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A = zα
2 g(z1/z

α
2 )

��L
g
,;�9>l�/$/,�gh��$80V>?="��$�)?D;q��/!"="].)E, ,1="!t��B�B���)+��~X>

=X02=1�/$	,2F-B(���?��$%>M��$/��)E:a��!
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:C���/="!"!"��$%>
))

A ��j��Jj
)E,2>E,.$���$�>��/$/,mgh)+��02>?="��$f*-,m!"= T ��="*-,���
���!X*-,.$-gh,;!"*�I����%3��dA8,2>vB/!"����q�D;$/D.)+��!",.:C,.$�>�*-,m>?�%�->?,C*-=#xe���9="��$
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-�!�0R.ES,T	5 +C!R1U-�G�( $�!	VC%I$R1�57F*0�!Q%W5 +�!XKB.E$�)O9H$	( 0X0,%B9

df = 2 YUZ -[1�0,%H%,-Q%'&\( 049H$	F45 %]1�0#^�5 0�.DG�57!Q%,_�5
: ^�5 0�.DG�57!Q%,_�5�=?@	=?`�AB&a0�!Q%I0�F#"�( 0b18+C!?9�9H+�-Q%b( 0O%XG�+	5�!?9H%]%H+C!?9P1�0,%XG�+�57!?9H%*1�0�"�.�$�!�)�c�0�F*0�!?9#dD+CeR%I0
.E$�)'),+�.E1�0�!?92( 0,%fG�+	5�!?9I0,%J1�0�1�0�-'g*9,.M5 $�!QT�( 0,%ih,V�%I$P1�57F*0�!Q%W5 +�!2Kj.E$�)O9I$�( 020,%j9

df = log 3/ log 2 < 2 Y
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C(r) ∼ e−r/ξ µ ���5�
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α > 0
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�*�8��}Q��}T«D�(�;«D�Cª?£,¬:£C§��8 I�(£:«��*��§� ¶���D���C�v��¦. ,§ÍÌ:Î��8~.}�(���b�;����}�}����7},±Í�(�;����}����7�(}��
�(��¸�~.}¶},�7|���}¶��� Å ��}¶��}����;|��(¸t���(���8�Ï��}�|��U�,�(�;}¶�(|���³���}¶�z° }�È�},�F�7¹��;�5|��;}��~�}����0�;��}�~.~�}���� }����(�F�1ÐR�
�*����|
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�5��}5�D�*° }��b�I�(�5|��I~�}��������(����}�²�|��"}0�b�
Ò�Ó0ÔCÕ"ÖU×�ØFÙ$ÚKÛ�×0ÚKÜ1ÝoÝO×*Þbßbà á�â�Ü1ÛbãQÛ�Ö,ä"å0Û�ßbæCãQ×*æCÙ?ä$ÛbãQÛbÖ�ä+çCè*éCêTçCëÍì$çCè*é,êLçCë é,í0îzÛbÖ=ØFÖ1ïCÚðØFàKÝ:ñEØFÜIÝOÛbÖ1ÝoÞ:äVò�ãQæCÚKæCïCàKâ�Ü1ÛCó

((

Ý)ØFÖ1ÝEãQÛ�Ý$Ü1Ù?Û
)) ô ÚKÛ�ÝE×1Ù?æC×1Ù?àKÞ:äOÞ�ÝoßbÙ$à ä$àKâ�Ü1ÛbÝ(õ0ä$æCÜ0äoßbæCãQãQÛoÚðÛbÝE×1Ù?æC×1Ù?àKÞ:äOÞ�Ýzö�Ù$ØFß:ä)ØFÚKÛbÝ�ØFÜ0÷�â�Ü1ÛbÚKÚKÛbÝoÛbÚKÚKÛbÝzÝ$æCÖ�äzÞ:ä$Ù$æCà ä$ÛbãQÛbÖ�äÙ$ÛbÚKàKÞbÛbÝ(õFæCÖ,ätÚðØoÝO×*Þbß�à á1ß�à ä$Þzå0ÛEÖ1ÛE×�ØFÝ�×1Ù$ÞbÝ$Û�Ö,ä$Û�Ùtå�ø Þbß)ù1ÛbÚKÚKÛEß�ØFÙOØFß:ä$Þ�Ù$àKÝ$ä$àKâ�Ü1ÛoæCÜ+×1ÚKÜ0ä$æFä(õFå1ÛE×1Ù?ÞbÝOÛbÖ�ä$Û�ÙtÜ1Ö+ïCÙ$ØFÖ1åLÖ1æCãLú1Ù?Ûå�ø Þbß)ù1ÛbÚKÚKÛbÝ�ß�ØFÙ$ØFß:äOÞ�Ù$àKÝ?äOàKâ�Ü1ÛbÝ(õ*å1àKÝ$×*Û�Ù?Ý$Þ�ÛbÝ�å1ÛbÝo×1ÚKÜ1Ýo×*Û:ä$à äOÛbÝ�Þbß)ù1ÛbÚKÚKÛbÝ"ØFÜ0÷7×1ÚKÜ1Ýzï,Ù$ØFÖ1å1ÛbÝ�õ*ÝOØCÖ0ÝzûCØFÚKÛbÜ1ÙoãQæ(ò,ÛbÖ1Ö0Û,Ô
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• {�$/,����->E)?,t�9="q�$���>?�/)E,�A�q%D.$/D;)E��!#,;:7,;$%>Q�%*-:C="�?,�A�*-,�!X��02)E=^>E="0;��!"=^>ED�,N�`>Q!X�JB/)?DN�9,;$�02,�*/,���������� �"!#�$���'

�	�%�#���.5 {�$�B/R/D.$���:C].$/,�0.)?=#>?= T �/,��9,�>E)E�%*-�/=^>m,.x(,N0V>E=#W�,;:7,;$%>7B���)m*-,N��!"��=X��*-,�B/�/=X�?�E��$�0.,�)E,(o�D2>+��$�>
�?��$a="$�W���)E="��$�02,�*KY DN0ER/,;!#!",�:a��=X�&��p ��� �	��
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���%�!])���*�	�����&����+%���(�	�(],����
-�/.��0����+%�2bn="!8,2F-=X�`>E,�'(,N����0.���/B
*ZY ���/>?)E,;�&:CD;0.��$/=X�9:C,;�;A�$/�%$702)E=#>?= T ��,;�;A T �/=-B(,.�/W�,;$%>O0.��$�*-�/=")E,usv*-,;�102�%:7B(�%)9>E,.:C,.$�>E�&���C*-,;�1*-=X�`>E)?=#G
'/�->E="��$��K,.$M!#�%="�K*/,1B/��="�E�?��$�02, i W���=")2�6�n�%)?$/,.>9>E,43�1/1 1���B(���/)K��$/,O)?,;W���,1*-D.>E��=#!"!#D;,O*-,402,N�Z:CD;0;��$/=X�9:C,N�Ej25
+O$�B���)?>?=X02�/!"=",.)NA-�%$�B(,.�->t)?,;B/)?�/*-�/=")?,v�/$/,J!"��=P*-,JB/�/=X�?�E��$�0.,MB���)��/$/,��?��:C:C,J*ZY ,2F-B(��$�,.$%>E=#,;!#!",;�;A�,2>
="! ,;�9>v=#$�>?D;)?,N�?�E��$�>�*/,C*-D;02)E=")?,7*/��$8� T �/,.!"!",;�v02��$8*-=^>E="��$��;5ekK,C02�%:CB(��)?>?,.:C,;$%>v�%�9\n:CB->?��>?= T �/,7*ZY �/$/,
*-=X�9>?)E=#'/�/>?="��$

P (x) =
∫∞
1

p(λ)e−x/λdλ
,;�9>7��$/,c!#�%=z*/,cB/�/=X�?�E��$�0.,

P (x) ∼ x−α
i ���-F q�)+��$�*/,;�

W@��!",.�/)+�4*-,
x
j4�?=8!X��*-=X�9>?)E=#'��->?="��$�*-,t!}Y D;0+R/,.!"!",t0;��)+��02>?D.)E=X�`>?= T �/, λ

*-,N�4,.F-B8�%$/,.$�>?=",.!"!",;�4,N�`>u�/$/,t!"��=e*-,
B/�/=X�E�?��$�02,

p(λ) ∼ λ−α
i ���-F�q%)E��$�*-,N�4W���!",.�/)+�u*-,

λ
A/�NW�,N0

α > 1
jV5/S���$8�z02,M0.�%�.A#�����	�����)!32&a4�(���	���

�Rp �$�5�6�/7��	�8�%���(�����5�(�9�	�:�����;�/�<!#�$�����	���5���=����
;��p ��>/���(
?�	�5�(�6� �=� 7(�	�������(�����5�(���=�8>�!3���5�	��

�����@�����BAC
D���$
D���
������7��(23�	�������z,2>�,.!"!",M02�%)?)E,;�?B(��$�*�'�=#,;$�s7�/$�0.��)E�%0V>E].)E,�02)E=^>E= T �/,%5

kH��02��$�0.!#�8�9="��$ �%B(D.)+�@>?�%=#)E,a02��$802,.)E$���$%>J!",;���?\-�`>E].:C,;��02)E=^>E= T �/,N�J,;�`> T �/,l�9,;�/!",��/$/,l��B/B/)E�-0+R/,
q%!#�%'���!",�B(,;�->�B8,;)?:C,.>9>?)E,J*ZY ��B/B/)ED.R/,;$�*-,.)�!#,;�/)+�zB/)E��B�)?="D2>ED;�;5��u=",.$�B/!"���;A/!dY ,N�?�?,.$�>?=",.!H*-��B/R/D.$���:C].$/,
,N�`>10.��$%>E,.$n�7*/��$��&!",=�E���	�*���F
G�8�H�����B7��(23�	�������VA@>`\nB/= T �/,;:C,.$%>O*/��$��&!"��g ��y.��$7*-��$%>1!#,N�/o��-Fm*-,u:a�@>E=#];)?,%A
*ZY D.$/,;)?q%=#,�,.>�*ZY ="$-gh��)E:C��>?="��$c�;Y ��)Eq%��$/=X�9,;$%>z*-,vgh�%y2�%$�R/="D.)+��)+0ER/= T �/,t,;$%>?)E,v!#,N�<*-=^xeD.)E,.$�>E�<$/=#W�,N���-FZA-,2>
$/�%$�*/��$��z!",;��*-D2>+��="!"��s7�/$�,MD;0+R/,.!"!#,J*-�%$/$/D.,%5 � Y ,;�9>�02, T ��=K,2F-B/!"= T �/,M!}Y ,2F-=X�`>E,.$�0.,M*-,M!"��=X�<*ZY D;0+R/,.!"!",�A*-,m�`>E)?��02>?�/)E,;�����->E��G��9=":C=#!X��=")E,;�z,2>t*-,�B/)?�%B/)E=#D.>?D;��*ZY �/$/="W�,.)+�E��!"=^>ED�5�St,;��,2F-B(�%�E��$�>E��02)E=#>?= T �/,;�0I8JJ�?��$�>
!X�C�9="q�$���>?�/)E,v*ZY �/$�B/R/D.$���:C].$/,MD.:C,.)Eq�,;$%>;A/*/��$%>�!",;�zB/)E��B�)?="D2>ED;�u$/,J�9�%$%><B��%�<*-=")?,N0V>?,;:7,;$%>�Wn="�?="'/!#,N�
*/��$���!#,N�v02�%$��`>E=^>E����$�>E��$�=1*/��$���!#,N�v*/��$���!#,N��!#�%="��D.!"D.:C,.$�>E��=#)E,;�v*-,C02�%$��9>?)E��0V>E=#�%$[���	*ZY D;W���!"�->?="��$R,
0.,;� B�)?�%B/)?="D2>ED;�

((

D.:C,;)?q%,.$%>
))

A%s��/$/,<DN0ER�,.!"!#,��9��B(D.)E=#,;�/)?,%A�*-,<!}Y ��)Eq%��$/=X�?�@>?="��$mB���)?>?=X02�/!"="].)E,z*ZY �/$Cq%)E��$�*
$/�%:�'/)E,v*KY D;!#D;:7,;$%>+�.5

K�L�M6N3O;PQL@R;OTS5UVL�W#L@XZY[N\PQY[]3^�UVL�N3Y[UVN\N$W_^�S5`[N�Sba;N�Pdc;]3]3U5ReS5`[N�P�a;N\S5`VcZM&]fM6R5gZN�O
kP�l*/=#W�,;)?q%,.$�0.,m*-,7!"�l!"��$�q��/,.��)�*-,C02�%)?)ED.!X�@>E=#��$

ξ
AZ0.��)+��02>?D;)?=X�`>E= T �/,m*-,�>E���->vB/R�D.$/��:C];$/,70.)?=#>?= T �/,�A

$KY �oB����a>E���@_`�%�/)E��!#,N��:C�.:C,;�l0.��$��?D T �/,;$�02,N������$/=#W�,N����:a��02)E�%�E02��B�= T �/, ,O=#!�g ���->c���8�?�?=�D;W@��!"�/,;)
!dY ��:CB/!#=#>?�8*-,�*-,;�u*-,;��o���02>?����>?="��$��u*-�lB���)+��:C]2>E)?,�*ZY ��)+*-)E,�B(���/)u��W���=")4�/$/,t=#:a��q�,t02��:CB/!"]2>E,�5 � Y ,N�`>!",=�	����
 )��8�&� ��h����0ij.	�$� |�
�[;���5�/�%� T �/=n02�%:7B/!"]2>E,4!X��0.��)E�%0V>ED.)E="�E��>E=#�%$M*ZY �/$�B(��="$%> 02)E=#>?= T �/,�AN,.$JD;W@��!#����$%>
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ξ(T )

5&�n=u02,.>9>?,lD.$/,;)?q%=#,%AK!#="D.,ls�!dY �%)E*-)E,�*-� �?\n�9>?];:C, i ,;!#!",l�;Y ��B/B(�%�?,���� *-D;�?��)+*-)?,C>?R/,;)?:C= T ��,Njv,N�`>
�?�/B(D.)E=#,;�/)E,<s

kT
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Tc
5a�u=#,;$ T �KY =#$-G

�9>E��'/!#,N�.A&02,;����)E'/=#>?,N�J=#$&o8�/,.$�0.,.$%>m>E)E��$��9=#>E��=")?,;:7,;$%>�!"�[*-\n$���:C= T �/,�,.>m!#�/=z*-��$�$/,.$%>7,2xe,;0V>E="W�,.:C,.$%>
�/$/,�=#$-U8$/=^>ED�*/,7>E,.:CB���0.��)+��02>?D.)E=X�`>?= T �/,;�;5
r��%���M��!#!"��$8��)E,2>E)?�%�/W�,.)v,2F-B/!"=X02=#>?,.:C,;$%>�0.,2>?>?,aB/)E��B�)?="D2>ED
*/��$��O!#,t�?0.D.$���)?="�M*-�l*-����'/!#,;:7,;$%>u*-,�B(D.)E=#�-*/,�b%�����9,;�/=#!(*ZY ��B/B���)?=#>?="��$a*-�l0ER8���%�;A@>E���->E,;�O!",;�4��)E'/=^>E,;�
*-,MB(D.)E="�-*-,

2n �9�%$%><B/)ED;�?,.$�>?,N� i :a��=X�z="$��9>E��'�!#,N�Ej25
�H�%�->?,.gh��=X�.A�!X�aB/)E��B/)E=#D.>?DJ*/,J:CD.!X��$/q%, i � � >/���n|;j��%�?�?�-0.=#D;,M���/Fc)?D;q�=":C,;��0+R�����>?= T �/,;��*-D.W�,.!"�%B/B(D;�

�?,a)?,-o�]2>?,�*/��$��M�/$/,l*-D;0.)?�%="�E�?��$�02,7)+��B/=X*-,%AZ,;$ q�D.$/D;)E��!1,2F-B(��$/,;$%>?=",.!"!",�AH*-,N�J02�%)?)E)?D;!"�@>E=#��$8�t>?,.:CB(��G
)E,.!"!#,N�-,<������p ���(
&�	��p �%� �	�	�$���,�qp ��!/!3�����@
G�G�%� �%� ��2�� �4���	��p �%�b� .��	����+%���$�#���%��+%���}|m���#��� ��� 
D�	�&!F�d� �
�(�%���87	���%

���%��j

x−(  )µ

µ µ
µ

µx (  )

x (  )

+

0

0

�O�"�/���.� � �n���(¢ 1}¨@�#­+ 2¡`¢ £�¤1¦�¨1¦�£%¨@�@© �;ªQ�;¤V¡�¦@�4¥N°;�X¢ £�¦@�P�;¤&¡��;ª�¥2�e¦�¢ ��­;�#�?¡:"V£%�2���;���.°+�Q¥. N���<V;�;ª�¥@© �
�E¨@�P©6¯ °?�2£%© ¨V¡`¢ £�¤

xn+1 = 1 − µx2
n

�;¤
µ0 = 3/4

´-@N�v¥;£�¢�¤V¡&µ�V;�
x0(µ)

²v�E�d¡<�#�;ª�¥@©  .­+°�¥. N�P¨@¤
­?².­.© �<¦@�t¥�°.��¢ £�¦����&0

x±(µ) = fµ[x∓(µ)]
´-@;�E� ¬%«+­�'.�?�O��£�¨@© ¢ ±�¤.�;¤V¡Q© �?�z�;�# �¤.­�'.�?�1�}¡� @�@© �E�+´

	"N\PQS5^3OVcZUVL@RTa;Y aZRZY�� �/N3M6N3OVWbaZNf]3^3UVL@RZa;N
S���$��Q02,t�?0.D.$���)?="��A�!",�B/!"���4)E,.:a��) T ����'/!",zB���)Q�9�%$C�/$�=#W�,;)E�E��!"=^>ED<,.>u*-��$�0�B���)Q�9�%$aB(���/W��%=#)OB/)ED;*/="02>?=#g`A
!",�B����E�?��q�,�*ZY �/$/,t�?=^>E���@>E=#�%$a��L�!#,t�?\n�9>?];:C,�B/Rn\n�?= T ��,��?,��9>E��'/=#!"=X�9,�*���$��4�/$�D2>E��>u*ZY D T �/="!#="'/)E, i B(�%=#$�>
U/F-,z�`>+��'/!",NjPs���$/,z�9=#>?����>?="��$��%LJ!",u)?D;q�=":7,u���?\n:CB->?��>?= T ��,4,N�`>10ER�����>E= T �/,u�9,Qg ��=#>&B8��)&�/$/,z�9�80.02,N�?�?="��$
*-,M'/=#gh�/)+0.�@>E=#�%$��<���E�9�/02="D.,;�z0ER8��02�/$�,Ms7�/$b� �%��.	���	�����F
�� �H!�7������j� ��� ^/,;=#q%,.$n'����/: I��n������1 2!495

� :7,N�9��)?, T �KY ��$ ����q�:C,.$�>?,�!",�B8��)+��:C]2>E)?,�*-,f02�%$%>?)���!",
µ
AQ!",�B(�%=#$�>lU/F-,[�9>E��'�!#,�W��o!"��="�E�9,;)

B/!X��0.,M,.$
µ = µ0

sC�/$�0.\-02!",J�N\%��$%>��/$/,�02,;)9>+��="$/,MB(D.)?="�-*-,
T
i !#,JB(��="$%>�U/F-,M,.F-="�9>?,v>E���@_`�%�/)+�zB(�%�/)

µ > µ0
:a��="��="!P,;�9>t��!#�%)E�<="$��`>+��'/!",Nj25FoO�/=X�.A8,;$

µ = µ1
A(02,m02\-02!",JW@��s��9�%$c>E���/)t�?,�*-DN�`>+��'/="!"="�?,.)�,2>

�.>?)E,�)?,;:7B�!"�%02DJB8��)t�/$f���->E)?,m02\-0.!#,m�9>E��'/!",m*-,�B(D;)?="�-*-,
2T

5 +1>v��=#$��?=&*-,7�?�/=^>E,�b(!",m0.\-02!",m�`>+��'/!",m*-,
B(D.)E="�-*-,

2j−1T
�%'��9,;)?W�DvB(����)

µ < µj
W@�a�9,�*-D;�9>E��'�=#!"=X�9,;)<,.$

µ = µj
,�="!H��B/B���)+��~X>��9=":��/!#>E��$/D.:C,.$�>

�/$�0.\-02!",M�`>+��'/!",M*/,MB(D.)E=#�-*/,v*/���/'/!",
2jT T �/=H*-,;W�=",.$�>�!dY ��>9>?)+��02>?,;�/)zB(�%�/) µ > µj

5�kH,M�E02D;$���)E="�m,N�`>
�?���/W�,;$%> ��'��?,.)EW�Du*/��$��&�/$�,z�?,;0V>E="��$m*/,¡o&�%=#$80.��)ED�b�!#,N� 02\-0.!#,N�&*-,;Wn=#,;$/$/,.$�>1*/="�E02)E,2>+�.A�,2>1!X��'/=#gh�/)+0.��>?="��$
=":CB/!#= T �/D.,M,N�`>�)?,;B/)?DN�9,;$%>?D;,v�?�/)<!X�mU�q��/)E,CI�I�5

� ,2>9>E,6.�� �(�$�8�(�%

���%� � �H� ����.����	�����F
�,;�9>K��'8�9,;)?W�D;,&B���)Z,.F-,.:CB/!",O�?�/)K!}Y D.W��%!#�/>?="��$
xn+1 = fµ(xn) ≡

1 − µx2
n

5(k4Y ��$/= T �/,�B(�%=#$�>�U/F-, x0(µ)
B(,;)E*��E���9>E��'/=#!"=#>?D�,.$

µ0 = 3/4
,8�%$�����!#�%)E�

f ′
µ0

(x0) = −1
5

� ,.>9>?,t>E)E��W�,.)+�9D;,�*-�c02,.)+02!",t�/$/=#>?D�,.$ −1
*-,�!"��W���!",.�/)QB�)?�%B/)?,t*-,�:C�-*-�/!",t:a�@F-=":a��!e�;Y �%0.02�%:7B8��q�$/,

*-,�!}Y ��B�B���)E=^>E=#�%$ *ZY ��$�0.\n0.!#,l!"=":7=#>?,c*-,�B(D.)E="�-*-,�3/A&*-D2>E,.)E:7="$/D;,l,.$�0+R/,;)E0+R���$�>m!#,N��B(��="$%>mU/F-,;�m*-,
fµ ◦ fµ

5 � ,c0.\-02!",��?,�)+��0.0.��)E*/,l02��$�>?="$��/,;:C,.$%>as[!X�['/)E��$�0+R/,�*-,cB(��="$%>+��U/F-,;�m,;$ µ0
b&�%$ W�D;)?=#U�,

T �/, x0(µ0) = x+(µ0) = x−(µ0)
5({�$/,m�?��0.02,N�?�?="��$�*-,J'/=#gh�/)E0;�@>E=#�%$���*-��:7�;:C,M>`\�B(,�,;�9>���'��?,.)EW�D.,

!"��)+� T �KY ��$�02�%$%>?="$��/,Ms7����q�:C,.$�>?,.) µ
5-��!Z,;�9>zB���)z,.Fn,;:CB/!#,�g ��02="!",v*-,vW���=") T �/, fµ ◦ fµ

B/)ED;�?,.$%>E,��/$/,
'/=#gh�/)+0.�@>E="��$�*-,�*-�%�/'/!",.:C,.$�>t,.$

µ1 = 5/4
A(02��$8*-�/=X�?��$%>t*-��$80JsC��$�0.\n0.!#,�*-,�B(D.)E=#�/*-,M��!"��)+� T �KY ��$

)E,.Wn=",.$%>�s7!dY D.W���!"�->E=#�%$�,;$/q�,;$�*-)ED.,�B8��)
fµ
5
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�O�"�/���.� ���/� � ¢  .±��" @ª�ªQ��¦@�m�N¢ 1d¨@�#­+ V¡9¢ £�¤J¦@��©6¯  �¥@¥@© ¢ ­E 2¡`¢ £%¤m© £N±@¢ �d¡9¢ ®�¨.�
f(x) = 1 − µx2 ´��z¤

¥@©  .­+���;¤M @�2��­2¢ �d����© �M¥. N�# �ªQ«?¡?�"�
µ
�9¡u�;¤v£@�#¦�£%¤@¤.°+�J©6¯  2¡}¡E�# .­?¡��.¨@�}´��z¤��2£@¢ ¡�¤.�?¡}¡��;ªQ�.¤V¡�©6¯  ;­E­;¨ �

ª�¨@©  V¡9¢ £%¤<¦@�<¦�£�¨@�@© �;ªQ�;¤V¡d�1¦���¥N°;�X¢ £�¦@�z­E£%¤.¦%¨N¢ �� @¤V¡  @¨t­ '. .£;�4�.¤
µc ≈ 1.4011550

´

kH,�B�)?,;:7=",.)uB(��="$%>u)E,.:a��) T ����'�!#,�,N�`> T �/,t!",;�u*-�%�/'/!",.:C,.$�>E�u*/,tB(D.)E=#�/*-,t�9,��?��0.0.];*-,.$�>u="$�*-D2U8$/=#:C,;$%>i U�q��/)E,cI�3�j25ZkH���9��=^>E,a02)E��=X�?�E��$�>?,
(µj)j≥0

*/,;�vW@��!#,;�/)+��*-,C'�=^gh�/)+0.��>?="��$f>?,.$�*	W�,.)+���/$/,a!#=":C=^>E,
µc
5

+O$
µ = µc

A1��$���'8�9,;)?W�,�!dY ��B/B���)E=#>?="��$�*ZY �/$ )?D;q�=":7,�0ER�����>E= T �/,%5 kH,��?,;02�%$�* B(�%=#$�>;A1,.$802��)E,�B/!"���
)E,.:a��) T ����'/!",�A@,;�9>O!}Y��$����+%�	�(�����E��
?7O*-,�0.,��?0.D.$���)?="��A@:7=X�?,<,.$CD.Wn=X*-,.$802,z>?�%�->4*ZY ��'(�%)E*m$���:7D;)?= T �/,.:C,;$%>
B/�/=X����$8��!"\%>E= T �/,;:C,.$%>NA8B���)t)?,;$/��)E:C��!"="�E�@>?="��$ � ^/,.="q�,;$�'����/: I����*���*� � �%�/!#!",2>�,2> �P)?,N�?�?,.)�I������	�d58kK,N�W@��!",.�/)+�P*-,u'�=^gh�/)+0.��>?="��$

(µj)j≥0
�9�%$%>1�9B(DN02=#U T �/,;� ���7�9\-�9>?];:7,z02��$8�9=X*-D.)ED�A�*-,z:7�;:C, T �/,u!#,;�/) !#=":C=^>E,

µc
53o ��)�02��$�>?)E,�A-!dY �%0.0.�/:��/!X�@>?="��$�*-,J02,N�zW@��!#,;�/)E�u,;$

µc
�?�/=^>��/$�,vB�)?�%q�)E,;�?�9="��$lq%D.��:CD.>?)E= T �/,%b

lim
j→∞

µj+1 − µj

µj+2 − µj+1
= δ ⇐⇒ µc − µj ∼ δ−j i I.�nj

���
δ
����
)�$� �5����.	�8�C�$����+%�	�(���	���

δ = 4, 66920 . . .
5 � ,;!"�7�?=#q%$/=#U�, T �KY =#!Z,N�`><=X*-,.$%>E= T ��,vB(���/)u>E�����z!#,N��?\-�`>E].:C,;�O*/��$8�1!#,N� T �/,;!"�1��$C�%'��9,;)?W�,<02,.>9>E,��%0.02�/:m�/!"��>?="��$C*/,�*-�%�/'/!",.:C,.$�>E�4*-,<B(D;)?="�-*-,�02��$�*/�/="�E��$�>

����0+R������.b��/$�,t��$���!#�%q�=",��������E��
?�%

��+4�Q,.$�>?)E,t*-,;�Q0.��:CB(��)?>?,;:7,;$%>+�O,.$�>?)+��~�$/,�=X02=(�/$/,t��$���!"��q%=#,��	���%�F
G� 


?�%

��+4�.5 � ,Q�E02D;$���)E="�<,;�9>&�����?�?=���B/B(,;!#D=�(�4�	���/� �H�	�%�0�?
G23�������%�����	���P0;��)&*/��$��H!dY ,;�?B���0.,4*-,N�Kgh)ED T �/,.$�0.,;�;A
0+R�� T �/,Q'/=^gh�/)+0.��>?="��$�0.��)E)?,N�9B(��$8*vs�!}Y ��B�B���)E=^>E=#�%$J*ZY �/$/,Qgh)?D T ��,.$�02,Q:C��=#>?="D i �?�����9GdR8��)E:7�%$/= T �/,�j�,;0�Y ,N�`>
*ZY ��="!"!#,;�/)E�<!",J0.)?=#>?];)?,M,2F-B(D.)E=":7,;$%>+��!K!",MB�!#�����?=":7B/!",J,2>�!",MB�!#���<U8��'/!",MB(����)�!#,J:C,2>9>E)?,J,;$�D.Wn=X*-,.$802,�5
o ���/)

µj < µ < µj+1
A-!#,M�?B(,;0V>E)?,v02�%:CB/)?,;$�*-)+��*-,N�uB�="0;�u,.$

ω = ω0
A
ω1 = ω0/2

A"5.5.5;A
ωj = ω0/2

j 5+O$
µ = µj+1

��B/B���)+��=X�?�?,.$%>M*-,;�v)+��=",;�v�?B(,;02>?)+��!",;��,.$
ωj+1 = ωj/2

)?,-o�D2>+��$%>M!",a*-����'/!#,;:C,.$%>�*-,
B(D.)E="�-*-,a*-� )?D;q�=":7,a���?\n:CB->?��>?= T ��,�5KkK,��9B(,N0V>E)?,C��'8�9,;)?W�DC���o�9,;�/=#!4*-�o0+R������.AZ,.$ µ = µc

AK,N�`>J�/$
�?B(,;0V>E)?,z!X��)Eq�,%A�0., T �/=-)E,(o8]2>?,z!dY ��B/B���)?,;$�02,z��!#DN�@>?�%=#)E,u*ZY �/$/,�*-\n$���:7= T �/,<0+R�����>?= T ��,�5 � ,<�E02D.$���)?="�t,N�`>�%'��9,;)?W�Dm*/��$���*-,7$/�%:�'/)E,.���?,;���9=#>?�8�@>?="��$8�t,2F-B(D.)E=#:C,;$%>E��!#,N� i B���)v,2F-,.:CB/!",7*���$��t!X��0.��$�W�,N0V>E=#�%$[*-,
	���\n!#,;=#q%R-GI�QD;$���)E*�j<,2>�!",;�t:C,;�?�/)E,;��>?,;$�*-,;$%>Msl0.��$-U�)E:C,.)t!dY �/$/="W�,;)E�E��!"=^>EDm*-�f�?0.D.$���)?="��,2>v!"�lW@��!",.�/)
*-,

δ
� 0���$�$/,.Wn="!#!",CI��C�/IQ��5
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� OVc��(g<P	N ]QcZU_UVN3O;RZUVMBc��mL@P�c0WVL@R;O_a;YTPjSF^�OVc;UVL@RTaZY_aZRZY�� �/N�M&N3OVW_a;Nf]3^3UVL@RZa;N

� ,M�E02D;$���)E=#�7,;�9>�02�%:7B�!#].>?,.:C,.$�>�*-DN02)E=^>�,2>�0.��:CB/)E="�<��$8��!"\�>?= T ��,.:C,.$%>�� � �%!#!",2>�,2>U+Q0E�n:a��$/$ I��8� 1	�d5n $ �?��=^>�0.��)E�%0V>?D;)?=X�9,;)m!",;�7g ��:C="!#!",;�as	�/$ B���)E��:C]2>?)E,
(fµ)µ

*-,��?\-�`>E].:C,;�a*-\n$���:C= T ��,;� T �/=�W���$�>
B/)ED;�?,.$�>?,.)��/$�,C��0.0.�/:��/!X�@>E=#�%$[*/,7*-�%�/'/!",.:C,.$�>E�v*/,mB(D;)?="�-*-,%A(B/�/=X�d������

�8����B���)��/$/,7:CD2>ER/�-*-,C*-,
)E,.$/�%)?:a��!"=X�?�@>E=#��$�!dY �/$�=#W�,;)E�E��!"=^>ED7*-,7!dY ,.FnB(���?��$%>

δ
,2>:�(�%���	�$���	���?�lW���!",.�/) i U8q��/)E,�I ��jV5 � ,;�tg ��:C="!#!",;�gh�%)?:C,.$�><!X� �����4�(�	�d�qp �$�F��+4�	�(�	�%�E��
?7�*-���?0.D.$���)?="��5

+O$�02��$8�9=X*-D.)+��$�>J!#,l0;����*-,�!X��g ��:C=#!"!",
fµ(x) = 1 − µx2 AH!",�B(��="$%>7*-,l*-D;B���)?>m*-,�!dY ��B/B/)E�-0+R/,B���)u)?,;$/��)E:a��!"="�E�@>?="��$�,;�9>u!",tg ��=#> T �/,�!#,�q%)E��B/R/,t*/, f2

µc

An)E,;�9>?)E,.="$%>zsm!}Y ="$%>?,;)?W���!"!#,
[1− µc, µc − 1]

,.>
*-="!X�@>?Dm*-��g ��02>?,;�/)

1 − µc = fµc
(1)

,N�`>tB/)E,;� T �/,��9�/B(,;)?B(���9DJs�0.,.!"�/=&*-, fµc

5 � ,2>?>?,m�?=#:C="!#=#>?�8*-,m*-�q%)E��B/R/,v02�%$�*-�/=#>�sC0.��:CB���)E,.)
f
,2>�!}Y ��B/B�!#=X0.��>?="��$

Rf(x) = (1/λf )f ◦ f(xλf )
��L

λf = f(1)
B(����)

0.��$��?,.)EW�,.)M!"��$���)E:C��!#=X�E�@>?="��$
Rf(0) = 1

5PkK,ag ��02>?,.��)�*-,l*-DN02=":C��>?="��$	>E,.:CB(��)E,.!"!#,a,N�`>�=X02=
k = 2

A
0+R/��=#Ff$��@>E�/)E,.!4*/��$8�M!}Y D2>E��*-,l*-,�*-�%�/'/!",.:C,.$�>E��*-,aB(D.)E="�-*-,�5HkOY ��B(D.)+�@>E,.�/)J*-,a)E,.$/�%)?:a��!#=X�?�@>E=#�%$[,N�`>
��=#$��?=db

Rf(x) =
1

λf
f ◦ f(xλf ) avec λf = f [f(0)] = f(1)

kP��0.��$@_`�/q���=X�9�%$	*/,
Rf

,2>
f2 �9,C>E)E��$��?:7,.>�s�!#,;�/)E�M=#>?D;)?D;,;�;b

(Rf)n(x) = λ−1
f f2n(xλf )

AP0., T �/=
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[Tk,Kϕ](ū, t) ≡ ϕ(ū/k,Kt) K > 0, k > 0
J&R � L

��� � �	� ��&=� � � � 
 (�&�
��'� � ��� � 
 &���� 
 ��� 0 ����
 ��
 � � �	��+ (��
((

������� � &=(�&C��& � ��� � �	� � 
�� 
 � � �
))

P
A1 = (dTk,1/dk)(k = 1) [A1ϕ](ū, t) = −ū.[∇̄ūϕ](ū, t)
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(lysines de H3 ou H4)

linker (ADN)
acétylation

nucléosome

équilibre  thermique

intercalant

stabilisation du flambage

par  intercalation
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• zOx � e  f�!kO\�hv\�d�i \u� z nt\ e,e  ycJl¢oJ_ulO_u`+ f�JkE\ �TS =!9Å���4V
• hv�.lEa�]/ p�!kO\1�u_un,_ubOn8a�dp\ �WS =!9 AJ�49O�a�l e � x a8�5kOlE\�hv\X�u\ e h5 pnt\���`� ycJl eu| kOlE\�hv_Z]�a�n�� x \� yl!`t_Zo�n8a*`+ pq�\ | a�bHcJn,hOa�lJ` e  p]wkOdy`,a�lO_u]�\ul!`@dy\ e h5 � _u{n,\ul!` e l6 pq�\Za�kO�mhMi c�n,oJa�l6 e a*`� yc�l | \ e `^a e,e kEnt_u]�\ZlJ`Y plEh5 e�z \Zl e a�bOdp\ | ]7a- e dp\ e a zOz n,c5� x \ e ]wkOd¡`� ¡{�_7� x \udpdp\ e\u�; e `,a�l!`t\ e � ]�_7�Za�l6 f�!kO\ e `,a�`+ e `� p�!kO\ |Ee _ z a�n,a�`+ pc�l±hv\ e q*a�n+ fa�bOdp\ e dp\ulJ`,\ e \5`�n8a z  fhv\ eu| ]�_5` x cvhv\ e�z \unt{`,kOntb�a*`+ pq�\ e�} _7� x \udpdp\ e ]wkOd¡`� z dy\ eu| �5c!a�n e \u{�o�n,aZ pl6 plOo eu|Ox cJ]�c�o�_ZlO_3 e a*`+ pc�l | n,\ulOcJnt]7a�d[ e a*`� yc�l±\5`�` x _uc�{n� y\ e hji _�� x \Zdydp\ |>z c�kEnwlO\"�4 y`t\Zng�!kO\¢dp\ e a zOz n,c5� x \ e hv_uq�\Zdyc zOz _u\ e hOa�l e �5\�]g_Z]�c# pnt\:� e c�l!`\ yl e k���{e a�l!`t\ e c�k] plEa�hOa z `t_Z\ e 9v[Ua z dyk z a�nt`�hv\ e h6 �:�5kEd¡`,_ e cJlJ`�hv_�� } _u`t_( fhv\ulJ`�   _u\ e hOa�l e dp\ e `tn8a~q�a�kv�¢�JkE\��\�q^ p\ul e hO\ z n,_ e \ZlJ`,\unCa�kv�_� x a z  ¡`,n,\ e ��\5``A!9� ²d e i a�o# y`Chvka�ua�n,a8��`,�un,\ + ��� 0(.�� $�b3J5%c,d%feR� �§hO\ eCe � e `t�Z]�\ e\Zl!q; e a�oJ_ eZ| hO\�dfa �+$������7* C �g%���� hv\ e h5 � _Znt\ZlJ`t\ e _7� x \udpdy\ e dp\ e kElO\ e�e kEngdy\ e a�kv`,n,\ eu| hv\�dfa z nt_ e \Zl!�5\hMi  plJ`t\Zn,a8��`� ycJl e hv\ 01�����T$ �&0GN �Z%4� �1.�� �)*��gJ�� �&0h. % HG$R� � �¤� �40&98O�a�l e dp\G�5cJlJ`t\u�.`t\�b! ycJdycJo# f�!kO\ |�e i a*��c�kv`,\ulJ`d�i  plJ`,\un,q�\ul!`+ pc�l�hv\gdfai0 $4, �jC �F%��j� �K*j�FJ�� � ,c, ��\5`�dpa z n,_ e \ulU�5\ghMi %4�7D��j� 2 *j�F%��j� ' $��)$��g%fb3J � | hvcJlJ`�dfa z a�nt`hOa�l e d�i cJnto!a�l6 e a*`� yc�l±hvk�q; yq�a�l!`�n,\ e `t\ } hv_7�5n� pnt\�\Zl±`t\Znt]�\ e �5c�l!�unt\u` e \5`�c z _un8a*`,c# pnt\ e 9O£�kv�±\Zl*��\ukO� plJ`,n+ pl e �Z�!kO\ e hv\ e `tn,c# emz n,c�bOdp_u]7a�`+ f�JkE\ e �4 y{�hv\ ete k ewe i a*��c�kO`t\¢a# yl e  Cdy\�hv_   ]�_u` x cvhOc�dpc�o# f�!kO\7q�c8 yn,\�uc�l!�5\ z `tkE\ud@�!kO\�n,\ z nt_ e \ZlJ`t\�dp\ukOnm_5`,kEhv\�` x _uc�n� f�!kO\ ©  pd e i a�o# y`�hv\�hO_uq�\udpc zEz \Znmhv\ e ]�cvhv�Zdy\ e ]wkOdy`+ y{_�� x \Zdydp\ e a�n�`� M�ukOdfa�lJ`�dp\ e h5 � _Znt\ZlJ` e l6 pq�\~a�kv�±hv\Lhv\ e �5n� z `� pc�l | �5\w�!k6 z \un,]�\5`�`,n,a# ¡`�`,c�kv` } dpa�rYc# e hv\�uc.c�n8hvc�lOlE\unCdy\ e hOc�lOlO_Z\ e \5� z _un� p]g\ZlJ`8a�dp\ e a#�7�5\ ete  ybEdy\ e a�kv�¢h5 � _un,\ul!`t\ e _7� x \udpdp\ e \5`�hO\�hv_uo!a�oJ\un�hv\ ez n� pl!�4 z \ e hv\�rYc�l!�5`+ pc�lOlE\u]�\ul!`Co�dpc�b�a�kv�k98l�\h�5c�l!�udykE\un8a- U�5\h� x a z  y`tn,\�hv\ z \un etz \7��`� yq�\ e2z a�nC�!kO\Zdp�!kO\ e_Zdy_Z]g\ZlJ` e§z cJkOn�]/ y\Zkv� e  ¡`,kO\un�dfa z dfa#�u\ z c e,e  pbOdp\�hv\�dfa zOx � e  p�!kO\�` x _ucJn+ f�!kO\�\ul±b6 ycJdycJo# p\ �TS =!9 =!�49
man7o paqsr]t"uXv�u�r\wyx�wYz]{�q1|~}4�/�"u�x���qs�a|��4u�x	x��_x�wy�Xv�u�x��Iq\v��"�4u`�:u�x
O�\�rsaJ�5c�l�`,nt� e oJ_ulO_Zn,a�dy\ | ��\��Jk�a�dM   \Zn,a# �kOl e � e `t�Z]g\�hv\_C � 2G� , ��L � ,���� 0 b3J � J�� C � 2G� ����� �42 � � � ' ,��8e�*-,%4�)$ . %4�I$ 2�� � '��1.�� , � * 0j0��32 e3,[* '��s.�� J�� ' �+*�� . ��� 2 e�� �1.�� $4,M$ 2 � �¤� 0 � �"%4� � � �+* C �F%��j� 9 � \5`t`t\�hv_   l6 y`+ pc�l\ e `��u\ z \ulEhEa�lJ`�`tn,c z oJ_ulO_Zn,a�dy\ z c�kOn(#5`tn,\�nt_Z\udpdy\Z]�\ulJ`�c z _un8a*`tc8 yn,\#V�dfa z nt_��4 e \Zn@q�awa�dpdp\un�hv\ z a- pn�a:q�\7�dfa�h5 e �uk ete  pc�l�hv\ ewz ntcJbOdy_Z]7a*`+ f�!kO\ e a e,e c6�4 p_u\ ew} �5\ ege � e `t�Z]g\ e \5`�hv\ e h5 �:�5kOdy`t_ e hv\�dy\ZkOnL_5`,kEhv\ |
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h5 e �5k e,e  pc�l#�!k6 �cJkOq.nt\ e kOn�hv\�lOc�]wbEnt\Zkv� z ntcJo�n8a�]g]�\ e hv\�n,\7� x \unj� x \ |>} �uc�kOnt`L\u` } � `tn,� e �mdpc�lOo`,\un,]g\ e 9Ql�\�]�c�lJ`,nt\Zn,a# ��!kO\�dy\ e �!kO\ e `� ycJl e �!kO\L�5i a# �a�bHcJn,hv_Z\ e a�k � x a z  y`tn,\±� z \ZkOq�\ul!` e \Zntq; pnghv\bEa e \ | c�k `tcJkv`ga�k
]�c# pl e hO\�n,\ z �un,\ eZ|jz cJkOnLhv_uq�\Zdyc zOz \unwdy\ e c�kO`+ pd eZ| a�k e,e  @b6 p\ul �5cJl!�5\ z `tkO\Zd e �JkE\z n8a*`� p�!kO\ eu| lO_��5\ e,e a- pnt\ eCz c�kEn�a�bHc�n8hv\un§d�i _u`tkEhv\mhO\1�u\ e�e � e `,�u]�\ e �uc�] z dp\5�v\ e 9B�lO\ z nt\Z]  p�un,\�h5 pnt\���`+ pc�l#hO\¢n,\7� x \Zn�� x \ �TS =U9y�89y�:� e i a�l!�unt\�hOa�l e dp\]�Za�n8a#�5`t�un,\�� ��� 0@.�� $jb3J5%c,d%feR� �hv\ e�e � e `t�Z]g\ e �uc�] z dp\5�v\ e V z n,c�dpc�lOoJ\Za�l!`�d�i _u`tkEhv\7hvk z  e `tcJl�aJh5 fa�bEa�`+ f�JkE\ z nt_ e \ZlJ`t_Z\ga�k S �69y�89 ��\5`hOa�l e d�i a�lElO\5�v\�£ | \udpdy\�q�a��5cJl!�5\ZntlO\ZnLd�i \u�.`t\ul e  pc�l hv\�dfa�]�_��ua�l6 f�!kO\ e `8a*`� e `+ f�!kO\±a�kv� e  ¡`,kEa*`� ycJl edpc# pl�hv\gd�i _~�!k6 ydM pbOn,\L\u`�dp\ e h5 �:�ukOd¡`,_ e a�k ete  �b6 y\Zl�rYcJlEhOa�]�\ul!`,a�dy\ e �JkE\L`t\7� x l6 f�!kO\ e a�kO�v�!kO\Zdydp\ e \udpdy\e \ x \ZkOn�`,\�2 
 a e�z a�n,h �4���	� 5 2 O�c�ntrY]7a�l$������� 5 9 B�lE\¢lOc�`� ycJl z a�nt`+ �5kEd[ p�un,\u]�\ul!`Lhv_udM �ua*`,\ } _u`t\ZlEhvn,\a�kv� e � e `,�u]�\ e§x c�n e hji _~�Jk! ydM ybEnt\�\ e `��u\udpdy\�hMi � � ���b� � % �3V*��\�h6 e �5kv`,\un8a- k�3 ¡{²hv\ e,e c�k e �JkE\udf�JkE\ e {�kOlO\ e hv\ e\u�!`,\ul e  pc�l e§z n,c z c e _u\ eu| dp\ukOn e hvc�]7a- plO\ e hji a zOz dM M�Za*`+ pc�l�\5`�dp\ukOn e dM y\Zl e � c�k±h6 � _un,\ul!�u\ e �C_Zq�\ulJ`,kO\ud e 9B�lO\ e \��5c�lEhO\�h5 pnt\7�5`+ pc�l �WS =!9p�89 �J� �uc�l!�u\un,lO\�d�i a�lEa�dy� e \7hv\¢hv�.lEa�]/ p�!kO\ e  p] z d[ f�!kEa�l!`Lhv\�lOcJ]g{bOn,\ukv�«hv\uoJnt_ e hv\'dM ybH\Zn�`,_'\5`�hv\ e�$ C���� ,c, �40�.�� � �32G�U0 ��� �&0 . % HG$�� � � � �40 | �u\��!k6 �\ e ` |@z nt\ e �!kO\ z a�nhv_   l6 y`+ pc�l | kOlO\ e  poJlEa*`,kOnt\Lhv\ �uc�] z dp\5�5 y`t_ghv�.lEa�]/ f�!kO\#9)O�a�l e dy\ �Za e hMi _Zq�c�dpkv`+ pc�l e�e a�l e ]g_Z]�c# pnt\
� ]�a�n � c*q; y\ZlOlO\ e � | hv\ukv� hv\ e �un+ z `+ pc�l e a�dy`t\Zntl�a*`+ pq�\ eu| n,\ etz \7��`� yq�\Z]�\ulJ`�hv_u`t\Znt]/ pl6 e `t\ |^z a�n7hO\ e7e � e {`,�u]�\ e hv�.lEa�]/ p�!kO\ eu| c�k e `tc5� x a e `� p�!kO\ |�z a�n@hv\ e _Z�!kEa*`� ycJl e ]7a��f`tn,\ e,e \ eu|�e \ z n$#u`t\ZlJ` } hO\ e ]�_5` x cvhv\ ehv\�nt_~hvk!�5`+ pc�l � z a�n@\5�v\u] z dp\�dp\G�ucJa�n e \5{�o�n,a- yl6 plOo z n,_ e \ul!`t_�a�kO� S �69y�89 A�\5` S � 9 =.� © \Zdydp\ e oJa�oJlO\un8a- y\ZlJ`} #u`tn,\:�5cJlvrYntcJlJ`,_u\ e \5`wn,\udM y_Z\ e 9�lJ\7]�\ul!`+ pc�lOlE\un8a- @hv\Zkv��q�c# p\ e�z c e,e  pbOdp\ eZ© d�i a�lEa�dy� e \ e�z \���`tn8a�dp\ � nt_u{e c�lEa�l!�5\ e �§hv\md�i c z _un8a*`,\ukOn�hji _Zq�c�dpkv`+ pc�l±\u`�d�i a�lEa�dp� e \�\ul!`tn,c z  f�!kO\ � ε {�\ZlJ`,ntc z  y\ e ��hv\ e `,n,a*��\7�5`tc8 yn,\ e ¥��9 B�lO\§`tn,c# e  y�Z]g\�h5 yn,\7�5`+ pc�lg\ e `^]�c�`� yq�_Z\ z a�n2hv\ e2e � e `t�Z]g\ e �5c�] z dp\5�v\ e�z a�n�`� M�ukOd[ p\un eZ| dy\ e^e � e `t�Z]�\ e* . * � �E*j�F% D 0 | hOc�lJ`Chv\ e \5�v\u] z dp\ e `�� z  f�!kO\ e2e c�l!`2dy\ e2e � e `,�u]�\ e q; yq�a�lJ` eu| dp\ e2e � e `,�u]�\ e2e c5�4 fa�kv� | cJkgdp\ e_��5c e � e `,�u]�\ e 9:[Ra �5cJ] z dy\u�5 ¡`,_§hv\��u\ e^e � e `t�u]�\ e nt_ e kOdy`,\§hv\ z n,c5�5\ ete k e hMi _uq�cJdykO`+ pc�lL\u`2hMi aJhOa z `,a*`� ycJl |�!k6 HcJlJ`�_5`8a�bOdM ¨a�k]�5c�kEn e hMi kOlO\�]wkOdy`� ¡`,kEhv\�hMi _5`8a z \ e hv\�]wkv`8a*`� ycJl�\u`§hv\ e _udp\7��`� pc�la�5\��!k6 ¨a zOz a�n8a��f`a�k   lEa�d)�uc�]�]�\�kOlO\�lOcJkOq�\udpdp\�rYc�n,]�\�hv\ �5c x _un,\ul!�u\�dpc�o# f�!kO\ | �u\��!kji c�l z cJkOntn8a- y`Ca zOz \udp\un�hv\�rsa��uc�lkOl z \Zk�a�bOn,k z `,\mkOlO\

((

C *ZJ 0 *Z,d%4�T$ C %4� C J5,[*Z%4� �
))

© dp\wl6 pq�\Za�k']/ M�untc e �uc z  f�!kO\�rsa- y`�_u]�\un,o�\Zn�hv\ e rYc�n,]g\ ecJnto!a�l6 e _u\ e a�k7l6 pq�\Za�k�]7a8�5ntc e �uc z  f�!kO\§�!k6 ! pl ' kO\Zl!�5\ZlJ`C\ul7nt\u`tcJkOn^dp\�l6 pq�\Za�k�]/ �5n,c e �5c z  p�!kO\� pl6 y`+ fa�d\u`wdp\ e l6 pq�\Za�kv�  plJ`t\Znt]�_~h5 pa# yn,\ eZ|jz a�nm\u�v\u] z dp\�\ul �unt_~a�lJ`Lhv\ e �5c�l!`tn8a- plJ`,\ e � ]�_7�ua�l6 f�JkE\ eu| `tc z cJdyc�{o8 p�!kO\ e �2a�k�l6 pq�\Za�k¢hv\ e _udp_u]�\ul!` e c�k�\Zl�]�cvh5   a�l!`Cdp\ e@z a�n8a�]��5`,nt\ e hv\�dp\ukOnC_Zq�c�dpkv`+ pc�l � �uc�l e `,a�lJ`t\ e�3 ylO_u`+ f�!kO\ e�z n,\ e �5n� ¡`,\ e�z a�n�dp\ z a:� e a�o�\�_ulO\ZntoJ_5`+ f�!kO\ | `8a�kv��hv\�n,\ z n,cvhvk!�5`+ pc�l] pl ' kO\Zl!�5_ e�z a�n�d�i \Zl!q; ¡{n,c�lOlO\Z]�\ulJ` |*z a�n�\u�.\Z] z dy\:�&9�[j\ e�zOx _ulEc�]��ulO\ e lO\ e \ z n,cvhvk6 e \ulJ` z a e^e cJk e d�i \ � \5`@hMi kOlO\ e \ukOdp\��ua�k e \
� �JkUi \Zdydp\ e c8 ¡`�]  �5n,c e �5c z  p�!kO\Lc�k�]7a8�5n,c e �5c z  f�!kO\~��]7a- e�e c�k e d�i \ � \u`mhv\_�ua�k e \ e ]wkOd¡`� z dy\ e q�\ZlEa�l!`dp\ e kOlO\ e hv\ e l6 pq�\Za�kv�']/ �5n,c e �5c z  p�!kO\ e � e `,n,k!��`tkEnt\g\5`�hv�.lEa�]/ p�!kO\�hv\ e _udp_u]�\ZlJ` e � | dp\ e a�kv`,nt\ e hv\ el6 pq�\Za�kv��]7a8�5n,c e �5c z  f�!kO\ e � � x a�] zEe \u`X�5c�l!`tn8a- plJ`,\ e o�dpc�b�a�dp\ e � | a�n�`� �5kOdp_ e hv\�rsa��uc�l�a�kv`tc�{E�uc x _Znt\ul!`t\z a�n§`,c�kv`�kOl±n,_ e \Za�k�hji  plJ`,\un8a#��`� ycJl e 9�1^a�n�\5�v\u] z dp\ | hv\ e a zOz n,c5� x \ e ]wkOdy`+ y{�_�� x \udpdy\ e�e c�l!`� plEh5 etz \ulv{e a�bOdp\ e�z cJkOnP�uc�] z n,\ulEhvn,\§dy\ e d[ p\ul e rYc�l!�5`+ pc�lOlO\Zd e \ZlJ`tn,\�dp\ e h5 � _Znt\ZlJ` e l6 pq�\Za�kO�LhMi c�n,oJa�l6 e a*`� yc�lghMi kOl
#u`tn,\7q; pq*a�l!` | hv\ z k! e d�i _7� x \udpdy\�]�cJdy_��5kOdfa- pnt\���k e �JkUi } �5\Zdydp\�hO\�d�i c�n,oJa�l6 e ]�\ |Mz cJkOnwhv_��5n� yn,\7dy\ZkOns�uc�{x _Znt\Zl!�5\m\5` z c�kEn�\u� z d[ f�!kO\un�dp\ukOn�_Z]�\un,o�\ulU�5\�\5`�dp\ukOn z \Zn e  e `8a�l!�u\ma�k �5c�kEn e hO\md�i �@q�c�dpkv`+ pc�l�9KO�a�l e�u\5`�`,\ z \un e�z \���`+ pq�\ | ��\�h5 e �5kO`t\un8a- ¨dfaLlOc�`+ pc�l � c�k z dykv`&%�`�dp\ e lOc�`� ycJl e �Chv\1�5cJ] z dy\u�; y`,_�a�k S =!9p�#9 A | \5`��\�`,\ulJ`,\un8a- Ea�k S =U9y�89 =�hv\�hvcJlOlO\un@�!kO\Zdp�!kO\ e^z  e `,\ e2z c�kOn@a�bHc�n8hv\un^d�i _5`,kEhv\�hMi kOl e � e `,�u]�\X�5cJ] z dy\u�.\89
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JL`LZ�q]Z# eSTSeQ�Y+G~FkG(J;R�FlR�Q[Y+Y$FN`�V$YiZfYU�g`9Zf�[Fs�gQ[Y+G�J�`LV!�gJ+ e� | Z[VoY6 eq�FbZfVpR�FkG�R�FkG+�N`+ TW�J� eQ�Y+G�MOakG�Q_G+�NQ[W6 h^_V$FbG
Q�V�M/ M�N`�Q_G+�NQ[W6 h^_V$FbGHR�F;ShZlR�IvY+Z[M/ T^_V$F | Z[V�umab^_V+Z]J� eQ�Y+GHW$n$abY$Q[MOaNY+Q[STQ[�# h^_V$FbG | M�Z#�N`�Q_G+�NQ[W6 h^�V$FkG | R�F
ShZXJ�n$Fb`�MOQ�R$I_Y|ZfM/ T^_V$F;n$Q[`9G�R�j ak^�V! eSM T\$`�F89$E!j FbY]t(FNVrR�FR�gF;W+`�Q�\$SeKbMOF'FkG(J�W$`� eY!�3 eW|ZfSTFNMOFNY�Jk�
• R�F!� J 0 �F% � � � � �~%4�¤� � � � �+$R� � �G, ��� �jC �j� .B> �&%4� C % ���'�/FNJUS�j  T`�`LaNq[Fb`LG+ T\6 eSM eJ�a�R�Q�Y�JI TS|FbG�J!W+`�akG�V$MOa�`LFNY+R$`�F�NQ[MOW�J�F��!ZfVsY6 Tq[FbZ[VsR$F�ShZ.R�IvY+Z[M  h^_V$F�M/ M�N`�Q_G+�NQ[W6 h^_V$F | R$Z[Y+G!ShZ�WyFN`9G�WyF���J� eq[F�R�j V$Y$F���aNY$ab`LZ[S[ hG�Z]J� eQ�Y
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��� � % � � ��� � 2 � .f@ �K* 2 %fb3J � |  TY6 eJ+ hZfSTFNMOFNY_J� TY�JL`�Q�R$V6 �JLF;W+Zf`
�UShZfV+G+ TV+G | FNY¸SM TFNY�Zkq[F��rSeF¡zvF7�NQ[Y+R 1&`+ TY!�3 eWyF[�HSTZ�J�n$Fb`�MOQ�R�IvY+Z[M  h^_V$F@� � 0 �gJ5, �sS�j Fgu5 TG�J�FbY!�gFiR�j V$Y$F
�/Q�Y!��J+ TQ�Y?R�j agJ9Z]J

S(U, V,N)
��WyQ[V$`�V$Y ' V6 hR�F�G+ eMOW$STF | Q�V

S(U, V, [Ni]i=1,...,q)
WyQ[V+`~V$Y ' V6 hR�F� 

q�NQ[MOWyQ�GLZfY�JLFbG9�&9��UFgJ�JLFlFNY�JL`�Q�W6 TF.Y�j Z�R�F * � �&%��j�&% R�FOG�FbY+G'^_V$FlR$Z[Y+G�V$YiagJ9Z]J;R�j ak^�V! eSM e\+`�F.JLn$FN`LMOQ�{
R�IvY+Z[M/ T^_V$F | FgJ�SeFBzvF7�NQ[Y+R 1&`� TY!�4 TWyF�abY$Q[Y!�NF�V$Y$F �NQ[Y+R6 �J� eQ�YmG�V$`HSTFbG!JL`LZ[Y+G��/Q[`LMOZfJ+ TQ[Y+G&`LFNSM hZfY�J�R�FbV�u
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FNuvFbMOW$SeF�FNYmnvIvR$`�Q�R$I_Y|ZfM/ T^_V$F 2 E�ZfY+R+ZfVsFgJ�E  ���G�n6 eJ$7 5 9$zvQ�V+G!V+Y$F�n_IvWyQfJLn$KbG�F�R�j $jb4J5%c,d%feR� � � ��� � 2 � .f@ ¹�)* 2 %fb4J � ,�� C *Z, WyFb`�MOFgJ�JLZ[Y�J�R�F.R�Q[Y$Y+FN`.�/STQ5�bZfSTFNMOFNY_J9��V$YrG�FNY|G�ZfV�u·q]Z[`+ hZf\$STFbG~R�j agJLZfJ�FgJ�R�F.R�ag�+Y! e`
V$Y$F.R�FbY+G+ �JLaBSTQ5�NZ[SeF

ρ(~r, t)
| V$Y �Ln|ZfMOWrR�F�q^ eJLFbG�G�F | V$Y �9n+ZfMOWrR$FBW$`LFbGLG+ eQ�Y�FNJ�V+Y �9n+ZfMOWrR$F;JLFNMg{
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WyaN`9Z]JLV$`LF | Q�Y·WyFbV�J�Z- TY+G+ � eY_J�`LQ�R�V6 T`�FBV$Y$F].�� � 0 %4�T$ .�� � � ����� � % � � ��� � 2 � .f@ �K* 2 %fb3J �
s(~r, t)

�/FbY�JL`�Q�W6 eF
W+Z[`�V+Y6 �JLa�R�FBM�Z[GLG�F � STZOR$FNY+G+ �JLa;q[Q�STV$M  h^_V$F;FbG�J ρs

�&9+E!j ak^�V|Z]J+ TQ[Y?R�FR�gQ[Y_J+ TY_V6 eJLaBZ�G�G�Q5�3 eabF[�
∂t(ρs) + ~∇.~S = σirr

��¢->_�
��Z# �J�ZfW+W+Zf`9Z��hJ�`LF&V$Y$F�R$FNY+G+ �JLa'��q[Q[STV$M/ h^�V+Fk��R�F��gQ[V+`LZ[Y�J�R�j FbY�J�`LQ[W! eF

~S
| `LFNSM eabFHZfV\�gQ�V$`9ZfY�J�R�F��Ln|ZfSTFNV$`

W+Z[`
~Q = T~S

| FgJ�V$YrJ�FN`LMOF�R$F(� ��� . J C �g%���� .�� � � ����� � % �
σirr

9���abZ[Y$MOQ# TY+G | �gFkG~Y+QfJ+ TQ�Y+G�G�Q[Y�J�W$STV+G
R�FkG+�N`+ TW�J+ Tq[FkGX^�V0j Q�WyaN`9Z]J�Q8 e`LFbGN�0FbSeSTFbGXY$F�WyFN`LMOFgJ�J�FNY_JlW|Z[GXR$F�W$`�akR5 e`LFmS�j abq[Q[STV�J+ TQ[Y R$V G�I�G�J�KNMOF"�NZf`
Q�Y�Y$FmGLZ- eJ�W+Z�GBFNuvW+`+ TMOFN`

σirr
 ?W+Z[`�J� T`�R$FsSTZoR�IvY+ZfM/ h^_V$FsR�V�G�I�G(JLKNMOF#9�}�Y�Q[\�J� eFbY�JXG�FNV$STFNMOFbY�J

V$Y$FR�gQ�Y+R5 eJ+ TQ[Y·Y$a��gFbGLGLZ- T`�F'R�j Z�R�M/ TGLG  T\6 TSM �JLaBR�F;S�j aNq[Q[STV�J� eQ�Y¡��Q[V?R�FR�gQ[n+aN`LFNY!�gF;R$F;ShZlR$FbG��g`+ TW�J� eQ�Y|�H 
JL`LZ�q[FN`9GUShZ/�NQ[Y�JL`LZ# eY_J�FBR�FBWyQ�G+ �J� eq; eJ�a��

σirr ≥ 0
��¢��[�

�UF~JLFN`LMlF
σirr(~r, t)

q]ZB^_V+Z[Y�J� ��+Fb`!S�j  e`L`LaNq[FN`9G+ e\6 TSM �JLa�Q�\+G�Fb`�q[abF~ R�gFgJ�J�F�a7�9n$FNSTSTF�MOZ8�g`LQ�G��gQ[W6 h^_V$F | MOZ# TG
GLZOG  T�[Y6 e�U�bZ]J+ TQ[Y·W$n_I�G+ T^_V$F | JLQ[V�JG�NQ[MOMOF1�gFbSeSTF�R�F

s
FgJ

~S
| `LFbG�J�FB laNJLZ[\$S[ T`k�$ZfSTQ[`9G�^_V�j Q�Y?G�Z# �J�`�FbS[ TFN`

ShZ;W$`LFbGLG  TQ[YO BSTZBG�Q[MOMOF�R�FkG�J�`9ZfY+G��/FN`�JLG&R�j  eMOW$V+STG+ eQ�YOMOQ�Sea��gV$ShZ- T`�FkG�G�V+`&ShZ;W+Zf`LQ# $FgJ!ShZ'JLFNMOWyaN`9Z]J�V+`�F
 rS�j aNY$Fb`��8 eF:�4 TY$aNJ+ h^_V$FsMOQ�I[FbY$Y$FsR$FbG�MOQ[STa7�NV$SeFkG |����-� �_0 *-%4� � * 0 %4� � � � � �+$R� � �_, � � �¤�
��� � % � � ��� � 2 �f¹.f@ �K* 2 %fb3J �	� , � $ C���� ,c, �/2 �-,[$ C J5,[*-%4� �_. *j� 0 , �40(0 %4�gJ!*��g%��j� 0@� �j� 0\.�� $jb4J5%c,d%feR� �39��UFBY0j FkG(J�^_V$F�R$Z[Y+G~V$Y
G�I�G(JLKNMOF
� , � $jb4J5%c,d%feR� ��^_V�j Q�Y·G�Z# �J | R�FbW$V6 hG�?HQ[SeJ$7bMOZ[Y$Y | STZl`�FbS[ TFN`~ZfV�Y+Q[M.\$`LF

Ω
R�F1�NQ[Y��|�[V$`9Z]J� eQ�Y+G |

G�FNSTQ[Y
S = kB log Ω

| Q[V�W$STV+G0��aNY$ab`LZ[SeFbMOFNY�J� �ShZ�R�FNY+G+ �JLaUR�j aNJLZ]J
ρeq
R$Z[Y+G0STFbG0FbY+G�FbM.\$STFbG�ZfV$J�`LFbG�^�V+F

S�j FbY+G�FNM.\$STF!M/ M�N`�Q6�NZfY$Q�Y6 h^_V$F[�
S = −∑x ρeq(x) log ρeq(x)

Q�/
x
W|Zf`j�gQ[V+`�J�S�j FbG�W+Z#�NF!R�FbGY�gQ[Y��|�[V$`9Z*{

J� eQ�Y+G 2 <iFbn$`�S0d������ 5 9fE&j FNY�JL`�Q�W6 eF�J�n+FN`LMlQ$R�IvY+ZfM/ h^�V+F | MOZ8�g`LQ�G��gQ[W6 h^_V$F | `�F ' KgJLF~Z[STQ[`9G�R�FkG�W$`LQ[W$`� TagJ�akG
M/ �g`LQ�G��gQ[W6 h^_V$FbG�R�VpG�I�G�J�KbMlF | FbYrS�j Q5�7�gV$`L`LFNY!�gFBSTFbG�W$`�Q�W$`� eaNJ�abG�G(J9Z]J+ hG�J+ h^_V$FbG�R�FXG�FbGG�NQ[Y��+��V$`LZfJ+ TQ[Y+G
M/ �g`LQ�G��gQ[W6 h^_V$FbG;Z#�7�gFkG�G+ e\+SeFkGN��Q�Y¡aNY$Q�Y!�gF�G�Q[V$q[FbY�J�^_V$F�S�j FbY�J�`LQ[W6 TFOMOFbG�V$`LFOSeFsR�abG�Q[`9R�`LFXM/ �g`LQ�G��gQ�{
W6 h^_V$F |h% � ����SeFoY+Q[M.\$`LFoR�Fi�NQ[Y��+��V$`LZfJ+ TQ[Y|GlM/ �g`LQ�G��gQ�W6 T^_V$FkG�R5 � aN`LFNY_J�FkGmR�Q[Y$Y|ZfY�JmSTFoM�#NMOFoagJ9Z]J
R�j ab^_V6 TSM e\$`LF�JLn$FN`LMOQ�R�IvY+Z[M  h^_V$F#9_��j FbG�JUR$ZfY+G��gFNJ�JLF�Q[W�J� T^_V$F�^_V�j Q[Y_�9n$FN`j�Ln+F� ;��aNY$aN`9ZfSM hG�Fb`�ShZ;Y$Q[J+ TQ[Y
R�j FNY_J�`LQ[W6 TFOZfV�upG+ �JLV+Z]J� eQ�Y+G'n$Q[`9G'R�j ab^_V6 TS[ T\$`LF?��G�IvG�J�KbMOFbG'MOagJLZ�G(J9Zf\$STFbG'W$`LabG�FNY�J9ZfY_J'V$Y+Fl`LFNShZ]u$Z]J� eQ�Y
STFNY_J�Fk��FgJ�ZfV�u·G  eJ�V|Z]J+ TQ[Y|G�SeQ8 eY?R�FBS�j ak^_V6 eSM T\$`�F���G�I�G�J�KbMlFkG~G�JLZ]J� eQ�Y$Y+Z# e`LFbGHW+Zf`j�gQ�V$`LV+GHR�F ' V�u+�49
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SM eFbY��sGNj  TS�FNu5 TG�J�F���FNY_J�`LF'ShZXY$Q[J+ TQ[YmJLn$FN`LMlQ$R�IvY+ZfM/ h^�V+F�n$Q�`LG�R�j ab^_V6 TS[ T\$`LFO� % � ���|STFbG~^�V|ZfY�J� �JLabG

s
|
~SFNJ

σirr
��FgJ!R�FkG�Y$QfJ� eQ�Y+G�M  �g`LQ�G��gQ�W6 h^�V+FbG�R�j FNY_J�`LQ[W6 TF#9��UQ�MOMlF�FbSeSTFbGQ�NQ[Y!�NFN`LY$FNY_J�V$Y$F�G+ �JLV+Z]J� eQ�YXn$Q�`LG

R�j ab^_V6 TSM e\$`LF | �gFbG�R�Fb`�Y! eKb`�FkG�R�FNqv`LQ[Y�J #gJL`�F�ZfYU�g`LaNFbG�R$Z[Y+G�STZ'R�IvY+Z[M  h^_V$FHMOQ[STa7�gV+STZ# e`LF#9�E0FbG�R�ag�|Y6 �J� eQ�Y+G
W$`LQ[WyQ_G�abFbGH lS�j a7�9n$FNSTSeFBM/ M�N`�Q_G+�NQ[W6 h^_V$F'G�Q[Y_J~FbGLG�FNY�J� eFbSeSTFNMOFbY�J~�/Q[Y+R�abFbGb�
• R�j V$Y$F'W+Zf`�J�G�V$`HS�j � � ����� � % �s.���� �Z,f��� 2 *j� ��| R$ZfY+GUSTF �gQ�Y�JLFguvJ�F'R�F'STZ�JLn$aNQ�`+ TFh�3 eY$aNJ+ h^_V$F | M�Z- hGHR�FbGR5 ��:�gV$SeJ�akG!ZfW+W+Zf`9Z- hG�G�FNY�J�9fE&j FNY�JL`LQ[W6 TF − ∫ fN (ωN ) log fN (ωN ) dωN

�NZ[SM�NV$SeabF� ;W+Zf`�J+ T`!R�F~ShZBR5 hG�{
JL`+ T\$V�J� eQ�Y?R�F;W$`LQ[\+Z[\6 TS[ eJ�a(�NQ[MOW$STKgJLF

fN
R$ZfY|GHS�j FbG�W+Z#�NF;R�F;W$n|Z[G�F;R�FkG

N
W+Zf`�J+ �gV$STFbG | R�j abSeabMlFbY�J�R�F

q[Q�SeV$MOF
dωN

| FbG�J�G�ZfJ+ hG(��Z# TGLZfY_J�F�G�V$`�R�F�Y$Q[M.\$`LFNV$uOWyQ# TY�J9G'�/M�Z]u5 TM�ZfSTF�WyQ[V$`UV+Y$F'R5 hG(JL`+ T\$V�J� eQ�YsV$Y6 y{
�/Q�`�MOF | G�Q�V+G�{PZ�R$R5 eJ+ Tq[Fk��M�Z- hG�FNSTSTF&FkG(JY�NQ[Y+G�JLZ[Y�JLF!ZfVR�NQ[V$`9G0R�VBJ�FbMOW+G | FNY.Z#�7�gQ[`9R;Z�q[F7��ShZ~`LaNq[FN`9G+ e\6 TSM �JLa
R�F'S�j ab^_V+Z]J� eQ�Y�R�F;E� TQ�V$q; eSTSeF89_�!SeSTF'Y+F'`�FbY+RmR�Q�Y!��W+Z[G��gQ�MlW$J�F;R�F'S�j  T`L`�aNq�FN`9G  T\6 eSM eJ�a�Q�\+G�FN`Lq[aNF� XY$QfJL`�F
a��Ln$FbSeSTFOFgJ�Y$F�WyFNV�J3#gJL`�F/ hR�FbY�J+ e�+aNFsZ�q[F7�lS�j FNY_J�`LQ[W6 TFlJ�n$Fb`�MOQ�R$I_Y|ZfM/ T^_V$F890}�Y¡Q[\$J+ TFNY�J�V$Y$F�Y$Q[J+ TQ[Y
W$STV+G&Q[WyaN`9Z]JLQ# T`�FHFbYOF � F7��JLV+ZfY_JUZfVOW$`LabZfShZf\+SeF�V$Y$F�W$`LQft F���J� eQ�Y | `�F ' agJ9ZfY�J&STF���Z# �JU^_V�j Q�YlY0j Q�\+G�Fb`�q[F�t�Z�{
M�Z- hG

ωN
R$Z[Y+G�G�Q[Y  TY�JLaN�[`9ZfSM eJ�a#9���W$`LKbG�V+Y$F� eY_J�aN��`LZfJ+ TQ[YlG�V$`�JLQ[V�JLFbG�SeFkG�W|Zf`�J+ �gV$STFbG�GLZfV��yV+Y$F | FNJ&V$Y$F

Z[W$W$`�Q�u5 TMOZfJ+ TQ[YXR�F~R�a��gQ�`�`LaNShZ]J+ TQ[Y\�gQ�Y+R�V6 hG�Z[Y�J& �S�j ak^_V+Z]J� eQ�YlR�F�?HQ[SeJ$7bMOZ[Y$Y·� S!c 9Td#9Tdk� | Q[Y �NQ[Y+G+ hR�KN`LFShZ
((

�/Q[Y!�gJ+ TQ[Y
H))

R�Fs?HQ[SeJ$7NM�Z[Y$Y
H(f1) ≡ −

∫
f1(~r,~v, t) log f1(~r,~v, t)d~rd~v

2 <¡FNn+`�S!d4����� 5 2 O�Q[`��­{
M�ZfYod������ 5 9f�!SeSTFh�N`�Q��TJHZfVa�gQ[V+`LG!R�F�S�j aNq[Q[STV�J� eQ�Y�q[FN`9G!G�Q[Y�M�Z]u5 TM.V$M | ZfJ�JLF3 TY�JHWyQ[V$`!ShZ.R5 hG(JL`+ T\$V�J� eQ�Y
R�j ab^_V6 TSM e\$`LF���R5 hG(JL`+ T\$V�J� eQ�YrR�F3*oZ]u��UFbSeSy{E?HQ�S�J&7NM�ZfY$Yy� | �NFB^_V6 0FbG(J�`LaNW$V$J�a #gJ�`LF;V+Y$F;�/Q[`LM.V$STZfJ+ TQ[Y?R�V
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H
�gQ���Y!�3 TR�F	� , � $�b3J5%c,d%feR� � � ��� ��¹2 %fb4J �!Zkq[F���S�j FNY_J�`LQ[W6 TF�R�F�ShZ'J�n+FN`LMlQ$R�IvY+ZfM/ h^�V+F��NSTZ�G�G+ T^_V$F89_�UFNWyFNY+R+ZfY�J | �gF�`LabG�V$S�J9Z]J���Q[V�JL`�F�SeF~��Z- eJ

^_V$F�S�j  e`L`LaNq[FN`9G  T\6 TSM �JLalFNJ�STFsMla��NZfY! TG�MOFsR�F�`LFNShZ]u$ZfJ+ TQ[YiQ[Y_J�aNJ�a: eY_J�`LQ�R�V6 eJLG
((

G�V$\�t(F7��J� Tq[FNMOFNY�J
))

W|Zf`
S�j Z[W$W$`LQku5 TM�Z]J+ TQ[Y�R�FsR$a7�gQ�`�`LaNShZ]J� eQ[Y|� | Y$Fs`�FbY+R �gQ[MOW�JLFs^_V$FsR�j V$Y+Fs`�FNShZfu�ZfJ+ TQ[Yi��SeQ�\+ZfSTF�R$ZfY+G�S�j FbG�{
W+Z8�gFBR�FBW$n+Z[G�F#9� S�FkG(J�FNY·W+Z[`�J� �gV$SM eFb`� TMOWyQ�GLG  T\$STF;R�j  hR�FNY_J+ e�+FN` − ∫ f1(~r,~v, t) log f1(~r,~v, t)d~v

Zkq[F��
ShZ�R�FNY+G+ eJ�aOR�j FbY�JL`�Q�W6 eF

s(~r, t)
��R$ZfY+G(�gFN`�JLZ# eY+FbG�G+ �JLV+Z]J� eQ�Y+Gl�/W|Zf`'Fgu�FNMOW$STFXShZm`�FbSTZfu$Z]J+ TQ[YoR$VpW6 hG�J�Q[Y

Z�R5 TZ[\+Z]J� T^_V$F�� | C�� ��� � % .�� � �g% � C *��g%���� C �j� . J5%4� � J�� ��� ��� . J C �g%���� .0� � �¤�
��� � % �
σirr(~r, t)

.��4N6� �K*��¤� � *��
� � . ���Z%4� 0 �K$ ' *j�F% N6�:���^9
}�Y WyFbV�J�FNY ��Z- eJ:�gQ[Y+G�J�`LV6 T`�F�V$Y$F?n6 TaN`9Zf`j�Ln6 TF·R�j FbY�JL`�Q�W6 eFkG | R�FbW$V6 hGlSTF·Y6 Tq[FbZ[V ^_V+Z[Y�J+ h^_V$F��/Q�/

S�j Q�Y?R�ag�|Y6 �J
S = − � ` [ρ̂ log ρ̂]

G+ 
ρ̂
FbG�J�STZlM�ZfJ�`� M�NF;R$FNY+G+ �JLak��t(V+GL^_V�j ZfV·Y! eq[FkZfV·M�Z#�g`LQ�G��gQ[W! T^_V$F | FbY

W+Z�G�GLZfY_JUW+Zf`HR$FbGUY6 Tq[FbZfV$u�R�F�W+SeV+GHFNYmW$STV+GU��`�Q_G�G+ eFb`LG���Q[\�JLFNY_V+GHW+Zf`�R�FbGUQ[Wyab`LZfJ+ TQ[Y+G!G�V!�7�gFbGLG+ eq[FkG!R�F
W$`LQft(F7�gJ+ TQ[Y+G | R�F�JL`9Z#�gFkGUFgJ��]Q[V�R�F1�gQ�Z[`LG�F5{P�[`�Z- TY6 TY$��GL� 2 <¡FN`Ln$S�d4����� 5 9vz�ZfY+G(#NJ�`LF'R6 e`LF7��JLFNMOFNY_J�`LFNSM eabFbG
 ;S�j FNY_J�`LQ[W6 TFHJLn$FN`LMOQ�R�IvY+ZfM/ h^_V$F | FbSeSTFbG�Q�Y�J&FNY_�gQ�MOM.V$Y�R�F��/Q[V+`�Y6 T`�V$Y$F�MOFbG�V$`�F�R�V�R�abG�Q[`9R�`LF[��FbSeSTFbG
G�Q[Y_J'M�Z]u5 TM�ZfSTFbG�WyQ[V+`'V$Y¡G�I�G(JLKNMOFOR$ZfY+G'STFb^_V$FNS�SeFkG�W|Zf`�J+ �gV$STFbG;G�Q�Y�J;V$Y6 e�/Q[`LMlabMOFNY�J�R5 hG(JL`+ T\$V$abFbG |% � �4�|G�V$`~STFb^_V$FNS�Q[Y·Y�j ZOZ[V!�gV$Y$F( TY��/Q�`�M�Z]J� eQ�Y * � �4%��j�&% 9���j FkG(J~FbY@�gFBG�FNY+G~^_V�j  eS�Fgu5 hG(JLF;V$Y·SM eFbY·FNY_J�`LF
S�j FbY�JL`�Q�W6 eF�FgJ�ShZlJLn$aNQ�`+ TF�R�F�S�j  TY��/Q[`LM�Z]J� eQ�Y?R$FXzvn+ZfY$Y+Q[Y���S[ TFNYp^�V! �Z_�gQ�Y+R�V6 eJ'zvn+Z[Y$Y$Q�Yr O\+Z[W�J+ hG�FN`
R�VpY$Q[M R�j FNY_J�`LQ[W6 TF.STZsMOFbG�V$`LF.R�j  TY��/Q[`LM�Z]J+ TQ[Yp^_V�j  TS�Z: eY_J�`LQ�R�V6 eJ�F��&9  S�IrZ�J�Q�V�J�FN�/Q# hG�R�FbG�Y_V+Z[Y!�gFkG TMOWyQ[`�JLZfY_J�FkG�^_V6 �q[Q�Y�J�Z[W$W+Zf`9Z��hJ�`LF'R$Z[Y+G�ShZOG�V! �JLFBR�FR�gFBW+Zf`9Zf��`LZfW$n$F#9
• R�j ZfV$J�`LF�W+Z[`�J'G�V$`�STF �E*-J L@.��_C �j� ���+* C �F%��j� . J N �Z,dJ 2 �_.�� , � �&0g� * C&�a.��h� � * 0�� | R+ZfY+G�SeF\�NQ[Y_J�FguvJLFR�FkG�G�IvG�J�KbMOFbG�R�IvY+ZfM/ h^�V+FbG~FgJ�R�FBShZlJ�n$abQ[`� eFBFN`L�[Q�R5 h^_V$F 2 "~V$FbSeSTFsd������ 5 2 O�Q[`��/MOZ[Y¡d4����� 5 9 1�Q�V$`�V$Y
G�I�G(JLKNMOF�R�IvY+Z[M  h^_V$F

ẋ = F (x)
G�V$`�V+Y$F�q]Z[`+ TagJLa1�NQ[MOW+Z#�gJ�F | ShZOW$`LQ�R�V!�gJ+ TQ[YrR�j FNY�JL`�Q�W6 TFBWyFNV�J-#gJL`�F

R�aN�+Y6 TF.W|Zf`
e(ρ) = −

∫
divF (x)dρ(x)

Q�/
ρ
FbG�J�ShZsMOFbG�V$`�FXG�JLZ]J� eQ�Y$Y+Z# e`LF�q[FN`9G�ShZ[^_V$FNSTSTF�abq[Q[STV$F.STZ

R5 hG�J�`� e\$V$J+ TQ[Y  eY6 eJ+ hZfSTF ���ZV "~V+FNSTSeF�ZoMlQ�Y�JL`�a�^�V+F
e(ρ) ≥ 0

WyQ�V$`XR5 � ab`�FbY�JLFbG\�gShZ�G�G�FbG�R$F�G�I�G�J�KNMOFkG
R�IvY+Z[M/ T^_V$FkGHnvI_WyFb`�\yQ�S[ h^_V$FbG795B�Y+F1�NQ[Y]t(F���J�V+`�F |  eY_J�`LQ�R�V6 eJ�F;W|Zf`�w;ZfSTSTZ�q[QfJ�J+ �FgJ��UQ�n$FNY?G�Q[V+G�SeFBY$Q[M
((

.�� �v@�� �j� �
	40 ��C�� *0�j�F%fb3J �
))
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h
| S�j FbY�JL`�Q�W6 eFpR$F���Q�SeMOQ��[Q[`�Q�q!{ z; TY+Z- 

hKS� 2 ��� � M�ZfY$Y�FgJ "~V$FNSTSTF?d�����¢ 5�| S�j
ε
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&'������!��.�0+$ ,���� a6# $�/!�%2 

ρ
1�!����_9' $� �
& �/!�!���&'�����

%/^$ 49b9' $�\%$1dc ��e=9' _f(!�!�9'& g�+7!���& 5 )�!�%"5 ��&'�h!���&b9'&'�*^01� _6# $�/!�%� iADC�JM?8@"j\EOE j��
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W$n+Z�G�F:. % 03C � � ���ZJ . % 03C �+$��g% 0 $ � , � *Z% .��_.0� J�� ��� *����g%4�F%��j� X =
∑k

s=1 Xs
9$�&SeSTFBMOFbG�V$`LF;S�j  TY��/Q[`LM�Z]J+ TQ[Y

M�ZfY|^�V|ZfY�JLF�MOQ]I[FNY$Y$F'WyQ[V$`�W$`LabR5 T`�F�V+Y·G�IvM.\yQ�SeF �NQ[Y$Y+Z# hG�GLZfY_JUSTFbGHW$`La7�gakR�FNY_JLG79v�&SeSTF;q]ZXR�Q�Y!����Z# e`LF TY�JLFN`Lq[FNY6 T`�S�j  eY$�/Q[`LMOZfJ+ TQ[Y�^�V+F�S�j Q[Y�Z * � �4%��j�&% G�V$`�STZrG�Q[V$`j�gF | ZfV$J�`LFNMOFNY_J.R5 eJ.STZ?W$`LQ[\+Z[\6 TS[ eJ�asR�FbG
R5 � aN`LFNY�JLFbG�G�ak^_V$FNY!�NFbGb�

h = lim
n→∞

hn avec hn =
Hn

n

��¢��_�

et Hn = −
∑

[s1s2...sn]

Probn([s1s2 . . . sn]) log2 Probn([s1s2 . . . sn])
��¢��_�

E�ZmG�Q�MOMlFXWyQ[`�J�FXG�V$`�J�Q[V$J�FbG�STFbG'G�ab^_V$FbY!�gFbG'R�F
n
W+Z�G | FgJ 1&`�Q�\

n
R$abG+ e��Y$F.ShZmR5 hG(JL`� e\$V�J� TQ[YiR�F �gFkG

G�ab^_V$FNYU�gFbG
[s1s2 . . . sn]

Q�/
si
 TY+R�FNuvFXShZsW+Zf`�J+ TF Xsi

q; TG+ eJ�aNFl sS�j  TY+G(J9ZfY_J
i
2 z�n+ZfY$Y+Q[Y�d��#=�� 5 9��UFgJ�J�F

FbY�J�`LQ[W! eFrFkG(J�R�Q�Y!�?V+Y$FoY$QfJ� eQ�Y¸G�V$\vt(F���J� eq[FpW$V6 hG�^_V�j FNSTSeF  TY�JLKN�[`LFrFgu�W$SM �4 eJ�FNMOFbY�J�R+ZfY+G 1&`LQ[\
n
STFbG�NQ[Y$Y+Z# TGLG�Z[Y!�gFkG&^_V$F�S�j Q�YsZ.G�V$`UShZ�G�Q[V+`��NF[�[FbG�W+Z8�gF�R�FkGUG�ab^_V$FNYU�gFbG!WyQ�GLG+ e\$STFbG | G�ab^_V$FbY!�gFkG&W$`� Tq^ TSTaN�# TaNFkG

Q�V�ZfV �gQ�Y�JL`LZ# e`LF�ab^_V6 TW$`LQ[\+Z[\6 TS[ eJ�amG+ UQ[Y�Y$F�GLZ- eJX`+ TFNY�W+Zf`lZkq]Z[Y!�gF89���j FkG(JXWyQ�V$`L^_V$Q8 � eSHFbG�JXFbGLG�FNYv{
J� eFbSHR�FmW+Z[`�STFN`XR�j

((

 TY��/Q[`LM�Z]J� eQ�Y�M�Z[Y+^_V+ZfY_J�F
))

| q[FNY+ZfY_J �gQ[MOW$STagJLFN`\�NFNSTSeF�R�a�t� r�/Q[V$`LY6 TFsW+Z[` 1&`LQ[\
n
9

1�Zf`�FNuvFbMOW$SeF | G+ 1!`�Q�\
n
FbG�J�V$Y! ��/Q�`�MOF.FNJ'GLZfY|GG�NQ[`L`�abSTZ]J� TQ[Y+G�JLFNMOWyQ[`LFNSTSeFkG | FNSTSTF.Y�j ZfW$WyQ�`�JLF.Z[V!�gV$Y+F�NQ[Y$Y+Z# TGLG�Z[Y!�gF�WyFb`�MOFgJ�JLZ[Y�J�R�F'W$`�abq[Q# T`U^_V�j V$Y$F'G�ab^_V$FbY!�gF�q]Z3#NJ�`LF�abM  hG�F�W+SeV�J&%fJ~^_V�j V+Y$F'ZfV$J�`LF | FgJ

hG�FN`9Z�M�Z]u5 TMOZ[SeF | aN�_ZfSTF� md#9$z; �Z[V]�gQ�Y�J�`9Z- T`LF�S�j abq[Q[STV�J� eQ�YsFkG(J~R�aNJ�FN`LM/ eY+aNF | 1&`LQ[\
n
q]ZfV$J { GLZfV��0WyQ�V$`V$Y$F~G�ab^_V$FNYU�gF | ^_V6 �q]Z'G�FHW$`LQ�R�V6 T`LFHZkq[F��I�gFb`�J� �JLV+R�F | FNJ

h
q]ZfV$J�Z[STQ[`9G { 9]E0FbG�G+ eJ�V+ZfJ+ TQ[Y+GY eY_J�ab`�FkG�GLZfY_J�FbGG�F�G+ �JLV$FNY_J!\6 TFNY�FNY�JLFNY+R$V�FNY�JL`�FG�gFbG!R�FNV�ulFNuvJ�`&#NMOFbG7V

h
`LF ' KgJ�F� ;STZ'�/Q8 TG&STZBR5 hG�WyFN`9G  TQ[YOR�FkG&G�IvM.\yQ[STFbG

 lV$Y@ TY+G(J9ZfY_J�R$Q[Y$Y$aBFgJ�SeFkG��NQ[`L`�abSTZ]J� eQ�Y+G!JLFNMOWyQ[`LFNSTSeFkGHW+`�akG�FNY_J�FkG~R$ZfY+G~S�j aNq[Q�SeV�J� TQ[Y�9
�&Y¡��Z# TGLZfY_J;JLFNY+R�`LF�SeFsR5 hZfMOKNJ�`LF

ε
R�FkG;abSeabMOFNY�J9G�R�F�ShZ·W|Zf`�J+ eJ+ TQ[Y¡q[Fb`LG { | Q�Y¡Q[\�J� TFNY�J.SeFOJ9ZfV�uR�j FNY_J�`LQ[W6 TFpR�j V$Y=W$`LQ5�NFbGLG�V+Gs �q]ZfSTFNV$`9G:�NQ[Y�J� eYvV$FbG+2 �BZf`LS[ TY FNJ � Z�IvSeQ�`od����f¢ 5 2��UQ�q[Fb`sFgJ � n$Q[M�Z[Gd4���$d 5 9[E�FkG&FbY�J�`LQ[W! eFkG�Q�\�J�FbY_V$FkG&WyQ�V$`

ε > 0
G�Q[Y_JUZfW$WyFbSeabFbG

ε
¹ � �¤�
��� � % �40~�f eS�GNj Zf�8 �J&J�Q�V]t(Q[V$`9G!R�F�JLZ[V�u

R�FmW$`LQ�R�V!�gJ+ TQ[Y�R�j FNY_J�`LQ[W6 TF |I% � ���&R�j FNY�JL`�Q�W6 TFsW+Zf`XV$Y6 eJ�a�R$F�JLFNMOW+G9� 2 ��Q�SeMOQ[��Q[`�Q�qpFgJ �  � n$Q[M/ T`�Q]qd4��¢�� 5 2 w;Z�G�W+Z[`LR FgJ]<�ZfY$��d����#A 5 2 ?HQ � FgJ�J9Z � �_*-, � cf{�{�c 5 9!E�Fo�/Q[`LM�ZfSM TG�MOFpR�aNq[FNSTQ�W$WyaoWyQ[V$`·R�FbGG�Q[V$`j�gFkG�G�J�Q5�9n+Z[G�J+ h^_V$FbG�GNj ZfW+W$S[ h^_V$F&Z[V�u'G�I�G�J�KNMOFbG0R�IvY+ZfM/ h^_V$FbG | R�a��g`+ eJ9G�R$Z[Y+G�V+YR�NZ[R�`LF�W$`LQ[\+Z[\6 eSM hG(JLF
�/J�n$abQ[`� eF�FN`L�[Q$R5 T^_V$F��&V[ShZ.R�aN�+Y6 eJ+ TQ[Y�R�F�S�j FNY�JL`�Q�W6 TF�R�F'zvn|ZfY$Y$Q�Ys`�F�t(Q# TY�JHZ[SeQ�`LG��gFbSeSTF�R�F�S�j FbY�J�`LQ[W! eF�R�F
��Q�SeMOQ��[Q[`�Q�q!{ z; TY+Z- 

hKS
|  lV$Y·��Z8��J�FbV$`

log 2
W+`�KkG>���-9

1�Q[V+`.V$Y$F�G�Q�V$`j�gFsG�JLZ]J� eQ�Y$Y+Z# e`LF�FN`L�[Q�R5 h^_V$F | Q�Y�MOQ�Y�J�`LFm^_V$FsShZ �gQ[MOW$STFgu5 eJ�amZ[Se��Q[`� �JLn$M/ T^_V$F ���
R�j J�� �0G�ab^_V$FNY!�NF�J(IvW6 T^_V$FI�NQ���Y!�4 hR�F!Z�q[F7��S�j FbY�J�`LQ[W! eF!R$FHzvn+ZfY+Y$Q[Y�R$F!STZ�G�Q�V$`��NF 2 E�FNMOWyFbS�FgJ��) eqld������ 5�|
Z[V�J�`LFNMOFNY_J�R5 eJ�^_V$F;STF'JLZ[V�u·R�F1�NQ[MOW$`LFbG�G+ TQ[YmQ�W�J+ TM�ZfS�R�j V$Y+FBG�ab^_V$FbY!�gF( TY+R5 Tq^ hR�V$FbSeSTF | R5 e`LF7�gJ�FNMOFbY�J
`LFNSM eabFX �G�ZsW+`�akR5 M�gJ+ T\6 TS[ eJ�a | FkG(J'W+`�FkG�^_V$FXG��$`LFNMOFNY_J'aN��Z[S�ZfVoJLZ[V�uoR�FXW$`LQ�R�VU��J+ TQ[YpR�j FbY�J�`LQ[W! eFlR�FXShZ
G�Q[V$`j�gF 2 ?�Z�R5 M �FNJ 1�Q[SM �J� �d4����� 5 2 �+Z[SM�3 eQ�Y6 � �h*-, � cf{�{ A 5 9��UFlSM eFbY¡GNj Z�q[KN`LF.FbGLG�FNY�J� eFbS�FNYiW$`9Z]J� T^_V$F/�NZf`FbSeSTF�`LFNSM eF�V$Y$F�W+`�Q�W$`+ TagJLa�G(J9Z]J� TG�J+ h^_V$F��[STQ[\+Z[SeF�R�F�ShZiG�Q�V$`��NFmFgJlV+Y$F�W$`LQ[W$`� TagJLamR�j J�� �a0�� J5, �XG�V6 eJ�F
J(IvW6 T^_V$F | �gFB^_V�j Q�Y�Q�\+G�FN`Lq[F�FNu�W|ab`+ TMOFNY_JLZfSTFNMOFbY�J ���89
� X��
	 �(�*)8^7��%2&' 01� �9Mc &'�85 ��%/61!���&'���d% 9Mc !�� !
�� � $��� 1� )�%2 $�$1�%2 _9' �9'����!�%2& �*)86# �#�&'��!�&'%2 I1�!���� 9"!�1$^Bg���& �
&'����1� I9Mc  $�.��%2��)�&' 1� 0&,)�!��������d%�L�
 j

(1� �6# $�*!�%2 $% 9Mc &'�85 ��%"61!��
&'���3 $�2#�& �����(1�!���� 9' �+$�����
 B].�
 01� $� �/7/������6# $��187/��!�6#&bf,!� $�  ,� 1� �9"! �/)$^$��%2&' 

 $%����(1�&bf(!� �%?+ c  $�2��9' 09'����!�%�& �/)$6# ��!��*!�%� 49 f(!�&> $�2��!���&b9'&'�*^��
��8��Z- ! +$��6#)$9' B]/& �*^1!�9�����%�& �/)$6#&bf(!� 21dc !��� 1�/^�f(!� $��+$ A $���[1$^Bg���&' 1+7��6a6# 9' #%�!�)�)?��%2� 1� �9"! 9'������!� �!�%

K(N)
W  7�

����6i#�%� [1� [#�& ���BYh1$! )89b!�� +$��!�%5�-)�%�����%�!�6a6# ;)? $%"6# ,���
!��.��1dc  $���� $�$1�%2 $%-+$ $�2�� (�*^4f(!� $��+$  % ;29"!a9'������!� 4!�% �
���
!�9' 
N
%

1�!����h9"![9'&b6#& �� ��e@+$ 49b9' �� +$& �
 $�$1��� $%���9Mc &'�8g���&��
limN→∞

〈K(N)〉
N

�
��B���9  ,���� a^4f(!�& ��!�9' $��+$ #�� 3��&' $�.��f(!� ()?��!�%�!��� (�
��!�%�+$ #�2� !���&'������!�&'%2 # 7%����(1�&bf,!� ������ +7������%� ��  B]� 46#)$9' ( $���_5 ��!�%���&

)�!�%�9 ! �
& �/!�!��
&'���#�*!�& ��!�����  %(!��#)* 4! !�%5��& g�+$&' �9b9' �61!�&'� &b9 9b!�����%
!���& �� ��,!��� �)? 7%2�
������ 01���& �4��%�!����*6# ,�2�
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 B]� 46#)$9' 0)�!�%��*^49b^$)$)����� �%d!�� �
 B].�
 3)�!�%"6#&F!��  $���� �6[#$9' 1� ;+$ $�.� �� B]/�� $�-)�%2 7��+$%�& ��� ;a9Mc !���!���+$ ; ,� +$�����(!��_1� $�01� 4!8]
&'�.�� $%/9'�.+4!��� �!�%����d- !1+$��6#)$9' B]/& �*^;!�9�����%2& �/)$6#&bf,!� [1� 3+*)�!�f,!� 3�
 B].�� (�
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E&j FNY�JL`�Q�W6 TF�R�F�zvn+Z[Y$Y$Q[Y

h
FgJ�S�j FbY�JL`�Q�W6 eF~R�Fa��Q[STMOQ[��Q[`�Q�qJ{(z; eY|Z- 

hKS
| GNj  TY�J�Fb`�W+`�KNJ�FNY_J � �*� � � 2 �&0.��(C �����+$3,[*��g%���� 0 � �42G� �j� � , , �&0 8 2 *Z% 0Q� * 0 . %4� �jC � �42 � � � � � � � � 2 �40G.��P� �b� . J C �F%��j� .�� � � ����� � % � 2 "~V$FbSeSTF

d4����� 5 961�Q�V$`!R�Q�Y$Y$FN`!S�j Q[`� e�8 eY+F~R�F~ShZBR5 � ab`�FbY!�gF�G�Z[Y+G�FNY�JL`�Fb`!R$ZfY+G�STFbG!R�agJ9Z- TShG�J�F��Ln$Y! T^_V$FkGN�
h
FNJ

hKSR�a��g`� eq[FbY�J�S�j Q[`L��Z[Y6 TGLZ]J+ TQ[Y�J�FNMOWyQ�`�FbSeSTF�R�FkG ' V�uXR�j  TY��/Q[`LM�Z]J+ TQ[Y | ZfSTQ�`LG�^_V$F�ShZ�W$`LQ�R�V!�gJ+ TQ[YlR�j FNY_J�`LQ[W6 TF
e(ρ)

FkG(J�`LFNSM TaNFpZ[V�u ' V�u=R$ZfY+GmS�j FbG�W+Z#�gFiR�FpW$n+Z�G�F89 ��STQ[`9Gm^_V$F
e(ρ)

`�F ' KgJLFpSTZ �gQ�Y�J�`9Z#�gJ+ TQ[Y=R�V
q[Q�SeV$MOFoR$ZfY+G�S�j FkG�W|Z#�gFrR$FrW$n+Z[G�F | S�j FbY�J�`LQ[W! eFoR�F ��Q�SeMOQ��[Q[`�Q�q!{ z; TY+Z- �Y$F?��Z# �Ja eY_J�FN`Lq[FNY! e`m^�V+F?STFbG
R5 T`LF7��J� eQ�Y+Ga eY+G�JLZ[\$STFbGi�/STFbG·R5 T`�F���J� eQ�Y+GsFkG�G�FNY_J+ TFNSTSeFkG�R�V=WyQ8 eY_J·R�FiqvV$FiR�FiSTZ�JLn$aNQ�`+ TFoFb`���Q�R5 h^_V$Fk�4V
R$Z[Y+G�STFbG�G�I�G(JLKNMOFbG�R�IvY+ZfM/ h^_V$FbG�n_IvWyFb`�\yQ�S[ h^_V$FbG |

hKS
G�FN`LZ�ab��ZfSTF. sSTZmG�Q[MOMOFXR�FbG�Fgu�WyQ�GLZfY_JLG�R�F

E0I�ZfWyQ[V$Y+Q�q � � 0 %4�g% D 0m�/ab��ZfSM eJ�amR�F 1�FbG+ eY|�.ZfSTQ[`9G�^_V$FsShZrW$`LQ�R�VU��J+ TQ[Y�R�j FNY_J�`LQ[W6 TF
e(ρ)

G�Fb`LZ?ab��Z[SeFm 
ShZ�G�Q[MOMOF .�� �g�ZJ 0 , �40+�+L4� � 0 *��¤� 0&9 �X TY+G  | S�j FNY_J�`LQ[W6 TFoR$F���Q[STMOQ[��Q[`�Q�qJ{(z; eY+Z# ~FbG�JmV$Y� TY+R5 �NZfJ�FNV+`
W$`La7�3 eFbV�u�R�FsS�j Q[`L��Z[Y6 hG�Z]J+ TQ[YiJ�FbMlWyQ�`�FbSeSTFsR�FmS�j aNq[Q�SeV�J� eQ�Y�FgJlR�FbGs�NQ[`L`�abSTZ]J� eQ�Y+G�JLFNMOWyQ[`LFNSTSTFbG�^_V�j FNSTSTF
W$`LabG�FNY_J�F | M�Z- hG�FNSTSeFBY$F�G�F;`9Z#�7�gQ[`9R�F�W+Z�G~G  TMOW$STFNMOFNY_J� lShZXJ�n$Fb`�MOQ�R�IvY+Z[M/ T^_V$F;n$Q[`9G�R�j ab^_V6 TSM e\$`LF#9
��������� �r����
��$�(#U����� 
�����"$�0�v�_�0����� �����[�
	�� �0� ,�����

� ���H���0� �+)�
�#&�$�������0�
l�F�G�Q[V$STKNq[Fb`LZ# 5 �4 |ShZ�^_V$FbG�J+ TQ[YsR�VsSM TFNYsFNY�JL`�F�SeFkG!R�FkG+�N`+ TW�J� eQ�Y+G&FNY�J�FN`LMOFbGUR�F�G�I�G(JLKNMOFbG!R$I_Y|ZfM/ T^_V$FkG
FNJ �NFNSTSeFkG�FbYrJLFN`�MOFkG�R�j ab^_V+ZfJ+ TQ[Y+G�M�Z��hJ�`LFbGLG�FbG32 �X �gQ[SM hG�FgJ �G M�NQ[SM TGXd�� ��� 5�| 2 *oZ8� � FbI¡d���� c 5 9��UF.SM eFbY |\6 TFNY�G��$`�R5 ��:�4 TSeFs �aNJLZ[\$S[ T`BFgu�W$SM M�3 �JLFNMOFNY_J.R$ZfY+GBR�FkGBG+ �JLV+Z]J� eQ�Y+G(�NQ[Y!�N`�KNJ�FbG | FkG(JBY+abZfY$MOQ8 eY+GBR�j V$Y
��`LZ[Y+R  TY�JLaN`&#gJs�/Q�Y+R$ZfMOFbY�JLZ[SF9���j FbG�JmFNY=W+Zf`�J+ �gV$SM TFN`sV$Y¸MOQ]I[FNY=R�Fs� J 0 �F% � � � ���oSeFo`LF7�NQ[V$`9G� �R�FbG
MOQ�R�KbSeFkG�M�Zf` � Q�q; TFNY+GOWyQ[V$`mR$a7�g`� T`�F?S�j aNq[Q[STV�J� eQ�Y  �S�j a7�9n$FNSTSeFoMOabG�Q�G��gQ�W6 T^_V$F89&E&j V�J+ TSM TGLZ]J� eQ�Y¸R�j V$Y$F
ak^�V|Z]J+ TQ[YpM�Z��hJL`�FkG�G�Fs TY_q[Q�^_V$FlFNYiF � FgJBV$Y$F * �#� ��� L % 2 *j�F%��j� 2 *������ N % � � � �;^_V$FlSTaN�# eJ+ TMOFlSeF/�bZf`9Z#��{
JLKN`LF'MOaNShZfY$��FbZ[Y�J�R$F;STZOR�IvY+ZfM/ h^_V$F'M/ �g`LQ�G��gQ[W! T^_V$Fl�/nvIvWyQfJ�n+KbG�F;R�F1�9n+Z[Q�GHMOQ[STa7�gV+STZ# e`LF | �+�[V+`�Fld |
S;c 9ed89ed�� | MOZ# TGh�NF.WyQ# TY�J'Y�j FkG(J'FNYp�[aNY$ab`LZ[S0W+Z[G�R$Z�q]Z[Y�JLZ[�[FBW+`�a7�3 TG�a | FgJ'FNYU�gQ[`LF�MOQ# TY+G�^_V+ZfY_J+ e�+a#9  S��Z[V+R�`LZ# �JBWyQ[V$`R�gFNShZ·GLZkq[Q8 T`�FkG(J� eMOFb`;STFbG'JLFNMOW+GBR�F_�NQ[`L`�abSTZfJ+ TQ[YoSTFbG;W$STV+G;STQ[Y+��GO�/Q�V¡Z[ViMOQ# TY+G;V$Y$F
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STFbG!R5 � aN`LFNY_JLG&MOQ�R�KbSeFkG�M/ M�N`�Q_G+�NQ[W6 h^_V$FbGQ�gQ�MlW|Z]J+ T\$STFbG&Z�q[F7��V$Y$F�G�V6 �JLF�R�F�R�Q[Y$Y+aNFbG&Fgu�WyaN`� eMOFNY_JLZ[SeFkG39
E0FbG�R�FbG��g`� eW�J� eQ�Y+GlMOabG�Q�G��gQ[W! T^_V$FkGXFNY J�Fb`�MOFbG�R�j ab^_V+Z]J� eQ�Y+GlM�Z��hJ�`LFbGLG�FbG.�/Q�V$`�Y! TGLG�FbY�JOV+Y5WyQ# TY�JsR�F
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`LFNY!�NQ[Y�JL`�FpFNY_J�`LFpSTFbG·R�FNV�u=Z8�3�NKbGmFguvJ�`&#NMOFkGm^_V$F¡G�Q[Y�J?R�j V$Y$FiW+Z[`�J�ShZ �NQ[Y$Y+Z# TGLGLZfY!�gFpR�FkGmQ�\vt(FNJLG
abSeabMlFbY�J9Z- T`�FkG~�/J�n$abQ[`� eFkG�M/ M�N`�Q_G+�NQ[W6 h^_V$FbG�Q�V�ZfY+Z[SeI�G�FbG�FNuvWyab`+ TMOFNY_JLZfSTFbG�STQ5�NZ[SeFkGL��FgJUR�j Z[V�J�`LF~W+Z[`�J&STFbG
Q�\+G�Fb`�qfZ]J+ TQ[Y+GHMOZ8�g`LQ�G��gQ[W6 h^_V$FbG'��FNY$`LFN�# hG�J�`LFNMOFNY_J~R�j V$YrG  T�[Y+Z[S�MOQ]I[FNY | G�Q[V$q[FbY�J~V$Y6 hR5 TMOFNY+G+ eQ�Y$Y$FNS«�&9l[F�`�Fbq^ TFNY|R�`LZ# |Z[V S =!9 A.G�V$`HV$Y$F'R�FkGUW$`LQ[\$STaNM�Z]J� T^_V$FkGU^�V! y��Zf��Y$FN`9Z- �JU XR5 hG�WyQ_G�Fb`UR�F�JLFNShGU�[V! TR�FkGFNJ�Q[V�J� eShGsMOaNJ�n$Q�R$Q[STQ[�# h^_V$FbGb�&ShZ �gQ�MlW+`�aNn+FNY+G+ eQ�Y¸R�FpShZ .]@ �)* 2 %fb4J � C $R�+$7eR�+*Z, � | R�FbW$V6 hGmS�j Z#�gJ+ Tq; �JLa
Y$FbV$`�Q�Y+ZfSTFOt(V+GL^_V�j ZfV�u��gQ[MOWyQ�`�JLFNMOFNY_JLGsM�Z#�g`LQ�G��gQ[W6 h^_V$FbG�FNY$`LFN�8 TG�J�`LabG�W+Zf`mM�Zf��Y$agJLQ�{.FNJmabSeF���JL`�Q�{
FbY!�gaNW+n+ZfSTQ[��`LZfW$n6 TF#97B�Y$FUZ[V�J�`LF!Z[W$W$SM M�bZ]J� eQ�YR�gQ[YU�gFN`LY$F&STFbG ���+*�� 0 %4�g%���� 0�C �j�7D��j� 2 *j�F%��j� � � ,c, �&0U� S�c 9 A!9 c �FNJ�STF!SM TFNY. �R�abq[FNSTQ[W$WyFb`0FNY_J�`LF!STFbG0aNJ�V+R�FkG�W+Zf`�R�IvY+ZfM/ h^_V$F!MOQ[STa7�gV+STZ# e`LF&FgJ�SeFkG�Z[W$W$`�Q6�Ln$FkG �4 TY$agJ� T^_V$FkG39
zvV$`R�NFbG;R$FNV�upFNuvFbMOW$SeFkG | Q[Yiq�Q# eJ'J�Q�V�J� �ShZm�/Q# hG'ShZ�Y+a7�gFkG�G+ �JLalFgJBS�j  eMOMOFNY|G�F�R5 ��:�gV$SeJ�aOJ�F7�9n$Y6 h^_V$F
R�j ZfW+W$`�Q5�9n$FkG�R�IvY+ZfM/ h^_V$FbG�M.V$SeJ+ y{Pa7�9n$FNSTSeFkG�Q�WyaN`9Z]JLQ# T`�FbGUWyQ�V$`~STFbG~G�I�G(JLKNMOFbG��NQ[MOW$STFgu�FbG79

�!¯ ¤0§���©/§0¤ ®0ªi¨b¯ ��²N¯ ��ªl�FlJ�Fb`�M/ TY$FN`9Z- P�gF�W+Z[`LZ[�[`LZfW$n$F S =U9ed89 c FbY¡`LabG�V$M�ZfY_J�^_V$FNSh^_V$FbG1�NQ[Y!�NSeV+G+ TQ[Y+GB ·`�FNJ�FbY6 e`.G�V$`�STZ·Y$Q�{J� eQ�YiR�FlW+Z�I�GLZf�[FX^_V$FXY+Q[V+G;Zkq[Q�Y+G'R�a(t� �`�FbY!�gQ�Y�JL`�abFX mW$STV+G+ eFbV$`9G�`�FbW$`� TG�FbGl� S�c 9 A69 c | ZfY$Y+Fgu�FbGB��FgJwB�49��UFgJ�J�F�Y+QfJ+ TQ[Y�G�F�G+ eJ�V$F�FNY_J�`LFOShZ?R�FkG+�N`+ TW�J� eQ�Y �NQ[MOW$STKgJ�FsR�F�ShZ?R�IvY+ZfM/ h^_V$FOM/ M�N`�Q_G+�NQ[W6 h^_V$FlFgJ
V$Y$F�R�FbG��g`� TW�J+ TQ[YlF � F���J� eq[F | MOabG�Q�G��gQ�W6 h^�V+FHq[Q# T`LFHM�Z8�g`�Q_G+�NQ[W6 h^�V+F | FbYlJ�FN`LMOFbG&R�j ab^_V+ZfJ+ TQ[YlM�Z��TJL`�FkG�G�F
��MOZ[`��9n$FsZ[SeakZ]J�Q8 e`LFOR$Z[Y+GBV+Y�W+Z�I�G�Z[�[F�R�Q[Y$Y+a | SeFk^_V$FNS&�$u�F�STFbG�W$`�Q�\+Zf\! eSM �JLabG�R�F�J�`9ZfY+G+ �J� TQ[Y|�49�> �ZJ��
��L4� ,��-%4� � �_J�� � �:�j�F%��j� .��(� * @ 0 * '�� 8h, �(� �+$N¹g� � b3J5% 0 �40 � b3J � ,[* .f@ �)* 2 %fb3J �]C � 2G� , 	 � �(� �+$ 0�� � � � J�� �0 $ � *��+*j�F%���� .��&0 $ C���� , , �40jVI�fj FbG�J� ��NFgJ�J�F �gQ[Y|R5 �J� eQ�Y ^_V�j Q�Y WyQ[V+`�`9Z  TY_q[Q�^_V$Fb`lV$Y$FrZfW$W$`LQku5 TM�Z]J� eQ�Y
^_V+Z�G  y{PG�JLZfJ+ TQ[Y$Y|Z- e`�FmWyQ[V$`l`LFNY|R�`�F"�gQ�MOW�J�F?R�F·S�j F � FgJsR�FbGlqfZf`� TZ[\$SeFkG�`9ZfW! TR�FkGlG�V$`lS�j aNq[Q�SeV�J� eQ�Y MOZ�{�N`�Q_G+�gQ�W6 h^_V$F#9yE0FbG;R�Fb�[`LabG'R�FOS[ T\yFN`�J�aOM  �g`LQ�G��gQ�W6 h^�V+FbG�G�Q[Y_J;G�V$W$WyQ_G�akG'ZfJ�JLF3 TY+R�`�Fl`9ZfW! TR�FbMlFbY�J;STFNV+`
ak^�V! eSM e\+`�F | �NFB^�V! �R�FkG�G+ eY+F'STF;W+Z�I�G�Z[�[F'R$ZfY+G�STFb^_V$FbS�q[Q[Y_J�abq[Q[STV$FN`�STFNY_J�FbMlFbY�J�R�FkG~R�FN��`�akG�R�F;SM e\yFb`�JLa
M�Z#�N`�Q_G+�NQ[W6 h^�V$F89 ��V�J�`LFNMOFNY_J.R5 eJ | ShZ?R�IvY+ZfM/ h^�V+FlM/ �g`LQ�G��gQ�W6 T^_V$Flq]Z·W$`�FkG+�N`+ T`�FlV$Y¡W+Z�I�GLZf�[F

U(x)R$Z[Y+G.S�j FbG�W+Z#�NFmR�FmW$n|Z[G�F XM = {x} R�FbG.qfZf`� TZ[\$SeFkGBSeFbY�JLFbG.FNJlR�FkG.`�Kb�[STFbG.R�F�R�aNW+STZ8�gFNMOFbY�JXWyQ[V+`STFBWyQ# TY�J�`LFNW+`�akG�FbY�JLZfJ+ e�
x ∈ XM

V$M�Z- hG~V$Y$F;�/Q8 TGX�NFgJ�J�FR�NQ[Y+G�J�`LV!��J� TQ[Y·F � F7��JLV$aNFm�/FNu�W$S[ �4 eJLFNMOFNY�J�W+Zf`
V$Y]�NQ�Z[`LG�F5{��[`LZ- TY6 eY+� | Q[VsW+SeV+GHG�Q[V+q[FNY�J�R�F���Z��NQ[YsW$n$abY$Q[MOabY$Q[STQ[�8 T^_V$F�� | Q[YsWyFbV�JHQ5�7�gV$SeJ�Fb`USTF�Y! eq[FkZfV
M/ �g`LQ�G��gQ[W6 h^_V$FOFgJ.Y$FsW$STV+GBJ�`9Z�q]Z- TSTSeFb`B^_V�j Zkq[F��lSTFbG�q]Z[`+ hZf\$STFbG;STFNY_J�FbG |�% � ����R$ZfY+G XM

9�}�Y�FNu�W$SeQ8 �JLF
Z# eY+G+ $R�FH��Z��gQ[YlQ[WyaN`9Z]JLQ# T`�FUShZ'G�J�`LV!��JLV$`LFUJ�FbMOWyQ[`LFNSTSeF�n6 eab`LZ[`��9n6 h^_V$FHR�V�G�I�G�J�KbMlF 2xzvn$FN`L`� eY$�[J�Q�Ymd������ 5 9l|j Z# �R5 TG��gV�JLa�ZfV S w 9 >lSeFkG�SM eM/ eJ�FkG~R$F1�NFgJ�JLF�ZfW$W$`LQ5�9n$F | ^_V6 �Y$F�GNj ZfW+W$S[ h^_V$F;FNY·W|Zf`�J+ �gV$SM eFb`~^_V�j  OR�FbGG�I�G(JLKNMOFbG;`LFNShZ]u$Z[Y�J;q[Fb`LG;V$Y�aNJLZ]J.R�j ab^_V6 TSM e\+`�Fo�/FgJ.Y$Q[Y�SeQ�`LGL^_V$FlS�j agJLZfJ.Z[G�I_MOW�JLQfJ� T^_V$FOFkG(J�V$Y�agJ9Z]J
G�JLZfJ+ TQ[Y$Y+Z# e`LFlW+Zf`j�gQ[V+`�ViR$F ' V�u+�49 *  TG�FbG;FbY¡��Z[`LR$FXFNJBSM eM/ eJ�FkGBR$FOq]Z[S[ hR5 eJ�aOY$FsR�Q# Tq[FNY_JR�gFbWyFNY+R$Z[Y�J
W+Z�G!ZfMOQ# TY+R�`� T`&SeFkG&Y$Q[MX\$`�FbV�uOG�V!�3�gKkG!R�Fh�gF

((

�gQ[V+`�Jt{E�3 e`j�gV6 eJ
))

R�F�ShZ�R�IvY+ZfM/ h^_V$F�M/ M�N`�Q_G+�NQ[W6 h^_V$F~^_V$F
`LabZ[S[ hG�F'ShZlY$Q[J+ TQ[Y?R�FBW+ZkI�GLZf��F#Vkt(FR�4 eJ�FN`9Z- �W+Z[`�M/ �FbV�u��
• ShZpJ�n$abQ[`� eF?R�F �;`LZ[MOFN`9G | WyQ�V$`_�NZ[SM�NV$SeFb`lSTFbG/�NQ[Y+G�JLZ[Y�JLFbG/�4 TY$agJ� T^_V$FkGOR�F?`LabZ#�gJ+ TQ[Y+G �9n6 TM/ T^_V$FkG |
W$`LabG�FNY_J�aNFBR+ZfY+G�S�j ZfY$Y$FNu�FBw 2 �;`LZ[MlFb`LG'd��#= { 5 V
• STZi�gQ�MlW+`�abn$FNY+G+ TQ[Y�R$FbG.W$`� TY!�4 TWyFbGX oS�j �BV$qv`�FmR+ZfY+G.STFm`�FbW$S[ TFNMOFbY�JlR�FkG.W$`LQfJLa3 TY$FbG��/S�j  TM�Zf��FmR�FS�j FbY�JLQ[Y$Y$Q8 e` |-D��Z, . %4� ' DjJ�� � � , � 2 �$`9ZfV$FbY��/FNShR�FN` � ��*Z, ��d������ 5 2 �$`9ZfV$FbY��/FNShR�FN` c[{[{�c 5 V
• W$STV+G��[abY$aN`9ZfSTFNMOFNY_J | STZ R5 hGLG�F���J+ TQ[Y�R�FiS�j FbG�W+Z#�NFi�NQ[Y��/Q�`�M�Z]J� TQ[Y$Y$FbS�R�j V+Y$FiM�Z#�g`LQ[MOQ[STa7�NV$STFrFNY
M�Z#�N`�Q�agJLZfJLG | JLZ]u�Q�Y$Q[M/ TF'W$`LabZfShZf\+SeF'FNJX eY+R5 hG�WyFNY+GLZf\$STFB lShZOR�FbG��g`� TW�J+ TQ[Y?R�F�G�FkGHJ�`9ZfY+G+ eJ+ TQ[Y+G��gQ�Y��/Q[`t{
M�Z]J� eQ�Y$Y$FbSeSTFbG 2 �$`9ZfV$FbY��/FNShR�Fb` � ��*Z, �0d4��� � 5 V
• STZ�R$FbG��g`� eW�J� eQ�Y�R�FbG0W$n$aNY+Q[MOKNY$FkG0R$F&q; TF3 TSeSM hG�G�FNMOFNY_J�R$Z[Y+G�STFbG0q[FN`L`LFbG�R�FUG�W6 eY|G�FNJ�ZfV�JL`�FkG�M�ZfJ�aN`� hZfV�uR�akG�Q�`LR�Q�Y$Y$akG-2xzvn$Fb`�`� TY$�fJLQ[Yid������ 5 V
• ShZXY$QfJ� eQ�Y�R�j FNY_J�`LQ[W6 TF �NQ[Y��|�[V$`9Z]J� eQ�Y$Y$FNSTSTF�V�J+ TSM TG�aNF;R+ZfY+GHS�j aNShZf\yQ�`LZfJ+ TQ[YmR�j V$Y$F;Mla��NZ[Y6 T^_V$F;G(J9Z]J� TG�{J� T^_V$F�R�FbG~M/ eSM TFNV�u���`LZ[Y_V$ShZ- T`�FkG-2 zvJ+ TSeSM TY$�[Fb`Bd������ 5 V
• V$Y$F�R�FbG��g`� eW$J+ TQ[YlR�IvY+Z[M  h^_V$F�R$F�STZ'MlaNJLZ�G(J9Zf\6 TSM �JLaHFbY.JLFN`LMOFbG�R�F�\$`� TG�V$`LFHZ[W$W+Zf`LFNY_J�F�R�j FN`L�[Q�R6 M�3 �JLa
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2xz_J�F7 eY?FNJ ��FN�~M�Z[Y¡d�����¢ 5�|����+� V
• STFbG�R�IvY+Z[M/ T^_V$FkGOZ�R$ZfW$JLZ]J� eq[FkGl`LFNY!�gQ�Y�JL`�abFbGOR$ZfY|GOSeF �gQ[Y_J�FNu_JLFrR�F?ShZiJ�n+aNQ[`� TF?R�FrS�j �&q[Q�SeV�J� eQ�Y�VSTF.W|ZkI�GLZf�[F�FbG�J'Z[SeQ�`LG�V$YpW+Z�I�GLZf�[F.R�FXq]ZfSTFNV+`�Z[R+ZfW�J9Z]J+ Tq[F�� �L��� �40j0 ,[*j� .Z04C * �����'FgJ'Y$Q[YpV$YpW+ZkI�GLZf��F
R�j aNY$Fb`��8 eFHSM e\$`LF��NQ[MOMOF�R$ZfY|G�J�Q�V+G�STFbG�Fgu�FNMOW$STFbG�W$`�a��gabR$FNY�J9G39��UFU�/Q�`�M�Z[S[ hG�MOFUFkG(J�W+Z[`�J� M�NV$S[ TKN`LFNMOFbY�J�NQ[MOMOQ�R�F'WyQ[V+`�W$`LFNY+R$`�F'FbY@�gQ[MOW�JLF;STZl`LagJ�`LQ�Z8��J� eQ[Y�R�FkG�FbG�WyK7�NFbG�G�V$`~SeFbV$`~FNY_q; T`�Q�Y$Y$FbMlFbY�J | q; hZXShZ
MOQ�R5 e�U�NZfJ+ TQ[Yr^�V+F;STFbG�WyQ[W$V$ShZ]J� eQ�Y+G�W$`LabG�FNY_J�FkG� TMOWyQ�G�FNY�J�Z[V�u�W+Z�I�G�Z[�[FbG�R�F�q]ZfSTFNV+`�Z[R$Z[W�JLZfJ+ Tq[FBR�FbG
R5 � aN`LFNY�JLFbG~FbG�WyK7�NFbG 2 �BZ[V � MOZ[Y$Y¡d����#A 5 9
• O�F�Y$Q�M.\$`�FbV�u�W$`LQ[\$STKNMOFkG~R�j Q[W$J+ TM  hGLZ]J� eQ�Y·WyFbV$q[FNY_J�aN��Z[SeFbMOFNY�J #NJ�`LFBFNY_q; hGLZf�[akG~R$ZfY+GG�gFR�bZ[R�`LF#V
STF;W+Z�I�G�Z[�[F'FbG�J�ZfSTQ[`9GHV$Y$F;�/Q[YU��J+ TQ[YrR�F1�NQ ��J32 �BZ[V � MOZ[Yid4���_¢ 5 9
��������� �i# � %'1(�����(�v	���� 	�� ��"��&�0������,��

((

��#U���!�01�1(�0��1�#!���
))

��¦�´ �y©/²Nª+¦ µ[¯ ¤�§���©/§�¤ ®0ª¡² ��² �
	+­�ª ��§�­�¨$µ_ª �0ªl|j Z- �FNMOW$STQ�I�a&STFbG0J�Fb`�MOFbG�R�F
((

�gQ�MlW+SeFNuvF
))

FgJ
((

�NQ[MOW$STFgu5 eJ�a
))

R+ZfY+G0STFHG�FbY+G0�[abY$aN`9ZfSTFNMOFNY_J�Z8�3�gFbW�J�a�� J��0�@ 0 � 	32��
�40 � C � 2X� , �+L��G0 % 0��&0Y� ��� � �&%f$R�T$ 0`' ,N�#ej*Z, �40 � ��0�� . $ . J5% 0�� � � � * 0�0 % 2G� , �32�� �¤� .��40Y� ��� � �&%f$R�E$ 0.�� 0��&0 $3,[$ 2�� � � 0&9��UFgJ�J�FOR�ag�|Y6 �J� eQ�YpFkG(J;\6 eFbYiG��$`�J�`LQ[W��|Q[V$FXWyQ[V+`��NJ�`LFXR�j V$Y+Fl^_V$FbSM�NQ[Y+^_V$FXV�J+ TS[ eJLa
Q�WyaN`LZfJ�Q8 e`LF�MOZ# TG�FbSeSTF;WyFb`�MOFNJ�R�FBY$Q[MOMOFN`~STFbG~G+ �JLV+Z]J� TQ[Y+G�Q��?Z[V+G�G+ �\6 eFbY·STFbG�ZfW$W$`LQ5�9n$FbG�R�FR�Ln+Z[MOW
MOQ]I[FNY?^_V$F;STFbG�J�n$abQ[`� eFkG�R�j a7�9n$FNSTSTFBG�Q[Y_J� TY+G�V �sGLZfY_J�FbG~q[Q# T`�F�JLQfJ9ZfSTFNMOFNY_J� TY+ZfW+W$S[ �NZ[\$STFbG79l[F:�Ln+Q# hG  hG( �4 .�� � �(� * 0 %4� C ,dJ�� � , �40/0�@ 0 � 	32��40:C �&%4�g%fb4J �40 %4� N *��&%f*j� � 0a.0� $ C���� ,c, � . *�� 0 , �&0/0�@ 0 ¹� 	42��401C � 2G� , �+L��40 | \6 TFNYr^�V0j  TShG�Fgu5 T�[FNY_J~V$Y$F�ZfW$W$`LQ5�9n$F'�[STQ[\+Z[SeF'FgJ�^_V�j  TShG~G�Q# TFNY�J�R�F;J�Q�V�J�FBaNq; hR�FNY!�NF
W$STV+G

((

�NQ[MOW$SM T^_V$akG
))

^_V$FsSTFbG.G�I�G(JLKNMOFbG�W$`LabG�FNY_JLZfY_J.V$Y�R$a7�gQ�V$W$ShZf��F�R$FbG�a��Ln$FbSeSTFbG.FgJlZfW$W$`LQ5�9n$FsR�F
J(IvWyF1�Ln|ZfMOW·MlQ]I[FbY�9��&Y?F���FgJ | V+Y$F'�/Q8 TG~G�Wya7�3 ��+abF;S�j  eYvq]Z[`+ hZfY!�NF'R�j a7�9n$FNSTSTF | ZfV�JL`�FbMlFbY�J�R5 eJ�STZX��Z��NQ[Y
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ShZXW$nvIvG+ h^�V+F;Z]JLQ[M/ h^_V$F'FgJ~ShZXW$nvIvG+ h^�V+F;^_V+Z[Y�J+ h^_V$F'ShZ- hGLG�FbY�J�W$ShZ#�NF; XShZ �9n6 eM/ TFBR�KbG~^_V�j Q[Y�FbY_q; hG�Z[�[F
R�FkG�Z[GLG�FbM.\$STZ[�[FkGHZfJ�Q[M/ h^_V$FbG�FNJ�R�FbG~`LabZ8��J+ TQ�Y+GHFNY_J�`LF1�NFbG�Z[GLG�FbM.\$ShZf�[FkG39�E0ZOMOa7�NZ[Y6 T^_V$F�^_V+ZfY_J+ h^_V$F TY�JLFN`Lq^ TFNY_J

((

V$Y$FH�/Q# hG�WyQ[V+`�J�Q[V$J�FbG
))

R$Z[Y+G�ShZ'R�agJLFN`LM  TY+ZfJ+ TQ[YlR�FbG�FbG�WyK7�gFkGY eY_J�FN`LMOabR5 hZ- T`LFbG�FNJ�R+ZfY+G�STFbG�bZfS �gV$ShG�R�F'`LabZ8��J� eq; eJ�a89���Q[V+G~Zkq[Q�Y+GUqvV·Z[V S�c 9 A69 c ^_V$F'ShZ �9n6 eM/ TF;STZ# TGLGLZ- eJHW$ShZ#�gF; XShZXW$nvIvG+ h^�V+F;R�FbGWyQ�SeIvMOKN`LFbG | q[Q8 T`�F� �ShZ�MOa��NZfY! T^_V$F�FgJ& 'STZ�J�Q�WyQ[STQ[�8 eF | STQ[`9G�^_V�j Q[Y.aNJ�V+R5 hZ- eJ&R$FbG�M�Z#�N`�Q�MlQ�Sea��gV$STFbG79�E�FkG
FNuvFbMOW$SeFkG~R�FR�gFNJ~FbY!�Ln|Z��«Y$FNMOFNY_J�SeQ��# h^�V+F'n6 TaN`9Zf`j�Ln6 h^_V$F;R�FbG�J�n$abQ[`� eFkG�W|Q�V$`L`LZ# eFbY�J �gJL`�F;M.V+S�J� eW+S[ TabG79
D *ab4J �40 �F%��j���ZJ N � ��� � �40 � .��10 * N �Z%4� 0 % C � � @����\.�� �+$ . J C �g%����$8 � J 0 �g% �I$ � *j�1,[* 0 �
�&J C �FJ�� � � %f$R�+*���¹C�� %fb3J � �)*��gJ�� � , , ��.��&0�� � $R�:� 2 	 � �40 8 ' *�� .�� J�� 0�� � 0�. *�� 0 J�� 0�@ 0 � 	32���C � 2G� , ��L�� � � , �&0 �+$R�
���7* C �g%���� 0. J��U% N"� *ZJ ' ,��#ej*Z,�8�$ 2�� � '�� � ��8 0 J��(, �&0 �!% N � *ZJ L %4��D4$��&% � J�� 0(0$� * N 	 � � �¤� �&0j0�� �¤�F% � ,c, �&0������	��
���
�
��O�Z[Y+G�SeF �bZ[G�R�FlG�I�G�J�KNMOFbG'Z[R$Z[W�JLZfJ+ e��G | W+Z[`�Fgu�FNMOW$STFXq; eqfZfY�J9G | �gFgJ�J�F/�NZfV|G�Z[S[ eJ�a\�3 e`j�gV$ShZ- T`LF�`�FbY+R

JL`�KkG�R5 ��:�4 TSeF�R�j FNu�W$S[ h^_V$FN`&STFNV$`��gQ�MOWyQ[`�J�FNMOFbY�J&R$Z[Y+G�V$Y$F�JLn$aNQ�`+ TF�V$Y6 h^_V$F���ZfSTQ[`9G�^_V$F | W+Zf`&Fgu�FNMOW$STF |
S�j nvI�R�`�Q$R�IvY+ZfM/ h^�V+F!FNJ�S�j ak^_V+Z]J� eQ�YXR�F ��Zkq; TFN`t{ zvJ�Q��[FkG0WyFN`LMOFgJ�JLFNY_J�R$FH`�FbY+R�`LF`�gQ�MlW$J�F�R�F�S�j FNY+G�FNM.\+SeF
R�FkG�W$n$abY$Q[MOKbY$FbGHJLV$`L\$V$SeFbY�J9GL�49 � S���ZfV+R�`9ZlG+ TM.V$SeJLZfY+aNMOFNY�J�R$a7�g`� T`�F'S�j Zf`j�Ln6 eJ�F���JLV$`�FBR�FbG� eY_J�FN`9Z#�gJ+ TQ[Y+G
 OS�j �BV$qv`�F�R$ZfY+G�SeF.G�I�G�J�KbMOF | FNJ�Fgu�W$SM M�3 �JLFN`�^_V+Z[Y�J� �J9Z]J� eq[FbMlFbY�J�STFNV$`G eY �|V$FNY!�NF | FbYrR�j Z[V�J�`LFbG�JLFN`�MOFkG
Z�R�Q[W�JLFN`�V$Y$F~R�aNM�Zf`j�Ln+F � ,[*PD��-% 0;� �Z,d% 0 � �
� ���+$ . J C �g%����¤�!% 0 � �39��UF�G�Q[Y_J�Z- TY+G+ �R�FbG�J�n$abQ[`� eFkG�. % Hh$�� � � � �&0
� � � $��T$R��� '�	 � �&0�^�V! $q[Q[Y�JP TY�J�Fb`�q[FbY6 T`b�]W|Zf`�Fgu�FbMlW+SeF | SeFkG�Z8��J� eq; eJ�abG�Y$FNV+`�Q�Y+ZfSTFbG�W|FbV$q[FNY_J �gJL`�F~WyFNY+G�aNFkG
 lShZX�/Q# hG��NQ[MOMOFBR�FbG~ab^_V+ZfJ+ TQ[Y+G~R�IvY+ZfM/ h^_V$FbG�FNJX�NQ[MOMOFBR�FkG~G�J�`LV!��JLV$`�FkG�SeQ��# h^�V+FbG79

� ­�ª$¦ �0ª$¤ �|ª¡®0ªiµv§0©/²O² �[¯���©/² ��©/°�±�ª+²B�Y$F;Zf`�J+ �gV+STZfJ+ TQ[Y�J(IvW6 h^�V+F'FNY�JL`�F;R�FbV�u�J�n+aNQ[`� TFbG | R$ZfY+GHShZ.n6 TaN`9Zf`j�Ln6 TF�^_V$FUt(F'q; TFNY+G�R�F'MOFNY_J+ TQ[Y$Y$Fb` |
R�a��gQ[V+SeFBR$V?W+Z[GLG�Z[�[F' OV$Y$F�R�FkG+�N`+ TW�J+ TQ[Y·W$`LQ[\+Z[\6 TS[ hG�J�F#9	��V+Z[Y+R�Q[Y?Z[V$�[MOFNY_J�F;STFbG~a7�9n$FNSTSTFbG | FbY·W+Z[`�{
J9ZfY�J!R�F�S�j a��Ln+FNSTSeF�M/ �g`LQ�G��gQ[W! T^_V$FHR$FbG�STQ# hG��/Q�Y+R$ZfMOFbY�JLZ[SeFkG | Q[YlY$F�q[Q8 �J�W+Z�G�Z[W$W+Zf`9Z��hJL`�FHR�F�Y$Q�V$q[FNSTSTFbG
STQ# hG�Z[VOG�FNY|G&G(JL`+ ��J�9��oZ- hG�Q[YOq[Q# eJ&aNMOFN`L�[FN`&R�FkG�SeQ8 TG�0 �E*j�F% 0 �g%fb4J �40 | R�a��g`� eqfZfY�J&Y$Q[YOW+Z�G�STFbGP�NQ[MOWyQ[`�J�Fu{
MOFNY_JLG~� � 0j0 %fe4, �40�M�Z- hG�STFbG��gQ�MOWyQ[`�J�FNMOFbY�JLGY� ���#e�*8e3, �&0&9;O'ZfY|G�ShZ;SM eM/ eJ�F

((

J�n+FN`LMlQ$R�IvY+ZfM/ h^�V+F
))

FgJ��]Q[V
Z�G�IvMOW�J�Q[J+ h^_V$Fo�/JLZ- TSTSeF

N → ∞ | R�V$`LaNFmR�j Q[\+G�FN`Lq]Z]J� TQ[Y
t → ∞ |I% � ���~ TY��+Y6 TMOFNY_JX�[`9ZfY|R�FbG�R�FNqfZfY�J

STFbG�a7�9n$FNSTSeFkGHM/ �g`LQ�G��gQ[W6 h^_V$FbG9� | FbSeSTFbG~R�Q[Y$Y+FNY�J~V$Y+F  TM�Zf��Fl�f TR�akZfSM TG�aNF��!W$STV+G~G�aNSTF7��J� eq[F | C � 2 2��10$� %c, @* N *-%4�yJ�� � �:�ZJ N � ,c, � ,N�Z% � , � � J N � �49?�&SM TM  TY$Fb`�STFbGQ�gQ[MOWyQ[`�JLFNMOFNY�J9G�^_V6 $G�Q�Y�J~ TMOW$`�Q�\+Zf\+SeFkG�R$ZfY+G~�NFgJ�J�F
SM eM/ eJ�F | WyQ[V+`&Y+FG�NQ[Y+G�FN`Lq[FN`&^_V$F�SeFkG��NQ[MOWyQ[`�J�FbMlFbY�J9G�abMlFb`���FNY_JLG�J IvW6 h^_V$FbG | `LFNq; TFNY_JU 1 eY_J�`LQ�R�V6 T`LF�R�F
Y$Q�V$q[FbZ[V�u?W$`� eYU�4 TWyFbG39 ��SeQ�`LG�^_V$FXSTFbG�SeQ8 TG��/Q[Y+R+ZfMOFNY�J9ZfSTFbG'G�Q�Y�J;G(JL`+ ��JLFbG | Z[\+G�Q�SeV+FbG | �NFbG

((

Y$Q�V$q[FNSTSTFbG
STQ# hG

))

G�Q�Y�J�G�JLZ]J� TG�J� T^_V$FkG | Z[G�IvMlW$J�QfJ� h^�V+FbG | FNYXW+Z[`�J� eF�G�V+\vt(F���J+ Tq[FbG�W$V6 hG�^_V�j FNSTSTFbG�`LFNWyQ�G�FNY_J�G�V+`�S�j a7�Ln+FNSTSeF
R�F�S�j Q�\+G�FN`Lq]Z]JLFNV$` | ShZ'R$V$`�abF�R�F~G�Q[YXQ[\+G�FN`Lq]ZfJ+ TQ[Y | FgJ�STF�Y6 Tq[FbZfVlR$FUJLQ[STaN`9ZfY!�NF'�/WyQ�V$`�STFbG�W$`LQ[\+Z[\6 TS[ eJ�akGL�
FbYv{PR�FkG�G�Q[V|G;R$V+^_V$FNS� eSI�gQ�Y+G+ TR�Kb`�F�^_V$F�S�j aNq[aNY+FNMOFNY�J.Y$FsG�F�W$`LQ�R�V6 eJ�W+Z[G79�z_J�`� ��JLFNMOFNY�J | �gFkGBSeQ8 TGBY$F
Gbj Z[W$W$SM T^_V$FbY�J�^_V�j  lV+Y$F1 hR�abZ[S[ hGLZ]J+ TQ[Y?R�FBShZO`�akZfSM �JLa | W$V6 hG�^_V�j FNSTSeFkG� eMOW$SM h^�V+FNY�J�S�j  TR$FNY�J� ��K�NZ]J� eQ�YrR�FBShZ
G+ �JLV+Z]J� eQ�Y·SM TM/ �JLFm�

N →∞ |
t→∞ ��FNJ�R�F�STZ�G+ eJ�V+ZfJ+ TQ[Y?`�abFNSTSeF8V$FNSTSeFkG�G�Q�Y�J�FNYoG�FbY+G * �8� ��� C�� $ �&0 | �gF^_V�j  eS&FbG�J1 TMOWyQ[`�JLZfY_J1�NQ[Y!�NFNW�JLV$FNSTSTFNMOFNY�J.R�FsG�Q�V$S[ T�[Y+FN`;WyQ[V$`BaNq; eJ�Fb`;STFbGBW+Zf`9Z[R�Q�u�FbG | M �bMOF�G+ �S�j FN`t{

`LFNV$`;Z# eY+G+ ~�NQ[MOM/ TG�FXFbG�J;F���F7��J� Tq[FNMOFNY�JBY$ab�[SM e��FbZ[\$SeF.FbYiW$`LZfJ+ h^_V$F#9)O�FbG'FNu�FNMOW$STFbG �NSTZ�G�G+ h^�V+FbG�G�Q[Y_J
ShZiR5 �yV|G  TQ[Y*�/STQ# ~R�F �Y M���

j = −∇c
aNMOFN`L�[FkZfY_JlR�F·M�Zf`j�Ln$FkGXZ[SeakZ]JLQ# T`�FkGR hG�Q[J�`LQ[WyFbG9� | S�j  T`�`LaNq[Fb`LG+ ¡{

\6 TSM �JLasM�Z#�g`LQ�G��gQ[W! T^_V$F�R�a7�g`� eJ�F�W+Z[`�SeF�zvF��gQ[Y+R #&`+ TY!�3 eWyFsFgJ.STFbG.R5 hG+�NQ[Y�J� eYvV6 eJ�abG.Z[W$W+Zf`9Z- hGLG�ZfY�J�ZfV$u
JL`LZ[Y+G  eJ+ TQ[Y|G�R�FBW$n+Z�G�F'J�n+FN`LMlQ$R�IvY+ZfM/ h^�V+FbG79

�!¯ ¤0§���©/§0¤ ®0ªi¨$¦y§�¨$¦�©«´ ��´¡´$­�ª$¦���ª$¤ ��ª
��j FbG�J0FNY;�+Y.R�F��gQ�MOW�J�F&V$Y$FUR�ag�+Y! �J� eQ�YBQ[Wyab`LZfJ�Q8 e`LF�R�F!STZ~Y$QfJ� eQ�YBR�j $ 2�� � '�� � C(�0^_V�j  eS_GNj Zf�8 �J0R�j aNJLZf\+S[ T`�9B�Y$F(�bZf`9Z#��JLaN`� TGLZ]J+ TQ[YsWyQ�GLG  T\$STF'R�F'S�j aNMOFN`L�[FNYU�gF�FbG�J��gFbSeSTF'W$`LQ[WyQ_G�abF�W+Zf` ��Y+R�Fb`LG�Q[Y0�_STF(�9n+ZfY$��FNMOFNY_J
R�F�Y6 eq[FkZfVlSTQ[`9GL^�V0j Q�YXW+Z[GLG�F~R�j V$Y�aNSTaNMOFNY_J! ;V$Y$F~WyQ�W$V$ShZ]J+ TQ[Y"0�� * C�C � 2G� * ' � �R.�� J�� C�� *�� '��42�� �¤� .��&0� �b� � �&%f$R�E$ 0(.��G0�@Z2 $����&% �&Z[VlY! eq[FkZfV�R�FbG&SeQ8 TG�FNJ!R�FkG���`LZ[Y+R�FNV+`LG�F���F7��J� eq[FkG&Z[W$W$`LQ[W$`� eabFbG�WyQ�V$`!R�a7�N`+ T`LF
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STF1�NQ[MOWyQ[`�J�FbMlFbY�J� lS�j a��Ln$FbSeSTF�R�F;ShZlWyQ[W+V$STZfJ+ TQ[Y�9
E0ZXR5 TG��gV|G�G+ eQ�YsW$`La7�gakR�FNY_J�F'G�V$`HSeFkGUSTQ# hGUG�J9Z]J+ hG�J+ h^�V+FbGUMOQ[Y_J�`LF�^_V$F�STF �bZf`9Z#��JLKN`LF�aNMOFN`L�[FbY�J�R�j V$Y$F

W$`LQ[W$`� TagJLa'FkG(J�FNY·��Z# �J�V$Y$Fs�NZf`9Z#�gJ�ab`+ hG(J� T^_V$F;R�VrMOQ�R�KNSTF#9�#�Zf`�FNu�FNMOW$STF | ShZ�G  TY$�[V+STZ[`+ eJ�aBZ[V·WyQ8 eY_J�R�F
JL`LZ[Y+G  eJ+ TQ[YrR�Q�Y$Y+ZfY_J�V$Y �NZ[`LZ8��JLKN`LF'abMlFb`���FNY_J� OV$Y+FBJ�`9ZfY|G  eJ+ TQ[YrR�F�W$n|Z[G�FBY�j ZfW$W|Zf`9Z- eJ�G�J�`� M�gJ�FbMlFbY�J
^_V$F;R$Z[Y+GUSTF'MOQ�R�KNSTF | Z[W$`�KkGUW+Z[GLG�Z[�[F� .ShZ.SM TM  eJLF#9|�UF'W|Q8 TY�J�FbG�JHJ�Q�V�J~ .��Z- eJ��[abY$aN`9ZfSyFgJ~G�F�`LFgJL`�Q�V$q[F
R$Z[Y+G�J�Q�V�J�FkG.STFbG.M�ZfY6 e�/FbG�JLZfJ+ TQ[Y+GXR�j aNMOFN`L�[FbY!�gF8V�G�J�`� M�gJ�FbMlFbY�J | �[j FkG(JXSTFmMOQ�R�KbSeFmV�J� eSM hG�a· rS�j a7�9n$FNSTSeF
R�j Q[\|G�FN`Lq]ZfJ+ TQ[Yi^_V6 �FbG�JBaNMOFN`L�[FNY_J79�}�YiWyFNV�J�FguvJ�`9ZfWyQ�SeFb`'FgJBW+Z[`�STFN`BR�FOW$`LQ[W$`� eaNJ�alaNMOFN`L�[FbY�J�FlWyQ�V$`
^_V+Z[S[ e�+FN`�STFHW$n+aNY$Q[MOKbY$FHQ�\+G�Fb`�q[aUW+Z[`��NFH^_V$FHShZ�W$`LQ[W$`� TagJ�aH`�abFNSTSeFbMOFNY�J�Q[\+G�FN`Lq[aNFUFbG�JQ�NFNSTSeF~R�VlMlQ$R�KNSTF hR�abZ[S�Q�\�J�FNYvV?Z[W$`LKbGHW+Z�G�GLZf��F' lShZlS[ TM/ �JLFs�

N →∞ |
t→∞ |

ε→ 0
�UFNJ�^_V+ZfSM �J9Z]J� eq[FbMlFbY�J�R5 ���aN`LFNY_J

R�V�MOQ�R�KNSTFsM�Z#�g`LQ�G��gQ[W6 h^_V$F�G�FmR�abR�V6 hGLZfY�JX`+ T�[Q�V$`LFNV+G�FNMOFNY�J�FgJXSTQ[�# h^_V$FNMOFbY�JXR�FsS�j Z�G�G�FNM.\$ShZ[�[F�R�F
MOQ�R�KbSeFkG�M/ M�N`�Q_G�W6 h^_V$FbGHWyQ�V$`~STFbG~R6 ���aN`LFNY�J9G� eY+�[`LabR5 TFNY_JLG79

� ®�¯0¨ �[¯���©/§�¤�
�§0¨ ��©«­�©/²g¯���©/§0¤ ª � ²b´$µ�ª�� ��©/§�¤ ¤�¯���±�¦�ª+µ�µ_ª
��u�W$SM �4 eJ�FN`�STFbG~STQ# hG�G(J9Z]J+ hG�J+ h^_V$FbG�^_V$F�t(F�q^ TFNY|G�R�F�R5 hG��gV�JLFN`�FbG�J�W+Z[`�J� M�NV$SM eKb`�FbMlFbY�JX eY_J�ab`�FkG�GLZfY_J�R$ZfY|G
V$YoG�I�G�J�KNMOFR�gQ[MOW$STFgu�FBQ��·V+Y$FB`LagJ�`LQ�Z8��J� eQ[Y·R�FkG~W$`�Q�W$`� eaNJ�abG���SeQ�\+ZfSTFbG�G�V$`�SeFkGX�gQ[MOWyQ�`�JLFNMOFNY_JLG�abSeau{
MOFNY_JLZ# e`LFbGHq]ZXMOFNJ�J�`LF;FNY?Z#��JLF(�NFbGHY+Q[V$q[FbSeSTFbGHSTQ# hG�ZfV·Y6 eq[FkZfV�M/ �g`LQ�G��gQ[W6 h^_V$F | FbY�STFbG��gQ�V$W$ShZfY_J~ZfV$u
((

q_`9Z- TFbG
))

SeQ8 TG�Z[�# hG�GLZfY_J�  �gF�Y6 Tq[FkZfV�V�FbSeSTFbG�WyFNV$q[FbY�JXZ- TY+G+ &Q[`� TFNY�JLFN`�SeFmG�I�G�J�KNMOFsR+ZfY+G�R�FkGB`LaN�8 eQ�Y+G
R�FXS�j FkG�W|Z#�gFXR�FXW$n+Z�G�FX^_V6 �Y$FlG�FN`9Z- TFNY_J�W+Z�G�Z]J�J�F7 eY_J�FkG�G+ TY$Q[Y�9y�&YpW|Zf`�J+ �gV$SM eFb` | STFbG �gQ�MlWyQ�`�JLFNMOFNY_JLG
abMlFb`���FNY�J9G | FbY¸`�aNJ�`LQ�Zf�# hG�GLZ]Y_JsG�V+`sShZ�R�IvY+ZfM/ h^_V$FrM/ �g`LQ�G��gQ[W! T^_V$F | ��� J N"� � � 0 �T*#e3%c,d% 0�� � .��40 $R�E*j� 02 *�� ' %4�K*-J L �ZJ C �&%4�F%fb3J �&0&9O�Z[Y+GUSTF'R�Q[M�Z- TY$F'R�Vmq; eqfZfY_J | V$Y$F'SeQ8 yaNMOFN`L�[FNY_J�F�FbG(J�SeFX� �&%4� C % ���\.0� � � �g% 2 % 0 *j�g%��j� � � .�� * . * � �E*f¹�g%����:%4� . J5%4� � *���,[* 0 $3, �jC �g%����*�K*��gJ�� � ,c, �N��G+ _V$Y+FHG�Q[V+G�{�FkG�WyK��gF&FkG(J�V$Y.WyFbV.M/ eFbV�u.Z[R$Z[W�J�abFU �S�j FbY_q; e`LQ[YO{
Y$FbMlFbY�JHFgJHG�F�`�FbW$`�Q�R$V6 �J!V$YmW|FbVsM/ eFbV�u�^_V�j V$Y$F�Z[V�J�`LF�G�Q[V+G�{�FkG�WyK��gF | FNSTSeF�R�Q�M  TY$FN`9ZR�gQ�MlW$STKgJLFNMOFNY_J
Z[V�\yQ[V�J�R�j V+Y Y$Q[M.\+`�F·G�V �sGLZfY_JlR�F·�[aNY$ab`LZfJ+ TQ[Y+G7V0S�j  hR�akZfSM TGLZ]J� eQ�Y �NQ[Y+G+ TG�J�F� iG�V$W$WyQ�G�FN`l^_V�j  eS�I�Z
FbV¸G�V �sGLZfMOMOFNY�J�R�Fr�[abY$aN`9Z]J� eQ�Y+G?�/FNJm^_V$FrS�j FNY_q; T`�Q�Y$Y$FbMlFbY�JsY$F �9n+ZfY+�[F?W+Z�GOW$STV+G�q; eJ�Fp^�V+F?STFbG
FkG�WyK7�NFbGlY$F?Gbj Z[R$Z[W�J�FbY�J9�XWyQ[V$`/ hR�FNY�J� e�+FN`s  �Ln+Z�^_V$F�MOQ�MlFbY�J�S�j FbG�WyK7�NF?R$ZfY+GOG�Q[Y FNY+G�FNM.\$STF?Z�q[F7�
ShZmG�Q[V|G�{PFbG�WyK7�gF.Q[W�J� eM�ZfSTF | �NFl^_V6 �`LFNq; eFbY�J; sW+`�FbY+R�`LF.FNY��NQ[MOW�J�FXV+Y��g`� �JLKN`LFXR�j Q[W�J� eM/ hG�ZfJ+ TQ[YpG�V$Wv{
W$STaNMOFNY_JLZ# e`LFsWyQ�V$`XG�Wya��4 e�+FN`.ShZr`LabZ[S[ eJ�asQ[\|G�Fb`�q[abF#9��UFmWyQ# TY�J | aNY$Q�Y!�gasWyQ�V$`XR�FkG�FkG�WyK��gFbG | WyFbV�JlG�F
JL`LZ[Y+G�WyQ_G�Fb`�ZfV$us�/Q[Y!�gJ+ TQ[Y+G~\6 TQ[STQ[�# h^_V$FbGHFNJ�Z[V�umM�Z#�N`�Q�MOQ[STa7�gV+SeFkG � �P e��FNY?FgJ�z5�9n_V+G�J�Fb`Bd ��� � ! 9

�!¯ ��§�­�¨$µ_ª �0© ��´���±�¤�ªi¤�§���©/§�¤ ­�±�µ ��©���§�¦�­�ª
E�Z/�gQ�MlW+SeFNu; eJ�a | �gFbY+G�abF/2��40 J�� � � STFR�NZf`9Z#�gJ�Kb`�F(�gQ�MlW+SeFNuvF�R�j V$YrG�I�G(JLKNMOF | FbG�J~J�Q�V�J�Z[V+G�G+ �R5 ��:�4 TSTF� 
R�aN�+Y6 T`�^_V$FBSeFkG�G�I�G�J�KbMlFkG~Z[V�u$^_V$FNSTSeFkG�FNSTSeF�R$Q# eJ�GNj ZfW+W$S[ h^_V$FN`�96B�Y?W$`LFNM/ TFN`~WyQ8 eY_J | �gQ[Y_J�`9Z- T�[Y+Z[Y�J�STFbG
WyQ_G�G+ e\+SeFkG�R�ag�|Y6 �J� TQ[Y+G | FkG(J;^_V$F.ShZa�gQ[MOW$STFgu5 eJ�a.Y�j FbG�J'W+Z[G�FguvJLFNY+G+ eq[F��|FNSTSTFXR�FNqv`9Z�W$`LFNY+R�`LF.STZsM��NMOF
q]Z[STFNV$`mWyQ[V$`�V$Y$Fp`LaNV$Y! eQ�Y �L�U% �mR�FiG�IvG�J�KbMOFbG: hR�FNY_J+ h^_V$FbG79 #�Zf`�Fgu�FNMOW$STF | ShZ �NQ[MOW$STFgu5 eJ�aiR�j V$Y$F
Z[\yF3 TSeSTFBR�Q# eJ �gJ�`LF;ShZlM��NMOFB^_V$FR�gFNSTSTFBR�F�R�FNV$u·Zf\yF3 TSTSeFkG | M�Z- hG~R5 ��aN`LFN`�R�FR�gFbSeSTFBR�j V$Y$FB`LV!�9n$F#9B�Y G�F7�NQ[Y+R�WyQ8 eY_Jl oG�Q[V+S[ T�[Y$Fb`�FkG(Jl^_V$F ,[* C � 2G� , ��L %4�E$�� �@. �-%4� � * 0�� ��� � % .�� � �g% �I$ � * N ��C J�� �D��j� 2��\.0� � �¤�
��� � % �N�+Z[SeQ�`LGH^_V$F'S�j FNY_J�`LQ[W6 TF;ZfV$��MlFbY�JLF'Z�q[F7��SeF;R$abG�Q[`9R�`�Fl�/FNSTSTF'FbG�J�M�Z]u5 TM�ZfSTF�WyQ[V$`�V$Y
G�I�G(JLKNMOF�Z[SeakZ]JLQ# T`�F�� | ShZs�gQ[MOW$STFgu5 eJ�a�R�Q8 �J �NJ�`LF�YvV$SeSTF�Z[V+GLG  |\6 eFbYsWyQ[V$`UV$Y$F�G�Q[V+`��NF�R�aNJ�FN`LM/ TY6 TG�J�F'^�V+F
WyQ�V$`�V$Y$FmG�Q�V$`j�gFlJ�Q[JLZ[SeFbMlFbY�JXZfSTabZfJ�Q# T`LF#9�}�Y�ZrZ- TY+G+ &W$`�Q�WyQ�G�a�R�FbG.R�ag�+Y6 eJ� eQ�Y+G.R�F�ShZ �gQ�MOW$SeFNu5 �JLa
G�Q[V+G�ShZ��/Q�`�MOFHR�FU�/Q�Y!��J� eQ�Y+GY�NQ[Yvq[Fgu�FbG

f(h)
R�FHS�j FNY�JL`�Q�W6 TFHR�F~zvn+Z[Y$Y$Q[Y·�«JLZ[V�u.R�j FNY_J�`LQ[W6 TFU\yQ�`�Y$aUW|Zf`

d | FNY?��Z- eJ��HJLFNSTSeFX^_V$F
f(0) = f(1) = 0

9yE0Z:�gQ�MlW+SeFNu; eJ�a.Z[Se��Q[`� �JLn$M/ T^_V$F1 TY�J�`LQ�R�V6 eJLF.ZfV S =!9Td89edBFbG�JZ[V@�gQ�Y�JL`LZ# e`LF;R�FBM��NMOF�Y+Z]JLV$`�F�^_V$F
h
| FNJ�G�Q[Y?Z[W$WyFNSTSTZfJ+ TQ[Y·W$`(�gJLF�R�Q[Y!�B _�gQ[Y$�/V+G  TQ[Y 96O�FbG�Y$QfJ� eQ�Y+G

W$STV+G  TY�JLaN`LFbGLG�Z[Y�J�FkG�G�Q[Y_J'Q�\�J�FbY_V$FkG�FbYiR�a��g`� eqfZfY_J �NQ[MOMOFNY_J'S�j FNY�JL`LQ[W6 TFlR�F�zvn+Z[Y$Y$Q[YpJ�FNY|Rpq[FN`9G'G�Z
SM eM/ eJ�F

h = limn→∞ hn
W|Zf`B`LZ[W$WyQ[`�JB ·STZ·STQ[Y$��V$FNV$`

n
R�FbGBMOQfJ9G1�gQ�Y+G  hR�ab`�abG | Z[V�J�`LFNMOFNY_J�R5 eJ�FNY
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�NQ[Y+G+ TR�ab`LZ[Y�J�ShZOR�abWyFNY+R$Z[Y!�gF
n→ Hn

9!B�Y$FBY$QfJ� eQ�Y?R�FR�gQ[MOW$STFgu5 eJ�a;FkG(J�ZfSTQ[`9G!�/Q�V$`LY6 eFBW+Zf`k�
c =

∞∑

n=1

(hn − h) = lim
n→∞

(Hn − nh) = lim
n→∞

2Hn −H2n
�f> { �

#�Zf`�FNu�FNMOW$STF | S�j aNq�Q[STV�J+ TQ[Y�FNY+�[FNY+R$`�abFOW+Z[`�S�j Z[W$W$SM M�bZ]J+ TQ[Y�STQ[�# hG�J+ h^_V$F
xn+1 = µxn(1 − xn)

| Q�Y�Z
h(µc) = 0

�
Hn ∼ log2(3n/2)

��FgJ
c(µc) =∞ Z[V�G�FNV6 TS|R�j ZfW$W|Zf`� �J� eQ�YOR�Va�Ln+Z[Q�G | ^_V6 +FbG�J!V$Y�`LaN�8 eMOFR�IvY+Z[M/ T^_V$F�J�`LKbGR�NQ[MOW$STFgu�F | ZfSTQ[`9GB^_V�j Z[V �gQ�Y�JL`LZ# e`LF |

h(µ = 4) = log2 2
FgJ

c(µ = 4) = 0
WyQ[V$`

µ = 4
| Q��·S�j Q�Y?ZlV$Y·`LaN�8 eMOFBR�F1�9n+Z[Q�G�R�abq[FNSTQ[W$Wya | GLZfY+G��gQ�`�`LaNShZ]J� eQ[Y+GUJ�FbMlWyQ�`�FbSeSTFbG79

E�FbG;MOFbG�V$`LFbGBR�F_�NQ[MOW$STFgu5 eJ�a�^_V$FOY$Q[V|G;q[FNY$Q�Y+G;R$FOW$`LabG�FNY�JLFN`BWyFN`LMlFNJ�JLFNY�J.R�F b4J!*j� �g% � � � J�� �0 �
�4J C �gJ�� �sG�W+Z]J� TZ[SeFpQ[V¸JLFNMOWyQ[`LFNSTSTF | � J�� � $ C���� ,c, � . ���¤�K$ �49��UFbG�MOFbG�V$`�FkG�R�F �gQ�MlW$STFgu5 eJ�aiq[Q[Y_J
\6 TFNYiG��$`�W$`LabG�FNY�JLFN`�V$Y$F�JL`LZ8�gF.R�F.S�j Fgu5 hG(JLFNY!�NF.R�FlG(JL`�VU��J�V$`LFbG� sR6 ���aN`LFNY�JLFbG�a7�9n$FNSTSeFkG | W|Zf`�FNuvFbMOW$SeF
R�FkGs�gQ�`�`LaNShZ]J� eQ[Y|GB ?STQ[Y$��V$F�WyQ�`�JLaNF | M�Z- hG�FNSTSeFkG�Y$FmG�Q[Y_J.W+Z[Gs�gQ�Y
�gV+FbG�WyQ[V$`.`�F��+agJLFN`XR5 e`LF7�gJ�FNMOFbY�J
��FgJBFNY!�NQ[`LF.MOQ8 eY+G'WyQ�V$`'FNu�W$SeQ�`�Fb`9��V$Y$FOQ[`L��ZfY6 hGLZ�J� eQ�YrM.V+S�J� ¡{Pa7�9n$FNSTSTF#9�E�FbG'Y$Q[J+ TQ[Y+G'WyFN`�J+ TY$FbY�J�FkG;R�F�NQ[MOW$STFgu5 �JLa�R�FNqv`LQ[Y�J�Z- TY+G+ �gJL`�F�R�FkG~Y$Q[J+ TQ[Y+G~n6 TaN`9Zf`j�Ln6 h^_V$FbG79 #�Zf`�FNu�FNMOW$STF | Q[Y?WyFNV�Jh�gQ�MOMlFBWyQ�V$`
S�j FbY�JL`�Q�W6 eFs�NQ[Y+G+ hR�aN`LFN`�R�FbG�`LabG�Q[STV�J+ TQ[Y+G

ε
R5 ��aN`LFNY�JLFbGX��R$Z[Y+G�S�j FbG�W+Z#�NF�R$F�W$n|Z[G�Fk� | �gFX^_V6 �R�Q[Y$Y$F.V$Y TY+R5 �NZfJ�FNV$`

c(ε)
WyFN`LMlFNJ�J9ZfY�JOR�j Z[W$W$`La7�4 TFN`X^_V+Z[Y�J+ eJLZfJ+ Tq[FNMOFNY_JXShZ �NQ[MOW$STFgu5 �JLamR$FmS�j Q[`L��Z[Y6 TGLZ]J+ TQ[Y� 

R5 ��aN`LFNY�JLFbG~a7�9n$FNSTSTFbG79
E&j Fgu�FNMOW$STFBR�FkG~G�J�`LV!��JLV$`�FkGH�/`LZ8��JLZ[SeFkG` TSeSTV+G�J�`LFB^_V$F;ShZ/�gQ�MlW+SeFNu; eJ�a�R�j V+Y$F�G(JL`�V!�gJ�V$`LF;FbG�J~V$Y+F;Y$Q�{

J� eQ�Y" TY+R5 hGLG�Q5�3 TZ[\$STF;R$V?W$`LQ5�gFkG�G�V+GHWyFb`�MOFgJ�JLZ[Y�J�R�F�S�j FNY+�[FNY|R�`�Fb` | FNJ�^_V$FBSTFbG~Y$Q[J+ TQ[Y+G�R�FR�gQ�MOW$SeFNu5 �JLa
STFbG~W$SeV+G�G+ T�[Y6 e�U�NZfJ+ Tq[FbG�G�FN`LQ[Y_J~R�FkG�Y$Q[J+ TQ[Y|G~ZfY!�g`LaNFkG�R$ZfY|G�STZOR$I_Y|ZfM/ T^_V$F( TY�JLFN`LY$F�R�V?G�I�G(JLKNMOF#9!B�Y
FNuvFbMOW$SeFrG  TM/ eShZ- T`LF�FbG�J_�gFbSeV! ~R�j V$Y ZfJ�J�`9Z#�gJ�FbV$`lagJL`LZ[Y$�[F | R�F �gQ[MOW$STFgu5 eJ�a·\6 TFNY R5 �yab`�FbY�J�FrG�V6 Tq]ZfY_J
^_V�j Q[YsJ�FNY_J�F;R�F'SeF�`LF7�NQ[Y+G�J�`LV6 T`�F�WyQ�Y!��JLV$FNSTSeFbMOFNY�J�Q�VmR�F'SeF'R$a7�g`� T`�F� �J�`9Zkq[Fb`LG!STZXR�IvY+Z[M  h^_V$F'R�agJLFN`t{
M/ TY6 TG�J�F;^�V! yS�j FNY+�[FNY|R�`�F89^B�Y+F �NZ[`LZ8��JLaN`+ hG�Z]J� eQ[YsR�FbGUQ�\vt(FNJLG`�NQ[MOW$STFgu�FbG���W+Zf`HQ[W$WyQ_G  eJ+ TQ[YmZfV$uOQ�\vt(FNJLG
((

�gQ[MOW$SM h^�V+abG
))

�HW|Q�V$`L`LZ# �J �gJ�`LF(�NFgJ�J�FBR6 TG�W+Zf`� eJ�a;R�F;S�j  eY��/Q�`�M�Z]J� TQ[Y�Y$a7�NFbGLG�Z# e`LF�WyQ[V$`~SeFkG�`�F7�NQ[Y+G�J�`LV6 T`�F
��Q[V?R�F;S�j  TY��/Q[`LM�Z]J� eQ�Y·^�V0j Q�Y�WyFNV�J�FNY·FNu_JL`LZ# T`�Fk�UG�V6 eqfZfY�J~STF;W$`�Q6�gabR$a'^_V�j Q[Y·V�J+ TSM TG�F#9y�UFgJ�J�F1�bZf`9Z#��JLa5{
`� TGLZ]J� eQ�YrZ[V$`LZ# �J�WyQ�V$`G TY�JLFN`(�gJ'R�FXG�Q[V+S[ T�[Y$Fb`�^_V$F\�NF�Y0j FkG(J�W|Z[G�V$Y$FXZ8�3�gV$M.V+STZfJ+ TQ[YoR�FXR$agJLZ# eShG�M�Z- hG
V$Y$F�Q[`L��Z[Y6 hG�Z]J+ TQ[Y/�gQ�SeSTF7�gJ+ Tq[F~W|Zf`�J+ �gV$SM eKb`�F�^_V6 |FbG�J!`LFbG�WyQ[Y+GLZf\$STF~R$F�ShZ;`� �Ln$FkG�G�F�R�FbGI�gQ�MlWyQ�`�JLFNMOFNY_JLG
��Q[V�R�FkG&G�J�`LV!��JLV$`�FkGL��Q�\+G�Fb`�q[akG39���j FbG�J&V$Y$FX hR�aNF�G  TM/ eShZ- T`LF~^_V6 |Z(�NQ[Y+R$V6 �JU ;ShZ'Y+QfJ+ TQ�YOR�F�W$`LQf�/Q�Y+R�FNV$`
STQ[�8 T^_V$F | ^_V$FHt(FBqfZ- hGH\+`+ TKNq[FbMlFbY�J~W+`�akG�FbY�J�Fb`79

� §�­�¨$µ�ª ��© ��´i¯0µ ��§�¦�© ��¬�­�©/°�±�ªpª ��¨+¦y§ ��§�¤�®0ª+±�¦ µ_§I�0©/°�±�ª
� S!FkG(JXZ- TY+G+ !Z[W$W+Zf`LV  TMOWyQ[`�JLZfY_J.R�FmR5 hG�J+ TY$�[V+FN`�ShZ?MOFbG�V$`LFsR�FsSTZ �gQ�MlW+SeFNu; eJ�amR�j V$Y$FmG�J�`LV!��JLV$`LF�FgJ
ShZs�bZf`9Z#��JLaN`� TGLZ]J+ TQ[Y�R�V�W$`�Q5�NFbGLG�V|G&S�j Z�I�ZfY_JUFNY$��FNY+R�`LaNF89��~FNW+`�FbY$Q[Y+G!STF �NZ�GUR�j V$Y$F'G�J�`LV!�gJ�V$`LF��/`9Z#��J9ZfSTF |
W+Z[`�Fgu�FbMlW+SeF;ShZ �NQ[V$`L\yF;R�F ��Q5�9n¡�«�+��V$`LF(>��`�3 �JLaNF1�3 ¡{ R�FbGLG�V|GN�vFbSeSTFBR�FNM�Z[Y+R�F;V$Y·��`LZ[Y+RsY+Q[M.\$`LF;R�F
G�Wya7�4 e�U�bZ]J+ TQ[Y|G'WyQ�V$` �gJL`�FOFbY$�[FbY+R�`LaNFlWyQ8 eY_J�W+Zf`BWyQ# TY�J | FgJ.ZfV �NQ[Y_J�`9Z- T`�FXJ�`LKbG;WyFbV�G+ &Q[Y�Gbj Z[W$W$V6 TF
G�V$`XS�j Z[Se��Q[`� �JLn$MOF���aNY$ab`LZfJ�FbV$`79��UFgJ�J�F·R�V+Z[SM �JLamFNY_J�`LF]�gQ�MOW$SeFNu5 �JLa�R�j V$Y$F·G(JL`�VU��J�V+`�FmFgJ/�gQ�MOW$SeFNu5 �JLa
R�V W$`LQ5�gFkG�G�V+Gl�[abY$aN`9Z]JLFNV$`�Z¡agJLa?�/Q[`LMOZ[S[ hG�aNF?Z�q[F7�·SeFkGOY$Q[J+ TQ[Y+G�R�F C � 2G� , ��L %4�E$ *Z, ' ���&%4� �;2 %fb3J �sFgJ
R�Fs� ���WD��j� .�� J��/,�� ' %fb3J � � �U`LV�J��9n��+FbSTRpFgJBzvn|ZfSM �7 ��� ! ��ZfSTQ[`9G�^_V$FXShZa�NQ[MOW$STFgu5 eJ�alZfST�[Q�`+ eJ�n$M/ h^_V$F�FkG(JShZ�SeQ�Y$�[V$FbV$`'FbYi\6 eJLGBR�V¡W$STV+G(�NQ[V$`�J;W$`�Q��[`9ZfMOMlFXWyFN`LMlFNJ�J9ZfY�J�R�j FNY$��FNY+R�`LFN`;STZ·G�J�`LV!��JLV$`�F | STZ�W$`LQ�{
�/Q�Y+R�FNV$`XSTQ[�# h^_V$F:�NQ[`L`�FkG�WyQ[Y+R ��GLZfY|G�`�FbY�JL`�FN`XR$Z[Y+G�STFbGXR�agJ9Z- TSTG9�BZ[V�J�FbMOW+GO� #�B Y$a7�gFkG�GLZ- T`LFOWyQ�V$`
S�j FbY$�[FbY+R�`LFN`�9��UFNJ�J�FBR6 TG�J+ TY!��J� eQ�Y | Q�VmW+SeV�J��fJX�NFgJ�J�F1�gQ�MlW+SeabMlFbY�J9Zf`� �JLa�FbY�JL`�F;R$FNV�u�Z�G�WyF���JLG�R�FkG�G�I�G�{
JLKNMOFbGX�gQ[MOW$STFgu�FkG | FbG�J~W+Zf`�J+ �gV+S[ TKN`LFNMOFNY_J��N`�V!�3 TZ[STF;R$ZfY+G�ShZ/�gQ[MOW$`LaNn$FbY+G+ eQ�Y�R�FBSTZ

((

�NQ[MOW$STFgu5 eJ�aBR�V
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� �|¬0´$­�¯�²l®�ªi¦�´ ��¦�¯�§ ����©/§�¤
� SUFbG�J.WyQ�GLG  T\$STFsR�F���Z# e`LF�V+Y$FmZ[Y+ZfSTI�G�F b4J!*-,d% 	 * 	 % N �XR�FbGXG+�9n$aNM�Z�G�R�Fs`LagJL`�Q_Z#�gJ+ TQ[Y �NZf`9Z#�gJ�ab`+ hG(J� T^_V$FkG
R�FkG�G�G�J�KbMlFkG`�NQ[MOW$STFgu�FbG � � n$Q�MOZ�GUFgJa��ZfV��/M�ZfY c[{[{ d ! ��STF'W$`� eY!�3 eWyF;R�F'\|Z[G�F�FbG�J~G  TMOW$SeFbMOFNY�J�R�j Z]Jt{JL`+ T\$V$Fb`�V$YoG+ e��Y$F

+
ZfV�u" eY��+V$FNY!�NFbG�FNu6�4 eJLZ]JL`+ �gFkG | ZfMOW$SM e�U�NZ]JL`� M�NFbG | FNJ�V$YoG  T�[Y$F − Z[V�u] TY �+V+FNY!�gFkG TY$n6 T\6 eJ�`� M�NFbG | FNJ�FbYi�bZf`9Z#��JLaN`� TGLZfY�J�V$Y$FX\yQ[V!�NSeFXR$F.`LagJL`�Q_Z#��J� eQ�Y?W+Zf`�STFXG+ T�[Y$F.W$`LQ�R�V6 eJ79)B�Y$FX\yQ�V!�gSTF

Y$ab��Z]J� Tq[F1�gQ�`�`LFbG�WyQ[Y+R� OV$YrMOa7�NZ[Y6 hG�MOF�R�FB`LaN��V$ShZ]J+ TQ[Y·FgJh�gQ�Y+R�V6 eJ� OR$FbGX�NQ[MOWyQ[`�J�FbMOFNY�J9G~G�JLZ[\$STFbG
��n$Q[MOaNQ_G(J9Z[G�F | Q[V \6 TFNY5Q�G��4 TSTSTZfJ+ TQ[Y+GOGNj  eS~I Z¡R$FbG�R�aNShZ- hGlFbY�J�`LF·STFbG/ TY �+V$FbY!�gFbG�G�V!�7�gFbGLG+ eq[FkGL�49~B�Y$F
\yQ�V!�gSTFsWyQ_G  eJ+ Tq[FmW$`LabG�FbY�JLFmZ[V �NQ[Y_J�`9Z- T`�F�V+Y�MOa7�NZ[Y6 hG�MOF�R�j ZfV�JLQ�{PZ[MOW$S[ e�U�bZ]J+ TQ�Y �gQ�Y+R�V6 hG�Z[Y�J.J(I_W! ¡{
^_V$FbMlFbY�JU BR�F�STZ;M.V$SeJ+ y{PG�JLZ[\6 TS[ eJ�a��[W$STV+G  TFNV+`LG�agJ9Z]J9G��/Q�VOW$STV+G  TFNV+`LG�`LaN�# TMOFbG | Gbj  TS+Gbj Zf�8 �J&R�j V$YsG�I�G(JLKNMOF
R�IvY+Z[M/ T^_V$F���G�Fb`�Q�Y�J�WyQ�GLG  T\$STFbG | FNJ�V+Y$F!WyFb`�JLV$`L\+Z]J� eQ�Y�G�V ��GLZfY_J�F&�/FN`9Z�W+Z[GLG�FN`�R�FUS�j V$YX �S�j Z[V�J�`LF#9�O'ZfY+G
STFbG�R�FbV�u �bZ[G | Q[YoQ[\�J� eFbY�J;R�FbG�agJ9Z]J9G�ZfV�JLQ�{PQ[`L�[ZfY6 hG�abG�`LFNW+`�Q�R$V!��J� e\$STFbG | W$V6 hG�^_V�j  TSTGh�NQ[`L`�FkG�WyQ[Y+R$FNY�J� 
V$Y �gQ�MOW$`�Q�M/ TGH\! eFbY?R�aN�+Y6 �FbY�JL`�FBR6 eq[Fb`LG�FbG` TY �+V+FNY!�NFbG39
�UFgJ�JLF�ZfY|ZfSTIvG�FHJL`�KkG&G+ eMOW$STF�Y�j Z�R�j ZfV�JL`�F�ZfM.\6 eJ+ TQ[Ys^�V+F�R�F�R�ab��Z[�[FN`&R�FbV�ulW$`� eYU�4 TWyFbG&Z�G�G�F��~�[abY$a5{

`9ZfV�ulWyQ[V+`&��V6 hR�FN`!S�j  TY�JLV6 eJ+ TQ[YmR$Z[Y+G&STF�R�abq[FNSTQ[W$WyFbMlFbY�JHR�j V$Y$F�R�aNM�Z[`��9n$F�W$SeV|G!^_V+Z[Y�J� �J9Z]J+ Tq[F | ��Z#�NF� 
V$Y�G�I�G(JLKNMOF� TY!�gQ�Y$Y_V 9f�&Y�W+Zf`�J+ �gV$SM TFN` | FNSTSeF~Y$F~`LFb^_V6 TFN`�J�W+Z[G�V+Y$F~MOQ�R�abS[ hG�ZfJ+ TQ[YlFgu�W$SM M�3 �JLF�R�FbG�MOa7�bZ*{
Y6 hG�MlFkG~Q[V?R$FbG~SeQ8 hG~R�j aNq[Q�SeV�J� eQ�Y·FNYlt(FNV | FNJ�q; TFNY+R�`9Z�t(V+G(JLFNMOFNY_J�FNY?W$`LabZ[STZ[\$STF;R�j V$Y$F�MlQ$R�aNSM TGLZ]J� eQ�Y
W$STV+GU^_V+ZfY_J+ eJLZfJ+ Tq[F | W|Zf`!Fgu�FNMOW$STF� BS�j Z# TR�F�R�F�G�I�G(JLKNMOFbG!R�IvY+Z[M  h^_V$FbG79���VO{PR�FbST �R$F�S�j Z# TR$F~J�F7�9n$Y6 h^_V$F
^_V�j FNSTSeF�ZfW$WyQ�`�JLF | FNSTSeFG�gQ[Y$�+`�MOF~V$Y�WyQ# TY�J!aNY$Q�Y!�ga�ZfV�R�ab\$V�JUR$FX�gF S =U9ed89 =|�-�fj FbG�J&W$`La7�3 TG�aNMOFNY_J&W+Z[`��NF^_V�j V$Y�G�I�G�J�KNMOF~FbG�J��NQ[MOW$STFgu�F�^_V�j  TS|G�Fb`LZ'WyQ_G�G+ e\+SeF�R�F~��Z- T`�F~S�j  TY_q[FbY�JLZ# e`LF�R�F�G�FbGP�NQ[MOWyQ[`�J�FbMOFNY�J9G | R�F
R�aNJ�FN`LM/ TY$FN`'G�FkG�W+Zf`9ZfMOKgJL`�FkG�R�F\�NQ[Y�JL`���SeF | Z- TY+G+ �^_V$F.STFbGG TY �+V$FbY!�gFkG�FNJh TY$�[`LabR5 TFNY_JLG�FbGLG�FbY�J� eFbSTG79+�!Y
F��yFgJ | SeF~G��Ln$abM�Z'R�FbG~ TY�JLFN`9Z#��J� eQ�Y+G�ZfW$W+Z[`LZ��TJ�W$SeV|G~ eMOWyQ�`�J9ZfY�J&^_V$F��NFN`�JLZ# eY+G�R�aNJLZ# eShG�M/ �g`LQ�G��gQ�W6 T^_V$FkG |
Z[V�u·q]Zf`� hZ]J+ TQ[Y|G~R�FbGL^_V$FNShG�SeF.G�I�G(JLKNMOFs�gQ[MOW$STFgu�F�FbG(J�W$`�a��4 hG�abMOFNY�Jh�NZ[W+Zf\+SeF�R$F.GNj Z[R+ZfW�JLFN`�GLZfY+G�^�V+F
G�Q[Y@�gQ�MlWyQ�`�JLFNMOFNY_J~�[STQ[\+Z[Sk�Ln|ZfY$��F#9
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��³�©«¤ ��´$¦�� ��®!³e´ ��±�®0©«ª$¦ ®0ª+²�² ��² ��	$­�ª+²O­�§�® 	$µ_ª+² ��±�¤�©V��ª$¦�²g¯�µ�© ��´iª � ¦y§�¶|±0² ��ª+²k²NªB�YXZ[`���V$MOFNY�J� �W+`�FbM  TKN`LF!qvV$FHZ[Y+ZfSTQ[��V$F!Z�R�a(t� �agJLaU`LFNY!�gQ�Y�JL`�aUZ[V S&c 9 c WyQ[V$`�Fgu�W$SM h^�V+FN`�S�j V$Y6 Tq[FN`9G�Z�{SM �JLa�R$FbG&W+n$aNY$Q�MlKbY$FbGI�g`� �J� T^_V$FkG3V# TS+IOZ;J�Q�V�J�FN�/Q# hG!^_V$FNSh^_V$FbG&YvV+ZfY!�NFbG798O�Z[Y+G&STFG�bZ[G!R�FbG&W+n$aNY$Q�MlKbY$FbG�N`+ eJ+ h^_V$FbG | S�j V+Y6 eq[Fb`LGLZfSM eJ�a;q; eFbY�J�R�V·��Z# �J�^_V�j V$Y?WyQ# TY�JG�N`+ eJ+ h^_V$F;FkG(J�V$Y?WyQ8 eY_J�W+Zf`�J+ �gV$SM TFN`�R�agJLFN`LM/ eY$a

W+Z[`UV$Y+F �gQ�MOWyFNY+GLZ]J� eQ�Y�FbY�JL`�F'R�FkGUW$`LQ[W$`� eaNJ�akGUG(J9Z]J+ hG�J+ h^_V$FbGUFgJ~R�FbGUW+`�Q�W$`+ TagJLabG!�[abQ[MOagJL`+ h^_V$FbG��/WyFbYv{
G�Q[Y+G&W|Zf`!FNuvFbMOW$SeF� BShZ;JL`LZ[Y+G+ �J� eQ�Y�R$F�WyFN`��NQ[ShZ]J� eQ�YOQ[Vs �S�j Fgu�FNMOW$STF�R�FbGUG�I�G(JLKNMOFbGUR�F�G�W! eY+GUR�aNJLZ# eSTSTa
Z[V S�c 9 c 9 c �&9$E0F;WyQ8 eY_J�Q��·STFbG~F���FgJ9G~FbY�J�`LQ[W! T^_V$FkGB�/SM eakG� lShZOG�JLZfJ+ hG(J� T^_V$F�R�FbGX�NQ[Y��+��V$`LZfJ+ TQ[Y+G9�!FgJ�STFbGF��yFgJ9G~aNY$Fb`���agJ+ h^_V$FbG;��S[ TabG� lSTZl�[abQ[MOagJL`+ TF;R�FbG� TY�JLFN`9Z#�gJ+ TQ[Y+G9�UGbj ak^_V6 eSM T\$`�FbY�J�R�abWyFNY+R?R�F;S�j Z[MOW$S[ eJ�V|R�F
R�FkG  eY_J�FN`9Z#�gJ+ TQ[Y+GXFNJ/ TS�Y�j FbG�JOW+Z[GlV$Y6 Tq[FN`9G�FbSFV�Y$abZ[Y$MlQ8 TY+G | STZiY+Z]JLV$`�F?R�F·ShZ��gQ�MlWyFbY+GLZ]J+ TQ[Y FgJOSTFbG
W$`LQ[W$`� TagJLabGBR�j a7�9n$FNSTSeFmZ[GLG�Q6�4 TaNFbG'Y+F�q[Q[Y_J.R�aNWyFbY+R�`LFs^�V+FsR�Fs^_V$FbST^_V$FkGBW+Zf`9ZfMOKgJL`�FkG'�[abQ[MOagJL`+ h^_V$FbG |
FkG�G�FNY�J� TFNSTSeFbMlFbY�JUShZ�R5 TMOFNY+G+ eQ�YsR�F�S�j FkG�W|Z#�gF�FNJUSeF�Y$Q�M.\$`�F�R$FG�NQ[MOWyQ�GLZfY_J�FkG&R�VsW+Zf`9ZfMOKNJ�`LF�R�j Q�`LR$`�F89
�UFNJ�J�F;`�abR$V!��J� eQ�Y�R�FbGHW$`LQ[W+`+ TagJLabG | Z[G�IvMOW�J�Q[J+ h^_V$FbGUM�Z- hGH^_V+ZfY_J+ eJLZfJ+ Tq[FbG'��STFbGHSTQ# hGHR�j a7�9n$FNSTSeF'FNJ�STZXq]Z*{
STFNV$`�R�FkG�FNu�WyQ�GLZfY�J9GL�H �^�V+FNSh^�V+FbG�W|Zf`9ZfMOKgJL`�FkG�G�Wya7�3 ��yZfY�J�V$Y$Fs�gShZ[GLG�FBR�j V$Y6 Tq[FN`9G�Z[S[ eJ�a;ShZ- hG�G�F;WyFNY+G�FN` |�NQ[MOMOF�t(FOS�j Z# �R�a�t� ?Zf`L�[V$MOFNY_J�alFNY  eY_J�`LQ�R�V!�gJ+ TQ[Y¡R�V S =!9Td#9 A | ^_V$FlSTFbG;W$n+aNY$Q[MOKbY$FbG1�g`� �J� T^_V$FkG'Y$FG�Q[Y_J&W+Z[G&R�FkG&G�I�G(JLKNMOFbGP�NQ[MOW$STFgu�FbG | R�VOMOQ8 eY+G&W+Z[G&Z[V+G�G+ !�gQ�MlW+SeFNuvFkG�^_V$F�WyFNV$q[FbY�J!S�j �NJ�`LF~V$Y�`�akG�FkZfV
MOagJ9Zf\yQ�S[ h^_V$F;Q[V·V$Y?a7�NQ�G�IvG�J�KbMOF#9

O�Z[Y+G�STF/�NZ[G'R�FkG'G�I�G(JLKNMOFbG �NQ[MOW$STFgu�FbG | �fj FbG�J'ShZmW$`LabG�FNY!�NFXR�j V$Y¡G��Ln$abM�ZmR$FX`LagJL`�Q_Z#�gJ+ TQ[Y+G~JL`�KkG�NQ[Y$Y$F���J�aXFgJ'M.V$SeJ+ y{�a��Ln$FbSeSTFbG | ^_V6 �ZfW$WyQ[`�JLF�STZs`LQ[\+V+G(JLFbGLG�F89|E�FXW$n$aNY+Q[MOKNY$FXQ[\+G�FN`Lq[a�FbG�J�V$YiR�FkG�`La5{
G�V$SeJLZ]J9G!WyQ�GLG  T\$STFbGUR�F�ShZs�gQ[MOWyagJ� eJ+ TQ[YsFNY_J�`LF�R�FbG� TY�JLFN`9Z#�gJ+ TQ[Y+G!FgJ�R�FbGI�NQ[Y_J�`9Z- TY�J�FkG!R5 �yab`�FbY�JLFbG | q[Q8 e`LF�NQ[Y�JL`LZ�R5 ��J�Q8 e`LFbGH�

((

�/`�V|G(JL`LZfJ+ TQ[Y
))

�49fE�FkG�WyQ[`�JLaNFbG | ZfMOW$SM �JLV+R�FbG�FNJ&R�aNShZ- hG � � ,M* 	 % D 0�R�FkG�R5 ��aN`LFNY�JLFbG~ TY�J�Fb`�{
Z8��J+ TQ[Y|G�R�Q8 eq[FbY�J �NJ�`LFI eY_J�ab�[`LabG�R$ZfY+G�STFHG��9n$aNM�Z�SeQ��# h^_V$F!WyQ[V$`�FbYXR�agJLFN`LM/ eY$Fb`�S�j  hG�G�V$F89�E&j V$Y6 Tq[FN`9GLZfSM �JLa
G�FN`9Z�\yFbZ[V!�gQ�V$WXMOQ# TY+G��/Q[`�J�F | MOQ8 eY+G�G�J�`� M�gJ�F �R�fj FbG�J&ZfV|G�G+ vSh '^_V�j  eS$I.Z �NQ[MOW$STFgu5 �JLa �BM�Z- hG�G�V �sGLZfY�JLF
WyQ�V$`�Z[GLG�V$`�Fb`�STZ�G�Q�S[ hR5 eJ�a�R�FbG~`LabG�V$SeJLZfJLGH��Z8�gF�ZfV�u�ShZ#�gV$Y+FbG�FNJ�Z[W$W$`�Q�u5 TMOZfJ+ TQ[Y+G�R�FBShZOMlQ$R�aNSM TGLZ]J� eQ�Y
^_V+Z[Y�J+ eJLZfJ+ Tq[F#9+�&Y?��Z# �J | FNSTSTF�Z[V�J�Q�`+ hG�F�R�F�G�FBW+STZ8�gFN`� OV$YrY6 Tq[FbZ[V?W$`LFbGL^�V+FB^_V+Z[S[ eJLZfJ+ e�~��W+Zf`�FNuvFbMOW$SeF
S�j Q�`LR$`�FrR$ZfY+G�STFb^_V$FbS�G�Fr`9ZfY$��FNY�J�STFbG�WyQ�`�JLaNFbG | Q�V5STFbGsR�abSTZ# TG | WyFbV�J�G�V ��`LFk�49H��j FkG(Ja�NFo^_V6 �t(V+G�J+ y{
�+FsSTFbG�Z[W$W$`LQ5�9n$FbGBG�IvM.\yQ[SM T^_V$FkG | R5 hG+�N`�KNJ�FkG���ZfV�JLQ[M�Z]JLFbGR�gFbSeSTV$ShZ- T`LFbG | W+Z[`BFNu�FNMOW$STFk�BR�FbG.G�IvG�J�KbMOFbG�NQ[MOW$STFgu�FbG79

O�Z[Y+G!V$Y�G�IvG�J�KbMOFG�NQ[MOW$STFgu�F |  TSyIOZ�FbY���Z- eJHV$Y$F 	 � 	40`' �+*�� .�� �+$ . J C 	 %���� .��&0P� � 0j0 %fe4, �40!W+Z[`!`9ZfWv{
WyQ�`�J� OS�j FNY+G�FNM.\$STF.R�FbGX�NQ[MOWyQ[`�J�FbMlFbY�J�Q[\�JLFNYvV+G~FbY �gQ�M.\6 eY|ZfY�J�R6 eq[Fb`LG�FNMOFNY_J�SeFkGX�gQ�MlWyQ�`�JLFNMOFNY_JLG TY+R5 Tq; TR�V+FNShG39���j FbG�JR�gF�^_V6 !R5 �yab`�FbY!�4 TFOV$Y�G�IvG�J�KbMOF/�NQ[MOW$STFgu�F�R�j V+Y�G�I�G(JLKNMOF�ZfSTabZfJ�Q# T`LF#9)O'ZfY|G;V$Y
G�I�G(JLKNMOF1�NQ[MOW$STFgu�F |  TS�I·ZlW$STV+G+ eFbV$`9G��NQ[M.\6 TY+Z- hG�Q[Y+G~G�JLZf\+SeFkGB��G  TY$Q[Y?Q�Y?ZOV$YrG+ eMOW$STFBak^�V! eSM T\$`�F | Q�V
V$YX`LaN�8 eMOFUShZfM/ eY|Z- T`�F���M�Z# TG�FNSTSeFkG�Y$F�SeF�G�Q�Y�J�W+Z[G�J�Q�V�J�FkGN�]G�FNV$STFbG~�gFb`�J9Z- TY$FbG�q[Q[Y_J �NJ�`LFHG�WyQ[Y_JLZfY+aNMOFNY�J
G�aNSTF7��J� TQ[Y$Y$abFbG79��UFNShZsShZ- hG�G�F.WyFNY+G�FN`'^_V$FXS�j aNJ�V+R$FlR�FlG�I�G(JLKNMOFbG�{�MOQ�R$KNSTFbG | M/ eY6 TM�ZfV�u | WyQ�V$`�`9Z- eJ&�NJ�`LF
JL`�KkG��/`�VU��J�V+FNV+G�FbG!WyQ[V$`UR$aN��Z[�[Fb`�STFbGUR5 �yaN`LFNY_J�FkGUZf`j�Ln6 eJ�F���JLV$`�FkG | Y$a7�NFbGLG�Z# e`LFNMOFNY_J&M.V$SeJ� ¡{Pa7�9n$FNSTSeFkG | Z�G�{
G�Q5�4 TaNFkGX pSTZ��NQ[MOW$STFgu5 �JLa#9Ql[F"�3 �JLFN`9Z- �R�F�Y$Q�V$q[FbZ[V�S�j Z[Y+ZfSTI�G�FmFNuvFbMOW$STZ# e`LFs��Z- eJLF�W+Z[`Oz; TMOQ[Y R$F�ShZ�NSTZ�G�G�FXR�FbG;G�I�G�J�KbMlFkG�n6 eab`LZ[`��9n6 h^_V$FbG � z5 eMOQ[Y d �#> c"! 9�}�YpaNJ�V+R5 TFN`9ZmFNY+G�V6 eJ�FlSTZi2 % 0�� � � � J N � � 0F� $g¹C % �Ib3J �\.��40 03C�� $ 2 * 0G' $��)$��&%fb3J �40!Q�\�J�FbY_V+G | FbY�FNu�W$S[ �4 eJLZ[Y�J~STFbG�MOa��NZfY6 hG�MOFbG��NQ[Y!�N`�FNJLGH`�akZfSM hG�Z[Y�JHSTFbG�NQ[V$W$ShZf��FbG�`LFb^_V6 hG39 #&`LQ[WyQ_G�Fb`�V+Y$F·Zf`j�Ln6 eJ�F���JLV$`�Fs�/Q[V$`LY6 eJXV$Y+FsJL`LZ[MOFsWyQ�V$`XFgu�W$STQ# eJ�Fb`XSeFkGXR�Q�Y$Y$aNFkG
FNuvWyab`+ TMOFNY�J9ZfSTFbG | FNJlZ[V+GLG  UWyQ[V$`X�[V! TR�Fb`XSeFkG.Q[\+G�FN`Lq]ZfJ+ TQ[Y+G | WyFN`LMOFgJ�J9ZfY_JXFbY�`�FNJ�Q�V$`XR�F�q]ZfSM hR�FN`.Q�V
R�j  TY��+`LMlFb`~S�j Z[`��9n6 eJ�F7�gJ�V$`LF'W+`�Q�WyQ�G�aNF#9
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�¦�´$®�±�����©/§�¤�¤�©/²b­�ªiª ��¯�± ��§ � �y§�¬�´$¦�ª+¤��yªl|j Z# _ZfV�SeQ�Y$�G�NF!MOaNMOQ# T`LF�JLFNY�JLaHR�FHR�aN�_Zf�[Fb`0^_V$FNSh^_V$FbG�{�V+Y+G0R$FbG0MOa��NZfY6 hG�MOFbG0�[aNY+aN`9ZfV�u;R�j aNMOFb`���FNY!�gF
FNJ�R�j Q[`L��Z[Y6 TGLZ]J+ TQ[Y R�FbG�G�I�G�J�KbMlFkG �NQ[MOW$STFgu�FbG | FbY W+Zf`�J+ �gV+S[ TFN`lShZiM/ TG�F·FNY W$ShZ#�NF·R$F·`LagJ�`LQ�Z8��J� eQ[Y|G
R�FkGXa��Ln$FbSeSTFbGOG�V+WyaN`� eFbV$`�FkG���G�J�`LV!�gJ�V$`LF�FgJ�R�IvY+Z[M/ T^_V$F���SeQ�\+ZfSTFbG9��G�V$`lSeFkGXW+`�Q�W$`+ TagJLabG.FNJOM �bMOF�STFbG
WyQ[J�FNY_J+ hZfSM �JLabGBR�FkG'abSeabMlFbY�J9GBZfV�upY6 Tq[FbZ[V�u  TY��/aN`� TFNV$`9G | M/ M�N`�Q_G+�gQ�W6 h^_V$FbG79yE!j aNJLZ[WyF/�gQ�MOW$SeabMOFNY�J9Z- T`�F
��MOZ# TGBR�a��4 hG  Tq[Fk� | FkG(J�R�FOSTFbG1�gQ�Y��/`�Q�Y�JLFN`BZfV�upagJ�V|R�FbGBR�FlJLFN`L`LZ# eY | Q��iSTZ@�gQ[Y+Y+Z- hG�GLZfYU�gFl^�V|ZfSM �J9Z]J� eq[F
R�j V$Y

((

W$ShZfYmR�F��/Q[Y!�gJ+ TQ[Y$Y$FbMOFNY�J
))

G�Q[V+G�{Tt�Z#�gFbY�J!WyFNV�JH�[V6 hR�FN`HZfV+GLG  |\6 eFbYsS�j Z[Y+ZfSTI�G�F�R5 TZ[�[Y$Q_G(J� T^_V$F�R�FbG
R�Q�Y$Y$aNFkGU^�V+F�STZ�MOQ�R�abS[ hG�ZfJ+ TQ[Y�9^B�Y$F�J�FbSeSTFh�NQ[Y$Y+Z# TGLGLZfY!�gF�FbG�JHR�F�W$STV+GI eY+R6 TG�WyFNY+GLZf\$STF�WyQ[V$`HZf`�J+ �gV$STFN`
STFbG�aNJ�V+R�FkG�W$`LabZ[STZ[\$STFbG | W$`La7�3 TG�FbG�MOZ# TG�W+Z[`�J� eFbSeSTFbG | F��yF���J�V+aNFbG� lV$Y$F;a��Ln+FNSTSeFBR�Q�Y$Y$abF'Q�V�Y+F;WyQ[`�JLZ[Y�J
^_V$F�G�V+`�V$Y/ TY$�[`LabR5 TFNY_JQ hG�Q[STa | �NQ[MOMOF�t(F~S�j Z- 6 eSTSTV+G(JL`�a�ZfV S A!9 A;R$Z[Y+G�STFX�gQ[Y_J�FNu_JLF~R$F~STZ;MlQ$R�aNSM TGLZ]J� eQ�YMOQ[STa7�NV$ShZ- T`�F89vE�FBR�aN\|Z]J~FNY�JL`�F;n$Q[SM hG�MOF'FgJ�`�abR$V!��J� eQ�Y$Y6 hG�MOF'MOF;W+Zf`9Z��hJH`9ZfW! TR�FbMOFNY�J�R�aN\yQ�V!�Ln+FN`~G�V$`
V$Y$FUq; TG+ TQ[YBW$STV+GY�gQ[Y|G�FbY+G�V$FbSeSTF[�7 TS�FkG(JY�NSTZ# e`�^�V+F!STZG�gQ�Y$Y+Z# TGLG�Z[Y!�gF | ZfV|G�G+ 8�NSTZ# e`LF!G�Q8 �Jt{�FbSeSTF | R�FbG�aNSTaNMOFNY�J9G hG�Q�SeakG�Y$FmWyFNV�JOR�Q[Y$Y+FN`.V$Y+F�^�V+FNS �gQ[Y|^�V+Fa�gQ[MOW$`LaNn$FbY+G+ eQ�Y�R�j V$Y�W$n$abY$Q[MOKNY+Fa�NQ[MOW$STFgu�F |  TGLG�V+G.R�F
STFNV$`9G�M.V$SeJ+ TW$STFbGa eY_J�FN`9Z#�gJ+ TQ[Y+G�FgJm`LagJL`�Q_Z#�gJ+ TQ[Y+G39 � Y_q[Fb`LG�FNMOFbY�J | V$Y=G�^_V$FbSeFNJ�JLFoR�Fr�/Q[YU��J+ TQ[Y+Y$FNMOFNY_J
FkG(JG TY+G�V �sG�Z[Y�Jh�NZ[`X eS�Y$F�WyFbV�J&�NJ�`LFs�gQ[Y��/`LQ[Y_J�a�Z[V�u?R�Q[Y+Y$aNFkG~FNu�W|ab`+ TMOFNY_JLZfSTFbGb�6 TS���Z[V�J�I?Z[R�t(Q8 eY+R$`�F
V$YoWyFbVpR�F

((

�Ln+Z# e`
))

| FNYoS�j Q5�7�gV$`L`�FbY!�gF�R$FbG�MOa7�bZfY6 hG�MOFkGG�gQ�Y!�g`LFgJ9G~FNJ'R�FkG�R�Q[Y$Y+aNFbG�W$`La7�4 hG�FbG�G�V$`�STFbG TY$�[`LabR5 TFNY_JLG�WyQ�V$`~FNYrR�abR�V6 T`LFBR�FkG�W$`LabR5 ��J� eQ�Y+G~^_V+ZfY_J+ eJLZfJ+ Tq[FbG�FNJ~STF;`LFNY|R�`�FBZ- TY+G+ ���ZfShG  e�|Z[\$SeF89
#�Q[V+`Q�gQ[Y!�NSeV+`�F | V$Y$F~R�ag�+Y! �J� eQ�YlR�FbG�G�I�G�J�KNMOFbG~�gQ�MlW+SeFNuvFkG�WyQ�V$`�`9Z- eJ �NJ�`LF`�NFNSTSeFU�/Q�Y+R�aNF~G�V$`�ShZ�MOa5{

JLn$Q�R�Q�SeQ��# TF!`LFb^_V6 hG�FHWyQ[V$`�SeFkG�agJLV+R5 TFN` | `LF��+aNJLZ[Y�J�agJL`�Q8 �JLFNMOFNY_J�STFNV$`�Q�`��_ZfY6 hG�Z]J� eQ[Y�FNJ�STFNV+`LG�W$`LQ[W$`� TagJ�akG
G�Wya7�4 e�|^_V$FkGN�
• Q[Y�Y$F�WyFNV�J.SM eM/ eJ�FN`�ShZrR�FbG��g`� eW�J� eQ�Y� ?^_V$FNSh^_V$FbG�R�Fb�[`LabG;R$F�S[ T\yFN`�J�a�F���F7�gJ+ e��G | Y6 UR$ZfY+GBS�j FkG�W+Z8�gF`LaNFNS | Y6 UR$ZfY|G;S�j FbG�W+Z#�NF_�gQ�Y]t(V$�[V$a���STFbGBW$`LQ5�gakR�V$`LFbGBR�j n$Q[MOQ[��aNY$a7 TGLZ]J� eQ�YoJLQ[V�J\�gQ�MOMlF�STFbG;JLn$aNQ�`+ TFbG
R�j a7�9n$FNSTSTF;a��Ln$Q�V$FNY_J7V
• S�j Z[W$W$`�Q6�Ln$FiR�Q8 eJ �gJL`�F¡G+ eM.V+S�J9ZfY$abMlFbY�J?STQ5�NZ[SeFpFNJ·��SeQ�\+ZfSTF#VI TS'Y0j I=Z W+Z[G·R�F�R�a7�NQ[V$W$ShZf��FiR�FbG
a��Ln$FbSeSTFbG�Y6 �M��NMOF.V$YoFNM.\yQ��TJLFNMOFNY_J'R�FkG�a��Ln$FbSeSTFbG7V|V$Y$FXZfW+W$`�Q5�9n$FBn! eab`LZ[`��9n6 h^�V+F�G�ab^_V$FbY�J� eFbSeSTFm� % � ���
^_V6 �J�`9Z- eJ�Fb`LZ# �J~SeFkG�Y6 Tq[FbZ[V�umSTFbG�V+Y+G�ZfW$`LKbGHSTFbG�ZfV�JL`�FkGL�UFkG(JX eY|G�V �sGLZfY_J�F#V
• STF~G�I�G(JLKNMOF�W$`LabG�FNY�JLF�V$Y$F�ZfV$J�Q�{T�gQ�n$aN`LFNY!�NF!J�`LKbG��/Q�`�JLF[�]Q�YlQ[\+G�FN`Lq[FUJ IvW6 h^_V$FNMOFNY_J&V$Y$F~`LagJL`�Q_Z#��J� eQ�YR�FkG�Y6 Tq[FbZ[V�u�G�V$WyaN`� TFNV$`9G�G�V$`~SeFkG�`LKN��SeFkGHM/ M�N`�Q_G+�NQ[W6 h^_V$FbG79O'ZfY+GUSTFh�NQ[`LW$V+G&J�n$abQ[`� T^_V$F�R�FkGUG��4 TFNY!�NFbGUR�F�ShZs�gQ�MOW$SeFNu5 �JLa��+�[V+`�FbY�JHZ8��J�V+FNSTSeFbMlFbY�JHFbYs\yQ�Y$Y$F�W+Z[SM�NF
STFbG�Q�V�J+ TShG�R�aNq[FbSeQ�W$WyabG�FgJ'W$`LabG�FNY�JLabG�ZfVi�Ln|ZfW6 eJ�`LF c R$Z[Y+G�R�FkGh�gQ�Y�J�FNuvJ�FbG�W+SeV+G'G+ eMOW$STFbG | M/ eFbV�uoR�a5{SM eM/ eJ�akG�FgJ��/Q[`LMOZ[S[ hG�abG�R�FXW$SeV|G�STQ[Y$��V$FXR$Z]JLF[�|MOa��NZfY! T^_V$FXG�JLZ]J� hG(J� T^_V$F | n$Q[MOQ��[aNY+a3 hG�ZfJ+ TQ[Y |

((

�gQ_Zf`9G�Fu{
��`LZ# eY6 TY$�_G

))

| R$I_Y|ZfM/ T^_V$FkG�M.V$SeJ+ y{�a��Ln$FbSeSTFbG | Y$Q[J+ TQ[YoR�F.W+Z�I�G�Z[�[F;FNJ�`���SeF.R�FbG �+VU��J�V+ZfJ+ TQ[Y|G39���Q�V+G�q[Fu{
Y$Q�Y+GBR$F�q[Q# T`�^�V0j  TSTG�G�Q[Y_JBY$akZfY$MOQ8 eY+G;J�`LKbG1 eY+G�V �sGLZfY�J9GN��S�j FbY]t(FNV�FbG�J.ZfV]t(Q[V+`LR�j n_V! &R$F�SeFkGBZ�R$ZfW�JLFN`
 �S�j Zf`j�9n6 �JLF7��JLV$`LF�R�FbG�G�I�G(JLKNMOFbGG�gQ�MlW$STFgu�FkG~WyQ[V$`h�gQ�Y+G(JL`�V! e`LFBR$FbG�MOQ�R�KbSeFkG� TY�JLaN�[`9Z]J� e�/G�Q[Wyab`LZfJ�Q# T`�FkG
^_V6 &WyFN`LMOFgJ�JL`�Q�Y�J | G+ eY$Q�Y�R�F�R�ab��Z[�[FN`B^_V$FNSh^_V$FbG�{�V$Y|G;R$FbG;W+`+ TY!�4 TWyFbG� ·S�j �BV$qv`�F�R$ZfY+GBSeFkGBG�IvG�J�KbMOFbG�NQ[MOW$STFgu�FbG!Z[R+ZfW�J9Z]J+ e��G���FNYsW+Z[`�J� M�NV$S[ TFN`!q; Tq]ZfY_JLG9� | R�VsMOQ# TY+G!R�F�M/ TFNV�uOQ�`��_ZfY6 hG�Fb`�FgJI TY�JLFN`LW$`�aNJ�Fb`&STFbG�NQ[Y$Y+Z# TGLG�Z[Y!�gFkGUFgu�Wyab`+ TMOFNY�J9ZfSTFbG~^_V$F;Y$Q�V+G�FNYrZ�q[Q[Y+G79
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8 D�>�<�D-,
+ *��&%f* � *��3e3%h8 4
� �&% 0 	 � � ����D * N � ,c, � 8/. ���!% C � D �40 � � 810^J5,d% � � + ��� �3% C ���K* C�C %«820 � *��+¹ + *�� C(3 % C 	 ��� �
O�FNW$V6 hG�STZrR�a��gQ[V$q�FN`�J�F�ZfV¡J�Q[V$J.R�ab\$V�JXR�V5464 e G+ eK��gSTF�^_V$F�STF:�Ln$`LQ[MOQ_G�Q�MlFlaNJLZ- eJ�STFsG�V+W$WyQ[`�J�R�FS�j n+aN`LabR5 eJ�a ��� � zvV$J�J�Q�Ypd � {�c ! | G�V6 Tq^ TF �4 TY+^_V+ZfY_J�F'ZfY+GUW$STV+G!JLZ[`LR�W|Zf``�NFNSTSeF'R�F�ShZ.G�J�`LV!��JLV$`�F�FNY�R�Q[V+\$SeFn$abS[ �gFOR�FlS�j �hO�� � <�Z]J9G�Q�YpFgJ.�U`� M����d ��¢#A ! | W|Zf`9Z#�9n$FNq[abFbG�WyFNV¡ZfW$`LKbG�W+Z[`'SeFOR�a��g`LIvW�JLZ[�[FXR�V �NQ�R�F��aNY$agJ� h^�V+F�W+Zf`27�Q�SeSTFNI | �;n$Q�`LZ[Y+Z;FgJ �X T`LFNY_\yFb`���FbYod �#>#> � �G e`LFNYv\yFN`L� * 	 *Z, ��d �8>#> ! � �;n+Q[`9ZfY+ZOd ��� � ! |STFbG���KNY$FkG�FgJ;STFNV$`

((

FNu�W$`�FkG�G+ TQ[Y
))

FNY � � � �/ShZsJ�`9ZfY+G��g`� eW$J+ TQ[Y|� W$V! TG'FNYpW$`LQfJLa3 TY$FbGl�/ShZsJ�`9Z[R�V!�gJ+ TQ[Y|�
G�Q[Y_J�agJL`�Q8 �JLFNMOFNY_J�Z�G�G�Q5�3 eabFbG0ZfV�uBFgu�W$SM M�bZ]J+ TQ[Y|G0^_V$FUS�j Q�Y.R�Q[Y+Y$FUZ[V]t(Q[V$`9R�j n_V6 vR�VXR�abq[FNSTQ[W$WyFNMOFbY�J�R�FbG
Q�`��_ZfY6 hG�MOFbG�FgJ�R�F�ShZO`LaN��V$STZfJ+ TQ[Y?R�F�STFNV$`9G��/Q�Y!��J+ TQ�Y+G~q; eJLZ[SeFkG39!l�FBMOF���Z[`LR$FN`9ZZ �R�j FNY$�_Zf��FN`~SeF.R�ab\+Z]J
G�V$`�ShZ�W$STZ8�gF98 �NZ[V+G�F�W$`LFNM/ TKN`LF | G�F��g`LFgJ�R�F�ShZ�q; TF | W+`�Q��[`9ZfMlMOF | Q�V  eY$��`�akR5 TFNY�J�W|Zf`LM  0\yFkZfV!�NQ[V$W
R�j ZfV$J�`LFbG:8 ^_V�j  TS��NQ[Yvq^ TFNY_J.R�FmR�Q[Y+Y$FN`.ZfV���aNY$Q�MlF�FgJX ?S�j FNuvW+`�FkG�G+ eQ�Y¡R�FkGB��KNY$FkGB^_V�j  TS��NQ[Y_J+ TFNY�J�9l�FlG�Q[V$SM T�[Y$Fb`LZ# �G�FbV$SeFbMlFbY�J�^�V+FXSTFlW+Z�G�GLZf��F.R�V¡�[aNY$Q[J(I_WyFlZ[VpW$n$abY$QfJ(IvWyF?� % � � �0Z[V�ui�NZ[`LZ8��J�Kb`�FkG�q; y{
G+ e\+SeFkG�R�FXS�j Q�`��_ZfY6 hG�MlF���FbG�J�STQ# TYpR�j �NJ�`LF\�gQ�MOW$`+ hG | FgJ;^_V$FXSeF �NZ�R�`LFBJLn$aNQ�`+ h^_V$FXR�FXSTZm�[aNY+agJ+ h^_V$F.FkG(J
STV6 y{�M��NMOF�G�V]t(FgJ�R�F�R$aN\+Z]J � zvQ�Y6 T�[QOFgJ�zvJ�FNY+�[FN`9G c[{[{ A ! 9��&Y?W+Z[`�J� �gV$SM eFb` |  eS0Y�j I·Zl��V$KN`LFBR�FR�NQ[Y+G�FNYv{G�V+G | SeQ8 eY�Gbj FbY���ZfV�J | G�V$`.ShZrY$QfJ� eQ�Y�M��bMlF�R�Fs��KNY$F��4�\�#9 #�Q�V$`.W$`LQ[��`�FkG�G�Fb`;FNJ.M/ TFNV�u �gQ�MOW$`�FbY+R�`LF
S�j  TMOW$SM M�bZ]J+ TQ�Y=R�V=�[abY$Q[MOFpR$ZfY+GmSeFkGsQ�`��_ZfY6 hG�MOFbG�q; eqfZfY�J9G | V$Y$Fpq[Q# TFoWyQ�GLG  T\$STFrFkG(J·R�FpW+Z[`�J� e`�R�V
��Z# �J.^_V$F�S�j Fgu�W$`�FkG�G+ TQ[Yi�[abY$agJ� T^_V$F�FbG�J.R�j Zf\yQ[`9RiV$Y�W$n$abY$Q[MOKNY$F�W+n_I�G  �gQ�{E�9n6 TM/ T^_V$F | R�aN\$V$JLZfY_J.W+Zf`
ShZmG�aNSTF7��J� eQ�YpR�j V+Y$FlG�ab^_V$FNY!�NFXR�j �GO � �[aNY+Q[M/ T^_V$F���Q[YoW+Z[`�STFXR�FX`�F��gQ[Y+Y+Z- hG�GLZfY!�gF���Q��oq; eFbY$Y$FbY�J;G�F
�$u�Fb`sR5 eq[Fb`LG�FbGOW$`�Q[J�a7 eY$FkG | Z[W$WyFNSTaNFkG�R�FbGO��Z#��JLFNV$`9G�R�F?J�`9ZfY|G+�g`� TW�J+ TQ[Y VQ�gFbSeSTFbG�{E�3 ~`�F��g`LV�J�FbY�J�FgJsW+Z[`�{
J� M�3 eWyFbY�J�Z[V��/Q�Y!��J� eQ�Y$Y$FNMOFbY�J�R�j V$Y$F � � ��{PWyQ[STI_MOab`LZ�G�F�^_V6 UJL`LZ�R�V6 eJlV$Y$F·W+Z[`�J� eF·R�F·STZiG�ab^_V$FNYU�gF
R�j �GO �=FNYOV$Y$F�G�ab^_V$FNY!�NF5{PM/ e`LQ# T`�R�j � � �s9v�UQ�MlW+`�FbY+R�`�F�STFbGX2 $ C *��!% 0&2��40hC ��� C � � 	 0�^_V6 +MOFgJ�JLFNY_J!FNY

�BV$qv`LF�FgJX�NQ[Y�JL`���SeFbY�J��gFbG~R5 ���aN`LFNY_J�FkGHaNJLZ[W|FkG�G�FNM.\$STF'V$Y·W$`La5{P`�Fk^_V6 TGI TY+R5 hG�WyFbY+G�Z[\$STF'WyQ[V$`~R�abW+Z[GLG�Fb`
ShZ�MlaNJLZ[W$n$Q[`LF�R�V

((

W+`�Q��[`9Z]MOMOF
))

�[abY$agJ� T^_V$F�FNJ�Z[`�J� M�NV$SeFb`�STFbG�Z[W$W$`LQ5�Ln+FbG�G�IvM.\yQ�S[ h^_V$FbG | FbY?J�Fb`�MOFkG
R�j ZfY|ZfSTIvG�F?R�FrG�ab^_V$FbY!�gFbG�R�j �GO � FNJ�STFbGOq; hG  TQ[Y+G�R�IvY+ZfM/ h^�V+FbG�R�V R�abq[FNSTQ[W$WyFbMlFbY�J�FNJsR�V MlaNJLZ�{
\yQ�S[ hG�MOF | FNY�J�Fb`�MOFbGlR�j Z[V�J�Q�{�Q�`���ZfY6 hGLZ�J� eQ[Y 9��Un+F��mSTFbGXFNVU�NZf`LI[QfJLFbG | S�j Fgu�W$`LFbGLG  TQ[Y��[abY$agJ� T^_V$FmW+`�FbY+R
W$ShZ#�NFmR$ZfY|G�V$Y$F�G�V$WyFN`9G�J�`LV!��JLV$`�Fa�gQ�MlW$STFgu�F | W$`LabG�FNY�JLaNFmZ[V S A69 c �0STZi�Ln$`LQ[M�ZfJ+ TY$Fp�«�+��V$`�F c =_�BE0F`��[STF��/Q[YU��J+ TQ[Y+Y$FNS0R�F�G�Q�Y·Z[`��9n6 eJ�F���J�V$`LF;n6 eab`LZ[`��9n6 h^�V+F�Y0j FkG(J�W+Z�G�FNY!�NQ[`LF(�gQ�MlW$STKgJLFNMOFNY_J�aNSTV!�4 hR�a89

B�Y JLn$KNMOFkGOR�F·`LF7�9n$Fb`��9n$F�MOZ]t(FbV$`LR$F�S�j ab^_V6 TWyF
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STFbG� eY_J�Fb`LZ8��J+ TQ[Y|G�FbY�J�`LF�STFbG!S[ TY �[Fb`LG&FNJUSeFkG&YvV!�gSTaNQ�G�Q[MOFkG | STZBW+`�akG�FbY!�gF�FgJUShZBSTQ5�NZ[S[ hG�ZfJ+ TQ[YOR$F67.d | M�Z- hG
Z[V+G�G+ |W+Zf`UShZ�STQ5�NZ[S[ hGLZ]J� eQ[YsR�FbGUW+Z[`�J� eFkG&J�FN`LM/ eY|ZfSTFbGUR�FbGUn6 hG�J�Q[Y+FbG!FNJHSeFbV$`HG�JLZfJ�V�JHWyQ_G(Jt{�JL`LZ�R�V!��J� eQ�Y$Y$FbS
�F�gQ[Y_J�`��[ShZfY_J�S�j Z[Y!�g`9Zf��F'R�FbG~SM eY �[Fb`LG~G�V$`~STFbG�YvV!�gSTaNQ_G�Q�MOFbG9�&9

�Uª �|¬0¦y§0­'§�²k§�­�ª
E0FbG&Y6 Tq[FbZ[V�uOG�V+WyaN`� eFbV$`LG!R�j Q�`��_ZfY6 hGLZ�J� eQ�YXJ�`� TR5 TMOFNY+G+ TQ[Y$Y$FbSeSTFbG!R�F�S�j �hO����[abY$Q[M/ h^�V+F�G�Q[Y�JUZ8��JLV$FNSTSeFu{
MOFNY_J�J�`LKbG�MOZ[S6�gQ[Y$YvV+G�FNJ�SeF~R�ab\+Z]J�WyQ[`�J�FHFbY!�gQ�`�F�G�V$`�STZ�Y+ZfJ�V$`LFHM��NMOF~R�FkG�G�J�`LV!��JLV$`LFbG�G�V+G+�NFNW�J� e\$STFbG
R�j ZfW+W+Zf`9Z��hJ�`LF; _�gFbG~Y6 Tq[FkZfV�u � �oZ#� 7�V$��n·FNJ67�F7��� c[{[{ A ! 9$E�FbG~FNu�W|ab`+ TFNYU�gFbG�G�FbM.\$SeFbY�J�Zkq�Q# T`�M/ hG~FNYabq^ hR�FbY!�gFmZfV+GLG+ &\6 TFNY�S�j FNu5 TG�J�FbY!�gFmR�Fs\yQ[V!�NSeFkG � �oZf`9GLR�FNY�FgJlE0ZfFbMlMOSM �d ��� � ! � z�Z# �JLQ[n�FNJXE0Z[FNMOMOS[ 
d ���-= ! ^_V$F �gFNSTSTF�R�F ((

G�V$WyFb`��+\+`�FbG
))

 s> { Y$M7Q[Vod cf{ Y$M R�F�R6 TZ[MlKNJ�`LF � ?HFbSeMOQ[Y_J�d ����� ! 9#Oh eq[Fb`LGUMlQ�{R�KbSeFkG&R�F�G�V+W|Fb`LG�J�`LV!�gJ�V$`LFbG�Q[Y�J&aNJ�a~W$`LQ[WyQ_G�akG�W|Zf`�JLZfY_J&R�F~ShZ��+\+`�F� (A { Y$M?�[FNY$`LQ[V+SeFbMlFbY�J&n$aNSM M�NQ��PR$ZfS�NQ[MOW+Z#�gJ | FbY$`�Q�V$STFNMOFNY_J'FNYiW$STF7�gJ�Q[Y+KNMOF | ZfYU�g`9Zf�[F.FNYi`�Q_G�FNJ�J�FlG�V$`'V$Y¡GL^_V$FNSTFgJ�J�F/�Ln$`LQ[MOQ_G�Q�M  h^_V$F |
��FNS�ZfMOQ[`LW$n$F�R$Fs�9n$`�Q�M�Z]J+ TY$F�G�JLZ[\6 TS[ hG�a�W+Z[`�R�FkG

((

Z[�[`9Z]�/FkG
))

W$`LQfJLa3 h^_V$FbG79+E0FbG�W$`LQ[W$`� TagJ�akG~aNShZ[G�J+ h^_V$FbG
R�V �Ln+`�Q�MlQ_G�Q�MlF/�gQ[MOMOFNY!�NFNY_J�  �gJL`�FO\6 TFNY�Fgu�W$STQ[`LaNFbG'FNuvWyab`+ TMOFNY_JLZfSTFNMOFbY�J � #�Q# T`� eFb` � 	 *Z, � cf{�{ d |
c[{[{�c ! FgJ�WyFNV$q[FbY�J��/Q[V$`LY6 T` | �gQ�MlMOF.R$Z[Y+G�SeFs�bZ[G�R�F�ShZ_�9n$`LQ[M�Z]J� eY+F | V+Yr\+ZfYU�BR�j FkG�GLZ-  eY+R6 e`LF7�gJ�R�FbGMOQ�R�KbSeFkGXG�J�`LV!��JLV$`9ZfV�uk9YO�FNV�u�J�`9Z�q]ZfV$ui�/Q�Y+R$Z]JLFNV$`9G | �gFb`�J9Z- TY$FNMOFNY_J/�gQ[MOW$STaNMOFNY_JLZ# e`LFbG.W$STV�J��fJ�^�V+F�NQ[Y�JL`LZ�R5 ��J�Q8 e`LFbG | G�Q[Y�JUSTF�MOQ�R�KbSeF�R�F'G(JL`�V!�gJ�V$`LF�R$FbGI�9n$`LQ[MOQ�G�Q[MOFbG�M/ eJ�Q[J+ h^�V+FbG | FNYs`LQ�G�FgJ�J�F | R�F ?UQ]I
R�F�STF � Q[V$`&FNJUE�ZfFNMOMOSM � d � � � ! | FNJ!STF�MlQ$R�KNSTF��/`9Z#�gJLZ[S+R�FG�9n$`�Q�MOQ�G�Q[MOF~R�F � Z �]Z[n+Z[G�n6 � d ����� ! 9-O'ZfY+G�NFrR$FN`�Y! eFb`�MOQ�R�KNSTF | ShZ�R$ag�+Y6 eJ+ TQ[Y FNJsShZ¡MOFbG�V$`LFrR�j V$Y$FpR5 eMOFbY+G  TQ[Y5�/`LZ8��J9ZfSTF | ZfV¸G�FbY+GsG(JL`+ ��JmR�V
JLFN`LMlF | FbG�J�V$YoWyFNVoR6 TG��gV�J9Zf\$STF | �gQ[MOW�JLFBJ�FbY_VpR�V?��Z# �J'^_V�j Q�YrZsZfVrW$STV+G�R�FNV�u?Y6 Tq[FbZ[V�u?G  TM/ eShZ- T`LFbG79
#�Zf`Y�gQ�Y�J�`LF | S�j  TY+R5 �gF`�NZ[SM�NV$SeaUR�ag�|Y6 �J�V+Y$F� TY�JLaN`LFbGLG�Z[Y�J�F&MOFkG�V$`LFUR�F!ShZ#�gV+Y+Zf`� �JLa | WyQ�V$q]Z[Y�J �gJ�`LF!V�J+ TSM TG�aNF
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 �R�FkG��+Y+G�R�F.R5 hZf�[Y+Q�G�J+ �-9|�UFNJ�JLF1 hR�abFBFbG�J�Z[V]t(Q[V+`LR�j n_V! �Fgu�W$STQ# eJ�abF1�NS[ TY6 h^_V$FNMOFNY_Jb�yR$ZfY+G~V+Y$Fs�gFNSTSTV$SeF�bZfY!�gab`�FbV+G�F | ShZ?G�J�`LV!��JLV$`LF�ZfW$W+Z[`�FbY�J�Fr��STZ·J�FguvJLV$`LFk�;R�F�STZ �Ln$`LQ[M�ZfJ+ TY$F | JLFNSTSeFs^_V�j FNSTSeF�FbG�J�Q[\+G�FN`Lq[aNF
R$Z[Y+G'SeFkG;ZfY+ZfSTI�G�FbGh�NI�JLQ[STQ[�8 T^_V$FkG�FgJB^_V+Z[Y�J� ��+abFlW+Zf`BZfY+Z[SeI�G�FXR�j  eM�Z[�[F | FbG�JBR�FOR5 TMOFNY+G+ TQ[Yp�/`LZ8��JLZ[STF
W$STV+G���Z- T\$STF;FNJ�R�F;ShZ#�NV$Y+Zf`� eJ�a'W+SeV+G~��`LZ[Y+R�F;^_V$FBR+ZfY+G�V+Y$F1�NFNSTSeV+SeF�G�Z# eY+F � �P TY+G�J�F3 TY � 	 *Z, ��d ��� � ! 9��Q[V|GlJ�`9ZkqfZ- TSeSTQ[Y|GlZ#�gJ�V$FbSeSTFNMOFNY_JsG�V$`sR�FbV�u n_IvWyQfJLn$KbG�FbGb��R�j V$Y+F?W+Z[`�J�V$Y+FrG�J�`LV!��JLV$`LZfJ+ TQ[Y n6 Ta5{
`9Zf`j�Ln! T^_V$F�n$abS[ �gQ���R+ZfSTF.Z�I�ZfY_J�S�j Z�q]ZfY_JLZ[�[F.R�FlG�FXW$`(�gJLFN`' mW$SeV|G  TFNV$`9G'G+�NaNY+Zf`� TQ�G�R�FlR�a��gQ[Y|R�FNY+GLZ]J� eQ�Y TMOW$S[ h^_V+ZfY_J&STFbG��gQ[Y_J�`9Z- TY�JLFbG�JLQ[WyQ�SeQ��# h^_V$FbG�FNJ&STFbG�abY$FN`L�# TFbG�abSTZ�G(J� T^_V$FkG�FbMlM�Z[��Z[G+ TY$aNFkG3VfR�j Z[V�J�`LF~W+Zf`�J
V$Y$Fa eY_J�FN`9R5 T�# eJLZfJ+ TQ[Y�R�FbGB�+\$`LFbG.  A { Y$M | ZkI�Z[Y�J�S�j Z�q]Z[Y�JLZ[�[F�R�j �gJ�`LFa�gQ[MOW+ZfJ+ T\$STFsZkq[F��OSeFkGBW+n+Z[G�FbG
((

�g`� TG�JLZ[S�SM h^_V6 TR�F
))

Q[\+G�FN`Lq[aNFkG'R$ZfY+G;SeFkG;G�Q[STV�J� eQ�Y+G;R�FOMOQ[Y$Q�{�YvV!�gSTaNQ_G�Q[MOFkG39��UFlW$`LQft(FgJBFbG�JBMlFbY$aOFNY�NQ[STSTZ[\yQ[`9Z�J� eQ�Y�Zkq[F�� �+`LZ[Y
�gQ8 TG�F;E� Tq[Q[ShZfY_JB��E #Uz | }�`9G�Z�I$�&WyQ�V$`~ShZlW+Zf`�J+ TF;Fgu�WyaN`� eMOFbY�JLZ[SeF89
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E!j  hR�aNF�^_V$FUY$Q�V+G�R�aN�/FNY+R$Q[Y+G |  �J�`9Zkq[Fb`LG0STFbG�R5 ���aN`LFNY_JLG�Z[G�WyF7�gJLG0�/Q[YU��J+ TQ[Y+Y$FNShG�^_V$F�t(FHq]Z- hG�MlFbY�J� eQ�Y$Y$FN`
R$Z[Y+G�STZ G�V6 �JLF¡R�V�W|Zf`9Zf�[`LZfW$n+F | FkG(J@�NFNSTSeF¡R�j V$Y `���SeFo�/Q�Y!��J� eQ�Y$Y$FNSBR5 e`LF7�gJ �4� � R�FiS�j �GO � W+Zf`?G�FkG
W$`LQ[W$`� TagJLabG�G(JL`�V!�gJ�V$`9ZfSTFbG�STQ5�NZfSTFbGX��F��yFNJLG;R�FlG�ab^_V$FbY!�gF��~FNJ;G�FbG�W$`�Q�W$`+ TagJLabG�MOa7�NZ[Y6 h^�V+FbG | �gQ�Y�JL`���SeabFbG
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FNJmMOQ�R�V+SeabFbGsW+Z[`mG�Q[Y� TY+G�Fb`�J� eQ�Y¸R$Z[Y+GsShZ �Ln$`LQ[M�ZfJ+ TY$F#9��UFgJ�J�Fi TY+G�Fb`�J� eQ�Y¸G�FrJ�`9Z[R�V6 eJ | STQ[`9G�^_V$FrShZ�9n$`LQ[M�Z]J� eY$F�FbG�JUFNYs�/Q[`LMlFh�NQ[MOW+Z#�gJ�F�FgJHSeFkG!YvV!�gSTaNQ�G�Q[MOFkG��$u�FbG | W+Zf`HR�FkGI�gQ�Y�JL`LZ# eY_J�FbG&J�Q�WyQ[STQ[�# h^_V$FbG
FNJ�Mla��NZfY! T^_V$FkG39]z�j Z]t(Q[V�JLFHS�j  eY��+V$FNYU�gF�G�V$`�ShZh�gQ�Y��/Q[`LM�Z]J+ TQ[Y.R�FHShZ��+\$`LF �4�
�UR$FbG�^�V+FNV$FkG�R�FkG�n6 hG�J�Q[Y+FbG |
q; hZ.STFNV$`9GI TY�JLFN`9Z#��J� eQ�Y+GUaNSTF7�gJ�`LQ�G�JLZfJ+ h^_V$FbGUZ�q[F7��S�j �GO ��R�FkGHS[ TY �[Fb`LGUFNJ~Z�q[F7��S�j �hO �*Y_V!�NSeabQ�G�Q[M�ZfS | FgJ
GLZ·MOQ�R�V+STZfJ+ TQ[Y�aNW6 T�[abY$agJ� T^_V$F�W+Z[`BSTFs\6 TZ# TG�R$F�MOQ�R5 e�U�NZfJ+ TQ[Y+GBWyQ�G�J�{�J�`9Z[R�VU��J+ TQ[Y+Y$FNSTSeFkGBR�F:�NFN`�JLZ- TY+G
`LabG+ TR$V+G~R�FR�NFbG�^�V+FNV$FkG39 � S0Gbj Z[�# eJ�Z- TY+G+ �R�Fs�gQ[MOW$`LFNY+R$`�F;SeFkG~Mla��NZfY! TG�MOFbG~R$FB`�ab�[V$ShZ]J� eQ�Y·ZfV·Y! eq[FkZfV
R�F�STZl�+\$`LF#9�#�Zf`�Fgu�FNMOW$STF | Y+Q[V+G�Z�q[Q[Y+G�W$`LQ[WyQ_G�a;Z[V S A!9 AlV$YoG+�NaNY+Z[`+ TQOR$ZfY|G�STFb^_V$FbS�S�j  TY+G�FN`�J+ TQ[Y?R�FS�j �hO��5R$ZfY|G0STZ~�+\$`LFUR�FI�9n$`LQ[M�Z]J� eY+F&SeV! _R$Q[Y$Y$FUR$FbG0WyQ[J�FNY_J+ hZfSM eJ�abG�Z[STSeQ_G(JLaN`� T^_V$FkG | R$Q[Y�J�ShZ~`LaN��V$STZfJ+ TQ[Y
abW6 e��aNY$aNJ+ h^_V$F�`�akZfSM TG�FOV$Y�MOQ�R�FsR�FsSTF7��JLV$`LFsR5 e`LF7�gJ.R�V �gQ$R�FsR�FbG�n6 TG�JLQ[Y$FbG79��UFmG+�NaNY+Z[`+ TQ·WyQ�V$`�`9Z- eJ TSeSTV+G�J�`LFN`UV$Y]�gQ�MOWyQ[`�J�FNMOFbY�JU\yFbZ[V!�gQ�V$W�W+SeV+GU��aNY$ab`LZ[S|R�F�S�j �GO � | Fgu�W$STQ# eJLZfY_JUSTFbG!Y+Q[M.\$`LFNV�usR�FN��`�akG
R�F�S[ T\yFN`�J�asR�F_�NFgJ�JLF�MlQ�Sea��gV$STF_�gQ�MlW+SeFNuvF���`�FkG�W! e`9Z]J� eQ�Y+G�FgJ�\$V$STSTFbG�R�F�R$aNY+Z]JLV$`9Z]J� eQ�Y | W$`LQ[W|Zf��Z]J� eQ�Y
R�j Q[Y|R�FbG;Y$Q[Y¡SM eY$akZ- T`�FkGO��G�Q[SM �JLQ[Y+G9� | aNSTQ[Y+��Z]J� TQ[Y | FNYiJ�Fb`�M/ TY+ZfY_JBW+Zf`BSeFkG'W+SeV+GR�gShZ[GLG  h^_V$FbG | W+`+ hG�FkG'FNY�NQ[MOW�J�FBR$Z[Y+GHSTF;MOQ�R�KNSTFBR�V·q[FN`~R$F;S�j �GO ���+STZ/�gQ[V+`�\$V+`�F'FgJ~ShZ.JLQ[`9G  TQ[Y�V5�gFkG�R$FNV�u�R$FN`LY6 eFb`LGHMOQ�R�FkG
G�Q[Y_JG TY+R5 TGLG�Q5�4 hZf\$STFbG�R�FbGh�gQ�Y�JL`LZ# eY_J�FbG~JLQ[WyQ[STQ[�8 T^_V$FkG�FNu; hG�JLZ[Y�J�R$Z[Y+G�V+YpG�FN��MOFNY�J'R�j �GO � �/FN`LMla.FNY
\yQ�V!�gSTF;Q[V?Z[Y!�g`La; OG�FbG�FguvJL`�abM  eJLabGF�B�
�-9l[F/�gQ�Y!�gSTV$Fb`LZ# Y�NFl`LabG�V$Mla  TY�J�`LQ�R�VU��J+ e�UFbY¡G�Q[V$SM e��Y+ZfY_J;^_V$FlShZ·^�V+FbG(J� TQ[Yi^_V6 &G�FlWyQ�G�FXY�j FbG�J;W+Z�G
G�FNV$STFNMOFNY_J�R�F��NQ[MOW$`LFNY+R�`LFP�gQ[MOMOFNY_J0STZ�J�`9ZfY+G��g`� TW�J+ TQ[Y'W$`LFNY|R'W$ShZ#�NF&R$Z[Y+G�ShZ��9n$`LQ[M�Z]J� eY+F |

((

MOZ[Se��`�a
))ShZ/�Ln+`�Q�MOZfJ+ TY$F | M�Z- hG~R�F�R�agJLFN`LM/ eY$Fb`~STF;`��[STF;Z#�gJ+ e��R�FBShZ/�Ln$`LQ[M�ZfJ+ TY$F;R$Z[Y+G�ShZXJ�`9ZfY|G+�N`+ TW�J+ TQ[Y 9
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 lS�j �TY�JLaN`��eFbV$`�R�V?Y$Q]I�ZfV·W+Zf`�R��Tq[FN`9G�FkG �NZ�G
�bZ[R�FkG�R�FBG
�T�[Y+Z[S �hG�ZfJ
�TQ[Y��
E�FpJL`LZ�q]Z��eS'F���F���JLV$a�t(V+GL^_V�j   W$`LabG�FNY�JrR�Q��eJ?Z��eY|G��
�NJ�`LFiqvV �NQ[MOMOFiV$Y$F¡agJLV+R�F¡W+`�aNS��TM �eY+Z��e`LF |

� �eY$abMOZfJ
�h^_V$F | R�FbG~MOQ[V$q[FbMOFNY�J9G�WyQ_G�G
�e\+SeFkGHFNJ�R$FbG �NQ[Y_J�`9Z��TY�J�FkG�^_V�j �TSTG~`�FbY��gQ�Y�JL`�FbY�J~Q[V·�[abY$KN`LFNY_J	�

��� ����� �=� �!��"+�v�(�v	 ,�����	0�+)��01�1��0���0���_�0�
E!j V$Y$F¡R�FbG·R�� � �NV$S�JLabG·ZfV$u�^_V$FbSeSTFbGmY$Q[V+G�G�Q[MOMOFbG��gQ[Y$�/`�Q�Y�J�akGsFbG�J�ShZ�R��eq[Fb`LG
��JLapR�FkGma��9n$FbSeSTFbG�^_V��
R�Q��eq[FbY�J �NJ�`LF�FNYvq �hGLZf�[abFbG���������� 	 � � � ��� � 	 �!��Y$F�q��TG
�eQ�YO��SeQ�\+ZfSTF�R�F�S�j Zf`��Ln��eJLF���JLV$`�F�FgJHR�FbG!W$`LQ[W$`��TagJ�akG
abSTZ�G(J��T^_V$FkG�R�FXShZ��Ln$`LQ[M�ZfJ
�TY$F | FgJ"�$# ��� 	 � ��� ��R�V �9n$`�Q�MOQ�G�Q[MOF | Y$F.WyFbV�J
�gJL`�F.Q�\�J�FbY_V$Fl^_V�j Zkq[F!�BV$Y
MOQ�R�KbSeF!F���F���J����+`LFNSTFNq]Z[Y�J�R�F!ShZ%� ��& � � �('������"� & �
� � &�� ����')���H��ab^_V��TS��e\$`LFbG0n_IvWyFN`9G�JLZ]J��T^_V$FkG | MOa��bZfY��h^_V$F
R�FkG~`LFbGLG�Q�`�J9GHFNJ�R$FbG~�+STZ[MOFNY�J9G�G�FbM �y{ �+Fgu��T\$SeFkG | abSTZ�G(J���� ��JLa�R�FkG~M �eS��TFNV�u �NQ[Y_J
�TY_V+G |+*-, � c | Z[Y$Y$FNuvF 7'�q[Q��e`LF'M��NMOF�G�FbV$SeFbMOFNY�J�R�FBShZ 	 � � � � �.� ���.�/J�n$aNQ�`
�TFBR�FkG�Y �BV|R$GL� �

�5S�j Z[V�J�`LFHFNu_JL`��bMOF | �gFN`�JLZ��eY+FbG �TY�J�Fb`LZ���J��eQ�Y+G�MOQ[STa��gV+STZ��e`LFbG�R�Q��Tq[FNY_J �NJ�`LF�R$a��g`��eJ�FbG�Fgu�W$S�� � �eJ�FNMOFbY�J |
W+Z[`��/Q��TG�M��bMlF0t(V+GL^�V0j Z[V�uBR�aNJLZ��eShG�^_V+ZfY_J
�h^_V$FbG	�]��j FkG(J�STF��bZ[G0WyQ[V$` �gFN`�J9Z��TY+G��[`LQ[V+WyFNMOFNY_JLG0ZfJ�Q[M �h^_V$FbG
t(Q�V+ZfY�J�R�FbGH`��[STFbGHR�F$�Ln+Z[`�Y��eKb`�FkG!Q[V·R�j Zf��`LZf�/FbG���W$`�Q�W$`��eaNJ�abGHMla!�NZfY��T^_V$FkGH XS�j a��9n$FNSTSTF;Z]JLQ[M �h^�V+Fk� ����F
M��NMOF | �TSy��ZfV�J~W+Zf`��/Q��hG �gQ[Y+Y+Z��hJ�`LF�ShZ/� �0& ���1�2��� 	 � ��� FNu�Z���JLF'R�F��gFb`�J9Z��TY+GHZ]JLQ[MOFbG | R�Q[Y_J�STF�WyQ_G��eJ
�TQ�Y$Y$F5{
MOFNY_J��gQ�Y�J�`��[STF'S�j Z���J��eq��eJ�a �Ln��TM �T^_V$F�R�FBSTZlMOQ�Sea!�gV$STF����bZ]J9ZfSTIvG�F | ZfSTSTQ�G�J�aN`��TFk� �

� R�FbG�Y��Tq[FbZ[V�u �eY_J�FN`LMOabR��hZ��T`LFbG | �TY�JLFN`Lq��eFbY$Y$FNY_J'R�F���Z��NQ[Y��g`LV�� �TZ[SeF�STFbG�G(JL`�V��gJ�V$`LFbG�`LFNW+S �TaNFkG�R�FbG
W$`LQfJLa �TY$FbG'Q[ViR$FbG � � � | STFbG'F���FgJ9G;R$FOG�ak^�V+FNY��NFbG�YvV��gSTa �h^_V$FbG | STFbG;G�ak^_V$FNY��NFbG�W+`�Q[J�a �h^_V$FbG�FNJ;STFNV$`9G
MOQ�R��e� �NZfJ
�TQ[Y|GBWyQ_G(Jt{�JL`LZ�R�V���J��eQ�Y$Y$FbSeSTFbG | STFmG�Q[STq]ZfY_J | ShZrY+Z]JLV$`LFsFgJXSTFsY$Q�M.\$`LFmR�FbG �gQ[Y_J�`LF5{��eQ�Y+G	�0E0Z
�9n$`LQ[M�Z]J��eY$FsZ[W$W+Zf`9Z��hJ �NQ[MOMOF�V$Y+FmG(JL`�V��gJ�V$`LFO�/Q�Y���J��eQ�Y$Y$FNSTSTFbG�M.V$S�J��¡{Pa��9n$FbSeSTFbG�WyQ_G�G�abR$Z[Y�J.R�FsM.V$Sy{
J��eW$STFbG.Y��Tq[FkZfV�u�R�Fm`LaN�[V+STZfJ
�TQ[Y | �TMOW$S �h^_V+ZfY_JlR�FbG.MOa��NZ[Y��hG�MOFbG.R�FsJ�Q�V�J�FkG�Y+ZfJ�V$`LFbGb�0\��TQ��Ln��TM �h^�V+FbG |
abSeF!��J�`LQ�G�JLZfJ
�h^_V$FbG | MOa��NZ[Y��T^_V$FkGHFgJ | �gQvQ�`LR�Q�Y$Y+ZfY_J �gFbG~R�����aN`LFNY_JLG~Z[G�WyF��gJLG | R�FbG�MOa��NZ[Y��hG�MOFbG�Z[SeSTQ�G�J�au{
`��T^_V$FkG��
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E0ZpWyQ�V$`LG�V��eJ�F·R�FkGXJ�`9ZkqfZfV�u�W$`�akG�FbY�J�akGlZfV *", � c FNJ *", � , G�Fm�/Fb`LZiZ��eY|G��~R$ZfY+GOR�FbGOR��T`LF���J��TQ[Y+G�NQ[MOW$STaNMOFNY�J9Z��T`LFbGHFNJ� OR�����aN`LFNY_JLG~Y��Tq[FbZ[V�u��
• R�FbG��g`��TW�J
�TQ[Y R$FbG.JL`LZ[Y+G
��J��eQ�Y+G �gQ�Y��/Q[`LM�Z]J��eQ�Y$Y$FNSTSTFbG. pS�j a!�Ln+FNSTSeF·R$F�ShZr�|\$`�F·R$F �Ln+`�Q�MOZfJ
�TY$F | FNY
W+Z[`�J����NV$S��eFb` �gFNSTSTFbG �eMOW$S��T^_V$abFbGOR$Z[Y+GlSTZ¡R�a��NQ[MOW+Z���J
�TQ[Y STQ��NZ[SeF·R�F·ShZo�|\$`�F·W$`LabZfShZ[\$SeF· pShZoJL`LZ[Y+G�{
�N`
�TW�J
�TQ[Y?Q[V �eYvq[FN`9G�FbMlFbY�J | �NFNSTSeFkG �TMOW$S��T^_V$abFbG�R$Z[Y+G~STZ"�gQ�MlW|Z���J��eQ�Y?Z[GLG�Q�� �eabF; lV$Y+FB`�abW$`LFbGLG��TQ[Y·R�FbG
��KNY$FbG	� �=S�j a��Ln+FNSTSeF�R�F�ShZ;�+\$`LF��gQ�MOMlF�ZfV�uOY��Tq[FbZ[V�uOG�V$WyaN`��eFbV$`9G | STZ�WyQ�GLG��T\��TS �eJ�a�� �eY+aNM�Z]J��T^_V$F�R�j V$Y$F
JL`LZ[Y+G��eJ
�TQ[Y �gQ[Y$�/Q[`LMOZfJ
�TQ[Y$Y+FNSTSeFsFNY_J�`LF�R�FNV$u�aNJLZfJLG | `LFbG�WyF���J��eq[FbMOFNY�J �NQ[Y+R$FNY+G�asFNJOR�a��gQ�Y+R�FbY+G�a | q]Z
R��hG��g`��eM �TY$FN`~SeFkG~G�J�`LV���JLV$`LFbG�WyQ�GLG��T\$STFbG�Q[V?R�V?MOQ��TY+G �NQ[Y+R�V��T`LF; lFbY·`LF(t(FNJ�FN`#�NFN`�JLZ��eY$FkG��
• �TY �+V$FbY��gFoR�FbGOMOQ�R���� �bZ]J��eQ�Y+GOG(JL`�V ��J�V+`LZ[SeFkGlR�V Y_V��NSeabQ�G�Q[MOF?G�V$`�SeFkGOW$`LQ[W$`��eaNJ�akGlG�J�`LV���JLV$`9ZfSTFbG |
MOa��bZfY��h^_V$FbG�FNJ��/Q�Y���J��eQ�Y$Y$FNSTSTFbG~R$F;ShZX�+\$`LF��
• aNJ�V+R�FlR$FbG�MOa!�NZfY��TG�MOFbG�W$n_I�G
�T^_V$FkG�W+Zf`�STFbGL^�V+FNShG�SeFkG�MOQ�R��e� �NZfJ
�TQ[Y+G�WyQ�G�J�{�J�`9Z[R�V ��J
�TQ[Y+Y$FNSTSeFkG�R�FbGn��hG�J�Q[Y+FbG����NF�^_V�j Q[Y�ZfW$WyFbSeSTFOSeF

((

�gQ$R�FOR$FbG;n��TG�J�Q�Y$FbG
))

�;G�Q[Y_J��TY�JLFN`LW$`LagJ�abFbGBZfV¡Y��Tq[FbZ[V¡R�F�STZ�JL`LZ[Y+G�{
�N`
�TW�J
�TQ[Y | �/Q[V$`LY��hG�GLZfY_J�V+Y·MOQ�R�F�R�F;`LaN��V$ShZ]J
�TQ[Y�aNW��e��aNY$agJ��h^�V+FBR�F;S�j Fgu�W$`LFbGLG��TQ[Y·R�FbG~�[KbY$FbG	�
• R�FbG��g`��TW�J
�TQ[Y R�FkGlZ[G�WyF���J9G � �TY$agJ��T^_V$FkGlR�V MOQ�R�KNSTF�R$F �|ZfM.\$�_ZfF�R�F�S�j � ��� W$`LQ[WyQ_G�amZ[V * , � , �
�UF�MOQ�R$KNSTF | FbY��gQ�Y�J�`��[ShZfY_JUSTZ.S��hZ��hG�Q�YmR�F�W+`�Q[J�a �TY$FbGU\��hG�{��TY�J�Fb`��bZfShZfY_J�FbG | WyQ[V$`L`9Z��eJ�t(Q�V$FN`HV$Y�`��[STF��eMg{
WyQ�`�J9ZfY�J�R$Z[Y+GUShZ.`LaN�[V+STZfJ
�TQ[YmR�F'S�j Fgu�W$`LFbGLG
�eQ�Y���aNY$aNJ
�h^�V+F | R�j Z[V�JLZ[Y�J�W$STV+G�^�V0j �TS �TY�J�Kb�[`LF�V$Y�MlQ$R�F'R�F
`LaN��V$STZfJ
�TQ[Y?aNW��T�[abY$agJ��T^_V$F���� S�GNj Zf���e`9ZXJ�Q�V�J�R�j Z[\yQ[`9R?R�F.R�abq[FNSTQ[W$WyFb`�STF.G��Ln+aNM�Z"� �eY+agJ
�h^_V$F.�[aNY+aN`9ZfS��¡{
GLZfY_J�SeFXMOQ�R�KbSeFXR$F �rQ�Y$Q�R | 	 IvM�ZfYpFgJ��Un+ZfY+�[FNV$u � d ����¢ ! Z[V �NZ�G�R�j V$YpMOa!�NZfY��hG�MOFXZfSTSeQ_G(JLaN`��T^_V$F
 lW$STV+G
�eFbV$`LG~Y��eq[FkZfV�u � �~Q�\yFN`�J � 	 ��� �0d � ��� ! �
• aNJ�V+R$F�R�FBS�j F���FgJ�R�FbG#�gQ�Y�J�`9Z��TY�JLFbG�MOa��NZ[Y��h^�V+FbG | Fgu�FN`��gabFbGHW+Z[`~STZOG�J�`LV���JLV$`LF$�Ln$`LQ[M�ZfJ
�TY��eFbY$Y$FBG�V$`
S�j � ��� ^_V�j FNSTSeF �gQ�Y�J
�TFNY_J | G�V$`�R�j ZfV�JL`�FkG�MOQ�R�FbG~R�j �TY�JLFN`9Z���J��eQ�Y+G �-� ��{PW$`LQfJ�a��eY+FbG��
• W$`�Q�W$`
�TagJLabGHG�J�`LV���JLV$`LZ[SeFkG | MOa��bZfY��h^_V$FbGHFgJ��/Q[Y��gJ
�TQ[Y$Y$FbSeSTFbG | �TY+R��hG�G�Q�� �hZf\+SeFkGUR$Z[Y+GHY$QfJL`�F;ZfW$W+`�Q��9n$F |R�FkG�Y��Tq[FbZ[V�u�G�V$WyaN`��TFNV$`9G�R�j Q[`L��Z[Y��TGLZ]J
�TQ[Y | R�FBSTZX�|\$`�F�  , { Y$M t(V+GL^�V0j Z[V �Ln+`�Q�MlQ_G�Q�MlF��
• aNJ�V+R�FoR�V5S��TFNY5FNY_J�`LF?S�j Fgu��hG(JLFNY��NF?R�FrSTZ�G(JL`�V ��J�V+`�F �Ln$`LQ[M�Z]J��TY��eFbY$Y$F·FNJ�S�j abMlFb`���FNY��NF¡��FgJsW$STV+G
FbY��gQ[`LFOSTF�M�Z��TY�J��eFbY|�BR�F�ShZ?W$SeV$`�� �gFNSTSTV$ShZf`���JLa���STZ �Ln+`�Q�MOZfJ
�TY$FOFkG(J.FNY�F���FgJ.W+`�akG�FNY_J�F �9n$F��OJLQ[V+GBSTFbG
Q�`��_ZfY��hG�MOFbGHW$SeV+`
� �gFbSeSTV$ShZ��T`�FkG | GLZfY|GHFNu��gFNW�J��TQ[Y | FNJ�FguvJ�`(�NMOFNMOFbY�J��gQ[Y+G�FN`Lq[aNF��

�&Y �NQ[Y��NSeV+G
�TQ[Y | STFbG~W$`LQft(FgJLG�R�aNq[FbSeQ�W$WyabG~R+ZfY+G~Y$QfJL`�F;ak^�V��eWyF
((

�oQ�R�aNS��hG�ZfJ
�TQ[Y�M.V+S�J��¡{Pa��9n$FNSTSTFbG�R�F
ShZ�M�Z]J
�TKN`LFrq �Tq]Z[Y�JLF

))

ZfV¸E # � E G�Q[Y_J��gFbY�J�`LabGsG�V$`sSTFr`��[STF·�/Q[Y ��J
�TQ[Y+Y$FNS�R�FoSTZ �9n$`LQ[M�Z]J��eY$FoR$ZfY|G
STF �gQ[Y_J�`��[STF·R�F·STZpJ�`9ZfY|G
�g`��TW�J
�TQ[Y ���UF·`LFgJLQ[V$`OR$Z[Y+GXSTF

((

n|Zf`9R��HZf`LF
))

R�V
((

W$`LQ[��`LZfMOMOFm�[aNY+agJ
�h^_V$F
))R�Q�Y$Y$F'R�FbGH`���SeFkG&\yFkZfV��gQ�V$WsW$STV+GUak^_V��eS��T\$`�akG!M�Z��hGHZfV+GLG��y\yFbZfV �gQ[V+WsW$SeV|G �gQ�MlW+SeFNuvFkGUZfV$u�R�����aN`LFNY�J9G

�NQ[Y+G�J
�eJ�V+Z[Y�J9G�R�FHShZ �9n$`LQ[M�Z]J��eY+F
��E0Z��+\$`LFHR�F �9n$`LQ[M�Z]J��eY$FHZ[W$W+Zf`9Z��hJ �gQ�MOMlFHSTFHY��eq[FkZfV � ��� ����� � 	 �('����
R�FB`LaN��V$STZfJ
�TQ[Y | Zf\|G�FNY_J��Ln$F��;STFbG~W$`LQ��bZf`LIfQfJLFbG | FNJ�t(Q[V+Z[Y�J~JL`�KkG �gFb`�J9Z��TY$FNMOFNY_J~V+Y?`���SeF;M�Z]t(FNV$`�R$ZfY|G
ShZBq]Zf`��hZf\��TS �eJ�a�R�F�S�j Fgu�W$`LFbGLG��TQ[YO�[aNY+agJ
�h^_V$F�FgJUSTZ�R�� �yab`�FbY�� �hZ]J��eQ�Y"�NFNSTSeV$ShZ��T`LF�^_V��+WyFbV�JHGNj FNY+G�V��Tqv`�F��[E�FkG
JL`LZ[Y+G��eJ
�TQ[Y|G��NQ[Y��/Q�`�M�ZfJ
�TQ[Y$Y$FbSeSTFbG�R$F �gFgJ�J�FX�+\$`�FXFgJ;SeFkG�MOa!�NZfY��TG�MOFbG�Z[SeSTQ�G�J�ab`
�h^_V$FbG�^_V�j FNSTSTF.WyFb`�MOFgJ
FNJ�^_V�j FNSTSeF �NQ[Y�JL`���SeF�WyQ�V$`�`9Z��TFNY_JUZ��eY+G
� �gJL`�F'R�FbGHW��eK!�gFbGHMOZ��TJL`�FkG�G�FbGUR$ZfY|G!STFbGHG��9n$aNM�Z[GHR�F�`LaN��V$STZfJ
�TQ[Y
R�FBS�j FNuvW+`�FkG�G
�eQ�Ym��aNY$aNJ
�h^_V$F$�Ln$F��;STFbG~FNV��bZf`LI[QfJLFbG	�
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E0F �gFb`�q[FkZfV?FkG(J�W$`LQ[\+Z[\$STFNMOFNY�J�V$YoFgu�FNMOW$STFBJ(IvW��h^_V$FXR�F.STZ �NQ[MOW$STFgu��eJ�a.`�FNY �gQ[Y_J�`LaNF�R+ZfY+G�SeFkG�G�I�G�{
JLKNMOFbGO\��eQ�SeQ����h^�V+FbG	� � S~W$`LabG�FNY_J�F?FNY5F���FgJmR�F?Y$Q�M.\$`�FbV+G�FbGla��9n$FNSTSTFbG�G�W|Z]J
�TQ�{�J�FbMOWyQ[`LFNSTSeFkG | agJL`�Q���JLF5{
MOFNY_J �gQ�V$W$STaNFbG | R�FbW$V��hGHS�j a��9n$FNSTSTF�MOQ�Sea!�gV$ShZ��T`�F�R$FbGHY$FNV$`LQfJL`LZ[Y+G�MlFNJ�JLFNV$`9G!FgJ~R�FbGH`La��gFbW�J�FbV$`LGHG�IvY+ZfWv{
J��T^_V$FkG | Q[V�S�j a��9n$FNSTSeF$�gFbSeSTV$ShZ��T`�F;R�F;S�j Z���J
�Tq���JLa'Y$FbV$`LQ[Y+Z[SeF | t(V+GL^_V�j   �gFbSeSTF | M�Z��g`LQ�G��gQ[W��T^_V$F |  XShZ[^_V$FbSeSTF
Q�YmQ�\+G�FN`Lq[F'G�Q�Y�Z���J
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