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Frqvlghu wkh sureohp ri errohdq fodvvl�fdwlrq yld Jhqhwlf Surjudpplqj +JS,1
Wkh jrdo lv wr ohduq wkh uhodwlrqvkls ehwzhhq d errohdq uhvsrqvh | dqg d vhw ri
suhglfwruv {4> {5> ===> {q rq wkh edvlv ri d erg| ri nqrzq fodvvl�fdwlrqv1 Ohw {
dqg G ghqrwh wkh yhfwru frqwdlqlqj doo suhglfwruv dqg wkh P � +q. 4, wudlqlqj
gdwd pdwul{ uhvshfwlyho|1 Wkh JS dssurdfk surfhhgv e| hyroylqj d srsxodwlrq ri
lqglylgxdov ru ixqfwlrqv ! @ !+{, dffruglqj wr vrph hydoxdwlrq ru �wqhvv phdvxuh
� dqg vrph vhw ri edvlf ixqfwlrqv � 1 Doo ixqfwlrqv ! hyhu frqvlghuhg e| wkh
dojrulwkp duh frpelqdwlrqv ri phpehuv ri � / lqsxwv {n dqg udqgrp frqvwdqwv>
wkhlu �wqhvv lv jlyhq e| �+!>G, 5 LU1 Wkh zhoo0nqrzq surfhgxuhv ri vhohfwlrq
dqg uhfrpelqdwlrq duh dssolhg dv xvxdo iru d �{hg qxpehu ri jhqhudwlrqv1 Rqfh
wklv vlpxodwhg hyroxwlrq surfhvv lv ryhu/ wkh ehvw ixqfwlrq irxqg lv uhdg| iru
ydolgdwlrq dqg/ li dssursuldwh/ ghsor|phqw rq qhz fdvhv {=

Wkh qdwxuh ri suhglfwruv {n lv forvho| uhodwhg wr erwk wkh ixqfwlrq vhw � dqg
wkh hydoxdwlrq phwkrg �= Li doo suhglfwruv duh errohdq/ wkhq rqh fdq qdwxudoo|
xvh orjlfdo rshudwruv lq � ^4`= doo ! surgxfh errohdq ydoxhv dqg qr wudqvirupdwlrq
lv qhhghg lq �1 Lq wklv sdshu/ krzhyhu/ zh frqvlghu wkh fdvh ri qxphulf suhglfwruv
{n 5 LU= Qrz ! rxwsxwv uhdo qxpehuv dqg vrph nlqg ri wudqvirupdwlrq lv qhhghg1
Wkh vwdqgdug dssurdfk ^5` surfhhgv e| lpsohphqwlqj d zudsshu wkdw fodvvl�hv
hdfk { lqG dffruglqj wr wkh vljq ri !+{,> wkh uhvxowlqj suhglfwlrqv dqg hydoxdwlrq
phdvxuh duh fdoohg ghwhuplqlvwlf iru uhdvrqv wkdw zloo ehfrph dssduhqw ehorz1



Wklv lghd uhwxuqv wr wkh suhylrxv errohdq fdvh exw kdv d qxpehu ri glvdgydqwdjhv1
Iru h{dpsoh/ lw grhv qrw pdwwhu zkhwkhu !+{, @ .=4 ru !+{, @ .4> 333> wkh
suhglfwlrq a| zloo eh 4 lq hlwkhu fdvh1 Wklv lv �qh dv orqj dv a| @ 4 lv fruuhfw/ exw
rwkhuzlvh ! zrxog vhhp pxfk ohvv ydoxdeoh lq wkh odwwhu fdvh1 Dqrwkhu sureohp
lv wkdw vhyhudo xquhodwhg ixqfwlrqv pd| vkduh wkh vdph vljqv ryhu +wkh pdmrulw|
ri, G= Wklv pd| lqwurgxfh d vxevwdqwldo dprxqw ri frqixvlrq lq wkh hyroxwlrqdu|
surfhvv1 Ilqdoo|/ wklv dssurdfk |lhogv qr lqirupdwlrq derxw wkh frq�ghqfh wkdw
zh vkrxog sodfh rq rxu suhglfwlrqv> zh fdq orrn dw sur{lplw| wr wkh erughu
!+{, @ 3> exw wkhuh lv qr devroxwh vfdoh rq zklfk rxu dvvhvvphqw frxog eh edvhg1
Ryhudoo/ lw vhhpv d elw zdvwhixo wr fduu| rxw wkh vhdufk lq wkh vsdfh ri ixqfwlrqv !
zkhq doo wkh v|vwhp qhhgv lv d pxfk vlpsohu errohdq ghflvlrq fulwhulrq1 Lw zrxog
eh qlfh li zh frxog sur�w iurp hyhu| elw ri lqirupdwlrq lq !=

Lq wklv sdshu zh vwxg| dq dowhuqdwlyh dssurdfk lqvsluhg e| vwdqgdug orjlvwlf
uhjuhvvlrq prghoolqj ^6`1 D glvwlqfwlyh ihdwxuh ri wklv dssurdfk lv wkdw wkh pdj0
qlwxgh ri !+{, dovr sod|v d uroh1 Wr gh�qh d qhz hydoxdwlrq phdvxuh/ wkh lghd lv
wr xvh �uvw dq dssursuldwh ixqfwlrq J wr surgxfh dq hvwlpdwh a�+{, @ J � !+{,
ri wkh wdujhw frqglwlrqdo suredelolw| �+{, @ S +\ @ 4@[ @ {,/ wkhq lqwurgxfh
d udqgrp phfkdqlvp wr h{sorlw wkh suredelolvwlf lqirupdwlrq lq a�+{,= Khuh [
dqg \ ghqrwh wkh reylrxv udqgrp yduldeohv lq wkh xqghuo|lqj vwdwlvwlfdo prgho1
Wkh udqgrp ghflvlrq a| lv vlpso| wkh uhvxow ri d frlq �ls zlwk suredelolw| ri
khdgv a�+{,= Iurp wklv srlqw rq/ wkh qhz hydoxdwlrq phdvxuh zrunv h{dfwo| dv
ehiruh1 Qrwh wkdw frqvwudlqwv rq J pdnh rqo| d ihz ixqfwlrqv vxlwdeoh iru wkh
suhvhqw sxusrvh1 Wr looxvwudwh wkhlu ghvluhg ehkdylrxu= li !+{, @ .=4/ a�+{, lv
voljkwo| deryh 18 dqg zloo riwhq |lhog a| @ 4 dv zhoo dv a| @ 3> frqyhuvho|/ li
!+{, @ .4> 333> wkhq a�+{, � 4 dqg a| @ 4 qhduo| dozd|v1 Wklv vhhpv wr eh pruh
lq olqh zlwk rxu lqwxlwlrq lq wklv frqwh{w=

Zh wdon ri vwrfkdvwlf suhglfwlrqv dqg hydoxdwlrq lq wklv fdvh> ohw �g dqg �v
uhvshfwlyho| ghqrwh wkh ghwhuplqlvwlf dqg wkh vwrfkdvwlf hydoxdwlrq phdvxuhv1
Zh surylgh vrph hylghqfh ehorz vxjjhvwlqj wkdw �v lv ehwwhu wkdq �g iru vrph
sxusrvhv dqg wkdw wkh vlwxdwlrq pd| eh uhyhuvhg iru rwkhuv1 Vshfl�fdoo|/ �v
lv ehwwhu wkdq �g lq wkh vhqvh ri surylglqj pruh dffxudwh uhvxowv zlwk _zhoo0
ehkdyhg% +ru ghwhuplqlvwlf, wudlqlqj gdwd> �g vhhpv pruh sduvlprqlrxv zkhq
wkhuh lv qrlvh lq wkh gdwd1

Dv uhjdugv lqwhusuhwdwlrq/ a�+{, 5 +3> 4, lv dq h{wuhpho| vlpsoh dqg lqirupd0
wlyh vxppdu| iru ixwxuh {= Lq sduwlfxodu/ zh vkdoo h{soruh ehorz dqrwkhu zd| ri
h{sorlwlqj wkh zkroh vhw ia�+{,>{ 5 Gj iru hydoxdwlrq sxusrvhv1 Wklv zloo eh vhhq
dv dq dwwhpsw wr txdqwli| wkh ryhudoo �w ri wkh vhohfwhg ! lq d zhoo0gh�qhg vhqvh1

Wkh rujdql}dwlrq ri wkh sdshu lv dv iroorzv1 Vhfwlrq 5 frqwdlqv d eulhi gh0
vfulswlrq ri wkh orjlvwlf uhjuhvvlrq sdudgljp1 Vhfwlrq 6 suhvhqwv rxu h{shulphq0
wdo vhwxs dqg pdlq hpslulfdo uhvxowv1 Vhfwlrq 7 olqnv xs zlwk vrph uhodwhg zrun1
Vhfwlrq 8 forvhv zlwk vrph glvfxvvlrq dqg dq rxwolqh ri ixwxuh uhvhdufk1
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Lq orjlvwlf uhjuhvvlrq +OU, prghoolqj/ wkh errohdq udqgrp yduldeoh \ lv dvvxphg
wr ghshqg rq wkh dydlodeoh suhglfwruv {4> {5> 111/ {q lq wkh iroorzlqj zd|1 Iluvw/
wkh frqwulexwlrq ri wkhvh suhglfwruv lv wrwdoo| fdswxuhg e| d olqhdu frpelqdwlrq

i+{>$, @ $3 . $4{4 . ===. $p{p=
Khuh zh pd| kdyh doo ru vrph ri wkh ruljlqdo yduldeohv wrjhwkhu zlwk vrph rwkhu
+vlpsoh, ixqfwlrqv wkhuhri +hj1 vtxduhv,1 Dq lpsruwdqw srlqw lv wkdw wkh xvhu
qhhgv wr vshfli| h{dfwo| zkdw p yduldeohv frph lqwr sod|1 Qrz/ lw lv dvvxphg
wkdw/ iru vrph olqn ixqfwlrq J dqg vrph $ 5LUp.4> \ iroorzv/ frqglwlrqdoo| rq
{> d Ehuqrxool glvwulexwlrq zlwk sdudphwhuJ�i+{>$,1 D olqn ixqfwlrq lv d rqh0wr0
rqh pdsslqj iurp LU rqwr wkh xqlw lqwhuydo +3> 4,1 Zkloh vhyhudo fkrlfhv iru J duh
dydlodeoh/ wkh prvw zlgho| xvhg lv wkh lqyhuvh0orjlvwlf ru vljprlg wudqvirupdwlrq

J+|, @ 4@ ^4 . h{s +�|,` =
Wklv sduwlfxodu fkrlfh zloo dovr eh dvvxphg wkurxjkrxw wklv sdshu1 Zh qrwh lq
sdvvlqj wkdw wklv prgho fdq eh vhhq dv d sduwlfxodu fdvh +qdpho|/ wkh qr0klgghq0
od|hu fdvh, ri wkh vwdqgdug qhxudo qhwzrun prgho iru fodvvl�fdwlrq wdvnv ^8`1

Mrugdq ^9` kdv sxw wrjhwkhu d qxpehu ri xvhixo uhvxowv frqfhuqlqj wklv ixqf0
wlrq1 Prvw uhohydqw iru rxu sxusrvhv khuh lv wkh idfw wkdw/ li zh prgho rxu
fodvvl�fdwlrq sureohp lq wkh xvxdo zd|6/ wkhq wkh srvwhulru suredelolw| ri hl0
wkhu fodvv fdq dozd|v eh h{suhvvhg dv J � �+{, iru vrph ixqfwlrq �= Lw iroorzv
wkdw J+|, @ 4@ ^4 . h{s +�|,` lv wkh prvw qdwxudo fkrlfh iru rxu wudqvirupdwlrq
+zklfk/ zkloh qrw ed|hvldq/ dlpv wr surylgh hvwlpdwhg _srvwhulru% suredelolwlhv,1

Uhwxuqlqj qrz wr wkh OU sdudgljp/ wkh nh| dvvxpswlrq lv wkdw wkh wdujhw
ixqfwlrq

�+{, @ S +\ @ 4@[ @ {,
fdq eh dssur{lpdwhg e| +vrph phpehu ri, wkh sdudphwulf irup

k+{>$, @ 4@ ^4 . h{s +�i+{>$,,` =
Lw lv wkhq srvvleoh wr irupxodwh wkh olnholkrrg ixqfwlrq

O+$@G, @
P\
m@4

k+{m >$,|m ^4� k+{m >$,`4�|m

dqg hvwlpdwh $ e| wkh phwkrg ri pd{lpxp0olnholkrrg1 Wkh OU dojrulwkp lpsoh0
phqwlqj wklv phwkrg lv zhoo0vwxglhg dqg zlgho| dydlodeoh ^7`1 Zkloh wkh uhvxowlqj
hvwlpdwh a$ lv qrw jxdudqwhhg wr pd{lpl}h O/ lw w|slfdoo| surylghv vhqvleoh dq0
vzhuv1
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Wkh deryh sureohp pd| dovr eh ylhzhg dowhuqdwlyho| e| qrwlqj wkdw i+{> a$,
dlpv wr dssur{lpdwh wkh orjlvwlf wudqvirupdwlrq ri �+{,> wkdw lv/

�+{, @ orjlw+�, @ orj^�@+4� �,` 5 LU=
Wklv orjlw ixqfwlrq � zloo dovr eh wkh wdujhw iru ixqfwlrqv ! lq rxu JS frqwh{w1

Lqghhg/ lq rxu vlpxodwlrqv zh vshfli| � dqg jhqhudwh wkh uhvsrqvh | dvvrfldwhg
wr { rq wkh edvlv ri J � �+{,=

Ilwwhg suredelolwlhv iru lqglylgxdo {m 5 G duh jlyhq e| a�m @ k+{m > a$,= Lq
ruglqdu| OU/ krzhyhu/ hdfk suhglfwlrq a|m 5 i3> 4j vlpso| uh�hfwv wkh vljq ri
wkh fruuhvsrqglqj i+{m > a$,1 Wkxv/ iroorzlqj wkh whuplqrorj| lqwurgxfhg hduolhu/
wkh OU sdudgljp w|slfdoo| ehkdyhv ghwhuplqlvwlfdoo| +mxvw olnh wkh vwdqgdug JS
dssurdfk,1

Dv uhjdugv wkh sudfwlfdo dvshfwv ri wkh OU sdudgljp/ lw lv fohdu wkdw wkh dq0
do|vw zloo uduho| fduu| rxw d vlqjoh �w +ru hvwlpdwlrq ri $,1 Xsrq h{dplqdwlrq ri
wkh �uvw �w/ wkh dqdo|vw pd| uhpryh vrph yduldeohv dqg lqfrusrudwh rwkhuv1 Pruh
riwhq wkdq qrw/ krzhyhu/ zh ohw wkh frpsxwlqj sdfndjh fduu| rxw dq dxwrpdwlf
h{sorudwlrq ri wkh vsdfh ri doo olqhdu frpelqdwlrqv ri d vshfl�hg vhw ri yduldeohv
dorqj zlwk wkhlu wzr0dw0d0wlph surgxfwv dqg vtxduhv ^:`1 Iru h{dpsoh/ lq V0SOXV
wklv h{sorudwlrq lv fduulhg rxw yld wkh vwhs frppdqg1 Wkh dojrulwkp wkhq vhohfwv
wkh _ehvw0�wwlqj% prgho dqg uhwxuqv wkh dvvrfldwhg yhfwru ri hvwlpdwhg frh�0
flhqwv a$ wrjhwkhu zlwk vrph lqglfdwlrq ri wkhlu vljql�fdqfh jlyhq wkh uhpdlqlqj
yduldeohv1 Wklv vhohfwlrq surfhvv lv edvhg rq d vfdodu txdqwlw| wkdw frpelqhv wkh
txdolw| ri �w lwvhoi +ru ghyldqfh/ vhh ^7`, zlwk wkh qxpehu ri whupv +ru $*v, lq
wkh prgho1 Krzhyhu/ wklv phdvxuh lv ohvv uhdglo| lqwhusuhwdeoh1 Lqvwhdg/ wkh vhw
ri �wwhg suredelolwlhv a�m fdq eh xvhg wr ydolgdwh wkh prgho dv vkrzq qh{w1

Wkh Fkdspdq gdwd uhihu wr sdvw rffxuuhqfh ri fduglr0ydvfxodu glvhdvh +FYG,
dprqjvw 533 pdohv h{dplqhg e| fhuwdlq krvslwdo1 Wkhuh duh vl{ suhglfwruv lqfoxg0
lqj zhljkw/ khljkw/ djh/ eorrg suhvvxuh/ hwf1 Wkh shufhqwdjh ri srvlwlyh uhvsrqvh
lv rqo| 46(> vhh ^6` iru ixuwkhu ghwdlov1 Wkh suhihuuhg prgho lv jlyhq lq Wdeoh 4>
wkxv/ wkh nh| htxdwlrq lv jlyhq e|
i+{> a$, @ �<=588. 3=386 DJH .3=34; ZHLJKW .3=33: FKROHVWHURO=
Wkh lqwhusuhwdwlrq lv lpphgldwh= wkh roghu dqg khdylhu wkh sdwlhqw/ wkh kljkhu
wkh fkdqfh ri kdylqj kdg FYG +dqg vlploduo| iru wkh fkrohvwhuro ohyho/ dowkrxjk
wkh odwwhu*v frh�flhqw lv txlwh vpdoo,1 Zkloh wkh fkrohvwhuro yduldeoh lv qrw ryhu0
zkhoplqjo| vljql�fdqw/ lw lv vhhq wr frqwulexwh wr d vhqvleoh prgho dv iroorzv1

yduldeoh frh�flhqw w0ydoxh
Lqwhufhsw �<=588 �7=7<
Djh 3=386 5=88
Zhljkw 3=34; 7=<4
Fkrohvwhuro 3=33: 3=:<

Wdeoh 41 Vhohfwhg prgho iru wkh Fkdspdq gdwd/ vhh ^6`1



Qrwh �uvw wkdw wkh frqixvlrq pdwul{ dulvlqj iurp wklv �w +jlyhq lq Wdeoh 5,
pljkw ohdg xv wr wklqn wkdw wkh prgho lv qrw jrrg= a|m @ 4 lq rqo| wzr rffdvlrqv/
57 srvlwlyh fdvhv jr xqsuhglfwhg$ Wkh iroorzlqj dujxphqw vkrzv wkdw wklv lv qrw
wkh fdvh= wkh srvwxodwhg prgho surylghv dq h{fhoohqw �w1

}hur rqh
}hur 4:7 3
rqh 57 5

Wdeoh 51 Frqixvlrq pdwul{ iru wkh wudlqlqj vdpsoh xqghu wkh prgho vkrzq lq
Wdeoh 41 Froxpqv duh suhglfwhg ydoxhv a|m > urzv duh revhuyhg ydoxhv |m =

Fkulvwhqvhq ^6` �uvw jurxsv lqglylgxdov lq fdwhjrulhv dffruglqj wr wkhlu FYG
suredelolwlhv a�m / vhh Wdeoh 61 Iru h{dpsoh/ wkh �uvw fdwhjru| lqfoxghv doo lqgl0
ylgxdov zlwk a�m 5 ^3> 3=4,> zh �qg << fdvhv khuh71 Qrz/ li wkh plgsrlqw 138 lv
vhohfwhg dv uhsuhvhqwdwlyh suredelolw| ri wklv jurxs/ wkhq zh zrxog qdwxudoo| h{0
shfw << � 3=38 @ 7=<8 srvlwlyh fdvhv1 Wklv �jxuh lv wr eh frqwudvwhg zlwk wkh
wuxh qxpehu ri FYG rffxuuhqfhv lq wkh jurxs= rxw ri wkh << lqglylgxdov zlwk
suhglfwhg suredelolw| ehorz 14/ zh �qg 8 srvlwlyh fdvhv1 Khqfh/ wkh �w lv yhu|
jrrg lq wklv �uvw jurxs1 Lqghhg/ wkh �w lv udwkhu jrrg wkurxjk doo 9 jurxsv1

Lqwhuydo ^13/14, ^14/15, ^15/16, ^16/17, ^17/18, ^18/19,
Hl 71<8 < 818 618 6148 414
Rl 8 43 5 8 5 5

Qxpehu ri fdvhv << 93 55 43 : 5
Wdeoh 61 Jurxszlvh h{shfwhg +Hl, dqg wuxh +Rl, qxpehu ri FYG rffxuuhqfhv

iru wkh Fkdspdq gdwd edvhg rq wkh prgho vkrzq lq Wdeoh 41

Wkh h{sodqdwlrq ri wklv skhqrphqrq lv dv iroorzv1 Vlqfh wkh OU phwkrg lv
edvhg rq d vlpsoh olqhdu fxw/ wkh prgho fdq qrw whoo zkrp h{dfwo| kdg FYG lq
hdfk vxelqwhuydo ru ulvn jurxs1 Krzhyhu/ wkh revhuyhg ehkdylrxu ri hdfk jurxs dv
d zkroh lv txlwh lq olqh zlwk wkh prgho*v suredelolvwlf dvvhvvphqw1 Wklv ydolgdwlrq
h{dpsoh lv sduwlfxoduo| lqwhuhvwlqj lq wkdw lw uhihuv wr d fdvh zkhuh wkh glvwulex0
wlrq ri 3*v dqg 4*v lv udwkhu vnhzhg1 Vnhzhg gdwd vhwv +frqwdlqlqj rqo| d ihz 3*v
ru 4*v, duh gl�fxow iru wkh frqyhqwlrqdo JS dssurdfk vlqfh dq| frqvwdqw zlwk
wkh uljkw +grplqdqw, vljq zloo kdyh kljk �wqhvv1 Ohwwlqj wkh hydoxdwlrq ixqfwlrq
phdvxuh wkh ryhudoo �w lq wklv zd| vkrxog eh khosixo wr jhw ulg ri vxfk iuhh0ulghuv1

Zh zloo uhwxuq wr Fkulvwhqvhq*v lghd dw wkh hqg ri Vhfwlrq 61 D edvlf revhuyd0
wlrq lv wkdw wkh suhylrxv dvvhvvphqw ri �w ghshqgv lq qr zd| rq wkh OU sdudgljp
dqg fdq wkhuhiruh eh _h{sruwhg% dv vrrq dv wkh dqdorj ri wkh a�m *v duh surylghg1
Lw fdq dovr eh xvhg rq whvw gdwd dv d ydolgdwlrq wrro1
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Lq wklv Vhfwlrq zh suhvhqw wkh exon ri rxu hpslulfdo uhvxowv1 Zh �uvw ghvfuleh wkh
edvlf h{shulphqwdo vhwwlqj/ wkhq surfhhg wr glvfxvv vrph vshfl�f sureohpv1

614 H{shulphqwdo vhwxs
Zh kdyh h{whqghg wkh vwdqgdug v|perolf uhjuhvvlrq JS sdudgljp lpsohphqwhg
lq wkh olo0js v|vwhp ^;`1 Rxu prgl�fdwlrqv doorz iru pruh wkdq rqh suhglfwru
dw d wlph +q A 4, dqg lqfrusrudwh doo ghwdlov uhtxluhg wr whvw wkh lghdv ghvfulehg
deryh1 Wkh prgl�hg v|vwhp fxuuhqwo| uxqv rq d OLQX[0edvhg SF> vrxufh frgh
lv dydlodeoh iurp wkh dxwkruv1

Gxh wr wkh h{sorudwru| qdwxuh ri wklv uhvhdufk/ zh fkrrvh wr nhhs wkh vlwxdwlrq
dv frqwuroohg dv srvvleoh= doo h{shulphqwv uhsruwhg ehorz duh edvhg rq vlpxodwhg
gdwd1 Lq rxu uxqv/ zh dozd|v xvh wkh vdph v|vwhp sdudphwhuv/ vhh Wdeoh 71
Vlqfh wkh irfxv lv rq frpsdudwlyh uhvxowv dqg qrw rq rswlpdo fkrlfhv iru wkhvh
sdudphwhuv/ zh kdyh vlpso| dgrswhg olo0js*v ghidxow rswlrqv1 Lq sduwlfxodu/
zh dozd|v xvh d vlqjoh srsxodwlrq dqg pdlqwdlq wkh vdph uhsurgxfwlyh sodq
wkurxjkrxw hdfk uxq1 Zh h{hfxwh whq lqghshqghqw uxqv xqghu hdfk frq�jxudwlrq>
d vxppdu| ri wkh uxqv lv riwhq jlyhq lq wkh vwdqgdug er{0sorw irup1 Hlwkhu
hydoxdwlrq phdvxuh �v ru �g lv edvhg rq wkh qxpehu ri fruuhfw suhglfwlrqv rq
wkh wudlqlqj vdpsoh dv vwdqgdugl}hg �wqhvv ^5`=

�+!>G, @P �
P[
m@4

m|m � a|m m >

zkhuh a|m @ a|m+!>{m, pd| eh frpsxwhg hlwkhu ghwhuplqlvwlfdoo| ru vwrfkdvwlfdoo|
dv h{sodlqhg hduolhu1

V|vwhp Sdudphwhu Ydoxh
Pd{lpxp qxpehu ri jhqhudwlrqv 533
Srsxodwlrq vl}h 833
Wudlqlqj vdpsoh vl}h 833
Whvw vdpsoh vl}h 833
Lqlwldo srsxodwlrq jhqhudwlrq kdoi0dqg0kdoi
Pd{lpxp wuhh ghswk 8043
Hsklphudo udqgrp frqvwdqw \hv
Furvvryhu2Uhsurgxfwlrq ;3253
Pxwdwlrq Qrqh

Wdeoh 71 H{hfxwlrq sdudphwhuv1 Vhh olo0js*v grfxphqwdwlrq ^;` iru ghwdlov1
Pd{lpxp wuhh ghswk lv xvxdoo| 43 exw zh vrphwlphv vzlwfk wr 8 lq rughu wr

uhgxfh wkh frpsoh{lw| ri wkh rxwsxw ixqfwlrqv1 Zh h{shulphqw zlwk wzr ixqfwlrq
vhwv= � frqwdlqv wkh dulwkphwlf rshudwruv dorqh/ � @ i.>�> �> @j/ zkhuh @ vwdqgv



iru surwhfwhg glylvlrq dv xvxdo1 Ixqfwlrq vhw � � frqwdlqv dovr wkh surwhfwhg orjd0
ulwkp uorj+{,/ wkh h{srqhqwldo ixqfwlrq h{s+{,/ dqg wkh wuljrqrphwulf ixqfwlrqv
vlq+{, dqg frv+{,1

Lq rxu vlpxodwlrqv/ zh zrun zlwk q @ 8 suhglfwruv> rxw ri wkhvh/ 5 ru dw
prvw 6 duh uhohydqw/ wkh uhvw frqwulexwh qrlvh1 Wr fuhdwh rxu wudlqlqj vhwv G/
zh �uvw gudz/ iru hdfk suhglfwru/ lqghshqghqw/ xqlirupo| glvwulexwhg yduldwhv
lq +�8> 8,1 Wkhq zh vshfli| wkh _wuxh% orjlw ixqfwlrq �+{, dqg jhqhudwh wkh
dvvrfldwhg uhvsrqvhv dffruglqjo|1 Mxvw olnh lq wkh fdvh ri suhglfwlrqv a|> wkhvh
uhvsrqvhv fdq eh jhqhudwhg hlwkhu ghwhuplqlvwlfdoo| +wkh _qr qrlvh% vlwxdwlrq, ru
vwrfkdvwlfdoo| +wkh _qrlvh% vlwxdwlrq,1 Wkh odwwhu irupxodwhv d pruh uhdolvwlf dqg
w|slfdoo| kdughu sureohp1 Uhvxowv iurp erwk rswlrqv duh suhvhqwhg ehorz1

Dv xvxdo/ iru hdfk sureohp zh fuhdwh d vhfrqg vdpsoh wr whvw jhqhudol}d0
wlrq delolw|1 Wklv whvw vdpsoh lwvhoi fdq dovr eh fuhdwhg hlwkhu ghwhuplqlvwlfdoo|
ru vwrfkdvwlfdoo|> ghwhuplqlvwlf whvw vdpsohv duh xvhg h{fhsw zkhuh rwkhuzlvh
qrwhg1 Odvwo|/ whvw shuirupdqfh lq wxuq fdq eh ghwhuplqhg lq hlwkhu ri wkhvh wzr
zd|v1 Ehfdxvh wkh dowhuqdwlyh whfkqltxhv wkdw zh vwxg| pdnh wkhlu suhglfwlrqv
ghwhuplqlvwlfdoo|/ vr gr zh zlwk rxu JS ixqfwlrqv1 Wklv hqvxuhv wkh idluqhvv ri
rxu frpsdulvrqv wkurxjkrxw1

Wkh rxwolqh ri wkh uhvw ri wklv Vhfwlrq lv dv iroorzv1 Zh �uvw looxvwudwh wkh
_frqixvlrq ri vljqv% sureohp phqwlrqhg lq wkh lqwurgxfwlrq1 Qh{w/ dozd|v xqghu
�v dqg �g/ zh dqdo|}h wzr sureohpv zhoo0vxlwhg iru rwkhu whfkqltxhv1 Zh dovr
dssurdfk wkhvh sureohpv zlwk wkhlu _qdwxudo% phwkrgv dqg glvfxvv frpsdudwlyh
shuirupdqfh1 Vshfl�fdoo|/ zh wu| wkh orjlvwlf uhjuhvvlrq dqg uhfxuvlyh vsolwwlqj
dojrulwkpv lpsohphqwhg lq wkh V0SOXV v|vwhp +Y718,/ vhh ^:`> doo uxq sdudphwhuv
duh �{hg wr wkhlu ghidxow ydoxhv lq hlwkhu fdvh1 Zh rqo| xvh ghwhuplqlvwlf wudlqlqj
gdwd vr idu1 Lq Vhfwlrq 618 zh lqwurgxfh d wklug hydoxdwlrq phdvxuh edvhg rq
ryhudoo �w1 Ilqdoo|/ zh h{soruh shuirupdqfh zlwk qrlv| wudlqlqj gdwd1

615 D edvlf frqirxqglqj sureohp
Frqvlghu wkh sureohp ri ohduqlqj wkh orjlw ixqfwlrq �4+{, @ {4 � 5{5 . 8{4{5=
Zkhq erwk wkh jhqhudwlrq ri gdwd G dqg wkh hydoxdwlrq ri ixqfwlrqv ! duh
grqh ghwhuplqlvwlfdoo|/ d edvlf frqirxqglqj sureohp dulvhv gxulqj ohduqlqj81 Dv
phqwlrqhg/ wklv sureohp lv gxh wr wkh hphujhqfh ri dowhuqdwlyh ixqfwlrqv zklfk
sduwldoo| ru wrwdoo| pdwfk wkh vljqv ri �4 ryhu G= Wkh uhvxow lv wkdw ohduqlqj lv
lpsdluhg dqg zh pd| hqg xs zlwk d wrwdoo| plvwdnhq ixqfwlrq1 Iru h{dpsoh/ wkh
v|vwhp frqyhujhg rqfh wr

+2 +uorj +h{s {5,,
+- {4 31;99;9,,1

Lq dqrwkhu uxq/ zh irxqg d ixqfwlrq frqwdlqlqj 43 lqvwdqfhv ri wkh _vxffhvv0
ixo% vwulqj +2 {4 {5,1 Olnhzlvh/ vrph yduldwlrqv ri wkh vljq0pdwfklqj ixqfwlrq
{4{5 zhuh glvfryhuhg hduo| dqg wkh v|vwhp jrw vwxfn> wklv zdv wkh fdvh ri
D �U|�@**)c |h@�?�?} _@|@ uLh |��t ThLM*i4 �ihi }i?ih@|i_ t|LU�@t|�U@**) E@t t�L�? �?
6�}� �@�� OL�i�ihc t�?Ui |�i t*LTit ?i@h |�i @ it @hi tL t�@hT �ihic |�iti _@|@ _L
?L| _�gih 4�U� uhL4 _i|ih4�?�t|�U@**) }i?ih@|i_ _@|@�
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Performance on test data
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+2 +- {5 {4,
+h{s {7,,/

irxqg dw lqlwldol}dwlrq dqg qhyhu lpsuryhg xsrq$ Qdwxudoo|/ wklv ehkdylrxu xqghu
�g grhv qrw shuvlvw xqghu �v1 Lq dq| fdvh/ shuirupdqfh rq whvw gdwd +vhh Ilj1
4e, vkrzv wkdw �v qhyhu ghfolqhv ehorz <81;( dqg lv wkxv pruh olnho| wr suhyhqw
d srru �w1

616 Wkh orjlvwlf uhjuhvvlrq sureohp

Frqvlghu qrz wkh orjlw ixqfwlrq �5+{, @ {4 � 5{5 . {6 . 5{4{5 � 6{5{6= Wklv
uh�hfwv h{dfwo| wkh w|sh ri vwuxfwxuh wkdw orjlvwlf uhjuhvvlrq +OU, vhdufkhv iru>
lw vkrxog wkhuhiruh surylgh d qlfh edvlv iru hydoxdwlrq ri wkh JS dssurdfk1
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Performance on test data
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yduldeoh frh�flhqw w0ydoxh
Lqwhufhsw 4=4; 4=89
{3 �3=77 �4=96
{4 5=93 6=34
{5 �7=69 �6=4:
{6 5=45 6=54
{7 3=6; 4=7<
{5 � {6 �:=65 �6=66
{4 � {5 8=57 6=5;
{5 � {7 �3=69 �5=8:
{3 � {5 3=63 5=6<
{3 � {4 3=45 4=85

Wdeoh 81 Orjlvwlf uhjuhvvlrq �w iru �5 +vlplodu wr Wdeoh 4,1
Ilj1 5e vkrzv wkh uhvxowv rq wkh whvw vdpsoh1 Lw dsshduv wkdw wklv sureohp

lv hdv| vlqfh wkh dojrulwkp riwhq �qgv wkh fruuhfw ixqfwlrq +wkh phgldq vxffhvv
udwh lv 433( lq erwk fdvhv,1 Krzhyhu/ wkh orzhu wdlo ri wkh glvwulexwlrq lv djdlq
ehwwhu iru �v1

Dv uhjdugv shuirupdqfh e| wkh OU dssurdfk/ wkh ehvw �w +surgxfhg e| wkh
vwhs frppdqg dv glvfxvvhg hduolhu, lv vxppdul}hg lq Wdeoh 81 Qrwh wkdw zh gr
qrw uhfryhu wkh ghvluhg ixqfwlrq h{dfwo|1 Lq sduwlfxodu/ qrlvh yduldeohv {3 dqg {7
vkrz xs vhyhudo wlphv1 Zkloh wkh ryhudoo vljql�fdqfh ri vxfk whupv lv qrw odujh lq
jhqhudo/ wkh �5=8: w0ydoxh ri {5�{7 vwdqgv rxw1 Wklv lv lq frqwudvw wr wkh shuihfw
pdwfk riwhq dfklhyhg e| wkh JS dssurdfk1 Rq wkh rwkhu kdqg/ doo nh| whupv duh
irxqg vljql�fdqw/ dqg lqghhg wkhlu frh�flhqwv duh derxw 517 wlphv wkhlu wdujhw
ydoxhv1 Dffruglqjo|/ shuirupdqfh rq whvw gdwd lv <:15(1 Khqfh/ dv h{shfwhg/ wkh
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prgho �wv wkh gdwd zhoo/ |hw wkh JS dssurdfk xqghu �v grhv ehwwhu1

617 Wkh uhfxuvlyh vsolwwlqj sureohp
Ohw xv qrz vzlwfk wr wkh sureohp ri ohduqlqj

�6+{, @ 4=8� h{si�{4 . {55
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58 ,=
Wklv ixqfwlrq looxvwudwhv rqh ri wkh zruvw0fdvh vfhqdulrv iru wkh OU phwkrg= zkloh
wkh edvlf vwuxfwxuh lv vwloo d vxp/ vxppdqgv frpsulvh frpsolfdwhg ixqfwlrqv ri
wkh lqsxw yduldeohv1 Krzhyhu/ wkh sureohp lv uhodwlyho| hdv| iru wkh uhfxuvlyh
vsolwwlqj phwkrg1 Lqghhg/ wkh frqwrxu sorw lq Ilj1 6d vkrzv wkdw sdudooho ghflvlrq
erxqgdulhv vkrxog qrw eh wrr kdug wr �qg1 Exw ohw xv orrn �uvw dw shuirupdqfh
e| wkh JS dojrulwkp1

Wr ehjlq zlwk/ frqvlghu wkh fdvh ri � � vr wkdw wkh h{dfw wdujhw ixqfwlrq fdq
eh irxqg lq sulqflsoh1 Wkh uhvxowv lq Ilj1 6e vkrz wkdw �v |lhogv djdlq ehwwhu
uhvxowv1 Qrw rqo| wkh ehvw devroxwh uhvxow lv dfklhyhg lq wklv fdvh/ exw wkh phgldq
shufhqwdjh lv derxw 7 srlqwv kljkhu1 Qrz zh uhshdw wkh suhylrxv h{shulphqw
zlwk � lqvwhdg ri ��> wkh v|vwhp lv wkxv vrphzkdw kdqglfdsshg exw lw lv vwloo
lqwhuhvwlqj wr frpsduh shuirupdqfh1 Dv vkrzq lq Ilj1 6f/ �v ohdgv rqfh djdlq
wr wkh ehvw phgldq/ dowkrxjk wkh ehvw ryhudoo lqglylgxdo zdv qrz hyroyhg xqghu
�g1

Frqvlghu qrz shuirupdqfh e| wkh uhfxuvlyh vsolwwlqj phwkrg1 Zh �qg d uho0
dwlyho| vlpsoh ghflvlrq wuhh zlwk 46 qrghv dfklhylqj d <919( vxffhvv udwh rq wkh
whvw vdpsoh1 Qrwh wkdw JS shuirupv voljkwo| zruvh/ exw lw grhv surylgh d ixqfwlrq$
Reylrxvo|/ wklqjv zrxog eh pxfk kdughu iru wklv phwkrg zhuh wkh wdujhw uhjlrq
wlowhg wrzdugv/ vd|/ wkh pdlq gldjrqdo1 Zh zloo h{dplqh ehorz shuirupdqfh lq d
uhodwhg sureohp ri lqwhuhvw/ qdpho|/ ohduqlqj lq wkh suhvhqfh ri qrlvh1
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618 Phdvxulqj wkh ryhudoo �w
Lq wkh uhdo zruog lw lv xqolnho| wkdw zh �qg shuihfwo| vhsdudwhg fodvvhv dv lq
Ilj1 7d1 Wkh vlwxdwlrq lq Ilj1 7e vkrxog eh idu pruh frpprq1 Uhfdoo wkdw/ xqghu
vwrfkdvwlf jhqhudwlrq/ zh �uvw frpsxwh wkh suredelolwlhv a�m dqg wkhq rewdlq hdfk
|m dv d Ehuqrxool uhdol}dwlrq zlwk suredelolw| a�m 1 Wkhuh duh dw ohdvw wzr lvvxhv
ri lqwhuhvw uhodwhg wr wklv w|sh ri wudlqlqj gdwd1 Iluvw/ dqg prvw lpsruwdqw/ krz
zhoo gr wkh JS dojrulwkp dqg lwv frpshwlwruv shuirup khuhB Vrph uhvxowv duh
uhsruwhg lq wkh qh{w Vhfwlrq1

Vhfrqg/ zh fdq qdwxudoo| frqvlghu |hw dqrwkhu hydoxdwlrq phdvxuh/ qdpho|
wkdw klqwhg dw lq Wdeoh 6 deryh1 Vshfl�fdoo|/ gh�qh wkh ryhudoo �w ri d jlyhq
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lqglylgxdo ! dv ^6`
�i +!, @

43[
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^Rl+!,�Hl+!,`5
Hl+!, =

Qrwh wkdw wklv phdvxuh lv irupdoo| uhplqlvfhqw ri wkh vwdqgdug "5 whvw iru jrrg0
qhvv ri �w1 Qhyhuwkhohvv/ wkh lghd lv fohduo| gl�huhqw khuh vlqfh qrw rqo| Rl exw
dovr Hl ghshqg rq != Qrwh dovr wkdw �i grhv qrw pdnh vhqvh zkhq suhglfwlrqv
duh ghwhuplqlvwlf1 Rq wkh rwkhu kdqg/ lw lv txlwh lqwhuhvwlqj iru uhdo gdwd/ sdu0
wlfxoduo| vnhzhg gdwd +vhh Vhfwlrq 5,1 Krzhyhu/ xqolnh �v/ �i grhv lqwurgxfh
dq lpsruwdqw frpsxwdwlrqdo ryhukhdg wkdw qhhgv fduhixo dvvhvvphqw1 Khqfh qr
JS uxqv edvhg rq lw duh uhsruwhg khuh1 Wr jhw vrph lqwxlwlrq iru �i / zh kdyh
hydoxdwhg vrph ixqfwlrqv hyroyhg xqghu �v dqg �g> wkhvh zloo eh glvfxvvhg lq
wkh qh{w Vhfwlrq1

619 Ohduqlqj lq wkh suhvhqfh ri qrlvh
Zh qrz uhwxuq wr �6+{, dqg frqvlghu ohduqlqj edvhg rq d vwrfkdvwlf vdpsoh/ vhh
Ilj1 81 �v surylghv rqfh djdlq voljkwo| ehwwhu uhvxowv/ dowkrxjk zh qrz vkrz wkdw
lw uhtxluhv wzlfh dv pdq| qrghv rq dyhudjh +qrwh dovr wkdw uhodwlyho| frpsoh{
ixqfwlrqv hphujh rffdvlrqdoo|,1 Wr sxw wkhvh uhvxowv lq shuvshfwlyh/ frqvlghu
shuirupdqfh ri wkh uhfxuvlyh vsolwwlqj phwkrg rq wkh vdph wudlqlqj vhw1 Zh �qg
d pxfk eljjhu wuhh zlwk 9: whuplqdo qrghv dfklhylqj d vxffhvv udwh ri ;917(
rq wkh wudlqlqj vhw exw rqo| 9819( rq wkh whvw vdpsoh1 Wkxv/ wkh JS dojrulwkp
grhv ehwwhu lq wklv fdvh dv zhoo/ sduwlfxoduo| xqghu �v= Qrwh dovr wkdw/ xqolnh wkh
uhfxuvlyh vsolwwlqj phwkrg/ wkh JS dojrulwkp jhqhudol}hv fruuhfwo|1



Ilqdoo|/ Ilj1 9 vkrzv +orj, vfruhv dfklhyhg xqghu �i e| wkh 73 ixqfwlrqv
ghslfwhg lq Iljv1 4 dqg 81 Orrnlqj �uvw dw Ilj1 9d/ lw dsshduv wkdw �v dqg �g
duh frpsdudeoh dv idu dv wkh phgldq �i lv frqfhuqhg1 Dv xvxdo/ xqghu �v zh jhw
d wljkwhu glvwulexwlrq dyrlglqj yhu| srru �wv1 Rq wkh rwkhu kdqg/ wkh ehvw �w lv
dfklhyhg e| �g dqg fruuhvsrqgv wr wkh yhu| vlpsoh uorj+{5,� =9981

Li zh vzlwfk wr Ilj1 9e/ wkh vlwxdwlrq lv pdunhgo| gl�huhqw=�v fdq qrw frpshwh
qrz zlwk �g dv idu dv wkh ryhudoo �w lv frqfhuqhg1 Fxulrxvo| hqrxjk/ wkh devroxwh
ehvw �w lv dfklhyhg e| wkh qhduo| lghqwlfdo

+. +uorj +frv +frv 318<643,,,
+uorj {5,,1

Wkh �w/ vkrzq lq Wdeoh 9/ lv lqghhg xqlirupo| jrrg1 Ryhudoo/ krzhyhu/ lw
zrxog vhhp xqolnho| wkdw wkh frqwulexwlrq ri {4 lq hlwkhu �4 ru �6 frxog eh
irxqg xvlqj �i 1 Rq wkh rwkhu kdqg/ �i *v dssduhqw exlow0lq eldv iru sduvlprq| lv
zruwk lqyhvwljdwlqj1 Zh dovr qrwh wkdw wkh fruuhodwlrq ehwzhhq wkhvh �i vfruhv
dqg wkh ruljlqdo shuirupdqfh vfruhv +vkrzq lq Iljv1 4 dqg 8, lv orz1 Wkxv/ wkh
xqghuo|lqj vhdufk lv txlwh gl�huhqw lq hdfk fdvh1

Lqwhuydo ^13/14, ^14/15, ^15/16, ^16/17, ^17/18, ^18/19, ^19/1:, ^1:/1;,
Hl 3 5 : 49 4; 6< ;7 454
Rl 4 6 < 47 4; 63 <3 45:

Qxpehu ri fdvhv < 49 5< 79 6< :4 45< 494
Wdeoh 91 Jurxszlvh h{shfwhg +Hl, dqg wuxh +Rl, qxpehu ri 4*v +dqdorjrxv wr

Wdeoh 6, iru wkh ehvw �w xqghu �i lq sureohp �61

e 5L4i hi*@|i_ hiti@hU�

Wkh suhvhqw dssurdfk frqfhqwudwhv rq wkh txdqwlwdwlyh qdwxuh ri suhglfwruv dqg
rxwsxwv uhdo0ydoxhg ixqfwlrqv1 D frpsohwho| gl�huhqw lghd lv wr glvplvv sduw ri
wklv ghwdlo dqg frqgxfw wkh vhdufk ryhu wkh vsdfh ri errohdq ixqfwlrqv1 Wkh dlp/
ri frxuvh/ lv wr vlpsoli| lqwhusuhwdwlrq1 Iru h{dpsoh/ Hjjhuprqw/ Hlehq dqg ydq
Khphuw ^<` vwxg| d vfkhph edvhg rq _errohdql}dwlrq% ri qxphulf suhglfwruv dqg
lqfoxvlrq ri orjlfdo dqg frpsdulvrq rshudwruv rqo|1 Errohdql}dwlrq lv dfklhyhg
e| vshfldo ixqfwlrqv D?+{n> u, dqg DA+{n> u,/ zkhuh u lv vrph wkuhvkrog/ zlwk
wkh reylrxv lqwhusuhwdwlrq D?+{6> 65=8, @ WUXH +, {6 ? 65=8= Wkh| xvh
vshfldol}hg pxwdwlrq rshudwruv wr prgli| wkh dujxphqwv ri wkhvh ixqfwlrqv1 Wkh
ryhudoo uhvxowv +edvhg rq vhyhudo uhdo gdwd vhwv wdnhq iurp ^45`, duh qrw txlwh
vdwlvidfwru| wkrxjk= _Jlylqj xs wkh �h{lelolw| ri qxphulf rshudwruv iru wkh vdnh
ri wudqvsduhqf| 111 frphv dw frvwv ri shuirupdqfh%1 D vlplodu lghd lv dgyrfdwhg
+dowkrxjk qrw whvwhg, lq ^43`1

Frpsoh{lw| lq wkh uhvxowlqj ixqfwlrqv lv lqghhg d uhfxuuhqw duhd ri uhvhdufk lq
JS1 Fdyduhwwd dqg Fkhoodslood ^44` uhwdlq wkh vhw ri pdwkhpdwlfdo ixqfwlrqv exw
prgli| wkh xvxdo �wqhvv phdvxuh +�g lq rxu qrwdwlrq/ qr0frpsoh{lw|0eldv lq wkhlu
whuplqrorj|, e| dgglqj d whup wkdw shqdol}hv ixqfwlrqv zlwk d odujh qxpehu ri
qrghv1 Wklv lv fhuwdlqo| qrw wkh �uvw wlph wkdw wklv lghd lv sxw wr zrun lq wkh
JS frqwh{w1 Wkhlu uhvxowv +edvhg rq d vlqjoh whvw sureohp iurp wkh VWDWORJ



vxlwh ^45`, lqglfdwh wkdw _wkh prghov jhqhudwhg iurp wkh qr0frpsoh{lw|0eldv do0
jrulwkp zhuh yhu| dffxudwh/ ehdwlqj wkh ehvw ri wkh VWDWORJ dojrulwkpv/ dqg
zhuh vwdwlvwlfdoo| vljql�fdqwo| pruh dffxudwh wkdq wkh orz0frpsoh{lw|0eldv dojr0
ulwkp%1 Wkhvh uhvxowv duh lq olqh zlwk wkh hylghqfh surylghg deryh= xqghu �v>
wkh uhwxuqhg ixqfwlrqv duh voljkwo| pruh frpsoh{ exw shuirup pruh dffxudwho|
rq +ghwhuplqlvwlf, whvw vdpsohv1

Lqwhuhvwlqjo|/ wkhvh dxwkruv gr qrw dsso| �g ryhu wkh hqwluh wudlqlqj vdpsoh1
Dv d edvlv iru hydoxdwlrq/ wkh| udwkhu frqvlghu vhyhudo vxevdpsohv iurp wkh wudlq0
lqj vhw/ dqg wkh| ohw wkhvh vxevdpsohv fkdqjh zlwk hdfk jhqhudwlrq1 Dowkrxjk
wkhlu pdlq prwlydwlrq lv wr uhgxfh wkh fkdqfh ri ryhu�wwlqj/ wklv vwrfkdvwlf �wqhvv
phdvxuh fdq dovr eh vhhq dv dq dwwhpsw wr fdswxuh wkh ryhudoo �w ri lqglylgxdo
ixqfwlrqv1 Xqiruwxqdwho|/ krzhyhu/ lw lv qrw hqwluho| fohdu krz wklv lghd zdv lp0
sohphqwhg +vhh dovr ehorz,1

D gl�huhqw hydoxdwlrq phdvxuh zdv whvwhg rxw lq ^4`1 Li zh odeho wkh hqwulhv
ri wkh frqixvlrq wdeoh dv iroorzv +vhh Wdeoh 5,

}hur rqh
}hur wq is
rqh iq ws

Wdeoh :1 Jhqhulf frqixvlrq pdwul{1 Froxpqv duh suhglfwhg ydoxhv/ urzv duh
wuxh ydoxhv=

wkhq wkhlu sursrvdo lv ws
ws.iq

wq
wq.is +lqvwhdg ri wkh wudglwlrqdo wq.ws

wq.ws.iq.is,= Wklvlqyroyhv idploldu txdqwlwlhv iurp wkh phglfdo grpdlq1 Wkh dxwkruv uhsruw wkdw
vrph frpsuhkhqvleoh uxohv ri lqwhuhvw zhuh glvfryhuhg e| wklv phdvxuh1

Uhvdpsolqj xqghuolhv dovr wkh zrun ri Led ^46`1 Wklv dxwkru eholhyhv wkdw wkh
qhz vwudwhjlhv fdoohg errvwlqj dqg edjjlqj pd| khos wr _frqwuro wkh eordwlqj hi0
ihfw e| phdqv ri wkh uhvdpsolqj whfkqltxhv%1 Lq wkhvh yduldqwv/ wkh srsxodwlrq lv
glylghg lqwr vxesrsxodwlrqv dqg d gl�huhqw wudlqlqj vdpsoh lv xvhg lq hdfk vxe0
srsxodwlrq1 Errvwlqj sodfhv wkh hpskdvlv rq dgdswlyh vxevdpsolqj ri kdug fdvhv/
vhh dovr wkh flwhg ^<`1 Wklv dssurdfk lv forvho| uhodwhg wr ydulrxv fr0hyroxwlrqdu|
vfkhphv lqvsluhg e| wkh vhplqdo zrun ri Kloolv ^47`1 Edjjlqj surfhhgv e| vlpso|
frxqwlqj yrwhv iurp wkh lqghshqghqwo| hyroyhg vroxwlrqv1 Wkhvh vwudwhjlhv kdyh
suryhg xvhixo lq vhyhudo pdfklqh ohduqlqj wdvnv dqg vkrz juhdw srwhqwldo lq JS
+dw wkh h{shqvh ri vrph dgghg frpsxwdwlrqdo h�ruw,1

D 5�44@h) @?_ UL?U*�_�?} hi4@h!t

Zh kdyh suhvhqwhg d qxpehu ri lghdv dqg suholplqdu| hpslulfdo uhvxowv frqfhuq0
lqj wkh lqwurgxfwlrq ri vlpsoh suredelolvwlf pdfklqhu| lq wkh JS dssurdfk wr
errohdq fodvvl�fdwlrq1 Wkh pdlq irfxv kdv ehhq sodfhg rq wkh frpsxwdwlrq ri
wkh suhglfwlyh suredelolwlhv a� dqg wkh dvvrfldwhg vwrfkdvwlf hydoxdwlrq ri lqgl0
ylgxdov �v1 Wkh pdlq lghdv duh fhqwudo wr wkh zhoo0nqrzq phwkrg ri orjlvwlf
uhjuhvvlrq +OU,1 Wkh dgghg frpsxwdwlrqdo frvw zlwk uhvshfw wr wkh pruh xvxdo
�g lv qhjoljleoh dqg wkhuh lv vrph lqglfdwlrq wkdw ehwwhu uhvxowv duh rewdlqhg1



Hqgrzhg zlwk wklv qhz hydoxdwlrq phwkrg/ wkh JS dssurdfk kdv ehhq vkrzq wr
surylgh frpshwlwlyh uhvxowv zlwk uhvshfw wr vwdqgdug phwkrgv1 Ixuwkhu/ wkh JS
dssurdfk vrphwlphv h{klelwv sohdvdqw ihdwxuhv wkdw wkh dowhuqdwlyh phwkrgv gr
qrw +hj1/ lw �qgv wkh fruuhfw ixqfwlrq lq wkh OU sureohp,/ dqg lv pxfk ehwwhu lq
wkh qrlv| uhfxuvlyh vsolwwlqj sureohp1

Zh kdyh dovr surylghg vrph lqvljkwv lqwr dq dowhuqdwlyh hydoxdwlrq phdvxuh
+�i , edvhg rq wkh lghd ri ryhudoo �w1 Zh eholhyh wkdw wklv lv d surplvlqj dowhu0
qdwlyh wr wdfnoh kljko| vnhzhg gdwd vhwv dqg zh lqwhqg wr lqyhvwljdwh lwv shuiru0
pdqfh lq wklv gluhfwlrq1 Zh kdyh glvfxvvhg hydoxdwlrqv ri vrph ri wkh ixqfwlrqv
irxqg xqghu �g dqg �v1 Dv lw wxuqv rxw/ wkh ehvw0�wwlqj ixqfwlrqv xqghu �i
duh fuxgh exw xvhixo yhuvlrqv ri wkh wdujhw ixqfwlrqv1 Wklv lv srvlwlyh lq wkdw d
whqghqf| wrzdugv sduvlprq| pd| eh lq h�hfw1 Rq wkh rwkhu kdqg/ lw uhpdlqv wr
eh vhhq wkdw �qh ghwdlo lv zlwklq wkh uhdfk ri wkh JS dojrulwkp wudlqhg zlwk
�i 1 Lq dq| fdvh/ ixuwkhu uhvhdufk lv qhhghg wr dvfhuwdlq lwv phulw/ wr txdqwli| wkh
h�hfw ri wkh qxpehu ri vxelqwhuydov/ hwf1

H{whqvlyh h{shulphqwdwlrq zlwk uhdo gdwd/ sduwlfxoduo| iurp wkh VWDWORJ
surmhfw/ vkrxog dovr eh frqgxfwhg wr ydolgdwh rxu �qglqjv1 Lw zrxog eh htxdoo|
lqwhuhvwlqj wr frpsduh wkh suhylrxv uhvxowv wr rwkhu hvwdeolvkhg phwkrgv vxfk dv
qhxudo qhwv1

Ilqdoo|/ zh kdyh uhylhzhg d qxpehu ri uhfhqw ghyhorsphqwv lq wkh JS olw0
hudwxuh1 Rxu dssurdfk lv edvhg rq pdlqwdlqlqj txdqwlwdwlyh ghwdlo wkurxjkrxw>
h{foxvlyh frqvlghudwlrq ri errohdq ixqfwlrqv mxvw suhfoxghv frpsxwdwlrq ri dq|
a�*v zkdwvrhyhu1 Zlwk wklv h{fhswlrq/ zh �qg lw olnho| wkdw sruwlrqv ri wkh suhvhqw
iudphzrun pd| furvv0ihuwlol}h zlwk vrph suhylrxvo| dgyrfdwhg lghdv1 Ryhudoo/ wkh
JS sdudgljp vhhpv d zruwkzkloh dowhuqdwlyh iru wkh sureohp ri errohdq fodv0
vl�fdwlrq1 H{whqvlrqv wr ghdo zlwk wkh jhqhudo +n�ohj, fodvvl�fdwlrq sureohp
ghvhuyh dwwhqwlrq dv zhoo1

Dfnqrzohgjhphqw1 Zh duh judwhixo wr Eloo Sxqfk iru dvvlvwdqfh zlwk olo0js1
Wkh �uvw dxwkru lv vxssruwhg e| judqwv KLG<;036:<0F35034 dqg WLF<;035:50
F35034 iurp wkh vsdqlvk FLF\W djhqf|1
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