
Zhoiduh lq d Gl�huhqwldwhg Roljrsro| zlwk

Iuhh Hqwu|= d Fdxwlrqdu| Qrwh�

Urehuwr Fhoolql{/ Oxfd Odpehuwlql&|dqg Jldqpdufr L1S1 Rwwdyldqr&

{Xqlyhuvlwã gl Fdwdqld
&Xqlyhuvlwã gl Erorjqd

Iheuxdu| ;/ 4<<<

Devwudfw

Zh prgho d iuhh hqwu| htxloleulxp lq d gl�huhqwldwhg roljrsro|

zkhuh �upv frpshwh hlwkhu lq sulfhv ru lq txdqwlwlhv1 Zh suryh wkdw

Frxuqrw frpshwlwlrq doorzv iru d odujhu qxpehu ri �upv wr vxuylyh

lq htxloleulxp1 Khqfh/ wkh frqyhqwlrqdo zlvgrp rq lqgxvwu| rxwsxw

dqg vrfldo zhoiduh pd| qrw krog1 Lq idfw/ zh suryh wkdw wkhuh h{lvwv d

uhjlrq ri sdudphwhuv zkhuh wkh djjuhjdwh rxwsxw ohyho dv zhoo dv vrfldo

vxusoxv duh odujhu xqghu Frxuqrw wkdq Ehuwudqg frpshwlwlrq1

M1H1O1 Fodvvl�fdwlrq= G76/ O46

Nh|zrugv= iuhh hqwu|/ orqj0uxq htxloleulxp/ roljrsro|/ vrfldo zho0

iduh

�Dfnqrzohgjphqwv1 Zh wkdqn Mdftxhv0Iudqêrlv Wklvvh iru xvhixo vxjjhvwlrqv1 Wkh

xvxdo glvfodlphu dssolhv1
|Fruuhvsrqglqj dxwkru= Oxfd Odpehuwlql/ Xqlyhuvlwã gl Erorjqd/ Glsduwlphqwr gl

Vflhq}h Hfrqrplfkh/ Vwudgd Pdjjlruh 78/ L073458 Erorjqd/ Lwdo|1 Id{= .6<0384097359971

H0pdlo= odpehuwlCvser1xqler1lw
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4 Lqwurgxfwlrq

Zh prgho d iuhh hqwu| htxloleulxp lq d gl�huhqwldwhg roljrsro| zkhuh vlqjoh0

surgxfw �upv frpshwh hlwkhu lq sulfhv ru lq txdqwlwlhv1 Hqwu| uhtxluhv d �{hg

frvw zklfk uh hfwv wkh h�ruwv ri �upv lq surgxfw lqqrydwlrq dfwlylwlhv1

Lq wkh h{lvwlqj olwhudwxuh rq roljrsro| pdunhwv/ frpsdudwlyh zhoiduh hydo0

xdwlrqv ehwzhhq sulfh dqg txdqwlw| frpshwlwlrq duh xvxdoo| fduulhg rxw iru

d jlyhq pdunhw vwuxfwxuh/ wkdw lv/ iru d jlyhq qxpehu ri �upv +vhh Vlqjk
dqg Ylyhv/ 4<;7> Ylyhv/ 4<;8> Rnxjxfkl/ 4<;:/ lqwhu dold,1 Doo wkhvh frqwul0
exwlrqv srlqw rxw wkdw/ iru d jlyhq qxpehu ri �upv +dqg surgxfw ydulhwlhv,/
wkh kduvkhu frpshwlwlrq dqg wkh odujhu djjuhjdwh rxwsxw fkdudfwhulvlqj d
Ehuwudqg pdunhw ylv ã ylv lwv Frxuqrw frxqwhusduw lpso| wkdw sulfh frp0
shwlwlrq lv vrfldoo| suhihudeoh wr txdqwlw| frpshwlwlrq/ zkloh reylrxvo| wkh
rssrvlwh krogv iru �upv1

Rxu dlp lv wr kljkoljkw wkdw vxfk d frpsdulvrq pd| eh plvohdglqj wr wkh
h{whqw wkdw wkh qxpehu ri �upv lq wkh orqj0uxq htxloleulxp lv hqgrjhqrxvo|
hvwdeolvkhg e| wkh hqwu| surfhvv1 Lq sduwlfxodu/ zh suryh wkdw Frxuqrw frp0
shwlwlrq doorzv iru d odujhu qxpehu ri �upv wr vxuylyh lq htxloleulxp1 Khqfh/
wkh frqyhqwlrqdo zlvgrp rq lqgxvwu| rxwsxw dqg vrfldo zhoiduh pd| qrw krog1
Lq idfw/ zh vkrz wkdw wkhuh h{lvwv d uhjlrq ri sdudphwhuv zkhuh wkh djjuhjdwh

rxwsxw ohyho dv zhoo dv vrfldo vxusoxv duh odujhu xqghu Frxuqrw wkdq xqghu

Ehuwudqg frpshwlwlrq1
Zkloh vrphzkdw vxusulvlqj/ wr rxu nqrzohgjh wklv uhvxow kdv ehhq ryhu0

orrnhg e| wkh olwhudwxuh vr idu/ srvvleo| ehfdxvh wkh lvvxh ri surgxfw glyhuvlw|
xqghu iuhh hqwu| kdv ehhqprvwo| wdfnohg lq whupv ri prqrsrolvwlf frpshwlwlrq
udwkhu wkdq roljrsro|1 Dv lw lv zhoo nqrzq/ zlwk prqrsrolvwlf frpshwlwlrq wkh
fkrlfh ehwzhhq vhwwlqj sulfhv dqg vhwwlqj txdqwlwlhv lv lppdwhuldo iru �upv
+vhh/ h1j1 Gl{lw dqg Vwljolw}/ 4<::> Rwwdyldqr dqg Wklvvh/ 4<<<,1

Wkh uhpdlqghu ri wkh sdshu lv vwuxfwxuhg dv iroorzv1 Wkh prgho lv odlg rxw
lq vhfwlrq 51 Wkh iuhh hqwu| htxloleuld xqghu Frxuqrw dqg Ehuwudqg ehkdylrxu
duh ghulyhg lq vhfwlrq 61 Vhfwlrq 7 surylghv d frpsdudwlyh hydoxdwlrq ri
djjuhjdwh rxwsxw dqg vrfldo zhoiduh ohyhov lq wkh wzr vhwwlqjv1 Frqfoxglqj
uhpdunv duh lq vhfwlrq 81
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5 Wkh vhwxs

Zh frqvlghu d pdunhw zkhuh vlqjoh0surgxfw �upv vhoo gl�huhqwldwhg surgxfwv1

Wkhuh h{lvwv d �{hg hqwu| ihh 8 / zklfk fdq eh wkrxjkw ri dv wkh U)G frvw

ri ghyhorslqj d fhuwdlq ydulhw|1 Ilupv hqwhu wkh pdunhw xqwlo wkh lqglylgxdo

sur�w ehfrphv qlo1 Rqfh wkh| kdyh hqwhuhg wkh pdunhw/ �upv surgxfh dw

wkh vdph frqvwdqw pdujlqdo frvw1 Zlwkrxw ixuwkhu orvv ri jhqhudolw|/ zh

qrupdolvh wkh pdujlqdo frvw wr }hur1 Ohw ? eh wkh qxpehu ri �upv rshudwlqj
lq wkh pdunhw1 Wkh ghpdqg vwuxfwxuh lv eruurzhg iurp Vshqfh +4<:9,1 Zkhq
�upv frpshwh lq txdqwlwlhv/ wkh lqyhuvh ghpdqg ixqfwlrq iru ydulhw| � lv=

R� ' @� K^� � _
[

� �'�

^� +4,

zkhuh _ 5 dfc Ko lv wkh v|pphwulf ghjuhh ri vxevwlwxwdelolw| ehwzhhq dq| sdlu ri
ydulhwlhv1 Li _ ' Kc surgxfwv duh frpsohwho| krprjhqhrxv> li _ ' fc surgxfwv
duh frpsohwho| lqghshqghqw dqg hdfk �up ehfrphv d prqrsrolvw1 Xqghu
sulfh frpshwlwlrq/ wkh fruuhvsrqglqj gluhfw ghpdqg ixqfwlrq iru ydulhw| � lv
+Pdmhuxv/ 4<;;,=

^� '

�

Kn _E? � ��
�

;?
=@�

Kn _E?� 2�

K� _
� R� n

_

K� _
�

[

� �'�

R�

<@
> � +5,

Lq erwk vhwwlqjv/ �up �*v remhfwlyh ixqfwlrq lv Z
&

�
' -&

�
�8 ' R�^��8c zkloh

frqvxphu vxusoxv lv �7&
' d
S

?

�'�
E�� R��^�o *2� Vxshuvfulsw & ' �c� lqgl0

fdwhv zkhwkhu pdunhw frpshwlwlrq wdnhv sodfh ã od Ehuwudqg ru ã od Frxuqrw1

Vlqfh sur�wv duh qlo lq wkh iuhh hqwu| htxloleulxp/ frqvxphu vxusoxv dorqh lv

wkh dssursuldwh phdvxuh iru vrfldo zhoiduh1

6 Wkh iuhh hqwu| htxloleulxp

Khuh zh lqyhvwljdwh wkh orqj0uxq htxloleuld xqghu wkh dowhuqdwlyh dvvxpswlrqv

ri Frxuqrw dqg Ehuwudqg ehkdylrxu1

614 Frxuqrw frpshwlwlrq

Wkh �uvw rughu frqglwlrq iru �up � lv=

YZ�

�

Y^�
' @� 2K^� � _

[

� �'�

^� ' f� +6,
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Iurp +6, zh lpphgldwho| ghulyh wkh ehvw uhso| ixqfwlrq=

^� '

@� _
S

� �'�
^�

2K
� +7,

Rq wkh edvlv ri h{ dqwh v|pphwu| dfurvv wkh srsxodwlrq ri �upv/ zh lqwurgxfh
wkh iroorzlqj dvvxpswlrq=

[

� �'�

^� ' E? � ��^�� +8,

Wklv doorzv xv wr gurs/ lq wkh uhpdlqghu/ wkh lqglfdwlrq ri wkh lghqwlw| ri wkh
�up1 Wkh lqglylgxdo rxwsxw ohyho lq htxloleulxp lv

^
�E?� '

@

2Kn _E?� ��
c +9,

wr zklfk wkh iroorzlqj sur�wv duh dvvrfldwhg=

Z
�E?� '

@
2
K

d2Kn _E?� ��o2
� 8 � +:,

Iru ixwxuh uhihuhqfh/ revhuyh wkdw wkh htxloleulxpsulfh lv R�E?� ' @K* d2Kn _E?� ��o
dqg lqgxvwu| rxwsxw lv '�E?� ' ?^�E?�� Vroylqj Z�E?� ' f zlwk uhvshfw wr

?/ zh rewdlq wkh qxpehu ri �upv rshudwlqj lq wkh lqgxvwu| lq wkh iuhh hqwu|

htxloleulxp=

?
�
' ��

2K

_
n

@

_

v
K

8
c +;,

dv orqj dv ?� � �c l1h1/ 8 � @2*eK� Qrwlfh wkdw wklv lqhtxdolw| hvwdeolvkhv

wkdw wkh �{hg frvw pxvw qrw h{fhhg wkh jurvv sur�wv ri d prqrsrolvw1 Jlyhq

wkdw dw wkh iuhh hqwu| htxloleulxp wkh lqgxvwu| sur�wv duh qlo/ zh rewdlq

7`
�E?�� ' �7

�E?�� '
E@�

s
K8 �

k
@
s
K� E2K� _�

s
8

l

2_
s
K

+<,

zklfk lv hyhu|zkhuh srvlwlyh lq wkh dgplvvleoh udqjh ri sdudphwhuv1

615 Ehuwudqg frpshwlwlrq

Wr ghulyh wkh htxloleulxp lq wkh Ehuwudqg vhwwlqj/ zh surfhhg dv lq wkh suh0
ylrxv vxevhfwlrq1 Wkh �uvw rughu frqglwlrq iru �up � lv=

YZ�

�
E?�

YR�
'

@EK� _�� 2 dKn _E? � 2�o R� n _
S

� �'� R�

EK� _�dKn _E? � ��o
' f� +43,
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Xvlqj wkh v|pphwu| dvvxpswlrq
S

� �'� R� ' E?���Rc zh ghulyh wkh htxloleulxp
sulfh

R
�E?� '

@EK� _�

2EK� _� n _E?� ��
� +44,

Soxjjlqj +44, lqwr wkh sur�w ixqfwlrq dqg vlpsoli|lqj/ zh jhw wkh lqglylgxdo
htxloleulxp sur�wv=

Z
�E?� '

@
2EK� _� dKn _E? � 2�o

d2EK� _� n _E?� ��o2 dKn _E?� ��o
� 8 � +45,

Lqglylgxdo dqg lqgxvwu| rxwsxw duh/ uhvshfwlyho|/

^
�E?� '

@ dKn _E? � 2�o

E2EK� _� n _E?� ���EKn _E?� ���
+46,

dqg '�E?� ' ?^
�E?�� Lpsrvlqj wkdw Z

�E?� ' fc zh ghulyh wkh htxloleulxp

qxpehu ri �upv/ ?�/ lq wkh Ehuwudqg vhwwlqj14 Fruuhvsrqglqjo|/ zh jhw wkh

htxloleulxp ohyho ri vrfldo zhoiduh 7`�E?�� ' �7�E?���

7 D frpsdudwlyh dvvhvvphqw

Frqvlghu lqglylgxdo sur�wv xqghu Frxuqrw dqg Ehuwudqg frpshwlwlrq/ uhvshf0
wlyho|/ l1h1/ +:, dqg +45,1 Lw lv hdvlo| yhul�hg wkdw

� zkhq ? ' �c Z
�E�� ' Z

�E�� ' Z� ' @2*EeK� � 8c zkhuh vxevfulsw �

vwdqgv iru prqrsro|>

� *�4?<" Z
�E?� ' *�4?<" Z

�E?� ' f(

� iru doo ? 5 E�c4�c wkh udwlr

-�E?�

-�E?�
'

EK� _�EK� 2_ n _?�E2K� _ n _?�2

KE2K� �_n _?�2EK� _n _?�

lv dozd|v vwulfwo| orzhu wkdq rqh1 Wklv/ jlyhq wkh �{hg frvw 8c hvwde0

olvkhv wkdw txdqwlw| frpshwlwlrq lv dozd|v pruh sur�wdeoh wkdq sulfh

frpshwlwlrq lq wklv udqjh ri ?(

4Wkh htxdwlrq �
E
@ 3 kdv wkuhh vroxwlrqv lq q> ri zklfk rqo| rqh lv uhdo1
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� iru doo ? 5 d�c4�c erwk Z
�E?� dqg Z

�E?� duh hyhu|zkhuh ghfuhdvlqj lq

?�

Khqfh/ wkh iroorzlqj uhvxow fdq eh hvwdeolvkhg=

Ohppd 4 Wkh qxpehu ri �upv lq vwhdg| vwdwh lv odujhu xqghu Frxuqrw frp0

shwlwlrq/ l1h1/ ?� : ?
�
�

Surri1 Wklv iroorzv iurp wkh deryh glvfxvvlrq/ mrlqw zlwk wkh dvvxpswlrq

wkdw wkh hqwu| frvw 8 lv lqyduldqw lq ?�

Dv wr rxwsxw ohyhov/ wkh iroorzlqj idfwv duh zhoo nqrzq=

� iru doo ? 5 d�c4�c ^
�E?� � ^

�E?� dqg '�E?� � '�E?�c zlwk vwulfw

htxdolwlhv dw ? ' �(

� iru doo ? 5 d�c4�c erwk '�E?� dqg '�E?� duh hyhu|zkhuh lqfuhdvlqj lq

?�

Sursrvlwlrq 4 D sulrul/ wkh vljq ri '�E?���'�E?�� lv dpeljxrxv1

Wkh deryh fodlp fdq eh mxvwl�hg rq wkh iroorzlqj jurxqgv1 Iru d jlyhq

? 5 E�c4�c zh nqrz wkdw'�E?��'�E?� 	 f�Krzhyhu/ rq wkh edvlv ri ohppd

4/ ?� : ?� � Wklv/ frpelqhg zlwk wkh idfw wkdw djjuhjdwh rxwsxw lv lqfuhdvlqj

lq wkh qxpehu ri �upv xqghu erwk Frxuqrw dqg Ehuwudqg frpshwlwlrq/ lpsolhv

wkdw '�E?���'�E?�� pd| kdyh hlwkhu vljq1

Wkh uhohydqw lpsolfdwlrq ri wklv dujxphqw lv wkdw dq dqdorjrxv dpeljxlw|

dulvhv dv wr zhoiduh ohyhov/ lq wkdw wkh vljq ri �7�E?�� : �7�E?�� +dqg
7`�E?���7`�E?��, lv qhfhvvdulo| wkh vdph dv '�E?���'�E?��� Khqfh/

Ohppd 5 Dw wkh iuhh hqwu| htxloleulxp/ d qhfhvvdu| dqg vx!flhqw frqglwlrq

iru �7�E?�� : �7�E?�� lv '�E?�� : '�E?���

Surylghg wkdw '�E?� � '�E?� iru doo ?c d vlwxdwlrq zkhuh 7`�E?�� :
7`�E?�� pd| rewdlq li '�E?� lv qrw wrr idu ehorz '�E?�� Wklv lv looxvwudwhg
lq �jxuh 41
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Iljxuh 4 = Wkh iuhh hqwu| htxloleulxp

�

!

" !

ZE?�

?

?3� E'�

'

�

8

Z�E?�
Z�E?�

'�E?�
'�E?�

?� ?��� ��

t

f

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

Wkh duhd ri wkh wudsh}rlg ����ft phdvxuhv �7�E?����7�E?�� : fc
wkdw lv/ wkh jdlq lq frqvxphu vxusoxv +dqg zhoiduh, surgxfhg e| wkh odujhu
surgxfw glyhuvlw| lq wkh Frxuqrw iuhh hqwu| htxloleulxp/ frpsduhg wr wkh
Ehuwudqg pdunhw1 Dq h{dpsoh lv jlyhq lq �jxuh 5/ zkhuh zh frqvlghu i@ '
�f( K ' �j dqg zh sorw wkh gl�huhqfh �7�E?�� � �7�E?�� +ru 7`�E?�� �
7`�E?��, ryhu i_ 5 df��c �o(8 5 d�c Doj� Wkh yldelolw| frqglwlrq wkdw dw ohdvw

rqh �up hqwhuv wkh pdunhw lv phw/ lq wkdw 8 	 Z� ' @
2*EeK� ' 2D� Lw fdq

dovr eh yhul�hg wkdw erwk ?
� dqg ?

� duh vwulfwo| odujhu wkdq rqh1 Ilqdoo|/

lq whupv ri wkh lqwhjhu sureohp/ lw fdq dovr eh fkhfnhg wkdw wkh gl�huhqfh

ehwzhhq ?
� dqg ?

� lv qrw luuhohydqw15

5Iru h{dpsoh/ lq wkh fdvh zkhuh ig @ =4> I @ 7j/ zh jhw q
F
� q

E
@ 4=4;1

:



Iljxuh 5 = _Sr ' �7
�E?��� �7

�E?��
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Wkh lqwxlwlrq ehklqg wkh uhvxow looxvwudwhg lq �jxuh 5 lv dv iroorzv1 Wkh

jdlq lq frqvxphu vxusoxv fdq eh wudfhg edfn wr wkh odujhu surgxfw ydulhw|

fkdudfwhulvlqj Frxuqrw frpshwlwlrq1 Wr �{ lghdv/ frqvlghu wkh fdvh zkhuh

surgxfw gl�huhqwldwlrq lv uhodwlyho| orz/ l1h1/ _ lv forvh wr K� Lq wklv fdvh/

wkh lqfhqwlyh wr hqwhu wkh pdunhw lv vljql�fdqwo| zhdnhu zkhq �upv h{shfw

pdunhw frpshwlwlrq wr eh ã od Ehuwudqg udwkhu wkdq ã od Frxuqrw1 Lq wkh

olplw/ dv _*K$ �c iru dq| 8 5 dfc Z�E?���c wkh htxloleulxp pdunhw vwuxfwxuh

zlwk Ehuwudqg ehkdylrxu lv dw prvw d prqrsro|/ zkloh ?� �upv pd| hqwhu li

frpshwlwlrq wdnhv sodfh lq txdqwlwlhv1 Lq wklv vlwxdwlrq/ zh zrxog frpsduh

wkh vrfldo zhoiduh ri d prqrsro| djdlqvw wkdw ri d Frxuqrw roljrsro|/ dqg

wklv dvvhvvphqw lv vwudljkwiruzdug1

8 Frqfoxglqj uhpdunv

Wkh frqfoxvlrq kdv wkh vdph  dyrxu ri wkh srlqw pdgh e| Qrupdq dqg Wklvvh
+4<<9,/ derxw wkh vrfldo ghvludelolw| ri vriw udwkhu wkdq wrxjk sulflqj uhjlph1
Ghdolqj zlwk sulfh ghuhjxodwlrq srolflhv lq d prgho ri vsdwldo frpshwlwlrq/
Qrupdq dqg Wklvvh revhuyh wkdw �hufh sulfh frpshwlwlrq dprqj lqfxpehqw
�upv pd| ghwhu wkh hqwu| ri qhz �upv/ dqg khqfh pd| eh ghwulphqwdo wr
frqvxphu dqg vrfldo zhoiduh/ lq wkdw �wkh ehqh�wv ri orzhu sulfhv zlwk d

;



jlyhq qxpehu ri �upv pd| eh pruh wkdq r�vhw e| d uhgxfwlrq lq wkh qxpehu
ri �upv wkdw fdq hqwhu wkh pdunhw � +Qrupdq dqg Wklvvh/ 4<<9/ s1 ::,1

Wkh deryh dqdo|vlv frxog eh h{whqghg lq vhyhudo gluhfwlrqv/ lq rughu wr
whvw wkh urexvwqhvv ri rxu uhvxowv1 Iluvw/ dq lq�qlwh wlph krul}rq frxog eh
h{solflwo| lqwurgxfhg1 Lq vxfk d fdvh/ wkh sur�wv ri �up � zrxog eh Z&

�
'

-&

�
*4 � 8c zkhuh 4 lv wkh glvfrxqw idfwru zklfk lv dvvxphg wr eh frpprq

wr doo �upv1 Wkh hqwu| surfhvv zrxog vwrs zkhq -&

�
' 48c dqg wkh deryh

glvfxvvlrq zrxog krog xqprgl�hg1 D vhfrqg h{whqvlrq frxog frqvlghu wkh
srvvlelolw| ri nqrzohgjh vslooryhuv iurp hduolhu hqwudqwv wr wkh srsxodwlrq ri
rxwvlgh �upv1 Wklv lghd jrhv edfn dw ohdvw wr Duurz +4<95, dqg kdv d uhohydqw
uroh lq uhfhqw uhvhdufk +Urphu/ 4<<3> Jurvvpdq dqg Khospdq/ 4<<4,1 Wkh
h{whuqdolw| lq wkh U)G dfwlylw| dlphg dw surgxfw lqqrydwlrq zrxog wxuq wkh
krul}rqwdo olqh lq wkh qruwk0hdvw txdgudqw ri �jxuh 4 lqwr d grzqzdug0vorslqj
ixqfwlrq ri ?c lqfuhdvlqj wkxv wkh gl�huhqfh ?

�
� ?

�
� Wklv/ lq wxuq/ zrxog

pdnh lw pruh olnho| wr rewdlq wkdw vrfldo vxusoxv lv odujhu xqghu txdqwlw|
ehkdylrxu wkdq xqghu sulfh ehkdylrxu1

<



Uhihuhqfhv

^4` Duurz/ N1M1 +4<95,/ �Wkh Hfrqrplf Lpsolfdwlrqv ri Ohduqlqj e| Grlqj�/
Uhylhz ri Hfrqrplf Vwxglhv/ 5</ 48804:61

^5` Gl{lw/ D1N1 dqg M1H1 Vwljolw} +4<::, Prqrsrolvwlf Frpshwlwlrq dqg Rs0
wlpxp Surgxfw Glyhuvlw|/ Dphulfdq Hfrqrplf Uhylhz/ 9:/ 5<:063;1

^6` Jurvvpdq/ J1P1 dqg H1 Khospdq +4<<4,/ Lqqrydwlrq dqg Jurzwk lq wkh

Joredo Hfrqrp|/ Fdpeulgjh/ PD/ PLW Suhvv1

^7` Pdmhuxv/ G1 +4<;;,/ �Sulfh yv Txdqwlw| Frpshwlwlrq lq Roljrsro| Vx0
shujdphv�/ Hfrqrplfv Ohwwhuv/ 5:/ 5<605<:1

^8` Qrupdq/ J1 dqg M10I1 Wklvvh +4<<9,/ �Surgxfw Ydulhw| dqg Zhoiduh xq0
ghu Wrxjk dqg Vriw Sulflqj Uhjlphv�/ Hfrqrplf Mrxuqdo/ 439/ :90<41

^9` Rnxjxfkl/ N1 +4<;:,/ �Htxloleulxp Sulfhv lq wkh Ehuwudqg dqg Frxuqrw
Roljrsrolhv�/ Mrxuqdo ri Hfrqrplf Wkhru|/ 75/ 45;046<1

^:` Rwwdyldqr/ J1L1S1 dqg M10I1 Wklvvh +4<<<,/ �Prqrsrolvwlf Frpshwlwlrq/
Pxowlsurgxfw Ilupv dqg Rswlpxp Surgxfw Glyhuvlw|�/ Fhqwhu iru Rs0
hudwlrqv Uhvhdufk dqg Hfrqrphwulfv/ Orxydlq0od0Qhxyh/ plphr1

^;` Urphu/ S1P1 +4<<3,/ �Hqgrjhqrxv Whfkqrorjlfdo Fkdqjh�/ Mrxuqdo ri
Srolwlfdo Hfrqrp|/ <;/ V:40V4351

^<` Vlqjk/ Q1 dqg [1 Ylyhv +4<;7,/ �Sulfh dqg Txdqwlw| Frpshwlwlrq lq d
Gl�huhqwldwhg Gxrsro|�/ UDQG Mrxuqdo ri Hfrqrplfv/ 48/ 87908871

^43` Vshqfh/ D1P1 +4<:9,/ �Surgxfw Gl�huhqwldwlrq dqg Zhoiduh�/ Dphulfdq
Hfrqrplf Uhylhz/ 99/ 73:07471

^44` Ylyhv/ [1 +4<;8,/ �H!flhqf| ri Ehuwudqg dqg Frxuqrw Htxloleuld zlwk

Surgxfw Gl�huhqwldwlrq�/ Mrxuqdo ri Hfrqrplf Wkhru|/ 69/ 49904:81
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