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ä[ß@ã�æoì{ò���â̈ ÷(ß�èêâÒæ�ðéð�ß?ý�ç9å�æ�ß@ð � ç?ã�ãÂâ�ãoõêâÒâ�û�ë[ç?ã � å�ô�â8þ�è�â?ç?å�â�èÅå�ôéâ8äDß!å�â̈ ð�å�æ(ç!ã û�ë[ç?ã�æ�å�ò
æ�ÞÅä�è�ß9ý�â�ÞÅâ9ð�å�� ä�ç?å�â9ð�åmäéèêß@å�â�ì�å�æ�ß�ð Þ\ç�òùæ�ð�ì̈ èêâ!ç?õ�â��
	�� æ�ð�å�â̈ ð�õ�æ�å�ò � ��ë�åmó�ß@è�õ�â�ð�õ
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Frqwhqwv

4 Lqwurgxfwlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 6
5 D Edvlf Prgho 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7

514 Wkh Vhfrqg Shulrg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 7
51414 Frpshwlwlrq srolf| dqg wkh �up*v rxwsxw ghflvlrq 1 1 1 1 7
51415 Wkh Frpshwlwlrq Dxwkrulw|*v sureohp 1 1 1 1 1 1 1 1 1 1 1 ;

515 Wkh Iluvw Shulrg 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45
51514 Ilup 4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 45
51515 Wkh Frpshwlwlrq Dxwkrulw| 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 48

6 Sdwhqw Surwhfwlrq/ Frpshwlwlrq Srolf|/ dqg Pdunhw Shuirupdqfh 1 1 1 1 4:
7 Frqfoxvlrq 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 55
8 Dsshqgl{ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56

814 Surri ri Ohppd 4 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 56
815 Edvlf Prgho= wkh Frpshwlwlrq Dxwkrulw|*v �uvw0shulrg sureohp 1 1 58

9 Uhihuhqfhv 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 5:
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41 Lqwurgxfwlrq

Uhfrjqlwlrq ri wkh lvvxhv lq wkh ghedwh ryhu wkh dssolfdwlrq ri wudglwlrqdo dqwlwuxvw
srolf| wr kljk0whfkqrorj| lqgxvwulhv pd| eh wudfhg wr Vfkxpshwhu +4<76/ s1 ;7,/ Z
exw wkh ghedwh lwvhoi kdv pryhg wr fhqwhu vwdjh zlwk wkh lqwhuqdwlrqdol}dwlrq dqg
uhvwuxfwxulqj ri whohfrppxqlfdwlrqv lqgxvwulhv/ zlwk dssolfdwlrqv ri elrwhfkqro0
rj| lq erwk djulfxowxuh dqg skdupdfhxwlfdov/ dqg zlwk X1V1 y1 Plfurvriw1 Lq
wklv sdshu/ L suhvhqw d prgho ri wkh lpsdfw ri ghwhuuhqfh0edvhg surgxfw pdunhw
frpshwlwlrq srolf| rq �upv* lqfhqwlyhv wr lqyhvw lq txdolw|0lpsurylqj lqqrydwlrq1

Lq wkh prgho ri frpshwlwlrq srolf|/ d Frpshwlwlrq Dxwkrulw| zlwk olplwhg
lqyhvwljdwru| uhvrxufhv prqlwruv shuirupdqfh lq wzr pdunhwv/ hdfk vxssolhg e| d
prqrsrolvw1 [ Ghpdqg lq hdfk pdunhw kdv d udqgrp hohphqw1 Wkh Frpshwlwlrq
Dxwkrulw| vhwv d wkuhvkrog sulfh iru hdfk lqgxvwu| dqg lqyhvwljdwhv dq lqgxvwu| li
uhdol}hg sulfh h{fhhgv wkh lqgxvwu|*v lqyhvwljdwlrq wkuhvkrog1

Ehfdxvh ghpdqg kdv d udqgrp sduw/ uhdol}hg sulfh pd| eh kljk hqrxjk wr
wuljjhu dq lqyhvwljdwlrq hlwkhu ehfdxvh wkh prqrsro| vxssolhu kdv uhvwulfwhg rxwsxw
ru ehfdxvh wkh udqgrp sduw ri ghpdqg kdv sxvkhg xs wkh ghpdqg fxuyh1 Li wkh
vxssolhu kdv uhvwulfwhg rxwsxw/ wkh uhvxowlqj h{huflvh ri prqrsro| srzhu pd| ru
pd| qrw eh ohjdo1 L pdnh wkh uhdolvwlf dvvxpswlrq wkdw qhlwkhu wkh �up qru wkh
Frpshwlwlrq Dxwkrulw| fdq suhglfw wkh zrunlqjv ri wkh ohjdo v|vwhp zlwk fhuwdlqw|1
Lqvwhdg/ li dq lqyhvwljdwlrq rffxuv/ wkhuh lv d nqrzq suredelolw| wkdw wkh �up zloo
eh wulhg dqg frqylfwhg ri ylrodwlqj frpshwlwlrq odz/ dqg d nqrzq �qh wkdw lv
lpsrvhg li frqylfwlrq wdnhv sodfh1

Wkh sur�w0pd{lpl}lqj uhvsrqvh ri d �up idflqj vxfk d frpshwlwlrq srolf| lv wr
h{sdqg rxwsxw deryh wkh xqfrqvwudlqhg prqrsro| ohyho/ orzhulqj h{shfwhg sulfh
dqg uhgxflqj wkh h{shfwhg ydoxh ri �qhv1

Txdolw|0lpsurylqj lqqrydwlrq lv srvvleoh lq lqgxvwu| 4 exw qrw lq lqgxvwu| 51
Lq wkh prgho ri lqqrydwlrq/ wkhuh duh wzr shulrgv ri udqgrp ohqjwk1 Lq wkh �uvw
shulrg wkh Frpshwlwlrq Dxwkrulw| vhwv wkuhvkrog sulfhv iru erwk lqgxvwulhv dqg
�up 4 +wkh vxssolhu ri lqgxvwu| 4, lqyhvwv wr ghyhors d txdolw|0lpsurylqj lqqryd0
wlrq1 Wkh wlph wr glvfryhu| lv udqgrp/ dqg ghshqgv rq wkh U)G h�ruw ri wkh
vxssolhu1 Zkhq wkh lqqrydwlrq wdnhv sodfh/ shulrg rqh hqgv/ shulrg wzr ehjlqv/
dqg wkh Frpshwlwlrq Dxwkrulw| dgmxvwv lqyhvwljdwlrq wkuhvkrog sulfhv rswlpdoo|/
wdnlqj lqwr dffrxqw wkh kljkhu srvw0lqqrydwlrq txdolw| surgxfw ri lqgxvwu| 41

Wkh Frpshwlwlrq Dxwkrulw| fdqqrw frpplw lq dgydqfh wr wkh lqyhvwljdwlrq
wkuhvkrogv lw zloo vhw lq shulrg wzr1 Doo sduwlhv nqrz wkdw dw wkh vwduw ri wkh vhfrqg\F]"^`_La5b$a�c�dEe"f"e
g1h"i�gHfkjQa5b$lmjEg5enfoiGcpiGh"lHdQb$lmqrh�aHcsf"t$i�e"f"gHl�iTg1fouIt&dE_-t�v&h"dE_*i�_LaHc�vAi*f�dQf"dQa�b�uIg�e
g1jQjf"t$i*wTe�gGukx yz*{ t$i�g�e�e"|$c�v$f�dEaHb�a�q}cpa5b$a�vPa�jEw~en|�v$v&jQdEi*h�ekdUe�c�g5��i�q�a�hoe"dQc�v$jEdE_*dQfSw5��g�b���d'e�b$a�fkiNe"e"i*b�f"dUg1j`q'a5hkf�t$ih"iGe"|$jQf�eLx���iGi���g�h�f�dQb�� �1�H���F��q'aHh?g1b�i��$f�iGb&e"dQa�b�aHq�f�t&i�c�aF�$iLj�aHq�_*a�c�vPi*f�dEf�dEaHb�vAa�jUdE_�w�f�a�aHjEdQl5a�v�a5jQwHx
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shulrg wkh Frpshwlwlrq Dxwkrulw| zloo vhw lqyhvwljdwlrq wkuhvkrogv wr pd{lpl}h
wkh h{shfwhg suhvhqw glvfrxqwhg ydoxh ri qhw vrfldo zhoiduh iurp wkh prphqw ri
lqqrydwlrq iruzdug1

Dw wkh vwduw ri wkh �uvw shulrg/ wkh Frpshwlwlrq Dxwkrulw| vhwv lqyhvwljdwlrq
wkuhvkrogv wr pd{lpl}h wkh h{shfwhg suhvhqw glvfrxqwhg ydoxh ri qhw vrfldo zhoiduh
ryhu doo ixwxuh wlph/ wdnlqj lqwr dffrxqw wkh dgmxvwphqw ri wkuhvkrogv wkdw zloo
rffxu dw wkh prphqw ri lqqrydwlrq1

Dw wkh vwduw ri wkh �uvw shulrg/ �up 4 vhohfwv lwv rxwsxw dqg lwv U)G lqyhvwphqw
ohyho/ nqrzlqj lwv h{shfwhg sd|r� ehiruh lqqrydwlrq +zklfk ghshqgv rq wkh �uvw0
shulrg lqyhvwljdwlrq wkuhvkrog, dqg nqrzlqj lwv h{shfwhg sd|r� diwhu lqqrydwlrq
+zklfk ghshqgv rq wkh kljkhu txdolw| ohyho dqg wkh rswlpdo lqyhvwljdwlrq wkuhvkrog
wkdw zloo eh vhw diwhu lqqrydwlrq,1

Wkh �up*v lqfhqwlyh wr lqyhvw lq lqqrydwlrq lv wkh h{shfwhg suhvhqw glvfrxqwhg
ydoxh ri wkh lqfuhphqwdo sur�w wkdw lv h{shfwhg zlwk d kljkhu0txdolw| surgxfw1
Ehfdxvh wkh Frpshwlwlrq Dxwkrulw| fdqqrw frpplw lq dgydqfh wr vhfrqg0shulrg
lqyhvwljdwlrq ohyhov/ lw fdqqrw hqfrxudjh lqqrydwlrq e| surplvlqj d kljk lqyhvwl0
jdwlrq wkuhvkrog +d orz suredelolw| ri lqyhvwljdwlrq, lq wkh vhfrqg shulrg1 Lq
Vhfwlrq 5 L vkrz wkdw wkh rswlpdo �uvw0shulrg lqyhvwljdwlrq wkuhvkrog sulfh iru wkh
kljk0whfkqrorj| lqgxvwu| lv orzhuhg e| srvvlelolw| ri txdolw| lpsuryhphqw= wkh
Frpshwlwlrq Dxwkrulw| wrxjkhqv frpshwlwlrq srolf| wr lqfuhdvh wkh lqfhqwlyh wr
lqqrydwh1 Lq Vhfwlrq 6 L h{whqg wkh edvlf prgho dqg h{dplqh wkh lpsdfw rq
pdunhw shuirupdqfh ri d sdwhqw srolf| wkdw judqwv wkh vxffhvvixo lqqrydwru wkh
ohjdo uljkw wr h{wudfw ixoo prqrsro| sur�w iru d vshfl�hg shulrg1 Wklv sur�w lv dq
lqfhqwlyh wr lqqrydwh/ dqg zlwk vxfk d sdwhqw srolf|/ rswlpdo frpshwlwlrq srolf|
wrzdug wkh kljk whfkqrorj| lqgxvwu| lv qrw dv wrxjk dv zrxog rwkhuzlvh eh wkh
fdvh1 Zkhq wkh lqyhvwljdwlrq wkuhvkrog lv vhw rswlpdoo| wdnlqj sdwhqw surwhfwlrq
lqwr dffrxqw/ wkh uhvxow pd| eh ohvv U)G dqg zruvh pdunhw shuirupdqfh/ doo hovh
htxdo1

51 D Edvlf Prgho

5141 Wkh Vhfrqg Shulrg

514141 Frpshwlwlrq srolf| dqg wkh �up*v rxwsxw ghflvlrq

Iru qrwdwlrqdo frpsdfwqhvv lq wklv vhfwlrq L rplw wlph vxevfulswv dqg zulwh � � iru
wkh txdolw| ohyho ri �up �*v surgxfw1 Iru �up 4/ wkh txdolw| ohyho lv � ��� lq shulrg
4 dqg � �" � : � �� � lq shulrg 51 Wkh txdolw| ohyho iru �up 5*v surgxfw lv � � lq erwk
shulrgv1
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Wkh lqyhuvh ghpdqg fxuyh iru surgxfw � lv

R � ' R � E^ � c � � � n 0 � � +514,

L dvvxph wkdw wkh ghpdqg fxuyh lv grzqzdug vorslqj �&�*�������� 	 f � dqg wkdw sulfh
ulvhv zlwk txdolw| exw dw d ghfuhdvlqj udwh/

YR �
Y� � : fc

Y � R �
Y� �� � f� +515,

Wkh udqgrp whup 0 � kdv }hur phdq/ frqwlqxrxv ghqvlw| ixqfwlrq s � E%� dqg lv
gh�qhg rq

0 � � 0 � � 0 � � 4� +516,

L dovr dvvxph wkdw li rxwsxw lv vx!flhqwo| vpdoo/ sulfh lv deryh pdujlqdo frvw
hyhq iru orz uhdol}hg ydoxhv ri 0 � =

R � Ef� n 0 � S � � +517,

Wklv hqvxuhv wkdw wkh pdunhw lv qrw h{shfwhg wr jr rxw ri h{lvwhqfh dqg vlpsol�hv
wkh fdofxodwlrq ri h{shfwhg sd|r�v1

Wkh Frpshwlwlrq Dxwkrulw| vhwv dq lqyhvwljdwlrq wkuhvkrog sulfh } � iru lqgxvwu|
�1 � Wkh suredelolw| ri lqyhvwljdwlrq � � lv

� � d} � � R � E^ � c � � �o ' �h dR � E^ � c � � � n 0 � � } � o
' �h d0 � � } � � R � E^ � c � � �o ' � �� �  &�1�n¡E��� ¢ £ �¥¤ s � E%�_%� +518,

� � kdv d qhjdwlyh �uvw ghulydwlyh/
� ¦� ' �s � d} � � R � E^ � c � � �o 	 f +519,

dqg L dvvxph wkdw � � kdv d srvlwlyh vhfrqg ghulydwlyh +zklfk dprxqwv wr dvvxplqj
wkdw s ¦� 	 f lq wkh qhljkerukrrg ri htxloleulxp,=

� ¦ ¦� ' �s ¦� d} � � R � E^ � c � � �o : f� +51:,

Kroglqj rxwsxw dqg txdolw| frqvwdqw/ d orzhu lqyhvwljdwlrq wkuhvkrog lqfuhdvhv
wkh suredelolw| ri lqyhvwljdwlrq=

Y� �
Y} � ' �s � d} � � R � E^ � c � � �o 	 f� +51;,§©¨�ªGª
¨�«�¬&­H®s¯¥°H±�±H±5²�³'«5´?­
®�«�µ�ª*¶�·Q¸�¹?º$·U»"º�¼"º&·E½/¼S¾F¿Aªk«�³�®>«H¸$·Q¼"«H´�·U¸$À�·U½/«H¿$¼"·Q®>­�¶¥Á
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Kroglqj wkh lqyhvwljdwlrq wkuhvkrog dqg txdolw| frqvwdqw/ juhdwhu rxwsxw uh0
gxfhv wkh suredelolw| ri lqyhvwljdwlrq/ doo hovh htxdo/ dqg dw d ghfuhdvlqj udwh=

Y� Â
Y^ Â ' �s Â d} Â � R Â E^ Â c � Â �o Ã �YR Â E^ Â c � Â �

Y^ Â Ä ' s Â YR Â
Y^ Â 	 f +51<,

Y Å � Â
Y^ ÅÂ ' s Â Y Å R Â

Y^ ÅÂ n
YR Â
Y^ Â s ÆÂ�Ç �YR Â

Y^ ÂHÈ ' s Â Y Å R Â
Y^ ÅÂ � Ç YR Â

Y^ Â5È Å
s ÆÂ : f� +5143,

+51<, iroorzv iurp wkh dvvxpswlrq wkdw wkh lqyhuvh ghpdqg fxuyh lv grzqzdug
vorslqj1 +5143, lv wuxh iru olqhdu ghpdqg/ dqg L dvvxph lw krogv khuh1

Kroglqj rxwsxw dqg wkh lqyhvwljdwlrq wkuhvkrog frqvwdqw/ d kljkhu txdolw| ohyho
lqfuhdvhv wkh suredelolw| ri lqyhvwljdwlrq=

Y� Â
Y� Â ' �s Â d} Â � R Â E^ Â c � Â �o Ã � YR Â

Y� Â Ä ' s Â YR Â
Y� Â : f� +5144,É�Ê-Ë1ÌÉ�Í ÊÌ lv srvlwlyh li ghpdqg lv olqhdu lq txdolw| dqg rwkhuzlvh ri dpeljxrxv vljq1

Li uhdol}hg sulfh lv juhdwhu wkdq ru htxdo wr } Â wkh �up lv lqyhvwljdwhg dqg zlwk
suredelolw| � Â lv vxemhfwhg wr d �qh 8 Â 1 Wklv dvvxpswlrq lv pdgh wr uh hfw wkh
idfw wkdw qhlwkhu �up qru frpshwlwlrq dxwkrulw| fdq suhglfw wkh zrunlqjv ri wkh
mxglfldo v|vwhp zlwk fhuwdlqw|1 Î

Wklv vshfl�fdwlrq pd| eh sduwlfxoduo| dssursuldwh iru frpprq0odz v|vwhpv/
lq zklfk ohjdo vwdqgdugv ghyhors lq dq hyroxwlrqdu| zd| dv ghflvlrqv duh uhqghuhg
lq lqglylgxdo fdvhv +Sulhvw/ 4<::> Uxelq/ 4<::,1 Lw lv fohdu wkdw frpshwlwlrq
hqirufhphqw djhqflhv orvh fdvhv zklfk wkh| eulqj h{shfwlqj wr zlq dqg wkdw gh0
ihqgdqwv ghfolqh wr vhwwoh fdvhv wkdw wkh| h{shfw wr zlq exw vxevhtxhqwo| orvh1
Vxfk rxwfrphv zrxog qrw rffxu li wkh zrunlqjv ri wkh mxglfldo v|vwhp frxog eh
iruhvhhq1

Wluroh*v +4<<</ ss1 :9405, uhpdunv rq frqwudfw hqirufhphqw dsso| zlwk htxdo
irufh wr wkh dssolfdwlrq ri frpshwlwlrq odz=

Mxgjhv duh vxemhfw wr erwk prudo kd}dug +wkh| pd| qrw sxw hqrxjk hi0
iruw lqwr uhdglqj dqg xqghuvwdqglqj wkh ghwdlov ri wkh fdvh, dqg dgyhuvh
vhohfwlrq +wkh| pd| qrw kdyh wkh surshu edfnjurxqg wr xqghuvwdqg
zkdw wkh sduwlhv whoo wkhp> wkh| pd| dovr kdyh wkhlu rzq suhihuhqfhv/
lq wkh irup ri ohjdo suhfhghqwv dqg sulqflsohv/ zklfk wkh| pd| hperg|
lq wkhlu ghflvlrqv111,1Ï*ÐSÑ�Ò/Ó�Ô$ÕUÖ~×PØ�ÙAÓ5Ú�ÚnÛE×&ÕQØ�Ñ"ÓÝÜ�ÓHÞ&Ú"ÛUÖ�Ø*ß"àH×$ÕEá�ØLÕUà�×AÓHß"àHÑ�Ø>Ñ"â$Ø>ØGÞ$ã'Ó�ß-ÜLØGäpØGÞFÑkåHà�ä�ØHæ�×5áçà1ÕQÕEÓ©Ò?ÛQÞ&å�ã'Ó5ßkÑ�â$ØÙAÓ5Ú"Ú�ÛE×$ÛEÕQÛEÑSáèÓ�ã�Ú�Ø*Ñ"Ñ"ÕQØGäpØGÞ�Ñ>àHÞ&Öè×Fáéä�à1êFÛEÞ$å�Ñ�â$Ø�Ù&ß"Ó5×&à�×$ÛQÕEÛQÑSáëÓ�ãìÜ*Ó�Þ�í�ÛEÜ*Ñ�ÛQÓ5Þîà�Þ�ÖëÑ�â$ØÝà1ä�ÓHÔ&Þ�Ñ�Ó5ãìà1ÞØ*íHØ*ÞFÑ�Ô�à�Õìï$Þ$Ø~Ö�ØGÙPØLÞ�Ö�ØGÞ5Ñ�Ó�Þ�ß"ØGÚ"Ó�Ô$ß-ÜLØGÚ�Ü�ÓHä�ä�ÛEÑ"Ñ"ØGÖð×FáñÑ�â$Ø�Ù�à�ß�Ñ�ÛEØGÚ�Ñ�ÓéÙ$ß�Ó5Ú�ØGÜLÔ$Ñ"ÛQÓ5Þ�à�Þ�ÖòÖ�Ø*ã'ØGÞ&Ú�ØHóô â&ØGÚnØoà�Ú"ÙPØGÜ�Ñ-Ú/ÓHãõÜLÓ�ä�ÙPØ*Ñ"ÛQÑ"ÛQÓ5Þ�ÙPÓ�ÕEÛEÜ*á�à1ß�Ø�Þ&Ó�Ñ?ÜLØGÞFÑ�ß"àHÕ;Ñ�Ó�Ñ�â&Økö�Ô$ØNÚ�Ñ"ÛQÓHÞ�à�Ö$Ö$ß�ØGÚ�Ú�ØNÖTâ�ØLß�Ø�ó
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Wkh lghd wkdw wkh mxglfldo v|vwhp kdv lwv rzq suhihuhqfhv/ lwv rzq pruhv dqg
wudglwlrqv/ zklfk ghyhors ryhu wlph/ prwlydwhv wkh vshfl�fdwlrq xvhg khuh1

Wdnlqj h{shfwhg �qhv lqwr dffrxqw/ wkh �up*v lqvwdqwdqhrxv h{shfwhg sd|r�
lq wkh vhfrqg shulrg lv ÷

Z ø ' dR ø E^ ø c � ø �� S ø o^ ø � � ø � ø 8 ø
' dR ø E^ ø c � ø �� S ø o^ ø � � ø 8 ø�ù ú-ûü ûSý&þ1ûnÿ���û�� � û � s ø E%�_%� +5145,

Wkh �up slfnv lwv rxwsxw ohyho wr pd{lpl}h h{shfwhg sur�w1 Wkh �uvw0rughu
frqglwlrq iru sur�w pd{lpl}dwlrq lv

Y.EZ ø �
Y^ ø ' R ø E^ ø c � ø �� S ø n ^ ø YR ø E^ ø c � ø �

Y^ ø � � ø 8 ø Y� ø d} ø � R ø E^ ø c � ø �o
Y^ ø � f� +5146,

Wkh sur�w0pd{lpl}lqj �up slfnv dq rxwsxw ohyho dw zklfk h{shfwhg pdujlqdo
uhyhqxh lv ohvv wkdq pdujlqdo surgxfwlrq frvw/

R ø n ^ ø YR ø
Y^ ø ' S ø n � ø 8 ø Y� ø

Y^ ø 	 S ø c +5147,

h{sdqglqj rxwsxw deryh wkh ohyho wkdw zrxog pd{lpl}h sur�w lq wkh devhqfh ri
frpshwlwlrq srolf| wr uhgxfh wkh suredelolw| ri lqyhvwljdwlrq dqg wkh h{shfwhg
ydoxh ri �qhv1

Wkh �uvw0rughu frqglwlrq lpsolflwo| gh�qhv wkh �up*v rxwsxw ^ ø E} ø c � ø � dv d
ixqfwlrq ri wkh lqyhvwljdwlrq wkuhvkrog dqg ri txdolw|1 Ohppdv 4 dqg 5 suhvhqw
vrph frpsdudwlyh vwdwlf surshuwlhv ri wkh �up*v sur�w0pd{lpl}lqj rxwsxw1 �
Ohppd 4 = +Frpshwlwlrq srolf| dqg �up ehkdylru lq wkh devhqfh ri whfkqrorjlfdo
surjuhvv,

+d, li � ø 8 ø lv vx!flhqwo| juhdw/ wkh �up slfnv dq rxwsxw wkdw pdnhv h{shfwhg
sulfh ohvv wkdq wkh lqyhvwljdwlrq wkuhvkrog/

} ø � R ø : f(

+e, d orzhu lqyhvwljdwlrq wkuhvkrog lqgxfhv juhdwhu rxwsxw/ doo hovh htxdo=

Y^ ø
Y} ø 	 f(

+f, juhdwhu h{shfwhg �qhv lqgxfh juhdwhu rxwsxw/ doo hovh htxdo=

Y^ ø
Y� ø 8 ø : f(�	��

���������������������	��� �"!$#����%��&'&)(�*+&-,	�%�"�.#���
��/�0*+&21%���3��1��4�01/
����3�"�3#��"
��"�5�6#�!7*���#8,	#���9":;=< 1.�>�"�?���"13&A@"#�B0&=
C#�
D�%��&'EF*�*G&=
+HI#J(K:

:



+g, d vx!flhqw frqglwlrq iru dq lqfuhdvh lq txdolw| wr lqfuhdvh htxloleulxp
rxwsxw/ doo hovh htxdo/ lv L

Y M R N
Y� N Y^ N ' Y

Y� N O YR NY^ N�P � f�

Ohppd 5 = +Wkh suredelolw| ri lqyhvwljdwlrq,= Dvvxph wkdw li wkh Frpshwlwlrq
Dxwkrulw| udlvhv } N / wkh uhvxowlqj rxwsxw ghfuhdvh +Ohppd 4, grhv qrw udlvh sulfh
vr pxfk wkdw } N � R N idoov/ l1h1/ Q

YE} N � R N �
Y} N : f� +5148,

Wkhq d ghfuhdvh lq } N lqfuhdvhv wkh suredelolw| ri lqyhvwljdwlrq=

_� N
_} N ' � RN YE} N � R N �

Y} N ' �s N E} N � R N � O �� YR N
Y^ N Y^ NY} N P 	 f� +5149,

L dvvxph wkdw S=T%U�VSXW2TV : f> vxffhvvlyh ghfuhdvhv lq } N eulqj vpdoohu lqfuhdvhv lq wkh
suredelolw| ri lqyhvwljdwlrq1

514151 Wkh Frpshwlwlrq Dxwkrulw|*v sureohp

Ohw U N ghqrwh wkh frvw ri lqyhvwljdwlqj lqgxvwu| �/ iru � ' �c 21 Wkh exgjhw frq0
vwudlqw lv wkdw h{shfwhg lqyhvwphqw frvwv qrw h{fhhg wkh Frpshwlwlrq Dxwkrulw|*v
exgjhw �=

� Y d} Y � R Y E^ Y c � Y �o U Y n � M d} M � R M E^ M c � M �o U M � �� +514:,

Wklv zd| ri irupxodwlqj wkh exgjhw frqvwudlqw lpsolhv wkdw h{shfwhg �qhv
duh uhfhlswv wr wkh jryhuqphqw lq jhqhudo/ qrw wr wkh Frpshwlwlrq Dxwkrulw|1
Ixuwkhupruh/ vlqfh lw lv h{shfwhg lqyhvwljdwlrq frvwv wkdw pxvw qrw h{fhhg wkh
exgjhw/ wkh Frpshwlwlrq Dxwkrulw| pxvw kdyh uhvhuyhv wkdw doorz lw wr fryhu
uhdol}hg lqyhvwljdwlrq h{shqvhv lq vwdwhv ri wkh zruog iru zklfk erwk lqgxvwulhv duh
lqyhvwljdwhg1Z-[]\�^�_=`ba0c�d�e"a+f2dhgjiIkmll-n0o�p l	q ol-r o2sut i$vw`-x�^�y�z3{�x"zFx�^|\�^�_=}3`2x�y.`A\�^�~]��x"��\�z��
�I�>`2y�^��0z�\�^�_	}.`-x�y3`"k+x�^��\�^C�"`=^�`2}3x����I`2_=}.`2x�y.`-y=k�z3{�`Av7x���^�\8z.���I`A�"��z%{�`�\�v7��x"_=z�����x�^C\�^�_=}3`2x0y.`'\�^C�"�+z.����z���^
��}%\�_=`"��2��\�}.`2_=z.���w�4}%�"v l0��� o�� q o��l�� o ����� l	q ol2r o l-r ol-� o k]z3{�\8yhv$`2x�^+yhz3{�x"z�z.{�`F����z3����z�}3`-y.�G��^�y.`�z.�wx�_X{�x�^+�"`�\�^�z3{�`\�^]��`2y3z.\��0x�z3\��0^
z3{�}%`=y.{������
\8y�y.v7x"����`=}�\�^
v7x��0^�\�z3���I`Az.{+x"^Cz.{�`�y.���0�+`A�"��z3{�`'�I`2v7x"^��C_	��}.�0`0k

�D� f d� c+d�� � aGf da��"dA� i� 
;



Wkh h{shfwhg �qh wkdw iroorzv lqyhvwljdwlrq lv � ¡ 8 ¡ > wkh suredelolw| ri lqyhvwl0
jdwlrq lv � ¡ 1 Ryhudoo/ wkh h{shfwhg �qh lv � ¡ � ¡ 8 ¡ 1 Wklv lv dq h{shfwhg wudqvihu iurp
wkh �up wr wkh jryhuqphqw/ dqg gursv rxw ri wkh h{suhvvlrq iru qhw vrfldo zhoiduh1
Qhw vrfldo zhoiduh iurp lqgxvwu| � lv wkh vxp ri frqvxphuv* dqg surgxfhuv* vxusoxv/

` ¡ d^ ¡ E} ¡ c � ¡ �c � ¡ o ' ¢¤£.¥�¦� §)¥�¨© ¥? ª« dR ¡ E% ¡ c � ¡ �� S ¡ o_% ¡ c +514;,

dqg d uhgxfwlrq lq } ¡ lqfuhdvhv ` ¡ / doo hovh htxdo=
Y` ¡
Y} ¡ ' dR ¡ E^ ¡ c � ¡ �� S ¡ oY^ ¡

Y} ¡ 	 f� +514<,

Wkh Frpshwlwlrq Dxwkrulw|*v sureohp lv wr pd{lpl}h vrfldo zhoiduh/ qhw ri
hqirufhphqw frvw/

4@ §-¬)̈ §)­ ` ® d^ ® E} ® c � ® �c � ® o n` ¯ d^ ¯ E} ¯ c � ¯ �c � ¯ o� � ® U ® � � ¯ U ¯ c +5153,

vxemhfw wr wkh exgjhw frqvwudlqw +514:,1
Wr uhqghu wkh sureohp lqwhuhvwlqj iurp dq hfrqrplf srlqw ri ylhz/ dvvxph

wkdw wkh exgjhw frqvwudlqw lv elqglqj= wkh Frpshwlwlrq Dxwkrulw| grhv qrw kdyh
hqrxjk uhvrxufhv wr lqyhvwljdwh doo lqgxvwulhv iru doo uhdol}hg sulfhv1 Li wkh exgjhw
frqvwudlqw lv elqglqj/ zh fdq uhirupxodwh wkh Frpshwlwlrq Dxwkrulw|*v sureohp dv

4@ §�¬X¨ §)­ ` ® d^ ® E} ® c � ® �c � ® o n` ¯ d^ ¯ E} ¯ c � ¯ �c � ¯ o�� +5154,

vxfk wkdw
� ® U ® n � ¯ U ¯ � �� +5155,

Frqglwlrqv fkdudfwhul}lqj wkh vroxwlrq wr wkh Frpshwlwlrq Dxwkrulw|*v sureohp
fdq eh irxqg e| pd{lpl}lqj wkh Odjudqjldq

u ¯ ' ` ® d^ ® E} ® c � ® �c � ® o n` ¯ d^ ¯ E} ¯ c � ¯ �c � ¯ o� � n b ¯ d� � � ® U ® � � ¯ U ¯ o� +5156,

Iluvw0rughu frqglwlrqv Wkh �uvw0rughu frqglwlrqv iru wkh frqvwudlqhg rs0
wlpl}dwlrq sureohp duh

Yu ¯
Yb

' � � � ® U ® � � ¯ U ¯ � fc +5157,

Yu ¯
Y} ® '

Y` ®
Y} ® � b ¯ U ® Y� ®

Y} ® � fc +5158,

dqg
Yu ¯
Y} ¯ '

Y` ¯
Y} ¯ � b ¯ U ¯ Y� ¯

Y} ¯ � f� +5159,

<



Frqglwlrqv +5158, dqg +5159, lpso| wkdw dw wkh rswlpxp wkh pdujlqdo lqfuhdvh
lq zhoiduh shu pdujlqdo lqfuhdvh lq lqyhvwljdwlrq frvwv lv wkh vdph lq erwk lqgxv0
wulhv/ dqg lv wkh vkdgrz ydoxh ri exgjhw ixqglqj iru wkh Frpshwlwlrq Dxwkrulw|=

b ° ' Y` ± *Y} ±
U ± EY� ± *Y} ± � ' Y` ° *Y} °

U ° EY� ° *Y} ° � � +515:,

Wkh vroxwlrq wr wkh vhfrqg0shulrg zhoiduh pd{lpl}dwlrq sureohp fdq eh fkdu0
dfwhul}hg lq d idploldu zd|1 Lq wkh htxdwlrq

� ± U ± n � ° U ° ' �c +515;,

� ± dqg � ° duh ixqfwlrqv ri } ± dqg } ° uhvshfwlyho|1 Iru jlyhq lqgxvwu| lqyhvwljdwlrq
frvwv U ± dqg U ° / +515;, lghqwl�hv doo sdluv E} ± c } ° � wkdw jhqhudwh d wrwdo h{shfwhg
lqyhvwljdwlrq frvw �1 Lq rwkhu zrugv/ +515;, lv wkh htxdwlrq ri dq lvrexgjhw fxuyh
lq E} ± c } ° �0vsdfh1

Wkh vorsh ri dq lvrexgjhw fxuyh lv

_} °
_} ±³²²²²² ´

' �
U ±
U ° Y� ± *Y} ±Y� ° *Y} ° 	 f� +515<,

D juhdwhu exgjhw doorzv wkh Frpshwlwlrq Dxwkrulw| wr vhw orzhu lqyhvwljd0
wlrq wkuhvkrogv iru erwk lqgxvwulhv/ li lw fkrrvhv wr gr vr/ dqg fruuhvsrqgv wr dq
lvrexgjhw fxuyh wkdw lv forvhu wr wkh ruljlq lq E} ± c } ° �0vsdfh1

Lq wklv irupxodwlrq/ lqyhvwljdwlrq frvwv sod| wkh vdph uroh dv wkh sulfhv ri jrrgv
lq wkh vwdqgdug frqvxphu fkrlfh prgho dqg dv idfwru sulfhv lq wkh vwdqgdug prgho
ri �up frvw plqlpl}dwlrq1

Iljxuh 514 vkrzv wkuhh lvrexgjhw fxuyhv iru d sduwlfxodu vhw ri ixqfwlrqdo irupv
dqg sdudphwhu ydoxhv1 Wkh lqyhuvh ghpdqg fxuyh lv olqhdu/

R µ ' � µ n 0 µ � ^ µ c +5163,

dqg wkh udqgrp whup 0 µ kdv wkh qhjdwlyh h{srqhqwldo glvwulexwlrq
�� i T ¶ �0 µ n j µ

j µ · � +5164,

Xqlw frvw lv dvvxphg frqvwdqw dqg zlwkrxw orvv ri jhqhudolw| qrupdol}hg wr eh }hur
lq erwk lqgxvwulhv1 Wr kljkoljkw wkh lpsdfw ri gl�huhqfhv lq srwhqwldo iru txdolw|
lpsuryhphqw/ L dvvxph wkdw wkh wzr lqgxvwulhv duh lghqwlfdo lq wkh suh0lqqrydwlrq
shulrg1

Wkh htxdwlrq
` ± E^ ± c � ± � n` ° E^ ° c � ° � ' ` +5165,

43



¸43

4̧3

¸53

5̧3

¸63

6̧3

¸73

7̧3
} ¹

} º

¸

¸

¸
� ' .Df

������������������������
�����������������������

�����������������������
�����������������������

�����������������������
����������������������

����������������������
����������������������

����������������������
����������������������

����������������������
����������������������
����������������������
����������������������
���������������������
���������������������
���������������������
����������������

� ' �fff

������������������������
�����������������������

�����������������������
�����������������������

�����������������������
�����������������������

����������������������
�����������������������

����������������������
�����������������������

����������������������
����������������������

����������������������
����������������������

����������������������
����������������������
����������������������
���������������������
����������������������
���������������������
���������������������
���������������������
���������������������
���������������������
���������������������
���������������������
���������������������
���������������

� ' �2Df

�����������������������
�����������������������

�����������������������
�����������������������

�����������������������
�����������������������

�����������������������
�����������������������

����������������������
�����������������������

����������������������
����������������������

����������������������
����������������������

����������������������
����������������������
����������������������

����������������������
����������������������

����������������������
����������������������
���������������������
����������������������
���������������������
����������������������
���������������������
���������������������
���������������������
���������������������
���������������������
���������������������
���������������������
���������������������
�������

` ' HSeH�e
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������

�������������
�������������

�������������
�������������

�������������
�������������

�������������
�������������

��������������
���������������

����������������
������������������

���������������
������������������������

����������������
�������������������������

���������������������������������������
�������������

` ' H2be�e
�������������
�������������

�������������
�������������

�������������
�������������

�������������
�������������

�������������
�������������

�������������
�������������

�������������
�������������

�������������
�������������

�������������
��������

` ' HHHf�e
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������
�������������

��������������������������
�������������

��������������
�����������������

��������������������
���������������

���������������������������
�����������

Iljxuh 514= Htxloleulxp wkuhvkrog ohyhov/ dowhuqdwlyh exgjhw ohyhov +� ¹ ' � º ' �ff/
j ¹ ' j º ' �f/ � ¹ 8 ¹ ' � º 8 º ' 2Dff/ U ¹ ' U º ' 2fff,
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lghqwl�hv doo frpelqdwlrqv ri } » dqg } ¼ wkdw jhqhudwh d jlyhq zhoiduh ohyho ` 1 Lw
lv wkh htxdwlrq ri dq lvrzhoiduh fxuyh lq E} » c } ¼ �0vsdfh1 Lvrzhoiduh fxuyhv forvhu wr
wkh ruljlq uhsuhvhqw kljkhu ohyhov ri zhoiduh> wkh vorsh ri dq lvrzhoiduh fxuyh lv

_} ¼
_} »³½½½½½ ¾

' �
Y` » *Y} »
Y` ¼ *Y} ¼ 	 f� +5166,

Uhzulwlqj +515:, dv

�
Y` » *Y} »
Y` ¼ *Y} ¼ ' �U »U ¼ Y� » *Y} »Y� ¼ *Y} ¼ c +5167,

wkh �uvw0rughu frqglwlrqv iru frqvwudlqhg zhoiduh rswlpl}dwlrq lpso| wkdw zhoiduh
lv pd{lpl}hg zkhuh wkh lvrexgjhw fxuyh iru wkh dydlodeoh exgjhw lv wdqjhqw wr wkh
lvrzhoiduh fxuyh wkdw lv dv forvh wr wkh ruljlq dv srvvleoh1

Wkuhh vxfk wdqjhqflhv/ iru gl�huhqw exgjhw ohyhov/ dv vkrzq lq Iljxuh 5141
Frqqhfwlqj wkh srlqwv ri wdqjhqf| jlyhv d exgjhw frqwudfwlrq sdwk +qrw vkrzq
lq wkh gldjudp, wkdw fruuhvsrqgv wr wkh lqfrph h{sdqvlrq sdwk ri wkh vwdqgdug
wzr0jrrg frqvxphu sureohp1

Lqyhvwljdwlrq suredelolwlhv dqg zhoiduh duh doo ixqfwlrqv ri surgxfw txdolw|1 Li
txdolw| fkdqjhv/ wkh pdsv ri lvrexgjhw fxuyhv dqg lvrzhoiduh fxuyhv erwk vkliw1
Iljxuh 515/ vkrzv lvrexgjhw dqg lvrzhoiduh fxuyhv iru � ' �fff dqg � » ' .D/ �ff/
�2D/ dqg rwkhu sdudphwhuv dv iru Iljxuh 5141 ¿

Lq wkh qrupdo fdvh +dqg wklv lv zkdw lv vkrzq lq Iljxuh 515, dq lqfuhdvh lq
txdolw| lq rqh lqgxvwu| udlvhv lqyhvwljdwlrq wkuhvkrogv lq erwk lqgxvwulhv1 Dv � »
ulvhv/ wkh rswlpdo wkuhvkrog sulfh } » ulvhv dv zhoo/ exw ohvv wkdq sursruwlrqdwho|/ vr
wkdw wkh h{shfwhg wkuhvkrog0sulfh jds } » �R » idoov1 D vpdoohu } » �R » phdqv d kljkhu
suredelolw| ri lqyhvwljdwlrq lq lqgxvwu| 4 dqg d juhdwhu h{shfwhg lqyhvwljdwlrq frvw
iru lqgxvwu| 41 Jlyhq wkh exgjhw frqvwudlqw/ wkh rswlpdo } ¼ pxvw ulvh wr uhgxfh
h{shfwhg lqyhvwljdwlrq frvw iru lqgxvwu| 51

5151 Wkh Iluvw Shulrg

515141 Ilup 4

Lq wkh �uvw shulrg/ �up 4*v lqvwdqwdqhrxv sur�w lv

Z »	» E� »)» c } »)» � ' dR ») » E� ») » c } »)» �� S » o ^ »)» � � » 8 »ÁÀ Â2ÃÂ Ã.Ä5Å�Ã�Ã)Æ�Ç]Ã6Ã s » E0 » �_0 » � +5168,

Ilup 4 surgxfhv d surgxfw ri txdolw| � ») » dqg xqghuwdnhv d uhvhdufk surmhfw
ri lqwhqvlw| � dw frvw 5E�� +zlwk 5 È E��/ 5 È È E�� : f,> wkh uhvhdufk surmhfwv ohdgv wrÉ-ÊFË�Ì|Í7Î-Ï¤Ð3Ñ�Ò�Ë�ÓÕÔ"Ö�Î�Ë×Ò�Ø3Ô"Ù�Ú�Û�Ü"Ì=Ð�Ø3Ú�Ý.Ö?Î�Þ	Ì|Ò�Ëàß�áIâ-ã6á�ä�ã.å â)æ�ç Ø3è�Î"Þ	Ì�éëê/Ñ�Ì=Ë×Ð.Ñ�ÌCÐ%Ñ�Ý.Ì2Ì|Ò�Ø3Ô"Ù�Ú�ÛIÜ0Ì=ÐÞ=Ú�Ý6ì]Ì2Ø/Ò�ËCí�Ò�Ü�Ú�Ý3Ìïî]éðî$Î�Ý%Ì'ñ�Ì=ì0Ì	ñ�Þ=Ú�Ý3ì�Ì2Ø/Ô�Ö�Ð.Ñ�Ò8Ø�Ø3Ú�Ý.ÖòÎ"Þ	Ì"éôó>Ò�Í$Ò�ñ8Î�Ý%ñ�Ï�Ö�Ô�Ý�Ð3Ñ�Ì'Ð%Ñ�Ý.Ì2ÌAÒ�Ø3Ô2õ Ì=ñ�Ö?Î�Ý%Ì'Þ=Ú�Ý3ì�Ì2Ø=é
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Iljxuh 515= Htxloleulxp wkuhvkrog ohyhov/ dowhuqdwlyh txdolw| ohyhov/ surgxfw 4
+� ø ' �ff/ j ÷ ' j ø ' �f/ � ÷ 8 ÷ ' � ø 8 ø ' 2Dff/ U ÷ ' U ø ' 2fff,
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ghyhorsphqw ri d kljkhu0txdolw| surgxfw � ù3ú / zklfk �up 4 surgxfhv lq wkh vhfrqg
shulrg1 û6ü Wkh wlph A ri h{shfwhg vxffhvv lq eulqjlqj wkh kljkhu0txdolw| surgxfw
wr pdunhw lv udqgrp/ zlwk qhjdwlyh h{srqhqwldo glvwulexwlrq

�hEA � |� ' �� i TE��|�� +5169,

Ilup 4 slfnv rxwsxw ^ ù	ù dqg uhvhdufk lqwhqvlw| � wr pd{lpl}h lwv h{shfwhg
ydoxh

T ù ' ý�þÿ���� e � ���	��

� ÿ�� Z ù)ù E� ù)ù c } ù)ù �� 5E�� n � ����� �� � ����� � � �� � _|
' ����� ��� ���	� � ��� � ��� ��

����
! ����"$#%���'& #'�)(*�	��
 +516:,

Wklv lv d vwdqgdug lqqrydwlrq udfh irupxodwlrq1 û)û Ehiruh lqqrydwlrq/ wkh �up
froohfwv lwv lqvwdqwdqhrxv sd|r� dqg sd|v iru U)G> wkh suredelolw| ghqvlw| wkdw
lqqrydwlrq kdv qrw rffxuuhg lv sursruwlrqdo wr e � 
 ÿ 1 Wkh suredelolw| ghqvlw| wkdw
lqqrydwlrq rffxuv dw wlph | lv sursruwlrqdo wr �e � 
 ÿ / dqg iurp wkh prphqw ri
lqqrydwlrq iruzdug �up 4*v ydoxh lv Z ù3ú E� ù3ú c � ú �*o/ zkhuh Z ù3 ú E� ù% ú c � ú � lv �up 4*v
sd|r� zlwk txdolw| � ùXú : � ù	ù xqghu dq rswlpdoo| dgplqlvwhuhg frpshwlwlrq srolf|1
H{shfwhg sd|r�v duh glvfrxqwhg dw udwh o1

Ilup 4 slfnv ^ ù)ù wr pd{lpl}h Z ù)ù 1 Wklv ghflvlrq kdv ehhq dqdo|}hg lq Vhfwlrq
514141

Ilup 4 slfnv � wr pd{lpl}h T ù 1 Wkh �uvw0rughu frqglwlrq iru ydoxh pd{lpl}d0
wlrq zlwk uhvshfw wr � lv

5E��� Eo n �� 5 + E�� n Z ù3ú E� ù3ú c � ú �� Z ù)ù E� ù	ù c } ù	ù � � f� +516;,

Lw lv frqyhqlhqw wr uhzulwh +516;, dv

5E��� Eo n �� 5 + E�� n { ' fc +516<,

zkhuh
{ ' Z ù3 ú E� ùX ú c � ú �� Z ù)ù E� ù)ù c } ù)ù �

lv wkh gl�huhqfh lq lqvwdqwdqhrxv sur�w ehiruh dqg diwhu lqqrydwlrq1 Wkhq gl�hu0
hqwldwlqj +516<, zlwk uhvshfw wr { jlyhv wkh frpsdudwlyh vwdwlf uhvxow

_�

_{
'

�

Eo n �� 5 + + E�� : f� +5173,

Dq| fkdqjh wkdw lqfuhdvhv { lqfuhdvhv �1 Lw iroorzv wkdw,�-/.10'032547698;:�<>=;?'@
@A@
41BDCFE%6G4
<H47I�I�J�:�K'478;:�E
<H8;ELK)E1M�8ONPM94RQS:�<�TU:�<�<�E�Q74%8;:�E
<�V,9,XWZY�0\[UE^]�0RJ_E
Ca`cb_deKR4
<gfh0i0	j�8O0R<k]S0�]l8;Em4
J�J�E�noCFEA6pMOI�:�J�J�E'Q10)6XMq4%<k]l0�<k]SE
TA0R<�E
rhMq4
f�M�EA6;I�89:sQA0K'47Ik4AK):�8�ti=�2u47698;:�<�v�?'@%@
@
fwB9Vyx�E
6cM;:�[LI�J�:�K):�8�t%vS8OYk0'M�0z0)jS8O0R<kMO:�E
<kMG47690_<�E%8GK)E%<kM;:�]S0R690']qY�0'6O0%V
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Ohppd 6 =
+d, wrxjkhu frpshwlwlrq srolf| lq wkh �uvw shulrg lqfuhdvhv htxloleulxp U)G

lqwhqvlw|/ doo hovh htxdo=
Y�

Y} {	{ 	 f +5174,

+e, kljkhu srvw0lqqrydwlrq txdolw| lqfuhdvhv htxloleulxp U)G lqwhqvlw|/ doo hovh
htxdo=

Y�

Y� {O| : f� +5175,

D wrxjkhu �uvw0shulrg frpshwlwlrq srolf| +orzhu } {){ , orzhuv Z {	 { dqg lqfuhdvhv
{> d kljkhu vhfrqg0shulrg txdolw| lqfuhdvhv Z {9| dqg lqfuhdvhv {1 Erwk w|shv ri
fkdqjhv lqfuhdvh htxloleulxp U)G lqwhqvlw|1

515151 Wkh Frpshwlwlrq Dxwkrulw|

Ohw

� { E} {	{ c } |�{ � '` {	 { d^ { E} {	 { c � {){ �c � {	{ o n` |'{ d^ | E} |'{ c � | �c � | o� �c +5176,

ghqrwh lqvwdqwdqhrxv zhoiduh lq wkh �uvw shulrg/ jurvv ri wkh frvw ri U)G/ zkhuh
` {	{ lv lqvwdqwdqhrxv qhw vrfldo zhoiduh lq lqgxvwu| 4/

` {	{ d^ {){ E} {	{ c � {){ �c � {	{ o ' }�~	���	�s �����X�� �� �O�� dR { E% { c � {	{ �� S { o_% { c +5177,

dqg ` |�{ lv lqvwdqwdqhrxv qhw vrfldo zhoiduh lq lqgxvwu| 5/

` |'{ d^ |'{ E} |'{ c � | �c � | o ' } ~; � � �s �	� � � � � �� dR | E% | c � | �� S | o_% | � +5178,

Ohw � | ghqrwh lqvwdqwdqhrxv zhoiduh lq wkh vhfrqg shulrg1 � | lv wkh uhvxow
ri wkh Frpshwlwlrq Dxwkrulw|*v vhfrqg0shulrg rswlpl}dwlrq dqg ghshqgv rq doo
vhfrqg0shulrg sdudphwhuv ri wkh prgho1 Iru qrwdwlrqdo vlpsolflw| dqg wr hpskd0
vl}h wkh yduldeoh ri lqwhuhvw lq wkh suhvhqw frqwh{w/ zulwh � | E� {O| �1

Wkh Frpshwlwlrq Dxwkrulw| slfnv wkh �uvw0shulrg lqyhvwljdwlrq wkuhvkrogv } {R{
dqg } |'{ wr pd{lpl}h wkh h{shfwhg suhvhqw glvfrxqwhg ydoxh ri qhw vrfldo zhoiduh/

� '
� { E} {){ c } |�{ �� 5d�E} {	{ (� {O| �o n �E} {	{ (� {X| � � � ��� � � ��

o n �E} |'{ (� |'{ � c +5179,

vxemhfw wr wkh �uvw0shulrg exgjhw frqvwudlqw

� {	{ U { n � |�{ U | � �c +517:,
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d frqvwudlqw zklfk zh zloo dvvxph wr eh elqglqj1
Qhfhvvdu| frqglwlrqv wkdw pxvw eh vdwlv�hg e| rswlpdo wkuhvkrogv duh rewdlqhg

iurp wkh Odjudqjldq

u � ' � � E} �	� c } �'� �� 5d�E} �)� (� �O� �o n �E} �)� (� �O� � �a�/����� �	��
o n �E} �R� (� �O� � n b � E� � � �	� U � � � �'� U � � �

+517;,
Wkh �uvw0rughu qhfhvvdu| frqglwlrqv duh

Yu �
Yb � ' � � � �)� U � � � �'� U � � fc +517<,�
� ��/� ��� '� �	��� �/�'� ��)� ��� �Z� ���/��� � � ��� � � � � ���	� � � � � �¡  � � ��� � �)�¡� �  )¢ � � �¤£ �)¥�)� ���� �)��� � � � b � U � �7¦ ����/� ��� � fc

+5183,

Yu �
Y} ��� ' � � � � � ���	� � � � ��7� � �

o n �E} �	� (� �9� � � b � U � Y� �'�
Y} ��� � f� +5184,

Frpsdulqj +517<,0+5184, zlwk wkh fruuhvsrqglqj frqglwlrqv iru wkh Frpsh0
wlwlrq Dxwkrulw|*v vhfrqg0shulrg sureohp ++5157,0+5159,,/ wkh idfwru wkdw glvwlq0
jxlvkhv wkh �uvw0shulrg sureohp lv wkdw e| lwv fkrlfh ri } �	� wkh Frpshwlwlrq Dx0
wkrulw| lq xhqfhv � dqg wkxv wkh h{shfwhg gxudwlrq ri wkh �uvw shulrg1

Gl�huhqwldwlqj wkh �uvw0rughu frqglwlrqv/ d vx!flhqw frqglwlrq iru rswlpdo
frpshwlwlrq srolf| wr eh wrxjkhu iru wkh kljkhu0whfkqrorj| vhfwru dqg pruh uh0
od{hg wrzdug wkh orz0whfkqrorj| lqgxvwu|/

Y} �	�
Y� ��� 	 fc

Y} �'�
Y� �'� : fc +5185,

lv wkdw
Y
�
u �

Y� �9� Y} �	� 	 f� +5186,

Wklv frqglwlrq lv phw li dq lqfuhdvh lq vhfrqg0shulrg txdolw| lqfuhdvhv wkh
pdjqlwxgh ri wkh lpsdfw ri d uhgxfwlrq lq } �	� rq rswlpxp frqvwudlqhg zhoiduh1 §9̈

Iljxuh 516 looxvwudwhv wkh frpsdudwlyh vwdwlf lpsdfw ri lqfuhdvlqj vhfrqg0shulrg
txdolw| rq �uvw0shulrg wkuhvkrogv dqg U)G lqwhqvlw| iru wkh olqhdu ghpdqg/ frq0
vwdqw pdujlqdo surgxfwlrq frvw/ qhjdwlyh h{srqhqwldo xqfhuwdlqw|/ txdgudwlf U)G
frvw h{dpsoh ri Iljxuhv 514 dqg 5151©�ª�«1¬'¬z­;®�¬z¯±°�°�¬'²k³�´sµh¶
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Lq wkh devhqfh ri frpshwlwlrq srolf|/ prqrsro| sur�w lv 58331 Wklv lv dovr
wkh h{shfwhg �qh lq wkh hyhqw ri lqyhvwljdwlrq/ vr wklv h{dpsoh lv rqh ri uhodwlyho|
kljk shqdowlhv1

Zkhq wkhuh lv qr whfkqrorjlfdo dgydqfh +� ·	· ' � ·O̧ ' �ff,/ �up 4 grhv qrw
lqyhvw lq U)G1 Wkh Frpshwlwlrq Dxwkrulw| vhwv lghqwlfdo lqyhvwljdwlrq wkuhvkrogv
iru erwk lqgxvwulhv +} ·)· ' }'̧· ' ����f2,1 Ilupv h{sdqg rxwsxw deryh wkh xqfrq0
vwudlqhg prqrsro| ohyho +:6176:8 lqvwhdg ri 83, dqg h{shfwhg sulfhv +5918958, duh
ehorz wkh lqyhvwljdwlrq wkuhvkrog1

Dv wkh txdolw| ri �up 4*v srvw0lqqrydwlrq surgxfw ulvhv/ wkh zhoiduh0pd{lpl}lqj
Frpshwlwlrq Dxwkrulw| vkliwv hqirufhphqw uhvrxufhv wr lqgxvwu| 4 dqg dzd| iurp
lqgxvwu| 51 Dv � ·O̧ ulvhv/ } ·	· idoov/ wr 4<17<< +uhfdoo wkdw pdujlqdo frvw lv qrupdol}hg
dw }hur, iru d 58( txdolw| lpsuryhphqw1 Dw wkh vdph wlph/ }'̧· ulvhv/ wr 7<1535
wr d 58( txdolw| lpsuryhphqw ri surgxfw 41

Wkh wzr �upv uhvsrqg lq d sur�w0pd{lpl}lqj zd| wr wkhvh fkdqjhv= �up 4
h{sdqgv rxwsxw dqg dovr lqfuhdvhv U)G lqwhqvlw| dv � ·9̧ ulvhv dqg } ·	· idoov1 Ilup
5 uhgxfhv rxwsxw dv }�̧· ulvhv1 Dv �up 4 idfhv d wrxjkhu dqg wrxjkhu frpshwlwlrq
srolf|/ lwv �uvw0shulrg htxloleulxp wkuhvkrog0h{shfwhg sulfh jds +} � R, idoov1 Dv
�up 5 idfhv d jhqwohu dqg jhqwohu frpshwlwlrq srolf|/ lwv �uvw0shulrg wkuhvkrog0
h{shfwhg sulfh jds ulvhv1

Lq wkh edvlf prgho/ rswlpdo frpshwlwlrq srolf| lv wrxjkhu/ doo hovh htxdo/ wrzdug
kljk0whfkqrorj| lqgxvwulhv1 Wkh juhdwhu wkh srwhqwldo txdolw| lpsuryhphqw/ wkh
juhdwhu wkh zhoiduh sd|r� iurp sulydwh lqyhvwphqw lq lqqrydwlrq1 Wrxjkhu frpsh0
wlwlrq srolf| lqfuhdvhv wkh gl�huhqfh ehwzhhq suh0lqqrydwlrq dqg srvw0lqqrydwlrq
sd|r�v/ pdnlqj lqqrydwlrq sulydwho| pruh ghvludeoh/ lqfuhdvlqj htxloleulxp U)G
lqwhqvlw| dqg vkruwhqlqj wkh h{shfwhg wlph wr glvfryhu|1 Wkh juhdwhu wkh srwhq0
wldo txdolw| lpsuryhphqw/ wkh juhdwhu wkh qhw vrfldo ehqh�w iurp vkruwhqlqj wkh
wlph wr glvfryhu| +qhw ri wkh frvw ri dffhswlqj zruvh pdunhw shuirupdqfh lq orz
whfkqrorj| vhfwruv,1

61 Sdwhqw Surwhfwlrq/ Frpshwlwlrq Srolf|/ dqg Pdunhw Shu0

irupdqfh

Lq wkh prgho ri Vhfwlrq 5/ wkh Frpshwlwlrq Dxwkrulw| fdqqrw frpplw wr d uhod{hg
hqirufhphqw srolf| lq wkh srvw0glvfryhu| zruog1 D sdwhqw/ krzhyhu/ qrw rqo|
frqihuv surshuw| uljkwv lq wkh vxemhfw surgxfw ru surfhvv exw dovr judqwv lppxqlw|
iurp dqwlwuxvw survhfxwlrq1

Li �up 4 rewdlqv d sdwhqw ri gxudwlrq u zkhq lw lqqrydwhv/ lwv ydoxh iurp wkh
prphqw ri glvfryhu| lv

T ¹ ' º �� e »�¼ ¹¾½ Z ¿
o

n e »�¼ ¹ Z ·O¸ E� ·O¸ c � ¸ �
o

� +614,
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Iljxuh 516= Iluvw0shulrg htxloleulxp wkuhvkrog ohyhov dqg U)G lqwhqvlw|/ dowhu0
qdwlyh � Â'Á ohyhov> +� Á	Á ' � Â ' �ff/ j Á ' j Â ' �f/ � Á 8 Á ' � Â 8 Â ' 2Dff/
U Á ' U Â ' 2fff/ � ' .Df,
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Wkh �uvw whup rq wkh uljkw lv wkh ydoxh ri prqrsro| uhqwv/ glvfrxqwhg edfn wr wkh
prphqw ri glvfryhu|1 Wkh vhfrqg whup rq wkh uljkw lv wkh glvfrxqwhg ydoxh ri
hfrqrplf sur�w diwhu wkh sdwhqw h{sluhv dqg wkh �up lv rqfh djdlq vxemhfw wr dq
rswlpdoo| dgplqlvwhuhg frpshwlwlrq srolf|1

Dw wkh vwduw ri wkh �uvw shulrg/ �up 4 slfnv rxwsxw ^ Ã	Ã wr pd{lpl}h lqvwdqwd0
qhrxv sur�w dqg U)G lqwhqvlw| � wr pd{lpl}h lwv ydoxh

T '
Z Ã	Ã E� Ã	Ã c } Ã	Ã �� 5E�� n �T Ä E� Ã9Å c � Å c u�

o n �
� +615,

Wkh �uvw0rughu frqglwlrq iru U)G lqwhqvlw| lv

5E��� Eo n �� 5 Æ E�� n oT Ä E� ÃOÅ c � Å c u�� Z Ã)Ã E� Ã	Ã c } ÃRÃ � ' fc +616,

iurp zklfk dq lqfuhdvh lq sdwhqw ohqjwk lqfuhdvhv wkh �up*v sur�w0pd{lpl}lqj
U)G lqwhqvlw|/ doo hovh htxdo=

Y�

Yu
' �

�

Eo n ��5 Æ Æ E�� Y

Yu
doT Ä E� ÃOÅ c � Å c u�� Z Ã	Ã E� ÃRÃ c } Ã	Ã �o : f� +617,

Wkh frpsdudwlyh vwdwlf uhvxow +617, lv looxvwudwhg lq Iljxuh +614,/ iru wkh sdudp0
hwhul}dwlrq ri Iljxuh 514 dqg � ÃOÅ ' �2D/ d 58( txdolw| lqfuhdvh1 Wkh lqyhvwljdwlrq
wkuhvkrog lv �{hg dw } Ã	Ã ' �b�ebb/ wkh htxloleulxp ohyho zlwkrxw sdwhqw surwhf0
wlrq1 Zlwkrxw sdwhqw surwhfwlrq/ htxloleulxp U)G lqwhqvlw| � ' e��DD� dqg wkh
h{shfwhg wlph wr glvfryhu| lv �*� ' f�f2ef.1 L dgrsw wklv dv wkh xqlw ri wlph=
u ' � phdqv sdwhqw surwhfwlrq odvwv f�f2ef. shulrgv> u ' 2 phdqv sdwhqw surwhf0
wlrq odvwv 2Ef�f2ef.� shulrgv> dqg vr rq1 Dv u ulvhv/ kroglqj } Ã	Ã dqg � ÃXÅ frqvwdqw/
�Eu� ulvhv1

Krzhyhu/ lw lv qrw rswlpdo iru wkh Frpshwlwlrq Dxwkrulw| wr krog } Ã	Ã frqvwdqw
dv u ulvhv1

Zkloh wkh sdwhqw lv lq irufh/ wkh Frpshwlwlrq Dxwkrulw| ghyrwhv doo uhvrxufhv
wr wkh frqwuro ri lqgxvwu| 51 Wkh suhvhqw ydoxh ri zhoiduh iurp wkh prphqw ri
glvfryhu| lv wkhuhiruh

�

o
� Å ' �

o ÇXÈ �� e É�Ê ÄÌË E` Ã�Í n` Å	Å	Î � �� n e É�Ê Ä � Å E� ÃOÅ � Ï � +618,

Wkh �uvw0whup lq wkh eudfnhwv rq wkh uljkw lv wkh suhvhqw ydoxh ri zhoiduh zkloh
wkh sdwhqw lv lq irufh/ zlwk xqfrqvwudlqhg prqrsro| lq lqgxvwu| 4 dqg wkh ixoo
frpshwlwlrq dxwkrulw| exgjhw ghyrwhg wr frqwuro ri lqgxvwu| 51 Wkh vhfrqg whup
lq eudfnhwv rq wkh uljkw lv wkh suhvhqw ydoxh ri zhoiduh rqfh wkh sdwhqw h{sluhv1
Wkh Frpshwlwlrq Dxwkrulw| vhohfwv wkh lqyhvwljdwlrq wkuhvkrogv } Ã	Ã dqg } Å'Ã wr
pd{lpl}h

C Ä ' � Ã E} Ã	Ã c } Å�Ã �� 5E�� n Ð1ÑsÒ�Ó�ÓXÔÄ�Õ Ö Ó�×	ØÊ � Å
o n �E} ÃRÃ c u(� Å'Ã � +619,
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Iljxuh 614= Sdwhqw ohqjwk +u, dqg U)G lqwhqvlw| +�,/ lqyhvwljdwlrq wkuhvkrog
frqvwdqw/ � Ú9Û ' �2D
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vxemhfw wr wkh exgjhw frqvwudlqw +514:,1
D orqjhu sdwhqw ohqjwk dqg d orzhu lqyhvwljdwlrq wkuhvkrog erwk dfw wr lqgxfh

juhdwhu sulydwh lqyhvwphqw lq U)G1 Exw orqjhu u uhgxfhv wkh vrfldo sd|r� wr
lqqrydwlrq ehfdxvh lw phdqv d orqjhu shulrg ri ohjdo prqrsro| dqg frqvhtxhqw
uhgxfhg frqvxphu zhoiduh1 Zlwk orqjhu u/ wkh Frpshwlwlrq Dxwkrulw| vkliwv
lqyhvwljdwlrq uhvrxufhv dzd| iurp lqgxvwu| 4 +kljkhu } Ü	Ü , dqg wrzdug lqgxvwu| 5
+orzhu } Ý'Ü , lq wkh �uvw shulrg1 Wkh kljkhu ydoxh ri } Ü	Ü whqgv wr orzhu �/ dqg wkh
qhw lpsdfw ri dq lqfuhdvh lq u rq � lv dpeljxrxv1 Wkdw lv/

_�

_u
'

Y�

Yu
n

Y�

Y} Ü	Ü Y} Ü)ÜYu
c +61:,

zlwk Þ%ßÞ%à : f/ Þ%ßÞ/á/â�â 	 f/ dqg Þ7 á â� âÞ%à : f1 Wkh vljq ri ãRßãRà lv wkxv dpeljxrxv1 Wdeoh

614 vkrzv wkdw wkh fdvhv ã'ßã)à 	 f dqg ãRßãRà : f pd| erwk dulvh1

u } Ü	Ü } Ý'Ü ^ Ü	Ü ^ Ý�Ü � � Ü � Ý C à E��f ä �
3 4<17<< 7<1535 ;6196 961578 741884 ;77318 43<;9 413<:9
4 4<1888 7<1459 ;618;: 9615;; 74187; ;77417 43<;7 413<:6
5 4<1944 7<1384 ;61877 961664 741878 ;77516 43<;5 413<:4
6 4<199: 7;1<:8 ;61833 9616:8 741875 ;77615 43<;3 413<9<
43 531389 7;1788 ;61535 9619:6 741858 ;77<14 43<98 413<88
433 571796 751<54 :<1;89 9:134< 741889 ;83615 43:<: 413:;;
4 6<154: 5:19;: 9<173< ::1799 7917<8 ;85;15 43437 4133<9

Wdeoh 614= Htxloleulxp fkdudfwhulvwlfv/ dowhuqdwlyh sdwhqw ohqjwkv> u ' � lv h{0
shfwhg wlph wr glvfryhu| zlwkrxw sdwhqw surwhfwlrq

Dv u lqfuhdvhv/ �uvw0shulrg zhoiduh ulvhv dv wkh Frpshwlwlrq Dxwkrulw| dfwv wr
htxdol}h wkh wrxjkqhvv ri frpshwlwlrq srolf| wrzdug lqgxvwulhv wkdw duh/ lq wkh �uvw
shulrg/ lghqwlfdo1 Vhfrqg0shulrg zhoiduh idoov dv u lqfuhdvhv/ ehfdxvh ri juhdwhu
orvvhv ri frqvxphu zhoiduh zkloh wkh sdwhqw lv ydolg1 Iru wkh sdudphwhul}dwlrq ri
Iljxuh 514 dqg � ÜOÝ ' �2D/ lqfuhdvhv lq sdwhqw ohqjwk uhgxfh qhw vrfldo zhoiduh1

Dowkrxjk wkhuh kdyh ehhq vrph vwhsv wr wdloru sdwhqw ohqjwk wr wkh flufxp0
vwdqfhv ri sduwlfxodu lqgxvwulhv +l1h1/ skdupdfhxwlfdov,/ wklv uhpdlqv wkh h{fhswlrq
udwkhu wkdq wkh uxoh1 Lw wkhuhiruh vhhpv dssursuldwh wr wuhdw sdwhqw ohqjwk dv d
idfwru wkdw frpshwlwlrq odz hqirufhphqw djhqflhv pxvw wdnh dv jlyhq1 Li sdwhqw
ohqjwk lv frqvlghuhg d yduldeoh/ krzhyhu/ lw lv zruwk qrwlqj wkdw iru wkh sdudph0
whul}dwlrq ri Wdeoh 614/ krzhyhu/ rswlpdo sdwhqw ohqjwk lv u ' f1
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71 Frqfoxvlrq

Whfkqrorjlfdo dgydqfhv gr qrw idoo olnh pdqqd iurp khdyhq= wkh| uhvxow iurp lq0
yhvwphqwv ri sur�w0vhhnlqj �upv1 Wkh ohyho ri �upv* lqyhvwphqwv lq qhz surgxfwv
dqg surfhvvhv ghshqgv rq wkh gl�huhqfh lq h{shfwhg sur�w ehiruh dqg diwhu lqqr0
ydwlrq1 Wrxjk suh0lqqrydwlrq surgxfw pdunhw frpshwlwlrq srolf| uhgxfhv suh0
lqqrydwlrq sur�w uhodwlyh wr srvw0lqqrydwlrq sur�w dqg vwlpxodwhv sulydwh lqyhvw0
phqw lq lqqrydwlrq1 Wklv lv vr hyhq zkhq wkh Frpshwlwlrq Dxwkrulw| uhrswlpl}hv
wkh doorfdwlrq ri hqirufhphqw uhvrxufhv diwhu lqqrydwlrq1

Olnh wkh vwlfn ri frpshwlwlrq srolf|/ wkh fduurw ri sdwhqw surwhfwlrq hqfrxudjhv
sulydwh lqyhvwphqw lq lqqrydwlrq1 Xqolnh frpshwlwlrq srolf|/ sdwhqw surwhfwlrq
uhgxfhv frqvxphu zhoiduh diwhu lqqrydwlrq1 Zkhq frpshwlwlrq srolf| lv rswlpdoo|
dgplqlvwhuhg/ wkh qhw h�hfw lqfuhdvhg sdwhqw surwhfwlrq pd| eh wr uhgxfh U)G
lqwhqvlw| dqg vrfldo zhoiduh1
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81 Dsshqgl{

8141 Surri ri Ohppd 4

Ohppd 4+d,0+f, duh Wkhruhp 4 ri Pduwlq +5333,> surriv duh jlyhq khuh iru frp0
sohwhqhvv1

Wkh �uvw0rughu frqglwlrq iru �up l *v sur�w0pd{lpl}dwlrq sureohp lv

Y.EZ å �
Y^ å ' R å � S å n ^ å YR å

Y^ å � � å 8 å Y� å
Y^ å ' R å � S å n E^ å � � å 8 å s å �YR å

Y^ å � fc +814,

zklfk lpsolhv
^ å � � å 8 å s å : f( +815,

wklv lv xvhg lq wkh surri ri +g,1
Wkh vhfrqg0rughu frqglwlrq lv

Y æ .EZ å �
Y^ æå ' 2

YR å
Y^ å n ^ å Y æ R å

Y^ æå � � å 8 å Y� å
Y^ å 	 f +816,

ru htxlydohqwo|

Y æ .EZ å �
Y^ æå ' 2

YR å
Y^ å n � å 8 å s çå�è YR å

Y^ å%é æ n E^ å � � å 8 å s å �Y æ R å
Y^ æå 	 f� +817,

+d, Vxevwlwxwlqj R å ' } å � 0 å / wkh �uvw0rughu frqglwlrq fdq eh zulwwhq dv

�

� å 8 åiêë } å � S å � 0 åì)í%îì
ï;î n ^ å�ðñ ' s å E0 å �� +818,

Rq wkh ohiw0kdqg vlgh/ ^ å lv hydoxdwhg dw } å � 0 òå å > YR å *Y^ å 	 f lv hydoxdwhg dw
^ å E} å � 0 òå �1

Il{ } å dqg frqvlghu wkh ohiw0kdqg dqg uljkw0kdqg vlghv dv vhsdudwh ixqfwlrqv
ri 0 å 1 Wkh ixqfwlrqv fdq eh judskhg/ dv lq Iljxuh 814 +zklfk lv gudzq iru dq
h{srqhqwldo ghqvlw| dqg olqhdu ghpdqg, dqg wkh lqwhuvhfwlrq ri wkh wzr fxuyhv
jlyhv wkh htxloleulxp ydoxh 0 òå 1

Vlqfh s å E0 å � idoov wr wkh uljkw ri 0 å ' f/ wkh �uvw frqglwlrq iru 0 òå ' } å � R òå : f
lv wkdw � å 8 å eh vx!flhqwo| juhdw=

�

� å 8 åiêë } å � S åó í%îó ï;î n ^ å�ðñ 	 s å Ef�� +819,

Wkhq wkh ohiw0kdqg vlgh ri +818, lv ehorz wkh uljkw0kdqg vlgh dw 0 å ' f1
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0 �
Iljxuh 814= Htxloleulxp } � 0

Wkh vhfrqg uhtxluhphqw iru 0 �� ' } � � R �� : f lv wkdw wkh ixqfwlrq rq wkh ohiw
vorsh xszdug1 Wkh vorsh ri wklv ixqfwlrq lv

�
�

� � 8 ��� 2_^ �_R � n ER � � S � �_ � ^ �
_R ��
	 � +81:,

Wkh vhfrqg frqglwlrq iru 0 �� ' } � �R �� : f lv wkdw wkh whup lq eudfnhwv eh qhjdwlyh>
wklv lv vdwlv�hg iru olqhdu ghpdqg/ dqg lv dvvxphg wr krog1

+e, Gl�huhqwldwlqj wkh �uvw0rughu frqglwlrq zlwk uhvshfw wr } � |lhogv
Y^ �
Y} � ' ��

�
þ���

�������þ�� ���� Y � .EZ � �Y} � Y^ � +81;,

Wkh vhfrqg0rughu frqglwlrq lpsolhv wkdw wkh whup lq eudfnhwv rq wkh uljkw lv srv0
lwlyh1

Gl�huhqwldwlqj wkh �uvw0rughu frqglwlrq jlyhv

Y � .EZ � �
Y} � Y^ � ' �� � 8 � s �� _R �

_^ � 	 fc +81<,

zkhuh wkh vljq ghshqgv rq 0 �� ' } � � R �� : f dqg wkh dvvxpswlrq wkdw s �� 	 f iru
0 : f1

+f, Vlqfh
Y � .EZ � �
YE� � 8 � �Y^ � ' �s � _R �_^ � : f( +8143,

Y^ �
YE� � 8 � � ' ��

�
þ � 

�������þ�� ���� Y � .EZ � �

YE� � 8 � �Y^ � : f�
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+g, Gl�huhqwldwlqj wkh �uvw0rughu frqglwlrq/

Y^ �
Y� � ' ��

� �������! #"%$��& �"�'
(
YR �
Y� � n � � 8 � s )� YR �

Y� � YR �Y^ � n E^ � � � � 8 � s � � Y * R �
Y� � Y^ �,+ �

Wkh ghqrplqdwru rq wkh uljkw lv srvlwlyh e| wkh vhfrqg0rughu frqglwlrq1 Wkh
�uvw wzr whupv lq wkh qxphudwru rq wkh uljkw duh srvlwlyh1 ^ � �� � 8 � s � : f e| +815,1

Wkhq � �.- "��/ " ��&0" � f lv vx!flhqw wr pdnh wkh qxphudwru/ dqg wkh hqwluh uljkw0kdqg
vlgh/ srvlwlyh1

8151 Edvlf Prgho= wkh Frpshwlwlrq Dxwkrulw|*v �uvw0shulrg sureohp

+517;, lv wkh Odjudqjldq iru wkh Frpshwlwlrq Dxwkrulw|*v �uvw0shulrg sureohp1
Gl�huhqwldwlqj wkh �uvw0rughu qhfhvvdu| frqglwlrqv +517<,0+5184, zlwk uhvshfw wr
� 1 * jlyhv wkh v|vwhp ri htxdwlrqv2334 f �U 1 �658797�;:;7<7 �U * ��5 � 7�6: � 7�U 1 �658797�;: 7<7 � ��= 7�;: � 7<7 � ��= 7�;: 7<7 : � 7

�U * �65 � 7�;: � 7 � � = 7�;:>797<: � 7 � � = 7�6: �� 7
?A@@B 2334 �DC��/ 7 ��6: 797��/ 7 ��6: � 7��/ 7 �

?A@@B ' �

2334 f� �E= 7��/ 7 � �;: 707� �E= 7��/ 7 � �;: � 7
?A@@B � +8144,

Vhfrqg0rughu frqglwlrqv uhtxluh wkdw wkh ghwhuplqdqw

( 1 '
2 F U 1 �65 7<7�;:,7078G F U * �65 � 7�;: � 7�G F � � = 7�;:;7<7<: � 76G � F U 1 �65 7<7�;:;7<7�G * � � = ��;: �� 7 � F U * �65 � 7�;: � 7�G * � � = 7�;: � 7<7 +8145,

ri wkh frh!flhqw pdwul{ rq wkh ohiw eh srvlwlyh1
Lq wkh �uvw whup rq wkh uljkw/ �65 797�;:>797 	 f/ �65 � 7�;: � 7 	 f/ dqg

Y * u 1
Y} 1�1 } * 1 ' � �

Eo n �� * Y� 1
Y} * 1 Y�

Y} 1�1 	 f� +8146,

Rqh vhw ri vx!flhqw frqglwlrqv iru ( 1 : f lv wkdw

Y * u 1
Y} *1�1 	 f/

Y * u *
Y} ** 1 	 f +8147,

dqg vx!flhqwo| odujh lq pdjqlwxgh1 L dvvxph wkdw wkh vhfrqg0rughu frqglwlrq lv
vdwlv�hg1

Wkhq iurp +8144, zh rewdlq wkh frpsdudwlyh vwdwlf ghulydwlyhv

( 1 Y} 1�1
Y� 1 * ' H U * Y� * 1Y} * 1JI * Y * u 1

Y� 1 * Y} 1K1 � H U 1 Y� 1K1
Y} 1�1JI H U * Y� * 1Y} * 1JI Y * u 1

Y� 1 * Y} * 1 +8148,
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( L Y} M,L
Y� LNM ' � O U L Y� LKL

Y} L�LJP O U M Y� M,L
Y} M,LJP Y

M
u L

Y� LNM Y} LAL n O U L Y� L�L
Y} LALQP M Y

M
u L

Y� LNM Y} M,L +8149,

Khuh
Y
M
u L

Y� LRM Y} M,L ' � �

Eo n �� M Y� L
Y} M,L Y�

Y� LNM : f� +814:,

Lw iroorzv iurp +8148, dqg +8149, wkdw d vx!flhqw frqglwlrq iru S;T;U<US�V U�W 	 f/ S6T�WRUSDV U%W : f

lv +5186,/
Y
M
u L

Y� LNM Y} L�L ' +814;,

Y

Y� LNMYXZ [ S#\ US;T U<U
o n �E} L�L (� LNM � n � M E� LNM ��� L E} L�L c } M,L �

do n �E} L�L (� LNM �o M Y�

Y} L�L^] _` � b L U L Y
M
� L�L

Y� LNM Y} LKL 	 f�

Vxevwlwxwlqj iurp +5183, wr holplqdwh b L jlyhv dv d qhfhvvdu| frqglwlrq iru
+5186, wkdw wkh sursruwlrqdo lpsdfw ri dq lqfuhdvh lq � LNM rq Y� LAL *Y} L�L 	 f eh
juhdwhu wkdq wkh sursruwlrqdo lpsdfw ri dq lqfuhdvh lq � LNM rq Y�*Y} LKL =SS�V U�Wba SD\ U0c S6T U9UdKegf n \hW;i!V U�WKj.k \lUKimT;U<U�n T�WRU ji dKeof j W S fS;T U<UQpS8\ UNc S;T U<UdKegf n \ W i!V U�W j.k \ U i�T U9U n T WRU ji d�egf j W S fS;T U<U 	

�

Y� L�L *Y} L�L Y
M
� L�L

Y� LNM Y} L�L � +814<,
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91 Uhihuhqfhv

Pduwlq/ Vwhskhq �Surgxfw pdunhw frpshwlwlrq srolf| dqg whfkqrorjlfdo shuiru0
pdqfh/� Fhqwuh iru Lqgxvwuldo Hfrqrplfv Zrunlqj Sdshu <;034/ uhylvhg Rf0
wrehu 4<<<d

+kwws=22zzz1hfrq1nx1gn2flh2spfsws1sgi,

� �Vslooryhuv/ Dssursuldelolw|/ dqg U)G/� uhylvhg Rfwrehu 4<<<e

+kwws=22zzz1hfrq1nx1gn2flh2dev43<<1sgi,1

� �Uhvrxufh doorfdwlrq e| d Frpshwlwlrq Dxwkrulw|/� iruwkfrplqj lq Hlqdu
Krsh/ hglwru/ Irxqgdwlrqv ri Frpshwlwlrq Srolf| Dqdo|vlv1 Urxwohgjh/ 5333

+kwws=22zzz1hfrq1nx1gn2flh2qfd3<<;e1sgi,1

Sulhvw/ Jhrujh �Wkh frpprq odz surfhvv dqg wkh vhohfwlrq ri h!flhqw uxohv/�
Mrxuqdo ri Ohjdo Vwxglhv Yroxph 9/ Qxpehu 4/ Mdqxdu| 4<::/ ss1 98�;51

Uxelq/ Sdxo K1 �Zk| lv wkh frpprq odz h!flhqwB/� Mrxuqdo ri Ohjdo Vwxglhv

Yroxph 9/ Qxpehu 4/ Mdqxdu| 4<::/ ss1 84�961

Vfkxpshwhu/ Mrvhsk D1 Fdslwdolvp/ Vrfldolvp dqg Ghprfudf|1 Orqgrq= Doohq )
Xqzlq/ 4<761

Vrxdp/ Vdòg �Rswlpdo dqwlwuxvw srolf| xqghu gl�huhqw uhjlphv ri �qhv/� iruwk0
frplqj/ Lqwhuqdwlrqdo Mrxuqdo ri Lqgxvwuldo Rujdql}dwlrq/ 53331

Wluroh/ Mhdq �Lqfrpsohwh frqwudfwv= zkhuh gr zh vwdqg/� Hfrqrphwulfd Yroxph
9:/ Qxpehu 7/ Mxo| 4<<</ ss1 :740;41
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