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P QGC >@FK7?qXO�>eO�;47�5_>@FHJ�P����eU(7!7#��7?; Q / 5�7?3Gxu1*F . 7?P�O C >K7�36Fe3G>g7?O�> / FHJ�3 E n Q 7 E 7#;%F:3G;
FH143G>858O / O�;4I�3GF8xu3G��7?>ZxuJ�JDI�I43G��7?qK>@3 r P?OTFH3GJu;�3A; E O�; / P�O�>@7?>?�`c:J�5�7#��7?q#��FK143A>83A>\;4JTF
;47?P#7?>@>HO�q@3 Q / FK147 . 7?>hFg58O / �2>@J E 7NS C F C qK7�>@F C I / 3A>:;47?7#I47?I¢1R7?qK7T� < Q >@J4�pFH147#qK7�7�§D3A>hF
>@FKJDP��%>gFK1pOTF:O�q@7�;4J�F:143Ax�1 Q / P?Juq@qK7 Q OTFH7#I�FHJ�O�; / J�FH147#ql>@FHJ�P�����3A;�FH143G>lP�O�>@7��p587\� C >hF
FHq@7�OTFlFH1R7N>hFHJ�P���O�>:OLP QGC >@FK7?qlJ�S�Ju;47�>@FKJDP����

yR� k >@7�FH147�n
JuqhFKS�J Q 3AJ¨JunRFH3 E 3G��OTFK3AJu;�S�Juq:FH143G>�;47#5 C ;R3G�u7#qK>@7¨JTS�ój>@FKJDP��%>Hô����"d:J�FH7�>@J E 7
ój>hFHJ�P��¯ô�147#qK7\3G>yOTP#F C O QAQ / OgP QAC >hFH7?q�J�S�7#��7?; Q / 587#3Axu1*FH7#IL>@FKJDP��%>?��U¥7 C >K78FK147\O���7?qHOTxu7
J�S&FH147e143A>hFHJuq / n4q@3AP#7eJ�S E 7 E�. 7?q�>@FHJ�P���3G;�7�OTP�1�P QAC >hFH7#qZO�>8FK147�143G>@FHJ�qK3AP?O Q n4qK3GP?7eS�Juq
FH147�P QAC >hFH7?q#�p3A;�FH1R3A>\58O / �pFH147#>K7NP QAC >@FH7#qK>:O�q@7X;4J�F:I43¡��7?q@7?;*FlS�qKJ E >@FKJDP��%>?�8�
©9õµ��²@"²�¶ÁÄ-Ä�¬�¶¿Â·Â*"²KÄ�²KÀ��±��Z¬"®Z¯�®ZÀ�³T®#°�¬���®>��¬"®/��¶Á±��Z¬���²�³T²KÄ�¬

ρ
¬�®\¯�²j¬"²@$�\¶·«�²w��¶|¸���Â·´:±j®#"�²hÂÁÀ�¬�²@¯

®�-«�®�¬@Å�ö!²�°�Ä"²
ρ = 0.2 ÷ °�Ä�¬��ç®#-®�°�{¬�²@Ä�¬�Ä@Åpªz¬&¶·Ä{«�®�¬&«�²K±j²@Ä�Ä�À��¶¿Â·´\¬$��²t³�²@Ä�¬�±���®#¶·±h²��ç®# ρ Å
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V�;47lJ�FH1R7?q . 7#;47 r F8J�S
FH1R7:P QAC >hFH7#qK3A;Rx E 7#FK14J�I43A>�FK1pOTFt5�7gI4qKO E OTFH3GP�O QGQ / qK7#I C P?7lFH1R7:>@3A�#7
J�S]P#J��TO�q@3zO�;RP?7 E OTFKqK36§��gMpJuqg7�§RO E n Q 7���3A;�FH7?>hF J �
587�q@7?I C P?7?I¤P#J��TO�q@3zO�;RP?7 E OTFKqK36§�>@3A�#7
S�qKJ E J ~�}�.*/ J ~�} FKJ Êøð .*/ Êøð �:fm;¡FH7#>@F | ��5�7�qK7#I C P?7#I¤P?J��TO�qK3AO�;4P?7 E OTFHq@36§�>K3G�?7NS�qKJ E
J ~�}�.*/ J ~�} FHJ ~ Ê .*/�~ Ê � = 1R3A>]5l3 QAQ IRqHO E OTFH3GP�O QGQ / qK7#I C P#7gFH1R7eP?J E n C F�OTFK3AJu;pO Q4Q J*OTI¨S�Juq
FH1R7¨s C OTI4qHOTFK3AP�n4q@JuxuqHO E�E 3A;4x�O Q x�JuqK36FH1 E 5l147?;£587�I47?O Q 5l3GFK1¥O�n
Juq@F@S�J Q 3GJ�P?J E n
Ju>K7#I
J�S ~�}u}u} Juq E Juq@7X>@FHJ�P��%>?�



ùbL ú Ë8É@V\§ ¤ É@V*Ç(È ú O?O�Ç�O û Ê�È Ë7V�É@V üÙV�É�ý þ Ê�Ë8É

U¥781pO��u7\FH1R78IpO�3 Q / 143G>@FKJuq / n4q@3AP?7`S�Juq ~T}u}u} >hFHJ�P��%>]O��TO�3 Q O . Q 7��-U(78qKO�;4I4J E Q / P�1RJDJu>@7
J ~�} S�qKJ E FH1R7 E O�;4I . C 3 Q I O�n
Juq@F@S�J Q 3GJ4��� = 147�q@7�O�>@Ju;¡5�7LI43AI4;=� F C >K7LO QAQ ~�}u}u} >@FHJ�P��%>
3A> E O�3G; Q /¨. 7?P�O C >K7NJ�S�FH147�P?J E n C F�OTFK3AJu; Q J*O�I�3A>\FKJDJL147?O�� / ���`U(7�I43AI�Fm5�J¨FK7?>@FK>?�
�87#S�J�qK7e5�7Xn4qKJ�P?7#7?I�FHJ�O�;pO Q / �#7�J C q�FH7?>hFZqK7#> C4Q FH>#�R587�58O�;*F\FKJLP?Ju;4>@3AI47#qZO�s C 7?>hFH3GJu;

147#qK7��]c:J�5iI4J�5�7XI47�FH7?q E 3G;47e5l143GP�1�>@FKJDP��%>:O�qK7e143Axu1 Q / P?J�qKqK7 Q OTFK7?I�FKJL7�O�P�1�J�FK147?qZOT;4I
5l143GP�1o>hFHJ�P���>gO�q@7N;RJ�F�á
f�Sp587 C >K7�S C ;4IpO E 7?;*FHO Q O�;pO Q / >@3A>#�T5�78P�OT;�xuqKJ C n�>@FKJDP���3G;�FH1R78>HO E 7`3A;4I C >@FKq / xuqKJ C n

O�>:OLP QGC >@FK7?q?� k > C O QGQ / >@FKJDP��%>:3A;�FH147�>KO E 7X3G;4I C >hFHq /�E J���7�FKJuxu7�FH147#q?�
= 147\>@7?P?J�;4I�5\O / 3A>�n C q@7\s C O�;*FH36F�OTFK3G�u7 E 7#FH1RJDI{�&xu7�FyFK1478P#JuqKq@7 Q O�FH3AJ�; . 7#Fm5�7?7#;¨7?O�P�1

Fm5�J >@FKJDP��%>�O�;4I£>K7�F�O��TO QAC 7
ρ∗
� = 58Jo>@FKJDP��%>�5l36FH1¤P?J�qKqK7 Q OTFK3AJu;¢x�qK7�O�FH7?qXFK1pO�;

ρ∗
O�q@7

P?J�;4>K3GI47?q@7?I�143Ax�1 Q / P#JuqKq@7 Q O�FH7?I�O�;4I�FH1RJu>K7\5l36FH1�P#JuqKq@7 Q O�FH3AJ�; Q 7#>K>yFK1pO�;L36F�O�q@7\P?J�;4>K3GI47?q@7?I
;4J�FN143Gxu1 Q / P#JuqKq@7 Q O�FH7?I2��V�;47 E JuqK7Ls C 7#>@FH3GJu;¤S�JuqXFH143G>Xs C O�;*FH3GFHOTFH36�u7 E 7#FH1RJDI¤3A>X5l1pO�F
�TO QAC 7\3A>tOTn4n4qKJ�n4qK3AOTFH78S�J�q

ρ∗.
U(7 C >K7#I¨FK147Zs C O�;*FH36F�OTFK3G�u7 E 7#FK14J�IL3A;�FH1R3A>�n4q@J��@7?P�F�� < ;4I

5�7�n43GP���7#I
ρ∗ = 0.2

� } � J ~ S�J�q\Fm58J¨FH7?>hFH>#�
My3Ax C qK7 ~ � J O�;4I ~ � | xu3G��7�FK147�143G>@FKJuxuqHO E S�JuqNFK147�P#JuqKq@7 Q OTFH3GJu; . 7#Fm5�7?7#; 7�O�P�1¥Fm5�J

>@FKJDP��%>lS�Juq\FH1R7�Fm5�J�FH7?>hFH>l587�I43GI{�

J y
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�/X�W�X��na ^fZ4`
	 Z4`eadstvw`ead]�c�	�^f^Ï]_^����c?Z\a�`ea��/a `�������Z¯`

B 3A;RP?7oFK147?q@7 3G>�;4J¥P Q 7?O�q¨I47 r ;R3GFH3GJu; J�S@ój1R3Axu1 P?Juq@qK7 Q OTFK3AJu;eôH��3G;�FK143A>�FH7#>@F��\5�7 C >@7
ρ = 0.2

O�>ZFH147�>@FHO�;4IpOTqKI�FHJLFH7#>@F:J C qlqK7#> C4Q FH>#�
U 147?;

ρ = 0.2
�uFH147:7��¨P#3A7?;*F]S�qKJ�;%FK3A7#qK>t5l3GFK1�O�;RI¨5l36FH14J C F]P QAC >@FH7#qK3G;4xNO�qK7l>K1RJ�5l;�3A;

My3Gx C qK7 ~ �|yR�:�"d:J�FH7T�t7�§Dn�7#P#FK7?I�qK7#F C qK;�O�;RI�qK3A>@��OTqK7 . J�FH1 . OT>K7?I�Ju;�FK147�O�;4; C O Q IpOTFHOR�·�
= OT��7�O¡s C 3AP�� Q JDJ��(O�F�FH147#>K7�Fm5�J(7���P#3A7#;%FLS�q@Ju;*FH3G7?qK>#��587�O�q@7�;4J�FL3 E nRqK7?>@>K7#I{��3GF

>K7#7 E >�587LP?O�;£O�P�143G7#�u7L1R3Axu147#qeq@7#F C qK;¢5l3GFK1¡FH147�>KO E 7�qK3G>K� . 7�S�JuqK7!5�7 C >K7LP QAC >hFH7#qK3A;Rx
E 7#FH1RJDI{��cgJ�587��u7#q?�pO Q J�F`J�S�FH3 E 7#>?�*587gP�O�;R;4J�F`FHq C >@F`FH143G>�7���P#3A7#;%F`S�qKJ�;%FK3A7#q]FKJDJ E C P�12�
U 1 / á
U¥7�1pO��u7�FHJ qK7 E 7 E!. 7#q�FH1R7 E OT3A;¥P#qK36FH3AP#3A> E O�x*O�3G;4>@F�n�J�q@FKS�J Q 3AJ�JunDFH3 E 3A�?OTFH3GJu;{��f�F

FH7#;4I4>-FHJ E O�xu;R3GS / 7?>hFH3 E OTFK3AJu;�7#qKq@Juq?�&f E O�xu3A;R7yFH1pO�F{587 E 3A>hF�O��T7?; Q / J��u7#qK7#>@FH3 E O�FH7�� C ;4I47#qK7?>hFH3 E OTFK7
FH1R7�7�§Rn
7?P�FH7#I�qK7�F C q@;£S�JuqNO�P?7#q@F�OT3A;¤>@FKJDP����y36S .*/ P�1pOT;4P?7¨FH143G>N>hFHJ�P��¢1pO�> Q J�5 �uJ Q OTFH3 Q �
3GF / �&3GF�5l3 QAQ . 7�P?7?qhF�O�3G;¢FH1pOTFXFK147¨JunRFH3 E 3G��OTFK3AJu;�5l3 QGQ n C F�O Q J�F�J�S�5�7?3Gxu1*F�� Q J�;4x��T>@14Juq@F
n
Ju>K36FH3AJ�;��!Ju; FH143G>¨>hFHJ�P����*ój143Gxu1 qK7#F C qK;2� Q J�5 q@3A>@�
�`5l14J¥IRJD7#>K;µ� F�58O�;*F�36F�á�ô = 143A>�3G>

J ~



IpO�;Rxu7?q@J C > . 7?P�O C >K7X5�7�O�qK7 . 7#F@FH3A;Rx�Ju;�n�J�Juq�7?>@FK3 E OTFH3GJu;{��f�S�FK147XqK7?O Q 36F / x�JD7#>ZO�x*O�3G;4>@F
FH1R3A>Z7?>hFH3 E OTFK7��4J C qZn�J�q@FKS�J Q 3AJ�5l3 QAQ n�7#q@S�Juq E ��7?q / n
J�Juq Q / �
Y QAC >hFH7#qK3A;Rx E 7#FK14JDI�P?O�;oq@7 Q 3A7#��7XFH143G>:nRqKJ . Q 7 E �`9:7#P�O QGQ FH147�n C qKn
Ju>K7NJ�S�P QAC >hFH7#qK3A;Rx

E 7#FH1RJDI 3A>�FKJ q@7?I C P?7¤FH147£3 E npO�P�F�J�S�7�§Dn�7#P#FK7?I q@7#F C qK; 7?>@FK3 E OTFH3GJu; O�;4I C >@7 E JuqK7
3A;DS�Juq E OTFH3GJu;oS�q@J E FK147LP?J��TO�q@3zO�;4P#7 E O�FHqK3ç§���U(7L��;RJ�5 FH147#qK7�3A>eS�OTq E Juq@7�7?>hFH3 E OTFK3AJu;
7?q@qKJuq83A;�7�§Rn
7?P�FH7#Ioq@7#F C qK;�FH1pOT;�3A;�FH1R7�P?J��TO�qK3AO�;4P#7 E O�FHqK3ç§��D>@J�FK147�P QAC >hFH7?q@3A;4x E 7#FK14J�I
5l3 QGQ E O���7�J C qZn�JuqhFKS�J Q 3AJ E Juq@7XqK7?>@3A>hF�O�;*FZFHJ¨7?>hFH3 E OTFK3AJu;�7?qKq@Juq?�
� / ;4J�5��y5�7�>K14J C4Q I(qK7�O Q 3A�#7¨FK1pOTF!Oo143Gxu147#q�7���P#3A7#;%F�S�qKJu;*FK3A7?qNI4J�7?>@;µ� F E 7?O�; / J C

P�OT; q@7�O QGQ / xu7#F�1R3Axu147#qLqK7�F C q@;�3G;¦qK7�O Q\Q 36S�7 . 7#P�O C >K7�FH1pO�FLFH147�7��¨P#3A7?;*F�S�qKJ�;%FK3A7#q E O /
. 7 . O�>K7#I�Ju; >@J E 7�3G;pO�P#P C qKOTFH7�7#>@FH3 E O�FH3AJ�;{� < ;4I¦587oO Q >@J¢>K14J C4Q I qK7?O Q 3G�?7�FK1pOTF�FH1R7
qK7?O Q O�IR�TO�;*F�OTxu7gJTS{FH147gP QGC >@FK7?qK3G;4x E 7�FH14J�I�3G>�;RJ�F\O . J C F�FK147g7��¨P?3A7#;*F8S�qKJ�;%FK3A7#q?� . C F83GFH>
qK7#>K3G>@F�OT;4P?7XFHJ�FH1R7N7#>@FK3 E OTFH3GJu;�7?q@qKJuq#�
= J�FH7?>hFZ14J�5 >K7#;4>K36FH36�u7gFK147�n
Juq@F@S�J Q 3GJX3A>`FHJ�FK147e7#>@FK3 E OTFH3GJu;�7#qKq@Juq?�%587eI43AI¨Fm58J�FK7?>@FK>

S�Juq
ρ = 0.2

�
ρ > 0.2

3G>8FHq@7�OTFK7?I�O�>Z143Gxu1 Q / P#JuqKq@7 Q OTFH7#I�O�;4I�5l3 QGQ . 7XxuqKJ C n�7#I�FHJuxu7�FH147#q?�

ρ < 0.2
3A>\FHq@7�OTFK7?IoO�> Q J�5iP?Juq@qK7 Q OTFH3GJu;����

� �������! #"$ &%' #")(+*,����".-�/0-21 U(7�qKO�;4I4J E Q / n43GP�� J ~43 J�SDFH147]>hFHJ�P���>yO�;4INP�1pO�;4x�7�FH1R7?3Aq
7�§Dn
7?P#FK7?I(qK7#F C qK; .*/ ± J }43 �{FK147?;¢5�7�qK7 . C 3 Q I FH147Ln
JuqhFKS�J Q 3AJ�FKJ�>K7#7¨1RJ�5 E C P�1¤36F
3A>ZI43��27#qK7#;%FlS�q@J E FK147�JuqK3Gxu3A;pO Q n
Juq@F@S�J Q 3GJ . 7#S�Juq@7�FK143A>ZP�14O�;4xu7T�

� �������! #"$ &%' #")(+*,����".-�/65�1 U(7�qKO�;4I4J E Q / n43GP�� J ~43 J�SDFH147]>hFHJ�P���>yO�;4INP�1pO�;4x�7�FH1R7?3Aq
7�§Dn
7?P#FK7?I qK7�F C q@; .*/ ± J }73 ��fm; O�IRI43GFK3AJu;{�&5�7�P�1pO�;4xu7�FH147�7�§Dn�7#P#FH7#I qK7#F C qK;�S�J�q
FH147 Q 7�OTI43A;4x�>@FKJDP��¨3A;�FK147en
JuqhFKS�J Q 3AJ .%/ ± J }73 �4OT;4I�FH147#;�587eqK7 . C 3 Q I�FH1R7�n�J�q@FKS�J Q 3AJ
FHJ�>@7?7�1RJ�5 E C P�1¡3GFgI43¡��7?q@>gS�q@J E FH147�n�JuqhFKS�J Q 3AJ . 7#S�Juq@7�FH1R3A>eP�14O�;4xu7T� = 147�q@7�O�>@Ju;
587XIR3AI�FH1R3A>8FK7?>@F\3A>8FKJL>K7?7�5l14OTF\5l3 QGQ 14O�n4n
7?;�3GS-5�7X1pO��u7X7#>@FH3 E O�FH3AJ�;�7?q@qKJuq�S�Juq8FH1R7
>@FKJDP���FK1pOTFl1pO�>ZFK147 Q O�q@xu7?>hFZ587#3Axu1*F:3A;�J C q:n
JuqhFKS�J Q 3AJ4�

U 1pOTF�5�7�qK7�O QAQ / I43AI¤3G;¡FH147#>K7�Fm58J�FH7#>@FH>N3A>�FKJo3G;*FHqKJ�I C P#7L>KJ E 7�O�qhFH3 r P?3zO Q 7?>hFH3 E OTFK3AJu;

J2Ê
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^�J�3A;*FH>gV�;�[`M Y81pO�;4xu7�J�S�5�7?3Ax�1%F!��;4J�P QAC >@FH7#qK3G;4x%� Y81pO�;4xu7�J�S�5�7?3Ax�1%F!��P QAC >@FH7#qK3G;4x%�

J y 3 }
| { 3 }y ~43 J 3{ J 3 J 3
~ J 3 J 3Ê J 3 }
9 J 3 }ä |43 }ð |43 }J } |43 }

7?q@qKJuq`3A;*FKJ!J C q`n4q@J . Q 7 E O�;4I¨587:5\O�;*F�FHJ�FK7?>hF\14J�5 >K7#;4>K36FH36�u7gFK147:n�JuqhFKS�J Q 3AJX5�7 . C 3 Q F]3G>
FHJ¨FH147#>K7�7#>@FK3 E OTFH3GJu;�7?qKq@JuqK>#�:U(7!P�1R7?P��oFK147!P�14O�;4xu7�J�Stn
Juq@F@S�J Q 3GJ¨P#J E n�Ju>@3GFK3AJu; . 7#S�Juq@7
O�;4I¤O�S�FH7?qg587L3G;%FKqKJ�I C P#7?I¡FH1R7L7?>@FK3 E OTFH3GJu; 7#qKq@JuqeFHJ E 7?O�> C q@7L14J�5_>K7?;R>K3GFK3G��7�FH147 / O�q@7
FHJ�FH147g7?>@FK3 E OTFH3GJu;�7?q@qKJuq#� = 147e58O / 5�7�P�147?P��¨FH147gP�1pO�;4x�7�J�S-n
Juq@F@S�J Q 3GJ�P?J E n�J�>K3GFK3AJu;�3G>
O�>ZS�J QGQ J�5l>?�
a-7#F

hold,i

. 7tFH1R7`5�7?3Gxu1*F�S�Juq&>hFHJ�P��
i
3G;NFK147]JuqK3Gxu3A;pO Q n
Juq@F@S�J Q 3GJ . 7�S�JuqK7t5�783A;*FKqKJ�I C P?7#I

7?>hFH3 E OTFK3AJu;�7?q@qKJuq#�pO�;4I Q 7�F
hnew,i

. 7�FH1R7�587#3Axu1*FZS�Juq\>hFHJ�P��
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