
D Vprrwk Wudqvlwlrq DUFK Prgho iru Dvvhw Uhwxuqv�

Jxvwdi H1 Kdjhuxg

Ghsduwphqw ri Ilqdqfh

Vwrfnkrop Vfkrro ri Hfrqrplfv

Zrunlqj Sdshu Vhulhv lq Hfrqrplfv dqg Ilqdqfh Qr1 495
Qryhpehu/ 4<<9

Devwudfw

Lq wkh fodvvlfdo DUFK prgho ri Hqjoh ^4<;5` wkh frqglwlrqdo yduldqfh lv d olqhdu ixqfwlrq ri odjjhg

vtxduhg uhvlgxdov1 Lq wklv sdshu L lqwurgxfh qrqolqhdulw|/ e| dgglqj d whup wkdw frqvlvwv ri d frqvwdqw

sdudphwhu pxowlsolhg e| d wudqvlwlrq ixqfwlrq1 Wzr gl�huhqw wudqvlwlrq ixqfwlrqv duh frqvlghuhg/ d

orjlvwlf dqg dq h{srqhqwldo1 Ixuwkhupruh/ iroorzlqj Eroohuvohy ^4<;9`/ L h{whqg wkh prgho e| lqwur0

gxflqj odjjhg frqglwlrqdo yduldqfhv lq wkh frqglwlrqdo yduldqfh htxdwlrq1 Wklv vshfl�fdwlrq uhgxfhv

wkh qxpehu ri sdudphwhuv lq wkh prgho/ zklfk suryhv wr eh lpsruwdqw iru vxffhvvixo hvwlpdwlrq1 Wkh

sdshu dovr ghvfulehv d qxpehu ri vshfl�fdwlrq whvwv/ wkdw fdq ghwhuplqh li wkh vprrwk wudqvlwlrq

JDUFK prgho fdq eh wkh gdwd jhqhudwlqj surfhvv ri d wlphv vhulhv1 Wkh whfkqltxhv sursrvhg duh

looxvwudwhg rq gdwd iurp irxu vwrfn lqgh{ vhulhv1

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/ dqg Vwhidq H1 Èveulqn

iru khosixo vxjjhvwlrqv1 Wkh dxwkru lv vroho| uhvsrqvleoh iru 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

Lq wklv sdshu L lqwurgxfh d qhz fodvv ri DUFK2JDUFK prghov1 Wklv qhz fodvv doorzv iru qrq0olqhdulw|

lq wkh htxdwlrq iru wkh frqglwlrqdo yduldqfh1 Wzr irupv ri qrq0olqhdulw| duh frqvlghuhg1 Iluvw/ dv|pphwu|

uhjduglqj wkh vljq ri wkh huuru whup lv frqvlghuhg1 Wklv vshfl�fdwlrq doorzv srvlwlyh dqg qhjdwlyh vkrfnv ri

htxdo vl}h wr kdyh gl�huhqw ghjuhhv ri lpsdfw rq wkh frqglwlrqdo yduldqfh1 Vhfrqg/ qrq0olqhdulw| uhjduglqj

wkh vl}h ri huuru whupv lv frqvlghuhg1 Wkh g|qdplfv ri wkh frqglwlrqdo yduldqfh zloo wkhq gl�hu ghshqglqj

rq zkhwkhu wkh pdunhw lv uhodwlyho| yrodwloh ru qrw1 Hyhq wkrxjk prghov wkdw doorz iru gl�huhqw irupv

ri qrq0olqhdulw| kdyh ehhq suhvhqwhg ehiruh/ wkhvh qhz prghov duh eholhyhg wr kdyh qryho ihdwxuhv/ wkdw

duh dgydqwdjhrxv lq d prgholqj vlwxdwlrq1 Rqh pdmru dgydqwdjh lv wkdw vshfl�fdwlrq whvwv fdq hdvlo| eh

ghyhorshg iurp wklv prgho fodvv1 Wkhvh vshfl�fdwlrq whvwv vxevwdqwldoo| vlpsoli| wkh surfhgxuh ri �qglqj

d vxlwdeoh prgho iru uhsuhvhqwlqj d �qdqfldo wlph vhulhv1

Lq klv vhplqdo zrun/ Hqjoh ^4<;5` lqwurgxfhv wkh DUFK +Dxwruhjuhvvlyh Frqglwlrqdo Khwhurvnhgdvwlf0

lw|, prgho/ lq zklfk wkh frqglwlrqdo yduldqfh lv d olqhdu ixqfwlrq ri odjjhg vtxduhg uhvlgxdov/ dqdorjrxv wr

dq PD prgho iru wkh frqglwlrqdo phdq1 Eroohuvohy ^4<;9` lqwurgxfhv wkh Jhqhudol}hg DUFK +JDUFK,

prgho dqg h{whqgv Hqjoh*v PD vshfl�fdwlrq lqwr dq DUPD prgho e| lqwurgxflqj odjjhg frqglwlrqdo

yduldqfhv lq wkh frqglwlrqdo yduldqfh htxdwlrq1 Zlwk wklv uhsuhvhqwdwlrq/ wkh qxpehu ri sdudphwhuv lq

wkh prgho fdq eh uhgxfhg frqvlghudeo|1 Qrwh/ krzhyhu/ wkdw d vwdwlrqdu| JDUFK prgho fdq dozd|v eh

uhzulwwhq dv dq DUFK prgho zlwk dq lq�qlwh qxpehu ri odjv1

Dprqj wkh �uvw wr lqwurgxfh qrq0olqhdulwlhv lq wkh DUFK iudphzrun zhuh Hqjoh dqg Eroohuvohy ^4<;9`1

Wkh| sursrvh d prgho zkhuh wkh g|qdplfv ri wkh frqglwlrqdo yduldqfh fkdqjh zlwk wkh pdjqlwxgh ri

vtxduhg uhvlgxdov1 Wkh wudqvlwlrq ehwzhhq gl�huhqw frqglwlrqdo yduldqfh vwdwhv lv frqwuroohg eh d qrupdo

fxpxodwlyh glvwulexwlrq ixqfwlrq1

Kljjlqv dqg Ehud ^4<<5` lqwurgxfh wkh Qrq0olqhdu DUFK +QDUFK, prgho/ zklfk hqfrpsdvvhv ydulrxv

ixqfwlrqdo irupv iru wkh frqglwlrqdo yduldqfh1 Wkhlu prgho wkhuhiruh surylghv d iudphzrun iru whvwlqj

wkh olqhdu DUFK prgho djdlqvw gl�huhqw qrq0olqhdu dowhuqdwlyhv1 Lq wkhlu duwlfoh/ wkh dxwkruv ghulyh d

Odjudqjh pxowlsolhu vwdwlvwlf iru vxfk d whvw1 Wklv whvw lv ixuwkhu ghyhorshg dqg dqdo|}hg lq Ehud dqg

Kljjlqv ^4<<5`1

Lq Qhovrq*v ^4<<4` H{srqhqwldo JDUFK +HJDUFK, prgho/ wkh qdwxudo orjdulwkp ri wkh frqglwlrqdo

yduldqfh lv prghohg dv dq DUPD surfhvv1 Wklv vroyhv vrph sureohpv frqfhuqlqj sdudphwhu uhvwulfwlrqv lq

wkh JDUFK prgho1 Ixuwkhupruh/ Qhovrq lqwurgxfhv d whup wkdw pdnhv wkh frqglwlrqdo yduldqfh ghshqg

rq wkh vljq ri odjjhg uhvlgxdov1 Wklv lv prwlydwhg e| wkh hpslulfdo revhuydwlrq wkdw lq vrph wlph vhulhv

wkhuh lv d fruuhodwlrq ehwzhhq wkh fxuuhqw frqglwlrqdo yduldqfh dqg odjjhg uhwxuqv1 Prghov zlwk wklv

ihdwxuh duh riwhq ghqrwhg �dv|pphwulf� ru �ohyhudjh� yrodwlolw| prghov1

Dqrwkhu dv|pphwulf prgho lv wkh JMU prgho/ sursrvhg e| Jorvwhq/ Mdjdqqdwkdq/ dqg Uxqnoh ^4<<6`1

Lq wkh JMU prgho/ wkh vwdqgdug JDUFK prgho lv h{whqghg e| ohwwlqj wkh sdudphwhu iru wkh vtxduhg

uhvlgxdo kdyh rqh ydoxh zkhq wkh uhvlgxdo lv srvlwlyh/ dqg dqrwkhu zkhq wkh uhvlgxdo lv qhjdwlyh1
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]dnròdq ^4<<7` lqwurgxfhv wkh Wkuhvkrog DUFK +WDUFK, prgho1 Lq wklv prgho wkh ixqfwlrqdo irup

lv wkh vdph dv lq wkh JMU prgho/ exw lqvwhdg ri prgholqj wkh frqglwlrqdo yduldqfh/ ]dnròdq prghov wkh

frqglwlrqdo vwdqgdug ghyldwlrq1 Wkh WDUFK prgho lv ghyhorshg ixuwkhu lq Udehpdqdqmdud dqg ]dnròdq

^4<<6`1

Glqj/ Judqjhu/ dqg Hqjoh ^4<<6` suhvhqw wkh Dv|pphwulf Srzhu DUFK/ d prgho fkdudfwhul}hg e| d

odujh ghjuhh ri  h{lelolw|1 Lq idfw/ DUFK/ JDUFK/ QDUFK/ JMU dqg WDUFK duh lqfoxghg lq wkh prgho

dv vshfldo fdvhv1

D uhfhqw dv|pphwulf prgho lv wkh yrodwlolw| vzlwfklqj +VY, prgho suhvhqwhg e| Iruqdul dqg Phoh

^4<<9e`1 Lq wkh VY prgho/ wkh JDUFK htxdwlrq lv dxjphqwhg e| d whup wkdw fdswxuhv phdq uhyhuvlrq

lq frqglwlrqdo yduldqfh1 Phdq uhyhuvlrq uhihuv wr wkh revhuydwlrq wkdw zkhq wkh frqglwlrqdo yduldqfh lv

kljk dqg wkh uhvlgxdo lv vpdoohu wkdq h{shfwhg/ wkh frqglwlrqdo yduldqfh zloo whqg wr ghfuhdvh/ dqg zkhq

wkh frqglwlrqdo yduldqfh lv orz dqg wkh uhvlgxdo lv odujhu wkdq h{shfwhg/ wkh frqglwlrqdo yduldqfh riwhq

lqfuhdvhv1

Wkh prgho fodvv suhvhqwhg lq wklv sdshu lv lqvsluhg wr d odujh h{whqw e| wkh Vprrwk Wudqvlwlrq

Dxwruhjuhvvlyh +VWDU, prgho ri Oxxnnrqhq/ Vdlnnrqhq/ dqg Whuçvyluwd ^4<;;`1 Lq wkh VWDU prgho/ wkh

frqglwlrqdo phdq lv d qrq0olqhdu ixqfwlrq ri odjjhg uhdol}dwlrqv ri wkh vhulhv lqwurgxfhg yld d wudqvlwlrq

ixqfwlrq1 Wzr frpprqo| xvhg wudqvlwlrq ixqfwlrqv duh wkh orjlvwlf +OVWDU, dqg wkh h{srqhqwldo +HVWDU,

+ vhh Whuçvyluwd ^4<<7`,1 Lq wkh qrq0olqhdu DUFK prgho suhvhqwhg lq wklv sdshu/ wkh frqglwlrqdo yduldqfh

lv d qrq0olqhdu ixqfwlrq ri odjjhg uhvlgxdov1 Dv lq wkh VWDU prghov/ wkh qrq0olqhdulw| lv/ lqwurgxfhg yld

hlwkhu d orjlvwlf ru dq h{srqhqwldo wudqvlwlrq ixqfwlrq1 Wklv jlyhv ulvh wzr wr gl�huhqw prghov= wkh orjlvwlf

dqg wkh h{srqhqwldo vprrwk wudqvlwlrq DUFK prgho1

Lq wkh orjlvwlf vprrwk wudqvlwlrq DUFK prgho/ wkh frqglwlrqdo yduldqfh zloo kdyh g|qdplfv vlplodu wr

wkrvh ri wkh JMU prgho1 Wkh JMU prgho zloo rewdlq dv d olplwlqj fdvh ri wkh orjlvwlf prgho1 Lq idfw/ wkh

JMU prgho zloo uhvxow li wkh orjlvwlf ixqfwlrq lv uhsodfhg e| wkh Khdylvlgh ixqfwlrq1 Wkh h{wud  h{lelolw|

lq wkh prgho suhvhqwhg lq wklv sdshu lv dffrpsolvkhg zlwk wkh lqwurgxfwlrq ri rqh pruh sdudphwhu1

Lq wkh h{srqhqwldo vprrwk wudqvlwlrq DUFK prgho/ wkh g|qdplfv ri wkh frqglwlrqdo yduldqfh duh

lqghshqghqw ri wkh vljq ri odjjhg uhvlgxdov1 Lqvwhdg/ wkh pdjqlwxgh ri odjjhg vtxduhg uhvlgxdov frqwuro

wkh frqglwlrqdo yduldqfh1 Wklv vshfl�fdwlrq lv vlplodu wr wkdw sursrvhg lq Hqjoh dqg Eroohuvohy ^4<;9`

+ht1 69,1 Krzhyhu/ wkh wudqvlwlrq ixqfwlrq lq Hqjoh dqg Eroohuvohy*v prgho lv wkh qrupdo fxpxodwlyh

glvwulexwlrq ixqfwlrq1 Lq p| prgho lw lv wkh h{srqhqwldo ixqfwlrq zklfk phdqv wkdw vshfl�fdwlrq whvwv duh

hdvlhu wr ghulyh1

D pxfk ghedwhg vxemhfw lq wkh DUFK2JDUFK olwhudwxuh lv wkh glvwulexwlrqdo dvvxpswlrqv iru wkh

lqqrydwlrqv +vhh h1j1 Whuçvyluwd ^4<<9`,1 Lq wkh DUFK prgho ri Hqjoh ^4<;5`/ uhvlgxdov duh dvvxphg wr eh

qrupdoo| glvwulexwhg1 Eroohuvohy ^4<;:` lqwurgxfhv Vwxghqw0w glvwulexwhg lqqrydwlrqv zlwk klv JDUFK0w

prgho1 Lq Qhovrq ^4<<4`/ lqqrydwlrqv duh dvvxphg wr eh gudzq iurp d Jhqhudol}hg Huuru Glvwulexwlrq1

Krzhyhu/ wklv sdshu zloo qrw irfxv rq wkhvh lvvxhv1 Iru vlpsolflw|/ lqqrydwlrqv zloo eh dvvxphg wr eh

qrupdoo| glvwulexwhg1

Wkh hpslulfdo dqdo|vlv ri vwrfn lqgh{ vhulhv vkrxog qrw eh frqvlghuhg dv d frpsohwh lqyhvwljdwlrq ri wkh

srvvleoh gdwd jhqhudwlqj surfhvvhv> lw lv lqfoxghg rqo| dv dq looxvwudwlyh h{dpsoh1 D hpslulfdo frpsdulvrq
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ri vrph ri wkh dv|pphwulf prghov phqwlrqhg deryh lv jlyhq lq Iruqdul dqg Phoh ^4<<9d`1

Lq Vhfwlrq 5 wkh prgho lv ghvfulehg/ dqg sdudphwhu uhvwulfwlrqv duh jlyhq wr jxdudqwhh vwdwlrqdulw| ri

wkh uhwxuq vhulhv dqg qrq0qhjdwlylw| ri wkh frqglwlrqdo yduldqfh1 Vhfwlrq 6 frqvlghuv vshfl�fdwlrq whvwv1

Lq Vhfwlrq 7 sdudphwhu hvwlpdwlrq lv eulh | glvfxvvhg1 Hpslulfdo h{dpsohv ri erwk wkh vshfl�fdwlrq whvwv

dqg hvwlpdwlrq duh jlyhq lq Vhfwlrq 8/ dqg Vhfwlrq 9 suhvhqwv wkh frqfoxvlrqv1

5 Wkh Prgho

Wkh uhwxuq ri dq dvvhw lv dvvxphg wr eh jhqhudwhg e| wkh surfhvv

uw @ %w= +4,

Wkh huuru whup/ ru wkh uhvlgxdo/ lv dvvxphg wr kdyh wkh iroorzlqj irup

%w @ }wk
4@5

w
> +5,

zlwk }w �qlg+3/4,/ dqg kw ehlqj wkh frqglwlrqdo yduldqfh dw wlph w1 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
> +6,

zkhuh � dqg �m +m @ 4> ==> t, duh qrq0qhjdwlyh frqvwdqwv/ zlwk dw ohdvw rqh �m A 31 Wkh uhwxuq surfhvv

zloo eh vwdwlrqdulw| li
S

t

m@4
�m ? 4/ lq zklfk fdvh wkh xqfrqglwlrqdo yduldqfh lv �@+4�St

m@4
�m,/ Plokûm

^4<;8`1

Lq wkh vwdqgdug DUFK prgho +6,/ wkh frqglwlrqdo yduldqfh lv d olqhdu ixqfwlrq ri odjjhg vtxduhg huuru

whupv1 Lq wklv vwxg|/ wklv olqhdulw| frqglwlrq lv uhod{hg/ dqg wkh frqvhtxhqfhv ri vxfk dq h{whqvlrq ri wkh

DUFK prgho duh lqyhvwljdwhg1 Dv zloo eh fohdu ehorz/ L irfxv rq d idluo| qduurz fodvv ri prghov/ zklfk

lv eholhyhg kdyh dwwudfwlyh ihdwxuhv1

Dvvxph wkdw i�mjtm@4 lq +6, duh qrw frqvwdqwv/ exw ixqfwlrqv ri odjjhg huuru whupv/ dffruglqj wr

�m @ �m+%w�m,1 Wklv lpsolhv wkh iroorzlqj htxdwlrq iru wkh frqglwlrqdo yduldqfh

kw @ � .

t[
m@4

�m+%w�m,%
5

w�m
>

Wkh ixqfwlrqdo irup sursrvhg iru �m+%w�m, lv

�m+%w�m, @ �
4m . �

5mI +%w�m, >

zkhuh �
4m dqg �

5m duh frqvwdqwv/ dqg I +=, lv d wudqvlwlrq ixqfwlrq1 Wkh sursrvhg vprrwk wudqvlwlrq

DUFK prgho zloo wkhuhiruh kdyh wkh irup

kw @ � .

t[
m@4

^�
4m . �

5mI +%w�m,` %
5

w�m
= +7,
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Ehorz/ wzr vshfl�f wudqvlwlrq ixqfwlrqv zloo eh frqvlghuhg/ rqh orjlvwlf dqg rqh h{srqhqwldo1 Erwk

wkhvh ixqfwlrqv kdyh vlpsoh h{suhvvlrqv iru wkh ghulydwlyhv zlwk uhvshfw wr wkh lqqrydwlrqv %w�m 1 Wklv zloo

suryh wr eh dgydqwdjhrxv zkhq vshfl�fdwlrq whvwv duh ghulyhg1 Wkh orjlvwlf ixqfwlrq frqvlghuhg kdv wkh

irup

I +%w�m, @ +4 . h{s ^��%w�m `,
�4 � 4

5
> � A 3> +8,

dqg wkh h{srqhqwldo ixqfwlrq lv

I +%w�m, @ 4� h{s
���%5

w�m

�
> � A 3= +9,

Wkh wzr ixqfwlrqv zloo jhqhudwh txlwh gl�huhqw g|qdplfv iru wkh frqglwlrqdo yduldqfh1 Wkh orjlvwlf

ixqfwlrq +8, zloo jhqhudwh d uhwxuq surfhvv zkhuh wkh g|qdplfv ri wkh frqglwlrqdo yduldqfh gl�hu ghshqglqj

rq wkh vljq ri lqqrydwlrqv1 D uhodwhg qrq0olqhdu prgho lv wkh prgho ri Jorvwhq/ Mdjdqqdwkdq/ dqg Uxqnoh

^4<<6`1 Lq wkh JMU prgho/ wkh frqglwlrqdo yduldqfh iroorzv rqh surfhvv zkhq wkh lqqrydwlrqv duh srvlwlyh

dqg dqrwkhu surfhvv zkhq wkh lqqrydwlrqv duh qhjdwlyh1 Lq wklv prgho/ krzhyhu/ wkh wudqvlwlrq ehwzhhq

vwdwhv lv vprrwk1 Iru %w�m $ �4 wkh wudqvlwlrq ixqfwlrq zloo eh htxdo wr �4@5/ dqg zkhq %w�m $ .4
wkh wudqvlwlrq ixqfwlrq zloo eh htxdo wr 4@51

Wkh h{srqhqwldo ixqfwlrq +9, lv v|pphwulf zlwk uhvshfw wr wkh vljq ri wkh huuru whup1 Wklv wudqvlwlrq

ixqfwlrq zloo jhqhudwh gdwd iru zklfk wkh g|qdplfv ri wkh frqglwlrqdo yduldqfh ghshqg rq wkh pdjqlwxgh

ri wkh lqqrydwlrqv1 Iru m%w�m m $ 4 wkh wudqvlwlrq ixqfwlrq zloo eh htxdo wr xqlw|/ dqg zkhq %w�m @ 3 wkh

wudqvlwlrq ixqfwlrq lv htxdo wr }hur1

Wr ghulyh frqglwlrqv iru qrq0qhjdwlylw| ri wkh frqglwlrqdo yduldqfh dqg vwdwlrqdulw| ri wkh uhwxuq vhulhv/

uhvxowv ri Plokûm ^4<;8` dqg Wmûvwkhlp ^4<;9` duh xvhg dqg lw lv qrwhg wkdw iru +8,/ �4@5 � I +=, � 4@5/

dqg iru +9,/ 3 � I +=, � 41 Vx!flhqw frqglwlrqv iru vwulfwo| srvlwlyh frqglwlrqdo yduldqfh lq wkh orjlvwlf

vprrwk wudqvlwlrq DUFK prgho duh

� A 3

�
4m � 3 +m @ 4> ==> t,

�
4m � 4

5
m�
5m m +m @ 4> ==> t,=

Iru vwdwlrqdulw| ri wkh uhwxuq surfhvv lw lv uhtxluhg
t[

m@4

^�
4m � 4

5
m�
5m m.pd{+�

5m > 3,` ? 4=

Vx!flhqw frqglwlrqv iru vwulfwo| srvlwlyh frqglwlrqdo yduldqfh lq wkh h{srqhqwldo vprrwk wudqvlwlrq DUFK

prgho duh

� A 3

�
4m � 3 +m @ 4> ==> t,

�
4m . �

5m � 3 +m @ 4> ==> t,=

Iru vwdwlrqdulw| ri wkh uhwxuq surfhvv lw lv uhtxluhg
t[

m@4

^�
4m .pd{+�

5m > 3,` ? 4=
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Iru wkh vprrwk wudqvlwlrq DUFK surfhvv wr eh gh�qhg/ lw lv uhtxluhg wkdw dw ohdvw rqh �lm A 31

D qdwxudo h{whqvlrq ri wkh vprrwk wudqvlwlrq DUFK prgho lv wr lqfoxgh odjjhg frqglwlrqdo yduldqfhv

lq wkh htxdwlrq iru wkh frqglwlrqdo yduldqfh/ dv lv grqh e| Eroohuvohy ^4<;9` iru wkh DUFK+t, prgho1 Wkh

vwdqgdug JDUFK+t> s, prgho ri Eroohuvohy lv lq rxu qrwdwlrq htxdo wr

kw @ � .

t[
m@4

�
4m%

5

w�m
.

s[
l@4

�
l
kw�l> +:,

zkhuh wkh lqhtxdolw| frqglwlrqv � A 3/ �
4m � 3 +m @ 4> ==> t,/ dqg �

l
� 3 +l @ 4> ==> s,/ duh lpsrvhg wr

hqvxuh wkdw wkh frqglwlrqdo yduldqfh lv vwulfwo| srvlwlyh1 Wkh uhwxuq surfhvv zloo eh vwdwlrqdu| li
t[

m@4

�
4m .

s[
l@4

�
l
? 4>

lq zklfk fdvh wkh xqfrqglwlrqdo yduldqfh lv �@+4 �St

m@4
�m �

S
t

l@4
�
l
,/ Eroohuvohy ^4<;9`1 Wkh vprrwk

wudqvlwlrq JDUFK+t> s, prgho sursrvhg lv jlyhq e|

kw @ � .

t[
m@4

^�
4m . �

5mI +%w�m,` %
5

w�m
.

s[
l@4

�
l
kw�l> +;,
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Wkh pdlq sxusrvh ri wklv vhfwlrq lv wr suhvhqw surfhgxuhv iru whvwlqj wkh qxoo ri olqhdu frqglwlrqdo yduldqfh
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Qrwh/ wkdw wkh phwkrg ri uhsodflqj wkh wudqvlwlrq ixqfwlrq zlwk d vxlwdeoh dssur{lpdwlrq/ lv qrw

uhvwulfwhg wr wkh fdvh zkhuh wkh wudqvlwlrq ixqfwlrqv kdyh hlwkhu wkh irup +8, ru +9,1 Wkxv/ wklv whvw

surfhgxuh fdq eh xvhg iru doo qrq0olqhdu DUFK prghov zklfk kdyh d wudqvlwlrq ixqfwlrq wkdw fdq eh

dssur{lpdwhg e| d vhfrqg rughu Wd|oru h{sdqvlrq durxqg }hur/ dqg iru zklfk I +3, @ 31

Deryh/ wkh fdvhv zkhuh wkh wudqvlwlrq ixqfwlrq lv hlwkhu wkh orjlvwlf ru wkh h{srqhqwldo kdyh ehhq

gholehudwho| vhsdudwhg 1 Krzhyhu/ lw lv srvvleoh wr whvw wkh qxoo ri krprvnhgdvwlflw| djdlqvw wkh dowhuqdwlyh
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+4;,1 Wkh whvw vwdwlvwlf zloo eh dv|pswrwlfdoo| glvwulexwhg "5 zlwk 6 � t ghjuhhv ri iuhhgrp1 Ixuwkhupruh/
lw lv vwudljkwiruzdug wr ghulyh d OP vwdwlvwlf iru whvwlqj wkh qxoo ri orjlvwlf vprrwk wudqvlwlrq DUFK+t,

djdlqvw wkh dowhuqdwlyh ri erwk d orjlvwlf dqg dq h{srqhqwldo vprrwk wudqvlwlrq DUFK+t, prgho1 Olnhzlvh/

lw lv srvvleoh wr whvw wkh qxoo ri h{srqhqwldo vprrwk wudqvlwlrq qrq0olqhdu DUFK djdlqvw wkh dowhuqdwlyh ri

erwk d orjlvwlf dqg dq h{srqhqwldo wudqvlwlrq ixqfwlrq1 Krzhyhu/ erwk wkhvh whvwv uhtxluh wkdw wkh vhulhv

ri frqglwlrqdo yduldqfh xqghu wkh qxoo lv hvwlpdwhg1 Vlqfh lw lv idu pruh wlph frqvxplqj wr hvwlpdwh d
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7 Hvwlpdwlrq

Li wkh frqglwlrqdo phdq iroorzv htxdwlrq +4,/ dqg jlyhq wkdw wkh lqqrydwlrqv }w duh Jdxvvldq/ wkh sdud0

phwhuv ri wkh prghov duh hvwlpdwhg e| pd{lpl}lqj wkh olnholkrrg ixqfwlrq
S

W

w@4
ow/ zkhuh ow lv jlyhq e|

+55,1 Wklv lv grqh xvlqj vwdqgdug qxphulfdo phwkrgv1 Vlqfh wkh pdjqlwxgh ri wkh sdudphwhuv lv txlwh

gl�huhqw lq wklv prgho/ lw lv uhfrpphqghg wkdw wkh sdudphwhuv eh vfdohg/ vr wkdw wkh gldjrqdo hohphqwv

ri wkh Khvvldq duh urxjko| htxdo1 Lw lv dovr dgylvdeoh wr vhw wkh vwduwlqj ydoxh ri wkh sdudphwhu � lq d

uhjlrq zkhuh wkh wudqvlwlrq ixqfwlrq zloo qrw mxvw wdnh rq wkh h{wuhph ydoxhv ri wkh ixqfwlrq1

Li wkh frqglwlrqdo phdq iroorzv d uhjuhvvlrq prgho/ wkh sdudphwhuv ri wkh frqglwlrqdo yduldqfh surfhvv

vkrxog eh hvwlpdwhg vlpxowdqhrxvo| zlwk wkh sdudphwhuv ri wkh frqglwlrqdo phdq prgho1 Krzhyhu/ wkh

surfhgxuh fdq eh vlpsol�hg zkhq wkh h{srqhqwldo prgho lv frqvlghuhg1 Hqjoh ^4<;5` vkrzv wkdw zkhq

wkh frqglwlrqdo yduldqfh lv v|pphwulf zlwk uhvshfw wr wkh lqqrydwlrqv/ dv lw lv lq wkh h{srqhqwldo vprrwk

wudqvlwlrq DUFK prgho/ wkh wzr prghov fdq eh hvwlpdwhg vhsdudwho|1 Wkxv/ �uvw wkh sdudphwhuv ri wkh

frqglwlrqdo phdq prgho duh hvwlpdwhg/ dqg wkhq hvwlpdwh wkh sdudphwhuv ri wkh DUFK2JDUFK prgho

duh hvwlpdwhg rq wkh hvwlpdwhg uhvlgxdov iurp wkh frqglwlrqdo phdq prgho1

8 Hpslulfdo h{dpsoh

Iru wkh hpslulfdo dqdo|vlv/ revhuydwlrqv xvhg zhuh gdlo| uhwxuq vhulhv iurp irxu gl�huhqw htxlw| lqgh{hv=

wkh Frshqkdjhq Vwrfn H{fkdqjh jhqhudo lqgh{ +FJL,/ wkh Ilqdqfldo Wlphv doo vkduh lqgh{ +IW0doo,/

wkh Plodq Vwrfn H{fkdqjh jhqhudo lqgh{ +PJL,/ dqg wkh Vwrfnkrop htxlw| lqgh{ +RP[,15 Wkh shulrg

lqyhvwljdwhg lv Mdqxdu| 6/ 4<<4 wr Mxo| 48/ 4<<91 Wkh qxpehu ri revhuydwlrqv shu vhulhv lv dssur{lpdwho|

47331 Uhwxuqv duh fdofxodwhg dv oq+Sw@Sw�4,/ zkhuh Sw lv wkh lqgh{ ohyho dw wkh hqg ri gd| w1

Wkh vhulhv duh �uvw h{dplqhg iru dxwrfruuhodwlrq xvlqj d whvw ghyhorshg e| Ulfkdugvrq dqg Vplwk

^4<<7`1 Wkh whvw/ lq wkh irup xvhg khuh/ lv d urexvw yhuvlrq ri d vwdqgdug Er{ dqg Slhufh ^4<:3` surfhgxuh1

Wkh vwdwlvwlf lv fdofxodwhg dv

UV+n, @ W
n[

l@4

e�5
l

4 . fl
> +54,

zkhuh e�
l
lv wkh hvwlpdwhg dxwrfruuhodwlrq ehwzhhq wkh uhwxuqv dw wlph w dqg w � l1 Wkh whupv fl lv dq

dgmxvwphqw idfwru iru khwhurvnhgdvwlflw|/ jlyhq e|

fl @
fry^u5

w
> u5

w�l
`

ydu^uw`5
>

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

Ulfkdugvrq dqg Vplwk*v whvw +54, zdv fdofxodwhg zlwk n htxdo wr �yh1 Qr dxwrfruuhodwlrq zdv ghwhfwhg

iru IW0doo dqg PJL/ rq �yh shufhqw vljql�fdqfh ohyho/ zkloh dxwrfruuhodwlrq zdv lqglfdwhg iru FJL dqg

RP[1 Iru FJL dqg RP[ DU+4, prghov zhuh �wwhg1 Wr hqvxuh wkdw wkhvh prghov fdswxuh wkh ghwhfwhg

5
Wkhvh vhulhv duh qrw fkrvhq udqgrpo| iurp wkh srsxodwlrq ri htxlw| lqgh{ vhulhv1 Udwkhu/ wkh| kdyh ehhq vhohfwhg

ehfdxvh wkh| ixo�oo wkh sxusrvh ri vkrzlqj krz wkh vshfl�fdwlrq whvwv zrun dqg krz hvwlpdwlrq uhvxowv pd| wxuq rxw1

Krzhyhu/ lw zdv qr gl!fxow wr �qg vhulhv wkdw vxlwhg wklv sxusrvh1
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dxwrfruuhodwlrq/ wkh whvw +54, zhuh dssolhg djdlq/ fdofxodwhg rq hvwlpdwhg uhvlgxdov iurp wkh DU+4,

prghov1 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 Qr ixuwkhu

dxwrfruuhodwlrq zdv ghwhfwhg iru FJL dqg RP[/ rq �yh shufhqw vljql�fdqfh ohyho1 Lw lv wkhuhiruh frqfoxghg

wkdw iru IW0doo dqg PJL d vxlwdeoh phdq htxdwlrq lv

uw @ *
3
. %w>

dqg iru FJL dqg RP[ wkh phdq vshfl�fdwlrq fkrvhq lv

uw @ *
3
. *

4
uw�4 . %w=

Diwhu kdylqj frqvlghuhg wkh frqglwlrqdo phdq vshfl�fdwlrq/ whvwv duh shuiruphg uhjduglqj wkh frqgl0

wlrqdo yduldqfh1 Wkhvh whvwv duh fdofxodwhg rq hvwlpdwhg uhvlgxdov iurp wkh frqglwlrqdo phdq prghov16

Uhvxowv iurp wkhvh vshfl�fdwlrq whvwv duh vkrzhg lq Wdeoh 41 Froxpq wzr uhsruwv uhvxowv iru Hqjoh*v ^4<;5`

whvw ri qr DUFK/ fdofxodwhg rq whq odjjhg vtxduhg uhvlgxdov1 Wkh uhsruwhg s0ydoxhv vkrz wkdw lw lv srvvl0

eoh wr uhmhfw wkh qxoo ri frqvwdqw yduldqfh djdlqvw khwhurvnhgdvwlflw| lq wkh irup ri olqhdu DUFK iru doo irxu

vhulhv/ rq �yh shufhqw vljql�fdqfh ohyho1 Froxpqv wkuhh dqg irxu vkrz vlplodu uhvxowv/ zlwk uhvshfw wr wkh

vprrwk wudqvlwlrq DUFK prgho1 Wkh odvw wzr froxpqv uhsruw wkh uhvxowv iurp wkh whvwv ri JDUFK+4/4,

djdlqvw vprrwk wudqvlwlrq JDUFK+4/4,1 Dffruglqj wr froxpq �yh/ iru FJL dqg PJL lw lv srvvleoh wr

uhmhfw wkh qxoo ri JDUFK+4/4, djdlqvw wkh dowhuqdwlyh ri orjlvwlf vprrwk wudqvlwlrq JDUFK+4/4,/ rq �yh

shufhqw vljql�fdqfh ohyho1 Krzhyhu/ iru IW0doo dqg RP[ zh fdq uhmhfw wkh qxoo djdlqvw wkh dowhuqdwlyh

ri orjlvwlf vprrwk wudqvlwlrq JDUFK+4/4,1 Froxpq vl{ vkrzv wkdw rqo| iru FJL lv lw srvvleoh wr uhmhfw

wkh qxoo ri JDUFK+4/4, djdlqvw wkh dowhuqdwlyh ri h{srqhqwldo vprrwk wudqvlwlrq JDUFK+4/4,1 Wkxv/

lw lv frqfoxghg wkdw iru FJL wkh h{srqhqwldo vprrwk wudqvlwlrq JDUFK+4/4, prgho pljkw eh wkh gdwd

jhqhudwlqj surfhvv ri wkh frqglwlrqdo yduldqfh1 Iru IW0doo dqg RP[ wkh frqglwlrqdo yduldqfh frxog kdyh

ehhq jhqhudwhg iurp wkh orjlvwlf prgho1

Iru IW0doo dqg RP[ wkh orjlvwlf vprrwk wudqvlwlrq JDUFK+4/4, prgho zdv hvwlpdwhg1 Wkh frqgl0

wlrqdo phdq vshfl�fdwlrq zdv hvwlpdwhg vlpxowdqhrxvo|1 Wkh h{srqhqwldo vprrwk wudqvlwlrq JDUFK+4/4,

prgho lv hvwlpdwhg rq FJL1 Lq wklv fdvh wkh frqglwlrqdo phdq lv hvwlpdwhg vhsdudwho|1 Vlqfh qr kljkhu ru0

ghu JDUFK h�hfwv duh ghwhfwhg iru PJL/ qr ixuwkhu hvwlpdwlrqv duh shuiruphg rq wkh vhulhv1 Wkh uhvxowv

iurp wkh wkuhh hvwlpdwlrqv duh frpsduhg wr wkh uhvxowv iurp hvwlpdwlrqv zkhuh wkh vwdqgdug JDUFK+4/4,

prgho lv �wwhg wr gdwd1 Wkh lqqrydwlrqv lq doo prghov duh dvvxphg wr eh qrupdoo| glvwulexwhg1

Sdudphwhu hvwlpdwhv iru wkh prghov duh vkrzq lq Wdeoh 51 Wkh wzr odvw urzv jlyh wkh ydoxhv rq wkh orj0

olnholkrrg ixqfwlrq dqg wkh ydoxh rq Dndlnh*v lqirupdwlrq fulwhulrq +DLF,1 Doo hvwlpdwhg sdudphwhuv idoo

lqwr wkh uhjlrqv zkhuh/ jlyhq wkh vx!flhqw frqglwlrqv lq Vhfwlrq 5/ lw lv nqrzq wkdw wkh uhwxuq surfhvvhv

duh vwdwlrqdu| dqg wkdw wkh frqglwlrqdo yduldqfh lv qrq0qhjdwlyh1 Vlqfh vshfl�fdwlrq whvwv kdyh ehhq xvhg

6
Ehud/ Kljjlqv dqg Ohh ^4<<5` wkrurxjko| dqdo|}h wkh sureohp ri whvwlqj iru DUFK zkhq wkh frqglwlrqdo phdq lv jlyhq

e| dq DU prgho1 Wkh| vxjjhvw wkdw wkh Odjudqjh pxowlsolhu vwdwlvwlf vkrxog eh dgmxvwhg iru srvvleoh dxwruhjuhvvlrq1 Wkh

vlpsolvwlf whvw surfhgxuh khuh lv prwlydwhg e| wkh revhuydwlrq wkdw hyhq wkrxjk dxwrfruuhodwlrq lv suhvhqw lq �qdqfldo wlph

vhulhv/ dq| DU prgho fdq rqo| h{sodlq d yhu| vpdoo iudfwlrq ri revhuyhg uhwxuqv1
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wr hvwdeolvk wkh srvvleoh gdwd jhqhudwlqj surfhvvhv ri wkh vhulhv/ vwdqgdug huuruv ri wkh hvwlpdwhv kdyh

lqwhqwlrqdoo| ehhq ohiw xquhsruwhg1 Li wkh uhvlgxdov duh dvvxphg wr eh glvwulexwhg frqglwlrqdoo| qrupdo/

wkh vwdqgdug huuruv fdq eh frpsxwhg iurp wkh lqyhuvh ri wkh Khvvldq1 Li qrupdolw| lv qrw ixo�oohg/ wkh

hvwlpdwlrq surfhgxuh xvhg lv d txdvl0pd{lpxp olnholkrrg phwkrg1 Lq vxfk fdvhv/ vwdqgdug huuruv fdq eh

frpsxwhg zlwk d phwkrg suhvhqwhg e| Eroohuvohy dqg Zrrogulgjh ^4<<5`1

Wkh �uvw wzr froxpqv ri Wdeoh 5 uhsruw hvwlpdwlrq uhvxowv iru FJL1 Dffruglqj wr DLF/ wkh h{srqhqwldo

vprrwk wudqvlwlrq JDUFK+4/4, prgho frqvwlwxwhv dq lpsuryhphqw ryhu wkh vwdqgdug JDUFK+4/4, prgho

lq ghvfulelqj wkh g|qdplfv ri wkh frqglwlrqdo yduldqfh1 Wkh hvwlpdwhg sdudphwhu ydoxh iru � jlyhv d

wudqvlwlrq ixqfwlrq zklfk pryhv vprrwko| ehwzhhq }hur dqg rqh/ dv fdq eh vhhq iurp Iljxuh 51 Iljxuh 6

vkrzv krz wkh frqglwlrqdo yduldqfh uhdfwv wr gl�huhqw uhvlgxdo ydoxhv/ edvhg rq wkh hvwlpdwhg sdudphwhuv1

Iurp wkh �jxuh lw fdq eh revhuyhg wkdw wkh qhzv lpsdfw fxuyh iru h{srqhqwldo vprrwk wudqvlwlrq JDUFK

prgho qhduo| frlqflghv zlwk wkdw ri wkh JDUFK prgho zkhq uhvlgxdov duh lq wkh lqwhuydo 0418 wr .418

shufhqw17 Krzhyhu/ iru odujhu devroxwh uhwxuqv/ wkh wzr fxuyhv vkrz d gl�huhqw sdwwhuq1 Lq wkh vprrwk

wudqvlwlrq JDUFK+4/4, fdvh/ wkh uhodwlyh lq xhqfh ri odujh devroxwh uhwxuqv zloo eh orzhu wkhq lq wkh

JDUFK+4/4, fdvh1 Rqo| 518 shufhqw ri doo devroxwh uhwxuqv duh odujhu wkdq 418 shufhqw1

Iru IW0doo wkh orjlvwlf prgho pd{lpl}hv wkh olnholkrrg ixqfwlrq dqg plqlpl}hv DLF1 Dv fdq eh vhhq

lq Iljxuh 4/ wkh hvwlpdwhg ydoxh iru � zloo jlyh d wudqvlwlrq ixqfwlrq wkdw pryhv yhu| vorzo| ehwzhhq lwv

h{wuhph ydoxhv 0425 dqg .4251 Lq wkh uhjlrq zkhuh prvw uhwxuqv duh suhvhqw/ ehwzhhq �418 dqg .418

shufhqw/ wkh wudqvlwlrq ixqfwlrq vhhpv wr eh doprvw olqhdu zlwk uhvshfw wr wkh uhvlgxdo ydoxh1 Iljxuh 7

vkrzv krz wkh frqglwlrqdo yduldqfh uhdfwv wr gl�huhqw uhvlgxdo ydoxhv/ edvhg rq wkh hvwlpdwhg sdudphwhuv1

Dv h{shfwhg/ wkh qhzv lpsdfw fxuyh iru wkh orjlvwlf prgho lv dv|pphwulf durxqg %w @ 31 Wkh uhdfwlrq

wr qhjdwlyh uhvlgxdo ydoxhv lv pxfk odujhu wkdq wkh uhdfwlrq wr srvlwlyh uhvlgxdov ri wkh vdph pdjqlwxgh1

Wkxv/ d ohyhudjh h�hfw vhhpv wr eh suhvhqw lq wkh uhwxuq vhulhv1

Wkh odvw wzr froxpqv ri Wdeoh 5 uhsruw hvwlpdwlrq uhvxowv iru RP[1 Hyhq lq wklv fdvh/ wkh orjlvwlf

prgho pd{lpl}hv wkh olnholkrrg ixqfwlrq dqg plqlpl}hv wkh DLF1 Iurp Iljxuh 4 lw fdq eh revhuyhg wkdw

wkh hvwlpdwhg sdudphwhu ydoxh iru � jlyhv d wudqvlwlrq ixqfwlrq zklfk lv pxfk pruh vhqvlwlyh wr gl�huhqw

uhvlgxdo ydoxhv/ wkdq zkdw zdv irxqg iru IW0doo1 Zkhq devroxwh uhvlgxdov duh odujhu wkdq 418 shufhqw/

wkh wudqvlwlrq ixqfwlrq zloo dozd|v eh dw lwv h{wuhph ydoxhv1 49 shufhqw ri doo devroxwh uhwxuqv lq wkh

vdpsoh duh odujhu wkdq 418 shufhqw1 Iljxuh 8 vkrzv wkh qhzv lpsdfw fxuyh iru wkh wzr prghov hvwlpdwhg

rq RP[1 Dv zdv wkh fdvh iru IW0doo/ wkh qhzv lpsdfw fxuyh vkrz ohyhudjh h�hfwv1 Wkxv/ odujh srvlwlyh

uhwxuqv zloo lqfuhdvh wkh frqglwlrqdo yduldqfh ohvv wkdq odujh qhjdwlyh uhwxuqv1

7
Wkh qhzv lpsdfw fxuyh/ dv d zd| ri looxvwudwlqj wkh ohyho ri dv|pphwu| lq d khwhurvnhgdwlf prgho/ zdv lqwurgxfhg e|

Hqjoh dqg Qj ^4<<6`1
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9 Vxppdu| dqg Frqfoxvlrq

Wklv sdshu kdv suhvhqwhg d qhz fodvv ri DUFK prgho/ wkh vprrwk wudqvlwlrq DUFK prgho1 Lq wkhvh

prghov/ wkh frqglwlrqdo yduldqfh lv d qrq0olqhdu ixqfwlrq ri odjjhg vtxduhg uhvlgxdov1 Wkh qrq0olqhdulw|

lv lqwurgxfhg e| d wudqvlwlrq ixqfwlrq1 Wzr vshfl�f wudqvlwlrq ixqfwlrq duh frqvlghuhg/ wkh orjlvwlf dqg

wkh h{srqhqwldo1 Wkhvh wzr ixqfwlrqv zloo hdfk jlyh wkh frqglwlrqdo yduldqfh txlwh gl�huhqw g|qdplfv1

Wkh orjlvwlf ixqfwlrq doorzv iru dv|pphwulf ehkdylru ri wkh frqglwlrqdo yduldqfh zlwk uhvshfw wr wkh vljqv

ri uhvlgxdov1 Lq wkh h{srqhqwldo vprrwk wudqvlwlrq prgho/ wkh g|qdplfv ri wkh frqglwlrqdo yduldqfh zloo

gl�hu ghshqglqj rq wkh devroxwh vl}h ri odjjhg uhvlgxdov1

Iroorzlqj wkh zrun ri Eroohuvohy ^4<;9` wkh vprrwk wudqvlwlrq DUFK prgho lv h{whqghg wr d vprrwk

wudqvlwlrq JDUFK prgho1 Lq wklv prgho/ wkh frqglwlrqdo yduldqfh lv d ixqfwlrq ri erwk odjjhg uhvlgxdov

dqg odjjhg frqglwlrqdo yduldqfhv1 Wklv irupxodwlrq lv olnho| wr olplw wkh qxpehu ri sdudphwhuv qhhghg iru

d vxffhvvixo hvwlpdwlrq ri wkh prgho1

Lq Vhfwlrq 6 d qxpehu ri vshfl�fdwlrq whvwv iru wkh vprrwk wudqvlwlrq DUFK2JDUFK prgho zhuh

suhvhqwhg1 Vlqfh wkh hvwlpdwlrq ri wkh prgho uhtxluhv lwhudwlyh surfhgxuhv/ wkhvh whvwv duh prvw ydoxdeoh

lq d sudfwlfdo vlwxdwlrq1

Vhfwlrq 8 frqwdlqhg d vkruw hpslulfdo h{dpsoh/ zkhuh irxu htxlw| lqgh{ uhwxuqv vhulhv zhuh hvwlpdwhg1

Gdwd lv gdlo| dqg wkh vdpsoh shulrg lv iurp Mdqxdu| 4<<4 wr Mxo| 4<<91 Xvlqj wkh vshfl�fdwlrq whvwv

lw fdq eh frqfoxghg wkdw wzr ri wkh vhulhv frxog kdyh kdg wkh orjlvwlf vprrwk wudqvlwlrq JDUFK+4/4,

prgho dv wkhlu gdwd jhqhudwlqj surfhvv1 Rqh frqglwlrqdo yduldqfh vhulhv pljkw kdyh ehhq jhqhudwhg iurp

dq h{srqhqwldo vprrwk wudqvlwlrq JDUFK+4/4, prgho1 Wkh prghov zhuh hvwlpdwhg rq wkh wkuhh vhulhv

wkdw lqglfdwhg kljkhu rughu JDUFK h�hfwv/ dqg wkhvh hvwlpdwhv duh frpsduhg wr vwdqgdug JDUFK+4/4,

hvwlpdwhv1 Dffruglqj wr DLF/ wkh vprrwk wudqvlwlrq JDUFK+4/4, prgho frqvwlwxwhv dq lpsuryhphqw

ryhu wkh JDUFK prgho1 Wkh hvwlpdwhg sdudphwhuv iru wkh orjlvwlf prgho lqglfdwh wkdw odujh qhjdwlyh

uhvlgxdov lqfuhdvh wkh frqglwlrqdo yduldqfh pruh wkdq srvlwlyh uhvlgxdov1 Wkxv/ iru wkhvh wzr vhulhv wkh

frqglwlrqdo yrodwlolw| vhhpv wr lqfuhdvh lq ehdu pdunhwv1 Wkh hvwlpdwlrq uhvxowv iru wkh h{srqhqwldo prgho

vkrz wkdw odujh devroxwh uhvlgxdov duh jlyhq wrr kljk dq lq xhqfh lq wkh vwdqgdug JDUFK+4/4, prgho1

Rqh txhvwlrq wkdw kdv qrw ehhq dqvzhuhg lq wklv sdshu lv zkhwkhu wklv prgho fdq rxwshuirup rwkhu

qrq0olqhdu DUFK prghov suhvhqwhg lq wkh olwhudwxuh1 Wklv lv reylrxvo| d txhvwlrq wkdw fdoov iru ixuwkhu

uhvhdufk1 Dqrwkhu txhvwlrq wkdw qhhgv wr eh h{dplqhg pruh fduhixoo| lv wkh sdudphwhu uhvwulfwlrqv uhtxluhg

iru vwdwlrqdulw|1 Lq Vhfwlrq 5/ vx!flhqw frqglwlrqv iru vwdwlrqdulw| duh surylghg/ exw wkhvh frqglwlrqv frxog

eh wrr uhvwulfwlyh1 Ixuwkhupruh/ vpdoo vdpsoh surshuwlhv ri wkh vshfl�fdwlrq whvwv qhhg wr eh dqdo|}hg1
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Wdeoh 41 Uhvxowv iurp vshfl�fdwlrq whvwv

Wkh wdeoh uhsruwv s0ydoxhv iru vshfl�fdwlrq whvwv shuiruphg rq wkh irxu vhulhv ri hvwlpdwhg uhvlgxdov1 Iru wkh

Ilqdqfldo Wlphv doo vkduh lqgh{ dqg iru wkh Plodq jhqhudo lqgh{/ wkh uhvlgxdov duh fdofxodwhg dv uhwxuqv plqxv

phdq uhwxuq1 Iru wkh Frshqkdjhq jhqhudo lqgh{ dqg iru wkh Vwrfnkrop RP[ lqgh{/ uhvlgxdov duh iurp dq DU+4,

prgho1 Wkh lqyhvwljdwhg shulrg lv Mdqxdu| 6/ 4<<4 wr Mxo| 48/ 4<<91 Wkh froxpq odehohg Qr DUFK jlyhv wkh

uhvxowv iru Hqjoh*v ^4<;5` whvw ri qr DUFK/ fdofxodwhg rq whq odjjhg vtxduhg uhvlgxdov1 Wkh vwdwlvwlf kdv dq

dssur{lpdwh "5+43, glvwulexwlrq xqghu wkh qxoo1 Wkh froxpq odehohg OP 4 uhsruwv wkh uhvxowv iurp wkh whvw ri

qr DUFK/ djdlqvw wkh dowhuqdwlyh ri vprrwk wudqvlwlrq DUFK zlwk d orjlvwlf wudqvlwlrq ixqfwlrq/ dv vshfl�hg lq

htxdwlrq +47,/ fdofxodwhg rq whq odjjhg uhvlgxdov1 Wkh froxpq odehohg OP 5 uhsruwv wkh uhvxowv iurp wkh whvw ri qr

DUFK/ djdlqvw wkh dowhuqdwlyh ri vprrwk wudqvlwlrq DUFK zlwk dq h{srqhqwldo wudqvlwlrq ixqfwlrq/ dv vshfl�hg

lq htxdwlrq +48,/ fdofxodwhg rq whq odjjhg uhvlgxdov1 Wkh froxpq odehohg OP 6 uhsruwv wkh uhvxowv iurp wkh whvw

ri JDUFK+4/4,/ djdlqvw wkh dowhuqdwlyh ri vprrwk wudqvlwlrq JDUFK+4/4, zlwk d orjlvwlf wudqvlwlrq ixqfwlrq/ dv

vshfl�hg lq htxdwlrq +4<,1 Wkh froxpq odehohg OP 7 uhsruwv wkh uhvxowv iurp wkh whvw ri JDUFK+4/4,/ djdlqvw wkh

dowhuqdwlyh ri vprrwk wudqvlwlrq JDUFK+4/4, zlwk dq h{srqhqwldo wudqvlwlrq ixqfwlrq/ dv vshfl�hg lq htxdwlrq

+53,1

Lqgh{ Qr DUFK u�� u�2 u�� u�e

Frshqkdjhq ��HD u �f3�. ��He u �f32f ��e2 u �f32� 31::95 313489

IW0doo vkduh ��2H u �f32� e�H2 u �f32. e��D u �f3�� 313794 31987:

Plodq b�D2 u �f3S� e�e� u �f3H� ��2e u �f3He 316475 31;94:

RP[ b�eb u �f3�H 2�De u �f3�. D��2 u �f3�b 313456 31767;
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Wdeoh 51 Uhvxowv iurp hvwlpdwlrqv

Wkh wdeoh vkrzv uhvxowv iurp hvwlpdwlrqv ri wkh prgho
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zlwk %w � Q+3> kw,1 Wkuhh prghov iru kw duh hvwlpdwhg= wkh orjlvwlf vprrwk wudqvlwlrq JDUFK+4/4, prgho
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Wlphv doo0vkduh lqgh{ / dqg wkh Vwrfnkrop htxlw| lqgh{ +RP[,1 Wkh lqyhvwljdwhg shulrg lv Mdqxdu| 6/ 4<<4
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Iljxuh 41 Orjlvwlf wudqvlwlrq ixqfwlrq iru wkh Ilqdqfldo Wlphv doo vkduh lqgh{ dqg wkh

RP[ lqgh{

Wkh �jxuh vkrzv wkh ydoxh ri wkh orjlvwlf wudqvlwlrq ixqfwlrq
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iru gl�huhqw ydoxhv rq wkh uhvlgxdo %w�m 1 Wkh wudqvlwlrq ixqfwlrq iru IW0doo lv fuhdwhg zlwk wkh hvwlpdwhg sdudphwhu
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Iljxuh 51 H{srqhqwldo wudqvlwlrq ixqfwlrq iru wkh Frshqkdjhq Vwrfn H{fkdqjh jhqhudo

lqgh{

Wkh �jxuh vkrzv wkh ydoxh ri wkh h{srqhqwldo wudqvlwlrq ixqfwlrq
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Iljxuh 61 Qhzv lpsdfw fxuyhv iru wkh Frshqkdjhq Vwrfn H{fkdqjh jhqhudo lqgh{

Wkh �jxuh vkrzv krz wkh frqglwlrqdo yduldqfh uhdfwv wr gl�huhqw ydoxhv rq odjjhg uhvlgxdov1 Wkh fxuyhv duh

fuhdwhg iurp wkh hvwlpdwhg sdudphwhu ydoxhv jlyhq lq Wdeoh 51 Wkh HVWJDUFK+4/4, fxuyh lv fuhdwhg zlwk wkh

irupxod
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Iljxuh 71 Qhzv lpsdfw fxuyhv iru wkh Ilqdqfldo Wlphv doo vkduh lqgh{

Wkh �jxuh vkrzv krz wkh frqglwlrqdo yduldqfh uhdfwv wr gl�huhqw ydoxhv rq odjjhg uhvlgxdov1 Wkh fxuyhv duh

fuhdwhg iurp wkh hvwlpdwhg sdudphwhu ydoxhv jlyhq lq Wdeoh 51 Wkh OVWJDUFK+4/4, fxuyh lv fuhdwhg zlwk wkh

irupxod
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Iljxuh 81 Qhzv lpsdfw fxuyhv iru wkh RP[ lqgh{

Wkh �jxuh vkrzv krz wkh frqglwlrqdo yduldqfh uhdfwv wr gl�huhqw ydoxhv rq odjjhg uhvlgxdov1 Wkh fxuyhv duh

fuhdwhg iurp wkh hvwlpdwhg sdudphwhu ydoxhv jlyhq lq Wdeoh 51 Wkh OVWJDUFK+4/4, fxuyh lv fuhdwhg zlwk wkh

irupxod
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