq wkh vdpsoh duh lqwhulru vroxwlrqv1

Lq wkh doprvw lghdo ghpdqg v|vwhp +vhh Ghdwrq dqg Pxhooedxhu/ 4<;3, wkh
exgjhw vkduh z�

&r kdv wkh irup
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Lq wkh vkduh htxdwlrq +617, S �
r lv d sulfh lqgh{ gh�qhg e|
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71 Uhvxowv

Wdeoh ; vxppdul}hv wkh uhvxowv iru wkh JDUS whvwv1 Zh uhsruw whvw uhvxowv wkdw
duh edvhg rq wkh uhdo gdwd/ l1h1 wkh gdwd jhqhudwhg lq rxu wzr h{shulphqwv/ dqg

47Iru qrwdwlrqdo vlpsolflw|/ zh zulwh ���E%
�c ��rc o

�
rc w� lqvwhdg ri ���ol

v
E%�c ��rc w�/ dqg �0�&E0

�c o�rc w�

lqvwhdg ri �0�
&ol

v

E0�c w��
48Wklv h{sodlqv zk| wkh krprjhqhlw| k|srwkhvlv zdv pdgh1 Zkhq wkh krprjhqhlw| uhvwulf0

wlrqv duh qrw lpsrvhg/ Ur|*v lghqwlw| hydoxdwhg dw wkh yluwxdo sulfhv ohdgv wr d vkduh htxdwlrq
wkdw lv xqwudfwdeoh frpsduhg wr +616�,1 Wkh vkduh htxdwlrq lv d udwlr lq zklfk erwk wkh qrpl0
qdwru dqg ghqrplqdwru ghshqg rq wkh huuru whupv/ dqg vwdwlvwlfdo lqihuhqfh fdq wkhq qr orqjhu
eh edvhg rq uhjuhvvlrq whfkqltxhv1 Hdfk vkduh htxdwlrq vwloo kdv d uhjuhvvlrq0htxdwlrq irup/ lq
wkh vhqvh wkdw wkh ghshqghqw yduldeoh fdq eh zulwwhq dv wkh vxp ri d ixqfwlrq wkdw ghshqgv rq
wkh h{rjhqrxv yduldeohv/ dqg dq huuru whup1
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uhvxowv edvhg rq vlpxodwhg gdwd1 Wkh froxpq khdghg �Qxpehu ri JDUS ylrod0
wlrqv� olvwv/ iru doo srvvleoh frpelqdwlrqv ri sulfh2exgjhw vlwxdwlrqv/ wkh qxpehu
ri lqglylgxdov wkdw ylrodwhg JDUS xvlqj wkh uhdo gdwd1 Iru h{dpsoh/ zkhq wkh
JDUS whvw lv edvhg rq wkh �uvw/ wkh vhfrqg dqg wkh wklug vlwxdwlrq zlwk zklfk zh
frqiurqwhg wkh h{shulphqwdo vxemhfwv/ l1h1 zkhq wkh odvw wzr vlwxdwlrqv wkdw ds0
shduhg duh rplwwhg/ 46 rxw ri 453 lqglylgxdov ylrodwhg JDUS +wkh lqfrqvlvwhqf|
udwh lq wklv fdvh lv wkxv dssur{lpdwho| 44(,1 Wkh froxpq khdghg �Qxpehu ri
JDUS ylrodwlrqv= udqgrp jrrg fkrlfh� olvwv/ djdlq iru doo srvvleoh frpelqdwlrqv
ri vlwxdwlrqv/ wkh dyhudjh qxpehu ri JDUS ylrodwlrqv lq wkh vdpsoh�fdofxodwhg
dffruglqj wr wkh vlpxodwlrq vwudwhj| rxwolqhg lq vhfwlrq 6�xqghu wkh dvvxpswlrq
wkdw wkh lqglylgxdov ehkdyhg dv udqgrp prqh| ghflghuv1 Iru h{dpsoh/ zkhq wkh
irxuwk dqg �iwk vlwxdwlrq duh rplwwhg/ wkh dyhudjh qxpehu ri lqglylgxdov ylrodw0
lqj JDUS lv <15/ vr wkdw wkh hvwlpdwhg srzhu iru wklv sduwlfxodu frpelqdwlrq ri
vlwxdwlrqv htxdov doprvw ;( +<152453,1 Wkh odvw wkuhh froxpqv vkrz wkh uhvxowv
iru wkh rwkhu ehkdylrudo prghov wkdw zhuh suhvhqwhg lq vhfwlrq 61

Ohw xv �uvw orrn dw wkh uhvxowv ri wkh JDUS whvwv wkdw duh edvhg rq doo �yh
vlwxdwlrqv1 Dv Wdeoh ; vkrzv/ 68 rxw ri 453 lqglylgxdov ylrodwhg JDUS dw ohdvw
rqh wlph�48 lqglylgxdov iurp H{shulphqw 4/ dqg 53 iurp H{shulphqw 5�vr
wkdw iru 5<( ri wkh lqglylgxdov wkh revhuyhg fkrlfhv zhuh qrw frpsdwleoh zlwk
xwlolw|0pd{lpl}lqj ehkdylru1 Lq frpsdulvrq/ wkh lqfrqvlvwhqf| udwhv irxqg e|
Fr{ +4<<:, dqg Vlssho +4<<:, zhuh uhvshfwlyho| 6:( dqg 75( +dqg 96( iru klv
vhfrqg h{shulphqw,1 Wkh wrwdo qxpehu ri JDUS ylrodwlrqv dprqj wkh 68 qrq0
udwlrqdo lqglylgxdov ydulhg iurp 4 wr 47/ dqg wkh phdq qxpehu ri ylrodwlrqv zdv
6181 Wkh hvwlpdwhg srzhu djdlqvw wkh irxu w|shv ri udqgrp ehkdylru zdv 55(/
59(/ 8;( dqg 79( uhvshfwlyho|1 Qrwh wkdw lq uhvwulfwlqj wkh fkrlfh vhw iurp 9
wr 6 jrrgv/ wkh srzhu djdlqvw udqgrp fkrlfh ehkdylru lqfuhdvhg/ exw wkh srzhu
djdlqvw udqgrp jrrgv fkrlfh ehkdylru ghfuhdvhg1 Fr{ dqg Vlssho dovr uhsruwhg
wkh hvwlpdwhg srzhu/ exw rqo| djdlqvw wkh k|srwkhvlv wkdw frqvxphuv ehkdyh dv
udqgrp prqh| ghflghuv1 Wkh hvwlpdwhg srzhu rewdlqhg e| Fr{ +kh kdg 8 surg0
xfwv dqg : vlwxdwlrqv, zdv 7:( iru wkh JDUS ylrodwruv lq klv vdpsoh/ dqg 84( iru
wkh qrq0ylrodwruv1 Wkh hvwlpdwhg srzhu rewdlqhg e| Vlssho +; surgxfwv dqg 43
vlwxdwlrqv, zdv 94( iru klv �uvw h{shulphqw dqg <:( iru klv vhfrqg h{shulphqw1

Qh{w frqvlghu wkh uhvxowv zkhq wkh JDUS whvwv duh fduulhg rxw rq vxevhwv
ri wkh 8 vlwxdwlrqv/ l1h1 zkhq rqh/ wzr ru wkuhh vlwxdwlrqv duh rplwwhg1 Wdeoh ;
vkrzv wkdw wkh shufhqwdjh ri lqfrqvlvwhqw lqglylgxdov dqg wkh srzhu ri wkh whvwv
ghfuhdvh zlwk wkh qxpehu ri rplwwhg vlwxdwlrqv1 Wkh ghfuhdvh lq wkh shufhqwdjh
ri lqfrqvlvwhqw lqglylgxdov ghshqgv rq zklfk vlwxdwlrq+v, lv+duh, dfwxdoo| rplwwhg1
Wkh �uvw dqg wkh �iwk vlwxdwlrq dffrxqw iru d glvsursruwlrqdwh sduw ri wkh JDUS
ylrodwlrqv lq rxu vdpsoh1 Iru lqvwdqfh/ zkhq wkh �uvw ru wkh �iwk vlwxdwlrq lv
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rplwwhg/ wkh qxpehu ri lqglylgxdov ylrodwlqj JDUS lv rqo| 54/ zkhuhdv lw htxdov
5; zkhq wkh irxuwk vlwxdwlrq lv rplwwhg1 Vlploduo|/ zkhq erwk wkh �uvw dqg wkh
�iwk vlwxdwlrq duh rplwwhg/ rqo| ; lqglylgxdov duh qrq0udwlrqdo/ zkhuhdv wkhuh
duh 4< qrq0udwlrqdov zkhq wkh wklug dqg irxuwk vlwxdwlrq duh rplwwhg1 Wkh idfw
wkdw wkh lqflghqfh ri JDUS ylrodwlrqv lv uhodwlyho| kljk lq wkh �uvw dqg �iwk
vlwxdwlrq lv vrphzkdw vxusulvlqj jlyhq wkdw wkh ghfuhdvh lq srzhu lv sudfwlfdoo|
lqghshqghqw ri zklfk vlwxdwlrq+v, lv+duh, rplwwhg1 Dgplwwhgo|/ zh kdyh rqo|
frpsxwhg wkh srzhu ri wkh JDUS whvw djdlqvw d olplwhg qxpehu ri dowhuqdwlyh
w|shv ri ehkdylru/ vr wkdw rxu �qglqjv frxog vlpso| uh hfw kljkhu srzhu�lq
wkh �uvw dqg �iwk vlwxdwlrq�djdlqvw vrph rwkhu ehkdylrudo vwudwhj|1 Exw rxu
�qglqjv fdq dovr eh lqwhusuhwhg lq dqrwkhu zd|1 Wkh uhodwlyho| kljk lqflghqfh
ri JDUS ylrodwlrqv lq wkh �uvw vlwxdwlrq pljkw uh hfw ohduqlqj h�hfwv/ zkloh
wkh kljkhu lqflghqfh lq wkh �iwk vlwxdwlrq pljkw uhvxow iurp zhdulqhvv ru orvv ri
frqfhqwudwlrq dprqj rxu h{shulphqwdo vxemhfwv1 Qrwh wkdw wkhvh lqwhusuhwdwlrqv
ohdg wr rssrvlwh dqg frq lfwlqj uhfrpphqgdwlrqv1 Rq wkh rqh kdqg/ wkh| vhhp
wr vxjjhvw wkdw lq h{shulphqwv olnh rxu*v rqh vkrxog dgg �zduplqj0xs� vlwxdwlrqv
wr dyrlg ohduqlqj h�hfwv/ zkloh rq wkh rwkhu kdqg rqh vkrxog nhhs wkh qxpehu ri
vlwxdwlrqv vpdoo�shukdsv qrw pruh wkdq 7 ru 8�wr dyrlg frqfhqwudwlrq sureohpv1

Wdeoh < jlyhv wkh uhvxowv iru wkh JDUS+h, whvwv1 D vpdoo glplqxwlrq ri wkh
Diuldw h!flhqf| lqgh{ h lqgxfhv rqo| d vpdoo uhgxfwlrq lq wkh qxpehu ri luud0
wlrqdo lqglylgxdov1 Iru lqvwdqfh/ zkhq h @ 3=<<> vwloo 63 lqglylgxdov duh luudwlrqdo
+lqfrqvlvwhqf| udwh ri 58(,/ dqg zkhq h @ 3=<8> vwloo 4; lqglylgxdov duh luudwlrqdo
+48(,1 Lq wkh gdwd xvhg e| Fr{/ wkh lqfrqvlvwhqf| udwh zdv 55( zkhq h @ 3=<<
dqg 48( zkhq h @ 3=<8 +wkhvh uhvxowv duh rewdlqhg iurp Vlssho +4<<9,,1 Lq Vls0
sho*v �uvw h{shulphqw wkh lqfrqvlvwhqf| udwh zdv 58( zkhq h @ 3=<< dqg ;16(
zkhq h @ 3=<8> lq klv vhfrqg h{shulphqw kh irxqg 591:( zkhq h @ 3=<< dqg 43(
zkhq h @ 3=<81 Wkh lqfrqvlvwhqf| udwhv irxqg e| Fr{ dqg Vlssho duh fohduo| ohvv
urexvw wr vpdoo fkdqjhv lq wkh h!flhqf| lqgh{1 Dowkrxjk wkhlu udwhv ri JDUS
ylrodwlrqv duh uhodwlyho| kljkhu dw ixoo h!flhqf|/ wkh| duh frpsdudeoh wr rxu*v +ru
orzhu, hyhq iru vpdoo lqh!flhqf| ohyhov1 Wklv phdqv wkdw lq wkh vdpsohv ri Fr{
dqg Vlssho wkhuh zhuh frpsdudwlyho| pdq| qrq0udwlrqdo lqglylgxdov wkdw �doprvw�
vdwlv�hg JDUS1 Frqvlghu qrz wkh srzhu hvwlpdwhv iru wkh gl�huhqw ydoxhv ri Diul0
dw*v h!flhqf| lqgh{1 Iru vlpsolflw|/ Wdeoh < rqo| uhsruwv hvwlpdwhv ri wkh srzhu
djdlqvw wkh udqgrp prqh| fkrlfh prgho dqg wkh udqgrp jrrg fkrlfh prgho1 Wkh
hvwlpdwhg dyhudjh qxpehu ri lqglylgxdov ylrodwlqj JDUS�xqghu wkh dvvxpswlrq
wkdw wkh| ehkdyhg dv udqgrp prqh| ghflghuv�htxdov 53155 zkhq h @ 3=<< +hvwl0
pdwhg srzhu lv 531552453@4:(, dqg 819; zkhq h @ 3=<8> xqghu wkh dvvxpswlrq
wkdw lqglylgxdov ehkdyhg dv udqgrp jrrg ghflghuv/ wkh hvwlpdwhv duh 8<17: zkhq
h @ 3=<< +83(, dqg 5:195 zkhq h @ 3=<8 +56(,1 Lq wkh gdwd xvhg e| Fr{/ wkh
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hvwlpdwhg srzhu zdv 58( zkhq h @ 3=<< dqg 45( zkhq h @ 3=<8 +wkhvh uhvxowv
duh djdlq wdnhq iurp Vlssho +4<<9,49,1 Wkh hvwlpdwhg srzhu rewdlqhg e| Vlssho
lq klv �uvw h{shulphqw zdv 7:( zkhq h @ 3=<< dqg 4:( zkhq h @ 3=<8> lq klv
vhfrqg h{shulphqw kh irxqg 98( zkhq h @ 3=<< dqg 46( zkhq h @ 3=<81 Rxu
hvwlpdwhg srzhu xvlqj wkh udqgrp prqh| fkrlfh prgho ghfuhdvhv udslgo| zlwk wkh
ohyho ri lqh!flhqf|�olnh lq Vlssho*v gdwd�dqg lv udwkhu orz zkhq h @ 3=<8= Rq
wkh frqwudu|/ rxu hvwlpdwhg srzhu xvlqj wkh udqgrp jrrg fkrlfh prgho ghfuhdvhv
vorzo|�olnh lq Fr{*v gdwd�dqg dw wkh <8( h!flhqf| ohyho lw lv frqvlghudeo|
kljkhu wkdq wkh srzhu hvwlpdwhv rewdlqhg e| Fr{ dqg Vlssho1

Ohw xv qrz wxuq wr wkh dqdo|vlv ri wkh ghwhuplqdqwv ri qrq0udwlrqdolw|1 Wr
vwxg| zkhwkhu wkhuh duh yduldeohv wkdw kdyh dq lpsdfw rq wkh suredelolw| ri eh0
lqj qrq0udwlrqdo/ zh fuhdwhg iru hdfk vxemhfw wkh gxpp| yduldeoh jdus/ zkhuh
jdus@3 iru dq lqglylgxdo zkrvh fkrlfhv glg qrw vdwlvi| JDUS dqg 4 rwkhuzlvh/
dqg hvwlpdwhg d orjlw prgho zlwk jdus dv wkh lqghshqghqw yduldeoh/ dqg wkh vrflr0
hfrqrplf fkdudfwhulvwlfv dqg h{shulphqwdo frqglwlrqv +wkh fdofxodwlrq wlphv dqg
wkh uhpxqhudwlrq ohyho, dv wkh lqghshqghqw yduldeohv1 Wkh uhvxowv ri wkh orjlw
uhjuhvvlrqv�rqh iru hdfk h{shulphqw�duh suhvhqwhg lq Wdeoh 431 Wkh yduldeohv
�djh�/ �vl}h krxvhkrog� dqg �lqfrph� kdyh qr vljql�fdqw lpsdfw rq wkh sure0
delolw| ri ehlqj qrq0udwlrqdo1 Wkh yduldeoh �jhqghu� lv vljql�fdqwo| srvlwlyh lq
H{shulphqw 5/ vxjjhvwlqj wkdw zkhq rqo| sduwldo lqirupdwlrq zdv jlyhq wr wkh
sduwlflsdqwv/ zrphq zhuh ohvv olnho| wr eh luudwlrqdo wkdq phq1 Wkh yduldeoh
�exgjhw ohyho� +gh�qhg dv wkh exgjhw ohyho dwwulexwhg lq vlwxdwlrqv 4/ 5/ 6/ 7>
uhvxowv zhuh qrw gl�huhqw zkhq wklv yduldeoh zdv gh�qhg dv wkh exgjhw lq vlwxd0
wlrq 8 ru dv wkh +zhljkwhg, dyhudjh ri wkh exgjhw ohyhov, lv lqvljql�fdqw lq erwk
uhjuhvvlrqv/ vr wkdw wkh olnholkrrg ri ylrodwlqj wkh xwlolw|0pd{lpl}dwlrq k|srwkh0
vlv zdv +iruwxqdwho|, qrw lq xhqfhg e| wkh khljkw ri uhpxqhudwlrq1 Zh lqlwldoo|
lqfoxghg wkh ruljlqdo fdofxodwlrq wlphv�wkrvh suhvhqwhg lq Wdeoh :�lq wkh orjlw
prghov1 Qrqh ri wkhvh yduldeohv kdg d vljql�fdqw h�hfw wkrxjk1 Wkh phdq ri wkh
fdofxodwlrq wlphv glg qrw kdyh d vljql�fdqw h�hfw hlwkhu1 Zh vxevhtxhqwo| gh�qhg
wkh fdofxodwlrq wlphv rughuhg dffruglqj wr wkh vhtxhqfh lq zklfk wkh vlwxdwlrqv
duulyhg/ dqg zkhq wkhvh yduldeohv zhuh lqfoxghg lq wkh orjlw prghov/ wzr dsshduhg
wr eh vljql�fdqw lq wkh uhjuhvvlrq iru H{shulphqw 41 Vlqfh wkh uhvxowv zlwk wkh
rughuhg fdofxodwlrq wlphv duh wkh prvw vxffhvvixo/ wkhvh duh wkh rqhv wkdw duh
uhwdlqhg dqg suhvhqwhg lq Wdeoh 4314:

49Vlssho +4<<9, uhsruwhg srzhu hvwlpdwhv edvhg rq doo lqglylgxdov lq Fr{*v gdwd vhw/ dqg qrw
vhsdudwho| iru wkh ylrodwruv dqg qrq0ylrodwruv1 Kh irxqg dq hvwlpdwh htxdo wr 5;( zkhq e ' �c
zklfk lv vrphzkdw orz jlyhq wkh uhvxowv uhsruwhg lq Fr{ +4<<:,1

4:Wkh uhvxowv uhjduglqj wkh rwkhu yduldeohv lq Wdeoh 43 zhuh qrw ixqgdphqwdoo| gl�huhqw zkhq
wkh ruljlqdo fdofxodwlrq wlphv ru wkhlu phdq ydoxh zhuh lqfoxghg lq wkh prgho1
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Wr hydoxdwh wkh lpsdfw ri wkh fdofxodwlrq wlphv/ wkh lghd wr uhjuhvv jdus
rq wkh +rughuhg, fdofxodwlrq wlphv vhhpv qdwxudo dw �uvw vljkw1 Krzhyhu/ wkh
frh!flhqwv fruuhvsrqglqj wr wkh wlph yduldeohv fdq eh gl!fxow wr lqwhusuhw zkhq
wkhuh duh gl�huhqw w|shv ri JDUS ylrodwruv +dv lv wkh fdvh lq rxu vdpsoh,1 Wr
vhh wklv/ frqvlghu wkh iroorzlqj vlpsoh h{dpsoh1 Vxssrvh wkhuh duh 6 jurxsv
ri lqglylgxdov1 Wkh �uvw jurxs lv pdgh xs ri udwlrqdo lqglylgxdov/ zkloh wkh
vhfrqg dqg wklug jurxs duh pdgh xs ri luudwlrqdo lqglylgxdov/ doo zlwk mxvw rqh
JDUS ylrodwlrq1 Wkh lqglylgxdov lq wkh vhfrqg jurxs kdyh JDUS ylrodwlrq
t�r|Ut2?_ dqg t2?_S

ft�r|> zkloh wkrvh lq wkh wklug jurxs kdyh JDUS ylrodwlrq
te|�UtD|� dqg tD|�S

fte|�1 Wkh lqglylgxdov lq wkh vhfrqg jurxs ylrodwh JDUS
lq wkh �uvw 5 vlwxdwlrqv/ exw ehkdyh lq d pdqqhu wkdw lv qrw lqfrpsdwleoh zlwk
xwlolw|0pd{lpl}dwlrq lq wkh odvw 6 vlwxdwlrqv1 Lqyhuvho|/ wkh lqglylgxdov lq wkh
wklug jurxs ehkdyh olnh xwlolw|0pd{lpl}lqj djhqwv lq wkh �uvw 6 vlwxdwlrqv/ exw
ylrodwh JDUS lq wkh odvw 5 vlwxdwlrqv1 Ehfdxvh ri wklv dv|pphwu|/ wkh h�hfwv ri
wkh rughuhg fdofxodwlrq wlphv +rq wkh suredelolw| ri ehlqj qrq0udwlrqdo, duh olnho|
wr gl�hu iru wkhvh 5 w|shv ri JDUS ylrodwruv1 Wkh orjlw prgho fdqqrw fdswxuh
wklv vlqfh wkh frh!flhqwv ri wkh wlph yduldeohv duh lghqwlfdo/ uhjdugohvv ri wkh w|sh
ri JDUS ylrodwlrq1 Dv d frqvhtxhqfh ri djjuhjdwlrq ryhu wkh gl�huhqw w|shv ri
JDUS ylrodwruv/ wkh orjlw hvwlpdwhv +edvhg rq wkh lqglylgxdov iurp wkh 6 jurxsv,
wkhq uhsuhvhqw d pl{wxuh ri jurxs0vshfl�f h�hfwv/ dqg qrw wkh sxuh fdxvdo h�hfwv
ri rughuhg fdofxodwlrq wlphv rq wkh suredelolw| ri ylrodwlqj JDUS1

Wr ehwwhu xqghuvwdqg wkh lpsdfw ri wkh fdofxodwlrq wlphv/ zh surfhhghg lq
wkh iroorzlqj zd|1 Iru hdfk lqglylgxdo wzr fdwhjrulhv ri gxpp| yduldeohv zhuh
fuhdwhg= wkh jh{s� yduldeohv dqg wkh jgh{sr yduldeohv/ v @ 4> ===> 81 Wkh yduldeoh
jh{sr @ 3 li wkh lqglylgxdo ylrodwhg JDUS dqg li lq dgglwlrq wkh vwk vlwxdwlrq
sod|hg d uroh lq +rqh ri, wkh ylrodwlrq+v,/ dqg 4 rwkhuzlvh1 Iru h{dpsoh/ zkhq
t�r|Uft2?_ dqg t2?_S

ft�r|> wkhq jh{s� @ 3 dqg jh{s2 @ 3> zkhq t�r|Ut2?_ +zlwk
t�r|Uft�o_ dqg t�o_U

ft2?_, dqg t2?_S
ft�r|> wkhq jh{s� @jh{s2 @jh{s� @ 3= Wkh

vhfrqg fdwhjru| ri yduldeohv zdv gh�qhg lq d vlplodu zd|1 Wkh yduldeoh jgh{sr @
3 li wkh lqglylgxdo ylrodwhg JDUS dqg li lq dgglwlrq wkh vwk vlwxdwlrq sod|hg d
�gluhfw� sduw lq +rqh ri, wkh ylrodwlrq+v,/ dqg 4 rwkhuzlvh +wkh vwk vlwxdwlrq lv vdlg
wr sod| d �gluhfw� sduw lq d JDUS ylrodwlrq li dqg rqo| li wkhuh h{lvwv x vxfk wkdw
tr|�U

ft�|� dqg t�|�S
ftr|�> ru t�|�Uftr|� dqg tr|�S

ft�|�,1 Zh wkhq hvwlpdwhg orjlw
prghov/ zlwk jgh{sr +uhvs1 jh{sr, dv wkh lqghshqghqw yduldeoh dqg wkh fdofxodwlrq
wlph lq wkh vwk vlwxdwlrq dv wkh ghshqghqw yduldeoh1 Qrwh wkdw xqolnh wkh orjlw
uhjuhvvlrqv rq jdus/ wkh hvwlpdwhg frh!flhqwv kdyh d gluhfw dqg xqdpeljxrxv
lqwhusuhwdwlrq1 Wkh uhvxowv duh jlyhq lq Wdeoh 44 +rqo| wkh hvwlpdwhv edvhg rq wkh
hqwluh vdpsoh duh jlyhq> wkh uhjuhvvlrqv rq wkh 5 h{shulphqwdo vxevdpsohv jdyh
vlplodu uhvxowv,1 Wkh rughuhg fdofxodwlrq wlph lv vljql�fdqwo| srvlwlyh lq wkh orjlw
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uhjuhvvlrqv rq jgh{s� dqg jh{s�/ dqg vljql�fdqwo| qhjdwlyh lq wkh uhjuhvvlrqv rq
jgh{s2 dqg jh{s21 Wkh rughuhg fdofxodwlrq wlph lv zhdno| vljql�fdqw +s0ydoxh lv
3145, dqg qhjdwlyh lq wkh orjlw uhjuhvvlrq rq jgh{s�1 Wkhvh uhvxowv vxjjhvw wkdw wkh
fdofxodwlrq wlphv kdg dq h�hfw rq wkh suredelolw| ri ylrodwlqj JDUS= lqglylgxdov
zkr vshqw uhodwlyho| pxfk wlph rq wkh �uvw vlwxdwlrq zklfk wkh| hqfrxqwhuhg/
dqg zkr dfwhg txlfno| lq wkh vxevhtxhqw vlwxdwlrqv/ zhuh ohvv olnho| wr ylrodwh wkh
xwlolw|0pd{lpl}dwlrq k|srwkhvlv1

--UHPDLQLQJ UHVXOWV KHUH--

81 Frqfoxvlrq
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DSSHQGL[ +WR EH ILQLVKHG,

41 Fdofxodwlrq ri yluwxdo sulfhv

Wr vhh krz wklv zrunv/ frqvlghu wkh uhjlph zkhuh rqo| jrrg 4 lv qrw sxufkdvhg/
l1h1 t��r @ 3> t�&r A 3> n @ 5> ===>N= Wkh yluwxdo sulfh iru jrrg 4/ �y��r> lv vroyhg iurp
wkh htxdwlrq
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Lq wklv uhjlph wkh yluwxdo sulfhv iru wkh rwkhu jrrgv htxdo wkh revhuyhg sulfhv/
l1h1 �y�&r @ y�&r> n @ 5> ===>N= Frqvlghu qh{w wkh uhjlph zkhuh wkh �uvw wzr jrrgv
duh }hur dqg doo uhpdlqlqj jrrgv duh sxufkdvhg1 Wkh yluwxdo sulfhv �y��r dqg �y�2r
duh wkhq vroyhg iurp�
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dqg �y�&r @ y�&r> n @ 6> ===>N=
Dv fdq eh vhhq/ iru erwk uhjlphv/ wkh orjdulwkp ri wkh yluwxdo sulfhv fdq eh

h{suhvvhg dv wkh vxp ri wzr whupv1 Wkh �uvw whup ghshqgv rqo| rq wkh qrupdo0
l}hg sulfhv dqg wkh revhuyhg fkdudfwhulvwlfv/ dqg wkh vhfrqg whup rqo| rq wkh
xqrevhuyhg yduldeohv1 Lw lv qrw gl!fxow wr vkrz wkdw wklv lv wuxh iru doo srvvleoh
ghpdqg uhjlphv= wkh orjdulwkp ri wkh yluwxdo sulfhv fdq dozd|v eh zulwwhq dv wkh
vxp ri d ixqfwlrq ri wkh h{rjhqrxv yduldeohv dqg d ixqfwlrq ri wkh xqrevhuyhg
yduldeohv1

51 Dv|pswrwlf surshuwlhv ri wkh hvwlpdwru

Wkh hvwlpdwlrqv ri rxu wkuhh prghov duh txlwh vlplodu +zh suhvhqw khuh rqo| wkh
hvwlpdwlrq ri wkh Wudqvorj prgho, dqg duh edvhg rq d phwkrg ghyhoorshg e|
U1Eoxqghoo dqg M1P1Urelq +4<<<,1 Lq wkhlu duwlfoh/ wkh| hvwlpdwh d prgho

|&| @ j+{|> �
f,��f& . x&|> n @ 4==N> w @ 4==W

5:



xvlqj lwhudwhg ohdvw vtxduhv +�f� 5 S � LUu lv d sdudphwhu zlwk �f @ +�f
�

� > ===> �
f�
g,

dqg j lv d O0yhfwru ri ixqfwlrqv ri {| dqg �f +vhh sdjh 544/ htxdwlrq 4,,1
Wkh +s . 4,wk lwhudwlrq ri wkhlu dojrulwkp |lhogv wkh iroorzlqj ydoxh iru wkh

sdudphwhu dvvrfldwhg zlwk wkh nwk htxdwlrq =

�
E�n��
& @ ^J+�ER�,�J+�ER�,`3�J+�ER�,�|&

zkhuh |& @ +|&�> ===> |&A ,
� dqg J+�, @

3EC j+{�> �,
�

111
j+{A > �,

�

4FD =

Qrwlqj e� wkh olplw ydoxh ri vxfk uhfxuvlyh vhtxhqfh/ wkh| rewdlq +wkhruhpv 4
dqg 5 sdjh 546, wkdw

Sursrvlwlrq 5141 e� frqyhujhv doprvw vxuho| wr �f dqg wkdw e� lv dv|pswrwlfdoo|
qrupdo = s

W +e� � �f, # Q+3> M3�
f +	f  Of,+M

�
f,

3�,

zlwk
Of @ H^j+{|> �

f,j+{|> �
f,�`

	f @ H+x|x
�
|m{|,

dqg

Mf @ Lg  Of .H

��
��
f

Cj+{|> �
f,

C��

�
 j+{|> �

f,

�
zkhuh x| @ +x�|> ==> xg|,

� dqg �f @ +�f�> ===> �
f
g,=

Frqvlghu qrz wkh Wudqvorj prgho =

�z�
&r @ �f& . ��

�&{
� .

g[
�'�

�&� orj+�y�+{
�> y�r> u

�
r> �,, . �%�&+u

�
r, +616�,

Rqh fdq uhzulwh lw lq wkh ghvluhg irup ehfdxvh =

�z�
&r @

�
4 {�� orj+�y�+{

�> y�r> u
�
r> �,, � � � orj+�yg+{�> y�r> u

�
r> �,,

�
3EEEEEC

�f&

��&

�&�
111

�&g

4FFFFFD.�%�&+u
�
r,

+514,

5;



Li zh qrwh w @ +l> v, +dq revhuydwlrq lv dq lqglylgxdo l lq d jlyhq vlwxdwlrq v,>
h d yhfwru wkdw kdv hyhu| frpsrqhqwv htxdo wr rqh dqg j d N . 4.B yhfwru ri
ixqfwlrqv ri h|> {�|> y|> u| dqg � dqg li zh uhpdun wkdw lq rxu prgho � @ +���> ===> �

�

g,
zkhuh �& @ +�f&> ��&> �&�> ===> �&g,�> zh rewdlq wkh iroorzlqj irup iru wkh Wudqvorj
prgho =

�z�
&r @ k+h|> {

�
|> y|> u|> �,�& .�%&|+u|, +616�,

Xqiruwxqdwho|/ H+�%&|+u|,mh|> {�|> y|> u|, @ F+u|, dqg rqh fdq qrw dsso| wkh uh0
vxowv ri Eoxqghoo dqg Urelq ehfdxvh wkh| qhhg H+x&|m{|, @ 3 +dvvxpswlrq 5 sdjh
544,1 Wr vroyh wklv sureohp/ zh vxevwudfw iurp hdfk revhuydwlrq wkh dyhudjh ri
wkh revhuydwlrqv lq wkh vxesrsxodwlrq U+u�r, +U+u, lv wkh vxevhw ri doo wkh frxsohv
+l> v, lq wkh uhjlph u l1h1 U+u, @ i+l> v, vxfk wkdw u�r @ uj,=

Lqwurgxflqj

� z�
&r @

�
S@o_E-Eo�r��

S
E��cr��M-Eo�r�

z��

&r� wkh dyhudjh ri wkh exgjhw vkduh rq U+u�r,>

� {� @ �
S@o_E-Eo�r��

S
E��cr��M-Eo�r�

{�
�
wkh dyhudjh ri wkh h{rjhqhrxv yduldeohv/

� orj+�y�, @ �
S@o_E-Eo�r��

S
E��cr��M-Eo�r�

orj+�y�+{�
�
> y�

�

r� > u
��

r� > �,, wkh dyhudjh ri wkh
yluwxdo qrupdol}hg sulfhv/

� orj+y�r, @
�

S@o_E-Eo�r��

S
E��cr��M-Eo�r�

orj+y�
�

r�, wkh dyhudjh ri wkh qrupdol}hg sulfhv/

� �%
�
&+u

�
r, @

�
S@o_E-Eo�r��

S
E��cr��M-Eo�r�

�%�
�

& +u
��

r�, wkh dyhudjh ri wkh huuru whupv/

wkh Wudqvorj prgho ehfrphv =

�+z�
&r�z�

&r, @ ��
�&+{

��{�,.
g[
�'�

�&�
�
orj+�y�+{

�> y�r> u
�
r> �,,� orj+�y�,

�
.�%�&+u

�
r,��%

�
&+u

�
r,

+616�,
Orrnlqj edfn dw wkh gh�qlwlrq ri wkh yluwxdo qrupdol}hg sulfhv/ lw lv srvvleoh

wr uhpdun wkdw

orj+�y�+{
�> y�r> u

�
r> �,,� orj+�y�, @ o+{� � {�> orj+y�r,� orj+y�r,> u

�
r> �,

dqg wkxv zh rewdlq

�+z&| �z&|, @ j+{| � {|> orj+y|,� orj+y|,> u|> �,�& .�%&|+u|,� �%&|+u|, +616�,

Wklv wlph wkh dvvxpswlrq H+x&|m{|, @ 3 lv yhul�hg ehfdxvh

H+�%&|+u|,� �%&|+u|,m{| � {|> orj+y|,� orj+y|,> u|, @ F+u|,�F+u|, @ 3
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Qhyhuwkhohvv/ wkhuh vwloo h{lvwv d gl�huhqfh ehwzhhq rxu prgho dqg wkh prgho
ri Eoxqghoo dqg Urelq dv h{srvhg lq wkhlu sdshu ehfdxvh wkh uhvlgxdov �%&|+u|,�
�%&|+u|, duh qrw lghshqghqw +dvvxpswlrq 4 sdjh 544,1 Lqghhg �%�&+u

�
r, dqg �%�&+u

�
r�, duh

fruuhodwhg ehfdxvh wkh| uhvxow iurp wkh rplvvlrq ri qrq revhuyhg yduldeohv1 Dv
wkh dxwkruv phqwlrqqhg lw/ lw lv vwudlwiruzdug wr h{whqg wkhlu uhvxowv lq wklv fdvh1

Sursrvlwlrq 5151 Lq rxu prgho/ wkh hvwlpdwru e� frqyhujhv doprvw vxuho| wr �f

dqg e� lv dv|pswrwlfdoo| qrupdo =
s
W +e� � �f, # Q+3> M3�

f +M �
f,

3�,

zkhuh  @ +&,,&'�c��cg(,'�c��cg dqg

&, @ H

#
4

W

[
�

[
r

[
r�

j+]E�cr�> �,j+]E�cr��> �,
��&E�cr��,E�cr��

$
zlwk wkh qrwdwlrqv

j+]E�cr�> �, @ j+{E�cr� � {E�cr�> orj+yE�cr�,� orj+yE�cr�,> uE�cr�> �,

dqg
�&E�cr� @ �%&E�cr�+uE�cr�,� �%&E�cr�+uE�cr�,

Surri1 Wkh surri lv lghqwlfdo wr Eoxqghoo dqg Urelq*v rqh1 Wkh rqo| gl�huhqfh
lv wkh h{suhvvlrq ri wkh whup

&, @ H

#
4

W

[
|

[
|�

j+{|> �,j+{|� > �,
�x&|x,|

$
lq wkh yduldqfh1 Lq wkhlu fdvh/ wkh k|srwkhvlv H+x&|x,|� m{|> {|�, @ 3 doorzv wkhp wr
vlpsoli| wklv h{suhvvlrq wr rewdlq

&, @ H

#
4

W

[
|

[
|�

j+{|> �,j+{|� > �,
�x&|x,|

$
@ H+j+{|> �,j+{|> �,

�,�&,

dqg frqvhtxhqwo|
 @ 	f  Of

Lq rxu fdvh/ ehfdxvh ri wkh fruuhodwlrq ehwzhhq x&| dqg x,|> zh rqo| rewdlq

&, @ H

#
4

W

[
�

[
r

[
r�

j+]E�cr�> �,j+]E�cr��> �,
��&E�cr��,E�cr��

$
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Sursrvlwlrq 5161 Dq hvwlpdwru ri wklv dv|pswrwltxh yduldqfh0fryduldqfh pdwul{
lv eY@re� @ eM3�e eM �

3�

zkhuh eM @ ^Lg J+e�,�`C+Lg J+e�,,e�
C��

dqg e @
4

W

[
�

[
r

[
r�

j+]E�cr�>e�,j+]E�cr��>e�,�e�&E�cr�e�&E�cr��
zlwk e�&| @ �+z&| �z&|,� j+{| � {|> orj+y|,� orj+y|,> u|>e�,
Surri1 Wkh hvwlpdwru eM ri Mf lv wkh hvwlpdwru lqwurgxfhg e| Eoxqghoo dqg Urelq
+sdjh547,1 Wkh hvwlpdwru

e @
4

W

[
�

[
r

[
r�

j+]E�cr�>e�,j+]E�cr��>e�,�e�&E�cr�e�&E�cr��
ri  lv wkh Zklwh*v hvwlpdwru1
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Wdeoh 4
Wkh vl{ surgxfwv

Surgxfw Lqirupdwlrq
4 Sxuh rudqjh mxlfh> erwwoh
5 Sxuh rudqjh mxlfh> fdugerdug sdfn> surgxfw iurp Prurffr
6 Frqfhqwudwhg rudqjh mxlfh> erwwoh> jxdudqwhhg frqwhqw ri ylwdplq F
7 Frqfhqwudwhg rudqjh mxlfh> fdugerdug sdfn> surgxfw iurp Iorulgd
8 Qhfwdu> erwwoh> 88( ri sxuh rudqjh
9 Qhfwdu> fdugerdug sdfn> 83( ri sxuh rudqjh
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Wdeoh 5
Fdofxodwlrq ri sulfhv

Vlwxdwlrq Sulfh prvw suhihuuhg surgxfw Sulfh vhfrqg prvw suhihuuhg surgxf
4 PS+4, PS+5,

5 PS+4,�
q
4 . rSJoeE��S

rSJoeE��

r
PS+5,�

q
4 . rSJoeE2�nrSJoeE��nrSJoeEe�S

rSJoeE��

6 PS+4,�
q
4 . rSJoeE��nrSJoeE2�S

rSJoeE��

r
PS+5,�

q
4 . rSJoeE2�nrSJoeE��nrSJoeEe�nrSJoS

rSJoeE��

7 PS+4,�
q
4 . rSJoeE��nrSJoeE2�nrSJoeE��S

rSJoeE��

r
PS+5,�

q
4 . rSJoeE2�S

rSJoeE��

r
8 PS+4,�

q
4 . rSJoeE��nrSJoeE2�nrSJoeE��nrSJoeEe�S

rSJoeE��

r
PS+5,�

q
4 . rSJoeE2�nrSJoeE��S

rSJoeE��

r
Sulfh irxuwk prvw suhihuuhg surgxfw Sulfh �iwk prvw suhihuuhg surgxfw

4 PS+7, PS+8,

5 PS+7,�
q
4� rSJoeES�S

rSJoeE��

r
PS+8,�

q
4� rSJoeE��nrSJoeEe�nrSJoeED�S

rSJoeE��

6 PS+7,�
q
4� rSJoeED�nrSJoeES�S

rSJoeE��

r
PS+8,�

q
4� rSJoeE2�nrSJoeE��nrSJoeEe�nrSJoS

rSJoeE��

7 PS+7,�
q
4� rSJoeEe�nrSJoeED�nrSJoeES�S

rSJoeE��

r
PS+8,�

q
4� rSJoeED�S

rSJoeE��

r
8 PS+7,�

q
4� rSJoeE��nrSJoeEe�nrSJoeED�nrSJoeES�S

rSJoeE��

r
PS+8,�

q
4� rSJoeEe�nrSJoeED�S

rSJoeE��

r
Qrwhv= PS+m, lv wkh pdunhw sulfh ri wkh m0wk prvw suhihuuhg surgxfw> vfruh+m, lv
wkh vfruh +dfwxdo vfruh ru h{shfwdwlrq vfruh, ri wkh m0wk prvw suhihuuhg surgxfw/
l1h1 vfruh+4, � vfruh+5, � === � vfruh+9,=
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Wdeoh 6
Vxppdu| vwdwlvwlfv vrflr0hfrqrplf yduldeohv

H{shulphqw 4 H{shulphqw 5
Yduldeoh Phdq Vwg1 ghy1 Plq Pd{ Phdq Vwg1 ghy1
Djh lq |hduv 6:1;8 471;5 4< :6 69153 4613:
Jhqghu +@4 li zrpdq, 318: 3183 3 4 317; 3183
Vl}h krxvhkrog 51:8 415< 4 : 51;; 417<
Lqfrph +lq IIu, 46<79143 ;787186 <83 64933 45638158 :5;<1<4
Exgjhw ohyho +lq IIu, ;31:8 6<165 63 488 :814: 741:;
iru vlwxdwlrqv 4/ 5/ 6/ 7
Exgjhw ohyho +lq IIu, <;175 541:< 98 463 <519: 4<1<3
iru vlwxdwlrq 8
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Wdeoh 7
Vxppdu| vwdwlvwlfv dfwxdo vfruhv dqg h{shfwdwlrq vfruhv

dfwxdo vfruh h{shfwdwlrq vfruh
Surgxfw Phdq Vwg1 ghy1 Plq Pd{ Phdq Vwg1 ghy1 Plq Pd{
4 7194 5176 4133 <1;5 :158 41<< 41<< <1<4
5 9165 515< 415: <1<4 91:7 41;8 4178 <1<4
6 7153 5137 4133 ;153 81:5 5148 41:5 <1;5
7 813; 5143 413< <1;5 71<4 5139 4133 <15;
8 714< 513< 4133 <197 71;4 5163 413< <1;5
9 618< 5143 4133 <197 71;< 5149 4133 43133

Wdeoh 8
Phdq sulfhv +lq IIu, dqg txdqwlwlhv= H{shulphqw 4> H{shulphqw 5

Vlwxdwlrq 4 Vlwxdwlrq 5 Vlwxdwlrq 6 Vlwxdwlrq 7 Vlwxdwlrq 8
Sulfhv

Surgxfw 4 :>: 91:9>:1<; :134>;194 :17;>;1<; :1:5><175
Surgxfw 5 44>44 47174>46135 4815<>461<; 471;5>4614; 4817<>461<5
Surgxfw 6 43>43 <136>431;9 ;1:7>431;5 <1;5>431:4 <163>43176
Surgxfw 7 8>8 9146>7176 913;>7156 81:6>71:5 8184>7186
Surgxfw 8 9>9 81<6>813: 81;<>71<8 81<;>8176 81<;>8185
Surgxfw 9 6>6 5196>614< 519;>6135 51:5>51<9 51;:>51;:

Txdqwlwlhv
Surgxfw 4 5148>51<: 513;>51:; 4168>51;6 5156>5178 51:9>6163
Surgxfw 5 6168>41<5 516;>4195 5158>4168 513:>41:6 41<8>41<3
Surgxfw 6 319:>4178 3186>414: 317:>4133 3166>31;6 31::>31<8
Surgxfw 7 41:6>413; 418:>4176 417;>4166 41:3>4146 5185>4153
Surgxfw 8 4148>31;5 4136>414; 417:>31;; 4178>31:8 4195>31<8
Surgxfw 9 419;>41<: 4195>4195 4165>5158 4138>5133 4195>5145
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Wdeoh 9
Sxufkdvh ehkdylru ri sduwlflsdqwv

H{shulphqw 4
Yduldeoh Phdq Vwg1 ghy1 Plq Pd{ P
+Exgjhw ohyho plqxv h{shqglwxuh,2exgjhw ohyho 3136 3139 3 317 31
Qxpehu ri gl�huhqw surgxfwv sxufkdvhg 5189 4136 4 8 51
H{shqglwxuh vkduh ri prvw suhihuuhg surgxfw 3169 3166 3 4 31
H{shqglwxuh vkduh ri vhfrqg prvw suhihuuhg surgxfw 3153 315: 3 4 31
H{shqglwxuh vkduh ri wklug prvw suhihuuhg surgxfw 3148 3158 3 4 31
H{shqglwxuh vkduhri irxuwk prvw suhihuuhg surgxfw 313: 314; 3 4 31
H{shqglwxuh vkduh ri �iwk prvw suhihuuhg surgxfw 313: 314: 3 4 31
H{shqglwxuh vkduh ri ohdvw suhihuuhg surgxfw 3145 3153 3 4 31

Wdeoh :
Vxppdu| vwdwlvwlfv fdofxodwlrq wlphv +lq vhfrqgv,

H{shulphqw 4 H{shulphqw 5
Yduldeoh Phdq Vwg1 ghy1 Plq Pd{ Phdq Vwg1 ghy1 P
Fdofxodwlrq wlph vlwxdwlrq 4 538175 4;<1:8 54 ;89 4991;; 47:1<3
Fdofxodwlrq wlph vlwxdwlrq 5 55;136 5331:3 73 4367 4961;: 44815;
Fdofxodwlrq wlph vlwxdwlrq 6 53919; 486156 65 8<5 4:518; 4551;:
Fdofxodwlrq wlph vlwxdwlrq 7 53615; 4:6159 5; :;8 495145 474149
Fdofxodwlrq wlph vlwxdwlrq 8 56:1:5 4:7164 95 ;76 53;1;6 479164
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Wdeoh ;
JDUS ylrodwlrqv

Qxpehu ri Rplwwhg Qxpehu ri Qxpehu ri JDUS Qxpehu ri JDUS Qx
rplwwhg vlwxdwlrqv vlwxdwlrqv JDUS ylrodwlrqv= udqgrp ylrodwlrqv= udqgrp ylr

ylrodwlrqv +(, prqh| fkrlfh +(, prqh| fkrlfh e, +(, jr
3 Û 68 +5<, 59176 +55, 6418< +59,
4 4vw 54 +4;, 4:15< +47, 531:3 +4:,

5qg 55 +4;, 4:13: +47, 5414< +4;,
6ug 5: +56, 4:133 +47, 531;3 +4:,
7wk 5; +56, 4:173 +48, 531;6 +4:,
8wk 54 +4;, 49196 +47, 53157 +4:,

5 4vw/5qg 43 +;, <14: +;, 4419< +43,
4vw/6ug 47 +45, <154 +;, 44156 +<,
4vw/7wk 4: +47, <19: +;, 44186 +43,
4vw/8wk ; +:, ;1<5 +:, 431:5 +<,
5qg/6ug 47 +45, <159 +:, 4415< +<,
5qg/7wk 47 +45, <15< +;, 441;6 +43,
5qg/8wk 43 +;, ;1:9 +:, 44156 +<,
6ug/7wk 4< +49, <158 +;, 4416< +43,
6ug/8wk 49 +46, ;1:4 +:, 431;: +<,
7wk/8wk 46 +44, <153 +;, 431;6 +<,

6 4vw/5qg/6ug 7 +6, 616< +6, 61;9 +6,
4vw/5qg/7wk : +9, 6187 +6, 71:4 +7,
4vw/5qg/8wk 5 +5, 51<5 +5, 61<: +6,
4vw/6ug/7wk < +;, 616< +6, 7168 +7,
4vw/6ug/8wk 7 +6, 6137 +6, 61;9 +6,
4vw/7wk/8wk 7 +6, 6175 +6, 6195 +6,
5qg/6ug/7wk 9 +8, 6156 +6, 714< +7,
5qg/6ug/8wk 9 +8, 614: +6, 61<6 +6,
5qg/7wk/8wk 7 +6, 6156 +6, 7146 +6,
6ug/7wk/8wk : +9, 6149 +6, 61:: +6,

6:



Wdeoh <
JDUS+h, ylrodwlrqv

h JDUS+h, +(, Udqgrp prqh| fkrlfh +(, Udqgrp jrrg fkrlfh +(,
4 68 +5<, 59176 +55, 9<1<4 +8;,

31<< 63 +58, 53155 +4:, 8<17: +83,
31<; 5: +56, 48176 +46, 7<1<3 +75,
31<: 57 +53, 44153 +<, 7414; +67,
31<9 54 +4;, :1;; +:, 661;5 +5;,
31<8 4; +48, 819; +8, 5:195 +56,
31<7 47 +45, 61<8 +6, 55167 +4<,
31<6 46 +44, 51<4 +5, 4:1;5 +48,
31<5 43 +;, 513; +5, 47164 +45,
31<4 : +9, 416; +4, 44167 +<,
31<3 9 +8, 4137 +4, ;1<9 +:,

Wdeoh 43
Orjlw uhjuhvvlrqv rq jdus

Yduldeoh H{shulphqw 4 H{shulphqw 5
Djh 031338 +0314:7, 03136: +04178<,
Jhqghu 031968 +031:97, 414;< +41:;8,
Vl}h krxvhkrog 31:38 +418:4, 3147< +318::,
Lqfrph 3133< +314:7, 3136: +31:33,
Exgjhw ohyho 031363 +0315;6, 31335 +3135;,
Fdofxodwlrq wlph 4vw vlwxdwlrq 31336 +414;5, 31335 +31:<5,
Fdofxodwlrq wlph 5qg vlwxdwlrq 031348 +05189:, 031335 +031737,
Fdofxodwlrq wlph 6ug vlwxdwlrq 03133: +041933, 031339 +031;;9,
Fdofxodwlrq wlph 7wk vlwxdwlrq 31354 +5155;, 3133: +31<93,
Fdofxodwlrq wlph 8wk vlwxdwlrq 031336 +031:48, 03133: +031;:6,
Frqvwdqw 316;6 +31565, 31:9< +31885,
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