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�Æ�6�g�¡���m�x·E�g�¡�g�w�0� %x� %x��­°��¢É���g�2��¢É�0ª �'%-­¶¯#�P±
���E�������2Åx�g�2� ­¶¯��P± �����!����ÅN����� �'%¡­6��¢Ã�x�g�2��¢Ã��ª
�����@�2��ÅN�����
����� �3�#Ê c � ©:�m� ��²p���2�8�E�%�Æ§#�zªg��¢Ã�8�E�w�B�x�Ã�g�+�z�����P� ¤ ªE�������
���}���x���x���Ãªg��¢Ã���¡�°���x�0�x�¡ªE����¢ ���5�

½°�x�����#�0¢��Ã¢��2�����.�����6�£� �0��¢Ã·g�P��ªE�g�Ã���+�0�2¢���¢��xÂ����������%���x�N�����E��·E���¡�3�����x�w�0�E�����6�m����¢��xÂ����������%���x���E�w�
a ∈ R

�E�Ç���g��·E���8�z�����x�w�0�g�,���E�Ç�2������¿1�E�Ç���5��¿Á�5¢m�xÂ��x���x���E�1���x���E�w�
b ∈ R

Ê@½6�����,·g���5���x¢��2�����5� �
� ¤ �d���x��·g�.�Ã�g�����x���E�����v���2�������E�@�z�����v���+�xªg�2¢���·g���0¢Ã�������g�!��ªE�����É�B������¨

λj = a+2b cos( jπ
N+1

)
�d���E·

j =
0, . . . , N − 1

Ê�½°�x���P�����E�������
a = 2

µ
b = 1

µ
N = 105 µ#�E�P���}���E��¢��$�5� s = 200

���x���E�����+�5�������2�g�
�8� §#¢��^��� �����^�����5��¿Á¢Ã�w�0�g�����x���Ã�xÊ!±:¤ ¢Ã�N���g���x�������¡¢��5¢Ã�0¢��x�.�g���-���V�5���£��¢����¡���}Ä
�g���2·B��Â����2¢��(� ��� ���
·d����·g�5���g�¶�����5���g�����E�����x�Ã�g���2���������5���g�EÊ!½°������·E�����2������¢Ã�����5� c �x�J��� �N���E���Ç�����2������¿À¢��w�0�E�2���x�Ã���g�
�Æ�
���x���8�Æ���������P������· c �x�-� �x·B���E�6¢Ã����ªE�3�E�����x�w�0�E�gÊ
º¶�x�5�%·g�Æ���0�°�����E�8¢Ã�g�2�°�����2�0¢Ã�°�5�1� ¤ ªE��������µ#���x����²p���2�^���Ã���������g�#§8� ���3���0���E���g�+�8� �2�E�����E� �N��¢3�2���w�
�0���x¢Ã��ªg�E�����x�����m��©X�x���0¢Ã�6³�¯#�g·Æ�0¢Ã���V��Ê �-¨w�����������P�0���x���2²pªE�����5�������������8������¢�·E� �N��¢T�g���=���0��·BÅxªg�¶�x�
���2ªd�x���x�����Ç���x�¶�Ã�g�¶� �,�5���
���-·d����·g�5�X�E�¶�������
·g�x��·E�������5�1���E�1���E·E���g���2�Ç���2�����2�g�
�0�����
���E�¶�2���#·BÅ��g�
���5���Ã�+��¢�� ���5�°���5�gÊN±��g���3�E����¢Ã���.�g�8�8ªE�8��¢Ã���%�2���w�=�¡����ªg�2ªg�gµN���8���Ã���

162 MO
�
(96+8∗s)∗N

�
�E�6�{¤ ��·g·E��������¢����t�$¤ �g�2���x·E�Ç��¢Ã���N�����g���6��ªgÂ��Ã¢�Â��g�x���Ã�¶�g�}�0�x¢Ã�����J�������^���g�#§#¢Ã�g�¡�,� ���z�x�0���E����Ê

±��g���0�E�8�������#�0�g�N���,���x���
���E�,� §#�3ªE��¢��¡�g�w�0���0¢Ã�����������w�,�Æ§#���2¢��¡ªg���g� ���E·g���5���g�EÊ� =��� ���5�¡���g�¡���
�����2����Âx�V���(·g�Ã¢��g�w�gµX�@�x�����}��Ê �#µ@�g���8�5���t�8� �x�g�����}��� c �r���x�Ã�g���2�gÊ:±v�e�@�x�����t�#Êvde���2ªg�2�g�w�0�}���E�
�0�E�8�5�,�¡� ���E��������·d�x�Ã·g�����D¤ ����������� �9�¡� ���g�5���g�,��� c ���V���x���E����� �1�3�x�������5�0�E��¢��1���g�,·g�x�������E�
���
���x���E�����+�Æ�P���g·Æ�0�E�����°�������5���g�EÊ
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 =��� ��Â�Ê c  =��� ��Â�Êz�  =��� ��Â�Ê�d
�!�g�¡���P�����������¡¢��2��¢Ã��� c c c
�!�g�¡���P�$¤¦� ���0�E�w�0� fw���if ���idzu ���id�%
�!�g�¡���P�������E���0�x¢É�P���g�P�2ªg���5�Ã�B� �0� � � c

 =��� ��Â�Ê�f  =��� ��Â�Ê %  =��� ��Â�Ê+&
�!�g�¡���P�����������¡¢��2��¢Ã��� c dx�af c &x�w� c dauw�
�!�g�¡���P�$¤¦� ���0�E�w�0� czc &�% c �x�zu c f'&zd
�E�6�����2�E�0���x¢Ã�%���g�6��ªE�����É�B�����

®6�x���z�g�����E�6·E��� ��Â5Ê �°�0���E�(-��g� ¨ c ¿��L¿Ud5µ¦¬¶�8��¢�®°©�  ¨�f�¿ %~¿ &
±�¢��Ã����¨ c ¿ f�µ5�@�2��ÅN�����¹¨z�L¿ %#µ5±v¢Ã���Ã� �K�!����ÅN�����¹¨�d ¿#&

����� �z�#Ê¦� � �!�g�¡���P�����2����Â��1���¹·E��¢Ã�g�w�P�3�x���+���5���g��¢Ã�+���g�%���x�Ã�g���2�P�E�+���E·E���g���2�1���2�������E�

 =��� ��Â�Ê c  =�x� ��Â�ÊT�  =��� ��Â5Ê�d
¸¹� ���g�5���Ç�5�g�P�0�g�¡��� �{� c d5µ*uw�x� � � czc �#µT�'%'% � � c u��5µ�ux��� �
�@�E�8���P�¡¢���¢Ã�^��� � c fN�#µJf�&w� � � &ad5µT�'%x� � � c �w�#µ*fzu c �

 =��� ��Â�Ê�f  =�x� ��Â�Ê+%  =��� ��Â5Ê+&
¸¹� ���g�5���Ç�5�g�P�0�g�¡��� � c uw�#µ����x� � � c dx�5µ�uzd�� � � c ���5µ��x� c �
�@�E�8���P�¡¢���¢Ã�^��� � c fw�5µJfN�au � � �iu5µ�dw�'% � �&u�%#µ�d cac �

®°�x�5�3�E�$·g��� ��Â�Ê �°�0�2�g�(-��g� ¨ c ¿;�~¿Ud5µ¦¬¶�8�5¢m®6©�  ¨Jf�¿ %~¿#&
±�¢Ã�����Ç¨ c ¿ f5µ��@�2��ÅN�����}¨T�~¿ %�µ�±�¢����Ã� �?�@�2��ÅN�����¹¨�d~¿ &

(a, b) =
���g�¡���P����·d�x�Ã·g���D�3���5�6�x�5�0�E��¢��%�Ã�g�

� �x�����g�5���+���2�������E�gµ����E·E���g���2�°���2�����2�g���
� � � �3��Êvd � �@�E�8���P����·g�x��·E���$���E�°�������5�6�z�����%�������#���g�6���E�����+ªE��ªE�8�E�N���P�������5���g�
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±��g�
�0�E�2���,� §#����¢Ã�8�E�N�
�����5���{¤ ¢Ã�N��ªg� �E� �N�����������
�5�E���x���Ç�z�����0�g����� ���x�0�x�5¢�Â��¡�^��� ���x���x���Ãªg�Ã¢����¡�
���x���x�¡ªE�0�2¢ �N���t������������·E���w�0� §#���¹�5�}·g�x��·E���+Â��Ã�����x�{ÊX½6�����¡�3���#��������� §5�5����¢É�0�g�-�5�g�¡�£�x·B�5¢����E�
·g�x�����g·Æ�0ªE�g����³Á�w�0�g�2���E�gµ �N���E� �N���°����¢É���Ã�g���.�Ã�#·g�x��¢Ã�0����¢����$µ �0�����=� 
D�E·E�0�E���5�°²9� �E���8�2¢�Â��5¢���·g���0¢É���P���E�
�0�E�8�5�¶�����2����Â��Ç���e·g�Ã¢��E�N�gÊ$¥:�e� 
3�E�gµ$�����5�¶���-·g�x�8�5������� �N���-�5�g�#§i·g���¡�^����¢Ã·d����¢����5�°�����¶������¿
�¡¢����2¢����DÊ~º1�%���Ã���gµ ���.�����Ã���¡�=����·g�g�X·g���¡�^����¢Ã·d����¢����5�!�E�2�:�¡����ªg�2ª��E�^�0�x¢Ã�����Ç���%���x�X� ���3�x�����g�2�g�
�z���������E�
�Æ§#�3ªE��¢Ã�8�E�N�0���0¢Ã�����EÊ�¥:���0���d�x��¢������x�w� �t� ¤ ªg·B�5�g���Ã�-�$¤ ³Á�N���g�2���E�gµ@�Æ�Ç�5����· �t� ¤ ªg·B���E�����-�5�8���
�����x���E���xµ#�������%�z���5�x�����%�E�t�3�E���8�x���E��·g�¶��¢����E���5���,���%���t��ªg·g�x�m��Â��1���x�0�x¢Ã���¶� ���t�$¤ �Æ§#�����x¢Ã�0�E�=���E�
�8�x·B��¢��5�g�P��¢��2¢Ã�x�g�P�������x�w�1�����N��¢É�dÊ�½6���6�Æ§#�3ªE��¢Ã�8�E�N�0���0¢Ã�����+���w�°ªgÂw�����g�¡�g�w�P�2ªE��ªE��ª,� ¤ ¢��¡�3�x�2�B����·g�
�$¤ �����¡·g��� ��Â��������0¢Ã��� ���5�0¢Ã�£�������5���Ã��Â�¢�·E¢��E�X����·d����·g�5�:Â��������x� Ê3¥:� � 
3�E�gµ �1�����g�
- �E�����x��·g�������
��ªÆ²9�x�5� c ���2�#·E�g�2�����^���x��������·g�E�����E���^�$¤ �����^���Ã��¢É¿À������·g�E�����E���gÊ!¯�¢��{¤¦��������¢Ã·d����¢����r�����N��¢Ã�g�����z�d�x��¿
·g�x���£���6�¡ªg�¡��¢��2�xµw�x�Ã�����.�Ã�g�:�0�E�8�������°·d�x�Ã·g�����z�g�5�x�g�w���Æ�0���6��ªE·g�E���x�w���gÊ�±��E�����x�Ã�g���2�����2�����2�g�����
�m�¶�8������¢�·E�+�5�0¢Ã��¢Ã��ªg�=�3���5�:���g�:���g�2�����5��ªg�2�g�w�0ªE�=�������.·g�P����·g���¡�g�w�������w����ªE���x���0¢��E�.����¢Ã²p�x���¡ªg�¡�g�w�dÊ
½°�x���6�L�x�����P�0�E�2�0ª,�$¤ �x�5�����g�P�8���0�2¢�·E�g�P� �w�x�w�6���E�1�xÂxÂ������¡ªg�����0�����
���x���E�����P���2�������E�+�0�g�Ã���
���^�£� ¿
�0�2¢�·E�1�0�2¢���¢��xÂ����������P���5���g�N���
���x���0��¢Ã��¢m��Â������x�Ã¢������0¢Ã���-���
�m�Ç�£������¢Ã·g�6��ªg�E���Ã�¶� ���¡ªE�0�2¢ �N���
«�·g�����0Å#�'%
¢��2�����1���
�m�,·g���Ã���g·Æ�0¢Ã���V¾°�x� ���g�Ã�É¿;«��#�E¢���Â,��� � ¸r���0�2¢É§V¸r�x�2Åx�Æ� �BÊ�½°�����%�L�x�����+·E�����2�0���0ª
�5�g�=���g�¡���
����·d����·g�5�$ª��N��¢Ã��¢��5��ªg�+�E�w�0���,���E�+���������EÊ

º¶�x�5�@�Ã�:·d�x���2�.���Ç·g�x��·E����Â��Ã�����x�{µg�Ã�g����ªE�����É�B�����v���5�0�E�N���@�¡���w�0�2�g�w� �N���.���x�0�2�.�������5���g�¡�:�$¤ �x��Âx�g���2�
��¢Ã��ªd��¢������g���.��ªE�����Ã�-��6¡·d�x·E�g�¡�g�w���x�-�¡� �x�g�����+���¶«=¢��2�g·Æ�0¢��x��©X�x���x���Ã�g����Êx±:¤ ���0��Â��%�������x���x���Ãªg�Ã¢����¡�
���x���x�¡ªE�0�2¢ �N���,�g�i�E�2�1�m������¢Ã��·g¢Ã���x����� §5�5��¢�·g���0¢Ã���$Ê�»°¢����2¢ µz� ���¹�����2ªg���x�����������g�¶�5�������Ã�g�¡�g�6�����5�
·g�x�8���Ã�Æ§#�xµ��5���Ç�5ªg�8�x��·B���,¢��w��ªg���E�����x�w�0��·E�����2¢��2���Ç�E�¹���¡�2�g·B���E��·B���Ç���,�������;¿Á���2�����Ã�g�¡�g�P�3�E���¡�E��¿
�B���N�v���%�8¢Ã��� ¿Á�g��¿ ���5�����:���.·E�����x�0�x�5¢�Â��¡�xÊEº¶�x���v���%���g·Æ�0¢Ã���Ç�2��¢Ã���x�w���xµd���x���v����ªE���g�w�������!·g���¡�8�E�w�
���x���x���Ãªg�Ã¢����E�X�Æ�=�2ªg���x���0¢Ã�:�m�����g·B�5�g��·B�5�1���E�����x���E�����.�Æ���x�g·E���g���2�=���2�����2�g���$¤ �5���1�8���0�2¢�·E�+��ªg�E���Ã�+� �w¿
�¡ªE�0�2¢ �N����Ê�¥:�����x�2��¢�·E����¢Ã�g�gµ~���x���:�Æ§#���Ã��¢Ã�������X�Ã�=�0���d�x��¢������+·g�Æ���0�+�2�g·Æ�0¢��x�¡�E�-¢���·E�������N���m�1�¡ªE�����#�5�
�����m�-«�¢����E·E��¢����}©X���0�x�Ã���g�Ã�xÊ

� �
� � 
�����
 
 ����
 ��
�� ��� ��� 
�� ��� � 
 � � 
 
�� � ���5�5
 � 	!� 
 �0�)
 
 ��
�� ��

��� � � � 
 �
� �5
 � 	��5� � � � ����� 
���� 
 �5
 � 	!�0���5� ��� � � 	!�

½°�x���:�0���x�5�����5���������.� ¤ ªE�0�5���P���P·g�P�����x�����E�8�+�N���¡ªg�2¢ �N���P���P�^���É�0¢��5���g�X¢��w�0ªE���E���gÊw³Á���E�2�������5�x�g�w�
�5��¢���¢Ã��ª°�x�V�2�g¢��£�$¤¦��������¢Ã·d����¢����5�����Ã���=·E���¡����� §5�E�gÊ�¯5����¢Ã�2�0�2¢����#�0¢��x�8�Æ�+�0�����x�0�x�Ã��ªE��¢������0¢Ã���-���x�5�%���
·g�x�N���Æ§��0�=���=·g�x��·E���NÂ��������x�N���g�5��ªg�2�g�w�0�E�w�.������ªE��¢É�B�x���Ã�.·B���x���Ã�g��Âx�xÊ ¥:�^� 
3�E�gµx¢��w�2���N��¢Ã�g�2�X�3�g�x��·E�����
���-�2�g���2�����2·g�g� �{ %©�­,µ��8ªE�8�x¢�����µT�g�����x·g����¢Ã���N���xµD���x�����-���x�����x�w�0�xµ��Æ�0· �ÆÊ$³Á���E�2��ªEÂw�x���E�8�E�w�¶²p����¿
�0�E�8�E�w�%·g�x�8�^�5��¢�·g�x�w���Æ�%�z�����2�g���1�������2¢��E�������3�x¢��w�0�����1� ����·B�����x��¢������0¢Ã���$Ê#¥.� ���$µ�¢��T�g���%�z�����2¢����Ã�
���Ç��ªg·E���8�z���2�g�6·g���5�������Ã�g�¡���g�i�2������¿À�����x�����E�8�E�°�Æ�1�$¤ �5��¢���¢Ã���E�6�z�����6� ¤ ���}�$¤ �g�#§r�������x���x��¢ÃÂ��8�
���}���x���x���Ãªg��¢Ã���¡�°���x�0�x�¡ªE����¢ ���5�xÊ
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¯#��¢É�+�����,�8���0�2¢�·g�1��ªg�E���Ã�
� ���8ªÆ�0�2¢ �N���
A
Ê�½6�����P·B���E��·B�����5�1���E�P·g�����5���g� �

λ
µ
u
���0�E��� �N���

Au = λu�d���E·
dim(A) = N ×N

µ
u ∈ RN �E�

λ ∈ R
Êzº¶�x�5�1���¹�����E�8¢Ã�g�+�0�E�8���EµT�������P�0�2¢���¢��xÂ���������¢��2�����

�m�J�8���0�2¢�·g�
A
�x� �¡� ���g� ���£���}�¡ªE�����#�5�8���£±v�x��·0�E�����5ªg·g�2¢Ã���£©@�x�2��¢��¡³�³,¯#�E·E�0¢Ã���xd5Ê ��Ê %#Ê!½6�����

���5���g���x���¶�x�Ã�����P���5���8���0�2¢�·g�
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µ
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�p���E·E���g���6¢���¢É�0¢��x� �
qcandidate ← q0

e0 ← ‖qcandidate‖2� � �
k = 1, . . . , N

µ����x��� c ^1�
c �%½6���5���E���Ã�
·g���Ã�������������m�^���x���

Q
qk ←

qcandidate

ek−1� �+ =���Ã��������·g�x����¢Ã�����0�
�z�����+���
k + 1

�
me ¢Ã��ªg�����0¢Ã���

qcandidate ← Aqk

qcandidate ← qcandidate − qk−1ek−1d �%½6���5���E�vªg��ªE�8�E�w�P�����m�-��¢m��Â������x�Ã�
dk ← qt

kqcandidate
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�,%#µ�d dw��� c & c �,fzf &w��� �x�zd
�,%#µ*f &'&if d��au %��'& c f�&�% %x���

����� �@�#Ê c % � �!�g�¡���������2����Â��-�z������·g�x��·E�����E�
Åi·g���5�����E�Ç���¡®P¢Ã� � �9�g� ���E·g���5���g� �,���5�Ç�Ã�g�����m� �0�Æ¿
²p���2�8�E�+���ÇÄ��2¢����Ã�x¤ %x�����
¿�½��:fN���iuw�
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�������N�#Ê % � �@�E�8�5�:�������Ã��Â����3���5��·d�x�Ã·g���Ã�g��ÅÇ·g���5�����E�����P®P¢Ã� � �9�E�¡�2�g·E�������E���:�������Ã�g�:�������0�Æ²p�����¡�g�
���ÇÄ
��¢��Ã����¤ %x�x����¿�½�� fw���auw�

�9�}µ Å � �!�g�¡���P�����2����Â��¶�L�x�g·��x�'&"������Å��g��� ��d���¢É�0�E���
c �5µ c �����zu
c �5µT� �x�,&��
c �5µ�d f��w�x�
c �5µ*f & c �zd

����� �3�#Ê c & � �!�g�¡���P�����2����Â��
�z�����P·g�x��·E�����E�+ÅV·g���5�����E�6�5��®P¢Ã� � �9�g�}���E·g���5���g� �6���5�1Ä
��¢Ã���Ã�x¤ %x�����
¿�½����x�ad czc &

½°���^�5���
������������� �!�g�¡���P�����2����Âx�
�3���5� �9�}µ Å � � � c %#µ c �
�x�,& �&d-��¢Ã���g� � c �au'&w�
f c � �-f���¢Ã���g� � c d c %x�

����� �3�#Ê c � � �!�g�¡���P�����2����Â��
�z�����P·g�x��·E�����E�+ÅV·g���5�����E�6�5��®P¢Ã� � �9�g�}���E·g���5���g� �6���5�1Ä
��¢Ã���Ã�x¤ %x�����
¿�½��:fOdx� c �x�
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º1ªE�0�x¢��Ã�%���g�P�0�E�8�5�6�5�����Ã��Â��¶���E�+�0�g���0�°�d���g·��x�'&-�������5�6�2���#d¡�2¢Ã���g�
�@�x�0�x�$�������^���g·B�5�g��·B�5�����E�°ªE��ªg�¡�g�w���6�5�������2�g� c �au'&w�
±!����·0�E���%¿���¢����0��¢Ã���5��¢����V�5�Ç���^�����5�x�g���Ã�
·g���Ã�������
�5� � ���
±!����·0�E���%¿�©.�2�#�5��¢Ã�°¸r� �0��¢Ã·g� ¿ �.�g·Æ�0�E���+¢��¡����¢ �N���x�w�

A
c � c �'&

±!����·0�E���%¿�®6ª ¿Á�����0����Âx�����x�Ã¢��0� �0¢��x� c �au
«=¢��2�g·E��¢����t�Æ�6³À�0ªg�����0¢Ã�����+³Á�w���E���2�g� c
 %�x��·E�����+���E�+���g·Æ�0�E�����°���,®6¢É� � u
 =���w�0� �x���g�+�5�g�6�������¡�g�+�5�g�6��ªg�2¢����5� &au c

����� �¡�#Ê c � � º1ªE�0�x¢��Ã� ���E� �0�g�¡��� ���x�����xÂ�� �z����� ���E� �Æ§#�zªg�2¢��¡�g�w�B����¢����5� ������Ä
��¢Ã������¤ %������ ¿
½��:fOdx� c �x�^�Æ�¶���'&-���������

º°ªE�B��¢����=���g�P�0�E�8���P���x�����xÂ��¶���E�P���g���0�°�L�x�g· f c �^���������
�@�x�0�x�$���������2�g·B���E��·B���Ç���g�PªE��ªg�¡�g�w���6�5�������2�g� c d c %x�
±!����·0�E���%¿���¢����0��¢Ã���5��¢����t�������^�����5�x�g���Ã�
·g���Ã�������
�5� � �x�
±!����·0�E���%¿�©.�2�#�5��¢Ã�°¸r� �0��¢Ã·g� ¿ �.�g·Æ�0�E���P¢��¡����¢ �����x�w�

A
c �id czc

±!����·0�E���%¿�®6ª ¿Á�����0����Âx�����x�Ã¢��0� �0¢��x� c %au
«=¢��2�g·E��¢����J�Æ�P³À�0ªg�����0¢Ã�����+³Á�w���E���2�g� u
 %�x��·E�����+���E�+���g·Æ�0�E�����°���,®6¢É� � czc
 =���w�0� �x���g�+�5�g�6�������¡�g�+�5�g�6��ªg�2¢����5� � c �

����� �¡�#Ê c u � º1ªE�0�x¢��Ã� ���E� �0�g�¡��� ���x�����xÂ�� �z����� ���E� �Æ§#�zªg�2¢��¡�g�w�B����¢����5� ������Ä
��¢Ã������¤ %������ ¿
½��:fOdx� c �x�^�Æ�Bf c �^���������

½°���^�5���
���,©:��������¢É�0� �@�E�8���P���x�����xÂ��
¸r���0�2¢�·E�Æ¿ �.�E·E���g���6�d���E·

A
���x�+���2�#���5¢Ã�

±!����·0�E���%¿�©.�2�#�5��¢Ã���6¸r���0�2¢�·E�Æ¿ �.�E·E���g��� �'% c dif
 =���w�0� �x���g�P���E�P�������¡�g�+�5�g�6��ªg�2¢����5� % c dx�

����� �v�#Ê¦�x� � �!�g�¡���¶�5�����Ã��Â�� �p�g�e�2�g·g�x�����g� �¶�3���5�1��� ©:��������¢É�0��¸¹���0�2¢�·g� ¿ �.�E·E�0�E���¶¢Ã�8���Ã¢ �N���x�w�
A
¿�½��:fOd�� c �x�5µ��x�'&"�=�x��Åx�E���

½°���^�5���
���,©:��������¢É�0� �@�E�8���P���x�����xÂ��
¸r���0�2¢�·E�Æ¿ �.�E·E���g���6�d���E·

A
���x�+���2�#���5¢Ã�

±!����·0�E���%¿�©.�2�#�5��¢Ã���6¸r���0�2¢�·E�Æ¿ �.�E·E���g��� �'% c &if
 =���w�0� �x���g�P���E�P�������¡�g�+�5�g�6��ªg�2¢����5� % c &��

����� �v�#Ê¦� c
� �!�g�¡���¶�5�����Ã��Â�� �p�g�e�2�g·g�x�����g� �¶�3���5�1��� ©:��������¢É�0��¸¹���0�2¢�·g� ¿ �.�E·E�0�E���¶¢Ã�8���Ã¢ �N���x�w�
A
¿�½��:fOd�� c �x�5µ'f c �:�=�x��Åx�E���
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�x�¡ªg�Ã¢����2�
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���6·d�x�Ã·g�����E�£���x¢��2���8�5�g���^���Ã��¢����Ã�g�.�x·E·g�E�=�x��§¡��¢�� ���5�g�gÊ#©X����� §5�E�8�5���xµw·E�E�2�0�°���g·B���5¢ �N���6�Æ§#����¢ �N���
�g� ���x���0¢Ã�^���E�¶�0�g�¡���
����·g�x��·E���X�2�g�m� �0¢Ã�x�g�¡�g�w�����x��ÂV���E�,�5��������¢Ã���
�£� �0��¢Ã·g� ¿À���E·E���g���
¢Ã�8���Ã¢ �N���x�w�
A
Ê
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A
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k
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m
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T
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m
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�0�����3�x�2� �
k
�$¤ �x���z�����0�-���x�����������8�D¤ ¢Ã�5²p�����8����¢������6�E���E��Â��E�����������-�5���^���2�g�#§i���g�5ªg�8�x�����xÂ��g�EÊ

­°�5���������i²p�x�2�0�^���x�Ã�g����� �2���5�0�-�5�g�����zªg�0� �0¢��x���¶¢��N�5��¢��Ã�g�¶�������
�m�V�����x�������-�0�2¢���¢��xÂ������x��¢Ã�0����¢����$Ê
±��g�@�Æ§#�3ªE��¢Ã�8�E�N�0���0¢Ã�����v��ªÆ���E���g�w���x�����2¢#�{¤ ¢Ã�8���x·E���5��Â����x¢��,�������x�0������ªE��¢Ã���¡��·B����¢Ã��¢Ã�!�Æ�X���Ç·B����¢ §,���
�m���������0�Æ²p�����¡�
�Æ§#���Ã��¢Ã��ªg�xÊT¥:�i� 
D�Æ�dµT�g�¹�0�x¢Ã�����}���E�°²9�x¢Ã�����E�6�z�g��²p�����8�x��·E�g�P�$¤ ³Á�w�0�g�2���E�gµ3�x��¢��2�Ç���E�
��ªE���g�x�#§8����·d�x��§Dµw�5���������°�zªg�5ª���·E¢����������x���x�5�����£� �0¢ �N���E�8�E�w�.�$¤ �5���1�2ªg����·Æ�0¢Ã���8�5�8�0�E�8�5�����x�B�x�
�$¤ �Æ§#ªg·E�5�0¢Ã���,�g����¢��¡¢��N�����N�$����Â����x¢��
�5�����x�0�x�Ã��ªE��¢��2�8� �p�E�v�g�,���x���B�xÂx�d�x�w�v·d����·g�5���$�Æ�v��������ªE�g�!�g�w�0�2�
���t���Ã���%Â����x���t���x�^�����1���¶��������� �ÆÊT¸ �g�¡�¶�g�J�5��¢���¢Ã�0�x�w�����t��ªE���g�x�J��ªg��¢Ãª¶���E�m����¢Ã�x�g�¡�g�w�%���x��¢��5�
�0�E�P·g�g�Ã��¢+���¹Ä
��¢��Ã����¤ %x�x���5µ!�������¡·g���5�2�B� �0����� �N�$¤ ��� Â����x¢��(���J�����0�x�Ã��ªg�Ã¢��2�8�¡�0���x� �����g�5Â��g���5���
�0�2���(���t·g�x�8�^�5��¢�·g���0¢Ã���������x�^�0�����3�x�2� �i���E�����g�¡���-���t·g�x��·E���=�0�2�g�^²9�x¢Ã�����E�gÊX¥.� �����{¤ ¢Ã�8���x·E�
���^���£·g�x� ��Â��������0¢Ã���i���e�Ã��Â�¢Ã·g¢��E�v���^·d����·g�5�XÂ��Ã�����x�v�z�����¶�Ã�g�¶�2�g���2�����2·g�g�������m�£�������0�Æ²p�����¡�,�3�E�5�
�E�����+·E������¢Ã��ªg���x���Ã�xÊw±��g�����g���0�.�����5��¢�Âx���g�w�:�E�8�����2�0¢Ã·g���Ã¢��E�@�Ã�g�:�z�g�2²p�x���8�x��·g�E�:��ªg·E�E���x�w�0�E���x�5�0�E���5�g�
�d���E·
���g��·g��� ��Â��������0¢Ã�����%�5��¢��Ã¢���ªE�g�������2���N����¬¶�¡��¢m®6©� ��5��¢���¢Ã���P�0���5�%���E�=���2�#·E�g���2�g���2�P�$¤ �5�t�^���Ã��¢É¿
���2�#·E�g���2�g���EÊ

»1���0�E���¡�}�5�r���x�����JªE��������µ����x���8·E�������B��������� �N���¹���J���2�#·B����¢��(²9�x·E���g���¡��¢Ã�8¢É�B�x�w�dµ �N���x��� �x�
���x�2�0�xÂx� �e�{¤ ªE·B���g�Ã���t���t�����0���J�2���Ã�x�g���Eµ:�g�2�¡�{¤ �E�����x·E�J��¢�� ���5�}��·g·E���zª}���x�-���E�"��·B��¢��E�������J������¿
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A
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���E�¶�0�E�8�������-·B���x��Â��E�8�E�w�Ç�5�¡�5������ªE�g�gÊ!­6���2�g·g�x�����z��¢Ã�N���J�x�¡ªg�Ã¢����2�g�°���g���x¢Ã�¶�m�t��¢����0�2¢����5��¢����
¢��5¢Ã�0¢��x���6�����m�^�8������¢�·E�

A
���x�2�8¢$�Ã�g�+�������5�°����·g�x��·E��� Ê
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©� =�gµ	� c �af�
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²9�x¢Ã�0�x�w�%���x�2¢��g�=� �����x�¡¢ �N���g�¡�g�w�P����²p��ª��N���E��·g�,���E�+������·g�E�����E�����6���E�6� �,�5���gÊT±v�^���x��¢����0¢Ã���£�������
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½°�x���8�#�0¢��Ã¢��2�����������}�£� �0��¢Ã·g�J���}��¢��¡�g�5��¢��x�
N = 32490

�N��¢°�E�2�8��� ���d���xÂ��}���}�m� �£� �0��¢Ã·g�
bcsstk09
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16.5
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(m, k) = (20, 2)
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���x�5�������2¢�Â���¢2��·d� �0¢Ã�x�1���t���g�¡���+�����2����Â��
�$¤ �Æ§#ªg·E�5�0¢Ã���}�£�x¢Ã�=�$¤ �g�w���0� �����
���x�P�����J���Ã���%���5�,�2ªg���5·E�0¢Ã���J���
�m�^·E�����2���8�8����¢����VªE���g�2Â�ªE��¢ �N����Ê
­°�5�
�����E�8¢Ã�g���1�Æ§#����¢Ã·d����¢����£·g����·E�g�2�������¶·B���x¢É§t�5�
���x�0�2���x�����Ã¢�·g���0¢Ã���$Ê�¥:�}� 
D�Æ�dµ��E�}���x¢��2���t���
���
�z�g���2¢����B�x��·E�-���^���x����ªg�E�������¶�Ã�g�¶� �,�5���gµ$�Ã�Ç�x�������¡�^���E�
·g���¡�^���5¢�·d� �0¢��x���°�E�2�¶²9��¢����Ã�xÊ3º1�-�����5�
�����2ªg���g�x� �Ã�#·g�x�X�E�2�Ç��ªg�5¢�ª �9���x�5�������x�����x�w�0�8�E�,�m�����g��·E��·g�������B�x�w���g�����E�,���x�����¡�x���5��¢�·g���0¢Ã���e�g���
²p�����0�g�¡�g�w�
� ����·B�����x��¢��2ªg�xÊ�»°¢����2¢ µz¢�� �i�V�z�d����·g���5�e���-�����Æ���E�,·E���¡�^����¢Ã·d����¢������P�E�N�����-���E�
����� ¿
·g�E���2���%���E�m����¢Ã�x�g�¡�g�w��� ����·B���2����¢��2ªg�%�Æ�%� ���x�w�=�z�g�8���°���g�¡�����D¤¦���2�0�E�N���xÊ�º1�°�������EµN���P·B���x��Âx�g�¡�g�w�
���-²p��ª �N���g��·E�£�$¤ ��� ������·g�E���2�g���,�$¤ �g�2�,�����,¢Ã���2�0�x�w�B�x�5ª¡�8�x¢Ã�¶��� ���5¢��g���,���x�
�Æ§#�E�8���Ã�

50µs
�z�����

���x�2���E�°���}��¢É���d��� c ��� �����¹��¢É���g�x� c � � �9·E²;Ê5�X�x�5����d5Ê¦� �ÆÊ

 =��� ��Âx���0����¢����£¿ �!�g�¡���  =�����2���¡�£����¢���� �@�E�8�5� ¥:���g�2Â�¢�� �@�E�8��� ¥:���g�2Â�¢��
¯����0����ªgÂ�¢Ã�
���,º��
¯ �9�2�g· � ªg���E��Â�ªÆ�0¢ �N��� � � � � � � � � � � � �

� -�Ê � � ·g���¡���x�2ª ·g���¡���x�2ª��x�J�����
�-·g�x� ��Â�Ê�» �����xÂ������,º���¯

» ¿������6�5�Çº��
¯ fOu�� �x�ad��af c ¿ ¿ ¿ ¿
«A¿����x�P���,º���¯ �zuw� czc �,&zdafw� �
�zd �!%�� ¿ ¿
 G¿����x�P���,º��
¯ &��af uifOdafzfw� � dzu ����� ¿ ¿
»�¿�º���¯t�E�6�3·g�x�2� fOu c �x� c &w� c ¿ ¿

+ < 1 − < 1«G¿�º���¯t�E�6�z·d�x��� �zuw� czc &zu���%if �
�w� �!% c
+ < 1 − < 1 G¿�º���¯J�E�6�z·d�x��� &��w� uad'&��'&w� � d�� ��� c
− < 1 − < 1» ¿�º��
¯J�Æ�°Â����0���E� fOuw� �x�'%ad c % ¿ ¿
+ < 1 + < 1« ¿�º���¯t�E�6Âw�������g� �zuw� czc �if c ��� �
�w� �!% c
+ < 1 − < 1 A¿=º��
¯J�Æ�6Âw���0�5�g� &�� c uad'&zd'&zd � d�� ���x�
− < 1 − < 1» ¿�º��
¯J�Æ�/�=�x¢É� fOu c �x���adzu'& ¿ ¿
+ < 1 − < 1« ¿�º���¯t�E���%��¢Ã� u��zd czc �ad�%x�'& �
�zd �!% c
+ < 1 − < 1  ¿�º���¯}�Æ���%�x¢É� &���� uifN�if�&w� �:fw� �����
+ < 1 − < 1

����� ��d5Êgf � ©.�����0�Æ²p�����¡�g�=��ªE��ªg���xÂ��g���E�°�Æ�6º���¯t�����0���N�P�Ã�g�+·E���8������¢�·g���0¢Ã����������� �N���x�w�0�E�+�E�6���E�
�0�E�8�5�6�D¤¦���2�0�E�N���
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	&K��p8A6O<J>19�>7?�< ��> P�9�KR?B>7?s<;@A>76 � P*4�� 8B>7?AQ�>76 @A> < �R8A6
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º¶�x�5�Ç·E�E�����8�2�g·Æ�0¢��x�$µv��������·g�x����¢Ã��ªg�2���������5�8�Ã�¡·E��¢Ã�g�w���E� c fJ���������Ç����·d�x�Ã·g���:�5��¢��Ã¢����E�w� c ��� �
���i�Ã�g���¡²p��ª ���5�g��·E�  %©�­,Ê%­6�G���g�5�1������� �x��¢Ã�£�0��²p�2ª��N���g�5·g� ¢���¢É�0¢��x���J�x���x¢��2��ªg��Ê=½6�����t�d�x�����
�����5·-��¢É§r·g�x� ��Â��������0¢Ã�����¶�2��¢Ã���x�w� �N���-·E�-������� �x¢Ã�1�0�V²p��ª ���5�g��·E�¡¢Ã��¢Ã��¢m�x�Ã�����#§i�5¢Ã���g�x�#§ �#µ��x�5µ
fw�5µ &��5µP��� ���;u�� �VÊP±��g�J�@�x���Ã�g� d5Ê % �Æ��d5Ê &(���2ªg���E�w�0�g�w�r�����J��ªE�����É�B�����gÊP±v� �����E�8¢Ã�g���i�0�x���Ã�
�����5��� ���g�t���g�¡���J�������Ã��Â�� �p���E·g�����5�g��� µ°��� ·g���5�����¡�£� �0¢��x�GÂ��������x���¹�$¤ ªE���g�2Â�¢�� �{Èx�������E���V�E�}���
����¢Ã�����x��·g���¡� �x�g���5��·E�������x�8�¡ªg�:�����!� �,�5� � - ���2�0� �ÆÊ~±v�6�2�g·E�������.�B�x�5���:���2ªg���E�w�0�=�5¢Ã���E���!�0����¢����X¨
·g�x�8�����0�x¢Ã�����¹���i�0�E�8���1�������Ã��Â���µ3�����m�£·E�������x�8�8���0¢Ã���}Â��������x���,�$¤ ªg���E��Â�¢Ã�^�E�
�5�^�m�¡����¢��2�0�x�5·g�
�¡� �x�g���5�6·E�����2���8�¡ªg�P�����:�������$µN�d���E·6���
·g��� ��Â����0� �0¢��x�-�
�-�0�����.�Ã�g�:���������.�5��¢��Ã¢����E�w� c ��� �����
 %©.­ �9���2�g�¡¢��g�2�¶��¢ÃÂ���� � �5·E���8���x�0�x¢Ã�����£���
·g�E�°� �g�¡�g�%�5������ªE�g�P�g�w�0�2�����g�+·E��� ��Âx���0����¢����5�P� ���x�w�
���V�2�g���z������� �,²p��ª��N���E��·g�1��ªg�5��¢Ã���1�E�����E�=·E��� ��Â��5�0����¢�������·g�x�����E���z���������N���g�%� �8�0�x���=�Ã�g�=� �,�5���
���w�6�����
²p��ª �N���g��·E��� �2���2��ªg�Ç�x�¹�5¢Ã���g�x�J���}�������¹�Ã�
�����5�6�Ã�g�w�dÊ

´��2ª��N���g�5·g�g�1 %©.­ � � � �!�g�¡���  =�x�������¡�8���0¢Ã��� ©.�5¢������x��·E�Ç·E�������x�8�¡ªg�
�5�g� c %:�=�x��Åx�E��� �p���g· � ªE���g�2Â�ªE��¢ �N��� � -�Ê ��� ���x�+������� � - �
c % � c �x� fOu�� ���ad��af c ux�
c �������}���E�w� � u��#µ c f � c ��� % c f ���w�'%��,f u��
c % �ru�� %��x� �au'&afOu�� uad
c �������}���E�w� �8���#µ c f � c ��� %'%�� �afOd�% c u u'%
c % ����� %,&�� � c �w���x� �au
c �������}���E�w� ��&��#µ c f � c ��� &�� c �zuzu��'&�� uad
c % ��&�� & c u ��%ad�% c % �'%
c �������}���E�w� �!fw�#µ c f � c ��� &���� c �����w�'%�� u c
c % � fw� &��zu u c f c dad ���
c �������}���E�w� �£�x�#µ c f � c ��� �'%x� c ����%,&w� & �au
c % �¡�x� ���,& uzuw�ifw�ad �iu
c �������}���E�w� �8�5µ c f � c ��� ���w� c �����au c � �,&
c % ��� u��zd caczc fN�adx� � &

����� ��d#Ê % � ©:�m�����E²p���2�8�E�+��ªE��ªg���xÂ��g���E�°�Æ�6º���¯}�5���0�x�w�P�0�x�5�0��� ¤ �Æ§#ªE·g�5��¢����

�!���5�6�$¤ �x�3�x���$µ��5�����P·g��� �����¡�����P� ¤ �x����� �����
���2ªg·Eªg���E�N����·g�x�+���}���g�5�!� �,�5�¹��ªÆ�0ªE����Â��E������� 6�� �
�x·E·g��� ���0�2�8·E�����2¢���ªE�0�x���Ã�g�¡�g�w�Ç���8���g�¡���,�������Ã��Â��¡�E��������·8�m�J·g�����2���¡�£����¢���� ªg�5�g��ÂxªE�0¢ �N��� �p���g�;¿
�z�g·E��¢Ã�x�g�¡�g�w� �2�����N�$¤ � ���x� � �Æ� �!%x� � ���x�+�0�����3�x�2� �^����·g��� ��Â��������0¢Ã���t�����¡��Â��E���¶�
�t�0�x���+���E�
���������P�2���w� � c ��� � � Ê
±������ �N���P�������:��¢É���E�������������5���g�:���E��²p��ª ���5�g��·E�g�����g�.���2�#·E�g���2�g���2�.���g�.���������.���+·g�x��·E�����x�-�5¢Ã���g�x�
��� ������� �Ã�e�����5�}�Ã�g�w�}���g�}���e�5ªg���5�¹��� � ¤ �Æ§#ªE·g�5��¢���� �E�¹�3�x���V�0���#�0� �m� �����2ªg� ���g�}·d����·g�5���gµ
���J�0�E�8�5�8���x�����xÂ��J���r·E�����Ã���N���¹���

1
�

2%
�x�����2� ���5�r�m� ·g�x�������¡�8���0¢Ã���(Â��������x���t�$¤ ªg�5�g��Âx¢��

��¢Ã�8¢Ã���5� �2�����N�$¤ �
9%
Ê.±��E�8ªE·g�����x�8¢Ã�g������·d�x�Ã�g�-�2���w�£ªEÂw�x���E�8�E�w�-�0���E�8¢Ã�w�0ªg�2�g�2�0�x�w�0�E�gÊ�¥:�A� 
3�E�gµ

���E�-����¢Ã���0����·g�E�¡·E�����2���8�¡ªg�E�-���x�-�������(¢Ã����¢ �N��ªE�g�-���������m�i·g�x�������5� f ���t�m�i�@�x���Ã�Hd5Ê %e�2���w�
�0�2���¡�3�E�����E�Ç·g�x�Ç�E���Ã�g�������w�Ç¢��  ����g��·Eªg�E�^���x���m�J·g�x�������¡�8���0¢Ã���e��� � �,�5� �������Ã���,���g�w�gÊ�»1¢��5��¢ µ
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´���� �zÊz %©.­ � � � ���x�2¢m����¢������ ���x�2¢m����¢����5�
���E� c %"�����2Åx�g�2� �0�E�8�5� ·g�x������Ê ���5¢������x��·E� ���g�¡��� ·E�������5Ê �5��¢��2�0�x��·E�

�5�����Ã��Â�� ªg���E��Â�¢Ã� ·E�������x�8�¡ªg� �������Ã��Â�� ªg���E��Â�¢Ã� ·g�����2���¡�8ªE�
� � � � � � �����6� �,�5� � � � � � � � � � ���x�P������� � � �

�����+�0�x���z����� � ���x�P�0�x�5�3����� �
·g��� ��Â�Ê������¡��Â��E��� � c ��� � ·E��� ��Â�Ê��L�x�g·,���}�������¹�Ã�g�w�

c % � c ��� ¿ ¿ ¿ ¿ ¿ ¿
c �ru��5µ c f�� c ��� �:f � d

< −1
¿ ¿ ¿

c % �ru�� ��� � d
−5

���
< 1 −4c �����5µ c f�� c ��� � c � � u

−3
¿ ¿ ¿

c % ����� � c % �!%
−9

���
−3 −6c ��&��5µ c f�� c ��� ����� � c &

−5
¿ ¿ ¿

c % ��&�� ���,& � c �
−13

�,�
−5 −8c � fw�5µ c f�� c ��� � d�� ���au

−7
¿ ¿ ¿

c % � fw� �:fw� � c �
−16

� c
−8 −9c �¡�x�5µ c f�� c ��� �!%if �:fw�

−9
¿ ¿ ¿

c % �¡�x� �!%x� ���x�
−19

�,�
−8 −11c ���5µ c f � c ��� �
��� �!%x�

−12
¿ ¿ ¿

c % ��� �
�af �:fzf
−22

�,�
−9 −11

����� ��d#Ê & � ©:�m�����E²p���2�8�E�+��ªE��ªg���xÂ��g���E�°�Æ�6º���¯}�5���0�x�w�P�0�x�5�0��� ¤ �Æ§#ªE·g�5��¢����

«=�x¢��2���������m��²p�2ª��N���g�5·g���5� c ��� � � ®Pªg�5��·E��¢����J�����m�-·E�������x�8�8���0¢Ã���
ªE���g�2Â�ªE��¢ �N��������·d�����

u��
2���
6&��
10fw�
15�x�
17�
20

����� �`d5Ê¦� � ®6ªE����·Æ�0¢��x� �5�8���J·E�����2���8�8����¢����eªE���g�2Â�ªE��¢ �N���¡����·d�x�Ã�^�g� ��¢Ã�x�g���x�w�Ç�Ã�g�
²p��ª �N���g��·E�g�
 %©.­
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��¢Ã�g�-���Ã��� �N�$¤ �����P��ªE����·E��¢����-�5�+�m�1���5¢������x��·E�+·g�����2���¡�8ªE�+�x�����x�w�����
4%

�
11%

�¶�����E�8¢Ã�g���������xµ
�����5�Ç���#�0�g�5�����,�g� �2ªd�x�Ã¢Ã��ª-�����¡��ªg�5��·E��¢���� �x����¢m���N���5�

5%
�

22%
Ê@©:��¢Ã���N���¡���-�0�E�8�5�Ç���x�����xÂ��

�g�����2�g���Ã�g�¡�g�w���x��Â��¡�g�w�0ª���� c ��� � �Vµ����J·E�����2���8�8����¢���� ªg�5�g��ÂxªE�0¢ �N���8�Ã�#·g�x�������g� c f¹� �,�5���
�g���P²p���2���g�¡�g�w�6��ªg�5��¢Ã���xÊT©X���6� §#�g�¡������µ��3���5�+�����,�Æ§#ªg·E�5�0¢Ã���¹�5�¹�2���Ã�x�g���6���E·B���g�2·B���x�w���^·g�x�������E�
����®P¢Ã� �xµ����J�������V²p����·Æ�0¢��x�����x�w�+¢Ã��¢Ã��¢m�x�Ã�g�¡�g�w� � c ��� � ���¶���-²p�2ª��N���E��·g�Ç %©.­�ªg·E�������¡¢��2� c � �
�$¤ ªg���E��Â�¢Ã�=�2¢5� ¤ ����� �2���2���%�0�6²p��ª��N���E��·g�P���^��¢Ã�x�d�x�-�5�^�������^�Ã�=���Ã���X�Ã�g�w�X²p���5·E�0¢Ã���������N� �
�x� �tÊ�±v�
�@�x������d5Ê¦�8���2ªg���E�w�0�^�Ã�g�1ªE·g���5���8¢Ã�g�6�$¤ ªg���E��Â�¢Ã� �N�$¤ ���e�������i�z�g�5�1��ªg�x��¢Ã���g�P�������1�Ã�Ç·g�x�������$¤ �5���
�Æ§#ªE·g�5��¢����}���}�����É���g�5�°�d�x�g·,���g�P�����0�x�¡�E�����g�+¢Ã����¢ ���5ªg�+���2ªg·gªE���g�¡�¡�g�w�dÊ

	 ��� � ��� �)���5� ����� 
 � � 
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� �"
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 =�E�2�0�tªÆ�0�����J���2ªg�2�g�w�0�J���E�^�zªg��ª ��·g�E�8�E� �0�g�2�8�t�D¤ ªE·g�����x�8¢Ã�£�$¤ ªg���E��Â�¢Ã� �N���t� ¤ ��� �z�g�5�^��¢��2�g�^�2¢
� ¤ ���}�Æ§#���Ã��¢Ã���,�{¤ �5ªE�0ªE����Âxªg��ªE¢Ã�0ª����E�°²p�2ª��N���g�5·g�g�
 %©�­����E�1���������6���Ç·d�x�Ã·g���{Ê�½°���6��ªE�����É�B�����°�2���w�
²p�����0�g�¡�g�w���Ã¢�ªg� �J�{¤¦��������¢Ã·d����¢����}·B����¢Ã��¢Ã�-�E��·g�x��·g�E�����E�N�Ç�g� Â�ªE��ªg���x�����E���x�����Ã¢�·g���0¢Ã�����°²p�x�2�0�E�8�E�w�
·g�x�8�^�5��¢�·g�x�w�0�g�£�E�J� ����·B�5������¢Ã��ªE�g�gÊ°½°�x���J�d�������J�¡���w�0�2ª �N��� � ¤ ���0�xÂx�i��� º���¯G����¢ ���5�g�¡�g�w�
�z�g�������N�%���g���zªg��¢Ã�#�5�g�=�5� � �2�m�x·BÅ�¿ �0¢��¡� �+�$¤¦�����3�x�2�0�°���x�����¶�zªg��ª ��·g�E�%��¢ÃÂ���¢���·d����¢Ã²p�gÊ�¥:�V�2�E���x��·B����µ
��¢!� ¤ ���¹� �2�����0�^����²p�2ª��N���g�5·g�^���E�¶���2�#·E�g���2�g���2�¶·g�x�N�x�g���������E�8�E�N�¶�����°� ¤ �g���2�g�^���Ã�Ç�5��� ¤ �Æ§#ªE·g�5��¢����$µ
�����5�����5���g���x�������5�8�2ªg����·Æ�0¢Ã��� ��� u � ���8�m�J·g�����2���¡�£����¢���� ªE���g�2Â�ªE��¢ �N���£Âx�����������-�E�Ç�����8��ª ¿
����·Æ�0¢Ã��� �2�5���N�$¤ �i�x� ������·d�x�Ã�g�¡�g�w�
���5�Ç��� ���������0�x���Ç�x��Âx�8�E�N�0���0¢Ã��� ��¢ÃÂ���¢���·d����¢Ã���-�5� ���g�¡���
������ªE�����Ã�5�0¢Ã���t���}�����x�����E�8��Ê

³Á�X�2�g���x¢Ã�
�E�����5¢Ã�0�����g�
���Ã���¶¢Ã�N��ªg�2�g�����x�w�0���$¤ ªE������¢��E�¶���E�¶Âw�x¢Ã���¶ªE���g�2Â�ªE��¢ �N���g�
�2¢������5�¶�Æ§#���Ã��¢Ã��¢������
� ¤ ��ªÆ�0ªg�2��Â�ªE��ªg¢É�0ª
�$¤ �x�5�����g�P·E���8�z�����x�w�0�+�0�E�����1�m����¢Ã���g���2���$¤¦��·g·g�E�°�5¢����N����Êz =���¡�8�¶�5�����P�5�0¢Ã��¢Ã�������
���8�8ªE·d�x��¢Ã���¡� � ���5��¿Á�x²m¿À·g���2� �0µ�·g�P²9�x·E���g�����z�g�5��²p���2���g�¡�g�w��¢��  ��5�g�gÊ�½6���������������x¢Ã���g��¢Ã�����.ªE���g���5���
·g�,�0���L���x¢Ã���g�¹ªE���x�����x�w�1�Ã�g�6�3���2��¢Ã�����E�°�2ªg����·Æ�0¢Ã�����6����·E�������x�8�8���0¢Ã���J��¢v�����5�1�Æ§#���Ã��¢Ã��¢����5�°�������2¢
��� � �����x·BÅ�¿À�0¢Ã�8���¹��ªg�2���Ã�0�x�w�J���g�t²9�x¢Ã�����E�V�z�g�2²p�x���8�x��·g�E�t��ªE���d���#§3Ê°±:¤ ���0��Â�� �$¤ �5��ªE�^���m� �0�g�5�£�0�E�
¸¹�����g�Ã���E�P�z�g�2�8�Æ�����0�x¢É�+������ªg�x��¢Ã���g�+·E�E�2�0��ªE�������,�����P�m�^� �g�¡�
Â����x���z�
�$¤ �x����¢Ã�����0�E���gÊ
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±v�¡·E����·E�g�5��¢����}�$¤ �����,�x�����Ã¢�·g���0¢Ã���t���x���x���Ã�g���°�E�6��¢Ã�2�0�2¢����5ªg���g���1���5��� �x·B���,��¢�6¡·E¢���� ���5¢!�E�2�°������¿
���E�w�8�2�g���5���J�����������������t�E�����x¢��2��� ���t·E���8�5��¢�·g���0¢Ã�����,�Æ§��0ªE��¢Ã�g���2�g�¡�������5���g�����#§ ¢Ã�N���g�2Â�¢�·E¢��g�Ã�gµ
�x�#§��2�g���2�����2·g�g�����£·g�x��·E��� µv�x��§ �2ªg�2�d�x�#§3µ@�E�0·�ÊX±:¤ ��� �2�E·E�0¢É²+�$¤ ¼,¸r±G�E�2�^�5�£�8�x���N���E�,�����5�0�E��·E�g�
��¢268·E���Ã��ªg�°�x����¢É�0¢Ã�������E�����E�gÊ�º°�����Ã���gµT���Ç�����^���2�g�#§¹¢Ã�N���g�2Â�¢�·E¢��g�Ã�+���w�1ªÆ�0ªÇ��ªE�x�g���x���3ªE�¶�E�°���Ç���x�;¿
�B��Â��g�w�����E�:���g�2�����5��·g�E�=���P·g�x��·E������¢Ã���z����¢��5���g�EÊw¯#¢��Ã�+·g�Ã¢��g�w�.�$¤ �����6�x�5����¢Ã·d����¢����^�2��������¢Ã�0�+� §#������¢É�0�E�
���(�����������t�8� §#¢��^�5�M�5�t���������gµ:¢Ã�=���x¢Ã�-���x��·t��ªE�x�g�Ã�����z�g�-���x����������¢Ã·d����¢������3�x���-·B���x·E�����
���E�^¢��w�0�E�2²9�x·E�g�Ç���£���2��Â����x�8�8����¢���� ���E�^¢��w�0�E��Â�¢Ã·g¢Ã�g���EÊ! =�8���0�d���x¢��.�g���^²9�x���0¢��5¢��g��§Dµ��x��¢��2�£¢��¡�z����¿
��¢Ã������Ê3¼,¸¹±�²p�����2��¢Ã����� ·E��¢Ã�g�w������������¢ �N����¢��w�0�E�2²9�x·E��¼.���E�2�0�d¸r± �E�,�5��¢���¢Ã���^�5� �¡ªg·g�x��¢Ã���¡�-���
� ���x·BÅ�¿Á�g�5� �P�z�����.�Æ§#���Ã��¢Ã���g�:��¢ 
DªE���g�w����¢Ã�w�0�g�2Â�¢�·E¢��E���gÊx±��6���x��Âw��Â���¼.���Æ�����L¸r±e�z�g���¡�E�����8·E��¢��E�w�.���
·g�x���2������¢Ã���¶¢Ã�N����¢Ã��¢Ã�x�g�¡�g�w�%���JÂ����x�����1���¶� �x·B�5�g�+���
·g�x��·E��� Ê5 =��� �N���
� ��·B���
���¶·g�x��·E���D�E�2�P���E����ª ¿
���E�w�0ªg���2�����1²p���2�8�Ç�$¤ ���e·g���¡�z���0�x�w�°²9�x·g¢Ã���g�¡�g�w�°��ªE�5�0¢Ã��¢����x���Ã�xÊz±:¤¦�x�5������·B���^·E���8�z�����x�w�
�x¢Ã�����Ã�
·g�Ã¢��E�N� �-·E�m�x¢Ã���g�¡�g�w�+�5¢��2��¢���Âx���g�+�Ã�g�+·g�x�8�^�5��¢�·g���0¢Ã�����%���E�P�����x�2�g�6����·d�x�Ã·g�������5�0���5���8�E�gÊ

� �
� � ����� 
 ��� �9�
� �:�5�

¼,¸¹±��g�2�8���2¢���·E¢����x�Ã�g�¡�g�w�-��ªÆ���E�������zªi�������x�3�x�0������¢��2�V©.®6¢m¯�¸ ���¹�{¤¦­6��¢Ã�x�g�2��¢Ã��ªJ�����.�E�����x¢��Ã���g�
¯5�x¢Ã�w�2¿ �¶���E�w�0¢���¿Á�g��¿ ¼.���E��¢Ã���g�EÊT¸r��·g���w�0�2¢����#�0¢��x� �^¼,¸¹± �g�2�°�����5������ÊT¥.�¹�����E�8¢Ã�g�+�Ã¢��g�Dµ��2����ªE�x�Æ¿
���x���3�,���E�¶�8�������Ã�g�°���i���xÂ�¢�·E¢��g���z�g�2�8�Æ���0�x�w�¶�$¤ �x�¡ªg��¢Ã�����E�+���iªÆ�0�g�5�����-�Ã�g�1�z���2��¢��5¢���¢É�0ªE�6�D¤ ¼�¸r±:Ê
º¶�x�5�6�5�¹�2�g·g�x���}���g�¡���gµ �E¤¦�x���x�5�0���Ã�¶�����x�����E�8�¶�5�,�2�g·B���E��·B���Ç���g�+���x�Ã�g���2�+�E�+���E·E���g���2�1���2�������E�
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�z�����%¼.���Æ���0�d¸r±:Ê� =�,���g�2��¢��E�°�z��¢Ã�N�6�z�g�2�8�Æ�1�������2¢@�����0�E�2���g�1�Ã�g�6���g�2��¢��E���E�6�x�g���2¢����5�1�$¤ ¼,¸r± �Æ�
�$¤ �x���z���2���g�-�����d��¢����$¤ �5�0¢Ã��¢������0�E����¢Ã����¢Ã���z�g�����x�����J� �����5�t��¢�Âx���x���E�-���E�-�������5���g�¡�g�-�2�g��·E���w�0�2ªg�
��� ���-���2���z�����E�
���g�
²p����·Æ�0¢Ã�������x�Ã¢Ã��ªg�6�5�0¢Ã���g�EÊ$±:¤ ªE�0�5�������-·g�����2�������E�8���$¤¦����Â��E�����^�Ã¢���ªg�x¢��2���z�g�;¿
�¡�E�PªgÂ��x���E�8�E�N�P�D¤ ���5¢����E�+�8���t���0�d���x¢��3������ªE�x�g���x���3�E�8�E�w�°�5�,�¡���������E�%�$¤ ¼,¸r± �L�x�g·,·g�E����¢����E�
���E·E��¢������P���2ªg·Eªg���E�N���g�EÊ
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½°���0���.�0���d�x��¢��N�°�5ªg���5��ª%�d���E·%���.��ªÆ���E�������z�g�¡�g�w�X�$¤ �5� � ����·BÅw¿À�g��� �=�z�g�2�8�Æ���0�x�w� �+¼,¸r±t�$¤ �Æ§#���Ã��¢É¿
�0�E�:���E�:���m�����E²p���2�8�E��Â�ªE��ªg�E�����x�:� ¤ ¢��w�0�E��Â�¢Ã·g¢Ã�g�5¬
�¡��¢�®°©� 1Ê�¥:���2��¢Ã���xµw���x���.�d���������¡¢���¿À�g�#¿ ���5�����%�Ã�
� -����2Åx�g�+¼,¸¹± �,�Æ�¶�Ã�,�2�g�����g�5�¶�����5������ªE�g�gÊ$ =�Ç�5�g���5¢��g�6·g�x�����E�2���-�Ã�g�6���x���x�8�Æ�0�2�g�6¢���¢É�0¢m���#§3µ����E�
�Æ§#ªE·g�5�0�x�����E�.�E�:�Ã�g�:��ªE�����É�B�����gÊx±v� � - �x��Åx�E�@¼,¸¹± �%Â��g�2�%� ¤ �Æ§#ªE·g�5��¢����-�������2��Â����x�8�¡�=�2�����Ã�%�������
��¢Ã�2�B���N�¶¨5�0ªE��ªg·B���x��Â��E�8�E�w�P���g�P���x���x�¡�E�0�2�g�%�Æ�P���
� ¤ �Æ§#ªE·g�5�0�x���������������E�+���J���E�2���E���6���
�������5ªg�g�Eµ
�m����·g�E�8�E�N�Ç���¡� ¤ �Æ§#ªg·E�5�B��������µ!�5ªg� �x���5�g���2ªg�2���Ã�0���0�EÊ@±v�¹´X¢�Â��5��� f�Ê c �¡���w�0�2�¡�Ã�g�,����¢Ã��·g¢Ã���x�Ã�g��¢��#¿
�0�E�0�x·Æ�0¢Ã�����P�g�w�0�2��·E�g�°������¢Ã�P�8�������Ã�g�gÊT¥:�¹��ªd����¢Ã��ªxµ��Ã�����g�����E���¶���,�������5ªg�g�1Â��g�2�Ç���¹�g���2�g�^�5���,���
���2�#·E�g���2���,��ªgÂx�g���
�5�¡�8�x��¢Ã�g�2� �t�������z�����0�g�����E�Ç�2���N� �Æ�0�g�,��¢Ã�^���É�B�x��ªE�g�
���2�L���g���x�w�Ç�5� � - �x��Åx�E�
¼,¸¹± �0Ê�¥:� ���$µv���x�����d�������,���x���0¢Ã·g¢��zª-�x� ��ªÆ���E�������z�g�¡�g�w�,��� �����5�3�������^���É�0¢ � ���x·BÅ�¿Á�E����� � ���5¢
���Æ�#���¡�5����·B���x¢��5�g�¡�g�w�6�3�E���¡�E������� ��¼,¸¹± �$¤ �5�0¢Ã��¢��2�g�%� �#���x�8¢ �N���g�¡�g�w�6�����5��¢��E����� � ���x·BÅ�¿Á�E����� �BÊ

TCPClient

DRClient

YmlWorker

IDL

<<create>>

Remote computing nodeData-Repository Server

OmniRPC Asynchronous call

OmniRPC back-end

Back-end scheduler

Get  a task

DRServer
TCPServer

ThreadPoolThread

DRServerThread
N

1

1

1

1 1

Connect

Get binary
Get parameters

Put results

1

1

1

1

��������f�Ê c � ³Á�w�0ªE�0�x·Æ�0¢Ã�����P�g�w�0�2�Ç�Ã�
���x·BÅ�¿Á�E���e¬¶�¡��¢m®6©� 1µ5�Ã�7�=���2Åx�E�P¼�¸r± �E�6�Ã��º¶® ¯#�E�2���E���
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±��Ç�5ªE���E�����5�3�E�8�E�N�°�$¤ ���r�5���g�¡¢��E�P�x��Âx����¢É�0���¡�¶���E�m����¢Ã�x�g�¡�g�w�P·g���¡���Ã�Æ§#���3���5�+¼�¸r± ����ªE�xªg�ÃªÇ�Ã�
�8�x� �N���
���
·E�g�2�0�x¢��5�g�%²p����·Æ�0¢Ã�������x�Ã¢Ã��ªg� ���5¢$���w�6�x���x���=ªÆ�0ª��x�5�3�����0ªE�g�+���x�6¬¶�Ã¢Ã��¢��E�=º1�E�m�x�5��� ��Ê�¥:�
���x���0¢Ã·g���Ã¢��g�Eµ�¼,¸r±��x·g·E�g�5���-��ªg�2�����8�x¢Ã�1���E�¶���x���x�8�Æ�0�2�g�¶�E�e�g�w�0�2ªg�-�E�¶�g�e���x�2�0¢Ã�^���x���1²p���2�8�Ç���
��·B��¢Ã�g�2�gÊ5 =�g�m�������5���E�2�%¢Ã����¢Ã���z�g�����x�����P�z�����.���E�=�����5��ªg�E�=·g�x�8�¡�P���g�.�8���0�2¢�·E�g�.�E�����E·E�0�E�����EÊ�¥:�
���5������µ~¼�¸r±}�2�����z���2���=�8�x¢��w���g���x�w�@���E�X·g�x�����E·E��¢������v���=��������ªE�g���D¤ ���-� �g�¡�.���#�z�xµ�����¢Ã�X�m�6�£����¢É¿
���������0¢Ã���¡�E�%�{¤ ¢Ã����� §�� �0¢��x�¡�5�g�%ªE��ªg�¡�g�w���=�$¤ �����°·g���Ã���g·Æ�0¢Ã��� �,� ¤ ¢��8�xÂ��+���E�%�m����Âw�xÂ��E�����0�x�5¢Ã�0¢Ã�������E���
�������2��Â��0���8�8���0¢Ã���$Ê

±:¤¦�����x�5�0���0¢Ã��� �z�����
¼.���Æ���0�d¸r±��5� �����x�����E�8�¡���V�2�g·B���E��·B���t���E�����x���E�����Ç�E�Ç���g·Æ�0�E���������2�������E�
�$¤ �����}�£� �0��¢Ã·g�t�2ªg�g�Ã���t� �#�¡ªE����¢ ���5�¹���}��ªE·g�g�2��¢É�0�r���x�����¹·B���x��Â��E�8�E�N�8�8� �2�g�����$¤ �����3��¢Ã�w�����
�����8�x��Â��x��¢Ã�����¡¢ �N���,���x���0�x�5�3�������}�5�x�0�2�����0�d���x¢��@��¢��2�g·Æ�0�g�¡�g�w�,���5�^¬¶�¡��¢m®6©� 1Ê�¥:���2�E���x��·B����µ
�����5�^���x�������^���E�^��¢ 
DªE���g�5·g�g����¢�Âx��¢���·g���0¢É���E���$¤ ¢��¡����ªE�8�E�w�B����¢������EÊv¥:� � 
3�E�dµ@�m�}�3�E����¢Ã�2�0�x��·g�£���
�����5��ªg�E�
�$¤ �E�2�
���x�¶�g�5·g���2�^Â�ªg�2ªg�^���x�1�Ã� � ���x·BÅ�¿Á�E��� �-¬
�¡��¢�®°©� 1µT��¢X� �g�¡�
¼.���E�2�0�d¸r±:Ê$³Á�@²9�x�#�
�����5· �¹·B��� �N���8²p��¢Ã�Ç�E�w��� ���E�^� ¤ ¢��w�0ªEÂ��0����¢Ã��ª-���g�Ç�������5ªg�g�Ç��ªg·E�g�2�0�x¢Ã���g�^�x�#§�·d�x�Ã·g���Ã�gÊv»1¢Ã����¢{µ���¢��E�
�N���-���E�¶���x�#�0�g�
�z�g��²p�����8�x��·E�g�¶�5�^����¢Ã�g�w�
�����
���e��� �2�E·E�0¢É²�����¢Ã����¢É�B�x¢Ã�����$¤ ¼,¸r±:µ$���£��¢����0�2¢����5��¢����
�$¤ ���J·d�x�Ã·g���3�����+³Á�w���g���5�E�P����¢É���E�����
�2ªg��¢Ã�g���2�g�¡�g�w�PªE������¢Ãªg�
�g�J���x¢��2���V���J·g� �5�+���E�6·E���¡�^����¢Ã·d� ¿
�0¢Ã�����EÊN¯#¢������������¡��¢Ã���z�����+���E�.���g�2�����5��·g�E���8����ªg��¢Ã�g�Ã���g�@�E�.�z�g�5�.�2�g·E�E���x¢��.���-�����Ã���¡�%¢��¡�3�x�2�B���N�
���
���x����ªg�E�P�3���5�=�0���x¢Ã���g�=�Ã��¢É¿À���E�8�6��ª �N���g�w�0¢Ã�g�Ã���g�¡�g�w�+�5���
� �x·B����µ��x�Ã������¢��D�E�2�P� �����E�8�E�N�P�5��ªE²pª ¿
�0�������^�5�-����¢@��������¢Ã�����g�1�����5� �x� �N���-���-���£��¢Ã�2�0�2¢����5�g�gÊ$ =�E�2�0�^� ��·B�������-�3�E�5�
�8�x���5�g���2�g���2�g�¡�g�w�
���x� �Æ�0���+²9�x¢É�0�%���x�:���+·E��¢��E�w�:·d�x��¼.�x�E�����L¸r±¹���P�������z�����0�P���x�.�m�¶�¡��¢Ã�������=���3ªE�0����¢����-�N���¡ªg�2¢ �N����Ê
 =�E�2�0�
���E����¢Ã�g�2�
��¢��¡¢Ã�0���0¢Ã���-�g���PªgÂw�����g�¡�g�w�+�{¤ �x� �2�E�+�D¤ ���5�
��ª  ��Æ§#¢����DÊ�º�¤ �����
���x���dµ��5�����+�z���5���x���
�xÂ�Âx�����¡ªg�2�g�,��� �£�~§5¢Ã�^��� �$¤ ���zªg�0� �0¢��x���^�x� �2�g¢Ã� �$¤ �5��� �g�¡�£·E���¡�3�����x�w��� ��� �5�V��¢Ã�8¢É�0�g���Ã�
���������������,·g���¡�z���0�x�w���6�Æ�1�5����·��������������������,·g���¡�^���5¢�·d� �0¢��x���gÊ�¸r�x¢��P·E�g·g¢v·E�,²9�x¢É�P�x�¹��ªE����¢É¿
�¡�g�w�6���r���2¢���·E¢��z��������ªÆ¿À�5�0¢Ã��¢Ã�0�x��¢Ã��¢É�0ª ���5¢!�E�2�°���r�z��¢Ã�N�P�E���2�g�w�0¢Ã�g�!�$¤ ¼�¸r±:ÊDºÇ¤¦�x�#�0���,���x���dµ����x���
�z���5���x���6��������¢��5���g�����J·g���¡�3�x�0�x�w� �^·B��� �N����ªÆ�B�x�z�
���
·d����·g�5�D�8�x¢��%·E�g���^�g��Â��E�����2�,�5�}�5���^���2�
¢��¡�z���2�0�x�w�.���°·E���¡�^����¢Ã·d����¢������EÊw½°�x���%�d���x���=·B���x¢���¢T·E�E�����1���E����¢Ã�g�2�°���#�0¢��x�£� ���£���6²9�L�x����¢Ã���E�����
��ª ¿Á�5��¢��Ã¢��0����¢��Ã¢Ã�0ª��������x�,·E���¡�3�����x�w�0� �p�Æ§3Êv�3���5�
���-��ªÆ���g�Ã�����z�g�¡�g�w�,�����m�t�¡ªE�0�5�#���-�D¤ »°�������Ã��¢ �
��¢Ã�g�
�N�$¤ �g���Ã�-���-���x¢Ã�
�����
���5�0¢Ã�£�����,�g�e�0�E���¡�^���������^�5���^�Æ�
�����Ã���8�����-·g���¡�^���5¢�·d� �0¢��x���1�2���
³Á�w�0�E�����Æ�dÊ

½°�x���¶���2���3�x�������
�5�g�#§iÂ��0�x�5���g�
���Ç� �x·B���E�
����·B�5�g�2���0�x�w�,�����1·g���¡�3�x�0�x�w�0�1¢����Ã���2����ªE�1���x�°���E�
´X¢É¿
Â����2�g�/&5Êed-�E�
&5Êgf8���#§J���xÂx�g� c d��-�E� c dau5Ê
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±��g�$�����5�0�E�v�����E�8¢Ã�g���E�$�Æ§#�zªg�2¢��¡�g�w�B����¢����5� �N���.�������v�d���x���v�8�E��ªg�E�gµL���w�v�z�����$�����2�g·E��¢Ã²#�$¤ �������E�2�x�g�
���.�2����·E�	�5�@���=�{¤ �����xÂ��.·g�x�^��¢��5ª��D¤ ¼�¸r±V�E�@��� � ���x·BÅ�¿Á�E��� �=¬¶�¡��¢m®6©�  ���x�v���x���z���2���°�5�����2¢��¡�����
�Æ§#ªE·g�5��¢����J�x�£�8� ���E�t�$¤¦¬
�¡��¢�®°©� 1Ê#½°�����=����ªE���g�w�������+���E�����g�2���%²9�x¢Ã���=�d�x�g·
���°Â��0�������1�5�1� �x·B�5�g�
�����m�-´@¢�Â����2�!&5Êed �N��¢��z�g�2�8�Æ�P�����,·g���¡���x���x¢��2���J�d���E·Ç�Ã�g�%�0�E�2���°�������-©X�x���0¢��
³%¯#�g·Æ�0¢Ã���¹�#Ê ��Ê
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½°�x���^�Æ§#���Ã��¢Ã�������,���E�����E���2������·E�g�-���£·d�x�Ã·g���.�E�^���g�Ç��ªE���d���#§ �Ã�#·g�x�#§����8� ¤ ­°��¢É���g�2��¢É�0ª£�5�V±�¢��Ã��� c
�x���8� ���E� �$¤¦¬¶�8��¢�®°©�  �E�V�5� � ���x·BÅ�¿Á�g�5� �¹�$¤ ¼�¸r±��x���2�#·E¢�ª�Ê�±:¤ �����5�������x�5·g�g�5�£�$¤ ¼,¸r± �Æ�£�Ã�
���E�2�x�g���°���Ç�5������ªE�g�1�2���w�1�Ã�#·g�x��¢Ã��ªE�P�x�¹�2�g¢Ã�r���}���E�8�,±�»¶½,Êz±v�E�°�5ªE�B��¢����+�2���w�1�5������ªE�1���x�5�°���
�@�x�����Bf�Ê c Ê�±v���8���0�2¢�·E�1�$¤ �����5���

N = 47792
�g���+¢��5�g�w�0¢ ���5� �^·g�E�����°�5�0¢Ã��¢Ã��ªg�6���2ªg·gªE���g�¡�¡�g�w�dÊ�±��E�

���x���x�¡�E�0�2�g�=���x�2¢m�x�5���g�����x�N���^�����5�x�d�x�
m
�E�

k
�9���E���z�g·Æ�0¢Ã�x�g�¡�g�w�P�m�,��¢��¡�g�5��¢��x�V���t���x����¿À�g�����x·g�

���
	
� �����L�£�E�6���
���x�^����������·E�������Ã�g�P���,®6¢É� �¶·g�x��·E����ªE��� Ê
 =��� ��Â��5�0����¢���� c  =�x� ��Â��������0¢Ã���¹�

³Á�w�0�E��Â�¢Ã·g¢Ã�g� ¬¶�8�5¢m®6©� 
¥:�¡���m�x·E�g�¡�g�w�P���}·g�Ã¢��g�w� ±�¢����Ã�

¥:�8�5�m�x·E�g�¡�g�w�P���g�P�2�g�2�x�g���2�
¬¶�¡��¢m®6©�  ±�¢����Ã�
¥:�¡���m�x·E�g�¡�g�w�P���E�/������Å��g�2� ±�¢����Ã�

½°�x�^�����������2�g�2�x�g���2�
¬¶�¡��¢m®6©�  c �
½°�x�^�����
�5�!�����2Åx�g�2�1�����+���g�����E��� �au

½6���^���2�
�0�x�0�x�$��� ������Å��g��� �au %��
½°���������
���,���Ã�#·E�+����» �au %��
� � � ��f�Ê c � ©.������²p�x���¡�g�%���E�6���g���0�P����ªE��¢Ã�8¢Ã���x¢��2�g���$¤ ¼�¸r±
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±v�^�X�������:f5Ê �����2ªg�2�g�w�0�,���E�=�0�E�8���+�5�����Ã��Â��g�����E���E�xªg�P·B�����,�Ã�¶·g�Ã¢��E�N�%�3���5�%��ªE�������5���
���1�������5���g�¡�xÊ
±v�V�X�������lf5Êvd£�E�2�����e���x���z�g���5�g�¶���x���E�����1���5�0�E�N���g���d���E·����g�
� §5�zªg�2¢��¡�g�w�B� �0¢��x���1�2¢��¡¢��m��¢����E�P�g�
�5��¢���¢Ã�0�x�w�:�5¢����E·E���g�¡�g�w�=¬
�¡��¢�®°©� 1Ê�¥:� ���$µN�m�
�X�������$f�Êgf��Æ§#���Ã¢�·g¢É�0�+�Ã�g�:�0�����3�x�2�0�.���E�����g�¡���.�g�w�0�2�
���E�+���g��§}����ªE·gªg�5�g�w�0�E�°�B�������E�gÊ

�}µ�Å  =��� ��Â����0� �0¢��x� c  =��� ��Âx���0����¢����}�
c %#µ c ��� c �x�zu
c %#µz� dw�ad �ad'&
c %#µ�d f�&w� �au'&
�x�5µ c c uw� c f�&
�x�5µz� dw� c �adw�
�x�5µ�d d'&�� �auw�
�'%#µ c �'%�� c �,&
�'%#µz� �,&w� c �'&
�'%#µ�d �x� c c u�%

����� �af5Ê � � �!�g�¡�����5�����Ã��Â������-·g�Ã¢��g�w�@�3�x�������5���g��¢Ã�
k
·g�����5���g�X���+®P¢Ã� ���d���E·=¼,¸r± �9�E�-�8¢Ã���#�0�g� �

±��g�.�0�E�8���.���x�����xÂ��%���E���Æ��ªg��·B�����1���+·E��¢Ã�g�w�.�����w�����Xf � czc ²p��¢Ã�:�������.�Ã����Â
�g�8�5�0¢Ã��¢Ã�0�x�w�@¼�¸r±:Ê�±v�E�
���E���2������·E�g�%�5�1·d����·g�5�z�Æ�=�2ªg�2�d�x�V�2���w�%�2�g�m� �0¢Ã�x�g�¡�g�w��·g���¡���x���x���Ã�g� �9�Æ�=�Ã�g�.�0�g���0�������w�=²9��¢Ã�0�.���,�N��¢É�
���x�5�
���g�
�5�g�#§ ·g�x��� Ê�º1�����Ã���gµ3���-Â����x������¼.�x�E�����L¸r±��g�2�
�����E�,�5����·B���-��� ��·B��ªE�£�J�$¤ �Æ§#ªg·E�5�0¢Ã���
��¢Ã���g·Æ�0�E�8�E�N�£�d���E· ¬¶�8��¢�®°©� 1Ê.½6�����£�5¢��2��¢���Âx�����������Ã����¢Ã�g���2�8� §5�5��¢�·g���0¢Ã����� ���5���0�E�°�2����·E�	�5�gÊ
�!���5�J�$¤ �x�z�����$µ=���e·g�Ã¢��E�N�8¼,¸r±?��� �3�E�5�J���x�J��ªg�x��¢Ã���E�V���e��¢Ã�8�5���g�£·d�x�Ã·g���Ã�J�x� ���g¢Ã� ��� ·g�����
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�}µ�Å �au"������Å��g�2� ��±�¢��Ã��� %x�"�=�x��Åx�E��� ��±v¢Ã���Ã�
c %#µ c �x� � c
c %#µT� d�% d'%
c %#µ�d % c fw�
�x�5µ c c u ���
�x�5µT� d�� d'%
�x�5µ�d % c faf
�'%#µ c �au ���
�'%#µT� dzd � &
�'%#µ�d %'% fzd

����� �If5Êvd � �!�g�¡���V�5�����Ã��Â��}���G·g�Ã¢��g�w�8�3�x���V���5���g��¢Ã�
k
·g�����5���g�£���e®P¢Ã� �}��¢Ã���g·Æ�0�E�8�E�N�t�L�x�g·

¬¶�8�5¢m®6©�  �p�g�}�8¢Ã���#�0�g� �

�}µ�Å �au"������Å��g�2� ��±�¢��Ã��� %x�"�=�x��Åx�E��� ��±v¢Ã���Ã�
c %#µ c czc u
c %#µT� u &
c %#µ�d u &
�x�5µ c c � �
�x�5µT� c � &
�x�5µ�d � &
�'%#µ c � &
�'%#µT� � �
�'%#µ�d % f

����� � f�Êgf � ¯#�5��·g� �5�
�$¤ ¼,¸r± �{�d���E·-���Ç���x·BÅ�¿Á�E����¬
�¡��¢�®°©�  �6���x�1���x���z���2� �8���e���0��Â��-��¢��2�g·Æ�
�$¤¦¬¶�8��¢�®°©� 
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¼.���Æ�����L¸r±��8�x¢���¢��%���x¢Ã�-�Ã�g�^²9�x¢Ã���t���x�5�¡�5�g��·g���¡�z���0�x�w��� �N��¢+�2���w�¡��ªg���x�2��¢��gÊ:¯#¢+���t·g�x��·E���%�g���
�0�2�g�
���x��¢��5�xµz����Â��x¢��i�E�e�0�g�¡���¶�5�^·d�x�Ã·g���@�g������ªgÂ��Ã¢�Â��g�x���Ã�xµ�����¢Ã���Ç���5� µ$�������2� �N���-���Ç�����2·g�	�#���g�
�0�E�8�5�^���V·E���8������¢�·g���0¢Ã��� �g����ªE��¢����E�w�dÊ�¥:���2��¢Ã���xµ@�������^·E�����2¢���ªE�����������£�2����·E�	�5�-�5¢����E·E���g�¡�g�w�
¢��¡���5�0�x���Ã�J�x�A�Ã��Â�¢�·E¢��E��¼,¸r± �N��¢6�g���£��� ·E�����2����·Æ�0¢Ã���A���¹�����5��¢��E�����¡�z��¢��w�0�EÊ�±.¤ ���2������������·g�E���
�$¤ ¼,¸r± �¡�E�°���¹���g�¡���1�5���r��ªEÂ���¢ÃÂ��d���������z�����6��ªg�Ã�g·Æ�0¢��x�����g�6�m�-� ��·B�����2��¢Ã���x�w�0� �8� §5ªE·g�5���g�EÊ$±��
���2�#·Eªg��ª8�$¤ �E�8��� �N���E�0�xÂ�� � ��ªg��� ���5�E�B��Â��£���E�������0�x�¡�E�����g�,�g���^ªEÂw�x���E�8�E�w�,�����E�Ç·E�	�5�0�E�#§3Ê�¥:� ���Dµ
�m�
���x¢��2���8�5��¢��5·g¢����x���+�E�2�����+�0���x���2²p�E�2��� ���2��ªg�8���0¢ �N���°�D¤ ���8��¢����x¢��2�+���°·E���¡�3�����x�w�.���g�2�=���8�������
���t·g�x��·E��� �p¢ Ê �xÊ��i·B��� �N���J¢��w����·d� �0¢��x� ���x�������VÂ����x�����¡¼.���E�2�0�d¸r± �ÆÊ:»1� ·E���w�0���x¢��2�xµX�Ã�������$¤ �5���
�Æ§#ªE·g�5��¢����¡��¢��2�g·Æ�0�P�����.���5�6�5�m�����E²p���2�8�P¬¶�¡��¢m®6©� 1µ����E�:���N���E���E�2�0�E� �{®6©�  �������w������ª ¿Á�E�����EÂ�¢����0��ªE�
�E�6���Ã���P�x��·E���J�0�0�����2²p�E�2�6�$¤ �g�2�°��ªg�x��¢Ã��ª�Ê
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¼,¸¹±¹�g������������Â�¢Ã·g¢Ã�g�N�g��·E����� �2�E�����+�E�.�5ªE���E�����5�3ªP���x�X�����Pª��N��¢Ã�3�%�����g�:�2ªg���5¢Ã�0��Ê�³Á���z�����2�g���P���x��·
���E�°�5ªE²9�x�5���¶���Ç�0� �2�E�����E����� �¡�0�d���x¢�� �N�$¤ ¢��v���Ç�£�����N�������x�1�E��·g���2���0���B�x�Ã�g�¡�g�w�6� ¤ ��ªE��ªg���xÂ�ªg��ªE¢Ã��ª
���E�^���m� �0�E²p�x���¡�g�,���V·d����·g�5��·g�x���Ã�g� � ���x·BÅ�¿Á�E����� �V���£�3�E�5���E�N�����x�^�g�5·g���2� �E�����8�������^� §#������¢É�0ªE�
� �����x�¡¢ �N���E�8�E�w�:�g���2�g�^�5���xÊ�º1�%���Ã���gµx� �������%�2ªg����¢Ã���%�Ã�%���5��·g� �5�:�$¤ ¼,¸r±:µ��5�+�����^���2�g���2�g�:���#�0¢É¿
�¡¢��0� �0¢��x���+���E�2�0�E�w� �¡�x���z���2���g�P�0�g�v���¹�8ªE·d�x�5¢����¡�
���Ç·d�x·B���,�z�����6���g�P��¢Ã���x¢Ã���g�P���,·g�x�8�z���0���N���
���5�¶���E�1���������°���^·g�x��·E��� Êz½°ªg�x���¡��¢��5�gµT�������1�3���#�������1��ª ���V��������ªE·g¢Ã�g�1�Ã�Ç���x��Âw��Â��Ç�5�^���x�5�1��¢É¿
���g�x�r¢Ã�w�0��¢É�0¢Ã² �N�$¤ �g���°¼.���Æ�����L¸r±(� ���¹���,·g���¡�3�x���g�P���¹Â��0�������,�$¤ � §#ªg·g�#�0¢��x�r�g�¹���,·g���5·g�g�w���0�x�w�
�g�2���E�N��¢��E�����E�8�E�w���2���.���g����ªÆ�B�x¢Ã���:�x�ÃÂ����2¢Ã�0�5�8¢ ���5�g�X�Æ�����°�2ªg�����2�0¢É�0¢Ã���$Ê�½6�������d�����5��ªEÂw�x���E�8�E�w�.�3ª ¿
��ª ��·g¢Ãª+��������¢Ã��·g¢Ã�3�%�5�6�5����Â����x�¡�£����¢����,���x�:·E���¡�3�����x�w�0���E�8�2ªg�5��¢��Ã¢��0���N�X�����5��¢��E������²p�x¢��X·E�g���B�x¢Ã���
�$¤ �g�w�0�2�Ç�E�#§3Ê

»�·g���5�2�P�0�E���¡�xµ������5�6�5�E�������5�°�2ªd�x�Ã¢����E�+���������^�5���g��§J�0�g���0�6�3�x���%�0�E�2�0�E�°�Ã�
���x�2�0�xÂ�� �-� ¤ ªg·B���E���Ã�
�$¤ ¼,¸r±:ÊT½6�����6�x��Â��¡�g�w���g���x��� �-�m�^²p��¢��=���
�����������
���
� �,�5���°� §#������¢É�0ªE�+�E�P�m�^�5¢��¡�g���2¢����t�������
�8���0�2¢�·g��ÊD½6�����
���Æ���������,�x�5����¢����g���0�g�
·E�-���E�8��Â��0�x�5����¼,¸r±��d���g·��Ã� � ����·BÅw¿À�g��� � �°�0���E�(-��g�
����¢Ã�+��ªg�x��¢Ã���g�+�5�g�P�Æ§#�zªg��¢Ã�8�E�w�B����¢������+�2¢��¡¢����x¢��2�g���L�x�g·,���
Â����x�������������-´X¢�Â��5���!&5Êgf�Ê
½°�x���v���������x¢Ã���g��¢Ã�������z�����2����¢É�#�2�.���x�0�2�.·g���w�0�2¢����#�0¢��x�Ç���Ç��ªÆ���E�������z�g�¡�g�w�@�$¤ ¼,¸r±:µL�g�Ç���x���0¢�·E����¢Ã�g�
�z���������¹�¡¢��2�Æ¿Á�E�#¿ ���5���2�8��� �������z�����-� �����x�¡¢ �N�����E�^���É�0¢:���x·BÅ�¿À�g����� �BÊ� =�g�m�¹·g����·E�g�2���V� ¤ � �2���#�
�$¤ ���(� ���2���g�¡�J���t·g���Ã���E·E�0�£�E���Æ§#���Ã��¢Ã�0���0¢Ã��� �D¤ ¢Ã�5²p�����8����¢������,���5�¡�Ã�g�^�2�g�2�������2·g�E�8���t·g�x��·E��� µ@���E�
��ªE���g�x�#§¡�E�����E�.�Æ§#ªg·E�5�0¢Ã���������x���2ªg�E�gµ#�x¢����2¢ �N�$¤ ���£���x�5���E�3���2���������x��·g�E���.·d�x���x�����P�$¤ �Æ§#���Ã��¢Ã���g�:·E�g�
¢��#²p�����8���0¢Ã�������3���5�P��������¢��5���g�+���5��� �x·B���,�x� � ����·BÅw¿À�g��� �,�x��ª �������dÊ
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±:¤¦�~§5�r����¢Ã��·g¢Ã���x�+���i·E�E�2�0�r�����g�2�i���i����·E�����0� �£�E�2�t�{¤ ªÆ�0�����¹���r���x�0�x�5¢�Â��¡�g�¡�E�8�0�g·B�5��¢ �N���E�t���
���2��Â��0���8�8���0¢Ã��� �z�����J�m� ��¢Ã�2����¢��5�5�0¢Ã���G�E�¹�m� ���x���x���Ãªg�Ã¢��0� �0¢��x�A��� �¡ªE�0�5�#���E�¹�N���¡ªg�2¢ �N���E�¹�2���
���E�����m�����E²p���2�8�E�-���J·d�x�Ã·g���+Âx��������� Ê�½6������¢��5��¢����0���5�¡�2����� ¤ ¢��¡�3�x�2�B����·g�V�5�g�¡·B����¢É§ ���5�8ªE��¢ �N���E�
�z�g���¡�E�2�B�x�w�����P·B����¢Ã��¢Ã�:���£�����0�x��¢ÃÂ��¡�%���P�����xÂ��0�x�¡�8���0¢Ã���^���5��¢��8�x�5�z�����.�Ã�+�������z�������5�°·g�x��·E��� Ê
©X���,� §#�g�¡������µ!�5�����Ç�L�x�����,·B����¢Ã��¢:�m�t�¡ªE�����#�5�¡�5�8���}«�¢����2�g·Æ�0¢��x���z�g�2�8�Æ���B���N�,��� ���x���x���Ãªg�Ã¢����¡�
���x���x�¡ªE�0�2¢ �N����ÊD½6�����
���x����¢ÃÂ��������1�x���2��¢��{¤ ¢Ã�8����·E�°���^·g�E�
·B����¢ §i�N���¡ªg�2¢ �N���g�
�2���
���Ç���x���B�xÂ���µD�Ã�
�����x·g�E�8�E�N���E�.� ¤ �x·E·g�g���x�#§-�5������ªE�g� �N��¢����x�N�.�5�g�:�z��¢��w�0�X·g���5·g¢m���#§-�Ã����� ���5�%���g�.·E���8������¢�·g���0¢Ã�����
���5�¡³Á�w���g���5�E�¡�g�w�0�2�g�w�8�g� �2�g�$Ê.±:¤ �5�0¢Ã��¢������0¢Ã��� ���J�m�i�¡ªE�0�5�#���t�5�¹±v�x�5·0�g�x�¡�E�2�¡�����Æ§#�g�¡���Ã�t���
·B����¢ § �N���¡ªg�2¢ �N���V²9�d�������x���Ã�J�x�(·g���w�0� §��0�}���t·d�x�Ã·g���=Â��������x� Ê@½°���5�8�d�x�������g���2��¢Ã���t�Æ§#�z����ª}���E�
·g�x�N���0�x¢Ã�w�0�g�,�����w�Ç�������Ç���E�x�����,�0�g�5¢���·g���¡�5���8�Ã����� ���5�8���x���������x�5�������,��� ���2�������E�8�-�2�����5���
�������0�Æ²p�����¡�+���6·d�x�Ã·g���TÂ��Ã�����x�{Ê�©@�x����·E�g���B�x¢Ã���g���$¤ �g�w�0�2�Æ¿Á�E���Ã�g�gµN�z�����.���E���N���E�����E���Ã�P·g��¢Ã�g�w���3�E�5�=�xÂ�¢��
�x�,��¢Ã�x�d�x���x�����Ã¢�·g���0¢É²;µE���x���X�d�x�����X�5�����z����ª.���E�X�2�����5��¢����5��·g���¡�8� � � ¤ ���5��¿Á�x²m¿À·g���2� �BµE�m�+�z�g���2¢����B�x��·E�
���-���x����ªg�E�gµv���E�
�8ªÆ�0�������E�
���g�5ªg�8�x���2ªg�g�EÊ�º¶�x�5�,�{¤ �E�����2¢Ã�
�5� �5�����2�Æ�^Ä
�0����� ±v�x��Â��-�5�-� ¤ ³;½1®P³Á»
´��5�0�5���gµ3����������·g·g�x�������5�
�����-���x���
���2¢��¡������¢��x��� �V�{¤¦�����z�g·E�¶�Æ§#�3ªE��¢Ã�8�E�N�0�x� µ3���������x�w���x¢��5��¢X�5���
��ªE�g�Ã���=·E��ªE��¢���¢Ã��¢É�0ª �1���x�����%�¡¢��2�Æ¿À�g�#¿ �,�#�#�2�xÊ »1¢Ã����¢{µ �5�����:�d���x���:��ªg�x��¢Ã��ª=�5�g��� §5�zªg�2¢��¡�g�w�B� �0¢��x���X�2���
���Ã����¢Ã�g���2�6�5�m�����E²p���2�8�E�+���gÂx���������x�w�°�5�g�6���g�2�����5��·g�E�1���,·d����·g�5���E�6���g�6��ªE���g�x�#§J�0�2�g�6��ªE��ªg�2��Â��g�5�g�
�(� ¤ ­¶¯#�P±:µP´��0�x�5·g�xµ+�Æ� �(�!����ÅN�����#µ1È����3���DÊP±.¤ �����xÂ�� ����·E���¡�^����¢Ã·d����¢������£�����J³Á�w�0�E�����Æ�i�g���
���x�0�x�¡�8�E�N�%���t²9�x·E���g���+�E�����E�w�0¢��E���3�x���+���g�+ªÆ���x����� �0¢��x���%�z�g�2��¢����E�w�0�g�EÊT¥:� ���$µ��5�����P�3ªE��ª���·g¢��x���
ªgÂ��x���E�8�E�N�¡���}� ¤ ���5��¢��PÄ
��¢Ã���Ã�x¤ %x�����5ÊX¸ �E�8�}��¢P�����0�g�P�E�N��¢Ã�������5�g�¡�g�w�£�D¤ �E�2�V���x�8�2�g���2ªg�2�g�w�B����¢Ã²
��� ·d�x�Ã·g���
Âx��������� µ��������}�8�x�N�������5�t����� �5�0¢Ã��¢É�0ªi�E� ���g�2�0�x�w�r�Ã�e���x�2�0�xÂ�� � � ¤ ªg·B���E���Ã�e��� ���x�0�2�
�x���5��¢�·g���0¢Ã��� �E���g�(� 68���x�w�����g�^�x���x� �#�2�g��²9��¢Ã�0�E���������-��� ·g�x�N���Æ§��0�J���t·g�x��·E����Â��������x�=�d�x�g·J���E�
�������0�Æ²p�����¡�g�+´����x��·g� ¿�È��x�z���$Ê

»M·g� �0���E�8� ��� ���E·B���g�2·B��� ���2¢���·E¢����x�{µ=���x���i�d���x���r� �2���5�0ª ����� ·g�x����¢Ã��ªg�����0¢Ã��� ���g�����0¢É��� �x�#§
�¡ªg·d����¢��2�8�E�t��� ��ªg�5��·E��¢���� ��� ·g�x�������¡�8���0¢Ã��� �$¤ ªg���E��Â�¢Ã�xÊ6 =�e�0�5�g�¡�e��� ���g·B�5�g��·B�5� �g���J�0���E�
� �����x�¡¢ �N�������x���X���=�5���£��¢����.���-·g�x��·E���#���x�5�0�=�3�E�2²p���2�£�x�5·g�xÊ�±��=�2��·g·E�g�.���g�X�����z�g�;¿Á·d����·g�5�m�����g���2�
���¶���,²9�x�¡¢��Ã���P«=�Ã����Ä
�g���1�E�%�Ã�g�%�2�3ªE·g¢2��·d����¢����5�=���¶���Ç²p�5�������¶�8�x·B��¢Ã���1�zªE�0�  ����5¢ �N���1�5�J®6³ 	�¥.½
�g�Ç�����w�!���������x��²9�x¢Ã���:¢��Ã�������0�0� �0¢��x�$Êgº°�����g���Ã�g��·E������¢Ã��ªg�����0¢Ã�����vªg�5�g��ÂxªE�0¢ �N���g�!���E�����w�@���������x�����E�8�E�w�
��¢Ã�g�w���x�!Â����x�����E�8�E�w�XªÆ�0����¢Ãªg�E�X�z�����v���.·d����·g�5���5¢��2����¢Ã����ª �P�����E�XÂ����x������ªg·B���E���Ã�xÊ ½°���5�@�2�������x¢É�0���5�
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�N���£�Ã�g�Ç��ªg�5��·E��¢������Ç���£·E�����2���8�8����¢���� ªg�5�g��ÂxªE�0¢ �N���£���#�0�g�N���E�-�����2�����£���x���Æ§#�zªg�2¢��¡�g�w�B����¢����5�
�g�5·g�������xÂ��E�N�£�$¤ �x�5�0�2�g�¡·B���g�2·B���g�5���t���}�m�e·g�x�8�^�5���x�5��ª¹����·d�x�Ã·g���+Âx��������� � �z�g�2��ªE�xªg�2�g�V�������
·g�Æ�����P����ªg�8����¢ �N���xÊx¥:�¡� 
D�Æ�dµ��5�������d�������.���#�0�g�N�����E�����x¢��2���g�:�5�6���1·g�x�������¡�8���0¢Ã���^ªg�5�g��ÂxªE�0¢ �N���
Â��Ã�����x�Ã�°����u � �E�%����·d�x�Ã�g�=�5�,�x� � �z�����=�����
���x�5���������t���g�¡���%���
·g�x��·E���D���
�2�g���Ã�g�¡�g�w�°� � �x�
�8� §#¢��^���}Ê�³Á�X� §#¢��2���^���Ç�����^���2�g�#§i�x�5�����E�1²9�x·E���g���2�¶�m��¢������x�w�¶�E���zªg���E�¶���E�¶Âw�x¢Ã���1ªE���g�2Â�ªE��¢ �N���g�EÊ
º1�
�0�E���Ã�g�+���E·B���g�2·B���g�1�����w�6������·����2���¡�E�����g���2�g�EÊ

º1�����x�w� �����e���E·B���g�2·B���g��������� �d�x����� ·g���5�2�B� �0ª �N���(�m� ���2��Â��0���8�8���0¢Ã��� �E� ��� �5ªg���Ã��¢��E�8�E�N�
�$¤ �x�����Ã¢�·g���0¢Ã����� �J� ¤ ªg·B�5�g���Ã�^����� ¤ ³Á�w�0�E�����Æ�Ç�E�2�,�����-� �x·B���-�0�2�g��·g���¡���Ã�Æ§#�xÊ$»°�#§ ��¢26¡·g���É�0ªg�,�x�ÃÂ���¿
��¢É�0���¡¢ �N���E���E¤¦� �2�x�5�0�E�N���D¤¦�x�#�0���E�-·g���w���0�x¢Ã�N���g�����g�Ã���£�{¤ �5ªE�0ªE����Âxªg��ªE¢Ã�0ª8���g�-¢Ã�w�0�g�2Â�¢�·E¢��E���,���t·d�x�Ã·g���
Â��Ã�����x�{µx�m��·g�x�8���Ã�Æ§#¢Ã��ª+���g��¢��w���g�2²9��·g�g�����6·g���¡�^���5¢�·d� �0¢��x���gµ��Æ�0·�Ê#½6�����������¡�¡�g�.������·6¢��¡���Ã¢ �N��ªg�
���x�5���m�}·g���5·g�g�#�0¢��x� ��� �Ã��Â�¢�·E¢��E�X¼,¸r± �N��¢���¢Ã��� �}�£�����N���g����� Â����x��� �5���^���2�£���V�5¢�6¡·g���É�0ªE�
�x� ��ªÆ���g�Ã�����z�g���EÊv½°���5�Ç�d�x����������ªE���E�N��ª8�Ã�g�
��¢ 
DªE���E�N�����8�������Ã�g�¶�Ã��Â�¢�·E¢��E��� ���5�¡�5�����,�d����������ª ¿
���E�����5�3ªE�,�Æ�����������d�x�������Æ§#���Ã¢ �N��ª-·g�x�8�¡�g�w���x���x�5�0�E�
���x�����-�x�5����¢Ã·d����¢����i�N���¡ªg�2¢ �N��� �8¼�¸r±:Ê
­°�8�x·E·g�g�w�=���x�2��¢�·E����¢Ã�g�:�
ªE��ª°�¡¢��:�2�������g�.�zªg��ª ��·g�E�=�$¤ �����6���2��Â��0���8�8���0¢Ã���^���2¢��E�N��ªg� � �����2Å" �� � �
�9¢{Ê ��Ê����x�XÂ����x�����=���=� ��·B���g� �X�E�:�E�-�5�0¢Ã��¢����x�w�!�����+�x�5������·B���%·E���8�z�����x�w�dÊ�½6�����:�d�x�����:��¢Ã��·g�#�0ª%���E�
�d���x�w�B�xÂ��E�°�Æ�1¢Ã��·g�x�N�xªg��¢Ã�g�w�0�°���,��¢ 
3ªg�2�g�w�0�E�1���2·B���g���0�0� �0¢��x���°�z���2��¢��5���g�P���Ç·g���¡�z���0�x�w���6�E�r�¡�E��¿
�B���N���E�£�d���x�w���m�
��¢����0¢Ã��·E��¢����-�E�N�����6���x���x���Ãªg��¢Ã���¡���Æ����¢����0��¢Ã���5��¢����-�Ã����� ���5�6�5�����:�0���L���x¢Ã���Ã�������d�x�g·
���E�1���xÂ�¢�·E¢��g�Ã�+���,���x�5���1��¢É���d���#§3µ3�Æ�¶�g�¹��¢��2·g�5�0�x�w�¶���Ç� ¤ ¢��w�0ªE���Æ�°�5���m����¢Ã�2�0�2¢����#�0¢��x�}�5��·g�E�2�0�x¢����E�
� ��·B���g�6�g�}�0�x¢Ã�����J���J·E�	�5�6���g�6·g�x�8�^�5��¢�·g���0¢Ã�����gÊ
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BDCFEGCIHJHLK�H�M�NIO�PRQ0SGTLU(VRWXTLURMYHLQRZ(TLURV\[?TLV^]_B`K�EbacN^EdO�CIURMYK%e�N^O�P(Q(SGTJURVRWfTJg.O�N^EhK/CIURZiOjN^EhKkZRTLgbSGEhTLlRQ(SdK�Z$Ê
m TJV^URTJnRMfCIUoSqprN^Edst]uCIgvl$KYK�UwZRN^URKxN^UyURKzS{p�NIEdsyCIURZyMYN^O�P(Q(SGKYEdgvTLU4N^EhZRK�E|SdN}l(QRTLHJZ4KY~jM�TJK�UoS
ZRKYZRTLM�CFSGKYZ,MYHLQRgbSGK�EhgjCIURZ�M�HJQRghSdK�Edg�NIa�M�HJQRghSdK�EhggÊ��\]RKv]uCIEhZ(p�CIEdKvTLOjPREhN��IK�OjK�UoS�]uCIg�l�K�KYU,ZRNIURK
TLU�M�N^U��hQRURMYSdTLN^U:p�TJSd]�SG](K9ZRKz�^K�HJN^PROjK�UoS�NIa�M�N^OjPRQ(SdTLURV�gdNIa�S{p�CIEhK9SGN�ZRK�PRHJNX��CFPRPRHLTJMfCFSdTLN^U(g_CIURZ
EdK�CIM�]��IK�Eb��]RTJV^]vP$KYEhacN^EhO9CFURM�K�Ê��\]RK�M�QREhEdK�UoS�SGEdKYURZ�TJg�Kz�0PRHLNIEdTLU(Vj�IK�Eh��HLCIEdV^K��iEdTJZ�e�NIO�PRQ0SGTLU(V
CIURZ�B�K�KYEb��SGNF�{B�K�KYEve�N^OjPRQ(SdTLURV�l��,]uCIEhURK�ghgdTJURV�Cf�FCITLHLCIlRHLK|MYN^OjPRQ(SGTJURV�CFURZ�ghSdN^EGCFV^K�EhK�gdNIQREdMYK�g
ZRTJghSGEhTLlRQ0SGK�Z�N��IK�EASd]RK��{UoSdK�EdU(KYSdÊi�\](TLgAU(KYp�SGEdCIM�s�NFa7ZRTLgbSGEdTJlRQ(SdK�Z�MYN^OjPRQ(SGTJURV9]RCIg6EdKY��QRTLEhK�Z�Sd]RK
TLOjPRHJK�OjK�UoS�CFSdTLN^U�NIa7ghNIa�S{p�CFEdK�ZRK�CIHLTJURV9p�TJSd]�URKYp�M�NIURghSdEGCITJU�Sdg6gdQ(M�]�CFgigGCFacKzS{�^W �^NIH¡CFSdTLHLT¢S{�|NIa/�INF�
HLQ(U(SGKYK�E�P$KYK�EhgACIU(Z�MYN^U(nuZRKYUoSGT¡CFHLTJS{�9NIa�ZuCFS�C#Ê�£�N��¤TJURVjacEhN^O3Z(K�ZRTJMfCFSdK�Z�P(H¡CFShacN^EdOjg�SGN��IK�Eh��HLCIEdV^K
URN^U¤�{ZRKYZRTLM�CFSGKYZ,PRHLCFSdacNIEdOjg�EdK���QRTJEdKYg9CIHJgdN�SGN:OjN0ZRT¢a���Sd]RK�PREdN^VIEGCIOjO�TJURV�OjKYSd]RN0Z(N^HLN^VF��NIa�U�Q0�
OjK�EdTJMfCIH¥CFPRPRHLTJMfCFSdTLN^U(ggÊ�¦�K�O§QRghS�CIZuCFP(SrSd]RKAZ(TLghSdEdTJlRQ(SGTJN^U�NIa Sd]RN^gdKACIPRPRHJTLM�CFSGTJN^URg/lo��S�CIs�TLU(V�TJU�SdN
CIMYM�N^QRUoS_SG](KjU(KYp¨MYN^URgbSGEGCFTLUoSGgEÊ�©¥NIEiTLURgbS�CIURMYKIW.prKjM�](N0N^ghK�SG]RK�V^EdCITLU�NIarPuCIEdCIHLHJK�HJTLgdO
NFa�CIU:CIP¤�
PRHJTLMfC�SGTLNIU�ªcgdTL«YK_CIURZ|U�QRO§l�K�E�NIa�S�CIghs¤gG¬�ZRK�P�K�U(ZRTLURV�NIUqSG]RKiluCFURZ(p�TLZ0SG]|NIa�SG](K6URKYS{prN^Ehs|CIURZqSd]RK
HLTJO�T¢SGKYZqghSdN^EGCIVIKigdPuCIMYK�NFa�Sd]RK_P$KYK�EdgEÊ
�\]RKv�"­A®��{¯°©uQ(SGQREhgj�_EdCIURZ0�{±�CIEdV^K9PREdN��hKYMYSjTLg�C�PRTJN^URKYK�E�TLU��IK�Eb��H¡CIEhV^Kq]RKzSGK�EhN^V^KYURK�N^Q(g�MYN^O��
PRQ(SdTLURV(W/V^HLN^lRCIHLTJ«fCFSdTLN^UxNIa?ZuCFSGC�CIURZ�EdKYgdN^Q(EdM�KYg�ZRTLgbSGEdTJlRQ(SdK�Z�NX�^KYE§SG]RK|�{UoSGKYEdURKzSdÊ��\]RTLg�PREhN��hK�MzS
PuCIEbSGTJM�QRHLCIEdH¢�9acN¤M�QRghK�gANIU�SG]REhK�K�EdK�ghKfCIEhM�]�SGN^P(TLM�gEÊ\�²S�a³Cf�IN^QREdg6CIU�K´�(P�K�EhTLOjK�UoS�CFH�CFPRPREdN^CIM�]�TLU�N^E"�
ZRKYE_SdNv]uCIURZRHJK§SG]RKYO¹Ê��\]RKjnREdghSiSdN^PRTJM�M�N^URMYK�EhURg�Sd]RK�ZRKY�IK�HJN^PROjK�UoS�CIURZ�SG]RK�K´�(P�K�EhTLOjK�UoS�C�SGTLNIU
NIa%CqB`K�KYEb�²SdNF�"B`K�KYE_e�N^OjPRQ(SGTJURV9KYUo�0TJEdN^U(O�KYU�SgÊA�²S�S�CIEhV^KYSdgASGN�]RTLZRK�SGN9Sd]RK§KYURZ0�{Q(gdK�Ehg�W*Sd]RK§MYN^O��
PRHJKz�0TJS{�§CIURZ�SG]RK�]RKzSGK�EhN^V^KYURK�T¢S{��NIa U(KYS{prN^Eds�grCIURZjM�N^OjPRQ(SdTLURViEhK�gdNIQREdMYK�ggÊ7�\]RK�ghK�M�NIURZ9N^U(K?Z(KfCIHJg
p�TJSd]vgdP�K�M�T¢nuM_TLghgdQRKYg�ghQRM�]�CIg\�IN^H¡CFSdTLHJTJS{��CIURZvEdKYHLTLCIlRTLHJTJS{�xÊ��\]RK�H¡CFghS�N^URK6acN¤M�Q(gdK�g?N^UvSG]RK�CIP(PRHLTJMfC��
SGTJN^U|HLKz�^KYH Êk�²S?CITJO�g�CFS\PREhN^P$NIgdTLU(V�C§PREdN^VIEGCIOjO�TJURV�OjKYSd]RN¤ZRN^HLNIVI�jgdQRT¢S�CIlRHJKAacN^E��IK�Eb�|H¡CIEhV^K6ghMfCIHJK
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U�QROjK�EdTJMfCIHkCIPRPRHJTLMfC�SGTLNIURg�NIU��iHLNIluCIH/e�NIO�PRQ0SGTLU(V|PRH¡CFShacN^EdOjg����iHLN^luCFHke�N^OjPRQ(SdTLURV|TJg_C|V^K�URKYEdTJM
UuCIOjK\acN^E7gdKz�^K�EdCIH�O�N¤ZRK�HJg/gdQRM�]qCIg7H¡CIEhV^K?�_EhTLZ�e�N^OjPRQ(SdTLURVRW�B`K�KYEb�²SdNF�"B`K�KYE\e�N^OjPRQ(SdTLURVRW�®�K�OjNISdK
e�N^OjPRQ(SdTLURV�CIURZ�gdN9NIU��\�\]RTLg�SGNIPRTLM_NIa/EhK�ghKfCIEhM�]�EdKY�¤Q(TLEdKYg6CjgdTLVIURTJnuM�CIUoS�CIHLV^NIEdTJSd]ROjTLM�prN^Ehs�l(Q(S
CIHJgdN�CIUqCIURCIHJ�¤gdTJgrNFa.Cf�FCITLHLCIlRHLK�SdN0NIHLg�WoP(EdN^V^EdCIOjO�TJURViH¡CIU(V^QuCIV^KYg�CFURZ9ghNIa�S{p�CFEdKATJU9N^EhZRK�E7SGN�CIZuCIP0S
KY~jMYTLK�UoSdHJ�qSd]RK_U¤Q(O�KYEdTLM�CIH.CIP(PRHLTJMfCFSdTLN^URg%SGN��iHLN^luCFH.e�N^OjPRQ(SdTLURV��
�\]RK?£�¯AB:SdKfCIO�NIa¥SG]RK�±��"©D±��Ie�­A® m H¡CIl�N^EGC�SGN^Eb�_NIa¥SG]RK�� m ��±�TJg�acN¤M�QRghTLURViNIU§SG]RK�Sd]RTLEhZ§P�N^TLUoS��
­�Kz�^KYEhSG](K�HLKYgdgYW*TJSdg\p�N^Ehs|TLg�ZRKYK�PRH¢�vHLTLU(sIK�Z�SGN�SG]RK_nuEhghS�N^URK��r�{U�a³CIMzSfW¥N^QRE�EhK�gdK�CIEdM�]�Kz�0P$KYEdTJO�KYU�Sdg
NIa�SdK�U|QRghK6SG]RKASdN0NIHLg�Z(KY�^KYHLN^P�K�Zvlo�jSG]RK��iEGCIU(Z0�"±�CIEhV^K�P(EdN��hKYMYS��7�\]�QRgYWu�\]RK�£�¯6B�SGK�CIO3P(H¡Cf�¤g\C
O�C��hN^E%EdN^HJK?TJU�Sd]RK6URKYM�K�ghgGCIEb�9SdK�ghSdTLURV�ghSdK�P|NIa.MYN^OjPRQ(SGTJURV�gdNIa�S{p�CIEdK6CIURZ W0TJS%PREdNX�¤TLZ(K�g\C�PREdKYM�TLNIQRg
QRghK�E\acK�KYZ0�{luCFM�s��

8:#7!r&0'*)�&�+R'.-"�k&0'.1°&0#=<�#! :' +#"��! :�/+R' <6�/+R�7-"-"'.-!Q$#%;=<6>?&'S"!A@

B�NXprK�EjCIURZ�KYURK�EhVI��M�NIURgdQROjP(SdTLN^U�]uCFg�l$KYM�N^OjKvC�SGEhK�OjK�URZRNIQRg�SGN^PRTJMqTLU�Sd]RK|M�NIO�O§Q(URTJSdTLK�g�NIa
OjTLM�EhNF�"CFEdM�]RT¢SGK�MzSGQREhKqCIU(Z}MYN^OjPRQ(SGKYE�gdMYTLK�U(M�K����\]RTLg�nREdghSjTJU�SdK�EhK�ghS�NIU�HLNXp��{P�NXp�KYE§SGK�M�](URN^HLNIV^TLKYg
p�CIgiO9CFTLURH¢�vZRQRK§SGN�SG]RK�ZRKz�^KYHLN^PROjK�UoSiNFarKYO§l�K�ZRZRKYZxgh�¤ghSdK�OjgigdQRM�]�CIg6MYK�HLHJQRH¡CFE�PR](N^URK�g6p�](TLM�]
V^KYURK�EdCIHLH¢�9EhQRU�NIU�lRCFSdSdK�EdTJK�g$�/�\]RK_M�N^OjO�KYEdMYT¡CIH�gdQRMYM�KYgdgANFa�Sd]RN^gdK_ZRKz�¤TLM�KYg�TLURMYEdKfCFgdK�ZvSG](TLg�SGEhK�URZ
�
�{UvSG]RTJg\MfCIghKIW¥TLOjPREdNX�¤TLU(V�SG]RK�CIQ0SGN^URNIO��9p�CIg�SG]RK_O�C��hN^E�EhK���QRTLEhK�OjK�UoS��
%/URK�EhVI��M�N^URghK�Eb�IC�SGTLNIUqTLg%URNXp C�O�C��hN^E%EdK���QRTJEdKYO�KYU�S�TLU9ghK�Eb�^K�E"�{MYH¡CIghg�gh�¤ghSdK�Ojg\CIURZv[?TLV^]9B�KYEhacN^E"�
O�CIURM�Kje�NIO�PRQ0SGTLU(Vxª [�Bre\¬&�.�\]RK�HLK�CIZRTJURVqOjNISGT¢�IC�SGTLNIU�TLg�SGN|gGCf�IK�OjN^URKz�'���{URZRK�KYZ W�HLNXp��{P�NXp�KYE
SGKYM�]RURN^HJN^V^TJK�giCIHJHLNXp�EdKYZRQRMYTLURVqSd]RK�M�N^U(gdQROjP(SGTJN^U�NIa%O�CIgdghTJ�IK�HJ��PuCIEdCIHLHJK�H`gdQRP�K�EhM�N^OjPRQ(SdK�Ehg�W.]RTJV^]
P�K�EhacNIEdO�CIURM�K%M�HJQRghSdK�EhgkCIURZ�p�KYl0�{ghK�Eh�IK�Eka³CIEhO�g$�)(rK�gdTJZRK�gYWISG](K�U�QRO§l�K�E�NIauM�N¤N^HJTLURV�gh�¤gbSGK�OjgkM�CIU�l�K
ZRKYM�EdK�CIgdKYZ�ª³CIURZ§Sd]RK�TJEDM�NIURgdQROjP(SdTLN^U�SdN0No¬*�`¯Ag7CIU§K´�(CIO�P(HLKIWFSG]RK\®��,+-%7­t]uCIg/EhK�M�KYUoSGHJ��ZRKYHLTJ�IK�EhK�Z
SG](KrghP$KYM�TJnRMfCFSdTLN^URg�NIa(TJSdg acQ(SGQREhK/.�0��{P�KYSGC21uN^P_gh�¤gbSGK�O�TJU43^CIPRCIUqªclRQRTJHJS�lo�65�0�.75I¬*���²S`gdP�K�M�T¢nuK�g`SG]uC�S
SG](KAK�U(K�EdVF��MYN^URghQRO�P0SGTLNIU9NIa Sd]RTLg%URKzpygh�¤ghSdK�O3]RCX�IK�SdN§l$K?N^URH¢� 1

10

NIa Sd]RKAKYURK�EhVI�jM�N^URghQROjP(SGTJN^U
NIa$C6gdQ(P$KYEdM�NIO�PRQ0SGK�E7lRQ(TLHJS�p�TJSd]�M�N^OjO�NIU§M�N^OjP�N^URK�UoSdg7CIURZ�V^TJ�¤TJURV6gdTJO�TJH¡CIE�P�K�EbacN^EdO�CIURMYK�g��D�\]RK
M�NIghS6NFa/K�HJK�MYSdEdTJM�TJS{�qTLg?URNIS?SG]RK�N^URHJ�9S�CIEhV^KYS���¦�K�O§QRghSAM�N^U(gdTLZ(K�E�SG]RK���NISGCIH�e�N^ghSANIa98Ap�URKYEdgd](TLP
ª³�?e�8_¬�MYN^OjP$N^ghK�Z�NFa�SG]RK9M�N^gbS§NIa?CIMY��QRTLghTJSGTJN^U�CIURZ�Sd]RKqM�NIghS§NFa�N^P$KYEGCFSdTLN^U
��¯�g§Kz�0PRHLCITLU(K�Z�TJU
:<;�=�> WRSG]RK_H¡C�SdSGKYE�M�NIghS�TLg\ZRKYK�PRH¢�|HLTJURsIKYZ�p�T¢SG]|SG]RK_EhK�HLTLCIlRTJHLTJS{��NFaDSG](K�gb�¤ghSGKYO?�%�{Uva³CIMYS�WRHLNXp��{P�NXp�KYE
CIEhM�]RTJSdK�MYSdQREdKYg�]RCX�IK�C�lRTJV^V^K�E?£�KfCIU��\TLOjK-(�KYS{prK�KYU�©¥CITLHJQREdK�ª £��@(�©/¬�SG]RCIU�MYH¡CIghgdTJMfCIH gb�¤ghSGKYO�g$�
m NRWuSd]RK�MYN^ghS�NIaDO9CITJUoSGK�URCIURM�K_TJg?ghO9CFHLHLKYE�CIURZ�SG]RK�Cf�ICFTLH¡CFlRTLHJTJS{��TLg�O§Q(M�]�l$KzSdSdK�E����{U�Sd]RK�M�CIgdK�NIa
Kz�²lRQRghTLURKYgdg�W*CjP�N¤N^E?CX�FCITJH¡CIl(TLHLT¢S{�jO�K�CIURg?]¤Q(V^K�HJN^gdghK�gANFakOjN^URKY���?£�N^EhK�NX�^KYE�W*ghQRM�]�CIEhM�]RTJSdK�MzSGQREhK�g
CIHJgdNvCIHJHLNXp�ZRK�ghTLV^URTJURV|]RTJV^]0�{Z(K�URghTJS{��PRCIM�s�CIV^TLU(V��§�²S�Cf�^N^TJZRgiQRgdTJURVvO9CFM�]RTLURK�EhN0NIO�gAp�](TLM�]:]uCf�^K
CIU�Kz�0P$KYURgdT¢�^KqMYN^ghS�NIa�CIMY��QRTLghTJSGTJN^U:CIURZ WDCFa�SGKYE�WDCIU�K´�(P�K�U(gdTJ�IKqM�NIghS§NFa�N^P�K�EdCFSGTJN^U��|©DTJUuCIHJHJ�^W prK
O§QRgbS?M�N^URghTLZRKYE\NISG](K�E�O�NFSGTJ�FCFSdTLN^U(g�HLTJsIKiKYU��¤TJEdN^UROjK�UoSGCIH PREhNISGKYMYSGTJN^U��



��������� 
������������ 
 �	� ��

���
� � �_�������_���z�����
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�{U�SG](TLgAghK�MzSGTLNIU W*prK§lREdNXp�ghK§SG]RK§O�CITJU�EdK�CIgdNIURg6p�]RTLM�]�OjNISdTJ�FCFSGKiSd]RK�PuCIEdCIHLHJK�H�CIURZ�Z(TLghSdEdTJlRQ(SGKYZ
M�NIO�PRQ0SGTLU(V�M�N^OjO§QRURT¢S{�9SdN�acN¤M�Q(g?NIU��iHLNIluCIH.e�NIO�PRQ0SGTLU(V��
©DTJEdghS�W7]¤Q(V^K���QuCFU�SdTJSdTLK�g�NFaAMYN^O�P(Q(SGTJURV�EdKYgdN^QREhM�KYgqCIEhK|M�N^URU(K�MYSdK�Z}SGN:�{U�SdK�EhURKYS��}�\](KY��MfCFU,l�K
B�KYEdghN^UuCIH`e�N^OjPRQ(SdK�Ehg_ª B%e�g�¬´W¥­�KzS{p�N^Ehs�g�NIa�¦�N^Eds�gbS�CFSdTLN^URgiª ­ 8\¦�gG¬�NIa`gdM�]RN¤N^HJg�N^E\QRURT¢�^KYEdgdT¢SGTJK�g�W
M�HJQRghSdK�Ehg�W�CFURZ�gdN:N^U��}£�N^gbSjNIa�Sd]RKqSGTJO�KFW/SG]RN^ghKvZRKY�¤TLMYK�g�CIEdK|gbp�TJSdM�]RK�Z,N^U�lRQ(SjEdKYO9CITJU�TLZRHJK��
�\]�QRgqT¢S�TJgj�IK�Eb��CFShSGEdCIMYSdTJ�^KvSGN�]uCIEhURK�ghg9SG]RKYTLEjQRU�QRgdKYZ4EdKYgdN^QREhM�KYg�� 86UtC�M�N^OjPRQ(SdTLURV:ZRKz�0TJM�KFW
SG](K�EdK�CIEhK�O�CIUo�|s�TLURZ(g�NIaDEdKYgdN^QREhM�KYg6CIURZvSG](KY��MfCIU�l�K�QRghK�Z�l���C�p�TLZRK_EdCIURV^K�NIa/CFPRPRHLTJMfCFSdTLN^U(g��
©uN^E6TJURghSGCIURM�KFW SG]RK�ghSGNIEGCIV^K�B`K�KYEb�²SdNF�"B`K�KYE�CFPRPRHLTJMfCFSdTLN^U(gACIEhK§PREhK�M�Q(EdgdNIE�lo��gd]uCIEhTLURVqnRHLK�g_CFO�N^U(V
P�K�K�Ehg����\](K�OjK�OjN^Eh�qCIURZ�e�B9��MY�¤MYHLK�EdK�ghN^QREhM�K�g�NIakP�K�KYEdg?MfCIU�CIHLghN�O�NISdTJ�FCFSdK6SG]RK�ZRTLgbSGEhTLlRQ(SdTLN^U
NIaDCIPRPRHJTLM�CFSGTJN^URg��D©uKYp �IKfCIEhg?CIV^NRW(Sd]RTLg\MYN^URMYK�P(S?NIa`�^KYEh�vH¡CFEdV^K6MYN^OjPRQ(SGTJURV§p�CIg�URNIS�M�NIURM�KYTJ�FCIlRHJK
K�ghP$KYM�TLCIHLH¢�|l$KYMfCIQ(gdK§NIaD�^K�Eb��ghHLNXp �{UoSGKYEdURKzSiM�NIURURK�MzSGTJN^URg���­�NXp�CIZuCf�¤g�W$O�N^EhK�CFURZ�OjN^EdK_M�NIO�PRQ¤�
SGKYEdg_CIEhK�M�N^U(URK�MzSGK�ZxSGN|Sd]RK��{UoSGK�EhURKYS�lo��OjKfCIU(g6NIa7�� m ±,SGKYM�]RURN^HJN^V^TJK�g��6(�KYgdTLZ(K�g�W.Sd]RK§�^N^HJQROjK
NIa�ZRTJgds:gdPuCFM�K|NIa?ZRKYgdsoSGN^P}B%e�g�TLg�TLURMYEdKfCFgdTLU(V�SGEhK�OjK�URZRNIQRgdH¢�'���\]RKYTLE§O�CITLU�O�KYO�NIEh��CIURZ�Sd]RK
e�B � acEhK���QRK�U(MY��CIEdKjEdTJgdTLU(VvSdN0N��q�\]�QRg�W/B%e�g�l$KYM�N^OjK9C�SdSGEdCIMYSdTJ�IK�M�CIURZRTJZuCFSGKYg�acNIE�Z(TLghSdEdTJlRQ(SGKYZ
M�NIO�PRQ0SGTLU(V��
m KYM�N^URZ*W�prK�M�N^U(gdTLZ(K�EkSG]RCFSr�_HJN^luCIH(e�N^OjPRQ(SdTLURViM�CIU�PREdNX�¤TLZRK�CighN^HLQ(SdTLN^U�SGN_P$KYN^PRHJK�SG]uCFSk]uCf�^K?URN
CIMYM�K�ghgiSGNqghTLV^URT¢nuMfCFU�SAM�N^OjPRQ(SdTLURV�SGN¤N^HLg$�6�²SiM�NIURM�KYEdURg_TLU(ZRTJ�¤TLZ(QuCIH�K�URZ¤�{QRghK�EdgYW�gdO�CIHLH�M�NIO�PuCFURTLKYg
gdQ(M�]9CIg/gbS�CIEbSh�²QRP WogdM�](N0N^HJg�W^KzSGM2�k�\]RK�PREdNIlRHLKYO�NIa¥Sd]RK�CIM�MYK�ghgrTJgkV^K�U(K�EGCFHLHJ��K´�(P(H¡CITJURK�Z�lo��Sd]RK\M�N^gbS
NIa.Kz~jM�TLKYUoS\M�N^OjPRQ(SdTLURV�ZRKz�0TJM�KYg�� (�KYgdTLZ(K�g�W0SG]RKACIM�MYK�gdgrSGN�Sd]RN^ghK6O9CFM�]RTLURKYgrTJgrNFa�SGK�U9EdK�gbSGEhTLMYSdK�Z9SdN
acKYp QRgdKYEdg?l$KYMfCIQ(gdK�NIaDgdCFacKYS{�|CIURZ�M�N^U(nRZRK�UoSGTLCIHLT¢S{�qMYN^URgdTJZRK�EdCFSGTJN^URg$�
�\]RTJEdZ W(prKiP�N^TLUoS\N^Q0S�SG]RKiMYN^UoSGTJU¤Q(N^QRg�Cf�FCITLHLCIlRTLHJTJS{��NIa`M�N^OjPRQ(SdTLURV§Z(KY�¤TLMYK�g��%�²S�CIHJHLNXp�g�PREhNX�0TJZRTLU(V
CIU"!{N^U�ZRK�O�CIURZ$#|CIMYM�KYgdg�gdM�]RKYO�KqSdNxC�H¡CIEhV^K|CIOjN^QRUoS�NIa?EdK�ghN^QREhM�K�g$���{U�NISd]RK�E§prN^EdZ(g�W%TLU�Sd]RK
TLZ(KfCIH?MfCIghKIW\prK�MfCIU�nuU(Z�TLOjO�KYZRT¡C�SGK�H¢��K�U(N^QRV^]�ghQRTJSGCIlRHJK�EdKYgdN^Q(EdM�KYgqSGN�ghN^HJ�IK�CIU4CFPRPRHLTJMfCFSdTLN^U
p�TJSd]RN^Q(SAlRQ(�¤TLU(VvCIUo��Kz�0P�K�URghTJ�IKj]RCIEdZ(p�CIEhK���©uN^EATJURghSGCIURM�KFW TJSAMfCIU�TJUoSGK�EhK�gbS�C9M�N^OjOjN^U�P�K�EdghN^U
TLUvN^EhZRK�E\SdN�P�K�EbacN^EdO O�QRHJSdTLOjK�ZRTLC§CIPRPRHJTLM�CFSGTJN^URg�p�]RTJM�]�CFEdK_V^K�U(K�EGCFHLHJ�9V^EdKYK�Z(�vTJU|SGK�EhO
NIa7e�B ��W
OjK�OjN^Eh��CIURZxZRTJgds�ghPuCIMYK�� ��ghQuCIH/MYHLTLKYUoSGg6NIargdQ(P$KYEdM�NIO�PRQ0SGK�Ehg_O9Cf��CFHLgdN|l�K�CFShSGEGCFMYSGKYZxl���SG]RTJg
a³CIMYTLHLT¢S{�'�.�{URZ(K�K�Z*WITLU_M�CIgdK7NIa(C?ghQRZRZRKYU�TJURM�EhKfCIghK%NFa(MYN^O�P(Q(S�CFSdTLN^URCIHFU(K�K�Z*WFSG](K%M�CIPuCIl(TLHLT¢SGTJK�g*NFa0Sd]RK�TJE
gdQ(P$KYEdM�NIO�PRQ0SGK�E?O�CX�vl�K_NX�^K�EhM�N^OjK��\�{U�SG]RTJg�gdP�K�M�T¢nuM�gdTJSdQuCFSdTLN^U Wu�_HJN^luCIH�e�NIO�PRQ0SGTLU(V�EhK�gdNIQREdMYK�g
MfCFU�ghQRPRPRHJK�OjK�UoS\ghQRP$KYEdMYN^O�P(Q(SGKYEdg��%�²S�Cf�^NITLZRg\lRQ0�0TJURV�TLUvC§]�QREhEh�qC§URKYp Kz�0P$KYURgdT¢�^K_M�NIO�PRQ0SGTLU(V
ZRKz�0TJM�K2� (�K�ghTLZRKYg�W�SG]RTJgAs�TLURZ�NIa7M�N^OjPRQ(SdTLURVjP�KfCIs�TLg�gdQRPRP�N^ghK�Z�SGN9l$K�EGCIEhKIW$Sd]�QRgiC9URKzp�l$N^Q(V^]oS
O�CIM�]RTLU(KAp�NIQRHLZvl�KigdK�HJZRN^O QRgdKYZ�H¡C�SGK�E$�D¦�KiMfCIUvKY�IK�U�TLO�CIV^TLU(KAC�UuCFSdTLN^URCIH*EhK���QRTLghTJSdTLN^UqghM�]RK�OjK
NIar�iHLN^lRCIH�e�N^O�P(Q(SGTJURV9EhK�gdNIQREdMYK�g6acN^E�QREdV^KYUoS_CIURZ�MYEdTJSdTLM�CIH`CIPRPRHJTLMfC�SGTLNIURg�gdQRM�]:CIg6P(EdK�Z(TLMYSdTLN^U�NIa
S{�¤PR]RN¤N^U�EdN^Q(SdK�gYWuEdKfCFH¢�²SdTLOjK�SdgdQRUuCFO�T P(EdK�Z(TLMYSdTLN^U*WRKYSdM��
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�²S�prN^QRHJZ9l�K��IK�Eh��TLUoSdK�EdKYghSdTLURV�SGN§QRghKAP�NXp�KYEb�"Cfp�CIEdK�SGK�M�](URN^HLNIV^TLKYgrTJU9]RKzSGK�EhN^V^KYURK�N^Q(g��_EhTLZqe�N^O��
PRQ(SdTLURV(W(KY�IK�U�TLUvB`K�K�E"�²SdNF�"B`K�K�E�e�N^OjPRQ(SdTLURV��k�{U�[AB%eAWuO9CFU��9CIEhV^QRK6SG]RCFS\P�N�prK�E"�"Cfp�CIEdK_M�NIO�PRQ¤�
SGTJURVqgdCIM�EhTJnuMYK�giP�K�EhacNIEdO�CIURM�K�SGN¤NqO§QRM�]���¦�K�O§QRghS_EhK�MYN^URgdTJZRK�E�SG]RTJgiCIEdVIQRO�KYUoSiTLU�Sd]RK§M�NIU�SdKz�¤S
NIa.](KYSGKYEdN^VIK�URKYN^QRgrprN^EhHLZ0��p�TLZRK��iEdTLZ9e�N^OjPRQ(SdTLURV�l$KYMfCIQ(gdK�Sd]RKAKYURZ0�²QRgdKYE�ZRN¤K�g%URNIS�W(CIU(Z9MfCFURURNIS�W
S�CFEdV^KzS6SG]RK�](TLV^]RKYghSiP�K�EbacN^EdO�CIURMYK�CIUo��OjN^EhK����{URZRK�KYZ�SG]RK�MYN^O�P(Q(SGTJURV|CIURZxURKzS{p�NIEds�EhK�gdNIQREdMYK�g
CIEhKAURNISrZRKYZRTLM�CFSGKYZ��/�\]RKAMYHLTJK�UoS�O�Cf��CIV^EdKYK?SdN§EdQ(U9]RTJg�PREhN^V^EGCFO�g7gdHJNXp�KYE�lRQ(SrM�]RKfCFP$KYE�PREdNX�¤TLZ(K�Z
SG]RCFS\SG]RK_P�K�EbacN^EdO�CIURMYKiEdK�O�CITJURg�CIM�MYK�P(SGCIlRHJK��
(�NISd]�Sd]RK�K�URZ0�²QRgdKYEACFURZ�Sd]RK��IN^HLQ(U�SdK�KYE�P�K�KYE?M�CIU�SGCIsIK�CIZ(�FCIUoSGCIV^K_NIakP�NXp�KYEb�{CXp�CIEhK�M�NIO�PRQ0SGTLU(V
PRHLCFSdacN^EhO�g$���\]RK|�^NIHLQRUoSGKYK�E�P�K�K�E�O�Cf��l$K|TJUoSGK�EhK�gbSGK�Z,TLU�gGCf�¤TLU(V:KYURK�EhVI��p�]RTJHLKq]RK�TLg�N��*KYEdTLU(V
]RTJg�EdKYgdN^Q(EdM�KYg��%�\]�QRg�SG]RKAZRKY�IK�HLNIP$KYEdg�NIa�P(H¡CFShacN^EdOjgrNFa�]RKYSdK�EdNIV^K�URKYN^QRg?�iEdTJZ|e�N^OjPRQ(SdTLURV§gh]RN^QRHJZ
S�CFsIK_TLUoSGNjCIMYM�N^Q(U�S�P�N�prK�E?CIU(Z�KYURK�EhVI�vM�N^U(gdQROjP(SGTJN^UvTLUvN^EhZRK�E\SGNjCFShSGEdCIMYS\�IN^HLQRUoSdK�K�E?P�K�K�Ehg?CIURZ
SGN�V^QRCIEGCIUoS{�|Sd]RK_gdQRMYM�K�ghgANIa`SG](K�TLE\ghNIa�S{p�CIEdK2�r�\]RK�M�HJTLKYU�S�U(NIS�N^URH¢�qP�K�EhacNIEdOjg\]RTLg�M�NIO�PRQ0S�CFSdTLN^URg
M�]RK�CIP$KYE§ªcN^E\acEdKYK�NFaDM�]uCFEdV^K�ZRK�P�K�U(ZRTLURVjN^UvSG]RK !{K�M�NIURN^OjTLMiOjN0ZRKYH�#"¬zW(l(Q(S?]RK_gdQRlROjTJSdg�]RTLg�SGCIgds�g
SGN§C�P$NXprK�E"�"Cfp�CFEdK6PRHLCFSdacNIEdO¨p�]RTJM�]|PREdN^lRCIlRHJ��CFShSGEdCIMYSdg�OjN^EdK?P$KYK�Ehg�SG]uCIU�SG]RK�NISG]RKYE�SGEdCIZRT¢SGTLNIUuCIH
PRHLCFSdacN^EhO�g$�
£�N^EhK6CIU(ZqO�NIEdK�PREdT¢�FCFSGK?M�N^OjPuCIU(TLK�g%]uCIEhURK�ghg�SG](K�TLE%NXp�UqEdKYgdN^Q(EdM�KYg�CIURZ�P$KYEhacN^EhO3�iEdTJZqe�NIO�PRQ¤�
SGTJURV��k�\](KY�|M�CIUvl$KiTJU�SdK�EhK�ghSdK�Z�TLU|P�NXp�KYEb�"Cfp�CIEdK6SdK�M�]RU(N^HLN^VITLK�g$�7©DTLEhghS�Wu�iEdTLZ|e�N^O�P(Q(SGTJURV�TLg�NIURHJ�
C§SGN¤N^H.CIU(Z�URNFSACFU�N^l��hK�MYSdTJ�IK�� m NRWRSG](N^gdK_M�NIO�PuCFURTLKYg\ZRN�U(NIS\p�CFU�S?SGN�ghP$KYURZ�SdN0N�O§QRM�]�OjN^URKY�
N^U§T¢S���®?KYZRQRMYTLURVASd]RK�MYN^ghSDNIa¥K�HJK�MYSdEdTJM�TJS{�_TJgkC�nREdghSDV^N¤N0Z�P$N^TJUoS�� m K�M�NIURZ WISd]RKY��NIa�SGKYU§]uCf�^K�C�gdO�CIHLH
ghSGC���TJU|M�]uCIEdVIK�NFa�EhK�ghN^QREdMYK�g$�r�\]�QRgYW¥Sd]RKiV^N¤N0Z|EhK�HJT¡CIlRTJHLT¢S{��NIa�P$NXprK�Eb�{Cfp�CIEhK_PRH¡CFShacN^EdO TLg�C�VIEdKfC�S
l�K�URKznRS����\]RTLEhZ W$O�CIM�]RTJURK�g�O§QRgbSAnRSATLU�K´�0TLghSdTLURV�lRQRTJHLZRTJURV^g?CIURZ�Sd]RK§ghPuCIM�K�acN^EAMYN0NIHLTLU(VjZ(KY�¤TLMYK�g
TLg\HJTLOjTJSdK�Z��`�\]RK�EhKYacN^EhKIWuT¢S\TLg\CFHLOjN^ghS\U(K�M�KYgdgdCIEh�|SdNjQ(gdK_]RTLVI]0�{ZRKYURgdT¢S{�9PRCIM�s�CIV^TLU(V�PREdNX�¤TLZRTJURV�]RTJV^]
�FCIHLQ(K�g/acN^E/OjKYSGEhTLMYg/gdQRM�]9CIg

FLOPs/m3, GB/m3 �/©DTJUuCIHLH¢�^WFK�OjPRHLNX�^KYK�g%O9Cf��p�N^Ehs�TLU�SG](K?gdCIOjKlRQRTJHLZRTJURV�CIg?B%e�g�CIURZ|SG]RKz�vO9Cf�qCIPRPREhK�M�TLCFSGK_MYN0N^H CIURZv��QRTLKzS�Z(KY�¤TLMYK�g��

����� �����
	�� ���t��
|� � �������

� Q$#/<�' # ��& ��' �o&(>�1 �3#%!�24-"#/56�7-q8:#%;=<6>�&JS"!�@

m QRP�K�EhM�N^OjPRQ(SdK�Ehg9CIU(ZtM�HJQRghSdK�Ehg9CIEhK|SGEGCFZRTJSdTLN^UuCFHLHJ�:QRghK�Z}acN^E�SG]RK�gGCIsFK�NIa�gdMYTLKYU�SdTJnuM�U�QROjK�EdTJMfCIH
PREhN^lRHLKYO�g�l$KYMfCIQRghKiSG]RN^ghK_CIPRPRHJTLM�CFSGTJN^URg�VIK�URKYEGCIHJHJ�jURK�KYZ�C�HJNIS�NIa`EhK�gdNIQREdMYK�g��r©uN^E�TJURghSGCIURM�KFWuC�HLNIS
NIa$CIPRP(HLTLM�CFSGTJN^URgDCIEdK\luCFgdK�ZjN^U�HJTLURK�CIE/CIHJV^K�lREdCAOjKYSG](N0ZRg/Q(gdTLU(V�K´�0P$KYURgdT¢�^K�O9C�SGEdT �§MYN^OjPRQ(S�C�SGTLNIURg��
�\]RKYEdKYacNIEdKIW�SG](K�ghSdQRZ(��NFaiSG]RN^ghK�O�KzSG]RN¤ZRg�TLU�N^EhZRK�E�SGN�CIZRCIP(SqSd]RK�O N^Uw�iHLN^luCFHAe�NIO�PRQ0SGTLU(V
PRHLCFSdacN^EhO�giTJg�C�EhK�HLKz�FCIUoS�SdN^PRTLM�NFa\EdKYgdKfCFEdM�]��|�{U�PuCIEhSdTLMYQRH¡CIEYW p�K�acN¤M�QRg�N^U�Sd]RKjEdKfCFH/gh�¤O�OjKYSdEdTJM
K�TJV^K�U(PREdN^l(HLK�O ���\]RTJg§HLTJURKfCIE�CIHJV^K�lREdC�PREhN^lRHLKYO TJg�C�V^N¤N0Z�MfCIU(ZRTLZuC�SGK9acN^E�N^QRE§gbSGQRZ(�����{U(ZRK�KYZ W
TJS�TJg�Sd]RK9luCFgdK9NFa\O9CFU��xghM�TJK�UoSGT¢nuMqCIP(PRHLTJMfCFSdTLN^URg$� (�KYgdTLZ(K�g�WDTJS�VoCFSd]RK�Ehg�OjN^ghS�NIa\Z(TJ~jM�QRH¢SGTJK�g�CIU
K�U(Z0�{QRghK�E|O�Cf�}a³CFM�K�p�]RTJHLK�ZRTLgbSGEdTJlRQ(SdTLURV�]RTLg|CFPRPRHLTJMfCFSdTLN^U
� ¯�U4K�TLVIK�URPREhN^lRHJK�O NIa�H¡CIEhV^K�N^EdZRKYE
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EdKY��QRTLEhK�g%C�HJNIS/NIa$ZRTJgds§ghPuCIM�KFW0O�CIUo��e�B �yMY�¤M�HJK�g%CIURZ�CiHLNISkNIa O�CITLU�O�KYO�N^Eb�'���²SrVIK�URKYEGCFSdK�g%CIHLghN
C�HJNIS�NIa�M�N^OjO§QRU(TLMfC�SGTLNIURg6p�TJSd]�gdTJV^URTJnRMfCIUoS��^N^HJQRO�KjNIa�ZuC�S�C����²S§P�N^gdKYg�SG](K9PREhN^lRHLKYO�NIa�ZuCFSGC
ZRTJghSGEhTLlRQ0SGTLNIU WRCIU(Z�ghN�NIU��
¯\MYSdQuCIHJHJ�^WFN^QRE�O9CITJU�V^N^CIH�TLgDU(NISkN^U(HJ�_SGNiCFZuCIP(SkCAgdP�K�MYTJnuM�HJTLURK�CIE�CIHLV^KYlREGC?O�KzSG]RN¤Z��`�\]RK�gbSGQRZ(��NIa
SG](K�EdK�CIH0gb�¤O�OjKYSdEdTLM%K�TJV^K�U(PREdN^l(HLK�O TJgkCAP(EdKYSdKz�¤SkSdNAacN0MYQRgDNIU§PuCIEdCIHLHJK�H¤CIURZ§Z(TLghSdEdTJlRQ(SGKYZ�PREhN^V^EdCIO��
OjTLURV�PuCIEdCIZRTJV^O�g�CFURZ�SdNAPREhN^P$NIgdK%]RK�HJP(acQRHogdNIHLQ(SdTLN^URg.SdN6CIZuCFP(S`O9CIUo�_HJTLURK�CIE�CIHLVIK�lREdC?PREhN^lRHJK�Ojg�SdN
SG](K6M�N^UoSdKz�¤S\NIa��iHLN^lRCIH�e�N^OjPRQ(SGTJURV��D¦�K6QRU(ZRK�EhHLTLU(K?Sd]uCFS�prK6ZRN�U(NIS�gbSGQRZ(�q�iHLN^luCFH*e�NIO�PRQ0SGTLU(V
TLUxN^EhZRK�E6SdN�MYN^OjP$KzSGK§p�TJSd]:[�TLVI]�B`K�EbacN^EdO�CIURMYK9e�NIO�PRQ0SGTLU(V��§�{Uxa³CIMYS�W`HLCIEdVIK§gdM�CIHLK�M�NIO�PRQ0SGTLU(V
NX�^KYE§SG]RK|�{UoSGKYEdURKzS�MfCIU(URNIS�EdK�CIM�]�SG]RK9]RTLV^](K�ghS§P$KYEhacN^EhO9CIU(M�K�g�TJU�SGKYEdO NIa�gdP�K�KYZ,NIa?MYN^O�P(Q(S�C��
SGTJN^URg$�6¦�K§MYN^URghTLZRKYE_�_HJN^luCIHDe�N^OjPRQ(SdTLURV9CIgiCqM�NIO�PRHJK�OjK�UoS�CFEh��M�N^OjPRQ(SdTLURV�SGN¤N^HDCFg6Kz�0PRHLCITLURKYZ
TLU§Sd]RK�OjNISGT¢�FCFSGTJN^URg`gdK�MzSGTJN^U��k�\]RTJgkghSdQRZ(��TJgDURKYM�KYgdgGCFEh��TLU�NIEdZRKYEDSGNigh]RNXptSG](K��¤T¡CIlRTJHLT¢S{�_NIa*�_HJN^luCIH
e�N^OjPRQ(SdTLURVRW0TLUvPuCIEbSGTJM�QRHLCIE�acN^E\HJTLURK�CIE\CIHJV^K�lREdC§O�KzSG]RN¤ZRg$�
 AKz�^K�HJN^PRTJURV�CIU�KY~jM�TJK�UoS\PuCIEdCIHLHJK�HuCFURZqZRTJghSGEhTLlRQ0SGK�Z9CIPRPRHJTLM�CFSGTJN^U�N^U|C�p�TJZRKA](KYSGKYEdN^VIK�URKYN^QRg�PRHLCFSh�
acN^EhO TJgqC�Z(TJ~jM�QRH¢S9SGCIgds�� (�KYgdTJZRK�gYW?Sd]RK�EhK�Kz�0TLgbSGgqO�QRM�]w�_HJN^luCIH�e�N^OjPRQ(SdTLURV�gdNIa�S{p�CIEhK�QRgdTJURV
ZRT �*KYEdK�UoS�TLUoSGKYEha³CIMYK�g$�w�\]�QRgYW\SG]RK�K�URZ¤�{QRghK�E9]RCIg�SdN�O�CIghSdK�E�SG]RK�QRgGCFV^K�NIaAgdKz�^K�EdCIH�SdN0NIHLg�TJaA]RK
S�CFEdV^KzSGg�SGN9Z(K�PRHJN��vp�TJZRK�H¢�|]RTLg�CIPRP(HLTLM�CFSGTJN^U�����£�±�TLg�C�acEGCIOjKYprN^Eds|p�]RTJM�]�TJU�SdK�URZ(g�SGN�]RTLZ(K�Sd]RK
]RKzSGK�EhN^V^KYURK�T¢S{��NIa�]uCIEdZ0p�CIEhKIWkghNIa�S{p�CIEdK|CFURZ�PREhNX�0TJZRK�g§C�QRURT¢acN^EdO CFM�M�KYgdg�SdN�Sd]RKv�iHLN^luCFH%e�N^O��
PRQ(SdTLURVvEhK�gdNIQREdMYK�g��j¯Ag�C|QRghK�E_NIa��_HJN^luCIHke�N^O�P(Q(SGTJURVRW prKjQ(gdKjgdKY�IK�EdCIH/SGN¤N^HLgiCFURZ:prK�a³CIM�K�Sd]RK
ZRT¢~�MYQRHJSdTLKYg�Sd]uCFS���£�±�CFTLOjg§SGN�](TLZRK2���\]RK�EhKYacN^EhKIW�prK�acKYK�H�ZRK�KYPRHJ�}MYN^URM�KYEdURKYZ�lo��SG]RK���£�±
PREhN��hK�MzSACFURZ�prK_PuCIEbSGTLMYTLPuC�SGKASdN�T¢SGg\ZRKz�^K�HJN^PROjK�UoS��
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¦�K:M�CIUwKz�0PRHLNITJSvO�CIUo�4M�]uCIEdCIMYSdK�EdTJghSdTLM�gvNIa�]RKzSGK�EhN^V^KYURK�N^Q(g�prN^EdHJZ0�²p�TJZRK:�iEdTLZ e�N^OjPRQ(SdTLURV�TJU
N^EhZRK�E7SGN�gGCf�^K6KYURK�EhVI�'�7©uN^E7TJURghSGCIURM�KFW(N^UjSG]RK��^NIHLQRUoSGKYK�ErP$KYK�E�� g�ghTLZRKFW¤prK6M�CIU9NIa�SdK�U�ZRK�MYEdKfCFgdKASd]RK
e�B � acEdKY��QRK�URMz�qp�TJSd]RN^Q(S�C��$K�MzSGTLU(V�SG]RKAV^HLN^lRCIH¥P$KYEhacN^EhO9CIU(M�KAl�K�M�CIQRghK6NIa.SG](K6gGCFSdQREGC�SGTLNIU9NIa.Sd]RK
OjK�OjN^Eh��ªcN^E\CIURNFSG]RKYE�M�NIO�P�N^URKYU�S�¬*�/�{U9a³CFMYSfW(C�M�NIO�OjK�EhM�T¡CFH¥SdEdKYURZ|TLg%SGN§ghK�HLH�ZRKYgdsoSGN^P�B%e�g�p�TJSd]
C6]�QRV^K�P�KfCIs�acEdK���QRKYURMY��p�](K�EdK�CIg/SG]RK\NFSG]RKYE/M�N^OjP$NIURK�UoSGg7CFEdK�URNFS7gdMfCFHLK�Z�SdN6SG]RK\PREhN0MYK�ghgdN^E$�/�\]RK
Kz�0PRHJN^TJSGCFSGTJN^UxNIa�Sd]RK9OjK�OjN^Eb��gGCFSdQREGC�SGTLNIU�]uCFg§CIHJEdKfCFZ(��l�K�K�U�ghSGQ(ZRTLKYZ�TLUxSG]RKjM�NIU�SdKz�¤S�NIa�[�TJV^]
B�KYEhacN^EhO9CFURM�K�e�NIO�PRQ0SGTLU(V6CIURZ�M�CIU�l�K\CIPRPRHJTLKYZ�SGNi](KYSGKYEdN^VIK�URKYN^QRg%�iEdTLZ§e�N^OjPRQ(SGTJURV��`�\]RK?e�B �
acEdKY��QRK�URMz��TLg\OjN0ZRT¢nuK�Z|lo�|OjKfCFURg�NIa  ?�0URCIO�TJM��7N^HJSGCIV^K m MfCIHJTLURV�M�CIHLHJK�Z� �� m �
�{U4e�HJQRghSdK�E9e�N^OjPRQ(SGTJURV:CIURZ,[�TJV^]tB`K�EbacN^EdO�CIURMYK�e�N^OjPRQ(SdTLURV(W%prK�M�CIU�CFHLgdN�SGCIsIK�CIZ(�FCIUoS�CFV^K
NIa�SG](KqgdHLCIM�s^�²SGTJO�K�MfCIQ(gdK�Z�lo��CFU�QRU�luCIH¡CFURM�KYZ�ZRTLgbSGEdTJlRQ(SdTLN^U�NIa�p�N^Ehs����\]RK|ghH¡CIM�s^��SGTLOjKjTLg�Sd]RK
TLZ(HLK_SGTLOjK�NIa7gdN^OjK�MYN^OjPRQ(SGTJURV9EhK�ghN^QREdMYK�gip�]RTJHLK_SG]RK§NFSG]RKYEdgiCIEhK�gbSGTLHJH.p�N^Ehs�TLURV��A�\]RN^gdK§p�CIT¢SGTLU(V
EdKYgdN^Q(EdM�KYgvMfCIUyl�K�EdQRUyghHLNXp�KYE|TLU�NIEdZRKYEqSGN�gGCf�IK:KYURK�EhVI�tp�T¢SG]RNIQ(S|TLU(M�EdK�CIgdTJURV�Sd]RK�Kz�0K�MYQ(SGTJN^U
p�CIHLH �{M�HJN0M�s�SGTJO�K2�k¯�S�SG]RK_gdCIO�K6SdTLOjKIW¤SG]RK_P�N�prK�E ��SGTJO�KiKz~jM�TLKYURMY��ªcTLU

W.s−1 ¬�TLg\TLOjPREhN��IK�Z��
�{UiSG]RK7MYN^UoSGKz�¤S`NIa0]RKYSdK�EhN^V^K�U(K�N^QRg.prN^EdHJZ0�²p�TJZRK7�iEdTJZ�e�N^O�P(Q(SGTJURVRWfprK%MYN^URghTLZRKYE S{p�N?NISG](K�E.gdNIQREdMYK�g
NIa*gdH¡CFM�so��SGTJO�K2�D�\]RK?nuEdgbS�N^URK?TLg7ZRQ(KAgdHJNXp4M�N^OjO§QRU(TLMfC�SGTLNIU����{U9a³CIMYS�W�M�N^UoSGEdCIEh��SdN�Sd]RKAMYN^O�P(Q(S�C��
SGTJN^URg%N^UqghQRP$KYEdMYN^O�P(Q(SGKYEdg�W0ZRK�Z(TLMfC�SGK�Z9M�HLQ(ghSGKYEdg�NIErZRKYZRTLM�CFSGKYZv�iEdTLZ(grghQRM�]vCIg\�iEdTJZ���0'0�0(W�]RKYSdK�EdN��
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V^KYURK�N^Q(g��iEdTJZje�N^O�P(Q(SGTJURViO9CFsIK�g7QRghK�NFa$Sd]RK��{U�SdK�EhURKYS7p�]RTJM�]9]uCIg7C_HLNXp,luCIURZ0p�TLZ(Sd]�CFURZjp�](TLM�]
TLg?M�NIO�P�N^gdKYZ�NIa7O�CIUo��]RKYSdK�EdNIV^K�URKYN^QRg6U(KYS{prN^Eds�g��i�\](K§gdKYM�N^URZ�ghN^QREhM�K§NIakgdH¡CFM�so��SGTJO�K�M�N^U(M�K�EhURg
SG](K\]RKYSdK�EdNIV^K�URKYTJS{��NIauSG]RK\MYN^OjPRQ(SGTJURVAU(N0ZRKYg��7e�NIU�SdEGCIEb��SdN_[�TLVI]�B�KYEhacN^EhO9CIU(M�K?e�N^OjPRQ(SdTLURVACIURZ
e�HLQ(ghSGKYE�e�N^O�P(Q(SGTJURV§p�]RTLM�]�CIEhK�Q(gdTLU(Vj](N^O�NIV^K�URKYN^QRg\EhK�gdNIQREdMYK�gATJU|N^EdZ(K�E\SGN�EdK�CIM�]�Sd]RK_]RTLVI]RK�gbS
P�K�EhacNIEdO�CIURM�KFWkp�NIEdHLZ¤�²p�TLZ(K|�iEdTLZ�e�N^O�P(Q(SGTJURV�]uCIEhURK�ghgdKYg�C�p�TLZRKqEdCIURV^K9NIa?]RKYSdK�EdNIV^K�URKYN^QRg§�INF�
HLQ(U(SGKYK�E?ZRKY�¤TLMYK�g$��©uN^E?TLU(ghS�CFURM�KFW$CjP$NXprK�EbacQRH�Z(K�gdsoSdN^PxB%e O9Cf�v]uCf�IK�S{p�TLMYK�OjN^EdK_OjK�OjN^Eh�|CIURZ
CqS{p�TLMYK§a³CIghSdK�E�e�B �¨SG]uCIU:C|H¡CFP(SGN^P
��¦�K�Kz�0P$KYMYS�gdQ(M�]�CIU�]RKzSGKYEdN^V^KYURK�T¢S{��NIa%SG]RK�EhK�ghN^QREdMYK�g�NIa
SG](K�prN^EdsFK�Edg�MfCIU�VIK�URKYEGCFSdKqC�ghTLV^U(TJnuM�CIUoS�ghH¡CIM�s^�²SdTLOjK��|�`N�N^Q(E�s�URNXp�HLKYZRV^KFWkURN�PREhKY�¤TLNIQRg�prN^Eds
M�HJKfCIEhHJ��KY�FCIHLQRCFSGKYg6SG]RK�P�NISGKYU�SdT¡CIHDK�URKYEdVI��gdCf�0TJURV^giprK�M�CIU�VIKYS_lo�xQRgdTJURV  �� m acN^E6SG]RTJg_s¤TJURZxNIa
gdHLCIM�s^�²SdTLOjK���£�N^EdKqVIK�URKYEGCIHJHJ�^WDP$NXprK�Eb�{Cfp�CIEhK|M�N^U(gdTLZ(K�EGC�SGTLNIURg�]uCf�IK|URNIS��IKYS�l�K�KYU�Kz�0PRHLNIEdK�Z�acNIE
]RKzSGK�EhN^V^KYURK�N^Q(g�HLCIEdV^Ki�_EhTLZ�e�N^OjPRQ(SGTJURV��

����� ��������� �����q���z�����
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¦�K�nuEdgbS|acN0MYQRg|N^UyPuCIEdCIHLHJK�H�CIURZ4ZRTJghSGEhTLlRQ0SGK�Z4P(EdN^V^EdCIOjO�TJURV�PuCFEGCIZRTJV^Ojg9N^U4prN^EdHJZ0�²p�TJZRK�]RK´�
SGKYEdN^VIK�URKYN^QRg�PRH¡C�SdacN^EhO�g$�:�\](TLg§MYN^O�P(Q(SGTJURV�K�Uo�¤TLEhN^UROjK�UoS�TLg§M�]RCIEGCIMzSGKYEdTL«YK�Z�lo��SG](K|TLOjPuCIMYS�NIa
M�NIO�O§Q(URTLM�CFSGTJN^U�NX�IK�E§SG](K|�{U�SdK�EhURKYS�N^E�HLNXp��{lRCIURZ(p�TJZ(SG]�±.¯A­6��¦�K|ghSdEdKYgdg§SG](KqTLUoSGKYEdKYghS�NIa\Sd]RK
PuCIEdCIOjKYSGEhTLMjPuCIEdCIHLHJK�H7PuCIEdCIZRTLVIO ª³CIHLghN�MfCFHLHLKYZ�S�CFgds^�²a³CIEhO�TJURV�PRCIEGCIZ(TLV^O9¬6TLU�N^EhZRK�E�SGN�OjTLURTJO�TJ«�K
SG](K6U�QRO§l�K�E\NIa�MYN^O�O�QRURTLM�CFSGTJN^URg$��¦�KiN^PRP�N^gdKASd]RTLg�PuCIEGCFZRTLV^O SdN�C�M�HLCIgdghTLMfCFH*PuCIEdCIHLHJK�HJTLgdO=QRgdTJURV
O�CIUo�|M�N^OjO§QRU(TLMfC�SGTLNIURg�CIURZ�gh�¤URM�]REhN^URTJ«fCFSdTLN^U�P$NITLUoSGg$���{UvSG]RTJg?HLCIghS?M�CIgdKFW�prK�gh]RNXp SG](K�MYN^ghS�NIa
M�NIO�O§Q(URTLM�CFSGTJN^U�CFURZ�PREdNIP$N^ghK�ghN^O�K�gdN^HJQ(SGTJN^URg�SGNqOjTLURTJO�TJ«�KiSG](K��^N^HJQROjK�NIa7SdEGCIURgbacK�EhEdK�Z�ZRCFS�C��
m NRWoZ(K�P�K�URZRTJURV�N^U�SG]RK\M�]uCFEGCIMzSGK�EhTLgbSGTLMYg7NIa$Sd]RK\M�NIO�PRQ0SGTLU(ViK�Uo�¤TLEdNIURO�KYUoS6ª³[AB%eAWoM�HJQRghSdK�E/TJURgdTJZRK�C
]RTJV^]0�{lRCIURZ(p�TJZ(SG]t±�¯A­�W��_HJN^luCIH�e�N^OjPRQ(SdTLURV(W�KYSdM�� ¬zW�SG](K�M�]RN^TJM�K�NFaiSG]RK�CIPRPREhN^PREdTLCFSGK�PuCIEdCIHLHJK�H
PREhN^V^EGCFO�OjTLURV�PRCIEGCIZ(TLV^O TLg�K�gdghK�UoSGTLCIH �3�\]RTLg�M�]RN^TJM�K:TLg�ZRK�KYPRHJ�yHJTLURsFK�Zyp�TJSG]wSG]RK:U�QROjK�EdTJMfCIH
OjKYSG](N0Z�CIZRN^P(SdK�Z�SdN9ghN^HJ�IK�SG](K�PREhN^lRHLKYO?�@(%��OjKfCFURg�NFakSG]RK�EdK�CIH�gb�¤O�OjKYSdEdTLM_KYTLV^KYURPREdNIlRHLKYO CIg
CIUqK´�(CIO�P(HLKIW�prK6QRURZRKYEdHJTLURK�SG]uC�S�prK6O§QRgbS�M�]RN¤N^gdK?SG]RKAV^N0N¤Z9PRCIEGCIZ(TLV^Ojg%CFSrSd]RKA�IK�Eh��l�K�V^TJURURTLU(V
NIa�SG]RK�CFPRPRHLTJMfCFSdTLN^U�ghSdQRZ(�'� (rK�gdTJZRK�gYWop�]RK�UjSG]RK\U�QROjK�EhTLMfCFHRO�KzSG]RN¤Z�CIHJHLNXp�gkTJS�WIprK?Q(URZRK�EhHLTJURK�SG]uC�S
TJS�TLg�M�NIURM�KYTJ�FCIlRHJKjSdN�M�NIO§lRTLU(K9CIU�N^P(SdTLO�CIH/PuCIEdCIZRTLVIO�W.SGN�C�URN^U¤�{N^P(SdTLO�CIHkPuCFEGCIZRTJV^O�TJarp�K9ZRN
URNIS?nuURZ�l$KzSdSGKYEAghN^HLQ(SdTLN^U(g��\�{U�Sd]RK�PRCIEhSdTLM�Q(H¡CIE�MfCFgdK�NFakSG]RK�EdK�CIH�gh�¤O�OjKYSdEdTJM�KYTLV^KYURPREdNIlRHLKYO�WRSd]RK
PuCIEdCIOjKYSGEhTLM�PuCIEdCIHLHJK�HLTJgdO NIa/SG]RK (�TLghK�MzSGTLNIU�CIURZ��{Uo�IK�EdghK��²SGK�EdCFSGTJN^U�OjKYSd]RN¤ZRgATJg?p�EdCIPRP�K�Z�TLUoSdN|C
M�NIO�O§Q(URTLM�CFSGTJURV|CIHJV^N^EdT¢SG]RO luCFgdK�Z�N^UxSG]RKj±�CIURMY«�N^giSGEhTLZRTLCIV^N^URCIHLTJ«fCFSdTLN^U�CIURZ�CvEdK�gbS�CIEbSGKYZ�gbSGEGC��
SGKYVI�'�`¦yTJSd]�SG]RK�EdK�gbS�CIEbSGKYZ�gdM�]RKYO�KFW^p�K�MYN^U(nuEhO�Sd]RK�TJO�P�N^EhSGCIURMYK%NFauSG]RK�M�](N^TLMYK�NIaRSd]RK�U�QROjK�EdTJMfCIH
OjKYSG](N0ZRgiZ(K�P�K�URZRTJURV�N^U�SG]RK�M�NIU�SdKz�¤S�NIarM�N^OjPRQ(SGCFSGTJN^URg����{URZRK�KYZ W`l���O�K�CIURgiNIa%SG]RTJgighSdEGCFSdK�VI�IW
prK�MfCFU�gdN^H¢�^K�Cj�IK�Eh��H¡CFEdV^K_PREhN^lRHLKYO p�]RTLHJKip�N^Ehs�TLURV�TLU�CjHLT¢SdSGHJKigdQRl(gdPuCIMYK��?�²SATJg�EhK�HJKY�FCIUoSAghTLURMYK
EdKYgdN^Q(EdM�KYg�NFaDP�K�KYEdg?O9Cf�ql�K_HLTJO�T¢SGK�Z
�
�\]RK\OjKYSd]RN0Z(N^HLN^VF�ip�K\QRghK�SGNiZRKz�^KYHLN^P�C6PREhN^V^EdCIO�ghQRTJSGCIlRHJKracN^E`SG]RK�MYN^URgbSGEGCFTLUoSGg/NIa$�iHLNIluCIH(e�N^O��
PRQ(SdTLURV�MfCIU|l�KAKYO�PRHJNX�^K�ZqacNIE�O�CIUo�9U�QROjK�EhTLMfCFH*CIP(PRHLTJMfCFSdTLN^URg$�`¦�K6ZRKYH¡Cf�9CIg�a³CIE�CIg�P�N^gdghTLlRHJK�Sd]RK
H¡CFURV^QuCIVIK_CIURZ�ghNIa�S{p�CIEdK�M�N^U(gdTLZ(K�EGC�SGTLNIURg��r©uN^E�TLURgbS�CIURMYKIW�CFa�SdK�E\SG]RK_M�]RNITLM�K�NIa�SG]RK�PREdNIV^EGCIOjOjTLURV
PuCIEdCIZRTJV^O�gYW�HLTLU(sIK�Zjp�TJSd]9SG]RK�M�]RN^TJM�KANFa.SG]RK�U¤Q(O�KYEdTLM�CIH�O�KzSG]RN¤Z Wop�KAPREdN^P�N^ghKASGN�ZRKfCIH¥p�TJSd]qZuCFSGC
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TLghgdQRKYg��  AKYP$KYURZRTJURV�N^U�SG](K�N^P�K�EdCFSGTJN^URg7N^UjZuCFSGC9ªcT � K��DSd]RK�ZRCFS�C�CIM�MYK�ghg�PuCFShSGKYEdU¥¬´W�prKAM�CIU9M�](N0N^ghK
SG](K�ZuC�S�C�ghSdEdQRMzSGQREhK�g�W�Sd]RKvZuCFSGC:gh]uCIEdTJURV:CIURZ�SG]RK�ZuCFSGC:O�CIPRP(TLURV����²S�CIP(P$K�CIEdg�SG]uC�S�O�CFSdEdT¢���
�^KYMYSdN^EAPREhN0Z(QRMYSdg6CIEhK��^KYEh��M�NIU��IK�URTJK�UoSiN^P�K�EdCFSGTJN^URg?ZRQRK�SGN�Sd]RK�TJE�ZuCFS�C��"CIMYM�K�ghg6gdM�](K�OjK§CIHJHLNXp�TLURV
CIU�K�CIgh��ZRTLgbSGEhTLlRQ(SdTLN^U�NIa7ZuC�S�CqCIU(Z�NIa7M�NIO�PRQ0S�CFSdTLN^URg$���\](K�ZREGCfp�luCIM�s�TLg�SG]RK�U¤Q(O§l$KYE6NIa7MYN^O��
O§QRU(TLMfC�SGTLNIURgACFURZ�gh�¤URM�]REhN^URTJ«fCFSdTLN^URg$���\](K�U�p�K�gh]RNXp�Sd]RK§TJU�SdK�EhK�ghS6NIa7SGK�M�](URTL��QRKYg�ghQRM�]:CIgASd]RK
N^Q(Sb�{NIa¡�²M�N^EhKiCIURZvSG](K�ZRCFS�C��²P$KYEdghTLghSdK�URMYKip�]RTLM�]�MfCIU�l�K�Q(gdK�Z�lo�vO�NIghS�HLTJURKfCFE\CIHLVIK�lREdC§PREdN^l(HLK�Ojg��
(r��QRghTLURV�N^Q(Sb�{NIa¡�²M�N^EhKIW^prKAM�CIU9ghN^HJ�IK��IK�Eb��HLCIEdVIK?P(EdN^lRHJK�Ojg7CIURZ�QRgdK�C�HJTJSdSdHLK\CFO�N^Q(U�S7NFa OjK�OjN^Eh�
N^U|SG](K�EhK�OjNISGKiMYN^OjPRQ(SGTJURV�URN¤ZRK�g$�7�{URZRK�KYZ WuSG]RK_EhK�gdNIQREdMYK�g?NIa/�iHLNIluCIH.e�NIO�PRQ0SGTLU(V�MfCIUvl�K_�IK�Eb�
]RKzSGK�EhN^V^KYURK�N^Q(grCFURZ�gdN^OjK�URN¤ZRKYg/O9Cf��]uCf�^K\acKYp}OjK�OjN^Eh���D¯�ghTLOjPRHLKrKY�FCIHLQRCFSGTJN^U�NIa¥Sd]RK�OjK�OjN^Eh�
URKYK�ZRg�gd](N�p SG]RKiURKYM�KYgdgdT¢S{�|SGN�QRghK_TJS��/�\](KiZuCFS�C�P�K�EhgdTLgbSGKYURM�K_EdKYZRQRMYK�g?gdTLVIURTJnuM�CIUoSGH¢��Sd]RK6�^N^HJQROjK
NIa�SGEdCIURghacKYEdEhK�Z9ZRCFS�C���¯AH¢SG]RN^Q(V^]�p�K?MfCIUjZRKYM�TLZ(K�SdN_QRgdK�SG]RNIgdK/5iSdK�M�]RU(TL��QRK�g%l�KYacN^EhK�Sd]RK�M�]RN^TJM�K�NIa
C��_HJN^luCIH�e�NIO�PRQ0SGTLU(V�ghNIa�S{p�CFEdKIW¥SG](K�TLE�TJO�PRHJK�OjK�UoS�C�SGTLNIUqZRK�KYPRHJ�vZ(K�P�K�URZRg�N^U�ghNIa�S{p�CIEdK�M�]RN^TLMYK�g$�
­�K´�¤SfW�p�K?gd]RNXp�Sd]RK�TLOjP$NIEhS�CFURM�K�NFa C_V^N¤N0Z�QRgdCIV^K�NIa�SG]RKA�_HJN^luCIHRe�N^OjPRQ(SGTJURVigdNFa�S{p�CIEhK�TJU�N^EdZRKYE
SGN:lRQRTJHLZ�SG]RK�Kz�0P�K�EhTLOjK�UoS�CIH�PRHLCFSdacNIEdO �,�{URZ(K�K�Z*W�p�K�V^TJ�IK�CFUtKz�(CIOjPRHJK�NFailuCIZ}M�N^U0nuV^QREdCFSGTJN^U
p�]RTJM�]�lRQ(EdZRKYURgrZ(EGCIgbSGTLM�CIHLH¢�_SG]RK�P�K�EhacNIEdO�CIURM�KYg	�`SG]RK\p�CIHLH �{M�HJN0M�siSdTLOjK�gkSGN_ghN^HJ�IK�Sd]RK\PREhN^lRHLKYO¨CIEhK
ZRN^Q(lRHLKYZ��
�{U§CFZRZRTJSdTLN^U_SGN�N^QRE`M�N^UoSdEdTLl(Q(SGTJN^U�EhK�HLCFSGKYZ�SdN6C6�iHLNIluCIH�e�N^OjPRQ(SdTLURV?PREhN^V^EGCFO�OjTLURV\OjKYSd]RN¤ZRN^HLNIVI�^W
CIUxTLOjP�N^EhSGCIUoS6M�NIU�SdEdTJlRQ(SGTJN^U�TLg�SGNvTLOjPRHLKYO�KYUoSiCIHJHDPREhN^P$NIgdTJSdTLN^U(g�ª³URN|ghTLO§Q(H¡CFSdTLN^URgG¬�CIU(ZxSdN|SGK�gbS
SG](K6PREdNIV^EGCIOjg%N^U|EdK�CIHLTJghSGTJM\p�N^EhHLZ0��p�TLZRK�]RKYSdK�EhN^V^K�U(K�N^QRg\P(H¡CFShacN^EdOjg����\]RK6M�NIURM�EhKYSGKiEhK�ghQRHJSdg�gd](N�p
SG](K�acKfCIghTLlRTJHLTJS{��CIU(Z�Sd]RK\�¤T¡CIlRTJHLT¢S{�_NIa$Sd]RK?�iHLN^luCFHue�N^OjPRQ(SdTLURViOjN0Z(K�H0acNIEkHLTJURKfCIEkCIHLV^KYlREGC6P(EdN^lRHJK�O
CIgiHJN^URVvCIg6Sd]RK�gdP�K�KYZ�NIa%SG](K�M�N^OjPRQ(SGCFSGTJN^URg6TJg6URNIS�CIUxTJO�P�N^EhSGCIUoS6MYEdTJSdK�EhTLN^U�NFarSd]RK�M�HJTLK�UoS����{U
SG](TLg\H¡CFghS�MfCFgdKIW¥[?TLV^]�B`K�EhacNIEdO�CIURM�K�e�N^OjPRQ(SdTLURV�Z(KY�¤TLMYK�g�CIEdKiSG](K�OjN^gbS�CIPRPREhN^PREhT¡CFSdK6SGN¤N^HLg$�
¦�K�M�NIU�SdEdTJlRQ(SGK%SGN?SG]RKrZRKY�IK�HLNIPRO�KYUoSkNIauSd]RK �_£�±qacEGCIOjKYprN^Eds_CFgDKz�0PRHLCITLU(K�Z�TJU�PREhKY�¤TLNIQRgDghK�MYSdTLN^U
�
86QRE\M�NIU�SdEdTJlRQ(SGTJN^UqMYN��IK�Ehg 5�P�N^TLUoSdg��/�\]RK6nuEhghS�N^U(KiM�N^URMYK�EhURg\SG]RK_ZRKz�^K�HJN^PROjK�UoS�NIa`OjN0ZRQ(HLK�g$�k�{U
PuCIEbSGTJM�QRHLCIE�WoprK6]uCf�^K6Z(KY�^KYHLN^P�K�ZvC�luCIM�s^�{KYURZqacN^ErSd]RK 86OjURT¡®?B%et®?Bre�PREhN^V^EdCIO�OjTLU(VigdNIa�S{p�CIEdK2�
�\]�QRg�W^C�MYHLTJK�UoS`MfCIU�M�QREhEdKYU�SdHJ�_ghQRlROjTJS.SG](K%gdCIOjK �7�IKYShSGKX£�±vP(EdN^V^EdCIO SdNACFU486OjURT¡®?B%exPRHLCFSdacNIEdO
N^E/CFU�
�SGEhK�OA¦�K�l�N^URK2�D¦�K\]uCf�^K?CIHLghN6acN0MYQRgdKYZ�N^U�SG]RK  6C�S�C_®?KYP$NIgdTJSdN^Eh� m KYEh�^KYE �^e�HJTLKYU�S7OjN¤ZRQRHLK
CIURZ�N^U�SG](K ��£�±4¦�N^EhsIK�E�O�N¤ZRQRHJK��v�\]RKqMYHLTLKYUoS�ZRN¤K�g�URNIS�TLUoSGKYEGCIMzS§ZRTJEdK�MzSGH¢��p�TJSG]�SG]RKYO l(Q(S
SG](KY��P(H¡Cf��CqO�C��hN^E�EdN^HJK§TLU �_£�± � �\]RK§nuEhghS_N^URK�O�CIUuCFV^K�gASd]RK�PuCIEdCIOjKYSGKYEdgiCFURZ�SG]RK§l(TLUuCIEhTLKYg
QRPRHJNoCIZ���ZRNXp�URHLNoCFZjEhK���QRKYghSGg$�7�\]RKAghK�M�NIURZ9N^U(K�K´�(KYM�Q(SdK�g�Sd]RK?lRTLUuCFEh��N^U�SG](K�EhK�OjNISGK�M�NIO�PRQ0SGTLU(V
URN¤ZRK�g/acN^EkCIUo��s�TLURZ�NIa$luCIM�s^�{KYURZ��k�\](K?ghK�MYN^URZ9s�TJURZ�NIa�M�N^UoSGEhTLlRQ0SGTLNIU�EdK�HLCFSGKYZ�SGN���£�±�M�N^U(M�K�EhURg
SG](K�ZRKz�^K�HJN^PROjK�UoS�NIa_C�EhKfCIH�gb�0OjOjKYSGEhTLMvK�TJV^K�U(gdN^H¢�^K�EjQRghTLURV:SG]RK�gGCIOjK�U¤Q(O�KYEdTLM�CIH�O�KzSG]RN¤Z,CIg
PREhKY�¤TLN^Q(gdHJ���9�²S�TLg_URNIS�CvgdTLOjPRHJK§p�N^Ehs�NIa\TJO�PRHJK�OjK�UoS�C�SGTLNIU��§¦�KjO§QRgbS�EdK�MYN^URghTLZRKYE�N^QREip�Cf�:SdN
ZRKz�^K�HJN^PtSd]RK�K�TJV^K�U(gdN^H¢�^K�E�lo�}SGCIs�TLURV�TLUoSGN�CIM�MYN^QRUoSqSd]RK�MYN^O�P�N^URKYUoSqPREhN^V^EGCFO�OjTLURVxOjN0Z(K�H�NIa
��£�±�CFURZtghN^O�K�M�NIURghSdEGCITJU�Sdg9NIaASG]RK��7�^KzSdSGKf£�±�V^EGCIP(]tH¡CFURV^QuCIVIK�� (�KYgdTLZ(K�g�W�CFg ��£�± ]RTLZRKYg
CIHJH6O�TJZRZRHJKYp�CIEdK�MYN^URgdTJZRK�EdCFSGTJN^URgYW6gdN^OjKxTLghgdQRKYg�HLTJsIK�ZuC�S�C��²P$KYEdgdTJghSdK�URMYK�CIEhKxPREdN^l(HLK�O�CFSdTLM�� ¦�K
PREhN^P$NIgdK�SdN�acN¤M�QRg�O�N^EhK9N^U�ZRTLgbSGEdTJlRQ(SdTLN^UxSG]uCFU�PuCIEdCIHLHJK�HLTJ«fCFSdTLN^U�NIa\S�CIghs�g���¦�Kq]uCf�^K9PREdN^P�N^ghK�Z
O�CIUo��EhKz�{Q(gGCIlRHJKqM�NIO�P�N^URKYU�Sdg�CIURZ�C�prN^Eds�1uNXp3NIa?Kz�0K�MYQ(SGTJN^U�TLU�N^EhZRK�E�SGN�N^EhM�]RK�gbSGEGC�SGK|SG]RKYO?�
(r��O�K�CIURgrNIa.SG]RKAluCIM�s^�{KYURZ|O�KYM�]uCIURTJgdOjg�W¤SG]RK6gdCIOjKAM�NIO�P�N^URKYU�Sdg\CIURZ9V^EGCIP(]qMfCIU|l�KAZ(K�PRHJN��IK�Z
N^U�ghKY�^KYEGCIH�M�N^OjPRQ(SdTLURV�PRH¡CFShacN^EdOjg�O9CIURCIV^K�Z�l���ZRT �$K�EhK�UoS�OjTLZRZ(HLKYp�CIEhK�� (rK�gdTJZRK�gYW7ZRQREdTJURV�Sd]RK
Kz�0P�K�EhTLOjK�UoS�CIH�ghSdK�P W?p�K�]uCf�IK:P(EdN^P�N^gdKYZ4SGN�SGKYghS|Sd]RK�H¡C�SGK�gbSq�^KYEdghTLN^URgvNIa��_£�± �@86U�SG]RK�NIURK
]uCIU(Z WRp�K_]uCf�IK�MYN^UoSGEhTLlRQ(SdK�Z|SGN�TJO�PREhNX�^K6SG](KighS�CFlRTLHJTJS{��NIa ��£�± ��86U|SG]RKiNISd]RK�E�]uCFURZ W(prK_]uCf�^K
PREhN��¤TJZRK�Z9C�URKYM�K�ghgGCIEb�9Q(gdK�E%acK�KYZRluCIM�sjCIURZjp�K�]uCf�^K6P(EdN^P�N^gdKYZ9URKzp4acKfCFSdQREdKYgrTJU9N^EhZRK�E7SGN�Kz�¤SdK�URZ
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SG](K�M�CIPuCIl(TLHLT¢SGTJK�g�NFa �_£�± �

8:#7!r&¤+*S{56>�&'Sb#7!�� ��#/+}<�#  :' +�"��  :�7+('=24-"#/56�7-98:#%;=<6>�&JS"!�@

�{U�SG](TLg�prN^Ehs�W%C�nREdghS§M�N^UoSGEhTLlRQ0SGTLNIU�TLg�SGN�Kz�ICFHLQuCFSdK�Sd]RKqTLOjPuCIMzS�NIU�SG]RKqKYURK�EhVI��M�N^URghQROjP(SGTJN^U
NIa�Sd]RK9](KYSGKYEdN^VIK�URKYTJS{��NIa�C�MYHLQRgbSGKYE �^�iEdTJZ�PRHLCFSdacN^EhO ªcacEhN^O C�e�B � acEhK���QRKYURMY��P$N^TJUoS�NIa��0TJKYp�¬&�
�\]RKYU W.p�K�gh]RNXp¨]RNXp�SGNqS�CFsIK�CIZ(�FCIUoSGCIV^K§NIa7Sd]RK�gdHLCIM�s^�²SGTJO�K�MfCIQ(gdK�Z:lo��Sd]RTLg6](KYSGKYEdN^VIK�URKYTJS{��TJU
N^EhZRK�EiSGN�gGCf�^KjK�U(K�EdVF��lo�xQRghTLURV  �� m W�p�TJSd]�U(N�ghTLV^URT¢nuMfCFU�S�HJN^gdg_NIa�P$KYEhacN^EhO9CIU(M�K��j�\]RTJg�prN^Eds
O�CX��CIHJgdN6MYN^UoSGEdTJlRQ(SdK�SGNiOjNISGT¢�IC�SGK%EdK�ghKfCIEhM�]RK�Ehg7NIa¥SG]RK\MYN^O�O�QRURTJS{��NIa�]RKzSGKYEdN^V^KYURK�NIQRg7H¡CIEhV^K\�iEdTJZ
e�N^OjPRQ(SdTLURVjSGNqgbS�CIEbS6p�NIEds�TLURV9N^U�SG]RTJgAURKzp�PREdN^OjTLghTLURVjSGN^P(TLM����{U�N^EdZ(K�EASdNqV^TJ�IK�MYEdK�Z(TLlRTJHLTJS{�|SdN
N^QRE7prN^Eds¥W0prK6]uCf�IK6O�N¤ZRT¢nuK�Z�SG]RK�K�TJV^K�URghN^HJ�IK�E%ZRKY�IK�HJN^P$KYZqacN^E%N^QRE%ghSGQ(Z(�9NFa SG]RK�EdK�CIH¥gh�¤O�OjKYSdEdTJM
K�TJV^K�U(PREdN^l(HLK�O=CIURZ�p�K�V^KzSrC  �� m �{M�CIPuCIlRHJK�K�TLVIK�URghN^HJ�IK�E����{Uja³CFMYSfWoSd]RK\K�TJV^K�URP(EdN^lRHJK�O=CIPRP�KfCIEhg%TJU
O�CIUo�qZuCITJHJ�qCIURZvTLURZ(QRghSdEdT¡CFH.CIPRPRHJTLM�CFSGTJN^URg����\]RK�EhKYacN^EhKIWuSG](TLg\ghSdQRZ(�|gh]RNXp�g?Sd]uCFS?O�CIUo�qP�NISGKYU�SdT¡CIH
QRghK�Edg�CIEhKiM�N^URMYK�EhURK�Z�lo�|NIQRE�p�NIEds��

����� � �q�������|� �

¯AU�KYgdgdKYUoSGT¡CFHuM�]uCIEGCFMYSGKYEdTJghSGTJM�NIa$N^QREDnRK�HLZ�NIa�EhK�gdK�CIEdM�]�TLgDSd]RK\TLUoSdK�EdZ(TLgdMYTLPRHJTLUuCFEdTJS{�ip�](TLM�]jM�N^O§l(TLURKYg
M�NIO�PRQ0SGK�EighM�TJK�URMYK9CIU(Z�HJTLURK�CIEiCIHJV^K�lREdC���¦�K�]uCf�^K�SGNvEdKz�0TJKYp=EdK�HLCFSGKYZ�p�N^Ehs�TLU�l�NISG]:ZRN^O�CITJURg��
®�K�VoCIEhZRTLU(V�HJTLURK�CIEDCFHLV^KYlREGC(W�prK�MfCIU�HLTLOjTJS*SG]RTJg�gbSGQRZ(��SGN?SG]RK�EdKfCFH¤gb�¤O�OjKYSdEdTLM%K�TJV^K�U(PREdN^l(HLK�O �`�\]RK
M�NIO�PRQ0SGK�E_ghM�TLKYURM�KjZRN^O�CITJU�TLg_O§QRM�]:H¡CIEhV^K�EighTLURMYK�TJS_M�NIURM�KYEdURg�PuCIEGCFHLHLKYHkCIU(Z�ZRTJghSdEdTLl(Q(SGKYZ�MYN^O��
PRQ(SdTLURV��7e�]uCIP(SdK�E 5�PREhK�gdKYUoSGg�C�p�TJZRKANX�IK�Eh�¤TJKYpwNIa`�iHLN^lRCIH�e�N^OjPRQ(SGTJURV_SGN¤N^HLg$�D�\]RKYU Wue�]uCFP(SGKYE��
V^T¢�^K�g�C�PREhK�ghK�UoS�CFSdTLN^U9NIa acQRURZRCIO�KYUoS�CIH¥HLTJURKfCFErCFHLV^KYlREGC�O�KzSG]RN¤ZRg7acN^E%Sd]RKAEhKfCIH¥KYTLV^KYURPREdNIlRHLKYO CIURZ
PREhK�gdKYUoSGgAEhK�HLCFSGKYZvprN^Ehs¤g�acN^E�T¢SGg\PuCFEGCIHJHLK�HJTL«�CFSGTJN^U�TJU|SG]RK_ZRN^O�CITJU|NIak[?TLV^]vB`K�EbacN^EdO�CIURMYK�e�NIO�PRQ¤�
SGTJURV��`�\]RK�EhK�O�CITLURZ(K�E`NIaRSG](K�ZRTLghgdKYEhS�C�SGTLNIU�TLg`N^EhVoCIURTJ«�K�Z�CIgDacN^HJHLNXp�g����{Uje�]uCFP(SGKYE
	RWIprK�TJU�SdEdN¤ZRQRMYK
SG](K§PuCIEdCIO�KzSGEhTLM�PRCIEGCIHJHLKYHLTLghO CIU(Z�ghSGQ(Z(��T¢S6lo��OjKfCIU(g6NIa/SG](K (�TLghK�MzSGTLNIU�CIURZ��{Uo�^KYEdghKj�²SdK�EdCFSGTJN^U
OjKYSG](N0ZRgDTLU�N^EhZRK�EDSdNigdN^H¢�^K�Sd]RK\EdK�CIH(gb�0OjOjKYSGEhTLM�SdEdTJZRT¡CIVIN^UuCIH�K�TJV^K�U(PREdN^l(HLK�O ���\]RK�U*W¤TJU§SG]RK\gdCIOjK
M�]uCIP0SGK�EYWDprK9ZRK�CIH/p�TJSG]�C�OjN^EdK�V^KYURK�EdCIH%PuCIEGCFHLHLKYH/CIURZ�ZRTLgbSGEhTLlRQ(SdK�Z�PuCIEGCFZRTLV^O CIURZ�prK9]RCIURZRHJK
OjN^EdK�MYN^URghSdEGCITJUoSGg_NIa��_HJN^luCIHke�N^O�P(Q(SGTJURV�� 86QREiM�CIgdKjghSdQRZ(��TJg6SG]RK�EdK�CIH/gh�¤OjO�KzSGEhTLM§KYTLV^KYURPREdN��
lRHJK�O �r�{U�PuCIEhSdTLMYQRH¡CIEYW(prK�QRghK§C�EdKYghS�CFEhSGKYZ�±�CIURMY«�N^g?SGEhTLZRTLCIV^N^UuCFHLTL«�CFSGTJN^U��ke�]uCIP(SdK�E ��acN¤M�QRghK�g�N^U
HLNXp��²P$NXprK�EASdK�M�]RURNIHLN^V^TJK�g?acN^Ei�iHLN^lRCIH�e�N^O�P(Q(SGTJURV��A�²S6TLg6CqU(KYp�PREdNIO�TJgdTLU(V�nuKYHLZ�NIa7EhK�ghKfCIEhM�]:TJU
N^QREAM�N^UoSGK´�¤S�CIHJSd]RN^QRV^]�TJSATLg6CFHLEdK�CIZ(��C9O�CFSGQREhK�SdN^PRTLM�TLU�[?TLV^]�B�K�EbacN^EdO�CIURMYK�e�N^OjPRQ(SdTLURV��6©¥NIE
C�l�KYShSGK�E�MYN^OjPREdKY]RK�URghTLlRTJHLT¢S{�xNIa\SG]RTJg�ZRTJgdghK�EhSGCFSGTJN^U WDprK|TLUoSdK�UoSGTJN^UuCIHJHJ��PREhNX�0TJZRK|C�gh]RN^EhS§EdK�HLCFSGKYZ
prN^Eds|N^U�HLNXp��²P$NXprK�E?M�N^OjPRQ(SdTLURV�TLU|Sd]RTLg�M�]uCIP0SGK�E�TLURgbSGK�CIZ�NFakZRN^TJURV�TJS�p�TJSd]�e�]RCIP(SGKYEdg 5jCFURZ����
­�K´�¤SfWuTLU�e�]RCIP(SGKYE
�(W(prK�P(EdK�ghK�UoS?N^QRE\MYN^UoSGEdTJlRQ(SdTLN^URgrSGN�SG]RKiZ(KY�^KYHLN^P(O�KYU�S?NIa�Sd]RK���£�±��_HJN^luCIH
e�N^OjPRQ(SdTLURV§acEdCIO�Kzp�NIEds��/¦�K_QRURT¢a��9Sd]RTLg�prN^Eds�p�TJSG]|Sd]RK_ghSGQ(Z(�vNIake�]uCIP(SdK�E�	�l���CFZuCIP(SdTLURV§Sd]RK
EdK�CIH¤gh�¤O�OjKYSdEdTJMrKYTLV^KYURPREdNIlRHLKYO N^U ��£�± �F©DTJUuCIHLH¢�^WXprK�M�N^U(M�HLQ(ZRK�CIU(Z§PREdKYgdKYU�SkgdN^OjK�P�K�EhgdP�K�MYSdTJ�IK�g
TLU�e�]uCFP(SGKYE = �
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¦�KiCIZRN^P0S\C�QRghK�E\CFPRPREdN^CIM�]vCIURZqMYN^URghTLZRKYE��_HJN^luCIH�e�NIO�PRQ0SGTLU(V�gdNFa�S{p�CIEhK_CIgrSdN0NIHLg����{URZRKYK�Z WuN^Q(E
O�CITLU�VINoCIH%TLg§URNFS§SGN�MYEdKfC�SGK|gdNFa�S{p�CIEhK|lRQ(S�prK|QRgdKvK´�(TJghSdTLURV�NIURK�g�TJU�N^EdZRKYE�SGN�P(EdN^P�N^gdK|ghN^OjK
gdNIHLQ(SdTLN^URg�SdN�ghN^HJ�IK�HLCIEdVIKigdMfCFHLK_EdK�CIH.gh�¤OjO�KzSGEdTJM_K�TLVIK�URPREhN^lRHJK�Ojg��7�{U�N^EhZRK�E\SdNjnuU(Z�SG](K�EhK�HLKz�FCIUoS
SGN¤N^HJg�acN^E§NIQRE�ghSdQRZ(�^W7prK�O�CIZRKqC�p�TLZRK|ghQREh�IKY��NIa?Kz�0TJghSGTJURV�gdNFa�S{p�CIEhK|NIa6�_HJN^luCIH�e�N^OjPRQ(SGTJURV��
�\]RK_OjN^ghS�TJU�SdQRTJSdTJ�IK6p�Cf�|SGN�PREhK�ghK�UoS�Sd]RK�O3TLg�SGN�gbS�CIEbS?p�T¢SG]vHLNXp��²HLKY�IK�H NIURK�g?CIURZvSGN�nuU(TLgd]vp�TJSd]
]RTJV^]0�{HJKY�IK�H ghNIa�S{p�CFEdK��r�{U�a³CFMYS�]RTJV^]0�{HJKY�IK�H SGN¤N^HJg�EdKYHJ�|N^U�HLNXp��²HLKY�IK�H NIURK�g$�r�\]RTJg\p�TLZRK_gdQ(Eh�^Kz��ZRN0KYg
URNIS�S�CFEdV^KzS§CFS�PREhNX�0TJZRTLU(V�CIU�Kz�0]uCIQ(ghSGT¢�^KqHJTLgbS�NFa�SGN¤N^HJg��q�²S�TLUoSGKYURZRg�SGN�EhK�PREhK�ghK�UoS�N^QRE�P�N^TLUoS�NIa
�¤TLKzpyNIa.SG]RK�ZRTLgbSGEhTLlRQ(SdK�Z�M�N^OjPRQ(SdTLURV�ZRN^O�CITLU�CIURZqT¢S�V^CFSG]RKYEdg%SG]RK6O�CITJU�ghNIa�S{p�CFEdKAprK6OjKYS%p�]RTLHJK
gdK�CIEdM�](TLURV�SG]RK_ghQRTJSGCIlRHLK�SGN¤N^HLg�acN^E\NIQRE\PREdNIlRHLKYO?�

����� ����� � �v� � � �_���z��� � � �|��� � ��� � ����� � � ��� �
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v� � � � �

�\]RK�luCIgdTJg�NFakPuCIEdCIHLHJK�H�CIU(Z�ZRTJghSGEhTLlRQ0SGK�Z�M�NIO�PRQ0SGTLU(V�TJg�Sd]RK�MYN^OjO§QRURTJMfCFSdTLN^U|HLCX�IK�E?l$KzS{p�KYK�U�Sd]RK
M�NIO�PRQ0SGTLU(V�QRURT¢SGg�p�]RTLM�]�MYN^O�P�N^ghK|C�M�NIO�PRHJKz��gh�¤gbSGK�O ��¦�K9V^KYURK�EdCIHLH¢��MYN^URghTLZRKYE§ZRTLgbSGEhTLlRQ(SdK�Z0�
CIURZ�gd]uCFEdK�Z¤�{OjK�OjN^Eh�_gb�0gbSGKYO�g/CFURZ�K�CIM�]§N^URKr]uCIg�gdP�K�M�T¢nuM�OjN¤ZRK�HJg�CFURZ�SdN0N^HJg�NIauM�NIO�O§Q(URTLM�CFSGTJN^U��

����� ��� 8:#r; ; >�!����*�k&��"#%! ;¨#\1A'.-����7!�1 &0#\#7- � ��#/+ 1����o&0+��{56>?&0'.1�"F;¨'�;¨#/+ �
� � �o&0'�; �

����� ���!��� "$#&%('!)�#+*�,-'/.0#&1323,-#547698:8�;

�\]RK m QRU9®�B%e,TJO�PRHJK�OjK�UoS�C�SGTLNIU§TLg/p�TLZ(K�HJ�o�²s¤U(N�p�U
�7[�NXp�Kz�^KYE�W0Sd]RK�EhK�K´�0TLghSrNISd]RK�Er®�B%e,HJTLlREdCIEdTJK�g
ZRKYZRTLM�CFSGKYZ�SGN�HLCIEdV^K�gdM�CIHLKqZ(TLghSdEdTJlRQ(SGKYZ�M�NIO�PRQ0SGTLU(V���¦�KqM�T¢SGK  6e %k�{®�B%e : . > W  A©k­ ®?Bre : 5 > W
B�KYEdKYV^EdTJURK:®�B%e : � > W_£�®?B%e : 	 > CIURZw®?Bre%� �4�  ie %D�{®�B%e°SGCIEdV^KzSGg|SG](K:TJUoSGK�EhN^P�K�EGCFlRTLHJTJS{�}NIa
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CIPRP(HLTLM�CFSGTJN^URgqTJU CFU ]RKzSGK�EhN^V^KYURK�N^Q(g�K�Uo�¤TLEhN^UROjK�UoS�lRQ(S�TJS�N^URH¢�4PREhN��¤TJZRK�g�gh�¤URM�]REhN^URN^Q(g�®�B%e
NX�^KYE �� 6B���­?KY�^KYEhSd]RK�HJK�gdgYW0prK�MfCIUjK�O§Q(H¡CFSdK�CIgh�¤URM�]REhN^URN^Q(g�®?B%e,CIURZjMfCFHLH¢�²luCIM�s�O�KYM�]uCIURTJgdOjg7l��
OjKfCIURg.NFa(C\O§Q(HJSGT �²Sd]REdK�CIZRTLU(VrM�CIPuCIlRTJHLT¢S{�'�.�{U_N^EdZ(K�E SGN�SdEGCIU(ghacK�E.HLCIEdVIKD�^N^HJQROjKkNIa0ZuCFS�C0W� ie %D�"®?Bre
CIHJHLNXp�g�QRghTLURVjURN^U0�²lRHLN¤M�s�TLURV�Q(URTLZRTJEdKYMYSGTJN^UuCIH�ZuCFSGC��{P(TLP�K�g��  A©k­��{®�B%ew]RCIg�	js�TJURZRg�NIaD®�B%ewNX�IK�E
�?e�B �Dgb�0U(M�]REdN^U(N^QRgj®�B%eAWDCIgh�¤URM�]REhN^URN^Q(g�CIURZ�lRQ �*KYEdK�Z�CFgh�¤URM�]REhN^URN^QRgj®?B%eAW�PuCFEGCIHJHLK�H%®?B%e �
(�KYgdTLZ(K�g�W\T¢SjPREdNX�¤TLZRKYgqC:MfCIHJH¢�{lRCIM�s�OjK�M�]uCFURTLghO CFURZ�C:O�KYgdgGCFV^Kz�²PuCIgdghTLURV��{HLTJsIK|OjN0Z(K�luCFgdK�ZtN^U
®?Bre �F�{U : . > W  A©k­��{®�B%e�]uCIgkl�KYShSGKYEDSGEdCIURghacKYEkEGC�SGK\CIU(Z�HLK�ghgkZRKYH¡Cf�_SG]uCIU  6e %k�{®�B%eAW m �A­��{®�B%e
CIURZ�B �_£ ���\]RK�N��IK�Eh]RKfCIZ�N��IK�E��?e�B�TJgi�^K�Eb�:HLNXp-�qB`K�EdKYV^EdTJURKq®?B%e�N^P(SdTLOjTL«YK�g6SG](TLgiSGEdCIURghacKYE
EGC�SGK9lo�:QRghTLURV�T¢SGg�NXp�U�PREdNISdN0MYN^H7NX�^K�E��"B��D£�®�B%e¨]uCIg�l$KYK�U�TJUoSGK�VIEGCFSdK�Z�TJU�SdN�e�N^OjP�N^gdT¢SGTLNIUuCIH
e��
�4���²S_EhK�HLTJK�g6NIU�SG]RK�¯\MzSGTJ�IKj£�K�ghgGCIVIKjOjN¤ZRK�HDCIURZxgdQRP(P$N^EbS�£�B%£  CIEdM�](TJSGKYMYSdQREdKYg��§¯\MzSGTJ�IK
£�KYgdgGCFV^K�giPREhNX�0TJZRK§CFU�KY~jMYTLK�UoSiZRCFS�CjM�N^UoSGEhN^H�CIURZ�ZuC�S�C�SdEGCIURgbacK�E$�A©DTJUuCIHJHJ�^W¥®?B%e%� ��TLUoSGKYURZRgASdN
l�K_a³CFQRHJS�SdN^HLKYEGCIUoS�lo�|OjKfCIU(g?NFaDghKY�^KYEGCIH.SdK�M�]RURTJ��QRK�g?NIa�EdK���QRKYghSAEdK�P(HLTLM�CFSGTJN^U��

����� ���!� � "$#&%('!)�#�� # )��3'/1������ '/.06�)���'��3;

�\]RK 3^CX�FC m QRU|®�£��kTLOjPRHJK�OjK�UoS�CFSdTLN^U�TJgrU(NIS\CIZRCIP(SGKYZ�SdN�H¡CFEdV^K?ZRTLgbSGEhTLlRQ(SdK�Z�M�N^OjPRQ(SdTLURV����{U : � > W
TJSdgiNX�^K�Eh]RKfCFZ�TLg6S{p�TJM�K�H¡CFEdV^KYEASG]uCFU:Sd]RK�N��IK�Eh]RKfCIZ�NIargdN^OjK�®�B%e�CIURZ�£�B/�ATLOjPRHJK�OjK�UoS�CFSdTLN^U(g��
�\]RK9£�CIUoS�C : � > M�N^OjPRTJHLK�EAlRQRTLHJZRg_CvlRTLUuCFEh��p�](N^gdK m QRU�®A£���O�KzSG]RN¤ZRg�CIEhKjEhK�PRHLCIM�KYZ�lo�xN^P0SGT¢�
OjTL«�KYZ�EdN^Q0SGTLU(K�g§luCFgdK�Z}N^U�CIU�Kz~�MYTLKYU�S�MYN^OjO§QRURTJMfCFSdTLN^U�PREdNISdN0MYN^H�M�CIHLHJK�Z�B�¯6­� �¯6�%£�CIUoS�C�TJg
CIlRHJK�SdN9ZRKYHLT¢�^K�E?ghSGCIURZuCFEdZ 3I¯ ��¯¨lo�¤SdK�MYN0ZRK�SGN�EdK�OjNISdK�MYN^O�P(Q(SGKYEdg�Sd]uCFS�ZRN9U(NIS6]uCf�IK§Cq£�CIUoS�C
K�Uo�¤TLEhN^UROjK�UoS��D�{U��IK�EhgdK�H¢�^W�SG]RK?£�CIUoS�CiK�Uo�¤TLEhN^UROjK�UoS%TLg/CIl(HLK�SdN�]RCIURZRHJK\ghS�CFURZuCIEhZ 3^Cf�FCilo�¤SdK�MYN0ZRK2�
¯ gdTJO�TJH¡CIE�K �*N^EbS6S�CFEdV^KzSGg6SGN|NIP(SGTJO�TJ«�K�N^l¤�hK�MzS_gdKYEdT¡CFHLTL«�CFSGTJN^U��6�{l(TLg : � > TJgiCqs�TLURZxNIa%OjTLZRZRHJKYp�CIEdK
ZRKYZRTLM�CFSGKYZ,SGN�®A£�� �%�{U(ZRK�KYZ W\SG]RKvacEdN^UoSb�{K�U(ZtgdQ(PRP$NIEhSGgjSG]RK�¯6B/��NIa�SG]RK m QRUt®A£���Wr��£�� : =�> W
®�K�P¥£���CIURZ m CFSdTLU��7®�K�P¥£��\CIURZ m CFSdTLU�CIEdKighNIa�S{p�CIEdK�NIa`SG]RK_¯AHJluCFSdEdN^ghg?P(EdN��hKYMYS : ;�> �r��£���CIZ(ZRg
M�NIHLHLKYMYSdTJ�^K|MYN^OjO§QRURTJMfCFSdTLN^U�SdN:Sd]RK�®�£���CFURZt®�K�Pu£���acN¤M�QRghK�g9NIU,N^l��hK�MYS�EdKYPRHLTJMfCFSdTLN^U
� m CFSGTJU
K�URCIlRHLKYg§PuCIEdCIHLHJK�H7®�£��_CIURZ�C�EdK�P(HLTLM�CFSGTJN^UxO�KYM�]uCIURTJgdO lo��QRghTLURV�gdH¡Cf�IK9SG]REhKfCIZ(g���©DTJUuCIHJHJ�^W.Sd]RK
luCIM�s^�²K�URZ}NIa��{lRTJg�]uCIg§O�CIUo��TJU�SdK�Eba³CIM�KYg�acN^E§MYN^O�O�QRURTLM�CFSGTJN^U�P(EdNISdN0MYN^HLg�HLTLsFKq�?e�B�W �  6B�CIURZ
B$¯A­  \¯ �
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�\]RTJgAPuCIEdCIV^EdCIPR]�EhKYacK�EhgASGNqB �i£ : .�. > W £�B/�ACFURZ��{M�KY� : .75 > �iB �i£ �0TJEhSdQuCIHLTLCI«�KYg?Sd]RK§EhK�gdNIQREdMYK�g
NIa�O9CFU��q]RKYSdK�EdNIV^K�URKYN^QRg�M�N^OjPRQ(SdK�Edg�MYN^URURKYMYSGKYZ�SGN�Sd]RK�gdCIOjKiURKYS{prN^Eds�� m NRWuTJS�PREhNX�0TJZRK�g\SdNjSd]RK
QRghK�E6SG](K�TLO�CIV^K�NIarCIU�QRURTJ�¤Q(K�gdQRP�K�EhM�N^OjPRQ(SdK�E���B �_£ gdQ(PRP$NIEhSGg_CqHJNIS6NFa�CFEdM�]RT¢SGK�MzSGQREhK�gYW acEdN^O
SG](KjghTLOjPRHLK�ZRK�ghsoSGN^P�B%e�SGN|Sd]RK�P$NXprK�EhacQ(Hk�^K�MzSGN^EhT¡CIHDO9CIM�](TLURK2�§�\]RK�O�KYgdgdCIV^K�g�CIEhK�Kz�0M�]uCIU(V^K�Z
l�KYS{prK�K�UtM�N^OjPRQ(SdTLURV�S�CFgds�gjSd]uCFS�CIEhK�ZRTJghSdEdTLl(Q(SGKYZ,CFO�N^U(V:MYN^OjPRQ(SGKYEdgjZRK�P�K�U(ZRTLURV:N^U}M�EhTJSGKYEdTLC
EdKYH¡CFSdK�Z|SGN�Sd]RK�CIEdM�]RT¢SGKYMYSGQ(EdK�g?N^E�SdN�Sd]RK_EdKY�¤Q(K�ghSdgANIa`SG](K�Q(gdK�E$�
£�B/��� .�CIURZ§£�B/����5�CFEdK7SG]RK%gdP�K�MYTJnuM�CFSGTJN^URg�NIa¥C�O�KYgdgdCIV^Kz�²PuCIghgdTLU(VAHLTJlREGCFEh�iCFURZ�URNFSkCIU�TLOjPRHJK�OjK�U0�
S�C�SGTLNIU��D¦�KiURNISGTJM�KASd]RKiacN^HLHJNXp�TLURV�TLOjPRHLKYO�KYU�SGCFSGTJN^URg �k£�B/�be�[�W�£�B/�be�[��b� 5 : .�0 > WRB$¯?e 
��"£�B/��W
m M�Co£�B/��W £�B7���"e�N^URURKYMYS6CIURZ�±.¯6£ �$£�B/�be�[��b� 5jHJTLURs�g�£�B/�be�[�SdNjSd]RK§�iHLNIlRQRg\SGN¤N^HLs�T¢S�ª m QRl¤�
gdKYMYSdTLN^U 5 � 	�¬&�kB$¯?e 
?�b£�B/�`TLOjPRHLKYO�KYUoSGgD£�B/��� .\lRQ(SkN^URHJ��CAPuCFEhS/NIa$£�B7���,5 �k�²S7CFTLOjg`SdNiN^P(SGTJO�TJ«�K
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M�NIHLHLKYMYSdTJ�^K�MYN^O�O�QRURTLM�CFSGTJN^U�N^U�H¡CIEhV^K�gdM�CIHLK9�_EhTLZRg�CIU(Z�gdQ(PRP$NIEhSGg�gdKz�^KYEGCIHrPREdNISdN0MYN^HLgiHJTLsFKj�?e�B`W
¯/�?£�W mRm ± � m M�Co£�B/�§TJO�PRHJK�OjK�UoSGg�O�N^gbS�NIa6£�B/��� .�gdP�K�M�T¢nuMfC�SGTLNIURgjCIURZ�acN0MYQRgdKYg�N^U�Z(�¤UuCFO�TJM
PREhN0MYK�gdg�O�CIUuCIVIK�OjK�UoS\CIU(ZvSd]RK�£�B/���{��8 ª³�{URP(Q(S&�'86Q(SdPRQ(S�¬�PuCIEhS�NIaD£�B/����5 �%£�B/���"e�N^URURKYMYS?PREdN��
�¤TLZRKYg�SG](KiTLUoSGKYEdN^P�K�EdCIlRTLHJTJS{��NFa�O9CIUo�q£�B/�rTJO�P(HLK�OjK�UoSGCFSGTJN^URg���©DTJUuCIHLH¢�^W¤£�CFVoB/�{K :��2> TLgrluCIgdKYZvN^U
£�B/�be�[�lRQ(S?TJS\TJO�P(EdNX�^KYg?MYN^HLHJK�MzSGTJ�IKiM�N^OjO§QRU(TLMfC�SGTLNIU��
¯Ag?B �_£:W¥Sd]RK_�{M�KY� O�KYgdgdCIV^Kz�²PuCIghgdTLU(VjHJTLlREdCIEh�j�¤TLEbSGQuCIHJTL«YK�g�SG](K�Q(URZRK�EhHJ�¤TLU(VjU(KYS{prN^Eds|NIa�M�NIO�PRQ¤�
SGKYEdg$���\]RK��{MYK��=EhN^Q(SdTLURKYg6MfCIU�l�K�TLUoSdK�V^EdCFSGKYZ�TLUoSGNvCqgbS�CIURZRCIEdZ 3^Cf�FCqM�N¤ZRK�TLU�NIEdZRKYE6SGN|l�K�URKznRS
acEdNIO Sd]RK6lo��SGKYM�N¤ZRK_P$N^EbS�CIl(TLHLT¢S{��N^U9Sd]RK m Q(U 3 �_£ ��86U9Sd]RK6MYN^UoSGEGCFEh�^W0SG]RK6Q(gdK�E�NIa`B �_£ ]uCIg�SdN
PREhN��¤TJZRK�CIg�O9CIUo�9lRTLUuCFEdTLKYg�CIg\]uCIEhURK�ghgdKYZ�CIEdM�](TJSGKYMYSdQREdKYg��
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86P$KYU¥£�ByTLgAC9gdP�K�MYTJnuM�CFSGTJN^U�NIa7HJTLlREdCIEh�qEdN^Q(SdTLURKYg�W$K�Uo�¤TLEdNIURO�KYUoSA�FCIEdTLCIlRHJK�g�CIURZ�ZRTJEdKYMYSGT¢�^KYgASG]uC�S
CIEhK�TJU�SdEdN¤ZRQRMYK�ZtTJU�C:gdK���QRKYUoSGT¡CFH�PREhN^V^EdCIO TLU}N^EdZ(K�E�SGN�P�K�EbacN^EdO C:gd]uCFEdK�ZtO�KYO�N^Eb��PuCIEdCIHLHJK�H
Kz�0KYM�Q(SdTLN^U��  �QREdTJURV�Sd]RK?Kz�0K�MYQ(SGTJN^U W¤KfCIM�]�PuCIEGCFHLHLKYHRgdKYMYSdTLN^U�TLg7P$KYEhacN^EhO�KYZ�lo��MYN^URM�Q(EdEdKYUoS�gd]RCIEdKYZ0�
OjK�OjN^Eh��SG]REhKfCIZRg$�
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¦�K§PREdKYgdKYU�S�[?TLV^]�B�K�EbacN^EdO�CIURMYK§©uN^EbSGEGCFU�ª [�B%©k¬�CIURZxB 	��6[AB7©�TLgAC9PREdNIV^EGCIOjOjTLURVjH¡CIU(V^QuCIV^K
gdQ(TJS�CFlRHLK�acN^E m B%£  PuCIEdCIHLHJK�HLTJgdO �  6CFSGC�CIEhK9ZRTJghSdEdTLl(Q(SGKYZ�CIURZ�O9CIP(P$KYZ�N^U�MYN^OjPRQ(SGTJURV�U(N0ZRKYg
ZRKYP$KYURZRTLU(V�N^UxZRTJEdKYMYSGT¢�^KYg�TJURgdKYEhSdK�Z:TLUoSGN|SG](K�PREdN^VIEGCIO �§�\]RK�[AB7©4M�N^OjPRTJHLK�EAPREdNX�¤TLZRKYg�CvZ(K�ZRT �
MfC�SGK�Z�lRTJUuCIEh�|CIURZ�N^P(SGTJO�TJ«�KYg�M�N^OjO§QRU(TLMfC�SGTLNIUqacN^E\KfCIM�]�CIEdM�](TJSGKYMYSdQREdK9ª³gh]uCIEdKYZ0�rN^E�ZRTLgbSGEhTLlRQ(SdK�Z0�
OjK�OjN^Eh�(¬*�9�\]RKqB 	�HJTLlREdCIEh��p�N^Ehs�g�N^U�gd]uCIEhK�Z0�6N^E_ZRTLgbSGEhTLlRQ(SdK�Z0�²O�KYO�NIEh�x£��b£  O9CFM�]RTLURKYg�NIE
M�HJQRghSdK�Ehg�NFa�B%e�g����²arSG]RK�OjK�OjN^Eb��TLgAgd]uCIEhK�Z W�SG](K�QRgdKYE�M�CIU:ZRKYnuU(KjT¢SGgiNXp�U:HLN¤M�s�OjK�M�]uCIU(TLgdOjg��
�{UjMfCIghK�NIa$ZRTJghSGEhTLlRQ0SGK�Z¤�{OjK�OjN^Eh�IWISG]RK�OjK�ghgGCIV^K´�{PuCFgdgdTJURV�M�N^OjO§QRURTJMfCFSdTLN^U�O�N¤ZRK�H(N �*KYEdg%P$NITLUoSh��SGNF�
P�N^TLUoS?CIURZvMYN^HLHJK�MYSdTJ�IKiM�N^OjO§QRURTJMfCFSdTLN^U
�
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 AQRK�SGN�SG]RK�K�OjK�EhV^K�URMYK�NFakSG]RK_prK�l0�²gdK�Eb�¤TLM�KYg�W O�CIUo�|ZRKYZRTLM�CFSGKYZ�H¡CFURV^QuCIVIK�g�]uCf�^K�l$KYK�U�MYEdKfC�SGK�Z
�
¦yTJSd]§¦ m ©k± : ��5 > luCIghK�Z�N^U�SG]RK 
i£�±�HLCIURV^QuCFV^KIW^�,(�£ p�CIUoSGg/SdN�MYN^OjP$N^ghK�p�KYl0�{ghK�Eb�0TJM�KYg%p�T¢SG]RTJU
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CIU�NIEdTLKYUoSGK�Z�VIEGCIPR]
�_£�TLMYEdN^ghNIa�S6]RCIg6PREhN^P$NIgdK�Z 
6±.¯6­6� : � � > p�]RTLM�]�QRghK�g6Sd]RK§ZRKYgdM�EhTLP(SdTLN^U�H¡CIU0�
V^QuCFV^K%¦ m  6± ���\](KrprK�l0�²gdK�Eb�¤TLM�KYg/CIEhK�CIQ0SGN^URNIO�N^Q(g�CFV^K�UoSGg�p�]RTJM�]�TLUoSdK�EGCFMYS�l$KzS{p�KYK�U�KfCFM�]�NISd]RK�E$�
(�B %7± 	I¦ m : � 	 > QRghK�g�Sd]RK�gbSGEhQRMYSdQREdKYZ�H¡CIU(V^QuCIV^K 
6±�¯A­6�
CIURZ:SG]RKjN^EhTLK�UoSdK�Z�VIEGCIPR]�H¡CIU(V^QuCIV^K
¦ m ©k± �`�²S�M�NIURgdTJZRK�Ehg�S{p�N�s�TJURZRg§NIa�P(EdN¤M�K�ghg����\]RK�nuEdgbS�N^URKqZ(KYnuURKYg§SG]RK9Kz�0M�]uCIURVIK�g�l�KYS{prK�K�U
SG](K�prK�l0�²gdK�Eb�¤TLM�KYg_CIURZ�Sd]RK§ghK�M�NIURZ�N^URK�gdP�K�M�T¢nuK�g�SG]RK�Kz�0K�MYQ(SGTJN^U�V^EGCFPR]���©DTLUuCFHLHJ�IW m QRU W$�{UoS�CIHJTLNRW
m ¯AB�CFURZ ( %/¯3P(EdN^P�N^gdK�¦ m e�� ���²S§]uCIg�C�ghTLOjTLH¡CFEiCIPRPREhNoCIM�]�CFg 
6±�¯A­6� ���{U:a³CIMYS�WD¦ m e��iTJg
C�Z(K�gdMYEdTJP(SGTJN^U�HLCIURV^QuCFV^K_M�N^OjPuCIEdCIlRHLK6SdN�¦ m  A± ���²S�ZRKYnuU(K�g6OjK�ghgGCIV^K 1uNXp�gAl�KYS{prK�KYU�SG]RK�p�KYl0�
gdKYEh�¤TLMYK�g$�
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�iHLN^luCFH�e�NIO�PRQ0SGTLU(V�a³CIM�KYg§gdTJO�TJH¡CIE_PREhN^lRHJK�Ojg§CIg�prK�l¤�{gdKYEh�¤TLMYK�g$� m N(WkSG]RK 86P�K�U}�iEdTJZ m KYEh�¤TLMYK�g
¯AEhM�]RTJSdK�MzSGQREhK�ª 8_� m ¯i¬�ZRK�ghM�EhTLl�K�gqCFU4CIEdM�](TJSGKYMYSdQREdK�acN^E9C:gdKYEh�¤TLMYKz�{NIEdTLKYUoSGK�Z4�_EhTLZ4e�NIO�PRQ0SGTLU(V
K�Uo�¤TLEhN^UROjK�UoS��`�²S`ZRKYnRURK�g�SG]RK7TJU�SdK�Eba³CIM�KYg`NFa0Sd]RK7O9CITJU��_EhTLZighK�Eh�¤TJM�K�g`lo�iOjKfCIURg�NIa¤SG](K%Z(K�gdMYEdTJP(SGTJN^U
H¡CFURV^QuCIVIK%¦ m  A± ���\]RKYU W^SG]RK�� m ©k± : � � > HLCIURV^QRCIV^KIWFluCIghK�Z§N^U 
_£�± m M�]RKYO9C0WoCIHLHJNXp�g�ghP$KYM�TJa��¤TJURV
TLUoSdK�EGCFMYSGTJN^URg\l�KYS{prK�KYU�SG](N^gdK��_EhTLZ|ghK�Eh�¤TJM�K�g?gdN�CIg�SdNjl(QRTLHJZ�OjKYSGC��{ghK�Eb�0TJM�KYg��
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m NIa�S{p�CIEhK?HJTLsFK\B �_®?®�8 m : � =�> CIURZ�e�¯ m [ : � �2> CFTLO�SGN_V^K�U(K�EGC�SGK�CiPuCIEdCIHLHJK�H¤M�N¤ZRK�acEdN^O=CigdK���QRKYU0�
SGTLCIH`N^URK�lo��QRgdTJURV|CIURU(NIS�CFSdTLN^U(g�p�EdT¢SdSdK�U�lo��Sd]RK§MYHLTLKYUoS��i©uN^E�TLURgbS�CIURMYKIW ghQRM�]:CIURURNFS�CFSdTLN^URg�O9Cf�
gdP�K�MYTJa��x]RNXp SdN�lRQ(TLHLZ:TLU(ZRK�P�K�URZ(K�UoS�SGCIgds�g�WD]RNXp¨SGN�ZRTLgbSGEdTJlRQ(SdKjZRCFS�C�CIURZ�ghN�N^U
� 8i®/%%�i¯i£��
: � ;2> ZRN¤K�g?URNIS?PuCIEdCIHLHJK�HJTL«�KACjghK���QRKYU�SdT¡CIH`PREhN^V^EGCFO lRQ(S�TJS�]uCFURZRHLKYg\SG]RK�O9CFPRPRTLU(VjNFakZuCFSGCjNIU�Sd]RK
M�NIO�PRQ0SGTLU(V�EdKYgdN^Q(EdM�KYg��%�\]RK6QRghK�E\TJURgdKYEhSGgrTLUoSGN�SG]RK6PRCIEGCIHJHLKYH�P(EdN^V^EdCIO TLURgbSGEhQRMYSdTLN^URgrlo�9OjKfCIU(g�NIa
SG](K�±�C^®\e m ZRK�ghM�EdTJP(SGTJN^U�H¡CIURVIQuCIV^K�CIURZ�SG]RK�M�N^OjPRTJHLK�E\VIK�URKYEGCFSdK�g�Sd]RK�Kz�0K�MYQ(SGTJN^U�V^EdCIPR]��\�\]RK �
PREhKY�¤TLN^Q(g�SdN0NIHLg�PREhNX�0TJZRK�C�V^EGCIP(]RTLM�CIH EdKYPREdKYgdKYU�SGCFSGTJN^U�NIa�Sd]RK_Kz�0K�MYQ(SGTJN^U�V^EGCIP(]��
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£�N^gbS_NIa7SGN¤N^HLg�HLKzS6SG]RK�Q(gdK�EiO�CIsFK§SG]RK§K´�0K�M�Q0SGTLNIU�V^EdCIPR]���[�K�]uCIg6SGN|O�CIUuCFV^K§ZuCFSGC|CIURZ�SGCIgds�g
ZRKYP$KYURZRK�U(M�K�g�CFURZqgdNIO�KzSGTLOjK�g/Sd]RKAZRTJghSdEdTLl(Q(SGTJN^U�NIa.ZuCFSGC�N^U9URN0Z(K�g��k¦yT¢SG]�SG]RK  \¯?�_O�CIU W(�_EhTLZ0�
¯AUoS : = 0 > CIURZ �7�^KzSdSdKX£�±xªcMYa,� ��£�±/W m K�MzSGTJN^U65 � = ¬zWFC\SdKz�¤S`nuHLK/ZRKznuURKYg�SG](K7prN^Ehs#1RN�p-�/£�CIUo�iSGN¤N^HLg
PREhN��¤TJZRK9C��-���ATJU�NIEdZRKYE_SdN�MYN^OjP$N^ghK�SG]RK�p�NIEds�1uNXp ��©D]u®���W`e�8  % 5 � 0 : = . > W�[�K�­6e % : = 5 > W
BDCFEGCIHJKz� : = � > W m �¤OjPR]RN^Uo� : = 	 > Wu�@%%­?� : = � > Wu�?£ %\Wu¦�KYlu©DHLNXp : = ��> Wu�`EdTLCIUuC : = � > W¥CjMYN^O�P�N^URKYUoS
NIa6�A­?�be�8i®/% : � � > W6�_EhTLZu©DHJNXp°CIURZyBkSGN^HJK�O��t�d� ���iEdTJZR¯AUoS�W�[?Kf­Ae % CIURZ �A­?�be�8i®/%3N��*KYE
CIURNFSG]RKYEA�-���%gd](N�p�TJURVjZ(�¤UuCIOjTLMfCFHLHJ��Sd]RK_Kz�0K�MYQ(SGTJN^U�NFa�Sd]RK_PuCIEGCFHLHLKYH*PREhN^V^EdCIO?�
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: ='=�> PREdKYgdK�UoSdg|gdN^OjK�prN^Eds�1uNXp PuCFShSGK�EhURgqQRghK�Z4lo�}SG]RK�P(EdKY�¤TJN^QRgqghNIa�S{p�CFEdK��  �¯?�iO�CIU W �A­?���
e�8i®/%\W �7�IKYSdSdKX£�±/W�B �_®?®�8 m CIURZ�e�¯ m [ EhK�HJ��N^U:CqZRTLEhK�MzS�CIMY�¤M�HJTLM�V^EdCIPR]}ª  �¯?��¬*��[?Kf­Ae %
QRghK�g�C�O�N¤ZRT¢nuK�Z� \¯?� CFHLHLNXp�TJURV�O�CIs�TLURV�PREdN^VIEGCIOjg9p�TJSd]4QRURs�URNXp�UwU¤Q(O§l$KYE|NIa�TJSdK�EGC�SGTLNIURg��
8i®/%%�i¯i£��iP(EdN^P�N^gdKYg�ZRTLEhK�MzSfW/CIMz�¤M�HLTJMqCIU(Z�PREdN¤M�KYgdg"�{N^EhTLK�UoSdK�Z�V^EdCIPR]Rg§lo��O�K�CIURg�NIa\SG]RK9�?e\�
ª³�`K�OjP�N^EGCIHke�N^OjO§QRURTJMfCFSdTLN^Ux�iEGCFPR]¥¬AEdKYPREdKYgdKYU�SGCFSGTJN^U�� : ='=�> CFHLHLNXp�g6Q(gdTLU(V�O�CIUo��PRCFSdSdK�EdU(g�HJTLsFK
 \¯?��W*�?e\�3CIURZ��{�?� ªc�²SGKYEGCFSdTJ�^K��DCIghsx�iEGCIPR]u¬*�_¯AUx�{�?� TJgiCqURN^U¤�{N^EhTLK�UoSdK�Z�V^EdCIPR]xCIHJHLNXp�TLURV
TJSdK�EdCFSGT¢�^K�PREhN^V^EdCIO�g�p�TJSG]�QRU(s¤U(N�p�U�U�QRO§l�K�E/NIa$TJSdK�EGC�SGTLNIURg���©uEG[6�yM�]RN¤N^gdKYg7Sd]RK?B�KzSGEdTuU(KYS7EdKYPREdK´�
gdKYUoS�CFSdTLN^U���BkSGN^HJK�O��¤�d��CIURZ���EhT¡CIUuC�PREhN^P�N^gdK_SG]RK�OjN^ghS�K´�(]RCIQRghSdTJ�IK�HLTJghSdg?NFaDprN^Eds�1uNXp�PuCFShSGKYEdURg$�
BkSGN^HJK�O��¤�h�%N��*KYEdg .75�P(EdN^PREhTLKzS�CIEb�9OjN0Z(K�HLg$�k�`EdT¡CFUuC�]uCIg�C§PREdN^P(EdTLKzS�CIEb�9NIE�gdKz�^K�EdCIH.QRghQuCIH OjN0Z(K�HLg
HLTJsIK  \¯?��W
(�B %%± 	I¦ m PRCFSdSdK�EdU
�-8ASG]RKYEAgdNFa�S{p�CIEhK�ZRN¤K�gAU(NIS6QRghK�C9ghP$KYM�TJnRM§PuCFShSGK�EhU��6�\]RK��^K�E"�
SGTJM�KYg\NIa�SG]RK6VIEGCIPR]vNIa�SdK�U|EhK�PREhK�gdKYUoS?Sd]RK6S�CFgds�g\p�]RK�EhKfCIg\SG](KiK�ZRV^KYg\M�N^U(M�K�EhU�ZRCFS�C§ZRKYP$KYURZRKYURM�KYg��
�²S�TLg�MfCIHJHLK�Z:ZuCFSGC�� 1RN�p¨ZRT¡CIVIEGCIO�CFURZ�TLg�QRghK�Z�lo�:�?£ %\W�¦�K�lu©�HLNXp_W m �¤OjPR]RN^Uo��CIURZ�BDCIEdCIHLK´� �
©uN^E��@%7­�� Sd]RK�KYZRV^KYg�N^U(HJ�|EhKYacK�E�SGN�S�CFgds|N^EhVoCIURTJ«fCFSdTLN^Uqp�T¢SG]RN^Q0S?CIUo�vZuCFS�C�gdP�K�MYTJnuM�CFSGTJN^U �%TJS�TJg
MfCFHLHLKYZ�MYN^UoSGEdNIH¢� 1RN�p-��B/]REdKYZ�CIURZ}� m ©k±�M�NIO§lRTLU(K9ZuCFSGC�� 1RN�p CFURZ�M�NIU�SdEdN^H � 1uNXp l�K�M�CIQRgdKqSd]RKY�
M�NIURgdTJZRK�E�ZuCFS�C�ZRK�P�K�URZ(K�URMYK�g�CIURZ�S�CIghs�N^EhVoCIURTJ«fCFSdTLN^UxO�Cf��]RCX�IKqZRT �*KYEdK�UoS61uNXp�g���©�TLUuCIHJHJ�IW�prK
URNISdTLMYK�Sd]uCFS�e�8  % 5 � 0(W`BDCIEdCIHLK´�*W�(�B %7± 	I¦ m W.¦ m ©k±4CIU(Z:¦ m e��6CIHLHJN�p�O�CIs�TLURVv]RTJK�EGCFEdM�]RTJM
V^EdCIPR]Rg$���²S_M�N^URghTLgbSGg_TLUxK�U(MfCIPRghQRH¡C�SGTLU(VvCIURZ:EdKz�²QRgdTJURVvKz�0TLgbSGTJURV|V^EGCFPR]Rg_TLU�N^EhZRK�EiSdN�MYN^OjP$N^ghK�C
URKzp prN^Eds�1uNXp-�
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�\]RKYEdK�K´�0TLghSAC�HLNIS?NIaDgdM�]RKYZRQRHLTJURV�CIURZ�EhK�ghN^QREdMYK�O�CIUuCIVIK�OjK�UoS?HLN¤MfCIH*SdN0NIHLg\acN^E�M�N^OjPRQ(SdTLURV�PRHLCFSh�
acN^EhO�g§ª  �� m W*­�� %\W B ( m W.±.NoCFZu±.KY�^KYHLKYE�W.CIU(Z�gdN|N^U¥¬&�6¦�K�]RK�EhK§PREdKYgdKYU�S�ghTLOjTLH¡CFE\gdNIa�S{p�CIEdK§acNIE
H¡CFEdV^KjgdM�CIHLKjM�N^OjPRQ(SdTLURV�p�]RTLM�]�NIa�SGKYU�acN^Ehp�CIEhZRg�TJURghSdEdQRMzSGTLNIURg�SdN�SG](K9HLN¤MfCFH7SdN0NIHLg���©DTJEdgbSfWDghN^OjK
SGN¤N^HJg�acN¤M�Q(g9N^U,N^URHJ�}N^U(K�N^l��hK�MYSdTJ�IK�� �\](KY�,l$KYHLN^URVxSGN�C:SGN¤N^HJs¤T¢S�N^E�C�lRTLVIV^K�E�PREhN��hK�MzS�� ©¥NIE
TLU(ghS�CFURM�KFWR�_®?¯6£ CIU(Z9¯6®�£ m CIEdK?EdKYgdP�N^URgdTJlRHLK�acN^E/SG](KAEdKYgdN^Q(EdM�K�O9CFUuCIV^KYO�KYU�SrCIU(Z9¯AP(Pu±.K m TJg
ZRKYZRTLM�CFSGKYZ�SGN|V^HJN^luCIH�gdM�](K�ZRQRHJTLURV�� m K�MYN^URZ W Sd]RK�EhK�CIEdK�O�N^EhK�MYN^O�P(HLKz��SdN0N^HJgAHJTLsIK %����b�iEdTLZ : 5 =7> W
­�TJO�EhN0Z : 5 � > WR�_CIHJHLN^P : 5 �2> CIURZ m e��"®?QRU
�/�\]RKY��M�N^HJHLKYMYSrTLU(acN^EhO9C�SGTLNIU�EdK�HLCFSGKYZ�SdN�SG](KAM�NIO�PRQ0SGTLU(V
CIURZ�URKzS{p�NIEds�EdKYgdN^Q(EdM�KYg9CFURZ�P$KYEhacN^EhO SG]RK|ghM�]RK�Z(QRHLTJURV�� m e��"®�QRU}TLg�CIHJO�N^gbS�CIU}CIQ0SGN^URNIO�N^Q(g
�iHLN^luCFHke�N^OjPRQ(SdTLURV|ghNIa�S{p�CIEdK2���²S_TLg6TJU�SdK�EhK�ghSdTLURV|SdNqacN0MYQRg_N^U�SG]RKYTLEiMYN^O�P(Q(SGTJURV|PuCIEdCIZRTLVIO?�_�{U
a³CIMzSfWu­?TLOjEdN¤Z W m e��"®?QRU�CIU(Z�¯AB m � : 5 	 > ªcKz�¤SGKYURgdTJN^UvNIa`¯APRPR±�K m ¬\CITLO SGN�Z(N�SGCIgds^��a³CIEdOjTLURVqª³Mza,�
m KYMYSGTJN^U 	�� 5 ��.X¬*�%�_CIHLHJN^P W�p�TJSG]vT¢SGg\HLN¤MfCFH gdM�]RKYZRQRHJK�E?B/EdN^PR](KYSfW¥P�K�EbacN^EdOjg�®?KYO�NFSGK�e�N^OjPRQ(SdTLURV��
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�iHLN^lRQ(g : . ;�> TLg�C�SdN0N^HJs�TJS.acN^ED�_HJN^luCIH¤e�NIO�PRQ0SGTLU(V�ghNIa�S{p�CFEdK��D�²SkPREhN��¤TJZRK�g�O9CIUo�_SGN¤N^HJg`HJTLsFK��_®?¯6£
acN^EiSG](KjEhK�ghN^QREdMYK9O�CIUuCIVIK�OjK�UoSfW`­�K´�0QRg�TJU�NIEdZRKYE_SdN�MYN^U(nuVIQREdK�SG]RKjURKzS{p�N^Ehs�H¡Cf�^KYE�WD£  m CIURZ
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[ (�£ acNIEDSG]RK\TJU(acN^EhO9CFSdTLN^U�gdKYEh�¤TLMYK�gYW(� m ��CIURZj� mRm acN^EkghK�M�Q(EdTJS{��M�N^U(gdTLZ(K�EGC�SGTLNIURg�W¤�-%%£�Wo�i¯ mRm W
®���8�WI�iEdTLZR©D��B�CIURZ§ghN6N^U��k�_HJN^lRQRg`TLg`l�K�M�NIO�TJURV6CAgbS�CIU(ZuCIEdZ�ZRKz��a³CIMYSdN����{U(ZRK�KYZ W�CAHLNFSDNIa¥�_HJN^luCIH
e�N^OjPRQ(SdTLURV�ghNIa�S{p�CFEdK�gdN^HJQ(SGTJN^URg�SGCIEdV^KzS\SG]RK_TJU�SdK�EhN^P$KYEGCIl(TLHLT¢S{��p�T¢SG]��iHLN^lRQ(gb�{lRCIgdKYZ�P(H¡CFShacN^EdOjg
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±.NXp HLKY�IK�Hr®�B%e=PREhN^V^EdCIO�OjTLU(V|TLg�URNIS�QRgdKYEb�²acEhTLKYURZRHJ��acNIE�OjN^gbS�NIa�gdM�TJK�UoSGTJghSdg�� m NRW`p�KqP(EdK�ghK�UoS
gdNFa�S{p�CIEhK�p�]RN^ghK?¯AB/��]RTJZRK�gkSd]RK�MYN^O�P(HLKz�0T¢S{��NIa¥Sd]RK�®�B%e �o­?TLU(a : .�� > : . 	 > N��*KYEdg/gh�¤URM�](EdN^URNIQRg%CIURZ
CIgb�0U(M�]REdN^U(N^QRgAM�CIHLHJg��%�²S?MfCIU�K�O§QRHLCFSGKiPRCIEGCIHJHLKYH.®�B%e CFURZ�P�K�EbacN^EdO3MfCIHJH¢�{lRCIM�s�g���86OjURT¡®?B%e : . � >
TLg�CvSG]REhKfCIZ0�²gGCFacK�Kz�^N^HJQ(SGTJN^U�NFa\­�TJU(a�lo�:OjKfCIURg_NIa@8iP�K�Uu£�B��`­�KzSGghN^HJ�IK : �'0 > : � . > TLg_O�KYEdKYHJ��Sd]RK
OjN^ghS�s�URNXp�U��_EhTLZ_®?BrexgdNIa�S{p�CIEhK��D�²S`CFHLHLNXp�g gb�¤URM�]REdNIURN^QRgYWoCIgh�¤URM�](EdN^URNIQRgDCFURZ_PuCIEGCFHLHLKYH^®?B%e �f�²S
O�CIUuCIV^KYg�ZuCFS�C�ZRKYP$KYURZRK�U(M�K�g/lo�_O�CIs�TLURV?C  \¯?�wCIU(Z�T¢S�]RCIg�ghTLOjPRHLKka³CFQRHJSb�²SGNIHLK�EdCIUoS.OjK�M�]uCIU(TLgdOjg��
�{URgbSGKfCFZwNFa�P(EdN^P�N^gdTJURV�CIU(NISG]RKYEqTLU(ZRK�P�K�URZ(K�UoSvgdNIa�S{p�CIEhKIWA�_EhTLZu®?B%e3TLg|C�ghP$KYM�TJnRMfCFSdTLN^Utp�](TLM�]
CITJO�g�SdN9EdK�CIM�]�TJU�SdK�EhN^P$KYEGCIl(TLHLT¢S{�qCFO�N^U(V�K´�(TJghSdTLURV�®�B%e ghNIa�S{p�CIEdK2�?�\](K�EdK�CIEdK�gdKz�^KYEGCIH�Cf�ICFTLH¡CFlRHLK
�iEdTLZR®�B%e�TJO�PRHJK�OjK�UoS�C�SGTLNIURg	��­�TJU(a ��W�­�KYSdgdN^H¢�^K9CIURZ  ��,%7� ª�p�K�M�N^URghTLZRKYE  A�,%/� CIg�C�]RTJV^]RKYE
HLKz�^KYH SGN¤N^H�¬&�
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�{UvSG]RTJg\PuCIEGCFV^EGCIP(] W0prK�Z(KfCIH*p�T¢SG]�£�¦ : � � > W�(rN^URZ W�%k�^KYEh��¦�CIEdK : � =�> Wue�CIMYSdQRg : � �7> W  A�,%/� CIURZ
�iEd¯� m : � 	 > ���\]RKY�x]uCf�IK�NIa�SdK�UxOjN^EdK§acK�CFSGQREhK�g_SG]uCFU�PREhKY�¤TLNIQRg�®�B%e�P(EdN^V^EdCIOjO�TJURVqgdNFa�S{p�CIEhK
CIURZ4Sd]RKY�,S�CIEhV^KYS|SdN�]RTLZRK�Sd]RK�M�NIO�PRHJKz�0TJS{�,NIa�O�CIUo��PREhN^lRHLKYO�g9EdK�HLCFSGKYZ�SGN�Sd]RK:�_EhTLZ��=£�¦
QRghK�g|B �_£ � m N�TJS��¤TLEhSdQuCIHJTL«�KYgjSd]RK�EhK�ghN^QREdMYK�gqNFa6SG]RK��_EhTLZ��4�\](K�gdM�](K�ZRQRHJTLURV�TLg��^K�Eb�tghTLOjPRHLK
l�K�MfCFQRgdK�T¢S6EdKYHLTJK�gANIU�ghSGCFSGTJM§TLU(acNIEdO�CFSGTJN^U�CIURZxCq©D�"©!8 ��QRK�QRK2��£�¦ N �*KYEdgiCFHLgdNqCqluCIgdTJM�a³CIQ(HJSh�
SGNIHLK�EdCIURMYK�� (�NIURZ|TLg�CIUvCIV^KYU�S�gh�¤ghSdK�O3lRCIgdKYZ|N^UqSG]RK 3^CX�FC 3I¯  %}acEdCIOjKYprN^EdsjCIURZ|P(H¡CIURg%SGN�QRghK
�iHLN^lRQ(g��_�\]RK�CIV^KYUoSGg_CIEhK�CIlRHLK�SGN|MYN^O�O�QRURTLM�CFSGK�l$KzS{p�KYK�U:KfCIM�]xNISd]RK�E$���\]RKz��gdNIHJ�^K§Sd]RK�SGCIgds�g
CIghgdTLVIURK�Zqlo�9C�gdM�](K�ZRQRHJK�E�p�](TLM�]|EdKYPREdKYgdKYU�Sdg�SG]RKACIPRPRHJTLM�CFSGTJN^U�lo��O�K�CIURgrNIa�C  \¯?� ��%k�^KYEh��¦�CFEdK
: � =�> MYN^UoS�CITJURg�¯6B m ��ª m K�MzSGTJN^U 5�� �o¬§CFURZ,TJg�luCIghK�Z}N^U}Sd]RKvO�TJZRZRHJKYp�CIEdK|±.KYV^TLN^U
���²S�M�CIU}CIHLghN
EdKYHJ��N^UxC��_HJN^lRQRg"�{luCIghK�Z�OjTLZRZ(HLKYp�CIEhK§N^EiN^U:e�N^U(ZRN^E6acN^EiHJN�prK�EighMfCIHJK§PRHLCFSdacN^EhO�g$���²S_P(EdN^P�N^gdKYg
CIUqTJUoSGK�EhK�gbSGTLU(V��_NIgdgdTJPqOjK�M�]uCIU(TLgdO�W(MYN^QRPRHJK�Z9p�T¢SG]|­�¦ m W(TJUqN^EhZRK�E�SdN§VoCFSd]RK�ErTLU(acNIEdO�CFSGTJN^UjCIURZ
O�CITLUoS�CFTLU�CAV^HJN^luCIHogbS�CFSdK�NIaRSd]RK�PRHLCFSdacNIEdO �`e�CIMYSdQRg : � �2> ]uCIgDCA]RTLVI]RHJ�iOjN¤ZRQRH¡CFE�CFURZ§M�NIU(nuV^QREdCIlRHJK
CIEhM�]RTJSdK�MYSdQREdK2�k�²SkMYN^UoS�CITJURgkC6OjTLU(TLO�CIH^M�NIEdKiª�SG]RKrSGEdQ(URs0¬DCIURZ§Sd]RK�MYHLTLKYUoSkMfCFU�PRHLQRV�O9CFU���OjN0ZRQ(HLK�g
ªcSd]RKiSG]RNIEdURgG¬�ZRK�P�K�URZ(TLURV�N^Uv]RTJg\URK�KYZRg���e�CIMYSdQRg�PREdNX�¤TLZ(K�g�gdKz�^K�EdCIH�TLOjPRHLKYO�KYUoS�CFSdTLN^URg%NIa`SG]RNIEdURg$�
©uN^E9TJURghSGCIURMYKIW�EdKYVoCIEdZ(TLURV�Sd]RK�MYN^O�O�QRURTLM�CFSGTJN^U}H¡Cf�^KYE�W?TJS�N �*KYEdgqSd]RN^EdU(g9acN^EqB �i£�W@86P$KYU¥£�B`W
£�B/�be�[��"� �  A�,%/� TJg�lRQRTLH¢S�QRP�N^Ute�8_® (�¯ M�NIO�O§Q(URTLM�CFSGTJN^U�PREdNFSGN¤M�N^HJg�CIURZ}]uCIg�M�]RN^ghK�UtSd]RK
�iEdTLZR®�B%e
¯6B/� �\�²S�QRgdKYg�±� \¯6B
CIU(Z ghN^O�K�SdN0N^HJgqPREhK�gdKYUoSGK�Z TLU4SG]RTJg|ZRN¤M�QROjK�UoS�HLTJsIKx­?¦ m W
©0¯ m �iW�KzSGM�� m TJURM�K�Sd]RK�gdM�CIH¡CFlRTLHJTJS{��TLg9C�O9CX�hN^E9MYN^URgdTJZRK�EdCFSGTJN^U4NIa  A�,%/�iW�Sd]RK�gdM�]RKYZRQRHJTLURV�TJg
ZRTJghSGEhTLlRQ0SGK�Z
� ©�TLUuCIHJHJ�IW7prK�MYN^URgdTJZRK�Eq�_Eh¯� m p�]RTLM�]tTLgjlRQRTLH¢S�p�TJSG],O9CFU��t�iHLN^l(QRg�SGN¤N^HLg�ª³K2� V��
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�_®?¯6£�WR­�¦ m ¬*�R�²S�]uCIg�CIU|N^EhTLV^TJUuCIH�CIPRP(EdNoCIM�]
�/�\]RK_M�HLTJK�UoS�l(QRTLHJZRg�]RTJg�ZRTJghSGEhTLlRQ0SGK�ZvCFPRPRHLTJMfCFSdTLN^U
lo�9OjKfCFURg�NIa�MYN^U(nuVIQREGCIl(HLKAMYN^OjP$N^U(K�UoSGg\CFURZ|CIURU(NIS�CFSdTLN^U(g��k�\]RK6CIURURNISGCFSGTJN^URg%ZRKYnRURKASG](K6URK�KYZRg
NIa�SG](KvCIPRPRHJTLMfC�SGTLNIU����\]RK��iEd¯  m M�N^OjPRTJHLK�E�M�N^U0nuV^QREhK�g§SG](K|M�N^OjP$NIURK�UoSGg�ZRK�P�K�URZ(TLURVxN^U�Sd]RK
Cf�FCITLHLCIlRHLK�M�N^OjPRQ(SdTLURV�EhK�ghN^QREdMYK�g�CIURZvSG]RK_EhK���QRTLEhK�OjK�UoSGg�NIa`SG](K�CFURURNISGCFSGTJN^URg��
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�\]RK�e�8i® (�¯¨gbS�CIURZRCIEdZ�TJgAluCIghK�Z�N^U�SG]RK 86l¤�hKYMYS�£�CIUuCIV^KYO�KYUoSi¯AEhM�]RTJSdK�MYSdQREdK�ZRKYnuU(K�Zxlo��Sd]RK
86l¤�hK�MzS9£�CIUuCIVIK�OjK�UoSj�iEdN^QRP
��¦�K|URNISGTJM�K ��O�CITLU�M�N^OjP$NIURK�UoSGg �9SG](K 8il��hK�MYS�®�K���QRKYghS (�EdN��
sIKYE6TLU�M�]uCIEhV^K§NIaDSG]RK�SGEGCFURgdP�N^EhS�NIa/EhK���QRKYghSGgYW SG]RK�N^l¤�hKYMYS6ghK�Eb�0TJM�KYg�ª³gb�0gbSGKYO��²N^EdTJK�UoSGKYZ�gdKYEh�¤TLMYK�g�¬´W
SG](K�M�NIO�OjN^U�a³CIM�TJHLTJSdTLKYg�ª³QRghK�Eb�²N^EdTJK�UoSGKYZ�gdKYEh�¤TLMYK�gG¬zW\SG]RK�CIPRPRHJTLM�CFSGTJN^U�N^l¤�hK�MzSGgxªcZRN^O�CITLU¤�{gdP�K�MYTJnuM
N^l¤�hKYMYSdg�¬�CIU(ZqSG]RK�QRgdKYE\CIPRPRHJTLM�CFSGTJN^U�NIl¤�hK�MzSGg��7�\]RKATLUoSGKYEha³CIMYKANIa.K�CIM�]|N^l¤�hKYMYS\TJg�ZRKznuURKYZ�lo�9C�ZRK´�
gdMYEdTJP(SGTJN^U|H¡CIU(V^QuCIV^K§ª³�� 6±`¬�CIU(Z�TJg\M�HJKfCIEhHJ�jgdKYPuCIEGC�SGK�ZvacEdNIO SG](KiTLOjPRHLKYO�KYU�SGCFSGTJN^UjNIa�SG]RK_N^l¤�hKYMYS��
¦�K�URNISGTJM�K�Sd]uCFS�e�8i® (�¯¨TLgiZ(K�PRHJN��^CIlRHJK§N^U�SG]RK��{UoSdK�EdU(KYS_p�TJSd]�SG]RK��h��8_BwTLOjPRHLKYO�KYUoS�CFSdTLN^U�NIa
SG](K�MYN^OjO§QRURTJMfCFSdTLN^U�PREdNISdN0MYN^H�e�8i® (�¯��_��8iB��ue\e\£�W¥CIHLghN�MfCIHJHLK�Z�e�8i® (�¯ �0WRTLg�CIUvKz�^N^HJQ(SGTJN^U
NIa�e�8i® (�¯ QRghTLURV�Sd]RKqMYN^O�P�N^URKYUoS§PREhN^V^EGCFO�OjTLURV�PuCIEdCIZRTJV^O?���\]RKv±.K�VITLN^U : 5'5 > OjTLZRZRHJKYp�CIEdK
TLgAM�QREhEdK�UoSdHJ��M�CIHLHJK�Z�¯��FCIs�T ���²S_M�N^U(gdTLZ(K�Edg6Sd]RK�EdKYgdN^Q(EdM�KYg_NIa7SG]RKj�iEdTJZ�CIg_CqQRURTJ��QRK§�¤TLEhSdQuCIH�O9C��
M�]RTJURK�Sd]uCFS�prKqM�CIU�p�TLZ(K�U�lo��CIZRZRTJURV�N^l��hK�MYSdg���¯�U�N^l¤�hKYMYS�TJg�C�EdK�ghN^QREhM�KqN^E�C�ghK�Eh�¤TJM�K����\]RK
N^l¤�hKYMYSdg�CIEdK�TLURZ(K�P�K�URZRKYUoS§acEdN^O K�CIM�]�NISG](K�E�TJU�N^EhZRK�E�SGN�V^QuCIEdCIUoS{��C�VIN0N¤Z�OjN¤ZRQRH¡CFEdTJS{���v�\]RK
TLUoSdK�Eha³CFM�KjZRKYnuU(TJSGTJN^UxNIa\CFU�N^l¤�hKYMYS�lo��OjKfCFURg�NFa�SG](Kqe�8i® (�¯ �� A±�N^EiSG]RK9£�B7±�H¡CIU(V^QuCIV^K�TJg
CIHJgdN�M�HLK�CIEdH¢��gdKYPuCIEdCFSGKYZ9acEdN^O¨Sd]RK?TLOjPRHLKYO�KYU�SGCFSGTJN^U����{Uv�iHLN^l�K : . �2> W(CIHJHuPREdN¤M�KYgdghK�g�MYN^O�O�QRURTLM�CFSGK
SG](EdN^QRVI]�gd]RCIEdKYZ�ZRTJghSGEhTLlRQ0SGK�Z�N^l¤�hKYMYSdg��k�\]RNIgdK�NIl¤�hK�MzSGg�CIEdK7SGEdCIURgdPRCIEdKYU�SdHJ�_PR]o�¤gdTJMfCIHJHJ�iZ(TLghSdEdTJlRQ(SGKYZ
acN^HJHLNXp�TLURV|S{prN�SGKYM�]RURTL��QRKYg	�jgd]uCFEdK�Z�N^E�ZRQ(PRHLTJMfCFSdK�Z��v�\]RKqQ(gdK�E"�{ZRKznuURKYZ}NIl¤�hK�MzSGg§O§Q(ghS§MYN^UoS�CITJU
	�ghQRl0�²N^l¤�hK�MzSGg �jTJUoSGK�Eba³CIM�KjZRKznuURTJSdTLN^U*W�EhK�PRHJTLMfC�SGTLNIU�P�N^HLTJMY�IW`MYN^OjO§QRURTJMfCFSdTLN^UxP�N^HLTJMY�^W`EdKYPRHLTJMfCFSdTLN^U
M�NI]RK�EhK�URMYK�MYN^UoSGEdNIH �
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�{U_SG]RTJg.gdK�MzSGTJN^U W�p�K%ZRTLgbSGTJURV^QRTJgd] �\s¤TJURZRg�NIa0gdNIa�S{p�CIEhK%SGCIEdV^KzSGTJURV�M�N^OjPRQ(SGCFSGTJN^URg NX�^KYE`Sd]RK7�{UoSGK�EhURKYS��
©DTJEdghS�W`Sd]RK�EhKqCIEhK9gbS�CIURZ¤�"CIHJN^URKjCIPRPRHJTLM�CFSGTJN^URg_ZRKY�IK�HJN^P$KYZ�acN^E�C�ghP$KYM�TJnRM9URKYK�Z�NIa\MYN^OjPRQ(S�C�SGTLNIURg��
m KYM�N^URZ*W¥prK�PREdKYgdK�UoS�SGN¤N^HLg�p�](TLM�]�](K�HLPvghM�TLKYUoSGTLgbSGg�SGNjlRQRTJHLZvCIURZ�ZRKYPRHLNX�qSd]RK�TJE?NXp�U�ghSGCIURZ0�{CIHLN^U(K
CIPRP(HLTLM�CFSGTJN^URg$�\©DTLURCIHLH¢�^W(prK�MYN^URgdTJZRK�E�]RTLVI]RK�E?HLKz�^K�H`gdNFa�S{p�CIEhK§CIl(HLK_SGN9Z(K�PRHJN���ª³CIHLOjN^ghS�¬\CIUo��s�TJURZ
NIaDCIPRPRHJTLM�CFSGTJN^URg��
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�\]RN^ghKACFPRPRHLTJMfCFSdTLN^U(gkQRgdK�SG](K�PREhTLURMYTLPRHJK�NIa !"MY�¤MYHLK�ghSdKfCIHJTLURV�# ���²S%MYN^URgdTJghSdgrTJUj]RCIEdURKYgdghTLURV��^N^HJQRUoSGK�KYE
EdKYgdN^Q(EdM�KYgqM�NIURURK�MzSGKYZtSGN:SG]RK��{UoSGK�EhURKYS9p�]RK�UtSd]RKY�,CIEhK�TJZRHLK2�t�\]RK�PuCIEdCIHLHJK�H\PuCIEdCIZRTJV^O TLg�Sd]RK
PuCIEdCIOjKYSGEhTLM_PuCIEdCIHLHJK�HJTLgdO�WRCFHLgdNjMfCFHLHLKYZ�SGCIgds^��a³CIEdOjTLURV�ªcMYa,� m K�MzSGTJN^U 	�� 5 � .�¬*��©¥CIOjN^QRg�CIPRP(HLTLM�CFSGTJN^URg
CIEhK� ATLgbSGEdTJlRQ(SdK�Z�� URKYS�W m KYSdT��6]RN^OjKqCIU(Zt�i�b£�B m �k�{U�lRTJNF�{TJU(acN^EhO9CFSdTLMYg�W`gdM�TJK�UoSGTJghSdgjghK�HJZRN^O ]uCf�^K
M�NIO�PRQ0SGTLU(V�EhK�gdNIQREdMYK�g�WDgdN�Sd]RKY�:MYQREdEhK�UoSGH¢��O�CIsFK�QRghK9NIa�SG]RTJg_SdEdKYO�KYURZRN^QRg�M�N^OjPRQ(SdTLURVva³CIMYTLHLT¢S{�
acN^E\PREhN��hK�MzSGg?HLTJsIK_�iK�URNIO�K��i](N^O�KFWu©uN^HLZ(TLURV��6]RNIO�K2�
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 AKz�^K�HJN^PRTJURV�ghQRM�]�gbS�CIURZ¤�"CIHJN^URKvCIPRP(HLTLM�CFSGTJN^URg§EhK���QRTJEdK�g�CxgdTLVIURTJnuM�CIUoSjs¤U(N�p�HJK�ZRVIK�TJU,MYN^O�P(Q(SGKYE
gdMYTLKYURM�K2�j�\](K�EdKzacN^EdKFW`prKjPREdKYgdK�UoS�S{p�NvSGN¤N^HJgASG]uC�S_]RK�HJP:P�K�NIPRHLK�SGNvZRKz�^KYHLN^PxSG]RKYO?���\](K�nREdghS�TJg
e�N^ghO?�}�²SjPREdNX�¤TLZRKYg9CxPREhN^V^EGCFO�OjTLURV�¯6B/�§MfCFHLHLKYZ,£�TJSd]REGCIH\e m � m  + TLU�N^EdZ(K�E�SGNxPuCIEdCIHLHJK�HLTJ«�K
CqgdKY��QRK�UoSGTLCIH/PREhN^V^EGCFO?�i�²SiN��*KYEdg_CIHJgdN|CqMYN^O�O�QRURTLM�CFSGTJN^U�HJTLlREdCIEh��e�B � ��8 m ±�Cf�^KYEi]RTLZRTJURV9Sd]RK
]RKzSGK�EhN^V^KYURK�T¢S{��NFaR�^N^HJQRUoSGKYK�EDU(N0ZRKYgDN^U�SG]RK%�{UoSGKYEdURKzS��7e�N^ghO�]uCIgDl�K�KYU§QRghK�Z�acN^E�SG](K %98i­,PREhN��hK�MzS
CIURZ��iK�URN^OjK��6]RNIO�K2���\]RK%gdKYM�N^U(Z�SGN¤N^H^TJg�( 8i�"­Ae : 	�0 > ���²SDCIHLHJNXp�g.KfCIM�]��^N^HJQRUoSGK�KYEDURN¤ZRK7]RN^gbSGTJURV
gdKz�^KYEGCIHiCFPRPRHLTJMfCFSdTLN^U(g�CFURZ4gdP�K�MYTJa��¤TLURV�]RNXp°SdN�gd]RCIEdK�T¢SGg�EdK�ghN^QREhM�K�g$� (�86�"­6e M�NIURgdTJZRK�Ehg|CIHLghN
a³CIQRH¢SASdN^HLKYEGCIURMYK§CIU(Z�gdK�MYQREdT¢S{�'��©uN^EATJURghSGCIURMYKIW*prK�URNISdTLM�K�CqEdKYZRQRURZuCFURMY��O�KYM�]uCIURTJgdO CIURZ�SG](K�U
C§M�NIURgdKYURgdQRg\SdK�M�]RURTJ��QRKiacN^E�O§QRH¢SGTJPRHLK�EdKYgdQRH¢SGg$��e�Q(EdEdKYUoSGHJ�IW�(�86�"­6e4TLg%SG]RKilRCIgdKiNIa�U(KYp �IK�EhgdTLNIURg
NIa m KYSGT��6]RN^OjKIW�©uN^HLZRTJURV��6]RN^OjKiN^E?URKYp�PREhN��hK�MzSGg�HLTLsFK�B/EhK�ZRTJMYSGNIE��6]RN^OjKIW %/TLURgbSGK�TJU	�6]RN^OjK�CIURZ
e�HLTJO9C�SGK�P(EdK�Z(TLMYSdTLN^U
� URKzS��
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m URTJP$K : 5 � > TLg%EdKYghSGEhTLMzSGK�ZjSGN�SG]RKA®?KYO�NISdK�e�N^O�P(Q(SGTJURV�OjN¤ZRK�H �D�²SrTLg%luCIgdKYZqN^U9B �i£ CIURZq®� ie m �
®  ie m TLg?TLU�M�]uCIEhV^K�NIakZuCFS�CjEdKYPRHLTJMfCFSdTLN^U�CIURZ�EdK�P(HLTLM�CFSGTJN^UvM�N^](K�EdKYURM�K�MYN^UoSGEhN^H�Wua³CIQRH¢S?ZRKYSdK�MYSdTLN^U*W
M�]RKYM�so�²P$NITLUoSGTJURViCIURZ�EdK�gbS�CIEbSGTJURV��`�\]RKracN^HJHLNXp�TLU(V?ghNIa�S{p�CIEdK�ghN^HLQ0SGTLNIURg�Q(gdKrSd]RK\B`K�K�E"�²SdNF�"B`K�K�E/e�N^O��
PRQ(SdTLURV�O�N¤ZRKYH¥CIHJSd]RN^QRV^]jQRU0�²gh�¤OjO�KzSGEdTJM�EhK�HLCFSGTJN^URgd](TLPRg7V^KYURK�EdCIHLH¢��EdKYO9CITJU�l�KYS{prK�KYUqSG]RK�K�UoSGT¢SGTJK�g��
¦�K9M�T¢SGK�
ASdEdK�O�¦�KYl : .�� > : . =7> W 3^CX�IK�HJTLU : 	�. > CIU(Z 3^Cf�^KYHLTLU � � : 	#5 > W/e�]RCIEdHJNISdSdK : � � > W (�CX�^CIURTJ]uCIU
: 	 	 > W %/U�SdEdN^P(T¡C : 	 � > CIURZ�nuURCIHLH¢�x¯/��±�¯ m �k�\]RK 3^CX�FC�HLCIURV^QuCFV^K�TJg�V^KYURK�EdCIHLH¢�xQRgdKYZ�l$KYMfCIQRghK|NIa
TJSdg6P�N^EhSGCIlRTLHJTJS{�vghTLURMYK�O9CIUo��PRH¡C�SdacN^EhO�g�MfCIUxEdQ(U�CqgbS�CIU(ZuCIEdZ 3 �i£ � (�KYgdTLZ(K�g�W.acN^EAgGCFacKzS{��M�NIURgdT �
ZRKYEGCFSdTLN^URgYW 3^Cf�^KYHLTLU*W (�Cf�oCIURTJ]uCIUxCIU(Z�e�]RCIEdHJNISdSdK§EdKYHJ��N^U�SG]RK�TJgdN^HLCFSGTJN^U�NFa 3^Cf�FCvCIPRPRHJKYSdg6TLU�Sd]RK
prK�l0�²lREdNXp�gdKYE�� 3^Cf�^KYHLTLU � �wCIURZ 
ASdEdKYOA¦�KYl�EhK�H¢�§N^U�SG](K 3 �i£ gdCIURZRl�Nf�0TLURV�MfCIPRCIlRTLHJTJS{��gdTJURM�K\Sd]RK
m QRU 3  + .'� 5 � %/UoSGEhN^PRTLCvQ(gdK�g�C�P(EdN^PREhTLKzS�CIEb��gGCIU(ZRl$Nf�0TLU(V�OjK�M�]uCIU(TLgdO �j¯AURNISd]RK�E�TLUoSdK�EdKYghS�NIa
3^Cf�FC?TJg�Sd]RK7p�TLZRK7EGCFURV^K7NIaRMYN^OjO§QRURTJMfCFSdTLN^U6SdN0N^HJg���3^Cf�^KYHLTLU � ��TLg�luCIghK�Z�N^U§®�£�� CFURZ (�CX�^CIURTJ]uCIU
QRghK�g�SG](K-8i®/(�[ 8i®/(tTJO�P(HLK�OjK�UoSdK�Z9TJU 3^Cf�FC��/�\]RKiZRNIO�TJUuCIUoS�P(EdN^V^EdCIOjO�TJURV_PuCIEGCFZRTLV^O TJgrSd]RK
PuCIEdCIOjKYSGEhTLMrPuCIEGCFHLHLKYHLTJgdO �.­�Kz�^K�EbSG]RKYHLKYgdg�W %/UoSGEdNIPRT¡CiCITJO�g`SGNi]uCFURZRHLK\ZRCFS�C��²PuCIEdCIHLHJK�HLTJgdO CIURZ�e�]uCIE"�
HLNFSdSGK�Z(TLghSdEdTJlRQ(SGKYgiPuCIEdCIHLHJK�HDghK�MzSGTLNIURg_NIa�CvPREhN^V^EGCFO?�§�\](K�ghM�]RK�ZRQ(HLTLU(V�P�N^HLTJMY��TLgiQRghQuCIHJHJ��ghTLOjPRHLK
lRQ(S�prK_URNISGTJM�K6Sd]RK_TLUoSGKYEdK�gbSGTJURV !{prN^EdsqgbSGK�CIHLTJURV�#�O�KYM�]uCIURTJgdO Q(gdK�Z�lo�v¯/��±.¯ m CIURZ?3^Cf�^K�HJTLU��
�
p�]RTJM�]�]RCIg\l$KYK�UvTLUoSdEdN¤ZRQRM�KYZvl��9SG]RKiO§Q(HJSGT �²Sd]REdK�CIZRK�Z�H¡CIU(V^QuCIV^Kie�TLHLs : 	�� > �k¦�K6nRUuCIHLH¢��acN¤M�Q(g\N^U
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a³CIQRH¢S�SdN^HLKYEGCIUoS�O�KYM�]uCIURTJgdOjg����\]RKz��CIEhK9K�ghgdKYU�SdT¡CIH�TLU�ghQRM�]�H¡CIEhV^K9CFURZ��^N^HLCFSGTJHLKjK�Uo�¤TLEhN^UROjK�UoSGg$�
(r��CIHLHJNXp�TLURV�N^URH¢��SGCIgds^�²a³CFEdOjTLURVRW 
ASdEdKYOA¦�KYl�MfCIU�TJO�P(HLK�OjK�UoS�C�gdTJO�P(HLK9OjK�M�]RCIURTLghO NIa�a³CIQRHJS
ZRKzSGK�MzSGTJN^U�lo�xOjKfCIU(g�NFa�]RK�CIEhSb�{l�KfCFS�ghSdTLO§Q(H¡CFSdTLN^URg6CIURZ:EdKz�²gdM�]RKYZRQRHJTLURV�NIa�Sd]RK�K�UoSGTJEdK�HLNIghS_S�CIghs��
¯Ag?e�]RCIEdHJNISdSdKIW�3^Cf�IK�HLTJU��
��CFURZ (�Cf�oCIURTJ]uCIUqSGCIM�s�HLKiZuCFSGC§ZRK�P�K�U(ZRK�URMYKIW�CIURZ|Sd]RK6a³CIQRH¢S�SGNIHLK�EdCIURMYK
TLg�O�NIEdKqMYN^O�P(HLKz� ���\]RKz��QRghKqSG]RK !"ZRTJghSGEhTLlRQ0SGK�Z�KfCIV^KYE§gdM�](K�ZRQRHJTLURV #qOjK�M�]uCFURTLghO K´�(P(H¡CITJURK�Z�TJU
: 	#5 > � (�Cf�oCIURTJ]uCIUvCIZ(ZRg\CIHJgdN§SG](KAS�CIghs9EhK�PRHJTLMfC�SGTLNIU WoSG]RKiMYN^URgdKYURgdQ(g?NFa�O�QRHJSdTLPRHJK?EhK�ghQRHJSdg�CIURZ|QRghK�g
C9lRHLCIM�s�HLTJghSGTJURV9P�N^HJTLMY��� 3^Cf�^KYHLTJU��
� TJUoSGK�U(ZRgASGN9QRgdK�C9MYN^URghK�URghQRg_TLU�N^EhZRK�E�SGNqZRTJghSdTLURV^Q(TLgd]�URN¤ZRK
a³CITJHLQREhK�g�acEhN^O3URKzS{p�NIEdsvN^URKYg��
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�{U m K�MYSdTLN^U45 � ��� �0WFprK�]uCf�^KrPREdKYgdKYU�SdK�Z�gdNFa�S{p�CIEhK�ghN^HLQ(SdTLN^U(g�Sd]uCFS�K�UuCFlRHLK%ZRK�P(HLNX�¤TLURV�CIU§CFPRPRHLTJMfCFSdTLN^U
NX�^KYEASG]RK��{UoSGK�EhURKYS��i�iHLN^lRCIH�e�N^O�P(Q(SGTJURVjacEdCIOjKYprN^Eds�g�SGCIEdVIKYSASd]RK�gdCIOjK�V^N^CIH�l(Q(SASd]RKY��PREhN��¤TJZRK
OjN^EdK7acKfCFSdQREdKYgDHJTLsIK7prN^Eds�1uNXp}ZRK�ghTLV^U�O�N¤ZRQRHJKIW�O�NIURTJSdN^EdTJURV�CIURZ§P(EdNInuHJTLURV(W�Z(K�lRQRVIV^TLURVACIURZ§ghNAN^U
�
¦�K�]RK�EhK�M�NIURgdTJZRK�E)�A­��be�8i® % : � � > W �_£�± : 	 �7> W��_CFSdKYp�CX� : � ;2> CIURZ�BD�b�_®?¯  %}ª�£��`¯ m �*�`¯ +i�
M�NIO�PuCFU��(¬&� ¦�K:nREdghSvacN¤M�QRgvN^UySG](K:acEhN^UoSh�{KYURZwPREdN^P�K�EbSGTJK�g�� �A­?�be�8i®/%\W���C�SGKYp�Cf�wCIURZ BD�
�_®?¯  %�PREdNX�¤TLZ(K6C§�-����p�TJSG]�C�prN^Ehs#1RN�pwMYN^O�P�N^ghTJSGTJN^U�SGN¤N^H¥CIURZ9C�OjN^URT¢SGN^EhTLURViKYU��¤TJEdN^UROjK�UoS��
¯\MYSdQuCIHJHJ�^W�BD�"��®�¯� % ghK�K�OjgqSGN�l$K�ZRK�ZRTJMfCFSdK�Z�SdN�e�HLQRgbSGKYEve�N^OjPRQ(SGTJURV�CFURZ�TJS9N �$K�Edg9O9CIUo�
CIZRZ(TJSGTJN^UuCIH$acKfCFSdQREdKYgAHLTJsIK�ZRK�l(QRV^V^TJURVRW¥P$NIghSh�²O�NIEhSGKYO
CIUuCFHJ�¤gdTJg�� ��£�±�ZRN0KYgAURNFSAPREhN^P�N^gdK�Cq�-���
CIURZ_SG](K7prN^Ehs#1RN�p�Z(K�gdTJV^U�TLg.ZRN^U(K%lo�_OjKfCIU(g`NFa(SG](K7prN^Ehs#1RN�p�H¡CIURVIQuCIV^K �7�IKYSdSdKX£�±|TJU�C�SdKz�¤S�nRHLK��
�\]RK 	�acEGCIOjKYprN^Eds�gkEhK���QRTJEdKrSd]RK�MYHLTLKYUoSDSGN�ZRTJ�¤TJZRK�]RTJgkCIP(PRHLTJMfCFSdTLN^U�TLUoSGN�TLURZ(K�P�K�URZRKYUoSkS�CIghs�g�� %7CIM�]
��£�±xSGCIgds�TLg�CFU 
_£�±:M�N^OjP$NIURK�UoS �DTJS�O�CIsFK�g\KfCFgh�9Sd]RK6EhKz�{Q(gdK_CIURZqSd]RK6MYN^O�P�N^ghTJSGTJN^U9NFa.S�CIghs¤g$�
�\]RK �A­?�be�8_® %�CIURZ§��C�SGKYp�Cf�iS�CIghs�g�]uCf�IK�K�O�l$KYZRZRK�Z�TLU(acN^EhO9C�SGTLNIU6HLTJsIK/gdKYM�QREhTJS{��EdKY��QRTLEhK�OjK�UoSGg$�
�\]RKYU�prK|HLN¤N^s:CFS�SG]RK|luCFM�so�²K�URZ(g�NIa�SG]RN^ghK9acEGCFO�Kzp�N^Ehs�g�����C�SGKYp�Cf��TJg�luCIghK�Z�N^U�Sd]RKv�iHLN^lRQ(g
SGN¤N^HJs¤T¢S�� ��­��be�8i®/%�EdKYHLTJK�g�N^U�HLN¤MfCFH/EdK�ghN^QREhM�KqO�CIUuCIVIK�OjK�UoS�SdN0NIHLg�CIURZ�HJN0M�CIH7gdM�]RKYZRQRHLKYEdg§HJTLsFK
B ( m W�±.NoCIZR±�Kz�^KYHLK�E$�k¯\MYSdQuCIHJHJ�^W#��­��be�8i® %�TLg7C6acEGCFO�Kzp�N^Ehs�ZRKYZRTLM�CFSGKYZjSdN�®?KYO�NISdK?e�N^OjPRQ(SGTJURV��
�\]RKr�_®?�"B�PREdN��hKYMYS`TLUoSdK�URZRg SdN�Kz�¤SGKYURZ�Sd]RK/MfCIPRCIlRTLHJTJSdTLK�g�NIa��A­?�be�8_® %�lo�iQRghTLURV��iHLN^l(QRg.CIURZiSd]RK
prK�l0�²gdK�Eb�¤TLM�KYg�� ��£�±}CIHLHJNXp�gAQRghTLURVqghKY�IK�EGCFH/luCIM�s^�{KYURZRg����\]RKYEdK�M�Q(EdEdKYUoSGHJ��Kz�0TJghS6S{prNvluCIM�s^�{KYURZRg
acN^E 86OjURT¡®?B%eyCFURZ 
�SGEhK�OA¦�K�l��%©DTJUuCIHJHJ�^W¤BD�b�_®�¯� %tEhK�HJTLK�g\NIU�£�B7�be�[\�b� 5�NIE?e�N^URZRN^E"�b� �
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�{U : =�;2> W C9P�N^EbS�CIH�TLg�ZRKYnRURK�ZxCIgAC�prK�l0�²gdK�Eb�^KYE�CFPRPRHLTJMfCFSdTLN^U�CIl(HLK�SdN9MYN^O�O�QRURTLM�CFSGK_p�TJSd]�C|�iEdTJZ
gdNFa�S{p�CIEhK�� : � 0 > M�N^U(gdTLZ(K�Edg ��s¤TJURZRg§NFa�P$N^EbS�CIHJg���¦�K9nREdghS§]uCf�^K9Sd]RK !"Q(gdK�E�P$N^EbS�CIHJg # ���\]RKz��CIEhK
gdTJO�P(HLK�prK�l¤�{gdKYEh�IK�E�CIPRPRHJTLMfC�SGTLNIURg�CFM�M�KYgdghTLURV�SGNj�iHLNIluCIH*e�N^O�P(Q(SGTJURV§PRHLCFSdacN^EhO�grTLU|N^EhZRK�ErSGN�gdQ(l0�
OjTJSvCIU(Z OjN^URT¢SGN^EqghN^OjKxSGCIgds�g$� m N^OjKYSdTLOjK�gYWATJSvTJg�CIHLghN}P�N^ghgdTLl(HLK�SGN}gdKYHLKYMYSvSG]RK:M�NIO�PRQ0SGTLU(V
EdKYgdN^Q(EdM�KYg��v­?TLU(a : =2;2> W�±.K�V^TJN^U :�� � > W�­�TJO�EhN0Z¤�b� :�� 	 > CIURZ ��­��be�8i® % ]uCf�^K�SG]RKYTLE_NXp�U�P�N^EhSGCIH �
­AB�¯?e��%[�NISGBDCIV^K :�� . > CIURZ|�_® ( : � � > N �$K�E�C�gdN^HJQ(SGTJN^U�SGN��iEdTJZ�l(QRTLH¢S%p�T¢SG]jSG]RK6�_HJN^lRQRg7SGN¤N^HLs�T¢S��
¦�K�l m Q(lRO�T¢S : � 5 > N^U(HJ��V^TJ�IK�gjCIM�MYK�ghgjSdN�HLN¤MfCIHrgdM�]RKYZRQRHLKYEdg�ª ±.NoCIZR±�Kz�^KYHLK�EYW%­�� m W7± m ©/¬&�D�\]RKYU W
prK9M�NIURgdTJZRK�E�! m MYTLKYURM�K9B�N^EbS�CIHJg # ���\]RKY��CIEhK�ZRKYZRTLM�CFSGKYZ�SdN�gdP�K�MYTJnuM�CIURZ�M�N^OjPRHJKz��CIPRP(HLTLM�CFSGTJN^URg
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SG]RCFS7MfCIUj]uCIEhZRHJ��l$K�ZRKYPRHLNX�IK�Z�Sd]REdNIQRV^]jCiM�N^Uo�^KYUoSGTLNIUuCIH !"QRghK�E7P�N^EhSGCIH�# � : � 0 > P(EdK�ghK�UoSGg 
�e�¯/��� m B
CIURZ9V^TJ�IK�g�5_Kz�(CIOjPRHLKYg�NIa.CIPRPRHJTLMfC�SGTLNIURg���©DTLURCIHLH¢�^WISd]RK !{P$N^EbS�CIH¥MYN^URghSdEdQRMzSGTJN^Uqs�TJSdg #?HLTJsIKA�_EhTLZuB`N^EhS
: � � > CIURZx�_B  + CFHLHLNXp lRQRTLHJZRTLU(V�P�N^EhSGCIHLg$�6©uN^E?TLURgbS�CIU(M�KIW��6TLghP$NIEhS�CFH : ��=�> TLg�lRQRTJHJS?lo��OjKfCIURg�NIa
�_B  + �F�\]RK?e�N^OjPRQ(SdTLURViB`N^EhSGCIHLg 8iEhVoCIURTJ«fCFSdTLN^U��.O�CITLUoS�CFTLURg�C6HLTJghSkNFa¥Kz�0TLgbSGTLU(ViPREdN��hKYMYSdg/EdK�HLCFSGKYZ
SGN�P�N^EhSGCIHLg$�
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¦�K/PREdKYgdK�UoS�¯A�b£ m : � �2> W ��¯i£�B7�"®�
 �D¯6£�B/�"®rSGEdCIM�K : �';�> ªc�{U�SdK�H¡¬zW�BDCIl(HLN :<; 0 > W �A�4ªc�,(\£�¬zWX£�B %


­�Q(PRgd]RNFS�CIURZ�BDCIEdCIZ(�¤U :<; . > � : ; 5 > M�N^OjPuCIEhK�g�gdN^OjK�NFa�SG]RNIgdK�SdN0NIHLg�� %k�0MYK�P(S§acNIE�B�CIEGCIZ0�0U*W
SG](KY��QRghK�M�N^HJHLKYMYSGKYZ�ZuCFSGCqTLU�N^EhZRK�E6SdN|P$KYEhacN^EhO CqP�N^ghSb�{OjN^EhSdK�O CIUuCIH¢�0ghTLg$��B�CIEGCIZ0�0UxTJgiHLTLOjTJSdK�Z
SGN�C�EhQRUoSGTJO�KjCIUuCFHJ�¤gdTJg�� m NRWDT¢S_TLg�CIZuCIP(SdK�Z:acN^E_HLN^URV�CIPRP(HLTLM�CFSGTJN^URg$� �A� CIHLghN�CFHLHLNXp�giZ(�¤UuCFO�TJM
PREhNInuHLTJURV9NFa7�,(\£ ¯A� 
 sFK�EhURK�HJg��i�²SiTJgATLUoSdK�EdKYghSdTLURV9SdNqgdKYK�]RNXp�TLUoSGEhQRgdT¢�^K�Sd]RK�SGN¤N^H`TLg$�iBDCIEdCIZ(�¤U
ZRN¤K�g%URNISrURK�KYZ|CIUo�jO�N¤ZRT¢nuMfCFSdTLN^U�NFa SG]RK?PREhN^V^EGCFO?���\]RKAZRKza³CIQRH¢SrP(EdNInuHJTLURV_OjN0Z(K�g%NIa ��¯i£�B/�"®_W
£�B %=CFURZ �6� ZRN�U(NIS§URKYK�Z}CIUo��O�N¤ZRTJnRMfCFSdTLN^UxSGN¤NRWklRQ0S�prK|MfCIU�TJO�PREhNX�^K ��Kz�¤SGKYURZ�M�N^HJHLKYMYSGKYZ
ZuCFSGCAlo�§CFZRZRTLU(VAEdNIQ(SGTJURK�gDSdN�Sd]RK�gdNIQREdMYK�M�N¤ZRK�NIauSd]RK�CFPRPRHLTJMfCFSdTLN^U
��¦yT¢SG]�¯A�b£ m WFp�K�]RCX�IK�SGN6CIZRZ
EdNIQ(SGTJURK�g�SG]REhN^QRV^]�C?SdKz�¤SkKYZRTJSdN^E�NIEDCA� �?� �FB�CIlRHJN6CIHJgdN?EdK���QRTJEdKYgDgdNIO�K%EdN^Q0SGTLU(K�g�CIURZ WFgdN^OjKYSdTLOjK�g�W
prK9]uCf�^KjSGN�gdQRl(ghSGT¢SGQ(SdK�gbS�CIU(ZuCIEdZ:acQRURMzSGTLNIURg_l��xSd]RK9B�CIlRHJN�N^U(K�g9ª³K�� V��qP(EdNInuHJTLURVvNIa����'8_¬*� ¦�K
acN¤M�QRgjURNXp
N^U�SG]RK�M�NIO�O§Q(URTLM�CFSGTJN^U�H¡Cf�^KYEdgj]uCIURZ(HLK�Z}lo��SG]RN^ghK�P(EdNInuHJTLURV�SdN0NIHLg��}¯AHJH\NIaASd]RK�O
gdQ(PRP$NIEhSv£�B7� �r¯A�b£ m CFURZ4BDCFEGCIZ(�¤UyCIHJgdN�]uCIURZRHJK�B �_£ p�](K�EdK�CIg|­ 
�TLg�S�CIM�s�HJK�Z4lo�t¯��b£ m
CIURZ,BDCFlRHLN��}®�K�VoCFEdZRTJURV�SG]RKvPREhN^V^EdCIO�OjTLU(V�¯6B/��W%e3CIU(Zt©uN^EbSGEGCFU�CIEdKvM�NIO�OjN^URH¢��CIMYM�KYP(SGKYZ��
�6� CFZRZRg�e��
�4��[�B7© TLg�]uCIURZ(HLK�Z�l�� �6�iW`¯A�b£ m CIURZ ��¯i£�B/�"®-��¦�K9URNFSGTLMYK�Sd]uCFS§£�B %�TJg
H¡CFURV^QuCIVIKz�{TJURZRKYP$KYURZRK�UoS���©DTJUuCIHLH¢�^W¤p�K�HLN¤N^sqCFS?ghQRPRP�N^EhSdK�Z�P(H¡CFShacN^EdOjg��%¯A�b£ m W���¯i£�B7�"®_W$BDCIlRHJN
CIURZvB�CIEGCFZ(�¤U�M�CIUqprN^EdsjN^U|O�CIUo�9MYN^U(nuV^Q(EGCFSdTLN^URg$�7£�B %�
�­?QRPRgd](NIS�N^URH¢��EhK���QRTJEdK�g\�?e�±!�F�@+
HLTJlREGCFEdTLKYg�� 8iUvSG](K�MYN^UoSGEdCIEh�IW �6� K´�0M�HLQ(gdTJ�IK�H¢�qp�NIEds�g�NIU��,(�£ ® m �'0'0'0�CFURZ��,(�£ m B!�
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­?¦ m : 5�0 > : 5�. > P�K�EhacNIEdOjg�O�K�CIgdQREhK�OjK�UoSGg�EhK�H¡C�SGK�Z�SdNxSd]RKvZRT �$K�EhK�UoS�K�UoSdTJSGTJK�g�NIa?SG](K��_EhTLZwª³K2� V��
URKzS{p�N^EhsvluCIURZ(p�TJZ(SG]�CIURZ�H¡CFSdK�URMz�^W¥ZRTLghs|gdPuCFM�KX¬&�\�\]RK�M�N^HJHLK�MzSGKYZ�TJU(acN^EdO�CFSdTLN^U|TJg�Sd]RK�U�VoCFSd]RK�EhK�Z
TLU�N^EdZ(K�E_SGN�P�K�EbacN^EdO�gh]RN^EbSh�²SdK�EhO P(EdK�Z(TLMYSdTLN^U(g_Sd]uCFS�MfCIU�l$KjQRgdKYZ�acN^E_SG]RKjgdM�]RKYZRQRHJTLURV���B�¯?e %
:<; 	 > CITJO�gkSdN�P(EdK�Z(TLMYS7Sd]RK�MYN^OjPRQ(SGTJURV�CIURZjM�N^OjO§QRU(TLMfC�SGTLNIU§SGTLOjK�g/NFa.CiZRTLgbSGEhTLlRQ(SdK�Z�CIPRPRHJTLM�CFSGTJN^U��
�\]RK�QRghK�Ei]uCIg6SdN|O�N¤ZRKYHD]RTJg_CIPRPRHJTLMfC�SGTLNIU�CIURZ�SdNvPREdNX�¤TLZRK�TLU(acN^EhO9C�SGTLNIU�CIl�N^Q(S6Sd]RK�M�NIO�PRQ0SGTLU(V
EdKYgdN^Q(EdM�KYg7CIURZ�Sd]RK�U(KYS{prN^Eds��7B$¯?e %:CIHJgdNAKYghSdTLO�CFSGKYg�SG](Kr�FCIEdTLCFSGTJN^U�NIauSG]RNIgdKrSdTLOjK�g`lo��OjN0Z(TJa��¤TLURV
gdNIO�K�PuCIEdCIOjKYSGKYEdg_NIa%SG]RKjCIP(PRHLTJMfCFSdTLN^U�N^E6Sd]RKjM�N^U(nRV^QREGC�SGTLNIU:NFarSd]RKq�iEdTJZ����\]RKYU WDTJU:NIEdZRKYE_SdN
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PREhK�ZRTJMYS\SG](KiP$KYEhacN^EhO9CIU(M�K�g\NFaDZRTJghSdEdTLl(Q(SGKYZvCIPRPRHJTLMfC�SGTLNIURg�W0©0¯ m � :<; � > QRgdKYg�­�¦ m CFURZvKY�FCIHLQRCFSGKYg
SG](K�URKYK�ZRg�NIakSG](K�EhN^Q(SGTJURK�g�ª³OjK�OjN^Eb��CIURZ�MYN^OjPRQ(SGTJURV�SGTLOjK�gG¬*���\](TLg?H¡CIgbSAP�N^TLUoS?EdKYHLTJK�g�N^U�SdK�gbSGg
ZRN^U(K�Z(QREdTJURV�SG]RK_TLU(TJSGTLCIH�TLURgbS�CIHJH¡CFSdTLN^UjNIaD©0¯ m � N^UvSG]RK_MYN^O�P(Q(SGTJURV�URN¤ZRK�g$�
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¯=ghTLO§Q(H¡CFSdTLN^UvM�NIURgdTJghSGg�TLU�EdK�P(EdN¤ZRQRM�TJURV9Sd]RK�l�K�]uCf�¤TLNIQREANIa/C9gh�¤ghSdK�O°lo��OjKfCIU(gANIa7CFU�CIUuCIH¢��SGTLM
OjN0ZRKYH.ªcK�� V��kKz�0KYM�Q(SdTLN^U�NIa*CIUjCIPRPRHJTLM�CFSGTJN^U�N^UjC��iHLN^luCFHRe�N^OjPRQ(SdTLURViP(H¡CFShacN^EdO9¬*���\]RK�K�O�QRH¡CFSdTLN^U
CIHJHLNXp�gDSGKYghSdTLURV_TLU�EhKfCIHRSdTLOjK�SG]RK�l�K�]uCf�¤TLNIQRE/NIa�SG]RK�ZRKz�^K�HJN^P�K�Zjgh�¤ghSdK�O �/�²S7QRgdKYg�CIUjKz�0P�K�EhTLOjK�UoS�CIH
K�Uo�¤TLEhN^UROjK�UoSrEdK�P(EdN¤ZRQRM�TJURV_SG]RK�S�CIEhV^KYSdK�Z�K�Uo�¤TLEdNIURO�KYUoS��k¯�U9TLUoSdK�EdKYghSdTLURV�EdKz�0TJKYp4TJg7ZRN^URK?TLU : ; � > �
�²SrPREdKYgdK�UoSdg�gdN^OjK?gdTLO�QRH¡CFSdTLN^U§SdN0NIHLg7HLTJsIK (�EdTJM�svW m TJOq�iEdTJZ W m TJOq�iEdTJZ�50W^�_EhTLZ m TJO�W¤�_CIURV m TLO=CIURZ
86P(SGNIE m TJO?�6�²SiCIHLghNqM�N^OjPuCIEhK�g6VIEdTLZ�K�O§QRHLCFSGTJN^U�SdN0NIHLg?gdQRM�]�CIg_£�TJM�EhN��_EhTLZ�CIURZ:�iEdTLZ�K 
6P(HLN^EhK�E��
%/O§QRHLCFSGN^Ehg�HLTLsFK�£�N0ZRKYH¡­?KYSDCIURZ�­?KYS (rK�Z�CIEhK�ZRKYZRTLM�CFSGKYZ�SdN�SG](K�EdKYPREdN¤ZRQRMzSGTJN^U�NIaRM�N^OjO§QRURTJMfCFSdTLN^U
NX�^KYE?Sd]RK_�{U�SdK�EhURKYS��
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¦�K�M�]RN¤N^ghKjS{prN��iHLN^lRCIH7e�N^OjPRQ(SdTLURVvgdNFa�S{p�CIEhK9TJU�N^EhZRK�EiSdN�lRQ(TLHLZ:gdKz�^KYEGCIH%Kz�0P�K�EdTJO�KYUoS�CIH/PRHLCFSh�
acN^EhO�g�CIURZ�ZRKYPRHLNX��C�PuCIEGCFHLHLKYH%CIURZ�ZRTJghSGEhTLlRQ0SGK�Z�KYTLV^KYURgdNIHJ�^KYE�� 86U�SG](K|N^URKq]uCFURZ WkprK|QRgdKqSd]RK
�iEdTLZ�e�NIO�PRQ0SGTLU(V§gdNIa�S{p�CIEhK 86OjURT¡®?B%e�luCIgdKYZ�NIUvSd]RK_®?Bre4PREhN^V^EGCFO�OjTLURV�PuCIEdCIZRTLVIO?� 8iU|Sd]RK
NISd]RK�E�]uCFURZ W7p�KvM�]RN¤N^gdK|Sd]RK 
ASdEdK�O�¦�KYl,B`K�KYEb�²SdNF�"B`K�KYE9e�NIO�PRQ0SGTLU(V�gdNIa�S{p�CIEdK2��¦�K|OjNISdTJ�FCFSGK
SG](N^gdK�M�]RN^TJM�KYg%TJUje�]uCIP(SdK�E 	 m K�MzSGTJN^U 	�� 5�� 5 � ��� 
ASGEhK�OA¦�K�ljPREhN^P$NIgdK�g%C6prK�ljP$N^EbS�CIH(lRQ(S7TJSdg/QRgGCFV^K
TLgAghSGEhTLMzSGHJ��HLTJO�T¢SGKYZ�SdN|PRQREdK§SGCIgds^��a³CIEdOjTLURV�� m Nqp�K�PREhKYacK�EiQ(gdTLU(VqSG]RK 3^Cf�FCq¯6B/�?NIa 
ASGEhK�OA¦�K�l
�
�\]RKYU W/p�KvCIZRCIP(S�Sd]RKqgdCIO�K9K�TLVIK�URghN^HJ�IK�E�SdN�SG]RK �7�^KYShSGKf£�±wprN^Eds�1uNXp H¡CIU(V^QuCIV^K�NIa\SG](K ��£�±
acEGCFO�Kzp�N^Ehs�p�]RTJM�],]RCIg 5�lRCIM�s^�{K�U(ZRgjacNIE 86O�URTL®�B%e CIURZ 
ASdEdKYOA¦�KYl����\]RK�OjNISGT¢�IC�SGTLNIURg�acNIE
QRghTLURVjSG]RK ��£�±�acEGCFO�Kzp�N^EhsvCIEdK�V^T¢�^K�U�TLU�e�]RCIP(SGKYE � m K�MzSGTLNIU���� .'� .'�?­�Kz�¤S�W�prK�CIHJgdNjQRgdK§ghN^OjK
£�B/�_TLOjPRHLKYO�KYUoS�CFSdTLN^URgighQRM�]�CIg§£�B/�be�[3N^E§±.¯6£ ���\](KqO9CFTLU:O�NISdTJ�FCFSdTLN^UxTLg_SG]RCFS  ��¤UuCFO�TJM
�7N^H¢S�CIV^K m MfCFHLTLU(V|EdN^Q(SdTLURKYg6NIa7SG](KjK´�0P$KYEdTLOjK�UoSGCIHDHJN�p��²P$NXprK�EiMYHLQRgbSGK�E_CFEdK�Cf�FCITLHLCIlRHLK�N^URH¢��acNIE_CIU
£�B/��¯AB/�_ª³ghK�K_ZRKYSGCITLHJg\TLU�e�]uCFP(SGKYE��^¬&�
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�{U�Sd]RTLg`gdKYMYSGTJN^U W�p�K%nuEdgbSDacN¤M�QRg`N^U§TJO�P�N^EhSGCIUoS�U�QRO�KYEdTJMfCIH�OjKYSG](N0ZRg�CIHJHLNXp�TLURV�MYN^O�P(Q(SGTJURV?Sd]RK%EdKfCFH
K�TJV^K�U(PREdN^l(HLK�O �k�\]RKYU W(prK_PREdKYgdK�UoS?TLUoSdK�EdKYghSdTLURV§prN^Eds�g\N^UvPuCFEGCIHJHLK�H¥EhKfCIH gb�¤O�OjKYSdEdTLM�K�TJV^K�URghN^HJ�IK�E$�

����� ��
|� ��� �|�%��� �´���Y����� �D� � �Y� �v� �

A ∈MN (R) A ∈MN(C)

A
TLUo�^KYEhSGTJlRHLK

↔ ∃A−1 W AA−1 = A−1A = In A
TJUo�^K�EbSGTJlRHLK

↔ ∃A−1 W AA−1 = A−1A = In

A
gh�¤O�OjKYSdEdTJM

↔ At = A A
]RK�EhO�T¢SGT¡CFU

↔ A∗ = A
A
URN^EdO�CIH

↔ AAt = AtA A
URN^EdO�CIH

↔ AA∗ = A∗A
A
N^EhSd]RN^V^N^URCIH

↔ AAt = AtA = In A
Q(URTJSGCIEh�

↔ AA∗ = A∗A = In

�\]RK�EhKfCIHkKYTLV^KYURPREhN^lRHLKYO NFa�CqEhKfCIHDO9CFSdEdT �
A
M�N^URghTLgbSGg_TLU�nRURZRTLU(V|gdN^OjK�K�TJV^K�URPRCITLEhg�ª

λ
W
u
¬�gdQRM�]

SG]RCFS
Au = λu

p�]RKYEdK
A ∈MN(R)

W
u ∈ RN CIURZ λ ∈ R

�

��p�N|O�CFSGEhTLMYK�g
A
CIU(Z

A′ CIEdK�gdTLOjTLHLCIE�T¢akSG]RKYEdK§K´�0TLghSdg6CIU�TLUo�^KYEhSGTJlRHLK�O�CFSGEhT¢� P
gdQ(M�]�SG]uCFS

A′ =
P−1AP

�
A
TJg�Z(T¡CIV^NIUuCIHLTJgGCIl(HLK�TJg

A
T¢a�ghTLOjTLHLCIEASGN�CvZRT¡CIVIN^UuCIHkO�CFSdEdT¢� �j�`prN�ghTLOjTLHLCIEAO�CFSGEhTLMYK�g

]uCf�^K_SG](K�gdCIOjKiK�TLVIK�Uo�FCIHLQRKYg��
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|����� ��� � ��
|� ��� � �°� � ����� �
	 ��� � �z� �

� � ����� ��#  :' +���&0' +R�k&��b#7! ;¨'*& ��#\1

[?�¤P�NISG](K�gdTJg	�
A
TJg9CxEdK�CIH?ZRT¡CIVIN^UuCIHJTLgGCFlRHLK�O9CFSdEdT �*W

A ∈ MN(R)
��¦�K�U(NISGK

λ1, . . . , λN

Sd]RK
K�TJV^K�Uo�FCIHJQRK�gjNIa

A
p�TJSd],Sd]RK�acNIHLHLNXp�TJURVxM�N^URZ(TJSGTJN^U �

|λN | > |λN−1| ≥ |λN−2| ≥ · · · ≥ |λ1|
�

u1, u2, . . . , uN

CIEhK6SG]RK�CIghgdN¤M�T¡C�SGK�Z�K�TJV^K�Uo�IK�MYSdN^Edg$�
�\]RK_B`N�prK�E\�²SdK�EdCFSGTJN^UqOjKYSG](N0ZqMYN^OjPRQ(SGKYg

λN
W¤SG]RK6HLCIEdVIK�ghS�K�TJV^K�Uo�FCIHLQ(KANIa

A
TJUqO�CIV^URT¢SGQRZRK2��¦�K

M�NIURgdTJZRK�E�CIUvTJURTJSdT¡CIH¥�^KYMYSGNIE
x0
gdQ(M�]�SG]RCFS

x0 = α1u1 + α2u2 + . . . + αNuN
CIURZ|SG](K�ghK���QRKYURM�K

xn+1 = Axn
�/¦�K�VIKYS �

xk = λ1
kα1u1 + λ2

kα2u2 + . . . + λN
kαNuN

xk = λN
k[αNuN + . . . + (

λ2

λN

)
k

α2u2 + (
λ1

λN

)
k

α1u1]

(�KYgdTLZ(K�g	�
acNIE

i < N, lim
k→+∞

(
λi

λN
)
k

= 0

m N�p�]RKYU
k
TLg\HLCIEdV^K �

xk ∼ λk
NαNuN

CIURZ
|λN | ∼

‖xk+1‖
‖xk‖
W
un ∼ xk

�

� 8 � ' , � )&� % � ¯AHJV^N^EhTJSG](O NFa�Sd]RK�B�NXp�KYEA�²SdK�EGC�SGTLNIU|O�KzSG]RN¤Z
"$#���2%��,-#	�

A
W
x0

W
ε
 �3; 2 , #	�

λN

xcour ← x0

λprec ← 1
λcour ← 0
� �%�:8 #

|λcour − λprec| > ε
1 '

λprec ← λcour

xnormal ←
xcour

‖xcour‖
xcour ← Axnormal

λcour ← xt
normalxcour# �31 � �$��8�#

�²a
A
TJg/TLUo�^KYEhSdTLlRHJK�p�K�MfCFUjnuU(ZjSd]RK�HLNXp�KYghS%K�TJV^K�Uo�FCIHJQRK�ª³TJUjO�CIV^U(TJSGQ(ZRKX¬�lo��OjKfCFURg7NIa$Sd]RK��{Uo�^KYEdgdK

�²SGKYEGCFSdTLN^U,O�KzSG]RN¤Z�� �{URZRK�KYZ W�SG]RK�KYTLV^KYUo�ICFHLQRKYg9NIa
A−1 CIEdK�SG]RK�TJUo�^K�EbS|N^UtSd]RN^ghK�NIa A

� �\]RK
M�NIURZRTJSdTLN^U�N^U�SG]RK�KYTLV^KYUo�ICFHLQRKYg6l$KYM�N^OjK�g

|λN | ≥ |λN−1| ≥ |λN−2| ≥ · · · ≥ |λ2| > |λ1|
�_�\]RTJg

OjKYSG](N0ZvZRN¤K�g�URNIS�EhK���QRTJEdKiSGN�s�URNXp
A−1 lRQ(S?EhK���QRTLEhK�g\SGN�ghN^HJ�IK�HJTLURK�CIE�gb�0gbSGKYO�g Ax = B

�
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[?�¤P�NISG](K�gdTJg	�
A
TLg_C�EhKfCIH/Z(T¡CIV^NIUuCIHLTJgGCIl(HLK�O�CFSdEdT¢�$W

A ∈ MN (R)
�j�²SGg�K�TJV^K�Uo�FCIHJQRK�g�CIEhK�N^EhZRK�EhK�Z

CIgAacNIHLHLNXp�g �
|λN | > |λN−1| > |λN−2| ≥ · · · ≥ |λ1|

�i¦�K�U(NISGK
u1, u2, . . . , uN

SG]RK�CFgdgdN¤M�TLCFSGKYZ
K�TJV^K�Uo�IK�MYSdN^Edg$�
�²aAprK|p�CFU�SjSGNxMYN^O�P(Q(SGKvOjN^EdKqSd]uCIU�N^URKvK�TJV^K�Uo�FCIHJQRKIW7SG]RK�B`N�prK�Eq£�KYSd]RN¤Z,TJg�URNIS�gdQ0~�MYTLKYU�S��
�\]RK  �K$1¥CFSdTLN^U�OjKYSd]RN¤Z�V^KzSGgASd]RK§gdKYM�N^U(Z:HLCIEdVIK�ghSAK�TJV^K�Uo�FCIHLQ(KqªcTLU�O�CIV^URT¢SGQRZ(KX¬*���²a/SG]RK�O�KzSG]RN¤Z
TLgrEdKYP$K�CFSGKYZvCIURZ|TJa.CIHLH¥SG]RKAK�TLVIK�Uo�FCIHLQRKYg�CIEhK6ZRTJghSGTJURMYS6ª³T � K2�/TLUjSG]RK6P(EdKY�¤TJN^QRg�MYN^URZRT¢SGTLNIU W(CFHLHuSG]RK

≥l�K�M�NIO�K
>
¬zW�SG]RKYU9prKAMfCFU9nuURZ|CFHLHRSG](KAK�TJV^K�Uo�FCIHJQRK�g$�/[�NXprKY�^KYE�WRSd]RKACFM�M�Q(O§QRH¡C�SGTLNIU�NIa EdN^QRU(ZRTLURV��

N ��KYEdEhN^Edg?CIURZ�CIPRP(EdNf�0TLO�CFSGTJN^URg�HJKfCIZ(g�SdNjC�Z(K�V^EdCIZuCFSdTLN^UvNIa`SG]RK_EhK�gdQ(HJSGg$�
�\]RK  AK*1¥CFSdTLN^U�OjKYSd]RN0Z�MYN^URghTLghSdg/TLU§nuU(ZRTLURV_C6O�CFSdEdT¢�

B
p�](N^gdK�K�TJV^K�Uo�FCIHJQRK�g/CFEdK

0
W
λN−1

W
λN−2

W
. . .
W
λ1

���\](K�U W^Sd]RK�B`NXp�KYE%£�KYSd]RN0Z�TLg�CIPRPRHJTLKYZ�SGN
B
�D�\](K�EhK�Kz�0TJghSGgDCAluCIghTLg

(v1, v2, . . . , vN)
gdQRM�]

SG]RCFS
∀(i, j)vt

iuj = δij

ª +iEhN^URK�M�sFK�E � g/ZRKYHJSGCo¬*���²aRp�K�URNISGK
B = A−λNuNvt

N

SG]RKYU
∀i = 1, . . . , N

�

Bui = Aui − λNuN(vt
Nui) = λiui − λNuNδNi

�|¦�K9ghK�K�Sd]uCFS�SG]RK�K�TJV^K�Uo�FCIHLQ(K�g�NFa
B
CIEhK

0
W

λN−1
W
λN−2
W
. . .
W
λ1
�

� � ���	� � � �*#/5 ��;¨'*& ��#\1°�7!�1�2 � �7'.! ��+R#k&0�/&��"#7! �

[?�¤P�NISG](K�gdTJg	�
A
TLg?C�EdKfCFH gh�¤OjO�KzSGEdTJMiO9C�SGEdT �$W

A ∈MN (R)
�

�\]RK-3^CFM�N^lRT�SGKYM�]RURTL��QRKiTJg�CIHJgdN�CIU|TJSdK�EGC�SGTJ�IKAOjKYSd]RN0Z
�k¯�S�K�CIM�]vTJSGKYEGCFSdTLN^U
k
W¤p�KiMYN^OjPRQ(SGKAC§URKYp

O�CFSGEhT¢�
Ak
ghTLOjTLH¡CFEASGN

A
ghQRM�]�SG]uC�S

Ak = Q−1
k AQk

p�](K�EdK
Qk
TLg�C�EhKfCIH%N^EhSd]RN^V^NIUuCIH/O�CFSGEhT¢�

ª
Qt � Q−1 ¬*�4�²a A TLgjZRT¡CFV^N^UuCIHJHJ��ZRN^OjTLUuCFU�S�ª ∀i, ∑j 6=i |aij| < |ai|

¬´W
Ak
M�N^Uo�IK�EdVIK�g9SdN�CxEdKfCFH

ZRTLCIV^N^UuCFH(O�CFSGEhT¢�
D
p�]RTJM�]�]RCIg%Sd]RK�gGCIOjK�K�TJV^K�Uo�FCIHLQ(K�g7CIg

A
�k�²a*Sd]RK�M�N^URZ(TJSGTJN^U�TLg/URNFSrEhK�ghP$KYMYSGKYZ W

A
QRgdQRCIHLH¢��M�N^Uo�IK�EdVIK�gqlRQ0S�U(NISqCFHJp�CX�¤g$�t�{UtM�CIgdK�NIaAM�N^Uo�^KYEdV^KYURM�KFW\SG]RK�K�TJV^K�Uo�FCIHLQ(K�g�NIa

A
CFEdK

SG](K�K�HJK�OjK�UoSGg�NIa
D
CFURZ�TJSdg�KYTLV^KYUo�^K�MzSGN^Ehg_CIEdK_SG](K§M�N^HJQROjURg�NFakSG]RK�O9C�SGEdT �

Q = Q1Q2 . . . Qk

�
�\]RK

Qk

O9C�SGEdTJM�KYg�CFEdKjMfCIHJHLK�Z��iTJ�^KYURg�EdNISGCFSGTJN^U�O�CFSdEdTLMYK�g�ª³ghK�K9©DTLV^Q(EdK ��� .�¬*�|�\]RK�K�HJK�OjK�UoSGg�NIa
Ak+1 = Q−1

k AkQk

CIEdK �







































TJa
i 6= p, q

CIU(Z
j 6= p, q ak+1

ij = aijkTJa
i = p
CIU(Z

j 6= p, q ak+1
pj = cos θak

pj − sin θak
pjTJa

i = q
CIURZ

j 6= p ak+1
qj = sin θak

pj + cos θak
qjTJa

i = j = p ak+1
pp = cos2 θak

pp + sin2 θak
qq − sin 2θak

pqTJa
i = j = q ak+1

qq = sin2 θak
pp + cos2 θak

qq + sin 2θak
pqTJa

i = p, j = q ak+1
pq = cos 2θak

pq + sin 2θ
2

(ak
pp − ak

qq)SG](K�NFSG]RKYE?MYN^OjP$N^U(K�UoSGg?CIEhK6acN^QRURZ�lo�|gh�¤OjO�KzSGEh�
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Qk =





















































1 0

��� ���
� � � ���

0

���
0

0 1

��� ���
· · · · · · · · · cos θ · · · · · · · · · sin θ · · · · · · · · · p���

1 0

���

0

��� � � � ���
0���

0 1

���
· · · · · · · · · − sin θ · · · · · · · · · cos θ · · · · · · · · · q��� ���

1 0

0

���
0

���
��� ���

0 1
p q





















































©DTJV^QREhK ��� .��%�_T¢�^KYURg�EdNISGCFSGTJN^U|O9C�SGEdT �
�{UjN^EdZRKYE/SGN_M�N^Uo�IK�EdVIK�SGN�CiZRTLCIV^N^UuCFH(O�CFSGEhT¢�$W^acN^E/KfCFM�]�T¢SGK�EdCFSGTJN^U

k
WoprK�O�QRghS7U�QRHJHLTJa���CIUjK�HJK�OjK�UoS

ª³U(NIS_U�QRHLH¡¬
ak

pq

gdN|SG]uC�S
ak+1

pq = 0
����NvEdK�CIM�]�SG]RTJgiV^NoCIH W$prK�MfCIUxM�]RN¤N^gdK

θ
ghQRM�]:Sd]uCFS

cos 2θ =
ak

qq−ak
pp

2ak
pq

W
− π

4
≤ θ ≤ π

4

�7�\]RK�CIHJV^N^EhTJSG](O TJg\V^TJ�IK�UvTLUv¯AHJV^N^EhTJSG](O ���

� 8 � ' , � )&� % � ¯AHJV^N^EhTJSG](O NFa�Sd]RK�e�H¡CIghgdTLM�CIH 3^CIMYN^lRT.OjKYSd]RN0Z
"$#���2%��,-#	�

ε
W
A
 �3; 2 , #	�

D
ª³TJUvMfCIghK�NFaDMYN^Uo�^K�EhV^K�U(M�KX¬

A0 ← A
� �%�:8 # ∑n

i6=j ak+1
ij

2
≤ ε

13'
e�]RN¤N^gdKiSd]RK

ak
pq

]uCf�¤TLU(VjSd]RK_]RTLV^](K�ghS�O�CIV^U(TJSGQ(ZRKIW
ak

pq 6= 0, p 6= qe�N^OjPRQ(SdK
Qk

CIMYM�N^EhZRTLURV
ak

pqe�N^OjPRQ(SdK
Ak+1 ← Qt

kAkQk# �31 � �$��8�#

� � ����� � � ;¨'*& ��#\1 �%!�1 � #7> �¤'��A#7-"1A' +}+R' �A'/��&��"#%!��

[?�¤P�NISG](K�gdTJg	�
A
TLg�C�EhKfCIHrO9CFSdEdT �*W

A ∈ MN (R)
��¦�K�URNISGK

λ1, . . . , λN

TJSGg�K�TJV^K�Uo�FCIHJQRK�g�gdQRM�]
SG]RCFS

|λN | > |λN−1| > |λN−2| > · · · > |λ1|
�

�i® OjKYSG](N0Zvlo�|OjKfCIURg�NIaD[�NIQRgdKY]RN^HLZ(K�E�EdK*1uK�MzSGTLNIURg
±.KYS_QRg_MYN^URgdTJZRK�E_C9�IK�MzSGN^E

v ∈ RN W v URNFS_U¤Q(H ���\](K�[?N^QRghK�]RN^HJZRK�EiO�CFSdEdT¢��CIghgdN¤M�TLCFSGKYZxSdN v
TJg

Hv = I − 2 vvt

vtv

�/�\]RTLg�O�CFSGEhT¢�9TLg\gb�0OjOjKYSGEhTLMiCFURZ�NIEhSG](N^V^N^UuCFH �
­�NXp�prK�M�NIURgdTJZRK�E�C}�IK�MYSdN^E

x ∈ RN W x = δ0v + δ1a1 + δ2a2 + · · · + δN−1aN−1

p�]RKYEdK
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(a1, . . . , aN−1)
TLg�CIU N^EbSG]RN^VIN^UuCIH�luCIghTLg�NIa�Sd]RK�]o�0P�K�EhPRH¡CFURK

span{v}⊥
CIURZ

δi ∈ R
∗∀i =

1, . . . , N
�¨¦�K:]RCX�IK �

Hvx = −δ0v + δ1a1 + δ2a2 + · · · + δN−1aN−1
� �²S�OjKfCIURgqSd]uCFS

xCIURZ
Hvx
]uCf�IK?Sd]RK�gGCIOjK\PREdN��hK�MYSdTLN^U�N^U

span{v}⊥
lRQ(S%N^P(P$N^ghTJSdK\PREdN��hKYMYSdTLN^URg7N^U

v
�D�\](K�EdKzacN^EdKFW

lo��M�](N0N^ghTLURV
v = x ± ‖x‖2e1

p�]RKYEdK
e1

TLg�SG]RK§Q(URTJS?�^KYMYSGNIE
(1, 0, . . . , 0)

W¥prK§V^KYSAC9OjKYSd]RN0Z�SGN
U�QRHLHJTJa��9CIHLH�SG]RK_KYHLK�OjK�UoSdg?NFa

x
Kz�0M�KYP(S�Sd]RKinuEdgbS?N^URK�ª³T � K2�

Hvx = γe1

W
γ ∈ R∗ ¬&�

� 8 � ' , � )&� % � ¯AHJV^N^EhTJSG](O NFa�Sd]RK �_® Z(K�M�NIO�P�N^gdT¢SGTJN^UqOjKYSG](N0Z
"$#���2%��,-#	�

A
 �3; 2 , #	�
QR
Z(K�M�NIO�P�N^gdT¢SGTJN^UqNIa

A
A0 ← A
� ' ,

i = 1, . . . , N − 1
WugbSGK�P � . 1 '

.�¬\e�N^OjPRQ(SdK
Hi
p�T¢SG]

v = ci ± ‖ci‖2e1

ci

TJg�SG]RKi�IK�MYSdN^E�M�N^OjP�N^gdKYZ�NIa`SG](K
N − i + 1

H¡CIgbS�K�HJK�OjK�UoSGg\NIa�SG]RK
ith
M�N^HJQRO�U|NFa

Ai−15^¬\e�N^OjPRQ(SdK
Ai ← HiAi−1# �31 � ' ,

Ai−1 =































• • · · · · · · •
0 • • · · · · · · •

0 0 • •

���
���

0 0 • · · · · · · i���
0 • · · ·��� ���

· · ·

���
0 • · · · · · · •

i































Hi =

(

Ii−1 0
0 Hi

)

¯�S9Sd]RK�KYURZ4NIa6Sd]RK�CIHJV^N^EdT¢SG]RO ZRK�ghM�EhTLl�K�Z4TLU,¯AHJV^N^EdT¢SG]RO 	(W
(HN−1 . . .H2H1)

TJg�N^EbSG]RNIV^N^UuCIH
ª CFURZtSG]�QRg�TLUo�^KYEhSdTLlRHJKX¬�l$KYMfCIQRghK�TJSjTJgjSd]RK�PREhN0Z(QRMYS9NIaiN^EbSG]RN^VIN^UuCIH�O�CFSGEhTLM�KYg���¦�K�V^KzS|C �_®
ZRKYM�N^OjP$NIgdTJSdTLN^U�lo��M�](N0N^ghTLURV

R = AN−1
CIURZ

Q = (HN−1 . . .H2H1)
−1 ��¦�K�]uCf�IK9CIHJgdN Q =

(HN−1 . . .H2H1)
t l$KYMfCIQ(gdK Q

TJg�NIEhSG](N^V^N^UuCFH �t�\](K�U W\ghTLURMYK�K�CIM�]
Hi
TJgjgb�¤O�OjKYSdEdTLMFWrprK�V^KzS

Q = H t
1H

t
2 . . .H t

N−1 = H1H2 . . .HN−1

�i�\](K �_®�ZRKYM�N^OjP$NIgdTJSdTLN^U�EdKY��QRTLEhK�g 4
3
N3 KYHLK�OjK�UoSGCIEh�N^P�K�EdCFSGTJN^URg�� �\](K�MYN^O�P(Q(S�CFSdTLN^U(gvCIEdKxO§QRM�]ya³CIgbSGK�EvT¢a�prK�P(EdKY�¤TJN^QRgdH¢��SGEdCIURgbacN^EdO

A
TJU�SdN}CIU

[�KYgdghK�U�l$KYEdVqO�CFSdEdT¢� �
©DTJUuCIHLH¢�^W\T¢S|TLgqP(EdNX�^KYZwSd]uCFS|SG](K�gdK���QRKYURM�K

k = 1, . . . , N − 1
W
Ak+1 = Qk

tAkQk

M�NIU��IK�EhV^K�g
SGN�CIU:QRPRP�K�E�SdEdTLCIURV^QRHLCIE6O�CFSGEhT¢�

T
p�]RN^gdK�K�TJV^K�Uo�FCIHLQ(K�g�CIEdK�SG]RKjZRTLCIV^N^UuCFH/K�HLKYO�KYUoSGg��9¯Ag

Q
TJg

N^EbSG]RN^VIN^UuCIH W
A
CIURZ

T
CIEdK_gdTJO�TJH¡CIE%O�CFSGEhTLM�KYg�CIURZv]uCf�^K_SG](K�gdCIOjKiK�TLVIK�Uo�FCIHLQRKYg��
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�i® OjKYSG](N0Zvlo�|OjKfCIURg�NIak�iTJ�^KYURg�EdNISGCFSGTJN^URg
�\]RK?[�NIQRgdKY]RN^HLZ(K�E7EdK*1uKz�0TLNIURg%CIHLHJN�p�U�QRHJHLT¢a��0TJURViCIHJH0Sd]RK\M�N^OjP�N^URK�UoSdg%Q(URZRK�E/Sd]RK\ZRT¡CFV^N^UuCIH �`¦y](K�U
A
TJgkCAghPuCIEdghK�O�CFSGEhT¢�$WIT¢SDTJgDO§QRM�]�OjN^EhK�TLUoSdK�EdKYghSdTLURVASdN6U�QRHLHJTJa��_N^U(HJ��URN^U0�²U�QRH0KYHLKYO�KYU�Sdgklo��O�K�CIURg
NIa`SG]RK��iTJ�IK�URg�EdNFS�CFSdTLN^URgiª³Kz�0PRHLCITLU(K�Z|acN^E�SG](K 3^CFM�N^lRT.OjKYSd]RN¤Z¥¬*�

� � ��� � 
 +9�"1��"�7@7#%!��7-����$�/&��"#7! # �q�=+('.�%- ����; ;¨'*&¤+9��� ;¨�/&¤+��{)

£�CIUo��O�KzSG]RN¤ZRg�CITJO�SGN�M�NIO�PRQ0SGK9Sd]RKqK�TJV^K�Uo�FCIHJQRK�g§NFaAC�EdKfCFH�gh�¤OjO�KzSGEhTLM9SdEdTLZ(T¡CIV^NIUuCIH/O�CFSGEhT¢�
T
�§�\]RK�SGEhTLZRTLCIV^N^URCIHLTJ«fCFSdTLN^UvMfCFU:l�K�P�K�EhacNIEdOjK�Zxlo��O�K�CIURgiNIa7Sd]RKj[�N^QRghK�]RNIHLZRKYEiEdK$1RK�MYSdTLN^U(g�NIE
SG](K:�_T¢�^K�U(g|EdNISGCFSGTJN^URg�� �²SvMYN^URghTLghSdg|TLU4U�QRHJHLTJa��¤TJURV�CFHLH�Sd]RK�MYN^O�P�N^URKYUoSGg|NIa_SG](K�QRPRP�K�E ��HLNXp�KYE
SGEhT¡CIU(V^QRH¡CFE�ghQRl0�{O�CFSdEdT¢�}K´�0M�K�P0S�Sd]RK�ZRTLCIV^N^URCIHACFURZ�SG]RK�nuEdgbSvgdQRl0�²ZRT¡CFV^N^UuCIH � �\]RKYUyprK�V^KzSvC
gh�¤OjO�KzSGEhTLM�[�KYgdgdKYU�l$KYEdVvO9C�SGEdT � ���²SAVIK�URKYEGCIHJHJ�vURKYK�ZRg 4

3
N3 1uNoC�SGTLU(V�P�N^TLUoS?N^P�K�EdCFSGTJN^URg?TLU�N^EdZRKYE

SGN�SdEdTLZ(T¡CIV^NIUuCIHLTJ«�K�C�ZRK�URghK�O�CFSdEdT¢� �
[?�¤P�NISG](K�gdTJg	�

A
TLg�C�EhKfCIH.gb�0OjOjKYSGEhTLMiO�CFSGEhT¢�$W

A ∈ MN(R)
�

¦�K�M�CIU�Q(gdKqCFHLgdN|Sd]RK9±�CIU(M�«�NIg�SdEdTLZ(T¡CIV^NIUuCIHLTJ«fCFSdTLN^U�OjKYSG](N0ZxKz�0PRHLCITLU(K�Z:TLU:¯AHLVIN^EdT¢SG]RO ���9�²S�TJg
SG](K�gh�¤OjO�KzSGEdTJM�M�CIgdK�NIaiSG]RK�¯AEdU(N^HLZRT�OjKYSd]RN0Z
� ¦�K�nuEdgbS|]uCf�^K�SdN�M�]RN¤N^gdK�CIU�TLU(TJSGTLCIH��IK�MYSdN^E
q0

�:�\]RK|OjKYSd]RN0Z�MYN^UoS�CITJURg
N
T¢SGK�EdCFSGTJN^URg$���²S�lRQRTLHJZRg�CIU�NIEhSG](N^V^N^UuCFH�luCIghTLg

Q
NIa�SG]RK +iEh�¤HJN��

gdQ(lRgdPuCFM�K
KN(q0, A) = {q0, Aq0, A

2q0, . . . , A
N−1q0}

gdQ(M�]�SG]uC�S
QtAQ ∼ T

�9±.KYS�QRg�URNISdK
dCIURZ

e
Sd]RK�ZRT¡CFV^N^UuCIH`CIU(Z�gdQRl0�²ZRT¡CFV^N^UuCIH`NIa

T
�_©uN^E

k = 1, . . . , N
W K�CIM�]xTJSdK�EGC�SGTLNIU

k
M�NIO�PRQ0SGK�g

CqURKzp=�^KYMYSdN^E
qk

NIa
Q
W
dk

CIURZ
ek

Sd]RK�URKzp=KYHLK�OjK�UoSdgiNIa%� ªcTJa
k = N eN

TJg6URNIS6M�N^OjPRQ(SdK�Z¥¬&�
�\]RK_±�CIURMY«�N^g�O�KzSG]RN¤ZqgdQ �*KYEdg�acEdNIO C§HJN^gdgrNIa`N^EhSd]RN^V^NIUuCIHLT¢S{��CIOjN^URV�SG]RK6�IK�MYSdN^Edg

qk

ZRQ(K6SGN�Sd]RK
EdNIQRURZRTJURVF�{N��qK�EhEdN^Ehg/NIa�SG]RK 1uN^CFSGTJURVF�{P�N^TJU�SkCIEdT¢SG]ROjKYSdTLM2�`�\](K�EdKzacN^EdKFW¤prK�]uCf�^K�SGNiEhK�N^EbSG]RN^VIN^UuCIHJTL«�K
SG](K?lRCIgdTJg

Q
�D¦�K�URNISdTLM�K�Sd]REdKYK\SGK�M�](URTL��QRKYg��7�\]RK\nuEdgbS%N^URK�P$KYEhacN^EhO�g7C6acQRHJHREdKYN^EhSd]RN^V^NIUuCIHLTJ«fCFSdTLN^U

NIa
Q
CFS6K�CIM�]�TJSdK�EdCFSGTJN^U��A�\](K§gdKYM�N^URZxN^U(K§O9CFsIK�g6C�acQRHLH �{EhK�N^EbSG]RN^VIN^UuCIHJTL«fC�SGTLNIUqN^URH¢��T¢a%C�SGKYghSiTJg

�FCIHLTJZuCFSdK�Z��i�²SiO�CITJU�SGCITLU(g6CqgdQ0~�MYTLKYU�S_ghK�OjT¢�²N^EhSd]RN^V^N^URCIHLT¢S{�vCIOjN^URV9Sd]RK
qk

ª³N^EbSG]RN^VIN^UuCIH`SGN|]uCIH¢a
SG](K�O�CIM�]RTLU(K�PREhK�M�TJgdTJN^U¥¬*�?�\]RK�Sd]RTLEhZ�N^U(K§ZRN¤K�g6C�HLN¤MfCIH.EhK�N^EbSG]RN^VIN^UuCIHJTL«fC�SGTLNIU�C�S6KfCFM�]�TJSGKYEGCFSdTLN^U
lRQ(S?T¢S\V^K�U(K�EGC�SGK�g?gdP(QREdTJN^QRg�K�TJV^K�Uo�FCIHLQ(K�g��

� � ��� � � ���0'/�¥&��b#7! ;¨'*& ��#\1

[?�¤P�NISG](K�gdTJg	�
T
TJg�C�EdKfCFH.gh�¤O�OjKYSdEdTJMASGEhTLZRTLCIV^N^UuCFH$O�CFSGEhT¢�$W

T ∈MN(R)
�

�\]RK (rTLgdKYMYSdTLN^U�O�KzSG]RN¤Z�TJgACFHLgdN�MfCIHJHLKYZ��iTJ�IK�URg�O�KzSG]RN¤Z�N^E m SGQ(EdO gdKY�¤Q(K�URMYK�O�KzSG]RN¤Z����²S6MYN^O��
PRQ(SdK�g�CIHJH�Sd]RK6KYTLV^KYU��FCIHJQRK�g�NIa`C§EdK�CIH*gb�0OjOjKYSGEhTLM?SGEdTJZRT¡CFV^N^UuCIHuO�CFSdEdT¢�

T
p�]RTJM�]vCIEdK6MYN^UoS�CITJURK�Z|TJU

C|V^TJ�IK�UxTLUoSdK�Eh�FCIH ���²a%SG]RTJg6TLUoSdK�Eh�FCIHDTLg6SG](Kj�_KYEdgdM�](V^N^EdTJUxZRN^O�CITLU W�SG]RKYU�CFHLH�Sd]RK�K�TJV^K�Uo�FCIHLQ(K�giCIEhK
M�NIO�PRQ0SGK�Z
���\](K��_KYEdghM�]RV^N^EhTLU�SG](K�N^EhK�O gdCf�0g6Sd]uCFSiK�CIM�]�K�TJV^K�Uo�FCIHJQRK§NIa%CqO�CFSGEhT¢�

A ∈ MN (R)EdKYgdP�K�MzSGg6SG](K§M�EhTJSGKYEdTJN^U
|λi − aii| ≤

∑N
j=1,j 6=i |aij|

W�acN^E
1 ≤ i ≤ N

�6�\]�QRg_CIHLH�SG](K§K�TJV^K�Uo�FCIHLQ(K�g
CIEhK�TJUqSG]RK_TJU�SdK�Eb�ICFH

[min1≤i≤N(aii − ri)
W

max1≤i≤N (aii + ri)]
�
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� 8 � ' , � )&� % � ¯AHJV^N^EhTJSG](O NFa�Sd]RK�±`CFURM�«YN^g?SdEdTJZRT¡CIVIN^UuCIHJTL«fC�SGTLNIUjOjKYSd]RN¤Z
"$#���2%��,-#	�

A
W
q0

ª³TLU(TJSGTLCIH¥�^K�MzSGN^EG¬
qcandidate ← q0

e0 ← ‖qcandidate‖2� ' ,
k = 1, . . . , N

WughSdK�P � . 13'
.�¬�­?KYp MYN^HLQROjU|NIa`SG]RK_luCFgdTLg

Q
qk ←

qcandidate

ek−15^¬\e�CIU(ZRTLZuC�SGK_M�N^HJQROjUqacN^E�SG]RK
k + 1th TJSdK�EdCFSGTJN^U

qcandidate ← Aqk

qcandidate ← qcandidate − qk−1ek−1�o¬�­?KYp KYHLK�OjK�UoS�NIa`SG](K�Z(T¡CIV^NIUuCIH
dk ← qt

kqcandidate

qcandidate ← qcandidate − qkdk	�¬�®�K�N^EbSG]RNIVoCIHLTJ«fCFSdTLN^U�ª³K2� V��/acQRHJH�¬
qcandidate ← qcandidate −QtQqcandidate�^¬�­?KYp KYHLK�OjK�UoS�NIa`SG](K�ghQRl0�²ZRT¡CIVIN^UuCIHkª³ZRN^U(K�T¢a

k 6= N
¬

ek = ‖qcandidate‖2# �31 � ' ,

�\]RK�TLURKYEhSGTLC�NIa/CjEdKfCFH`O�CFSdEdT¢�
A
TJg?Sd]RK_SGEdTJPRHLKzS�NIa/TJU�SdK�V^KYEdg

(ν(A), ζ(A), π(A))
p�]RTJM�]�ZRKYPRTLMzSGg �

SG](K?U�QRO�l$KYErNIa$URKYVoCFSGT¢�^K?K�TJV^K�Uo�FCIHLQ(K�g�WoSd]RK�U¤Q(O§l$KYE7K�TLVIK�Uo�FCIHLQRKYg/SG]uCFSrCIEhK�«�K�EhN§CIU(ZjSd]RK�U¤Q(O§l$KYE
NIaiP�N^ghTJSGT¢�^K�K�TJV^K�Uo�FCIHLQ(K�g��w±.KYS

λ1 ≥ λ2 ≥ · · · ≥ λN

l�K�Sd]RK�KYTLV^KYU��FCIHJQRK�g�NIa
A
�
∀σ ∈ R

W
π(A− σI)

EdKYPREdKYgdKYU�Sdg\SG]RKiU�QRO§l�K�E\NFa�KYTLV^KYUo�ICFHLQRKYg�NIa
A
QRPRP�K�E�Sd]uCIU

σ
�7�\]�QRg�W

π(A− σI) = iOjKfCIURg\Sd]uCFS
λ1 ≥ · · · ≥ λi ≥ σ ≥ λi+1 ≥ · · · ≥ λn

�

(r�|M�](N0N^ghTLURV�ghQRTJSGCIlRHLK6�FCIHJQRK�g\NFa
σ
WRprK_MfCIU�V^EdCIZRQuCIHJHJ��gd]uCFEdKiSG]RK_gbS�CIEbSGTLU(V�TLUoSGKYEh�FCIH TJU�NIEdZRKYE�SdN

TLghN^H¡C�SGK�KfCIM�]9K�TLVIK�Uo�FCIHLQRK?TLUoSdN§C�ghQRl0�²TLUoSGKYEh�FCIHup�]RN^ghK6ZRT¡CFO�KzSGK�E7TJg%Sd]RKAPREhK�MYTLgdTJN^UjNIa SG](KAlRTJgdK�MzSGTJN^U
CIHJV^N^EdT¢SG]RO ªcgdNRWRprK�MYN^OjPRQ(SGK_CFPRPREdNf�0TLO�CFSdK�ZvK�TJV^K�Uo�FCIHLQ(K�g�¬&�
�{U�N^EhZRK�E`SGN6MYN^O�P(Q(SGK

π(A−σI)
WFprK�QRgdK�Sd]RK�TJURK�EbSGTLC�HLNXp�NIa m �0H¢�^KYghSGKYE	��TJa

A
TJgkCAEhKfCIH¤gh�¤OjO�KzSGEhTLM

O�CFSGEhT¢��CIURZ
X
CqEdK�CIHkURN^U¤�{gdTJURV^QRHLCIEAO�CFSdEdT¢�$W*Sd]RK�U

A
CFURZ

XAX t ]uCf�^K�Sd]RK�gGCIOjK§TLU(K�EhSdT¡C����{UNISd]RK�Evp�NIEdZRgYW
ν(A) = ν(XAX t)

W
ζ(A) = ζ(XAX t)

W
π(A) = π(XAX t)

�3�²a
A
TLgvEdK�CIH

gh�¤OjO�KzSGEhTLMIW
(A−σI)

SdN0N�� (�KYgdTLZ(K�g�C�EdK�CIH¥gh�¤O�OjKYSdEdTJM?O�CFSdEdT¢��TLg7N^EhSd]RN^V^NIUuCIHLH¢�§ZRTLCIV^N^URCIHLTJ«fCIlRHJK��
�²S�OjKfCIU(g�SG]RCFS§prKqMfCIU�Z(N�SG]RKqZ(K�M�NIO�P�N^gdT¢SGTJN^U

A = PDP t p�]RK�EhK D
TLg�C�ZRT¡CIVIN^UuCIH7O�CFSGEhT¢�

CIURZ
P
CIU�N^EbSG]RN^VIN^UuCIH.HJN�prK�E?SGEhT¡CIURVIQRH¡CIE\O�CFSdEdT¢� ���\](K�EdKzacN^EdKFW*SG](K�EdK�Kz�0TLgbS

D
CIURZ

P
ghQRM�]�SG]RCFS

(A− σI) = PDP t � (A− σI)
CFURZ

D
]uCf�^K�Sd]RK�gGCIOjK�KYTLV^KYUo�ICFHLQRKYgACIU(Z�ZRQRK_SGNjSG]RK m �¤HJ�IK�gbSGK�E

H¡Cfp_W
π(A − σI)

TJgAK´�RCFMYSGH¢��Sd]RK�U�QRO�l$KYE6NIa7P�N^gdT¢SGTJ�IK�KYTLV^KYU��FCIHJQRK�g$�A�\]RNIgdK�K�TJV^K�Uo�FCIHJQRK�gACIEdK�SG]RK
K�HJK�OjK�UoSGg�NIa

D
�/�²a.prKiM�N^U(gdTLZ(K�ErSd]uCFS

A
TLg�CIMYSdQuCIHJHJ�§Sd]RK6EdK�CIH$SdEdTJZRT¡CIVIN^UuCIHugb�0OjOjKYSGEhTLM?O9C�SGEdT �

T
W

prK�V^KzS �
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T − σI =

















α1 − σ β1 0 · · · 0

β1 α2 − σ β2

� � � ���

0 β2 α3 − σ

� � �
0��� � � � � � � � � �

βn−1

0 · · · 0 βn−1 αn − σ

















�\]RK_U�QROjK�EdTJMfCIH$SGEGCFURgdHLCFSGTJN^U|NIa
(T − σI) = PDP t V^T¢�^K�g\Sd]RKiacN^HLHJN�p�TJURV§EhK�M�Q(EdEdKYURM�K �







d1 = α1 − σacN^E
i = 1, . . . , n− 1

di+1 = (αi+1 − σ)− βi
2

di

�\]RK (�TJgdK�MzSGTJN^U�O�KzSG]RN¤Z�EdKY�¤Q(TLEdKYg
O(Nk)

1RNoCFSGTJURV�P�N^TLUoS�N^P�K�EdCFSGTJN^URg§p�T¢SG]
k
SG]RK|U�QRO�l$KYEjNFa

K�TJV^K�Uo�FCIHJQRK�g6TJU�Sd]RK§ghSGCIEhSdTLURV9TLUoSGKYEh�FCIH ���²a7p�K§p�CIUoS6SGN|MYN^OjPRQ(SGK�SG]RK�K�TLVIK�Uo�^KYMYSGNIEdg�W prK�]uCf�^K§SdN
QRghK�Sd]RKi�{Uo�^K�EhgdK��²SGK�EdCFSGTJN^UvO�KzSG]RN¤Z�CIURZ�TJS�CFHLgdNjCIZ(ZRg

O(Nk)
1RNoCFSGTJURV�P�N^TLUoS�N^P�K�EdCFSGTJN^URg��

� � ����� 8:>�<A<�'.! ��#/+ � ��� �b1�'�� 8:#%!���>A' +t;¨'*& �A#\1

[?�¤P�NISG](K�gdTJg	�
T
TJg�C�EdKfCFH.gh�¤O�OjKYSdEdTJMASGEhTLZRTLCIV^N^UuCFH$O�CFSGEhT¢�$W

T ∈MN(R)
�

�\]RTJgjOjKYSd]RN¤Z}MYN^URghTLghSdg�TLU�nuURZRTJURV�SG]RKvZRKYM�N^OjP�N^gdT¢SGTLNIU
T = QDQt p�]RKYEdK D

TLgjC�ZRT¡CIVIN^UuCIH
O�CFSGEhT¢�tCIURZ

Q
CIUyN^EhSd]RN^V^N^URCIH�O�CFSdEdT¢� ���\]RTJg|O�KzSG]RN¤Z4ZRT �$K�Ehg9acEdNIO Sd]RK�NISG](K�EdgvghTLURMYK�TJS|TJg

EdKYM�QREhgdT¢�^K��t�\]RK !{ZRTJ�¤TJZRK�#9ghSdK�PtEhK�MYQREdghTJ�^KYHJ��gh]uCIEdKYgjSd]RK�ZRK�MYN^O�P�N^ghTJSGTJN^U�PREhN^lRHLKYO TLUoSdN 5�gdQ(l0�
PREhN^lRHLKYO�g7NIa gdO�CIHLHJK�E/N^EhZRK�Ehg��/�\]RK !{M�N^U(�¤Q(K�E #?gbSGKYPqVoCFSd]RK�EhgrSG](K�S{prN§gdQRl¤�{EdKYgdQRH¢SGg�CIURZ9MYN^OjPRQ(SGKYg
SG](K�EhK�ghQRHJS�NIa`SG](K_acQ(HLH*Z(K�M�NIO�P�N^gdT¢SGTJN^U��k�{U : � ��> WRSG]RK�CIQ(Sd]RN^Ehg\Kz�0PRH¡CFTLUvTJS\TJUvZRKYSGCITLHJg��k�²S�TJg\N^URK_NIa
SG](K�a³CIgbSGK�gbSiOjKYSG](N0Z��?�²S�URK�KYZRg

O(N2)
1uNoCFSdTLURVjP$NITLUoSANIP$KYEGCFSdTLN^URg�ª 4

3
N3 CIEdK�CIHLghN9EhK���QRTLEhK�Z�acNIESG](K_SdEdTJZRT¡CIVIN^UuCIHJTL«fC�SGTLNIU¥¬*�
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�\]RK�PuCFEGCIHJHLK�HJTL«�CFSGTJN^U|NIa7SG]RK�EdKfCFHDK�TJV^K�U(PREdN^l(HLK�O°]uCIgAV^K�URKYEGCIHJHJ��l�K�K�UxgbSGQRZRTJK�Z�acN^E6[�TLVI]�B�KYEhacN^E"�
O�CIURM�Kre�N^OjPRQ(SdTLURV�N^U�gdQRP�K�EhM�N^OjPRQ(SdK�EhgDCIU(Z�ZRKYZRTLM�CFSGKYZ�M�HJQRghSdK�Ehg���¦�K7nuEdgbS`acN¤M�Q(g�N^U_SG](K�[?N^QRgdK´�
]RN^HJZRK�EAEdK�Z(QRMYSdTLN^URg�CIU(ZxSd]RKj�iTJ�^KYURgiEdNFS�CFSdTLN^URg�p�]RTLM�]�CIEdK�Q(gdK�Z:TLU�O�CIUo��ghTJSdQuCFSGTJN^URg�ª �i®�a³CIM´�
SGNIEdTL«�CFSGTJN^U W 3^CFM�N^lRT�O�KzSG]RN¤Z W/SGEhTLZRTLCIV^N^UuCFHLTL«�CFSGTJN^U W�KYSdMX¬&���\]�QRg�W%SG]RKYEdKvTLg�C�ghTLV^URT¢nuMfCFU�S§EdK�HLCFSGKYZ
prN^Eds�NIUxSd]RN^ghK�O�KzSG]RN¤ZRg����\]RK�U*W�prK�HLN¤N^s�CFSiSG]RK�PRCIEGCIHJHLKYH`SdEdTLZ(T¡CIV^NIUuCIH�K�TJV^K�URP(EdN^lRHJK�O ���²S_]RCIg
l�K�K�U�CIHLghN�]RK�CX�¤TJHJ�xghSdQRZRTJK�Z W�TLU�PRCIEhSdTLM�Q(H¡CIE6Sd]RK (�TJgdKYMYSGTJN^U�OjKYSd]RN¤Z��|�\]RTLEhZRHJ�IW`prKqURNFSGTLMYK9C�EdK´�
M�KYUoS�Z(�¤UuCIOjTLM�SGN^P(TLMjNIa\EdKYgdK�CIEdM�]�MYN^URgdTJghSdTLURV�NIa\PuCIEdCIHLHJK�HJTL«�TJURVqSG](K +iEh�¤HLNX�xghQRlRgdPRCIM�K|OjKYSd]RN0Z(g
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acN^E�HLCIEdVIKAgdM�CIHLKiKYTLV^KYURPREhN^lRHLKYO�g$�D¦�KiM�N^URMYHLQRZ(K6SG]RTJg�gdKYMYSGTJN^Uqp�TJSd]qp�NIEdsqN^UqSd]RKiEdK�CIH*KYTLV^KYURgdNIHJ�^KYE
acN^E\PRHLCFSdacNIEdOjg�NIak�_HJN^luCIH e�N^O�P(Q(SGTJURV��
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BDCFEGCIHJHLK�H �i® a³CIMYSdN^EdTJ«fCFSdTLN^U|lo�|OjKfCFURg�NIa�Sd]RK��_T¢�^KYURg\EdNISGCFSGTJN^URg
�{U : � � > W*SG]RK�CFQ(SG]RNIEdg6PuCFEGCIHJHLK�HJTL«YK_Sd]RK �i®�OjKYSd]RN0Z�l���O�K�CIURg6NFa%Sd]RKj�iTJ�^KYURg6EhNIS�CFSdTLN^U(g��i�\]RKz�
S�CFEdV^KzS�gdPuCIEhgdK�O9C�SGEdTJM�KYg�CIURZ}ZRK�ghTLV^U�SG]RKYTLEjCIHJV^N^EdT¢SG]RO ghN�CIg�SdN�OjTLURTJO�TJ«�K�SG]RK�ghSdN^EGCFV^K|gdPuCFM�K
URKYK�ZRg$���\](K�CIHLVIN^EdT¢SG]RO Q(gdK�g6Sd]RK�B �_£ OjK�ghgGCIVIK§PuCIghgdTLU(V|O�N¤ZRK�H�N^U�Sd]RK§ZRTJghSdEdTLl(Q(SGKYZ�OjK�OjN^Eh�
e�EGCf�����  °ghQRP$KYEdMYN^O�P(Q(SGKYE�� : � � > CIHJgdN�acN¤M�QRghK�gjN^U�SG]RK �i®3PRCIEGCIHJHLKYHLTL«�CFSGTJN^U����{URgbSGK�CIZ,NFa�Sd]RK
SGEdCIZRT¢SGTLNIUuCIH%�iTJ�^KYURg§OjKYSd]RN0Z*WDSG]RKqCIQ(SG](N^Edg§Q(gdK9Sd]RK9a³CIgbSh�b�iTJ�IK�URg�N^URK����²S�M�N^U(gdTLgbSGg§TJU�sIKYK�PRTJURV
SG](KjMYQREdEhK�UoS�O9CFSdEdT ��TJU�C|a³CIMzSGN^EhK�ZxacN^EdO

DA
p�]RK�EhK

D
TLg_C|ZRTLCIV^N^URCIHkO�CFSGEhT¢� ���\]RK�S�CIEhV^KYSdK�Z

Kz�0P�K�EhTLOjK�UoS�CIH�K�Uo�¤TLEhN^UROjK�UoS_TLgiCFHLgdN|Z(K�ZRTJMfCFSdK�Z�SGN|]RTJV^]�P�K�EhacNIEdO�CIURM�K�gdTLU(M�K�TJSAQRgdKYg�B �i£ CIURZ
SG](K@(�±.¯?e m ªcM�N^OjO§QRURTJMfCFSdTLN^U�HLTJlREGCIEb�_acN^EDSG](K@(�±.¯ m ¬�NIU�C6Z(K�ZRTJMfCFSdK�Z�M�HJQRghSdK�E/NIa¥prN^Eds�ghSGCFSGTJN^URg$�
%D�0P$KYEdTLOjK�UoSGCFSGTJN^URg�prK�EdK�PRHLCIURK�ZvN^U�C�gdQRP�K�EhM�N^OjPRQ(SdK�E\SGN¤N�ª�£�KYTLs�T�e m �,5^¬*�
BDCFEGCIHJHLK�H�SGEhTLZRTLCIV^N^UuCFHLTL«�CFSGTJN^U�lo�vO�K�CIURg\NIak[�N^QRghK�]RNIHLZRKYE\EdK�Z(QRMYSdTLN^URg
(r�AQRgdTJURV\SG]RK7[?N^QRgdKY]RN^HJZRK�E�EdK*1uK�MzSGTJN^URg�W : � 	 > CFTLOjg$SGN�PuCFEGCIHJHLK�HJTL«YK`Sd]RKkSGEhTLZRTLCIV^N^UuCFHLTL«�CFSGTJN^U�NIa¤ZRK�U(gdK
O�CFSGEhTLM�KYg��`�\]RK�O�CITJU�K �*NIEhS�M�N^URMYK�EhURg�Sd]RKrZRCFS�C?O9CIP(PRTLURV�N^U�SG]RKrPREdN¤M�KYgdghN^Edg`acN^HLHJN�p�TJURV�C�gh��QuCIEdK´�
SGNIEdQRgASdN^P�N^HLN^VF�'�6�\]RK§SGCIEdVIKYSGKYZ�PRH¡C�SdacN^EhO
TLgAMYN^OjP$N^ghK�Z�NIarCIU��{U�SdK�H/B�CIEGCFV^N^EdU�ghQRP�K�EdMYN^OjPRQ(SGKYE
p�TJSd]�SG]RK m ��­6£ 8 m N^P$KYEGCFSdTLURVigb�¤ghSGKYO ª³ZRKYZRTLM�CFSGKYZ�SdN�O�CIghgdTJ�IK�H¢�§PuCIEdCIHLHJK�H �{ZRTJghSGEhTLlRQ0SGK�Z�OjK�OjN^Eh�
gh�¤gbSGK�Ojg�¬&�6�{U : � � > W$Sd]RK§CFQ(SG]RNIEdg6CFHLgdN�P$KYEhacN^EhO°C9PuCIEdCIHLHJK�H SGEhTLZRTLCIV^N^URCIHLTJ«fCFSdTLN^U�l���OjKfCIURg�NIakSd]RK
[�NIQRgdKY]RN^HLZ(K�EiEdK*1uK�MzSGTJN^URg���¯\MYSdQuCIHJHJ�^W$SG]RK�V^N^CIHDNIa7Sd]RK�CIQ(Sd]RN^EhgiTLgASdN|ZRNvC �_±�ZRTLCIV^N^UuCFHLTL«�CFSGTJN^U
TLU�N^EhZRK�E?SGN�nRURZ�CIHJH SG]RK�K�TJV^K�Uo�^KYMYSdN^Edg�ª�p�K�]uCf�^K§P(EdKY�¤TJN^QRgdH¢�vPREdKYgdKYU�SdK�Z�SG](K (�TJgdKYMYSGTJN^U�CFURZ�Sd]RK
 AT¢�0TJZRK 
�e�N^UR��QRKYE�O�KzSG]RN¤ZRg�acN^E%SG]RK6SdEdTJZRT¡CIVIN^UuCIHuKYTLV^KYURPREdNIlRHLKYOq¬&�D�\]RK�£�B/�%O�KYgdgdCIV^KiPuCIghgdTJURV
OjN0ZRKYH TLg\Q(gdK�Z�N^U|SG]RK_�,(\£ m B95�gdQRP�K�EhM�N^OjPRQ(SdK�E��

� � � � � ���/+(�%-"-"'.-����*�k&��b#7! # ��& ��' &¤+9�"1��"�7@7#%!��7-�'/�b@7'.!?<A+R#/5A-b'�;

BDCFEGCIHJHLK�HJTL«YTLURV�SG]RK (�TJgdK�MzSGTJN^U|O�KzSG]RN¤Z
: �'5 > ]RCIURZRHJK�g�Sd]RKqSGEhTLZRTLCIV^N^UuCFH%KYTLV^KYURPREhN^lRHLKYO lo��O�K�CIURg§NIa�Sd]RK (�TJgdK�MzSGTJN^U�O�KzSG]RN¤Z��x�\]RKvCIQ¤�
SG](N^Edg%M�]RN¤N^gdK?SGN�QRgdK?SG]RK?O§QRH¢SGT¢�²gdKYMYSGTJN^U�ghSdEGCFSdK�VI��TJU�N^EhZRK�E7SGN�TLghN^H¡CFSdK\KfCIM�]9K�TLVIK�Uo�FCIHLQRK?CIU(Z�SG](K�U
SG](K�TLE�Kz�¤SGEdCIMYSdTLN^U|TJg\ZRN^URKiQRghTLURV§Sd]RKiPuCIEdCIHLHJK�H�lRTLghK�MzSGTLNIU��k�\]RK_�{Uo�^KYEdgdK��²SGKYEGCFSdTLN^U|OjKYSd]RN¤ZvCIHLHJN�p�g
M�NIO�PRQ0SGTLU(V�SG]RK|KYTLV^KYUo�^K�MzSGN^Ehg���©uN^E�SG]RKvKz�0P�K�EhTLOjK�UoS�CFSdTLN^U(g�WkprK|URNISGTJM�KqSd]RK|QRgGCFV^K|NIa�S{p�NxghQ0�
P�K�EdMYN^OjPRQ(SGKYEdg ��¯�HLHLTLCIUoS�© 
-� � CIURZ}e�EdCX� 
��"£�B9� 	 � ���{U : � . > WkSd]RK|CIQ0SG]RN^Ehg�gbSGQRZ(��TLU�Z(KYS�CFTLHLg
SG](K�PuCFEGCIHJHLK�H$lRTLghK�MzSGTLNIU�CIU(Z�Sd]RK_O§QRHJSdT¢�²gdK�MzSGTJN^U|P$KYEhacN^EhO9CFURM�KYg�acNIE�Sd]RK_]o�0P�K�EhM�QRl�K�O�QRHJSdTLPREhN0MYK�gb�
gdNIEdg6�{UoSGKYHkT¡B m e%�,5 �i�\]RKz��gd](N�p�SG]RCFS6M�]RN¤N^ghTLURV|l�KYS{prK�KYU�N^U(K§NIa/SG](N^gdK§gbSGEdCFSGKYV^TLKYg6ZRK�P�K�U(ZRg_N^U



����� ���#	 �
� � � 
�� ����� �#	�� � ��� � �#� 	�
 � � �7

	 �
	�� 	
� ��� �#� 
 �����#	�
 � ��� � 
Y�

gdNIO�K�PuCIEdCIOjKYSGKYEdg �kN^EdZ(K�E%NIa*Sd]RK�P(EdN^lRHJK�O�WoU�QRO§l�K�E%NIa.PREhN0MYK�gdghN^EdgYW0EdCFSGTJN_NIa�CIEhTJSG](O�KzSGTLM�M�N^gbSGgrSdN
M�NIO�O§Q(URTLM�CFSGTJN^UqM�NIghSGg$�
BDCFEGCIHJHLK�H  ATJ�¤TJZRK 
 e�N^UR��QRKYE�OjKYSd]RN¤ZRg
: � �2> PREhK�gdKYUoSGg9Sd]RK�PRCIEGCIHJHLKYHLTL«�CFSGTJN^U�NFa6SG]RK  AT¢�0TJZRK 
 e�N^UR��QRKYE|e�QRPRP�K�U(g9OjKYSG](N0Z��tBDCIEdCIHLHJK�HJT¢�
«�TJURV§SG](TLg�EhK�MYQREdghTJ�^K_OjKYSd]RN0Z|TJg�O§Q(M�]�OjN^EhK6M�]uCIHJHLK�U(V^TLURV�acN^E�Z(TLghSdEdTJlRQ(SGKYZqSG]uCFU|gd]uCIEhK�ZvOjK�OjN^Eh�
gh�¤gbSGK�Ojg����\]RKjCIQ(Sd]RN^Ehg6P$KYEhacN^EhO�KYZ�C9S{prN�Z(TLOjK�URghTLN^UuCFH`l(HLN¤M�s�Mz�0MYHLTJM§ZRTLgbSGEhTLlRQ(SdTLN^U�NIa%ZuCFSGC��i¯
ZREdCXp�lRCIM�s�NIa*Sd]RK�TJE/TLOjPRHLKYO�KYU�SGCFSGTJN^U§TJg7Sd]RK�]RTLVI]�OjK�OjN^Eh��QRgGCFV^K§ª

2n2 ¬*�k�\]RK?Kz�0P�K�EhTLOjK�UoS�CFSdTLN^U(gCIEhK�Z(N^URK_N^U�CIUv�,(\£ m B 5�CIU(Z�CIHJgdNjC�ZRK�Z(TLMfC�SGK�Z�M�HJQRghSdK�E�NIa`p�NIEds�ghSGCFSGTJN^URg��
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�{U : � = > W�SG]RKrCIQ(Sd]RN^Edg�PREhK�ghK�UoSDSd]RK�B7±.¯6­ m 8tPuCIM�s�CIVIK%p�]RTJM�]�TJg`lRCIgdKYZ§N^U_SG]RK%gdKY�¤Q(K�UoSGTLCIH¤±�¯A­ m 8
TLOjPRHJK�OjK�UoS�CFSdTLN^U
�9�²S§Q(gdK�g�SG]RKq£�B/�iO�KYgdgGCFV^K9PuCFgdgdTJURV�OjN0Z(K�H%CIURZ�TLg_SGK�gbSGKYZ�N^U�C�ghQRP�K�EdMYN^O��
PRQ(SdK�E�e�EGCf�x���'% N^E_N^U�CvM�HLQ(ghSGKYE_NIa�O§Q(HJSGTJPREdN¤M�KYgdghN^Edgjª 5 � �?HJSdEGC m B�¯6®\e p�NIEds�ghSGCFSGTJN^URg�¬&��¦�K
URNISdTLMYK�CIHJgdN�SG]RK�BDCFEGCIHJHLK�H*¯6®?B$¯?e + PuCIM�s�CIV^K2�\�²SATJg?Sd]RK�PuCIEGCFHLHLKYH*�^KYEdghTLN^U�NIa/¯6®?B$¯?e + �\p�](TLM�]
TLOjPRHJK�OjK�UoSGg�Sd]RK|TLOjPRHJTLM�T¢S�EhK�gbS�CIEbSGK�Z,±.¯6­Ae � 8 m CIU(Z,¯A®�­ 8_±� A��OjKYSG](N0Z ª³�"®�¯i£�¬*�/�²S�QRghK�g
SG](K (�±.¯ m e CIU(Zx£�B/�?CIURZ W�p�N^Ehs�giN^U�O�CIUo��PRCIEGCIHJHLKYH¢�²�IK�MzSGN^EhT¡CIH ghQRP�K�EdMYN^OjPRQ(SGKYEdg�ª e�EGCf�o�be ; 00W
e�EGCf�����  �W��{U�SdK�H  AK�H¢S�C(W/e\£v��5�0�0�CIURZ�e\£v� �^¬�CIURZ�MYHLQRgbSGKYEdg§NIa\prN^Ehs¤gbS�CFSdTLN^U(g�� : � ;7> PREhK�ghK�UoSGg
SG](K§£�Q(HJSGTJPRHLK %k�0PRHJTLMYTJSGH¢�q®�K�gbS�CIEbSGKYZ�¯AEhURN^HJZRT`£�KYSd]RN¤Z�ª�£?%%®�¯i£�¬\p�]RTJM�]�TJg�luCIgdKYZ�N^U�SG]RK %D���
PRHJTLM�T¢SGH¢�9®�K�gbS�CIEbSGKYZ�¯AEhURN^HJZRT�£�KzSG]RN¤Z�ª %7®?¯6£�¬*�u�²S?PREhN^P$NIgdK�g�CIHJgdNjCIU�CIgh�¤URM�]REhN^URN^Q(g��^KYEdghTLN^U�NIa
£ %7®�¯i£ �`¯ MYN^OjPuCIEdTJgdN^U:TLg_ZRNIURKjp�T¢SG]�NISG]RKYE�OjKYSd]RN¤ZRg�HJTLsFKj�"®�¯i£ �`�\](K9Kz�0P�K�EhTLOjK�UoS�CFSdTLN^U(g
M�NIO§lRTLU(K_C�MYHLQRgbSGKYE?NFa�prN^Eds�gbS�CFSdTLN^URg?CIU(Z�Cje\£ ��PuCIEdCIHLHJK�H*O�CIM�]RTJURK��

����� � � � � � �z���}� � ��������� � �§� � �F� � � �Y� � � �y���7� 	��q����� �

�{U : � ;�> WISG](K\CIQ(Sd]RN^EdgDQRURZRKYEdHLTJURKrSd]uCFS�SG]RK\CFgh�¤URM�]REhN^URN^QRg%£?%%®�¯i£ TJgkCAV^N¤N¤Z�MfCFURZRTLZRCFSGKrO�KzSG]RN¤Z
acN^Er�iHLN^luCFH¥e�N^OjPRQ(SGTJURV����{U : �'0 > W�Sd]RTLg%OjKYSG](N0ZjTLg7ZRTJghSGEhTLlRQ0SGK�Zjlo��O�K�CIURg%NIa*Sd]RK�®�B%e,PREhN^V^EdCIO��
OjTLURV�gdNIa�S{p�CIEhK6­�KzSGghN^HJ�IKAN^UjS{p�N§VIK�N^V^EdCIPR]RTJM�gdTJSdK�grTLUoSGKYEdM�NIURURK�MzSGKYZ|l��j�{UoSGKYEdURKzS��/�`N§N^QRE%s�URNXp��
HLKYZRV^K�TJS�TLgANIURK§NIa/Sd]RK�EdCIEdK�ghSGQ(ZRTLKYg6NIa/SG](K§K�TJV^K�URP(EdN^lRHJK�O N^U�Cq�_HJN^luCIH�e�N^OjPRQ(SdTLURV�PRH¡CFShacN^EdO �
[�NXprKY�IK�E�WRprK6l�K�URKznRS\acEdNIO C�gdTLVIURTJnuM�CIUoSrprN^Ehs�N^UqSd]RKAO�CFSdEdT¢�����^K�MzSGN^ErPREdN¤ZRQRMzS_ª £ �iB%¬rTJU : � . > �
�\]RK�CIQ0SG]RN^Ehg�acN¤M�QRgDN^U�gdKz�^K�EdCIHRlRHJN0M�s_PuCFEhSGT¢SGTJN^URTLU(V�gbSGEGC�SGK�VITLK�g$�D�\]RKz�§ghTLO§QRHLCFSGK%ZuCFSGCAP�K�EdghTLgbSGK�U(M�K
CIURZ�ghSGQ(Z(�xSG]RKql�K�U(KYnRS�NIa�CIU�NIQ(Sh�²NIa¡�{MYN^EdK�OjK�M�]uCIU(TLgdO �v�{U�SG](TLg_p�N^Ehs¥WDSG]RK�O9C�SGEdTJM�KYg�CIEhK9URNFS
SGEdCIURgbacK�EdEhK�ZvlRQ(S�VIK�URKYEGCFSdK�Z�N^U|KfCIM�]�M�NIO�PRQ0SGTLU(V§URN¤ZRK��/�²S�TJg\C�ghSGEhN^URV�]o�¤P$NFSG]RKYgdTLg�l�K�M�CIQRgdKiSd]RK
M�NIghS?NIa�M�N^OjO§QRURTJMfCFSdTLN^U9N��IK�E�SG]RK_�{UoSGKYEdURKzS?TLg?C�O9C��hNIE�TLghgdQRK_TLU��iHLN^lRCIH.e�N^OjPRQ(SdTLURV��
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�{U�N^EhZRK�E6SdNqgdN^H¢�^K§Sd]RK�EdK�CIHDgb�0OjOjKYSGEhTLM�K�TLVIK�URPREhN^lRHJK�O�W$prK�M�]RN0NIgdK�CqU�QROjK�EdTJMfCIH`OjKYSG](N0Z�MYN^O��
P�N^gdKYZ�NIa7S{p�N|O�CITLU�ghSdK�PRg$��¦�K�nuEhghS6SdEdTLZ(T¡CIV^NIUuCIHLTJ«�K6Sd]RK§EdK�CIHDgb�¤O�OjKYSdEdTLM�O9C�SGEdT �

A
lo��OjKfCFURg

NIa7SG](K�±�CIURM�«YN^g6SGEhTLZRTLCIV^N^URCIHLTJ«fCFSdTLN^U|OjKYSd]RN0Z
� m K�MYN^URZRH¢�^W prK�gdN^H¢�^K�Sd]RK§SGEhTLZRTLCIV^N^UuCFH.gh�¤O�OjKYSdEdTJM
K�TJV^K�U(PREdN^l(HLK�O
NFaDSG](K�O�CFSGEhT¢�

T
p�T¢SG]�SG]RK6(�TLghK�MzSGTLNIU�OjKYSG](N0Z����\]RK��{Uo�^KYEdghK��²SGK�EdCFSGTJN^U�O�KzSG]RN¤Z

TLg\Q(gdK�ZvSGN�MYN^O�P(Q(SGK6Sd]RK_K�TLVIK�Uo�^KYMYSGNIEdg�NIa
T
p�]RTJM�]�CIEhKiURK�MYK�ghgGCIEb�vTLUvN^EdZ(K�E�SGN�nuU(Z�Sd]RN^gdK_NIa

A
�

86QRE\OjNISGT¢�IC�SGTLNIURgracN^E�Sd]RN^ghK�U�QROjK�EhTLM�CIH OjKYSG](N0ZRg?CIEhKiV^TJ�IK�U�TLU�e�]uCIP0SGK�E�	��
�{U:N^EdZRKYE�SdNvZRTLgbSGEdTJlRQ(SdK�Sd]RKj±�CIURM�«YN^g�O�KzSG]RN¤Z W.p�K�S�CFsIKjTLUoSGN�CIMYM�N^QRUoS�SG]RK�gbSGQRZ(�:NIa%SG](K�HLCIEdV^K
gdM�CIHLK_ZRTJghSdEdTLl(Q(SGKYZ�£ �6B�TLU : � . > ��©uN^E�SG]RK�ZRTJghSGEhTLlRQ0SGTLNIU�NFaDSG](K6(rTLgdKYMYSdTLN^U�O�KzSG]RN¤Z WRacN^HJHLNXprK�Z�l��
SG](Kq�{Uo�^K�EhgdK��²SGKYEGCFSdTLN^U W�p�K9acN¤M�Q(g�N^U�SG](KqPuCIEdCIHLHJK�H (�TLghK�MYSdTLN^U
���{U�CIZRZRT¢SGTJN^U W�prK|QRghKvCIg�a³CIE�CIg
P�N^gdghTLlRHJK6SG]RK_N^P(SdTLOjTL«YK�Z (�±.¯ m CIU(Z�±.¯6B�¯?e +=HLTJlREGCFEdTLKYg��
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�iHLN^luCFH7e�N^OjPRQ(SGTJURVvZRN¤K�g�URNIS�M�N^OjP�KYSGKj[?TLV^]�B�KYEhacN^EhO9CIU(M�K�e�N^OjPRQ(SGTJURV���¦�KjO§QRgbS�M�N^URghTLZRKYE
TJS�CIgAC�MYN^O�P(HLK�OjK�UoSGCIEh�|ghM�TJK�UoSGT¢nuM�SdN0N^H ���\]RK�M�]RN^TLMYK�l�KYS{prK�KYU��_HJN^luCIH.CFURZ�[�TJV^]�B�K�EbacN^EdO�CIURMYK
e�N^OjPRQ(SdTLURV�ZRKYP$KYURZRg�N^UvgdKz�^KYEGCIH.a³CIMzSGN^Ehg�CIURZ�CIHLghN�N^UqSG](K_SGCIEdVIKYSGKYZvM�EdT¢SGKYEdTLNIUqNIa�P$KYEhacN^EhO9CIU(M�K��
e�QREhEdK�UoSdHJ�^W*gdQRP�K�EhM�N^OjPRQ(SdK�Edg6CIURZ�P�NXp�KYEhacQRHkMYHLQRgbSGKYEdgiCIEhK�O§Q(M�]�l$KzSdSGKYEATJU�N^EdZ(K�E�SdNqEdK�CIM�]�]RTJV^]
©DHJN^P��Fg$�?�\](KY��CIEdK�CIHLghN9EhK�HLKz�FCIUoS�acN^E�CIHJH�CFPRPRHLTJMfCFSdTLN^U(g\EdK���QRTJEdTJURV9MYN^U(nuZRKYUoSGT¡CFHLTJS{�IW¥EdK�HJT¡CIl(TLHLT¢S{�9NIE
EdK�CIH¢��SGTJO�K�M�N^URgbSGEdCITLUoSGg$�
e�N^URghTLZRKYEdTJURVASG](K\]¤Q(V^K�U�QRO§l�K�EkNFa$MYN^OjPRQ(SGKYEdgkMYN^URURKYMYSdK�Z�SGN6�{UoSGKYEdURKzSfW0�iHLN^luCFH(e�NIO�PRQ0SGTLU(V6O9Cf�
PREhN��¤TJZRK?C_ghN^HLQ0SGTLNIU�SGNiSG](K�CFPRPRHLTJMfCFSdTLN^U(gDURKYK�ZRTJURV�C_HLCIEdVIK�CIO�NIQRUoS/NIa$ghSGNIEGCIV^K\ghPuCIMYK��/�\]RTJg/P$N^TJUoS
MfCFUql$K6C�M�EhTJSGTJMfCIHRa³CFMYSGNIEracN^E�[�TLVI]qB�KYEhacN^EhO9CFURM�K_e�NIO�PRQ0SGTLU(V�ZRKz�0TJM�KYg��7­�K´�¤SfW(�IK�Eh�9H¡CIEhV^K?U¤Q(O�K´�
EdTJMfCIH�PREhN^lRHLKYO�g�CIEdK6NFa�SGK�U|OjK�OjN^Eb���DN^E�e�B �\�{TLUoSdK�URghTJ�^K2�7�\]RKY�|M�CIUvCIHJgdN§l�K6ZRTJghSGEhTLlRQ0SGK�ZvCFO�N^U(V
�^NIHLQRUoSGKYK�E_O�CIM�]RTLU(K�g6NIa�Cv�iHLN^luCFHke�N^OjPRQ(SdTLURV|P(H¡CFShacN^EdO ��­�KY�IK�EbSG]RKYHLK�ghg�W�SG]RK�MYN^OjPRQ(SGTJURVqSGTJO�K
O§QRgbS6URNFS6l�K�C9M�EhTJSdK�EdTJN^U�NIa/SG]RK�QRgdKYE��6�\]RK�O�N^gbS6PREhN^OjTLgdTJURV�CIgdP�K�MzSiNIa%�iHLN^lRCIH�e�N^O�P(Q(SGTJURV9TJg
SG](K§Cf�FCITLHLCIlRTLHJTJS{��NIa/SG](K��^N^HJQRUoSGKYK�EAO�CIM�]RTJURK�g$�A�\]RTJg6Cf�FCITLHLCIlRTJHLTJS{��PREhN��¤TJZRK�g6ghKY�IK�EGCFH/CIZ(�FCIUoS�CFV^K�g$�
©DTJEdghS�W7TJS�N �$K�Ehg�C�gdTLVIURTJnuM�CIUoSjCIOjN^QRUoS�NIa�EdKYgdN^QREhM�KYgjSdN:P�K�NIPRHLK9p�](N�]uCf�IK�URN:CIMYM�KYgdg�SGNx]RTJV^]
P�K�EhacNIEdO�CIURM�K9ZRKY�¤TLMYK�g$���\]RTJg�PREdNIlRHLKYO NFaACFM�M�KYgdg�TLg�Kz�0PRH¡CFTLURKYZ�lo��SG]RK9Kz�0P$KYURgdT¢�^KvM�NIghS�NIa�ZRK´�
ZRTJMfCFSdK�Z|O�CIM�]RTLU(K�g�CIURZ�CIHJgdN§ghTLOjPRHJ�jlo�qSd]RKiHLTJO�T¢SGK�Z�CIURZvEhK�ghSdEdTJMYSGKYZvQRgGCIVIKiNIa`gdQRP�K�EhM�N^OjPRQ(SdK�Edg$�
m KYM�N^URZ*W.�iHLN^luCFH`e�N^O�P(Q(SGTJURV�P(EdNX�¤TLZRKYg6C�MYN^UoSGTJU¤Q(N^QRg6Cf�FCITJH¡CIlRTJHLT¢S{��NFa/M�N^OjPRQ(SdTLURVjEdKYgdN^Q(EdM�KYg��?�²S
TLg�CIU"!"NIU�ZRK�O�CIURZ$#qCFM�M�KYgdg�ghM�]RK�OjK��:�{U�NISG](K�E�prN^EhZRg�W7P�K�N^PRHJK9QRghKq�^N^HJQRUoSGKYK�E§O�CIM�]RTJURK�g§NIURHJ�
p�]RKYU�URKYK�ZRKYZ����\]�QRg�W�acN^EiPRQ(URMYSdQuCIHkQRghKIW`TJS_Cf�IN^TLZRgil(Q(�¤TLURVvgdNIO�K�ZRKz�¤TLM�KYgiSG]uCFSiprN^QRHJZ�URNIS_l�K
QRghK�Z�CIV^CITLUvH¡C�SGK�E$� %k�IK�U�NXp�URKYEdg?NIak]RTJV^]�P$KYEhacN^EhO9CIU(M�K_M�N^OjPRQ(SdK�Ehg�O�Cf�|l$K�M�NIURM�KYEdURKYZ�lo�|SG]RTJg
H¡CFghS�P�N^TLUoS��
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�{UqSG](TLgrSd]RK�ghTLgYWRN^QRE�P(EdK�MYTLghK6V^NoCIH�EdKYVoCIEhZRTLURV��_HJN^luCIH$e�N^OjPRQ(SdTLURV�TLgrSdN�gdN^H¢�^KA�IK�Eb�qH¡CFEdV^K�U¤Q(O�KYEdT¢�
MfCFH`P(EdN^lRHJK�Ojg��\�{U�PuCIEhSdTLMYQRH¡CIE\prK�acN¤M�QRg?N^U�SG]RK�EdKfCFH`gb�¤O�OjKYSdEdTLM_KYTLV^KYURPREdNIlRHLKYO?���\](TLg?M�]RN^TLMYK�TJg
O�CITLURH¢�jZRQRK6SGN§Sd]RK_TLOjP$NIEhS�CFURM�K�NIa�SG]RTJg\U¤Q(O�KYEdTLM�CIH*P(EdN^lRHJK�O TLU|O�CIUo�qTJURZRQRgbSGEdTLCIH CFPRPRHLTJMfCFSdTLN^U(g��
�\]RKiPuCFV^K6EGCFURs�TLURV�OjKYSd]RN0Z|NFa.SG]RK��iN0NIV^HLK�p�KYl0�{ghKfCIEhM�]�KYURV^TLU(K6TLg�C�a³CIO�NIQRg�Kz�(CIOjPRHJK6NIa�K�TJV^K�U¤�
PREhN^lRHLKYO=QRgdCIV^K2�k�\]RK�K�TJV^K�URP(EdN^lRHJK�O�TLg/CIHJgdN_CiEdKYgdN^Q(EdM�K´�{ZRKYO9CFURZRTLU(V�P(EdN^lRHJK�O �D�²S7EhK���QRTLEhK�gre�B �
MY�¤MYHLK�gYWoO9CFTLU�O�KYO�N^Eb�^WFZRTLghs�ghPuCIM�K�CIURZ§T¢SDV^KYURK�EdCIHLH¢��V^K�URKYEGCFSdK�gkO�QRM�]�M�N^OjO§QRU(TLMfC�SGTLNIU��.�\]�QRg�W�TJS
TLg�C§V^N0N¤ZqM�]RNITLM�KANIa`ghSGQ(Z(�|l�K�MfCFQRgdKiT¢S�K�OjPR]uCFgdTL«YK�g�Sd]RKiO9CFTLU9M�]RCIHLHJK�URV^KYg�SG]RCFS�prKiO§QRghS�]RCIURZRHJK
TLU�N^EdZRKYE�SGN�Q(gdK��iHLN^luCFH�e�NIO�PRQ0SGTLU(V�acN^E§HLCIEdV^KjM�NIO�PRQ0S�CFSdTLN^URg$��¦�K9PREdN^P�N^ghK|gdN^OjKqgdNIHLQ(SdTLN^URg
SGNvOjN^ghS_NFarSd]RN^gdKjM�]uCIHJHLKYURV^K�g$�§¦�K�QRU(ZRK�EhHLTLU(K�CIHLghNvacKzp¨PREhN^lRHJK�Ojg6SG]uCFS_gh]RN^QRHJZxl$K�N^P(SdTLOjTL«YK�Z��
�\]RKqNX�IK�EGCFHLH�MYN^UoSGEhTLlRQ(SdTLN^U�TLg�SGN�PREhN^P$NIgdKqCx�iHLNIluCIHre�N^OjPRQ(SGTJURV�P(EdN^V^EdCIOjO�TJURVvO�KzSG]RN¤ZRN^HJN^VI�
acN^E6MYN^OjPRHLK´��HJTLURK�CIE6CFHLV^KYlREGC9P(EdN^lRHJK�Ojg�W U(NISiEdKYghSdEdTLMzSGKYZxSdN9SG](K�EdKfCFHkgh�¤OjO�KzSGEdTJM�KYTLV^KYURPREdNIlRHLKYO?�
�{Uygd]RNIEhSqSdK�EdO�W\p�K�prN^QRHJZyHLTLsFK�SdN�K�URMYN^QREGCFV^K�EdKYgdKfCFEdM�]RKYEdg|SGN�P�K�EbacN^EdO gdTJO�TJH¡CIE�ghSdQRZRTJK�g����{U
HLNIURV�SGK�EhO�W¥O�CIUo�vM�N^OjPuCIU(TLK�g�O�Cf�|QRgdK§�_HJN^luCIH.e�N^O�P(Q(SGTJURV�PRH¡CFShacN^EdOjg�acN^E�gdNIHJ�¤TLURV�SG](K�TLE�HLCIEdV^K
CIPRP(HLTLM�CFSGTJN^URg$�

�|�
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¦�K9nuEdgbS�PREhK�gdKYUoS�SG]RKqPRCIEGCIOjKYSdEdTJMz�{PRCIEGCIHJHLKYHDPuCIEdCIZRTJV^O�p�]RTLM�]�TJg�Sd]RKqgdTJO�P(HLK�gbS§N^U(K�acN^E§�_HJN^luCIH
e�N^OjPRQ(SdTLURV����\]RTLgrPuCIEdCIZRTLVIO TLg%QRgdQuCFHLHJ��M�CIHLHJK�Z�S�CIghs^�²a³CIEhO�TJURV��D�²S�MfCIU9l$KACIZ(�FCIUoS�CIVIK�N^QRghHJ��QRghK�Z
TLUvN^EhZRK�E�SdN�ghN^HJ�IKiSG]RK_EdK�CIH gb�0OjOjKYSGEhTLM6SdEdTLZ(T¡CIV^NIUuCIH�K�TLVIK�URPREhN^lRHJK�O �

� � ����� � ' �A!��²&��"#%!°�7!A1 �"!r&0' +R'��o& ��# ��& �A' <6�/+R�%;¨'*&¤+9����"X<6�/+R�7-"-"'.-����0;

¯¨PuCFEGCIOjKYSdEdTLM´�{PuCFEGCIHJHLK�H CIPRPRHJTLMfC�SGTLNIU�TJgAM�NIO�P�N^gdKYZ�NIa%C9ghTLURV^HJK�ghK���QRK�UoSdT¡CIHkghN^QREhM�K§MYN0ZRK§CIURZ�gdK´�
�^KYEGCIH�ghKYSGg�NIa6PRCIEGCIOjKYSdK�Ehg��� ATJghSdEdTLl(Q(SGTJURV�gdQRM�]�CIU�CIP(PRHLTJMfCFSdTLN^U�MYN^URgdTJghSdg�TJU,ghK�URZRTJURVxSGN�K�CIM�]
�^NIHLQRUoSGKYK�E�U(N0ZRK?SG]RKAgGCIOjKAPREhN^V^EdCIO lRQ(S�C�ZRT �$K�EhK�UoS�TJURPRQ(S�gdKYS�NIa�PuCIEdCIOjKYSGKYEdg$� %%CFM�]q�^N^HJQRUoSGK�KYE
URN¤ZRK?M�N^OjPRQ(SdK�g�C_gdP�K�MYTJnuM�N^Q(SdPRQ(SrEdK�ghQRHJS%p�TJSd]RN^Q(S�CIUo��M�NIO�O§Q(URTLM�CFSGTJN^U�p�TJSG]�SG](KANISd]RK�E%URN¤ZRK�g$�
(r�|V^CFSG]RKYEdTJURV�CIHLH$SG]RK_N^Q(SdPRQ(S?EdKYgdQRH¢SGgYWRp�K_V^KzS?Sd]RK_V^HLNIluCIH*ghN^HLQ0SGTLNIU��
(r�4URCFSGQREhKIW6Sd]RKxPuCIEGCFO�KzSGEdTJMz�²PuCIEGCFHLHLKYHLTJgdO EhK�gdP�K�MzSGg�C�Z(TLghSdEdTJlRQ(SGTJURV�M�NIO�PRQ0SGTLU(V}OjN¤ZRK�H � �\]RK
ZRTJghSGEhTLlRQ0SGK�Z9O�N¤ZRK�H*CIHLHJNXp�g�gd]RCIEdTJURV�SG](K_e�B � CIURZ|OjK�OjN^Eh��prN^Eds�HLN^CIZvCIURZvCIHJgdN�Sd]RK6ZRTJgdsjgdPuCFM�K
QRgdCIV^K��`�\]RK7PuCIEdCIOjKYSGEhTLM´�{PuCIEdCIHLHJK�HJTLgdO,QRgdKYgDC�PRCIEGCIHJHLKYHIM�NIO�PRQ0SGTLU(V�O�N¤ZRKYH^N^URH¢�AT¢a0ghKY�IK�EGCFH^S�CIghs¤g`CIEhK
gdKYUoSrSdN��IN^HLQRUoSdK�K�E%URN¤ZRK�grCIURZ�SG](K�U9ghN^HJ�IK�ZjTLUjPuCIEdCIHLHJK�H ���\]RTJg7P$N^TJUoS7O§QRghS%l�K�MYHLK�CIEdH¢�§QRURZ(K�EdHJTLURKYZ
CIH¢SG]RN^Q(V^]�T¢S6gdKYK�OjgiN^lo�¤TLN^QRgACFa�SGKYEhp�CIEdZ(g��_�\]RK�PuCIEdCIHLHJK�H.OjN0Z(K�H`PREdNX�¤TLZRKYg6a³CIghSdK�E6MYN^OjPRQ(S�C�SGTLNIURg��
¦�KrURNFSGTLMYK7gdN^OjK7gdP�K�M�T¢nuM%P$N^TJUoSGg�NIaRTJUoSGK�EhK�gbSDNIa¤SG](K%SGCIgds^�²a³CFEdOjTLURV\OjN0Z(K�H^acN^E��iHLN^luCFH�e�N^OjPRQ(SGTJURV��
©DTJEdghS�WFSd]RK�CIl(gdK�U(M�K\NIa¥MYN^O�O�QRURTLM�CFSGTJN^U_l$KzS{p�KYK�U�SG](K�S�CIghs�gkTLg`acQRURZuCIOjK�UoSGCIH0l�K�M�CIQRghK�p�NIEdHLZ¤�²p�TLZ(K
M�NIO�PRQ0SGTLU(V?Q(gdK�g�SG]RK%�{UoSGK�EhURKYSDURKYS{prN^Ehs_p�](TLM�]§]uCFg�P�N0NIE`P�K�EbacN^EdO�CIURMYK�g`CIURZ�TLg`URNIS`EdKYHLTLCIlRHLK2���\]RK
HLKYgdg�prK6QRghKiTJS�W¤Sd]RK6l�KYSdSdK�E$� m K�MYN^URZ W(Sd]RKA�IN^HLQRUoSdK�K�E�P$KYK�Edg�ZRN�URNIS�URK�KYZqSGN�s�URNXpwKfCIM�]vNISd]RK�E$�k�²S
V^EhKfCFSdHJ��gdTLOjPRHJTJnuKYg�SG]RKighM�]RK�Z(QRHLTJURV�O9CIURCIV^K�OjK�UoS\NFa�Sd]RKiZRK�P(HLNX�¤O�KYU�SA�iHLN^lRCIH e�NIO�PRQ0SGTLU(V§SGN¤N^H �
�\]RKjZuCFSGCvO�CIUuCFV^K�OjK�UoS_TLg_CFHLgdN|�IK�Eh�:K�CIgh�xghTLURMYKjP(TLK�MYK�g_NIa�ZuCFS�CvCIghgdN¤M�TLCFSGKYZ:SdNvSd]RK�S�CIghs¤g�CIEhK
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TLU(ZRK�P�K�URZ(K�UoS��_©DTJUuCIHJHJ�^WRacEhN^O
SG]RK�QRgdKYE6P$NITLUoS6NIa/�¤TJKYp_W*Z(KY�^KYHLN^P(TLURV9Sd]RTLg�s�TLURZ�NFa%CIPRPRHJTLMfC�SGTLNIU�TJg
EdKYH¡CFSdTJ�IK�HJ��KfCFgh�vl�K�MfCFQRgdK�NIa`SG]RK�CIlRghK�URMYK�NFa�SGCIgds^��CIURZvZuCFSGC�� 1RN�p-�
£�CIUo�jPuCIEdCIOjKYSGEhTLM´�{PuCIEdCIHLHJK�H(CIURZ9Z(TLghSdEdTJlRQ(SGKYZ9CFPRPRHLTJMfCFSdTLN^U(g7CIEdK�a³CIOjN^QRg%l$KYMfCIQRghK�Sd]RKY��prK�EdKAPREdK´�
M�Q(EdgdNIEiTLUx�iHLN^lRCIHke�NIO�PRQ0SGTLU(VqCIURZxEhK�H¡C�SGK�Z�SGN|Z(�¤UuCIOjTLM�N^E6P�N^PRQRHLCIE�SdN^PRTJM�g6NIa7EhK�ghKfCIEhM�]�ªcgdQRM�]
CIg�lRTJNF�{TJU(acN^EdO�CFSdTLM�gG¬*� m KYMYSGTJN^U 5 � � ��._V^T¢�^K�g�ghN^O�KiK´�(CIO�P(HLK�g$�

� � ��� � 
 ��' +R'.�7-�&¤+9�"1 �b�7@7#7!A�7- � �\; ;¨'*&0+���� '/�"@7'.!�<�+R#/56-"'�;

�\]RTJgkHLTJURKfCIEDCIHLVIK�lREdCAPREdNIlRHLKYO�MYN^URgdTJghSdg/TLU�M�NIO�PRQ0SGTLU(VASG]RK\KYTLV^KYURPuCITJEdg�ª
λ
W
v
¬�NFa*C6EhKfCIH0gh�¤OjO�KzSGEdTJM

SGEhTLZRTLCIV^N^URCIH$O�CFSdEdT¢�
T
ghQRM�]�Sd]uCFS

Tv = λv
p�]RKYEdK

T ∈MN(R)
W
v ∈ R

N CIURZ λ ∈ R
�

� � �/� ����� � � #�� ��; #&. )&� '�� %(# )&� '/1

�{U m K�MYSdTLN^U ��� 5 � �0W¥prK�]uCf�^K§PREhK�ghK�UoSGKYZ�SG]RK�gdKY�¤Q(K�UoSGTLCIH)(rTLgdKYMYSdTLN^U�O�KzSG]RN¤Z���£�CIUo��P�N^TJU�Sdg�O�NISdT¢�
�FCFSGK�SG]RK§M�](N^TLMYK§NIa/SG](K (�TLghK�MzSGTLNIU�O�KzSG]RN¤Z�CIOjN^URVqCIHLH.SG](K§Kz�0TLgbSGTJURV9SGKYM�]RURTJ�¤Q(K�g���©DTJEdghS�W*T¢S6TLgAC
a³CIgbS\O�KzSG]RN¤Z��k�²S�URK�KYZRg

O(Nk)
1uNoC�SGTLU(V�P�N^TLUoS�NIP$KYEGCFSdTLN^URg%TLU9N^EdZRKYE�SGN�M�N^OjPRQ(SdK

k
K�TJV^K�Uo�FCIHJQRK�g

TLUxSG](K9ghSGCIEhSdTLURV�TLUoSdK�Eh�FCIH � (�KYgdTLZ(K�g�W�p�K�O§QRghS§CIZRZ
O(Nk)

1uNoC�SGTLU(V�P�N^TLUoS�N^P�K�EdCFSGTJN^URgiacN^E_SG]RK
�{Uo�^KYEdgdK��²SGKYEGCFSdTLN^U�O�KzSG]RN¤Z�TLU�NIEdZRKYE�SGN�MYN^O�P(Q(SGK9Sd]RKqKYTLV^KYU��IK�MzSGN^Ehg����\](K (�TLghK�MYSdTLN^U�O�KzSG]RN¤Z
ZRT �*KYEdg�acEhN^O�SG]RKqNFSG]RKYE§N^URKYg§gdTJURM�KqT¢S§EhK�HLTJK�g�N^U�C�EdKYM�QREhEdKYURM�K�CIURZ�URNIS�N^U�K´�0P$KYURgdT¢�^K|O�CFSGEhT¢�
M�NIO�PRQ0S�CFSdTLN^URgjgdQ(M�]yCIg9O�CFSGEhT¢���²�IK�MzSGN^EjPREdN¤ZRQRMzSGg$� �\]RK�U*W�Sd]RK (�TJgdKYMYSGTJN^UtTJg9O�CITLU(HJ��C�e�B9�\�
TLUoSdK�URghTJ�^K�O�KzSG]RN¤Z�CIU(Z�TLg?URNIS��^K�Eb��OjK�OjN^Eb���²TLUoSGKYURgdT¢�^K2���\]RTJgAPREhN^P�K�EhS{��TJg��^KYEh��TLUoSGKYEdKYghSGTJURV9TJU
SG](K�M�N^UoSGK´�¤S_NIa��_HJN^luCIHDe�N^OjPRQ(SGTJURVqQRghTLURV|gbS�CIU(ZuCIEdZ:B%e�g����{U�a³CIMYS�W SG]RK§MYN^OjO�KYEdM�TLCIH�SGEdKYURZxNIa
SG](KjHLCIghS_Z(K�MfCFZRK9CFgdgdN¤M�TLCFSGKYgia³CIghS�e�B � p�T¢SG]xgdO�CIHJH/CIOjN^QRUoS_NIa�OjK�OjN^Eb�'��±�CIghS�lRQ0S�U(NIS�HLKfCFghSfW
SG](K (�TJgdK�MzSGTJN^U�TJg�UuC�SGQREdCIHLH¢��C�V^N¤N¤Z�M�CIURZRTJZuCFSGK�SGN�S�CIghs^�²a³CIEhO�TJURV�ghTLURMYK9T¢S�gh]uCIEhK�g�Sd]RK�gbS�CIEbSGTJURV
TLUoSdK�Eh�FCIH*TLUoSGN�gdQ(lRTLUoSGKYEh�FCIHJg�CIURZ�KfCIM�]�gdQRl(TLUoSGKYEh�FCIH�MfCIUvl�K_]uCIURZRHJK�ZvTLU(ZRK�P�K�URZ(K�UoSGH¢�'�

� � �/� ��� � * , '�� ' ; � )&� '��3;�)�' 6!1 6��3) )&� #�� ��; #&. )&��'�� %(# )&� '/1 )�'�� 8 '��36!8 47' % � 2/)&�"�#�

�\]RK_UuCFSdQREGCFH.PuCIEGCFO�KzSGEdTJMz�²PuCIEGCFHLHLKYHLTJgdO=NFaDSG](K6(rTLgdKYMYSdTLN^U
�{U m K�MzSGTJN^U ��� � � 50W/prKvM�TJSdKqgdNIO�KqprN^Eds�ZRN^URK|TJU,[?TLV^]�B`K�EbacN^EdO�CIURMYK�e�N^O�P(Q(SGTJURV�TLU�N^EhZRK�E§SdN
PuCIEdCIHLHJK�HJTL«�K6Sd]RK (�TJgdKYMYSGTJN^U����\]RKY��]uCf�^K�gd](N�p�U�Sd]RK�K �*KYMYSGT¢�^KYURK�ghg�NFa/SG]RK�B�CIEGCFHLHLKYH!(�TLghK�MYSdTLN^U�N^U
C�Z(TLghSdEdTJlRQ(SGKYZ0�{OjK�OjN^Eb�§gh�¤gbSGK�O p�]RKYEdKfCFg�O§QRH¢SGT �{gdKYMYSdTLN^U�TJgrl�KYShSGK�E7acN^E%gd]uCFEdK�Z¤�{OjK�OjN^Eh��gb�¤ghSGKYO�g$�
�\]�QRg�p�K_S�CIEhV^KYS\SdNjCIZuCIP(S?B�CIEGCFHLHLKYH (�TJgdK�MzSGTJN^UqSGN9�_HJN^luCIH*e�N^OjPRQ(SdTLURV��
�\]RKABDCIEdCIHLHJK�H�(�TJgdKYMYSGTJN^U9TJg%C�S{�¤PRTLM�CIH¥PuCIEdCIO�KzSGEhTLMz�²PuCIEdCIHLHJK�H0CIPRPRHJTLMfC�SGTLNIU����{URZRK�KYZ W(HJKYSrQRg%M�N^URghTLZRKYE
SG](K�gdK���QRKYUoSGT¡CFH-(�TLghK�MYSdTLN^UyCFURZy�{U��IK�EhgdK:�²SGK�EdCFSGTJN^U4PREhN^V^EGCFO�gYWACIU(Z

I
W�C�ghS�CFEhSGTJURV�TLUoSdK�Eh�FCIH�NIa

EdKYgdK�CIEdM�]�M�NIU�SGCITLU(TLURV�Sd]RK9SGCIEdV^KzSGKYZ�K�TLVIK�Uo�FCIHLQRKYg����\]RKYU W7HLKzS§QRg�O�CIsIKqC�ghSdEdTLMzS�PuCIEbSGT¢SGTLNIU�NIa
IgdQ(M�]�CIg

I = ∪Ij

W
∅ = ∩Ij

W
j = 0 . . . p − 1

��¦�K�MfCFU:l(QRTLHJZ
p
TJURZRKYP$KYURZRK�UoS_S�CFgds�giM�N^OjP�N^gdKYZ
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NIa�Sd]RKqghK���QRK�UoSdT¡CIHrPREdN^VIEGCIO CIU(Z�N^URK�NIa�SG](KqgdQRl(TLUoSGKYEh�FCIH
Ij
� %7CIM�]�SGCIgds:MfCFU�l$K�]uCIURZ(HLK�Z�l��

C�M�N^OjPRQ(SdTLURV�URN¤ZRKip�]RTJM�]�M�NIO�PRQ0SGK�g\p�T¢SG]RN^Q0SACFU��qM�N^OjO§QRURTJMfCFSdTLN^UqSd]RK_K�TJV^K�Uo�FCIHLQ(K�g�ª CIU(Z�Sd]RK
CIghgdN¤M�T¡C�SGK�ZvKYTLV^KYU��IK�MzSGN^Ehg�¬\M�N^UoS�CFTLURKYZ�TJU�T¢SGg�CIghgdTJV^URK�ZvghQRlRTLUoSdK�Eh�FCIH �
¯�gdN^HJQ(SGTJN^UqSGN�N^P0SGTLOjTL«YK�Sd]RK_HLNoCIZvluCFH¡CIURMYTLURV
86URM�K%p�K%PREhN^P$NIgdK�Q(gdTLU(V?Sd]RK�B�CIEGCFHLHLKYH#(�TLghK�MzSGTLNIU W�Sd]RK7acN^HLHJN�p�TJURV\TLOjP�N^EhSGCIUoS�TLgdghQRK%TLg`]RNXp�SGN�gd]uCIEhK
SG](KighS�CFEhSGTJURV§TJU�SdK�Eb�ICFH �D�{U|a³CIMzSfW0TJS�]RCIg�C§V^EdK�CFS\TJO�PuCFMYSrN^UqSG]RK6prN^Ehs¤HJNoCIZ|luCFH¡CIURMYTLURV�CIOjN^URV�Sd]RK
M�NIO�PRQ0SGTLU(V�U(N0ZRKYg��|�{U�PuCIEhSdTLMYQRH¡CIEYW�TJa\CvO�CFSGEhT¢��]RCIg�C�M�HJQRghSdK�E�NIa�KYTLV^KYU��FCIHJQRK�g�TLU:N^URKjTLUoSdK�Eh�FCIH
NIa/Sd]RK�PuCFEhSGT¢SGTJN^U W¥N^URH¢�vN^URK§MYN^O�P(Q(SGTJURV�U(N0ZRK�]uCIg6C�gdTLVIURTJnuM�CIUoS�prN^Ehs�SdNqP$KYEhacN^EhO?��©DTJV^QREdK 	�� .
V^T¢�^K�g�CFU�Kz�(CIOjPRHLKqNFaAC�URCITJ�IK|PuCIEhSdTJSdTLN^U�ª

Ij = [cj, cj + b−a
p

[
p�]RK�EhK

I = [a, b[
W
c0 = a

CIURZ
cp−1 + b−a

p
= b
¬�TLU|PREhK�gdKYURM�K�NIa�M�HLQ(ghSGKYEdKYZ�KYTLV^KYU��FCIHJQRK�g$�

1

0 00 17 1 0 10

17 10

©DTLV^Q(EdK 	�� .��7­ACFTJ�^KiPRCIEhSdTJSGTJN^U|NIaDCIUvTLUoSGKYEh�FCIH*p�T¢SG]?5 � K�TJV^K�Uo�FCIHJQRK�g
�\]RKYEdKYacNIEdKIW0p�K_PREhN^P$NIgdKASdN§S�CIsFKiTLUoSGN�CFM�M�NIQRUoS\SG]RK6Z(TLghSdEdTJlRQ(SGTJN^U9NFa`Sd]RK6KYTLV^KYU��FCIHJQRK�g�TLU|N^EhZRK�E�SdN
lRQRTJHLZ�C�ghQRTJSGCIlRHLK?PuCIEbSGT¢SGTLNIU����²SrTLg%ZRN^U(KAlo�9OjKfCFURgrNFa SG]RK (�TLghK�MzSGTLNIU�EhK�M�Q(EdEdKYURM�KiT¢SGghK�HJa*M�N^O�lRTLURKYZ
p�TJSd]�C§V^TJ�IK�UvSG]REhK�gd](N^HLZ��/�\](TLg�SG](EdK�gh]RN^HJZ�ghP$KYM�T¢nuK�g\SG](K�O�C��0TLO�QRO U¤Q(O§l$KYE�NIa`K�TLVIK�Uo�FCIHLQRKYg\P$KYE
gdQ(lRTLUoSGKYEh�FCIH ��¦�K�CFPRPRHJ��SG]RK\ghK���QRKYU�SdT¡CIH�(�TJgdKYMYSGTJN^U�CIHJV^N^EdT¢SG]RO�N^U�Sd]RK�ghS�CFEhSGTJURViTLUoSdK�Eh�FCIH(lRQ(S7ghSdN^P
TJS�CIg�gdN¤N^U�CIg�K�CIM�],ghQRlRTJU�SdK�Eb�ICFH�M�N^UoSGCITLURg�HJK�ghg�K�TLVIK�Uo�FCIHLQRKYg�SG]RCIU�SG]RKqSd]REdKYgd]RN^HJZ���©�TLV^QREhK 	�� 5
TLHJHLQRgbSGEdCFSGKYg�SG]RTJg\PREdN¤M�KYgdg?TLU|PREhK�ghK�URMYK�NIa`SG]RK_gdCIO�K_MYHLQRgbSGK�EhK�Z�K�TJV^K�Uo�FCIHLQ(K�g�CIg?©DTJV^QREdK 	���.��

3 13 4

0 00 17 1

4

0 10

3 43 3

©�TLV^QREhK 	�� 5 � (�CIHLCIURM�KYZvPuCIEhSdTJSdTLN^UqNFakCIU�TLUoSdK�Eh�FCIH$p�TJSG]?5 � KYTLV^KYU��FCIHJQRK�gYWRSG]REhK�gh]RN^HLZ � 	

�²a�SG]RKiPRCIEhSdTJSGTJN^U9Z(N0KYg\URNIS\EhK�gdP�K�MzS�SG]RKiO�CFSG](K�O�CFSGTJMfCIH¥ZRKznuURTJSdTLN^U*W¤prK_MfCIU|HJN0N^ghK6K�TJV^K�Uo�FCIHJQRK�g�NIE
M�NIO�PRQ0SGKjgdN^OjK�KYTLV^KYUo�ICFHLQRKYg�ghKY�^KYEGCIH%SGTJO�KYg��|�{U : ��0 > W�Sd]RKqCFQ(SG]RNIEdg�ghSGEhK�ghg�SG]RKjPREhN^lRHLKYO�NIa�Sd]RK
URN^U¤�{OjN^URNISdN^URTLMYTJS{�jNIa�SG](K_acQ(URMYSdTLN^Uqp�]RTJM�]�MYN^OjPRQ(SGKYg�SG]RK (�TJgdKYMYSGTJN^U|EdKYM�QREhEdKYURM�K2�r�²S�OjNISGT¢�FCFSGKYZ
QRg\SGN�MYK�UoSGEdCIHLTJ«�KiSG]RKiMYN^OjPRQ(S�C�SGTLNIU|NIa�Sd]RK_PuCIEbSGTJSdTLN^U|NIUvSd]RK_M�HJTLK�UoS�URN¤ZRK2�
�\]RK9Sd]REdKYgd]RNIHLZ�TJg�CIU�TLOjP$N^EbS�CIUoS�PuCIEdCIOjKYSGKYE§CIU(Z�TJS�M�N^Q(HLZ�l�K|CIU�CIZRZRT¢SGTLNIUuCIHkSGNIPRTLMjNIa\gbSGQRZ(���
¯ SGN¤N�lRTJV:�FCIHJQRKvZRN¤K�gjURNIS�ZRTJ�¤TLZ(K�MYHLQRgbSGKYEdg9NFa6K�TJV^K�Uo�FCIHJQRK�g$�4¯°SdN0NxSGTJU����FCIHJQRKvV^K�U(K�EGC�SGK�g9C
]�QRV^K§U�QRO�l$KYE6NIa%gdQRl(TLUoSGKYEh�FCIHLgACIURZ�Sd]RK�U�SdN0NqO�CIUo��S�CIghs¤g$�i¦�K§MYQREdEhK�UoSGH¢��O�CIsFK�CIU�KYO�PRTJEdTJMfCIH
M�]RN^TJM�K�CIURZvS{�¤PRTLM�CIH �FCIHLQ(K�g?CIEdKil�KYS{prK�KYU 5�0'0�CIU(Z ��0�0��/¦�K_ZRNjURNIS�EhK�M�NIO�OjK�URZ�CIghgdTLVIURTLURV�NIURK
gdQ(lRTLUoSGKYEh�FCIH%P$KYE�MYN^O�P(Q(SGTJURV�U(N0ZRK2���{U(ZRK�KYZ W/TJarSG]RK�U¤Q(O§l$KYE�NIa�gdQRlRTJUoSGK�Eb�FCIHLg�TLg�H¡CIEhV^KIW`TJS�O9Cf�
V^T¢�^K_P$N¤N^E�EdCFSGTJN^g\l�KYS{prK�K�U�SG]RK�M�NIO�PRQ0SGTLU(V§SGTLOjK�g�CFURZ|SG]RK_M�NIO�O§Q(URTLM�CFSGTJN^UqSGTJO�KYg_ª³TJU�NIEdZRKYE�SdN
gdQ(lRO�T¢SrSd]RK�SGCIgds�g\CFURZqV^KzSrSd]RKAEhK�gdQ(HJSGgG¬*�/�\]�QRgYW(p�KAM�N^URghTLZRKYE�C�gdK�MYN^URZ|PuCFEGCIOjKYSdK�Erp�](TLM�]qTJg%Sd]RK
U�QRO§l�K�E7NIa$EdKY�¤Q(K�ghSdgrghK�UoS%SGNiSG]RK�URN¤ZRKYg��D¦�K�P$KYEhacN^EhO¨CiMY�¤M�HJTLM\ZRTJghSdEdTLl(Q(SGTJN^U�NIa�SG]RK�gdQ(lRTLUoSGKYEh�FCIHJg
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CIOjN^URV�SG]RK�EdK���QRKYghSdg�TLU�NIEdZRKYE�SGN�luCIHLCIURM�KjSG]RKjp�NIEds�HLNoCFZyª³V^T¢�¤TLURV�M�N^U(URK�MzSGK�Z�ghQRlRTJU�SdK�Eb�ICFHLg�SdN
SG](K�gdCIOjKiEdK���QRKYghS�p�N^Q(HLZ�CIURURTJ]RTLHLCFSGK�N^QRE\K �*N^EbS�SGN�ZRTJ�¤TJZRKiM�HJQRghSdK�Edg�NIa�K�TJV^K�Uo�FCIHJQRK�gG¬*�
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m NIa�S{p�CIEhK�NFa/�iHLN^lRCIH.e�N^OjPRQ(SdTLURV
¦�K�PREdKYgdK�UoS�TLU:e�]RCIP(SGKYE659O9CIUo��SGN¤N^HLgAZRK�ghTLV^URKYZ�SGN|ZRTJghSGEhTLlRQ0SGK�CIU(Z:PRCIEGCIHJHLKYHLTL«YK�CFPRPRHLTJMfCFSdTLN^U(g��
¯AOjN^URV:CIHJH�NIa�SG]RKYO�W7prK�acN¤M�QRg�NIU 86OjURT¡®?B%e CIU(Z 
�SGEdKYOA¦�K�l�� m Kz�^K�EdCIH�EdK�CIgdN^U(gjOjNISdTJ�FCFSGK
SG](N^gdK_M�]RN^TJM�KYg�� 
ASdEdK�O�¦�KYlvSGCIEdVIKYSGg?B`K�K�E"�²SdNF�"B`K�K�E�e�N^OjPRQ(SdTLURV�lo�vOjKfCIU(g\NIa�Sd]RK6prN^Eds^�{gbSGK�CIHLTJURV
OjN0ZRKYH�CIU(Z 8iOjURTL®�B%e=acN0MYQRgdKYg�N^U}�_EhTLZ�e�NIO�PRQ0SGTLU(V�p�TJSG]�Sd]RKv®?Bre PREhN^V^EGCFO�OjTLURV�OjN0ZRKYH �
�\]RK9S{prN�MYN^O�P(Q(SGTJURV�OjN0Z(K�HLg�CIEhK9ZRN^OjTLURCIUoS�TJU��iHLN^lRCIH%e�N^OjPRQ(SGTJURV�CFURZ�TJS�TLg�TLUoSdK�EdKYghSdTLURV�SdN
ZRKYPRHLNX�|SG](K�gdCIO�K�CIPRP(HLTLM�CFSGTJN^U|N^U�SG]RKYO?� 
�SGEhK�OA¦�K�l�CIURZ 86OjURT¡®?B%ewV^EhKfCFSdHJ�|Z(T �$K�E�CIURZ�K�CIM�]
N^URK_PREhN^P�N^gdKYg?TJUoSGK�EhK�gbSGTLU(V�acK�CFSGQ(EdK�g �

•
¯\MYM�N^EhZRTLU(V�SGN�SG](K|P$KYK�Eb��SGNF�²P$KYK�E§P(EdTLU(M�TLP(HLKIW�SG]RK|EhK�H¡C�SGTLNIURgd]RTJP�l�KYS{prK�K�U,C�M�HJTLKYU�S�CIURZ}CIHLH
Sd]RK��^N^HJQRUoSGK�KYEdg�TLg_CIU(N^Uo�0OjN^QRg�CIU(Z�M�CIUxl$K�EdKz�^KYEdgdKYZ��q­?KY�IK�EhSd]RK�HJK�ghg�WkT¢SiEdKYO9CITJURg_C|M�KYU0�
SdEGCIH`CIQ(Sd]RN^EhTJS{�|p�TJSd]�C�SG]RTJEdZ�KYUoSGTJS{� ��Sd]RK�ZRTJgdPuC�SGM�]RKYE��?�\]RK�ZRTJgdPuC�SGM�]RKYE6M�N^HJHLKYMYSGg�EhK���QRK�gbSGg
acEhN^O°Sd]RK§MYHLTLKYUoSfW*ghM�]RK�Z(QRHLKYg_Sd]RK�EdKY��QRK�gbSGgip�]RK�U:C9�IN^HLQRUoSdK�K�E_CFgds�g6acN^E6C��hNIlxCIURZ�TJSAV^KYSdg
Sd]RK6EdKYgdQRH¢SGg�acEhN^O SG]RK��^N^HJQRUoSGK�KYEdg$�7¦yT¢SG] 86OjURT¡®?B%eAWoSG]RKYEdK6TJg�CIU|N^lo�¤TLNIQRg�QRU(TLZRTJEdK�MzSGTJN^UuCIH
EhK�H¡C�SGTLNIURgd]RTJP�l�KYS{prK�KYU�SG](K�M�HLTJK�UoSiCFURZ�SG]RK§prN^EdsFK�Ehg�� 86OjURT¡®?B%e PREdN^P�N^ghK�g6S{prN�MYN^U(nuV^Q¤�
EdCFSGTJN^URg	� ! mRm [ #�CIURZ !be�HLQRgbSGK�E�# �?�\]RK ! mRm [ #�MYN^U(nuVIQREGCFSdTLN^U�EdKY�¤Q(TLEdKYgASG](K§M�HJTLK�UoS?SGN�s¤U(N�p
K�CIM�]�prN^EhsIK�E$�

•

�SGEhK�OA¦�K�l�Q(gdK�g�MYN^URURKYMYSdTLN^U0�²HLKYgdg§PREhNISGN¤M�NIHLg�W�TLg�a³CFQRHJSb�²SGNIHLK�EdCIUoS�CIURZ�QRghK�g�C�gdCIURZRl�Nf�0TLURV
SdK�M�]RURTJ��QRK§p�]RK�EhKfCIg686OjURT¡®?B%e EdK�HJTLKYg6N^U�M�NIURURK�MzSGKYZ�MYN^O�O�QRURTLM�CFSGTJN^U�CIURZ�TLgAURNIS6a³CIQ(HJSh�
SdN^HLKYEGCIUoS��

•
86OjURT¡®?B%e�N��*KYEdg7ZuCFSGC_P�K�EhgdTJghSGKYURM�KFW(PREhN^P�N^gdKYg7SdN�M�](N0N^ghK�l$KzS{p�KYK�UqghKY�^KYEGCIH�s�TLURZ(g%NFa*ghM�]RKz�
ZRQ(HLK�Ehg�ª³K�� V��qEhN^QRURZ:EdNIlRTLU W`B ( m ¬_CIURZ�gdKz�^K�EdCIH%TLUo�^N¤MfCFSdTLN^UxOjKYSd]RN0Z(g9ªcK�� V��q® m [�W m(m [6¬&�

�SGEdKYOA¦�K�lvH¡CIM�s�g�ZuCFSGCjP�K�EhgdTJghSGKYURM�K�CIU(Z�Sd]RK_gdM�]RKYZRQRHLTJURVjTLg��^KYEh�vghTLOjPRHLK2�

•
¯wO�C��hN^E7ZRT �$K�EhK�URMYKATJg7Sd]RK�p�Cf��SGN�]RCIURZRHJK?Sd]RK�PRCIEGCIOjKYSdK�Ehg�CFS%SG](KAM�HJTLKYU�S%¯AB7�/HJKY�IK�H �  AQRK
SdN�Sd]RK�HJNXp¨HLKz�^KYHr®?B%e�PREhN^V^EGCFO�OjTLURV9O�KYM�]uCIURTJgdO�W�Sd]RKjM�HLTJK�UoS�NIa@86OjURT¡®?B%e�HJNoCIZRgiSd]RK
TJURPRQ(S�CIURZ:N^Q(SdPRQ(S�PuCIEdCIOjKYSGKYEdg_TLU:O�CITLU�OjK�OjN^Eh��� 8iUxSG](K�MYN^UoSGEGCFEh��p�TJSd] 
ASGEhK�OA¦�K�l*W
Sd]RKiM�HJTLK�UoS�gbSGN^EhK�g\SG]RKiPRCIEGCIOjKYSdK�Ehg\TLUqnuHJK�g��7�\]RKinuHJK�g�CIEhKi«�TJPRP$KYZ WRghK�EdTLCIHLTJ«�KYZ:ª 
ASdEdKYOA¦�KYl
QRghK�g 3^Cf�IC�®�£��b¬\CIURZ�gdKYU�S��

•
�\](K§p�Cf��SdN|EdKfCFM�]:PRCIEGCIHJHLKYHLTLghO
TLgA�IK�Eb��ZRT �$K�EhK�UoSil�KYS{prK�KYU 86O�U(T¡®?Bre CFURZ 
ASdEdK�O�¦�KYl��
86OjURT¡®?B%e K�UuCIl(HLK�gAPuCIEGCFHLHLKYH�MYN^OjPRQ(SGTJURV9lo��O�K�CIURgiNIa7ZRTJEdKYMYS_CIgb�¤URM�]REdNIURN^QRg�®?Bre MfCFHLHLg
N^U�MYN^OjPRQ(SGTJURV6URN¤ZRKYg��k�\]RK 
�SGEdKYOA¦�K�l�M�HJTLKYU�S/CIHLghNiP$KYEhacN^EhO�gDCIgh�¤URM�]REhN^URN^Q(grghQRlROjTLgdghTLN^U(g
NIaDS�CIghs¤gAlRQ(SASd]RK�EhK���QRKYghSGg_CFEdK�sFK�P(S6l���SG](K�ZRTJgdPuCFSdM�]RK�E$�6B�CIEGCIHJHLKYHLTLghO3TJg�EhKfCIM�]RKYZ�N^URH¢��T¢a
ghKY�^KYEGCIH��^NIHLQRUoSGKYK�Ehg|CIgds�acNIE�Cq�hN^ltTJU,PRCIEGCIHJHLKYH ���²a6SG](KY�,CIgds�TJU�CxgdKY�¤Q(K�UoSGTLCIH?p�Cf�^W�Sd]RK
CIP(PRHLTJMfCFSdTLN^U�TJgjNIURHJ��Z(TLghSdEdTJlRQ(SGKYZ��,¦�K�QRURZRKYEdHLTJURKvSG]uCFS 86OjURT¡®?B%e PREhN^P�N^gdKYgqCxgdK�MYN^URZ
s�TLU(Z�NFaDPuCFEGCIHJHLK�HJTLghO l�K�M�CIQRghK�T¢S\TLg�Sd]REdK�CIZ0�{gdCFacK�CIURZ�CIHLHJNXp�g�EdQRU(URTLURV 86P�K�U¥£�B:�hNIlRg��
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�{U ghPRTJSdKxNIa�CIHJHASG](N^gdK:ZRT �$K�EhK�URMYK�gYW_prK:URNISGTJM�K:C�gdTLOjTLHLCIE9TJUoSGK�EhK�gbSGTLU(V,PREhN^P�K�EhS{��� 
�SGEdKYOA¦�K�l
]uCIU(ZRHLKYgjnuEhKYp�CIHLHJg�l���Q(gdTLU(V:Sd]RK !{PRQRHJH�O�N¤ZRKYH�# ���²S�O�K�CIURg�SG]RCFSjM�N^OjO§QRURTJMfCFSdTLN^U�TJg�TLURT¢SGT¡C�SGK�Z
lo��Sd]RK��IN^HLQRUoSdK�K�EiU(N0ZRKYgiCIURZ�SG]RK§MYHLTJK�UoSfW*CIURZ�URKz�^KYEil���SG]RK�ZRTLghPuCFSdM�]RK�E$� 8iOjURTL®�B%e MfCFU�CIHLghN
]uCIEhURK�ghgrU(N0ZRKYg7N^U9CiPREhNISGKYMYSdK�Z9ghTJSdK�CFg%HJN^URV_CIg mRm [yMYN^URURKYMYSdTLN^URg%CIEhK?CIHLHJN�prK�Z�N^U�CiEdKYH¡Cf��gdKYEh�IK�E
ª !{M�HJQRghSdK�E\M�NIU(nuV^QREdCFSGTJN^U #"¬*�
©DTJUuCIHLH¢�^W.N^Q(E�M�]RNITLM�K�acN^E_SG]RKYgdK�gdNIa�S{p�CIEdK�gdN^HJQ(SGTJN^URg_TLg�OjNISGT¢�IC�SGK�Zxlo�xSG]RKYTLE_gdQ(PRP$NIEhS§TJU�M�CIgdK�NIa
SGKYM�]RURTJMfCIH���QRK�gbSGTJN^URg�N^E�EdKY�¤Q(K�ghSdg�acN^E�TJO�PREhNX�^K�OjK�UoS����{URZ(K�K�Z 
ASdEdK�O�¦�KYl�TJg`Z(KY�^KYHLN^P�K�Z�lo�_C�SdKfCIO
NIa$SG]RK��"­A®��{¯ �iEGCIU(Z9±�CIEhV^K�P(EdN��hKYMYS��986OjURT¡®?B%e}TJg%Z(K�gdTJV^URKYZ|CFS7SG]RKA[AB%e m HLCIl�N^EGCFSdN^Eh�§NIa*Sd]RK
��U(TJ�^KYEdghTJS{��NIa.�`gdQRs�QRluC§p�]RKYEdKi�/gbS�Cf�^KYZ .�0�OjN^UoSG]Rg�Sd]uCIURs�g�SdN�SG](K6©uEdKYURM�]0��3^CFPuCIURKYgdK  AN¤MYSdN^EGCIH
e�N^URghN^EhSdTLQRO�ª�e  6© 3o¬\CIU(ZvSd]RK�© 3��b�iEdTJZvCIgdghN0MYT¡CFSdK�Z|SGK�CIO NIa`SG](K��iEGCFURZ�±`CFEdV^KiPREhN��hK�MzS��
e�N^OjPRQ(SdTLURV�CIU(Z�URKzS{p�NIEds|EdKYgdN^Q(EdM�KYg
¦�Kj]RCIEdURKYgdg_]RKzSGK�EhN^V^KYURK�N^Q(g�MYN^O�P(Q(S�CFSdTLN^URCIH�U(N0ZRKYg_N^U�S{p�N�ZRT �$K�EhK�UoS_V^KYN^V^EGCFPR]RTLM�ghTJSdK�g_CFSiSd]RK
� m ��±7W¥©uEdCIURM�KFW¥CIURZ�CFS\SG](K6�?URTJ�IK�EhgdTJS{�qNIaD�`gdQ(s¤Q(luC(W 3^CIPuCIU
�  �KYS�CFTLHLg�CIEdK_V^T¢�^K�UvTJU���CIlRHJK 	�� .'�

­�QRO�l$KYE e�B �
2nd M�CIM�]RK

/
P(EdN¤M £�KYO�N^Eb�

NIaDB%e�g ª +-(\¬ ª £ (\¬
­�KzS{p�N^Ehs|NIa`p�N^Ehs�ghS�C�SGTLNIURg?CFS�SG]RK � m ��±

. 	 B`K�UoSGTJQRO �(W 	��20o£�[�« � .75 . 5 �
. 	 B�K�UoSdTLQRO 	(W ��� 5^��[?« .�0�5 	 . 0'5 	
5'5 e�KYHLK�EhN^U W�5 � 	��_[�« .75 � ��.75
. 	 e�KYHLK�EhN^U W�5 � 	��_[�« .75 � . 0'5 	
5 � e�KYHLK�EhN^U W�5 � 5^�_[�« .75 � ��.75
� e�K�HLKYEdN^U*W�5^��[?« .75 � ��.75
� e�KYHLK�EhN^U W .'� 	��_[�« 5 � � 5 � �

8 m  �K�lRTLCIU 	�� 0�� 5'� � � ��� �(W0sIK�EhURK�H�5 � ��� .����'5�� ��� .'.^W0V^M�M ��� ��� �'� ��� ��� �
e�HJQRghSdK�Edg?CFS�Sd]RK ��URT¢�^K�EhgdT¢S{�|NIa���ghQRs�QRluC

.��  AQuCIH 
AK�N^U*W �o��[?« � .75 . 0'5 	
�  AQuCIH 
AK�N^U*W �o��[?« 520 	 � . 0'5 	
5  AQRCIH 
6KYN^U W ��� �o�_[�« .�0�5 	 	�0 ; �

8 m ±.TLU�Q0�$WusIKYEdURKYH)5�� ��� ; WRVIM�M ��� �����
��CIlRHJK 	�� .��%e�N^OjPRQ(S�C�SGTLNIUuCIH*EhK�ghN^QREdMYK�g�CFS\SG](K6� m ��±�CIU(Z�CFS��`gdQ(s¤Q(luC

86QREqK´�(P�K�EhTLOjK�UoS�CFH6PRH¡C�SdacN^EhO�gjQRgdKxZRT �*KYEdKYU�Svs�TJURZRgqNIa�URKzS{p�NIEds�g�HJTLsFK�±.N0M�CIHA¯�EdKfC�­?KYS{prN^Eds�g
ª ±.¯A­6¬/CIURZjSG]RK?�{UoSGK�EhURKYS��/¯�SrSd]RK/� m ��±/Wop�K�]uCf�^K�C�­?KYS{prN^Eds 8Aa*¦�N^Ehs¤gbS�CFSdTLN^U(g6ª³­ 8�¦ ¬&���\]RK
luCIU(Z(p�TLZ(Sd]��FCIEdTJK�g`acEdN^O . 0�SdN4. 0'06£ (�TJSdgDTJU�N^QREDH¡CIl�N^EGC�SGN^Eb�_CIURZ�T¢SDTJg .��-(�TJSdg�TJU�Sd]RK�� m ��± �F¯�S
SG](K4��U(TJ�^KYEdghTJS{��NIa7�`gdQRs�QRluC0W$SG](K�URN¤ZRK�g6CIEdK�N^EdV^CIURTL«YK�Z�p�TJSG](TLU�S{prNqMYHLQRgbSGK�Ehg����\]RK�luCFURZ(p�TLZ0SG]
TLg6. 0'09£ (�TJSdgAN^E6.��-(�TJSdg�l�KYS{prK�KYUxSd]RK§URN¤ZRKYgiCIURZ�Sd]RK§gbp�TJSGM�](K�g��i�²SATLg6.�� (rTJSGg?l�KYS{prK�K�U�Sd]RK
HLN¤MfCFH�gbp�TJSGM�](K�g�CIURZ�SG](K���ghQRs�QRluC�¦�¯6­6�*�DCIl(HLK 	�� 59gd](N�p�g_SG](K�CX�IK�EdCIV^K�NIa���0qOjKfCIghQREdKYO�KYU�Sdg
NIa�luCFURZ(p�TLZ0SG]qNX�^KYE��?e�B}CIURZ �� 6B�p�T¢SG]9Sd]RKASdN0N^H�­?KYSGP�K�Eba�l$KzS{p�KYK�U�±.TLHLHJK�CIURZq�`gdQ(s¤Q(luC��%�\]RK
OjKfCIghQREdKYO�KYU�Sdg%CIEdK\ZRNIURK?CFS/ZRT �*KYEdK�UoS7SGTJO�KYgkNIa¥SG](K?ZRCX���k�\]RK\S{prN�SGCIEdV^KzSGKYZ9�iHLNIluCIHue�NIO�PRQ0SGTLU(V
OjTLZRZRHJKYp�CIEdK�acN^E�SG]RK_K´�(P�K�EhTLOjK�UoS�C�SGTLNIURg\QRgdK�M�NIO�O§Q(URTLM�CFSGTJN^UqNX�^KYE?�?e�B!�
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8A�IK�E��?e�B 8A�IK�E �  6B
¯��^KYEGCIV^K�NIa ��0�O�K�CIgdQ(EdK�OjK�UoSdg§ª £ (�TJSdg�¬ .'� = 	 � � =�=
�DCIl(HLK 	�� 5 � (�CIURZ0p�TLZ(Sd]�l�KYS{prK�KYU�SG](K6� m ��±�CIU(Z��`gdQRs�QRlRC

�\]RKqK´�0P$KYEdTLOjK�UoSGCIHrMYN^OjPRQ(SGTJURV�CFURZ�URKzS{p�N^Ehs�EhK�gdNIQREdMYK�g�CIEhK9EdK�CIHLTJghSdTLM����{U�NISd]RK�E�p�NIEdZRgYW7Sd]RKY�
CIEhK�EdK�P(EdK�ghK�UoS�C�SGTJ�IK9NIa��iHLN^lRCIH/e�N^OjPRQ(SdTLURV|EhK�ghN^QREdMYK�g$���{Uxa³CIMYS�W SG]RK�MYN^O�P(Q(S�CFSdTLN^URCIHDEhK�gdNIQREdMYK�g
CIEhK�V^EhKfCFSdHJ��](KYSGKYEdN^VIK�URKYN^QRg����\]RK9CIEdM�]RT¢SGKYMYSGQ(EdK�g�NIa�Sd]RKjS{prN�±.¯6­ CIEhK9CIHJgdN�ZRT �$K�EhK�UoS�CIURZ�prK
QRghK�MYN^O�O�QRURTLM�CFSGTJN^U�Sd]REdN^Q(V^]:Sd]RKj�{U�SdK�EhURKYS��9�\]RTJEdZ W.SG](KjMYN^URZRT¢SGTJN^URgiNIa�QRgGCIVIKjZ(T �$K�Eil�KYS{prK�K�U
SG](KqS{p�NxgdT¢SGKYg��:¯�S���ghQRs�QRluC(WrC�EdKYgdKYEh�FCFSGTJN^U�P�N^HLTJMY�:TLg§ghKYS�QRP}CIU(Z�SG]RK|URN¤ZRKYg�CIEdKqZ(K�ZRTJMfCFSdK�Z
SGN9M�N^OjPRQ(SGCFSGTJN^UuCIH.ghM�TLKYURM�K2�i�²S6V^QRCIEGCIUoSdTLK�gAC9M�NIURghSGCIUoS_CIOjN^QRUoS6NIa7EhK�ghN^QREdMYK�gYW.Cf�ICFTLH¡CFlRTLHJTJS{�9CIURZ
ghSGCIlRTJHLTJS{��NIarURN¤ZRK�g$� 86U:Sd]RK�NISd]RK�Ei]uCFURZ W.SG]RK � m ��±tZRN¤K�giU(NIS_QRgdKjC|EdKYgdKYEh�FCFSGTJN^UxP$NIHLTLMz��CIURZ
SG](K�O�CIM�]RTJURK�g�CIEdKjgd]RCIEdKYZ�p�TJSd]�ghSdQRZRKYU�Sdg�� m NRW`URKYS{prN^Ehs�luCFURZ(p�TLZ0SG] WDCX�FCITJH¡CIl(HLK§OjK�OjN^Eh��CIURZ
e�B � MY�¤M�HJK�g?O9Cf�9�FCIEb�|V^EhKfCFSdHJ�'�%£�CIM�]RTLU(K�g?CIEdK�CIHJgdN�NIa�SdK�U�ghp�T¢SGM�]RKYZ�N ���
%D�0P$KYEdTLOjK�UoSGCIH PRHLCFSdacN^EhO�g
��CIlRHLK�	�� �iPREhK�gdKYUoSGg7SG]RK\ghT¢��K´�(P�K�EhTLOjK�UoS�CFHRPRH¡C�SdacN^EhO�g`SG]uCFS/prK�lRQRTJHLZ�lo��OjKfCIURg/NFa 86OjURT¡®?B%e�NIE

ASdEdKYOA¦�KYl9CFURZ W�SG]RK?M�N^OjPRQ(SdTLURV�CIU(Z�URKzS{p�NIEds�EdKYgdN^QREhM�KYg��/¦�K?QRghK?Sd]RK !{M�HJQRghSdK�E7M�N^U0nuV^QREdCFSGTJN^U #
NIa686OjURT¡®?B%e � %7CIM�] 86OjURT¡®?B%e3EdKYH¡Cf�}gdK�Eb�^KYE|QRgdKYg|C�gdTJO�PRHJKvEdN^QRU(Z4EdN^lRTJUtghM�]RK�ZRQ(HLK�EYW m(m [
TLUo�IN0M�CFSGTJN^URg�CIURZvO§Q(HJSGTJPRHLK´�0K�g�CIHJH*M�NIO�O§Q(URTLM�CFSGTJN^URg�TJU�SdN�N^URH¢�qN^URK2�

e�N^U(nuV���. e�N^U(nuV�� 5 e�N^U(nuV�� �
£�TLZRZ(HLKYp�CIEhK 
ASGEhK�OA¦�K�l

±.N0M�CFSGTJN^U|NIa�M�HLTJK�UoS ±.TLHLHJK
±.N¤MfCFSdTLN^U|NFaDZRTJgdPuC�SGM�]RKYE ±.TLHLHJK
­�l�CIURZvHJN0M�CFSGTJN^U ��0 ��0 ��URT¢�^K�EhgdT¢S{� 5 	 � m ��±
NIa�prN^EhsIK�Ehg � m ��± NFaD�`gdQRs�QRlRC 5 � �?URTJ�IK�EhgdTJS{�qNIaD�`gdQ(s¤Q(luC

e�N^U(nuV�� 	 e�N^U(nuV�� � e�N^U(nuV�� �
£�TLZRZ(HLKYp�CIEhK 86O�URTL®�B%e

±.N0M�CFSGTJN^U|NIa�M�HLTJK�UoS ±.TLHLHJK
­?l�CIU(Z�HJN0M�CFSGTJN^UqNIa 5jC�S?±�TJHLHJK 5�CFS?�`gdQRs�QRlRC .�C�S?±�TJHLHJK
86O�U(T¡®?Bre4gdKYEh�IK�Edg .�CFS��`gdQ(s¤Q(luC
­�lvp�NIEdsIKYEdg?P$KYE�gdK�Eb�^KYE 5 �
­�l�CIURZvHJN0M�CFSGTJN^U ��0 ��0 ��URT¢�^K�EhgdT¢S{� 5 � � m ��±
NIa�prN^EhsIK�Ehg � m ��± NFaD�`gdQRs�QRlRC 5 � �?URTJ�IK�EhgdTJS{�qNIaD�`gdQ(s¤Q(luC

��CIlRHJK 	�� � � %D�(P�K�EhTLOjK�UoS�CFH PRH¡C�SdacN^EhO�g�acNIE�SG]RK_ghSdQRZ(�vNIa`SG](K�PRCIEGCIOjKYSdEdTJMz�{PRCIEGCIHJHLKYHLTLghO
BDCFEGCIOjKYSdK�Edg?CIU(Z�]o�¤P$NFSG]RKYgdTLg
¦�K�QRgdK�Sd]RK�SGEhTLZRTLCIV^N^URCIH�O9CFSdEdT �

T
ZRKYgdMYEdTLl�K�ZyTJUy©DTLV^Q(EdK 	�� ��p�]RNIgdK�K�TJV^K�Uo�FCIHJQRK�g|CFEdK

λj =
a + 2b cos( jπ

N+1
)
p�](K�EdK

j = 0, . . . , N − 1
�6¦�K§M�]RN¤N^gdK

a = 2
W
b = 1
W
N = 105 W.C�Sd]REdKYgd]RNIHLZNIa 5�0'0qKYTLV^KYU��FCIHJQRK�giO�C��0TLO�QRO P�K�EighQRlRTJU�SdK�Eb�ICFH ��¦�K�lRQRTLHJZ . 0'0qTJURZRK�P�K�U(ZRK�UoS_S�CIghs�g9ªcT � K�� .�0'0
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gdKzSGg�NIa?gdQ(lRTLUoSGKYEh�FCIHJg�¬*��¦yTJSG] 86OjURT¡®?B%eAW�prKvZRTLEhK�MYSdHJ��gdQRl(O�T¢S�N^URKqSGCIgds�P$KYE§p�N^EhsIKYE���¦yTJSd]

ASdEdKYOA¦�KYl W�CIHJH�SG]RK�S�CIghs¤gqCIEdK�V^TJ�IK�UtSdN�Sd]RK�ZRTJgdPuC�SGM�]RKYE|CIURZ}SG]RK��^N^HJQRUoSGK�KYEqURN¤ZRK�g�]uCf�^K�SdN
M�NIHLHLKYMYS�Sd]RK�O ªcTLU|PuCFEGCIHJHLK�H$N^E\URNIS�¬*�

T =























a b 0 · · · · · · 0

b a b 0 · · ·

���

0 b a b

� � � ���
���

0 b

� � � � � �
0��� ��� � � � � � � � � �
b

0 · · · · · · 0 b a























©DTLVIQREdK 	�� � �%£�C�SGEdT �qacN^E�Sd]RK_ghSdQRZ(�vNIa`SG]RK_PuCFEGCIOjKYSdEdTLM´�{PuCFEGCIHJHLK�HJTLghO��r­ � . 0�0'0'0'0(W(C � 50WRl � .

©uN^E\SG]RTJg�ghSGQ(Z(�vN^UvSG]RK�PuCIEdCIO�KzSGEhTLMz�²PuCIEdCIHLHJK�HLTJgdO PuCFEGCIZRTJV^O�W0prK�]uCf�^K_S{prN9O�C��hN^E?CIgdghQROjP(SGTJN^URg��
©DTJEdghS�WDSG](KqO9C�SGEdT �:TLg§MYK�UoSGEdCIHLTJ«�KYZ�N^U�KfCFM�]�M�N^OjPRQ(SGCFSGTJN^UuCIH7URN¤ZRK���¦�KqZRN�U(NIS§�^KzS�ZRKfCFHrp�TJSd]
O�CFSGEhT¢��SGEdCIURghacKYEdg$�/�\]RKY��CFEdK\]uCIU(ZRHLKYZjTJU m K�MzSGTJN^U 	�� � � m KYM�N^URZ*W�Sd]RK�K�TJV^K�Uo�^KYMYSdN^Edg%CIEhK\M�N^OjPRQ(SdK�Z
lRQ(S�U(NIS§�^KzSjEdKYSdEdTJKY�^KYZ�l���SG]RK|MYHLTLKYUoS��:�\]RTLg§P(EdN^lRHJK�O TLg�CIHJgdN�]uCFURZRHLKYZ�TLU m KYMYSdTLN^U 	�� �����\]RK
M�NIO�PRQ0S�CFSdTLN^UuCFHrURN¤ZRKYg§MfCIU�QRghKqSG]RK|KYTLV^KYUo�^K�MzSGN^Ehg�SGN�P�K�EhacNIEdO CIZRZRT¢SGTLNIUuCIH7M�N^OjPRQ(SGCFSGTJN^URg�CIURZ
SG](K�U_SGN�EdKzSGQREhU�EhK�ghQRHJSdg`OjN^URNIP$N^HJTL«YTLURV%HLTJO�T¢SGK�Z�URKYS{prN^EhsiluCIURZ(p�TJZ(SG]
�D©uN^E TJURghSGCIURMYKIW�p�K7M�Q(EdEdKYUoSGHJ�
M�NIO�PRQ0SGKiSG]RK-%/QRMYHLTJZRKfCIU�URN^EhO3NIa`SG](K�EhK�ghTLZRQuCFHLg��
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ZRQuCFH¢�{P(EdN¤M�K�ghgdN^E�gh�¤ghSdK�O°acN^E�Sd]RK4(�TJgdKYMYSGTJN^U�CIU(Z�SG]RK��{U��IK�EhgdK��²SGKYEGCFSdTLN^U�O�KzSG]RN¤Z��6­?KY�IK�EhSd]RK�HJK�ghg�W
p�TJSd]:C�OjK�OjN^Eh��TLUoSGKYURgdT¢�^KjCIPRP(HLTLM�CFSGTJN^U W*prKj]uCf�^K�SGNvl$K�M�CIQ(SGTJN^QRgiacN^EiO§Q(HJSGTJPREdN¤M�KYgdghN^Edg6p�]RNIgdK



��������� 	�� 	
� ��� � �#� � ����	�� � �#��
��#� �#	�
 � � � � 

��� ��
 �$��� ��
 � �#����� ��
 � � �'�
�7
 	�� � ��


O�CITLUjO�KYO�NIEh��TJgrURNFS�ghMfCIHJK�Z�SdN�Sd]RKAU�QRO§l�K�ErNIa.PREhN0MYK�ghgdN^Ehg�� (�KYgdTLZ(K�g�W¤p�KA]uCf�^KAU(N§EdKzacK�EdKYURM�KAN^U
SG](K�l�K�]RCX�¤TJN^QRE\NIa`SG]uC�S6�iHLNIluCIH.e�NIO�PRQ0SGTLU(V�gdNIa�S{p�CIEdK�N^Uvgd]RCIEdKYZ0�{M�CIM�]RK�O§QRHJSdT¢�²M�N^EhKAgh�¤gbSGK�Ojg��
©uEdN^O SG]RKjK�TJV^K�URP(EdN^lRHJK�O P�N^TJU�S_NFa��¤TLKzp_W`Sd]RTLg_gdKYMYSdTLN^U�gd]RNXp�g�Sd]uCFS�BDCFEGCIHJHLK�H (�TLghK�MYSdTLN^U:MfCFU�l�K
KY~jMYTLK�UoSdHJ��QRghK�Z}acN^Ej�_HJN^luCIH\e�N^O�P(Q(SGTJURVxCIg�TJS�p�CIgjPREdKz�0TJN^QRghHJ��ZRNIURK|acN^E�[�TJV^]}B�K�EbacN^EdO�CIURMYK
e�N^OjPRQ(SdTLURV��|¯ UuCFSdQREGCIH7P�K�EhgdP�K�MYSdTJ�IKqTLg_SGN�Q(gdK�Sd]RKqB�CIEGCFHLHLKYH (�TLghK�MzSGTLNIU�CIg�C�gdQ(l0�{PREhN^lRHJK�O NIa
SG](K�EdK�CIH`gh�¤O�OjKYSdEdTJM�KYTLV^KYURPREhN^lRHLKYO?�\�²SAM�N^U(gdTLgbSGg�TLU�Z(TJ�¤TLZRTJURV�SG]RK�O9CFTLU�PREdN^l(HLK�O
TJU�S{prNqghSdK�PRg �
SGEhTLZRTLCIV^N^URCIHLTJ«fCFSdTLN^U�CIURZ9SdEdTLZ(T¡CIV^NIUuCIHRgb�0OjOjKYSGEhTLM?K�TJV^K�URP(EdN^lRHJK�O ��¦�N^Eds�NIa*SG]RTJgrghK�MYSdTLN^U9TLg%QRgdKzacQRH
acN^E�Sd]RKigdKYM�N^U(Z�gbSGK�P
�7¦�Ki]uCf�^K�CIHJgdN�gbSGEdKYgdghK�ZvSG]RKiK´�(TJghSdK�URMYK�NIa`MYHLQRgbSGK�Ehg\NIa`K�TJV^K�Uo�FCIHLQ(K�g�CIURZqprK
PREhN^P$NIgdK�C�gdN^HJQ(SGTJN^Uqp�]RTLM�]�ZRT¢�0TJZRK�g�Sd]RK�O CFURZvluCIH¡CFURM�KYg�Sd]RKip�NIEds�HLNoCFZ�CFO�N^U(V§SG]RKiprN^EdsFK�Edg$�
©uEdN^O C�O�KzSG]RN¤ZRN^HJN^V^TJMfCIHRP�N^TJU�S%NIa*�0TJKYp_W0TLUjN^EdZRKYErSdN�ZRTJghSGEhTLlRQ0SGK�CIURZ9PRCIEGCIHJHLKYHLTL«YK�CIUqCFPRPRHLTJMfCFSdTLN^U
NX�^KYE�SG](K��{UoSGKYEdURKzSfW/C�V^N¤N0Z:CIPRP(EdNoCIM�]:p�NIQRHLZ�M�N^URghTLgbS�TJU�ghKfCIEhM�]RTLURV�S�CIghs^�²a³CIEhO�TJURVvMfCIPuCFlRTLHJTJSGTJK�g
TLUoSdNqgdQRl¤�{PREhN^lRHLKYO�g�TLU�NIEdZRKYEASGNqVIKYSiCqPRCIEGCIHJHLKYH�CFPRPRHLTJMfCFSdTLN^Uvp�TJSd]�C9OjTLURTJO§QRO NFarMYN^OjO§QRURTJMfC��
SGTJN^U����\]RTLgrPREdKYHLTLOjTLURCIEh�§CIUuCIH¢�0ghTLg7ZRN¤K�grURNISrZRK�P�K�URZ|NIUqCIUo�9�_HJN^luCIH�e�NIO�PRQ0SGTLU(V�ghNIa�S{p�CFEdKAghTLURMYK
OjN^ghS\NFa.SG]RKYO3MfCFU�P�K�EbacN^EdO PuCIEdCIOjKYSGEhTLM´�{PuCIEdCIHLHJK�HJTLgdO � �?U(acN^EhSdQRUuCFSdK�H¢�^W0�IK�Eb�qacKYp HLTJURKfCIE�CIHLVIK�lREdC
OjKYSG](N0ZRg�CIHJHLNXp�QRgdTJURV�Sd]RTLg_PuCFEGCIHJHLK�HDPuCIEGCFZRTLV^O � m K�MYN^URZ WDC�PRCIEGCIOjKYSdEdTJMz�{PRCIEGCIHJHLKYH`ghQRl0�²PREdN^l(HLK�O
TLg�TLUoSGKYEdK�gbSGTJURV�N^URH¢�9T¢a.SG]RKiMYHLTLKYUoS�ZRKYgdTLVIURg�p�NIEds�HLNoCFZ0�{luCFH¡CIURMYK�ZqSGCIgds�g�ª³U(NIS\URKYM�K�ghgGCIEb�|SGEhQRKiTJa.Sd]RK
prN^EdsFK�Edg�CFEdK�SdN0N�]RKYSdK�EhN^V^K�U(K�N^QRgG¬*� 8ASG]RKYEhp�TLghKIW¤SG]RK�PuCIEGCFO�KzSGEdTJMz�²PuCIEGCFHLHLKYHRPREhN^V^EGCFO HLCIghSdg�CFg�HLN^U(V
CIg�Sd]RK6gdKY��QRK�UoSGTLCIH.N^URK6CIURZvTJS�CIZRZRg\MYN^O�O�QRURTLM�CFSGTJN^U��`�\]RK�U*WuN^URM�K6Sd]RKiM�HJTLKYU�S�]uCIg�ZRKYgdTJV^URK�Z|Sd]RK
PuCIEdCIOjKYSGEhTLM´�{PuCIEdCIHLHJK�H0gdQRlRP(EdN^V^EdCIOjg�W(T¢S�TJg�TJO�P�N^EhSGCIUoS7SGN§Kz�ICFHLQuCFSdK?Sd]RK6OjK�OjN^Eh��EhK���QRTJEdK�OjK�UoSdg�NIa
SG](KiTLURZRKYP$KYURZRKYU�S\SGCIgds�g?CIURZqSd]RK6�^NIHLQROjK6NIa`ZuCFSGC�acN^E�Sd]RKiTLURP(Q(S\CIU(Z�NIQ(SGPRQ0S\M�N^OjO§QRU(TLMfC�SGTLNIURg��
�{URZRKYK�Z WoT¢a(Sd]RK��iHLN^luCFH¤e�N^O�P(Q(SGTJURV�ghNIa�S{p�CIEdK�M�CIU�SGCIsIK�TJUoSGN6CFM�M�NIQRUoSkgdQ(M�]jTJU(acN^EhO9CFSdTLN^UjªcN^E`TJaRSd]RK
M�HJTLKYU�S7l(QRTLHJZRg7]RTLg7PRHLCFSdacN^EhOq¬´WIT¢SrM�CIUjgdK�HJK�MzSrSd]RK�O�N^gbS%gdQRT¢S�CIlRHJK��^N^HJQRUoSGKYK�E7p�N^EhsIKYEdgiª³CIEdM�](TJSGKYMYSdQREdKFW
HLN¤MfC�SGTLNIU¥¬*�
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�\]RK�PuCIEGCFO�KzSGEdTJMz�²PuCIEGCFHLHLKYHLTJgdO TJg�C��^KYEh�wgdP�K�MYTJnuM�PuCIEGCFZRTLV^O p�]RTLM�] MfCIU l$K�CIPRP(HLTLKYZwSdN}�IK�Eb�
acKYp HJTLURK�CIE�CIHLV^KYlREGC�PREdNIlRHLKYO�g$��£�NIghS�NIa�M�N^OjPRHLTJMfCFSdK�Z�CIPRPRHJTLMfC�SGTLNIURg_]uCf�^KqZuC�S�C�ZRKYP$KYURZRKYURM�TJK�g
p�]RTJM�]�V^K�U(K�EGC�SGK9O�QRM�]�M�N^OjO§QRU(TLMfC�SGTLNIU�CFURZ�gh�¤URM�](EdN^URTJ«fCFSdTLN^U�P$NITLUoSGg$��£�NIEdK�NX�IK�E�WkSd]RK9P(EdKY�¤T �
N^QRg (�TJgdKYMYSGTJN^U�CIURZ��{Uo�^K�EhgdK��²SGK�EdCFSGTJN^UvO�KzSG]RN¤ZRg\N^U(HJ�|MYN^URM�KYEdUvSG]RK_EhKfCIH.gb�0OjOjKYSGEhTLM6SdEdTLZ(T¡CIV^NIUuCIH
K�TJV^K�U(PREdN^l(HLK�O � �\](K�EdKzacN^EdKFW�TJUtSG](TLgqghK�MYSdTLN^U,p�K�PREhK�ghK�UoS�N^QRE9gbSGQRZ0��N^U�Sd]RK�EdK�CIH?gh�¤O�OjKYSdEdTJM
K�TJV^K�U(PREdN^l(HLK�O NIa%CqEhKfCIH�gh�¤OjO�KzSGEdTJM�O�CFSdEdT¢�

A
�_�²S6M�NIURgdTJghSGgiTJU�nuURZ(TLURVqghN^OjK�K�TJV^KYURPuCITJEdg�ª

λ
W
u
¬

gdQ(M�]�SG]uC�S
Au = λu

p�]RKYEdK
A ∈ MN(R)

W
u ∈ RN CFURZ λ ∈ R

�9¦�KjPREdN¤M�KYK�Z�TJU:S{prN�gbSGK�P(g��
¦�K�nuEhghS?SGEhTLZRTLCIV^N^UuCFHLTL«YK�Sd]RK_O9CFSdEdT �

A
CIURZvSG]RKYU�prK�S�CFsIK�CIZ(�FCIUoS�CIVIK�NIa�SG]RK_S�CFgds^�²a³CFEdOjTLURV�M�C��

PuCIl(TLHLT¢SGTJK�g%NIa�SG]RK-(�TJgdKYMYSGTJN^U|TLU|NIEdZRKYE�SGN§nuURZ|Sd]RKiK�TJV^K�Uo�FCIHLQ(K�g\NIa
A
�7�\]RTJg�ghSdQRZ(�|TJg�M�]uCFHLHLKYURV^TJURV

acN^E?�iHLN^lRCIH e�NIO�PRQ0SGTLU(V�l$KYMfCIQRghK�ghKY�IK�EGCFH.gdQRl0�²PREdNIlRHLKYO�g�CIEhK�e�B ��CFURZvO�KYO�N^Eb�qTJU�SdK�URghTJ�IK_CIURZ
gdNIO�KzSGTLOjK�gYWFSd]RKY��lREhTLURV6Q(P�SG]RKr��QRK�gbSGTLNIU�NIauZuCFSGCAghSdN^EGCFV^K����\]RKY��CIHLghNAV^KYURK�EdCFSGK�M�N^OjO§QRURTJMfCFSdTLN^U
CIURZ�gh�¤URM�](EdN^URTJ«fCFSdTLN^U(g��
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�{U m K�MzSGTJN^U ��� 5 ���¤WIp�K�K´�(P(H¡CITJURK�Z§Sd]RK\PREdTJURM�TJPRHLKrNIa¥SG]RK�±�CIU(M�«�NIgkSGEdTJZRT¡CFV^N^UuCIHJTL«�CFSGTJN^U��*�²S7MYN^OjPRQ(SGKYg
CIU§NIEhSG](N^URN^EhO9CIHolRCIgdTJg�p�]RN^ghK��^KYMYSGNIEdgkMYN^O�P�N^ghK�CAO�CFSGEhT¢�

Q
WoCFURZ�CAEhKfCIH¤gh�¤OjO�KzSGEdTJM%SdEdTJZRT¡CIVIN^UuCIH

O�CFSGEhT¢�
T
gdQ(M�]�SG]RCFS

T = QtAQ
WRp�]RKYEdK

A
TLg�C�EdK�CIH.gh�¤OjO�KzSGEdTJM6O�CFSGEhT¢�$W

A ∈MN (R)
�

� 8 � ' , � )&� % � ®�K�OjTLURZRKYE�NIa`SG]RK�CIHJV^N^EhTJSG](O NIa`SG](K�±�CIU(M�«�NIg�SdEdTJZRT¡CIVIN^UuCIHJTL«fC�SGTLNIUjOjKYSd]RN¤Z
"$#���2%��,-#	�

A
W
q0

ª³TLU(TJSGTLCIH¥�^K�MzSGN^EG¬
qcandidate ← q0

e0 ← ‖qcandidate‖2� ' ,
k = 1, . . . , N

WughSdK�P � . 13'
.�¬�­?KYp MYN^HLQROjU|NIa`SG]RK_luCFgdTLg

Q
qk ←

qcandidate

ek−15^¬\e�CIU(ZRTLZuC�SGK_M�N^HJQROjUqacN^E�SG]RK
k + 1th TJSdK�EdCFSGTJN^U

qcandidate ← Aqk

qcandidate ← qcandidate − qk−1ek−1�o¬�­?KYp KYHLK�OjK�UoS�NIa`SG](K�Z(T¡CIV^NIUuCIH
dk ← qt

kqcandidate

qcandidate ← qcandidate − qkdk	�¬�®�K�N^EbSG]RNIVoCIHLTJ«fCFSdTLN^U�ª³K2� V��/acQRHJH¢�²EdK�NIEhSG](N^VoCIHJTL«fC�SGTLNIU¥¬
qcandidate ← qcandidate −QtQqcandidate�^¬�­?KYp KYHLK�OjK�UoS�NIa`SG](K�ghQRl0�²ZRT¡CIVIN^UuCIHkª³ZRN^U(K�T¢a

k 6= N
¬

ek = ‖qcandidate‖2# �31 � ' ,

�\]RK6O�CITJU�OjNISGT¢�FCFSGTJN^U�acN^E�±�CIURMY«�N^grM�N^U(M�K�EhURg�SG](KAZuCFSGC§CIMYM�K�ghg\PuCFShSGK�EhU��/�{U9a³CIMzSfW�SG]RKAO9CFSdEdT �
ATLg�CIM�MYK�gdghK�Z�SG]REhN^QRV^]|O�CFSGEhT¢���²�IK�MzSGN^E�P(EdN¤ZRQRMYSdg�ª�£ �6B%¬*�

Q
TLg\CIHJgdN�CFM�M�KYgdghK�Z�lo�9O�K�CIURg\NIaD£ �6B

ZRQREhTLURV�SG](K%acQRHJH¢�²EdK�NIEhSG](N^V^N^UuCFHLTL«�CFSGTJN^U����\]�QRg�WIprK%ZRNAURNFS�]RCX�IKrSdNAHLN^CIZiSG]RK7acQRHLHoO�CFSdEdTLMYK�g.N^E`lRHJN0M�s
NIa�O�CFSGEhTLMYK�g%TLUqOjK�OjN^Eh�jCFURZqp�KAMfCIU|HJNoCIZ�Sd]RK6MYN^O�P�N^URKYUoSGg�lo��QRgdTJURV§O�CIUo�9ghTLOjPRHLK�ghSdEGCFSdK�V^TJK�g$�
(�KYgdTLZ(K�g�W`SG]RK�NISG](K�E_N^P�K�EGC�SGTLNIURg_NIa�SG](K9±�CIURMY«�N^g�OjKYSG](N0Z�CIEdKjluCIghTLM�CIURZ:p�KjMfCIU�QRgdK�Kz�0TLgbSGTJURV
N^P(SdTLOjTL«YK�Z:HLTLl(EGCIEhTLK�g_HJTLsIK (�±.¯ m ��±�CIghS�lRQ(S�U(NIS�HJKfCIgbSfWDSd]RK|±�CIURMY«�N^g�SGEdTJZRT¡CFV^N^UuCIHJTL«�CFSGTJN^U�]uCFg�C
s�URNXp�U4lo�tCFZ(�FCIURM�K�U�QRO§l�K�E�NIaiTJSdK�EdCFSGTJN^URg��t¯AOjN^URV�CIHLH�Sd]RK�EhK�N^EbSG]RN^VIN^UuCIHJTL«fC�SGTLNIU�O�KzSG]RN¤ZRg�W
prK�M�](N0N^ghK|SG]RKqacQRHJH¢�²EdK�NIEhSG](N^V^N^UuCFHLTL«�CFSGTJN^U W`CFS�K�CIM�]t±�CIU(M�«�NIg�TJSGKYEGCFSdTLN^U*W/TLU�N^EhZRK�E§SdN:O�CITJU�SGCITLU
C9acQRHJHDN^EbSG]RN^VIN^UuCIHJTJS{��CIOjN^URVqSd]RK§�^KYMYSGNIEdg_NIa7SG]RK +iEb�0HJNX��luCFgdTLg$���²S�CIZ(ZRgiO9CFU�� 1uNoC�SGTLU(VF�{P�N^TLUoS
N^P�K�EdCFSGTJN^URg�lRQ(SATJS?TLg��^KYEh��TLOjP$N^EbS�CIUoS\SdN9O�CITLUoS�CFTLU�C�V^N¤N¤Z�gbS�CIlRTJHLT¢S{�|NIakSd]RK�U�QROjK�EhTLM�CIH�EdK�ghQRHJSdg
CIURZ,SG]RK�gh�¤ghSdK�O�CFSGTJM�acQRHJH¢�{EhK�N^EbSG]RNIV^N^UuCIHJTL«�CFSGTJN^U�TJgjSd]RK�l�K�gbSqp�Cf�}SGN�K�URghQREdK�T¢S�� (�KYgdTLZ(K�g�W\Sd]RK
prN^Eds�HLN^CIZ�CIURZvSG]RK_ZuCFSGC�ghSGNIEGCIV^KiM�CIU�l$K_ZRTJghSGEhTLlRQ0SGK�Z�CIOjN^URV§�IN^HLQ(U�SdK�KYE�URN¤ZRKYg��
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�\]RK�ghK���QRK�UoSdT¡CIH6U�QROjK�EhTLM�CIH�OjKYSd]RN¤ZtSG]uC�S9prK�ghSGQ(Z(��TJU�N^EdZ(K�E9SdN�gdN^H¢�^K�Sd]RK�EdK�CIH?gh�¤O�OjKYSdEdTJM
K�TJV^K�U(PREdN^l(HLK�O�CFMYSGQRCIHLH¢�iM�N^UoSGCITLURg�nR�IK�ghSdK�PRg$�D¦�K%nuEdgbSDSdEdTLZ(T¡CIV^NIUuCIHLTJ«�K

A
CIg�Kz�0PRH¡CFTLURKYZ�TJU m KYMYSGTJN^U

	�� ��� .'��.�� 86URM�KAprKi]uCf�^KiMYN^OjPRQ(SGKYZ9SG](KASGEhTLZRTLCIV^N^UuCFH�O�CFSdEdT¢�
T
W¤p�KiM�CIUvCIPRP(HJ��SG]RK (�TLghK�MYSdTLN^U9N^U

TJSrTLU9N^EdZRKYErSdN�nuURZqSd]RK6K�TJV^K�Uo�FCIHJQRK�grNIa
T
ª CIURZ

A
¬&�/�\]RK6K�TJV^K�Uo�FCIHJQRK�grNIa

A
CIEhK6NIa�SdK�UqM�CIHLHJK�Z�Sd]RK

®�TJSG«�K�TJV^K�Uo�FCIHLQ(K�g��D�\]RK�U WRprK6QRghK6SG]RKA�{U��IK�EhgdK_�²SGKYEGCFSdTLN^U�O�KzSG]RN¤Z9SGN�M�N^OjPRQ(SdKASG]RKAK�TLVIK�Uo�^KYMYSGNIEdg
NIa

T
� %7CIM�]v®�TJSd«�KYTLV^KYU��IK�MzSGN^E

u
NFa

A
TJgrMYN^O�P(Q(SGKYZ9p�TJSd]9SG]RK�PREdN¤ZRQRMzS

u = Qv
W�p�]RKYEdK

Q
TLg7SG]RK

N^EbSG]RN^VIN^UuCIH
+_Eb�¤HLNX�qluCFgdTLgracN^QRURZvlo�v±�CIURMY«�N^gYW
v
CIU|KYTLV^KYU��IK�MzSGN^E�NIa

T
gdQRM�]�SG]uCFS

Au = λu
CIURZ

Tv = λv
�7©DTJUuCIHJHJ�^W�prK�M�]RKYM�s|SG]RK�CIMYM�QREdCIMY�vNIa`SG](K�MYN^OjPRQ(S�C�SGTLNIURg\lo�|O�K�CIURg�NIa`SG]RK %/QRMYHLTLZ(KfCIU

URN^EhO NIa`SG]RK_EhK�gdTJZRQuCIHJg
‖Au− λu‖2(< ε)

�

� � � � � ��+R#/<�# �¤'.1 1�����&¤+��"5A>?&0'.1 �7!A1 <6�/+(�%-"-"'.-�+R'.�7- � ��; ;¨'*&¤+���� '/�"@%'.!�"
�0#7- �7' +

�{U�SG](TLg6ghK�MYSdTLN^UxCFURZ�SG]RK�acN^HLHJN�p�TJURV9NIURK�gYW*p�K�P(EdK�ghK�UoS_SG]RK�ZRTLgbSGEdTJlRQ(SdK�ZxCIURZ�PRCIEGCIHJHLKYH`EhKfCIH�gh�¤O��
OjKYSGEhTLM6KYTLV^KYURgdNIHJ�^KYE�luCIghK�Z�N^UqSG](K�P(EdKY�¤TJN^QRg\U�QROjK�EdTJMfCIH$O�KzSG]RN¤Z��D¦�K6nuEhghS�O�CIsIKiV^HJN^luCIH�PREhN^P$N��
gdT¢SGTJN^URg7p�]RTLM�]|CFEdK?O�TJZRZRHLKzp�CFEdKz�DCIU(ZqPREdNIV^EGCIOjOjTLURViHLCIURV^QuCFV^Kz�²TLURZRKYP$KYURZRKYU�S	�DSG](KY�jO9CFTLURH¢��M�N^U¤�
M�KYEdU�SG](K|PuCIEGCFHLHLKYH7PuCIEGCFZRTLV^Ojg�W�SG]RKqZRCFS�C�gbSGEdQ(MYSGQ(EdK�gjCIU(Z�SG]RK|ZRTJghSdEdTLl(Q(SGTJN^U�NIa?ZuC�S�C�� m KYM�N^U(Z W
prK�MYN^URgdTJZRK�E�ghN^O�K_MYN^URghSdEGCITJUoSGg�NIa7�iHLNIluCIH.e�NIO�PRQ0SGTLU(VjHJTLsFK6�^N^HJQRO�K_NIa�M�NIO�O§Q(URTLM�CFSGTJN^U W(U(N0ZRKYg
p�TJSd]�HLTJO�T¢SGK�Z:EdKYgdN^Q(EdM�KYg�W%O9C�SGEdT ��ZRTLgbSGEdTJlRQ(SdTLN^U�CIURZ�gdN�N^U
�:¦�K9nuEhghS�nuURZ�ghN^O�K9O�TJZRZRHLKzp�CFEdKz�
TLU(ZRK�P�K�URZ(K�UoSigdNIHLQ(SdTLN^URg$�\�\]RK�U*W$prK§CIHJgdN9VIH¡CIURMYK�CFS6QRghKYacQRH�acKfC�SGQREhK�gANFakSG]RK§�_HJN^luCIH`e�NIO�PRQ0SGTLU(V
gdNFa�S{p�CIEhK�Sd]uCFS\prK_MfCIU�QRgdK2�
m SdK�P .��/ZRTLgbSGEhTLlRQ(SdTLURV§Sd]RK�±�CIURM�«YN^g\SGEhTLZRTLCIV^N^UuCFHLTL«�CFSGTJN^U
¦�K�]uCf�IK6PREdKz�¤TLN^QRghHJ��K´�0PRH¡CITJURK�ZjSG]uC�S�C_O�NFSGTJ�FCFSdTLN^U§acNIE%Sd]RKA±�CIU(M�«�NIgrSGEhTLZRTLCIV^N^URCIHLTJ«fCFSdTLN^U�TLg7SG]uC�S
SG](K�O�CFSGEhTLMYK�g�CIEdK�CIMYM�K�ghgdKYZySd]REdNIQRV^]tO�CFSdEdT¢�����^K�MzSGN^E�PREhN0Z(QRMYSdg�ª £ �iB%¬*� %7CIM�]�N^U(K�NIaASG]RK

N±�CIURMY«�N^g�TJSdK�EdCFSGTJN^URg*P�K�EbacN^EdOjg N^U(K%£ �iB�TJUo�^N^H¢�0TJURV
A
CIU(Z�C�acQ(HLH¢�²EdKYN^EhSd]RN^V^N^URCIHLTJ«fCFSdTLN^U\MYN^OjP$N^ghK�Z

NIa%£ �iByTLUo�^N^H¢�¤TLURV
Q
�A�\]RK�ZRTLgbSGEdTJlRQ(SdTLN^U�NIakSd]RK�MYN^O�P(Q(S�CFSdTLN^U(g�NIaDSG]RK�£ �iB4ZRK�P�K�U(ZRg6N^U�Sd]RK

O�CFSGEhT¢�,ghSdN^EGCIVIK�O9CIURCIV^K�OjK�UoS���¯�S|Sd]RKxl$KYV^TLURU(TLURVRW
A
O�QRghSvl�K�ghSdN^EdKYZ lo�tSd]RKxM�HJTLK�UoS|TJUyC

M�NIO�PuCFMYS/acN^EhO9CFSkgdTLU(M�K\TJSkTLg/TLOjP�N^gdghTLlRHJKracN^E/]RTJO�SdNighSGNIEdK
N ∗N

K�HJK�OjK�UoSGg/NIa
A
�
Q
TLgkVIEGCIZRQRCIHLH¢�

lRQRTJHJS\Z(QREdTJURV�SG]RKiSGEhTLZRTLCIV^N^URCIHLTJ«fCFSdTLN^U �.NIURK_M�N^HJQRO�U|P�K�E�T¢SGK�EdCFSGTJN^U��
¦�K�PREhN^P�N^gdK�SGN�gdKYURZ

A
N^URH¢��N^URK�SGTJO�K�C�S�Sd]RK�l$KYV^TLURU(TLURVvNIarSG]RKjPREdNIlRHLKYO?�j�{URZRKYK�Z WDCFS�KfCIM�]

±�CIURMY«�N^g6T¢SGKYEGCFSdTLN^U W¥SG](K§gGCIOjK�O�CFSdEdT¢�
A
TLgAQ(gdK�Z:CIU(Z�gdKYURZRTLU(V|gdQRM�]xZuCFSGC9TLgAC9�^KYEh��K´�0P$KYURgdT¢�^K

S�CFgds����\]�QRg�W/Sd]RK�prN^EdsFK�Ehg�O§QRghS§sIK�KYP�ZuCFS�C�NIa
A
��¯Ag

A
TLg�URNIS�URK�MYK�gdgdCIEh��C�gdPuCFEdgdK9O9CFSdEdT �*W

QRghTLURV:C�M�N^OjPuCIMzS�acN^EdO�CFS�ZRQ(EdTLU(V�SG]RKvM�NIO�PRQ0S�CFSdTLN^URg§prN^QRHJZ�V^TJ�IK�](TLV^]�CIMYM�KYgdg�SdTLOjK�� m NxacNIE
SG](KjMYN^OjPRQ(S�C�SGTLNIURg�W*Sd]RK§prN^EdsFK�Edg�gGCf�^K�ZuC�S�C|NIa

A
TLU:C9nuHLK§p�T¢SG]:C|URN^U0�²M�N^OjPuCIMzS6acN^EhO9CFS���¦�K

M�]RN¤N^gdK�SG](K�lRTJUuCIEb��acN^EhO9CFS_NFarnuHJKIW`TLURgbSGK�CIZ�NFarSdKz�¤SfW�TLUxN^EdZ(K�EiSGN�gGCf�^K�ZRTLghs�gdPRCIM�K�ª³gbS�CFSdK�OjK�UoS
SGEhQRK�acN^E/SG]RTJg%s�TJURZ�NFa ZuCFSGC(W�URNIS%TLUjV^KYURK�EdCIH�¬/CIURZjSGN�HLNoCFZj��QRTJM�s�HJ��TLU�OjK�OjN^Eh�§O9CFSdEdT ��HLTJURK�g$��¦�K
V^T¢�^K�ZRKzS�CITJHLgiTLU�PRCIEhS 	�� ��� ��� � ��¦�K�ZRNvURNFS�ghK�URZxSG](K�acQ(HLHkO�CFSGEhT¢�

A
SGNvKfCFM�]��^NIHLQRUoSGKYK�EiprN^EdsFK�E
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TLUo�IN^HJ�IK�Z§TJU�SG]RK�£ �iB!�I�{URZ(K�K�Z*WoKfCIM�]§prN^EdsFK�EkNIURHJ��URKYK�ZRgkghK�HJK�MYSdK�Z�ZuC�S�CANIa
A
� (�KYgdTJZRK�gYWoC�prN^EdsFK�E

MfCFU�]uCIEhZRHJ�qghSGNIEdK_SG]RK_acQRHLH*O9CFSdEdT �
A
TLU�CjURNIU0�{MYN^O�PRCIMYS�acN^EhO9CFS�p�]RK�U

N
TJg?HLCIEdVIK��%�\]RK�EhKYacN^EhKIW

ZuCFSGC�NIa
A
TLg�gh]uCIEhK�Z|lo�9l(HLN¤M�s¤grNIa�M�NIU�SdTLV^Q(N^QRg�EhNXp�g\CIOjN^URV�Sd]RK6MYN^O�P(Q(SGTJURV�U(N0Z(K�g��%®�K�VoCFEdZRTJURV

SG](K9O�CFSGEhT¢�
Q
WDSG](K9M�HJTLKYU�S�MfCIU�CIHLghN�]uCIEhZRHJ�:gbSGN^EhK9TJS�CIURZ�TJS�TLg�U(NIS�CIMYM�KYP(S�CIl(HLK�SdN�ghK�URZ

Q
SGN

SG](KqM�N^OjPRQ(SGCFSGTJN^UuCIH7URN¤ZRKYg�CFS§K�CIM�]�TJSGKYEGCFSdTLN^U
� m NRWkprK|PREhN^P$NIgdK|C�Mz�¤M�HLTJMqZRTJghSGEhTLlRQ0SGTLNIU�NIa\Sd]RK
M�NIHLQROjURgANFa

Q
CIOjN^URV9Sd]RK�URN¤ZRK�g_CFgASG]RKz��CIEhK§V^EdCIZRQuCIHJHJ�vMYN^O�P(Q(SGKYZ�CFURZ�KfCIM�]�prN^EdsFK�Ei]uCFg6SGN

sIKYK�P�T¢SGg�M�NIHLQROjURg��  ATJghSdEdTLl(Q(SGTJURV�SG]RK�ZuCFSGCjgbSGN^EdCIV^K_NIa
A
CIU(Z

Q
gbSGEdKYgdghK�g�Sd]RK�PREdN^l(HLK�O3NIakZuC�S�C

P�K�EdghTLgbSGK�U(M�K_SG]uCFS\prK�]uCIURZRHJKiTLUvPuCIEbS�	�� ��� � � ���
©uN^E�K�CIM�],£ �iB`WDSG](K|M�HLTJK�UoS§NIURHJ��gdKYURZRg§SGN�K�CIM�]�URN¤ZRK9SG](Kq�^K�MzSGN^E§Sd]uCFS�TJg�O§Q(HJSGTJPRHLTJK�ZxSGN�Sd]RK
O�CFSGEhT¢� � %7CIM�]�URN0Z(K?P�K�EbacN^EdOjg/SG]RK?M�NIO�PRQ0S�CFSdTLN^URg/EhK�HLCFSGKYZjSdN�Sd]RK�ZRCFS�C_NIa T¢SGg7lRHJN0M�svªcNIa

A
NIE

Q
¬

CIURZ�EdKYSdQREdU(g/C�PRTJK�MYK�NIauSd]RK�EhK�gdQ(HJS���¯Ag`SG]RKrEdK�ghQRHJSDNIaRSd]RK\£ �6B:TJgDCFHJp�CX�¤gkQ(gdK�Z�TLOjO�KYZRT¡CFSdK�H¢��ªcacNIE
gdM�CIH¡CFEb�²�IK�MzSGN^E�N^E��^KYMYSdN^Eb���^K�MzSGN^E�NIP$KYEGCFSdTLN^URgG¬zWDSd]RKqMYHLTLKYUoS�O§Q(ghS§p�CITJS�SG]uC�S�CIHLH/Sd]RKqURN¤ZRK�g�]uCf�^K
M�NIO�PRHJKYSdK�Z�Sd]RK�TJE�S�CIghs��:¯�g�C�M�N^U(gdK���QRKYURM�KFWrSd]RKqPuCIEdCIHLHJK�HJTLgdO gdM�]RKYO�K|NIa�Sd]RK|±�CIURMY«�N^g§SdEdTLZ(T¡C��
V^N^URCIHLTJ«fCFSdTLN^U|TJg�]RTJV^]RH¢���²M�N^OjO§QRU(TLMfC�SGTLU(V�CIURZ��IK�Eb��gh�¤URM�](EdN^URTJ«�KYZ��A�\]RTJgAs�TLU(Z�NIa/PRCIEGCIHJHLKYHLTLghO3TJg
M�]uCIHJHLKYURV^TLU(VvacNIE�C|prN^EdHJZ0�²p�TJZRK�M�N^OjPRQ(SdTLURV�K�Uo�¤TLEhN^UROjK�UoS��q�²S�OjKfCIU(g�Sd]uCFS�p�Kj]uCf�^KjSGN�M�](N0N^ghK
C�MYNoCIEhgdKz�²V^EGCFTLU�PRCIEGCIHJHLKYHLTLghO lo��TLURMYEdK�CIgdTJURV�Sd]RK�lRHJN0M�s|ghTL«YK�NIa/O�CFSdEdTLMYK�g�CIURZ�lo��ZRKYM�EdK�CIgdTJURV9Sd]RK
U�QRO§l�K�EiNIa%URN¤ZRKYg���­?KY�^KYEhSd]RK�HJK�gdgYW�prK�O§QRgbS_URNIS_TLU(M�EdK�CIgdK§Sd]RK�V^EdCITLU�NIa%PuCFEGCIHJHLK�HJTLghO SGN¤N|O§QRM�]
l�K�MfCFQRgdKASd]RK6MYN^O�P(Q(S�CFSdTLN^URCIHuURN¤ZRK�g�]RCX�IK6HLTJO�T¢SGKYZjEhK�ghN^QREdMYK�g�ª e�B9��W(OjK�OjN^Eh�IW0Z(TLgds�ghPuCIM�KFWRKYSdMX¬&�
¦�K�P(EdN^P�N^gdK_ghN^O�KighN^HLQ0SGTLNIURg\H¡CFSdK�E$�
m SdK�PRg 5�CIURZ � �  ATLgbSGEhTLlRQ(SdTLURV§Sd]RKiSGEhTLZRTLCIV^N^UuCFH$gb�0OjOjKYSGEhTLM6KYTLV^KYURPREhN^lRHLKYO
�\]RK|ghK�M�NIURZtCFURZ�SG]RTJEdZ�gbSGKYPRg�NIa�SG]RKqOjKYSd]RN¤Z�M�N^URMYK�EhU�Sd]RK (�TJgdK�MzSGTJN^U�CIURZ��{Uo�^KYEdghK��²SdK�EdCFSGTJN^U
OjKYSG](N0ZRg$��¦�K�KYO�P(HLNX��SG](KjZ(TLghSdEdTJlRQ(SGTJN^U:CIURZ:PuCIEdCIHLHJK�HLTJ«fCFSdTLN^U�PREdNIP$N^ghK�Z�TLU m K�MzSGTLNIU 	�� 5 ���\]RK
O�CFSGEhT¢�

T
M�N^URghTLgbSGgiNIa

2N − 1
K�HJK�OjK�UoSGg$���²S6n(SGg6TJU�O�KYO�N^Eb��CIURZ�MfCFU�l$K§ghK�UoS_SGN9Sd]RK�EdKYO�NFSGK

URN¤ZRK�g$� [?NXp�Kz�^K�EYW�TJa
N
l�K�M�NIO�KYg��^KYEh�,H¡CIEhV^KIWrTJSjO�CX�}V^KYURK�EdCFSGK�gdTJV^URT¢nuMfCIUoS�M�N^OjO§QRU(TLMfC�SGTLNIU

SGTJO�KYg���¯}EdK�gbS�CIEbSGKYZ�gdM�](K�OjK�TLg.P(EdN^P�N^gdKYZ�TJU m KYMYSdTLN^U 	�� ��� � � 5�CIURZ�TJS`CIU(URTL]RTJH¡CFSdK�g.OjN^ghS`NIa0OjK�OjN^Eh�
HLTJO�T¢S�CFSdTLN^U(g�ZRQREhTLURVjSG]RK6(�TJgdK�MzSGTJN^U�CIU(Z��{Uo�^KYEdgdK��²SdK�EdCFSGTJN^U�OjKYSd]RN¤ZRg����{U�a³CFMYSfW¥SG](K�N^EhZRK�E?NIakSd]RK
prN^Eds�TLU(V�ghQRlRgdPRCIM�KqTJgiO§QRM�]�gdO�CIHLHJK�E6SG]RCIU

N
� %7CIM�]�URN0Z(KjMYN^OjPRQ(SGKYg�ghN^OjK�®�TJSd«�K�TLVIK�Uo�FCIHLQRKYg

CIURZ�ghN^OjK|K�TLVIK�Uo�^KYMYSGNIEdg����\]RK|M�HJTLKYU�S§TLg�CIl(HLK�SdN�V^KYS�TJU�OjK�OjN^Eh�xSG](Kv®?T¢SG«qKYTLV^KYU��FCIHJQRK�g$�:©¥NIE
SG](K�CFgdgdN¤M�TLCFSGKYZyK�TLVIK�Uo�^KYMYSGNIEdg�WATJSvMfCFUw]RCIEdZRH¢��V^KzS|SG]RKYO TLUyOjK�OjN^Eh�tCFS|Sd]RKxgGCIOjK�SGTJO�K�ª

N�^KYMYSdN^EdgG¬*�A¦�K§MfCFURURNIS6CIgdghQRO�K�TJS?p�TLHJH`VIKYSASd]RK�O°lo��OjKfCFURgANIa/C�nuHLK�l$KYMfCIQ(gdK§ghQRM�]�]o�0P�NISd]RK�ghTLg
TLg%OjTLZRZRHJKYp�CIEdK´�{ZRKYP$KYURZuCIUoS��k�\]RK�EhKYacN^EhKIW¤p�K�TLUoSGEhN0ZRQ(M�K�C�ghSGCFSGTJM�PuCIEGCFO�KzSGK�E7p�]RTJM�]qTLURZ(TLMfC�SGK�g/Sd]RK
CIQ(Sd]RN^EhTL«�KYZ,OjK�OjN^Eb��QRgdCIV^K2�,�\]RK�M�HJTLKYU�SjCFHLHLN¤MfC�SGK�g�SG]RTJg�CFO�N^Q(U�S�NFaAOjK�OjN^Eh��CIURZ}V^EGCFZRQuCIHJHJ�
P�K�EhacNIEdOjg_Sd]RK (�TLghK�MzSGTLNIU�CIU(Z��{Uo�^KYEdghKq�²SGKYEGCFSdTLN^UxgdQ(lRO�TJgdghTLN^URg_lo�:gdKzSGg�NIa�SGCIgds�g�ZRK�P�K�URZ(TLURV�N^U
SG](KiEdK�O�CITJURTLURV�acEdKYK�OjK�OjN^Eb�'�D¦�KiEdKYMfCIHJH$SG]RCFS\KfCFM�]�ghKYS�M�NIU�SGCITLU(g\gdKY�IK�EdCIH S�CIghs�g�W¥CIURZvK�CIM�]�SGCIgds
M�NIU�SGCITLU(g�CIUjTLUoSdK�Eh�FCIHuNFa EdKYgdK�CIEdM�]xªcMYa,� m K�MYSdTLN^U 	�� 5 � 5�� 5^¬&��¦y]RKYU|C_gdKYSrNIa$S�CIghs¤gr]uCIg%l$KYK�U�gdN^H¢�^K�Z*W
SG](K9M�HJTLKYU�S�p�EdT¢SGKYg�TLU�C�lRTJUuCIEb��nuHLKjSG]RK�M�QREhEdK�UoS�KYTLV^KYUo�^K�MzSGN^Ehg�CIURZ�acEdK�KYg�Sd]RK9OjK�OjN^Eh��acNIE�Sd]RK
acN^HJHLNXp�TLURV�ghKYSiNIaDS�CIghs¤g$� %k�^KYUxSd]RN^QRVI]�SG]RTJg�P(EdN¤M�K�ghg6gdKYK�Ojg6M�NIO�PRHJTLM�CFSGKYZ W¥TJS�TLg?URK�MYK�gdgdCIEh��TJaDprK
S�CFEdV^KzS�SGN�ghN^HJ�IKASG](KAacQRHLH�K�TJV^K�U(PREdN^l(HLK�O ªcT � K��kTJU9SG]RKAgdPuCIMYKiNIa�N^EhZRK�E

N
¬*�/�\](KiEdK�gbS�CIEbSGKYZ|gdM�]RKYO�K

PREhN^P$NIgdK�Z�TLU m KYMYSdTLN^U 	�� ��� ��� 5§V^KYURK�EdCIHLH¢�9EhK�ZRQ(M�K�g?SG]RTJg\PREdN¤M�KYgdg�SGN�N^URH¢�qN^U(K�ghKYS?NIa`S�CIghs�g��
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m SdK�PRg
	jCIURZ � �/ZRTLgbSGEhTLlRQ(SdK�ZvM�NIO�PRQ0S�CFSdTLN^URg�NIa�Sd]RK�®?T¢SG«iKYTLV^KYU��IK�MzSGN^EhgACIU(ZvSd]RK_EdKYgdTLZ(QuCIHLg
�{U�SG](K9acN^QREbSG]�gbSGK�P}CIU(Z�SG]RK9n(a�SG]�ghSdK�P WkprK|O§QRgbS�ZRTJghSGEhTLlRQ0SGK�Sd]RKqMYN^O�P(Q(S�CFSdTLN^U(g�NIa\Sd]RK|®�TJSd«
K�TJV^K�Uo�IK�MYSdN^Edg�CIURZxp�KjM�NIO�PRQ0SGK�SG]RK %/QRM�HJTLZRK�CIU:URN^EdO NIa�Sd]RK�EhK�ghTLZRQuCFHLg��j�²S�M�N^U(gdTLgbSGg�TLUxPuCIEdCIH¢�
HLKYHLTJ«�TLU(V9SG]RK9£ �6B

u = Qv
acN^E_K�CIM�]�KYTLV^KYU��IK�MzSGN^E

v
acN^QRURZ�lo��SG]RKj�{Uo�^K�EhgdKq�²SdK�EdCFSGTJN^U��j�\]RN^gdK

£ �6B CFEdKvP$KYEhacN^EhO�KYZtN^U(K�CFa�SdK�E�SG](K�NISd]RK�E$���\]RK�O�CFSdEdT¢�
Q
TLg�CIHLEhKfCIZ0��ZRTLgbSGEhTLlRQ(SdK�Z}N^U,Sd]RK

M�NIO�PRQ0S�CFSdTLN^UuCFHrURN¤ZRKYg���¯AU�N^P0SGTLOjTL«�CFSGTJN^U�prN^QRHJZ�M�N^URghTLgbS�TLU�ZRQRP(HLTLM�CFSGTJURV
Q
NIU}NFSG]RKYE�URN0Z(K�g

CIURZ�P�K�EbacN^EdOjTLURV6CIHLH¤SG]RK�£ �6B�TLU�PuCFEGCIHJHLK�H �`[�NXp�Kz�^KYE�W0Sd]RTLg/ghN^HLQ0SGTLNIU§EdKY�¤Q(TLEdKYg7O§QRM�]��^N^HJQRO�TJURN^QRg
M�NIO�O§Q(URTLM�CFSGTJN^U9acN^E�Sd]RK_ZRQRPRHJTLM�CFSGTJN^U��D�²S�TJg\URNIS�ghQRTJSGCIlRHLK�SGN��_HJN^luCIH*e�N^OjPRQ(SdTLURV�KYU��¤TJEdN^UROjK�UoS��
(�KYgdTLZ(K�g�W/Z(K�P�K�URZRTJURV�NIU�SG]RK�O�TJZRZRHJKYp�CIEdKFWDTJS�M�CIU�MfCFQRgdKqOjK�OjN^Eb�xPREdN^l(HLK�Ojg_acN^E�Sd]RK9MYHLTJK�UoS�TJU
N^EhZRK�EiSGNvV^KzS�CIHLH`SG]RKj®�TJSG«�KYTLV^KYUo�^K�MzSGN^E�CFSiSd]RK�gGCIOjK�SGTLOjK���¯�a�SGKYE_]uCf�0TJURVvM�]RN^ghK�U�CvEdKYghSGCIEhSdK�Z
gdM�](K�OjK�TJU 	�� ��� ��� 50W(Sd]RK_ZRQRPRHJTLMfC�SGTLNIU|NIa

Q
TLg\ZRKznuURTJSdK�H¢�|URNIS�TJU�SdK�EhK�ghSdTLURVjl�K�MfCFQRgdK

Q
M�]uCIURVIK�g�CFS

KfCFM�]�EhK�ghSGCIEhS��7�\]¤Q(g�W¥TJS\prN^QRHJZ�VIK�URKYEGCFSdK�O�QRM�]��IN^HLQ(O�TJURN^QRg\MYN^O�O�QRURTLM�CFSGTJN^U��
(�KzacN^EdK%M�N^OjPRQ(SdTLURV?CIHJH^SG]RK%EdKYgdTJZRQuCIHJg

Au−λu
ªcN^E�HLKYgdg`TJaRNIURKrEhK�ghTLZRQuCFH^a³CITLHJg�¬ CIURZ�SG]RKYTLE!%/QRM�HJTLZRK�CIU

URN^EhO�W¥SG](K�M�HJTLKYU�S�O§QRgbSAp�CITJS?acN^E�SG]RK�M�N^OjPRHLKzSGTJN^UvNIa/SG]RK�PREdKz�¤TLN^QRg�ZRTLgbSGEhTLlRQ(SdK�Z�MYN^OjPRQ(S�C�SGTLNIURg��
�²SiCFZRZRg6C�gh�¤URM�]REhN^URTL«�CFSGTJN^U�P�N^TLUoS��A±.TLsFK�acN^E�SG](K�M�NIO�PRQ0S�CFSdTLN^URg?NIa/Sd]RK§®�TJSd«�KYTLV^KYU��IK�MzSGN^Ehg�W*Sd]RK
URN^EhO�g%NIa Sd]RK?EdK�ghTLZRQRCIHLgrCIEdK?gdKY��QRK�UoSGTLCIHLH¢��M�N^OjPRQ(SdK�Z��k¦�KANIURHJ��PRCIEGCIHJHLKYHLTL«YK�SG]RK?M�NIO�PRQ0S�CFSdTLN^UjNIa
KfCFM�]�EdKYgdTJZRQuCIH ��e�NIU�SdEGCIEb�|SGN�SG]RK_MYN^O�P(Q(S�CFSdTLN^U(g\NIaDSd]RK�®�TJSd«iK�TJV^K�Uo�^KYMYSdN^Edg?p�]RTLM�]�CIEdK_QRghTLURV

Q
W

prK�]RKYEdK�QRgdK
A
p�]RTLM�]�ZRN0KYg�U(NIS?M�]uCIURV^K�TLUvM�CIgdK�NIakEhK�gbS�CIEbSGK�Z�gdM�]RKYO�KqªcSd]RK�Z(QRPRHJTLMfC�SGTLNIUqp�N^Q(HLZ

N^URH¢�§l�K�ZRN^URK?CFS7SG](K��IK�Eb��l$KYV^TLURU(TLURViNIa$SG]RK�KYTLV^KYURPREdNIlRHLKYOq¬&�D[?N�prKY�IK�E
A
TJg/H¡CIEhV^K�CIU(Z�T¢S/p�N^Q(HLZ

l�KjSdN0N�Kz�0P$KYURgdT¢�^K9SdN�Z(QRPRHLTJMfCFSdK�T¢S�� (rK�gdTJZRK�gYWDp�TJSd]:Sd]RK9EhK�gbS�CIEbSGK�Z�gdM�]RKYO�KFWDp�K�M�N^OjPRQ(SdK�NIURHJ�
acKYp KYTLV^KYURPuCITJEdg�WkSd]RKqMYN^ghS�NFa�ZRQRPRHJTLMfC�SGTLNIU�prN^QRHLZ�l�KqPREhN^luCIl(HJ�:]RTLVI]�M�N^OjPuCIEhK�Z�SdN�gdKY�¤Q(K�UoSGTLCIH
M�NIO�PRQ0S�CFSdTLN^URg$�/©DTJUuCIHLH¢�^W0CIHLH�SG]RK_URNIEdOjg�NIa`SG]RK_EdKYgdTJZRQuCIHJg�CIEdKiMYN^O�P(Q(SGKYZ�NIURHJ��acN^E�SG]RK_HLCIghS\HJN0NIP
p�]RKYU�p�K�M�N^Uo�^KYEdV^K|ª³gdKYK§©DTJV^QREhK 	�� 	�¬&� 8ASG]RKYEhp�TLghKIW¥p�K�ghSGNIP�M�NIO�PRQ0SGTLU(VjSd]RK�URNIEdOjgACIg?gdN¤N^U�CIg
N^URK?ZRN¤K�g%URNISrEdKYgdP�K�MYS%SG](K�SGKYghSrNIa MYN^Uo�^KYEdV^KYURM�K2��©uN^E7KfCFM�]9M�NIO�PRQ0S�CFSdTLN^U�NIa�C_EdKYgdTJZRQuCIH W^p�K�]uCf�^K
SGN�ZRTJghSGEhTLlRQ0SGK§SG](Kq£ �6B

Au
�j�\]RKjM�HLTJK�UoS�O§QRgbS�EhK�ghP$KYMYS�C�gb�0U(M�]REdN^U(TL«fC�SGTLNIU�P�N^TLUoS_l�KYacN^EhK�Sd]RK

EdKYO9CFTLURTJURV§�^KYMYSGNIEb�²�IK�MzSGN^E�CIURZ�URN^EdO3M�N^OjPRQ(SGCFSGTJN^URg��%[?K�P�K�EbacN^EdOjg�]RTLOjgdKYHJa�SG](N^gdK�MfCIHJM�QRHLCFSGTJN^URg
l�K�MfCFQRgdK_ZRTJghSGEhTLlRQ0SGTLU(V�SG]RKYO3prN^QRHLZvPREhN^luCIl(HJ��V^K�URKYEGCFSdK�g�Kz�0P�K�URghTJ�IK�MYN^O�O�QRURTLM�CFSGTJN^UqEhK�VoCIEhZRTLU(V
SGN�Sd]RK_gdK���QRKYUoSGT¡CFH`K´�0K�M�Q0SGTLNIU�SdTLOjK�ª³N^U(K�M�CIU�QRgdK_KY~jMYTLK�UoS/(�±.¯ m EdNIQ(SGTJURK�gG¬*�
m QROjO�CIEh�
�{U,Sd]RTLgjV^KYURK�EdCIH�PREdN^P�N^ghTJSGTJN^U�acN^E�SG]RK�ZRTLgbSGEhTLlRQ(SdTLN^U�NIa�SG]RK�EdK�CIH�gh�¤OjO�KzSGEdTJMvK�TLVIK�URPREhN^lRHJK�O�W�TJS
TLg|TJUoSGK�EhK�gbSGTLU(V}SdN}Q(URZRK�EhHLTJURK�SG]RKxM�NIO§lRTLURCFSGTJN^U4NIa�S{p�N,PuCIEGCFZRTLV^Ojg�� 86UySG]RKxN^U(K:]RCIURZ WAprK
]uCf�^K�CIUyQRghQuCIH_ZRTLgbSGEhTLlRQ(SdK�ZwCIURZyPuCFEGCIHJHLK�H�PuCIEdCIZRTLVIO p�]RTJM�] V^KYURK�EdCFSGKYgvM�N^OjO§QRURTJMfCFSdTLN^U�CIURZ
URKYK�ZRgqgb�¤URM�]REdNIURTL«�CFSGTJN^U�P�N^TLUoSGg$� 86UtSd]RK�NISd]RK�E�]uCIURZ*W�p�K�KYO�P(HLNX��SG]RK�M�N^OjO§QRURTJMfCFSdTLN^U¤�{HLKYgdg
PuCIEdCIOjKYSGEhTLM´�{PuCIEdCIHLHJK�H^PRCIEGCIZ(TLV^O ���{U�Sd]RK�MYN^UoSGKz�¤S7NIa*�iHLN^lRCIH0e�N^O�P(Q(SGTJURVRWFSd]RK\ZuCFSGCAO�CIUuCIV^KYO�KYUoS
TLgr�^K�Eb�vTLOjP$NIEhS�CFU�S��D�²S�O§Q(ghS�l�KiZRN^URKighN�CFg�SGN�O�TJURTLOjTL«YK\SG]RKi�^NIHLQROjK6NIa`M�NIO�O§Q(URTLM�CFSGTJN^U�ª³CIURZ
SG](K?U�QRO�l$KYE%NFa*MYN^O�O�QRURTLM�CFSGTJN^URgkT¢a�P$N^ghgdTJlRHLKf¬*��¦�K�O§QRgbS�CFHLgdNiprK�TJV^]oS/SG]RK�PREhN^g%CIURZjM�N^URg7l�KYacN^EhK
ZRTJghSGEhTLlRQ0SGTLU(V§C§M�NIO�PRQ0S�CFSdTLN^Uql�K�M�CIQRghK6SG]RKiMYN^O�O�QRURTLM�CFSGTJN^U9MYN^ghSdg\O9Cf�9CIURURTJ]RTLHLCFSGK�SG](K6l$KYURKYn(SGg
NIa�SG](K|PuCIEGCFHLHLKYHLTJgdO ª³T � K2��Sd]RKY��]RTLZRKqSd]RK|EdKYZRQRMzSGTLNIU�NIa�Sd]RK|EdKYO�NFSGKqMYN^O�P(Q(SGTJURV�SGTJO�KYg�¬&���\]RTJg
V^KYURK�EdCIH6PREhN^P$NIgdTJSdTLN^U,EdKz�^KfCFHLg|gdNIO�K�MYN^URgbSGEGCFTLUoSGg|NIa��iHLN^lRCIH�e�N^O�P(Q(SGTJURV�SG]RCFSqprK:Z(KYS�CFTLH�CIURZ
gdNIHJ�^K_TJUvSd]RKiacN^HLHJNXp�TLURV�gdK�MzSGTJN^URg��
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�\]RK�M�N^OjPRQ(SdTLURV�U(N0ZRKYg�NIaiC:�iHLN^luCFH\e�N^OjPRQ(SdTLURVxPRHLCFSdacN^EhO M�CIU}l$K|�^KYEh��]RKzSGKYEdN^V^KYURK�NIQRg��}�²S
M�NIURM�KYEdURg�O9CITJURHJ�:SG](K�P�KfCIs}e�B �
acEdKY�¤Q(K�URMz�^W\SG]RKvSGNFS�CIH\CFO�N^Q(U�SjNIaAO9CFTLU�O�KYO�NIEh��CIU(Z}Sd]RK
�^NIHLQROjK�NFa7ZRTLghs�ghPuCIMYK�� (rK�gdTJZRK�gYW*SG](N^gdK�URN0Z(K�g6O�Cf�vl$K�gd]uCIEhK�Z�p�T¢SG]�NFSG]RKYEAQRghK�Edg�p�TJSG](N^Q(SiCFU��
gd]RCIEdTJURV�P$N^HJTLMz�'�k�\]�QRgYW�Sd]RN^gdKiSd]REdKYK�EhK�ghN^QREdMYK�gACIEdKiURNFS�MYN^URgbS�CIUoS��7¯�gdNIHLQ(SdTLN^U|M�CIU�l�K_PREdNX�¤TLZ(K�Z
lo�tSd]RK�O�TJZRZRHJKYp�CIEdK�NFa§�iHLNIluCIHAe�N^O�P(Q(SGTJURV����²SvEdKY�¤Q(TLEdKYgvC�gdM�]RKYZRQRHJTLURV�P�N^HLTJMY�,CIURZwC�ZuCFSGC
ZRTJghSGEhTLlRQ0SGTLNIU�P�N^HLTJMY�|p�]RTJM�]�QRgdK�MYN^HLHJK�MzSGK�Z�PRTLKYM�KYg6NIa7TLU0acN^EdO�CFSGTJN^UvSG]uCFS6CIEdK�EdKYV^QRH¡CFEdHJ�vQ(P$ZuC�SGK�Z
�
 6CFSGC�ZRTJghSdEdTLl(Q(SGTJN^U�MfCIUql�K�CIM�]RTLKz�^KYZqlo�9OjKfCIU(grNIa C�ZRKYZRTLM�CFSGKYZqP�K�K�E"�²SdNF�{P�K�KYErgbSGN^EdCIV^K?PRH¡CFShacN^EdO �
¯�S/SG](K�CIPRPRHJTLMfC�SGTLNIU�HLKz�^KYH�W^prK?M�CIU�]uCIU(ZRHLK\ghN^O�K�M�N^URgbSGEdCITLUoSGg/l(Q(S7TJS/ghK�KYO�g7ZRT¢~�MYQRHJS�SGN_ZRK�CIH(p�TJSd]
SG](K_�FCIEhT¡CFSdTLN^U9NIa�SG]RK_EdKYgdN^Q(EdM�KYg��  ATLgbSGEhTLlRQ(SdTLURV�C�PREhN^V^EdCIO3TJg�lo�vUuCFSGQ(EdK_C�gdN^HJQ(SGTJN^U|TLU|NIEdZRKYE�SdN
gd]RCIEdK�Sd]RK�e�B ��W*O�KYO�N^Eb��CIURZ�ZRTJgds�QRgGCFV^K��i[�CIEdU(K�gdghTLURV|OjN^EhK�M�NIO�PRQ0S�CFSdTLN^UuCFH`U(N0ZRKYg6O�CX��l�K
URNIS�ghQ(~jM�TJK�UoS��%�{U m K�MYSdTLN^U 	�� ��� ��� 50W(prK�PREhN^P�N^gdKighN^HLQ(SdTLN^U(g�SGN�HLTJO�T¢SrSd]RK_O�KYO�N^Eb�qQRgdCIV^K2�
­�KzS{p�NIEds�EdKYgdN^Q(EdM�KYg�CFEdK�CIHJgdNvC|M�EhTJSGTJMfCIHDCIgdP�K�MzS�NIa\�iHLNIluCIH/e�NIO�PRQ0SGTLU(V����\]RKz�xMfCIUxl�K�]RKYSdK�EdN��
V^KYURK�N^Q(g_CIURZxURNISiMYN^URgbS�CIUoS����{U�PuCIEbSGTLMYQRH¡CFE�W$Sd]RK�M�NIghSiNIa%MYN^O�O�QRURTLM�CFSGTJN^U�NX�IK�Ei�{UoSGKYEdURKzS�]RCIg_C
M�NIURgdTJZRK�EdCIlRHLK?TLOjPuCIMzS�NIU�SG](K6P$KYEhacN^EhO9CFURM�KYgrNIa.Sd]RK6CFPRPRHLTJMfCFSdTLN^U(g��`¯�S�SG](K6CIPRP(HLTLM�CFSGTJN^U�HLKz�^K�H W¤prK
MfCFU9CIMzS%QRP$NIUjSd]RK�U¤Q(O§l$KYE7NIa*MYN^OjO§QRURTJMfCFSdTLN^URgkCIURZ�SG]RK\�^NIHLQROjK\NIa�SGEGCFURghacKYEdEdKYZ9ZuC�S�C_CIg7gd]RNXp�U
TLU m KYMYSdTLN^U 	�� ��� ��� � �
­�N¤ZRK�CIURZ�URKzS{p�NIEds�EhK�ghN^QREdMYK�g_CIEhK�MYN^O�OjN^U�M�N^U(ghSGEdCITLUoSdgATLU�O�N^gbSANFa7PuCIEGCFHLHLKYH�CIURZ�Z(TLghSdEdTJlRQ(SGKYZ
M�NIO�PRQ0SGTLU(V�KYU��¤TJEdN^UROjK�UoSdg����_HJN^luCIH`e�NIO�PRQ0SGTLU(V�KYO�PR]RCIgdTJ«�K�g�SG](K�O°CIURZ�CIZRZRg�M�N^OjO§QRURTJMfCFSdTLN^U
NX�^KYE_Sd]RK§�{UoSGKYEdURKzS��§�\](TLgiH¡CFghSAa³CFMYSGNIE6V^K�U(K�EGC�SGK�g_O�CIUo��NFSG]RKYEiM�N^URgbSGEdCITLUoSGg6Sd]uCFS_CFEdK�gdP�K�MYTJnuM§SdN
�iHLN^luCFH`e�N^O�P(Q(SGTJURV���©DTLEhghSfW¥prK§O§QRgbS6M�NIURgdTJZRK�EASd]RK��IN^H¡C�SGTLHJTJS{�|NFa/gdN^OjK��IN^HLQ(U�SdK�KYE6URN¤ZRK�g$�6�²S6TJg
ZRQRK�KYTJSd]RK�EASdNvCqURKYS{prN^Ehs�a³CITLHJQREdKFW*CqU(N0ZRK§a³CFTLHLQ(EdK�N^EiC9�^NIHLQRUoS�CFEh��l�K�]RCX�¤TJN^QRE�ª�SG]RK§O�CIM�]RTJURK§TJg
ghp�T¢SGM�]RKYZ�N �qN^EDZRTLghM�N^URU(K�MYSdK�Z�acEdNIO�Sd]RK��{UoSGKYEdURKzS´¬*� m N^HLQ(SdTLN^U(gDMfCFU�l$K�acNIQRURZ�CFSkSd]RK\OjTLZRZRHJKYp�CIEdK
HLKz�^KYHDp�TJSd]�a³CIQRH¢SASGNIHLK�EdCIURMYK�OjK�M�]uCIU(TLgdOjg�� m NIO�K�gh�¤ghSdK�Ojg_SdEh��SGN|ZRKzSGKYMYS�C�a³CITJHLQREhK�CFURZ�gdQRl(O�T¢S
CIVoCFTLU|SG]RK�gGCFO�K_S�CIghs:ª³K2� V�� 
ASGEhK�OA¦�K�lu¬*���²S�TLg?CIHJgdNjP$NIgdgdTJlRHLKiSdN�ZRQ(PRHLTJMfCFSdK_Sd]RK�gGCIOjKiS�CIghsvCIURZ
SGN�gdQRl(O�T¢S�T¢SiSGN�O9CIUo�xP�K�KYEdg|ªcK�� V�� m KzSGT��i](N^O�Kf¬*�q¯ V^N¤N0ZxghN^HLQ(SdTLN^UxprN^QRHLZ:l�K�SGN�ZRKzSGK�MzS�Sd]RK
a³CITJHLQREhKrCFURZ§SGN�EdK�MYNX�^K�EkSd]RK�SGCIgds�lRQ(SDTJS�TLg��IK�Eb��M�]uCFHLHLKYURV^TJURV�SdN6TLOjPRHLKYO�KYUoS�ghQRM�]�OjK�M�]uCIU(TLgdOjg�acNIE
�iHLN^luCFH�e�N^O�P(Q(SGTJURVqªcTJS%TLg%O§QRM�]9KfCIghTLK�E7acN^E�e�HLQRgbSGKYE\e�N^OjPRQ(SdTLURV�N^E%ZRK�ZRTJMfCFSdK�ZqVIEdTLZjPRHLCFSdacN^EhO�gG¬*�
¯AU(NISG]RKYE�ghTLOjPRHLKkSdEGCIM�s¥W�p�]RTLM�]�TLg`URNIS�a³CIQRH¢S.SGN^HJK�EGCFU�S�WFTJg.SGN?M�EdK�CFSGK�C?l(H¡CIM�s^�{HJTLgbS�NIaRQRU(ghS�CFlRHLK%URN¤ZRK�g$�
¦�K�M�NIURgdTJZRK�E?SG]uCFS?SG](K§CIPRP(HLTLM�CFSGTJN^UvHLKz�^K�H`ZRN¤K�g?URNISA]uCf�^K�SdN�S�CFM�s¤HJK�Sd]RTLg?PREhN^lRHLKYO?� m K�M�NIURZ W$prK
MfCFUxa³CFM�K§O�CIHLTJM�TJN^QRg?URN0Z(K�g���¦�K�K�ghSdTLO�CFSGK�TJS6]RCIg6SGN|l�K�]uCIURZ(HLK�ZxC�S6SG]RK�OjTLZ(ZRHLKzp�CIEhK§HLKz�^KYH �_�²S
M�NIURM�KYEdURg�SG]RK_TJU�SdK�V^EhTJS{��NIa`SG]RK_M�NIO�PRQ0S�CFSdTLN^URg�l$KYMfCIQRghK�CjURN¤ZRKiO�Cf�qEdKzSGQREhU�lRCIZvEdK�ghQRHJSdg��7¯AHJgdNRW
SG](K�M�HJTLKYU�S�MfCFU�l$K�O9CFHLTLMYTLN^Q(g�lo��ghQRlROjTJSdSdTLURVjO�CIHJp�CIEdK�ªcO9CIHJTLMYTLN^QRg\ghNIa�S{p�CIEdKf¬�SGN�SG]RK��^N^HJQRUoSGK�KYE
URN¤ZRK�g$�_��NvCf�^NITLZ�ghQRM�]�P(EdN^lRHJK�Ojg�W �_HJN^luCIH�e�N^OjPRQ(SdTLURVqghNIa�S{p�CIEdK§M�CIU�PREhN^P$NIgdK�CIQ(Sd]RK�UoSdTLMfC�SGTLNIU
PREhNISGN¤M�N^HJg6CIU(Z:gdCIURZRl�Nf�0TLURVqSdK�M�]RURTJ��QRK�g$� m TLOjTLHLCIE�P$NITLUoSGg6TJUR]RKYEdK�UoSiSdNvCIMYSdTJ�¤TJSdTLK�g�NX�^K�Ei�{UoSdK�EdU(KYS
CIEhK_Sd]RK_M�N^U0nuZRK�UoSdT¡CIHJTJS{�qNFakZuCFSGC�CIURZvSG]RK�ZRK�U(T¡CIH NFakgdKYEh�¤TLMYK��7¦y]RTLHJK6SG]RKinuEhghS�MfCIU�l�K�ghN^HJ�IK�Z�l��
K�U(M�Eh�¤P(SdTLN^U*WRSG]RK_gdKYM�N^U(Z�N^URK_M�CIUv]uCIEdZ(HJ�|l�KigdN^H¢�^KYZ��
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86Q(Sh�²NIa¡�{MYN^EdK
¯Ag�p�K§SGCIEdV^KzSASdNqgdN^H¢�^K�HLCIEdV^K�K�TJV^K�U(PREdN^l(HLK�Ojg�W¥prK�N^lo�0TJN^QRghHJ��MfCIURU(NIS6HJNoCIZ�TJU�O�KYO�NIEh�|SG](K�acQRHLH
O�CFSGEhTLM�KYg

A
CIURZ

Q
ª
∈MN(R)

¬*���²a
p
TJg�SG](K�U�QRO§l�K�E�NIauM�NIO�PRQ0SGTLU(VAURN¤ZRK�gYW^KfCFM�]§N^URKrghSGNIEdK�g N∗N

pK�HJK�OjK�UoSGg�NIa
A
ª
A
TLg�U(NIS\URKYM�K�ghgGCIEb�|gdPRCIEdghKX¬�CIURZqSd]RK6gdCIO�KA�¤QRCIUoSGTJS{�jacN^E

Q
�7�²S\gbSGTLHJH¥EdK�P(EdK�ghK�UoSGg

CqgdTJV^URT¢nuMfCIUoS��^N^HJQRO�K�NIa%ZuCFSGCqCIURZ
p
O�QRghSil�K§EdCFSG]RKYE6]RTJV^]�TJa7U(N|NISG]RKYE6gdNIHLQ(SdTLN^U�TLg6PREhN^P�N^gdKYZ��

�\]RKYEdKYacNIEdKIW�acN^Ei¯ CIU(Z �§W*prK�P(EdN^P�N^gdK�CFU�N^Q0Sh�{NFa¡�{M�NIEdK�SdK�M�]RURTJ��QRK�lo��HJNoCIZRTJURVqZuC�S�C|V^EGCFZRQuCIHJHJ�
p�]RKYU�SG]RKz��CIEhK9URKYK�ZRKYZ�acN^E�MYN^OjPRQ(S�C�SGTLNIURg��|¦�K9ZRN�U(NIS§QRghK|C�MYN^OjPuCIMYS�acN^EdO�CFS�l�K�MfCFQRgdK9prK
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T
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N
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MfCFU�ghSGNIEdK9Sd]RK�O N^U�SG](Kq]uCIEhZ0�{ZRTJgdsxlRQ(S§TJa
N
TJg�HLCIEdV^KjTJS�MfCIU�]RCIEdZRH¢�:ZRN�TJS�� 8Aa?M�N^QREhgdKFW/TJS§TJg

P�N^gdghTLlRHJK�SdN�gh]uCIEhK9gdQ(M�]�ZuCFSGC�N^U:SG]RKj]uCIEhZ0�{Z(TLgds�NFa�SG](Kj�IN^HLQRUoSdK�K�E�URN¤ZRK�g�lRQ(S�TJS�TLg_URNFS�EhKfCIHJHJ�
M�NIU��IK�URTJK�UoSiacN^E�SG]RK§CIUuCIH¢�0ghTLg?NIa7EdKYgdQRH¢SGg$� (�KYgdTLZ(K�g�W*TJS?p�N^Q(HLZ�CIZ(Z�O§QRM�]�MYN^O�O�QRURTLM�CFSGTJN^U��\�\]RTJg
TLg\ghN^OjKYSG](TLURV�SGNjCf�^NITLZvTLU|SG](K�MYN^UoSGK´�0S�NIak�_HJN^luCIH e�N^OjPRQ(SGTJURV��
�\]RK�CIPRP(HLTLM�CFSGTJN^URgrQRgdTJURV�SG]RK_K�TJV^K�U(PREdN^l(HLK�O QRgdQRCIHLH¢�9URKYK�Z�acKYp KYTLV^KYURPuCITJEdg$�k�\]RKY�|S{�¤PRTJMfCIHJHJ�9CIgds
acN^E�SG]RK�K�TJV^K�URPRCITLEhg?p�]RNIgdK§KYTLV^KYU��FCIHJQRK�g�]uCf�^K�Sd]RK�](TLV^]RKYghSAURN^EdOjg�ªcN^E?HLNXp�KYghS�¬*�A�\](K�EdKzacN^EdKFW*T¢SATJg
URNIS�QRghKYacQRH`SGNjgGCf�^K�Sd]RK
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� m SdN^EdTJURV

k®�TJSG«�K�TJV^K�Uo�^KYMYSdN^EdgiTJU�O�KYO�NIEh�vMfCFU�ghSGTJHLH�l�K§ZRTJ~jMYQRHJSAlRQ(SASd]RK§MYHLTLKYUoS6TLgACIlRHJK�SGN9ghSGNIEdK�Sd]RK�O N^U
]RTJg\N�p�U�]uCIEhZ0�{Z(TLgds��7�²S�V^KzSGg�ZuCFSGC�NFa�Sd]RK_K�TLVIK�Uo�^KYMYSGNIEdgAVIEGCIZRQRCIHLH¢��lo�vOjKfCIU(g\NIaDNIQ(Sh�²NIa¡�{MYN^EdK2�
m TJURM�K�prK9ZRN�URNIS�sIKYK�P�Sd]RK

N
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N
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k < m � N
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m
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Q
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CIHJgdNqEhK�ZRQRMYK�gighTLV^URT¢nuMfCFU�SdHJ�vSG](K§M�N^gbSiNIa7SG](K�acQRHLH �{EhK�N^EbSG]RN^VIN^UuCIHJTL«fC�SGTLNIU|CFS6K�CIM�]xTJSdK�EGC�SGTLNIU�NIa/Sd]RK
±�CIURMY«�N^g�SGEhTLZRTLCIV^N^UuCFHLTL«�CFSGTJN^U��.�\]RK6(�TJgdK�MzSGTJN^U�CIURZvSG]RK_�{Uo�^KYEdgdK��²SGKYEGCFSdTLN^UvOjKYSG](N0ZRg\MYN^OjPRQ(SGK
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A
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k
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k
CIPRPREhNf�(TJO9C�SGK�Z�M�CIURZRTJZuCFSdKv®?T¢SG«qKYTLV^KYU��IK�MzSGN^Ehg��

�\]RK�acN^HLHJNXp�TLURV6gbSGKYP9M�NIURgdTJghSGg%TLU�M�]RKYM�s�TLURV�Sd]RK?CIM�MYQREGCFMY�jNIa�SG]RK?MfCIU(ZRTLZuC�SGK�®�TJSG«�KYTLV^KYURPuCITJEdgkp�TJSd]
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SG](K�K�Q(M�HLTJZRKfCFU�URNIEdOjg�NIaDSG]RK�EdK�ghTLZRQRCIHLg$�\�²a7CIHLH.KYTLV^KYURPuCITJEdg�gdQ(M�M�KYgdgbacQRHLH¢��PuCFgdg�Sd]RK�SdK�gbSfW¥p�K�]uCf�^K
acN^QRU(ZjSd]RK�EhTLV^]oSr®�TJSG«\KYTLV^KYURPuCITJEdg$� 8ASG]RKYEhp�TJgdKIW0CIg7gdN¤N^U9CIg7N^URK?MfCIURZ(TLZuCFSdK�K�TLVIK�URPuCFTLEka³CITJHLgDSdN�Sd]RK
M�NIU��IK�EhV^K�URMYK6SGKYghSfW¤p�KAEdK�gbS�CIEbS�Sd]RK�p�]RNIHLK?PREdN¤M�KYgdg\CIU(ZqM�N^OjPRQ(SdKAURKzpyMfCIU(ZRTLZuC�SGKAKYTLV^KYURPuCITJEdg$�D�{U
N^EhZRK�E�SGN�MYN^Uo�^KYEdV^KFWkp�K�O§QRghS�S�CIsFK9TJU�SdN�CFM�M�NIQRUoS�TLU(acNIEdO�CFSGTJN^U�V^TJ�IK�U�l��:SG](K9PREhKY�¤TLN^Q(g�p�EhN^URV
MfCFURZRTLZRCFSGK�KYTLV^KYURPuCITJEdg����²S�TLgqZRNIURKxl���M�N^OjPRQ(SdTLURV�C�URKzp TLU(TJSGTLCIH��^K�MzSGN^E|p�]RTJM�]yTLgvC�HLTJURKfCIE
M�NIO§lRTLURCFSGTJN^UvNIaDSd]RK�p�EhN^URV�MfCIURZ(TLZuCFSdK�KYTLV^KYUo�^K�MzSGN^Ehg�ª�SG]RK�M�N¤KY~jM�TJK�UoS6NFa/CIU�K�TLVIK�Uo�^KYMYSGNIEATLg\Sd]RK
CIghgdN¤M�T¡C�SGK�ZvKYTLV^KYU��FCIHJQRKX¬&�
¦�K�QRU(ZRK�EhHLTLU(KxSd]uCFS�M�]RN¤N^gdTJURV,C,EdKYghSGCIEhSdK�Z ghM�]RK�OjK�Z(N0KYg�URNFS�U(K�M�KYgdgdCIEh� EdKYZRQRM�K:SG]RK:V^HJN^luCIH
U�QRO§l�K�E§NFa�N^P$KYEGCFSdTLN^U(g�l�K�MfCFQRgdKqprKqMfCFU�EdK�gbS�CIEbS�O�CIUo��SdTLOjK�g����\]RKqO�CITLU�TLUoSGKYEdK�gbS�TLg�SGN�QRghK
O§QRM�]�HLKYgdg�OjK�OjN^Eh�qCIURZvgGCf�^K�C�gdTLVIURTJnuM�CIUoS�CIOjN^QRUoS�NIa�ZRTLghsqgdPRCIM�K2�

©DTLV^Q(EdK 	�� 	 �7©DHJNXp�M�]uCFEhS?NIa`SG]RK_EdKYghSGCIEhSdK�Z�EdKfCFH.gh�¤O�OjKYSdEdTJMiK�TLVIK�URghN^HJ�IK�E



��������� 	�� 	
� ��� � �#� � ����	�� � �#��
��#� �#	�
 � � � � 

��� ��
 �$��� ��
 � �#����� ��
 � � �'�
�7
 	�� � 
X�

� ���/������� "$#&132 . )&� '�� ' � )&� # .0' % %52$�%�:.06�)&��'�� .0' ; )-;

�\]RK�URKzS{p�NIEds�luCFURZ(p�TLZ0SG]xTLgiCqMYEdT¢SGTLM�CIH`EdK�ghN^QREhM�K�NIa��iHLN^luCFHke�N^OjPRQ(SdTLURVqCIURZ�prKjO�QRghSiEhK�ZRQ(M�K
CIg�O§QRM�]�CIg�P�N^gdghTLlRHJKASG]RKi�IN^HLQROjK_CIURZvSG](K�U�QRO�l$KYE?NFaDMYN^O�O�QRURTLM�CFSGTJN^URg$�
 ATJghSGEhTLlRQ0SGTLNIU|NIa�Sd]RK_O9C�SGEdT �

A

 ATJghSGEhTLlRQ0SGTLU(V�Sd]RK�l(HLN¤M�s¤g`NIaRSd]RK�O�CFSdEdT¢�
A
CFO�N^U(V?Sd]RK�MYN^O�P(Q(SGTJURV�URN0Z(K�gDTJgDC?ZRT¢~�MYQRHJS`TJgdgdQ(K���¦�K

CIghgdQROjK/ZuCFSGC�NFa¤Sd]RK7O9C�SGEdT �ACIEdK/N^EhTLV^TJUuCIHJHJ�\gbSGN^EhK�Z�l��ASG]RK/MYHLTLKYUoS.TLU_C\M�NIO�PuCFMYS.acN^EhO9CFS*TLUoSGN�C�SdKz�¤S
N^E/lRTJUuCIEb��nuHJK_ªcacNIE/TLURgbS�CIURMYKIW^prK?CIEdK\QRghK�Z�SGNi]uCFURZRHLK�Sd]RK?£�CFSdEdT �j£�CIEhsIKzS/acN^EdO�CFS/TJU�CASGKz�¤S7nuHJKX¬*�
¦�K�CIgdghQRO�KjCIHJgdNqSd]uCFS6Sd]RTLgiMYN^O�PRCIMYS6nRHLK�PREhN��¤TJZRK�gi]uCFHJa%NIa%SG]RK�URNIU0�{«YK�EdNvO�CFSGEhT¢��M�NIO�P�N^URKYU�Sdg
l�K�MfCFQRgdK

A
TJg7gh�¤O�OjKYSdEdTJM�ª CIMzSGQuCIHJHJ�IW�C�lRT¢S7O�NIEdK\SG]uCFUjSd]RK�]uCIHJa$gdTJURM�K?gdNIO�K�K�HJK�OjK�UoSGgrCIEhK�N^UjSd]RK

ZRTLCIV^N^UuCFH�¬*��%7CIM�]9MYN^OjP$N^U(K�UoS%TLg7V^TJ�IK�Ujp�TJSG]�SG](KACIghgdN¤M�TLCFSGKYZ�MYN^HLQROjUjCIURZjEdNXp4U�QRO§l�K�Ehg��/�²a
A
TJg

H¡CFEdV^KFW¤T¢S%TLg%TLOjP$N^ghgdTJlRHLK�acN^E%C�M�N^OjO�NIU�ZRKYgdsoSGNIP|M�N^OjPRQ(SdK�E7SGN�gbSGN^EhK�TJU9OjK�OjN^Eh�
X
M�NIO�P�N^URKYU�Sdg

CIURZ
2X
U�QRO�l$KYEdg§NIa�EdNXp CIURZ�MYN^HLQ(O�U���©uN^E�TLURgbS�CIU(M�K9T¢a�prK9M�NIURgdTJZRK�E�Sd]uCFS

X = 200.106 W/CM�NIO�P�N^URKYU�S�QRghK�g
8B
CIURZ�CvU¤Q(O§l$KYE_NIa�EhNXp/�FM�N^HJQROjU�S�CIsFK�g

4B
W�TJS_EhK�PREhK�ghK�UoSGg
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NIarZuCFSGC��

m N�prKAO�QRghS�HLNoCIZ9CIURZ�gdK�U(Z|ZuCFS�C�NIa
A
lo�jghSdK�PRg$�9%/�IK�UvTJa$SG]RK�M�HJTLK�UoSrM�N^Q(HLZ9HJNoCIZ�TLU�O�KYO�N^Eb�jCIHLH

ZuCFSGC(WRT¢S\p�N^Q(HLZvgGCFSdQREGC�SGKiSG]RK_URKzS{p�NIEds|luCIU(Z(p�TLZ(Sd]�SdN�gdK�U(Z�TJS�K�UoSGTJEdK�H¢�|CFS�Sd]RK_gGCIOjK6SGTJO�K2�
�\]RKYU W(prKiO§QRghS�M�]RN0NIgdKil�KYS{prK�K�U�gdKYURZRTJURV§SG]RK�p�]RN^HLKAO9CFSdEdT ��SGN�CIHJH¥Sd]RKiURN¤ZRK�g�N^E�SGN�gdK�U(Z�NIURHJ�
SG](K�EhK�HLKz�FCIUoS�PRTJK�MYK�g�NFa\ZuCFSGC�SGN�KfCFM�]�URN¤ZRK��q¦yT¢SG]�Sd]RK�nuEdgbS§P�N^gdghTLlRTJHLTJS{�IW SG]RK�M�HJTLK�UoS�P�K�EhacNIEdOjg
gdKz�^KYEGCIH�gdKYURZRTLU(VtNIa�ZuCFS�C�NIa

A
� %7CIM�] U(N0ZRK:V^EdCIZRQuCIHJHJ�tV^KYSdg�ZuC�S�C(WiCFUuCIHJ�¤ghK�g�TJS�CIURZwsIKYK�PRg

SG](KqEdKYHLKY�FCIUoS�MYN^OjP$N^U(K�UoSGg$���²S�TLg�TLUoSGKYEdK�gbSGTJURV�SGN�Z(TLghSdEdTJlRQ(SGKjSG]RK�p�N^Ehs�NFa\SG]RK|ZuC�S�C�ghK�HLKYMYSdTLN^U��
®�K�VoCIEhZRTLU(V?Sd]RKrMYN^OjO§QRURTJMfCFSdTLN^UiP�N^TLUoS`NIa0�0TJKYp_W�SG]RK7nuEdgbSDTJUoSGK�EhK�gbSDNIa(SG]RTJg�nREdghS�P�N^gdghTLlRTJHLTJS{�AZRK�KYPRHJ�
ZRKYP$KYURZRg�NIU�SG](K6�iHLN^lRCIH�e�N^OjPRQ(SGTJURV_O�TJZRZRHJKYp�CIEdK2�D�{URZRKYK�Z W0TJa*TJS%ZRN¤K�g%URNISrPREdNX�¤TLZRK�C_lREdNoCFZRMfCIgbS
EdNIQ(SGTJURKIW�TJS`p�NIQRHLZ�V^TJ�IK%�IK�Eh��P�N0N^E�P�K�EbacN^EdO�CIURMYK�g	��TJU�SG](KrM�CIgdK�NFauC�Z(TLghSdEdTJlRQ(SGTJN^U�CIO�NIURV

p
URN¤ZRK�gYW

TJS%prN^QRHLZ�M�N^U(gdTLgbS�TJU9gdKYURZRTJURV
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SGTLOjK�g

X
MYN^OjP$N^U(K�UoSGg�CIURZ
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U�QRO§l�K�Edg�NIa.EdNXp�g�CIURZqMYN^HLQROjURg$�

%k�^KYU�T¢a�Sd]RK\gdNFa�S{p�CIEhK�PREdNX�¤TLZRKYg7CilREdNoCFZRMfCIgbS7EdN^Q0SGTLU(KIWIprK�]uCf�^K\SGNiMYN^URgdTJZRK�E7T¢SGgkTJO�PRHJK�OjK�UoS�C�SGTLNIU��
�\]RKYEdK_Kz�0TLgbS?KY~jM�TJK�UoS�TLOjPRHLKYO�KYUoS�CFSdTLN^URgrNIa`lREdN^CIZRMfCFghS?EdN^Q0SGTLU(K�g\luCIghK�Z�N^U�C�SGEhK�K_ghSdEdQRMzSGQREhK�l(Q(S
SG](KY�_M�NIURM�KYEdU�e�HJQRghSdK�EDe�N^O�P(Q(SGTJURV����{U�Sd]RK7M�N^UoSGK´�¤SkNIaRB�K�KYEb��SGNF�{B�K�KYE/e�N^OjPRQ(SdTLURV(W�Sd]RK7�^N^HJQRUoSGK�KYE
URN¤ZRK�g%CIEhK\QRgdQRCIHLH¢�§CIU(N^Uo�0OjN^QRg$� (�KYgdTLZ(K�g�W�TJU�Sd]RK\M�NIU�SdKz�¤SrNIa�H¡CIEhV^K��iEdTLZje�NIO�PRQ0SGTLU(VRWISG](K?U(N0ZRKYg
gdKYHLZRNIO MYN^O�O�QRURTLM�CFSGK�l$KzS{p�KYK�U�KfCIM�]xNISd]RK�E$���\]�QRgYW`CqlREdNoCFZRMfCIgbSiEdNIQ(SGTJURK§O�CX��gdTJO�P(HJ��]RTLZ(K�C
HLN¤N^P�p�T¢SG]:C�ghK�URZ:EdNIQ(SGTJURK���¦�KjZ(N�U(NIS�M�]RN0NIgdK�SG]RTJgigdN^HJQ(SGTJN^U�l�K�MfCFQRgdKjTJS_ZRKYP$KYURZRg_SGN¤NvO§QRM�]
N^U�SG]RKvTJO�PRHJK�OjK�UoS�C�SGTLNIU�NIa?SG]RKvlREhNoCIZRM�CIghSdTLURV���¦yTJSG]�Sd]RKvgdK�MYN^URZ,gdN^HJQ(SGTJN^U W/SG]RK�CIURCIHJ�¤gdTJg�NIa
ZuCFSGC�NFa

A
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TJSASGNqSG](KjVIN0N¤Z�URN¤ZRK�� %%CFM�]�URN¤ZRK�V^KzSGg_EdKYHLKz�ICFU�S6ZuCFS�CvCIU(Z:gbSGN^EhK�g_TJS6TLOjO�KYZRT¡CFSdK�H¢�'��e�N^UoSGEdCIEh�
SGNjSG]RK�PREhKY�¤TLN^Q(g�ghN^HLQ(SdTLN^U*WRSG]RK�p�N^Ehs|NIakSd]RK�ZRCFS�CjgdK�HJK�MzSGTLNIU�TJg�URNFS�Z(TLghSdEdTJlRQ(SGKYZ���¦�K�]uCf�IK�gdKYK�U
SG]RCFSjZuCFS�CxMfCFU,l�K�SdN0N��IN^HLQROjTLU(N^QRg§SGNxnRSjTLU�Sd]RK�OjK�OjN^Eb��NIa�SG]RK�M�HJTLK�UoS��}�\]�QRgYW�SG]RKvMYHLTLKYUoS
MfCFURURNIS_PuCFEdgdK�Sd]RK�nuHLK�N^U(HJ��N^URK�SGTJO�K�gdN�CIg6SGNvHLN^CIZxCIHLH�ZuCFSGCvTJU�O�KYO�NIEh��TLUxN^EdZ(K�E6SGNvZRN|Sd]RK
gdKYHLKYMYSGTJN^Uqlo�qOjKfCFURg�NIa�OjK�OjN^Eh��CIMYM�KYgdgdKYg���[�NXp�Kz�^KYE�WRSG](K6M�HJTLK�UoS�O§QRghS�PuCIEdghK6SG]RKAZuCFS�C�nRHLKANIURHJ�
N^URK�SGTJO�K_N^E��^KYEh��acKYp SGTJO�KYg�l�K�M�CIQRghK§TJS?O�CX��MYN^UoS�CITJU�C�HJNIS?NIa/MYN^O�P�N^URKYUoSGg6CFURZ�SG](K�SGK´�¤SAnuHJK
CIMYM�K�ghgdKYg�CIEhK\Kz�0P$KYURgdT¢�^K2�/¯AUjKfCIgb��gdN^HJQ(SGTJN^U�prN^QRHJZjMYN^URghTLghS%TJU�PuCIEdghTLURViSd]RK\N^EdTJV^TLURCIH¤nRHLK\N^URH¢��NIURK
SGTJO�KFWRCIU(Z�SdNjghK�URZ�PREdNIV^EdKYgdgdT¢�^KYHJ�qSd]RK_M�N^OjP$NIURK�UoSGg\SdN�Sd]RK_EdKYHLKY�FCIUoS?P�K�K�Ehg��%[�NXprKY�IK�E�W�TJS\prN^QRHJZ
V^KYURK�EdCFSGK

X
MYN^O�O�QRURTLM�CFSGTJN^URg�NIa��^KYEh��ghO9CIHJH%�IN^HLQ(O�Kxª

X
M�N^OjP�N^URK�UoSdg�CIURZ

2X
U�QRO�l$KYEdg�NIa
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EdNXp�grCIURZjM�N^HJQROjURg�¬&�D�\]RTJg%U�QRO�l$KYE%NFa M�NIO�O§Q(URTLM�CFSGTJN^URgkTJgkSGN¤N�HLCIEdVIK\TJa�p�K?M�N^U(gdTLZ(K�E/SG]RK?M�NIghS%NIa
M�NIO�O§Q(URTLM�CFSGTJN^UjCIURZqCFHLgdN�SG]RK?NX�^KYEd]RK�CIZ|NIa.OjN^ghSrNIa.OjTLZ(ZRHLKzp�CIEhK?CFSrSd]RK?M�N^OjO§QRURTJMfCFSdTLN^U�HLCX�IK�E$�
86QREAP(EdN^P�N^gdT¢SGTJN^U�MYN^URghTLghSdg6TLU�lREdK�CIs�TLURV9QRP�SG](K§N^EdTJV^TLURCIH nuHLK�TLUoSdN

p
ghO9CFHLHLKYE\nuHLKYg�ª³T � K2��N^U(K�P�K�E

URN¤ZRKX¬&�/�{UvNISG]RKYE�prN^EdZRgYWRSG]RKAM�HLTJK�UoS\PuCFEdgdKYg�SG]RKiNIEdTLVITLUuCIHunuHJK6N^URMYKIWuCFUuCIHJ�¤«YK�g�K�CIM�]�P(TLK�MYK6NIa`ZuCFSGC
CIURZ9gGCf�^KYg�TJSrTLU�SG]RK?nuHLKYg�NIa*SG]RK�V^N0N¤ZjURN0Z(K�g_ªcV^K�URKYEGCIHJHJ�§S{prN§URN¤ZRKYg�N^E%N^URK�TJa Sd]RKAMYN^O�P�N^URKYUoS�TJg
N^U�SG]RK�ZRTLCIV^N^URCIH�¬&�`�\](K�U9K�CIM�]�nuHLK\TJg/HLNoCIZ(K�Z�TLU�OjK�OjN^Eh�§CIURZjgdK�UoS7SGN_SG](K�CFgdgdN¤M�TLCFSGKYZ�URN0Z(K��D¦�K
EdKYM�N^OjOjK�URZ�l(TLUuCIEb�vnuHLK�acN^E�a³CIgbSGKYEAOjK�OjN^Eh��HLN^CIZRTLU(V����\](K�SGNISGCIH`U¤Q(O§l$KYE6NIa7MYN^O�O�QRURTLM�CFSGTJN^URg
TLg

p << X
CIU(Z W$TJU�SdNIS�CFH�Wup�K�gdKYURZ

X
MYN^O�P�N^URKYUoSGg6CFURZ

2X
U�QRO§l�K�Edg�NIa/EhN�p�g6CIURZ�MYN^HLQ(O�URg$�

�iK�URKYEGCIHJHJ�^W�CFU�N^P�K�EdCFSGTJURVigh�¤gbSGK�O CIHJHLNXp�g/N^P�K�URTJURV�C_HJTLOjTJSdK�Z§U�QRO§l�K�E%NIa�nuHLKYg�W�gdN(W0T¢a$Sd]RK�U¤Q(O§l$KYE
NIa\U(N0ZRKYg�TJg�EdCFSG]RKYE�TJO�P�N^EbS�CIUoSfW�T¢S�M�CIU�l�K9URKYM�KYgdgGCFEh��SdN�ZRN�SG]RK�gGCIOjK�p�N^Ehs:C�gdO�CIHJH/U¤Q(O§l$KYE
NIakSdTLOjK�g\acN^E?ZRT �$K�EhK�UoS6VIEdN^QRP(gANIaDURN0Z(K�g��?�\]RK§MYHLTJK�UoS?MfCIU�M�](N0N^ghK§CjPuCIEGCFO�KzSGK�E

f
p�]RTLM�]�TJg?Sd]RK

O�C��0TLO§QRO�U�QRO§l�K�E/NIa�nuHJK�g/N^P�K�URKYZ9C�S/SG]RK\gdCIO�K�SdTLOjK_ª³T � K2�DO�C��0TLO§Q(O�U�QRO§l�K�E7NIa�URN¤ZRKYg7p�](TLM�]
V^KzS/ZuCFSGC6NIa

A
CFSkSd]RK\gGCIOjK�SdTLOjKX¬*�`�\]RK�SdNIS�CIH¤�^N^HJQROjK�NIa�ZuCFSGCiCIURZ�U�QRO§l�K�E/NIa�MYN^O�O�QRURTLM�CFSGTJN^URg

CIEhK�Q(URM�]uCIURVIK�Z��uSG](K�NIEdTLVITLUuCIH¥nuHJKiTLg��hQRgbS�PRCIEdghK�Z�C�acKzp SGTJO�KYg�OjN^EdK2�
�\]RKqZ(TLghSdEdTJlRQ(SGTJN^UxNIa

A
TLg§C�M�]uCIHJHLK�U(V^TLURV�PREhN^lRHLKYO?�|¦�K9]uCf�IKqPREdNIP$N^ghK�Z�C�gdN^HJQ(SGTJN^UxacN^E�HLCIEdVIK

O�CFSGEhTLM�KYg6QRghTLURVqacKzp=OjK�OjN^Eh�IW*p�TJSd]�acKYp=M�N^OjO§QRURTJMfCFSdTLN^U�CIURZ�SG](K�O9CFSdEdT ��nRHLK§TJg6PuCIEhgdK�Z:N^URMYK
ª³NIE��^K�Eb�|acKYp SGTLOjK�gG¬*�7[?N�prKY�IK�EYW�prK�CIM�s�URNXp�HLK�Z(V^K�T¢S\gd](N^QRHLZ�l�K�TJO�P(EdNX�^KYZ�TJU|acQ(SGQREhKip�N^Ehs��
 6CFSGC��{P�K�EhgdTJghSGKYURM�K
�\]RKjU�QRO�KYEdTJMfCIH/OjKYSd]RN0Z:M�NIU�SGCITLU(g�ghKY�^KYEGCIH�£ �6B TLUo�^N^H¢�¤TLURV

A
CIURZ

Q
�9�\]RN^gdKq£ �iB CFEdK�ZRTLg"�

SGEhTLlRQ0SGK�ZxCFO�N^U(V9SG]RK�M�N^OjPRQ(SdTLURVqU(N0ZRKYg�� �7N^HJQRO�TJURN^QRg?ZuCFSGCqNIa
A
CIURZ

Q
O§QRgbS_URNISAl$K§SdEGCIURg"�

acK�EhEdKYZ�N^U�SG](KqURKYS{prN^Ehs�acN^E�K�CIM�]}£ �6B��D�\](KqSGEGCFURghacKYEdEdKYZ�ZuCFSGC�CIEdK9N^URHJ�xSd]RK9S{prN��^K�MzSGN^Ehg�NIa
SG](K9£ �iB¨ªcEdKYgdQRH¢S�CIURZ:O§QRHJSdTLPRHJTLKYZ��IK�MYSdN^EdgG¬*� m NRW.K�CIM�]:URN0Z(KjVIKYSGgiT¢SGgilRHJN0M�s�NIa

A
CFS6SG](K��^K�Eb�

l�K�V^TJURURTLU(V�NIa*SG]RK�Kz�0K�MYQ(SGTJN^U|CIg%Kz�0PRHLCITLURKYZ9PREhKY�¤TLNIQRgdH¢�'�k�²S�V^KYSdg�ZuCFSGC�NIa
Q
PREdN^VIEdK�ghgdT¢�^K�H¢�jZRQREdTJURV

SG](K9±�CIURMY«�N^g_SGEhTLZRTLCIV^N^URCIHLTJ«fCFSdTLN^U���¯�S�KfCIM�]�±�CIU(M�«�NIg�T¢SGK�EdCFSGTJN^U W.N^U(K�MYN^HLQROjUxNIa
Q
TLg_V^TJ�IK�U:SGN

C�MYN^O�P(Q(SGTJURV�URN¤ZRK�ª³MY�¤MYHLTLM�ZRTLgbSGEhTLlRQ(SdTLN^Uu¬*� %7CIM�]�URN0Z(K9sIKYK�PRg�CFU�]uCIURZ(HLK9NIU�TJSdg�lRHJN0M�s�g§NIa
QCIURZ

A
ghNqCIg�SGN�nuURZ�SG]RKYO
p�]RK�U�U(K�K�Z(K�Z��\�\]RTJg?acK�CFSGQ(EdK�TLg?MfCIHJHLK�ZvZuC�S�C��²P$KYEdghTLghSdK�URMYK§CIU(Z�O§Q(ghS

l�K�TJO�PRHJK�OjK�UoSGKYZ:CFS�Sd]RK9�_HJN^luCIH7e�NIO�PRQ0SGTLU(V�ghNIa�S{p�CFEdKjHLKY�IK�H%EGCFSd]RK�E_SG]RCIU�C�S�Sd]RK9CFPRPRHLTJMfCFSdTLN^U
HLKz�^KYH ���{U�SG]RK�MYN^UoSGKz�¤S�NIa�B�K�KYEb��SGNF�{B�K�KYE�e�N^O�P(Q(SGTJURVRW�C|URN¤ZRK�N�p�U(TLURV�C|lRHLN¤M�s�NFa�O�CFSGEhT¢��O9Cf�
p�TJSd]RZREdCXp,acEdN^O�SG]RK�PRHLCFSdacN^EhO?��¯ygdNIHLQ(SdTLN^U�TJg7SdN_P$KYEhacN^EhO CiEdK�Z(QRURZuCIUoSrZuCFSGC��{P�K�EhgdTLgbSGKYURM�K�lRQ(SrTJS
V^KYURK�EdCFSGKYgAOjN^EdK�M�N^OjO§QRU(TLMfC�SGTLNIU���¦yTJSd]�Sd]RK��iEdTJZ�e�NIO�PRQ0SGTLU(V9OjN0ZRKYH�WRSd]RK�MYN^O�P(Q(SGTJURV�U(N0ZRKYg
CIEhK�V^KYURK�EdCIHLH¢��URNIS�gdN��^N^HLCFSGTJHLKvCIURZ}SG]RKYEdK�Kz�0TLgbSGg9ghNIa�S{p�CIEdK�PREdNX�¤TLZRTJURV:ZuCFS�C��{P�K�EdghTLgbSGK�U(M�K��4¦�K
QRURZ(K�EdHJTLURK\Sd]uCFS7ZuCFSGC��{P�K�EhgdTJghSGKYURM�K?EdKYZRQRMYK�grSd]RK\�^N^HJQROjK?l(Q(S%URNIS%URK�MYK�ghgGCIEb�jSd]RK?U¤Q(O§l$KYE7NIa MYN^O��
O§QRU(TLMfC�SGTLNIURgjª³T¢arprK9QRghKjSd]RK�®�B%e�PREhN^V^EdCIO�OjTLU(VqPuCIEdCIZRTLVIO�W.T¢S_TLg_ghSdTLHLHDURK�MYK�gdgdCIEh�:SGN�O�CIsIK�C
EdKYO�NFSGKiPREhN0MYK�ZRQREhK�M�CIHLH¡¬*�
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m NIa�S{p�CIEhK�NFa/�iHLN^lRCIH.e�N^OjPRQ(SdTLURV
e�QREhEdK�UoSdHJ�^WughNIa�S{p�CIEdK�NIa�B�KYK�Eb��SGNF�{B�KYK�EAe�N^O�P(Q(SGTJURV�ZRN¤K�g�URNIS?CIHJHLNXpwZRTLgbSGEhTLlRQ(SdTLURV�Kz~jM�TLKYUoSGHJ�9U�Q0�
OjK�EdTJMfCIH/OjKYSd]RN¤ZRg�EhK���QRTLEhTLURV�O§QRM�]�M�N^OjO§QRURTJMfCFSdTLN^U:CIU(Z�QRghTLURV��IN^HLQ(O�TJURN^QRg_ZuCFSGC��v�\]�QRg�WDprK
QRghK9SG]RKq�_EhTLZ�e�N^O�P(Q(SGTJURV�ghNIa�S{p�CIEdK 86OjURT¡®?B%e�SG]RCFS�prKq]uCf�^K9PREdKYgdK�UoSdK�Z�TLU�e�]uCIP(SdK�E 5�CIURZ
m KYMYSGTJN^U 	�� 5 � 5�� ���/�{U�PuCIEbSGTJM�QRHLCIE�W¤p�KiS�CFsIK�V^EdK�CFS?CIZ(�FCIUoS�CFV^KiNIakT¢SGg\ZuC�S�C��²P$KYEdgdTJghSdK�URMYK_acK�CFSGQ(EdK��
86URM�K 86O�U(T¡®?Bre4TLg�M�]RNIgdK�U�CIURZ�CIM�MYN^EdZRTJURV�SGN�CIHLH*PREdKz�0TJN^QRg?PREdNIP$N^ghTJSdTLN^URg�acNIE\N^QRE�K�TJV^K�URghN^HJ�IK�EYW
prK�MfCFU�URNXp Kz�ICFHLQuCFSdKiSG]RK�U�QRO§l�K�E�CIURZ�Sd]RK_�^N^HJQRO�K�NIaDM�N^OjO§QRURTJMfCFSdTLN^U(g��%�DCIl(HLK 	�� �jPREhK�ghK�UoSGg
SG](K�U�QRO§l�K�E�NIa7M�N^OjO§QRU(TLMfC�SGTLNIURg?CIURZ�gb�0U(M�]REdN^U(TL«fC�SGTLNIU�P�N^TLUoSGg$����CIlRHJK 	�� = gh]RNXp�g6SG]RK��^N^HJQROjK
NIaAZuCFS�CxgdKYUoS|CIURZ}EdKYM�KYTJ�^KYZtacN^E�KfCFM�] 86O�URTL®�B%e MfCIHJH �}�DCFlRHLK 	�� � K´�0PRH¡CITJURg�SG]RK�OjKfCIURTJURVxNIa
�FCIEdTLCIlRHJK�g�V^T¢�^KYU�TJU���CIlRHJK�g�	�� ��CIURZ 	�� = �

­?QRO§l�K�E�NIa ­�QRO§l�K�E�NIa
CIgh�¤URM�]REhN^URN^Q(gA®?B%ewMfCFHLHLg gh�¤URM�]REhN^URTL«�CFSGTJN^URg

 ATJghSGEhTLlRQ0SGTLU(V
A p d p

f
e±�CIURMY«�N^g T¢a

m ≤ p
W
i(m + mp + m(m−1)

2
) i(2m− 1)SdEdTLZ(T¡CIV^NIUuCIHLTJ«fCFSdTLN^U TJa

p < m
W
i(m + 2mp− p(p+1)

2
) i(2m− 1)(rTLgdKYMYSdTLN^U�CIURZ

is i�{U��IK�EhgdK��²SdK�EdCFSGTJN^U
e�NIO�PRQ0SGTLU(V�®?T¢SG«

ik ∗max(m, p) iK�TJV^K�Uo�^KYMYSdN^Edg
��KYghSGg?NIa�M�N^Uo�IK�EdVIK�URMYK TJa`MYN^Uo�^K�EhV^K�U(M�KIW

ikp iT¢a�SdK�ghS�a³CITJHLg�CFS�SG]RK
jth KYTLV^KYURPuCITJEdgYWRT �hP i

��CIlRHLK 	�� � �}­?QRO§l�K�E|NIa�CIgh�¤URM�](EdN^URNIQRg�®?B%e°MfCFHLHLgvCFURZygh�¤URM�]REhN^URTL«�CFSGTJN^URgvNIa�SG]RKxEdKYghSGCIEhSdK�Z
CIHJV^N^EdT¢SG]RO

�7N^HLQ(O�K6NFaDghK�UoS6CFURZ
EdK�MYK�T¢�^K�Z�ZuCFSGC�ª (r��SGKYg�¬

 ATLgbSGEhTLlRQ(SdTLURV
A 16pX±�CIURMY«�N^g TJa

m ≤ p
W
8iN(m + 2m + p2−1

2
)TJa

p < m
W
8iN(2m + 3mp− (p+1)2

2
)(�TJgdKYMYSGTJN^U�CIURZ

8m2 + 24m
ª�p�TJSG]

S = 1
¬

�{U��IK�EhgdK��²SdK�EdCFSGTJN^U
e�N^OjPRQ(SdTLURV�®�TJSd«

16ik ∗max(m, p) ∗NK�TLVIK�Uo�^KYMYSGNIEdg
�`K�gbSGg?NIa�M�N^Uo�^KYEdV^KYURM�K T¢aDMYN^Uo�^K�EhV^K�U(M�KIW

16ikpNTJa�SdK�ghS?a³CITJHLg�C�S?Sd]RK
jth KYTLV^KYURPuCITJEdg�W 16ijpN

��CIlRHJK 	�� = �/¯APRP(EdNf�0TLO�CFSGKYZv�IN^HLQ(O�KiNIa�M�NIO�O§Q(URTLM�CFSGTJN^URg�NIa`SG](K�EhK�gbS�CIEbSGK�Z�CIHJV^N^EdT¢SG]RO
�\]RK�O�KYO�N^Eb�|QRgdCIV^K�Z(K�P�K�URZRg6CjHJNIS?N^U�PRHLCFSdacNIEdO��{ZRKYP$KYURZRK�UoS�PREdNIP$N^ghTJSdTLN^URg�CFURZ�TJS�CIHJgdNjZRK�KYPRHJ�
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N
8iEhZRK�E\NFa

A
m
m TL«�KiNFa�Sd]RK +_Eb�¤HLNX�|gdQ(lRgdPuCFM�K

k
­�QRO§l�K�E\NFaDMYN^O�P(Q(SGKYZ�®�TJSd«iK�TLVIK�URPuCFTLEdg

p
­�QRO§l�K�E\NFaDMYN^O�P(Q(SGTJURV�URN¤ZRK�g

i
­?QRO§l�K�E\NIa�TJSdK�EdCFSGTJN^URg�NIa`SG](K
EhK�gbS�CIEbSGK�Z�gdM�](K�OjK

X
­?QRO§l�K�E\NIa�URN^U¤�{«�KYEdNjM�N^OjP�N^URK�UoSdg?NFa

A
f
£�C��0TLO§QRO U�QRO§l�K�E�NIa`nuHLKYg\N^P$KYURKYZ�CFS\Sd]RK
gdCIOjK6SGTLOjKAacN^E�Sd]RK_ZRTLgbSGEhTLlRQ(SdTLN^U|NFa

A
s
­?QRO§l�K�E\NIa�gdKzSGg?NIa�gdQRlRTJUoSGK�Eb�FCIHLg

��CIlRHJK 	�� � �7BDCIEdCIOjKYSGKYEdg�EdKYO�TJURZRKYE\NIa�Sd]RK_EdK�CIH.gh�¤OjO�KzSGEdTJM6K�TJV^K�U(gdN^H¢�^K�E

ZRKYP$KYURZRgDNIU�PREhN^V^EGCFO�OjTLURV\M�](N^TLMYK�g`ZRN^URK7p�TJSd] 86O�U(T¡®?Bre �Xe�N^UoSGEGCFEh�_SGN?PRH¡C�SdacN^EhO��²TLURZRKYP$KYURZRKYU�S
gdNIHLQ(SdTLN^URgYWISG](N^gdK\PREhN^V^EdCIO�OjTLU(VAM�]RN^TJM�KYg/MfCIU�l�K\KfCIghTLHJ��OjN0ZRT¢nuK�Z
�k�iK�URKYEGCIHJHJ�IWISG]RK\OjN¤ZRTJnuM�CFSGTJN^URg
TLOjPREhN��¤TJURV�SG]RK�gdMfCFH¡CIlRTJHLT¢S{�qNIakSd]RK§CFPRPRHLTJMfCFSdTLN^U|HJKfCIZ(g�SGN�P$N¤N^EhK�E�P$KYEhacN^EhO9CFURM�KYg�ª³K2� V���C9gdO�CIHLHJK�E
f
acN^EASd]RK�ZRTLgbSGEhTLlRQ(SdTLN^U�NIa

A
gGCf�^KYg�OjK�OjN^Eb��lRQ0S_V^K�URKYEGCFSdK�g_OjN^EdK§PRCIEdghTLURV|NIa%SG](K�ZuCFS�CqnuHJK§NIa

A
¬&� 8iQ(E�TJO�PRHJK�OjK�UoS�C�SGTLNIU}OjN^URNIP$N^HJTL«YK�g

8 ∗ m ∗ N
(r��SdK�gqN^U,KfCIM�]4MYN^OjPRQ(SGTJURV:URN0Z(KIW\CIU(Z

max(8 ∗ p ∗N, 16 ∗ e)
(r��SGK�grN^U�Sd]RKAMYHLTJK�UoS��  AQREdTJURV�Sd]RK?ZRTLgbSGEdTJlRQ(SdTLN^U�NIa

A
W
e
TLg/SG](KAO�C��0TLO§QRO

U�QRO§l�K�E�NIa�M�N^OjP�N^URK�UoSdg?NFa
A
gdKYUoS?SdN9C�V^EhN^QRPvNIa�URN¤ZRK�g �%T¢S�ZRK�P�K�U(ZRg�NIUvSd]RK_M�]RN^TJM�K_NIa

f
�

e�N^OjPRQ(SdTLURV�CIU(Z�URKzS{p�NIEds|EdKYgdN^Q(EdM�KYg
�\]RK�M�]uCIEGCFMYSGKYEdTJghSGTJM�g�NIa�Sd]RK�MYN^OjPRQ(SGTJURV�CIURZ�U(KYS{prN^EdsxEdKYgdN^Q(EdM�KYg�CIEhKjSd]RK�gdCIOjK9CIg�TLU m K�MzSGTJN^U
	�� 5 � 5 � � �

%D�0P$KYEdTLOjK�UoSGCIH PRHLCFSdacN^EhO�g
��CIlRHLK 	�� ; PREhK�gdKYUoSGg§SG](K�acN^QRE�Kz�0P�K�EdTJO�KYUoS�CIH%PRH¡C�SdacN^EhO�g_lRQRTJHJS_p�TJSd] 86O�U(T¡®?Bre�CIURZ�Sd]RKqMYN^O��
PRQ(SdTLURV:EdKYgdN^Q(EdM�KYg|CFS�SG](K � m ��± CIURZ�C�S9�`gdQRs�QRlRC���¦�K�QRgdK�SG]RK !"MYHLQRgbSGKYEjMYN^U(nuVIQREGCFSdTLN^U$#vNIa
86O�U(T¡®?Bre ��%7CIM�]�EdKYH¡Cf�vgdKYEh�^KYE6QRghK�g6C�gdTJO�P(HLK_EdN^Q(URZ�EhN^lRTLUvghM�]RK�ZRQ(HLK�E�p�TJSG] mRm [�TLUo�IN0M�CFSGTJN^URg��
e�N^OjO§QRURTJMfCFSdTLN^U9TLg\O§QRH¢SGTJPRHLK´�(KYZ��

e�N^U(nuV���. e�N^U(nuV�� 5 e�N^U(nuV�� � e�N^U(nRV�� 	
±.N¤MfCFSdTLN^U|NIaDM�HJTLK�UoS � m ��±
­?l�CFURZ�HJN0M�CFSGTJN^UqNIa .�C�S?±�TJHLHJK 5�C�S?±�TJHLHJK .�CFS�±�TJHLHJK 5�CFS?±.TLHJHLK
86OjURT¡®?B%e4ghK�Eb�^K�Ehg .�C�S��`gdQ(s¤Q(luC 5�CFS���ghQRs�QRluC
­�lvprN^EdsFK�Edg?P�K�E�gdKYEh�^KYE 5 ; URN¤ZRK�g �FgdKYEh�^KYE
�`NISGCIH.U�l�prN^EdsFK�Ehg 5 ; � � � � .'.��
±.N0M�CFSGTJN^U|NIa � m ��± � m ��±�CFURZ ��URT¢�^K�EhgdT¢S{�vNIa
p�NIEdsIKYEdg �`gdQRs�QRlRC

��CIlRHJK 	�� ; � %D�(P�K�EhTLOjK�UoS�CFH p�N^EhHLZ0��p�TLZRKAPRH¡CFShacN^EdOjg�acN^E�Sd]RK_EdK�CIH.gh�¤OjO�KzSGEdTJM6K�TJV^K�U(gdN^H¢�^K�E
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BDCFEGCIOjKYSdK�Edg?CIU(Z�]o�¤P$NFSG]RKYgdTLg
�\]RK�EdKfCFH$gb�0OjOjKYSGEhTLM�K�TJV^K�U(gdN^H¢�^K�Er]uCIgrO9CIUo��PuCFEGCIOjKYSdK�EdgYW0ghQRM�]vCIg

m
CIURZ

k
W(CFURZ9prKAQRghK6O9CFU��

M�NIU(nuV^QREdCFSGTJN^URg_NIa\P(H¡CFShacN^EdOjgiTLUo�^NIHJ�¤TLURVvghKY�^KYEGCIHrURKYS{prN^Ehs¤g�CIURZ�ZRT �$K�EhK�UoS�s�TJURZRg�NIa\M�NIO�PRQ0SGTLU(V
EdKYgdN^Q(EdM�KYg��9%7CIM�]9K´�0K�M�Q0SGTLNIU9ZRKYP$KYURZRg�NIU9O�CIUo�§a³CIMYSdN^EdgrCIURZ�prKAMfCFURURNIS%OjN^URTJSdN^E/gdNIO�K�NIa$SG]RN^ghK
a³CIMzSGN^Ehg�ª³K2� V���NISd]RK�E�M�N^OjO§QRU(TLMfC�SGTLNIU�NX�IK�EASd]RK��{UoSGKYEdURKzSfW MYN^URMYQREdEhK�UoSiPREhN0MYK�gdghK�giN^U�O9CIM�](TLURKYg�¬*�
�\]RKYEdKYacNIEdKIW.Sd]RKjCIUuCIH¢�0ghTLg6NFa�K�CIM�]xKz�0K�MYQ(SGTJN^U�TJg_CqZRTJ~jMYQRHJS6SGCIgds���¯�HJSG](N^QRV^]�prK�S�CIEhV^KYS_ghN^HJ�¤TLU(V
�^KYEh��H¡CIEhV^K_K�TJV^K�URP(EdN^lRHJK�Ojg�N^U�HLCIEdV^K��iHLN^lRCIH`e�N^OjPRQ(SGTJURVjPRH¡CFShacN^EdOjg�WRprK�nREdghSAPREdNIP$N^ghK�QRghTLURV9C
gdO�CIHJHLK�E?O�CFSGEhT¢��TLU�N^EhZRK�E6SdN|ghSdQRZ(��Sd]RK�TLOjPuCIMzS6NIa7SG](K�U¤Q(O�KYEdTLM�CIHDPRCIEGCIOjKYSdK�EhgiCIURZ�SG](K�M�N^U(n0�
V^QREdCFSGTJN^URg\NIaDPRH¡C�SdacN^EhO�g�NIU�Sd]RK_Kz�0K�MYQ(SGTJN^U�p�CIHLH �{MYHLN¤M�sjSdTLOjK�g�� 86URMYK�Sd]RTLg\prN^Eds|NIaDCIUuCFHJ�¤gdTJg�p�TJHLH
l�K�Z(N^URKIWRprKip�TLHJH*SGKYghS?O§QRM�]�H¡CIEhV^K�E�O9CFSdEdTJM�K�g�CFURZvPRH¡CFShacN^EdOjg_ªcgdK�K m KYMYSGTJN^U 	�� �����I¬*�
m NRW/prKqnuEdgbS�QRgdKvC�EhKfCIHrgh�¤O�OjKYSdEdTJMqO9C�SGEdT �:NIa?N^EdZ(K�E

N = 47792
�x�²S�TLg§l(QRTLH¢S§lo��OjKfCIURg�NIa

C�SdTLHLTJURVvp�]RN^gdK|PRCFSdSdK�EdU�TLg�Sd]RKqghPuCIEdghK|EdK�CIHrgb�¤O�OjKYSdEdTLM�O9C�SGEdT � (�M�ghghSds�. � acEhN^O�SG]RKq[ACIEbp�KYHLH¢�
(�N¤K�TJURV�O9CFSdEdT �6MYN^HLHJK�MYSdTLN^UiNFa(SG](K�£�CFSGEhT¢���b£�CFEdsIKzS�prK�l(gdTJSdK �*�`�\]RTLg`H¡CFghS�O�CFSGEhT¢�A]uCIg�SG]RK/acN^HJHLNXp�TLURV
M�]uCIEdCIMYSdK�EhTLghSdTLMYg	�

N = 11948
W
nnz = 149090

ª³URNIU0�{«YK�EdN�K�HJK�OjK�UoSGgG¬zWuSG]RK�Cf�^KYEGCIV^K
nnz
P�K�E?EdNXp

N^E�MYN^HLQ(O�UqTJg .75§CFURZqSG]RKAM�N^URZ(TJSGTJN^UqU�QRO§l�K�E�TLg�� ���
N = 47792

TLg�C§lRCIH¡CIU(M�K�Z|M�](N^TLMYK6TLUqNIEdZRKYE
SGN_gbSGQRZ(�§PREdN^VIEGCIOjO�TJURVAPRCIEGCIZ(TLV^Ojg/CIURZ�Sd]RK�TLOjPuCIMYSkNIa$Sd]RK\PuCIEdCIOjKYSGKYEdg/N^U�SG](K\M�N^Uo�^KYEdV^KYURM�K�NIa
SG](K6EdKYghS�CFEhSGKYZvgdM�]RKYO�K2�%�²S�TLg�URNFS\URK�MYK�ghgGCIEb�qSGN�QRghKiO§QRM�]|HLCIEdV^KYE�N^EhZRK�Ehg�acN^ErSd]RTLg�s¤TJURZ|NIa�gbSGQRZ(���
¦yTJSd]�Sd]RTLg�gdTJ«�K9NFa\O9C�SGEdT �$W`Sd]RK�MYN^OjPRQ(SGTJURV�SdTLOjK�g�CIEhK9URNIS�SGN¤N�HJN^URV�� m NRW�prKqMfCFU�P�K�EhacNIEdO C
HLNFSANIakKz�0P$KYEdTJO�KYU�Sdg�p�T¢SG]�ZRT �*KYEdKYU�SAPRH¡C�SdacN^EhO�g?CIURZ�gdKY�IK�EdCIHDPuCFEGCIOjKYSdK�Edg$���{U�Sd]RTLg?ghSdQRZ(�IW*p�K�ZRN
URNIS�acN¤M�QRg�N^U�Sd]RK�TJO�PRCIMYS�NIa�Sd]RKjO9CFSdEdT �xPuCFShSGK�EhU�N^U:SG]RKjM�N^Uo�IK�EdVIK�URMYK����\]�QRgYWkp�K�N^URH¢��SGK�gbS
TLUoSdK�URghTJ�^KYHJ�:SG]RTJg�O�CFSGEhT¢�:NIa�NIEdZRKYE

N = 47792
���\](K|ghS�CFEhSGTJURV��IK�MzSGN^E�TJg

r = ( 1√
N

, . . . , 1√
N

)
W

r ∈ R
N �/�\](TLg�M�]RN^TJM�K_TLg\OjNISGT¢�FCFSGKYZ|l��9SG]RK %/QRM�HJTLZRK�CIUvURN^EhO NIa

r
p�]RTLM�]�TLg

1
�

¦�KAM�NIURgdTJZRK�E7S{p�N�TJURPRQ(SrPuCIEdCIOjKYSGKYEdg$�k�\]RKAghTL«YKANIa Sd]RK +iEb�0HJNX��gdQRlRghPuCIMYK
m
p�]RTLM�]9TLg%K�TJSd]RK�E . 0(W

. �0W 5�0_N^E 5 �0W¤CIU(Z�SG](K�U�QRO§l�K�E%NIa*EdK���QRTJEdKYZq®�TJSG«�KYTLV^KYURPuCITJEdg
k
p�]RTLM�]j�ICFEdTLKYg/acEdN^O .�SGN 	��D¦yT¢SG]

SG](K_acNIQRE\PRH¡C�SdacN^EhO�gYW(TJS�EdK�P(EdK�ghK�UoSGg � 	�ZRT �$K�EhK�UoS?M�N^O�lRTLUuC�SGTLNIURg��
©uN^EASd]RK (�TLghK�MzSGTLNIUxCIURZx�{Uo�^K�EhgdK��²SGK�EdCFSGTJN^U�gbSGK�P(g�W`N^URHJ��N^URK�MYN^OjPRQ(SGTJURV|URN¤ZRK�giTJgiTLUo�^NIHJ�^KYZxl$K´�
MfCFQRgdK

m
TLg�EGCFSd]RK�E6ghO9CFHLH � m NRW*Sd]RK�O9C��(TJO§QRO
SG](EdK�gh]RN^HJZ�NIa%K�TLVIK�Uo�FCIHLQRKYg6P�K�E6ghQRlRTLUoSdK�Eh�FCIH�ª³ghK�K

N^QRE/P(EdN^P�N^gdT¢SGTJN^U§TLU m KYMYSdTLN^U 	�� 5 � 5 � 5I¬DTLg/QRPRP�K�EkSd]uCIU
m
TJU�N^EdZRKYEkSGN_ghSGCIEhS/Sd]RK�M�N^OjPRQ(SGCFSGTJN^U§p�TJSd]

SG](K��iK�EhgdM�]RVIN^EdTJU�Z(N^O9CFTLUqp�]RTJM�]�MYN^UoS�CITJURg?CIHLH�SG]RK_K�TJV^K�Uo�FCIHJQRK�g$�
®�K�gdQ(HJSGg
¯AHJH.SGTLOjK�g�CIEhK�TJU�gdKYM�N^U(ZRg��_£�N^ghSANIakSG](K�O CIEdK�SG]RK�CX�IK�EdCIV^K�NFa/nR�^K§EhQRURg$���\]RKz��CFEdK�OjKfCFgdQREhK�Z
N^UvSG]RK�M�HJTLKYU�S�� g�ghTLZRK2���\]RKY��CFEdK_p�CIHJH¢�²M�HLN¤M�s�SGTLOjK�g\p�]RTJM�]�TJURM�HJQRZRK_M�N^OjO§QRU(TLMfC�SGTLNIU|CIURZ�EdK�OjNISdK
M�NIO�PRQ0SGTLU(VxSdTLOjK�g$�,��CIlRHJK 	���. 0xCIU(Z,SG](K�CIghgdN¤M�TLCFSGKYZt©DTJV^QREhK 	�����gd](N�p3SG]RKvp�CFHLH¢�²M�HJN0M�sxSGTJO�KYg
URKYK�ZRKYZ�SGN�M�NIO�PRQ0SGKiSG]RK

k
®?T¢SG«iKYTLV^KYURPuCITJEdg��%©uN^E\K�CIM�]�MYN^QRPRHJK

(m, k)
WRSG]RK�U�QRO§l�K�E�NIaDEdK�gbS�CIEbSGg

TLg\VITJ�^KYU�TJUv�DCIl(HLK 	�� .'.'�
��CIlRHLK
	�� .75�gh]RNXp�grSd]RK6Cf�^KYEGCIVIKAP�K�EdMYK�UoS�CFV^K�g�NFa SGTJO�K�gdP�K�UoS�TLU�Sd]RK6±�CIU(M�«�NIgrSGEhTLZRTLCIV^N^URCIHLTJ«fCFSdTLN^U W

�������
��������# . �/� � ) (*1���� +$!�� ����. �
-/(�����. -�� �"�"�
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SG](K�®?T¢SG«�K�TLVIK�Uo�^KYMYSGNIEdg_M�N^OjPRQ(SGCFSGTJN^URg�CIURZ�Sd]RK§SGKYghSGgiNFa7M�N^Uo�^KYEdV^KYURM�K�ª³MYN^OjPuCIEdKYZ�SGNqSd]RK�SdNIS�CIH
p�CIHLH �{M�HJN0M�s�SdTLOjKX¬*�D�\]RK6p�CFHLH¢�²M�HJN0M�s�SGTJO�KYg�NIa`SG]RK-(rTLgdKYMYSdTLN^UvCIU(Z��{Uo�IK�EdghK��²SdK�EdCFSGTJN^UvCIEdKighN�gdO�CIHLH
M�NIO�PuCFEdK�Z�SGNiSd]RK�NFSG]RKYEdg/SG]uC�S%prK?ZRN�U(NIS7gd]RNXp�Sd]RK?EdK�HLCFSGKYZ�P$KYEdM�KYUoS�CIV^KYg�� m TJURM�K\SG](K�acNIQRE7M�N^U(n0�
V^QREdCFSGTJN^URg/]uCf�IK�ghTLOjTLH¡CFEDP�K�EdMYK�UoS�CFV^K�gYW0prK�N^U(HJ�§gh]RNXp4ZuCFSGC�NFa$Sd]RK�ghK�MYN^URZ9NIURK��k��CIlRHJK�	���. �_VITJ�^KYg
SG](K�P�K�EhM�K�UoSGCIV^K�grNIa SdTLOjK\gdP�K�UoS�TJUjSd]RK6£ �iB�TLUo�IN^HJ�¤TLU(V

A
ª³TJUjSd]RK�±`CFURM�«YN^grSdEdTLZ(T¡CIVIN^UuCIHJTL«fC�SGTLNIU¥¬

CIURZvSG](K�EhK�N^EbSG]RNIV^N^UuCIHJTL«�CFSGTJN^U9MYN^O�PRCIEdKYZvSdN�SG]RKip�]RN^HJK_±�CIURM�«YN^g�SGEdTJZRT¡CFV^N^UuCIHJTL«�CFSGTJN^U��
O�WRs e�N^U(nRV��@. e�N^U(nuV��95 e�N^U(nuV�� � e�N^U(nuV�� 	
.�0(W�. .�� � � .75 �'; 5 �'; � � � 5 	
.�0(W�5 5 ��5 	 5 � . � � � � � .��'0 	��
.�0(W � ��0 � . 	 � 	 = .'. 0 � = 5 	 ; � =
.�0(W 	 . 0 � � � ; � � � 5 � � � � �'5 ;'; �
. �0W�. .75 	 � .75 � 	 5 =�; � ��5 � ;
. �0W�5 5 . 	�0 5 . � � 	 =�; � .'.'.�� =
. �0W � �'0 � � 5 � ��0 � � � � .���. ; �
. �0W 	 � ��5'5 ='= � � . =�; ��= 	�0 � � �
520(W�. .'. ; 0 .75 ��5 5 � � � � � 	 ;
520(W�5 . � 5'5 5 .'.75 	�0 = 5 � �'5 ;
520(W � �'0 � � 5 � 	�� � � � = .'. = �';
520(W 	 � ��.�� � ��= � .�� �'; 	 � � � � ;
5 �0W�. . = � � . = .'. � � � ; = 0 � �
5 �0W�5 5�0'0 � . � � 5 � 	�.�� = � = �
5 �0W � � � 	�. 5 ��. = � � 	 � .'.75'5 .
5 �0W 	 	 � ��. 	�� � � .'. ; . � 5 � �'5 	

e�NIU(nuV��7EdKYO�TJURZRKYE 86O�URTL®�B%e �RMYN^U(nuV�� .z��5�� ��� 	
±.TLHLHJK 5 ; prN^EdsFK�Ehg	�%M�N^U(nRV��@.
±.TLHLHJK � � prN^EdsFK�Ehg	�%M�N^U(nRV�� 5

±�TJHLHJK 
��`gdQRs�QRlRC � � prN^EdsFK�Edg �7M�N^U0nuV�� �
±.TJHLHLK 
=�`gdQRs�QRluC .'.���prN^EdsFK�Ehg �/M�NIU(nuV�� 	

��CIlRHLK 	���.�0 �D¦�CIHLH �{M�HJN0M�s§SdTLOjK�g%SGN�M�NIO�PRQ0SGK6SG](K6sq®�TJSd«6K�TJV^K�URPRCITLEhgiª³TJUqgdKYM�N^U(ZRg�¬�N^U|SG](KAp�NIEdHLZ¤�
p�TLZ(K�P(H¡CFShacN^EdOjg%�r­ � 	 ='=�; 5

� � � � � � )�<�' +��h;¨'.!%&(�k&��"#7! ��#7! 2t+9�"1 �������  �{& � 
 ;¨!�� ����8

�iEdTLZ
��0'0'0 : 	 ;�> TLg§CxHLCIEdVIKqgdM�CIHLK|MYN^O�P(Q(SGTJURV�SGN¤N^H�MYN^O�P�N^ghK�Z�NIa�O9CIUo��M�HLQ(ghSGKYEdg�ZRTJghSGEhTLlRQ0SGK�Z�TJU
gdKz�^KYEGCIH�MYN^OjPRQ(SGTJURV�MYK�UoSGKYEdg�TJU�©uEGCIURMYK����\](N^gdKqMYHLQRgbSGKYEdg�CIEhKqTLUoSdK�EdMYN^URURKYMYSdK�Z�lo��C�a³CFghS§Z(K�ZRT �
MfC�SGK�Z�URKYS{prN^Ehs��|�\](Kq�iEdTJZ���0'0'0|QRgdCIV^KjTLg_luCIghK�Z�N^U�CvEdKYgdK�Eb�FCFSGTJN^U�P�N^HJTLMY��CIURZ�C�ZRKYPRHLNX�¤OjK�UoS
OjK�M�]uCIU(TLgdO°CIHJHLNXp�TLU(V�P�K�N^P(HLK�M�N^U(nRV^QREdTJURV9Sd]RK�TJE�NXp�U�K�Uo�¤TLEhN^UROjK�UoS��� AKYSGCITLHJg�M�CIU�l�K�acN^QRU(Z�N^U
SG](K��iEdTJZ���0'0�0�p�KYlRgdT¢SGK����

� �����
��������������� +$-/( ���	�	�
�'� � -
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 1.5

 2
 2.5
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 3.5

 4

 0

 10000

 20000

 30000

 40000

 50000

Time (seconds)

Wall-clock time of the client to get the k eigenpairs

29 workers F
58 workers F

58 workers (29 F, 29 JP)
116 workers (58 F, 58 JP)

Values of m

Values of k

Time (seconds)

©DTJV^QREdK
	�� � ��¦�CIHJH¢�{MYHLN¤M�s�SGTJO�KYg%SdN�MYN^O�P(Q(SGK�s�®�TJSd«�KYTLV^KYURPuCITJEdgAª³TJU9gdKYM�N^U(ZRg�¬rNIU9SG]RK?p�NIEdHLZ¤�²p�TLZ(K
PRHLCFSdacN^EhO�g%�r­ � 	 ='=�; 5

O�WRs U�QRO�l$KYE?NFa O�WRs U�QRO�l$KYE?NFa
EdKYghSGCIEhSdg EdKYghSGCIEhSdg

5 �0W�. 5 . �0W�. �
5 �0W�5 5 . �0W�5 �

5 �0W � � . �0W � �
5 �0W 	 � . �0W 	 . �
520(W�. 5 .�0(W�. �

520(W�5 � .�0(W�5 ;
520(W � 	 .�0(W � . =
520(W 	 . 0 .�0(W 	 � �

��CIlRHLK 	�� .'.��,­�Q(O§l$KYE�NFa§EdKYghSGCIEhSdg�SdNtM�NIO�PRQ0SGK�SG]RK:sy®�TJSG«xKYTLV^KYURPuCITJEdgvN^UySG]RKxp�NIEdHLZ¤�²p�TLZ(K
PRHLCFSdacN^EhO�g
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e�NIU(nuV�� 5
¦y]RN^HLKiKYTLV^KYURPREhN^lRHLKYO � . 0'0��

O�WRs ±�CIURMY«�N^g�SGEhTLZRTLCIV^N^URCIHLTJ«fCFSdTLN^U ®?T¢SG«iK�TJV^K�Uo�IK�MYSdN^Edg ��KYghSGg?NIa�M�N^Uo�IK�EdVIK�URMYK
. 0(W�. ; 0�� .�� = �
. 0(W�5 ��= � 5�� ; �
. 0(W � � ��� ��� .�0��
. 0(W 	 � ��� 	�� � �
. �0W�. ; ��� .�� ���

. �0W�5 ; 0�� 5�� = �
. �0W � ��= � 5�� ; �
. �0W 	 ��= � 	�� � �
5�0(W�. ; ��� .�� ���
5�0(W�5 ; 5�� .�� ���

5�0(W � �'; � 5�� = �
5�0(W 	 � � � 	�� � �
5 �0W�. ; ��� .�� 5��
5 �0W�5 ; ��� 5�� 	��
5 �0W � ; .�� ��� ���

5 �0W 	 � � � 	�� = �
��CIlRHLK 	�� .75 �k�\TJO�K�gdP�K�UoS�ª³TJU���¬%lo��Sd]RKi±�CIURMY«�N^g�SdEdTJZRT¡CIVIN^UuCIHJTL«fC�SGTLNIU W�Sd]RK6MYN^O�P(Q(S�CFSdTLN^U(g�NIa.Sd]RK
®�TJSG«iKYTLV^KYUo�^K�MzSGN^EhgACFURZ|SG]RKiSGKYghSdg�NIa�M�NIU��IK�EhV^K�URMYK�MYN^O�PRCIEdKYZvp�T¢SG]vSG]RKip�]RNIHLKiK�TJV^K�U(PREdN^l(HLK�O

e�NIU(nuV�� 5
±�CIU(M�«�NIg�SdEdTJZRT¡CIVIN^UuCIHJTL«fC�SGTLNIU � . 0'0��

O�WRs £�C�SGEdT ��� �7K�MzSGN^E�B/EhN0ZRQ(MYSGg ®?KYN^EhSd]RN^V^N^U(N^HLTJ«fCFSdTLN^URg
. 0(W�. � � � . 0��
. 0(W�5 � � � . 0��
. 0(W � ; 0�� � �
. 0(W 	 � � � ; �
. �0W�. � ��� .75��
. �0W�5 � ��� .75��
. �0W � � ��� .75��
. �0W 	 � ��� .����
5�0(W�. � 0�� . � �
5�0(W�5 � ��� .75��
5�0(W � � ��� . ���
5�0(W 	 =�; � . � �
5 �0W�. = � � 5�0��
5 �0W�5 ='= � 5�0��
5 �0W � = ��� 5'5��
5 �0W 	 ='= � 5'5��

��CIlRHLK 	�� .�� ���\TJO�K�gdP�K�UoS:ªcTLU���¬�lo�,Sd]RK�O�CFSGEhT¢���²�IK�MzSGN^E�PREhN0ZRQ(MYSGg9TLUo�^N^H¢�¤TLURV
A
CIU(ZtSG]RK�EdK´�

N^EbSG]RN^VIN^UuCIHJTL«fC�SGTLNIURgrMYN^OjPuCIEdKYZ�p�T¢SG]|SG](K_p�](N^HLK_±�CIURMY«�N^g\SdEdTLZ(T¡CIV^NIUuCIHLTJ«fCFSdTLN^U
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£�NISdTJ�FCFSdTLN^URgracN^E�SG]RK_QRgdCIV^K_NIak�_EhTLZ��20'0'0
©DTJEdghS�WISG](K?EhK�ghQRHJSdg/NIa¥SG]RK�PREhKY�¤TLN^Q(g/Kz�0P$KYEdTJO�KYU�Sdg/N^U�p�NIEdHLZ¤�²p�TLZ(K�PRH¡C�SdacN^EhO�g�ZRN_URNIS7ZRKYP$KYURZ�NIURHJ�
N^U§Sd]RK�CIHLVIN^EdT¢SG]ROjTLM7gdNIHLQ(SdTLN^URgYWFSd]RK\K �$K�MzSGTJ�IK�URKYgdg%NIa�N^QREkTJO�P(HLK�OjK�UoSGCFSGTJN^U�l(Q(S/SG]RKz��CIHJgdN6Z(K�P�K�URZ
N^U�N^Q(SGghTLZRK�KY�IK�UoSGg$�A�\]RNIgdK�P�K�EbSGQREhluCFSdTLN^URg�CIEhK�ZRQ(K�SGN�M�N^OjO§QRU(TLMfC�SGTLNIU|N��IK�E?SG]RK��{U�SdK�EhURKYS6CIURZ
M�NIURM�QREhEdKYU�S�PREhN0MYK�gdghK�g�NIaDNFSG]RKYE?Q(gdK�Ehg�NIU�MYN^OjPRQ(SGTJURV�ZRKz�0TJM�KYgACFS�Sd]RK � m ��± �u�²S�p�NIQRHLZvl�K_�IK�Eb�
TLUoSdK�EdKYghSdTLURV�SGN�TJgdN^HLCFSGK�acEdNIO NIQ(SGghTLZRKjP$KYEhSdQREdluC�SGTLNIURg�Sd]RK9gdCIO�K�Kz�0P�K�EdTJO�KYUoSGg����²S�prN^QRHJZ�CIHJHLNXp
QRgiTJO�PREhNX�0TJURV9NIQRE_CIUuCIH¢�¤gdTLg�NIa%PREdKz�¤TLN^QRg6SdK�gbSGgiZRN^U(K�N^U�p�NIEdHLZ¤�²p�TLZ(K§PRH¡C�SdacN^EhO�g$� 86a%MYN^QREdghKIW�TJS
TLg�URNFS�EdK�HJKY�FCIUoS�SGN:M�N^OjPuCIEhKqSG]RK�M�NIO�PRQ0SGTLU(V�SGTLOjK�g�ghTLURMYK��iEdTJZ���0'0�0�TLg�Cx]RTLV^]�P�K�EbacN^EdO�CIURMYK
CIURZ,ZRK�Z(TLMfC�SGK�ZtM�N^OjPRQ(SdTLURVxSGN¤N^H�p�]RKYEdKfCFg9SG]RK�PREdKz�¤TLN^QRg�SGKYghSdg|CIEdK�ZRN^U(K�p�TJSd]tEhKfCIHJTLghSdTLM��iEdTJZ
PRHLCFSdacN^EhO�g$�
m KYM�N^URZ*W��iEdTJZ���0'0'0�TLg�C�VIN0N¤Z�SGN¤N^H�TJU�N^EhZRK�E§SdN�SGK�gbS�SG]RK|ghMfCIHLCIlRTJHLTJS{�xNFa�NIQRE�TLOjPRHLKYO�KYUoS�CFSdTLN^U
p�TJSd]vO§QRM�]�lRTLV^VIK�E\O�CFSGEhTLM�KYg\CIURZ�OjN^EdKiMYN^O�P(Q(SGTJURV�URN¤ZRK�g$�
m NIa�S{p�CIEhK�NFa/�iHLN^lRCIH.e�N^OjPRQ(SdTLURV
�\]uCIU(s¤g§SdN�SG]RK9ZRK�PRHJNX�0OjK�UoS�OjK�M�]RCIURTLghO NFa��_EhTLZ���0�0'0(W�prK|MfCFU�M�N^U(nRV^QREdK9Kz�(CIMYSdHJ�:SG]RK|gdCIOjK
gdNFa�S{p�CIEhKiK�Uo�¤TLEhN^UROjK�UoS�CIg�acNIE�PREdKz�¤TLN^QRgrSGK�gbSGg$�r[?NXp�Kz�^K�EYWup�KiO§Q(ghS�SdK�ghS\CIURZ|QRghK_C§URKYpw�^KYEdgdTJN^U
NIa 86O�URTL®�B%e�acN^E�SG](K � 	�(�TJSdg\CIEhM�]RTJSdK�MYSdQREdKYg��
e�N^OjPRQ(SdTLURV�CIU(Z�URKzS{p�NIEds|EdKYgdN^Q(EdM�KYg
¦�K�QRghKjSd]RKjEdK�ghN^QREhM�K�g�NIa%acN^QRE_M�N^OjPRQ(SdTLURVvMYK�UoSGKYEdg	� 8iEhgGCf�^W�±.TLHJHLKIW m N^PR]RTLC�CFURZ�®�K�URU(K�g��9�\]RK
]uCIEhURK�ghgdKYZ�URN¤ZRK�g?CIEhKigdTJURV^HLK´�/N^E\Z(QuCIH¢�²PREdN¤M�KYgdghN^E\M�N^OjPRQ(SdK�Ehg�ª³¯i£  86P(SdK�EdNIUva³CFO�TJHJ�^W�acEdNIO 5 � 0
SGN?5 � �o�_[�«�NIarP�KfCIs�acEdK���QRKYURMY�(¬&���\]RKYEdKjTLgiN^U(K�M�N^EhKjP�K�E�e�B � �`�\](KjO�CITJU�O�KYO�N^Eb��TJgiK�T¢SG]RKYE
5^�-(}NIE 	�� (/�o�\]RK�TJUoSGEGC��{gdT¢SGK\URKzS{p�NIEds�TLg%�iTLVoCFlRTJS %kSd]RK�EhURKYS�CIURZ�SG]RK?gdT¢SGKYgrCFEdK?TLUoSGKYEb�{MYN^URURKYMYSdK�Z
lo�qSG](K�® %7­�¯/�@%7® URKYS{prN^Ehs:ª�.��ilRTJS �Fg�TJU�P(EGCIMzSGTLMYKX¬&�
BDCFEGCIOjKYSdK�Edg?CIU(Z�K´�(P�K�EhTLOjK�UoS�CFH PRH¡C�SdacN^EhO�g
¦�KjnuEhghS�QRgdK�SG](K�gdCIO�KjO�CFSGEhT¢��NFa�N^EhZRK�E

N = 47792
CIg_TJU m KYMYSdTLN^U 	�� � � 	���¦�K�MYN^URgdTJZRK�E_SG](K

gGCFO�KiTJURPRQ(S\PRCIEGCIOjKYSdK�Ehg
m
CIU(Z

k
�/¯Ag\gh]RNXp�U�TLU|��CIlRHJK 	�� . 	RW¤SG]RK_M�NIU(nuV^QREdCFSGTJN^U .^W�50W �(W 	�CFEdK

gdTJO�TJH¡CIE SdN�Sd]RK�PREhKY�¤TLNIQRgkN^URKYgDlRQ(TLHJSDCFSD±.TLHLHJK%CIURZ��`gdQ(s¤Q(luC��/�{U§PuCFEhSGTJM�QRHLCIE�W�acN^E�SG]RKrM�N^U0nuV^QREdCFSGTJN^U
	RW*prK�QRghK 5 ; ZRQuCFH¢�{P(EdN¤M�K�ghgdN^EAM�N^OjPRQ(SdK�Edg6CFS m N^P(]RT¡C9TJU�N^EhZRK�EASdN|EdQRU � � 8iOjURTL®�B%e prN^EdsFK�Edg$�
¯�nRa�SG]�M�N^U(nRV^QREGC�SGTLNIU�QRghK�g�N^URHJ�vNIURK486OjURT¡®?B%e4prN^EhsIK�EAP$KYE�ZRQRCIH¢�²PREdN¤M�KYgdgdNIE?gb�¤ghSGKYO CFURZ�Sd]RK
5 ; EdKYO9CFTLURTJURV�prN^EdsFK�EdgACIEdKiHLCIQRURM�](K�Z�N^U�MYN^OjPRQ(SGTJURV�URN¤ZRK�g?CFS?±.TJHLHLK2�
�{U�N^EhZRK�E�SGN:SGKYghS9Sd]RK�ghMfCIHLCIlRTJHLTJS{��NIa6Sd]RK�CFPRPRHLTJMfCFSdTLN^U*W%prK�QRghK�S{prN�NISG](K�EjO9CFSdEdTJM�K�gjNIaAN^EdZRKYE
N = 203116

CIURZ
N = 430128

p�]RTJM�]�CIEdK9CIHLghN�C�SdTLHLTJURV�NIa�SG](KqO9C�SGEdT � (�M�ghghSds�. � acEhN^O�SG]RK
[ACFEhprK�HLH �,(�N¤K�TJURV9O�CFSdEdT¢��MYN^HLHJK�MYSdTLN^U
���\](K�nREdghS_NIURK�]uCIg 	 �qOjTLHJHLTLNIU�KYHLKYO�KYU�Sdg_CIURZ�SG](K�gdK�MYN^URZ
N^URK . ; �xOjTLHLHJTLN^U�K�HLKYO�KYUoSGg��

10%
NIaASG]RK�M�N^OjP�N^URK�UoSdg�NIaASG]RK�O9C�SGEdTJM�KYg�CFEdK�URN^U0�²«�K�EhN^g���¦�K

QRURZ(K�EdHJTLURK6Sd]uCFS\Sd]RK_M�N^U(nRV^QREGC�SGTLNIURg\NIa��DCIl(HLK�g�	�� . �§CIU(Z 	�� .���QRghK�NIURHJ�9N^URK686O�URTL®�B%etprN^EdsFK�E
P�K�E�U(N0ZRK�KY�IK�U�TLU:SG]RK�MfCIghKqNIa�O§QRH¢SGTJPREdN¤M�KYgdgdNIEdg����\]RKqO�CITJU�EhKfCIghN^U�TLg�Kz�0PRHLCITLURKYZ�TJU m K�MzSGTJN^U
	�� ��� ��p�]RTLM�]�P(EdK�ghK�UoSGgiSd]RK�CIUuCFHJ�¤gdTJg�NIa/Sd]RK§EhK�gdQ(HJSGg$�i¯¨gdKYM�N^U(Z:EhKfCIghN^U�TLg?SG]RK�gdO�CIHLH�ZRTJgdsvgdPuCFM�K
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e�N^U0nuV��@. e�N^U0nuV�� 5 e�N^U0nuV�� � e�N^U(nuV�� 	 e�N^U(nRV�� �

±.N¤MfCFSdTLN^U|NIaDM�HJTLK�UoS 86EdgdCf�
­?l�CFURZ�HJN0M�CFSGTJN^UqNIa .�C�S/8iEhgGCf� .�C�S/8iEhgGCf� .�C�S/8iEhgGCf� 5�CFS 86EdgGCf� 5jCFS/86EhgGCf�
86OjURT¡®?B%e4ghK�Eb�^K�Ehg .�CFS?±.TLHJHLK .�C�S m N^PR]RTLC .�CFS m NIPR]RT¡C

.�CFS?±.TLHJHLK
­�lvprN^EdsFK�Edg?P�K�E�gdKYEh�^KYE 5 ;
�`NISGCIH.U�l�prN^EdsFK�Ehg 5 ; � � � � .'.�� .'. �
±.N0M�CFSGTJN^U|NIa 8iEhgGCf� 8iEhgGCf� 86EdgdCX� 86EhgGCf�
p�NIEdsIKYEdg ±.TLHJHLK m N^PR]RTLC m NIPR]RT¡C

±.TLHJHLK
�DCIl(HLK 	�� . 	 � %D�0P$KYEdTJO�KYU�SGCIH.PRHLCFSdacN^EhO�g�N^U��_EhTLZ���0�0'0�acN^E�­ � 	 ='=�; 5

ª
4.2GB

¬�CFS m N^PR](T¡C �/T¢S\ZRN¤K�g�URNIS�CIHJHLNXpwghSGNIEdTLU(V§S{p�N�lRHLN¤M�s�g\NIaDZRCFS�C�NIa
A
�

e�NIU(nuV��/acN^E
N = 203116±.N¤MfCFSdTLN^U|NIa�M�HJTLKYU�S 86EhgGCf�

­?l�CFURZvHLN¤MfCFSdTLN^U|NIa 	9CFS/86EhgGCf�
86OjURT¡®?B%e4ghK�Eb�^K�Ehg 5�CFS m NIPR]RT¡C

.�CFS?±.TLHJHLK
�`NISGCIH.U�l�prN^EdsFK�Ehg 5�0 �

�DCIl(HLK 	�� . � � %D�0P$KYEdTJO�KYU�SGCIH.PRHLCFSdacN^EhO NIU��iEdTJZ���0'0�0�acN^E�­ � 5�0 � .'.��

e�NIU(nuV��/acN^E
N = 430128±�N¤MfC�SGTLNIU|NIaDMYHLTJK�UoS 86EhgGCf�

­�l�CIURZ�HLN¤MfC�SGTLNIUqNIa ��CFS/86EdgdCX� � CFS/86EdgGCf�
86O�URTL®�B%e4gdKYEh�^KYEdg .�CFS m N^PR](T¡C .�CFS m N^PR]RTLC

.�C�S?±�TJHLHJK .�CFS�±.TLHJHLK
.�CFS�®�K�URU(K�g

��NFS�CIH U�lvp�NIEdsIKYEdg 5�0 � 	�.75
�DCIl(HLK 	�� .�� � %D�0P$KYEdTJO�KYU�SGCIH.PRHLCFSdacN^EhO NIU��iEdTJZ���0'0�0�acN^E�­ � 	 �'0 .75 �

®�K�gdQ(HJSGg
¯AHJH`SdTLOjK�gACIEdK§TJU�gdKYM�N^URZ(g�CFURZxCIEdK�O�K�CIgdQREhK�Z�N^U�Sd]RK�M�HJTLKYU�S�� gAgdTLZ(Kvªcp�CIHLH �{MYHLN¤M�sqSGTLOjK�gG¬*�i��CIlRHJK
	�� . = CIURZ�©DTLV^Q(EdK 	�� ��gd]RNXp Sd]RK�p�CIHJH¢�{MYHLN¤M�sjSdTLOjK�g\URKYK�ZRKYZ�SGN�MYN^O�P(Q(SGKiSG](K�®�TJSd«iK�TLVIK�URPuCFTLEdg�acNIE
SG](K�O�CFSdEdT¢�9NIa�N^EdZ(K�E�	 ='=�; 5 �
�{U���CIlRHLKYg 	�� . ; W 	�� 520(W 	�� 5 .\CFURZ 	�� 5'50WFprK\V^T¢�^KrSd]RK�p�CIHLH �{MYHLN¤M�s6SGTLOjK�g�PRTLM�sFK�Z�QRP�acNIE�SG](K�S{p�N_HLCIEdV^K
O�CFSGEhTLM�KYg��j©uN^EiSG]RK�O�CFSGEhT¢��NIa�NIEdZRKYE

n = 203116
W p�K�n(�xSG](KjU�QRO�l$KYE�NIarURN¤ZRK�g�CIURZ:OjN0ZRT¢a��

SG](K6�ICFHLQRKYg\NIa�SG]RKiMYN^QRPRHJK
(m, k)

�986U|SG]RKiMYN^UoSGEdCIEh�IW(acN^E�Sd]RKiO9C�SGEdT ��NIa`N^EdZRKYE
N = 430128

W¤prK
n(��C��FCIHLQ(K�acN^E

(m, k)
CIURZ�M�]RCIURV^K�Sd]RK§U�QRO§l�K�EANIa7URN¤ZRK�g$�A¦�K�PREdKYgdK�UoS�CIU�Kz�FCIHLQuC�SGTLNIU�NIa/Sd]RK

M�NIO�PRQ0SGTLU(V§SGTLOjK6NIa�N^URK�£ �6B�TLU|��CIlRHJK�g�	�� 5 ��CIURZ 	�� 5 	��
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O�WRs e�NIU(nuV��@. e�NIU(nuV�� 5 e�NIU(nuV�� � e�NIU(nuV�� 	 e�NIU(nuV�� �
. 0(W�. . ; 0 ; � . 	 = 	 ��. . ��5
. 0(W�5 ��5�0 . � = 5 	�. = 0 � 5 � �
. 0(W � ��.�� ��0 ; 	 � � . � = � ��.75
. 0(W 	 . 	 ='= = ��. .�.�� � � ��0�. .75 � �
. �0W�. . = � ; 0 . � � � ��= . 	 ;
. �0W�5 5 ; � . 	 � 5 � � � ��. 5 �'0
. �0W � �'0 = . � � 5 � ; � = � 5 � �
. �0W 	 .�0 = 5 � 	#5 � 5 � 5 ��0'0 ; 5'5
5�0(W�. . � = � . . 5'5 � 	 	 . 	#5
5�0(W�5 5 	 = . 5 	 . � � ��5 	 5�. =
5�0(W � 5 � � . 5 � . � � � � � 5�. =
5�0(W 	 ='= � � ; 5 � ; 	 . ='= 0 � = 5
5 �0W�. . ; � .�0�5 . � = 	 � = . � .
5 �0W�5 ��. = . �'0 5 	�. � � ; 5 � 5
5 �0W � ��5�0 . ��. 5 	 	 � ='= 5 � �
5 �0W 	 � � 	 �'5 ; �20 � . 	 � � � � 0

��CIlRHLK 	�� . = ��¦�CIHJH¢�{MYHLN¤M�s�SdTLOjK�g�SGN9MYN^OjPRQ(SGK�SG]RK�s�®?T¢SG«�K�TLVIK�URPuCFTLEdg�ªcTLU�ghK�MYN^URZRgG¬�N^Ux�iEdTJZ���0'0'0
�r­ � 	 =�=�; 5

O�WRs U�QRO�l$KYE?NFa O�WRs U�QRO�l$KYE?NFa
EdKYghSGCIEhSdg EdKYghSGCIEhSdg

5 �0W�. 5 . �0W�. �
5 �0W�5 � . �0W�5 �

5 �0W � � . �0W � �

5 �0W 	 � . �0W 	 . =
520(W�. 5 .�0(W�. �

520(W�5 � .�0(W�5 �
520(W � � .�0(W � . �
520(W 	 ; .�0(W 	 � �

��CIlRHLK 	�� . � �/­?QRO§l�K�E�NIa�EhK�gbS�CIEbSGg�SGN�M�N^OjPRQ(SdKASG]RKAs9®�TJSd«AK�TJV^K�U(PuCITLEhg�N^U|�_EhTLZ���0�0'0_�/­ � 	 ='=�; 5

ª³O�W s0¬ ¦�CIHLH �{MYHLN¤M�s�SdTLOjK�g�p�T¢SG] 5�0 �§MYN^O�P(Q(SGTJURV�URN0Z(K�g�N^U ��gdTJSdK�g
. 0(W�. 5 � 0 ;
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k = 2

CIU(Z
k = 3

p�]RK�U
m
TLg�V^N^TLU(V�acEdNIO 5�0

SGN 5 � �i�{U�SG]RNIgdK�MfCFgdK�gYW.ZRK�MYEdK�CIgdTJURV
m
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�{UoSGKYEdURKzS\O9Cf�jURNIS�Kz�0PRHLCITLU�K�UoSGTJEdK�H¢��SG]RKACf�^K�EdCIV^K6TJURM�EhKfCIghK6NIa . 5 � �¨NIa.Sd]RK�p�CIHLH �{MYHLN¤M�s�SGTJO�K2�D�{U
SG](TLg6M�CIgdK�SGN¤NRW*Sd]RK�QRgdCIV^K�NIarCIHJHDPREhN0MYK�gdghN^Edg_NIa7Sd]RK�M�N^OjPRQ(SdK�Ehg_CFS_��ghQRs�QRluCvTLgiCqacQRU(ZuCIOjK�UoS�CIH
MfCFQRgdK�NIa/luCIZ�P$KYEhacN^EhO9CFURM�K�CIg�SG]RK_SGKYghSGgAN^U��iEdTJZ���0'0'0�p�TJHLH.gh]RNXp�TLU m K�MYSdTLN^U 	�� ��� � � 5 �r¦�K�CIHLghN
SG](TLURsjSG]uCFS�Sd]RK_M�N^U(nRV^QREGC�SGTLNIU 	jEhKfCIM�](K�g6C§SdN0N�nuURK´�{V^EdCITLU|PRCIEGCIHJHLKYHLTLghO acN^E�SG]RTJg\gdTJ«�K_NIa�O9CFSdEdT �
�
­�NXp_WkprKqghSdQRZ(��SG]RKq��CIlRHJK�g 	���. 5�CIURZ 	�� .������DCFlRHLK 	���. 5�gd]RNXp�g§Sd]RK|Cf�^KYEGCIV^K9P$KYEdM�KYUoS�CIV^KYg�NIa
SGTJO�K?gdP�K�UoS�TJU9SG]RK6±`CFURM�«YN^g�SGEhTLZRTLCIV^N^URCIHLTJ«fCFSdTLN^U W�SG]RK6®?T¢SG«AKYTLV^KYUo�^K�MzSGN^Ehg\M�N^OjPRQ(SGCFSGTJN^URgrCIURZqSd]RK
SGKYghSdg�NIa.MYN^Uo�^K�EhV^K�U(M�K��%�\]RK?p�CIHJH¢�²M�HLN¤M�s�SdTLOjK�g%NIa SG](K (�TJgdK�MzSGTJN^U9CFURZq�{Uo�^KYEdgdKi�²SdK�EdCFSGTJN^U9OjKYSd]RN0Z(g
CIEhK�ghNqgdO�CIHLH.MYN^OjPuCIEdKYZ�SGNjSG]RK�NISG](K�Edg?SG]uC�S�prK�ZRN9URNIS�gd]RNXp�SG]RK�EdKYH¡CFSdK�Z�P�K�EhM�KYU�SGCIV^KYg�� m TLURMYK
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SG](K�acNIQRE_M�N^U(nRV^QREGC�SGTLNIURgi]uCf�^KjgdTJO�TJH¡CIE?P$KYEdMYK�UoS�CIVIK�g�W`p�KjN^URH¢��V^T¢�^K�ZuCFSGC|NIarSd]RK�M�N^U0nuV^QREdCFSGTJN^U
5 � �DCIl(HLK 	�� .���V^TJ�IK�gvSG]RK:P$KYEdMYK�UoS�CIVIK�g�NFa�SdTLOjK�gdP�K�UoS�TJUySd]RK�£ �iB TJU��IN^HJ�¤TJURV

A
CIU(ZwSd]RK

EdKYN^EhSd]RN^V^NIUuCIHLTJ«fCFSdTLN^U�M�N^OjPuCIEhK�Z|SGN�SG](K_p�](N^HLK_±�CIURMY«�N^g\SdEdTLZ(T¡CIV^NIUuCIHLTJ«fCFSdTLN^U
�
©DTJEdghS?NIa/CIHLH WuTLU��DCIl(HLK 	���. 50WuSG]RK�±`CFURM�«YN^g�SdEdTLZ(T¡CIV^NIUuCIHLTJ«fCFSdTLN^U�TLg?M�HJKfCIEhHJ�qSd]RK�OjN^ghS�SdTLOjK�MYN^URghQ0�
OjTLURVigbSGK�PjNIa�SG]RK�KYTLV^KYURPREdNIlRHLKYO?���²S7EdK�P(EdK�ghK�UoSGgrl$KzS{p�KYK�U � ����CIU(Z ; ����NIa�SG]RK\SdNIS�CIH0p�CIHJH¢�²M�HLN¤M�s
SGTJO�KAURK�KYZRK�Z�SGN�nuURZvSG]RK�®�TJSd«iK�TLVIK�URPuCFTLEdg$�
m KYM�N^URZ*W%HJKYS�QRg§n(�

k
��¦y]RK�U

m
TLg�TLURMYEdKfCFgdTLU(VRWDSG](K|P$KYEdM�KYUoS�CIV^K|NFa\SG]RKv±�CIURMY«�N^g§SdEdTJZRT¡CIVIN^UuC��

HLTJ«fCFSdTLN^U9TLUv�DCFlRHLK 	�� .75§TLg�TLU(M�EdK�CIgdTJURV�SGN¤N��7�{URZRKYK�Z W¥SG]RK_ghTL«�K_NIa�SG]RK +iEh�¤HJN��qgdQRlRghPuCIMYK�TLg�HLCIEdV^KYE��
�{UvNISG](K�E�prN^EdZ(g�W(prK_M�N^OjPRQ(SdK6O�NIEdK��IK�MzSGN^Ehg?NFa`Sd]RK +iEh�¤HJN���luCIghTLg�CIU(ZqSG]RK6U�QRO�l$KYE\NIa�±`CFURM�«YN^g
TJSdK�EdCFSGTJN^URg%V^EdNXp�g_ª

m
T¢SGKYEGCFSdTLN^URgG¬*�)(�K�ghTLZRKYg�WRTJURgdTJZRK6C�±�CIURMY«�N^g�TJSGKYEGCFSdTLN^U*W�Sd]RK6HLCIEdV^KYErSd]RK +iEh�¤HLNX�

luCIghTLg6TJg�W*Sd]RK�OjN^EdK�CqEdK�NIEhSG](N^V^N^UuCFHLTL«�CFSGTJN^U�]uCIg 1uNoC�SGTLU(VF�{P�N^TLUoS?N^P�K�EdCFSGTJN^URg6CFgigd]RNXp�UxTLU���CIlRHJK
	�� .������{U�a³CIMzSfW�p�]RK�U�Sd]RKjgdTL«YK�T¢a�Sd]RK +iEb�0HJNX��luCIghTLg�TLg_TLURMYEdK�CIgdTJURVRW�SG]RKYEdK�CIEdKjO�NIEdK��^KYMYSGNIEdg�SdN
EdKYN^EhSd]RN^V^NIUuCIHLTJ«�K2���\]RK§£ �iB4TLUo�IN^HJ�¤TLU(V

A
ZRN¤K�g�URNIS?ZRK�P�K�U(Z�N^U�Sd]RK�PRCIEGCIOjKYSdK�E

m
W�gdN�TJS?ZRN¤K�g

URNIS�M�N^UoSdEdTLl(Q(SGK9SdN�SG](KqTLURMYEdK�CIgdKqNFa\SG]RKqP�K�EhM�KYU�SGCIV^K|NIa\Sd]RK|±�CIURMY«�N^g�SGEdTJZRT¡CFV^N^UuCIHJTL«�CFSGTJN^U��9¦�K
ghSdEdKYgdg�SG]uC�S�SG]RK|ZRKYM�EhKfCIghK�NFa?Sd]RKvP$KYEdMYK�UoS�CIVIK|NIa�Sd]RTLg�£ �iB3ª³��CIlRHLK 	���.��^¬�TLg§U(NIS�ZRQRK|SdN�HLK�ghg
M�NIO�PRQ0S�CFSdTLN^URg7lRQ0S�T¢SrTJgrK´�0PRH¡CITJURK�Z�lo�jSd]RK?TLURMYEdKfCFgdKANFa SG]RK?P�K�EdMYK�UoS�CFV^KANIa*SG]RK?EdKYN^EhSd]RN^V^N^URCIHLTJ«fC��
SGTJN^U��\�\]RK�EdTJgdK�NFakSG]RK�P$KYEdMYK�UoS�CIVIK�NIakSd]RK�SdEdTJZRT¡CIVIN^UuCIHJTL«fC�SGTLNIU�ª³��CIlRHJK 	���.75I¬�TJgACIHJgdN�CIQRV^OjK�UoSdK�Z
lo��SG]RKvZRKYM�EhKfCIghK�NIa?SG]RK|SdTLOjK|gdP�K�UoSjTLU�SG]RK|SGKYghSdg�NIa�M�NIU��IK�EhV^K�URMYK����{U�a³CIMzSfWrSd]RKvU�QRO§l�K�E�NIa
EdKYghSGCIEhSdg?Z(K�M�EhKfCIghK�g?p�]RTLHJK

m
TJURM�EhKfCIghK�g?CIURZ

k
ZRN¤K�g�URNIS�M�]uCFURV^K��/¦�K_ZRN�URNIS�URNISdTLMYKigdTLVIURTJnuM�CIUoS

�FCIEdTLCFSGTJN^URgiNIa�SG]RK�P$KYEdM�KYUoS�CIV^KYg§TLU:SG]RK�M�N^OjPRQ(SGCFSGTJN^URg_NIa�Sd]RKq®�TJSd«�K�TLVIK�Uo�^KYMYSGNIEdg§l�K�M�CIQRgdK�SG]RTJg
ghSdK�P�O9CITJURHJ�9ZRK�P�K�U(ZRgAN^U

k
ª
k
ZRTLgbSGEdTJlRQ(SdK�Z�O9CFSdEdT �¤���^KYMYSGNIE?P(EdN¤ZRQRMYSdg

Qv
p�T¢SG]

Q ∈ Mm,N (R)
W

m� N
¬*�

©DTJUuCIHLH¢�^W�HLKzSkQRgkn0�§O ��¯�gDprK\TLURMYEdKfCFgdK
k
WIp�K\U(NISGTJM�K�TJU§��CIlRHLK 	�� .75AC6ZRKYM�EdK�CIgdK\NFauSG]RK�P�K�EhM�KYU�SGCIV^K

NIaRSd]RK�±�CIU(M�«�NIg�SGEhTLZRTLCIV^N^URCIHLTJ«fCFSdTLN^U��$�²SkTJg�URNFSDZRQ(KrSGNAHLK�ghg�MYN^OjPRQ(S�C�SGTLNIURg��`�{URZRKYK�Z W�CIg�TLHJHLQRgbSGEGC�SGK�Z
TLU��DCFlRHLK 	�� .��(WFSd]RTLg`ghSdK�P�ZRN¤K�g�URNIS�ZRK�P�K�U(Z�N^U

k
� 86U�SG](K�M�NIU�SdEGCIEb�^WIp�](K�U

k
TJgDTJURM�EhKfCIghTLURV�CIURZ

mTLg.n(�0KYZ WISG](KrU�QRO§l�K�E`NIa(EdK�gbS�CIEbSGg�TLg�TLURMYEdK�CIgdTJURVRW�gdN�prKrprN^QRHJZ�]RCX�IK�K´�(P�K�MzSGKYZ�]RTLV^](K�E�P$KYEdMYK�UoS�CIVIK�g
NIa�±�CIU(M�«�NIg���¦�KqK´�(P(H¡CITJU:Sd]RTLg�l$KY]uCf�0TJN^QRE�l��xSd]RK9TJURM�EhKfCIghKqNIa�Sd]RK�S{prN�NISG](K�E�P�K�EhM�KYU�SGCIV^KYg§NIa
��CIlRHLK 	���.75��j�{Uxa³CIMzSfW`C|H¡CIEhV^K�E

k
V^KYURK�EdCFSGKYg�OjN^EdK�®�TJSd«�K�TJV^K�Uo�^KYMYSdN^Edg_SGNvM�NIO�PRQ0SGKIW�OjN^EdK�®�TJSd«

K�TJV^K�U(PuCITLEhg�SGN�M�]RKYM�s�W$CIURZvOjN^EdKiEhK�gbS�CIEbSGg�TJa
m
ZRN¤K�g�URNFS�M�]uCIURV^K2�

m QROjO�CIEh�
e�N^OjPuCIEhK�Z�SGN_SG]RK?ghSdQRZ(��NIa$SG]RK?PuCIEdCIO�KzSGEhTLM\PuCIEdCIHLHJK�HJTLgdO�TJU m KYMYSdTLN^U 	�� 50WoSG]RK�Kz�0P�K�EhTLOjK�UoS�CFSdTLN^U(g
NIa%SG]RTJgigdKYMYSGTJN^Ux]uCf�^KjQRURZRKYEdHJTLURKYZxSd]RK�TLOjPuCIMzSiNIarM�N^OjO§QRURTJMfCFSdTLN^U�NX�^K�E_SG](Kj�{UoSdK�EdU(KYSfW�MYN^QRPRHJK�Z
p�TJSd]|O9CFU���gh�¤URM�](EdN^URTJ«fCFSdTLN^U|P�N^TJU�Sdg��/�{U�C§M�NIU�SdKz�¤S�NIaD�iHLN^luCFH*e�NIO�PRQ0SGTLU(VRW0prKi]uCf�^KiSGN�M�](N0N^ghK
PuCIEdCIHLHJK�HuCFURZqZRTJghSGEhTLlRQ0SGK�Z�PuCIEdCIZRTLVIO�gkp�]RTJM�]qOjTLURTJO�TJ«�K�MYN^O�O�QRURTLM�CFSGTJN^UjCIURZ�gh�¤URM�]REhN^URTL«�CFSGTJN^URg$�
�\]RK (�TJgdKYMYSGTJN^U�CIU(Z��{U��IK�EhgdKv�²SGKYEGCFSdTLN^U�OjKYSd]RN¤ZRg�CIEhK9PuCIEbSGTJM�QRHLCIEdH¢��p�KYHLH�ghQRTJSdK�Z�� 86U�Sd]RK|M�N^U¤�
SGEdCIEh�IW�Sd]RKq±�CIURMY«�N^g�SGEhTLZRTLCIV^N^UuCFHLTL«�CFSGTJN^U�CFURZ�SG](K�EhK�ghSGCIEhSdK�Z�ghM�]RK�OjKqCIEhK9URNFS�N^P0SGTLO�CIHkTJU�SdK�EdO
NIa�MYN^O�O�QRURTLM�CFSGTJN^U:CIURZ�gb�0U(M�]REdN^U(TL«fC�SGTLNIURg���[?NXp�Kz�^K�EYW/SG]RKz��CIEhK��IK�Eh��TLUoSGKYEdKYghSGTJURV�TJU�SGKYEdO NIa
gdM�CIH¡CFlRTLHJTJS{�'��¯�gAM�NIO�PRQ0SGTLU(V�SGTJO�K�TLg?URNIS�SG]RK�O9CITJU�MYEdT¢SGK�EhTLN^U�NIa7P�K�EhacNIEdO�CIURM�K�NIar�iHLN^lRCIH�e�N^O��
PRQ(SdTLURV(W`Sd]RKY�xEhK�O�CITLUxEdKYHLKz�ICFU�S��q�\]RK�gdMfCFH¡CIlRTJHLT¢S{��TJg�O�QRM�]�OjN^EdK�TJO�P�N^EhSGCIUoS���­�K´�0S�W�Sd]RKjSdK�gbSGg
]uCf�^K_gh]RNXp�U�]RNXpwSG]RK6p�CIHJH¢�{MYHLN¤M�s�SGTLOjK�g�V^EdK�CFSGH¢�9ZRKYP$KYURZvN^UvU�QRO�KYEdTJMfCIH$PuCIEGCFO�KzSGK�Ehg�WRKYgdP�K�MYT¡CIHJHJ�
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N^U�Sd]RK�NIEdZRKYE
m
NIakSd]RK�ghQRlRghPuCIM�K2�  AKYP$KYURZRTLU(VqN^U�Sd]RK�U�QRO§l�K�E�NIa7M�NIO�PRQ0SGK�Z�®?T¢SG«_K�TJV^K�URPRCITLEhg

k
W0SG]RKiM�]RNITLM�KiNFa

m
CIMYSdg\QRP�N^U|SG]RKiU�QRO§l�K�E\NFa�EhK�gbS�CIEbSGg�ª CIU(ZqSG]RKYU�N^UqSd]RK_U�QRO§l�K�E\NIa`M�NIO�O§Q¤�

URTJMfCFSdTLN^URgG¬DlRQ(SrTJSrCIHJgdN�C��$K�MYSdgrSd]RK6e�B �wCIURZ�O�KYO�N^Eb�§QRgdCIV^K�N^U�K�CIM�]9prN^EdsFK�E$�/�\]RK�U W(CIHJSd]RN^QRVI]
SG](K�M�NIO�PRQ0SGK�Ehg6CFS?SG](K4��U(TJ�^KYEdghTJS{��NIa/�`gdQRs�QRlRC|CIEdK�P$NXprK�EbacQRHkCIU(Z�ZRKYZRTLM�CFSGKYZ�SGN�EdK�ghKfCIEhM�] W N^Q(E
M�HJTLKYU�S/CFS%±.TLHLHJKrZ(N0KYg%U(NIS7V^KYS%CFU���l$KYURKYn(S%acEhN^O=]RCIEdURKYgdghTLURViSG](K�O �D¯AUjKfCFgh��K´�(P(H¡CIUuC�SGTLNIU§lRH¡CFO�KYg
M�NIO�O§Q(URTLM�CFSGTJN^U�NX�^K�E%SG]RK?�{UoSGKYEdURKzS�lRQ(S%prK�p�TLHJHugd]RNXpyTJU m KYMYSdTLN^U 	�� ��� � � 56SG]uC�S�OjTLZRZ(HLKYp�CIEhK�CIURZ
PRHLCFSdacN^EhO MYN^U(nuVIQREGCFSdTLN^U(g�CIEdK�CIHJgdN�C�gdTLVIURTJnuM�CIUoS\P�K�EhacNIEdO�CIURM�K_lRQ(EdZRKYU��

� ���/� ��� � � � 6!8 �/; �:; ' � )�#&; )-; '�� � , ��1 ������� � � � ����� � �

¦�KiCIUuCIH¢�¤«�K6��CIlRHJK 	�� . = CIURZqSd]RK_CIghgdN¤M�T¡C�SGK�Zq©DTLV^Q(EdK 	�� ���7©�TLEdgbSfW�p�K6n0�qSG](K6PuCIEdCIO�KzSGKYE
k
�7±.TJsIK

acN^EDSd]RK\EdKYgdQRH¢SGg/N^U��iHLN^lRCIHRe�NIO�PRQ0SGTLU(ViPRH¡CFShacN^EdOjg�W�SG]RK\HLCIEdVIK�E
m
WoSd]RK\O�NIEdK�Sd]RK�p�CFHLH¢�²M�HJN0M�siSGTJO�K

TLg�ZRKYM�EhKfCIghK�Z��?�\]RK�Kz�0PRH¡CFUuCFSGTJN^U�TLg\SG]RK�gGCIOjK����\]RK�EhK§CIEhK�CIHJgdN�gdNIO�K�Kz�0M�KYP(SGTJN^URg$��©uN^E
k = 1, 2CIURZ

3
W*TJURM�EhKfCIghTLURV

m
OjN^EdK�SG]uCFU 5�0qCIZRZ(giQRgdKYHLK�ghgiM�N^OjPRQ(SGCFSGTJN^URg$�6�\]RK�U�QRO§l�K�E6NFa7TJSGKYEGCFSdTLN^U(g

TLg_SG](K9gGCFO�KjacN^E
m = 20

CIU(Z
m = 25

ªcgdKYKq�DCFlRHLK 	�� . � ¬*� 86U�Sd]RKqM�NIU�SdEGCIEb�^WkT¢a
k = 4

WDT¢S�TJg
TLUoSdK�EdKYghSdTLURV6SdNiTLURMYEdKfCFgdK

m
QRP�SGN65 �ATLU�N^EdZRKYEkSGNiV^KzS7O�NIEdK�TJU(acN^EdO�CFSdTLN^U �*TJS/EhK�ZRQRMYK�g/SG](K\U¤Q(O§l$KYE

NIa$TJSdK�EGC�SGTLNIURg7CIURZ�SG]�QRg7SG]RK\p�CIHLH �{MYHLN¤M�so��SGTJO�KYg��.¦�K�QRU(ZRK�EhHLTLU(K�Sd]uCFS%QRghTLURV�C � 	_lRTJSdgrCFEdM�]RT¢SGK�MzSGQREhK
CIURZqSd]RK6URKzpy�^K�EhgdTJN^U|NIa�86O�U(T¡®?Bret]RCIg�gdHJTLV^]oSdHJ��OjN0ZRT¢nuK�ZjSG]RKAM�N^Uo�^KYEdV^KYURM�K_l�K�]uCf�¤TLNIQRE�NIa�N^Q(E
PREhN^V^EGCFO?�k�\](K�U�QRO§l�K�Ehg�NIaDEhK�gbS�CIEbSGg?CIEdK_OjN0Z(TJnuKYZ��
�\]RKYU WIprKrn(�

m
�k©uN^E`CIHJHoM�N^U0nuV^QREdCFSGTJN^URg�W�p�]RK�U�p�KrTLURMYEdKfCFgdK

k
WFSd]RK%p�CIHJH¢�{MYHLN¤M�s�SdTLOjK%TJg�TJURM�EhKfCIghK�Z

SGN¤N�� m NRW Sd]RK�l�K�]uCf�¤TLN^Q(E6TLgASd]RK�gGCFO�K�CFgiN^UxCv�_HJN^luCIHDe�N^OjPRQ(SdTLURVqP(H¡CFShacN^EdO �_[�NXprKY�^KYE�Sd]RK�EhK
TLg?URNqK´�0M�K�P0SGTLNIU��?¦y](K�U�Sd]RK�U�QRO§l�K�E�NIa/EhK�ghSGCIEhSdgAZRN¤K�g�URNISAM�]uCIURV^KqªcacEhN^O

k = 2
SdN

k = 3
acN^E

m = 15, 20, 25
¬zW¥SG]RK§TJURM�EhKfCIghK�NIa7SG]RK�p�CIHJH¢�²M�HLN¤M�sqSGTJO�KYg6TLg?SGTJU���lRQ(S_HJN^V^TJMfCIH�ZRQRK�SGNqSG](K�H¡CIEhV^K�E

+iEh�¤HLNX��ghQRlRghPuCIM�K2�/�²S%ZRN0KYg7URNIS%ZRK�MYEdK�CIgdK?M�N^UoSdEGCIEb��SGNiSG]RK�N^U(HJ��N^U(K?K´�0M�K�P0SGTLNIU�TJU�Sd]RK\SGKYghSGg%N^U�C
�iHLN^luCFH e�N^OjPRQ(SdTLURV�PRH¡CFShacN^EdO �`�\]RTLg\EhK�V^QRHLCIEdT¢S{�jTLg�Z(QRK6SGN§Sd]RKi]RN^OjN^V^KYURK�T¢S{��NFa`Sd]RKiM�NIO�PRQ0SGTLU(V
EdKYgdN^Q(EdM�KYgiCIURZ�SGN�Sd]RK§MYN^URghSGCIURMz��NIaDSG]RK�URKYS{prN^Eds�luCIU(Z(p�TLZ(Sd]�ªcSdK�gbSGg6O�CITLU(HJ�qZ(N^URK�Z(QREdTJURV�Sd]RK
URTJV^]oS�TLU�©uEGCIURMYKX¬&�
­�K´�¤SfWDprK9MYN^O�PRCIEdK�SG]RK�nR�IK9M�NIU(nuV^QREdCFSGTJN^URg$� 8iU:SG]RK�gGCIOjK�±�¯A­ ªcM�N^U0nuV^QREdCFSGTJN^URg .qCIURZ 5^¬zW
prK9S�CIsFKqV^EhKfCFS�CIZ(�FCIUoS�CFV^K�SdN�TLURMYEdK�CIgdKjSG]RK�U¤Q(O§l$KYE§NIa\MYN^OjPRQ(SGTJURV�U(N0ZRKYg�acEhN^O 5 ; SdN � � acNIE
CIHJH`MYN^QRPRHJK�g

(m, k)
��¦yT¢SG]�Sd]RK�PREhKY�¤TLNIQRgASGKYghSdg6ZRN^URK�N^U�SG](K§URKYS{prN^Ehs�NIakprN^Ehs¤gbS�CFSdTLN^U(giCFSi±.TJHLHLK

ª m K�MYSdTLN^U 	�� ��� ��� .�¬zWoZ(TJ�¤TLZRTJURV�Sd]RK�prN^Eds�HLN^CIZ�l���TLURMYEdK�CIgdTJURV6SG]RK\U�QRO�l$KYE/NIa�URN0Z(K�gkp�CIg7TLUoSGKYEdK�gbSGTJURV
N^URH¢��acN^E

k = 4
l�K�MfCFQRgdK�SG]RK�prN^Eds�HLN^CIZ�l�K�MYN^OjK�g_�^K�Eb�xgdTJV^URTJnRMfCIUoS��9©uN^EigdO�CIHLHJK�EA�FCIHJQRK�g�NIa

k
W

prK|]uCf�^KqnuEhghS�MYN^URM�HJQRZRKYZ�SG]uCFS 5 ; URN¤ZRKYg§ZRKfCFH���QRTJSdK9prK�HLH%p�TJSd]�SG]RTJg�KYTLV^KYURPREdNIlRHLKYO CFURZ�SG]uC�S
ZRT¢�0TJZRTLU(V�SG]RK6prN^Ehs¤HJNoCIZ|ZRN¤K�g\U(NIS\PREhN��¤TJZRK_CIUo�|l�K�URKznRS��7¯\MYSdQuCIHJHJ�^W¤SG]RKiO�CITJUqMfCIQ(gdKiTLgrSG]RKiP�N0NIE
URKzS{p�N^Ehs�luCIURZ0p�TLZ(Sd]}NFa?Sd]RK|URKzS{p�N^Ehs�NIa?p�N^Ehs�ghS�C�SGTLNIURg�CFSj±.TLHJHLK��x�\]�QRgYWrSG](K|M�N^OjO§QRURTJMfCFSdTLN^U
SGTJO�KYg�]RTJZRK6SG]RKiEhKfCIH*EdK�Z(QRMYSdTLN^UvNIa`EdKYO�NFSGKiM�NIO�PRQ0SGTLU(V§SGTLOjK�g$�D¦yTJSd]��_EhTLZ��20'0'0(W�SG]RKiU(KYS{prN^Eds|TJg
EGC�SG]RKYE�Kz~�MYTLKYU�S6CIURZ�p�K�MfCIU�N^lRgdKYEh�IK�SG]RK�l�K�URKznRSGg6NFaDSG](K�H¡CFEdV^KYE\ZRTLgbSGEdTJlRQ(SdTLN^UvNIakprN^Ehs�CFO�N^U(V
� � URN¤ZRKYg��§�\]RKYU:prK�N^lRghK�Eh�IKjSd]RK�M�NIU(nuV^QREdCFSGTJN^URg 5qCIU(Z � ���\]RKz�x]uCf�^K�SG]RK�gdCIOjK�U¤Q(O§l$KYEiNIa
prN^EdsFK�Edg|ª � � ¬6lRQ0S�Sd]RK�ghK�MYN^URZ�MYN^U(nuV^Q(EGCFSdTLN^UxQRghK�g�S{prN�ghTJSGKYg��9¦yT¢SG]xSG]RKjPREhKY�¤TLN^Q(g�SdK�ghSdg�N^U�C
prN^EdHJZ0�²p�TJZRKqPRHLCFSdacN^EhO�W�QRgdTJURV�S{prN:ghTJSdK�g�V^T¢�^K�g§�IK�Eb��P$N¤N^E�P$KYEhacN^EhO9CIU(M�K�g�ghTLURMYK9SG](Kqp�CIHJH¢�²M�HLN¤M�s
SGTJO�K�TLgATLURMYEdKfCFgdK�Z�lo��CIU�Cf�^KYEGCIV^K�NFa

119%
�6¦�K§]uCf�IK�M�TJSdK�Z�MYN^OjO§QRURTJMfCFSdTLN^U�N^U�SG](K§�{UoSGK�EhURKYS
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CIg�C§P�K�EbacN^EdO�CIURMYKilRQREdZ(K�U��7�{U|SG]RKiM�CIgdK_NIaD�iEdTJZ���0'0'00W¤Sd]RK6p�CFHLH¢�²M�HJN0M�s�SGTJO�K�TLg�CIHJgdN§TJURM�EhKfCIghK_l��
CIUvCf�^KYEGCIVIK�NFa

50%
�k¦�KiZRN�URNIS\Q(gdKiSG]RKi�{UoSdK�EdU(KYS?CIURZ|Sd]RKi®�K�UuCFSdK�E\URKzS{p�NIEds9p�]RTJM�]vTLg�HJTLURs�TLU(V

SG](K�gdT¢SGKYgANIa%�iEdTJZ���0'0�0�TJg���QRT¢SGK�a³CIghS��/(rK�gdTJZRK�gYW$Sd]RK�EhK§TLg�C�EhK�gdKYEh�FCFSdTLN^U�P$N^HJTLMz�vCIURZ�prK§P�K�EbacN^EdO
SG](K�K´�0P$KYEdTLOjK�UoSdg�ZRQ(EdTLU(VxSd]RKvURTLVI]�S���¦�K�CIHJgdNxZRN:gdKY�IK�EdCIH�K´�0K�M�Q0SGTLNIURg�TJU�N^EdZRKYE�SGN:M�N^OjPRQ(SdK
Cf�^KYEGCIV^K�SGTLOjK�g$���\]�QRgYWkSG]RKqMYN^OjO§QRURTJMfCFSdTLN^UxM�NIghSGg�M�CIURURNFS§l�K�SG](KqO9CFTLU:Kz�0PRH¡CFUuCFSGTJN^U�NFa\SG]RTJg
]RTJV^],P�K�EhM�KYU�SGCIV^K�ª³EdCFSG]RKYE�VIN0N¤Z�P$KYEhacN^EhO9CIU(M�K�gYW�URN�URKYS{prN^Ehs}MYN^URV^KYghSdTLN^U WrKYSdMX¬*�}¦�K�gdQ(PRP$NIgdK
SG]RCFS\QRghTLURV�N^URK 8iOjURTL®�B%etp�NIEdsIKYE�P$KYE\PREdN¤M�KYgdgdNIE\NIa�SG]RKiO§Q(HJSGTJPREdN¤M�KYgdghN^Edg\C�S m N^PR](T¡C§Kz�0PRHLCITLU(g
SG](K�P$N¤N^EjP$KYEhacN^EhO9CFURM�KYg�� ¦�K�nuEhghSqSd]RTLURs�Sd]uCFS9Sd]RK�PREhN0MYK�ghgdK�g|MYN^OjP$KzSGK�acNIE9O�CITLU,O�KYO�N^Eb�'�
[�NXprKY�IK�E�WRSd]RK�EhKATJg�C�HLCIEdVIKACIOjN^QRUoSrNIa.OjK�OjN^Eh��NIU9SG]RK�URN¤ZRK�g�CIURZqghK�PuCIEdCFSGKYZ|MfCIM�](K�g��%B`K�Ed]RCIPRg
SG](K�PREhN0MYK�ghgdK�g�M�N^OjP�KYSGK�SdN�CIMYM�KYgdg�SdN�Sd]RK�URKYS{prN^Ehs:EhK�ghN^QREdMYK�g$�q¦�KjCIEhKjMYQREdEhK�UoSGH¢�xghSdQRZ(�¤TLURV�C
PREhN^lRHLKYO NIa.MYN^U(nuV^Q(EGCFSdTLN^U�NIa SG](KAM�HJQRghSdK�ErO�N¤ZRK�NIa!86OjURT¡®?B%e ª³HJN0M�CFSGTJN^U�NIa!86O�U(T¡®?Bre�gdKYEh�^KYEdg
N^U�O§QRH¢SGTJPREdN¤M�KYgdgdNIEdg�¬D�\](K?gdCIOjK?P(EdN^lRHJK�O�TLg/N^lRghK�Eb�^K�Z�TJa�p�K�MYN^O�PRCIEdK�Sd]RK�M�N^U(nRV^QREGC�SGTLNIURg �_CIURZ
	����{URZRK�KYZ W�p�]RK�Ujp�K�ZRT¢�0TJZRK�SG](K�prN^Ehs¤HJNoCIZ�lo��QRghTLURV .75 � prN^EdsFK�EhgrTJURghSdKfCIZjNIa � � WoSG](K�p�CIHJH¢�²M�HLN¤M�s
SGTJO�KYg�CFEdK?TLURMYEdKfCFgdK�Z|lo��CIU|Cf�IK�EGCFV^K6NIa

187%
�D¦yT¢SG]jSG]RK?SGK�gbSGg�NIUqC�prN^EdHJZ0�²p�TJZRK?PRH¡CFShacN^EdO�W^SG](TLg

TLU(M�EdK�CIgdK�TLg
123%

CIURZ W¥SG]RTJg�P(EdN^lRHJK�O NIakSd]RK 86OjURT¡®?B%e M�NIU(nuV^QREdCFSGTJN^U�N^U�O§QRH¢SGTJPREdN¤M�KYgdgdNIEdg?TLg
C�gdKYM�N^URZ�Kz�0PRHLCIUuCFSdTLN^U|TJU�CFZRZRTJSdTLN^UqSdN�gdHLNXp M�N^OjO§QRURTJMfCFSdTLN^U9N��IK�E\SG](K��{UoSdK�EdU(KYS��
�{U:N^EdZRKYEiSGNvM�N^U0nuEdO Sd]RTLgi]o�¤P$NFSG]RKYgdTLg�EdKYVoCIEhZRTLURV|Sd]RK�QRgGCIVIKjNFa�O§QRH¢SGTJPREdN¤M�KYgdgdNIEdg�W prKjM�N^OjPuCIEhK
SG](K6M�N^U0nuV^QREdCFSGTJN^URg 	�CIURZ � �D�\]RKAS{prN�M�N^U(nRV^QREGC�SGTLNIURg�QRghK4.'.��_p�NIEdsIKYEdg\lRQ0S�SG]RK�M�N^U0nuV^QREdCFSGTJN^U
�6]uCIEhURK�ghgdK�grgdN^OjK\URN¤ZRK�g7TJU�C6Sd]RTLEhZ�gdTJSdK�TLU�N^EhZRK�E/SGN_QRghK�N^URHJ��N^URK/86O�U(T¡®?Bre�prN^EdsFK�E%P$KYE/URN¤ZRK
ª³TJU�PRCIEhSdTLM�Q(H¡CIEkNIU9O§QRH¢SGTJPREdN¤M�KYgdgdNIEdg%CFS m N^PR](T¡Co¬&��¦�K�N^l(gdK�Eb�^K?SG]uCFS%SG](KACf�^KYEGCIVIK?p�CIHLH �{MYHLN¤M�s�SGTJO�K
TLg

60%
HJNXp�KYE�acNIE�SG]RK_M�NIU(nuV^QREdCFSGTJN^U �vª CIH¢SG]RN^Q(V^]qSG]RKYEdK_TLg\MYN^OjO§QRURTJMfCFSdTLN^UqNIU�C§SG](TLEdZvghTJSGKf¬*�

(r�}M�NIO�PuCFEdTLU(V:Sd]RK�MYN^U(nuV^Q(EGCFSdTLN^URg ��CFURZ �0W�prK�MYN^U(nuEhO CFHLgdNxSG](K�PREhKY�¤TLN^Q(gqCIUuCFHJ�¤gdTJg�ZRNIURK
acN^E�Sd]RKqprN^EdHJZ0�²p�TJZRKqPRHLCFSdacN^EhO�g$�x�²S�TLg§URNFS�TLUoSGKYEdK�gbSGTJURV�SGN�]uCFEdURKYgdg .'.���prN^EdsFK�Ehg�l�K�M�CIQRgdK|Sd]RK
p�CIHLH �{M�HJN0M�s^��SGTLOjK|TLg9TLURMYEdKfCFgdK�Zylo�4CFUyCX�IK�EdCIV^K�NIa

12%
���\](TLg|TLU(M�EdK�CIgdK�TLgqURN�HJN^URV^KYE9ZRQ(K�SGN

SG](K�MYN^O�P�KYSdTJSdTLN^U�NIa-8iOjURTL®�B%e¨p�N^EhsIKYEdgqN^U}O§QRH¢SGTJPREdN¤M�KYgdgdNIEdg�lRQ(S�N^URH¢��SGN:SG]RK�NX�^K�Eh]RKfCFZ�NIa
SG](KqM�N^OjO§QRU(TLMfC�SGTLNIU�H¡Cf�IK�E��:©uN^E�SG]RTJg§gdTJ«�KqNIa?O�CFSGEhT¢��CIURZ�Sd]RN^ghKqM�N^Q(PRHLKYg

(m, k)
W/M�]RN¤N^gdTJURVxC

U�QRO§l�K�E§NFa?prN^EhsIK�Ehg�QRPRP�K�E�Sd]uCIU � � TJO�PRHJTLKYg�C�SdN0N�nRURKqV^EdCITLU�NFa�PRCIEGCIHJHLKYHLTLghO?���\]RKYEdK|TLg�SGN¤N
O§QRM�]�M�NIO�O§Q(URTLM�CFSGTJN^UqM�NIO�PuCFEdK�Z|SdNjSd]RKip�N^Ehs�HLNoCIZvNIa`SG](K_prN^EhsIK�Ehg��
m QROjO�CIEh�
(r�|OjKfCFURg�NIa�Sd]RN^ghK�SdK�ghSdg�NIU��iEdTJZ���0'0'00W¤prK�]RCX�IK�gh]RNXp�U�Sd]uCFS�SG]RK_O�CITLU|P�K�EbacN^EdO�CIURMYK_lRQREdZ(K�U
NIa�SG]RK�K´�(P�K�EhTLOjK�UoSGg7N^U�prN^EdHJZ0�²p�TJZRK�PRHLCFSdacN^EhO�gDTLgkSG](K?Q(gGCIV^K�NIa*CIHJH(SG]RK�e�B �4NIa$O§QRHJSdTLPREhN0MYK�ghgdN^Ehg
lo��Sd]RK 86O�URTL®�B%e prN^EdsFK�Ehg����\](K�M�N^OjPuCIEhTLgdNIU�l$KzS{p�KYK�U:M�N^U0nuV^QREdCFSGTJN^URg .�CFURZ 5�O9CFTLURH¢�vK�O��
PR]uCFgdTL«YK�gASd]RK§TJO�PuCFMYS�NIa7URKYS{prN^Ehs�P�K�EhacNIEdO�CIURM�KYg�W Kz�^KYU:TJURgdTJZRK§C9±�¯A­6���{URZRKYK�Z W.TJU�SG]RK�gdTLOjTLHLCIE
SGKYghSdg�N^UvprN^EdHJZ0�²p�TJZRKiPRH¡C�SdacN^EhO�gYW(gdHJNXp M�NIO�O§Q(URTLM�CFSGTJN^U|]RTLZ(K�g\SG]RK_l�K�URKznRSGg�NIa`SG]RK�ZRTLgbSGEhTLlRQ(SdTLN^U
NIa\prN^Eds�ª³T � K2��SG]RKqZ(K�M�EhKfCIghKvNIa\SG]RK9EdK�OjNISdKqM�N^OjPRQ(SdTLURV�SGTJO�KYg�NIa�SG](K9p�NIEdsIKYEdgG¬*��©DTLUuCFHLHJ�IW`prK
]uCf�^K_MYN^U(nuEhO�KYZqSG]uCFS�ZRTLgbSGEdTJlRQ(SdTLURV�SG]RKiKYTLV^KYURPREdNIlRHLKYO CFO�N^U(V .'.���prN^EdsFK�Ehg?HJKfCIZ(g�SGN�C�SdN0N§nRURK
V^EdCITLU|NIa�PuCIEdCIHLHJK�HJTLgdO �
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¦�K�nREdghS�HLN¤N^s�CFS��DCIl(HLK�g 	�� . ; CIURZ 	�� 5�0���¦yTJSd]:Sd]RK�O9CFSdEdT ��NIarN^EdZ(K�E
N = 203116

W SG](K�l�K�gbS
�FCIHLQ(K�NIa

m
TLg . � �Ae�]RN0NIgdTLU(V

m = 20
CFURZ

m = 25
CIZRZ(g�SGN¤N9O�QRM�]�M�NIO�PRQ0S�CFSdTLN^URg?M�NIO�PuCFEdK�Z

SGNjC�gdO�CIHLHJK�E�+iEb�0HJNX�qgdQ(lRgdPuCFM�K�HJTLsFK
m = 15

p�](TLM�]�PREdNX�¤TLZRKYg�K�URN^Q(V^]�TJU(acN^EhO9CFSdTLN^U9TLUvN^EdZ(K�E\SGN
M�NIO�PRQ0SGK_N^URH¢�|N^URK�®�TJSG«_KYTLV^KYURPuCITJE�� 86U�Sd]RK_M�N^UoSGEdCIEh�IWuSG]RK_�FCIHLQRK

m = 10
TLg\SGN¤N�gdO�CIHLH �/�\]�QRg�W

SG](K�EhK�ghN^HLQ(SdTLN^U|U(K�K�Z(g?SdNjEhK�gbS�CIEbS�NIURK_O�N^EhK6SGTJO�KiCFURZ�Sd]RKip�CFHLH¢�²M�HJN0M�s�SGTJO�KATLg�TLURMYEdK�CIgdKYZ��
�\]RKYU Wop�K�M�NIURgdTJZRK�EDSd]RK\H¡CFEdV^KYghS/O�CFSGEhT¢��NIa�N^EhZRK�E

N = 430128
��¦yTJSd]§SG]RK\HLCIEdV^KYghSDM�N^U(nRV^QREGC�SGTLNIU

ª 	�.��Ap�NIEdsIKYEdgG¬zW0prK�EdK�CIM�]9C6SdN0NinuURK\VIEGCITJU�NIa*PRCIEGCIHJHLKYHLTLghO?�.�\](K?TJURM�EhKfCIghK�NIa$Sd]RK�p�CIHLH �{M�HJN0M�s_SGTJO�K
TLg�O�CITLU(HJ��ZRQRK|SGNxSG]RK�M�NIghSjNIa6MYN^OjO§QRURTJMfCFSdTLN^U�CFURZ�CIHJgdNxPREhN^luCIlRH¢��SdN:Sd]RK�NX�IK�Ed](KfCIZ,NIaASd]RK
OjTLZRZRHJKYp�CIEdK2�k�{URZRKYK�Z WRprKiQRghKiN^URHJ�jN^U(K�e�B9� NFa.SG]RKiO§Q(HJSGTJPREdN¤M�KYgdghN^EdgYW¤Sd]RKiU�QRO§l�K�E�NIa`EhK�ghSGCIEhSdg
N^lo�¤TLN^Q(gdHJ�9ZRN¤K�g�URNIS�M�]uCFURV^KIW�CIU(ZvprK�]uCf�^K�ZRN^URK6Sd]RK_Kz�0P$KYEdTJO�KYU�SGCFSGTJN^URg\ZRQ(EdTLU(V�Sd]RK_URTLVI]�S\CIURZ
SG](K�K�CIEdH¢�|O�NIEdURTJURV�p�]RTLHJK�U(N9N^E\acKYp NISG]RKYE�Q(gdK�Ehg�prK�EhK�prN^Eds�TLU(V9TLUvSG](K�ghTJSGKYg�NFa/®�K�URURKYg�W*±�TJHLHJKIW
86EdgdCX�:CFURZ m N^PR]RTLC���­�K´�0S�WDCFg�Sd]RK�M�N^OjPRQ(SdTLURVqSdTLOjK�g6p�TJSd]:Sd]RTLgiHLCIghS�O�CFSGEhT¢��CIEdK�PuCFEhSGTJM�QRHLCIEdH¢�
HLNIURVRW0prK_acN0MYQRg�N^U|SG]RK_ZRKzS�CITJHLK�ZvMYN^O�P(Q(SGTJURV§SGTJO�KYg��
�\]RK�£ �iB�TJUo�^N^H¢�0TJURV\¯}NIa0Sd]RKr±`CFURM�«YN^g.SGEdTJZRT¡CFV^N^UuCIHJTL«�CFSGTJN^U�TJg�M�HLK�CIEdH¢�ASd]RK7O�N^gbS�SGTLOjKkMYN^URgdQ(O�TJURV
ghSdK�P�gdTJURM�K\T¢SkEhK�PREhK�gdKYUoSGg

92
ª³EhK�ghP��

93%
¬`NIa¥SG]RK�p�CIHLH �{MYHLN¤M�s6SGTLOjKrp�T¢SG] 5�0 �Ap�N^EhsIKYEdg�ª³EhK�gdP
� 	�.75^¬&�

m NRW�T¢SrTJg7TLUoSGKYEdK�gbSGTJURV�SdN�Kz�ICFHLQuCFSdK\SG]RK?M�N^gbS�NFa�C�ghTLURVIHLK�£ �iB�TJUo�^N^H¢�0TJURV
A
� m Q(M�]|C�£ �iB�N¤M�M�Q(Edg

TLUjSG]RKA±�CIURM�«YN^g�SdEdTLZ(T¡CIV^NIUuCIHLTJ«fCFSdTLN^U�lRQ(S�CIHLghN�TLUjSG]RK?SGKYghSGg�NIa�M�N^Uo�IK�EdVIK�URMYKiTLU9NIEdZRKYErSGN�M�N^OjPRQ(SdK
SG](KAEdKYgdTJZRQuCIHJg��k¯�g�SG]RKYEdKiCFEdK �_O9CFTLU9HJN0NIPRg�W�. ��T¢SGKYEGCFSdTLN^URg7P�K�E�±`CFURM�«YN^g�SGEhTLZRTLCIV^N^URCIHLTJ«fCFSdTLN^U�CIURZ
.�£ �iB�p�TJSd]

A
P�K�E�±�CIURM�«YN^g?TJSGKYEGCFSdTLN^U*W(p�K�]uCf�^K = ��£ �iB�ZRQREhTLURV�SG](K �§SGEhTLZRTLCIV^N^UuCFHLTJ«fCFSdTLN^URg$�

(�KYgdTLZ(K�g�W7CFg�SG](K�EdKqCIEdK ��O9CFTLU�HJN0NIPRg�CFURZ .qMYN^O�P(Q(SGKYZ�K�TJV^K�URPRCITLEYW�SG](K9M�NIO�PRQ0S�CFSdTLN^URg�NIa\Sd]RK
EdKYgdTJZRQuCIHJgjVIK�URKYEGCFSdK �:£ �iB=p�T¢SG]

A
�,�\]RK�U Wrp�TJSG]�SG](K�SdTLOjK�g�NIaA�DCIl(HLK�g 	�� 5 .�CIURZ 	�� 5'50W7p�K

MfCFU�K�gbSGTJO9CFSdKiSG]RK�Cf�^K�EdCIV^K�SGTLOjKiNIaDN^URK�£ �iB4TLUvSG](K�SdEdTLZ(T¡CIV^NIUuCIHLTJ«fCFSdTLN^U(g�CIU(Z�TJU�Sd]RK�EhK�ghTLZRQuCFH
M�NIO�PRQ0S�CFSdTLN^URg$�9��CIlRHJK�g 	�� 5 ��CFURZ 	�� 5 	�V^TJ�IKjSd]RN^ghKjSdTLOjK�gip�]RTLM�]�TLURMYHLQRZ(K�Sd]RKjM�N^OjO§QRURTJMfCFSdTLN^U
SGTJO�KYg��  AQREhTLURVjSG]RK�SGEhTLZRTLCIV^N^UuCFHLTL«�CFSGTJN^URgAª³EhK�gdP
�AEdKYgdTJZRQuCIH�M�NIO�PRQ0S�CFSdTLN^URgG¬zWuSG](K§Cf�^KYEGCIV^K�SGTLOjK_NIa
N^URK6£ �iB�TJg �'0�gdKYM�N^URZ(g\HLN^URVIK�E�ª³EhK�gdP
� 5 �o¬7T¢a T¢SrTJg�gh]uCIEdKYZ|CIOjN^URV 	�.75ip�N^EhsIKYEdg\TLU(ghSGK�CIZ9NFa!5�0 ���
�²S�M�NIU(nuEdOjg�Sd]RKqSGN¤N�nuURK|V^EdCITLU�NIa?PuCIEGCFHLHLKYHLTJgdO�NIa�SG](K|H¡CIEhV^K�gbS�M�N^U0nuV^QREdCFSGTJN^U�TLU�Sd]RK|M�NIU�SdKz�¤S
NIa\�_EhTLZ���0�0'0vCIURZ�lo�:QRghTLURVvSG]RK9®�B%e�P(EdN^V^EdCIOjO�TJURV|PuCIEdCIZRTLVIO?� 86U�C�ghQRP�K�EdMYN^OjPRQ(SGKYE�W`SG]RTJg
SG](EdK�gh]RN^HJZ:NFa�V^EdCITLU�NFarPRCIEGCIHJHLKYHLTLghO
p�N^Q(HLZxPREdNIluCIlRH¢��ZRT �*KYE��§�{U(ZRK�KYZ WDC|ghQRP$KYEdMYN^O�P(Q(SGKYE_prN^QRHJZ
URNISjQRghK�MYN^O�O�QRURTLM�CFSGTJN^U�SG](EdN^QRVI]}Sd]RK�gdCIOjK�s�TLU(Z,NIa6±.¯6­ ª CIURZtCx¦�¯6­6¬´W7TJS�p�NIQRHLZ}QRgdK�C
ZRT �*KYEdK�UoS?PREhN^V^EGCFO�OjTLURV�PuCIEdCIZRTLVIO�ª³U(NIS?®�B%eyMfCIHJHLg�¬´WRCIU(Z�ghN�N^U
�
m QROjO�CIEh�
�\]RK�K´�(P�K�EhTLOjK�UoS�C�SGTLNIURg�p�T¢SG]�H¡CFEdV^KYEAO�CFSGEhTLM�KYg6CIU(ZxCq]RTLV^](K�E6U�QRO§l�K�EANIa%URN0Z(K�gigd](N�p�SG](K§gdM�C��
H¡CFlRTLHJTJS{��NIa�NIQRE�TJO�PRHJK�OjK�UoS�C�SGTLNIU��D[?NXp�Kz�^K�EYWuTJS�EdK���QRTJEdKYg\C§gdTJV^URTJnRMfCIUoS\CFO�N^Q(U�S�NIa.SGTJO�K?TLU9N^EdZRKYE
SGN�gdN^H¢�^K?SG]RK�K�TLVIK�URPREhN^lRHJK�Ojg�CIH¢SG]RNIQRV^]�p�KiCFgds�acN^E%N^URHJ��NIURKAKYTLV^KYURPuCITJE�� 86U|C_p�NIEdHLZ¤�²p�TLZ(K�PRHLCFSh�
acN^EhO�W�N^E�Kz�^KYU}NIU�CIU�Kz~jM�TLKYUoS�PRH¡C�SdacN^EhO�lRQRTLH¢S�N^U��iEdTLZ
��0'0'0(W.Sd]RKqM�NIghS§NFa�M�N^OjO§QRURTJMfCFSdTLN^UxTJg
PREhN^luCIlRH¢�xSGN¤N�]RTLVI]�SGN�EhKfCIM�]}CIU�CIMYM�KYP(S�CIl(HLKqHJKY�^KYH�NIa?P�K�EbacN^EdO�CIURMYK9TLU�SGK�EhO NIa�MYN^OjPRQ(S�C�SGTLNIU
gdP�K�KYZ��7¦�K_MfCFU�CIHJgdN�M�NIURgdTJZRK�E\SG](K�OjTLZ(ZRHLKzp�CIEhK6NX�^KYEd]RK�CIZ���¯ ghN^HLQ0SGTLNIUqp�N^Q(HLZ�M�N^URghTLgbS�TJUvQRgdTJURV
C�HLCIEdVIK�E�V^EGCFTLUvNIa/PuCFEGCIHJHLK�HJTLghO lRQ0SASG](K��IN^HLQRUoSdK�K�E?p�NIEdsIKYEdgAprN^QRHJZ�URNFSAl�K�CFlRHLK_SGNj]uCIURZ(HLK�gdQRM�]
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�\]RK_EdKYgdN^HJQ(SGTJN^U|NIa�SG](K�EhKfCIH*gh�¤O�OjKYSdEdTJM6K�TJV^K�URP(EdN^lRHJK�O EdK���QRTJEdKYg?MYN^OjO§QRURTJMfCFSdTLN^U9CIURZvgh�¤URM�]REhNF�
URTJ«fCFSdTLN^U|P�N^TLUoSdg��%�\]¤Q(g�W¥p�]RK�U�p�K�QRgdK�C��_HJN^luCIH e�N^O�P(Q(SGTJURV�PRH¡CFShacN^EdO SGNjgdN^H¢�^KiSG](TLg�PREdNIlRHLKYO�W
prK�V^KzS�H¡CIEhV^Kqp�CIHLH �{M�HJN0M�s�SdTLOjK�g����\](TLg�ghSGCFSGKYO�KYUoS�M�CIU}PREdN^lRCIlRHJ��l$KvV^KYURK�EdCIHLTJ«�KYZ�SdNxO�N^gbS�NIa
ZRTJghSGEhTLlRQ0SGK�ZjHLTJURKfCFE7CIHLV^KYlREGCiPREhN^lRHJK�OjgkSG]uCFS%EhK���QRTLEhK�O�QRM�]9MYN^O�O�QRURTLM�CFSGTJN^U�CIURZjO�CIUo��gh�¤URM�]REhNF�
URTJ«fCFSdTLN^U�P�N^TJU�Sdg��_¯�SinuEhghS_gdTJV^]oSfW T¢a7SG]RK§O�CITJU�M�EhTJSGKYEdTJN^U�NIa%P�K�EhacNIEdO�CIURM�K�M�]RN^gdKYU�lo��SG]RK�MYHLTLKYUoS
TLg�Sd]RK6p�CIHLH �{M�HJN0M�s�SdTLOjKIW(T¢S\gdKYK�Ojg\SG]uCFS?[?TLV^]vB`K�EbacN^EdO�CIURMYK�e�NIO�PRQ0SGTLU(V�gh�¤ghSdK�Ojg�CFEdKiURKYM�K�ghgGCIEb�
acN^E�Sd]RTLg�s�TLURZvNIaDPREdNIlRHLKYO�g$�7[�NXp�Kz�^KYE�W¥p�K�O§QRgbS�U(NIS�K�HJTLOjTLUuCFSdK�Sd]RK��_HJN^luCIH�e�NIO�PRQ0SGTLU(V�O�N¤ZRK�H
l�K�MfCFQRgdK�NIa7O�CIUo��EdK�CIgdN^U(g�W.gdQ(M�]xCIgASG](K§EdKYghSGEhTLMzSGK�ZxCFM�M�KYgdg6SdN|[AB%e ZRKY�¤TLMYK�gYW V^TJ�IK�U�TJU m K�MzSGTJN^U
.'� 5vEhK�HLCFSGKYZ:SdN�N^Q(E�OjNISdTJ�FCFSGTJN^URg$�j�²arSG]RK�p�CIHLH �{M�HJN0M�s�SGTJO�K�TJg�U(NIS�C�MYEdTJSdK�EhTLN^UxNIa�P$KYEhacN^EhO9CIU(M�KIW
SG](K�U�Sd]RTLg�ghSGQ(Z(��gd]RNXp�g6SG](K��¤T¡CIl(TLHLT¢S{�qNIaDSG]RK§�_HJN^luCIH`e�N^OjPRQ(SdTLURVjOjN0ZRKYH.acN^E�Sd]RK�EhK�gdNIHLQ(SdTLN^U�NIa
M�NIO�PRHJKz��PREhN^lRHLKYO�g$�D¦�K6O§QRgbS\URNIS�HLTLOjTJS7NIQRE\CIUuCFHJ�¤gdTJgrSGN�SG]RTJg�gdTJO�P(HLK�gbS�MYN^URM�HJQRgdTJN^U�� (%�9N^l(gdK�E"�
�¤TLURV�TLUjOjN^EdK\ZRKzS�CITJHLg/SG](K�EhK�gdQ(HJSGg/prKAM�CIU9O�CIsIK�ghN^O�K?QRghKYacQRH¥M�NIO�OjK�UoSGg/acN^E/Sd]RK�PRCIEGCIHJHLKYHLTL«�CFSGTJN^U
CIURZvSG](K�Z(TLghSdEdTJlRQ(SGTJN^UqNIa�O�CIUo�|HLTJURKfCIE�CIHLV^KYlREGC§P(EdN^lRHJK�Ojg��
¦�K9]uCf�^K9QRURZRKYEdHLTJURK�Z:SG]RK�TLOjP$NIEhS�CFURM�K�NIa�Sd]RK9M�](N^TLMYK�NIa�SG]RK�PuCIEGCFHLHLKYH/PuCIEdCIZRTLVIO?�q�\](K (�TLghK�M´�
SGTJN^U�CFURZ��{Uo�^KYEdgdK��²SdK�EdCFSGTJN^U�OjKYSG](N0ZRgjluCIghK�Z4N^U,SG]RK�PRCIEGCIOjKYSdEdTJMz�{PRCIEGCIHJHLKYH�PuCIEdCIZRTJV^O ZRN�URNFS
gdQ �*KYEjacEhN^O Sd]RKvP$N¤N^E�URKzS{p�N^Ehs�P$KYEhacN^EhO9CFURM�KYg��}�\]RTLg�S�CFgds^�²a³CIEhO�TJURV�gbSGK�P,TLg§p�EdCIPRP�K�ZtTJUoSGN:C
M�HLCIgdghTLM�CIH�PuCFEGCIHJHLK�H7OjN0Z(K�H�lRCIgdKYZ}NIU�M�N^OjO§QRURTJMfCFSdTLN^U�CIURZ�gb�0U(M�]REdN^U(TL«fC�SGTLNIU�P$N^TJUoSGg�p�]RTJM�]�P$K´�
UuCIHJTL«YK�g§SG](K�VIHLN^luCFH�P�K�EhacNIEdO�CIURM�K2��©uN^E�CIHLH�U¤Q(O�KYEdTLM�CIH�PREhN^lRHJK�Ojg�W/SG]RKvM�]RNITLM�KvNIa?SG](K�ghQRTJSGCIlRHJK
PuCIEdCIHLHJK�H?PuCIEdCIZRTLVIO ]RCIgqSGN�l�K�ZRN^URKxC�S|SG]RK��IK�Eh��l$KYV^TLURU(TLURV�NFa�Sd]RK�ghSdQRZ(�,p�]RTLHJK�gdK�CIEdM�]RTJURV
acN^E�SG]RK�U¤Q(O�KYEdTLM�CIH`CIHLVIN^EdT¢SG]ROjg�SGNqKYO�P(HLNX�'�?�\]RK§K´�(P�K�EhTLOjK�UoS�C�SGTLNIURg�]RCX�IK§K�OjPR]uCFgdTL«YK�Z�Sd]RK§TJO��
PuCIMzS�NIa�M�N^OjO§QRURTJMfCFSdTLN^U�N��IK�E�SG](K��{UoSdK�EdU(KYS�CIURZ}KY�IK�U�p�TJSG](TLU}C�QRURTJ�¤Q(K�±.¯A­6�/�\]RTJg�TLOjPuCIMYS
TLg�gbSGEhTLs�TLURV�acNIE�SG]RK�±�CIURMY«�N^g�SdEdTLZ(T¡CIV^NIUuCIHLTJ«fCFSdTLN^U:CIU(Z}T¢SGgj£ �6B=TLUo�IN^HJ�¤TLU(V�SG]RKqacQRHJH�O�CFSGEhT¢�

AM�NIO�PuCFEdK�ZjSGN�SG]RK�NISG]RKYErgbSGKYPRg�NIa Sd]RK6CFHLV^N^EhTJSd]RO�WIPuCIEhSdTLMYQRH¡CIEhHJ��M�N^OjPuCIEhK�Z�SdN�Sd]RK (�TJgdKYMYSGTJN^U�CIURZ
�{Uo�^KYEdgdK��²SGK�EdCFSGTJN^U����\]RTJg�MYN^UoSGEGCFghS�TLg�TLU(M�EdK�CIgdKYZtlo��SG]RKvEhK�ghSGCIEhSdK�Z,gdM�]RKYO�K2���²Sjgh�¤URM�]REhN^URTL«YK�g
OjN^EdK9Sd]RK|Kz�0KYM�Q(SdTLN^U�NIa\Sd]RK|K�TJV^K�URghN^HJ�IK�E$��[?N�prKY�IK�EYW�TJS§EdK�Z(QRM�KYgjghTLV^U(TJnuM�CIUoSGHJ�xSd]RK|ZRTLOjK�U(gdTLNIU
NIa�SG](Kqp�N^Ehs�TLURV�ghPuCIM�K2���\]�QRgYWrT¢S§EdKYZRQRMYK�g�SG]RKvCFO�N^Q(U�S�NIa?EdKY�¤Q(TLEdKYZ�O9CITJU�OjK�OjN^Eh�:TLU�N^EdZRKYE
SGN�ghN^HJ�IK9SG](K|K�TLVIK�URPREhN^lRHJK�O ���²S�gGCf�IK�gjZRTLghs�ghPuCIM�KqSdN0N����²S�M�N^UoSdEdTLl(Q(SGKYg§SGN�SG](KqgdM�CIH¡CIl(TLHLT¢S{�xNIa
N^QRE�TLOjPRHLKYO�KYUoS�CFSdTLN^U:CIg�gd]RNXp�U�lo��Sd]RK9K´�0P$KYEdTLOjK�UoSdg§N^U��iEdTJZ���0'0'0 �|�\]RTLg�gdMfCFH¡CIlRTJHLT¢S{��TLg�CIHLghN
P�N^gdghTLlRHJKjlo�:OjKfCIURg�NIa�NISG]RKYE�gbSGEdCFSGKYV^TLKYg�HJTLsIK�ZuC�S�C��²P$KYEdgdTJghSdK�URMYKqCIURZ�N^Q(Sb�{NIa¡�²M�N^EhK��9�\](TLg�M�]RN^TLMYK
NIa�QRgdTJURV�N^E_URNFS�Sd]RN^gdKjghSdEGCFSdK�V^TJK�g�O§QRgbS�l�K�ghKYShSGHLKYZv�hQRgbS§C�a�SGK�EiSd]RK�M�](N^TLMYK�g�NFa�SG](K9CIHJV^N^EhTJSG](O�g
CIURZ�Sd]RK§PuCFEGCIHJHLK�H.PRCIEGCIZ(TLV^Ojg����{URZRK�KYZ W.N^URMYK�SG](K�CIHLVIN^EdT¢SG]ROjg�CIURZ�Sd]RK§PuCIEdCIHLHJK�H�PuCIEdCIZRTJV^O�g?CIEhK
n(�0K�Z*W(p�KiM�CIUqKYghSGTJO9C�SGK�Sd]RK6OjK�OjN^Eh�jCFURZ|ZRTLghs�EdK���QRTJEdKYO�KYU�Sdg�CIURZ9prKiMfCFUq]uCf�^K_C�EdCFSG](K�E�V^N¤N¤Z
TLZ(KfC�NFa/SG]RK�U¤Q(O§l$KYE6NIa/MYN^OjO§QRURTJMfCFSdTLN^URg$� m NRW*Z(K�P�K�URZRTJURVqN^U�SG]RK�S�CIEhV^KYSdK�Z�OjN0Z(K�H`NIa/PuCIEdCIHLHJK�H
M�NIO�PRQ0SGTLU(V�ª³[�TJV^]�B`K�EbacN^EdO�CIURMYKqe�N^OjPRQ(SdTLURV(WD�iHLNIluCIH7e�N^OjPRQ(SdTLURV(W`KzSGM2� ¬´W�prK9MfCFU�ZRKYM�TLZ(KjSd]RK
TLUoSdK�EdKYghS_SGNvQRghK�gdQRM�]:ghSdEGCFSdK�V^TJK�gip�TJSd]RN^Q(Si]RCX�¤TJURV�CIHLEhKfCIZ(��CIUo��M�NIURgdTJZRK�EdCFSGTJN^U�acN^EiOjTLZRZRHJKYp�CIEdK
CIURZ�PREdNIV^EGCIOjOjTLURVvZRKzS�CITJHLg�� 86a�M�N^QREhgdKFWDSG]RKYTLE�TLOjPRHLKYO�KYUoS�CFSdTLN^U�ZRKYP$KYURZRg§NIU�SG](K9OjTLZRZRHJKYp�CIEdK
acKfC�SGQREhK�g?CIURZ�TJSdg\¯6B/� �
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¦�Kr]uCf�IK�gd](N�p�U�SG]RK%O9CX�hN^E�EdN^HJK%NFa(SG](KrMYN^U(nuV^Q(EGCFSdTLN^U�NIa(Sd]RK�K´�0P$KYEdTLOjK�UoSGCIHoPRH¡C�SdacN^EhO�g$��¦�K%]uCf�^K
P�N^TLUoSGKYZ�NIQ(S7SG]RK?M�N^U0nuV^QREdCFSGTJN^U�NIa*Sd]RK�MYN^OjPRQ(SGTJURV_gdNIa�S{p�CIEhK6CIURZ�CIHJgdN_SG]RK�gdTJ«�K?NIa*Sd]RK?PRH¡CFShacN^EdO �
�{U�Sd]RK_nuEdgbS6MfCFgdKIW¥SG](K�MYN^O�P(Q(SGTJURV�ghNIa�S{p�CIEdK�MfCIURU(NISA]RCIURZRHJK_prK�HJH`CIHLH`e�B ��NFakO§QRH¢SGTJPREdN¤M�KYgdgdNIEdg��
�{U�Sd]RK�ghK�MYN^URZ�MfCFgdKIW$CjSdN0N�H¡CIEhV^K_PRH¡C�SdacN^EhO V^TJ�IK�g�CjSdN0NjnuURK�VIEGCITJU�NFa/PuCIEdCIHLHJK�HLTJgdO l$KYMfCIQRghK�Sd]RK
M�NIO�PRQ0SGTLU(VqSGTLOjK�N^UxKfCFM�]�EdKYO�NFSGK�URN¤ZRK�TLg6SdN0NvgdO�CIHJHDM�NIO�PuCFEdK�ZxSGN|Sd]RK�M�N^OjO§QRURTJMfCFSdTLN^U�CIURZ
TLUo�IN0M�CFSGTJN^U9SGTJO�KYg��%e�N^UoSdEGCIEb�9SGN§Sd]RKiPREhKY�¤TLN^Q(g\M�]RN^TLMYK�g�ª�S�CIghso��a³CIEdOjTLU(VRW0ZRCFS�C��²P$KYEdghTLghSdK�URMYKIWRKzSGM2� ¬´W
prK�M�CIUv]uCIEdZ(HJ�qacN^EhK�M�CIghS\Sd]RK_l$KYghS?M�N^U0nuV^QREdCFSGTJN^U�CIURZvp�KinuURZ�TJS�KYO�P(TLEdTJMfCIHJHJ���
¯�SvSG]RKxKYURZ NIa�N^QRE|gbSGQRZ0�^WigdNIO�KxTLghgdQRKYgvEdK�O�CITJUwNIP$KYURK�Z�� �{U PuCIEhSdTLMYQRH¡CIEYW\SG]RK:ZRTLgbSGEhTLlRQ(SdTLN^U
NIa

A
O§Q(ghSjl$K�TLOjPREhN��IK�Z�� 86QRE�gbSGEdCFSGKYVI��TLg�gdM�CIH¡CFlRHLK|lRQ0SfW�TJU}Sd]RK�prN^EhghS�Kz�0P$KYEdTJO�KYU�SGCIH�MfCFgdK

ª ­ � 	 �'0�.75 � ¬zW�TJS§]RCIg�S�CFsIK�U 	'0�O�TJU¤Q0SGK�g$���\]RK|URKzp ZuCFS�C�HLCf�^K�E�O9CIURCIV^K�OjK�UoS�NIa/86O�U(T¡®?BreAWMfCFHLHLKYZ 8iOjURT m SGN^EdCIV^KFWIO�CX�§PREdNX�¤TLZRK?CIU�Kz~�MYTLKYU�SrgdNIHLQ(SdTLN^U���¦yTJSd]�SG]RTJg%U(KYp�ghNIa�S{p�CIEdKFW0K�CIM�]9EhK�H¡Cf�
URN¤ZRK§CFMYSGg6CIgiC9PREhNf�0���6�\]RK§V^CITLU�p�N^Q(HLZ�l�K§PuCIEbSGTJM�QRHLCIEdH¢�q�¤TLgdTJlRHLK_acN^E?Kz�0P�K�EdTJO�KYUoSGg6]uCFEdURKYgdgdTJURV
gdNIO�K�M�HLQ(ghSGKYEdg�NIa�EhK�ghN^QREdMYK�g�N^U�SG]RKq�{UoSdK�EdU(KYS��x�\]RK9gdK�MYN^URZ�N^P�K�URKYZ�TLghgdQRKqMYN^URMYK�EdU(g§SG]RKqZ(TLgds
ghSdN^EGCFV^K9ghPuCIM�K2� (r��TLURMYEdK�CIgdTJURV�OjN^EdKjSG]RK�N^EdZ(K�E�NFa\SG]RKqO�CFSdEdT¢�$W�SG]RK9ZRTLghs:EhK���QRTJEdK�OjK�UoSdg§O9Cf�
l�N^QRURZxSG]RKjgdM�CIH¡CFlRTLHJTJS{��NIa�N^Q(E�KYTLV^KYURgdNIHJ�^KYE�� %7CIM�]�lRHJN0M�s�NFa�O�CFSGEhT¢�

A
U(K�K�Z(g 8N2

p

(r��SGKYg��9¦�K
]uCf�^KAURNIS�M�](N^gdKYU�C�M�N^OjPuCIMzSracN^EhO9C�S�NIa ghSGNIEGCIV^K�TLUqNIEdZRKYErSGN�ZRN�a³CIgbS\CIMYM�KYgdgdKYg\SGN§ZuC�S�C��k�{U(ZRK�KYZ W
ZRQRK�SdNqSG]RK�N^Q(Sb�{NIa¡�²M�N^EhK§ghSdEGCFSdK�VI�IW SG]RK�U�QRO§l�K�EiNFarnuHJK�CIMYM�K�ghgdKYg�TLg6�IK�Eb��TLOjP$NIEhS�CFU�S���¯ ghTLOjPRHLK
gdNIHLQ(SdTLN^U�TLg�SGN�TLURMYEdKfCFgdK_SG]RK��ICFHLQRK�NIa

p
T � K���Sd]RK�U�QRO§l�K�E?NIakprN^EhsIK�EhgilRQ(S?p�K�]uCf�^K§ghK�KYU�SG]uCFSAC

SGN¤N�nuURK_V^EdCITLU|NIa�PuCIEdCIHLHJK�HJTLgdO V^T¢�^KYg?P�N¤N^E�P�K�EhacNIEdO�CIURM�KYg��
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�{U:e�HLQ(ghSGKYE_e�N^OjPRQ(SdTLURV|CFURZ�[�TJV^]�B`K�EhacNIEdO�CIURM�K�e�N^O�P(Q(SGTJURVRW$prK�MfCFU�S�CIsFK�CIZ(�FCIUoS�CFV^K§NIa/Sd]RK
gdHLCIM�s^�²SdTLOjKkMfCIQ(gdK�Z�lo�_CIU_QRU�luCIHLCIURMYK�Z�ZRTLgbSGEdTJlRQ(SdTLN^U6NFa0prN^EdsATLU_N^EdZ(K�E SGN�gdCX�IKrKYURK�EhVI�'�`�\]RK%gdHLCIM�s^�
SGTJO�K�TLgASd]RK�TLZ(HLK�SdTLOjK�NIa%ghN^O�K�M�N^OjPRQ(SdTLURVqEhK�ghN^QREdMYK�gip�]RTJHLK�Sd]RK�NISd]RK�Ehg_CIEdK§gbSGTJHLH�p�N^Ehs�TLURV����{U
SG](K�MYN^UoSGK´�0S?NIa�]RKzSGK�EhN^V^KYURK�N^Q(g?prN^EdHJZ0�²p�TJZRK_�iEdTJZ�e�N^O�P(Q(SGTJURVRW(prK_M�N^URghTLZRKYE\S{p�NjNISG](K�E\gdNIQREdMYK�g
NIaighH¡CIM�s^��SGTLOjK��w�\]RK�nuEdgbS|N^URK�TLg9Z(QRK�ghHLNXp M�N^OjO§QRU(TLMfC�SGTLNIU��4�\]RK�ghK�M�NIURZ4gdN^Q(EdM�K�NIa_gdHLCIM�s^�
SGTJO�KiMYN^URMYK�EdU(g�SG](K�]RKzSGKYEdN^V^KYURK�T¢S{��NIaDSd]RK�MYN^OjPRQ(SGTJURVjURN0Z(K�g��\e�N^UoSGEGCFEh�|SGN�[�TJV^]�B�K�EbacN^EdO�CIURMYK
e�N^OjPRQ(SdTLURV�CIURZ�e�HLQ(ghSGKYE§e�NIO�PRQ0SGTLU(Vvp�](TLM�]�CFEdK�QRgdTJURV�]RN^OjN^V^K�U(K�N^QRg_EhK�gdNIQREdMYK�g�TJUxN^EdZRKYE�SdN
EdK�CIM�],Sd]RKv]RTLVI]RK�gbS�P�K�EbacN^EdO�CIURMYKIW7p�NIEdHLZ¤�²p�TLZ(K��_EhTLZ,e�N^OjPRQ(SGTJURV�]uCIEhURK�ghgdKYg|C�p�TLZRKvEGCFURV^KvNIa
]RKzSGK�EhN^V^KYURK�N^Q(g��^N^HJQRUoSGKYK�E�ZRKz�¤TLM�KYg��/�`N§N^QRErs�URNXp�HLK�Z(V^KIW0P$NXprK�Eb�{Cfp�CIEhK6M�NIURgdTJZRK�EdCFSGTJN^URg%]uCf�^K6URNFS
�^KzSAl�K�KYU�K´�0PRHLN^EhK�ZvacN^E\]RKzSGK�EhN^V^KYURK�N^Q(g�HLCIEdV^Ki�_EhTLZ�e�N^OjPRQ(SdTLURV��
�\]RTJg�e�]uCIP0SGK�E�TLg�gbSGEhQRMYSdQREdKYZ,CFg�acN^HJHLNXp�g����{U m K�MzSGTJN^U � � 50W�prK|PREhK�gdKYUoS�EdK�HLCFSGKYZ�prN^Eds:N^U�HJNXp��
P�N�prK�E�SGKYM�]RURN^HJN^V^TLKYg�CIURZ�P�NXp�KYEb�{CXp�CIEhK9M�NIO�PRQ0SGTLU(VvacNIE�PuCFEGCIHJHLK�HkCIURZ:ZRTLgbSGEdTJlRQ(SdK�Z�MYN^OjPRQ(SGTJURV��
©uN^EkSG](K?MYH¡CIEhTJS{��NIa$Sd]RK?ZRTLghgdK�EbS�CFSdTLN^U*W^p�K�ZRKYHLTLl�K�EdCFSGKYHJ��S�CIHJs§CIl�N^Q(S7EhK�H¡C�SGK�Z�prN^Eds§TJU�SG]RTJg�e�]RCIP(SGKYE
TLU(ghSGK�CIZ�NIaDp�TJSG]�SG]RK m S�CFSdKz�²NIa¡�²Sd]RKz�²¯AEhSAe�]uCFP(SGKYEdg-59CFURZ �����\]RKYU W m KYMYSGTJN^U � � ��Z(KfCIHJg�p�TJSd]�Sd]RK
M�]uCIEdCIMYSdK�EhTLghSdTLMYg?NFa�Sd]RK_Kz�0P$KYEdTJO�KYU�SGCIH P�NXp�KYEb�"Cfp�CIEdK�M�HJQRghSdK�E$�r­?Kz�¤SfWuprK_ZRK�ghM�EdTJl$K�TLU m K�MYSdTLN^U � � 	
SG](K  �� m �{M�CIPuCIlRHJK�EdK�CIH/gh�¤OjO�KzSGEdTJM§K�TJV^K�U(gdN^H¢�^K�E6p�](TLM�]:TLgiQRghK�ZxacN^E6SG]RK�K´�(P�K�EhTLOjK�UoSGg$� m K�MzSGTJN^U
� � ��V^T¢�^K�g�Sd]RK6EhK�gdQ(HJSGg�NIa�SG]RK6K´�0P$KYEdTLOjK�UoSdg�CIURZ|PREhK�gdKYUoSGg�N^QRE�CIUuCIH¢�0ghTLg$�/©DTLURCIHLH¢�^W�TLU m K�MYSdTLN^U ��� �(W
prK�MYN^URM�HJQRZRKiSG](K�e�]uCIP(SdK�E�CIURZvPREdKYgdKYU�SATLZRK�CIg�acN^E�acQ(SdQREdKiprN^Eds��
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¯=VIEdKfC�S6CIOjN^QRUoS�NIa/prN^EdsvN^U�P�NXp�KYEiCIURZ�K�URKYEdVI��M�NIURgdKYEh�FCFSGTJN^U�]uCFg6CIHJEdKfCFZ(�vl$KYK�U�P�K�EbacN^EdOjK�Z��
£�CIUo�wCIP(PREdNoCFM�]RK�g�K�UuCFlRHLK�SdN}gdCf�^K�KYURK�EhVI�'� ¯�SvSG](K:P(QREdK:]uCIEhZ(p�CFEdKxHLKz�^K�H WAOjN^EdK�P(EdK�MYTLghK�HJ�
CFS�Sd]RKvM�]RTLP�HLKz�^KYH�W/p�K�MfCFU}MYTJSdKvCIgh�¤URM�]REhN^URN^Q(g9M�HJN0M�s�TJURV�SGKYM�]RURTL��QRKYg�ghQRM�]�CFg��"Bre\£ 8 m : ; ��> �
(�KYgdTLZ(K�g�W`CIH¢p�Cf�¤g_TLU :<; �2> W p�K�ghK�K�SG]uC�SiSGQRURTJURVqSG](K�± .�ZuC�S�C|MfCIM�](KjghTL«YK�O9Cf��C��*KYMYSiSG](KjP�NXp�KYE
M�NIURgdQROjP(SdTLN^U���¯�S�Sd]RKqM�NIO�P�N^URKYU�S�HLKz�^K�H WDSG](K|CIEdM�](TJSGKYMYSdQREdK�NIa���EdCIURghO�KzS�C�PREhN0MYK�ghgdN^Ehg�gd]RNXp�g
SG]RCFSAprK§MfCFU�V^KYSAgdTJV^URTJnRMfCIUoS6KYURK�EhVI��gGCf�¤TLURV^g�N^U�Sd]RK�e�B �6�$¯\MYSGQRCIHLH¢�^W�TLU�Sd]RTLg�MfCIghKIW T¢SATJg�OjN^EhK
C�]RCIEdZ(p�CIEhKz�{ghNIa�S{p�CIEdKiCFPRPREdN^CIM�]9SG]RCIU|C�P(QREdK�]uCIEdZ0p�CIEhK6CIP(PREdNoCFM�]ql$KYMfCIQ(gdKASd]RKA]uCFEdZ(p�CIEdK�M�N^EhK
NIa�SG](KiPREdN¤M�KYgdgdNIEdg?]uCIg\l�K�K�UvEhK�ZRQRMYK�Z�lo�|O�K�CIURg\NIa�C�gdNFa�S{p�CIEhKiH¡Cf�^KYE\MfCIHJHLKYZ !he�N¤ZRK_£�N^EhPR]RTJURV�# �
�\]RK�Z(KY�^KYHLN^P(O�KYU�S7NFa¥PREdN¤M�KYgdgdNIEDacEdKY�¤Q(K�URMz��CIURZ§�IN^HJSGCIV^KrgdMfCFHLTLU(VATLgDCIU§K �*KYMYSGT¢�^K�p�Cf��SGNAZRK�MYEdKfCFgdK
M�NIURgdQROjP(SdTLN^U��x�{U�a³CIMzSfWkSG](K�e�B9� TJg§C�O�C��hN^E§P�NXp�KYE�M�N^U(gdQROjK�E$� (�KYgdTJZRK�gYWrCFg§SG]RK|±!5�M�CIM�]RK
CIURZ�Sd]RK§O�CITLU�O�KYO�NIEh��CIEdK�URNIS_C��*KYMYSGKYZ�lo��SG](TLg�acEhK���QRKYURMY�xCFURZ��^N^H¢S�CIVIK�gdM�CIHLTJURVRW�TLURMYEdK�CIgdTJURV
SG](K:P�K�EbacN^EdO�CIURMYKxNIa�Sd]RK�e�B � O�Cf�4URNIS�PREhN��¤TJZRK:CIUo�4l$KYURKYn(S�ZRQ(K:SdN�Sd]RK�TJE !"P�K�EbacN^EdO�CIURMYK
gGC�SGQREdCFSGTJN^U # ���`N�gdQRO QRP W� ��¤UuCIOjTLM �7N^H¢S�CIVIK m MfCFHLTLU(V4ª  �� m ¬qEdK�HJTLKYgqN^U�SG](K�S{p�N�acN^HJHLNXp�TLURV
PREhTLURMYTLPRHJK�g	�kSd]RK_P$K�CIs9acEhK���QRK�U(MY��NIa`SG]RK_PREhN0MYK�gdghN^E?TLg\PREhN^P$NIEhSGTJN^UuCIH�SGN�SG]RK_ghQRPRPRH¢�q�^N^H¢S�CIVIK_CIURZ
SG](K�K�U(K�EdVF��TJg�PREdN^P�N^EbSGTLNIUuCIH SGN�SG](K�gd��QuCFEdK�NFakSG]RTJg�ghQRPRPRH¢�|�^N^H¢S�CIVIK��  �� m M�CIU�l�K�NIP$KYEGCFSdK�Z�C�S
gdKz�^KYEGCIH7HLKz�^KYHLg���¯�S_SG](KjP(EdN¤M�K�ghgdN^E�HLKz�^KYH�W.�{UoSGKYH%]RCIg_PREdN^P�N^ghK�ZxSG]RK m P�K�KYZ m SGKYP�SGKYM�]RURN^HJN^VI��CIURZ
�`EGCIURghO�KzS�C � gre�EdQRghN0K?PREhN0MYK�gdghN^Edg%N �$K�E/SG](K�±.N^U(Vo®?Q(U 5iP�N�prK�E7O�CIUuCIVIK�OjK�UoS���¯�S%Sd]RK 8 m HLCX�IK�EYW
:<;';2> ZRKYgdM�EhTLl�K�gDC�P�N�prK�E`O�CIUuCIV^KYO�KYUoS�PRCFSGM�]§NFau±.TLU�Q0��M�CIHLHJK�Z �7K�EbSGTLVIN���¯�S`SG](KrghM�]RK�ZRQ(HLTLU(VAP�N^HLTJMY�
HLKz�^KYH�W�TLU : . 0'0 > CFURZ : . 0�. > W�EdKYgdK�CIEdM�]RKYEdg%acN0MYQRgrNIU !²acEdK���QRKYURMY���IN^HJSGCIV^K�gdM�](K�ZRQRHJTLURV #�TLURgbSGK�CIZ�NIa*Sd]RK
M�HLCIgdghTLM�CIH�!{SGCIgds_gdM�](K�ZRQRHJTLURV # ��©DTLUuCFHLHJ�IWXK�URKYEdVI��MYN^URgdQ(O�P(SdTLN^U_p�TLZ(K�HJ�_Z(K�P�K�URZRgDN^U�Sd]RK�CFPRPRHLTJMfCFSdTLN^U
M�]uCIEdCIMYSdK�EhTLghSdTLMYg����²S�TLgiP�N^gdghTLlRHJK§SGN�TLOjPRHLKYO�KYU�S� �� m C�S�Sd]RK�PREdNIV^EGCIOjOjTLURV�HLKY�IK�H7N^E6SdNvSdQRURK�C
acEdKY��QRK�URMz��ghM�]RK�Z(QRHLTJURV�CIMYM�N^EhZRTLU(V�SGN�C�MYH¡CIghg�NFa�CIPRPRHJTLM�CFSGTJN^URg��j�{U�Sd]RKjnREdghS�MfCIghKIW`p�KqM�CIU�MYTJSdK
: . 0�5 > p�]RTLM�]�ZRT¢�¤TLZRKYgiCIU:£�B/�?PREdN^VIEGCIO°TLUoSGN9gdKY�IK�EdCIH/lRHLN¤M�s�g6EdQ(URURTLU(VvCFSiZRT �*KYEdK�UoSiVIKfCIEhg����\]RK
gdKYM�N^U(Z�M�CIgdK7ZRK�CIHLg p�T¢SG]_PuCIEdCIHLHJK�H�gdPuCIEhgdK%CIPRP(HLTLM�CFSGTJN^URg : . 0 � > CIURZ_MYN^URgdTJghSdg.TLU_ZRK�MYEdK�CIgdTJURV\SG]RKre�B �
P�K�EhacNIEdO�CIURM�KjNIa�URN¤ZRKYg�p�]RTJM�]�CIEdK�URNIS�TLU�Sd]RK9MYEdT¢SGTLM�CIH/PuCFSd]����{U : . 0 	 > WDSG]RK9CIQ(Sd]RN^Edg�PREdNIP$N^ghK
C�O�NIEdKqV^KYURK�EdCIH\CIHJV^N^EhTJSG](O K´�0PRHLN^T¢SGTJURV�SG](K|gdH¡CFM�so��SGTJO�KqZ(QRK|SGN�SG](K�Q(U¤lRCIH¡CIU(M�K�Z�prN^Eds�HJNoCIZ�NIa
URN¤ZRK�g$�
�\]RKYU W�C�HJNIS\NIa`prN^Eds|CFTLO SGN�N^P(SdTLOjTL«�K�SG]RKiZRTJgdsqKYURK�EhVI�|MYN^URgdQ(O�P(SdTLN^U
�7©¥NIE\TLURgbS�CIURMYKIWRTJU : . 0 � > W
SG](K§gdP�K�KYZ:NFa/SG]RK§Z(TLgds�TLg�O�N¤ZRQRHLCFSGKYZ��A�{U : . 0 � > W$MfCIM�](K�N^P(SGTJO�TJ«fCFSdTLN^U(g�CFHLHLNXp P(Q(SdSdTLURVjSG]RK§Z(TLgds
TLU�ghSGCIURZ0�²l���OjN0ZRK�QRUoSGTJHDC�MfCIM�]RK´�{OjTLghgAN¤M�M�Q(Edg��A©uN^E�Z(TLgds�CIEhEGCf�o�{luCIghK�Z�ghK�Eb�^K�Ehg�W�CIU�TLUoSGKYEdK�gbSGTJURV
SGEdCIM�s�MYN^URghTLghSdg6NIa%OjN��¤TJURVqP�N^PRQRHLCIE�ZRCFS�CqN^UxCqghQRlRghKYS_NIa%ZRTJgds�g6TLU�N^EdZRKYEASGN|P(Q(S6SG](K�NISG]RKYEdg6TJU
HLNXp��²P$NXprK�E6OjN0Z(K : . 0 =7> �_­�K´�¤SfW : . 0 ��> PREdKYgdKYU�Sdg�CIU�N^EbSG]RN^VIN^UuCIH�CIPRPREhNoCIM�]�lo��gbp�TJSdM�]RTLURV9N^U��FN �
B%e�g�NFakC�M�HJQRghSdK�E�ZRKYP$KYURZRTLU(V�N^UvP�K�EbacN^EdO�CIURMYK_CIURZ�M�N^URghQROjP(SGTJN^UvEdK���QRTJEdKYO�KYU�Sdg��
¯¨V^HJN^luCIH`CIP(PREdNoCFM�]:TJg�SdNqlRQRTJHLZ�C�p�](N^HLK§ghQRP�K�EdMYN^OjPRQ(SGKYE �FMYHLQRgbSGKYE6p�TJSG]�P$NXprK�EiKY~jMYTLK�UoS_CFEdM�]RT �
SGKYMYSdQREdK�CIU(Z�QRgdTJURVqHLNXp��²P$NXprK�E6MYN^O�P�N^URKYUoSGg��6¦�K�MfCFU�M�TJSdK��iEdKYK�U  AKYghSGTJUo� : . 0 ;�> W�£�KYVoC��²PREdNISdN
: .'. 0 > CFURZ (rHLQRKf�_KYURK �I± : .�.'. > �
©DTJUuCIHLH¢�^Wzp�K7QRURZ(K�EdHJTLURKkSd]uCFS`CIHJHIPREhKY�¤TLNIQRg.PRTLKYM�KYg`NFa¤prN^Ehs6ZRK�KYPRHJ�6EdK�H¢�ANIU�P(EdNInuHJTLURV�CIURZ_PREdKYZRTLMzSGTJURV
SGN¤N^HJg�� : .'. 5 > PREdKYgdKYU�Sdg�C�acEGCIOjKYprN^Ehs4O�K�CIgdQREhTLURV�Sd]RK�P�NXp�KYEb�²P$KYEhacN^EhO9CIU(M�KxKY~jM�TJK�URMz�wNIa�Sd]RK
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­�¯ m PuCIEGCFHLHLKYH�l�K�U(M�]RO9CFEds�g��¨�\](K:P(EdNInuHJTLURV�TLgqZRNIURK�acN^EqSG](K:e�B9��W�SG]RK�OjK�OjN^Eb�^W\SG]RK�Z(TLgds
CIURZ4Sd]RKxURKYS{prN^EdstTLUoSGKYEha³CIMYK�� : .'.�� > acN0MYQRgdKYg�NIUySd]RKx�{UoSGK�H_B 	�PREhN0MYK�gdghN^E�� �²S�PREhN^P�N^gdKYg|EdKfCFH
P�N�prK�E/OjKfCFgdQREhK�OjK�UoSGg%CIURZ�CFl$NX�^K?CIHJH�WFCIU�TLUoSGKYEdKYghSGTJURViP�N�prK�E/KYghSdTLO�CFSGTJN^U�NIa�SG](K�PREdN¤M�KYgdghN^E7QRgdTJURV
M�NIQRUoSGK�E"�{luCFgdK�Z�O�K�CIgdQ(EdK�OjK�UoSdg?NIU 5'5§PR]o�¤gdTJMfCIH.ghQRl0�²M�N^OjP$NIURK�UoSGg$�
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86QRE�ghSGQ(Z(��NIU  ��¤UuCIOjTLM �7N^H¢S�CIV^K m M�CIHLTJURV�TLU:N^EdZRKYE�SdN�S�CFsIKqCFZ(�FCIUoS�CIV^KjNIa�Sd]RK9ghH¡CIM�s^��SGTLOjK�NIa
URN¤ZRK�gYW/S�CIEhV^KYSdg�p�NIEdHLZ¤�²p�TLZ(K|�iEdTLZ�PRH¡CFShacN^EdOjg�� �?U(acN^EbSGQRUuC�SGK�H¢�^WDSd]RTLg�SGN^PRTJMqNIa�EhK�gdK�CIEdM�]}TLg�URKYp
CIURZ:TJS�ZRN¤K�g_URNFS�K´�(TJghS_�^KzS�ghQRM�]�HLCIEdV^K�P(H¡CFShacN^EdOjg_CIHLHJNXp�TLURV|P�K�EbacN^EdOjTLURV� �� m CIURZ�O�K�CIgdQ(EdTLU(V
SG](K6P$NXprK�E�MYN^URghQRO�P0SGTLNIUqN^U|KfCFM�]|URN0Z(K��k¦�K6O§QRgbS\QRgdK6C§gdO�CIHLHJK�E7ZRK�Z(TLMfC�SGK�Z|MYHLQRgbSGKYE�ZRK�ghM�EhTLl�K�Z
TLU§Sd]RTLg m K�MYSdTLN^U
�k�\]RK�EhK�TLg/URN_M�NIO�O§Q(URTLM�CFSGTJN^U§N^U�SG](K\�{U�SdK�EhURKYS��/�\]¤Q(g�W�p�K�MfCFURURNIS7acN¤M�QRg/N^U�Sd]RK
gdHLCIM�s^�²SdTLOjK�ZRQRK�SdNvSd]RK�]RTJV^]�H¡CFSdK�URMz��CIU(ZxSd]RK�HLNXp�luCIURZ0p�TLZ(Sd]:NFarSd]RK��{UoSGK�EhURKYS���¯Ag6prK�acN0MYQRg
N^URH¢��N^UjSG]RK?gdHLCIM�s^�²SGTJO�K�ZRQ(K?SdN�SG](K�]RKzSGKYEdN^V^KYURK�T¢S{�jNIa*Sd]RKAURN¤ZRKYg%acEhN^O C�e�B �wP$N^TJUoSrNFa*�¤TLKzp_W(TJS
TLg�MYN^URM�KYTJ�FCIlRHJKiSGNjluCIgdK�N^QRE?ghSdQRZ(�vN^U�CjghO9CFHLH� �� m �"Cfp�CFEdK�MYHLQRgbSGKYE?l�K�M�CIQRghK�N^QRE?Kz�0P�K�EhTLOjK�UoS�CIH
CIPRP(HLTLM�CFSGTJN^U�TLgAZ(K�gdTJV^URKYZxacNIEAH¡CFEdV^K��_EhTLZxe�NIO�PRQ0SGTLU(VqCIURZ�T¢S6M�CIU�l$K§CIPRPRHJTLK�Z�p�TJSd]RN^Q(SiNIE�p�TJSd]
acKYp O�N¤ZRT¢nuMfCFSdTLN^U(g�N^U�gdQRM�]��_EhTLZ��
®�K�gdK�CIEdM�](K�Edg?NIa`SG]RK�[�Bre m H¡CFl$N^EdCFSGNIEh��NIaD�`gdQ(s¤Q(luCj]RCX�IK�l(QRTLH¢S�C�gh�¤ghSdK�O
QRghTLURVj[ACFHLH*KYHLKYO�KYU�Sdg
: .'. 	 > p�]RTJM�]�K�URCIlRHLKYg�SdN�OjKfCIghQREdKjZ(�¤UuCIOjTLM�CIHLH¢��Sd]RK9P�NXp�KYE�MYN^URgdQ(O�P(SdTLN^Uxp�TJSd]RN^Q(S�OjN0Z(TJa��¤TLURV
SG](Kj]RCIEdZ(p�CIEhKjNFarO�CIM�]RTJURK�g$���\]RKj[ACIHJHDZRKz�¤TLM�K�]uCFg�¯ �  M�N^Uo�IK�EhSdK�Ehg�SGNvZRTJV^TJSdTL«YK�KfCFM�]�TJURghSGCIUoS
OjKfCIghQREdKYZ�P�N�prK�E�CIURZ:SGNvSGEdCIURghacKYE�T¢SiSGN�C�ZRKYZRTLM�CFSGKYZ�B%e ��£�KfCFgdQREhK�OjK�UoSGg�MfCIU�l$KjZRN^URK�p�TJSd]
C:�IK�Eb�t]RTJV^]�SGTLOjKvEdKYgdN^HJQ(SGTJN^U ªcQRPtSdN�C:acKzp O�TJM�EhNF�{ghK�M�NIURZRg�¬&�4�\]RK�K´�0P$KYEdTLOjK�UoSGCIH�M�HLQ(ghSGKYE9TJg
M�NIO�P�N^gdKYZ�NFa .���URN¤ZRKYg�p�](N^gdK�gdP�K�MYTJnuM�CFSGTJN^URg�CIEhKiV^TJ�IK�U�TLUv�DCFlRHLK � � .'�

e�B � ¯6£  86P(SdK�EdNIU
e�HLN¤M�s 5'5�0�0o£�[�«

± .7�I±!5�MfCIM�](K .75 � +-(���.�£ (
£�KYO�N^Eb� .X� (�ª   6®A¬
­�KYS{prN^Ehs .��-( %/Sd]RK�EhURKYS
8 m ±.TLU�Q0� ®?KYZ�[�CFSfW(sIK�EhURK�H)5 � ��� .'.
VIM�M 	�� .'� 5
£�B/� ±.¯i£ �^£�B7�r� = ��.'� �

�DCIl(HLK � � .��%e�HLQ(ghSGKYE�URN0Z(K�M�]RCIEGCIMzSGKYEdTLgbSGTJM�g

�\]RK  ��¤UuCIOjTLM �7N^H¢S�CIV^K m MfCIHJTLURV�TLg�ZRNIURK�p�T¢SG]vacQRURMzSGTLNIURg\p�EGCIPRP(TLURV��	��

��������
��jTJURghSdEdQRMzSGTJN^URg��
©uN^EATJURghSGCIURMYKIW$Sd]RK�acQRU(MYSGTJN^U�����

��������
������ �"!#���%$'&�O�CIsIKYgASG](K�e�B ��p�NIEds�TLURVqCFS6SG](K�acEdKY��QRK�URMz�
V^T¢�^K�U�lo��SG]RK�EdCFSGTJN

x%
TLU���CIlRHJK�� � 5 �i�{U�Sd]RK§EdKYO9CFTLURZRKYEANIa/Sd]RK�e�]uCFP(SGKYE�W*p�]RKYU�p�K�gdCX��SG]uC�S

C�URN0Z(K�TJg?EhQRURURTJURV�CFS
x%
NIaDSd]RK§e�B � acEdKY�¤Q(K�URMz�^W$prK§CFMYSGQRCIHLH¢�qEdKzacK�E\SGNjSG]RK_acEdKY��QRK�URMz��NIaDSd]RK

EGC�SGTLN
x%
TLU��DCFlRHLK � � 5�ª�p�]RTLM�]�TJg�URNIS�Kz�(CIMYSdHJ�

x%
NIa

2200MHz
¬&��¦�K�EdKYMfCIHJH SG]uCFS?SG](K�P�N�prK�E

TLg6C|acQ(URMYSdTLN^U�NIa7Sd]RK�acEdK���QRKYURMY�:CFURZ�NIa%SG]RK§�IN^HJSGCIV^K �
P = CV 2

ddf + βV 2
dd

p�]RK�EhK
C
TLgASd]RK
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MfCFPuCIM�T¢S�CIU(M�KIW
V 2

dd
TLg�Sd]RK|gdQ(PRPRHJ���^N^H¢S�CIVIKIW

f
TLg�Sd]RKqacEdKY��QRK�URMz�}CIURZ

β
TLg�SdK�OjP$KYEGCFSdQREdK´��CIURZ

PREhN0MYK�gdg"�{ZRKYP$KYURZRKYU�S��

®?CFSGTJN�ª ��¬ ©uEdKY�¤Q(K�URMz��ª £�[�«f¬
. 0�0 5'5�0'0
; 0 5�0'0'0
� 0 . � 0'0
��0 .��'0'0
	'0 . 	�0'0
520 .75�0'0
0 . 0'0'0

��CIlRHLK ��� 5 �/��CIlRHJKiNIaDCX�FCITJH¡CIl(HLK�acEhK���QRKYURM�TJK�g

����� � ��� � � � � 	 � � �Y� ��� � ��� �$� � ����� � � � � ��������� � �§� �

�\]RK�¯6B/�§p�]RTLM�],TLg�p�EGCIP(PRTLURV �	��

��������
�� TJURghSdEdQRMzSGTLNIURg�W�TJgjCX�FCITJH¡CIl(HLKqacN^E�£�B/��TLOjPRHJK�OjK�U0�
S�C�SGTLNIURg����\]RKYEdKYacNIEdKIWrp�K�]uCf�^K§�hQRghSjOjN0Z(TJnuKYZ}NIQRE�EdKfCFH\gh�¤O�OjKYSdEdTJM|K�TLVIK�URghN^HJ�IK�E�PREdKYgdKYU�SdK�Z�TJU
e�]uCIP0SGK�E 	�CFSjSG]RK�M�N^OjO§QRU(TLMfC�SGTLNIU}P(EdN^V^EdCIOjO�TJURVxO�N¤ZRK�H\HJKY�IK�H �w�\]RKYEdK�TJg�URN�O�N¤ZRT¢nuMfCFSdTLN^U
acEdNIO C�prN^Eds�1uNXp P�N^TLUoS\NFa`�¤TJKYp-�7¯Ag�C�M�NIURgdKY�¤Q(K�URMYKIW$CIO�NIURV�SG](K . �§URN0Z(K�g\NIa`SG]RKiK´�0P$KYEdTLOjK�U¤�
S�CFHuM�HLQ(ghSGKYE�WoprK�MYN^URgdTJZRK�E@.�M�HJTLKYU�SrCIU(Z?. �6EhK�OjNISGK\MYN^O�P(Q(SGTJURV_URN0Z(K�g�� (�K�ghTLZRKYg�W�SG]RK?ZRTLgbSGEhTLlRQ(SdTLN^U
NIa�ZuCFSGCjCFURZ�Sd]RK_ZRTLgbSGEhTLlRQ(SdTLN^U9NIa�Sd]RKip�NIEds�HLNoCFZ�]uCf�IK�U(NIS?l$KYK�U�O�N¤ZRTJnRK�Z��
¯�S�Sd]RKAl�K�V^TJURURTJURV�NIa.Sd]RK6KYTLV^KYURgdN^H¢�^KYE�W0prKiCIghgdTJV^U|C�ZRKza³CIQRH¢S�e�B � acEdKY��QRK�URMz�qSGN�SG]RK6. ��M�NIO�PRQ¤�
SGTJURVjURN0Z(K�g����\]RN^gdK�URN¤ZRK�g�ZRNjURNIS�]uCf�^K�URK�MYK�gdgdCIEh��SG](K�gdCIO�K�ZRKza³CIQRHJS�acEhK���QRK�U(M�TLKYg���¦�K�M�](N0N^ghK
N^URK�NFa�Sd]RK��FCIHJQRK�gvCf�FCITLHLCIlRHJK�TJU4�DCFlRHLK ��� 5 ���\]RKYU W�prKxCIZRZ  �� m EdNIQ(SGTJURK�g|l�KYacN^EhK�CIURZyC�a¡�
SGKYEiCIHJHk£�B/�?p�CIT¢SiCIU(Z:£�B/�AlRHJN0M�s�TLU(VqM�N^OjO§QRU(TLMfC�SGTLNIU�EhN^Q(SGTJURK�g�ª�£�B/�

�
¦�CFTJSfW.£�B/�

�
�_CFSd]RK�EYW

£�B/�
�
(�MfCFghS´¬&�9¦�K�M�CIU�OjN¤ZRTJa���SG]RK�acEdKY�¤Q(K�URMYTLK�g�ZRQREhTLURV|SG](N^gdK9£�B/�6MfCFHLHLgiZ(K�P�K�URZRTJURV�NIU:Sd]RK

PRQREhP$NIgdKvNIa�N^QRE�EdKYgdKfCFEdM�]�� 86U,K�CIM�],U(N0ZRKFW%Sd]RKvO�N¤ZRT¢nuK�Z�acEdKY��QRK�URMz��O§QRgbS�EhK�O�CITLU�HJNXp�KYEjNIE
K���QuCFH SGN�SG]RK_ZRKza³CIQRHJS�acEdK���QRKYURMY���

����� ��� 	�� � � � ����� �

�\]RK6](KYSGKYEdN^VIK�URKYTJS{�jTLgrC�O�C��hN^E%ZRT �$K�EhK�URMYKAl�KYS{prK�K�U|prN^EdHJZ0�²p�TJZRK��_EhTLZqe�N^O�P(Q(SGTJURV�CFURZve�HLQ(ghSGKYE
e�N^OjPRQ(SdTLURV�NIE�[�TJV^]�B�KYEhacN^EhO9CIU(M�K�e�N^OjPRQ(SdTLURV���¦�K|ghSdQRZ(��Sd]RK|QRgGCFV^K|NIa� �� m TLU�N^EhZRK�E§SdN
Kz�0PRHJN^TJS%SG](K6gdHLCIM�s^�²SGTJO�K?ZRQRK6SdN�SG](K6]RKYSdK�EhN^V^K�U(K�TJS{��l�KYS{prK�K�UvSG](KAURN¤ZRK�g�acEhN^O C�e�B � acEdKY��QRK�URMz�
P�N^TLUoS�NIa`�¤TLKYp-�
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¦�K�QRgdK�CqghPuCIEdghK�EdKfCFHkgh�¤OjO�KzSGEdTJM�O�CFSGEhT¢��NIa%N^EhZRK�E
N = 32490

�_�²SiTJgiCqSGTJHLTLU(V�NIa7Sd]RK�O9C�SGEdT �
bcsstk09

acEdN^O SG]RK�[�CIEhprK�HJH¢�,(rN0KYTLURV�O9CFSdEdT ��MYN^HLHJK�MYSdTLN^U�NIa�SG]RK�£�CFSdEdT �¤�"£�CIEhsIKYS�prK�l(gdTJSdK �*���²S
]uCIg

16.5
OjTLHLHJTLN^U�K�HJK�OjK�UoSGg$���\]RK§Cf�IK�EGCFV^K�U(N^U0�{«YK�EhN9K�HJK�OjK�UoSGg?P�K�E?EdNXp TLg

510
��®�K�V^CIEdZRTJURV�SG]RK

PuCIEdCIOjKYSGKYEdg�NIa\N^Q(E�K�TJV^K�U(gdN^H¢�^K�EYW�prK9]uCf�IKqM�]RN^ghK�U
m = 20

CIURZ
k = 2

�v�{U�NISd]RK�E_prN^EdZRgYWDprK
M�NIO�PRQ0SGK�S{p�N�®�TJSd«�K�TLVIK�URPuCFTLEdg%CIU(Z9SG]RK?N^EhZRK�E%NIa Sd]RK +iEh�¤HJN���ghQRlRghPuCIM�KATLg

20
��¦�K�QRgdK�N^URHJ�§N^URK

M�NIQRPRHLK
(m, k)

l$KYMfCIQRghK9SG](K9TLOjPuCIMzS�NIa�Sd]RN^gdK�PuCIEdCIO�KzSGKYEdg�NIU�SG](K9Kz�0KYM�Q(SdTLN^U:p�CIHJH¢�²M�HLN¤M�s�SdTLOjK
]uCIg�CIHLEhKfCIZ(�jl�K�KYU�gbSGQRZ(TLK�Z|TJU|e�]uCFP(SGKYE�	�CIURZ|T¢S�ZRN¤K�g�U(NIS�KYU�SdK�E\TJU9SG]RKAgdM�NIP$K6NFa.SG]RTJg�e�]uCIP(SdK�E$�

������� � �^!r&0' +R'��o&}# � ��� � 1�>�+��b!�@ �*#%; ; >A!����$�/&��"#7! �7!A1 �"1A-"' &��b;¨'��

� ' 6!8 ¦�K�nuEdgbS�KY�FCIHLQRCFSGK�SG](KjTJO�PRCIMYS_NIa%SG](K�]RKzSGKYEdN^V^KYURK�T¢S{�xNIa%SG]RKjURN¤ZRK�giacEdNIO�C�e�B � acEdK´�
��QRK�U(MY��P$N^TJUoS�NIa��0TJKYp N^U:SG]RK�V^HLNIluCIH/K�U(K�EdVF��MYN^URgdQ(O�P(SdTLN^U
�|�\]RK�U W�p�KqKz�FCIHLQuC�SGKj]RNXp O§QRM�]
prKjM�CIU�gGCf�IK�KYURK�EhVI��lo��OjKfCIU(g6NIa  �� m N^URHJ��ZRQREhTLURV�£�B7��p�CITJS_CFURZ�£�B/��lRHJN0M�s�TJURV|M�N^OjO§Q0�
URTJMfCFSdTLN^U�EdN^Q(SdTLURKYg��/�{URZ(K�K�Z*WuTLUqN^EhZRK�E�SdN§gGCf�IK�KYURK�EhVI�qTJUqPREhK�gdKYURM�K_NIa`]RKzSGKYEdN^V^KYURK�NIQRg�EdK�ghN^QREhM�K�gYW
SG](K�nuEhghS�TJZRKfC�TLg7SGN�EdK�Z(QRM�KASd]RK�acEhK���QRKYURMY��NIa Sd]RK�a³CIgbSGKYghS�U(N0ZRKYgrp�]RKYUqSG]RKz�j]uCf�^KAnuU(TLgd](K�Z9Sd]RK�TJE
M�NIO�PRQ0S�CFSdTLN^URg�N^E\p�]RK�UvSG]RKz��CIEdK6p�CIT¢SGTLU(V§acN^E\ZuCFSGC�acEhN^O NISd]RK�E\U(N0ZRKYg��

* , '!)�'�.0' 8 ' �/# � � # , ��%(# � )-; (�KzacN^EdKr£�B/�*p�CIT¢SDCFURZ§£�B7�*lRHLN¤M�s�TLURV�M�NIO�O§Q(URTLM�CFSGTJN^UiEdN^Q0SGTLU(K�g�W
prK�ZRKYM�EhKfCIghK�SG](K6e�B �4acEdK���QRKYURMY��p�T¢SG]�SG]RK�acQRURMzSGTJN^U ����

��������
������ ��� ��
��	��� ��

� ��������&?CIU(ZqCFa�SdK�E�W
prK�EhK�M�NX�IK�E7SG]RK?ZRKYa³CFQRHJS/acEhK���QRK�U(MY��p�TJSd]jSd]RK�gGCIOjK\acQRURMzSGTLNIU ����

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

� ��������&��
��CIlRHLK � � ��gh]RNXp�g�SG]RK�ZRKYa³CFQRHJS�acEdKY�¤Q(K�URMYTLK�g|ª³gdKzS�CFS�SG]RKjl�K�V^TJURURTLU(V�NIa\Sd]RKjK�TLVIK�URghN^HJ�IK�E�¬_NIa�Sd]RK
URN¤ZRK�g�acNIErSG](EdK�KiK´�0P$KYEdTLOjK�UoSGCIH*MYN^U(nuV^Q(EGCFSdTLN^URg �kN^URKiTJg�]RNIO�N^VIK�URKYN^QRg�W0S{p�NjCIEhK6]RKYSdK�EhN^V^K�U(K�N^QRg$�
¦y]RKYU  �� m TLg/QRghK�Z W�SG]RK\acEhK���QRK�U(MY�jTLg7HLNXprK�EhK�Z�SGN_SG]RK\acEdKY��QRK�URMz�jNIa*Sd]RK�lRQREdZ(K�U9U(N0ZRKYg�ª 0���acNIE
M�NIU(nuV^QREdCFSGTJN^U (AW 	�0�� acN^E6M�NIU(nuV^QREdCFSGTJN^Uxe\¬&� �\]RK�M�HJTLKYU�SiCIHJp�Cf�0gAghS�Cf�¤g�CFS . 0�0�� NFa%Sd]RKje�B �
acEdKY��QRK�URMz�'�

e�B � acEdK�����ª ��¬  AKYa³CFQRHJS�e�B � acEdK�����ª ��¬
NIa`SG]RK_M�HJTLKYU�S NIa`SG]RK . ��prN^EdsFK�Edg

e�N^U(nuV^Q(EGCFSdTLN^Uv¯ . 0'0 . ��CFS . 0'0
e�N^U0nuV^QREdCFSGTJN^U ( . 0'0 �jC�S-. 0'0(W�.�CFS � 0(W�5�CFS
�'0(W�5�CFS�	'0(W .�CFS/5�0(W 	jCFS/0
e�N^U0nuV^QREdCFSGTJN^U�e . 0'0 �jC�S-. 0'0(W�.�CFS � 0(W�5�CFS
�'0(W = CFS�	'0

��CIlRHJK � � � �%e�N^U(nuV^Q(EGCFSdTLN^URg\NFa�Sd]RK_]RKYSdK�EdNIV^K�URKYN^QRg?PRH¡C�SdacN^EhO�g

�������
��������# . �/� � ) (*1���� +$!�� ����. �
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"$#&; 238 )�; ��CIlRHJK � � 	�PREhK�gdKYUoSGg|SG]RK�p�CIHJH¢�²M�HLN¤M�s�SGTJO�KYg�ªcgdK�MYN^URZRgG¬zW?SG]RK�KYURK�EhVI��MYN^URgdQ(O�P(SdTLN^U(g
ª
J = W.s

¬\CIU(Z�acN^Q(E\EGCFSdTLN^g �

•
acNIE�K�CIM�]  �� m ghSdEGCFSdK�VI�IW*MYN^HLQROjURg
	|CIURZ �jgd](N�p�Sd]RK§TLU(M�EdK�CIgdKYg6NIakSd]RK�p�CIHJH¢�{MYHLN¤M�s9SGTJO�KYg
CIU(Z:Sd]RK�VIHLN^luCFHkK�URKYEdVI�xMYN^URghQRO�P0SGTLNIURgiacN^E6SG]RKjM�NIU(nuV^QREdCFSGTJN^URg (�CIURZ�eAW`MYN^OjPuCIEdKYZ:SdN
Sd]RK�MYN^U(nuVIQREGCFSdTLN^U:¯ �`©uN^E_KfCFM�]�s�TLURZ�NIa  �� m ghSGEdCFSGKYVI�^W`SG]RNIgdKjEGCFSdTLN^g�CIHJHLNXp=Kz�FCIHLQuC�SGTLU(V
Sd]RK�TJO�PRCIMYS_NIarSG]RKj]RKzSGK�EhN^V^KYURK�T¢S{��NFa�SG](K�PRHLCFSdacNIEdOjgjªcacEdNIO C�e�B � acEdK���QRKYURMY��P�N^TLUoS�NIa
�¤TLKzp�¬�N^U|SG]RKip�CIHLH �{M�HJN0M�s�SGTJO�KYg\CIURZ�N^U|SG](K�KYURK�EhVI�vM�NIURgdQROjP(SdTLN^URg$�

•
acNIEjK�CIM�]tNIURKvNIaASd]RK�Sd]REdKYK�MYN^U(nuVIQREGCFSdTLN^U(g�W7SG]RKvS{p�N�H¡CIgbS�M�N^HJQROjURg�ª �:CIURZ = ¬§PREdKYgdK�UoS
Sd]RK��FCIEhT¡CFSdTLN^U(g\NIaDSd]RK�p�CIHJH¢�{MYHLN¤M�s�SdTLOjK�g?CIURZ�SG]RK�K�URKYEdVI��MYN^URgdQ(O�P(SdTLN^U(g�p�](K�U�prK§CIP(PRHJ�
C  �� m gbSGEdCFSGKYVI�tMYN^OjPuCIEdKYZtSGN�SG]RK�gdCIOjK�M�NIU(nuV^QREdCFSGTJN^U�lRQ0Sqp�TJSd]RN^Q(S  �� m ghSdEGCFSdK�VI���
�\]RNIgdK�EdCFSGTJN^g9CFTLO SdN�KY�FCIHJQuCFSGKvSG](K�TLOjPuCIMzS9NFa  �� m ZRQREhTLURV�£�B/�§p�CFTJS|CFURZ�lRHJN0M�s�TLU(V
MYN^O�O�QRURTLM�CFSGTJN^UqEhN^Q(SGTJURK�g�acNIE\KfCIM�]�s¤TJURZvNIa�]RKYSdK�EdNIV^K�URKYN^QRg?PRH¡C�SdacN^EhO?�

%7CIM�]}K�UoSGEb�^W�TJU�SG]RK|ghK�M�NIURZ�CIU(Z�Sd]RTLEhZ�M�N^HJQRO�U(g§NIa?SG]RK|S�CFlRHLKFW%EhK�PREhK�ghK�UoSGg9CIU}CX�IK�EdCIV^KvNIa6. 0
OjKfCIghQREdKYO�KYU�Sdg��

e�N^U(nuV^Q(EGCFSdTLN^U9� �\TJO�K %/URK�EhVI� �\TJO�K %/URK�EhVI� �\TLOjK %7U(K�EdVF�
 �� m ghSdEGCFSdK�VI� ª³ghK�Mf¬ M�N^U(gdQROjP(SGTJN^U ª ��¬ ª �j¬ ª ��¬ ª �j¬

ªc¦ � g�¬ M�NIO�PuCFEdK�Z MYN^OjPuCIEdKYZ
p�T¢SG]v¯ p�TJSd]�U(N  �� m

¯ �r­�N  �� m 	 ; 0 ='= �'0 	�. � � � �
(��r­?N  �� m �';�= .'. = � � 	 � � � � � �'5 � �
e4�r­?N  �� m � � 	 ; 	 � 	 	 � � � ; �-5'5 � �

¯ �  �� m ZRQREhTLURV�l�MfCIgbS 	 ; . ='= .�� = . � �
+ < 1 − < 1(t�  � m ZRQ(EdTLU(Vjl�MfCFghS �';�= .'.�� ; � � 	 � � 5 � � .
+ < 1 − < 1e4�  �� m ZRQREhTLURV�l�MfCFghS � � 5 ; � �'0 � = � � � �-5 .
− < 1 − < 1¯ �  � m Z(QREdTJURV�VoCFSG](K�E 	 ; 5 ='= � � . � � �
+ < 1 + < 1(t�  �� m ZRQREhTLURV�VoCFSd]RK�E �';�= .'. = 	�. 0'0 � � 5 � � .
+ < 1 − < 1e4�  �� m ZRQREdTJURV�VoCFSd]RK�E � � . ; � � � � � � � � �-5�0
− < 1 − < 1¯ �  �� m Z(QREdTJURV�p�CIT¢S 	 ; . ='= 5 � ; � � �
+ < 1 − < 1(t�  �� m ZRQREhTLURV�p�CITJS ; 0 � .'. = � � � � � � � � � .
+ < 1 − < 1e4�  �� m ZRQREhTLURV�p�CITJS � � � ; 	#5 	 � = � 	�0 �-5'5
+ < 1 − < 1

��CIlRHLK�� � 	 �  �� m NIUq]RKYSdK�EhN^V^K�U(K�N^QRg\P(H¡CFShacN^EdOjg7ZRQREdTJURV�l(HLN¤M�s¤TJURV�MYN^OjO§QRURTJMfCFSdTLN^UjEdN^Q0SGTLU(K�grCIURZ
TLZ(HLKASdTLOjK�g\NIa�URN¤ZRK�g

� � 6!8 �/; �:; ' � ,-#&; 238 )-; ©DTJEdgbSfW0prKiacN0MYQRg\N^U|SG](K6nR�^KinuEhghS�M�NIHLQROjURg�NIa���CIlRHLK � � 	�CFURZvM�N^URghTLZRKYE
gdKYPuCIEdCFSGKYHJ�|SG](K�acN^QRE� �� m gbSGEdCFSGKYV^TLKYg���¦�K�N^lRghK�Eb�^K�Sd]RK�VIEdKfC�SATJO�PuCFMYS?NIaDSd]RK�](KYSGKYEdN^VIK�URKYTJS{��NIa
SG](K�EdKYgdN^QREhM�KYg��/©uN^E�KfCIM�]§gbSGEdCFSGKYVI�^W^p�]RKYU§SG]RKr]RKYSdK�EhN^V^K�U(K�TJS{��l�KYS{prK�K�U�Sd]RK�gdHJNXp�KYE/CIURZ�Sd]RKra³CFghSGKYE
URN¤ZRK�g\TJg�TJURM�EhKfCIghK�Z WRl�NISd]qSG]RK6EhTLghK6NIa.SG](KAp�CFHLH¢�²M�HJN0M�s�SGTJO�KYg�CIU(ZqSG]RK6KYURK�EhVI�qMYN^URghQRO�P0SGTLNIURg�CIEhK
TLU(M�EdK�CIgdKYZ��7�\]RKiEGC�SGTLNIg�CIEhK6gdTJO�TJH¡CIE/acN^E�Sd]RK6acN^QRE  � m ghSGEdCFSGKYV^TLKYg�� (�KzS{p�KYK�UvSG]RKiMYN^U(nuVIQREGCFSdTLN^U(g



������� � � � �#	�� � �#����� � ���

¯ CIURZ�e ª³EhK�gdP
�9¯ CIURZ (\¬iSd]RKjVoCIP:NIaracEhK���QRKYURMY��TLg . 0'0:ªcEdK�ghP�� �'0^¬*�9�\](K�TJURM�EhKfCIghK�g�NIa�Sd]RK
p�CIHLH �{M�HJN0M�s�SGTLOjK�gjCIEhK � 5�� N^E � ��� ª³EdKYgdP�� � � � W�� ; � N^E 	'0���¬�CIURZ}SG]RK�TLURMYEdK�CIgdKYgqNIa6Sd]RK
K�U(K�EdVF�vM�N^URghQROjP(SGTJN^URg�CIEhK �20�� N^E ��. � ª³EdKYgdP�� 5�0��qW�5�.�� N^E/5'5��j¬&�/�{URZRKYK�Z W¥N^QRE\KYTLV^KYURgdNIHJ�^KYE
TLg��^K�Eb��gdKYURgdT¢SGT¢�^K�SGNqSd]RK�]RKYSdK�EhN^V^K�U(K�TJS{��gdTJURM�K�T¢SiM�N^UoSGCITLURgiO�QRM�]xM�N^OjO§QRURTJMfCFSdTLN^U�acN^HLHJNXp�KYZ�l��
V^HJN^luCIH?gh�¤URM�]REhN^URTJ«fCFSdTLN^URg$� m N(W?Sd]RK�p�CFHLH¢�²M�HJN0M�s�SdTLOjK�TLg9HLTLU(sIK�Z4SdN�SG]RK�P�K�EbacN^EdO�CIURMYK�gqNIa_Sd]RK
lRQREhZRK�U�U(N0ZRKYg��i¯�gASG]RK�p�CIHJH¢�²M�HLN¤M�sqSGTJO�KYgACFEdK�O�QRM�]�H¡CIEhV^K�EYW�Sd]RK§V^HJN^luCIH�KYURK�EhVI��MYN^URgdQ(O�P(SdTLN^U(g
CIEhK�](TLV^]RKYE��
±.KYSiQ(g6HLN¤N^s�CFSASd]RK�S{prNvH¡CIgbS6M�NIHLQROjURgANFa7�DCIl(HLK � � 	qTJU�N^EdZ(K�EASdNqN^lRghK�Eh�IK�SG]RK§TJO�PRCIMYS�NIa  �� m
acN^E§K�CIM�]}s¤TJURZ�NIa?]RKYSdK�EhN^V^K�U(K�N^QRg�PRHLCFSdacNIEdO �:�\](K�EhK�ZRQ(MYSGTJN^U�NIa?SG]RKqacEhK���QRKYURMY��ZRQ(EdTLU(V�SG]RN^ghK
P�K�EdTJN0Z(g|ZRN0KYgvURNISvTLOjPuCIMzSqSG](K�p�CIHJH¢�²M�HLN¤M�s�SGTLOjK�g9lRQ(S�TJS|Z(N0KYg�U(NISvPREdNX�¤TLZ(K�CFU���TLUoSGKYEdK�gbSGTJURV
K�U(K�EdVF��gGCf�¤TLURV�� m KY�IK�EdCIH?a³CFMYSGNIEdg�Kz�0PRHLCITLU�SG]RTJgjCIlRgdKYURM�K�NIaAgdTLVIURTJnuM�CIUoSjK�URKYEdVI��gdCX�¤TJURV^g��t�\]RK
�^NIHLQROjK6NIa�M�N^OjO§QRU(TLMfC�SGTLNIU9TLg\ghO9CFHLH*l�K�M�CIQRghK�NFa�NIQRE\ZuCFSGC�P�K�EhgdTJghSGKYURM�K_gbSGEGC�SGK�VF�vCIURZ|SG](K_±�¯A­
]uCIg�C�](TLV^]�CFURZ�M�N^URgbS�CIUoS�luCFURZ(p�TLZ0SG] W%C�HLNXp H¡C�SGK�U(MY�'� (�KYgdTLZ(K�g�W7N^Q(E§K�TJV^K�URghN^HJ�IK�E�]uCFg�O9CIUo�
V^HJN^luCIH.gb�0U(M�]REdN^U(TL«fC�SGTLNIURg�� m NRW�SG]RKYEdK§CFEdK�C9O9CFU��vgh]RN^EbSAp�CITJSdTLURV�SGTJO�KYgACIU(Z�SG]RK�PREdN¤M�KYgdghK�giCIEhK
EGC�SG]RKYE\gh�¤URM�]REhN^URTL«YK�Z���©DTLURCIHLH¢�^W�M�]uCIURVITLURV�SG](K_acEhK���QRKYURMY�vNIaDC�PREdN¤M�KYgdghN^E�TJg\URNIS�TJURghSGCIUoS�CIURKYN^QRg$�
©uN^E\TLU(ghS�CFURM�KFWRTJS\SGCIsIKYg

50µs
TLUvN^EhZRK�E�SdNjM�]RCIURV^K_acEdN^O . 0'0�� SGN . 0 � �7�\]¤Q(g�Wup�K_M�CIURURNIS�SGCIsIK

CIZ(�FCIUoSGCIV^K_NIa`�^K�Eb�vgd]RNIEhS�M�NIO�O§Q(URTLM�CFSGTJN^U9SGTJO�KYg�CIURZ�TLZRHJKASGTJO�KYg��
�{U : .�0 	 > W/SG]RKvCIQ0SG]RN^Ehg�]uCf�^KvghSdQRZRTJK�Z�SG]RK|ghH¡CIM�s^��SGTLOjK9Z(QRK|SGNxCIU�QRU�luCFH¡CIURMYK�Z�ZRTJghSGEhTLlRQ0SGTLNIU�NIa
prN^Eds�TJU}Sd]RK�MYN^UoSGK´�0S�NIaie�HLQRgbSGK�E9e�N^OjPRQ(SdTLURV��}�\]RKz�tCFHLgdNxZRN�URNIS�S�CFsIK�CIZ(�FCIUoS�CIVIK�NIa  �� m
p�]RKYU�TJS�TLg�CIPRP(HLTLKYZvN^URHJ�9ZRQREhTLURV�TJZRHLK6SdTLOjK�g��D�\]RKY��CIP(PRHJ�  � m ZRQ(EdTLU(V�CFHLH$Sd]RK_M�N^OjPRQ(SGCFSGTJN^URg$�

�������	� � ' �7'.-"-��"!�@ #�� & �A' 1A'����7>A-²&��G+(' ��>A'.! � �
# �j& ��' !A#\1�'�� �"! #/+R1�' +}&0#
�0���7' '.!A' +(@ �

� ' 6!8 ¦�K%M�]uCIURVIKrN^Q(E�gbSGEGC�SGK�VF�'�D�{U(ghSGK�CIZ�NFaRQRghTLURV� �� m ZRQ(EdTLU(V�gh]RN^EhSDCIURZ�O§QRH¢SGTJPRHLKkP�K�EhTLN¤ZRg�NIa
gdHLCIM�s^�²SdTLOjK�g�WoprKASGEb��SGN�Cf�IN^TLZ�gdH¡CFM�so��SGTJO�KYg%lo��HLKz�^K�HJHLTJURV_N �vSG]RK6e�B9�yacEdKY�¤Q(K�URMYTLK�g�NIa SG](K�a³CIgbSGK�gbS
URN¤ZRK�g�SGN�Sd]RK§e�B � acEdKY��QRK�URMz��NIaDSd]RK_gdHLNXprK�gbSAURN¤ZRK9ª³T¢S\TLg�ZRN^U(K�Z(QREdTJURV9CFHLH$Sd]RK�Kz�0K�MYQ(SGTJN^U¥¬*�%�{U
NISd]RK�E?p�N^EhZRg�W*l���OjKfCIURg�NIa  �� m W�p�K�O9CIsFK�]RNIO�N^VIK�URKYN^QRg�W*CIU�]RKzSGKYEdN^V^KYURK�NIQRgiPRH¡C�SdacN^EhO acEdN^O
Cje�B ��acEhK���QRK�U(MY�vP�N^TLUoS�NIa`�¤TLKYp-�

* , '!)�'�.0' 8 ' ��# � � # , �:%(# � )�; ¦�K�M�N^U(gdTLZ(K�E?gdT¢�|]RKYSdK�EdNIV^K�URKYN^QRg�M�N^U(nRV^QREGC�SGTLNIURg\NIakP(H¡CFShacN^EdOjg��
%7CIM�]�P(H¡CFShacN^EdO ]uCIg?N^URK_lRQREhZRK�U�URN¤ZRK_EdQRURU(TLURVjCFS�C�HLNXp acEhK���QRKYURMY�vp�]RKYEdKfCFg?Sd]RK�NFSG]RKYE?U(N0ZRKYg
ª�. 	9p�NIEdsIKYEdg_CIU(Z�SG]RK�M�HLTJK�UoS´¬?CIEdK�CFS . 0�0��3NIa/SG](K�e�B �=acEdK���QRKYURMY���_�²S6TLg�PREdNIluCIlRH¢��Sd]RK�prN^EdgbS
MfCFgdK�NIak]RKzSGKYEdN^V^KYURK�T¢S{�vTJa�p�K�]uCf�^K�K�URKYEdVI�vMYN^URgdQ(O�P(SdTLN^U�M�NIURgdTJZRK�EdCFSGTJN^URg��%�\]RK�lRQREhZRK�U�URN0Z(K�TJg
EdQ(URURTLU(VjKYTJSd]RK�E�CFS/0(W�5�0(W 	�00W �'0(W � 0�NIE ; 0�� NIa`SG](K�](TLV^]RKYghS�e�B � acEdK���QRKYURMY���
©uN^E�K�CIM�]vN^URKiNIa�SG](KigdT¢�qM�N^U0nuV^QREdCFSGTJN^URg�W¤p�KinuEhghS�P�K�EbacN^EdO . 0§Kz�0KYM�Q(SdTLN^URg\p�T¢SG]RN^Q0S\QRgdTJURV  �� m
CIURZ�p�KqP(EdK�ghK�UoSjCf�^KYEGCIV^K��ICFHLQRKYg�NIa�ZRCFS�C�TLU���CIlRHJK � � � ���\]RK�U WkprKqP�K�EbacN^EdO . 0�Kz�0P$KYEdTJO�KYU�Sdg
lo�|HLKz�^KYHLHLTJURV§N ��SG]RK�e�B � acEdKY�¤Q(K�URMYTLK�g�lo�|OjKfCIU(g\NIa  �� m �R¦�K_CFHLgdN�P(EdK�ghK�UoSACX�IK�EdCIV^Ki�FCIHLQRKYg\NIa
ZuCFSGC�TLUv�DCFlRHLK � � � �
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"$#&; 238 )�; ��CIlRHJK � � �§gd]RNXp�g�SG]RK6p�CIHLH �{MYHLN¤M�s�SdTLOjK�g_ªcTLUvgdKYM�N^U(ZRg�¬´WRSG]RK_V^HJN^luCIH$K�URKYEdVI�|MYN^URghQRO�P¤�
SGTJN^URg�ªcTLU

J = W.s
¬jCIU(Z}Sd]RK�CX�IK�EdCIV^K�P$NXprK�EjM�N^URghQROjP(SGTJN^URg�P$KYE�URN0Z(K�ªcTLU

W
¬*����CIlRHJK ��� �

PREhK�gdKYUoSGg§EdCFSGTJN^g_M�N^OjPRQ(SdK�Z�lo�:O�K�CIURg�NIa\ZuC�S�CvNIa\��CIlRHLK � � � ��e�N^HJQRO�U(g 5¤W ��CFURZ 	�M�N^OjPuCIEhK
ZuCFSGC|NIa7SG]RK�ghT¢��](KYSGKYEdN^VIK�URKYN^QRg�M�N^U(nRV^QREGC�SGTLNIURgAp�TJSd]�SG]RK�]RNIO�N^VIK�URKYN^QRgiM�NIU(nuV^QREdCFSGTJN^U�p�]RKYEdK
CIHJH�U(N0ZRKYg\CIEhKiCFS .�0'0��¨NIa.SG](K_e�B � acEdKY�¤Q(K�URMz�'�%�\]RN^gdKAEGCFSdTLN^g�CIEdK?�ICFEdT¡C�SGTLNIURgrNFa SG]RK�p�CIHJH¢�²M�HLN¤M�s
SGTJO�KYg�W^�FCIEhT¡CFSdTLN^URgDNIa$Sd]RK?V^HLN^lRCIH(KYURK�EhVI��M�N^U(gdQROjP(SGTJN^URg%CIURZ��FCIEdTLCFSGTJN^URgkNFa$Sd]RK�P�NXp�KYErMYN^URghQRO�P¤�
SGTJN^URg�P�K�E?URN0Z(K��\�{U�MYN^HLQ(O�URg �0W ��CIURZ = NIak��CIlRHJK ��� �(WuacN^E�K�CIM�]�M�NIU(nuV^QREdCFSGTJN^U WughTLOjTLH¡CFE�EGCFSdTLN^g
M�NIO�PuCFEdK|Kz�0KYM�Q(SdTLN^URg�p�T¢SG]RN^Q0S  � m CFURZ�p�TJSG]� �� m ª³T � K2��CIHJHrSG](Kqp�N^EhsIKYEdg9]RCX�IK|SG]RKYTLEje�B �
acEdKY��QRK�URMz��HLNXp�KYEdKYZ�SdN�Sd]RK_gGCIOjKiHLKz�^KYH�CIg\SG]RK_lRQREhZRK�U�URN¤ZRKX¬&�

e�B9� acEdKY��QRK�URMYTLKYg§ª �j¬�NFa �\TLOjK %/URKYEdVI� ¯��^K�EdCIV^K_P�N�prK�E
SG]RK . ��prN^EdsFK�Edg ª³ghK�MX¬ MYN^URghQRO�P0SGTLNIU M�N^URghQROjP(SGTJN^U

ª�¦ � gG¬ P$KYE?U(N0ZRK�ª�¦ ¬
. ��CFS . 0'0 	 ; 0 ='= �'0 	�. ; �
.�l�NISdSdHLKYURK�M�s|C�S ; 0(W�. 	jCFS-.�0'0 � . 	 � 0�5 �'5 	 ;�=
. ��CFS ; 0 �'5 � =�; � 	 ; 5 ; �
.�l�NISdSdHLKYURK�M�s|C�S � 0(W�. 	jCFS-.�0'0 � ��5 � 	 � � . ; ; �
. ��CFS � 0 � � � � . � 5 =�= �';
.�l�NISdSdHLKYURK�M�s|C�S
�'0(W�. 	jCFS-.�0'0 �'0 . �';'; � � = ; �
. ��CFS �'0 ��. ; � � � � . � � �
.�l�NISdSdHLKYURK�M�s 	'0(W�. 	jCFS-. 0�0 � � 0 .�0'0'0�5 �20 ; .
. ��CFS
	�0 � ��; ; . 	�.�� � � 5
.�l�NISdSdHLKYURK�M�s 520(W�. 	jCFS-. 0�0 = � � .�0 � � ��5 � �';
. ��CFS 5�0 ='= � ;'; 5 	�0 � =�;
.�l�NISdSdHLKYURK�M�s|C�S 0(W�. 	jCFS . 0'0 � � 5 . 5'5 =�; . = � �
. ��CFS/0 ; 0 � .�.'. 	 = ��0 = �

�DCFlRHLK � � � �  �� m N^U�]RKYSdK�EdNIV^K�URKYN^QRg?PRH¡C�SdacN^EhO�g�Z(QREdTJURV�CIHLH$SG]RK_Kz�0KYM�Q(SdTLN^U|�%EdKYgdQRH¢SGg�NIa`SGK�gbSGg

� � 6!8 �/; �:; ' � ,-#&; 238 )-; ©DTJEdgbS7NIa CFHLH�W�SG]RK�EhK�gdQ(HJSGg7MYN^U(nuEhO=SG]RK�V^EhKfCFS7TJO�PRCIMYS/NFa$Sd]RK�]RKYSdK�EdNIV^K�URK´�
TJS{�xªcacEdNIO
C9e�B � acEdKY�¤Q(K�URMz��P�N^TLUoS�NIa��¤TLKYp�¬\NIakCjZRTJghSdEdTLl(Q(SGKYZ�P(H¡CFShacN^EdO N^U�Sd]RK�VIHLN^luCFH*K�U(K�EdVF�
M�NIURgdQROjP(SdTLN^U�� %k�^K�U�TJa%SG]RKYEdKjTLg_N^URH¢��N^URKj]RKYSdK�EhN^V^K�U(K�N^QRg�URN¤ZRKIW�TJS_ZREdCIghSdTLMfCFHLHJ��TLURMYEdK�CIgdKYg�Sd]RK
p�CIHLH �{M�HJN0M�s�SGTLOjK�g�ªcQRP�SGN � � 0�� TLU:SG]RKjp�N^EhghS�MfCIghKX¬�MYN^O�PRCIEdKYZ�SGN�SG]RKja³CIghSdK�gbS§]RN^OjN^V^KYURK�NIQRg
M�NIU(nuV^QREdCFSGTJN^U}ª CFHLH`URN0Z(K�g_CFS . 0�0�� NFa%Sd]RKje�B �=acEdKY�¤Q(K�URMz�R¬&��¯Ag_CqMYN^URgdKY��QRK�URMYKIW`p�K�N^lRghK�Eb�^K
C�ghTLV^U(TJnuM�CIUoS�EhTLghK9NIarSG]RK�V^HLN^lRCIH/K�URKYEdVI�:MYN^URgdQ(O�P(SdTLN^U(gqªcQRP�SGN � � ��¬*�|�\](K�p�CIHLH �{M�HJN0M�s�SGTJO�KYg
CIURZ�SG]RK�K�URKYEdVI��M�N^U(gdQROjP(SGTJN^URg�ZRK�P�K�URZ�N^U�SG](K�P�K�EhacNIEdO�CIURM�K�NIakSd]RK�QRU(TL��QRK§lRQ(EdZRKYU�URN¤ZRK ��TJS
M�NIU(nuEdOjg�Sd]RK|EGCFSdTLN^g�NIa?M�N^HJQROjURg 	xCIU(Z ��NIa?�DCIl(HLK���� 	��x�\]RTJg§M�NIURM�HJQRgdTJN^U�TLg�CFM�M�KYP(S�CFlRHLK9acNIE
CIPRP(HLTLM�CFSGTJN^URg6]RCX�¤TJURV�O�QRM�]�MYN^OjO§QRURTJMfCFSdTLN^U�CFURZ�O�CIUo��gh�¤URM�](EdN^URTJ«fCFSdTLN^UxP�N^TLUoSdg�ghQRM�]�CFg�N^Q(E
K�TJV^K�U(gdN^H¢�^K�E$�
�²a�prKxHLKz�^K�HiN���CIHLH�SG]RKxURN¤ZRK�g|SdN�Sd]RKxgGCIOjK�e�B ��acEhK���QRKYURMY� CIg|SG](K:ghHLNXprK�ghS�URN¤ZRKxN^URKFW6TJS
TLU(M�EdK�CIgdKYg�Sd]RK�p�CIHLH �{MYHLN¤M�s�SGTJO�KiNIURHJ�vlo�

1
NIE

2%
l(Q(SAT¢S?gGCf�^KYg6QRP�SdN

9%
NFaDSG](K�V^HJN^luCIH KYURK�EhVI�

M�NIURgdQROjP(SdTLN^U���¦�K6Q(URZRK�EhHLTJURK�Sd]uCFS�Sd]RK6TJURM�EhKfCIghKANIa.Sd]RKAp�CIHLH �{M�HJN0M�s§SdTLOjK�TJg�gbS�CIlRHJK�acN^E�CIUo�9s�TJURZ
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e�B � acEdK�����ª ��¬ �\TJO�K ®?CFSGTJN�NIa ¯��^KYEGCIVIK�EdCFSGTJN �\TLOjK ®�C�SGTLN�NIa ¯��^KYEGCIV^K�EGC�SGTLN
NIa`SG]RK . ��prN^EdsFK�Ehg ª ��¬ KYURK�EhVI� NIaDP$NXprK�E ª ��¬ KYURK�EhVI� NIa�P$NXprK�E

M�N^U(gdQROjP(SGTJN^U M�NIURgdQROjP(SdTLN^U M�N^URghQROjP(SGTJN^U M�N^U(gdQROjP(SGTJN^U
ª �j¬ P�K�E�URN¤ZRK�ª ��¬ ª ��¬ P�K�E�URN¤ZRK�ª ��¬
M�N^OjPuCIEhK�Z|p�TJSd] M�N^OjPuCIEhK�Zvp�TJSd]�C�MYN^U(nuV^Q(EGCFSdTLN^U|p�TJSd]
CIHLH$URN¤ZRK�g�CFS-. 0'0�� NIURHJ�9N^URK_l$NFSdSGHJK�URKYM�s

. ��CFS-. 0�0 � � � � � �
.�CFS ; 0(W
. 	jCFS . 0'0 � 	 � �

< −1
� � �

. ��CFS ; 0 � = � �
−5

�-5
< 1 −4.�CFS � 0(W
. 	jCFS . 0'0 �4.75 � ;

−3
� � �

. ��CFS � 0 �4. � � �
−9

�-5
−3 −6.�CFS
�'0(W
. 	jCFS . 0'0 �-5'5 �4.��

−5
� � �

. ��CFS
�'0 �-5 � �4. 0
−13

� 5
−5 −8.�CFS�	�0(W
. 	jCFS . 0'0 � � � �-5 ;

−7
� � �

. ��CFS�	�0 � 	�0 �4. �
−16

� .
−8 −9.�CFS/5�0(W
. 	jCFS . 0'0 � � 	 � 	�0

−9
� � �

. ��CFS/5�0 � � � �-5 �
−19

� 5
−8 −11.�CFS 0(W . 	jCFS-.�0'0 � � 0 � � �

−12
� � �

. ��CFS 0 � � 	 � 	 	
−22

� 5
−9 −11

��CIlRHLK ��� � �  �� m N^Uv]RKzSGK�EhN^V^KYURK�N^Q(g�PRHLCFSdacNIEdOjg�ZRQREhTLURVjCIHJH$SG](K�K´�0K�M�Q0SGTLNIU��%EGC�SGTLNIg�NIa�EdK�ghQRHJSdg

NIa`]RKzSGK�EhN^V^KYURK�T¢S{�9p�]RKYEdKfCFg�SG]RKiV^HJN^luCIH�K�U(K�EdVF�qgGCf�¤TLU(V�TLg�TJURM�EhKfCIghTLURV�p�T¢SG]qSd]RKi]RKYSdK�EhN^V^K�U(K�TJS{���/�²S
TLgAPuCIEhSdTLMYQRH¡CIEhHJ�|TJUoSGK�EhK�gbSGTLU(VqacN^E6Kz�0P�K�EhTLOjK�UoS�CFSdTLN^U(gAN^UxCqEhKfCIH�]RKYSdK�EdNIV^K�URKYN^QRg6prN^EdHJZ0�²p�TJZRK��iEdTJZ
l�K�MfCFQRgdK�p�K�M�CIU�]RCIEdURKYgdg�EdKYgdN^QREhM�KYg�p�T¢SG]:C�](TLV^]RKYEi]RKYSdK�EhN^V^K�U(K�TJS{����¦�K�O�CX��acN^EdKYMfCIgbS�gdTLOjTLHLCIE
TLU(M�EdK�CIgdKYg�NIa�p�CIHLH �{M�HJN0M�s�SGTLOjK�g6ª �4.6N^E �-5 ��¬rlRQ(S\](TLV^]RKYE�KYURK�EhVI�9gdCf�0TJURV^g�lo�qCIZ��hQRgbSGTLU(V�CIHLHuSd]RK
e�B � acEdK���QRKYURM�TJK�g�SGN�SG]RKiacEhK���QRK�U(MY�vNIa`SG]RK_lRQ(EdZRKYU�URN¤ZRK��
­�K´�¤SfW�Sd]RKjHLN¤MfCIHkP�NXp�KYE�MYN^URgdQ(O�P(SdTLN^U:EdKYZRQRMzSGTLNIURg�CFEdK��^KYEh�:TLUoSGKYEdKYghSGTJURVvSGN¤N��9�{URZ(K�K�Z*W/CFS_nuEdgbS
gdTJV^]oS6p�TJSd]�EGCFSdTLN^g�NIa7M�NIHLQROjU = TLU��DCIl(HLK � � �(W*prK�gdKYK§SG]uC�S6SG]RK�Cf�IK�EGCFV^K�P$NXprK�EiMYN^URgdQ(O�P(SdTLN^U(g
P�K�E�URN¤ZRK_CIEhK6ZRKYM�EdK�CIgdKYZ�lo�qC�a³CIMYSdN^EracEhN^O

4
SGN

11%
p�]RKYU|p�KiQRghK  �� m �R¯\MzSGQuCFHLHJ�IW0Sd]RKiP$NXprK�E

M�NIURgdQROjP(SdTLN^U�EdK�Z(QRMYSdTLN^URg�CIEhK9O§QRM�]�O�N^EhK�TLUoSGKYEdK�gbSGTJURV��v�{U�a³CIMzSfWDZRCFS�C�NIa\M�NIHLQROjU 	�NIa\��CIlRHJK
� � ��TLgrTLU�1RQRK�URMYK�Z|lo�jSG]RK6MYN^URghQRO�P0SGTLNIUqNIa.SG](K6lRQREhZRK�U|URN¤ZRKACIURZ|TLgrQRgdKYZqSGN§MYN^OjPRQ(SGKAEGCFSdTLN^g%NIa
M�NIHLQROjU = TJU���CIlRHJK ��� ���D�²SrZ(N0KYgrURNFSrgh]RNXp�SG](K�EhKfCIH¥P�N�prK�E%M�NIURgdQROjP(SdTLN^UjEdKYZRQRMYSdTLN^U(g7acNIE7Sd]RK . 	
a³CIgbSGK�gbSiURN¤ZRK�g�ª³N^EhTLV^TJUuCIHLH¢�qC�S4. 0'0��3NIa/SG]RK§e�B �6¬*�$�\]RK�TJE6P�N�prK�EAM�N^URghQROjP(SGTJN^URg�CIEdK§Z(K�M�EhKfCIghK�Z
lo��C�a³CIMYSdN^E�acEdN^O

−5%
SGN
−22%

CIg�gd]RNXp�U�lo��M�N^HJQRO�U 	9TJU���CIlRHJK � � ���?©uN^E?TLURgbS�CIURMYKIW�HLKzSAQRg
M�NIURgdTJZRK�E_SG]RK�M�N^U0nuV^QREdCFSGTJN^U:p�T¢SG]�N^URKjl$NIShSGHJK�URKYM�s�C�S

20%
NIa�Sd]RK9e�B9� �D�\]RK9Cf�^K�EdCIV^K�P$NXprK�E

M�NIURgdQROjP(SdTLN^UqP�K�E�URN0Z(KiTLg
89W

�k¯\MYSdQuCIHJHJ�^W . 	§URN¤ZRKYg\EdQRUvCFS
100%

NFa`Sd]RK_e�B � CIURZ|MYN^URghQRO�K
98W
p�]RKYEdKfCFg�Sd]RK�lRQREhZRK�U�URN0Z(K�QRgdKYg

79W
���\]�QRg�W`TJa7prK�HJKY�^KYH/N ��Sd]RK�e�B9�¨acEhK���QRK�U(MY�^W`SG]RK

P�N�prK�E�MYN^URgdQ(O�P(SdTLN^UvNIa . 	�URN¤ZRK�g?M�]uCIU(V^K�g\acEdNIO
98W
SGN

79W
ª
−19%

¬*�
©DTJUuCIHLH¢�^W.ghTLURMYK�SG](Kjp�CIHLH �{MYHLN¤M�s�SGTJO�K�TLg_N^U(HJ�xTLU(M�EdK�CIgdKYZ�lo� .9N^E

2%
WDT¢S�O�K�CIURg_SG]uCFS . 	�URN0Z(K�g

gGCf�IK�HJN0M�CIHLH¢�9C�HJNIS�NIa�K�URKYEdVI���r©uN^E\TJURghSGCIURMYKIWuTJa�prK�MYN^URghTLZRKYE�CIVoCITJUvSd]RKiM�NIU(nuV^QREdCFSGTJN^U|p�TJSd]�NIURK
l�NISdSdHLK�U(K�M�sxCFS

20%
NIarSG]RK�e�B ��W`CvURN0Z(K�ªcTLURT¢SGTLCIHLH¢�|EdQRU(URTLURV�CFS

100%
¬AgGCf�^KYg

17%
NIarK�URKYEdVI�
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� � � 	�� � � ���
l�K�MfCFQRgdK�TJSdg\K�URKYEdVI�|MYN^URghQRO�P0SGTLNIUv�FCIEhTLKYg�acEdN^O

74284J (= 758 ∗ 98)
SGN

61304J (= 776 ∗ 79)
�

��CIlRHLK ��� = V^TJ�IK�g/SG](K?EdCFSGTJN^gkNIa$SG]RK�HJN0M�CIH(KYURK�EhVI��gGCf�¤TLURVIg%NFa$Sd]RK\a³CIghSdK�ghSrURN¤ZRK�gYW�TLURT¢SGT¡CFHLHJ��C�S@. 0'0��
NIa`SG]RK�e�B �6�

e�B9��ZRKYM�EdK�CIgdKYZ %/URKYEdVI�vgdCf�0TJURV^g
acEhN^O . 0�0�� SdN ª �j¬

; 0
2� 0
6��0
10	'0
15520
170
20

��CIlRHLK � � = �/±.N¤MfCIHuKYURK�EhVI�jgGCf�¤TLURVIgrNIa$SG]RK�a³CIgbSGK�gbS�URN¤ZRKYgrlo��HLKz�^KYHLHLTJURV_N �|SG](K�TLEre�B �wacEhK���QRKYURM�TJK�g

����
 ������� � �����Y��� ����� 	�� � � 	�� �%�������

¦y]RKYU�SG]RK�EhK�ghN^QREdMYK�gq]RCX�IK�]RKYSdK�EhN^V^K�U(K�N^QRg|e�B9�°acEdK���QRKYURM�TJK�gYW�QRghTLURV  � m N^URH¢�,Z(QREdTJURV�Sd]RK
gdHLCIM�s^�²SdTLOjK�g|ZRN¤K�gvURNIS�P�K�UuCFHLTL«YK�SG]RK�p�CIHLH �{MYHLN¤M�s}SdTLOjK�g|lRQ(S�T¢SvZRN0KYgvURNIS�PREdNX�¤TLZ(K:ghTLV^U(TJnuM�CIUoS
EdKYZRQRMzSGTLNIURgANIa7KYURK�EhVI��M�N^URghQROjP(SGTJN^U��?�\]RTLg�M�N^URMYHLQRghTLN^U�TLg�CIM�MYK�P(SGCIlRHLK�acN^E6CFPRPRHLTJMfCFSdTLN^U(g?]RCX�¤TJURV
O§QRM�]�M�N^OjO§QRU(TLMfC�SGTLNIU§p�TJSG]jgh�¤URM�](EdN^URTJ«fCFSdTLN^UjP�N^TLUoSGg7ghQRM�]|CIg%N^QRE7EdK�CIH¥gh�¤OjO�KzSGEdTJM\K�TJV^K�URghN^HJ�IK�E$�
�²a  � m TJg_CIPRPRHJTLK�Z�Z(QREdTJURV�CIHLH`SG]RK�Kz�0KYM�Q(SdTLN^U W�T¢Sil$KYM�N^OjK�gi�IK�Eh��prN^EbSG]op�]RTLHJK����{Uxa³CIMYS�W p�K�V^KzS
TLOjP�N^EhSGCIUoS§V^HJN^luCIH%K�URKYEdVI��gGCf�¤TLURVIg§p�TJSG](N^Q(S�C�gdTJV^URT¢nuMfCIUoS�EhTLghKqNIa�SG]RKqp�CIHJH¢�{MYHLN¤M�s�SGTLOjK�g$�:©¥NIE
TLU(ghS�CFURM�KFW�TJa?prK�ZRKYM�EhKfCIghK�SG](K�e�B �
acEdKY�¤Q(K�URMz�,NFa�Sd]RK�U(N0ZRKYg�acEdN^O 5�5�0'0o£�[?«|SGN . 	�0'0o£�[�«IW
prK§gGCf�^K � � NIa/K�U(K�EdVF��MYN^URgdQ(O�P(SdTLN^U�p�]RK�EhKfCIg�SG]RK�p�CIHJH¢�²M�HLN¤M�s9SdTLOjK�TJg�TJURM�EhKfCIghK�Z�lo��N^URH¢� .�� �
¦yTJSd]�CIHLH�e�B ��gjgdKYS�SdN . 0'0'0o£�[�«qSG](K|K�URKYEdVI��gdCf�0TJURVxTLg ; � CIURZ�SG](K|TLURMYEdKfCFgdK|NIa?SGTJO�K 5�� �
�\]RK�HLN¤MfCFHkK�URKYEdVI��gGCf�¤TLURV^g_NIa%SG](K�a³CFghSGKYghS�URN¤ZRK�g�CIEhK�KY�^KYU�OjN^EdK�TJUoSGK�EhK�gbSGTLU(Vvp�](K�U�prKjCIZ��hQRgbS
SG](K�TLE%acEdKY�¤Q(K�URMYTLK�g$�7�{Uqa³CIMYS�W0SG](K�TLErP$NXprK�E\MYN^URgdQ(O�P(SdTLN^U(g�CIEhK6ZRK�MYEdK�CIgdKYZvacEhN^O

5
SGN

22%
�/¯AgrSG]RK

p�CIHLH �{M�HJN0M�sjSGTJO�KYg?EhK�O�CITLUvgbS�CIlRHJKqª
+1
NIE

+2%
¬´WuSG]RKYTLE?K�URKYEdVI�vMYN^URgdQ(O�P(SdTLN^U(gACIEhK�ghTLV^U(TJnuM�CIUoSGHJ�

EdKYZRQRMYK�Z�ªcQRPvSGN
20%
¬&�

�²S�p�NIQRHLZ�l�Kv�IK�Eb��TLUoSGKYEdK�gbSGTJURV�SGNxghSdQRZ(��SG](K�ghH¡CIM�s^��SGTLOjKqZRQ(KvSdN�SG]RKv]RKzSGK�EhN^V^KYURK�T¢S{��NIa�NISG]RKYE
M�NIO�P�N^URKYU�SdgvNIa�Sd]RKxp�N^EhsIKYEdg�gdQRM�] CFgvSd]RKxO�KYO�NIEh��lRCIURZ(p�TJZ(SG] W?SG]RK:gdP�K�KYZ NIa�ZRTJgds4CIMYM�KYgdg
ª³PRCIEhSdTLM�Q(H¡CIEhHJ�vCIg6prK§ZRN|NIQ(Sh�²NIa¡�{MYN^EdKf¬*�i©DTJUuCIHJHJ�^W¥lo��Q(gdTLU(V|CIU�K�O�QRH¡CFSdN^EAghQRM�]:CIg_£�N¤ZRKYHLURKzSfW$prK
prN^QRHLZ�HLTJsIK_SGN9Kz�FCIHLQuC�SGKiSG]RK�K�URKYEdVI��gdCX�¤TJURV^gAT¢aDprK�CIPRP(HJ�� �� m TJU�NIEdZRKYE�SGNjS�CIsFK§CIZ0�ICFU�SGCIV^K�NIa
SG](K�ghH¡CIM�s^�²SdTLOjK\ZRQRK�SGN�M�N^OjO§QRU(TLMfC�SGTLNIU§N^U�Sd]RK��{UoSGK�EhURKYS��7�{Uja³CIMzSfWoSG](K��{UoSGKYEdURKzS�TJg%MYN^OjP$N^ghK�ZjNIa
O�CIUo��]RKYSdK�EdNIV^K�URKYN^QRgrgdQRl0�²URKYS{prN^Ehs¤g�p�T¢SG]jHLNXp�lRCIURZ(p�TJZ(SG]Rg�CIURZ�]RTLV^]jH¡C�SGK�U(M�TLKYg%CIURZ�prKAK´�0P$KYMYS
gdTJV^URT¢nuMfCIUoSrgdHLCIM�s^�²SGTJO�KYg���¯AgrSd]RKAK´�0P$KYEdTLOjK�UoSGCIH$MYHLQRgbSGKYErZRN¤K�grURNIS�QRgdK?SG]RK��{U�SdK�EhURKYS�W(p�K�PREdNIP$N^ghK
SGNjCIZ(Z�C

17th URN¤ZRK_TLUvM�]uCIEhV^K_NIa�K�O§QRHLCFSGTJURV�C�H¡CIEhV^Kz�²gdM�CIHLK6U(KYS{prN^Eds��
¦�KASG]RTJURs�SG]uCFS�P$NXprK�E\M�NIURgdKYEh�FCFSGTJN^Uqp�TLHJH¥l$K6ghN0NIUvC§]RNIS�SdN^PRTLM�NIa�EdKYgdK�CIEdM�]�N^U��iHLN^luCFH*e�NIO�PRQ¤�
SGTJURV��`�{URZRKYK�Z WoSG](K�M�N^OjO§QRU(TJS{��NIa$�iHLN^luCFH(e�NIO�PRQ0SGTLU(VAp�TLHJH¤l�K�PREhN^V^EhK�gdghTJ�IK�HJ��TLUoSGKYEdKYghSGKYZ�TLU�prN^Eds
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ZRN^U(K�N^U�HLNXp��{P�NXp�KYE6ZRKz�0TJM�KYg_CIURZ�P�N�prK�E"�"Cfp�CIEdK�OjK�M�]uCFURTLghO�gAacNIEi[�TJV^]�B�KYEhacN^EhO9CFURM�K�e�NIO�PRQ¤�
SGTJURV��`¯\MYSdQuCIHLH¢�^WFURKYp�SGKYM�]RURN^HJN^V^TJK�gDNFa�SGK�U§CIPRP�KfCIEDp�T¢SG]�[�B%e�l�KYacNIEdK�l�K�TJURV6QRghK�Z�CFSkCAH¡CFEdV^K%gdM�CIHLK2�
�\]RK�M�QREhEdK�UoSAEGCIMYK�acN^E�P�KYSGC21uN^PRTJM_gh�¤ghSdK�OjgAZRN¤K�g�URNIS?TLV^U(N^EdKiSG](K���QRKYghSASdN9KYURK�EhVI��M�N^URghK�Eb�IC�SGTJ�IK
gh�¤gbSGK�Ojg��_¯�giCIU�K´�RCFO�PRHJKIW�p�K§M�CIU�M�T¢SGK�SG]RK .�0��{P�KYSGC21uN^PRg�gh�¤ghSdK�O NIa/SG]RK§®?�,+-%7­6�$�²SGg6ghP$KYM�TJn0�
MfC�SGTLNIURgAS�CFEdV^KzS_C|EdK�Z(QRMYSdTLN^U�lo��Cqa³CIMzSGN^EANIa . 0��
M�N^OjPuCIEhK�Z�SGN�C . 0��{P�KYS�C�1uN^PRg6O�CIM�]RTJURK§lRQ(TLHJS
p�TJSd]vghS�CFURZuCIEhZ�MYN^O�P�N^URKYUoSGg��
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�\]RK �_£�±�PREhN��hK�MzS�]uCIg�l�K�KYUvH¡CIQRU(M�]RK�ZvTLU 520'0�5�CFS�SG]RKi¯ m e���e�­�® m HLCIl$NIEGCFSdN^Eh��TJUqSG]RKAacEdCIOjK
NIa?SG]RK|¯?e��§��®��� °e\��B95IB!� ��£�± TLg§O�CITJURHJ�:ZRKz�^K�HJN^P�K�Z,CFS�SG]RKvB7®�T m £ HLCIl$NIEGCFSdN^Eh��CFS�Sd]RK
��U(TJ�^KYEdghTJS{��NFa �7K�EdgdCITLHJHLKYg m CITJUoSh� �6QRKYUoSGTLU¤�{K�U¤� �7�^KYHLTJURK�g�l�� 86HLTJ�¤TJK�E� AK�HLCIURURNX�'�_�\]RKj£�¯6BwSdKfCIO
NIa`SG]RK�±.�"©k±�CFS\SG]RK � m ��±yª �?URTJ�IK�EdghTJS{�|NFak±.TLHJHLK6.�¬�TLg�CIHJgdN�TLUo�IN^HJ�IK�Z�TLUqSG](TLg�PREdN��hK�MYS��

� ��� ��� � #/&�� ���/&��"#7! ��# ���y� �

 AKYgdTLVIURTLURV�CIU�KY~jM�TJK�UoS�PuCIEGCFHLHLKYH.CIURZ�ZRTLgbSGEhTLlRQ(SdK�Z�TLOjPRHLKYO�KYUoS�CFSdTLN^UqNFa/C�gdK���QRKYUoSGT¡CFH�PREhN^lRHJK�O TJg
C|ZRTJ~jMYQRHJSiSGCIgds����{U�CIZRZRT¢SGTLNIU W*prKjNFa�SGK�U�a³CIMYK�O9CIUo��ZRTJ~jM�Q(HJSGTJK�g6p�]RTJM�]:CIEdK�URNIS_HJTLURsFK�Z�SGN|Sd]RK
CIPRP(HLTLM�CFSGTJN^U��.�\]RKrV^NoCIH�NIa(SG]RK���£�±qacEGCFO�Kzp�N^EhsiTLg�SGN?S�CIM�s�HLK�CIURZ�]RTLZRKrO�NIghS`NIaRSd]RN^gdK�CIZRZRT¢SGTJN^UuCIH
M�NIURghSdEGCITJU�Sdg�gdN�SG]uCFS\prK_N^URH¢�9acN¤M�QRg�N^U�CIHLVIN^EdT¢SG]ROjTLM�ZRKzS�CITJHLg��
�\]RK§�_HJN^luCIH�e�NIO�PRQ0SGTLU(V�OjN0Z(K�H.TLg�PREhN^OjTLgdTJURV�l�K�MfCFQRgdK�C�]�QRV^K�U¤Q(O§l$KYE�NFakO�CIM�]RTLU(K�g�CIEdK�M�N^U¤�
URKYMYSGKYZ4SGN�Sd]RK��{UoSGKYEdURKzS�CIURZtSd]RKY�tCIEhK�P�NISGKYU�SdT¡CIHJHJ��Cf�FCITJH¡CIlRHJK|acN^E9MYN^O�P(Q(S�CFSdTLN^U(g�� [�NXp�Kz�^KYE�W
SG](N^gdK�O�CIM�]RTJURK�giCFEdK�O�CIUuCIV^KYZ�lo��C9p�TLZ(K�EGCIURVIK§NIa%ZRT �$K�EhK�UoS_OjTLZRZRHJKYp�CIEdK�p�]RTLM�]x]uCf�IKjZ(T �$K�Eb�
K�UoS_¯AB7� �*�²arSd]RK�QRgdKYE6p�CFU�SdgiSGN|]uCIEhURK�ghg_O9CIUo��M�N^OjPRQ(SdTLURV|EhK�ghN^QREdMYK�gYW`](K�]uCIg6SGN|s�URNXp=O9CIUo�
PREhN^V^EGCFO�OjTLURV�TJUoSGK�Eba³CIM�KYgACFURZ�]RK�O§QRgbSATJO�PRHJK�OjK�UoS�gdKz�^KYEGCIH`SGTLOjK�g\Sd]RK�gdCIO�K�CIP(PRHLTJMfCFSdTLN^U|p�TJSd]
ZRT �*KYEdK�UoS?¯6B/� �¥�\]RTJg?TJg�]uCIEdZ(HJ�qMYN^URMYK�TJ�FCIl(HLK�� %k�^KYU�TJa`SG]RK_MYHLTLKYUoS\p�CIg�CIlRHJKiSGNjZRN�T¢SfW(Sd]RK_Kz�0K�MYQ0�
SGTJN^U�NFa%CIU�TJO�PRHJK�OjK�UoS�C�SGTLNIU�Q(gdTLU(V|C9V^T¢�^K�U�¯6B/��p�NIQRHLZ�NIURHJ��]uCIEhURK�ghgASG](K§URN¤ZRK�g�O9CIURCIV^K�Z�l��
SG](K�MYN^EdEhK�gdP�N^URZ(TLURV�O�TJZRZRHJKYp�CIEdK2�D�\]�QRg�W¤SG]RK�nuEhghSrV^NoCIHuNIa ��£�±�TJg/SGN�P(EdN^P�N^gdK?C�QRURTL��QRK?¯6B/�DSdN
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SG](KiM�HLTJK�UoS�CIHJHLNXp�TLU(V�QRghTLURV§Sd]RKiURN¤ZRK�g\NFaDCFU��9s�TLURZvNIa`OjTLZRZRHJKYp�CIEdK�NIaD�_HJN^luCIH*e�N^OjPRQ(SdTLURV��D�\]RK
gdKYM�N^U(Z�gdK�Eb�¤TLM�K�K�UuCFlRHLKYg�SGN�gdM�]RKYZRQRHJK9SG]RK�Kz�0K�MYQ(SGTJN^U�NIa�SG]RKjS�CIghs¤g�NIa�C�P(EdN^V^EdCIO�N^U�ZRT �$K�EhK�UoS
OjTLZRZRHJKYp�CIEdK2� �_£�± l�K�M�NIO�KYg9CFS�Sd]RK�EhQRUoSGTJO�K�CxlREdTJZRV^KvN^U,SdN^P}NIa6O�CIUo��O�TJZRZRHJKYp�CIEdK2� (r�
OjKfCIURg�NIa\SG](N^gdKjS{p�N�ghK�Eh�¤TJM�K�gYWkSG]RK9]RKYSdK�EdNIV^K�URKYTJS{��NIa�Sd]RKv�iHLN^luCFH%e�N^O�P(Q(SGTJURV�OjTLZRZ(HLKYp�CIEhK�TJg
]RTJZRZRK�U�SdN6SG]RK\MYHLTLKYUoS?ª CFS%C6HJNXp�KYghS%HLKz�^K�H WISG](K\]RKYSdK�EdNIV^K�URKYTJS{��NFa�Sd]RK\M�NIO�PRQ0SGTLU(ViEdK�ghN^QREhM�K�g7TJg/]RTLZ0�
ZRKYU�lo�vSG]RK�M�N^OjPRQ(SdTLURV�OjTLZRZ(HLKYp�CIEhKIWRURNFSAlo� ��£�±�¬&�	 ATLgbSGEdTJlRQ(SdK�Z�CIURZ�PRCIEGCIHJHLKYH PREdNIV^EGCIOjOjTLURV
TLgAC�ZRT¢~jM�QRH¢SAS�CFgds�� �_£�±�SdEdTJK�g�SdN9]RKYHLP�Sd]RK§MYHLTLKYUoS6CIg�O§QRM�]xCIg�P$NIgdgdTJlRHLK2�6©uN^E?TLURgbS�CIU(M�KIW���£�±
CIZRNIP(SGgAC�M�NIO�P�N^URKYU�SAPREdNIV^EGCIOjOjTLURV�OjN0ZRKYH`CIURZ�Q(gdK�g_CjMfCFSGCIHLNIV^QRK�NIa/M�NIO�P�N^URKYU�Sdg��?�²S6O�CIsIKYg
KfCFgdTLKYE�SG]RK_EhKz�{Q(gGCIlRTJHLT¢S{�9NIa�Kz�0TJghSGTJURVRWRKz~jM�TLKYUoS6CIU(Z�l(QRVF�²acEhK�K_M�NIO�P�N^URKYU�Sdg��
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��£�±�P(EdN^P�N^gdKYgqCIU,TLUoSGQ(TJSGT¢�^KvEdKYPREdKYgdKYU�SGCFSGTJN^U�NIaiC�ZRTJghSGEhTLlRQ0SGK�ZtCIURZ,PuCIEGCFHLHLKYH�CIPRPRHJTLM�CFSGTJN^U�l��
OjKfCIURg�NIa6C:prN^Eds�1uNXp-��¯�U �_£�± p�NIEds�1uNXp M�N^U(gdTLgbSGgjNIaiCxV^EdCIPR]�p�]RN^gdK��^KYEhSGTJM�KYgqCIEhK�TJURZRK´�
P�K�URZRKYUoSiCIURZ�M�N^OjO§QRU(TLMfC�SGTLNIU0�{HJK�gdg�M�N^OjPRQ(SdTLURV�S�CIghs�g��\�\]RK�K�ZRVIK�gANFakSG]RK�V^EdCIPR]�EdK�P(EdK�ghK�UoS6Sd]RK
PREhK�M�KYZRK�U(M�K§EhK�H¡C�SGTLNIURgd]RTJPRg�l$KzS{p�KYK�U�Sd]RK�SGCIgds�g$� ��£�±�PREhNX�0TJZRK�g�C�VIEGCIPR]�ZRKYgdM�EhTLP(SdTLN^U�H¡CIU(V^QuCIV^K
MfCFHLHLKYZ �7�^KzSdSdKX£�± � ¦yTJSd]�SG](TLg6HLCIURV^QuCFV^KIW�p�K�MfCFU�lRQRTLHJZ�SG](K  \¯?� SGEdCIZRQRMYTLURVqSd]RK�PREdKYM�KYZRK�URMYK�g
l�KYS{prK�K�U�SG](K�S�CIghs¤g$�k�\]RTJg  �¯?�wEdK�P(EdK�ghK�UoSGg%C6MYN^UoSGEdNIH�1uNXp_W�CIURZ�URNFS7C6ZuCFSGC 1uNXp_WogdTLU(M�K�C6PREhK�M�K´�
ZRKYURM�K§Z(N0KYg�URNFSAURKYM�KYgdgGCFEh��MYN^URMYK�EdU�C�ZuCFSGC�ZRKYP$KYURZRKYURMY���A�\]RK�O9CITJUvghSGEhQRMYSdQREdKYg6NIa �7�IKYShSGKX£�±
CIEhK �DSd]RKAMYN^O�P�N^URKYUoS�MfCFHLH�W^Sd]RKAPRCIEGCIHJHLKYHugdK�MzSGTJN^URg�W¤SG]RK�gdKY�¤Q(K�UoSGTLCIH$HJN0NIPRg�W�SG]RK�PuCIEdCIHLHJK�HLTJ«�KYZ�HLN¤N^PRg�W
SG](K�MYN^URZRT¢SGTJN^UuCIH$lREGCIU(M�]�CIU(Z�Sd]RK_KY�^KYUoSAURNFSGTJnRMfCFSdTLN^U���EdK�MYK�P(SdTLN^U
�

����� � ��� � 4�' % � '��3# � ) %('/1 #&8

��£�±�]RCIgAM�]RNIgdK�U�Sd]RK�MYN^OjP$N^U(K�UoSAOjN¤ZRK�H�TLU�N^EhZRK�E?SGN9EhK�PREhK�ghK�UoS_KfCIM�]�S�CIghs��?�\]RK�EdKz�²QRgGCFlRTLHJTJS{�
TLg�SG]RK9O9CITJU�OjNISdTJ�FCFSGTJN^U�� (�KYgdTLZ(K�g�W/Sd]RTLg�s¤TJURZ�NIa�EhK�PREhK�ghK�UoS�CFSdTLN^U�acNIEdM�KYg�SG](KqM�HJTLK�UoS�SGN�Z(K�gdTJV^U
C�p�KYHLH\ZRTJghSdEdTLl(Q(SGKYZtCIP(PRHLTJMfCFSdTLN^U�lo��MYHLK�CIEdH¢��gdKYPuCIEdCFSGTJURV�SG]RKvM�NIO�PRQ0S�CFSdTLN^UuCFH�lRHJN0M�s�g�WrM�N^OjO§Q0�
URTJMfCFSdTLN^U�CFURZ�lo��nuURZRTJURV�SG](KqZRK�P�K�U(ZRK�URMYK�g$� %%CFM�],MYN^O�P(Q(S�CFSdTLN^URCIH/S�CIghs�TLg�ZRK�ghM�EdTJl$KYZ�l���CIU
!bCFlRghSdEGCIMzS§M�NIO�P�N^URKYU�S #9CIURZ�T¢SGg�TJO�P(HLK�OjK�UoSGCFSGTJN^UxTLg�p�EhTJShSGK�U�TLU�CFU"!"TLOjPRHJK�OjK�UoS�CFSdTLN^U�MYN^OjP$NF�
URKYU�S # ���\](K|PREdTJURM�TJPRHLKqTJg§gdTJO�TJH¡CIEiSdN�e�8i® (�¯ p�]RTJM�]}ghK�PuCFEGCFSdK�g�SG]RK|�� A± ZRKYgdM�EhTLP(SdTLN^U�NIa�Sd]RK
N^l¤�hKYMYS�acEdN^O�T¢SGg_TLOjPRHLKYO�KYUoS�CFSdTLN^U��j�\]RN^ghKqOjTLZRZRHJKYp�CIEdK´�{TJURZRK�P�K�U(ZRK�UoS�M�N^OjP�N^URK�UoSdg§CIEhK�gbSGN^EhK�Z
TLU§Sd]RK  AKz�^K�HJN^PROjK�UoS�e�CFS�CFHLN^V^Q(K��`�\]RK�M�N^OjP$NIURK�UoSGg7CFEdK�p�EdT¢SdSdK�U�lo��OjKfCIURg/NFa*CFU�
i£�±�gb�¤U�SGC�� �

� ��� �	� � +9��� �²&('/�¥&0>�+R'�# � �y� �

©DTJV^QREdK ��� .�P(EdK�ghK�UoSGg�SG]RK�CIEdM�](TJSGKYMYSdQREdK�NIa �_£�± �%¦�K�U(NISGTJM�KvSG]REhK�K�KYUoSGTJSdTLKYg��4©DTJEdgbSfWrSd]RK�EhK�TJg
SG](KiM�HLTJK�UoS�p�]RN�TJg�PREdNX�¤TLZ(TLURV�Sd]RKiM�NIO�PRQ0S�CFSdTLN^UuCFH$MYN^O�P�N^URKYUoSGg�ª CFlRghSdEGCIMzS?CIURZvTLOjPRHLKYO�KYUoS�CFSdTLN^U
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Development catalog

Compiler

Application of the client
(e.g. 4 components)

Scheduler

Back-end 
middleware A

Back-end 
middleware B

Back-end 
middleware C

Execution catalog

Intermediate represention of the graph:
 pre-conditions, tasks, postconditions

Component generator

<<Find the next task to execute>>

Back-end scheduler

<<Extract component>>

<<Assign the task to the back-end scheduler>>
<<Choose the suitable back-end>>

Back-ends  and resources
informations

<<Schedule the task to the back-end>>

Binary generator

<<Generate middleware-independant component>>

<<Generate middleware-specific binary of componant>>

Worker(s)

<<Submit the task to a worker>>

Data Repository Server

<<Get the binary and the parameters>>

<<Get the binary>>

WWW

WWW

<<Execute the task>>

<<Send results>>
Middleware A

Worker(s)

Middleware B

©DTJV^QREdK ����. �/¯AEdM�](TJSGKYMYSdQREdK�NIa ��£�±
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N^URKYg�¬iCIURZxSG](K�CIPRPRHJTLMfC�SGTLNIU�V^EGCFPR]xKz�0PREdKYgdghTLURV�SG]RK�M�NIU�SdEdN^H�p�N^Ehs�1uNXp-� m KYM�N^U(Z W`Sd]RK�EhKjCIEdK§Sd]RK
�^NIHLQRUoSGKYK�E�prN^EdsFK�Ehg�p�](TLM�]vCIEhK6QRgdTJURV�CIUo��s¤TJURZ|NIa`M�NIO�PRQ0SGTLU(V�OjTLZRZRHJKYp�CIEdKACIg�HJN^URV�CIg�CIU ��£�±
luCIM�s^�²K�URZ|KYUuCIlRHJK�g�SdN§]uCIURZ(HLKAT¢S��D©DTLUuCFHLHJ�IW^p�KAM�N^URghTLZRKYE ��£�±�p�](TLM�]|TLgr]RTLZ(TLURV_SGN�Sd]RK6MYHLTLKYUoSrSd]RK
M�NIO�PRHJKz�0TJS{��CIURZxSG]RK�]RKzSGKYEdN^V^KYURK�T¢S{�xNIa%SG]RK��iHLN^luCFH/e�N^OjPRQ(SdTLURVvPRHLCFSdacN^EhO�g$�§�{URghTLZRK ��£�±7W prK
MfCFU�MYN^URgdTJZRK�E?C§acEdNIU�Sb�{KYURZ�HLCf�^K�E�CFURZ�C�luCFM�so�²K�URZ�H¡Cf�^KYE��
�\]RKxM�NIO�P�N^URKYU�SvVIK�URKYEGCFSdN^E|NIa ��£�±�M�]RK�M�s�g�SG]RK�ghK�O�CIUoSGTLM��FCIHJTLZRT¢S{�}NIa_SG]RK�SGCIgds�g�ªc�IK�EhSdTLMYK�g
NIa\Sd]RK|CIPRP(HLTLM�CFSGTJN^UxV^EGCFPR]¥¬�CFURZ�ghSdN^EdKYg�SG]RKYO TJU�Sd]RK  AKz�^K�HJN^PROjK�UoSje�CFSGCIHLNIV^QRK����\]RK�EhK|TLg�URN
OjTLZRZRHJKYp�CIEdK|MYN^URghTLZRKYEGCFSdTLN^U,CFS�SG]RTJg�ghS�CFV^K��,�\]RK �_£�± M�NIO�PRTJHLKYE§M�]RK�M�s�g9Sd]RKv�ICFHLTLZ(TJS{��NIaASd]RK
CIPRP(HLTLM�CFSGTJN^UvV^EGCFPR]�CIURZ�V^K�URKYEGCFSdK�giCFU�TLUoSGKYEdOjK�ZRTLCFSGK_EhK�PREhK�gdKYUoS�CFSdTLN^U�p�]RTJM�]�TLg?]uCIU(ZRHLKYZ�lo��Sd]RK
gdM�](K�ZRQRHJK�E$���\]RKvTLUoSGKYEdOjK�ZRTLCFSGK�EdKYPREdKYgdK�UoSGCFSGTJN^U�NIa ��£�±wTLg�luCIghK�Z�N^U�SG](K|KY�^KYUoS�OjK�M�]RCIURTLghO?�
¯AUxKz�^K�UoS�MfCIU:l�K�CIgdghTLOjTLH¡C�SGK�Z�CIg_C|l$N¤N^HLK�CIU���¯ M�N^O§l(TLUuCFSdTLN^U�NIa%KY�^KYUoSGg§CFHLHLNXp�g6O�CIs�TLU(V|PREdK´�
CIURZ|P�N^gbSh�{MYN^URZRT¢SGTJN^URg%TLU9NIEdZRKYE�SGN�acNIEdO§QRHLCFSGK�SG](K6ZRK�P�K�U(ZRK�URMYTLKYg\l$KzS{p�KYK�UvSG]RKASGCIgds�g$� (r�9OjKfCFURg
NIa%SG]RNIgdK�PREdK´�ACIURZ:P$N^gbSh�²M�N^URZ(TJSGTJN^URgYW*SG]RK�EhKfCIH �²SGTJO�K�gdM�]RKYZRQRHJK�E�O9CIURCIV^K�giSd]RK�Kz�0K�MYQ(SGTJN^U�NFarSd]RK
TLUoSdK�EdOjK�Z(T¡CFSdK6EdKYPREdKYgdK�UoSGCFSGTJN^U�lo�vM�]RN¤N^ghTLURV�SG](K�U(Kz�¤S�S�CIghs9SGNjEdQRU
�
�\]RTJgrKYHLK�MzSGKYZjSGCIgds�ª�p�]RN^gdK�PREdK´�{MYN^URZRT¢SGTLNIURg7CIEdK��FCIHLTJZuCFSdK�Z¥¬�TJg7V^TJ�IK�U�SdN�Sd]RK?luCIM�s^�{KYURZ9HLCX�IK�E$�/�\]RK
luCIM�s^�²K�URZ}H¡Cf�^KYE§TLg�EdN^QRVI]RHJ�:ZRT¢�0TJZRK�Z�TJU�S{p�NxPuCFEhSGg$��©�TLEdgbSfWDSd]RK�EhK|TLg�Sd]RK (�CIM�s^�²K�URZ m M�]RKYZRQRHJK�E
p�]RTJM�]�ghM�]RK�ZRQ(HLK�g�SG](K�MYQREdEhK�UoS?S�CIghs9SGN�SG](K_CIPRPREhN^PREdTLCFSGKilRCIM�s^�{K�U(Z�ª³TJU|NISG](K�E\p�NIEdZRgYWRSGN�SG]RK�CIP¤�
PREhN^PREdTLCFSGK�MYN^O�P(Q(SGTJURV§CIU(Z9URKzS{p�N^Ehs�EhK�ghN^QREdMYK�gG¬*�7�\]RKAghM�]RK�Z(QRHLTJURV§ZRKYM�TLghTLN^U�EdKYHLTLKYg7N^UqghSGCFSGTJM?CIURZ
Z(�¤UuCIOjTLM�TLU0acN^EdO�CFSGTJN^U|Kz�¤SdEGCIMzSGK�Z�acEhN^O C�ZRCFS�CIlRCIgdK2� m Q(M�]�TLU(acN^EhO9C�SGTLNIU|M�N^URMYK�EhURgASG](K�OjTLZRZRHJKz�
p�CIEdKFW�Sd]RK�M�N^OjPRQ(SdTLURVqCIURZ:URKYS{prN^Eds�M�]uCIEGCFMYSGKYEdTJghSGTJM�g_NIa%EdKYgdN^Q(EdM�KYg�W�gdN^OjK�ghSGCFSGTJghSGTJM�g6EhK�HLCFSGKYZxSdN
PuCIgbS�Kz�0K�MYQ(SGTJN^URgYWRKYSdM�� m K�MYN^URZ W0SG]RKiOjTLZRZ(HLKYp�CIEhKz�{ghP$KYM�T¢nuMAluCFM�so�²K�URZ�TLgrTLU|M�]uCFEdV^KiNIa�ghQRlROjTJShSGTLU(V
SG](K9S�CIghs:SdN�CIU �_£�±4p�N^EhsIKYE�p�]RTLM�]�TJg�EhQRURURTJURV�N^U�C�M�N^OjPRQ(SdTLURV�EdK�ghN^QREhM�K|]uCIU(ZRHLKYZ�lo��Sd]RK
M�NIO�PRQ0SGTLU(V6O�TJZRZRHJKYp�CIEdKrCIgdghN0MYT¡CFSdK�Z§SdN6SG]RK�lRCIM�s^�{K�U(Z��/¯�SkSG](TLgkgbS�CIV^KFWISG](K�S�CIEhV^KYSdK�Z�OjTLZRZRHJKYp�CIEdK
TLg_s�URNXp�U�� �_£�±�MfCIU�V^K�U(K�EGC�SGK�SG]RKjgdQRT¢S�CIl(HLK !"lRTJUuCIEb��M�N^OjP�N^URK�UoS #�SGN�Kz�0K�MYQ(SGK2�v�\]RTLg�lRTLURCIEh�
TLg�ghSdN^EdKYZ�TLU:SG]RK %D�0K�M�Q0SGTLNIU�e�CFS�CFHLN^V^Q(K��v�\]RK�U*WDSG]RK ��£�±�prN^EdsFK�E�CIgds�g�Sd]RK9ZuC�S�C��²EdK�P�N^ghTJSGNIEh�
gdKYEh�IK�E|ª  6® m KYEh�^KYE�¬6acN^EiSG]RK�lRTJUuCIEb�xCIURZxSG]RK�PuCFEGCIOjKYSdK�Edg�CIU(Z:Sd]RK�U W`TJS_Z(N�p�U(HLNoCIZ(g_Sd]RK�O ���²S
CIHJgdN:O9CIURCIV^K�g�SG](K�Kz�0KYM�Q(SdTLN^U�NFa6SG]RK�lRTJUuCIEh��NIU,SG](K�M�NIO�PRQ0SGTLU(V�URN¤ZRK2�w¯�S�SG]RK�K�U(Z�NIa6Sd]RK
M�NIO�PRQ0S�CFSdTLN^URgYW TJS6gdK�U(ZRg�Sd]RK�EdKYgdQRH¢SGgiSGN|Sd]RK  6®=ghK�Eh�IK�E$��¦�K�QRURZRKYEdHJTLURK�Sd]uCFSiprK�MfCIU:EdQRU�Sd]RK
 6®ygdKYEh�^KYE�CIURZqgbSGN^EhK6ZuCFSGC�N^UqC�ZRT �$K�EhK�UoS�HJN0M�CFSGTJN^U�acEdN^O SG](K ��£�±xMYN^OjPRTLHJTLURV�CIURZ9gdM�]RKYZRQRHLTJURV
QRURT¢SGg$�/�²S�HJTLOjTJSdg%Sd]RK_EdTLghsqNIa�l$NFSdSGHJK�URKYM�s��
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�{U,CIZRZRT¢SGTLNIU�SGNxO���p�N^Ehs�N^U�HLTJURKfCFE�CIHLVIK�lREdC�PREdN^l(HLK�Ojg�N^U,�iHLN^luCFH�e�N^OjPRQ(SdTLURV�P(H¡CFShacN^EdOjg�W/�
M�NIU�SdEdTJlRQ(SGKvSGNxSG](K�ZRKz�^KYHLN^PROjK�UoS�NIa �_£�± � 86U�SG]RK�N^URK�]uCIU(Z W��§ZRKz�^KYHLN^P,gdN^OjKvO�N¤ZRQRHJK�g�NIa
SG](TLg6acEGCFO�Kzp�N^Ehs�CFURZ W�N^U�SG](KjNFSG]RKYEi]uCIURZ W.��SGKYghS ��£�±tCIURZxPREhNX�0TJZRK�C|QRgdKYEiacK�K�Z(luCIM�s�l�KYacN^EhK
EdKYHLK�CIgdTJURV�URKYp��^K�EhgdTJN^URg����{U�PRCIEhSdTLM�Q(H¡CIEYWX�*QRURT¢a��6O��Ap�N^EhsiN^U_HLTJURKfCIE CIHLV^KYlREGC\PREhN^lRHJK�Ojg.N^U��_HJN^luCIH
e�N^OjPRQ(SdTLURV6P(H¡CFShacN^EdOjg`CIURZ§SG](K\TLOjPRHLKYO�KYU�SGCFSGTJN^U_NIa¥gdNIO�K �_£�±vO�N¤ZRQRHJK�gDlo�§CIZuCIP(SdTLURV?SG]RK�EdKfCFH
gh�¤OjO�KzSGEhTLM�K�TJV^K�U(PREdN^l(HLK�O SGNvSG]RK��7�^KzSdSGKf£�±4H¡CIU(V^QuCIV^K2���\](K�EdKzacN^EdKFWD��ZRK�HJTJ�^KYE�CIU�KYTLV^KYURgdNIHJ�^KYE
p�]RTJM�]�M�CIU�l�K_EdQRUvN^U�CIHJH.�iHLN^luCFH.e�N^OjPRQ(SdTLURV�PRHLCFSdacN^EhO�grgdQRP(P$N^EbSGKYZ�lo� ��£�± �
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¯Ag�O��jPREdKz�0TJN^QRg%p�N^Ehs�NIUv�_HJN^luCIH�e�NIO�PRQ0SGTLU(V�O�CITLURH¢��QRghK�g�Sd]RK-86O�U(T¡®?Bret�_EhTLZ9OjTLZ(ZRHLKzp�CIEhKIW
��]uCf�IK�nuEhghS6Z(KY�^KYHLN^P�K�Z�TJSdg�luCFM�so�²K�URZ�acN^E���£�± �¥¯\MYSdQuCIHLH¢�^W¥TJS?luCFgdTLM�CIHLH¢�qMYN^URgdTJghSdg�TJU�acN^Ebp�CFEdZRTJURV
SG](KiEdK���QRKYghSdgANIa�SG](K �_£�±�ghM�]RK�Z(QRHLKYE�SdN�SG]RK 86OjURT¡®?B%e4P(H¡CFShacN^EdO lo�|O�K�CIURg\NIaDCIgb�0U(M�]REdN^U(N^QRg
®?Bre¨M�CIHLHJg����\](K 86O�URTL®�B%e=luCFM�so�²K�URZ�O�CIUuCFV^K�g�C���QRK�QRK|NFa���£�±4S�CIghs�g�CIURZ�PREhN^l�K�g�Sd]RK�TJE
M�NIO�PRHJKYSdTLN^U����²S�EdKzSGQREhURg\SGN�SG]RK �_£�±�ghM�]RK�ZRQ(HLK�E\Sd]RKiM�N^OjPRHJKYSGKYZ|S�CIghs¤g$�7�\]RK_M�QREhEdK�UoS?luCIM�s^�²K�URZ
HLKzSGg�Sd]RK_M�HLTJK�UoS�M�]RN¤N^gdK_l�KYS{prK�KYU�SG](K�! mRm [ M�NIU(nuV^QREdCFSGTJN^U #6CIURZ|SG](K�!{M�HJQRghSdK�E\M�NIU(nuV^QREdCFSGTJN^U # �k�²S
M�Q(EdEdKYUoSGHJ�qZRN0KYg�URNIS?]uCIURZ(HLK6SG](K�ZRCFS�C��²P$KYEdghTLghSdK�URMYKiacKfCFSdQREdK_N �$K�EhK�Z�l�� 8iOjURTL®�B%e �
¦�K�M�NIURgdTJZRK�E?TLOjPRHLKYO�KYUoSGTLU(V�Sd]RK�ghQRPRP�N^EhS�NIa/ZRCFS�C��²P$KYEdghTLghSdK�URMYK��?�{U�a³CIMzSfW
��£�±�p�TJHLH.gdN¤N^U�]uCf�^K
CIU�TLUoSGKYEdOjK�ZRTLCFSGKiHJKY�IK�H.NIaDgdM�]RKYZRQRHLTJURVjM�N^QRP(HLK�Zvp�TJSd]�CIU�Kz~jM�TLKYUoSATJU(acN^EdO�CFSdTLN^UqghK�Eb�0TJM�K_l�KYS{prK�K�U
SG](K ��£�±ygdM�](K�ZRQRHJK�E�CFURZ�SG]RK9luCIM�s^�{KYURZRg�ªcprKq]uCf�IK|ZRK�ghM�EdTJl$KYZ�TJS�TLU�©�TLV^QREhK � ��.|CFURZ m K�MzSGTJN^U
��� .'� �o¬*� m NRW SG](KjQ(gdK�Eip�TJHLH`l$K�CIl(HLK§SGN|ghK�HJK�MYS�C|gdP�K�MYTJnuM�lRCIM�s^�{K�U(Z�lo��PREhNX�0TJZRTLU(V|gdN^OjK�M�EhTJSGKYEdTLC
gdQ(M�]tCIg§Sd]RKvZuCFSGC�P$KYEdgdTJghSdK�URMYK�� m QRM�]}gdM�](K�ZRQRHJK�EjCIURZ�TJU(acN^EdO�CFSdTLN^U�gdK�Eb�¤TLM�KYgjCIEdK|PRHLCIURKYZ}TJU�C
acQ(SdQREdK_EdKYHLK�CIgdK2�7¦�K_ghSGCIEhSdK�Z�ZRK�ghTLV^URTJURV§SG](K�CFEdM�]RT¢SGK�MzSGQREhK�CIURZ�TLOjPRHLKYO�KYU�SdTLURV�TJS��

��� �/���!� � � � � �
' ,�� # , 6 �31�� 6�)�6 "$# � ' ; � ) ' , � %('�1 238�#&;

�{U�PuCIEdCIHLHJK�H�WF��]RCX�IK\acN0MYQRgdKYZ�N^U�Sd]RK ��£�±�¦�N^EhsIKYE/O�N¤ZRQRHJK��D�`QRURZ(K�EdHJTLURKrSG]uCFS/Sd]RK ��£�±�¦�NIEdsIKYE
TLg_QRghK�Z�l���CIUo�xs�TLU(Z�NIa�M�N^OjPRQ(SdTLURVvOjTLZRZ(HLKYp�CIEhK����\]RK���£�±t¦�N^EdsFK�E�TLg_ZRKYK�PRH¢�xHLTLU(sIK�Zxp�TJSd]
SG](K  6® m KYEh�^KYE�� �\]RK�EhKYacN^EhKIW\�§ZRKz�^KYHLN^P�K�Z�Sd]RTLgjO�N¤ZRQRHJKqSGN¤N��y©DTJV^QREdK ��� 5:gh]RNXp�g|C�ZRKzS�CITJHLKYZ
CIEhM�]RTJSdK�MYSdQREdK�NIa�SG]RKvSG]REhK�K�O�N¤ZRQRHJK�g�CIURZ}SG]RKYTLE�O�CITLU�TLUoSdK�EGCFMYSGTJN^URg$�t�\]RK�®�B%e gbSGQRl�NIU}Sd]RK
M�NIO�PRQ0SGTLU(V9URN¤ZRK§N^U(HJ��V^KYSdgAacEdNIO Sd]RK 86OjURT¡®?B%e luCIM�s^�{KYURZ�SG]RK�TLZRKYU�SdTJnuKYEANIa/Sd]RK§MYN^O�P�N^URKYUoS
lRTJUuCIEh��CIU(Z9SG]RKATLZRKYU�SdTJnuKYEdgrNIa.SG]RKATLURPRQ0S�PuCIEdCIOjKYSGKYEdg$�k�\]RK�U|Sd]RKAgbSGQRl|EhQRURg�Sd]RK ��£�±x¦�N^EdsFK�E$�
�{U�SG]RK9MfCIghK|NIa 
ASGEhK�OA¦�K�l*W7Sd]RK 
�SGEdKYOA¦�K�l�luCIM�s^�²K�URZ}gdQRl(O�T¢SGg�SdN�SG]RK|Z(TLgdPRCFSGM�]RKYE�C�lRTLURCIEh�
NIa?SG]RK �_£�± ¦�NIEdsIKYEjCIURZ�SG]RKvPuCIEdCIOjKYSGKYEdg�p�]RTJM�]tCIEhK|SG]RKvTLZ(K�UoSGT¢nuK�E�NIa?SG](K�lRTJUuCIEb�yª³NFa�Sd]RK
M�NIO�P�N^URKYU�S�¬�CIURZ�Sd]RKqTJZRK�UoSGT¢nuK�Ehg§NIa\Sd]RKqEdKYH¡CFSdK�Z�PuCFEGCIOjKYSdK�Edg$���\]�QRg�W%CIU 
�SGEdKYOA¦�K�l�prN^EdsFK�E
MfCFU�ZRNXp�URHJNoCIZxSG]RK���£�±,¦�NIEdsIKYE�� 86URMYK�SG]RK���£�±t¦�N^EhsIK�E�TLgiK´�0K�M�Q0SGK�Z*WkTJS_MYEdKfC�SGK�g�CvZuCFS�C��
EdKYP$NIgdTJSdN^Eh�jMYHLTLKYUoSiª  6® e�HJTLK�UoS�¬7TJUqN^EdZ(K�ErSdN§TLUoSdK�Eha³CFM�K�p�T¢SG]9Sd]RK  6® m KYEh�^KYE\QRURT¢S��k¯\MzSGQuCIHJHJ�IW¤Sd]RK
 6®te�HLTLKYUoSDTJgDTLU�M�N^UoS�CFMYSkp�T¢SG]�Sd]RK  6® m K�Eb�^KYE/N^URHJ�_acN^E`SG]RKrTLURT¢SGTLCIHoM�N^U(URK�MzSGTLNIU��D�{URZ(K�K�Z*W^SG]RK  A®
m KYEh�^KYE_O9CIURCIV^K�g6CqP$N¤N^H`NIa7SG]REhKfCIZRg_CFURZxKfCIM�]�SG](EdKfCFZ:]RCIURZRHJK�gASd]RK�EdKY�¤Q(K�ghSdg�NFa%C  6® e�HLTJK�UoS��
�\]RTJgiO�KYM�]uCIURTJgdO CIHLHJN�p�g�SG]RK�ZuC�S�C��²EdK�P�N^ghTJSGNIEh��gdKYEh�^KYE_QRURTJSiCIM�MYK�P(SdTLURVvgdTJO§QRH¢S�CIURKYN^QRg�EdK���QRKYghSdg��
e�N^OjO§QRURTJMfCFSdTLN^U�TLg§NX�IK�E��?e�B��986URMYKqSG]RK  6®
e�HLTJK�UoS�]uCFg§ZRNXp�URHLN^CIZRK�Z�Sd]RK|lRTLURCIEh��CIURZ�Sd]RK
PuCIEdCIOjKYSGKYEdgYW¥Sd]RK ��£�±�¦�N^EhsIK�E�Kz�0K�MYQ(SGKYgASG](TLg�lRTLURCIEh���r¯�S?SG]RK�K�U(Z W�Sd]RK  6®�e�HLTJK�UoS?gdK�U(ZRg�Sd]RK
EdKYgdQRH¢SGg�SGN�TJSGg�Sd]REdK�CIZtNIaASG]RK�ZuCFSGC��{EhK�P�N^gdT¢SGN^Eb��QRURT¢S�� (rKYacN^EhK�M�NIO�PRHJKYSdTLURV�T¢SGgjKz�0K�MYQ(SGTJN^U W�Sd]RK
��£�±�¦�NIEdsIKYE�M�HLK�CIURg?CIHJH$SG](K_SdEGCIMYK�g?NIa`SG]RK_Kz�0KYM�Q(SdTLN^U��
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TCPClient

DRClient

YmlWorker

IDL

<<create>>

Remote computing nodeData-Repository Server

OmniRPC Asynchronous call

OmniRPC back-end

Back-end scheduler

Get  a task

DRServer
TCPServer

ThreadPoolThread

DRServerThread
N

1

1

1

1 1

Connect

Get binary
Get parameters

Put results

1

1

1

1

©DTJV^QREdK � � 5 �7�{UoSGKYEGCIMzSGTJN^URg?l$KzS{p�KYK�U�Sd]RK486OjURT¡®?B%eylRCIM�s^�{K�U(Z WuSG]RK ��£�±�¦�N^EhsIK�E?CIU(Z�SG](K  A®
m KYEh�^KYE
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¯�S/SG](K�nREdghS7gbS�CIVIK?NFa�Sd]RK?CIZuCIP0S�CFSdTLN^U§NFa*N^Q(E/K�TLVIK�URghN^HJ�IK�EkSGN��7�IKYSdSdKX£�±/W^prK�]RCX�IK�Kz�0PREdKYgdghK�ZqN^Q(E
URKYK�ZRg/SGN6Sd]RK�EhK�gdP�N^URghTLlRHJK�NIa
��£�± �I�\]¤Q(g�W�]RK\]uCIg/Z(KY�^KYHLN^P�K�Z�Sd]RK�acN^HLHJNXp�TLURV?URKYp}acQRURMzSGTJN^UuCIHJTJSGTJK�g
CIURZ}p�K�]uCf�^K�SdK�gbSGK�Z,SG]RKYO?�w©DTJEdghS�W�CIU �7�^KzSdSGKf£�±�V^EGCIP(]tTLgjURNXp CIl(HLKvSGN�SGCIsIK�gdN^OjK�TLURPRQ0S
PuCIEdCIOjKYSGKYEdgYW/HLTLsFK�nuHJK�g�N^E§M�NIURghSGCIUoS§�FCIHLQRKYg�W7CIU(Z�SGN�EhKYSGQ(EdU�N^Q(SdPRQ(S�PRCIEGCIOjKYSdK�Ehg���B/EdKz�¤TLN^QRghHJ�IW
ZuCFSGC9p�KYEdK�V^T¢�^K�U:CIgiMYN^URgbS�CIUoSGg_TJURgdTJZRK�Sd]RK �7�^KzSdSGKf£�±�PREhN^V^EGCFO CIU(Z�SG]RK�N^Q0SGPRQ(S_EhK�ghQRHJSdg6p�KYEdK
p�EdT¢SdSdK�U�TJU�C9HLNIV�nuHJK��6�{U�N^Q(EAMfCFgdKIW prK�SGCIEdV^KzSASdNqQRgdK�ghKY�IK�EGCFHkH¡CIEhV^K_�^K�MzSGN^Ehg_CIURZ�O�CFSGEhTLMYK�g����²S
TLg\U(NIS�M�N^U(M�K�T¢�FCIlRHLK�SGN�p�EdT¢SGKiKfCFM�]�O�CFSGEhT¢�qCIg�C�M�N^U(ghS�CFU�S��7�\]RK_QRURTL��QRK_MYN^URM�KYTJ�FCIlRHJK6gdNIHLQ(SdTLN^U|TJg
SGN�V^T¢�^K�C§nuHLKiURCIO�K6SdN�SG]RK��7�^KzSdSdKX£�±�V^EdCIPR]��
m KYM�N^URZ*WkCIZuCFP(SGTJURV�Sd]RKjK�TLVIK�URPREhN^lRHJK�O N^U�C�MYN^OjPRQ(SGTJURVvZRKY�¤TJM�KjEdK���QRTJEdKYg�O�CIURTJPRQRH¡C�SGTLU(V|O9CIUo�
ZRT �*KYEdK�UoSjs�TLURZ(g�NIaAZuCFSGC:gbSGEdQ(MYSGQ(EdK�g�HLTJsIK|lRHJN0M�s�gjNIaiCxO9C�SGEdT �$W7�IK�MzSGN^Ehg�� %k�^KYU�TLU(gdTLZ(K�CxZuCFSGC
ghSdEdQRMzSGQREhKIW6T¢S|MfCFUwl�K�URKYM�K�ghgGCIEb�4SGN�VoCFSd]RK�E9gdN^OjK�K�HJK�OjK�UoSGg|lo��a³CIOjTLH¢��ZRK�P�K�U(ZRTLURV�N^U4Sd]RK�TJE
EdNIHLK�TLU�Sd]RKjCIHLV^NIEdTJSd]RO ��©uN^EiTJURghSGCIURM�KFW�TJa%p�KjM�N^U(gdTLZ(K�E�CqS{�0P�K !{�IK�MYSdN^E #GW�T¢SiMfCFU�l�K�TLUoSGKYEdK�gbSGTJURV
SGN�ZRTLgbSGTJURV^QRTJgd]�Sd]RK��IK�MzSGN^Ehg6NIakSd]RK�luCFgdTLg�NIakSd]RK4+iEh�¤HJN���ghQRlRgdPRCIM�K�CFURZ�SG](K§®�TJSG«�K�TJV^K�Uo�IK�MYSdN^Edg$�
�\]�QRg�WoprK�]uCf�^K\Z(K�gdTJV^URKYZ§p�TJSG]�SG]RK�Z(KY�^KYHLN^P�K�EDNIa ��£�±�CAgbSGEdQ(MYSGQ(EdK\MfCFHLHLKYZ !be�N^HLHJK�MYSdTLN^U$#7TLU�N^EdZRKYE
SGN�VoCFSd]RK�E�TLU�C�M�N^OjO�NIU�MYN^UoS�CITJURK�E�O9CIUo��K�HJK�OjK�UoSGg�NIakSd]RK�gdCIO�K�a³CIOjTLHJ���\�{URgdTJZRK§CjM�N^HJHLKYMYSGTJN^U W
SG](K�KYHLK�OjK�UoSdg�CFEdK_N^EdZ(K�EdKYZ�� m NRWuTJS�TJg?P�N^ghgdTLl(HLK6SGNjlRQRTJHLZ�CIghgdN¤M�T¡C�SGTLNIURg\l$KzS{p�KYK�U�Sd]RK�K�HLKYO�KYUoSGg�NIa
ZRT �*KYEdK�UoS_MYN^HLHJK�MYSdTLN^U(g���©uN^E6TLU(ghS�CFURM�KFW acEdN^O CqM�N^HJHLKYMYSGTJN^U�NIar®�TJSd«§K�TJV^K�Uo�FCIHLQ(K�giCIU(Z�C|MYN^HLHJK�MYSdTLN^U
NIa�®�TJSG«AK�TLVIK�Uo�^KYMYSGNIEdg�WRprK_MfCIUvK�CIgdTJHJ�9CIURZ|��QRTLM�s�H¢�qV^KzS\SG]RK_®�TJSd«6K�TJV^K�URPRCITLEhg��/©DTJUuCIHJHJ�^WoSd]RK ��£�±
e�N^HJHLK�MzSGTJN^U§¯6B/�DCIHLghN_CIHLHJN�p�g�ZRN^TJURViN^Q(Sb�{NIa¡�²M�N^EhK��D�{U�a³CIMzSfWoK�CIM�]�KYHLKYO�KYU�SkNIa CiMYN^HLHJK�MYSdTLN^U�TLg/gbSGN^EhK�Z
TLU�C§nuHJK_CIURZ�TLg\HLN^CIZRK�ZvN^U(HJ�9p�](K�U�EdK���QRTJEdKYZ��

��� �/� ��� � � 6 � � 1%��� #&,-# �3.0#�; � # ) �7#&# � 6 � ��% � 8�#&%(# � ) 6�)&� '�� � � )&� � � � 6 � 1 � � )�� 6��
"$* 4 �3,-'�� ,-6!%(% �"�#� � , �:1 ; ' � ) � 69,-#

©uEdN^O CIUvCFHLV^N^EhTJSd]RO�TJM\P$NITLUoS�NIa��¤TLKzp_W0Sd]RK�EhK_CIEdK6U(N�O�N¤ZRTJnRMfCFSdTLN^UjM�N^OjPuCIEhK�Z9SdN§SG]RK�p�N^Ehs9ZRNIURK
TLU�e�]RCIP(SGKYE�	��7©uEdN^O SG]RK_PuCIEdCIHLHJK�H$CIURZvZRTJghSGEhTLlRQ0SGK�ZvTJO�PRHJK�OjK�UoS�C�SGTLNIU9P�N^TLUoS\NIa`�¤TLKzp_WRp�K_URNISdTLMYK
CIHJgdN�acKYp O�N¤ZRTJnRMfCFSdTLN^URg$�k�{URZRKYK�Z W�TLU�e�]uCFP(SGKYE 	RW0p�K�Cf�^N^TJZRK�Z�CIg\a³CIE?CIg�P$NIgdgdTJlRHLKiO�CIs�TLU(VRW(OjTLZ0�
ZRHJKYp�CIEdK´�{ZRKYP$KYURZuCIUoS�CIgdghQROjP(SGTJN^URg����{U�Sd]RTLg�gdK�MzSGTJN^U W7p�KvPREhK�gdKYUoS�ghN^OjK|O�N¤ZRTJnRMfCFSdTLN^URg�TLU�Sd]RK
TLOjPRHJK�OjK�UoS�CFSdTLN^U9NIakSG](K�KYTLV^KYURgdN^H¢�^KYEACIU(Z�prK�MYN^O�OjK�UoS�SG](K�O�CITLUvZRT �*KYEdKYURM�KYgANIaDO�KzSG]RN¤ZRN^HJN^VI�
TLUvN^EhZRK�E�SdN�Z(NjghQRM�]�CFU�TJO�PRHJK�OjK�UoS�C�SGTLNIU��
�{U_PREdKz�¤TLN^QRg`e�]RCIP(SGKYE�W�p�K7ZRKYM�TJZRK�ZiSGN\Q(gdK7ZuCFSGC�P$KYEdgdTJghSdK�URMYK��D�²Sdg�TLOjPRHLKYO�KYU�SGCFSGTJN^U�p�CIg�OjTLZRZ(HLKYp�CIEhKz�
ZRKYP$KYURZuCIUoS�ghTLURMYK�prKAQRghK�Z|C_acKfCFSdQREdK?NIa!86OjURT¡®?B%e �o�\]RKAMYQREdEhK�UoS�gbS�CFSdQRg�NFa*SG](K ��£�±�ZRN0KYg�URNFS
PREhN��¤TJZRK|ZuCFSGC��{P�K�EhgdTLgbSGKYURM�K2���\]�QRg�W%p�KvO§Q(ghS�Kz�0P�K�MzS�HLCIEdVIK�E��IN^HLQ(O�KqNFaAMYN^O�O�QRURTLM�CFSGTJN^U���¦�K
O§QRgbS?MfCIEhKYacQRHJHJ�9prK�TJV^]oS�SG]RK_PREhN^g?CIURZ�M�N^URg?l�KYacN^EhK�Z(TLghSdEdTJlRQ(SGTJURV�CIURZvPuCFEGCIHJHLK�HJTL«YTLURV�CjMYN^O�P(Q(S�C��
SGTJN^U|l�K�MfCFQRgdKiSG](K�MYN^OjO§QRURTJMfCFSdTLN^UjSGTLOjK�g�O9Cf�q](TLZRK6Sd]RKiEdKYZRQRMYSdTLN^U(g\NIa�Sd]RKiEdKYO�NFSGKiM�NIO�PRQ0SGTLU(V
SGTJO�KYg�ª³TJS�MfCFU�l�K9KY�IK�U�HJN^URV^KYE�¬*��¦yTJSG] ��£�±/W`ZuCFSGC�CIEhK�gbSGN^EhK�Z�lo�xSG]RK�ZuCFSGC��{EhK�P�N^gdT¢SGN^Eb��QRURT¢S
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M�NIO�P�N^URKYU�SATLU�PRCIEGCIHJHLKYH�WRp�]RKYEdK
x
TLg?SG]RK�U�QRO§l�K�E6NIa7l(HLN¤M�s¤g�NIa7EdNXp�g6NFa/SG]RK�O9CFSdEdT �
� 86URHJ�vSd]RK

TLU(PRQ(S§l(HLN¤M�s:NFa�EdNXp�g�CIURZ�Sd]RK9NIQ(SGPRQ0S§�^KYMYSGNIE§ZRT �$K�E�acEdN^O N^U(KqMfCIHJH/SGN�CIU(NISG]RKYE����{U}e�]RCIP(SGKYE
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	RW.prK�]uCf�IK�gbSGEdKYgdghK�Z�Sd]RK�M�N^gbS�NFa�SG](K9£ �iB ghSdK�P��j�\]�QRg�W�TJSiTJg_TLUoSGKYEdK�gbSGTJURV|SGN�PuCIEGCFHLHLKYHLTJ«�K�CIURZ
ZRTJghSGEhTLlRQ0SGK�SG]RTJgighSdK�P�CIOjN^URV

x
p�N^EhsIKYEdg�� (rK�gdTJZRK�gYW�acN^E_CvPuCIEdCIHLHJK�H/CFURZ�Z(TLghSdEdTJlRQ(SGKYZ�£ �iB�W.Sd]RK

SGNFS�CIH*�IN^HLQ(O�K6NFa�SdEGCIURgbacK�EhEdK�Z�ZuCFSGC§TLg��hQRgbS?C�lRTJS�HLCIEdV^KYE�SG]RCIU|acN^E\C�QRURTJ�¤Q(K�M�CIHLH$P$KYEhacN^EhO�TJURV�Sd]RK
p�]RN^HJK�£ �iB�N^U�N^URK���£�±�p�N^EhsIKYE��\±.KYS�QRg?URNISdK�CIV^CITLU

d
Sd]RK_U�QRO§l�K�E?NIakMYN^O�P�N^URKYUoSGg?N^U�Sd]RK

ZRTLCIV^N^UuCFH`NFa
A
CIU(Z

e
SG]RK�U�QRO§l�K�E6NIakM�N^OjP$NIURK�UoSGgAQRURZRKYEASG]RTJg�Z(T¡CIV^NIUuCIH �\¦yT¢SG]�C�ZRTLgbSGEdTJlRQ(SdK�Z

£ �6B�WkprK�ghK�URZ
(d + 2e)

ZRNIQRlRHLKYg�CIURZ
2(d + 2e)

TLUoSGKYV^K�Ehg�TLURgbSGKfCFZ}NFa
(d + e)

Z(N^QRlRHJK�g�CIURZ
2(d + e)

TLUoSGKYV^K�Ehg?acN^E�C�gdKY��QRK�UoSGTLCIH�£ �iB�NIU�NIURK �_£�±�prN^EdsFK�E$���\]�QRg�W¥SG](K�SdEGCIURghO�TJgdghTLN^UvCIU(Z
PREhN^PuCIVoC�SGTLNIUqSGTLOjK�g�ZRN�U(NIS�ZRT �$K�E�C�HJNIS�M�N^OjPuCIEhK�Z|SGN�Sd]RK_H¡CIEhV^KiM�N^OjPRQ(SdTLURV§SdTLOjK�g$�
¯AU(NISG]RKYE6OjNISGT¢�IC�SGTLNIU�acN^E�ZRTLgbSGEhTLlRQ(SdTLURVjSG]RK�£ �iBwTLg�Sd]RK�OjK�OjN^Eh�vQRgdCIV^K2� 86QREAM�QREhEdK�UoS_TJO�PRHJKz�
OjK�UoS�CFSdTLN^U�NIa�SG]RK !{O9CFSdEdT �$#jZRCFS�C�S{�¤P�K�Z(N0KYg�URNIS�CIHJHLNXp P�K�EhacNIEdOjTLURV�N^Q(Sh�²NIa¡�{MYN^EdK�ª C�lRHJN0M�s:NIa
EdNXp�g�TLg\MYN^URghTLZRKYEdK�Z�CIg?C�O9CFSdEdT �u¬&�k¯AH¢SG]RNIQRV^] W0ZuCFS�CjCIEhK6nuEdgbS�HJNoCIZRKYZvTLUvO�KYO�NIEh��QRgdTJURVjCjMYN^O��
PuCIMzSiacN^EdO�CFS�W C9�^KYEh�xHLCIEdV^K�O9C�SGEdT ��MfCIUx]uCIEhZRHJ��nRS_TJU�O�KYO�N^Eb�'���²S_TLg6U(K�M�KYgdgdCIEh��SdN|ZRTLgbSGEdTJlRQ(SdK
A
lo��l(HLN¤M�s¤g_NIa�EdNXp�g§CFO�N^U(V�OjN^EhK§p�N^EhsIKYEdg��q¦�KjM�QREhEdK�UoSdHJ�xgd]RCIEdK

A
lo��OjKfCFURg_NIa\CIU ��£�±

e�N^HJHLK�MzSGTJN^U|NIakl(HLN¤M�s¤g�NIaDEdNXp�g��r�\]�QRg�Sd]RK�VIEGCITJUvacNIE�SG]RK�N^Q(Sb�{NIa¡�²M�N^EhKiO�KYM�]uCIURTJgdO TJg�C�lRHJN0M�sxªcNIa
EdNXp�gG¬*�k¦y]RKYU�prKAV^KzS�C_]�QRV^K?lRHLN¤M�s�NIa EhNXp�g�W¤TJS%MfCIU�l$K?ZRT¢~�MYQRHJS/SdN�HJNoCIZ�TJS%TLUjOjK�OjN^Eh��SGN¤N�� m N(W
prK�MYQREdEhK�UoSGH¢�xM�]RN0NIgdK�SG]RK�U�QRO§l�K�E�CIURZ�gdTJ«�K�NIarlRHLN¤M�s�g�ZRKYP$KYURZRTJURV�NIU:Sd]RK�O�KYO�N^Eb��NIa�URN¤ZRK�g$�
�\]RTJg?P�N^TJU�S�]RCIg\SGNjl$K_TLOjPREhN��IK�ZvTLUvN^EhZRK�E\SdN�V^KzS�C�ghMfCIHLCIlRHJKiK�TLVIK�URghN^HJ�IK�E��/¦�K�O�QRghS?PREhN^P$NIgdK�C
nuURKYghS�V^EGCITJU9C�S%Sd]RK?EdNXpyHLKz�^K�H �/©uN^E7TLURgbS�CIU(M�KIW�prK�p�TLHJHRPREhN^P$NIgdK�SGN�EhK�PREhK�ghK�UoS\KfCFM�]9lRHJN0M�s�NIa EdNXp�g
lo��CIU ��£�±�e�NIHLHLKYMYSdTLN^UqNFakEdNXp�g?TLURgbSGK�CIZvNIakQRghTLURV�Sd]RK !"O�CFSGEhT¢��S{�0P�K�# �r�{U�NISd]RK�E\prN^EdZRgYW

A
p�TLHLH

l�K�C�MYN^HLHJK�MYSdTLN^U9NIakMYN^HLHJK�MYSdTLN^U9NIaDEhNXp�g��
±.KYSiQ(g6M�N^U(gdTLZ(K�EASd]uCFSiCFU ��£�±�¦�NIEdsIKYE6MfCFU�V^KYS�SG]RK�acQ(HLH ��£�±,e�N^HLHJK�MzSGTLNIU�NIa7lRHJN0M�s�g6NFa7EdNXp�g
CIURZ�]RCIg6K�U(N^QRV^]�OjK�OjN^Eh�|SdN|HLNoCFZ�C�acQRHJH�l(HLN¤M�s�ªcghSGNIEdK�Z�TJU�CqMYN^O�PRCIMYS�acN^EdO�CFS´¬&�A�²SiTJg6CIl(HLK�SdN
P�K�EhacNIEdO CFHLN^URKjSG]RKvKYU�SdTLEhKv£ �iB�l���ZRN^TJURV�N^Q(Sb�{NIa¡�²M�N^EhKql$KYMfCIQ(gdKvKfCIM�]�KYHLK�OjK�UoS�NIa�Sd]RK ��£�±
e�N^HJHLK�MzSGTJN^U�TLg_V^EdCIZRQuCIHJHJ��HLNoCFZRK�Z�p�]RKYU�URK�KYZRK�Z
�9�²S�p�N^Q(HLZ:l$K�TLUoSdK�EdKYghSdTLURV|SGN�Kz�0P�K�EhTLOjK�UoS�CIURZ
M�NIO�PuCFEdKiTJS\SdN�SG]RK_M�Q(EdEdKYUoS�Z(TLghSdEdTJlRQ(SGKYZ|�^K�EhgdTJN^U��

"$# ' ,�)&�3'�� '��3698"��� 6�)&� '�� �\]RK6acQ(HLH¢�²EdKYN^EhSd]RN^V^N^URCIHLTJ«fCFSdTLN^U�TJg�M�QREhEdKYU�SdHJ�9P$KYEhacN^EhO�KYZqlo�qN^URH¢�9NIURK
M�NIO�P�N^URKYU�S\CIURZvlo�qN^URH¢�9NIURKiURN¤ZRK��/¯�g�prKiQRghK�C§EhK�gbS�CIEbSGK�ZvghM�]RK�OjKIWRSd]RKiEdKYN^EhSd]RN^V^N^URCIHLTJ«fCFSdTLN^U
TLgAZRN^URK�p�TJSd]��^KYEh��acKYp��^KYMYSdN^Edg�NIa7SG]RK�luCFgdTLgANIarSd]RK +iEh�¤HLNX��gdQRlRghPuCIMYK�� (�K�ghTLZRKYg�W.SG](K�luCIgdTJgiNIa
SG](K +iEh�¤HJN��§gdQRlRghPuCIMYKATLg7gbSGN^EhK�Z9lo��QRghTLURV�CIU���£�±xe�NIHLHLKYMYSdTLN^U�NIa*EdNXp�g%gdN§CFg7SdN�Z(N�N^Q(Sb�{NIa¡�²M�N^EhK��
�\]�QRg�WDC�Q(URTL��QRK�p�NIEdsIKYE�M�CIU�]RCIURZRHJK�Sd]RN^ghK�MYN^O�P(Q(S�CFSdTLN^U(g��j[�NXprKY�^KYE�WDprKjPRH¡CIU�SdN�PREhN^P�N^gdK�C
PuCIEdCIHLHJK�H$EdK�NIEhSG](N^V^N^UuCFHLTL«�CFSGTJN^UqTJU�NIEdZRKYE?SdN�ghN^HJ�IK_�IK�Eb��HLCIEdVIKiK�TLVIK�URPREhN^lRHJK�Ojg�p�TJSG]�H¡CFEdV^KYE��ICFHLQRKYg
NIa

m
�/�{U�e�]uCIP0SGK�E�	(W0SG](TLg�gbSGK�P|p�CIg\PuCIEdCIHLHJK�HJTL«�KYZ��`�\]RK6SGNISGCIH$�IN^HLQ(O�K�NIa�SGEGCFURghacKYEdEdKYZ|ZuCFSGC§ZRN0KYg

URNISkZRT �$K�EkghTLV^U(TJnuM�CIUoSGHJ��l�KYS{prK�KYUqC6PuCIEdCIHLHJK�H0CIURZ�C6URNIU0�{PuCFEGCIHJHLK�H¤EdKYN^EhSd]RN^V^NIUuCIHLTJ«fCFSdTLN^U
�.�\]RK�nuEdgbS
N^URK�CIZ(ZRg�gdN^OjKiNX�^K�Eh]RKfCFZRg��

� )&� # , .0' % � '�� # � )-; �\]RK�U W prK�M�NIURgdTJZRK�EASd]REdKYK�M�N^OjP�N^URK�UoSdg��_�\]RK§nuEhghSiP�K�EbacN^EdOjg�Sd]RK (�T¢�
gdKYMYSdTLN^U�CIURZvSG]RK��{Uo�^K�EhgdK§�²SdK�EdCFSGTJN^U�OjKYSd]RN¤ZRg��%¦�K_ZRN�N^URHJ�qN^URK_MfCIHJH.gdTJURM�K_p�K�p�NIEds|TLU�C�gdO�CIHLH
gdQ(lRgdPuCFM�K_CIURZjp�KAURK�KYZ|N^URHJ��SdN�MYN^O�P(Q(SGK?acKYpyK�TJV^K�U(PuCITLEhg��k�\](K6gdKYM�N^URZ|MYN^OjP$N^U(K�UoS�Z(KfCIHJgrp�TJSd]
SG](K�gdKYHLK�MzSGTJN^U�NIauSG](K�MfCIU(ZRTLZuC�SGK\®�TJSd«�K�TJV^K�Uo�FCIHJQRK�gDCIURZ§SG](K\CIgdghN0MYT¡CFSdK�Z�KYTLV^KYU��IK�MzSGN^Ehg/NIa¥SG]RK�SdEdTJZRT¢�
CIV^NIUuCIH¥O9C�SGEdT �

T
�k¯�g�TLU9e�]uCIP0SGK�E 	RW�p�K�gdK�HJK�MzS�SG](KA]RTJV^]RK�gbSiªcTLUjO�N¤ZRQRHJKX¬kK�TJV^K�Uo�FCIHJQRK�g$�/©DTLURCIHLH¢�^W
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prKiM�N^URghTLZRKYE�SG]RKAM�N^OjPRQ(SGCFSGTJN^UqN^UqSd]RK6URKzp gbS�CIEbSGTLU(V��^KYMYSGNIE�p�](K�U�C§MfCIU(ZRTLZuC�SGKi®�TJSd«AK�TJV^K�U(PuCITLE
]uCIgAURNIS6MYN^Uo�^KYEdV^KYZ��_±.TLsIK�TLUxe�]RCIP(SGKYE 	RW¥SG]RTJgAgbSGK�P�TJgAURNFS6PuCIEdCIHLHJK�HJTL«�KYZ��\¦�K�P$KYEhacN^EhO°C9HLTJURKfCIE
M�NIO§lRTLURCFSGTJN^UqNIa`SG]RK_M�CIURZRTJZuCFSGK�®�TJSd«6K�TJV^K�Uo�^KYMYSdN^Edg�ªcSd]RK�®?T¢SG«iK�TJV^K�Uo�FCIHJQRK�g�CIEhKiSG]RKia³CIMzSGN^Ehg�¬*�
�\]RKqNFSG]RKYE�M�NIO�P�N^URKYU�Sdg§CIMzSGQuCFHLHJ��EdK�P(EdN¤ZRQRM�K9luCIgdTJM9N^P�K�EdCFSGTJN^URg_N^U�U�QRO�l$KYEdg�CIU(Z��^KYMYSGNIEdg�W/NIE
gdTJO�P(HJ�|p�EGCFP (�±.¯ m MfCFHLHLg�ª³K2� V��iURN^EdO CIURZ�gdMfCFHLTLU(V9NIarC��IK�MYSdN^E�W*ZRNISiPREhN0Z(QRMYSiNFa/S{p�Nq�IK�MYSdN^EdgYW
VoCFSd]RK�EYWuEdKYZRQRMYSdTLN^U*WRKYSdM�� ¬*�

��� �/� ��� � �
' ,��
� ' � ' � )��3# # � � # � ; ' 8 � #&,

¯\M�MYN^EdZ(TLURV§SdN�Sd]RKiPREhTLURMYTLPRHJKANIa`EdK´�{QRgdCIlRTJHLTJS{�IW0O�CIUo��M�N^OjP$NIURK�UoSGg�CFEdKiMfCFHLHLKYZqgdKz�^KYEGCIH SdTLOjK�g��k©¥NIE
TLU(ghS�CFURM�KFW(SG]RK�£ �6BtM�NIO�P�N^URKYU�S�TLg\QRghK�ZvacN^E�SG](K�±�CIU(M�«�NIg�SGEdTJZRT¡CFV^N^UuCIHJTL«�CFSGTJN^UjCIURZ|acN^E�Sd]RKiSGK�gbS
NIa�M�NIU��IK�EhV^K�URMYK

‖AU−λU‖ < ε
� m NIO�KrM�N^OjP$NIURK�UoSGg7CFEdK�CIHJgdN6QRghK�Zjlo�§NISd]RK�EDPREdN^VIEGCIOjgkHLTJsIK\CFU

¯AEhURN^HJZRT TLOjPRHJK�OjK�UoS�CFSdTLN^U9N^U �7�IKYShSGKX£�± �¥¯�g�gh]RNXp�U�TLU|Sd]RK��_EdCIPR]Rg
��� ��CIURZ ��� 	(WRp�K�ZRK�ghTLV^U(K�Z
S{prNjprN^Eds�1uNXp�g?p�]RTLM�]�M�N^UoSGCITLU|SG](K_acNIHLHLNXp�TJURV§PuCIEdCIHLHJK�H�gdKYMYSGTJN^URg �FHLN¤N^PRg �

•
Sd]RK6TJURTJSdT¡CIHJTL«fC�SGTLNIU§NIa.SG](KiK�TLVIK�URghN^HJ�IK�EiªcPuCIEbSGTJSdTLN^U(TLURV�NIa.SG](KiO9CFSdEdT �*W�TJURTJSdT¡CIHJTL«fC�SGTLNIU§NIa��^KYMz�
SdN^EdgYWuKYSGMf¬*�7�²S�TLg\Z(N^URK_N^URH¢�qN^URKiSdTLOjKiCFS\SG](K_�IK�Eb�vl$KYV^TLURU(TLURV�NIa`SG](K�K´�0K�M�Q0SGTLNIU��

•
Sd]RK�£ �iByNIa/SG]RK�±�CIURM�«YN^gASdEdTLZ(T¡CIV^NIUuCIHLTJ«fCFSdTLN^U(g����²SAN0MYM�QREhg

r ∗m
SdTLOjK�g�p�]RK�EhK

m
TLg?SG]RK

U�QRO§l�K�ErNIa.T¢SGK�EdCFSGTJN^URg7NIa.Sd]RK6±�CIURMY«�N^g%SGEhTLZRTLCIV^N^UuCFHLTL«�CFSGTJN^UvªcgdTL«YKANIa*SG]RK +_Eb�¤HLNX�jgdQRlRghPuCIMYKX¬
CIU(Z

r
Sd]RK_U�QRO§l�K�E�NIa�HLN¤N^PRg�NIa`SG](K�EhK�gbS�CIEbS�ghM�]RK�OjK��

•
Sd]RK�M�N^OjPRQ(SGCFSGTJN^URg�NIaAKfCIM�]t®?T¢SG«|K�TJV^K�Uo�IK�MYSdN^E��t�²S�N¤M�MYQREdg

r ∗ k
SGTLOjK�g§p�](K�EdK

k
TLg�SG]RK

U�QRO§l�K�E�NIa�M�NIO�PRQ0SGK�Z�®�TJSG«AK�TLVIK�URPuCFTLEdg$�

•
Sd]RK�£ �iB,NIa�Sd]RK_M�N^Uo�IK�EdVIK�URMYK�SGKYghSdg��%�²S�N¤M�MYQREdg?CFS\Sd]RK_O�NIghS

r ∗ k
SGTJO�KYg��

�\]RK�gdK�MYN^URZ�VIEGCIPR]�PREdNIP$N^ghK�g?S{p�N|CFZRZRTJSdTLN^URCIH PuCIEdCIHLHJK�H.HJN0N^P(g?lo��PuCIEdCIHLHJK�HJTL«�TJURV�Sd]RK�NIQ(SGKYEAHLN¤N^PRg
M�NIU�SGCITLU(TLURV�Sd]RKxM�N^OjPRQ(SGCFSGTJN^URgqNIa�CIHJH6®�TJSG«�KYTLV^KYUo�^K�MzSGN^Ehg�CFURZwSd]RK�M�NIO�PRQ0S�CFSdTLN^URg|NFa§CIHJH�Sd]RK
EdKYgdTJZRQuCIHJg�ª CIURZvSG](K�TLE\U(N^EdO9¬*�
�\]RK�Kz�0K�MYQ(SGTJN^UqNIa$SG]RK�V^EGCIP(]�TJgrZRTJghSdEdTLl(Q(SGKYZ9CIOjN^URV_SG](K?prN^EdsFK�Ehg�lo��Q(gdTLU(V�N^URK�ª³NIErghKY�^KYEGCIH$TLU�C
M�HJN^gdK6acQ0SGQREhKX¬�luCIM�s^�²K�URZ��%�{UvPuCIEdCIHLHJK�H�gdK�MzSGTJN^URg\N^E\PuCFEGCIHJHLK�H�HLN¤N^PRgYW0Sd]RK���£�± m M�]RK�Z(QRHLKYE?ghQRlROjTJSdg
N^lo�¤TLN^Q(gdHJ��PuCIEdCIHLHJK�H�SGCIgds�g$��[?NXp�Kz�^K�EYW�prK�QRURZRKYEdHLTJURK§SG]RCFSiSG]RK�SGCIgds�g�CIEdK�URNFS_URK�MYK�gdgdCIEh�:ghN^HJ�IK�Z
TLUvPuCFEGCIHJHLK�H$ZRK�P�K�U(ZRTLURV�N^UvSG](K�lRCIM�s^�{K�U(Z�CIU(Z�Sd]RK_M�N^OjPRQ(SdTLURV�OjTLZRZ(HLKYp�CIEhK6p�]RTLM�]�CIEdKiQ(gdK�Z
�
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k sequential loops

k sequential loops

Matrix-Vector product with A
1 component call per worker

m sequential loops

Reorthogonalization

Several basic
component calls

Bisection and inverse iteration

Select the candidate
eigenvalues

Compute new starting vector

Basic component
calls

While not convergence do

Matrix-Vector product  Au 
(used for the residual)
1 component call per worker

Computation of a Ritz 
eigenvector u=Qv
1 component call per worker

Matrix sharing 
       step

Several basic 
component calls

Several basic
component calls

Several basic
component calls

©�TLV^QREhK ��� � �7©DTLEhghS��7�IKYSdSdKX£�±�prN^Ehs#1RN�p NIa�Sd]RK_EdK�CIH gh�¤OjO�KzSGEhTLMiK�TJV^K�U(gdN^H¢�^K�E
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Matrix-Vector product with A
1 component call per worker

m sequential loops

Reorthogonalization

Several basic
component calls

Bisection and inverse iteration

Select the candidate
eigenvalues

Compute new starting vector

Basic component
calls

While not convergence do

Parallel computations of the
k residuals and their norm
(Matrix-Vector product Au)

Parallel computations of 
the k  Ritz eigenvectors u=Qv

Matrix sharing 
       step

Several basic 
component calls

Several basic
component calls

Several basic
component calls

k

k

m m m

  nbA   nbA   nbA

  nbA

©DTJV^QREhK ��� 	 �986P(SGTJO�TJ«�K�Z �7�IKYShSGKX£�±�p�N^Ehs�1uNXp NIa`SG]RK_EdK�CIH.gh�¤OjO�KzSGEhTLMiK�TJV^K�U(gdN^H¢�^K�E
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� � �G� �
� � ���	� � )�<�' +��h;¨'.!%&(�k&��"#7! ��#7! 2t+9�"1 <A-b�k& ��#/+u; �

��� �/������� � ��� #&. )&� � # '�� )&� # # � � # , ��%(# � )�6�)&� '�� ;

¦�K§QRgdK�SG]RK 86OjURT¡®?B%e luCIM�s^�²K�URZ:CIURZ�Sd]RK �7�IKYShSGKX£�±}prN^Eds�1uNXp�EdK�HLCFSGKYZ�SGNq©DTLV^Q(EdK � � ���A�\]RK
O�CITLU:N^l¤�hKYMYSGT¢�^K�NIa�SG](N^gdK�PREdKYHLTLOjTLURCIEh��Kz�0P$KYEdTJO�KYU�SGCFSGTJN^URg_TLg_SGN�N^lRghK�Eh�IK9SG](K9NX�^KYEd]RK�CIZ�NIa�Sd]RK
��£�±�PRH¡CFShacN^EdO M�N^OjPuCIEhK�ZxSGN�gdTJO�TJH¡CIE?SGK�gbSGg�ZRN^URKjZRTJEdK�MzSGH¢��N^UxSGN^P:NIa�Sd]RK 8iOjURTL®�B%e��_HJN^luCIH
e�N^OjPRQ(SdTLURV�OjTLZRZ(HLKYp�CIEhKjªcSG](K_S{prNjKz�0K�MYQ(SGTJN^U�prN^Ehs#1RN�p�gACIEdKighTLOjTLHLCIE�¬&�
 AQRK|SdNxC�H¡CIM�s:NIa�SGTJO�KFWkSG]RK|U�QRO§l�K�E�NFa?prN^EhsIK�Ehg�TLg§HJN�p CIU(Z�Sd]RK|gdTJ«�K|NIa�Sd]RK|O9C�SGEdT ��TLg§URNFS
�^KYEh��H¡CIEhV^K����\]�QRg�WkSd]RN^ghK9SGKYghSGg�ZRN�URNIS�K�OjPR]uCIghTL«YK9URKYTJSG](K�E�Sd]RK9ghMfCIHLCIlRTJHLTJS{��NIa���£�±yU(N^E�Sd]RK
gdM�CIH¡CFlRTLHJTJS{�jNIa�N^QRE��7�^KzSdSGKf£�±�K�TJV^K�U(gdN^H¢�^K�E$�

��� �/����� � *�8�6�) � ' , % 6 � 1 � 2 %(# , ��.06!8 ; # ) )��"�#� ;

©uN^E\SG]RNIgdK�Kz�0P$KYEdTJO�KYU�Sdg�WuprK�]uCIEhURK�ghg�Sd]RK�U(KYS{prN^EdsvNIa�p�N^Ehs�ghS�C�SGTLNIURgAC�S?Sd]RK6��URT¢�^K�EhgdT¢S{�vNIa/±.TLHJHLK
.'�v�\]RK�M�HLTJK�UoSfW�SG](K ��£�± m M�]RK�ZRQ(HLK�E�CIURZ�Sd]RK  A® m K�Eh�IK�E�CFEdKjHLN¤MfCFSdK�Z�NIU�C�ghTLURVIHLKjP$NXprK�EhacQ(H
prN^Eds�ghSGCFSGTJN^U W¤CIHJgdN�CFS7SG]RK �?URTJ�IK�EdghTJS{��NIa ±.TLHLHJK .'� ��£�±�Q(gdK�g%SG]RK/86OjURT¡®?B%e�luCFM�so�²K�URZjp�TJSd]jSd]RK
!"MYHLQRgbSGKYE�M�N^U0nuV^QREdCFSGTJN^U # �D�\]RK 86O�URTL®�B%e�EdKYH¡Cf��URN0Z(K�g�CIEhKiEdQRUvCFS�SG]RK-�?URTJ�IK�EdghTJS{�9NIa�±�TJHLHJK?SdN0N��
e�N^OjO§QRURTJMfCFSdTLN^U�ZRN¤K�g�URNFS\V^N�Sd]REdN^Q(V^]qSG]RKA�{U�SdK�EhURKYS?lRQ(S�ghS�Cf�¤g\TLU�SG]RK_±.¯6­ NIa.SG]RK-�?URTJ�IK�EhgdTJS{�
p�]RN^ghKiSG]RKYN^EdKzSGTLMAluCIURZ(p�TJZ(SG]|�FCIEhTLK�g�acEhN^O . 0�SGN . 0'0�£�lRTJSdg��/��CIlRHLK ����.iP(EdK�ghK�UoSGg�SG](KiZRKYSGCITLHJg�NIa
SG](K�P(H¡CFShacN^EdO gdKzSdSGTJURV^g$�

e�NIU(nuV^QREdCFSGTJN^U . e�N^U0nuV^QREdCFSGTJN^U?5
£�TJZRZRHJKYp�CIEdK 86O�URTL®�B%e

±.N¤MfCFSdTLN^U|NFa�Sd]RK_M�HLTJK�UoS ±�TJHLHJK
±.N¤MfCFSdTLN^U|NIa`SG](K 86OjURT¡®?B%e�EdK�HLCf�|URN¤ZRK�g ±�TJHLHJK

±�N¤MfC�SGTLNIU|NIa�Sd]RKip�NIEdsIKYEdg ±�TJHLHJK
­�l�NIa 8iOjURTL®�B%e�gdKYEh�^KYEdg . 5
­?l|p�N^EhsIKYEdgAP�K�E\ghK�Eb�^K�E 5 ;
��NFS�CIH.U�lvp�N^EhsIKYEdg 5 ; � �
­�QRO§l�K�E\NFaDlRHJN0M�s�g�NIa�¯ 5 ; � �

�DCIl(HLK ��� .�� %D�(P�K�EhTLOjK�UoS�CFH PRH¡C�SdacN^EhO�g�NFa�Sd]RK_PREdKYHLTLOjTLURCIEh��SGKYghSdg?NIU �_£�±

®�K�VoCIEhZRTLU(V9SG]RK�U¤Q(O�KYEdTLM�CIH`gdKYShSGTJURV^g�W$p�K§Q(gdK§SG](K§gGCIOjK§EhKfCIH�gh�¤O�OjKYSdEdTJM�O�CFSGEhT¢��NIa7N^EhZRK�E
N =

47792
SG]uCFU�TLU�e�]uCIP(SdK�E 	(W m KYMYSdTLN^U�	�� ��� 	����\]RK§Z(TLOjK�URghTLN^U�NIakSd]RK +iEh�¤HLNX�vghQRlRgdPRCIM�K�TJg6. �¤W�5�0

N^E 5 ���/�\]RK�U�QRO�l$KYE?NFaDMYN^O�P(Q(SGKYZ�KYTLV^KYURPuCITJEdg\TJg .^W�5�N^E����
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O�WRs e�N^U(nRV^QREGC�SGTLNIU . e�N^U(nuVIQREGCFSdTLN^U 5
. �0W . 5'5 . 5�0 ;
. �0W�5 ��5 � 5 � �
. �0W � 	 ��5 5 ; �
5�0(W . . ;�= . 	 �
5�0(W�5 ��5 . 5 ��5
5�0(W � � � � 5 ;�=
5 �0W . 5 � = . = �
5 �0W�5 5 � = . � �
5 �0W � 5 � . . ; �

�DCFlRHLK ��� 5 �k¦�CIHLH �{MYHLN¤M�s�SdTLOjK�g\NIa`SG](K�MYHLTJK�UoS\SGN�V^KzS\SG]RK
k
®?T¢SG«iKYTLV^KYURPuCITJEdg_ªcTLUvO�TJU�Q(SGKYg�¬

O�WRs 5 ; p�NIEdsIKYEdg�CFS?±.TLHJHLK � � p�NIEdsIKYEdg�CFS?±.TLHJHLK
. �¤W�. 5�0 5 .
. �¤W�5 � � � �
. �¤W � � . 	 =
5�00W�. . ; 5�0
5�00W�5 �'0 � �
5�00W � � . 	 	
5 �¤W�. 5 ; 5 �
5 �¤W�5 � � 5 �
5 �¤W � � � 	 �

��CIlRHLK ��� � �6¦�CIHLH �{MYHLN¤M�s�SdTLOjK�giNIa%SGKYghSGg�ZRN^U(K�ZRTJEdKYMYSGH¢��p�T¢SG] 8iOjURTL®�B%e N^U:PRH¡CFShacN^EdOjgiCFS�±.TLHJHLK
ª³TJUvO�TJU¤Q0SGK�gG¬

O�WRs 5 ; p�NIEdsIKYEdg�CFS?±.TLHJHLK � � p�NIEdsIKYEdg�CFS?±.TLHJHLK
. �¤W�. .'. ;
. �¤W�5 ; �
. �¤W � ; �
5�00W�. . 0 =
5�00W�5 . 0 �
5�00W � = �
5 �¤W�. � �
5 �¤W�5 � =
5 �¤W � � 	

��CIlRHLK ��� 	 �/86�IK�Eh]RKfCIZxNIa �_£�± ª³QRghK�Z�p�TJSd]�SG]RK 8iOjURTL®�B%e luCFM�so�²K�URZu¬AM�N^OjPuCIEhK�Z�SdN|CqZRTLEhK�MzS
QRgdCIV^K_NIa 8iOjURTL®�B%e�ª³EGC�SGTLNo¬
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��� �/������� "$#&; 238 )�; '�� # � � # , �:%(# � )�;

�\]RK�p�CIHLH �{M�HJN0M�s|SdTLOjK�g�SdNvgdN^H¢�^K§SG](K�K�TLVIK�URPREhN^lRHJK�O CIEdK�l�KYS{prK�KYU 	vCIURZ .'.§SdTLOjK�g6HJN^URV^KYE�Sd]uCIU
SG](K�SGTJO�KYg�P(TLM�sIKYZxQRP�p�TJSd]�C9Z(TLEdKYMYSAKz�0K�MYQ(SGTJN^U�N^U 86OjURT¡®?B%e �¥�\]RK§PRHLCFSdacN^EhO
M�N^U0nuV^QREdCFSGTJN^URg�W
SG](KiTLURPRQ0S�PuCIEGCFO�KzSGK�Ehg�CIURZ|SG](KiU¤Q(O�KYEdTLM�CIH CFHLV^N^EhTJSd]RO�grCIEhKigdTLOjTLHLCIE���¦�K�P�N^TJU�S�N^Q(S�S{prN�M�CIQRghK�g
Kz�0PRHLCITLU(TLURV�ghQRM�]�ZRT �*KYEdKYURM�KYg?NFaDMYN^O�P(Q(SGTJURV�SGTLOjK�g$�
©DTJEdghS�WIprK?P�N^TJU�SkN^Q(S/SG](K\N��IK�Eh]RKfCIZ�NIa
��£�± �o�\]RKYEdK?CIEhK\O9CIUo��EdKfCFgdN^URg$�k�\]RK�gdM�](K�ZRQRHJK�E%NIa
��£�±
S�CFsIK�g`SGTJO�K/SGN?gdKYHLKYMYSDSd]RK%EdK�O�CITJURTLURV\SGCIgds�g�SdN�EhQRU����²SDTJgDCIHJgdN?��QRTJSdK%HJN^URV�SGN�PuCIM�s�CIURZ�QRURPuCIM�siSd]RK
PuCIEdCIOjKYSGKYEdg\TJU�NIEdZRKYE�SdN�SGEGCFURghacKYE�Sd]RK�O3l$KzS{p�KYK�U�Sd]RK_ZuCFS�C�EhK�P�N^gdT¢SGN^Eb�|CIURZvSG](K �_£�±�¦�N^EdsFK�E$�
(�KYgdTLZ(K�g�W¤acN^E%KfCIM�]|MYN^O�P�N^URKYUoS�M�CIHLH�CIghgdTLVIURK�Z9SdN�C�VITJ�^KYUqURN¤ZRKIW�prK6O§QRgbS�SGEdCIURgbacK�ErSd]RKAl(TLUuCIEb��NIa
SG](K�MYN^OjP$N^U(K�UoS?KY�^KYU�TJa`SG](K�gdCIOjK�MYN^OjP$N^U(K�UoS?]uCIg?CIHLEhKfCIZ0�ql�K�K�U�EdQRU�lo�|SG]RK�gGCFO�KiURN¤ZRK2�%¦�K
gdQ(PRP$NIgdK�SG]RTJg�MYN^OjO§QRURTJMfCFSdTLN^U�MYN^ghS_acN^EiSG](Kjl(TLUuCIEb��SGEdCIURgbacK�E_TLgiSG](K�O�CITLU�M�CIQRghK�NIa�NX�^K�Eh]RKfCFZ��
¦yTJSd] �_£�±4CIURZ:SG]RK 86O�U(T¡®?Bre luCIM�s^�²K�URZ W�SG]RKjEdKYO�NISdK�ghSGQ(l�p�EGCIP(g�Sd]RK �_£�±t¦�N^EdsFK�E�CIURZ
SG](TLg���£�±t¦�N^EhsIK�E�O§QRgbS�ZRNXp�URHLNoCFZ:Sd]RK�l(TLUuCIEb�'� 86U:Sd]RK�MYN^UoSGEdCIEh�IWDCvZRTLEhK�MzS�K´�0K�M�Q0SGTLNIU�p�TJSd]
86O�U(T¡®?Bre3NIURHJ�}SGEdCIURghacKYEdgqSd]RK�PuCIEdCIO�KzSGKYEdg|CIU(ZwP�K�EbacN^EdOjgqPREhN0MYK�ZRQ(EdK�MfCFHLHLg�N^U�SG](K�EdK�OjNISdK
ghSdQRlRg$�r�\]RNIgdK_ghSdQRlRg�CIEdK�CIHJEdKfCFZ(�qEhK�V^TJghSGKYEdKYZ�N^U|Sd]RK_EdK�OjNISdKiURN0Z(K�g��
m KYM�N^URZ*WoTJS/MYN^URM�KYEdURgkSd]RK\TLOjPRHJK�OjK�UoS�CFSdTLN^U�P�N^TLUoSkNFa��¤TJKYp-��¦yT¢SG]�CIU�Q(gdQuCIH�8iOjURTL®�B%e�PREhN^V^EGCFO�W
SG](K\M�HLTJK�UoS/M�CIU�P$KYEhacN^EhO=ghTLOjPRHLKrM�N^OjPRQ(SGCFSGTJN^URgDTJURghSdKfCIZ�NFa$Z(N^TLURViEhK�OjNISGK�PREdN¤M�KYZRQREdK\M�CIHLHJg�p�]RNIgdK
M�NIO�O§Q(URTLM�CFSGTJN^U�SGTLOjK�g�prN^QRHLZ,l$K�HLN^U(V�MYN^O�PRCIEdKYZtSGN:SG]RK�EdK�OjNISdK�MYN^O�P(Q(S�CFSdTLN^U�SGTJO�KYg�� 86U
SG](K|M�N^UoSGEdCIEh�IW �7�^KYShSGKf£�± ZRN¤K�g§U(NIS�gdQ(PRP$NIEhSjCIUo��MYN^OjPRQ(S�C�SGTLNIU����\]RK|M�HJTLKYU�S§O§QRghS§ZRNxO9CIUo�
M�NIO�P�N^URKYU�S�M�CIHLHJgiKY�^KYU�acN^Ei�^KYEh�xghTLOjPRHLK§SGCIgds�g��9�²S�CFZRZRg�O§QRM�]�MYN^OjO§QRURTJMfCFSdTLN^U�� (rK�gdTJZRK�gYW`prK
]uCf�^K�gdKYK�U}SG]uCFS�Sd]RK|�^N^HJQRO�K|NFa6M�NIO�O§Q(URTLM�CFSGTJN^U�TLg�ghTLV^U(TJnuM�CIUoS�l$KYMfCIQRghK �_£�± SdEGCIURgbacK�EhgjSd]RK
Kz�0KYM�Q(SGCIlRHLK_acN^E\K�CIM�]�MYN^OjP$N^U(K�UoS�MfCIHJH �


���� � � ��� �Y� � �=� � � ��� � � �

¦�K�M�NIURgdTJZRK�E?S{p�N|s�TLU(ZRgANIakN^URV^N^TJURV�p�N^Ehs�EhK�HLCFSGKYZ�SGNjSG]RK�Kz�0P$KYEdTJO�KYU�Sdg6CIU(Z�SG]RK�ZRKY�IK�HJN^PROjK�UoS
NIa ��£�± �
©DTJEdghS�W0prK_]uCf�^K_SGN�Kz�0P�K�EhTLOjK�UoS\SG]RK_ghMfCIHLCIlRTLHJTJS{��NIa ��£�±�lo�|OjKfCIURg\NFa`SdK�gbSGg?QRgdTJURV�O§QRM�]�H¡CIEhV^K�E
O�CFSGEhTLM�KYg|CIURZ4]RCIEdURKYgdghTLURV�OjN^EdK�p�N^EhsIKYEdg��=¯ �_EhTLZ���0�0'0�KYU��¤TJEdN^UROjK�UoSv]uCFg|l$KYK�UygdKzSvQRPyl��
86HLT¢�0TJK�E� AK�HLCIURURNX��TLU�N^EhZRK�E�SGN|P�K�EhacNIEdO
SG]RTJgAprN^Eds����²S6p�NIQRHLZ�l�K�CIHJgdNqTJU�SdK�EhK�ghSdTLURVqSdN9SGKYghSiSd]RK
gdKYM�N^U(Z �7�^KYShSGKf£�± p�N^Ehs�1uNXp_W?gh]RNXp�U4lo�t©�TLV^QREhK ��� 	���¦�K�p�N^Q(HLZtHJTLsFKvSdN�K´�(P�K�EhTLOjK�UoSqghN^OjK
OjN0ZRT¢nuMfC�SGTLNIURg6NIarSG]RK�prN^Eds�1uNXp lo�xZRTLgbSGEhTLlRQ(SdTLURVvghN^O�K�MYN^O�P(Q(S�CFSdTLN^U(g����\]RKjN^l¤�hK�MzSGT¢�^K�prN^QRHJZ
l�K�SGN6MYN^U(nuEhO�Sd]uCFS/MYN^OjO§QRURTJMfCFSdTLN^U�EdK�CIHLH¢�_P$KYUuCIHLTJ«�KYg�SG](K�ZRTLgbSGEhTLlRQ(SdTLN^U�NIa¥M�KYEhSGCITLU�SGCIgds�g/ghQRM�]jCIg
SG](K�PuCIEbSGTJSdTLN^U(TLURV�NIa

A
WISG]RK�EdK�NIEhSG](N^V^N^UuCFHLTL«�CFSGTJN^U�� ¦�K�]uCf�IK�CIHLghNASGN6K´�0P$KYEdTLOjK�UoSDN^QRE�K�TLVIK�URghN^HJ�IK�E

p�TJSd]|SG]RK 
ASdEdKYOA¦�KYl�lRCIM�s^�{K�U(Z��
m KYM�N^URZ*W¤prK�]uCf�^K�SGNinuURTJgd]jN^URV^N^TJURViTLOjPRHJK�OjK�UoS�CFSdTLN^U(g�N^U���£�±�EdKYH¡CFSdK�Z�SGNiSG](K?O�QRHJSdT(luCIM�s^�²K�URZ
gdQ(PRP$NIEhS��D�²S�MYN^URM�KYEdURg%SG]RK (�CFM�so�²K�URZ m M�]RK�Z(QRHLKYErOjN0Z(QRHLK�CIU(Z�SG](K?TJU(acN^EhO9CFSdTLN^U�ghK�Eb�0TJM�K?O�N¤ZRQRHJK��
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�\]RK�TLU(acN^EhO9C�SGTLNIU§gdKYEh�¤TLMYK�MYN^URgdTJghSdg�TLU�gbSGN^EhTLURV�CIURZ�O9CIURCIV^TLU(VighS�C�SGTLM?CIU(Z9Z(�¤UuCIOjTLM�TJU(acN^EdO�CFSdTLN^U
CIl�N^Q(S?SG]RK�URKYS{prN^Ehs�EdKYgdN^Q(EdM�KYg�W*Sd]RK�MYN^OjPRQ(SGTJURVjURN0Z(K�giCIU(Z�SG]RKYTLE?O�TJZRZRHJKYp�CIEdKFW$CFURZ�CIHJgdN9ghN^OjK
ghSGCFSGTJghSdTLM�g/NFa$Sd]RK�PuCIghS7K´�0K�M�Q0SGTLNIURg��/�²S%TLg/Q(gdK�Zjlo��SG]RK (�CFM�so�²K�URZ m M�]RKYZRQRHJK�E%TLU�N^EhZRK�E/SGN_ghM�]RK�ZRQ(HLK
CFS�SG]RK�EdQRUoSGTJO�K�C�SGCIgdsvSGNjSG]RK§OjN^gbS6CIP(PREdN^P(EdT¡C�SGK�luCIM�s^�{KYURZ��i�\]RKYEdK�CIEhK�O�CIUo��NISG]RKYEAN^U(V^N^TLU(V
prN^Eds�NIU �_£�±�p�](TLM�] CIEdK�]uCFURZRHLKYZyN^URHJ�,lo� 86HLT¢�0TJK�E  AK�HLCIURURNX�^W�TJSdg|O9CITJU�ZRKz�^K�HJN^P�K�E��¨©¥NIE
TLU(ghS�CFURM�KFW*]RK§P(H¡CIURg?SGNqNIP(SGTJO�TJ«�KiSG]RK�M�N^OjPRTLHLCFSGTJN^U|PREhN0MYK�gdg_CFURZ�EdKzSGQREhURgiC9OjN^EhK�acEdTJK�URZ(HJ�|SGTJO�K
KY�FCIHJQuCFSdTLN^U���[�K?CIHJgdN6p�CIUoSGg/SGN_O�CIsIK?CiZRTJghSGEhTLlRQ0SGK�Z§�IK�EhgdTLNIU�NIa�SG](K?ZRCFS�C6EhK�P�N^gdT¢SGN^Eb�§gdKYEh�¤TLMYK?CIURZ
CAlRTJUuCIEb��M�CIM�]RK\N^U�Sd]RK�prN^EdsFK�Edg/TJU§N^EhZRK�EDSdN6EdKYZRQRMYK�Sd]RK�MYN^ghS/NFa¥M�N^OjO§QRURTJMfCFSdTLN^U(g����{URZRKYK�Z W�KY�IK�U
TJa.C�p�NIEdsIKYE\]uCIURZ(HLK�grgdKz�^K�EdCIH*SdTLOjK�g7SG]RK6gdCIOjKAM�NIO�P�N^URKYU�S�W¤Sd]RK6gdCIO�K�lRTLURCIEh�jTLg%ZRNXp�URHJNoCIZRKYZ|l��
SG](TLg/p�NIEdsIKYE�CFS%K�CIM�]�SdTLOjK��D�\]�QRgYW0lo��SGKYO�P�N^EdCIEh��MfCIM�]RTJURV�MYN^OjP$N^U(K�UoS%lRTLUuCFEdTLKYg�W^prKAM�CIU�EhK�ZRQ(M�K
gdTJV^URT¢nuMfCIUoSdHJ��SG](K6�^N^HJQRO�K�NIa.SGEdCIURgbacK�EdEhK�Z|ZuC�S�C§CIU(Zqp�KiM�CIU|HLTJO�T¢S/SG]RK6EhTLghs�NIa�l�NIShSGHLKYURK�M�sjNIa.Sd]RK
 6® m KYEh�IK�E��
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�\]RK ��£�±�acEGCFO�Kzp�N^Ehs,SGCIEdV^KzSGgqSdN�]RTLZRK�Sd]RK�M�NIO�PRHJKz�0TJS{�tCIURZy]RKzSGKYEdN^V^KYURK�T¢S{�4NIa_SG](K:�_HJN^luCIH
e�N^OjPRQ(SdTLURV�O�TJZRZRHLKzp�CFEdK9ghN�SG]RCFS§SG](KqM�HJTLK�UoS�N^URH¢�:acN¤M�Q(gdK�g�NIU�PuCIEdCIHLHJK�H%CIURZ�ZRTJghSdEdTLl(Q(SGKYZ�M�N^U¤�
gdTJZRK�EdCFSGTJN^URg�acN^E§]RTJg§CIPRP(HLTLM�CFSGTJN^U�� �_£�±yPREdNX�¤TLZRKYg�C�QRgdKYEb��acEdTLKYURZRH¢�:prN^Ehs#1RN�p3H¡CIU(V^QuCIV^K�MfCIHJHLKYZ
�7�^KzSdSdKX£�±4CIU(Z�QRghK�g�SG]RK�M�NIO�P�N^URKYU�S�PREhN^V^EdCIO�OjTLU(VqO�N¤ZRKYHkgdN�CIgiSGNva³Cf�^N^QREiSd]RK�EdKz�²QRgGCFlRTLHJTJS{�
CIURZvSGN�MYHLKfCFEdHJ��gdKYPuCIEdCFSGK_S�CIghs�g�CFURZ�MYN^OjO§QRURTJMfCFSdTLN^U��
¯AH¢SG]RNIQRV^]�prKxCIPRPREhK�M�TLCFSGK�]RCIEdURKYgdghTLURV�CIUo�4s�TJURZ4NIa�M�N^OjPRQ(SdTLURV�O�TJZRZRHLKzp�CFEdK�p�T¢SG]yC�QRURTJ��QRK
�7�^KzSdSdKX£�±tP(EdN^V^EdCIO�W$SG](K�M�QREhEdK�UoS_gbS�CFSdQRg_NIa ��£�±�ZRN¤K�giURNIS6]RTLZRK�KYUoSGTLEhK�H¢��Sd]RK�]RKYSdK�EhN^V^K�U(K�TJS{�
NIa�SG]RK�O�TJZRZRHLKzp�CFEdKvHLKz�^K�H ���{U,a³CFMYSfW�CFS�Sd]RK�EdQRUoSGTJO�KFWrprK�M�CIUtN^U(HJ��QRghK�N^URK�luCIM�s^�²K�URZ�ghTLURMYK
SG](K9O§QRH¢SGT/luCFM�so�²K�URZ(g�gdQ(PRP$NIEhSvª³CFS�SG]RKjEdQRUoSdTLOjKX¬6TLg�ghSdTLHLH7CFU�N^URVIN^TLURV|prN^Eds��?86QRE§CFUuCIHJ�¤ghTLg_NIa
SG](KjKYTLV^KYURPREhN^lRHLKYO ]uCIg_QRU(ZRK�EhHLTLU(K�ZxSG]uCFSiprKjMfCIU:KfCIghTLH¢��ZRTJgdM�Q(gdg�CIl$NIQ(S_SG]RK�ZRT �*KYEdK�UoS�P�N^gdghTLlRHJK
ZRTJghSGEhTLlRQ0SGK�ZwgdM�](K�OjK�g�p�T¢SG]RNIQ(S�CIUo��ª³N^E|�IK�Eh�yacKzp�¬vOjTLZRZ(HLKYp�CIEhK�M�N^URghTLZRKYEGCFSdTLN^U(g�� �\]RK�U W6prK
CIPRP(HJ��K�CIgdTJHJ��N^Q(E�M�](N^TLMYK�g_p�TJSG]xSG](KjprN^Eds�1uNXp HLCIURV^QRCIV^K�NIa �_£�± �!8Aa�M�NIQREdghKIW �7�IKYShSGKX£�±y]RCIg
TJSdg§NXp�U�HLTLOjTJSGCFSGTJN^URgilRQ0S�SG]RKz��CIEdK9URNIS�PREhN^lRHLKYO9C�SGTLM�CIg�ghN0N^U�CFg§p�Kv]uCf�^KvQRU(ZRK�EhghSGN¤N¤Z}ghN^OjK
ZRKzS�CITJHLgANFa/SG]RK �7�IKYShSGKX£�±,¯6B/� � �{U�PRCIEhSdTLM�Q(H¡CIEYW¥prK�MfCFU�S�CIsFK�C9V^EdK�CFSiCFZ(�FCIUoS�CIV^K�l���QRgdTJURV9Sd]RK
��£�±�e�N^HJHLKYMYSGTJN^Uj¯6B/� �0�²S\CIHLHJN�p�g%O�CIUuCIV^TJURV�ZuCFS�C�CIHLOjN^gbS�CIg%p�KYHLH$CIg�HJN�prK�ErHLKz�^K�H$PREdNIV^EGCIOjOjTLURV
H¡CFURV^QuCIVIK�g�� (�K�ghTLZRKYg�Wkp�T¢SG]�Sd]RK ��£�± e�N^HJHLKYMYSGTJN^U:¯6B/��W�Sd]RKqM�HJTLKYU�S�MfCFU�KfCIghTLHJ�xZ(N�N^Q(Sh�²NIa¡�{MYN^EdK
p�TJSd]RN^Q(S\prN^EhEh�¤TLURV�N^UvnuHJKiO9CIURCIV^K�OjK�UoS��
86QRE�Kz�0P�K�EdTJO�KYUoSGg?]uCf�^K�QRURZRKYEdHLTJURK�Z�C�gdTLVIURTJnuM�CIUoS?N��IK�Eh]RKfCIZ
�r¦�K�O§Q(ghS�S�CIM�s�HJK�T¢S��¤Q(TLM�s�HJ�|T¢a�prK
p�CIUoS/SGNiP�K�EhacNIEdO�H¡CIEhV^K�E�M�N^OjPRQ(SGCFSGTJN^URgkCFURZjCFSdSdEGCIMzSkQRghK�Edg$�/�{U�a³CIMYS�WoCIHJSd]RN^QRVI]�p�K�ZRNiU(NISkS�CFEdV^KzS
�^KYEh��]RTLV^]�P$KYEhacN^EhO9CIU(M�K�gYW TJS�TLg���QRTJSdK§HLN^U(V�SGN|ghN^HJ�IK�C9ghO9CIHJH�EhKfCIH`K�TJV^K�U(PREdN^l(HLK�O ª

N = 47792
¬

p�]RTJM�]}TJg§URNIS�Q(gdTLU(V�SG]RK|�{UoSGKYEdURKzSjURKYS{prN^Eds�� (%��QRghTLURV��{UoSGKYEdURKzSfW%TJS�TJg§KY�IK�U}gdQRP(P$N^ghK�Z�SGN�l�K
HLNIURV^K�E$�k¯Ag�Kz�0PRH¡CFTLURKYZqTLUjSG]RK6NIURV^N^TJURV�prN^EdsjgdKYMYSdTLN^U W¤SG]RKYEdKiCFEdKAO�CIUo��P$N^ghgdTJlRTLHJTJSGTJK�gkSdN§TLOjPREdNX�IK
SG](K\K �$K�MYSdTJ�IK�URKYgdg%NIa
��£�± �^�²Skp�TJHLH0l$K��IK�Eb��TLUoSGKYEdKYghSGTJURV6SGNiP�K�EbacN^EdO�SG]RK\gdCIOjK�Kz�0P�K�EdTJO�KYUoSGgkp�TJSd]
C�MfCIM�](K�OjK�M�]uCFURTLghO3acN^E�SG](K�l(TLUuCIEhTLKYg\CIURZ�C�O�N^EhKiKY~jM�TJK�UoS?PuCIM�s�TLU(V9CIU(Z�QRU(PuCIM�s�TLURVjPREhN0MYK�gdg$�
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��£�±}TJg�PREhN^P�N^gdTJURVqC9U(N��IK�H/CFURZ��^KYEh��]RTLV^]�HLKz�^K�HDCIPRPREhNoCIM�]�NFar�_HJN^luCIH`e�N^OjPRQ(SdTLURV���¯�g ��£�±
TLg/�IN^QRURV§ghNIa�S{p�CIEdK�ZRKY�IK�HLNIP$KYZqlo�jC��^KYEh�jgdO�CIHJHRSGKfCFO�W�TJS%EhK�O�CITLURg7O�CIUo��SG]RTJURV^g/SGN�TLOjPREdNX�IK?l(Q(S
prK�CIEhKiM�N^Uo�¤TLU(M�K�Z�SGN�V^N�N^UvSG]RKiEhTLV^]oS\p�Cf�'�
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�\]RK��iHLN^lRCIH e�NIO�PRQ0SGTLU(V§O�N¤ZRKYH$TJg�EdKYHLKY�FCIUoS�acNIE�SG]RKighN^HLQ0SGTLNIU9NIa`H¡CFEdV^KACIPRPRHJTLMfC�SGTLNIURgrNIURHJ��TJa.Sd]RK
K�U(Z0�{QRghK�E�MfCIURU(NIS/CIMYM�KYgdg�SdN6[�Bre�Z(KY�¤TLMYK�gkCFURZ§TJa(]RK%ZRN0KYgDURNFS�SGCIsIKrMfCIEhK%SdN�SG](KrSGTJO�K´�²SdNF�{ghN^HLQ(SdTLN^U
�
�\]RK§MYN^ghS_NFa7M�N^OjO§QRURTJMfCFSdTLN^UvacN^E?SG]RK��iHLNIluCIH�e�N^OjPRQ(SGTJURV9OjN¤ZRK�H`TLg?SG]RK§O�CITJU�Kz�0PRHLCIUuCFSdTLN^U�NIa
P�N0N^E�P�K�EhacNIEdO�CIURM�KYg��v�²S§O�CIsFK�g§CFPRPRHLTJMfCFSdTLN^U(g�VITJ�¤TLURVv�^KYEh��HLN^U(V�SdTLOjKz�²SdNF�{ghN^HLQ0SGTLNIURg����\]RTLg�H¡CIgbS
P�N^TLUoS�K�HLTJO�TJUuCFSdK�g.O�CIUo��K´�0TLghSdTLURV�M�N^OjPRQ(SGCFSGTJN^UuCIHIPREdN^l(HLK�Ojg`gdQRM�]�CIg`p�K�CFSG](K�EkghTLO§QRHLCFSGTJN^URgYW�OjN^gbS
NIa?TLU(ZRQRghSdEdTLCIH�CIU(Z�EdKfCFH¢�²SdTLOjK9CFPRPRHLTJMfCFSdTLN^U(g�� (�K�ghTLZRKYg�W%TLURZ(QRghSdEdT¡CFH�M�NIO�PuCFURTLKYg§O9Cf��CIHLghN�p�NIEdEh�
CIl�N^Q(SqSd]RK�TLUoSdK�V^EhTJS{�tCIURZ4SG]RK�MYN^U(nuZ(K�UoSGTLCIHLT¢S{�tNIa_Sd]RK�EdKYgdQRH¢SGg��¨©DTLUuCFHLHJ�IW�SG](K�M�N^OjPRQ(SGCFSGTJN^UuCIH
URN¤ZRK�g�NIa?�iHLNIluCIH7e�N^OjPRQ(SdTLURVvPRHLCFSdacNIEdOjgi]uCf�^K9HJTLOjTJSdK�Z�EdKYgdN^Q(EdM�KYg�� m NRW�acN^E_gdNIHJ�¤TLURV�ZRTJgds^�ACIURZ
OjK�OjN^Eh�o�{TJUoSGK�U(gdTJ�IKqCIP(PRHLTJMfCFSdTLN^URgYW�prK|O§QRgbS�ZRTJ�¤TJZRKqC�HJNIS�Sd]RK9prN^Eds�HJNoCIZ�CIOjN^URV�O9CIUo��URN¤ZRK�g$�
�²S�V^KYURK�EdCFSGKYg�C�nRURK|V^EGCFTLU�NIa?PuCIEdCIHLHJK�HJTLgdO p�](TLM�]�TLg§U(NIS�gdQRT¢S�CIl(HLK�acNIE§SG]RTJg§s�TLURZ�NIa?H¡CFEdV^K9CIURZ
]RKzSGK�EhN^V^KYURK�N^Q(g�URKzS{p�NIEds��
�\]RKYEdKYacNIEdKIWD[�TJV^]�B`K�EbacN^EdO�CIURMYKqe�N^OjPRQ(SdTLURV�gh�¤gbSGK�Ojg§CFEdKjTLURZRTJgdP�K�URgdCIlRHJK�acNIE�OjN^gbS�NFa�M�NIO�PRQ¤�
S�C�SGTLNIUuCIH�CFPRPRHLTJMfCFSdTLN^U(g����\]RKz��QRgdQuCFHLHJ��PREdNX�¤TLZRKvHLCIEdV^KvCFO�N^Q(U�Sdg�NIaAOjK�OjN^Eb��CIURZ}ZRTJgds�ghPuCIM�KFW
H¡CFEdV^KjluCIURZ0p�TLZ(Sd]�CIURZ�HLNXp HLCFSGKYURMY��URKYS{prN^Ehs¤g$���\](KY��CFHLgdN�V^QuCIEdCIUoS{��MYN^U(nuZ(K�UoSGTLCIHLT¢S{��CFURZ�TLU0�
SGKYV^EdT¢S{�vEdKY�¤Q(TLEdKYO�KYUoSGg��?¯Ag?SG]RKz��CIEdK�ZRK�Z(TLMfC�SGK�Z�SGN9MYN^OjPRQ(S�C�SGTLNIURg�ªcp�TJSd]�EhK�gdKYEh�FCFSdTLN^U�P$N^HJTLMYTLK�gG¬zW
SG](K6Kz�0P�K�EdTJO�KYUoSGg\CIEhKAURNFS\ZRTLgbSGQREhl$KYZqlo�qNISd]RK�ErM�N^OjPRQ(SGCFSGTJN^URgrCIURZ|MYN^O�O�QRURTLM�CFSGTJN^U��`�\]RK_[AB%e
M�NIO�O§Q(URTJS{�iVIK�URKYEGCIHJHJ�6MYN^URghTLZRKYE`Sd]REdKYKrs�TLU(ZRg�NFau[AB%e�gb�¤ghSGKYO�g$�/©DTJEdghS�W�Sd]RK�EhK�CFEdK/SG]RK%M�NIO�OjN0Z(TJS{�
gh�¤gbSGK�Ojg����\](K�EdKvCFEdK9O�CIZRK�NIa�M�NIO�OjN0Z(TJS{�:e�86� m ª³MYN^OjO�KYEdM�TLCIH7N �¥�²SG](Kz�{gh]RK�H¢a�¬iOjTLM�EhN^PREhN0MYK�gb�
gdNIEdgiCIU(Z:e�8i� m TJU�SdK�EhM�N^URU(K�MYSdTLN^U(g�� m K�MYN^URZ W$p�K�]uCf�IKj]o�¤lREhTLZ�O�CIM�]RTLU(K�gAMYN^OjP$N^ghK�Z�NIa�e�86� m
OjTLM�EhN^PREhN0MYK�gdghN^EdgYWoN^E/M�Q(ghSGNIO�TJ«�K�Zje�86� m O�TJM�EhN^PREdN¤M�KYgdghN^EdgYW�CIURZ�M�QRgbSGN^O=TLUoSGKYEdM�NIURURK�MzSGTJN^URg?ª³K2� V��
� m �/(�¯i£ %yCFS?�\�{�`K�M�] W$�,(\£ (rHLQRK��iK�URK��I±.TLV^]oSfWu¯ m e���¦y]RT¢SGKFW�� 52+ 86P$KYU m QRP�K�EGe�N^OjPRQ(SGKYE
CFS_SG](K �?URTJ�IK�EhgdTJSdTLKYg�NFa��`N^so�^NRW`��ghQRs�QRluC�CFURZ +6�INISGN�¬&���\](TLEdZ*W`prK�MYN^URghTLZRKYE_Sd]RKjM�QRgbSGN^O�gb�0g"�
SGKYO�gjp�]RTLM�]�CIEdK�K�UoSGTJEdK�H¢�}O9CIZ(K�NIa_MYQRghSdN^O O�TJM�EdNIPREdN¤M�KYgdgdNIEdg�CIURZ�MYQRghSdN^O TJUoSGK�EhM�N^U(URK�MzSGTLNIURg
ª³K2� V�� %7CIEbSG] m TJO§QRH¡C�SGN^EYWRe�EdCX� 
 ._gdQRP�K�EhM�N^OjPRQ(SdK�E�¬&�
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e�QRgbSGN^O [AB%e gh�¤gbSGK�OjgiCIEhK�KYU�SdTLEhK�HJ�vZ(KY�^KYHLN^P�K�Z�acNIE?Sd]RK�gdCIsIK§NFa/M�N^OjPRQ(SGCFSGTJN^UuCIH�CFPRPRHLTJMfCFSdTLN^U(g��
�\]�QRg�W$SG]RKz��CIEhK�OjK�EhK�H¢��Sd]RK�OjN^gbSAghQRTJSGCIlRHLK_SGN¤N^HJg��?[�NXprKY�^KYE�W*Sd]RKY��]uCf�^K§C9]RTLVI]��'�I©�HLN^PRg�EdCFSGTJN
l�K�MfCFQRgdK§NFa/]RTLVI]�M�NIghSGg�NIa7ZRKYgdTLVIURTLURV�CIURZ�O9CIU�Q(a³CFMYSGQ(EdTLU(VRW¥P$NXprK�EAMYN^URghQRO�P0SGTLNIU W$KzSGM2��¯�O�NISdT¢�
�FCFSGTJN^U�acNIE%Sd]RK6ZRKz�^K�HJN^PROjK�UoS�NFa�]��¤lREhTLZqO�CIM�]RTJURK�g%p�CFg�SGN§Z(K�M�EhKfCIghKASG](K6M�N^gbSGg$�7©¥NIErTJURghSGCIURM�KAl��
QRghTLURV§e�8i� m OjTLMYEdN^P(EdN¤M�K�ghgdN^Ehg�WoprK6V^KYSrK�MYN^URN^OjTLKYg�NIa gdMfCFHLK?N^U�Sd]RK�TJErZRKYgdTJV^U|CIURZ�O9CFU¤Q0a³CIMYSdQREdK2�
�\]RTJg�SdEdKYURZ�]RCIg�MfCIEhEdTLKYZ�NIU�lo��C�ZRK�MYHLTJURKiNIa�]��¤lREhTLZ�O9CFM�]RTLURKYg?CIURZ�CIU�TJURM�EhKfCIghK_NIaDMYN^OjO�N^Z(TJS{�
gh�¤gbSGK�Ojg��7¦�K�Q(URZRK�EhHLTJURK_gdKY�IK�EdCIH�EdKfCFgdN^URg�acN^E�Sd]RK_gdQRMYM�K�ghgANIaDM�N^OjOjN0ZRT¢S{�jgh�¤ghSdK�Ojg���©�TLEdgbSfW(Sd]RKY�
]uCf�^K6C�HLNXprK�E��'�I©DHJN^PRg%EGCFSdTLN����\]RK�U W0lo�9lRQ0�0TJURV§C�M�N^OjO�N¤ZRT¢S{��gh�¤ghSdK�O�W0prK6MfCFUqK�UoSGKYErSd]RKi[AB%e
M�NIO�O§Q(URTJS{��p�TJSG]}EdK�CIgdNIUuCIlRHJK�K´�0P$KYURgdKYg��4¦yTJSd]}MYN^OjO�N¤ZRTJS{��gh�¤ghSdK�Ojg�W�prK�Z(N�URNFS�NIURHJ��gdCf�^K
OjN^URKY��CFSiSG](Kj]RCIEdZ(p�CIEhKjHJKY�IK�H�W.prK�MfCIU�CIHLghN|gGCf�^KjOjN^URKY��TLUxN^EhZRK�EiSGNvV^KzS_gdNIa�S{p�CIEhK����{U:a³CFMYSfW
M�NIO�OjN0Z(TJS{��CIURZ�M�QRgbSGN^O gb�¤ghSGKYO�gjZRT �*KYE�l���SG]RKYTLE�gdNFa�S{p�CIEhK�CIPRPREhNoCIM�]����\]RKvacN^EdOjK�E§CIZRN^P(Sdg
CIU�]RNIEdTL«YN^UoS�CIHrCIPRP(EdNoCIM�]�lo��Q(gdTLU(V�O§QRM�]�TLU(ZRK�P�K�URZ(K�UoS�gdNIa�S{p�CIEhK��:�\]RKY��CIEdKqVIK�URKYEGCIHJHJ�:N^P�K�U
gdNIQREdMYK�gdNIa�S{p�CIEhK�� e�Q(ghSGNIO gb�0gbSGKYO�gqNFa�SGK�Ut]uCf�^K�Cx�^K�EbSGTJMfCIH�CIPRPREhNoCIM�]�� �\]RK�MYN^URgbSGEdQ(MYSGNIEqNIa
SG](K�gdQ(P$KYEdM�NIO�PRQ0SGK�EAZRKY�IK�HLNIPRgiCjacQ(HLHJ�vTJUoSGK�VIEGCFSdK�Z�ghNIa�S{p�CIEdK§KYUo�0TJEdN^U(O�KYU�S6CIURZ�ghK�HJHLg?TJS?p�TJSG]�TJSdg
O�CIM�]RTLU(K�g���[��0l(EdTLZ�gh�¤ghSdK�Ojg§gdKYK�O SGN�CIZRN^P(S�CIU�]RN^EdTJ«�N^UoSGCIH%CIPRPREhNoCIM�]��v�{U�NIEdZRKYE�SGN�TLOjPREdNX�IK
SG](KqP$KYEhacN^EhO9CFURM�KFWDSG]RK9EdK�HJT¡CIl(TLHLT¢S{��CIU(Z�SG]RKqghQRPRP�N^EhS§NIa�gdNIa�S{p�CIEhKIW/SG]RKz��M�CIU�M�]RN¤N^gdK|P(EdN¤ZRQRMYSdg
NIaDPREdT¢�IC�SGK_M�N^OjPuCIU(TLK�g�ªcTLURgbSGKfCFZ�NIaDN^P$KYU�ghN^QREhM�KX¬&��±�CIghS�EdK�CIgdN^U�acN^E\SG]RK�gdQ(M�M�KYgdg6NFakM�NIO�OjN0Z(TJS{�
gh�¤gbSGK�Ojg?lRQ(S?URNIS�HJKfCIgbSfW(Sd]RKY�vM�CIU�l�KiKz�¤SdK�URZRKYZ�KfCFgdTLH¢�|CIU(Zvp�T¢SG]vEdK�CIgdNIUuCIlRHJK�MYN^ghSdg��
­�Kz�^KYEhSG](K�HLKYgdgYW¤MYN^OjO�N¤ZRTJS{�_gb�¤ghSGKYO�g/]RCX�IK�gdK�EhTLN^Q(gkZREGCfp�luCFM�s¤g$� (r��QRgdTJURViM�N^OjOjN0ZRT¢S{�iURKzS{p�N^Ehs�g�W
prK_a³CFM�K_C§]RTJV^]|H¡CFSdK�URMz�qCFURZ�C�HJNXp lRCIURZ(p�TJZ(SG]��%£�N^EdKYN��IK�EYWRSG]RK6a³CITJHLQREhKAEdCFSGKiTJg�H¡CIEhV^K�E%SG]uCFUvacNIE
M�Q(ghSGNIO gh�¤gbSGK�Ojg��4(�K�ghTLZRKYg�W.SG]RK�URCFSGQREdCIH�SdEdKYURZxTLgASd]RK�TLURMYEdK�CIgdK�NIa7Sd]RK�U�QRO§l�K�EiNIa%PREhN0MYK�gdghN^Edg$�
�\]�QRg�W Sd]RK�PREhN^luCIlRTJHLT¢S{�vNIa/a³CITLHJQREdK�TLU(M�EdK�CIgdKYg_CIURZ�Sd]RK§PuCIEdCIHLHJK�H`KY~jM�TJK�URMz��NIa/Sd]RK�M�NIO�PRQ0S�CFSdTLN^URg
ZRKYM�EdK�CIgdKYg��4�{U�a³CIMYS�W�TJU}Sd]RK|SGTLOjKz��SGNF�²gdN^HJQ(SGTJN^U WDSd]RK�PuCIEhSjNIa?SG](K�EhK�OjNISGKvM�NIO�PRQ0SGTLU(VxSdTLOjK�g�TJg
ZRKYM�EdK�CIgdTJURVip�]RTLHJK�SG]RK\PRCIEhS7NIa¥Sd]RK�M�N^OjO§QRURTJMfCFSdTLN^U�SGTJO�KYgkTLg/TJURM�EhKfCIghTLURV����\]RK�U*W�Sd]RK\M�NIO�OjN0Z(TJS{�
gh�¤gbSGK�OjgiZRNqU(NISiZRK�CIH�prK�HJH�p�TJSd]�OjN^ghSANIa%CIPRPRHJTLM�CFSGTJN^URg�W¥ghQRM�]:CIg6gdPRCIEdghK�HLTLU(KfCIE�CIHLVIK�lREdC(W�p�](TLM�]
]uCf�^KrC\HLNXp:gdPuC�SGT¡CFHoCIURZiSGKYO�P�N^EdCIHIHJN0M�CIHLT¢S{��NFa(ZuC�S�C��`�{Uia³CIMYS�WFC\MYN^O�OjN¤ZRTJS{��gh�¤ghSdK�O ]uCFg`VIK�URKYEGCIHJHJ�
CiHLNXp,O�KYO�N^Eb�§luCFURZ(p�TLZ0SG]�CIURZ�]RTLVI]jOjK�OjN^Eb�§H¡C�SGK�U(MY�'�/e�N^O�OjN¤ZRTJS{��gh�¤gbSGK�OjgrCIEdK�URNIS7ghQRTJSGCIlRHJK
acN^E7O�CIUo��NISG](K�E7s�TLURZRg7NIa CIPRPRHJTLM�CFSGTJN^URgkghQRM�]|CIg7ZuCFSGC-1RN�p4CIPRPRHJTLMfC�SGTLNIURg�ª³ZRCFS�CiPuCIEdCIHLHJK�HJTLgdO9¬�CIURZ
PREhN^lRHLKYO�g�]uCf�¤TLURV�gbSGEdNIURV�SGTJO�K´�²SdNF�{ghN^HLQ(SdTLN^U�EhK���QRTLEhK�OjK�UoSGg:ªcO9CFTLURH¢��l$KYMfCIQ(gdK�NIa_SG](K�URKYS{prN^Ehs
H¡Cf�IK�E�¬&�k¦�KAZRN§URNIS�Kz�0P�K�MYS\Sd]uCFS�M�QREhEdK�UoS�MYN^URghSdEdQRMzSGN^Ehg�NIa�MYN^O�OjN¤ZRTJS{��PREhN0MYK�ghgdN^Ehg�p�TLHLH¥P�K�EbacN^EdO
SG](KjU(K�M�KYgdgdCIEh�:EdKYgdK�CIEdM�]�TLUxN^EdZ(K�EiSGNvEdKYZRQRMYK�ghTLV^URT¢nuMfCFU�SdHJ��SG]RK�VoCIPxl�KYS{prK�KYU�e�B � ghP$KYK�Z�CIURZ
OjK�OjN^Eh��luCIURZ(p�TJZ(SG] ª CFURZ,OjK�OjN^Eb��H¡CFSdK�URMz�(¬*�}�{U}a³CIMzSfWrgdTLU(M�K�C:Z(K�MfCFZRKIW�MYN^URgbSGEdQ(MYSGNIEdgj]uCf�^K
QRghK�Z�Sd]RK�e�B ��MYHLN¤M�s|EGCFSdK�CFg6C�MYN^OjO�KYEdM�TLCIH.CIEhV^QROjK�UoSACIURZ�Sd]RTLg�acEdKY��QRK�URMz��]RCIgAV^EhKfCFSdHJ�vEhTLgdKYU
p�TJSd]RN^Q(SrC_gdM�CIHLTJURV�NFa*SG](K�NISd]RK�E7MYN^O�P�N^URKYUoSGg�� (rK�gdTJZRK�gYW¤Sd]RK?M�QREhEdK�UoS�O9CIEhsIKzSrNFa TLU(ZRTJ�¤TLZ(QuCIHuB%e�g
CIURZxHLCIP(SGNIPRgiZRN¤K�g_URNIS�CIghs�acN^EiO�CIs�TLURV9QRP:Sd]RTLgiV^CIP �6SG](K�EdK�MYK�UoS�ZRKY�IK�HLNIPRO�KYUoS�NFa�O§Q(HJSGT �{MYN^EdK
SGKYM�]RURN^HJN^V^TJK�g\gdKYK�Ojg\SGNjgGCFSdTLgha���SG]RK_URKYK�ZRg?NIa�M�N^U(gdQROjK�Ehg?acN^E\TJURURNX�FCFSGTJN^U��
�\]RK�PREhN^lRHLKYO NFa�OjK�OjN^Eh��ª CFURZxURKYS{prN^Eds0¬6HLNXp�luCIU(Z(p�TLZ(Sd]:CIURZx]RTLVI]�H¡CFSdK�URMz��O�CIsIKYg�OjN^gbSiNIa
CIPRP(HLTLM�CFSGTJN^URgiOjN^EdK�ghMfCIHLCIlRHLK�N^U�]o�0l(EdTLZ�CIURZ�MYQRghSdN^O gh�¤ghSdK�Ojg�Sd]uCIU�NIU�M�NIO�OjN0Z(TJS{��gb�¤ghSGKYO�g$�
�\]RKYEdKYacNIEdKIW`TLUxghPRTJSdK�NIarSd]RK�TLURMYEdK�CIgdK�NIa%SG]RK�U�QRO§l�K�EiNFa�MYN^O�OjN¤ZRTJS{��M�HJQRghSdK�Edg_TJUxSd]RK�� 8iB �20'0
EGCFURs�TLURVRWFp�K�Kz�0P�K�MzS/SG]RK\]RTJV^]RKYghS7P�K�EhacNIEdO�CIURM�KYgDp�TLHJH0l�K\EdK�CIM�]RKYZ9CIH¢p�Cf�¤g/lo�§]o�¤lREdTJZjCIURZ�M�QRgbSGN^O
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ªc�IK�MzSGN^EhT¡CIH¡¬�gh�¤ghSdK�Ojg��j�²arprKjEdKY�¤TJKYp¨MYQREdEhK�UoS�PREdN��hK�MYSdg�NFa�ghQRP$KYEdMYN^O�P(Q(SGKYEdg�W�prKjU(NISGTJM�K�C|gdTJV^URT¢�
nuM�CIUoSiPuCIEbS6NIa7]o�¤lREdTJZ�gh�¤gbSGK�Ojg��_©uN^E�TLURgbS�CIU(M�KIW$gdKz�^K�EdCIHkPREhN��hK�MzSGg6gbSGQRZ0��]RNXp�SGN�TLUoSGKYV^EGCFSdK�TJU�SdN
gdQ(P$KYEdM�NIO�PRQ0SGK�EhgkSG]RK�gdP�K�M�T¢nuM��,(\£
e�KYHLH0M�]RTLP�N^Ek��B � � m N^OjK�P(EdN��hKYMYSGgDNIa�]��¤lREhTLZ�gb�0gbSGKYO�gYWogdQRM�]
CIg%SG]RKi®�NoCIZ(EdQRURU(K�E�P(EdN��hKYMYS�CFSrSG]RKA±.¯6­A±:CIURZ�SG]RK +_KYTLghN^s�Q|PREdN��hKYMYS�NIa.SG]RK6®?TJsIK�U*W¤SGCIEdV^KzS�Sd]RK
B�KzS�C21RN^PRg�Sd]REdKYgd]RN^HJZ��k¯\MzSGQuCIHJHJ�IW�Sd]RK6®�TLsFK�U�� g�£  6�_EdCIP$K´� ��]uCIgrCIHLEhKfCIZ(��EhKfCIM�](K�ZvCIURZ9N��IK�EhM�N^OjK
SG](TLgrSd]REdKYgd]RNIHLZ|lRQ(S�SG]RTJg�gdQ(P$KYEdM�NIO�PRQ0SGK�E�TLg�ghN�gdP�K�MYTJnuMASdN§N^URK6CIPRPRHJTLMfC�SGTLNIUjSd]uCFS�T¢S�M�CIURURNIS�V^TJ�IK
V^N¤N0Z�EhK�ghQRHJSdg_acNIE6SG]RKj±.TLURPRCIM�s�l�K�URM�]RO�CIEhs�NIa%SG]RK�� 8iB ��0'0|EGCIU(s¤TJURV��§�\](TLg_P$NITLUoS_QRURZRKYEdHJTLURKYg
SG](K�URK�KYZ�acN^EkCAU(KYp}EGCIU(s¤TJURV6PREhN0MYK�ghg/l���QRghTLURV_C�SdN0NIH0ghQRM�]jCIg�Sd]RK !b[�B%e}e�]RCIHLHJK�URV^Krl$KYURM�]RO�CIEds
gdQ(TJSGK #6acN^E�acQ0SGQREhK�[?TLV^]�B`K�EhacNIEdO�CIURM�K�e�N^OjPRQ(SdTLURV�gb�¤ghSGKYO�g$�
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¦�Ki]uCf�^KiPREhKY�¤TLN^Q(gdHJ��gGCFTLZqSG]RCFS�CIEhTJSG](O�KzSGTLM?P�K�EhacNIEdO�CIURM�K�NIa�SG]RKAPREdN¤M�KYgdgdNIE\TLg�TJURM�EhKfCIghTLURV�a³CFghSGKYE
SG]RCIU�Sd]RK�TJURM�EhKfCIghKrNIaRHLN¤MfCIHoluCFURZ(p�TLZ0SG]§CFURZ�a³CIgbSGKYE`Sd]uCIU�Sd]RK�Z(K�M�EhKfCIghK�NIa0SG]RKrHLN¤MfCIHoHLCFSGKYURMY�����\]RTJg
PR]RKYURN^OjK�URNIUqTLgrO�N^EhK�gbSGEhTLs�TLURV�acN^E%M�N^OjO�N¤ZRT¢S{��PREdN¤M�KYgdghN^Edg�Sd]uCIUqMYQRghSdN^O �^K�MzSGN^EhT¡CIH�PREhN0MYK�gdghN^Edg$�
�7K�MzSGN^EhT¡CIH¤PREhN0MYK�gdghN^EdgkCIEdK�HJK�ghgkC��$K�MzSGK�Z�l�K�M�CIQRghK�SG]RK�e�B �tMYHLN¤M�s_EGCFSdK�TLg�NIa�SGKYU�HLNXprK�E�WFSG]RKrO�KYO�NF�
Eh��luCFURZ(p�TLZ0SG]�]RTJV^]RK�E�CIURZ�SG]RK§OjK�OjN^Eb�vH¡CFSdK�URMz��HJNXp�KYE�� (rK�gdTJZRK�gYW*SG](K��^KYMYSdN^EdTLCIH�MYN^OjPRQ(S�C�SGTLNIU
OjN0ZRKYH UuCFSdQREGCFHLHJ��]RTJZRK�g\SG](K�OjK�OjN^Eb�9HLCFSGKYURMY���
[�TJV^]4B`K�EhacNIEdO�CIURM�K�e�N^OjPRQ(SGTJURV�]uCFg9ghSdEdN^U(V�P$KYEhacN^EhO9CIU(M�K�EhK���QRTJEdK�OjK�UoSdgqgdQRM�]wCIg�SG]RK�SGTLOjKz�
SGN��{gdNIHLQ(SdTLN^U��w�\]RKYEdKYacNIEdKIW?O�CIUo�,OjK�M�]RCIURTLghO�g�TLUoSGKYURZ�SGN�]RTLZRK�SG]RK�O�KYO�N^Eb�}H¡CFSdK�URMz�tCFURZ4TJSdg
HLNXp lRCIURZ(p�TJZ(SG]�TJU�N^EhZRK�E�SGN�O�CITJU�SGCITLU:C�MYN^URgbS�CIUoS§O�C��0TLO�CIH/QRgdCIV^K�NIa\SG]RK�PREdN¤M�KYgdghN^E�� m N^OjK
Kz�(CIOjPRHJK�gjCIEdK|VITJ�^KYU,TJU�URKz�¤S�PuCIEGCFV^EGCIP(]�� 86U}Sd]RKvM�N^UoSGEdCIEh�IW\�iHLN^lRCIH\e�N^OjPRQ(SdTLURV�]RCIg�HLNXp�KYE
P�K�EhacNIEdO�CIURM�K�EhK���QRTJEdK�OjK�UoSdg�l�K�M�CIQRghK�T¢S_gdQ �$K�Ehg�acEhN^O �IK�Eh�xghHLNXp�URKYS{prN^EdsxMYN^O�O�QRURTLM�CFSGTJN^U����²S
gdQ �*KYEdg7CIHJgdN�acEhN^O SG]RK�]RKYSdK�EdNIV^K�URKYTJS{��NIauSG](K�URKYS{prN^Ehs¤g7CFURZ�SG](K�]RKYSdK�EhN^V^K�U(K�TJS{��NIauSd]RK�M�NIO�PRQ0SGTLU(V
URN¤ZRK�g$�,�_HJN^luCIH�e�N^OjPRQ(SGTJURV�gh�¤gbSGK�Ojg�CIEdKqprKfCIs�H¢���²M�N^Q(PRHLKYZtCIU(Z}prKvO§QRghSjZRN:C�M�N^CIEdghK�VIEGCITJU
PuCIEdCIHLHJK�HJTLgdO � 86P(SdTLOjTL«fC�SGTLNIURgiCFS�SG]RKqe�B9� MfCIM�]RK��FOjK�OjN^Eh�:HLKz�^KYH�CIEhK9ZRT¢~jM�QRH¢S�SdN�P$KYEhacN^EhO N^U
SG](KiEdK�OjNISdK6�^N^HJQRUoSGK�KYE\M�N^OjPRQ(SdTLURV�U(N0ZRKYg�ª³K�� V��kprK_O9Cf��URNIS�]uCf�^KiSd]RK_EdTLVI]�S�¬*� (rK�gdTJZRK�gYWuKY�IK�U�T¢a
TJS%p�CIg�P�N^gdghTLlRHJK�SGN�ZRN§gdQ(M�]|N^P(SGTJO�TJ«fCFSdTLN^U(g�WoTJS%prN^QRHLZ9PREdN^lRCIlRHJ�jV^T¢�^K�URN§l�K�URKznRS��7�{U9a³CIMzSfW¤SG]RN^ghK
�^NIHLQRUoSGKYK�E%M�N^OjPRQ(SdTLURV_URN¤ZRKYg�CIEhK�P$NISdK�UoSGTLCIHLH¢��gh]uCIEhK�Z�p�T¢SG]jNISG](K�E7QRgdKYEdg%p�]RN^gdK?PREhN0MYK�gdghK�g�prN^QRHJZ
CIURU(TL]RTJH¡CFSdK6CIUo�|N^P0SGTLOjTL«�CFSGTJN^U9K �*NIEhSGg$�
�{U�SG]RTJg6PuCIEdCIV^EdCIPR] W*prK�VoCFSd]RK�EighN^O�K�O�KYM�]uCIURTJgdOjg6QRgdKYZ�lo��]o�¤lREhTLZ:CIURZ�MYN^O�OjN¤ZRTJS{��gh�¤gbSGK�Ojg
TLUvN^EhZRK�E\SdNjghQRghSGCITLU�C�P$K�CIsqQRgdCIV^K_NIa`SG]RK�PREdN¤M�KYgdghN^E��7¦�KinuEhghS?HLN¤N^s9CFS�gdN^HJQ(SGTJN^URg\ZRK�CIHLTJURV§p�TJSd]
SG](K�HJNXp OjK�OjN^Eh�9luCIURZ0p�TLZ(Sd]��/¯AU�TLZRK�C�TLg�SGN�EhK�ZRQRMYK�Sd]RK_O�KYO�NIEh�|CFM�M�KYgdghK�gAlo�|TJURM�EhKfCIghTLURV�Sd]RK
U�QRO§l�K�E_NIa�MfCIM�]RKjHLKz�^KYHLg�CIURZxSG]RK�ghTL«�K�NIa�MfCIM�](K�g����\]RTLg_ghN^HLQ(SdTLN^U�TJgigdQRT¢S�CIl(HLK§acN^E�CIPRP(HLTLM�CFSGTJN^URg
p�TJSd]v]RTLV^]vghPuCFSGTLCIH.CIU(Z�SdK�OjP$N^EdCIH HJN0M�CIHLT¢SGTLKYgrNFakZuCFSGC��/�²aDSd]RK�CIPRPRHJTLM�CFSGTJN^Uq]uCIg?URNIS�ghQRM�]�M�]RCIEGCIM´�
SGKYEdTJghSGTJM�g§ª³TLEhEdKYV^QRH¡CFE?ZRCFS�C�CIM�MYK�gdghK�gYW`HJTJShSGHLKiZRCFS�C9EhK�QRghKX¬´W*SG]RK�gdN^HJQ(SGTJN^U�TJg�U(NIS6Kz~�MYTLKYU�S��6¯AU(NISG]RKYE
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gdNIHLQ(SdTLN^U�prN^QRHJZ�l$K§SdN|TLURMYEdK�CIgdK§Sd]RK�U�QRO§l�K�E6NIa%OjK�OjN^Eh��M�]RTJPRgilRQ(SiT¢S6prN^QRHLZ�l�K§�^KYEh��K´�0P$KYU0�
gdT¢�^K2� m N^OjK%EdK�ghKfCIEhM�]RK�Ehg/]uCf�^KrPREdN^P�N^ghK�Z§QRghTLURV�gdKYMYSGNIEdK�Z�M�CIM�]RKrHLTLU(K�g`TLU�N^EdZRKYE�SdNAZRN�gdK�MzSGN^E"�{M�CIM�]RK
lRHJN0M�s�TLU(V��A�²S�p�N^Q(HLZ�Cf�^NITLZ�EdKYO�NX�¤TLU(V9P�NISGKYU�SdT¡CIH`QRghKYacQRH�ZuCFS�C�ª³T � K���gdN¤N^U�EhK�QRghK�Z¥¬�p�]RTJHLK�V^KYShSGTLU(V
URKzp ZuC�S�C�TJUqMfCIM�](K6acEdN^O SG](K6O�KYO�NIEh�'� m K�MYN^URZ W(prK6acN¤M�QRg�NIUqO�KYO�NIEh�jH¡CFSdK�URMz�9](TLZRTJURV�OjK�M�]uC��
URTJgdOjg��/e�NIURghSdEdQRMzSGN^Ehg�]uCf�^K?PREhN^P$NIgdK�Z�QRgdTJURV_O§QRH¢SGT¢��SG]REhKfCIZ(TLURVRWFMfCIM�](KAPREhKz�²acKzSGM�]RTJURVRW�CIU(Z9lREdCIURM�]
PREhK�ZRTJMYSGTJN^U��6¦�K�]uCf�^K�CIHJgdN|URNFSGTLMYK�Z�P(EdN¤M�K�ghgdN^E"�{TJU0�{OjK�OjN^Eh��CIEhM�]RTJSdK�MzSGQREhK�g_CIURZxCqU(KYp�SGEdKYURZxNIa
ghSdEdK�CIO��²PREdN¤M�KYgdghTLURVjCIEhM�]RTJSdK�MYSdQREdKYg��
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[AB%e=MYN^O�OjN¤ZRTJS{��gh�¤ghSdK�Ojg�CIEdKjQRghTLURV�e�8i� m URKYS{prN^Eds:M�NIO�P�N^URKYU�Sdg��v�\]RKYEdKYacNIEdKIWkSd]RKY�:ghQ �*KYE
acEdNIO3O§QRM�]�HLNXprK�E\URKzS{p�NIEds|luCIU(Z(p�TLZ(Sd]�CFURZvO§QRM�]�]RTLV^](K�E\URKzS{p�N^EhsqH¡C�SGK�U(MY�qSd]uCIUvM�QRgbSGN^O CIURZ
]o�¤lREdTJZ�gb�0gbSGKYO�g$��¦y](K�U�C�MYN^O�OjN¤ZRTJS{��gh�¤gbSGK�O�]RCIg�CvZ(TLghSdEdTJlRQ(SGKYZxO�KYO�N^Eb��OjN0Z(K�H�W*TJSiQRghK�g�C
M�NIO�O§Q(URTLM�CFSGTJN^UqHLTJlREGCFEh�jgdQRM�]�CIg?£�B/� �¥�\]RTLg\s�TJURZvNIa�SdN0NIH CIZRZ(g?ghN^OjKiN��IK�Eh]RKfCIZ�SG]uC�S\p�K_O§QRgbS
S�CFsIK%TLUoSGN?CIMYM�N^QRUoS`p�]RK�U�p�K7S�CIEhV^KYS�Sd]RK7]RTLV^](K�ghS`P�K�EbacN^EdO�CIURMYK�g����²a(Sd]RK7gh�¤ghSdK�O�]uCIg`C?Z(TLghSdEdTJlRQ(SGKYZ
gd]RCIEdKYZ�O�KYO�N^Eb�|OjN0ZRKYH�W¥TJS�TLg?P�N^gdghTLlRHJK�SdNqO9CFsIK�Z(TLEdKYMYS !"PREhN0MYK�ghgdN^E"�{EdKYO�NFSGK�OjK�OjN^Eb� #_CIM�MYK�gdghK�g
lRQ(S?T¢S\V^K�U(K�EGC�SGK�g?gdTJV^URT¢nuMfCIUoS�MYN^O�O�QRURTLM�CFSGTJN^UqMYN^ghSdg��
�{U}�iHLN^luCFH�e�NIO�PRQ0SGTLU(VRWDSG](KqTLOjPuCIMzS§NIa�URKzS{p�NIEds�HLCFSGKYURMY��CIURZ�U(KYS{prN^Eds�lRCIURZ(p�TJZ(SG]�TJg�M�NIURgdT �
ZRKYEGCIlRHJK����\]RK§Q(gGCIV^K�NIa/�{UoSGKYEdURKzSiN^E?gdHJN�p %kSd]RK�EhURKYSiU(KYS{prN^Eds�g6TJgAC�nREdghSAKz�0PRHLCIUuCFSdTLN^U���¦�K�M�CIU
CIHJgdN�P�N^TJU�S�N^Q(SjSG](K�M�N^U(V^K�gbSGTLNIUtZRQRK�SGN�MYN^OjO§QRURTJMfCFSdTLN^U�V^KYURK�EdCFSGKYZ4l��,NISd]RK�E�QRgdKYEdg�� £�QRM�]
�iHLN^luCFH�e�NIO�PRQ0SGTLU(V�gdNIa�S{p�CIEhKqQRgdKYg§SG]RK9�?e�B�PREhNISGN¤M�N^H%NX�^KYE§SG]RKq�{UoSdK�EdU(KYSjCIURZ�Sd]RK�U*W/P$KYEhacN^E"�
O�CIURM�KYg_CIEdK�lRQREdZ(K�URKYZ�lo��Sd]RK��?e�B MYN^URV^KYghSGTJN^U�M�NIU�SdEdN^H ���{U:e�]RCIP(SGKYE 	RW prK�PREdKYgdK�UoSdK�Z�ghN^OjK
gdNIHLQ(SdTLN^URg_TJU�N^EhZRK�E_SGN�HLTLOjTJSASG]RK�TLOjPuCIMYS_NFa\M�N^OjO§QRU(TLMfC�SGTLNIU��q©uN^E�TLURgbS�CIU(M�KIW`p�K9]uCf�^K9Q(URZRK�E"�
HLTJURK�ZxSG](K9TLUoSdK�EdKYghS�NIa�SG](K9PuCIEdCIOjKYSGEhTLM�PuCIEdCIHLHJK�H/PuCFEGCIZRTJV^O ªcT � K��qS�CFgds^�²a³CIEhO�TJURV�¬&�9¦�K�MfCIU�nuURZ
gdNIO�K?CIUuCFHLN^V^TJK�gkl�KYS{prK�KYUqgdNIHLQ(SdTLN^URgDZRKfCIHJTLURV6p�T¢SG]jO�KYO�NIEh�§lRCIURZ(p�TJZ(SG]�ª CIU(ZjHLCFSGKYURMY�(¬DacN^E%[AB%e
CIURZ�ghN^HLQ0SGTLNIURg§ZRK�CIHLTJURV�p�T¢SG]�M�NIO�O§Q(URTLM�CFSGTJN^U�N^U�Sd]RK|�{UoSGKYEdURKzS�acN^E��iHLN^luCFH�e�N^OjPRQ(SdTLURV��x©¥NIE
TLU(ghS�CFURM�KFW*N^U�Sd]RK�NIURK�]uCFURZ W CjMfCIM�](Kz�{l(HLN¤M�s¤TJURV9SdK�M�]RURTJ��QRK§O�CIsIKYg�SG](K§EdKYQRgdK§NFa/ZuCFSGC�a³CIghSdK�E�l��
ZRKYM�EdK�CIgdTJURViSG]RK\U�QRO�l$KYE/NIa¥SGEGCFURghacKYEdgkacEdNIO�Sd]RK\O�KYO�NIEh�'� 86U§SG]RK\NISd]RK�E/]RCIURZ WoZuC�S�C6P�K�EdghTLgbSGK�U(M�K
CIHJgdN�O9CIsFK�g�SG]RK�EdK�Q(gdKqNIa�ZuCFS�Cva³CIghSdK�E�lo��ZRKYM�EhKfCIghTLURV�SG]RK�gdTL«YK�ª³CIURZ�Sd]RK9U�QRO�l$KYE�WDZ(K�P�K�URZRTJURV
N^U�SG](K�ghNIa�S{p�CIEdKf¬�NFaAMYN^O�O�QRURTLM�CFSGTJN^U�NX�^KYE�SG]RKv�{UoSGKYEdURKzS���¯AURNFSG]RKYE�Kz�(CIOjPRHLK|MYN^URM�KYEdURgjZuCFSGC
PREhKz�²acKzSGM�]RTJURVjCIURZvghSdEdK�CIO PREhN0MYK�gdghTLURV�TJUv[AB%e �u�\]RKinuEdgbS�O�KYM�]uCIURTJgdO PREdK´�{HLN^CIZRg�ZuC�S�C�TLU|M�CIM�]RK
acEdNIO°Sd]RK�O�KYO�NIEh��CIURZ�SG](K�gdK�MYN^URZ:]uCIURZ(HLK�g_CqMYN^UoSGTJU¤Q(N^QRg 1uNXp�NIa%ZuCFS�C ���\]RK§SdEGCIU(gdH¡C�SGTLNIU�NIa
SG](N^gdK|OjK�M�]uCFURTLghO�g�SGN�prN^EdHJZ0�²p�TJZRK9ZuC�S�C�� 1uNXp3CFPRPRHLTJMfCFSdTLN^U(g�WDghQRM�]}CIg��¤TLZ(K�N�ghSdEdK�CIO�TJURVRWkHJKfCIZ(g
SGN�SG]RK§Q(gGCIV^K�NIa/SG](K�®D��B4PREdNFSGN¤M�N^H�CIURZ�lRQ �*KYEdgAacN^E?EdKYM�KYTJ�^KYZxZuCFS�C�ªcSG](K�®?K�CIH¢��SGTJO�Ki�`EGCIU(ghacK�EbS
B/EdNISdN0MYN^H.CIZ(ZRg�EdKfCFH¢�²SdTLOjKAMYN^URghSdEGCITJUoSGg�¬&�

�	� � �	� � ��� � �o&0#7+(�7@%' ��� �¤>A'

[�TJV^]�B�KYEhacN^EhO9CIU(M�K�e�N^O�P(Q(SGTJURV�gh�¤ghSdK�Ojg�ghK�HLZ(N^O H¡CFM�sqghSdN^EGCIVIK�ghPuCIM�K�l�K�MfCFQRgdK_SG]RK�M�NIO�PRQ0SGTLU(V
M�KYUoSGK�Ehg�SGCIsIKjMfCIEhKjSdN�l(Q(�xK�URNIQRV^]�gbSGN^EdCIV^K�ZRKz�0TJM�KYg§CIURZ�gdQRP(PRHLKYO�KYU�S_Sd]RK�O TJarURKYM�K�ghgGCIEb�'� (r�
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ghSdN^EGCFV^KiZRKY�¤TJM�K�gYWup�K�ZRK�U(NISGK�C§p�TLZRK_EdCIURV^KiNIa�TJSdK�Ojg��/�²S�M�CIU�l�K_]uCIEhZ�Z(TLgds9NIaDMYN^OjO�N¤ZRTJS{��B%e�g
p�TJSd]�]RTJV^]_SGEGCFURghacKYEDEGC�SGK�gYW^ZRKYZRTLM�CFSGKYZ�£�CIghg  6CFSGC m SdN^EGCFV^K m �0gbSGKYO�gYW^KYSdM�� 86U�Sd]RK%M�N^UoSGEdCIEh�IWIp�TJSd]
�iHLN^luCFHke�N^OjPRQ(SdTLURV(W$SG](K�EdK�OjNISdK§M�N^OjPRQ(SdTLURV9URN0Z(K�gi]uCf�^K�HJTLOjTJSGKYZ�EhK�gdNIQREdMYK�g����{U m K�MYSdTLN^U 	�� �(W
prK�a³CIMYKAZRTJgds�gdPRCIM�K�HLTLOjTJSGCFSGTJN^URg$� ¦�K?SG]RTJURs�C�ghN^HLQ(SdTLN^UjTLg7SGN�QRghKiC�MYN^O�P(HLK�OjK�UoSGCIEh��Z(TLghSdEdTJlRQ(SGKYZ
ghSdN^EGCFV^K_H¡Cf�^KYE���©uN^E�TJURghSGCIURM�KFW¥TJa`SG]RK��_EhTLZ�e�N^OjPRQ(SdTLURV�OjTLZRZRHJKYp�CIEdKiTJg/8iOjURTL®�B%eAWRprK�M�CIU�QRghK
86O�U(T m SdN^EGCIVIK�CIghgdN¤M�T¡C�SGK�Z�p�T¢SG]j�_©�CFEdO�N^E (�TJSd��NIEdEdKYUoS�� 8Aa$M�N^Q(EdgdKFW�TJS7CIZ(ZRg/gdN^OjK\NX�^KYEd]RK�CIZ�l(Q(S
prK�SGNIHLK�EdCFSGK�T¢S�TJU:Sd]RKjM�N^UoSGK´�¤S§NIa\�_HJN^luCIH%e�N^OjPRQ(SdTLURV�CIg�HLNIURV�CFg�prK9M�CIU�ghN^HJ�IK�O§Q(M�]�H¡CIEhV^K�E
PREhN^lRHLKYO�g$�

�	� � ��� ��+R#7@/+R�%; ;��"!A@ ;¨#\1�'.- ���7!�1 �¤# �d&� :�/+R' ���$�0>�'��

(�QRTJHLZRTJURVj[�TJV^]�B`K�EhacNIEdO�CIURM�K§e�N^OjPRQ(SGTJURVqCFURZx�iHLN^luCFH`e�N^O�P(Q(SGTJURV�gb�¤ghSGKYO�gYW TLg?N^URH¢�|p�NIEhSG]�T¢a
prK�ghSGQ(Z(��]RNXp�SGNvCFZuCIP(SAKY~jM�TJK�UoSGH¢��CIP(PRHLTJMfCFSdTLN^URg�SGN�SG]RK§SGCIEdV^KzSGKYZ�CIEdM�](TJSGKYMYSdQREdKYg_CIURZ�TJa/Sd]RK�EhK
CIEhK6KY~jM�TJK�UoS�gdNFa�S{p�CIEhKiPREdN¤ZRQRMzSGg�SdN§ZRKY�IK�HJN^P�CIURZ|ZRKYPRHLNX�9CIPRPRHJTLMfC�SGTLNIURg��DB7EhN^V^EdCIO�OjTLU(V�OjN^ZRKYHLg�W
H¡CFURV^QuCIVIK�g�CIURZ�ghNIa�S{p�CFEdK§NIa7](TLV^]�P$KYEhacN^EhO9CIU(M�K�MYQRghSdN^O°gh�¤ghSdK�Ojg6]uCf�^K§EhKfCIM�](K�Z:C�MYK�EhSGCITLU�O9C��
SGQ(EdTJS{��� (�KYgdTLZ(K�gjURKYp3gdNIa�S{p�CIEdKvghN^HLQ(SdTLN^U(g�CIEdKvV^KYURK�EdCIHLH¢��Kz~jM�TLKYUoS9CFURZ�]uCf�^K�CxVIN0N¤Z�gdQRP(P$N^EbS
gdTJURM�K�M�NIURghSdEdQRMzSGN^Ehg�NIaDM�QRgbSGN^O
gb�¤ghSGKYO�g�NIa�SGKYU�P(EdN^P�N^gdK�C��^K�EbSGTJMfCIH.MYN^HLHJK�MYSdTLN^UvNIa�gdNFa�S{p�CIEhK|ªcPREdK´�
�¤TLN^Q(gdHJ�qKz�0PRH¡CFTLURKYZ�TJU m KYMYSdTLN^U = � 5^¬*��©¥NIE?](TLV^]�P$KYEhacN^EhO9CFURM�K_]o�¤lREdTJZ�CIURZ�M�NIO�OjN0Z(TJS{�qgb�¤ghSGKYO�gYW
C�gdTLVIURTJnuM�CIUoS�p�N^Ehs|O§QRgbS�l�K_ZRN^URK�CIg�p�KYHLH.N^U�PREhN^V^EGCFO�OjTLURV�PuCIEGCFZRTLV^Ojg�CIg?N^U�N^P$KYEGCFSdTLURV�gb�0g"�
SGKYO�gYW$HJTLlREdCIEdTJK�g�CIU(Z�H¡CFURV^QuCIVIK�g��\�\](K�OjN^EdK_SG]RK�gh�¤gbSGK�OjgiCIEhK�Z(TLghSdEdTJlRQ(SGKYZ W�]RKYSdK�EdNIV^K�URKYN^QRgACIURZ
prKfCIs�HJ�o�²M�N^QRP(HLK�Z*WRSG]RKiOjN^EdK6prK_URK�KYZ�SdN�ZRN�gdQRM�]�ghSGQ(ZRTLKYg��7�\]RK�EhKYacN^EhKIWRSd]RTLg\URKYK�Z�TLg\O§Q(M�]�OjN^EhK
TLOjP�N^EhSGCIUoS/acN^E��iHLNIluCIH�e�N^OjPRQ(SdTLURV��`¦�K�CIHJgdN�KYghSdTLO�CFSGK\SG](TLg%URK�KYZqTLg%TLURMYEdK�CIgdKYZqlo�jSd]RK��IN^Q(Sd]qNIa
SG](TLg�ZRNIO9CITJUvCIURZ�CIHJgdN§l�K�M�CIQRgdK�TLU(ZRQRghSdEdTLCIH$MYN^OjPuCIURTJK�g\]uCf�^K_URNFS��^KzS�EhKfCIHJHJ�jacN0MYQRgdKYZvN^U��_HJN^luCIH
e�N^OjPRQ(SdTLURV��
¯Ag\Sd]RK_gdTL«YK_CIURZvSG]RKi](KYSGKYEdN^VIK�URKYTJS{�vNIa�PRH¡C�SdacN^EhO�grTLg\TLU(M�EdK�CIgdTJURVRWRT¢S\TLg\OjN^EhKiCIURZ�O�NIEdK6ZRT¢~jM�QRH¢S
SGN�Kz�0PREdKYgdg�CIU(Z�P$KYEhacN^EhO CFU�KY~jM�TJK�UoS�ZRTJghSdEdTLl(Q(SGTJN^U�NFa?CIU�CIPRP(HLTLM�CFSGTJN^U��v�\]�QRg�W/prKqURKYK�Z�]RTJV^]
HLKz�^KYH�PREhN^V^EdCIO�OjTLU(V§SGN¤N^HLg?CIURZ�N^P$KYEGCFSdTLURVjgh�¤gbSGK�OjgiCIl(HLKiSGNqO�CIUuCFV^K_gdQRM�]�KYU��¤TJEdN^UROjK�UoSdg��?�\]RK
ZRKz�^K�HJN^PROjK�UoS%NIa�gdQRM�]jgdNFa�S{p�CIEhK?CIURZ�SG]RK�gbSGQRZ(�§NIa�PREdN^VIEGCIOjO�TJURVAOjN¤ZRK�HJgkTLgkVIEdKfC�SGHJ��M�]uCIHJHLKYURV^TLU(V
l�K�MfCFQRgdK6NFa*SG](K��^KYEh��H¡CIEhV^K�U�QRO§l�K�E�NFa PREhN0MYK�gdghN^Edgiª

> 100000
¬&�)(�KYgdTJZRK�gYW0prK6]uCf�^K?SGN�Z(KfCIH¥p�TJSd]

gdKz�^KYEGCIHks�TJURZRgANFa/PuCIEdCIHLHJK�HLTJgdO �/�^K�MzSGN^EhT¡CIH`PuCIEdCIHLHJK�HJTLgdO N^U�N^U(K�e�B ��W�SG]REhKfCIZ�PRCIEGCIHJHLKYHLTLghO CIMYEdN^ghg
N^URK9e�B � ªcM�N^UoSGK´�¤S�ghp�T¢SGM�]RTJURV�¬6N^E_p�TJSG](TLU�CIU m £�B�U(N0ZRKFWDTJU�SdK�E"�{URN¤ZRK�g�PuCIEdCIHLHJK�HJTLgdO ��¯3MYN^O��
PRQ(SdTLURV�gh�¤gbSGK�O O�CX�:CFHLgdN�]uCf�^K�gdKz�^K�EdCIH�MYN^OjO§QRURTJMfCFSdTLN^U�OjN0Z(K�HLg_ZRKYP$KYURZRTJURV�N^U:SG]RKjOjK�OjN^Eh�
O�CIUuCIV^KYO�KYUoS �?gd]uCIEhK�Z�OjK�OjN^Eh�IW*ZRTJghSdEdTLl(Q(SGKYZ�O�KYO�N^Eb��CIURZ�gd]RCIEdKYZ:Z(TLghSdEdTJlRQ(SGKYZ�OjK�OjN^Eh���_©¥NIE
�iHLN^luCFHke�N^OjPRQ(SdTLURV(W*gdNFa�S{p�CIEhK�O§QRghS6]RTLZRK§CIgiO§QRM�]:CIgiP�N^gdghTLlRHJK�Sd]RK�M�N^OjPRQ(SdTLURVqCIURZxURKYS{prN^Ehs
EdKYgdN^Q(EdM�KYg��/�\]RK ��£�±qacEGCFO�Kzp�N^Ehs_TLg�CAV^N¤N0Z�Kz�(CIOjPRHLK2���\]RK�­�¯6® %%�_�.P(EdN��hKYMYS/PREhN^P�N^gdKYg/C�OjTLZ0�
ZRHJKYp�CIEdKq]RCIEdURKYgdghTLURV�O�CIUo��[�TLVI]�B�KYEhacN^EhO9CIU(M�Kve�N^OjPRQ(SdTLURV�e�K�UoSGKYEdg�ghPREdK�CIZ�CIHLH%NX�^KYE 3^CIPuCIU
�
[�TJV^]0�²HLKY�IK�H�N^P�K�EdCFSGTJURV9gb�0gbSGKYO�giCFURZ�PREdNIV^EGCIOjOjTLURV�SGN¤N^HJg?VIK�URKYEGCIHJHJ�v]uCf�^K�ghN^OjK�NX�^KYEd]RK�CIZ��A¦�K
MfCFU:SdN^HLKYEGCFSdK�TJS6acN^E��iHLNIluCIH/e�NIO�PRQ0SGTLU(V�ªcTJa%TJS_TJgiURNISiSdN0NvH¡CFEdV^Kf¬zW.lRQ(S_prK�]uCIEdZ(HJ�xCIMYM�KYP(S�gdQRM�]
NX�^KYEd]RK�CIZ�acN^E?[AB%e �¥¦�K�O§QRghS?nuURZ�C�luCIHLCIURMYK�Z�SdEGCIZ(Kz�{N��xl$KzS{p�KYK�U�SG](K�S�CFEdV^KzSGK�Z�K �$K�MzSGTJ�IK�URKYgdg
CIURZ�Sd]RKvPREdN^VIEGCIOjO�TJURV�CIl(ghSGEdCIMYSdTLN^U�HJKY�IK�H � (rK�gdTJZRK�gYW�TJU�N^EdZRKYE�SGNxEdK�CIM�]}Sd]RKv]RTLVI]RK�gbS�P$KYEhacN^E"�
O�CIURM�KFW%Sd]RKvK�URZ¤�{QRghK�EjO§QRghSjsFK�K�PtM�N^UoSGEhN^H\NIa?SG]RKvPREhN0MYK�ghg�MYN^URM�Q(EdEdKYURMY�IW�]RK�O§QRgbS�K�URghQREdK�CIU
KY~jMYTLK�UoS�ZuCFS�CvZRTJghSGEhTLlRQ0SGTLNIU W�]RK�]RCIg�SdN�N^P0SGTLOjTL«YK�M�N^OjO§QRU(TLMfC�SGTLNIU W.KYSdM��vB�KYEhacN^EhO9CFURM�Kj]uCIEhZRHJ�
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nRSdg�prK�HJH p�TJSd]�CFlRghSdEGCIMzSGTLNIU��
�²S�l$KYM�N^OjK�g�O�N^EhK�CIURZtOjN^EhK�ZRT¢~jM�QRH¢S9CFURZtK´�(P�K�U(gdTJ�IK�SGN�TLOjPREdNX�IK�Sd]RK?1uN^CFSGTJURVxP$N^TJUoS9MYN^O��
PRQ(SGCFSGTJN^URg_P�K�EhacNIEdO�CIURM�KjNIa�N^URK9e�B9� l$KYMfCIQ(gdK�prKj]uCf�^KIWDN^E�p�TJHLHkghN0NIU W�EhKfCIM�](K�Z�C�O9C��0TJO§QRO
SG](EdK�gh]RN^HJZ�NIar�"±�B ª³�{U(ghSGEhQRMYSdTLN^U¤�"±.KY�IK�H%BDCIEdCIHLHJK�HJTLgdO9¬*� �\]�QRg�W*TLURZRQ(ghSGEhT¡CIHJg6NIarM�N^OjOjN0ZRT¢S{��P(EdN¤M�K�g"�
gdNIEdg§PREhN^P�N^gdKqO�QRHJSdT¢�{MYN^EdKjPREhN0MYK�gdghN^Edg$��¦�KqU(N�p nuU(Z�C�V^EdNXp�TLU(V�U�QRO§l�K�E§NFa�MYN^OjO�N¤ZRTJS{��CIURZ
]o�¤lREdTJZ:gb�¤ghSGKYO�gYW�CIg6prK�HLHkCIg_�iHLN^luCFHke�N^OjPRQ(SdTLURV9PRH¡CFShacN^EdOjg�W$M�N^OjP�N^gdKYZ�NIa%M�N^OjPRQ(SdK�Edgi]RCX�¤TJURV
O§QRH¢SGT �{M�NIEdK7M�N^OjOjN0ZRT¢S{�_PREdN¤M�KYgdghN^Edg$�/�²Skl�K�M�NIO�KYg/CIU�QREhV^K�UoS/TJgdgdQ(K�SGNigbSGQRZ(��PREdNIV^EGCIOjOjTLURV�OjN0Z0�
K�HJg�acN^E\PRHLCFSdacN^EhO�g�QRgdTJURV�O§QRHJSdT¢�²M�N^EhKAgh�¤gbSGK�Ojg?TLUvN^EdZ(K�E�SGN�K´�(P(HLN^T¢S?CIHLH�SG]RK_HLKz�^KYHLg\NIa�PuCIEdCIHLHJK�HLTJgdO �
�{U:PuCIEhSdTLMYQRH¡CIEYW*prK9CIZ(Z�CIUxTJU�SdK�E"�{M�NIEdK�g_PuCFEGCIHJHLK�HJTLghO p�T¢SG]xgd]RCIEdKYZ0�{OjK�OjN^Eh��M�N^OjO§QRU(TLMfC�SGTLNIU�l��
QRghTLURV�Sd]RKqgh]uCIEdKYZ�±!5��{M�CIM�]RKqCFURZ�SG]RK�ZRTLEhK�MzS§M�NIEdK�g�gh�¤URM�]REhN^URTL«�CFSGTJN^URg$��¯\MYSdQuCIHLH¢�^WDSd]RK9MYQREdEhK�UoS
O§QRH¢SGT �{M�NIEdK\CIP(PREdNoCFM�]qZRN¤K�g%URNIS%gdKYK�O CIU�TJZRKfCFH�ghN^HLQ0SGTLNIUjl�K�M�CIQRghK�prKA]uCf�^K�PREdKz�¤TLN^QRghHJ��gdCITLZjSG]uC�S
e�B ��gxª³CIURZtSd]RK�MYQREdEhK�UoS|M�NIEdK�gG¬�CIEhK�URNFS|CIZuCFP(SGKYZtSGN�OjN^gbS9NIa_MYN^OjPRQ(S�C�SGTLNIUuCIH�CIPRP(HLTLM�CFSGTJN^URg
p�]RTJM�]�CIEhK�P�NISGKYUoSGT¡CFHLHJ��QRghK�Z�lo�}[AB%e CIU(Z4�iHLN^luCFH�e�N^OjPRQ(SGTJURV��}�\]RN^ghK�e�B � CFEdK�URNIS�CIHLghN
gdQ(TJS�CFlRHLK_acN^E?ZuCFS�C 1uNXp�CIPRPRHJTLMfC�SGTLNIURg\gdQRM�]xCFgAOjN^ghS�NIa7O§QRH¢SGTJO�KYZRT¡C�CIP(PRHLTJMfCFSdTLN^URg$�\�\]�QRg�W ghN^OjK
EdKYgdK�CIEdM�]RKYEdg�CIURZ�TLURZ(QRghSdEdT¡CFHLg/CIEhK�ghSGQ(Z(�¤TLURViSG](K?U(Kz�¤S�VIK�URKYEGCFSdTLN^U�NIa$O§QRH¢SGT¢�²M�N^EhK\e�B ��p�TJSd]j](KYSGK´�
EdNIV^K�URKYN^QRg?M�N^EhK�g$��¯Ag�CIU�Kz�(CIOjPRHLKiNFaDSG](K�M�]uCFHLHLKYURV^KiNIaDO§QRH¢SGT¢�²M�N^EhK6PREhN^V^EGCFO�OjTLURV(W¤prK�M�CIU�MYTJSdK
SG]RCFSr�_N¤N^V^HJK�]uCFg%EhK�MYK�UoSGH¢��CIM���QRTJEdKYZ�Sd]RK�gdNIa�S{p�CIEhK?MYN^OjPuCIUo��B`KfCIs m SdEdKfCFO�Wop�]RTJM�]�ghP$KYM�T¡CFHLTL«YK�gkTJU
gdNFa�S{p�CIEhK?SdN�CFgdgdTJghS%ZRKz�^K�HJN^P�K�Edg%TLUjPREhN^V^EGCFO�OjTLURV�acN^E/O§QRH¢SGT¢�²M�N^EhK�PREhN0MYK�gdghN^Edg$�/�{U9PuCFEhSGTJM�QRHLCIE�WFSG]RTJg
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