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Ghsduwphqw ri Hfrqrplfv
Qhz \run Xqlyhuvlw|

59< Phufhu Vw1
Qhz \run/ Q \ 43336/ XVD

Diwhu vxppdul}lqj wkh surshuwlhv ri zdyhohwv wkdw duh prvw olnho| wr eh xvhixo
lq hfrqrplf dqg �qdqfldo dqdo|vlv/ wkh olwhudwxuh rq wkh dssolfdwlrq ri zdyhohw
whfkqltxhv lq wkhvh �hogv lv uhylhzhg1 Vshfldo dwwhqwlrq lv jlyhq wr wkh srwhqwldo
iru lqvljkwv lqwr wkh ghyhorsphqw ri hfrqrplf wkhru| ru wkh hqkdqfhphqw ri rxu
xqghuvwdqglqj ri hfrqrplf skhqrphqd1 Wkh sdshu lv frqfoxghg zlwk d vhfwlrq
frqwdlqlqj vshfxodwlrqv derxw wkh uhohydqfh ri zdyhohw dqdo|vlv wr hfrqrplf dqg
�qdqfldo wlph vhulhv jlyhq wkh h{shulhqfh wr gdwh1 Wklv glvfxvvlrq lqfoxghv vrph
vxjjhvwlrqv derxw lpsurylqj rxu xqghuvwdqglqj dqg hydoxdwlrq ri iruhfdvwv xvlqj
d zdyhohw dssurdfk1
Nh|zrugv= zdyhohwv/ hfrqrplfv/ �qdqfh/ wlphvfdoh/ iruhfdvwlqj/ qrq0

vwdwlrqdulw|/zdyhiurp glfwlrqdulhv/h{sorudwru| dqdo|vlv/ ghqvlw| hvwl0
pdwlrq

41 Lqwurgxfwlrq

Lpdjlqh d g|qdplfdo v|vwhp wkdw lv fkdudfwhul}hg e| wkh ghfhqwudol}hg lqwhudf0
wlrqv ri d odujh qxpehu ri sduwlflsdqwv1 Sduwlflsdqwv pdnh ghflvlrqv derxw wkhlu
ixwxuh ehkdylrxu idflqj hqruprxv ghjuhhv ri iuhhgrp xvlqj rqo| orfdo lqirupdwlrq
erwk ryhu wlph dqg vsdfh1 Lpdjlqh ixuwkhu wkdw wklv v|vwhp lv frqvwdqwo| hyroylqj/
lv rshq dqg qrq0lvrodwhg vr wkdw lwv shuirupdqfh ryhu wlph uh�hfwv lwv uhdfwlrqv
wr h{whuqdo vwlpxol dqg hyhq wkh pdqlsxodwlrq ri wkh ixqgdphqwdo uhodwlrqvklsv
ri wkh v|vwhp1 Lpdjlqh |hw djdlq wkdw dwwhpswv wr frqwuro wkh v|vwhp jhqhudwh
dqwlflsdwru| uhdfwlrqv e| wkh sduwlflsdqwv/ hdfk ri zkrp lv wu|lqj wr rswlpl}h
wkhlu srvlwlrq zlwklq wkh v|vwhp1 Lpdjlqh dovr wkdw hdfk djhqw lv rshudwlqj rq
vhyhudo wlph vfdohv dw rqfh/ vr wkdw qrw rqo| fxuuhqw hyhqwv d�hfw ehkdylrxu/ exw
wkh glvwdqw sdvw dv zhoo dv wkh djhqw*v dqwlflsdwlrq ri wkh glvwdqw ixwxuh1
Li |rx fdq lpdjlqh wklv fkdoohqjh wr wkh dqdo|vw*v duw/ |rx kdyh lpdjlqhg wkh

gl�fxowlhv wkdw idfh wkh hpslulfdo hfrqrplvw1 Dv d uhvxow wkh vwdwlvwlfdo dqg dq0
do|wlfdo wrrov wkdw zrun vr zhoo lq rwkhu �hogv/ kdyh olplwhg vxffhvv lq hfrqrplf
frqwh{wv1 Dqg wkhq shuirup ehvw rqo| dv vkruw whup dssur{lpdwlrqv wr pruh frp0
soh{ skhqrphqd1 Wkh hfrqrphwulfldq lq rughu wr dfklhyh vrph olplwhg vxffhvv/
pxvw dwwhpsw wr uhfrqfloh wkh luuhfrqflodeoh1 Hyhq wkrxjk wkh hfrqrp| lv frq0
vwdqwo| hyroylqj/ rqh pxvw riwhq dvvxph lq rughu wr iruhfdvw wkdw wkh v|vwhp lv dw
ohdvw orfdoo| frqvwdqw1 Wkh hfrqrphwulfldq pxvw dvvxph wkdw rqo| d ihz yduldeohv
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5 M1Udpvh|

duh/ dv d sudfwlfdo pdwwhu/ lqyroyhg lq dq| uhodwlrqvkls1 Prvw riwhq/ lw lv wkh ylr0
odwlrq ri wklv whfkqlfdoo| qhfhvvdu| dvvxpswlrq wkdw surgxfhv xqdqwlflsdwhg dqg
vrphwlphv gudpdwlf vkliwv lq revhuyhg hfrqrplf uhodwlrqvklsv1
Lq vxfk d frqwh{w/ wkh vhdufk iru xvhixo dqdo|wlfdo wrrov lv sdudprxqw1 Nh|

lvvxhv wr eh frqvlghuhg e| wkh sxwdwlyh dqdo|vw duh urexvwqhvv ri surfhgxuh wr
huurqhrxv dvvxpswlrqv/ �h{lelolw| ri uhjuhvvlrq �w wr ghdo zlwk lpsuhflvh prgho
irupxodwlrqv/ wkh delolw| wr kdqgoh frpsoh{ uhodwlrqvklsv/ h�flhqf| ri wkh hvwl0
pdwruv wr eh deoh wr pdnh xvhixo glvwlqfwlrqv rq ihz gdwd srlqwv/ dqg vlpsolflw|
ri lpsohphqwdwlrq1 Wklv/ wkh hfrqrphwulfldq*v Kro| Judlo/ pd| eh lpsrvvleoh wr
dfklhyh/ exw lv qhyhuwkhohvv d zruwk zkloh ryhudoo remhfwlyh1
Zlwk wklv edfnjurxqg/ wkh srwhqwldo surplvhg e| zdyhohwv lv uhdglo| dssduhqw1

Zkloh zdyhohwv gr qrw phhw doo wkh fulwhuld uhtxluhg ri wkh Kro| Judlo/ wkh| phhw
vrph ri wkhp vx�flhqwo| zhoo wr lqglfdwh wkdw zdyhohwv pd| zhoo eh deoh wr surylgh
qhz lqvljkwv lqwr wkh dqdo|vlv ri hfrqrplf dqg �qdqfldo gdwd1
Rqh ri wkh �uvw ehqh�wv ri d zdyhohw dssurdfk lv wkh �h{lelolw| lq kdqgolqj yhu|

luuhjxodu gdwd vhulhv dv looxvwudwhg lq Grqrkr hw do1 +4<<8,1 Jlyhq p| uhpdunv
deryh/ lw lv qr vxusulvh wkdw wkh delolw| wr uhsuhvhqw kljko| frpsoh{ vwuxfwxuhv
zlwkrxw nqrzlqj wkh xqghuo|lqj ixqfwlrqdo irup lv ri juhdw ehqh�w lq hfrqrplf
dqg �qdqfldo uhvhdufk1 D fruroodu| idflolw| wkdw zdyhohwv srvvhvv lv wkdw ri ehlqj
deoh wr orfdwh suhflvho| lq wlph uhjlph vkliwv/ glvfrqwlqxlwlhv/ dqg lvrodwhg vkrfnv
wr wkh g|qdplfdo v|vwhp1 Ixuwkhu/ lw lv ylwdo wkdw wkh surfhvv ri uhsuhvhqwdwlrq
vkrxog eh deoh wr ghdo zlwk wkh qrq0vwdwlrqdulw| ri wkh vwrfkdvwlf lqqrydwlrqv wkdw
duh lqhylwdeo| lqyroyhg zlwk hfrqrplf dqg �qdqfldo wlph vhulhv1
D fulwlfdo lqqrydwlrq lq hvwlpdwlrq wkdw zdv lqwurgxfhg e| zdyhohwv/ dowkrxjk

e| qr phdqv qhfhvvdulo| uhvwulfwhg wr zdyhohwv/ lv wkh lghd ri vkulqndjh1 Wudgl0
wlrqdoo| lq hfrqrplf dqdo|vlv/ wkh dvvxpswlrq kdv xqlyhuvdoo| ehhq pdgh wkdw wkh
vljqdo/ i+w,/ lv vprrwk dqg wkh lqqrydwlrqv/ %+w,> duh luuhjxodu1 Frqvhtxhqwo|/ lw
lv d qdwxudo �uvw vwhs wr frqvlghu h{wudfwlqj wkh vljqdo i+w, iurp wkh revhuyhg
vljqdo |+w, @ i+w, . %+w, e| orfdoo| vprrwklqj |+w,1 Krzhyhu/ zkhq wkh vljqdo lv
dv/ ru hyhq pruh/ luuhjxodu wkdq wkh qrlvh/ vxfk d surfhgxuh qr orqjhu surylghv d
xvhixo dssur{lpdwlrq wr wkh vljqdo1 Wkh surfhvv ri vprrwklqj wr uhpryh wkh frq0
wdplqdwlrq ri qrlvh glvwruwv wkh dsshdudqfh ri wkh vljqdo lwvhoi1 Zkhq wkh qrlvh
lv ehorz d wkuhvkrog dqg wkh vljqdo yduldwlrq lv zhoo deryh wkh wkuhvkrog/ rqh fdq
lvrodwh wkh vljqdo iurp wkh qrlvh frpsrqhqw e| vhohfwlyho| vkulqnlqj wkh zdyhohw
frh�flhqw hvwlpdwhv/ Grqrkr dqg Mrkqvwrqh +4<<8, dqg Grqrkr hw do1 +4<<8,1
Wkh prvw lpsruwdqw surshuw| ri zdyhohwv iru hfrqrplf dqdo|vlv lv ghfrpsr0

vlwlrq e| wlph vfdoh1 Hfrqrplf dqg �qdqfldo v|vwhpv/ olnh pdq| rwkhu v|vwhpv/
frqwdlq yduldeohv wkdw rshudwh rq d ydulhw| ri wlph vfdohv vlpxowdqhrxvo| vr wkdw
wkh uhodwlrqvklsv ehwzhhq yduldeohv pd| zhoo gl�hu dfurvv wlph vfdohv1
Wkh uhpdlqghu ri wklv sdshu lv lq wzr vhfwlrqv1 Wkh �uvw surylghv d vhohfwlyh

uhylhz ri wkh xvh ri zdyhohwv lq wkh dqdo|vlv ri hfrqrplf dqg �qdqfldo gdwd1 Wkh
vhfrqg vhfwlrq vshfxodwhv rq wkh srwhqwldo iru zdyhohw dqdo|vlv lq wkh frqwh{w ri
hfrqrplf dqg �qdqfldo gdwd1

51 D Vhohfwlyh Uhylhz ri wkh Olwhudwxuh

Zkloh dssolfdwlrqv lq hfrqrplfv kdyh qrw |hw h{whqvlyho| xwlol}hg wkh vshfldo
surshuwlhv ri zdyhohwv/ wkhuh kdyh ehhq d qxpehu ri lqwhuhvwlqj dssolfdwlrqv dqg
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Zdyhohwv lq Hfrqrplfv 6

wkh olvw lv vxuh wr jurz1 Zh pljkw iuxlwixoo| glvfxvv wkh ydulrxv dssolfdwlrqv lq
whupv ri irxu pdlq fdwhjrulhv1 Wkh �uvw dqg odujhvw fdwhjru| lq whupv ri qxpehuv
ri sdshuv lv wkdw hpskdvl}lqj wkh uroh ri qrqvwdwlrqdulw| dqg wkh delolw| wr kdqgoh
frpsoh{ ixqfwlrqv lq Ehvry vsdfh1 Wkh vhfrqg fdwhjru| duh wkrvh sdshuv wkdw duh
prvw frqfhuqhg zlwk vwuxfwxudo fkdqjh dqg wkh uroh ri orfdo skhqrphqd1 D wklug
lqyroyhv wkh xvh ri wlph vfdoh ghfrpsrvlwlrqv dqg wkh odvw lv gluhfwo| frqfhuqhg
zlwk iruhfdvwlqj1 L zloo frqfoxgh wklv vhfwlrq zlwk d ihz frpphqwv derxw vrph
sdshuv wkdw gr qrw hdvlo| �w lqwr dq| ri wkhvh fdwhjrulhv1

+d , Qrqvwdwlrqdulw| dqg Frpsoh{ Ixqfwlrqv

D �uvw sdshu wkdw zduudqwv glvfxvvlrq xvhv dssolfdwlrqv lq elrorj|/ exw wkh
vwdwlvwlfdo dqg phwkrgrorjlfdo lvvxhv duh txlqwhvvhqwldoo| vlplodu wr wkrvh lq hfr0
qrplfv1 Yrq Vdfkv ) PdfJleerq +4<<:, ghulyhg wkh eldv dqg yduldqfh iru zdyhohw
frh�flhqw hvwlpdwruv xqghu wkh dvvxpswlrq ri orfdo vwdwlrqdulw|> wklv sdshu lv dq
h{whqvlrq ri dq hduolhu sdshu e| Mrkqvwrqh dqg Vloyhupdq +4<<:, zkr dqdo|vhg
wkh vwdwlvwlfdo surshuwlhv ri zdyhohw frh�flhqw hvwlpdwruv xqghu wkh dvvxpswlrq
ri vwdwlrqdu|/ exw fruuhodwhg gdwd/ erwk vkruw dqg orqj uxq1 Ixuwkhu/ yrq Vdfkv
) PdfJleerq +4<<:, lqfrusrudwhg lqwr wkhlu dqdo|vlv sxovdwloh frpsrqhqwv dqg
vlpxowdqhrxvo| doorzhg iru qrq0vwdwlrqdulw|1 Dq lpsruwdqw dvvxpswlrq lq wkhlu
dqdo|vlv lv wkdw zkloh wkh qrqvwdwlrqdulw| lv vorzo| fkdqjlqj ryhu wkh hqwluh vdp0
soh shulrg/ lw grhv vr lq vxfk d pdqqhu wkdw pruh revhuydwlrqv shu xqlw shulrg
ri wlph zrxog ohdg wr orfdoo| dv|pswrwlf frqyhujhqfh ri wkh hvwlpdwruv1 Wkh dx0
wkruv ghprqvwudwh wkh dv|pswrwlf surshuwlhv ri wkhlu hvwlpdwruv1 Lq sduwlfxodu/
wkh| vxjjhvw xqghu wkhvh flufxpvwdqfhv wkh xvh ri d orfdo PDG hvwlpdwru wr hv0
wlpdwh wkh yduldelolw| ri wkh zdyhohw frh�flhqwv lq vhjphqwv ri txdvl0vwdwlrqdulw|
zlwklq hdfk ohyho1 Wkh lpsruwdqfh ri wklv sdshu vwhpv iurp wkh idfw wkdw wkh
vlqjoh prvw reylrxv yduldwlrq lq hfrqrplf gdwd/ hvshfldoo| diwhu �uvw gl�huhqflqj/
lv wkh suhvhqfh ri vhfrqg rughu qrq0vwdwlrqdulw| zklfk lv vrphwlphv prghoohg dv
dq DUFK surfhvv> iru d uhylhz lq wkh frqwh{w ri �qdqfldo gdwd vhh Eroohuvohy hw
do1+4<<3,1
D qhduo| frqwhpsrudqhrxv duwlfoh rq d vlplodu wrslf lv wkdw e| Jdr +4<<:,/ zkr

frqwhpsodwhg wkh prgho=

|� @ i +w�, . � +w�, }� +514,

zkhuh i}�j lv glvwulexwhg dv l1l1g1 Jdxvvldq qrlvh1 Wkh prgho sursrvhg khuh lv d
vlpsol�fdwlrq ri wkdw frqvlghuhg e| yrq Vdfkv ) PdfJleerq +4<<:,1 Wkh prgho
lv prwlydwhg e| qrwlqj wkdw khwhurvfhgdvwlflw| dulvhv iurp frqyhuwlqj xqhtxdoo|
vsdfhg gdwd wr htxdoo| vsdfhg gdwd1 Zkhq wkh yduldqfhv duh nqrzq wkh surfhvv
ri rewdlqlqj vxlwdeoh hvwlpdwruv lv vwudljkwiruzdug/ exw zkhq wkh yduldqfhv duh
xqnqrzq/ wkh| pxvw eh hvwlpdwhg dorqj zlwk wkh zdyhohw frh�flhqwv1 Jdr*v sur0
fhgxuh h{whqgv Grqrkr ) Mrkqvwrqh +4<<:,1 Jdr frqvlghuv irxu dowhuqdwlyh gh�0
qlwlrqv ri wkh vkulqndjh uxoh/ wkh xvxdo vriw dqg kdug uxohv/ dq lqwhuphgldwh uxoh
wkdw kh odehov _�up% dqg wkh jduurwh1 Xqghu wkh xvxdo dvvxpswlrqv vxssohphqwhg
e| wkh nqrzohgjh wkdw wkh yduldqfhv duh khwhurvfhgdvwlf/ wkh zdyhohw frh�flhqwv
z/ kdyh wkh glvwulexwlrq=

z @ K| � Q
�
�>KG2K �

�
+515,

zkhuh G lv wkh fryduldqfh pdwul{ iru wkh prgho/ K lv wkh zdyhohw wudqvirup/ dqg
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7 M1Udpvh|

� @ Ki= Xqghu wkhvh frqglwlrqv wkh qhdu rswlpdolw| lq whupv ri h{shfwhg phdq
vtxduhg huuru ulvn ri wkh zdyhvkulqn hvwlpdwruv frqwlqxhv wr krog1
Jdr*v vroxwlrq zkhq wkh yduldqfhv duh xqnqrzq lv wr xvh d qrq0ghflpdwhg

zdyhohw wudqvirup rq _|% wr rewdlq wkh yduldwlrq dw wkh �qhvw ohyho ri ghwdlo1
Kh qh{w dssolhv d uxqqlqj PDG hvwlpdwru wr rewdlq hvwlpdwhv iru wkh vwdqgdug
ghyldwlrq1 Wkhvh hvwlpdwruv duh qrw glvwulexwhg dv Jdxvvldq/ exw dssur{lpdwho|
dv Vwxghqw w zlwk khdylhu wdlov1 Qhdu rswlpdo phdq vtxduhg huuru h{shfwhg ulvn
krogv lq wklv vlwxdwlrq dv zhoo1
Sdq ) Zdqj +4<<;, lqwurgxfh d qryho dssurdfk zkhq wkh gdwd jhqhudwlqj

phfkdqlvp pxvw eh uhjdughg dv _hyroxwlrqdu|% vr wkdw wkh zdyhohw frh�flhqwv
duh ydu|lqj ryhu wlph> wkh prgho lv=

|| @ ZA
| z| . �| +516,

Wkh dxwkruv lqwhusuhw wkh prgho lq whupv ri d Ndopdq �owhu/ vr wkdw wkh sdlu ri
htxdwlrqv wkdw gh�qh wkh wlph sdwk ri frh�flhqwv lv jlyhq e|=

|| @ ZA
| z| . �| +517,

z| @ z|3� . Y|

zkhuh Y| lv wkh wlph ydu|lqj fryduldwlrq iru wkh zdyhohw frh�flhqwv1 Wkh prgho
zdv dssolhg wr wkh prqwko| vwrfn sulfh lqgh{/ ||> wkdw zdv uhjdughg dv vrph
ixqfwlrq �i+u|, > zkhuh u| lv wkh glylghqg |lhog1 �i+u|, zdv uhsuhvhqwhg lq wkh prgho
e| wkh zdyhohw wudqvirup ZA

| z|= Wkh hpslulfdo uhvxowv zhuh hqfrxudjlqj erwk dv
wr wkh ryhudoo ghjuhh ri dssur{lpdwlrq dqg wr wkh h{whqw wkdw wxuqlqj srlqwv zhuh
fruuhfwo| lqglfdwhg1
Dq duwlfoh wkdw uhsuhvhqwv uhvhdufk dulvlqj iurp hduolhu frqfhuqv lq wkh dqdo|vlv

ri wkh vwrfn pdunhw lv Udpvh| hw do1 +4<<8,1 Lq wklv duwlfoh/ wkh fklhi wrslfv ri
lqwhuhvw zhuh wkh ghjuhh ri vwdwlvwlfdo vhoi0vlplodulw| ri wkh gdlo| vwrfn uhwxuq gdwd
dqg zkhwkhu wkhuh zdv dq| hylghqfh ri txdvl0shulrglflw|1 Wkh zdyhohw dqdo|vlv
lqglfdwhg wkdw zkloh wkhuh zdv olwwoh hylghqfh ri vfdolqj lq wkh gdwd/ wkhuh zdv
vxusulvlqjo| fohdu hylghqfh iru txdvl0shulrglf vhtxhqfhv ri vkrfnv wr wkh v|vwhp1
Wkxv/ wkhvh uhvxowv frq�up zkdw lv e| qrz d frpprqsodfh vwdwhphqw derxw wklv
w|sh ri �qdqfldo gdwd/ vhh iru h{dpsoh/Udpvh| ) Wkrpvrq +4<<;,> wkh| duh yhu|
frpsoh{ dqg duh pruh vwuxfwxuhg wkdq phuh uhsuhvhqwdwlrqv ri Eurzqldq prwlrq1
Wkh odvw wzr sdshuv wr eh glvfxvvhg lq wklv vhfwlrq lqwurgxfh d xvhixo jhqhudo0

l}dwlrq wr zdyhohw dqdo|vlv lq wkrvh fdvhv zkhuh rqh zlvkhv wr ehjlq wkh dqdo|vlv
lq d sxuho| h{sorudwru| skdvh1 Lq Udpvh| ) ]kdqj +4<<:, dqg Udpvh| ) ]kdqj
+4<<9, kljko| uhgxqgdqw uhsuhvhqwdwlrqv lq whupv ri _zdyhirup glfwlrqdulhv% zhuh
xvhg/ vhh Pdoodw ) ]kdqj +4<<6,1 Wkh dssurdfk wdnhq lq wkhvh sdshuv lv rqh wkdw
jhqhudol}hv erwk zdyhohwv dqg Irxulhu dqdo|vlv1 Iru d jlyhq fkrlfh ri vfdolqj ixqf0
wlrq j+w, � O2 +U, > vfdoh sdudphwhu/ v/ srvlwlrq lq wlph/ x/ dqg d jlyhq iuhtxhqf|
prgxodwlrq/ �> zh gh�qh wkh wlph iuhtxhqf| dwrp e|=

j� +w, @
4s
v
j

�
w� x

v

�
h�1| +518,

� @ +v> x> �, +519,

Wkh ixqfwlrq j� +w, lv qrupdol}hg wr kdyh qrup 4 e| wkh frpsrqhqw 4@
s
v=

Wkh ixqfwlrq j� +w, lv fhqwuhg dw wkh devflvvd x zkhuh lwv hqhuj| lv frqfhqwudwhg
lq d uhjlrq wkdw lv sursruwlrqdo wr v1 Wkh Irxulhu wudqvirup ri j� +w, lv fhqwuhg
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Zdyhohwv lq Hfrqrplfv 8

dw wkh iuhtxhqf| � dqg kdv lwv hqhuj| frqfhqwudwhg lq d qhljkerxukrrg ri �
zlwk vl}h sursruwlrqdo wr 42v1 Pdwfklqj sxuvxlw dojrulwkpv duh xvhg wr rewdlq
wkh plqlpxp vtxduhg huuru froohfwlrq ri dwrpv wkdw zloo prvw sduvlprqlrxvo|
uhsuhvhqw wkh ixqfwlrq1
Wkh hduolhu ri wkhvh wzr sdshuv h{dplqhg wkh 496;7 gdlo| revhuydwlrqv ri wkh

Vwdqgdug dqg Srru*v 833 vwrfn sulfh lqgh{ rq wkh Qhz \run Vwrfn H{fkdqjh
iurp Mdqxdu| 6ug 4<5; wr Qryhpehu 4;wk 4<;;1 Wkh wlph0iuhtxhqf| glvwulexwlrqv
lqglfdwh yluwxdoo| qr srzhu iru dq| iuhtxhqflhv/ dowkrxjk wkhuh lv hylghqfh wkdw
vrph iuhtxhqflhv zd{ dqg zdqh lq vwuhqjwk1 Krzhyhu/ prvw ri wkh srzhu lv lq
wlph orfdol}hg exuvwv ri dfwlylw|1 Wkh exuvwv gr qrw dsshdu wr eh lvrodwhg Gludf
ghowd ixqfwlrqv/ exw kljko| orfdol}hg fklusv wkdw duh fkdudfwhul}hg e| d udslg exlog
xs ri dpsolwxgh ri vljqdo dqg udslg rvfloodwlrq lq iuhtxhqf|1 D sorw ri wkh vtxduhg
zhljkwv ri wkh frh�flhqwv uhodwlyh wr wkrvh wkdw zrxog eh rewdlqhg iurp udqgrp
gdwd lqglfdwh yhu| vwurqj dssur{lpdwlrqv zlwk uhodwlyho| ihz frh�flhqwv1 Zkdw
lv hyhq pruh vwulnlqj lv wkdw li zh uhvwulfw rxu dwwhqwlrq lq wkh wlph0iuhtxhqf|
sorwv wr wkrvh vfdohv wkdw zloo surgxfh wkh kljkhvw uhvroxwlrq ri wkh iuhtxhqflhv
zh revhuyh yhu| fohdu hylghqfh ri txdvl0shulrglflw| dqg uhjxodulw| lq wkh gdwd1
Wkh vhfrqg dqg odwhu sdshu dssolhg vlplodu whfkqltxhv wr wlf0e|0wlf iruhljq

h{fkdqjh udwhv zruog zlgh iru d |hdu1 Wkh wkuhh h{fkdqjh udwhv vr h{dplqhg zhuh
wkh Ghxwvfkh Pdun0X1V1 groodu/ wkh \hq0X1V1 groodu/ dqg wkh \hq0Ghxwvfkh Pdun1
Wkh uhvxowv rewdlqhg zhuh txdolwdwlyho| vlplodu iru doo wkuhh h{fkdqjh udwhv1

Erwk wkh ohyhov dqg wkh �uvw gl�huhqfhg gdwd zhuh h{dplqhg/ ehfdxvh wkhuh kdv
ehhq vrph frqwuryhuv| lq wkh hfrqrplfv olwhudwxuh derxw wkh dssursuldwh gdwd
jhqhudwlqj phfkdqlvp> wkh suhvhqfh ri d xqlw urrw lq wkh gdwd ehlqj ri juhdw
frqfhuq1 Lq dqdo|vlqj wkh ohyhov gdwd xvlqj wkh zdyhirup glfwlrqdu| dssurdfk/
vrph hylghqfh ri vwuxfwxuh zdv glvfryhuhg/ exw rqo| zlwk yhu| orz srzhu1 Dv
glvfryhuhg lq wkh vwrfn pdunhw gdwd/ wkhuh zdv hylghqfh iru iuhtxhqflhv wkdw
zd{hg dqg zdqhg ryhu wkh |hdu1 Krzhyhu/ prvw ri wkh srzhu vhhpv wr eh lq
orfdol}hg iuhtxhqf| exuvwv1 Wkh hfrqrplf lpsruwdqfh ri wklv uhvxow lv wkdw lqvwhdg
ri ylhzlqj wkh wudqvplvvlrq ri lqirupdwlrq lq wkh iruhljq h{fkdqjh pdunhw dv ehlqj
uhsuhvhqwhg e| d vzliw/ doprvw h�ruwohvv/ dgmxvwphqw/ wkhvh uhvxowv lqglfdwh wkdw
wkhuh lv d shulrg ri dgmxvwphqw ri vrph qrwlfhdeoh ohqjwk dqg wkdw wkh lpsolhg
iuhtxhqflhv ri rvfloodwlrq exlog xs dqg ghfd| dv lq d fklus1 Dqrwkhu nh| lqvljkw
surylghg e| wkhvh gdwd lv wkdw ghvslwh wkh uhodwlyho| orz qxpehu ri dwrpv qhhghg
wr surylgh d yhu| jrrg dssur{lpdwlrq wr wkh gdwd/ derxw 433 lv vx�flhqw/ wkhuh lv
olwwoh rssruwxqlw| iru lpsuryhg iruhfdvwlqj1 Wklv lv ehfdxvh/ zkloh uhodwlyho| ihz
vwuxfwxuhv duh qhhghg wr uhsuhvhqw wkh gdwd/ wkh exon ri wkh srzhu lv lq fklusv
dqg wkhuh grhv qrw vhhp wr eh dq| zd| ri suhglfwlqj wkh rffxuuhqfh ri wkh fklusv1
Lq vkruw/ dv prvw ri wkh hqhuj| ri wkh v|vwhp lv lq udqgrpo| rffxuulqj orfdo
ehkdylrxu/ wkhuh lv olwwoh rssruwxqlw| wr lpsuryh rqh*v iruhfdvwv1

+e , Wlph Vfdoh Ghfrpsrvlwlrqv

Iru frjqdwh glvflsolqhv vxfk dv hfrqrplfv dqg elrorj|/ rqh ri wkh prvw xvhixo
surshuwlhv ri wkh zdyhohw dssurdfk lv wkh delolw| wr ghfrpsrvh dq| vljqdo lqwr
lwv wlph vfdoh frpsrqhqwv1 Lw lv zhoo nqrzq wkdw sk|vlfdo dqg elrorjlfdo surfhvvhv
duh skhqrphqrorjlfdoo| gl�huhqw dfurvv gl�huhqw wlph vfdohv1 Lq hfrqrplfv dv zhoo/
rqh pxvw doorz iru txlwh gl�huhqw ehkdylrxu dfurvv wlph vfdohv1 D vlpsoh h{dpsoh
zloo looxvwudwh wkh frqfhsw1 Lq wkh pdunhw iru vhfxulwlhv wkhuh duh wudghuv zkr wdnh
d yhu| orqj ylhz/ |hduv lq idfw/ dqg frqvhtxhqwo| frqfhqwudwh rq zkdw duh whuphg
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_pdunhw ixqgdphqwdov%> wkhvh wudghuv ljqruh hskhphudo skhqrphqd1 Lq frqwudvw/
rwkhu wudghuv duh wudglqj rq d pxfk vkruwhu wlph vfdoh dqg dv vxfk duh lqwhuhvwhg
lq whpsrudu| ghyldwlrqv ri wkh pdunhw iurp lwv orqj whup jurzwk sdwk> wkhlu
ghflvlrqv kdyh d wlph krul}rq ri d ihz prqwkv wr d |hdu1 Dqg |hw rwkhu wudghuv
duh lq wkh pdunhw iru zkrp d gd| lv d orqj wlph1
Dq h�ruw dorqj wkhvh olqhv lv looxvwudwhg lq wkh sdshu e|Gdylgvrq hw do1 +4<<:,/

zkr lqyhvwljdwhg X1V1 frpprglw| sulfhv1 Hyhq wkrxjk wkh gl�huhqfhv dfurvv vfdohv
zhuh qrw sxuvxhg ixoo|/ wkh dxwkruv glg frqvlghu wkh gl�huhqw surshuwlhv ri wkh
zdyhohw frh�flhqwv dfurvv vfdohv dqg fdofxodwhg d phdvxuh ri wkh uhodwlyh lpsru0
wdqfh ri wkh frh�flhqwv ehwzhhq vfdohv1
Lq wzr uhodwhg sdshuv/ Udpvh| ) Odpsduw +4<<;d, dqg Udpvh| ) Odpsduw

+4<<;e, d yhu| gl�huhqw dssurdfk zdv wdnhq wr wkh xvh ri vfdoh lq zdyhohw dqdo|0
vlv1 Lq erwk ri wkrvh sdshuv/ wkh frqfhsw zdv wkdw wkh uhodwlrqvkls ehwzhhq wzr
yduldeohv pd| zhoo ydu| dfurvv vfdohv1 Iru h{dpsoh/ rqh pd| kdyh d vlpsoh olqhdu
uhodwlrqvkls ehwzhhq djjuhjdwh lqfrph dqg frqvxpswlrq/ exw wkdw wkh frh�flhqw
uhodwlqj frqvxpswlrq wr lqfrph pljkw zhoo gl�hu dfurvv vfdohv1 Wkh remhfwlyh lq
wkh wzr sdshuv phqwlrqhg zdv wr h{dplqh wklv lvvxh lq wkh frqwh{w ri wzr uhodwlrq0
vklsv> rqh zdv wkdw ehwzhhq shuvrqdo lqfrph dqg frqvxpswlrq dqg wkh rwkhu zdv
wkdw ehwzhhq prqh| dqg jurvv grphvwlf surgxfw+JGS,/ wkh vr fdoohg _prqh| yh0
orflw|% uhodwlrqvkls1 Zdyhohwv zhuh xvhg wr surylgh erwk dq ruwkrjrqdo wlph vfdoh
ghfrpsrvlwlrq ri wkh gdwd dqg wr surylgh d qrqsdudphwulf uhsuhvhqwdwlrq ri hdfk
lqglylgxdo wlph vhulhv1 Dw hdfk vfdoh/ d uhjuhvvlrq zdv uxq ehwzhhq frqvxpswlrq
dqg lqfrph/ ru ehwzhhq prqh| dqg lqfrph dqg wkh uhvxowv zhuh frpsduhg dfurvv
vfdohv1 Iru h{dpsoh/ xvlqj wkh frqvxpswlrq2lqfrph uhodwlrqvkls/ zh kdyh=

F^Va `| @ �a . �a\ ^Va `| . %| +51:,

ru F^G� `| @ �� . ��\ ^G� `| . %|> m @ 4> 5> ===M � 4

zkhuh F^Va `| dqg \ ^Va `| uhsuhvhqw wkh frpsrqhqwv ri frqvxpswlrq dqg lqfrph
dw wkh kljkhvw vfdoh dqg F^G�`| dqg \ ^G�`| uhsuhvhqwv frqvxpswlrq dqg lqfrph
dw lqwhuphgldwh vfdohv1
Wkh uhvxowv zhuh surgxfwlyh dqg lqirupdwlyh1 Iluvw/ wkh uhodwlrqvkls ehwzhhq

hfrqrplf yduldeohv grhv ydu| vljql�fdqwo| dfurvv vfdohv> wkdw lv vwdwlvwlfdoo| vlj0
ql�fdqw gl�huhqfhv zhuh glvfryhuhg lq wkh hvwlpdwhg ydoxhv ri wkh frh�flhqwv
��1 Vhfrqg/ wkh ghfrpsrvlwlrq uhvroyhg vrph hpslulfdo dqrpdolhv wkdw h{lvwhg lq
wkh olwhudwxuh1 Wklug/ wkh ghfrpsrvlwlrq lqglfdwhg wkdw wkh ghod| lq wkh uhodwlrq0
vkls ehwzhhq wzr yduldeohv pljkw zhoo eh d ixqfwlrq ri wkh vwdwh vsdfh> d uhvxow
wkdw khuhwriruh kdg qrw ehhq vxvshfwhg1 Pruh vshfl�fdoo|/ wkh dxwkruv glvfryhuhg
wkdw wkh vorsh frh�flhqw uhodwlqj frqvxpswlrq dqg lqfrph ghfolqhv zlwk vfdoh/
d wkhruhwlfdoo| sohdvlqj uhvxow> dqg wkdw wkh uroh ri wkh uhdo lqwhuhvw udwh lq wkh
frqvxpswlrq2lqfrph uhodwlrqvkls lv vwurqj dqg ri wkh wkhruhwlfdoo| fruuhfw vljq
iru wkh orqjhvw wlph vfdohv/ exw lv lqvljql�fdqw iru wkh vkruwhvw vfdohv> zklfk lv
dqrwkhu wkhruhwlfdoo| sodxvleoh uhvxow1
Exw d pruh idu uhdfklqj uhvxow dqg rqh wkdw kdv qrw ehhq dqwlflsdwhg lq wkh

olwhudwxuh lv wkdw wkh skdvh ri wkh uhodwlrqvkls ehwzhhq wzr yduldeohv rughuhg lq
wlph/ ru ehwzhhq wkh vfdoh frpsrqhqwv ri wzr yduldeohv/ pd| zhoo ydu| zlwk wkh
vwdwh ri wkh v|vwhp1 Lq Hfrqrplfv d frqyhqwlrqdo dvvxpswlrq lv wkdw wzr ydul0
deohv/ vd| frqvxpswlrq dqg lqfrph/ duh uhodwhg frqwhpsrudqhrxvo|> d vhfrqgdu|
dvvxpswlrq wkdw lv rffdvlrqdoo| lqyrnhg lv wkdw wkhuh lv d ghod| ehwzhhq wkh wzr
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yduldeohv dv wkhuh riwhq lv ehwzhhq vwlpxoxv dqg uhvsrqvh1 Exw zkdw Udpvh|
dqg Odpsduw glvfryhuhg lv wkdw wkh ghod| ehwzhhq wzr yduldeohv pljkw zhoo eh d
ixqfwlrq ri wkh vwdwh ri wkh v|vwhp> wkdw lv/

F^G� `| @ �. �\ ^G� `|3_df|o . %|>

zkhuh [| uhsuhvhqwv vrph frpsrqhqw ri wkh g|qdplfdo v|vwhp zlwklq zklfk wkh
frqvxpswlrqqlqfrph uhodwlrqvkls lv hpehgghg1 Dq h{dpsoh ri wklv lq rxu fxuuhqw
frqwh{w lv surylghg e| uhfrjql}lqj wkdw wkh _wlplqj ri frqvxpswlrq/ ru fhuwdlqo|
wkh wlplqj ri d sxufkdvh% lv dv pxfk dq hfrqrplf ghflvlrq dv lv wkh dprxqw ri
wkh sxufkdvh1
D orqj vwdqglqj ghedwh lq wkh hfrqrplfv olwhudwxuh frqfhuqv wkh gluhfwlrq ri

fdxvdolw| ehwzhhq prqh| dqg lqfrph> hvvhqwldoo| grhv prqh| fdxvh lqfrph/ ru
grhv lqfrph fdxvh prqh|B Sulru hpslulfdo uhvhdufk kdg rewdlqhg frq�lfwlqj uh0
vxowv1 Udpvh| dqg Odpsduw lqglfdwhg wkdw wkh ghfrpsrvlwlrq ri prqh| dqg lq0
frph lqwr wkhlu fruuhvsrqglqj wlph vfdoh frpsrqhqwv iroorzhg e| shuiruplqj d
vhtxhqfh ri uhjuhvvlrqv ehwzhhq prqh| dqg lqfrph dw hdfk vfdoh ohyho khoshg
wr uhvroyh wklv ghedwh1 Wkh pdlq uhvxow lv wkdw wkh gluhfwlrq ri wkh uhodwlrqvkls
ghshqgv rq wkh ohyho ri wkh wlph vfdoh lq d fohdu pdqqhu iru hdfk vfdoh> exw wkdw
wkh uhodwlrqvkls ehwzhhq wkh djjuhjdwhv ryhu doo wlph vfdohv lv dpeljxrxv1 Wkhvh
uhvxowv duh looxvwudwhg lq Wdeoh 41
Ixuwkhu/ dw wkh G7 vfdoh ohyho wkh _fdxvdolw| whvwv% zhuh dpeljxrxv lq wkdw

wkh uhvxowv ghshqghg rq wkh sdwwhuq ri wkh skdvh uhodwlrqvkls ehwzhhq prqh|
dqg lqfrph> wkdw lv/ li prqh| dqg lqfrph duh prylqj lqwr skdvh wkh fdxvdolw|
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jrhv rqh zd|/ lq wkh rssrvlwh gluhfwlrq li prylqj rxw ri skdvh/ dqg wkh uhvxowv
duh dqrpdorxv li wkh pl{wxuh ri skdvh uhodwlrqvklsv lv udqgrp1 Wkhvh uhvxowv duh
looxvwudwhg lq Wdeoh 51

+f , Iruhfdvwlqj

Wkhuh duh rqo| wzr pdmru sdshuv lq wklv vhfwlrq/ qrwzlwkvwdqglqj wkh lpsru0
wdqfh ri wkh wrslf1 Wkh �uvw dssurdfk lv glvfxvvhg lq Dulqr +4<<;,1 Wkh pdlq
lghd lv uhodwlyho| vlpsoh dqg gluhfw1 Dul�qr*v dssurdfk lv wr ghfrpsrvh wkh vljqdo
lqwr lwv wlph vfdoh frpsrqhqwv dqg wkhq wr wuhdw hdfk dssur{lpdwlrq dw hdfk
wlph vfdoh dv d vhsdudwh vhulhv1 Kh surylghv iruhfdvwv iru hdfk frpsrqhqw e| xvlqj
d uhjxodu DULPD irupxodwlrq1 Wkh �qdo iruhfdvw iru wkh frpsohwh vhulhv lv re0
wdlqhg e| dgglqj xs wkh frpsrqhqw iruhfdvwv1 Dul�qr uhvwulfwv klv dwwhqwlrq wr wkuhh
frpsrqhqwv/ wuhqg/ vhdvrqdo �xfwxdwlrqv/ dqg qrlvh1 Wkh whfkqltxh lv dssolhg wr
Vsdqlvk frqfuhwh surgxfwlrq dqg fdu vdohv zlwk lqwhuhvwlqj uhvxowv wkdw lqglfdwh
wkh surfhgxuh kdv srwhqwldo1 Dul�qr*v sdshu ohdyhv qxphurxv glvwulexwlrqdo lvvxhv
xqdgguhvvhg/ exw wkh h{shulphqw surplvhv wr eh xvhixo1
Wkh qh{w dssurdfk lv suhvhqwhg lq d vhulhv ri sdshuv e| Doh{ Dxvvhp/ Ilrqq

Pxuwdjk/ dqg fr0dxwkruv/ vhh iru h{dpsoh Dxvvhp )Pxuwdjk +4<<:, dqg Dxvvhp
hw do1 +4<<;,1 Wkh pdmru lqqrydwlrq lqwurgxfhg e| wkhvh dxwkruv lv wr dqdo|vh wkh
lqglylgxdo wlph ghfrpsrvlwlrqv e| qhxudo qhwzrunv dqg wr edvh wkh iruhfdvwv rq
wkh qhxudo qhwzrun hvwlpdwhv1 Wkh zdyhohw wudqvirup xvhg zdv wkh lvrwurslf/ qrq0
ruwkrjrqdo/ olqhdu �d0wurxv zdyhohw1
Dv zlwk Dul�qr wkh iruhfdvw iru wkh frpsohwh vhulhv lv rewdlqhg e| dgglqj xs

wkh lqglylgxdo iruhfdvwv1 Wkh whfkqltxh lv dssolhg wr wkh idprxv vxqvsrw vhulhv
dqg wr wkh gdlo| Vwdqgdug dqg Srru*v vwrfn pdunhw vhulhv1 Iru wkh odwwhu wkh
dxwkruv* surylgh �yh gd| dkhdg iruhfdvwv1 Dv zlwk wkh zrun uhsruwhg lq Dul�qr/
wkh glvwulexwlrqdo surshuwlhv ri wkh frpelqhg iruhfdvwv rewdlqhg e| dgglqj xs wkh
lqglylgxdo wlph vfdoh edvhg iruhfdvwv lv vwloo dq rshq lvvxh/ exw wkh uhvxowv wr gdwh
duh ri lqwhuhvw dqg lqglfdwh vxevwdqwldo srwhqwldo1

+g , Vrph Plvfhoodqhrxv Sdshuv

Wklv vhfwlrq frqwdlqv d glvfxvvlrq ri vrph plvfhoodqhrxv/ exw lpsruwdqw/ h{0
dpsohv ri wkh xvh ri zdyhohwv lq hfrqrplf dqdo|vlv1

+l, Ghqvlw| Hvwlpdwlrq

Wkh hvwlpdwlrq ri ghqvlw| ixqfwlrqv kdv ehhq d wudglwlrq lq hfrqrplfv dqg wkh
ghedwh frqfhuqlqj wkh glvwulexwlrq ri lqfrph dqg zhdowk lq sduwlfxodu lv ri juhdw
wrslfdo frqfhuq1 Ixuwkhu/ ehfdxvh ri vxfk idfwruv dv _plqlpxp zdjh% odzv/ ru
_sryhuw| erxqgdulhv/% ru glvfrqwlqxrxv wd{ uhodwlrqvklsv/ lqfrph glvwulexwlrqv
iuhtxhqwo| h{klelw dqrpdorxv orfdo ehkdylrxu wkdw lv ehvw dqdo|vhg lq wkh frqwh{w
ri zdyhohwv1 K�dugoh dqg fr0dxwkruv/ vhh Kdugoh hw do1 +4<<;,/ looxvwudwh wkh ehqh�wv
ri xvlqj d zdyhohw dssurdfk wr wkh hvwlpdwlrq ri ghqvlwlhv uhodwlyh wr wkh vwdqgdug
nhuqho vprrwklqj surfhgxuhv1
D uhfhqw dqg lpsruwdqw olqh ri uhvhdufk lq hfrqrplfv lv wkh dqdo|vlv ri iudf0

wlrqdoo| lqwhjudwhg prghov> wkdw lv/ prghov ri wkh irup=

� +O, +4� O,_ +{+w,� �, @ � +O, �+w, +51;,

zkhuh � +O, dqg � +O, duh sro|qrpldov lq wkh odj rshudwru O/ {+w, dqg �+w, duh
vwrfkdvwlf surfhvvhv/ dqg _g% lv wkh iudfwlrqdo gl�huhqflqj frh�flhqw vxfk wkdw
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mgm ? 3=8= Mhqvhq lq d uhfhqw vhulhv ri duwlfohv/Mhqvhq +4<<:d, dqg Mhqvhq +4<<:e,/
kdv h{soruhg wkh xvh ri zdyhohwv lq wkh hvwlpdwlrq ri wkh iudfwlrqdo gl�huhqflqj
frh�flhqw/ *g*1 Mhqvhq kdv vhyhudo uhdvrqv iru fkrrvlqj zdyhohwv dv d edvlv iru wkh
dqdo|vlv ri wkh orqj phpru| surfhvvhv gh�qhg e| wkh DUILPDprghov1 Wkh pdmru
uhdvrqv duh wkdw wkh zdyhohw edvhg fdofxodwlrqv duh idu ohvv lqwhqvlyh wr fdofxodwh
wkdq wkh uhjxodu h{dfw POH/ wkh hvwlpdwhv duh pxfk pruh urexvw wr prghoolqj
huuruv/ +wkh rughuv ri wkh sro|qrpldo odjv lq htxdwlrq 51; duh xqnqrzq,/ dqg wkh
hvwlpdwhv duh urexvw wr qrw nqrzlqj wkh phdq ri wkh surfhvv1 D nh| hohphqw lq wkh
frpsxwdwlrqdo jdlqv dfklhyhg xvlqj zdyhohwv lv wkh uhodwlyh vsduvlw| ri wkh zdyhohw
frh�flhqwv hvshfldoo| iru wkh orqjhu wlph vfdoh frpsrqhqwv ri wkh surfhvv1

+ll, Vwuxfwxudo Fkdqjh

Jlyhq wkh frqfhuq e| hfrqrplvwv derxw wkh srwhqwldo h�hfwv ri vxgghq uhjlph
fkdqjhv dqg lvrodwhg vkrfnv wr wkh v|vwhp lw lv vxusulvlqj wkdw pruh uhvhdufk
rq wklv vxemhfw kdv qrw ehhq fduulhg rxw vr idu1 Dq h{fhswlrq lv d sdshu e|
Jloehuw/ Jloehuw +4<<8,/ zkr orrnhg iru hylghqfh ri vwuxfwxudo fkdqjh xvlqj Kddu
zdyhohwv dv d edvlv1 Wkh gdwd xvhg zhuh d vhw ri pdfurhfrqrplf lqglfdwruv wkdw
duh vhdvrqdoo| dgmxvwhg/ vrph vhulhv zhuh txduwhuo| dqg vrph zhuh prqwko|1 Xvlqj
wkhvh surfhgxuhv/ rqo| wkh lq�dwlrq udwh lqgh{ dqg wkh lqgh{ ri qrplqdo JQS
jurzwk jdyh dq| lqglfdwlrq ri dq deuxsw vwuxfwxudo fkdqjh1
Dqrwkhu h{dpsoh wkdw looxvwudwhv dwwhpswv wr wdnh dgydqwdjh ri wkh delolw| ri

zdyhohwv wr uhvroyh orfdo ihdwxuhv lv surylghg e| wkh pdqxvfulsw e| Mxqjhlojhv
+4<<;,1 Wkh pdmru frqfhuq lq wklv pdqxvfulsw lv wr surylgh lpsuryhphqwv rq
wkh vshfl�fdwlrq huuru whvw surfhgxuhv fuhdwhg e| Udpvh| +4<9<, dqg uh�qhg lq
Udpvh| ) Vfkplgw +4<:9, dqg wkh fruuhvsrqglqj whvwv jhqhudwhg e| Kdo Zklwh
lq Zklwh +4<;<,1 Wkh odwwhu whvwv xvhg qhxudo qhwzrunv dv d ghylfh iru surylglqj
vhpl0sdudphwulf uhsuhvhqwdwlrqv ri dq| wlph vhulhv1 Wkh hvvhqwldo lghd xqghuo|lqj
Mxqjhlojhv* pdqxvfulsw lv wkdw e| xvlqj zdyhohwv wr surylgh d urexvw uhsuhvhq0
wdwlrq ri wkh suhvxphg vwuxfwxuh ri wkh gdwd wkh uhvlgxdo yduldqfhv vkrxog eh
xqfruuhodwhg dqg glvwulexwhg lghqwlfdoo| zlwk htxdo yduldqfhv dfurvv wkh vdpsoh1
Xqiruwxqdwho|/ dowkrxjk wkh whvw ghvljqhg e| Mxqjhlojhv kdv srzhu djdlqvw pdq|
dowhuqdwlyh huuruv/ lw lv qrw dv srzhuixo lq jhqhudo dv wkh ruljlqdo whvwv surylghg
e| Udpvh|1 Wklv lv rqh ri wkh ihz h{dpsohv zkhuh wkh xvh ri zdyhohwv kdv qrw/
dw ohdvw pdujlqdoo|/ ohg wr dq lpsuryhphqw lq whvw uhvxowv ru lq wkh h�flhqf| ri
hvwlpdwruv1 Wkh gl�fxow| uhvlghv lq wkh dxwkru*v ghvljq ri wkh whvw lq wkdw e|
uho|lqj pdlqo| rq wkh h�hfw ri wkh vshfl�fdwlrq huuruv rq wkh khwhurvfhgdvwlflw| ri
wkh uhvlgxdov/ udwkhu wkdq rq wkh vwuxfwxuh ri wkh wlph ydu|lqj frqglwlrqdo phdq/
wkh dxwkru orvw erwk srzhu dqg urexvwqhvv1

+lll, Plvfhoodqhrxv Sdshuv

Vshfwudo whfkqltxhv kdyh orqj ehhq d xvhixo/ exw uhodwlyho| qhjohfwhg wrro lq
hfrqrplf dqdo|vlv1 Wkuhh lpsruwdqw sdshuv rq wklv wrslf duh Qhxpdqq +4<<9,/
Fkldqq ) Pruhwwlq +4<<;,/ dqg Ohh ) Krqj +4<<;,1 Qhxpdqq ghulyhg wkh dv0
|pswrwlf qrupdo glvwulexwlrq ri hpslulfdo zdyhohw frh�flhqwv xvhg wr hvwlpdwh
wkh vshfwudo ghqvlw| ixqfwlrq ri d qrq0Jdxvvldq surfhvv1 Wkh zdyhohw hvwlpdwru lv
vkrzq wr eh vxshulru wr nhuqho hvwlpdwruv lq whupv ri phdq vtxduhg huuru fulwhuld/
hvshfldoo| zkhq wkhuh duh vsdwldoo| lqkrprjhqhrxv ihdwxuhv lq wkh vshfwudo ghqvlw|1
Ohh dqg Krqj dgydqfhg wklv olwhudwxuh e| sursrvlqj d frqvlvwhqw whvw iru vhuldo
fruuhodwlrq ri xqnqrzq irup e| zdyhohw phwkrgv1 Wkh vlpxodwlrq uhvxowv frq�up
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wkh wkhruhwlfdo suhglfwlrq wkdw zkhq wkhuh duh vsdwldo lqkrprjhqhlwlhv wkh zdyhohw
hvwlpdwru lv wr eh suhihuuhg dqg zkhq wkhuh duh qr vsdwldo lqkrprjhqhlwlhv wkh
nhuqho hvwlpdwru lv suhihuuhg1
Ilqdoo|/ phqwlrq vkrxog eh pdgh ri d qhduo| xqltxh dssurdfk wr wkh xvh ri

zdyhohwv wr dqdo|vh hfrqrplf gdwd1 Lq Pruhkduw hw do1 +4<<;, zdyhohwv duh xvhg
wr prgho wkh jhrjudsklf glvwulexwlrq ri hfrqrplf dqg �qdqfldo phdvxuhv xvhg lq
djulfxowxuh1 Wkh lghd lv wr surylgh d qrqsdudphwulf iudphzrun zlwklq zklfk pxo0
wlyduldwh vsdwldo uhodwlrqvklsv fdq eh ghvfulehg1 Wkh dxwkruv edvh wkhlu dqdo|vlv
rq wkh qrq0ghflpdwhg �d wurxv zdyhohw1 Dv lqglfdwhg e| wkh dxwkruv wkh xvh ri
qrqghflpdwhg zdyhohwv hqkdqfhv wkh ghwhfwlrq ri orfdo ihdwxuhv dqg dqrpdolhv1
Wkhuh lv rqh rwkhu sdshu wkdw xvhv zdyhohwv wr dqdo|vh _vsdwldo* gl�huhqfhv/ Fkhq
) Frqoh| +4<<:,1 Lq wklv sdshu/ wkh vwdwlvwlfdo frqwh{w lv rqh lqyroylqj sdqho gdwd
zkhuh wkh qxpehu ri revhuydwlrqv ryhu wlph lv uhodwlyho| vkruw1 Wkh dxwkruv* ds0
surdfk lv wr frpshqvdwh iru wkh odfn ri wlph vhulhv gdwd e| xwlol}lqj lqirupdwlrq
rq wkh vsdwldo glvwulexwlrq ri djhqwv1 Djhqwv wkdw duh vsdwldoo| forvh wrjhwkhu fdq
eh dvvxphg wr ehkdyh lq d vlplodu pdqqhu/ vr wkdw d _foxvwhu% ri djhqwv zloo
doprvw surylgh d vhw ri uhshdwhg wlph vhulhv h{shulphqwv1 Wkh hpslulfdo uhvxowv
duh vxppdul}hg lq whupv ri hvwlpdwhv ri wkh vshfwudo ghqvlw| ixqfwlrq1

61 Wkh Uhvhdufk Srwhqwldo

Lq wklv vhfwlrq L vshfxodwh rq wkh srwhqwldo iru zdyhohwv lq wkh dqdo|vlv ri hfr0
qrplf dqg �qdqfldo gdwd1 Wkh frpphqwv fdq eh jurxshg lqwr irxu fdwhjrulhv ri
dssolfdwlrqv1

+d , H{sorudwru| Dqdo|vlv= Wlph Vfdoh yhuvxv Iuhtxhqf|

Zdyhirup glfwlrqdulhv surylgh dq h{fhoohqw h{sorudwru| wrro zkhuh rqh lv sduwlf0
xoduo| lqwhuhvwhg lq ghwhuplqlqj wkh uhodwlyh lpsruwdqfh ri iuhtxhqf| frpsrqhqwv
wr wlph vfdoh frpsrqhqwv1 Lq hfrqrplfv dqg �qdqfh d suholplqdu| h{dplqdwlrq ri
wkh gdwd lq rughu wr dvvhvv wkh suhvhqfh dqg wkh hee dqg �rz ri iuhtxhqf| frpsr0
qhqwv lv xvhixo1 Lq sduwlfxodu/ olwwoh dwwhqwlrq kdv ehhq sdlg vr idu wr wkh lghd wkdw
iuhtxhqf| frpsrqhqwv pd| dsshdu iru d zkloh/ glvdsshdu/ dqg wkhq uhdsshdu1
Frqyhqwlrqdo vshfwudo wrrov zrxog prvw olnho| plvv vxfk iuhtxhqf| frpsrqhqwv
dowrjhwkhu1 Ixuwkhu/ dv zloo eh dujxhg ehorz/ lq hfrqrplfv dqg �qdqfh/ d pdwwhu ri
frqvlghudeoh frqfhuq lv wr vhsdudwh wkh orfdo iurp wkh joredo/ wkh hskhphudo iurp
wkh shupdqhqw> zdyhohwv surylgh wkh ehvw wrro iru vhsdudwlqj rxw wkhvh h�hfwv1

+e , Ghqvlw| Hvwlpdwlrq dqg Orfdo Lqkrprjhqhlw|

Zh kdyh vhhq lq wkh glvfxvvlrq deryh wkdw lq jhqhudo zdyhohwv duh vxshulru/ vd|
wr nhuqho hvwlpdwruv/ zkhqhyhu wkhuh duh orfdo lqkrprjhqhlwlhv1 L dujxhg lq wkh
lqwurgxfwlrq wkdw d surplqhqw fkdudfwhulvwlf ri hfrqrplf gdwd lv wkh suhvhqfh ri
vsdwldo lqkrprjhqhlwlhv/ vr wkdw rqh txlfno| frqfoxghv wkdw zdyhohwv duh d qdwxudo
fkrlfh iru dqdo|vlqj vxfk gdwd1 Dw wkh yhu| ohdvw/ zdyhohwv vkrxog eh xvhg dv d
�uvw h�ruw lq wkh h{sorudwru| vwdjhv ri dqdo|vlv1
Dv d sduwlfxodu h{dpsoh ri wkh dujxphqw deryh/ wkh hvwlpdwlrq ri ghqvlw| dqg

vshfwudo ghqvlw| ixqfwlrqv lq hfrqrplfv dqg �qdqfh uhtxluhv wkh uhfrjqlwlrq ri
wkh suhvhqfh ri vsdwldo lqkrprjhqhlwlhv1 Ixuwkhu/ wkhvh lqkrprjhqhlwlhv duh ri
wkhruhwlfdo dqg srolf| lpsruwdqfh/ vr wkdw rqh zdqwv wr gr pxfk pruh wkdq phuho|
qrwh wkhlu suhvhqfh1 Rqh zloo zdqw wr ghvfuleh wkh lqkrprjhqhlw| h�hfwv lq ghwdlo1
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Iru h{dpsoh/ wkh h�hfwv ri plqlpxp zdjh ohjlvodwlrq duh ghedwhg iuhtxhqwo| dqg
dw ohqjwk1 Lq rughu wr dvvhvv wkh h�hfwv ri plqlpxp zdjh ohjlvodwlrq rq wkh lqfrph
glvwulexwlrq lq jhqhudo uhtxluhv rqh wr eh deoh wr lvrodwh dqg ghvfuleh dqdo|wlfdoo|
wkh vsdwldo lqkrprjhqhlw| wkdw vxfk ohjlvodwlrq fuhdwhv1 Rwkhu lqkrprjhqhlwlhv
duh fuhdwhg e| wd{ ohjlvodwlrq/ e| uljlglwlhv lq wudglqj uxohv rq h{fkdqjhv dqg
frpprglw| pdunhwv/ dqg shukdsv e| wkh surfhvv ri lqqrydwlrq lwvhoi1

+f , Wlph Vfdoh Ghfrpsrvlwlrq

L qrz frph wr rqh ri wkh prvw surplvlqj rssruwxqlwlhv iru wkh xvh ri zdyhohwv
lq hfrqrplfv/ ghfrpsrvlwlrq e| wlph vfdoh1 L ghprqvwudwhg deryh krz lqvljkwv
zhuh jdlqhg dqg wkh uhvroxwlrq ri dssduhqw vwdwlvwlfdo dqrpdolhv zhuh uhpryhg
e| uhfrjql}lqj wkh srwhqwldo iru uhodwlrqvklsv ehwzhhq yduldeohv wr eh dw wkh vfdoh
ohyho/ qrw wkh djjuhjdwh ohyho1 Wkdw lv/ rqh vkrxog uhfrjql}h wkdw wkh uhodwlrqvkls
ehwzhhq frqvxpswlrq dqg lqfrph ydulhv ghshqglqj rq wkh wlph vfdoh wkdw lv
lqyroyhg1 Pxfk zrun uhpdlqv wr eh grqh lq wklv frqwh{w1 Jdlqv fdq eh pdgh li
lqwhuhvw lv uhvwulfwhg wr d vshfl�f vfdoh e| xvlqj qrq0ghflpdwhg zdyhohwv1 Exw li rqh
zdqwv wr revhuyh wkh gdwd dw d vhtxhqfh ri dowhuqdwlyh vfdohv dqg zdqwv wr suhvhuyh
ruwkrjrqdolw|/ ru dw ohdvw qhdu ruwkrjrqdolw|/ ri wkh wlph0vfdoh ghfrpsrvlwlrqv/
dowhuqdwlyh irupxodwlrqv zloo eh qhhghg1 Rqh wkrxjkw lv wr sxuvxh wkh zrun ri
Fkxl/ vhh Fkxl hw do1 +4<<8,/ lq zklfk h{sdqvlrqv duh lq whupv ri wkh vfdolqj
ixqfwlrqv=
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surylghv 5� � 4 dgglwlrqdo ohyhov ehwzhhq dq| wzr frqvhfxwlyh rfwdyh vfdohv1 Iru
d jlyhq dssolfdwlrq/ wkhuh pd| eh d suhihuuhg ydoxh iru _�?% wkdw surylghv wkh
prvw xvhixo wlph0vfdoh ghfrpsrvlwlrq1
Lq wklv frqwh{w/ wkh lqyhvwljdwlrq ri wkh srwhqwldoo| wlph ydu|lqj skdvh uhodwlrq0

vklsv ehwzhhq wkh yduldeohv ri lqwhuhvw lv dq lpsruwdqw dqg xqwlo qrz qhjohfwhg
dvshfw ri hpslulfdo dqdo|vlv1 Zdyhohw ghfrpsrvlwlrqv duh ri frxuvh xqltxho| zhoo
vxlwhg wr dqvzhulqj vxfk txhvwlrqv1 Lw lv olnho| wkdw pdq| h{dpsohv ri _frpsoh{
uhodwlrqvklsv ehwzhhq yduldeohv% pd| zhoo rq ixuwkhu h{dplqdwlrq eh irxqg wr eh
fdxvhg e| vkliwlqj skdvh uhodwlrqvklsv1 Lq vkruw/ wklv glvfryhu| kdv rshqhg xs d
vxevwdqwldo duhd iru ixwxuh uhvhdufk1

+g , Dvshfwv iru Iruhfdvwlqj

Wkh odvw dqg htxdoo| lpsruwdqw ixwxuh xvh ri zdyhohwv lv lq wkh uroh ri lpsury0
lqj iruhfdvwv1 Wkhuh duh lq idfw vhyhudo fkdudfwhulvwlfv ri zdyhohwv wkdw pd| zhoo
hqkdqfh wkh iruhfdvwlqj ri hfrqrplf dqg hyhq �qdqfldo wlph vhulhv1 Iluvw/ dv zh
kdyh douhdg| vhhq/ jdlqv fdq eh pdgh e| ghfrpsrvlqj wkh vhulhv wr eh iruhfdvwhg
lqwr lwv wlph vfdoh frpsrqhqwv dqg ghylvlqj dssursuldwh iruhfdvwlqj vwudwhjlhv
iru hdfk1 Lq idfw/ wklv dssurdfk kdv d orqj klvwru| lq iruhfdvwlqj> wkh zdyhohw
dssurdfk kdv phuho| irupdol}hg rog qrwlrqv ri iruhfdvwlqj wuhqg/ vhdvrqdo/ dqg
exvlqhvv f|foh frpsrqhqwv1 Zkdw lv ri idu juhdwhu lpsruwdqfh L eholhyh lv wkdw
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zdyhohwv hqdeoh rqh wr lvrodwh wkh orfdo iurp wkh joredo1 Lq iruhfdvwlqj/ rqh dw0
whpswv wr iruhfdvw wkh shupdqhqw frpsrqhqwv ri wkh vhulhv/ qrw wkh vwulfwo| orfdo
hyhqwv1 Lq vr idu dv zdyhohwv hqdeoh rqh wr vhsdudwh rxw wkh wzr h�hfwv/ rqh zloo
eh deoh wr lpsuryh iruhfdvwv e| holplqdwlqj wkh frqwdplqdwlrq iurp vwulfwo| orfdo
qrq0uhfxuuhqw hyhqwv1
D sduwlfxodu vxjjhvwlrq iru wkh hqkdqfhphqw ri wlph vhulhv iruhfdvwv lq wkh

frqwh{w ri zdyhohw dqdo|vlv lv wr fdslwdol}h rq wkh wlph vfdoh ghfrpsrvlwlrq e|
ghylvlqj _whvw% vwudwhjlhv wr fkhfn iru yduldwlrqv lq wkh vwuxfwxuh dw wkh wlph vfdoh
dqdo|vhg1 Dw wkh ohyho ri wkh ryhudoo wuhqg xvlqj wkh idwkhu zdyhohw/ rqh pljkw zhoo
vshfxodwh wkdw li wkhuh lv wr eh d vwuxfwxudo fkdqjh dzd| iurp wkh suhglfwhg orqj
whup sdwk/ wkdw fkdqjh fdq eh fkdudfwhul}hg lqlwldoo| lq whupv ri dq h{srqhqwldo
jurzwk sdwk hlwkhu deryh ru ehorz wkh fxuuhqw iruhfdvw sdwk1 Frqvhtxhqwo|/ rqh
fdq ghylvh d vshfl�f whvw vwudwhj| wr whvw iru h{srqhqwldo ghyldwlrqv dzd| iurp
wkh fxuuhqw sdwk1 Lq sulqflsoh wklv vwudwhj| vkrxog surylgh d pruh srzhuixo whvw
iru ghyldwlrqv iurp wkh wuhqg dqg surylgh dq _hduolhu zduqlqj% v|vwhp wkdq lv
fxuuhqwo| srvvleoh1 Iru wkh kljkhu iuhtxhqf| rvfloodwlrqv/ whfkqltxhv edvhg rq gh0
whfwlqj fkdqjhv lq iuhtxhqf| dv looxvwudwhg e| wkh Grssohu h{dpsoh ri Grqrkr )
Mrkqvwrqh +4<<8, lv d olnho| ehjlqqlqj1 Lq dq| hyhqw/ rqh pdmru wdvn idflqj doo
vxfk vxjjhvwlrqv lv wr hydoxdwh wkh glvwulexwlrqdo surshuwlhv ri wkh uhfrpelqhg
iruhfdvw hvwlpdwhv iurp wkh lqglylgxdo wlph0vfdoh iruhfdvwv1
Wkh zdyhohw dssurdfk dovr idflolwdwhv dq lpsruwdqw/ exw iuhtxhqwo| qhjohfwhg

dvshfw ri iruhfdvwlqj> wkh olplwv wr iruhfdvwlqj1 Pdq| ri xv irujhw wkdw qrw doo
vhulhv fdq eh iruhfdvwhg/ hyhq lq sulqflsoh/ dqg wkdw riwhq wkhuh pd| zhoo eh vhyhuh
olplwdwlrqv rq wkh h{whqw ri wkh iruhfdvw krul}rq1 Xvlqj zdyhohwv zh fdq uhvroyh
wkhvh lvvxhv dw hdfk vfdoh ohyho1 Lw lv olnho|/ iru h{dpsoh/ wkdw dw wkh orzhvw ghwdlo
ohyho wkdw qrlvh zloo suhgrplqdwh vr wkdw wkhuh lv qr rssruwxqlw| iru iruhfdvwlqj dw
doo1 Dw d kljkhu ohyho zh pd| glvfryhu wkdw wkh pd{lpxp shulrg ri iruhfdvwdelolw|
lv frpphqvxudwh zlwk wkh wlph vfdoh dqg qrw eh|rqg1 Dw hyhq kljkhu vfdohv zh
pd| uhfrjql}h wkdw zh qhhg wr vhsdudwh wkh orqj whup ehkdylrxu iurp wkh hslvrglf
rffxuuhqfhv ri orfdo skhqrphqd1 Lq vkruw/ wkh wdvn ri iruhfdvwlqj lv frqvlghudeo|
pruh frpsoh{ wkdq kdv ehhq jhqhudoo| uhfrjql}hg1

+h , Frqfoxvlrq

Lq frqfoxvlrq/ lw lv dssduhqw wkdw zdyhohwv duh sduwlfxoduo| zhoo dgdswhg wr
wkh ydjdulhv ri wkh vwdwlvwlfdo dqdo|vlv ri hfrqrplf dqg �qdqfldo gdwd1 Rqo| wkh
vxuidfh kdv ehhq h{soruhg vr idu dqg wkh ixwxuh lqglfdwhv wkdw vrph h{flwlqj dqg
uhyhdolqj dqdo|vlv zloo eh jhqhudwhg e| wkh dssolfdwlrq ri zdyhohwv1 Wkh srwhqwldo
ehqh�wv duh idu juhdwhu wkdq wkh phuh dssolfdwlrq ri qhz whfkqltxhv1 Dv L kdyh
wulhg wr lqglfdwh/ zdyhohw edvhg dqdo|vlv vkrxog ohdg wr qhz lqvljkwv lqwr dqg
qryho wkhrulhv derxw hfrqrplf dqg �qdqfldo skhqrphqd1

71 Uhihuhqfhv

Dul�qr/ Pljxho D14<<; Iruhfdvwlqj wlph vhulhv yld glvfuhwh zdyhohw wudqvirup1
Xqsxeolvkhg pvv1
Dxvvhp/ Doh{/ ) Pxuwdjk/ Ilrqq1 4<<: Frpelqlqj qhxudo qhwzrun iruhfdvwv

rq zdyhohw0wudqviruphg wlph vhulhv1 Frqqhfwlrq Vflhqfh/ </ 4460454
Dxvvhp/ Doh{/ Fdpsehoo/ Mrkqdwkdq/ ) Pxuwdjk/ Ilrqq1 4<<; Zdyhohw0edvhg
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ihdwxuh h{wudfwlrq dqg ghfrpsrvlwlrq vwudwhjlhv iru �qdqfldo iruhfdvwlqj1 Mrxuq1
ri Frpsxwdwlrqdo Lqwhooljhqfh lq Ilqdqfh/ Pdufk2Dsulo/ 80451
Eroohuvohy/ W1/ Fkrx/ U1\1/ Md|dudpdq/ M1 ) Nurqhu/ N1 I1 4<<3 DUFK Prg0

holqj lq Ilqdqfh= D Uhylhz ri wkh Wkhru| dqg Hpslulfdo Hylghqfh1 Mrxuqdo ri
Hfrqrphwulfv/ 85+4,/ 80931
Fkhq/ [ldrkrqj/ ) Frqoh|/ Wlprwk| J1 4<<: D vhplsdudphwulf vsdwldo prgho

iru sdqho wlph vhulhv1 Xqsxeolvkhg pvv1 Ghsw1 ri Hfrqrplfv/ Qruwkzhvwhuq Xqly1
Fkldqq/ Fkdqj/ ) Pruhwwlq/ Shgur D1 4<<; D zdyhohw dqdo|vlv iru vwdwlrqdu|

surfhvvhv1 Xqsxeolvkhg pvv1 Xqly1ri V�dr Sdxor/ Eud}lo1
Fkxl/ F1N1/ Jrvzdpl/ M1F1/ ) Fkdq/ D1N14<<8 Idvw lqwhjudo zdyhohw wudqvirup

rq d ghqvh vhw ri wkh wlph0vfdoh grpdlq1 Qxphulvfkh Pdwkhpdwln/ :3/ 5;606351
Gdylgvrq/ Uxvvhoo/ Ode|v/ Zdowhu F1/ ) Ohvrxug/ Mhdq0Edswlvwh1 4<<: Zdyhohw

dqdo|vlv ri frpprglw| sulfh ehkdylru1 Frpsxwdwlrqdo Hfrqrplfv/
Grqrkr/ Gdylg O1 ) Mrkqvwrqh/ Ldlq P1 4<<8 Dgdswlqj wr Xqnqrzq Vprrwk0

qhvv yld Zdyhohw Vkulqndjh1 Mrxuq1 ri wkh Dphu1 Vwdwlvwlf1 Dvvrf1 <3/ qr1 765/
4533~45571
Grqrkr/ G1O1/ ) Mrkqvwrqh/ L1P1 4<<: Plqlpd{ Hvwlpdwlrq e|Zdyhohw Vkulqn0

djh1 Dqq1 Vwdwlvw1/ iruwkfrplqj1
Grqrkr/ G1/ L1 Mrkqvwrqh/ J1/ Nhun|dfkduldq ) Slfdug/ G1 4<<8 _Zdyhohw

Vkulqndjh= Dv|pswrsld +zlwk Glvfxvvlrq,B% Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vr0
flhw| Vhulhv E +Phwkrgrorjlfdo,/ 8:+5,/ 634069<1
Jdr/ Krqj0\h 4<<: Zdyhohw vkulqndjh hvwlpdwhv iru khwhurvfhgdvwlf uhjuhvvlrq

prghov1 Xqsxeolvkhg pvv/ PdwkVriw/ Lqf1
Jloehuw/ Vfrww 4<<8 Vwuxfwxudo fkdqjh= hvwlpdwlrq dqg whvwlqj e| zdyhohw uh0

juhvvlrq1 Xqsxeolvkhg pvv1 Ghsw1 ri Hfrqrplfv/ Xqly1 ri Fdoliruqld/ Vdq Glhjr1
K�dugoh/ Zroijdqj/ Nhun|dfkduldq/ Jhudug/ Slfdug/ Grplqltxh/ ) Wv|ednry/

Dovh{dqghu 4<<;Zdyhohwv/ Dssur{lpdwlrq/ dqg Vwdwlvwlfdo Dssolfdwlrqv1 Vsulqjhu/
Qhz \run1
Mhqvhq/ Pdun M1 4<<:d Dq dowhuqdwlyh pd{lpxp olnholkrrg hvwlpdwru ri orqj0

phpru| surfhvvhv xvlqj frpsdfwo| vxssruwhg zdyhohwv1 Hfrqrplfv/Xqly1 ri Plvvrxul0
Froxpeld/ Zrunlqj Sdshu Qr1 <:0381
Mhqvhq/ Pdun M1 4<<:e Xvlqj zdyhohwv wr rewdlq d frqvlvwhqw ruglqdu| ohdvw

vtxduhv hvwlpdwru ri wkh orqj phpru| sdudphwhu1 Hfrqrplfv/ Xqly1 ri Plvvrxul0
Froxpeld/ Zrunlqj Sdshu Qr1 <:03<1
Mrkqvwrqh/ Ldlq P1 ) Vloyhupdq/ Ehuqdug/ Z1 4<<: _Zdyhohw Wkuhvkrog Hvwl0

pdwruv iru Gdwd zlwk Fruuhodwhg Qrlvh/% M1U1 Vwdwlvw1 Vrf1 E/ 8</ Qr1 5/ 64<06841
Mxqjhlojhv/ Mrfkhq D14<<; ZDYH= D surfhgxuh iru wkh ghwhfwlrq ri uhohydqw

qrqolqhdulwlhv1 Xqsxeolvkhg pvv1 Ghsw1 ri Hfrqrplfv/ Xqly1 ri Rvdqdeu�xfk1
Ohh/Mlq/ ) Krqj/ \rqjpldr 4<<; Whvwlqj iru vhuldo fruuhodwlrq ri xqnqrzq irup

xvlqj zdyhohw phwkrgv1 Xqsxeolvkhg pvv1 Ghsw1 ri Hfrqrplfv/ Fruqhoo Xqly1
Pdoodw/ Vwhskdq/ ) ]kdqj/ ]klihqj1 4<<6Pdwfklqj Sxuvxlw zlwk Wlph0Iuhtxhqf|

Glfwlrqdulhv1 LHHH Wudqvdfwlrqv rq Vljqdo Surfhvvlqj/ Ghfhpehu1
Pruhkduw/ P1 Pxuwdjk/ I1 ) Vwdufn/ Mhdq0Oxf1 4<<; Vsdwldo uhsuhvhqwdwlrq ri

hfrqrplf dqg �qdqfldo phdvxuhv xvhg lq djulfxowxuh yld zdyhohw dqdo|vlv1 Suhsulqw
Qhxpdqq/ Plfkdho K1 4<<9 Vshfwudo ghqvlw| hvwlpdwlrq yld qrqolqhdu zdyhohw

phwkrgv iru vwdwlrqdu| qrq0Jdxvvldq wlph vhulhv1 Mrxuq1 ri Wlph Vhulhv Dqdo|vlv1
4:/ 934~9661
Sdq/ ]xrkrqj/ ) Zdqj/ [ldrgl 4<<; D vwrfkdvwlf qrqolqhdu uhjuhvvlrq hvwlpd0

wru xvlqj zdyhohwv1 Frpsxwdwlrqdo Hfrqrplfv/ 44/;<~4351
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47 M1Udpvh|

Udpvh|/ Mdphv E1 4<9< Whvwv iru Vshfl�fdwlrq Huuruv lq Fodvvlfdo Olqhdu Ohdvw0
Vtxduhv Uhjuhvvlrq Dqdo|vlv1 Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw|/ Vhulhv E1/
[[[L/ Sduw 5/ 4<9</ 683064:1
Udpvh|/ Mdphv E1/ ) Vfkplgw/ Shwhu1 4<:9 Vrph Ixuwkhu Uhvxowv rq wkh Xvh ri

ROV dqg EOXV Uhvlgxdov lq Vshfl�fdwlrq Huuru Whvwv1 Mrxuqdo ri wkh Dphulfdq
Vwdwlvwlfdo Dvvrfldwlrq/ Mxqh/ 4<:9/ 6;<06<31
Udpvh|/ Mdphv E1/ ) Wkrpvrq/ Gdylg M1 4<<; D uhdqdo|vlv ri wkh vshfwudo

surshuwlhv ri vrph hfrqrplf dqg �qdqfldo wlph vhulhv1 Iruwkfrplqj lq Qrqolqhdu
Wlph Vhulhv Dqdo|vlv ri Hfrqrplf dqg Ilqdqfldo Gdwd/ hg1 S1 Urwkpdq/ Noxzhu
Dfdghplf Suhvv/ Ervwrq/ 780;81
Udpvh|/ Mdphv E1 ) ]kdqj/ ]1 4<<: Wkh dqdo|vlv ri iruhljq h{fkdqjh udwh gdwd

xvlqj zdyhirup glfwlrqdulhv1 Mrxuq1 ri Hpslulfdo Ilqdqfh/ 7/ 674~6:51
Udpvh|/ Mdphv E1/Xvlnry/ Gdqlho/ ) ]dvodyvn|/ Jhrujh14<<8 Dq dqdo|vlv ri

X1V1 vwrfn sulfh ehkdylru xvlqj zdyhohwv1 Iudfwdov/ 6/ 6::~6;<1
Udpvh|/ Mdphv E1 ) ]kdqj/ ]1 4<<9 Wkh dssolfdwlrq ri zdyhirup glfwlrqdulhv wr

vwrfn pdunhw gdwd1 Suhglfwdelolw| ri Frpsoh{ G|qdplfdo V|vwhpv hgv1 Nudywvry/
\1D1/ ) Ndgwnh/ M1E1/ Vsulqjhu/ Qhz \run/ 4;<~5381
Udpvh|/ Mdphv E1 ) Odpsduw/ Fdplooh14<<; Ghfrpsrvlwlrq ri hfrqrplf uhod0

wlrqvklsv e| wlph vfdoh xvlqj zdyhohwv= prqh| dqg lqfrph1 Pdfurhfrqrplf G|0
qdplfv/ 5/7<~:41
Udpvh|/ Mdphv E1 ) Odpsduw/ Fdplooh1 4<<; Wkh ghfrpsrvlwlrq ri hfrqrplf

uhodwlrqvklsv e| wlph vfdoh xvlqj zdyhohwv= h{shqglwxuh dqg lqfrph1 Vwxglhv lq
Qrqolqhdu G|qdplfv dqg Hfrqrphwulfv/ 6/ 560751
yrq Vdfkv/ Udlqhu ) PdfJleerq/ Euhqgd1 4<<: Qrqsdudphwulf fxuyh hvwlpd0

wlrq e| zdyhohw wkuhvkroglqj zlwk orfdoo| vwdwlrqdu| huuruv1 Xqsxeolvkhg pvv1
Zdqj/\14<<8 Mxps dqg vkdus fxvs ghwhfwlrq e| zdyhohwv1 Elrphwulnd/ ;5/

6;806<:1
Zklwh/ Kdo14<;< Vrph dv|pswrwlf uhvxowv iru ohduqlqj lq vlqjoh klgghq0od|hu

ihhg0iruzdug prghov1 Mrxuq1 ri wkh Dphu1 Vwdwlvw1Dvvrf1 ;7/ Qr1 73;/ 4336043461
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