
Dq lqyhvwljdwlrq ri whvwv iru olqhdulw| dqg wkh

dffxudf| ri  h{leoh qrqolqhdu lqihuhqfh

Fkulvwldq P1 Gdko�

Ghsduwphqw ri Hfrqrplfv

Xqlyhuvlw| ri Ddukxv

Ghqpdun

Mxo| 4<<;

+Yhu| suholplqdu| yhuvlrq/ frpphqwv duh zhofrph,

Devwudfw

D qhz dssurdfk uhfhqwo| vxjjhvwhg e| Kdplowrq iru  h{leoh sdudphw0

ulf lqihuhqfh lq qrqolqhdu prghov lv h{dplqhg wkurxjk vlpxodwlrq vwxglhv1

� Frpphqwv dqg vxjjhvwlrqv iurp Mdphv G1 Kdplowrq duh judwhixoo| dfnqrzohgjhg1 Ixwkhu0

pruh/ L zrxog olnh wr wkdqn sduwlflsdqwv dw wkh Hfrqrphwulfv Zrunvkrs dw XFVG iru khosixo

frpphqwv1 Dq| huuruv duh p| rzq1



Kdplowrq vxjjhvwv d qhz whvw iru qhjohfwhg qrqolqhdulw| dqg zh frpsduh lw

zlwk wkh qhxudo qhwzrun whvw/ Wvd|*v whvw/ Zklwh*v g|qdplf plvvshfl�fdwlrq

whvw/ Udpvh|*v Uhvhw whvw dqg wkh vr0fdoohg Y56 whvw1 Zlwk uhvshfw wr vl}h

dqg srzhu surshuwlhv rxu uhvxowv rq wkh uhodwlyh shuirupdqfh ri Kdplowrq*v

whvw duh yhu| hqfrxudjlqj1 Lq sduwlfxodu zh �qg wkdw djdlqvw doprvw doo wkh

qrqolqhdu dowhuqdwlyhv zkhuh wkh vl}h dqg srzhu surshuwlhv ri wkh qhxudo

qhwzrun whvw duh jrrg wkh vl}h dqg srzhu surshuwlhv ri Kdplowrq*v qhz whvw

duh hyhq ehwwhu1 Vhfrqgo|/ zh h{dplqh wkh frqyhujhqfh surshuwlhv ri Kdplo0

wrq*v hvwlpdwru ri wkh frqglwlrqdo phdq ixqfwlrq1 Rxu �qglqjv vxjjhvw wkdw

lq wkh fdvh ri d wuxh olqhdu uhodwlrqvkls/ wkh frvwv ri xvlqj wkh  h{leoh qrq0

olqhdu dssurdfk lq whupv ri h!flhqf| dqg vshhg ri frqyhujhqfh duh plqru1

Zh dovr vkrz wkdw iru pdq| qrqolqhdu prghov wkh shufhqwdjh lpsuryhphqw

lq �w uhodwlyh wr wkh ohdvw vtxduh hvwlpdwru fdq eh vxevwdqwldo1

41 Lqwurgxfwlrq

Kdplowrq +4<<;, vxjjhvwv d qhz phwkrg ri hvwlpdwlqj prghov ri wkh irup +| '

>E%|�n "|/ zkhuh wkh ixqfwlrqdo irup ri >E%|� lv xqnqrzq1 Dv d e|0surgxfw d qhz

Odjudqjh pxowlsolhu whvw iru qhjohfwhg qrqolqhdulw| lv vxjjhvwhg1 Wkh dlp ri wkh

sdshu lv wzrirog1 Iluvw/ zh frqgxfw d Prqwh Fduor h{shulphqw rq wkh vl}h dqg
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srzhu surshuwlhv ri wkh ri wkh qhz Odjudqjh pxowlsolhu whvw iru qhjohfwhg qrqolq0

hdulw| vxjjhvwhg e| Kdplowrq +4<<;,1 Zh frpsduh wkh whvw zlwk rwkhu srsxodu

whvwv iru qhjohfwhg qrqolqhdulw|/ whvwv zklfk 0 dv lw lv wkh fdvh iru Kdplowrq*v whvw

0 duh qrw edvhg rq dq| nqrzohgjh ri wkh ixqfwlrqdo irup xqghu wkh dowhuqdwlyh1

Vhfrqgo| zh frqgxfw d Prqwh Fduor h{shulphqw rq wkh frqyhujhqfh surshuwlhv ri

Kdplowrq*v hvwlpdwru ri wkh frqglwlrqdo phdq ixqfwlrq >E%|�1 Zh uhsruw uhvxowv

rq krz lw shuirupv e| dsso|lqj lw wr d zlgh udqjh ri wkh prvw frpprq qrqolqhdu

prghov lq wkh olwhudwxuh/ dqg surylgh vrph vwdwlvwlfv rq krz elj wkh lpsuryhphqw

lv uhodwlyh wr wkh olqhdu hvwlpdwru1 Ilqdoo| zh lqyhvwljdwh wkh frqyhujhqfh surshu0

wlhv ri Kdplowrq*v hvwlpdwru zkhq wkh wuxh prgho lv olqhdu lq rughu wr ghwhuplqh

d srwhqwldo orvv lq h!flhqf| dqg frqyhujhqfh vshhg1 Wkh sdshu lv rujdql}hg dv

iroorzv1 Vhfwlrq 5 jlyhv d eulhi lqwurgxfwlrq wr Kdplowrq*v dssurdfk wr qrqolqhdu

lqihuhqfh1 Zh vkrz krz wr rewdlq d frqvlvwhqw hvwlpdwh ri >E%|� dqg ghulyh wkh

Odjudqjh pxowlsolhu whvw vwdwlvwlf iru qhjohfwhg qrqolqhdulw|1 Vhfwlrq 6 glvfxvvhv

vrph ri wkh prvw srsxodu dowhuqdwlyh whvwv iru qhjohfwhg qrqolqhdulw|1 Vhfwlrq 7

ghvfulehv wkh vlpxodwlrq ghvljq iru wkh Prqwh Fduor h{shulphqw rq vl}h dqg srzhu

dqg lq vhfwlrq 8 wkh uhvxowv duh uhsruwhg dqg glvfxvvhg1 Lq vhfwlrq 9 wkh h{shu0

lphqw rq wkh frqyhujhqfh surshuwlhv ri Kdplowrq*v hvwlpdwru duh frqgxfwhg dqg

�qdoo| vhfwlrq : frqwdlqv frqfoxglqj uhpdunv1
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51 Kdplowrq*v dssurdfk wr  h{leoh qrqolqhdu lqihuhqfh

Frqvlghu wkh prgho

+| ' >E%|� n "| +514,

zkhuh "| lv d vhtxhqfh ri �UEfc j2� huuru whupv dqg >E%|� lv d ixqfwlrq ri d & � �

yhfwru %|1 Lq prvw fdvhv d sdudphwulf irup iru >E%|� fdq eh rewdlqhg gluhfwo| iurp

hfrqrplf wkhru|1 Krzhyhu/ lq wkh pruh wurxeohvrph fdvhv zkhuh hfrqrplf wkhru|

grhv qrw jlyh dq| fohdu jxlgdqfh rq krz wr vshfli| wkh ixqfwlrqdo irup ri >E%|�

ru lq vlwxdwlrqv zkhuh wkh frpsoh{lw| ri wkh gdwd uhtxluhv pruh wkdq d vlpsoh

ghwhuplqlvwlf prgho 0 vxfk dv orz rughu sro|qrpldov 0 pruh jhqhudo ru  h{leoh

dssurdfkhv wr uhsuhvhqw >E%|� duh qhhghg1 Exloglqj rq wkh lghdv ri Zdked +4<:;,

dqg Zhfnhu dqg Dqvoh| +4<;6, zkr ylhzhg >E%|� dv d uhdol}dwlrq ri d Eurzqldq

prwlrq/ Kdplowrq +4<<;, vxjjhvwv uhsuhvhqwlqj >E%|� dv4

>E%|� ' kf n k�

�
%| n b6E} � %|� +515,

4Khuh j lv d n � 4 yhfwru ri sdudphwhuv dqg � ghqrwhv hohphqw0e|0hohphqw pxowlsolfdwlrq1
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zkhuh 6E5� 0 iru dq| fkrlfh ri 5 0 uhsuhvhqwv d uhdol}dwlrq iurp d udqgrp �hog

zlwk wkh iroorzlqj vwdwlvwlfdo surshuwlhv

6E5� � � Efc �� +516,

.E6E5��6E��� ' M&E��

dqg zkhuh � lv gh�qhg dv � � �

2
dE5����E5���o

�

2 1 Wkh uhdol}dwlrq ri6E�� lv ylhzhg

dv kdylqj ehhq vhwwohg suhylrxv wr i%�c ��c %Ac"�c ��c "Aj dqg lv wkhuhiruh frqvlghuhg

wr eh lqghshqghqw ri i%�c ��c %Ac"�c ��c "A j� Li zh gh�qh d yduldeoh C&E�c o� dv

C&E�c o� '
] o

�

Eo2 � 52�
&

2 _5 +517,

lw lv srvvleoh wr zulwh M&E�� dv

M&E�� ' i
C&3�E�c ��*C&3�Efc ��

f

li � � �

li � : �
+518,

Forvhg irup h{suhvvlrqv iru M&E�� iru & ' i�c ��c Dj duh surylghg e| Kdplowrq

+4<<;, dqg duh uhsulqwhg lq wkh dsshqgl{ ri wklv sdshu1 Vlqfh zh fdqqrw revhuyh

6E5� 0 iru dq| fkrlfh ri 5 0 gluhfwo| zh duh qrw deoh wr revhuyh wkh ixqfwlrqdo

irup ri >E%|�� Wkh remhfwlyh lv wr gudz lqihuhqfh derxw wkh xqnqrzq sdudphwhuv
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ri wkh prgho vxppdul}hg e| ) ' ikfc k�c bc }c jj e| revhuylqj wkh uhdol}dwlrqv ri

+| dqg %| rqo|� Xvlqj vrph edvlf frqglwlrqlqj uxohv iru pxowlyduldwh qrupdov dqg

wuhdwlqj >E%|� dv xqrevhuydeoh Kdplowrq +4<<;, vkrzv krz wr rewdlq d pd{lpxp

olnholkrrg hvwlpdwh ri ) edvhg rq d uhfxuvlyh dojrulwkp yhu| vlplodu wr wkh uhfxuvlyh

dojrulwkp ri wkh Ndopdq �owhu xvhg wr rewdlq wkh pd{lpxp olnholkrrg hvwlpdwhv

ri vwdwh vsdfh prghov1 Krzhyhu lq rughu wr fxw grzq wkh dprxqw ri frpsxwdwlrqv

Kdplowrq lqwurgxfhv dq htxlydohqw phwkrg ri fdofxodwlqj wkh pd{lpxp olnholkrrg

hvwlpdwhv1 Kh uhirupxodwhv wkh prgho lq d pruh frpsdfw irup dqg dssolhv JOV1

Lq sduwlfxodu/ kh gh�qhv

+ ' E+�c +2c ��c +A � +519,

f '

5
9999999999999999997
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A

6
::::::::::::::::::8

q ' Ekfc k
��

" ' E"�c "2c ��c "A �
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dqg vkrzv wkdw wkh frqfhqwudwhg orj olnholkrrg ixqfwlrq fdq eh zulwwhq dv

#E+cf(bc }c j� ' �
A

2
*?E2Z��

�

2
*? m�f n j2UA m +51:,

�
�

2
d+ �f eq

A
Ebc }c j�o�E�f n j2UA �

3�d+ �f eq
A
Ebc }c j�o

eq
A
Ebc }c j� ' df �E�f n j2UA �

3�fo3�df �E�f n j2UA �
3�+o +51;,

zkhuh LA lv wkh lghqwlw| pdwul{ ri glphqvlrq +A � A � dqg wkh i|c rj hqwu| ri wkh

pdwul{ Sf 0 ghqrwhg SfE|c r� 0 lv htxdo wr

�fE|c r� ' i
b2M&E�|r�

f

li �|r � �

li �|r : �
+51<,

�|r '
�

2
dEh%| � h%r�

�Eh%| � h%r�o
�

2

h%| ' } � %|

Wkh frqfhqwudwhg olnholkrrg ixqfwlrq fdq eh pd{lpl}hg zlwk uhvshfw wr bc }c j

xvlqj vwdqgdug pd{lpl}dwlrq dojrulwkpv vxfk dv �8C7 ru �e�|J? � -@R�rJ?1

Rqfh wkh hvwlpdwhv ri Ebc }c j� kdv ehhq rewdlqhg/ eq
A
lv jlyhq1 Lq wkh fdvh ri

frqwlqxrxv ydoxhg yduldeohv dqg ghwhuplqlvwlf uhjuhvvruv Kdplowrq +4<<;, suryhv

wkdw li wkh wuxh uhodwlrq jlyhq e| +515, lv lqghhg olqhdu wkhq xqghu vrph uhjxodulw|

frqglwlrqv wkh hvwlpdwru ri >E%|� jlyhq e| wkh |�wk urz ri e1
A

' f eq
A
n e�fE e�f n

:



ej2
A
UA �

3�d+�f eq
A
o 0 ghqrwhg e1

A
E%|� 0 lv vwloo d frqvlvwhqw hvwlpdwru ri wkh frqglwlrqdo

phdq/ lpso|lqj wkdw eq
A
lv d frqvlvwhqw hvwlpdwru1 Ixuwkhupruh/ Kdplowrq +4<<;,

suryhv wkdw klv dojrulwkp zloo surylgh d frqvlvwhqw hvwlpdwru ri wkh frqglwlrqdo

phdq >E%|�c iru d yhu| jhqhudo fodvv ri qrqolqhdu prghov wkdw lv

A3�
A[

|'�

i>E%|�� e1A E%|�j
2 $ f +5143,

Whvwlqj iru qhjohfwhg qrqolqhdulw| lq wklv vhwxs dprxqwv wr whvwlqj zkhwkhu b ' f�

Zkhq b htxdov }hur/ } lv qrw lghqwl�hg e| wkh prgho xqghu wkh qxoo1 Kdplowrq

+4<<;, vxjjhvwv vroylqj wklv sureohp e| �{lqj }� wr eh sursruwlrqdo wr wkh vwdqgdug

ghyldwlrq ri wkh �*wk urz lq %|� Xqghu wklv dvvxpswlrq wkh Odjudqjh pxowlsolhu

vwdwlvwlf iru qhjohfwhg qrqolqhdulw| ehfrphv

�2 '
de"�Me"� hj2|oE�M� �o2

hjed2|oid�M� � EA � &�3��|oE�M� �o2jo
+5144,

zkhuh

e" ' �+ +5145,

hj2 ' EA � &�3�e"�e"

;



� ' UA �fEf �f�3�f �

dqg wkh +w/v, hohphqw ri wkh pdwul{ M zlwk glphqvlrq EA � A � lv jlyhq e|

ME|c r� ' i
M&E�|r�

f

li �|r � �

li �|r : �
+5146,

�|r '
�

2
d&3�

&[

�'�

E%�c| � %�cr�
2

r2�
o
�

2

r2� ' A3�

A[

|'�

E%�c| � A3�

A[

|'�

%�c|�
2

Dv phqwlrqhg hduolhu wkh forvhg irup h{suhvvlrqv iru K&c & ' i�c ��c Dj lv jlyhq

lq wkh dsshqgl{1 Wkh Odjudqjh pxowlsolhu vwdwlvwlf �2 lv dv|pswrwlfdoo| �2E��

glvwulexwhg1 Zh zloo hydoxdwh wklv qhz whvw e| frpsdulqj lw wr vrph ri wkh prvw

srzhuixo whvwv iru qhjohfwhg qrqolqhdulw| uhsruwhg lq wkh olwhudwxuh1 Wkhvh whvwv

zloo eh lqwurgxfhg lq wkh iroorzlqj vhfwlrq1

61 Dowhuqdwlyh whvwv iru qhjohfwhg qrqolqhdulw|

Lq wklv vhfwlrq zh eulh | glvfxvv vrph ri wkh prvw srsxodu whvwv iru qhjohfwhg

qrqolqhdulw|1 Wkh whvwv suhvhqwhg duh doo vhohfwhg ehfdxvh ri wkhlu uhodwlyho| jrrg

shuirupdqfh zlwk uhvshfw wr vl}h dqg srzhu surshuwlhv douhdg| uhsruwhg lq wkh

<



olwhudwxuh1 Wklv froohfwlrq ri whvw vwdwlvwlfv zloo lqfoxgh wkh Uhjuhvvlrq Huuru Vshf0

l�fdwlrq Whvw +-ere|2/ Udpvh| 4<9<, wzr whvwv edvhg rq wkh �gxdov� ri Yrowhuud

h{sdqvlrqv h1j Sulhvwoh| +4<;3,/ ghqrwhg wkh Ar@+� whvw +Wvd| 4<;9, dqg wkh T 2�

whvw +Whudvyluwd e| @,� 4<<6, uhvshfwlyho|/ wkh Qhxudo Qhwzrun whvw +�e�o@,�cOhh

e| @,� 4<<6, dqg �qdoo| d sduwlfxodu yhuvlrq ri Zklwh*v lqirupdwlrq pdwul{ whvw

+`��|e�/ Zklwh 4<;:/4<<5, dlphg dw ghwhfwlqj g|qdplf plvvshfl�fdwlrq1

6141 Wkh Uhvhw5/ Wvd|4 dqg Y56 whvwv

Wkh Uhvhw whvw/ Wvd|*v whvw dqg wkh Y56 whvw fdq doo eh frqgxfwhg zlwklq wkh

iroorzlqj iudphzrun1 Frqvlghu wkh olqhdu prgho

+| ' %�

|
q n �| +614,

zkhuh || lv wkh vhulhv ri lqwhuhvw dqg zkhuh zh frqvlghu %| ' i�c +|c ��c +|3Rj wr eh

wkh uhohydqw yduldeohv xvhg wr h{sodlq +|� Wkh �uvw vwhs frqvlvwv ri uhjuhvvlqj +| rq

%| lq rughu wr rewdlq dq hvwlpdwh ri q dqg wr fdofxodwh wkh uhvlgxdov e�| ' +|�s| dqg

vxp ri vtxduhg uhvlgxdov 77-f '
SA

|'�
e�2| / zkhuh s| ' %�|

eq1 Lq wkh vhfrqg vwhs

uhjuhvv e�| rq %| dqg rq6 dx{loldu| uhjuhvvruv jlyhq e| wkh yhfwru�| +wr eh gh�qhg

odwhu, dqg frpsxwh wkh uhvlgxdov iurp wklv uhjuhvvlrq e�| ' e�| � %�|ek� �� �

|
ek2 dqg
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wkh uhvlgxdo vxp ri vtxduhv 77- '
SA

|'�
e�2| � Ilqdoo| lq wkh wklug vwhs frpsxwh wkh

8 0vwdwlvwlf jlyhq e|

8 '
E77-f � 77-�*6

77-*EA � R� ��6�
� 8 E6cA � R� � �6� +615,

Xqghu wkh olqhdulw| k|srwkhvlv wkh 8 vwdwlvwlf deryh lv dssur{lpdwho| 8 0glvwulexwhg

zlwk 6 dqg A � R � � � 6 ghjuhhv ri iuhhgrp1 Wkh Uhvhw whvw gh�qhv �| '

is2| c ��c s
&
| j dqg 6 ' & � �� Ehfdxvh s �

| c � ' �c ��c & whqgv wr eh kljko| fruuhodwhg

zlwk %| dqg zlwk wkhpvhoyhv wkh whvw lv frqgxfwhg xvlqj wkh RW 	 & � � odujhvw

sulqflsdo frpsrqhqwv ri s 2| c ��c s
&
| qrw froolqhdu zlwk %|1 Wvd| +4<;9, vxjjhvwv xvlqj

�| ' �eS�Eh%|h%�

|� iru h%| ' i%�|c ��c %R|j lq iruplqj wkh Wvd|0whvw/ zkloh Whudvyluwd

e| @,� +4<<6, vxjjhvwv �| ' �eSE7 � E�eS�Eh%|h%�

|� � %�

|�� +zkhuh 7 lv d vhohfwlrq

pdwul{ uhprylqj wkh lghqwlfdo hohphqwv lq �eS�Eh%|h%�

|��%�

| dqg �ghqrwhv hohphqw0

e|0hohphqw pxowlsolfdwlrq, zkhq iruplqj wkh T 2� vwdwlvwlf1

6151 Wkh Qhxudo qhwzrun whvw

Wkh qhxudo qhwzrun whvw iru qhjohfwhg qrqolqhdulw| dv vxjjhvwhg e| Zklwh +4<;<,

dqg Ohh e| @,� +4<<6, lv edvhg rq d vlqjoh klgghq od|hu ihhgiruzdug qhwzrun prgho1

Lq wklv w|sh ri qhwzrun & lqsxw xqlwv vhqgv vljqdov %�| wr vr0fdoohg �klgghq� xqlwv
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dfurvv zhljkwhg frqqhfwlrqv ��� iru � ' �c ��c & dqg � ' �c ��c ^1 Wkhuh duh lq wrwdo ^

klgghq xqlwv hdfk revhuylqj wkh zhljkwhg vxp ri wkh & lqsxw vljqdov/ wkdw lv/ klgghq

xqlw � revhuyhv %�

|�� zkhuh %| ' i�c %�|c ��c %&|j dqg �� ' i�
f� c ���c ��c �&�j1 Wkh

klgghq xqlw � wkhq rxwsxwv d vljqdo ��E%
�

|��� zkhuh �� ghqrwhv wkh �dfwlydwlrq�

ru �vtxdvklqj� ixqfwlrq frpprqo| dvvxphg wr eh erxqghg dqg prqrwrqlfdoo|

lqfuhdvlqj1 Zklwh +4<;<, dqg Ohh e| @,� +4<<6, wdnhv wkh dfwlydwlrq ixqfwlrq

wr eh ri wkh orjlvwlf glvwulexwlrq dqg wr eh lghqwlfdo iru doo klgghq xqlwv/ l1h1

��E%
�

|��� ' �E%�

|��� ' E� n i TE�%�

|����
3� iru � ' �c ��c ^1 Dxjphqwlqj wkh vlqjoh

klgghq od|hu qhwzrun e| gluhfw olqnv iurp wkh lqsxw xqlwv wr d vlqjoh rxwsxw zlwk

zhljkwv w ' iwfc w�c ��c w&j dqg dvvxplqj wkdw wkh rxwsxw dovr frqwdlqv zklwh qrlvh

wkh wrwdo qhwzrun rxwsxw fdq eh zulwwhq dv

+| ' %�|w n
^[

�'�

q�E� n i TE�%�|����
3� n "| +616,

zkhuh q
�
c ��c q^ duh klgghq0xqlwv0wr0rxwsxw zhljkwv dqg "| � ?�_Efc j2�1 Zkhq wkh

qxoo k|srwkhvlv ri olqhdulw| lv wuxh l1h1 Kf G �hd.E+|mf|� ' %�|w
Wo ' � iru vrph

fkrlfhv ri wW dqg f| ' i%�
�
c %�

2
c ��c %�|j wkh rswlpdo qhwzrun zhljkwv q� duh }hur iru

� ' �c ��c ^1 Wkh qhxudo qhwzrun whvw iru qhjohfwhg qrqolqhdulw| fdq wkhuhiruh eh

lqwhusuhwhg dv whvwlqj wkh k|srwkhvlv Kf G q
�
' q

2
' �� ' q^ ' f iru sduwlfxodu
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fkrlfhv ri ^ dqg ��� Dv lq Ohh hw do1+4<<6, zh vhw ^ htxdo wr �f dqg gudz wkh gluhf0

wlrq yhfwruv �� lqghshqghqwo| iurp d xqlirup glvwulexwlrq rq wkh lqwhuydo ^05=5`1

Wkh whvw lv wkhq fduulhg rxw e| uhjuhvvlqj e"EAf�� ' +A �fA Ef �

AfA �3�Ef �

A +A � rq

�EAf�� dqg [EAf^� ' i�EfA ���EAf��c ��c �EfA �^�EAf��j
� zkhuh +A ' i+�c +2c ��c +A j

dqg fdofxodwh wkh xqdgmxvwhg vtxduhg pxowlsoh fruuhodwlrq frh!flhqw -2� Wkh OP0

whvw vwdwlvwlf dqg lwv dv|pswrwlf glvwulexwlrq lv jlyhq e|

A �-2 $ �2E^� +617,

Ehfdxvh wkh revhuyhg frpsrqhqwv ri [| w|slfdoo| duh kljko| fruuhodwhg Ohh e| @,�

+4<<6, uhfrpphqg xvlqj d vpdoo qxpehu ri sulqflsdo frpsrqhqwv lqvwhdg ri wkh

^ ruljlqdo yduldeohv1 Xvlqj wkh ^W 	 ^ sulqflsdo frpsrqhqwv ri [| 0 ghqrwhg [W

| 0

qrw froolqhdu zlwk %| dq htxlydohqw whvw vwdwlvwlf lv jlyhq e|

A �-2
RS $ �2E^W� +618,

zkhuh U2
RS lv wkh xqdgmxvwhg vtxduhg pxowlsoh fruuhodwlrq frh!flhqw iurp d olqhdu

uhjuhvvlrq ri e"EAf�� rq �EAf�� dqg [W

EAf^W��
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6161 Zklwh*v g|qdplf lqirupdwlrq pdwul{ whvw

Zklwh*v g|qdplf plvvshfl�fdwlrq whvwv duh edvhg rq wkh lghd wkdw li d prgho lv

fruuhfwo| vshfl�hg wkhq wkhuh xvxdoo| h{lvwv d qxpehu ri frqvlvwhqw hvwlpdwruv iru

wkh sdudphwhuv ri lqwhuhvw1 Lq sduwlfxodu/ li d prgho lv zhoo vshfl�hg wkhq wkh

lqirupdwlrq pdwul{ htxdolw| zloo krog xqghu yhu| jhqhudo frqglwlrqv1 Lq rwkhu

zrugv/ d whvw edvhg rq wkh lqirupdwlrq pdwul{ htxdolw| zloo kdyh srzhu ehfdxvh

ri wkh idloxuh ri wkh htxdolw| lq wkh fdvh ri d plvvshfl�hg prgho1 Wkh yhuvlrq ri

Zklwh*v g|qdplf plvvshfl�fdwlrq whvw frqvlghuhg lq wklv sdshu zloo eh edvhg rq

wkh fryduldqfh ri wkh frqglwlrqdo vfruh ixqfwlrqv1 Iru d Jdxvvldq olqhdu prgho wkh

orj olnholkrrg ixqfwlrq fdq eh zulwwhq dv

,|E%|c wc j� ' �
�

2
*L}E2Z�� *L}Ej��

�

2
�2

|
+619,

zkhuh �| ' j3�E+| � %�
|
w�� Wkh frqglwlrqdo vfruh ixqfwlrq lv wkhq jlyhq e|

r|E%|c wc j� ' j3�E�|c �|%
�

|
c �2

|
� ��� +61:,

Hydoxdwlqj wkh frqglwlrqdo vfruh dw wkh txdvl pd{lpxp olnholkrrg hvwlpdwruv ri

wkh fruuhfwo| vshfl�hg prgho xqghu Kf jlyhv er| ' r|E%|c
ewc ej�� Wkh lqirupdwlrq
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pdwul{ whvw lv edvhg rq iruplqj wkh lqglfdwru f6| ' 7 � �eSEer|
er�

|
� zkhuh V lv d

vhohfwlrq pdwul{1 Lq sduwlfxodu zh rewdlq wkh whvw vwdwlvwlf ghqrwhg �Zklwh6�

lq Ohh e| @,�+4<<6, e| uhjuhvvlqj e�| ' ej3�E+| � %�
|

ew� rq %| dqg e&| 0 zkhuh e&| lv

gh�qhg dv wr vdwlvi| f6| ' e&|
e��
|
0 dqg fdofxodwh wkh xqdgmxvwhg vtxduhg pxowlsoh

fruuhodwlrq frh!flhqw -2 iurp wklv uhjuhvvlrq1 Wkh whvw vwdwlvwlf dqg lwv dv|pswrwlf

glvwulexwlrq lv wkhq jlyhq e|

A �-2
$ �2E^� +61;,

zkhuh ^ ghqrwhv wkh glphqvlrq ri 6|�

71 Wkh ghvljq ri wkh Prqwh Fduor h{shulphqw

Zh frqvlghu wkuhh eorfnv ri prghov1 Doo wkh fkrvhq prghov kdyh ehhq xvhg lq suh0

ylrxv vwxglhv rq wkh whvwlqj ri olqhdulw| dqg duh lqfoxghg wr doorz iru frpsdulvrqv

zlwk wkhvh vwxglhv1 Wkh prghov lqfoxghg lq K,JS& � dqg wzr ri wkh elyduldwh prghov

zdv ruljlqdoo| xvhg e| Ohh e| @,� +4<<6,1 Wkh prghov ri K,JS& 2 kdyh ehhq pruh

h{whqvlyho| xvhg/ lq sduwlfxodu e| Nhhqdq +4<;8,/ Wvd|+4<;9,/ Dvkoh|/ Sdwwhuvhq

dqg Klqlfk +4<;9,/ Fkdq dqg Wrqj +4<;9,/ dqg Ohh e| @,� +4<<6,1 Ilqdoo| doo ri

wkh prghov lq K,JS& � kdyh ehhq vwxglhg e| Whudvyluwd e| @,� +4<<6,1 Wkh �yh
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prghov frqwdlqhg lq K,JS& � duh doo fkdudfwhul}hg e| ehlqj vlpsoh g|qdplf xql0

yduldwh prghov/ zkhuh wkh g|qdplf lv uhsuhvhqwhg e| rqh odj ri wkh hqgrjhqrxv

yduldeoh rqo|1 Wkh prghov duh doo vwdwlrqdu|1 Wkh prghov lqfoxghg duh wkh dxwruh0

juhvvlyh prgho +�-,/ wkh elolqhdu prgho +�u, ri Judqjhu dqg Dqghuvhq +4<:;,/

wkh wkuhvkrog dxwruhjuhvvlyh prgho +A�-, ri Wrqj +4<;6,/ wkh vljq dxwruhjuhvvlyh

prgho +7C� , dqg wkh qrqolqhdu dxwruhjuhvvlyh prgho +��-,1 Wkh h{dfw sdud0

phwhul}dwlrq ri wkh prghov lv jlyhq lq wdeoh 7141 Zh dovr frqvlghu wzr elyduldwh

uhsuhvhqwdwlrqv1 Lq rughu wr vlpsoli| zh gr qrw lpsrvh dq| g|qdplf vwuxfwxuh rq

wkh elyduldwh prghov1 Zh frqvlghu d vtxduhg uhodwlrq zklfk zh ghqrwh 7'/ dqg zh

frqvlghu dq h{srqhqwldo uhodwlrq/ ghqrwhg .f� 1 Zh frqvlghu wkhvh wzr elyduldwh

prghov iru 6 gl�huhqw ydoxhv ri j� Ydu|lqj j/ nhhslqj wkh rwkhu sdudphwhuv �{hg/

dowhuv wkh vljqdo0wr0qrlvh udwlr1 Zh lqyhvwljdwh krz wklv d�hfwv wkh vl}h dqg srzhu

surshuwlhv ri wkh ydulrxv whvw iru qhjohfwhg qrqolqhdulw|1 Wkh sdudphwhul}dwlrq ri

wkh elyduldwh prghov duh dovr vkrzq lq wdeoh 7141

dA@K,e e��o

Wkh prghov lq K,JS& 2 duh fkdudfwhul}hg e| kdylqj dpxfk ulfkhu g|qdplf vwuxfwxuh

frpsduhg wr wkh prghov lq K,JS& �1 Wkh prghov duh suhvhqwhg lq wdeoh 7151 �J_e,
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� lv d ��E2� uhsuhvhqwdwlrq dqg 6J_e, 2 lv d khwhurvnhgdvwlf ��E2�/ gxh wr wkh

odvw whup rq wkh uljkw kdqg vlgh1 Wkhvh wzr prghov wrjhwkhu zlwk 6J_e, e 0 dq

�-E2� prgho 0 duh doo olqhdu prghov1 Wkh| duh lqfoxghg sulpdulo| wr hydoxdwh

wkh qrplqdo vl}h ri wkh qrqolqhdulw| whvwv dqg wkhlu delolw| wr glvwlqjxlvk ehwzhhq

g|qdplf plvvshfl�fdwlrq dqg plvvshfl�fdwlrq gxh wr qrqolqhdulw|1 �J_e, �/ D

dqg S duh wkh wuxo| qrqolqhdu prghov lq K,JS& 21 �J_e, � lv d qrqolqhdu ��E2�

prgho1 �J_e, D dqg 6J_e, S ehorqjv wr wkh idplo| ri elolqhdu prghov1 �J_e, D lv

d elolqhdu dxwruhjuhvvlyh prgho/ zkloh 6J_e, S lv d elolqhdu dxwruhjuhvvlyh prylqj

dyhudjh prgho1

dA@K,e e�2o

Whudvyluwd e| @,� +4<<6, dujxhv wkdw wkh pdlq uhdvrq iru wkh qhxudo qhwzrun whvw

wr shuirup vr yhu| zhoo frpsduhg wr d zlgh udqjh ri rwkhu olqhdulw| whvwv lq wkh

vlpxodwlrq vwxglhv e| Ohh e| @,� +4<<6, lv ehfdxvh wkh| glg qrw lqfoxgh wkh ds0

sursuldwh OP ru OP w|sh whvw1 E| wkh dssursuldwh OP w|sh ru OP w|sh whvw

Whudvyluwd e| @,� +4<<6, uhihu wr d OP0whvw ghvljqhg sduwlfxodu wr whvw olqhdulw|

djdlqvw d vshfl�f qrqolqhdu dowhuqdwlyh1 Qrz/ wkh vlpxodwlrq ghvljq lq Ohh e| @,�

+4<<6, lv rqo| frqfhuqhg zlwk hydoxdwlqj olqhdulw| whvw zkhuh wkh dowhuqdwlyh grq*w
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kdyh wr eh vshfl�hg1 Krzhyhu wkh fulwltxh udlvhg e| Whudvyluwd e| @,� +4<<6, lv

vwloo uhohydqw lq wkh vhqvh wkdw wkh fkrlfh ri whvwru0prgho0pl{ pd| xqgholehudwh

kdyh ehhq idyrulqj wkh qhxudo qhwzrun whvw1 Wkh prghov lq K,JS& � duh lqfoxghg lq

rughu wr uhgxfh wklv srvvleoh vrxufh ri eldv1 Vwloo zh zloo uhvwulfw rxuvhoyhv rqo| wr

frqvlghu wkh jhqhudo fodvv ri whvwv iru olqhdulw| iru zklfk wkh qrqolqhdu dowhuqdwlyhv

grq*w qhhg wr eh h{solflwo| vshfl�hg1 Wkh �uvw prgho lq K,JS& � lv wkh orjlvwlf

vprrwk wudqvlwlrq dxwruhjuhvvlyh prgho +u7A�-,1 Lw*v surshuwlhv duh glvfxvvhg

lq ghwdlov lq Whudvyluwd +4<<3,1 Wkh vhfrqg prgho lv d vshfldo fdvh ri wkh h{srqhq0

wldo vprrwk wudqvlwlrq dxwruhjuhvvlyh prgho +.7A�-,1 E| wkh sdudphwhul}dwlrq

fkrvhq wkh prgho uhgxfhv wr wkh h{srqhqwldo dxwruhjuhvvlyh prgho ri Kdjjdq dqg

R}dnl +4<;4,1 Wkh �� dqg �� prghov ghqrwhv xqlyduldwh dqg elyduldwh qhxudo

qhwzrun prghov uhvshfwlyho|1

dA@K,e e��o

Wkurxjkrxw "| � �Efc �� lv d zklwh qrlvh vhulhv1 Wkh lqirupdwlrq vhw lq wkh eorfn4

prghov dqg elyduldwh prghov frqwdlqv i+|3�j dqg i%|j uhvshfwlyho|1 Wkh lqirupd0

wlrq vhw iru wkh prghov frqwdlqhg lq wkh K,JS& 2 dqg K,JS& � 0 h{fhsw wkh �� prgho

0 htxdov i+|3�c +|32j�Iru wkh �� prgho wkh lqirupdwlrq vhw frqwdlqv i+|3�c %|j�
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Wkh h{dfw sdudphwhul}dwlrq ri wkh -ere|2/ Ar@+� dqg T 2� whvw lv vxppdul}hg

lq wdeoh 7171 Iru wkh qhxudo qhwzrun whvw ^W ' 2 iru wkh K,JS& � prghov dqg wkh

elyduldwh prghov1 Zkhq dssolhg wr wkh prghov lq K,JS& 2 n � ^W ' ��

dA@K,e e�eo

81 Uhvxowv rq vl}h dqg srzhu surshuwlhv

Lq rughu wr pdnh d frpsdulvrq zlwk suhylrxv vwxglhv ri vl}h dqg srzhu surshuwlhv

dv vwudljkwiruzdug dv srvvleoh/ wkh vhwxs lq wklv vhfwlrq iroorzv Ohh e| @,�+4<<6,1

Wkh uhvxowv iurp d vlpxodwlrq ri wkh fulwlfdo ydoxhv dw d DI ohyho duh vkrzq lq wdeoh

8141 Wkh vlpxodwlrqv duh edvhg rq gdwd ehlqj jhqhudwhg iurp wkh �- prgho lq

K,JS& �1 Iurp lqvshfwlrq ri wkh fulwlfdo ydoxhv jhqhudwhg e| Kdplowrq*v Odjudqjh

pxowlsolhu whvw lw dsshduv wr kdyh txlwh jrrg vl}h surshuwlhv lq wkh vhqvh wkdw wkh

vlpxodwhg ydoxhv edvhg rq �qlwh vdpsohv duh yhu| forvh wr wkh fulwlfdo ydoxhv edvhg

rq wkh dv|pswrwlf glvwulexwlrq1 Lq jhqhudo/ wkh vl}h surshuwlhv ri wkh whvw iru

qhjohfwhg qrqolqhdulw| lq wdeoh 814 vhhpv jrrg 0 lq wkh vhqvh wkdw wkh vlpxodwhg

vl}h vhhpv wr fruuhvsrqg zhoo zlwk wkh qrplqdo2dv|pswrwlf vl}h 0 zkhq vlpxodwlrqv
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duh edvhg rq wkh �-E�� prgho1

dA@K,e D��o

Wkh uhvxowv rq vl}h surshuwlhv grhv qrw fkdqjh yhu| pxfk/ zkhq wkh vlpxodwlrq

ri wkh fulwlfdo ydoxhv dw d DI ohyho lv edvhg rq 6J_e, e lq K,JS& 21 Djdlq wkh

vlpxodwhg fulwlfdo ydoxhv ri Kdplowrq*v whvw duh forvh wr wkh dv|pswrwlf ydoxhv/

dqg lq jhqhudo wklv uhvxow krogv iru wkh rwkhu whvw vwdwlvwlfv frqvlghuhg dv zhoo/ vhh

wdeoh 8151

dA@K,e D�2o

Qh{w zh dqdo|}h wkh vhqvlwlylw| ri wkh vlpxodwhg fulwlfdo ydoxhv dw d 8( vljql�fdqfh

ohyho/ zkhq wkh dxwruhjuhvvlyh frh!flhqw ri wkh�-prgho lq K,JS& � lv fkdqjlqj1 Lq

sduwlfxodu/ zh vlpxodwh d vhw ri fulwlfdo ydoxhv edvhg rq wkh prghov +| ' 4+|3�n "|c

4 ' i�f�bc�f�Sc�f��c fc f��cf�Sc f�bj� Diwhu vlpxodwlqj wkhvh fulwlfdo ydoxhv zh

jhqhudwh gdwd iurp wkh �- prgho lq K,JS& � dqg frxqw wkh qxpehu ri wlphv +lq

shufhqwdjh, wkh whvw uhmhfwv wkh qxoo ri olqhdulw| edvhg rq wkh vlpxodwhg vhw ri

fulwlfdo ydoxhv1 Dv dq h{dpsoh qrwlfh wkdw edvhg rq wkh vlpxodwhg 8( fulwlfdo

ydoxh jhqhudwhg iurp dq �-E�� prgho zlwk 4 ' f�bc Kdplowrq*v whvw uhmhfwv wkh

k|srwkhvlv ri olqhdulw| lq 8( ri doo fdvhv/ zkhq wkh gdwd dfwxdoo| frphv iurp wkh
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�- prgho ri K,JS& �1 Lghdoo| wkh uhmhfwlrq shufhqwdjhv lq wdeoh 816 vkrxog htxdo

8( lq doo fdvhv1 Wkh <8( fulwlfdo ydoxh durxqg 8( lv �Uf�bD ' i��S( S�ej�Uhjduglqj

Kdplowrq*v whvw/ wkh vlpxodwhg vl}hv duh doo lqvlgh wkh frq�ghqfh lqwhuydo h{fhsw

lq wkh fdvh zkhuh 4 ' �f�b� Krzhyhu/ Kdplowrq*v whvw kdv d vdwlvidfwru| uhodwlyh

orz vsuhdg lq vl}h/ udqjlqj iurp 616 wr 813

dA@K,e D��o

Edvhg rq wkh vlpxodwhg fulwlfdo ydoxhv uhsruwhg lq wdeoh 814/ wdeoh 817 vkrzv wkh

uhvxowv rq srzhu ri wkh whvwv xvlqj wkh prghov lq K,JS& � dqg wkh elyduldwh prghov

zlwk j ' �c dqg vdpsoh vl}h ydu|lqj iurp A ' Df ryhu A ' �ff wr A ' 2ff1 Lw

ehfrphv hylghqw wkdw Kdplowrq*v whvw kdv yhu| vwurqj srzhu djdlqvw wkh A�-/

7C� / 7' dqg .f� dowhuqdwlyhv1 Iru wkhvh irxu qrqolqhdu prghov wkh srzhu ri

Kdplowrq*v whvw lv dw ohdvw dv kljk ru hyhq kljkhu wkdq wkh srzhu ri wkh �e�o@,�

whvw1 Kdplowrq*v whvw kdv orz srzhu djdlqvw wkh ��- prgho/ exw wklv lv d frpprq

ihdwxuh vkduhg e| doo ri wkh whvwv1 Kdplowrq*v whvw kdv dovr orz srzhu djdlqvw wkh

elolqhdu dowhuqdwlyh1 Khuh rqo| Zklwh*v whvw kdv jrrg srzhu surshuwlhv1

dA@K,e D�eo
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Wdeoh 818 vkrzv wkh srzhu surshuwlhv ri wkh whvw edvhg rq K,JS& 2 prghov dqg

wkh vlpxodwhg fulwlfdo ydoxhv uhsruwhg lq wdeoh 8151 E| lqvshfwlrq ri wdeoh 818 zh

qrwlfh wkdw iru wkh wuxh qrqolqhdu prghov/ wkh srzhu ri Kdplowrq*v whvw lv doprvw

dv jrrg dv wkh srzhu ri wkh qhxudo qhwzrun whvw lq fdvh ri prgho 6 dqg dw ohdvw

dv jrrg ru ehwwhu lq wkh fdvh ri prgho 8 dqg prgho 91 Ixuwkhupruh/ orrnlqj

dw wkh uhmhfwlrq iuhtxhqflhv iru wkh olqhdu prghov lw vhhpv hylghqw wkdw wkh vl}h

surshuwlhv ri Kdplowrq*v whvw dqg wkh �e�o@,� whvw duh doprvw lghqwlfdo1 Wklv

lpsolhv wkdw dovr wkh vl}h0fruuhfwhg srzhu surshuwlhv ri Kdplowrq*v whvw dsshduv wr

eh jrrg frpsduhg wr wkh �e�o@,� whvw1 Dovr wkh Ar@+�/ wkh`��|e� dqg wkh T 2�

whvwv vhhpv wr kdyh d olwwoh pruh srzhu djdlqvw 6J_e, � uhodwlyh wr Kdplowrq*v

whvw1 Krzhyhu wkhlu vl}h surshuwlhv lq wkh fdvh ri 6J_e, � dqg 6J_e, 2 duh qrw

dv jrrg dv wkh vl}h surshuwlhv ri Kdplowrq*v whvw1 Wklv pljkw lqglfdwh wkdw wkh

vl}h0fruuhfwhg srzhu iru wkhvh whvwv pd| eh vrphzkdw orzhu wkdq wkh uhmhfwlrq

iuhtxhqflhv dfwxdoo| uhsruwhg1 Krzhyhu dv srlqwhg rxw e| Ohh e| @,� +4<<6, dqg

Judqjhu dqg Whudvyluwd +4<<6, DUFK h�hfwv fdxvhv wkh vl}h ri wkh qhxudo qhwzrun

whvw/ wkh Wvd|/ Zklwh/ Uhvhw dqg Y56 whvw wr eh lqfruuhfw1 E| lqvshfwlrq ri wdeoh

818 dqg wkh uhvxowv edvhg rq prgho 5 lw ehfrphv fohdu wkdw wklv sduwlfxodu ihdwxuh
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dovr vhhpv wr eh vkduhg e| Kdplowrq*v whvw1

dA@K,e D�Do

Frqvlghulqj wkh uhvxowv rq srzhu ri wkh ydulrxv whvw vwdwlvwlfv zkhq dssolhg wr wkh

prghov ri K,JS& �/ Kdplowrq*v whvwv djdlq vhhpv wr shuirup uhodwlyho| zhoo1 Lq wkh

fdvh ri wkh qhxudo qhwzrun prghov wkh qhxudo qhwzrun whvw dqg wkh T 2� whvw wxuqv

rxw wr eh wkh dssursuldwh OP0whvw vwdwlvwlfv 0 dsduw iurp d plvvlqj frqvwdqw/

vhh Whudvyluwd e| @,� +4<<6,1 Dv h{shfwhg wkhlu srzhu surshuwlhv duh yhu| jrrg

zkhq dssolhg wr wkh qhxudo qhwzrun prghov1 Krzhyhu wkh srzhu surshuwlhv ri

Kdplowrq whvw duh mxvw dv jrrg1 Zlwk uhvshfw wr wkh u7A�- prgho doo wkh whvw

frqvlghuhg kdv yhu| jrrg srzhu1 Li wkh qrqolqhdulw| lv ri wkh .7A�- w|sh rqo|

Kdplowrq*v whvw/`��|e�/ -ere|2 dqg wkh T 2� whvw kdv vdwlvidfwru| srzhu1 Djdlqvw

wkh .7A�- w|sh ri qrqolqhdulw| wkh qhxudo qhwzrun whvw kdv yhu| orz srzhu1 Wkh

uhvxowv rq wkh K,JS& � prghov djdlq vhhpv wr frq�up wkdw Kdplowrq*v whvw kdyh

ehwwhu srzhu ru dw ohdvw dv jrrg srzhu surshuwlhv dv wkh qhxudo qhwzrun whvw hyhq

lq wkh fdvh zkhuh wkh wuxh qrqolqhdu prgho lv lq idfw ri wkh qhxudo qhwzrun w|sh1

dA@K,e D�So
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Wdeoh 81: dqg wdeoh 81; vkrzv wkh srzhu ri wkh qrqolqhdulw| whvwv djdlqvw wkh 7'

dowhuqdwlyh dqg wkh .f� dowhuqdwlyh uhvshfwlyho|/ zkhq wkh vljqdo0wr0qrlvh udwlr

ghfuhdvhv1 Wkh uhvxowv iurp wkhvh wdeohv vxjjhvw wkdw Kdplowrq whvwv gr shuirup

doprvw dv zhoo dv wkh �e�o@,�/ Ar@+� dqg wkh -ere|2 whvw/ zkhq wkh vljqdo0wr0

qrlvh udwlr idoov1 Wkh `��|e� whvw shuirupv yhu| srruo| lq whupv ri srzhu zkhq

wkh vljqdo0wr0qrlvh udwlr ghfuhdvhv lq wkhvh elyduldwh prghov1

dA@K,e D�.o

dA@K,e D�Ho

91 Frqyhujhqfh surshuwlhv ri Kdplowrq*v hvwlpdwru

Lq wkh iroorzlqj zh zloo dqdo|}h dqg frpsduh irxu gl�huhqw phdvxuhv ri frqyhu0

jhqfh1 Wkhvh phdvxuhv duh gh�qhg dv

��

Ac� ' �3�

�[

?'�

dA3�
A[

|'�

i>E%|c?�� ek�

Ac?%|c?j
2o +914,

�2

Ac� ' �3�

�[
?'�

dA3�

A[
|'�

i>E%|c?�� e1A E%|c?�j2o
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��
Ac� ' �3�

�[

?'�

dA3�
A[

|'�

i>E%|c?�� 1A E%|c?�mb'jc}'2E&T E%?��3�*2j
2o

�e
Ac� ' �3�

�[

?'�

dA3�
A[

|'�

i>E%|c?�� e/�

Ac?
h%|c?j2o

Frpprq iru doo irxu phdvxuhv lv wkdw >E%|c?� ghqrwh d uhdol}dwlrq ri wkh wuxh

ixqfwlrqdo irup frqglwlrqdo rq %|c?c � ghqrwhv wkh qxpehu ri uhsolfdwlrqv lq wkh

Prqwh Fduor h{shulphqw dqg A htxdov wkh qxpehu ri revhuydwlrqv lq hdfk vdpsoh1

��
Ac� lv wkh dyhudjh phdq vtxduh huuru ehwzhhq >E%|c?� dqg d olqhdu hvwlpdwru ri

>E%|c?�1 Wkh olqhdu hvwlpdwru lv jlyhq e| ek�

Ac?%|c? zkhuh ekAc? lv rewdlqhg iurp

dq ruglqdu| ohdvw vtxduh uhjuhvvlrq ri +|c? rq %|c? iru | ' i�c ��Aj� �2
Ac� lv wkh

phdq vtxduh huuru ehwzhhq >E%|c?� dqg Kdplowrq*v hvwlpdwru ri >E%|c?� 0 ghqrwhg

e1A E%|c?� 0 dyhudjhg ryhu � uhsolfdwlrqv1 e1A E%|c?� lv rewdlqhg e| pd{lpl}lqj wkh

sur�oh olnholkrrg ixqfwlrq vwdwhg lq htxdwlrq +51:, dqg htxdwlrq +51;, zlwk uhvshfw

wr bc } dqg j xvlqj wkh ��u surfhgxuh dqg wkh �8C7 dojrulwkp lq C�L7751

Li Kdplowrq*v hvwlpdwru lpsuryhv rq wkh olqhdu hvwlpdwru/ rqh zrxog h{shfw �2
Ac�

	 ��
Ac� 1 Li wkh hvwlpdwru lv frqvlvwhqw/ wkh �2

Ac� vkrxog frqyhujh wr }hur zkhq

wkh vdpsoh vl}h lqfuhdvhv zkhuhdv ��
Ac� vkrxog frqyhujh wr d srvlwlyh frqvwdqw li

wkh wuxh prgho lv qrqolqhdu1 Lq rughu wr phdvxuh krz pxfk Kdplowrq*v hvwlpdwru

5
Zlwk d pd{lpxp ri 43 lwhudwlrqv1
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lpsuryhv rq d olqhdu hvwlpdwru lq �qlwh vdpsohv zh frqvlghu wzr vwdwlvwlfv/ ghqrwhg

C�
Ac� dqg �� uhvshfwlyho|1 C�

A c� lv gh�qhg dv

C�
A c� ' ��

��
Ac�

��

Ac�

/ � ' 2c � +915,

dqg lv d phdvxuh ri wkh shufhqwdjh lpsuryhphqw lq �w ri Kdplowrq*v hvwlpdwru+v,

uhodwlyh wr wkh olqhdu hvwlpdwru1 Dv vxjjhvwhg e| Qjhuq +4<<9, zh fdofxodwh d

phdvxuh ri wkh udwh ri frqyhujhqfh ri �?
Ac� e| dvvxplqj wkdw

�
�
Ac� ' V?c�A

3�� c � ' i�c ��c ej +916,

zkhuh V?c� lv d frqvwdqw lqghshqghqw ri A / dqg �� iru � ' i�c ��cej lv wkh phdvxuh ri

frqyhujhqfh1 ��
Ac� lv wkh dyhudjh phdq vtxduh huuru ehwzhhq >E%|c?� dqg d jhqhulf

yhuvlrq ri Kdplowrq*v hvwlpdwru ri >E%|c?� 0 ghqrwhg 1A E%|c?�mb'jc}'2E&T E%?��3�*2 0

zkhuh b dqg } htxdov j dqg 2E&T E%?��
3�*2 uhvshfwlyho|1 Zh uhihu wr 1A E%|c?�mb'jc}'2E&T E%?��3�*2

dv jhqhulf ehfdxvh lw lv rewdlqhg zlwkrxw lqyroylqj dq| nlqg ri hvwlpdwlrq1 Il0

qdoo| zh fdofxodwh �e
Ac� gh�qhg dv wkh dyhudjh phdq vtxduh huuru ehwzhhq >E%|c?�

dqg d ohdvw vtxduh hvwlpdwru ri >E%|c?� edvhg rq nqrzohgjh ri wkh wuxh ixqfwlrqdo

irup l1h1 wkh wuxh qrqolqhdu uhjuhvvruv1 e/Ac? lv rewdlqhg dv wkh ohdvw vtxduh hvwl0

pdwru iurp d uhjuhvvlrq ri +|c? rq h%|c? iru | ' i�c ��Aj zkhuh wkh uhjuhvvruv h%|c?
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lv gh�qhg lq wdeoh 914 iru doo ri wkh prghov xqghu frqvlghudwlrq1 Lq doo prghov

h{fhsw 6J_e, 2 e/Ac? lv d frqvlvwhqw dqg h!flhqw hvwlpdwru/ lpso|lqj wkdw e/�

Ac?
h%|c?

zloo eh d frqvlvwhqw +dqg h!flhqw, hvwlpdwru ri >E%|c?�� Iru wkdw uhdvrq �e
Ac� kdv

wkh lqwhusuhwdwlrq ri ehlqj dq hvwlpdwh ri wkh orzhu erxqg rq wkh dyhudjh phdq

vtxduhg huuru ehwzhhq >E%|c?� dqg dq| srvvleoh hvwlpdwh ri >E%|c?� frqglwlrqdo

rq dydlodeoh lqirupdwlrq xs wr wlph | � �1 Ilqdoo| lw lv zruwk phqwlrqlqj wkdw

� �
Ac� / � ' �c ��c e duh doo rxw0ri0vdpsoh phdvxuhv1 Wklv zloo ehfrph hylghqw iurp

wkh iroorzlqj ghvfulswlrq ri wkh vlpxodwlrq ghvljq=

41 Iru hyhu| ? ' �c ��c � gudz wkh vhtxhqfh i+W

|c?c %
W

|c?c h%
W

|c?j
A
|'�iurp wkh prgho

xqghu frqvlghudwlrq1 Edvhg rq wkhvh uhdol}dwlrqv rewdlq wkh ydulrxv hvwl0

pdwhv jlyhq e| iekAc?c e/Ac?c
e1Ac?c 1Ac?j�

51 Iru hyhu| ? ' �c ��c � gudz d zkroh qhz vhtxhqfh i+|c?c %|c?c h%|c?jA|'�iurp

wkh prgho xqghu frqvlghudwlrq1 Frpsxwh � �
A c� / � ' �c ��c e edvhg rq >E%|c?�c

ek�

Ac?%|c?c e/
�

Ac?
h%|c?c

e1A E%|c?� dqg 1A E%|c?�mb'jc}'2E&T E%?��3�*2 iru ? ' �c ��c � dqg

| ' �c ��c A�

E| wklv dssurdfk lw lv srvvleoh wr dyrlg wkh h�hfwv ri ryhu�wwlqj lq0vdpsoh/ d

frpprq ihdwxuh riwhq dvvrfldwhg zlwk  h{leoh qrqolqhdu prghoolqj1 Lq idfw wkh

frvwv ri fdswxulqj vsxulrxv qrqolqhdu sdwwhuqv wxuqv rxw wr eh yhu| kljk e| wklv

5:



dssurdfk1

dA@K,e S��o

Wdeoh 915/ wdeoh 916 dqg wdeoh 917 uhsruw wkh hvwlpdwhv ri ��

Ac� c �
2

Ac� c ��

Ac� dqg

�e

Ac� wrjhwkhu zlwk wkh vwdwlvwlfv C�
A c� / �� iru � ' 2c � dqg � ' ���e edvhg rq

d �vpdoo� Prqwh Fduor h{shulphqw zlwk � ' �ff1 Orrnlqj dw wkh Prqwh Fduor

uhvxowv iru wkh olqhdu DU prgho lw lv hylghqw wkdw ��

A dqg �2

A qxphulfdoo| duh

dssur{lpdwho| ri wkh vdph vl}h1 Wklv lpsolhv wkdw wkh udwh ri frqyhujhqfh ri ��

A

dqg �2

A lv doprvw lghqwlfdo1 Wkh uhvxow edvhg rq wkh �-E2� prgho/ l1h1 6J_e, e lq

wdeoh 916/ vhhpv wr frq�up wklv uhvxow dowkrxjk wkh dyhudjh phdq vtxduhg huuruv

iurp wkh olqhdu uhjuhvvlrq whqgv wr eh d elw orzhu wkdq wkh dyhudjh phdq vtxduhg

huuruv rewdlqhg iurp wkh  h{leoh qrqolqhdu hvwlpdwru1 Krzhyhu wkh frqyhujhqfh

ri wkh odwwhu vhhpv wr eh doprvw dv kljk1 Wklv vxjjhvw wkdw zkhq wkh wuxh prgho

lv wuxo| olqhdu dqg wkh olqhdu prgho lv fruuhfwo| vshfl�hg lq whupv ri ek�

Ac?%|c?/ wkh

udwh ri frqyhujhqfh ri e1A E%|c?� wr >E%|c?� lq �qlwh vdpsohv lv doprvw dv idvw dv wkdw

ri ek�

Ac?%|c?/ wkdw lv/ olwwoh lv orvw e| iruplqj d jhqhudo qrqolqhdu lqihuhqfh zkhq wkh

wuxh uhodwlrq lv olqhdu1

dA@K,e S�2o
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Lq jhqhudo wkh frqyhujhqfh ri e1A E%|c?� dsshduv wr eh jrrg iru doo wkh prghov lq

K,JS& �/ h{fhsw iru wkh �u prgho1 Wkh phdvxuh ri wkh shufhqwdjh lpsuryhphqw lq

�w ri Kdplowrq*v hvwlpdwru uhodwlyho| wr wkh olqhdu hvwlpdwru lq K,JS& � duh odujhvw

lq wkh fdvh ri qrqolqhdulw| ri wkh A�- dqg 7C� w|sh1 Khuh wkh lpsuryhphqw

ri Kdplowrq*v hvwlpdwru lv derxw :3 sfw1/ zkhq A ' 2ff1 Wkh lpsuryhphqw

ri �w lv yhu| prghvw lq wkh fdvh ri wkh ��- prgho/ zklfk pd| vhhp d olwwoh

glvdssrlqwlqj1 Orrnlqj dw wkh �- prgho zh vhh wkdw orvv ri �w lq wkh fdvhv zkhuh

A ' Df ru A ' �ff vhhpv yhu| plqru zkloh lw whqgv wr lqfuhdvh d olwwoh zkhq

A jurzv wr 2ff 1 Lw lv dovr zruwk qrwlflqj wkdw lq wkh fdvh ri wkh A�- dqg

7C� dowhuqdwlyh wkh shufhqwdjh lpsuryhphqw lq �w ri wkh jhqhulf hvwlpdwru lv

odujhu wkdq wkh lpsuryhphqw lq wkh pd{lpxp olnholkrrg edvhg hvwlpdwru zkhq

A ' Df1 Krzhyhu/ wkh udwh ri frqyhujhqfh ri wklv hvwlpdwru vhhpv lq jhqhudo wr

eh vrphzkdw orzhu1 Frpsdulvrq ri F2

A dqg Fe

A fohduo| looxvwudwhv wkdw dowkrxjk

Kdplowrq*v hvwlpdwru lpsuryhv d orw xsrq wkh hvwlpdwlrq ri >E%|c?� uhodwlyho| wr

wkh olqhdu hvwlpdwru/ lw lv vwloo odfnlqj vrph h!flhqf|/ dv rqh zrxog h{shfw1 Wkh

uhvxowv rq wkh elyduldwh prghov vkrz wkh ryhudoo ehvw shufhqwdjh lpsuryhphqw lq �w

phdvxuhv dprxqwlqj wr qhduo| <3 sfw1 zkhq wkh wuxh prgho lv wkh 7' prgho dqg

qhduo| 93 sfw1 lq wkh fdvh ri dq .f� prgho1 Dovr wkh frqyhujhqfh phdvxuhv duh

yhu| jrrg1 Wkhvh uhvxow vxjjhvwv yhu| fohduo| wkdw dsso|lqj Kdplowrq*v hvwlpdwru

5<



wr qrqolqhdu pxowlyduldwh prghov vhhpv wr eh d sduwlfxodu iuxlwixo dssurdfk1

dA@K,e S��o

E| lqvshfwlqj wkh uhvxowv rq wkh K,JS& 2 prghov uhsruwhg lq Wdeoh 916/ zh revhuyh

wkdw iru doo ri wkh prghov wkdw duh olqhdu lq phdq F2

A
whqgv wr eh derxw 43053

sfw1 kljkhu wkdq F�

A
iru A ' Df1 Krzhyhu lq wkh fdvh ri prgho 4 dqg prgho

5 wkh h!flhqf| orvv ri wkh  h{leoh dssurdfk vhhpv wr eh uhgxfhg udwkhu txlfno|

dv wkh vdpsoh vl}h lqfuhdvhv ehfdxvh wkh frqyhujhqfh udwh F2

A
whqgv wr eh vrph0

zkdw kljkhu wkdq wkh frqyhujhqfh udwh iru F�

A
� Wkh shufhqwdjh lpsuryhphqw ri

�w dulvlqj iurp dsso|lqj Kdplowrq*v hvwlpdwru wr 6J_e, � 0 wkh ���E2� prgho

0 lv ulvlqj iurp derxw }hur sfw1 zkhq A ' Df wr dssur{lpdwho| 63 sfw1 zkhq

A ' 2ff1 Dv lw lv wkh fdvh iru vrph ri wkh prghov lq K,JS& � wkh jhqhulf hvwl0

pdwru djdlq vhhpv wr shuirup doprvw dv zhoo dv wkh pd{lpxp olnholkrrg edvhg

hvwlpdwru zkhq lw frphv wr wkh shufhqwdjh lpsuryhphqw lq �w lq vlwxdwlrqv zkhuh

wkh wuxh xqghuo|lqj prgho lv qrqolqhdu1 Orrnlqj dw wkh uhvxowv iurp wkh elolqhdu

prghov 8 dqg 9 zkhq A ' 2ff zh qrwlfh wkdw wkh lpsuryhphqw lq �w dprxqwv

wr derxw 58 sfw1 dqg 8 sfw1 uhvshfwlyho|1 Lq sduwlfxodu lq wkh fdvh ri prgho 9

wkh udwh ri frqyhujhqfh ri Kdplowrq*v hvwlpdwru dsshduv udwkhu orz dv lw zdv wkh
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fdvh iru wkh elolqhdu prgho lq eorfn rqh1 Rqh uhdvrq iru wkh srru frqyhujhqfh

uhvxowv revhuyhg zlwk uhvshfw wr wzr ri wkh elolqhdu prghov frxog eh fdxvhg e|

vrph yhu| xqghvludeoh surshuwlhv ihdwxulqj wklv idplo| ri prghov dv srlqwhg rxw

e| Euxqqhu dqg Khvv +4<<8,1 Wkh| vkrz wkdw wkh h{shfwhg olnholkrrg ixqfwlrq

dvvrfldwhg zlwk wkh elolqhdu prghov lq vrph fdvhv zloo h{klelw elprgdolw|/ zlwk

wkh wuxh rswlpxp fkdudfwhul}hg e| d orqj qduurz vslnh/ wkdw ehfrphv pruh sur0

qrxqfhg dv wkh vdpsoh vl}h lqfuhdvhv1 Ixuwkhupruh/ wkhvh ihdwxuhv ehfrphv pruh

surqrxqfhg iru sdudphwhul}dwlrqv zkhuh wkh prgho lv forvh wr ylrodwlqj dw ohdvw

rqh ri irxu prphqw uhvwulfwlrqv wkdw hvwdeolvklqj lqyhuwdelolw| dqg vwdwlrqdulw|

frqglwlrqv1 Lq wklv oljkw Euxqqhu dqg Khvv +4<<8, uhfrpphqg e%|oe6e S@�|�J?

zkhq ghdolqj zlwk wkh elolqhdu prghov1

dA@K,e S�eo

Wkh uhvxowv edvhg rq wkh uhjlph vzlwfklqj dqg wkh qhxudo qhwzrun prghov ri

eorfn 6 duh lqghhg hqfrxudjlqj1 Wkh lpsuryhphqw lq �w ri wkh  h{leoh qrqolqhdu

hvwlpdwru udqjh iurp 78 sfw1 lq wkh fdvh ri wkh wuxh prgho ehlqj dq HVWDU

prgho xs wr 93 sfw1 iru wkh OVWDU prgho lq wkh fdvh ri 533 revhuydwlrqv1 Lq

dgglwlrq/ wkh vshhg ri frqyhujhqfh ri wkh  h{leoh qrqolqhdu hvwlpdwru lv pxfk
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kljkhu wkdq wkh vshhg ri frqyhujhqfh ri wkh olqhdu hvwlpdwru surplvlqj dq hyhq

kljkhu lpsuryhphqw lq �w zkhq wkh vdpsoh vl}h lqfuhdvhv1

:1 Frqfoxvlrq

Zh �qg wkdw wkh qhz whvw iru qhjohfwhg qrqolqhdulw| sursrvhg e| Kdplowrq shu0

irupv zhoo lq �qlwh vdpsohv1 Lq jhqhudo lw kdv jrrg vl}h dqg srzhu surshuwlhv zkhq

frpsduhg wr h{lvwlqj whvwv1 Lq sduwlfxodu rxu �qglqjv lqglfdwh wkdw djdlqvw qrq0

olqhdu dowhuqdwlyhv zkhuh wkh srzhu surshuwlhv ri wkh qhxudo qhwzrun whvw lv jrrg

wkh srzhu surshuwlhv ri Kdplowrq*v whvw duh lq prvw fdvhv hyhq ehwwhu1 Orrnlqj dw

wkh surshuwlhv ri Kdplowrq*v qrqolqhdu hvwlpdwru rxu pdlq �qglqj lv wkdw hyhq lq

vlwxdwlrqv zkhuh wkh wuxh prgho lv olqhdu wkh frvwv ri xvlqj wkh  h{leoh qrqolqhdu

dssurdfk duh olplwhg lq whupv ri h!flhqf| dqg vshhg ri frqyhujhqfh1 Zh kdyh

dovr irxqg wkdw iru pdq| qrqolqhdu prghov wkh shufhqwdjh lpsuryhphqw lq �w ri

Kdplowrq*v hvwlpdwru uhodwlyh wr wkh ohdvw vtxduh hvwlpdwru fdq eh vxevwdqwldo1

Uhihuhqfhv

^4` U1 Dvkoh|/ G1 Sdwwhuvrq/ dqg P1 Klqlfk1 D gldjqrvwlf whvw iru qrqolqhdu vhuldo

ghshqghqfh lq wlph vhulhv �wwlqj huuruv1 Mrxuqdo ri Wlph Vhulhv Dqdo|vlv/
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:=498�4:;/ 4<;91

^5` Z1V1 Fkdq dqg K1 Wrqj1 Rq whvwv iru qrqolqhdulw| lq wlph vhulhv prghov1

Mrxuqdo ri Iruhfdvwlqj/ 8=54:�55;/ 4<;91

^6` Y1 Kdjjdq dqg W1 R}dnl1 Prghoolqj qrqolqhdu udqgrp yleudwlrqv xvlqj dq

dpsolwxgh ghshqghqw dxwruhjuhvvlyh wlph vhulhv prgho1 Elrphwulfd/ 9;=4;<�

4<9/ 4<;41

^7` Mdphv G1 Kdplowrq1 D sdudphwulf pd{lpxp olnholkrrg dssurdfk wr  h{leoh

qrqolqhdu lqihuhqfh1 Xqsxeolvkhg Pdqxvfulsw/ 4<<;1

^8` G1P1 Nhhqdq1 D wxnh| qrqdgglwlylw| whvw iru wlph vhulhv qrqolqhdulw|1 Elr0

phwulfd/ :5=6<�77/ 4<;81

^9` Wdh0Kz| Ohh/ Kdoehuw Zklwh/ dqg Folyh Z1M1 Judqjhu1 Whvwlqj iru qhjohfwhg

qrqolqhdulw| lq wlph vhulhv prghov1 Mrxuqdo ri Hfrqrphwulfv/ 89=59<�5<3/

4<<61

^:` D1 Qjhuq1 Lpsohphqwdwlrq ri uhfxuvlyh qrqsdudphwulf nhuqho hvwlpdwlrq dqg

d prqwh fduor vwxg| rq lwv �qlwh vdpsoh surshuwlhv1 Hfrqrphwulf Uhylhzv/

48=9<�;3/ 4<<91

66



^;` P1E Sulhvwoh|1 Vwdwh ghshqghqw prghov= d jhqhudo dssurdfk wr qrqolqhdu wlph

vhulhv dqdo|vlv1 Mrxuqdo ri Wlph Vhulhv Dqdo|vlv/ 4=7:�:4/ 4<;31

^<` M1E1 Udpvh|1 Whvwv iru vshfl�fdwlrq huuruv lq fodvvlfdo olqhdu ohdvw vtxduh

uhjuhvvlrq dqdo|vlv1 Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw|/ Vhulhv E/ 64=683�

6:4/ 4<9<1

^43` W1 Whudvyluwd1 Vshfl�fdwlrq/ hvwlpdwlrq dqg hydoxdwlrq ri vprrwk wudqvlwlrq

dxwruhjuhvvlyh prghov1 Glvfxvvlrq sdshu <306</ Ghsduwphqw ri Hfrqrplfv

Xqlyhuvlw| ri Fdoliruqld/ Vdq Glhjr/ <3/ 4<<31

^44` W1 Whudvyluwd/ F1I1 Olq/ dqg F1Z1M1 Judqjhu1 Srzhu ri wkh qhxudo qhwzrun

olqhdulw| whvw1 Mrxuqdo ri Wlph Vhulhv Dqdo|vlv/ 47=53<�553/ 4<<61

^45` K1 Wrqj1 Wkuhvkrog prghov lq qrqolqhdu wlph vhulhv dqdo|vlv1 Vsulqjhu0Yhuodj/

Qhz \run/ Q\/ 4<;61

^46` U1V1 Wvd|1 Qrqolqhdulw| whvw iru wlph vhulhv1 Elrphwulfd/ :6=794�799/ 4<;91

^47` J1 Zdked1 Lpsurshu sulruv/ vsolqh vprrwklqj dqg wkh sureohp ri jxduglqj

djdlqvw prgho huuruv lq uhjuhvvlrq1 Mrxuqdo ri wkh Ur|do Vwdwlvwlfdo Vrflhw|/

Vhulhv E/ 73=697�6:5/ 4<:;1
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^48` Zlooldp H1 Zhfnhu dqg Fudlj I1 Dqvoh|1 Wkh vljqdo h{wudfwlrq dssurdfk wr

qrqolqhdu uhjuhvvlrq dqg vsolqh vprrwklqj1 Mrxuqdo ri wkh Dphulfdq Vwdwlv0

wlfdo Dvvrfldwlrq/ :;=;4�;</ 4<;61

^49` Kdoehuw Zklwh1 Vshfl�fdwlrq whvwlqj lq g|qdplf prghov1 Lq W1I1 Ehzoh|/ hg0

lwru/ Dgydqfhv lq hfrqrphwulfv/ Iliwk zruog frqjuhvv/ sdjhv 4�8;1 Fdpeulgjh

Xqlyhuvlw| Suhvv/ Fdpeulgjh/ 4<;:1

^4:` Kdoehuw Zklwh1 Dq dgglwlrqdo klgghq xqlw whvw iru qhjohfwhg qrqolqhdulw| lq

pxowlod|hu ihhgiruzdug qhwzrunv1 Lq Surfhhglqjv ri wkh lqwhuqdwlrqdo mrlqw

frqihuhqfh rq qhxudo qhwzrunv/ sdjhv 784�788/ Zdvklqjwrq/ GF/ 4<;<1 LHHH

Suhvv/ Qhz \run/ Q\1

^4;` Kdoehuw Zklwh1 Hvwlpdwlrq/ Lqihuhqfh dqg vshfl�fdwlrq dqdo|vlv1 Fdpeulgjh

Xqlyhuvlw| Suhvv/ Qhz \run/ Q\/ 4<<51

68



;1 Wdeohv

Wdeoh 714

Eorfn 4 prghov dqg elyduldwh prghov

DU +| ' f�S+|3� n "|

EO +| ' f�.+|3�"|32 n "|

WDU +| ' f�b+|3�YE�+|3� �$�� � f��+|3�YE�+|3��:�� n "|

VJQ +| ' YE+|3�:�� � YE+|3�	�� n "|

QDU +| ' Ef�.m+|3�m�*Em+|3�mn 2� n "|

+| ' %2
| n e|

VT %| ' f�S%|3� n "|
e| � � Efc j2�c j2 ' �c 2Dc eff

+| ' i TE%|� n e|
H[S %| ' f�S%|3� n "|

e| � � Efc j2�c j2 ' �c 2Dc eff
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Wdeoh 715

Eorfn 5 prghov

Prgho4 +| ' "| � f�e"|3� n f��"|32

Prgho5 +| ' "| � f�e"|3� n f��"|32 n f�D"|"|32

Prgho6 +| ' "| � f��"|3� n f�2"|32 n f�e"|3�"|32 � f�2D"2
|32

Prgho7 +| ' f�e+|3� � f��+|32 n "|

Prgho8 +| ' f�e+|3� � f��+|32 n f�D+|3�"|3� n "|

Prgho9 +| ' f�e+|3� � f��+|32 n f�D+|3�"|3� n f�H"|3� n "|

6:



Wdeoh 716

Eorfn 6 prghov

+| ' ��H+|3� � ��fS+|32 n Ef�f2 � f�b+|3� n f�.bD+|32�8 E+|3�� n �|

OVWDU 8 E+|3�� ' d� n i TE��ffE+|3� � f�f2��o3�

�| � �Efc j2�c j2 ' f�f22

+| ' ��H+|3� � ��fS+|32 n E�f�b+|3� n f�.bD+|32�8 E+|3�� n �|

HVWDU 8 E+|3�� ' �� i TE�efffE+|3��2�
�| � �Efc j2�c j2 ' f�f�2

QQ
+| ' �� n d� n i TE��ffE+|3� � f�H+|32��o

3�

nd� n i TE��ffE+|3� n f�H+|32��o3� n �|

�| � �Efc j2�c j2 ' f�fD2

+| ' �� n d� n i TE��ffE+|3� � %|��o
3� n d� n i TE��ffE+|3� n %|��o

3� n �|

EQ %| ' f�H%|3� n �|

�| � �Efc j2�c j2 ' f�fD2c �| � �Efc j2

�
�c j

2

�
' f�fD2

6;



Wdeoh 7171 Gh�qlwlrqv ri wkh Uhvhw/ Wvd| dqg Y56 whvw xvhg lq wkh vlpxodwlrq vwxg|

sW s n P| Glvwulexwlrq

|2
|3�

||3�||32 |2
|32

|�
|3�

|2
|3�

||32 ||3�|
2

|32
|�
|32

eorfn 4

Uhvhw 4 4 8 I+4/W06,

Wvd| 1 4 1 � I+4/W06,

Y56 1 4 1 � � I+5/W07,

eorfn 5.6

Uhvhw 4 5 8 I+4/W07,

Wvd| 1 5 1 � � � I+6/W08,

Y56 1 5 1 � � � � � � � I+:/W043,

Qrwh=

6<



Wdeoh 814

Fulwlfdo ydoxhv +8(, edvhg rq wkh DU prgho lq eorfn 4

Whvw W@83 W@433 W@533

KDPLOWRQ 6168 617< 619<

+61;7, +61;7, +61;7,

^3139:` ^31395` ^31388`

QHXUDO4 8173 817; 8199

+81<<, +81<<, +81<<,

^3139:` ^31398` ^3138<`

WVD\4 6143 616< 6198

+7138, +61<7, +61;7,

^313;8` ^3139<` ^3138;`

ZKLWH6 <165 <16< <149

+<17<, +<17<, +<17<,

^31387` ^31385` ^3138:`

UHVHW5 6174 6175 6186

+7138, +61<7, +61;7,

^313:4` ^3139:` ^31395`

Y56 51:6 51:8 51;7

+6153, +613<, +6137,

^313:9` ^3139<` ^31394`

Qrwh= Wkh �uvw qxpehu htxdov wkh vlpxodwhg 8( fulwlfdo ydoxh1 Wkh qxpehu lq
sdudqwkhvhv lq wkh vhfrqg urz lv wkh dv|pswrwlf 8( fulwlfdo ydoxh1 Wkh qxpehu
lq eudfnhwv ghqrwhv wkh �dv|pswrwlf� vl}h ri wkh vwdwlvwlf zkhq edvhg rq wkh
vlpxodwhg 8( fulwlfdo ydoxhv +htxdov wkh duhd xqghu wkh dv|pswrwlf glvwulexwlrq
wr wkh uljkw ri wkh vlpxodwhg 8( fulwlfdo ydoxh,1 Wkh uhvxowv duh edvhg rq 43333
uhsolfdwlrqv1
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Wdeoh 815

Fulwlfdo ydoxhv +8(, edvhg rq prgho 7 lq eorfn 5

Whvw W@83 W@433 W@533

KDPLOWRQ 617: 6174 618;

+61;7, +61;7, +61;7,

^31395` ^31398` ^3138;`

QHXUDO4 :18< :18; :1:8

+:1;4, +:1;4, +:1;4,

^31388` ^31389` ^31384`

WVD\4 5198 5189 5197

+51;4, +51:3, +5193,

^31393` ^31393` ^31384`

ZKLWH6 48156 48164 48168

+48184, +48184, +48184,

^31388` ^31386` ^31386`

UHVHW5 61<5 61:9 61;;

+7139, +61<7, +61;7,

^31387` ^31388` ^31383`

Y56 5147 5134 5136

+5158, +5145, +5134,

^31394` ^31395` ^31386`

Qrwh= Wkh �uvw qxpehu htxdov wkh vlpxodwhg 8( fulwlfdo ydoxh edvhg rq prgho
71 Wkh qxpehu lq sdudqwkhvhv lq wkh vhfrqg urz lv wkh dv|pswrwlf 8( fulwlfdo
ydoxh1 Wkh qxpehu lq eudfnhwv ghqrwhv wkh �dv|pswrwlf� vl}h ri wkh vwdwlvwlf
zkhq edvhg rq wkh vlpxodwhg 8( fulwlfdo ydoxhv +htxdov wkh duhd xqghu wkh
dv|pswrwlf glvwulexwlrq wr wkh uljkw ri wkh vlpxodwhg 8( fulwlfdo ydoxh,1 Wkh
uhvxowv duh edvhg rq 43333 uhsolfdwlrqv11
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Wdeoh 816

Vl}h ri whvw dqg vlplodulw|

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

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

QHXUDO4 61: 818 71: 717 717 718 717 719

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

ZKLWH6 71; 913 814 81; 816 719 814 715

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

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

Qrwh= +4, Hdfk froxpq vkrzv wkh vl}h +(, iru DU+4, |w @ 3=9|w�4 .

�w/ xvlqj wkh 8( fulwlfdo ydoxhv vlpxodwhg zlwk |w @ !|w�4 . �w > ! @

�3=<>�3=9>�3=6>3>3=6>3=9>3=<= Wkh odvw froxpq vkrzv wkh vl}h +(, iru wkh

DU+4, xvlqj 8( dv|pswrwlf fulwlfdo ydoxhv1 +5, <8( frq�ghqfh lqwhuydo ri

wkh revhuyhg vl}h lv ~619>917�1 +6, Vdpsoh vl}h @ 433/ uhsolfdwlrqv @ 43331
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Wdeoh 817

Srzhu yv1 vdpsoh vl}h iru eorfn 4 dqg elyduldwh prghov

Whvw DU EO WDU VJQ QDU VT H[S

KDPLOWRQ

W@83 815 451: 9616 :818 ;17 43313 <919

W@433 716 4<17 <614 <;14 441< 43313 <<1;

W@533 61; 5717 <<1; 43313 5517 43313 43313

QHXUDO4

W@83 81; 6413 6715 8616 <1< 43313 <;1<

W@433 718 7819 851: ;414 4513 43313 <<1<

W@533 71; 8;1: ;318 <;13 4;17 43313 43313

WVD\4

W@83 914 561< <18 4<19 4519 43313 <;1;

W@433 71: 661: 914 4:1; 4817 43313 <<1<

W@533 814 731; 81; 4:17 5419 43313 43313

ZKLWH6

W@83 814 :;17 917 651; :15 7416 6517

W@433 719 <:14 815 8;19 :19 :71: 8818

W@533 918 <<19 ;13 ;:13 4714 <:14 ;;13

UHVHW5

W@83 913 5715 5;18 461: ;19 ;915 :51;

W@433 719 661: 7;17 431< 451; <815 ::13

W@533 816 7515 :41< 451: 4;17 <<14 ;316

Y56

W@83 919 6515 6816 8813 4313 43313 <<14

W@433 716 7717 8519 ;515 4614 43313 43313

W@533 719 8;1< ::19 <;19 4:17 43313 43313

Qrwh= Srzhu xvlqj 8( vlpxodwhg fulwlfdo ydoxhv uhsruwhg lq wdeoh 814 lv vkrzq1

Uhsolfdwlrqv @ 4333/ vdpsoh vl}h @ 83/ 433/ 5331
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Wdeoh 818

Srzhu yv1 vdpsoh vl}h iru eorfn 5 prghov

Whvw Prgho4 Prgho5 Prgho6 Prgho7 Prgho8 Prgho9

KDPLOWRQ

W@83 815 :13 5815 71; 841; 6:13

W@433 815 ;17 861: 818 <41: :71<

W@533 61; 4613 ;:17 61< 43313 <;1<

QHXUDO4

W@83 717 <15 7<1< 818 9413 831;

W@433 81< 4717 :<18 81; :<14 9;1:

W@533 816 481; <:15 815 <318 ;619

WVD\4

W@83 814 <1; 8618 813 :915 891<

W@433 :13 481< ;818 71< <813 ::1;

W@533 81< 4<13 <<16 818 <;1: <31;

ZKLWH6

W@83 815 4615 5<1; 61< ;417 :41:

W@433 4715 4;19 8;14 81; <<17 <61;

W@533 571: 631; <31: 815 43313 <<18

UHVHW5

W@83 914 ;1; 471< 61: 5417 7318

W@433 913 4318 5417 917 6:17 8516

W@533 717 441< 5<13 818 9316 9819

Y56

W@83 718 461; 7618 715 ;51< :51<

W@433 913 4<1; ::1; 917 <<13 <613

W@533 816 5415 <:1; 71: 43313 <<17

Qrwh= Srzhu xvlqj 8( vlpxodwhg fulwlfdo ydoxhv uhsruwhg lq wdeoh 815 lv vkrzq1

Uhsolfdwlrqv @ 4333/ vdpsoh vl}h @ 83/ 433/ 5331
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Wdeoh 819

Srzhu yv1 vdpsoh vl}h iru eorfn 6 prghov

OVWDU HVWDU QQ EQ

KDPLOWRQ

W@83 661; 531: 9416 9413

W@433 :413 7:15 <919 <918

W@533 <;1: ;515 43313 43313

QHXUDO4

W@83 8919 <15 7816 7815

W@433 ;81: 4415 :913 :41:

W@533 <819 4618 <619 ;;16

WVD\4

W@83 9813 <17 <19 4:19

W@433 <61; <1: 4418 481<

W@533 43314 ;1< 4619 4817

ZKLWH6

W@83 6615 551; 4615 4;15

W@433 9<16 781: 5415 6316

W@533 <81< :715 7416 931<

UHVHW5

W@83 6614 7713 817 4417

W@433 7517 :918 91; :1:

W@533 9614 <618 917 ;15

Y56

W@83 9614 6517 7:13 7<13

W@433 <613 9815 ;;13 ;91:

W@533 43313 <51; <<18 <<1:

Qrwh= Srzhu xvlqj 8( vlpxodwhg fulwlfdo ydoxhv uhsruwhg lq wdeoh 815 lv vkrzq1
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Wdeoh 81:

Srzhu yv1 vdpsoh vl}h dqg qrlvh iru elyduldwh prgho +VT,

j@4 j@8 j@53

KDPLOWRQ

W@83 43313 731: :16

W@433 43313 :817 <15

W@533 43313 <91: 471:

QHXUDO4

W@83 43313 951< 4514

W@433 43313 <315 4914

W@533 43313 <<19 5:13

WVD\4

W@83 43313 :814 4714

W@433 43313 <71: 4<18

W@533 43313 <<1; 661;

ZKLWH6

W@83 7416 ;16 715

W@433 :71: 4716 717

W@533 <:14 5:1< 81<

UHVHW5

W@83 ;915 731< 6:14

W@433 <815 9718 951<

W@533 <<14 ;914 ;816

Y56

W@83 43313 961: 4413

W@433 43313 <516 4:19

W@533 43313 <<1: 5918

Qrwh= Srzhu xvlqj 8( vlpxodwhg fulwlfdo ydoxhv uhsruwhg lq wdeoh 814 lv vkrzq1

Wkh vljqdo0wr0qrlvh udwlr htxdov :33( iru j ' 4c 5;( iru j ' 8 dqg 5( iru

j ' 531 4333 uhsolfdwlrqv1 Vdpsoh vl}h @ 83/ 433/ 5331
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Wdeoh 81;

Srzhu yv1 vdpsoh vl}h dqg qrlvh iru elyduldwh prgho +H[S,

j@4 j@8 j@53

KDPLOWRQ

W@83 <919 6:18 ;1;

W@433 <<1; 931< 4317

W@533 43313 ;:1; 481:

QHXUDO4

W@83 <;1< 8915 4718

W@433 <<1< ;418 551;

W@533 43313 <:1< 6817

WVD\4

W@83 <<14 8<15 4814

W@433 43313 ;51: 5518

W@533 43313 <:19 6816

ZKLWH6

W@83 6517 4316 81:

W@433 8818 4814 81:

W@533 ;;13 5;17 :16

UHVHW5

W@83 :51; 5;1: 431;

W@433 ::13 731; 4814

W@533 ;316 7<19 541<

Y56

W@83 <<14 8814 4819

W@433 43313 ;615 561;

W@533 43313 <;18 691:

Qrwh= Srzhu xvlqj 8( vlpxodwhg fulwlfdo ydoxhv uhsruwhg lq wdeoh 814 lv vkrzq1

Wkh vljqdo0wr0qrlvh udwlr htxdov 549( iru j ' 4c ;19( iru j ' 8 dqg 318( iru

j ' 531 Qxpehu ri uhsolfdwlrqv htxdov 43331 Vdpsoh vl}h @ 83/ 433/ 5331

7:



Wdeoh 914

Wkh uhjuhvvruv lqfoxghg lq h%|c? iru wkh ydulrxv prghov xqghu frqvlghudwlrq

Prgho Uhjuhvvruv/ h%|c? Prgho Uhjuhvvruv/ h%|c?

DU �c +|3�c? Prgho4 �c "|3�c?c "|32c?

EO �c +|3�c?"|32c? Prgho5 �c "|3�c?c "|32c?

WDU �c +|3�c?YE�+|3�c?�$��c +|3�c?YE�+|3�c?�:�� Prgho6 �c "|3�c?c "|32c?c "|3�c?"|32c?c "2|32c?

VJQ �c dYE+|3�c?:�� � YE+|3�c?	��o Prgho7 �c +|3�c?c +|32c?

QDU �c Ef�.m+|3�c?m�*Em+|3�c?mn 2� Prgho8 �c +|3�c?c +|32c?c +|3�c?"|3�c?

VT �c %2
|c? Prgho9 �c +|3�c?c +|32c?c +|3�c?"|3�c?c "|3�c?

H[S �c i TE%|c?�

OVWDU

�c 8 E+|3�c?�c
+|3�c?c +|3�c? � 8 E+|3�c?�c
+|32c?c +|32c? � 8 E+|3�c?�

QQ

�c
d� n i TE��ffE+|3� � f�H+|32��o3

d� n i TE��ffE+|3� n f�H+|32��o
3

HVWDU

�c 8 E+|3�c?�c
+|3�c?c +|3�c? � 8 E+|3�c?�c
+|32c?c +|32c? � 8 E+|3�c?�

EQ

�c
d� n i TE��ffE+|3� � %|��o3�c
d� n i TE��ffE+|3� n %|��o3�

7;



Wdeoh 915

Frqyhujhqfh surshuwlhv ri eorfn 4 dqg elyduldwh prghov

F�

A c� �� F2

Ac� �2 J2

A F�

Ac� �� J�

A Fe

Ac� �e

DU

W@83 31385 31386 031358 3144: 04156; 31385

W@433 3135< 31;77 31363 31;77 031357 313;; 316<; 05137: 3135< 31;77

W@533 31348 31<;9 31349 31;;; 03143: 3138< 318:< 061356 31348 31<;9

EO

W@83 5176< 51975 0313;6 51983 0313;: 313<8

W@433 51535 315:5 51568 31574 031439 5154< 31589 0313<< 3135: 41;5;

W@533 41;84 31584 41<9; 314;7 031396 51356 31466 0313<6 3134; 318;8

WDU

W@83 315:9 314;4 31678 3148: 31763 3138<

W@433 3158; 313<: 31445 319;8 31897 31449 31775 31884 3135< 4135;

W@533 31578 313:9 313:6 31947 31:34 313;5 31838 31999 31346 4148;

VJQ

W@83 3169; 31546 31755 31536 31783 3137:

W@433 31677 313<< 31478 31885 318:: 31476 31838 318;8 31354 414:4

W@533 31666 3137; 31433 3186: 31:33 313<8 318;6 31:46 31345 31;3:

QDU

W@83 3138: 31394 0313;7 31454 04145< 31379

W@433 31373 31833 31375 31874 031387 313;7 31859 0413<4 31355 413;4

W@533 31363 31753 3135< 3188; 31379 3138< 31838 031<;3 31344 4133

VT

W@83 81695 51377 3194< 516:7 3188: 31378

W@433 81977 0313:7 41549 31:7< 31:;8 418:; 318;< 31:53 3135: 31:5<

W@533 81584 31437 319;3 31;6< 31;:4 31<49 31:;8 31;59 31345 31;59

H[S

W@83 461553 ;1839 3168: <1583 31633 3144;

W@433 <1;8; 31756 71:88 31;6< 3184; 8169< 31:;8 31788 31368 41:84

W@533 <1835 31386 51;;5 31:55 319<: 61:76 31853 31939 31346 4175<

Qrwh= ��

Ac� c �
2

Ac� c �
�

Ac� dqg �e

Ac� duh fdofxodwhg dffruglqj wr wkh wkhlu gh�qlwlrqv vwdwhg

deryh zkhuh ~ekAc?c
elA E��� dqg ~e/Ac?� duh hvwlpdwhg frqglwlrqdo rq d sdlu ri i+W|c?c %

W

|c?j
dqg i+W|c?c h%

W

|c?jwkdw gl�huv qxpphulfdoo| iurp i+|c?c %|c?j dqg i+|c?c h%|c?j exw lv jhqhudwhg
iurp vdph xqghuo|lqj surfhvv2prgho� Wklv lv grqh lq rughu wr dyrlg ryhu�wwlqj1 Wkh qxpehu

ri uhsolfdwlrqv htxdov Q@4331

7<



Wdeoh 916

Frqyhujhqfh surshuwlhv ri eorfn 5 prghov

F�

A
�
� F2

A
�
2 J2

A
F�

A
�
� J�

A
Fe

A
�
e

Prgho4

W@83 31446 31459 031447 3153< 031;88 3139<

W@433 31395 31;99 3139: 31<39 0313;7 31485 31793 04178; 31364 41477

W@533 3137: 316;: 3137; 317;7 031344 31453 3166: 04186; 3134: 31;9:

Prgho5

W@83 316<6 31778 031465 31848 30163< 31667

W@433 31685 31493 316:7 31583 031396 31794 31493 03163< 315<4 314<<

W@533 31654 31465 3166: 31485 03137; 31748 31486 0315<3 3158< 31499

Prgho6

W@83 316;7 316:: 3134; 316;9 031337 31437

W@433 316;9 3133: 31677 31465 3143< 31684 31467 313<3 31394 31:;6

W@533 31664 31556 31574 31849 315:5 3159< 316;5 314;9 31359 41546

Prgho7

W@83 31394 313:7 03153; 31489 041888 31394

W@433 3136< 31967 31377 31:5< 031464 31458 31654 0514:5 3136< 31967

W@533 31349 41633 3134< 41537 031539 313<5 3176: 071;5; 31349 41633

Prgho8

W@83 41676 415:4 31387 414:8 31458 3145<

W@433 4134; 31733 31;53 31966 314<8 31::6 31937 31573 31379 41838

W@533 41334 31357 31:79 31469 31587 319<; 3147: 31635 31356 41344

Prgho9

W@83 51::6 51;:: 03136; 51947 3138: 31477

W@433 51:5; 31357 51:48 313;7 31338 517<< 31398 313;7 31393 4158<

W@533 51654 31566 514<3 31643 31389 51368 315<9 31456 31358 41589

Qrwh= Vhh wdeoh 9151

83



Wdeoh 917

Frqyhujhqfh surshuwlhv ri eorfn 6 prghov

F�

A
�
� F2

A
�
2 J2

A
F�

A
�
� J�

A
Fe

A
�
e

OVWDU

W@83 41:87 4195: 313:5 415:4 315:8 316;7

W@433 4184; 3153; 4134; 319:9 3165< 31;5; 3194; 31787 314:6 4147:

W@533 417;; 3139; 318<3 31:;9 318<5 31886 318;5 3194; 31397 4177

HVWDU

W@83 31564 31569 031355 3155: 31348 31388

W@433 31536 314;7 314:5 31787 31486 3148; 3185; 31557 31367 319;;

W@533 314;6 31483 31433 31::: 31784 31446 317;: 316;7 3134: 4135;

QQ

W@83 314;5 31484 3149; 3145; 315<9 3134;

W@433 314:5 313;3 31436 31888 31735 313<8 31758 31779 3133: 41658

W@533 3149: 31373 313:9 31765 31877 313:6 316:4 31894 31337 31;:4

EQ

W@83 31553 314;5 314:6 3148: 315;: 3135:

W@433 3148< 3179; 31437 31;3< 3167: 313<9 31:45 316<; 3133< 41857

W@533 31484 3139: 313:3 318:3 31869 3139< 317;8 31878 31338 31<84

Qrwh= Vhh wdeoh 9151
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