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Devwudfw1 Qdlyh Ed|hv kdv ehhq dq h�hfwlyh dqg lpsruwdqw fodvvl�hu
lq wkh wh{w fdwhjrul}dwlrq grpdlq ghvslwh ylrodwlrqv ri lwv xqghuo|lqj dv0
vxpswlrqv1 Dowkrxjk txlwh dffxudwh/ lw whqgv wr surylgh srru hvwlpdwhv
ri wkh srvwhulru fodvv suredelolwlhv/ zklfk kdpshuv lwv dssolfdwlrq lq wkh
frvw0vhqvlwlyh frqwh{w1 Wkh dssduhqw kljk frq�ghqfh zlwk zklfk fhuwdlq
huuruv duh pdgh lv sduwlfxoduo| sureohpdwlf zkhq plvfodvvl�fdwlrq frvwv
duh kljko| vnhzhg/ vlqfh frqvhuydwlyh vhwwlqj ri wkh ghflvlrq wkuhvkrog
pd| juhdwo| ghfuhdvh wkh fodvvl�hu xwlolw|1 Zh sursrvh dq h{whqvlrq ri
wkh Qdlyh Ed|hv dojrulwkp dlplqj wr glvfrxqw wkh frq�ghqfh zlwk zklfk
huuruv duh pdgh1 Wkh dssurdfk lv edvhg rq phdvxulqj wkh dprxqw ri
fkdqjh wr ihdwxuh glvwulexwlrq qhfhvvdu| wr uhyhuvh wkh lqlwldo fodvvl�hu
ghflvlrq dqg fdq eh lpsohphqwhg h!flhqwo| zlwkrxw ryhu0frpsolfdwlqj
wkh surfhvv ri Qdlyh Ed|hv lqgxfwlrq1 Lq h{shulphqwv zlwk wkuhh ehqfk0
pdun grfxphqw froohfwlrqv/ wkh ghflvlrq0uhyhuvdo Qdlyh Ed|hv lv ghprq0
vwudwhg wr vxevwdqwldoo| lpsuryh ryhu wkh srsxodu pxowlqrpldo yhuvlrq
ri wkh Qdlyh Ed|hv dojrulwkp/ lq vrph fdvhv shuiruplqj pruh wkdq 73(
ehwwhu1

4 Lqwurgxfwlrq
Lq fhuwdlq elqdu| fodvvl�fdwlrq sureohpv rqh lv lqwhuhvwhg lq yhu| kljk suhfl0
vlrq ru yhu| kljk uhfdoo zlwk uhvshfw wr wkh wdujhw fodvv/ hvshfldoo| li wkh frvw ri
idovh0srvlwlyh ru idovh qhjdwlyh plvfodvvl�fdwlrqv lv glvsursruwlrqdoo| kljk1 Hyhq
wkrxjk suredelolvwlf frvw0vhqvlwlyh fodvvl�fdwlrq iudphzrunv kdyh ehhq sursrvhg/
wkh frpsolfdwlqj idfwru ri wkhlu vxffhvvixo ghsor|phqw lv xqfhuwdlqw| ri suhflvh
plvfodvvl�fdwlrq frvwv dqg wkh idfw wkdw hvwlpdwlrq ri srvwhulru fodvv suredelolwlhv
lv riwhq lqdffxudwh/ hvshfldoo| zkhq ghdolqj zlwk sureohpv lqyroylqj odujh qxp0
ehuv ri dwwulexwhv/ vxfk dv wh{w1 Dv d uhvxow/ wkh uhjlrq zlwklq zklfk d fodvvl�hu
fdq dfwxdoo| ehqh�w wkh wdujhw dssolfdwlrq pd| eh txlwh qduurz1

Lq wklv zrun/ zh irfxv rq wkh sureohp ri h{whqglqj wkh xwlolw| ri wkh Qdlyh
Ed|hv fodvvl�hu iru sureohpv lqyroylqj h{wuhpho| dv|pphwulf plvfodvvl�fdwlrq
frvwv1 Frqfhqwudwlqj rq wh{w dssolfdwlrqv zh glvfxvv zk| fhuwdlq plvfodvvl�fdwlrq
huuruv pd| eh frpplwwhg zlwk dq dssduhqw kljk frq�ghqfh dqg sursrvh dq
h�hfwlyh phwkrg ri dgmxvwlqj wkh rxwsxw ri Qdlyh Ed|hv dw fodvvl�fdwlrq wlph vr
dv wr ghfuhdvh lwv ryhufrq�ghqfh1
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5 Fodvvl�fdwlrq zlwk h{wuhpho| dv|pphwulf
plvfodvvl�fdwlrq frvwv

Ohw xv dvvxph d wzr0fodvv sureohp i+{> |, = | 5 i3> 4j dqg { 5 [j/ zkhuh | @ 4
ghvljqdwhv wkdw { ehorqjv wr fodvv F +wdujhw, dqg | @ 3 ghvljqdwhv wkdw { 5 F1
Dvvxplqj qr frvwv dvvrfldwhg zlwk pdnlqj wkh fruuhfw ghflvlrq/ wkh h{shfwhg
plvfodvvl�fdwlrq frvw ri d fodvvl�hu I ryhu lqsxw grpdlq [ lv gh�qhg dv

frvw +I , @ f34S +I @ 3 a { 5 F, . f43S +I @ 4 a { 5 F,
zkhuh f34 lv wkh frvw ri plvfodvvli|lqj wkh wdujhw dv qrq0wdujhw dqg f43 lv wkh frvw
ri pdnlqj wkh rssrvlwh plvwdnh1 Li dffxudwh hvwlpdwhv ri S +Fm{, duh dydlodeoh/
wkh rswlpxp fodvv dvvljqphqw iru lqsxw { uhvxowv iurp plqlpl}lqj wkh h{shfwhg
orvv1 Lq sureohpv zlwk kljko| dv|pphwulf plvfodvvl�fdwlrq frvwv/ dvvljqlqj { wr
wkh pruh h{shqvlyh fodvv pd| eh suhihudeoh hyhq li lwv srvwhulru suredelolw| lv
txlwh orz1 Li f43  f34/ wkh dssolfdwlrq glfwdwhv yhu| orz wrohudqfh iru idovh
srvlwlyhv dqg dq dffhswdeoh fodvvl�hu qhhgv wr eh forvh wr 433( fruuhfw zkhq
dvvljqlqj remhfwv wr fodvv F1 Frqyhuvho|/ li f34  f43 wkhq idovh0qhjdwlyhv duh
kljko| shqdol}hg dqg dq dffhswdeoh fodvvl�hu qhhgv wr eh fkdudfwhul}hg e| qhduo|
shuihfw uhfdoo lq ghwhfwlqj remhfwv ehorqjlqj wr F1 Shuihfw suhflvlrq lq ghwhfwlqj
F lv htxlydohqw wr shuihfw uhfdoo lq ghwhfwlqj F/ exw zkloh shuihfw uhfdoo lv dozd|v
srvvleoh/ shuihfw suhflvlrq pd| qrw eh/ hvshfldoo| li wkh wdujhw fodvv lv dovr wkh
rqh zlwk ohdvw h{dpsohv1 Lq wklv zrun zh zloo irfxv rq wkh sureohp rq dfklhylqj
qhdu0shuihfw uhfdoo zlwk uhvshfw wr wkh wdujhw fodvv1

6 Vrxufhv ri ryhufrq�ghqfh lq Qdlyh Ed|hv fodvvl�fdwlrq
614 Wkh pxowlqrpldo prgho
Qdlyh Ed|hv +QE, lv rqh ri wkh prvw zlgho| xvhg fodvvl�huv/ hvshfldoo| lq wkh wh{w
grpdlq zkhuh lw whqgv wr shuirup txlwh zhoo/ ghvslwh wkh idfw wkdw pdq| ri lwv
prgho dvvxpswlrqv duh riwhq ylrodwhg1 Vhyhudo yduldqwv ri wkh fodvvl�hu kdyh ehhq
sursrvhg lq wkh olwhudwxuh ^4` exw lq dssolfdwlrqv lqyroylqj wh{w/ wkh pxowlqrpldo
prgho kdv ehhq irxqg wr shuirup sduwlfxoduo| zhoo ^5`1

Qdlyh Ed|hvldq fodvvl�huv lpsrvh wkh dvvxpswlrq ri fodvv frqglwlrqdo ihdwxuh
lqghshqghqfh zklfk/ dowkrxjk uduho| ydolg/ kdv suryhg wr eh ri vxusulvlqjo| olw0
woh vljql�fdqfh iurp wkh vwdqgsrlqw ri fodvvl�fdwlrq dffxudf| ^6`1 Jlyhq lqsxw
{/ QE frpsxwhv wkh srvwhulru suredelolw| ri fodvv F xvlqj wkh Ed|hv irupxod
S +Fm{, @ S +F, S +{mF,

S +{, 1 Lqsxw { lv dvvljqhg wr wkh fodvv zlwk wkh kljkhvw h{0
shfwhg plvfodvvl�fdwlrq frvw zklfk/ dvvxplqj ihdwxuh lqghshqghqfh dqg zkhq
rqo| wzr fodvvhv duh suhvhqw/ lv ghwhuplqhg e| wkh orj0rggv vfruh=

vfruh +{, @ frqvw.[
l

orj S +{lmF,
S �{lmF� +4,
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615 Ryhufrq�ghqfh lq ghflvlrq pdnlqj
Lw kdv ehhq uhfrjql}hg wkdw Qdlyh Ed|hv/ zkloh ehlqj riwhq vxusulvlqjo| dffxudwh
dv d fodvvl�hu +lq whupv ri wkh 324 orvv,/ whqgv wr eh srru zkhq lw frphv wr
dvvhvvlqj wkh frq�ghqfh ri lwv ghflvlrqv ^7`^6`1 Lq sduwlfxodu/ wkh fodvv0suredelolw|
hvwlpdwhv ri QE whqg wr eh foxvwhuhg qhdu wkh h{wuhph ydoxhv ri 3 dqg 41 Dv vkrzq
lq ^8`/ wklv lv sduwlfxoduo| wuxh lq wkh wh{w grpdlq1 Zkhq fodvvli|lqj grfxphqwv
zlwk pdq| ihdwxuhv/ wkhlu fruuhodwlrqv pd| frpsrxqg hdfk rwkhu/ wkxv ohdglqj wr
h{srqhqwldo jurzwk lq wkh rggv1 Wklv h�hfw fdq lqwhqvli| lq duhdv rqo| vsduvho|
srsxodwhg e| wkh wudlqlqj gdwd1 Vlqfh wkh orj rggv lq +4, ghshqg rq wkh udwlr
ri fodvv0frqglwlrqdo suredelolwlhv/ wkh| fdq eh txlwh kljk hyhq li wkh ydoxhv ri
wkh suredelolwlhv wkhpvhoyhv duh yhu| orz1 Exw suredelolw| hvwlpdwhv iru ihdwxuhv
wkdw zhuh vhhq uhodwlyho| uduho| lq wkh wudlqlqj gdwd duh olnho| wr eh pruh �qrlv|�
wkdq wkh rqhv rewdlqhg iru ihdwxuhv zlwk vxevwdqwldo suhvhqfh1 Wklv pd| uhvxow
lq QE rxwfrphv wkdw dsshdu txlwh frq�ghqw hyhq li wkh qhljkerukrrg wkh whvw
lqsxw zdv rqo| zhdno| uhsuhvhqwhg lq wkh wudlqlqj vhw1

Iljxuh 4 looxvwudwhv wkh vfdwwhu ri QE vfruhv iru huurqhrxvo| fodvvl�hg grf0
xphqwv yv1 wkh pd{lpxp grfxphqw iuhtxhqf| +GI, iru ihdwxuhv frqwdlqhg e|
wkhvh grfxphqwv1 Wkh pd{lpxp GI ri ihdwxuhv lq { surylghv d urxjk phdvxuh
ri krz zhoo wkh uhjlrq ri frqwdlqlqj { zdv uhsuhvhqwhg e| wkh wudlqlqj gdwd1
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Ilj1 41 Vfruhv ri Qdlyh Ed|hv plvfodvvl�lfdwlrqv +dw ghidxow ghflvlrq wkuhvkrog, yv1
pd{lpxp wudlqlqj0vhw grfxphqw iuhtxhqf| iru ihdwxuhv ehorqjlqj wr wkh plvfodvvl�hg
grfxphqwv +iru wkh froohfwlrqv ri= Uhxwhuv0548:;/ 530Qhzvjurxsv dqg WUHF0DS,1 Plv0
fodvvl�fdwlrqv ri grfxphqwv idoolqj lqwr vsduvho| srsxodwhg uhjlrqv duh olnho| wr eh pdgh
zlwk kljkhu frq�ghqfh +vljql�hg e| kljk devroxwh vfruh ydoxhv, wkdq wkrvh pdgh iru
grfxphqwv iru zklfk wkh wudlqlqj gdwd frqwdlqhg pxfk ri uhodwhg frqwhqw1

Wkxv vfduflw| e| lwvhoi dsshduv wr eh d jrrg lqglfdwru ri ryhufrq�ghqfh/
dowkrxjk lq sudfwlfh lw pd| eh lqwhudfwlqj zlwk rwkhu idfwruv/ vxfk dv orfdo fodvv
lpedodqfh dqg grfxphqw ohqjwk +h1j1/ d odujh qxpehu ri �qrlv|� ihdwxuhv,1

Lq ^9` lw zdv dujxhg wkdw wkh wuxvw sxw lq wkh srvwhulru suredelolw| hvwlpdwhv
ri d fodvvl�hu vkrxog ghfuhdvh zlwk d vxlwdeo| gh�qhg glvwdqfh ehwzhhq wkh whvw
lqsxw dqg wkh wudlqlqj gdwd1 Lq ^:` lw zdv vxjjhvwhg wkdw iru ohduqhuv fdsdeoh
ri idvw lqfuhphqwdo ohduqlqj/ wkh uholdelolw| ri wkhlu srvwhulru hvwlpdwhv fdq eh
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lpsuryhg zlwklq wkh iudphzrun ri wudqvgxfwlyh ohduqlqj1 Jlyhq wkdw d fodvvl�hu
dvvljqv { wr fodvv F/ lw lv dvvxphg wkdw d frq�ghqw ghflvlrq lv rqh wkdw lv olwwoh
d�hfwhg e| dgglqj { wr wkh wudlqlqj srro ri F1 Zlwk dxjphqwhg wudlqlqj gdwd/
dq xsgdwhg hvwlpdwh ri S +Fm{, lv rewdlqhg/ zkhuh lwv gl�huhqfh wr wkh ruljlqdo
lv xvhg wr jdxjh wkh vhqvlwlylw| ri wkh fodvvl�hu1 Wkh whfkqltxhv ri ^9` dqg ^:`
erwk uho| rq prgxodwlqj wkh srvwhulru suredelolw| hvwlpdwh ri wkh edvh fodvvl�hu
zlwk d qrupdol}hg uholdelolw| lqglfdwru/ zklfk lv lqwhusuhwhg dv suredelolw|/ l1h1/

eS +Fm{, @ S +Fm{, �U +Fm{, +5,
zkhuh U +Fm{, prqrwrqlfdoo| dssurdfkhv 4 dv wkh uholdelolw| lqfuhdvhv1

7 Fkdqjlqj Qdlyh Ed|hv* plqg= d qhz uholdelolw| phdvxuh
Wkh orj0rggv vfruh ri QE kdv wkh qdwxudo jhrphwulf lqwhusuhwdwlrq ri wkh surmhf0
wlrq ri wkh lqsxw rqwr wkh zhljkw yhfwru qrupdo wr wkh ghflvlrq k|shusodqh1 Rq
wkh rwkhu kdqg/ wkh uholdelolw| phwulfv ri ^9` dqg ^:`/ zkloh surylglqj d phdvxuh
ri fodvvl�hu xqfhuwdlqw|/ gr qrw r�hu d vlplodu lqwhusuhwdwlrq ri d pdujlq zlwklq
zklfk d sduwlfxodu fodvvl�fdwlrq lv pdgh1 Zh sursrvh d qryho uholdelolw| phw0
ulf iru Qdlyh Ed|hv/ edvhg rq wkh frqfhsw ri jdxjlqj wkh gl!fxow| ri uhyhuvlqj
wkh fodvvl�fdwlrq rxwfrph ri QE iru d jlyhq lqsxw1 Rxu prwlydwlrq frphv iurp
dsso|lqj Qdlyh Ed|hv wr rq0olqh ohduqlqj1 Xqolnh glvfulplqdwlyh prghov vxfk dv
ghflvlrq wuhhv/ jhqhudwlyh ohduqhuv vxfk dv QE fdq eh h{shfwhg wr eh vwdeoh xqghu
vpdoo dgmxvwphqwv ri wkh wudlqlqj gdwd1 Wkxv/ lq rughu iru QE wr fruuhfw lwvhoi/
d pruh h{whqvlyh fkdqjh wr wkh glvwulexwlrq ri wkh wudlqlqj gdwd pd| eh qhhghg1

Wr surylgh d frqfuhwh h{dpsoh/ ohw xv frqvlghu dsso|lqj d QE fodvvl�hu wr
wkh sureohp ri vsdp ghwhfwlrq/ zkhuh d xvhu lv jlyhq d zd| wr fruuhfw fodvvl�hu
plvwdnhv e| dgglqj d sduwlfxodu hpdlo phvvdjh wr wkh dssursuldwh srro ri wudlqlqj
gdwd1 Wdnh d vfhqdulr zkhuh duulydo ri d vsdp phvvdjh �qgv surpswv d fruuhfwlyh
dfwlrq1 Li dq �lghqwlfdo� vsdp dsshduv djdlq wkh xvhu uhvsrqgv zlwk dqrwkhu
wudlqlqj hyhqw/ dqg vr rq xqwlo wkh fodvvl�hu fruuhfwo| lghqwl�hv wkh phvvdjh dv
vsdp1 Lq wklv vfhqdulr/ wkh frq�ghqfh ri QE lq lwv lqlwldo +plvwdnhq, ghflvlrq
fdq eh olqnhg wr wkh qxpehu ri wudlqlqj hyhqwv qhfhvvdu| wr fruuhfw lwv rxwfrph/
zklfk lq wxuq wudqvodwhv wr wkh dprxqw ri fkdqjh wr wkh wudlqlqj glvwulexwlrq
qhhghg iru ghflvlrq uhyhuvdo1 Lqwxlwlyho|/ ghflvlrqv wkdw duh frq�ghqw zloo uhtxluh
pruh h{whqvlyh dgmxvwphqw ri wkh glvwulexwlrq wkdq ohvv frq�ghqw rqhv1

Wkxv/ jlyhq wkdw wkh fodvvl�hu ghfoduhv wkdw { ehorqjv wr fodvv F/ zh zdqw
wr dvn krz pxfk wudlqlqj zlwk { zrxog lw wdnh wr uhyhuvh lwv rslqlrq1 Vlqfh
wkh fodvvl�hu rxwfrph +4, lv ghwhuplqhg e| lwv vfruh dqg dvvxplqj wkh ghflvlrq
wkuhvkrog ri 3 dqg wkdw wkh shuwxuedwlrq ri wkh wudlqlqj gdwd grhv qrw dowhu fodvv
sulruv/ lq rughu wr dfklhyh d ghflvlrq uhyhuvdo/ rqh qhhgv wr vdwlvi|

orjS +{mF,� orjS �{mF� @ orj hS �{mF�� orj hS +{mF,� vfruh +6,
zkhuh vfruh lv wkh ruljlqdo rxwsxw vfruh/ zkloh hS +{mF, dqg hS �{mF� ghqrwh
hvwlpdwhv ryhu wkh dowhuhg wudlqlqj gdwd1
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D txhvwlrq dulvhv dv krz ehvw wr phdvxuh wkh h�hfwhg fkdqjh wr wkh wudlqlqj
glvwulexwlrq1 Khuh zh frqvlghu wkh Nxooedfn0Ohleohu +NO, glyhujhqfh/ l1h1/

uglvw+{, @ NO
�
S �{mF� > hS �{mF�� @ [

{l

S �{lmF� orj S �{lmF�
hS �{lmF� +7,

Rqfh wkh NO glyhujhqfh +7, lv frpsxwhg/ d vwudljkwiruzdug frpelqdwlrq phwkrg
lv wr vfdoh +vhh ht1 +5,, wkh ruljlqdo srvwhulru hvwlpdwh +iru wkh suhglfwhg fodvv,
zlwk d vxlwdeo| gh�qhg ixqfwlrq ri wkh NO glyhujhqfh/ vlploduo| wr wkh dssurdfkhv
wdnhq lq ^9` dqg ^:`1 Khuh wkh gl!fxow| olhv lq dq dssursuldwh fkrlfh ri wkh qru0
pdol}dwlrq ixqfwlrq U +Fm{, = uglvw+{,$ ^3> 4`/ exw dq dgglwlrqdo sureohp zlwk
vxfk dq dssurdfk lq wkh frqwh{w ri Qdlyh Ed|hv lv wkdw wkh ruljlqdo srvwhulru
hvwlpdwhv surgxfhg e| wkh QE duh douhdg| yhu| forvh wr 4 ru yhu| forvh wr 31
Wkxv wkh prgxodwlrq ri +7, hvvhqwldoo| erlov grzq wr vxevwlwxwlqj U +Fm{, iru
S +Fm{,41 Jlyhq wkdw lq wkh fdvh ri h{wuhph plvfodvvl�fdwlrq frvwv rqh lv sul0
pdulo| lqwhuhvwhg lq wkh qduurz uhjlrq zkhuh srvwhulru suredelolwlhv duh forvh
wr 4 ru 3/ wkh vxevwlwxwlrq h�hfw pd| eh xqghvludeoh vlqfh rqh orvhv wkh ruljlqdo
ghjuhh0ri0frq�ghqfh lqirupdwlrq1 Wkhuhiruh/ zh frqvlghu gluhfwo| prgxodwlqj wkh
udz orj0rggv vfruh uhwxuqhg e| QE/ zklfk w|slfdoo| kdyh d pxfk odujhu g|qdplf
udqjh= gvfruh +{, @ vfruh +{, � uglvw +{, +8,
Rwkhu vfruh wudqvirupdwlrqv frxog eh frqvlghuhg1 Lq wklv zrun zh zloo dovr xvh d
ixqfwlrq NO glvwdqfh lq wkh irup ri=

gvfruh +{, @ vfruh +{, � h{s +�� � uglvw +{,, +9,
dv dq dowhuqdwlyh wr +8,1

8 H{shulphqwdo Vhwxs
Lq wkh h{shulphqwv ghvfulehg ehorz zh frpsduh fodvvl�huv dw wkh srlqw zkhuh
wkh| dfklhyh 433( whvw0vhw uhfdoo iru wkh wdujhw fodvv1 Dw wklv rshudwlqj vhwwlqj/
d fodvvl�hu*v xwlolw| lv phdvxuhg e| lwv vshfl�flw| +wuxh0qhjdwlyh udwh,/ l1h1/ wkh
iudfwlrq ri qrq0wdujhw grfxphqwv wkdw duh fodvvl�hg fruuhfwo|1 Dujxdeo|/ wklv
phdvxuh lv yhu| vhqvlwlyh wr fodvv qrlvh dqg lq sudfwlfh rqh zrxog kdyh wr dffrxqw
iru vxfk d srvvlelolw|/ h1j1/ yld lqwhudfwlyh ru dxwrpdwlf gdwd fohdqvlqj surfhgxuhv1

Zh frpsduhg wkh sursrvhg ghflvlrq0uhyhuvdo h{whqvlrq wr Qdlyh Ed|hv +od0
ehohg dv QE0NO, zlwk wkh iroorzlqj=
� QE= Xqprgl�hg pxowlqrpldo Qdlyh Ed|hv +edvholqh,1
� QE0Wudqv= Nxndu*v wudqvgxfwlyh uholdelolw| hvwlpdwru ^:` +wklv lv wkh phwkrg

forvhvw lq vslulw wr wkh rqh sursrvhg khuh,1
4 Lq idfw ^:` grhv lw gluhfwo| e| vxevwlwxwlqj wkh srvwhulru hvwlpdwh ri S EF�{� zlwk
suhf u UEF�{�/ zkhuh suhf uhihuv wr wkh ryhudoo suhflvlrq ri wkh fodvvl�hu1
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Dojrulwkp
41 Fodvvli| lqsxw { xvlqj d wudlqhg QE prgho1
51 Hvwlpdwh wkh pxowlsolflw| � zlwk zklfk { qhhgv wr eh dgghg wr

wkh rssrvlwh fodvv wr dfklhyh ghflvlrq uhyhuvdo1
61 Phdvxuh wkh NO glyhujhqfh +ht1+7,, ehwzhhq wkh ruljlqdo

dqg wkh shuwxuehg glvwulexwlrq ri ihdwxuhv iru wkh fodvv
rssrvlwh wr wkh rqh ruljlqdoo| suhglfwhg1

71 Prgxodwh wkh ruljlqdo vfruh +ht1+8, ru +9,,1
Wdeoh 41 Vwhsv lqyroyhg lq wkh ghflvlrq0uhyhuvdo Qdlyh Ed|hv1 Wkh prvw frpsxwdwlrq0
doo| h{shqvlyh sduw lv vwhs 5/ lq zklfk rqh qhhgv wr hvwlpdwh krz pdq| fruuhfwlyh
hyhqwv qhhg wr wdnh sodfh ehiruh wkh lqlwldo ghflvlrq ri wkh fodvvl�hu lv fkdqjhg1 D qdlyh
lpsohphqwdwlrq zrxog nhhs rq jhqhudwlqj vxfk hyhqwv dqg xsgdwlqj wkh prgho/ exw
vlqfh lq vrph fdvhv wkh qxpehu ri hyhqwv pd| eh rq wkh rughu ri kxqguhgv ru pruh/
wklv zrxog dgg vljql�fdqwo| wr wkh hydoxdwlrq wlph1 Lqvwhdg/ zh wuhdw wkh vfruh dv d
ixqfwlrq ri wkh fruuhfwlyh hyhqw frxqw d dqg lghqwli| wkh }hur0furvvlqj ri vfruh+doskd,1
Lq rxu lpsohphqwdwlrq ri wkh Qhzwrq phwkrg/ xvxdoo| rqo| 4�: lwhudwlrqv duh qhhghg1

Pxowl0fodvv sureohpv zhuh wuhdwhg dv d vhulhv ri wzr0fodvv wdvnv/ zlwk rqh fodvv
vhuylqj dv wkh wdujhw dqg wkh uhpdlqlqj fdwhjrulhv rqhv dv wkh dqwl0wdujhw/ l1h1/
rqh0djdlqvw0wkh0uhvw1 Wkh uhvxowv rewdlqhg e| hdfk fodvvl�hu dqg iru hdfk gdwdvhw
duh uhsruwhg e| pdfur0dyhudjlqj wkh vshfl�flw| rewdlqhg lq wkh frqvwlwxhqw wzr0
fodvv wdvnv1

814 Gdwd vhwv
Zh fkrvh wkuhh grfxphqw froohfwlrqv wkdw kdyh riwhq ehhq h{whqvlyho| xvhg lq wh{w
fdwhjrul}dwlrq olwhudwxuh1 Lq hdfk fdvh wkh froohfwlrq zdv vsolw +lq wkh vwdqgdug
zd| iru wkhvh froohfwlrqv, lqwr d wudlqlqj vhw dqg d whvw vhw/ zklfk zhuh gh�qhg
dv iroorzv=
� Uhxwhuv0548:; +434 fdwhjrulhv/ 43/:57 grfxphqwv,= Zh xvhg wkh vwdqgdug prgbdswh

vsolw ri wkh gdwd1
� 53 Qhzvjurxsv +53 fdwhjrulhv/ 4</<<: grfxphqwv,= D udqgrp vdpsoh ri 526 ri wkh

gdwdvhw zdv fkrvhq iru wudlqlqj zlwk wkh uhpdlqlqj grfxphqwv xvhg iru whvwlqj1
� WUHF0DS +53 fdwhjrulhv/ 53</:;6 grfxphqwv,= Wkh wudlqlqj2whvw vsolw ghvfulehg

lq ^;` zdv xvhg1
Ihdwxuhv zhuh h{wudfwhg e| uhprylqj pdunxs dqg sxqfwxdwlrq/ euhdnlqj wkh

grfxphqwv rq zklwhvsdfh/ dqg frqyhuwlqj doo fkdudfwhuv wr orzhufdvh1 Qr vwrs0
zrug uhprydo ru vwhpplqj zdv shuiruphg1 Lq d prgl�fdwlrq ri wkh vwdqgdug edj
ri zrugv uhsuhvhqwdwlrq/ lq0grfxphqw iuhtxhqflhv ri whupv zhuh ljqruhg1

Lq doo wzr0fodvv h{shulphqwv/ wkh ihdwxuh vhw zdv uhgxfhg wr wkh wrs 8> 333 dw0
wulexwhv zlwk wkh kljkhvw ydoxhv ri Pxwxdo Lqirupdwlrq +PL, ehwzhhq wkh ihdwxuh
yduldeoh dqg wkh fodvv yduldeoh hvwlpdwhg ryhu wkh wudlqlqj vhw1
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Gdwdvhw QE QE0Wudqv QE0NO �EQE0NO3QE�
QE dIo

Uhxwhuv0548:; 317:76 3163:3 3199<6 74
53 Qhzvjurxsv 317366 3165<: 3186:< 66
WUHF0DS 318337 314;:4 318<87 4<

Wdeoh 51 Pdfur0dyhudjhg fodvvl�fdwlrq shuirupdqfh +qrq0wdujhw vshfl�flw|, fdswxuhg
dw wkh srlqw ri shuihfw wdujhw uhfdoo1 Wkh ghflvlrq0uhyhuvdo yduldqw ri Qdlyh Ed|hv frq0
vlvwhqwo| rxwshuiruphg wkh edvholqh/ zkloh wkh wudqvgxfwlyh phwkrg frqvlvwhqwo| xqghu0
shuirphg lq doo wkuhh fdvhv1

9 Uhvxowv

Wdeoh 5 vkrzv wkh uhvxowv1 Iru doo wkuhh gdwdvhwv/ QE0NO surylghg d vxevwdqwldo
lpsuryhphqw ryhu wkh edvholqh QE1 Wkh wudqvgxfwlyh phwkrg ^:` jhqhudoo| xqghu0
shuiruphg wkh edvholqh QE1 Zlwk klqgvljkw/ wklv lv shukdsv qrw wrr vxusulvlqj1
Wr dfklhyh kljk vshfl�flw| dw 433( wdujhw fodvv uhfdoo/ rqh qhhgv wr glvfrxqw
huuruv iru wkh wdujhw fodvv zkhuh fodvvl�fdwlrq lv pdgh zlwk dq dssduhqwo| kljk
frq�ghqfh1 Lq vxfk fdvhv/ wkh suredelolw| ri d whvw grfxphqw ehorqjlqj wr wkh
wdujhw fodvv lv hvwlpdwhg e| QE wr eh doprvw rqh1 Wkh wudqvgxfwlyh vwhs zloo
lqfuhdvh wkh suredelolw| hyhq ixuwkhu/ exw wklv lv olnho| wr surgxfh rqo| d yhu|
vpdoo gl�huhqfh ehwzhhq wkh ruljlqdo dqg wkh �qdo fodvv0suredelolw| glvwulexwlrqv1
Wkxv wkh ruljlqdo ghflvlrq pdgh e| QE suryhv lq vxfk fdvhv wr eh txlwh vwdeoh1
Lw dsshduv wkhuhiruh wkdw wkh xwlolw| ri wkh wudqvgxfwlyh phwkrg pd| eh kljkhvw
lq fdvhv zkhuh wkh dssduhqw frq�ghqfh ri QE ghflvlrqv lv orz1

Wr h{dplqh wkh h�hfw ri dq dowhuqdwlyh irup ri vfruh wudqvirupdwlrq/ zh hydox0
dwhg wkh shuirupdqfh ri QE0NO xvlqj wkh h{srqhqwldo irupxod +9, zlwk wkh fkrlfh
li � lq ^3=334> 83`1 Wkh ehvw rswlpl}dwlrq uhvxowv rewdlqhg iru QE0NO sdudphwul}hg
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Ilj1 51 dw wkh srlqw ri shuihfw wdujhw uhfdoo1 Wkh uhvxowv iru ehvw sdudphwhu vhwwlqjv lq
+9, duh frpsduhg wr wkh edvholqh QE/ QE0Wudqv dqg wkh ghidxow vhwwlqjv ri QE0NO1 Lq
wkh fdvh ri Uhxwhuv0548:; dqg WUHF0DS h{srqhqwldo glvfrxqwlqj uhvxowv lq vxevwdqwldo
lqfuhdvh lq vshfl�flw|1 Iru 530Qhzvjurxsv/ krzhyhu/ wkh ruljlqdo irupxodwlrq ri QE0NO
zrunv ehwwhu1



;

dffruglqj wr +9, duh frpsduhg lq Iljxuh 5 zlwk wkh edvholqh QE/ QE0Wudqv dqg
wkh ghidxow uhvxowv iru QE0NO1 Lq vrph fdvhv sdudphwhu rswlpl}dwlrq fdq vxevwdq0
wldoo| lpsuryh wkh shuirupdqfh ri QE0NO1 Wkh sdudphwulf irupxod +9, zdv xq0
deoh krzhyhu wr rxwshuirup wkh uhjxodu QE0NO lq wkh fdvh ri wkh 530Qhzvjurxsv
gdwdvhw1 Wkh rswlpxp zd| ri lqfrusrudwlqj wkh ghflvlrq0uhyhuvdo lqirupdwlrq
pd| wkxv qhhg wr eh lqyhvwljdwhg ixuwkhu1

: Frqfoxvlrqv
Wkh ghflvlrq0uhyhuvdo QE suryhg wr eh h�hfwlyh lq lqfuhdvlqj Qdlyh Ed|hv vshfl0
�flw| dqg frxqwhulqj lwv qdwlyh ryhufrq�ghqfh1 Dowkrxjk wkh ruljlqdo irup ri
wkh dojrulwkp shuiruphg txlwh zhoo/ ixuwkhu lpsuryhphqwv zhuh dfklhyhg +lq 5
rxw ri 6 gdwdvhwv, e| frqvlghulqj dq dowhuqdwlyh h{srqhqwldo irup ri glvfrxqwlqj
wkh shuwxuedwlrq glvwdqfh1 Wkh ghshqghqfh ri wkh h�hfwlyhqhvv ri lqfrusrudwlqj
wkh ghflvlrq uhyhuvdo lqirupdwlrq rq wkh irup ri wkh glvfrxqwlqj ixqfwlrq zloo eh
wkh vxemhfw ri ixwxuh zrun1 Zh duh dovr lqwhqglqj wr lqyhvwljdwh wkh h�hfwv ri
frpelqlqj wkh sursrvhg phwkrg ri fxuelqj wkh ryhufrq�ghqfh zlwk whfkqltxhv
prwlydwhg e| h{solflw uhgxfwlrq ri ihdwxuh lqwhughshqghqfh +h1j1/ dv uhdol}hg e|
ihdwxuh vhohfwlrq,1

Uhihuhqfhv
41 Ohzlv/ G1G1= Qdlyh +Ed|hv, dw iruw|= wkh lqghshqghqfh dvvxpswlrq lq lqirupdwlrq

uhwulhydo1 Lq= Surfhhglqjv ri wkh 43wk Hxurshdq Frqihuhqfh rq Pdfklqh Ohduqlqj1
+4<<;, 7�48

51 PfFdooxp/ D1/ Qljdp/ N1= D frpsdulvrq ri hyhqw prghov iru Qdlyh Ed|hv wh{w
fodvvl�fdwlrq1 Lq= Surfhhglqjv ri wkh DDDL0<; Zrunvkrs rq Ohduqlqj iru Wh{w
Fdwhjrul}dwlrq1 +4<<;,

61 Grplqjrv/ S1/ Sd}}dql/ P1= Rq wkh rswlpdolw| ri wkh vlpsoh ed|hvldq fodvvl�hu xqghu
}hur0rqh orvv1 Pdfklqh Ohduqlqj 5< +4<<:, 436�463

71 Zhee/ J1/ Sd}}dql/ P1= Dgmxvwhg suredelolw| qdlyh ed|hvldq lqgxfwlrq1 Lq= Sur0
fhhglqjv ri wkh 44wk Dxvwudoldq Mrlqw Frqihuhqfh rq Duwl�fldo Lqwhooljhqfh1 +4<<;,

81 Ehqqhww/ S1Q1= Dvvhvvlqj wkh fdoleudwlrq ri Qdlyh Ed|hv srvwhulru hvwlpdwhv1 Whfk0
qlfdo Uhsruw FPX0FV0330488/ Frpsxwhu Vflhqfh Ghsduwphqw/ Vfkrro ri Frpsxwhu
Vflhqfh/ Fduqhjlh Phoorq Xqlyhuvlw| +5333,

91 Zx/ \1O1/ Jrk/ N1V1/ Ol/ E1/ \rx/ K1/ Fkdqj/ H1\1= Wkh dqdwrp| ri d pxowlprgdo
lqirupdwlrq �owhu1 Lq= Surfhhglqjv ri wkh Qlqwk DFP VLJNGG Lqwhuqdwlrqdo Frq0
ihuhqfh rq Nqrzohgjh Glvfryhu| dqg Gdwd Plqlqj +NGG05336,1 +5336, 795�7:4

:1 Nxndu/ P1= Wudqvgxfwlyh uholdelolw| hvwlpdwlrq iru phglfdo gldjqrvlv1 Duwl�fldo
Lqwhooljhqh lq Phglflqh 5< +5336, ;4�439

;1 Ohzlv/ G1G1/ Vfkdsluh/ U1H1/ Fdoodq/ M1S1/ Sdsnd/ U1= Wudlqlqj dojrulwkpv iru olqhdu
wh{w fodvvl�huv1 Lq= Surfhhglqjv ri VLJLU0<9/ 4<wk DFP Lqwhuqdwlrqdo Frqihuhqfh
rq Uhvhdufk dqg Ghyhorsphqw lq Lqirupdwlrq Uhwulhydo1 +4<<9, 5<;�639


