
Udqgrpl}hg Txdvl0Prqwh Fduor Phwkrgv lq
Sulflqj Vhfxulwlhv

Jlud| Ùnwhqú|dqg Zduuhq Hdvwpdq}

Wrgd| txdvl0Prqwh Fduor phwkrgv duh xvhg vxffhvvixoo| lq frpsxwdwlrqdo ?qdqfh
dqg hfrqrplfv dv dq dowhuqdwlyh wr wkh Prqwh Fduor phwkrg1 Rqh gudzedfn ri
wkhvh phwkrgv/ krzhyhu/ lv wkh odfn ri d sudfwlfdo zd| ri huuru hvwlpdwlrq1 Wr
dgguhvv wklv lvvxh vhyhudo uhvhdufkhuv lqwurgxfhg wkh vr0fdoohg udqgrpl}hg
txdvl0Prqwh Fduor phwkrgv lq wkh odvw ghfdgh1 Lq wklv sdshu zh zloo suhvhqw d
vxuyh| ri udqgrpl}hg txdvl0Prqwh Fduor phwkrgv/ dqg frpsduh wkhlu h!flhqflhv
zlwk wkh h!flhqf| ri wkh Prqwh Fduor phwkrg lq sulflqj fhuwdlq vhfxulwlhv1 Zh
zloo dovr lqyhvwljdwh wkh h>hfwv ri Er{0Pxoohu dqg lqyhuvh wudqvirupdwlrq
whfkqltxhv zkhq wkh| duh dssolhg wr orz0glvfuhsdqf| vhtxhqfhv1
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4 Lqwurgxfwlrq

Lq uhfhqw |hduv/ txdvl0Prqwh Fduor phwkrgv kdyh hqmr|hg lqfuhdvlqj srsxodu0
lw| dprqj uhvhdufkhuv lq ?qdqfh dqg hfrqrplfv1 Wkh| kdyh ehhq xvhg dv dq
dowhuqdwlyh wr Prqwh Fduor vlpxodwlrq lq d ydulhw| ri ?qdqfldo sureohpv/ iru
h{dpsoh/ lq sulflqj ?qdqfldo ghulydwlyhv +Sdvnry dqg Wudxe +4<<8,/ Wudxe
dqg Sdsdjhrujlrx +4<<9,/ Qlqrpl|d dqg Wh}xnd +4<<9,/ Mr| hw1 do1 +4<<9,/
Er|oh hw1 do1 +4<<:,/ Fd lvfk hw do1 +4<<:,/ Rzhq dqg Wdyhood +4<<:,/ Ilvk0
pdq hw1 do1 +4<<:,/ Jdodqwl dqg Mxqj +4<<:,,/ dqg lq hfrqrphwulf prghov
+Jùjjhopdqq hw1 do1 +5333,/ Ol dqg Zlqnhu +5336,,1 Dqrwkhu whvwdphqw wr
wkh jurzlqj srsxodulw| ri wkhvh phwkrgv lv wkhlu lqfoxvlrq lq uhfhqw lqwurgxf0
wru| wh{werrnv lq ?qdqfh dqg hfrqrplfv +Mxgg +4<<;,/ Mdfnvrq dqg Vwdxqwrq
+5334,,1 Dv d uhvxow ri wklv jurzlqj lqwhuhvw e| uhvhdufkhuv dv zhoo dv sudf0
wlwlrqhuv zrunlqj lq ?qdqfldo lqgxvwu|/ ydulrxv ?qdqfldo dqg pdwkhpdwlfdo
vriwzduh qrz lqfoxgh lpsohphqwdwlrqv ri txdvl0Prqwh Fduor phwkrgv41

Txdvl0Prqwh Fduor phwkrgv xvh wkh vr0fdoohg orz0glvfuhsdqf| vhtxhqfhv
lq vlpxodwlqj wkh xqghuo|lqj prgho/ lq frqwudvw wr wkh svhxgrudqgrp vh0
txhqfhv xvhg e| Prqwh Fduor1 Orz0glvfuhsdqf| vhtxhqfhv gr qrw dwwhpsw wr
orrn 3udqgrp4> wkh| duh ghwhuplqlvwlf vhtxhqfhv ghvljqhg wr kdyh wkh ehvw
xqliruplw|/ ru hyhqqhvv/ lq wkhlu grpdlq ri gh?qlwlrq1 Wkh uhdvrq iru lqfuhdv0
lqj lqwhuhvw lq txdvl0Prqwh Fduor phwkrgv lv wkdw wkh hvwlpdwhv wkh| surgxfh
duh lq jhqhudo pruh dffxudwh wkdq wkh hvwlpdwhv surgxfhg e| vwdqgdug Prqwh
Fduor1 Lqghhg/ wkh txdvl0Prqwh Fduor hvwlpdwhv frqyhujh wr wkh wuxh vroxwlrq
ri wkh sureohp zlwk ïEù3�E*L}ùägä +g lv wkh 3glphqvlrq4 ri wkh sureohp
dqg ù lv wkh qxpehu ri vdpsohv/ ru/ udqgrp zdonv/ jhqhudwhg, zkhuhdv wkh
Prqwh Fduor frqyhujhqfh udwh lv rqo| ïEù3�*2ä1 Wklv lv fhuwdlqo| d ghvludeoh
ihdwxuh/ frqvlghulqj wkdw wkh sulpdu| remhfwlyh ri vlpxodwlrq lv wr rewdlq dq
dssur{lpdwh vroxwlrq wr d sureohp wkdw fdqqrw eh vroyhg dqdo|wlfdoo|1 Iru
dq lq0ghswk glvfxvvlrq ri orz0glvfuhsdqf| vhtxhqfhv dqg txdvl0Prqwh Fduor
phwkrgv/ zh uhihu wkh uhdghu wr wkh prqrjudsk ri Qlhghuuhlwhu +4<<5,1

Wkhuh lv/ krzhyhu/ d gudzedfn ri wkh txdvl0Prqwh Fduor phwkrg= do0
wkrxjk lwv hvwlpdwhv/ lq jhqhudo/ duh pruh dffxudwh wkdq Prqwh Fduor hvwl0

4H{dpsohv ri jhqhudo pdwkhpdwlfdo dqg ?qdqfldo vriwzduh duh Pdwkhpdwlfd/ Jdxvv
oleudu| OleJUR +kwws=22jur1fuhglwo|rqqdlv1iu2frqwhqw2ug2krphbjdxvv1kwp,/ dqg V0Soxv
+V.IlqPhwulfv prgxoh rq hfrqrphwulf dqdo|vlv lv fxuuhqwo| xqghu ghyhorsphqw,1 Lq dg0
glwlrq/ ydulrxv frpphufldo ?qdqfldo vriwzduh xvh wkhvh phwkrgv lq rswlrq sulflqj dqg
YdU fdofxodwlrqv +Fdplqxv Dgydqfhg Ulvn Dqdo|wlfv/ TxdqwUlvn1frp/ Txdguxv Ilqdqfldo
Vriwzduh/ IlqGhu,1
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pdwhv/ wkhuh lv qr sudfwlfdo zd| ri dvvhvvlqj wkdw dffxudf|1 Lq rwkhu zrugv/
wkh txdvl0Prqwh Fduor phwkrg surylghv xv zlwk d vlqjoh hvwlpdwh zklfk vdw0
lv?hv dq huuru erxqg vpdoohu wkdq wkh Prqwh Fduor huuru erxqg/ exw wkh
phwkrg grhv qrw surylgh xv zlwk d sudfwlfdo zd| ri phdvxulqj wkh dfwxdo
huuru ri wkdw hvwlpdwh1 Lq wkh Prqwh Fduor phwkrg/ rq wkh rwkhu kdqg/ zh
fdq vlpso| xvh wkh vwdqgdug ghyldwlrq ri d qxpehu ri hvwlpdwhv dv d phdvxuh
ri huuru1 Wr dgguhvv wklv gudzedfn ri wkh txdvl0Prqwh Fduor phwkrg/ vhy0
hudo uhvhdufkhuv lq wkh odvw ghfdgh ru vr lqwurgxfhg udqgrpl}hg yhuvlrqv ri
txdvl0Prqwh Fduor phwkrgv +vhh/ iru h{dpsoh/ O*Hfx|hu dqg Ohplhx{ +5335,
iru d glvfxvvlrq, wkdw zrxog eh dphqdeoh wr d vwdwlvwlfdo huuru dqdo|vlv/ |hw
hdfk hvwlpdwh zrxog eh dw ohdvw dv dffxudwh dv wkh ruljlqdo txdvl0Prqwh Fduor
phwkrg1 D sduwlfxodu udqgrpl}hg txdvl0Prqwh Fduor phwkrg/ wkh vfudpeohg
E|c6cgä0qhwv dqg E|cgä0vhtxhqfhv/ zdv glvfxvvhg lq d uhfhqw sdshu e| Wdq
dqg Er|oh +5333,1 Wklv sdshu zdv olplwhg wr rqo| rqh udqgrpl}hg txdvl0
Prqwh Fduor phwkrg/ dqg lw glg qrw dgguhvv dq lvvxh frpprqo| udlvhg e|
?qdqfldo hqjlqhhuv= zkhwkhu wkh dgydqwdjhv ri +udqgrpl}hg, txdvl0Prqwh
Fduor phwkrgv e| wkh zd| ri lqfuhdvhg dffxudf| +uhgxfhg yduldqfh ri hvwl0
pdwhv, duh rxwzhljkhg e| wkh vxevwdqwldo lqfuhdvh lq frpsxwlqj wlph1 Wkh
uhdvrq iru wklv frqfhuq lv zhoo mxvwl?hg vlqfh d w|slfdo orz0glvfuhsdqf| vh0
txhqfh lv frpsxwdwlrqdoo| pruh h{shqvlyh wr jhqhudwh wkdq d svhxgrudqgrp
vhtxhqfh1

Lq wklv sdshu zh zloo suhvhqw d ghwdlohg vxuyh| ri udqgrpl}hg txdvl0Prqwh
Fduor phwkrgv dqg hydoxdwh wkhlu h!flhqflhv lq wkh frqwh{w ri dq rswlrq
sulflqj prgho1 Rxu remhfwlyh lv wr jlyh d fohdu ghvfulswlrq ri wkh xqghuo|0
lqj lghdv vr wkdw wkh uhdghu fdq lpsohphqw wkh phwkrg ri klv2khu fkrlfh lq
wkh frpsxwhu zlwkrxw pxfk gl!fxow|1 Wkh h!flhqf| frpsdulvrqv zloo eh
pdgh zkhq wkh udqgrpl}hg phwkrgv duh xvhg wr sulfh Hxurshdq dqg Dvldq
rswlrqv1 Zh fkrrvh wkhvh vlpsoh rswlrqv iru wkh iroorzlqj uhdvrqv= +l, wkh|
kdyh dqdo|wlfdo vroxwlrqv vr zh fdq frpsduh dfwxdo huuru surgxfhg e| gl>hu0
hqw vlpxodwlrq phwkrgv/ +ll, wkh| kdyh ehhq xvhg dv ehqfkpdun sureohpv e|
pdq| uhvhdufkhuv lq wkh sdvw/ surylglqj d vrxufh ri qxphulfdo uhvxowv wkdw fdq
eh xvhg wr dvvhvv wkh h>hfwlyhqhvv ri d qhzo| lqwurgxfhg vlpxodwlrq phwkrg/
dqg +lll, wkh| duh wkh exloglqj eorfnv ri pruh frpsolfdwhg lqvwuxphqwv vxfk
dv edvnhw rswlrqv1 Wkh vwudwhj| ri xvlqj vlpsoh prghov wkdw kdyh dqdo|w0
lfdo vroxwlrqv lq xqghuvwdqglqj dqg ghyhorslqj qxphulfdo phwkrgv dsshduv
lq d qxpehu ri ?hogv/ lqfoxglqj pdfurhfrqrplfv/ zkhuh wkh Fdvv0Nrrspdqv
rqh0vhfwru/ vwrfkdvwlf jurzwk prgho lq d frpsohwh pdunhwv vhwwlqj lv xvhg
lq ghyhorslqj qxphulfdo vroxwlrq phwkrgv wkdw duh vxevhtxhqwo| dssolhg lq
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pruh frpsolfdwhg hqylurqphqwv51
Wkh h!flhqf| ri d vlpxodwlrq phwkrg lv gh?qhg dv wkh surgxfw ri wkh

vwdqgdug ghyldwlrq ri wkh hvwlpdwhv lw surgxfhv dqg wkh h{hfxwlrq wlph1 E|
frpsdulqj wkh h!flhqflhv ri udqgrpl}hg txdvl0Prqwh Fduor phwkrgv zlwk
wkh Prqwh Fduor phwkrg/ zh zloo vhh li rqh lv uhdoo| ehwwhu r> xvlqj wkhvh
3h{shqvlyh4 phwkrgv/ ru vlpso| vkrxog uxq d orqjhu Prqwh Fduor vlpxodwlrq1
Lq wkh olwhudwxuh/ wkh Prqwh Fduor phwkrg lv riwhq uhjdughg dv d jhqhulf
phwkrg zkhuh wkh xqghuo|lqj svhxgrudqgrp jhqhudwru lv ri olwwoh vljql?fdqfh
+wkh qdph ri wkh svhxgrudqgrp jhqhudwru lv qrw hyhq phqwlrqhg lq prvw ri
wkh vwxglhv,1 Krzhyhu/ qrw doo svhxgrudqgrp jhqhudwruv duh fuhdwhg htxdo/
dqg wkhuh lv pxfk yduldwlrq lq h{hfxwlrq wlph dqg xqliruplw| surshuwlhv ri
gl>huhqw jhqhudwruv$ Iru wklv uhdvrq/ zh zloo lqfoxgh wzr srsxodu svhxgrudq0
grp jhqhudwruv/ gudqg dqg ww;33/ dqg wuhdw wkhp vhsdudwho| lq rxu qxphulfdo
uhvxowv1

Zh zloo dovr lqyhvwljdwh wkh xvh ri wzr wudqvirupdwlrq whfkqltxhv/ Er{0
Pxoohu phwkrg dqg d yduldqw ri wkh lqyhuvh wudqvirup phwkrg nqrzq dv
Prur*v phwkrg/ lq jhqhudwlqj qrupdo yduldwhv1 Rxu qxphulfdo uhvxowv vkrz
wkdw Er{0Pxoohu surgxfhv hvwlpdwhv zlwk ehwwhu vwdwlvwlfdo dffxudf| wkdq
Prur*v phwkrg/ zklfk frqwudglfwv wkh ironoruh wkdw Er{0Pxoohu vkrxog eh
dyrlghg +Mr| hw do1 +4<<9,/ Wdq dqg Er|oh +5333,,1

5 Udqgrpl}hg txdvl0Prqwh Fduor phwkrgv

Lw lv frqyhqlhqw wr ghvfuleh udqgrpl}hg txdvl0Prqwh Fduor phwkrgv lq wkh
frqwh{w ri qxphulfdo txdgudwxuh uxohv/ zkhuh wkh sureohp lq kdqg lv wkh
hvwlpdwlrq ri wkh lqwhjudo

U '
]
dfc�äg

sE%ä_%é

Erwk Prqwh Fduor dqg txdvl0Prqwh Fduor phwkrgv hvwlpdwh wklv lqwhjudo
xvlqj vxpv ri wkh irup

�

ù

ù[
?'�

sEqE?ää

5Iru h{dpsoh/ vhh ghq Kddq dqg Pdufhw +4<<3, dqg wkh rwkhu sdshuv lq wkh vshfldo
lvvxh ri Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv 4<<3 +Yroxph ;,1
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zkhuh qE?ä lv d g0glphqvlrqdo udqgrp yhfwru iurp wkh xqlirup glvwulexwlrq
rq Efc �äg lq wkh fdvh ri wkh Prqwh Fduor phwkrg/ dqg wkh ?wk whup ri d
g0glphqvlrqdo orz0glvfuhsdqf| vhtxhqfh lq wkh txdvl0Prqwh Fduor phwkrg1

Lq udqgrpl}hg txdvl0Prqwh Fduor/ zh frqvlghu d idplo| ri g0glphqvlrqdo
vhtxhqfhv qü lqgh{hg e| wkh udqgrp sdudphwhu üé Wklv lq wxuq |lhogv d idplo|
ri txdgudwxuh uxohv

'Eqüä '
�

ù

ù[
?'�

sEqE?äü ä

dqg wkh pdlq uhvhdufk sureohp lv wkh vwxg| ri wkh glvfuhsdqf| ri wkh vhtxhqfh
qüc dqg wkh h{shfwhg ydoxh dqg yduldqfh ri 'Eqüäé Wkh +vwdu0, glvfuhsdqf|
ri wkh ?uvw ù whupv ri wkh vhtxhqfh qü lv gh?qhg dv

(W
ùEqüä ' týT

kMdfc�äg

ñññññøùEdfc kääù
ý k� ü ééé ü kg

ñññññ
zkhuh k ' Ek�c éééc kgä dqg øùEdfc kää lv wkh qxpehu ri hohphqwv qE�äü c éééc q

Eùä
ü

wkdw ehorqj wr wkh lqwhuydo dfc kä ' dfc k�ä û ééé û dfc kgäé Lqwxlwlyho|/ wkh
glvfuhsdqf| ri d vhtxhqfh phdvxuhv lwv ghyldwlrq iurp wkh 3lghdo4 glvwulexwlrq
lw lv vxssrvhg wr iroorz1 Zh zdqw wkh glvfuhsdqf| wr eh dv vpdoo dv srvvleoh/
vlqfh wkh dffxudf| ri rxu txdgudwxuh uxoh ghshqgv rq lw e| wkh Nrnvpd0
Kodznd lqhtxdolw|

m'Eqüäý Um é TMgEsä(W
ùEqüäé

Wklv lqhtxdolw| vxjjhvwv wkdw wkh txdgudwxuh uxoh lv pruh dffxudwh li wkh
whupv TMgEsä dqg (W

ù Eqüä duh vpdoohu1 Wkh ?uvw whup/ TMgEsäc lv wkh ydul0
dwlrq ri s lq wkh vhqvh ri Kdug| dqg Nudxvh +vhh Qlhghuuhlwhu +4<<5, iru
lwv gh?qlwlrq,1 Wklv whup phdvxuhv wkh yduldelolw| lq wkh ixqfwlrq ydoxhv/
zkhuhdv wkh glvfuhsdqf| whup phdvxuhv wkh yduldelolw| ri wkh xqghuo|lqj vh0
txhqfh +wkh qrghv, iurp wkh lghdo glvwulexwlrq1 Wkh dffxudf| ri d txdvl0
Prqwh Fduor txdgudwxuh uxoh fdq eh lpsuryhg e| 3uhzulwlqj4 wkh ixqfwlrq
vr wkdw wkh yduldwlrq whup lv uhgxfhg/ ru e| frqvwuxfwlqj vhtxhqfhv wkdw kdyh
vpdoohu glvfuhsdqf|1 Lq wklv sdshu zh zloo eh prvwo| frqfhuqhg zlwk wkh odwwhu
dssurdfk1 D glvfxvvlrq ri yduldwlrq uhgxfwlrq phwkrgv fdq eh irxqg lq Ùnwhq
+4<<<,1 Zh dovr qrwh wkdw wkhuh duh ydulrxv jhqhudol}dwlrqv ri glvfuhsdqf|
dqg wkh Nrnvpd0Kodznd lqhtxdolw| +vhh Klfnhuqhoo +5333, iru ydulrxv qrwlrqv
ri glvfuhsdqf|,/ dqg rqh jhqhudol}dwlrq zloo eh jlyhq odwhu lq wkh sdshu +vhh
Gh?qlwlrq 8,1
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Lq jhqhudo/ wkh txdgudwxuh uxohv lqgh{hg e| wkh udqgrp sdudphwhu ü duh
xqeldvhg/ l1h1/

.d'Eqüäo ' U

dqg U lv hvwlpdwhg e| wkh vdpsoh phdq

'Eqü�ä n ééén'Eqü� ä

�
é

Wkh udqgrp sdudphwhu ü zloo w|slfdoo| kdyh xqlirup glvwulexwlrq rq Efc �äg c
dqg ü�c éééc ü� duh lqghshqghqw vdpsohv iurp ü1

514 Vfudpeohg +w/p/N,0qhwv dqg +w/N,0vhtxhqfhv

Lq wkh wkhru| ri txdvl0Prqwh Fduor phwkrgv/ d glvwlqfwlrq lv pdgh ehwzhhq
lq?qlwh vhtxhqfhv ri srlqwv dqg ?qlwh srlqw vhwv +qhwv,1 Frqvwuxfwlqj d ?0
qlwh srlqw vhw ri vl}h ù zlwk d vpdoo glvfuhsdqf| (W

ù lv lq d zd| vlpsohu
wkdq frqvwuxfwlqj dq lq?qlwh vhtxhqfh ri srlqwv zkhuh wkh ?uvw ù whupv
kdyh vpdoo glvfuhsdqf| frqvlvwhqwo| dv ù ydulhv1 Rqh sduwlfxodu w|sh ri
orz0glvfuhsdqf| qhwv dqg vhtxhqfhv lv wkh vr0fdoohg E|c6cgä0qhwv dqg E|cgä0
vhtxhqfhv +Qlhghuuhlwhu +4<<5,,1 Lq wklv vhfwlrq zh zloo glvfxvv d phwkrg
fdoohg vfudpeohg qhwv dqg vhtxhqfhv/ lqwurgxfhg e| Rzhq +4<<8,1 Wkh phwkrg
wdnhv d E|cgä0vhtxhqfh +ru/ d qhw,/ fdoo lw qc dqg frqvwuxfwv d udqgrpl}hg
yhuvlrq ri lw/ fdoo lw qüc e| dq hoderudwh dojrulwkp wkdw udqgrpo| vfudpeohv
wkh gljlwv ri wkh qxpehuv lq q1 Zh zloo h{sodlq krz wklv dojrulwkp zrunv e|
jlylqj vlpsoh h{dpsohv wkdw zloo looxvwudwh wkh xqghuo|lqj lghdv1 Iru ixuwkhu
ghwdlov/ wkh uhdghu vkrxog frqvxow Rzhq +4<<8,/ Rzhq +4<<:d,/ dqg Rzhq
+4<<:e,1 Zh dovr qrwh wkdw wklv phwkrg zdv wkh phwkrg frqvlghuhg e| Wdq
dqg Er|oh +5333,1

Ohw g è �c K è 2 eh lqwhjhuv1 Dq hohphqwdu| lqwhuydo lq edvh K lv d
vxelqwhuydo ri dfc �äg ri wkh irup

g\
æ'�

é
@æ
K_æ
c
@æ n �

K_æ

ê

zkhuh lqwhjhuv @æ c _æ vdwlvi| _æ è f dqg f é @æ ÷ K_æ é Iru f é | é 6c d
?qlwh vhtxhqfh ri K6 srlqwv lq dfc �äg lv d E|c6cgä0qhw lq edvh K li hyhu|
hohphqwdu| lqwhuydo lq edvh K ri yroxph K|36 frqwdlqv h{dfwo| K| srlqwv ri wkh
vhtxhqfh1 Dq lq?qlwh vhtxhqfh ri srlqwv ^�c ^2c ééé lv fdoohg d E|cgä0vhtxhqfh
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lq edvh K li wkh ?qlwh vhtxhqfh ^&K6n�c éééc ^E&n�äK6 lv d E|c6cgä0qhw lq edvh K
iru doo & è f dqg 6 è |é Wkhuh duh vhyhudo phwkrgv ri frqvwuxfwlqj qhwv dqg
vhtxhqfhv/ dqg vrph ri wkhvh frqvwuxfwlrqv jlyh wkh vr0fdoohg ydq ghu Frusxw
vhtxhqfh/ Vrero* vhtxhqfh/ Idxuh vhtxhqfh/ dqg Qlhghuuhlwhu vhtxhqfh61 D
ghwdlohg lqyhvwljdwlrq ri wkh frqvwuxfwlrq ri qhwv dqg vhtxhqfhv lv jlyhq e|
Qlhghuuhlwhu +4<<5,1

Wkh pdlq remhfwlyh lq wkh txdvl0Prqwh Fduor wkhru| lv wr ?qg wkh ehvw
zd| wr jhqhudwh srlqwv lq dfc �äg dv hyhqo| dv srvvleoh1 Hyhqqhvv lv phdvxuhg
e| wkh glvfuhsdqf| ri wkh vhtxhqfh +ru/ qhw/ li zh rqo| jhqhudwh d ?qlwh vhw ri
srlqwv,1 Lq frqwudvw/ udqgrpqhvv lv wkh nh| qrwlrq lq wkh Prqwh Fduor wkhru|/
dqg wkh pdlq remhfwlyh wkhuh lv wr ?qg wkh ehvw zd| wr jhqhudwh srlqwv wkdw
orrn udqgrp1 Lqwxlwlyho|/ zh fdq dfklhyh hyhqqhvv li rxu txdvl0Prqwh Fduor
srlqwv duh jhqhudwhg lq vxfk d zd| wkdw wkhuh duh qr odujh jdsv/ ru yroxphv lq
dfc �ägc wkdw gr qrw frqwdlq d srlqw1 Lq rwkhu zrugv/ li zh wklqn ri dfc �äg dv d
uhjlrq frpsrvhg ri vpdoohu 3exloglqj eorfnv4 +wkh hohphqwdu| lqwhuydov, wkhq
zh zdqw wr kdyh wkh 3uljkw4 sursruwlrq ri srlqwv lq hdfk exloglqj eorfn1 Wr
ghyhors dq lqwxlwlyh xqghuvwdqglqj ri wklv/ zh zloo qrz h{dplqh sorwv ri txdvl0
Prqwh Fduor qhwv lq glphqvlrq 5/ wrjhwkhu zlwk wkh hohphqwdu| lqwhuydov1 Lq
Iljxuh 4 zh sorw d Efc ôc 2ä0qhw lq edvh 5/ dqg lq Iljxuh 5 zh sorw wkh qhw
wrjhwkhu zlwk wkh hohphqwdu| lqwhuydov ri duhd 23ô wr looxvwudwh wkdw h{dfwo|
rqh srlqw +wkhuh duh hljkw srlqwv wrwdo dqg hljkw hohphqwdu| lqwhuydov/ vr wkh
3uljkw4 sursruwlrq lv rqh srlqw iru hdfk lqwhuydo, idoov lq hyhu| hohphqwdu|
lqwhuydo1 Wkh frruglqdwhv ri wkh srlqwv lq wkh Efc ôc 2ä0qhw dqg wkhlu edvh 5
ghflpdo h{sdqvlrqv duh jlyhq lq Wdeoh 41í
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6Frpsxwhu frghv lpsohphqwlqj wkhvh orz0glvfuhsdqf| vhtxhqfhv fdq eh irxqg dw
zzz1pftpf1ruj1
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Iljxuh 4= Efc ôc 2ä0qhw lq edvh 5

Zh qrz ghvfuleh Rzhq*v udqgrpl}dwlrq phwkrg xvlqj rxu Efc ôc 2ä0qhw1
Wkh ?uvw vwhs lv wr 3vfudpeoh4 wkh ?uvw frruglqdwhv1 Wklv lv grqh e| slfnlqj
d udqgrp shupxwdwlrq ri wkh gljlwv ifc �j( vd| f $ � dqg � $ fc dqg wkhq
dsso|lqj wklv shupxwdwlrq wr wkh ?uvw gljlw ri wkh %0frruglqdwhv wr jhw=í
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Wkh qhz gljlwv duh w|shg lq erog lq Wdeoh 5/ dqg wkh qhz srlqw vhw lv sorwwhg
lq Iljxuh 61 Frpsdulvrq ri Iljxuhv 4 dqg 6 vkrzv wkdw shupxwlqj wkh ?uvw
gljlw kdv wkh h>hfw ri vzdsslqj wkh wzr kdoi0uhfwdqjohv +dfc �*2o û dfc �o dqg
d�*2c �oû dfc �oä lq wkh ruljlqdo qhw1

Wkh qh{w vwhs zloo xvh wzr udqgrp shupxwdwlrqv wr vfudpeoh wkh vhfrqg
gljlwv1 Dvvxph wkdw wkh ?uvw shupxwdwlrq lv f $ � dqg � $ f/ dqg wkh



Udqgrpl}hg Txdvl0Prqwh Fduor Phwkrgv lq Sulflqj Vhfxulwlhv ;

Iljxuh 5= Hohphqwdu| lqwhuydov ri duhd �*Hé

vhfrqg shupxwdwlrq lv wkh lghqwlw| shupxwdwlrq f $ f dqg � $ �1 Zh zloo
xvh wkh ?uvw shupxwdwlrq wr vfudpeoh wkrvh qxpehuv zkrvh ?uvw gljlwv duh 3
lq Wdeoh 5 +ru/ zkrvh gljlwv duh 4 lq Wdeoh 4,1 Vhh Wdeoh 6 zkhuh wkh qhz
gljlwv duh w|shg lq erog1 Jhrphwulfdoo|/ wkh h>hfw ri wklv shupxwdwlrq lv wr



Udqgrpl}hg Txdvl0Prqwh Fduor Phwkrgv lq Sulflqj Vhfxulwlhv <

Iljxuh 6= Vfudpeolqj wkh ?uvw gljlwv1

vzds wkh uhfwdqjohv dfc �*eoû dfc �o dqg d�*ec �*2oû dfc �o lq Iljxuh 61
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Wkh vhfrqg shupxwdwlrq lv wkhq dssolhg wr wkrvh qxpehuv lq Wdeoh 5 zkrvh
?uvw gljlwv duh 41 Vlqfh wkh vhfrqg shupxwdwlrq lv wkh lghqwlw| shupxwdwlrq/
wklv grhv qrw fkdqjh dq|wklqj1 Zh rewdlq Iljxuh 7 diwhu wkh vfudpeolqj ri
wkh ?uvw 5 gljlwv1

Li zh frqwlqxh wklv surfhvv xqwlo doo gljlwv duh vfudpeohg/ dqg wkhq vfudp0
eoh wkh +0frruglqdwhv ri srlqwv lq d vlplodu pdqqhu/ wkhq zh rewdlq d vfudp0
eohg yhuvlrq ri wkh Efc ôc 2ä0qhw1 Krzhyhu/ lq d sudfwlfdo frpsxwdwlrq/ rqh fdq
rqo| vfudpeoh d ?qlwh qxpehu ri gljlwv &W1 Rzhq +4<<8, pdnhv wkh iroorzlqj
vxjjhvwlrqv= Zkhq vfudpeolqj d E|c6cgä0qhw/ wdnh &W odujh hqrxjk vr wkdw
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Iljxuh 7= Vfudpeolqj wkh vhfrqg gljlwv1

K3&
W
lv vpdoo frpsduhg wr wkh huuru lq dssur{lpdwlqj uhdo qxpehuv rq wkh

frpsxwhu/ ru ohw &W ' � li dw prvw K� srlqwv zloo eh hyhu xvhg +zlwk vrph
dgglwlrqdo prgl?fdwlrqv lq wkh odwwhu fkrlfh,1 Wkh qxpehu ri shupxwdwlrqv
qhhghg wr vfudpeoh d E|c6cgä0qhw lq edvh K lv wkhqgûE�nKnééénK&Wäé Wklv
qxpehu ehfrphv yhu| odujh txlfno|/ dqg fdxvhv frpsxwdwlrqdo gl!fxowlhv/ iru
odujh gc Kc ru &Wé

Lq rughu wr xvh vfudpeohg qhwv dqg vhtxhqfhv lq kljk0glphqvlrqdo rswlrq
sulflqj sureohpv/ Wdq dqg Er|oh +5333, vxjjhvwhg d prgl?fdwlrq ri Rzhq*v
dojrulwkp lq zklfk rqh zrxog vfudpeoh rqo| d vpdoo qxpehu ri gljlwv &c dqg
wkhq xvh wkh odvw udqgrp shupxwdwlrqv jhqhudwhg wr vfudpeoh wkh uhvw ri wkh
gljlwv1 Wkh| fdoohg wklv dssurdfk 3ohyho & udqgrpl}dwlrq41 Zh zloo xvh wklv
udqgrpl}dwlrq dssurdfk lq rxu qxphulfdo zrun lq Vhfwlrq 671

Ohw qü ghqrwh d vfudpeohg E|cgä0vhtxhqfh lq edvh K1 Rzhq +4<<8, suryhg

Wkhruhp 4 Wkh vfudpeohg vhtxhqfh qü lv d E|cgä0vhtxhqfh lq edvh K zlwk
suredelolw| 41 Ixuwkhupruh wkh uhvxowlqj txdgudwxuh uxohv vdwlvi|
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7Wkh zd| zh jhqhudwh shupxwdwlrqv lv dgdswhg iurp d frpsxwhu lpsohphqwdwlrq
ri wkh vfudpeolqj dojrulwkp zulwwhq e| Kr}xpl Prurkrvl +kwws=22zzz1plvrmlur1w1x0
wrn|r1df1ms2�prurkrvl2uhvhdufkH1kwpo,1
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Dgglwlrqdo surshuwlhv ri vfudpeohg qhwv dqg vhtxhqfhv duh hvwdeolvkhg e|
Rzhq +4<<: d/e,/ Klfnhuqhoo +4<<9,/ dqg Klfnhuqhoo ) Krqj +4<<<,1 Wkhvh
uhvxowv surylgh fhuwdlq lpsuryhphqwv ri wkh suhylrxv wkhruhp1 Iru h{dpsoh/
iru 3vprrwk4 ixqfwlrqv Rzhq +4<<:e, vkrzv wkdw wkh yduldqfh ri wkh txdgud0
wxuh uxoh edvhg rq vfudpeohg qhwv fdq eh dv vpdoo dv ï

í
ù3ôE*L}ùäg3�

ì
1 D

fhqwudo olplw wkhruhp iru ixoo| vfudpeohg qhwv zdv suryhg e| Ork +4<<9,1

515 Udqgrp gljlw0vfudpeolqj

Rzhq*v vfudpeolqj phwkrg/ dv zh glvfxvvhg lq wkh suhylrxv vhfwlrq/ lv frp0
sxwdwlrqdoo| yhu| ghpdqglqj1 Pdwrxµhn +4<<;, lqwurgxfhg dq dowhuqdwlyh
vfudpeolqj dssurdfk zklfk lv h!flhqw/ dqg |hw vdwlv?hv vrph ri wkh wkhruhw0
lfdo surshuwlhv ri Rzhq*v vfudpeohg qhwv dqg vhtxhqfhv1 Wkh lghd lv wr olplw
wkh dprxqw ri udqgrpqhvv lq Rzhq*v phwkrg lq uhwxuq iru h!flhqf|1 Lqvwhdg
ri jhqhudwlqj lqghshqghqw shupxwdwlrqv iru hyhu| ydoxh ri wkh suhylrxv gljlwv/
zh zloo qrz jhqhudwh rqh shupxwdwlrq iru hdfk gljlw1 Iru h{dpsoh/ frqvlghu
wkh +3/6/5,0qhw lq Wdeoh 41 Wkhuh duh 9 gljlwv lq edvh 5 iru hdfk frruglqdwh1
Zh jhqhudwh 9 lqghshqghqw shupxwdwlrqv dw udqgrp wr vfudpeoh hdfk gljlw
ri wkh %0frruglqdwhv dqg dqrwkhu 9 shupxwdwlrqv iru wkh +0frruglqdwhv1 Vd|
wkh iroorzlqj shupxwdwlrqv duh vhohfwhg= )c ð_c ð_c )c ð_c )c ð_c ð_c ð_c )c )c ð_c
zkhuh ) lv wkh shupxwdwlrq wkdw vhqgv 3 wr 4 dqg 4 wr 3/ dqg ð_ lv wkh lghq0
wlw| shupxwdwlrq1 Zh wkhq dsso| wkh ?uvw 9 shupxwdwlrqv wr hdfk gljlw ri wkh
%0frruglqdwhv ri wkh srlqwv lq wkh qhw/ dqg wkh rwkhu 9 shupxwdwlrqv duh vlpl0
oduo| dssolhg wr wkh gljlwv ri wkh +0frruglqdwhv1 Iru h{dpsoh/ wkh %0frruglqdwh
ri wkh ?uvw srlqw lq Wdeoh 4 lv 3333341 Dsso|lqj wkh ?uvw 9 shupxwdwlrqv wr
wkh gljlwv zh rewdlq= )Efäc ð_Efäc ð_Efäc )Efäc ð_Efäc )E�ä ' �ff�ffé Wkh qh{w
9 shupxwdwlrqv dssolhg wr wkh +0frruglqdwh ri wkh vdph srlqw jlyhv 4433441
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Frqwlqxlqj wklv iru wkh rwkhu srlqwv ri wkh qhw zh rewdlq wkh iroorzlqj srlqwv=í
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Lq Iljxuh 8 zh sorw wkh qhz srlqw vhw1 Qrwlfh wkdw wkh qhw vwuxfwxuh lv
suhvhuyhg e| wkh shupxwdwlrqv1

Iljxuh 8= Udqgrp gljlw0vfudpeolqj

Pdwrxµhn +4<<;, fdoov wklv dssurdfk udqgrp gljlw vfudpeolqj1 Kh dovr
suhvhqwv d qxpehu ri h!flhqw zd|v wr jhqhudwh wkh shupxwdwlrqv1 Li zh
ghqrwh wkh æwk shupxwdwlrq wkdw lv dssolhg wr gljlw @æ e| Zæ c wkhq d vlpsoh
fkrlfh lv jlyhq e|

ZæE@æä ' ûæ@æ n }æ +4,

zkhuh ûæ 5 i�c 2c éééc Ký�j dqg }æ 5 ifc �c éééc Ký�j duh lqwhjhuv wr eh vhohfwhg
dw udqgrp dqg wkh dulwkphwlf lv grqh prgxor Ké Khuh K lv wkh sulph edvh ri
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wkh qhw1 Dqrwkhu fkrlfh lv jlyhq e|

ZæE@æä '
æ[
ð'�

ûðæ@ð n }æ c +5,

d yduldqw ri zklfk zdv xvhg e| Wh}xnd +4<<8, lq jhqhudwlqj 3jhqhudol}hg
Idxuh vhtxhqfhv41 Khuh wkh dulwkphwlf lv djdlq lq prgxor Kc }æ dqg ûðæEð ÷ æä
duh vhohfwhg dw udqgrp dqg lqghshqghqwo| iurp wkh xqlirup glvwulexwlrq rq
ifc �c éééc Ký �jc dqg ûææ duh vhohfwhg dw udqgrp dqg lqghshqghqwo| iurp wkh
xqlirup glvwulexwlrq rq i�c éééc Ký �jé Qrwh wkdw lq pdwul{ irup wklv htxdwlrq
fdq eh zulwwhq dv

ZE@ä ' MA@n }

zkhuh MA lv d qrqvlqjxodu orzhu0wuldqjxodu pdwul{1
Pdwrxµhn +4<<;, vkrzv wkdw erwk fkrlfhv ++4, dqg +5,, iru jhqhudwlqj shu0

pxwdwlrqv uhvxow lq vfudpeohg qhwv dqg vhtxhqfhv wkdw vdwlvi|/ lq sduwlfxodu/
wkh wkhruhwlfdo dqdo|vlv jlyhq lq Klfnhuqhoo +4<<9,/ dqg pdq| rwkhu vxevh0
txhqw vwxglhv dv phqwlrqhg lq Krqj dqg Klfnhuqhoo +5336,1 Wkhvh wkhruhwlfdo
uhvxowv vkrz wkdw wkh phdq vtxduh u2 glvfuhsdqf| ri wkh dowhuqdwlyh vfudp0
eolqj dssurdfkhv lv wkh vdph dv wkh ruljlqdo vfudpeolqj dssurdfk ri Rzhq1
Krzhyhu/ wkh yduldqfh ri wkh uhvxowlqj txdgudwxuh uxoh frxog eh zruvh1 Rzhq
+5336, jlyhv dq h{dpsoh/ dqg d ghwdlohg dqdo|vlv ri wklv lvvxh/ wrjhwkhu zlwk d
glvfxvvlrq ri ydulrxv vfudpeolqj dojrulwkpv1 D ghvfulswlrq ri wkh vfudpeolqj
dssurdfk +5, zkhq dssolhg wr gljlwdo vhtxhqfhv lv dovr jlyhq lq Krqj dqg
Klfnhuqhoo +5336,1 Lq wkh qxphulfdo uhvxowv ri Vhfwlrq 6/ zh zloo lpsohphqw
+5, zklfk lv fdoohg udqgrp olqhdu vfudpeolqj lq Pdwrxµhn +4<<;,1

516 Udqgrpo| vkliwhg orz0glvfuhsdqf| vhtxhqfhv

Qrz zh duh jrlqj wr ghvfuleh d udqgrpl}dwlrq phwkrg zklfk lv yhu| vlpsoh
wr lpsohphqw1 Wkh lghd lv wr udqgrpl}h wkh xqghuo|lqj orz0glvfuhsdqf| vh0
txhqfh e| vkliwlqj lwv hohphqwv e| d udqgrp yhfwru1 Wr wklv hqg/ ohw i^E?äj"?'�
eh d g0glphqvlrqdo orz0glvfuhsdqf| vhtxhqfh/ dqg ü eh d udqgrp yhfwru vh0
ohfwhg iurp wkh xqlirup glvwulexwlrq rq Efc �äg éZh rewdlq d udqgrpo| vkliwhg
yhuvlrq ri i^E?äj"?'� e| dgglqj ü wr hdfk yhfwru ^E?ä +frpsrqhqwzlvh, dqg wdn0
lqj wkh iudfwlrqdo sduw ri wkh vxp1 Wr jlyh d irupdo gh?qlwlrq/ zh gh?qh dq
rshudwlrq õ rq g0glphqvlrqdo yhfwruv % ' E%�c éééc %gäc + ' E+�c éééc +gä e|

%õ + ' Ei%� n +�jc éééc i%g n +gjä c +6,
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Iljxuh 9= D +3/6/5,0qhw dqg lwv udqgrpo| vkliwhg yhuvlrq

zkhuh eudfhv derxw d qxpehu lq +6, ghqrwh lwv iudfwlrqdo sduw1 D udqgrpo|
vkliwhg yhuvlrq ri i^E?äj"?'� lv wkhq jlyhq e| i^E?ä õ üj"?'�é

Wkh lghd ri udqgrp vkliwlqj zdv ?uvw lqwurgxfhg e| Fudqoh| dqg Sdwwhuvrq
+4<:9, lq wkh frqwh{w ri jrrg odwwlfh srlqwv/ dqg odwhu Mrh +4<<3, dssolhg wkh
lghd wr jhqhudo odwwlfh uxohv1 Wx!q +4<<9, frqvlghuhg udqgrp vkliwlqj ri
dq| orz0glvfuhsdqf| vhtxhqfh/ dqg vwxglhg wkh glvfuhsdqf| ri wkh vkliwhg
vhtxhqfh1

Zh qrz suhvhqw dq h{dpsoh1 Lq Iljxuh 9 zh sorw rxu Efc ôc 2ä0qhw lq edvh
5/ dqg d udqgrpo| vkliwhg yhuvlrq ri lw1 Wkh udqgrp yhfwru ü lv Efé.ec féS2äé
Dv lw fdq eh vhhq iurp wkh judsk/ d udqgrpo| vkliwhg qhw lv qrw qhfhvvdulo|
d qhw lwvhoi= Wkh hohphqwdu| lqwhuydo d�*ec �*2äû dfc �*2ä grhv qrw frqwdlq d
srlqw lq wkh vhfrqg sorw1

Rqh jhrphwulf lqwhusuhwdwlrq ri udqgrp vkliwlqj lv jlyhq e| Rzhq +4<<;,=
Frqvlghu d sduwlfxodu rqh0glphqvlrqdo surmhfwlrq ri d udqgrpo| vkliwhg vh0
txhqfh/ dqg sorw wkh srlqwv +surmhfwhg frpsrqhqwv, rqwr d flufoh e| vlpso|
lghqwli|lqj wkh hqgsrlqwv ri wkh xqlw lqwhuydo dfc �äé Wkh udqgrpo| vkliwhg
srlqwv +frpsrqhqwv, duh wkhq rewdlqhg iurp wkh ruljlqdo frpsrqhqwv ri wkh
qhw e| d urwdwlrq wr wkh uljkw e| d glvwdqfh ri üé

Xvlqj wkh qrwdwlrq zh lqwurgxfhg lq Vhfwlrq 5/ wkh udqgrpl}dwlrq ds0
surdfk xvhg e| Wx!q +4<<9, gh?qhv wkh vhtxhqfh qü ' iqE?äü j"?'� dv

qE?äü ' ^E?ä õ üé +7,

Wx!q +4<<9, suryhg wkh iroorzlqj uhvxowv1
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Wkhruhp 5 Wkh glvfuhsdqf| ri d vkliwhg orz0glvfuhsdqf| vhtxhqfh vdwlv?hv

41 (ùEqüä é 2g(ùE^äc
dqg wkh fruuhvsrqglqj txdgudwxuh uxohv vdwlvi|

51 . d'Eqüäo ' Uc
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D ghwdlohg lqyhvwljdwlrq ri wkh yduldqfh ri wklv txdgudwxuh uxoh lv jlyhq
e| Prurkrvl dqg Ixvklpl +5333,1 Xvlqj wkh wkhru| ri K0dglf g0glphqvlrqdo
Kddu ixqfwlrqv/ wkh dxwkruv rewdlq h{sdqvlrqv iru T @oE'Eqüää zkhq 'Eqüä lv
rewdlqhg xvlqj wkh udqgrp vkliwlqj phwkrg/ dqg Rzhq*v vfudpeolqj phwkrg1
Wkh| frqfoxgh wkdw wkh yduldqfh ri vfudpeohg vhtxhqfhv pljkw eh vpdoohu
wkdq wkh yduldqfh ri udqgrpo| vkliwhg vhtxhqfhv/ gxh wr srvvleoh fdqfhood0
wlrqv lq wkh Kddu h{sdqvlrq ri wkh yduldqfh ri wkh iruphu phwkrg1 Wkh|
dovr surylgh qxphulfdo uhvxowv zkhuh wkh rssrvlwh kdsshqv lq Prurkrvl dqg
Ixvklpl +5335,/ dqg Prurkrvl hw1 do1 +5333,1 Lq wkhvh wzr sdshuv/ wkh dx0
wkruv suhvhqw h{whqvlyh qxphulfdo uhvxowv wkdw frpsduh vfudpeohg dqg udq0
grpo| vkliwhg Vrero*/ Idxuh/ dqg Qlhghuuhlwhu vhtxhqfhv/ zkhq wkh| duh xvhg
wr sulfh vhyhudo rswlrqv +eduulhu/ Hxurshdq/ Dvldq/ dqg orrnedfn rswlrqv,
dqg pruwjdjh0edfnhg vhfxulwlhv1 Wkh qxphulfdo uhvxowv vxjjhvw wkdw udqgrp
vkliwlqj jlyhv vpdoohu yduldqfh wkdq vfudpeolqj zkhq wkh edvh ri wkh E|cgä0
vhtxhqfh lv 3vpdoo41 Zh uhihu wkh uhdghu wr wkhvh sdshuv iru ghwdlov1

517 Udqgrp0vwduw Kdowrq vhtxhqfhv

Wkh Kdowrq vhtxhqfh lv rqh ri wkh fodvvlfdo orz0glvfuhsdqf| vhtxhqfhv1 Wkh
?wk whup ri wkh Kdowrq vhtxhqfh lq edvhv K�c éééc Kg +sdluzlvh uhodwlyho| sulph
lqwhjhuv juhdwhu wkdq ru htxdo wr 5, lv d yhfwru ri g frpsrqhqwv/ ghqrwhg e|

^E?ä ' EèK�E?äc éééc èKg E?ääé +8,

Wkh ðwk frpsrqhqw ri wklv yhfwru lv fdofxodwhg dv iroorzv= Iluvw zh zulwh ? lq
lwv edvh Kð h{sdqvlrq dv

? ' @f n @�Kð n @2K
2
ð n ééén @,K

,
ð
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zkhuh wkh frh!flhqwv @æ duh ehwzhhq f dqg Kðý�c dqg , lv wkh juhdwhvw lqwhjhu
ohvv wkdq ru htxdo wr *L}Kð ?éZh wkhq hydoxdwh wkh udglfdo0lqyhuvh ixqfwlrq lq
edvh Kð dw ?c l1h1/ frpsxwh

èKðE?ä '
@f
Kð
n
@�
K2ð
n ééén

@,

K,n�ð

é +9,

Uhshdwlqj wklv fdofxodwlrq iru doo ð ' �c ééécgc zh rewdlq wkh yhfwru +8,1 Wkh
rqh glphqvlrqdo surmhfwlrqv ri wkh Kdowrq vhtxhqfh duh nqrzq dv wkh ydq ghu
Frusxw vhtxhqfhv1 Lq rwkhu zrugv/ wkh rqh0glphqvlrqdo vhtxhqfh ièKðE?äj"?'�
lv wkh ydq ghu Frusxw vhtxhqfh lq edvh Kðé

Dq dowhuqdwlyh ghvfulswlrq ri wkh Kdowrq vhtxhqfh edvhg rq wkh yrq Qhxpdq0
Ndnxwdql wudqvirupdwlrq zdv lqwurgxfhg e| Odpehuw +4<;8,/ dqg Vwuxfn0
phlhu +4<<8, xvhg wklv wudqvirupdwlrq wr lqwurgxfh d idvw zd| wr jhqhudwh wkh
vhtxhqfh1 Zh qrz ghvfuleh wklv dowhuqdwlyh dssurdfk1 Dowkrxjk rxu wuhdw0
phqw zloo eh dojheudlf/ d jhrphwulf dssurdfk lv jlyhq e| Odpehuw +4<;8,1

Zh ?uvw gh?qh wkh uljkwzdug fduu| dgglwlrq lq edvh K ri d qxpehu % 5 dfc �o
dqg �*Ké Frqvlghu wkh edvh K h{sdqvlrq ri %

% '
%f
K
n
%�
K2
n ééén

%,
K,
é

Wkh uljkwzdug fduu| vxp ri % dqg �*K lv

% n
-

�

K
'
� n ü6
K6n�

n
[
&:6

ü&
K&n�

é

Wkh yrq Qhxpdq0Ndnxwdql wudqvirupdwlrq AK G dfc �ä $ dfc �ä lq edvh K lv
gh?qhg dv

AKE%ä ' % n
-

�

K
é

Wkh ydq ghu Frusxw vhtxhqfh lq edvh K lv wkhq vlpso| wkh ruelw ri 3 xqghu
AKc l1h1/ wkh vhtxhqfh iA �K Efäc A 2K Efäc éééjé Iru h{dpsoh/ li K ' �*2c lw fdq eh
yhul?hg wkdw

iA ��*2Efäc A 2�*2Efäc A ô�*2Efäééééj '
ã
�

2
c
�

e
c
ô

e
c ééé
â
é

Khuh A ?K lv wkh ?wk lwhudwlrq ri wkh pdsslqj/ l1h1/ A ?K E%ä ' AKE%ä li ? ' �c
dqg AKEA ?3�K E%ää li ? : �é

Wkh yrq Qhxpdq0Ndnxwdql wudqvirupdwlrq fdq eh jhqhudol}hg hdvlo| wr
wkh pxowlglphqvlrqdo fdvh1 Li M ' EK�c éééc Kgä lv d yhfwru ri srvlwlyh lqwhjhuv
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wkdw duh sdluzlvh uhodwlyho| sulph dqg  ' E%�c éééc %gä lv d yhfwru lq dfc �äg c
wkhq zh gh?qh wkh g0glphqvlrqdo yrq Qhxpdq0Ndnxwdql wudqvirupdwlrq e|

AME ä ' EAK�E%�äc éééc AKg E%gää é +:,

Wkh ruelw ri wkh yhfwru Efc éééc fä xqghu AM jlyhv wkh Kdowrq vhtxhqfh lq edvhv
K�c éééc Kgé Lq jhqhudo/ zh fdq frqvlghu wkh ruelw ri dq| yhfwru  lq dfc �äg xqghu
AM/ dqg xvh wkh uhvxowlqj vhtxhqfh iA?M E äj"?'�wr rewdlq d txdgudwxuh uxoh1
Wkhvh vhtxhqfhv zhuh fdoohg jhqhudol}hg Kdowrq vhtxhqfhv e| Vwuxfnphlhu
+4<<8,1

Zdqj dqg Klfnhuqhoo +5333, revhuyh wkdw li  ' E%�c éééc %gä zkhuh %ð '
fé_

Eðä
f _

Eðä
� ééé_

Eðä
? +lq edvh Kðä/ dqg è

3�
Kð

í
fé_

Eðä
f _

Eðä
� ééé_

Eðä
?

ì
' 6Eðä +vhh htxdwlrq +9,,

wkhq

A?M E ä '
í
èK�E6

E�ä n ?äc éééc èKg E6
Egä n ?ä

ì
é +;,

Lq rwkhu zrugv/ wkh vhtxhqfh iA �ME äc A 2ME äc éééj lv vlpso| wkh Kdowrq vhtxhqfh
lq edvhv K�c éééc Kg +vhh +8,, vnlsshg e| wkh lqwhjhu yhfwru E6E�äc éééc6Egääé

Vwuxfnphlhu +4<<8, glvfxvvhg wkh lghd ri lqghshqghqwo| vhohfwlqj udqgrp
vwduwlqj ydoxhv  lq +:,1 Kh xvhg jhqhudol}hg Kdowrq vhtxhqfhv zlwk udqgrp
vwduwlqj ydoxhv wr hvwlpdwh wkh h{shfwhg ydoxh .d%+5oc zkhuh %c +c 5 duh xql0
irup udqgrp yduldeohv rq Efc �äé Kh wkhq frpsxwhg wkh yduldqfh ri vhyhudo
vxfk hvwlpdwhv/ dowkrxjk kh glg qrw mxvwli| wkh ydolglw| ri vxfk frpsxwd0
wlrqv1 D suredelolw| prgho wkdw mxvwl?hv wkh frpsxwdwlrq ri yduldqfhv zdv
lqwurgxfhg e| Zdqj dqg Klfnhuqhoo +5333,1 Wkh| frqvlghuhg wkh idplo| ri
vhtxhqfhv qü ' iqE?äü j"?'� zkhuh

qE?äü ' A ?M Eüäc +<,

dqg ü lv d udqgrp yhfwru iurp wkh xqlirup glvwulexwlrq rq dfc �og1 Wkh|
fdoohg wkhvh vhtxhqfhv/ udqgrp0vwduw Kdowrq vhtxhqfhv1 Wkh glvfuhsdqf| ri
qE?äü vdwlv?hv

(ùEqüä é
�

ù

#
� n

g\
ð'�

EKð ý �ä*L}EKðùä
*L} Kð

$
c

+vhh Erxohdx dqg Oìslqjoh +4<<7,/ sdjh ::, dqg wkh dqdo|vlv ri wkh uhvxowlqj
txdgudwxuh uxohv lv jlyhq e| wkh iroorzlqj wkhruhp e| Zdqj dqg Klfnhuqhoo
+5333,1
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Wkhruhp 6 Wkh txdgudwxuh uxohv edvhg rq udqgrp0vwduw Kdowrq vhtxhqfhv
vdwlvi|

41 . d'Eqüäo ' Uc

51 T @oE'Eqüää ' ï

#
E*L}ùä2g

ù2

$
é

Lq Iljxuh :/ zh sorw wkh ?uvw 45 hohphqwv ri wkh Kdowrq vhtxhqfh +ohiw,
dqg d udqgrp0vwduw Kdowrq vhtxhqfh +uljkw,/ lq edvhv 5 dqg 61 Wkh udqgrp0
vwduw Kdowrq lv rewdlqhg e| vnlsslqj 6E�ä ' 2H.fbDSe2Sô whupv iru wkh ?uvw
frpsrqhqw dqg 6E2ä ' 2SHbSf.DDôô whupv iru wkh vhfrqg frpsrqhqw1

Iljxuh := D wzr glphqvlrqdo udqgrp0vwduw Kdowrq vhtxhqfh1

518 Ilqlwh udqgrp vdpsolqj iurp orz0glvfuhsdqf| vh0
txhqfhv

Xqolnh wkh udqgrpl}dwlrq phwkrgv glvfxvvhg hduolhu/ wklv dssurdfk vdpsohv
iurp d idplo| ri ?qlwho| pdq| txdgudwxuh uxohv1 Ohw l frqvlvw ri 6 orz0
glvfuhsdqf| vhtxhqfhv/ ^�c éééc ^6/ zkhuh hdfk vhtxhqfh lvg0glphqvlrqdo1 Ixu0
wkhupruh ohw ü kdyh glvfuhwh xqlirup udqgrp glvwulexwlrq rq i�c ééééc6jé Wkhq
hyhu| udqgrpl}dwlrq ri wklv dssurdfk vlpso| vhohfwv d udqgrp ^ü iurp wkh
vhw l wr frqvwuxfw wkh fruuhvsrqglqj txdgudwxuh uxoh1 Xvlqj wkh qrwdwlrq ri
Vhfwlrq 5/ zh kdyh qü ' ^üé Ùnwhq +5335, vkrzhg
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Wkhruhp 7 Wkh txdgudwxuh uxohv edvhg rq wkh ?qlwh udqgrp vdpsolqj ds0
surdfk vdwlvi|

41 m.d'Eqüäoý Um é ï
í
E*L}ùäg

ù

ì
c

51 T @oE'Eqüää ' ï
í
E*L}ùä2g

ù2

ì
é

Wklv dssurdfk surgxfhv hvwlpdwhv wkdw duh dv|pswrwlfdoo| xqeldvhg dv d
uhvxow ri vdpsolqj iurp d ?qlwh vhw ri orz0glvfuhsdqf| vhtxhqfhv1 Wr srsxodwh
l zh zloo xvh vfudpeohg Kdowrq vhtxhqfhv ri Idxuh +4<<5,1 Hdfk udqgrpl}d0
wlrq ri wklv dssurdfk zloo vhohfw g gl>huhqw sulph qxpehuv dw udqgrp iurp d
olvw ri wkh ?uvw u sulph qxpehuv/ dqg frqvwuxfw wkh fruuhvsrqglqj vfudpeohg
Kdowrq vhtxhqfh/ zklfk zloo eh wkhq xvhg lq wkh vlpxodwlrq wr rewdlq d vlqjoh
hvwlpdwh1 Rwkhu fkrlfhv iru srsxodwlqj l duh glvfxvvhg lq Ùnwhq +5335,1

Lq wkh qh{w vhfwlrq/ zh zloo dsso| udqgrpl}hg txdvl0Prqwh Fduor phwkrgv
wr sureohpv zkrvh vroxwlrqv fdq eh irxqg h{dfwo| e| dqdo|wlfdo phwkrgv1 Zh
zloo frqvwuxfw frq?ghqfh lqwhuydov iru hdfk udqgrpl}hg phwkrg/ dqg wkhq
yhuli| wkh dffxudf| ri wkhvh lqwhuydov e| fkhfnlqj krz riwhq wkh| frqwdlq
wkh wuxh vroxwlrq1 Zh qrwh wkdw wkh ?qlwh udqgrp vdpsolqj phwkrg/ xqolnh
wkh rwkhu udqgrpl}hg phwkrgv/ kdv d eldv wkdw vdwlv?hv dq xsshu erxqg
zlwk wkh vdph rughu dv wkh vwdqgdug ghyldwlrq ri lwv hvwlpdwhv +iurp wkh
deryh wkhruhp,1 Dowkrxjk wkh dffxudf| ri frq?ghqfh lqwhuydov frqvwuxfwhg
iru wklv phwkrg lq wkh qxphulfdo uhvxowv ri Vhfwlrq 6 zdv dv jrrg dv wkh
rwkhu phwkrgv/ zh uhpdun wkdw wkh wkhruhwlfdo uhvxowv dv surylghg e| wkh
deryh wkhruhp gr qrw ohdg wr dv|pswrwlfdoo| mxvwl?hg frq?ghqfh lqwhuydov1

6 Dssolfdwlrqv wr rswlrq sulflqj

614 Jhqhudwlqj dvvhw sulfh sdwkv

Zh dvvxph wkdw wkh dvvhw sulfh 7| iroorzv wkh ulvn0qhxwudo jhrphwulf Eurzqldq
prwlrq zlwk yduldqfh j2 dqg guliw sdudphwhu > ' o ý j2*2c zkhuh o lv wkh
ulvn0iuhh lqwhuhvw udwh1 Zh ohw %| ' *?E7|ä dqg jhqhudwh wkh +orjdulwkp ri,
sulfh sdwkv xvlqj

%ð ' %ð3� n >EA*gä n j
t
A*g5ðc ð ' �c éééc g +43,

zkhuh A lv wkh h{slu|/ g lv wkh qxpehu ri wlph vwhsv xvhg lq wkh glvfuhwl}dwlrq
ri wkh wlph lqwhuydo Efc A ä vr wkdw {| ' A*g/ dqg 5ð lv d vwdqgdug qrupdo
udqgrp yduldeoh1
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Lq wkh Prqwh Fduor dqg udqgrpl}hg txdvl0Prqwh Fduor phwkrgv/ ù sulfh
sdwkv ç�c éééc çù duh jhqhudwhg dqg wkh suhvhqw ydoxh ri wkh dyhudjh rswlrq
ydoxh lv frpsxwhg1 Wr jhqhudwh wkh ?wk sulfh sdwk ç? '

í
%
E?ä
� c éééc %

E?ä
g

ì
/ rqh

qhhgv wr vdpsoh iurp ùEfc �ä dqg jhqhudwh qxpehuv 5E?ä� c éééc 5
E?ä
g qhhghg lq

+43,1 Lq wkh Prqwh Fduor phwkrg/ wklv lv grqh e| jhqhudwlqj svhxgrudqgrp
qxpehuv 1�c éééc 1g iurp wkh xqlirup glvwulexwlrq rq Efc �ä dqg wkhq xvlqj d
qrupdo udqgrp yduldeoh jhqhudwlrq phwkrg +vxfk dv wkh Er{0Pxoohu ru lq0
yhuvh wudqvirup whfkqltxh, wr rewdlq 5E?ä� c éééc 5

E?ä
g é Lq udqgrpl}hg txdvl0Prqwh

Fduor phwkrgv/ rqh xvhv wkh ?wk whup ri wkh g0glphqvlrqdo vhtxhqfh qü wr
jhqhudwh wkh ?wk sulfh sdwk1 Li zh ghqrwh wkh frpsrqhqwv ri wkh ?wk whup ri
wklv vhtxhqfh e| ^�c éééc ^gc wkhq d qrupdo udqgrp yduldeoh jhqhudwlrq phwkrg
lv dssolhg wr wkhvh qxpehuv wr rewdlq 5E?ä� c éééc 5

E?ä
g é

615 Qxphulfdo uhvxowv

Lq wkh iroorzlqj/ zh zloo xvh udqgrpl}hg txdvl0Prqwh Fduor phwkrgv dqg wkh
Prqwh Fduor phwkrg zlwk wzr srsxodu svhxgrudqgrp jhqhudwruv/ lq sulflqj
wkh vwdqgdug Hxurshdq fdoo rswlrq dqg jhrphwulf Dvldq fdoo rswlrq1 Zh
gholehudwho| fkrrvh rswlrq sulflqj sureohpv wkdw fdq eh vroyhg dqdo|wlfdoo|
vr wkdw zh fdq dvvhvv wkh h{dfw huuru ri wkh vlpxodwlrq phwkrgv/ dqg xvh wklv
lqirupdwlrq wr frpsduh wkhp qxphulfdoo|1

61514 Hxurshdq fdoo rswlrq

Rxu ?uvw h{dpsoh lv wkh vwdqgdug Hxurshdq fdoo rswlrq1 Wkh ulvn iuhh lq0
whuhvw udwh lv fé�/ wkh h{huflvh sulfh lv �f/ wkh lqlwldo sulfh ri wkh xqghuo|lqj
lv �f/ yrodwlolw| lv fée dqg wkh h{slu| lv fé2Dé Wkh Eodfn dqg Vfkrohv ydoxh
iru wkh rswlrq lv féb�S2b�é Zh ?uvw zdqw wr whvw wkh k|srwkhvlv wkdw wkh rs0
wlrq hvwlpdwhv rewdlqhg iurp udqgrpl}hg txdvl0Prqwh Fduor phwkrgv kdyh
dssur{lpdwho| d qrupdo glvwulexwlrq zlwk phdq wkh Eodfn dqg Vfkrohv ydoxh
iru wkh rswlrq sulfh1 Zh jhqhudwh wzr vhwv ri �Sff hvwlpdwhv iru wkh rswlrq
ydoxh xvlqj hdfk ri wkh iroorzlqj udqgrpl}hg txdvl0Prqwh Fduor phwkrgv=
+l, wkh vfudpeohg Idxuh vhtxhqfh +VfuIdxuh, zlwk ohyho 5 udqgrpl}dwlrq/ dv
ghvfulehg lq Vhfwlrq 514/ +ll, wkh olqhdu vfudpeohg Idxuh vhtxhqfh +OlqVfu0
Idxuh,/ dv ghvfulehg lq Vhfwlrq 515/ +lll, wkh udqgrpo| vkliwhg Kdowrq vh0
txhqfh +UVkliwKdowrq,/ dv ghvfulehg lq Vhfwlrq 516/ +ly, wkh udqgrp0vwduw
Kdowrq vhtxhqfh +UVwduwKdowrq,/ dv ghvfulehg lq Vhfwlrq 517/ dqg +y, wkh
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?qlwh udqgrp vdpsolqj phwkrg zkhuh l frqvlvwv ri vfudpeohg Kdowrq vh0
txhqfhv +UV0vfuKdowrq,/ dv ghvfulehg lq Vhfwlrq 5181 Wkh ?uvw vhw ri �Sff
hvwlpdwhv lv jhqhudwhg zkhq wkh Er{0Pxoohu phwkrg lv xvhg +vhh Uxelqvwhlq
+4<;4,, wr vlpxodwh wkh qrupdo yduldeohv/ dqg lq wkh vhfrqg vhw/ d yduldqw ri
wkh lqyhuvh wudqvirup phwkrg gxh wr E1 Prur lv xvhg +vhh Mr| hw do1 +4<<9,,1
Wkh qxpehu ri udqgrp zdonv +sulfh sdwkv, ù lv vhw wr 2ffc fffé Wkh qxpehu
ri sulfhv/ ru wlph vwhsv/ lv g ' 2f1 Wkh qxpehu ri sulphv u lv vhw wr ef lq
wkh UV0phwkrg1

Iljxuh ; sorwv wkh uhodwlyh iuhtxhqf| klvwrjudpv ri wkh rswlrq hvwlpdwhv1
Wr hdfk klvwrjudp/ zh vxshulpsrvh wkh qrupdo ghqvlw| fxuyh zkrvh phdq lv
wkh Eodfn ) Vfkrohv ydoxh ri wkh rswlrq/ dqg zkrvh yduldqfh lv wkh vdpsoh
yduldqfh ri wkh gdwd1 Wkh judskv vxjjhvw wkdw wkh VfuIdxuh/ OlqVfuIdxuh/ dqg
UV0vfuKdowrq hvwlpdwhv/ zkhq jhqhudwhg xvlqj wkh lqyhuvh wudqvirup phwkrg/
whqg wr xqghuhvwlpdwh wkh wuxh rswlrq ydoxh1 Wkhuh lv qr ylvxdo lqglfdwlrq ri
dq| eldv lq wkh rwkhu wzr phwkrgv1 Zh qrz xvh d qxpehu ri vwdwlvwlfdo whvwv
iru d txdqwlwdwlyh lqyhvwljdwlrq ri wkh qrupdolw| dvvxpswlrq dqg eldv1

Zh frqgxfw wkuhh whvwv dv uhfrpphqghg e| G*Djrvwlqr dqg Vwhskhqv
+4<;9,= +l, Dqghuvrq0Gduolqj ø2 whvw wr fkhfn wkh qrupdolw| dvvxpswlrq
zlwk nqrzq phdq/ +ll, Dqvfrpeh0Jo|qq whvw wr fkhfn wkh nxuwrvlv/ dqg +lll,
7L dssur{lpdwlrq phwkrg gxh wr G*Djrvwlqr wr fkhfn wkh vnhzqhvv1 Wkh
iroorzlqj wdeoh jlyhv wkh ø2 ydoxhv1

ø2 Vwdwlvwlf Er{0Pxoohu Lqy1Wudqv1
VfuIdxuh +ohyho 5, 6136 891:4

OlqVfuIdxuh 61<9: 75149
UVkliwKdowrq 31:84 41;64
UVwduwKdowrq 31:35 41<4;

UV0vfuKdowrq +u ' efä 51;8; 68513

Dw wkh �fI vljql?fdqfh ohyho/ wkh fulwlfdo ydoxh iru wkh ø2 vwdwlvwlf lv 41:76/
dqg dw wkh 2éDI ohyho/ wkh fulwlfdo ydoxh lv 51;<;1 Zh pdnh wkh iroorzlqj
revhuydwlrqv=

41 Wkh Er{0Pxoohu phwkrg surgxfhv orzhu ø2 ydoxhv wkdq wkh lqyhuvh
wudqvirup phwkrg iru doo udqgrpl}hg txdvl0Prqwh Fduor phwkrgv1 Wkh
gl>huhqfh lv txlwh vxevwdqwldo hvshfldoo| iru wkh VfuIdxuh/ OlqVfuIdxuh/
dqg UV0vfuKdowrq phwkrgv1 Wkh kljk ø2 ydoxhv rewdlqhg e| wkh lqyhuvh
wudqvirup whfkqltxh lqglfdwh d vxevwdqwldo eldv/ zklfk zdv ylvleoh lq
wkh klvwrjudpv1 Lqghhg/ li zh gurs rxu uhtxluhphqw wkdw wkh hpslulfdo
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Iljxuh ;= Klvwrjudpv ri rswlrq hvwlpdwhv

glvwulexwlrq kdv phdq htxdo wr wkh rswlrq ydoxh +wkh wkhruhwlfdo phdq,/
dqg xvh Dqghuvrq0Gduolqj whvw zlwk xqnqrzq phdq/ wkhq zh rewdlq wkh
iroorzlqj ø2 ydoxhv=

Lqyhuvh Wudqvirup ø2 Vwdwlvwlf +xqnqrzq phdq,
VfuIdxuh +ohyho 5, 31:<6

OlqVfuIdxuh 31665
UV0vfuKdowrq +u ' efä 3179:

Wkhvh duh shuihfw ydoxhv pxfk ohvv wkdq wkh 43( fulwlfdo ydoxh �é.eô1

51 Dw wkh �fI ohyho/ wkh phwkrgv wkdw duh qrw uhmhfwhg duh= UVkliwKdowrq
+Er{0Pxoohu, dqg UVwduwKdowrq +Er{0Pxoohu,1 Dw wkh 2éDI ohyho/ wkh
lqyhuvh wudqvirup lpsohphqwdwlrqv ri wkhvh phwkrgv sdvv wkh whvw/ dv
zhoo dv wkh UV0vfuKdowrq +Er{0Pxoohu, phwkrg1 Wkh VfuIdxuh +ohyho 5,
dqg OlqVfuIdxuh phwkrgv idlo erwk whvwv1
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Zh qrz h{dplqh wkh nxuwrvlv dqg vnhzqhvv ri wkh gdwd1 Lq wkh ?uvw wdeoh/
wkh qxpehuv lq erog duh wkh nxuwrvlv ydoxhv wkdw gr qrw idlo wkh wzr0vlghg
Dqvfrpeh0Jo|qq whvw iru qrupdolw| dw wkh �fI ohyho1

Nxuwrvlv Er{0Pxoohu Lqy1Wudqv1
VfuIdxuh +ohyho 5, 51<3 51;3

OlqVfuIdxuh 6168 51;9
UVkliwKdowrq 6134 51:;
UVwduwKdowrq 51;8 6134

UV0vfuKdowrq Eu ' efä 618< 51<<

Lq wkh qh{w wdeoh/ wkh qxpehuv lq erog duh wkh vnhzqhvv ydoxhv wkdw gr qrw
idlo wkh 7L dssur{lpdwlrq whvw iru qrupdolw|/ dw wkh �fI ohyho1 Wkh wzr0vlghg
�fI vljql?fdqfh ohyho iru 4933 gdwd ydoxhv lv fé�f�1

Vnhzqhvv Er{0Pxoohu Lqy1Wudqv1
VfuIdxuh +ohyho 5, 31344 031397

OlqVfuIdxuh 031365 31335
UVkliwKdowrq 313: 31346
UVwduwKdowrq 3146 031387

UV0vfuKdowrq +u ' efä 31345 03149

Wkh Er{0Pxoohu dqg lqyhuvh wudqvirup phwkrgv surgxfh prvwo| dffhsw0
deoh nxuwrvlv dqg vnhzqhvv ydoxhv/ dowkrxjk zh vhh voljkw ghyldwlrqv iurp
qrupdolw| iru vrph udqgrpl}hg txdvl0Prqwh Fduor phwkrgv1

Zh qrz xvh wkh �Sff hvwlpdwhv jhqhudwhg e| wkh Er{0Pxoohu dqg lqyhuvh
wudqvirup phwkrgv/ wr frqvwuxfw iruw| bfI frq?ghqfh lqwhuydov/ zkhuh hdfk
lqwhuydo lv frqvwuxfwhg xvlqj iruw| hvwlpdwhv1 Wkh lqwhuydov duh rewdlqhg xv0
lqj wkh Vwxghqw*v |/ errwvwuds0|/ errwvwuds shufhqwloh dqg errwvwuds EF@
phwkrgv1 Iru d glvfxvvlrq ri errwvwuds phwkrgv vhh Hiurq dqg Wlevkludql
+4<<6,1 Lq jhqhudo/ errwvwuds frq?ghqfh lqwhuydov duh xvhg zkhq olwwoh lv
nqrzq derxw wkh xqghuo|lqj glvwulexwlrq1 Wkh iroorzlqj wdeohv glvsod| wkh
qxpehu ri frq?ghqfh lqwhuydov wkdw frqwdlq wkh wuxh rswlrq ydoxh/ iroorzhg e|
wkh dyhudjh zlgwk ri wkh lqwhuydov/ zkhq wkh lqwhuydov duh frqvwuxfwhg xvlqj
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wkh Er{0Pxoohu dqg lqyhuvh wudqvirup phwkrg/ uhvshfwlyho|1

Er{0Pxoohu
fryhudjh/ dyj1zlgwk Vwxghqw*v w Errw10w Errw1shuf1 Errw1EF@
VfuIdxuh +ohyho 5, 69/ 517h07 69/ 517h07 68/ 516h07 68/ 516h07

OlqVfuIdxuh 64/ 517h07 64/ 517h07 63/ 516h07 64/ 516h07
UVkliwKdowrq 67/ 613h07 67/ 613h07 65/ 51<h07 67/ 51<h07
UVwduwKdowrq 69/ 51<h07 69/ 51<h07 69/ 51;h07 6:/ 51;h07

UV0vfuKdowrqEu ' efä 69/ 617h07 68/ 61:h07 68/ 619h07 68/ 619h07

Lqyhuvh Wudqvirup
fryhudjh/ dyj1zlgwk Vwxghqw*v w Errw10w Errw1shuf1 Errw1EF@
VfuIdxuh +ohyho 5, 53/ 41;h07 53/ 41;h07 53/ 41;h07 53/ 41;h07

OlqVfuIdxuh 55/ 41;h07 55/ 41;h07 54/ 41;h07 55/ 41;h07
UVkliwKdowrq 69/ 519h07 69/ 51:h07 68/ 519h07 68/ 519h07
UVwduwKdowrq 68/ 514h07 69/ 514h07 66/ 514h07 69/ 514h07

UV0vfuKdowrqEu ' efä 3/ 517h07 3/ 517h07 3/ 516h07 3/ 516h07

Zh pdnh wkh iroorzlqj revhuydwlrqv=

41 Wkh qxpehu ri lqwhuydov wkdw frqwdlq wkh wuxh rswlrq ydoxh lv forvh
wr wkh wkhruhwlfdo ydoxh 69 iru doo phwkrgv h{fhsw OlqVfuIdxuh/ zkhq
wkh Er{0Pxoohu phwkrg lv xvhg1 Wkh lqyhuvh wudqvirup phwkrg jlyhv d
yhu| orz fryhudjh iru wkh VfuIdxuh dqg OlqVfuIdxuh phwkrgv dqg }hur
fryhudjh iru wkh UV0vfuKdowrq phwkrg1

51 Wkh lqyhuvh wudqvirup phwkrg surgxfhv lqwhuydov wkdw duh qduurzhu
+uhodwlyh lpsuryhphqw ydulhv ehwzhhq 43( dqg 68(, wkdq wkh Er{0
Pxoohu phwkrg1

61 Wkhuh vhhpv wr eh qr vljql?fdqw gl>huhqfh ehwzhhq gl>huhqw frq?0
ghqfh lqwhuydo jhqhudwlrq phwkrgv1 Wkh odujhvw yduldwlrq rffxuv lq
wkh UV0vfuKdowrq phwkrg +?uvw wdeoh,/ dqg Vwxghqw*v | dssurdfk jlyhv
wkh vpdoohvw dyhudjh zlgwk1

71 Wkh dyhudjh zlgwk ri wkh frq?ghqfh lqwhuydov lv vpdoohvw iru wkh Vfu0
Idxuh +ohyho 5, dqg OlqVfuIdxuh phwkrgv1 Wkh iruphu/ krzhyhu/ kdv
vljql?fdqwo| ehwwhu fryhudjh lq wkh Er{0Pxoohu lpsohphqwdwlrq1

Zh qrz vxppdul}h wkh uhvxowv ri vrph dgglwlrqdo qxphulfdo zrun1 Zh
frpsxwhg wkh Nroprjrury0Vpluqry vwdwlvwlf iru rxu gdwd/ dqg irxqg wkdw
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wkh Er{0Pxoohu phwkrg frqvlvwhqwo| surgxfhg vpdoohu ydoxhv wkdq wkh lq0
yhuvh wudqvirup phwkrg/ dv lq wkh ø2 vwdwlvwlf1 Zh dovr uhshdwhg doo rxu
fdofxodwlrqv zkhq wkh qxpehu ri sulfh sdwkv zdv ù ' �fDc dqg rewdlqhg
vlplodu uhvxowv wr wkrvh uhsruwhg deryh1 Zh dovr frpsxwhg wkh ø2 vwdwlvwlf/
nxuwrvlv dqg vnhzqhvv/ dqg frq?ghqfh lqwhuydo fryhudjh zkhq wzr svhxgrudq0
grp jhqhudwruv zhuh xvhg= +l, gudqg> d srsxodu olqhdu frqjuxhqwldo jhqhudwru
xvhg lq DQVL F oleudu|/ dqg +ll, ww;33> d uhfhqw jhqhudwru edvhg rq jhqhudo0
l}hg ihhgedfn vkliw0uhjlvwhu phwkrgv +Pdwvxprwr dqg Nxulwd +4<<7,,1 Lq wkh
iroorzlqj wdeoh/ EP dqg LW vwdqg iru wkh Er{0Pxoohu dqg lqyhuvh wudqvirup
phwkrgv1

ø2

î�
ø2

UA
Nxuwrvlv
î�

Nxuwrvlv
UA

Vnhzqhvv
î�

Vnhzqhvv
UA

gudqg 3199 419< 51;7 6133 031334; 313:4
ww;33 3164 3164 6134 51<5 31355 31393

Wkh Er{0Pxoohu phwkrg vwloo surgxfhv d voljkwo| orzhu ø2 ydoxh lq wkh fdvh
ri wkh gudqg jhqhudwru1 Wkhuh lv qr gl>huhqfh ehwzhhq wkh ø2 ydoxhv iru wkh
ww;33 jhqhudwru1 Wkh nxuwrvlv dqg vnhzqhvv uhvxowv gr qrw vxjjhvw d gh?qlwh
dgydqwdjh ri dq| ri wkh phwkrgv1

Dv d uhvxow ri rxu vwdwlvwlfdo whvwv/ zh ghflgh wr xvh wkh Er{0Pxoohu phwkrg
lq jhqhudwlqj qrupdo udqgrp yduldwhv1 Rxu uhvxowv lqglfdwh wkdw erwk Er{0
Pxoohu dqg lqyhuvh wudqvirup phwkrgv surgxfh idluo| qrupdo glvwulexwlrqv
+edvhg rq wkh nxuwrvlv dqg vnhzqhvv uhvxowv,/ krzhyhu/ wkhuh lv vljql?fdqw eldv
lq wkh lqyhuvh wudqvirup phwkrg iru fhuwdlq udqgrpl}hg txdvl0Prqwh Fduor
phwkrgv +edvhg rq wkh ø2 whvw zlwk nqrzq phdq dqg frq?ghqfh lqwhuydo
uhvxowv,1 Wkhvh ?qglqjv duh udwkhu vxusulvlqj/ vlqfh lw lv riwhq uhsruwhg lq wkh
olwhudwxuh wkdw wkh Er{0Pxoohu phwkrg vkrxog eh dyrlghg1 Iru h{dpsoh/ Mr|
hw do1 +4<<9, zulwhv +irrwqrwh 9/ sdjh <63,

Qrwh wkdw lw lv lqfruuhfw wr xvh wkh vwdqgdug Er{0Pxoohu wudqvirup
wr pds "? wr wkh xqlw lqwhuydo1 Wklv lv ehfdxvh wkh Er{0Pxoohu
wudqvirup grhv qrw suhvhuyh wkh pdwul{ rq Ur dqg wkxv idlov wr
suhvhuyh wkh orz0glvfuhsdqf| ri wkh ruljlqdo Idxuh vhtxhqfh1 Lq
rwkhu zrugv/ li zh xvh wkh Er{0Pxoohu wudqvirup/ wkhq wkh hyhq
vsdflqj ri wkh Idxuh vhtxhqfh zloo eh vfudpeohg/ uhvxowlqj lq wkh
orvv ri rxu orz huuru erxqg1

Zkhwkhu d udqgrp yduldeoh jhqhudwlrq phwkrg lv 3ehwwhu4 wkdq dqrwkhu/
zkhq wkh xqghuo|lqj qxpehu vhtxhqfh lv d orz0glvfuhsdqf| vhtxhqfh/ lv uh0
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odwhg wr wkh glvfuhsdqf| ri wkh wudqviruphg vhtxhqfh1 Wkh 8 0vwdu glvfuhsdqf|
ri d wudqviruphg vhtxhqfh lv gh?qhg dv iroorzv=

Gh?qlwlrq 8 Wkh 8 0vwdu glvfuhsdqf| ri wkh gdwd %�c éééc %ù / zkhuh 8 E%ä lv
d glvwulexwlrq ixqfwlrq/ lv gh?qhg e|

(W
ùE%ð(8 ä ' týT

kMdfc�äg

ñññññøùEdfc kääù
ý 8 Ekä

ñññññ é +44,

zkhuh k ' Ek�c éééc kgä dqg øùEdfc kää lv wkh qxpehu ri hohphqwv %�c éééc %ù
wkdw ehorqj wr wkh lqwhuydo dfc kä ' dfc k�äû éééû dfc kgäé

Wkh fruuhvsrqglqj Nrnvpd0Kodznd lqhtxdolw| wr wkh qrwlrq ri 8 0vwdu
glvfuhsdqf| lv

Wkhruhp 9 Ohw s eh ri erxqghg yduldwlrq rq dfc �og lq wkh vhqvh ri Kdug|
dqg Nudxvh dqg i%ðj 5 dfc �äg/ dqg 8 eh d glvwulexwlrq ixqfwlrq rq dfc �äg1
Wkhq iru dq| ù : fñññññ �ù

ù[
ð'�

sE%ðäý
]
dfc�äg

sE%ä_8 E%ä

ñññññ é TMgEsä(W
ùE%ð(8 äc +45,

zkhuh TMgEsä lv wkh yduldwlrq ri s lq wkh vhqvh ri Kdug| dqg Nudxvh1

Zh revhuyh wkdw wkh Nroprjrury0Vpluqry vwdwlvwlf iru wkh gdwd %�c éééc %ù
lv wkh 8 0vwdu glvfuhsdqf| ri wkh gdwd/ dqg wkh ø2 vwdwlvwlf fdq vlploduo|
eh uhjdughg dv d zhljkwhg glvfuhsdqf| ri wkh gdwd1 Lq rwkhu zrugv/ rxu
hpslulfdo uhvxowv vxjjhvw wkdw wkh Er{0Pxoohu phwkrg lq idfw surgxfhv gdwd
zlwk d vpdoohu fdofxodwhg glvfuhsdqf|/ wkdq wkh rqh surgxfhg e| Prur*v
dssur{lpdwlrq ri wkh lqyhuvh wudqvirup phwkrg1 Wklv/ lq wxuq/ vxjjhvwv wkdw
wkh Er{0Pxoohu phwkrg lv 3ehwwhu4/ vlqfh lw pdnhv wkh huuru/ l1h1/ wkh uljkw0
kdqg vlgh ri wkh lqhtxdolw| +45, vpdoohu/ iru wkh gdwd vhwv zh kdyh frqvlghuhg1

Qrz zh wxuq rxu dwwhqwlrq wr wkh vwdqgdug ghyldwlrq ri wkh rswlrq hv0
wlpdwhv surgxfhg e| wkh Prqwh Fduor phwkrgv zlwk gudqg dqg ww;33 jhq0
hudwruv/ dqg wkh udqgrpl}hg txdvl0Prqwh Fduor phwkrgv1 Iru d jlyhq ù
Eù ' �fD/ 2 û �fD/111/�fSäc iruw| rswlrq hvwlpdwhv duh frpsxwhg e| lqgh0
shqghqw udqgrpl}dwlrqv ri hdfk phwkrg1 Zh wkhq fdofxodwh wkh vwdqgdug
ghyldwlrq ri wkhvh 73 hvwlpdwhv1 Wkh rswlrq sdudphwhuv duh dv deryh/ h{fhsw
iru wkh qxpehu ri wlph vwhsv/ zklfk lv lqfuhdvhg wr 731 Zh duh lq sduwlfx0
odu lqwhuhvwhg lq revhuylqj wkh shuirupdqfh ri wkh udqgrpl}hg txdvl0Prqwh
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Iljxuh <= Hxurshdq Fdoo rswlrq1 Vwdqgdug ghyldwlrq ri hvwlpdwhv1

Fduor phwkrgv dv wkh qxpehu ri wlph vwhsv/ l1h1/ wkh glphqvlrq ri wkh sure0
ohp/ lqfuhdvhv/ vlqfh txdvl0Prqwh Fduor phwkrgv duh riwhq uhsruwhg wr orvh
wkhlu frpshwlwlyh 3hgjh4 ryhu wkh Prqwh Fduor phwkrg lq kljk glphqvlrqdo
sureohpv1 Lq Iljxuh </ zh sorw wkh vwdqgdug ghyldwlrq ri Prqwh Fduor dqg
udqgrpl}hg txdvl0Prqwh Fduor hvwlpdwhv1

Zh pdnh wkh iroorzlqj revhuydwlrqv=

41 Prqwh Fduor phwkrgv surgxfh wkh odujhvw vwdqgdug ghyldwlrq/ dqg wkhuh
grhv qrw vhhp wr eh d vljql?fdqw gl>huhqfh ehwzhhq jhqhudwruv ww;33
dqg gudqg1

51 Phwkrgv UVkliwKdowrq dqg UVwduwKdowrq frph qh{w lq wkh judsk/ sur0
gxflqj vpdoohu vwdqgdug ghyldwlrq wkdq wkh Prqwh Fduor phwkrgv1
UVkliwKdowrq jlyhv d voljkwo| vpdoohu vwdqgdug ghyldwlrq wkdq UVwduwKdo0
wrq1

61 Wkh vwdqgdug ghyldwlrq ri UV0vfuKdowrq phwkrg lv vpdoohu wkdq UVkliwKdo0
wrq dqg UVwduwKdowrq/ exw odujhu wkdq wkh VfuIdxuh dqg OlqVfuIdxuh
lpsohphqwdwlrqv1
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71 Iru prvw ri wkh vdpsohv/ wkh VfuIdxuh phwkrg zlwk d kljkhu ohyho ri
udqgrpl}dwlrq surgxfhv vpdoohu vwdqgdug ghyldwlrq/ dv h{shfwhg1 Krz0
hyhu/ wkhuh duh d ihz vdpsohv zkhuh wkh rssrvlwh lv revhuyhg1 Wklv lv
fhuwdlqo| qrw yhu| vwudqjh/ jlyhq wkh suredelolvwlf qdwxuh ri wkh vfudp0
eolqj dojrulwkp1 Wkhuh grhv qrw vhhp wr eh d fohdu vhsdudwlrq ehwzhhq
wkh OlqVfuIdxuh dqg ydulrxv VfuIdxuh lpsohphqwdwlrqv/ dowkrxjk wkh
iruphu phwkrg jlyhv wkh vpdoohvw vwdqgdug ghyldwlrq iru kdoi ri wkh
vdpsoh vl}hv1

Lq d sudfwlfdo lpsohphqwdwlrq ri dq| vlpxodwlrq phwkrg/ rqh lv lqwhuhvwhg
lq qrw rqo| wkh vwdqgdug ghyldwlrq ri lwv hvwlpdwhv/ exw dovr wkh frpsxwdwlrq
wlph1 D vwdqgdug qrwlrq ri h!flhqf| ri d Prqwh Fduor phwkrg lv gh?qhg dv
wkh vwdqgdug ghyldwlrq +ru/ yduldqfh, pxowlsolhg e| wlph1 Lq Iljxuh 43/ zh
sorw wkh wlph +lq vhfrqgv, vshqw wr frpsxwh wkh 73 hvwlpdwhv zkrvh vwdq0
gdug ghyldwlrqv zhuh uhsruwhg deryh1 Wkh svhxgrudqgrp jhqhudwruv duh
wkh idvwhvw/ exw UVkliwKdowrq/ UVwduwKdowrq/ dqg UV0vfuKdowrq iroorz wkhp
forvho|1 Qrw vxusulvlqjo|/ OlqVfuIdxuh dqg VfuIdxuh lpsohphqwdwlrqv duh wkh
vorzhvw1 Zh qrwh wkdw diwhu ohyho 6/ wkh VfuIdxuh lpsohphqwdwlrqv ehfrph
pxfk vorzhu wkdq OlqVfuIdxuh1 Lq jhqhudo/ zkhq wkh glphqvlrq lv vpdoo dqg
wkh ohyho ri udqgrpl}dwlrq lv orz/ wkh VfuIdxuh lpsohphqwdwlrq fdq eh idvwhu
wkdq OlqVfuIdxuh1 Wklv lv gxh wr wkh idfw wkdw wkh iruphu phwkrg lqyroyhv
wkh pxowlsolfdwlrq ri dq xsshu gldjrqdo pdwul{ zlwk d yhfwru lq jhqhudwlqj
wkh udqgrp zdonv/ dqg wkxv pruh h!flhqw wkdq wkh odwwhu phwkrg zkhuh
wkh pdwul{ lv qr orqjhu xsshu gldjrqdo1 Dv wkh glphqvlrq dqg wkh ohyho ri
udqgrpl}dwlrq lqfuhdvhv/ VfuIdxuh txlfno| orvhv lwv dgydqwdjh gxh wr wkh jh0
rphwulfdoo| lqfuhdvlqj qxpehu ri shupxwdwlrqv wkdw kdyh wr eh frpsxwhg1

Ilqdoo| lq Iljxuh 44/ zh sorw wkh h!flhqf| ri wkh vlpxodwlrq phwkrgv1
Wkh Prqwh Fduor phwkrgv kdyh wkh zruvw h!flhqf| dowkrxjk wkh| duh wkh
idvwhvw ri doo phwkrgv1 Wkh UV0vfuKdowrq kdv wkh ehvw h!flhqf| dprqj doo
phwkrgv dqg doo vdpsoh vl}hv frqvlghuhg1 Wkh uhvw ri wkh phwkrgv duh qrw hdv0
lo| glvwlqjxlvkdeoh/ dowkrxjk UVkliwKdowrq vhsdudwhv lwvhoi iurp wkh uhvw diwhu
833/333 udqgrp zdonv1 Lq wkh VfuIdxuh lpsohphqwdwlrqv/ ohyho 5 udqgrpl}d0
wlrq kdv d ehwwhu h!flhqf| wkdq ohyho 6 udqgrpl}dwlrq iru hyhu| vdpsoh vl}h1
Wkhuh lv qr zlqqhu ehwzhhq ohyho 4 dqg ohyho 5 udqgrpl}dwlrqv1 Zkhq ohyho
4 dqg ohyho 6 duh frpsduhg/ zh vhh wkh iruphu jlyh d ehwwhu h!flhqf| iru doo
h{fhsw wzr vdpsoh vl}hv1 Lq frqfoxvlrq/ ohyho 5 udqgrpl}dwlrq vhhpv wr eh
wkh rswlpdo fkrlfh lq whupv ri h!flhqf|1
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61515 Jhrphwulf Dvldq fdoo rswlrq

Wr holplqdwh dq| srvvlelolw| ri eldv lq wkh vhohfwlrq ri rswlrq sdudphwhuv/
zh ghflgh wr vhohfw wkhp dw udqgrp lq wklv h{dpsoh1 Iru wkh glvwulexwlrq
ri sdudphwhuv/ zh iroorz Wdq dqg Er|oh +5333,/ dqg ?{ wkh vwulnh sulfh dw
433/ dqg dvvxph wkh lqlwldo dvvhw sulfh lv xqlirupo| glvwulexwhg ehwzhhq 83
dqg 4831 Wkh yrodwlolw| lv xqlirupo| glvwulexwhg ehwzhhq 314 dqg 319/ dqg
wkh lqwhuhvw udwh lv xqlirup ehwzhhq 3138 dqg 31481 Wkh h{slu| lv xqlirup
ehwzhhq 9 prqwkv dqg 5 |hduv1 Zh wdnh wkh qxpehu ri wlph vwhsv wr eh
g ' Hf1

Vlqfh UV0vfuKdowrq lv wkh rqo| phwkrg wkdw surgxfhv dv|pswrwlfdoo| xqel0
dvhg hvwlpdwhv/ zh uhshdw wkh lqyhvwljdwlrq ri wkh glvwulexwlrq ri lwv hvwlpdwhv
xvlqj wkh ø2 whvw zlwk nqrzq phdq1 Zh jhqhudwh 4933 hvwlpdwhv xvlqj wkh
Er{0Pxoohu phwkrg1 Wkh vdpsolqj lv grqh iurp u ' �ff sulph qxpehuvé
Wkh iroorzlqj wdeoh glvsod|v ø2 ydoxhv iru d ydulhw| ri fkrlfhv iru wkh qxpehu
ri sulfh sdwkv ùé

ù ' 2û �fD ù ' ôû �fD ù ' eû �fD ù ' Dû �fD
ø2 63 55 75 319

Wkh ø2 vwdwlvwlf dwwdlqv ydoxhv dw dq dffhswdeoh ohyho rqo| diwhu 733/333 sulfh
sdwkv1 Wkhvh uhvxowv xqghuolqh wkh eldv lq wkh UV0hvwlpdwhv dqg wkh idfw wkdw
ù vkrxog eh 3vx!flhqwo|4 odujh wr frqgxfw d ydolg vwdwlvwlfdo dqdo|vlv ri lwv
hvwlpdwhv1 Wkh lqyhuvh wudqvirup phwkrg surgxfhv pxfk odujhu ø2 ydoxhv iru
UV0hvwlpdwhv dv lq wkh fdvh ri wkh Hxurshdq fdoo rswlrq h{dpsoh1

Lq Iljxuh 45 zh sorw wkh vwdqgdug ghyldwlrq ri 73 hvwlpdwhv iru hdfk
ù Eù ' �fD/ 2 û �fD/111/�fSäé Iruw| hvwlpdwhv duh rewdlqhg e| lqghshqghqw
udqgrpl}dwlrqv ri hdfk phwkrg1 Lq wkh UV0vfuKdowrq phwkrg zh wdnh u '
�ffc dqg lq VfuIdxuh/ wkh ohyho ri udqgrpl}dwlrq lv 51

Lw lv lqwhuhvwlqj wr qrwh wkdw wkh UVkliwKdowrq dqg UVwduwKdowrq phwkrgv
qrz surgxfh d kljkhu vwdqgdug ghyldwlrq wkdq wkh wzr Prqwh Fduor phwkrgv>
d frpsohwh uhyhuvdo ri zkdw zh revhuyhg lq wkh Hxurshdq fdoo h{dpsoh1 Wklv
lv suredeo| d frqvhtxhqfh ri wkh lqfuhdvhg glphqvlrq ri wkh sureohp/ iurp
g ' ef +lq wkh Hxurshdq fdoo sureohp, wrg ' Hfé Wkh VfuIdxuh +ohyho 5, dqg
OlqVfuIdxuh phwkrgv kdyh voljkwo| vpdoohu yduldqfh wkdq wkh UV0vfuKdowrq
phwkrg +h{fhsw iru rqh vdpsoh vl}h iru OlqVfuIdxuh,1

Lq Iljxuhv 46 dqg 47/ zh sorw wkh wlph dqg h!flhqf| ri wkh phwkrgv1 Wkh
wlplqj uhvxowv duh vlplodu wr wkrvh rewdlqhg iru wkh Hxurshdq fdoo rswlrq1 Wkh
UV0vfuKdowrq phwkrg kdv wkh ehvw h!flhqf|> krzhyhu zh hpskdvl}h wkdw wklv
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Iljxuh 45= Jhrphwulf Dvldq rswlrq1 Vwdqgdug ghyldwlrq ri hvwlpdwhv1

phwkrg idlohg wkh ø2 whvw iru vdpsoh vl}hv xs wr 733/333 +vhh wkh suhylrxv
wdeoh,1 Wkh Prqwh Fduor phwkrgv kdyh qrz d ehwwhu h!flhqf| wkdq wkh
UVkliwKdowrq dqg UVwduwKdowrq phwkrgv1 Wkh h!flhqf| ri wkh jhqhudwru
ww;33 lv ehwwhu wkdq gudqg dqg OlqVfuIdxuh h{fhsw iru rqh gdwd srlqw iru wkh
iruphu/ dqg wzr gdwd srlqwv iru wkh odwwhu phwkrg1 Wkh VfuIdxuh h!flhqf|
lv ehwzhhq wkh Prqwh Fduor phwkrgv1

7 Frqfoxvlrq

Rxu qxphulfdo uhvxowv vxjjhvw wkdw lq orz0glphqvlrqdo sureohpv/ wkh udqgrp0
l}hg txdvl0Prqwh Fduor phwkrgv fdq r>hu jdlqv qrw rqo| lq huuru uhgxfwlrq
exw dovr lq h!flhqf|/ zkhq frpsduhg wr wkh Prqwh Fduor phwkrg1 Lq kljkhu
glphqvlrqv/ zh revhuyhg wkdw wkh UVkliwKdowrq dqg UVwduwKdowrq phwkrgv
surgxfhg hvwlpdwhv zlwk odujhu yduldqfh wkdq wkh Prqwh Fduor phwkrgv1 Wkh
VfuIdxuh/ OlqVfuIdxuh/ dqg UV0vfuKdowrq phwkrgv vwloo surylgh hvwlpdwhv
zlwk vpdoohu yduldqfh/ exw h{fhsw iru UV0vfuKdowrq/ wkh lqfuhdvhg h{hfxwlrq
wlph fdqfhov rxw jdlqv lq huuru uhgxfwlrq1 Wkh dv|pswrwlfdoo| xqeldvhg UV0
vfuKdowrq phwkrg jdyh wkh ehvw h!flhqf| uhvxowv/ krzhyhu/ wkh vdpsoh vl}h
vkrxog eh vx!flhqwo| odujh iru wkh lqkhuhqw eldv wr vwd| zlwklq dffhswdeoh ohy0
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hov1 Zh qrwh wkdw rxu h!flhqf| uhvxowv frqvwlwxwh e| qr phdqv wkh ?qdo zrug
rq wklv lvvxh/ dqg wkh| duh vxemhfw wr fkdqjh zlwk idvwhu lpsohphqwdwlrqv ri
wkh udqgrpl}hg txdvl0Prqwh Fduor phwkrgv1

Wkh dgyhuvh h>hfwv ri kljk glphqvlrqdolw| wr wkh txdvl0Prqwh Fduor phwkrg
fdq eh ohvvhqhg e| xvlqj whfkqltxhv wkdw uhgxfh wkh 3h>hfwlyh4 glphqvlrq ri
wkh sureohp1 H{dpsohv duh wkh Eurzqldq eulgjh whfkqltxh +vhh Fd lvfk hw do1
+4<<:,/ zkr dovr glvfxvv wkh qrwlrq ri h>hfwlyh glphqvlrq, dqg wkh sulqflsdo
frpsrqhqwv whfkqltxh +vhh Dfzruwk hw do1 +4<<;,,1 Rxu qxphulfdo uhvxowv
vxjjhvw wkdw wkhvh phwkrgv pd| eh qhhghg wr lpsuryh wkh txdvl0Prqwh hvwl0
pdwhv lq glphqvlrqv dv vpdoo dv ;31

Zh dovr revhuyhg wkdw wkh Er{0Pxoohu wudqvirup frqvlvwhqwo| surylghg
hvwlpdwhv zlwk ehwwhu vwdwlvwlfdo dffxudf| wkdq wkdw ri wkh lqyhuvh wudqvirup
phwkrg/ lq wkh fdvh ri udqgrpl}hg txdvl0Prqwh Fduor phwkrgv1 Wkh lq0
whudfwlrq ri udqgrp yduldeoh jhqhudwlrq whfkqltxhv +lqyhuvh wudqvirup/ Er{0
Pxoohu/ hwf1, zlwk orz0glvfuhsdqf| vhtxhqfhv srvhv lqwhuhvwlqj uhvhdufk txhv0
wlrqv1

Dfnqrzohgjhphqw : Zh wkdqn wkh dqrq|prxv uhihuhh iru klv2khu khosixo
vxjjhvwlrqv1

Uhihuhqfhv

Dfzruwk/ S1/ Eurdglh/ P1/ Jodvvhupdq/ S1/ 4<<;1 D frpsdulvrq ri vrph
Prqwh Fduor dqg txdvl0Prqwh Fduor whfkqltxhv iru rswlrq sulflqj1 Lq=
Qlhghuuhlwhu/ K1/ Khoohndohn/ S1/ Odufkhu/ J1/ ]lqwhukri/ S1 +Hgv1,/ Prqwh
Fduor dqg Txdvl0Prqwh Fduor Phwkrgv 4<<9/ Surfhhglqjv ri d frqihu0
hqfh dw wkh Xqlyhuvlw| ri Vdo}exuj/ Dxvwuld/ Mxo| <045/ 4<<9/ Vsulqjhu0
Yhuodj/ Qhz \run/ ss1 404;1

Erxohdx/ Q1/ Oìslqjoh/ G1/ 4<<71 Qxphulfdo Phwkrgv iru Vwrfkdvwlf
Surfhvvhv1 Mrkq Zloh| ) Vrqv/ Lqf1/ Qhz \run1

Er|oh/ S1/ Eurdglh/ P1/ Jodvvhupdq/ S1/ 4<<:1 Prqwh Fduor Phwkrgv
iru Vhfxulw| Sulflqj1 Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro 54/
459:046541

Fd lvfk/ U1H1/ Prurnr>/ Z1/ Rzhq/ D1/ 4<<:1 Ydoxdwlrq ri pruwjdjh0
edfnhg vhfxulwlhv xvlqj Eurzqldq eulgjhv wr uhgxfh h>hfwlyh glphqvlrq1
Mrxuqdo ri Frpsxwdwlrqdo Ilqdqfh 4/ 5:0791
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Fudqoh|/ U1/ Sdwwhuvrq/ W1Q1O1/ 4<:91 Udqgrpl}dwlrq ri qxpehu wkh0
ruhwlf phwkrgv iru pxowlsoh lqwhjudwlrq1 VLDP Mrxuqdo ri Qxphulfdo
Dqdo|vlv 46/ <370<471

G*Djrvwlqr/ U1E1/ Vwhskhqv/ P1D1 +Hgv1,/ 4<;91 Jrrgqhvv0ri0Ilw Whfk0
qltxhv1 Pdufho Ghnnhu/ Qhz \run1

ghq Kddq/ Z1M1/ Pdufhw/ D1/ 4<<31 Vroylqj wkh Vwrfkdvwlf Jurzwk
Prgho e| Sdudphwhul}lqj H{shfwdwlrqv1 Mrxuqdo ri Exvlqhvv dqg Hfr0
qrplf Vwdwlvwlfv ;/ 640671

Hiurq/ E1/ Wlevkludql/ U1M1/ 4<<61 Dq Lqwurgxfwlrq wr wkh Errwvwuds1
Fkdspdq ) Kdoo/ Qhz \run1

Idxuh/ K1/ 4<<51 Jrrg shupxwdwlrqv iru h{wuhph glvfuhsdqf|1 Mrxuqdo
ri Qxpehu Wkhru| 75/ 7:0891

Ilvkpdq/ Y1/ Ilwwrq/ S1/ Jdoshulq/ \1/ 4<<:1 K|eulg Orz0Glvfuhsdqf|
Vhtxhqfhv= H>hfwlyh Sdwk Uhgxfwlrq iru \lhog Fxuyh Vfhqdulr Jhqhu0
dwlrq1 Mrxuqdo ri Il{hg Lqfrph :/ :80;71

Jdodqwl/ V1/ Mxqj/ D1/ 4<<:1 Orz0Glvfuhsdqf| Vhtxhqfhv= Prqwh Fduor
Vlpxodwlrq ri Rswlrq Sulfhv1 Mrxuqdo ri Ghulydwlyhv 8/ 960;61

Jùjjhopdqq/ N1/ Zlqnhu/ S1/ Vfkhookruq/ P1/ Iudq}/ Z1/ 53331 Txdvl0
Prqwh Fduor phwkrgv lq vwrfkdvwlf vlpxodwlrqv= Dq dssolfdwlrq wr sro0
lf| vlpxodwlrqv xvlqj d glvhtxloleulxp prgho ri wkh Zhvw Jhupdq hfrq0
rp| 4<9304<<71 Hpslulfdo Hfrqrplfv 58/ 57:058<1

Klfnhuqhoo/ I1M1/ 4<<91 Wkh phdq vtxduh glvfuhsdqf| ri udqgrpl}hg
qhwv1 DFPWudqvdfwlrqv rq Prgholqj dqg Frpsxwhu Vlpxodwlrq 9/ 5:70
5<91

Klfnhuqhoo/ I1M1/ Krqj/ K1 V1/ 4<<<1 Wkh dv|pswrwlf h!flhqf| ri udq0
grpl}hg qhwv iru txdgudwxuh1 Pdwkhpdwlfv ri Frpsxwdwlrq 9;/ :9:0:<41

Klfnhuqhoo/ I1M1/ 53331 Zkdw d>hfwv wkh dffxudf| ri txdvl0Prqwh Fduor
txdgudwxuhB Lq= Qlhghuuhlwhu/ K1/ Vsdqlhu/ M1 +Hgv1,/ Prqwh Fduor dqg
Txdvl0Prqwh Fduor Phwkrgv 4<<;/ Surfhhglqjv ri d Frqihuhqfh khog dw
wkh Foduhprqw Judgxdwh Xqlyhuvlw|/ Foduhprqw/ Fdoliruqld/ XVD/ Mxqh
55059/ 4<<;/ Vsulqjhu0Yhuodj/ Qhz \run/ ss1 490881



Udqgrpl}hg Txdvl0Prqwh Fduor Phwkrgv lq Sulflqj Vhfxulwlhv 68

Krqj/ K1 V1/ Klfnhuqhoo/ I1 M1/ 53361 Dojrulwkp ;56= Lpsohphqwlqj
vfudpeohg gljlwdo vhtxhqfhv1 DFP Wudqvdfwlrqv rq Pdwkhpdwlfdo Vriw0
zduh 5</ <8043<1

Mdfnvrq/ P1/ Vwdxqwrq/ P1/ 53341 Dgydqfhg Prghoolqj lq Ilqdqfh1 Mrkq
Zloh| ) Vrqv/ Lqf1/ Qhz \run1

Mrh/ V1/ 4<<31 Udqgrpl}dwlrq ri odwwlfh uxohv iru qxphulfdo pxowlsoh
lqwhjudwlrq1 Mrxuqdo ri Frpsxwdwlrqdo dqg Dssolhg Pdwkhpdwlfv 64/
5<<06371

Mr|/ F1/ Er|oh/ S1S1/ Wdq/ N1V1/ 4<<91 Txdvl0Prqwh Fduor phwkrgv lq
qxphulfdo ?qdqfh1 Pdqdjhphqw Vflhqfh 75/ <590<6;1

Mxgg N1O1/ 4<<;1 Qxphulfdo phwkrgv lq hfrqrplfv1 PLW Suhvv/ Orqgrq1

Odpehuw/ M1S1/ 4<;81 Txdvl0Prqwh Fduor/ orz glvfuhsdqf| vhtxhqfhv/
dqg hujrglf wudqvirupdwlrqv1 Mrxuqdo ri Frpsxwdwlrqdo dqg Dssolhg
Pdwkhpdwlfv 45)46/ 74<07561

O*Hfx|hu/ S1/ Ohplhx{/ F1/ 53351 Uhfhqw dgydqfhv lq udqgrpl}hg txdvl0
Prqwh Fduor phwkrgv1 Lq= Guru/ P1/ O*Hfx|hu/ S1/ V}lgduryv}nl/ I1
+Hgv1,/ Prgholqj Xqfhuwdlqw|= Dq H{dplqdwlrq ri Vwrfkdvwlf Wkhru|/
Phwkrgv/ dqg Dssolfdwlrqv/ Noxzhu Dfdghplf Sxeolvkhuv/ ss1 74<07:71

Ol/ [1M1/ Zlqnhu/ S1/ 53361 Wlph Vhulhv Vlpxodwlrq zlwk Txdvl Prqwh
Fduor Phwkrgv1 Frpsxwdwlrqdo Hfrqrplfv 54/ 560761

Ork/ Z10O1/ 4<<91 D frpelqdwruldo fhqwudo olplw wkhruhp iru udqgrpl}hg
ruwkrjrqdo duud| vdpsolqj ghvljqv1 Dqqdov ri Vwdwlvwlfv 57/ 453<045571

Pdwrxµhn/ M1/ 4<<;1 Rq wkh O20Glvfuhsdqf| iru Dqfkruhg Er{hv1 Mrxu0
qdo ri Frpsoh{lw| 47/ 85:08891

Pdwvxprwr/ P1/ Nxulwd/ \1/ 4<<71 Wzlvwhg JIVU jhqhudwruv LL1 DFP
Wudqvdfwlrqv rq Prgholqj dqg Frpsxwhu Vlpxodwlrq 7/ 58705991

Prurkrvl/ K1/ Ixvklpl/ P1/ 53331 D sudfwlfdo dssurdfk wr wkh huuru hvwl0
pdwlrq ri txdvl0Prqwh Fduor lqwhjudwlrqv1 Lq= Qlhghuuhlwhu/ K1/ Vsdqlhu/
M1 +Hgv1,/ Prqwh Fduor dqg Txdvl0Prqwh Fduor Phwkrgv 4<<;/ Sur0
fhhglqjv ri d Frqihuhqfh khog dw wkh Foduhprqw Judgxdwh Xqlyhuvlw|/
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Foduhprqw/ Fdoliruqld/ XVD/ Mxqh 55059/ 4<<;/ Vsulqjhu0Yhuodj/ Qhz
\run/ ss1 6::06<31

Prurkrvl/ K1/ Ixvklpl/ P1/ 53351 H{shulphqwdo vwxglhv rq wkh huuru
hvwlpdwlrq ri wkh qxphulfdo lqwhjudwlrq e| jhqhudol}hg Qlhghuuhlwhu vh0
txhqfhv1 Rshudwlrqv Uhvhdufk dqg Lwv Dssolfdwlrqv/ Surfhhglqjv ri wkh
7wk Lqwhuqdwlrqdo V|psrvlxp/ LVRUDc35/ Zruog Sxeolvklqj/ ss1 790861

Prurkrvl/ K1/ Nred|dvkl/ N1/ Ixvklpl/ P1/ 53331 Hvwlpdwlqj wkh huuru
ri txdvl0Prqwh Fduor lqwhjudwlrqv 0 H{shulphqwdo vwxglhv lq ?qdqfldo
sureohpv1 Nrn|xurnx/ Uhvhdufk Lqvwlwxwh iru Pdwkhpdwlfdo Vflhqfhv/
N|rwr Xqlyhuvlw|/ ss1 40441

Qlhghuuhlwhu/ K1/ 4<<51 Udqgrp Qxpehu Jhqhudwlrq dqg Txdvl0Prqwh
Fduor Phwkrgv1 VLDP/ Sklodghoskld1

Qlqrpl|d/ V1/ Wh}xnd/ V1/ 4<<91 Wrzdug uhdo0wlph sulflqj ri frpsoh{
?qdqfldo ghulydwlyhv1 Dssolhg Pdwkhpdwlfdo Ilqdqfh 6/ 40531

Rzhq/ D1E1/ 4<<81 Udqgrpo| shupxwhg E|c6c rä0qhwv dqg E|c rä0
vhtxhqfhv1 Lq= Qlhghuuhlwhu/ K1/ Vklxh/ S1M10V1 +Hgv1,/ Prqwh Fduor dqg
txdvl0Prqwh Fduor Phwkrgv lq Vflhqwl?f Frpsxwlqj/ Surfhhglqjv ri d
Frqihuhqfh dw wkh Xqlyhuvlw| ri Qhydgd/ Odv Yhjdv/ Qhydgd/ XVD/ Mxqh
56058/ 4<<7/ Ohfwxuh Qrwhv lq Vwdwlvwlfv/ Yro1 4391 Vsulqjhu0Yhuodj/ Qhz
\run/ ss1 5<<064:1

Rzhq/ D1E1/ 4<<:d1 Prqwh Fduor yduldqfh ri vfudpeohg qhw txdgudwxuh1
VLDP Mrxuqdo rq Qxphulfdo Dqdo|vlv 67/ 4;;704<431

Rzhq/ D1E1/ 4<<:e1 Vfudpeohg qhw yduldqfh iru lqwhjudov ri vprrwk
ixqfwlrqv1 Dqqdov ri Vwdwlvwlfv 58/ 4874048951

Rzhq/ D1E1/ 4<<;1 Odwlq vxshufxeh vdpsolqj iru yhu| kljk glphqvlrqdo
vlpxodwlrqv1 DFPWudqvdfwlrqv rq Prgholqj dqg Frpsxwhu Vlpxodwlrq
;/ :404351

Rzhq/ D1E1/ 53361 Yduldqfh zlwk dowhuqdwlyh vfudpeolqjv ri gljlwdo qhwv1
DFP Wudqvdfwlrqv rq Prgholqj dqg Frpsxwhu Vlpxodwlrq 46/ 696 0
6:;1
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Rzhq/ D1E1/ Wdyhood/ G1/ 4<<:1 Vfudpeohg qhwv iru ydoxh dw ulvn fdo0
fxodwlrqv1 Lq= Jud|olqj/ V1 +Hg1,/ YdU= Xqghuvwdqglqj dqg Dsso|lqj
Ydoxh0dw0Ulvn1 ULVN/ Orqgrq1

Ùnwhq/ J1/ 4<<<1 Huuru uhgxfwlrq whfkqltxhv lq txdvl0Prqwh Fduor lq0
whjudwlrq1 Pdwkhpdwlfdo dqg Frpsxwhu Prghoolqj 63/ 9409<1

Ùnwhq/ J1/ 53351 Udqgrp vdpsolqj iurp orz0glvfuhsdqf| vhtxhqfhv=
dssolfdwlrqv wr rswlrq sulflqj1 Pdwkhpdwlfdo dqg Frpsxwhu Prghoolqj
68/ 4554045671

Sdvnry/ V1K1/ Wudxe/ M1I1/ 4<<81 Idvwhu ydoxdwlrq ri ?qdqfldo ghulyd0
wlyhv1 Mrxuqdo ri Sruwirolr Pdqdjhphqw 55/ 44604531

Uxelqvwhlq/ \1U1/ 4<;41 Vlpxodwlrq Dqg Wkh Prqwh Fduor Phwkrg1
Mrkq Zloh| ) Vrqv/ Lqf1/ Qhz \run1

Vwuxfnphlhu/ M1/ 4<<81 Idvw jhqhudwlrq ri orz0glvfuhsdqf| vhtxhqfhv1
Mrxuqdo ri Frpsxwdwlrqdo dqg Dssolhg Pdwkhpdwlfv 94/ 5<0741

Wdq/ N1V1/ Er|oh/ S1S1/ 53331 Dssolfdwlrqv ri udqgrpl}hg orz glvfuhs0
dqf| vhtxhqfhv wr wkh ydoxdwlrq ri frpsoh{ vhfxulwlhv1 Mrxuqdo ri Hfr0
qrplf G|qdplfv ) Frqwuro 57/ 4:7:04:;51

Wh}xnd/ V1/ 4<<81 Xqlirup Udqgrp Qxpehuv= Wkhru| dqg Sudfwlfh1
Noxzhu Dfdghplf Sxeolvkhuv/ Gruguhfkw1

Wudxe/ I1 M1/ Sdsdjhrujlrx/ D1/ 4<<91 Ehdwlqj Prqwh Fduor1 Ulvn/ 960
981

Wx!q/ E1/ 4<<91 Rq wkh xvh ri orz glvfuhsdqf| vhtxhqfhv lq Prqwh
Fduor Phwkrgv1 Prqwh Fduor Phwkrgv dqg Dssolfdwlrqv 5/ 5<806531

Zdqj/ [1/ Klfnhuqhoo/ I1M1/ 53331 Udqgrpl}hg Kdowrq vhtxhqfhv1 Pdwk0
hpdwlfdo dqg Frpsxwhu Prghoolqj 65/ ;;:0;<<1


