
���������	��
��
������
���� ������������������������
�� "!$#&%&'(%&)*%,+�-/.102+4365*!$-879-8:<; =<>@?BADC<>FEHGI0KJ�3�L,+4MN'(%,#PO=<><><QSR"><TSR"CNU

V WYX[Z \^]B_ ` \bacW�d1e1fcg

h fia
` jid2Xke�lnm�XBW�o acW�gp]kWqW rs\^]B]kW�d h Xket\^fim

u�vxwBynz1{}|Syn~ ��v���~���y��I��z}z}�[~

�����6���S�/�����x���S���������B�����N�����S�/�P���������* ¡�P��¢S��£��P�S¤¦¥N�P§¨�S©B�ª�
�����n«�¥N��©���¢F�����6���¬��­����®¤¦¥N�x�x���S¥N��������¢/��¯}���* ¡�P��¢S�
°±«@²F³�´�µ&�H¶@·x���k¸�¥N£¹�S���������/�tº2´®�S��§»�ª��¼�½





C
� v�{�������� � �¨� v���|/~	�

yn~��
� 
	��{}|���zt{}v�
 � v����Ivxv������H�Hv��/yF{}|�� ~�z

���

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

�x���/�P������­'-�§����P���S©���¥������n´®�S£����P��§¨�S�*��¥ª¤����*  ����¢S�@�ª�x�����/.����10N�S�����¬�& 
¥�¤�.�§��)2���� £��ª�P������¯ ¤¦­�¯13�¯�¯�§¨�S�*��¥�¤ �������P�+4$­����P�/§��/�*�x¤¦¥N��������©��/�N�P�/�n¥�¤

���ª�P���S��¥ª¤65¡¢S���S��¢/�����B�����N�����/�S�����������*  ����¢/�S½
5¡­�£¹�S�70 ���P¥N����8�� �S�����/���k�������������/�k����©:9F��§;5 ���/£�£2�/� ½

��<���§������ ��¥N��8����ª�P��� �ª��������¼$¯�­���©t½





���������	��
��

 )*L�7('�� +4#��/L,+�+���+43�%,+4M�M��/'(7(;�� ; %&5$+@.D+��/%&)*L,+4#��/!$M ?*L,-8?�+�L&%&'9+4#�-/.�34-��F?*79+�� !$+�% R
� -8L���#H%&5��/%�#&)*L&L,-8)*!$M*#I)$# +�� +�L&; � 5$+�L,+��} ±!ª%,+�L&!$+�%� �%&5$+"!�-8L&79M#! '9M*+$!�+��% . L&'9+�!$M�R#,5*'(?�!$+�% � -8L��N#&�/!$M
?*L,-8%,+�'(!	!$+�% � -8L��N#�'(!	-8)*L�34+�7(79#"�/L,+x#,-���+x-/. %&5$+��'�)(K+4#6+��/L,3,5'(! %&5$++* +�79M�5��8#x#&5$- � !�%&5��/%,���/! ; -/.I%&5$+4#,+@L,+��/7 � -8L&79M !$+�% � -8L���#�5���� +#��� +�L&;
�*L,--�8MnM*+�:<L,+4+�MN'9#&%&L&'��*)*%&'9-8!% �3�79-<#,+�%,-�?�- � +�L R¦7.� � #��}0�5*'9#/��+��/!$#}%&5��/%}?��/L&%&'93�'(?��/!ª%,#
� '(%&50�[#����/7(7 ! )��,��+�L�-/.H34-8!*!$+43�%&'9-8!$#�M*-��F'(!��/%,+®%&5$+®!$+�% � -8L���# � 5*'(79+®%&5$+�L,+1�/L,+
2 )$#&%"��. + �3� '(%&54�+� +�L&;[7.�/L&: +�! )��,��+�LK-/.t34-8!*!$+43�%&'9-8!$#�� 0�5$+4#,+�5*'(:<5*7(;
34-8!*!$+43�%,+4M
�/: +�!ª%,#®'(!65$)$+�!$34+4#+�'�*'(:�?��/L&%�-/.�%&5$+n!$+�% � -8L��7 � 5*'93658���	� +4#®%&5$+�� '(!ª%,+�L,+4#&%&'(!*:
�/!$M�?*L,-����	�*7(;9� +�L&; '��F?�-8L&%:�/!ª%�.D-8L�%&5$+	!$+�% � -8L�� . )*!$3�%&'9-8!%�  "!�?��/L&%n � /� #6+�7 .�R-8L&:;�/!*'�<4'(!*:���-ªM*+�7¡-/.=��+�L&:<'(!*:>�/!$MFL,+�: +�!$+�L:�/%&'9-8!n'9#1?*L,+4#6+�! %,+4M�%,-�3�L,+��/%,+�MN'(L,+43�%,+4M!$+�% � -8L��N# � '(%&5 ?�- � +�L R¦7.� � M*+�:<L,+4+
MN'9#&%&L&'��*)*%&'9-8!$#F#,'��F'(7.�/L�%,-»#,+�� +�L:�/7�L,+��/7 � -8L&79M!$+�% � -8L��N#��}0�5$+&��-ªM*+�7�34-8)*79M�.D-8LH+����	�F?*79+�M*+4#,3�L&'���+K%&5$+�MN;�!��	�F'934#�-/.�34-��F?��/!*'9+4#
�*)*;�'(!*:
)*? +��83,5 -8%&5$+�L?�/%�%&5$+@#:�	��+®%&'���+1�8#�!$+ � -8!$+4#@�/L,+@#&%:�/L&%,+4MA�� ±!»?��/L&%x , %&5$+@#&%&L&)$3�%&)*L,+F-/.HL,+��/7 � -8L&79M !$+�% � -8L���#,�/L,+®'(!B� +4#&%&'(:;�/%,+4M '(! %&5$+@#,+�!$#,+®-/.IM*+�:<L,+4+#6+�C )$+�!$34+4# � 5$+�!�#&%,+�?*?*'(!*:�-8)*%I'(! %&5$+�!$+�% � -8L��7 ��,��)*7(%&' R±#&%,+�?	M*+�:<L,+4+�34-8L&L,+�7.�/%&'9-8!
��+��8#,)*L,+���+�! %t'9#�?*L,+4#,+�!ª%,+4MA�t0�5*'9#D��+��8#&)*L,+���+�!ª%t'9#E�/79#,-�!$-8L����/7('�< +4M � '(%&5�%&5$+ -8!$+#,%,+�?kM*+�:<L,+4+
34-8L&L,+�7.�/%&'9-8! ?*L,-	*$79+��¨0�5$+[?�-<#,'(%&'9-8!*'(!*: -/.�5*'(:<5*7(;k34-8!*!$+43�%,+4Mk!$-�M*+4#L,+�7.�/%&'�� +n%,-	+��83,5 -8%&5$+�L�'9#�-8!$+n-/.�%&5$+n#&%&L&)$3�%&)*L:�/7H?*L,-8?�+�L&%&'9+4#�%&5��/%��/L,+#�/!��/7(;F< +4M
�/!$M'��-<#&%�-/. %&5$+�!$+�% � -8L��N#$�/L,+�#&5$- � !	%,-nM*+���-8!$#&%&L:�/%,+�5ª)���#,+�?��/L:�/%&'9-8!%�





� \^f XBW�f Xkm

� 
��=�������	�D
���
��
� �
� � �����	���������;���������A� �=6�(U ! 5��/%�'9#&�@34-��F?*79+���!$+�% � -8L��! � �,� �?�?� �?� �?�,� �?� �?� �?�?� � "=6�(U��(U ! 5��/%�'9#&�@!$+�% � -8L��! ��?� �,� �?�?� �?� �?�,� �?� �?� �?�?� � "=6�(U�� = ! 5��/%�M*-ª+4#�34-��F?*79+�� ��+��/!� �?� �?� �?�,� �?� �?� �?�?� � "=6� = 02+�L��F'(!$-879-8:<; � �,� �?� �?�?� �?� �,� �?�?� �?� �?�,� �?� �?� �?�?� � T=6� C #�' ��+�L,+�!ª%K%";ª?�+4#�-/.t!$+�% � -8L��N#"�?� �,� �?�?� �?� �?�,� �?� �?� �?�?� � $=6� C6�(U Jª%&L&)$3�%&)*L,+ �?� �?�?� �?� �,� �?�?� �?� �?�,� �?� �?� �?�?� � $=6� C6� = #�+�:<L,+4+�MN'9#&%&L&'��*)*%&'9-8!$# � �,� �?�?� �?� �?�,� �?� �?� �?�?� � U >=6� C6� C (K+��/7 � -8L&79M�!$+�% � -8L���# � �,� �?�?� �?� �?�,� �?� �?� �?�?� � U<U=6� % 02-�-879#�.D-8L � -8L���'(!*: � '(%&5�!$+�% � -8L��N# � �?�?� �?� �?�,� �?� �?� �?�?� � U ==6� %��(U ($�/!$M*-��F'�< �/%&'9-8! �?� �?� �,� �?�?� �?� �?�,� �?� �?� �?�?� � U ==6� %�� = #�+�:<L,+4+�34-8L&L,+�7.�/%&'9-8!�?*L,-	*$79+ �?�?� �?� �?�,� �?� �?� �?�?� � U C=6� %�� C & R±#,34-8L,+?�,� �?� �?�?� �?� �,� �?�?� �?� �?�,� �?� �?� �?�?� � U�%

' (
)
* �+�B�-,

��.,0�/�.� ���0,��1�.�;�	�6��
���� �32C6�(U 4 �83 ��:<L,-8)*!$M � �,� �?� �?�?� �?� �,� �?�?� �?� �?�,� �?� �?� �?�?� � U5$C6� = 0�5$+ ��-�M*+�7 �?� �,� �?� �?�?� �?� �,� �?�?� �?� �?�,� �?� �?� �?�?� �c=<>C6� =6�(U 6*L&'9+�!$MN7(; ��+�L&:<'(!*: � �?� �,� �?�?� �?� �?�,� �?� �?� �?�?� �c=<>C6� =6� = 7�-<#&%&'(79+@��+�L&:<'(!*: �?� �?� �,� �?�?� �?� �?�,� �?� �?� �?�?� �c=NUC6� C (K+4#,)*7(%,#&� �?�?� �,� �?� �?�?� �?� �,� �?�?� �?� �?�,� �?� �?� �?�?� �c=<=C6� C6�(U 6*L&'9+�!$MN7(; ��+�L&:<'(!*: � �?� �,� �?�?� �?� �?�,� �?� �?� �?�?� �c=<=C6� C6� = 7�-<#&%&'(79+@��+�L&:<'(!*: �?� �?� �,� �?�?� �?� �?�,� �?� �?� �?�?� �c=98C6� % GI-8!$3�7()$#&'9-8!$# � �,� �?� �?�?� �?� �,� �?�?� �?� �?�,� �?� �?� �?�?� �c=�"

'9' :;(
< �=�>� ��
@?:���5�0�A�.�1,����0�4
0���	�-�B� �6��
��
� *�*

%��(U 4 �83 ��:<L,-8)*!$M � �,� �?� �?�?� �?� �,� �?�?� �?� �?�,� �?� �?� �?�?� �cC<C
C



% ���������	�
���

%�� = ($�/!$M*-��F'�< �/%&'9-8!4� +4+�?*'(!*:[%&5$+�M*+�:<L,+4+�34-8L&L,+�7.�/%&'9-8!»34-8!$#&%:�/! % �?�?� �cC<C
%�� C 
�)*7(%&' R±#&%,+�?¨M*+�:<L,+4+�34-8L&L,+�7.�/%&'9-8! �?� �?�,� �?� �?�?� �?� �,� �?�?� �cC�%
%�� % (K+4#&)*7(%,#$� �?�?� �?� �?� �,�?� �?� �?� �?�,� �?� �?�?� �?� �,� �?�?� �cC<Q
%�� Q GI-8!$3�7()$#&'9-8!$# � �?� �?� �,�?� �?� �?� �?�,� �?� �?�?� �?� �,� �?�?� � %$U

� �D���D��� ������� �;
���� <�*
�>
�� ���B� ���0�>, �B���1�=��� < <
� 
 �>� 
�� , � �!����� < �



� �������	��
 �


�f XB]B\ aijir Xket\�f

7@��� +}; -8)�+�� +�L%��+4+�!,�	���	< +4M�-�� +�L25$- � . �8#&%�+�� +�L&; -8!$+ ; -8) �ª!$- � ��!$- � #D�	��-8)*%�%&5$++��N%&L,+���+�7(;�+������/L&L:�8#,#&'(!*: %&5*'(!*:[; -8) MN'9M 2 )$#&%K%&5$+�M��4;'��+�.D-8L,+� 
 L�5$- �  A�/7���-<#&%+�� +�L&%&'���+¨; -8)�� L,+�-8!3� ���83��/%&'9-8! �	�*L,--�8M3�/!$M�; -8) ��+4+�% �».D+�7(79- � 34-8)*! %&L&;F��+�!; -8) #,+4+���%,- 5���� + �#��)*%&)��/71.�L&'9+�!$M  0�5$+1�/!$# � +�L,#�7('9+@'(!»%&5$+�* +�79M -/.I34-��F?*79+��!$+�% � -8L��N# � 5*'93,5% �7('�� +�%&5$+�. L&'9+�!$M*#&5*'(? !$+�% � -8L��N##��+�!ª%&'9-8!$+4M �	��-�� +»+���+43�%,#n-8)*L7('�� +4#�M��/'(7(;-�� "! %,+�L&!$+�%� �%&5$+ � -8L&79M � '9M*+�!�+��0�/!$M»?*L,-8%,+�'(! !$+�% � -8L���#x'(! -8)*L�34+�7(79#
�/L,+ -8%&5$+�L¹+����	�F?*79+4#��tJª%&)$MN;�'(!*:�34-��F?*79+���!$+�% � -8L��N#t-8L&'(:<'(!��/%,+4#�. L,-��Y:<L:�/?*5�%&5$+4-8L&;
� 5*'9365 � �8#"��-8L&! �8#K+��/L&7(;'�8#�'(!�%&5$+�U T/%&5�34+�! %&)*L&;�%,-[#&%&)$MN; ?*L,-��*79+���#K7('�� +� 5$- �%,-�%:�	� +	%&L&'(?$# � 5*'9365 ��'9#&'(%,#[34+�L&%:�/'(! #&'(%,+4#[+����83�%&7(; -8!$34+�� Q�� � 0�5$+ * +�79M %,-ª-�� �
�*'(:»79+��/? � 5$+�!k. �8#&%�34-��F?*)*%,+�L,# � '(%&59��5*'(:<5 34-��F?*)*%:�/%&'9-8!��/7�3��/?��83�'(%±;8��+43��	��+
�����/'(7.�	�*79+x#,'(!$34+�%&5$+�34-��F?*)*%,+�L,#�:;��� +�%&5$+�#63�'9+�! %&'9#&%,#�%&5$+�-8?*?�-8L&%&)*!*'(%±; %,-�?*L,+�.D-8L��. �8#&%I#&'���)*7.�/%&'9-8!$#�-8! 7.�/L&: +�#&;N#&%,+���#��>#�)*L&'(!*:�%&5$+�L,+434+�! %I; +��/L,#I%&5$+ * +�79M[5��8#/��+4+�!M*-��F'(!��/%,+4M � ; ��+��8#&)*L&'(!*:�L,+��/7 � -8L&79Ms!$+�% � -8L���#  x%&L&;ª'(!*: %,-9*$!$Ms34-8!*!$+43�%&'9-8!$#
��+�% � +4+�!�%&5$+�#,%&L&)$3�%&)*L,+��/!$M�%&5$+�. )*!$3�%&'9-8!¨-/.)�@!$+�% � -8L��4�/!$M�%,-F)*!$M*+�L,#,%:�/!$M	%&5$+?*L,-�34+4#,#�-/.1+�� -87���'(!*:n!$+�% � -8L��N#��� ±% � �8#K. -8)*!$M�%&5��/%$���/! ;	-/.1%&5$+�!$+�% � -8L��N#�. L,-��34-��F?*79+�%,+�7(;»MN' ��+�L,+�!ª%x?��/L&%,#�-/.H-8)*L � -8L&79MA �7('�� +®%&5$-<#,+,��+�!ª%&'9-8!$+4M8�	��-�� +� �5���� + �34-��1��-8!¨.D+��/%&)*L,+���0�5$+�;	34-8!$#&'9#&%,#�-/. �1� +�L&;�7.�/L&: +�!ª)��,��+�Lx-/.}!$-ªM*+4# � '(%&5���79- �!ª)��,��+�LK-/. 34-8!*!$+43�%&'9-8!$# �/!$M'��. + � !ª)��,��+�LK-/.¹!$-�M*+4# � '(%&54��� +�L&;[5*'(:<5�!ª)��,��+�L-/.�34-8!*!$+43�%&'9-8!$#��q0�5$+�MN'9#&%&L&'��*)*%&'9-8! -/.�34-8!*!$+43�%&'9-8!$#'�	��-8!*:B%&5$+�!$-ªM*+4#n. -87(79- � #3�79-<#6+�%,- ��?�- � +�L R¦7.� � � %�� �K0�5*'9# ���	� +4#�+�� +�L&;ª%&5*'(!*:�+�� +�! ��-8L,+�'(!ª%,+�L,+4#&%&'(!*:�� 6$-8L'(!$#,%:�/!$34+� %&5$+ !�-8L&79M1! '9M*+ !�+�����'9#}34-8!$#,%&L&)$3�%,+4M � ;>�F'(7(7('9-8!$#H-/.�?�+4-8?*79+�3�L,+��/%&'(!*:#,'(%,+4#n+�� +�L&;�M��4; � 5*'9365 %&5$+�; 7('(!�� %,-B-8%&5$+�L #&'(%,+4#n-/.x%&5$+�'(L[?��/L&%&'93�)*7.�/L['(!ª%,+�L,+4#&%��GI-8!$#,'9M*+�L&'(!*:�%&5$+����8#&%�MN'�� +�L&: +�!$34+@'(! 5 )����/! '(! %,+�L,+4#,%,#� � 5 ;¨'9#&!�� %�%&5*'9#�!$+�% � -8L��34-��F?*79+�%,+�7(;�L:�/!$M*-���� C��� 7�- � %&5$+ #&%&L&)$3�%&)*L,+ '9#234-8!*!$+43�%,+4M�%,-�%&5$+1. )*!$3�%&'9-8!�'9# �/79#,-
� � +�L&;®'(! %,+�L,+4#,%&'(!*:�Cª)$+4#&%&'9-8!%�tE � +�!�%&5$-8)*:<5#��79-8%}-/.�%&5$+4#,+�!$+�% � -8L��N# 5���� +�#&'��F'(7.�/LMN'9#,%&L&'��*)*%&'9-8!$#�-/. 34-8!*!$+43�%&'9-8!$#�%&5$+�; �/L,+�34-8!$#&%&L&)$3�%,+4M¨%,-[M*-[MN' ��+�L,+�!ª%�%&5*'(!*: #@�/!$M%&5ª)$#K#&5$-8)*79M	5���� +�MN' ��+�L,+�! %�#&%&L&)$3�%&)*L,+4#�� 
 L  0�5*'9#�%&5$+4#&'9#�'9#%�	��-8)*%%��-8%&5x%&5$+1?*L,-�34+4#,#�-/.*+�� -87��ª'(!*:KMN'(L,+43�%,+4M�!$+�% � -8L��N#¹%&5*L,-8)*:<5
�0��+�L&:<'(!*: �/!$M L,+�: +�!$+�L:�/%&'9-8!3��-ªM*+�7 �/!$M ���/?*?*'(!*:�%&5$+�#&%&L&)$3�%&)*L,+»-/.�#&' � L,+��/7
� -8L&79M	!$+�% � -8L��N#�)$#&'(!*:#�+��)*7(%&' R±#&%,+�?¨M*+�:<L,+4+�34-8L&L,+�7.�/%&'9-8!4��+��8#&)*L,+���+�!ª%��

Q





� �������	��
 �

� \^` o dtW�� fcWYX[Z \^]B_ m

����� � 	�

������
�������������� �!���#"$�&%('�)

0�5$+K#&%:�/%,+���+�! %H%&5��/%H#,-���+�%&5*'(!*:�'9#/�x34-��F?*79+��F!$+�% � -8L�� �*)*% #,-���+�%&5*'(!*:®+�79#,+�'9#&!�� %5��8#�%,- ��+�#&)*?*?�-8L&%,+4M � ;»#,-���+@34-8!$34+�?*%,#?�/!$M»M*+�*$!*'(%&'9-8!$# � 4�+�79- � . -87(79- � #x#,-���+3�7()$+4# �
*,+ ( + ( - $&� � � � � !�� �/. *�"1032
4�57698;:=<?>A@ A #,-���+�%&'���+4# �/79#,-�3��/7(79+4M>��B >DCAEGF O�%";ª?*'93��/7(7(;®M*+4#,3�L&'���+4#��K#&;�#,%,+�� � 5$+�L,+%&5$+)���8#&'931?��/L&%,#HA �/: +�!ª%,#PO%�/L,+}'(! %,+�L,34-8!*!$+43�%,+4MA -/. %,+�!?��'.��#,-���+}#,-8L&%¹-/.�'(!N.D-8L����/%&'9-8!
5 - � � 
 !$+
3��/! %&5*'(!���-/.�3��/L,#F-8! �¨L,--�8MA }: -<#,#&'(? ��+�% � +4+�! .�L&'9+�!$M*#  }+�79+43�%&L&'93�'(%±;
��+�% � +4+�!k?�- � +�L,#&%:�/%&'9-8!$#®-8L?��-8!$+�; ��+�% � +4+�!�34-��F?��/!*'9+4#�� 4 !$+�% � -8L��B3��/!�5���� +
�/!ª;�#&'�< +� N' � +x! )�����+�L�-/. '(!ª%,+�L,34-8!*!$+43�%,+4M �/: +�!ª%,#� $-8LK#,5��/?�+��
*,+ ( +H* - $&� � (&*�� �JI *�KMLON �QP�K ����!&2
 "%�'9#®-/. %,+�!kMN'SRn3�)*7(%®%,-¨#,+�?��/L:�/%,+[%&5$+ ��+��/!*'(!*: -/.�%&5$+ � -8L,M*# complicated

�/!$M
complex

� ! 5��/%�M*-ª+4#�%&5$+�7.�/%&%,+�L � -8L,M0��+��/!k'(!B?*L,+4#,+�!ª%�34-8!ª%,+���%  0�5$+�L,+#�/L,+?*L,-����	�*7(; �/7���-<#&%"�8# ���/! ;[M*+�*$!*'(%&'9-8!$#K-/.���34-��F?*79+��
#&;N#&%,+�� �8#I%&5$+�L,+ �/L,+�#,3�'9+�!NR%&'9#,%,# � -8L���'(!*:	'(! %&5$++* +�79MA A�*)*%x5$+�L,+ �/L,+@% � -	+����	�F?*79+4#/TVUXW <?YZE\[]6�^`_bac_b8d6bY�eH_
<f5(6g8hFiCf8kj9amln6A_be B 5o<?>&pbq#5 W 8;er<?5s<f>tjD<f8hFueH_glfe v W q#[S8�8w<mqx5(ln6b>A_b8wC?5\lyC?5\lmzc69>Ae pAa
�(U T��&�/!$M{U|W <fY�E([]6D^u_Aac_b8d69Y}eH_t<?576teH5{:~Fxe W F�8hFi6b>�6`C?>�6tY�qx[S8;e�E\[]6�eH5\8d6b>�C W 8;e;<f5Q_
j�698;:36�6b5�YgC?5�a�l?e �Z6b>�6b5G8 W <?YZEi<?5(6b5\8h_ �(U Q�� � 4 !$-8%&5$+�L�34-��1��-8! +��N?*7.�/!��/%&'9-8!�'9#%&5��/%�. -8L��	34-��F?*79+�� #,;�#&%,+��' 2%&5$+ � 5$-879+�'9#�:<L,+��/%,+�L�%&5��/!�%&5$+�#,)�� -/.�'(%,#x?��/L&%,#��0�5*'9#@3��/! ��+n)*!$M*+�L,#&%,-�-�M8��+�%&%,+�L>� ;�79-�-��ª'(!*:0�/%1��#6-ª3434+�L®%,+��	�'�  ±%�� #®'��F?�-<#,#&' R
�*79+�%,- #:�4;�.D-8L�#,)*L,+ � 5*'9365»%,+��	� �/L,+�: -8'(!*:[%,- � '(! � ���/%,365 2 )$#&% � ;	79-�-���'(!*: �/%%&5$+�'(!$MN'���'9MN)��/7 ?*7.� ; +�L,#���0�5$+ � �4;�%&5$+�;�?*7.�4;	%,-8: +�%&5$+�L�'9#@�n3�L&)$3�'.�/7¹. �83�%,-8L���0�5$+
� -8L,M complicated

'(!»%&5*'9#�34-8! %,+��N%�5��8# ��#6-���+ � 5��/%�MN' ��+�L,+�! %x34-8!*!$-8%:�/%&'9-8!% A�/!+����	�F?*79+n-/.$��34-��F?*7('93��/%,+4Mk#,;�#&%,+�� 34-8)*79MB'(!$#&%,+��8M8��+ � ���83,5*'(!$+ � '(%&5 ��7.�/L&: +!ª)��,��+�Ln-/.�?��/L&%,#��k ±.�-8!$+�#,)�� )*? %&5$+�34-8! %&L&'��*)*%&'9-8! -/.�+��83,5�?��/L&%�-8!$+ � -8)*79M
"



T ������� �����	��
 ���
����� ��� � � ��� �
��� �

: +�%x%&5$+ �83�%&'9-8! %&5$+>���83,5*'(!$+ � �8# �*)*'(7(%x%,-
?�+�L . -8L��'� 4 34-��1��-8!k+����	�F?*79+F-/."�34-��F?*7('93��/%,+4M�#,;�#&%,+�� 7('�� +�%&5*'9#�'9#&�/!4�/'(L&?*7.�/!$+��
�k��� � �~%7� ���!� �������

� ���>�;�
0�5$+F?��/L&%&'93�'(?��/!ª%,#®-/.&�
!$+�% � -8L�� A�?�+4-8?*79+� ¹?�- � +�L,#&%:�/%&'9-8!$#� 134-��F?��/!*'9+4#®+�%,3���O �/L,+3��/7(79+4M 5\</ln6b_ �t0�5$+�;,�*)*'(79M®)*?@%&5$+�!$+�% � -8L����ª;�MN' ��+�L,+�! % ��'(!$M*# -/.�34-��1��)*!*'93��/%&'9-8!
��'.�@7('(!���#&��+�% � +4+�!»%&5$+��'�H0�5$+�#&'�< +�-/./�@!$+�% � -8L��	'9#K%&5$+x%,-8%:�/72!ª)��,��+�L�-/.1!$-�M*+4#'(!�'(%� 

N
�

� 
 �.�A�

a)

b)

�����! #"%$'&)(+*-,/.10
2436587:9<;87=2?>�@-0�A4B-2436>
587C9C;87=2�DE3EBGF

0�5$+ 34-8!*!$+43�%&'9-8!$#���+�% � +4+�!®MN' ��+�L,+�! % !$-ªM*+4# �/L,+3��/7(79+4M [ eH5Q@ _ �10�5$+4#,+x3��/! ��+xMN'(L,+43�%,+4M�-8L�)*!$MN' RL,+43�%,+4M¨A *$:��1=6�(U�OtM*+�?�+�!$MN'(!*:�-8!n%&5$+K#&;N#&%,+�� '(!
Cª)$+4#&%&'9-8!%�;6$-8L�+����	�F?*79+ ��.�L&'9+�!$M*#,5*'(?[!$+�% � -8L��'9#�-/.�%,+�!¨)*!$MN'(L,+43�%,+4M�A�' . 4 '9# �@. L&'9+�!$M¨-/. 4@ 4'9# ��-<#&% 7('�� +�7(;>��. L&'9+�!$M�-/. 4 O � 5*'(79+�%&5$+ !�-8L&79M
! '9M*+#!�+�� '9# �»MN'(L,+43�%,+4M !$+�% � -8L�� #&'(!$34+
%&5$+7('(!��N# ��+�% � +4+�!»?��/: +4#�: -�+4#�-8!$+ � �4;�A�' . 4 '9#K7('(!�� +4M	%,- 4@ !4sM*-�+4#&!�� %�5���� +�%,-1��+7('(!�� +4M�%,- 4 O��
H �0, �-�1�
0�5$+ ! )�����+�L�-/.K7('(!��N#®%&5��/% �/L,+ 34-8!*!$+43�%,+4M�%,- ��!$-ªM*+ � '(7(7�5$+�L,+ ��+ 3��/7(79+4M�%&5$+M*+�:<L,+4+�A �*O�-/. %&5��/%�!$-�M*+�A #,-���+�%&'���+4#?�/79#,-
3��/7(79+4M»%&5$+®34-8!*!$+43�%&'���'(%±; -/. �n!$-�M*+�O��J�-

ki
'9#�%&5$+@M*+�:<L,+4+@-/. !$-�M*+

i
�x "!»%&5$+�3��8#,+@-/. �[MN'(L,+43�%,+4M !$+�% � -8L����n!$-�M*+�5��8#

��-8%&5 �/!�'(!NR �/!$M �/!�-8)*% R±M*+�:<L,+4+� M*+�!$-8%,+4M
ki,in

�/!$M
ki,out

L,+4#&?�+43�%&'�� +�7(;-�»0�5��/%'9#� 1%&5$+
!ª)��,��+�Ln-/.�7('(!��N#@%&5��/%F: -�+4# pA>D<?Y �»34+�L&%:�/'(!�!$-�M*+ �/!$M %&5$+
! )��,��+�Ln-/.7('(!��N#�%&5��/%@: -�+4# 8w< %&5��/%®!$-�M*+���0�5$+ %,-8%:�/7�! )�����+�L�-/.K7('(!��N#®'(! �/!�)*!$MN'(L,+43�%,+4M#&;N#&%,+�� '9#
ktot = 1

2

∑N
i ki

�/!$M�%&5$+ ��� +�L:�/: +
M*+�:<L,+4+['9#
kav = 2ktot/N

 � 5$+�L,+%&5$+�% � -[34-���+4#� '(!4��-8%&5�3��8#6+4#� *. L,-�� %&5$+x. �83�%�%&5��/%�+��83,5»7('(!�� 5��8#K% � -[+�!$M*#��� "!%&5$+�MN'(L,+43�%,+4M�#&;N#&%,+�� %&5$+�%,-8%:�/7�! )�����+�L�-/.27('(!���#I'9#
ktot =

∑N
i ki,in =

∑N
i ki,out�/!$M¨%&5$++��� +�L:�/: +®M*+�:<L,+4+�'9#

kav = kav,out = kav,in = ktot/N
��I�-�M*+4#�%&5��/%�5���� +

�@M*+�:<L,+4+ ��)$3,5»7.�/L&: +�L�%&5��/!	%&5$+?��� +�L:�/: +�M*+�:<L,+4+,�/L,+�3��/7(79+4M FxqQjA_ �
H �0, �-�1� �	
 ������
 �	�%��
��
�

 !$+ � +�7(7*M*+�*$!$+4M@3,5��/L:�83�%,+�L&'9#&%&'93K-/.=��!$+�% � -8L��®'9# '(%,# M*+�:<L,+4+�MN'9#&%&L&'��*)*%&'9-8! � 5*'9365F'9#%&5$+�MN'9#&%&L&'��*)*%&'9-8! -/.�!$-ªM*+4# � '(%&5 �x34+�L&%:�/'(!nM*+�:<L,+4+��1 ±.�-8!$+�%&5$+�!n!$-8L����/7('�< +�'(% � '(%&5%&5$+@%,-8%:�/7}!ª)��,��+�L�-/.H!$-�M*+4#x'(! %&5$+F#&;N#&%,+�� -8!$+F: +�%,� ?*L,-����	�*'(7('(%±; MN'9#&%&L&'��*)*%&'9-8!. )*!$3�%&'9-8!% 

P (k)
� 0�5��/%2'9#� S%&5$+1?*L,-����	�*'(7('(%";�%&5��/%��/!��/L��*'(%&L:�/L&;�!$-ªM*+15��8#2%&5$+ M*+�:<L,+4+

�7� GI-8!$#,+�Cª)$+�! %&7(;x.D-8L��KMN'(L,+43�%,+4M�!$+�% � -8L��®-8!$+}5��8#E��-8%&5>�/!�'(!NR7�/!$M>�/!�-8)*% R±M*+�:<L,+4+



��
��#
������������ �	��� �
	��	� � ��� � � ��� �
� � � $

MN'9#,%&L&'��*)*%&'9-8!»M*+4#,3�L&'��*'(!*: %&5$+�#,;�#&%,+��'� 4 !$-8%&5$+�L�34-��1��-8! � � ;	-/.}?*L,+4#,+�! %&'(!*: %&5$+M*+�:<L,+4+»MN'9#&%&L&'��*)*%&'9-8! '9# �8# ��3�)���)*7.�/%&'�� +»M*+�:<L,+4+»MN'9#&%&L&'��*)*%&'9-8!% 
P (> k)

�s0�5*'9#MN'9#,%&L&'��*)*%&'9-8!�'9#F:<'���'(!*: %&5$+�?*L,-����	�*'(7('(%±; %&5��/%��/! �/L��*'(%&L:�/L&;�!$-�M*+�5��8#�� M*+�:<L,+4+
[]C?> B 6b> %&5��/!

k
�}0�5$+�3�)���)*7.�/%&'�� +�M*+�:<L,+4+�MN'9#,%&L&'��*)*%&'9-8!�'9#�M*+�*$!$+4M4�8#
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∞
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R(ki, kj) =

n(ki, kj)

< nrandom(ki, kj) >
,

AD=6� 8 O
� 5$+�L,+ n(ki, kj)

�/!$M
< nrandom(ki, kj) >
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%&5$+ ! )�����+�L�-/.®7('(!���#
%&5��/%4�/L,+34-8!*!$+43�%,+4M ��+�% � +4+�! ��!$-�M*+�-/. M*+�:<L,+4+ ki
�/!$M��F!$-�M*+�-/. M*+�:<L,+4+

kj
.D-8LK%&5$+�L,+��/7

�/!$M�%&5$+nL:�/!$M*-��F'�< +4M � +�L,#&'9-8!kL,+4#,?�+43�%&'�� +�7(;-��0�5$+
<>
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0 6 Low 6 k1/6
max

k1/6
max < Medium 6 k1/2

max

k1/2
max < High 6 kmax

� 5$+�L,+ kmax
'9# %&5$+»M*+�:<L,+4+ -/.�%&5$+¨7.�/L&: +4#,% 5ª)��%� 0�5$+

R
���/7()$+4# ���	� +4#
)*? �
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#,'(:<!*' * 3��/!$34+?���/7()$+��10�5$+ & R±#,34-8L,+x'9#�:<'�� +�!4� ;

Z =
xi − x̄

σ
,

AD=6� "<O
� 5$+�L,+ xi

'9#�%&5$+x!ª)��,��+�LK%,-1��+�%,+4#&%,+4MA 
x̄
�/!$M

σ
'9#�%&5$+?��+��/! �/!$M	%&5$+�#,%:�/!$M��/L,MM*+���'.�/%&'9-8!BL,+4#,?�+43�%&'�� +�7(;B-/.�%&5$+[MN'9#&%&L&'��*)*%&'9-8!�-/.�!ª)��,��+�L,#�. L,-�� %&5$+nL:�/!$M*-��F'�< +4M!$+�% � -8L��N#��B0�5*'9#>��+��/!$#@%&5��/%F' .�%&5$+ & R±#634-8L,+
'9#®+�Cª)��/7�%,-»% � -� H%&5$+ ?*L,-����	�*'(7('(%±;-/.®MNL:� � '(!*: �B! )��,��+�L

x > xi
. L,-�� %&5$+ MN'9#&%&L&'��*)*%&'9-8!s-/.�!ª)��,��+�L,#
.�L,-�� %&5$+L:�/!$M*-��F'�< +4M !$+�% � -8L���#['9# 2.3

?*L,-�34+�! % �/!$M .D-8L
Z = 3

%&5$+�?*L,-����	�*'(7('(%";�'9#
0.1?*L,-�34+�! %��  ±!�%&5*'9#�%&5$+4#,'9#�%&5$+x7.�/%&%,+�L�#&'(:<!*' * 3��/!$34+�79+�� +�7 � '(7(7A��+�)$#,+4M � 5*'9365'��+��/!$#%&5��/%&�/7(7.& R±#634-8L,+4#�%&5��/%&�/L,+@�*'(:<: +�L�%&5��/!�%&5*L,+4+x-8L�#����/7(79+�L�%&5��/! �F'(!ª)$#�%&5*L,+4+ � '(7(7

��+x34-8!$#&'9M*+�L,+4M4�8#K#&'(:<!*' * 3��/! %��J�-���+�%&'���+4#�-8!$+ � �/! %,#�%,-®34-��F?��/L,+�%,-®! )�����+�L,# � 5$+�L,+$��-8%&5'�/L,+ �/! ��� +�L:�/: +- � +�L@��7.�/L&: +�!ª)��,��+�Lx-/.1# �	�F?*79+4#��� "!�%&5*'9#�3��8#,+�%&5$+�C )$+4#&%&'9-8!»'9#�5$- � 7('�� +�7(;�'(%K'9#%&5��/%�%&5$+4#,+®% � - ��+��/!$#?�/L,+®%&5$+@#:�	��+��x0�5$+�GI+�! %&L:�/7}7('��F'(%�%&5$+4-8L,+�� #&%:�/%,+4#�%&5��/%
�
#,)�� -/.I'(!$M*+�?�+�!$M*+�! %� ¹'9M*+�! %&'93��/7(7(;�MN'9#,%&L&'��*)*%,+4M�L:�/!$M*-�� ���/L&'.�	�*79+4#��/?*?*L,--�8365$+4#
� !$-8L����/7KMN'9#&%&L&'��*)*%&'9-8! �8#n%&5$+	#:�	�F?*79+	#,'�< +'�/?*?*L,--�83,5$+4# '(!6*$!*'(%±;YA�?��/: +¨=<T�%k-/.L,+�.D+�L,+�!$34+ � "���O�� 0�5*'9#+��+��/!$#@%&5��/%@%&5$+ ��� +�L:�/: +�-/. �¨7.�/L&: +
#:�	�F?*79+ '9#�!$-8L����/7(7(;MN'9#,%&L&'��*)*%,+4M � '(%&5 %&5$+"��+��/!
+�C )��/7¡%,-�%&5$+ ��� +�L:�/: + ���/7()$+ �/!$M�%&5$+�#&%:�/!$M��/L,MnM*+���' R
�/%&'9-8!	+�Cª)��/7�%,-@%&5$+x#&%:�/!$M��/L,M	M*+���'.�/%&'9-8!�-/. %&5$+�'(!$MN'��ª'9MN)��/72-��$#6+�L����/%&'9-8!$#�MN'���'9M*+4M
�ª;n%&5$+�# Cª)��/L,+KL,-�-8%�-/.2%&5$+�#:�	�F?*79+�#&'�< +��10�5$+�5 ;�?�-8%&5$+4#,'9#�%&5��/%I% � - ��� +�L:�/: +4#�A x̄1�/!$M

x̄2

O� ����8M*+�)*?n-/.�'(!$M*+�?�+�!$M*+�! % !$-8L����/7(7(;FMN'9#&%&L&'��*)*%,+4M�L:�/!$M*-�� ���/L&'.�	�*79+4#  B�/L,+%&5$+�#:�	��+�:<'�� +4#�%&5$+ & R±#,34-8L,+

Z =
x̄1 − x̄2

√

σ2

1

N1
+

σ2

2

N2
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A�?��/: + % =<=»-/.�L,+�. +�L,+�!$34+ � "���O��k0�5$+
MN' ��+�L,+�!$34+ ��+�% � +4+�!�%&5$+�� � '(7(7 ��+ :<'�� +�! '(!)*!*'(%,#�-/.t#&%:�/!$M��/L,M�M*+���'.�/%&'9-8!$#"�/!$M
%&5$+�#,'(:<!*' * 3��/!$34+x79+�� +�7�)$#,+4M � '(7(77��+�%&5$+�#:�	��+
�8#�'(!�%&5$+x?*L,+��ª'9-8)$#�3��8#,+?�	��-�� +��
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+�Cª)��/%&'9-8!$#K3��/! ��+ � L&'(%&%,+�! �8#
N

∂ki,out

∂t
=

ki,in

kl,out
P (ki,out, kl,out)(kl,out − Ncommon,il,out) +

P (ki,out, kj,out)(kj,out − Ncommon,ij,out) −

P (ki,out, km,out)
Cout(ki,out) · ki,out

km,out
+ r

ADC6�(U�O

N
∂ki,in

∂t
=

ki,in

kl,out
P (ki,in, kl,in)(kl,in − Ncommon,il,in) +

P (ki,in, kj,in)(kj,in − Ncommon,ij,in) −

P (ki,in, km,in)
Cin(ki,in) · ki,in

km,out
+ r

ADC6� = O
0�5$+,*$L,#&%K%,+�L���-8!¨%&5$+�L&'(:<5 %�5��/!$M #&'9M*+[A�'(! +�Cª)��/%&'9-8! C6�(U>�/!$M»C6� = O�'9#�%&5$+�! )��@R
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i
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l
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j
 �%&5$+¨%&5*'(L,M %,+�L�� '9#[%&5$+�!ª)��,��+�L�-/.�7('(!���# %&5��/% !$-ªM*+

i
79-�-<#,+4# � 5$+�! % � - -/.'(%,#
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%&5$+»! )�����+�L-/.x7('(!���#[%&5��/%n!$-�M*+

i
: +�%,#�. L,-�� %&5$+�L:�/!$M*-�� 7('(!��N#[%&5��/% �/L,+	?*)*%['(! %&5$+»#&;N# R%,+��'�

P (kx,in/out, ky,in/out)
'9#1%&5$+�?*L,-����	�*'(7('(%";F%&5��/% ��!$-�M*+�-/.�M*+�:<L,+4+

kx,in/out
'9#7('(!�� +4M
%,- �®!$-�M*+ � '(%&5	M*+�:<L,+4+ ky,in/out

�/!$M
Cin/out(ki,in/out)

'9#�%&5$+�. L:�83�%&'9-8!	-/.?�-<#,#&'��*79+ ��+�L&:<'(!*: #t%&5��/%1%&5$+I!$+�'(:<5;��-8L,#}-/. !$-�M*+
i
3��/!�M*-��>4�-8%&5

Cin/out(ki,in/out)�/!$M
P (kx,in/out, ky,in/out)

�/L,+�'��F?�-<#,#&'��*79+�%,- � L&'(%,+®-8)*%�+����83�%�MN)$+�%,-�%&5$+�34-��@R?*79+��N'(%±;�-/.�%&5$+�!$+�% � -8L��7� P (kx,in/out, ky,in/out)
M*+�?�+�!$M*#H-8! �x!$-8!NR¦%&L&'���'.�/7�M*+�:<L,+4+34-8L&L,+�7.�/%&'9-8!% �*)*%�'(!k%&5*'9#�3��8#6+�%&5$+n-8)*% R�%,-�-8)*% R±M*+�:<L,+4+ 34-8L&L,+�7.�/%&'9-8! '9#�%&5$+n# �	��+

�8#�%&5$+�'(!NRH%,-n'(!NR±M*+�:<L,+4+�34-8L&L,+�7.�/%&'9-8!»'(!�%&5$+�#&%,+��8MN; R±#,%:�/%,+[A #,+4+?*$:���C6� %#���/!$M4�¡O��0�5*'9#+���	� +4#@'(%�?�-<#,#&'��*79+[%,-¨%:�	� + -8)*%
P (kx,in/out, ky,in/out)

.�L,-��b+�Cª)��/%&'9-8! C6�(U
�F'(! )$#�+�C )��/%&'9-8! C6� =6�IJ�-� *'(!�%&5$+�#&%,+��8MN; R±#,%:�/%,+ � +�5���� +�%&5$+x. -87(79- � '(!*:[MN' ��+�L,+�!$34+'(!�L:�/%,+4#"��+�% � +4+�!�%&5$+x'(!NR �/!$M	%&5$+�-8)*% R±M*+�:<L,+4+�-/.)�®L:�/!$M*-�� !$-�M*+fT

(
∂ki,out

∂t
−

∂ki,in

∂t
) ∝

ki,in

kl,out
(kl,out − kl,in) + (kj,out − kj,in)

−

ki,in

kl,out
(Ncommon,il,out − Ncommon,il,in)

−(Ncommon,ij,out − Ncommon,ij,in)

−(Cout(ki,out)
ki,out

km,out
− Cin(ki,in)

ki,in

km,out
).
ADC6� C O
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i
5��8#)��-8L,+K34-��1��-8! -8)*% R¦7('(!���#H%&5��/!n'(!NR¦7('(!��N# � '(%&5

�
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