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D � � � ��� D ¦�¤���¬I� � � M ¬�¦�� ¬É«E���Cª ��� ��© � ¤ � �Aªf£���¦��<�J£°ª � �J£�¬ D ¬I©6­ � ��«E�o�J¨ � � ªf� � ¬T³ �¹� ³ � ¦�ªJ© D £°ª �
¨[�o¨ � ¦�ª�¨F¬�§o¦�£¥ªf��� � §�� � ¬*ª � �!ª � ¬�¦Z��¬�¦��Z� � ­�ª � ¤ � ©J©nª � ¬�¦ ²2E ·�¨ £�¦Z���J� � �!ªf��¬T³��o£��a©C��¢m�����9ªJ£��o¦
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¾ ��¬I¤�£¥ª ® �9�o¦�ªf�C�o¤ D ¬�©l¨�¬�� � ªf¬�·µ£�¦�§s£�¦�ªf�4¬��<�9�o��¦�ªlª ��� �9�o¨[¨F�o¦ � ³ � ¦�ªJ© � � �9�o�J� � �$¢ ® ¢���ª �$��� ¦ � ª
¬I¦�� � £�· � ¦ � ª�©Cªf¬Iªf£¥�o¦�© ± ©J��ª � ¬*ª!ª ���l� ³ � ¦�ªi¨F¬�§o¦�£¥ªf��� � £¥¦sª ��� £¥¦�«E�o�C¨�¬IªJ£��o¦ ��� ¬�� � � D ¬�©nª ��� ©J¬�¨ � �
��� £�©L³ � �C£ ? �<¬Iªf£¥�o¦6¤ � �6ª ��� �<���J� � �9ªJ£��o¦6��«�ª D ��¨F¬�§o¦�£°ªf��� �s� ³ � ¦µªJ©Q G���P�F¬�¦������ Â � � �<�o�C� � ��¢ ®6���
¦ � ª���¦ ² Ä Å ¶�� Å ²�¶�¶ Â ¬�¦�� ²�� Å ¶�� Å ²�¶o¶ Â ± � � ©C­ � �9ªJ£¥³ � ¤ ® ¡ ± D � �o© � ¬��Aªf��¬I¤�¨F¬�§o¦�£¥ªf��� � D ¬�© Â � 0 ¬I« ª � �
B �J��¬���¢�¬�¦��É	 � £¥©J¨[�o§o�J¬�­ � �V� ª D ���J· ± º � ¦ � ª ±  @)�*+*-, .102043535376 � <">?*@6BA?CEDGFIHJ6-K�CI6 L@,�¡W�mº,���Cª ��� �J¨[�o� ��± ¬
¨F¬�§o¦�£¥ªf��� �A� ��£�©�ªb¬�¦�� �L? ¤¥ª � � D ¬�©»¬I­�­�¤�£ � �´ /º���·µ��© � £�¨F¬ 	 � ¬I¦�¬�·*¬ ±�¯1020o¶ ¡ ± D � £¥� � � ¤�£�¨[£�¦�¬Iª � ©
��¬Iªb¬ � ¬T³�£�¦�§¸�9�o¨[­�¬��f¬I¢�¤ � � 
 � ¤ � ³ � ¤�©�«E�o�y©�ªb¬IªJ£��o¦�©�¤����T¬Iª � �½�<¤¥�o© � ªJ�H¤�� D ¨�¬�§�¦�£¥ªJ��� � © � £�©C¨F£¥�
©C�o���C� � © ± ¬�¦��aª � �o© � ©�ªb¬IªJ£��o¦�©�� � �<�o�C��£�¦�§�¤�¬��C§ � ¨F¬�§o¦�£°ªf��� � � � §o£���¦�¬�¤ � ³ � ¦�ªf©<��� ¾ �, G��� ¯ ¡u� � ­�� � © � ¦�ªJ©
ª � £�© � 
 � ª � � � © � �o¤��È G� � ­�� � © � ¦�ª � ��£�¦H�<¨�ÅI©fÅI©b¡ ±

G��	�IG�
���
�� ]������ <X9������ ] G�� GIGOF���� �! F�� F�"$# �%��� <X9&� FHG �  G��� ¯ ¡

�('



������� �$��������	 ��� 	 �
	���
 � � �
	 ��� � 	���	 � � � �Q��� ��� ���\����� � � � � 	�� � 
 �Q� �
��� � � �����
��� � ��	�� 	 ���!� B � 	��

D ��� � � 
�� 
 � £¥©�ª ���F� ¬�­�¬�¦ � © � ¨�¬I§o¦�£¥ªJ��� � ¬I¦�� � £�©yª ���A��® ­m��� � ¦�ªf�J¬�¤p��£�©�ªb¬�¦�� � £�¦¼·�¨6�
�Y« D � ­ � ��«E�o�J¨ � �¼ª ��� � � §�� � ©C©J£¥�o¦É«E�o��ª ��� ©J­ � �Aªf�f¬I¤]¬��9� � ¤ � �J¬Iªf£¥�o¦É£¥¦��<¤¥����£�¦�§6ª ��� ��¬*ªb¬�¬Iª4¤�¬��C§ �
��£�©�ªb¬�¦�� � © «E�J��¨ ª ��� ©C�o���C� ��± ª ����� ©CªJ£�¨F¬Iª � �6¬IªJª � ¦µ��¬IªJ£��o¦H�f¬*ª � ¨[£�§ � ª ¢ � ©J¨F¬�¤�¤ � �lª � ¬�¦¸ª ��� � � ¬�¤
�o¦ �  /º���·µ��© � £�¨F¬ 	 � ¬�¦�¬�·*¬ ±p¯1030o¶ ¡A� ��� ��© ± D � ����¦���ªs��© � ª ��� ��¬Iªf¬��o¢�© � ��³ � �Æ¬Iªs³ � � ® ¤¥�o¦�§
��£�©�ªb¬�¦�� � © D ��� � � ª ��� ¬T³ � �J¬�§ � ¬��<� � ¤ � �f¬*ªf£���¦¼¤ � ³ � ¤ D ¬I©s­�� � ��£��9ª � �¼ªf�6¢ � ¤ � ©J©yª � ¬�¦É¬H� � « � � � ¦�� �
¬��<� � ¤ � �f¬IªJ£��o¦c³I¬�¤¥� ��± D � £�� � £¥©aª ��� ªJ�J£�§�§ � �a¤ � ³ � ¤]��«V�o¤¥� � �a© � ¦�©C�o�J©[��© � � £�¦ � ¬�­�¬I¦(� ����� ©f¬I¨ �
� ¨[­�£��C£��T¬I¤i� � ¤�¬Iªf£¥�o¦¼£�©4��© � �Æ¢ ® ª ��� � � � ��� ¦ � ª4© � �C³ � �aªf��­��J������� � ¬ � 
 � ¨�¬I­Æ¬I« ª � �4¬I¦
� ¬���ª ��¾ ��¬�· � � ��� £�©Q� � « � � � ¦�� � ¬I�<� � ¤ � �f¬IªJ£��o¦Æ³I¬�¤�� � £�© �<¾ ��¬I¤LªJ� ¶ � ¯ ¨�ÅI©bÅI©6 Gº���·µ��© � £¥¨�¬ 	 � ¬ �
¦�¬�·*¬ ±u¯1020o¶�±�� £�¦��o© � £¥ªf¬ ±k¯1020 ��¡A� � ªVª ���s� ¦�� ± D � · �<� ­ E30�¯s� ³ � ¦�ªf©��9�o�J� � ©C­��o¦���£�¦�§Qªf� Ä � ¯&² ª D �
�<�o¨[­���¦ � ¦�ªL� � �<�o�C��©<�mºn£¥¦�¬�¤¥¤ ®o± ¬�¦�¬�����£¥ªf£¥�o¦�¬�¤,³�£�©C��¬�¤k£�¦�©J­ � �9ªJ£��o¦ D ¬�©�­ � �C«E�o�C¨ � �H�o¦¸ª ��� © � ��¬Iªb¬
£�¦Æ�o�C� � �Zªf�¹� ��� �b·c«E�o�Z§o¤¥£¥ªf� ��� ©Q¬�¦��ÆªJ�¼· �<� ­ �o¦�¤ ® ª ��� ¨�¬�£¥¦ � ³ � ¦�ª$£°«�¨a��¤¥ªJ£�­�¤ �F� ³ � ¦µªJ© D � � �
� � �9�o�J� � �6£�¦¸ª ��� ªJ£�¨ � © � �J£ � ©<�

�R¦ �o�C� � �Zªf�¼�<��¨F­�¬I� � �o���Q� � ©J��¤¥ªf© D £°ª � ��ª ��� �Z©CªJ����£ � © ± D � ? �C©Cª[�<��¦µ³ � ��ª � � ª ����� ¬�­�¬I¦
��� ª � �o�C�o¤��o§�£��T¬I¤ � § � ¦�� ® ¨�¬�§�¦�£¥ªJ��� � ­��C�&³�£¥� � � ¢ ® ª ���6��® �o© � £�¦ � ¦ � ª D �o�C·Æ© � �C³ � �½  � £¥¦��o© � £¥ªf¬ ±
¯1020 ��¡l£¥¦�ªf�Zª ��� ¨[�o¨ � ¦�ªL¨�¬�§�¦�£¥ªJ��� � ��©C£�¦�§Qª �����9¾ ��¬Iªf£¥�o¦�©�� ¾ �! E��� ² ¡s Gº���·µ��© � £¥¨�¬ ±(¯1020 Ä ¡ ± ¬�¦��
� ¾ �� E��� Â ¡y  � ¬�¦�¬�¨[�o�C£ ±m¯10���� ¡ R
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	 � �<��¦���¤ ®�± ª ��� ��£�©Cªf¬�¦�� � � � ? ¦�£°ªf£���¦É� � �o© � ¦Æ£¥¦¼ª � £�©s©CªJ��� ® £�©�ª ���A�µ® ­m��� � ¦�ªf�J¬�¤���£�©�ªb¬�¦�� � �
� © � G�­�¤�¬I£�¦ � �È¤�¬Iª � � ± D � ¬����o­�ª � �c¬H©J£¥¨F­�¤ � ­���£�¦�ªs©J�o���C� � ¨F��� � ¤i£�¦¼�o���s¬�­�­��C��¬�� � ����� D � ³ � � ±
«E�o�Vª � ¦¹¤�¬��C§ �s� ³ � ¦�ªf© � ¦µ��¨ � �f¬*ª � �½£¥¦ � ¬I¢�¤ �  G��� ² ¡ ± D ��� � � ª ��� ©J�o���C� � ��£¥¨ � ¦�©J£¥�o¦�©�¬�� � ·µ¦�� D ¦ ±
D � �<�o¨[­���ª � �[ª ��� ©J�o���J� �W� � � � � £¥³ � �l��£�©Cªf¬�¦�� � ¬I©�ª ��� �9¤��o© � ©�ª
��£�©Cªf¬�¦�� � ªJ�sª ��� «G¬I��¤¥ªp­�¤�¬�¦ �  G� � ­�ª �
£�¦��9¤���� � �,¡A�oºn£�§o��� �  G��� ² ¡n© � � D ©�ª ��� ¨F��¨ � ¦µª�¨�¬�§�¦�£¥ªJ��� � ³ � �J©C��©
�9¤��o© � ©�ª
��£�©Cªf¬�¦�� � ªJ�yª ��� ©J�����J� �
��£�©�ªf�J£¥¢���ªJ£��o¦(��� � �T¬�¦¸��¢�© � �C³ � ¬a§o�����$�<�1³ � �f¬�§ � ��«�¨�¬�§�¦�£¥ªJ��� � ©l¬�¦��H��£¥©Cªb¬I¦�� � © £�¦$©C­�£¥ª � ��«uª ���
§�¬�­Z¢ � ª D �<� ¦ Ä � ¯ ¬�¦�� � � Â � ³ � ¦�ªf©9���R¦�� �<� � ± ª ��� � � D ¬�©i�o¦�¤ ® ª D � � ³ � ¦�ªf© D £¥ª � ¨�¬�§�¦�£¥ªJ��� � §�� � ¬*ª � �
ª � ¬�¦ � � ¶ � ������? ¦�¬I¤���¬Iªb¬�¢�¬�© � �<��¦�©J£¥©Cªf©���« � ³ � ¦�ªf© D £¥ª � ¨[�o¨ � ¦�ªL¨�¬�§�¦�£¥ªJ��� � ¢ � ª D �<� ¦»��� ¯ ¬�¦��
� � Â ¬�¦�����£¥©Cªf¬�¦�� � ©L¢ � ª D �9� ¦ E � E ¬�¦�� Â ¶ Â ·µ¨6�
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�����¸��� ¦ � ª4��¬*ªb¬»¬I¤�©J�6­��C�&³�£¥� � § � ��ª � � � ¦�£¥�T¬�¤�� � ¬��J¬��9ª � �J£��T¬IªJ£��o¦¹«E�o� � ¬�� � ©�ªb¬IªJ£��o¦   � £¥¦�� �
© � £°ªb¬ ±i¯1030 ��¡A� ��� £�©s£�¦�«E���J¨F¬Iªf£¥�o¦��<��¦�©J£¥©Cªf©s��«l¤�£¥ª � �o¤¥�o§ ® � � ©C�<�J£¥­�ªf£¥�o¦ ± ³ � ¤����<£°ª ® ­��C����¤ � «E�o��¢m��ª �
�y� ¬�¦�� F ��� ¬T³ � © ± ¬�¦��c	! � ³I¬�¤¥� � ©9��º,��¤�¤�� � £¥¦�§¸ª ��� � � �6©J�o£¥¤p� � ¬��f¬I�9ª � �J£��T¬IªJ£��o¦ ±"� ¬�¢�¤ �  E��� Â ¡ ±
�l� ­��C��� �<� �¸ªJ�[¢�£�¦ � ¬I� ����� ¦ � ªL©�ªb¬IªJ£��o¦H¬��9�<�o�C��£�¦�§o¤ ® ��º��o�]�9�o¨[­�¬��J£¥©J�o¦¸­����J­m�o© � © ± ª ��� � �#�%$& 
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������� ��� ²�� ��³ � ¦�ªf© «E�o� ��� £�� � ª ��� ©J�o���C� � § � �o¨ � ªJ� ® £�©�ªb¬�· � ¦ £¥¦µªJ� ¬��9�<�o��¦µª «E�o� � �A�
��¦�£�¦�§ ª ��� ©J�����J� �A� � � � � £¥³ � ����£¥©Cªf¬�¦�� � �   ¯�± ��± � ±É¯1¶ ¡ � ªJªf­ �?Å Å � � �
� £��I� � �J£/�P� � ªf�o· ® ���?¬I��� �C­
Å*£�¦�� � G �R� � � ªf¨[¤ ±   ² ¡ � ªJªf­��?Å�Å ¾ ��¬I· � � � �<�d��©C§o©<�d§o�1³ ÅI� � © � ¬��J� � ÅI� � «E�o�J¨F¬IªJ£��o¦ ÅI¨F��� � ¤�£�¦�§ Å*­�¬ �
­ � �C©¸Å ²I¶o¶ Â Å � ����¬ � 	�ª � £�¦ � � 
 $ � ¶ Â �P­m��« ±   Â ¡ � ªCªf­��?ÅÉÅ � � � �d© � ³o��� ��® ��© � � � �(�?¬I��� �C­�ÅI· � ¦�· ® �
Å*·I¬I§ E&�b¯ Â ª �Y� � � ªJ¨F¤ ±  G�µ¡ � ªCªf­	�?Å½Å � � � ©J�����d¦�£¥£:�P¬���� �C­ Å �C©J��¦���©FÅI�<��¦µª � ¦�ªf©[Å �C©J��¦ � ¢�¬I�b· � ¦µ��¨a¢ � �Å �C©J��¦ � ²�¯ � ² � E Â � � ªJ¨F¤ ±   E ¡ � ªJªJ­ �?Å Å � � � � �C£�© � £�¦(�d§o��� �C­ ÅI¨�¬I£�¦�ÅI� � �o��©f¬ Å ¶o¶ �C��¤ÆÅI­ ¶�²&�R�W�
� ªJ¨ ±   Ä ¡ � ªJªJ­
�XÅ´Å � � � � �C£¥© � £¥¦(�d§o��� �C­ ÅI¨F¬�£�¦ ÅI� � ����©f¬ Å ¶�¶ �C��¤ Â ÅI­ ¶o²&�R�W�1� ªf¨ ±   0 ¡ � ªJªJ­��XÅ
Å � � � �d«E¦ � ªT�d¢���©f¬�£/�P§o��� �C­»Å*«E� �9� ©C£�¬[Å � ³ � ¦�ª�Å*ªf��¨^ªVÅ ²�¶o¶�¯T¶�²o² � ²�¯ E Â ¶o¶ ÅI��­m��¬Iª ��¯ ÅI£�¦�� � G � �9� � ªf¨[¤��
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UAU
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`W|��W}A~��TUC{9{�� |*S ` UJx �TS x t�TWO9.9B/'&N?\°TV5¥`98
UC~��W}9x��TUC{9{�� |*S ` UC} x t�TWO9.9B/'&N?\°TV5°~<8
`Ax��W}A|��TUC{9{�� |*SPU UC} x S	TA\�TWOA+IBG'&N,5-�<8
}&U
�W}����W`W}9}A} |*S � UJx �TS x t!.AvC+*BG'*NP\�T�5¥xA8
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�9¤�¬�©C©J£ ���T¬IªJ£��o¦» ��V�#�%$& ±�²�¶o¶o¶ ¡�£¥©l¬�¤¥©J�^¤�£�©�ª � ��£�¦ � ¬�¢�¤ �  G��� Â ¡W��º,�����l� � �4�<¬Iª � §o�o�C£ � ©
¬�� � ©J£¥¨F£¥¤�¬��
ªJ�Zª � �o© � ­��J�o­m�o© � ��£¥¦$ª ��� �V� ��$� ��9¤�¬�©C©J£ ���T¬IªJ£��o¦H¬I¦��6� � � � ©J��£�¤(�9¤�¬�©C©�� �9�o�J� � ©J­m�o¦���©�ªJ�[©C�o£�¤¥©
� ¬1³�£¥¦�§�¬Z©�ªf�J��¦�§F£¥¨F­ � ��¬�¦�� � «G¬I�9ªf���<� �V� �
� ³ � � ± ¬�©�¬�¤¥� � ¬I� ® ­m�o£�¦�ª � �H�o��ª�¢ ®�� ���o� � ¬�¦�� � ªJ·�£¥¦ �
©C�o¦ ²I¶o¶ Â ¬�¦�� � ����� �F²�¶o¶ � ± ª ���F��� ¦ � ªs©Cªb¬*ªf£���¦�© � ¬T³ � § � ��ª � � � ¦�£¥�T¬�¤p£¥¦�«E�o�J¨F¬IªJ£��o¦���¦�¤ ® £¥¦½ª ���
���J©Cª ²I¶ ¨�� �����A® ­��J��­��o© � �H¬a©�ªb¬IªJ£�©CªJ£��<¬�¤�¨ � ª � ����ªf�Z� � �<¤�¬�©J©C£¥« ® ª ��� © � ©�ªb¬IªJ£��o¦�©l¢�¬�© � �H�o¦$��ª ��� �
¢m�o� �C� �o¤ � ��¬Iªb¬����R¦Èª ��� £���©CªJ��� ® ª ���A® ��© � � � ¬�¤�£°«E�o�J¦�£�¬�¦½¢m�o� ��� �o¤ � ©�� � � �l� ³ � � ± £¥¦É�o���^�<¬�© � �l�
ªf¬�· � ¬���³I¬�¦�ªb¬�§ � ��«kª ����� £�· � ¦ � ª]��¬Iªb¬ ± ����� � � ¢m�o� ��� �o¤ � � � ¬��J¬��9ª � �J£��T¬IªJ£��o¦ � G�£�©�ªf©]��­$ªf� ¯1¶�¶ ¬�¦��
²I¶o¶ ¨ � � ­�ª �   � �o£ � ª�¬�¤:� ±,²�¶o¶�¶ ¢,¡A� ����� ­��J��� � ����� � £�©L¬I©]«E�o¤�¤¥� � ©s  � ���o� �I±,²�¶o¶ ��¡��

� � �s� G�ªf�J¬��9ªV«E�o� � ¬�� � E2Eo²Q� £¥· � ¦ � ªV¢m�o� �C� �o¤ � ©Cªb¬*ªf£���¦6ª ��� © ��� ¬�� � ¬1³ � ³ � ¤����<£°ª ® «E�o� ª ���
¤�¬ ®o� ��¤¥���<¬Iª � �H¬IªV
 �(� Â ¶ ¨ ±�� �"!#� �%$�&�'(*),+.- �

� º,���^¬6§o£¥³ � ¦ ��� ¦ � ª^©J£°ª � �l�F� G�ªf�J¬��9ª^ª ��� ³ � ¤����<£°ª ® ³�¬I¤�� � ��«]ª ��� ¤�¬�©�ª4¤�¬ ®�� �s¤����T¬Iª � �È¬Iª

 �7�0/ ¨ ±1�2� �%$�&�'(*)43 �i�R¦ ¬�����£°ªf£¥�o¦ ± �
� ¬I¤�©J�¹§ � ªQª ��� ³ � ¤����<£°ª ® ��«�ª ��� ¤�¬ ®o� ��¬*ªZª ��� ©f¬�¨ �
� � ­�ª � «E���]ª ��� © � ª���«!ª ���s� £�· � ¦ � ªL¢���� �C� �o¤ � © � �"!#� �%$�&�'(*)43 �
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® ©C��� � ©�ªb¬IªJ£�©CªJ£��<¬�¤
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¬I¨F­�¤¥£����<¬Iªf£¥�o¦a¬I�J�o��¦�� ¶ � ¶�� ©�  ¯ E �&�1¡W� ����� �s©�ªb¬IªJ£��o¦�©pª � ¬Iª �
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©�ªb¬IªJ£��o¦�©�© � � � ©�ª � ¬IªLª ��� ��¦�� � �J§o�C�o��¦���£�©L�<�o¨[­m�o© � �»��«�¬[³ � � ® ª � £�¦6©J��« ªV©J�o£¥¤� G� � ©J­ � �Aªf£°³ � ¤ ®»²�±
Ä ±�² ¬�¦��H�Z¨ � ª � �J© ± ¬�¦�� � 8 ¬I�J�o��¦�� Â ¶o¶ ¨�ÅI©b¡ ± ��¦�� � �C¤�¬�£¥¦ � �¸¢ ® ©�ªf£:9�©J��£�¤ � £°ª � � 8 §�� � ¬*ª � �]ª � ¬�¦� ¶o¶ ¨$Å*©<� ��� £¥©y�<�o¦ ��§o���J¬Iªf£¥�o¦ � G�­�¤�¬�£�¦�©�¬H� � ©C�o¦�¬�¦�� � ­ � �J£����¹¬��C�o��¦�� ¶ � ¶�� ©[  ¯1E ���T¡V«E�o��ª ��� © �
©�ªb¬IªJ£��o¦�©<�
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��¬Iªb¬ ±I� � �
� ³ � � ±^� ¬I�$¬y­����o� � �p� � ª � �C¨F£¥¦�¬Iªf£¥�o¦Z��«7©J£¥ª � �<�o¦���£¥ªJ£��o¦(���R¦�� �<� � ± ª ��� ©J£°ª � �<¤�¬�©J©C£����<¬Iªf£¥�o¦
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¨ � ¦µª � £¥ª � ª ��� ­ ��® ©J£¥�T¬�¤V¨ � ¬�¦�£�¦�§È��« � ¬T³�£¥¦�§���­���©J£¥ªJ£¥³ � �����o� � �1³ � � ± ��¦ � ¬�¤¥©J�È�o¢�© � �C³ � ©¸£�¦
ºn£�§o��� �  G���d�µ¡]ª � ¬Iª�ª ��� ©Cªf¬�¦���¬��C��� � ³�£�¬Iªf£¥�o¦6£�©�� � ����� � � ����� ¦ E ©C�o£�¤��T¬*ª � §��o�J£ � ©V¬�� � ��© � � � £¥ª �
� � ©C­ � �9ªiªJ��ª ��� �<¬�© � ����� ¦Q¦���§ � ��ª � � � ¦�£¥�T¬�¤�£¥¦�«E�o�C¨�¬IªJ£��o¦�£¥©���© � �[¬Iªi¬�¤¥¤:� � ©p¬I¤�� � ¬�� ® ­m�o£�¦�ª � �Z�o��ª
¢ ®$� ��©J©C�o� >?* F��96 ²�¶o¶�¯ £�¦H¬Z©J£¥¨F£¥¤�¬��p©CªJ��� ®�± ª ��� � � ©J��¤¥ªf£¥¦�§Z©Cªf¬�¦���¬I�J�H� � ³�£�¬Iªf£¥�o¦ � G � £¥¢�£¥ªJ©L¬a­ � ¬�·
¬Iª ¯ © ±���� £�� � £�©���£ 9 � � � ¦�ª!«E�C�o¨���ª ��� � � ¨[­�£��C£��T¬I¤o­�� � ��£��Aªf£¥�o¦ �9¾ ��¬Iªf£¥�o¦�©!©J��� � ¬�©uª ��� �i���J��­ � ¬�¦a�o�
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²�¶o¶ Â ¡W� � �<¤���© � ³�£ ��� ªJ�aª ��� � � ©C��¤¥ªJ©]�o¢�ªf¬�£�¦ � � � £¥ª � ¬�¦���ª ��� �]�9�o¨[­���ª � �¸� � §o� � ©J©J£¥�o¦ ± ­ � ��«E�o�J¨ � �
� £¥ª � ¦�� ��¤¥ª � � � �½��¬Iªf¬ ± � � ³ � ¬�¤¥©�ª ��� ©f¬�¨ � ¬�¨[­�¤¥£¥ªf��� � ¬I¦��½© � ¬I­ � «E���Vª ��� ©Cªf¬�¦���¬��C�¹� � ³�£�¬*ªf£���¦(�
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ª � £¥© ��® ­m��ª ��� ©C£�© ± �l� ­ � ��«E�o�J¨Ã� � §o� � ©J©J£¥�o¦�© �o¦$³I¬��C£��o��©l��¬Iªf¬a©J��¢�© � ªJ© «E�o� ��� £¥� � �l� ©C���<� � ©J©C£¥³ � ¤ ®
� � ��¦ � ¬½¨F¬ G�£�¨a��¨Á¨F¬�§o¦�£°ªf��� � ³�¬I¤�� � �iº��o� � G�¬�¨[­�¤ � �l� �<�o¦�©Cªf�C���9ªQ«E�o���Z��¬Iªb¬½©C��¢�© � ªf© � £¥ª �
� ³ � ¦�ªf© � ¬1³�£¥¦�§�¬Q¨F¬�§o¦�£°ªf��� � ³I¬�¤¥� � §o� � ¬Iª � �Lª � ¬�¦6��� ¶ ¬�¦��»©C���<� � ©C©J£¥³ � ¤ ® ¤ � ©C©�ª � ¬�¦�¬[¨F¬ G�£�¨a��¨
¨�¬�§�¦�£¥ªJ��� � ³I¬�¤�� � ��« ��� E�±�E � ¶�±�E � E ¬�¦�� Ä � ¶ �u�R¦c¬�¤¥¤��<¬�© � ©4ª ��� ©�ªb¬�¦���¬��J�c� � ³�£�¬IªJ£��o¦¼©CªJ£�¤¥¤i­ � ¬�·µ©
¬��J�o��¦�� ¯ ©^¬I¦��¹© � � � ©s¬�¨[­�¤�£°ªf��� � ³I¬��J£�¬Iªf£¥�o¦�©�¤ � ©C©�ª � ¬�¦ ¶ � ¶ �¸��¦�£°ªf©9� ��� £�©y©C��§o§ � ©CªJ©�ª � ¬Iªyª � £�©
­�¬��CªJ£��9��¤�¬��l¢ ��� ¬T³�£¥�o� ��«�ª ��� ©�ªb¬�¦���¬��J�6� � ³�£�¬Iªf£¥�o¦¸£�© ��� � ªJ�[ª ��� ��¬Iªf¬Zª ��� ¨[© � ¤¥³ � ©<�

��£°ª � ª ��� ��¬Iªf¬[�9¤�¬�©C©J£ � � �»¬�©L� � ©C�<�J£¥¢ � �½¬�¢m�1³ ��± ª ��� � � ©C��¤¥ªJ© � G � £�¢�£°ª�ª ��� £�¦ � � � ¦�� � ��«!ª ���
©J�o£¥¤,ª ® ­ � �o¦�ª ������� �o¤ � �f¬�¦�§ � ¢ � ª �
�<� ¦ ¶ � ¶ �4¬�¦��$�a©9� ����� � � ¤�¬IªJ£¥³ � ¬�¨[­�¤�£ ���T¬*ªf£���¦[�I« � ¬�� � ©C�o£�¤ ±
� £¥ª � � � ©J­ � �Aª^ªJ�6ª ��� ©C�o£�¤�ª ® ­ � � ± £�©�¬�¤¥©J�H³ � � ® £�¦�ª � � � ©�ªf£¥¦�§��u� ¾ �l E���d�µ¡�­�� � ��£��Aªf©yª ��� � � ©J­m�o¦�© �
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����� � � §o� � ©C©J£���¦ � � ©C��¤¥ªJ©a� � ­ � ¦�� ��¦cª ��� ©C�o£�¤��<¤�¬�©J©C£����<¬Iªf£¥�o¦c�o¢�ªf¬�£�¦ � �Æ¬I« ª � �4ª ��� ����¦µª �A�
� ¬I�J¤���� � ��£�©�ªf�J£¥¢���ªJ£��o¦ ± ¬�© � G�­�¤�¬�£�¦ � �c£�¦¼ª ��� ­�� � ³�£��o��©4© � �Aªf£¥�o¦(���R¦Æ�o�J� � �^ªJ�»© �9� ¬�¦ ® ¢�£�¬�©^��� �
ªJ�Fª � £�©��o­ � �f¬*ªf£���¦ ± �l� ¬�� � §o�o£�¦�§[ªJ� � G�­�¤¥�o� � ��ª ��� ��� � ©C��¤¥ªJ©��o¢�ªb¬�£¥¦ � � � £¥ª ��� ¬�� � �Iª ��� ��©Cªf¬Iªf£¥�o¦
� � ¬��C�f¬�¦�§ � ¨ � ¦�ªQ  � ¬I¢�¤ �  G���d�µ¡J¡W���R¦½���J� � ��ªf� � ³I¬�¤���¬*ª � ª ��� �9�o�J� � ¤�¬*ªf£���¦�¢ � ª �
�<� ¦¼ª ��� � � §o� � ©J©C£��o¦
� � ©C��¤¥ªJ©�¬�¦���ª ��� ©Cªb¬*ªf£���¦»� � ¬��J�J¬�¦�§ � ¨ � ¦�ª ± �l� �<�o¨[­���ª � ª ��� �<���J� � ©J­m�o¦���£¥¦�§�� � §o� � ©C©J£���¦�©Vªf¬�·µ£�¦�§
ª ��� ���C©Cª��o¦ � ¬�©y¬�� � « � � � ¦�� � � ����� ¦ ± �l� �o¢�ªb¬�£¥¦»ª ��� �f¬IªJ£���¢ � ª �
�<� ¦¼ª ��� ��£:9 � � � ¦µªy¬IªJª � ¦µ��¬IªJ£��o¦
�9� � Ç[�<£ � ¦�ªf© � £°ª � � � ©J­ � �9ªsªf�Hª ��� � � « � � � ¦�� � ³I¬�¤¥� � ©^¬Iª � ¬�� � ©J­ � �Aªf�f¬I¤�­ � �C£����(� ����� © � ¬*ªJª � ¦µ��¬ �
ªJ£��o¦H�9� � ÇF�9£ � ¦µªJ©�¬�� � ¬�¤�¤ E ©J�o£¥¤(�<¤�¬�©J©C£����<¬Iªf£¥�o¦H­�¬��J¬�¨ � ª � �J©^  F � ��� � ± · � ¯o±?²�± �¥� E ¡ ¬�¦��6ª ��� � � ³I¬�¤¥� �� � ¤�¬Iª � �[ªJ�^ª ��� ¨F¬�§o¦�£°ªf��� �  /� ¾ �( E���P��¡J¡A� ����� ©J¬�¨ � ­��C��� � ����� � £¥©�«E��¤�¤�� �
� �Z«E�o�iª ��� ©Cªf¬�¦���¬I�J��� �A�
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©�ª � ­ ± ª � ��©�ª ��� £���³I¬�¤¥� � ©�¬�� � £�¦�� � ­ � ¦�� � ¦�ª4�o¦½ª ��� ©J�o£¥¤n�<¤�¬�©J©C£����<¬Iªf£¥�o¦(�7ºn£�§o��� �  E��� Ä ¡�© � � � ©�ª ���

'3H



����������$�� � �����������
	���
 � $��
	  �� ��	���	! p� � � $ � ��� ��� � ��� �	� �
��	�� ��
 � �V�
��� ��� �����  � ����	���� ���!� �l� 	��

��
�� � ��� � �  � �J£¥����� � ­ � ¦�� � ¦�� � ��« E �J¬Iªf£¥�o©
¢ � ª �
�<� ¦ E ©Cªf¬�¦���¬��C�$� � ³�£�¬Iªf£¥�o¦½  �u¡��9�o�J� � ©C­��o¦���£�¦�§
ªf� E � � §o� � ©C©J£���¦�©F���o¦ � � £¥ª � E ��£ 9 � � � ¦�ªF©Cªb¬*ªf£���¦ ��£�©CªJ�J£¥¢���ªf£¥�o¦�© ± ¢ ® �<�o¦�©J£�� � �J£¥¦�§¹ª ��� �<���J� � ¦�ª
� � §�� � ©C©J£¥�o¦»¬I©]ª ��� � � « � � � ¦�� � �

�f¬IªJ£��Z¢ �C� ¬T³�£��o� ¢ � ª �
�<� ¦»ª ��� �<� � Ç[�<£ � ¦�ªf©�¨ � ¦�ªf£���¦ � �6¬�¢m�1³ � ¬�©�¬a«E��¦��9ªJ£��o¦H��«�ª ��� ­ � �C£����(� �����
E ���J©�ª]­�¤¥��ªf©l¬�� � � � ¬I¤�£�¦�§ � £¥ª � ª ��� �f¬*ªf£���©
¢ � ª �
�<� ¦6©C�o£�¤m�<¤�¬�©J©C£����<¬Iªf£¥�o¦[�<� � Ç[�<£ � ¦�ªf©9� �����9® © � � ��±
£�¦[§ � ¦ � �f¬�¤ ± ©J¨F¬�¤�¤�³�¬I�J£�¬*ªf£���¦�©�¤ � ©J©pª � ¬I¦ ¯1¶�� ¢�£�¬�© � G�� � ­�ª
«E�o�p©J�o£¥¤ � � ����� �f¬IªJ£��y«E�o� � ª ® ­ � ©J�o£¥¤�©
© � � � ©�ª � ¬Iª�ª ��� ©J­ � �9ªJ�f¬�¤p¬I�<� � ¤ � �f¬IªJ£��o¦¹¨[£�§ � ª � ¬T³ � ¬$³I¬��J£�¬Iªf£¥�o¦���­¹ªf� E�¶�� ¬��J����¦�� ¶ � Â ©y«E�o�
ª ��� ��£ 9 � � � ¦�ª ����¦µª �1� ¬��C¤��a£°ª � �f¬IªJ£��o¦�©9�%�V�o¦ � ª ��� ¤ � ©J© ± ª ��� �f¬*ªf£���©�«E�o��� ± ¿ ± À ± ¬�¦�� � ©J��£�¤�ª ® ­ � ©
¬�� � � � ¨�¬I�J·*¬�¢�¤ ® ©Cªf¬�¢�¤ � � ����� ¤�¬�©�ª^­�¤���ª�© � � � ©^ª � ¬Iª�ª ��� ¨�¬I§o¦�£¥ªJ��� � �9� � ÇF�9£ � ¦µª^£�©�­��J¬��9ªJ£��<¬�¤�¤ ®
£�¦�³I¬��J£�¬�¦�ª�ªf�¸ª ��� ©Cªf¬Iªf£¥�o¦�� � ¬��J�J¬�¦�§ � ¨ � ¦�ªT� � � ¨�¬ ®»� G�­�¤�¬I£�¦�ª ��� © � ©�ªb¬�¢�¤ � � � ©J��¤°ªf©y�9�o¦�©J£¥� � �C£�¦�§
ª � ¬Iª�ª ��� ­m�o­���¤�¬IªJ£��o¦6«E�o��©C�o£�¤uª ® ­ � ©�� ¬�¦��¹¿ ¬I� � ©C��Ç[�<£ � ¦�ªf¤ ® ¤�¬��C§ � «E�J�o¨ ¬$©Cªf¬Iªf£¥©Cªf£¥�T¬�¤u­m�o£�¦�ª
��«i³�£ � � � � �o¦�³ � �J© � ¤ ®�± ª ��� « � � ¦µ��¨a¢ � �V��«p©Cªf¬Iªf£¥�o¦�©��o¦�©J��£�¤uª ® ­ � � ¬�� � � � £¥¦�«E�o�C� � �»��� � ªJ��ª ���
­��J�o¢�¬�¢�£�¤¥£¥ª ® ��« � ¬1³�£¥¦�§6ª ��� © � ¤�¬��J§ � ¦µ��¨4¢ � �s�I«]©J��£�¤�©yª ® ­ � � � � ¬�¦�§�£�¦�§6£�¦�ªf�Hª ��� ��­�­ � �^�9¤�¬�©C©<�
� �o¦�©J£¥� � �C£�¦�§$ª � ¬Iª �
� ���¸¦���ª��o¢�© � ��³ � ¬¸�<¤ � ¬�����£�©J�9� � ­�¬�¦�� ® ¢ � ª �l�9� ¦ ���o¦�ª �T� ¬��J¤¥�6£°ª � �f¬IªJ£��o¦�© ±
�l� � � �<£�� � �Hªf� � ���J· � £°ª � ª ��� ���C©Cª�©Cªf¬Iªf£¥�o¦¸� � ¬��J�J¬�¦�§ � ¨ � ¦�ªT��ºn£¥§o��� �  G��� � ¡l© � � � ©�ª ��� � � ©C��¤¥ªL�I«
¬Q©C£�¨[£�¤�¬��
©�ªf��� ® � £¥ª � ª ��� ©Cªb¬I¦���¬��C��� � ³�£�¬IªJ£��o¦(� ����� ¢�£�¬�©]³I¬�¤¥� � ©L¬I� � ¤ � ©J© ª � ¬I¦ ² � �

�
�/. � . � !$#�%���3
�#� �7&
�#� ��#�%'#

�R¦4�o�J� � �!ªJ��£�¦�³ � ©CªJ£�§�¬*ª � ª ��� ©Cªb¬I¢�£�¤¥£¥ª ® ��«�ª ��� � � §�� � ©C©J£¥�o¦ ±��l� ¬I¦�¬�¤ ® � � ª ��� ¢�£�¬�©���£�©�ªf�J£¥¢���ªJ£��o¦
��«7ª ��� ��£�©Cªf¬�¦�� � ¬�¦��F¨�¬I§o¦�£¥ªJ��� � £¥¦[ª � �J¨[©���«(� � ©J£¥����¬�¤,­�¤¥��ªf©9�µºn£�§���� � ©� E���?�o¡p¬I¦��½ E��� 0 ¡i© � � � ª ���

' <



10
1

10
2

−1

0

1

σ(10−2)=0.2677

10
1

10
2

−1

0

1

10
1

10
2

−1

0

1

re
si

du
al

10
1

10
2

−1

0

1

10
1

10
2

−1

0

1

distance (km)

10
1

10
2

−1

0

1

σ(0.2)=0.3235

10
1

10
2

−1

0

1

10
1

10
2

−1

0

1

10
1

10
2

−1

0

1

10
1

10
2

−1

0

1

distance (km)

10
1

10
2

−1

0

1

σ(1)=0.4038

10
1

10
2

−1

0

1

10
1

10
2

−1

0

1

10
1

10
2

−1

0

1

10
1

10
2

−1

0

1

distance (km)

10
1

10
2

−1

0

1

so
il 

A

σ(4)=0.3299

10
1

10
2

−1

0

1

so
il 

B

10
1

10
2

−1

0

1

so
il 

C

10
1

10
2

−1

0

1

so
il 

D

10
1

10
2

−1

0

1

distance (km)

so
il 

E

� 
�� � ���P� � $ � ©J£�����¬�¤]³I¬�¤�� � ©[¢ � ª �l�9� ¦ ª ���������
��- ��«�ª ��� ��¢�© � �C³ � ��©J­ � �Aªf�f¬I¤V¬I�<� � ¤ � �f¬IªJ£��o¦ ¬Iª¶ � ¶�¯�±k¶ � ²�±�¯ ¬�¦��¼�H©�¬�¦��½ª ��� ­�� � ��£��9ª � �¼�o¦ �I± ��©J£¥¦�§¸ª ��� ©�ªf�C�o¦�§6¨F��ªJ£��o¦»­�� � ��£��Aªf£���¦ �<¾ ��¬IªJ£��o¦

­�� � © � ¦�ª � � £�¦Éª � £�©s©CªJ��� ®  E«E�o� � �o�J£��<�o¦�ªf¬�¤p¨F��ªJ£��o¦ ±�E�� ��¬�¨[­�£�¦�§�¡ ± � � ­ � ¦���£�¦�§»�o¦Éª ��� �<¤¥�o© � ©Cª
��£�©Cªf¬�¦�� � ªf��ª ��� «G¬I��¤¥ª<� ����� §o�f¬I­ � ©�£¥¦ � ¬I� � �J� � � � ­�� � © � ¦�ª�¬��<¬Iª � §o�o� ® ��«,©C�o£�¤/� � � ¬T³ ® � �o�J£��<�o¦�ªf¬�¤
¤¥£�¦ � ©L¬�� � ¤¥���<¬Iª � �6¬Iª ª ��� �¹³I¬�¤�� � �

� � ©C£�����¬I¤���£�©�ªf�J£¥¢���ªJ£��o¦Z��«mª ��� ��¬Iªb¬ � £¥ª � � � ©C­ � �9ª�ªf��ª ��� ��£¥©Cªb¬I¦�� � ¬�¦��[¨F¬�§o¦�£°ªf��� �I± � � ©J­ � �Aªf£¥³ � ¤ ® �
����� ��§o��� � ©$© � � � ª ��� � � ©C£�����¬I¤�©F«E��� � ¬I� � ©J�o£¥¤V�9¤�¬�©C©$¬�¦�� «E�o�F«E�o����©J­ � �Aªf�J¬�¤�­ � �C£�����©F�I«yª ���
­�� � ��£��9ªJ£��o¦ �<¾ ��¬*ªf£���¦(� � � �T¬I¦ �o¢�© � ��³ � ª � ¬IªQª ��� � � £�©Q¦��¼©J£¥§o¦�£ ���T¬�¦�ª[¢�£�¬�©Q£�¦ ª ��� �<��¨F­���ª � �
� � §o� � ©C©J£���¦�©<�

�R¦�¬�����£°ªf£¥�o¦ ± ºn£�§o��� �  E��� ¯T¶ ¡
© � � � ©V¬ ¾ ��¬�¦�ªf£¥¤ � ­�¤¥��ª ��«�� � ©J£¥����¬�¤¥©]«E�o�lª ��� ©f¬�¨ � «E�o��� ©C­ � � �
ªJ�f¬�¤7­ � �J£�����©]¨ � ¦�ªJ£��o¦ � �6¬�¢��1³ � � ����� £�� � ¬a��«�ª ��� © � ­�¤¥��ªf©]£¥©]ªf�Z© �<� ��­¸ªf� � � � ¨F¬�¦ ® ©�ªb¬�¦���¬��J�
� � ³�£�¬IªJ£��o¦�©
ª ��� ��¬Iªf¬^«E�o¤�¤¥� � ¬a¤���§o¦��o�C¨�¬�¤���£�©CªJ�J£¥¢���ªf£¥�o¦(���R¦¸§ � ¦ � �J¬�¤ ± ª � £�©
³I¬�¤¥� � £¥©l¦��Iªlª ��� ©f¬�¨ �
«E���p¬�¤�¤�­ � �J£�����©9�oº��o� � G�¬�¨[­�¤ ��± «E�o�!ª ���  �
 �  G¬Iª ¶ � ¶�¯ ©b¡nª ��� ¤��o§o¬��J£°ª � ¨z��«mª ��� ��¬Iªb¬y© �9� ¨ ªJ�s� �A�
³�£�¬Iª � «E�C�o¨ ¬a¦��o�J¨F¬�¤m��£�©�ªf�C£�¢���ªJ£��o¦�¬�­�­��C� G�£¥¨�¬*ª � ¤ ® ¬�¢��1³ �s² ©Cªb¬I¦���¬��C�6� � ³�£�¬IªJ£��o¦�©<� � ��¦µ³ � �C© � ¤ ®o±
¬*ª4��©^ª ��� ��¬Iªf¬�¢ �C� ¬T³ � ¤��o§o¦��o�J¨F¬�¤�¤ ®6� ³ � ¦Æ��­ÉªJ�»�»©�ªb¬�¦���¬��J�É� � ³�£�¬*ªf£���¦�©<� � �
� ¬T³ ��� ³I¬�¤���¬ �
ª � �Hª ����� C �	� C K�C�
 C��E:�
�� H�
 <"C�� *=> D?*�� � :�
 *'> D?*	� � £°ª � ª ��� �»¬Iªf¤�¬�¢H©Cªf¬Iªf£¥©Cªf£¥�T¬�¤mªf���o¤�¢m� G�ªJ�Q� ��� �b·
����� ª ��� ��ª ��� ¦��o�C¨�¬�¤¥£ � � �»� � ©C£�����¬I¤n��£¥©Cªf�C£�¢���ªf£���¦»£�©V¦���ªy©C£�§o¦�£����<¬�¦�ªf¤ ® ��£:9 � � � ¦µª�«E�J�o¨ ¬$¦��o�C¨�¬I¤

'�'



����������$�� � �����������
	���
 � $��
	  �� ��	���	! p� � � $ � ��� ��� � ��� �	� �
��	�� ��
 � �V�
��� ��� �����  � ����	���� ���!� �l� 	��

4 6 8

−1

0

1

σ(10−2)=0.2677

4 6 8

−1

0

1

4 6 8

−1

0

1

re
si

du
al

4 6 8

−1

0

1

4 6 8

−1

0

1

Mw

4 6 8

−1

0

1

σ(0.2)=0.3235

4 6 8

−1

0

1

4 6 8

−1

0

1

4 6 8

−1

0

1

4 6 8

−1

0

1

Mw

4 6 8

−1

0

1

σ(1)=0.4038

4 6 8

−1

0

1

4 6 8

−1

0

1

4 6 8

−1

0

1

4 6 8

−1

0

1

Mw

4 6 8

−1

0

1

so
il 

A

σ(4)=0.3299

4 6 8

−1

0

1

so
il 

B

4 6 8

−1

0

1

so
il 

C

4 6 8

−1

0

1

so
il 

D

4 6 8

−1

0

1

Mw

so
il 

E

��
�� � ��� 0 � $ � ©J£¥����¬�¤ ³I¬�¤¥� � ©Q¢ � ª �
�<� ¦�ª ��� � ���
��- ��«�ª ��� �o¢�© � �C³ � ��©J­ � �Aªf�J¬�¤�¬��<� � ¤ � �f¬IªJ£��o¦ ¬Iª¶ � ¶�¯o±(¶ � ²�±�¯ ¬�¦��¼�H©s¬�¦��½ª ��� ­�� � ��£��Aª � �¹�o¦ ��± ��©C£�¦�§¸ª ��� ©Cªf�C�o¦�§H¨[��ªf£¥�o¦½­�� � ��£��Aªf£¥�o¦ �<¾ ��¬IªJ£��o¦

­�� � © � ¦�ª � �¹£�¦Hª � £¥©V©�ªf��� ®   «E�o� � �o�J£��<�o¦�ªb¬I¤�¨[��ªJ£��o¦ ± E�� ��¬�¨[­�£�¦�§�¡ ± � � ­ � ¦���£¥¦�§$�o¦6ª ��� ¨F�o¨ � ¦�ª
¨�¬�§�¦�£¥ªJ��� � � ����� §o�J¬�­ � ©s£�¦ � ¬�� � �J� � � � ­�� � © � ¦µªa¬��<¬Iª � §o�o� ® �I«]©J��£�¤:�"� � ¬T³ ® � �o�J£��<�o¦�ªf¬�¤i¤�£¥¦ � ©
¬�� � ¤¥���<¬Iª � ��¬*ª ª ��� �¹³�¬I¤�� � �

��£�©�ªf�J£¥¢���ªJ£��o¦(� � � «E�o��¦��Éª � ¬Iªaª ��� ¬�¤¥¤
©C­ � �9ªf�J¬�¤l­ � �C£�����© � G�� � ­�ª ����� � �  �
 � £�©4¨ � ¬I©J��� � � ¬Iª
ª ��� ¤�� �
� ©Cªl�o¦ � ­�¬�©C© � �Fª ��� � :�
M*'> D?*,«E�o��¬ E � ¤ � ³ � ¤m��«(©C£�§o¦�£����<¬�¦�� � � �V� �l� ³ � � ± «E���pª ��� ­����J­m�o© �
��«Vª � £�©Q©�ªf��� ®�± ª � £¥©Z£�©J©C� � ��� � ©Q¦���ª � ¬T³ � ¬½©Cªf�C�o¦�§¼£�¦ � � � ¦�� � ©C£�¦�� � �l� ¬�� � �9�o¨F­�¬��J£¥¦�§¹� � �
� � ©C­���¦�© � ©J­ � �Aªf�f¬ � £¥ª � ¨ � ��£�¬�¦¸©C­ � �9ªJ�f¬�¤u§o�C�o��¦��H¨[��ªf£¥�o¦¸­�� � ��£��Aªf£¥�o¦�© �o¦�¤ ® �

� ����£¥ªJ£��o¦�¬I¤�� � §o� � ©C©J£���¦�© �
� � � ­ � �C«E�o�C¨ � ����©J£¥¦�§���£ 9 � � � ¦�ªy�<�C£¥ª � �J£�¬[�o¦�ª ��� ��¬Iªb¬�¢�¬�© � �7º��o�
� G�¬�¨[­�¤ �I± �
� � � ¬�¦�§ � �$ª ��� ¨F£¥¦�£�¨4��¨ ¨�¬I§o¦�£¥ªJ��� �I± § � �o§o�J¬�­ � £¥�T¬�¤m��¬Iªf¬4��£¥©Cªf�C£�¢���ªf£���¦ ± ¬�¦��$¨[£�¦�£ �
¨a��¨ ¦µ��¨a¢ � ����« � ³ � ¦�ªf©]� � �<���J� � �¸¬Iª � ¬�� � ©Cªf¬Iªf£¥�o¦(�µº��o��¬�¤�¤�ª ��� © � �9�o¨[­���ªb¬*ªf£���¦�© ± ª ��� ©Cªb¬I¦���¬��C�
� � ³�£�¬*ªf£���¦½· � ­�ª^£°ªf©�­�¬��CªJ£��<��¤�¬��V© � ¬�­ � � ����� ©C£¥ª � �<� � Ç[�<£ � ¦�ªf©s¬�¤¥©J�¸¨F¬�£�¦�ªb¬I£�¦ � �»ª ��� £��y¢ �C� ¬T³�£����<�
����� 	 � ³I¬�¤¥� ��±�� � �
� ³ � � ±!� ¬�©
© � ¦�©J£¥ªJ£¥³ � ªf�sª ��� © � �9�o¦���£°ªf£���¦�© ± ­�� � © � ¦�ªf£¥¦�§Z­���©J£¥ªJ£¥³ � ³I¬�¤¥� � ©
¬Iª]¤¥�o¦�§
­ � �J£�����©9� ��� £¥© � ¬�©y¬�¦½£¥¦µª � � � ©CªJ£�¦�§�©Cªb¬I¢�£�¤¥£¥ª ®H� G � �J�<£¥© � «E�o�V©J��� � ¤�¬��J§ � ��¬Iªf¬�¢�¬�© � ���R¦�� �<� � ± ����� ¦
ª ��� © � ¤ � �9ªJ£��o¦È�<�o¦���£¥ªJ£��o¦�©^¢ � �<�o¨ � ¨[�o� � � � ©CªJ�J£¥�9ªf£°³ �I± ª ��� ¬�¨[�o��¦�ª4�I«L��¬Iªb¬�£�© � £�§ � ¤ ® � � ����� � �
¨�¬�·µ£¥¦�§aª ��� �9�o¨F­���ªb¬IªJ£��o¦¸�I«�¬Z©Cªf¬�¢�¤ � ­�� � ��£��Aªf£���¦ �9¾ ��¬Iªf£¥�o¦H¨F��� � ��£°ÇF�9��¤¥ª<�

'�'



� 
�� � ��� ¯1¶ � ���o�J¨F¬�¤ ¾ ��¬I¦µªJ£�¤ � ­�¤���ªy£¥¦���£¥�T¬IªJ£�¦�§¸�o¦¹ª ���Q®�� ¬ G�£�©yª ��� �<��¨a��¤�¬*ªf£¥³ � ­ � �J� � ¦�ªb¬�§ � ��«
��¬Iªb¬½ E�<�C�o©J©f¡�ª � ¬*ª�� � ¬�� ��� ©�¬�¦µ��¨a¢ � ����« �� G�o¦»ª ��� G � ¬ G�£¥©b¡�¬Iª ¶ � ¶�¯o±m¶ � ²�±�¯ ¬�¦��½��©<� ����� ¤�£¥¦ �
¬I©J©J��¨ � ©�¬Z¤���§o¦��o�C¨�¬�¤m��£¥©Cªf�C£�¢���ªf£���¦(�

' =



����������$�� � �����������
	���
 � $��
	  �� ��	���	! p� � � $ � ��� ��� � ��� �	� �
��	�� ��
 � �V�
��� ��� �����  � ����	���� ���!� �l� 	��

��
�� � ��� ¯1¶2� 	���£°ª �

' �



� 
�� � ��� ¯�¯ � � �o¨[­�¬��C£�©C�o¦ ��«�ª ��� ¨ � ��£�¬�¦�	 � «E�o�F¬ E ·µ¨ � �<� ­ ± ©�ªf�C£�· �W� ©C¤�£�­ � ¬I�Cª ��¾ ��¬�· � ��«
¨F¬�§o¦�£¥ªf��� � Ä � E ¬Iª�¬$��£�©�ªb¬�¦�� � ��« Â ¶ ·�¨ �o¦½¢m��ª � � ¬�¦�� � ©J£°ª � ©9�(º��o�V��£ 9 � � � ¦�ªy� � ¤�¬IªJ£��o¦�© � £¥­�©
«E�C�o¨   � ¢��J¬ � ¬�¨[©J�o¦ 	�	�£�¤¥³I¬ ±�¯1020�� ¡ ±   � ¨a¢��J¬�© �A® © � ª
¬�¤/� ±�¯1020 Ä ¡ ±   � ���o� � � ª]¬�¤/� ±�¯1020�� ¡ ±   �
� �J§ �A�
��� £ � �C� ®É� ªQ¬�¤/� ±n²�¶o¶ Â ¡ ±  Eª � £�©a©�ªf��� ® ¡a¬�¦��  :	�¬�¢ � ªCªb¬ 	  i��§o¤�£ � © ��±l¯ 020 Ä ¡W� � ¤¥¤
¨F¬�§o¦�£¥ªf��� � ©Z¬I� �
©C�T¬�¤ � �Hª � ¬I¦�·µ©LªJ�[ª ��� ��ªJ©J� ²�¶o¶ �Z� � ¤�¬*ªf£���¦�©<�

� �/. �J� � ����! � #2����� &�( (5� � 3
&%� 9 �5��%'� & �
� ! �
% � ��% � & ! 143�����%'�7&
#

�R¦Éª���£�©s© � �9ªJ£��o¦ �l� £¥¦�ª � ¦��Èªf���<�o¨[­�¬�� � ª�� � §��J�o��¦�� � ¨[��ªf£¥�o¦¹­�� � ��£��Aªf£¥�o¦ �9¾ ��¬Iªf£¥�o¦ � £°ª��
�Iª�� � �¸­��J�o­m�o© � � £�¦�ª�� � ¤�£¥ª � �J¬Iªf��� � �
�R¦ ���J� � �$ªf� ��� ©J� ± ª�� � ¨ � ��£�¬�¦�¬��9� � ¤ � �J¬Iªf£¥�o¦�� � ©J­m�o¦�© �
©C­ � �9ªJ�f¬¹ :	 � ¡L«E����¬ Ä � E ¨[�o¨ � ¦�ª�¨F¬�§o¦�£¥ªf��� �^� ¬��Cª�� ¾ ��¬�· � «E�o� � ¬I¦��½¿ ©J�o£¥¤�ª ® ­ � ©y¤����T¬*ª � �»¬Iª
Â ¶ ·µ¨  G�<¤¥�o© � ©CªV��£�©�ªb¬�¦�� � � � ��¦�£¥ªf£¥�o¦,¡ ¬�� � ��£¥©J­�¤�¬ ®o� �»£�¦�ºn£�§o��� �  G��� ¯o¯ ¡l«E�o�L³I¬��J£¥�o��©L¨[��� � ¤�©9� � �
§ � ¦ � �f¬Iª � ��ª�� �a� G�­ � �9ª � �¹¨ � ��£�¬�¦»©C­ � �9ªf�J¬�¤�¬I�<� � ¤ � �f¬IªJ£��o¦���©J£�¦�§$­���¢�¤¥£�©�� � ���9� � Ç[�<£ � ¦�ªf©��9�o¨F£¥¦�§
«E�C�o¨ ª�� � «E�o¤�¤¥� � £�¦�§a­�� � ��£��9ªJ£��o¦ �9¾ ��¬Iªf£¥�o¦�© �

��� ¢��J¬���¬�¨[©J�o¦ 	 	�£¥¤¥³I¬6  ¯1020�� ¡l� � �C£¥³ � � � ¨F­�£¥�J£¥�T¬�¤(� � ©C­��o¦�© � ©C­ � �9ªJ�f¬�¤�­�� � ��£��Aªf£¥�o¦ �<¾ ��¬ �
ªf£���¦�©^«E�o��ª�� � ���o�C£ �<��¦µªf¬�¤��<�o¨[­���¦ � ¦�ªa�I«L§o�J�o��¦��c¨[��ªf£¥�o¦È£¥¦c©���¬�¤�¤¥� � ¬��9ªJ£¥³ � ª � �Aªf�o¦�£��
� � §�£��o¦�©9� � � �9® £¥¦��<¤¥��� � �a£�¦sª�� � £��n¨[��� � ¤�� � ­ � ¦�� � ¦�� � �o¦4ª�� � ¨�¬I§o¦�£¥ªJ��� �#� £¥ª��4ª�� � ©Cª ® ¤ �
��«!«G¬I��¤¥ªJ£�¦�§��

'�;



����������$�� � �����������
	���
 � $��
	  �� ��	���	! p� � � $ � ��� ��� � ��� �	� �
��	�� ��
 � �V�
��� ��� �����  � ����	���� ���!� �l� 	��

��
�� � ��� ¯&² �¸� �o¨[­�¬��C£�©C�o¦¸��«uª�� � ©�ªb¬�¦���¬��J�H� � ³�£�¬Iªf£¥�o¦$«E�o� ��£:9 � � � ¦µªL� � ¤�¬Iªf£¥�o¦�©���£�­�©�«E�J�o¨   � ¢��f¬ �
��¬�¨[©J�o¦ 	 	�£�¤°³I¬   ¯1020�� ¡ ± «E�o�[¬È©�ªf�J£¥· �W� ©J¤¥£�­ � ¬���ª�� ¾ ��¬I· � �I«y¨�¬I§o¦�£¥ªJ��� � Ä � E ¬*ª$¬¼��£�©�ªb¬�¦�� � �I«
Â ¶ ·µ¨ �o¦6¬a©J�o£¥¤ � ¡ ±   � ¨4¢��f¬�© �9® © � ª�¬�¤/� ±m¯1020 Ä ¡ ±   � ����� ��� ª�¬I¤:� ±�¯1030�� ¡ ±   �l� �J§ �W� � ��£ � �C� ®$� ª�¬�¤:� ±
²�¶o¶ Â ¡ ±  /	�¬�¢ � ªJªf¬ 	  i��§o¤�£ � © ��±(¯1030 Ä ¡]¬�¦��È  ª���£¥©�©�ªf��� ® ¡W�

�;� ���o� �[� ª4¬�¤:��  ¯1020�� ¡ � �o�J· � �Æ�o¦ � ©�ªf£�¨F¬IªJ£�¦�§ ���o�C£ �9�o¦�ªb¬�¤
	 � ¬�¦��c­ � ¬I·¼§��J�o��¦��c¬��9� �A�
¤ � �f¬IªJ£��o¦ «E�o�[©���¬�¤¥¤�� � � ¬��Cª�� ¾ ��¬�· � ©¸£�¦ �
� ©�ª � �J¦ �V�o��ª�� � ¨ � �J£¥�T¬�� � � �A® ¬�¤¥©J�É¬�¤�¤¥� �
� �
� � ­ � ¦�� � ¦�� � ��«�ª�� � §��J�o��¦��6¨[��ªJ£��o¦ � £°ª��¸ª�� � ©�ª ® ¤ � ��«!«G¬I��¤¥ªJ£�¦�§��

�;�l� �C§ �A� � ��£ � �J� ®É� ª[¬�¤:�l  ²�¶�¶ Â ¡ � �o�C· � � � £¥ª��c« � � ��¬Iªf¬��<�o¨[£�¦�§»«E�J�o¨�ª�� � �^�?	���¨[£-G � �
� £¥ª����i���C�o­ � ¬�¦ � ³ � ¦�ªf©9� � � � © � ��¬Iªf¬Q�9�o�J� � ©C­��o¦��6ªJ�F©���¬�¤�¤¥� � � ¬��Cª�� ¾ ��¬�· � ©<�

� 	�¬�¢ � ªCªb¬�	  i��§o¤¥£ � © �   ¯ 020 Ä ¡ � �o�J· � � � £¥ª��H�Yªf¬�¤�£�¬�¦¸��¬Iªf¬Q��¦�¤ ® �
� ºn£�¦�¬�¤�¤ ®o±µ� ¨a¢��f¬�© �9® © � ªV¬�¤:�u  ¯1020 Ä ¡ � ��� � �o�C· � � � £¥ª��6�p���J�o­ � ¬�¦6��¬Iªf¬Z�o¦�¤ ® ¬�© �l� ¤�¤/�
º��o��ª�����© � � � ¤�¬*ªf£���¦�©���£¥­�©pª���¬Iª
ªb¬�· � £�¦�ªJ�Z¬��<�9�o��¦�ª]ª�� ��� ¬I�Cª�� ¾ ��¬�· � ¨ � � ��¬I¦�£�©C¨ ± �l� �<�o¦�©C£ �

� � � � �È¬H©�ªf�C£�· �W� ©C¤�£�­ � ³ � ¦µª<� � � ��© � «E����ª�� � © � �<�o¨[­�¬��C£�©C�o¦�©y¨F¬�§o¦�£°ªf��� � ¬�¦��¼��£�©�ªb¬�¦�� � �<��¦µ³ � � �
©J£���¦�© � �
� ©J��­�­��o© � ª���¬IªFª�� � ³ � ��ªf£��<¬�¤��J��­�ªJ��� � � � ¬�� � � ©$ª�� � ©C���C«G¬I� ��± £�¦ �o�J� � �FªJ� ��¬T³ � ª�� �
©f¬�¨ � ��£�©�ªb¬�¦�� � ³I¬�¤�� � «E�o�p¬�¤�¤���£�©�ªb¬�¦�� � � � ��¦�£¥ªJ£��o¦�©9���R¦Qª���£¥©i�T¬�© ��± �
� ��© � ª�� � ¨F¬�§o¦�£¥ªf��� � �<��¦µ³ � � �
©J£���¦�©
­��J�o­m�o© � ��¢ ® ��ªJ©J�½  ²�¶o¶ ��¡�ªJ� ��¬T³ � ª�� � �9�o�J� � �9ª
¨F¬�§o¦�£°ªf��� � � � ��¦�£°ªf£���¦�¬��9�<�o�C��£�¦�§sªJ� � ¬�� �
§o�J�o��¦�� ¨F��ªJ£��o¦É­�� � ��£��Aªf£���¦ �<¾ ��¬IªJ£��o¦(��ºn£�§o��� �  G��� ¯o¯ ¡^� � ³ � ¬I¤�©Zª�� � ¬I§o� �9� ¨ � ¦�ª[��«Vª�� � ³I¬��J£¥�o��©
­�� � ��£��Aªf£���¦�©4«E�o�a©���¬�¤¥¤�� �Ã� ³ � ¦�ªf©Q«E�o�a­ � �J£¥����©Z¤��o¦�§ � �^ª���¬�¦ ¶ � ² ©<� � � � ��­�­ � �Z­�¤���ªa©���� � ©Zª�� �

' 




­�� � ��£��9ª � � ©J­ � �9ªJ�f¬�¤V¬��9� � ¤ � �J¬Iªf£¥�o¦Æ«E�o�Q©J�o£¥¤ � ± ¬�¦�� ª�� � ¤�� �l� �Q�o¦ � «E�o�Q©J�o£¥¤L¿[� � � �»� ¬�­�¬�¦ � © �
­�� � ��£��9ªJ£��o¦�©s©���� � © ® ©�ª � ¨F¬IªJ£��T¬I¤�¤ ® ¬H¤�¬��C§ � �y©����o�Cªs­ � �C£����¼�9�o¦�ª � ¦µª � £¥ª��¼� � ©C­ � �9ª4ªJ�6�p���J�o­ � ¬�¦
¬I¦�� �^�?	��(��¬Iªf¬�� � ��£¥©y©������Cª�­ � �J£¥���½�9�o¦�ª � ¦µª � ¬�©�­�� � ³�£��o��©C¤ ® �o¢�© � �C³ � �È«E��� � ¬�­�¬�¦ � © � ©C��¢������ �
ªJ£��o¦ � ³ � ¦�ªf© � ªJ·�£¥¦�©J��¦ 	 � ���o� �   ²�¶�¶ Â ¡p¬�¦���£¥© � � � � �<�o¦!���J¨ � �F«E��� � ¬�­�¬I¦ � © � �<�C��©Cªf¬�¤ � ³ � ¦µªJ© ¬�©
�
� ¤¥¤:� �y¦ � ­m�o©C©J£�¢�¤ �a� G�­�¤�¬�¦�¬*ªf£���¦�¨�¬ ® ¢ � ª�� � ­�� � © � ¦�� � ��«
©���¬�¤¥¤�� � ©J��£�¤�©���¦�� � �J¤�¬I£�¦ � �½¢ ® ©Cªf£:9
©C��¢�©�ªf�f¬*ªf��¨ ± ¬�©i­�� � ³�£�����©J¤ ® ©���� � ¦[«E�o��©�ªb¬IªJ£��o¦�© ��� ¿
��� " ± ����� ��� " ± �"! ¿���� " ¬�¦�� # 
�% �����o�
�R¦�� �<� � ± ©J��¨ � ©Cªb¬*ªf£���¦�©V��¦�©J�o£¥¤ � ¤�£�· � ��� ¿
��� " ± � � � ����� ± # 
 � ��� � ¬�¦�� # 
 � ��� � � G ��£�¢�£¥ª
¬�ª���£�¦ ¤�¬ ®�� � � £¥ª�� ¤¥� � F � � ¬T³ � ³ � ¤����<£¥ª ®�± � � ©J­ � �9ªJ£¥³ � ¤ ® Â ± ��± � ¬�¦�� Ä ¨ � ª � �J©Zª���£¥�b·É«E�o� ² � ¶�±
²3E�¶�±,² Ä ¶ ¬�¦�� ¯���¶ ¨�ÅI© ± ��¦�� � �C¤�¬�£¥¦ � �H¢ ® ¬Z©CªJ£ 9 � � ©C��¢�©CªJ�f¬IªJ��¨ � £¥ª��BF ��� ¬T³ � ¬I�J�o��¦�� �I¶o¶ ¨$ÅI©9�
� �µ��© ± ª�� � © � ©J�o£¥¤�© ��¬T³ � ¬F� � ©J��¦�¬�¦�� � ­ � �J£¥��� �<¾ ��¬�¤uªf� ¶ � ¶�E�±m¶ � ¯o±m¶ � ¯ ¬�¦�� ¶ � ¯1E © ± � � ©J­ � �Aªf£¥³ � ¤ ® �
� ¦���ª�� � ��­���©J©J£¥¢�£�¤¥£¥ª ® £�©Lª���¬IªLª�� � §o����� ¾ ��¬�¤¥£¥ª ® �I«nª�� � ��£¥§o£¥ªf¬�¤7£¥¦�©CªJ�J��¨ � ¦�ªf© ± � � � � � ©J£¥§o¦�¬�¤¥©V¬I� �
�
� ¤¥¤n� � �<���J� � �½��­�ªf� ²3E ���$  � £�¦���©���£°ªb¬ ±u¯1020 ��¡ ± ­ � �J¨[£¥ªJ©Vª�� � �T¬I­�ªf��� � ��«p¨[�o� � £�¦�«E�o�J¨F¬Iªf£¥�o¦H£�¦
ª�� � ��£¥§ �$«E� �9¾ � � ¦�� ® ¢�¬�¦�� � £¥ª��¸� � ©J­ � �9ªLªJ�[��¤��H¬��9� � ¤ � �C�o¨ � ª � �]§ � ¦ � �f¬*ªf£���¦�© � � � � � ª�� � � � �<���J��©
��¬��6ªJ�Q¢ � ��£¥§o£¥ªJ£ � � �(�

º��o���<�o¨[­�¬��C£�©C�o¦ ± ��§o��� �  E��� ¯&² ¡k©���� � ©nª�� � ©�ªb¬�¦���¬��J�a� � ³�£�¬IªJ£��o¦^¬�©C©J���<£�¬*ª � �sªf��ª�� � §o�J�o��¦�� �
¨[��ªJ£��o¦�­�� � ��£��9ªJ£��o¦ �9¾ ��¬Iªf£¥�o¦�©y¨ � ¦�ªf£¥�o¦ � �¼¬�¢m�1³ � � � � �T¬I¦¼��¢�© � �C³ � ª���¬Iªs¬�¤�¤!­�� � ³�£��o��©�©�ªf����£ � ©
©���� � ¬^©Cªf¬�¦���¬I�J�$� � ³�£�¬IªJ£��o¦Qª���¬*ª]©Cª � ¬���£�¤ ® £�¦��9� � ¬I© � © � £¥ª��F­ � �J£¥��� � � � � � � ¬I©lª�� � �<���C� � ¦µªl©CªJ��� ®
©���� � ©y¬��9���C³ � ª���¬*ª�­ � ¬�·µ©y¬I�J�o��¦�� ¯ ©9� � ��£¥©V£¥©V�I«p­�¬��CªJ£��9��¤�¬�� £¥¦�ª � � � ©�ª�¢ � �T¬I��© � ª�� � ©�ªb¬�¦���¬��J�
� � ³�£�¬IªJ£��o¦ £�©[�<���J� � ¦�ªf¤ ® ·µ¦�� � ¦ ªJ�É£�¦��<� � ¬�© � ¨[�o¦���ªJ�o¦�£��<¬�¤�¤ ® ¬I©Fª�� � ­ � �C£���� £¥¦��<� � ¬�© � ©½  � ¢��J¬ �
��¬�¨F©C�o¦ 	 	 � � ��¤¥���b· ±i¯1020�� ¡A�7º,���Cª�� � �J¨[�o� ��± ª�� � ©Cªf¬�¦���¬��C�È� � ³�£�¬IªJ£��o¦½��¢�ªb¬�£¥¦ � �½£¥¦½ª���£¥©�©CªJ��� ®
£¥©l¬I¤�¨[�o©Cª E�¶�� §o� � ¬Iª � �pª���¬I¦�ª�� � �o¦ � ©
«E�J��¨ ª�� � �s�X	m� �9¾ ��¬Iªf£¥�o¦�©y  � ¢��J¬���¬�¨[©J��¦ 	 	�£�¤°³I¬ ±�¯1020���±
� ���o� � � ª
¬�¤/� ±�¯1020�� ¡!¬�¦��Q«E�J�o¨ 	�¬�¢ � ªJªf¬ 	  i��§o¤¥£ � © �   ¯1030 Ä ¡A���Yªf©i³I¬�¤�� �I± ��� �
� ³ � � ± � � �<¬ ® ©
¬Iªp¤¥�o¦�§
­ � �C£�����© ± ��¬T³�£¥¦�§Q�<�o¨[­�¬��J¬�¢�¤ � ³I¬�¤�� � © ªf�Zª�����© � «E�J�o¨ ª�� � �^�?	��

�¸�R� ������� :=<�� 8]� ��8 C��½�4� CD8 C�� 8L�
�k��> �l��+ �?>y�n� Ck�4� C

� � ��¬1³ � ­�� � ³�£�����©J¤ ® ©���� � ¦Éª�� � ©Cªf¬�¢�£�¤¥£¥ª ® ��«lª�� � � � §o� � ©C©J£���¦È�9� � ÇF�9£ � ¦µªJ©a¬�¦��¼ª�� � ¦��o¦ �
� G�£�©Cª � ¦�� � ��«a¬�¦ ® ¢�£�¬�©<� � � � ¦ � G�ª�©Cª � ­ £¥©$ªf� £�¦�³ � ©CªJ£�§�¬Iª ��± �o¦�ª�� � ¢�¬I©J£�©H��«^ª�� � ­�� � ��£¥�9ªf£¥�o¦
�9¾ ��¬Iªf£¥�o¦ ± ª�� � £�¨[­�¤�£¥�T¬IªJ£��o¦Z«E�o�L� � �Q� � ©J­m�o¦�© � ©C­ � �9ªf�J¬ ± £�¦¸­�¬��CªJ£��<��¤�¬�� ± ª�� � ­�¤�¬Iª � ¬�� �  �
 � �f¬IªJ£��
¤ � ³ � ¤ ± ª�� � ­ � �J£¥���F£�¦�ª � �C³I¬�¤ � � � � � ª���£¥©l­�¤�¬Iª � ¬��$£¥©
�9�o¦�©Cªf¬�¦�ª ± ¬I¦���ª�� � ©J£°ª � «G¬I�9ªf���<�µ�R¦$ª�� � � � ¨F¬�£ �
¦�£�¦�§H��«�ª���£¥©y©CªJ��� ® �
� � £¥¤�¤!� � « � �yª�� � ­�¤�¬Iª � ¬��¹��«
ª�� � � � ©C£�§o¦¹©���¬�­ � ¬I©�ª�� � ¨�¬ G�£¥¨a��¨ ��«�ª�� �
� � ©C­��o¦�© � ©J­ � �9ªJ�f¬ ± � � � � ¬I« ª � �L¦�¬�¨ � � F � 
 �
	 �

�V¬1³�£¥¦�§L£�¦y¨[£�¦����A�<�J£°ªf£¥�T¬�¤*«G¬��<£¥¤�£¥ªJ£ � ©
� ± �
� ¤����o· � ��«E���7ª�� � ¨F¬�§o¦�£¥ªf��� �A� ��£�©�ªb¬�¦�� � ­�¬I£��(¤ � ¬���£¥¦�§
ªJ�$¨F¬ G�£�¨a��¨ ³I¬�¤¥� � ©V��«
F � 
���	 7 F ������� � � � � � � �$¢���£¥¤���£¥¦�§F�9��� � �<�o¦�©J£�� � �J©�£�¦�� �9� �¹¬$©C£�¦�§o¤ �
­�¤�¬Iª � ¬�� �  �
 � �J¬Iªf£¥� �<¾ ��¬�¤iªf� ² � E�± £¥¦�� � ­ � ¦�� � ¦�ªf¤ ® ��«
ª�� � ©J��£�¤��9¤�¬�©C©^¬I¦��È¨F¬�§o¦�£¥ªf��� �A� ��£�©�ªb¬�¦�� �
�9�o��­�¤ � ©J� � ¦�¬��C£��o©9� �����p¬�£�¨ £�© � � � � ªJ� � ³I¬�¤���¬Iª � ª�� � ³I¬�¤�£¥��£¥ª ® ��«mª���£¥© � ® ­m��ª�� � ©C£�©<�µº��o� � ¬�� �F�<¤�¬I©J©

'¬Ö



����������$�� � �����������
	���
 � $��
	  �� ��	���	! p� � � $ � ��� ��� � ��� �	� �
��	�� ��
 � �V�
��� ��� �����  � ����	���� ���!� �l� 	��

2

3

4

5

4
5

6
7

0100200300

2

3

4

5

so
il 

A
2

3

4

5

4
5

6
7

0100200300

2

3

4

5

so
il 

B

2

3

4

5

4
5

6
7

0100200300

2

3

4

5

so
il 

C

2

3

4

5

4
5

6
7

0100200300

2

3

4

5

D(km)Mw

so
il 

D
2

3

4

5

4
5

6
7

0100200300

2

3

4

5

D(km)Mw

so
il 

E

��
�� � ��� ¯ Â � ��³o�o¤¥��ªf£¥�o¦���«�ª�� � F � 
���	 7 F ������� �J¬Iªf£¥�c¤ � ³ � ¤�� � ­ � ¦���£�¦�§Æ�o¦�ª�� � ¨F¬�§o¦�£°ªf��� �A�
��£�©�ªb¬�¦�� � ©J� � ¦�¬��C£���  �Z E·µ¨$¡]¤ � ©J©]ª���¬�¦ Â ¶o¶ ·µ¨ ± ¬I¦�� 
 
 ¢ � ª �l�9� ¦��[¬�¦�� � ¡W�

��«L©J�o£¥¤ ±"�l� ­�� � ��£��9ª � � ²�¯T¶ ¨ � ��£�¬I¦Æ¬��<� � ¤ � �f¬*ªf£���¦c� � ©J­m�o¦�© � ©C­ � �9ªJ�f¬�«E�o�4¨[�o¨ � ¦�ªa¨F¬�§o¦�£¥ªf��� � ©
«E�J�o¨ �»ªJ� � ¬I¦��É«E�o�^��£�©�ªb¬�¦�� � ©s«E�J�o¨ ¯1¶ ªf� Â ¶�¶ ·µ¨Á¬�¦��c�9�o¨F­���ª � �É«E�o� � ¬�� �Æ�o¦ � ª�� � �f¬IªJ£��
F � 
 �
	 7 F � ����� ��� � ��£¥��¦��Iªl�9�o¦�©J£¥� � �pª�� � ©C� � ¦�¬��J£¥�o©
ª���¬Iª �l� � � ����ªf©C£�� � ª�� � ¤�£¥¨F£°ª�£¥¨F­m�o© � �F¢ ®ª�� � ¨F¬�§o¦�£¥ªf��� �A� ��£�©�ªb¬�¦�� � �9�J£°ª � �C£��o¦F��«uº���·µ��©���£�¨F¬ 	 � ¬I¦�¬�·*¬¸  ¯ 020o¶ ¡ ± � ¾ �k E��� ¯ ¡A��ºn£�§o��� �  G��� ¯ Â ¡
©���� � ©�ª�� � ³I¬��J£�¬Iªf£¥�o¦H��«iª�� � F � 
 �
	 7 F � ����� �J¬Iªf£¥� � £¥ª��»ª�� � ¨�¬I§o¦�£¥ªJ��� �W� ��£¥©Cªb¬I¦�� � �<��¦���£¥ªJ£��o¦�© ±¬�¦��È«E��� � ¬�� �É�9¤�¬�©C©^�I«]©J��£�¤:� � ��£�© ��§o��� � �<¤ � ¬��J¤ ® ©���� � ©sª���¬*ªsª�� � ��£�§ � � ©Cª^­�¤�¬Iª � ¬�� �  �
 � �f¬IªJ£��
���9�<���y¬*ª��<¤¥�o© � ��£�©�ªb¬�¦�� � ©�«E����©J��£�¤�©Lª ® ­ � � ¬�¦�� � ± ¬�¦��¹¬*ª�«G¬��V��£�©�ªb¬�¦�� � ©�«E����©J��£�¤�©�ª ® ­ � ¿ ± À
¬�¦�� �[� � ��£�©�� � ©C��¤¥ªV¨F£¥§ ��ª�¢ �^� G�­�¤�¬I£�¦ � �»¢ � �T¬I��© � ©����o��ª�­ � �C£�����©�¬I� � ¨F�o� �^� ¬�©J£¥¤ ® ¬IªCª � ¦���¬Iª � �
ª���¬�¦¸¤¥�o¦�§^­ � �J£�����© ¬I©lª�� � ��£�©�ªb¬�¦�� � £�¦��<� � ¬�© � © ± ¬I¦��¸©J��« ª]©J�o£¥¤�©�­��J������� � ¬�¦ � ¦ � �J§ ® ©���£°« ªlªJ� � ¬��C�
¤��o¦�§ � �l­ � �C£�����©<�!�V� �
� ³ � � ± ª�� � � � ©C��¤¥ªL£¥© ¾ ��£¥ª � ��£:9 � � � ¦�ª «E�o�l©J�o£¥¤ � ± � � � � � ª�� � F � 
��
	 7 F � ������f¬IªJ£���£¥© ¾ ��£¥ª � ��£�§�� � £¥ª��Æ� � ©C­ � �9ªZªJ��ª�� � ©C��« ª � �a©J�o£¥¤�© ±!� ³ � ¦ �<��¦�©J£¥� � �C£�¦�§�ª���¬Iªaª���£�©a©C�o£�¤��<¤�¬�©J©
��¬�©�¢ �<� ¦¹¬���� � �½¨F�o� � ��¬*ªb¬���� � ªf��ª�� � ©�ªb¬IªJ£��o¦»� � ¬I�J�f¬I¦�§ � ¨ � ¦�ª<� � � � © � � � ©J��¤°ªf©V©J��§o§ � ©Cªyª���¬Iª
ª�� � � ® ­m��ª�� � ©J£¥©4��« ��¬T³�£¥¦�§�¬6©J£¥¦�§o¤ � ­�¤�¬Iª � ¬�� �  �
 � �f¬IªJ£�� �<¾ ��¬�¤�ªf� ² � E £�¦�� � ­ � ¦�� � ¦�ªf¤ ® �o¦¼ª�� �
¨�¬�§�¦�£¥ªJ��� ��± ��£�©�ªb¬�¦�� ��± ¬I¦���©C£¥ª � �<�o¦���£¥ªf£¥�o¦�© £¥©L¬Q©�ªf�C�o¦�§Q©J£¥¨F­�¤¥£����<¬Iªf£¥�o¦(�

� �µ��© ± �
� ¦ �<� ��ªf�$� � ��¦ � ª�� � ¨F¬Iª�� � ¨�¬*ªf£��<¬�¤k©���¬�­ � ©�ª���¬Iªy���$¦���ª�©���� � ©C­ � �9ªf�J¬�¤n��¦�� �A�

'oÊ



10
−2

10
−1

10
0

0

1

2

3

4

So
il 

A

η = 3.3
Tb = 0.05 s
Tc = 0.1242 s

10
−2

10
−1

10
0

0

1

2

3

4

So
il 

B

η = 3
Tb = 0.05 s
Tc = 0.22 s

10
−2

10
−1

10
0

0

1

2

3

4

So
il 

C

η = 3
Tb = 0.08 s
Tc = 0.4333 s

10
−2

10
−1

10
0

0

1

2

3

4

Period (s)

So
il 

D

η = 3.5
Tb = 0.1 s
Tc = 0.7429 s

10
−2

10
−1

10
0

0

1

2

3

4

Period (s)

So
il 

E

η = 4
Tb = 0.1 s
Tc = 0.425 s

� 
�� � ��� ¯ � �  n¬I¦ � ¤
��« � G�­ � �9ª � � ©J� � ¦�¬I�J£���©4«E�o� � ¬�� �Æ�<¤�¬�©J©^��«L©J��£�¤:� � � � �<����³ � ©Z£¥¦ � 7 � ¬I¤�¤�� �
ªJ�¸�o­�ªJ£�¨[£ � � ª�� � ��� ³I¬�¤�� �I± ¬�¦���ª�� � ª���£��b·�¤�£�¦ � ©y¬�� � «E�o� � ¬�� �¹�<¤�¬�©J©y��«�©C�o£�¤�ª�� � �9�o�J� � ©J­m�o¦���£�¦�§
©�ªb¬�¦���¬��J�4©���¬�­ � ©!«E�o��ª�� � � � ©J£¥§o¦4� � ©C­��o¦�© � ©C­ � �9ªf�J¬ ± «E�o� � ¬I­�¬�¦(�*�R¦4ª�� � ­�¤¥��ªf© ±�� £¥©!�9�o�J� � ©J­m�o¦���£�¦�§
ªJ� F � 
 �
	 7 F � ����� �

� � ©�ªf£�¨F¬IªJ£��o¦ � £¥ª���� � ©J­ � �Aª]ªf�sª�� � ­�� � ��£��Aª � �$©J� � ¦�¬��C£��o©9� � � �<�o¨[­���ª �4¯1¶�E ¨ � ��£�¬I¦�¬��9� � ¤ � �J¬Iªf£¥�o¦
� � ©C­��o¦�© � ©C­ � �9ªJ�f¬^«E�o�p¨[�o¨ � ¦�ª�¨�¬�§�¦�£¥ªJ��� � ©i«E�C�o¨ �^ªJ� � ¬�¦��[«E�o�p��£�©�ªb¬�¦�� � ©�«E�J�o¨ ¯T¶ ªJ� ¯ E�¶ ·µ¨
«E��� � ¬�� �»©C�o£�¤(ª ® ­ � � ªf� �F� ����ª � ª���¬Iª �l� ¬���ª����o�J£�� � ¬�¦�¬�� � ¬[��«n£�¦�ª � � � ©Cª � £¥ª��6��­�­ � ��¤�£¥¨F£°ª]��«
¯1E�¶ ·�¨ «E�o� ¢���£¥¤���£¥¦�§a� � ©J£�§�¦6­����J­m�o© � ©�¬�¦��Hª���¬Iª �
� �o¦�¤ ® �<��¦�©J£¥� � �L©J� � ¦�¬I�J£���©]ª���¬IªV¬�§�� �<� � £°ª��
� ¾ �! G��� ¯ ¡W� � � § � ¦ � �f¬*ª � ª�� �s� G�­ � �9ª � �½� � ©J­m�o¦�© � ©C­ � �9ªJ�f¬$¬�¦���¢ ® ªf�C£�¬�¤k¬I¦�� � �J�C�o� ± �
� ­��C�o­m�o© �
©�ªb¬�¦���¬��J�6©���¬�­ � © «E�o�lª�� � � � ©J£¥§o¦H� � ©J­m�o¦�© � ©C­ � �9ªf�J¬[��©J£�¦�§ ��� ¦ � ªL��¬*ªb¬�� � � � � � ©C��¤¥ªJ©L¬�� � ©���� � ¦
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S�T-UWVYX[Z]\0T-UWV[T ?-�	^ XYT0_`_aT-UJbPc ?d^ c>e]T ? T-fgV;UYh`U ? h % cPT ^ fgV;cPfPTih ?D�	^ XjV[Z]fP\-Tk\lZ � haVQZm_`T �	^ cPXW_aT-U3 V[cPb>T-U;f ^ f � _`h`f 3 Z]haXYT-U :on X[Z ? T-X L I�� � � L � ZmpqTrVYVQZts � c � _`h`T0UYT L)I�� � � L � � X[Zmh`fPUjU ^ fus n h`XjT ? h`b  h`Z]f L�'" " �1M � S�T-U 3 V[cPb>T-UvbPTw\ ^1?-�	^ XxV[T ? T-fgVyb � c>fPTw\ ^ _ ^ fPfPTzbPT{U ^ _Af 3 \-T-UjUYh|V[T-fgV�b ^ f>\wbPT �	^ c>e ^ h`X
\ �>^ h`Ujh`X}cPf ?d^ c>e]T ? T-fgVih`fP\0h`bPT0fgV~f ^ f�Z D T-\rV 3 � Z]X7_`T-U ���43 f ^�? � fPT-UibPT�UjcPX � Z]\0T : �7^ fPh`_a_�Z L �#" "#" M
TrV2_�Z)\ ^ c>V[c ? T�bPT0U�haf � 3 f>h`T-c>XYU�e%T0c>V % cPTu_aT-U�T0fPXYT � h`UxV[XYT ? T0fgV[UtbPT�UYcPX � Z]\-T�U ^ h`T0f�VtVYX[Z]fPUj_�ZmV 3 U 6
_`Z � X ^���^ fPbPT-c>XIhafP\-habPT-fgV[T�e ^ cP_`c>T�T0fz_`T0Ui\ ^ fge ^ _`c�Z]fgV � Z]XicPfPT ��^ fP\rV[h ^ f�bPT2VYX[Z]f>U � T-XxV 3 _�Z]UxV[h % c>TJ�
\0T0VjV[T ��^ fP\0VYh ^ fdbPTiV[X[ZmfPU � T0XjVkXYT � X 3 UjT-fgV[TA_�Z � X ^1� Z � ZmVYh ^ f�T-fgVYXYTA_`Z � X ^���^ f>bPT-cPX;b � T-fPXjT � haUjVYXYT ? T-fgV
TrV�_`Z � X ^���^ fPbPT0cPX�\0h`pP_aT :�n XYZ ? T-X L/I�� � � L �7^ fPha_`_`Z L��#" " "GL � T0V[p	T-b>T-X � �zZmVYh`p	T0V L �#" "]� M%� �zZ]haU�_aT-U
Zm\-\ 3 _ 3 X ^1� XYZ ?D? T0UIU ^ fgV�_`T�X 3 Ujc>VQZ�V�bPT�_`Zu\ ^ f  j^ fP\rV[h ^ f{bPT�f ^1? pPXjT-c if���43 f ^1?)� fPT0U 
 _`ZyU ^ cPXY\0T L
_`Z�Xjc � V[c>XYT L _`Tu\ � T ? h`f � Z]XY\ ^ cPXYc � Z]X�_ ��^ f>bPT L _`T0U�\ ^ fPbPhaVYh ^ f>U�_ ^ \-Z]_`T0U�bPTyUYhaVYTyU ^ fgV�Z]c>V[Z]fgV�bPT� Zm\0V[T0cPXYU % cPhNh`f>�PcPT-fP\0T-fgV�_aT ?u^ c>e%T ? T0f�V�UYhaU ? h % cPT :on XYZ ? T0X L I � � � M � � Z]fPU�\-T0U�\ ^ fPbPh|V[h ^ fPU L ha_
b>T0eEh`T0f�Vib>ha�d\-ha_`TRbPT ?u^ b 3 _`h`UjT-X � Z]X}_`Z ?53 V �>^ bPTAbPT�_�Z�b 3 \ ^ fge ^ _ac>V[h ^ fvbPT-UiZm\-\ 3 _ 3 X ^1� XYZ ?D? T0U7T-f� X ^���^ f>bPT-cPX L T0Vtha_�UjT ? pP_aT � X 3��A3 XYZ]pP_aT�b � cKV[h`_ah`UjT-XRcPfPT ? 3 V �P^ bPT % cPh � T0X ? T0V�bPT�Ujh ? cP_aT-XIbPT�V[T0_`U
Zm\-\ 3 _ 3 X ^1� XYZ ?D? T0U L Zle]T-\A_`ZAemZ]XYh`Z]pPh`_ahaV 3 Z]UjU ^ \-h 3 T L % cPh � _`cPUWT0UjV L �	^ cPX � X ^ \ 3 bPT0XNT-fPUjcPhaVYTIZmcu\-Z]_`\0cP_
f ^ f � _ah`f 3 Z]h`XjT � S � T i � _ ^ h|VQZmVYh ^ f)b>c�X 3 UYT-Z]c n ha� � fPT0ViU � Zle � XYT2h`\0h�b � cPfPT2T i V[X "d? Tth ?D�q^ XxVQZ]f>\-T �
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S�ZIpPZ]UYT;bPT;b ^ fPf 3 T-U�\ ^ fPUxV[h|V[c 3 TkbPT0U�T0fPXYT � h`UxV[XYT ? T0fgV[U�bPT � X ^���^ fPb>T-cPX�bPT n ha� � fPTrV � X 3 UjT-fgV[U
UjcPXA_`Z^K�h � cPXjT � ��� T0VIXYT0\-T-f>U 3 U�bPZ]fPUA_`Z � Z]pP_aT � � �dZ 3 V 3 U ^ c ? h`UjT 6 _�Z ? 3 V �P^ bPT2bPT �#3 f 3 X[ZmVYh ^ f
b?��Z]\0\ 3 _ 3 X ^1� XYZ ?-? T-U�U < fgV �43 V[h % c>T-U � X 3 UYT-fgV 3 T�b�Z]fPU�_aT 01� Z � haV[XjT � � S�Z � Z]pP_aT c �JIE� X 3 UYT0f�VYT�_`T
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X 3 UjcP_aV[ZmV�bPT0U�Z]fPZ]_ < UYT0U�X 3 Zm_`h`U 3 T0U�UYcPX�_`T0U�b ^ fPf 3 T-U�bPT n h`� � fPTrV�T-f � X ^���^ fPbPT0cPX%| Zle%T0\~}����}b�ZmfPU�_aT-U
� % c�Z�V[h ^ fPU/� � K |�� � ��T0V�� �W��� �Wfd\0T % cPh�\ ^ f>\-T-XjfPT~_`T7X[ZmVYh ^ ��� - ���@|m_ ��Z]f�Z]_ < UjT}bPT0UWX 3 UjcP_aV[ZmV[U ^ p>V[T0fEc>U�q^ c>X n h`� � f>T0V�T0f � X ^���^ fPbPT-c>X�UYc ��� � XjT % c?��ha_JZ]c ��? T0f�VYT�Zle%T0\�_�Zub>h`UjV[Z]fP\0Tg|�\ ^ fgV[X[Zmh`XYT ? T0fgV 6 \-T% c>hRT0UjV ^ p>VYT-f�c �	^ cPX n � f>T0V � 0 TrVYVYT ^ p>UYT-XxemZmV[h ^ f+U ^ cP_ � e%T�b ^ f>\�_`Z % c>T-UjVYh ^ fObPT�_�Z ��^ X ? TvbPT
_ � � % c�Z�V[h ^ f�� � � % cPhNT-UjV2V[X � U � X ^ p�Z]pP_aT ? T-fgVtV[X ^1� Ujh ?D� _`haUjVYT �q^ cPXt\-T0V�h`f>bPh`\-ZmV[T0cPX � S�TdX 3 UYcP_|VQZmV
^ p>V[T0f�c �	^ cPX2_`T-U�Z]c>VYXYT0U�hafPbPh`\-ZmV[T0cPXYUL|�T-f XYT0emZ]f>\ � Tg|�XYT-UxV[Tdh`fgV[T0X � X 3 V[Z]pP_`T ��� < UYh % c>T ? T-fgV�TrV�T0f
Z]\-\ ^ XYb�Zle%T-\2\-T % cPTt_`T0UiX 3 UjcP_aV[ZmV[U~b>T�_`Z�p�Z]UYTtbPTtb ^ fPf 3 T0U n � fPT0ViUjc �1� � XYT-fgV �

S�T0U���h � cPXjT-U c �JI | c �!� T0V c ���,� X 3 UjT-fgV[T0f�V�_`T0U2\ ^1?D� Z]X[Zmh`U ^ fPU�T-fgV[XjTu_aT-UtUYh ? cP_`ZmV[h ^ fPUATrV�_aT-U
b ^ fPf 3 T-U~X 3 T-_a_`T0U 3 V[Z]pP_`haT-UkT-fvXYT � X ^ bPcPhaU[Z]fgV~c>fPT�p�Z]UjT�bPT�b ^ fPf 3 T0UiU < fgV �43 V[h % cPT0URZ < Z]fgVi_�Z ? "�? T
bPh`UxV[XYhapPc>VYh ^ ftT-f ? Z � fPhaVYcPbPTF| bPh`UxVQZ]fP\0TkTrV � X ^���^ f>bPT-cPX�b�� T-f ��^ cPh`UjUYT ? T-fgV % c>T7\-T0_`_aT;T i�� 3 XYh ? T-fgV[Z]_`T
T-f � X ^���^ f>bPT-cPX � S�Z ?)"d? T2\-Z]_`hapPX[Z�V[h ^ f)bPT2_ � T-fge%T0_ ^1�)� T2bPT � cPh`UjU[Z]fP\0T�c>VYh`_ah`U 3 U �q^ cPXi_`T-URUYh ? cP_`Z �
V[h ^ fPU�XYT0_�ZmVYhae]T-U 6 n � fPTrVtZ 3 V 3 c>VYh`_ah`U 3 T : � Z]p>_`T�� �JILM%� S�T0U�\ ^ _ ^ fPfPT0U�bPT � Z]cP\ � T-U � X 3 UYT0f�VYT-fgV�_aT-U
UYh ? cP_�ZmVYh ^ f>U�UYcPX ��^ fPb b>Tyb ^ f>f 3 T0U�X 3 T-_`_aT-U : XjT-U � T-\rV[h|e%T ? T-fgV 6eI�" " T0V �#" " ? b>T � X ^���^ fPbPT0cPX M
T0V~_aT-U}\ ^ _ ^ f>fPT-U}b>T�bPX ^ haV[T � X 3 UYT0f�VYT-fgVR_`T0U}b ^ fPf 3 T-U~X 3 T0_`_`T0U}UYc>X ��^ fPbvbPTAb ^ fPf 3 T-U~U < fgV �43 VYh % cPT-U 

h`_ < Z c>f p ^ f"Z]\0\ ^ Xjb T0f�VYXYT�_`T-U � Z ?D? T-U�bPT�emZ]_aT-cPX � 0 T � T-fPbPZ]fgV�|7_`ZwbPcPX 3 TzbPT ��� Z]UjT ��^ XxV[T
T-UjV�U ^ cPU � T-UjVYh ?53 T�\ ^�?-? T�\-T-_`Z�Z emZ]h|V2b 3! �6 3 V 3 _aTd\-Z]Utb�Z]fPU2_`T 01� Z � haVYXYT�� �	^ cPX n � f>T0V � 0 TrVYVYT
U ^ cPU � T0UjV[h ? Z�V[h ^ f � T-c>V " V[XYTy\ ^ XjXYh �#3 T)T0fCc>V[ha_`h`UYZ]fgV�c>f > _aV[XjT �	^ cPX�U 3 _aT-\0VYh ^ f>fPT-X�_aT-U ? T-ha_`_aT-cPXjT-U
b ^ fPf 3 T-UdUYh ? cP_ 3 T-U 
 T0f+T D TrV�|W_`Z ��^ X ? T)bPT�_ � T-fge]T-_ ^��)� T % cPT�f ^ c>UuZle ^ fPUd\ �P^ h`Ujh}UYT ? pP_aT�p>h`T-f
\ ^ XjXYT-U �q^ fPbPXYT �	^ cPX�_`T0UuU 3 h`U ? T0U�bPT ? Z � f>haV[c>bPT ?u^ b 3 X 3 T0U�� �q^ cPX�_`T-Ud\lZmUuXjT � X 3 UYT0fgV 3 UyUYcPXd_�Z
��h � c>XYT c �!� |�f ^ cPUIZle ^ f>U�Z]\0\-T � V 3 _`Z�UYh ? cP_�ZmVYh ^ fvUjh�_o� 3 \lZ]XxV 6 _`Z�emZ]_aT-cPX � X 3 bPh|V[TtT-fwZ ?u^ fgVibPT�_�Z
UYh ? cP_�ZmVYh ^ fvT0UjVAh`f �A3 XYh`T0cPXYT 6,I�" "�� ��� c�eKc�bPT�_`Z���hq�%cPXjT�� �W� |�h`_�T%�>VI\-T0XjV[Z]h`fPT ? T0fgV ? h`T0c i emZ]_`c
_`h ? haVYT-X;_ � T ip� _ ^ X[ZmVYh ^ f � ^ fgV[T 0 Z]XY_ ^ bPTt_�Z�bPhaUjV[Xjh`pPcKV[h ^ f)_ ^ �]f ^ X ? Z]_aTIT0f�VYXYT�� +#- � b�� T0V 82+ b��
�q^ c>X}_ � h`fPb>h`\lZ�V[T-c>X}bPT�bPcPX 3 TtbPT ��� Z]UYTu� ^ XxV[Tg|>T0VRZ]\0\-T � V[T-Xi_`Z�UYh ? cP_�Z�V[h ^ fyUYh�_`Z�emZ]_`T0cPX~XYT0\lZ]_a\-cP_ 3 T3 VQZmhaV 3 �gZm_`T ? T-fgVIb�Z]fPUI\-T�b ^1? Z]h`fPT���\-T-\0h�|qZ > f�bPT�XjT-\-T0fgV[XYT0X�_`T2f�c�Zg�%T2bPT �q^ hafgV[URUYh ? cP_ 3 U � & fPT
Z]c>V[XjT�U ^ _ac>V[h ^ f{\ ^ fPUYhaUjVYT 6 \-Z]_`hapPXYT0XA_aT ?u^ b � _`T�UjcPX�_`T0U�� ^ XjVYU�U 3 haU ? T-U�cPf>h % cPT ? T-fgVtTrV ?u^ bPh > T-X
T-f \ ^ fPU 3�% cPT-f>\-T{_`Z � Z]pP_aT�� �=I | � cPh`U % c?��cPf+T i Z ? T-f ZmVYVYT-fgV[hT�AbPT�_�Z���h��%cPXYT c �&� X 3 e � _aT % cPT�_�Z
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������� c �=I $ � "�? T�XYT � X 3 UjT-fgVQZ�V[h ^ f % c>T�_�Z ��h��%cPXjT � �JILK | �q^ c>XA_ ����� � S�T-U c1c �
	 UYh ? cP_�Z�V[h ^ fPU : T-f�]XYh`U M U ^ fgV�\ ^1?�� Z]X 3 T0U�Z]c i(c1c ��	 b ^ fPf 3 T-U�X 3 T0_`_`T0U : T-fwf ^ haX M UYcPX�_aT-UIbPT-c i \ ^ _ ^ fPfPT0U�bPT �%Z]cP\ � T: XYT0U � T-\0VYhae]T ? T-fgV �	^ cPX�_aT-U � X ^ � ^ fPb>T-cPXjU I�" " T0V �#" "�?>M%� S�T0U�bPT-c i \ ^ _ ^ fPfPT0U�bPTNbPX ^ h|V[T � X 3 UjT-fgV[T0fgVc>fPT�eKhaUYh ^ f�h`fge%T0XYU 3 T �
U ^ cPU � T-UxV[h ? ZmVYh ^ fvT0UjVRUYc>XjV ^ c>V ^ pPUYT0XjemZ]pP_aT �q^ c>X~\-T-URU 3 h`U ? T0U : �
��� K | K1M �
576��N6�� � L������W<P�NDMBEL;9��I@�B <40�BEFAH�:K�W:KB��A@ BKFR<��Q���?@G@?:��I@ �A<>L��QL;9!�A@�FR<

S�T-U � Z]pP_aT-U#" �%$ TrV#" �'& � X 3 UjT-fgV[T0fgV�_`T�X 3 UjcP_aV[ZmVtbPT-Uthaf�e]T-XjUYh ^ fPUtX 3 Zm_`h`U 3 T0U�UYcPXt_`T0U�b ^ fPf 3 T-U
b>T n h`� � f>T0V � 0 � T-UxV � 6#� bPhaXYT % c>T } �)(�*

n ha� � fPTrVAUjcPX6��Z]\0T,+iT0V } � �-*
n h`� � f>T0V � X ^ � ^ fPbPT-c>X.+~b�Z]fPU

_aT-U � % cPZmV[h ^ fPU�� �0/ |�� � ��T0V�� �W� � SW��Z]f�Z]_%1EUYTdbPT-U�X 3 UjcP_aV[ZmV[U2bPT0U�X 3 �%XYT0UYUjh ^ fPU�XYT0fPUYT0hq�%f 3 U�b�ZmfPU�_aT-U
� Z]pP_aT-U�� � �p|2" �%$ TrV3" �'&-4d^ fgV[XYT % cPT)_`T0U�hafPbPh`\-ZmV[T0cPXYU2bPT 4d^ c>e]T 4 T-fgV�� ^ XjV�U ^ fgV�bPh D 3 XYT 454 T-fgV
4d^ b 3 _ah`U 3 U�b�� cPfPT�p�Z]UjT 6 c>fPT�Z]c>V[XjT � �Wf � Z]XxV[h`\0cP_`haT-XL|�Ujh~_`T76989��TrVd_ ������e ^ haT-fgVd_`T0cPX�emZ]_`T0cPX
ZmcY� 4 T-fgV[T0X�Z e]T-\�_�Z 4 Zg�%fPh|V[cPb>T)T0V�bPh 4 haf�cPT-X�Zle]T-\�_�Z{bPhaUjVQZmfP\-TF|W_`T-U�hafPbPha\lZmVYT-cPXjU�bPT�bPcPX 3 T�T0V
b>T)X[Z ���q^ XxV�bPT���X 3�% cPT0fP\-T:*�;�< E T0V3=?> - =A@�+ ^ fgV�cPfC\ ^B4��	^ XxV[T 4 T-fgV�bPh D 3 XjT-fgV�b�� cPfPT)pPZ]UYT 6
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� ����� " �'& $ � " 4 TtXYT � X 3 UYT0f�V[ZmV[h ^ f % c>T2_`Z���hq�%c>XYT " �%$ | �	^ cPXi_`Z3;�< E �
_ ��Z]c>V[XjT 
 _`Z 4d^ b 3 _ah`U[Z�V[h ^ fvX 3 Zm_`h`U 3 T2Zle%T0\�_`T0UIb ^ fPf 3 T0UAbPT n � fPTrV � X ^��	^ UYT % cPT ;�< E Z]cY� 4 T-fgV[T
Z e]T-\�_�Z 4 Zg�]fPhaVYcPbPTg| VQZmfPbPh`U % c>T�\-T-_a_`T�X 3 Zm_`h`U 3 T�Zle]T-\�_`T0U�b ^ fPf 3 T-UtbPT�UYcPX'��Z]\-T n h`� � fPT0V � X ^��	^ UYT
cPfPT�b 3 \-X ^ h`UjU[Z]fP\0T�Zle%T-\�_`Z 4 Zg�%fPh|V[cPbPTF|q\0T % cPhJf�� T-UxV � Z]U�c>fwX 3 UjcP_aV[ZmV ��� 1EUjh % cPT � � _ ��Z]c>V 3 �gZ]_aT �
4 T0f�VIf ^ VYT-X % c>T�_�Z � ZmpP_`T " �%$ *�b ^ fPf 3 T-U�bPT � X ^ � ^ fPbPT0cPX n h`� � fPT0V.+~UjcY��� � XYT�c>fPT�Z]c�� 4 T0fgVQZmVYh ^ f
bPT#;�< E Zle]T-\2_�Z 4 Zg�%fPh|V[cPbPTF|P\-T % cPh �	^ h`fgVYT�_`T ��Z]h|V % cPT2_`T 4d^ b � _`T�b>c �	^ haf�ViU ^ cPXj\-T2Z �Y� _ah % c 36 _o��hafPbPh`\-ZmV[T0cPXJbPTibPc>X 3 TRbPT ��� ZmUYT � ^ XjVYT *�;�< E + � X ^ bPcPh|VNbPT-UNX 3 UYc>_aVQZ�V[UNbPh D 3 XjT-fgV[UkZ]cdUYT0h`fdb���c>f
4 " 4 TRX 3 UYTlZmc |KT0fgV[XYTAb ^ fPf 3 T-U}b>TAUYc>X6��Z]\0TAT0V7b ^ fPf 3 T-U7bPT � X ^ � ^ fPb>T-cPX ��0 T0U}X 3 UYcP_|VQZmVYU7Z ���q^ XxV[T0f�V
cPf p 3 4d^ _WZmc � p ^ fPUtX 3 UYcP_|VQZmVYU�bPT-U 4u^ b 3 _`h`UYZmV[h ^ fPURX 3 Z]_`haU 3 T0U2Z e]T-\d_�Z)p�ZmUYT�bPTdb ^ fPf 3 T-U n � fPTrV �
��^ cPXu\-T % c>hI\ ^ fP\-T0XYfPT =A> - =?@@|;_aT-UyZ]f�Z]_%1KUjT-UubPT n h`� � fPT0VuUYcY�g� � XjT-fgV % c�� h`_IZ]cY� 4 T-fgVYT{Zle%T0\{_�Z
bPh`UxVQZ]fP\0Tg|J\ ^ fgV[XYZ]h`XjT 4 T-fgV 6 \-T % cPT � X ^g�q^ UjT�\-T-_a_`T)b>T n � fPT0V ��0 T-U ^ p>UYT-XxemZmV[h ^ fPU�U ^ cP_ � e%T-fgVu_�Z% c>T-UjVYh ^ f�bPT�_`Z�� ^ X 4 T�bPT�_ � � % c�ZmV[h ^ f�� � �7* 4d^ b � _`T�b>c �	^ h`fgV~U ^ cPXj\-Tg| UYZ]fPURZmVYV 3 f�c�ZmVYh ^ f�Zmf 3 _`Z]U �
V[h % cPT +R\ �P^ h`UYhaT �	^ cPXI\-T0U�bPT-c � bPT0XYfPhaT-XjU�h`fPb>h`\lZ�V[T-c>XYU � � pPX[Z � Z 4 U ^ fws � ha_aemZ * $���� �B+ � X ^��	^ UYT0f�V
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������� " ��� $ � " 4 T2XjT � X 3 UjT-fgVQZmVYh ^ f % cPTt_�Z���h��%cPXYT " � $ | �q^ cPXi_`T 6989� �
Zmh`fPUjh�cPfPT 3�% c�Z�V[h ^ f�� ^ X 4 Zm_`h`U 3 T 
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ONQYXWQ0T0BHZ\[\[\]_^a`�bDbWc>bWdPBHIP=aJPefXWQ0=�`�bDbWc>bWdhgjiL;7klMC?�UYm
XjT-fPUjT-h��%fPT�UjcPX�_`T0UIemZ]_aT-cPXjUAT0V�UYhq�]fPh > \-ZmV[h ^ fPURbPT-UA\ ^ T0�d\-haT-fgV[U�bPT�_ � 3Nn c�ZmVYh ^ f � ��T0fgV[h ^ fPfPT-XA\-T0VjV[T3on c�ZmV[h ^ fzf?��Zyha\-h�b���Z]c>VYXYT�p>c>V n cPT�bPT 4d^ fgV[XjT-XR_�Z�\ ^B4�� _`T � haV 3pn cPT � T-cKV�XYTre " V[h`XIcPfPT 3Nn c�ZmVYh ^ f
n cPh 4d^ b 3 _`haUYT)c>fPT�� ^ XjV[T�b 3L� T0fPb�Z]f>\-Tzb>T�_o��hafPbPha\lZmVYT-cPX 3 V[cPbPh 3 Z e]T-\�_�Z 4 Zg�%fPh|V[cPbPTF|WZ]hafPUYh n cPT
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�	
�� �2" �'& $ �;Z]_`T0cPXYU2bPT-U�\ ^ T0�d\-haT-fgV[U ^ p>V[T0f�cPU �	^ cPX � X ^ \ 3 bPT-X 6 _�Z�UYh 4 cP_�Z�V[h ^ f b>T-U�Zm\-\ 3 _ 3 X ^'�
�gZ 454 T0U�U 1EfgV �?3 V[h n cPT-UdXYT0_`h 3 U�T 4�� haXYh n cPT 4 T0fgV 6 _�Z{pPZ]UYTvbPTvb ^ fPf 3 T-U�bPTvUYc>X6��Z]\0T n ha� � fPTrV � �\ ^B4�� Z]XjT-XiZle%T0\�_`Z � Z]p>_`T�� � � � ����� � 8 +���� *�e ^ h`X~_o� � n c�ZmVYh ^ f�� � "B+ �

�����! #"%$'&�(n*,*!-/.102�3.54	$6.798 $;:=<'��$2",&�. B C . 8���� . 8���� . 8���7 . 8���� .��>KL4	BMONQP,RTS2UyV�X Z#[ 	']Q]6b1`nZi^2b Z#[ f
	;\QkQ`+Za^2b ^2[Ob�	;lQ^Q`�eY^2b ^2[Ob1fQkQfQ`�eY^2b ^2[Ob1fQfQdQ`�eY^2b ^2[Ob1lQfQ^Q`geY^2b ^2[Ob1fQ\QdQ`geY^Q^MONQP!RTS2Uyh j X ^2[ \
	;^
	;`nZi^Qf ^2[Ob1\Qc;]A`+Za^Ql ^2[Ob1cQk;]A`�eY^2b ^2[Ob1cQkQ\Q`�eY^2b ^2[Ob1cQkQdQ`�eY^2b ^2[Ob1cQkQ\Q`geY^2b ^2[ k;]6bQb1`+Za^QlMONQP!RTS2UWVpoaX ^2[Ob1fQd2b1`geY^2b Z#[ lQc;]A\Q`geY^2b Zq[ l
	;\Q\Q`�eY^Q^ ^2[ fQdQlQlQ`nZa^Ql ^2[ l2b1\QlQ`�eY^Q^ ^2[ 	;fQk2b1`geY^Q^ ^2[ ]AlQ^
	;`geY^Q^MONQP RTS UirnsutvX Z#[Ob1d2b1fQ`nZi^2b ^2[ 	;\Qd2b1`geY^Q^ Zq[ lQ\QlQ^Q`�eY^Q^ Z#[ l2b1k;]A`�eY^Q^ Z#[Ob1cQ^QlQ`�eY^Q^ Z#[ kQkQ^
	;`nZi^2b ^2[ f2b�	?b1`geY^Q^MONQP RTS UWw >�@ X ^2[ ]Q]Q]A\Q`nZi^2b ^2[Ob1k;]AcQ`+Za^2b Zq[ ]A\
	;cQ`�eY^Q^ Z#[ ]AfQ^QcQ`�eY^Q^ Z#[ \
	�	;dQ`�eY^Q^ Z#[ \Q^
	']A`geY^Q^ ^2[Ob1\Q^QdQ`geY^Q^MONQP RTS UWxYz'{2X ^2[ \
	�	?b1`geY^Q^ Z#[ fQc;]A^Q`+Za^Ql Zq[ fQ\QdQdQ`�eY^Q^ Z#[ l;]A^2b1`�eY^Q^ Z#[ lQlQ^;]A`�eY^Q^ Z#[Ob1dQdQlQ`geY^Q^ ^2[ fQkQ^
	;`geY^Q^

_ ��Z]cY� 4 T-fgVQZ�V[h ^ f�bPTIUYZ2emZ]_aT-cPX;Zle%T0\A_�Z�bPhaUjV[Z]fP\-T 
 T-fuT D T0V�| � pPX[Z � Z 4 U ^ fus � h`_|e]Z ^ f�Vk\ �P^ haUYh � Z]U
4u^ hafPU;bPT ��� ZmX[Z 4)� VYXYT-U �q^ c>X7_�Z 4u^ b 3 _ah`UYZmV[h ^ f � � ZmfPU}_`TI\lZ]U7b���c>fPT�\lZ]_ah`pPXYZmV[h ^ f�bPT�_`Z 4 3 V �P^ bPT
bPT � 3 f 3 XYZmV[h ^ fwb���Z]\-\ 3 _ 3 X ^ �]X[Z 454 T0UAU�1KfgV �43 VYh n cPT-U 6 cPf>T�p�Z]UYT�b>T�b ^ fPf 3 T-Ut\ �P^ h`UYhaTg|qh`_�T-UjVtp>h`T-f
T-fgV[T0fPbPc �	^ UjUYh`p>_`T�bPTt\ � Z]f��%T-Xi_�Z � ^ X 4 TAbPT-U 3Nn c�ZmVYh ^ f>U � X 3 bPh`\rV[hae]T-URbPT 4u^ c>e%T 4 T0f�V=� ^ XjV �
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S�Z 4�C V �P^ b>T � X C UYT0fgV C T�b�ZmfPU�_`T 01� Z � h|V[XYT��vZ C �%Z]_`T 4 T0f�V C V C Z �Y� _ah n c C T#D)cPfPT�pPZ]UYT�bPT
b ^ fPf C T-U�T0cPX ^��EC T0fPfPT�haUYUjcPT�bPT�\0T-_a_`T2c>V[ha_`h`U C T �q^ cPXA_`ZGF�� � &�H�H $��IH $ * �!4 pPXYZ]UYT 1KU�TrV�Z]_ � | &�H�H�H |
J7T-X6�%T �A� � h`T0XYX 1{T0V�Z]_ � | &�H�H]� + � S�T�V[XYZle]Zmh`_JT0UjV � X C UYT-fgV C T-f b C VQZ]ha_Wb�Z]fPU�FRT 1 sKJ7T0X2�%T �Q� � haT-XjX 1
* &�H�H]� | &�H�H / + �

S�Z p�Z]UjT�bPT�b ^ fPf C T0Uub>T�VYX[ZlemZ]h`_}\ ^B4�� XYT0fPbMLPf�Z]_`T 4 T0fgV " ��H T-fPXjT%�%haUjV[XjT 4 T-fgV[U �P^ XjhON ^ f �
VQZ]c � TrV $ &g� U C h`U 4 T-UL|�b ^ fgV�\-T0XjV[Z]h`fPU � X ^ eEhaT-fPfPT0fgV�bPT-U 
 V[ZmV[U �!& fPh`U � S�Tub ^B4 Z]h`fPT 4 Zg�%fPh|V[cPb>T �bPh`UxVQZ]fP\0T�\ ^ cKe%T-XxV � Z]X�\-TrVYV[T�p�ZmUYT�bPT�b ^ f>f C T0U�U0� C V[T-f>b XjT-U � T-\rV[h|e%T 4 T-fgV�UYcPXt_aT-U�UYTL� 4 T-fgV[U�P 	 | H
"p| �:Q * 4 ZF�%fPhaVYcPbPT +WTrVRP 	 | H��%��H | H:Q *�bPh`UxVQZ]f>\-T � 1 �	^ \0T-fgV[XYZ]_`T +�*SJ7T-X6�%T �A� � h`T0XYX 1dTrV}Z]_ � | &�H�H%� + � � T-c �\lZmV C � ^ Xjh`T0U�bPT�U ^ _ ^ fgV C V C b C L�fPh`T0U%|�b ^ fgVt_`T�\0XYh|V � XjT�bPT�\0_�Z]UjUYhTLP\lZmVYh ^ f{T0UjVt_`Z 4u^ 1]T-fPfPT � Z]X 4d^'�
fPh n cPTubPT-U�eEhaVYT-UjUYT-U�bPT-U ^ f>bPT-U3;�UjcPX�_`T0U ��H�� XYT 4 haT-XjU 4)� V[XjT-U�U ^ cPU�_`Z�UjcPX6��Z]\0T)bPc U ^ _�|VU8W  a� |b ^ fgVyf ^ cPUuZ e ^ fPUub C! D � Z]XY_ CYX U8W  a� �[Z���� 6 "\W � � XYZ]fY�%T�_`T�U ^ _ib�Z]fPUd_�Z \lZmV C � ^ XYh`T�X ^ \ � T0X%|
T0V Z���� 6 "\W � � � U#W  a� � .���� 6 "\W � � X[Z]fY�]Tu_aTdU ^ _Nb�Z]fPU2_�Z�\lZ�V C � ^ XYhaTdb>T-U2U ^ _aU�U C bPh 4 T0f�V[Z]h`XjT-U
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*SJ7T-X6�%T �A��� h`T0XYX�1 TrV�Z]_��T| &�H�H%� + � � Z]fPU�_`Tu\lZ]U ^"! _�Z�emZ]_aT-cPX�bPc � Z]XYZ 4$# V[XjT�U8W  a� f�� T-UxV � Z]U�Zm\ �\0T-UjUYh`p>_`Tg|�Zm_ ^ XjU�\]� T-UjV�_�Zv\0_�Z]UjUYhTLP\lZmVYh ^ fwbPT � ^ 1EfPT-X�sKJ ^E^ XjT * $���� $ + n cPhWT-UxV�c>VYh`_ah`U C Tg|qUYT-_ ^ f bPT-U
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"&� � X[Z]UjUYT 4 pP_`T _`T0Uv\ ^ T0�d\-haT-fgV[U ^ p>VYT-f�cPU �q^ cPXv_`T0UvX C �]XYT-UjUYh ^ fPU�X C Zm_`h`U C T0UvUYcPX

_`ZCp�Z]UYT bPT b ^ f>f C T0UzT-c>X ^��EC T0fPfPT * FiT 1 s JkT-X2�]T �Q��� h`T-XjX 1 | &�H�H%� | &�H�H / +��~S�T-U�X C UYcP_|VQZmVYU�bPT-U
XjT%�%XjT-UjUYh ^ fPU 4u^ fgVYXYT-fgV n cPT�_aT 6#8 ��T0Vi_o� �!�RZ]cY� 4 T-fgV[T0fgVAZle]T-\t_�Z 4 Zg�%fPh|V[cPb>Tg| 4 Z]haU}bPh 4 hafEc>T-fgV
Zle]T-\d_�ZvbPh`UxVQZ]f>\-T'� =?>�( =?@AT0V ;�<*) ^ fgV C �gZm_`T 4 T-fgVtcPf \ ^ 4��	^ XjVYT 4 T-fgV�V[T0_ n c���ha_`UtZ]c�� 4 T0fgV[T-fgV
Zle]T-\;_�Z 4 Zg�%fPh|V[cPbPT�T0V�Zle%T0\k_`Z}bPh`UxVQZ]fP\0T'��+ _���Zmc>V�\-T � T0fPb�Z]fgV ^ pPUjT-Xje]T-X n cPTN_�Z���X Con cPT-fP\0Tk\0T-fgV[XYZ]_`T;Z
C V C 4d^ b C _`haU C TkbPh,� C XjT 454 T0fgV n cPT �q^ c>XW_`T-U�p�Z]UYT0Ukb>T~b ^ fPf C T-U.-YZ �	^ f�Z]haUYT0U X Z]h`f>UYh>_o�0/ n c�ZmVYh ^ f��&�0"
T0UjV 4 Z]h`fgV[T0f�cPTg| D�\0T-\0h � X # U n cPT�_aT-U�\ ^ Tr�u\0h`T0f�VYU � T0V���fPT�U ^ f�V2U ^ c 4 h`U n c�� DvcPfPT�h`fge%T0XYUjh ^ f
�]_ ^ p�Zm_`Tg|�cPfPh n cPT 4 T0fgVyb CL� T0fPb�Z]fgVYTzbPT�_�Z 4 ZF�%fPhaVYcPbPT��21A��T0UjVvZle]T-\z\0T-Uu\ ^ T0�d\-haT-fgV[U n c>T�bPT0c �Uj\-T0f�Z]XYhah�h`fgV C XYT0UYU[Zmf�VYU �	^ cPX~_aT�\lZ]UibPTt_`Z���XYZ]fP\-T ^ f�V C V C UYh 4 cP_ C U��
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S�Z 4�C V �P^ b>T�UjV ^ \ � ZmUjV[h n cPT�b C e%T-_ ^��Y�EC T�b�ZmfPU�_`T:1 � Z � h|V[XjT �ybPTreEX[Z]h|V � T-X 4 T0VjV[XjT�bPT�VYh`XjT-X

ZlemZ]fgVQZF�%T-cPUjT 4 T-fgV � Z]XxV[h?b>T�_�Z�emZ]Xjh�Z]pPha_`h|V C bPc 4d^ c>e%T 4 T0fgViUYh`U 4 h n cPT �	^ cPX C e]Zm_`cPT0X}_`T0U}bPT-UxV[XjcP\ �
VYh ^ f>U n c>T �	^ cPXjX[Z]haT-fgV ^ \-\lZmUYh ^ fPfPT-XtbPT0UtU C haU 4 T-UtUYc>UY\-T � V[hapP_`T0U�b>TdUjT � X ^ bPcPhaXYT%D � X ^ � h 4 haV C bPT_`Z�eEh`_a_`TRbPT � ha\-T�TrV~b�Z]f>U~cPfvT-fgeEh`X ^ fPfPT 4 T0f�V~VYX # U � X ^ \ � T�bPTA_�Z�eEh`_a_`TRbPT<;�XYT0f ^ pP_aT'�PS�Z�UjcPhaVYT�bPT
_`Z � X C UYT0f�VYT�UjT-\rV[h ^ f � X C UjT-fgV[T2_`T0U~X C UjcP_aV[ZmV[U~b>T2Ujh 4 c>_�ZmVYh ^ fubPc 4d^ c>e]T 4 T-fgVibPc�U ^ _5| ^ pKV[T-f�cPUIZ]c
4d^ 1%T0f�bPTt_`Z 4�C V �P^ bPT�b C e]T-_ ^��Y�EC T�Z]c�\ ^ cPXjUibPTt\-T � X ^ -jTrVibPTtXYT0\ � T-Xj\ � T'�
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S�T &�H -jcPha_`_`TrV $ / � 	 |qZuT-cw_`haT-c�cPf{U C h`U 4 T�fPh`UjU[Z]XxV n cPh�Z�� ^ XjVYT 4 T-fgVAZ��?T0\0V C _ ��Z]XYXjh # XYT � Z 1EU
fPh! ^ h`U2T0V n c?� ^ f UYhaVYcPTyT0fgV[XYTy_`T-U2emZ]_`_ C T-U2bPTu_�Z � haf C TuT0V�bPT)_�Z#" C UYcPpPhaTg| n cPT-_ n c>T-U���h`_ ^B4 # V[XjT-U
Du_ �$��cPT-UxV�bPT#F ^>n cPT-p>h`_`_ah # XYT5*�1}ZmbPh ^ VIs%" ^ �]V%| $�� " � + � � ^ XjVYT 4 T-fgVAXjT-UjUYT-fgVYhJUYcPX &B/�H�H � 4 / | XjT-U �
�q^ f>U[Z]pP_aTtbPT ��H�H D ��H�H34d^ XjVYURTrVAb>T�_`Z�b>T-UjVYXYcP\rV[h ^ fzb�� cPfPT2bPhTNlZ]hafPTtbPT�_ ^ \-Z]_`h|V C U%|>\0T�U C haU 4 T�bPT
4 Zg�]fPhaVYcPbPTAUjc �EC XYhaT-cPXjT�D ��| H Z � X ^ p�Z]pP_aT 4 T-fgV � X ^ e ^7n c C bPT0U=�%_`haUYUjT 4 T-fgV[U}b>TAV[T0XYX[Zmh`f�Z 1gZ]fgViT0c
bPT-U�T �qT0V[U�bPT-UxV[XYc>\0V[T0cPXYU � 
 f Z]c>V[XjTuU C haU 4 Tyh 4��	^ XjV[Z]fgV�|�T-UxV[h 4 C D���| / |v��c>V�XYT-UjUYT0f�VYh D � h`\0TyT0f
$���� " *�S�TreEXYT0VIT0VIZ]_ ��| $���� 	 |�S�Z 4 p	T-XjViTrVRZ]_��T| $�� � "B+��

S�ZtUjVYXYcP\rV[cPXYZmV[h ^ fub>TA_ � � Xj\ibPT � h`\0TRU0��T0UjV	��Z]haVYT � XYhafP\-h � Z]_`T 4 T0fgV D � ZmXjV[haXNbPTI_o� # XYT~V[T0XjVYh�Z]haXYT
Dd_o�&��_`h�� ^��A� n c>haVQZmfPh`T0f�*�e]T-XjU &B/'� Z +,|�T-fzX C%�	^ fPUjT#D�cPfzX C �%h 4 T�b>T�\ ^ fgV[X[Zmh`fgV[Tt\ ^ 4�� XjT-UjUYh�� *oS�Z �
p�Z]c 4 TvT0VdZ]_ ��| $������ | FihaV NF| $�� � & +���S�Z � ^ X 4 ZmV[h ^ f bPT�\0T0VuZ]XY\vT0UjV�_ah C T)Z]c�b C \ ^ _`_aT 4 T-fgV�T0VdZmc
�%_`haUYUYT 4 T0fgV�e%T0XYU�_aT � cPbCbPTv_`Z�\ ^ c>e%T0XjVYcPXYT�bPc 4 Z]UYUjh��i\0XYh`UxVQZ]_a_`haf bPTy_ � � X2�]T-fgV[T0X[Z �(� T-Xj\lZ]fgV ^ cPX��
17T0VYVYTz\ ^ c>e%T0XjVYcPXYTwT0UjV)\ ^ fPUxV[haVYc C T�bPT�VYT-XjX[Z]hafPUuU C bPh 4 T0fgVQZ]haXYT-UdUYT0\ ^ f>b�Z]h`XjT-U)TrVyVYT-XjVYh�Z]haXYT0U%|WU ^ f
b C \ ^ _`_aT 4 T-fgV2Z C V C ��Zle ^ Xjh`U C�� Z]Xt_�Z � X C UYT0fP\-TGD�_`Z)p�Z]UYTdbPTd_�Z)U C XYhaT�U C b>h 4 T-fgVQZ]haXYT�b���Z]X2�]h`_`T0U�T0V
b�� C emZ �q^ XYhaVYT-U;bPc � XYh`Z]U n cPh ^ fgV - ^ c C _aTIX*)%_`TRb�� cPf)_`c>pPXYh L Z]fgV�*�; # N-TF| $ � � � + �KS�T��%_`haUYUYT 4 T0fgV7Z C V C
�%cPh`b C _`ZmV C X[Z]_aT 4 T-fgV�D�_ �$��cPT-UxV�TrV9D�_o�0/WUxV � Z]X2bPT0c � U�1EUjV # 4 T0U�bPT���Zmh`_`_aT-U�b C \-X ^ \ � Zmf�VYU%| ^ XYh`T0f �
V C U �I^ XYb ���I^ Xjb � /WUjV D � cPb �(� cPb � ��cPT-UxV X _`T0U�U 1EUjV # 4 T-Uyb>T	" C UYc>pPh`T ����^ fgV � C Xjh ^ f ��� V�� � J7_�Z]haUYT �
� U � XYT 4d^ fgViT0V6J7XYT0h`_ �(�K^ U � T0_ ����^ f�Z]\ ^ |�XYT-U � T0\0VYhae%T 4 T0fgV�� S�T-U 4�C \-Z]fPh`U 4 T0U~Z]c � ^ 1%T0XibPh`U �q^ f>h`pP_aT-U
b�Z]fPUI_�Z�X C �]h ^ f�U ^ fgV � XYhafP\-h � Z]_`T 4 T0fgVIb C \-X ^ \ � Z]fgV[U ^ c�h`fge%T0XYUjT-U�TrVAU ^ fgV�\ ^ 4�� Z�V[h`p>_`T-URZle%T0\�cPfPT
bPh`XjT-\0VYh ^ fubPTA_`Z�\ ^ fgV[X[Zmh`fgV[TI\ ^B4�� XYT0UYUjhae%T 4 Z � h 4 Z]_aT7emZ]XYh`Z]fgV7b?�&��cPT0UjV~T0f /NUxV}bPT � ��� D �,+ �(� /
*�;�XYT-_a_`TrVtT0V�Z]_��T| $����%� |�FRT0p�Z]hNT0V�Z]_��T| $����B& | � Z]XxV[h`f T0V�Z]_ ��| &�H�H & Z + ��SN��Z]\rV[haeEh|V C UYhaU 4 h n cPT 1 T-UjV
V ^ c - ^ cPXYU � X C UjT-fgV[T��
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� Z]fPU�_aTyb ^B4 Z]hafPTub>cCXYh`U n cPTyUjh`U 4 h n cPTF|�\0T)U ^ f�V�_`T-U�UY\0h`T-fgVYhTL n cPT0U n c>h7_`T0U � XjT 4 h`T0XYU ^ f�V
ZmVYVYh`X C _ ��ZmVYVYT-fgV[h ^ f�bPT-UNb C \-h`b>T-cPXjUk_ ^ \-Z]c � UjcPXN_`T0U � Z]XjVYh`\-c>_�Z]XjhaV C U�bPcdp�Z]UjUYhaf��%XjT-f ^ pP_ ^ haU X _�Z�\ ^ f L �
�%cPX[Z�V[h ^ f�bPcuU ^ cPU � U ^ _�|%\ ^ fPUjVYhaVYc C b���c>fPTi\-c>e]T0VYVYTIb?��Z]_a_`c>eEh ^ fPU �	^ UjV2�%_�Zm\-h�Zmh`XYT0U CL� Z]h`UjUYTF|EhafPbPcPh|VWcPfPT
� ^ XjVYTIZ 4�� _ahTL�\-ZmV[h ^ f�bPc 4u^ c>e%T 4 T0f�VkbPcuU ^ _ T-fu\lZ]U;bPTRU C h`U 4 T *oS�T-pPXjcPf | $���� "B+�� � TRf ^B4 pPXYT0cPUYT0U
C V[c>bPT-U ^ f�V � Z]XR_�ZdUYcPh|V[T C V C#4 T0f C T0U�UYcPXI_�ZdX C �]h ^ f��%XYT0f ^ pP_ ^ h`UjT�Z:L�f{bPT�b C L�f>h`XATrV�bPT � X C \-haUYT-X
_ ��Z]_ C ZzUYhaU 4 h n cPT�* 1 ^ VYV ^ f�T0VdZ]_ ��| $���� � | J7TrVYVYhq�wT0V�Z]_��T| &�H�H%� | ��^ \�N ^ T0VdZm_��T| &�H�H�	 +���SW��Z]fPZ]_ 1EUYT
bPT�_�Z�Ujh`U 4 ha\-haV C � h`UjV ^ XYh n cPTg|K_`T�b C e%T0_ ^��Y� T 4 T-fgViTrV~_ � h`fPUxVQZ]_a_�ZmVYh ^ f�bPc�X C UYT-Z]c�bPT�UYc>Xje%T0h`_a_�Z]fP\0T�UYhaU �
4 h n c>T � haU 4 Z]_ � *1� C X C � ZmX�_`T)S ; + � | D ;tXjT-f ^ p>_`T,+ ^ fgV � T-X 4 h`U�b�� ^ p>V[T0fPh`X�cPfPT)eEh`Ujh ^ f L�fPTvbPT
_�Z UYh`U 4 ha\-h|V C Z]_ � h`fPT�� /Wf � Z]XxV[h`\0cP_`haT-XL|J_`T � ^ fP\rV[h ^ fPfPT 4 T0f�VubPT � cPh`U $ / Z]fPUyb>c X C UYT-Z]c � haU 4 Z]_ �
Z 4 h`UtT-f C eEh`b>T-fP\0TybPT0U#N ^ fPT-U�UYh`U 4u^ � C fPh n cPT-U�Z]\0VYhae]T-U%| n cPh;U ^ fgV�_`T � ^ 1%T0X�b�� cPfPTyZ]\0VYhaeEhaV C U ^ c �
V[T-f�cPTF|�\ ^B454 T�\0T-_`_aT�UYhaVYc C TdT-f p ^ XYbPcPXjT ^ \-\0h`bPT0fgVQZ]_aTdb>Tu_`Z�\ � Z;:�fPTdbPT J7T-_a_`T0b ^ fPfPT���SW��Z]fPZ]_ 1EUYT
bPTzV ^ c>V[T0Uv\-T-Uvhaf�� ^ X 4 ZmVYh ^ f>U 4d^ fgV[XjT n cPTg| �	^ cPXy_�Z X C �%h ^ f��%XjT-f ^ p>_ ^ haUYTg| ^ f b ^ haV)\ ^ fPUjh`b C XYT-X
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� _`c>UYh`T0cPXYU�\lZ 4�� Zg�]fPT-U�bPTyXjT-\ ^ fPf�Z]haUYU[ZmfP\-T ^ f�V � T0X 4 h`U2bPT 4 T0VjV[XjTuT0f C eEh`bPT0fP\-Ty_`Td\ ^B4 �
�	^ XxV[T 4 T-fgVubPT�\-T0VjV[T�\-c>e]T0VYVYT��%XjT-f ^ pP_ ^ haUYTvV[X # U � Z]XxV[h`\0cP_`h # XjT'� � T0UyT��?TrV[Uyb>T�X C U ^ f�Z]fP\0TzT0VubPT
X C e]T-XYp C XYZmV[h ^ fGUYc>Xw_`T-Uz_`h 4 haVYT-U�T � V[T0XYfPT0U bPTC_�Z \0c>e%TrVYVYT �]XYT-f ^ pP_ ^ h`UYT *�p ^ XYb C T � ZmXw_`T-U 4 Z]U �
Ujh���UdbPT JkT-_`_aT-b ^ fPfPTg| 1 � ZmXjV[XjT-cPUjT{T0V'"NT-Xj\ ^ XjU.+�h`fPbPc>h`UYT0fgVybPT0U)Z 4�� _ahTL�\-ZmV[h ^ fPU�bPc 4u^ cKe%T 4 T-fgV
b>cGU ^ _2T0VwUYZ � X ^ _ ^ fY�%ZmV[h ^ f V[T 4��	^ XYT0_`_`T *oS�T0pPXYcPf | $���� "B+�� � T0U ��Z]\0VYT-cPXjU{b���Z 4�� _`hTLP\lZmVYh ^ f bPT
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GIHKJMLONQPOROSUTVHUWYXOZ\[]N6^_POTa`E[b`dc]NQe6WYXfXgR_hiRONjHkJMTl`QmY`Qc]Sn[bNjNQ[VHoNpe6WYXq[bNQXiR4rsc]`QhiRON6Xq[bSUN6HOLfR4^_WYRfm\NEt
^_N6Xq[uLORvT]W\H=NQXwROXvT]Sn[bNxPyJ\cl[]SoeQROHoSUN6cdT]W\Xi[MT]SoZ\XOSUzye6J{[bSnmYNQ^4NQXi[|LO`QP-NQXOLyJ\Xq[bTuLON6TMe6J\cbJ{eQ[b`Qc]SUTl[bSUhiRON6T
^_`6e6J\XOSUhgRfN6TVNQ[VZY`6W\HoWYZYSUhiRON6T}LONQTBeQWYROe�~ONQTBTlWYROT�tU�]J\eQN6Xq[bNQT����BWYc]e�~ONQc]Lf[BNQ[BJ\H �U�f���q�\�f�q� W��gXONQcBNE[�J{H �n�
�����f�Y�=� NQN6L�NE[:J\H �U�}���N���q�V���}� `QmgSoLONQXOe6N�LOR�e6W\^4P	WYcl[]N6^_N6Xq[$XOWYX�t�HoSUXO`�J\SUc]N:LONQT�T]W\HoT$N6Tl[�J\POPyJ{c]RON
HUWYc]T�L � N6TlTbJ\SUT4eE�ge6HoSUhiRON6T_c]`6J\HoSUT]`6T�NQX�HoJ\�-W\cbJ{[]WYSoclN!WY��ROXON�LO`QrsWYcl^�J�[bSoW\X�SU^4P	WYc�[�J\Xq[bN�LOR&^4J{[b` t
clSoNQH-POclW�mYWghgROJ\SU[pH � J\POPyJ\clSU[]SoWYX_L � ROXONM�	WYROeQHoNML � ~q�gTl[b`Qc]`QT]SoTdLOJ\XOT�HUNuPOHoJ\X!e6W\Xi[]cbJ\SUXq[bNEt�LO`QrsW\c]^4J{[bSUWYX
�¢¡|WYXfLON6c:£¥¤¦NQHkJ\Tl§\W �B���Y¨Y©f�=ª J{c]LOSUX�£¥«uc]XONEmgSoe�~ �����q�Y¬ J � � � � ROeQNQ[bSUe �B���Y�Y­q�f� «|N!XOWY^��fc]N6RfT]N6T
[]N6Xq[�J�[bSUm\N6T�WYXq[:`E[b`!r¢J\Sn[bN6TFP-WYRfc:^4WgLO`6HUSoTlN6c$HoN!eQWY^4P	WYc�[bN6^_N6Xq[:XfWYX�tIHUSoXO`6J\SoclN4LfN6T�T]WYHUT � NQ[�P	WYROc
^_WgLO`6HUSoT]NQc|HoJ4POclWYPyJ\ZYJ{[bSUWYX�LfN6T�WYXOLfN6TMLyJ{XOTMLONF[]N6HUTu^_SoHoSUN6R�®¯� � N6N:£±°²SUXOX �����q�N���-³ �g§\N �a���q�{�f�
´µSfNE[}J\H �U�g���Y�q�g� �BWYXOSoHUHkJ ��¬{­Y­Y­q�f�\� N6T²T]SoTl^4W\HoWYZYRfN6T � hiRyJ\Xq[·¶|N6R�® � TlROPOP	WYT]NQXi[·LfN6Ta^_SoHUSoN6Rg®¸LON�POclW{t
POJ\ZqJ{[]SoWYX_HoSUXO`�J\SUc]N � N6X!c]J\SoTlWYX4XfW\[�J\^_^_N6Xq[pLfN6Tp�	WYXOTBc]`QT]ROHn[�J{[]TpLON|HkJ¸^4`E[b~OWgLONuLfN6TBrsW\XOeQ[]SoWYXOTVLON
¹ c]NQN6X_N6^_POSoclSohiRONQTu� ª J\c�[bºQN6HoH �f���Y�N�q�V� « � J{Rf[bclN|PyJ{cl[ � HUN6T·NQ»-NQ[]TBLfNµHoJ�XOWYX�t�HoSoXf`�J\clSU[b`BP-NQRfmYNQXq[�¼Q[]c]N
^_SoXfN6ROclTBLONEm{J\Xq[dHoNQTpSoXfe6N6c�[bSn[bROLONQTpHUSo`6NQTpJ{R�®_m\J{HoN6Rfc]TpLfN6T�PyJ{cbJ\^_½Q[]c]N6TBZY`6W{[bN6e�~fXOSohiRONQT � J{R�®!NE»¦NE[bT
LfNFLOSUc]N6eE[bSnm�Sn[b`¸WYR¾J\R¾eQWYXq[bN6XiR¾[]c]WYP��Oc]RfSU[b`$LORvTlSoZYXOJ\HV��°²SUN6HUL�NE[MJ\H �U�����Y�q�Y�f�	¿:�ÁÀ WYXOXfN6HoHp� ���Y�Y�q� �
hiRyJ{Xi[a¶|HUROS � JµPORFclN6POclW�LORfSoc]NVP	WYROc�HoN·T]`QSoT]^_NpLfNp´µWYcl[]~Oc]SULOZYNVLOR ��� �]J\XqmgSoN6c ���Y�{ÂO� LONp^4J\ZYXfSU[bRfLON
¨��Ã��� HoNQTjJ\^4PfHoSUzOe�J{[]SoWYXOT·POHUROT�r¢J\SU�OHoNQTpP	WYROc�HUNMe�~OWge�POc]SUXOe6SUPyJ\H	hgRfN$P	WYROcpHoN6Tpc]`6PfHoSohiRONQTdLOR@T]`QSoT]^_N
NQX@Rf[bSUHoSoT]J\Xq[pHoJ�POc]W\PyJ\ZqJ{[]SoWYX4HoSUXO`�J\SUc]NµLyJ\XOTdRfX�^_SoHUSoNQR4[bclSnt�LOSo^_N6XOTlSoWYXfXON6HKe6W\^4P	WYcl[bJ\Xq[�LONQTd~O`Q[]`Et
clWYZY`QXO`6Sn[b`6T �=À N6P	N6XOLyJ{Xi[ � TlROSU[]N�J\R¯T]`QSoTl^4N_LON6T�[bclROeQ[]N6ROc�LfN � WY^4J ³ clSoNQ[bJ�LfR ��� W�eE[bWY�OclN �����Y�
�s^�J{ZYXOSU[]ROLON ���Ä­q�E� [bcl½6T�HoJ\c]ZYNQ^4NQXq[pNQXOc]NQZYSoT�[bc]` �yÀ ~OSUX1£�Åu§iS}� ���Y�f��� J�m{J\SoNQXq[�`Q[]ROLOSU`MHoNQTpNQ»-NQ[]T�LON
TlSU[]NdNQ[·e6W\XOe6HUR:LONjHkJuPOcl`6TlN6XOeQN|LONjXOW\X�tIHUSoXO`6J\c]Sn[b`VLON6T·T]W\HoTaLyJ{XOT·HkJuºQWYXONj`6POSUe6NQXi[]cbJ\HUN � °²SoXyJ{HoN6^_N6Xq[ �
H � SU^4POJ\eQ[¸LONQTx^_WYRfm\N6^_N6Xq[bT$rsWYcl[]T¸T]ROc$HoN_e6WY^_P	WYcl[]N6^_N6Xq[¸HoWge�J\H}LfN6TFeQWYROe�~ONQTFLON_T]W\HVSUXOLOROSn[$LON6T
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HoSoXf`�J\SUc]N:�21·ROe6NE[bSUex£�«uWY�Oc�� �D���Y�����V�

� N�PO~f`6XOWY^_½6XfN�LONMXOWYXgtIHoSUXO`�J{c]SU[]`|LfN6TdT]W\HoT�T � WY�fT]N6c�mYN$N6X1PyJ{cl[bSUe6ROHUSoNQcpHoW\c]TpLfN�HkJFeQWY^4POJ\cbJ\S t
T]WYX�L � N6XOclN6ZYSUTl[bclN6^_N6Xq[bTµLON¸T]Rfclr¢J\eQNxNE[|LfNxPOclW\rsWYXOLfN6ROc � ÅuSoXfT]S � HoN6Tjc]J\POP	WYcl[]TdT]P	N6eQ[]cbJ\Rg®�hgRfNxH � WYX
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Modulus Reduction Curves for Sand
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GL-000m up to GL-006m 
GL-007m up to GL-015m 
GL-016m up to GL-036m 
GL-037m up to GL-075m 
GL-076m up to GL-150m 
GL-151m up to GL-300m 

Damping Curves for Sand
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hiRON:eQN6HUHoN�J�[][bNQXOLORON:P	WYROcuROXON:POclWYPyJ\ZqJ�[bSoW\X¾HoSUXO`�J{Soc]N$LON:H � WYXfLON�NQ[MROXON:^_SoZYc]J{[bSUWYX�LfRwe6WYXq[bNQXiR
rscl`6hiRONQXi[]SoNQH�mYN6clT:HoNQT:�yJ\T]TlN6T:rsc]`QhiRON6XOeQN6T¾� � N6X+NQ[:J\H �n�p���\�\Âi�V� �|J{SoT]W\XOXOWYXOTFP-WYRfc�HoN!e6J\T:L � ROXON
eQWYROe�~ON�LONFTbJ\�OHUN�T]Sn[bRO`QN:¶!HkJ4T]ROc�r¢J\e6N:LORwTlWYH²NE[�L � `6PyJ{SoT]TlN6ROc�
 � Å|HoWYclTuXOW\ROTMP	WYRfmYW\XOT�`6eQc]SoclN�TbJ
rscl`6hiRONQXOe6N�LON@c]`QT]WYXOXOJ\XOe6N@eQWY^4^_N
��� � ' * -���
 ��¡�c]J\^4NQc �B���Y�Y¨q�f�}¿ c�XOW\ROT_J�m\WYXOT:mgR�Pfc]`6eQ`Et
LfN6^_^4NQXi[�hiRON � � #�% '�)* � WY� � N6T�[�HUN!^_W�LORfHoN1LON@e6SUTbJ\SUHoHUN6^_N6Xq[FLfN�HoJwe6WYROe�~fN�LON@T]J\�OHoN �
�}XveQWYXOTl`6hiRON6Xfe6N � HoJ4LO`QZYcbJ{LyJ{[bSUWYX¾LfRv^4WgLOROHUN¸LON�e6SUTbJ\SUHoHUN6^_N6Xq[jPOc]W�m\W�hiRON�RfXON�`Qm\WYHoR�[bSoW\X�LONFHkJ
rscl`6hiRONQXOe6N4LON4cl`6TlWYXOXyJ\Xfe6N4m\N6clTFHoNQTx�OJ\T]TlN6Txrscl`6hiRONQXOe6NQT �a� N�T]SUZYXyJ\H}TlSoTl^4SUhgRfN_T � NQXOc]SUe�~OSU[xJ\HUWYc]T$¶
eQN6T¸rsc]`QhgRfN6XOeQN6T1�¢¡�cbJ\^_N6c �²���Y�\¨q�V� �µX*TlN6eQWYXOL¯NQ»-NQ[$LON�HkJ1XOWYXgtIHoSUXO`�J{c]SU[]`FLONQT¸T]WYHUT�T]N_LO`6LORfSU[¸LON
H � W\�OT]NQclm{J{[bSUWYX_LON6TBe6WYROcl�-NQTpL � J\^_WYcl[]SoTlT]N6^_N6Xq[VLON|HkJ$°²SoZYRfc]N ���n�.� ROXONuJ\ROZY^_N6Xq[bJ{[bSUWYX4LfN|H � J\^_WYc�t
[]SoTlT]N6^_N6Xq[BPOc]W�m\W�hiRON|J\HoW\c]T·ROXONµLO`6eQc]WYSUT]T]J\XOe6NµLONµH � J\^_POHoSn[bROLONBLONµH � WYXOLON � L � W\��HkJ�LOSU^4SUXiRf[bSUWYX�LON
H � J{^4POHUSUzye6J{[bSUWYX �

�}� `Q[bRfLON�LON_HkJ@c]`QP-W\XOT]N4XOWYX�t�HoSoXf`�J\SUc]N�LONQTFTlWYHoT$¶�RfXON4TlWYHoHUSoeQSU[�J�[bSoW\X¾T]SUT]^_SohiRON4J�Xf`6e6NQT]TlSU[b`
HUNvLO`EmYN6HUWYPOP	N6^_N6Xq[@L � ROXONvrsWYcl^�ROHoJ{[bSUWYX�^4J{[]~O`6^4J{[bSUhiRON¾NE[1LONwe6WgLONQT1XgRf^4`Qc]SohiRONQT � «|N6R�® J\P�t
Pfc]Wge�~ON6T1XiRO^_`6clSohiRON6T�NE®�SoT�[bN6Xq[ �d� J�POc]NQ^4SU½6c]N � hiRyJ{HoSUzO`6N¾LfNvHoSUXO`�J\SUc]N�`6hiROSnm\J{HoN6Xq[ � TlROPOP	WYT]NwROX
J{^4WYc�[bSUT]T]NQ^4NQXq[�NE[�ROX&^4WgLOROHUN�LfN¾e6SUTbJ\SUHoHUN6^_N6Xq[�LOWYXq[4HoN6T_m{J\HoNQROc]T_T]WYXq[�e6WY^_PyJ{[]So�OHUN6T_J�mYN6e¾HkJ
Lf`QrsWYcl^�J{[]SoWYX ^4J�®�So^4J\HoN:NQXOZYNQXOLOc]`QN!LyJ\XfTxHoJ�e6W\ROe�~ON�LfN�T]W\HM� � e�~OXyJ\�	N6HVNQ[�J\H �n�}���q�\¬�� GILOc]SUT]TF£
� ROX �u���Y�q¬Y�f�p� J�T]NQe6WYXfLONwcbJ\TlT]NQ^��OHoN¾HoN6T_rsWYc]^FROHkJ{[]SoWYXfT�J\�	WYclLyJ\Xq[!HUN¾POclWY�OHo½Q^4N�LyJ\XOT�HoN¾PfHkJ\X
eQWYXq[bc]J\SoXq[bN tILO`ErsWYc]^4J{[]SoWYX!NE[µRf[bSUHoSoTlNMLONQTµ`QhiRyJ{[bSUWYXOTje6W\XOTl[]SU[bR�[bSUm\N6Tx��¡�c]J\^4NQc �-���Y�Y¨q�f�

� JwPOc]Wge6`QLOROclN1LOR+e�J\HUe6ROH�XfWYX�tIHUSoXO`6J\SoclN4clNQ[]N6XiRON@P-W\ROc:H � `Q[]ROLON1N6T�[�e6NQHoHoN�LO`Qm\N6HoW\POP-`QN@PyJ\c
� W��gXONQc|£ À ~ONQX)� ���q� �\�E� W\�1HkJFclN6HkJ�[bSoW\X!e6WYXq[]cbJ\SUXi[]NEt�LO`QrsWYcl^�J�[bSoW\X�N6T�[j�yJ\Tl`6N�T]RfcdHkJFrsWYcl^�ROHkJ�[bSoW\X
L � G � J\X�� ���Y¨q�Y�f�-� J�^_WgLO`6HUSoTbJ�[bSoW\X1LON�e6NE[][]N�c]NQHkJ{[]SoWYX�N6T�[Mc]`6J\HoSUT]`QN�¶4H � J{SoLON$L � ROXwJ\TlT]N6^F�OHkJ\Z\NFLON
clN6TlT]WYc�[bT_cbJ\XOZ\`6T_N6X�T]`6clSoN@LON@r¢J��6W\X�hiRON�HoNQT�cbJ\SULON6ROclT_J\T]TlW�eQSo`6NQT4LfNQmgSoNQXOXON6Xq[4LON@POHoRfT_NQX&POHUROT

354��



�$��� � G ¹ ´µÅ��������%«	� � Å
��� ³V¿ ´ � �&´ ¿ ´jt � G�´��}ÅuG
���%«	� �¾�O¿������y³ ���·«uG À �dG ¿ ´ �«	� �f³ � À ����� � «������ ³V¿ ´ � � ��³ � À G�°²G������ � Å�� � G����

0.0 50.0 100.0

Distance (km)

5.0

6.0

7.0

8.0

M
ag

ni
tu

de

� ����� ���Á¬ � «uWY^4J\SUXON�^�J{ZYXOSU[]ROLON tILOSUTl[�J{XOe6N¸NE®�POHUWYc]`¸LyJ{XOT|eQNQ[l[bNFTlN6eE[bSoW\X � GIH���J ¬\­ T]SU^�ROHkJ�[bSoW\XOTPyJ\cde6clWYSn® � TlWYSU[ ��­Y­Y­ J\e6eQ`6HU`6c]W\ZYcbJ\^_^_N6T �
r¢J\So�OHUN6T � � ^_N6TlROc]N�hiRON¸HoJFe6WYXq[]cbJ\SUXi[]N�J\ROZ\^4NQXi[]N � HUN6T�clN6TlT]WYc�[bTdT]N¸eQWY^4Pfc]So^_N6Xq[BT]ROeQe6NQT]T]SnmYNQ^4NQXi[ �
ª J\c�[bº6NQHoHDNQ[uJ\H � � ¬\­Y­\Âq� W\Xi[u^4WgLOSnzy`�HkJ�rsWYc]^�RfHkJ{[]SoWYX1P	WYROcµc]NQXOLOc]NxP-W\T]T]SU�OHoN$HkJ�POclSoT]NxN6XveQWY^_Pf[bN
LON4HoJ�Lf`6ZYc]J\LyJ{[]SoWYX¯LOR�^_W�LfROHoN:LON4e6SUTbJ\SUHoHoNQ^4NQXq[�hiROSBNQTl[x^4NQT]ROcl`6N�J\R)eQWYROc]TxL � NE®�P-`Qc]SUN6XOeQN6T�LON
HkJ\�	WYcbJ�[bWYSUc]N � «MJ\XOTaeQNQ[l[bN�`E[bROLON � HoJ|^_W�LO`QHoSUTbJ{[]SoWYX¸LON�HoJ|LO`QZYcbJ{LyJ{[bSUWYX$LOR:^4WgLOROHUNBLfNpe6SUTbJ\SUHoHUN6^_N6Xq[
POc]W�mgSoNQXi[·LfNµeQWYROcl�-NQTVZ\`6XO`Qc]SohiRONQT·LO`Qm\N6HoW\POP-`QN6TVPyJ\c}H � �}HoNQeQ[]c]Soe ³ W � N6c �µNQT]N�J{c]e�~_GIXOTl[]SU[bR�[bNx� ���\�Y©q�
P-WYRfcxHUN_e6J\TFLfR)TbJ{�OHoN¾��°²SUZYROclN ���U�Y� ¶�ZqJ\ROe�~ON �V�=�}� J\^_WYc�[bSoTlT]NQ^4NQXi[$NQTl[:J{Rf[bWY^4J{[]SohiRON6^_N6Xq[$e�J{Hnt
e6ROHU`xJ{R¾e6W\ROc]TµLOR¾Pfc]Wge6N6TlT]ROT|NQ[|HoNQTµeQWYROcl�-NQTuZY`QXO`6clSohiRON6Tµe6W\c]c]NQT]P	WYXOLyJ{Xi[]N6TMLfNxH � �}HoNQeQ[]c]Soe ³ W � NQc
�µNQT]N�J{c]e�~¾GIXfTl[bSn[bRf[]N4� ���Y�\©q� XON¸T]W\Xi[µLOW\XOe¸PyJ\TjRf[bSUHoSUT]`6NQT �

2�3�� � C����	�j8 
�?��4;
�/>���������������;²C��j8@A��
����� �"! #%$�&'$)(+*-,/.102&4365�78*:9;9<$�=1$)(+02>?(+*:@A@B5�7C5�&ED'(F0:GH02&63'5�I6(

� J¸^4`E[b~OWgLONdPOcl`6TlN6Xq[b`QNuLyJ\XfTBHUN À ~yJ\POSn[bc]N ¨ e6W\XOT]SUTl[bNµ¶¸T]SU^�ROHoNQcaLONQTpJ\eQe6`QHo`6clWYZYc]J\^4^_N6T}clNEt
POc]WgLOROSUTbJ\Xq[=HkJ|XfWYX�tIT�[�J{[]SoWYXfXyJ\c]Sn[b`}NE[aLOWYXq[²HoN6T�SoXfLOSoe6J{[bNQROc]TKJ'L �NM2OQP¾�SR �TJ �VU
W - U
X NE[ U
X�Y[Z"\ W\Xi[
ROX!e6W\^4P	WYcl[]N6^_N6Xq[�NQ^4PfSoc]SUhiRON6^_N6Xq[Bc]N6HUSo`|J\R!Tle6`6XOJ\c]SUW:T]SoTl^4SUhiRON|NQXqm�SUTbJ\Z\` � « � J\R�[bc]NuPyJ\cl[ � �OJ\T]`QN
T]ROc4H � ~i�gP	W\[b~f½6T]N�L � ROXON¾LfSoT]P	N6clT]SUWYX&XOW\c]^4J\HoN1LOR&c]`6TlSoLOR�LON6T4HoWYZYJ\c]Sn[b~O^_N6T:LON�e6NQT�SoXfLOSoe6J{[bNQROc]T
J\Rf[bW\ROcxLfN4HUN6ROc¸m{J\HoNQROc¸^4`QLOSkJ\XfN � HkJ1m{J\c]SoJ\�OSUHoSU[]`FLOR)^4WYR�mYN6^_N6Xq[xT]SUT]^_SohiRON_P-NQRf[F¼E[bclN4^_W�Lf`6HoS t

354N]



����� � ���U� �%� [�J{[]SoTl[]SohiRONQT1LON6T1LOW\XOXO`6NQT@Rf[bSUHoSoTl`6NQT�P	WYROc!eQN À ~yJ\POSn[bc]N � NE[1POclW�m\N6XyJ{Xi[�LOR cl`EtTlN�J\R¯¡�So�OJ\X�t�¡M�\WYT]~OSUXvXONE[ � WYcl§ �¢¡¸SU§YtIXONE[ �V�-� J!POc]W{rsWYXOLONQROcML � N6XfrsW\ROSoTlT]N6^_N6Xq[¸LO`QT]SUZYXON:HoNQTuLONQR�®r¢J{^4SUHoHoNQTpLON¸LOW\XOXO`6NQT|R�[bSoHUSoTl`6N6TpP-WYRfcdH � `Q[bRfLON �
���	��

��������������������������� �"!$#&%'#�(�)+*,(.-�%
/�02143�57698��:69;,��6

�������������������<�>=?�����������:696@��;,����� A&5�5B; 3�5�5B;
C 8��:69;,��6D�>�E��FE��6 GIH J@K
C �@L&�9�:6M�@�ONP��������6Q69�9L&�@�O����6Q����8�6@�����9��6 RSJUT J@VXW
YZ������[��:6M�9�U��;,�����@6\!]�����O�����98�6QY�6M�M
_^`����6M��0a���O69�b�����Oc�d:��6 TXKIK RIe�V

Tl`6N � �}XfzyX � HUN6T�TlP-NQeQ[]c]N6T�LON1cl`6P	WYXOTlN!N6X�J\eQe6`6HU`6c]J{[bSUWYX�T]N1TlWYXq[:c]`EmY`QHo`6T:¼E[bclN1LyJ\XOT:HUN�LOWY^4J\SUXON
L � N ®fSUTl[]N6XOeQNFJ{[l[bNQXOLOR)�smYW\SocdHkJ�°²SUZYROclN ¨��n��Âi�V�

³ WYROcaeQN6Tac]J\SoTlWYXOT � e6NE[][]N�^4`E[b~OWgLONBLON�T]SU^�ROHoJ{[bSUWYX$Ju`Q[]`pe�~OWYSUT]SUN�J{zyXFL � N ®�POHoWYclN6caHUNBeQWY^_P-WYc�t
[]N6^_N6Xq[=^4`Qe�J\XOSUhiRON·XOWYX�t�HoSoXf`�J\SUc]N²NE[²HoJdLO`6P	N6XOLOJ\XOe6NpJ\R$T]SoZ\XyJ\HqJ\eQe6`QHo`6clWY^_`Q[bclSohiRON·POHoJ\e6`·N6X$N6Xq[]c]`6N
L � ROXfNµeQWYHoW\XOXONdLONjT]W\HOe�~OWYSUT]SoN �q� J¸°²SoZYRfc]N ���Á¬ ^4W\Xi[]c]NdHUNdLOWY^4J\SoXONp^�J\Z\XOSU[]ROLONEt�LOSoT�[�J\Xfe6NpeQWYRfm\N6cl[
POJ\c·HoN6TVT]SU^�ROHoJ{[bSUWYXOT � WY�_e�~yJ\hiRONueQc]WYS ®�c]NQPOc]`QT]NQXi[]NMROX_[bW\[bJ\HOLON ¬\­ N6T]T]J\SoT �g� J¸^_`Q[b~fW�LONµLONjZY`QXO`Et
c]J{[bSUWYX$Tl[bWge�~yJ\T�[bSUhgRfN�J|`E[b`Ve�J\HUSo�Ocl`6N·T]Rfc²HkJj�yJ\TlNpLONVLOWYXfXO`6NQTaLONpPfc]W\rsWYXfLON6ROc=¡�So§YtIXfNQ[p�¢HUN6T�T]`6SUT]^_N6T
W\Xi[VROXfN|POclW\rsWYXOLfN6ROcV^�J�®fSU^�J{HoNpLfN ¬/� §i^ � LON|TlWYcl[]Nµ¶$TlN|POHoJ\e6NQc·LyJ\XOTVROX_e6WYXq[bN ®g[bNuLfN|TlSoT]^_SoeQSU[]`
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LfNxLOW\XOXO`6NQTM¡�So§Yt�XONQ[ � eQWYXOT�[bSU[]RO`6N$LONQT|Tl`6SoTl^4NQTuLON$^4J\ZYXOSn[bROLON�TlROP	`6c]SUN6ROclNF¶ ��� ��� J4`E[b`$Rf[bSUHoSoTl`6N �
� J �=J\�OHoN ���n� c]`EmY½6HUN¸HoN6TdT�[�J{[]SoT�[bSohiRONQTjLON¸H � `Q[bRfLON �
� ��� � � ikj'02.'lE365�7C9<02=10:&6&'5�7C3'5 7/02=

� N�e6WgLON�LON ª J\c�[bºQN6HoH²NQ[xJ\H � � ¬\­Y­{Âi�E� ´ ¿ Å ª�� � J1`Q[]`_R�[bSoHUSoTl`�P-W\ROc�^4WgLO`QHoSoTlN6cMHoJ!POc]W\PyJ�t
ZYJ{[bSUWYXvLONQT$W\XOLON6T¸LyJ{XOT¸HoN6TuPOc]W\zOHoT�LON:TlWYH}J\TlT]Wge6So`QT$J\R�®wT�[�J{[]SoWYXfT Jnm MDoqp �¯�sT]WYH²LON:e6HoJ\T]TlN J �
m\WYSoc��=J\�OHUN Â��Ä©q�E� Jrm MDoqp�s �¢eQHkJ\TlT]Nut � NQ[wv\xyt oqp�z �¢e6HoJ\T]TlN P1�E� LfWYXq[xHUN6T�POclW\zyHUT$LfN�mgSn[bN6TlT]N
LfN6TdWYXOLfN6TdLONMeQSoT]J\SoHUHoN6^_N6Xq[BT]WYXq[dclN6POcl`6TlN6Xq[b`QT|TlROc�HkJF°²SoZYRfc]N ���Á©��f� J0�²J{�OHoN ���Ã¬ clN6XOTlN6SoZ\XONMT]RfcdHkJ
m{J\HUN6ROc�LfN6T$PyJ\cbJ{^4½E[bc]NQT¸hgRfS}WYXq[xTlN6c�m�SV¶@^4WgLO`QHoSoTlN6cMHUN:^4SUHoSUN6RvLON�POclWYPyJ\ZYJ{[bSUWYX ��� N6ROH·HoN:TlWYH}LON
[I�gP	N J�N6T�[jROX1^�J�[b`6clSkJ\R�T]ROPOP	WYTl`�HoSoXf`�J\SUc]N � NE[jX � NQTl[jRf[]SoHUNuhiR � ¶:[]SU[]c]NuLfN�e6WY^_PyJ\c]J\SoTlWYX!P	WYROc�HUN6T
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J�`E[b`�TlROPOP	WYT]`4hiRON�HoJ�XyJ{POP-N_PO~Ocl`�J{[]SohiRON4J��_N6ROclN!¶@HkJ@T]ROc�r¢J\e6N_LONQTFT]W\HoT �=À NE[][bN4LON6clXOSo½Qc]N_~q�it
P-W\[]~O½6TlN�X � J1PyJ{T$L � SUX��yRONQXOe6N�POROSUT]hiRON�XOWYRfT$eQWYXOTlSoLO`Qc]WYXOT¸hiRON�HoN:^_SoHUSoNQR¾X � N6T�[xPOJ\T¸e�J\PyJ{�OHoN:LON
ZY`6XO`Qc]NQc|LONQT|Pfc]N6TlT]SUWYXOTuLfNxP	WYc]NQTjSo^_P-WYc�[�J\Xq[]N6T � GIH�r¢J{Rf[µLONxPfHoROTµJ��lWYR�[bN6cµhiRON$HoN¸T]SUZYXyJ\H�NQXimgSUTbJ\ZY`
N6X:N6Xq[]c]`6NdLfN6T}e6W\HoWYXOXfN6T²LfNdT]WYH�N6Tl[aROX:T]SUZYXyJ\HgSoXOeQSoLONQXq[aROXOSUhiRON6^_N6Xq[ �qÀu� NQTl[ltI¶�tILfSoc]NBhiR � SUH�X � NQTl[·PyJ\T
P-NQcl[bRfc]�	`uPyJ\cBHoNQTBWYXfLON6T�LfNuc]`��yNE®�SUWYX � N6X!POclW�mYN6XOJ\XOe6N�LfN6T�eQWYROe�~ONQTdLONuTlWYH-TlROP	`6c]SUN6ROclN6T¸�se � N6T�[dHkJ
��� Ý	��
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���������������������	����� �`Þ!� � LyJ\XOTjHoJ&�=J\�OHUN ���Á¬Y�V�
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"4TlWYXq[$Rf[bSUHoSoTl`6NQTuP	WYROc�ROXON
POc]WYPOJ\ZqJ{[]SoWYX1XOW\X�tIHUSoXO`6J\SoclN � NQ[µLyJ\XOTjeQN$e6J\T � HUN6T�m{J\HUN6ROclTµLfN#""XfN$TlWYXq[µPyJ\TjRf[bSUHoSUT]`6NQT �
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C �9L �9�O���ZY\[^]!_F`$("!cbEdOL 6@6@�*)a0

J H R�eIH J@HIH JUTXVIH VIH +-,Dg HIHEH �/. +-,Dg HIHIe �
G G JUVIGIH J�eIH JNeEVIH VIH +-,Dg HIHEH �/. +-,Dg HIHIe �
R T JUVIGIH J�eIH JNeEVIH VIH +-,Dg HIH�T �/. +-,Dg H J@V �
W J9H JUVIGIH G J9H GXHIHEH VIH +-,Dg HIH�T �/. +-,Dg H J@V �
V J9e J�eIREH VIRIH GIVXHEH VIH +-,Dg H J@e �/. +-,Dg HIRIe �
e RIH J�eIREH R�GXH GIVXHEH VIH +-,Dg H J@e �/. +-,Dg HIRIe �
T R�T J�eIREH R�GXH GIVXHEH VIH +-,Dg HIR�T �/. +-,Dg H�TXV �
e W�G J�eIREH e�VXH G0eIHEH J9HEH +-,Dg HIR�T �/. +-,Dg H�TXV �
K eIH J�eIREH KEHIH RIHIHEH GXHEH +-,Dg HIR�T �/. +-,Dg H�TXV �
J9H T�e J�eIREH KEHIH RIHIHEH GXHEH +-,Dg H�TXe �/. +-,Dg'J@VXH �
JIJ T�e J�eIREH V J9H RIHIHEH GXHEH +-,Dg H�TXe �/. +-,Dg'J@VXH �
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C �9L&�@�O���10324)R_F`�-w! bIdOLS696@�65\0

J H G0eIH eEH JUTXVIH VIH +-,Dg HIHEH �/. +-,Dg HIHIe �
G G G0eIH JEJ9H JNeEVIH VIH +-,Dg HIHEH �/. +-,Dg HIHIe �
R W J@HIeEH JEJ9H GXHIHEH VIH +-,Dg HIHEH �/. +-,Dg HIHIe �
W T J@HIeEH JEJ9H GXHIHEH VIH +-,Dg HIH�T �/. +-,Dg H J@V �
V JMW J@HIeEH GIHIH G&J9HEH VIH +-,Dg HIH�T �/. +-,Dg H J@V �
e J9e J@HIeEH GIHIH G&J9HEH VIH +-,Dg H J@e �/. +-,Dg HIRIe �
T RIH J@HIeEH GIHIH G&J9HEH VIH +-,Dg H J@e �/. +-,Dg HIRIe �
e R�T J@HIeEH GIHIH G&J9HEH VIH +-,Dg HIR�T �/. +-,Dg H�TXV �
K R�e J@eEVIH R�VXH G�WEHEH VIH +-,Dg HIR�T �/. +-,Dg H�TXV �
J9H Wte J@eEVIH VIRIH GIVXHEH J9HEH +-,Dg HIR�T �/. +-,Dg H�TXV �
JIJ T�e J@eEVIH VIRIH GIVXHEH J9HEH +-,Dg H�TXe �/. +-,Dg'J@VXH �
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 J9HIH $&%�2	3������ %�2��0'���������� �.*�!#"����$!%�&��'f'-*
´µWYROTxJ�mYWYXOT$T]SU^�ROHU`:P-WYRfc$e�~OJ\hiRON�eQWYHoWYXfXON�LON4TlWYH�t0NQ[ P LON6R�®*POclWYPyJ\ZYJ{[bSUWYXOT � HkJ1POclN6^_So½Qc]N
HUSoXO`6J\SoclN � P	WYROcMHoJ\hiRON6HUHoNFHUN6Tum{J\HUN6ROclTMLON�" c]N6XfT]N6SUZYXO`QN6T�LyJ\XfT�HkJ �=J\�OHUN ��7Á¬ T]WYXq[¸Rf[]SoHUSoT]`QN6T � NE[¸HkJ
TlN6eQWYXOLON$XOWYX�t�HoSUXO`�J\SUc]N � P	WYROcdHoJ\hiRON6HUHoNuHUN6TdeQWYROc]�	N6T��.-/���! 
"xLfN$H � �}HUN6eQ[]c]SUe ³ W � N6c��µNQT]N�J{c]e�~�GIXOT�t
[]SU[]Rf[bN�� ���\�Y©q� T]WYXq[MN ®�POHoWYSn[b`QN6T 7-� J!°²SUZYROc]N ��7 Â ^_WYXq[bclNxHoJ4T]SU^�ROHoJ{[bSUWYX�¶ ��­Y­ ^ LONFPOclW\rsWYXOLfN6ROc
L � ROX1Tle6`QXyJ\c]SUWFLONu^�J\Z\XOSU[]ROLON ���Ä­ ¶ ©Y­ §g^±NE[�HoNQT�J\eQe6`QHo`6clWYZYc]J\^4^_N6TVJ{[l[bNQXOLOROTd¶xHkJxTlROclr¢J{e6NMJ{R�®
TlSU[]N6T Jrm MDoqp�s NQ["vrxyt oqpPz87 «uN6R�®�J\eQe6`6HU`6clWYZYcbJ{^4^_N6T¸T]W\Xi[F^4W\Xi[]c]`QTxP	WYROc$e�~yJ\hiRON!eQWYHoW\XOXON
LfN:T]WYH=POROSoTlhiRON�HkJ�POclWYPyJ\ZYJ{[bSUWYXv¶�[]cbJ�mYNQc]T¸e6NQT�e6WYHUWYXOXONQT�LON:T]WYH=N6T�[¸e�J\HUe6ROHU`6N�LON�r¢J��6WYXwHUSoXO`6J\SoclN
LOJ\XOTdROX1POclN6^_SoNQcB[bNQ^4PfT � PfROSoT�XfWYX�tIHUSoXO`6J\SoclNjLyJ\XOTdROX1TlN6eQWYXOL1[bNQ^4POT 7O� N6TdTlSo^�RfHkJ{[]SoWYXOT·cl`QmY½QHoNQXi[
LOJ\XOTde�~yJ\eQROX�LON6Tde6J\TdROXON$J\^_POHoSnzye�J�[bSoW\X4NQXi[]c]N�HoJFPOc]W{rsWYXOLONQROcdNQ[jHoJFT]ROc�r¢J\e6N � ^�J{SoTpH � ~q�gP	W\[b~O½QT]N
L � ROXfN�POclWYPyJ\ZqJ�[bSoW\X*XOW\X�tIHUSoXO`6J\SoclN�SoXOLfSohiRON_`6ZqJ\HUN6^_N6Xq[$hiRON�eQNQ[][]N!J\^_POHUSUzye6J{[bSUWYXwN6T�[:J\^_WYSoXfLOc]SUN
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^4NE[|`QZqJ\HUN6^_N6Xq[jLON$POc]`QLOSoclN$hiRyJ{XOL¾HoJ�XfWYX�tIHUSoXO`6J\c]Sn[b`|LONQmgSoNQXq[uSU^4P	WYcl[bJ\Xq[bN ,fNQ[ ��������� �	���0� hiRyJ\XfL
HoN6T·TlSoZYXyJ{R�®:LONµPOclW\rsWYXOLONQROc·LOSo^_SoXiRONQXq[·L � J{^4POHUSU[]ROLON 7YÀ NQ[l[bNµhgRfN6Tl[]SoWYX_N6T�[VSoXOSn[bSo`QN�PyJ\c·HUNde6WYXOT�[�J{[
[bc]½QTpSUXi[]`6clN6T]T]J\Xq[dSoTlT]R!LfNuHkJ$e6WY^_PyJ\c]J\SoTlWYX_LON6TV[bc]W\SoTVc]`6TlROHU[bJ{[bTBL � NE®�P-`Qc]SUN6XOeQN6TdT]RfcpHkJ$°²SUZYROc]N ��7Ä� �
SoHoT²SoXOLOSUhiRON6Xq[VLON6T·m{J\HoNQROc]T·LONjPOTlN6ROLfW{t�J\eQe6`QHo`6c]J{[bSUWYX_J\R_P-WYSUXq[·LONjLO`�J\^_POHUSUzye6J{[bSUWYX�hiROSKT]WYXq[VSoLfN6X�t
[bSohiRONQTML � ROXON�`E[bROLfN�¶�H � J\Rf[]c]N � ¶�HoJ_rsWYSUTMJ\R R �TJ�NQ[�¶ �!ª º 7 GIH�N6Tl[$J{HoWYclT|HU`6ZYSn[bSo^_N�LON�Pfc]`6LfSoc]N
P-WYRfcdhgRfN6HoTjTle6`6XOJ\c]SUS�LON¸T]`6SUT]^_N�H � NQ»-NQ[jLOR�e6W\^4P	WYcl[]N6^_N6Xq[jXOWYXgtIHoSUXO`�J{Soc]NµLONQT|TlWYHoTdNQTl[|J\Rf[bJ\Xq[|clNEt
^�J\clhiRyJ\�OHUN 7 ´|W\ROT�J\HUHoWYXfTVe�~fN6c]e�~fN6cj¶xSULON6Xq[]SUzyNQcBLyJ{XOTpROX4POHkJ{X�^4J\ZYXOSn[bROLON tILOSUTl[bJ\XOe6NjHUN|LOW\^�J\SUXON
L � J{POPyJ\clSU[bSUWYX$LONpHoJ|LO`6J\^4PfHoSUzOe�J{[]SoWYX 7�³ WYROc=e6NQHkJ � XOWYRfTaXOWYROT=HoSU^4Sn[bWYXOTDJ{R R �TJ�NQ[aXfWYROT²R�[bSoHUSoTlWYXOT
HkJjc]N6HoJ{[bSUWYX$POc]`QLOSoeE[bSUm\NpL � J\eQe6`6HU`6c]J{[bSUWYXxTlP-NQeQ[]cbJ\HUNp`Q[bJ\�OHUSoNVJ�mYN6epHkJj�yJ\T]NpLONpLOW\XOXO`6NQTaLONB^�J\Z\XOSU[]ROLON
T]ROP	`6clSoN6Rfc]N¸¶ ��� � � mYWYSUc�HkJ � N6eQ[]SoWYX ��7Á¬ NQ[jH � �}hiRyJ{[]SoWYX Â�7ÄÂO� P-WYRfc�HkJ\hiRONQHoHUNMXOWYROTjJ�m\WYXOTjLOSoT�[bSUXOZYRO`
LON6R�®v[I��P	N6T¸LON:TlSU[]N � 7 �|XON:eQWY^_PyJ\cbJ{SoT]W\XvN6Xq[bclN�HoN6T|m\J{HoN6Rfc]T�POcl`6LOSn[bN6T�LfN M J Y v � p��Up��V\ NE[¸HkJ
m\J{HoN6RfcMLON:c]`Ers`6clN6XOeQN M J � � 	
��
 * ����� Y v � p��Up��V\ P-WYRfc�HkJ\hiRONQHoHoN J U Y v � p���p�� \ � � ��p SoXfLOSohiRON
LOWYXOe�LyJ{XOTdHoN�POHoJ\X!^4J\ZYXOSn[bROLfNEtILfSoTl[bJ\XOeQNMHoNMLfWY^�J{SoXON|L � J{POPyJ\clSU[bSUWYX!LON�HoJ�LO`�J{^4POHUSUzye6J{[bSUWYX � LORON
¶$ROX_e6W\^4P	WYcl[]N6^_N6Xq[·XOWYXgtIHoSUXO`�J{Soc]NBLONµHkJ�Tl[bJ{[bSUWYX Jnm MDoqp�s �se6HkJ{T]T]N<t � 7i� J$°²SoZYRfc]N ��7n�Y� ^4W\Xi[]c]N
HoN6TBc]`QT]ROHn[�J{[]T�P-W\ROcpHUN R � J Y v$� p���p � \ 7 GIH�J{POPyJ\c]J��o[BhiR � RfXON�LO`�J{^4POHUSUzye6J{[bSUWYX_LOR1^4W\RfmYNQ^4NQXi[
N6X!POclW\rsWYXOLfN6ROcVP-NQRf[�¼E[bclNuN6XqmgSoT]J\ZY`|P-WYRfcBROX�T]e6`QXyJ\clSoWF^_`6LfSkJ\X_LONu^4J\ZYXfSU[bRfLON ¨f� � NQ[p`6HoW\SoZYXO`jLON
��­ §g^ 7 � �
� � HUN�T]e6`QXyJ\clSoW_LON¸^�J\Z\XOSU[]ROLON ��� � NQ[µ`6HUWYSoZ\XO`MLON ��­ §i^0POclW�LORfSU[jHoN�^_¼6^_NMNE»¦NE[ 7
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������� ��7n�Y� � «uWY^4J\SoXfN6T¸LOR)PfHkJ\X¯^�J{ZYXOSU[]ROLON tILOSUTl[�J{XOe6N:WY�*HoN_PO~O`QXOWY^_½6XON_LON_LO`�J\^_POHUSUzye6J{[bSUWYXLfR ^4WYR�mYN6^_N6Xq[FN6X POclW\rsWYXOLONQROc:J\PfPyJ\cbJ��o[ � NE[�L � WY� SoH·NQTl[�J\�fT]N6Xq[ � P-W\ROcFHoJ�Tl[bJ{[bSUWYX Jrm MDoqp�s�se6HoJ\T]TlN+t � NQ[uL � J{POc]½QTMHoNxc]`6TlROHU[bJ{[|LON�H � J\XyJ{HU�gT]N$LON6T�LfWYXOXO`QN6TMRf[]SoHUSoT]`QN6TF�s[]N6HoHUN6T|hgRfN O � � � � � �LOJ\XOT�HoJ � NQeQ[bSUWYX ��7Á¬ 7�� NQT�e6clWYSn®4ZYclSoTlN6TpSUXOLOSUhgRfN6Xq[dHoN|LOWY^4J\SoXfN|WY��HoNu^_WYRfm\N6^_N6Xq[dLONuT]ROc�r¢J\e6NMNQTl[SUXfrs`6clSoNQROcjJ\R@^4W\RfmYNQ^4NQXi[µLON¸POclW\rsWYXOLfN6ROc 7
243�� � C ��Ap? � ��CE<F8 ��9 Ap<x8@A��6?���CE<F8

� NjPO~O`QXOWY^_½6XONµLONjXOWYX�t�HoSUXO`�J\clSU[]`pT]Nje6J\cbJ\eE[b`Qc]SoTlNjPyJ\c}ROX_LO`6e6J\HkJ{ZYNjLOR4eQWYXq[bNQXgR_rsc]`QhgRfN6Xq[bSUN6H
LfN6TdT]SUZYXyJ\Rg®�m\N6c]TdHUN6T��OJ\T]TlN6Tdrsc]`QhgRfN6XOeQN6TjNQ[dPOJ\c�ROXON¸J{^4POHUSUzye6J{[bSUWYX_^4WYSUXOLOclN|hiRON�eQN6HoHUNuWY��[bN6XiRON
J�m\N6e�RfXON4Pfc]WYPyJ{ZqJ{[bSUWYX LyJ\XOT$ROX*^4SUHoSoNQRwHoSUXO`�J\SUc]N 7 «MJ\XfTFe6N_e�~yJ\PfSU[bclN � XOWYRfTxLO`E[bNQeQ[bW\XOTFHoJ@XfWYX�t
HUSoXO`6J\c]Sn[b`j¶¸[bcbJ�m\N6c]TpROX �y`Qe�~OSoTlT]N6^_N6Xq[dLfR!cbJ\PfP-WYc�[�J U�Y � \ � M J * �����  X���Y � \ - M J�� �
	
��	
��� � ��� Y � \ 7�� NPf~O`6XOW\^4½QXON�J\POPyJ{cbJ��U[uP	WYROcMHUN6TMP	`6clSoWgLON6T|e6WYRfcl[bNQT�NQ[M[]N6XOL¯¶�LfSoT]POJ\cbJ��U[bclN�J\HUWYc]T|hgRfN:HkJ4P	`6clSoWgLON
J{ROZY^_N6Xq[bN 7�À N_cl`6TlROHU[bJ{[$J�m\J{SU[�LO`I�]¶�`E[b`�WY�f[]N6XiR¯PyJ\c$´|SaNE[xJ\H 7 � ¬\­Y­Y­Y� NQ[x��J\ºQº6ROclc]W�£ À WYclXON6HUH
� ¬\­Y­\Â J � 7D� J�XfWYRfmYN6J\Rf[]`!SoeQSVeQWYXOTlSoTl[]N�¶�J�mYWYSUcxRf[]SoHUSoT]`�ROXfN�^_`Q[b~fW�LON_LON_T]SU^�ROHkJ�[bSoW\X¯NQ^4PfSoc]SUhiRON
P	WYROc�N ®�POHoWYclN6c�ROXwm{J\T�[bN�LOWY^4J\SoXfN�LOR POHkJ{Xw^�J\Z\XOSU[]ROLONEt�LOSoT�[�J\Xfe6N 7 �}X*eQWY^4POJ\cbJ\SUT]WYX � ´µSaNQ[xJ\H 7
� ¬\­Y­Y­Y� X � WYXq[x^_WgLO`6HUSoT]`xhiRON�LON6R�®¯Tle6`QXyJ\c]SUSaLON�^4J\ZYXOSn[bROLON ¨f�ÄÂ NE[ ���Á­ ¶!H � J\SULON�LON�HoJ!^4`E[b~OWgLON
LfN:¤¦N6XfZ!NQ[MJ\H 7 � ���Y�\Âi� � [�J\XOLfSoTuhiRONF��J\ºQº6ROclc]W1£ À WYclXON6HUH�� ¬\­Y­\Â J � W\Xi[uNE®�POHUWYc]`xROXONFPfHoROT|HkJ\clZYN
ZYJ\^4^_N¸LON$^�J\Z\XOSU[]ROLON � J�m\N6e�LONQTuNQXOc]NQZYSoT�[bc]NQ^4NQXq[bTuLfNxTlROclr¢J\eQN 7 ´|WYRfT|[bclWYRfm\WYXOTuhiRONxHoN¸PO~O`QXOW{t
^_½6XfN�LON�XOW\X�tIHUSoXO`6J\c]Sn[b`¸LON6TuT]WYHUT�J\POPyJ{cbJ��U[MJ\R R �TJ�P	WYROcMLfN6T�J\^_POHUSU[bRfLON6TµLON�^_WYRfm\N6^_N6Xq[�N6X
Pfc]W\rsWYXfLON6ROc|hiROS²TlWYXq[�LONFH � W\c]LOclNxLORw^_SoHUHoSU½6^_NuLON�HoJ_m{J\HUN6ROcµLON�H � J\eQe6`QHo`6c]J{[bSUWYX�ZYcbJ�mgSU[bJ{[bSUWYXOXONQHoHoN
[]N6clc]N6T�[bclN��!�¢TlWYSU[·NQX4TlROclr¢J\eQN � ROX�^_WYRfm\N6^_N6Xq[V`6hiROSUm{J\HUN6Xq[VJ\R�e6NQXq[bSo½Q^4NjLON�� � 7YÀ N6P	N6XOLOJ\Xq[ � SoHONQTl[
eQHkJ\SUcphiRON�P	WYROcdLONM[]N6HUHoN6TBm\J{HoN6Rfc]T � H � NQ»-NQ[jLON�HoJFXOWYXgtIHoSUXO`�J{c]SU[]`|NQTl[jSU^4P	N6cle6N6P�[bSo�fHoN 7 ÅuR@eQWYXq[bcbJ{Soc]N �
HUN�e6W\^4P	WYcl[]N6^_N6Xq[}XOW\X�tIHUSoXO`6J\SoclNpP	N6Rf[¦�lWYRfN6c}ROX�ZYc]J\XOL�c��YHUN � �lROT]hiR � ¶¸J{[][]N6SoXfLOc]NdHUN�T]NQROSoHOLfNµLf`�J\^:t
PfHoSUzOe�J{[]SoWYX4LOR1T]SUZYXyJ\H-N6Xq[bclN�HkJFPOclW\rsWYXOLfN6ROc�NE[jHkJFTlROclr¢J{e6N � H � `E[bROLfNMXOWYROTj¶�P	N6cl^4SUTpLON�clNQ[]c]WYRfm\N6c
HUN6Tdm{J\HoNQROc]TµT]NQROSoH�LfN7g�¶ � �

�
��� ) � J\RgtILONQHk¶:LON6TlhiRON6HUHoN6T|HoN R � J NQX¾T]Rfclr¢J\eQNxNQTl[MPfHoROTdr¢J\SU�OHoN�hiRON
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e6N6HUROS�NQX�POclW\rsWYXOLfN6ROcx�¢GILfc]SoTlT �����\�f�Y� ´µS�NQ[|J\H 7U�K¬{­Y­Y­f� ��J\º6ºQROc]clW�£ À WYc]XONQHoH �y¬\­Y­{Â J � 7

� J¸e6WY^_PyJ\c]J\SoTlWYX�LONjXOWYTVc]`QT]ROHn[�J{[]TBJ�m\N6eueQN6R�®4LONµ´µS	NE[BJ\H 7 � ¬\­Y­Y­Y� NE[B��J\º6ºQROc]clW�£ À W\c]XONQHoH
� ¬\­Y­{Â J � NQTl[·[bcl½6T·SoXq[b`Qc]NQT]TbJ{Xi[]N|LOJ\XOT·HkJ�^_N6T]Rfc]NjWY��HoNQTVcl`6TlROHU[bJ{[bT}WY��[bN6XiROTVHoWge�J{HoSoTlN6Xq[aRfX4P	WYSoXq[·LON
LO`�J\^_POHUSUzye6J{[bSUWYX�P	WYROc�HUN6Td~yJ{Rf[bNQT�rsc]`6hiRONQXOe6NQTuhiROS�NQTl[d[]c]½6TjPOclW�e�~fN�L � RfXON¸`Q[bRfLON$¶�H � J\Rf[bclN 7OÀ N6e6S
JxLONQT�e6WYXfT]`6hiRONQXOe6NQTjPOcbJ{[]SohiRONQTpe6W\XOe6NQc]XyJ\Xq[dHUN6TB`Q[bRfLON6T�Pfc]WY�yJ{�OSoHUSoTl[]N6T 7 �}X!NE»¦NE[ � H � Rf[bSUHoSUTbJ{[]SoWYX:LON
LON6R�®¯W\R¯[]c]WYSUT�e6WgLON6T¸LON�POclWYPyJ\ZqJ�[bSoW\X¯LfN6T¸WYXOLONQTxXfWYX�tIHUSoXO`6J\SoclN1�¢J\R*HUSoNQRwL � RfX)ZYc]J\XOL¯XOWY^��OclN �
LONQmgcbJ{SU[�T]R��_clNpP	WYROcD`Qm{J\HURON6c�hiRyJ\XOLxHkJjXOWYX�t�HoSoXf`�J\clSU[b`K�lWYRONVROXFc �YHoN}SU^4P	WYcl[bJ\Xq[DP-W\ROcDH � N6Tl[]So^4J{[bSUWYX
LON¸H � J\Ho`6J 7

�}� J\POPOclW�e�~fN�POcl`6TlN6Xq[b`QN¾LyJ\XfT4eQNQ[][]N�`E[bROLfN�POclWYP	WYT]N@ROXON�`Qm{J\HURyJ{[]SoWYX LOR�^4W\RfmYNQ^4NQXi[_LON
T]ROc�r¢J\e6N�LOSn»¦`Qc]NQXi[]N�LON�e6NQHoHUNuWY�f[]N6XiRON¸PyJ\cpH � Rf[bSUHoSoT]J{[bSUWYX�LON�c]NQHkJ{[]SoWYXfTpPOcl`6LOSUeQ[bSnmYNQTdLON�^4W\RfmYNQ^4NQXi[
rsWYcl[:`E[�J\�fHoSoNQT�N6X�T]Rfclr¢J\eQN 7V� WYX+SUXi[]`6cl¼Q[:cl`6T]SULON@LyJ\XOT:HoJvPOc]SUT]N1NQX�eQWY^_Pf[bN1LON1HoJvT]P	`6eQSUzyeQSU[b`1LfR
T]SU[]N�L � SoXq[b`Qc]¼Q[ 7 �pSUN6X@T]WYR�mYN6Xq[ � HoJ�^4`Qe6WYXfXyJ\SoTlTbJ\Xfe6N¸LON6TjPyJ{cbJ\^_½Q[]c]N6TdZ\`6W\[]N6e�~OXOSUhiRON6TjNQ[µLOR@POclW\zyH
LONFmgSU[]N6T]TlN�LORwTlWYH²NQXwROXwT]Sn[bNFNQTl[�HoJ4cl½6ZYHUN 7-³ WYROc|�¾PyJ{HoHoSUN6c � ROXON�POc]J{[bSUhiRON�e6W\ROcbJ\Xq[]N�e6WYXfT]SoT�[bN:¶
e6WYXOTlSoLO`Qc]NQcdN6X@ROX1T]Sn[bNMhiRON�HUN6TdPyJ{cbJ\^_½Q[]c]N6TpZY`6W\[]N6e�~OXfSohiRON6TjXON�TlWYXq[dPyJ\TdLfSU»-`6c]NQXq[bTdLON�eQN6R�®!hgRfN
H � WYX�P-NQRf[�[bclWYRfm\N6cDJ\R¸T]NQSoX¸LON}HoJ��yJ\T]N}LfN}LOWYXOXO`QN6T=J��qJ\Xq[DT]NQclmgSiJ\R¸e�J{Hoe6RfHYLON}HkJBc]N6HoJ{[bSUWYXMPOcl`6LOSUeQ[]SUmYN
LON·^4WYR�mYN6^_N6Xq[�rsWYcl[B�¢��J\ºQº6ROclc]W|£ À WYc]XfN6HoH ��¬\­Y­{Â J � � � 7 GIHqNQTl[�LOWYXfeBSU^4P	WYcl[bJ\Xq[�L � `Qm{J\HURON6cDH � So^_PyJ\eE[
LON6T6�yROeE[bRyJ�[bSoW\XOT}LON6T·PyJ{cbJ\^_½Q[]c]N6T}Z\`6W\[]N6e�~OXOSUhiRON6TVT]ROc·H � `Em\J{HoRyJ{[]SoWYXxLOR_^4WYR�mYN6^_N6Xq[ 7 « � J\POc]½QTBHUN6T
c]`6eQN6Xq[bNQT�`Q[bRfLON6T:LON!��J\º6ºQROc]clWw£ À WYc]XONQHoHu� ¬\­\­\Â J � � SUHBTlN6^��fHoN!hiRON!HUN6T�SUXOe6NQcl[]SU[bRfLON6TxHoSo`QN6TFJ\R�®
PyJ\cbJ{^4½E[bc]NQT�LON6TDTlWYHoT�WYXq[DLONQTDNQ»-NQ[bTD^_WYSoXfT�So^_P-W\cl[�J{Xi[]T�hiRON·e6NQHoHoNQT�LON}T]SUZYXyJ\Rg®¸J\eQe6`6HU`6clWY^4`E[bclSohiRON6T
T]ROcBHkJ¸POc]`QLOSoeE[bSoW\X4LON|H � `Qm\WYHoRf[]SoWYX�LOR�cbJ\POP	WYc�[ J U�Y � \ J�m\N6eMHoJ¸rscl`6hiRONQXOe6N 7 ´|W{[bc]Nµ`Q[]ROLON � hiRyJ\Xq[d¶
N6HoHUN � eQWYXOT�[bSU[]RON$ROXON¸`Q[bJ\P-N$POcl`6HoSU^4SUXyJ\SUc]NuhiRON$LONQT|eQWYXOT]SULO`6c]J{[bSUWYXOTjLON�m{J\c]SoJ{[bSUWYX1LONQT|PyJ{cbJ\^_½Q[]c]N6T
ZY`6W\[]N6e�~OXfSohiRON6T}LfWYSUm\N6Xq[}N6Xfe6WYclN�e6WY^_POHU`Q[bNQc 7{�}� WY�i�lN6eQ[]SUrKLONQ^4NQROc]NBHkJuLfSo^_SoXiRf[bSUWYX¸LON6T²SoXOeQN6cl[]SU[]ROLON6T
P-WYRfcdH � `Qm{J\HoROJ{[bSUWYX!LOR�^4W\RfmYNQ^4NQXi[µNQX�TlROclr¢J\eQN 7
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