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Devwudfw

Zh frqvlghu wkh ixqgdphqwdo sureohp ri uhfrqvwuxfwlqj d pds +uhihuuhg wr dv

PdsUhfrq, zkhq wkh jlyhq gdwd lv wkh vhw ri urdg wudyho glvwdqfhv dprqj flwlhv lq

d uhjlrq1 Wklv sureohp lv wkh �lqyhuvh� ri wkh glvwdqfh hvwlpdwlrq sureohp/ lq zklfk

wkh jrdo lv wr ghwhuplqh d jrrg hvwlpdwru iru lqwhu0flw| urdg wudyho glvwdqfhv dv d ixqf0

wlrq ri wkhlu flw| frruglqdwhv1 Pruh vshfl�fdoo|/ jlyhq wkh urdg glvwdqfhv dprqj flwlhv

lq d jhrjudsklfdo duhd/ zh dwwhpsw wr ghwhuplqh wkh orfdwlrqv ri wkh flwlhv lq d wzr

glphqvlrqdo pds vr wkdw wkh Hxfolghdq lqwhu0flw| glvwdqfhv dssur{lpdwh wkh +dfwxdo,

urdg glvwdqfhv dv forvho| dv srvvleoh1 Wkh uhsruwhg vroxwlrqv wr wklv sureohp duh ihz/

dqg sulpdulo| lqyroyh pxowlglphqvlrqdo vfdolqj +PGV, whfkqltxhv1 Zh sursrvh wr ryhu0

frph wkhlu glvwlqfw glvdgydqwdjhv e| vroylqj PdsUhfrq zlwk d vhoi0rujdql}lqj phwkrg1

Rxu vroxwlrq/ QhxurPdsUhfrq/ lv dffxudwh dqg grhv qrw lqyroyh dq| lqwulfdwh pdwul{

frpsxwdwlrqv ru jhqhudol}hg lqyhuvh frpsxwdwlrqv1 Ixuwkhupruh/ lw lv dgdswlyh dqg fdq

eh vdlg wr eh ri d �uhdo wlph�  dyrxu1 Wkh sursrvhg phwkrg kdv ehhq txlwh uljru0

rxvo| whvwhg rq gl�huhqw gdwd vhwv rewdlqhg iurp ydulrxv frxqwulhv1 Rxu uhvxowv kdyh

dovr ehhq frpsduhg zlwk wkh shuirupdqfh ri wkh Fodvvlfdo PGV dqg DOVFDO1 Wkh

dffxudf| ri wkh sursrvhg phwkrg lv vxshulru1 Lw kdv dovr wkh iroorzlqj wzr ghvludeoh

surshuwlhv1 Iluvw/ zh fdq rewdlq srlqw frq�jxudwlrqv hyhq li vrph ri wkh lqsxw gdwd

duh plvvlqj1 Vhfrqg/ lw ehfrphv srvvleoh wr ghwhuplqh frq�jxudwlrqv zkhuh srlqwv

uhsuhvhqwlqj flwlhv duh orfdwhg yhu| forvh wr wkhlu ruljlqdo orfdwlrqv1
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4 Lqwurgxfwlrq

Rqh ri wkh fodvvlf sureohpv vwxglhg lq rshudwlrqv uhvhdufk dqg jhrjudsklf lqirupdwlrq v|v0

whpv lv wkh glvwdqfh hvwlpdwlrq sureohp/ zklfk lqyroyhv wkh ghwhuplqdwlrq ri d jrrg hvwlpdwru

iru wkh lqwhu0flw| urdg glvwdqfhv hydoxdwhg dv d ixqfwlrq ri wkh flw| frruglqdwhv lq wkh pds1

Wklv sureohp kdv ehhq h{whqvlyho| vwxglhg ehfdxvh ri lwv lpsruwdqfh lq orfdwlrq/ glvwulexwlrq

dqg orjlvwlf sureohpv ^4/ 5/ 6/ 7`1 Wkh glvwdqfh hvwlpdwlrq sureohp kdv dq �lqyhuvh� sureohp

zklfk zh fdoo wkh pds uhfrqvwuxfwlrq sureohp +uhihuuhg wr dv PdsUhfrq lq wkh iroorzlqj,1 Lw

lv edvhg rq uhvroylqj wkh iroorzlqj txhvwlrq= Jlyhq wkh urdg glvwdqfhv dprqj d vhw ri flwlhv/

ghwhuplqh orfdwlrqv iru flwlhv zkhuh glvwdqfh uhodwlrqvklsv duh suhvhuyhg1 Revhuyh wkdw wklv

lv d udwkhu jhqhudo sureohp/ vlqfh wkh frpsxwhg frq�jxudwlrq iru wkh flwlhv fdq eh uhjdughg

dv dq devwudfw pds uh hfwlqj d klgghq vwuxfwxuh1

Iurp wkh deryh shuvshfwlyh/ wkh uhdghu zloo revhuyh wkdwPdsUhfrq kdv d forvh frqqhfwlrq

zlwk pxowlglphqvlrqdo vfdolqj +PGV,1 Wkh pdlq jrdo ri PGV lv wr ylvxdol}h dqg dqdo|}h

vlplodulwlhv ru glvvlplodulwlhv ehwzhhq �remhfwv� xvlqj d orzhu glphqvlrqdo uhsuhvhqwdwlrq ri

wkhlu ihdwxuh yhfwruv/ zkloh/ lq wxuq/ vlpxowdqhrxvo| suhvhuylqj wkh klgghq vwuxfwxuh1

Wkh �uvw PGV phwkrg zdv sursrvhg e| Wrujhuvrq ^8`/ dqg klvwrulfdoo| kdv lwv urrwv lq

sv|fkrphwulfv zkhuh lw zdv xvhg wr glvfryhu shrsoh*v mxgjphqwv rq wkh vlplodulw| ri ydulrxv

remhfwv1 Wkh olwhudwxuh rq PGV lv idluo| h{whqvlyh/ dqg uhylhzlqj lw khuh lv erwk lpsudfwlfdo

dqg xqqhfhvvdu|1 Lq wkh frqwh{w ri wklv sdshu/ wkh h{fhoohqw errn e| Eruj dqg Jurhqhq ^9`

vkrxog vx!fh wr eulqj wkh uhdghu xs wr vshhg1

Lq whupv ri qrphqfodwxuh/ li wkh PGV phwkrgrorj| lv edvhg rq phdvxuhg glvvlplodulwlhv

+dw wkh udwlr ohyho ri phdvxuhphqw,/ lw lv fdoohg d phwulf PGV1 Lq wklv fdvh wkh dlp ri wkh

h{huflvh lv wr �qg d frq�jxudwlrq ri srlqwv wkdw suhvhuyhv wkh vfdohg glvvlplodulwlhv ehwzhhq

wkh remhfwv1 W|slfdoo|/ wklv vfdolqj lv dfklhyhg e| d wudqvirupdwlrq ixqfwlrq1 Li wkh wudqviru0

pdwlrq ixqfwlrq lv olqhdu/ wkh fruuhvsrqglqj PGV lv ghvfulehg dv d udwlr PGV1 Dv rssrvhg

wr wklv/ li wkh glvvlplodulwlhv duh xvhg gluhfwo|/ lw lv fdoohg dq devroxwh PGV vfkhph1 Li wkh

PGV lv edvhg rq sur{lplwlhv rewdlqhg dw wkh ruglqdo ohyho ri phdvxuhphqw +h1j1/ mxgjhphqwv/

shufhswlrqv,/ wkh vfkhph lv uhihuuhg wr dv d qrqphwulf PGV1 Lq qrqphwulf PGV ^:` zh dv0

vxph wkdw wkhuh lv d prqrwrqlf uhodwlrqvkls ehwzhhq wkh lqwhu0srlqw glvwdqfhv dqg revhuyhg
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sur{lplwlhv1 Wklv/ lq wxuq/ phdqv wkdw wkh uhsurgxfhg glvwdqfhv +qdpho|/ wkrvh zklfk duh

rewdlqhg diwhu orfdwlqj wkh �remhfwv� lq wkh orzhu glphqvlrqdo vsdfh,/ duh frqvwudlqhg wr

suhvhuyh wkh udqn rughu dprqj wkh vlplodulwlhv ru glvvlplodulwlhv udwkhu wkdq wkh dfwxdo glv0

wdqfhv dprqj remhfwv1 Lw lv lpsruwdqw wr qrwh wkdw d phwulf PGV vfkhph fdq eh xvhg wr

dssur{lpdwh qrqphwulf PGV e| xvlqj wkh udqn rughuv dv glvvlplodulwlhv ^9`1

PdsUhfrq lv htxlydohqw wr wkh phwulf PGV zkhuh remhfwv duh flwlhv lq d jlyhq uhjlrq/

dqg glvvlplodulwlhv dprqj remhfwv duh frqvlghuhg wr eh urdg glvwdqfhv dprqj wkh flwlhv1

Wr irupdoo| irupxodwh wkh sureohp/ zh �uvw ri doo revhuyh wkdw li zh duh jlyhq d pdwul{

{ ' dB�� G �c � ' �c ���c ?o ri urdg glvwdqfhv ehwzhhq doo sdluv ri ? flwlhv/ wkhvh flwlhv fdq

eh uhsuhvhqwhg e| ? srlqwv lq d Hxfolghdq vsdfh .?3� vxfk wkdw wkh Hxfolghdq lqwhu0flw|

glvwdqfhv _�� duh htxdo wr B�� iru doo �c � surylghg wkdw wkh hohphqwv ri { vdwlvi| wkh phwulf

lqhtxdolw|1 Wkh sureohp ehfrphv erwk shuwlqhqw dqg qrq0wulyldo li zh kdyh wr uhsuhvhqw

wkh flwlhv e| ? srlqwv lq d orzhu glphqvlrqdo vxevsdfh .o zkhuh o 		 ? � �1 Lw lv fohdu

wkdw lq wkh fdvh ri PdsUhfrq/ o ' 21 Dq dqdo|wlfdo whfkqltxh/ uhihuuhg wr dv wkh fodvvlfdo

PGV ^;` kdv ehhq vkrzq wr eh fdsdeoh ri h{dfwo| uhsurgxflqj wkh urdg glvwdqfhv lq wkh fdvh

zkhq wkh| duh Hxfolghdq +l1h1/ B�� ' _��,1 Lqghhg/ zlwk d olwwoh lpdjlqdwlrq/ wklv whfkqltxh

fdq dovr eh hpsor|hg zkhq wkh urdg glvwdqfhv duh dssur{lpdwho| Hxfolghdq1 Vlqfh w|slfdo

urdg glvwdqfhv fdq eh shufhlyhg dv ehlqj Hxfolghdq glvwdqfhv glvwruwhg e| huuruv/ fodvvlfdo

PGV kdv ehhq xvhg wr vroyh wkh pds uhfrqvwuxfwlrq sureohp ^<`1 Krzhyhu/ vxfk vroxwlrqv

srvvhvv d ixqgdphqwdo �lq�uplw|�/ qdpho|/ wkdw wkh uhsurgxfhg lqwhu0flw| glvwdqfhv ghyldwh

vljql�fdqwo| iurp wkh wuxh urdg glvwdqfhv/ uhvxowlqj lq d vroxwlrq zlwk srru dffxudf|1 Lq wklv

frqwh{w/ dffxudf| lv phdvxuhg lq whupv ri wkh glvfuhsdqf| ehwzhhq dfwxdo urdg glvwdqfhv dqg

wkhlu hvwlpdwhv rewdlqhg e| PGV1

Dsduw iurp wkh frqvlghudwlrqv phqwlrqhg deryh/ PGV whfkqltxhv srvvhvv d ihz rwkhu

lpsruwdqw gudzedfnv1 Wkh �uvw rqh lv uhodwhg wr wkh qxpehu ri lqsxw glvvlplodulwlhv ru

glvwdqfhv wkdw duh qhfhvvdu| wr ghwhuplqh d ihdvleoh dqg phdqlqjixo orfdwlrq iru wkh remhfwv1

Fodvvlfdo PGV dojrulwkpv uhtxluh dq ? � ? pdwul{ ri lqsxw glvvlplodulwlhv/ zkhuh ? lv wkh

qxpehu ri remhfwv1 Wklv frxog eh sureohpdwlf ehfdxvh ri wkh uhvrxufh olplwdwlrqv +frvw/

wlph hwf1, lqyroylqj wkh gdwd froohfwlrq surfhgxuh1 Dqrwkhu lpsruwdqw idfw lv wkdw d pds

fuhdwhg e| dq| PGV phwkrg lv xvxdoo| rulhqwdwlrq0iuhh/ wkdw lv wkh rulhqwdwlrq ri wkh srlqwv
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uhsuhvhqwlqj wkh remhfwv lv duelwudu|1 Jhqhudoo| vshdnlqj/ wklv grhv qrw srvh d vljql�fdqw

sureohp vlqfh prvw ri wkh wlph zh duh rqo| frqfhuqhg zlwk wkh sur{lplw| ri wkh uhsurgxfhg

srlqwv rq wkh orzhu glphqvlrqdo pds/ zklfk hqdeohv xv wr �ylvxdoo|� glvfryhu wkh klgghq

vwuxfwxuh lq wkh gdwd1 Wkhuh pd| eh rffdvlrqv/ krzhyhu/ zkhuh dsduw iurp wkh glvvlplodulw|

wkdw h{lvwv ehwzhhq wkh �remhfwv�/ zh kdyh ixuwkhu lqirupdwlrq derxw vrph ri wkh remhfwv1

Wklv lqirupdwlrq frxog eh sk|vlfdo phdvxuhphqwv derxw wkh remhfwv dorqj d vhw ri glphqvlrqv

vxfk dv wkh odwlwxgh dqg orqjlwxgh ri flwlhv1 Lq vxfk d fdvh wkh remhfwlyh ehfrphv wr glvfryhu d

uhodwlrq ehwzhhq wkh frruglqdwhv ri wkh remhfwv +srvvleo| lq d kljk glphqvlrqdo vsdfh, dqg wkh

srvlwlrqv ri wkh srlqwv uhsuhvhqwlqj wkhvh remhfwv lq d orzhu glphqvlrqdo vsdfh e| suhvhuylqj

wkh sur{lplwlhv1 Vwh|yhuv ^43` jlyhv dq h{dpsoh ri wklv lq d sv|fkrorjlfdo frqwh{w1 Kh srlqwv

rxw wkdw zkhq wkh sk|vlfdo uhsuhvhqwdwlrq ri wkh ihdwxuhv frpsulvlqj wkh vwlpxol lv ljqruhg/

dv lq d wudglwlrqdo PGV whfkqltxh/ lw ehfrphv gl!fxow wr lqwhuuhodwh wkh dfwxdo srvlwlrqv ri

vwlpxol zlwk wkh srlqwv rq wkh pds wkdw uhsuhvhqw wkh vwlpxol1 Wklv kdsshqv ehfdxvh wkh

rulhqwdwlrq ri wkh srlqwv rq wkh uhsurgxfhg pds wxuqv rxw wr eh gl�huhqw iurp wkh ruljlqdo

pds ri remhfwv gxh wr wkh srvvleoh wudqvodwlrq/ urwdwlrq dqg uh hfwlrq skhqrphqd1

414 Frqwulexwlrqv ri Wklv Zrun

Lq wklv zrun zh sursrvh d qhz vhoi0rujdql}lqj whfkqltxh iru vroylqjPdsUhfrq/ zklfk grhv qrw

lqyroyh dq| pdwul{ frpsxwdwlrqv1 Li wkh phwkrg lv surylghg zlwk wkh jhrjudsklfdo orfdwlrqv

ri d ihz +dw prvw wzr, flwlhv/ uhihuuhg wr dv wkh dqfkru flwlhv/ wkh uhvxowdqw pds kdv qxphurxv

surshuwlhv1 Wkh vshfl�fdwlrq ri d vlqjoh dqfkru flw| |lhogv d pds wkdw lv dq hohphqw ri wkh

vhw ri wudqvodwlrq lqyduldqw pdsv1 Pdsv wkdw ehorqj wr wklv vhw/ krzhyhu/ duh vxemhfw wr

urwdwlrq dqg uh hfwlrq1 Wkh vshfl�fdwlrq ri wzr dqfkru flwlhv uhvxowv lq d pds zklfk lv dq

hohphqw ri wkh vhw ri wudqvodwlrq dqg urwdwlrq lqyduldqw pdsv1 Rq wkh rwkhu kdqg/ hdfk pds

lq wklv vhw lv vxemhfw wr uh hfwlrq1 Li/ krzhyhu/ wkh vshfl�hg sdlu ri dqfkru flwlhv olh rq wkh

frqyh{ kxoo ri wkh pds dqg wkh qhxurqv duh lqlwldoo| srvlwlrqhg rq wkh vdph vlgh ri wkh olqh

mrlqlqj wkhvh wzr dqfkru flwlhv zlwk wkh ruljlqdo flwlhv/ wkh uhvxowdqw pds ehfrphv lqyduldqw

wr wudqvodwlrq/ urwdwlrq dqg uh hfwlrq1 Zh duh qrw dzduh ri dq| uhsruwhg pds uhfrqvwuxfwlrq

phwkrg zklfk jxdudqwhhv wkhvh dgydqwdjhv1

Lq dgglwlrq wr wkh deryh/ rxu vroxwlrq wr PdsUhfrq/ QhxurPdsUhfrq/ kdv wkh fdsdelolw|
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ri uhsurgxflqj d pds zlwk wkh deryh lqyduldqfh surshuwlhv/ hyhq li vrph hohphqwv lq wkh lqwhu0

flw| glvwdqfh pdwul{ duh plvvlqj1 Lq rwkhu zrugv/ frpsohwh glvwdqfh pdwul{ lv qrw uhtxluhg

wr �qg d vroxwlrq e| QhxurPdsUhfrq1 Lq wklv uhvshfw/ QhxurPdsUhfrq lv erwk qryho dqg

slrqhhulqj�qr rwkhu uhsruwhg vfkhph dffrpsolvkhv wklv1

QhxurPdsUhfrq kdv ehhq lpsohphqwhg dqg whvwhg uljrurxvo| rq vhyhudo gdwd vhwv/ zkhuh

hdfk vhw frqvlvwv ri wkh lqwhu0flw| urdg glvwdqfhv lq d jlyhq jhrjudsklfdo uhjlrq1 Wkh uhvxowv duh

wuxo| lpsuhvvlyh1 Lq sduwlfxodu/ zh kdyh frpsduhg wkh shuirupdqfh ri wkh qhz phwkrg zlwk

wkdw ri wkh fodvvlfdo PGV dqg DOVFDO4 ^44`1 Rxu h{shulphqwdo uhvxowv fohduo| ghprqvwudwh

wkdw wkh shuirupdqfh ri wkh qhz phwkrg lv ehwwhu zlwk uhvshfw wr wkh vfdolqj huuru phdvxuhg

e| wkh vwuhvv ixqfwlrq1 Ixuwkhupruh/ wkh �qdo orfdwlrqv ri wkh flwlhv whqg wr ryhuods zlwk wkh

ruljlqdo orfdwlrqv zkhq wkh suhylrxvo| phqwlrqhg vlpsoh vwudwhjlhv duh lqfrusrudwhg zlwk wkh

ohduqlqj xsgdwhv1

Lw lv dovr shuwlqhqw wr srlqw rxw wkdw wkh phwkrg zh xvh dgdswlyho| pljudwhv wkh orfdwlrqv

ri wkh flwlhv rq wkh sodqh xvlqj whfkqltxhv dnlq wr wkrvh xvhg lq Yhfwru Txdqwl}dwlrq +YT,

^45/ 46` dqg Nrkrqhq*v Vhoi Rujdql}lqj Pds +VRP, ^47/ 48`1 Krzhyhu/ wkh YT dqg VRP

phwkrgv uhsruwhg lq wkh olwhudwxuh duh qrw gluhfwo| dssolfdeoh ehfdxvh/ xqolnh lq wkh odwwhu/

frqfhswv vxfk dv �zlqqlqj qhxurq�/ �exeeoh ri dfwlylw|�/ ru �qhljkerukrrg� gr qrw h{lvw1

Lqghhg/ dv zh vkdoo suhvhqwo| foduli|/ zkloh wkh ixqgdphqwdo pljudwlrq frqfhswv duh xwlol}hg/

wkh lvvxhv wkdw uhodwh YT dqg VRP zlwk wkh odwwhu frqfhswv/ kdyh wr eh/ xqiruwxqdwho|/

glvfdughg1 Lw lv dpd}lqj wkdw zh fdq rewdlq frqyhujhqfh hyhq wkrxjk wkhvh ixqgdphqwdo

frqfhswv duh pdgh luuhohydqw1

415 Lpsolfdwlrqv ri Wkhvh Uhvxowv lq Sdwwhuq Uhfrjqlwlrq

Wkh uhdghu zloo hdvlo| revhuyh wkdw wkhvh suhvhqw uhvxowv kdyh dq ryhudoo vljql�fdqfh lq wkh

jhqhudo �hogv ri sdwwhuq uhfrjqlwlrq/ frqwrxu dqg lpdjh surfhvvlqj/ dqg jhrjudsklfdo lqirupd0

wlrq v|vwhpv1 Krzhyhu/ ylhzhg iurp wkh shuvshfwlyh ri wkh pruh uhfhqw frqwulexwlrqv ri Gxlq

dqg Shndovnd ^49/ 4:/ 4;`/ wkh suhvhqw sdshu kdv dovr lpsolfdwlrqv lq ghvljqlqj }hur0huuru sdw0

4Lq wkh h{shulphqwv zh xvhg DOVFDO wkdw lv dydlodeoh lq VSVV 4313 iru Zlqgrzv1
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whuq uhfrjqlwlrq v|vwhpv wkdw xwlol}h glvvlplodulw| uhsuhvhqwdwlrqv51 Pruh vshfl�fdoo|/ Gxlq

dqg Shndovnd ^49/ 4:/ 4;` kdyh uhfhqwo| sursrvhg eulooldqw frqfhswv zklfk fdq krshixoo| rshq

wkh grruv iru �}hur0huuru� sdwwhuq uhfrjqlwlrq1 Dowkrxjk wkh lghdv prwlydwlqj wkh qhz gl0

uhfwlrqv duh idluo| frpsoh{/ wkh| fdq eh fu|vwdool}hg dv iroorzv1 Udwkhu wkdq vshfli| wkh

ydulrxv vdpsohv +wkh wudlqlqj dqg whvwlqj remhfwv iurp wkh ydulrxv fodvvhv, lq whupv ri wkhlu

�ihdwxuhv�/ glvvlplodulw|0edvhg sdwwhuq uhfrjqlwlrq surfhvvhv rqo| wkh glvvlplodulwlhv ehwzhhq

wkh remhfwv1 Dw wkh rxwvhw/ wkh txhvwlrq ri krz wkhvh glvvlplodulw| lqglfhv duh frpsxwhg lv

luuhohydqw/ dqg lv wkhuhiruh qrw frqvlghuhg1 Jlyhq rqo| wkh vhw ri glvvlplodulwlhv ehwzhhq wkh

wudlqlqj vdpsohv/ wklv qhz �hog ri sdwwhuq uhfrjqlwlrq dwwhpswv wr orfdwh wkh vdpsohv lq d

�k|srwkhwlfdo� vsdfh zkhuh wkh srlqwv duh orfdwhg lq vxfk d zd| wkdw wkhlu uhodwlyh glvvlp0

lodulwlhv lv uh hfwhg e| wkh sur{lplw| ri wkh srlqwv wkdw wkh| uhsuhvhqw1 Shndovnd dqg Gxlq

uhvruwhg wr PGV phwkrgv wr dfklhyh vxfk d uhsuhvhqwdwlrq1 Zh frqwhqg wkdw rxu qhz uhvxowv

kdyh gluhfw dssolfdwlrqv lq wklv grpdlq1

Lq wkh qh{w vhfwlrq/ zh eulh | ghvfuleh fodvvlfdo PGV dqg DOVFDO/ dqg kljkoljkw wkhlu

surshuwlhv1 Wkh QhxurPdsUhfrq lv lqwurgxfhg lq Vhfwlrq 61 Vhfwlrq 7 lqfoxghv h{shulphqwdo

uhvxowv rq wkh shuirupdqfh ri wkh qhz phwkrg1 Ilqdoo|/ Vhfwlrq 8 frqfoxghv wkh sdshu1

5 PdsUhfrqvwuxfwlrqZlwk Fodvvlfdo PGV dqg DOVFDO

Li zh nqrz wkh frruglqdwhv ri wzr srlqwv lq d pxowlglphqvlrqdo frruglqdwh v|vwhp/ wkh

Hxfolghdq glvwdqfh ehwzhhq wkhvh wzr srlqwv lv hdvlo| fdofxodwhg1 Li wkh R0glphqvlrqdo fr0

ruglqdwhv ri ? srlqwv duh jlyhq lq dq ? � R glphqvlrqdo pdwul{/ vd| j/ zkhuh hdfk froxpq

fruuhvsrqgv wr d glphqvlrq/ dqg hdfk urz fruuhvsrqgv wr d srlqw/ wkhq wkh Hxfolghdq glv0

wdqfhv ehwzhhq doo sdluv ri srlqwv fdq eh fdofxodwhg e| xvlqj wkh hqwulhv ri ?�? glphqvlrqdo

pdwul{ � ' jjA zkhuh Kor '
SR

�'� %o�%r�� Wkh vtxduhg Hxfolghdq glvwdqfh ehwzhhq dq|

wzr srlqwv o dqg r lv=

5Wkh wklug dxwkru lv yhu| judwhixo wr Surihvvru Ere Gxlq iru klv idvflqdwlqj wdon dw wkh SULV 5335

Zrunvkrs lq Dolfdqwh/ Vsdlq/ lq Dsulo 5335/ dqg wkh lqvwuxfwlyh glvfxvvlrqv wkh| kdg dw wkdw wlph1
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Zkhq zh sxw wkh fhqwhu ri judylw| ri wkh srlqwv dw wkh ruljlq/
S?

o'� %o� ' f/ � ' �c ���c Rc wkh

vxp ri dq| urz ru froxpq ri � zloo eh }hur1 Diwhu vrph dojheudlf pdqlsxodwlrqv lw pd| eh

vkrzq wkdw

Kor ' ��

2

�
_2or � _2

ur � _2ou n _2
uu

�
+5,

zkhuh _2
ur dqg _2ou ghqrwh wkh dyhudjh ri wkh hohphqwv lq froxpq r dqg urz o uhvshfwlyho|/

dqg _2
uu
lv wkh dyhudjh ri doo wkh hohphqwv1 Vlqfh � lv v|pphwulf/ zh fdq zulwh � ' "\"3�

ru \ ' "3��" zkhuh " lv wkh pdwul{ zkrvh froxpqv duh wkh hljhqyhfwruv ri �1 Li � lv

srvlwlyh gh�qlwh/ doo wkh hljhqydoxhv duh juhdwhu wkdq }hur dqg lw iroorzv wkdw

� ' "\"3� ' "\�*2\�*2"3� ' jjA +6,

Khqfh wkh frruglqdwhv ri ? srlqwv pd| eh irxqg e| vhwwlqj j ' "\�*2� Wkh vwhsv ehorz

vxppdul}h wkh surfhgxuh=

41 Irup wkh pdwul{ , zlwk .�� ' ��

2
B2�� zkhuh B�� lv wkh phdvxuhg glvvlplodulw| +ru

glvwdqfh, ehwzhhq srlqwv � dqg �1

51 Vxewudfw iurp hdfk hohphqw ri , wkh phdqv ri wkh urz dqg froxpq lq zklfk lw lv

orfdwhg/ dqg dgg wr lw wkh phdq ri doo hohphqwv ri ,1 Ghqrwh wkh uhvxowlqj pdwul{ dv

�1

61 Ilqg wkh hljhqydoxhv b� dqg qrupdol}hg hljhqyhfwruv �� ri �1 Wkh frruglqdwhv ri wkh

? srlqwv rq wkh �wk d{lv lv jlyhq e|
s
b���1 Vlqfh zh duh lqwhuhvwhg lq uhsuhvhqwlqj wkh

srlqwv lq wzr0glphqvlrqdo Hxfolghdq vsdfh/ zh fkrrvh wkh odujhvw wzr hljhqydoxhv1

:



Li wkh glvwdqfhv reh| wkh wuldqjxodu lqhtxdolw|/ � zloo eh srvlwlyh vhplgh�qlwh1 Dv phq0

wlrqhg ehiruh/ xqohvv wkh urdg glvwdqfhv duh h{dfwo| Hxfolghdq/ wkhuh zloo dozd|v eh d glv0

fuhsdqf| ehwzhhq wkh uhsurgxfhg +Hxfolghdq, glvwdqfhv dqg wuxh urdg glvwdqfhv1 Lq prvw

fdvhv/ urdg glvwdqfhv dprqj flwlhv lq d uhjlrq duh odujhu wkdq wkh Hxfolghdq glvwdqfhv ehfdxvh

ri qdwxudo eduulhuv vxfk dv odnhv/ ulyhuv/ prxqwdlqv hwf1 Lq rughu wr dvvhvv wkh shuirupdqfh

ri dq| rwkhu PGV whfkqltxh zh kdyh wr xvh d jrrgqhvv0ri0�w fulwhulrq wkdw phdvxuhv wkh

ghyldwlrq ehwzhhq wkh Hxfolghdq glvwdqfhv dprqj srlqwv rq wkh pds dqg ruljlqdo glvwdqfhv

dprqj remhfwv1 Rqh ri wkh prvw zlgho| xvhg phdvxuhv lv wkh vwuhvv ixqfwlrq1 Wkhuh duh

gl�huhqw vwuhvv ixqfwlrqv lq wkh olwhudwxuh/ qrupdol}hg vwuhvv/ udz vwuhvv/ Nuxvndo vwuhvv dqg

V0vwuhvv1 Zh zloo xvh wkh Nuxvndo vwuhvv +dovr nqrzq dv �Vwuhvv irupxod 4�, zklfk lv surylghg

lq wkh rxwsxw ri DOVFDO1 Lw zdv �uvw sursrvhg e| Nuxvndo ^4<` lq 4<97 zkhq kh frlqhg

wkh whup �vwuhvv� +vwdqgdugl}hg uhvlgxdo vxp ri vtxduhv,1 Wkh irupxod iru wkh vwuhvv lv dv

iroorzv=
yxxw
S

�	� Es EB���� _���
2

S
�	� _

2

��

+7,

Lq wklv irupxod _�� uhihuv wr wkh Hxfolghdq glvwdqfh ehwzhhq srlqwv � dqg � rq wkh pds/

n � �  �n c zkhuh  � dqg  � duh wkh frruglqdwhv ri srlqwv � dqg �1 s EB��� lv d olqhdu wudqviru0

pdwlrq ixqfwlrq1 Qrwh wkdw zkhq wkh ruljlqdo glvwdqfhv duh suhvhuyhg shuihfwo| iru doo flw|

sdluv � dqg �/ wkhq s EB��� ' _�� iru doo �c � dqg wkh vwuhvv lv }hur1 Khqfh/ d vpdoohu vwuhvv

ydoxh lqglfdwhv d ehwwhu uhsuhvhqwdwlrq1 Lq wkh fdvh ri fodvvlfdo PGV/ wkh ixqfwlrq s lv wkh

lghqwlw| ixqfwlrq/ l1h1/ s EB��� ' B��1 Lq vxfk d fdvh wkh vwuhvv ixqfwlrq ehfrphv

yxxw
S

�	� EB�� � _���
2

S
�	� _

2

��

+8,

Lq rwkhu zrugv/ wkh| duh devroxwh PGV whfkqltxhv1 DOVFDO/ rq wkh rwkhu kdqg/ xvhv d

olqhdu wudqvirupdwlrq ixqfwlrq s EB��� ' kB�� iru vfdolqj wkh ruljlqdo glvwdqfhv1 Wkh rswlpdo

ydoxh ri k lv irxqg e| vhwwlqj wkh ghulydwlyh ri wkh vwuhvv ixqfwlrq zlwk uhvshfw wr k htxdo wr

}hur dqg vroylqj iru k1 Lw jlyhv k '
�S

�	� B��_��

�
*
�S

�	� _
2

��

�
� Zkhq wklv whup lv lqvhuwhg

;



lqwr wkh vwuhvv ixqfwlrq/ lw ehfrphv
yxxxxw��

�S
�	� B��_��
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�	� _

2

��

� +9,

Lq Vhfwlrq 7/ vwuhvv jlyhq zlwk irupxod +9, zloo eh xvhg dv wkh edvlv ri frpsdulvrq dprqj

wkh phwkrgv1

6 Wkh Qhxudo Vroxwlrq= QhxurPdsUhfrq

614 Prwlydwlqj Sklorvrsk|= YT dqg VRP Vwudwhjlhv

Rxu dlp lv wr ghwhuplqh d wzr0glphqvlrqdo frq�jxudwlrq iru d vhw ri ? srlqwv lq vxfk d zd|

wkdw wkh lqwhu0srlqw Hxfolghdq glvwdqfhv dssur{lpdwh wkh lqwhu0flw| urdg glvwdqfhv dv pxfk

dv srvvleoh1 Wr dfklhyh wklv/ zh zloo qrw xvh dq| pdwul{0edvhg frpsxwdwlrqv1 Udwkhu/ zh zloo

shuirup rshudwlrqv rq wkh srlqwv wkdw �uhvhpeoh� wkh rshudwlrqv grqh lq yhfwru txdqwl}dwlrq

+YT, dqg Nrkrqhq*v Vhoi0Rujdql}lqj Pdsv +VRP,1

Wkh irxqgdwlrqdo lghdv prwlydwlqj YT dqg wkh VRP duh wkh fodvvlfdo frqfhswv wkdw

kdyh ehhq dssolhg lq wkh hvwlpdwlrq ri suredelolw| ghqvlw| ixqfwlrqv1 Wudglwlrqdoo|/ glvwulex0

wlrqv kdyh ehhq uhsuhvhqwhg hlwkhu sdudphwulfdoo| ru qrq0sdudphwulfdoo|1 Dv rssrvhg wr wkh

sdudphwulf prgho ri frpsxwdwlrq lq zklfk wkh glvwulexwlrqv duh prghohg dv ixqfwlrqv zlwk

hvwlpdwhg sdudphwhuv/ lq qrq0sdudphwulf phwkrgv wkh gdwd duh surfhvvhg lq lwv hqwluhw|1 Wkh

fruuhvsrqglqj uhvxowlqj sdwwhuq uhfrjqlwlrq dojrulwkpv duh jhqhudoo| ri wkh qhduhvw qhljkeru

+ru &0qhduhvw qhljkeru, sklorvrsk|/ dqg duh wkxv frpsxwdwlrqdoo| h{shqvlyh1

Wkh frqfhsw ri YT ^45/ 46` fdq eh shufhlyhg dv rqh ri wkh hduolhvw frpsurplvhv ehwzhhq

wkh deryh wzr vfkrrov ri wkrxjkw1 Udwkhu wkdq uhsuhvhqwlqj wkh hqwluh gdwd lq d frpsuhvvhg

irup xvlqj rqo| wkh hvwlpdwhv/ YT rswv wr uhsuhvhqw wkh gdwd lq wkh dfwxdo ihdwxuh vsdfh/

e| frpsuhvvlqj wkh lqirupdwlrq xvlqj d �vpdoo� vhw ri yhfwruv/ fdoohg wkh frgh0errn yhf0

wruv1 Wkhvh frgh0errn yhfwruv duh pljudwhg lq wkh ihdwxuh grpdlq vr wkdw wkh| froohfwlyho|

uhsuhvhqw wkh glvwulexwlrq xqghu frqvlghudwlrq1 Lq erwk YT dqg wkh VRP wkh srodul}lqj

dojrulwkp lv uhshdwhgo| suhvhqwhg zlwk d srlqw � iurp wkh vhw ri srlqwv ri d sduwlfxodu fodvv1

<



Hdfk srlqw � lv uhsuhvhqwhg e| lwv ihdwxuh yhfwru ��1 Wkh qhxurqv dwwhpsw wr lqfrusrudwh

wkh wrsrorjlfdo lqirupdwlrq zklfk lv suhvhqw lq ��1 Wklv lv grqh dv iroorzv1 Iluvw ri doo/ wkh

forvhvw qhxurq wr � dw wlph |/ �W/ lv ghwhuplqhg +dovr fdoohg wkh �zlqqhu�,1 Lw lv uhsuhvhqwhg

e| wkh yhfwru )�WE|�1 Khuh | lv wkh glvfuhwl}hg +v|qfkurql}hg, wlph lqgh{1 Wklv qhxurq dqg

d jurxs ri qhxurqv lq lwv qhljkerukrrg/ ��WE|�/ duh qrz pryhg lq wkh gluhfwlrq ri ��1 Wkh

vhw ��WE|� lv fdoohg wkh �exeeoh ri dfwlylw|� dw wlph |1 Wkh dfwxdo pljudwlrq ri wkh qhxurqv

lv dfklhyhg e| uhqghulqj wkh qhz srlqw )�E|� uhsuhvhqwlqj qhxurq �/ qdpho| )�E| n ��/ wr eh

d frqyh{ frpelqdwlrq ri �� dqg hyhu| )�E|�c � 5 ��WE|�1 Pruh vshfl�fdoo|/ wkh xsgdwlqj

dojrulwkp iru )�E|� lv dv iroorzv=

)�E| n �� ' E�� kE|��)�E|� n kE|��� ; � 5 ��WE|�� +:,

Wklv edvlf dojrulwkp kdv wzr ixqgdphqwdo sdudphwhuv/ kE|� dqg wkh vl}h ri wkh exeeoh ri

dfwlylw| ��WE|�1 kE|� lv fdoohg wkh dgdswdwlrq frqvwdqw dqg vdwlv�hv f 	 kE|� 	 �1 Nrkrqhq

dqg rwkhuv ^47/ 48` uhfrpphqg ghfuhphqwlqj kE|� olqhduo| iurp xqlw| iru wkh lqlwldo ohduqlqj

skdvh dqg wkhq dvvljqlqj d vpdoo qxpehu wr kE|�/ h1j1/ 315 dqg ixuwkhu ghfuhdvlqj lwv ydoxh

olqhduo| iru wkh �qh0wxqlqj skdvh1

Wkh exeeoh ri dfwlylw|/ ��WE|�/ lv wkh sdudphwhu zklfk pdnhv YT gl�hu iurp wkh VRP1

Lqghhg/ li wkh vl}h ri wkh exeeoh lv dozd|v vhw wr eh }hur/ rqo| wkh forvhvw qhxurq lv pljudwhg/

|lhoglqj d YT vfkhph1 Krzhyhu/ lq wkh VRP/ wkh qhduhvw qhxurq dqg wkh qhxurqv zlwklq

wkh exeeoh duh dovr pljudwhg/ dqg lw lv wklv zlghqhg pljudwlrq surfhvv zklfk shuplwv wkh

dojrulwkp wr eh erwk wrsrorj| suhvhuylqj dqg vhoi0rujdql}lqj1 Wkh vl}h ri wkh exeeoh lv

lqlwldoo| nhsw idluo| odujh wr doorz d joredo rughulqj wr ghyhors1 Vxevhtxhqwo| doo wkh qhxurqv

whqg wr wlh wkhpvhoyhv lqwr d nqrw iru d ydoxh ri kE|� wkdw lv forvh wr xqlw|> wkh| txlfno|

glvshuvh1 Rqfh wklv frduvh vsdwldo uhvroxwlrq lv dfklhyhg/ wkh vl}h ri wkh exeeoh lv vwhdglo|

ghfuhdvhg1 Wkxv/ rqo| wkrvh qhxurqv zklfk duh wkh prvw uhohydqw wr wkh surfhvvhg lqsxw srlqw

zloo eh d�hfwhg e| lw/ dqg wkh rughulqj zklfk kdv ehhq dfklhyhg e| wkh frduvh uhvroxwlrq lv

qrw glvwxuehg/ exw wkh �qh wxqlqj rq wklv rughulqj lv shuplwwhg1
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615 Zk| YT dqg VRP Fdqqrw eh Gluhfwo| Dssolfdeoh wrPdsUh0

frq

Hohjdqw wkrxjk wkh| duh/ YT dqg VRPphwkrgv fdqqrw eh gluhfwo| dssolhg wr wkhPdsUhfrq

sureohp1 Wkh uhdvrqv iru wklv duh wkh iroorzlqj1 Iluvw ri doo/ xqolnh lq wkh �hogv ri YT dqg

VRP/ wkhuh lv qr txhvwlrq ri suhvhqwlqj d flw| +d gdwd srlqw, wr wkh qhwzrun1 Wklv lv ehfdxvh/

wkhuh lv qr dydlodeoh gdwd srlqw1 Doo wkdw lv dydlodeoh lv wkh vhw ri lqwhu0flw| urdg glvwdqfhv1

Vhfrqgo|/ dv d frqvhtxhqfh ri wkh odwwhu/ wkhuh lv qr txhvwlrq ri d �zlqqlqj qhxurq� zklfk

zlqv wkh frpshwlwlrq1 Wklv/ ixuwkhu glvdoorzv wkh hqwluh lvvxh ri gh�qlqj �qhljkeru qhxurqv�

dqg d �exeeoh ri dfwlylw|�1 Wkxv/ zh duh idfhg zlwk wkh lvvxh ri wdfnolqj wkh sureohp ri

pljudwlqj wkh qhxurqv zklfk uhsuhvhqw wkh flwlhv/ zlwkrxw kdylqj wkh ox{xu| ri xvlqj wkh

yhu| frqfhswv zklfk uhqghu vxfk d pljudwlrq h{shglhqw1 Lqghhg/ lw lv dpd}lqj wkdw zh fdq

rewdlq frqyhujhqfh hyhq wkrxjk wkhvh ixqgdphqwdo frqfhswv duh pdgh luuhohydqw1

616 Krz QhxurPdsUhfrq Xwlol}hv Qhxudo Pljudwlrq

QhxurPdsUhfrq rshudwhv e| uhsuhvhqwlqj hdfk flw| e| d qhxurq lq d wzr glphqvlrqdo vsdfh1

Dv d suhsurfhvvlqj vwhs/ wkh hohphqwv B�� ri wkh glvwdqfh pdwul{ duh qrupdol}hg e| glylglqj

wkhp e| wkh odujhvw hohphqw lq wkh pdwul{1 Wkh lqlwldol}dwlrq ri wkh qhxurqv duh shuiruphg

e| dvvljqlqj wkhp zhljkwv +frruglqdwhv, wkdw duh xqlirupo| glvwulexwhg rq wkh xqlw vtxduh

+l1h1/ lq wkh lqwhuydo dfc �o dorqj wkh % dqg + glphqvlrqv,1 Wkh pljudwlrq rffxuv dv iroorzv1

Dw hdfk lwhudwlrq ri QhxurPdsUhfrq/ d udqgrp sdlu ri flwlhv E�c �� lv vhohfwhg iurp dprqj

? flwlhv1 Wkh urdg glvwdqfh ehwzhhq wkhvh wzr flwlhv lv frpsduhg zlwk wkh hvwlpdwh rewdlqhg

e| fdofxodwlqj wkh Hxfolghdq glvwdqfh _��E|� ehwzhhq wkh zhljkwv ri qhxurqv � dqg � uhsuh0

vhqwlqj flwlhv � dqg �1 Li wkh glvwdqfh ehwzhhq qhxurqv � dqg �6 lv ohvv wkdq wkh urdg glvwdqfh

ehwzhhq flwlhv � dqg �/ l1h1/ _��E|� 	 B��/ wkh qhxurqv duh fohduo| �wrr forvh iru frpiruw�1 Wr

frpshqvdwh iru wklv/ wkh zhljkwv ri wkh qhxurqv duh xsgdwhg1 Wr sxw lw gl�huhqwo|/ wkh frru0

glqdwhv ri wkh qhxurqv duh pryhg dzd| iurp hdfk rwkhu dorqj wkh olqh frqqhfwlqj wkhp e|

dq dprxqw sursruwlrqdo wr wkh gl�huhqfh ehwzhhq _��E|� dqg B��1 Wkh sursruwlrqdolw| idfwru

6Wkh glvwdqfh ehwzhhq wzr qhxurqv lv gh�qhg dv wkh Hxfolghdq glvwdqfh ehwzhhq wkh zhljkwv ri wkhvh

qhxurqv1
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lv d sdudphwhu fdoohg wkh �vwhs vl}h�/ > E|�1 Dv d uhvxow/ erwk qhxurq � dqg � duh pryhg e| dq

dprxqw htxdo wr > E|� EB�� � _��E|�� *2 vr wkdw wkh glvwdqfh ehwzhhq wkh qhxurqv lqfuhdvhv e|

> E|� EB�� � _��E|��1 Wkh ydoxh ri > E|� lv uhgxfhg rqfh doo ?E?� �� sdluv ri flwlhv duh suhvhqwhg

dqg wkh fruuhvsrqglqj qhxurqv duh xsgdwhg dv lw lv wudglwlrqdoo| grqh lq wkh fdvh ri YT dqg

VRP1 Rqh vxfk lwhudwlrq lv uhihuuhg wr dv dq hsrfk ri QhxurPdsUhfrq1 Lq rxu lpsohphqwd0

wlrq wkh lqlwldo ydoxh ri > E|� lv htxdo wr xqlw| dqg lw lv ghfuhdvhg olqhduo| dffruglqj wr wkh

iroorzlqj uxoh= > E|� ' �� |*�fff1 Li wkh glvwdqfh ehwzhhq qhxurqv � dqg � lv wrr idu dsduw/

wkh zhljkwv ri wkh qhxurqv duh xsgdwhg e| dq dprxqw htxdo wr > E|� E_��E|�� B��� *2 vxfk wkdw

wkh glvwdqfh ehwzhhq qhxurqv � dqg � dqg wkh fruuhvsrqglqj urdg glvwdqfh frph forvhu wr

hdfk rwkhu e| > E|� E_��E|�� B���1

Wkh uhdghu vkrxog revhuyh d ixqgdphqwdo gl�huhqfh ehwzhhq wklv dojrulwkp dqg wkh

jhqhulf idplo| ri YT dqg VRP dojrulwkpv1 Wkdw lv/ zh gr qrw kdyh d vhw ri flwlhv zklfk

fdq eh frqvlghuhg dv vdpsoh srlqwv ehlqj suhvhqwhg wr wkh qhxurqv1 Qrwh wkdw zh gr qrw xvh

wkh gldjrqdo hohphqwv B�� ' f lq wkh xsgdwhv/ dqg wkdw lq hdfk f|foh hyhu| sdlu lv lqwurgxfhg

wzlfh wr wkh dojrulwkp lq rughu wr lqfuhdvh wkh udwh ri frqyhujhqfh1 Wkh whuplqdwlrq fulwh0

ulrq lv edvhg rq wkh lpsuryhphqw lq wkh vwuhvv ri wkh frq�jxudwlrq1 Li wkh uhgxfwlrq ri wkh

vwuhvv ydoxh lq wzr frqvhfxwlyh f|fohv wxuqv rxw wr eh ohvv wkdq d suhghwhuplqhg vpdoo ydoxh

"c wkh dojrulwkp whuplqdwhv dqg wkh fxuuhqw frq�jxudwlrq ri wkh qhxurqv lv dffhswhg dv wkh

vroxwlrq1 Wkh vwhsv ri wkh phwkrg duh jlyhq ehorz irupdoo|1

Lqsxw= Vfdohg urdg glvwdqfh pdwul{ { ' dB��c � � �c � � ?o dqg " ' �f3S

Rxwsxw= Vsdwldo uhsuhvhqwdwlrq ri flwlhv lq .2

Vwhs 3 Jhqhudwh ? qhxurqv zlwk )�Ef� 5 Efc �� c � � � � ?�

r|oerrEf�#4 dqg |# �

Vwhs 4 Iru hdfk flw| sdlu � dqg �

Gr wkh iroorzlqj lq d udqgrp rughu=

Li _��E|� � B��c pryh � dqg � dzd| iurp hdfk rwkhu

e| dq dprxqw > E|� EB�� � _��E|�� *2

Li _��E|� : B�� pryh � dqg � wrzdugv hdfk rwkhu

e| dq dprxqw > E|� E_��E|�� B��� *2
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Vwhs 5 Li r|oerrE|� � r|oerrE|� �� dqg r|oerrE|� ��� r|oerrE|� 	 " Wkhq vwrs

Hovh |# |n �c ghfuhdvh > E|� dqg JrWr Vwhs 4

617 Krz QhxurPdsUhfrq Hqirufhv Qhxudo Pljudwlrq

Wkh dojrulwkp ghvfulehg deryh/ fohduo|/ kdv wkh h�hfw wkdw lw pryhv hyhu| sdlu ri qhxurqv lq

vxfk d pdqqhu wkdw wkhlu Hxfolghdq glvwdqfh diwhu wkh pljudwlrq lv forvhu wr wkh urdg glvwdqfh

wkdq lw zdv ehiruh wkh pljudwlrq1 Wkxv/ li wkh urdg glvwdqfhv duh wkhpvhoyhv Hxfolghdq/ dv

dvvxphg lq wkh fodvvlfdo PGV/ lw lv srvvleoh wkdw wkh qhxurqv zloo frqyhujh wr d frq�jxudwlrq

iru zklfk wkh vwuhvv lv }hur1 Qxphulfdo uhvxowv vxssruwlqj wklv fodlp duh surylghg lq wkh qh{w

vhfwlrq1

Zh qrz frqvlghu wkh sureohp ri ghwhuplqlqj d pdsslqj iurp d vhw ri sk|vlfdo phdvxuh0

phqwv rewdlqhg iru fhuwdlq fkdudfwhulvwlfv ri remhfwv wr wkhlu srvlwlrqv lq wkh orzhu glphq0

vlrqdo vsdfh1 Lq wkh ihdwxuh pdsslqj dssurdfk ghvfulehg lq ^53`/ dsduw iurp wkh glvvlplodulw|

gdwd/ wkh phwkrg lv shuplwwhg wr xwlol}h dgglwlrqdo lqirupdwlrq derxw wkh remhfw zklfk fdq

ohdg wr frq�jxudwlrqv wkdw suhflvho| slqsrlqw wkh dfwxdo ihdwxuh yhfwruv zlwkrxw wudqvodwlrq/

urwdwlrq dqg uh hfwlrq lq wkh rewdlqhg frq�jxudwlrq1 Lq wkh frqwh{w ri pds uhfrqvwuxfwlrq/

wklv phdqv wkdw li wkh frruglqdwhv ri vrph flwlhv duh dydlodeoh dv dgglwlrqdo lqirupdwlrq/ wkh

frq�jxudwlrq irxqg e| QhxurPdsUhfrq fdq eh pdgh wudqvodwlrq/ urwdwlrq/ dqg uh hfwlrq

lqyduldqw1 Iru h{dpsoh/ zkhq wkh Fduwhvldq frruglqdwhv ri dq| flw| lv nqrzq/ wkh qhxurq

uhsuhvhqwlqj wkdw flw| fdq eh xqltxho| vshfl�hg/ zlwk wkh dgglwlrqdo frqvwudlqw wkdw wkh

zhljkwv ri wklv qhxurq duh qrw doorzhg wr eh xsgdwhg1 Wkxv li n)�E|�� )�E|�n ' _��E|� 	 B��c

zkhuh � lv wkh qhxurq �{hg dw )�E|� ' ��/ zh hqirufh wkh uxoh wkdw zh duh rqo| shuplwwhg wr

pryh � dzd| iurp � e| dq dprxqw > E|� EB�� � _��E|��1 Il{lqj qhxurq � dw wkh orfdwlrq ri flw|

� kdv wkh h�hfw ri dgglqj d qhz frqvwudlqw wr PdsUhfrq/ zklfk jlyhv ulvh wr d frq�jxudwlrq

zkhuh wudqvodwlrq lv dyrlghg1 Wklv vwudwhj| lv fdoohg wkh �rqh0�{hg� vwudwhj| +4IV,1 Krzhyhu/

wkh pdsv duh vwloo vxemhfw wr urwdwlrq dqg uh hfwlrq1

Zkhq wkh frruglqdwhv ri wzr flwlhv +frruglqdwhv �� dqg �� ri dqfkru flwlhv � dqg �, duh

dydlodeoh dv dgglwlrqdo lqirupdwlrq/ wkh frruglqdwhv +zhljkwv, ri wkh fruuhvsrqglqj qhxurqv

fdq eh �{hg1 Lq rwkhu zrugv/ qhxurqv � dqg � duh qrw xsgdwhg dw doo1 Zkhq wkh urdg

glvwdqfh ehwzhhq hlwkhu ri wkhvh wzr flwlhv dqg dqrwkhu flw| & lv frpsduhg zlwk wkh fxuuhqw
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Hxfolghdq glvwdqfh ehwzhhq wkh qhxurqv uhsuhvhqwlqj wkh flwlhv +l1h1/ B�& ru B�& lv frpsduhg

zlwk _�&E|� ru _�&E|�/ uhvshfwlyho|,/ rqo| qhxurq & xqghujrhv dq xsgdwh1 Frqvhtxhqwo|/ �{lqj

wkh zhljkwv ri wzr qhxurqv suhyhqwv qrw rqo| wkh wudqvodwlrq exw dovr wkh urwdwlrq lq wkh �qdo

frq�jxudwlrq zlwk uhvshfw wr wkh ruljlqdo rulhqwdwlrq ri wkh flwlhv1 Wklv vwudwhj| lv uhihuuhg

wr dv wkh �wzr0�{hg� vwudwhj| +5IV,1 Krzhyhu/ uh hfwlrq skhqrphqrq fdq vwloo eh revhuyhg1

Qrz zh duh rqo| ohiw zlwk wkh txhvwlrq zkhwkhu lw lv srvvleoh wr suhyhqw uh hfwlrq1 Lqghhg/

zkhq zh kdyh wkh dgglwlrqdo lqirupdwlrq wkdw wkh wzr dqfkru flwlhv duh orfdwhg rq rqh ri

wkh hgjhv ri wkh frqyh{ kxoo ri wkh flwlhv vxfk wkdw wkh uhpdlqlqj flwlhv duh orfdwhg rq

h{dfwo| rqh vlgh ri wkh olqh frqqhfwlqj wkhvh dqfkru flwlhv/ QhxurPdsUhfrq surylghv d �qdo

frq�jxudwlrq wkdw lv dovr uh hfwlrq lqyduldqw dqg yhu| forvh wr wkh dfwxdo flw| rulhqwdwlrq1

Wkh rqo| uhtxluhphqwv duh wkdw wkh dqfkru flwlhv vkrxog qrw eh yhu| forvh +rwkhuzlvh urwdwlrq

pd| rffxu, dqg wkh uhpdlqlqj qhxurqv duh lqlwldol}hg rq wkh vdph vlgh ri wkh olqh mrlqlqj

wkh dqfkru flwlhv zkhuh doo rwkhu flwlhv duh orfdwhg1 Wklv vwudwhj| lv fdoohg wkh �olqh0�{hg�

vwudwhj| +OIV,1 Uhfdoo wkdw zkhq wkhuh lv qr dgglwlrqdo lqirupdwlrq rq flw| frruglqdwhv/

QhxurPdsUhfrq lv lqyrnhg zlwk qr �{hg qhxurqv1 Wkhuhiruh/ wklv fdvh lv ghvljqdwhg dv wkh

�qr0�{hg� vwudwhj| +QIV,1

Lq wkh qh{w vhfwlrq zkhuh qxphulfdo uhvxowv duh suhvhqwhg/ zh xvh d shuirupdqfh fulwhulrq

uhihuuhg wr dv wkh dyhudjh orfdwlrq huuru lq rughu wr phdvxuh wkh ghyldwlrq ehwzhhq wkh

uhsurgxfhg pds dqg wkh ruljlqdo pds ri wkh flwlhv1 Lw lv gh�qhg dv iroorzv=

u. '

S
�M7 e�

?
� +;,

Khuh/ e� lv wkh Hxfolghdq glvwdqfh ehwzhhq flw| � dqg qhxurq � zklfk uhsuhvhqwv flw| � rq wkh

uhfrqvwuxfwhg pds/ ? lv wkh qxpehu ri flwlhv/ dqg V lv wkh vhw ri flwlhv zkhuh mVm ' ?1 Lw lv

lpsruwdqw wr qrwh wkdw wkh orfdwlrq huuru fdq rqo| eh frpsxwhg li wkh flw| frruglqdwhv duh

dydlodeoh dv sduw ri wkh gdwd1 Lq uhdo0olih dssolfdwlrqv zkhuh PGV lv xvhg/ zh gr qrw kdyh

dffhvv wr wklv lqirupdwlrq1 Rwkhuzlvh PGV zrxog qrw eh qhfhvvdu|1 Rxu prwlydwlrq lq xvlqj

wklv huuru phdvxuh lv wr vkrz wkh ydoxh ri wkh h{wud lqirupdwlrq +wkh frruglqdwhv ri dw prvw

wzr flwlhv, lq uhsurgxflqj pdsv dv idlwkixoo| dv srvvleoh wr dfwxdo pdsv1 Qrwlfh wkdw zkhq

wkh lqsxw glvwdqfh pdwul{ frqvlvwv ri Hxfolghdq glvwdqfhv dqg zh rewdlq d flw| frq�jxudwlrq

zlwk qr glvwruwlrqv vxfk dv wudqvodwlrq/ urwdwlrq dqg uh hfwlrq/ wkh �qdo frruglqdwhv ri wkh
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qhxurqv zloo ryhuods zlwk wkh flwlhv wkh| uhsuhvhqw1 Lq rwkhu zrugv/ wkh srvlwlrqv ri wkh flwlhv

lq wkh uhfrqvwuxfwhg pds zloo h{dfwo| pdwfk zlwk wkh orfdwlrqv ri wkh flwlhv lq wkh dfwxdo

pds1 Lq vxfk d fdvh/ e� ' f iru doo � 5 V uhvxowlqj }hur orfdwlrq huuru1 Krzhyhu/ wklv lv

rqo| srvvleoh li wkh lqwhu0flw| glvwdqfhv duh Hxfolghdq1 Wklv phdqv wkdw lw lv qrw srvvleoh

wr kdyh d }hur orfdwlrq huuru zlwk d glvwdqfh pdwul{ frqvlvwlqj ri urdg glvwdqfhv1 Wkhuhiruh

uhfrqvwuxfwlrq phwkrgv zlwk vpdoo orfdwlrq huuruv duh fdsdeoh ri surgxflqj pdsv suhvhuylqj

qrw rqo| glvwdqfh uhodwlrqv exw dovr orfdwlrqdo sur{lplw|1

7 H{shulphqwdo Uhvxowv

Xvlqj vl{ gl�huhqw gdwd vhwv frqvlvwlqj ri lqwhu0flw| glvwdqfhv iurp ydulrxv jhrjudsklfdo orfd0

wlrqv/ zh kdyh dvvhvvhg wkh shuirupdqfh ri wkuhh phwkrgv/ l1h1/ fodvvlfdo PGV/ DOVFDO dqg

QhxurPdsUhfrq1 Hdfk phwkrg lv hpsor|hg wr uhsurgxfh wkh orfdwlrqv ri wkh flwlhv iru hdfk

gdwd vhw1 Lq wkh lqwhuhvw ri qrphqfodwxuh/ wkh gdwd vhwv duh uhihuuhg wr e| wkh qdph ri wkh

frxqwu| iurp zklfk wkh| duh vdpsohg ^54`1 Zlwk wkh h{fhswlrq ri W unl|h gdwd/ wkh qxpehu

ri flwlhv lq hdfk gdwd vhw lv 48 uhvxowlqj lq d 48�48 glvwdqfh pdwul{1 Wkh gdwd iru W unl|h

frqvlvwv ri lqwhu0flw| glvwdqfhv dprqj ;3 flwlhv/ zklfk jlyhv ulvh wr dq ;3�;3 glvwdqfh pdwul{1
Zh kdyh wzr nlqgv ri lqwhu0flw| glvwdqfhv/ Hxfolghdq glvwdqfhv dqg wuxh urdg glvwdqfhv dprqj

wkh flwlhv1

Wkh shuirupdqfh ri wkh wkuhh phwkrgv duh hydoxdwhg edvhg rq wzr fulwhuld1 Wkh �uvw

rqh lv wkh vwuhvv jlyhq zlwk irupxod +9,1 Lw lv d yhu| iuhtxhqwo| xvhg phdvxuh lq wkh PGV

olwhudwxuh/ dqg dovr rqh ri wkh wzr phdvxuhv hpsor|hg lq DOVFDO +wkh rwkhu lv V0vwuhvv,1

Wkh rwkhu shuirupdqfh phdvxuh lv wkh dyhudjh orfdwlrq huuru jlyhq lq htxdwlrq +;,1

Lw lv srvvleoh wr glylgh rxu h{shulphqwv lqwr wkuhh jurxsv1 Lq wkh �uvw rqh/ wkh urdg

glvwdqfhv duh Hxfolghdq1 Wkh vhfrqg vhw ri h{shulphqwv lv fduulhg rxw zkhq wkh urdg glvwdqfhv

duh wuxh1 Lq pdq| uhdo olih dssolfdwlrqv vrph ri wkh lqwhu0flw| glvwdqfhv frxog eh plvvlqj1

Frqvlghulqj wklv/ zh shuirup d wklug jurxs ri h{shulphqwv zkhuh wkh glvwdqfh pdwul{ lv

qrw frpsohwh1 Iluvw 8/ wkhq 43 hqwulhv ri wkh glvwdqfh pdwul{ duh fkrvhq udqgrpo| dqg

wkh| duh qrw xvhg dv dq lqsxw wr wkh phwkrgv zlwk wkh h{fhswlrq ri wkh fodvvlfdo vfdolqj

phwkrg vlqfh wkh odwwhu lv qrw ghvljqhg wr kdqgoh plvvlqj lqsxw gdwd1 Wkhuhiruh/ zh frpsduh
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QhxurPdsUhfrq rqo| zlwk DOVFDO lq wklv fdvh1

Lq doo ri wkh h{shulphqwv wkh ohduqlqj udwh >E|� lv ghfuhphqwhg olqhduo| vwduwlqj dw xqlw|/

dffruglqj wr wkh xsgdwh htxdwlrq >E|� ' � � |*�fff1 Fohduo| wklv doorzv iru 4333 ru ohvv

hsrfkv1

714 Uhvxowv zkhq Urdg Glvwdqfhv duh Hxfolghdq

Lq hdfk ri wkh fdvhv/ QhxurPdsUhfrq zdv hpsor|hg wr uhfrqvwuxfw wkh pds zkhq wkh urdg

glvwdqfhv dprqj wkh flwlhv duh frqvlghuhg wr eh Hxfolghdq1 Wkh vwuhvv ydoxhv uhsruwhg lq Wdeoh

4 ghprqvwudwh wkh dffxudf| ri wkh qhz phwkrg1 Uhfdoo wkdw/ dv wkh glvwdqfhv duh Hxfolghdq/

fodvvlfdo PGV dqg DOVFDO jxdudqwhh �qdo frq�jxudwlrqv zlwk }hur vwuhvv1 Wkhuhiruh/ wkh|

duh qrw jlyhq lq Wdeoh 41 Vlqfh wkh �qdo frq�jxudwlrq rewdlqhg e| QhxurPdsUhfrq ghshqgv

rq wkh lqlwldo zhljkwv +frruglqdwhv, ri wkh qhxurqv/ zh shuiruphg 43 uhsolfdwlrqv iru QIV/

zkhuh qhxurqv zhuh dvvljqhg udqgrp lqlwldo zhljkwv lq hdfk fdvh1 Wkh qxpehuv ri wkh �uvw urz

ri wkh wdeoh duh wkh dyhudjh vwuhvv ydoxhv1 Qrwh wkdw wklv lv wkh fdvh zkhq qr h{wud lqirupdwlrq

derxw wkh �qdo frq�jxudwlrq lv dydlodeoh1 Iru 4IV zh udqgrpo| ghwhuplqh 43 gl�huhqw flwlhv1

Lq hdfk uxq zh �{ wkh qhxurq wkdw uhsuhvhqwv wkh vhohfwhg flw|1 Vlplodu wr wkh fdvh zlwk QIV/

ghshqglqj rq wkh lqlwldo orfdwlrq ri wkh qhxurqv gl�huhqw �qdo frq�jxudwlrqv pd| eh rewdlqhg

hyhq li wkh vdph qhxurq lv �{hg1 Wkhuhiruh/ iru hdfk uxq zh shuiruphg 43 uhsolfdwlrqv zlwk

gl�huhqw lqlwldo zhljkwv dvvljqhg wr wkh qhxurqv1 Qrwh wkdw wkh zhljkw ri wkh �{hg qhxurq

uhpdlqv wkh vdph ryhu wkh uhsolfdwlrqv1 Dv d uhvxow/ zh uhsruw lq wkh wdeoh wkh dyhudjh ri 433

uhsolfdwlrqv iru 4IV1 Olnhzlvh/ wkh urz dvvrfldwhg zlwk 5IV frqwdlqv dyhudjh vwuhvv ydoxhv ri

433 uhsolfdwlrqv1 Lq hdfk uxq/ �uvw d sdlu ri qhxurqv uhsuhvhqwlqj wkh dqfkru flwlhv lv �{hg/

dqg wkhq 43 uhsolfdwlrqv duh fduulhg rxw zlwk gl�huhqw lqlwldol}dwlrq iru qhxurq zhljkwv1 Iru

OIV djdlq wzr dqfkru flwlhv duh vhohfwhg zlwk wkh h{wud frqglwlrq wkdw wkh| duh orfdwhg rq

rqh ri wkh orqjhu hgjhv ri wkh frqyh{ kxoo ri wkh flwlhv1 Wkh qhxurqv fruuhvsrqglqj wr wkh

dqfkru flwlhv duh �{hg dqg 43 uhsolfdwlrqv duh pdgh e| udqgrpo| lqlwldol}lqj wkh frruglqdwhv

ri wkh qhxurqv rwkhu wkdq wkh �{hg rqhv1 Wkxv/ wkh vwuhvv ydoxhv dvvrfldwhg zlwk olqh0�{hg

vwudwhj| duh dyhudjhv ri 43 uxqv1 Wkh uhvxowv rewdlqhg e| QhxurPdsUhfrq duh yhu| forvh wr

}hur vkrzlqj wkh vxffhvv ri wkh phwkrg1 Lw xqgrxewhgo| shuirupv dv zhoo dv fodvvlfdo PGV

dqg DOVFDO rq wkh Hxfolghdq gdwd1
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Dxvwudold Fdqdgd Hqjodqg Iudqfh W unl|h XVD

QIV 7�433H 313357 7�433H 7�433H 9�433H 3133<<

4IV 313375 313388 31337< 8�433H ;�433H 313565

5IV 5�433. 313378 31338: 6�433. 5�433. 313567

OIV 5�433H 4�433. 7�433H 8�433H 9�433H 8�433H

Wdeoh 4= Vwuhvv ydoxhv iru Hxfolghdq lqwhu0flw| glvwdqfhv1

Dxvwudold Fdqdgd Hqjodqg Iudqfh W unl|h XVD

Fodvvlfdo PGV 6:;:13 69<314 9461< ;8816 64515 696<13

DOVFDO 6:;91< 697818 8681< ;<918 9<619 5<6518

QIV 49371; 5:6<15 73;13 78:13 :;:15 563<1<

4IV 47461; 483:16 63718 68616 76:1< 498418

5IV ::713 5<:15 49;1: 48519 4:515 88713

OIV :��f3D 31333: 5��f3D 8��f3D :��f3D 313334

Wdeoh 5= Orfdwlrq huuru ydoxhv iru Hxfolghdq lqwhu0flw| glvwdqfhv1

Lq wklv vhwwlqj/ zh zrxog olnh wr phqwlrq wkdw wkhuh lv qr dffhswhg vwdqgdug dv wr zkdw

ydoxh ri wkh vwuhvv fdq eh xvhg dv dq lqglfdwru ri d jrrg uhsuhvhqwdwlrq1 Dv d uxoh ri wkxpe/

zh kdyh uhvruwhg wr wkh fodvvl�fdwlrq jlyhq e| Nuxvndo= Dq| ydoxh ohvv wkdq 3138 lv h{fhoohqw/

ydoxhv ehwzhhq 3138 dqg 314 duh vdwlvidfwru|/ dqg dq|wklqj deryh 3148 lv xqdffhswdeoh1 Iurp

wkh uhvxowv jlyhq lq Wdeoh 4 zh frqfoxgh wkdw wkh shuirupdqfh ri wkh qhz phwkrg lv h{fhoohqw1

Dyhudjh orfdwlrq huuruv duh suhvhqwhg lq Wdeoh 51 Wkh �uvw wzr urzv frqvlvw ri orfdwlrq

huuruv iru fodvvlfdo PGV dqg DOVFDO1 Vlqfh wkh uhvxowv gr qrw ghshqg rq wkh lqlwldo frqgl0

wlrqv/ wkhuh lv qr qhhg iru uhshdwlqj wkh uxqv lq hlwkhu ri wkhvh phwkrgv1 Rq wkh rwkhu kdqg/

zh uhsruw wkh dyhudjh ydoxhv ri 43 ru 433 uhsolfdwlrqv ghshqglqj rq wkh vwudwhj| xvhg iru

QhxurPdsUhfrq1 Zh revhuyh wkdw wkh orfdwlrq huuru ghfuhdvhv frqvlvwhqwo| iru doo gdwd vhwv

dv wkh �qdo frq�jxudwlrq lv pruh frqvwudlqhg/ dqg jrhv sudfwlfdoo| wr }hur iru wkh OIV1

Iljxuh 4 looxvwudwhv wkh �qdo frq�jxudwlrq wkdw lv rewdlqhg iru W unl|h gdwd zlwk OIV

zkhuh wkh frruglqdwhv ri wzr dqfkru flwlhv duh surylghg dv dgglwlrqdo gdwd1 Lq wklv fdvh/

wkh fruuhvsrqglqj qhxurqv duh �{hg wr h{dfwo| idoo rq wkh frruglqdwhv ri wkhvh flwlhv1 Hdfk
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lv vkrzq zlwk dq R � �1 Iljxuh 5 glvsod|v wkh dfwxdo orfdwlrqv ri wkh flwlhv dorqj zlwk wkh

srlqwv jhqhudwhg e| DOVFDO1 Revhuyh wkh dffxudf| ri QhxurPdsUhfrq hvshfldoo| zkhq lw

lv duphg zlwk wkh olqh0�{hg vwudwhj|1

Actual Locations NeuroMapRecon

Iljxuh 4= Ilqdo frq�jxudwlrq rewdlqhg e| QhxurPdsUhfrq zlwk olqh0�{hg vwudwhj| iru

W unl|h gdwd1

Actual Locations ALSCAL

Iljxuh 5= Ilqdo frq�jxudwlrq rewdlqhg e| DOVFDO iru W unl|h gdwd1

715 Uhvxowv zkhq Urdg Glvwdqfhv duh qrw Hxfolghdq

Zkhq wkh glvwdqfh pdwul{ frqvlvwv ri wkh urdg glvwdqfhv zklfk duh qrw Hxfolghdq/ wkh �qdo

frq�jxudwlrqv rewdlqhg e| fodvvlfdo vfdolqj dqg DOVFDO kdyh qrq}hur vwuhvv ydoxhv1 Lw lv iru

vxfk uhdo0olih gdwd vhwwlqjv wkdw QhxurPdsUhfrq ghprqvwudwhv lwv wuxh dgydqwdjhv1 Vwuhvv

ydoxhv dqg orfdwlrq huuruv rewdlqhg zlwk doo wkuhh phwkrgv duh jlyhq lq Wdeohv 6 dqg 7/

4;



Dxvwudold Fdqdgd Hqjodqg Iudqfh W unl|h XVD

Fodvvlfdo PGV 31388: 313585 31396< 313678 31379< 31374<

DOVFDO 31383< 313563 313933 313645 313755 3136:9

QIV 313785 313464 313777 3135:9 3136<3 3135<8

4IV 31379: 313468 313785 3135:; 3136<4 3136:3

5IV 313884 313679 313846 31365: 313785 313774

OIV 3137<7 31388: 313:73 3135;7 313795 313785

Wdeoh 6= Vwuhvv ydoxhv iru wuxh lqwhu0flw| glvwdqfhv1

Dxvwudold Fdqdgd Hqjodqg Iudqfh W unl|h XVD

Fodvvlfdo PGV 643419 5:931: 96<13 ;981; :<51: 5<691;

DOVFDO 6;<913 6<5<18 88415 ;<:16 :<514 5<681;

QIV 4<6;16 5;9<15 78516 7:41< ;3818 576:1;

4IV 4:4317 4:7:1; 67818 74618 94<1: 49<61;

5IV 434;16 9<517 4<;18 4;<16 59313 :6<17

OIV 67<14 97:19 :914 7;14 5571: 6631<

Wdeoh 7= Orfdwlrq huuru ydoxhv iru wuxh lqwhu0flw| glvwdqfhv1

uhvshfwlyho|1 Wkh ydoxhv lq wkh urzv iru QhxurPdsUhfrq duh djdlq wkh dyhudjh ydoxhv ryhu 43

ru 433 uhsolfdwlrqv ghshqglqj rq wkh vwudwhj|1 Edvhg rq wkh vwuhvv ydoxhv uhsruwhg lq Wdeoh

6 zh fdq vd| wkdw DOVFDO shuirupv ehwwhu wkdq fodvvlfdo vfdolqj zkloh QhxurPdsUhfrq

lv wkh ehvw phwkrg zlwk uhvshfw wr erwk shuirupdqfh phdvxuhv1 Dffruglqj wr wkh vwuhvv

vfdoh sursrvhg e| Nuxvndo QhxurPdsUhfrq vhhpv wr eh �h{fhoohqw�1 Wklv lv frpphqgdeoh

hvshfldoo| zkhq zh uhdol}h wkdw QhxurPdsUhfrq lv hdv| wr lpsohphqw dqg grhv qrw lqyroyh

dq| pdwul{ rshudwlrqv1 Uhvxowv lq Wdeoh 6 lqglfdwh wkdw lq prvw ri wkh fdvhv/ wkh vwuhvv

lqfuhdvhv dv wkh �qdo frq�jxudwlrq lv pruh frqvwudlqhg1 Wklv lv qrw xqh{shfwhg ehfdxvh

lpsrvlqj dgglwlrqdo frqvwudlqwv wr frq�jxudwlrqv pd| ohdg wr xqidyrudeoh h�hfw rq wkh �qdo

vwuhvv ydoxhv1 Iru h{dpsoh/ zkhq zh �{ rqh ri wkh qhxurqv xqghu 4IV/ zh uhpryh rqh ghjuhh

ri iuhhgrp1 Il{lqj wzr qhxurqv lqvwhdg ri rqh/ frqvwudlqv wkh pds ixuwkhu/ dqg wkhuhe|

uhvxowv lq dq lqfuhdvh lq wkh vwuhvv1

4<



8 plvvlqj B�� 43 plvvlqj B��

QhxurPdsUhfrq DOVFDO QhxurPdsUhfrq DOVFDO

Dxvwudold 313775< 3136;<; 3137:95 3137;38

Fdqdgd 3134646 3137459 31345;7 3135459

Hqjodqg 31374;6 3137463 3137::< 3138:;;

Iudqfh 31363;< 313739; 3135;87 3135<35

W unl|h 3136<3< 313;33; 3136<3: 3137545

XVD 3137793 3137637 3136959 3136734

Wdeoh 8= Shuirupdqfh ri QhxurPdsUhfrq zlwk plvvlqj lqsxw gdwd1

716 Uhvxowv iru Lqfrpsohwh Gdwd Vhwv

QhxurPdsUhfrq fdq dovr uhfrqvwuxfw pdsv hyhq li vrph ri wkh glvwdqfh gdwd duh plvvlqj1

Lq rughu wr ghprqvwudwh wkh h!flhqf| ri wkh qhz phwkrg zlwk uhvshfw wr wklv surshuw|/

h{shulphqwv duh frqgxfwhg e| uhprylqj vrph hohphqwv ri wkh glvwdqfh pdwul{/ {� Wkh �qr0

�{hg� vwudwhj| lv vhohfwhg iru wklv vhw ri h{shulphqwv dv lw jlyhv wkh ehvw uhvxowv dprqj

wkh rwkhu vwudwhjlhv lq whupv ri vwuhvv1 Lq rughu wr uhgxfh wkh eldv/ iru hdfk gdwd vhw wkh

h{shulphqwv duh uhshdwhg 43 wlphv e| uhprylqj �uvw 8 dqg wkhq 43 B��*v iurp { udqgrpo|1

Vlqfh wkh �qdo frq�jxudwlrq jlyhq e| QhxurPdsUhfrq lv ghshqghqw rq wkh lqlwldo zhljkwv ri

wkh qhxurqv/ 43 uhsolfdwlrqv duh shuiruphg zlwk udqgrp qhxurq lqlwldol}dwlrqv iru hdfk ri wkh

43 uxqv1 Qrwh wkdw d gl�huhqw vhw ri glvwdqfhv duh uhpryhg iurp { lq hdfk uxq1 Wkhuhiruh/

wkh vwuhvv ydoxhv uhsruwhg lq wkh �uvw dqg wklug froxpqv +QhxurPdsUhfrq froxpqv, ri Wdeoh

8 duh wkh dyhudjhv ri 433 uhsolfdwlrqv1 Krzhyhu/ udqgrp lqlwldol}dwlrq lv qrw srvvleoh iru

DOVFDO dqg wkxv wkh qxpehuv jlyhq lq wkh vhfrqg dqg irxuwk froxpqv ri Wdeoh 8 duh wkh

dyhudjhv ri 43 vwuhvv ydoxhv1

Uhvxowv rewdlqhg zlwk QhxurPdsUhfrq duh djdlq vxshulru1 Hyhq lq wkh suhvhqfh ri plvv0

lqj lqsxw gdwd/ lw lv fdsdeoh ri �qglqj d �qdo frq�jxudwlrq zlwk �h{fhoohqw� vwuhvv ydoxhv1

DOVFDO shuirupv voljkwo| ehwwhu iru wkh Dxvwudold dqg Hqjodqg gdwd zlwk 8 plvvlqj ydoxhv/

dqg iru wkh XVD gdwd zlwk 8 dqg 43 plvvlqj ydoxhv1
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8 Frqfoxvlrqv

Lq wklv sdshu zh kdyh frqvlghuhg wkh ixqgdphqwdo sureohp ri uhfrqvwuxfwlqj d pds +uhihuuhg

wr dv PdsUhfrq, zkhq wkh jlyhq gdwd lv wkh vhw ri glvwdqfhv dprqj flwlhv lq d uhjlrq1

Wklv lv wkh �lqyhuvh� ri wkh glvwdqfh hvwlpdwlrq sureohp zkhuh wkh jrdo lv wr ghwhuplqh

d jrrg hvwlpdwru iru lqwhu0flw| urdg glvwdqfhv dv d ixqfwlrq ri jlyhq flw| frruglqdwhv1 Lq

wkh pds uhfrqvwuxfwlrq sureohp rxu dlp lv wr ghwhuplqh wkh orfdwlrq ri wkh flwlhv lq d

wzr glphqvlrqdo pds vxfk wkdw wkh Hxfolghdq glvwdqfhv dprqj wkh srlqwv lq wkh rewdlqhg

frq�jxudwlrq dssur{lpdwh wuxh urdg glvwdqfhv dv forvho| dv srvvleoh1 Wkh uhsruwhg vroxwlrqv

wr wklv sureohp duh ihz/ dqg sulpdulo| lqyroyh wudglwlrqdo whfkqltxhv xvhg lq PGV1

Wkh vroxwlrq zh sursrvh/ fdoohg QhxurPdsUhfrq/ lv yhu| dffxudwh dqg grhv qrw lqyroyh

dq| lqwulfdwh pdwul{ frpsxwdwlrqv ru jhqhudol}hg lqyhuvh frpsxwdwlrqv1 Lw lv dovr dgdswlyh

dqg fdq eh vdlg wr eh ri d �uhdo wlph�  dyru1 QhxurPdsUhfrq kdv ehhq uljrurxvo| whvwhg

rq gl�huhqw gdwd vhwv frqvlvwlqj ri wkh urdg glvwdqfhv rewdlqhg iurp ydulrxv frxqwulhv e|

frpsdulqj wkh uhvxowv zlwk wkrvh surylghg e| fodvvlfdo PGV phwkrg dqg DOVFDO1 Wkh

dffxudf| ri wkh sursrvhg phwkrg lv vxshulru1 QhxurPdsUhfrq kdv dovr wkh iroorzlqj wzr

ghvludeoh surshuwlhv1 Iluvw/ lw fdq uhsurgxfh frq�jxudwlrqv hyhq li vrph ri wkh lqsxw gdwd

duh plvvlqj1 Vhfrqg/ jlyhq wkh orfdwlrqv ri dw prvw wzr flwlhv lw lv srvvleoh wr rewdlq frq�j0

xudwlrqv zlwkrxw wudqvodwlrq/ urwdwlrq dqg uh hfwlrq vr wkdw flwlhv duh orfdwhg yhu| forvh wr

wkhlu ruljlqdo orfdwlrqv +l1h1/ vpdoo orfdwlrq huuru,1 Zh duh qrw dzduh ri dq| rwkhu vroxwlrq wr

PdsUhfrq zklfk srvvhvvhv doo wkhvh fkdudfwhulvwlfv1

Uhihuhqfhv

^4` 
L1N1 Dow�qho/ Q1 Dudv/ M1 Rrpphq/ �Yhfwru txdqwl}dwlrq iru duelwudu| glvwdqfh ixqfwlrq

hvwlpdwlrq/� Lqirupv Mrxuqdo rq Frpsxwlqj/ yro1 </ ss1 76<�784/ 4<<:1

^5` M1 Eulpehuj dqg U1I1 Oryh/ �Hvwlpdwlqj glvwdqfhv/� Idflolw| Orfdwlrq> D Vxuyh| ri

Dssolfdwlrqv dqg Phwkrgv/ ]1 Guh}qhu/ Hg1/ Vsulqjhu Vhulhv lq Rshudwlrqv Uhvhdufk/

4<<81
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^6` U1I1 Oryh dqg M1J1 Pruulv/ �Prghoolqj lqwhu0flw| urdg wudyho glvwdqfhv e| pdwkhpdwlfdo

ixqfwlrqv/� Rsuhdwlrqdo Uhvhdufk Txduwhuo|/ yro1 56/ ss1 94�:4/ 4<:51

^7` U1I1 Oryh dqg M1J1 Pruulv/ �Pdwkhpdwlfdo prghov ri urdg wudyho glvwdqfhv/� Pdqdjh0

phqw Vflhqfhv/ yro1 58/ ss1 463�46</ 4<:<1

^8` Z1V1 Wrujhuvrq/ �Pxowlglphqvlrqdo vfdolqj/� Sv|fkrphwulfd/ yro1 4:/ ss1 734�74</ 4<851

^9` L1 Eruj dqg S1 Jurhqhq/ Prghuq Pxowlglphqvlrqdo Vfdolqj/ Wkhru| dqg Dssolfdwlrqv/

Qhz \run/ Vsulqjhu�Yhuodj/ 4<<:1

^:` U1Q1 Vkhsdug/ �Dqdo|vlv ri sur{lplwlhv= Pxowlglphqvlrqdo vfdolqj zlwk dq xqnqrzq

glvwdqfh ixqfwlrq L ) LL/� Sv|fkrphwulfd/ yro1 5:/ ss1 458�473/ 54<�579/ 4<951

^;` Z1V1 Wrujhuvrq/ �Pxowlglphqvlrqdo vfdolqj ri vlplodulw|/� Sv|fkrphwulfd/ 63/ 6:<�6<6/

4<981

^<` F1 Fkdw�hog/ Lqwurgxfwlrq wr Pxowlyduldwh Dqdo|vlv/ Fkdspdq dqg Kdoo/ 4<;31

^43` P1 Vwh|yhuv/ �Pxowlglphqvlrqdo vfdolqj� lq Hqf|forshgld ri Frjqlwlyh Vflhqfh/ 53351

^44` \1 Wdndqh/ I1Z1 \rxqj dqg M1 gh Ohhxz/ �Qrqphwulf lqglylgxdo gl�huhqfhv pxowlgl0

phqvlrqdo vfdolqj= Dq dowhuqdwlqj ohdvw vtxduhv phwkrg zlwk rswlpdo vfdolqj ihdwxuhv/�

Sv|fkrphwulnd/ yro1 75/ ss1 :�9:/ 4<::1

^45` G1K1 Jud|/ �Yhfwru Txdqwl}dwlrq/� LHHH DVVS Pdjd}lqh/ yro1 4/ ss1 7�5</ 4<;71

^46` \1 Olqgh/ D1 Ex}r dqg U1P1 Jud|/ �Dq dojrulwkp iru yhfwru txdqwl}dwlrq/� LHHH Wudqv0

dfwlrqv rq Frppxqlfdwlrqv/ FRP�5;/ ss1 94�:4/ 4<;31

^47` W1 Nrkrqhq/ �Wkh vhoi0rujdql}lqj pds/� Surf1 LHHH/ yro1 :;/ ss1 4797�47;3/ 4<<31

^48` W1 Nrkrqhq/ Wkh vhoi0rujdql}lqj pds/ Ehuolq/ Jhupdq|= Vsulqjhu0Yhuodj/ 4<<81

^49` U1 S1 Z1 Gxlq dqg H1 Shndovnd/ �Srvvlelolwlhv ri ]hur0Huuru Uhfrjqlwlrq e| Glvvlplodulw|

Uhsuhvhqwdwlrqv/� lq Surf1 ri SULV05335/ Wkh 5335 Lqwhuqdwlrqdo Zrunvkrs rq Sdwwhuq

Uhfrjqlwlrq lq Lqirupdwlrq V|vwhpv/ Dolfdqwh/ 5335/ ss1 53�651
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^4:` H1 Shndovnd dqg U1 S1 Z1 Gxlq/ cFodvvl�huv iru Glvvlplodulw|0edvhg Sdwwhuq Uhfrjqlwlrq*/

Surfhhglqjv ri LFSU05333/ Wkh Lqwhuqdwlrqdo Frqihuhqfh rq Sdwwhuq Uhfrjqlwlrq/ 5/ 45�

49/ 53331

^4;` H1 Shndovnd dqg U1 S1 Z1 Gxlq/ �Dxwrpdwlf Sdwwhuq Uhfrjqlwlrq e| Vlplodulw| Uhsuh0

vhqwdwlrqv/� Hohfwurqlf Ohwwhuv/ yro1 6:/ ss1 48<�493/ 53341

^4<` M1E1 Nuxvndo/ �Pxowlglphqvlrqdo vfdolqj e| rswlpl}lqj jrrgqhvv ri �w wr d qrqphwulf

k|srwkhvlv/� Sv|fkrphwulfd/ yro1 5</ ss1 4�5:/ 4<971

^53` P1 Vwh|yhuv dqg W1 Exvh|/ �Suhglfwlqj vlplodulw| udwlqjv wr idfhv xvlqj sk|vlfdo gh0

vfulswlrqv� lq Frpsxwdwlrqdo/ jhrphwulf/ dqg surfhvv shuvshfwlyhv rq idfldo frjqlwlrq=

Frqwh{wv dqg fkdoohqjhv/ P1 Zhqjhu dqg M1 Wrzqvhqg Hgv1/ Odzuhqfh Huoedxp Dvvr0

fldwhv/ 53331

^54` U1I1 Oryh dqg M1K1 Zdonhu/ �Glvwdqfh gdwd iru hljkwhhq jhrjudsklf uhjlrqv/� Zrunlqj

Sdshu &6;6/ Plfkdho J1 GhJurrwh Vfkrro ri Exvlqhvv/ PfPdvwhu Xqlyhuvlw|/ 4<<61
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