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Devwudfw
Wklv sdshu hydoxdwhv wkh shuirupdqfh ri wkuhh errwvwuds dojrulwkpv

iru wkh gdwd hqyhorsphqw dqdo|vlv +GHD, hvwlpdwru xvlqj d Prqwh Fduor
vlpxodwlrq vwxg|1 Wkh Oùwkjuhq dqg Wdperxu +4<<:, +OW, dojrulwkp> wkh
Vlpdu dqg Zlovrq +4<<:e, +VZ, dojrulwkp> dqg d frpelqdwlrq ri wkh OW
dqg VZ dojrulwkpv +wkh OVZ0dojrulwkp, duh frqvlghuhg lq wkh vwxg|1 Wkh
hpslulfdo fryhudjh dffxudf| ri errwvwuds frq�ghqfh lqwhuydov duh vlpxodwhg
xqghu erwk yduldeoh uhwxuqv wr vfdoh +YUV, dqg frqvwdqw uhwxuq0wr0vfdoh
+FUV, uhvwulfwhg GHD hvwlpdwruv1 Wkh uhvxowv lqglfdwh wkdw wkh OVZ0
dojrulwkp shuirupv voljkwo| ehwwhu wkdq wkh OW0dojrulwkp/ zklfk lq wxuq
shuirupv ehwwhu wkdq wkh VZ0dojrulwkp1
Nh| Zrugv= Errwvwuds> Frq�ghqfh Lqwhuydov> Gdwd Hqyhorsphqw Dqdo|0
vlv> Prqwh Fduor Vlpxodwlrq1
MHO0Fodvvl�fdwlrq= F47> F48> G571

�L wkdqn Plfndho Vdodedvlv iru khosixo glvfxvvlrqv ri wkh qrqsdudphwulf vprrwklqj surfhgxuh1
Ilqdqfldo vxssruw iurp wkh Mdq Zdoodqghu Irxqgdwlrq iru Uhvhdufk lq wkh Vrfldo Vflhqfhv lv
judwhixoo| dfnqrzohgjhg1



41 Lqwurgxfwlrq

Hvwlpdwlrq ri whfkqlfdo h!flhqf| xvlqj qrqsdudphwulf slhfhzlvh olqhdu hqyhors0
phqw ri wkh gdwd gdwhv edfn wr wkh zrun ri Iduuhoo +4<8:,1 Wkh gdwd hqyhorsphqw
dqdo|vlv +GHD, hvwlpdwru ri whfkqlfdo h!flhqf|/ lqwurgxfhg e| Fkduqhv/ Frrshu
dqg Ukrghv +4<:;,/ kdyh irxqg xvh lq pdq| h!flhqf| phdvxuhphqw vwxglhv dqg
kdyh ehhq prgl�hg dqg h{whqghg lq vhyhudo zd|v dv suhvhqwhg lq wkh GHD vxuyh|
e| Vhlirug +4<<9,1 Uhfhqwo| wkh vwdwlvwlfdo surshuwlhv ri wkh GHD hvwlpdwruv kdyh
ehhq lqyhvwljdwhg e| vhyhudo dxwkruv1 Edqnhu +4<<6,/ hvwdeolvkhv frqvlvwhqf| ri wkh
GHD hvwlpdwruv iru wkh vlqjoh0rxwsxw/ pxowlsoh0lqsxw fdvh/ dqg Nqhls/ Sdun dqg
Vlpdu +4<<9, surylgh frqyhujhqfh uhvxowv iru wkh jhqhudo pxowlsoh0lqsxw/ pxowlsoh0
rxwsxw fdvh1 Nrurvwhohy/ Vlpdu dqg Wv|ednry +4<<8d/ 4<<8e, hvwdeolvk wkh frq0
vlvwhqf| ri wkh IGK dqg GHD surgxfwlrq vhw hvwlpdwruv dqg wkhlu frqyhujhqfh
udwhv1

Dq lpsruwdqw lvvxh lq GHD dssolfdwlrqv lv zkhwkhu d jlyhq vhw ri �qlwh vdpsoh
GHD h!flhqf| hvwlpdwhv lqglfdwh vljql�fdqw whfkqlfdo lqh!flhqflhv ri wkh hydo0
xdwhg �upv ru qrw1 Wklv lqirupdwlrq lv uhdvrqdeo| ri lpsruwdqfh wr pdqdjhuv
zkr zlvk wr irfxv wkhlu h�ruwv wr lqfuhdvh h!flhqf| zkhuh lpsuryhphqwv duh prvw
qhhghg1 Doehlw frqvlvwhqw/ uhdo zruog dssolfdwlrqv ri GHD hvwlpdwruv r�hu qr jxlg0
dqfh wr wkh vwdwlvwlfdo lqihuhqfh sureohp lq wkdw rqo| srlqw hvwlpdwhv ri h!flhqf|
duh rewdlqhg iurp wkh hvwlpdwruv1

Dq dssurdfk wr shuirup wkh ghvluhg lqihuhqfh lv wr errwvwuds wkh GHD hvwl0
pdwru1 Wkh errwvwuds lv d frpsxwdwlrqdoo| lqwhqvlyh jhqhudo phwkrg wkdw uholhv
rq d vlpsoh lghd wr shuirup vwdwlvwlfdo lqihuhqfh lq ydulrxv sureohpv zkhuh wkh
dqdo|wlfdo surshuwlhv ri wkh frqvlghuhg hvwlpdwru lv xqnqrzq ru kdug +ru hyhq lp0
srvvleoh, wr ghulyh dqdo|wlfdoo|1 Wkh lghd lq wkh errwvwuds phwkrg/ lqwurgxfhg e|
Hiurq +4<:<, dqg odwhu h{whqghg lq vhyhudo gluhfwlrqv/ dv suhvhqwhg lq/ h1j1/ Hiurq
dqg Wlevkludql +4<<6,/ lv wr uhvdpsoh wkh hvwlpdwru dqg xvh wkh hpslulfdo glvwule0
xwlrq ri wkh uhvdpsohg hvwlpdwhv wr fdofxodwh errwvwuds frq�ghqfh lqwhuydov ru wr
frqvwuxfw errwvwuds k|srwkhvhv whvwv wr shuirup wkh ghvluhg vwdwlvwlfdo lqihuhqfh1

Wkh dssolfdwlrq ri wkh errwvwuds wr GHD hvwlpdwruv lv udwkhu uhfhqw dqg xqghu
h{whqvlyh ghyhorsphqw1 Dv ri |hw d frqvhqvxv rq d vlqjoh errwvwuds phwkrgrorj|
iru wkh GHD hvwlpdwruv uhpdlqv wr eh ghyhorshg1 Vhyhudo sdshuv dsso|lqj ydulrxv
errwvwuds whfkqltxhv rq GHD hvwlpdwruv kdyh uhfhqwo| dsshduhg1 Vhh/ h1j1/ Jvwdfk
+4<<8,/ Ihuulhu dqg Kluvkehuj +4<<:,/ Oùwkjuhq dqg Wdperxu +4<<:, dqg Vlpdu
dqg Zlovrq +4<<:e,1 Uhfhqwo|/ Vlpdu dqg Zlovrq +4<<:f, fulwlfl}h wkh errwvwuds
surfhgxuh vxjjhvwhg e| Ihuulhu dqg Kluvkehuj +4<<:, dqg suhvhqw �d sulphu rq
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errwvwudsslqj qrqsdudphwulf prghov� zlwk d jhqhudo jxlgdqfh ri krz wkh GHD
hvwlpdwruv vkrxog +dqg vkrxog qrw$, eh errwvwudsshg1

Wkh sxusrvh ri wklv sdshu lv wr wdnh xs wkh glvfxvvlrq lq Vlpdu dqg Zlovrq
+4<<:f, dqg suhvhqw vrph Prqwh Fduor vlpxodwlrq uhvxowv lq idyru ri dq dowhuqdwlyh
vlpsoh GHD errwvwuds surfhgxuh wkdw r�huv d vlpsoh dowhuqdwlyh wr wkh dojrulwkp
vxjjhvwhg e| Vlpdu dqg Zlovrq +4<<:e,1 Vshfl�fdoo| wkh errwvwuds dojrulwkp e|
Oùwkjuhq dqg Wdperxu +4<<:, +OW, lv suhvhqwhg dqg frpsduhg wr wkh dojrulwkp
e| Vlpdu dqg Zlovrq +4<<:e, +VZ,1

Wkh OW0dojrulwkp lv d frpsxwdwlrqdoo| vlpsoh GHD errwvwuds dojrulwkp wkdw
gl�huv iurp wkh VZ0dojrulwkp lq wzr lpsruwdqw zd|v= Iluvw/ d vlpsoh uhvdpsolqj
ri ruljlqdo h!flhqf| hvwlpdwhv duh xvhg/ zlwkrxw dssolfdwlrq ri wkh vprrwkhg uh0
vdpsolqj dssolhg e| VZ1 Vhfrqg/ d ixqgdphqwdo gl�huhqfh lv wkdw wkh fdofxodwlrq
ri wkh uhvdpsohg h!flhqf| hvwlpdwhv gl�hu1 Lq wkh OW0dojrulwkp wkh errwvwuds hi0
�flhqf| hvwlpdwhv duh edvhg rq wkh glvwdqfh iurp wkh svhxgr0gdwd wr wkh errwvwuds
iurqwlhu hvwlpdwhv1 Wklv lv lq frqwudvw wr wkh VZ0dojrulwkp zkhuh wkh errwvwuds
h!flhqf| hvwlpdwhv duh edvhg rq wkh glvwdqfh iurp wkh ruljlqdo revhuyhg lqsxwv
wr wkh errwvwudsshg surgxfwlrq iurqwlhu hvwlpdwhv1

D frpsdudwlyh Prqwh Fduor vlpxodwlrq vwxg| lv frqgxfwhg wr lqyhvwljdwh wkh
shuirupdqfh ri wkh OW dqg wkh VZ dojrulwkpv wr errwvwuds vlqjoh0shulrg GHD
hvwlpdwruv1 D frpsdulvrq ri wkh uhodwlyh shuirupdqfh ri wkh OW dqg wkh VZ
dojrulwkpv lv ri lqwhuhvw e| lwvhoi exw grhv qrw surylgh dq| lqirupdwlrq rq wkh
srvvleoh fdxvhv ri d srvvleoh gl�huhqfh lq shuirupdqfh1 Wr jlyh vrph jxlgdqfh
rq wklv lvvxh zh sursrvh dqg hydoxdwh wkh shuirupdqfh ri d wklug dojrulwkp +wkh
OVZ0dojrulwkp, wkdw lv edvhg rq wkh vprrwklqj surfhgxuh lq wkh VZ0dojrulwkp
dqg wkh xvh ri wkh svhxgr lqsxw gdwd lq wkh gh�qlwlrq ri wkh errwvwuds h!flhqf|
hvwlpdwru dv lq wkh OW0dojrulwkp1 D frpsdulvrq ri wkh uhodwlyh shuirupdqfh ri
wkh OW dqg OVZ dojrulwkpv lqglfdwhv zkhwkhu dq| gl�huhqfhv lq shuirupdqfh lv
gxh wr wkh xvh ri d vprrwkhg +VZ, ru qrq0vprrwkhg +OW, uhvdpsolqj ri svhxgr0
h!flhqflhv lq wkh errwvwuds dojrulwkp1 Ixuwkhupruh/ d frpsdulvrq ri wkh uhodwlyh
shuirupdqfh ri wkh VZ dqg OVZ dojrulwkpv lqglfdwhv zkhwkhu dq| gl�huhqfhv lq
shuirupdqfh lv gxh wr wkh xvh ri ruljlqdo gdwd +VZ, ru svhxgr0gdwd +OW, lq wkh
hydoxdwlrq ri wkh errwvwuds h!flhqf| hvwlpdwhv1

Wkh Prqwh Fduor vwxg| frqvlghuv hvwlpdwlrq ri lqsxw0rulhqwhg4 whfkqlfdo lqhi0
�flhqf| xvlqj d FUV whfkqrorj| dv wkh wuxh gdwd jhqhudwlqj surfhvv1 Whfkqlfdo
lqh!flhqf| lv hvwlpdwhg xvlqj erwk wkh YUV dqg wkh FUV uhvwulfwhg GHD hvwlpd0

4Wklv lv qrw uhvwulfwlyh dqg wkh ghvfulehg dojrulwkpv dqg whfkqltxhv fdq eh wulyldoo| h{whqghg
wr dq rxwsxw0rulhqwhg vhwwlqj1
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wru1 Wkh fryhudjh dffxudf| shuirupdqfh ri vlpsoh shufhqwloh dqg eldv0fruuhfwhg
errwvwuds frq�ghqfh lqwhuydov duh frqvlghuhg iru hdfk ri wkh OW/ wkh VZ dqg wkh
OVZ dojrulwkpv1 Iru wkh frpsxwdwlrqdoo| ghpdqglqj YUV hvwlpdwru zh frqvlghu
vpdoo0vdpsoh surshuwlhv iru vdpsoh vl}hv xs wr ? ' Sf1 Iru wkh FUV hvwlpdwru zh
frqvlghu vdpsoh vl}hv xs wr ? ' Dff wr jhw vrph lqglfdwlrqv ri wkh frqvlvwhqf|
surshuwlhv ri wkh gl�huhqw errwvwuds dojrulwkpv1

Iru wkh YUV hvwlpdwru wkh uhvxowv lqglfdwh wkdw wkh frpelqhg OVZ0dojrulwkp
shuirupv voljkwo| ehwwhu wkdq wkh OW0dojrulwkp/ zklfk lq wxuq shuirupv ehwwhu
wkdq wkh pruh frpsxwdwlrqdoo| ghpdqglqj VZ0dojrulwkp1 Iru odujhu vdpsoh vl}hv
dqg kljkhu qrplqdo frq�ghqfh ohyhov wkh gl�huhqfh lq shuirupdqfh ehwzhhq wkh OW
dqg VZ0dojrulwkpv lv pruh fohdu1 Iru wkh FUV hvwlpdwru wkh OVZ0dojrulwkp dovr
vkrzv wkh ehvw shuirupdqfh1 Iru doo frqvlghuhg vdpsoh vl}hv/ wkh OVZ shufhqwloh
lqwhuydov kdyh frqvlvwhqwo| wkh kljkhvw fryhudjh dffxudflhv1 Wkh OW0dojrulwkp lq0
whuydov shuirupv ryhudoo ehwwhu wkdq wkh VZ0dojrulwkp1 Dv iru wkh frqvlvwhqf|
surshuwlhv ri wkh dojrulwkpv wkh fryhudjh dffxudf| ri errwvwuds frq�ghqfh lqwhu0
ydov iurp wkh OW dqg OVZ dojrulwkpv vkrz d fohdu frqyhujhqfh ri wkh hpslulfdo
fryhudjh dffxudf| wr wkh qrplqdo ohyhov iru vdpsoh vl}hv odujhu wkdq �2f1 Iru
wkh VZ0dojrulwkp/ rq wkh rwkhu kdqg/ wkh uhvxowv fdvw grxewv rq wkh frqvlvwhqf|
surshuwlhv ri wkh dojrulwkp1

Wkh sdshu xqirogv dv iroorzv= Vhfwlrq 5 suhvhqwv wkh GHD hvwlpdwru1 Vhfwlrq 6
suhvhqwv wkh errwvwuds dojrulwkpv dqg Vhfwlrq 7 suhvhqwv wkh errwvwuds frq�ghqfh
lqwhuydov frqvlghuhg lq wkh vwxg|1 Vhfwlrq 8 suhvhqwv wkh Prqwh Fduor vlpxodwlrq
vwxg| dqg Vhfwlrq 9 frqfoxghv1

51 Wkh GHD Hvwlpdwru

D pxowlsoh0lqsxw/ pxowlsoh0rxwsxw surgxfwlrq whfkqrorj|/ zkhuh lqsxwv % 5 -_

n

lqsxwv duh xvhg lq wkh surgxfwlrq ri + 5 -R

n
rxwsxwv fdq eh uhsuhvhqwhg e| wkh

surgxfwlrq vhw [ ri dwwdlqdeoh lqsxw0rxwsxw frpelqdwlrqv=

[ '
q
E%c +� 5 -_nR

n
G % fdq surgxfh +

r
� +514,

Wkh whfkqrorj| lv dvvxphg wr vdwlvi| d vhw ri d{lrpv glvfxvvhg lq/ h1j1/ Vkhs0
kdug +4<86, dqg Vkhskdug +4<:3,1 Lq vkruw= +l, lqdfwlylw| lv doorzhg> +ll, �iuhh
oxqfk� lv qrw doorzhg> +lll, vwurqj glvsrvdelolw| ri lqsxwv dqg rxwsxwv> dqg +ly, wkh
whfkqrorj| lv frqyh{1

Dq dowhuqdwlyh/ htxlydohqw/ uhsuhvhqwdwlrq ri wkh whfkqrorj| lv wkh lqsxw vhw/
gh�qhg dv
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u E+� ' i% G E%c +� 5 [j � +515,

Wkh surgxfwlrq whfkqrorj| lv frpsohwho| fkdudfwhul}hg e| wkh Iduuhoo +4<8:,
vfdodu0ydoxhv lqsxw0edvhg whfkqlfdo h!flhqf| phdvxuh gh�qhg dv

w E%c +� ' 4�? iw G w% 5 u E+�j � +516,

Wklv phdvxuh lv uhflsurfdo wr wkh lqsxw glvwdqfh ixqfwlrq e| Vkhskdug +4<86,
dqg Vkhskdug +4<:3,1 w E%c +� � � li dqg rqo| li % 5 u E+�1 Wkh ydoxh ri wkh
h!flhqf| phdvxuh lv jlyhq e| w E%c +� ' n%n *

���%s���/ zkhuh %s 5 UrJ^u E+� '

i% G % 5 u E+� c >% *5 u E+� c > 	 �j lv wkh iurqwlhu lqsxw1 D �up lv frqvlghuhg dv
whfkqlfdoo| h!flhqw li wkh h!flhqf| phdvxuh htxdov rqh1

Iroorzlqj Fkduqhv hw do1 +4<:;, +FFU, wkh yduldeoh uhwxuqv wr vfdoh +YUV,
GHD h!flhqf| hvwlpdwru iru �up � ' �c ���c ?/ edvhg rq d vdpsoh �

?

' iE%
�

c +
�

� ( � ' �c ���c ?j/
lv jlyhq e| wkh vroxwlrq wr wkh olqhdu surjudpv

ewT -7
�?

' 4�?
q
w G w%

�

5 euT -7

?

E+
�

�
r
c +517,

zkhuh %
�

lv wkh _0yhfwru ri lqsxwv dqg +
�

lv wkh R0yhfwru ri rxwsxwv iru �up �/euT -7

?

E+
�

� lv wkh slhfh0zlvh olqhdu frqyh{ kxoo hqyhorsphqw ri wkh revhuyhg vdpsoh
�
?

jlyhq e|

euT -7

?

E+
�

� '

+
% G +

�

� t 5c % � f5c
?[
�'�

5
�

' �c 5 5 -?

n

,
c +518,

zkhuh t ' E+
�
c +

2
c ���c +

?

� lv d ER � ?� pdwul{/ f ' E%
�
c %

2
c ���c %

?

� lv d E_ � ?�
pdwul{ ri lqsxwv dqg 5 lv d ?0yhfwru ri qrq0qhjdwlyh lqwhqvlw| yduldeohv1

Wkh frqvwdqw uhwxuqv wr vfdoh +FUV, h!flhqf| hvwlpdwru/ ew�-7
�

/ lv jlyhq e|

ew�-7
�?

' 4�?
q
w G w%

�

5 eu�-7

?

E+
�

�
r
c +519,

zkhuh eu�-7

?

E+
�

� lv wkh slhfh0zlvh olqhdu frqlfdo kxoo ri wkh gdwd/ gh�qhg e|

eu�-7

?

E+
�

� '
q
% G +

�

� t 5c % � f5c 5 5 -?

n

r
� +51:,

Dv glvfxvvhg lq Vlpdu dqg Zlovrq +4<<9,/ wkh �vdihvw� dssurdfk lq hvwlpdwlqj
h!flhqf|/ wkdw dyrlgv d srvvleoh plvvshfl�fdwlrq/ lv wr xvh wkh YUV hvwlpdwru1
Wklv vxjjhvwlrq lv prwlydwhg e| wkh idfw wkdw iru d FUV whfkqrorj|/ erwk eu�-7

?

� u

8



dqg euT -7

?

� uc dqg erwk lqsxw vhw hvwlpdwruv frqyhujh wr wkh wuxh lqsxw vhw u
dv wkh vdpsoh vl}h ? $ 4 +vhh/ h1j1/ Nrurvwhohy/ Vlpdu dqg Wv|ednry +4<<8e,,1

Khqfh/ xqghu FUV/ erwk hvwlpdwruv ewT -7
�?

dqg ew�-7
�?

duh frqvlvwhqw1 Li/ rq wkh rwkhu
kdqg/ wkh wuxh whfkqrorj| grhv qrw h{klelw FUV/ wkh FUV lqsxw vhw hvwlpdwrueu�-7

?

lv plvvshfl�hg dqg zloo qrw frqyhujh wr u1 Wklv lq wxuq lpsolhv wkdw wkh

FUV GHD hvwlpdwru ew�-7
�?

duh lqfrqvlvwhqw lq wklv vhwwlqj1 Wkh YUV hvwlpdwru
uhpdlqv frqvlvwhqw/ krzhyhu1 Nqhls hw do1 +4<<9, surylgh d frpsohwh dqg uljrurxv
wuhdwphqw ri wkh YUV GHD hvwlpdwruv frqvlvwhqf| surshuwlhv1

Doehlw frqvlvwhqw/ wkh hvwlpdwruv duh eldvhg lq vpdoo0vdpsohv1 Vshfl�fdoo|/ li
wkh wuxh whfkqrorj| h{klelwv FUV/ wkh hvwlpdwruv duh qhvwhg dv � � w

�

� ew�-7
�?

�ewT -7
�?

/ zklfk lpsolhv wkdw erwk wkh FUV dqg wkh YUV hvwlpdwruv duh srvlwlyho|
eldvhg lq wklv vhwwlqj1 Li wkh wuxh whfkqrorj| grhv qrw h{klelw FUV/ wkh YUV
hvwlpdwru uhpdlqv frqvlvwhqw dqg srvlwlyho| eldvhg iru vpdoo vdpsohv zkhuhdv wkh
FUV hvwlpdwru lv plvvshfl�hg dqg lqfrqvlvwhqw1

61 Errwvwudsslqj wkh GHD Hvwlpdwru

Wkh errwvwuds phwkrg lv d zhoo0hvwdeolvkhg vwdwlvwlfdo uhvdpsolqj phwkrg xvhg wr
shuirup lqihuhqfh lq frpsoh{ sureohpv1 Wkh fuxfldo vwhs lq dq| dssolfdwlrq ri wkh
errwvwuds lv d fohdu vshfl�fdwlrq ri wkh gdwd jhqhudwlqj surfhvv +GJS, xqghuo|lqj
wkh revhuyhg gdwd1 Wkh edvlf lghd ri wkh errwvwuds phwkrg lv wr dssur{lpdwh wkh
vdpsolqj glvwulexwlrqv ri wkh hvwlpdwru e| xvlqj wkh hpslulfdo glvwulexwlrq ri
uhvdpsohg hvwlpdwhv rewdlqhg iurp d Prqwh Fduor uhvdpsolqj vlpxodwlrq ri wkh
hvwlpdwlrq surfhgxuh zkhuh uhshdwhg uhvdpsohv rewdlqhg iurp dq hvwlpdwh ri wkh
GJS surgxfh uhshdwhg hvwlpdwhv1 Wkh shuirupdqfh ri wkh errwvwuds lq whupv ri
wkh ydolglw| ri wkh frqgxfwhg vwdwlvwlfdo lqihuhqfh xowlpdwho| klqjhv rq krz zhoo wkh
GJS fkdudfwhul}hv wkh wuxh gdwd jhqhudwlrq dqg krz zhoo wkh GJS lv plplfnhg
lq wkh uhvdpsolqj vlpxodwlrq1

Wkh GHD errwvwuds dojrulwkpv e| erwk Oùwkjuhq dqg Wdperxu +4<<:,5 +OW,
dqg Vlpdu dqg Zlovrq +4<<:e, +VZ, lv edvhg rq wkh vdph GJS prgho zkhuh
wkh lqsxwv duh dvvxphg jlyhq e| udqgrp udgldo ghyldwlrqv r� wkh lvrtxdqw ri
wkh lqsxw vhw1 Irupdoo|/ hdfk lqsxw lq wkh vdpsoh ri lqsxw0rxwsxw revhuydwlrqv

5Wkh vshfl�hg GJS lq OW lv rxwsxw0rulhqwhg exw lv hdvlo| dgdswhg wr wkh lqsxw0edvhg prgho
frqvlghuhg khuh1
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c +
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� ( � ' �c ���c ?j/ duh vshfl�hg dv

E%
�

c +
�

� '
�
%s
�

*w
�

c +
�

�
c +614,

zkhuh %s
�

5 UrJ^u E+
�

� lv wkh xqrevhuydeoh iurqwlhu lqsxw iru �up �1 Wkh wuxh
h!flhqf| phdvxuhv duh dvvxphg wr eh gudzq iurp wkh vdph glvwulexwlrq/ l1h1/
w
�

� 8
w

/ � ' �c ���c ?1
Qrwh wkdw wklv GJSprgho uhsuhvhqwv wkh lghd wkdw/ frqglwlrqhg rq wkh rxwsxwv

dqg wkh lqsxw sursruwlrqv/ wkh vwrfkdvwlf hohphqwv lq wkh surgxfwlrq surfhvv duh
frpsohwho| uhsuhvhqwhg e| wkh udqgrp lqsxw h!flhqf| phdvxuhv1

Wkh pdlq lghd lq wkh errwvwuds vlpxodwlrq lv wr plplf wkh GJS1 Wkh surfhgxuh
lq erwk wkh OW dqg VZ dojrulwkpv lq hdfk uhvdpsoh lv dv iroorzv= Frqglwlrqhg
rq revhuyhg rxwsxwv dqg lqsxw sursruwlrqv/ wkh uhvdpsoh gdwd duh frqvwuxfwhg lq
wzr vwhsv1 Iluvw/ wkh iurqwlhu lqsxwv duh hvwlpdwhg dqg errwvwuds svhxgr0lqsxwv
duh jhqhudwhg e| uhsolfdwlqj wkh GJS lq +614, xvlqj wkh hvwlpdwhg iurqwlhu lqsxwv
dqg svhxgr h!flhqflhv gudzq iurp vrph hvwlpdwh ri wkh glvwulexwlrq 8

w

1 Wkh
dojrulwkp e| OW lv edvhg rq d vlpsoh uhvdpsolqj iurp wkh hpslulfdo glvwulexwlrq
ri wkh hvwlpdwhg h!flhqflhv duh xvhg wr jhqhudwh wkh svhxgr0h!flhqflhv1 Wkh VZ
dojrulwkp pdnh xvh ri d vprrwkhg uhvdpsolqj surfhgxuh/ edvhg rq frqvlvwhqf|
dujxphqw1 Vhfrqg/ wkh errwvwudsshg h!flhqf| hvwlpdwh lv rewdlqhg e| hydoxdwlqj
wkh glvwdqfh iurp wkh svhxgr lqsxw +lq wkh OW0dojrulwkp, ru wkh ruljlqdo lqsxw +lq
wkh VZ0dojrulwkp, uhodwlyh wr wkh errwvwuds hvwlpdwh ri wkh iurqwlhu1

Lq wkh wzr vxevhfwlrqv wkdw iroorz zh suhvhqw wkh wzr dojrulwkpv/ dqg glvfxvv
wkh gl�huhqfhv ehwzhhq wkhp/ lq ghwdlo16

6141 Wkh OW0dojrulwkp

Wkh errwvwuds dojrulwkp sursrvhg e| OW lv jlyhq e| wkh iroorzlqj vwhsv=

41 Wudqvirup wkh lqsxw0rxwsxw yhfwruv xvlqj wkh ruljlqdo h!flhqf| hvwlpdwhvqew
�?

c � ' �c ���c ?
r
dv �e%s

�

c +
�

c
�
'
�
%
�

� ew
�?

c +
�

�
� +615,

51 Uhvdpsoh/ lqghshqghqwo| zlwk uhsodfhphqw/ ? whfkqlfdo h!flhqflhv iurp wkh
vhw ri ruljlqdo hvwlpdwhv

qew
�?

r
1 Ohw BW

�

/ � ' �c ���c ?/ ghqrwh wkh uhvdpsohg
h!flhqflhv1

6Wkh dojrulwkp fdq eh dssolhg wr erwk wkh YUV dqg wkh FUV GHD hvwlpdwru1 Iru qrwdwlrqdo
vlpsolflw| zh vxssuhvv wkh vfdoh uhvwulfwlrq qrwdwlrq lq wkh iroorzlqj dqg irfxv wkh suhvhqwdwlrq
rq wkh YUV hvwlpdwru1
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61 Ohw wkh errwvwuds svhxgr0gdwd eh jlyhq e|

E%W
�

c +W
�

� '
�e%s

�

*BW
�

c +
�

�
� +616,

71 Hvwlpdwh wkh errwvwuds h!flhqflhv xvlqj wkh svhxgr0gdwd dqg wkh olqhdu
surjudp +518, dv7

ewuAW
�?

'4�?
wc5

+
w G +

�

� t 5c w%W
�

� fW5c
?[
�'�

5
�

' �c 5 5 -?

n

,
� +617,

81 Uhshdw vwhsv +5, 0 +7, � wlphv wr fuhdwh d vhw ri � �up0vshfl�f errwvwudsshg

h!flhqf| hvwlpdwhv ewuAWK
�?

/ K ' �c ���c ��

Lq wklv dojrulwkp wkh errwvwuds iurqwlhu hvwlpdwhv dqg wkh errwvwuds h!flhqf|
hvwlpdwhv duh uhvdpsohg edvhg rq d uhvdpsolqj ri whfkqlfdo h!flhqflhv iurp wkh
hpslulfdo glvwulexwlrq ri wkh ruljlqdo hvwlpdwhv ri h!flhqf|1 Ixuwkhupruh/ wkh
errwvwuds uhsolfdwhv ri h!flhqf| lv edvhg rq wkh uhvdpsohg gdwd lq wkh vdph
pdqqhu dv wkh ruljlqdo hvwlpdwhv duh edvhg rq wkh ruljlqdo gdwd1

6151 Wkh VZ0dojrulwkp

Wkh errwvwuds dojrulwkp sursrvhg e| VZ gl�huv iurp wkh OW0dojrulwkp lq vwhs
5 dqg vwhs 71

Lq vwhs 5 d vprrwklqj surfhgxuh/ edvhg rq d nhuqho vprrwklqj ri wkh hpslulfdo
glvwulexwlrq ri wkh ruljlqdo h!flhqf| hvwlpdwh/ lv xwlol}hg wr jhqhudwh d vprrwkhg
uhvdpsoh ri svhxgr0h!flhqflhv1 Wkh xwlol}hg vprrwklqj surfhgxuh lv edvhg rq
wkh uh hfwlrq prgl�fdwlrq ri wkh Jdxvvldq nhuqho ghqvlw| hvwlpdwh glvfxvvhg lq
Vloyhupdq +4<;9,1 Wkh surfhgxuh lv ghvfulehg lq ghwdlo lq VZ/ khuh zh rqo| suhvhqw
d edvlf glvfxvvlrq vx!flhqw wr lpsohphqw wkh vprrwklqj1

Ohw BW
�

eh wkh qrq0vprrwkhg uhvdpsoh gudzq lqghshqghqwo|/ zlwk uhsodfhphqw/
iurp wkh hpslulfdo glvwulexwlrq ri wkh ruljlqdo hvwlpdwhv ri whfkqlfdo h!flhqf|qew

�?

r
1 Wkh vprrwklqj surfhgxuh frqvlvwv ri wzr vwhsv= Iluvw d vpdoo shuwxuedwlrq

lv dgghg wr BW
�

/ dqg vhfrqg d fruuhfwlrq ri wkh uhvdpsohg vhtxhqfh lv dssolhg1
Iluvw/ d vpdoo shuwxuedwlrq �0W

�

lv dgghg wr BW
�

c zkhuh � ghqrwhv wkh edqgzlgwk
sdudphwhu dqg 0W

�

lv gudzq ����_� iurp d vwdqgdug qrupdo glvwulexwlrq/ wr jhqhudwh

7Wkh FUV hvwlpdwru lv rewdlqhg e| ghohwlqj wkh uhvwulfwlrq
S

q
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}l @ 41 [� @ +{�

4
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5
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q
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lv d +g� q, pdwul{ ri svhxvr0lqsxwv1

;



wkh vprrwkhg svhxgr0h!flhqf| hBW
�

1 Gxh wr wkh idfw wkdw wkh h!flhqf| phdvxuh
lv erxqghg rq wkh xqlw lqwhuydo dv glvfxvvhg lq Vhfwlrq 5/ wkh iroorzlqj uh hfwlrq
surfhgxuh lv xwlol}hg wr jhqhudwh hBW

�

=

hBW
�

'

+
BW
�

n �0W
�

li BW
�

n �0W
�

� �
2� EBW

�

n �0W
�

� rwkhuzlvh1
+618,

Li wkh uhdol}dwlrq BW
�

n �0W
�

: �c hBW
�

lv vhw wr wkh v|pphwulf lpdjh ri BW
�

n �0W
�

uh hfwhg lq wkh erxqgdu| srlqw/ l1h1/ hBW
�

' 2� EBW
�

n �0W
�

� �
Rqh lpsruwdqw sureohp lq wkh dssolfdwlrq ri wkh vprrwklqj surfhgxuh lv wkh

fkrlfh ri wkh edqgzlgwk sdudphwhu �1 Vhyhudo dssurdfkhv wr vhohfw wkh edqgzlgwk
� lv dydlodeoh/ dv glvfxvvhg lq/ h1j1/ Vloyhupdq +4<;9,1 Lq wkh Prqwh Fduor vwxg|
shuiruphg lq wklv sdshu/ zh xvh d vlpsoh dxwrpdwlf urexvw edqgzlgwk vhohfwlrq
uxoh iru xqlyduldwh gdwd sursrvhg e| Vloyhupdq +4<;9/ s1 7:07;,8

� ' f�bf?3�*D4�?
qeje

w

c -
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*���e

r
c +619,

zkhuh eje
w

ghqrwhv wkh soxj0lq vwdqgdug ghyldwlrq hvwlpdwh ri wkh h!flhqf| hvwl0

pdwhv
qew

�?

r
dqg -

��
ghqrwhv wkh lqwhutxduwloh udqjh ri wkh hpslulfdo glvwulexwlrq

ri
qew

�?

r
/ uhvshfwlyho|1

Wkh �qdo vprrwkhg uhvdpsohg h!flhqflhv/ ghqrwhg �W
�

/ duh rewdlqhg e| fru0
uhfwlqj hBW

�

dv
�W
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W

�

n
�hBW
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W
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*
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c +61:,

zkhuh B
W

�

'
S

?

�'�
BW
�

*? lv wkh dyhudjh ri wkh uhvdpsohg ruljlqdo h!flhqflhv1 Wklv
fruuhfwlrq jxdudqwhhv wkdw wkh uhvdpsohg h!flhqf| +dv|pswrwlfdoo|, kdyh wkh vdph
�uvw wzr prphqwv dv wkh ruljlqdo h!flhqf| hvwlpdwhv

qew
�?

r
1

Wkh vhfrqg/ pruh ixqgdphqwdo gl�huhqfh ehwzhhq wkh wzr dojrulwkpv lv lq
vwhs 71 Lq wkh VZ0dojrulwkp wkh errwvwuds h!flhqf| hvwlpdwh iru wkh �wk �up lv
hydoxdwhg dv wkh h!flhqf| ri wkh ruljlqdo lqsxw %

�

uhodwlyh wr wkh errwvwudsshg
lvrtxdqw ri wkh lqsxw vhw euW E+

�

� lqvwhdg ri xvlqj wkh errwvwuds svhxgr0lqsxw %W
�

dv lq wkh OW0dojrulwkp1
Wr vxppdul}h/ wkh VZ0dojrulwkp lv jlyhq e| wkh iroorzlqj vwhsv=

41 Wudqvirup wkh lqsxw0rxwsxw yhfwruv xvlqj wkh ruljlqdo h!flhqf| hvwlpdwhvqew
�?

c � ' �c ���c ?
r
dv �e%s
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c +
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c
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� ew
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� +61;,

8D vlplodu edqgzlgwk vhohfwlrq uxoh iru elyduldwh vprrwklqj lv xvhg e| Vlpdu dqg Zlovrq
+4<<9, iru wkh vprrwkhg errwvwuds ri Pdoptxlvw surgxfwylw| lqglfhv1

<



51 Jhqhudwh vprrwkhg uhvdpsohg svhxgr0h!flhqflhv �W
�

dv iroorzv

5141 Jlyhq wkh vhw ri hvwlpdwhg h!flhqflhv
qew

�?

r
/ xvh +619, wr rewdlq wkh

edqgzlgwk sdudphwhu �1

5151 Jhqhudwh iBW
�

j e| uhvdpsolqj/ zlwk uhsodfhphqw/ iurp wkh hpslulfdo
glvwulexwlrq

qew
�?

r
ri wkh hvwlpdwhg h!flhqflhv1

5161 Jhqhudwh wkh vhtxhqfh
qhBW

�

r
xvlqj +618,1

5171 Jhqhudwh wkh vprrwkhg svhxgr0h!flhqflhv i�W
�

j xvlqj +61:,1

61 Ohw wkh errwvwuds svhxgr0gdwd eh jlyhq e|

E%W
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c +W
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� '
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�
� +61<,

71 Hvwlpdwh wkh errwvwuds h!flhqflhv xvlqj wkh svhxgr0gdwd dqg wkh olqhdu
surjudp +518, dv9
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81 Uhshdw vwhsv +5, 0 +7, � wlphv wr fuhdwh d vhw ri � �up0vshfl�f errwvwudsshg

h!flhqf| hvwlpdwhv ew7`WK

�?

c � ' �c ���c ?/ K ' �c ���c ��

6161 Wkh OVZ0dojrulwkp

Zh dovr frqvlghu d wklug dojrulwkp zklfk lv edvhg rq d frpelqdwlrq ri wkh OW dqg
wkh VZ dojrulwkpv1 Wkh OVZ0dojrulwkp lv edvhg rq wkh vprrwklqj surfhgxuh
lq wkh VZ0dojrulwkp dqg wkh xvh ri wkh svhxgr lqsxw gdwd lq wkh gh�qlwlrq ri
wkh errwvwuds h!flhqf| hvwlpdwru dv lq wkh OW0dojrulwkp1 Wkdw lv/ vwhs 5 lq wkh
frpelqhg OVZ0dojrulwkp frqvlvwv ri wkh vprrwklqj surfhgxuh lq vwhs 5 lq wkh
VZ0dojrulwkp> dqg lq vwhs 7 lq wkh OVZ0dojrulwkp wkh errwvwuds uhsolfdwh ri wkh
h!flhqf| hvwlpdwh lv rewdlqhg dffruglqj wr vwhs 7 lq wkh OW0dojrulwkp1

9Wkh FUV hvwlpdwru lv rewdlqhg e| ghohwlqj wkh uhvwulfwlrq
S

q

l@4
}l @ 41

43



6171 Vrph uhpdunv

VZ dujxhv wkdw d vlpsoh qdlyh uhvdpsolqj fdqqrw jlyh d frqvlvwhqw errwvwuds
surfhgxuh dqg frqfoxghv wkdw wkh sursrvhg dssolfdwlrq ri wkh vprrwklqj dqg
uh hfwlrq surfhgxuh lq wkh uhvdpsolqj lq wkh VZ0dojrulwkp surylghv d zd| wr
rewdlq d frqvlvwhqw errwvwuds surfhgxuh1 Lq wkhlu glvfxvvlrq ri wkh frqvlvwhqf|
lvvxh/ VZ gr qrw frqvlghu dq| dowhuqdwlyh dssurdfk wr fdofxodwh wkh errwvwuds
h!flhqf| hvwlpdwhv rwkhu wkdq gh�qlqj wkh errwvwuds h!flhqf| hvwlpdwhv dv wkh
h!flhqf| ri wkh ruljlqdo revhuyhg lqsxw uhodwlyh wr wkh errwvwuds iurqwlhu hvwlpdwh1
VZ glg qrw frqvlghu wkh dowhuqdwlyh dssurdfk xvhg lq wkh OW0dojrulwkp zkhuh
wkh errwvwuds h!flhqf| hvwlpdwhv duh edvhg rq wkh glvwdqfh iurp wkh svhxgr
lqsxw gdwd +lq wkh lqsxw0rulhqwhg h!flhqf| dssurdfk frqvlghuhg lq wklv sdshu,
wr wkh errwvwuds iurqwlhu hvwlpdwhv1 Wklv gl�huhqfh ehwzhhq wkh dojrulwkpv lv
fuxfldo vlqfh zlwkrxw wklv prgl�fdwlrq wkh vlpsoh uhvdpsolqj xvhg lq wkh OW0
dojrulwkp zloo jlyh dq lqfrqvlvwhqw errwvwuds surfhgxuh dv glvfxvvhg lq d vlqjoh0
lqsxw h{dpsoh e| Vlpdu dqg Zlovrq +4<<:f,1

Dv glvfxvvhg e| VZ dqg Vlpdu dqgZlovrq +4<<:f, d nh| lvvxh lq dq| errwvwuds
dssolfdwlrq lv wkh uhsolfdwlrq ri wkh gdwd jhqhudwlqj surfhvv dvvxphg wr jhqhudwh
wkh revhuyhg gdwd1 Zh dujxh wkdw wkh sursrvhg OW0dojrulwkp surylghv d pruh
dffxudwh uhsolfdwlrq ri wkh GJS vshfl�hg lq +614, wkdq wkh VZ0dojrulwkp1 Zkloh
wkh uhvdpsolqj vxjjhvwhg e| VZ irfxvhv rq wkh vdpsolqj yduldelolw| ri wkh sur0
gxfwlrq iurqwlhu hvwlpdwh xqghuo|lqj wkh h!flhqf| hvwlpdwh/ wkh uhvdpsolqj lq wkh
OW0dojrulwkp h{solflwo| lqfrusrudwhv wkh idfw wkdw wkh vdpsolqj glvwulexwlrq ri wkh
GHD hvwlpdwru qhfhvvdulo| lv d ixqfwlrq ri erwk wkh vdpsolqj glvwulexwlrq ri wkh
surgxfwlrq iurqwlhu hvwlpdwh dqg wkh vdpsolqj glvwulexwlrq ri wkh lqsxw0rxwsxw
gdwd1 Lq wkh OW0dojrulwkp wkh errwvwuds iurqwlhu hvwlpdwhv dqg wkh errwvwuds
h!flhqf| hvwlpdwhv duh edvhg rq wkh uhvdpsohg gdwd lq wkh vdph pdqqhu dv wkh
ruljlqdo hvwlpdwhv duh edvhg rq wkh ruljlqdo gdwd1 Lq wklv zd| erwk wkh vwrfkdvwlf
gdwd jhqhudwlqj surfhvv dqg wkh vdpsolqj glvwulexwlrq ri wkh iurqwlhu hvwlpdwhv
zloo eh lqfrusrudwhg lq wkh errwvwudsshg h!flhqf| hvwlpdwhv1

71 Frq�ghqfh Lqwhuydov

7141 Vlpsoh shufhqwloh lqwhuydov

Wkh vlpsohvw dqg prvw vwudljkwiruzdug phwkrg wr rewdlq errwvwuds frq�ghqfh
lqwhuydov lv wkh shufhqwloh phwkrg1 Dv suhvhqwhg lq/ h1j1/ Hiurq dqg Wlevkludql
+4<<6,/ wkh shufhqwloh lqwhuydo lv edvhg rq wkh hpslulfdo glvwulexwlrq ixqfwlrq ri
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wkh errwvwudsshg h!flhqflhv ewWK
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�ewWK
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iru dq| uhdo ydoxh r/ zkhuh U E��ghqrwhv wkh vwdqgdug lqglfdwru ixqfwlrq1 D E��2k�
+htxdo0wdlo, frq�ghqfh lqwhuydo iru wkh wuxh whfkqlfdo h!flhqf| w iru wkh �wk �up
lv jlyhq e| �ewWEk�

�?

c ewWE�3k�
�?

�
c +714,

zkhuh ewWEk�
�?

lv wkh kwk txdqwloh ri e8
�

/ l1h1/ ewWEk�
�?

' e83�

�

Ek�1 Wkh txdqwlohv rie8
�

duh jlyhq e| wkh dE� n ��kowk dqg wkh dE� n �� E�� k�owk rughuhg ydoxhv ri ewWK
�?

/
K ' �c ���c �/ uhvshfwlyho|/ zkhuh doo ghqrwhv wkh lqwhjhu sduw ri dq| uhdo ydoxh o1

7151 Eldv0fruuhfwhg lqwhuydov

Dv glvfxvvhg deryh lq Vhfwlrq 5 wkh GHD hvwlpdwruv duh eldvhg lq vpdoo0vdpsohv1
Vlpdu dqgZlovrq +4<<:e, suhvhqw d vlpsoh dqg gluhfw dssurdfk wr eldv fruuhfw wkh
shufhqwloh lqwhuydov lq +714, xvlqj d vlpsoh dgglwlyh eldv fruuhfwlrq1 Wkh errwvwuds
hvwlpdwh ri wkh GHD hvwlpdwru eldv lv jlyhq e|
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ewWK
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� ew
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� +715,

Wkh eldv0fruuhfwhg �up0vshfl�f E� � 2k� +htxdo0wdlo, frq�ghqfh lqwhuydov duh
vlpso| rewdlqhg e| vkliwlqj wkh erxqgv lq wkh lqwhuydov lq +714, e| wkh idfwru
2 � gK�@rW

�

dv �ewWEk�
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� 2 � gK�@rW
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c ewWE�3k�
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Vlpdu dqg Zlovrq +4<<:e, prwlydwh wkh fruuhfwlrq ri 2 � gK�@rW
�

e| wkh idfw wkdw
wklv fruuhfwlrq fhqwhuv wkh hpslulfdo errwvwuds glvwulexwlrq rq wkh eldv0fruuhfwhg
hvwlpdwh hw
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' ew
�?

� gK�@rW
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� Vkliwlqj wkh lqwhuydov lq +716, e| d idfwru ri � � gK�@rW
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zloo fhqwhu wkh lqwhuydov rq wkh eldvhg hvwlpdwru ew
�?

1

81 Wkh Prqwh Fduor Vwxg|

Wkh vlpxodwlrq vwxg| frqvlghu d vlqjoh0lqsxw/ vlqjoh0rxwsxw whfkqrorj| zlwk GJS
vshfl�hg lq dffrugdqfh zlwk dvvxpswlrqv D4 wr D7 lq Nqhls hw do1 +4<<9, xvhg
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wr hvwdeolvk wkh frqvlvwhqf| surshuwlhv ri wkh GHD hvwlpdwru1 Lq vkruw/ wkhvh
dvvxpswlrqv duh:

41 Wkh vdpsoh �
?

' iE%
�

c +
�

� ( � ' �c ���c ?j duh ����_� udqgrp yduldeohv rq wkh
frqyh{ dwwdlqdeoh surgxfwlrq vhw [1

51 Wkh vxssruw ri wkh ghqvlw| ixqfwlrq ri wkh rxwsxw +/ s E��/ kdv d frpsdfw
vxssruw G � -

n
1

61 Wkh lqsxwv kdv d frqglwlrqdo ghqvlw| s E% m+ � iru doo + 5 G1
71 Wr hqvxuh frqvlvwhqf| ri wkh GHD hvwlpdwru/ wkh GJS pxvw lqvxuh wkdw

revhuydwlrqv zloo eh revhuyhg qhdu wkh iurqwlhu zkhq ? lv vx!flhqwo| odujh1;

Edvhg rq wkhvh dvvxpswlrqv/ wkh iroorzlqj vlqjoh0lqsxw/ vlqjoh0rxwsxw frqvwdqw
uhwxuqv wr vfdoh GJS lv frqvlghuhg lq wklv vwxg|=

Wkh rxwsxwv duh dvvxphg xqlirupo| glvwulexwhg rq wkh frpsdfw vxssruw G
jlyhq e| wkh lqwhuydo G ' d��fc b�fo1 L1h1/ +

�

� L E��fc b�f�1 Jlyhq wkh rxwsxw/ wkh
iurqwlhu lqsxwv %s

�

duh ghulyh iurp wkh vlpsohvw srvvleoh FUV whfkqrorj| uhodwlrq
+
�

' %s
�

1 Wkh dfwxdoo| revhuyhg lqsxw iru wkh �wk �up lv wkhq jhqhudwh e| wkh
iroorzlqj lqsxw0rulhqwhg whfkqlfdo lqh!flhqf| phfkdqlvp

%
�

' %s
�

ef��f����c +814,

zkhuh �
�

lv ����_� vwdqgdug qrupdoo| glvwulexwhg1
Xqghu wklv GJS/ lqsxw0rulhqwhg whfkqlfdo h!flhqf| lv jlyhq e| w

�

' e3L�/
zkhuh L

�

� � Efc f�f�f� wuxqfdwhg dw }hur iurp ehorz1
Lq hdfk Prqwh Fduor uhsolfdwh/ lqsxw dqg rxwsxw gdwd duh jhqhudwhg dffruglqj

wr wkh ghvljq deryh iru d vdpsoh ri ? �upv1 Iru hdfk �up lq wkh vdpsoh/ whfkqlfdo
lqh!flhqf| lv hvwlpdwhg xvlqj wkh olqhdu surjudpv suhvhqwhg lq Vhfwlrq 51 Wkh
errwvwuds dojrulwkpv suhvhqwhg lq Vhfwlrq 6 jlyhv ? errwvwuds frq�ghqfh lqwhuydov
iru wkh �up0vshfl�f whfkqlfdo lqh!flhqf|1 Iru hdfk uhsolfdwh ri wkh Prqwh Fduor
vlpxodwlrq zh nhhs wudfn ri zkhwkhu ru qrw wkh lqwhuydov fryhu wkh wuxh uhdol}dwlrqv
ri wkh whfkqlfdo lqh!flhqf|1 Frpsohwlqj wklv surfhgxuh/ wkh hpslulfdo fryhudjh ri
wkh Prqwh Fduor uhsolfdwhv jlyh hvwlpdwhv ri wkh wuxh fryhudjh dffxudflhv/ l1h1/ wkh
hpslulfdo frq�ghqfh ohyho/ ri wkh �up0vshfl�f errwvwuds frq�ghqfh lqwhuydov1

:Qrwh wkdw wkh dvvxpswlrqv lq Nqhls hw do1 +4<<9, duh vwdwhg iru jhqhudo pxowlsoh0lqsxw/
pxowlsoh0rxwsxw whfkqrorjlhv1

;Vhh dvvxpswlrq D7 lq Nqhls hw do1 +4<<9, iru d irupdo h{suhvvlrq ri wklv dvvxpswlrq1
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Lq wkh vlpxodwlrq vwxg|/ zh xvh �fff Prqwh Fduor uhsolfdwhv dqg � ' �fff
errwvwuds uhvdpsohv lq wkh errwvwuds dojrulwkp1 Wklv qxpehu ri errwvwuds uhsol0
fdwhv lv uhfrpphqghg e| Hiurq dqg Wlevkludql +4<<6/ s1 5:8, lq rughu wr pdnh
wkh yduldelolw| ri wkh erxqgdulhv ri wkh frq�ghqfh lqwhuydov frqvwuxfwhg iurp wkh
errwvwuds �dffhswdeo|� orz1

8141 Uhvxowv<

Uhvxowv duh suhvhqwhg iru wkh hpslulfdo fryhudjh dffxudf| ri vlpsoh shufhqwloh dqg
eldv0fruuhfwhg errwvwuds frq�ghqfh lqwhuydov iru wkh YUV dqg wkh FUV hvwlpdwru
iru qrplqdo frq�ghqfh ohyhov f�Hf/ f�bf/ f�bD dqg f�b.D/ f�bb1 Iru wkh YUV hvwl0
pdwru zh frqvlghu vpdoo0vdpsoh surshuwlhv iru vdpsoh vl}hv ? ' 2f/ �f dqg Sf1
Iru wkh pruh frpsxwdwlrqdoo| vlpsoh FUV hvwlpdwru zh dovr frqvlghu wkh dggl0
wlrqdo vdpsoh vl}hv ? ' �2f/ 2Df dqg Dff wr dvvhvv vrph frqvlvwhqf| surshuwlhv
ri wkh fryhudjh dffxudf| ri wkh errwvwuds frq�ghqfh lqwhuydov rewdlqhg iurp wkh
dojrulwkpv1

Wdeoh 814 jlyhv Prqwh Fduor hvwlpdwhv ri wkh hpslulfdo fryhudjh dffxudf| ri
wkh vlpsoh shufhqwloh dqg eldv0fruuhfwhg errwvwuds frq�ghqfh lqwhuydov rewdlqhg
zkhq errwvwudsslqj wkh YUV GHD hvwlpdwru1 Wdeoh 815 jlyhv vlplodu uhvxowv iru
wkh FUV GHD hvwlpdwru143

Iru erwk wkh YUV dqg wkh FUVGHD hvwlpdwruv zh �qg wkdw wkh eldv0fruuhfwlrq
surfhgxuh e| Vlpdu dqg Zlovrq +4<<:e, grhv qrw zrun zhoo iru qhlwkhu wkh OW qru
wkh OVZ0dojrulwkp1 Wkh hpslulfdo fryhudjh dffxudflhv ri wkh eldv0fruuhfwhg OW
dqg OVZ lqwhuydov duh orzhu wkdq wkh fryhudjh dffxudflhv ri wkh vlpsoh shufhqwloh
lqwhuydov1 Krzhyhu/ wkh eldv0fruuhfwlrq surfhgxuh vhhpv wr eh ehwwhu vxlwhg iru
wkh VZ lqwhuydov1 Wkh eldv0fruuhfwhg VZ0lqwhuydov kdyh fohduo| ehwwhu fryhudjh
dffxudf| wkdq wkh hpslulfdo fryhudjh ri }hur+$, rewdlqhg iru wkh vlpsoh shufhqwloh
VZ lqwhuydov iru doo vdpsoh vl}hv dqg doo qrplqdo ohyhov frqvlghuhg lq wkh vwxg|1

Wkh uhvxowv iru wkh YUV hvwlpdwru lqWdeoh 814 lqglfdwh wkdw wkh OVZ0dojrulwkp
kdv wkh ehvw shuirupdqfh1 Iru doo frqvlghuhg vdpsoh vl}hv/ wkh OVZ shufhqwloh

<Wkh uhvxowv duh rewdlqhg xvlqj Plfurvriw IRUWUDQ frpslohu SrzhuVwdwlrq/ yhuvlrq 7131
Wkh OS0surjudpv duh vroyhg xvlqj wkh PVLPVO uhylvhg vlpsoh{ urxwlqh GGOSUV1

43Wr vdyh vsdfh/ rqo| wkh dyhudjh fryhudjh dffxudf| ri wkh q �up0vshfl�f fryhudjh dffxudflhv
duh suhvhqwhg iru hdfk fdvh1 Wkh frpsohwh vhw ri uhvxowv/ frqwdlqlqj wkh plqlpxp/ wkh pd{lpxp
dqg wkh yduldqfh ri wkh dyhudjh hpslulfdo fryhudjh dffxudf|/ fdq eh rewdlqhg iurp wkh dxwkru
xsrq uhtxhvw1

47



Wdeoh 814= Prqwh Fduor vlpxodwlrq uhvxowv iru wkh YUV hvwlpdwru

n LT-perc SW-perc LSW-perc LT-BC SW-BC LSW-BC
Nominal level: 0.80

20 0.7068 0.0000 0.7061 0.6830 0.7281 0.6845
30 0.7680 0.0000 0.7671 0.7383 0.7334 0.7375
60 0.8280 0.0000 0.8132 0.7999 0.7148 0.7952

Nominal level: 0.90
20 0.7879 0.0000 0.7981 0.7303 0.8237 0.7267
30 0.8439 0.0000 0.8521 0.7795 0.8540 0.7738
60 0.8979 0.0000 0.9025 0.8327 0.8744 0.8260

Nominal level: 0.95
20 0.8361 0.0000 0.8499 0.7463 0.8397 0.7411
30 0.8896 0.0000 0.8973 0.7909 0.8736 0.7837
60 0.9324 0.0000 0.9407 0.8386 0.9032 0.8326

Nominal level: 0.975
20 0.8456 0.0000 0.8868 0.7516 0.8446 0.7476
30 0.9018 0.0000 0.9241 0.7961 0.8790 0.7889
60 0.9542 0.0000 0.9616 0.8417 0.9088 0.8357

Nominal level:0.99
20 0.8474 0.0000 0.9109 0.7528 0.8488 0.7515
30 0.9056 0.0000 0.9444 0.7979 0.8824 0.7924
60 0.9591 0.0000 0.9739 0.8431 0.9121 0.8371

Dyhudjh fryhudjh dffxudf| ri wkh GHD errwvwuds shufhqwloh +shuf,
dqg eldv0fruuhfwhg +EF, frq�ghqfh lqwhuydov iru wkh OW/ VZ dqg
OVZ dojrulwkpv1
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lqwhuydov kdyh frqvlvwhqwo| wkh kljkhvw fryhudjh dffxudflhv1 Iru wkh odujhvw vdpsoh
vl}h/ ? ' Sf/ wkh lqwhuydov xqghufryhu voljkwo| iru wkh kljkhvw qrplqdo ohyhov f�b.D
dqg f�bb exw zrunv zhoo iru wkh orzhu ohyhov1 Ixuwkhupruh/ wkh uhvxowv lqglfdwh
wkdw VZ0dojrulwkp grhv shuirup voljkwo| ehwwhu wkdq wkh OW0dojrulwkp iru wkh
vpdoohvw vdpsoh vl}h ? ' 2f1 Wklv lv qrw vxusulvlqj vlqfh wkh vprrwklqj surfhgxuh
lqyroyhg kdv pruh h�hfw wkh vpdoohu wkh vdpsoh vl}h1 Wkh OW0dojrulwkp shuirupv
rq wkh rwkhu kdqg ehwwhu wkdq wkh VZ0dojrulwkp iru wkh vdpsoh vl}hv ? ' �f dqg
Sf1 Erwk OW dqg VZ dojrulwkpv jlyh frq�ghqfh lqwhuydov zlwk orzhu hpslulfdo
fryhudjh wkdq wkh qrplqdo ohyhov/ exw wkh fryhudjh dffxudflhv lqfuhdvh zlwk wkh
vdpsoh vl}h1

Wkh uhvxowv iru wkh fruuhfwo| vshfl�hg FUV hvwlpdwru lq Wdeoh 815 lqglfdwh wkdw
wkh OVZ lqwhuydov vkrz/ dv iru wkh YUV hvwlpdwru fdvh/ wkh ehvw shuirupdqfh1 Iru
wkh vpdoohu vdpsoh vl}hv wkh OVZ lqwhuydov kdyh fryhudjh dffxudf| ri wkh fruuhfw
rughu ri pdjqlwxgh zlwk d voljkwo| kljkhu fryhudjh dffxudf| wkdq wkh qrplqdo
ohyhov1 Dv wkh vdpsoh vl}h lqfuhdvh wkh fryhudjh dffxudf| ri wkh OVZ0lqwhuydov
dssurdfkhv wkh fruuhfw qrplqdo ohyho1 Ixuwkhupruh/ wkh OW0dojrulwkp shuirupv
ryhudoo ehwwhu wkdq wkh VZ0dojrulwkp1 Hyhq iru wkh vpdoohvw vdpsoh vl}h ? ' 2f
wkh OW0lqwhuydov kdyh dssur{lpdwho| wkh fruuhfw fryhudjh dffxudf| iru wkh ohyhov
f�Hf/ f�bf dqg f�bD1 Dqg dv wkh vdpsoh vl}h lqfuhdvh/ wkh OW0lqwhuydov shuirup dv
zhoo dv wkh OVZ0lqwhuydov1

Dv iru wkh frqvlvwhqf| surshuwlhv ri wkh dojrulwkpv wkh fryhudjh dffxudf| ri
errwvwuds frq�ghqfh lqwhuydov iurp wkh OW dqg OVZ0dojrulwkpv vkrz d fohdu
frqyhujhqfh ri wkh hpslulfdo fryhudjh dffxudf| wr wkh qrplqdo ohyhov iru vdpsoh
vl}hv odujhu wkdq �2f1 Iru wkh VZ0dojrulwkp/ rq wkh rwkhu kdqg/ wkh uhvxowv fdvw
grxewv rq wkh frqvlvwhqf| surshuwlhv ri wkh dojrulwkp1 Wkh fryhudjh dffxudf|
ri wkh VZ0lqwhuydov whqg wr ghfuhdvh zlwk lqfuhdvhg vdpsoh vl}h iru wkh orzhvw
qrplqdo ohyho f�Hf1 Wkh lqwhuydov voljkwo| xqghufryhu iru wkh vpdoohvw vdpsoh vl}h
? ' 2f +zlwk fryhudjh dffxudf| ri f�.S,/ exw dv wkh vdpsoh vl}h lqfuhdvh/ wkh
fryhudjh dffxudf| lv frqwlqxrxvo| ghfuhdvlqj wr uhdfk d orzhvw ohyho ri f�fb iru wkh
odujhvw vdpsoh vl}h ? ' Dff1 Iru wkh kljkhu qrplqdo ohyhov/ wkh fryhudjh dffxudflhv
dsshdu wr kdyh d kxps0vkdshg sdwwhuq wkdw uhdfkhv d pd{lpxp iru odujhu vdpsoh
vl}hv wkh kljkhu wkh qrplqdo ohyho diwhu zklfk d frqvlghudeoh ghfuhdvh lq fryhudjh
dffxudf| lv revhuyhg1 Vshfl�fdoo|/ iru wkh qrplqdo ohyho f�bf wkh fryhudjh dffxudf|
uhdfkhv lwv pd{lpxp fryhudjh +wkh fruuhfw ohyho f�bf, iru d vdpsoh vl}h ri ? ' Sf
dqg wkhq ghfuhdvh vwhdglo| zlwk lqfuhdvhg vdpsoh vl}h1 Vlplodu sdwwhuqv duh irxqg
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Wdeoh 815= Prqwh Fduor vlpxodwlrq uhvxowv iru wkh FUV hvwlpdwru

n LT-perc SW-perc LSW-perc LT-BC SW-BC LSW-BC
Nominal level: 0.80

20 0.8266 0.0000 0.8338 0.8136 0.7580 0.8331
30 0.8271 0.0000 0.8306 0.8196 0.7150 0.8403
60 0.8172 0.0000 0.8186 0.8310 0.6170 0.8454

120 0.8083 0.0000 0.8102 0.8401 0.4000 0.8509
250 0.8042 0.0000 0.8053 0.8468 0.2450 0.8535
500 0.8015 0.0000 0.8035 0.8509 0.0910 0.8552

Nominal level: 0.90
20 0.9079 0.0000 0.9347 0.8681 0.8530 0.8798
30 0.9219 0.0000 0.9306 0.8805 0.8860 0.8845
60 0.9165 0.0000 0.9187 0.8801 0.9000 0.8825

120 0.9093 0.0000 0.9104 0.8798 0.8330 0.8820
250 0.9045 0.0000 0.9053 0.8795 0.5010 0.8813
500 0.9016 0.0000 0.9030 0.9793 0.2260 0.8809

Nominal level: 0.95
20 0.9414 0.0000 0.9690 0.8781 0.8600 0.8825
30 0.9582 0.0000 0.9731 0.8881 0.8920 0.8913
60 0.9615 0.0000 0.9676 0.8907 0.9140 0.8912

120 0.9577 0.0000 0.9581 0.8888 0.9470 0.8900
250 0.9544 0.0000 0.9546 0.8875 0.8900 0.8894
500 0.9619 0.0000 0.9524 0.8878 0.4810 0.8892

Nominal level: 0.975
20 0.9425 0.0000 0.9941 0.8783 0.8650 0.8831
30 0.9630 0.0000 0.9919 0.8886 0.8940 0.8914
60 0.9802 0.0000 0.9890 0.8921 0.9140 0.8941

120 0.9815 0.0000 0.9845 0.8932 0.9520 0.8943
250 0.9801 0.0000 0.9802 0.8918 0.9680 0.8933
500 0.9778 0.0000 0.9778 0.8921 0.8360 0.8934

Nominal level: 0.99
20 0.9425 0.0000 0.9992 0.8783 0.8690 0.8833
30 0.9630 0.0000 0.9996 0.8886 0.9000 0.8914
60 0.9823 0.0000 0.9982 0.8921 0.9190 0.8942

120 0.9905 0.0000 0.9963 0.8938 0.9530 0.8956
250 0.9921 0.0000 0.9936 0.8939 0.9720 0.8955
500 0.9912 0.0000 0.9914 0.8943 0.9740 0.8956

Dyhudjh fryhudjh dffxudf| ri wkh GHD errwvwuds shufhqwloh +shuf,
dqg eldv0fruuhfwhg +EF, frq�ghqfh lqwhuydov iru wkh OW/ VZ dqg
OVZ dojrulwkpv1
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iru wkh qrplqdo ohyho f�bD lqwhuydov zklfk uhdfkhv d pd{lpxp fryhudjh ri wkh
fruuhfw ohyho f�bf iru d vdpsoh vl}h ri ? ' �2f dqg iru wkh qrplqdo ohyho f�b.D
lqwhuydov zklfk kdv d pd{lpxp fryhudjh ri derxw wkh fruuhfw ohyho +f�b., iru d
vdpsoh vl}h ri ? ' 2Df1

Wr vd| wkh ohdvw/ wkhvh uhvxowv fdvw vhulrxv grxewv rq wkh frqvlvwhqf| surshuwlhv
ri wkh VZ0dojrulwkp iru frpsxwlqj errwvwuds frq�ghqfh lqwhuydov1

91 Vxppdu| dqg Frqfoxvlrqv

Wklv sdshu shuirupv d frpsdudwlyh Prqwh Fduor vlpxodwlrq vwxg| wr hydoxdwh
wkh shuirupdqfh ri wkuhh dowhuqdwlyh wr errwvwuds wkh Gdwd Hqyhorsphqw Dqdo|vlv
+GHD, hvwlpdwru ri whfkqlfdo h!flhqf|1 Wkh dojrulwkpv sursrvhg e| Oùwkjuhq
dqg Wdperxu +4<<:, +OW, dqg Vlpdu dqg Zlovrq +4<<:e, +VZ, duh suhvhqwhg dqg
wkhlu uhvshfwlyh shuirupdqfh duh frpsduhg1 Wkh shuirupdqfh ri d wklug errwvwuds
dojrulwkp +wkh OVZ0dojrulwkp,/ edvhg rq d frpelqdwlrq ri wkh OW dqg VZ dojr0
ulwkpv/ lv dovr frqvlghuhg lq wkh vwxg|1 D frpsdulvrq ri wkh uhodwlyh shuirupdqfh
ri wkh OW dqg OVZ dojrulwkpv lqglfdwhv zkhwkhu dq| gl�huhqfhv lq shuirupdqfh lv
gxh wr wkh xvh ri d vprrwkhg +VZ, ru qrq0vprrwkhg +OW, uhvdpsolqj ri svhxgr0
h!flhqflhv lq wkh errwvwuds dojrulwkp1 Ixuwkhupruh/ d frpsdulvrq ri wkh uhodwlyh
shuirupdqfh ri wkh VZ dqg OVZ dojrulwkpv lqglfdwhv zkhwkhu dq| gl�huhqfhv lq
shuirupdqfh lv gxh wr wkh xvh ri ruljlqdo gdwd +VZ, ru svhxgr0gdwd +OW, lq wkh
hydoxdwlrq ri wkh errwvwuds h!flhqf| hvwlpdwhv1

Wkh Prqwh Fduor vwxg| frqvlghuv hvwlpdwlrq ri lqsxw0rulhqwhg whfkqlfdo lqhi0
�flhqf| xvlqj d FUV whfkqrorj| dv wkh wuxh gdwd jhqhudwlqj surfhvv1 Whfkqlfdo
lqh!flhqf| lv hvwlpdwhg xvlqj erwk wkh YUV dqg wkh FUV uhvwulfwhg GHD hvwlpd0
wru1 Wkh fryhudjh dffxudf| shuirupdqfh ri vlpsoh shufhqwloh dqg eldv0fruuhfwhg
errwvwuds frq�ghqfh lqwhuydov duh frqvlghuhg iru hdfk ri wkh OW/ wkh VZ dqg wkh
OVZ dojrulwkpv1

Wkh uhvxowv lqglfdwh wkdw wkh ehvw vpdoo0vdpsoh shuirupdqfh iru erwk wkh YUV
dqg wkh FUV GHD hvwlpdwru lv jlyhq e| wkh frpelqhg OVZ0dojrulwkp1 Iru wkh
YUV hvwlpdwru wkh vlpsoh OW0dojrulwkp shuirupv ehwwhu wkdq wkh pruh frpsx0
wdwlrqdoo| ghpdqglqj VZ0dojrulwkp dqg iru wkh FUV hvwlpdwru wkh OW0dojrulwkp
shuirupv fohduo| ehwwhu wkdq wkh VZ0dojrulwkp1 Iru wkh frpsxwdwlrqdoo| pruh
vlpsoh FUV hvwlpdwru zh frqvlghu odujhu vdpsoh vl}hv wr dvvhvv vrph frqvlvwhqf|
surshuwlhv ri wkh dojrulwkpv1 Wkh uhvxowv lqglfdwh wkdw errwvwuds frq�ghqfh lqwhu0
ydov iurp wkh OW dqg OVZ dojrulwkpv vkrz d fohdu frqyhujhqfh ri wkh hpslulfdo
fryhudjh dffxudf| wr wkh qrplqdo ohyhov iru vdpsoh vl}hv odujhu wkdq �2f1 Iru wkh
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VZ0dojrulwkp/ rq wkh rwkhu kdqg/ wkh uhvxowv fdvw grxewv rq wkh frqvlvwhqf| surs0
huwlhv ri wkh dojrulwkp1 Wkh fryhudjh dffxudf| iru wkh VZ0lqwhuydov ghfuhdvh zlwk
lqfuhdvhg vdpsoh vl}h iru wkh orzhu qrplqdo ohyho f�Hf1 Iru wkh kljkhu qrplqdo ohy0
hov/ wkh fryhudjh dffxudflhv dsshdu wr kdyh d kxps0vkdshg sdwwhuq wkdw uhdfkhv d
pd{lpxp iru odujhu vdpsoh vl}hv wkh kljkhu wkh qrplqdo ohyho diwhu zklfk d frqvlg0
hudeoh ghfuhdvh lq fryhudjh dffxudf| lv revhuyhg iru lqfuhdvhg vdpsoh vl}hv1 Wkhvh
�qglqjv frqwudglfw wkh vwdwhphqw e| Vlpdu dqg Zlovrq +4<<:e, wkdw wkh sursrvhg
VZ0dojrulwkp surylghv d frqvlvwhqw errwvwuds dojrulwkp1 Wkh pdlq dujxphqw lq
Vlpdu dqg Zlovrq +4<<:e, uholhv rq wkh xvh ri wkh vprrwkhg uhvdpsolqj1 Rqh
pljkw dujxh wkdw wkh dxwrpdwlf edqgzlgwk vhohfwlrq uxoh xvhg lq wkh Prqwh Fduor
vwxg| lv qrw �rswlpdo� iru wkh VZ0dojrulwkp/ dqg wkdw wkhuh duh rwkhu vhohfwlrq
uxohv wkdw zloo uhqghu d frqvlvwhqw dojrulwkp1 Wklv srvvleoh vhqvlwlylw| ri wkh VZ
errwvwuds dojrulwkp uhjduglqj frqvlvwhqf| uhodwhg wr wkh fkrlfh ri edqgzlgwk vh0
ohfwlrq uxoh lv qrw glvfxvvhg lq Vlpdu dqg Zlovrq +4<<:e, +ru dq| rwkhu zrun e|
O1 Vlpdu dqg S1 Zlovrq nqrzq wr wkh dxwkru, exw wkh rewdlqhg uhvxowv iurp wklv
Prqwh Fduor vwxg| lqglfdwh wkh qhhg iru wklv w|sh ri uhvhdufk1 Qhyhuwkhohvv/ dv
qrwhg deryh/ wkh rewdlqhg uhvxowv duh lq idyru ri frqvlvwhqf| ri wkh OVZ dojr0
ulwkp/ ghvslwh wkh idfw wkdw lw lv edvhg rq h{dfwo| wkh vdph edqgzlgwk vhohfwlrq
uxoh dv wkh VZ0dojrulwkp1

Wkh pdlq frqfoxvlrq edvhg rq wkh frqgxfwhg Prqwh Fduor vwxg| uhjduglqj wkh
dssursuldwh dssurdfk wr errwvwuds GHD hvwlpdwruv fdq eh vlpso| vxppdul}hg dv=
Xvh d errwvwuds dojrulwkp zkhuh wkh errwvwuds h!flhqf| hvwlpdwruv duh edvhg
rq wkh svhxgr0gdwd dv sursrvhg e| Oùwkjuhq dqg Wdperxu +4<<:,/ lqvwhdg ri
wkh ruljlqdo gdwd dv lq wkh dojrulwkp e| Vlpdu dqg Zlovrq +4<<:e,1 Jlyhq wklv
svhxgr0gdwd errwvwuds h!flhqf| hvwlpdwru/ wkh txhvwlrq ri zkhwkhu wr xvhg d
vlpsoh ru d vprrwkhg uhvdpsolqj wr rewdlq d frqvlvwhqw errwvwuds surfhgxuh lv ri
plqru lpsruwdqfh dowkrxjk wkh vprrwkhg uhvdpsolqj kdv vrphzkdw ehwwhu vpdoo0
vdpsoh surshuwlhv1

Vhyhudo h{whqvlrqv iru ixwxuh uhvhdufk fdq eh lghqwl�hg1 Wklv vwxg| frqvlg0
huv rqo| wkh wzr prvw edvlf phwkrgv wr frqvwuxfw errwvwuds frq�ghqfh lqwhuydov1
Dowhuqdwlyh pruh uh�qhg lqwhuydo phwkrgv vxfk dv wkh phgldq eldv0fruuhfwhg dqg
wkh eldv0fruuhfwhg dqg dffhohudwhg lqwhuydov/ dv suhvhqwhg e| Hiurq dqg Wlevkludql
+4<<6,/ fdq dovr eh frqvlghuhg1 Ixuwkhupruh/ dv glvfxvvhg deryh/ wkh vprrwk0
lqj surfhgxuh dssolhg lq wklv sdshu lq wkh VZ0dojrulwkp uholhv rq dq dxwrpdwlf
vhohfwlrq ri wkh edqgzlgwk sdudphwhu wkdw pd| qrw eh wkh prvw h!flhqw1 Dowhu0
qdwlyh vhohfwlrq uxohv vxfk dv furvv0ydolgdwlrq surfhgxuhv/ glvfxvvhg dqg lpsoh0
phqwhg e| Vlpdu dqg Zlovrq +4<<:d, lq wkh GHD errwvwudsslqj frqwh{w/ fdq dovr

4<



eh frqvlghuhg1 \hw dqrwkhu lpsruwdqw h{whqvlrq lv wr frqvlghu wkh shuirupdqfh
ri frpshwlqj errwvwuds dojrulwkpv iru pxowlsoh0lqsxw/ pxowlsoh0rxwsxw whfkqror0
jlhv vlqfh rqh ri wkh sulpdu| prwlydwlrqv iru xvlqj GHD lv wkh hdvh zlwk zklfk
pxowlsoh0lqsxw/ pxowlsoh0rxwsxw h!flhqf| dqg surgxfwlylw| fdq eh hvwlpdwhg1

Wkhvh h{whqvlrqv duh/ krzhyhu/ ohiw wr ixwxuh uhvhdufk1 Wklv vwxg| lv wkh �uvw
vwxg| wkdw frqvlghuv dq hydoxdwlrq ri wkh ydolglw| ri wkh vwdwlvwlfdo lqihuhqfh re0
wdlqhg iurp frpshwlqj GHD errwvwuds dojrulwkpv1 Wkh phqwlrqhg h{whqvlrqv duh
lpsruwdqw lq wkhlu rzq uhvshfw/ exw wkh uhvxowv iurp wkh vlpsoh vhwxs xvhg lq
wklv sdshu fdq qhyhuwkhohvv surylgh lpsruwdqw lqirupdwlrq1 Wkh shuirupdqfh ri
dq dojrulwkp wkdw idlov lq wkh vlpsoh vhwwlqj +l1h1/ wkh VZ0dojrulwkp, vkrxog uhd0
vrqdeo| eh txhvwlrqhg lq pruh frpsolfdwhg uhdo0zruog fdvhv1 Rq wkh rwkhu kdqg/
iru dq dojrulwkp wkdw shuirupv zhoo lq d vlpsoh vhwwlqj +l1h1/ wkh OW dqg OVZ
dojrulwkpv, ixuwkhu hydoxdwlrqv duh qhhghg wr dvvhvv pruh jhqhudo urexvwqhvv dqg
ydolglw| surshuwlhv1
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Uhihuhqfhv

Edqnhu/ U1 G1 +4<<6,1 Pd{lpxp Olnholkrrg/ Frqvlvwhqf| dqg Gdwd Hqyhorsphqw
Dqdo|vlv= D Vwdwlvwlfdo Irxqgdwlrq/ Pdqdjhphqw Vflhqfh 6</ 4598�45:61

Fkduqhv/ D1/ Frrshu/ Z1 Z1 dqg H1 Ukrghv1 +4<:;,1 Phdvxulqj wkh H!flhqf| ri
Ghflvlrq Pdnlqj Xqlwv/ Hxurshdq Mrxuqdo ri Rshudwlrqdo Uhvhdufk 5/ 75<�
7771

Hiurq/ E1 +4<:<,1 Errwvwuds phwkrgv= Dqrwkhu Orrn dw wkh Mdfnnqlih/ Dqqdov ri
Vwdwlvwlfv :/ 4�591

Hiurq/ E1 dqg U1 M1 Wlevkludql1 +4<<6,1 Dq Lqwurgxfwlrq wr wkh Errwvwuds/ Prqr0
judskv rq Vwdwlvwlfv dqg Dssolhg Suredelolw| 8:/ Fkdspdq dqg Kdoo/ Orqgrq1

Iduuhoo/ P1 M1 +4<8:,1 Wkh phdvxuhphqw ri Surgxfwlyh H!flhqf|/ Mrxuqdo ri wkh
Ur|do Vwdwlvwlfdo Vrflhw|/ Vhulhv D 453/ 586�5;41

Ihuulhu/ J1 G1 dqg M1 J1 Kluvkehuj +4<<:,1 Errwvwuds Frq�ghqfh Lqwhuydov iru
Olqhdu Surjudpplqj H!flhqf| Vfruhv= Zlwk dq Looxvwudwlrq Xvlqj Lwdoldq
Edqnlqj Gdwd/ Mrxuqdo ri Surgxfwlylw| Dqdo|vlv ;/ 4<�661

Jvwdfk/ G1 +4<<8,1 Frpsdulqj Vwuxfwxudo H!flhqf| ri Xqedodqfhg Vxevdpsohv= D
Uhvdpsolqj Dgdswdwlrq ri Gdwd Hqyhorsphqw Dqdo|vlv/ Hpslulfdo Hfrqrplfv
53/ 864�8751

Nqhls/ D1/ Sdun/ E1 X1 dqg O1 Vlpdu1 +4<<9,1 D Qrwh rq wkh Frqyhujhqfh ri
Qrqsdudphwulf GHD H!flhqf| Hvwlpdwhv/ FRUH/ Glvfxvvlrq Sdshu <936/
Fhqwhu iru Rshudwlrqv Uhvhdufk dqg Hfrqrphwulfv/ Xqlyhuvlwì Fdwkroltxh gh
Orxydlq1

Nrurvwhohy/ D1 S1/ Vlpdu/ O1 dqg D1 E1 Wv|ednry1 +4<<8d,1 H!flhqw Hvwlpdwlrq
ri Prqrwrqh Erxqgdulhv/ Wkh Dqqdov ri Vwdwlvwlfv 56/ 7:9�7;<1

Nrurvwhohy/ D1 S1/ Vlpdu/ O1 dqg D1 E1 Wv|ednry1 +4<<8e,1 Rq Hvwlpdwlrq ri
Prqrwrqh dqg Frqyh{ Erxqgdulhv/ Sxeolfdwlrqv gh o*Lqvwlwxw gh o*Xqlyhuvlwì
gh Sdulv 6</ 6�4;1

Oùwkjuhq/ P1 dqg P1 Wdperxu1 +4<<:,1 Errwvwudsslqj wkh Gdwd Hqyhorsphqw
Dqdo|vlv Pdoptxlvw Surgxfwlylw| Lqgh{/ Dssolhg Hfrqrplfv/ iruwkfrplqj1
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Vhlirug/ O1 P1 +4<<9,1 Gdwd hqyhorsphqw dqdo|vlv= Wkh Hyroxwlrq ri wkh Vwdwh ri
wkh Duw +4<:;04<<8,/ Mrxuqdo ri Surgxfwlylw| Dqdo|vlv :/ <<�46:1

Vkhskdug/ U1 Z1 +4<86,1 Frvw dqg Surgxfwlrq Ixqfwlrqv/ Ohfwxuh Qrwhv lq Hfr0
qrplfv dqg Pdwkhpdwlfdo V|vwhpv 4<7/ Vsulqjhu0Yhuodj1 Ruljlqdoo| sxeolvkhg
e| Sulqfhwrq Xqlyhuvlw| Suhvv 4<861

Vkhskdug/ U1 Z1 +4<:3,1 Wkh Wkhru| ri Frvw dqg Surgxfwlrq Ixqfwlrqv/ Sulqfhwrq
Xqlyhuvlw| Suhvv/ Sulqfhwrq1

Vloyhupdq/ E1 Z1 +4<;9,1 Ghqvlw| Hvwlpdwlrq iru Vwdwlvwlfv dqg Gdwd Dqdo|lv/
Fkdspdq dqg Kdoo Owg/ Orqgrq1

Vlpdu/ O1 dqg S1 Z1 Zlovrq1 +4<<9,1 Hvwlpdwlqj dqg Errwvwudsslqj Pdoptxlvw
Lqglfhv/ FRUH/ Glvfxvvlrq Sdshu <993/ Fhqwhu iru Rshudwlrqv Uhvhdufk dqg
Hfrqrphwulfv/ Xqlyhuvlwì Fdwkroltxh gh Orxydlq1

Vlpdu/ O1 dqg S1 Z1 Zlovrq1 +4<<:d,1 Qrqsdudphwulf Whvwv ri Uhwxuqv wr Vfdoh/
Plphr/ Rfwrehu 4<<:1

Vlpdu/ O1 dqg S1 Z1 Zlovrq1 +4<<:e,1 Vhqvlwlylw| Dqdo|vlv ri H!flhqf| Vfruhv=
Krz wr Errwvwuds lq Qrqsdudphwulf Iurqwlhu Prghov/ Pdqdjhphqw Vflhqfh/
iruwkfrplqj1

Vlpdu/ O1 dqg S1 Z1 Zlovrq1 +4<<:f,1 Vrph Sureohpv zlwk wkh Ihuulhu2Kluvkehuj
Errwvwuds Lghd/ Mrxuqdo ri Surgxfwlylw| Dqdo|vlv/ iruwkfrplqj1
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