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Zkloh qxphurxv suhglfwlyh prghov kdyh wkh rqo| pdlq remhfwlyh wr pd{lpl}h
wkh jhqhudol}dwlrq dffxudf| +vxfk dv qhxudo qhwzrunv ru qhduhvw0qhljkeru dojr0
ulwkpv,/ wkh dlp ri ghflvlrq wuhhv vhhpv wr eh pruh frpsolfdwhg1 Lq wkh �hog
ri Nqrzohgjh Glvfryhu| lq Gdwdedvhv +NGG,/ hyhq li wkh suhglfwlyh dffxudf| lv
reylrxvo| lpsruwdqw/ wkh kxpdq frpsuhkhqvlelolw| ri wkh prgho lv dfwxdoo| dovr
fuxfldo1 Xqiruwxqdwho|/ zlwk wkh kxjh ghyhorsphqw ri wkh prghuq gdwdedvhv/ wklv
vhfrqg jrdo lv uduho| uhdfkhg/ riwhq uhvxowlqj lq ghhs lqfrpsuhkhqvleoh wuhhv1 Wklv
odujh vl}h lv riwhq h{sodlqhg e| wkh wzr iroorzlqj uhdvrqv= +l, vrph wdujhw frq0
fhswv fdq qrw eh uhsuhvhqwhg e| wuhhv/ +ll, odujh prghuq gdwdedvhv fdq kdyh d orw
ri qrlvh/ wkdw fdxvhv ryhu�wwlqj1 Lq vxfk d frqwh{w/ uhvhdufkhuv lq vwdwlvwlfv dqg
frpsxwhu vflhqfh kdyh sursrvhg pdq| phwkrgv iru vlpsoli|lqj wuhhv1 Euhvorz
dqg Dkd ^6` kdyh sursrvhg d foxvwhulqj ri phwkrgv lq pdfklqh ohduqlqj1 Wkh|
gudz xs wkh �yh iroorzlqj fdwhjrulhv dffruglqj wr �yh vlpsol�fdwlrq vwudwhjlhv=
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frqwuro wuhh vl}h/ prgli| vsdfh ri whvwv/ prgli| vhdufk iru whvwv/ uhgxfh gdwdvhw/

wudqvirup lqwr dq dowhuqdwlyh gdwd vwuxfwxuh1

Lq wklv sdshu/ zh irfxv rqo| rq gdwdvhw uhgxfwlrq whfkqltxhv zklfk ehorqj
wr wkh irxuwk fdwhjru|1 Lq wklv fodvv ri phwkrgv/ wzr uhgxfwlrq vwudwhjlhv fdq
eh dssolhg1 Wkh �uvw rqh frqvlvwv lq uhprylqj luuhohydqw ihdwxuhv ehiruh wkh wuhh
lqgxfwlrq surfhvv lq rughu wr exlog vpdoohu wuhhv1 D vwxg| lq ^49` vkrzv wkdw vxfk d
vwudwhj| fdq eh yhu| h�flhqw1 Xvlqj F718 ^45`/ wkh qrq ghohwlrq ri zhdno| uhohydqw
ihdwxuhv jhqhudwhv dfwxdoo| ghhshu ghflvlrq wuhhv zlwk orzhu shuirupdqfhv1 Dg krf

dojrulwkpv kdv ehhq sursrvhg wr ghdo zlwk wklv skhqrphqrq rq ghflvlrq wuhhv
^4/ 8`1 Wkhvh phwkrgv ehorqj wr d zlghu idplo| ri uhgxfwlrq dojrulwkpv/ fdoohg
zudsshu prghov ^<`/ zklfk gr qrw dozd|v xvh d ghflvlrq wuhh uhsuhvhqwdwlrq1

Wkh vhfrqg vwudwhj| frqvlvwv lq ghohwlqj luuhohydqw lqvwdqfhv ehiruh wkh frq0
vwuxfwlrq ri wkh wuhh1 Vxfk dojrulwkpv kdyh ehhq suhvhqwhg gxulqj wkh odvw ghfdghv
lq ^44` +zlwk d zlqgrzlqj vwudwhj|,/ ^4:` +zlwk d vdpsolqj vwudwhj|, dqg ^;` +zlwk
Urexvw F718 ghflvlrq wuhhv,1 Wkh Txlqodq*v vwudwhj| ^44` frqvlvwv lq lqfuhphqwdoo|
dgglqj plvfodvvl�hg lqvwdqfhv wr dq ruljlqdo ohduqlqj vdpsoh dqg lqgxflqj d qhz
ghflvlrq wuhh xqwlo qr fdvhv duh plvfodvvl�hg1 Wr dyrlg wr frpsohwho| uh0lqgxfh
wkh wuhh/ Xwjr� ^4:` xsgdwhv wuhhv lqfuhphqwdoo| dv hdfk qhz fdvh lv dgghg1 Mrkq
^;` fkrrvhv dq rssrvlwh vwudwhj| e| uhprylqj doo lqvwdqfhv plvfodvvl�hg e| wkh
fxuuhqw ghflvlrq wuhh1 Qrwh wkdw wkh wuhh lv uh0lqgxfhg dw hdfk vwdjh lq wkh ruljl0
qdo dojrulwkp/ hyhq li Mrkq fodlpv wkdw UF718 frxog eh prgl�hg zlwk d vfkhph
vxfk dv wkdw sursrvhg lq ^4:`1 Wklv suhylrxv dojrulwkp lv rqh ri wkh prvw h�flhqw
whfkqltxhv/ wkdw lv zk| zh zloo wdnh lw dv d uhihuhqfh lq wklv sdshu +�jxuh 4 uhfdoov
wkh svhxgrfrgh ri UF718,1
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Dw wkh vdph wlph/ pdq| rwkhu fdvh0uhgxfwlrq whfkqltxhv kdyh ehhq sursrvhg/
qrw iru uhgxflqj wuhh vl}h dqg lpsurylqj kxpdq frpsuhkhqvlelolw|/ exw udwkhu
wr olplw wkh vl}h uhtxluhg wr vwruh gdwdedvhv lq phpru| ^7/ 9/ :/ 48/ 4;`1 Wkhvh
dojrulwkpv +riwhq fdoohg Surwrw|sh Vhohfwlrq dojrulwkpv, kdyh ehhq ghyhorshg
lq rughu wr frpshqvdwh iru wkh gudzedfn ri fdvh0edvhg dojrulwkpv/ vxfk dv wkh
qhduhvw0qhljkeru fodvvl�huv/ zhoo nqrzq wr eh yhu| h�flhqw/ exw dovr frpsxwd0
wlrqdoo| h{shqvlyh1 Dv idu dv zh nqrz/ qr uhfhqw vwxg| kdv dwwhpswhg wr hvwdeolvk
d forvh olqn ehwzhhq wkh ehvw surwrw|sh vhohfwlrq surfhgxuhv dqg wuhh vlpsol�fd0
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wlrq1 Qr vwxg| kdv wulhg wr frpsduh dojrulwkpv iru wuhh vlpsol�fdwlrq/ vxfk dv
wkh Mrkq*v Urexvw F718 Ghflvlrq Wuhhv zlwk vxfk dojrulwkpv1 Wklv ehkdylru fdq
eh lq idfw grxeo| mxvwl�hg=

~ Wkh �uvw uhdvrq +douhdg| phqwlrqhg deryh, frphv iurp wkh pdlq jrdo ri wkh
surwrw|sh vhohfwlrq dojrulwkpv= wkh| duh frpprqo| xvhg wr uhgxfh vwrudjh uh0
txluhphqwv lpsrvhg e| h{shqvlyh dojrulwkpv vxfk dv wkh n Qhduhvw0Qhljkeruv
+nQQ,1 Wkhuhiruh/ wkhlu uhgxfwlrq vwudwhjlhv duh qrw d sulrul gluhfwhg wrzdugv
wkh frqvwuxfwlrq ri vpdoohu wuhhv1

~ Wkh vhfrqg uhdvrq gluhfwo| hqvxhv iurp wkh �uvw1 Vlqfh prvw ri wkhvh dojr0
ulwkpv xvxdoo| xvh d nQQ fodvvl�hu gxulqj wkh vhohfwlrq/ wkhlu dgdswdwlrq wr
wuhh vlpsol�fdwlrq lv d sulrul qrw qdwxudo1

Qhyhuwkhohvv/ ghvslwh wklv hvwdeolvkhg idfw/ wkuhh dujxphqwv surpsw xv wr
whvw wkhp lq rughu wr vlpsoli| wuhhv1 Iluvw/ zkloh uhshdwhg wuhh lqgxfwlrqv gxulqj
wkh vhohfwlrq fdq eh frpsxwdwlrqdoo| frvwo| rq kxjh gdwdedvhv/ vrph ri sur0
wrw|sh vhohfwlrq phwkrgv duh nqrzq wr eh yhu| idvw1 Hyhq li lqfuhphqwdo wuhh
xsgdwhv kdyh ehhq sursrvhg ^4:`/ d orfdo prgl�fdwlrq ri d qhljkerukrrg judsk
lv idvwhu1 Vhfrqgo|/ doo wkh wuhh0vlpsol�fdwlrq surfhgxuhv rswlpl}h wkh dffxudf|
gxulqj wkh vhohfwlrq e| wkh lqgxfwlrq dojrulwkp1 Uhfhqw wkhruhwlfdo ^43` dqg hp0
slulfdo uhvxowv ^48` vkrz wkdw dffxudf| lv qrw dozd|v wkh prvw vxlwdeoh fulwhulrq
wr rswlpl}h1 Vlqfh vrph ri surwrw|sh vhohfwlrq dojrulwkpv wdnh lqwr dffrxqw wklv
skhqrphqrq ^46/ 48`/ lw zrxog eh lqwhuhvwlqj wr dqdo|}h wkhlu h�hfw iru vlpsoli|0
lqj wuhhv1 Wklugo|/ wkh ehvw surwrw|sh vhohfwlrq dojrulwkpv doorz wr gudpdwlfdoo|
uhgxfh gdwdvhwv/ zkloh qrw frpsurplvlqj wkh jhqhudol}dwlrq dffxudf|1 Zh wklqn
wkdw vrph ri wkhp fdq eh dv h�flhqw iru vlpsoli|lqj wuhhv1

Lq wkh �uvw sduw ri wklv sdshu/ zh zloo dqdo|}h wkh frqwulexwlrq ri irxu vwdwh0
ri0wkh0duw surwrw|sh vhohfwlrq dojrulwkpv= wkh Jdwhv*v Uhgxfhg Qhljkeru Uxoh ^9`/
wkh frqvhqvxv �owhuv ri Eurgoh| dqg Iulhgo ^7`/ wkh Zlovrq ) Pduwlqh}*v UW6 ^4;`
dqg wkh Vheedq dqg Qrfn*v SVUFJ ^48`1 Zh wklqn wkdw wkh| duh uhsuhvhqwdwlyh ri
wkh hyroxwlrq ri wkh vhohfwlrq vwudwhjlhv lq wklv �hog1 Diwhu uhfdoolqj wkh sulqflsohv
ri wkhvh phwkrgv/ zh vwxg| wkhlu vshfl�flwlhv lq wkh �hog ri wuhh vlpsol�fdwlrq/
dqg zh vwdwlvwlfdoo| dqdo|}h wkhlu shuirupdqfhv1 Rxu jrdo lv wr dqvzhu wr wkh wzr
iroorzlqj txhvwlrqv=

~ Zklfk h�hfw rq wuhh vlpsol�fdwlrq hqwdlov wkh qdwxuh ri wkh rswlpl}hg fulwh0
ulrq gxulqj wkh vhohfwlrq/ dqg wkh w|sh ri wkh ohduqlqj dojrulwkp xvhgB

~ Zkdw lv wkh h�flhqf| ri wkhvh dojrulwkpv lq frpsdulvrq zlwk surfhgxuhv
vxfk dv wkh Urexvw F718 ghflvlrq wuhhv lq whupv ri suhglfwlyh dffxudf|/ wuhh

vl}h/ qrlvh wrohudqfh dqg ohduqlqj vshhgB

Dprqj wkh whvwhg dojrulwkpv/ zh vkrz wkdw SVUFJ ^48`/ zklfk grhv qrw
rswlpl}h wkh dffxudf|/ suhvhqw shuirupdqfhv vwdwlvwlfdoo| frpsdudeoh wr UF718/

zlwk d srvvleoh dgdswdwlrq wr rwkhu wuhh lqgxfwlrq dojrulwkpv/ vxfk dv FDUW
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^5`/ ru LG6 ^44`1 Wkh lqirupdwlrq fulwhulrq rswlpl}hg lq SVUFJ lv dfwxdoo| lq0
ghshqghqw rq d dg krf dojrulwkp/ dqg doorzv xv wr jhqhudol}h lwv xvh iru rwkhu
ghflvlrq wuhhv1 Iurp wklv fulwhulrq/ zh sursrvh lq wkh vhfrqg sduw d qhz pl{hg
surfhgxuh zklfk dwwhpswv wr mrlqwo| ghohwh luuhohydqw ihdwxuhv dqg lqvwdqfhv1 D
vwdwlvwlfdo vwxg| vkrzv wkdw rxu dssurdfk lv vxlwhg wr gudpdwlfdoo| uhgxfh wuhh
vl}hv/ zkloh frqwuroolqj wkh suhglfwlyh dffxudf|/ hyhq lq wkh suhvhqfh ri qrlvh1
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514 Surwrw|sh Vhohfwlrq Vwudwhjlhv

Lq wkh zlgh idplo| ri surwrw|sh vhohfwlrq dojrulwkpv/ zh fdq glvwlqjxlvk wkuhh
fdwhjrulhv dffruglqj wr wkhlu vhohfwlrq vwudwhj|1 Iru hdfk fdwhjru|/ zh suhvhqw
wkh pdlq phwkrgv +iru pruh ghwdlov vhh phqwlrqhg duwlfohv,1

Wkh �uvw rqh rqo| uhpryhvplvodehohg lqvwdqfhv ru rxwolhuv1 Lq vxfk d fdwhjru|/
wkh prvw h�flhqw dojrulwkp lv suredeo| wkh Frqvhqvxv Ilowhuv ^7`1 Wklv dssurdfk
frqvwuxfwv d vhw ri edvh0ohyho ghwhfwruv dqg xvhv wkhp wr lghqwli| plvodehohg lq0
vwdqfhv e| frqvhqvxv yrwh/ l1h1 doo fodvvl�huv pxvw djuhh wr holplqdwh dq lqvwdqfh1
Wkh edvh0ohyho ghwhfwruv fdq frph iurp ydulhg �hogv +qhxudo qhwzrun/ lqgxfwlrq
wuhh/ nQQ/ jhqhwlf dojrulwkp/ hwf1,1

Wkh vhfrqg fdwhjru| nhhsv rqo| uhohydqw lqvwdqfhv/ e| uhprylqj qrw rqo|
rxwolhuv/ exw dovr xvhohvv lqvwdqfhv/ dqg h{dpsohv dw wkh fodvv erxqgdulhv1 Wzr
h{dpsohv ri vxfk dojrulwkpv duh UW6 ^4;` dqg SVUFJ ^48`1 Wkh| duh nqrzq wr
ehorqj wr wkh prvw h�flhqw surwrw|sh vhohfwlrq dojrulwkpv1 Lq UW6 dq lqvwdqfh
$l lv uhpryhg li lwv uhprydo grhv qrw kxuw wkh fodvvl�fdwlrq ri wkh lqvwdqfhv uh0
pdlqlqj lq wkh vdpsoh vhw/ qrwdeo| lqvwdqfhv wkdw kdyh $l lq wkhlu qhljkerukrrg
+fdoohg dvvrfldwhv,1 Wkh dojrulwkp lv edvhg rq 5 sulqflsohv= lw xvhv d qrlvh0�owhulqj
sdvv/ zklfk uhpryhv lqvwdqfhv plvfodvvl�hg e| wkhlu nQQ/ wkdw dyrlgv %ryhu�w0
wlqj% wkh gdwd> lw uhpryhv lqvwdqfhv lq wkh fhqwhu ri foxvwhuv ehiruh erughu srlqwv/
e| vruwlqj lqvwdqfhv dffruglqj wr wkh glvwdqfh iurp wkhlu qhduhvw hqhp| +l1h1 ri
d gl�huhqw fodvv,1 Lq SVUFJ/ dxwkruv lqyhvwljdwh wkh sureohp ri vhohfwlrq dv dq
lqirupdwlrq suhvhuylqj sureohp1 Udwkhu wkdq rswlpl}lqj wkh dffxudf| ri d fodv0
vl�hu/ wkh| exlog d vwdwlvwlfdo lqirupdwlrq fulwhulrq edvhg rq d txdgudwlf hqwurs|
frpsxwhg iurp wkh qhduhvw0qhljkeru wrsrorj|1 Iurp qhljkeruv olqnhg e| dq hgjh
wr d jlyhq lqvwdqfh +lqfoxglqj dvvrfldwhv,/ SVUFJ frpsxwhv d txdgudwlf hqwurs|
e| wdnlqj lqwr dffrxqw wkh odeho ri hdfk qhljkeruv1 Iurp wklv hqwurs| +zklfk frq0
yh|v d orfdo xqfhuwdlqw|,/ lw ghgxfhv d joredo xqfhuwdlqw| ri wkh ohduqlqj vdpsoh1
Zkloh dq lqvwdqfh ghohwlrq lv vwdwlvwlfdoo| vljql�fdqw/ SVUFJ holplqdwhv xqlq0
irupdwlyh h{dpsohv +vhh lwv vwdwlvwlfdo surshuwlhv lq ^48`,1

Wkh odvw fdwhjru| suhvhqwv dq rssrvlwh vwudwhj| e| nhhslqj rqo| plvfodvvl�hg
lqvwdqfhv1 FQQ ^:` dqg UQQ ^9` zhuh wkh slrqhhu zrunv lq wklv �hog1 Wkhlu
sulqflsoh lv edvhg rq wkh vhdufk iru d frqvlvwhqw +FQQ, ru d uhgxfhg +UQQ,
vxevhw/ zklfk fruuhfwo| fodvvl�hv doo ri wkh uhpdlqlqj lqvwdqfhv lq wkh vdpsoh vhw1
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Gdwdvhw F718 UQQ.F718 Eurgoh|.F718 UW6.F718 SVUFJ.F718

OV & Q Dff1 & su1 & Q Dff1 & su1 & Q Dff1 & su1 & Q Dff1 & su1 & Q Dff1

Dxvwudoldq 733 64 ;714 53< 5< ;413 677 93 ;71; 6: < ;613 648 85 ;919

Edodqfh 733 439 :713 46; 3 0 65; :8 9513 5; 3 � 4;8 <4 :513

Euhdvw Z1 733 97 <913 83 47 ;713 6<4 65 <:1: 44 3 � :< 8 <513

Euljkwrq 833 67 ;913 <8 8 ::13 7<4 98 <713 43; 67 ;817 4;; 67 ;71:

Ghupdwr1 533 53 <513 8< 53 <513 4;3 53 <513 83 4: :413 467 4< <513

Hfkrfduglr :3 8 9819 8; 3 0 85 5 9613 9 5 9613 73 5 :613

Jhupdq 833 8 9<19 744 5: 9<13 744 5: 9<13 5< 5 9718 68: < 9<13

Jodvv 483 :6 9;13 :9 < 9313 43: ;5 9:13 5; 4< 8313 455 97 :313

Khsdwlwlv 433 8 9:16 5< 3 0 ;< 8 9:16 6 3 0 85 5 9:16

Kruvh 533 7< ;514 <5 69 ;813 493 7< ;418 4: 5 ;616 4;9 78 ;418

Lrqrvskhuh 4;8 457 ;619 73 5: 9913 496 58 <417 4< 5 ;:1< 473 79 ;;1;

Lulv 433 < <;16 47 5 9713 <: 8 <713 4; 8 :;13 7< 8 <713

OHG.4: 633 8 :;18 474 47 :;13 575 8< :<18 68 8 8318 584 47 :;18

OHG5 633 53 ;<13 447 45 :813 599 6; ;813 57 47 :813 4<6 < ;:18

Slpd 79; 8 :716 578 3 0 69< 5: :813 58 8 :61: 76; 8 :71:

Wlf wdf wrh 933 :3 :81: 54; 5 9313 839 :9 :<14 497 4: 9513 866 <; ;419

Yhklfoh 733 < 9<1: 4:; 5 9413 668 98 :713 85 56 :319 6:8 53 :319

Zdyhv 633 5<4 :613 45: << 9613 593 485 :613 85 45 9:13 56; 54; :713

Zklwh K1 568 < <318 58 8 ;:13 559 5 <713 48 5 <713 75 5 <713

Zlqh 433 45 <619 58 8 :;13 <4 45 <516 47 8 :614 ;7 5 <71<

[g9 733 <9 ;618 48: 3 0 683 49; ;818 89 83 :;18 677 443 ;713

Dyhudjh 63317 7<19 ;31: 44<14 471: :61; 58<1< 7<1; ;413 6:1: 431: :518 5391< 7413 ;418

515 Frpsdudwlyh Vwxg|

Wkh lqwhuhvw ri wklv vhfwlrq frqvlvwv lq whvwlqj wkh olvwhg phwkrgv dqg dqdo|}lqj
wkhlu h�hfw rq wkh wuhh vl}h d srvwhulrul exlow zlwk wkh F718 dojrulwkp1 Ghole0
hudwho|/ hdfk dojrulwkp kdv ehhq dssolhg xvlqj lwv ruljlqdo vshfl�flwlhv +l1h1 wr
uhgxfh wkh vwrudjh uhtxluhphqw,/ zlwkrxw dq| phwkrgrorjlfdo dgdswdwlrq wr wuhh
vlpsol�fdwlrq1 Wkhuhiruh/ UW6 dqg UQQ kdv ehhq uxq xvlqj d nQQ fodvvl�hu
+khuh n@8, gxulqj wkh vhohfwlrq +qrwh wkdw FQQ lv qrw whvwhg khuh ehfdxvh lw frq0
wdlqv wkh vxevhw ghgxfhg e| UQQ,1 SVUFJ kdv ehhq dssolhg iurp d 8QQ judsk1
Wkh sureohp iru wkh Frqvhqvxv Ilowhuv +FI , zdv pruh frpsolfdwhg/ ehfdxvh lw
uhtxluhv wr d sulrul surylgh wkh qxpehu ri edvh0ghwhfwruv dqg wkhlu qdwxuh1 Iru
wklv h{shulphqwdo vwxg|/ zh ghflghg wr wdnh wzr edvh0ghwhfwruv= d 8QQ fodvvl�hu
dqg F7181 Wkhvh wzr fodvvl�huv pxvw djuhh wr uhpryh dq lqvwdqfh zlwk FI 1

Zh whvwhg khuh d odujh sdqho ri gdwd edvhv/ wkh odujh pdmrulw| frplqj iurp
wkh XFL Uhsrvlwru|1 Wkh h{shulphqwdo vhw0xs lv wkh iroorzlqj= hdfk gdwd edvh lv
glylghg lqwr d ohduqlqj vdpsoh OV +526 ri lqvwdqfhv,/ dqg d ydolgdwlrq vhw YV +wkh
uhpdlqlqj wklug,1 Lq rxu frqfhuq wr frqwuro wkh wlph frpsoh{lw|/ zh glg qrw xvhg
d furvv0ydolgdwlrq surfhgxuh1 Zkloh lw lv qrw wrr h{shqvlyh wr frpsxwh glvwdqfhv
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iru vhdufklqj qhduhvw0qhljkeruv/ wkh wlph uhtxluhphqw iru exloglqj ghflvlrq wuhhv
lv dfwxdoo| kljkhu1 Lq rxu vwxg|/ hdfk surwrw|sh vhohfwlrq dojrulwkp lv dssolhg
rq OV1 F718 lv wkhq xvhg wr exlog wkh ghflvlrq wuhh iurp wkh vhohfwhg vxevhw1 YV
lv �qdoo| xvhg wr dvvhvv wkh suhglfwlyh dffxudf| ri wkh prgho1 Dffruglqj wr wkh
whvwhg dvvrfldwlrq/ vhyhudo uhpdunv fdq eh pdgh iurp wdeoh 4=

UQQ.F718 yv F718= Wkh pdlq vshfl�flw| ri wkh UQQ uxoh lv wkh nhhslqj ri
plvfodvvl�hg lqvwdqfhv1 Wklv zd| wr surfhhg uhvxowv lq d gl�fxow| wr exlog h�flhqw
wuhhv ehfdxvh rqo| ryhuodsslqj dqg erughu srlqwv duh xvhg wr lghqwli| uhohydqw
ihdwxuhv1 Wkh uhvxowv ri UQQ.F718 frq�up wklv gudzedfn= zkloh wkh dyhudjh
wuhh vl}h lv kljko| uhgxfhg +471: yv 7<19 qrghv rq dyhudjh,/ wkdw lpsuryhv wkh
prgho frpsuhkhqvlelolw|/ wkh suhglfwlyh dffxudf| lv qrw frqwuroohg dqg ghfuhdvhv
d orw +:61; yv ;31:(,1 Wkhuhiruh/ zh fdq qrw fodlp wkdw UQQ.F718 lv dq h�flhqw
wuhh vlpsol�fdwlrq surfhgxuh1

UW6.F718 yv F718= Zkloh UW6 lv sduwlfxoduo| vxlwhg wr uhgxfh vwrudjh uhtxluh0
phqwv ri d nQQ fodvvl�hu zlwkrxw uhgxflqj wkh nQQ suhglfwlyh dffxudf| ^48/ 4;`/
lw vhhpv dovr wr eh lqh�flhqw iru vlpsoli|lqj wuhhv1 UW6.F718 grhv qrw surylgh
dfwxdoo| d jrrg edodqfh ehwzhhq wkh wuhh vl}h uhgxfwlrq/ l1h1 wkh frpsuhkhqvl0
elolw| ri wkh prgho +431: qrghv rq dyhudjh yv 7<19 iru F718,/ dqg wkh frqwuro ri
wkh suhglfwlyh dffxudf| zklfk idoov pxfk +iurp ;31:( wr :518,1 D Vwxghqw sdluhg
w0whvw suryhv wkh vljql�fdqw vxshulrulw| ri F7181 Wklv qrwlqj lv lq idfw qrw dpd}0
lqj ehfdxvh UW6 lv ruljlqdoo| rswlpl}hg iru wkh nQQ fodvvl�hu1 Wkh vshfl�flwlhv
ri UW6 edvhg rq glvwdqfh fdofxodwlrqv +qrlvh0�owhulqj sdvv uhprylqj lqvwdqfhv
plvfodvvl�hg e| wkhlu nQQ> lqvwdqfh vruwlqj dffruglqj wr wkh glvwdqfh iurp wkhlu
qhduhvw hqhp|, pdnh lwv dgdswdwlrq iru wuhh vlpsol�fdwlrq gl�fxow1

FI.F718 yv F718= FI duh nqrzq wr eh yhu| h�flhqw wr lpsuryh nQQ shuiru0
pdqfhv ehfdxvh vxfk fodvvl�huv duh yhu| vhqvlwlyh wr qrlvh1 Rq wkh rwkhu kdqg/
lwv xvh iru vlpsoli|lqj wuhhv lv d olwwoh ri lqwhuhvw1 Vlqfh FI duh rqo| lqwhqghg wr
uhpryh plvodehohg lqvwdqfhv/ wkh uhgxfwlrq ri wkh gdwd edvh vl}h lv olplwhg +khuh/
rqo| 4618( rq dyhudjh,/ uhvxowlqj lq qhdu vlplodu wuhh vl}hv rq dyhudjh +7<1; yv
7<19,/ zlwk vdph suhglfwlyh dffxudflhv +;413( yv ;31:/ wkdw lv qrw vwdwlvwlfdoo|
vljql�fdqw zlwk d fulwlfdo ulvn qhdu 73(,1 Rqh vroxwlrq wr lpsuryh FI lq vxfk d
frqwh{w zrxog frqvlvw lq xvlqj rqo| F718 dv edvh0ohyho ghwhfwru1 Exw wklv zd| wr
surfhhg zrxog dprxqw lq idfw wr dsso|lqj wkh Urexvw0F718 dojrulwkp zlwk rqo|
rqh sdvv1

SVUFJ.F718 yv F718= Lqfrqwhvwdeo|/ SVUFJ vhhpv wr eh wkh prvw h�flhqw
dojrulwkp iru vlpsoli|lqj wuhhv1 Vhyhudo fulwhuld duh dfwxdoo| lpsuryhg lq frp0
sdulvrq zlwk wkh vwdqgdug F718 dojrulwkp= +l, rqo| 9<( ri wkh wrwdo qxpehu ri
lqvwdqfhv duh xvhg iru exloglqj wkh wuhh/ wkdw uhgxfhv wkh ohduqlqj surfhvv> +ll,
wkh qxpehu ri qrghv lv 4:16( vpdoohu wkdq zlwk wkh vwdqgdug F718/ wkdw do0
orzv d kljkhu prgho frpsuhkhqvlelolw|> +lll, wkh suhglfwlyh dffxudf| lv lpsuryhg
+;418( yv ;31:,> xvlqj d Vwxghqw sdluhg w whvw ryhu dffxudflhv/ zh irxqg wkdw lw
lv vwdwlvwlfdoo| vljql�fdqw zlwk d fulwlfdo ulvn qhdu 45(1
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He�e2 He�HH eS�2 �2�b

SVUFJ.F718 yv Urexvw0F718= Vlqfh SVUFJ vhhpv wr eh wkh prvw h�flhqw
surfhgxuh/ zh kdyh wr frpsduh lwv shuirupdqfhv wr wkh Urexvw0F718 dojrulwkp1
Zh uhfdoo lq wdeoh 5 wkh dyhudjh uhvxowv rq dffxudflhv dqg wuhh vl}hv suhvhqwhg lq
^;`1 Qrwh wkdw hyhq li ehqfkpdunv duh qrw wkh vdph +; dprqj 54 duh wkh vdph lq
wkh wzr h{shulphqwv, dqg wkdw Mrkq xvhg d furvv0ydolgdwlrq surfhgxuh wr dvvhvv
wkh suhglfwlyh dffxudf|/ zh fdq uhdvrqdeo| frpsduh shuirupdqfhv ri wkh wzr
phwkrgv1 Hyhq li wkh pdlq dgydqwdjh ri UF718 frphv iurp d kljkhu wuhh vl}h
uhgxfwlrq +5;1;( yv 4:16( zlwk SVUFJ,/ zh fdq qrwh wkdw SVUFJ kdv irxu
dvvhwv=

~ xvlqj d Vwxghqw sdluhg w whvw ryhu dffxudflhv/ dqg whvwlqj wkh vxshulrulw| wr
F718/ zh irxqg wkdw wkh fulwlfdo ulvn zlwk UF718 lv d olwwoh kljkhu wkdq zlwk
SVUFJ +4718( yv 45(,/

~ Zkloh UF718 uhtxluhv wkh joredo xsgdwh ri wkh wuhh dw hdfk ghohwlrq vwdjh/
SVUFJ lv edvhg rq idvw orfdo prgl�fdwlrqv ri wkh nQQ judsk1 Wkh frpsoh{0
lw| ri SVUFJ lv wkhq vpdoohu wkdq UF7181

~ rxu lqirupdwlrq fulwhulrq kdv vwdwlvwlfdo surshuwlhv zklfk hvwdeolvk d wkhr0
uhwlfdo iudphzrun iru kdowlqj vhohfwlrq/

~ SVUFJ grhv qrw ghshqg rq d jlyhq ohduqlqj dojrulwkp +dv F718 iru UF718,1
Wkh nQQ duh dfwxdoo| xvhg lq SVUFJ rqo| dv dq lqirupdwlrq judsk/ dqg
qrw dv d fodvvl�hu1

� aL�?| #@|@ti| +i_�U|�L? uLh Ahii 5�4T*��U@|�L?

Zh kdyh vkrzq lq wkh suhylrxv vhfwlrq wkdw wkdqnv lwv wkhruhwlfdo surshuwlhv/
SVUFJ fdq frqvwlwxwh d jrrg vroxwlrq iru vlpsoli|lqj wuhhv1 Xqwlo qrz/ rqo|
lqvwdqfhv kdyh ehhq dw wkh fhqwhu ri rxu vhohfwlrq vwudwhj| wr uhgxfh wuhh vl}h1
Krzhyhu/ zh kdyh sursrvhg lq ^47` dq ruljlqdo pl{hg surfhgxuh wr wdnh lqwr
dffrxqw dw wkh vdph wlph wkh wzr ghjuhhv ri iuhhgrp ri wkh vhohfwlrq sureohp=
wkh qxpehu ri ihdwxuhv dqg wkh qxpehu ri lqvwdqfhv1 Wklv zdv wkh �uvw dwwhpsw
wr wdnh wkh uhgxfwlrq sureohp dv d zkroh +ihdwxuhv . lqvwdqfhv, iru d xvh lq d
nQQ fodvvl�fdwlrq/ dqg wr hvwdeolvk d ixqfwlrqdo olqn ehwzhhq ihdwxuh vhohfwlrq
dqg lqvwdqfh vhohfwlrq1 Dv idu dv zh nqrz/ wkh hqghdyrxu wr uhgxfh wuhh vl}h e|
uhprylqj ihdwxuhv dqg lqvwdqfhv lq d vlqjoh dojrulwkp kdv qrw eh dfklhyhg1 Zh
sursrvh khuh wr whvw rxu vwudwhj| iru vlpsoli|lqj wuhhv1

Zh uhfdoo lq �jxuh 5 wkh svhxgrfrgh ri rxu dojrulwkp/ fdoohg +IV.SV,UFJ1
Qrwh wkdw UFJ dvvhvvhv wkh jdlq ri xqfhuwdlqw| gxh wr wkh ghohwlrq ri dq lqvwdqfh
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A�i |hii t�3i �t �ihi Thiti?|i_ M) |�i ?�4Mih Lu �?_�Ui_ h�*it r +

Gdwdvhw F718 +IV.SV,UFJ.F718 FDUW +IV.SV,UFJ.FDUW LG6 +IV.SV,UFJ.LG6

& U Dff1 & U Dff1 & U Dff1 & U Dff1 & U Dff1 & U Dff1

Dxvwudoldq 7 ;513 7 ;413 5 ;51: 7 ;51: <5 :;17 9 ;313

Eljsroh 6 9<18 6 9<18 44 9618 9 9713 93 8913 8< 941;

Euhdvw Z1 46 <71< 8 <91: ; <:13 7 <91: 99 <516 < <917

Euljkwrq 54 <715 46 <915 48 <818 46 <:18 :9 ;:1< 4< <71<

Fdu 44 <913 8 ;915 44 <513 8 ;915 6: <41< : ;915

Ghupdwr1 ; <513 9 <513 9 <413 9 ;<13 67 ;717 44 <313

Hfkrfduglr 7 9813 6 :318 8 9;1; 5 :313 4< 8;15 7 9<1:

Jhupdq 6 9<19 7 :31; : 9:13 : 9;1; 478 9713 : 9;1;

Khsdwlwlv ; :313 5 :313 5 :313 5 :313 48 :313 6 9718

Kruvh 8 ;613 ; :519 6 ;613 8 ;514 6< :31; 44 :;19

Lulv 6 <913 6 ;713 6 <913 6 ;713 49 <413 6 ;713

OHG.4: ; :;13 43 :518 7 :;18 6 :313 :3 9413 4: :51;

OHG5 7 ;:13 7 ;:18 7 ;:18 5 ;613 6: ;91; 7 ;:18

Slpd 6 :719 : :318 ; :513 47 981: <; 991; 4; 9513

Wlf wdf wrh 43 :<13 43 :91; 63 ;713 < ::14 45; ;51; 438 :<13

Yhklfoh : :613 : :41: 8 :51; 9 :519 ;; 9;19 47 :614

Zdyhv 65 9;13 44 9:18 48 ::13 7 :413 83 9316 46 9818

Zklwh K1 6 <713 5 <713 5 <713 5 <713 74 ;<1; 5 <713

Zlqh ; :<18 6 <516 7 :<18 6 <516 44 ;<19 7 <516

Dyhudjh ;1< ;413 915 :<19 ;16 ;414 81; :<17 8;1; :915 4:14 :;19

ru d ihdwxuh dqg Xorf+$, lv wkh orfdo xqfhuwdlqw| dv suhvhqwhg lq wkh suhylrxv
vhfwlrq +iru pruh ghwdlov vhh ^47`,1

Wkh UFJ vshfl�flwlhv vkrxog doorz xv wr xvh wklv surfhgxuh dv d suh0surfhvv
ehiruh wkh lqgxfwlrq ri ghflvlrq wuhhv e| gl�huhqw dojrulwkpv/ vxfk dv LG6 ^44`
ru FDUW ^5`1 Wr whvw wkhvh rwkhu dojrulwkpv/ zh xvhg wkh VLSLQD vriwzduh/
ghyhorshg lq wkh frpsxwhu vflhqfh HULF O|rq oderudwru|4/ zklfk froohfwv wkh
vwdwh0ri0wkh0duw wuhh lqgxfwlrq dojrulwkpv1 Zh whvwhg rxu vhohfwlrq surfhgxuh rq
53 gdwdvhwv1 Hyhq li zh nhsw wkh vdph h{shulphqwdo vhw0xs/ zh ghflghg khuh wr
dvvhvv wkh vhqvlwlylw| ri rxu dojrulwkp wr qrlvh e| dgglqj duwl�fldoo| qrlvh lq
gdwd +e| fkdqjlqj wkh rxwsxw fodvv ri 43( ri wkh ohduqlqj lqvwdqfhv,1 Uhvxowv duh
suhvhqwhg lq wkh wdeoh 6/ dqg glvfxvvhg ehorz=

+IV.SV,UFJ.F718 yv F718= wkh h�hfw ri rxu surfhgxuh dv d suh0surfhvv wr
F718 lv lqwhuhvwlqj1 Hyhq li wkh suhglfwlyh dffxudf| ri F718 lv 417( uhgxfhg/ wklv
uhgxfwlrq lv frxqwhuedodqfhg e| dq dyhudjh uhgxfwlrq lq wkh qxpehu ri uxohv ri
derxw 63(1 Lq d �hog zkhuh wkh frpsuhkhqvlelolw| lv fuxfldo/ vxfk d vl}h uhgxfwlrq
nhhslqj dq h{fhoohqw suhglfwlyh dffxudf| zrxog eh yhu| uhohydqw1 Xvlqj d Vwxghqw
sdluhg w whvw/ zh irxqg wkdw F718 lv vljql�fdqwo| kljkhu wkdq +IV.SV,UFJ.F718
zlwk d ulvn qhdu 48(1

� �||TG%%ih�U��?���*)L?2�uh
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+IV.SV,UFJ.FDUW yv FDUW= wkh uxoh edvh zlwk FDUW lv 63( vpdoohu wkdq
zlwk +IV.SV,UFJ.FDUW1 Krzhyhu/ wkh suhglfwlyh dffxudf| ri wkh lqgxfhg
wuhh lv vwdwlvwlfdoo| uhgxfhg zlwk d vpdoohu fulwlfdo ulvn qhdu :17(1

+IV.SV,UFJ.LG6 yv LG6= wkh srvlwlyh frqwulexwlrq ri +IV.SV,UFJ lv juhdwo|
suhvhqwhg e| uhvxowv rq LG61 Qrw rqo| wkh qxpehu ri uxohv lv frqvlghudeo| uhgxfhg
+0:4(,/ exw dovr wkh jhqhudol}dwlrq dffxudf| lv vljql�fdqwo| lpsuryhg +:;19( yv
:915( rq dyhudjh, wkdw lv kljko| vljql�fdqw zlwk d ulvn qhdu 6(1 Wkhvh uhvxowv duh
qrw dpd}lqj/ ehfdxvh LG6 grhv qrw xvh d srvw0suxqlqj +dv F718 dqg FDUW,/ dqg
lv wkhq yhu| vhqvlwlyh wr qrlvh ehfdxvh ri wkh ryhu�wwlqj sureohp1 E| dsso|lqj
rxu pl{hg vhohfwlrq/ lw uhvxowv lq idfw lq ghohwlqj wkhvh qrlv| gdwd dqg lpsurylqj
LG6 shuirupdqfhv1
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Zlwk wkh ghyhorsphqw ri prghuq gdwd edvhv/ gdwdvhw uhgxfwlrq ehfrphv d pdmru
sureohp lq pdq| uhvhdufk �hogv vxfk dv lq vwdwlvwlfv ru lq frpsxwhu vflhqfh1 Pdq|
uhgxfwlrq phwkrgv kdyh ehhq sursrvhg iru nqrzohgjh glvfryhu| lq gdwdedvhv ru
iru uhgxflqj frpsxwdwlrqdo frvwv ri lqvwdqfh0edvhg ohduqlqj dojrulwkpv/ zlwkrxw
dwwhpswlqj wr hvwdeolvk uhodwlrqv ehwzhhq wkhvh vxe�hogv1 Lq wklv sdshu/ zh kdyh
whvwhg vrph vwdwh0ri0wkh0duw surwrw|sh vhohfwlrq phwkrgv lq rughu wr vlpsoli|
ghflvlrq wuhh vl}h1 H{shulphqwv vkrz wkdw wkhlu frqwulexwlrq lv qrw lqfrqvlghudeoh/
dqg wkdw ixwxuh zrunv zloo kdyh wr wdnh lqwr dffrxqw wkhvh h�flhqw dojrulwkpv iru
lpsurylqj xqghuvwdqgdelolw| ri prghov1 Zh dovr sursrvhg dq ruljlqdo surfhgxuh
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+IV.SV,UFJ wr mrlqwo| uhgxfh wkh qxpehu ri ihdwxuhv dqg lqvwdqfhv1 E| wklv

zd| wr surfhhg/ zh hpskdvl}h wkh lghd wkdw ixwxuh uhgxfwlrq dojrulwkpv zloo

suredeo| kdyh wr wkhruhwlfdoo| dqdo|}h wkh zd|v lq zklfk lqvwdqfh vhohfwlrq fdq

dlg wkh ihdwxuh vhohfwlrq surfhvv1 Pruhryhu/ zh hpskdvl}h wkh qhhg iru vwxglhv

ghvljqhg wr khos xqghuvwdqg dqg txdqwli| wkh uhodwlrqvkls wkdw uhodwhv ihdwxuh

dqg surwrw|sh vhohfwlrqv1
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