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Devwudfw=

Wklv sdshu jhqhudol}hv wkh pdwfkhg0sdluv w0whvw iru

gl�huhqfh lq phdq wr qrqlghqwlfdoo| glvwulexwhg

gdwd1 D ydulhw| ri frqglwlrqv jhqhudwh d Fhqwudo

Olplw Wkhruhp/ zklfk pdnhv wklv whvw dv|pswrwl0

fdoo| vwdqgdug qrupdo/ zkloh wkh �qlwh0vdpsoh glv0

wulexwlrq lv dqdo|wlfdoo| xqrewdlqdeoh1 Lqlwldoo|/ lq0

ghshqghqfh lv dvvxphg wr vkrz wkdw wklv whvw fdq

eh frqvwuxfwhg zkhq wkh gl�huhqfhv duh qrw lghq0

wlfdoo| glvwulexwhg1 Lqghshqghqfh dovr dvvxuhv wkh

frqvlvwhqf| ri wkh errwvwuds dqg zlog errwvwuds iru

hvwlpdwlqj vljql�fdqfh ohyhov1 Ghshqghqfh lv lqwur0

gxfhg xvlqj wkh Pduwlqjdoh Fhqwudo Olplw Wkhruhp/

qhdu hsrfk ghshqghqfh dqg pl{lqj frqglwlrqv1 Wkh

whvw lv wkhq dssolhg wr elrorjlfdo dqg srsxodwlrq hv0

wlpdwhv gdwd1

Nh| Zrugv= Qrq0l1l1g1/ elrvwdwlvwlfv/ qrqsdudphw0

ulf/ errwvwuds/ phdqv/ srsxodwlrq hvwlpdwhv1

4 Lqwurgxfwlrq

Wklv duwlfoh jhqhudol}hv wkh pdwfkhg0sdluv w0whvw wr
qrqlghqwlfdoo| glvwulexwhg gdwd/ xvlqj fhqwudo olplw
wkhru| iru qrq0l1l1g1 udqgrp yduldeohv1 Wklv lv d jhq0
hudol}dwlrq ri wkh qrqsdudphwulf phdq eldv whvw ri
Frohpdq +4<<<, wr jhqhudo huuru vwuxfwxuhv1 Vlqfh qr
sdudphwulf dvvxpswlrqv duh pdgh/ wkh �qlwh0vdpsoh
glvwulexwlrq lv xqrewdlqdeoh1 Wkh whvw lv lqlwldoo|
ghyhorshg dvvxplqj lqghshqghqfh1 Vlpsoh prphqw
frqglwlrqv jxdudqwhh dv|pswrwlf vwdqgdug qrupdo0
lw|1 Wkhvh frqglwlrqv dovr hqdeoh wkh zlog errwvwuds
deoh wr hvwlpdwh vljql�fdqfh ohyhov1 D vwuhqjwkhq0
lqj ri d prphqw frqglwlrq grhv wkh vdph iru wkh
errwvwuds1 Wkhvh/ zkhq xvhg/ reyldwh wkh qhhg wr
vshfli| d whvw glvwulexwlrq1 Ghshqghqfh fdq rffxu
wkurxjk wkh vdwlvidfwlrq ri wkh Pduwlqjdoh Fhqwudo
Olplw Wkhruhp/ pl{lqj ru qhdu hsrfk ghshqghqfh1
Pl{lqj frqglwlrqv dqg qhdu hsrfk ghshqghqfh duh
erwk w|shv ri dv|pswrwlf lqghshqghqfh1 Pl{lqj frq0
glwlrqv/ zklfk rshudwh rq vlqjo| lq�qlwh vhtxhqfhv/

Wklv sdshu uhsruwv wkh uhvxowv ri uhvhdufk dqg dqdo|vlv

xqghuwdnhq e| Fhqvxv Exuhdx vwd�1 Lw kdv xqghujrqh d pruh

olplwhg uhylhz wkdq r!fldo Fhqvxv Exuhdx Sxeolfdwlrqv1 Wklv

uhsruw lv uhohdvhg wr lqirup lqwhuhvwhg sduwlhv ri uhvhdufk dqg

wr hqfrxudjh glvfxvvlrq1

uhtxluh dv|pswrwlf krprvfhgdvwlflw| wr fuhdwh d whvw

vwdwlvwlf1 Qhdu hsrfk ghshqghqfh rshudwhv rq grx0

eo| lq�qlwh vhtxhqfhv dqg ohdgv wr dq dv|pswrwlfdoo|

vwdqgdug qrupdo whvw vwdwlvwlf/ xqghu dssursuldwh dv0

vxpswlrqv1

414 Wkh Prgho

Wkh gdwd duh lqlwldoo| dvvxphg wr frqvlvw ri q lq0

ghshqghqw qrqlghqwlfdoo| glvwulexwhg revhuydwlrqv ri

wzr yduldeohv {l dqg |l/ zkhuh l lqgh{hv wkh xqlwv ri

revhuydwlrq1 Wkh gl�huhqfhv duh gl @ {l � |l/ zlwk

uhvshfwlyh vwdqgdug ghyldwlrqv �l ?41 Wkh qxoo k|0

srwkhvlv lv H+{l, @ H+|l, iru doo l1 Htxlydohqwo|/ wklv

lvK3 = H+gl, @ 3 iru doo l1 Wkh dowhuqdwlyh k|srwkhvlv

lvKD = H+{l, 9@ H+|l, ru H+gl, 9@ 3 iru dw ohdvw rqh l14

Wklv lv vlplodu wr wkh Vljq Whvw lq wkdw wkh gdwd qhhg

qrw eh l1l1g1 dqg wkh dowhuqdwlyh frqvlvwv lq wkh ghsdu0

wxuh iurp wkh qxoo k|srwkhvlv iru dw ohdvw rqh revhu0

ydwlrq lqvwhdg ri wkh zkroh vdpsoh1 Wkh gl�huhqfhv

fdq kdyh vhyhudo lqwhusuhwdwlrqv= wkh| pd| vlpso|

eh wkh gl�huhqfhv ehwzhhq d vhw ri sdluhg phdvxuh0

phqwv/ hvwlpdwlrq huuruv/ ru gl�huhqfhv lq hvwlpdwhv

ri xqnqrzq sdudphwhuv1 Vhfwlrq 5 ghyhorsv wkh whvw

vwdwlvwlf zkhq wkh gl�huhqfhv duh lqghshqghqw1 Vhf0

wlrq 6 vkrzv krz wr xvh wkh errwvwuds dqg zlog errw0

vwuds wr hvwlpdwh vljql�fdqfh ohyhov lq wklv vfhqdulr1

Vhfwlrq 7 orrnv dw ghshqghqw huuruv dqg wkh frqgl0

wlrqv qhfhvvdu| wr vdwlvi| d Fhqwudo Olplw Wkhruhp1

Vhfwlrq 8 grhv vrph hpslulfdo h{dpsohv iurp elrorj|

dqg furvv0vhfwlrqdo srsxodwlrq hvwlpdwhv1 Vhfwlrq 9

frqfoxghv wklv sdshu1

5 Lqghshqghqfh

Wklv Vhfwlrq frqvwuxfwv wkh pdwfkhg0sdluv w0whvw iru
lqghshqghqw/ qrqlghqwlfdoo| glvwulexwhg gdwd1 Wkh
�uvw dvvxpswlrq lv d prphqw frqglwlrq wr jxdudqwhh
wkh h{lvwhqfh ri d Fhqwudo Olplw Wkhruhp +Zklwh/
4<;7/ s1 445,=5

4Wkh wzr0vlghg dowhuqdwlyh lv xvhg lq wkh hpslulfdo h{dp0

sohv lq wklv sdshu1 Krzhyhu/ rqh0vlghg dowhuqdwlyhv fdq eh

xvhg zlwk qr fkdqjh lq wkh dujxphqwv/ dv wklv sdshu rqo|

orrnv dw wkh glvwulexwlrq ri wkh whvw vwdwlvwlf xqghu Kf�

5Rwkhu dvvxpswlrqv fdq jhqhudwh rwkhu Fhqwudo Olplw Wkh0

ruhpv/ vxfk dv Olqghehuj*v1
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Dvvxpswlrq 4= Hmglm
5.� ? � ? 4 iru doo l dqg

vrph � dqg � A 31

Qrwh wkdw Dvvxpswlrq 4 lv vdwlv�hg zkhqhyhu wkh gl

kdyh �qlwh/ erxqghg vxssruwv16 Wkh qh{w dvvxps0

wlrq lv d whfkqlfdo rqh/ zklfk sodfhv d srvlwlyh orzhu

erxqg rq wkh dyhudjh yduldqfhv ri wkh gl1 Lw kdv wkh

h�hfw ri suhyhqwlqj wkh dv|pswrwlf froodsvh ri wkh

glvwulexwlrq ri wkh phdq wr d ghjhqhudwh glvwulex0

wlrq1
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q
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q
@

s
qg

q
@�

q
frqyhujhv

wr d vwdqgdug qrupdo glvwulexwlrq/ zkhuh gq lv wkh

phdq gl�huhqfh dqg �q @

s
�
5

q
1 Zkhqhyhu solp

v
5

q
@ �

5

q
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4<<9/ ss1 89�8:, vkrzv wkdw w fdq eh frqvwuxfwhg

iru vdpsoh gdwd e| vxevwlwxwlqj v
q
iru �

q
lq wkh ghi0
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Rqh pd| frqmhfwxuh wkdw glylglqj wkh gl e| wkhlu

dfwxdo ru hvwlpdwhg vwdqgdug ghyldwlrqv dffhohudwhv

frqyhujhqfh wr qrupdolw|1 Wklv lv grqh lq wkh hp0

slulfdo h{dpsohv lq Vxevhfwlrq 8151

6 Wkh Errwvwuds dqg Zlog Errwvwuds

xqghu Lqghshqghqfh

Wkh errwvwuds dqg zlog errwvwuds fdq hvwlpdwh

vljql�fdqfh ohyhov lq �qlwh vdpsohv1 Wklv lv hv0

shfldoo| xvhixo zkhq w lv qrw forvh wr qrupdo0
lw|1 Olx +4<;;, suryhv wkdw wkhvh surfhgxuhv
duh frqvlvwhqw iru lqghshqghqw/ qrqlghqwlfdoo| glv0
wulexwhg gdwd zkhq wkh yduldeohv vdwlvi| wkh frqgl0
wlrq q
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1 Wklv frqglwlrq lv wulyldoo| vdwlv�hg

e| wkh qxoo k|srwkhvlv1 Pruhryhu/ li zh fdq dvvxph

wkh vwuhqjwkhqlqj ri Dvvxpswlrq 4 wr Dvvxpswlrq 6

dqg nqrzlqj wkdw q�4
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6Wr vhh wklv/ zh fdq fkrrvh vrph qxpehu � : 4@ � �_��1
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8Voxw}n|*v Wkhruhp hqdeohv wkh vxevwlwxwlrq ri wkh vdp0
soh vwdqgdug ghyldwlrq iru wkh srsxodwlrq vwdqgdug ghyldwlrq
lq dq| xqlyduldwh FOW vr dv wr suhvhuyh dv|pswrwlf vwdqgdug
qrupdolw|1 Wkxv/ lw hqdeohv sdudphwhuv wr eh whvwhg rxwvlgh
ri l1l1g1 qrupdo vhwwlqjv1 Lwv xvh zloo eh lpsolhg lq wkh frq0
vwuxfwlrq ri |0whvwv iurp rwkhu FOWv lq vxevhtxhqw Vhfwlrqv1

9Frohpdq +4<<<, uhihuv wr | dv �5/� lq dq dooxvlrq wr lwv
dv|pswrwlf qrupdolw|1
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Wkh surfhgxuh iru hvwlpdwlqj s�/ wkh hvwlpdwhg

errwvwuds vljql�fdqfh ohyho/ lv ghvfulehg �uvw1: Wkh

zlog errwvwuds xvhv d vlplodu surfhgxuh/ zlwk d gli0

ihuhqw uhvdpsolqj phfkdqlvp1 Iluvw/ w dqg g duh

fdofxodwhg iurp wkh gdwd1; Wkhq/ d qxpehu ri

uhsolfdwlrqv/ E/ lv fkrvhq1 Wklv sdshu xvhv E @

433>3331 Iru hdfk ri wkhvh uhsolfdwlrqv/ lqgh{hg

e| e/ wkh frpsrqhqwv ri wkh ruljlqdo yhfwru ri re0

vhuydwlrqv g @ +g4> = = = > gq, duh vdpsohg q wlphv

zlwk uhsodfhphqw wr fuhdwh wkh q0glphqvlrqdo yhfwru
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Wkh zlog errwvwuds rshudwhv qrw e| uhvdpsolqj doo

ri wkh revhuydwlrqv/ exw e| uhvdpsolqj hdfk revhu0

ydwlrq lqglylgxdoo| lq d pdqqhu wkdw plplfv wkh xq0

ghuo|lqj khwhurvfhgdvwlflw|1 Iru hdfk gl dqg e/ wkh

zlog errwvwuds revhuydwlrq g
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44 Wkhvh prphqw
frqglwlrqv dqg Dvvxpswlrq 4 duh vx!flhqw iru wkh
zlog errwvwuds wr eh frqvlvwhqw dqg wr fruuhfw iru
vnhzqhvv1 +Olx/ 4<;;, Wkh zlog errwvwudsshg w

��

e
lv

frqvwuxfwhg iurp g
��

e
dqg wkh zlog errwvwuds vljqli0

lfdqfh ohyho s�� lv frqvwuxfwhg iurp wkh w��
e
/ lq wkh

vdph pdqqhu dv wkh ruglqdu| errwvwuds1 Lq wklv sd0

shu/ xl y

�
�4 . �l4@

s
5
� �

�5 . �l5@
s
5
�
��4�5/ zkhuh

�l4 dqg �l5 duh vwdqgdug qrupdo udqgrp yduldeohv/

�4 @

t
6@7 .

s
4:@5 dqg �5 @

t
6@7�

s
4:@5145

:Wklv surfhgxuh lv dovr nqrzq dv wkh �l1l1g1 errwvwuds1�
;Wkh vxevfulsw rq _ lv vxssuhvvhg lq wklv Vhfwlrq1
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K
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K
lv vhw htxdo wr <<</<<< wr dyrlg gl0

ylvlrq e| }hur1 Wkh h{dfw ydoxh grhv qrw pdwwhu/ vr orqj

dv lwv devroxwh ydoxh lv juhdwhu wkdq �|�1 Wklv iuhtxhqwo| rf0

fxuuhg lq yhu| vpdoo vdpsohv/ zklfk frxog kdyh ehhq kdqgohg

e| shupxwdwlrq whvwv dw wkh ulvn ri frpsolfdwlqj wklv sdshu*v

h{srvlwlrq1
43

Qrwh wkdw wkh idfwru
I
? frxog eh rplwwhg dqg wkh srsx0

odwlrq vwdqgdug ghyldwlrq xvhg zlwkrxw dowhulqj wkh uhvxowv1
44Gdylgvrq dqg Iodfkdluh +5333, dujxh wkdw wkh wklug0

prphqw frqglwlrq lv xqqhfhvvdu|1
45Wklv lv wkh yhuvlrq ri wkh zlog errwvwuds xvhg e| Pdpphq

+4<<5, lq klv vlpxodwlrqv1 Wkh prvw srsxodu fkrlfh iru �� lv
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Djdlq/ 433/333 gudzv duh pdgh1

Vrph jhqhudo uhvxowv duh dssduhqw iurp Vhfwlrq

8 zkhq wkh errwvwuds dqg zlog errwvwuds duh xvhg1

Zkhq w lv vljql�fdqw ru qhduo| vljql�fdqw dw frqyhq0

wlrqdo ohyhov/ lw lv xvxdoo| wuxh wkdw s� A sw A s��/

zkhuh sw lv wkh s0ydoxh iurp wkh dssursuldwh w glvwul0

exwlrq1 Rwkhuzlvh/ xvxdoo|/ s�� A s� A sw1 D srvvl0
eoh lqwhusuhwdwlrq lv wkdw wkh zlog errwvwuds dffrxqwv
ehvw iru wkh khwhurjhqhlw| ri wkh xqghuo|lqj glvwul0
exwlrqv1 Wkxv/ lw whqgv wr surgxfh wkh vwurqjhvw hy0
lghqfh iru +djdlqvw, K3/ zkhq K3 +KD, lv wuxh1 Dq0
rwkhu frqfoxvlrq lv wkdw/ iru odujh hqrxjk vdpsohv/
wkh qrupdo glvwulexwlrq lv d vxlwdeoh whvw glvwulex0
wlrq/ vlqfh sq/ wkh qrupdo s0ydoxh/ xvxdoo| h{fhhgv

s
��

1 Wkdw lv/ xvlqj wkh qrupdo glvwulexwlrq lv pruh

olnho| wr dffhsw K3 wkdq wkh zlog errwvwuds1

7 Ghshqghqw Huuruv

Wkh gdwd qhhg qrw eh lqghshqghqw iru wkh whvw

wr zrun1 Fhqwudo Olplw Wkhruhpv vwloo h{lvw

iru wkhvh fdvhv1 Wkh vlpsohvw rqh lv wkh Pdu0

wlqjdoh FOW/ zklfk uhtxluhv lq dgglwlrq wr Dv0
vxpswlrq 4= +l, H+gl, @ 3 iru doo l dqg +ll,
solp q
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s
qgq@�q djdlq frqyhujhv wr d vwdqgdug qrupdo glv0

wulexwlrq146 Frqglwlrq +l, lv dxwrpdwlfdoo| vdwlv�hg
e| K31 Vhtxhqwldo hvwlpdwlrq ri wlph vhulhv jhqhu0
doo| vdwlv�hv wkh Pduwlqjdoh FOW1 +Gdylgvrq/ 4<;5/
ss1 589�58:, Rqh pd| frqmhfwxuh wkdw lw lv dovr vdw0
lv�hg e| furvv0vhfwlrqdo hvwlpdwhv1

Rwkhu irupv ri ghshqghqfh zlwk wkhlu rzq FOWv
h{lvw1 Wkh lqfoxgh pl{lqj frqglwlrqv dqg qhdu hsrfk
ghshqghqfh +QHG,1 Wkh iruphu rshudwhv rq vlqjo|
lq�qlwh vhtxhqfhv dqg wkh odwwhu rq grxeo| lq�qlwh
vhtxhqfhv1 Wkh| duh erwk irupv ri dv|pswrwlf lq0
ghshqghqfh1 Vxssrvh wkdw wkh huuruv reh| d pl{lqj
frqglwlrq147 Wkhq/ wkh Fhqwudo Olplw Wkhru| iru

wkhvh surfhvvhv uhtxluhv dv|pswrwlf krprvfhgdvwlf0

lw| ri wkh gl�huhqfhv ru wudqviruphg gl�huhqfhv148

Wkdw lv/ olp
q$4

�
q
@ �/ zkhuh � lv d srvlwlyh frq0

vwdqw1 w fdq eh frqvwuxfwhg shu Vhfwlrq 51 FOWv
h{lvw iru QHG yduldeohv +h1j1/ PfOhlvk/ 4<:7, dqg
iru wkh phdqv ri QHG ixqfwlrqv ri pl{lqj surfhvvhv1
+Jrqêdoyhv dqg Zklwh/ 5334, Wkhvh irupv ri ghshq0
ghqfh duh jhqhudoo| dvvxphg ri wlph vhulhv1 D ydulhw|
ri phwkrgv h{lvw iru whvwlqj iru ghshqghqfh lq wlph
vhulhv1 Wkhvh lqfoxgh uxqv whvwv dqg vhuldo fruuhodwlrq
phdvxuhv1

46Gdylgvrq +4<;5/ ss1 589�58:,1 Wkh fux{ ri wklv FOW lv
wkdw wkh _� irup d pduwlqjdoh gl�huhqfh vhtxhqfh1

47Vhh Zklwh +4<;7/ ss1 77�79, iru gh�qlwlrqv ri pl{lqj1
48Zklwh +4<;7/ s1 457,1

Lw lv qrw fohdu krz wr xvh wkh errwvwuds lq gh0
shqghqw frqwh{wv1 Vlqjk +4<;4/ s1 44<5, suryhg wkh
lqfrqvlvwhqf| ri wkh l1l1g1 errwvwuds hvwlpdwru ri wkh
yduldqfh ri dq p0ghshqghqw vhtxhqfh1 Jrqêdoyhv
dqg Zklwh +5334, suryhg d Fhqwudo Olplw Wkhruhp
iru errwvwudsslqj wkh phdqv ri QHG ixqfwlrqv ri
pl{lqj vhtxhqfhv/ xvlqj yhuvlrqv ri wkh eorfn errw0
vwuds1

8 Hpslulfdo H{dpsohv

Wkhvh h{dpsohv duh ri wzr vruwv1 Vxevhfwlrq 814

frpsxwhv w iru dq h{dpsoh ri sdluhg elrorjlfdo phd0

vxuhphqwv1 Vxevhfwlrq 815 frpsxwhv w iru srsxodwlrq

hvwlpdwhv dqg wkhlu ghfhqqldo fhqvxv ydoxhv/ zlwk wkh

odwwhu dvvxphg wuxh149 Wkh errwvwuds dqg zlog errw0

vwuds duh dssolhg wr wkh elrorjlfdo gdwd ri Vxevhfwlrq

814 dqg wr wkh srsxodwlrq hvwlpdwhv ri Vxevxevhfwlrq

81515 iru wkh X1V1 dqg wkh Vwdwhv1 Lq wkhvh fdvhv/ wkh

qrupdo/ w zlwk q � 4 ghjuhhv ri iuhhgrp/ errwvwuds

dqg zlog errwvwuds s0ydoxhv zloo eh ghqrwhg dv sq/ sw/

s
� dqg s

��/ uhvshfwlyho|1 Doo rwkhu whvwv xvh rqo| wkh
qrupdo s0ydoxh1 Doo whvwv duh wzr0wdlohg1 Doo frpsx0
wdwlrqv zhuh grqh lq VDV/ zlwk wkh errwvwudsv grqh
lq VDV2LPO1

814 Sdluhg Phdvxuhphqwv

Gl{rq dqg Prrg +4<79/ s1 88<, sxeolvkhg d Wdeoh
�\lhogv ri Wzr K|eulg Olqhv ri Fruq1� Wkh| uh0
sruwhg vljql�fdqfh ri wkh Vljq Whvw dw 8(1 Vhw0

wlqj wkh gl htxdo wr wkh ydoxhv ri Froxpq D ohvv
Froxpq E surgxfhv w @ �5=:5 zlwk s

q
@ =339/

sw @ =344> s
�

@ 396 dqg s
��

@ =3361 H{fhsw iru

s
�/ zklfk lv jhqhudoo| kljkhu wkdq wkh rwkhu s0ydoxhv/

wkh pdwfkhg0sdluv w0whvw lqglfdwhv orzhu vljql�fdqfh

ohyhov wkdq wkh Vljq Whvw lq wklv lqvwdqfh1

815 Srsxodwlrq Hvwlpdwhv

Lq wkh fdvh ri srsxodwlrq hvwlpdwhv +ru dq| rwkhu
hvwlpdwhv ru iruhfdvwv,/ rqh vhwv hlwkhu wkh {l ru |l

htxdo wr wkh wuxh ydoxhv1 Xvlqj |l lv pruh lqwxlwlyh/

dv wkh vljq ri w lv wkh vdph dv wkh gluhfwlrq ri wkh

hvwlpdwhv* eldv1 Rqh fdq dovr hvwlpdwh �l/ qrupdoo|

dv d ixqfwlrq ri wkh |l1 Lq wkh fdvhv ehorz/ �l lv hv0

wlpdwhg e| wkh uhjuhvvlrq e�l @

��� egl

��� @ d . e m|lm1 Li

wklv htxdwlrq lv zhoo0vshfl�hg dqg e lv vljql�fdqw/

dv lv wuxh lq erwk fdvhv ehorz/ wkhq rqh fdq xvh

g
3

l
@ gl@|l/ wkh dojheudlf shufhqwdjh huuru/ ljqrulqj d

49Wklv lv dq dvvxpswlrq ehfdxvh wkh fhqvxv frqwdlqv phd0

vxuhphqw huuruv/ dv lw plvvhv vrph lqglylgxdov dqg frxqwv rwk0

huv wzlfh ru pruh1 Ixuwkhupruh/ wkhvh huuru udwhv fdq ydu|

iurp fhqvxv wr fhqvxv1



iurp wkh uhjuhvvlrq/ wr frqvwuxfw w1 Iroorzlqj ghpr0
judsklf frqyhqwlrq/ wkh phdq dojheudlf shufhqwdjh
huuru +PDOSH, dqg wkh vdpsoh vwdqgdug ghyldwlrq
ri dojheudlf shufhqwdjh huuruv +VGDOSH, duh vkrzq
ehorz1 Wkxv/ w @

s
qPDOSH@VGDOSH1 Vljql�0

fdqfh ohyhov duh frpsxwhg xvlqj wkh qrupdo glvwul0
exwlrq zkhq wkh errwvwuds lv qrw xvhg1 Wkhvh gdwd
frph zlwk dq lpsruwdqw fdyhdw= wkh huuruv pd| qrw
qhfhvvdulo| eh lqghshqghqw lq doo fdvhv1

81514 4<:3 Zdvklqjwrq Vwdwh Frxqw| Hvwlpdwhv

Wkhvh gdwd frph iurp Vzdqvrq/ Wd|pdq dqg Eduu

+5333,1 Lq wklv fdvh/ q @ 6< dqg e�l @

��� egl

��� @
<7<=3< +5=;7, . 3=34< +43=;7, m|lm/ zkhuh wkh w0

udwlrv duh lq sduhqwkhvhv1 Wkh uhohydqw vwdwlvwlfv duh

PDOSH @ 5=978;;/ VGDOSH @ 8=;3886/ w @ 4:=::

dqg s ? =3341

81515 4<<3 Fhqvxv Exuhdx Frxqw| Hvwlpdwhv

Wkhvh hvwlpdwhv duh ghvfulehg lq Gdylv +4<<7,1
Wkh �wuxh� ydoxhv duh dvvxphg wr eh wkh xqdg0
mxvwhg 4<<3 fhqvxv srsxodwlrqv1 Wkh huuru vwuxf0

wxuh zdv hvwlpdwhg dv e�l @

��� egl

��� @ 7:8=<8 +:=:7, .

3=349 +:7=34, m|lm xvlqj 6/474 revhuydwlrqv1 Iru

wkh X1V1 dv d zkroh/ wklv surgxfhg wkh vwdwlvwlfv

PDOSH @ 4=::/ VGDOSH @ 7=95/ w @ 54=7< dqg

s ? =33334 dffruglqj wr doo whvwv1 Wdeohv 4�7 vxp0

pdul}h wkhvh vwdwlvwlfv e| Vwdwh/ Uhjlrq/ 4<<3 Vl}h
Fodvv dqg 4<;30<3 jurzwk udwhv/ uhvshfwlyho|1 Wdeoh

4 frqwdlqv gdwd iru vwdwhv dqg uhsruwv doo s0ydoxhv

zkhq dw ohdvw rqh lv dw ohdvw 133334/ zkloh d vlqjoh

dvwhulvn qh{w wr w lq Wdeohv 5�7 ghqrwhv vljql�fdqfh

dw 4( xvlqj wkh qrupdo glvwulexwlrq1

Vrph lqwhusuhwdwlrqv ri Wdeohv 4�7 duh srvvleoh1

Wdeoh 7 vkrzv wkdw/ lq jhqhudo/ wkh vorzhu d frxqw|*v
jurzwk/ wkh pruh olnho| lw zdv wr eh ryhuhvwlpdwhg/

vr wkdw rqo| idvw0jurzlqj frxqwlhv zhuh hvwlpdwhg

zlwkrxw eldv1 Wkh vljql�fdqw �qglqj ri qhjdwlyh eldv

lq Frqqhfwlfxw lq Wdeoh 4 pd| eh gxh wr vpdoo vdp0

soh h�hfwv dqg vkrxog eh glvuhjdughg1 Lqwhusuhwd0
wlrqv ri wkhvh uhvxowv uhtxluh wdnlqj lqwr dffrxqw wkh

idfw wkh Fhqvxv Exuhdx hvwlpdwhv duh frqvwudlqhg wr

dq h{rjhqrxvo| vxssolhg qdwlrqdo frqwuro wrwdo1 Wkh

ryhudoo eldv lv gxh wr d kljk qdwlrqdo frqwuro/ dv0

vxplqj qr vxevwdqwlyh uhodwlyh gl�huhqfhv ehwzhhq
plvfrxqwv lq wkh 4<;3 dqg 4<<3 fhqvxvhv1

Wdeohv 4�7 frqwdlq dqrwkhu lpsruwdqw ohvvrq iru
hydoxdwruv dqg xvhuv ri hvwlpdwhv dqg iruhfdvwv=

PDOSH/ zklfk lv frpprqo| uhsruwhg dv d phdvxuh
ri eldv/ grhv qrw frqwdlq e| lwvhoi hqrxjk lqirupdwlrq
wr ghwhuplqh zkhwkhu vljql�fdqw eldv h{lvwv1 Kljk

+orz, ydoxhv ri mPDOSHm wkxv gr qrw qhfhvvdulo| lq0
glfdwh wkh suhvhqfh +devhqfh, ri eldv1 Iru h{dpsoh/
Kdzdll kdv d odujh mPDOSHm +8188,/ exw lwv odujhu
VGDOSH +;15<, dqg vpdoo vdpsoh vl}h +8, pdnh lwv
w lqvljql�fdqw1 Rq wkh rwkhu kdqg/ erwk Qhz \run
dqg wkh Qruwkhdvw Uhjlrq kdyh vpdoo mPDOSHm +3179
dqg 318:/ uhvshfwlyho|,/ exw duh vljql�fdqw dw wkh
43( dqg 4( ohyhov/ uhvshfwlyho|1

9 Frqfoxvlrqv dqg H{whqvlrqv

Wklv sdshu kdv jhqhudol}hg wkh pdwfkhg0sdluv w0whvw
wr qrq0l1l1g1 gdwd zlwk jhqhudo huuru vwuxfwxuhv/ h�hf0
wlyho| h{sdqglqj xsrq Frohpdq*v +4<<<, qrqsdud0
phwulf whvw iru phdq eldv lq hvwlpdwhv dqg iruhfdvwv1
Wklv whvw kdv ehhq dssolhg wr h{dpsohv iurp elro0
rj| dqg srsxodwlrq hvwlpdwhv1 Wkh srsxodwlrq hvwl0
pdwhv h{dpsohv zhuh ghyhorshg xqghu wkh dvvxps0
wlrq ri lqghshqghqw huuruv/ zklfk pd| eh ylrodwhg lq
wkhvh fdvhv1 Wkhvh hvwlpdwhv vkrzhg fohdu/ frqvlv0
whqw wuhqgv1
Gxh wr �qlwh vdpsoh h�hfwv/ wkh wuxh vljql�fdqfh

ydoxhv pd| gl�hu iurp wkh qrplqdo rqhv/ frqwlqjhqw
rq wkh whvw glvwulexwlrq1 Wkh errwvwuds dqg zlog
errwvwuds fdq eh xvhg wr hvwlpdwh vljql�fdqfh ohyhov
iru lqghshqghqw gdwd1 Wkhvh dovr dyrlg wkh sure0
ohp ri ghflglqj rq d qxoo whvw glvwulexwlrq1 Wkh fdvh
ri ghshqghqw/ qrqlghqwlfdoo| glvwulexwhg gdwd lv xq0
fohdu1 Wkh dssolfdelolw| ri wkh errwvwuds dqg zlog
errwvwuds wr wklv nlqg ri gdwd lv d vxemhfw iru ixwxuh
uhvhdufk1
Vhyhudo Fhqwudo Olplw Wkhruhpv iru ghshqghqw

gdwd kdyh dovr ehhq xvhg wr frqvwuxfw wkh whvw dqg
vkrz lwv dv|pswrwlf vwdqgdug qrupdolw|1 Wkh ohdvw
vwulqjhqw ri wkhp lv wkh Pduwlqjdoh FOW1 Fxuuhqw
FOWv iru pl{lqj surfhvvhv uhtxluh dv|pswrwlf kr0
prvfhgdvwlflw|1 Qhdu hsrfk ghshqghqw surfhvvhv
dovr srvvhvv FOWv1 Doo ri wkhvh FOWv kdyh ehhq ds0
solhg wr wlph vhulhv/ exw pd| eh dssolfdeoh wr furvv0
vhfwlrqdo gdwd dv zhoo1

: Uhihuhqfhv

Frohpdq/ Fkduohv G1/ +4<<<, �Qrqsdudphwulf Whvwv
iru Eldv lq Hvwlpdwhv dqg Iruhfdvwv/� lq Dphulfdq

Vwdwlvwlfdo Dvvrfldwlrq= Surfhhglqjv ri wkh 4<<< Vhf0

wlrq rq Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 584�5891

Gdylgvrq/ Mdphv/ +4<;5, �Vdpsolqj Wkhru| zlwk
Ghshqghqw Revhuydwlrqv/ Dv|pswrwlf/� lq Nrw}/
Vdpxho/ Qrupdq O1 Mrkqvrq dqg Fdpehoo E1 Uhdg
^hgv1`/ Hqf|forshgld ri Vwdwlvwlfdo Vflhqfhv/ yroxph
;/ 588�58:1



Vwdwh q PDOSH VGDOSH w sq sw s� s
��

DN 58 �7=99 <=47 �5=88 1343:4 134:7< 135684 133;3<

D] 48 �5=;9 9=55 �4=:; 13:895 13<:68 13<9:8 13;<;9

FD 8; 4=:4 6=;5 6=73 13339: 133456 133683 133366

FR 96 4=88 8=5; 5=66 135339 135668 135;98 134;65

FW ; �4=;3 3=<4 �8=94 ?133334 1333;3 134654 133344

GH 6 6=39 6=44 4=:4 13;;43 156355 166596 14<:64

IO 9: 5=:5 8=:5 6=;< 133343 133357 133353 13333:

JD 48< 4=34 7=<8 5=8; 133<<3 1343;4 1343:7 133:<7

KL 8 8=88 ;=5< 4=83 1467:; 153<44 16:335 14:7:8

LG 77 3=48 8=6< 3=4; 1;8875 1;895: 1;86;3 1;98;<

NV 438 4=45 6=;9 6=;9 1335;: 13368: 1336<6 133573

N\ 453 4=6< 7=43 6=:5 133353 133363 133358 133346

PH 49 3=73 4=;8 3=;: 16;6:< 16<:84 16<8<3 176836

PG 57 �3=87 6=4; �3=;6 173;86 174:35 175939 1794;5

PD 47 �3=88 5=:: �3=:7 178::; 17:3<; 17<9<3 189846

PV ;5 4=86 8=34 5=:9 1338:4 133:3: 133:83 1337:5

PW 8: 5=34 8=<5 5=8: 134363 134633 1349:8 133:74

QY 4: �6=95 8=;5 �5=89 134367 1353;3 1373<7 133:8;

QK 43 4=3; 5=:; 4=56 154<46 15835< 159583 1596;<

QM 54 �6=95 5=8< �3=55 1;56;< 1;5947 1;5:43 1;746:

QP 66 4=3; 8=98 3=37 1<9:78 1<9::3 1<9;94 1<:48<

Q\ 95 �3=46 5=43 �4=:6 13;663 13;;69 13;<55 13;637

RU 69 3=37 6=87 6=66 1333;: 133539 13353; 133374

UL 8 �4=<7 5=57 �4=<7 1385;8 1457<6 144945 143497

VF 79 4=7< 7=89 5=54 1359;4 1364<5 1365<6 1359;;

W[ 587 3=58 9=5< 3=96 185;:< 185<69 1863:< 186:79

XW 5< 3=83 7=;8 3=88 18;484 18;8;; 18;8:: 1939<8

YD 469 6=56 6=75 6=86 133374 13369: 13736< 1333;4

YW 47 4=56 :=8; 4=<3 138::< 138<<5 138<95 13869<

ZD 6< 4=3: 6=39 5=4; 135<4: 136876 1369;< 135;:8

Wdeoh 4= Vwdwlvwlfv e| Vwdwh

Uhjlrq q PDOSH VGDOSH w

Qruwkhdvw 54: 318: 51<7 51;7-

Plgzhvw 4388 5178 6168 561:8-

Vrxwk 4758 41:7 8148 451:9-

Zhvw 777 31;8 819; 6147-

Wdeoh 5= Vwdwlvwlfv e| Uhjlrq

4<<3 Srsxodwlrq q PDOSH VGDOSH w

?5/833 44< 6186 <147 7154-

5/833�7/<<< 4;3 4166 8193 614<-
8/333�</<<< 78: 41:: 816: :13:-

43/333�4</<<< :3: 5159 717< 4616<-

53/333�7</<<< ;69 5143 61<9 48163-

83/333�<</<<< 6;7 41:; 816: :13:-

433/333. 78; 3185 51;: 61;;-

Wdeoh 6= Vwdwlvwlfv e| 4<<3 Srsxodwlrqv



Jurzwk Udwh q PDOSH VGDOSH w

? �8( ;:: 6=6: 7=48 57=35-

�7=<<(� 3( 87; 5=4: 6=<5 45=<:-

3(� 7=<<( 876 4=74 6=;9 ;=86-

8(� <=<<( 735 4=49 7=59 8=79-

43(� 47=<<( 553 3=<3 7=5: 6=45-

48(� 57=<<( 588 3=55 8=59 3=99

58(. 5<9 �3=55 9=86 �3=8<

Wdeoh 7= Vwdwlvwlfv e| 4<;304<<3 Jurzwk Udwhv

Gdylgvrq/ Uxvvhoo dqg Hppdqxho Iodfkdluh/ +5333,
�Wkh Zlog Errwvwuds/ Wdphg dw Odvw/� pdqxvfulsw/
Ghsduwphqw ri Hfrqrplfv/ Txhhq*v Xqlyhulvlw|/
Nlqjvwrq/ Rqwdulr/ Fdqdgd/ Rfwrehu1

Gdylv/ Vdp W1/ +4<<7, �Hydoxdwlrq ri Srvwfhqvdo
Frxqw| Hvwlpdwhv iru wkh 4<;3v/� Srsxodwlrq Gl0
ylvlrq Zrunlqj Sdshu Qr1 8/ X1V1 Fhqvxv Exuhdx/
Zdvklqjwrq/ GF1

Gl{rq/ Z1M1 dqg D1P1 Prrg/ +4<79, �Wkh Vwdwlvwl0
fdo Vljq Whvw/� Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo

Dvvrfldwlrq/ 74/ 88:�8991

Jrqêdoyhv/ Vðoyld dqg Kdoehuw Zklwh/ +5334, �Wkh
Errwvwuds ri wkh Phdq iru Ghshqghqw Khwhurjhqhrxv
Duud|v/� uhsruw 5334v04</ Fhqwuh Lqwhuxqlyhuvdluh gh
Uhfkhufkh hw Dqdo|}h ghv Rujdql}dwlrqv/ Prqwuhdo/
Txhehf/ Fdqdgd1

Kdoo/ Shwhu/ +4<;;, Wkh Errwvwuds dqg Hgjhzruwk

H{sdqvlrq/ Vsulqjhu0Yhuodj/ Qhz \run1

Mxuh
fnryä/ Mdqd dqg Sudqde Nxpdu Vhq/ +4<<9, Ur0
exvw Vwdwlvwlfdo Surfhgxuhv= Dv|pswrwlfv dqg Lqwhu0

uhodwlrqv/ Qhz \run= Zloh|1

Olx/ Uhjlqd \1/ +4<;;, �Errwvwuds Surfhgxuhv xqghu
Vrph Qrq0l1l1g1 Prghov/� Dqqdov ri Vwdwlvwlfv/ 49/

49<9�4:3;1

Pdpphq/ Hqqr/ +4<<5, Zkhq grhv Errwvwuds

ZrunB= Dv|pswrwlf Uhvxowv dqg Vlpxodwlrqv/ Qhz
\run= Vsulqjhu0Yhuodj1

PfOhlvk/ G1O1/ +4<:7, �Ghshqghqw Fhqwudo Olplw
Wkhruhpv dqg Lqyduldqfh Sulqflsohv/� Wkh Dqqdov

ri Suredelolw|/ 5/ 953�95;1

Vlqjk/ Nhvdu/ +4<;4, �Rq wkh Dv|pswrwlf Dffxudf|
ri Hiurq*v Errwvwuds/� Wkh Dqqdov ri Vwdwlvwlfv/ </

44;:�44<81

Vzdqvrq/ Gdylg D1/ Mh� Wd|pdq dqg Fkduohv
I1 Eduu/ +5333, �D Qrwh rq wkh Phdvxuhphqw ri
Dffxudf| iru Vxeqdwlrqdo Ghprjudsklf Hvwlpdwhv/�
Ghprjudsk|/ 6:/ 4<6�5341

Zklwh/ Kdoehuw/ +4<;7, Dv|pswrwlf Wkhru| iru

Hfrqrphwulfldqv/ Dfdghplf Suhvv/ Ruodqgr/ Iorulgd1

; Dfnqrzohgjhphqwv

L zrxog olnh wr wkdqn Ehy Fdxvh| dqg Ohur| Edloh|

iru shhu uhylhz1


