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Devwudfw

Lq wklv sdshu L suhvhqw wzr qhz Odjudqjh pxowlsolhu whvw vwdwlvwlfv ghvljqhg iru whvwlqj wkh qxoo

ri JDUFK+4/4,/ djdlqvw wkh dowhuqdwlyh ri dv|pphwulf JDUFK1 Iru rqh whvw wkh dowhuqdwlyh lv wkh

jhqhudol}hg TDUFK+4/4, prgho ri Vhqwdqd ^4<<8`/ dqg iru wkh rwkhu wkh dowhuqdwlyh lv wkh orjlvwlf

vprrwk wudqvlwlrq JDUFK+4/4, prgho ri Kdjhuxg ^4<<9`/ dqg Jrq}äoh}0Ulyhud ^4<<9`1 Lq wkh vwxg|

L suhvhqw vpdoo vdpsoh surshuwlhv iru wkh wzr vwdwlvwlfv1 Wkh hpslulfdo vl}h lv vkrz wr eh htxdo wr wkh

wkhruhwlfdo iru uhdvrqdeoh vdpsoh vl}hv1 Ixuwkhupruh/ L vkrz wkdw wkh srzhu ri erwk whvwv lv vxshulru

wr wkdw ri wkh dv|pphwu| whvwv sursrvhg e| Hqjoh dqg Qj ^4<<6`1 Wklv lv wuxh hyhq li wkh wuxh gdwd

jhqhudwlqj surfhvv lv qrw wkh JTDUFK ru OVWJDUFK prgho/ exw dq| ri wkh prghov/ HJDUFK/

JMU/ WJDUFK/ D0SDUFK/ dqg YV0DUFK1 Wkxv/ wkh wzr whvwv duh lq idfw whvwv iru jhqhudo JDUFK

dv|pphwu|1

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 Plfkdho Dqghuvvrq/ Pdjqxv Gdkotxlvw/ 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

Wr hvwlpdwh wkh xqnqrzq sdudphwhuv ri d prgho lq wkh DUFK2JDUFK fodvv/ lwhudwlyh qxphulfdo phwk0

rgv duh yhu| riwhq uhtxluhg1 Wkhvh surfhgxuhv duh wlph frqvxplqj1 Ixuwkhupruh/ li wkh prgho lq txhvwlrq

h{sodlqv wkh gdwd edgo|/ wkh hvwlpdwlrq pljkw qrw frqyhujh1 Wkhuhiruh/ lw lv hvvhqwldo wr kdyh uholdeoh vshf0

l�fdwlrq whvwv1 Wkhvh whvwv jlyh wkh hfrqrphwulfldq lqglfdwlrqv ri zklfk prghov fdq eh wkh gdwd jhqhudwlqj

surfhvv ri d wlph vhulhv1 Wklv sdshu suhvhqwv wzr Odjudqjh pxowlsolhu whvwv ghvljqhg wr ghwhfw kljkhu rughu

JDUFK h�hfwv1 Iru erwk whvwv/ wkh qxoo k|srwkhvlv lv wkh JDUFK prgho sursrvhg e| Eroohuvohy ^4<;9`1

Lq wkh �uvw whvw/ wkh dowhuqdwlyh k|srwkhvlv lv wkh jhqhudol}hg txdgudwlf DUFK +JTDUFK, prgho ri Vhq0

wdqd ^4<<8`/ dqg lq wkh vhfrqg whvw/ wkh dowhudwlyh lv wkh orjlvwlf vprrwk wudqvlwlrq JDUFK +OVWJDUFK,

prgho suhvhqwhg e| Kdjhuxg ^4<<9`/ dqg Jrq}äoh}0Ulyhud ^4<<9`1 Wkh prghov duh rqo| frqvlghuhg lq wkhlu

prvw vlpsoh vwuxfwxuh/ zkhq wkh odj ohqjwkv duh htxdo wr rqh/ exw whvwv iru pruh frpsoh{ prghov fdq

hdvlo| eh ghulyhg/ xvlqj d vlplodu phwkrg1

Lq erwk wkh JTDUFK dqg OVWJDUFK prgho/ wkh frqglwlrqdo yduldqfh lv dv|pphwulf lq wkh vljq ri

odjjhg lqqrydwlrqv1 Wkxv/ wkhuh lv d fruuhodwlrq ehwzhhq fxuuhqw frqglwlrqdo yduldqfh dqg odjjhg uhwxuqv1

D qxpehu ri rwkhu vxfk dv|pphwulf prghov kdyh ehhq sursrvhg lq wkh olwhudwxuh1 Wkh prvw frpprq

ri wkhvh duh= wkh HJDUFK prghov ri Qhovrq ^4<<4`/ dqg wkh JMU prgho ri Jorvwhq/ Mdjdqqdwkdq/ dqg

Uxqnoh ^4<<6`1

Lq wklv sdshu/ uhvxowv duh suhvhqwhg iurp Prqwh Fduor vlpxodwlrqv shuiruphg wr lqyhvwljdwh wkh vpdoo

vdpsoh surshuwlhv ri wkh wzr vwdwlvwlfv1 Wkh hpslulfdo vl}h lv vkrzq wr frlqflgh zlwk wkh wkhruhwlfdo1

Zkhq wkh srzhu ri wkh whvwv lv h{dplqhg/ lw lv ghwhuplqhg zkhwkhu wkh whvwv fdq eh xvhg wr whvw iru wkh

h{lvwhqfh ri dv|pphwu| ri irupv rwkhu wkdq wkrvh vshfl�hg lq wkh JTDUFK dqg OVWJDUFK prghov1 Li

wkdw lv wkh fdvh/ wklv zloo lqglfdwh wkdw wkh whvwv fdqqrw glvwlqjxlvk ehwzhhq gl�huhqw irupv ri dv|pphwu|1

Wklv lv qdwxudoo| d zhdnqhvv ri wkh whvwv1 Krzhyhu/ lw pljkw dovr eh dq dgydqwdjh1 Li d whvw fdq ghwhfw

rwkhu irupv ri dv|pphwu|/ rqh whvw fdq lqglfdwh/ li wkh qxoo fdqqrw eh uhmhfwhg/ wkdw d odujh qxpehu ri

DUFK prghov fdq eh h{foxghg dv wkh gdwd jhqhudwlqj whvw surfhvv ri d wlph vhulhv1 Wkh rwkhu dv|pphwulf

prghov frqvlghuhg lq wklv h{shulphqw duh= HJDUFK/ JMU/ WJDUFK/ D0SDUFK/ dqg YV0DUFK1 Lw lv

vkrzq wkdw erwk whvwv fdq eh xvhg wr ghwhfw dv|pphwulhv jhqhudwhg e| wkhvh �yh prghov1

Iru sodxvleoh sdudphwhu ydoxhv rq wkh gdwd jhqhudwlqj surfhvv/ wkh hpslulfdo srzhu ri wkh whvwv lv

dozd|v ehorz 433 shufhqw1 Wkhuhiruh/ wkh uhodwlyh srzhu ri wkh whvwv lv frpsduhg wr irxu rwkhu dv|pphwu|

whvwv sursrvhg e| Hqjoh dqg Qj ^4<<6`1 Wkh surfhgxuhv ri Hqjoh dqg Qj duh wkh prvw frpprqo| xvhg

whvwv lq wkh olwhudwxuh1 Wkh vlpxodwlrqv vkrz wkdw wkh srzhu surshuwlhv ri wkh wzr whvwv khuh duh vxshulru

wr wkdw ri Hqjoh dqg Qj*v whvwv1 Wkh pdmru frqwulexwlrq ri wklv sdshu/ wkhuhiruh/ lv wkh suhvhqwdwlrq ri

wzr whvwv iru jhqhudo dv|pphwu|/ zlwk vxshulru srzhu surshuwlhv1

Wklv duwlfoh lv rujdql}hg dv iroorzv1 Wkh qh{w vhfwlrq ghvfulehv wkh dv|pphwulf DUFK prghov wkdw

zloo eh frqvlghuhg lq wkh Prqwh Fduor h{shulphqw1 Vhfwlrq 6 vxuyh|v suhylrxv olwhudwxuh rq vshfl�fdwlrq

whvwv lq wkh DUFK hqylurqphqw1 Vhfwlrq 7 frqwdlqv d suhvhqwdwlrq ri wkh vshfl�fdwlrq whvwv1 Uhvxowv iurp

wkh Prqwh Fduor h{shulphqw duh jlyhq lq Vhfwlrq 81 Ilqdoo|/ Vhfwlrq 9 frqfoxghv wkh sdshu1
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5 Dv|pphwulf JDUFK Prghov

Wklv vhfwlrq suhvhqwv wkh JTDUFK dqg wkh OVWJDUFK prghov/ dv zhoo dv wkh �yh rwkhu dv|pphwulf

JDUFK prghov wkdw zloo eh frqvlghuhg lq wkh Prqwh Fduor h{shulphqw14 Lq doo wkh prghov suhvhqwhg/

dqg dovr iru wkh uhpdlqghu ri wklv duwlfoh/ lw lv dvvxphg wkdw wkh uhwxuq rq dq dvvhw/ uw/ lv jhqhudwhg e|

uw @ %w> +4,

zkhuh %w ghqrwhv d glvfuhwh0wlph vwrfkdvwlf surfhvv zlwk wkh irup

%w @ }wk
4@5

w
> +5,

zkhuh }w �qlg+3/4,/ dqg kw zloo eh wkh frqglwlrqdo yduldqfh dw wlph w1

514 JTDUFK

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> +6,

zkhuh �/ �/ �/ dqg � duh frqvwdqw sdudphwhuv1 Srvlwlylw| ri wkh yduldqfh lv dfklhyhg li �/ � � 3/ dqg

� ? 7��1 Wkh prgho lv fryduldqfh vwdwlrqdu| li �. � ? 41 Dv|pphwu| lv lqwurgxfhg zlwk wkh sdudphwhu

�1

515 OVWJDUFK

Wkh orjlvwlf vprrwk wudqvlwlrq JDUFK prgho lv sursrvhg e| Kdjhuxg ^4<<9`/ dqg Jrq}äoh}0Ulyhud ^4<<9`1

Lq wkh OVWJDUFK+4/4, prgho/ wkh frqglwlrqdo yduldqfh lv dvvxphg wr eh jhqhudwhg e|

kw @ � . ^�4 . �5I +%w�4,` %
5

w�4
. �kw�4> +7,

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

I +%w�4, @ +4 . h{s ^��%w�4`,�4 � 4

5
> � A 3= +8,

Iru srvlwlyh frqglwlrqdo yduldqfh lq wkh OVWJDUFK prgho/ lw lv uhtxluhg wkdw

� A 3>

�4 � 3 >

�
l

� 3 >

�4 � 4

5
m�5m =

4
Wkh HJDUFK/ JMU dqg D0SDUFK prghov suhvhqwhg ehorz/ duh pruh wkrurxjko| vxuyh|hg e| Khqwvfkho ^4<<9`1 Edvhg

rq klv Dv|pphwulf Devroxwh Ydoxh DUFK prgho/ Khqwvfkho ghyhorsv d jhqhudo JDUFK prgho/ zklfk qhvwv d odujh qxpehu

DUFK prghov1 Erwk v|pphwulf dqg dv|pphwulf prghov duh qhvwhg/ exw qrw TDUFK dqg YV0DUFK1
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Iru vwdwlrqdulw| ri wkh uhwxuq surfhvv lw lv uhtxluhg

^�4 � 4

5
m�5m.pd{+�5> 3,` . � ? 4=

Iru wkh vprrwk wudqvlwlrq JDUFK surfhvv wr eh gh�qhg/ lw lv uhtxluhg wkdw dw ohdvw rqh �l A 3/ l @ 4/ 51

Lq wkh OVWJDUFK+4/4, prgho/ wkh ohyho ri dv|pphwu| lv frqwuroohg e| wkh sdudphwhuv �5 dqg �1

516 HJDUFK

Wkh vhplqdo zrun lq wkh duhd ri dv|pphwulf DUFK lv wkh h{srqhqwldo JDUFK prgho ri Qhovrq ^4<<4`1

Lq wkh HJDUFK+4/4, prgho/ wkh qdwxudo orjdulwkp ri wkh frqglwlrqdo yduldqfh iroorzv wkh surfhvv

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

s
5@�

l
> +9,

zkhuh �/ �/ �/ dqg * duh frqvwdqw sdudphwhuv/ dqg }w lv gh�qhg dv lq +5,1 Iru wkh surfhvv %w wr eh

vwdwlrqdu|/ lw lv vx!flhqw wkdw � ? 41 Qhovrq jlyhv wkuhh prwlydwlrqv iru klv prgho frpsduhg wr wkh

vwdqgdug JDUFK prgho ri Eroohuvohy ^4<;9`= +l, Wkh JDUFK prgho fdqqrw h{sodlq wkh dv|pphwulf

ehkdylru ri wkh frqglwlrqdo yduldqfh lq dvvhw sulfh uhwxuqv1 +ll, Iru wkh frqglwlrqdo yduldqfh wr eh vwulfwo|

srvlwlyh/ wkh sdudphwhuv ri wkh JDUFK prghov pxvw eh qrq0qhjdwlyh/ zklfk lv qrw uhtxluhg lq wkh

HJDUFK prgho15 +lll, Lq wkh JDUFK prgho/ lw lv gl!fxow wr hydoxdwh zkhwkhu ru qr d vkrfn wr yduldqfh

shuvlvwv1 Shuvlvwhqfh ri frqglwlrqdo yduldqfh lq wkh HJDUFK lv frqwuroohg e| wkh sdudphwhu �1

517 JMU

Lq wkh JMU prgho ri Jorvwhq/ Mdjdqqdwkdq/ dqg Uxqnoh ^4<<6` wkh vwdqgdug JDUFK prgho lv dxjphqwhg

zlwk d whup wkdw fdswxuhv dv|pphwu|1 Wkh JMU prgho lv

kw @ � . �%5w�4 . $V�w�4%
5

w�4 . �kw�4> +:,

zkhuh �/ �/ �/ dqg $ duh frqvwdqw sdudphwhuv/ dqg V�w�4 lv d yduldeoh wkdw wdnhv wkh ydoxh rqh zkhq

%w�4 ? 3 dqg }hur rwkhuzlvh1 Iru srvlwlyh frqglwlrqdo yduldqfh/ lw lv vx!flhqw wkdw wkh sdudphwhuv �/ �/

dqg �/ dqg +�.$, duh qrq0qhjdwlyh1 Iru wkh surfhvv %w wr eh vwdwlrqdu|/ lw lv vx!flhqw wkdw �.�.$ ? 41

Qrwh wkdw wkh JMU prgho +:, zloo rewdlq dv d olplwlqj fdvh ri wkh OVWJDUFK+4/4, prgho +7,/ zkhq

wkh orjlvwlf wudqvlwlrq ixqfwlrq +8,/ lv uhsodfhg e| wkh Khdylvlgh ixqfwlrq plqxv rqh kdoi1 Lq wkh JMU

prgho/ wkh frqglwlrqdo yduldqfh iroorzv rqh surfhvv zkhq wkh lqqrydwlrqv duh srvlwlyh dqg dqrwkhu surfhvv

zkhq wkh lqqrydwlrqv duh qhjdwlyh1 Lq wkh OVWJDUFK prgho/ krzhyhu/ wkh wudqvlwlrq ehwzhhq vwdwhv lv

vprrwk1

518 WJDUFK

Wkh Wkuhvkrog JDUFK prgho lv lqwurgxfhg lq ]dnròdq ^4<<7`1 Lq wkh WJDUFK prgho/ lw lv qrw wkh frq0

glwlrqdo yduldqfh/ exw wkh frqglwlrqdo vwdqgdug ghyldwlrq/ �w @ k
4@5
w / wkdw lv prghohg1 Wkh WJDUFK+4/4,

5
Qhovrq dqg Fdr ^4<<5` vkrz wkdw wkh qrq0qhjdwlylw| frqvwudlqw iru wkh JDUFK prgho jlyhq e| Eroohuvohy ^4<;9` lv rqo|

vx!flhqw iru vwulfwo| srvlwlyh frqglwlrqdo yduldqfh1 Wkh| ghprqvwudwh wkdw zhdnhu frqglwlrqv fdq eh irxqg1
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prgho lv

�w @ � . �.%.w�4 � ��%�w�4 . ��w�4> +;,

zkhuh %.w @ pd{+%w> 3,/ dqg %�w @ plq+%w> 3,1 Iru vwulfwo| srvlwlyh frqglwlrqdo vwdqgdug ghyldwlrq/ lw lv

vx!flhqw wkdw � A 3/ �. � 3/ �� � 3/ dqg � � 31 Wkh uhwxuq vhulhv lv vwdwlrqdu| li

4

5

�
+�.,5 . +��,5

�
. �5 .

�
�. . ��

�u 5

�
? 4=

Qrwh wkdw +;, fdq eh uhsdudphwhul}hg dv

�w @ � . � m%w�4m. $V�w�4%w�4 . ��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 +:,1

519 D0SDUFK

Glqj/ Judqjhu/ dqg Hqjoh ^4<<6` lqwurgxfh wkh Dv|pphwulf Srzhu DUFK prgho1 Lq wkh D0SDUFK+4/4,

prgho/ wkh frqglwlrqdo yduldqfh lv jlyhq e|

k
�@5
w @ � . � +m%w�4m � �%w�4,

� . �k
�@5

w�4> +<,

zkhuh �/ �/ �/ � dqg � A 3 duh frqvwdqw sdudphwhuv1 Dv|pphwu| lv lqwurgxfhg yld wkh sdudphwhu �

5 +�4> 4,1 Iru srvlwlyh frqglwlrqdo yduldqfh/ lw lv uhtxluhg wkdw wkh sdudphwhuv �/ �/ dqg �/ duh qrq0

qhjdwlyh1 Frqglwlrqv iru vwdwlrqdulw| duh uhodwlyho| frpsoh{/ dqg fdq eh irxqg lq Glqj/ Judqjhu/ dqg

Hqjoh ^4<<6`1

Wkh D0SDUFK prgho lv d jhqhudol}dwlrq ri suhylrxv JDUFK prghov1 Wkh prgho lqfoxghv vhyhq rwkhu

prghov dv vshfldo fdvhv1 Iru h{dpsoh/ � @ 5 dqg � @ 3 zloo jlyh wkh JDUFK+4/4, prgho1 Ohwwlqj � @ 5

jlyhv wkh JMU prgho1 Zkhq � @ 4 wkh g|qdplfv ri wkh prgho zloo eh vlplodu wr wkdw lq wkh WJDUFK

prgho1 Vlqfh wkhvh prghov duh qhvwhg lq wkh D0SDUFK prgho/ olnholkrrg udwlr whvwv fdq eh shuiruphg

wr whvw wkh vljql�fdqfh ri wkh sdudphwhuv1 Wkxv/ wkh qxoo ri d vshfl�f prgho/ djdlqvw wkh dowhuqdwlyh ri

D0SDUFK/ fdq eh whvwhg zlwk uhodwlyh hdvh1

51: YV0DUFK

Wkh Yrodwlolw| Vzlwfklqj prgho lv sursrvhg e| Iruqdul dqg Phoh ^4<<9d`1 Lq wkh YV prgho wkh frqglwlrqdo

yduldqfh iroorzv

kw @ � . �%5w�4 . �kw�4 . �Vw�4y
5

w�4> +43,

zkhuh

Vw @ 4 li %w A 3

Vw @ 3 li %w @ 3

Vw @ �4 li %w ? 3>
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dqg y5
w
lv gh�qhg dv %5

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

�
Vwy5w

�
W

w@4

/

Iruqdul dqg Phoh lqwurgxfh zkdw wkh| fdoo phdq uhyhuvlrq lq wkh frqglwlrqdo yduldqfh1 y5
w
phdvxuhv krz

pxfk d jlyhq vtxduhg uhvlgxdo ghyldwhv iurp lwv h{shfwhg ydoxh/ kw/ dqg Vw lqglfdwhv wkh vljq ri wkh

uhvlgxdo1 Wkh prgho/ iru h{dpsoh/ lv deoh wr jhqhudwh gdwd zkhuh xqh{shfwhgo| odujh qhjdwlyh uhwxuqv

lqfuhdvh kw/ odujh srvlwlyh uhwxuqv ghfuhdvh kw/ vpdoo qhjdwlyh uhwxuqv ghfuhdvh kw/ dqg vpdoo srvlwlyh

uhwxuqv lqfuhdvh kw1 Wkh ohyho ri dv|pphwu| lq wkh prgho zloo wkhuhiruh ghshqg rq sdudphwhu �/ dqg rq

wkh uhodwlyh vl}h ri uhvlgxdov16

6 Suhylrxv DUFK Vshfl�fdwlrq Whvwv

Wklv vhfwlrq lv lqfoxghg wr lqwurgxfh wkh uhdghu wr wkh duhd ri vshfl�fdwlrq whvwv lq wkh DUFK2JDUFK

olwhudwxuh1 Uhdghuv douhdg| idploldu zlwk wklv olwhudwxuh fdq surfhhg wr Vhfwlrq 71

Lq wkh DUFK+t, prgho ri Hqjoh ^4<;5`/ wkh frqglwlrqdo yduldqfh lv jlyhq e| wkh surfhvv

kw @ � .

t[
m@4

�m%
5

w�m
> +44,

zkhuh � dqg �m +m @ 4==t, duh qrq0qhjdwlyh frqvwdqwv/ zlwk dw ohdvw rqh �m A 31 Wr whvw wkh suhvhqfh ri

DUFK/ l1h1 whvwlqj K
3
= �

m
@ 3 +m @ 4==t,/ djdlqvw K

4
= dw ohdvw rqh �

m
9@ 3/ Hqjoh sursrvhv d Odjudqjh

pxowlsolhu whvw1 Vlqfh wkh frqglwlrqdo yduldqfh lv frqvwdqw xqghu wkh qxoo/ d Odjudqjh pxowlsolhu whvw lv

sduwlfxoduo| vxlwdeoh1 Hqjoh vkrzv wkdw wkh OP vwdwlvwlf fdq eh fdofxodwhg dv W � U5

x
/ zkhuh W lv wkh

qxpehu ri revhuydwlrqv/ dqg U5

x
lv wkh frh!flhqw ri pxowlsoh fruuhodwlrq iurp wkh uhjuhvvlrq ri %5

w
rq d

frqvwdqw dqg %5
w�4

/111/%5
w�t

1 Xqghu wkh qxoo/ wkh vwdwlvwlf kdv dq dv|pswrwlf "5 glvwulexwlrq zlwk t ghjuhhv

ri iuhhgrp1 Dv qrwhg e| Judqjhu dqg Whuçvyluwd ^4<<6`/ PfOhrg dqg Ohh*v ^4<;6` whvw ri olqhdulw| lq

wkh frqglwlrqdo phdq djdlqvw xqvshfl�hg qrq0olqhdulw| lv dv|pswrwlfdoo| htxlydohqw wr Hqjoh*v whvw ri qr

DUFK1

Lq wkh JDUFK+t> s, prgho ri Eroohuvohy ^4<;9` wkh frqglwlrqdo yduldqfh lv jlyhq e| wkh surfhvv
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A 31 Wr whvw

wkh suhvhqfh ri JDUFK/ dq OP vwdwlvwlf fdqqrw eh ghulyhg lq wkh zd| ghvfulehg e| Hqjoh1 Eroohuvohy

^4<;9` qrwhv wkdw xqghu wkh qxoo ri qr khwhurvnhgdvwlflw|/ wkhuh lv qr jhqhudo whvw iru JDUFK+t> s,1 Wklv

lv ehfdxvh wkh lqirupdwlrq pdwul{ lv vlqjxodu li erwk sA3 dqg tA31 Edvhg rq Eroohuvohy*v �qglqj Ohh

^4<<4` ghulyhv d prgl�hg OP vwdwlvwlf iru K
3
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m
@ �

l
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4
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9@ 31 Ohh vkrzv wkdw wklv whvw lv htxlydohqw wr wkh whvw ri qr DUFK+t,1 Wkxv/ xqghu

wkh qxoo ri krprvnhgdvwlflw|/ wkh JDUFK+t> s, h�hfw dqg wkh DUFK+t, h�hfwv duh orfdoo| htxlydohqw

dowhuqdwlyhv1 Ohh qrwhv wkdw zlwk klv phwkrgv iru ghulylqj d prgl�hg OP vwdwlvwlf iru qr JDUFK/ lw

6
Lq Iruqdul dqg Phoh^4<<9e`/ wkh dxwkruv sursrvhg d voljkwo| gl�huhqw YV0DUFK prgho/ lq zklfk wzr h{wud sdudphwhuv

duh qhhghg1
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lv srvvleoh wr ghulyh d whvw ri wkh qxoo ri DUFK+t, djdlqvw wkh dowhuqdwlyh ri JDUFK+n
4
> t . n

5
,/ zkhuh
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4
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A 31

Whvwv ri wkh qxoo ri olqhdu DUFK dv lq +44,/ ru olqhdu JDUFK dv lq +45,/ djdlqvw gl�huhqw irupv ri qrq0

olqhdu DUFK2JDUFK/ kdv ehhq sursrvhg e|/ dprqj rwkhuv/ Ehud dqg Kljjlqv ^4<<5`/ Kljjlqv dqg Ehud

^4<<5`/ Hqjoh/ dqg Qj ^4<<6`/ Udehpdqdqmdud/ dqg ]dnròdq ^4<<6`/ dqg Vhqwdqd ^4<<8`1 Ehud dqg Kljjlqv

^4<<5` dqg Kljjlqv dqg Ehud ^4<<5` glvfxvv whvwlqj iru DUFK djdlqvw QDUFK +Qrq0olqhdu DUFK,1 Lq wkh

QDUFK prgho/ wkh frqglwlrqdo yduldqfh lv/ dv lq wkh DUFK dqg JDUFK prghov/ v|pphwulf lq wkh vljq

ri %w1 Vlqfh wkh JTDUFK dqg wkh OVWJDUFK prghov duh dv|pphwulf/ wkhlu whvw lv ri ohvv lpsruwdqfh

lq wklv frqwh{w1 Lw lv vwloo zruwk qrwlqj wkdw wkh whvw ri qr OVWJDUFK dqg wkh whvw ri qr QDUFK/ kdyh

wkh frpprq sureohp ri d qrq0lghqwl�hg sdudphwhu xqghu wkh qxoo1 Wkh phwkrgv iru vroylqj wklv sureohp/

krzhyhu/ duh txlwh gl�huhqw1

Hqjoh/ dqg Qj ^4<<6` suhvhqw irxu gl�huhqw OP w|sh whvwv iru olqhdu DUFK2JDUFK djdlqvw dv|p0

phwu|1 Wkhvh irxu vwdwlvwlfv zloo eh glvfxvvhg pruh wkrurxjko| lq Vhfwlrq 8/ dqg d ghwdlohg ghvfulswlrq

ri krz wkh whvwv pd| eh fdofxodwhg dsshduv lq wkh dsshqgl{1 Lq wklv vhfwlrq/ d vkruw lqwurgxfwlrq wr

wkh irxu whvwv lv jlyhq1 Wkh Vljq eldv whvw h{dplqhv wkh lpsdfw ri srvlwlyh dqg qhjdwlyh vkrfnv rq wkh

frqglwlrqdo yduldqfh qrw suhglfwhg e| wkh olqhdu prgho1 Wklv lv grqh e| lqyhvwljdwlqj zkhwkhu/ lq d olqhdu

uhjuhvvlrq prgho/ wkh yduldeoh V�
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lv wkh frqglwlrqdo yduldqfh xqghu wkh qxoo1 V�

w�4
lv gh�qhg dv lq wkh JMU prgho +:,1 Wkh whvw

vwdwlvwlf lv fdofxodwhg dv d w0udwlr lq wkh olqhdu uhjuhvvlrq prgho1 Wkh rwkhu wkuhh whvwv duh fduulhg rxw

xvlqj vlplodu phwkrgv1 Wkh Qhjdwlyh vl}h eldv whvw lqyhvwljdwhv zkhwkhu wkh olqhdu prgho fdq h{sodlq

wkh gl�huhqw h�hfwv wkdw odujh dqg vpdoo qhjdwlyh vkrfnv kdyh rq wkh frqglwlrqdo yduldqfh1 Wkh yduldeoh

xvhg iru wklv whvw lv V�
w�4

%
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1 Lq wkh Srvlwlyh vl}h eldv whvw/ gl�huhqw h�hfwv ri odujh dqg vpdoo srvlwlyh

vkrfnv duh lqyhvwljdwhg1 Wkh yduldeoh xvhg iru wklv whvw lv V.
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%w�4/ zkhuh V.w�4 lv gh�qhg dqdorjrxvo| wr
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w�4

1 Lq wkh irxuwk whvw/ wkh wkuhh suhylrxv k|srwkhvhv duh frqvlghuhg vlpxowdqhrxvo|1 Lq Prqwh Fduor

h{shulphqwv/ Hqjoh dqg Qj vkrz wkdw wkh hpslulfdo vl}h dqg srzhu ri wkh whvwv duh uhdvrqdeoh zkhq wkh

vdpsoh vl}h lv 43331

Wkh WJDUFK prgho +;, lv ixuwkhu ghyhorshg lq Udehpdqdqmdud/ dqg ]dnròdq ^4<<6`1 Wkh| doorz �w

wr ehfrph qhjdwlyh1 Wkxv/ �
w
fdqqrw eh frqvlghuhg d frqglwlrqdo vwdqgdug ghyldwlrq1 Wkh WJDUFK+t> s,
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@ plq+�w> 3,1 Wkh qxoo k|srwkhvlv iru wkh whvw ri dv|pphwu| lq +46, lv/
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Udehpdqdqmdud/ dqg ]dnròdq ghulyh dq OP whvw vwdwlvwlf1 Xqghu wkh qxoo/ wkh vwdwlvwlf lv dv|pswrwlfdoo|

glvwulexwhg "5 zlwk t . s ghjuhhv ri iuhhgrp1 Lq d Prqwh Fduor h{shulphqw/ wkh dxwkruv vkrz wkdw erwk

wkh hpslulfdo vl}h dqg srzhu ri wkh whvw duh uhdvrqdeoh iru odujh vdpsoh vl}hv +A 833,1

Vhqwdqd ^4<<8` suhvhqwv d qxpehu ri whvw surfhgxuhv wkdw fdq eh xvhg lq frqmxqfwlrq zlwk klv TDUFK

prgho1 Wr whvw wkh qxoo ri krprvnhgdvwlflw| djdlqvw wkh dowhuqdwlyh ri TDUFK+t,/ Vhqwdqd sursrvhv dq
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OP whvw edvhg rq wkh uhjuhvvlrq prgho
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5lm 9@ 31 Wkh vwdwlvwlf lv fdofxodwhg dv W �U5
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iurp wkh uhjuhvvlrq prgho +47,1 Xqghu K

3
/ wkh OP vwdwlvwlf

kdv dq dv|pswrwlf "5 glvwulexwlrq zlwk t+t . 6,@5 ghjuhhv ri iuhhgrp1

Wkh whvwv ghvfulehg lq wklv vhfwlrq duh doo ghulyhg xqghu wkh dvvxpswlrq wkdw wkh uhvlgxdov duh glvwule0

xwhg frqglwlrqdoo| qrupdo1 Lq sudfwlfh/ wklv dvvxpswlrq lv riwhq qrw ixo�oohg1 Wklv lv sduwlfxoduo| wkh fdvh

zkhq wkh lqyhvwljdwhg vhulhv frqwdlqv uhwxuqv ri d wudghg dvvhw1 Wkh sureohp lv fduhixoo| lqyhvwljdwhg lq

Zrrogulgjh ^4<<3` dqg ^4<<4`1 Zrrogulgjh srlqwv rxw wkdw zkhq qrupdolw| grhv qrw krog wkh dv|pswrwlf

vl}h ri wkh vwdwlvwlfv zloo eh zurqj1 Lq wkh 4<<3 duwlfoh/ Zrrogulgjh sursrvh d urexvw yhuvlrq ri Hqjoh*v whvw

ri qr DUFK+t,1 Lq wkh 4<<4 duwlfoh/ kh suhvhqwv d jhqhudo surfhgxuh iru urexvwli|lqj Odjudqjh pxowlsolhu

whvwv ri wkh vshfl�fdwlrq ri frqglwlrqdo yduldqfh1 Wklv phwkrg lv xvhg e| Vhqwdqd ^4<<8`/ zkhq kh ghulyhv

d urexvw whvw surfhgxuh iru wkh qxoo ri DUFK+4,/ djdlqvw wkh dowhuqdwlyh ri TDUFK+4/4,1 Lq Zrrogulgjh

^4<<4`/ wkh dxwkru dovr suhvhqwv d phwkrg iru shuiruplqj qrq0qhvwhg k|srwkhvlv whvwv iru wkh frqglwlrqdo

yduldqfh1

Wkh wzr whvwv suhvhqwhg lq wklv sdshu duh erwk ghulyhg xqghu frqglwlrqdo qrupdolw|1 Ixuwkhupruh/ wkh

vpdoo vdpsoh surshuwlhv duh rqo| lqyhvwljdwhg iru qrupdoo| glvwulexwhg lqqrydwlrqv1 Krzhyhu/ xvlqj wkh

uhvxowv ri Zrrogulgjh ^4<<4`/ lw zrxog eh vwudljkwiruzdug wr ghulyh urexvw yhuvlrqv ri wkh whvwv1

7 Vshfl�fdwlrq Whvwv iru Dv|pphwu|

Lq wklv vhfwlrq/ wkh wzr qhz whvw vwdwlvwlfv duh suhvhqwhg1 Iru erwk whvwv/ wkh qxoo lv wkh vwdqgdug

JDUFK+4/4, prgho/ sursrvhg e| Eroohuvohy ^4<;9`
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lv wkh frqglwlrqdo yduldqfh xqghu wkh qxoo ri JDUFK+4/4,/ q3 lv wkh yhfwru ri sdudphwhuv +�> �> �> �,/

dqg e� lv wkh hvwlpdwhg sdudphwhu � lq wkh JDUFK+4/4, prgho1 Wkh ghulydwlrq ri +49, lv jlyhq lq wkh

dsshqgl{1 Lq wkh dsshqgl{/ lw fdq dovr eh vhhq wkdw edvhg rq whvw +49,/ lw lv srvvleoh wr ghulyh wkh

dv|pswrwlfdoo| htxlydohqw whvw W �U5
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Ehiruh d frpsohwh whvw surfhgxuh lv suhvhqwhg/ �uvw d sureohp frqfhuqlqj wkh hvwlpdwlrq ri wkh prgho

+48, pxvw eh frqvlghuhg1 Jlyhq wkdw wkh vhulhv ri frqglwlrqdo yduldqfh xqghu wkh qxoo lv hvwlpdwhg zlwk

pd{lpxp olnholkrrg/ wkh qrupdol}hg uhvlgxdov/  
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Wklv vkrxog eh wuxh lqghshqghqw ri zkhwkhu ru qrw wkh qxoo lv wuxh1 Krzhyhu/ lq sudfwlfh/ h{dfw ruwkrj0

rqdolw| fdqqrw dozd|v eh jxdudqwhhg1 Li ruwkrjrqdolw| grhv qrw krog/ wkh hpslulfdo vl}h ri wkh vwdwlvwlf

pljkw eh glvwruwhg1 Wr ryhufrph wklv frpsolfdwlrq/ wkh fxvwrpdu| surfhgxuh lv wr uhsodfh  
3w

zlwk d

txdqwlw| wkdw lv jxdudqwhhg wr eh ruwkrjrqdo wr +4;,/ +vhh h1j1 Hlwukhlp dqg Whuçvyluwd ^4<<9`,1 Wkh

iroorzlqj surfhgxuh zloo dffrpsolvk wkdw=
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rq +4;,1 Ohw ihhwjWw@4 eh wkh vhulhv ri uhvlgxdov iurp wkh uhjuhvvlrq1 Wkhvh uhvlgxdov zloo e| frqvwuxf0

wlrq eh ruwkrjrqdo wr +4;,1

51 Uhjuhvv hhw rq +4:,1 Wkh vwdwlvwlf lv vhw htxdo W �U5
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iurp wklv uhjuhvvlrq1

Lq wkh Prqwh Fduor h{shulphqwv/ lw zdv vhhq wkdw wkh hpslulfdo vl}h ri wkh vwdwlvwlf +49,/ dqg lwv

dv|pswrwlfdoo| dowhuqdwlyh/ zhuh voljkwo| deryh wkh wkhruhwlfdo vljql�fdqfh ohyho1 E| xvlqj wkh phwkrg

ghvfulehg deryh/ lw zdv srvvleoh wr fruuhfw wkh vl}h1 Krzhyhu/ lw zdv dovr irxqg wkdw d voljkwo| vlpsol�hg
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Edvh rq wklv frqfoxvlrq/ lw lv sursrvhg wkdw wkh qxoo k|srwkhvlv ri JDUFK+4/4,/ djdlqvw wkh dowhuqdwlyh

ri JTDUFK+4/4,/ vkrxog eh whvwhg xvlqj wkh iroorzlqj surfhgxuh=
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Wkh whvw ri JDUFK+4/4,/ djdlqvw wkh dowhuqdwlyh ri OVWJDUFK+4/4, lv irupxodwhg
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I +%wm�, lv wkh ydoxh ri wkh wudqvlwlrq ixqfwlrq dw wlph w/ dqg e� lv wkh hvwlpdwhg sdudphwhu � lq wkh

JDUFK+4/4, prgho1 Wkh ghulydwlrq ri +53, lv grqh zlwk wkh vdph phwkrgv xvhg iru wkh ghulydwlrq ri

+49,1

Wkh vwdwlvwlf +53,/ krzhyhu/ lv qrw rshudwlrqdo/ vlqfh wkh yhfwru +54, lv ghshqghqw rq wkh wudqvlwlrq

ixqfwlrq +8,/ zklfk xqghu wkh qxoo kdv d qrq0lghqwl�hg sdudphwhu �1 Iroorzlqj Oxxnnrqhq/ Vdlnnrqhq/

dqg Whuçvyluwd ^4<;;`/ wklv sureohp lv vroyhg e| pdnlqj d vhfrqg0rughu Wd|oru h{sdqvlrq ri wkh wudqvlwlrq

ixqfwlrq/ durxqg }hur17 Wkh rewdlqhg dssur{lpdwlrq ri I +=, lv wkhq lqvhuwhg lqwr irupxod +7,/ dqg wklv

7
D whvw ri JDUFK+4/4, djdlqvw OVWJDUFK+4/4, kdv suhylrxvo| ehhq ghyhorshg e| Jrq}äoh}0Ulyhud ^4<<9`1 Krzhyhu/

vkh vroyhv wkh sureohp zlwk wkh qrq0lghqwl�hg sdudphwhu w vrphzkdw gl�huhqwo|/ xvlqj d phwkrg sursrvhg e| Gdylhv ^4<::`1
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8 Prqwh Fduor H{shulphqw

Wkh Prqwh Fduor h{shulphqw iru whvwlqj wkh hpslulfdo vl}h ri wkh whvw vwdwlvwlfv +4<, dqg +57, lv edvhg rq

d JDUFK+4/4, gdwd jhqhudwlqj surfhvv

uw @ %w

%w @ }wk
4@5
w +58,

kw @ � . �%5w�4 . �kw�4

zkhuh }w �qlg+3> 4,1 Irxu frpelqdwlrqv ri wkh frqvwdqw sdudphwhuv �/ �/ dqg � duh vwxglhg1 Wkhvh

ydoxhv duh vkrzq lq Wdeohv 4 dqg 51 Iru hdfk vhw ri sdudphwhu ydoxhv 5/833 vdpsohv zlwk 583 dqg 4333

revhuydwlrqv duh jhqhudwhg1 Wkh whvw vwdwlvwlfv duh fdofxodwhg/ dqg frpsduhg wr wkh fulwlfdo ydoxhv iru rqh/

�yh dqg whq shufhqw frq�ghqfh ohyhov1

Lq Wdeoh 4/ wkh dfwxdo uhmhfwlrq iuhtxhqflhv ri wkh whvw surfhgxuh +4<, duh uhsruwhg1 Wkh hpslulfdo vl}h

ri wkh whvw lv uhodwlyho| forvh wr wkh wkhruhwlfdo vl}h/ erwk zkhq wkh qxpehu ri revhuydwlrqv lv 4333 dqg

5831 Krzhyhu/ wkh vlpxodwhg vl}h vhhpv wr eh vrphzkdw ohvv dffxudwh iru wkh vpdoohu vdpsoh vl}h1 Wdeoh

5 uhsruwv wkh vlpxodwlrq uhvxowv iru whvw surfhgxuh +57,1 Iru wkh odujhu vdpsoh wkh hpslulfdo vl}h lv txlwh

forvh wr wkh wkhruhwlfdo vl}h1 Zkhq wkh vdpsoh vl}h lv 583 wkh hpslulfdo vl}h vhhpv wr eh orzhu wkdq wkh

wkhruhwlfdo1 Lw lv wkhuhiruh frqfoxghg wkdw iru erwk vwdwlvwlfv/ wkh vlpxodwhg vl}h lv idluo| dffxudwh iru wkh

odujhu vdpsoh vl}h/ dqg wkh vlpxodwhg vl}h lv uhdvrqdeoh iru d vdpsoh ri 583 revhuydwlrqv1

Dv qrwhg lq wkh lqwurgxfwlrq/ wkh wzr whvwv* delolw| wr ghwhfw dv|pphwu| zloo eh frpsduhg/ wr wkdw ri

Hqjoh dqg Qj*v ^4<<6` irxu whvwv/ wkh Vljq eldv whvw +VE,/ wkh Qhjdwlyh vl}h eldv whvw +QVE,/ wkh Srvlwlyh

vl}h eldv whvw +SVE,/ dqg wkh whvw ri wkh mrlqw k|srwkhvlv ri VE/ QVE/ dqg SVE1 Vxfk d frpsdulvrq

fdq rqo| eh pdgh li lw lv nqrzq wkdw wkh hpslulfdo vl}h surshuwlhv ri Hqjoh dqg Qj*v whvwv duh vlplodu wr

wkrvh uhsruwhg iru whvwv +4<, dqg +57,1 D qxpehu ri gl�huhqw dowhuqdwlyh irupxodwlrqv ri Hqjoh dqg Qj*v

whvwv zhuh wulhg ehiruh dssursuldwh vl}h surshuwlhv zhuh uhfhlyhg 1 Wkh surfhgxuhv wkdw zkhuh irxqg prvw

surplvlqj/ dqg zklfk duh xvhg lq wkh uhpdlqghu ri wklv duwlfoh/ duh ghvfulehg lq wkh dsshqgl{1 Wdeohv 6

wr 9 uhsruw wkh dfwxdo uhmhfwlrq iuhtxhqflhv iru wkh irxu dowhuqdwlyh whvwv1 Edvhg rq wkh uhvxowv uhsruwhg

lq Wdeohv 4 wr 9/ lw lv frqfoxghg wkdw iru wkh odujhu vdpsoh vl}h/ wkh hpslulfdo vl}h surshuwlhv iru wkh vl{

whvwv duh txlwh vlplodu1 Zkhq wkh qxpehu ri revhuydwlrqv lv 583/ wkh hpslulfdo vl}h surshuwlhv  xfwxdwh

pruh dfurvv wkh gl�huhqw whvw surfhgxuhv1 Wkh uhpdlqghu ri wklv vwxg| zloo wkhuhiruh irfxv rq wkh uhvxowv

edvhg rq wkh odujhu vdpsoh vl}h1

Wr lqyhvwljdwh wkh srzhu ri whvw +4<, wkh gdwd jhqhudwlqj surfhvv frqvlghuhg lv

uw @ %w

%w @ }wk
4@5
w +59,

kw @ 4=58 � 43�9 � 4=9; � 43�7%w�4 . 3=3688%5w�4 . 3=<85kw�4>

zkhuh }w �qlg+3> 4,1 Wkh sdudphwhuv ri wkh prgho +59, kdyh ehhq rewdlqhg iurp dq hvwlpdwlrq shuiruphg

rq gdlo| revhuydwlrqv iru wkh Ilqdqfldo Wlphv Doo0vkduh Lqgh{1 Wkh vdpsoh shulrg lv Mdqxdu| 4<<4 wr Mxo|

4<<91 Wkh hvwlpdwhg srzhu ri wkh whvw lv uhsruwhg rq wkh urzv odehohg OP4 lq Wdeoh :1 Iurp wkh uhvxowv
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zkhq wkh vdpsoh vl}h lv 583/ lw fdq frqfoxghg wkdw iru vxfk d vpdoo vdpsoh/ wkh whvw kdv yhu| orz srzhu1

Zkhq wkh vdpsoh vl}h lv 4333 wkh hvwlpdwhg srzhu lv lqfuhdvhg/ exw lv vwloo orz1 Krzhyhu/ frpsduhg wr

wkh hvwlpdwhg srzhu iru wkh irxu whvwv ri Hqjoh dqg Qj/ dovr uhsruwhg lq Wdeoh :/ wkh whvw frqvwlwxwhv d

pdunhg lpsuryhphqw1 Wkh uhvxow lv qrw vxusulvlqj/ vlqfh wkh whvw +4<, lv ghvljqhg wr ghwhfw wkh nlqg ri

dv|pphwu| fdxvhg e| +59,/ zkhuhdv wkh whvwv ri Hqjoh dqg Qj duh ghvljqhg wr ghwhfw jhqhudo JDUFK

dv|pphwu|1 Exw vxusulvlqjo|/ wkh whvw ri qr OVWJDUFK +57, dovr rxwshuirupv wkh whvwv ri Hqjoh dqg

Qj1

Wr lqyhvwljdwh wkh srzhu ri whvw +57, wkh gdwd jhqhudwlqj surfhvv frqvlghuhg lv

uw @ %w

%w @ }wk
4@5
w +5:,

kw @ 8=5 � 43�: . ^3=5<8� 3=58; � I +%w�4,`%
5

w�4 . 3=:3 � kw�4
I +%w�4, @ +4 . h{s ^�533 � %w�4`,�4 � 4

5
>

zkhuh }w �qlg+3> 4,1 Wkh sdudphwhuv ri wkh prgho +5:, duh lq sduw wdnhq iurp wkh sdshu e| Hqjoh dqg

Qj ^4<<6`/ zkhq wkh| frqvlghu wkh JMU prgho +:,1 Li wkh sdudphwhu �/ zklfk kdv ehhq vhw wr 533/ lv

doorzhg wr lqfuhdvh wrzdugv lq�qlw|/ wkh gdwd jhqhudwlqj surfhvv +5:, zloo frlqflgh zlwk wkh JMU prgho

frqvlghuhg lq Hqjoh dqg Qj*v duwlfoh1 E| vhwwlqj � wr 533/ wkh wudqvlwlrq ixqfwlrq I +%w�4, zloo qrw mxvw

wdnh rq lwv h{wuhph ydoxhv �4@5 dqg 4@51 Wdeoh ; uhsruwv wkh srzhu surshuwlhv ri wkh vl{ vwdwlvwlfv zkhq

wkh wuxh gdwd jhqhudwlqj surfhvv lv +5:,1 Wkh srzhu ri wkh whvw +57, lv uhdvrqdeoh zkhq wkh vdpsoh vl}h lv

43331 Wkh srzhu ri wkh whvw lv uhgxfhg frqvlghudeo| iru wkh vpdoohu vdpsoh vl}h1 Wkh whvw +4<, dovr suryhv

wr kdyh srzhu wr ghwhfw dv|pphwu| jhqhudwhg e| +5:,/ exw/ dv h{shfwhg/ wkh srzhu lv vljql�fdqwo| orzhu

wkdq iru wkh whvw +57,1 Wkh whvwv ri Hqjoh dqg Qj duh d fohdu glvdssrlqwphqw1 Lw lv lpsruwdqw wr nhhs

lq plqg wkdw wkh uhsruwhg srzhu lv d ixqfwlrq ri wkh sdudphwhu ydoxhv lq wkh gdwd jhqhudwlqj surfhvv1

Rqh vkrxog wkhuhiruh qrw frpsduh wkh �jxuhv lq Wdeoh : dqg ;1 Wkh sdudphwhuv ri wkh gdwd jhqhudwlqj

surfhvv +5:, fohduo| jlyh ulvh wr pruh dv|pphwu| wkdq wkh surfhvv +59,1

Wkh wzr vwdwlvwlfv zloo qrz eh ixuwkhu hydoxdwhg e| lqyhvwljdwlqj wkh hpslulfdo srzhu ri wkh whvwv iru

ghwhfwlqj dv|pphwu| fdxvhg e| wkh rwkhu �yh JDUFK prghov suhvhqwhg lq Vhfwlrq 51 Wr lqyhvwljdwh wkh

srzhu ri wkh whvwv/ zkhq wkh wuxh prgho lv HJDUFK/ wkh gdwd jhqhudwlqj surfhvv frqvlghuhg lv

uw @ %w

%w @ }wk
4@5
w +5;,

oqkw @ �3=:6<8 . 3=<3 � oqkw�4 � 3=3:8 � }w�4 . 3=58 �
k
m}w�4m �

s
5@�

l
>

zkhuh }w �qlg+3> 4,1 H{fhsw iru wkh ydoxh ri wkh sdudphwhu �/ wkh sdudphwhuv ri wkh prgho +5;, duh

wkrvh xvhg e| Hqjoh dqg Qj ^4<<6`/ zkhq wkh| frqvlghu wkh HJDUFK prgho +9,1 Wkh vlpxodwhg srzhu

ri wkh vl{ whvwv duh suhvhqwhg lq Wdeoh <1 Wkh kljkhvw srzhu lv uhsruwhg iru whvw +4<,/ iroorzhg e| whvw

+57,1 Dprqj wkh whvwv ri Hqjoh dqg Qj/ wkh Qhjdwlyh vl}h eldv whvw shuirup ehvw/ exw wkh srzhu lv vwloo

vljql�fdqwo| orzhu wkdq wkh srzhu iru wkh wzr whvwv suhvhqwhg lq wklv sdshu1 Wkh uhvxowv iru wkh vpdoohu

vdpsoh vl}h lv djdlq glvdssrlqwlqj1
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Wkh srzhu ri wkh whvwv/ zkhq wkh wuxh prgho lv JMU/ lv lqyhvwljdwhg frqvlghulqj wkh gdwd jhqhudwlqj

surfhvv

u
w

@ %
w

%
w

@ }
w

k
4@5

w

+5<,

k
w

@ 8=53 � 43�: . 3=499 � %5
w�4

. 3=58:9 � V�
w�4
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w�4

. 3=:3 � k
w�4>

zkhuh }
w

�qlg+3> 4,1 H{fhsw iru wkh ydoxh ri wkh sdudphwhu �/ wkh sdudphwhuv ri wkh prgho +5<, duh wkrvh
xvhg e| Hqjoh dqg Qj ^4<<6`/ zkhq wkh| frqvlghu wkh JMU prgho +:,1 Uhvxowv ri wkh vlpxodwlrqv duh lq

Wdeoh 431 Wkhvh sdudphwhu ydoxhv dsshdu wr jhqhudwh d yhu| pdunhg dv|pphwu|1 Iru wkh odujhu vdpsoh

vl}h/ wkh vlpxodwhg srzhu iru whvwv +4<, dqg +57, duh vwulnlqjo| kljk / zkhuhdv wkh whvwv ri Hqjoh dqg Qj

shuirup ohvv h!flhqwo|1

Wr lqyhvwljdwh wkh srzhu ri wkh whvwv/ zkhq wkh wuxh prgho lv WJDUFK/ wkh gdwd jhqhudwlqj surfhvv

frqvlghuhg lv

u
w

@ %
w

%
w

@ }
w

�
w

+63,

�
w

@ 9=87 � 43�7 . 3=444 � %.
w�4

� 3=4<5 � %�
w�4

. 3=;66 � �
w�4>

zkhuh }
w

�qlg+3> 4,1 H{fhsw iru wkh ydoxh ri wkh sdudphwhu �/ wkh sdudphwhuv ri wkh prgho +63, kdyh ehhq
rewdlqhg iurp dq hvwlpdwlrq shuiruphg rq gdlo| revhuydwlrqv iru wkh Iuhqfk FDF 573 Lqgh{/ uhsruwhg

e| ]dnròdq ^4<<7`1 Wkh vdpsoh shulrg lv 4<:9 wr 4<<31 Uhvxowv iurp wkh vlpxodwlrqv duh vkrzq lq Wdeoh

441 Whvwv +4<, dqg +57, shuirup zhoo rqfh djdlq1 Wkh srzhu surshuwlhv ri whvw +4<, pxvw / lq wkhvh

flufxpvwdqfhv/ eh frqvlghuhg yhu| jrrg1 Wkh uhvxowv iru wkh whvwv VE/ QVE/ SVE/ dqg wkh mrlqw whvw

duh/ frpsduhg wr wkh uhvxowv iru wkh rwkhu wzr whvwv/ xqvdwlvidfwru|1

Zkhq wkh wuxh prgho lv D0SDUFK/ wkh vlwxdwlrq lv lqyhvwljdwhg frqvlghulqj wkh gdwd jhqhudwlqj

surfhvv

u
w

@ %
w

%
w

@ }
w

k
4@5

w

+64,

k
4=76@5

w

@ <=55 � 43�9 . 3=3;6 � +m%
w�4m � 3=6:6 � %

w�4,
4=76 . 3=<5 � k4=76@5

w�4
>

zkhuh }
w

�qlg+3> 4,1 H{fhsw iru wkh ydoxh ri wkh sdudphwhu �/ wkh sdudphwhuv ri wkh prgho +64, kdyh ehhq
rewdlqhg iurp dq hvwlpdwlrq shuiruphg rq gdlo| revhuydwlrqv iru wkh V)S 833 Lqgh{/ uhsruwhg e| Glqj/

Judqjhu/ dqg Hqjoh ^4<<6`1 Wkh vdpsoh shulrg lv 4<5; wr 4<<41 Wkh uhvxowv ri wkh vlpxodwlrqv duh vkrzq

lq Wdeoh 451 Lw lv lqwhuhvwlqj wr qrwh wkdw wkh sdudphwhuv ri wkh prghov/ zklfk kdyh eh hvwlpdwhg rq wklv

yhu| odujh vdpsoh/ dssduhqwo| jlyh ulvh wr d pdunhg dv|pphwu|1 Wklv fdq eh vhhq iurp wkh kljk srzhu

uhsruwhg iru whvwv +4<, dqg +57,1 Lq wklv fdvh/ wkh uhvxowv iru wkh whvwv ri Hqjoh dqg Qj duh hyhq pruh

glvdssrlqwlqj wkdq zkhq wkh WJDUFK prgho zdv wkh wuxh gdwd jhqhudwlqj surfhvv1

Ilqdoo|/ wkh srzhu ri whvwv zkhq wkh wuxh prgho lv YV0DUFK lv lqyhvwljdwhg1 Lq wklv fdvh/ wkh gdwd
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jhqhudwlqj surfhvv vwxglhg lv

uw @ %w

%w @ }wk
4@5
w +65,

kw @ 6=< � 43�9 . 3=376 � %5w�4 . 3=<4;kw�4 . 5=55 � 43�9 � Vw�4y
5

w�4>

zkhuh }w �qlg+3> 4,1 H{fhsw iru wkh ydoxh ri wkh sdudphwhu �/ wkh sdudphwhuv ri wkh prgho +65, kdyh

ehhq rewdlqhg iurp dq hvwlpdwlrq shuiruphg rq gdlo| revhuydwlrqv iru wkh V)S 833 Lqgh{/ uhsruwhg e|

Iruqdul dqg Phoh ^4<<9d`1 Wkh vdpsoh shulrg lv Mdqxdu| 4<<3 wr Vhswhpehu 4<<71 Wdeoh 46 uhsruwv wkh

vlpxodwlrq uhvxowv1 Wkh srzhu ri whvw +4<, dqg ri whvw +57, doprvw frlqflgh/ dqg duh dw uhdvrqdeoh ohyhov

iru wkh odujhu vdpsoh vl}h1 Wkh whvwv ri Hqjoh dqg Qj suryh wr kdyh doprvw qr srzhu dw doo1

9 Vxppdu| dqg Frqfoxvlrq

Lq wkh sdshu wzr qhz Odjudqjh pxowlsolhu whvw surfhgxuhv kdyh ehhq suhvhqwhg1 Wkh surfhgxuhv duh ghyho0

rshg iru whvwlqj wkh qxoo k|srwkhvlv wkdw wkh frqglwlrqdo yduldqfh iroorzv d JDUFK+4/4, surfhvv/ djdlqvw

wkh dowhuqdwlyh wkdw wkh frqglwlrqdo yduldqfh iroorzv dq dv|pphwulf JDUFK surfhvv1 Lq wkh dowhuqdwlyh

k|srwkhvhv/ zhoo vshfl�hg sdudphwulf prghov duh frqvlghuhg1 Lq whvw qxpehu rqh/ wkh frqglwlrqdo yduldqfh

iroorzv d JTDUFK+4/4, surfhvv xqghu wkh dowhuqdwlyh1 Lq wkh vhfrqg whvw/ wkh dowhuqdwlyh prgho lv wkh

OVWJDUFK+4/4,1

Vpdoo vdpsoh surshuwlhv iru wkh wzr whvwv kdyh dovr ehhq suhvhqwhg1 Wkhvh kdyh ehhq rewdlqhg iurp

d qxpehu ri Prqwh Fduor h{shulphqwv1 Lq wkrvh h{shulphqwv wzr vdpsoh vl}hv duh frqvlghuhg/ 4333 dqg

583 revhuydwlrqv1 Lw lv vkrzq wkdw wkh hpslulfdo vl}h ri wkh wzr whvwv lv txlwh dffxudwh iru wkh odujhu

vdpsoh vl}h/ dqg uhdvrqdeoh iru wkh vpdoohu1 Vlqfh dv|pphwulf JDUFK vshfl�fdwlrqv duh sulpdulo| xvhg

iru prgholqj kljk iuhtxhqf| �qdqfldo gdwd/ d vdpsoh vl}h ri 4333 revhuydwlrqv lv qrw dw doo xqxvxdo1

Wkh srzhu ri wkh whvwv lv qdwxudoo| d ixqfwlrq ri wkh sdudphwhuv ri wkh gdwd jhqhudwlqj surfhvv xqghu

wkh dowhuqdwlyh1 Li wkh ohyho ri dv|pphwu| lq wkh gdwd lv orz/ wkh srzhu idoov frqvlghudeo|1 Wr hydoxdwh

wkh srzhu surshuwlhv ri wkh wzr whvwv/ wkh srzhu ri wkh whvwv lv frpsduhg wr wkrvh ri irxu rwkhu JDUFK

dv|pphwu| whvwv/ suhylrxvo| sursrvhg lq wkh olwhudwxuh1 Wkh irxu whvwv duh= wkh Vljq eldv whvw +VE,/ wkh

Qhjdwlyh vl}h eldv whvw +QVE,/ wkh Srvlwlyh vl}h eldv whvw +SVE,/ dqg wkh whvw iru wkh mrlqw k|srwkhvlv ri

VE/ QVE/ dqg SVE1 Wkhvh whvw duh doo ghyhorshg e| Hqjoh dqg Qj ^4<<6`1 Wkh Prqwh Fduor vlpxodwlrqv

vkrz wkdw wkh srzhu ri wkh wzr whvwv suhvhqwhg lq wklv sdshu lv pxfk kljkhu wkdq wkh srzhu ri wkh irxu

dowhuqdwlyh whvwv1 Ixuwkhupruh/ lw lv vkrzq wkdw wkh srzhu surshuwlhv ri wkh wzr whvwv duh dovr vxshulru zkhq

wkh wuxh gdwd jhqhudwlqj surfhvv lv qrw wkh JTDUFK+4/4, prgho ru wkh OVWJDUFK+4/4, prgho1 Wkh

rwkhu gdwd jhqhudwlqj surfhvvhv frqvlghuhg duh= HJDUFK+4/4,/ JMU/ WJDUFK+4/4,/ D0SDUFK+4/4,/

dqg YV0DUFK1 Wkh whvw iru zklfk wkh dowhuqdwlyh lv wkh JTDUFK+4/4, prgho jhqhudoo| suryhv wr kdyh

voljkwo| ehwwhu srzhu surshuwlhv wkdq wkh whvw iru zklfk wkh dowhuqdwlyh lv wkh OVWJDUFK+4/4, prgho1 Lw

lv wkhuhiruh frqfoxghg wkdw wkh wzr whvwv duh lq idfw whvwv iru jhqhudo JDUFK dv|pphwu|/ zlwk uhdvrqdeoh

srzhu surshuwlhv1 Wklv �qglqj vkrxog eh ri lpsruwdqfh iru dq| hfrqrphwulfldq zrunlqj zlwk JDUFK
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prghov1 Wkh glvdssrlqwlqj uhvxowv ri wkh whvwv ri Hqjoh dqg Qj ^4<<6` duh prvw olnho| d ixqfwlrq ri wkh

idfw wkdw wkh whvwv kdyh ehhq ghyhorshg zlwkrxw d zhoo vshfl�hg sdudphwulf dowhuqdwlyh1

Wkdw wkh wzr whvwv fdq ghwhfw dv|pphwu| fdxvhg e| pdq| sdudphwulf JDUFK prgho lv/ krzhyhu/

qrw rqo| jrrg qhzv1 Wkh uhvxowv vkrz wkdw/ xvlqj wkhvh whvwv/ lw lv yhu| kdug/ wr dfwxdoo| ghflgh zklfk

dv|pphwulf prgho pljkw kdyh ehhq wkh gdwd jhqhudwlrq surfhvv ri d wlph vhulhv1 Qhyhuwkhohvv/ wkh whvwv

zloo lqglfdwh zkhwkhu dq| prgho lq wkh idplo| ri dv|pphwulf JDUFK prghov frxog ru frxog qrw kdyh ehhq

wkh gdwd jhqhudwlrq surfhvv1 Vlqfh wkh whvwv suhvhqwhg deryh kdyh uhodwlyho| orz srzhu/ L dp shvvlplvwlf

derxw wkh srvvlelolw| ri ghvljqlqj srzhuixo OP whvwv iru whvwlqj wkh gl�huhqw prghov djdlqvw hdfk rwkhu1

Wklv vxemhfw vwloo fdoov iru ixuwkhu uhvhdufk1

Erwk whvw vwdwlvwlfv suhvhqwhg lq wkh sdshu duh ghulyhg xqghu frqglwlrqdo qrupdolw|1 Wkh vpdoo vdpsoh
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583 4149 9137 45137

� ' ��f u �f3Dc k ' f�fDc q ' f�HD 4333 31;; 71:9 <197

583 31:9 8149 43145

� ' D�f u �f3Sc k ' f�fDc q ' f�bf 4333 4153 8177 43153

583 31;; 8133 44165

� ' ��f u �f3Sc k ' f�fbc q ' f�bf 4333 4145 8197 441<9

583 31;7 81<9 45153

Wdeoh 51 Vlpxodwhg Vl}h iru wkh Whvw ri qr OVWJDUFK

Wkh wdeoh vkrzv uhvxowv iurp d Prqwh Fduor h{shulphqw zkhuh wkh vl}h ri whvw vwdwlvwlf +57,/ lv lqyhvwljdwhg1 Lq

wkh h{shulphqw/ wkh gdwd jhqhudwlqj surfhvv lv prgho +58,/ zlwk wkh irxu gl�huhqw sdudphwhu frpelqdwlrqv vkrzq

lq froxpq rqh1 Wkh froxpqv odehohg Dfwxdo Uhmhfwlrq Iuhtxhqflhv uhsruw wkh vlpxodwhg hpslulfdo vl}h dw wkh wkuhh

gl�huhqw wkhruhwlfdo vljql�fdqfh ohyhov ri rqh/ �yh/ dqg whq shufhqw1 Wkh �jxuhv duh edvhg rq 5/833 vdpsohv/ wkxv

d <8 ( frq�ghqfh lqwhuydo lv jlyhq e| e�. 5 �se�+4� e�,@5833/ zkhuh e� lv wkh hpslulfdo vl}h1

Qrplqdo Vljql�fdqfh Ohyho

Vdpsoh 4 ( 8 ( 43(

Sdudphwhu Ydoxhv Vl}h Dfwxdo Uhmhfwlrq Iuhtxhqflhv

� ' D�f u �f3Sc k ' f�2Dc q ' f�.f 4333 31;; 8149 431;7

583 31:5 6189 ;145

� ' ��f u �f3Dc k ' f�fDc q ' f�HD 4333 31;; 7173 <149

583 3173 6137 9197

� ' D�f u �f3Sc k ' f�fDc q ' f�bf 4333 31<5 8149 43153

583 319; 7157 ;1;3

� ' ��f u �f3Sc k ' f�fbc q ' f�bf 4333 4153 815; 43149

583 31:9 8153 44157
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Wdeoh 61 Vlpxodwhg Vl}h iru wkh Vljq Eldv Whvw

Wkh wdeoh vkrzv uhvxowv iurp d Prqwh Fduor h{shulphqw zkhuh wkh vl}h ri wkh Vljq eldv whvw/ lv lqyhvwljdwhg1 Lq

wkh h{shulphqw/ wkh gdwd jhqhudwlqj surfhvv lv prgho +58,/ zlwk wkh irxu gl�huhqw sdudphwhu frpelqdwlrqv vkrzq

lq froxpq rqh1 Wkh froxpqv odehohg Dfwxdo Uhmhfwlrq Iuhtxhqflhv uhsruw wkh vlpxodwhg hpslulfdo vl}h dw wkh wkuhh

gl�huhqw wkhruhwlfdo vljql�fdqfh ohyhov ri rqh/ �yh/ dqg whq shufhqw1 Wkh �jxuhv duh edvhg rq 5/833 vdpsohv/ wkxv

d <8 ( frq�ghqfh lqwhuydo lv jlyhq e| e�. 5 �se�+4� e�,@5833/ zkhuh e� lv wkh hpslulfdo vl}h1

Qrplqdo Vljql�fdqfh Ohyho

Vdpsoh 4 ( 8 ( 43(

Sdudphwhu Ydoxhv Vl}h Dfwxdo Uhmhfwlrq Iuhtxhqflhv

� ' D�f u �f3Sc k ' f�2Dc q ' f�.f 4333 31<9 71;3 <177

583 31;7 813; 4319;

� ' ��f u �f3Dc k ' f�fDc q ' f�HD 4333 31;7 815; 43193

583 31:5 8157 431;7

� ' D�f u �f3Sc k ' f�fDc q ' f�bf 4333 4177 9137 431<9

583 4133 8197 44145

� ' ��f u �f3Sc k ' f�fbc q ' f�bf 4333 4137 8173 <1:5

583 31:9 8153 44157

Wdeoh 71 Vlpxodwhg Vl}h iru wkh Qhjdwlyh Vl}h Eldv Whvw

Wkh wdeoh vkrzv uhvxowv iurp d Prqwh Fduor h{shulphqw zkhuh wkh vl}h ri wkh Qhjdwlyh vl}h eldv whvw/ lv

lqyhvwljdwhg1 Lq wkh h{shulphqw/ wkh gdwd jhqhudwlqj surfhvv lv prgho +58,/ zlwk wkh irxu gl�huhqw sdudphwhu

frpelqdwlrqv vkrzq lq froxpq rqh1 Wkh froxpqv odehohg Dfwxdo Uhmhfwlrq Iuhtxhqflhv uhsruw wkh vlpxodwhg

hpslulfdo vl}h dw wkh wkuhh gl�huhqw wkhruhwlfdo vljql�fdqfh ohyhov ri rqh/ �yh/ dqg whq shufhqw1 Wkh �jxuhv duh

edvhg rq 5/833 vdpsohv/ wkxv d <8 ( frq�ghqfh lqwhuydo lv jlyhq e| e� . 5 �se�+4� e�,@5833/ zkhuh e� lv wkh

hpslulfdo vl}h1

Qrplqdo Vljql�fdqfh Ohyho

Vdpsoh 4 ( 8 ( 43(

Sdudphwhu Ydoxhv Vl}h Dfwxdo Uhmhfwlrq Iuhtxhqflhv

� ' D�f u �f3Sc k ' f�2Dc q ' f�.f 4333 413; 7157 ;1<9

583 3193 715; ;133

� ' ��f u �f3Dc k ' f�fDc q ' f�HD 4333 31<5 8145 <1:9

583 3193 715; <153

� ' D�f u �f3Sc k ' f�fDc q ' f�bf 4333 31;; 81;; 44177

583 31:5 619; ;1;3

� ' ��f u �f3Sc k ' f�fbc q ' f�bf 4333 31:5 719; <193

583 4137 71;; <13;
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Wdeoh 81 Vlpxodwhg Vl}h iru wkh Srvlwlyh Vl}h Eldv Whvw

Wkh wdeoh vkrzv uhvxowv iurp d Prqwh Fduor h{shulphqw zkhuh wkh vl}h ri wkh Srvlwlyh vl}h eldv whvw/ lv

lqyhvwljdwhg1 Lq wkh h{shulphqw/ wkh gdwd jhqhudwlqj surfhvv lv prgho +58,/ zlwk wkh irxu gl�huhqw sdudphwhu

frpelqdwlrqv vkrzq lq froxpq rqh1 Wkh froxpqv odehohg Dfwxdo Uhmhfwlrq Iuhtxhqflhv uhsruw wkh vlpxodwhg

hpslulfdo vl}h dw wkh wkuhh gl�huhqw wkhruhwlfdo vljql�fdqfh ohyhov ri rqh/ �yh/ dqg whq shufhqw1 Wkh �jxuhv duh

edvhg rq 5/833 vdpsohv/ wkxv d <8 ( frq�ghqfh lqwhuydo lv jlyhq e| e� . 5 �se�+4� e�,@5833/ zkhuh e� lv wkh

hpslulfdo vl}h1

Qrplqdo Vljql�fdqfh Ohyho

Vdpsoh 4 ( 8 ( 43(

Sdudphwhu Ydoxhv Vl}h Dfwxdo Uhmhfwlrq Iuhtxhqflhv

� ' D�f u �f3Sc k ' f�2Dc q ' f�.f 4333 31;3 7153 <15;

583 31:5 7165 ;193

� ' ��f u �f3Dc k ' f�fDc q ' f�HD 4333 31<9 7169 <189

583 31;7 7197 <165

� ' D�f u �f3Sc k ' f�fDc q ' f�bf 4333 4153 8157 <1;7

583 3189 7153 ;197

� ' ��f u �f3Sc k ' f�fbc q ' f�bf 4333 4145 819; 431<5

583 31;3 715; ;1:5

Wdeoh 91 Vlpxodwhg Vl}h iru Hqjoh dqg Qj*v Mrlqw Whvw

Wkh wdeoh vkrzv uhvxowv iurp d Prqwh Fduor h{shulphqwv/ zkhuh wkh vl}h ri wkh Mrlqw whvw ri Hqjoh dqg Qj^4<<6`/

lv lqyhvwljdwhg1 Lq wkh h{shulphqw/ wkh gdwd jhqhudwlqj surfhvv lv prgho +58,/ zlwk wkh irxu gl�huhqw sdudphwhu

frpelqdwlrqv vkrzq lq froxpq rqh1 Wkh froxpqv odehohg Dfwxdo Uhmhfwlrq Iuhtxhqflhv uhsruw wkh vlpxodwhg

hpslulfdo vl}h dw wkh wkuhh gl�huhqw wkhruhwlfdo vljql�fdqfh ohyhov ri rqh/ �yh/ dqg whq shufhqw1 Wkh �jxuhv duh

edvhg rq 5/833 vdpsohv/ wkxv d <8 ( frq�ghqfh lqwhuydo lv jlyhq e| e� . 5 �se�+4� e�,@5833/ zkhuh e� lv wkh

hpslulfdo vl}h1

Qrplqdo Vljql�fdqfh Ohyho

Vdpsoh 4 ( 8 ( 43(

Sdudphwhu Ydoxhv Vl}h Dfwxdo Uhmhfwlrq Iuhtxhqflhv

� ' D�f u �f3Sc k ' f�2Dc q ' f�.f 4333 4177 71;3 ;1:9

583 31;3 6197 :197

� ' ��f u �f3Dc k ' f�fDc q ' f�HD 4333 4145 813; <1:5

583 31;; 7149 ;17;

� ' D�f u �f3Sc k ' f�fDc q ' f�bf 4333 4169 8177 44153

583 31:9 7133 ;1<5

� ' ��f u �f3Sc k ' f�fbc q ' f�bf 4333 4177 8137 <1;;

583 4133 7157 <145

58



Wdeoh :1 Dfwxdo Uhmhfwlrq Iuhtxhqflhv zkhq wkh Wuxh Prgho lv JTDUFK+4/4,

Wkh wdeoh vkrzv uhvxowv iurp d Prqwh Fduor h{shulphqw zkhuh wkh hpslulfdo srzhu ri vl{ vshfl�fdwlrq whvwv duh

lqyhvwljdwhg1 Lq wkh h{shulphqw/ wkh gdwd jhqhudwlqj surfhvv lv prgho +59,1 Wkh froxpqv odehohg Dfwxdo Uhmhfwlrq

Iuhtxhqflhv uhsruw wkh vlpxodwhg hpslulfdo srzhu dw wkh wkuhh gl�huhqw wkhruhwlfdo vljql�fdqfh ohyhov ri rqh/ �yh/

dqg whq shufhqw1 Wkh �jxuhv duh edvhg rq 5/833 vdpsohv/ zklfk jlyh dq hvwlpdwhg vwdqgdug huuru ri wkh hvwlpdwhg

srzhu/ es/ htxdo wrses+4� es,@58331 Wkh deeuhyldwlrqv duh= OP4 uhihuv wr wkh whvw ri qr JTDUFK/ OP5 wr wkh

whvw ri qr OVWJDUFK/ VE wr wkh Vljq eldv whvw/ QVE wr wkh Qhjdwlyh vl}h eldv whvw/ SVE wr wkh Srvlwlyh vl}h eldv

whvw/ dqg Mrlqw uhihuv wr wkh whvw ri wkh mrlqw k|srwkhvlv ri VE/ QVE/ dqg SVE1

Qrplqdo Vljql�fdqfh Ohyho

4 ( 8 ( 43(

Whvw Vdpsoh Vl}h Dfwxdo Uhmhfwlrq Iuhtxhqflhv +(,

OP4 4333 915; 531:5 65189

583 4177 917; 461;3

OP5 4333 61<5 46153 55189

583 31;7 7193 44169

VE 4333 415; 8185 431<5

583 31;; 815; <1<5

QVE 4333 4193 9133 431<5

583 31<9 715; ;1;;

SVE 4333 4133 71;; 431:9

583 317; 7177 <19;

Mrlqw 4333 4157 71<5 4317;

583 4133 7145 ;133
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Wdeoh ;1 Dfwxdo Uhmhfwlrq Iuhtxhqflhv zkhq wkh Wuxh Prgho lv OVWJDUFK+4/4,

Wkh wdeoh vkrzv uhvxowv iurp d Prqwh Fduor h{shulphqw zkhuh wkh hpslulfdo srzhu ri vl{ vshfl�fdwlrq whvwv lv

lqyhvwljdwhg1 Lq wkh h{shulphqw/ wkh gdwd jhqhudwlqj surfhvv lv prgho +5:,1 Wkh froxpqv odehohg Dfwxdo Uhmhfwlrq

Iuhtxhqflhv uhsruw wkh vlpxodwhg hpslulfdo srzhu dw wkh wkuhh gl�huhqw wkhruhwlfdo vljql�fdqfh ohyhov ri rqh/ �yh/

dqg whq shufhqw1 Wkh �jxuhv duh edvhg rq 5/833 vdpsohv/ zklfk jlyh dq hvwlpdwhg vwdqgdug huuru ri wkh hvwlpdwhg

srzhu/ es/ htxdo wr ses+4� es,@58331 Wkh deeuhyldwlrqv duh= OP4 uhihuv wr wkh whvw ri qr JTDUFK/ OP5 wr wkh

whvw ri qr OVWJDUFK/ VE wr wkh Vljq eldv whvw/ QVE wr wkh Qhjdwlyh vl}h eldv whvw/ SVE wr wkh Srvlwlyh vl}h eldv

whvw/ dqg Mrlqw uhihuv wr wkh whvw ri wkh mrlqw k|srwkhvlv ri VE/ QVE/ dqg SVE1

Qrplqdo Vljql�fdqfh Ohyho

4 ( 8 ( 43(

Whvw Vdpsoh Vl}h Dfwxdo Uhmhfwlrq Iuhtxhqflhv +(,

OP4 4333 48169 671:5 7:169

583 8145 48169 58145

OP5 4333 69145 97173 :8193

583 :145 54197 651<5

VE 4333 8173 48133 57137

583 4197 :1:9 4717;

QVE 4333 9169 4919; 5917;

583 41:5 :145 45153

SVE 4333 9177 54153 67173

583 4133 :173 4;13;

Mrlqw 4333 913; 4:13; 5:177

583 5173 91<9 451:5

5:



Wdeoh <1 Dfwxdo Uhmhfwlrq Iuhtxhqflhv zkhq wkh Wuxh Prgho lv HJDUFK+4/4,

Wkh wdeoh vkrzv uhvxowv iurp d Prqwh Fduor h{shulphqw zkhuh wkh hpslulfdo srzhu ri vl{ vshfl�fdwlrq whvwv lv

lqyhvwljdwhg1 Lq wkh h{shulphqw/ wkh gdwd jhqhudwlqj surfhvv lv prgho +5;,1 Wkh froxpqv odehohg Dfwxdo Uhmhfwlrq

Iuhtxhqflhv uhsruw wkh vlpxodwhg hpslulfdo srzhu dw wkh wkuhh gl�huhqw wkhruhwlfdo vljql�fdqfh ohyhov ri rqh/ �yh/

dqg whq shufhqw1 Wkh �jxuhv duh edvhg rq 5/833 vdpsohv/ zklfk jlyh dq hvwlpdwhg vwdqgdug huuru ri wkh hvwlpdwhg

srzhu/ es/ htxdo wr ses+4� es,@58331 Wkh deeuhyldwlrqv duh= OP4 uhihuv wr wkh whvw ri qr JTDUFK/ OP5 wr wkh

whvw ri qr OVWJDUFK/ VE wr wkh Vljq eldv whvw/ QVE wr wkh Qhjdwlyh vl}h eldv whvw/ SVE wr wkh Srvlwlyh vl}h eldv

whvw/ dqg Mrlqw uhihuv wr wkh whvw ri wkh mrlqw k|srwkhvlv ri VE/ QVE/ dqg SVE1

Qrplqdo Vljql�fdqfh Ohyho

4 ( 8 ( 43(

Whvw Vdpsoh Vl}h Dfwxdo Uhmhfwlrq Iuhtxhqflhv +(,

OP4 4333 8413; :7133 ;51;3

583 :1:5 5513; 66177

OP5 4333 64165 8:133 :3189

583 713; 48185 57189

VE 4333 <149 57177 691;3

583 513; <153 49173

QVE 4333 45177 5<189 7413;

583 41;; ;165 471<9

SVE 4333 <185 5:1;7 7319;

583 5153 <1<5 4;169

Mrlqw 4333 :165 531;7 65145

583 4149 9145 441;;

5;



Wdeoh 431 Dfwxdo Uhmhfwlrq Iuhtxhqflhv zkhq wkh Wuxh Prgho lv JMU

Wkh wdeoh vkrzv uhvxowv iurp d Prqwh Fduor h{shulphqw zkhuh wkh hpslulfdo srzhu ri vl{ vshfl�fdwlrq whvwv lv

lqyhvwljdwhg1 Lq wkh h{shulphqw/ wkh gdwd jhqhudwlqj surfhvv lv prgho +5<,1 Wkh froxpqv odehohg Dfwxdo Uhmhfwlrq

Iuhtxhqflhv uhsruw wkh vlpxodwhg hpslulfdo srzhu dw wkh wkuhh gl�huhqw wkhruhwlfdo vljql�fdqfh ohyhov ri rqh/ �yh/

dqg whq shufhqw1 Wkh �jxuhv duh edvhg rq 5/833 vdpsohv/ zklfk jlyh dq hvwlpdwhg vwdqgdug huuru ri wkh hvwlpdwhg

srzhu/ es/ htxdo wr ses+4� es,@58331 Wkh deeuhyldwlrqv duh= OP4 uhihuv wr wkh whvw ri qr JTDUFK/ OP5 wr wkh

whvw ri qr OVWJDUFK/ VE wr wkh Vljq eldv whvw/ QVE wr wkh Qhjdwlyh vl}h eldv whvw/ SVE wr wkh Srvlwlyh vl}h eldv

whvw/ dqg Mrlqw uhihuv wr wkh whvw ri wkh mrlqw k|srwkhvlv ri VE/ QVE/ dqg SVE1

Qrplqdo Vljql�fdqfh Ohyho

4 ( 8 ( 43(

Whvw Vdpsoh Vl}h Dfwxdo Uhmhfwlrq Iuhtxhqflhv +(,

OP4 4333 ;7149 <8133 <:177

583 4<13; 76133 891<5

OP5 4333 :6189 <3185 <8145

583 4719; 6:137 84145

VE 4333 5919; 7<1:9 95153

583 8145 48149 5713;

QVE 4333 4;1:5 6<173 8415;

583 7133 441:5 4<153

SVE 4333 55149 7<13; 951<9

583 615; 4719; 58173

Mrlqw 4333 53157 77169 8;153

583 6149 431<9 4;17;

5<



Wdeoh 441 Dfwxdo Uhmhfwlrq Iuhtxhqflhv zkhq wkh Wuxh Prgho lv WJDUFK

Wkh wdeoh vkrzv uhvxowv iurp d Prqwh Fduor h{shulphqw zkhuh wkh hpslulfdo srzhu ri vl{ vshfl�fdwlrq whvwv lv

lqyhvwljdwhg1 Lq wkh h{shulphqw/ wkh gdwd jhqhudwlqj surfhvv lv prgho +63,1 Wkh froxpqv odehohg Dfwxdo Uhmhfwlrq

Iuhtxhqflhv uhsruw wkh vlpxodwhg hpslulfdo srzhu dw wkh wkuhh gl�huhqw wkhruhwlfdo vljql�fdqfh ohyhov ri rqh/ �yh/

dqg whq shufhqw1 Wkh �jxuhv duh edvhg rq 5/833 vdpsohv/ zklfk jlyh dq hvwlpdwhg vwdqgdug huuru ri wkh hvwlpdwhg

srzhu/ es/ htxdo wr ses+4� es,@58331 Wkh deeuhyldwlrqv duh= OP4 uhihuv wr wkh whvw ri qr JTDUFK/ OP5 wr wkh

whvw ri qr OVWJDUFK/ VE wr wkh Vljq eldv whvw/ QVE wr wkh Qhjdwlyh vl}h eldv whvw/ SVE wr wkh Srvlwlyh vl}h eldv

whvw/ dqg Mrlqw uhihuv wr wkh whvw ri wkh mrlqw k|srwkhvlv ri VE/ QVE/ dqg SVE1

Qrplqdo Vljql�fdqfh Ohyho

4 ( 8 ( 43(

Whvw Vdpsoh Vl}h Dfwxdo Uhmhfwlrq Iuhtxhqflhv +(,

OP4 4333 891:9 :<15; ;9133

583 43157 59193 6;149

OP5 4333 651:5 8;1;3 :4197

583 8177 4:17; 5:157

VE 4333 44133 5:145 6:193

583 515; ;17; 48169

QVE 4333 4317; 581:9 69169

583 51:9 :1;3 47185

SVE 4333 <133 5917; 6<137

583 5149 ;169 49149

Mrlqw 4333 :157 54177 651<5

583 4165 819; 44177

63



Wdeoh 451 Dfwxdo Uhmhfwlrq Iuhtxhqflhv zkhq wkh Wuxh Prgho lv D0SDUFK

Wkh wdeoh vkrzv uhvxowv iurp d Prqwh Fduor h{shulphqw zkhuh wkh hpslulfdo srzhu ri vl{ vshfl�fdwlrq whvwv lv

lqyhvwljdwhg1 Lq wkh h{shulphqw/ wkh gdwd jhqhudwlqj surfhvv lv prgho +64,1 Wkh froxpqv odehohg Dfwxdo Uhmhfwlrq

Iuhtxhqflhv uhsruw wkh vlpxodwhg hpslulfdo srzhu dw wkh wkuhh gl�huhqw wkhruhwlfdo vljql�fdqfh ohyhov ri rqh/ �yh/

dqg whq shufhqw1 Wkh �jxuhv duh edvhg rq 5/833 vdpsohv/ zklfk jlyh dq hvwlpdwhg vwdqgdug huuru ri wkh hvwlpdwhg

srzhu/ es/ htxdo wr ses+4� es,@58331 Wkh deeuhyldwlrqv duh= OP4 uhihuv wr wkh whvw ri qr JTDUFK/ OP5 wr wkh

whvw ri qr OVWJDUFK/ VE wr wkh Vljq eldv whvw/ QVE wr wkh Qhjdwlyh vl}h eldv whvw/ SVE wr wkh Srvlwlyh vl}h eldv

whvw/ dqg Mrlqw uhihuv wr wkh whvw ri wkh mrlqw k|srwkhvlv ri VE/ QVE/ dqg SVE1

Qrplqdo Vljql�fdqfh Ohyho

4 ( 8 ( 43(

Whvw Vdpsoh Vl}h Dfwxdo Uhmhfwlrq Iuhtxhqflhv +(,

OP4 4333 :915; <4189 <8173

583 451:9 65173 781;7

OP5 4333 97149 ;8169 <4165

583 ;1<5 5:145 7413;

VE 4333 91:5 4:173 591;;

583 417; :169 46149

QVE 4333 ;165 4;1<5 5:193

583 5145 ;149 4713;

SVE 4333 81:5 4;1:5 63193

583 4153 91;; 47133

Mrlqw 4333 81;3 49169 581;7

583 4145 81:9 44189
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Wdeoh 461 Dfwxdo Uhmhfwlrq Iuhtxhqflhv zkhq wkh Wuxh Prgho lv YV0DUFK

Wkh wdeoh vkrzv uhvxowv iurp d Prqwh Fduor h{shulphqw zkhuh wkh hpslulfdo srzhu ri vl{ vshfl�fdwlrq whvwv lv

lqyhvwljdwhg1 Lq wkh h{shulphqw/ wkh gdwd jhqhudwlqj surfhvv lv prgho +65,1 Wkh froxpqv odehohg Dfwxdo Uhmhfwlrq

Iuhtxhqflhv uhsruw wkh vlpxodwhg hpslulfdo srzhu dw wkh wkuhh gl�huhqw wkhruhwlfdo vljql�fdqfh ohyhov ri rqh/ �yh/

dqg whq shufhqw1 Wkh �jxuhv duh edvhg rq 5/833 vdpsohv/ zklfk jlyh dq hvwlpdwhg vwdqgdug huuru ri wkh hvwlpdwhg

srzhu/ es/ htxdo wr ses+4� es,@58331 Wkh deeuhyldwlrqv duh= OP4 uhihuv wr wkh whvw ri qr JTDUFK/ OP5 wr wkh

whvw ri qr OVWJDUFK/ VE wr wkh Vljq eldv whvw/ QVE wr wkh Qhjdwlyh vl}h eldv whvw/ SVE wr wkh Srvlwlyh vl}h eldv

whvw/ dqg Mrlqw uhihuv wr wkh whvw ri wkh mrlqw k|srwkhvlv ri VE/ QVE/ dqg SVE1

Qrplqdo Vljql�fdqfh Ohyho

4 ( 8 ( 43(

Whvw Vdpsoh Vl}h Dfwxdo Uhmhfwlrq Iuhtxhqflhv +(,

OP4 4333 531<9 76165 881<5

583 6133 45137 53185

OP5 4333 4<189 7513; 89137

583 41<9 43137 4:153

VE 4333 4193 :185 4619;

583 4137 8189 44193

QVE 4333 5145 <17; 4:17;

583 31;; 913; 451;7

SVE 4333 5185 <197 491<9

583 4145 8177 431;3

Mrlqw 4333 4173 :1;3 48157

583 31;7 71;; 431:9
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