
D xql�hg dssurdfk wr whvwlqj iru vwdwlrqdulw|
dqg xqlw urrwv

Dqguhz Kduyh|
Idfxow| ri Hfrqrplfv dqg Srolwlfv/ Xqlyhuvlw| ri Fdpeulgjh

Mxqh 58/ 5334

Devwudfw

Odjudqjh pxowlsolhu whvwv djdlqvw qrqvwdwlrqdu| xqrevhuyhg frpsrqhqwv

vxfk dv vwrfkdvwlf wuhqgv dqg vhdvrqdov duh edvhg rq vwdwlvwlfv zklfk/ xqghu

wkh qxoo k|srwkhvlv/ kdyh dv|pswrwlf glvwulexwlrqv ehorqjlqj wr wkh fodvv

ri jhqhudolvhg Fudpìu0yrq Plvhv glvwulexwlrqv1 Frqyhuvho|/ xqlw urrw whvwv

fdq eh irupxodwhg/ djdlq xvlqj wkh Odjudqjh pxowlsolhu sulqflsoh/ vr dv wr

|lhog whvw vwdwlvwlfv zklfk dovr kdyh Fudphu0yrq Plvhv glvwulexwlrqv xqghu

wkh qxoo k|srwkhvlv1 Wkhvh lghdv pd| eh h{whqghg wr pxowlyduldwh prghov

dqg wr prghov zlwk vwuxfwxudo euhdnv wkhuhe| surylglqj d vlpsoh xql�hg

dssurdfk wr whvwlqj lq qrqvwdwlrqdu| wlph vhulhv1

NH\ZRUGV= Fudpìu0yrq Plvhv glvwulexwlrq/ Fr0lqwhjudwlrq/ Od0

judqjh pxowlsolhu whvw/ Orfdoo| ehvw lqyduldqw whvw/ Vhdvrqdolw|/ Vwrfkdvwlf

wuhqg1

MHO fodvvl�fdwlrq= F55/ F65

41 Lqwurgxfwlrq

Lq d xqlw urrw whvw/ wkh qxoo k|srwkhvlv wkdw d surfhvv frqwdlqv d xqlw urrw zkloh
wkh dowhuqdwlyh lv wkdw lw lv vwdwlrqdu|1 Vwdwlrqdulw| whvwv rshudwh lq wkh rssrvlwh
gluhfwlrq1 Wkh qxoo k|srwkhvlv lv wkdw wkh vhulhv lv vwdwlrqdu|/ zkloh wkh dowhuqdwlyh
lv wkdw d qrqvwdwlrqdu| frpsrqhqw lv suhvhqw> vhh Q|eorp dqg Pçnhoçlqhq +4<;6,
dqg Nzldwnrzvnl/ Skloolsv/ Vfkplgw dqg Vklq +4<<5,1 Xvhg lq wkh frqwh{w ri
whvwlqj wkh ydolglw| ri d suh0vshfl�hg fr0lqwhjudwlqj yhfwru/ wkh qxoo k|srwkhvlv
lv wkdw wkh fr0lqwhjudwlqj uhodwlrqvkls lv wuxh1 Wkh dv|pswrwlf glvwulexwlrq ri



wkh vwdwlrqdulw| whvw vwdwlvwlf xqghu wkh qxoo k|srwkhvlv lv wkh Fudpìu0yrq Plvhv
glvwulexwlrq1 Zkhq d wlph wuhqg lv suhvhqw wkh glvwulexwlrq lv gl�huhqw exw fdq
vwloo eh uhjdughg dv ehorqjlqj wr wkh vdph idplo|1 Ixuwkhupruh wkh whvw vwdwlvwlf
djdlqvw wkh suhvhqfh ri d pxowlyduldwh udqgrp zdon dqg wkh vhdvrqdolw| whvw ri
Fdqryd dqg Kdqvhq +4<<8, erwk kdyh dv|pswrwlf glvwulexwlrqv xqghu wkh qxoo
k|srwkhvlv zklfk ehorqj wr d fodvv ri jhqhudolvhg Fudpìu0yrq Plvhv glvwulexwlrqv/
lqgh{hg e| d ghjuhh ri iuhhgrp sdudphwhu1

Wkh prvw zlgho| xvhg xqlw urrw whvw lv wkh +dxjphqwhg, Glfnh|0Ixoohu
+DGI, whvw> vhh Ixoohu +4<<9/ fk 43, dqg wkh uhihuhqfhv wkhuhlq1 Krzhyhu/ wkh
dxwruhjuhvvlyh prgho phdqv wkdw wkh urohv ri wkh frqvwdqw dqg wlph wuhqg duh
gl�huhqw xqghu wkh qxoo dqg dowhuqdwlyh k|srwkhvhv1 Wklv sureohp pd| eh dyrlghg
e| zrunlqj zlwk prghov vhw xs lq whupv ri frpsrqhqwv> vhh/ iru h{dpsoh/ wkh
glvfxvvlrq lq Pdggdod dqg Nlp +4<<;/ ss 6:0<, dqg wkh sdshuv e|/ dprqjvw rwkhuv/
Ekdujdyd +4<;9,/ Qdeh|d dqg Wdqdnd +4<<3, dqg Vfkplgw dqg Skloolsv +4<<5,1
Dv zlwk vwdwlrqdulw| whvwv/ wkh frpsrqhqwv iudphzrun ohdgv qdwxudoo| wr xqlw urrw
whvwv zklfk ghulyh iurp wkh Odjudqjh pxowlsolhu sulqflsoh udwkhu wkdq ehlqj Zdog
whvwv1 Zkdw kdv dssduhqwo| qrw ehhq qrwlfhg lv wkdw lw lv srvvleoh wr irupxodwh
wkh OP0w|sh xqlw urrw whvwv lq vxfk d zd| wkdw xqghu wkh qxoo k|srwkhvlv wkh
whvw vwdwlvwlfv kdyh dv|pswrwlf glvwulexwlrqv ehorqjlqj wr wkh Fudpìu0yrq Plvhv
idplo|1 Wklv h{whqgv wr pxowlyduldwh dqg vhdvrqdolw| whvwv1 Wkxv xqlw urrw dqg
vwdwlrqdulw| whvwv glvsod| dq dsshdolqj v|pphwu| 0 ru shukdsv dv|pphwu| lq wkdw
wkh fulwlfdo ydoxhv iru wkh xqlw urrw whvwv duh lq wkh orzhu wdlo ri wkh Fudpìu0yrq
Plvhv glvwulexwlrqv zkloh wkrvh iru wkh vwdwlrqdulw| whvwv duh lq wkh xsshu wdlov1

Wkh sodq ri wkh sdshu lv dv iroorzv1 Vhfwlrq 5 uhylhzv wkh wkhru| ri
vwdwlrqdulw| whvwv1 Wkh uhodwlyh phulwv ri ghdolqj zlwk vhuldo fruuhodwlrq e| wkh
qrqsdudphwulf dssurdfk ri Nzldwnrzvnl/ Skloolsv/ Vfkplgw dqg Vklq +4<<5, dv
rssrvhg wr d sdudphwulf dssurdfk edvhg rq hvwlpdwlqj dq xqrevhuyhg frpsrqhqwv
prghov duh glvfxvvhg1 Wkh h{whqvlrqv wr whvwlqj djdlqvw qrqvwdwlrqdu| vhdvrqdo
frpsrqhqwv dqg vwrfkdvwlf vorshv duh wkhq uhylhzhg1

Vhfwlrq 6 vkrzv krz xqlw urrw whvw fdq eh vhw xs vr wkdw wkh whvw vwdwlvwlfv
kdyh dv|pswrwlf glvwulexwlrq zklfk ehorqj wr wkh Fudpìu0yrq Plvhv idplo| xqghu
wkh qxoo k|srwkhvlv1 Iru jhqhudo xqrevhuyhg frpsrqhqwv prghov wkh whvw vwdwlvwlfv
fdq eh frqvwuxfwhg yhu| hdvlo| xvlqj vwdqgdugl}hg lqqrydwlrqv 0 rqh0vwhs dkhdg
suhglfwlrq huuruv 0 surgxfhg e| wkh Ndopdq �owhu1 Zh zloo uhihu wr vxfk sdudphwulf
whvwv dv xqrevhuyhg frpsrqhqwv xqlw urrw whvwv1

Vhfwlrq 7 h{whqgv wkh lghdv ri vhfwlrq 6 wr pxowlyduldwh prghov1 Lq sduwlf0
xodu/ d pxowlyduldwh xqlw urrw whvw zlwk d Odjudqjh pxowlsolhu lqwhusuhwdwlrq dqg d
Fudpìu0yrq Plvhv glvwulexwlrq lv vxjjhvwhg1 Vhfwlrq 8 orrnv dw vhdvrqdo xqlw urrw
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whvwv/ vxjjhvwlqj dq OP dowhuqdwlyh wr wkh surfhgxuh ri K|oohehuj/ Hqjoh/ Judqjhu
dqg \rr +4<<5,1 D whvw ri wkh qxoo k|srwkhvlv wkdw wkhuh lv d xqlw urrw lq wkh vorsh
ri d wuhqg lv ghulyhg lq vhfwlrq 91

Vhfwlrq : iroorzv Exvhwwl dqg Kduyh| +5334, lq vkrzlqj krz wkh vwdwlrqdu0
lw| whvwv duh d�hfwhg e| vwuxfwxudo euhdnv lq d vhulhv zklfk duh prghoohg e| gxpp|
yduldeohv1 Dowkrxjk wkh irup ri wkh whvw vwdwlvwlfv lv xqfkdqjhg/ wkhlu dv|pswrwlf
glvwulexwlrqv duh dowhuhg1 Krzhyhu/ wkh dgglwlyh surshuwlhv ri wkh Fudpìu0yrq
Plvhv glvwulexwlrq vxjjhvw d vlpsol�hg whvw zklfk lv pxfk hdvlhu wr lpsohphqw1
Wkh h�hfw rq OP w|sh xqlw urrw whvwv lv wkhq h{dplqhg1 Wkhvh uhpdlq wkh vdph
xqohvv wkhuh duh euhdnv lq wkh vorsh lq zklfk fdvh d prgl�fdwlrq dorqj wkh olqhv
sursrvhg iru vwdwlrqdulw| whvwv ohdgv wr vlpsol�hg vwdwlvwlfv zlwk Fudpìu0yrq Plvhv
glvwulexwlrqv xqghu wkh qxoo k|srwkhvlv1 Vlplodu uhvxowv krog iru vhdvrqdolw| whvwv
zkhq euhdnv lq wkh vhdvrqdo sdwwhuq duh prghoohg e| gxpp| yduldeohv1 Doo ri
wkhvh whvwv h{whqg wr pxowlyduldwh prghov1

51 Vwdwlrqdulw| whvwv

Wklv vhfwlrq uhylhzv wkh olwhudwxuh rq whvwlqj djdlqvw wkh suhvhqfh ri qrqvwdwlrqdu|
xqrevhuyhg frpsrqhqwv1 Wkh ohdglqj fdvh/ whvwlqj djdlqvw d udqgrp zdon lq dq
rwkhuzlvh vwdwlrqdu| vhulhv/ lv vrphwlphv fdoohg d vwdwlrqdulw| whvw1 Lq dgrswlqj
wklv whuplqrorj| pruh zlgho| lw pxvw eh uhdol}hg wkdw wkh prgho pd| frqwdlq
rwkhu qrqvwdwlrqdu| frpsrqhqwv/ vxfk dv vhdvrqdov/ zklfk uhpdlq suhvhqw xqghu
wkh qxoo k|srwkhvlv1

5141 Whvwlqj djdlqvw wkh suhvhqfh ri d udqgrp zdon frpsrqhqw

Frqvlghu d xqlyduldwh xqrevhuyhg frpsrqhqwv prgho frqvlvwlqj ri d udqgrp zdon
soxv qrlvh iru d vhw ri revhuydwlrqv/ +| G

+| ' >| n 0|c >| ' >|3� n #|c | ' �c ���c Ac +514,

zkhuh wkh #�|r dqg 0�|r duh pxwxdoo| dqg vhuldoo| xqfruuhodwhg Jdxvvldq glvwxu0
edqfhv zlwk yduldqfhv j2

# dqg j2
0 uhvshfwlyho|1 Zkhq j2

# ' f wkh udqgrp zdon
ehfrphv d frqvwdqw ohyho1 Q|eorp dqg Pçnhoçlqhq +4<;6, vkrzhg wkdw wkh or0
fdoo| ehvw lqyduldqw whvw +OEL, whvw ri wkh qxoo k|srwkhvlv wkdw j2

# ' fc djdlqvw wkh
dowhuqdwlyh wkdw j2

# : fc fdq eh irupxodwhg dv

# ' A32
A[
�'�

%
�[

|'�

e|

&2
*r2 : Sc +515,
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zkhuh e| ' +| � +/ r2 ' A3�
SA

|'�E+| � +�2 dqg S lv d fulwlfdo ydoxh1 Lq idfw/ rqh
lqlwldoo| rewdlqv d irup ri wkh vwdwlvwlf zlwk wkh vxppdwlrqv uxqqlqj lq uhyhuvh/
wkdw lv iurp | ' � wr Ac exw lw lv hdvlo| vhhq wkdw wkh wzr vwdwlvwlfv duh lghqwlfdo1 Wkh
whvw fdq dovr eh lqwhusuhwhg dv d rqh0vlghg Odjudqjh pxowlsolhu +OP, whvw1 Ehfdxvh
qxphulfdo rswlplvdwlrq lv qhhghg wr hvwlpdwh +514,/ lpsohphqwlqj olnholkrrg udwlr
dqg Zdog whvwv lv ohvv vwudljkwiruzdug> vhh Nxr +4<<<,1

Wkh dv|pswrwlf glvwulexwlrq ri wkh vwdwlvwlf xqghu wkh qxoo k|srwkhvlv lv
irxqg e| �uvw revhuylqj wkdw wkh sduwldo vxp ri ghyldwlrqv iurp wkh phdq frqyhujhv
zhdno| wr d vwdqgdug Eurzqldq eulgjh/ wkdw lv

j3�A3
�

2

dAoo[
r'�

er , �Eo�c o 5 dfc �o +516,

zkhuh dAoo lv wkh odujhvw lqwhjhu ohvv wkdq ru htxdo wr Ao dqg�Eo� ' ` Eo��o` E��c
zlwk ` E�� ehlqj d vwdqgdug Zlhqhu surfhvv ru Eurzqldq prwlrq1 Khqfh

# ,
] �

f
�Eo�2_o +517,

vlqfh r2
R
$ j2� Wklv lv wkh Fudpìu0yrq Plvhv glvwulexwlrq/ ghqrwhg dv ���� Lw lv

vx!flhqw iru wkh revhuydwlrqv wr eh lqghshqghqw dqg lghqwlfdoo| glvwulexwhg +zlwk
�qlwh yduldqfh, wr |lhog wklv dv|pswrwlf glvwulexwlrq1

Li d olqhdu wlph wuhqg lv lqfoxghg lq +514, vr wkdw

+| ' >| n q|n 0|c | ' �c ���c Ac +518,

wkh whvw vwdwlvwlf/ #2c lv dv lq +515, h{fhsw wkdw lw lv iruphg iurp wkh ROV uhvlgxdov
iurp d uhjuhvvlrq rq d frqvwdqw dqg wlph1 Wkh sduwldo vxp ri uhvlgxdov zhdno|
frqyhujhv wr d vhfrqg ohyho Eurzqldq eulgjh/ ghqrwhg �2E��� Wkhq

#2 ,
] �

f
�2Eo�

2_o � +519,

Wklv lv d vhfrqg ohyho Fudpìu0yrq Plvhv glvwulexwlrq/ ghqrwhg ���2� Lq wkh fdvh
ri dq| dpeljxlw| wkh glvwulexwlrq lq +517, zloo eh uhihuuhg wr dv �����

5151 Vhuldo fruuhodwlrq

Qrz vxssrvh wkdw wkh prgho lv h{whqghg vr wkdw 0| lv dq| lqghwhuplqlvwlf vwdwlrq0
du| surfhvv1 Lq wklv fdvh wkh dv|pswrwlf glvwulexwlrq ri wkh # whvw vwdwlvwlf uhpdlqv
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wkh vdph li r2 lv uhsodfhg e| d frqvlvwhqw hvwlpdwru ri wkh orqj0uxq yduldqfh +wkh
vshfwuxp dw iuhtxhqf| }hur,

j2
u ' *�4

A<"
A3�.

5
7
#

A[
|'�

0|

$268 '
"[

�'3"

�E�� +51:,

zkhuh �E�� lv wkh dxwrfryduldqfh ri 0| dw odj � 1 Nzldwnrzvnl hw do +4<<5, 0 NSVV
0 frqvwuxfw vxfk dq hvwlpdwru qrqsdudphwulfdoo| dv

r2u E�� ' A3�
A[
|'�

e2| n2A3�
�[

�'�

� E� c ��
A[

|'�n�

e|e|3� ' 	�Ef�n2
�[

�'�

� E�c �� 	�E�� +51;,

zkhuh � E� c �� lv d zhljkwlqj ixqfwlrq/ vxfk dv � E�c �� ' ���* E�n �� c � ' �c ���c ��
Lq zkdw iroorzv wklv vwdwlvwlf zloo eh uhihuuhg wr dv g�77E��� Rwkhu zhljkwlqj
ixqfwlrqv/ vxfk dv wkh Sdu}hq ru Wxnh| zlqgrzv/ pd| eh xvhg1

Oh|erxuqh dqg PfFdeh +4<<7, dwwdfn wkh sureohp ri vhuldo fruuhodwlrq
e| lqwurgxflqj odjjhg ghshqghqw yduldeohv lqwr wkh prgho1 Wkh whvw vwdwlvwlf
rewdlqhg diwhu uhprylqj wkh h�hfw ri wkh odjjhg ghshqghqw yduldeohv lv wkhq ri wkh
vdph irup dv +515,1 Wkh sudfwlfdo lpsolfdwlrq/ dv ghprqvwudwhg lq wkhlu Prqwh
Fduor uhvxowv/ lv d jdlq lq srzhu1 Krzhyhu/ pruh fdofxodwlrq lv lqyroyhg vlqfh wkh
frh!flhqwv ri wkh odjjhg ghshqghqw yduldeohv duh hvwlpdwhg xqghu wkh dowhuqdwlyh
k|srwkhvlv dqg wklv uhtxluhv qxphulfdo rswlpl}dwlrq1

Vlqfh zh duh whvwlqj iru wkh suhvhqfh ri dq xqrevhuyhg frpsrqhqw lw vhhpv
qdwxudo wr zrun zlwk vwuxfwxudo wlph vhulhv prghov1 Li wkh surfhvv jhqhudwlqj wkh
vwdwlrqdu| sduw ri wkh prgho zhuh nqrzq/ wkh OEL whvw iru wkh suhvhqfh ri d udq0
grp zdon frpsrqhqw frxog eh frqvwuxfwhg1 Kduyh| dqg Vwuhleho +4<<:, ghulyh
vxfk d whvw dqg vkrz krz lw lv iruphg iurp d vhw ri cvprrwklqj huuruv*1 D jhq0
hudo dojrulwkp iru fdofxodwlqj wkhvh vwdwlvwlfv lv wkh Ndopdq �owhu dqg dvvrfldwhg
vprrwkhu1 Wkh vprrwklqj huuruv duh/ lq jhqhudo/ vhuldoo| fruuhodwhg exw wkh irup ri
wklv vhuldo fruuhodwlrq pd| eh ghgxfhg iurp wkh vshfl�fdwlrq ri wkh prgho1 Khqfh
d +sdudphwulf, hvwlpdwru ri wkh orqj0uxq yduldqfh pd| eh frqvwuxfwhg dqg xvhg wr
irup d vwdwlvwlf zklfk kdv d Fudpìu0yrq Plvhv glvwulexwlrq/ dv|pswrwlfdoo|/ xqghu
wkh qxoo k|srwkhvlv1 Dq dowhuqdwlyh srvvlelolw| lv wr xvh wkh vwdqgdugl}hg rqh0vwhs
dkhdg suhglfwlrq huuruv + lqqrydwlrqv,/ fdofxodwhg dvvxplqj wkdw >

f
lv �{hg41 Qr

fruuhfwlrq lv wkhq qhhghg dqg/ dowkrxjk wkh whvw lv qrw vwulfwo| OEL/ lwv dv|ps0
wrwlf glvwulexwlrq lv wkh vdph dqg wkh hylghqfh suhvhqwhg lq Kduyh| dqg Vwuhleho

4Wklv uhtxluhv hvwlpdwlqj �
3
e| vprrwklqj1 Dqrwkhu srvvlelolw| lv wr uhyhuvh wkh rughu ri wkh

revhuydwlrqv dqg wr fdofxodwh lqqrydwlrqv vwduwlqj iurp wkh �owhuhg hvwpdwru ri �
W
= Wklv dyrlgv

vprrwklqj1
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+4<<:, vxjjhvwv wkdw/ lq vpdoo vdpsohv/ lw lv pruh uholdeoh lq whupv ri vl}h1 Dv lq
wkh Oh|erxuqh0PfFdeh whvw/ wkh qxlvdqfh sdudphwhuv qhhg wr eh hvwlpdwhg dqg
wklv lv ehvw grqh xqghu wkh dowhuqdwlyh k|srwkhvlv1 Wklv kdv wkh frpshqvdwlqj
dgydqwdjh wkdw vlqfh wkhuh zloo riwhq eh vrph grxew derxw d vxlwdeoh prgho vshf0
l�fdwlrq/ hvwlpdwlrq ri wkh xquhvwulfwhg prgho d�rugv wkh rssruwxqlw| wr fkhfn
lwv vxlwdelolw| e| wkh xvxdo gldjqrvwlfv dqg jrrgqhvv ri �w whvwv1 Rqfh wkh qxl0
vdqfh sdudphwhuv kdyh ehhq hvwlpdwhg/ wkh whvw vwdwlvwlf lv fdofxodwhg iurp wkh
lqqrydwlrqv ru wkh vprrwklqj huuruv zlwk j2# vhw wr }hur1

Dq dgydqwdjh ri wkh xqrevhuyhg frpsrqhqwv dssurdfk lv wkdw lw fdq hdvlo|
dffrpprgdwh wkh nlqg ri hyroylqj vhdvrqdo sdwwhuq wkdw lv riwhq d ihdwxuh ri
prqwko| ru txduwhuo| gdwd1 Zlwklq d vwuxfwxudo wlph vhulhv prgho iudphzrun/
vhdvrqdolw| lv prghoohg e| d qrqvwdwlrqdu| frpsrqhqw/ �|c zklfk kdv wkh surshuw|
wkdw

7 Eu� �| ��� Er� 2� +51<,

zkhuh 7 Eu� ' � n u n � � � n ur3� lv wkh vhdvrqdo vxppdwlrq rshudwru dqg r lv
wkh qxpehu ri vhdvrqv> vhh Kduyh| +4<;</ fk 5, dqg wkh qh{w vxe0vhfwlrq1 Wkh
lqfoxvlrq ri vxfk d frpsrqhqw lq wkh prgho kdv qr h�hfw rq whvwlqj surfhgxuhv lq
wkdw wkh lqqrydwlrqv fdq eh xvhg h{dfwo| dv ehiruh1

5161 Whvwlqj djdlqvw qrqvwdwlrqdu| vhdvrqdolw|

Frqvlghu d Jdxvvldq prgho zlwk d wuljrqrphwulf vhdvrqdo frpsrqhqw=

+| ' >n �| n 0|c | ' �c ���c A +5143,

zkhuh > lv d frqvwdqw dqg

�| '
Sdr*2o

�'�
��c| c +5144,

zkhuh hdfk ��c| lv jhqhudwhg e|

5
97 ��c|

�W�c|

6
:8 '

5
97 ULtb� t�?b�

� t�?b� ULtb�

6
:8
5
97 ��c|3�

�W�c|3�

6
:8n

5
97 /�c|

/W�c|

6
:8 c � ' �c � � � c dr*2oc

| ' �c � � � c Ac
+5145,

zkhuh b� ' 2Z�*r lv iuhtxhqf|/ lq udgldqv/ dqg /�c| dqg /W�c| duh wzr pxwxdoo|
xqfruuhodwhg zklwh qrlvh glvwxuedqfhv zlwk }hur phdqv dqg frpprq yduldqfh j2

� 1
Iru r hyhq dr*2o ' r*2/ zkloh iru r rgg/ dr*2o ' Er � ��*2� Iru r hyhq/ wkh
frpsrqhqw dw � ' r*2 froodsvhv wr

��c| ' ��c|3�
ULtb� n /�c|c � ' r*2� +5146,
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Li 0| lv zklwh qrlvh/ wkh OEL whvw djdlqvw wkh suhvhqfh ri d vwrfkdvwlf
wuljrqrphwulf frpsrqhqw dw dq| rqh ri wkh vhdvrqdo iuhtxhqflhv/ b�c dsduw iurp
wkh rqh dw Zc lv

/� ' 2A32r32

A[
�'�

5
7# �[

|'�

e| ULtb�|

$2

n

#
�[

|'�

e| t�?b�|

$2
6
8 c � ' �c ���c dr*2oc

+5147,
zkhuh r2 lv wkh vdpsoh yduldqfh ri wkh ROV uhvlgxdov iurp d uhjuhvvlrq rq vlqhv
dqg frvlqhv1 Fdqryd dqg Kdqvhq +4<<8, vkrz wkdw wkh dv|pswrwlf glvwulexwlrq ri
wklv vwdwlvwlf lv +jhqhudol}hg, Fudpìu0yrq Plvhv zlwk wzr ghjuhhv ri iuhhgrp5/ wkdw
lv ����E2�� Wkh frpsrqhqw dw Z jlyhv ulvh wr d whvw vwdwlvwlf zklfk kdv rqo| rqh
ghjuhh ri iuhhgrp1 D mrlqw whvw djdlqvw wkh suhvhqfh ri vwrfkdvwlf wuljrqrphwulf
frpsrqhqwv dw doo vhdvrqdo iuhtxhqflhv lv edvhg rq d vwdwlvwlf rewdlqhg e| vxpplqj
wkh lqglylgxdo whvw vwdwlvwlfv16 Wklv vwdwlvwlf kdv dq dv|pswrwlf glvwulexwlrq zklfk
lv ����Er � ��1 Li ghvluhg lw fdq eh frpelqhg zlwk d whvw djdlqvw d udqgrp
zdon wr jlyh d whvw vwdwlvwlf zklfk lv ����Er� zkhq erwk ohyho dqg vhdvrqdo duh
ghwhuplqlvwlf1

Fdqryd dqg Kdqvhq vkrz krz wkh deryh whvwv fdq eh jhqhudol}hg wr kdqgoh
vhuldo fruuhodwlrq e| pdnlqj d fruuhfwlrq vlplodu wr wkdw lq NSVV/ wkh gl�huhqfh
ehlqj wkdw wkh fruuhfwlrq qrz lqyroyhv wkh vshfwuxp dw vhdvrqdo iuhtxhqflhv udwkhu
wkdq dw }hur1 Li wkh prgho frqwdlqv d vwrfkdvwlf wuhqg/ wkhq wkh whvw pxvw eh fduulhg
rxw rq gl�huhqfhg revhuydwlrqv1 D sdudphwulf whvw pd| eh fduulhg rxw e| �wwlqj
dq xqrevhuyhg frpsrqhqwv prgho1 Li wkhuh lv d wuhqg lw pd| eh d ghwhuplqlvwlf
wuhqg/ d udqgrp zdon/ zlwk ru zlwkrxw guliw/ ru d wuhqg zlwk d vwrfkdvwlf vorsh/ dv
gh�qhg lq wkh qh{w vxe0vhfwlrq1 Wkh h{dpsohv jlyhq lq Exvhwwl dqg Kduyh| +5333,
lqglfdwh wkdw wkh sdudphwulf whvw lv idu pruh h�hfwlyh1

5171 Whvwlqj djdlqvw d vwrfkdvwlf vorsh

Jhqhudol}lqj wkh wuhqg lq +514, wr lqfoxgh d vwrfkdvwlf vorsh jlyhv

>| ' >|3�
n q|3�

n #|c #| � �U(Efc j2

#�c
q| ' q|3�

n l|c l| � �U(Efc j2

l�c
+5148,

zkhuh �U(Efc j2

#� ghqrwhv qrupdoo| dqg lqghshqghqwo| glvwulexwhg dqg wkh ohyho
dqg vorsh glvwxuedqfhv/ #| dqg l|/ uhvshfwlyho|/ duh pxwxdoo| lqghshqghqw1 Li j2

#

5Dfwxdoo| Fdqryd dqg Kdqvhq ghulyh wkh deryh vwdwlvwlf iurp d voljkwo| gl�huhqw irup ri wkh

vwrfkdvwlf f|foh prgho lq zklfk wkh frh!flhqwv ri d vlqh0frvlqh zdyh duh wdnhq wr eh udqgrp

zdonv1 Krzhyhu/ lw lv qrw gl!fxow wr vkrz wkdw wkh prgho dv gh�qhg deryh ohdgv wr wkh vdph

whvw vwdwlvwlf
6
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lv dvvxphg wr eh }hur wkh wuhqg/ >|/ lv dq lqwhjudwhg udqgrp zdon/ ru cvprrwk
wuhqg*1 Q|eorp dqg Kduyh| +5334, ghulyh wkh dv|pswrwlf glvwulexwlrq ri wkh OEL
whvw ri Mf G j

2
l ' f djdlqvw M� G j

2
l : f� Krzhyhu/ d Prqwh Fduor vwxg| ri wkh whvw

vhhpv wr vkrz wkdw lw r�huv olwwoh jdlq lq srzhu ryhu #2� Zklfkhyhu whvw lv fkrvhq/
qxlvdqfh sdudphwhuv vkrxog eh hvwlpdwhg e| �wwlqj wkh vprrwk wuhqg prgho1

Li j2# : f/ wkhq/ zkhq j2l ' f wkh wuhqg uhgxfhv wr d udqgrp zdon soxv
guliw1 Gl�huhqflqj |lhogv

{+| ' q|3� n #| n{0|c | ' 2c ���c A +5149,

zlwk #| n{0| ehlqj lqyhuwleoh1 Wkh whvw vwdwlvwlf/ ghqrwhg lc iru whvwlqj zkhwkhu
q|3� lv d udqgrp zdon fdq eh frqvwuxfwhg dv lq vxe0vhfwlrq 515/ exw lwv dv|pswrwlf
glvwulexwlrq lv ���� udwkhu wkdq ���2�

5181 Wkh idplo| ri Fudpìu0yrq Plvhv glvwulexwlrqv

Wkh dv|pswrwlf glvwulexwlrqv ri wkh ydulrxv whvw vwdwlvwlfv ghvfulehg deryh vxjjhvw
d idplo| ri Fudpìu0yrq Plvhv glvwulexwlrqv/ ghqrwhg ���Rn�E&�c ghshqghqw rq gh0
juhhv ri iuhhgrp/ &c dqg zkhwkhu ru qrw d frqvwdqw +R ' f� ru d wlph wuhqg +R ' ��
lv �wwhg1 +Uhfdoo wkdw zkhq R ' fc wkh Rn� vxevfulsw lv riwhq gursshg,1 Wkh glv0
wulexwlrq zkhq qr ghwhuplqlvwlf frpsrqhqw lv �wwhg +R ' ��� lv ���fE&�� Dq h{0
dpsoh lv wkh jhqhudo whvw iru vhdvrqdolw| sursrvhg e| Exvhwwl dqg Kduyh| +5333,/ lq
zklfk qr vhdvrqdo gxpplhv duh �wwhg zkhq wkh Fdqryd0Kdqvhq vwdwlvwlf lv iruphg/
dqg wkh dv|pswrwlf glvwulexwlrq lv ���fEr� ��� PdfQhloo +4<:;/ s764, frqvlghuv
�wwlqj sro|qrpldov ri ghjuhh R dqg wdexodwhv ���Rn�E�� iru R ' ��c fc �c ��c D� Li
d vwdwlrqdulw| whvw lv dssolhg wr _� |� gl�huhqfhv/ dv zlwk wkh whvw iru d vwrfkdvwlf
vorsh/ wkhq wkh dv|pswrwlf glvwulexwlrq ri wkh whvw vwdwlvwlf/ lc lv ���R3_n�E���

Wkh Fudpìu0yrq Plvhv glvwulexwlrq zlwk R ' f dqg & ghjuhhv ri iuhhgrp
pd| eh h{sdqghg dv

���E&� '
"[
�'�

EZ��32�2�E&�c +514:,

Wkhuh duh vlplodu vhulhv h{sdqvlrq uhsuhvhqwdwlrq iru rwkhu phpehuv ri wkh idplo|1
Lq sduwlfxodu iru ���fE&� wkh zhljkwv duh Z32E� � �*2�32c zkloh iru ���2E&�c
wkh zhljkwv duh rewdlqhg e| fkdqjlqj EZ��32 wr b32� czkhuh b2�3� ' 2�Z dqg b2� lv
wkh urrw ri |@?Eb*2,@b*2 rq E2�Zc 2E� n ��Z�c � ' �c 2c ��� Dq lpsruwdqw fruroodu|
lv wkdw/ ehfdxvh ri wkh dgglwlyh surshuw| ri fkl0vtxduh glvwulexwlrqv/ wkh vxp ri
wzr lqghshqghqw udqgrp yduldeohv zlwk glvwulexwlrqv ���E&�� dqg ���E&2� lv
���E&� n &2��

;



Lw iroorzv iurp wkh vhulhv h{sdqvlrq lq +514:, wkdw .d���E&�o ' &*S
dqg T @od���E&�o ' &*eD� Dv & $ 4c hdfk fkl0vtxduh glvwulexwlrq pd| eh
dssur{lpdwhg e| d qrupdo dqg vr ���E&�pd| dovr eh dssur{lpdwhg e| d qrupdo1

Khqfh wkh 8( fulwlfdo ydoxh iru odujh & pd| eh dssur{lpdwhg e| &*Sn��SeD
t
&*eD�

Iru & ' ec wklv |lhogv 4148< dv rssrvhg wr wkh ydoxh ri 4156:/ zkloh iru & ' ��c wkh
dssur{lpdwh ydoxh lv 51979 dv djdlqvw 51:6<1

Wkh whvw iru d vwrfkdvwlf vorsh lq d vprrwk wuhqg prgho/ lqwurgxfhg lq wkh
suhylrxv vxe0vhfwlrq/ vxjjhvwv d ixuwkhu jhqhudol}dwlrq ri wkh idplo| ri Fudpìu0yrq
Plvhv glvwulexwlrqv1 Wklv jhqhudol}dwlrq zloo qrw eh sxuvxhg khuh1

61 Xqlw urrw whvwv

6141 Odjudqjh pxowlsolhu whvwv

Wkh Glfnh|0Ixoohu whvw lv edvhg rq wkh prgho

+| ' kn q|n �+|3� n 1|c 1| � �U(Efc j2�c | ' �c ���c A +614,

zlwk yduldwlrqv lq zklfk wkh wuhqg dqg erwk wkh frqvwdqw dqg wkh wuhqg duh rplw0
whg1 Wkh qxoo lv wkdw � lv xqlw|/ vr wkh prgho lv qrqvwdwlrqdu|/ zkloh wkh dowhuqdwlyh
lv wkdw lw lv ohvv wkdq xqlw|/ vr wkh prgho lv +wuhqg, vwdwlrqdu|1 Li wkh prgho lv
uhirupxodwhg zlwk {+| dv wkh ghshqghqw yduldeoh/ wkh sdudphwhu dvvrfldwhg zlwk
+|3�c dqg ghqrwhg khuh dv 4c lv htxdo wr � � � dqg khqfh lv }hur xqghu wkh qxoo
k|srwkhvlv1 Wkh whvw vwdwlvwlf lv edvhg rq wkh uhjuhvvlrq frh!flhqw ri wkh odjjhg
ghshqghqw yduldeoh ru lwv cw0vwdwlvwlf*1 Odjjhg gl�huhqfhv fdq eh dgghg wr wkh uljkw
kdqg vlgh zlwkrxw d�hfwlqj wkh dv|pswrwlf glvwulexwlrq ri wkh hvwlpdwru ri 4�

Irupxodwlqj wkh xqlw urrw whvw lq dq dxwruhjuhvvlyh iudphzrun lv frpsx0
wdwlrqdoo| frqyhqlhqw1 Krzhyhu/ dv Vfkplgw dqg Skloolsv +4<<5/ s 58;, revhuyh/
wkh sdudphwhul}dwlrqv ri +614, duh �111qrw frqyhqlhqw111� ehfdxvh �111wkh| kdqgoh
ohyho dqg wuhqg lq d foxpv| dqg srwhqwldoo| frqixvlqj zd|1� Vshfl�fdoo| wkh phdq0
lqjv ri k dqg q gl�hu xqghu wkh qxoo dqg dowhuqdwlyh k|srwkhvhv1 Wkhvh gl!fxowlhv
fdq eh dyrlghg e| iroorzlqj Ekdujdyd +4<;9,/ Qdeh|d dqg Wdqdnd +4<<3, dqg
Vfkplgw dqg Skloolsv +4<<5, dqg vhwwlqj xs wkh xqlw urrw whvw ri Mf G � ' � djdlqvw
Mf G � 	 � zlwklq wkh frpsrqhqwv iudphzrun

+| ' kn q|n >|c >| ' �>|3� n #|c | ' �c ���c Ac +615,

Wkh lqwhusuhwdwlrq ri k dqg q lv qrz wkh vdph xqghu erwk wkh qxoo dqg dowhuqdwlyh
k|srwkhvhv1

<



Vfkplgw dqg Skloolsv +4<<5, vkrz wkdw OP whvwv ri wkh xqlw urrw k|srwk0
hvlv duh edvhg rq wkh uhvlgxdov rewdlqhg e| hvwlpdwlqj k dqg q xqghu wkh qxoo
k|srwkhvlv1 Vlqfh

{+| ' q n #|c | ' 2c ���c A +616,

xqghu wkh qxoo k|srwkhvlv/ wkhvh uhvlgxdov duh gh�qhg e|

h>| ' +| � hkf � hq|c | ' �c ���c A

zkhuh hq ' {+ '
S

{+|*EA � �� ' E+A � +��*EA � �� dqg hkf ' +� � hqc zkhuh
kf ' k n >f� Qrwh wkdw h>� ' fc zkloh h>A ' f surylghg d vorsh/ qc lv hvwlpdwhg1
Vfkplgw dqg Skloolsv +4<<5, irupxodwh wkhlu whvw lq whupv ri d uhjuhvvlrq dqdorjrxv
wr wkh rqh xvhg lq wkh Glfnh|0Ixoohu whvw/ zlwk +|3� uhsodfhg e| h>|3� dqg d frqvwdqw
exw qr wlph wuhqg lqfoxghg1 Wkh whvwv duh edvhg rq wkh uhjuhvvlrq frh!flhqw rih>|3� ru lwv c|0vwdwlvwlf*1 D yduldqw ri wkh whvw/ vwxglhg ixuwkhu lq Vfkplgw dqg Ohh
+4<<4,/ h{foxghv wkh frqvwdqw1

Qrz frqvlghu wkh whvw zlwk fulwlfdo uhjlrq

A3�
A[

|'�

h>2|*
A[

|'�

Eh>| � h>|3��
2 ' l 	 S +617,

zkhuh h>f lv wdnhq wr eh }hur1 Wklv fruuhvsrqgv wr wkh �2 whvw vxjjhvwhg e| Ekdu0
jdyd +4<;9, h{fhsw lqvridu dv klv whvw vwdwlvwlf/ ehlqj ri wkh yrq Qhxpdqq udwlr
irup/ lv htxdo wr �*Al1 Lw lv d wudqvirupdwlrq ri wkh Vfkplgw0Skloolsv whvw vwdwlv0
wlf jlyhq dv A wlphv wkh frh!flhqw rewdlqhg e| uhjuhvvlqj {h>| rq h>|3�zlwkrxw
d frqvwdqw whup> lw iroorzv iurp Vfkplgw dqg Skloolsv +4<<5,dqg wkh dsshqgl{
wkdw wklv vwdwlvwlf lv htxdo wr ��*2l1 Wkh l vwdwlvwlf lv wkh vdph dv -e lq Qdeh|d
dqg Wdqdnd +4<<3,/ zkr vkrz wkdw wkh whvw lv orfdoo| ehvw lqyduldqw dqg xqeldvhg
+OELX,1 Li lw lv zulwwhq lq �uvw gl�huhqfhv lw ehfrphv

l ' A3�
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|'�

{h>|
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*

A[
|'�

E{h>|�
2 +618,

Wklv lv ri wkh vdph irup dv wkh # whvw vwdwlvwlf/ +515,/ h{fhsw wkdw lw dssolhv wr
revhuydwlrqv lq �uvw gl�huhqfhv1 Surylghg wkh vorsh lv hvwlpdwhg vr wkdw {h>| '
{+|�{+ iru | ' 2c ��c Ac lw lv lpphgldwho| dssduhqw wkdw wkh vwdwlvwlf kdv d ����

glvwulexwlrq xqghu wkh qxoo k|srwkhvlv1 Krzhyhu/ zkloh wkh ydoxh ri wkh vwdwlrqdulw|
vwdwlvwlf/ #c lqfuhdvhv xqghu wkh dowhuqdwlyh/ wkh ydoxh ri l ghfuhdvhv dv lw lv Al
zklfk kdv d olplwlqj glvwulexwlrq xqghu wkh dowhuqdwlyh> frpsduh Vfkplgw dqg
Skloolsv +4<<5/ s 59:,1 Wkxv wkh dssursuldwh fulwlfdo ydoxhv duh wkrvh lq wkh orzhu
+ohiw0kdqg, wdlo ri wkh ��� glvwulexwlrq1
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Li wkhuh lv qr wlph wuhqg lq wkh prgho7/ {+ lv rplwwhg dqg wkh dv|pswrwlf
glvwulexwlrq ri wkh vwdwlvwlf lv���f� Lq wklv fdvh lw lv xvhixo wr odeho wkh vwdwlvwlf l�c
dqg wr ghqrwh wkh wlph wuhqg vwdwlvwlf dv l

2
zkhq wkhuh lv dq| dpeljxlw|1 Li wkhuh lv

qhlwkhu frqvwdqw qru wlph wuhqg/ vr wkdw wkh vwdwlvwlf/ l
f
c lv frqvwuxfwhg e| vhwwlqjh>| ' +| iru doo | ' fc �c ���c A wkh dv|pswrwlf glvwulexwlrq lv djdlq ���f + dowkrxjk

d qrq0}hur lqlwldo ydoxh kdv pruh h�hfw rq wkh vpdoo vdpsoh glvwulexwlrq,1 Iurp
Wdqdnd +4<<9/ wdeoh <14,/ wkh fulwlfdo ydoxhv dw wkh 8( dqg 4( ohyhov ri vljql�fdqfh
duh 313898 dqg 313678 li qr wlph wuhqg lv lqfoxghg dqg 313699 dqg 31358 li rqh lv
lqfoxghg81

Wkh prgl�hg vwdwlvwlf

A3�

[
Eh>| � h>�2*[Eh>| � h>|3��

2c +619,

zkhuh h> lv wkh phdq ri wkh h>�|rc kdv dq dv|pswrwlf glvwulexwlrq lq zklfk wkh �Eo�
lq +517, lv uhsodfhg e| d gh0phdqhg Eurzqldq eulgjh1 Lw lv d wudqvirupdwlrq ri
wkh whvw vwdwlvwlf lq Vfkplgw dqg Skloolsv +4<<5, dqg wkh -2 vwdwlvwlf lq Ekdujdyd
+4<;9,1 Lw fruuhvsrqgv gluhfwo| wr -� lq Qdeh|d dqg Wdqdnd+4<<3, dqg iurp wkhlu
wdeoh 4 wkh 8( fulwlfdo ydoxhv duh 31369 li qr wlph wuhqg lv lqfoxghg dqg 3135: li
rqh lv lqfoxghg1 Vfkplgw dqg Ohh +4<<4, frpsduh wkh whvwv edvhg rq E��D� dqg
+619, xvlqj Prqwh Fduor vlpxodwlrqv dqg vhhp wr frph grzq lq idyrxu ri +619,
wkrxjk wkh hylghqfh lv e| qr phdqv fohdu0fxw1 Qdeh|d dqg Wdqdnd +4<<3,/ xvlqj
dq dqdo|vlv edvhg rq olplwlqj srzhuv �qg wkdw wkhuh lv qr grplqdqfh ri rqh whvw
ryhu wkh rwkhu iru wkh wlph wuhqg prgho frqvlghuhg e| Vfkplgw dqg Ohh +4<<4,1
Ixuwkhupruh/ li d wlph wuhqg lv qrw suhvhqw/ wkhq l lv ehwwhu1 Ixuwkhu glvfxvvlrq
fdq eh irxqg lq Wdqdnd +4<<9/ s67;,/ zkhuh l lv odehoohg -2�

Wkh glvwulexwlrq wkhru| vxuurxqglqj l fdq eh jhqhudolvhg e| ohwwlqj wkh
ghwhuplqlvwlf sduw ri +615, eh d R � |� rughu sro|qrpldo1 Wkh uhvlgxdov lq +618,
duh wkhq rewdlqhg e| uhjuhvvlqj {+| rq d sro|qrpldo ri rughu R�� zlwk wkh uhvxow
wkdw wkh whvw vwdwlvwlf lRn�c lv dv|pswrwlfdoo| ���R xqghu wkh qxoo k|srwkhvlv1

Wkh uljkw kdqg wdlo ri l fdq eh xvhg wr whvw djdlqvw h{sorvlyh surfhvvhv/
wkdw lv � : �( vhh Ekdujdyd +4<;9, dqg Qdeh|d dqg Wdqdnd +4<<3,1 Krzhyhu/
dqrwkhu lqwhusuhwdwlrq ri wkh dowhuqdwlyh/ zklfk �wv pruh qlfho| lqwr wkh vwrfkdvwlf
wuhqgv iudphzrun/ lv wkdw wkh whvw lv djdlqvw d vwrfkdvwlf vorsh1 Lq rwkhu zrugv lw
lv wkh whvw prwlydwhg e| +5149,= khqfh wkh l qrwdwlrq1

7Wkh whvw lv qr orqjhu wkh OP whvw zkhq wkhuh lv qr wlph wuhqg> vhh wkh glvfxvvlrq lq Wdqdnd
+4<<9/ fk <,1

8Qdeh|d dqg Wdqdnd +4<<3/ wdeoh 7, jlyh �qlwh vdpsoh fulwlfdo ydoxhv1 Iru h{dpsoh zlwk d
wlph wuhqg wkh 8( fulwlfdo ydoxhv iru W @ 58 dqg 83 duh 31375 dqg 3136< uhvshfwlyho|1

44



6151 Vhuldo fruuhodwlrq dqg xqrevhuyhg frpsrqhqwv

Qdeh|d dqg Wdqdnd+4<<3, frqvlghu phwkrgv ri dgmxvwlqj wkh vwdwlvwlfv +618, dqg
+619, vr wkdw wkh vdph dv|pswrwlf glvwulexwlrq lv rewdlqhg xqghu wkh qxoo k|srwk0
hvlv zkhq #| lv vhuldoo| fruuhodwhg1 Wkh| vxjjhvw xvlqj d qrqsdudphwulf hvwlpdwru
ri wkh orqj0uxq yduldqfh/ frqvwuxfwhg lq d vlplodu zd| wr +51;, zlwk {h>| uhsodflqj
e|1 Wklv fruuhvsrqgv wr wkh NSVV vwdwlvwlf frpsxwhg iurp �uvw gl�huhqfhv1 Krz0
hyhu/ xqghu wkh dowhuqdwlyh wkh vshfwuxp ri �uvw gl�huhqfhv lv }hur dw wkh ruljlq1
Vfkplgw dqg Skloolsv +4<<5/ s59:, pdnh d vlplodu sursrvdo exw dujxh wkdw d frqvlv0
whqw whvw uhtxluhv wkh xvh ri uhvlgxdov rewdlqhg +xqghu wkh dowhuqdwlyh k|srwkhvlv,
iurp d Glfnh|0Ixoohu uhjuhvvlrq edvhg rq +614,1 Dqrwkhu rswlrq zrxog eh wr edvh
d whvw rq wkh frh!flhqw ri h>|3� iurp dq dxjphqwhg Glfnh|0Ixoohu uhjuhvvlrq dv lq
R|d dqg Wrgd +4<<;,

Li d ixoo| sdudphwhul}hg XF prgho lv vhw xs/ dq OP0w|sh whvw pd| eh
fduulhg rxw e| hvwlpdwlqj wkh prgho xqghu wkh qxoo k|srwkhvlv dqg wkhq iruplqj d
whvw vwdwlvwlf iurp wkh vwdqgdugl}hg lqqrydwlrqv/ hD|1 Wkhvh duh fdofxodwhg vwduwlqj
zlwk wkh vprrwkhg hvwlpdwru ri >

f
vr wkh| uxq iurp | ' � wr A� Dvvxplqj wkh

lqqrydwlrqv kdyh ehhq vwdqgdugl}hg vr dv wr kdyh xqlw yduldqfh/ wkh xqrevhuyhg
frpsrqhqwv xqlw urrw whvw vwdwlvwlf lv vlpso|

l ' A32

A[
�'�

%
�[

|'�

hD|

&2
+61:,

Dowhuqdwlyho| vprrwklqj pd| eh dyrlghg e| uhyhuvlqj wkh rughu ri wkh revhuydwlrqv
dqg fdofxodwlqj + d gl�huhqw vhw ri , lqqrydwlrqv vwduwlqj iurp wkh �owhuhg hvwlpdwru
ri >A �

Wkh fdvh iru d sdudphwulf XF dssurdfk fdq eh looxvwudwhg vlpso| e|
dgglqj zklwh qrlvh wr +615, wr jlyh

+| ' kn q|n >| n 0|c | ' �c ���c A� +61;,

Wklv prgho lv hdvlo| hvwlpdwhg zkhq � ' � dqg vr iruplqj wkh whvw vwdwlvwlf
iurp wkh lqqrydwlrqv/ dv lq +61:,/ lv vwudljkwiruzdug1 +Qrwh wkdw li j20 lv }hur/
vr wkdw wkh prgho uhgxfhv wr +615,/ wkhq hD� ' f�1 Dsso|lqj wkh Glfnh|0Ixoohu
whvw zkhq wkh gdwd duh ehvw dssur{lpdwhg e| +61;, lv olnho| wr uhvxow lq wrr pdq|
uhmhfwlrqv xqghu wkh qxoo k|srwkhvlv li wkh udwlr ri j2# wr j20 lv orz1 Wkh uhgxfhg
irup lv dq DULPD+3/4/4, prgho zlwk PD sdudphwhu forvh wr plqxv rqh dqg wkh
srru shuirupdqfh ri wkh dxjphqwhg Glfnh|0Ixoohu whvw lv zhoo grfxphqwhg lq wklv
vlwxdwlrq> vhh/ iru h{dpsoh/ Sdqwxod +4<<4,1 Qrqsdudphwulf fruuhfwlrqv edvhg rq
wkh hvwlpdwlrq ri wkh orqj0uxq yduldqfh/ dv lq Vfkplgw dqg Skloolsv +4<<5,/ duh
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dovr olnho| wr eh srru iru wklv nlqg ri prgho iru wkh uhdvrqv jlyhq lq Shuurq dqg
Pdoohw +4<<9,1

Vwrfkdvwlf Yrodwlolw|0 Wkh glvfuhwh wlph Jdxvvldq VY prgho pd| eh zulwwhq
dv

o| ' j|0| ' j0|e
f�D�|c 0| � �U(Efc ��c | ' �c ���c Ac

zkhuh o| lv d uhwxuq rq dq h{fkdqjh udwh ru vwrfn sulfh/ j lv d vfdoh sdudphwhu
dqg �| lv d vwdwlrqdu| �uvw0rughu dxwruhjuhvvlyh surfhvv

�| ' ��|3� n #|c #| � �U(Efc j2#� +61<,

Vtxdulqj wkh revhuydwlrqv dqg wdnlqj orjdulwkpv jlyhv

+| ' *L} o2| ' *L} j2 n �| n *L} 02| c | ' �c ���c A� +6143,

Ljqrulqj wkh wlph wuhqg/ wkh prgho lv dv lq +61;,/ h{fhsw wkdw *L} 02| lv idu
iurp ehlqj Jdxvvldq/ ehlqj khdylo| vnhzhg zlwk d orqj wdlo1 Krzhyhu/ wklv
pdnhv qr gl�huhqfh wr wkh dv|pswrwlf glvwulexwlrq ri wkh whvw vwdwlvwlfv zh
duh derxw wr frqvlghu1

Lq wkh dssolfdwlrq lq Kduyh| hw do1 +4<<7,/ wkh o| lv wkh gl�huhqfh ri <79
orjjhg gdlo| h{fkdqjh udwhv ri wkh groodu djdlqvw dqrwkhu fxuuhqf| vwduw0
lqj rq 4vw Qryhpehu 4<;4> wkh gdwd duh surylghg zlwk wkh VWDPS sdfndjh
Nrrspdq hw do +5333,1 Ydulrxv whvwv zhuh dssolhg wr wkh revhuydwlrqv wudqv0
iruphg zlwk d prgl�fdwlrq pdgh wr *L} o2| wr dyrlg glvwruwlrq iurp lqolhuv>
vhh Ixoohu +4<<9/ s 7<9,1 Wkh vdph wudqvirupdwlrq zdv xvhg zkhq wkh hvwl0
pdwhv ri wkh � sdudphwhuv zhuh rewdlqhg e| txdvl0PO xvlqj VWDPS1

Wkh uhvxowv ri wkh # whvw duh vkrzq lq wdeoh 41 Doo wkh ydoxhv dsduw iurp wkh
Ghxwvfkpdun duh vljql�fdqw9 dw wkh 4( ohyho lqglfdwlqj wkh suhvhqfh ri d
udqgrp zdon ru/ shukdsv/ d yhu| shuvlvwhqw DU+4, frpsrqhqw lq yrodwlolw|1
Qrwh wkh uhgxfwlrq lq srzhu li d NSVV fruuhfwlrq lv +xqqhfhvvdulo|, pdgh1
Kljkhu odj ohqjwk ohdgv wr hyhq vpdoohu vwdwlvwlfv1 Iru h{dpsoh/ g�77E2D�
iru wkh Srxqg lv 318481 Wkh xqlw urrw whvw vwdwlvwlfv duh dovr vkrzq lq wkh
wdeoh1 Qrqh ri wkh l vwdwlvwlfv uhmhfwv dw dq| frqyhqwlrqdo ohyho ri vljql�fdqfh1
Lqghhg wkhlu ydoxhv duh frpiruwdeo| orfdwhg qhdu wkh phgldq ri wkh qxoo
k|srwkhvlv dv|pswrwlf glvwulexwlrq1 Wkh idfw wkdw wkh DGI |�vwdwlvwlfv +
zlwk frqvwdqw lqfoxghg , doo olh zd| eh|rqg wkh 4( dv|pswrwlf fulwlfdo ydoxh
ri 06175 lv d uh hfwlrq ri wkh idfw wkdw wkh dxwruhjuhvvlyh dssur{lpdwlrq lv

9Wkh 4(/ 8( dqg 43( xsshu wdlo fulwlfdo ydoxhv iru FyP4 duh 31:76/ 31794 dqg 3167: uhvshf0

wlyho|1
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yhu| srru ehfdxvh j2# lv grplqdwhg e| wkh yduldqfh ri *L} 02| � Krzhyhu/ li wkh
odj ohqjwk lv lqfuhdvhg wr 58/ wkh �(8 vwdwlvwlf iru wkh Srxqg lv 0616: dqg
vr mxvw idlov wr uhmhfw1 Wkh srru dxwruhjuhvvlyh dssur{lpdwlrq kdv d vlplodu
h�hfw rq wkh R|d0Wrgd yhuvlrq ri wkh OP w|sh whvw1:

Wdeoh 4 Whvwv ri vwrfkdvwlf yrodwlolw| ri gdlo| h{fkdqjh udwhv

Fxuuhqf| # g�77Eb� l �(8 Eb� h�
Srxqg 4164< 31;86 155; 09176 1<;;
GP 31756 31589 16:4 0:183 1<9:
\hq 81455 51<<< 176< 0:196 1<<;
Vzlvv Iu 31::7 31798 1799 0:177 1<;3

Wkh prgho lq +61;, pd| eh jhqhudolvhg e| lqfoxglqj rwkhu frpsrqhqwv
vxfk dv vhdvrqdov dqg f|fohv1 Vxfk prghov duh hdvlo| hvwlpdwhg zlwk � vhw wr rqh1
Wkh # vwdwlvwlf lv frpsxwhg iurp wkh lqqrydwlrqv rewdlqhg iurp wkh Ndopdq �owhu
e| vhwwlqj j2# wr }hur1 Lwv dlp lv wr ghwhuplqh zkhwkhu d uhvwulfwlrq vkrxog eh
sodfhg rq wkh prgho/ zkloh wkh l whvw lv wr �qg rxw li lw vkrxog eh pruh jhqhudo1

Txduwhuo| frqvxpswlrq 0 Kduyh| dqg Vfrww +4<<7, vkrzhg wkdw d prgho frq0
vlvwlqj ri d udqgrp zdon zlwk guliw dqg d vwrfkdvwlf vhdvrqdo frpsrqhqw
jlyhv d jrrg �w wr txduwhuo| XN qrq0gxudeoh frqvxpswlrq1; Wkh l vwdwlvwlf
fdofxodwhg iurp wkh lqqrydwlrqv iurp wklv prgho lv 314981 Wklv lv zhoo dzd|
iurp wkh orzhu wdlo 43( fulwlfdo ydoxh iru wkh ���� glvwulexwlrq zklfk lv
31358 dqg vr zh fdqqrw uhmhfw wkh k|srwkhvlv wkdw wkh vwrfkdvwlf wuhqg frp0
srqhqw lv d udqgrp zdon djdlqvw wkh dowhuqdwlyh wkdw lw lv d vwdwlrqdu| DU+4,
surfhvv1 Wkh vdph vwdwlvwlf< fdq eh xvhg wr whvw wkh qxoo k|srwkhvlv wkdw wkh
vorsh/ qc lv frqvwdqw djdlqvw wkh dowhuqdwlyh wkdw lw lv d udqgrp zdon> vhh
vxe0vhfwlrq 5171 Lw lv wkh xsshu wdlo ri wkh ���� glvwulexwlrq zklfk lv qrz
uhohydqw/ exw wkh 43( srlqw lv 3167: vr djdlq wkh qxoo lv fohduo| qrw uhmhfwhg1

:Kdylqj vxewudfwhg wkh �uvw revhuydwlrq/ wkh DGI+<, w0vwdwlvwlf lv irxqg wr eh 09177/ zkloh
wkh hvwlpdwh ri ! lv 318341

;Wkh gdwd duh jlyhq lq wkh VWDPS sdfndjh1 Dv lq Kduyh| dqg Vfrww wkh vdpsoh shulrg lv

8:t6 wr <5t51 Wkh hvwlpdwhv ri wkh ohyho dqg vhdvrqdo yduldqfhv duh irxqg wr eh ;=<3; � 43
�8

dqg 4=345 � 43
�9> zklfk gl�hu voljkwo| iurp wkrvh uhsruwhg lq Kduyh| dqg Vfrww gxh wr vpdoo

uhylvlrqv lq wkh gdwd1
<Wkh qxlvdqfh sdudphwhuv duh qrupdoo| hvwlpdwhg xqghu wkh dowhuqdwlyh iru d cvwdwlrqdulw|*

whvw1 Lq wklv frqwh{w lw pdnhv olwwoh gl�huhqfh vlqfh wkh vhdvrqdo yduldqfh lv qrw vhqvlwlyh wr wkh

vshfl�fdwlrq ri wkh wuhqg1
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6161 Vhdvrqdo xqlw urrw whvwv

Wkh whvw ri K|oohehuj hw do1 +4<<3, 0 KHJ\0 lv uhodwhg wr FK lq wkdw lw lv whvwlqj
wkh qxoo ri d qrqvwdwlrqdu| vhdvrqdo djdlqvw wkh dowhuqdwlyh ri d vwdwlrqdu| vhd0
vrqdo> wkxv lw sdudoohov wkh uhodwlrqvkls ehwzhhq +dxjphqwhg, Glfnh|0Ixoohu whvw
dqg NSVV1 Urguljxhv +5333, vhwv xs OP w|sh whvwv zlwklq wkh Vfkplgw0Skloolsv/
ru udwkhu Vfkplgw0Ohh/ iudphzrun iru wkh dxwruhjuhvvlyh prgho xvhg e| KHJ\1

Wkh XF vhdvrqdo xqlw urrw whvw fdq eh vhw xs e| lqwurgxflqj d gdpslqj
idfwru lqwr +5145, vr wkdw hdfk wuljrqrphwulf whup lq wkh vhdvrqdo frpsrqhqw lv
prghoohg e|
5
97
��c|

�W�c|

6:8 ' ��

597 ULtb� t�?b�

� t�?b� ULtb�

6:8
597 ��c|3�

�W�c|3�

6:8n

597 /�c|

/W

�c|

6:8 c � ' �c � � � c dr*2oc

| ' �c � � � c A�
+6144,

Iru r hyhq
��c| ' ����c|3�

ULtb� n /�c|c � ' r*2� +6145,

Wkh vhdvrqdo frpsrqhqw/ rewdlqhg e| vxpplqj wkh ���c|r lv wkhq hpehgghg lq d
jhqhudo XF prgho zklfk frqwdlqv ghwhuplqlvwlf vhdvrqdo wuljrqrphwulf whupv1 D
sdudphwulf whvw ri wkh qxoo k|srwkhvlv wkdw wkh frpsrqhqw dw d sduwlfxodu iuhtxhqf|
lv qrqvwdwlrqdu| djdlqvw wkh dowhuqdwlyh wkdw lw lv vwdwlrqdu| / wkdw lv Mf G �� ' �
djdlqvw M� G �� 	 � fdq eh frqvwuxfwhg iurp wkh qxoo k|srwkhvlv lqqrydwlrqv dv

/� ' 2A32

A[
�'�

57# �[
|'�

hD| ULtb�|

$2
n

#
�[

|'�

hD| t�?b�|

$268 	 Sc � ' �c ���c dEr���*2o�

+6146,
Xqghu wkh qxoo k|srwkhvlv wkh dv|pswrwlf glvwulexwlrq lv ���fE2� vlqfh li wkh
qrqvwdwlrqdu| vhdvrqdo rshudwru/ � � 2SJrb�u n u2/ zhuh wr eh dssolhg lw zrxog
uhpryh wkh fruuhvsrqglqj ghwhuplqlvwlf vhdvrqdo1 Iru � ' r*2

/r*2 ' A32

A[
�'�

#
�[

|'�

hD| ULtb�|

$2

dqg wklv kdv d ���fE�� dv|pswrwlf glvwulexwlrq xqghu wkh qxoo1 Wkh ixoo vhdvrqdo
whvw vwdwlvwlf lv iruphg43 e| vxpplqj wkh /�

�r dqg lwv dv|pswrwlf glvwulexwlrq
xqghu wkh qxoo lv ���fEr� ��1 Zlwk vhdvrqdo vorshv wkh dv|pswrwlf glvwulexwlrqv
duh ����E��( frpsduh Vplwk dqg Wd|oru +4<<;,1

43
L frqmhfwxuh wkdw/ li vhdvrqdo vorshv duh lqfoxghg/ wklv lv wkh OP whvw li wkh !

3

mv duh wkh vdph

iru doo m=
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Vhdvrqdolw| whvwv edvhg rq dq dxwruhjuhhvlyh prgho/ zloo whqg wr shuirup
srruo| lq vlwxdwlrqv zkhuh dq xqrevhuyhg frpsrqhqwv prgho lv dssursuldwh1 Wkh
vlpxodwlrq hylghqfh lq K|oohehuj +4<<8, looxvwudwhv wklv srlqw e| orrnlqj dw wkh
uhvxowv ri xvlqj wkh KHJ\ whvw iru prylqj dyhudjh prghov/ zklfk/ dv Kduyh| dqg
Vfrww +4<<7, qrwh/ w|slfdoo| dulvh dv wkh uhgxfhg irup ri xqrevhuyhg frpsrqhqwv
prghov1

D uhmhfwlrq ri wkh qxoo k|srwkhvlv lq d vhdvrqdo xqlw urrw whvw pd| eh dq
lqglfdwlrq ri d ghwhuplqlvwlf vhdvrqdo frpsrqhqw udwkhu wkdq d vwdwlrqdu| vhdvrqdo
frpsrqhqw ri wkh irup +6144,> vhh wkh hylghqfh lq Fdqryd dqg Kdqvhq +4<<8/ s
577,1 Wkh dssursuldwh whvw ri wkh qxoo ri ghwhuplqlvwlf vhdvrqdolw| djdlqvw wkh
dowhuqdwlyh ri vwurqj vwdwlrqdu| vhdvrqdolw|/ wkdw lv +6144, zlwk �� forvh wr rqh/ lv/
shukdsv vxusulvlqjo|/ wkh vdph dv wkh whvw djdlqvw qrq0vwdwlrqdu| vhdvrqdolw| gh0
vfulehg lq vxe0vhfwlrq 516> wklv iroorzv irup uhvxowv lq Kduyh| dqg Vwuhleho +4<<;,1
Wklv vkrxog eh eruqh lq plqg zkhq lqwhusuhwlqj wkh uhvxowv ri vhdvrqdo vwdwlrqdulw|
dqg xqlw urrw whvwv1

6171 Vorsh xqlw urrw whvw

Wkh vwrfkdvwlf wuhqg ri +5148, pd| eh prgl�hg vr dv wr jlyh zkdw lv vrphwlphv
fdoohg d gdpshg wuhqg/ wkdw lv

>| ' >|3� n q|3� n #|c #| � �U(Efc j2#�c
q| ' �q|3� n l|c l| � �U(Efc j2l�c

Li lw lv wklv frpsrqhqw zklfk dsshduv lq +615,/ d whvw ri Mf G � ' � djdlqvw
M� G � 	 � lv d xqlw urrw whvw rq wkh vorsh1 Lq wkh vshfldo fdvh ri wkh vprrwk wuhqg
prgho zkhq j2# ' fc wkh whvw vwdwlvwlf lv vlpso|

1 ' A3�
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�'�
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�[

|'�

{2+|
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|'�

E{2+|�
2

Wkh dv|pswrwlf glvwulexwlrq ri wklv vwdwlvwlf lv ���f� Li +615, lv jhqhudolvhg vr
dv wr frqwdlq d ghwhuplqlvwlf R� |� rughu sro|qrpldo wuhqg/ wkh uhvlgxdov iurp d
uhjuhvvlrq ri {2+| rq d sro|qrpldo ri rughu R�2 duh xvhg wr irup wkh whvw vwdwlvwlf
zklfk lv wkhq dv|pswrwlfdoo| ���R3��

Wkh vwrfkdvwlf wuhqg frpsrqhqw zloo qrw jhqhudoo| kdyh j2# vhw wr }hur dqg
lw zloo xvxdoo| dsshdu lq d prgho ri wkh irup +61;,/ srvvleo| zlwk rwkhu frpsrqhqwv
vxfk dv vwrfkdvwlf f|fohv dqg vhdvrqdov1 D sdudphwulf whvw vwdwlvwlf pd| wkhq eh
frqvwuxfwhg iurp wkh lqqrydwlrqv iurp wkh prgho �wwhg xqghu wkh qxoo k|srwkhvlv1
Wkh whvwv vwdlvwlf lv dfwxdoo| +61:,/ exw uhqdphg 1 ehfdxvh zkdw lv qrz ehlqj
whvwhg lv wkh qxoo k|srwkhvlv ri d vhfrqg xqlw urrw1
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71 Pxowlyduldwh whvwv

7141 Whvwlqj djdlqvw d pxowlyduldwh udqgrp zdon

Li )| lv d yhfwru frqwdlqlqj � wlph vhulhv wkh Jdxvvldq pxowlyduldwh orfdo ohyho
prgho lv

)| ' �|n%|c %| � �U(EfcP"�c

�| ' �|3� n �|c �| � �U(EfcP#�c | ' �c ���c Ac +714,

zkhuh P0 lv dq ��� srvlwlyh gh�qlwh +s1g1, pdwul{1 Q|eorp dqg Kduyh| +5333,
vkrz wkdw dq OEL whvw ri wkh qxoo k|srwkhvlv wkdw P#' f fdq eh frqvwuxfwhg
djdlqvw wkh krprjhqhrxv dowhuqdwlyh P#'^P0 1 Wkh whvw kdv wkh uhmhfwlrq uhjlrq

#E�� ' |h
k
53��

l
: Sc +715,

zkhuh

� ' A32
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�'�
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�[

|'�
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|'�

i|
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@?_ 5 'A3�

A[
|'�

i|i|
�� +716,

zkhuh i| ' )| � )� Xqghu wkh qxoo k|srwkhvlv/ wkh olplwlqj glvwulexwlrq ri +715,
lv Fudpìu0yrq Plvhv zlwk � ghjuhhv ri iuhhgrp/ ���E��1 Wkh glvwulexwlrq
lv ���2E�� li wkh prgho frqwdlqv d yhfwru ri wlph wuhqgv1 Dowkrxjk wkh whvw
pd{lpl}hv wkh srzhu djdlqvw krprjhqhrxv dowhuqdwlyhv/ lw lv frqvlvwhqw djdlqvw
doo qrqqxoo P�

#r vlqfh A3�#E�� kdv d qrqghjhqhudwh olplwlqj glvwulexwlrq1 Wklv
olplwlqj glvwulexwlrq ghshqgv rqo| rq wkh udqn ri P#�

Wkh #E�� whvw fdq eh jhqhudol}hg dorqj wkh olqhv ri wkh NSVV whvw txlwh
vwudljkwiruzdugo| dv lq Q|eorp dqg Kduyh| +5333,1 Sdudphwulf dgmxvwphqwv fdq
dovr eh pdgh e| wkh surfhgxuh rxwolqhg iru xqlyduldwh prghov1 Wklv uhtxluhv
hvwlpdwlrq xqghu wkh dowhuqdwlyh k|srwkhvlv/ exw lv olnho| wr ohdg wr dq lqfuhdvh lq
srzhu1 Li wkhuh duh qr frqvwudlqwv dfurvv sdudphwhuv/ lw pd| eh pruh frqyhqlhqw
wr frqvwuxfw wkh whvw vwdwlvwlf/ +715,/ xvlqj wkh lqqrydwlrqv iurp �wwhg xqlyduldwh
prghov1 Dowhuqdwlyho|/ wkh odjjhg ghshqghqw yduldeoh phwkrg ri Oh|erxuqh dqg
PfFdeh +4<<7, pd| eh xvhg1 Wklv lv wkh dssurdfk wdnhq e| Nxr dqg Plnnrod
+5334, lq wkhlu vwxg| ri sxufkdvlqj srzhu sdulw|1 Wkh| frqfoxgh wkdw ghdolqj zlwk
vhuldo fruuhodwlrq lq wklv zd| ohdgv wr whvwv zlwk kljkhu srzhu wkdq wkrvh iruphg
xvlqj wkh qrqsdudphwulf fruuhfwlrq1

Lq wkh deryh whvwv qr uhvwulfwlrqv duh sxw rq wkh pdwulfhv 5 dqg �� Li �
lv odujh wklv pd| eh d sureohp0 lqghhg 5 fdqqrw eh lqyhuwhg iru � : A� dqg lw
pd| eh qhfhvvdu| wr dvvxph vrph vwuxfwxuh rq wkh fryduldqfh pdwulfhv wr uhgxfh
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wkh qxpehu ri sdudphwhuv wr eh hvwlpdwhg1 Rqh srvvlelolw| lv wr lpsrvh vrph
vsdwldo sdwwhuq1 Sdqho phwkrgv pd| dsshdu wr r�hu d zd| rxw ri wklv sureohp
vlqfh li wkh xqlwv duh pxwxdoo| lqghshqghqw/ wkh lqglylgxdo # vwdwlvwlfv pd| eh
vxpphg wr jlyh dq ryhudoo whvw vwdwlvwlf zklfk/ e| wkh fhqwudo olplw wkhruhp lv
dv|pswrwlfdoo| qrupdo xqghu wkh qxoo k|srwkhvlv1 Dowhuqdwlyho| wkh qxphudwruv
dqg ghqrplqdwruv pd| eh vxpphg vhsdudwho| dv lq Ekdujdyd +4<;9/ s 6:;0<,1
Krzhyhu/ vxfk vwdwlvwlfv zloo eh gl�huhqw iurp wkh deryh pxowlyduldwh vwdwlvwlf
xqohvv 5 lv gldjrqdo dqg zloo eh lqydolg zlwk fruuhodwhg xqlwv> vhh/ iru h{dpsoh/
R*Frqqhoo +4<<;,1

7151 Whvwlqj iru frpprq wuhqgv

Li wkh udqn ri P# lv gc wkh prgho kdv g frpprq wuhqgv1 Vxssrvh zh zlvk wr whvw
wkh qxoo k|srwkhvlv wkdw o@?&EP#� ' g djdlqvw wkh dowhuqdwlyh wkdw o@?&EP#� :
g irug ' �c ��c ���� Ohw b� � � � � � b� eh wkh rughuhg hljhqydoxhv ri 53��1 Wkh
#E�� whvw vwdwlvwlf lv wkh vxp ri wkhvh hljhqydoxhv/ exw zkhq wkh udqn ri P# lv g

_c
wkh olplwlqj glvwulexwlrq ri A3�#E�� lv wkh olplwlqj glvwulexwlrq ri A3� wlphv wkh
vxp ri wkh g_ odujhvw hljhqydoxhv1 Wklv vxjjhvwv edvlqj d whvw ri wkh k|srwkhvlv
wkdw o@?&EP#� ' g rq wkh vxp ri wkh � �g vpdoohvw hljhqydoxhv/ wkdw lv

#Egc�� ' bgn� n � � �n b� / g ' �c ���c � � �� +717,

Lig_ : g wkh uhodwlyho| odujh ydoxhv wdnhq e| wkh �uvwg_�g ri wkhvh hljhqydoxhv
zloo whqg wr ohdg wr wkh qxoo k|srwkhvlv ehlqj uhmhfwhg1 Wklv lv wkh frpprq wuhqgv
whvw1 Ri frxuvh li zh doorz g wr eh }hur/ wkhq #Efc�� ' #E���

Wkh glvwulexwlrq ri wkh frpprq wuhqgv whvw vwdwlvwlf xqghu wkh qxoo k|0
srwkhvlv lv qrw ri wkh Fudpìu0yrq Plvhv irup exw lw grhv ghshqg rq ixqfwlrqv ri
Eurzqldq prwlrq1 Wkh vhulhv h{sdqvlrq iru g ' �c ���c � � � lv
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+718,
zkhuh  � dqg �� duh/ uhvshfwlyho|/ g � � dqg E� � g� � � yhfwruv zklfk duh
pxwxdoo| lqghshqghqw QLG+fc W,1 Wkh vljql�fdqfh srlqwv iru #Egc�� ghshqg rq
erwk g dqg � dqg duh wdexodwhg lq Q|eorp dqg Kduyh| +5333,1 D gl�huhqw vhw
ri fulwlfdo ydoxhv duh xvhg li wkh prgho kdv ehhq h{whqghg wr lqfoxgh wlph wuhqgv1
Sdudphwulf dqg qrqsdudphwulf dgmxvwphqw iru vhuldo fruuhodwlrq pd| eh pdgh lq
wkh frpprq wuhqgv whvw lq pxfk wkh vdph zd| dv zdv vxjjhvwhg iru wkh #E�� whvw1
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7161 Pxowlyduldwh xqlw urrw whvwv

Wd|oru dqg Vduqr +4<<;/ s5;;, jhqhudolvh wkh DGI whvw e| xvlqj wkh VXUH whfk0
qltxh wr �w � htxdwlrqv ri wkh irup +614, zlwk odjjhg �uvw gl�huhqfhv dgghg wr wkh
uljkw kdqg vlgh1 D pxowlyduldwh Zdog vwdwlvwlf/ ghqrwhg PDGI/ lv wkhq iruphg
wr whvw wkh qxoo k|srwkhvlv wkdw doo htxdwlrqv frqwdlq d xqlw urrw1 Wkh| duh qrw
deoh wr ghulyh dq dv|pswrwlf glvwulexwlrq iru wklv whvw vwdwlvwlf1 Dexdi dqg Mrulrq
+4<<3, kdg hduolhu sursrvhg d vlpsol�hg whvw edvhg rq wkh dvvxpswlrq wkdw wkh
dxwruhjuhvvlyh sdudphwhu lv wkh vdph lq doo htxdwlrqv/ exw hyhq lq wklv fdvh qr
dv|pswrwlf glvwulexwlrq kdv ehhq ghulyhg1

Wkh XF prgho lq +615, jhqhudol}hv wr

)| ' �n �|n �|c �|' !�|3�n�|c | ' �c ���c Ac +719,

zlwk T @oE�|� ' P#� Dv lq wkh xqlyduldwh fdvh/ uhvlgxdov duh iruphg e| hvwlpdwlqj
wkh ohyho dqg vorsh frh!flhqwv xqghu wkh qxoo k|srwkhvlv1 Jhqhudol}lqj wkh whvw
vwdwlvwlf +617, edvhg rq ghwuhqghg revhuydwlrqv |lhogv
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zkhuh h�| ' )| � h�f � h�| iru | ' �c ��c A dqg h�
f
' f zlwk h� ' E)A � )��*EA � ��

dqg h�f ' )� � h�� Zulwlqj lE�� lq d irup dqdorjrxv wr +715, pdnhv lw dssduhqw
wkdw lwv dv|pswrwlf glvwulexwlrq xqghu wkh qxoo k|srwkhvlv lv ����E�� zlwk wkh
orzhu wdlo gh�qlqj wkh fulwlfdo uhjlrq1 Li wkhuh lv qr wlph wuhqg wkh fulwlfdo ydoxhv
duh wdnhq iurp wkh ���fE�� glvwulexwlrq1 Wkh lE�� whvw lv frqvlvwhqw exw rqo|
djdlqvw dowhuqdwlyhv lq zklfk doo wkh vhulhv duh vwdwlrqdu|1 Olnh #E��c wkh lE��
vwdwlvwlf lv lqyduldqw wr olqhdu wudqvirupdwlrqv ri wkh gdwd1

Qrz vxssrvh wkdw/ dv lq Dexdi dqg Mrulrq +4<<3,/ ! '�W� zkhuh � lv d
vfdodu1 Wkh JOV hvwlpdwru ri �� � frqvwuxfwhg iurp wkh revhuydwlrqv ghwuhqghg
e| vhwwlqj � htxdo wr rqh lv
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Surylghg wkh vorsh lv lqfoxghg/ d olwwoh dojheudlf pdqlsxodwlrq/ jlyhq lq wkh ds0
shqgl{/ vkrzv wkdw wkh qxphudwru lv frqvwdqw dqg dv d uhvxow lE�� lv htxdo wr
��*i2A Eh�� ��j1 Wkh OP whvw ri wkh qxoo k|srwkhvlv wkdw � ' � lv edvhg rq wkh
vwdwlvwlf
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dqg wklv lv dovr d prqrwrqlf wudqvirupdwlrq ri lE�� ehlqj htxdo wr �2*e lE��� Dv
lq wkh xqlyduldwh fdvh/ d rqh0vlghg whvw edvhg rq wkh orzhu wdlo ri wkh glvwulexwlrq
ri lE�� phdqv wkdw wkh dowhuqdwlyh lv � 	 ��

Li wkh prgho lv jhqhudolvhg wr lqfoxgh pruh frpsrqhqwv d sdudphwulf
whvw vwdwlvwlf fdq eh frqvwuxfwhg iurp wkh yhfwru ri vwdqgdugl}hg lqqrydwlrqv1
Fruuhvsrqglqj wr +61:, wklv vwdwlvwlf lv
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Li wkh lqqrydwlrqv iurp �wwhg xqlyduldwh prghov duh xvhg/ wkh whvw vwdwlvwlf lv ri
wkh irup +715, vr dv wr doorz iru furvv0fruuhodwlrq1

Dssolfdwlrq wr Vwrfkdvwlf Yrodwlolw|0 Wkh pxowlyduldwh vwdwlrqdulw| dqg xqlw
urrw whvw vwdwlvwlfv iru doo irxu gdlo| h{fkdqjh udwh vhulhv frqvlghuhg dw wkh
hqg ri vhfwlrq 6 duh #Ee� ' H��2D dqg lEe� ' f�.bf� Wkxv wkh vwdwlrqdulw|
whvw uhmhfwv wkh qxoo k|srwkhvlv wkdw wkhuh duh qr udqgrp zdon frpsrqhqwv
lq wkh vhulhv/ zkloh wkh xqlw urrw whvw mxvw uhmhfwv wkh qxoo wkdw doo irxu vhulhv
kdyh xqlw urrwv dw wkh 43( ohyho ri vljql�fdqfh144 Wklv lv qrw lqfrqvlvwhqw
zlwk wkh frqfoxvlrqv lq Kduyh| hw do +4<<7, dqg Q|eorp dqg Kduyh| +5333,
wkdw wkh vhulhv kdyh mxvw wzr frpprq wuhqgv1

7171 Vhdvrqdo xqlw urrw whvwv

Wkh vhdvrqdolw| whvwv fdq eh jhqhudolvhg wr pxowlyduldwh vhulhv1 Iru h{dpsoh/
wkh pxowlyduldwh whvw djdlqvw qrqvwdwlrqdu| vhdvrqdolw| lq � vhulhv zloo kdyh d
����E�r � �� glvwulexwlrq xqghu wkh qxoo k|srwkhvlv/ zkloh wkh vhdvrqdo xqlw
whvw zloo eh edvhg rq ���fE�r � ��� D whvw ri wkh qxoo k|srwkhvlv wkdw wkhuh
lv d fhuwdlq qxpehu ri frpprq vhdvrqdo idfwruv/ fruuhvsrqglqj wr vhdvrqdo fr0
lqwhjudwlrq ehlqj suhvhqw/ fdq eh rewdlqhg e| jhqhudol}lqj wkh frpprq wuhqgv
whvw1 Krzhyhu/ wklv grhv uhtxluh wkh frqvwuxfwlrq ri wdeohv ri fulwlfdo ydoxhv1

81 Whvwv zkhq euhdnv duh suhvhqw

Vxssrvh wkhuh lv d vwuxfwxudo euhdn lq wkh wuhqg dw d nqrzq wlph � n �c dqg ohw
b ' �*A ghqrwh wkh iudfwlrq ri wkh vdpsoh ehiruh wkh euhdn rffxuv1 Frqvlghu wkh
iroorzlqj prghov=

44Wkh 8( dqg 43( orzhu wdlo fulwlfdo ydoxhv iru FyP3+7, duh 31974 dqg 31:<9 uhvshfwlyho|1
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d�o +| ' >| n B�| n 0|

d2o +| ' >| n q|n B�| n BqE�||� n 0|

d2@o +| ' >| n q|n B�| n 0| +814,

d2Ko +| ' >| n q|n Bq5| n 0|c

zkhuh >| lv d udqgrp zdon/ 0| lv zklwh qrlvh/ B dqg Bq duh sdudphwhuv dqg

�| '

+
f iru | � �
� iru | : �

@?_ 5| '

+
f iru | � �

|� � iru | : �

Wkhuh lv qr vorsh lq prgho d�o dqg vr wkh rqo| euhdn lv lq wkh ohyho1 Wkh rwkhu
prghov doo frqwdlq d wlph wuhqg1 Lq prgho d2o wkhuh lv d vwuxfwxudo fkdqjh lq erwk
wkh ohyho dqg wkh vorsh1 Prgho d2@o frqwdlqv d euhdn lq wkh ohyho rqo| zkloh d2Ko
fruuhvsrqgv wr d slhfhzlvh olqhdu wuhqg1

8141 Vwdwlrqdulw| whvwv

Xqghu Jdxvvldqlw| wkh OEL +dqg rqh0vlghg OP, whvw vwdwlvwlfv iru Mf G j2# ' f
djdlqvwM� G j

2

# : f lq wkh deryh prghov duh ri wkh irup +515,/ exw kdyh dv|pswrwlf
glvwulexwlrqv xqghu wkh qxoo k|srwkhvlv zklfk ghshqg rq b� Ehdulqj lq plqg wkh
dgglwlylw| surshuw| ri wkh Fudpìu0yrq Plvhv glvwulexwlrq qrwhg lq vxe0vhfwlrq
518/ Exvhwwl dqg Kduyh| +5334, sursrvh wkh iroorzlqj vlpsol�hg whvw vwdwlvwlfv iru
prghov ^4` dqg ^5`=
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EA � ��2r2
c � ' �c 2� +815,

Wkh OEL vwdwlvwlfv gl�hu rqo| lqvridu dv wkh wzr sduwv ri +815, uhfhlyh zhljkwv ri
b2 dqg E�� b�2 uhvshfwlyho|1 Wkh vlpsol�hg vwdwlvwlfv vwloo ghshqg rq wkh orfdwlrq
ri wkh euhdnsrlqw/ exw wkhlu dv|pswrwlf glvwulexwlrqv gr qrw vlqfh

#W� ,

+
����E2� iru � ' �
���2E2� iru � ' 2�

+816,

Qrw kdylqj wr frqvxow d wdeoh jlylqj wkh glvwulexwlrq ri wkh whvw vwdwlvwlf
iru doo wkh srvvleoh ydoxhv ri b lv d elj dgydqwdjh1 Ixuwkhupruh wkh whvwv lpph0
gldwho| jhqhudol}h wr fdvhv zkhuh wkhuh duh vhyhudo vwuxfwxudo euhdnv1 Li wkhuh duh
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& euhdnv wkh glvwulexwlrq ri wkh vlpsol�hg vwdwlvwlf frqyhujhv wr d +vhfrqg0ohyho,
jhqhudol}hg Fudpìu0yrq Plvhv glvwulexwlrq zlwk & n � ghjuhhv ri iuhhgrp/ wkdw lv
����E&n��c � ' �c 21 Wkh Prqwh Fduor hylghqfh suhvhqwhg lq Exvhwwl dqg Kduyh|
+5334, lqglfdwhv wkdw wkh OEL whvw lv fohduo| vxshulru rqo| lq wkh uhjlrq forvh wr
wkh qxoo k|srwkhvlv dqg iru euhdn srlqwv qhdu wkh ehjlqqlqj ru hqg ri wkh vdpsoh1

8151 Xqlw urrw whvwv

Wkh h�hfwv ri euhdnv rq OP w|sh xqlw urrw whvwv fdq eh dqdo|vhg e| wdnlqj �uvw
gl�huhqfhv lq +814,1 Iru ohyho euhdnv/ ^4` dqg ^5d`/ gl�huhqflqj fuhdwhv d vlqjoh
rxwolhu dw wlph � n �� Wklv pd| eh uhpryhg e| d csxovh* gxpp| yduldeoh zklfk
wdnhv wkh ydoxh rqh dw � n � dqg lv }hur rwkhuzlvh1 Li wkh whvw vwdwlvwlfv duh
frqvwuxfwhg dv lq +617,/ wkhlu dv|pswrwlf glvwulexwlrqv duh xqd�hfwhg 0 lq whupv ri
+618, doo wkdw kdsshqv lv wkdw {h>�n� lv }hur1 Wkxv

l � ,
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���fE�� iru � ' �
����E�� iru � ' 2@�

+817,

Wkh euhdnv lq wuhqg/ rq wkh rwkhu kdqg/ gr d�hfw wkh glvwulexwlrqv ri wkh whvw
vwdwlvwlfv1 Wdnlqj �uvw gl�huhqfhv ri d slhfhzlvh olqhdu wuhqg/ ^5e`/ uhvxowv lq d
ohyho gxpp| yduldeoh ehlqj �wwhg iurp � n � rqzdugv1 Lq prgho ^5` d sxovh dw
�n� lv dovr qhhghg1 Krzhyhu/ lq erwk fdvhv wkh dgglwlylw| surshuw| ri wkh Fudpìu0
yrq Plvhv glvwulexwlrq fdq eh h{sorlwhg vr wkdw vwdwlvwlfv frqvwuxfwhg lq d vlplodu
zd| wr wkrvh lq +815, kdyh ����E2� dv|pswrwlf glvwulexwlrqv xqghu wkh qxoo/ wkdw
lv
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c � ' 2c 2Kc +818,

zlwk
lW� , ����E2� iru � ' 2c 2K� +819,

Li wkh prghov duh pruh jhqhudo dqg sdudphwulf whvw vwdwlvwlfv duh frqvwuxfwhg iurp
lqqrydwlrqv/ hvwlpdwlrq lv fduulhg rxw zlwk wkh gxpp| yduldeohv lq wkhlu ruljlqdo
xqgl�huhqfhg irup1 Wkh lqfoxvlrq ri wkh udqgrp zdon frpsrqhqw kdv wkh vdph
h�hfw dv gl�huhqflqj1

8161 Pxowlyduldwh vhulhv dqg vhdvrqdolw|

Exvhwwl dqg Kduyh| +5333, h{whqg wkh Fdqryd0Kdqvhq whvw wr doorz iru gxpp|
yduldeohv prghoolqj euhdnv lq wkh vhdvrqdo sdwwhuq1 D vlpsol�hg whvw/ frqvwuxfwhg
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rq wkh vdph edvlv dv +815,/ kdv d ����E2r � 2� dv|pswrwlf glvwulexwlrq zkhq
wkhuh lv rqh vxfk euhdn1 Wkh dv|pswrwlf glvwulexwlrqv ri vhdvrqdo xqlw urrw whvwv/
rq wkh rwkhu kdqg/ duh qrw d�hfwhg e| wkh lqfoxvlrq ri vhdvrqdo euhdn gxpplhv
vlqfh wkhvh ehfrph sxovh yduldeohv xqghu wkh qxoo k|srwkhvlv1

Exvhwwl +5334, h{whqgv wkh pxowlyduldwh whvwv ri vxe0vhfwlrqv 714 dqg 715
wr ghdo zlwk vlwxdwlrqv zkhuh wkhuh duh euhdnv lq vrph ru doo ri d vhw ri � wlph
vhulhv1 Kh vkrzv wkdw d vlpsol�hg yhuvlrq ri wkh whvw djdlqvw d pxowlyduldwh udqgrp
zdon fdq eh frqvwuxfwhg e| doorzlqj iru d euhdn lq doo wkh vhulhv dw wkh vdph srlqw
lq wlph1 Wklv vwdwlvwlf/ ghqrwhg #W� E��c jhqhudolvhv +815, dqg kdv wkh ���E2��
dv|pswrwlf glvwulexwlrq1 Wkh prgl�fdwlrq ri pxowlyduldwh xqlw urrw whvwv iroorzv
dorqj vlplodu olqhv wr |lhog d jhqhudolvdwlrq ri +818,1

91 Frqfoxvlrqv

Xqlw urrw whvwv fdq eh vhw xs xvlqj wkh OP sulqflsoh vr dv wr jlyh vwdwlvwlfv zklfk/
xqghu wkh qxoo k|srwkhvlv/ kdyh Fudpìu0yrq Plvhv glvwulexwlrqv lq odujh vdpsohv1
Vwdwlrqdulw| whvw vwdwlvwlfv kdyh dv|pswrwlf glvwulexwlrqv ehorqjlqj wr wkh vdph
idplo|1 Wklv surylghv d uhpdundeoh xql�fdwlrq dqg vlpsol�fdwlrq ri whvw surfh0
gxuhv iru qrqvwdwlrqdu| wlph vhulhv1 Wkh glvwulexwlrqv duh hdvlo| wdexodwhg dqg
kdyh qlfh surshuwlhv/ vxfk dv dgglwlylw|1 Iru wkh vlpsohu prghov h{dfw glvwulex0
wlrqv ri wkh whvw vwdwlvwlfv fdq eh rewdlqhg/ exw rqfh qxlvdqfh sdudphwhuv kdyh
wr eh hvwlpdwhg/ wkh fdvh iru mxvw xvlqj wkh dv|pswrwlf glvwulexwlrqv ehfrphv
vwurqjhu1 Lq dq| fdvh lw vhhpv wkdw wkh dv|pswrwlf fulwlfdo ydoxhv surylgh d jrrg
dssur{lpdwlrq hyhq iru uhodwlyho| vpdoo vdpsoh vl}hv1 Wkh dgglwlylw| surshuw| ri
wkh Fudpìu0yrq Plvhv glvwulexwlrq phdqv wkdw lw lv hdv| wr vhw xs whvwv zlwk dq
doorzdqfh pdgh iru dq| lqwhuyhqwlrq yduldeohv xvhg wr prgho vwuxfwxudo euhdnv1

Wkh whvwv duh rewdlqhg e| zrunlqj zlwklq dq xqrevhuyhg frpsrqhqwv
iudphzrun1 Wkhuh lv d vwurqj fdvh iru hvwlpdwlqj wkh qxlvdqfh sdudphwhuv lq vxfk
prghov dqg frqvwuxfwlqj sdudphwulf whvwv1 Dxwruhjuhvvlyh dssur{lpdwlrqv dqg
qrqsdudphwulf hvwlpdwhv ri wkh orqj0uxq yduldqfh fdq riwhq ohdg wr whvwv zlwk
xquholdeoh w|sh L huuruv dqg2ru orz srzhu1 Prgl�fdwlrqv frxog eh pdgh wr wkh
whvwv dorqj wkh olqhv vxjjhvwhg e| Hoolrww/ Urwkhqehuj dqg Vwrfn +4<<9, ru Kzdqj
dqg Vfkplgw +4<<9,/ exw wklv zrxog eh dw wkh frvw ri orvlqj wkh vlpsolflw| dqg
jhqhudolw| ri wkh whvw vwdwlvwlfv dqg wkhlu dv|pswrwlf glvwulexwlrqv1

Dfnqrzohgjphqwv

Hduolhu yhuvlrqv ri wklv sdshu zhuh jlyhq dw wkh xqlyhuvlwlhv ri Eluplqj0
kdp/ Hglqexujk dqg Fduorv LLL dqg dw wkh frqihuhqfh rq Irxqgdwlrqv ri Vwdwlvwlfdo
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Lqihuhqfh lq Mhuxvdohp lq Ghfhpehu 5333 dqg wkh frqihuhqfh lq krqrxu ri Zd|qh
Ixoohu dw Lrzd Vwdwh Xqlyhuvlw| lq Mxqh 53341 L zrxog olnh wr wkdqn Idelr Exvhwwl/
Gdylg Glfnh|/ Mxnnd Q|eorp/ Hppdqxho Sdu}hq dqg Urehuw Wd|oru iru khosixo
frpphqwv dqg Gdylg Edwhv iru surjudpplqj dvvlvwdqfh1 L zrxog dovr olnh wr wkdqn
wkh HVUF iru �qdqfldo vxssruw dv sduw ri d surmhfw rq G|qdplf Idfwru Dqdo|0
vlv/ judqw qxpehu O46; 58 433; dqg wkh Eulwlvk Frxqflo iru frqwulexwlqj wrzdugv
wudyho h{shqvhv iru wkh Mhuxvdohp frqihuhqfh1

D1 Dsshqgl{

Ohw A wlphv wkh frh!flhqw rewdlqhg e| uhjuhvvlqj {h>| rq h>|3�zlwkrxw d frqvwdqw
whup eh ghqrwhg e| 41 Wr vkrz wkh uhodwlrqvkls zlwk lc zulwh wkh ghqrplqdwru ri
+618, dv
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Wklv xvhv wkh idfw wkdw h>
f
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| ' 2 wkhq
A[
|'2

Eh>| � h>|3��
2 ' �2

A[
|'2

{h>|
h>|3� n h>2A � h>2�
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dqg vr/ sur0

ylghg wkh vorsh lv hvwlpdwhg/ lw iroorzv wkdw lE�� ' ��*24� Dv uhjdugv wkh OP
whvw/ hydoxdwlqj wkh �uvw ghulydwlyh ri wkh orj0olnholkrrg ixqfwlrq dw � ' � |lhogv
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UHIHUHQFHV

Dexdi/ Q1 dqg S1 Mrulrq +4<<3,1 Sxufkdvlqj srzhu sdulw| lq wkh orqj uxq1 Mrxuqdo
ri Ilqdqfh 78/ 48:0:71

Ekdujdyd/ D1+4<;9,/ Rq wkh wkhru| ri whvwlqj iru xqlw urrwv lq revhuyhg wlph
vhulhv/ Uhylhz ri Hfrqrplf Vwxglhv/ 86/ 690;71

Exvhwwl/ I1dqg D1F1 Kduyh| +5334,/ Whvwlqj iru wkh suhvhqfh ri d udqgrp zdon lq
vhulhv zlwk vwuxfwxudo euhdnv1 Mrxuqdo ri Wlph Vhulhv Dqdo|vlv/ 55/ 45:0831

Exvhwwl/ I1dqg D1F1 Kduyh| +5333,/ Whvwlqj djdlqvw vwrfkdvwlf vhdvrqdolw|1 Plphr1

Exvhwwl/ I +5334,/ Whvwlqj iru +frpprq, qrqvwdwlrqdu| frpsrqhqwv lq pxowlydul0
dwh wlph vhulhv zlwk euhdnlqj wuhqgv1 Mrxuqdo ri Iruhfdvwlqj + wr dsshdu,1

Fdqryd/ I1 dqg E1H1 Kdqvhq +4<<8,/ Duh vhdvrqdo sdwwhuqv frqvwdqw ryhu wlphB
D whvw iru vhdvrqdo vwdelolw|/ Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/
46/ 56:0851

R*Frqqhoo/ S1 +4<<;,/ Wkh ryhuydoxdwlrq ri sxufkdvlqj srzhu sdulw|/ Mrxuqdo ri
Lqwhuqdwlrqdo Hfrqrplfv/ 77/ 404<1

Hoolrww/ J1/ Urwkhqehuj/ W1M1 dqg M1K1Vwrfn +4<<9,1 H!flhqw whvwv iru dq dxwruh0
juhvvlyh xqlw urrw1 Hfrqrphwulfd/ 97/ ;460691

Ixoohu/ Z1 D1 +4<<9,1 Lqwurgxfwlrq wr Vwdwlvwlfdo Wlph Vhulhv/ 5qg hglwlrq1 Mrkq
Zloh| dqg vrqv/ Lqf1/ Qhz \run1

Kduyh| D1F1 +4<;<,/ Iruhfdvwlqj/ vwuxfwxudo wlph vhulhv prghov dqg wkh Ndopdq
�owhu/ Fdpeulgjh Xqlyhuvlw| Suhvv/ Fdpeulgjh1

Kduyh| D1F1/ H1 Uxl} dqg Q1 Vkhskdug +4<<7,/ Pxowlyduldwh vwrfkdvwlf yduldqfh
prghov/ Uhylhz ri Hfrqrplf Vwxglhv/ 94/ 57:0971

Kduyh|/ D1 F1/ dqg D1 Vfrww +4<<7,1 Vhdvrqdolw| lq g|qdplf uhjuhvvlrq prghov1
Hfrqrplf Mrxuqdo 437/ 46570781

Kduyh|/ D1F1 dqg P1 Vwuhleho +4<<:,/ Whvwlqj iru qrqvwdwlrqdu| xqrevhuyhg frp0
srqhqwv/ plphr1

Kduyh|/ D1 F1/ dqg P1 Vwuhleho +4<<;,1 Whvwv iru ghwhuplqlvwlf yhuvxv lqghwhu0
plqlvwlf f|fohv1 Mrxuqdo ri Wlph Vhulhv Dqdo|vlv 4<= 83805<1
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Kzdqj/ M1 dqg S1 Vfkplgw +4<<9,/ Dowhuqdwlyh phwkrgv ri ghwuhqglqj dqg wkh
srzhu ri xqlw urrw whvwv1 Mrxuqdo ri Hfrqrphwulfv :4/ 55:0;

K|oohehuj/ V1 +4<<8,/ Whvwv iru vhdvrqdo xqlw urrwv= jhqhudo wr vshfl�f ru vshfl�f
wr jhqhudoB Mrxuqdo ri Hfrqrphwulfv/ 9</ 80581

K|oohehuj/ V1/ Hqjoh/ U1/ Judqjhu/ F1Z1M dqg E1V1 \rr +4<<3,/ Vhdvrqdo lqwhjud0
wlrq dqg fr0lqwhjudwlrq/ Mrxuqdo ri Hfrqrphwulfv 77/ 54806;1

Nrrspdq V1M1/ Kduyh|/ D1F1/ Grruqln/ M1D dqg Vkhskdug/ Q1 +5333,1 VWDPS
913 Vwuxfwxudo Wlph Vhulhv Dqdo|vhu/ Prghoohu dqg Suhglfwru/ Orqgrq= Wlp0
ehuodnh Frqvxowdqwv Owg1

Nxr/ E0V1 dqg D1 Plnnrod +5334,/ Krz vxuh duh zh derxw sxufkdvlqj srzhu
sdulw|B Sdqho hylghqfh zlwk wkh qxoo ri vwdwlrqdu| h{fkdqjh udwhv1 Mrxuqdo
ri Prqh| Fuhglw dqg Edqnlqj

Nzldwnrzvnl/ G1/ Skloolsv/ S1F1E/ Vfkplgw/ S1 dqg \1Vklq +4<<5,/ Whvwlqj wkh qxoo
k|srwkhvlv ri vwdwlrqdulw| djdlqvw wkh dowhuqdwlyh ri d xqlw urrw= Krz vxuh
duh zh wkdw hfrqrplf wlph vhulhv kdyh d xqlw urrw B Mrxuqdo ri Hfrqrphwulfv
77/ 48<0:;1

Nxr/ E0V1 +4<<<,/ Dv|pswrwlfv ri PO hvwlpdwru iru uhjuhvvlrq prghov zlwk d
vwrfkdvwlf wuhqg frpsrqhqw1 Hfrqrphwulf Wkhru|/ 48/ 5707<1

Oh|erxuqh/ V1M1 dqg E1S1P1 PfFdeh +4<<7,/ D frqvlvwhqw whvw iru d xqlw urrw/
Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ 45/ 48:0991

PdfQhloo/ L1E1 +4<:;,/ Surshuwlhv ri vhtxhqfhv ri sduwldo vxpv ri sro|qrpldo
uhjuhvvlrq uhvlgxdov zlwk dssolfdwlrqv wr whvwv iru fkdqjh ri uhjuhvvlrq dw
xqnqrzq wlphv/ Wkh Dqqdov ri Vwdwlvwlfv/ 9/ 755�7661

Pdggdod/ J1V1 dqg L0P1 Nlp +4<<;,1 Xqlw urrwv/ fr0lqwhjudwlrq/ dqg vwuxfwxudo
fkdqjh1 Fdpeulgjh= Fdpeulgjh Xqlyhuvlw| Suhvv1

Qdeh|d/ V1 dqg N1 Wdqdnd +4<<3,/ Olplwlqj srzhu ri xqlw0urrw whvwv lq wlph0vhulhv
uhjuhvvlrq/ Mrxuqdo ri Hfrqrphwulfv/ 79/ 57:0:41

Q|eorp/ M1 dqg W1 Pçnhoçlqhq +4<;6,/ Frpsdulvrq ri whvwv iru wkh suhvhqfh ri
udqgrp zdon frh!flhqwv lq d vlpsoh olqhdu prgho/ Mrxuqdo ri wkh Dphulfdq
Vwdwlvwlfdo Dvvrfldwlrq/ :;/ ;890971

Q|eorp/ M1/ dqg D1F1Kduyh| +5333,1 Whvwv ri frpprq vwrfkdvwlf wuhqgv/ Hfrqr0
phwulf Wkhru|/ 49/ 4:90<<1
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Q|eorp/ M1/ dqg D1F1Kduyh| +5334,1 Whvwlqj djdlqvw vprrwk vwrfkdvwlf wuhqgv/
Mrxuqdo ri Dssolhg Hfrqrphwulfv +wr dsshdu,1

R*Frqqhoo/ S1 +4<<;,/ Wkh ryhuydoxdwlrq ri sxufkdvlqj srzhu sdulw|/ Mrxuqdo ri
Lqwhuqdwlrqdo Hfrqrplfv/ 77/ 404<1

R|d/ N1 dqg K1\1Wrgd +4<<;,/ Glfnh|0Ixoohu/ Odjudqjh pxowlsolhu dqg frpelqhg
whvwv iru d xqlw urrw lq dxwruhjuhvvlyh wlph vhulhv1 Mrxuqdo ri Wlph Vhulhv
Dqdo|vlv 4</ 65807:1

Sdqwxod/ V1 +4<<4,1 Dv|pswrwlf glvwulexwlrqv ri xqlw urrw whvwv zkhq wkh surfhvv
lv qhduo| vwdwlrqdu|1 Mrxuqdo ri Exvlqhvv dqg Hfrqrplf Vwdwlvwlfv/ </ 960:41

Shuurq/ S1 dqg V1Pdoohw +4<<9,/ D orrn dw wkh txdolw| ri wkh dssur{lpdwlrq ri
wkh ixqfwlrqdo fhqwudo olplw wkhruhp/ Hfrqrplfv Ohwwhuv/ 9;/ 5580671

Urguljxhv/ S1P1P1 +5333,/ Rq OP w|sh whvwv iru vhdvrqdo xqlw urrwv/ plphr/
Xqlyhuvlw| ri Dojduyh1

Vfkplgw/ S1 dqg S1F1E1 Skloolsv +4<<5,= OP Whvwv iru d Xqlw Urrw lq wkh Suhvhqfh
ri Ghwhuplqlvwlf Wuhqgv1 R{irug Exoohwlq ri Hfrqrplfv dqg Vwdwlvwlfv 87/
58:05;:1

Vfkplgw/ S1 dqg M1 Ohh +4<<4,= D prgl�fdwlrq ri wkh Vfkplgw0Skloolsv xqlw urrw
whvw/ Hfrqrplfv Ohwwhuv/ 69/ 5;80;<1

Vplwk/ U1M1 dqg D1P1U1 Wd|oru +4<<;,/ Dgglwlrqdo fulwlfdo ydoxhv dqg dv|pswrwlf
uhsuhvhqwdwlrqv iru vhdvrqdo xqlw urrw whvwv/ Mrxuqdo ri Hfrqrphwulfv ;8/
59<05;;1

Wdqdnd/ N1+4<<9,1 Wlph Vhulhv Dqdo|vlv1 Qhz \run= Mrkq Zloh| dqg Vrqv1

Wd|oru/ P1S1 dqg O1 Vduqr +4<<;,/ Wkh ehkdylrxu ri uhdo h{fkdqjh udwhv gxulqj
wkh srvw0Euhwwrq Zrrgv shulrg1 Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 79/
5;406451
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