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î MHO Fodvvlilfdwlrq = F48/F53
î Nh|zrugv= Ioh{leoh qrqolqhdu lqihuhqfh> Whvwv iru olqhdulw|> Srzhu dqg vl}h
frpsdulvrq> Frqyhujhqfh lq vpdoo vdpsohv

� W?|hL_ýU|ðL?

Kdplowrq +4<<<, vxjjhvwv d qhz phwkrg ri hvwlpdwlqj prghov ri wkh irup
|w @ ç+{w, . îw/ zkhuh wkh ixqfwlrqdo irup ri ç+{w, lv xqnqrzq1 Dv d e|0
surgxfw d qhz Odjudqjh pxowlsolhu whvw iru qhjohfwhg qrqolqhdulw| lv vxjjhvwhg1
Wkh dlp ri wkh sdshu lv wzrirog1 Iluvw/ zh frqgxfw d Prqwh Fduor h{shulphqw
dqdo|}lqj wkh vl}h dqg srzhu surshuwlhv ri wkh qhz Odjudqjh pxowlsolhu whvw iru
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qhjohfwhg qrqolqhdulw| vxjjhvwhg e| Kdplowrq +4<<<,1 Zh frpsduh wkh whvw zlwk
rwkhu srsxodu whvwv iru qhjohfwhg qrqolqhdulw|/ whvwv zklfk 0 vlplodu wr Kdplo0
wrq*v whvw 0 duh qrw edvhg rq dq| nqrzohgjh ri wkh ixqfwlrqdo irup xqghu wkh
dowhuqdwlyh1 Vhfrqgo|/ zh frqgxfw d Prqwh Fduor h{shulphqw h{dplqlqj wkh
frqyhujhqfh surshuwlhv ri Kdplowrq*v hvwlpdwru ri wkh frqglwlrqdo phdq ixqf0
wlrq ç+{w,1 Zh uhsruw uhvxowv rq wkh shuirupdqfh ri wkh hvwlpdwru e| dsso|lqj
lw wr d zlgh udqjh ri wkh prvw frpprq qrqolqhdu prghov lq wkh olwhudwxuh/ dqg
phdvxuhv rq krz elj wkh lpsuryhphqw lv uhodwlyh wr wkh olqhdu hvwlpdwru duh
surylghg1 Wkh phdvxuhv ri dffxudf| duh dovr frpsduhg zlwk wkrvh rewdlqhg
iurp wkh frpshwlqj ðh{leoh qhxudo qhwzrun dssurdfk1 Ilqdoo|/ zh lqyhvwljdwh
wkh frqyhujhqfh surshuwlhv ri Kdplowrq*v hvwlpdwru zkhq wkh wuxh prgho lv olq0
hdu/ lq rughu wr ghwhuplqh d srwhqwldo orvv lq hïflhqf| dqg frqyhujhqfh vshhg1
Djdlq d gluhfw frpsdulvrq wr wkh qhxudo qhwzrun dssurdfk lv pdgh1 Wkh sd0
shu lv rujdql}hg dv iroorzv1 Vhfwlrq 5 jlyhv d eulhi lqwurgxfwlrq wr Kdplowrq*v
dssurdfk wr qrqolqhdu lqihuhqfh1 Zh vkrz krz wr rewdlq d frqvlvwhqw hvwlpdwh
ri wkh frqglwlrqdo phdq ixqfwlrq dqg ghulyh wkh Odjudqjh pxowlsolhu whvw vwdwlv0
wlfv iru qhjohfwhg qrqolqhdulw|1 Vhfwlrq 6 glvfxvvhv vrph ri wkh prvw srsxodu
dowhuqdwlyh whvwv iru qhjohfwhg qrqolqhdulw| zklfk duh dydlodeoh lq wkh olwhudwxuh1
Vhfwlrq 7 ghvfulehv wkh vlpxodwlrq ghvljq iru wkh Prqwh Fduor h{shulphqw dqg lq
vhfwlrq 8 wkh uhvxowv duh uhsruwhg dqg glvfxvvhg1 Lq vhfwlrq 9 wkh h{shulphqw rq
wkh frqyhujhqfh surshuwlhv ri Kdplowrq*v hvwlpdwru lv h{dplqhg dqg frpsduhg
zlwk wkh olqhdu ohdvw vtxduhg hvwlpdwru dqg wkh hvwlpdwru edvhg rq wkh qhxudo
qhwzrun dssurdfk1 Ilqdoo|/ vhfwlrq : frqwdlqv vrph frqfoxglqj uhpdunv1

2 O@4ð*|L?<t @TThL@Uü |L ãi ðM*i ?L?*ð?i@h ð?í
uihi?Ui

Frqvlghu wkh prgho

|w @ ç+{w, . îw +4,

zkhuh îw lv d vhtxhqfh ri QL+3> â
5, huuru whupv dqg ç+{w, lv d ixqfwlrq ri d nû4

yhfwru {w1 Lq prvw fdvhv d sdudphwulf irup iru ç+{w, fdq eh rewdlqhg gluhfwo|
iurp hfrqrplf wkhru|1 Krzhyhu/ lq wkh pruh wurxeohvrph fdvhv zkhuh hfrqrplf
wkhru| grhv qrw jlyh dq| fohdu jxlgdqfh rq krz wr vshfli| wkh ixqfwlrqdo irup
ri ç+{w,> ru lq vlwxdwlrqv zkhuh wkh frpsoh{lw| ri wkh gdwd uhtxluhv pruh wkdq
d vlpsoh ghwhuplqlvwlf prgho 0 vxfk dv orz rughu sro|qrpldov 0 pruh jhqhudo
ru ðh{leoh dssurdfkhv wr uhsuhvhqw ç+{w, duh qhhghg1 Exloglqj rq wkh lghdv ri
Zdked +4<:;, dqg Zhfnhu dqg Dqvoh| +4<;6,/ zkr ylhzhg ç+{w, dv d uhdol}dwlrq
ri d Eurzqldq prwlrq/ Kdplowrq +4<<<, vxjjhvwv uhsuhvhqwlqj ç+{w, dv

4

ç+{w, @ ò3 . ò
3
4{w . èp+j ñ {w, +5,

�Oihi } ðt @ &f� ñiU|Lh Lu T@h@4i|iht @?_  _i?L|it |üi O@_@4@h_ Lh i*i4i?|êðti ThL_ýU|
Lu 4@|hðUitë
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zkhuh p+}, 0 iru dq| fkrlfh ri } 0 uhsuhvhqwv d uhdol}dwlrq iurp d udqgrp ñhog
zlwk wkh iroorzlqj vwdwlvwlfdo surshuwlhv

p+}, å Q+3> 4, +6,

H+p+},3p+z,, @ Kn+k,

dqg zkhuh k lv ghñqhg dv k ì 4
5 ^+} ý z,3+} ý z,`

4
5 1 Wkh uhdol}dwlrq ri p+=,

lv ylhzhg dv kdylqj ehhq vhwwohg suhylrxv wr i{4> ==> {W>î4> ==> îWj dqg lv wkhuh0
iruh frqvlghuhg wr eh lqghshqghqw ri i{4> ==> {W>î4> ==> îWj= Li zh ghñqh d yduldeoh
Jn+k> u, dv

Jn+k> u, @

] u

k

+u5 ý }5,n5 g} +7,

lw lv srvvleoh wr zulwh Kn+k, dv

Kn+k, @

ã
Jný4+k> 4,@Jný4+3> 4,

3
li k é 4
li k A 4

+8,

Forvhg irup h{suhvvlrqv iru Kn+k, iru n @ i4> ==> 8j duh surylghg e| Kdplowrq
+4<<<, dqg duh uhsulqwhg lq wkh dsshqgl{ ri wklv sdshu1 Vlqfh zh fdqqrw revhuyh
p+}, gluhfwo| 0 iru dq| fkrlfh ri } 0 zh duh qrw deoh wr revhuyh wkh ixqfwlrqdo
irup ri ç+{w,= Wkh remhfwlyh lv wr gudz lqihuhqfh derxw wkh xqnqrzq sdudphwhuv
ri wkh prgho vxppdul}hg e| * @ iò3> ò4> è> j> âj e| revhuylqj wkh uhdol}dwlrqv
ri |w dqg {w rqo|= Xvlqj vrph edvlf frqglwlrqlqj uxohv iru pxowlyduldwh qrupdov
dqg wuhdwlqj ç+{w, dv xqrevhuydeoh/ Kdplowrq +4<<<, vkrzv krz wr rewdlq d
pd{lpxp olnholkrrg hvwlpdwh ri * edvhg rq d uhfxuvlyh dojrulwkp yhu| vlplodu
wr wkh uhfxuvlyh dojrulwkp ri wkh Ndopdq ñowhu xvhg wr rewdlq wkh pd{lpxp
olnholkrrg hvwlpdwhv ri vwdwh vsdfh prghov1 Krzhyhu/ lq rughu wr fxw grzq wkh
dprxqw ri frpsxwdwlrqv Kdplowrq lqwurgxfhv dq htxlydohqw phwkrg ri fdofxodw0
lqj wkh pd{lpxp olnholkrrg hvwlpdwhv1 Kh uhirupxodwhv wkh prgho lq d pruh
frpsdfw irup dqg dssolhv JOV1 Lq sduwlfxodu/ kh ghñqhv

| @ +|4> |5> ==> |W , +9,

[ @

599997
4 {34
4 {35
= =
= =
4 {3W

6::::8
ñ @ +ò3> ò

3,
î @ +î4> î5> ==> îW ,

dqg vkrzv wkdw wkh sdudphwhuv ri wkh olqhdu sduw ri wkh prgho frqvlvwlqj ri ñ dqg
â5 fdq eh frqfhqwudwhg rxw ri wkh olnholkrrg ixqfwlrq1 E| ghñqlqj í ì è

â dqg
Z +[> j> í, @ í5K . LW wkh frqfhqwudwhg orj olnholkrrg ixqfwlrq fdq eh zulwwhq
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dv

ì+|>[> j> í, @ ýW
5
oq+5ä,ý W

5
oq eâ5W +j> í,ý 45 oq mZ +[> j> í,m ý W5 +:,eñW +j> í, @ ^[ 3Z +[> j> í,ý4[`ý4^[3Z +[> j> í,ý4|` +;,

eâ5W +j> í, @
4

W
^| ý[eñW +j> í,`3Z +[> j> í,ý4^| ý[eñW +j> í,` +<,

zkhuh LW lv wkh lghqwlw| pdwul{ ri glphqvlrq +W ûW , dqg wkh iw> vj hqwu| ri wkh
pdwul{ K 0 ghqrwhg K+w> v, 0 lv htxdo wr

K+w> v, @

ã
Kn+kwv,
3

li kwv é 4
li kwv A 4

+43,

kwv @
4

5
^+h{w ý h{v,3+h{w ý h{v,` 45h{w @ j ñ {w

Wkh frqfhqwudwhg olnholkrrg ixqfwlrq lv pd{lpl}hg zlwk uhvshfw wr +j> í, xvlqj
vwdqgdug pd{lpl}dwlrq dojrulwkpv51 Rqfh wkh hvwlpdwhv ri +j> í, kdyh ehhq

rewdlqhg/ eñW dqg eâ5W lv jlyhq1 Lq wkh fdvh ri frqwlqxrxv ydoxhg yduldeohv dqg
ghwhuplqlvwlf uhjuhvvruv Kdplowrq +4<<<, vkrzv wkdw li wkh wuxh uhodwlrq jlyhq
e| +5, lv lqghhg olqhdu wkhq xqghu vrph uhjxodulw| frqglwlrqv wkh hvwlpdwru ri

ç+{w, ghñqhg dv eåW +{w, dqg jlyhq e| wkh w3wk urz rieåW @ [eñW . eS3+ eS3 . eâ5W LW ,ý4^| ý[eñW ` +44,

lv vwloo d frqvlvwhqw hvwlpdwru ri wkh frqglwlrqdo phdq/ lpso|lqj wkdw eñW lv d
frqvlvwhqw hvwlpdwru1 Khuh wkh iw> vj hqwu| ri wkh pdwul{ S3 0 ghqrwhg S3+w> v, 0
lv ghñqhg dv

S3+w> v, @

ã
è5Kn+kwv,

3
kwv é 4
kwv A 4

+45,

kwv @
4

5
^+h{w ý h{v,3+h{w ý h{v,` 45 +46,h{w @ j ñ {w +47,

Ixuwkhupruh/ Kdplowrq +4<<<, suryhv wkdw klv dojrulwkp zloo surylgh d frqvlvwhqw
hvwlpdwru ri wkh frqglwlrqdo phdq ç+{w,> iru d yhu| jhqhudo fodvv ri qrqolqhdu
prghov/ wkdw lv

Wý4
W[
w@4

iç+{w,ý eåW +{w,j5 $ 3 +48,

Vlqfh zh duh jrlqj wr hydoxdwh wkh iruhfdvw dffxudf| ri wkh prgho rxw0ri0vdpsoh
dqg htxdwlrq +44, rqo| zrunv iru fdvhv zkhuh wkh frqglwlrqdo phdq ixqfwlrq lv

2Aüi î8C7 @?_ ùeç|J?3-@RûrJ? @*}Lhð|ü4t ð?U*ý_i_ ð? |üi ç�wíhLý|ð?i ð? BúN55
|ýh?i_ Lý| |L êLh! êi**ë
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hydoxdwhg dw srlqwv revhuyhg lq wkh vdpsoh/ zh kdyh wr gr vrph vpdoo prglñfd0
wlrqv1 Wr eh pruh vshflñf zh vhhn wr fdofxodwh dq hvwlpdwh ri ç+{ú, zkhuh
{ú @ i{ú4> {ú5> ==> {únjgr qrw ehorqj wr wkh vdpsoh xvhg wr rewdlq wkh pd{l0
pxp olnholkrrg hvwlpdwh ri ç+{w,= Li zh ohw S ú3 +w, ghqrwh wkh fryduldqfh ehwzhhq
ç+{w, dqg ç+{

ú,zh fdq rewdlq dq hvwlpdwh ri ç+{ú, 0 ghqrwhg eåúW +{úw , 0 dv
eåúW +{úw , @ [eñW . eS ú33 + eS3 . eâ5W LW ,ý4^| ý[eñW ` +49,

zkhuh

S ú3 @ iS ú3 +w,> w @ 4> 5> ===Wj +4:,

S ú3 +w, @

ã
è5Kn+k

ú
w ,

3
li kwv é 4
li kwv A 4

+4;,

kúw @
4

5
^+h{w ý h{ú,3+h{w ý h{ú,` 45 +4<,h{w @ j ñ {w +53,h{ú @ j ñ {ú +54,

iru w @ 4> ==> W= Lq htxdwlrq +49, eS3 dqg eS ú3 ghqrwh S3 dqg S ú3 hydoxdwhg dw wkh
pd{lpxp olnholkrrg hvwlpdwhv ri è dqg j61
Whvwlqj iru qhjohfwhg qrqolqhdulw| lq wklv vhwxs dprxqwv wr whvwlqj wkh qxoo

K3 = è @ 3=Zkhq è htxdov }hur/ j lv qrw lghqwlñhg e| wkh prgho xqghu wkh qxoo1
Kdplowrq +4<<<, vxjjhvwv vroylqj wkh qxlvdqfh sdudphwhu sureohp e| ñ{lqj jl
wr eh sursruwlrqdo wr wkh vwdqgdug ghyldwlrq ri wkh l*wk urz lq {w zkhq frp0
sxwlqj wkh vwdwlvwlfv= Xqghu wklv dvvxpswlrq wkh Odjudqjh pxowlsolhu vwdwlvwlfv
iru qhjohfwhg qrqolqhdulw| ehfrphv

y5 @
^eî3Keîý hâ5wu+PKP,`5hâ7^5wui^PKP ý +W ý n,ý4Pwu+PKP,`5j` +55,

zkhuh

eî @ P| +56,hâ5 @ +W ý n,ý4eî3eî
P @ LW ý[+[3[,ý4[ 3

dqg wkh +w> v, hohphqw ri wkh pdwul{ K zlwk glphqvlrq +W û W , lv jlyhq e|
ôAüi 4@ ð4ý4 *ð!i*ðüLL_ it|ð4@|i Lu b ðt LM|@ð?i_ @t ebA '

tel2A ej2A c êüihi@t |üi 4@ ðí
4ý4 *ð!i*ðüLL_ it|ð4@|i Lu } ðt LM|@ð?i_ _ðhiU|*) uhL4 |üi 4@ ð4ð3@|ðL? Lu #E+cf( }c läé
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K+w> v, @

ã
Kn+kwv,
3

li kwv é 4
li kwv A 4

+57,

kwv @
4

5
^ný4

n[
l@4

+{l>w ý {l>v,5
v5l

`
4
5

v5l @ Wý4
W[
w@4

+{l>w ý Wý4
W[
w@4

{l>w,
5

iru w @ 4> ==> W dqg v @ 4> ==> W 1 Dv phqwlrqhg hduolhu wkh forvhg irup h{suhvvlrqv
iru Kn> duh idluo| hdv| wr frpsxwh1 Kn iru n @ i4> ==> 8j lv jlyhq lq wkh dsshqgl{1
Wkh Odjudqjh pxowlsolhu vwdwlvwlfv y5 lv dv|pswrwlfdoo| "5+4, glvwulexwhg1 Zh
zloo hydoxdwh wklv qhz whvw e| frpsdulqj lw wr vrph ri wkh prvw srzhuixo whvwv iru
qhjohfwhg qrqolqhdulw| uhsruwhg lq wkh olwhudwxuh1 Wkhvh whvwv zloo eh lqwurgxfhg
lq wkh iroorzlqj vhfwlrq1

ô ú*|ih?@|ðñi |it|t uLh ?i}*iU|i_ ?L?*ð?i@hð|)

Lq wklv vhfwlrq zh eulhð| glvfxvv vrph ri wkh prvw srsxodu whvwv iru qhjohfwhg
qrqolqhdulw|1 Wkh whvwv suhvhqwhg duh doo vhohfwhg ehfdxvh ri wkhlu uhodwlyho| jrrg
shuirupdqfh zlwk uhvshfw wr vl}h dqg srzhu surshuwlhv douhdg| uhsruwhg lq wkh
olwhudwxuh1 Wklv froohfwlrq ri whvw vwdwlvwlfv zloo lqfoxgh wkh Uhjuhvvlrq Huuru
Vshflñfdwlrq Whvw fdoohg wkh Uhvhw5 gxh wr Udpvh| +4<9<, / wzr whvwv edvhg
rq wkh %gxdov% ri Yrowhuud h{sdqvlrqv h1j Sulhvwoh| +4<;3,/ ghqrwhg wkh Wvd|4
whvw dffruglqj wr Wvd| +4<;9, dqg wkh Y56 whvw vxjjhvwhg e| Whudvyluwd hw do=
+4<<6, uhvshfwlyho|/ wkh qhxudo qhwzrun whvw ghqrwhg Qhxudo4 dv lq Ohh hw do=
+4<<6,/ dqg d sduwlfxodu yhuvlrq ri Zklwh*v +4<;:/4<<5, lqirupdwlrq pdwul{ whvw
0 iru vkruw Zklwh6 0 dlphg dw ghwhfwlqj g|qdplf plvvshflñfdwlrq1 Ilqdoo| zh
frqvlghu d qrqsdudphwulf whvw iru vhuldo ghshqghqfh vxjjhvwhg e| Eurfn/ Ghfkhuw
dqg Vfkhlqnpdq +4<;:, ghqrwhg wkh EGV wkdw kdv ehhq xvhg udwkhu riwhq dv d
whvw iru qhjohfwhg qrqolqhdulw|/ sduwlfxoduo| lq wkh ñqdqfldo olwhudwxuh1

ôë� Aüi +iti|c At@) @?_ V2ô |it|t

Wkh Uhvhw whvw/ Wvd|*v whvw dqg wkh Y56 whvw fdq doo eh frqgxfwhg zlwklq wkh
iroorzlqj iudphzrun1 Frqvlghu wkh olqhdu prgho

|w @ {
3
wñ . xw +58,

zkhuh |w lv wkh vhulhv ri lqwhuhvw dqg zkhuh zh frqvlghu {w @ i4> |w> ==> |wýsj wr
eh wkh uhohydqw yduldeohv xvhg wr h{sodlq |w= Wkh ñuvw vwhs frqvlvwv ri uhjuhvvlqj
|w rq {w lq rughu wr rewdlq dq hvwlpdwh ri ñ dqg wr fdofxodwh wkh uhvlgxdovexw @ |w ý iw dqg vxp ri vtxduhg uhvlgxdov VVU3 @

SW
w@4 ex5w / zkhuh iw @ {3weñ1

Lq wkh vhfrqg vwhs uhjuhvv exw rq {w dqg rq p dx{loldu| uhjuhvvruv jlyhq e| wkh
yhfwru Pw +wr eh ghñqhg odwhu, dqg frpsxwh wkh uhvlgxdov iurp wklv uhjuhvvlrq
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eyw @ exwý{3we!4ýP 3
w
e!5 dqg wkh uhvlgxdo vxp ri vtxduhv VVU @SW

w@4 ey5w = Ilqdoo|/
lq wkh wklug vwhs frpsxwh wkh I 0vwdwlvwlfv jlyhq e|

I @
+VVU3 ý VVU,@p

VVU@+W ý sý 4ýp, å I +p>W ý sý 4ýp, +59,

Xqghu wkh olqhdulw| k|srwkhvlv wkh Iývwdwlvwlfv deryh lv dssur{lpdwho| I 0
glvwulexwhg zlwk p dqg W ý s ý 4 ý p ghjuhhv ri iuhhgrp1 Wkh Uhvhw5 whvw
ghñqhvPw @ ii5w > ==> i owj dqg p @ oý4= Ehfdxvh i lw > l @ 4> ==> o whqgv wr eh kljko|
fruuhodwhg zlwk {w dqg zlwk wkhpvhoyhv wkh whvw lv frqgxfwhg xvlqj wkh sú ? oý4
odujhvw sulqflsdo frpsrqhqwv ri i5w > ==> i

o
w qrw froolqhdu zlwk {w1 Wvd| +4<;9, vxj0

jhvwv xvlqj Pw @ yhfk+h{wh{3w, iru h{w @ i{4w> ==> {swj lq iruplqj wkh Wvd|4 whvw/
zkloh Whudvyluwd hw do= +4<<6, vxjjhvwv P @ yhf+V ú +yhfk+h{wh{3w, ñ {3w,, +zkhuh
V lv d vhohfwlrq pdwul{ uhprylqj wkh lghqwlfdo hqwulhv lq yhfk+h{wh{3w, ñ {3w dqg
ñghqrwhv hohphqw0e|0hohphqw pxowlsolfdwlrq, zkhq iruplqj wkh Y56 vwdwlvwlfv1

ôë2 Aüi ûiýh@* ?i|êLh! |it|

Wkh qhxudo qhwzrun whvw iru qhjohfwhg qrqolqhdulw| dv vxjjhvwhg e| Zklwh +4<;<,
dqg Ohh hw do= +4<<6, lv edvhg rq d vlqjoh klgghq od|hu ihhgiruzdug qhwzrun
prgho1 Lq wklv w|sh ri qhwzrun n lqsxw xqlwv vhqg vljqdov {lw wr vr0fdoohg %klg0
ghq% xqlwv dfurvv zhljkwhg frqqhfwlrqv ðlm iru l @ 4> ==> n dqg m @ 4> ==> t1 Wkhuh
duh lq wrwdo t klgghq xqlwv hdfk revhuylqj wkh zhljkwhg vxp ri wkh n lqsxw
vljqdov/ wkdw lv/ klgghq xqlw m revhuyhv {3wðm zkhuh {w @ i4> {4w> ==> {nwj dqg
ðm @ ið3m > ð4m > ==> ðnmj1 Wkh klgghq xqlw m wkhq rxwsxwv d vljqdo #m+{3wðm, zkhuh
#m ghqrwhv wkh %dfwlydwlrq% ru %vtxdvklqj% ixqfwlrq frpprqo| dvvxphg wr eh
erxqghg dqg prqrwrqlfdoo| lqfuhdvlqj1 Zklwh +4<;<, dqg Ohh hw do= +4<<6, wdnh
wkh dfwlydwlrq ixqfwlrq wr eh ri wkh orjlvwlf glvwulexwlrq dqg wr eh lghqwlfdo iru
doo klgghq xqlwv/ l1h1 #m+{3wðm, @ #+{3wðm, @ +4 . h{s+ý{3wðm,,ý4 iru m @ 4> ==> t1
Dxjphqwlqj wkh vlqjoh klgghq od|hu qhwzrun e| gluhfw olqnv iurp wkh lqsxw xqlwv
wr d vlqjoh rxwsxw zlwk zhljkwv ñ dqg dvvxplqj wkdw wkh rxwsxw dovr frqwdlqv
zklwh qrlvh/ wkh wrwdo qhwzrun rxwsxw fdq eh zulwwhq dv

|w @ ã+{w>y, . îw +5:,

zkhuh

ã+{w>y, @ {3wñ .
t[
m@4

ëm+4 . h{s+ý{3wðm,,ý4 +5;,

é @ iñ> ë4> ==> ët> ð4> ==> ðtj
Wkh klgghq0xqlwv0wr0rxwsxw zhljkwv duh jlyhq e| ë4> ==> ët dqg wkh qrlvh whup
glvwulexwhg dffruglqj wr îw å qlg+3> â5,1 Zkhq wkh qxoo k|srwkhvlv ri olqhdulw|
lv wuxh/ l1h1 K3 = Su^H+|wm[w, @ {3wñú` @ 4 iru vrph fkrlfhv ri ñú dqg [w @
i{34> {35> ==> {3wj> wkh rswlpdo qhwzrun zhljkwv ëm duh }hur iru m @ 4> ==> t1 Wkh
qhxudo qhwzrun whvw iru qhjohfwhg qrqolqhdulw| fdq wkhuhiruh eh lqwhusuhwhg dv
whvwlqj wkh k|srwkhvlv K3 = ë4 @ ë5 @ == @ ët @ 3 iru sduwlfxodu fkrlfhv ri t dqg
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ðm = Dv lq Ohh hw do1+4<<6, zh vhw t htxdo wr 43 dqg gudz wkh gluhfwlrq yhfwruv
ðm lqghshqghqwo| iurp d xqlirup glvwulexwlrq rq wkh lqwhuydo ^05=5`1 Wkh whvw lv
wkhq fduulhg rxw e| uhjuhvvlqj eî+Wû4, @ |W ý [W +[3

W[W ,
ý4+[3

W|W , rq 4+Wû4,
dqg ô+Wût, @ i#+[W ð4,+Wû4,> ==> #+[Wðt,+Wû4,j3 zkhuh |W @ i|4> |5> ==> |Wj
dqg fdofxodwh wkh xqfhqwhuhg vtxduhg pxowlsoh fruuhodwlrq frhïflhqw U5= Wkh
OP0whvw vwdwlvwlfv dqg lwv dv|pswrwlf glvwulexwlrq duh jlyhq e|

W úU5 $ "5+t, +5<,

Ehfdxvh wkh revhuyhg frpsrqhqwv ri ôw w|slfdoo| duh kljko| fruuhodwhg Ohh hw
do= +4<<6, uhfrpphqg xvlqj d vpdoo qxpehu ri sulqflsdo frpsrqhqwv lqvwhdg ri
wkh t ruljlqdo yduldeohv1 Xvlqj wkh tú ? t sulqflsdo frpsrqhqwv ri ôw 0 ghqrwhg
ôúw 0 qrw froolqhdu zlwk {w dq htxlydohqw whvw vwdwlvwlfv lv jlyhq e|

W úU5sf $ "5+tú, +63,

zkhuh U5sf lv wkh xqfhqwhuhg vtxduhg pxowlsoh fruuhodwlrq frhïflhqw iurp d olqhdu
uhjuhvvlrq ri eî+Wû4, rq 4+Wû4, dqg ôú+Wûtú,=
ôëô `üð|i<t _)?@4ðU ð?uLh4@|ðL? 4@|hð |it|

Zklwh*v g|qdplf plvvshflñfdwlrq whvwv duh edvhg rq wkh lghd wkdw li d prgho lv
fruuhfwo| vshflñhg wkhq wkhuh xvxdoo| h{lvwv d qxpehu ri frqvlvwhqw hvwlpdwruv
iru wkh sdudphwhuv ri lqwhuhvw1 Lq sduwlfxodu/ li d prgho lv zhoo vshflñhg wkhq wkh
lqirupdwlrq pdwul{ htxdolw| zloo krog xqghu yhu| jhqhudo frqglwlrqv1 Lq rwkhu
zrugv/ d whvw edvhg rq wkh lqirupdwlrq pdwul{ htxdolw| zloo kdyh srzhu ehfdxvh
ri wkh idloxuh ri wkh htxdolw| lq wkh fdvh ri d plvvshflñhg prgho1 Wkh yhuvlrq ri
Zklwh*v g|qdplf plvvshflñfdwlrq whvw frqvlghuhg lq wklv sdshu zloo eh edvhg rq
wkh fryduldqfh ri wkh frqglwlrqdo vfruh ixqfwlrqv1 Iru d Jdxvvldq olqhdu prgho
wkh orj olnholkrrg ixqfwlrq fdq eh zulwwhq dv

ow+{w> ë> â, @ ý4
5
orj+5ä,ý orj+â,ý 4

5
x5w +64,

zkhuh xw @ â
ý4+|w ý {3wñ,= Wkh frqglwlrqdo vfruh ixqfwlrq lv wkhq jlyhq e|

vuw +{w> ñ> â, @ â
ý4+xw> xw{3w> x

5
w ý 4,3 +65,

Hydoxdwlqj wkh frqglwlrqdo vfruh dw wkh txdvl pd{lpxp olnholkrrg hvwlpdwruv ri
wkh fruuhfwo| vshflñhg prgho xqghu K3 jlyhv evuw @ vuw +{w> eñ> eâ,= Wkh lqirupdwlrq
pdwul{ whvw lv edvhg rq iruplqj wkh lqglfdwru epu

w @ Vu ú yhf+evuw evu3w , zkhuh
Vu lv d vhohfwlrq pdwul{1 Lq sduwlfxodu zh rewdlq wkh whvw vwdwlvwlfv ghqrwhg
Zklwh6 lq Ohh hw do=+4<<6, e| uhjuhvvlqj exw @ eâý4+|w ý {3weñ, rq {w dqg efw 0
zkhuh efw lv ghñqhg wr vdwlvi| epu

w @ efwex3w 0 dqg fdofxodwh wkh xqfhqwhuhg vtxduhg
pxowlsoh fruuhodwlrq frhïflhqw U5 iurp wklv uhjuhvvlrq1 Wkh whvw vwdwlvwlfv dqg
lwv dv|pswrwlf glvwulexwlrq duh wkhq jlyhq e|

W úU5 $ "5+t, +66,

zkhuh t ghqrwhv wkh glphqvlrq ri pu
w =

;



ôëe Aüi îhLU!í#iUüih|í5Uüið?!4@? |it|

Ilqdoo|/ zh frqvlghu d qrqsdudphwulf whvw iru qhjohfwhg qrqolqhdulw| vxjjhvwhg
e| Eurfn/ Ghfkhuw dqg Vfkhlqnpdq +4<;:, ghqrwhg wkh EGV whvw1 Wkh whvw lv uho0
hydqw wr lqfoxgh ehfdxvh lw kdv ehfrph yhu| srsxodu/ sduwlfxoduo| lq wkh ñqdqfh
olwhudwxuh1 Wkh EGV whvw lv hvvhqwldoo| d whvw iru vhuldo ghshqghqfh edvhg rq wkh
fruuhodwlrq lqwhjudo ri wkh vfdodu vhulhv xw= Wkh dssurdfk ehjlqv e| rujdql}lqj
wkh gdwd xw lqwr d vhtxhqfh ri q0klvwrulhv ghqrwhg x

q
w ghñqhg e|

xqw @ ixwýq.4> ==> xwj +67,

zkhuh wkh sdudphwhu q lv nqrzq dv wkh hpehgglqj glphqvlrq1 Qh{w/ ghñqh wkh
fruuhodwlrq lqwhjudo FLq>W ri xw dv

FLq>W +ï, @
5 úSW

w@4

SW
v@4 Lï+x

q
w > x

q
v ,

Wq+Wq ý 4, +68,

Lï+xw> x
q
v , @

ã
4 li pd{l@3>==>qý4mxwýl ý xvýlm ? ï
3 rwkhuzlvh

Wq @ W ý +qý 4,
Khuhdiwhu wkh EGV vwdwlvwlfv fdq eh fdofxodwhg dv

Mq>W +ï, @ W
ý4@5FLq>W +ï,ýFL4>W +ï,qeâq>W +ï, +69,

zkhuh eâq>W +ï, lv dq hvwlpdwru ri wkh dv|pswrwlf vwdqgdug ghyldwlrq ri FLq>W +ï,ý
FL4>W +ï,

q1 Wkh EGV vwdwlvwlfv lv dv|pswrwlfdoo| vwdqgdug qrupdo glvwulexwhg
xqghu wkh qxoo zkhuh xw lv LLG/ wkdw lv

Mq>W +ï,
5 å "5+4, +6:,

Qrwlfh wkdw zkhq dsso|lqj wkh EGV whvw dv d whvw iru qhjohfwhg qrqolqhdulw|/ xw
zloo eh wkh uhvlgxdov hvwlpdwhg iurp wkh olqhdu prgho1

e Aüi _itð}? Lu |üi �L?|i ç@h*L i Tihð4i?|t

Zh h{dplqh wkh vl}h dqg srzhu surshuwlhv ri wkh whvwv iru qhjohfwhg qrqolqhdu0
lw| e| frqvlghulqj wkuhh eorfnv ri olqhdu dqg qrqolqhdu g|qdplf prghov1 Doo wkh
fkrvhq prghov kdyh ehhq xvhg lq suhylrxv vwxglhv rq wkh whvwlqj ri olqhdulw|1
Wkh xvh ri %ehqfkpdun% prghov pdnhv lw pxfk wr gudz frpsdulvrqv wr hduolhu
vwxglhv dqg lw ixuwkhupruh suhyhqwv wkh uhvxowv uhsruwhg iurp ehlqj wr ghvljq
vshflñf lq wkh vhqfh wkdw wkh jhqhudo ghvljq ri wkh Prqwh Fduor h{shulphqw df0
wxdoo| lv suhghwhuplqhg1 Wkh prghov lqfoxghg lq eorfn04 dqg wkh wzr elyduldwh
prghov vkrzq lq wdeoh 4 zhuh ruljlqdoo| xvhg e| Ohh hw do= +4<<6,1 Wkh prghov
ri eorfn05 kdyh ehhq pruh h{whqvlyho| vwxglhg/ lq sduwlfxodu e| Nhhqdq +4<;8,/
Wvd|+4<;9,/ Dvkoh|/ Sdwwhuvhq dqg Klqlfk +4<;9,/ Fkdq dqg Wrqj +4<;9, / dqg
Ohh hw do= +4<<6,1 Ilqdoo|/ doo ri wkh prghov lq eorfn06 kdyh ehhq vwxglhg e|
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Whudvyluwd hw do= +4<<6,1 Wkh ñyh prghov frqwdlqhg lq eorfn04 duh doo fkdudf0
whul}hg e| ehlqj vlpsoh g|qdplf xqlyduldwh prghov/ zkhuh wkh g|qdplf sduw
lv uhsuhvhqwhg e| rqh odj ri wkh hqgrjhqrxv yduldeoh rqo|1 Wkh prghov duh doo
vwdwlrqdu|1 Wkh prghov lqfoxghg duh wkh dxwruhjuhvvlyh prgho +DU,/ wkh elolq0
hdu prgho +EO, ri Judqjhu dqg Dqghuvrq +4<:;,/ wkh wkuhvkrog dxwruhjuhvvlyh
prgho +WDU, ri Wrqj +4<;6,/ wkh vljq dxwruhjuhvvlyh prgho +VJQ,/ dqg wkh
qrqolqhdu dxwruhjuhvvlyh prgho +QDU,1 Wkh h{dfw sdudphwhul}dwlrq ri wkh prg0
hov lv jlyhq lq wdeoh 41 Zh dovr frqvlghu wzr elyduldwh uhsuhvhqwdwlrqv1 Iru
vlpsoli|lqj uhdvrqv/ zh gr qrw lpsrvh dq| g|qdplf vwuxfwxuh rq wkh elyduldwh
prghov1 Zh frqvlghu d vtxduhg uhodwlrq zklfk zh ghqrwh VT/ dqg zh frqvlghu
dq h{srqhqwldo uhodwlrq/ ghqrwhg H[S1 Zh frqvlghu wkhvh wzr elyduldwh prghov
iru 6 glòhuhqw ydoxhv ri â= Ydu|lqj â/ nhhslqj wkh rwkhu sdudphwhuv ñ{hg/ dowhuv
wkh vljqdo0wr0qrlvh udwlr1 Zh lqyhvwljdwh krz wklv dòhfwv wkh vl}h dqg srzhu
surshuwlhv ri wkh ydulrxv whvw iru qhjohfwhg qrqolqhdulw|1 Wkh sdudphwhul}dwlrq
ri wkh elyduldwh prghov lv dovr vkrzq lq wdeoh 41

^Wdeoh 4`

Wkh prghov lq eorfn05 duh fkdudfwhul}hg e| kdylqj d pxfk ulfkhu g|qdplf vwuxf0
wxuh frpsduhg wr wkh prghov lq eorfn041 Wkh prghov duh suhvhqwhg lq wdeoh 51
prgho04 lv dq PD+5, uhsuhvhqwdwlrq dqg prgho05 lv d khwhurvnhgdvwlf PD+5,/
gxh wr wkh odvw whup rq wkh uljkw kdqg vlgh1 Wkhvh wzr prghov wrjhwkhu zlwk
prgho07 0 dq DU+5, prgho 0 duh doo olqhdu prghov1 Wkh| duh lqfoxghg sulpdulo|
wr hydoxdwh wkh qrplqdo vl}h ri wkh qrqolqhdulw| whvwv dqg wkhlu delolw| wr glvwlq0
jxlvk ehwzhhq g|qdplf plvvshflñfdwlrq dqg plvvshflñfdwlrq gxh wr qrqolqhdulw|
lq wkh frqglwlrqdo phdq1 prgho06/ prgho08 dqg prgho09 duh wkh wuxo| qrqolqhdu
prghov lq eorfn051 prgho06 lv d qrqolqhdu PD+5, prgho1 prgho08 dqg prgho09
ehorqj wr wkh idplo| ri elolqhdu prghov1 prgho08 lv d elolqhdu dxwruhjuhvvlyh
prgho/ zkloh prgho09 lv d elolqhdu dxwruhjuhvvlyh prylqj dyhudjh prgho1

^Wdeoh 5`

Whudvyluwd hw do= +4<<6, dujxh wkdw wkh pdlq uhdvrq iru wkh qhxudo qhwzrun whvw
wr shuirup vr yhu| zhoo frpsduhg wr d zlgh udqjh ri rwkhu olqhdulw| whvwv lq
wkh vlpxodwlrq vwxglhv e| Ohh hw do= +4<<6, lv ehfdxvh wkh| glg qrw lqfoxgh wkh
dssursuldwh OP ru OP w|sh whvwv1 E| wkh dssursuldwh OP w|sh ru OP w|sh
whvwv Whudvyluwd hw do= +4<<6, uhihu wr whvwv sduwlfxoduo| ghvljqhg wr whvw olqhdulw|
djdlqvw d ixoo| vshflñhg qrqolqhdu dowhuqdwlyh1 Qrz/ wkh vlpxodwlrq ghvljq lq
Ohh hw do= +4<<6, lv rqo| frqfhuqhg zlwk hydoxdwlqj olqhdulw| whvwv zkhuh wkh
dowhuqdwlyh grhv qrw kdyh wr eh ixoo| vshflñhg1 Krzhyhu wkh fulwltxh udlvhg e|
Whudvyluwd hw do= +4<<6, lv vwloo uhohydqw lq wkh vhqvh wkdw wkh fkrlfh ri whvwru0
prgho0pl{ pd| xqgholehudwho| idyru wkh qhxudo qhwzrun whvw1 Wkh prghov lq
eorfn06 duh lqfoxghg lq rughu wr uhgxfh wklv srvvleoh vrxufh ri eldv1 Vwloo zh
zloo uhvwulfw rxuvhoyhv rqo| wr frqvlghu wkh jhqhudo fodvv ri whvwv iru olqhdulw| iru
zklfk wkh qrqolqhdu dowhuqdwlyhv gr qrw qhhg wr eh h{solflwo| vshflñhg1 Wkh
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ñuvw prgho lq eorfn06 lv wkh orjlvwlf vprrwk wudqvlwlrq dxwruhjuhvvlyh prgho
+OVWDU,1 Lwv surshuwlhv duh glvfxvvhg lq ghwdlov lq Whudvyluwd +4<<3,1 Wkh vhfrqg
prgho lv d vshfldo fdvh ri wkh h{srqhqwldo vprrwk wudqvlwlrq dxwruhjuhvvlyh prgho
+HVWDU,1 E| wkh sdudphwhul}dwlrq fkrvhq/ wkh prgho uhgxfhv wr wkh h{srqhqwldo
dxwruhjuhvvlyh prgho ri Kdjjdq dqg R}dnl +4<;4,1 Wkh QQ dqg EQ prghov
ghqrwh xqlyduldwh dqg elyduldwh qhxudo qhwzrun prghov/ uhvshfwlyho|1

^Wdeoh 6`

Wkurxjkrxw îw å Q+3> 4, lv d zklwh qrlvh vhulhv1 Wkh lqirupdwlrq vhw lq wkh
eorfn4 prghov dqg elyduldwh prghov frqwdlqv i|wý4j dqg i{wj/ uhvshfwlyho|1 Wkh
lqirupdwlrq vhw iru wkh prghov frqwdlqhg lq wkh eorfn05 dqg eorfn06 0 h{fhsw wkh
EQ prgho 0 htxdov i|wý4> |wý5j=Iru wkh EQ prgho wkh lqirupdwlrq vhw frqwdlqv
i|wý4> {wj= Wkh h{dfw sdudphwhul}dwlrq ri wkh Uhvhw5/ Wvd|4 dqg Y56 whvw lv
vxppdul}hg lq wdeoh 71 Iru wkh qhxudo qhwzrun whvw tú @ 5 iru wkh eorfn04
prghov dqg wkh elyduldwh prghov1 Zkhq dssolhg wr wkh prghov lq eorfn05.6/
tú @ 6= Lq frqvwuxfwlqj wkh EGV whvw vwdwlvwlfv wkh hpehgglqj glphqvlrq htxdov
q @ 5 zkloh wkh phdvxuh ri forvhqhvv htxdov ï @ +3=;,9 iru doo wkh prghov xqghu
frqvlghudwlrq71

^Wdeoh 7`

D +itý*|t L? tð3i @?_ TLêih ThLTih|ðit

Lq rughu wr pdnh d frpsdulvrq zlwk suhylrxv vwxglhv ri vl}h dqg srzhu surshuwlhv
dv vwudljkwiruzdug dv srvvleoh/ wkh vhwxs lq wklv vhfwlrq iroorzv wkh jhqhudo ghvljq
rxwolqhg lq Ohh hw do=+4<<6,1 Wkh uhvxowv iurp d vlpxodwlrq ri wkh fulwlfdo ydoxhv
dw d 8( ohyho duh vkrzq lq wdeoh 81 Wkh vlpxodwlrqv duh edvhg rq gdwd ehlqj
jhqhudwhg iurp wkh DU prgho lq eorfn041 Iurp lqvshfwlrq ri wkh fulwlfdo ydoxhv
jhqhudwhg e| Kdplowrq*v Odjudqjh pxowlsolhu whvw lw dsshduv wr kdyh txlwh jrrg
vl}h surshuwlhv lq wkh vhqvh wkdw wkh vlpxodwhg ydoxhv edvhg rq ñqlwh vdpsohv
duh yhu| forvh wr wkh fulwlfdo ydoxhv edvhg rq wkh dv|pswrwlf glvwulexwlrq1 Lq
jhqhudo/ wkh vl}h surshuwlhv ri wkh whvw iru qhjohfwhg qrqolqhdulw| lq wdeoh 8 vhhp
jrrg +lq wkh vhqvh wkdw wkh vlpxodwhg vl}h vhhpv wr fruuhvsrqg zhoo zlwk wkh
qrplqdo2dv|pswrwlf vl}h, zkhq vlpxodwlrqv duh edvhg rq wkh DU prgho1

^Wdeoh 8`

Wkh uhvxowv rq vl}h surshuwlhv gr qrw fkdqjh yhu| pxfk/ zkhq wkh vlpxodwlrq
ri wkh fulwlfdo ydoxhv dw d 8( ohyho lv edvhg rq prgho07 lq eorfn051 Djdlq wkh
vlpxodwhg fulwlfdo ydoxhv ri Kdplowrq*v whvw duh forvh wr wkh dv|pswrwlf ydoxhv/

eAüi tð4ý*@|ðL? hitý*|t L? |üi î#5 |it| t|@|ðt|ðUt @hi @** M@ti_ L? @ *ð}ü| 4L_ð�i_ ñihtðL?
Lu èi_hL _i wð4@<t B@ýttíUL_i K[pìPeQì Aüi UL_i U@? Mi _Lê?*L@_i_ _ðhiU|*) uhL4 èi_hL
_i wð4@<t üL4iT@}ië
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dqg lq jhqhudo wklv uhvxow krogv iru wkh rwkhu whvw vwdwlvwlfv frqvlghuhg dv zhoo/
vhh wdeoh 91 Ixuwkhupruh/ rqh vkrxog qrwlfh wkh udwkhu kljk shufhqwdjh ri uhmhf0
wlrqv ri wuxh olqhdu prghov e| wkh EGV vwdwlvwlfv hyhq dw vdpsoh vl}h W @ 533=
Wklv uhvxow vwuhvvhv wkh lpsruwdqfh ri vl}h fruuhfwlqj wkh qrqsdudphwulf EGV
vwdwlvwlfv zkhq dssolhg wr %vpdoo% vdpsohv1

^Wdeoh 9`

Qh{w zh dqdo|}h wkh vhqvlwlylw| ri wkh vlpxodwhg fulwlfdo ydoxhv dw d 8( vlj0
qlñfdqfh ohyho/ zkhq wkh dxwruhjuhvvlyh frhïflhqw ri wkh DU prgho lq eorfn0
4 lv fkdqjlqj1 Wkh uhdvrq iru wklv h{huflvh lv pdlqo| wr h{dplqh krz vhq0
vlwlyh wkh whvwv duh wr lqfuhdvlqj shuvlvwhqfh lq wkh wlph vhulhv1 Lq sduwlfx0
odu/ zh vlpxodwh d vhw ri fulwlfdo ydoxhv edvhg rq wkh prghov |w @ ã|wý4 . îw>
ã @ iý3=<>ý3=9>ý3=6> 3> 3=6> 3=9> 3=<j= Diwhu vlpxodwlqj wkhvh fulwlfdo ydoxhv zh
jhqhudwh gdwd iurp wkh DU prgho dqg frxqw wkh qxpehu ri wlphv +lq shufhqwdjh,
wkh whvw uhmhfwv wkh qxoo ri olqhdulw| edvhg rq wkh vlpxodwhg vhw ri fulwlfdo ydoxhv1
Dv dq h{dpsoh qrwlfh wkdw edvhg rq wkh vlpxodwhg 8( fulwlfdo ydoxh jhqhudwhg
iurp wkh DU+4, prgho zlwk ã @ 3=<> Kdplowrq*v whvw uhmhfwv wkh k|srwkhvlv ri
olqhdulw| lq 8( ri doo fdvhv/ zkhq wkh gdwd dfwxdoo| frphv iurp wkh DU prgho ri
eorfn041 Lghdoo| wkh uhmhfwlrq shufhqwdjhv lq wdeoh : vkrxog htxdo 8( lq doo fdvhv1
Wkh <8( fulwlfdo ydoxh durxqg 8( lv FL3=<8 @ i6=9> 9=7j= Uhjduglqj Kdplowrq*v
whvw/ wkh vlpxodwhg vl}hv duh doo lqvlgh wkh frqñghqfh lqwhuydo h{fhsw lq wkh fdvh
zkhuh ã @ ý3=<= Krzhyhu/ Kdplowrq*v whvw kdv d vdwlvidfwru|/ uhodwlyho| orz
vsuhdg lq vl}h/ udqjlqj iurp 616 wr 813

^Wdeoh :`

Edvhg rq wkh vlpxodwhg fulwlfdo ydoxhv uhsruwhg lq wdeoh 8/ wdeoh ; vkrzv wkh
uhvxowv rq srzhu ri wkh whvwv xvlqj wkh prghov lq eorfn04 dqg wkh elyduldwh
prghov zlwk â @ 4> dqg vdpsoh vl}h ydu|lqj iurp W @ 83 ryhu W @ 433 wr
W @ 5331 Lw ehfrphv hylghqw wkdw Kdplowrq*v whvw kdv yhu| vwurqj srzhu djdlqvw
wkh WDU/ VJQ/ VT dqg H[S dowhuqdwlyhv1 Iru wkhvh irxu qrqolqhdu prghov wkh
srzhu ri Kdplowrq*v whvw lv dw ohdvw dv kljk ru hyhq kljkhu wkdq wkh srzhu ri
wkh Qhxudo4 whvw1 Kdplowrq*v whvw kdv orz srzhu djdlqvw wkh QDU prgho/ exw
wklv lv d frpprq ihdwxuh vkduhg e| doo ri wkh whvwv1 Kdplowrq*v whvw kdv dovr orz
srzhu djdlqvw wkh elolqhdu dowhuqdwlyh1 Khuh rqo| Zklwh*v whvw dqg wkh rwkhuzlvh
glvdssrlqwlqj EGV whvw kdyh jrrg srzhu surshuwlhv1

^Wdeoh ;`

wdeoh < vkrzv wkh srzhu surshuwlhv ri wkh whvw edvhg rq eorfn05 prghov dqg wkh
vlpxodwhg fulwlfdo ydoxhv uhsruwhg lq wdeoh 91 E| lqvshfwlrq ri wdeoh < zh qrwlfh
wkdw iru wkh wuxh qrqolqhdu prghov/ wkh srzhu ri Kdplowrq*v whvw lv doprvw dv
jrrg dv wkh srzhu ri wkh qhxudo qhwzrun whvw lq fdvh ri prgho 6 dqg dw ohdvw
dv jrrg ru ehwwhu lq wkh fdvh ri prgho 8 dqg prgho 91 Ixuwkhupruh/ orrnlqj
dw wkh uhmhfwlrq iuhtxhqflhv iru wkh olqhdu prghov lw vhhpv hylghqw wkdw wkh vl}h
surshuwlhv ri Kdplowrq*v whvw dqg wkh Qhxudo4 whvw duh doprvw lghqwlfdo1 Wklv
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lpsolhv wkdw dovr wkh vl}h0fruuhfwhg srzhu surshuwlhv ri Kdplowrq*v whvw dsshdu wr
eh jrrg frpsduhg wr wkh Qhxudo4 whvw1 Dovr wkh Wvd|4/ wkh Zklwh6 dqg wkh Y56
whvwv vhhp wr kdyh d olwwoh pruh srzhu djdlqvw prgho06 uhodwlyh wr Kdplowrq*v
whvw1 Krzhyhu/ wkhlu vl}h surshuwlhv lq wkh fdvh ri prgho04 dqg prgho05 duh qrw
dv jrrg dv wkh vl}h surshuwlhv ri Kdplowrq*v whvw1 Wklv pljkw lqglfdwh wkdw wkh
vl}h0fruuhfwhg srzhu iru wkhvh whvwv pd| eh vrphzkdw orzhu wkdq wkh uhmhfwlrq
iuhtxhqflhv dfwxdoo| uhsruwhg1 Krzhyhu/ dv srlqwhg rxw e| Ohh hw do= +4<<6,
dqg Judqjhu dqg Whudvyluwd +4<<6, DUFK hòhfwv fdxvh wkh vl}h ri wkh qhxudo
qhwzrun whvw/ wkh Wvd|4/ Zklwh6/ Uhvhw5 dqg Y56 whvw wr eh lqfruuhfw1 E|
lqvshfwlrq ri wdeoh < dqg wkh uhvxowv edvhg rq prgho 5 lw ehfrphv fohdu wkdw
wklv sduwlfxodu ihdwxuh dovr vhhpv wr eh vkduhg e| Kdplowrq*v whvw1 Djdlq wkh
srzhu surshuwlhv ri wkh vl}h fruuhfwhg EGV vwdwlvwlfv vhhp lqihulru1 Krzhyhu lw
grhv dsshdu wr eh uhodwlyho| urexvw wr DUFK hòhfwv zklfk rq wkh rwkhu kdqg lv
d elw vxusulvlqj ehfdxvh dv|pswrwlfdoo| wkh vwdwlvwlfv lv qrw deoh wr glvwlqjxlvk
ehwzhhq qrqolqhdulwlhv lq wkh phdq dqg lq wkh yduldqfh$

^Wdeoh <`

Frqvlghulqj wkh uhvxowv rq srzhu ri wkh ydulrxv whvw vwdwlvwlfv zkhq dssolhg wr
wkh prghov ri eorfn06/ Kdplowrq*v whvw djdlq vhhpv wr shuirup uhodwlyho| zhoo1 Lq
wkh fdvh ri wkh qhxudo qhwzrun prghov/ wkh qhxudo qhwzrun whvw dqg wkh Y56 whvw
wxuq rxw wr eh wkh dssursuldwh OP0whvw vwdwlvwlfv 0 dsduw iurp d plvvlqj frqvwdqw/
vhh Whudvyluwd hw do= +4<<6, 1 Dv h{shfwhg/ wkhlu srzhu surshuwlhv duh yhu| jrrg
zkhq dssolhg wr wkh qhxudo qhwzrun prghov1 Krzhyhu/ wkh srzhu surshuwlhv ri
Kdplowrq whvw duh mxvw dv jrrg1 Zlwk uhvshfw wr wkh OVWDU prgho doo wkh whvwv
frqvlghuhg kdyh yhu| jrrg srzhu1 Li wkh qrqolqhdulw| lv ri wkh HVWDU w|sh/
rqo| Kdplowrq*v whvw/ Zklwh6/ Uhvhw5 dqg wkh Y56 whvw kdyh vdwlvidfwru| srzhu1
Djdlqvw wkh HVWDU w|sh ri qrqolqhdulw| wkh qhxudo qhwzrun whvw kdv yhu| orz
srzhu1 Dovr edvhg rq wkh prghov lq eorfn06 wkh srzhu surshuwlhv ri wkh EGV
vwdwlvwlfv dsshdu wr eh yhu| srru81 Wkh uhvxowv rq wkh eorfn06 prghov djdlq
vhhp wr frqñup wkdw Kdplowrq*v whvw kdv ehwwhu srzhu ru dw ohdvw dv jrrg srzhu
surshuwlhv dv wkh qhxudo qhwzrun whvw hyhq lq wkh fdvh zkhuh wkh wuxh qrqolqhdu
prgho lv lq idfw ri wkh qhxudo qhwzrun w|sh1

^Wdeoh 43`

wdeoh 44 dqg wdeoh 45 vkrz wkh srzhu ri wkh qrqolqhdulw| whvwv djdlqvw wkh VT
dowhuqdwlyh dqg wkh H[S dowhuqdwlyh uhvshfwlyho|/ zkhq wkh vljqdo0wr0qrlvh udwlr
ghfuhdvhv1 Wkh uhvxowv iurp wkhvh wdeohv vxjjhvw wkdw Kdplowrq whvwv shuirup
doprvw dv zhoo dv wkh Qhxudo4/ Wvd|4 dqg wkh Uhvhw5 whvw/ zkhq wkh vljqdo0wr0
qrlvh udwlr idoov1 Wkh Zklwh6 whvw shuirupv yhu| srruo| lq whupv ri srzhu zkhq
wkh vljqdo0wr0qrlvh udwlr ghfuhdvhv lq wkhvh elyduldwh prghov1

^Wdeoh 44`

DAüi TLêih Lu |üi î#5 t|@|ðt|ðUt tii4t týtTðUðLýt*) *Lêë OLêiñihc ð?Uhi@tð?} |üi ?ý4ihðU@*
ñ@*ýi Lu j2 ð? |üi 4L_i*t Lu M*LU!íôcí 4@!ð?} |üi tihðit *LL! 4ýUü 4Lhi ?L?*ð?i@hc |ýh?i_ Lý|
|L ð4ThLñi @ *L| ýTL? |üi TLêih ThLTih|ðit Lu |üi î#5 |it| @t ð| tüLý*_ë
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^Wdeoh 45`

S çL?ñih}i?Ui ThLTih|ðit Lu O@4ð*|L?<t it|ð4@í
|Lh

Lq wkh iroorzlqj zh zloo dqdo|}h dqg frpsduh ñyh glòhuhqw phdvxuhv ri frqyhu0
jhqfh1 Wkhvh phdvxuhv duh ghñqhg dv

F4W>Q @ Qý4
Q[
q@4

^Wý4
W[
w@4

iç+{w>q,ý eò3W>q{w>qj5` +6;,

F5W>Q @ Qý4
Q[
q@4

^Wý4
W[
w@4

iç+{w>q,ý eåW +{w>q,j5`
F6W>Q @ Qý4

Q[
q@4

^Wý4
W[
w@4

iç+{w>q,ý åW +{w>q,mè@â>j@5+nY +{q,,ý4@5j5`

F7W>Q @ Qý4
Q[
q@4

^Wý4
W[
w@4

iç+{w>q,ý ã+{w>q>eéW>q,j5`
F8W>Q @ Qý4

Q[
q@4

^Wý4
W[
w@4

iç+{w>q,ý e$3W>qh{w>qj5`
Frpprq iru doo ñyh phdvxuhv lv wkdw ç+{w>q, ghqrwhv d uhdol}dwlrq ri wkh wuxh
ixqfwlrqdo irup frqglwlrqdo rq {w>q> Q ghqrwhv wkh qxpehu ri uhsolfdwlrqv lq
wkh Prqwh Fduor h{shulphqw/ dqg W htxdov wkh qxpehu ri revhuydwlrqv lq hdfk
vdpsoh1 F4W>Q lv wkh dyhudjh phdq vtxduh huuru ehwzhhq ç+{w>q, dqg d olqhdu rugl0

qdu| ohdvw vtxduh hvwlpdwru ri ç+{w>q,1 Wkh olqhdu hvwlpdwru lv jlyhq e| eò3W>q{w>q
zkhuh eòW>q lv rewdlqhg iurp dq ruglqdu| ohdvw vtxduh uhjuhvvlrq ri |w>q rq {w>q
iru w @ i4> ==Wj= F5W>Q lv wkh phdq vtxduh huuru ehwzhhq ç+{w>q, dqg Kdplowrq*v

pd{lpxp olnholkrrg edvhg hvwlpdwru ri ç+{w>q, 0 ghqrwhg eåW +{w>q, 0 dyhudjhg
ryhu Q uhsolfdwlrqv1 eåW +{w>q, lv rewdlqhg e| pd{lpl}lqj wkh surñoh olnholkrrg
ixqfwlrq vwdwhg lq htxdwlrq +BB, dqg htxdwlrq +;, zlwk uhvshfw wr +j> í,1 Li
Kdplowrq*v pd{lpxp olnholkrrg edvhg hvwlpdwru lpsuryhv xsrq wkh olqhdu ohdvw
vtxduh hvwlpdwru/ rqh zrxog h{shfw F5W>Q ? F

4
W>Q 1 Li wkh hvwlpdwru lv frqvlvwhqw/

wkh F5W>Q vkrxog frqyhujh wr }hur zkhq wkh vdpsoh vl}h lqfuhdvhv zkhuhdv F4W>Q
vkrxog frqyhujh wr d srvlwlyh frqvwdqw li wkh wuxh prgho lv qrqolqhdu1 F6W>Q lv wkh
dyhudjh phdq vtxduh huuru ehwzhhq ç+{w>q, dqg d jhqhulf yhuvlrq ri Kdplowrq*v
hvwlpdwru ri ç+{w>q, 0 ghqrwhg åW +{w>q,mè@â>j@5+nY +{q,,ý4@5 0 zkhuh è dqg j htxdo
â dqg 5+nY +{q,,ý4@5 uhvshfwlyho|1 Zh uhihu wr åW +{w>q,mè@â>j@5+nY +{q,,ý4@5 dv
jhqhulf ehfdxvh lw lv rewdlqhg zlwkrxw lqyroylqj dq| nlqg ri hvwlpdwlrq1 Lw zrxog
eh qdwxudo wr frpsduh wkh frqyhujhqfh surshuwlhv ri Kdplowrq*v hvwlpdwru qrw
rqo| zlwk wkh olqhdu hvwlpdwru exw dovr zlwk frpshwlqj ðh{leoh uhjuhvvlrq phwk0
rgv1 D qdwxudo fkrlfh iru frpsdulvrq zrxog eh wkh qhxudo qhwzrun uhjuhvvlrq

47



prgho wkdw kdv jdlqhg lqfuhdvlqjo| srsxodulw| lq dssolhg wlph vhulhv dqdo|vlv
odwho|/ vhh Vzdqvrq dqg Zklwh +4<<:, dqg Vwrfn dqg Zdwvrq +4<<;, dqg wkh
uhihuhqfhv khuhlq1 Frqvhtxhqwo|/ zh ohw F7W>Q ghqrwh wkh dyhudjh phdq vtxduhg
huuru ehwzhhq ç+{w>q, dqg wkh hvwlpdwru ri wkh frqglwlrqdo phdq ixqfwlrq lq wkh
qhxudo qhwzrun prgho vshflñhg lq htxdwlrq +5;, dqg ghqrwhg ã+{w>q> eéW>q,= Wr
eh pruh vshflñf wkh hvwlpdwhg sdudphwhuv ri ã+{w>q> éW>q, duh rewdlqhg e| wkh
phwkrg ri qrqolqhdu ohdvw vtxduh/ lh1 dv d vroxwlrq wr sureohp

plq
éW>q

W[
w@4

+|w>q ý ã+{w>q> éW>q,,5

Wkh dssursuldwh qxpehu ri klgghq xqlwv lq wkh Qhxudo Qhwzrun prgho lv lq
jhqhudo xqnqrzq hyhq zkhq wkh wuxh GJS lv nqrzq/ khqfh t kdv wr eh hvwlpdwhg1
Iroorzlqj wkh dssurdfk vxjjhvwhg lq d vhulhv ri sdshuv e| Vzdqvrq dqg Zklwh/
h1j1 Vzdqvrq dqg Zklwh +4<<8/4<<:d/4<<:e,/ wkh qxpehu ri klgghq xqlwv t
lv ghwhuplqhg lq d iruzdug vwhszlvh pdqqhu e| ñuvw dgglqj wkh olqhdu sduw dqg
wkhq e| dgglqj rqh klgghq xqlw dw d wlph xqwlo wkh ELF prgho vhohfwlrq fulwhulrq
fdq qr orqjhu eh lpsuryhg xsrq1 Wr vwuhvv wkh idfw wkdw t lv dfwxdoo| hvwlpdwhg
vlpxowdqhrxvo| zlwk éW>q> zh ghqrwhg wkh yhfwru ri hvwlpdwhg sdudphwhuv éW>q
dv d ixqfwlrq ri wkh hvwlpdwhg ydoxh ri t/ l1h1 dv eéW>q+et,= Ilqdoo|/ zh frpsxwh
F8W>Q ghñqhg dv wkh dyhudjh phdq vtxduh huuru ehwzhhq ç+{w>q, dqg wkh ohdvw
vtxduh hvwlpdwru ri ç+{w>q, edvhg rq nqrzohgjh ri wkh wuxh ixqfwlrqdo irup l1h1
wkh wuxh qrqolqhdu uhjuhvvruv1 e$W>q lv rewdlqhg dv wkh ohdvw vtxduh hvwlpdwru
iurp d uhjuhvvlrq ri |w>q rq h{w>q iru w @ i4> ==Wj zkhuh wkh uhjuhvvruv h{w>q duh
ghñqhg h{solflwho| lq wdeoh 46 iru doo ri wkh prghov xqghu frqvlghudwlrq1 Lq doo
prghov h{fhsw prgho05 e$W>q lv d frqvlvwhqw dqg hïflhqw hvwlpdwru/ lpso|lqj
wkdw e$3W>qh{w>q zloo eh d frqvlvwhqw +dqg hïflhqw, hvwlpdwru ri ç+{w>q,= Iru wkdw
uhdvrq F8W>Q kdv wkh lqwhusuhwdwlrq ri ehlqj dq hvwlpdwh ri wkh orzhu erxqg
rq wkh dyhudjh phdq vtxduhg huuru ehwzhhq ç+{w>q, dqg dq| srvvleoh hvwlpdwh
ri ç+{w>q, frqglwlrqdo rq dydlodeoh lqirupdwlrq xs wr wlph w ý 41 Ilqdoo| lw lv
zruwk phqwlrqlqj wkdw FlW>Q / l @ 4> ==> 8 duh doo rxw0ri0vdpsoh phdvxuhv1 Wklv
zloo ehfrph hylghqw iurp wkh iroorzlqj ghvfulswlrq ri wkh vlpxodwlrq ghvljq=

41 Iru hyhu| q @ 4> ==> Q gudz wkh vhtxhqfh i|úw>q> {úw>q> h{úw>qjWw@4iurp wkh prgho
xqghu frqvlghudwlrq1 Edvhg rq wkhvh uhdol}dwlrqv rewdlq wkh ydulrxv hvwl0
pdwhv jlyhq e| ieòW>q> e$W>q>eåW>q> åW>q> eéW>q+et,j=

51 Iru hyhu| q @ 4> ==> Q gudz d zkroh qhz vhtxhqfh i|w>q> {w>q> h{w>qjWw@4iurp
wkh prgho xqghu frqvlghudwlrq1 Frpsxwh FlW>Q / l @ 4> ==> 8 edvhg rq

ç+{w>q,> eò3W>q{w>q> e$3W>qh{w>q> eåW +{w>q,> åW +{w>q,mè@â>j@5+nY +{q,,ý4@5 dqg ã+{w>q> eéW>q+et,,
iru q @ 4> ==> Q dqg w @ 4> ==> W=

E| wklv dssurdfk lw lv srvvleoh wr dyrlg wkh hòhfwv ri ryhuñwwlqj lq0vdpsoh/ d
frpprq ihdwxuh riwhq dvvrfldwhg zlwk ðh{leoh qrqolqhdu prghoolqj1 Lq idfw/ wkh
frvwv ri fdswxulqj vsxulrxv qrqolqhdu sdwwhuqv wxuq rxw wr eh yhu| kljk e| wklv
dssurdfk1

48



Lq rughu wr jhw dq lpsuhvvlrq ri krz dffxudwh wkh qrqolqhdu hvwlpdwruv dfwx0
doo| duh uhodwlyh wr wkh olqhdu ohdvw vtxduh hvwlpdwru lq ñqlwh vdpsohv zh frqvlghu
wkh phdvxuh JlW>Q ghñqhg dv

JlW>Q @ 4ý
FlW>Q
F4W>Q

/ l @ 5> 6> 7 +6<,

zkhuh JlW>Q lv d phdvxuh ri wkh shufhqwdjh lpsuryhphqw lq ñw ri wkh qrqolqhdu
hvwlpdwru+v, uhodwlyh wr wkh olqhdu hvwlpdwru1

^Wdeoh 46`

Qrz wxuqlqj wr wkh rxwfrph ri wkh vlpxodwlrqv/ wdeoh 47/ wdeoh 48/ dqg wdeoh
49 uhsruw wkh hvwlpdwhv ri F4W>Q > F

5
W>Q > F6W>Q / F

7
W>Q >dqg F

8
W>Q wrjhwkhu zlwk

wkh lpsuryhphqw lq ñw phdvxuhv JlW>Q /iru l @ 5> 6> 7 edvhg rq d Prqwh Fduor
h{shulphqw zlwk Q @ 4331 Orrnlqj dw wkh Prqwh Fduor uhvxowv iru wkh olqhdu DU
prgho lw lv hylghqw wkdw F4W>Q dqg F5W>Q qxphulfdoo| duh dssur{lpdwho| ri wkh

vdph vl}h1 Wklv lpsolhv wkdw wkh udwh ri frqyhujhqfh ri F4W>Q dqg F
5
W>Q lv doprvw

lghqwlfdo1 Wkh uhvxow edvhg rq wkh DU+5, prgho/ l1h1 prgho07 lq wdeoh 48/ vhhpv
wr frqñup wklv uhvxow dowkrxjk wkh dyhudjh phdq vtxduhg huuruv iurp wkh olqhdu
uhjuhvvlrq whqg wr eh d elw orzhu wkdq wkh dyhudjh phdq vtxduhg huuruv rewdlqhg
iurp wkh ðh{leoh qrqolqhdu hvwlpdwru1 Krzhyhu/ wkh vshhg ri frqyhujhqfh9 ri
wkh odwwhu vhhpv wr eh htxdoo| kljk1 Wklv vxjjhvwv wkdw zkhq wkh wuxh prgho lv
wuxo| olqhdu dqg wkh olqhdu prgho lv fruuhfwo| vshflñhg lq whupv ri eò3W>q{w>q/ wkh
udwh ri frqyhujhqfh ri eåW +{w>q, wr ç+{w>q, lq ñqlwh vdpsohv lv doprvw dv idvw dv
wkdw ri eò3W>q{w>q/ wkdw lv/ olwwoh lv orvw e| iruplqj d jhqhudo qrqolqhdu lqihuhqfh
dffruglqj wr Kdplowrq*v phwkrg zkhq wkh wuxh uhodwlrq lv olqhdu1

^Wdeoh 47`

Lq jhqhudo wkh frqyhujhqfh ri eåW +{w>q, dsshduv wr eh jrrg iru doo wkh prghov lq
eorfn04/ h{fhsw iru wkh EO prgho1 Wkh phdvxuh ri wkh shufhqwdjh lpsuryhphqw
lq ñw ri Kdplowrq*v hvwlpdwru uhodwlyho| wr wkh olqhdu hvwlpdwru lq eorfn04 lv
odujhvw lq wkh fdvh ri qrqolqhdulw| ri wkh WDU dqg VJQ w|sh1 Khuh wkh lpsuryh0
phqw ri Kdplowrq*v hvwlpdwru lv derxw :3 sfw1/ zkhq W @ 5331 Wkh lpsuryhphqw
ri ñw lv yhu| prghvw lq wkh fdvh ri wkh QDU prgho/ zklfk pd| vhhp d olwwoh
glvdssrlqwlqj1 Orrnlqj dw wkh DU prgho zh vhh wkdw orvv ri ñw lq wkh fdvhv
zkhuh W @ 83 ru W @ 433 vhhpv yhu| plqru zkloh lw whqgv wr lqfuhdvh d olwwoh
zkhq W jurzv wr 533 1 Lw lv dovr zruwk qrwlflqj wkdw lq wkh fdvh ri wkh WDU dqg
VJQ dowhuqdwlyh wkh shufhqwdjh lpsuryhphqw lq ñw ri wkh jhqhulf hvwlpdwru lv
odujhu wkdq wkh lpsuryhphqw lq wkh pd{lpxp olnholkrrg edvhg hvwlpdwru zkhq
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W @ 831 Krzhyhu/ wkh udwh ri frqyhujhqfh ri wklv hvwlpdwru vhhpv lq jhqhudo
wr eh vrphzkdw orzhu1 Frpsdulvrq ri F5W>Q dqg F8W>Q fohduo| looxvwudwhv wkdw
dowkrxjk Kdplowrq*v hvwlpdwru lpsuryhv d orw xsrq wkh hvwlpdwlrq ri ç+{w>q,
uhodwlyho| wr wkh olqhdu hvwlpdwru/ lw lv vwloo odfnlqj vrph hïflhqf|/ dv rqh zrxog
h{shfw1 Wkh uhvxowv rq wkh elyduldwh prghov vkrz wkh ryhudoo ehvw shufhqwdjh
lpsuryhphqw lq ñw phdvxuhv dprxqwlqj wr qhduo| <3 sfw1 zkhq wkh wuxh prgho
lv wkh VT prgho/ dqg qhduo| 93 sfw1 lq wkh fdvh ri dq H[S prgho1 Dovr wkh
frqyhujhqfh phdvxuhv duh yhu| jrrg1 Wkhvh uhvxow vxjjhvw yhu| fohduo| wkdw
dsso|lqj Kdplowrq*v hvwlpdwru wr qrqolqhdu pxowlyduldwh prghov vhhpv wr eh d
sduwlfxoduo| iuxlwixo dssurdfk1 Wkh ðh{leoh hvwlpdwru ri wkh frqglwlrqdo phdq
ixqfwlrq edvhg rq wkh qhxudo qhwzrun dssurdfk dovr wxuqv rxw wr frqwulexwh wr
d vljqlñfdqw lpsuryhphqw lq ñw ryhu wkh olqhdu ohdvw vtxduh hvwlpdwru lq fdvh ri
qrqolqhdulwlhv/ sduwlfxoduo| lq wkh WDU/ VJQ/ VT dqg H[S fdvh1 Krzhyhu wkh
lpsuryhphqw lq ñw ri wkh qhxudo qhwzrun dssurdfk lq fdvh ri wkh qrqolqhdulwlhv
uhsruwhg lq wdeoh 4 qhyhu h{fhhgv wkdw ri Kdplowrq*v dssurdfk1 Ixuwkhupruh/
lq wkh fdvh ri wkh wuxh prgho ehlqj olqhdu wkh orvv ri hïflhqf| ri wkh qhxudo
qhwzrun dssurdfk uhodwlyho| wr wkh ohdvw vtxduh hvwlpdwru fdq eh vxevwdqwldo1 Lq
fdvh ri wkh DU prgho lq wdeoh 47 dqg prgho07 lq wdeoh 48 wkh orvv dprxqwv wr
derxw 83 sfw1

^Wdeoh 48`

E| lqvshfwlqj wkh uhvxowv rq wkh eorfn05 prghov uhsruwhg lq wdeoh 48/ zh revhuyh
wkdw iru doo wkh prghov wkdw duh olqhdu lq phdq/ F5W>Q whqgv wr eh derxw 43053

sfw1 kljkhu wkdq F4W>Q iru W @ 831 Krzhyhu/ lq wkh fdvh ri prgho04 dqg prgho05
wkh hïflhqf| orvv ri wkh ðh{leoh dssurdfk vhhpv wr eh uhgxfhg udwkhu txlfno| dv
wkh vdpsoh vl}h lqfuhdvhv ehfdxvh wkh frqyhujhqfh udwh F5W>Q whqgv wr eh vrph0

zkdw kljkhu wkdq wkh frqyhujhqfh udwh iru F4W>Q = Wkh shufhqwdjh lpsuryhphqw
ri ñw dulvlqj iurp dsso|lqj Kdplowrq*v hvwlpdwru wr prgho06 0 wkh qrqolqhdu
PD+5, prgho 0 lv ulvlqj iurp derxw }hur sfw1 zkhq W @ 83 wr dssur{lpdwho|
63 sfw1 zkhq W @ 5331 Dv lw lv wkh fdvh iru vrph ri wkh prghov lq eorfn04/ wkh
jhqhulf hvwlpdwru djdlq vhhpv wr shuirup doprvw dv zhoo dv wkh pd{lpxp olnh0
olkrrg edvhg hvwlpdwru zkhq lw frphv wr wkh shufhqwdjh lpsuryhphqw lq ñw lq
vlwxdwlrqv zkhuh wkh wuxh xqghuo|lqj prgho lv qrqolqhdu1 Orrnlqj dw wkh uhvxowv
iurp wkh elolqhdu prghov 8 dqg 9 zkhq W @ 533 zh qrwlfh wkdw wkh lpsuryh0
phqw lq ñw dprxqwv wr derxw 58 sfw1 dqg 8 sfw1 uhvshfwlyho|1 Lq sduwlfxodu/
lq wkh fdvh ri prgho09 wkh udwh ri frqyhujhqfh ri Kdplowrq*v hvwlpdwru dsshduv
udwkhu orz dv lw zdv wkh fdvh iru wkh elolqhdu prgho lq eorfn041 Rqh uhdvrq iru
wkh srru frqyhujhqfh uhvxowv revhuyhg zlwk uhvshfw wr wzr ri wkh elolqhdu prg0
hov frxog eh fdxvhg e| vrph yhu| xqghvludeoh surshuwlhv ihdwxulqj wklv idplo|
ri prghov dv srlqwhg rxw e| Euxqqhu dqg Khvv +4<<8,1 Wkh| vkrz wkdw wkh
h{shfwhg olnholkrrg ixqfwlrq dvvrfldwhg zlwk wkh elolqhdu prghov lq vrph fdvhv
zloo h{klelw elprgdolw|/ zlwk wkh wuxh rswlpxp fkdudfwhul}hg e| d orqj qduurz
vslnh wkdw ehfrph pruh surqrxqfhg dv wkh vdpsoh vl}h lqfuhdvhv1 Ixuwkhupruh/
wkhvh ihdwxuhv ehfrph hyhq pruh surqrxqfhg iru sdudphwhul}dwlrqv zkhuh wkh
prgho lv forvh wr ylrodwlqj dw ohdvw rqh ri irxu prphqw uhvwulfwlrqv wkdw hvwde0
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olvk lqyhuwdelolw| dqg vwdwlrqdulw| frqglwlrqv1 Lq wklv oljkw Euxqqhu dqg Khvv
+4<<8, uhfrpphqg h{wuhph fdxwlrq zkhq ghdolqj zlwk wkh elolqhdu prghov1 E|
frpsdulvrq zlwk wkh hvwlpdwhv rewdlqhg iurp wkh qhxudo qhwzrun dssurdfk wkh
slfwxuh iurp wdeoh 47 vhhpv wr eh frqñuphg lq wkh vhqvh wkdw wkh qhxudo qhwzrun
prgho djdlq frqwulexwhv wr dq lpsuryhphqw lq ñw ryhu wkh olqhdu hvwlpdwru lq
fdvh ri qrqolqhdulwlhv/ exw wkdw lw grhv qrw dsshdu wr eh qhduo| dv hïflhqw dv
Kdplowrq*v dssurdfk lq ñqlwh vdpsohv1

^Wdeoh 49`

Wkh uhvxowv edvhg rq wkh uhjlph vzlwfklqj dqg wkh qhxudo qhwzrun prghov ri
eorfn 6 duh lqghhg hqfrxudjlqj1 Wkh lpsuryhphqw lq ñw ri wkh ðh{leoh qrqolqhdu
hvwlpdwru udqjhv iurp 78 sfw1 lq wkh fdvh ri wkh wuxh prgho ehlqj dq HVWDU
prgho xs wr 93 sfw1 iru wkh OVWDU prgho lq wkh fdvh ri 533 revhuydwlrqv1 Lq
dgglwlrq/ wkh vshhg ri frqyhujhqfh ri wkh ðh{leoh qrqolqhdu hvwlpdwru lv pxfk
kljkhu wkdq wkh vshhg ri frqyhujhqfh ri wkh olqhdu hvwlpdwru surplvlqj dq hyhq
kljkhu lpsuryhphqw lq ñw zkhq wkh vdpsoh vl}h lqfuhdvhv1 Wkh shuirupdqfh
ri wkh qhxudo qhwzrun dssurdfk vhhpv udwkhu glvdssrlqwlqj lq wkh fdvh ri wkh
OVWDU dqg HVWDU prghov1 Krzhyhu/ lq wkh fdvh ri wkh gdwd ehlqj jhqhudwhg
iurp d wuxh qhxudo qhwzrun prgho/ dv lq wkh QQ dqg EQ prghov wkh dssurdfk
lv deoh wr rxwshuirup Kdplowrq*v ðh{leoh uhjuhvvlrq dssurdfk zkhq wkh vdpsoh
vl}h lv ri d olplwhg vl}h1

. çL?U*ýtðL?

Zh ñqg wkdw wkh qhz whvw iru qhjohfwhg qrqolqhdulw| sursrvhg e| Kdplowrq
shuirupv zhoo lq ñqlwh vdpsohv1 Lq jhqhudo/ lw kdv jrrg vl}h dqg srzhu surshu0
wlhv zkhq frpsduhg wr h{lvwlqj whvwv1 Lq sduwlfxodu/ rxu ñqglqjv lqglfdwh wkdw
djdlqvw qrqolqhdu dowhuqdwlyhv zkhuh wkh srzhu surshuwlhv ri wkh qhxudo qhwzrun
whvw duh jrrg/ wkh srzhu surshuwlhv ri Kdplowrq*v whvw lq prvw fdvhv duh hyhq
ehwwhu1 Orrnlqj dw wkh surshuwlhv ri Kdplowrq*v qrqolqhdu hvwlpdwru rxu pdlq
ñqglqj lv wkdw hyhq lq vlwxdwlrqv zkhuh wkh wuxh prgho lv olqhdu/ wkh frvwv ri xv0
lqj wkh ðh{leoh qrqolqhdu dssurdfk duh olplwhg lq whupv ri hïflhqf| dqg vshhg
ri frqyhujhqfh1 Zh kdyh dovr irxqg wkdw iru pdq| qrqolqhdu prghov wkh shu0
fhqwdjh lpsuryhphqw lq ñw ri Kdplowrq*v hvwlpdwru uhodwlyh wr wkh ohdvw vtxduh
hvwlpdwru fdq eh vxevwdqwldo1 Frpsdulqj Kdplowrq*v dssurdfk zlwk wkh qhxudo
qhwzrun uhjuhvvlrq prghov dssurdfk/ zh ñqg wkdw edvhg rq doo wkh qrqolqhdu
prghov frqvlghuhg 0 dsduw iurp wkh wuxh qhxudo qhwzrun prghov 0 wkhuh fdq eh
dq vxevwdqwldo lqfuhdvh lq dffxudf| dqg hïflhqf| e| xvlqj Kdplowrq*v ðh{leoh
uhjuhvvlrq prgho dssurdfk lqvwhdg ri wkh qhxudo qhwzrun dssurdfk1

Dfnqrzohgjhphqwv= Frpphqwv dqg vxjjhvwlrqv iurp Mdphv G1 Kdplowrq/
Qlhov Kdoguxs dqg Vyhqg K|oohehuj duh judwhixoo| dfnqrzohgjhg1 Ixuwkhupruh/
L zrxog olnh wr wkdqn sduwlflsdqwv dw wkh Hfrqrphwulfv Zrunvkrs dw XFVG iru
khosixo frpphqwv1 Dq| huuruv duh p| rzq1
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Dvkoh|/ U1/ Sdwwhuvrq/ G1 ) Klqlfk/ P1 +4<;9,/ cD gldjqrvwlf whvw iru qrqolq0
hdu vhuldo ghshqghqfh lq wlph vhulhv ñwwlqj huuruv*/ Mrxuqdo ri Wlph Vhulhv
Dqdo|vlv :/ 498~4:;1

Eurfn/ Z1/ Ghfnhuw/ Z1 ) Vfkhlqnpdq/ M1 +4<;:,/ D whvw iru lqghshqghqfh
edvhg rq wkh fruuhodwlrq glphqvlrq1 Xqsxeolvkhg pdqxvfulsw/ Xqlyhuvlw|
ri Zlvfrqvlq dw Pdglvrq/ Xqlyhuvlw| ri Krxvwrq dqg Xqlyhuvlw| ri Fklfdjr1

Euxqqhu/ D1 G1 ) Khvv/ J1 G1 +4<<8,/ cSrwhqwldo sureohpv lq hvwlpdwlqj elolqhdu
wlph0vhulhv prghov*/ Mrxuqdo ri Hfrqrplf G|qdplfv dqg Frqwuro 4</ 996~
9;41

Fkdq/ Z1 V1 ) Wrqj/ K1 +4<;9,/ cRq whvwv iru qrqolqhdulw| lq wlph vhulhv prghov*/
Mrxuqdo ri Iruhfdvwlqj 8/ 54:~55;1

Judqjhu/ F1 Z1 M1 ) Dqghuvhq/ D1 +4<:;,/ Dq lqwurgxfwlrq wr elolqhdu wlph
vhulhv prghov/ Ydqghqkrhfk xqg Uxsuhfkw/ Jrwwlqjhq1

Kdjjdq/ Y1 ) R}dnl/ W1 +4<;4,/ cPrghoolqj qrqolqhdu udqgrp yleudwlrqv xv0
lqj dq dpsolwxgh ghshqghqw dxwruhjuhvvlyh wlph vhulhv prgho*/ Elrphwulnd
9;/ 4;<~4<91

Kdplowrq/ M1 G1 +4<<<,/ cD sdudphwulf dssurdfk wr ðh{leoh qrqolqhdu lqihuhqfh*1
Xqsxeolvkhg pdqxvfulsw/ Ghsduwphqw ri Hfrqrplfv/ Xqlyhuvlw| ri Fdoliru0
qld/ Vdq Glhjr1

Nhhqdq/ G1 P1 +4<;8,/ cD wxnh| qrqdgglwlylw| whvw iru wlph vhulhv qrqolqhdulw|*/
Elrphwulfd :5/ 6<~771

Ohh/ W10K1/ Zklwh/ K1 ) Judqjhu/ F1 Z1 M1 +4<<6,/ cWhvwlqj iru qhjohfwhg qrq0
olqhdulw| lq wlph vhulhv prghov*/ Mrxuqdo ri Hfrqrphwulfv 89/ 59<~5<31

Qjhuq/ D1 +4<<9,/ cLpsohphqwdwlrq ri uhfxuvlyh qrqsdudphwulf nhuqho hvwlpd0
wlrq dqg d prqwh fduor vwxg| rq lwv ñqlwh vdpsoh surshuwlhv*/ Hfrqrphwulf
Uhylhzv 48/ 9<~;31

Sulhvwoh|/ P1 E1 +4<;3,/ cVwdwh ghshqghqw prghov= d jhqhudo dssurdfk wr qrq0
olqhdu wlph vhulhv dqdo|vlv*/ Mrxuqdo ri Wlph Vhulhv Dqdo|vlv 4/ 7:~:41

Udpvh|/ M1 E1 +4<9<,/ cWhvwv iru vshflñfdwlrq huuruv lq fodvvlfdo olqhdu ohdvw
vtxduh uhjuhvvlrq dqdo|vlv*/ Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw| Vhulhv
E/ 64/ 683~6:41

Vwrfn/ M1 K1 ) Zdwvrq/ P1 Z1 +4<<;,/ cD frpsdulvrq ri olqhdu dqg qrqolq0
hdu xqlyduldwh prghov iru iruhfdvwlqj pdfurhfrqrplf wlph vhulhv*/ QEHU/
Zrunlqj Sdshu +993:,1
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Vzdqvrq/ Q1 U1 )Zklwh/ K1 +4<<8,/ cD prgho0vhohfwlrq dssurdfk wr dvvhvvlqj wkh
lqirupdwlrq lq wkh whup vwuxfwxuh xvlqj olqhdu prghov dqg duwlñfldo qhxudo
qhwzrunv*/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf vwdwlvwlfv 46+6,/ 598~5:81

Vzdqvrq/ Q1 U1 ) Zklwh/ K1 +4<<:d,/ cIruhfdvwlqj hfrqrplf wlph vhulhv xvlqj
ðh{leoh yhuvxv ñ{hg vshflñfdwlrq dqg olqhdu yhuvxv qrqolqhdu hfrqrphwulf
prghov*/ Lqwhuqdwlrqdo Mrxuqdo ri Iruhfdvwlqj +46,/ 76<~7941

Vzdqvrq/ Q1 U1 ) Zklwh/ K1 +4<<:e,/ cD prgho vhohfwlrq dssurdfk wr uhdo0
wlph pdfurhfrqrplf iruhfdvwlqj xvlqj olqhdu prghov dqg duwlñfldo qhxudo
qhwzrunv*/ Wkh Uhylhz ri Hfrqrplfv dqg Vwdwlvwlfv ss1 874~8831

Whudhvyluwd/ W1 +4<<3,/ cVshflñfdwlrq/ hvwlpdwlrq dqg hydoxdwlrq ri vprrwk wudq0
vlwlrq dxwruhjuhvvlyh prghov*1 Glvfxvvlrq sdshu <306</ Ghsduwphqw ri Hfr0
qrplfv/ Xqlyhuvlw| ri Fdoliruqld/ Vdq Glhjr1

Whudhvyluwd/ W1/ Olq/ F1 I1 ) Judqjhu/ F1 Z1 M1 +4<<6,/ cSrzhu ri wkh qhxudo
qhwzrun olqhdulw| whvw*/ Mrxuqdo ri Wlph Vhulhv Dqdo|vlv 47/ 53<~5531

Wrqj/ K1 +4<;6,/ Wkuhvkrog prghov lq qrqolqhdu wlph vhulhv dqdo|vlv/ Vsulqjhu0
Yhuodj/ Qhz \run/ Q\1

Wvd|/ U1 V1 +4<;9,/ cQrqolqhdulw| whvw iru wlph vhulhv*/ Elrphwulfd :6/ 794~7991

Zdked/ J1 +4<:;,/ cLpsurshu sulruv/ vsolqh vprrwklqj dqg wkh sureohp ri jxdug0
lqj djdlqvw prgho huuruv lq uhjuhvvlrq*/ Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo
Vrflhw| Vhulhv E/ 73/ 697~6:51

Zhfnhu/ Z1 H1 ) Dqvoh|/ F1 I1 +4<;6,/ cWkh vljqdo h{wudfwlrq dssurdfk wr qrq0
olqhdu uhjuhvvlrq dqg vsolqh vprrwklqj*/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo
Dvvrfldwlrq :;/ ;4~;<1

Zklwh/ K1 +4<;:,/ Vshflñfdwlrq whvwlqj lq g|qdplf prghov/ lq W1 Ehzoh|/ hg1/
cDgydqfhv lq hfrqrphwulfv/ Iliwk zruog frqjuhvv*/ Fdpeulgjh Xqlyhuvlw|
Suhvv/ Fdpeulgjh/ ss1 4~8;1

Zklwh/ K1 +4<;<,/ Dq dgglwlrqdo klgghq xqlw whvw iru qhjohfwhg qrqolqhdulw| lq
pxowlod|hu ihhgiruzdug qhwzrunv/ lq cSurfhhglqjv ri wkh lqwhuqdwlrqdo mrlqw
frqihuhqfh rq qhxudo qhwzrunv*/ LHHH Suhvv/ Qhz \run/ Q\/ Zdvklqjwrq/
GF/ ss1 784~7881

Zklwh/ K1 +4<<5,/ Hvwlpdwlrq/ Lqihuhqfh dqg Vshflñfdwlrq Dqdo|vlv/ Fdpeulgjh
Xqlyhuvlw| Suhvv/ Qhz \run/ Q\1
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eorfn 4
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Y56 i1/4/1j iû> => =>û> => => =j I+5/W07,

eorfn 5.6
Uhvhw5 i4/5/8j I+4/W07,
Wvd|4 i1/5/1j iû>û>û> => => => =j I+6/W08,
Y56 i1/5/1j iû>û>û>û>û>û>ûj I+:/W043,
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i^ý@*t |üi tð4ý*@|i_ DI Uhð|ðU@* ñ@*ýië Aüi ?ý4Mih ð? T@h@?|üitit ð? |üi tiUL?_ hLê
ðt |üi @t)4T|L|ðU DI Uhð|ðU@* ñ@*ýië Aüi ?ý4Mih ð? Mh@U!i|t _i?L|it |üi â@t)4T|L|ðUâ
tð3i Lu |üi t|@|ðt|ðUt êüi? M@ti_ L? |üi tð4ý*@|i_ DI Uhð|ðU@* ñ@*ýit Ei^ý@*t |üi @hi@
ý?_ih |üi @t)4T|L|ðU _ðt|hðMý|ðL? |L |üi hð}ü| Lu |üi tð4ý*@|i_ DI Uhð|ðU@* ñ@*ýiäë Aüi
hitý*|t @hi M@ti_ L? �ffff hiT*ðU@|ðL?të

Whvw W@83 W@433 W@533

KDPLOWRQ 6168 617< 619<
+61;7, +61;7, +61;7,
^3139:` ^31395` ^31388`

QHXUDO4 8173 817; 8199
+81<<, +81<<, +81<<,
^3139:` ^31398` ^3138<`

WVD\4 6143 616< 6198
+7138, +61<7, +61;7,
^313;8` ^3139<` ^3138;`

ZKLWH6 <165 <16< <149
+<17<, +<17<, +<17<,
^31387` ^31385` ^3138:`

UHVHW5 6174 6175 6186
+7138, +61<7, +61;7,
^313:4` ^3139:` ^31395`

Y56 51:6 51:8 51;7
+6153, +613<, +6137,
^313:9` ^3139<` ^31394`

EGV ;1679 81:3< 71;;4
+61;7, +61;7, +61;7,
^31337` ^3134:` ^3135:`

58



A@M*i SG çhð|ðU@* ñ@*ýit EDIä M@ti_ L? 4L_i* e ð? M*LU! 2ë Aüi �ht| ?ý4Mih i^ý@*t
|üi tð4ý*@|i_ DI Uhð|ðU@* ñ@*ýi M@ti_ L? 4L_i* eë Aüi ?ý4Mih ð? T@h@?|üitit ð? |üi
tiUL?_ hLê ðt |üi @t)4T|L|ðU DI Uhð|ðU@* ñ@*ýië Aüi ?ý4Mih ð? Mh@U!i|t _i?L|it |üi
â@t)4T|L|ðUâ tð3i Lu |üi t|@|ðt|ðUt êüi? M@ti_ L? |üi tð4ý*@|i_ DI Uhð|ðU@* ñ@*ýit
Ei^ý@*t |üi @hi@ ý?_ih |üi @t)4T|L|ðU _ðt|hðMý|ðL? |L |üi hð}ü| Lu |üi tð4ý*@|i_ DI
Uhð|ðU@* ñ@*ýiäë Aüi hitý*|t @hi M@ti_ L? �ffff hiT*ðU@|ðL?të

Whvw W@83 W@433 W@533

KDPLOWRQ 617: 6174 618;
+61;7, +61;7, +61;7,
^31395` ^31398` ^3138;`

QHXUDO4 :18< :18; :1:8
+:1;4, +:1;4, +:1;4,
^31388` ^31389` ^31384`

WVD\4 5198 5189 5197
+51;4, +51:3, +5193,
^31393` ^31393` ^31384`

ZKLWH6 48156 48164 48168
+48184, +48184, +48184,
^31388` ^31386` ^31386`

UHVHW5 61<5 61:9 61;;
+7139, +61<7, +61;7,
^31387` ^31388` ^31383`

Y56 5147 5134 5136
+5158, +5145, +5134,
^31394` ^31395` ^31386`

EGV <1<6< 9153; 71<<6
+61;7, +61;7, +61;7,
^31335` ^31346` ^31358`

59



A@M*i .G 5ð3i Lu |it|t @?_ tð4ð*@hð|)ë E�ä ,@Uü UL*ý4? tüLêt |üi tð3i EIä uLh ú+E�ä
+| ' féS+|3� n "|c ýtð?} |üi DI Uhð|ðU@* ñ@*ýit tð4ý*@|i_ êð|ü +| ' è+|3� n "| c è '
3fébc3féSc3féôc fc féôc féSc fébé Aüi *@t| UL*ý4? tüLêt |üi tð3i EIä uLh |üi ú+E�ä
ýtð?} DI @t)4T|L|ðU Uhð|ðU@* ñ@*ýitë E2ä bDI UL?�_i?Ui ð?|ihñ@* Lu |üi LMtihñi_ tð3i
ðt tôëS(Sëeåë Eôä 5@4T*i tð3i ' �ffc hiT*ðU@|ðL?t ' �fffë

Whvw 031< 0319 0316 313 316 319 31< Dv|ps1

KDPLOWRQ 616 716 71; 61< 61; 716 813 715

QHXUDO4 61: 818 71: 717 717 718 717 719

WVD\4 41< 614 51< 618 716 71: ;13 617

ZKLWH6 71; 913 814 81; 816 719 814 715

UHVHW5 61< 619 51< 51< 618 719 515 618

Y56 61: 715 717 61: 716 716 616 61:

EGV 714 71; 815 61< 81; 716 815 4518

5:



A@M*i HG èLêih ñihtýt t@4T*i tð3i uLh M*LU! � @?_ Mðñ@hð@|i 4L_i*të èLêih M@ti_ L?
DI tð4ý*@|i_ Uhð|ðU@* ñ@*ýit hiTLh|i_ ð? |@M*i D ðt tüLê?ë +iT*ðU@|ðL?t ' �fffc t@4T*i
tð3i ' Dfc �ffc 2ffë

Whvw DU EO WDU VJQ QDU VT H[S

KDPLOWRQ
W@83 815 451: 9616 :818 ;17 43313 <919
W@433 716 4<17 <614 <;14 441< 43313 <<1;
W@533 61; 5717 <<1; 43313 5517 43313 43313

QHXUDO4
W@83 81; 6413 6715 8616 <1< 43313 <;1<
W@433 718 7819 851: ;414 4513 43313 <<1<
W@533 71; 8;1: ;318 <;13 4;17 43313 43313

WVD\4
W@83 914 561< <18 4<19 4519 43313 <;1;
W@433 71: 661: 914 4:1; 4817 43313 <<1<
W@533 814 731; 81; 4:17 5419 43313 43313

ZKLWH6
W@83 814 :;17 917 651; :15 7416 6517
W@433 719 <:14 815 8;19 :19 :71: 8818
W@533 918 <<19 ;13 ;:13 4714 <:14 ;;13

UHVHW5
W@83 913 5715 5;18 461: ;19 ;915 :51;
W@433 719 661: 7;17 431< 451; <815 ::13
W@533 816 7515 :41< 451: 4;17 <<14 ;316

Y56
W@83 919 6515 6816 8813 4313 43313 <<14
W@433 716 7717 8519 ;515 4614 43313 43313
W@533 719 8;1< ::19 <;19 4:17 43313 43313

EGV
W@83 71; 6<13 <14 ;1: 814 4515 471;
W@433 718 :<16 471< 918 81< 5917 591;
W@533 71; <91< 5519 81< 914 841; 7;16

5;



A@M*i bG èLêih ñtë t@4T*i tð3i uLh M*LU! 2 4L_i*të èLêih M@ti_ L? DI tð4ý*@|i_
Uhð|ðU@* ñ@*ýit hiTLh|i_ ð? |@M*i S ðt tüLê?ë +iT*ðU@|ðL?t ' �fffc t@4T*i tð3i ' Dfc
�ffc 2ffë

Whvw Prgho4 Prgho5 Prgho6 Prgho7 Prgho8 Prgho9

KDPLOWRQ
W@83 815 :13 5815 71; 841; 6:13
W@433 815 ;17 861: 818 <41: :71<
W@533 61; 4613 ;:17 61< 43313 <;1<

QHXUDO4
W@83 717 <15 7<1< 818 9413 831;
W@433 81< 4717 :<18 81; :<14 9;1:
W@533 816 481; <:15 815 <318 ;619

WVD\4
W@83 814 <1; 8618 813 :915 891<
W@433 :13 481< ;818 71< <813 ::1;
W@533 81< 4<13 <<16 818 <;1: <31;

ZKLWH6
W@83 815 4615 5<1; 61< ;417 :41:
W@433 4715 4;19 8;14 81; <<17 <61;
W@533 571: 631; <31: 815 43313 <<18

UHVHW5
W@83 914 ;1; 471< 61: 5417 7318
W@433 913 4318 5417 917 6:17 8516
W@533 717 441< 5<13 818 9316 9819

Y56
W@83 718 461; 7618 715 ;51< :51<
W@433 913 4<1; ::1; 917 <<13 <613
W@533 816 5415 <:1; 71: 43313 <<17

EGV
W@83 717 514 :19 713 5<17 641<
W@433 817 613 481; 813 ::1; :517
W@533 718 717 581: 717 <;19 <913

5<



A@M*i �fG èLêih ñtë t@4T*i tð3i uLh M*LU! ô 4L_i*të èLêih M@ti_ L? DI tð4ý*@|i_
Uhð|ðU@* ñ@*ýit hiTLh|i_ ð? |@M*i S ðt tüLê?ë +iT*ðU@|ðL?t ' �fffc t@4T*i tð3i ' Dfc
�ffc 2ffë

OVWDU HVWDU QQ EQ

KDPLOWRQ
W@83 661; 531: 9416 9413
W@433 :413 7:15 <919 <918
W@533 <;1: ;515 43313 43313

QHXUDO4
W@83 8919 <15 7816 7815
W@433 ;81: 4415 :913 :41:
W@533 <819 4618 <619 ;;16

WVD\4
W@83 9813 <17 <19 4:19
W@433 <61; <1: 4418 481<
W@533 43314 ;1< 4619 4817

ZKLWH6
W@83 6615 551; 4615 4;15
W@433 9<16 781: 5415 6316
W@533 <81< :715 7416 931<

UHVHW5
W@83 6614 7713 817 4417
W@433 7517 :918 91; :1:
W@533 9614 <618 917 ;15

Y56
W@83 9614 6517 7:13 7<13
W@433 <613 9815 ;;13 ;91:
W@533 43313 <51; <<18 <<1:

EGV
W@83 313 313 41< 514
W@433 313 313 71; 713
W@533 313 313 819 917

63



A@M*i ��G èLêih ñtë t@4T*i tð3i @?_ ?Lðti uLh Mðñ@hð@|i 4L_i* E5"äë èLêih M@ti_ L?
DI tð4ý*@|i_ Uhð|ðU@* ñ@*ýit hiTLh|i_ ð? |@M*i D ðt tüLê?ë Aüi tð}?@*í|Lí?Lðti h@|ðL
i^ý@*t .ffI uLh j ' �c 2HI uLh j' D @?_ 2I uLh j' 2fë �fff hiT*ðU@|ðL?të 5@4T*i
tð3i ' Dfc �ffc 2ffë

â @4 â @8 â @53

KDPLOWRQ
W@83 43313 731: :16
W@433 43313 :817 <15
W@533 43313 <91: 471:

QHXUDO4
W@83 43313 951< 4514
W@433 43313 <315 4914
W@533 43313 <<19 5:13

WVD\4
W@83 43313 :814 4714
W@433 43313 <71: 4<18
W@533 43313 <<1; 661;

ZKLWH6
W@83 7416 ;16 715
W@433 :71: 4716 717
W@533 <:14 5:1< 81<

UHVHW5
W@83 ;915 731< 6:14
W@433 <815 9718 951<
W@533 <<14 ;914 ;816

Y56
W@83 43313 961: 4413
W@433 43313 <516 4:19
W@533 43313 <<1: 5918

EGV
W@83 4515 6;16 ;417
W@433 5917 7915 :61<
W@533 841; 7516 :715

64



A@M*i �2G èLêih ñtë t@4T*i tð3i @?_ ?Lðti uLh Mðñ@hð@|i 4L_i* E,jèäë èLêih M@ti_
L? DI tð4ý*@|i_ Uhð|ðU@* ñ@*ýit hiTLh|i_ ð? |@M*i D ðt tüLê?ë Aüi tð}?@*í|Lí?Lðti h@|ðL
i^ý@*t 2�SI uLh j ' �c HëSI uLh j' D @?_ fëDI uLh j' 2fë �fff hiT*ðU@|ðL?të 5@4T*i
tð3i ' Dfc �ffc 2ffë

â @4 â @8 â @53

KDPLOWRQ
W@83 <919 6:18 ;1;
W@433 <<1; 931< 4317
W@533 43313 ;:1; 481:

QHXUDO4
W@83 <;1< 8915 4718
W@433 <<1< ;418 551;
W@533 43313 <:1< 6817

WVD\4
W@83 <<14 8<15 4814
W@433 43313 ;51: 5518
W@533 43313 <:19 6816

ZKLWH6
W@83 6517 4316 81:
W@433 8818 4814 81:
W@533 ;;13 5;17 :16

UHVHW5
W@83 :51; 5;1: 431;
W@433 ::13 731; 4814
W@533 ;316 7<19 541<

Y56
W@83 <<14 8814 4819
W@433 43313 ;615 561;
W@533 43313 <;18 691:

EGV
W@83 471; 6:18 9;1:
W@433 591; 761: 971<
W@533 7;16 7318 :316

65



A@M*i �ôG Aüi hi}hittLht ð?U*ý_i_ ð? h%|c? uLh |üi ñ@hðLýt 4L_i*t ý?_ih UL?tð_ih@|ðL?ë
Prgho Uhjuhvvruv/ h{w>q Prgho Uhjuhvvruv/ h{w>q
DU 4> |wý4>q Prgho4 4> îwý4>q> îwý5>q

EO 4> |wý4>qîwý5>q Prgho5 4> îwý4>q> îwý5>q

WDU 4> |wý4>qC+m|wý4>qmé4,> |wý4>qC+m|wý4>qmA4, Prgho6 4> îwý4>q> îwý5>q> îwý4>qîwý5>q> î5wý5>q

VJQ 4> ^C+|wý4>qA4, ý C+|wý4>q?4,` Prgho7 4> |wý4>q> |wý5>q

QDU 4> +3=:m|wý4>qm,@+m|wý4>qm. 5, Prgho8 4> |wý4>q> |wý5>q> |wý4>qîwý4>q

VT 4> {5w>q Prgho9 4> |wý4>q> |wý5>q> |wý4>qîwý4>q> îwý4>q

H[S 4> h{s+{w>q,

OVWDU
4> I +|wý4>q,>
|wý4>q> |wý4>q ú I +|wý4>q,>
|wý5>q> |wý5>q ú I +|wý4>q,

QQ
4>
^4 . h{s+ý433+|wý4 ý 3=;|wý5,,`ý4>
^4 . h{s+ý433+|wý4 . 3=;|wý5,,`ý4

HVWDU
4> I +|wý4>q,>
|wý4>q> |wý4>q ú I +|wý4>q,>
|wý5>q> |wý5>q ú I +|wý4>q,

EQ
4>
^4 . h{s+ý433+|wý4 ý {w,,`ý4>
^4 . h{s+ý433+|wý4 . {w,,`ý4

66



A@M*i �eG çL?ñih}i?Ui ThLTih|ðit Lu M*LU! � @?_ Mðñ@hð@|i 4L_i*të ä�Acù c ä
2
Acù c

äôAcù c äe
Acù @?_ äDAcù @hi U@*Uý*@|i_ @UULh_ð?} |L |üi |üiðh _i�?ð|ðL?t t|@|i_ @MLñi

êüihi tekAc?celA Eéäc 4Eéc eVAc?Eêääå @?_ te/Ac?å @hi it|ð4@|i_ UL?_ð|ðL?@**) L? @ T@ðh Lu
t+W|c?c %W|c?å @?_ t+W|c?c h%W|c?å |ü@| _ðgiht ?ý44ihðU@**) uhL4 t+|c?c %|c?å @?_ t+|c?c h%|c?å
Mý| ðt }i?ih@|i_ uhL4 t@4i ý?_ih*)ð?} ThLUitt%4L_i*é Aüi ?ý4Mih Lu hiT*ðU@|ðL?t
i^ý@*t û'�ffë

ç4W>Q ç5W>Q B5W>Q ç6W>Q B6W>Q ç7W>Q B7W>Q ç8W>Q

ú+

A'Df fëfD2 fëfDô ífëf2D fë��. í�ë2ôH fëf.D ífëeD� fëfD2

A'�ff fëf2b fëfôf ífëf2e fëfHH í2ëfe. fëfeô ífëebH fëf2b

A'2ff fëf�D fëf�S ífë�f. fëfDb íôëf2ô fëf22 ífëebf fëf�D

îw

A'Df 2ëeôb 2ëSe2 ífëfHô 2ëSDf ífëfH. 2ëDSH ífëfDô fëfbD

A'�ff 2ë2f2 2ë2ôD ífë�fS 2ë2�b ífëfbb 2ë2.D ífëfôô fëf2.

A'2ff �ëHD� �ëbSH ífëfSô 2ëf2ô ífëfbô �ëbfô ífëf2H fëf�H

Aú+

A'Df fë2.S fë�H� fëôeD fë�D. fëeôf fë2S2 fëfD2 fëfDb

A'�ff fë2DH fë��2 fëDSe fë��S fëDD� fë2D� fëf2. fëf2b

A'2ff fë2eD fëf.ô fë.f� fëfH2 fëSSS fë2fD fë�S� fëf�ô

5Bû

A'Df fëôSH fë2�ô fëe22 fë2fô fëeDf fëôf. fë�SS fëfe.

A'�ff fëôee fë�eD fëD.. fë�eô fëDHD fë2eS fë2HS fëf2�

A'2ff fëôôô fë�ff fë.ff fëfbD fë.�ô fë2�b fëôe2 fëf�2

ûú+

A'Df fëfD. fëfS� ífëfHe fë�2� í�ë�2b fëf.2 ífë2DH fëfeS

A'�ff fëfef fëfe2 ífëfDe fëfHe í�ëfb� fëfeS ífë�D. fëf22

A'2ff fëfôf fëf2b fëfeS fëfDb ífëbHf fëfôD ífë�S� fëf��

5"

A'Df DëôS2 2ëfee fëS�b 2ëô.e fëDD. ôëeSô fëôDe fëfeD

A'�ff DëSee �ë2�S fë.HD �ëD.H fë.2f ôëfHS fëeDô fëf2.

A'2ff Dë2D� fëSHf fëH.� fëb�S fëH2S 2ëHb2 fëeeb fëf�2

,jè

A'Df �ôë22f HëDfS fëôD. bë2Df fëôff bë2.� fë2bb fë��H

A'�ff bëHDH eë.DD fëD�H DëôSb fëeDD SëSS. fëô2e fëfôD

A'2ff bëDf2 2ëHH2 fëSb. ôë.eô fëSfS SëôHe fëô2H fëf�ô
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A@M*i �DG çL?ñih}i?Ui ThLTih|ðit Lu M*LU! 2 4L_i*të ä�Acù c ä
2
Acù c ä

ô
Acù c äeAcù

@?_ äDAcù @hi U@*Uý*@|i_ @UULh_ð?} |L |üi |üiðh _i�?ð|ðL?t t|@|i_ @MLñi êüihi

tekAc?celA Eéäc 4Eéc eVAc?Eêääå @?_ te/Ac?å @hi it|ð4@|i_ UL?_ð|ðL?@**) L? @ T@ðh Lu
t+W|c?c %W|c?å @?_ t+W|c?c h%W|c?å |ü@| _ðgiht ?ý44ihðU@**) uhL4 t+|c?c %|c?å @?_ t+|c?c h%|c?å
Mý| ðt }i?ih@|i_ uhL4 t@4i ý?_ih*)ð?} ThLUitt%4L_i*é Aüi ?ý4Mih Lu hiT*ðU@|ðL?t
i^ý@*t û'�ffë

ç4W>Q ç5W>Q B5W>Q ç6W>Q B6W>Q ç7W>Q B7W>Q ç8W>Q

Prgho4
A'Df fë��ô fë�2S ífë��e fë2fb ífëHDD fë�Db ífëefH fëfSb

A'�ff fëfS2 fëfS. ífëfHe fë�D2 í�ëeDH fëfb2 ífëeb� fëfô�

A'2ff fëfe. fëfeH ífëf�� fë�2f í�ëDôH fëfDb ífë2Sf fëf�.

Prgho5
A'Df fëôbô fëeeD ífë�ô2 fëD�D fëôfb fëe.H ífë2�D fëôôe

A'�ff fëôD2 fëô.e ífëfSô fëeS� ífëôfb fëôHS ífëfb. fë2b�

A'2ff fëô2� fëôô. ífëfeH fëe�D ífë2bf fëôôb ífëfDH fë2Db

Prgho6
A'Df fëôHe fëô.. fëf�H fëôHS ífëffe fëôbb ífëfef fë�fe

A'�ff fëôHS fëôee fë�fb fëôD� fëfbf fëô.H fëf22 fëfS�

A'2ff fëôô� fë2e� fë2.2 fë2Sb fë�HS fë2Hô fë�ee fëf2S

Prgho7
A'Df fëfS� fëf.e ífë2fH fë�DS í�ëDDD fëfHb ífëeSe fëfS�

A'�ff fëfôb fëfee ífë�ô� fë�2D í2ë�.2 fëfSb ífë..e fëfôb

A'2ff fëf�S fëf�b ífë2fS fëfb2 íeëH2H fëf2ô ífëe�D fëf�S

Prgho8
A'Df 41676 �ë2.� fëfDe �ë�.D fë�2D �ë2bD fëfôS fë�2b

A'�ff �ëf�H fëH2f fë�bD fë..ô fë2ef fëHSb fë�e. fëfeS

A'2ff �ëff� fë.eS fë2De fëSbH fëôf2 fëHH� fë�2f fëf2ô

Prgho9
A'Df 2ë..ô 2ëH.. ífëfôH 2ëS�e fëfD. 2ëHD. ífëfôf fë�ee

A'�ff 2ë.2H 2ë.�D fëffD 2ëebb fëfHe 2ëHeb ífëfeD fëfSf

A'2ff 2ëô2� 2ë�bf fëfDS 2ëfôD fë�2ô 2ë2Db fëf2. fëf2D
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A@M*i �SG çL?ñih}i?Ui ThLTih|ðit Lu M*LU! ô 4L_i*të ä�Acù c ä
2
Acù c ä

ô
Acù c äeAcù

@?_ äDAcù @hi U@*Uý*@|i_ @UULh_ð?} |L |üi |üiðh _i�?ð|ðL?t t|@|i_ @MLñi êüihi

tekAc?celA Eéäc 4Eéc eVAc?Eêääå @?_ te/Ac?å @hi it|ð4@|i_ UL?_ð|ðL?@**) L? @ T@ðh Lu
t+W|c?c %W|c?å @?_ t+W|c?c h%W|c?å |ü@| _ðgiht ?ý44ihðU@**) uhL4 t+|c?c %|c?å @?_ t+|c?c h%|c?å
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