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RÉSUMÉ

Cet article analyse les modèles de régressions empilées avec régresseurs intégrés

et erreurs stationnaires. En ajoutant des retards et des avances des premières différences

des régresseurs et en estimant le modèle qui en résulte par moindres carrés quasi-

généralisés, nous obtenons un estimateur efficace du vecteur de coïntégration qui a une

loi limite normale mixte. Les résultats de simulation suggèrent que ce nouvel estimateur se

compare favorablement aux autres déjà proposés dans la littérature. Ce nouvel estimateur

est utilisé pour tester la théorie de la parité des pouvoirs d'achat (PPA) parmi les pays du

G-7. Le test nous permet de rejeter l'hypothèse nulle de la parité des pouvoirs d'achat

pour la plupart des pays.

Mots clés : régressions empilées, estimation efficace, parité des pouvoirs d'achat,

coïntégration

ABSTRACT

This paper studies seemingly unrelated linear models with integrated regressors

and stationary errors. By adding leads and lags of the first differences of the regressors

and estimating this augmented dynamic regression model by feasible generalized least

squares using the long-run covariance matrix, we obtain an efficient estimator of the

cointegrating vector that has a limiting mixed normal distribution. Simulation results

suggest that this new estimator compares favorably with others already proposed in the

literature. We apply these new estimators to the testing of purchasing power parity (PPP)

among the G-7 countries. The test based on the efficient estimates rejects the PPP

hypothesis for most countries.

Key words : seemingly unrelated regressions, efficient estimation, purchasing power parity,

cointegration



4 Lqwurgxfwlrq

]hooqhu +4<95, vkrzhg wkdw d ihdvleoh jhqhudol}hg ohdvw vtxduhv +IJOV, hvwlpdwru lv h!flhqw lq wkh vhhplqjo|

xquhodwhg uhjuhvvlrq +VXU, prgho lq zklfk uhjuhvvruv duh vwdwlrqdu| dqg huuruv duh lqghshqghqw dqg lghqwlfdo

+llg, ryhu wlph1 Wkh h!flhqf| jdlq lv rewdlqhg e| h{sorlwlqj furvv0vhfwlrqdo fruuhodwlrq lqirupdwlrq dprqj

lqglylgxdo uhjuhvvlrq htxdwlrqv1 Sdun dqg Rjdnl +4<<3, ghprqvwudwhg wkdw wklv lv qrw wuxh lq jhqhudo li wkh

v|vwhp ri uhjuhvvlrq htxdwlrqv frqvlvwv ri qrqvwdwlrqdu| wlph vhulhv uhjuhvvlrq prghov wkdw doorz iru hqgrjhqrxv

uhjuhvvruv dqg vhuldoo| fruuhodwhg huuruv1 Wkh IJOV hvwlpdwru ri wkh lqwhjudwhg VXU prgho kdv d qrqvwdqgdug

olplw glvwulexwlrq wkdw lv vnhzhg dqg vkliwhg dzd| iurp wkh wuxh sdudphwhu gxh wr wkh dv|pswrwlf hqgrjhqhlw|

ri wkh uhjuhvvruv dqg wkh vhuldo fruuhodwlrq ri wkh huuruv/ hyhq wkrxjk wkh hvwlpdwh lv frqvlvwhqw + vhh dovr Sdun

dqg Skloolsv/ 4<;; dqg Prrq/ 4<<<,1 Wklv uhqghuv lqihuhqfh lq wkhvh v|vwhpv gl!fxow1

Wzr vroxwlrqv kdyh vr idu ehhq sxw iruwk1 Iluvw/ Sdun dqg Rjdnl +4<<4, vxjjhvwhg xvlqj wkh fdqrqlfdo

frlqwhjudwlqj uhjuhvvlrq +FFU, hvwlpdwru �uvw suhvhqwhg lq Sdun +4<<5,1 Rq wkh rwkhu kdqg/ Prrq +4<<<,

vxjjhvwhg xvlqj ixoo|0prgl�hg +IP, hvwlpdwruv +h=j=> vhh Skloolsv dqg Kdqvhq/ 4<<3/ Skloolsv/ 4<<4/ dqg Skloolsv/

4<<8, rq wkhvh v|vwhpv1 Wkhvh wzr vhwv ri hvwlpdwruv kdyh olplwlqj pl{hg qrupdo glvwulexwlrqv/ uhqghulqj

lqihuhqfh vwudljkwiruzdug dqg doorzlqj h!flhqf| frpsdulvrqv ehwzhhq hvwlpdwruv1

Wklv sdshu vxjjhvwv dq dowhuqdwlyh phwkrg iru rewdlqlqj pl{hg qrupdo olplwlqj glvwulexwlrqv edvhg rq

uhvxowv ri Vdlnnrqhq +4<<4, dqg Vwrfn dqg Zdwvrq +4<<6,1 Wkh dssurdfk +zklfk zh fdoo g|qdplf IJOV,

frqvlvwv ri dgglqj ohdgv dqg odjv ri wkh �uvw gl�huhqfhv ri wkh uhjuhvvruv dqg xvlqj ihdvleoh jhqhudol}hg ohdvw

vtxduhv rq wklv dxjphqwhg g|qdplf uhjuhvvlrq prgho zlwk wkh orqj0uxq fryduldqfh pdwul{1 Zh suryh wkdw zlwk

uhvwulfwlrqv rq wkh udwh dw zklfk zh dgg ohdgv dqg odjv dv wkh vdpsoh vl}h lqfuhdvhv/ zh rewdlq hvwlpdwruv zlwk

olplwlqj pl{hg qrupdo glvwulexwlrqv zklfk doorz iru vwdqgdug lqihuhqfh surfhgxuhv wr eh xvhg1 Pruhryhu/ rxu

hvwlpdwru lv pruh h!flhqw wkdq htxdwlrq0e|0htxdwlrq ru v|vwhp0zlgh ruglqdu| ohdvw vtxduhv1

Zh dsso| wkhvh qhz hvwlpdwruv wr wkh whvwlqj ri sxufkdvlqj srzhu sdulw|1 Wkhuh duh ydulrxv irupv ri wkh

SSS grfwulqh/ exw wkh| doo vkduh wkh lghd wkdw qrplqdo h{fkdqjh udwhv vkrxog uh hfw wkh ehkdylru ri uhodwlyh

sulfh ohyhov1 Wkhuh kdv ehhq dq hqruprxv dprxqw ri uhfhqw olwhudwxuh ghyrwhg wr whvwlqj wklv k|srwkhvlv1 Zh

xvh rxu pruh h!flhqw hvwlpdwruv wr ghyhors whvwv wkdw zh eholhyh duh pruh dssursuldwh wkdq wkrvh douhdg| lq

wkh olwhudwxuh1

Wkh rxwolqh iru wkh uhvw ri wkh sdshu lv dv iroorzv1 Wkh qh{w vhfwlrq lqwurgxfhv rxu hvwlpdwruv dqg ghulyhv

wkhlu olplwlqj dv|pswrwlf glvwulexwlrq1 Vhfwlrq 6 suhvhqwv uhvxowv iurp d vlpxodwlrq h{shulphqw frpsdulqj
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hvwlpdwruv ri wkh lqwhjudwhg VXU prgho1 Vhfwlrq 7 suhvhqwv rxu hpslulfdo phwkrgrorj| dqg uhvxowv iru whvwlqj

SSS dprqj lqgxvwuldol}hg frxqwulhv ryhu wkh uhfhqw  rdw/ zkloh vhfwlrq 8 frqfoxghv1

5 G|qdplf JOV Hvwlpdwlrq ri wkh Lqwhjudwhg Vhhplqjo| Xquhodwhg Uh0

juhvvlrq Prgho

Lq wklv vhfwlrq zh vwxg| d VXU prgho zlwk lqwhjudwhg uhjuhvvruv1 Vxssrvh wkdw wkhuh duh P lqglylgxdo olqhdu

frlqwhjudwlrq uhjuhvvlrq htxdwlrqv/

|6c| @ �6cf . ��6c�{6c| . x6c| +4,

{6c| @ {6c|3� . y6c|>

zkhuh x6c| dqg y6c| duh vfdodu dqg O0yhfwru ydoxhg vwdwlrqdu| surfhvvhv/ uhvshfwlyho|/ iru p @ 4> � � � >P>

dqg w @ 4> ===> W= Dvvxph wkdw {6cf @ RR +4, dv W $ 4 iru doo p @ 4> ===>P= Ohw || @ +|�c|> = = = > |�c|,
�/

�{| @ gldj+�{�c|> = = = > �{�c|,/ �{6c| @ +4> {�6c|,
�/ {| @

�
{��c|> ===> {

�

�c|

�
�

> x| @ +x�c|> = = = > x�c|,
�> dqg y| @ +y��c|> = = = > y

�

�c|,
�1

Wkhq/ xvlqj yhfwru qrwdwlrq/ zh uhzulwh +4, dv

|| @ �{�|� . x|> +5,

{| @ {|3� . y|>

zkhuh � @
�
���> ===> �

�

�

�
�

dqg �6 @
�
�6cf> �

�

6c�

�
�

=

Gh�qh z| @
�
x�| y�|

�
�

= Zh dvvxph wkdw wkh sduwldo vxp surfhvv ri z| frqyhujhv lq glvwulexwlrq wr d

Eurzqldq Prwlrq/

4s
W

dAoo[
|'�

z| , E +u, � EP +, > +6,

zkhuh  @
S
"

�'3"H +zfz
�

�, @

3
C �� ��

�� ��

4
D > E +u, @

�
E� +u,

�
>E� +u,

�
�
�

> E� +u, @ +E�c� +u, > ===>E�c� +u,,
�
>

E� +u, @
�
E�c� +u,

�
> ===>E�c� +u,

�
�
�

> dqg wkh sduwlwlrqv ri  dqg E +u, frqirup wr wkh vl}h ri x| dqg y|= Wkh

ixqfwlrqdo fhqwudo olplw wkhruhp dvvxphg lq +6, lv vdwlv�hg xqghu plog uhjxodulw| frqglwlrqv rq z| +h=j=> vhh

Skloolsv dqg Vror/ 4<<5,1 Lq wklv sdshu zh dvvxph wkdw wkh orqj0uxq fryduldqfh pdwul{  ri z| lv srvlwlyh

gh�qlwh/ zklfk h{foxghv wkh srvvlelolw| wkdw wkhuh h{lvwv d frlqwhjudwlqj uhodwlrq dprqj wkh hohphqwv ri {|=

Wkh pdlq sxusrvh ri wklv vhfwlrq lv wr ghyhors dq h!flhqw hvwlpdwlrq phwkrg iru wkh frlqwhjudwlrq sdudphwhu

� lq wkh VXU frlqwhjudwlrq prgho +4, dqg hvwdeolvk lwv dv|pswrwlf surshuwlhv1 Zkhq wkhuh lv +orqj0uxq,
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fruuhodwlrq ehwzhhq x| dqg y| +dv lq d vlpxowdqhrxv htxdwlrq prgho, dqg2ru vhuldo fruuhodwlrq/ lw lv zhoo nqrzq

wkdw wkh olplwlqj glvwulexwlrq ri wkh ROV hvwlpdwru ri prgho +4, 4 lv plvfhqwhuhg dqg vnhzhg/ dqg wklv fdxvhv

gl!fxowlhv lq vwdwlvwlfdo lqihuhqfh1 Wr ryhufrph wkh sureohp/ zh prgli| wkh uhjuhvvlrq prgho dqg pdnh wkh

wudqviruphg huuru dv|pswrwlfdoo| xqfruuhodwhg zlwk wkh uhjuhvvruv1

Wr gr vr/ zh ghfrpsrvh wkh vwdfnhg yhfwru x| lqwr wzr frpsrqhqwv/ wkh surmhfwlrq rqwr wkh vljpd �hog

jhqhudwhg e| iy|j"|'3"/
S
"

�'3" ��y|3� > dqg d uhvlgxdo/ qdpho|

x| @
"[

�'3"

��y|3� . �|= +7,

dqg lq wklv fdvh/ �| lv xqfruuhodwhg zlwk iy|j"|'3" = Ghqrwh wkh orqj0uxq fryduldqfh ri �| e| ����= Xqghu plog

uhjxodulw| frqglwlrqv 5/ zh nqrz wkdw

���� @ �� �� �
3�
�� � �= +8,

Qrz/ lq ylhz ri wkh ghfrpsrvlwlrq +7, > zh fdq zulwh wkh prgho +5, dv

|| @ �{�|� .
"[

�'3"

��y|3� . �|= +9,

Lq htxdwlrq +9, zh kdyh dgghg dq lq�qlwh qxpehu ri uhjuhvvruv iy|j"|'3" > zklfk pdnhv hvwlpdwlqj lw lpsrvvleoh

zlwk d �qlwh qxpehu ri revhuydwlrqv1 Zh sursrvh d ihdvleoh yhuvlrq ri +9, rewdlqhg e| wuxqfdwlqj wkh lq�qlwh

vxp dqg uhsodflqj lw e|
Sg

�'3g ���{|3�> zkhuh N lv dvvxphg wr whqg wr lq�qlw| dv W $4 dw dq dssursuldwh

udwh wr eh vshfl�hg ehorz1 Khqfh wkh hvwlpdeoh yhuvlrq ri prgho +9, lv

|| @ �{�|� .
g[

�'3g

���{|3� . �W| +:,

@ �{�|� .
g[

�'3g

�
�{�|3�  L�

�
yhf+��, . �W|

@ }�|e. �W| >

zkhuh

�W| @ �| . h|> h| @
[
���:g

��y|3� >

4 Lq wklv fdvh/ v|vwhp ROV hvwlpdwlrq lv lghqwlfdo wr htxdwlrq0e|0htxdwlrq ROV hvwlpdwlrq1
5Vhh/ iru h{dpsoh/ Euloolqjhu +4<:8, dqg Vdlnnrqhq +4<<4,1
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3
EEEEEEC

�{|

�{|3g  L�
111

�{|ng  L�

4
FFFFFFD
> e @

�
��>��

g

��
>

�g @
�
yhf+�3g,

�> ===> yhf+�g,
�
�
=

Qrwh wkdw wkh uhjuhvvlrq prgho +:, lv vlpso| dq dxjphqwhg yhuvlrq ri wkh ruljlqdo VXU prgho +4, rewdlqhg e|

dgglqj ohdgv dqg odjv ri �{|1

Zh pd| frqvlghu hvwlpdwlqj wkh uhjuhvvlrq prgho +:, lq wzr zd|v/ hlwkhu e| ROV ru e| JOV xvlqj wkh

orqj0uxq fruuhodwlrq lq wkh huuru �| dv lv dssursuldwh zkhq wkh huuru whup kdv vhuldo fruuhodwlrq1 Ohw

\| @ +|�c|> ===> |�c|,
�
> \ @

�
\ �
gn�> ===> \

�
A3g

��
>

�[ @ +�{gn�> ===> �{A3g,
�
>

�gc| @
�
�{�|3g > ===>�{�|ng

��
 L� > �g @ +�gcgn�> ===>�gcA3g,

� >

] @
�
�[>�g

�
=

Wkh v|vwhp g|qdplf ROV +khuhdiwhu VGROV, dqg wkh g|qdplf +ihdvleoh, JOV +khuhdiwhu GJOV, hvwlpdwruv

duh gh�qhg/ uhvshfwlyho|/ dv=

ae7(�u7 @
�
] �]

�3�
]�\> +;,

ae(Cu7 @

�
] �
�
LA32g  a����

�3�
]

�3��
]�
�
LA32g  a����

�3�
\

�
+<,

ru lq vxppdwlrq qrwdwlrq/

ae7(�u7 @

#
A3g[
|'gn�

}|}
�
|

$3�# A3g[
|'gn�

}|||

$
+43,

@ e.

#
A3g[
|'gn�

}|}
�
|

$3�# A3g[
|'gn�

}|�
W
|

$
>

ae(Cu7 @

#
A3g[
|'gn�

}| a
3�
����}

�
|

$3�# A3g[
|'gn�

}| a
3�
����||

$
+44,

@ e.

#
A3g[
|'gn�

}| a
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����}

�
|
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}| a
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zkhuh a���� lv d frqvlvwhqw hvwlpdwh ri ����= Qrwh wkdw wkh GJOV hvwlpdwru a�(Cu7 lv d JOV hvwlpdwru xvlqj

wkh orqj0uxq fruuhodwlrq lqirupdwlrq lq wkh v|vwhp +:, =

Dq dowhuqdwlyh hvwlpdwru lv wkh g|qdplf ROV hvwlpdwru iru wkh frlqwhjudwlqj yhfwru �6 +khuhdiwhu LGROV,

lq wkh p|� lqglylgxdo uhjuhvvlrq prgho ri +4,1 Qrz gh�qh z6c| @
�
x6c|> y

�
6c|

��
dqg 6c? @

3C 6c?�� 6c?��

6c?�� 6c?��

4D @

S"
�'3"H

�
z6cfz

�
?c�

�
= Ohw

�6c| @ x6c| �
"[

�'3"

�6c�y6c|3� > +45,

eh wkh olqhdu surmhfwlrq uhvlgxdo ri wkh p|� lqglylgxdo htxdwlrq uhjuhvvlrq huuru x6c| rq wkh forvhg olqhdu vsdfh

ri iy6c|j"|'3" irup @ 4> ===>P= Ghqrwh wkh orqj0uxq yduldqfh ri �6c| e| 
6
����= Xqghu plog uhjxodulw| frqglwlrqv/

6���� @ 6c6�� �6c6� � +6c6�� ,3�6c6� � = +46,

Qrz zh gh�qh wkh iroorzlqj p|� lqglylgxdo g|qdplf uhjuhvvlrq

|6c| @ �{�6c|�6 .
g[

�'3g

�6c��{6c|3� . �W6c|> +47,

zkhuh

�W6c| @ �6c| . �6c|>

�6c| @
[
���:g

�6c�y6c|3�=

Zh ghqrwh a�6 wkh ROV uhjuhvvlrq hvwlpdwru iru �6 ri +47, dqg a�U(�u7 @
�
a�
�
�> ===>

a�
�
�

��
=

Ohw a�(Cu7 dqg e�(Cu7 eh vxe0yhfwruv ri ae(Cu7 zkrvh vl}hv duh frqirupdeoh wr wkrvh ri � dqg �= Lq d

vlplodu idvklrq/ gh�qh a�7(�u7 > e�7(�u7 > a�U(�u7> dqg e�U(�u7 = Gh�qh
G� @ gldj

�s
Q>QLu

�
>

I� @ gldj +G� > ===>G� , >

J� @ gldj
�
I� >

s
QLE2gn��u�2

�
>

zkhuh Q @ W�5N=Zh froohfw wkh dv|pswrwlf glvwulexwlrqv ri wkh deryh hvwlpdwruv lq wkh iroorzlqj sursrvlwlrq1
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Sursrvlwlrq Vxssrvh wkdw wkh ixqfwlrqdo olplw wkhruhp +6, krogv dqg �| lq +7, dqg �6c| lq +45, kdyh orqj0

uxq fryduldqfh pdwulfhv ���� lq +8, dqg 6���� lq +46, uhvshfwlyho|1 Ixuwkhu vxssrvh wkdw g�

A
$ 3 dqg

s
W
S

�:�g� n��n @ r +4, = Wkhq/ dv W $4>

+d, I�

�
a�(Cu7 � �

�
,PQ

�
3>
�U

�

f
�E� +u,

3�
����

�E�
� +u,gu

�3�
�
>

+e, I�

�
a�7(�u7 � �

�
,PQ

�
3>
�U

�

f
�E� +u, �E

�
� +u,gu

�3� �U
�

f
�E� +u,���� �E� +u,

��U
�

f
�E� +u, �E

�
� +u, gu

�3�
�
>

+f, I�

�
a�U(�u7 � �

�
,PQ

�
3>
�U

�

f
�E� +u, �E

�
� +u, gu

�3� �U
�

f
�E� +u, ����� �E� +u,

��U
�

f
�E� +u, �E

�
� +u,gu

�3�
�
>

zkhuh ����� lv wkh dv|pswrwlf orqj0uxq fryduldqfh ri +��c|> ===> ��c|,
� =

Pruhryhu/ lw lv hdv| wr vkrz wkdw wkh olplwlqj yduldqfh ri a�(Cu7 lv vpdoohu wkdq wkdw ri a�7(�u7 zlwk

suredelolw| rqh ehfdxvh

�]
�

f

�E� +u,
3�

����
�E�
� +u,gu

�3�

?

�]
�

f

�E� +u, �E
�
� +u, gu

�3��] �

f

�E� +u,���� �E� +u,

��]
�

f

�E� +u, �E
�
� +u, gu

�3�

+48,

zlwk suredelolw| rqh1 Wkhuhiruh/ a�(Cu7 lv dv|pswrwlfdoo| pruh h!flhqw wkdq a�7�u7 =

Pruhryhu/ vlqfh ���� � �����> zh fdq frqfoxgh wkdw I�

�
a�7(�u7 � �

�
lv dv|pswrwlfdoo| pruh h!flhqw

wkdq I�

�
a�U(�u7 � �

�
1 Wkhuhiruh/ dprqj wkh wkuhh hvwlpdwruv/ zh fdq frqfoxgh wkdw wkh GJOV hvwlpdwru

a�(Cu7 lv wkh prvw h!flhqw dqg wkh lqglylgxdo g|qdplf ROV hvwlpdwru a�U(�u7 lv wkh ohdvw h!flhqw1 Wklv

uhvxow lv dovr rewdlqhg e| Sdun dqg Rjdnl +4<<4, dqg Prrq +4<<<, zlwk wkh FFU phwkrg dqg wkh IP phwkrg/

uhvshfwlyho|1

Lq d olqhdu frlqwhjudwlrq uhjuhvvlrq prgho zlwk qr uhvwulfwlrq rq wkh frlqwhjudwlqj yhfwruv/ lw lv zhoo nqrzq

wkdw wkhuh lv qr h!flhqf| jdlq lq JOV hvwlpdwlrq ryhu ROV hvwlpdwlrq + h=j=> Skloolsv dqg Sdun/ 4<;; dqg

Vwrfn dqg Zdwvrq/ 4<<6,1 Wklv dv|pswrwlf htxlydohqfh uhvxow lv vlplodu lq vslulw wr wkh fodvvlfdo Juhqdqghu

dqg Urvhqeodww wkhruhp +4<8:, iru zklfk wkh sro|qrpldo wlph wuhqg uhjuhvvlrq lv frqvlghuhg zlwk d vwdwlrqdu|

huuru1

Krzhyhu/ dv zh yhuli| wkurxjk +48, > lq wkh g|qdplf dxjphqwhg prgho +:, wkh JOV hvwlpdwru lv dv|pswrwl0

fdoo| pruh h!flhqw wkdq wkh ROV hvwlpdwru= Dv glvfxvvhg lq Sdun dqg Rjdnl +4<<4,/ wkh dv|pswrwlf h!flhqf|

9



jdlq ri JOV lq wkh VXU prgho frphv iurp ryhulghqwl�fdwlrq sdudphwhu uhvwulfwlrqv1 Wr vhh wklv/ zulwh wkh

VXU prgho +5, lq d pxowlyduldwh uhjuhvvlrq irup/

|| @ E[| . x|> +49,

zkhuh E @ gldj +��> ===> �6, dqg [| @
�
�{�
�c|> ===> �{

�
�c|

��
= Lq prgho +49,/ ryhulghqwli|lqj sdudphwhu uhvwulfwlrqv

duh lpsrvhg e| uhvwulfwlqj wkh r�0eorfn gldjrqdo hohphqwv ri E wr eh }hur/ zkloh lq wkh prghov vwxglhg lq

Skloolsv dqg Sdun +4<;;, dqg Vwrfn dqg Zdwvrq +4<<6,/ wkh uhjuhvvlrq frh!flhqwv duh h{dfwo| lghqwl�hg1

Wkh pl{hg qrupdolw| surshuw| ri wkh olplwlqj glvwulexwlrqv ri a�7(�u7>
a�(Cu7/ dqg

a�U(�u7 hqdeohv xv

wr xvh frqyhqwlrqdo fkl0vtxduh whvwv iru wkh qxoo k|srwkhvlv ri sdudphwhu uhvwulfwlrqv1 Vxssrvh wkdw zh duh

lqwhuhvwhg lq whvwlqj d qxoo k|srwkhvlv rq wkh sdudphwhuv/

Kf = *+�, @ u> +4:,

zkhuh * lv d +t� 4, yhfwru0ydoxhg/ frqwlqxrxvo| gl�huhqwldeoh ixqfwlrq dqg wkh �uvw ghulydwlyh ri * dw wkh wuxh

sdudphwhu � /�/ kdv ixoo udqn t1 Wkh Zdog whvw vwdwlvwlf ZA xvlqj a�(Cu7 lv wkhq gh�qhg dv

ZA � IA +*+a�(Cu7,� u,�

�
3C�+a�(Cu7,

#
4

W 2

A[
|'�

I3�

A �{| a
3�

�����{
�

|I
3�

A

$3�

�+a�(Cu7,
�

4D3�

�IA +*+a�(Cu7,� u,>

dqg lw lv hdv| wr yhuli| wkdw xqghu wkh dvvxpswlrqv vwdwhg deryh/ dv W $4> ZA , "2^/ d fkl0vtxduh glvwulexwlrq

zlwk t ghjuhhv ri iuhhgrp1

6 Vlpxodwlrq frpsdulvrq

Lq wklv vhfwlrq/ zh zdqw wr frpsduh wkh uhodwlyh phulw ri wkh ydulrxv hvwlpdwruv ri wkh lqwhjudwhg VXU prgho1

Wkh gdwd jhqhudwlqj surfhvv wkdw zloo eh xvhg iru wklv sxusrvh lv=

|�| @ ��f . ���{�| . x�|

|2| @ �2f . �2�{2| . x2|

zkhuh {6c| duh fruuhodwhg udqgrp zdonv=

�{�c| @ y�c|> m @ 4> 5

:



dqg x| lv fruuhodwhg zlwk y�c|=

3C x|

y|

4D
q l=l=g=Q

3EEEEEEC

3EEEEEEC
3

3

3

3

4FFFFFFD >

3EEEEEEC
4 � $ 3

� 4 3 $

$ 3 4 !

3 $ ! 4

4FFFFFFD

4FFFFFFD =

Wkh sdudphwhu � frqwurov wkh ghjuhh ri fruuhodwlrq ehwzhhq wkh wzr htxdwlrqv dqg zloo wkhuhiruh d�hfw

wkh h!flhqf| jdlqv ri JOV uhodwlyh wr ROV1 Rq wkh rwkhu kdqg/ $ frqwurov wkh ghjuhh ri fruuhodwlrq ehwzhhq

uhjuhvvruv dqg glvwxuedqfhv dqg zloo wkhuhiruh d�hfw wkh ehkdylru ri wkh vwdwlf ROV dqg JOV hvwlpdwruv ri +5,1

Ilqdoo|/ ! frqwurov wkh ghjuhh ri fruuhodwlrq ehwzhhq wkh uhjuhvvruv ri wkh wzr htxdwlrqv dqg zloo frqwuro wkh

uhodwlyh h!flhqf| ri v|vwhp yhuvxv lqglylgxdo htxdwlrq ROV1 Zh vhw wkh fryduldqfhv +�>$> !, wr h{wuhph ydoxhv/

wkdw lv +3> 3> 3, > +3> 3=8> 3=8, > +�3=<> 3> 3, > +3=<> 3> 3, > +3>�3=<> 3, > +3> 3=<> 3, > +3> 3> 3=<, > dqg +3> 3>�3=<, =
Zlwkrxw orvv ri jhqhudolw|/ zh vhw �6c� @ 4 iru p> m @ 4> 5 dqg frqfhqwudwh rq wkh hvwlpdwlrq ri wkh

frh!flhqwv iurp wkh �uvw htxdwlrq1 Zh zdqw wr frpsduh
s
Q
�e��cfce � 4

�
dqg Q

�e��c�ce � 4
�
iru h @ LGROV>

VGROV> GJOV> IP �ROV 6> dqg IP �JOV= Wkh vdpsoh vl}hv fkrvhq duh W @ 433 dqg W @ 833> dqg wkh

qxpehu ri uhsolfdwlrqv lv 43331 Wkh qxpehu ri ohdgv dqg odjv lq wkh g|qdplf hvwlpdwruv +N, lv vhw dw 8 iru

W @ 433 dqg ; iru W @ 833= Zh dovr uhsruw wkh uhmhfwlrq iuhtxhqf| ri wkh k|srwkhvhv ��cf @ 4 dqg ��c� @ 4 iru

hdfk hvwlpdwru edvhg rq lqglylgxdo w0whvwv xvlqj wkh dv|pswrwlf fulwlfdo ydoxhv1

Vlqfh wkh h!flhqf| jdlqv gxh wr JOV0w|sh hvwlpdwruv frph iurp d qrq0gldjrqdo orqj0uxq fryduldqfh pdwul{/

lw lv lpsruwdqw wr vhh krz hdfk sdudphwhu d�hfwv lw1 Iru wklv GJS/ wkh orqj0uxq fryduldqfh pdwul{ ���� lv

���� @

3
C 4� /2

�3�2
�. �/2

�3�2

�. �/2

�3�2
4� /2

�3�2

4
D

Wklv h{suhvvlrq kljkoljkwv wkh uroh sod|hg e| wkh wkuhh sdudphwhuv ri wkh GJS1

Wkh uhvxowv duh suhvhqwhg lq wdeoh 4 iru W @ 433 dqg wdeoh 5 iru W @ 833= Wkh �uvw olqh iru hdfk vhw ri

sdudphwhuv jlyhv wkh uhvxowv iru ��cf dqg wkh vhfrqg olqh jlyhv wkh uhvxowv iru ��c�=

Wkh pdlq ihdwxuhv ri wkh uhvxowv duh=

6Wkhuh lv dq huuru lq 	q
8�37�u7

gh�qhg lq Prrq +4<<<,1 Wkh frpsrqhqw 	Z6 vkrxog eh

	Z6 '

3
EC

f

	{
6c6

�� 3

�
	{
6c�

��

���
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��
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�
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� Doo hvwlpdwruv duh qhduo| xqeldvhg hyhq zlwk wkh vpdoohu vdpsoh vl}h1

� Wkh frqyhujhqfh ri wkh hvwlpdwhv ri wkh vorsh frh!flhqw
�
a��c�

�
lv pxfk idvwhu wkdq wkdw ri wkh frqvwdqw/

dv h{shfwhg1

� Wkhuh duh odujh h!flhqf| jdlqv lq xvlqj JOV lq fdvhv zkhuh m�m lv kljk1 Wkhvh duh fdvhv zkhuh wkh

furvv0htxdwlrq fruuhodwlrq lv kljk1

� Doo hvwlpdwruv vx�hu iurp vl}h glvwruwlrqv zlwk W @ 433= Wkh vl}h ri wkh whvwv lv pxfk lpsuryhg zlwk

W @ 833= Krzhyhu/ IP0ROV dqg IP0JOV kdyh vhyhuh glvwruwlrqv iru kljk m�m =

� Wkhuh duh qrwlfhdeoh h!flhqf| jdlqv ri xvlqj v|vwhp phwkrgv uhodwlyh wr lqglylgxdo htxdwlrq phwkrgv

zkhq wkh uhjuhvvruv duh hqgrjhqrxv +$ 9@ 3, dqg fruuhodwhg +! 9@ 3, =

� Wkh pdjqlwxgh ri $ ru ! rq wkhlu rzq lv qhjoljhdeoh1 Krzhyhu/ wkh| zrxog eldv vwdwlf hvwlpdwruv1

Ryhudoo/ rxu hvwlpdwru shuirupv zhoo lq doo fdvhv uhodwlyh wr lwv frpshwlwruv dqg kdv vxevwdqwldo dgydqwdjhv

lq vrph fdvhv1 Wklv lv hvshfldoo| wuxh zlwk wkh eljjhu vdpsoh vl}h +W @ 833, =

7 Hpslulfdo Dssolfdwlrq= Whvwlqj iru SSS

Wkh sxufkdvlqj srzhu sdulw| +SSS , grfwulqh vwdwhv wkdw qrplqdo h{fkdqjh udwhv vkrxog uh hfw uhodwlyh sulfh

ehkdylru1 Ryhu wkh |hduv/ vhyhudo yhuvlrqv ri lw kdyh ehhq sursrvhg1 Wkh vwurqjhvw yhuvlrq lv devroxwh SSS

zklfk vwdwhv wkdw wkh qrplqdo elodwhudo h{fkdqjh udwh vkrxog eh htxdo wr wkh uhodwlyh sulfh ohyho ehwzhhq wkh

wzr frxqwulhv/ lpso|lqj wkdw doo jrrgv dqg vhuylfhv vkrxog kdyh wkh vdph sulfh lq erwk frxqwulhv rqfh h{suhvvhg

lq d frpprq fxuuhqf|1 Gxh wr wkh gl�huhqw qdwlrqdo sulfh lqglfhv dqg wkh suhvhqfh ri qrq0wudghg jrrgv/ d pruh

frpprq yhuvlrq lv uhodwlyh SSS lq zklfk fkdqjhv lq wkh qrplqdo h{fkdqjh udwh uh hfw fkdqjhv lq uhodwlyh sulfh

ohyhov +ru wkh lq dwlrq gl�huhqwldo,1 Shgurql +4<<9, pdnhv d ixuwkhu glvwlqfwlrq ehwzhhq zhdn + uhodwlyh, SSS

dqg vwurqj +uhodwlyh, SSS1 Lq wkh vwurqj irup/ wkh frh!flhqw ri d uhjuhvvlrq ri wkh qrplqdo h{fkdqjh udwh rq

wkh uhodwlyh sulfh ohyho lv 4/ lpso|lqj wkdw wkh uhdo h{fkdqjh udwh lv vwdwlrqdu|1 Xqghu zhdn uhodwlyh SSS/ wkh

frh!flhqw lv gl�huhqw iurp 4/ exw wkhuh h{lvwv vrph ydoxh iru zklfk wkh uhvlgxdov duh vwdwlrqdu|1

<



Wdeoh 41 Vlpxodwlrq uhvxowv/ W @ 433

Phdq Vwg1 huuru Vl}h

LGROV VGROV GJOV IP 0

ROV

IP0

JOV

LGROV VGROV GJOV IP0

ROV

IP0

JOV

LGROV VGROV GJOV IP0

ROV

IP 0

JOV

+3/3/3, 41346 41345 41346 4133: 4133< 31597 315<4 315<8 314;< 314;< 4515 4914 4:14 <17 <1;

31<<; 31<<; 31<<; 41333 31<<< 31383 31386 31387 31369 31369 461: 4918 4<16 4414 4614

+3/318/318, 31<<< 31<<: 31<<9 41333 41333 3154< 31553 31557 31496 31497 451; 4818 4:17 :19 :1:

31<<: 31<<; 31<<; 4133; 4133< 31374 31375 31375 31365 31366 4519 4818 4;1< ;1< 4319

+031</3/3, 31<;< 31<;; 31<<9 31<<8 31<<9 31595 315:6 31537 314<4 3147; 4615 4816 4915 831; 7818

31<<< 41333 41333 31<<< 31<<< 3137: 31384 31364 31368 31356 451: 4719 491< 8318 6614

+31</3/3, 31<;6 31<;8 31<<6 31<<: 41333 31578 3159: 314<9 314;: 3147< 4317 4914 491; 518 418

41335 41335 41334 41335 41335 3137: 31384 31364 31366 31355 4416 471: 4;19 414 319

+3/031</3, 41333 41334 31<<< 31<<< 31<<; 3143: 3144: 31453 3144< 31457 4516 481; 4:16 4815 4:13

41333 31<<< 31<<< 31<;6 31<;4 31353 31355 31356 31358 31358 4517 4813 4:18 5816 5;1:

+3/31</3, 31<<; 31<<9 31<<9 41333 31<<< 31445 31453 31456 31466 3146: 461: 4817 4:13 481: 4;13

41334 41334 41334 4134; 41353 31355 31356 31357 3135: 3135; 4517 4815 4<14 5618 5:19

+3/3/031<, 41336 4133: 41339 4133; 4133: 31573 31593 31596 314:; 314;3 431; 4715 481: ;1; ;1;

31<<< 31<<< 31<<< 41333 41333 3137< 31387 31387 31368 31368 451< 491< 4:14 <19 <1<

+3/3/31<, 41338 41338 4133: 41336 41336 3155< 3158; 31596 314:< 314;3 4415 4714 4814 4413 4414

41333 41333 41333 41334 41334 3137; 31386 31386 31367 31367 441: 4915 4918 4314 4316

Whvwv ri devroxwh SSS duh vfdufh lq wkh olwhudwxuh ehfdxvh ri phdvxuhphqw sureohpv1 Rqh h{fhswlrq lv

wkh sdshu e| Furzqryhu/ Slsshqjhu/ dqg Vwhljhuzdog +4<<9, zklfk xvhv gdwd rq sulfh ohyhov xvhg wr dgmxvw wkh

vdodulhv ri Jhupdq glsorpdwv ryhu wkh zruog1 Krzhyhu/ wkhuh lv e| qrz dq hqruprxv olwhudwxuh rq whvwlqj uhodwlyh

SSS1 Wkh prvw frpprq irup ri wkhvh whvwv frqvlvw ri whvwlqj zkhwkhu wkh uhdo h{fkdqjh udwh lv vwdwlrqdu| dv

lw vkrxog eh xqghu vwurqj uhodwlyh SSS1 Vdpsoh duwlfohv lqfoxgh Iudqnho dqg Urvh +4<<9,/ PdfGrqdog +4<<9,/

Rk +4<<9,/ Zx +4<<9,/ Nrhgmln Vfkrwpdq/ dqg Glmn +4<<;,/ Sdshoo dqg Wkhrgrulglv +4<<;,/ Vduqr dqg Wd|oru

+4<<;,/ R*Frqqhoo +4<<;,/ Kljjlqv dqg ]dnudmvhn +4<<<,/ dqg Io÷uhv/ Mrulrq/ Suhxprqw/ dqg V}didu} +4<<<,1

Wkh ryhudoo frqvhqvxv iurp wkhvh vwxglhv vhhp wr eh wkdw uhdo h{fkdqjh udwhv duh vwdwlrqdu| zkhq xvlqj v|vwhp

whvwv dqg wkdw SSS krogv lq wkh orqj uxq/ wkh rqo| h{fhswlrq ehlqj wkh vwxg| e| R*Frqqhoo1
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Wdeoh 51 Vlpxodwlrq uhvxowv/ W @ 833

Phdq Vwg1 huuru
�
�433�

�
Vl}h

LGROV VGROV GJOV IP 0

ROV

IP0

JOV

LGROV VGROV GJOV IP0

ROV

IP0

JOV

LGROV VGROV GJOV IP0

ROV

IP 0

JOV

+3/3/3, 41337 41337 41338 4336 41336 31;7< 31;98 31;9: 31:;5 31:;7 913 :13 :16 91; :15

41333 41333 41333 41333 41333 313:7 313:8 313:8 3139: 3139; :18 ;1; ;19 916 :13

+3/318/318, 31<<9 31<<9 31<<9 31<<; 31<<; 31:8; 31:55 31:54 31994 31995 91; 919 917 61: 61;

41333 41333 41333 41334 41334 3139; 31398 31396 3138< 3138; 91: :17 ;16 71; 719

+031</3/3, 31<<: 31<<: 31<<; 31<<9 31<<; 31;9< 31;<4 3195< 31;3: 318;; 919 :16 91: 861: 7715

41333 41333 41333 41333 41333 313:6 313:9 3136< 3139: 31368 81: :13 :13 841< 571;

+31</3/3, 41333 41333 41333 41334 41333 31;78 31;87 318<: 31:<9 31894 :14 :13 91; 41: 319

41333 41333 41333 41333 41333 313:7 313:8 3136; 313:4 3136: :15 :19 918 418 313

+3/031</3, 31<<< 31<<; 31<<; 31<<; 31<<; 316:5 316;5 316;6 3168: 31693 915 91< :14 914 915

41333 41333 41333 31<<< 31<<< 31365 31365 31366 31368 31368 :18 ;16 <13 <1< 4413

+3/31</3, 41333 41333 41333 41333 31<<< 316:8 316;8 316;9 316:9 316;3 :14 ;13 :1; :1< ;14

41333 41333 41333 41334 41334 31365 31366 31366 31366 31367 91: :16 :18 ;1: 4316

+3/3/031<, 41335 41335 41335 41336 41336 31;96 31;;4 31;;7 31:<: 31:<< 918 :15 :16 81< 913

41333 41333 41333 41333 41333 3139< 313:4 313:5 31397 31398 916 914 917 81< 81<

+3/3/31<, 41336 41336 41336 41335 41335 31<5< 31<6; 31<77 31;:6 31;:; ;14 ;18 ;19 :15 :16

41333 41333 41333 41333 41333 313;3 313;3 313;4 313:6 313:6 <16 <14 <13 <14 <15

Zh xvh wkh hvwlpdwru sursrvhg deryh lq whvwlqj iru vwurqj uhodwlyh SSS1 Ehfdxvh ri vwurqj olqnv dfurvv

pdunhwv dqg wkh xvh ri d qxphudluh frxqwu| lq gh�qlqj uhdo h{fkdqjh udwhv/ uhdo h{fkdqjh udwhv vkrxog kdyh

kljk furvv0fruuhodwlrq/ d idfw qhjohfwhg lq pdq| ri wkh deryh vwxglhv dqg wdnhq lqwr dffrxqw e| rxu hvwlpdwru1

Wkh sdshuv e| R*Frqqhoo/ KLjjlqv dqg ]dnudmvhn/ dqg Io÷uhv/ Mrulrq/ Suhxprqw/ dqg V}didu} gr frqwuro iru

wklv khwhurjhqhlw| exw lq wkh vkruw0uxq rqo|1 Hyhq lq wkh orqj uxq/ zh vkrxog h{shfw +dqg zh zloo vkrz, wkdw

uhdo h{fkdqjh udwhv duh furvv0fruuhodwhg1 Wdnlqj dgydqwdjh ri wkhvh orqj0uxq fruuhodwlrqv lq hvwlpdwlrq ohdgv wr

pruh h!flhqw hvwlpdwhv dqg pruh srzhuixo lqihuhqfh1

Wkh gdwd zh hpsor| fryhuv wkh hqwluh uhfhqw  rdw iru wkh J0: frxqwulhv +4<:704<<;/ 633 revhuydwlrqv shu

frxqwu|,1 Wkh gdwd zdv rewdlqhg iurp LIV dqg frqvlvwv ri prqwko| dyhudjhv ri wkh elodwhudo h{fkdqjh udwhv
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uhodwlyh wr wkh XV groodu dqg qdwlrqdo frqvxphu sulfh lqglfhv1

Wdeoh 6 suhvhqwv wkh vkruw0uxq fruuhodwlrq pdwul{ ri fkdqjhv lq wkh uhdo h{fkdqjh udwhv ri wkh 9 frxqwulhv

lqyroyhg dqg lv vlplodu wr wdeoh 4 lq Ioruhv hw do1 +4<<<,1 Wkuhh h{sodqdwlrqv fdq dffrxqw iru wkh odujh

fruuhodwlrq/ lq sduwlfxodu dprqj Hxurshdq frxqwulhv1 Wkh �uvw rqh lv wkh suhvhqfh ri ydulrxv qrplqdo h{fkdqjh

udwh fr0ruglqdwlrq phfkdqlvpv dprqj Hxurshdq frxqwulhv ryhu wkh shulrg1 Wkh vhfrqg vrxufh ri fruuhodwlrq/

dv srlqwhg rxw e| R*Frqqhoo +4<<;, > lv wkh xvh ri d qxphudluh frxqwu| +lq wklv fdvh wkh Xqlwhg Vwdwhv,1 Ilqdoo|/

wkh lqwhuqdwlrqdo wudqvplvvlrq ri vkrfnv dprqj wkhvh frxqwulhv ohdgv wr fruuhodwlrq dprqj wkhlu uhdo h{fkdqjh

udwhv1

Wdeoh 61 Vkruw0uxq fruuhodwlrq pdwul{ ri uhdo h{fkdqjh udwh fkdqjhv

Fdqdgd 4=333

Mdsdq 3=38< 4=333

Jhupdq| 3=45: 3=8<6 4=333

Iudqfh 3=454 3=8:9 3=<4< 4=333

Lwdo| 3=478 3=78: 3=:89 3=;33 4=333

Xqlwhg Nlqjgrp 3=475 3=778 3=97; 3=98: 3=983 4=333

Wdeoh 7 lv lghqwlfdo wr wkh suhylrxv wdeoh/ exw lw frpsduhv wkh orqj0uxq fruuhodwlrq ri fkdqjhv lq wkh uhdo

h{fkdqjh udwhv dprqj wkh frxqwulhv lqyroyhg1 Wkhuh duh odujh r�0gldjrqdo hqwulhv/ hvshfldoo| dprqj Hxurshdq

frxqwulhv/ exw dovr ehwzhhq Mdsdq dqg Hxursh1 Fdqdgd lv wkh rqo| frxqwu| zlwk vpdoo fruuhodwlrq zlwk wkh

rwkhu frxqwulhv lq wkh vdpsoh1 Wkhvh orqj0uxq fruuhodwlrqv zhuh qhjohfwhg e| doo suhylrxv dxwkruv dqg zloo eh

xvhg wr jdlq h!flhqf| lq whvwlqj iru SSS1

Wdeoh 71 Orqj0uxq fruuhodwlrq pdwul{ ri uhdo h{fkdqjh udwh fkdqjhv

Fdqdgd 4=333

Mdsdq �3=346 4=333

Jhupdq| �3=35; 3=894 4=333

Iudqfh �3=448 3=835 3=<59 4=333

Lwdo| 3=347 3=65< 3=:;7 3=;69 4=333

Xqlwhg Nlqjgrp �3=394 3=5<4 3=8<3 3=9<6 3=:59 4=333
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Wkh whvw wkdw zh zloo xvh lv d whvw ri vwurqj uhodwlyh SSS1 Vwurqj uhodwlyh SSS lpsolhv wkdw � vkrxog eh

xqlw| lq wkh uhjuhvvlrq=

oq v| @ �. � oq +s|@s
W

|
, . %| +4;,

zkhuh v| lv wkh qrplqdo elodwhudo h{fkdqjh udwh gh�qhg dv wkh qxpehu ri orfdo fxuuhqf| xqlwv shu XV groodu/ s|

lv wkh orfdo frqvxphu sulfh lqgh{/ dqg sW
|
lv wkh XV FSL1 Devroxwh SSS zrxog ixuwkhu uhvwulfw � wr eh }hur/ exw

zh gr qrw lpsrvh wklv ru whvw lw dv lw lv reylrxvo| ylrodwhg lq rxu vdpsoh1

Rxu whvw gl�huv iurp prvw rwkhu hpslulfdo zrun lq wkdw wkh qxoo k|srwkhvlv � @ 4 wuhdwv SSS dv wkh qxoo

k|srwkhvlv1 Dv suhylrxvo| vwdwhg/ prvw vwxglhv whvw iru SSS e| fduu|lqj rxw xqlw urrw whvwv rq uhdo h{fkdqjh

udwhv1 Wkh qxoo k|srwkhvlv lq wklv fdvh +wkh xqlw urrw, lv qr SSS1 Zh eholhyh wkdw wuhdwlqj SSS dv wkh pdlqwdlqhg

k|srwkhvlv wr eh glvfdughg lv pruh qdwxudo1

D ixuwkhu dgydqwdjh ri rxu iudphzrun lv wkdw/ xqghu wkh qxoo k|srwkhvlv ri SSS/ wkh olqhdu vshfl�fdwlrq +4;,

lv urexvw wr wkh fkrlfh ri d qxphudluh frxqwu|1 Wkdw lv/ li zh fkrrvh vd| Jhupdq| dv wkh qxphudluh frxqwu|/

rxu qxoo k|srwkhvlv ri SSS zrxog eh d k|srwkhvlv rq wkh frh!flhqwv ri d olqhdu uhjuhvvlrq ri qrplqdo h{fkdqjh

udwhv rq uhodwlyh sulfh ohyhov1 Whvwv edvhg rq dxwruhjuhvvlrqv gr qrw kdyh wklv surshuw|= wkh vshfl�fdwlrq lv

vhqvlwlyh wr wkh fkrlfh ri wkh qxphudluh frxqwu| dv vkrzq e| Io÷uhv hw do1 +4<<<,= Wkdw lv/ li wkh uhdo h{fkdqjh

udwh xvlqj wkh X1V1 dv qxphudluh lv dq DU+4, surfhvv/ wkh uhdo h{fkdqjh udwh xvlqj Jhupdq| dv qxphudluh zloo

qrw eh dq DU+4,1

Pruhryhu/ lq wkh fdvh zkhuh htxdwlrq +4;, lv qrw d frlqwhjudwlrq uhjuhvvlrq/ wkdw lv li %| lv qrq0vwdwlrqdu|

iru dq| ydoxh ri � dqg �> rxu whvw vwdwlvwlf glyhujhv wr lq�qlw| +htxdwlrq +4;, ehfrphv d vsxulrxv uhjuhvvlrq/

vhh wkhruhp 4+g, lq Skloolsv +4<;9,,1 Lq wklv fdvh/ rxu whvw zloo fruuhfwo| frqfoxgh wkdw SSS lv qrw vxssruwhg

e| wkh gdwd1

Wdeoh 8 suhvhqwv wkh uhvxowv ri hvwlpdwlqj htxdwlrq +4;, xvlqj wkh vdph 8 hvwlpdwruv dv lq wkh Prqwh Fduor

h{shulphqw deryh1 Wr dvvhvv vhqvlwlylw| wr wkh fkrlfh ri N> zh uhsruw uhvxowv iru wkuhh ydoxhv ri N forvh wr W
�

� =

Lw wxuqv rxw wkdw wkh uhvxowv duh txlwh urexvw wr wklv fkrlfh1

Iluvw ri doo/ dv mxvw phqwlrqhg/ lw lv uhdvvxulqj wkdw qr frqfoxvlrq ghshqgv rq wkh fkrlfh ri N> wkh qxpehu ri

ohdgv dqg odjv lqfoxghg lq wkh g|qdplf uhjuhvvlrqv1 Zlwk rxu g|qdplf JOV/ zh fdq uhmhfw wkh qxoo k|srwkhvlv

iru doo frxqwulhv h{fhsw iru Fdqdgd dqg Lwdo|1 Wkh qrq0uhmhfwlrq iru wkhvh wzr frxqwulhv lv urexvw dfurvv phwkrgv

dv zhoo1 Zh fdq rqo| uhmhfw Lwdo| zlwk IP0JOV1

Wkhuh duh qrwlfhdeoh gl�huhqfhv zkhq sdvvlqj wr v|vwhp phwkrgv +hlwkhu VGROV ru GJOV,1 Wkh wzr v|vwhp
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phwkrgv doorz xv wr uhmhfw wkh qxoo k|srwkhvlv iru 7 ri wkh vl{ frxqwulhv zkloh lqglylgxdo ROV doorzv xv wr uhmhfw

rqo| iru Iudqfh dqg Mdsdq1 Wkh h!flhqf| jdlqv frph iru kljko| fruuhodwhg Hxurshdq frxqwulhv +Jhupdq| dqg

wkh Xqlwhg Nlqjgrp,1 Pruhryhu/ g|qdplf JOV surylghv pruh suhflvh hvwlpdwhv/ vxjjhvwlyh ri ixuwkhu h!flhqf|

jdlqv wkrxjk qr frqfoxvlrq lv uhyhuvhg e| wkh fkrlfh ehwzhhq ROV ru JOV1

Dv hpskdvl}hg e| rwkhu dxwkruv/ lw lv lpsruwdqw wr orrn dw v|vwhp phwkrgv lq whvwlqj iru SSS1 Wklv

surylghv h!flhqf| jdlqv dqg lqfuhdvhg srzhu vx!flhqw wr uhmhfw wkh k|srwkhvlv wkdw sxufkdvlqj srzhu sdulw|

lv d uhdvrqdeoh ghvfulswlrq ri orqj0uxq h{fkdqjh udwh ehkdylru1

Wdeoh 81 Hvwlpdwhv ri �

+w0vwdwlvwlfv iru Kf = � @ 4 lq sduhqwkhvhv/ - lqglfdwhv vljql�fdqfh dw 8( ohyho,

N @ Fdqdgd Mdsdq Jhupdq| Iudqfh Lwdo| X1N1

8 4=755
E����.�

4=<96
ES�eb2�

� 4=364
Ef��b2�

5=494
ES�Hff�

� 4=43;
E���.f�

3=9<9
E3��.DD�

LGROV 9 4=763
E��2�e�

4=<;6
ES��eH�

� 4=389
Ef�2b2�

5=4:;
ES�D2��

� 4=45;
E��e.f�

3=9<4
E3��Dee�

: 4=76:
E���Se�

5=347
ED�bb2�

� 4=39;
Ef��2b�

5=4;:
EH�2Hb�

� 4=478
E��D�b�

3=9:;
E3��e�.�

8 4=5;7
Ef�S�.�

4=8;8
E����S�

� 4=977
E���D2�

� 5=788
ES�D.b�

� 3=<9;
E3f��SD�

3=95:
E3���e2�

�

VGROV 9 4=469
Ef��fS�

4=6<<
E2��HS�

� 4=89;
E2�.ef�

� 5=989
E.�fff�

� 3=<;3
E3f�2�f�

3=877
E3e�ffD�

�

: 4=3<:
Ef�2fH�

4=5;6
E��eDe�

4=779
E2��fb�

� 5=:;3
ES�S.2�

� 3=<<;
E3f�f2.�

3=7:5
E3e�eSb�

�

8 4=64<
E��fSS�

4=966
Ee�SeH�

� 4=767
E����D�

� 5=393
E.�De.�

� 3=<33
E3��e�b�

3=9;3
E3���DD�

�

GJOV 9 4=4;:
Ef�.SD�

4=7<6
E��DeD�

� 4=77<
E���f2�

� 5=5:6
EH�H�.�

� 3=<3<
E3��2�2�

3=989
E3��D2.�

�

: 4=47:
Ef�S�2�

4=6:6
E2�S.S�

� 4=6<7
E��f.2�

� 5=78:
Eb���b�

� 3=<84
E3f�SSS�

3=94:
E3e�2H��

�

IP �ROV 4=385
Ef���2�

4=;5<
E.�bbS�

� 3=:;7
E3��bSH�

� 4=<9<
E��f2��

� 3=<86
E3f�.He�

3=:::
E3���H2�

�

IP �JOV 4=585
Ef�SDS�

4=<63
E�f�e2e�

� 3=;6<
E3��eHf�

4=86<
E��.HD�

3=;96
E32�2S2�

� 3=:38
E3e�S�f�

�

8 Frqfoxvlrq

Wklv sdshu kdv sursrvhg qhz hvwlpdwruv ri wkh VXU prgho zlwk lqwhjudwhg uhjuhvvruv edvhg rq dq dxjphqwhg

uhjuhvvlrq prgho1 Zh kdyh ghulyhg wkh dv|pswrwlf glvwulexwlrqv ri rxu hvwlpdwruv dqg lqglfdwhg wkdw d ihdvleoh
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jhqhudol}hg ohdvw vtxduhv hvwlpdwru ri wkh dxjphqwhg prgho xvlqj wkh orqj0uxq fryduldqfh pdwul{ lv wkh prvw

h!flhqw dprqj wkhp1

Prqwh Fduor uhvxowv vxjjhvw wkdw rxu g|qdplf JOV hvwlpdwru frpsduhv idyrudeo| zlwk rwkhu hvwlpdwruv dqg

lpsuryhv qrwlfhdeo| xsrq wkhp lq vrph vlwxdwlrqv1 Pruhryhu/ lqihuhqfh zlwk wklv hvwlpdwru kdv vl}h forvh wr lwv

qrplqdo ohyho1 Wklv lv qrw wkh fdvh ri ixoo|0prgl�hg hvwlpdwruv zklfk vx�hu iurp pruh vhyhuh vl}h glvwruwlrqv1

Dq dssolfdwlrq ri wkh phwkrgv wr whvwlqj ri sxufkdvlqj srzhu sdulw| dprqj J0: frxqwulhv ghprqvwudwhv wkh

lpsruwdqfh ri dqdo|}lqj wklv lvvxh lq d v|vwhp iudphzrun1 Zlwk rxu g|qdplf v|vwhp phwkrgv/ zh duh deoh wr

uhmhfw SSS iru 7 ri wkh 9 frxqwulhv lq rxu dqdo|vlv1 Wklv fdvwv grxewv rq wkh ydolglw| ri SSS dv d uhdvrqdeoh

ghvfulswlrq ri orqj0uxq h{fkdqjh udwh ehkdylru1 Wklv frqfoxvlrq lv lq olqh zlwk wkdw ri R*Frqqhoo +4<<;, exw

frqwudu| wr pxfk ri wkh uhfhqw olwhudwxuh1 Ixuwkhu zrun lv qhfhvvdu| lq dvvhvvlqj wkh vwuhqjwk dqg zhdnqhvvhv

ri wkh ydulrxv phwkrgv ri whvwlqj iru SSS1

9 Dsshqgl{

Surri ri Sursrvlwlrq

Wkh surri xvhv vwdqgdug dujxphqwv dqg zloo eh prvwo| rplwwhg1 Lw vx!fhv wr qrwlfh wkdw zh fdq zulwh
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Uhihuhqfhv

^4` Euloolqjhu/ G1 +4<:8,= Wlph Vhulhv= Gdwd Dqdo|vlv dqg Wkhru|/ Krow/ Ulqhkduw/ dqg Zlqvwrq1

^5` Furzqryhu/ F1/ M1 Slsshqjhu/ dqg G1 J1 Vwhljhuzdog +4<<9,= Whvwlqj iru Devroxwh Sxufkdvlqj Srzhu Sdulw|/

Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 48/ :;60:<91

^6` Io÷uhv/ U1/ S1 Mrulrq/ S1 Suhxprqw/ dqg D1 V}didu} +4<<<,= Pxowlyduldwh Xqlw Urrw Whvwv ri wkh SSS

K|srwkhvlv/ Mrxuqdo ri Hpslulfdo Ilqdqfh/ 9/ 66806861

^7` Iudqnho/ M1 dqg D1 Urvh +4<<9,= D Sdqho Surmhfw rq Sxufkdvlqj Srzhu Sdulw|= Phdq Uhyhuvlrq Zlwklq dqg

Ehwzhhq Frxqwulhv/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 73/ 53<05571

^8` Juhqdqghu/ X1 dqg P1 Urvhqeodww +4<8:,= Vwdwlvwlfdo Dqdo|vlv ri Vwdwlrqdu| Wlph Vhulhv/ Qhz \run/ Mrkq

Zloh| dqg Vrqv1

^9` Kljjlqv/ P1 dqg H1 ]dnudmvhn +4<<<,=Sxufkdvlqj Srzhu Sdulw|= Wkuhh Vwdnhv Wkurxjk wkh khduw ri wkh

Xqlw Urrw Qxoo/ Plphr1

^:` Nrhglmn/ N1/ S1 Vfkrwpdq/ dqg P1 Glmn +4<<;,= Wkh Uh0Hphujhqfh ri SSS lq wkh 4<<3v/ Mrxuqdo ri

Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 4:/ 840941

^;` PdfGrqdog/ U1 +4<<9,= Sdqho Xqlw Urrw Whvwv dqg Uhdo H{fkdqjh Udwhv/ Hfrqrplfv Ohwwhuv/ 83/ :0441

^<` Prrq/ K1U1 +4<<<,= D Qrwh rq Ixoo|0Prgl�hg Hvwlpdwlrq ri Vhhplqjo| Xquhodwhg Uhjuhvvlrqv Prghov

zlwk Lqwhjudwhg Uhjuhvvruv/ Hfrqrplfv Ohwwhuv/ 98/ 58�641

^43` Rk/ N1 +4<<9,= Sxufkdvlqj Srzhu Sdulw| dqg Xqlw Urrw Whvwv Xvlqj Sdqho Gdwd/ Mrxuqdo ri Lqwhuqdwlrqdo

Prqh| dqg Ilqdqfh/ 48/ 738074;1

^44` R*Frqqhoo/ S1 J1 M1 +4<<;,= Wkh Ryhuydoxdwlrq ri Sxufkdvlqj Srzhu Sdulw|/ Mrxuqdo ri Lqwhuqdwlrqdo

Hfrqrplfv/ 77/ 40531

^45` Sdshoo/ G1 K1 dqg K1 Wkhrgrulglv +4<<;,= Lqfuhdvlqj Hylghqfh ri Sxufkdvlqj Srzhu Sdulw| Ryhu wkh Fxuuhqw

Iordw/ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg Ilqdqfh/ 4:/ 740831

^46` Sdun/ M1 +4<<5,= Fdqrqlfdo Frlqwhjudwlqj Uhjuhvvlrqv/ Hfrqrphwulfd/ 93/ 44<04761

4:



^47` Sdun/ M1 dqg P1 Rjdnl +4<<4,= Vhhplqjo| Xquhodwhg Fdqrqlfdo Frlqwhjudwlqj Uhjuhvvlrqv/ Plphr1

^48` Sdun/ M1 dqg S1 F1E1 Skloolsv +4<;;,= Vwdwlvwlfdo Lqihuhqfh lq Uhjuhvvlrqv zlwk Lqwhjudwhg Surfhvvhv= Sduw

L/ Hfrqrphwulf Wkhru|/ 7/ 79;07<:1

^49` Shgurql/ S1 +4<<9,= Ixoo| Prgl�hg ROV iru Khwhurjhqhrxv Frlqwhjudwhg Sdqhov dqg wkh Fdvh ri Sxufkdvlqj

Srzhu Sdulw|/ Zrunlqj sdshu <90353/ Ghsduwphqw ri Hfrqrplfv/ Lqgldqd Xqlyhuvlw|1

^4:` Skloolsv/ S1 F1E1 +4<;9,/ Xqghuvwdqglqj Vsxulrxv Uhjuhvvlrqv lq Hfrqrphwulfv/ Mrxuqdo ri Hfrqrphwulfv/

66/ 64406731

^4;` Skloolsv/ S1 F1E1 +4<<4,= Rswlpdo Lqihuhqfh lq Frlqwhjudwhg V|vwhpv/ Hfrqrphwulfd/ 8</ 5;606391

^4<` Skloolsv/ S1 F1E1 +4<<8,= Ixoo| Prgl�hg Ohdvw Vtxduhv dqg Yhfwru Dxwruhjuhvvlrqv/ Hfrqrphwulfd/ 96/

4356043:;1

^53` Skloolsv/ S1 F1E1 dqg E1 Kdqvhq +4<<4,= Vwdwlvwlfdo Lqihuhqfh lq Lqvwuxphqwdo Uhjuhvvlrqv zlwk L+4, Sur0

fhvvhv/ Uhylhz ri Hfrqrplf Vwxglhv/ 8:/ <<04581

^54` Skloolsv/ S1 F1E1 dqg M1 Sdun +4<;;,= Dv|pswrwlf Htxlydohqfh ri ROV dqg JOV lq Uhjuhvvlrq zlwk Lqwh0

judwhg Uhjuhvvruv/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ ;6/ 444�4481

^55` Skloolsv/ S1 F1E1 dqg Y1 Vror +4<<5,= Dv|pswrwlfv iru Olqhdu Surfhvvhv/ Dqqdov ri Vwdwlvwlfv/ 53/ <:4043341

^56` Vdlnnrqhq/ S1 +4<<4,= Dv|pswrwlfdoo| H!flhqw Hvwlpdwlrq ri Frlqwhjudwlrq Uhjuhvvlrqv/ Hfrqrphwulf

Wkhru|/ :/ 4�541

^57` Vwrfn/ M1 dqg P1 Zdwvrq +4<<6,= D Vlpsoh Hvwlpdwru ri Frlqwhjudwlqj Yhfwruv lq Kljkhu Rughu Lqwhjudwhg

V|vwhp/ Hfrqrphwulfd/ 94/ :;6�;531

^58` Wd|oru/ P1 S1 dqg O1 Vduqr +4<<;,= Wkh Ehkdylru ri Uhdo H{fkdqjh Udwhv Gxulqj wkh Srvw0Euhwwrq Zrrgv

Shulrg/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ 78/ 5;406451

^59` Zx/ \1 +4<<9,= Duh Uhdo H{fkdqjh Udwhv Qrqvwdwlrqdu|B Hylghqfh iurp d Sdqho Gdwd Whvw/ Mrxuqdo ri

Prqh|/ Fuhglw dqg Edqnlqj/ 5;/ 870961

^5:` ]hooqhu D1 +4<95,= Dq H!flhqw Phwkrg ri Hvwlpdwlqj Vhhplqjo| Xquhodwhg Uhjuhvvlrq Htxdwlrqv dqg Whvwv

ri Djjuhjdwlrq Eldv/ Mrxuqdo ri wkh Dphulfdq Vwdwlvwlfdo Dvvrfldwlrq/ 8:/ 833083<1
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