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§#�-�U��¡¢�v�?¬H©j« �&���Y¨��j«H�-�²ªI���k«3���?�?¡¢¤5�-�k����©U���c��L�k£��L�H©U�|�-�H§¼¦o¬#�j¬#�k�s¤������?¬#�k�L¤/�L�c����©���¬c¡W��¡Ä��¡Ä���v©L�-�5ªI�

Õ



£�¬H�¹�N�-�c�k�L��§4¯�����©U�?¡¢��� 6 �#�j���?�L�_�U���(�#�L���-�#�#�j�_��©j« �k�/�?�N�-�k�����?�?¡¢¤5�¹�?¡¢���vªH������§3��� �¡;�?¬H�
¥º§#�-�N�#Âc��«c¡;©j«
¤5�¹ ����&¬H�?� �-¦Ó��§c¨c�H�-¤(¡;©3³#¥¢�k�L�/�j�v�H�L��¦o���j¤+�k�?¡;�-�#£�¬c¥;�-��¡Ä���n¡Ä�)¤(¬H©j«)�k«#� �k�-¤/� ���Y¨ ½U�¡;�?¬H�
¥0���L�k���À
¡¢�#£_¾�¤5�- �����§�¡¢�k��©U��¬H�?�a�-¦²�¡;�?¬H�Y¥²§#�-�N�(�j� ��©j«c¡¢�L��a�U���? �¥Ä�L��U¥²£��_�Y¥;�L¯t°t«#�/§c���®¡¢�k��§�¤/�����?¬#�j�L¤/�L�_�U���-�k�
�#���j¤5�Y¥µ¥¢¨v©U��¤/�#¬#�k��§ ¦o�k��¤ �j«#���?�L�H�?���s§#�-�N�(�j«#�k��¬#£�«3¡¢�c��L�N�®¡¢�����-¦º�j«#�a�?�L�H�®¡¢�#£ ���H�L�U�-�?¡¢��� Å ¡�¯ô��¯±�k�?¡;�-�#À
£�¬c¥;�-��¡Ä���4ÆNÂ���«#�L�j�������t��§c���k©U�?¡¢ªI�Ó���#�L� �-�#�#�j�_��©j«��j�|�k«c¡;�X¡Ä�c��L�N��¡Ä���/�#�k��ªc¥¢�L¤ÁªH���?��§&���5��©U��¤(ªc¡Ä�H�¹�?¡¢���
�-¦7���?��¡Ä¤3�-�k���±�k«#�L���k¨5�¹�H§/�#���#À]¥µ¡¢�#���-�t¥¢�������u�?��¬H�-�j���²���#�?¡¢¤(¡¢È��-�?¡¢���7¯ � ¬#�����#�H�L��¡Ä�L�H©U�(�?¬#£�£������N���k«H�¹�²�k«#�
©U���H���k�k¬H©U�?¡¢���n�-¦Ó��©U�j¬H�Y¥u�?¨#�?�k�L¤+©L�-�H�¹ªc¥Ä� �¹¦Ó§c���´�j�L�k��¬H�&¤5�-�c¡¢�#¬c¥;�-�?¡¢���.�t¡µ¥Ú¥��k����¬c¡¢�k� �j«#�/¡¢�H©j¥¢¬H�®¡¢��� �¹¦
ªI���k« ��©U�?¡¢����¡;�®¡¢���v�-�H§����?�?¡¢¤5�-�?¡¢��� �?¬#ªH�?¨#�?�k�L¤3�L¯.���±¡;�²�j«c¡W�Ç¡¢�#�L�¡Ä�U�-ªc¥¢��©U��¤(ªc¡¢�H�-�?¡¢���7Â#�-�H§(�j«#�s�#�L��§3�k�
¬#�H§c�L�N���N�-�H§3�k«#�0¡¢¤/�c¥µ¡W©L�¹�?¡¢���H���¹¦=�k«#�U¡¢�±¡Ä�c�k�L�N��©U�?¡¢��� �k«H�-�±¤/���?¡¢
�¹�k���±��¬#����§#§c�k���k�®¡¢�#£(ªH���k«5�j���c¡;©L�t«#�L�k��¯@ ACB �H�4Ð Ì�D
°t«#�3©j¥W���k���-¦u���L�H�?���a�?¨#�?�k�L¤5���t�(�t¡;�?«'�j�5ª#¬c¡µ¥;§n�k����¬c¡Ä�j�5�-��¬#�H§c�L�N�?�N�¹�H§�¡Ä�#£�ªI���k«��-¦�«#�-� �k«#�(�t���?¥;§
�k«#�L¨3�-�k�k�L¤/�#�±�k�����L�H�?�s�L��-¥¢����±�
��L�²�?¡¢¤/��Â#�-�H§�«#�-� �k«#�L¨/�I�L�N©U�U¡¢��a�j«H�-�²�t���?¥;§4¯�°t«c¬H�±���0�H�-¬H�?�|«#�L�k�
�k�/§c�L��U¥¢�����®¡¢¤/�c¥¢�a¤/�#§c�U¥;�t¦Z���t�k«#��¦��Y¥µ¥µ¡Ä�#£ �-�H§3ªI��¬#�H©j¡¢�#£ ªH�Y¥µ¥¶ÂI�k«#�|�k��ªH����Ò?¬#£�£-¥µ¡¢�#£5�?�k�N�¹�k�L£�¨�Â#�-�H§3�k«#�
�k��ªH����� �²�#«c¨#�®¡;©L�Y¥Ç���L�H�?���N� Å ����©k« �u¡Ú¥µ¥=ªI�a¬H�?��§��k�L�H���¹�k��§�¥¢¨ ªH�U¥¢�-�|ÆN¯EGFIH J%K�L�MONQPSR�T�UWV7X�YZTQM,[]\:K�Y_^`Vba#V�cSdeMgfihbj�NQk!V�h�lmY�hbc���N�¹�k�5�����?¡¢¤5�-�?¡¢��� ©L�-�)���c¥Ä¨nªH�����&�UÃ7��©U�?¡¢��v���&�k«#� ¤/�#§c�U¥s�-¦s�j«#� �L�_�¡¢�k���#¤/�L�c��¯n� ���(�k«#�(Ò?¬#£�£-¥µ¡¢�#£
�#�k��ªc¥Ä�L¤�Â#�k«#�|¤/�#§c�U¥4¡Ä����¬#�����?¡¢��� �t¡µ¥µ¥º©U���H�®¡;�?���¹¦=�?���&�H�-�k�N�P»�o#¡¢£�«c��Â#�0«c¡W©j«v§c���k©U�?¡¢ªI�����k«#�sªI�L«H�Y�¡¢�����¹¦
�&ªH�Y¥µ¥7¬#�H§c�L���k«#�0¡¢�,oH¬#�L�H©U���¹¦B£��N�Y�¡¢�?¨g¿c�-�H§�¡¢¤/�H��©U��Âc��«c¡;©j«v§c���k©U�?¡¢ªH���0«#�-� �&ªH�Y¥µ¥7�t¡µ¥µ¥=ªH��¬#�H©U�&�-Ãv�k«#�
�k��ªH����� �²�H��§#§�¥Ä��¯p�qsr�qsr t#u3v(w�x�y>z|{�}b~�u� �����®¡¢¤/�c¥µ¡;©j¡¢�?¨�Â²�t�/«H�Y��5©j«#�_�?�L�n�k��¤/�´§c�U¥t�k«#�3ªH�Y¥µ¥�� ��o#¡¢£�«c��§c¨c�H�-¤(¡;©L�/���a� �I�-¡¢�_�(¤5���k�|¬#�H§c�L�(�k«#�
¡¢�,oH¬#�L�H©U���-¦s£��U���¡¢�?¨�¯���H�_�®¡¢�?¡¢���#ÀZ��¡Ä¤��LÀ��k�-¤/�c¥¢��§.¤/�����?¬#�j�L¤/�L�_�(�-¦|�k«c¡;�/§c¨c�H�-¤(¡;©L�Y¥Ó��¨´�?�j�L¤ �u¡Ú¥µ¥sªI�
§c���k©U��¡ÄªI��§�ª_¨3�k«#��§�¡;�k©U�j�L�k��§c¨c�H�-¤(¡;©L�LÂ�7���Z������� Å �7� Æ����� � �7���n� � ¿� � �� ��� ���

× ��� ¿ � � �� � �� � ����� �� �� � ����� � ¿ �|� Ô ��� ×-Ø � Å 	 Æ
��«#�L�j� � §c�L�#���k���&�k«#�5�k�-¤��c¥Ú¡¢�#£��H�L��¡Ä�#§4Â �� ¡W�&�k«#��£��N�Y�¡¢�N�¹�?¡¢���H�Y¥���©L©U�U¥¢�L�N�-��¡Ä���'���©U�k���YÂ=�-�H§ ���g  � ¡�¢
�L¤(ªH�#§�¡¢�����j«#�a�L�c�?¡¢�k�a�?�N�-�j�|�-¦º�j«#�|��ª#Ò?��©U� Å ¡Ä�U���I�_�®¡¢�?¡¢���r�¹�H§3��U¥¢�´©j¡¢�?¨HÆU¯p�qsr�q3p £¥¤�¦�§�¨©y>z|{�}�~Suª ���H�®¡;§c�L�v��ªH�Y¥µ¥a�t¡¢�k« �j�N�-Ò?��©U�k���k¨ � ÅQ« Æ/©U�-¥µ¥µ¡W§�¡¢�#£.�t¡¢�k« �k«#�v�H��§#§�¥¢��¡¢� �k��ªH��� ©U���c³H£�¬#�N�-�?¡¢���¬  ¯®
Å §c�L�c¡;©U�k��§�¡¢���X¡¢£�¬#�k� 	 Æ��-�s�?��¤/�a�I�-¡¢�_��Â,°���� �k«#�a�H��§#§�¥Ä�(��«c¡;©j«�«H���s��¥Ú¡¢�#���-�|��U¥Ä�#©j¡¢�?¨`±I¯²�'�(�?�L�L v�
§c���k©U��¡Ä�#��¡Ä���r�¹¦=«#�-���k«#�|ªH�Y¥µ¥Q�Ö�0�#«H���?��Â Å � �¥²� ÆNÂc¡;��©k«H�¹�#£���§3ª_¨3�k«#�&�k��ªH�����Ö�±�#«H���?��Â Å ¬ � ²¬-ÆNÂ#�-���-�3¡¢¤/�H��©U��¯³



Ó�Ó¡Ä� Ô 6 Â 	¥³ Â 	�´ Ø±�����t¡µ¥Ú¥����k�?¬#¤��5�k«H�¹�|�k«#�5©U��¤/�I���#�L�c�N�&�-¦��k«#�/ªH�Y¥µ¥Q�Ö�&��U¥¢�´©j¡¢�?¨'�N�¹�#£��L�_�|�j�v�k«#�
�H��§#§�¥¢���¹�5�k«#��¡¢�H�?�N�¹�_�3�-¦�©U���c�N��©U� �-�k��¬#�H©k«H�-�#£���§ ª_¨n¡¢¤/�H��©U��Â���«c¡µ¥¢�'�k«#�'©j«H�-�#£���¡¢� �k«#���#���k¤5�Y¥
©U��¤��H���#�L�c��¡;�|£��-��L�k�#��§�ªc¨v�k«#�/�®¡¢¤/�c¥µ¡;�?�?¡;© Å ª#¬#�a���N�-�H§#�-�N§nÔÖÕ ³ Ø¶Æu©U�c��µ ©j¡¢�L�_�&�-¦��j���?�?¡¢�k¬#�?¡¢����¥;�Y�a¯i�#���
�?��¤/�C¶   Ô × � 	 Øc�k«c¡;�±¡¢¤/�H��©U�t¤/�#§c�U¥=©L�-�3ªH�|���#�#�k���k�?��§ ��� Å ²��·¸#¹ ± ·¸ Æ � ¹ ¶ Å ²� ¸ ¹ ± ¸ Æ � ��«#�L�k� ²��·¸ �¹�H§>± ·¸
§c�L�#���j�s�k«#�0�#���k¤5�Y¥7©U��¤/�I���#�L�_�U���-¦7�k«#��ªH�Y¥µ¥B�-�H§��H��§#§�¥¢�|��U¥¢�#©j¡Ä��¡Ä����¡Ä¤�¤/��§�¡;�-�k�U¥¢¨ �
¦o�k�L�Ç¡¢¤/�H��©U��Â���«c¡µ¥Ä�²� ¸ �-�H§�± ¸ �-�k�(�k«#�(��U¥¢�´©j¡¢�?¡¢���&�#�?¡¢���|�k��¡¢¤/�H��©U��¯�|�k�?¬#¤(¡¢�#£v�j«H�-�s�j«#���H��§#§�¥Ä��¡;��¤(¬H©k«�¤/���j��¤3���k�®¡¢��
�k«H�¹�5�k«#�|ªH�
¥Ú¥ Å �����j«H�-�²�k«#�|�j��ªH���±«H���±¥;�-�k£��s�k������¬#���t�-�±¡¢�N�t§�¡;�?�H�c�k�Y¥ZÆNÂ#�t�|©U���H©j¥¢¬H§c�a�k«H�-�t�k«#����U¥¢�#©j¡Ä�?¨
�-¦��k«#�5�H��§#§�¥Ä� �u¡Ú¥µ¥s�j�L¤5�Y¡¢� ©U���H�?�N�-�c�a�k«#�j��¬#£�«#��¬#�(�k«#��¡¢¤/�H��©U� Å ± · � ± ÆN¯����(�k«#�L�D¦o�-¥µ¥¢�-�s�(�k«H�¹�a�k«#�
©U�c��µ ©j¡¢�L�_���-¦��k���?�?¡¢�k¬#��¡Ä���3¥W�Y� ©L�-� ªH�&�k�LÀZ���?¡¢�k�j�L�v��� ²� ·¸ � ²� ¸ � Å 	 � ¶ÇÆ Å ± ¸ ¹ ²� ¸ Æ�ºI�-�H§4Â#«#�L�H©U��Â²� · � ²� � Å 	 � ¶�Æ¼»�»¾½ Å ± ¹ ²� Æ � Å ÕcÆ
��«#�L�j��»'§c�L�#���k���t�j«#�a¬#�c¡¢�s�#���k¤5�Y¥7���©U�k�����j�/�k«#�|�H��§#§�¥¢��¯EGF�E ¿gYZK�R,j�NIV�k!R�T#UWV7X�Y�TÀ[]\:K�Y_^�V�a#V�cSd3M�ÁGc!k!RZc!Y�Â�L

XÃ 0 ZÄ 0
Y 0Å

Z 1Æ
Y 1Æ X 2Ç

YÈ 2 ZÄ 2ZÄ 3X 3É
YÈ 3pÊ gË ngË nÌ gË

XÃ 1
qÍ 1

qÍ 3 qÍ 3
qÍ 2

qÍ 2
qÍ 1

sÎ 1
s2Ç

d1Æ d2Ç
�X¡¢£�¬#�k� 	 »º°u«#�Ï;�Ð¬#«#£-¥¢�L�Ó�¹�k¤ Å ¥¢�U¦o�LÆt�-�H§3¡¢���Ö�u �¡¢�#�L¤5�-��¡W©L� Å �?¡¢£�«c�LÆ�ÔÖÕ�ÕYØ�¯ §c�L�N�Y¡µ¥¢��§5§c�L��U¥¢���#¤��L�_�±�-¦g��¬#�4Ò?¬#£�£-¥µ¡¢�#£�©U���_�k�j�-¥´�?�k�U�-�k�L£�¨a©L�-��ªH�t¦Z��¬#�H§9¡¢�vÔ 	OÑ Ø�¯7;±�?¡¢��oH¨�Â��k«#�(½U¤(¡¢�k�k���

¥;�Y�aÂÖ¾�¡;�/� ¤3�-� Å¼Ò Æ�¦Z�k��¤Ù�j«#�5�#«H�����v�?�H��©U�3�-¦s�vªH�
¥Ú¥t¡¢�c�k���k«#� ©U���c³H£�¬#�N�-�?¡¢���)�?�H��©U�3�-¦s�j«#�5�k��ªH����¯
°t«c¬H�|�j«#�5�k��ªH����� ���k�U¦o�L�j�L�H©U�5�k�U�-Ò?��©U�k���k¨3¡;�(�?�H��©j¡µ³H��§xª_¨�¬�Ó ÅQ« Æ � Ò�Å � ÅQ« ÆkÆ � ��«#�L�k� � ÅQ« Æs§c�L�#���k���&�k«#�
�?�U�-�k�/�-¦��k«#��ªH�Y¥µ¥¶¯�°t«#��¦o¬#�H©U��¡Ä���7Â Ò ¡;�(§c�U³H�#��§)����¦Z�-¥µ¥¢�
���L¯�Ô��®¡¢�#£ Å  Æ�¦Z�k��¤+ÔÖÕ 	 Ø®Âº§c�U³H�#� �j«#�|Ò��¹¡Ä�c�
�?�H��©U�|�H�_�®¡¢�?¡¢�����-¦��k«#�aªH�Y¥µ¥ ÕÖÖ×�Ø�ÙÚ ÙÛ Ù� ÙÝÜßÞÞà ��âá�ã � Å � Æ � Å ³ Æ
��«#�L�j� á ã � ¡;�0�k«#��¡¢�_��L�U�?�a �¡¢�#�L¤5�-�?¡;©&¤5�-� Å ¡¢�H©j¥¢¬H§�¡¢�#£v�k«#�|�H��§#§�¥Ä�!� �t¥¢�L�#£��k« � �k«H�-���#�k�-�¡;§c�����-�v�UÃ7��©UÀ
�?¡¢��¼¦o��¬#�j�k«�§c�L£��k�L�3�-¦t¦Z�k�L��§c��¤ Æ0¦o���|��¬#�a¤5��©j«c¡¢�#��Â���«c¡;©j«'¡;�(�?«#�-����¡¢�â�X¡Ä£�¬#�k� 	 ¯5�D�/�#�-�Á���#�#�k���k�
¦Z���k¤(¬c¥;�Y¡;©L�Y¥µ¥¢¨��/�j��ªH���a���k�N�-�k�L£�¨ �k«H�-�|©L�-¬H�?�����k«#�/�H��§#§�¥Ä���k� �k���?�I���H§��k� �k«#�(¤/���?¡¢���H���¹¦��k«#�(ªH�Y¥µ¥�¡¢�
¦Z��¬#�����Y¨´�P»

Å ¡oÆg¬�Ó ��� Ø�Ù ©L�-¬H�?���0�k«#�|�H��§#§�¥¢�a�j�/�k�N��©j /¬#�H§c�L���k«#�aªH�
¥Ú¥��-���Y¥µ¥º�?¡¢¤/���P¯
Å ¡µ¡ZÆv°t«#�/�H��§#§�¥¢��½U¤¼¡Ä�j�k���N�k¾��k«#�/��L�j�?¡;©L�Y¥�¤/���?¡¢���'�-¦��k«#�3ªH�Y¥µ¥��k«#�k��¬#£�«D�k«#�5��©U�?¡¢���n�-¦ Ú Ù ���ä¬ Ó � ������´�#�j���k�?��§ ªc¨3�k«#�|���?¡¢£-¡¢�H�Y¥=�c¥;�-�H�¹�s¤(¡¢�k�j���t¥;�Y�ÁÔ 6 Ø�¯=



Å ¡Ú¡µ¡ZÆ�"���§�¡;�Y¥�¤/����¡Ä�����-¦��k«#�3ªH�Y¥µ¥s©L�-¬H�?���&�k«#�3�H��§#§�¥¢� �k�v�U�Y¡;�?� �¹�H§�¥¢�-�t�L��Â��k���?¬c¥¢�?¡¢�#£�¡¢�)�k«#�3�#���k¤5�Y¥
ªH�U¡¢�#£ ��§YÒ�¬H���k��§3�k�5©U���j�k��©U�t¦Z���t�N��§�¡;�Y¥º§c�L�¡;�-�?¡¢��� ¡¢���k«#�|ªH�Y¥µ¥=�I�_�®¡¢�?¡¢���7¯

Å ¡¢HÆgå7�-�k�L�U�Y¥º¤����?¡¢�����-¦²�k«#�(ªH�Y¥µ¥�©L�-¬H�?���9�k«#�(�H��§#§�¥¢�/�k�3�k�-¥µ¥�Â=�-£c�Y¡¢�É��§YÒ�¬H�?��¡Ä�#£ �j«#���#���k¤5�Y¥²�?�v�����k�
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�k�&¡¢�c�k�L�k�#�k�L��¯�°t«#�a��¡Ä£��c¡Ú³g©L�¹�_�s��¡W§c�LÀZ�UÃ7��©U���¹¦=�k«c¡;�t©k«H�-�#£���¡W�t�-�#�H�¹�k�L�_�t��«#�L� �t�0¥¢�_�� 3�-�t�k«#�Ó�
¥Ä£��Lª#�N�Y¡;©
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çjæ�ð?ãtàkï4âZí�ã®åÖá�àÀ�Uã?á]óÚçkßYßLåÖæ�î/çjæ�ä��²ÞLóÖâ]åÖßPóÖãsè-ç?óôóÖö±è-ã�åÖæYî�UåÖö]åÖèPóÖã�åÖæuç�ö]åÖæYîkóÖã�õ4åÖæYä�àkõ�ÿ ³7í�ã�Ü�Ý�Þ�Ý ß¯à�áBâ�ãVä�äGå�æ�ç#öZéLöZâZã���åÖö4çkÞYî��tã?æLâZã?ätõ4åÖâZí�çkætã�¥Lð®åÖö]åÖàNæ�áZÞLóÖã7âZà�áZã��tàÀ�UåÖæYî�åÖæLâZã?áZöZã?ð�â]åÖæYî
áZã?îjåÖàNæYö7ï¢áZà��)àNæYã²õ4åÖæYä�àkõ�çkæYäaçköZö]åÖîUæLåÖæYî|âZí�ã��)ã�¥Lð�óÖÞYö]åß�Nã®óÖé&âZà�âZíYã�àNâZíYã?á?ÿ	 Õ



��§#§c��§�©L�-�H�-ªc¡µ¥µ¡¢��¨��-¦��#����ªH�U¡¢�#£3¦Z���N©U��§��k�(¡¢£��#���k�&¬H�?�U¦Z¬c¥º§#�-�N�#Â ���a�¹�k��§c�N�Y��� �j�/�k«#�|�#���?¡¢�����-¦�¬H�®¡¢�#£
�3§c¨_�H�¹¤(¡;©L�Y¥Ç��¨´�?�j�L¤ �k���H�L�?¦Z���k¤��k�?¡;�-�#£�¬c¥;�-��¡Ä���r�U�-�k«#�L���k«H�-�r©U��¤/�#¬#�?¡¢�#£ �¹�É�
¥Ä£��Lª#�N�Y¡;©9¡Ä�c��L�N����¯s°t«#�
�I���k�L�c�?¡;�Y¥7¦Z���t¡¢¤/�#�k�-���§3�k��ª#¬H�?�k�#���k�0�k«#�k��¬#£�« ¤5�-�H�-£��L¤��L�_�t�-¦�¤/�����?¬#�j�L¤/�L�_�0¬#�H©U�L�k�N�Y¡¢�c��¨ ªc¨3�k�L�c¥;��©UÀ
¡¢�#£5�-�v�
¥Ä£��Lª#�N�Y¡;©|���I�L�N�-�?¡¢��� �u¡Ä�j«v��§c¨c�H�-¤(¡;©Ó³#¥Ä�j�L��«H���±¦Z¬#�k�k«#�L��¤����?¡¢
�-�j��§3��¬#�±¡Ä�c�k�L�k�����t¡¢�v���#�c¥Ä���?¡¢�#£
�k«c¡;��©j¥;���k�t�-¦²�?�N�¹�k�s�����?¡¢¤5�-�k���U�L¯

0 1 2 3

Time (seconds)

0.0

0.5

1.0
Z

 (m
et

er
s)

(a)

Predicted

Measured

3.25 3.30 3.35 3.40

Time (seconds)

0.6

0.7

0.8

0.9

Z
 (m

et
er

s)

(b)

Predicted

Measured

�X¡¢£�¬#�k� 6 »�;�������¬#�k��§'�-�H§��#�j��§�¡W©U�j��§ Å ªc¨��k«#�/��ªH���L�k��L�LÆ�ªH�Y¥µ¥�«#�U¡¢£�«c�N��¦Z���a�-�'��¬#�a�-¦t¦Z�N�-¤/��Ò?¬#£�£-¥µ¡¢�#£
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��«#�L��ªH�Y¥µ¥º×(ªI��©U��¤/���0�¡;�®¡¢ªc¥¢�/§c¬#�a�k�/�j«#�a�?���-�N©j« �t¡¢�H§c�-� ¦o����ªH�Y¥µ¥ 	 �?«#��¡Ä�# �¡¢�#£v�-�H§3���#�H�_�®¡¢�#£�¡¢��¯
� x�~ � )Ov(§cN�wn�Ýu(§Sy�v�N�w Â �Êl�~m)kÄ�~�) °t«#�t¡¢�H©j¥¢¬H�®¡¢��� �-¦H�k«#���j�?¡;�-�#£�¬c¥;�-�?¡¢�#£a��ªH�?�L�k��L��Â-�0«c¡W©j«(¡;��§�¡;�k©U¬H�k�?��§
¡¢��£��k���-�|§c�L�#�k«�¡¢�_����©U�?¡¢��� 6 «H�����YÃ7���N§c��§�¤/���k�&�k�U¥µ¡;�-ªc¥¢�/�k��©U�-��L�k¨3¦Z�k��¤���¬#���-¦�¦o�U�-¤/�|�L��L�c�N�L¯�°t«c¡;�
¡;��§c¬#�a�k�/�j«#���-ªc¡µ¥µ¡¢��¨ �¹¦º�k«c¡;�0��ªH�?�L�k��L�s�k©j«#�L¤/�a�k��¤5�- ��|¬H�?�&�-¦²§#�-�N�&¦Z�k��¤·���#�(©L�-¤/�L�N�(�L��L� ¡µ¦²�k«#�L�k�
¡;���#�v§#�-�N��¦Z�k��¤��k«#�(���k«#�L�a©L�¹¤/�L�N�#¯��X¡¢£�¬#�k�Mi3§c�L¤/���H���k�N�-�k���0�k«#�/§�¡µÃ7�L�k�L�H©U�5ªI�L�?���L�L���k«c¡;����ªH���L�k��L�
�-�H§.�-�H§n�k«#���k�?¡;�-�#£�¬c¥;�-�k����hL¥µ¡¢�#���-�kÀZ��ªH�?�L�j��L�5�?¨#�?�k�L¤ ¡¢�DÒ�¬H�?�3�?¬H©k« �'�®¡¢�k¬H�-��¡Ä���7¯��X¡¢£�¬#�k�Íi Å �cÆ��?«#�-�s�
�k«#�&�-��L�N�Y¥µ¥.o#¡Ä£�«_���-¦²�k«#�(ªH�Y¥µ¥²���������?¡¢¤5�-�k��§�ª_¨�ªH���k«���ªH�?�L�k��L�N�LÂ4�-�H§ ¤/�����?¬#�k��§�ª_¨ �j«#�a�k�?¡;�-�#£�¬c¥W�¹�k���
Å �¹ªH�?�L�H©U�5�¹¦s�k«#� �?�-¥µ¡;§D¥Ú¡¢�#�3¡¢�H§�¡;©L�-�k�����k«H�-�&�k«#�5ªH�
¥Ú¥������9��¬#�(�-¦t¦o�N�¹¤/�-ÆN¯g�®�)�k«c¡;�a���H�-¤/�c¥¢� �k«#�3ªH�Y¥µ¥
�k�U����U¥W�¼��¬#�(�-¦s¦Z�N�-¤��3¦o���/�-�#�#�j���c¡¢¤5�-�k�U¥¢¨ ×#¯ Õr����©-¯âÓ��©L�-� ªI�v�?�L�L�)¡¢���X¡¢£�¬#�j�÷i Å ª4Æ Å �Éªc¥Ä�-��¬#�)�¹¦
�k«#�(ªH�Y¥µ¥²�k�L�j¬#�k�c¡¢�#£ ¡¢�_�j� �k«#�&³H�U¥W§D�-¦²�¡¢�L�|Æ��k«#�5§c¨c�H�-¤(¡;©L�Y¥²�k��¡W�¹�#£�¬c¥;�-�k����¡;�|©L�-�H�-ªc¥¢�/�¹¦�¬#�g§#�¹�?¡¢�#£ ¡¢�N�
���?��¡Ä¤3�-�k����«c¡µ¥¢�t�k«#�²�k��¡W�¹�#£�¬c¥;�-�k����hY��ªH�?�L�k��L�4�H�Y¡¢���-�k��¦Z���N©U��§9�k�s�®¡¢¤/�c¥¢¨|�#�k��§�¡;©U���k«#���k�U�-Ò?��©U�k���k¨ Å �#���k���k«#�
§�¡µÃ7�L�?¡¢�#£(ªH�L«H�Y�¡¢���Ç¦o�j��¤ 	 ºÖ× 6 �j� 	 º 	 ×|�?��©U���H§#�UÆN¯��-¡¢£��c¡µ³g©L�-�_�t�k��§c¬H©U��¡Ä���/¡¢�3�k�N��©j �¡¢�#£|�L�k�j�����k«#�L�3�k���?¬c¥¢�N�
���0�k«#�&ªH�Y¥µ¥º�k���¹�#�H���-�N�u¡¢��ªH���k«�©L�-¤/�L�N�¾�Ö�±³H�U¥;§#���-¦��¡¢�L�Á�-� 	 º 	 ×/�?��©U���H§#�L¯s°t«c¡;���-�#��©L§c���N�
¥º�c¡;©U�k¬#�k�9¡;�
©U���c³H�j¤/��§�ªc¨r���#�H�L��¡Ä¤��L�_�N�
¥��?�N�-�?¡;�?��¡W©L�P¯]�X¡Ä£�¬#�k� ´ �?«#�-�s���k«#��¤/���-�'�-�H§'�?�U�-�H§#�-�N§�§c�L�¡W�¹�?¡¢�����¹¦��k«#�
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ç¼�Uãtð�í�àUöZã?æ(âZà�æ�àUâ�öZí�àkõ�âZíYã�õBåÖæ�ä�àjõ7ö�âZí
çjâ�ï;ç?åôóÖã?ä(àNæYãtàkï4âZí�ã	ùs�Uç?óôåÖä(ä
çjâ�ç�ú	¤µå¢ÿ ãNÿ¢��?ã?áZàNâZí0àNá4öZã?ð?àNæYä�àNáZäYã?áO�tà��tã?æLâHð?à���ßYÞ�â�çjâ]åÖàNæ!¦7âZã?öZâZö7çjæ�ä�âZíLÞYögáZã?öZÞPóÖâ4åÖæ�æ�àÇåÖæ�ßYÞ�â7âZà±âZí�ã�àNèYöZã�ás�Uã?á?ÿËû4àUæ�öZã��LÞ�ã?æLâ]óÖé���âZí�ã
õ4åÖæYä�àkõXöüùþýZÞ��tß�ú±ï¢áZà��wÿtâZà�ûUûÇçjæ�ä�ÿtâZà�û���ï¢àUá7è
ç�óôó��tçkæYäaû�áZã?öZß-ã?ð�â]åß�Uã®óÖéUÿ	 =
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¥Ó��ªH���L�k��L�3�L�k�k���N�
¡¢¤/¤/��§�¡;�-�j�U¥Ä¨��Y¦Z�k�L�t�k��©U�-��L�k¨�¦o�k��¤ ��¬#���-¦�¦o�N�¹¤/��Â#����L�N�-£���§��-��L� 	 ×�Õ&�L��L�c�N�L¯
�-¦�¦Z�N�-¤/���L��L�c�t¦o��� 	 ×�Õ&�?¨_�c¡;©L�Y¥��L��L�_�U�L¯
� � �Á���gÐVU B W Ðk�4ÐkÍ Ì���� � Í Ì �4�gÍ,YBYkÐ Ì D ��� B A �4�t� B Í��'� �H� BtÌ �gÐjÍ Ì
� «#�L�k«#�L�|©k«#�c�_�®¡¢�#£/�0«H�-�s�?�L£�¤��L�_���¹¦Ç�-��¡¢¤5�-£��|�k���#�k�´©U���j�LÂH�0«#�L�k�|�k�(¥¢�c��  �t¡¢�k«r��©L�-¤/�L�N�#Â ������«H�-�
©L�-¤��L�N�&�k�|¥¢�c�� 5�u¡Ä�j«7Â#¤5�-�c¨(¤/�´§c�L�j� �¡;�®¡¢��� ªH������§ �?¨´���k�L¤5�Ç¡¢�H©U���k�H���N�-�k�|�-�3¡¢¤/�c¥µ¡;©j¡Ä�|©U���c�k�k�-¥7�?¨#�?�k�L¤%v�k«#�3©U���_�j�k�-¥²�-¦t�k«#�r½L�?�U�-�k�a�¹¦0�¹�k�k�L�c�?¡¢���H¾3�-¦��j«#�/¤5��©j«c¡¢�#��¯]���D�k«#�5©L���?���-¦���¬#�&�k��ªI���tÒ�¬#£�£-¥¢�L�a�k«c¡;�
�#�k��ªc¥Ä�L¤ �-�#�I���-�N����¬c¡¢�k�²���#�c¥µ¡W©j¡¢�?¥¢¨/���7�u�k���?¬c¥¢�=�¹¦_�k«#��¥µ¡¢¤(¡¢�k��§&�k���Y¥¢ÀZ�?¡¢¤/�±�¡;�®¡¢���&«H�-�N§c���-�k��¯�°t«#��¤5��©j«c¡¢�#�
¡;�B¥Ú¡¢¤(¡¢�k��§&�k�0���c¥¢¨|�#�k�´©U���j�®¡¢�#£Ó����¤5�Y¥µ¥�¦Z�N��©U�?¡¢���&�-¦_�k«#�±�k���N�Y¥_�Y
�
¡Ú¥;�-ªc¥¢��§#�-�N�0�-�H§�¤(¬H�?�7�k«c¬H�7©j«#�_�_���²��«H�-�
§#�-�U���k�|�#�k�#©U���k�L¯²°t«c¡;�Ç�#�k��ªc¥¢�L¤·�-¦ÿ+!ç¥æs&e$¥/�$�&('*&31!2�¡¢�c�k�k�#§c¬H©U���t���#�
��U¥g���?�H��©U�±�-¦=©U���c�k�k�-¥#�k�|�k«#�s���L�H�®¡¢�#£
�#�k��ªc¥Ä�L¤�»²�k«#�a��¨´�?�j�L¤ �k���?�I���H�®¡¢ªc¥¢�a¦Z���s©U���_�k�j�-¥7�-¦Ç�¹�k�k�L�c�?¡¢��� ¤(¬H�?��ªH�Y¥;�-�H©U�&�k«#�|ªH�L�#�U³H�|�-¦����H�-¤(¡¢�c¡¢�#£
���c¥¢¨v�/��¤5�Y¥µ¥º�-¤/��¬#�_���¹¦Ç�?�L�H�����s§#�-�N���-£_�Y¡¢�H�?���j«#�a�?¡;�? 3�-¦�¦¶�Y¡µ¥µ¡¢�#£ �k�/£��L�#�L�U�-�k�|¬H�?�U¦Z¬c¥º¤������?¬#�k�L¤/�L�c�N�L¯	�6



� «H�-��¦Z�-¥µ¥¢�
����¡;�a��§c�L�N�Y¡µ¥¢��§'���H�-¤(¡¢�H�-�?¡¢���D�-¦��k«c¡;�|�#�k��ªc¥¢�L¤ ¬#�H§c�L���j«#�/�#�k���?¬#¤/�#��¡Ä���'�k«H�-�|�k«#�L�j�5�-�k�
�k«#�j�L�|�#�-¡;�?�a�?��¬#�N©U��� Å �?�L�H�?���t�#�-¡;�?��Â ¤/�´§c�U¥µ¡¢�#£3¡¢�H��©L©U¬#�N��©U¨�ÂI�-�H§3¤/�����?¬#�j�L¤/�L�_�u¡Ä�H��©L©U¬#�N��©U¨ §c¬#�a�k�(�k«#�
½L�¹�k���&�-¦Ç�¹�k�k�L�c�?¡¢���H¾cÆ��k�/ªI�aªH�Y¥;�-�H©U��§��-£_�Y¡¢�H�?���j«#�|�#�L��§3¦Z�����k«#�a�?�U�-�k�����?�?¡¢¤5�-�k�|�j�5©U���c��L�k£���¯�7FIH \:K�Y ÁÿYZh�MOV�k�`>V�hbc!k!V�T��]R�k!NQR�a�TIY�MgR�M�R���Á.c!R�c!Y_Vcb�¶:cOc!Y�hbc!NQV�h��
°t«#�i'�/�2¾'*1ê0�ç�1!2Zæs0¼1!-�¤/�#§c¬c¥¢�a�-¦��X¡¢£�¬#�k�(Õ&¡;�t�k���?�I���H�®¡¢ªc¥¢�(¦o���u©U���_�k�j�-¥µ¥Ú¡¢�#£3�k«#�|¥¢�#©U¬H�s�¹�H§3���´�k�L�c���-¦��k«#�
¡¢¤5�-£��a�c¥;�-�#�(�t¡¢�H§c�-�s��¬H�?��§3¦Z���0¡¢�c¦o���j¤5�-�?¡¢�������´�k�U��©U�?¡¢���vªc¨ �k«#�gé!+!æs+�R�0 1¥ç�/�'�'�&3254a��¬#ªH�?¨´���k�L¤v¯�°t«c¬H�LÂ
�t�|�k�L�c�N�-�?¡¢��U¥¢¨ §c�U³H�#�/�a�u¡Ä�H§c�-��� �|'*æs+êæs/]1�Å�+!æsæs/¥2�æs&31!2¸�-�s�?��¤���³H�U¥W§ ¡¢�_�k�L�j
�Y¥�Âc}4ÂH���t�k«#�|�H�
¡Ä�� { � � �� { �Àñ { �   � ¡,+ �g� ¡ � Å 	 ×cÆ
��«#�L�j�

�� {�§c�L�#���k���|�-�����?�?¡¢¤5�¹�k�(�-¦���«#�L�j�/�k«#�&¦¶�
¥Ú¥µ¡¢�#£�ªH�Y¥µ¥�¡;�|���#�H��©U�k��§��j�v�-�#�H���-�YÂ7�-�H§��k«#�(�H�c�®¡¢�?¡¢��
�k©L�
¥W�¹� ñ {±¡;���9¤/�����?¬#�k���-¦�½L©U�L�k�U�Y¡¢�_�?¨#¾|�-¦7�k«c¡;�±���?�?¡¢¤5�-�j��¯��.¡Ä�j«5�k�����H��©U�t�k���9�#���k¤vÂ�!#"$!&%3Âc��«c¡;©k«3�t¡µ¥µ¥
ªI��§c�U³H�#��§�ªI�U¥Ä�-�aÂ � { ¡¢�H§c¬H©U�����?�����t¡¢�H§c�
������� �j«#�a�?�t�¼©L�¹¤/�L�N�¼¡Ä¤3�-£��a�c¥;�-�#���u¡¢�H©j¥¢¬H§�¡Ä�#£'�Y¥µ¥º���k�L�k�L�
¡¢¤5�-£��|�c¡ �#�U¥��H�Y¡¢�N�LÂ('XÂc¡¢�v�k«#�a�?�L�) Å � {YÆ²» �+* '  Í* Å � ¡ + Æ�»(! �� { ¹ * 1 Å 'BÆ,!&%.- ñ {0/�º
°t«#��é!+!æs+ÁR�0¼1¥ç�/�'�'�&e2,4a�?¬#ªH��¨´�?�j�L¤Ù�t¡µ¥µ¥��#�k�´©U���j�|�k«#���?���t¡¢�H§c�
���LÂ=�-�H§r¡Ú¦��k«#�v½UªH�Y¥µ¥¢�#���k�k¾��k���?�N� Å ÈL�L�k���k«
�-�H§ �?��©U���H§ ���N§c�L� ¤/��¤/�L�_� �j���?�N�UÆ/�-�k���H���k����§4Âs�j«#�v³H�U�?� ���N§c�L� ¤/��¤/�L�_�U�3�t¡µ¥Ú¥(ªH�'�H���k�?��§.�k�)�k«#�'�æs+!æs/�/�'*æs&�Pi+!æs&31!2��k��ªH�3¡¢�c�k�L�k�#�k�L�k��§)���/���?�H�-�?¡;�Y¥��H�c�®¡¢�?¡¢���7¯ � �k«#�L�k�t¡;�?��Ât�-��½U�L¤/�#�?¨'�t¡¢�H§c�-�s¾��t¡µ¥µ¥
ªI���j�L�H���k�j��§4¯C� �����k«#�/�k�¹ ��a�-¦²�#���N�-�?¡¢���H�Y¥��®¡¢¤/�c¥µ¡W©j¡¢�?¨�Â��t�a�t¡µ¥µ¥�§c�L�#���k�&�k«#�/�®¡¢�k¬H�-�?¡¢�����k«H�-�u³H�N�?�����N§c�L�
¤/��¤/�L�_�U���¹�k�a�?¬H©L©U���k�®¦Z¬c¥µ¥¢¨v¦Z���k¤���§(¡¢�H�®¡;§c�(�k«#�a�u¡Ä�H§c�-�s�u�-¦º�j«#�	} ~Q� ©L�-¤��L�N�&³H�U¥;§����* Å � {LÆ   ) Å � { ã � Æ�º
°t«#�3§c�L�H�L�H§c�L�H©U� �-¦��k«#�M} ~�� ¤/�����?¬#�j�L¤/�L�_�&��� � { ã � ¡¢¤/¤/��§�¡;�-�k�U¥¢¨)�?¬#£�£����?�U���k«#��é!èO2�+8PÏ&3ç�'0¡¢�_�k��¡Ä�H��¡W©�k�3�k«#�(£��L�#�L�N�
¥Ç�?�L�H�����s¤3�-�H�-£��L¤/�L�c���#�k��ªc¥¢�L¤X% �0«c¡W©j«��-�#�I���-�N�0«#�L�k�/����¤/�L�k�(§c�U¥;��¨�¯�"t�L£_�-�N§�¥¢���k���¹¦
«#�-�)¡¢�±¡;��©U��¤/�#¬#�j��§4Â_�j«#�s�?�N�-�j���-¦º�-�j�k�L�_��¡Ä���7Â � { ¤(¬H�?�±ªH�a���k���L¤�ªc¥¢��§¼¦o�j��¤ ¡¢�c¦Z���k¤5�-��¡Ä��� §c�L�?¡¢���§�¦Z�k��¤
���c¡;�?�?¡¢�#£v�?�L�H�?���j¨5��ªH���L�k
�-��¡Ä���H�L¯�°t«c¬H�LÂ#�k«#�(��©���¬c¡;�®¡¢�?¡¢�����-¦��#�L� §#�-�N�&¡;�0�#��©U���k�k�-�?¡µ¥¢¨v¤���§�¡W�¹�k��§�ª_¨3�-¥;§
 c�#�-�t¥¢��§c£����-�H§ ��¦o�L��§cªH��©j 3¥¢�_���3¡W�u¦Z���k¤/��§4¯�#���²�|�?¬c¡¢�N�¹ªc¥Ä���#���k¤�Â��t�±¥Ä�c�� (ªH��©j (�k�|�k«#���?�N�-ªc¡µ¥µ¡¢ÈL��§3��ªH�?�L�k��L�²����¬H�-�?¡¢���H� Å ´ ÆN¯G;±��©L�-¬H�����k«#���I�-¥¢���
�-¦7�k«#��©j¥Ä�c�?��§&¥¢�_���5��ªH���L�k��L��«H�Y���ªI�L�L�5�c¥;��©U��§��t¡¢�k«c¡¢�5�j«#��¬#�c¡¢�u©j¡¢�N©j¥¢�|�k«#�L�j�����_¡;�?�U�²�|�I�_�®¡¢�?¡¢��|§c�U³H�c¡¢�k�
�?¨c¤/¤/�L�j�?¡;©�¤5�-�k�?¡ �7Â(1�ÂH�?¬H©j« �k«H�-�2 � � � � � �43 ½ 1 2 � � � � � �4365 1 �
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�-�H§����k�?¬#¤/��Â��#¬#�k�U¥¢¨(¦Z����¦Z¬#�k�k«#�L���#���U�-�?¡¢���H�Y¥g©U���c��L�c¡¢�L�H©U��Â#�k«H�¹���k«#���H�¹¥Ä���±�-¦7�k«#��©j¥Ä�c�?��§(¥¢�c���/��ªH���L�k��L�
����¬H�-�?¡¢��� Å ´ Æ�«H�Y��|ªH�L�L���c¥W��©U��§ �����k«#�|�k���Y¥4¥µ¡¢�#���u¡Ä�j«v¤(¬c¥¢�?¡¢�c¥Ú¡;©j¡¢�?¨v�?�t�(�t¡¢�k«v�k«#�a©U���H�?����¬#�L�H©U�(�k«H�¹�! 2 � � � � � � 3 ã � !,% � 	0E ó¶7º	� 
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�-�c¡;�?«#���0���k«#�L�j�t¡;�?��»�� { ��UT � » * Å � {YÆ   ) Å � { ã � Æ× » * Å � {YÆ6V  ) Å � { ã � Æ º Å 	 =#Æ
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é§Ù&ò(æ§ÓÖÝLÓÖà_æ�Û98&å�à0ä_Ù$: Ý�â;Ù�Ù ã ÝLÓÖå Ã Ý�Ù�à á Ã�Ñ(Ã ìYì�; ãêø à ã ÓÖÝLÓÖà_æ¤ÝÞà^ä_Ó ã × Ã ìYì ó¤Ã ìYÓ@Õëæ ï¨ÓÖÝ�â Ý�â;Ù�å�Ù Ã_ã ×;Ø�Ù$é é Ã Ý Ã;íú Ø Ã éëÓÖÝLÓÖà_æ Ã ìYì ó < Ú_Ú è Ú$= è > è Ú$?�@ ØÞÙ ã Ù Ã Ø�ßÞâ;ÙbØ ã ï¨à_Ø�ñëÓÖæ;Õ6ÓÖæ�Ý�â§Ó ãhÃ ØÞÙDâ Ã ä_Ù¨â Ã é ã Ý Ã Ý Óðß Õ_à Ã ì ã á�à_Ø#Ùbæ äëÓÖØ�à_æ;å�Ùbæ§Ý ãÝ�â;Ù ó ß Ã æ å Ã æ§Ó ø ×§ì Ã Ý�Ù Â Ó í Ù í å�à0ä_ÙjÝ�â;Ù�Ø�à Ñ à_Ý�×;æ§ÝLÓYì�ÝÞâ;ÙwÝ�â;Ù ã ß&Ùbæ;Ù�ìÖà§à_ñ ã ìYÓÖñ_ÙA8,Ý�â§Ó ã : Ä�í B ×;Ø ø ØÞà Ñ ìÖÙbåÓ ã Ý�â;Ù é§× Ã ì à0á�Ý�â§Ó ã ÓÖæHåj×(ßÞâ¤Ý�â;Ù ã�Ã å�Ù^ï ÃAó Ã ìYÓÖæ;Ù Ã Ø^à Ñ(ã ÙbØÞä_ÙbØêÓ ã Ý�â;Ù é§× Ã ì�à0á Ã ìYÓÖæ;Ù Ã Ø ß&à_æ§Ý�Ø�à0ìYìÖÙbØC ï¨Ù�åj× ã Ý4å Ã æ§Ó ø ×§ì Ã ÝÞÙ�à_×;Ø ã Ý Ã Ý�ÙêÙ ã ÝLÓÖå Ã Ý�Ù ã à^Ý�â Ã Ý�ÓÖÝ÷ß&à Ó@æ(ßÞÓJé§Ù ã ï¨ÓÖÝ�âeÝÞâ;Ù�ä_Ó ã × Ã ì ì ó Ã ß!D_×§ÓÖØ�Ù$é é Ã Ý Ã;íú â§Ó ã¨ã Ù$ß&ÝLÓÖà_æ à#E�ÙbØ ã�Ã é§ÙbÝ Ã ÓYìÖÙ$é�ìÖà àëñ Ã ÝDÝÞâ;Ù å Ã Ý�â;Ùbå Ã ÝLÓJß ã Ñ Ùbâ§ÓÖæ(é^Ý�â§Ó ã ßÞì Ã_ã�ã à0á ø Ø�à Ñ ìÖÙbå ã è á�à0ìYìÖà0ï�Ù$é Ñ§óã àëå�Ù ã ÓÖå ø ìÖÙ�Ù�F Ã å ø ìÖÙ ãLó;ã Ý�Ùbå ã Ý�àwïqâ§ÓðßÞâ�Ù�F Ó ã Ý Ó@æ;Õ^ÝÞâ;Ùbà_Ø ó å ÃAó Ñ Ù Ã0ø;ø ìYÓÖÙ$é è7Ã æ(é�ß&à_æ(ßÞìÖ×(é§Ù ã ï¨ÓÖÝ�â Ã æÃ ìÖÕ_àëØLÓÖÝ�â;å9Ø�Ù&ìÖÙbä Ã æ Ý�Ý�à4Ý�â;Ù ø â óôã ÓJß Ã ì ø Ø�à Ñ ìÖÙbå Ã Ý#â Ã æ(é è ï6â;à ã Ù ã ×(ßbß&Ù ã�ã â Ã_ã æ;àëÝ ó ÙbÝ Ñ ÙbÙbæ Ý�â;Ùbà_Ø�ÙbÝ Óðß Ã ì ì óÙ�F ø ì Ã ÓÖæ;Ù$é íG0HJI KMLON7P�QSRTN#U!VWPYXZU\[5R]LZRTN7^#Q_Ra`bU7c�d0ReLON7Paf�Ra`bU7c�P�gh¨Ù$ß Ã ì ìqá Ø�àëå Â i Ä Ý�â Ã ÝjÝ�â;Ù ã Ý�ÙbØ�Ùbà�ß Ã å�ÙbØ Ã Ý�Ø Ã æ ã á�à_Ø�å Ã Ý Ó@àëæ è j è Ó ã á àëØ�å�Ù$é Ñ ó ã Ý Ã ßÞñ_ÓÖæ;Õ�Ý�à_Õ_ÙbÝÞâ;ÙbØ�Ý�â;Ùø ÙbØ ãLø Ù$ß&Ý Ó@äëÙ ø ØÞà7kLÙ$ß&ÝLÓÖà_æ ã é§×;Ù�ÝÞà÷ÝÞâ;Ù4Ý\ï¨àêÓÖæ(éëÓÖä_ÓJé§× Ã ì6ß Ã å�ÙbØ Ã_ã í l�æ Ý�â§Ó ã6ã Ù$ß&ÝLÓÖà_æ ï¨Ù4æ;à_Ý�Ù4ÝÞâ Ã Ýj Â mn Ä o j Â n Ä p q Â mn�r1n Ä s Â mn Ä t mn o n�u Â 67v Äp q Â n#r mn Ä s Â n Ä t mn o n u rï6â;ÙbØÞÙ s Â n Ä Ó ã ÝÞâ;Ù�k Ã ß&à Ñ Ó Ã æ à0á j Ùbä Ã ìÖ× Ã Ý�Ù$é Ã Ý n Ã æ(éq Â mn!r1n Ä4wpyxYzT{b| }�~���z { | } ~ ���$� ?? zT{/� }�~ ��z { � } ~ � � �b���ú â§Ó ã á Ã ß&Ý4Ùbå�ÙbØ�Õ_Ù ã éëÓÖØ�Ù$ß&ÝLì ó á�Ø�à_å ß&à_å ø ×;Ý Ã ÝLÓÖà_æ í�� ÓÖä_Ùbæ n ì ó ÓÖæ;ÕfÓÖæeÝ�â;Ùjá�Ø Ã å�Ùjà0á6Ø�Ù&á�ÙbØ�Ùbæ(ß&Ù�à á Ãß Ã å�ÙbØ Ã ï¨ÓÖÝ�â á�àôß Ã ì�ìÖÙbæ;Õ_Ý�â�� è ï¨Ù4â Ã ä_Ù ��� Â n Ä�wp �n���� n��n ��� � Â 6 ç Äú â;Ù�� Ã ß&à Ñ Ó Ã æ à á Ý�â§Ó ãqø Ø�à7kLÙ$ß&ÝLÓÖà_æ Ó ã Ý�â;Ùbæ^Õ0ÓÖä_Ùbæ Ñ§ó� � � Â n Ä p �n�� � Ú ? o � |� {? Ú o � �� { � � Â 6 = Ä��F ø(Ã æ(éëÓÖæ;Õ Ý�â;Ù4ØLÓÖÕ_â§Ý6â Ã æ(é ã ÓJé§Ù�à0áhÝ�â;Ù4Ý�à ø ØÞà�ï�à0á Â 67v Ä ÓÖæfÝ�â;Ù ã Ù÷ß&à§à_Ø�éëÓÖæ Ã ÝÞÙ ã Õ0ÓÖä_Ù ã� mn��n���� mn��mn�� o n��n��7� r Â 67� ÄÃ æ(é ã Ó@å Ó ì Ã Ø4ØÞÙ ã ×§ìÖÝ ã á�à0ìYì@à0ï}á àëØ�ÝÞâ;Ù4Ø�Ùbå Ã ÓÖæ(é§ÙbØ�à0á ÝÞâ;Ù4Ø�à0ï ãbíhú â§Ó ã Ù ã Ý Ã0Ñ ìYÓ ã â;Ù ã Ý�â;Ù4à_ØLÓÖÕ0ÓÖæ Ã ì Ã_ã�ã ÙbØ�Ý Ó@àëæ íú â;Ø�à_×;Õ_â;àë×;Ý�Ý�â;Ù Ø�Ùbå Ã ÓÖæ(é§ÙbØ�à á Ý�â§Ó ãjã Ù$ß&ÝLÓÖà_æ¤ï¨Ùwï�Ó ìYì Ã_ã�ã ×;å�ÙwÝÞâ Ã Ý q Ó ã ø à ã ÓÖÝLÓÖä_Ù é§Ù&ò(æ§ÓÖÝ�Ù í�� Ù!�à_å�ÙbÝ�ØLÓJß Ã ìYì ó_è Ý�â§Ó ã ÓÖå ø ìYÓÖÙ ã Ý�â Ã Ý Ñ à_Ý�â n Ã æ(é mn Ã ìÖï Ã$ó;ã ìYÓÖÙ à_æeÝ�â;Ù ãÞÃ å�Ù ã ÓJé§Ù Â á Ø�àëæ Ý!� Ñ(Ã ß�ñ Ä à0á Ã ìYì�Ý�â;Ùß Ã å�ÙbØ Ã_ã�Ã Ý Ã ì ìhÝLÓÖå�Ù ãbí l=æ ø Ø Ã ß&ÝLÓJß&ÙjÝ�â§Ó ã Ó ã æ;à_Ý Ã æ�×;æ;Ø�Ù Ã ìYÓ ã ÝLÓJß Ã_ã�ã ×;å ø ÝLÓÖà_æ�Û¨ÓÖÝ4å�ÙbØÞÙ&ì ó Ø�Ù$Dë×§Ó@ØÞÙ ã Ý�â Ã Ýæ;Ù&ÓÖÝ�â;ÙbØêÝ�â;Ù Ã ß&Ý�× Ã ìhà Ñ kLÙ$ß&Ý ß&ØÞà ã�ã Ý�â;Ù ã ÓÖæ;Õ_×§ì Ã ØLÓÖÝ ó ÓÖæ Â i Ä æ;àëØ4Ý�â Ã Ý�Ý�â;ÙêÓ@æ§ÓÖÝLÓ Ã ì¨ÙbØ�Ø�à_Ø ã Ó@æ�Ý�â;Ùjà Ñ(ã ÙbØ�ä_ÙbØãLó;ã Ý�Ùbå Ñ Ù$ß&à_å�Ù ã à�ì Ã ØÞÕ_Ù Ãëã Ý�à�ß Ã × ã Ù4Ý�â;Ù�Ù ã ÝLÓÖå Ã Ý�Ù$é à Ñ kLÙ$ß&Ý�ì@à;ß Ã ÝLÓÖà_æfÝ�à�ß&Ø�à ã�ã Ý�â§Ó ã6ãÞÃ å�Ù ã ÓÖæ;Õ_×§ì Ã ØLÓÖÝ ó_íÒyà_Ø�å Ã ìYì ó_è Ý�â§Ó ã�Ã_ã�ã ×;å ø ÝLÓÖà_æ Ã ìYìÖà�ï ã × ã ÝÞà Ã_ã�ã ÙbØÞÝ�ÝÞâ Ã ÝÂ mn o n Ä s�� Â mn Ä�Â m  o   Ä4¡ ? � Â 6bi Ä67v
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Â 67¯ Äú â§Ó ã ãLó;ã Ý�Ùbå Ó ã 8Þá�×§ì ì ó ��å�Ù Ã_ã ×;Ø Ã0Ñ ìÖÙ$: C ÝÞâ Ã ÝjÓ ãbè¨Ã ìÖÕ_Ù Ñ Ø Ã ÓJß^ÝÞØLÓ Ã æ;Õ_×§ì Ã ÝLÓÖà_æHß Ã æ á�×§ìYì ó Ø�Ù$ß&à_æ ã Ý�Ø�×(ß&ÝêÓÖÝ$; ãã Ý Ã Ý�Ù n í±° ×;Ý�Ó@Ý ã ÙbÙbå ã â;Ù&ì ø á�×§ì7Ý�àê×;æ(é§ÙbØ ã ß&à_Ø�Ù4ÝÞâ;Ù ×;ÝLÓYìYÓÖÝ ó à0á Â 6²v Ä7Ñ§ó ß&à_æ ã ÓJé§ÙbØLÓÖæ;Õ Ã æwà Ñ(ã ÙbØ�ä_ÙbØhá�à_Ø¨Ý�â§Ó ããLó;ã Ý�Ùbå ÝÞâ Ã Ý�ò;ìÖÝ�ÙbØ ã ÝÞâ;Ù÷ØÞÙ ã ×§ìÖÝ Ã æ§Ý ã Ý Ã Ý�Ù�Ù ã Ý Ó@å Ã Ý�Ù ã�Ã æ(é Ã ì ìÖà0ï ã á à_Ø4Ù ã ÝLÓÖå Ã ÝLÓÖà_æeé§×;ØLÓÖæ;Õ�â ó§ø àëÝ�â;ÙbÝLÓJß Ã ìø(Ã ØÞÝLÓ Ã ì¨ì@à ã�ã à0á å�Ù Ã_ã ×;Ø�Ùbå�Ùbæ§Ý ãbí l�æ á Ã ß&Ý÷ÝÞâ§Ó ã ßÞì Ãëã�ã à0á ã óôã ÝÞÙbå â Ãëã á�à_Ø�å�Ù$éeÝ�â;Ù ß&Ùbæ§Ý�Ø Ã ì�á�à;ß&× ã á�à_Ø Ãå Ã k\àëØLÓÖÝ ó à0á�Ý�â;Ù ß&×;Ø�Ø�Ùbæ§Ýjä_Ó ã × Ã ì ã ÙbØÞä_à0ÓÖæ;ÕeØ�Ù ã Ù Ã Ø�ß�â < Ú è Ú 6 @ í9³ æ¤à Ñ(ã ÙbØÞä_ÙbØêá à_ØjÝ�â§Ó ã ßÞì Ã_ãÞã à á ãLó;ã Ý�ÙbåÝ Ã ñ_Ù ã Ý�â;Ù4á�à_Ø�å ªmn p « mn5¬® oµ´ s � Â mn ÄPÂ m  o   Äm  p j Â mn Ä r Â 67> Äï¨ÓÖÝ�â ´y¶ � · �$¸#¹ í Òyà_Ø�åjÓÖæ;Õ�ÝÞâ;Ù4ÙbØ�Ø�à_Ø é ó æ Ã åjÓJß ã á àëØ»º  wp m  o   ï�Ù4â Ã ä_Ùªºn p¼« º  oµ´ s�� Â mn ÄPÂ m  o   Ä � Â v ? Ä½ Ã ñëÓÖæ;Õ�× ã Ù�à á Â 67v ÄDÃ ìYìÖà0ï ã × ã Ý�à ã × Ñ(ã ÝLÓÖÝ�×;Ý�Ù�á�à_Ø Â m  o   Ä�è(Ã æ(é Ø�Ù ã ×§ìÖÝ ã Ó@æªºn p t « oµ´ s�� Â mn Ä q Â mn$r�n Ä s Â mn Ä u ºn � Â v Ú ÄÒyØ�à_å Â 6�i Ä ï�Ùêñ æ;à0ï s � Â mn Ä q Â mn�r1n Ä s Â mn Ä Ó ã�ø à ã Ó@Ý Ó@äëÙ÷é§Ù&ò(æ§ÓÖÝ�Ùêá ØÞà_å°ï6â§ÓJßÞâ ÓÖÝqá à ì ìÖà0ï ã Ý�â Ã Ý6ÝÞâ;ÙbØ�Ù�Ù�F§Ó ã Ý ãÃ ´ ã ×(ßÞâ^Ý�â Ã Ý�¾¨ìYÓÖåÀ¿&Á_Â ºn p ? íG0H&Ã K9gÄ¥¦¨4^#RaN#d0RTNÅX�P�N¦ÆÇRa`7[4ÈYg5c�`�ÈYÉZÊ0V4^�U7RTËW^ÍÌ¦c�U7[ÏÎÐcJg4RaÈ3NÒÑ9V4g4ÈYËWcJ`�^l�æ¢ß&à_æ§Ý�Ø Ã_ã Ý�Ý�àeÝÞâ;Ù ß&à_å ø ìÖÙbÝ�Ù&ì ó å�Ù Ã_ã ×;Ø Ã0Ñ ìÖÙ ãLó;ã Ý�Ùbå ø ØÞÙ ã Ùbæ ÝÞÙ$é Ã0Ñ à0ä_Ù è ìÖÙbÝ�× ã æ;à0ï°Ø�Ù$ß&à_æ ã Óðé§ÙbØ Ý�â;ÙãLó;ã Ý�Ùbå èTÓn p ºÔ è ï6Ø Ó@ÝÞÝ�Ùbæ å�àëØ�Ù ÕëÙbæ;ÙbØ Ã ìYì ó Ã_ãªn�� p n �ªn � p « ��n���¬ « � n � ¬®  p j Â n � Ä r Â v76 Ä

ï6â;ÙbØÞÙ n�� Ã æ(é n � Ø�Ù ø ØÞÙ ã Ùbæ Ý¨Ý�â;Ù ø à ã ÓÖÝLÓÖà_æ Ã æ(é ä_Ù&ìÖàôßÞÓÖÝ ó à0á ÝÞâ;Ù4à Ñ kLÙ$ß&Ý�ØÞÙ ãLø Ù$ß&ÝLÓÖä_Ù&ì ó_í¨ú â§Ó ã ã óôã ÝÞÙbå9Ó ã à áø(Ã ØÞÝLÓJß&×§ì Ã Ø6ÓÖæ§Ý�ÙbØ�Ù ã Ý ã Ó@æ(ß&Ù ÓÖÝ6ÓÖæ(ßÞìÖ×(é§Ù ã à_×;Ø6å�à;é§Ù&ì�á�à_Ø6Ý�â;Ù Ñ(Ã ì ìÔá Ã ìYìYÓÖæ;Õ^×;æ(é§ÙbØ ÝÞâ;Ù�Ó@æbÕ(×;Ùbæ(ß&Ùjà0áhÕ_Ø Ã äëÓÖÝ ó_íú â;Ù Ãëã�ã à;ßÞÓ Ã Ý�Ù$é^à Ñ(ã ÙbØ�ä_ÙbØ6æ;à0ï�Ý Ã ñ_Ù ã Ý�â;Ù�á àëØ�åªmn�� p mn � oeÖ �-s � Â mn�� ÄPÂ m  o   Äªmn � p « � mn���¬ « � mn � ¬® oµÖ � s � Â mn�� Ä(Â m  o   Äm  p j Â mn�� Ä r Â v7v Ä×�Ø ������.!�$Ù$�,���±���$�Ú� ��þ �JÛ * 	���� ��ý � ý 	���Ù����0�+�TÜÞÝàß-áJ.!������ÿ���� � ÿ�,���/����	+� � � � âJ��ý �Ðã � � ý �Lÿ�����	�� � � � ��ý!ä Ù$� ý ÿ����!������� ��ý!� � � 	-�ÿ� ý � � � � � ý �å ü©ý "$��	Þÿ�� � ÿ�Ð	����-	+��� ý 	+�!� �_�#��Ù ý �jÿ��Ù!� ���#��"!�'	Þÿ���� ý ���$� ��ý!� � � 	-�������������±��Ù$ÿJ�����#	��±	���Ù � ��	+�!� �Z�'	+���1�52#æ!���ã þ 	�S���-	+� � � ���#�hÿJ�$����� ý å 6 ç



ï¨ÓÖÝ�â¤Õ Ã ÓÖæ¤å Ã Ý�ØLÓJß&Ù ã Ö � Ã æ(é Ö � á�Ø�ÙbÙ^Ý�à Ñ Ù ß�â;à ã Ùbæ í®ç Ø�à;ß&ÙbÙ$éëÓ@æ;Õ Ã_ãjÃ0Ñ à0ä_Ù^ï¨Ù Ý Ã ñ_Ù^éëÓèEùÙbØÞÙbæ(ß&Ù ã Ý�àé§ÙbÝ�ÙbØÞåjÓÖæ;Ù�Ý�â;ÙêÙbØ�Ø�à_Ø6é ó æ Ã åjÓJß ãªºn�� p ºn�� oµÖ �-s � Â mn�� Ä(Â m  o   Äªºn � p « � ºn��,¬ « � ºn � oµÖ � s � Â mn�� ÄPÂ m  o   Ä r Â v ç Äï6â§ÓJßÞâ ã ÓÖå ø ìYÓYò(Ù ã ÝÞà ªºnà� p t � oµÖ �-s � Â mn�� Ä q Â mn��-r�n�� Ä s Â mn�� Ä u ºn��ªºn � p t « � o]Ö � s � Â mn�� Ä q Â mn���r1n�� Ä s Â mn�� Ä u ºn���¬ « � ºn � �
Â v = Äé�â§ÓYìÖÙ4Ý�â;Ù ß&à_æ§ä_ÙbØ�Õ_Ùbæ(ß&Ù ø Ø�à ø ÙbØ�ÝLÓÖÙ ã à0á�ÝÞâ;Ù(8Þò(Ø ã Ýhà_Ø�é§ÙbØ¨à Ñ(ã ÙbØÞä_ÙbØ1: Â v ? Ä á à0ìYìÖà0ï«éëÓ@ØÞÙ$ß&ÝLì ó á ØÞà_å Â 6�i Ä�è Ý�â;Ùã ÝÞÙ Ã é ówã Ý Ã Ý�Ù ø ØÞà ø ÙbØ�Ý Ó@Ù ã à0á Â v = ÄDÃ Ø�Ù�å�à_Ø�Ù4éëÓèê�ß&×§ìÖÝ4Ý�àjÙ ã Ý Ã0Ñ ìYÓ ã â í�ë ×;å�ÙbØ�à_× ã¨ã ÓÖåj×§ì Ã ÝLÓÖà_æ ã ÝÞ×(éëÓ@Ù ã�Ã æ(éø â óôã Óðß Ã ì Ù�F ø ÙbØLÓÖå�Ùbæ§Ý ã ÓÖæ(éëÓJß Ã Ý�Ù ÝÞâ Ã Ý�Ý�â;Ù ã óôã ÝÞÙbå ß&à_æ§ä_ÙbØ�Õ_Ù ã èDÃ æ(é Ã æ Ã æ Ã ì ó;ã Ó ã à0á6Ý�â;Ù Ã_ã�ã ×;å ø ÝLÓÖà_æ ã×;æ(é§ÙbØ�ï6â§ÓJß�â�ß&à_æ§ä_ÙbØ�Õ_Ùbæ(ß&Ù�ß Ã æ Ñ Ù ø Ø�à0ä_Ùbæ�Ó ã ß&×;Ø�Ø�Ùbæ§ÝLì ó ÓÖæ ø Ø�à_ÕëØ�Ù ã�ãbíG0H&ì í#ËWQ4ÉJRTË¼RTgÚU7ÈaU\cJP�g³ ìÖÝ�â;à_×;Õ_âeÝÞâ;Ù Ã æ Ã ì óôã Ó ã à0áDÝ�â;Ù ø Ø�Ùbä_ÓÖà_× ãêã Ù$ß&ÝLÓÖà_æ�Ó ãêÃ Ý Ñ Ù ã Ý�ÓÖæ�ÓÖÝ ã ÓÖæ§á Ã æ(ß ó ï¨Ù ø Ø�à;ß&ÙbÙ$é§Ù$é è á�à0ìYìÖà0ï¨ÓÖæ;ÕÃ æ§×;å Ñ ÙbØjà0á ø Ø�à_å Ó ã Ó@æ;Õ ã ÓÖå÷×§ì Ã Ý Ó@àëæ ãbè Ý�àeß&à_æ ã ÝÞØ�×(ß&Ý Ã á�×;æ(ß&ÝLÓÖà_æ Ã ì¨ÓÖå ø ìÖÙbå�Ùbæ Ý Ã ÝLÓÖà_æHà á�ÝÞâ;Ùwà Ñ(ã ÙbØ�ä_ÙbØé§Ù ã ß&Ø Ó Ñ Ù$é Ã Ñ à0ä_Ù í,³ ã × ã × Ã ì è Ý�â;Ù6ØÞÙ Ã ìôï¨à_Ø ìðé�é§Ù ø(Ã Ø�Ý ã á�Ø�à_å+Ý�â;Ù Ã_ãÞã ×;å ø ÝLÓÖà_æ ã ×;æ(é§ÙbØLì ó ÓÖæ;Õ�Ý�â;Ù ã Ù¨å�à;é§Ù&ì ãÓÖæ ß&ÙbØ�Ý Ã ÓÖæ ÓÖå ø à_Ø�Ý Ã æ Ý�Ø�ÙbÕ Ã Ø&é ãbí é¢â Ã Ý6á�à0ìYìÖà�ï ã Ó ã4Ã Ñ Ø Ó@Ù&á6éëÓ ã ß&× ã�ã ÓÖà_æ à0áDÝ�â;Ù�éëÓèE�ÙbØ�Ùbæ(ß&Ù ã4Ñ ÙbÝ\ï¨ÙbÙbæ�Ý�â;Ùø Ø�ÙbäëÓÖà_× ã�ã Ù$ß&Ý Ó@àëæ Ã æ(éeÝÞâ;Ù Ã ß&ÝÞ× Ã ì ãLó;ã Ý�Ùbå èDÃ ìÖà_æ;Õ�ï¨ÓÖÝ�â Ñ à_Ý�â¤Ù�F ø ÙbØ Ó@å�Ùbæ Ý Ã ì Ã æ(é ã ÓÖåj×§ì Ã ÝLÓÖà_æ Ø�Ù ã ×§ìÖÝ ãé§Ùbå�àëæ ã Ý�Ø Ã Ý Ó@æ;Õ�Ý�â;Ù4×;ÝLÓYìYÓ@Ý ó�Ã æ(é ø ÓÖÝLá Ã ì ì ã á àëØ6Ý�â§Ó ã Ý ó§ø Ù4à0áhà Ñ(ã ÙbØÞä_ÙbØ íîYïèð0ï�ñ òOóYô3õ&ö#÷9ôTøúù(û,ü!÷�ý�þ3÷�ý�ÿ��Tõ���üî Ã ä_ÓÖæ;Õ æ;àjÓÖå�å�Ù$éëÓ Ã Ý�ÙêÓÖæ ã ÓÖÕ_â§Ý Ã ÝqÝ�â;Ù�à_×;Ý ã ÙbÝ ß&à_æ(ß&ÙbØ�æ§ÓÖæ;Õ ßÞâ;à0ÓJß&Ùjà0á ÝÞâ;Ù4Õ Ã ÓÖæ å Ã Ý�ØLÓJß&Ù ã Ö � Ã æ(é Ö � ÓÖæÂ v²v Ä�è ï�Ùjß�â;à ã ÙjÝ�à^× ã ÙjÝ�â;Ù ã�Ã å�ÙêÕ Ã ÓÖæ ã4Ã_ã á�à_Ø�Ý�â;Ùêì ÓÖæ;Ù Ã Øêà Ñ(ã ÙbØ�äëÙbØ ãbí�ç à§à_Ø4ß&à_æ äëÙbØ�Õ_Ùbæ(ß&ÙêÓÖæeà_×;Øqò(Ø ã Ýã ÓÖåj×§ì Ã ÝLÓÖà_æ ã é§Ùbå�à_æ ã Ý�Ø Ã Ý�Ù$éfÝ�â Ã Ý4Ý�â§Ó ã�ã ÓÖå ø ìÖÙ^ß�â;à0ÓJß&Ù�ï Ã_ã ÓÖæ Ã é§Ù$Dë× Ã Ý�Ù í ú â;Ù ø ØLÓÖå Ã Ø ó ß Ã × ã Ùjá�à_Ø4Ý�â§Ó ãÙ�E�Ù$ß&ÝDï Ã_ã ÝÞâ Ã ÝDÝ�â;Ù ãLø(Ã ÝLÓ Ã ì�é§Ù ø Ùbæ(é§Ùbæ(ß&Ù�à á s Â mn Ä ì@Ù Ã é ã ÝÞà�ï¨ÓJé§Ù&ì ó éëÓèE�ÙbØLÓÖæ;ÕjÙ�E�Ù$ß&ÝLÓÖä_Ù6Õ Ã ÓÖæ ã é§Ù ø Ùbæ(éëÓÖæ;Õà_æ^ÝÞâ;Ù Ñ(Ã ìYì£; ã ìÖàôß Ã Ý Ó@àëæ^ÓÖæ ãLø(Ã ß&Ù í éeÙ4ï¨ÙbØ�Ù Ã0Ñ ìÖÙ�Ý�à ã ×(ßbß&Ù ã�ã á ×§ìYì ó ß&à_å ø Ùbæ ã�Ã ÝÞÙ�á à_Ø¨Ý�â§Ó ãqÑ ó å Ã ñëÓÖæ;Õ�× ã Ùà0áhæ;à_æ��©ìYÓÖæ;Ù Ã Ø4Õ Ã ÓÖæ^å Ã Ý�ØLÓJß&Ù ã à0áhÝ�â;Ù�á�à_Ø�åÖ p Ö�� t s � Â mn Ä s Â mn Ä u�� � �ú â§Ó ã Ù ãÞã Ùbæ Ý Ó Ã ì ì ó Ã å�à_×;æ Ý ã Ý�à ø ÙbØ á à_ØÞåjÓÖæ;ÕjìÖàôß Ã ì�Ý�Ø Ó Ã æ;Õ_×§ì Ã ÝLÓÖà_æ Â Ó í Ù í Ö s � Â mn Ä Ó ã Ý�â;Ù�ìYÓÖæ;Ù Ã Ø Ã0ø;ø ØÞà$F§ÓÖå Ã �ÝLÓÖà_æ^ÝÞà j	� Ã Ý mn Ä�è(Ã æ(é^é§Ø Ã å Ã ÝLÓJß Ã ìYì ó ÓÖå ø Ø�à0ä_Ù$é Ý�â;Ùjß&à_æ äëÙbØ�Õ_Ùbæ(ß&Ù Ñ Ùbâ Ã äëÓÖà_Ø à á Ý�â;Ù4à Ñ(ã ÙbØ�ä_ÙbØ íîYïèð0ï�
 �Zõ�9÷��������� ÷����������÷��÷����	���$õ ô�� ø�ôYý��Y÷�ö#ô�������ùOý ��÷�ý���!0ü"�!÷�µüh¨Ù Ã ì÷ß Ã å�ÙbØ Ã_ã Ã Ø�Ù�æ;à_Ý ß&àëæ ÝLÓÖæ§×;à_× ã ÝLÓÖå�Ù é§ÙbäëÓJß&Ù ã C Ý�â;Ù Ã E�à_Ø&é Ã0Ñ ìÖÙ é§ÙbäëÓJß&Ù ã ï¨Ù Ã Ø�ÙfÓÖæ ÝÞÙbØ�Ù ã Ý�Ù$é ÓÖæÕ_Ùbæ;ÙbØ Ã ìYì ó Ý Ã ñ_Ù ã æ Ã0ø(ã â;à_Ý ã à0á6Ý�â;Ù�ï¨à_ØLìJé Ã Ý Ã ò�F;Ù$é ã�Ã å ø ìYÓÖæ;ÕeØ Ã ÝÞÙ è ÓÖæ àë×;Ø÷ß Ã_ã Ù è � ?fî$# í Ü0ÓÖæ(ß&Ù^Ý�â;Ù6 =



0.0% 0.2% 0.4% 0.6%
Time (seconds)&0.0

0.5

1.0

T
ra

ck
in

g 
E

rr
or

 N
or

m
 S

qu
ar

ed

' Continuous Observer
(
Discrete Observer
)

ÒÔÓÖÕ_×;Ø�ÙeÚ 6 Û�Ü0ÓÖåj×§ì Ã ÝLÓÖà_æ�Û © à_æ äëÙbØ�Õ_Ùbæ(ß&Ù^à0á4Ý�â;Ù ß&à_æ§ÝLÓÖæ ×;àë× ãwÃ æ(é¤éëÓ ã ß&ØÞÙbÝ�Ù ÝLÓÖå�Ùfà Ñ(ã ÙbØ�äëÙbØ ã á�à_Ø ã å Ã ìYìÓÖæ§ÓÖÝLÓ Ã ìhÙbØ�Ø�à_Ø íà Ñ(ã ÙbØ�ä_Ù$é ãLó;ã Ý�Ùbå¦; ã å�à_ÝLÓÖà_æêÓ ãDã ÓÖÕ_æ§ÓYò�ß Ã æ§ÝDØ�Ù&ì Ã Ý Ó@äëÙ6Ý�à4Ý�â§Ó ã Ø Ã Ý�Ù Â æ;Ù Ã Ø#ÓÖå ø(Ã ß&Ý è Ý�â;Ù Ñ(Ã ìYì(à0á�Ý�ÙbæjÝ�Ø Ã ä_Ù&ì ã ÓÖæÙ�F(ß&Ù ã�ã à0áDÚ$?�ß&å Ñ ÙbÝ\ï¨ÙbÙbæ ã ×(ßbß&Ù ã�ã ÓÖä_ÙqÓÖå Ã Õ_Ù ã,Ä�è ã�Ã å ø ìYÓ@æ;Õ ß&à_æ ã ÓJé§ÙbØ Ã ÝLÓÖà_æ ã ß Ã æ;æ;àëÝ Ñ Ù6ÓÖÕ_æ;àëØ�Ù$é í Ò;àëØDÝ�â;Ùà Ñ(ã ÙbØ�ä_ÙbØjà0á4Ü_Ù$ß&ÝLÓÖà_æ v í Ú í Ú Â ï¨ÓÖÝ�â Ù�F ø ìYÓJßÞÓÖÝwÝÞØLÓ Ã æ;Õ_×§ì Ã ÝLÓÖà_æ Ä ÓÖå ø ìÖÙbå�Ùbæ§Ý Ã Ý Ó@àëæ¤ï¨ÓÖÝ�â ãÞÃ å ø ìYÓÖæ;Õ ø Ø�Ù ã Ùbæ§Ý ãæ;à ø Ø�à Ñ ìÖÙbå ã Ó@æ(ß&ÙfÝ�â;Ù é ó æ Ã åjÓJß Ã ì ãLó;ã Ý�Ùbå ï¨Ù Ã ØÞÙwà Ñ(ã ÙbØ�ä_ÓÖæ;Õ�Ó ã ìYÓÖæ;Ù Ã Ø í¤ú Ø Ã éëÓÖÝLÓÖà_æ Ã ì éëÓ ã ß&Ø�ÙbÝÞÙ ÝLÓÖå�ÙãLó;ã Ý�Ùbå ã ÝÞâ;Ùbà_Ø ó^Ã E�à_Ø�é ã¨Ã Ø�Ù&ìYÓ Ã Ñ ì@Ùjà Ñ(ã ÙbØ�ä_ÙbØ Â > Ä�í îqà0ï�ÙbäëÙbØ�æ;à Ã æ Ã ìÖà_Õ_à_× ã Ý�â;Ùbà_Ø ó Ó ã6Ã ä Ã ÓYì Ã Ñ ì@Ùêá�à_Ø¨à_×;Øæ;Ùbï+æ;à_æ§ìYÓÖæ;Ù Ã Ø�é ó æ Ã åjÓJß4Ý�ØLÓ Ã æ;Õë×§ì Ã Ý�à_Ø è ÙbäëÙbæ ï¨ÙbØ�Ù4Ý�â;ÙêÝ�â;Ùbà_Ø�ÙbÝLÓJß Ã ì±D_×;Ù ã Ý Ó@àëæ ã à0á�Ü_Ù$ß&Ý Ó@àëæ�= í v Ùbæ ÝLÓÖØ�Ù&ì óØ�Ù ã à0ìÖä_Ù$é í
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Discrete Observer3ÒÔÓÖÕ_×;Ø�ÙeÚ v Û^Ü0ÓÖåj×§ì Ã ÝLÓÖà_æ�Û © à_æ§ä_ÙbØ�Õ_Ùbæ(ß&Ù^à á Ý�â;Ù^ß&à_æ Ý Ó@æ§×;à_× ã�Ã æ(é¤éëÓ ã ß&Ø�ÙbÝ�Ù^ÝLÓÖå�Ù^à Ñ(ã ÙbØ�ä_ÙbØ ã á�à_Øêì Ã Ø�Õ_ÙbØÓÖæ§ÓÖÝLÓ Ã ìhÙbØ�Ø�à_Ø íl=æ ÝÞâ;Ù Ã0Ñ(ã Ùbæ(ß&Ùêà0á Ã æ ó ÝÞâ;Ùbà_Ø ó ï�Ùêâ Ã ä_Ù ã Ý�×(éëÓÖÙ$éfæ ×;å�ÙbØLÓJß Ã ìYì ófÑ à_ÝÞâ Ý�â;Ùjß&à_æ Ý Ó@æ§×;à_× ã�Ã æ(é éëÓ ã ß&ØÞÙbÝ�ÙÝLÓÖå�Ù ãLó;ã Ý�Ùbå ãbí ÒÔÓÖÕ_×;Ø�Ù ã Ú 6 Ã æ(éeÚ v é§Ùbå�à_æ ã Ý�Ø Ã Ý�Ù4â;à0ï Ã ß�â Ã æ;ÕëÙ4ÓÖæ�Ý�â;Ù4ÓÖæ§ÓÖÝLÓ Ã ìDß&à_æ(éëÓÖÝLÓÖà_æ ã ß Ã æfØ�Ù ã ×§ìÖÝÓÖæ�Ó@æ ã Ý Ã0Ñ ÓYìYÓ@Ý ó á�à_ØDÝÞâ;Ù éëÓ ã ß&Ø�ÙbÝ�Ù ãLó;ã Ý�Ùbå è ï6â§ÓYìÖÙ4Ý�â;Ù4ß&à_æ Ý Ó@æ§×;à_× ã ä_ÙbØ ã ÓÖà_æ Ø�Ùbå Ã ÓÖæ ã ï¨Ù&ìYì Ñ Ùbâ Ã ä_Ù$é í ÒÔÓÖÕ_×;Ø�ÙÚ 6 é§Ù ø ÓJß&Ý ãêÃ ß Ã_ã Ùjï6â;ÙbØ�ÙjÝ�â;Ù éëÓ ã ß&Ø�ÙbÝ�Ù Ã æ(é�ß&à_æ§ÝLÓÖæ§×;à_× ã�ãLó;ã Ý�Ùbå é§Ùbå�à_æ ã Ý�Ø Ã Ý�Ù�ß&à_å ø(Ã Ø Ã0Ñ ìÖÙ Ñ Ùbâ Ã äëÓ@àëØá�à_Ø�ÓJé§Ùbæ Ý Óðß Ã ì�Õ Ã ÓÖæ ã4Ã æ(é ã å Ã ìYìhÓÖæ§ÓÖÝLÓ Ã ì�ÙbØ�ØÞà_Ø ãbè ÒÔÓÖÕ_×;Ø�ÙfÚ v é§Ùbå�à_æ ã Ý�Ø Ã Ý�Ù ã Ý�â Ã Ý4Ý�â;Ù ã�Ã å�Ù ãLóôã Ý�Ùbå ã ß Ã æéëÓ ãLø ì ÃAó å Ã ØÞñ_Ù$éëì ó éëÓèEùÙbØÞÙbæ Ý Ñ Ùbâ Ã ä_ÓÖà_Øêá�à_Ø�éëÓèE�ÙbØ�Ùbæ ÝêÓÖæ§ÓÖÝLÓ Ã ì ß&à_æ(éëÓÖÝLÓÖà_æ ãbí l�æ ÝÞâ§Ó ã ø(Ã Ø�ÝLÓJß&×§ì Ã ØjÙ�F Ã å ø ìÖÙÝ�â;Ù�ß&àëæ ÝLÓÖæ§×;à_× ã6ãLó;ã Ý�Ùbå ß&à_æ äëÙbØ�Õ_Ù ã Ø�Ù Ã_ã àëæ Ã0Ñ ì ó Dë×§ÓJß�ñëì ó_è ï6â§ÓYì@ÙêÝ�â;Ù�éëÓ ã ß&Ø�ÙbÝ�Ùêä_ÙbØ ã ÓÖà_æ ÓÖæ§ÓÖÝLÓ Ã ìYì ó�Ñ Ùbâ Ã ä_Ù ãØ�Ù Ãëã à_æ Ã0Ñ ì ó ï�Ù&ìYì è Ý�â;Ùbæ ã ìÖà0ï¨ì ó Ñ ÙbÕ0ÓÖæ ã Ý�àêá Ã ÓYì7×;æ Ý Ó ì4= � = ã Ù$ß&àëæ(é ãbè ï6â;Ùbæ�Ó@Ý%8&Ù�F ø ìÖà;é§Ù ã : í
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