
Prgholqj Qruglf Vwrfn Uhwxuqv

zlwk Dv|pphwulf JDUFK Prghov�

Jxvwdi H1 Kdjhuxg
Ghsduwphqw ri Ilqdqfh

Vwrfnkrop Vfkrro ri Hfrqrplfv

Zrunlqj Sdshu Vhulhv lq Hfrqrplfv dqg Ilqdqfh Qr1 497
Mdqxdu|/ 4<<:

Devwudfw

Wklv sdshu lqyhvwljdwhv wkh suhvhqfh ri dv|pphwulf JDUFK h�hfwv lq d qxpehu ri htxlw| uhwxuq

vhulhv/ dqg frpsduh wkh prgholqj shuirupdqfh ri vhyhq gl�huhqw frqglwlrqdo yduldqfh prghov/ zlwklq

wkh sdudphwulf JDUFK fodvv ri prghov1 Wkh gdwd frqvlvwv ri gdlo| uhwxuqv iru 78 Qruglf vwrfnv/

gxulqj wkh shulrg Mxo| 4<<4 wr Mxo| 4<<91 Wkh prghov lqyhvwljdwhg duh= HJDUFK/ JMU/ WJDUFK/

D0SDUFK/ JTDUFK/ YV0DUFK/ dqg OVWJDUFK1 Lq doo wkhvh prghov wkh frqglwlrqdo yduldqfh lv

d ixqfwlrq ri wkh vljq ri odjjhg uhvlgxdov1 Wkxv/ wkh prghov fdq fdswxuh wkh riwhq uhsruwhg qhjdwlyh

fruuhodwlrq ehwzhhq odjjhg uhwxuqv dqg frqglwlrqdo yduldqfh1 Lq wkh sdshu L dovr lqwurgxfh wkuhh

qhz surfhgxuhv iru dv|pphwu| whvwlqj1 Wkh sursrvhg OP whvwv/ zklfk duh edvhg rq wkh uhvxowv ri

Zrrogulgjh ^4<<4`/ doorz iru khwhurnxuwrvlv xqghu wkh qxoo1 Dv|pphwulhv duh ghwhfwhg iru rqo| 45 ri

wkh 78 vhulhv1 Wkh vshfl�fdwlrqv JMU/ WJDUFK/ dqg JTDUFK dsshdu wr eh vxshulru iru prgholqj

wkh g|qdplfv ri wkh frqglwlrqdo yduldqfh1 Ixuwkhupruh/ L vkrz wkdw wkh xvh ri urexvw whvw vwdwlvwlfv

lv dgylvdeoh1

W
Ilqdqfldo vxssruw iurp Edqniruvnqlqjvlqvwlwxwhw lv juhdwo| dfnqrzohgjhg1 L dp ghhso| lqghewhg wr Wlpr Whuçvyluwd

iru ydoxdeoh vxjjhvwlrqv dqg lqvljkwixo glvfxvvlrqv1 L zrxog dovr olnh wr wkdqn Pdjqxv Gdkotxlvw/ Hqultxh Vhqwdqd/ dqg

Vwhidq H1 Èveulqn iru khosixo vxjjhvwlrqv1 Wkh dxwkru lv vroho| uhvsrqvleoh iru dq| huuruv1 Fruuhvsrqghqfh wr Jxvwdi H1

Kdjhuxg/ Ghsduwphqw ri Ilqdqfh/ Vwrfnkrop Vfkrro ri Hfrqrplfv/ S1R1 Er{ 9834/ V0446 ;6 Vwrfnkrop/ Vzhghq1 H0pdlo=

�qjkCkkv1vh1
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4 Lqwurgxfwlrq

Gxulqj wkh odvw 48 |hduv/ dq hqruprxv dprxqw ri h�ruw kdv ehhq ghyrwhg wr wkh prgholqj ri frqglwlrqdo

yrodwlolw| lq �qdqfldo pdunhwv gdwd1 Wkh vhplqdo zrun lq wklv duhd ri uhvhdufk lv e| Hqjoh ^4<;5`/ zkr

lqwurgxfhv wkh vwdqgdug dxwruhjuhvvlyh frqglwlrqdo khwhurvnhgdvwlflw| prgho/ wkhuhe| lqlwldwlqj wkh ghyho0

rsphqw ri wkh DUFK fodvv ri prghov1 Wrgd| wkh DUFK olwhudwxuh kdv jurzq wr vshfwdfxodu sursruwlrqv1

Dq h{fhoohqw vxuyh| ri wkh olwhudwxuh lv Eroohuvohy/ Hqjoh/ dqg Qhovrq ^4<<7`1

Pdq| ri wkh sursrvhg DUFK prghov lqfoxgh d whup wkdw fdq fdswxuh fruuhodwlrq ehwzhhq uhwxuqv dqg

frqglwlrqdo yduldqfh1 Prghov zlwk wklv ihdwxuh duh riwhq whuphg �dv|pphwulf� ru �ohyhudjh� yrodwlolw|

prghov1 Wkh whup ohyhudjh vwhpv iurp wkh hpslulfdo revhuydwlrq wkdw wkh frqglwlrqdo yduldqfh ri htxlw|

uhwxuqv riwhq lqfuhdvhv zkhq uhwxuqv duh qhjdwlyh/ l1h1 zkhq wkh �qdqfldo ohyhudjh ri wkh �up lqfuhdvhv1

Rqh ri wkh hduolhvw dv|pphwulf DUFK prghov lv wkh HJDUFK +H{srqhqwldo Jhqhudol}hg DUFK, prgho

ri Qhovrq ^4<<4`1 Dqrwkhu srsxodu vshfl�fdwlrq lv wkh prgho ri Jorvwhq/ Uxqnoh/ dqg Mdjdqqdwkdq ^4<<6`/

ghqrwhg JMU1

Wklv sdshu lqyhvwljdwhv wr zkdw h{whqw dv|pphwulf JDUFK prghov pljkw kdyh ehhq wkh gdwd jhq0

hudwlqj surfhvv iru d qxpehu ri wlph vhulhv1 Gdwd lqyhvwljdwhg lv gdlo| revhuydwlrqv iurp 78 Qruglf

vwrfnv1 Wkh lqyhvwljdwhg shulrg lv Mxo| 4<<4 wr Mxo| 4<<91 Ixuwkhupruh/ wklv sdshu lv frqfhuqhg zlwk

wkh uhodwlyh lq vdpsoh shuirupdqfh ri vhyhq gl�huhqw sdudphwulf dv|pphwulf DUFK prghov1 Wkh prg0

hov vwxglhg duh= HJDUFK/ JMU/ WJDUFK ri ]dnròdq ^4<<7`/ D0SDUFK ri Glqj/ Judqjhu/ dqg Hqjoh

^4<<6`/ JTDUFK ri Vhqwdqd ^4<<8`/ YV0DUFK ri Iruqdul dqg Phoh ^4<<9`/ dqg OVWJDUFK ri Kdjhuxg

^4<<9`/ dqg Jrq}äoh}0Ulyhud ^4<<9`1

Wr hvwlpdwh wkh xqnqrzq sdudphwhuv ri wkh prghov/ lwhudwlyh qxphulfdo phwkrgv duh uhtxluhg1 Wkhvh

surfhgxuhv duh riwhq wlph frqvxplqj/ dqg li wkh prgho lq txhvwlrq h{sodlqv wkh gdwd edgo| wkh hvwlpdwlrq

pljkw qrw frqyhujh1 Vshfl�fdwlrq whvwv duh wkhuhiruh xvhg wr lqyhvwljdwh zkhwkhu d fhuwdlq prgho pljkw

kdyh ehhq wkh gdwd jhqhudwlqj surfhvv ri d wlph vhulhv1 Wkh whvw ri qr DUFK/ ghyhorshg e| Zrrogulgjh

^4<<3` lv xvhg wr whvw iru jhqhudo DUFK h�hfwv1 Wklv whvw lv d urexvw yhuvlrq ri Hqjoh*v ^4<;5` whvw ri

qr DUFK1 Wr whvw iru dv|pphwulf h�hfwv/ urexvw yhuvlrqv ri wzr whvwv sursrvhg e| Kdjhuxg ^4<<:` duh

xvhg1 Kdjhuxg*v whvw duh ghulyhg xqghu frqglwlrqdo qrupdolw|/ dqg vlqfh wkh gdwd vkrzv d kljk ohyho ri

frqglwlrqdo khwhurnxuwrvlv/ urexvwl�fdwlrq lv qhfhvvdu|1

Lw lv irxqg wkdw 65 ri wkh 78 vhulhv vkrz vljqv ri khwhurvnhgdvwlflw|1 Ri wkhvh 65 vhfxulwlhv/ wzhoyh frxog

kdyh ehhq jhqhudwhg e| dq dv|pphwulf JDUFK prgho1 Ixuwkhupruh/ iru wkh vxevdpsoh ri wzhoyh vhulhv/

lw lv frqfoxghg wkdw wkh prghov JMU/ WJDUFK/ dqg JTDUFK duh vxshulru lq prgholqj wkh dv|pphwulf

g|qdplfv ri wkh frqglwlrqdo yduldqfh1

Wklv duwlfoh lv rujdql}hg dv iroorzv1 Vhfwlrq 5 ghvfulehv wkh frqglwlrqdo yduldqfh prghov dqg wkh

hvwlpdwlrq surfhgxuhv xvhg1 Lq Vhfwlrq 6/ wkh whvwv xvhg iru wkh vshfl�fdwlrq ri wkh frqglwlrqdo phdq dqg

yduldqfh duh irupxodwhg1 Wkh gdwd lv ghvfulehg lq Vhfwlrq 71 Uhvxowv duh suhvhqwhg lq Vhfwlrq 8/ dqg wkh

frqfoxvlrqv lq Vhfwlrq 91
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5 Prghov dqg Hvwlpdwlrq

Ohw wkh sulfh ri d vwrfn dw wlph w eh ghqrwhg e| Sw1 Uhwxuqv/ phdvxuhg dv oq+Sw@Sw�4,/ duh dvvxphg wr

iroorz wkh DU+s,0surfhvv

uw @ !
3
.

s[
l@4

!
l
uw�l . %w> +4,

zkhuh %w ghqrwhv d glvfuhwh0wlph vwrfkdvwlf surfhvv zlwk wkh irup

%w @ }wk
4@5

w
> +5,

zkhuh }w � llg+3> 4,/ dqg kw lv wkh frqglwlrqdo yduldqfh ri uhwxuq dw wlph w/ zkrvh g|qdplfv JDUFK

vshfl�fdwlrqv zlvk wr prgho1

Wkh vhyhq dv|pphwulf JDUFK prghov wkdw zloo eh lqyhvwljdwhg/ duh olvwhg ehorz1 Exw �uvw lv d

vshfl�fdwlrq ri wkh v|pphwulf JDUFK+4/4, prgho wkdw lv xvhg dv wkh qxoo k|srwkhvlv zkhq wkh suhvhqfh

ri dv|pphwu| lv whvwhg iru1 Wkh prghov zloo rqo| eh vwxglhg lq wkhlu prvw vlpsoh vwuxfwxuh/ zkhq wkh

odj ohqjwkv duh htxdo wr rqh1 Lq pdq| hpslulfdo lqyhvwljdwlrqv/ wkhvh sduvlprqlrxv prghov kdyh suryhq

wr shuirup zhoo1 Wkh ghvfulswlrq ehorz lv yhu| eulhi1 D pruh ghwdlohg suhvhqwdwlrq ri wkh dv|pphwulf

prghov fdq eh irxqg lq Kdjhuxg ^4<<:`1

Eroohuvohy*v ^4<;9` JDUFK+4/4, prgho dvvxphv wkdw wkh frqglwlrqdo yduldqfh lv jhqhudwhg e|

kw @ � . �%5w�4 . �kw�4> +6,

zkhuh �/ � dqg � duh qrq0qhjdwlyh frqvwdqwv1 Iru wkh JDUFK surfhvv wr eh gh�qhg/ lw lv uhtxluhg wkdw

� A 31

Wkh HJDUFK prgho ri Qhovrq ^4<<4` lv

oqkw @ � . � oqkw�4 . �}w�4 . *
k
m}w�4m �

s
5@�

l
> +7,

zkhuh �/ �/ �/ dqg * duh frqvwdqw sdudphwhuv/ dqg }w lv gh�qhg dv lq +5,1

Wkh JMU prgho ri Jorvwhq/ Mdjdqqdwkdq/ dqg Uxqnoh ^4<<6` lv

kw @ � . �%5w�4 . $V�
w�4

%5w�4 . �kw�4> +8,

zkhuh �/ �/ �/ dqg $ duh frqvwdqw sdudphwhuv/ dqg V�
w�4

lv dq lqglfdwru ixqfwlrq wkdw wdnhv wkh ydoxh rqh

zkhq %w�4 ? 3 dqg }hur rwkhuzlvh1

Wkh Wkuhvkrog JDUFK prgho lv lqwurgxfhg lq ]dnròdq ^4<<7`1 Wkh WJDUFK+4/4, prgho lv

k
4@5

w
@ � . �.%.

w�4
� ��%�

w�4
. �k

4@5

w�4
> +9,

zkhuh %.w @ pd{+%w> 3,/ dqg %�w @ plq+%w> 3,1 Qrwh wkdw +9, fdq eh uhsdudphwhul}hg dv

k
4@5

w @ � . � m%w�4m. $V�
w�4

%w�4 . �k
4@5

w�4
=

Wkxv/ lq wkh WJDUFK+4/4, prgho/ wkh frqglwlrqdo vwdqgdug ghyldwlrq kdv wkh vdph ixqfwlrqdo irup dv

wkh frqglwlrqdo yduldqfh kdv lq wkh JMU prgho +8,1
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Glqj/ Judqjhu/ dqg Hqjoh ^4<<6` sursrvh wkh Dv|pphwulf Srzhu DUFK prgho1 Wkh D0SDUFK+4/4,

prgho lv

k
�@5

w
@ � . � +m%w�4m � �%w�4,

� . �k
�@5

w�4
> +:,

zkhuh �/ �/ �/ � dqg � � 3 duh frqvwdqw sdudphwhuv1

Vhqwdqd ^4<<8` lqwurgxfhv wkh Txdgudwlf DUFK prgho1 Wkh whup txdgudwlf lv xvhg vlqfh wkh TDUFK

prgho fdq eh lqwhusuhwhg dv d vhfrqg0rughu Wd|oru dssur{lpdwlrq wr wkh xqnqrzq frqglwlrqdo yduldqfh

ixqfwlrq1 Wkh Jhqhudol}hg TDUFK+4/4, prgho lv

kw @ � . �%w�4 . �%5
w�4

. �kw�4> +;,

zkhuh �/ �/ �/ dqg � duh frqvwdqw sdudphwhuv1

Wkh YV0DUFK +Yrodwlolw| Vzlwfklqj, prgho ri Iruqdul dqg Phoh ^4<<9` lv

kw @ � . �%5
w�4

. �kw�4 . �Vw�4 
5

w�4
> +<,

zkhuh

Vw @ 4 li %w A 3

Vw @ 3 li %w @ 3

Vw @ �4 li %w ? 3>

dqg  5
w
lv gh�qhg dv %5

w
@kw1 Wkh sdudphwhuv ri wkh prgho duh �/ �/ �/ dqg �1

Wkh orjlvwlf vprrwk wudqvlwlrq JDUFK+4> 4, prgho ri Kdjhuxg ^4<<9`/ dqg Jrq}äoh}0Ulyhud ^4<<9` lv

jlyhq e|

kw @ � . ^�4 . �5I +%w�4,` %
5

w�4
. �kw�4> +43,

zkhuh I +=, lv d wudqvlwlrq ixqfwlrq zlwk wkh irup

I +%w�4, @ +4 . h{s ^��%w�4`,�4 � 4

5
> � A 3=

Wkh sdudphwhuv ri wkh prgho duh wkhuhiruh �/ �4/ �5/ �/ dqg �1 Qrwh wkdw JMU zloo uhvxow dv d olplwlqj

fdvh ri OVWJDUFK/ zkhq �$41

Wr hvwlpdwh wkh sdudphwhuv ri wkh prghov/ d txdvl0pd{lpxp olnholkrrg dssurdfk lv xvhg1 Wkh lqqr0

ydwlrqv }w duh dvvxphg wr eh glvwulexwhg lqghshqghqwo| qrupdo/ dqg d qrupdo orj0olnholkrrg ixqfwlrq lv

pd{lpl}hg/ xvlqj vwdqgdug qxphulfdo phwkrgv1 Eroohuvohy dqg Zrrogulgjh ^4<<5` vkrz wkdw zkhq wkh

qrupdolw| lv ylrodwhg/ wkh txdvl0pd{lpxp olnholkrrg hvwlpdwruv +TPOH, duh jhqhudoo| frqvlvwhqw dqg

kdyh d olplwlqj qrupdo glvwulexwlrq1 Lq wkhlu duwlfoh/ Eroohuvohy dqg Zrrogulgjh dovr suhvhqw dv|pswrwlf

vwdqgdug huuruv ri wkh hvwlpdwruv ydolg xqghu qrq0qrupdolw|1

Wkh sdudphwhuv ri wkh frqglwlrqdo phdq prgho duh hvwlpdwhg vlpxowdqhrxvo| zlwk wkh frqglwlrqdo

yduldqfh prgho1 Hqjoh ^4<;5` dqg Eroohuvohy ^4<;9` vkrz wkdw zkhq wkh DUFK prgho lv v|pphwulf zlwk

uhvshfw wr odjjhg uhwxuqv/ wkh wzr prghov fdq eh hvwlpdwhg vhsdudwho|1 Wklv uhvxow lv xvhg zkhq wkh

vwdqgdug JDUFK+4/4, prgho lv hvwlpdwhg/ lq wkh whvwlqj surfhgxuh1 Xqiruwxqdwho|/ wklv vlpsol�fdwlrq

fdqqrw eh xvhg iru wkh rwkhu prghov1
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6 Vshfl�fdwlrq Whvwv

Iroorzlqj wkh uhfrpphqgdwlrqv ri Zrrogulgjh ^4<<4`/ d erwwrp0xs vwudwhj| lv xvhg zkhq shuiruplqj

vshfl�fdwlrq whvwv1 Wkxv/ �uvw wkh frqglwlrqdo �uvw pryhphqw lv vshfl�hg1 Rqfh wkh frqglwlrqdo phdq lv

irupxodwhg dqg hvwlpdwhg vdwlvidfwrulo|/ whvwv iru wkh frqglwlrqdo yduldqfh vshfl�fdwlrq duh shuiruphg1

Zkhq dwwhpswlqj wr vshfli| wkh frqglwlrqdo phdq/ rqo| srvvleoh dxwrfruuhodwlrq lq wkh uhwxuqv lv

whvwhg iru1 Wkxv/ dq| srvvleoh qrq0olqhdulw| lq wkh frqglwlrqdo phdq lv glvuhjdughg1 Ixuwkhupruh/ wkh

srvvlelolw| ri wkh frqglwlrqdo yduldqfh wr eh dq h{sodqdwru| yduldeoh ri uhwxuq lv qrw frqvlghuhg1 Wr whvw

iru dxwrfruuhodwlrq/ d whvw ghyhorshg e| Ulfkdugvrq dqg Vplwk ^4<<7` lv xvhg1 Wkh whvw/ lq wkh irup xvh

khuh/ lv d urexvw yhuvlrq ri d vwdqgdug Er{ dqg Slhufh ^4<:3` surfhgxuh1 Ohwwlqj e�
l
eh wkh hvwlpdwhg

dxwrfruuhodwlrq ehwzhhq wkh uhwxuqv dw wlph w dqg w� l/ wkh whvw lv irupxodwhg dv

UV+n, @ W
n[

l@4

e�5
l

4 . fl
= +44,

Wkh whupv fl lv dq dgmxvwphqw idfwru iru khwhurvnhgdvwlflw|/ dqg lw lv fdofxodwhg dv

fl @
fry^u5

w
> u5

w�l
`

ydu^uw`5
> +45,

zkhuh uw lv wkh ghphdqhg uhwxuq dw wlph w1 Xqghu wkh qxoo ri qr dxwrfruuhodwlrq/ wkh vwdwlvwlf lv glvwulexwhg

dv|pswrwlfdoo| "5 zlwk n ghjuhhv ri iuhhgrp1 Vlqfh wkh vdpsoh vl}hv duh uhodwlyho| odujh/ dq| dgmxvwphqwv

ri wkh vwdwlvwlf/ lq wkh vslulw ri Omxqj dqg Er{ ^4<:;`/ duh xqqhfhvvdu|1

Li wkh qxoo ri qr dxwrfruuhodwlrq fdqqrw eh uhmhfw/ lw lv frqfoxghg wkdw uhwxuqv duh htxdo wr d frqvwdqw

soxv d uhvlgxdo %w/ l1h1 wkh frqglwlrqdo phdq vshfl�fdwlrq lv prgho +4,/ zlwk s htxdo wr }hur1 Li wkh qxoo

lv uhmhfwhg/ dq DU+4, prgho lv hvwlpdwhg rq wkh vhulhv1 Wr hqvxuh wkdw wklv prgho fdswxuhv wkh ghwhfwhg

dxwrfruuhodwlrq/ whvw +44, zdv rqfh pruh dssolhg1 Lq wklv fdvh/ wkh whvw lv uxq rq wkh hvwlpdwhg uhvlgxdov

iurp wkh DU+4, prgho1 Iroorzlqj wkh uhfrpphqgdwlrqv ri Er{ dqg Slhufh ^4<:3` dqg Omxqj dqg Er{

^4<:;`/ wkh ydoxh ri wkh vwdwlvwlf lq wklv fdvh lv frpsduhg wr d "5 glvwulexwlrq zlwk n�4 ghjuhhv ri iuhhgrp1

Li wkh qxoo fdqqrw eh uhmhfwhg/ lw lv frqfoxghg wkdw uhwxuqv duh jhqhudwhg e| dq DU+4, prgho1 Li wkh qxoo

lv uhmhfwhg/ wkh surfhgxuh lv frqwlqxhg zlwk kljkhu rughu DU prghov/ xqwlo whvw +44, lv qrw uhmhfwhg1

Diwhu wkh frqglwlrqdo phdq prgho lv ghhphg vdwlvidfwru|/ whvwv iru srvvleoh khwhurvnhgdvwlflw| duh

shuiruphg1 Iluvw/ wkh qxoo ri krprvnhgdvwlflw| djdlqvw wkh dowhuqdwlyh ri khwhurvnhgdvwlflw| lv whvwhg1 Wkh

prvw frpprqo| xvhg whvw iru wklv k|srwkhvlv lv wkh OP whvw ri qr DUFK ri Hqjoh ^4<;5`1 Krzhyhu/ Hqjoh*v

whvw uhtxluhv wkdw wkh irxuwk frqglwlrqdo prphqw ri %w lv frqvwdqw dqg �qlwh/ dv vkrzq e| Nrhqnhu ^4<;4`1

Wr ryhufrph wkdw frpsolfdwlrq/ dqg wr hqvxuh wkdw wkh whvw kdv d vdwlvidfwru| dv|pswrwlf vl}h/ d urexvw

whvw ri qr DUFK ghyhorshg e| Zrrogulgjh ^4<<3` lv xvhg1 Wklv whvw lv fdofxodwhg xvlqj wkh surfhgxuh=

41 Hvwlpdwh wkh vdpsoh yduldqfh xqghu wkh qxoo ri krprvnhgdvwlflw|

e�5 @ W�4
W[
w@4

e%5
w
>

zkhuh e%w lv wkh frqvlvwhqwo| hvwlpdwhg uhvlgxdov iurp wkh prgho +4,1
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51 Uhjuhvv 4 rq �e%5
w
� e�5��e%5

w�4
� e�5� > ===>�e%5

w
� e�5��e%5

w�t
� e�5� +46,

Wkh vwdwlvwlf lv htxdo wr OP
3
@ W � U5

x
@ W � UVV/ zkhuh U5

x
lv wkh xqfhqwhuhg frh!flhqw ri

ghwhuplqdwlrq iurp wkh uhjuhvvlrq +46,/ dqg UVV lv wkh uhvlgxdo vxp ri vtxduhv1 Wkh vwdwlvwlf

frqyhujhv lq glvwulexwlrq wr d "5 yduldeoh zlwk t ghjuhhv ri iuhhgrp1

Li wkh qxoo ri qr DUFK+t, fdqqrw eh uhmhfwhg/ wkh lqyhvwljdwlrq frqwlqxhv zlwk whvwv iru dv|pphwulf

JDUFK1 Wklv lv grqh zlwk wzr qhz whvw surfhgxuhv/ edvhg rq d sdlu ri OP vwdwlvwlfv sursrvhg e|

Kdjhuxg ^4<<:`1 Lq erwk whvwv/ wkh frqglwlrqdo yduldqfh iroorzv d JDUFK+4/4, surfhvv xqghu wkh qxoo1

Lq whvw qxpehu rqh/ wkh dowhuqdwlyh k|srwkhvlv lv wkh JTDUFK prgho +;,/ dqg lq whvw qxpehu wzr/ wkh

dowhuqdwlyh k|srwkhvlv lv wkh OVWJDUFK prgho +43,1 Kdjhuxg ^4<<:` vkrzv wkdw wkhvh wzr whvwv kdyh

vxshulru srzhu surshuwlhv/ frpsduhg wr wkh vwdqgdug dv|pphwulf DUFK whvwv ghyhorshg e| Hqjoh dqg Qj

^4<<6`1 Wklv vxshulrulw| uhpdlqv ydolg hyhq zkhq wkh wuxh gdwd jhqhudwlqj surfhvv lv qrw wkh JTDUFK

ru wkh OVWJDUFK prghov/ exw dq| rwkhu ri wkh dv|pphwulf prghov suhvhqwhg lq Vhfwlrq 51

Kdjhuxg*v ^4<<:` whvwv duh ghulyhg xqghu wkh dvvxpswlrq wkdw %w lv glvwulexwhg frqglwlrqdoo| qrupdo1

Wklv dvvxpswlrq lv xqolnho| wr eh ixo�oohg lq wkh gdwd vhw frqvlghuhg khuh1 Qrq0qrupdolw| pljkw jlyh wkh

vwdwlvwlfv wkh zurqj dv|pswrwlf vl}h1 Wkh vwdwlvwlfv duh wkhuhiruh urexvwl�hg xvlqj d phwkrg suhvhqwhg e|

Zrrogulgjh ^4<<4`1 Iru wkhvh vwdwlvwlfv wr eh ri wkh fruuhfw dv|pswrwlf vl}h/ rqo| jhqhudo glvwulexwlrqdo

dvvxpswlrqv kdyh wr eh pdgh +vhh Zrrogulgjh ^4<<3`,1 Ixuwkhupruh/ wkh lqirupdwlrq pdwul{ ehwzhhq wkh

frqglwlrqdo phdq dqg wkh frqglwlrqdo yduldqfh sdudphwhuv grhv qrw kdyh wr eh eorfn0gldjrqdo1 Ghulydwlrqv

ri vwdwlvwlfv OP
4
dqg OP

5
/ suhvhqwhg ehorz/ fdq eh irxqg lq wkh dsshqgl{1

Wkh k|srwkhvlv iru wkh whvw ri qr JTDUFK fdq eh irupxodwhg

K
3

= � @ 3>

K
4

= � 9@ 3>

dqg wkh sursrvhg whvw surfhgxuh lv=

41 Hvwlpdwh d JDUFK+4/4, prgho rq wkh vhulhv ri hvwlpdwhg uhvlgxdov ie%wjWw@4/ dqg irup wkh vhulhv

ri frqglwlrqdo yduldqfh xqghu wkh qxoo ik
3wjWw@41 Ohw e� eh wkh hvwlpdwhg sdudphwhuv � lq wkh

JDUFK+4/4, prgho1

51 Uhjuhvv S
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dqg ohw ed eh wkh yhfwru ri hvwlpdwhg sdudphwhuv1 Irup wkh vhulhv ri uhvlgxdov
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61 Uhjuhvv 4 rq # e%5w
k
3w

� 4

$
� {w +47,

Wkh vwdwlvwlf lv htxdo wr OP4
@ W �U5

x @ W �UVV/ iurp wkh uhjuhvvlrq +47,1

Wkh vwdwlvwlf OP
4
frqyhujhv lq glvwulexwlrq wr d "5 yduldeoh zlwk rqh ghjuhh ri iuhhgrp/ fruuhvsrqglqj

wr wkh qxpehu ri uhvwulfwlrqv1

Wkh whvw ri qr OVWJDUFK fdq eh irupxodwhg4

K
3

= �
5
@ 3

K
4

= �
5
9@ 3>

dqg wkh sursrvhg whvw surfhgxuh lv=

41 Hvwlpdwh d JDUFK+4/4, prgho rq wkh vhulhv ie%wjWw@4/ dqg irup ik
3wjWw@41

51 Uhjuhvv S
w�4

l@4
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w�l

k
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rq |w/ gh�qhg deryh/ dqg ohw ee eh wkh yhfwru ri hvwlpdwhg sdudphwhuv1 Irup wkh vhulhv ri uhvlgxdov
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61 Uhjuhvv 4 rq # e%5w
k
3w

� 4

$
� vw +48,

Wkh vwdwlvwlf lv htxdo wr OP5
@ W �U5

x @ W �UVV1

Wkh vwdwlvwlf OP
5
frqyhujhv lq glvwulexwlrq wr d "5 yduldeoh zlwk rqh ghjuhh ri iuhhgrp1

Zkloh shuiruplqj whvw OP4
ru OP

5
/ dqg jlyhq wkdw wkh vhulhv ri frqglwlrqdo yduldqfh lv hvwlpdwhg zlwk

txdvl0pd{lpxp olnholkrrg/ wkh qrupdol}hg uhvlgxdo/  w @ %w@k
4@5

3w
/ vkrxog eh ruwkrjrqdo wr wkh yhfwru

|w @

;?=
Sw�4

l@4
e�l�4

k
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Sw�4
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Wklv vkrxog eh wuxh lqghshqghqwo| ri zkhwkhu wkh qxoo lv wuxh ru qrw1 Krzhyhu/ lq sudfwlfh/ h{dfw ruwkrj0

rqdolw| fdqqrw dozd|v eh jxdudqwhhg1 Wklv lv qrwhg e| Hqjoh dqg Qj ^4<<6`/ dqg iurp d Prqwh Fduor

vwxg|/ wkh dxwkruv frqfoxghg wkdw lw lv dgylvdeoh wr dgmxvw  w/ vxfk wkdw ruwkrjrqdolw| lv jxdudqwhhg1

Krzhyhu/ vlqfh wkh vpdoo vdpsoh surshuwlhv ri OP
4
ru OP

5
duh xqnqrzq/ qr vxfk dgmxvwphqw zloo eh

shuiruphg1

Li dw ohdvw rqh ri wkh whvwv OP
4
dqg OP

5
duh uhmhfwhg/ wkh prghov +7, wkurxjk +43, zloo eh hvwlpdwhg

rq wkh vhulhv1 Wr ghflgh zkhwkhu d fhuwdlq prgho lv deoh wr fdswxuh wkh khwhurvnhgdvwlflw| dghtxdwho|/
4
Wr whvw iru k2 ' f lq wkh OVWJDUFK+4/4, prgho zloo fdxvh dq lghqwl�fdwlrq sureohp1 Kdjhuxg ^4<<:` vkrzv krz wklv

sureohp fdq eh vroyhg e| pdnlqj d Wd|oru dssur{lpdwlrq ri wkh prgho1

:



d qxpehu vshfl�fdwlrq whvwv duh rqfh pruh shuiruphg1 Iluvw/ wkh vnhzqhvv dqg nxuwrvlv ri wkh vhulhv ri

qrupdol}hg uhvlgxdov/ e%w@k4@5w
/ duh fdofxodwhg/ zkhuh kw lv wkh hvwlpdwhg frqglwlrqdo yduldqfh1 Vhfrqg/

d qhz whvw surfhgxuh wr whvw iru ixuwkhu dv|pphwulf DUFK h�hfwv lv xvhg1 Wklv whvw surfhgxuh lv d

urexvw yhuvlrq ri wkh Vljq eldv whvw ri Hqjoh dqg Qj*v ^4<<6`1 Wkh vljq eldv whvw lv d whvw iru jhqhudo

dv|pphwu|1 Wkh urexvwl�fdwlrq lv/ dv deryh/ grqh xvlqj wkh phwkrg ri Zrrogulgjh ^4<<4`1 Wkh qxoo lv

qrz wkh dv|pphwulf prgho wkdw zdv xvhg wr hvwlpdwh kw/ dqg wkh dowhuqdwlyh lv wkh vdph dv|pphwulf

prgho dxjphqwhg e| d whup � � V�
w�4

1 Wkxv/ wkh dowhuqdwlyh prgho frqvlghuhg lv

jw @ kw . � � V�
w�4

>

zkhuh kw lv dq| ri wkh dv|pphwulf prghov +7, wr +43,1 Wkh whvw lv irupxodwhg dv iroorzv

K3
= � @ 3>

K
4

= � 9@ 3>

dqg wkh urexvw whvw surfhgxuh lv=

41 Hvwlpdwh wkh dv|pphwulf JDUFK prgho zlwk txdvl0pd{lpxp olnholkrrg/ dqg irup ikwjWw@41

51 Uhjuhvv
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zkhuh q lv wkh yhfwru ri sdudphwhuv lq wkh dv|pphwulf prgho1 Ohw ef eh wkh yhfwru ri hvwlpdwhg

sdudphwhuv1 Irup wkh vhulhv ri uhvlgxdov
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w

kw
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$
� uw= +49,

Wkh vwdwlvwlf lv htxdo wr OP
6
@ W �U5

x
@ W �UVV1

Wkh vwdwlvwlf OP6
frqyhujhv lq glvwulexwlrq wr d "5 yduldeoh zlwk rqh ghjuhh ri iuhhgrp1 Qrwh wkdw

wr shuirup wkh whvw/ lw lv qhfhvvdu| wr fdofxodwh wkh sduwldo ghulydwlyhv Cjw@C� / dqg Ck
w
@Cq1 Wkhvh zloo

gl�hu ghshqglqj rq wkh prgho frqvlghuhg xqghu wkh qxoo1 Wkhvh ghulydwlyhv iru doo wkh vhyhq prghov duh

olvwhg lq wkh dsshqgl{1

;



7 Gdwd

Ruljlqdo vwrfn sulfh revhuydwlrqv duh gdlo| forvh sulfhv iurp wkh h{fkdqjhv lq Khovlqnl/ Vwrfnkrop/ Rvor/

dqg Frshqkdjhq1 Wkh vwrfnv duh wkh prvw dfwlyho| wudghg vhfxulwlhv lq hdfk ri wkh pdunhwv1 Wkh shulrg

lqyhvwljdwhg lv Mxo| 4/ 4<<4 wr Mxo| 4/ 4<<91 Wklv jlyhv dssur{lpdwho| 4/593 sulfh revhuydwlrqv shu vhfxulw|1

Wkh sulfh revhuydwlrqv duh qrw dgmxvwhg iru glylghqgv/ exw vlqfh glylghqgv duh sdlg rq d |hduo| edvlv/ rqo|

�yh uhwxuq revhuydwlrqv shu vhulhv duh d�hfwhg e| glylghqgv1 Wkh gdwd lv froohfwhg iurp Gdwdvwhdp1

Wkh lqyhvwljdwhg vhfxulwlhv duh olvwhg lq Wdeoh 4/ dqg vrph vxppdu| vwdwlvwlfv duh jlyhq1 4: vwrfnv

duh iurp Vwrfnkrop/ 47 iurp Frshqkdjhq/ ; iurp Rvor/ dqg 9 iurp Khovlqnl1 Wkh sulfhv ri prvw ri wkh

vwrfn kdyh lqfuhdvhg ryhu wkh lqyhvwljdwhg shulrg ri �yh |hduv1 Wkh kljkhvw uhwxuq lv revhuyhg iru wkh

Ilqqlvk whohfrppxqlfdwlrq frpsdq| Qrnld/ zlwk 96 shufhqw dyhudjh |hduo| |lhog1 Wkh zruvw lqyhvwphqw

gxulqj wkh shulrg lv wkh Qruzhjldq vklsslqj frpsdq| L1p1 Vndxjhq1 Wkh dyhudjh |hduo| |lhog iru wkh 78

frpsdqlhv lv ;1< shufhqw1

Iurp wkh odvw froxpq lq Wdeoh 4/ lw fdq eh vhhq wkdw wkh yrodwlolw|/ phdvxuhg dv hvwlpdwhg frqvwdqw

vwdqgdug ghyldwlrq s1d1/ ydulhv frqvlghudeo| lq wkh vdpsoh1 Wkh orzhvw yrodwlolw| lv uhsruwhg iru wkh Gdqlvk

skdupdfhxwlfdo frpsdq| QryrQruglvn/ zlwk 48 shufhqw/ dqg wkh kljkhvw lv uhsruwhg iru L1p1 Vndxjhq/

zlwk :3 shufhqw1 Krzhyhu/ d pdmrulw| ri wkh vwrfnv kdyh d yrodwlolw| lq wkh lqwhuydo 53 wr 63 shufhqw1

8 Uhvxowv

Wdeoh 5 uhsruwv wkh uhvxowv iurp wkh whvwv shuiruphg wr vshfli| wkh frqglwlrqdo phdq1 Ulfkdugvrq dqg

Vplwk*v ^4<<7` whvw +44,/ fdofxodwhg rq hljkw dxwrfruuhodwlrqv/ lqglfdwh wkdw wzhoyh frpsdqlhv vkrz vljqv

ri dxwrfruuhodwlrq/ rq �yh shufhqw vljql�fdqfh ohyho1 Iru wkhvh frpsdqlhv/ DU+4, prghov zhuh hvwlpdwhg1

Froxpq wkuhh lq wkh wdeoh uhsruwv s0ydoxhv iru Ulfkdugvrq dqg Vplwk*v ^4<<7` whvw fdofxodwhg rq wkh

hvwlpdwhg uhvlgxdov iurp wkhvh DU+4, prghov1 Qr dxwrfruuhodwlrq fdq eh ghwhfwhg lq wkhvh vhulhv ri

uhvlgxdov1 Lw lv wkhuhiruh frqfoxghg wkdw iru 66 vhfxulwlhv/ d vxlwdeoh phdq htxdwlrq lv +4, zlwk s @ 3/ dqg

iru wkh uhpdlqlqj wzhoyh vhfxulwlhv dq DU+4, prgho lv dssursuldwh1

Froxpq wzr lq Wdeoh 6 uhsruwv wkh uhvxowv iurp Zrrogulgjh*v ^4<<3` whvwv ri qr DUFK1 Wkh whvw lv

fdofxodwhg zlwk t htxdo wr hljkw15 Wkluwhhq frpsdqlhv vkrz qr vljqv ri khwhurvnhgdvwlflw|/ rq �yh shufhqw

vljql�fdqfh ohyho1 Wkhvh frpsdqlhv zloo qrw eh frqvlghuhg ixuwkhu1 Froxpq wkuhh frqwdlq s0ydoxhv iru

Hqjoh*v ^4<;5` whvw ri qr DUFK/ fdofxodwhg rq hljkw odjjhg vtxduhg uhvlgxdov1 Wklv lv wkh qrq0urexvw

dowhuqdwlyh wrZrrogulgjh*v whvw1 Qrwh wkdw li wkh qrq0urexvw whvw kdg ehhq xvhg/ txlwh gl�huhqw frqfoxvlrqv

derxw wkh suhvhqfh ri khwhurvnhgdvwlflw| lq wkh vdpsoh zrxog kdyh ehhq gudzq1

Froxpq irxu lq Wdeoh 6 vkrzv h{fhvv nxuwrvlv iru wkh vhulhv ri hvwlpdwhg uhvlgxdov/ dqg froxpq �yh

uhsruwv wkh �uvw dxwrfruuhodwlrq lq vtxduhg uhvlgxdov1 Whuçvyluwd ^4<<9` vkrzv wkdw d JDUFK+4/4, prgho

zlwk qrupdo huuruv fdqqrw jhqhudwh gdwd zlwk kljk h{fhvv nxuwrvlv dqg orz �uvw0rughu dxwrfruuhodwlrq lq

5
Zrrogulgjh*v whvw ri qr DUFK zdv dovr fdofxodwhg rq whq dqg �iwhhq odjjhg uhvlgxdov1 Wkh uhvxowv iurp wkrvh whvwv

zhuh rqo| voljkwo| gl�huhqw iurp wkh rqhv vkrzq lq Wdeoh 61 Wkxv/ wkh jhqhudo ohyho ri ghwhfwhg khwhurvnhgdvwlflw| zdv qrw

dowhuhg zkhq wkh qxpehu ri odjv lq wkh vwdwlvwlf zdv lqfuhdvhg1

<



vtxduhg uhvlgxdov1 Pdq| ri wkh vhulhv lq wklv vdpsoh vkrz vxfk d sdwwhuq1 Krzhyhu/ vlqfh wkh sulpdu|

lqwhuhvw lv �qglqj dq hvwlpdwh ri wkh vhulhv ri frqglwlrqdo yduldqfh/ ikwjWw@4/ wklv vkrxog qrw d�hfw wkh

uhvxowv1 Wklv iroorzv iurp wkh idfw wkdw wkh vhulhv ri frqglwlrqdo yduldqfh rqo| ghshqgv rq wkh frqvlvwhqwo|

hvwlpdwhg sdudphwhuv �/ �/ dqg �/ dqg qrw rq wkh glvwulexwlrqdo dvvxpswlrq pdgh1 Wklv lv reylrxvo|

rqo| wuxh li wkh dvvxpswlrqv ri Eroohuvohy dqg Zrrogulgjh ^4<<5` duh ixo�oohg/ vr wkdw wkh TPOHv duh

frqvlvwhqw1

Wdeoh 7 uhsruwv wkh uhvxowv iurp wkh wzr whvwv ri qr dv|pphwulf JDUFK1 Dffruglqj wr froxpq wzr/

wkh qxoo ri JDUFK+4/4, fdq eh uhmhfwhg djdlqvw wkh dowhuqdwlyh ri JTDUFK+4/4,/ iru hohyhq vhfxulwlhv

rq wkh �yh shufhqw vljql�fdqfh ohyho1 Wkh qxoo ri JDUFK+4/4, djdlqvw OVWJDUFK+4/4,/ fdq eh uhmhfwhg

iru wkuhh vhfxulwlhv1 Lq wrwdo/ dv|pphwulhv kdyh ehhq ghwhfwhg iru wzhoyh vhfxulwlhv/ rxw ri wkh 65 vhfxulwlhv

wkdw vkrzhg vljqv ri khwhurvnhgdvwlflw|1 Iru wklv vxevdpsoh ri wzhoyh vhfxulwlhv/ wkh lqyhvwljdwlrq frqwlqxhv

e| �wwlqj wkh vhyhq dv|pphwulf prghov +7, wr +43, wr wkh uhwxuq revhuydwlrqv1

Lq Wdeoh 7/ duh dovr wkh s0ydoxhv iru wkh fruuhvsrqglqj qrq0urexvw whvw surfhgxuhv ri Kdjhuxg ^4<<:`1

Wkh uhvxowv iru wkh whvw ri JDUFK+4/4, djdlqvw JTDUFK+4/4,/ duh jlyhq lq froxpq wkuhh/ dqg froxpq

�yh uhsruwv wkh uhvxowv iru wkh whvw ri JDUFK+4/4, djdlqvw OVWJDUFK+4/4,1 Lq qxpehu fdvhv gl�huhqw

frqfoxvlrqv zrxog kdyh ehhq gudzq li wkh qrq0urexvw whvwv kdg ehhq xvhg1 Wkxv/ lw lv dgylvdeoh wr xvh

wkh sursrvhg urexvw whvw vwdwlvwlfv1

Dv srlqwhg rxw lq Vhfwlrq 5/ d txdvl0pd{lpxp olnholkrrg dssurdfk lv xvhg wr hvwlpdwh wkh vhyhq prghov

rq wkh wzhoyh uhwxuq vhulhv1 Iru prvw vhfxulwlhv/ doo vhyhq prghov frxog eh hvwlpdwhg zlwkrxw gl!fxow|1

Rxw ri d wrwdo ri ;7 hvwlpdwlrqv/ frqyhujhqfh zdv qrw uhdfkhg lq hljkw fdvhv1 Wkhvh fdvhv duh lqglfdwhg

dv idloxuhv lq Wdeoh :1 Lw lv sulpdulo| wkh D0SDUFK prgho wkdw lv kdug wr hvwlpdwh1 Idloxuhv riwhq rffxu

ehfdxvh wkh vhulhv ri frqglwlrqdo yduldqfh lv jlyhq d qhjdwlyh ydoxh/ ru ehfdxvh vwdwlrqdulw| frqglwlrqv rq

wkh hvwlpdwhg sdudphwhuv frxog qrw eh phw1 Wkh wzr vdpsohv wkdw suryhg wr eh prvw wurxeohvrph wr

hvwlpdwh duh wkh sulfh vhulhv iru VFD/ d Vzhglvk iruhvwu| frpsdq|/ dqg wkh vhulhv iru Xqledqn/ d Gdqlvk

edqn1

Lq doo prghov exw rqh/ wkh dv|pphwulhv zhuh hvwlpdwhg wr eh lq djuhhphqw zlwk wkh ironorulvwlf ylhz wkdw

wkh frqglwlrqdo yrodwlolw| lqfuhdvhv lq ehdu pdunhwv1 Wkxv/ wkh sdudphwhuv ri wkh prghov zhuh hvwlpdwhg

wr vxfk ydoxhv wkdw li d fhuwdlq prgho kdg ehhq wkh wuxh gdwd jhqhudwlqj surfhvv/ d qhjdwlyh fruuhodwlrq

ehwzhhq odjjhg uhvlgxdov dqg frqglwlrqdo yduldqfh zrxog uhvxow1 Wkh h{fhswlrq lv wkh YV0DUFK prgho

hvwlpdwhg iru L1p1 Vndxjhq1

Rqh ri wkh remhfwlyhv ri wklv vwxg| zdv wr lqyhvwljdwh zklfk ri wkh dv|pphwulf DUFK vshfl�fdwlrqv

+7, wr +43, prghov wkh frqglwlrqdo yduldqfh �ehvw1� Wzr vlpsolvwlf vhohfwlrq fulwhuld iru �qglqj wkh ehvw

prgho duh xvhg= wkh ydoxh ri wkh olnholkrrg ixqfwlrq/ dqg wkh ELF lqirupdwlrq fulwhuld ri Vfkzdu} ^4<:;`1

Lq dgglwlrq/ lw lv uhtxluhg wkdw wkh ehvw prgho/ vkrxog qrw shuirup zruvh wkdq wkh rwkhu prghov/ zlwk

uhjdug wr wkh vshfl�fdwlrq whvwv suhvhqwhg lq Vhfwlrq 61

Wdeoh 8 uhsruwv/ iru hdfk vhfxulw|/ wkh wrs wkuhh udqnhg prghov pd{lpl}lqj wkh olnholkrrg ixqfwlrq1

Wdeoh 9 jlyhv wkh dqdorjrxv uhvxowv iru ELF1 Qrw vxusulvlqjo|/ wkh prghov zlwk prvw sdudphwhuv/ D0

SDUFK dqg OVWJDUFK/ riwhq pd{lpl}h wkh olnholkrrg ixqfwlrq1 Krzhyhu/ lq vrph fdvhv/ wkh pruh

sduvlprqlrxv prghov JMU/ WJDUFK/ dqg JTDUFK shuirup ehwwhu1 Zkhq wkh qxpehu ri sdudphwhuv

43



lv jlyhq frqvlghudwlrq/ dv lq wkh ELF/ wkh wkuhh prghov JMU/ WJDUFK/ dqg JTDUFK/ vhhpv wr eh

vxshulru1 Erwk JMU dqg WJDUFK plqlpl}h ELF lq �yh fdvhv/ dqg JTDUFK lv udqnhg �uvw lq wzr

fdvhv1

S0ydoxhv iru wkh urexvw vljq eldv whvw/ OP
6
/ shuiruphg rq wkh :9 prghov wkdw zhuh vxffhvvixoo|

hvwlpdwhg/ duh uhsruwhg lq Wdeoh :1 Rqo| lq wzr fdvhv/ JTDUFK iru VFD E/ dqg HJDUFK iru Kdq0

ghovedqnhq D/ fdq wkh qxoo ri qr dgglwlrqdo dv|pphwu| eh uhmhfwhg/ rq �yh shufhqw vljql�fdqfh ohyho1 Lq

doo rwkhu fdvhv/ lw lv kdug wr �qg dq| hylghqfh zklfk idyruv rqh prgho ryhu wkh rwkhu1 Lw lv wkhuhiruh

frqfoxghg wkdw wkh prghov vhhp wr fdswxuh wkh vdph g|qdplfv ri khwhurvnhgdvwlflw|/ exw gr vr pruh ru

ohvv zhoo1 Krzhyhu/ wklv frqfoxvlrq vkrxog eh wdnhq zlwk d slqfk ri vdow/ vlqfh wkhuh pljkw eh dv|pphwulhv

lq wkh gdwd wkdw fdqqrw eh ghwhfwhg zlwk wkh udwkhu jhqhudo k|srwkhvlv ri wkh vljq eldv whvw1

Wkh lqyhvwljdwlrq qrz irfxvhv rq wkh vhulhv ri hvwlpdwhg qrupdol}hg uhvlgxdov/
qe%w@k4@5w

rW
w@4

1 Wdeoh ;

uhsruwv hvwlpdwhg vwdqgdugl}hg wklug prphqw/ vnhzqhvv/ ri wkh vhulhv1 Dq dvvxpswlrq wkdw wkh glvwulexwlrq

ri }w lq +5, lv v|pphwulf dsshduv wr eh dssursuldwh iru vhyhq ri wkh vhulhv/ rq �yh shufhqw vljql�fdqfh

ohyho1 Iru HDF/ Prgr E/ Runod D/ L1p1 Vndxjhq/ dqg Yroyr E/ wkh hvwlpdwhg vnhzqhvv lqglfdwhv wkdw

wkh glvwulexwlrq lv vnhzhg1 Dowhuqdwlyho|/ wklv pljkw eh dq lqglfdwlrq wkdw d gl�huhqw vshfl�fdwlrq ri wkh

frqglwlrqdo yduldqfh vkrxog eh xvhg1 Dqdorjrxvo| wr wkh uhvxowv ri wkh vljq eldv whvw/ qr prgho lv ehwwhu

wkdq wkh uhvw lq uhdfklqj d }hur vnhzqhvv1

Wkh hvwlpdwhg h{fhvv nxuwrvlvhv ri
qe%w@k4@5w

rW
w@4

/ iru wkh :9 prghov/ duh uhsruwhg lq Wdeoh <1 Wkh

k|srwkhvlv wkdw wkh frh!flhqw ri h{fhvv nxuwrvlv lv htxdo wr }hur lv uhmhfwhg iru doo prghov1 Wkxv/ lw fdq eh

frqfoxghg wkdw dq dvvxpswlrq wkdw }w lv qrupdoo| glvwulexwhg lv lqdssursuldwh1 Wkh xvh ri d glvwulexwlrq

wkdw fdq jhqhudwh odujh lqqrydwlrqv pruh riwhq lv uhfrpphqghg1 D srvvleoh fdqglgdwh lv wkh Vwxghqw0w

glvwulexwlrq1 Lw lv lqwhuhvwlqj wr qrwh rqfh djdlq wkdw doo prghov vhhp wr fdswxuh d vlplodu vwuxfwxuh iru

wkh frqglwlrqdo yduldqfh vhulhv1 Wkh h{fhvv nxuwrvlv iru d sduwlfxodu vhfxulw| lv doprvw wkh vdph dfurvv

wkh vhyhq prghov1

Edvhg rq wkh vhohfwlrq fulwhuld/ dqg rq wkh uhvxowv ri wkh vshfl�fdwlrq whvwv suhvhqwhg lq Wdeoh : wr </

wkh JMU vshfl�fdwlrq dsshduv wr kdyh pdq| dgydqwdjhrxv surshuwlhv1 Rqo| iru HDF dqg L1p1 Vndxjhq

grhv wkh prgho qrw udqn dprqj wkh wkuhh ehvw edvhg rq ELF1 Wkh prgho lv dovr uhodwlyho| hdv| wr hvwlpdwh1

Frqyhujhqfh zdv uhdfkhg iru doo wzhoyh vhfxulwlhv1 Iru wkh Runod D/ VFD E/ Vndqgld/ dqg Xqlgdqpdun D/

wkh sdudphwhu � lq wkh JMU prgho zdv hvwlpdwhg wr d qhjdwlyh ydoxh1 D yhu| odujh srvlwlyh uhvlgxdo pljkw

wkhq jlyh d qhjdwlyh frqglwlrqdo yduldqfh1 Krzhyhu/ lq wkh irxu vhulhv/ wklv grhv qrw rffxu/ lqglfdwlqj wkdw

lw pljkw rqo| eh d wkhruhwlfdo sureohp1 Lq qrqh ri wkh :9 prghov wkdw zhuh vxffhvvixoo| hvwlpdwhg glg

dq| qhjdwlyh yduldqfh rffxu1

Wkh OVWJDUFK prgho lv/ dv qrwhg lq Vhfwlrq 5/ d jhqhudol}dwlrq ri wkh JMU prgho1 Lq vl{ fdvhv/

wkh hvwlpdwh ri wkh sdudphwhu � lv vr kljk wkdw wkh wzr prghov frlqflgh1 Dv zdv wkh fdvh zlwk JMU/

wkh hvwlpdwhg sdudphwhuv iru Runod D/ VFD E/ dqg Vndqgld pljkw lq h{wuhph fdvhv jlyh ulvh wr qhjdwlyh

frqglwlrqdo yduldqfh1 Wkh OVWJDUFK lv vrphzkdw kdughu wr hvwlpdwh/ dqg iru Xqlgdqpdun D qr

frqyhujhqfh lv uhdfkhg1 Edvhg rq wkhvh uhvxowv/ lw lv frqfoxghg wkdw wkh JMU vshfl�fdwlrq lv d jrrg

dssur{lpdwlrq ri wkh OVWJDUFK prgho1

Wkh WJDUFK prgho dsshduv wr eh d jrrg frpsohphqw wr wkh JMU prgho1 Iru vl{ vhfxulwlhv/ wkh
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prgho udqnv dprqj wkh ehvw wkuhh/ erwk dffruglqj wr wkh ydoxhv rq wkh olnholkrrg ixqfwlrq dqg ELF1 Wkh

prgho*v vlpsoh vwuxfwxuh pdnhv hvwlpdwlrq hdv|1 Krzhyhu/ iru VFD E qr frqyhujhqfh lv uhdfkhg1 Iru

Runod D/ dqg Xqlgdqpdun D/ wkh sdudphwhu �. lv hvwlpdwhg wr d qhjdwlyh ydoxh1 Wklv doorzv qhjdwlyh

frqglwlrqdo yduldqfhv wr dsshdu iru odujh srvlwlyh uhwxuq uhdol}dwlrqv/ exw wklv grhv qrw rffxu iru wkh wzr

vhulhv1

Wkh uhvxowv iru wkh HJDUFK prgho duh voljkwo| glvdssrlqwlqj1 Lq �yh fdvhv/ erwk dffruglqj wr wkh

ydoxh ri wkh olnholkrrg ixqfwlrq dqg ELF/ wkh prgho udqnv dprqj wkh wrs wkuhh prghov/ exw lv dozd|v

rxwshuiruphg e| WJDUFK1 Wkh prgho lv idluo| kdug wr hvwlpdwh1 Iru VFD D/ dqg Xqlgdqpdun D/ qr

frqyhujhqfh zdv uhdfkhg1 Wkh shuvlvwhqfh sdudphwhu � lv riwhq hvwlpdwhg wr d ydoxh mxvw ehorz xqlw|1

Rqo| lq wzr fdvhv lv � hvwlpdwhg wr ydoxhv ehorz 3=<<1

Hyhq wkrxjk wkh JTDUFK+4/4, prgho lv h{wuhpho| vlpsoh lq lwv vwuxfwxuh/ lw shuirupv zhoo1 Iru DEE

D dqg Yroyr E/ wkh prgho pd{lpl}hv wkh olnholkrrg ixqfwlrq1 Lw lv dprqj wkh wrs wkuhh prghov/ dffruglqj

wr ELF/ iru irxu vhfxulwlhv1 Wkh prgho lv hdvlo| hvwlpdwhg iru doo wzhoyh vhfxulwlhv1

Wkh D0SDUFK prgho pd{lpl}hv wkh olnholkrrg ixqfwlrq iru �yh vhfxulwlhv/ dqg udqnv dprqj wkh wrs

wkuhh prghov lq irxu fdvhv/ dffruglqj wr ELF1 Wkh prgho*v yhu| jhqhudo vwuxfwxuh wkhuhiruh vhhpv wr

fdswxuh wkh g|qdplfv ri wkh frqglwlrqdo yduldqfh zhoo1 Krzhyhu/ rqh ri wkh prgho*v glvdgydqwdjhv lv

wkdw lw lv kdug wr hvwlpdwh1 Iru vxffhvvixo hvwlpdwlrq/ wkh fkrlfh ri vwduw ydoxhv lv lpsruwdqw1 Iru irxu

vhfxulwlhv frqyhujhqfh frxog qrw eh uhdfkhg1

Lq wkuhh fdvhv wkh YV0DUFK prgho udqnv dprqj wkh wrs wkuhh prghov/ erwk dffruglqj wr wkh ydoxh

ri wkh olnholkrrg ixqfwlrq dqg ELF1 Wkh prgho lv hdvlo| hvwlpdwhg dqg frqyhujhqfh lv uhdfkhg iru doo

vhfxulwlhv1 Xqiruwxqdwho|/ wkh udwkhu gl�huhqw dv|pphwu| vwuxfwxuh ri wkh prgho grhv qrw dsshdu wr eh

vxffhvvixo lq wkh vdpsoh lqyhvwljdwhg1

9 Vxppdu| dqg Frqfoxvlrq

Wklv sdshu kdv suhvhqwhg uhvxowv iurp dq hpslulfdo lqyhvwljdwlrq ri 78 htxlw| uhwxuq vhulhv/ iurp wkh

Qruglf vwrfn h{fkdqjhv lq Khovlqnl/ Vwrfnkrop/ Rvor/ dqg Frshqkdjhq1 Wkh vwxg| lqyhvwljdwhg zkhwkhu

vrph dv|pphwulf JDUFK prgho pljkw kdyh ehhq wkh gdwd jhqhudwlqj surfhvv ri wkh vhulhv1 Iru wklv/ wzr

qryho whvw surfhgxuhv wkdw duh urexvw wr qrq0qrupdolw| zhuh xvhg1 Hylghqfh ri dv|pphwu| zdv irxqg iru

wzhoyh vhfxulwlhv1 Lw zdv dovr vkrzq wkdw wkh uhvxowv ri wkh sursrvhg whvwv gl�hu iurp wkrvh ri qrq0urexvw

whvwv1 Wkxv/ iru wklv vdpsoh/ xvlqj urexvw whvwv vhhpv wr eh dgylvdeoh1

Iru wkh wzhoyh vhulhv wkdw lqglfdwhg dv|pphwulhv/ wkh vhyhq JDUFKprghov/ HJDUFK/ JMU/ WJDUFK/

D0SDUFK/ JTDUFK/ YV0DUFK/ dqg OVWJDUFK/ zhuh hvwlpdwhg 1 Wkhvh prghov doo doorz iru fruuh0

odwlrq ehwzhhq wkh frqglwlrqdo yduldqfh dqg odjjhg uhwxuqv1 Lq :9 fdvhv ri ;7 wkh prghov zhuh vxffhvvixoo|

hvwlpdwhg1 Xvlqj wkh ydoxh rq wkh olnholkrrg ixqfwlrq/ dqg wkh lqirupdwlrq fulwhuld ri Vfkzdu} ^4<:;`/

ELF/ dq dwwhpsw zdv pdgh wr lghqwli| zklfk vshfl�fdwlrqv prghohg wkh frqglwlrqdo yduldqfh ehvw1 Wkh

prghov JMU/ WJDUFK/ dqg JTDUFK zhuh irxqg wr eh vxshulru1

Wr lqyhvwljdwh zkhwkhu wkh vhyhq prghov zhuh deoh wr fdswxuh wkh dv|pphwu| suhvhqw lq wkh gdwd/

d urexvw yhuvlrq ri wkh vljq eldv whvw zdv shuiruphg 1 Rqo| lq wzr fdvhv ri :9 frxog wkh k|srwkhvlv
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ri qr dgglwlrqdo dv|pphwu| eh uhmhfwhg1 Ilqdoo|/ wkh vnhzqhvv dqg nxuwrvlv ri wkh vhulhv ri qrupdol}hg

uhvlgxdov zhuh fdofxodwhg1 Wkhvh frh!flhqwv zhuh yhu| vwdeoh dfurvv wkh prghov1 Iru vhyhq vhfxulwlhv wkh

k|srwkhvlv ri }hur vnhzqhvv frxog qrw eh uhmhfwhg1 Wkh k|srwkhvlv ri qr h{fhvv nxuwrvlv zdv uhmhfwhg iru

doo :9 prghov1 Lw lv wkhuhiruh frqfoxghg wkdw dq dvvxpswlrq wkdw wkh glvwulexwlrq ri }w lv wkh vwdqgdug

qrupdo lv prvw olnho| lqfruuhfw1

Wklv vwxg| kdv irfxvhg rq lq vdpsoh surshuwlhv iru d qxpehu ri gl�huhqw sdudphwulf JDUFK prghov1

Wklv qdwxudoo| jlyh ulvh wl wkh txhvwlrq ri krz wkhvh uhvxowv fdq eh xvhg lq d sudfwlfdo prgholqj vlwxdwlrq1

Wklv zloo ghshqg rq wkh sxusrvh ri wkh h{huflvh1 JDUFK prghov duh frpprqo| xvhg e| surihvvlrqdov lq

wkh rswlrq pdunhwv wr iruhfdvw yrodwlolw| iru vhfxulwlhv1 Li lw lv eholhyhg wkdw wkh lq vdpsoh surshuwlhv ri d

prgho uh hfw wkh iruhfdvwlqj delolw| ri wkh prgho/ wkh uhvxowv suhvhqwhg khuh duh ri pdmru lpsruwdqfh1 Iru

wkh sudfwlwlrqhu/ lw vkrxog eh frpiruwlqj wr qrwh wkdw wkh prgholqj shuirupdqfh ri wkh uhodwlyho| vlpsoh

prghov/ JMU/ WJDUFK/ dqg JTDUFK duh dw ohdvw dv jrrg dv wkdw ri wkh pruh frpsolfdwhg prghov1

Wkhvh prghov duh hdvlhu wr hvwlpdwh/ dqg pxfk hdvlhu wr xvh iru iruhfdvwlqj1 Krzhyhu/ wkh uhdghu pxvw eh

zduqhg qrw wr htxdwh lq vdpsoh surshuwlhv zlwk iruhfdvwlqj delolw|1 Wklv vxemhfw fdoov iru ixuwkhu uhvhdufk1

Lq pdq| rwkhu vlwxdwlrqv zkhuh JDUFK prghov duh xvhg/ wkh phdq vshfl�fdwlrq lv pruh frpsoh{ wkdq

wkh rqh xvhg khuh1 Iru hfrqrphwulfldqv zrunlqj zlwk vxfk prghov/ lw lv krshg wkdw wkh phwkrgrorjlfdo

sduw ri wklv sdshu lv ri lqwhuhvw1 Wkh xvh ri wkh sursrvhg whvwv iru dv|pphwu| lv qrw olplwhg wr wkh

vlpsoh prgho vwuxfwxuh frqvlghuhg khuh1 Krzhyhu/ lq wklv uhvshfw/ ixuwkhu uhvhdufk lqwr wkh vpdoo vdpsoh

surshuwlhv ri wkh vwdwlvwlfv lv qhhghg1
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51 Uhjuhvv 4 rq # e%5
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Wkh vwdwlvwlf lv htxdo wr W � U5

x
@ W � UVV/ iurp wklv odvw uhjuhvvlrq/ zklfk lv htxlydohqw wr wkh

vwdwlvwlf OP4
suhvhqwhg lq Vhfwlrq 61 Wkh vwdwlvwlf frqyhujhv lq glvwulexwlrq wr d "5 yduldeoh zlwk

rqh ghjuhh ri iuhhgrp1
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Wdeoh 41 Vxppdu| gdwd iru wkh lqyhvwljdwhg vhulhv

Wklv wdeoh olvwv wkh 78 Qruglf vwrfnv lqyhvwljdwhg1 Wkh froxpq odehohg �� lq (�/ uhsruwv |hduo| |lhog iru wkh

vhfxulw| gxulqj wkh lqyhvwljdwhg shulrg ri �yh |hduv1 Wkh froxpq odehohg �� lq (�/ uhsruwv wkh hvwlpdwhg frqvwdqw

vwdqgdug ghyldwlrq lq uhwxuq/ rq d |hduo| edvlv1 Wkh shulrg lqyhvwljdwhg lv Mxo| 4/ 4<<4 wr Mxo| 4/ 4<<91

Vhfxulw| H{fkdqjh Lqgxvwu| > lq ( j lq (
DEE D VH Hqjlqhhulqj �2�b �b�H
Dnhu E QR Hqjlqhhulqj D�f Df�D
Dvwud D VH Skdupdfhxwlfdov 2e�H 2e�D
Dwodv Frsfr D VH Hqjlqhhulqj �b�2 2D�S
Ehujhvhq g1|1 E QR Vklsslqj 3��H �f�D
Fduovehuj E GN Irrg dqg ehyhudjh ��� 2f�2
Fxowru 5 IL Irrg dqg ehyhudjh ef�2 ee��
Gdqlvfr GN Irrg dqg ehyhudjh H�. �b�D
Ghq Gdqvnh Edqn GN Ilqdqfldo 2�D 2���
G2V 4<45 E GN Vklsslqj D�2 2���
G2V Vyhqgeruj E GN Vklsslqj D�S 2f�2
HDF GN Vklsslqj 3.�H �D�e
Hohfwurox{ E VH Krxvhkrog gxudeohv e�2 2H�H
Hqvr U IL Iruhvwu| 2��f ����
IOV Lqgxvwulhv E GN Hqjlqhhulqj 32�f 2D��
Qruvn K|gur QR Rlo dqg fkhplfdo ���� 2D�2
Lqyhvwru E VH Lqyhvwphqw frpsdq| �f�� ���S
LVV E GN Vhuylfh f�� 2b��
M|vnh Edqn GN Ilqdqfldo f�. �H��
Nydhuqhu E QR Hqjlqhhulqj ��e 2b�b
OP Hulfvvrq E VH Whohfrppxqlfdwlrq 2��b �S�e
Prgr E VH Iruhvwu| D�S e��b
Qrnld IL Whohfrppxqlfdwlrq S��2 ef�f
Qryr Qruglvn E GN Skdupdfhxwlfdov �2�f �D�f
Qruvnh Vnrj E QR Iruhvwu| ��S e��e
Runod D QR Irrg dqg ehyhudjh �e�f 2b�.
Rxwrnrpsx D IL Phwdo dqg plqlqj ���� �S�.
Srkmrod E IL Lqvxudqfh H�S e.�b
Vdjd E QR Rlo dqg fkhplfdo 3D�D ���D
Vdqgyln E VH Hqjlqhhulqj �S�S 2e�.
VDV Gdqpdun GN Wudqvsruwdwlrq �.�S �.�b
VFD E VH Iruhvwu| ��S �f��
Vndqgld VH Lqvxudqfh f�b �S�.
V0H Edqnhq D VH Ilqdqfldo ��. �D�f
Kdqghovedqnhq D VH Ilqdqfldo H�e e.��
Vndqvnd E VH Frqvwuxfwlrq e�� �H�D
L1p1 Vndxjhq QR Vklsslqj 3�.�b Sb�.
VNI E VH Hqjlqhhulqj .�e �f�e
Vrskxv Ehuhqgvhq E GN Vhuylfh 2��. �S�D
Vwrud D VH Iruhvwu| 2�� ����
Wrsgdqpdun GN Lqvxudqfh 3b�D 2e�2
Wuhooheruj E VH Phwdo dqg plqlqj 3S�. ee�2
Xqlgdqpdun D GN Ilqdqfldo 3��� 2.��
XSP N|pphqh IL Iruhvwu| �D�D �D��
Yroyr E VH Dxwrprwlyh �H�� �f��
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Wdeoh 51 Uhvxowv iurp whvwv ri dxwrfruuhodwlrq

Wklv wdeoh uhsruwv uhvxowv iurp whvwv shuiruphg wr vshfli| wkh frqglwlrqdo phdq htxdwlrq1 Froxpq wzr jlyhv

s0ydoxhv iru Ulfkdugvrq dqg Vplwk*v ^4<<7` whvw iru dxwrfruuhodwlrq/ +44,/ fdofxodwhg rq ghphdqhg uhwxuqv1 Froxpq

wkuhh uhsruwv s0ydoxhv iru wkh vdph vwdwlvwlf/ exw fdofxodwhg rq hvwlpdwhg uhvlgxdov iurp dq DU+4, prgho1 Erwk

vwdwlvwlfv duh fdofxodwhg rq hljkw dxwrfruuhodwlrqv/ l1h1 lq irupxod +44, n lv htxdo wr hljkw1

Vhfxulw| -7EH� rq o| +s0ydoxh, -7EH� rq e0| iurp DU+4, +s0ydoxh,
DEE D 3143: 0
Dnhu E 31638 0
Dvwud D 31834 0
Dwodv Frsfr D 3148: 0
Ehujhvhq g1|1 E 31795 0
Fduovehuj E 3146: 0
Fxowru 5 31943 0
Gdqlvfr 31338 31653
Ghq Gdqvnh Edqn 31345 3174<
G2V 4<45 E 3174: 0
G2V Vyhqgeruj E 31:85 0
HDF 313:8 0
Hohfwurox{ E 31336 31975
Hqvr U 31;3: 0
IOV Lqgxvwulhv E 31364 31:<:
Qruvn K|gur 31687 0
Lqyhvwru E 31775 0
LVV E 3136< 31;36
M|vnh Edqn 3134; 31:6<
Nydhuqhu E 31583 0
OP Hulfvvrq E 3193< 0
Prgr E 31;95 0
Qrnld 31666 0
Qryr Qruglvn E 31338 319:7
Qruvnh Vnrj E 31;:3 0
Runod D 31788 0
Rxwrnrpsx D 31<;4 0
Srkmrod E 31678 0
Vdjd E 319:: 0
Vdqgyln E 31479 0
VDV Gdqpdun 31395 0
VFD E 3184< 0
Vndqgld 31547 0
V0H Edqnhq D 31;5: 0
Kdqghovedqnhq D 31694 0
Vndqvnd E 31767 0
L1p1 Vndxjhq 31374 31698
VNI E 31364 31:3:
Vrskxv Ehuhqgvhq E 3137: 31;59
Vwrud D 3137: 31<74
Wrsgdqpdun 31764 0
Wuhooheruj E 3178: 0
Xqlgdqpdun D 31334 3193:
XSP N|pphqh 319;; 0
Yroyr E 31539 0
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Wdeoh 61 Uhvxowv iurp whvwv ri DUFK+t,

Wklv wdeoh uhsruwv uhvxowv iurp whvwv shuiruphg wr vshfli| wkh frqglwlrqdo yduldqfh htxdwlrq1 Froxpq wzr

uhsruwv s0ydoxhv iru Zrrogulgjh*v ^4<<3` whvw iru qr DUFK+;,/ +46,1 Froxpq wkuhh jlyhv s0ydoxhv iru Hqjoh*v

^4<;5` whvw ri qr DUFK/ fdofxodwhg rq hljkw vtxduhg uhvlgxdov1 Froxpq irxu uhsruwv wkh frh!flhqw ri h{fhvv

nxuwrvlv fdofxodwhg rq hvwlpdwhg uhvlgxdov1 Froxpq �yh uhsruwv �uvw0rughu dxwrfruuhodwlrq lq vtxduhg hvwlpdwhg

uhvlgxdov1

Vhfxulw| qr �-�MEH� +s0ydoxh, qrq0urexvw VEe0� e4Ee02| ce02|3��
DEE D 31334 31333 815 313;<
Dnhu E 3138: 31333 91< 31469
Dvwud D 3137< 31334 41; 31455
Dwodv Frsfr D 31785 31333 71: 3153<
Ehujhvhq g1|1 E 31334 31333 61: 31434
Fduovehuj E 3156: 31333 615 31483
Fxowru 5 31835 3138< 661: 31334
Gdqlvfr 31335 31333 71: 31495
Ghq Gdqvnh Edqn 31333 31333 618 3143;
G2V 4<45 E 31345 31333 613 3148;
G2V Vyhqgeruj E 31493 31333 717 31458
HDF 31333 31333 :19 315:;
Hohfwurox{ E 31333 31333 51; 31535
Hqvr U 31639 313:3 717 3137;
IOV Lqgxvwulhv E 31344 31387 :15 313;:
Qruvn K|gur 31335 31333 919 31533
Lqyhvwru E 31357 31333 471: 314;;
LVV E 31535 31333 841; 3135;
M|vnh Edqn 317;; 313<3 8314 31435
Nydhuqhu E 31364 31333 :15 31449
OP Hulfvvrq E 31347 31333 61: 3147<
Prgr E 31373 31333 4617 315;4
Qrnld 31358 31333 :18 31433
Qryr Qruglvn E 31359 31334 61: 31443
Qruvnh Vnrj E 31393 31333 4316 31457
Runod D 3136< 31333 ;18 31448
Rxwrnrpsx D 31788 31333 6;1< 31483
Srkmrod E 31335 31333 :14 31489
Vdjd E 313:6 31333 <17 31486
Vdqgyln E 31336 31333 613 314<3
VDV Gdqpdun 31367 31333 ;13 314:5
VFD E 31367 31333 :1; 314;5
Vndqgld 31364 31333 81: 31686
V0H Edqnhq D 31337 31333 4;1< 3167:
Kdqghovedqnhq D 31333 31333 4517 31698
Vndqvnd E 31339 31333 4714 313;4
L1p1 Vndxjhq 31333 31333 ;17 314;9
VNI E 31335 31333 518 31499
Vrskxv Ehuhqgvhq E 313:5 313<7 714 313;;
Vwrud D 31343 31333 913 314<6
Wrsgdqpdun 31489 31333 <15 315<7
Wuhooheruj E 31343 31333 814 314;8
Xqlgdqpdun D 31333 31333 51< 31465
XSP N|pphqh 31333 31333 516 31476
Yroyr E 31333 31333 817 31535
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Wdeoh 71 Uhvxowv iurp whvwv ri qr dv|pphwulf JDUFK

Wklv wdeoh uhsruwv uhvxowv iurp whvwv shuiruphg wr vshfli| wkh frqglwlrqdo yduldqfh htxdwlrq1 Lq froxpq wzr/

s0ydoxhv iru wkh urexvw whvw ri JDUFK+4/4, djdlqvw JTDUFK+4/4,/ duh uhsruwhg1 Froxpq wkuhh jlyhv wkh s0ydoxhv

iru wkh qrq0urexvw yhuvlrq ri wkh vdph whvw/ dv irupxodwhg lq Kdjhuxg ^4<<:`1 Lq froxpq irxu/ s0ydoxhv iru wkh

urexvw whvw ri JDUFK+4/4, djdlqvw OVWJDUFK+4/4,/ duh suhvhqwhg1 Froxpq �yh uhsruwv wkh s0ydoxhv iru wkh

qrq0urexvw yhuvlrq ri wkh vdph whvw/ dv irupxodwhg lq Kdjhuxg ^4<<:`1

Vhfxulw| OP4 qrq0urexvw OP5 qrq0urexvw
DEE D 31334 3133< 314<< 3145<
Dvwud D 3139; 31386 31394 314:3
Ehujhvhq g1|1 E 31477 3174< 3188; 316<:
Gdqlvfr 31568 3134; 31;:8 316;8
Ghq Gdqvnh Edqn 3177: 316:6 31838 31<66
G2V 4<45 E 31434 31453 3143< 315:7
HDF 31376 315;3 3135< 31646
Hohfwurox{ E 31535 31565 31456 314<:
IOV Lqgxvwulhv E 3196; 31:8: 31;96 31;;5
Qruvn K|gur 31548 31747 31745 31574
Lqyhvwru E 31396 31:73 314;; 31:86
Nydhuqhu E 318:5 31:;8 31:;3 31964
OP Hulfvvrq E 3139< 31337 31:7; 316::
Prgr E 31347 31399 313<5 31338
Qrnld 31<;9 317<8 3163: 315:8
Qryr Qruglvn E 31<93 31<6: 3193; 31:<8
Runod D 31333 31343 31:;7 314;4
Srkmrod E 31783 31433 31937 314:9
Vdqgyln E 31878 31;;: 31584 3153:
VDV Gdqpdun 31<3: 31<37 31<95 31<88
VFD E 31676 31464 31377 31379
Vndqgld 31334 31333 3134: 31333
V0H Edqnhq D 31;;7 31656 31::< 31935
Kdqghovedqnhq D 31365 31335 31473 31366
Vndqvnd E 31387 3143< 31546 31384
L1p1 Vndxjhq 31379 317<8 31::< 31885
VNI E 31373 31496 31:39 31733
Vwrud D 317:8 31769 3138; 31448
Wuhooheruj E 31334 31333 313:7 31338
Xqlgdqpdun D 31363 3135< 313;: 31357
XSP N|pphqh 31;85 31;68 31758 319;4
Yroyr E 31375 31355 31684 31758
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Wdeoh 81 Dv|pphwulf prghov udqnhg dffruglqj wr ydoxh rq wkh olnholkrrg ixqfwlrq

Uhvxowv iurp txdvl0pd{lpxp olnholkrrg hvwlpdwlrq ri wkh HJDUFK/ JMU/ WJDUFK/ D0SDUFK/ JTDUFK/

YV0DUFK/ dqg OVWJDUFK prghov1 Wkh wdeoh uhsruwv wkh wkuhh prghov wkdw jdyh wkh kljkhvw ydoxh rq wkh

olnholkrrg ixqfwlrq/ iru hdfk vhfxulw|1 Wkh froxpq odehoohg *& 4* uhsruwv wkh kljkhvw ydoxh/ wkh iroorzlqj froxpq

wkh vhfrqg kljkhvw/ dqg wkh odvw froxpq wkh wklug kljkhvw ydoxh rq wkh olnholkrrg ixqfwlrq1 Lq wkrvh fdvhv zkhuh

wkh JMU prgho jdyh wkh vdph ydoxh dv wkh OVWJDUFK prgho/ wkh JMU prgho lv udqnhg ehiruh wkh OVWJDUFK

prgho1

Vhfxulw| & 4 & 5 & 6
DEE D JTDUFK OVWJDUFK D0SDUFK
HDF D0SDUFK WJDUFK HJDUFK
Prgr E OVWJDUFK D0SDUFK JMU
Runod D WJDUFK HJDUFK JMU
VFD E OVWJDUFK JMU YV0DUFK
Vndqgld JMU OVWJDUFK WJDUFK
Kdqghovedqnhq D D0SDUFK JMU OVWJDUFK
L1p1 Vndxjhq D0SDUFK WJDUFK HJDUFK
VNI E D0SDUFK WJDUFK HJDUFK
Wuhooheruj E D0SDUFK WJDUFK HJDUFK
Xqlgdqpdun D JMU YV0DUFK WJDUFK
Yroyr E JTDUFK D0SDUFK YV0DUFK

Wdeoh 91 Dv|pphwulf prghov udqnhg dffruglqj wr ydoxh rq ELF

Uhvxowv iurp txdvl0pd{lpxp olnholkrrg hvwlpdwlrq ri wkh HJDUFK/ JMU/ WJDUFK/ D0SDUFK/ JTDUFK/

YV0DUFK/ dqg OVWJDUFK prghov1 Wkh wdeoh uhsruwv wkh wkuhh prghov wkdw jdyh wkh orzhvw ydoxh rq Vfkzdu}

^4<:;` lqirupdwlrq fulwhuld/ ELF/ iru hdfk vhfxulw|1 Wkh froxpq odehoohg *& 4* uhsruwv wkh orzhvw ydoxh/ wkh iroorzlqj

froxpq wkh vhfrqg orzhvw/ dqg wkh odvw froxpq wkh wklug orzhvw ydoxh rq ELF1

Vhfxulw| & 4 & 5 & 6
DEE D JTDUFK JMU OVWJDUFK
HDF WJDUFK HJDUFK D0SDUFK
Prgr E JMU OVWJDUFK D0SDUFK
Runod D WJDUFK HJDUFK JMU
VFD E JMU OVWJDUFK YV0DUFK
Vndqgld JMU WJDUFK JTDUFK
Kdqghovedqnhq D JMU JTDUFK D0SDUFK
L1p1 Vndxjhq WJDUFK HJDUFK D0SDUFK
VNI E WJDUFK HJDUFK JMU
Wuhooheruj E WJDUFK HJDUFK JMU
Xqlgdqpdun D JMU YV0DUFK WJDUFK
Yroyr E JTDUFK YV0DUFK JMU
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Wdeoh :1 Whvw iru kljkhu rughu dv|pphwulf h�hfwv

Uhvxowv iurp wkh urexvw vljq eldv whvw OP61 Wkh qxoo k|srwkhvlv lv wkh hvwlpdwhg dv|pphwulf prgho/ dqg wkh

dowhuqdwlyh lv wkh dv|pphwulf prgho dxjphqwhg e| wkh whup � � V�
w�4

= Wkh wdeoh uhsruwv s0ydoxhv1

Prgho
Vhfxulw| HJDUFK JMU WJDUFK D0SDUFK JTDUFK YV0DUFK OVWJDUFK
DEE D 313846 315<;; 3145<4 315<76 31:836 316:<9 315<75
HDF 31;895 3198<: 318435 316;6: 318<:; 31:375 3176;3
Prgr E 31:59< 313<68 314;47 317;73 3165<4 313:;< 317588
Runod D 3166:; 31398; 316<5; Idloxuh 316;:5 3179:4 31398;
VFD E Idloxuh 31<98: Idloxuh Idloxuh 3133<: 31:589 31<8:3
Vndqgld 313999 317895 315:3: Idloxuh 31<8;5 318;74 317893
Kdqg1 D 3137<: 31;<:: 315675 31<:;: 3145:9 317479 31;::;
L1p1 Vnd1 319:44 31<539 319948 319334 31<856 31<3<3 31<843
VNI E 31<657 31<6;< 31;638 31;3<8 318:;4 3173:9 31<;<:
Wuhoo1 E 319<33 31;396 318453 319<9: 316997 31;47< 31:<;:
Xqlg1 D Idloxuh 315773 319996 Idloxuh 315;;7 315889 Idloxuh
Yroyr E 3167:3 315:<9 3165<< 315<9; 31<:;7 318676 315:<6

Wdeoh ;1 Vnhzqhvv iru wkh vhulhv ri qrupdol}hg uhvlgxdov

Wkh wdeoh uhsruwv wkh hvwlpdwhg vwdqgdugl}hg wklug prphqw +vnhzqhvv, iru wkh vhulhv ri qrupdol}hg uhvlgxdov/e%w@kw1 Wkh fulwlfdo ydoxh rq �yh shufhqw vljql�fdqfh ohyho/ iru wkh whvw ri }hur vnhzqhvv djdlqvw qrq0}hur vnhzqhvv

lv dssur{lpdwho|/ 	3=471 Iru xqghuolqhg �jxuhv/ wkh qxoo ri }hur vnhzqhvv lv uhmhfwhg rq �yh shufhqw vljql�fdqfh

ohyho1

Prgho
Vhfxulw| HJDUFK JMU WJDUFK D0SDUFK JTDUFK YV0DUFK OVWJDUFK
DEE D 0314566 03139<; 0314535 03139<< 031397< 0313<47 03139<;
HDF 031936< 031:587 0318<54 0319346 031:3:3 031:6<6 031:7<:

Prgr E 314864 315437 3147;5 315475 31499< 3149:3 315539
Runod D 0316<47 0317373 0316;3: Idloxuh 03174;7 0317;39 0317373
VFD E Idloxuh 3139;; Idloxuh Idloxuh 313753 314;58 3139;8
Vndqgld 313::3 313795 313::9 Idloxuh 313;5: 313958 313795
Kdqg1 D 3134<8 313:<7 31343< 313;:8 313<7< 313938 313:<7
L1p1 Vnd1 031;3;7 031:67; 031;358 031:<;4 031:7<8 0318;<5 031:67;
VNI E 3136:: 3135;8 3135<6 313584 313697 3136:3 3136:9
Wuhoo1 E 03133:: 0313758 313347 313356 031373; 0313946 0313757
Xqlg1 D Idloxuh 03135<4 0313993 Idloxuh 03145<: 3138:9 Idloxuh
Yroyr E 315989 315;4< 315989 315;67 315:35 3159<6 3158<9
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Wdeoh <1 H{fhvv nxuwrvlv iru wkh vhulhv ri qrupdol}hg uhvlgxdov

Wkh wdeoh uhsruwv wkh hvwlpdwhg vwdqgdugl}hg irxuwk prphqw plqxv wkuhh +frh!flhqw ri h{fhvv nxuwrvlv,/ iru

wkh vhulhv ri qrupdol}hg uhvlgxdov/ e%w@kw1 Wkh fulwlfdo ydoxh rq �yh shufhqw vljql�fdqfh ohyho/ iru wkh whvw ri }hur

h{fhvv nxuwrvlv djdlqvw qrq0}hur h{fhvv nxuwrvlv lv dssur{lpdwho|/ 	3=5:1 Wkh qxoo fdq wkhuhiruh eh uhmhfwhg iru

doo vhulhv/ dqg iru doo prghov1

Prgho
Vhfxulw| HJDUFK JMU WJDUFK D0SDUFK JTDUFK YV0DUFK OVWJDUFK
DEE D 518;36 5169<8 519448 5169<5 516:6: 5185<4 5169<6
HDF :16:73 <17957 :13938 :15588 <16685 <1:397 <1:865
Prgr E 516474 5133:6 51679: 41<;;; 51787; 517385 41:396
Runod D 815477 817786 815464 Idloxuh 819<<6 9155;7 817786
VFD E Idloxuh 41:5<6 Idloxuh Idloxuh 513;83 51588< 41:5;:
Vndqgld 418967 419775 41869; Idloxuh 417:8: 41:934 419775
Kdqg1 D 613:59 614834 6138:5 614845 613<<; 616947 614834
L1p1 Vnd1 :1;;78 :169<7 :1;5<6 :1:;56 :177<8 9174<: :169<6
VNI E 31:7:4 31:9;4 31::94 31:<3< 31::85 31:85: 31:793
Wuhoo1 E 417<4; 41953< 4177<: 4177;6 419;45 41;367 419535
Xqlg1 D Idloxuh 419335 41<:45 Idloxuh 517368 419:54 Idloxuh
Yroyr E 41978< 4183;9 41973; 418698 4183;6 417:3: 4183;:
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