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qKrHq s?tau�v-wyxYzy{|u2}WwLt
~i���H���]�C�����P�W���-���O�9�]�j�������]���O�9���[�_�����A�C�C�=�6�=�A�� c¡��6¢H��£K¤H¥C�j�H¦j�c§©¨6�AªC«L��¬�C�_¬�L��c�9®2¬�����o¯j°��9���6�j±��_�=�

¯j²6²6³´�_�jµ_¶9���L�:���_���]�L�Aµ_�·�]�:�����y�j¶_�=�Oµ&¬�C�j�_�9�L�_�¹¸J�O¶_���O¶iº��[�9���]�:�����j±��j�c�J®C�O�|»®j¶oµ¼�O¶_�S½©�O�9®C�]���O�_�9�j�h�j�c¾
�O�:�=�O�¿¯jÀL±��6���jÁc�A�J��¶_�9¬�C�Â�_�a�O���L�o¬�C�_¬�Ãµ_�=�c�P�9�9Ä+¬�C�yÅ�yÆcÀL±��6���jÁ6Ä9��Ç��®C�yÅ�y¶_��®C�9�9®C�O¶_�=�È�_�Â®C���®C�O�9�]�A�6�9®C�C�
½É�Ê�6�O�W�6�9���C�jºË�[�_���Ì�_�O�9®Í¬�C�_¬���Oµ&¬�j�]���]���O�_�9�C�|Î]¶9�]Ï�¶i�Ð�6¶Ñ±��6�����_�o±��·�y¯j²6²6À¼ºÒ�[�_�Ó�Ô¬�C�_¬���S¬�C�6�C���Oµ_µÈ¬�6Á
®C�O�9�]�A�]¶9���jÁ?�:�6�_¬�CÄO�9¬�L�C�K�W�C�]�_¬�yµ_�c�L¶_��®C�O�9�]�9�=�]�:¶_±
�:�6�]�j�W�_���]���O�_���©Ái�_�O�c�K���C�yµ_�=�:�9®C�:µ_�6¶9ÕÖµ_�Ê×9�K�W�O�6�Â��
Ø2�]�6�9®C�6Á¼�V�ÚÙK�����j±���ÄO�9�6Á?���C�ÜÛË�Ê×9�=¾�ÝS���S�C�a���¹ÞS��×O�c¶_±��H¾�ßK�9�©º

à��k�6¶9�H�=�C�a±����]�]���O�9�L�Aµ_���W��·�P�C�ÊÁ�¶9�]�����P�H�6�6�L�_�C�J�:�9�]�A�]¶_±á�j�6�]�Lµ9�:¶9�Üµ¼�j�4½©�O�]±��6�c�]�a�C�Lµ_�9¬�C®C�P�ÊÁ_�6�j�]�=�9�6�
�P�j¶_�Jµ_�=�j±��©Å�j�=�K�:¶_±��©Å�j�=�y���6�9�S�:��µ_�=�O®Câ_���:�9�L�S¬�C®C�j�_�9�����©�_�[Þ|ãSØÑ�j�oÆcä6ä6Æ_Á9�_�JØÈ�©ÙÔ�j��Æ6ä6ä6å_Á_æÂ�j�=�]®Câ9�C�
�j�ÍÆcä6ä6°6«CºË~i�ç�]�Ê×6�9�_�9�j±��j�6���:�c½É�W�6�=�O¶9Ä6�è�C�]��¶_�Í�W�j×c�O�_�9�j±��j�c���Aâ9�j�]±���Ï_¶9�é¬�j±�����µ_�6���W�O¶9�ê®C�9�]µ9�
±oÇ�j±��L�6¶9Õ�µ9�:¶9�Ü�_���W�]�C�a�]�j±�µ&¬�j�]���A¶_���C�jºOÛ|�O¶_�h®C�C�]�]�y�]�����]�9�iÁ_���L�A���]�C�������]���[�_��Á_Ï_¶9�i½©�O�9®C�]���O�_�_�ëÅ�y�_�C�
�P�9�9ÄO¶9�j¶_�=�J�-���O�9�_�L�j�c�A�=�yÆ_ºk³´�C�y¯Ê²6°´ìí±¿Á���µ_¶��O�9�]�j���6�j�S�_�C�a�O��Î��C�]�a���W�A�=�O�9�O±á�PÏ_¶9�C�a�:�c�O���]�:�9���C�¹�6¶9Õ
��¬�C���C�]®C�Oµ¼�C�Ë�Oµ9�]��Ï_¶9�C�jº6àL�aµ9�:¶9�jÁ����C�È�O��Î��C�]�|�Oµ_��Ï_¶9�C�Ë®j�6�|�j�c�]�O¶_�9¬�C�+µ_�c�|�_�C�È�O¶_��Äc�C�Ë�_�Kµ_�O¶9�W�]�VÅ�j�=�C�jÁÊ�O�c�
¬�C�_¬�K�_�C�a®C�:�9���C�¹µ¼�O¶_�S®C�C�J�O�9�]�j�=�����]�6�:�=�´®j�6�S���¹�W�j×c�O�_�9�j±��j�c�a�:�c½É�]�c�=�O¶9Ä6�L���6�:�c�A���:�iÁ��H�îÅ�C�aµ_�j¶ë�6�9�W�O�]�&¬�
µ_�6���:�ïµ_�O¶9�W�]�VÅ�j�=�è��c�]�j�=�W�]�C����·����6Áaµ_�j�]±��C���_�o�W�O�9�_�j���j��µ_�=�·½V�O�9�_�j¶_�Y�_�o�W�C�P���9¶_��Ä6�C���C���_�ç�9�O¶9�
�Ã¬�C�6�6�����j�S���j¶_�Â®C�O�6�W�j�O¶iº
~Ë���O�9�]�j�������]���O�Ì�_�¹�©�kßJ�9���6�j�=�´½[�=�6���ç�=�CÏ�¶9���j�=�´�_�C�y�S¬�C�]�C®C�]�j¶_�=�J�C�ð¬�C�H¬�j±á�j�6�]�J�Oµ9�]��Ï_¶9�C�¹�=�H½[�=�6���_���ñÅ���_�C�
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�]�j±YµÈ¬�j�]���H¶_�=�C��µ_�=�O®Câ9�C����¶.-i¬�j�=�ç�6�9�]�6�:¶�� ¾�Æ6°0/o�_�CÄ9�O¬�C�21h�C�P�W�¶9�H«CºÈày�c�9�ê���o®j�·�ê�-�k�4�_��ÁÈ®C�C�:�ï��¬�C�_¬�
�=�j�9��¶Ñµ¼�6�]�]�:�9���oµ_�6�´�©�k¶9�]�������A���]���O�ï�-�k¶_� ®j�=×6�c�]�A���êÅ�ëâ&¬�C���:¶_±Ó���PÏ_¶9���_�ð�=�H½[�=�6���_���]�A�c�6�����C���:�9�]�A�]¶_±á�j�6�]�
½©�O®j�c¶9ÕðÅ�y¶_�9�J�]�j±�µ&¬�j�]���A¶_�=�Â�_�ÜÆ´¸.�C�S���K�_¬�C���C�]®C�Oµ¼�áÅ�´Æ6äy¸0�j�6�9�:�=�O�iº_~-�´��¶_�9¬�C�a�_�K�9���L��¶��_¬�C���C�]®C�Oµ¼�
½[¶9���P�:±����_¬�C�ðµ_�6�´�:�ç�9¬�C�]�j�=�6�Y�j�ÑâÈ¬�C���:¶_± �j±��_�6�=Ï_¶È¬�C�çÅ�ð�¼�O�=�Ñ��¶ï�A�·�]�C���P���]�èÏ�¶9�S�j�=¬�jµ_¶9���A�����ê�6¶ ®C�O¶_�=�
��¶è�]�j±�µ9�Êº2~i���_¬�C���C�]®C�Oµ_�´�_��ä_ºkå�±ñÅ�C�A���L�_�¹�_�:�6±�Å�C�A�=�y�·�P�:±��j�c�A�����L�j�¿½[�����]®C�j�6¶9Õo�:�c½[�]�6�=�9¶9Ä6�C�KÏ_¶_���A���
�:�9�]�A�W¶_±��j�6�W�a½©�O®j�c¶9Õ�3

4 �[�_�51SÙ76.3�®j�c±Ö¬�j�]�´�:�c½[�]�6�=�O¶9Äc�y®C�O¶9�_�]�6�c�K�:���_�6�9�_�¹Æ¼ºk³´¾Ü¯Ê°�ì-± �C�Üµ¼�j�]±��C�]�A�c�6�a�_��µ_�=�j�9���=�
�_�C�Kµ_â9�6�]�c�¹Å��â_�6¶9�]�y�9¬�C�]�6�:¶9�]���O���-�Ú�6Î=�C�]�a���]�A�=�9�9�O±���Ï�¶9�C�ÊÁ

4 �[�_�LÛ&æK�Lã53?µ_â9�6�]��¾�µ¼�6�:�6�=�:±�Å�C�H�=�Kµ_�j�W±��C�]�A�6�c�È�_�L�S¬�C�]�C®C�]�j� �P�782¶9ÕÑ¬�j±����aµ_�6�È¶_�9�L�W�O¶_�=®C�J�j�6�A���
Æ_ºk³´�C�KÆ:99äyì-±�Á

4 ��;.�'3_�Aµ_�C®C�H�=�O±�Å�C�A�=��Å��®C�O¶_�=�]�L���O�9Ä9¶9�j¶_�a�-���9�9�_�L�j�6�A���yÆ_º<9��C�=9O³�ì-±�Á
4 ~:;.�'3Ë�Aµ¼�C®C�A�=�O±�Å�C�A�=�ÖÅ�ëÄ9�]�6�9�_�����O�9ÄO¶9�j¶_�Y�-���O�9�_�è�j�6�A���9%/è�C�ë¯j²6å_ºk°èì-± Ï_¶9�ð�9�O¶9���������O�9�
�Ã¬�C®j�=�:�=�L�j�¿�Ã¬�C�A�·�P�©º

qJr?> @BASv�Aa{|uDCE v-},F?ui},G´z E FÔx EIH � }HtJF?u�v|z�K E tauML�N O

P�QSR�QTP U 30V�WÈ1SX·5�V�X�YÈ365 ?�Z5\[ Z5�36/']45
^a�O¶9���9�O¶9���:�c��¬�j�=�C�W�]�j�=�O�c�ñ¶_�9��Ï_¶9�j±��j�c�ð�6¶ ®C�O¶_�=���_�ë®C�ë�A�]�Ê�������L�6¶��Aµ_�C®C�H�=�O±�Å�C�A�=� Å� ÄO�]�c�9�_�

���O�9ÄO¶9�j¶_�J�-�Ú�O�9�_�o�©~:;.�_«SÏ_¶9�-½©�O�9®C�]���O�_�_�����L�j�ë¶_�o±á�O�_���9¬�C�]�j�6¶��_�L½[���:�9���ê�9¬�C�]�6�:¶9�]���O�Ö�ÉÞ`_ ab a�cÆ6³cä6«&�C�a�j�o¶_��±��9�_�yØi�6�_�=×c¾�Û�¬�j�=�6�ÜÅ�Yâ_�6¶9�]�y�9¬�C�]�6�:¶9�]���O�ç�©Þ c ¯jä6ä6äcä6«Cº
~Ë�Ú��9�W�A�]¶_±��j�c�+~d; �´�C�]� ®C�O�9�]�]���A¶&¬�È�_�È�H�=�6���-®C�O±�µ¼�6�A�6�c�]�C�Ëµ_�=�:�9®C�:µ_�����C�jÁ6���Ãµ9�:�6� ½©�O®j�·�2�\ØÈÛÈßJ«-�=�H½[�=�6���_���
Å�Â�:�J�]�j±�µ&¬�j�W���A¶_�=�Ë�_�&�V�ÐâÈ¬�C���:¶_±Ô�P��Ï_¶9���_�6ÁO�C�|�_�j¶9Õ¹±á�O��¶9���C�Ë®Câ_�6¶9�_�e3Ê�V�Ð¶_�9�P�_¬�S�_�È�A�W�����]�j±��j�c�+�6�_�·�P�cÄ6��Ï�¶9�
�\ÙLÛÈßJ«YÏ�¶9�J®C�O±�±��c�9�_�o���C���_�gfÜ¬�j�=�j�c�]�ê±ï¬�C®j�6�9���A±��C�jÁS�����:±��j�6�W�ð���C���S¬�C�]�C®C�]�j¶_�=�����c�9���P�ëØÈÛ&ßyÁË�C�
�A�W�����]���P�C�L�W�PÄ9�_�6¶9Õð�=�_»®j¶9�ihi�V�Ð¶_�9�P�_¬���_���A�]�����]�j±��j�c�L�O¶_±ï¬�j�=��Ï�¶9�o�\àyÛ&ßK«hÏ�¶9�Ë®C�O±Y±��6�9�_�����á~d; �ëµ_�6�
�©��ÙLÛÈß �C�y�O¬�j�������]���©���:�6�W�j�4½É�·®C�á�Ê�6�C®´�����]×9�]�jÅ�j±á�L�_���_¬�C�H¬�j±Ö¬�C�A���P�J��¶ë�A�·�]�C���P���]�6º-~í��ØÈÛÈßÔ�C�]�L�:¶9�È±èÇ�j±��
®C�O±Yµ_�6�_¬�a�_�J�A�=�6���È�W�O¶9�=¾[�]×9�]�jÅ�j±��C�e3��©���Oµ9�]��Ï_¶9�6Á_���C�S�Ã¬�C�]�C®C�]�j¶_���È�C�S���C�ÃØi�6�_�=×c¾�Û�¬�j�=�6�jº�~i�yµ_�=�j±����j�&�]�O¶9��¾
�]×9�]�jÅ�j±���®C�O±�µ_�=�j�9�Ñ¶_�ë®C�6�����:±����]�j¶_� Á+¶_�ï�9¬�C�]�j�6¶è�C�¹¶_�9���9µ9�]��Ï�¶9���_�ñ���H½V�9®j�������A���]���O� Ï�¶9��¬�C®C�:���:�=�����
�]�9¶9�=¾[�]×9�]�jÅ�j±á�Ã�S¬�C�]�C®C�]�j¶_�Cº9~-�7j�Ä9¶_�=�y¯6º:¯J±��O�c�A�=�S���K®Câ9�j±��:���Oµ9�]��Ï_¶9�a��¶á½É�����]®C�j�c¶����6�9�&�©���:�9�]�A�]¶_±��j�c�
�Ê���c�6�J�:�6�_¬�CÄO�]���W�P�9����¶oØi�6�_�=×c¾�Û�¬�j�=�6�jº_~i�´®îâ_�6±Yµo�_�´��¶9����¶è�_¬�C�P�C�W®C�Oµ_�´�C�]�Ü�9¬�k8a¬�C®Câ9�Òµ_�6�h�P��±��:�=�6�:�y¯
�C�a�6�]���P�c�y�6¶êµ9�:�6�ñ½V�9®j���?��¶�±��:�=�6�:�aÆ_ºl1S�J�_�j�]�9���j�Kµ¼�j�]±��C�a�_�y���C�]�A�=�C�:�9���=�L���L®Câ_�6±�µ��_�J��¶9�L��¶�®C���C�
Å��¯6ºkåc³:mí�V�P�:±����]�L�_�J�_�gfÒ�]��®C�]���O����¶Y�_¬�C���C�]®C�9µ_��Å�ê¯c¯jÀLì-±�«Cº9�L���6�j�]�]�´µ9�:¶9�a���6�:��Ï�¶9�J®C�K®Câ_�6±�µY�_�J��¶9�
�C�]��µ9�:¶9�¹µ_�C�W�P��Ï_¶9��®C�C�]�]���������j¶_�Cº�1S��±��:�=�6�:�L�C�]�´�j�6�W�O¶_�9¬�´�-�k¶_�ç±��:�=�c�� ®C�O�9®C�j�c�A�=��Ï�¶9���_�ê�9¬�=Î��C®C�W�P�9�
�ij2�Ì�_�ê�j�Ð�ifÒ�]�6�9®Câ9��J�_�C��µ_�=�O�9�©Å�j±á�C�L��¶9�¿Å���:�¿�¶_±á�VÅ�j�=��µ_�6�]���]���]�6º-~í��½[�����]®C�j�6¶çµ_�·�]�]�ê�����O���¹µ_�6�J���C�
±��:�=�c����J/_Á\9��C�L³��j���6�c�a�-�k���]�W�C��9�����¹�����]�O¶9��¾[�]×O�W� Å�j±��´Ø2�6�_��×6¾�Û�¬�j�=�6�Êºn1h�C�]�]�y�H¶9®C®C�C�]�]���O�ë�_��±��:�=�6�:�=�
��µ¼�O¶_�J�_¶9�a�_�y�=�j�9���=�´�P� ½É�·�P�W®C�j�6¶oµ_�6�W�����VÅ�C���6º

~i���]�O¶9�=¾[�W×O�]�jÅ�j±���Ø2�6�_��×6¾�Û�¬�j�=�6�´�C�]�êµ9�:��®i¬�oµ_�j�]µ¼�j�9�_�P®j¶9�\���:�=�j±��j�c�ð�6¶ ½[�����]®C�j�6¶iÁË�C�Y®C�O�9�]���]�]���j�
¶_�9���=�O¶9���A¶_µ_µ_�9�=�A�6�c�y�_�j¶9Õç�:�c�]�j�4½�¬�j�=�9±ñÅ�C�A���C�KØi�6�_�=×c¾�Û�¬�j���6�jºi~-�o�=�9¶9�ñµ¼�j¶9�oÇ�C�A�=���9¬�CÄ6�A¬�C���j�çÏ_¶_���A���
µ¼�6�]���]���O�9�e3Â���6�9�o�©�k¶_�9�6ÁÂ�P�Ì½É�����]®C�j�c¶.µ_���]�]��Å�ï�A�]�Ê�6�j�=�����Ö�]�9¶9�=¾[�]×9�]�jÅ�j±á�6ÁÃ�����O����Ï�¶i�����´�C�]���O�9�]®j¶_�=®C�
���6�9�ë¶_�9�Ö�6¶9�A���Í�\�:�9���]�:�����j±��j�6�çµ_�9¬�C��¶�µ¼�O¶_�o±��C�H¶_�=�j�����ï®C�O¶_�]�6�c���-���O�9�]®j¶_���P�_¬�j«Cº&ày�6�9�o���C�è�_�j¶9Õ
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µ_�6�]���]���O�9�y���C�]�A�6�c�]�C�jÁ_�©�k¶_�è�O¶è�©�k�6¶9�H�=�y�_�C�LØi�6�_�=×c¾�Û�¬�j���6�S�C�]�Üµ9�:��®i¬�ñÅ�Y�A�]�Ê�6�j�=�Â�P�´½[�����]®C�j�6¶è�C�Lµ_�j�]±��C�
¶_�9�ê±��9��¶9��·�]���O�ç�Hµ_�C®C�A�]�·�P�ë�\ØÈÛÈ~Ñµ¼�O¶_�L���C�yÄ9�]�6�9�_�C�L���O�9ÄO¶9�j¶_�=���-���9�9�_�¹�C�´ØÈÛÈ�ëµ_�9¶_�L���C�y®C�O¶_���]�C�
�P�9�9ÄO¶9�j¶_�=�J�-���O�9�_�j«Cº�~í�L½[�����]®C�j�6¶��C�W�Ü�����O���K�9¬�k8a¬�C®îâ9�-µ_�6�h�P�C�L±��:�=�6�:�=�Lµ9�:�6�9�Lå��C�K°Y�A¶_�S���¹�9¬�C�]�j�6¶�Ï_¶9�
�_�P�Hµ_�j�=�]���:�Y�¶_±á�VÅ�j�=�6Áiµ_�6�K�9¬�k8��CÕ9�P�9���A¶_�a����±��:�=�6�:�JÀ_Á_�A¶_�Â�_��Õ��Ã¬�C�]�C®C�W�j¶_�=�a�_�O�c�K���C�J®j�6�]��®C�_¬�j�=���]�]��Ï_¶9�C�
�]�O�c�ñ¬�C�A�c�9�P���C�J���6�9�J�P���A�c�9�P�j�c¶ç¯6º:¯cº�~i�¹µ_���j±����j�CÁ-��;�¯6Á_�C�]�K¶_�è�S¬�C�]�C®C�]�j¶_�S�j�¿Ä6�j�]±��6�9�:¶_±
�_�Oµ&¬�y�6¶
�_�j�=×9���P�:¶_±�Á�* ��3kÝ&�6º-~i�C�L®C�:�9Ïç�A¶9�����6�c�]�jÁ-��;.ÆÊ¾�³��C�L~:;�¯��]�O�c�L�_�C�L�S¬�C�W�C®C�]�j¶_�=�L�j�èÄ6�j�]±��c�9�¶_±Ó�9�O�
�_�OµÈ¬�C�a�6¶YÄO�������:¶_±�º�~i�C�a�S¬�C�]�C®C�]�j¶_�=�yÅ��µ9�:¶9�KÄ9�]�6�9�_�J�P�9�9ÄO¶9�j¶_�S�-���O�9�_�ê�É~:;.ÆÊ¾�³6«Ë�W�O�6�S�j�YÄ6�j�]±��c�9�¶_±
�_�OµÈ¬�C�K�c¶�ÄO�������¶_±¿º
+�,.-�
Â¯6º:¯ 40/�12�.�3�4��!5�6�879�:���;���<������74=>!5�;=	�6� ?@� �6�<A8!�B �6��!5�3!5�DCE!F�HGI!KJ�4�L��M4�L�6�<ALC3!#�N$O%�'&)QP#RS AT�DCL�.��M4����U<���8�����VRXWYCD�Z?[�\��]��^P&_<P(R\_T` ¬a S Ab�DCL����M4����U<���c���d��R\_T` ¬a W<)àë¬�C�W�C®C�]�j¶_� ãÈ×_µ_� eÖ�\ì-±�«

��;�¯ *L��3ÐÝÈ� 9%/Ê¾�³6ä¼ºk³
��;.Æ *L��3f*´���©�9��« 9O²_ºk³�¾�å:9
��; / *L��3f*´���©�9��« ³6°Ê¾�°cä
��;B9 *L��3f*´���©�9��« å6°Ê¾�ÀcÆ
��;.³ *L��3f*´���©�9��« °6åÊ¾�²0/
~d; ¯ *L��3f*´���©�9��« À:9·¾A¯6¯jä
~d; Æ *L��3f*´���\��« ¯jä�/Ê¾A¯ÊÆ6À
~d; / *L��3f*´���\��« ¯jÆ�/Ê¾A¯Ê³6Æ
~d; 9 *L��3f*´���\��« ¯ 9OÆÊ¾A¯Ê°_¯
~d; ³ *L��3f*´���\��« ¯jå_¯H¾A¯Ê²6°

1S�:�9Ïï�-���j�6�H�=�ê�j¶9Õ ®C�O¶9�����j�6�����o�_�O±Y���:�9�ê�_�����O�9ÄO¶9�j¶_�á�-���O�9�_���j�c�A�=� 9%/è�C�á²0/oì-± �Ê�6�C®�¶_�9�
��c�=Ä6�j¶_���_�o�_�6�9�_���j�c�A�=�o°¼ºk³��C�o¯Ê°oì-±�º&~i�C��®C�:�9Ï �c¶9�A�=�C��®C�O¶9�_�=�j�c���P�C�����O�9ÄO¶9�j¶_�=�Y�-���O�9�_���j�c�A�=�
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À:9��C��¯j²6°Yì-± �Ê�6�C®¹¶_�9���:�6��Ä6�j¶_�J�_���_�6�9�_���j�6�A���áÆcå��C�J/6åYì-±�ºi~i�ê�]�Ê×6�O�_�9�j±á�j�6�Lµ_�=���6�j�_�6�c�K�_�C�
µ_�=�j±á�P�j���ê�C���]�C®C�O�9�_���O�=���=�C�Y�_�o�_�gfÒ�]��®C�]���O� ��¶ �9¬�C�]�j�6¶ �C�]��½©�O®j�������_¬�o�A¶_�Y�_�C�êµ_�c�]���]���O�9�oµ_�=�9®îâ9�C�jº
~i�C�Â�Ã¬�C�]�C®C�]�j¶_���a�]�O�c�a�����]�j�]�&¬�C�aµ¼�O¶_�a�9¬�jµ_�O�9���=�L�6¶9Õ�®C�O¶_�=�]�C�Â�C�h�c¶9ÕêÄO�W�6�9�_�C�a���O�9ÄO¶9�j¶_�=�Â�-���O�9�_�6º��&�
®C�O�9�_¬�CÏ_¶9�j�9®C�6ÁO®Câ_��Ï_¶9�K�S¬�C�]�C®C�]�j¶_�&�=�_»®C�6���S�A�yµ_�=�9µ_�=�K���O�9Ä9¶9�j¶_�S�-���O�9�_�L±������ê¬�CÄO�·�P�j±á�j�6�&�P�C�a±�¶9���]�:µ9���C�
�_�a®C�C�W�]�S�_�j�]�9�VÅ�j�=�aµ_�=���6�j�_�6�c�|�_�C�Ã�6¶9�A���C�Ë�O�=���=�C�Ë�_�S�_�gfÒ�]��®C�]���O����¶��9¬�C�]�j�6¶iº:1S�C�����C�=¾[®C�i�]�O�c�+���W��¬�j�9¶È¬�C�C�
µ_�6�h�_�C��j����A�=�C�Kµ_���W�]�H¾��_�6�9�_�6º�~i�C�Â�Ã¬�C�]�C®C�]�j¶_���Ã�W�O�6�a�=�H½[�=�6���_���¹Å�´�:���]�j±�µ&¬�j�]���A¶_���K�_�L�©�kâ&¬�C�P�:¶_± ����Ï_¶9�P�_�
�=¯cºkÀê¸L« º2~i�C�yµ_â9�c�]��¾[®C�O¶_�]�c�6�]�J�_��®îâ_�·®j¶_�o�_�C�´�Ã¬�C�]�C®C�W�j¶_�=�K�W�O�6�L��®C®j¶_±�¶9�A¬�C�J���6�9�L�:��®j�6µ_��®C���_¬�¹�-�Ð¶_�
�6±Yµ9�P�gj�®j���W�j¶_�È�:�c�_¬�CÄ9�]���]�j¶_� �C�Ë®C�:�9Ï ¬�j±��C�W�]�j¶_�=�|��c½[�]�6���O¶9Ä6�C�Ë�]�O�c�È¶9�]��������¬�C�Sµ_�O¶_� ®C�O�6�H��Ç�6���j�|�:�L�]�A�c�9�P�����_¬�
�_�´��Y�O¬�jµ¼�O�9�]�L�_�C�J�Ã¬�C�]�C®C�]�j¶_���jº
P�QSR�Q R � *��È5Ñ3 Z5�	�5�/'Y

~i�O�=�]Ï_¶9�J�P�y�9¬�C�]�j�6¶Y�C�]�S���6�9�S�A��µ_�c�]���]���O�o�6¶��=�jµ¼�6�jÁ9���J½É�����]®C�j�c¶���9®C���_�j�c�K�C�W�Ã�:�9®C���:�È¬�´�_�yå6ä�
aµ_�6�
�]�cµ_µ_�O�=��Å���:�ëµ_�j�]µ¼�j�9�_��®j¶9��·�I�=�ð�c¶Öµ9�:�6�ï�9¬�C�W�j�6¶iº��È�Ì½É�·�P�H�6�6�´�kf-�C®C�A¶9�j�êÅ�¿®C�ê�_�j�]�9���j��¶_�9���=�6�H���]���O�
�j�c�A�=��¾�° 
 �C��L° 
 Ái���ê®C�j�c�A�=���_���:�o�9¬�jµ_�O�9�]���Aµ¼�C®C�A�]��������¶ç�9¬�C�]�j�6¶è�C�]�¹�_�·��Ê×È¬�����6�9��¶_�9�ê�_�6�9�_���_�
���O�9ÄO¶9�j¶_� �-���O�9�_�ð� j�ÄO¶_�=��¯6ºkÆ6« º�Ù �V�Ú�O�=��Ä6�:�9�6Á-®C�ê�_�·��Ê×O�·Ä6�y�_�C��������Ç�C�H�=���kfí�C®C�H¶È¬�¹�c¶9�]�O¶_�J�-�k¶_�ë�6�9Ä6���
�_�$/_ºk³ 
 Á-�_��±��6�9�©Å�j�=�ÌÅ�¿®C�êÏ_¶9���P���_�O±��·��9���_�����O�9ÄO¶9�j¶_�´�-���O�9�_��®C�O¶9�6�j���¹µ_�6� ®îâ_��Ï_¶9���Ã¬�C�]�C®C�]�j¶_�
�=�C®C�9¶9���=�Y�]�O�ë�6�c�P�W��Ì�_��Ï�¶9�C��Ï_¶9�C��±���®j�=�O�9�jº|~i�ê�_���:�Ê×O��Ä6�ï¬�C�]�j�9��¶ Å��° 
 ��µ_�j�W±����jÁË±���×6�j�_�_�6�c�Ü¶_�
®C�|Ç¶9�Â�j��µ_¶9�P�W�A�6�9®C�y�_���]�W�µ&¬�C�¹µ9�:¶9�o¬�C���C�È¬�C�6Á6�-���9�9�]�j�9�:�K¶_���=�C®C�9¶9���=�j±á�j�6�aµ_�6�=�W�P�C� �_�C�KâO¶9���a�S¬�C�]�C®C�]�j¶_�=�
®C�j�c�A�]�6¶9Õ�µ_�6�Ë���j¶_�=�aµ_�=�9®îâ9�C�S�6�c�P�W��9�Êºn1h�C���µ_�9¬�C�]�j�c�A�����Ã¶_�����]�O¶9�S±���Î=�j¶_�Ë���c�9�È���L®j���È�-�Ð¶_�ê±��c¶9�������
½©�O�9®C�]���O�_�9�j±��j�c�J�-�k¶_���Ã¬�C�]�C®C�W�j¶_�Cº

ã-�O¶9�����C���Ã¬�C�]�C®C�W�j¶_�=�ê�W�O�6����®C�]�Ð½©�ê�W�±�¶9���A�6�&¬�j±��j�c�jº��&�Ñ®C�ç±��9�_�ë�_�ð±���×6�j�_�9�ç�9¬�C�]�6�:¶9�]���O�iÁ&��
�9¬�C�]�6�:¶9�]���O�ë�Hµ_�C®C�A�]�·�P���_���V�Ú��9�W�A�]¶_±��j�c���C�y�_��ä_ºkÆ6²�ì-± �j�c�A�=� 9%/�ì-±Ó�C�¹²:9?ºkå�ì-±�Á-®C�O�W�=�C�Aµ_�9�9���6�6�
�6¶9Õ�®j�6�_�6¶9Õ��_�y®C�9¶_�=�]�C�S���O�9ÄO¶9�j¶_�=�J�-���O�9�_�ê�©��;�¯Â¾h��;.³6«&�C�a�_�yä¼ºkå6ä´ì-± �j�6�H�=�y²:9�ºkå ì-±��C�L¯j²6å¼ºk²
ì-±�Á_®C�9�]�=�C�Aµ¼�O�9���6�c�K�6¶9Õ�®j�6�_�6¶9Õ��_�LÄO�]�c�9�_�C�a���O�9ÄO¶9�j¶_�=�J�-���O�9�_���©~:;�¯ 4 ~:;.³6«Cº
P�QSR�Q�� � *��È5��Ë/��È3������ Z5?36*'X

1S�O±�±��&�j��±��O�_�a�9¬�C�]�j�6¶iÁC�W�O¶9�Ë���C�Ë�Ã¬�C�]�C®C�]�j¶_���Ò�]�9�6�Ë��®C�]�Ð½©�Ë�]�:±¹¶9���A�c�È¬�j±��j�c�jº�ã-�O¶9�W�H½V�6���jÁÊ���K�9¬�C�]�j�6¶
�C�]�a�9¬�CÄ6�A¬�aµ_�9¶_�ÈÏ_¶9�J��´�A�W�6�9�A±����]�]���O�Y�]�6���a±���Õ9�:±�������Å�y�©���9�=���=�a��¶�Øi�6�_�=×c¾�Û�¬�j���6�+�cµ_µ_�=�Oµ_�=�H¬�6º�1S�C�:¶9�Ð¾[®C�
�C�]�È�·�P�9�=�Ã¶9�]�������_¬�Jµ_�O¶_�&�_���:�j×c�j�Ë¶_���:�6�]�j�����������y�6¶9�]�O¶_�|�_�Â��J���O�9Ä9¶9�j¶_�È�-�Ú�O�9�_�a�Oµ9�]�:±����_¬�C�y� j�ÄO¶_�=�y¯cºkÆ6«Cº
~i�C�´�_�O�_�&¬�C�C�J®C�O�]���C�Aµ_�O�9���c�6�]�C�êÅ��®C�C�L�9�=���=����¶èØÈÛ��]�O�c�K�_���]�C� ¡2�������jº�1h�C�P���C�´®C�O�]�=�C�Aµ¼�O�9���6�c�y�6¶9Õ
�6¶9�H�=�C���O�=���=�C���]�O�c�y�_���]�C�è��¨6���:¡2�������Êº+~í�C�á�c¶9�A�=�C���O�=���=�C��µ¼�j¶9�6�j�6���]�9±¹�¼�j���i���:±�µ_�O���]�ê�-Å¶ç�A¶_�á��
®C�O¶_�W�_�y�_���9¬�jµ¼�O�9�]�L�Aµ¼�C®C�A�]�����´��¶o�9¬�C�]�j�6¶iÁ9®C�yÏ_¶9�Ò�=�j�9�è��á®j������_�W���]���O�è�_�y®C�C�a�_�9�_�È¬�C�C�a�_�! ê®C�����6º"�&�
®C�a±��9�_�S�_�hâ_�c¶9�]�a�O¬�C�]�c�¶9�W�P�9�L�Aµ¼�C®C�A�]�����6Á��:�Lµ_¶9���]�A�6�9®C�a�_�a�9¬�C�]�6�:¶9�]���O� ���6�=���a�j�c�A�=�SÀ_¯jä6äÂ�C�ËÀ6³6ä6äJµ_�O¶_�
�©���:�c�]�j�=���·�P���a�_�&���O�9ÄO¶9�j¶_�|�-���O�9�_�#9%/&¾-°6äSì-±�ÁC�C�|�j�6�H�=�Èå6À6ä6äh�C�Ò²6°6ä6äÂµ_�O¶_� �©���:�6�]�j�����������K°6ä&¾Ë¯j²6å_ºÐåÈì-±�º

P�QSR�Q�# � *��È5�	o*��$	�5?3&%-/�X·14*�[�[&5\]'	(�&5 ]*)I1T[$	iX·30YÈ,.5�[�X,+ U.-0/21
~i���Aµ¼�C®C�A�=�O±�Å�C�A�=��~:;.�çµ_�6�W� Å�C�_���]�jµ9��±��O�_�C�L�-�Ú�O�9�]�j�=�����]���O� �\ÙJ�Lãa« 3?�_�j¶9ÕÖ±��9�_�C�L�_�ê�9¬�C�W�6�:¶c¾

�]���O� ±���×6�j�_�9�ð�©~-ä¼¯6Ák~-ä6Æc«CÁ��_�j¶9Õç±��9�_�C�y�_��â_�6¶9�]�ê�9¬�C�]�6�:¶9�]���O� �É~-ä�/_Ái~-ä:9O« Á-¶_�Ö±��9�_���_���Hµ_�C®C�A�=�·¾
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�����������������"�6�c74�����Y!5�V=	�6� ?@� �6�<AY!�B �6��!5�YM��[�\U<��A ���@76A�MD��7FM6�<�8!5�DCK!KJ�4� ��M4�L�6�<ALC��
�@76A =	7 AT�\�L72���	�6� !#�(A J�DC���7[� 75�\�L�[�<A !5�;C�7N�.�4CD�����	�6� ���6������74=	���>74���\CD���d� �3= �DCN�<AT!2AT�DCE!#� A J�DC���7[�
�4�Y=	7 AT�[� ����� �\���H=H� C.J���4)�$.�DC A J�L?\� �<�\C���� � 7[�<��� AT�L�#A J�DC ���d�L������=	�DC8!5�6�874�����DC8!5� =	�6� ?O� �6�<ALC8!�B �<��!5�
���6������74=	�DC4)������	��
!�#"$��%&�'
(��)*�+��,�= J���c���d��CL�.��M4� AT74= !#�3C ��M��6��!(�6AT!2Ab� !#� A J�DC���7[� S ��� AT�[� ?d�LW.-7(�<�
76� ?2=	��!#�;A J�DC���7[�c!5�0/'1<)32�465 )#$.�DC��<AT!2AT�DC"7F!7��7 M����d��CKC��6��� 7[�9CDCD��AT�L�#A J�DC����d��J�DC��&74���\CD���d� �>= � ]\=�� AT���d�9�
����AD�8�4� !5��C.J�D=	��M4���	�6�5����A��<�"C��6�9=5�6Ab!2AT�4)8�9�3�:�+
�����<;=��>�8�QAT�6]\=5!�B ? ��A 1 !�B �<AT!2AT��� !#�����EC6� �.��A ���4C.J�
-7 = 7 � AT76�\C����HCDC � �<�(!#�8A J�DC���7[�\)&$.��!5�6�874������!5� =	�6� ?O� �6�<A"!�B �6��!5�K���[�\U 76�d�A@�4� AT�CB 74=	7�1"J� �@76AK=	�0���
�@76A J��M�7<A��L���8�����Q!5�DC�?[AL�H=H=	�DC��DC4��AT�L�#A J�DC������dJ���@7<A�=	7ED:-��M ��� U<��A �L�4)
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µ_â9�6�W�O±ï¬�C�H�=���Ë�j�¹�_�c�9�_�ê¬�C�A�=�6���]�K�É~-ä6Æ6«CÁÊ¶_�y±��9�_�aµ_�6�]�����VÅ�C���aµ_�j�]±á�C�]�A�6�c�-�_�a�9¬�j�·�P���]�j� �_�C�Ë�O�9�]�j�������]���O�9�
���O�=�WÏ�¶i�k¶_� �6¶9�A�=���:�9�]�A�]¶_±á�j�6�´�C�]�y��®C�]�Ð½a�C�y¶_�ç±��9�_�ê�6µ_µ¼�C�A¬�� 2�Ê�=�j��� ��¡ �\§©ª��ð¨Ê�6�yµ¼�j�]±��C�]�A�c�6�L�-���9�c¾
�]�j���6�j�S���O�=�]Ï_¶9�y�����_¬�C�P�C�W®C�Oµ_�´®îâ_�6�9Äc�L�-���O�=���j�c�A���]���O�iº\1h�C�K�_�gfÜ¬�j�=�j�c�]�a±��9�_�C�K�W�O�6�J�O¬�C�A¶_±ï¬�C�S�j� j�ÄO¶_���
¯6ºg/_º

Modes 

"serendipity"
parallele et 

LWS

R = 200 R=10000

photometrie spectroscopie

raieraie

L02 L03L02 L04L01

spectre spectre

���	�V
|¯6ºg/ 4A�K��� J��AT���d� C �c�2!5�DC>��B9C���A�U�7\���	�6�5���D=HC�!#��$&%(' S U<�9�:AK�L�DG&�L�LW6)�$.�DC ���2�L7\���	�6�\C��	CL�.��M4� AT�	�"�4�
��Ab74�	�	�"����A �8�4�D�L�����>!5�8!F�
��J��AT����MD�	��A3�<�#B 74=	7T1d7�?d� C<�<A;�<� �:���L��A�U 74=H=	�3���N=	�6� ?O� �6�<A !�B �6��!5�"�d= �9C;�5�
�8�9�:�\C"M��[�<A�� )

qJr�� @�w K��waviu E K E tau x E FÔx CE u E {|u E zLv�F
P�Q ��QTP � WÈ/i,�� �È5 %�YÈ5

~i��®Câ_�6±�µ �_����¶9�Y�_�ê�©���:�9�]�A�W¶_±��j�6���C�]�L����µ_�=�9��¶9�P���_���:��®C�O�c�6�6�:¶9�]���O� �j�6�H�=���:�oÛ&�9Ø����Ã¨��Ë�j�
 c¡2�=�A�6�����9��¢Ê§ �I¨6�i«Â�C�K����µ_�=�:j��|�:�9�]�A�]¶_±��j�c�A���Ëµ_�9¶_�a®Câ_��®j¶_�è�_�C�L�Ã¬�C�]�C®C�W�j¶_�=�jº��É�Ë�C�]�Ü�cµ_µ_�6�]¶�Ï_¶i�k¶_�9�
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�O¶9�6�j�=�A¶_���È®C�:�=®j¶9�:���:�=�S�]�:±�µ9���K�9�Ãµ¼�O¶9���·�P�Èµ_�·�Ò�=�jµ_�=�9��¶9�:�=�S�V�Ð���]×_±Ö¬�C�A���P�&�O�9�]�j�=�&¬�C�Ë��¶ ®îâ_�c±�µL�_�&��¶9�&�_�
�V�Ú��9�W�A�]¶_±��j�c�jºO~ �y±��9�Ã¬�C�����A���]���O�Y�_�a®C�J®îâ_�c±�µ��_�a�_¶9�Ü�&¬�C®C�C�]�]���]�K¶_�9�J®C�O±��9�:�_�����]�O�Y�j�6�H�=�a�_�C�È�9¶9�6�j�4¾
�A¶_�=�C�S�]�j±��Ð¾[®C�:�=®j¶9�:���:�=�C�y�C�S�]�j±á�k¾[�C�����:µ9�]��Ï�¶9�Ê�jº-~i�C�a�C�W�]�:±����]���O�9�jÁ9�j���]�C®C�9�9�_�C�a�-�k�6�=®J�C�S�j���]�_¬�j�]���_�:�6�9�jÁ
µ_�O¶_�Â®îâ_�·®j¶_���_�C�K�S¬�C�]�C®C�]�j¶_�=�S�]�O�c�K�=�jµ¼�O�=�_¬�C�C�S�j���A�6�9����¯6ºÐÆ_º
+�,.-�
 ¯6ºkÆ 4��&76AL�	72� � �<�N!#�8MD��76�"�(!5��U[� �>!5�K=TB ���\C4� A4�<�8����������� �6��M4� � �<�N!5�DC>!KJ�4�L��M4�L�6�<ALC �\� � =H�HC.J�DC4)àë¬�C�]�C®C�]�j¶_� �L¶9�c�j�=�A¶_�=� àð¬�C�]�C®C�]�j¶_� �L¶9�6�j�=�A¶_�=�

m<m �]�_¬�j�W���_�:�6� m<m �]�_¬�j�]���_�:�6�
��;�¯ °6À ¯6º:¯ 9��Ô¯jä	��
 ~:;�¯ °6å ¯6ºÐä6°��é¯jä	��

��;.Æ À:9 ¯6º /cä��Ô¯jä ��
 ~:;.Æ °6À ¯6º ¯6¯�é¯jä ��

��; / À6å ¯6º /c³��Ô¯jä ��
 ~:; / °6ä ä_ºÐ²6Æ��é¯jä ��

��;B9 À6Æ ¯6º:¯Ê°��Ô¯jä ��
 ~:;B9 å6À ä_ºÐÀ6À��é¯jä ��

��;.³ À6ä ¯6º:¯ 9��Ô¯jä	��
 ~:;.³ å6å ä_ºÐÀ�/��é¯jä	��


P�Q���QSR � *-363c5\V�X61[*�[ �a*�Y&3 ][5�	 	�*�Y&3�V_5�	 Z5�X65\[ �#YÈ5�	
~i�O���]Ï�¶9�S�©���O�á�O�9�]�j�=�6�S�_�C�&�]�O¶_�=®C�C��¬�C�]�j�9��¶9�C�jÁ�®C�9±�±��aµ_�6�|�CÕ9�j±�µ9���K�_�C�S�O¶_��Äc�C�Ë�_� fÒ¶9�&��c�]�j�=�W�]�C�Ð¾

��·����C�jÁ9�P�C�#82¶9Õ��9�9�]�j�=�È¬�C�Ë�_�6���6�j�c�LÇ�C�A�=�S®C�O�]�=��ÄË¬�C�È�-�k¶_�¹½É��®C�W�j¶_�È±�¶9���]�:µ9�P��®j���W�k½Ü���2« º�1S�C�:¶9�k¾[®C� �C�]�È�C�]�W�±ï¬�
�]�O¶9�L�©�kâc×�µ¼�6�AâiÅ�C�W�y�-�k¶_�9���_���]�H�=�:�_¶9�]���O�ë�_��82¶9Õëâ9�O±��6Ä�Å�j�9�y�C�L�A�CÅ�C��¬�C�]�j�9��¶9�6Ái�j�è�]�j�_�6�c�K®C�O±Yµ9�]����¶
®C�O¶_µ9�:��Ä6�L�6¶9Õ����O�_�C�Â�]�C®C�O�9�����:�=�C�S�_�C�a�S¬�C�]�C®C�]�j¶_�=�jº�1h�a½[��®C�]�j¶_�&�_�6���yÇ�C�A���h±Y�6�9�:µ_¶9�A¬�y�Ê�6�C®Kµ_�9¬�C®j�6¶9�]���O�
®j�6�L���6�9�L�:�ë�9¬�j�����P�_¬�6Á?�_�C�y�]�A�W¶9®C�A¶_�=�C�L���6�9�´�P��®Câ_�6±�µë�_���_¶9�êµ¼�j¶9�6�j�6�´�:�9��¶9������_�C�y�_�gfÜ¬�j�=�j�9®C�C�´�]�Ð¾
ÄO�9�gj�®j���]���6�C�J���6�9�K�©���C�W�]�:±����]���O�¿��¶ 82¶9Õiº�1S�C�h½É��®C�W�j¶_�=�a���c�=���j�6�J�-�k¶_���S¬�C�]�C®C�]�j¶_�yÅ�Y¶_�o�6¶9�A���L�C�a�]�O�c�
�=�jµ_�O����¬�C�L�j�ë�H�6�9���ð¯6ºg/_º2�É���¹�j�c�A�]�·Ç��9�j�c�y�_�C���_�gfÜ¬�j�=�j�9®C�C�´�_�êµ9�:¶9���j�Öµ9�:¶9���:±�µ_�O���A�6�c�]�C�êÅ�����O�9ÄO¶9�j¶_�
�-���O�9�_�y®j���6���]�A�6�c�]�6º
+�,.-�
Ë¯cº / 4��&7<AL�	72���	�6� !5�DC�� 7FM4�L�6�<ALC"M��6ADAb��M4����� C������ �6��M4���	�6� !5�DC�!KJ�4�L��M4�L�6�<ALC �\���H=H� C.J�DC>�.�[�<AK=TB �+B9C���A /
U�72���	�6��!5�YC��[�<ATM��DC J�4�L����!#� �DC4) àë¬�C�W�C®C�]�j¶_� ½ àð¬�C�]�C®C�]�j¶_� ½

��;�¯ ä_ºkÀ6À ~:;�¯ ä_ºÐå6²
��;.Æ ä_ºkÀ6À ~:;.Æ ä_ºÐå6²
��; / ä_ºkÀ:9 ~:; / ä_ºÐå6Æ
��;B9 ä_ºk°�/ ~:;B9 ä_ºÐ³6³
��;.³ ä_ºk°6ä ~:;.³ ä_º 9OÀ

P�Q���Q � � / �Ò*�[$	 V_* 	�,01���YÈ5�	
~i�C���]Ä6�����]®Câ9�C���ë�]�O�c�¹µ_�=���6�9Ï_¶È¬�C�yµ_�6� �_�C�Ö¬�C�2Å�j�9�j±��j�c�]�yµ_�=�9��¶9�P�W�����6�9�����C�¹�S¬�C�]�C®C�]�j¶_�=��µ_�6�L�_�C�

¬�C���C®C�A�=�O�9�yÅ�´�A�CÅ�C�ËÄO�]�6�9�_�L�9���]�C�]�]�J�O¶��9���j�oµ_�6�&�_�C�S���O�9�Kµ9�A¬�CÄË¬�C�ÜÅ�´�©���:�6�_¬�j�=���j¶_�&��¶�®îâ_�c±�µê±Y��ÄO�&¬�C�W�PÏ_¶9�
�_�L��Yã-�j�]���6º��©���a�]�y±Y�6�9�Ð½V�C�]�W�j�6�Kµ_�c�Ã¶_�è��®C®j�=�6���]�W�j±��j�6�Â�]�O¶9�����:����¶�®C�O¶_�]�c�6�yÅ���A�W�j�c�j�=�È�:��®j�6µ_�·®C�P�_¬�
Ï�¶9�-µ_�=���6�9Ï�¶9�L¶_�9���A±��c�=®îâ9���´���6�9�a�:���]�6±�µ¼�L�_�K®C�9¶_�]�6�c�h� fí�C®C�_¬�C�6º%1h�C�Ã�kf-�C�]�S�]�J�]�O�c�a�9¬�C�&¬�C�H¬�C�Èµ9�¶9�
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�9�9®C�Ð½V�LÏ_¶9�¹µ_�9¬�C��¶¿�j�o�]�·�P�W�O����¶è�]�j±�µ9�J�A�CÅ�C�S�P�9�9Äê�_���=�C�:��Õ_���]���O�¿�_�C�K�S¬�C�]�C®C�]�j¶_�=�jº�1S�C�o¬�C�2Å�j�9�j±��j�c�]�
�O�c�ê�&¬�C®C�C�]�]���_¬��¶_�Ñ�H�]�����]�j±��j�c�ê±ï¬�C�]��®j¶9�P�j¶9ÕÑ�_��®Câ_��®j¶_� �_�C�ñ�_���:�Ê×O��Äc�C�ê��®CÏ_¶9�P��µ_�6�����C���S¬�C�]�C®C�]�j¶_�=�
�ij2�è�-�=¬�C���±á��9�j� �]�O¶9�L���C�yµ9��®C�y�_� 82¶9Õç�9�O�ë�9¬�C�C���yµ_�=���6�9Ï_¶È¬�C�Kµ_�6�J�©�k�c�]�=���È¬�C�¹���H¬�j���]�6�:�=�´�_�êµ_�6�=�]��®j¶9���C�
®C�6�H±���Ï�¶9�C�jº
P�Q ��Q�# �Ë36/'[��Ò5�	

1S�j�=�A���:�9���_�C�è�Aµ_�C®C�A���C�o�O�9�]�j�9¶9�o�j�0±��O�_�ï�O¬�C�]�j�c¶ �W�O�6���if-�C®C�_¬�C�ê�_�Ñ±��9��¶9��·�]���O�9� � ½[�]�6�9Äc�C�A«
µ_�9¬�C�]�j�c�]�C�L�A¶_�y¶_�9��ÄO�]�c�9�_�êµ_�6�=�]������¶Ì�Aµ_�C®C�A�����_�ê�:�¿�]�O¶_�=®C���9�9�]�j�=�È¬�C�6º�1S�C� ½É�]�c�9Ä6�C�y�6µ_µ_�6�]�·�P�W�]�j�6�
���O�=�WÏ�¶9���©���9�o�9�9�]�j�=�6�´�_�C�y�]�O¶_��®C�C�ð¬�C�]�j�9��¶9�C�J�O¶è���O�=�]Ï_¶i�k¶_�9���]�9¶_�=®C����c�]�j�9�]�Y�C�]�Üµ_���O®Câ9�ð��� / m «a��¶
®Câ_�6±�µ �O���_¬�oµ_�6�ê~d; �iº#1S�C�ñ±á�O��¶9�:���]���O�9���]�:�9¶9�]��� ���������C�o�_�ëµÈ¬�j�=���9�_� Å�çµ¼�j¶Íµ_�CÅ�C��®C�O�9�W�A�6�c�]���]�O�c�
��¶9�C��Å���_�C�y�:�]�9¬�CÄO¶9�:�6�=���_¬�C�K�_�Y��¿�A¶_�4½[��®C����¶ç±á����6�:�yÆ��j�c�A�]��Ç���:�_�6�c�¹¶_�çµ_â&¬�j�9�O±�Å�j�9���-���:�c�]�j�4½�¬�j�=�j�9®C�C�
µ9�:¶9�L�:±�µ_�9�=�A�6�c�Ü�c¶9Õ�ÄO�]�6�9�_�C�J���O�9ÄO¶9�j¶_�=�J�-���O�9�_��Ï_¶i�k�6¶9Õoµ9�:¶9�L®C�O¶_�=�]�C�Êº\1S�C�Â½É�]�c�9Ä6�C�Kµ_�j¶9�c�j�6��Ç�C�A�=�
®C�O�W�=��Ä+¬�C�C�ÃÅ�&�A�W�j�c�j�=�i�V�Ð¶9�]���P���A�·�]���O�´�-�k¶_�y����Ä6�9�=���Aâ_±��Ë�:�9®C�:¶9�Ë���6�9�-���È���6Ä6��®C���C�_�_�Ë�A�]�·�P�W�j±��j�6� �_�Ë�_�O�_�È¬�C�C�jº
P�Q ��Q	� 
�� /i3���05lX 
 )�X636/ ��][1���W�X��
������������� �"!#�%$'&�()�*�,+-�'./�021 �*���,3*4

�È�Y�V�Ð�6�9�]�j�9®C�y�_�L�W�PÄ9�_���-±��C�A¶_�9¬�6Á6���C��¬�C���C®C�A���O�9�S�_�C�K�_�6�9�_�C�a�_�L�������j�9®C�y�_�C�a�S¬�C�]�C®C�]�j¶_�=�&�O�6�a¶_�9�
µ_�=�9�_�6�9���P���_¬�K�9�O���9¶9�P���a�-�\Ç�C�A�=�&�CÕO®C���_¬�C�Ò�Hâ9�j�]±���Ï�¶9�j±á�j�6�&�6�j�=�|�P�C�S�_�6�9�_�C�Ë�_�a®C�O�9��¶9®C�W�P�9�iº6�©�_�j���9¬�C�H¶9�P�W�
¶_�ë®C�9¶_�]�6�c�K�_�´½[¶9�P�W���_���V�Ú�O�=���=���_�o¯jä �%576¹�6±�µiÅ�j�=�¹�cµ_µ_�C�A¬���W���6�98 ��Á_®j�6�]�·®C��¬�j�=���]�W�PÏ_¶9����¶è�Ã¬�C�]�C®C�]�j¶_�
¶9�]�������_¬�6º
1;: �����)<>=?+-@�A���4

àL�K�:���:¶_±��©Å�j���yµ_�6�]���]���]�Lµ_�=���9�P�j�c�S��¶Y½É�·�P�W®C�j�6¶�â9�O�=�S®Câ_�6±�µ�Ï_¶9�í�i�Ú�C�]�aµ_���S®C�O�]�=�C®C�]�j±á�j�6�a�9¬�C��¶9�P�
µ_�6� ���ñ±��:�=�c�� �_��®Câ_�6±�µiºÒ~ ���:�6�]�j�9�W�P�_¬���_��®C�C�W�]���:¶_±��VÅ�j�=��µ_�6�]�·�]���]�����6�=�����Ê�6�C®��:�����O�9ÄO¶9�j¶_�´�-���9�9�_�
�O�9�W�j�=�È¬�C�6º
�������B��CD+	���E��+-���GF����H= / &I�%�,�'� / &I���)JB��( / ����&K�L�NM2O

ÙÜ¶è®C�O¶_�]�c�6�J�_�����6�98��C�êÅ�Y����:¶_±��©Å�j�=��µ_�6�]���]���]���j�Ð��Î=�O¶9�]�y¶_�ëµ_�=�O�9�©Å�j±á�y�_��®C�O�c�A�6±��:�_���]���O�ëµ_�6�
�-�k�c¶9�A�=�C���O�=���=�C����¶ ØÈÛ|º �&�ç�kf-�C�jÁ|®C�j�=�H���:�9���O�=���=�C�´��¶ïØÈÛÔ�]�O�c�y�:�9�A¶  ê�H�6±�±��j�c���_¬�jµ_�6�9¬�C�yµ_�c�y���
�9¬�C�]�j�6¶iÁ&�C�o�6¶Ñ�W�PÄ9�_���yµ_�=���6�j�_�6�c�ê�-�Ð¶_� �9�=���=�ë��¶�ØÈÛ µ_�j¶9�è�j�k��Î=�O¶9�]�j�á®C�j¶9ÕÍµ_�=���6�j�_�6�c���-���O�=���=�C�
����Î]��®C�j�c�]�¹�\�c�6�:�SØË��ÄO¶_�=��¯6ºkÆc«Cº
PQ./ � / �RCD+	���E��+S�*�G�L�T(,�*�*������� � / �����U3 / � &B�����)<>=V+S@*A��

~i�C�Ò�������j¶_�=�È�_�&���6�98J�C�|�_�S�]�A�]�Ê×9�P��ÄOâc�-�O�c�y¬�C�_¬�Ò�S¬�C�]�j�]±��:�&¬�C�SÅ�Kµ_�6���]�:�-�_�C�Ë�O�9�W�j�=�����W�P�9�9�ÒØÈÛ|º��_¶_�-���C�
�_�O�_�&¬�C�C�Ã�9�O�c¾�µ_���±á�6Á_���Ü�9¬�C�]�j�6¶��i���C�]�Sµ_���a��®C®C�O�=�S¬�a�6¶ê±Y��ÕO�:±�¶_±��_�J�A�]�c�9�A±����]�]���O�Y�C�È���J®C�O�6�W��9¶_¶_±
±��C�H¶_�O¬��µ_�9¬�C�W�j�6�]��¶_�9�ð�·�P�:¶_�=�ëµ_�6�=�]��®j¶9���VÅ�j�=�è��¶9� Å�è�:�ë½©�O�9®C�]���O�ï�_���H�]�6�9�A±����]�W�P�9�ï�_�o�©���:�9�]�A�]¶_±á�j�6�jº
1S�C�W�]�J½V�9�9®C�]���O���_�L�A�]�6�9�H±����]�]���O���C�]�a®C�C��������¶��9¬�C�W�j�6¶ð�É¶_�9�LÄO�6¶9�]�]���j�_�9�j«Â®C�O�c�6�6�:¶È¬�C�Lµ_�6�S�:���9¬�jµ_�O�9�W�
��¶YØÈÛ �©¶_��µ¼�C��ÄO�9�L�_�aàL�:�]��®j«Cº �È�c�A�=�S�_�j¶9Õêµ9��®C�jÁ9�:�L�A�W�6�9�A±����]�]���O�á��¶�ØÈÛë�C�W�Ã�9¶9�P���L�C�&�P�Â®C�O�6�W��9¶_¶_±
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±��C�A¶_�9¬�Üµ_�=���9���j�6�J�_�O�9®L��¶����c�98��C�Â�_�L��Y�:¶_±��VÅ�j�=��µ_�6�]���W�P�W�6º
Ùé®Câ_��Ï_¶9�L�O�9�]�j�=�����]���O�iÁ9�O��µ_�=�9®·Å�C�_�êÅ��¶_�9�L�_¬�j�=���L�-�����P�:¶_±��:�_���W�P�9�9�yµ_�6�S���C��¬�j±á�C�]�]�j¶_�=�S�[ÞLº��È��±��9�_�
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~:; / ¯j³6³ ä_ºkÀ���ä_ºkÆ
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�©�Ò�6µ_µ_�c�]��Ç���jÁÒÅ���:�Y��¶9�´�_�y®C�C�a�9�9�]�j�=���·�]���O�9�jÁ?Ï�¶9�L�©�=¬�C®j�6�=�a�j�c�A�=�L���C�J�O���]�C�]�W�C�Üâ&¬�C�P���9®C�j�6�H�=��Ï�¶9�C�L�A¶_�
®Câ_��®j¶_�9���_�C���A�]�6�9�W�P�W�P�9�9�y�-�k¶_�ï±èÇ�j±á���O�9Î=�C�¹µ¼�O¶_�]�]�����èÇ�C�H�=����¶9�ÖÅ�o¶_��¬�C®j�6�=�W�j±��j�6�L�_�C��ÄO���P�����C����¶
ØÈÛï�A���Oµ��:±�µ¼�O�=�A�c�6�a�6¶9Õ����O�9ÄO¶9�j¶_�=�a�-�Ú�O�9�_�yµ9�:¶9�KÄO�W�6�9�_�C�jº9ÙK�:�9�]�©ÁÒÅ�YÀ6À´ìí±¿Á2¯ÊÆ6Æ´ìí± �C�Ü¯ 9O³´ìí± ��
�_�gfÜ¬�j�=�j�9®C�J���c�=���L�j�6�A���¹¯jä´�C�L¯j³ 8O±*�·�jÁO±��·�P�a�i���C�W�ÒÎ]�6±��·�P�aµ9�:¶9�aÄO�W�6�9�_�KÏ_¶9�J��Y±��6���]�A¬�a�_�L�©�=¬�C�A¬�j±��j�c�
�_�K�9¬�C�]�6�:¶9�]���O�iº:1S�aµ_�=�O�9�©Å�j±��S�C�]�È��®C�A¶9�C�����j±��j�c�È�©���O�9Î=�C�Ë�-�k¶_�9��¬�C�H¶9�_�ÃÏ_¶9�_�_�C�_�]�����È�9�O¶9�Èµ_�j�W±��C�]�A�=�S�_�
®C�O±Yµ_�=�j�9���=�J�]�i®C�C�]�]�a�_�gfÜ¬�j�=�j�9®C�J�C�]�a¶_��µ_�=�O�9�VÅ�j±��J�:�6�H�=�:�9� Å�CÏ_¶9�áÅ�´�©���:�9�]�A�W¶_±��j�6�ÊÁ6�O¶ëÅ��¶_�9�Ü±��c¶9�������]�
®C�O�_�_�·�P�W�A�6�9®C���_�y�:�Y�O���]�C�]�W�¹�6¶è�=�jµ_�6�J�_�C�L�]�����C�K�_�´�:���]�9¶_�=®C�y�O�9�W�j�=�È¬�C�6º_~Ë���:�9®C�j�=�]���A¶9�_�ê�c�9�]�6�:¶9�y��¶
~:;.�c¾[ØÈÛ�µ_�O¶_�Â�:��®j�����:�_�]���]���O�è�j�����O�9ÄO¶9�j¶_�Â�-���O�9�_�´�C�]�a�_�O�9®L�S¬�C�]�j�]±��:�&¬�C�êÅ��� ¯jÆ 89± � ��5 º
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~-�Â½V�9�9®C�]���O���_�K�9¬�jµ_�O�9�W�È�Aµ¼�C®C�A�]�����L�=�C�:���]���6�¹�©ÞÂ�_ÞSØÈ«|�C�Ë�:�L®j�����:�_�]���]���O�á�j� 82¶9Õ��_�C�È�O�9�]�j�������]���O�9�
~:;.�ë�j�ï±��9�_�ê�9¬�C�]�j�6¶è�]�O�c�y�_���_¬�C�C�y�C�]�]�j�c�]���C�����j±��j�6�Y�A¶_�L���C�y�9�9�]�j�=���·�]���O�9���_���:�oµ9�:�6�iÅ�C�W�êßK�W�6�O¶9�
Ï_¶9�_Î=�O¶9�y���¹�·Ç�6���L�_�y®j�����:�_�]���]�j¶_�Jµ_�=�:�9®C�:µ_���©º�1S�L®Câ9�6��Õ��C�]�K�_���_¬�K�H¶_�S���L½[�����KÏ_¶9�L®C�C�]�]�yµ9�:�6�iÅ�C�]�y�C�]�Â��
�]�j¶9�����]�O¶_�=®C���_�=�����:�6�c�]�ñ¶_�9�Ð½©�O�]±���µ¼�O¶9���6�c��Ç�C�A�=��±��O�S¬�C���P�_¬�C���]�:±�µ9���j±��j�c�y���6�9�´�]�O¶9�J�V�Ú��c�]�j�=���������ê�j�
���O�9ÄO¶9�j¶_�&�-���9�9�_�K��¶�~:;.�oÅ�L�:���9¬�C�]�6�:¶9�]���O���Aµ¼�C®C�A�]�����J��¶ê�9¬�C�]�j�6¶iº6~ �yÞa�_ÞSØï��¶�~:;.�ê�ë¬�C�_¬�È®j����®j¶9�A¬�C�
�A¶_�#/6åJ�]®j�6�9�&�-���O�9�]�j�������]���O�9�S~:;.�_ä_¯a�-�ÐßK�]�c�O¶9�Èµ¼�j�9���6�6�a³_ºÐ°Lâ9�j¶_�=�C�jÁ6�j�c�A�=�C®C�9¶_µÈ¬�C�C�Ë�_�K±��C�H¶_�=�C�È��¶
®C�O¶_�W�6�6�S�-���9�9�]®j¶_�=���_¬�L�6¶�®C�O¶_���Ã�_�L�:���9¬�C�6�6�:¶9�]���O� /_¯j°´��¶�Æ6À´�]�jµ9�W�j±¹�_����¯j²6²6å_º�1S�C�]�]�J�O�9�]�j�������]���O���
¬�C��¬�J�A¶9���O����µ_�6�J¶_�9�y�_¬�j�=���L�-�������¶_±á��_�·�]���O�9��µ_�O¶_�Jµ_�j�]±á�C�]�A�=�L�:�Y�Ã¬�C�]�j�]±á��_�·�]���O���_�´��Y����ÄO�9���_�¹�_���]�6º
1S�C�W�]�ê�9µÈ¬�j�]���W�P�9�çµ_�j�]±á�C�¹�_�oµ_�9¬�C�6�j�9�:�L�W�O¶9�]���Ã¬�j�=���6���_�ñ�9¬�jµ_�9�9�]�ê�_�C���S¬�C�]�C®C�]�j¶_�=���j�Ì½V�O�9®C�W�P�9�ç��¶
�]�j±Yµ9�jº-~i�C�L�O�9�]�j�������]���O�9�L�W�á�9¬�H½�Å�j�=�j�c�¹Å�Y������C��·�]���O�ë�j�c�A�=�y���êµ_â9�c�]��¾[®C�O¶_�]�c�6�J�C�L���J82¶9Õë®j����®j¶9�H¬���j�
µ_�=�j�_�c�6�J���¹�]�6µ_µ¼�O�=�a�j�c�A�=�´���y�]��ÄO�_���|±��C�A¶_�9¬�L�P�9�=�K�-�Ð¶_�9�y�����¶_±á��_�·�]���O�ç�6¶¿®C�O¶_�=�a�-�k¶_�9���O�9�W�j�=�����W�P�9�
�C�Ë���S�]��ÄO�_����±��C�H¶_�O¬�&�P�9�=�Ë�-�k¶_�9�a�����:¶_±��:�_���]���O���6¶´®C�O¶_�=�Ë�_�S�©���O�9�]�j�=�����]���O�´�_�a®j�����:�_�]���W�P�9���A¶_�|ßK�]�c�O¶9�jº
Ù j2�ë�_���j�k���W�A¶_�=�j�ÂÏ�¶9���:��µ_¶9���]�A�6�9®C�Y½V�9¶_�]�9���áµ_�c�J�P�C�L�����:¶_±��:�_���]�j¶_�=���i�k�êµ_�·�L���6�=�H¬�á�c¶�®C�O¶_�=�L�_�Y��
±����]�W�P�9�iÁ_�_�C�S�O�9�]�j�=�����]���O�9�a�O�c��¬�C�_¬�S�kf-�C®C�A¶&¬�C�C�Ã®Câ_��Ï_¶9�K�W�j±����:�9�L�A¶_�S¶_�9�L�_¬�j���P�J�_�L�]�O¶_��®C�C�Ã®C�9�_�O¶9�C�jº
~i�o±á�O�-Å�C�P����¶ï�Hµ_�C®C�A�=���-�ÐßK�]�c�O¶9�êµ_�c� *´�=�! ñ�ï�C���L�=�]�O�.��¯j²6²�/6«´�Ê�6�C®ñ¶_�ï�dfí�W�C�¹�_�oä¼ºk³ë¸��Ô¬�C�_¬�
¶9�]�������_¬�����6�9�����C���_�j�]�9�VÅ�j�=�C�´�6�j�=�]���O�9���_�ê�9¬�C��¶9®C�]���O�ë�_���_�O�_�&¬�C�C���L~-ÛÔ�_À_ºk°��ij2� �_���S¬�C�W�j�]±��:�9�j�´��
®C�O�c�6�j�=�W�P�9���j�c�A�=�J���C�Kµ_â9�6�]��¾[®C�9¶_�]�6�c�]�È�C�S���782¶9Õê�6�9�]�c�¶iº?~-��µ_�O¬�C®C���]���O�Y�_�L®C�Ü±á�O�-Å�C�P�L�C�W�È�_�L�©���O�=�����
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~-�ï®j�����:�_�]���W�P�9�.�j� 82¶9Õ���¶.±��9�_�ç�-���O�9�W�j�=�����W�P�9�Í¶9�W�P�����A�6�c�ë���C�oØ2�c�_�=×6¾�Û�¬�j�=�c�ð�\ØÈÛÈ«��C�W�oµ9�¶9�
®C�O±�µ9���CÕO�ÂÏ�¶9�&®C�C�P���L¶9�]�����P�H�6�6�Ë���K±á�O�_�S�O¬�C�]�j�c¶iºe^a�9�]±������j±��j�c�jÁÊ��L���C��·�]���O�´�j�6�A���È���C�Ãµ_â9�6�W��¾[®C�O¶_�]�6�c�]�
�C�a���582¶9Õ��6¶_�]�����Kµ_¶ïÇ�C�A�=�J�S¬�C�W�j�]±��:�È¬�C�J�_�:�=�C®C�]�j±��j�c�K�j���9�9�]�j�=���c�6�a�_�C�J�]�O¶_��®C�C�a�_�L®j�6�]��®C�_¬�j�=���]�]��Ï_¶9�C�
�Aµ_�C®C�A�W�����C�¹®C�9�_�O¶9�C�jº�^¿¬�j�c�_±��6�:�9�y�:���H�]�6�9�A±����]�W�P�9�ë�_�C�yØÈÛ �y�9�ñµ¼�j�]±��C�y�_�Y�P�á½É���:�=�YÏ�¶9�êµ¼�O¶_�L�_�C�
�]�O¶_�=®C�C�a�H�îÅ�C�S�_�=���P�:�6�c�]�C�J®C�O±�±��
	9¶_µ9�P�W�j�a�C�a�_���A¶_�W�9�6º��L�S®C�C�a�_�j¶9Õ�µ9�:�6�2Å�C�]�C�J�i���O�c�hµ_�·�Ã�_�L�Hµ_�C®C�A�=�C�
ØÈ�[ÞÔ�9�P�j�¿®C�O�_�9¶9�áÅ��¶_�9�y�9¬�C�]�6�:¶9�]���O���_��¯jä���º
ày�6�9�a®C�¹±á�O�_�yâ_�6¶9�W�¹�9¬�C�]�6�:¶9�]���O�iÁ9�:�êµ_�9¬�C®C���]���O�oµ_â9�6�W�O±ï¬�C�H�=��Ï�¶9�Â½É¶9�Â�Ã¬�C�]�j�]±á��&¬�C�L�j��®C�O±Yµ_�6�]�6�c�S�P�C�
82¶9Õ �:�6�_¬�CÄO�9¬�C���_�C�o�]�����C�ê�9�9�]�j�=�È¬�C�C���j�ÑØÈÛ �Ê�6�C®o®C�j¶9Õ��O�9�]�j�=�È¬�C���j��±��9�_�ð�9¬�C�]�j�6¶ï�9¶Í�9���j��®C�j¶9Õ
µ_¶_�9�P�H¬�C�L���6�9�K�:�������]�_¬�j�]���A¶_�=�6º?Û|�O¶_�S���C�y�]�����C�L�A�CÅ�C�S��c�]�j�9�]�C�ÊÁi®C�C�]�]�¹µ_�9¬�C®C���]���O���C�W�K�_���©���O�=�����y�_� /cä��
�����O�=�aÏ_¶i���C�����y�C�]�S�-�k¶_�ñ½É��®C�W�j¶_�ÃÆYµ_�O¶_�S���C�K�W�����C�S½É�·��9���C�jº'1S�C�:���C�]�S�&Ç¶ïÅ�y�:���H¶_µ_µ_�=�C�]�]���O�¿��¶�®C�O¶_�]�6�c�
�-���O�9�]®j¶_�=���_¬�LÏ�¶9� �j�k�Ê�2Å�j�=��Ç�C�A�=�L¶_�oµ_�=�O�9�©Å�j±��L�:±�µ_�O���A�6�c�Kµ_�O¶_�h�_�C�K�]��ÄO�_�c¶9Õê�_� ½É���:�9���y�:�c�]�j�9�]���_¬�6º
~Ë���O�9�]�j�������]���O�Y�-�k¶_�9�L�]�9¶_�=®C�a�A�CÅ�C�Ã�_�=�����:�6�c�]�y�Ê���6�c�È�©���O�9�W�j�=�����W�P�9���-�k¶_�9�L�W�O¶_�=®C�Kµ9�:¶9�S½[���:�9���L�j�6�A�W��Ç �:�9�
¶_�9�¹�6¶9ÄO±á�j�6�A�·�]���O����¶�®C�O¶_�]�6�c�a�-���9�9�]®j¶_�=���_¬�JÏ_¶9�-���Y�Ã¬�C®j�=�cÇ�P�H�=�Ü�c¶�®C�O¶_�=�Â�_�L®C�C�]�]�L�O�9�]�j�������]���O�iº
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^Â�O¶9�y�Ê�6�O�9�J��¶ëÏ_¶9���:�����·�P�j¶_� ��¶ë®C�O�c�]�:�O¶_¶_±
�_�C�´�O�9�]�j�=�����]���O�ëØÈÛ�µ¼�j¶9��Ç�C�H�=�y®C�O±Yµ9�VÅ�C�]�j±��j�c�
½É�6¶9�W��¬�C�yµ_�6�Â�:���]�O¶9�]�H�]��®C�]���O�¿��¶o®C�9¶_�]�6�c�a�-���O�9�]®j¶_���P�_¬�y�C�J��¶è�]�A�]�Ê×9���PÄ9â6�jº?�©�È�9�O¶9�L���_�9�9®y½[�����:¶.¬�C�A�Ê¾
�9�P�:�´¶_�9�ê±ï¬�C�Hâ9�O�_���ij2�ë�-���O�9�W�j�9��J�_�C�L�Hµ_�C®C�A�=�C�´ØÈÛ �?j2�6�9���C����º|ÛË�6�4½©�6���jÁÒÅ���:���]�9�=�]���y��¶ë���6Äc�P®C���C�&�_�
�O¬�C��¶9®C�]���O���_�´�_�O�_�&¬�C�C�ÊÁO®C�j���A���:�9�K�Hµ_�C®C�A�=�C�JØÈÛÑµ_�9¬�C�]�j�6�W�j�6�a¶_��®C�9�6�]�:�9¶_¶_±��&¬�CÄO���]�Ð½]º:º:º
~-��µ_�=�O®i¬�C��¶_�=�yµ_�j�W±��C�]�A�6�c�È�_�L���:�=�´�P�C�*j�®îâ9���j�=�a�_�L�_�9�_�È¬�C�C�a�_�]¶9�]�C�a�ç¬�C�_¬�a¶9�]���P���_¬�C�¹�ij2�Y�-���O�9�W�j�9��h�P�C�
�_�O�_�È¬�C�C�L®j�����:�_�9¬�C�C�y�j�ë���O�9ÄO¶9�j¶_� �-���O�9�_�6º|~i�C�¹µ9��®C�y�_� 82¶9ÕÌµ_�����c�OÏ_¶È¬�C�Lµ_�6�J�_�C�¹�W�j×c�O�9�K®C�c�A±���Ï�¶9�C�
���6�9�L®îâ_�·®j¶_�ë�_�C�L�]®j�6�9�L�]�9�6�L�j�9���C�È¬�C�y�ij2�ë�-�Ð�6±ï¬�C�����O�=�j�Â���ê�]�6µ_µ¼�O�=�L�]��ÄO�_�·�Ò�A¶_�L�_�W¶9�P���Ê���6�c�L�_���P�C�
±���×6�j�_�9�j�CºO~í�K®C�O¶_�W�6�6�S�_�J®C�O�c�A�6±��:�_���]���O�ë�\�C�]�W�±ï¬�S�-�k�6µ_�CÅ�C�È���C�S�O�9�]�j�=�����]���O�9�S�_�y�9ÄO�]ÝSÆ_Ác�6�6�:�Ë�H�6�9���
¯6º<9O«Â�C�]�J�]�O¶9�]�A�W�����Ü�6¶è�]��ÄO�_�·�+�Ê���c�6�J�_�ê�9�O�]±Y�����P�W�j�J�P��®C�O�c�]�:�9¶_¶_± �_��®C���]��ÄO�_���aÅ���V�Ð¶_�9�P�_¬�6ºiÛ|�O¶_�J�]�
�=�C®j�����j�L�6¶è®C�O�c�]�:�O¶_¶_±Ó±��C�A¶_�9¬�y�j�ë±��9�_�á�9¬�C�]�j�6¶iÁ?���Ë�A¶  ê�y�����O���K�_�ê±�¶9���]�:µ9�����j�y®C���_�j�]�9���j� �Aµ_�C®C�A���
µ_�6�´��è�������j¶_�¹±á�C�A¶_�9¬�C�Y��¶ï®C�O�6�W��9¶_¶_± Å���:�è���O�9ÄO¶9�j¶_���-���9�9�_�ñ�6µ_µ_���Oµ_�=�A¬�C�6º|�L�ç�O�9�W�P�j�c���_�O�9®�¶_�
j�®îâ9���j�S®j�����:�_�9¬�a�j�����O�9Ä9¶9�j¶_�È�-�Ú�O�9�_�K�C�&�j��82¶9Õiº_�©�?�C�]�Ã�����O���Ã�:±�µ¼�O�=�A�c�6�&�_�a�È¬�j�=�gj��j�&Ï�¶9�a���782¶9Õ��_�Â��
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¶_�9���P�9�9ÄO¶9�j¶_���-�Ú�O�9�_�ê�_�o�9¬�H½�¬�j�=�j�9®C�6Á �C���O� �P�C�Y�_�P�9���]�ðµ_�c���©���:�6�]�j�9�W�P�_¬���C�]�]�:±ï¬�C�ê�_���:�ç�W�����6º 1h�C�]�]�
µ_�=�O®i¬�C��¶_�=�y�ï¬�C��¬�a�kf-�C®C�A¶&¬�C�yµ_�O¶_�h®îâ_��®j¶_�9�´�_�C�K�9�9�]�j�=���·�]���O�9�jº��L�è�=�CÄO�=�O¶_µ¼�L�j�9�A¶9���]���]�O¶9�]�C�S®C�C�J�O�c¾
�]�j�=���·�]���O�9�jÁ��]�·�P��µ_�6�a�]�·�P�6Ái�9�O�]±Y�����P�_¬�C�C�¹Å���©�k¶_�9���_¬�y�j�¿��c�]�j�9�]���_¬�6Á��=�C®C�j�c�A�9¬�C�C�¹Å��¶_�9�y���O�9Ä9¶9�j¶_�a�-���9�9�_�
�_�¹�9¬�H½�¬�j�=�j�9®C�6º6Ù j2���_�y�9¬�C��¶9�:�=�y���¹�_�W¶9�P�Â�A¶_�S���C�Ü�·�P���C�J��¶��Aµ¼�C®C�A�=�´�O�9�]�j�9¶iÁO�9�oµ_�j¶9��¬�C�6�j�c�A¶9�C�����j±��j�6�
�6¶9ÄO±��j�c�]�j�Â�P��µ_���J�j�����O�9Ä9¶9�j¶_�J�-���O�9�_�����6�9�J�P�C�y�·�P���C�yµ_�6�J�]�6µ_µ¼�O�=�L�6¶oµ9��®�®C�j�c�A�]���|�-�=¬�j±á�P�W�]���O�iº2�É�
®C�O�6�9���j�6�J�����O�=�S�_�y�=�C®C�j�c�A�=�j�S���L�Aµ¼�C®C�A�=�L�O�9�]�j�9¶��A¶_�S�:�����O�9Ä9¶9�j¶_�S�-���O�9�_�y�6µ_µ_���Oµ_�=�A¬�C�6Á_�9�O�]±Y�����P�W�j�yÅ�
�V�Ð¶_�9�P�_¬�6Á_�C�a�S¬�kj2�9�:�K¶_��µ_���Â®C�O�9�]�A�6�c�jº
1S�C�]�]�S±Ö¬�C�Aâ9�9�_�Ã�Â�_�O�9®�¬�C�_¬�Ë¶9�]���P���_¬�C�aµ_�O¶_�|®C�O�9�W�A�]¶9�:�=�S���C�È�O¬�jµ¼�O�9�]�C�|��9�W�A�]¶_±��j�c�A�����C�KÅ�J³6Æaì-±�Á�³6°Âì-±�Á
å�/�ì-±�Á�À6À´ì-±�Á-¯ÊÆ6Æ�ì-±�Á-¯ 99³yì-± �C��¯j³6À´ì-±�º
> r�� ! CE êw tJF E u�� CE wÂv-},G´z E x E F��JA �yv��
	�� CE v-wÂu

1S�O±Yµ_�6�=�O�9�a±����:�c�]�j�_�6�c�S®C�C�ÜÛ&�9ØéÅ�y®C�C�����C�LÏ_¶9�y�©���O�����W�]�j�9���Aâ&¬�C�9�=��Ï�¶9�j±��j�c�jº_~-���9¬�jµ_�9�9�]�K�-�Ð¶_�
�Aµ_�C®C�A���O±�Å�C�H�=�KØi�6�_�=×c¾�Û�¬�j�=�6�S�C�]�a�S¬�C�]�j�]±��:�&¬�C�yµ_�c�K¶_�9� ½V�O�9®C�W�P�9���-��ÙJ�:�=×oµ_�O¶9���6�c��Ç�C�A�=�J�Ã¬�C®j�=���]�L�_�´��
±��6�9�VÅ�j�=�L�H¶9�P���6�c�]��3

 � e¼«�_ ¯
¯  ��� ��� P � ��� � « �ÉÆ_º /6«

�-Å¶Y½Ë�C�]�a���y®C�9�� ê®C���j�c�K�_�7j2�9�C�]�W�y��¶�Øi�6�_�=×c¾�Û�¬�j�=�6�jÁc�Ã¬�kj2�9�Òµ_�6� 3
�$_�� Æ����� � �ÉÆ_º<9O«

�-Å¶�ØÑ�C�]�Â�� j2�9�C�]�]�y��¶¿Ø2�6�_��×6¾�Û�¬�j�=�6�Êº
�L���S¬�kj2�9���J�:�´½V�9�9®C�]���O�oµ&¬�j�=���O�_��Ï_¶9� 	�µ_�6� 3

	 _B9 � ����� `e � �ÉÆ_ºk³6«
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iÆ_ºkÆ 4��Q7<AT76� -�4� AT�DCY!5�DC �#AT�6]\=HC !�B ? ��A 13�.�[�<A�C��L����Ab74�	�DC
Þa�����C� Þ � Ø ½ ÄO�6µ
�\ì-±�« �\ì-±�«
³_¯6ºkÀ_¯Ê³ À:9O³6ä ¯jä6å °6²_ºk°cÆ Æc³6°6³_ºk³cä Æ6°:99å_ºkÆ6ä
³6°_º /�/cä À:9O³6ä ²6å À6À_ºkäcÆ /¼¯ 9Oä_ºkä¼¯ Æ6°6³¼¯6ºkÀ:9
å�/_º:¯jÀd9 À6Æ6ä6ä À6° ²:9�ºkÆc³ /cå6ä6ä_º /c² Æ6°:99À_ºk³6ä
À6À_º /6³cå ²6°6ä6ä ¯6¯j³ À:9�º /c³ ÆcÀ6À�/_º<99Æ ³6ä6Àcä_º<9O°
¯jÆ¼¯6ºkÀ6À6² ²6å6ä6ä À�/ ¯6¯j³¼ºkå6å ³d9OÆ_¯6ºkÀd9 ³6ä6³cÀ_º /6²
¯ 99³_ºk³6Æ6³ ²6Æ6³6ä °6ä ¯e/6Æ¼º:¯ 9 °cä6°6å_ºk²c° ³6ä6²0/_º /6À
¯j³c°_ºk°:9�¯ À6²6ä6ä å:9 ¯e/6²¼ºkä6å °cÀ�/6°_ºk³c³ ³6ä:99°_ºk°_¯

~i�yÄO�cµ��C�]�a�:���_���]�A�6�9®C�´�j�6�H�=�L���C�K�_�j¶9Õ�ÄO���P�����C�L��¶�Øi�6�_�=×c¾�Û�¬�j�=�6�jº9�L�oµ_�j¶9�J�����O�=�a�S¬�C�]�j�]±��:�9�j�Â��
j2�9�C�]�W�y�j�o¶9�W�P�����A�6�c�J����9¬�C�]�6�:¶9�]���O��Þ.�C�a�©���9�=���=�L�-���:�c�]�j�4½�¬�j�=�j�9®C� P Å�á�A�]�Ê�6�j�=�&����=�C�:���]���O�'3

� _ P � �©Æ_ºÐå6«
�A��®Câ_�6�6�SÏ_¶9�¹��µ¼�j¶9��Ç�C�A�=�J�Ã¬�C�]�j�]±á��&¬�Üµ_�c� 3

P _ ` ����� � a a P � � Åa � a �6Æ � � � `e � �©Æ_ºÐ°6«
~i�C�ËÄO�6µ9�y¬�C�6�c�¶9�j�c�Ë�j�c�A�=�Ã¶_�9�Â�������j¶_�È±á��9�:±��·�P�Â�C�È¶_�9�Ã�������j¶_�È±��·ÕO�:±������6º6�L��¶9�W�P�����]�K¶_�9�Â�������j¶_�

�:�c�]�j�]±ï¬�C�_��·������j�6�H�=��®C�C�y�_�j¶9Õë�������j¶_�=�jÁÃÅ��®C�9¶_�=�]�����O�9ÄO¶9�j¶_� �-���O�9�_�ð�VØÈÛÈ�_«J�C�êÅ��Ä9�]�6�9�_�����O�9ÄO¶9�j¶_�
�-���9�9�_�ñ�\ØÈÛ&~-«S�ij2���_�L�S¬�C�]�j�]±��:�9�j� P 3

��� ` � � %��&«�_.³6ä6å:9 � /6À ì � �©Æ_ºÐÀ6«

��� ` � � %��&«�_.Æ6°6³:9 �k³6Æ ì � �©Æ_ºÐ²6«
~-�L�������j¶_�S�CÕ��·®C�]�a��¶YÄO�6µ�µ¼�j�]±��C�]�A�c�6�&�_�K®j����®j¶9���j��	J�C�]�S�����O�=�S®j����®j¶9�A¬�C��Å�y¶_�9�J���O�9ÄO¶9�j¶_�S�-���9�9�_�

µ_�9¬�C®C���]�K�_�L±��6�9�©Å�j�=�¹Å�L®C�JÏ_¶i�k¶_���9�=���=�a��¶YØÈÛç�W�O±��_�a�CÕ_��®C�]�j±��j�c�S�A¶_�Ë�:�´���O�9ÄO¶9�j¶_�&�-���O�9�_�è¬�C�H¶9�_�A¬�C�6º
�L�è�l3

� � ` _ e � � P Æ �©Æ¼º:¯jä6«
ã-�O¶9�&®C�C�aµ_�6�]�6±�Å�C�A�=�C�jÁÊ�����]�_¬�C�S���6�9�S���J�A�6�9���j�6¶�Æ_ºkÆJ�6�O�c�Ã�9�9¶9�hµ¼�j�]±��C�]�H�=�a�_�J®j����®j¶9�P�j�h����9¬�jµ_�O�9�W�

�:�9�]�A�W¶_±��j�6�H��������¶Ö~:;.�c¾[ØÈÛ�Å�¿�]�O¶9�]�C�����C���P�9�9ÄO¶9�j¶_�=���-���9�9�_�êÏ_¶9�Ã�9�O¶9���:�c��¬�j�=�C�W�]�j�6�ÊÁÒ�9¬�jµ_�O�9�]�YÏ�¶9�
�©���O�è���]�]�j�9�ïÇ�C�A�=�Lµ_�6�4½[�����]�j±��j�c�S�]×�±ï¬�C�A�=��Ï_¶9�6º
>yr�� ! CE F z H u�Ahu�F E uéx�},Fi{&zJF'F2}WwLt

~i�C�+µ_���:j����Ò�_�C�Ë�]�����C�|�]�O�c�Ò�=�jµ_�9¬�C�]�j�6�_¬�C���j� j�ÄO¶_�=�SÆ_º:¯È�Ê�6�C®6ÁH�j�L�H�]�����]�Òµ9���C�:�9�È���C�Ëµ_�=�:j����Ò®C�9�9�]�A�]¶9���]�jÁ
�C�J�j�è�A�]�����]�Kµ¼�6�:�6�W�P���H¬�C�´���C�y�O¬�jµ¼�O�9�]�C�J��9�W�A�]¶_±��j�c�A�����C�jºi~i�C�L�:�6�=Ä6�j¶_���áÅ��±��Ð¾�â_�6¶9�]�j¶_���\Ø�;.æ 6ç«aµ_�O¶_�



�������	��
'��&�� �l����� 
\�(!Q� ����&#���F� �# ���

®îâ_��®j¶_�9�J�_�C�a�]�����C�S�Aâ&¬�C�9�=��Ï�¶9�C�&�C�È�O�9�]�j���È¬�C�C�Ë�]�O�c�È®C�O±�µ_�c�O¬�C�C�Ë���6�9�S���J�A�6�9���j�6¶�Æ_º /_º6�L�Y®C�O�9�]�A�·�]�a¶_�
¬�C�:�6�=Ä6���]�W�j±��j�6�&�]×9�]�_¬�j±Y���]��Ï�¶9�aµ_�6�&�]�6µ_µ¼�O�=�Ã�c¶�µ_�=�:j��?�-��ÙK�:�=×6Á_µ9�:¶9�S�:±�µ_�O���A�6�c�ÜÅ�L®C�9¶_�=�]�aÏ_¶i�IÅ�LÄ9�]�6�9�_�
�P�9�9ÄO¶9�j¶_�a�-�Ú�O�9�_�6º
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���	��
�Æ_º ¯ 4N���6�"�@76Ab74�HC��6� ���d� Ab�V=	�DC �#AT�6]\=HCY���\C4� A4�<�c���d�L75�9G �+B9C ��A�U�J�DC S � AT74����C �d=	�D�:�\C W �4�V� �>J���6AL�	�d� �DC
S � AT74����C ���9�:�����H=H=FJ�DCLW6)Y$ B 74G��!5�DCN�<AT!5�6�5�^J���DCE�DC4� ��� �<�\� ��J�DCN76A6B9��� Ab74��AT�DC �4��=TB 79Gd�N!5�DCN7+B9C�MD�HCDC �DCN�DC4�
�DGF�#AL��� J���>���(U9���L�DCDC�� S�� ���FCLW6)
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ÈÆ_ºg/ 4I���<�"�@76AT74�HC��<� ����� AT�"�#AT�6]\=HC � �^J���6AL�	�d� �DC3�4�"�+B9C���A�U�J�DC4).$.7 =H�������L�;C<� � J��AL�	�6�<AT�3!576�\C = 7
!5��AD�\��-��AT�NM��4=	�6�5��� AT�L�#A J�DC ���d�L�8=	7=	76A ?��6�<AE!5�cAT74�	�N�+B9C���A U�J���4)�$.7N= �������L�E�:�	��J��A � �6�<Ab�!5�3=	7(=	76A ?d�6�<A
�+B9C ��A�U�J����7(J�4��J��M�79= M6�9= J���V��� !KJ��M��6�dUX�4= � 76�d��= �.�#AT�<]\=d�+B9C ��A�U�J��!5�DC�=	76A ?d�6�<ALC�!KJ��!#�9���L�DCQ!5�DC��+B9C���A U�72���	�6�\C
��� S U<�4��AQ=	� �L�DG&�L�LW6) Þa�����C� �9�O¶_�=®C�C� Ø�;.æ 6#�Hâ9�C��º Ø�; æ 6��9�9�jº

�\ì-±�« �	89± � ��5 « �	89± � ��5 «
�k�L�=�����Ã³_¯6ºkÀ¼¯j³ * ä_ºkåÊ¾�ä_ºÐå /c³_ºk³ 9O²¼ºkä ¾h³6ä_ºÐä
� ^J�=����� ³c°_º /�/6ä * ä_ºkåÊ¾�ä_ºÐå /c³_ºk³ °6ä¼ºkä ¾h°_¯6ºÐä
�k�L���Ëå�/_º:¯jÀd9 ^K*J1.°6äcÆ�/ /cå_ºkå 9%/¼ºkÀ ¾"9%/_ºÐ²
�k�L�=�����ÃÀ6À_º /c³6å * ä_ºkåÊ¾�ä_ºÐå /cä_ºk² 9�¯cºkÀ ¾"9%/_ºÐä
� ^J�����h¯ÊÆ_¯6ºkÀ6Àc² * ä_ºkåÊ¾�ä_ºÐå /¼¯6ºkÆ /6å¼ºkÆ ¾*/6°_ºÐå
�Ð�L���Ã¯ 99³_ºk³6Æ6³ ^K*J1.°6äcÆ�/ /cÆ_º<9 /6²¼º:¯Â¾*/6²_ºÐÆ
� 1Â�����Ã¯j³6°¼ºk°:9�¯ ^K*J1.°6äcÆ�/ /0/_ºk° /6°¼ºkä ¾*/6°_º ¯

ßK�èµ_�=�O�9�VÅ�j±����]��µ_�6�W�áµ¼�O¶_�Â�_�j¶9Õo�_��®C�C�K�H�]�6�9�]���]���O�9�e3ËÅ��³6°�ì-±
�C��¯jÆ6Æ�ì-±�ºi~-���9¬�jµ_�O�9�W�êÅ�ê³6°
ì-±�Á|�9�P�j�ïÏ_¶i���O�9�W�j�O¶9�ê�Ê�6�C®�¶_�ëÄO�]�6�9�ï�9�O±��_�=���_���]®j�6�9�jÁ|µ_�O¬�C�]�j�c�]��¶_�ïµ_�=�:j��È�H�îÅ�C�L�_�]¶9���_¬�Y�C�y�A�CÅ�C�
¬�C��c�=Ä6�-µ_�6�S�]�6µ_µ¼�O�=�¹Å�´�A���9¬�jµ_�9�9�]�K�HâÈ¬�C�O�=��Ï_¶9�6º\1S�C�]�W�Ü���W×�±ï¬�C�A�=���L�9�L�]�j±��9�P��µ_����Ç�C�A�=�J��c�A�=�:�9�jÅ�CÏ�¶9�y�c¶
�S¬�C�]�C®C�]�j¶_�y��;.Æ¿®j�6�L�:�è�A�]�6�9�W�P�W�P�9� Å�o³6Æ¿ì-±�Á-�C�����o�6¶9�]�]�&�O�9�]�j�=�&¬�C��µ_�6�L®C���S¬�C�]�C®C�]�j¶_�CÁ|�9�ñµ_�9¬�C�]�j�c�]�
µ_���a¶_��¬�C��c�=Ä6���]�]�j±��j�c�Ã�c¶9�]�]���:±�µ¼�O�=�A�c�6�jºl1S�C�W�]�a�_���]�]�O���]���O����¶��Hµ_�C®C�A�=�êÅ� ®C�C�]�]�J���O�9ÄO¶9�j¶_�S�-���9�9�_�Ü�9�
µ¼�j¶9�¹µ_����Ç�C�A�=�y�CÕ_µ9����Ï�¶&¬�C�ñµ¼�O¶_�J���ê±��O±��j�c�jÁ-±��·�P�y�9��µ_�=���6�OÏ_¶9��µ_���L�_���:��®j¶_�9�����c�9�y�9�6�A�=�ï¬�C�H¶9�_�
��¶è½[�����yÏ_¶9���:�o�W�����ê�_� �Ð�L���=���´Å��³cÆ�ì-±�µ¼�O¶_�]�]� Ç�C�A�=��¶9�]�����P�_¬�C��®C�O±�±����9¬�jµ_�O�9�]�Y��9�W�A�]¶_±��j�c�A��������¶
�S¬�C�]�C®C�]�j¶_�a��;.Æ_º
ßJ�çµ_�=�O�9�©Å�j±��êµ9�:¶9��ÄO�]�Ê�6�y�W�êµ_�6�W�êµ_�O¶_� �:�o�9¬�jµ_�O�9�]���:�9�]�A�W¶_±��j�6�H�����ê��¶ë�S¬�C�]�C®C�]�j¶_�L~:;.Æl3i�©�k¶_�9��Ï_¶9�
�A�W�6�9�]���]���O�ç¶9�]�������_¬�C��µ_�9¶_�L�A�¿®j������_�W���]���O� �C�]�L�:�o�H�]�6�9�]���]���O�ë�_�Y�]�A�]¶9®C�A¶_����j2�9���_� � ^J�=���yÅ�ç¯jÆ6Æ�ì-±�Á
Ï_¶9�aµ_�O¬�C�]�j�c�]��¶_�9���]�A�]¶9®C�H¶_�=�oâ6×_µ_�j� j2�9�ÖÅ�o�W�PÕï®C�O±�µ¼�6�A�6�c�]�C���]���_�gfÜ¬�j�=�j�9®C�:�6�c��µ_�6�´���j¶_���:�c�]�j�9�]���_¬�C�
�=�C�:���W�P�c�C�ðÅ�è�_�C�¹���O�9Ä9¶9�j¶_�=���-���O�9�_���_�gfL¬�j���j�6�]�C���©ã ���J�9�C�¹�C���9®Câ_���a�����´ÁÃ¯Ê²6°6³lh�1S�9� 8c�]×6ÁËæa���9�_�ê�C�
�_�Ê×E8j������×ç¯j²6À6åc«È�_�9�6�a���C�J®j�6�]��®C�_¬�j�=���]�]��Ï_¶9�C�a�]�O�c�a�=�jµ_�9¬�C�]�j�6�_¬�C�C�aãÒ�c�9�P��Æ_º<9�º

+�,�-�
iÆ_º 9 4N��76AT7FM4��J��AL�HC4���	�d� �DC>!5�DC � Ab76�\CD�����	�6�\C>!5� 5 � �����
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®C�O±Yµ_�6�9¬�C�C�êÅ�¿®C�C���P�C�Y�Ã¬�C�]�j�]±á��&¬�C�C�L�j�çØÈÛ&�ë�C�yØÈÛ&~Ñ�j� ®C�O±��9�:�_�6�6�´���C�á±á�C�A¶_�=�C�¹�c¶ë�]�6�&�C�y�j�ë�6�c�Vº
ÞS�j±Y�6�=Ï_¶9�O�9�aÏ_¶9�y®C�C�a�������j¶_�=�Ü�9�´�]���j�_�9�j�6�è¬�C�9���_�j±�±��j�c�Kµ_���S®C�O±�µ9�W�L�_�y�:���_���]�]�O���]���O����¶��Aµ¼�C®C�A�=�
���6�9�Â�]�O�����������=�O¶9Ä6�6º_ã|�îÅ�C�a�9¬�C®C�j±�±��j�c�jÁ_¶_�9�ð¬�C�A¶9�_�y�ï¬�C�_¬�Â�kfí�C®C�H¶È¬�C�L�6¶$1 �È�_ÞÔ�ij2���_�´®C�O�]�=��Ä6�j�S®C�C�
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F � C . D � H FKDQF Ï C ¿yÃ>«�ØQÃ�Ç
H CXF DQF Ï ¿yÃ>«�Ø.Ø.Ç
H CLDUFODQF Ï ¿yÃ>«�Ø.à.Ç

� �U�1����E�7�p� � �NÃ.«¦ØQÃ��7�F�n�²�U�Q�¡�²�1�7�2�Q�����V� � �Q�y�7�5�Q�T�Q� � ���1�7�p� � �¯� � ���.�¥¨��1�Q�7�F� �Q���p� � �7����7�T�Q�>�®�Z�V�p� �.� � £
�1���_���>�5� � ���_��¨Q�1�U�7���Q� � ���1���TÍUÎ¥« � �±© � �p�N���p� � �@�Q�UÍUÏ��p�a©`�����½�Q�>�K�1������7�p� � �¯���.���¡�¶Í(�7��ÍUÎ{�Q�1���
�7�p�U�Q���p� � �7�f��7��Q�.�V�2�.�p���F���7�p� � �Ê�~ .�7�¥�Z��p� �.� �Q�1���_���>�T� � ���_��¨��1�.« âU�¦¼¶����y���>�p�¶� � � ��7�Z�7�U�Q�_ ��.�y�2���p� � �
�Q�7�T�>� � �1���.�1�7�7�a� ¢ �2�_��¨Q�1�7�����@© � �1�7�p� � �N����F���N�1� � �.���7������7�2�.� � �1��7�K�
	*�@�Q�m�y���Q� � ���1�2�y�U�2�m� ¢ �2�_���
���.�1�5���7���I�Q� � �7�5�²�>�p���y�F�p�7���²�E�²�¡�7���Q���1�p�7��«Q´5�7�5� � � ��7���7�½�Q�¡���Q�1���.�5���@� � �N�1�p�U�Q�1��¨��1���_���>�5�2�m� ¢ �2�_���
���� ¢ ���p� � �R*7���1�p�^¿ÁÑ¥�p���7�Q�7�Q�7�5���Á«QÃ�Ö.×.ØQÙ.Üµ��� � �²�¯�7�K���Á«�Ã~Ö.Ö.ÝQÙ � �7�.§QÜµ�7�p�p���1�KÒ(Î����p�1�F�TÃ�Ö.Ö �QÙ�ÛË�����2�.�7§
Ób�.�y¨Q� ¢ �.��Ò������Z�2��� � Ã�Ö.Ö��>Ç��f�.�1��� � �2�>�Q����¡�7�p�p���5�.� � �I������7�F� � �1�K�f�Q�5���7� � �F���2�1��«
� ��	 � �Q�y�ÊÃ>«2Ã��y�7���p���7����Þ�1��7�p���.�å� � �2�.�F���p���7�p� � �³���>���y�����7���Q�y�2�1�7�²�Q�>� � � � �y�p���Q�y�_�Q�»� �����1�I������1�
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�Q��¼ �1�V�Q�U���p�.�1�F�Z�F� � �1�����.�1��� � �1�����p�~ 1� � ���7��§� Q�1�7�������.�1� � �p�1�p� � ���Q�.�a�p�.�Q� � �y���.�� � �>�p�2�I�Q�Q� �2�.�p���1�F�
����_���^�Q�>�V� � ��7� � ����� I���Q��7�.«bÛÞ� � ���7§ �I�Q�F�»Ò�´��>�y�Q�7���Z�m¿yÃ~Ö.Ö.×.Ç � �>�m���������1����º�Q�1���.� � �1���.�1�7�� � ���_��¨Q�1�
� �����I�1������1�_���Ê� ¢ �E�p� � �R*7���1�F�N�Q�ºÂ�àQ«¦Ø54ÄÃ�Å èQé �Q�.�U�F�.�Q� � �¡� ���ÎÚ���.�1�m���º�¯�Z�������³�2�.�F���y�p�p�7���2���2�y�.«
âU�m� � �_�Q�y���1�p�7� � �1�F���y °���F� � �1�������Q�2�y�7�7�p� � � � � ��7� � ���Z�7�a�Q�U� � �Q�_Í76.Ü��7���Q�m�1�� � � � �1��ÎTÈyÈ � �>�T�Q���p�¯�Z�
�Q�·�_�7�F���y�N���Ú��7 I���Q���1�7���Q� � �p���Q�����>�m� � �.� � �1���.�1�7���Q�� �����I�1������1�@���.�1�N� � ���y�ºÑ¥���2� � �Z�¨Q�1�»� � �1�
�1�p���Z���p��� � �1�·�1�2�1�N�f�.�y�³���.�1�N�7���N�.�1�1�p���y����« � �����.�1�����.�iØ¤«2Ã��Q�I��7�p���>�p�º�Q�i�1��7���Q�³��N�Q�7�_�Q�¦¼¶����y���>�p�7�� �1�p���y ����p� � �1�5¨��1� � �>���Q���p�_���5�Q�U�_�7�p���y�5���i��7 1���Q���1�7�¶�Q� � �p���Q�����>� � �E�²�E�7� � �7���>���y��¨Q�1���Q�V� �Ì�°�1�1�¤����1�.«
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�n� �>�1� � �p�1�p� � �¥����� � ��� ¢ ����y��¨Q�1����� � �~¸ � �Q�y�%���N� ¹�7� ¢ ����.� �T� �1�p���y °�E� � �2�y�7�®�p���p�y�7�p�f�y�7� � �Ì� �1�p���y .���B�Z�7�

� � ����7���1���7�KÍUÏµ�7��ÎVÏ7Í_« � ���2�.�1�7���_���>�����¯�����p�7�������p�TÈ`áQÍÔ¿yÃ�Ö>Ö.Ý.Ç%�V��� 	*�N�¡���1���N� � �F�p�2�1�Z�V�2�U�5��7�p�7�7�p� � �
�Q�7�^�p�����7�¥�Q�N� � ���.�Ë���.�1�U�����_�����Z���å�Q�¦¼ �1�m�7�m��� �Q�²�¡�7�7�p� � �Ê�Q��I�� � � � �1�V�Q�_© � �p�N�E�p� � �ª� � ��7� � �Z���7��« � �
�����p�7�������p�Tá �Ëã¶á¿yÃ�Ö.Ö>×.Ç%� � �1 .���y�n�Q�1��� � �1 .�7�����5©ß��� ¹�7���y�n���¤�7�7���p�����5���¥� � �Q�Q�.�>�#�E�7� ��7� ���� ��� �1�F���y °���F� � �
�Q�7�����p�.�1�F�Z�F� � �1�K�Q�m�Q�E�p�p�»����1��� � ���U�Q�V� � ���.�Ê¿9� � �1�K�f�U© � �p�¯� � �¡� ¢1� Çn�7�5�Q�U� �����1�I������1�T� � �f��7���1�²�E�²�¡�U���
�Q�²�¡�7�7�p� � �N�Q�7�µ� � ���Q�¬�Q���1�p�7���Q�7�5�I�Q� � �7��� � �f��7���1�2���2�y�7�~«IÑm�E¹���7� ��V�7�7� � �1�p���¡ °���p� � �1�~§ � �N�U�Q�N�_�7�f�Q�y���
�� >�7�T�Q�1� � �p�.�1�Q�V�p���1�p�2�1���Z���Q��U�7���I��7� � �²�1�F� � �_�2�m�f�p�.�1�p���p� � �¯© � �1���.�_���>������� � �y� ¢1�·��mÝ>Ý��Q«�Ö.à �UÑmÎ/*^¿yÃ
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#¬���1�Q� Ñm�F���Q�����.� ��! È,�.�p���¡ °������� ÍU�1¸¾�7�F�
¿9�Q� � Õ �Q� è � Ç ¿ Õ �Q��Ç ¿ Õ �Q��Ç

á ¢ �~ .���5�7�V���Á«%Ã�Ö.×.à £ ÅQ«�Å �#"�ÅQ«�ÅQÃ~Ý Ã�Å Ý £ Ã�à �I�� � � � �1��ÎVÈyÈ
Ón��� *7�p�2�N� � �1�T�7�V���Á«%Ã�Ö.Ö.Ø £ ÅQ«�Å.à$"�ÅQ«¦Å.Ø ×¤«�Ý � £ Ã�à ��7� � �����7���Q�m� � �Q�mÜ
ÆU�.�>©Á���5�7�T���Á«®Ã�Ö.Ö�ä £ ÅQ«�Å.Å.Å$"�ÅQ«¦Å.Å.Ö ×¤«�Ý � £ Ã�� ��7� � �����7���Q�m� � �Q�mÜ
ã�%º���F�Q��� ¢ �7�V���Á«%Ã�Ö.Ö�� £ ÅQ«�Å���ä#"�ÅQ«¦Å.Å.Ö ×¤«�Ý Å £ Ã�Ø �I�� � � � �1��ÎVÈyÈ
áQ�N�.�¡�p�5�7�T���Á« Ã~Ö.Ö�� £ ÅQ«�Å��$"�ÅQ«¦ÅQÃ ×¤«�Ý � £ Ã�× ��7� � �����7���Q�m� � �Q�mÜ

Ñm�Q�N�¯���y���Q��� ¢ �7�T���Á«%Ã�Ö>Ö.× £ ÅQ«�Å��$"�ÅQ«¦Å.Ø ×¤«�Ý Ý £ Ã7ä ��7� � �����7���Q�m� � �Q�mÜ
âU� ¢ �.�y .��� � �7�V���Á«�Ø.Å.Å.Å £ ÅQ«�Å.à.Ö$"�ÅQ«¦Å.Å.Ý ×¤«�Ý Ý £ Ã�Ý �I�� � � � �1��ÎVÈyÈ
� � �����7�p� � � �7�T���Á«bØ.Å.Å.Å £ ÅQ«�Å����$"�ÅQ«¦Å.Å.× ×¤«�Ý � £ Ã�× ��7� � �����7���Q�m� � �Q�mÜ

� � ���Q�>��� � �>���y�_�Q���Ë��7�Q��U�5��7�F�7�7����7�U���ª�Q�2�y�7�7�p� � �Ë�Q��I�� � � � �1�V�Q�¥© � �p�N���p� � � � � ��7� � ���Z�7�V�7�U� � �Q� � �p�>�1�
� � �_�Q�y�V�Q�U�I�Q� � �7�½�1�U�Q�1��7�p���.�f�.�.�5�Q��� � �º�¤���� � ���7�p�� 1�Z�Q��V�Q��© � �p�N�E�p� � �_�p�p�7���2���2�y�.« � �U�����p�7�������p�mÈ`áQÍ
��7��������§~� � �.�f�p���2�y���_���>� ��Tá �ËãUáb§��p���1�p�2�1���m�Q�y�2�1�7�2�Q�������_���.���.�_�_���������� ¢ �>�1� ¿ÉÂ{Ã~Å.ÅUÆUÇ7§ ��U�Q� ��� �2�_���Q��
�Q�7� � �1¸y�7�p���p�F�7�Z�2���2�y�7�5¸y���Q�1�7� �%��� � �.� � �1���.�1�7�_�Q�^ÎVÏ7Í��7�F�¶���7���F�1�m���»�F����� � ���Q�¥� � ��7 ��.� � �F���p� � ���Q�7�� �2���7�7�@�7�^�Q���2�Ë�Q�1��7�p���1�7�º�Q��� ¢1� �7��«�& � �Q�¥�7�7�¯�¯�Z������� � §��7�����Þ�¤���1�º���p�p�7�2�1���y�»Â Ã�Å1èQéÊ¿ � ���p���.�³�7�
���Á«®Ã�Ö.Ö��¤ÙIÎV�.�('������7�U���Á«%Ã�Ö.Ö>×QÙQ´5�7�7���.�y�7����� �7�V���Á«*Ø.Å>Å.ÅQÙ������p�2�1�®�7�T���Á«bØ.Å.Å.Å.Ç « � �7� � �1�p���y ����p� � �1�UÈ`áQÍ £
á �&áÊ¿ (��.�1�Q���1�Q�1�p�p� ¢ �U�7�T���Á«bÃ�Ö.Ö>Ö.Ç � �>���Q���p�¯�Z�a�Q�m�1�²�E�7���5�Q�7�����2�_���p�7�T�f�Q������y�����Q�y�7� ��¥� � �.� � �1���.�1�7�
�Q�»Í Ï � � �����Q��¨��1���y���Q�1��7�p���>�p��� � �2�1�_�Q� �*) �Q�º� � �.� � �1���.�1�7��� � �������º� �Ì�°�1�1�¤����1�N���>�1�^���7�º�1�Q� � �7�
�2�>�p���y�p�p�7���2���2�y�7�U�Q���1�p�7�~«� �7� � �1�F���y °���F� � �1�má �ÞãUá � �>�U� � �>���1��_�Q�.�V� � ���N�1���º���.�1�U���º�1�Q� � �N� � ����7���1�2���2�y�º� � ÍU�y� � �ª¨��1�
ÎVÏ7Í��7�_ÍUÏ � �R*7��� � �1�� � �>�^�Q���_���7�N�Q�y�2�1�7�²�Q�>� � �I��7�p���¡  � �2�y�U� �����1�I������1�.« � ���Q�_�.� � �1���.�1�7�»�1�·�¡� £
�Q�1��7�p���>�p�m¨Q�1�^� � �²�1�V�Q��Ã+) �Q�m� � �.� � �1���.�1�7�_� � ���E�Z�¥� �����I�1������1�.« � ����>�Q� � �2�1��§L���.�1�T���7�m�1�� � � � �1�����7�
�1�2�1�_�Q���1�p�7�m���å�_���Z�����³�2�>�p���y�p�p�7���2���2�y�.§®�Q�1�N©`�p���7�p� � �ª�2�N� � �y���.�>�p�_�Q�N� �����1�I������1�_�7�p�U�p� � � Õ ��7�_���Q�V���
�N�>�.�p���>��Q�7� � �p���2�1�V� � �1�5© � �p�¯�T�Q� � �2���7�U� � ���.�b«
´ � �.���F���2�y���_���>�m�.� � �Q�I��7�Q���7�p� � �1�N�~ °�.�1�b��7�7�m�Q�.�U�7���¡�����2�1�^� � � ��7���7��¿9  � �2�U� ¢ �.�1�����y��Q�I��7�b��7�Q���.��Ç §����7�
�1��7���1�������p�Vá �ÞãUá � �>�T�2�1�Q��¨��µ��_�Q�7�m�.� � �1���>�1�7�7�U�Q�¯ÎVÏ7Í��7�mÍUÏ¥�.��� � ���Q�V�Q�N�I�Q� � �7�¶� � ����7���1�2���2�y�7�
�Q���1�p�7�N�Q�.�¡�p�����1�Z� ����y���_���>�¯�Q�E�p�p�7��B �Q� ��4ÔÃ�Å è �:9 ��ÊÃ~Å è�, � � �Q�¥Î Ï Í �7�^� � �2�1�m�Q�¨��1�7��¨Q�1�7�·Ã~Å è.-
� � �Q�5ÍUÏ^¿9ãV� ¢ � � �7�����Á«IØ>Å.Å.ÅQÙ.áQ�1�7���%�7�5���Á«�Ø>Å.Å.ÅQÙ.Ñ � ���Q���_��� ¢ �7�½�E�ß«1Ø.Å.Å.Å>Ç7«.Üµ��� � �2��7�K���Á«%¿ÁØ.Å>Å.Å.Ç � �>�
�1��7���Q�³��T���7�V� � �.�f�p���2�.�F�7�½�1�2���b��7�7�¶�Q�>�����7� � �1�p���y ����p� � �1�UÈ`áQÍ �7�Tá �Ëã¶áWB
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ÎV´�Í0.5«�´5�7�2�1� £ �7���Q�y���1�ª����� � �N�1�F�m�Q�»�1�Q� � �m� � �f��7���1�²�E�²�¡�^�Q�1��¨��1�_��� �f¼ � �1���y���_���>�T�.�_���Q�.�>�����7�
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�Q�_´�Í_§��Q�.�5� ��� �Q���7������U�Q�U� ¢ �����Q�1�m�Q�7�U�p�����7��«
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} ` |4i ` lwp%m"n=g�g�m§jg�|\tul=l=t ` m ��¨©oyoug\gKl=n¡| `9ª g�m�m�jgKg�l c e�ougKl�i ` l=tun=t ` m;l�}Kg�m%nwe=p.ougKlTs�gKl¡lwi«gK}KnweVgKl MON�~�� 	 ���
{��`bac gKououg�p"i�i�p"e=p¢��yn�gKn¬p¢ c l=n�jgKg¬i�p%e c m;gCrkp c l=l=tug�m�m;gCs�g � � à £D�;|®l � M s�g oqp"ehr"g c e�gKn c mZe=p%i�i ` eVn
e=p¢tyg�l c e�} ` m%n=tqm c�c |�s�g { � ���

�A¯V° ± ²A³§´µ�¶=·=¸	¹�º	· ²�»¼³ µ�¸¾½ ²�¿ÁÀC² ¸	¹ » º	µ�¸Âµ » ¹ �\¸ ²�Ã�À º�· ²�»Ä³ µÆÅÈÇÆµ©º �

��É���ÉOÊ Ë ��ÌDÍ�Î � ����ÌÏÌ.Î�	ÏÐ��*Ð  ��Í � 	 � ���Ì�Ñ��� 	��ÓÒ ��	"Ô-Õ
Ö pT��r c ehg ��� Ý i�ekjgKl=g�m%n=g c m4}�e ` � c tul�s�  c m;g�i�p"eVn=tugTs�g�m ` nweVg¡×�p.oqp.Øktug�p�d"gK}�ougKl�i ` l=tun=t ` m;l�s�gKl � e=p.l

lwi;tqe=p c Ø�p.l=l ` }KtwjgKgKl ap c m;g�dktun=gKlxl=gAe=p.s�tqp.ougAÙ � ��� � i�e ` i ` lWjgAi�p"e�×AeVg�p�d"gKl�Ú¾ÛÈtuoyoutqp"|\l 	 ��Ü"Ü.1 � �
¨�m�e=p.tul ` mDs c r;e=p"m;s�m ` | � eVg�s�gA} ` | i ` lwp"m%n=gKl�g�mÝdktun=gKlxl=gAg�mÝs�tÞehgK}Kn=t ` m-s�g � r;e�ß�à � tuo�gKlxn�s�t�áv}Ktuoyg
s� 2gKlxn=tq|\g�eAi�e;jgK}KtulWjg�|\g�m%nToyg c e�i ` lxtynxt ` mÏgKnAm `kc lAp.s ` i;nxg�e ` m;l�s�p"m;l�}Kg¬� c t�l c tunA}Kg\l=}K��jg�|4p � gKØ;}Kg�i;n�jg
i `kc e�oqp\} ` | i ` lwp"m%n=g ap�oÞp�dktun=gKl=lxgAâ { �k|Sl � M ��¨�mCg7ã�gKn � ap�}KgKn=n=g�o ` m;r%tyn c s�g 	/o�â {"ä � � g�mDi�e;jgKlxg�m;}Kg
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MON P��QB�>TP MO� ��_��$B=:�Hu<ÞF�< >hB=:�:9L Y¬IBw5V</B9L.57B=:��6! �Ï: ?98�>�JK6�H/J9L�H"IBKB=:\Bw8Ý:9L Y�Y�?�: 698�>�H/6vF�"BwFGB�H�6.5�U�B9L.5�E�B
576�</B$#�L%B JKB=HuH�BCE�L P�MO�%�'&q:=<�E¡IB�>VBKJ�> <�?.8)(v?WLÝMON.P*��_�� 6,+.-0/21 JK?95=57B=:VY$?98�E3�6CHw] 654.L�:�>VBwFCBw8�>�E�B�H�6
>O57698;:=<)>)</?986�T@ �\E�LGMON9P���_
d87
9%: 	 MON ~�� � MON ~�� 	 � @ {� MON ~�� 	)à @ � � ~ MO� � 	 � @ {� ~ M�� � 	)à @ � � ; Û=< �	)�;|�l � M � >@?�A 	)� � >@?�A 	)� � >B?�A 	)� � >@?@A 	)� � 	)�;|�l � M �
� � � à � �"à { ��� � { � { 1 C { � {>à C { � { Ü 1 � à
� � { 1 �¦�"£ { � à £ { ��� à C { � { à C { � { � ��� Ý
� Ý ���¦£%à { ����£ C { � ��Ü C { � {>Ý C { ��� Ý �� �
�O1 ������Ü { �¦�%£ { ����à { ����� C { ����Ü à � {
�O1 �� { � ��¦à%� { �¦à"£ { �¦à Ý C { � { 1 1 �¦à
��à Ý �¦�%Ü { ��� 1 C { � ��� C { � { 1 C { ����à à��21
��à { � Ý £ { ����Ü { ��� { C { � { 1 C { ����à à��¦�
� �¦��� { �¦� à { �¦à Ý C { � { à C { � {.Ý � Ý � {
à"à������ { � à%{ { ��� { C { � { 1 C { � { 1 à����
à.à � à 1 { � Ý � { �¦à à C { � {>à C { � { Ü 1 � Ý

s�  c mv| `kc d"g�|\g�m%n'e=p¢s�tÞp¢o�l=tq| i;oug � n `;c l�ougKl�| `kc d"g�|\g�m%n=l�}KtÞeh} c oÞp¢tÞehgKl¡s ` tud"g�m%nA�gKnwehgRi«g�e=i�g�m;s�tu} c oqp.t�ehgKl
apAoqp�outurkm;gAs�gTdktul�jgKg 	 d ` tqe\jgK� c p.nxt ` m 1 � � � �%DTtÞm;lxt � oygAi�e ` ��o `k� l=g�eVd�jg�s ` tyn��gKnweVg�}Kg�m%nwe;jg ap�oÞp�d;tun=gKl=l=gAâ {
�k| lK� M �k¨�m�s'jg�i;tun�s c | `kc d"g�|�g�m"n�m ` m\}KtqeV} c oqp.tqeVgAs�gTm ` nweVg¡×�p.oqp.Ø;tyg�p c n `;c e$s c }Kg�m%nweVg�r;p.oqp.}Kn=tu� c g �
oÞpC} ` | i ` l7p"m"nxg¬n7p"m;r"g�m%n=tugKoyoug s�gKlAm c p.r"gKl�g�mÏe ` nwp.n=t ` m-p"i�i�p"eVn=g�m�p%m"n ap oqpCouturkm;gCs�g¬d;tul�jgKg\i�g c nD�gKnweVg
eVgKlwi ` m;lwp � oug�s�g�oqpA} ` | i ` l7p"m"nxg�jgKoÞp%eVr"tug�p c n `kc e�s�g { �;|Sl � M d;tul=t � oyg\rke¢�p.}Kg¡p c ØDe=p.tugKl�| ` o7jgK} c oqp.tqeVgKl
gKn�p.n ` |\tu� c gKl � ~ gKnxn=g\} ` | i ` lwp"m%n=gAgKl=n c mÏ| jgKoqp"m;r%gAs�g\}KgKlAm c p¢r"gKl¡gKnTs c | p.n�jg�eVtugKo�i�e;jgKl=g�m"n ap c m;g
s�tylxnwp"m;}Kg¬i�e ` }K�;gAs c � ` ougKtuo �
Ö gKl\m c p.r%gKl¬i�e;jgKl=g�m"nxl¡l c e�oqpDouturkm;gDs�g d;tyl�jgKg g�mÏs�tqeVgK}Knxt ` mZs c }Kg�m%nweVg4rkp.oqp.}Kn=tu� c gvl c�� tul=lxg�m"n c m

}���p"|4i�s�g'exp ª%` m�m;g�|\g�m%n�tqm"n=g�ehl=n=gKouoqp.tqeVg¡| `.ª g�m 	)×FEHG �©� � { g�m c m;tun�jg�s�g �� �JI � { � N g�eVr�lK� M }�|C��K � �
> e ` tylAi���p¢l=gKl¬| p¢�g c ehgKl�i«g c d"g�m"n\p.o ` eVlC�gKnweVgAs�tul=nxtÞm;r c jgKgKlAs�p%m;l�o  VjgKn c s�g\s�g }KgKlAm c p.r"gKl 	 > tygKoug�m;l\Ú
< ` ououg�m � p.}�� ��Ü%£ Ý p �ML o) Vjg�|\tul=l=t ` m�s�g ~*N��.� gKn�<2O�tqm"nxg�eVdktug�m%n�s�p"m;l$oygKl$} `kc }K�;gKl�}���p c s�gKl�t ` m;tul�jgKgKl�s�p"m;l
oygKlx� c gKouougKl�oug�|\tuoutug c gKl=n'i�p"ehn=tugKoyoug�|\g�m%nTs�tylxl ` }Kt7jgAi�p"e�ougAe=p ª"` m�m;g�|�g�m"n � ÙÂ� c t	o) ¦p�ã�gK}Kn=g� Ö  Vjg�|\tul=l=t ` m
s�g ~ N gKn � gKl=n¡p c lxl=t�i�e;jgKl=g�m"nxg�s�p"m;l�oqp } `;c }��;g\i;o c lAi�e ` ¥ ` m;s�g�s�p"m;l¡oqp.� c gKououg oqpv| ` owjgK} c ougP< K gKl=n}�p"i�p � oug�s�g�e;jgKlxtylxn=g�e apToqp�i�� ` n ` �Os�tul=l ` }Ktqp.n=t ` m � Ö g'} ` g c e�| ` o7jgK} c oÞp¢tÞehg�s c m c p.r%g�} ` m%n=tug�m"n�oqp�| ` owjgK} c oug
~�� gKn�l=gKlTtul ` n ` i«gKl¡p.tqm;l=t�� c gP< K gKn � �Ö  ¦p � l ` e=i;n=t ` m ap � àRQ | s c } ` m%n=tqm c�c | jg�|�tyl i�p"e�oqp e;jgKr"t ` m0<.OSO�s ` tun p.o ` eVlD�gKnwehg s'jgK} ` |4i ` l�jgKg\g�m
s�g c ØGi�p"ehn=tugKlRi `kc e�}K��p.} c m4s�gKl¡m c p¢r"gKl L o) ¦p � l ` e=i;n=t ` mCs c g ap�o)  ` Ø ª r ag�m;gTp.n ` |\tu� c gAi�e;jgKlxg�m"n�s�p"m;l�oygKl
} `kc }��;gKl `�ac ~ N gKn � l ` m%n�} ` �OgKØ;tylxnwp"m%n=l¡gKn�o  �p � l ` e=i;nxt ` mCs c g ap\o)  ` Ø ª r ag�m;gAp.n ` |�ty� c gAi�e;jgKl=g�m"n�s�p"m;l
oygKl�m c p.r"gKl¡| ` owjgK} c oqp.tqeVgKl `�ac ~�� gKn � l ` m"n�} ` �OgKØ;tul=nwp"m%n=l��



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

Sun
Orion arm

Sgr arm

Scutum arm

Expanding ring

+5 to +20

-50 to -35

-30 to -15

+30 to +35

-5 to +5

<-55

Sgr B2

+65

3kpc

4 kpc

Galactic Centre;

0��	�V
 � � Ý 3�� JhX�IBwFC6�57BVY�5+IB=:KBw8�>V698�>�L.8�B�Y�6.5K>)</B¡E�B�H/6���6�H/6��;</B¡Bw8�>O57B�H/B � ?�H/B=<uH�B�>�H/B�JKBw8�>O57B�U�6�H�6%J�>)< #«L%B
B�>�H/B=:�Y�?�:x< > <�?.8;:�Y�57? Y�?�:$IBKB=:J&��¡57BK6"[.B=:�� - <uHuHu</69F\: �
	�	� (¡E�B=:$�.576�:�:VY�<q576WL�Ï6�:=:K?;J=<"IB=: �6GL.8�BA[�<)>VB=:=:KB
� 7�9 : _�� B=:AE"<u:�>V6.8�JKB=:�8�B�:K?.8�>$Y�6�:¡57B=:VY$BKJ�>�IBKB=:�:.L.5TJKB�>=>VB�JK695 >VB�_

��É���É Õ Ë ��Ì�����Î���� ��Ì ������� 	"Í ��Ì
�������! "�#��$%�&�'�()�+*,��-+�/. ��0	�2143

D���m s�g�i�p"exp"| jgKn7eVg�e�oqpÏ} ` |4i ` lwp%m"n=gCs�t�ã c l=gDs�gKlvm c p.r"gKl\l c e\oqpÏouturkm;g�s�gDd;tul�jgKg � m `kc lCp�d ` m;l
c n=tuoutul�jg-ougKl `k� l=g�eVd.p.n=t ` m;l\s�gDoqpÏnwe=p%m;l=tun=t ` m apÏà��C}�|Æs�gDo) ¦p¢n ` |\gCs� ¦� ª s�e ` r ag�m;g � g�m*p � l ` e=i;nxt ` mZg�m
s�tqeVgK}Kn=t ` m s�g � r;eAß�à�� ~ gKl `k� l=g�eVd.p.n=t ` m;l ` m%nZjgKnWjg\g7ã�gK}Kn c jgKgKl\i�p"e\×Ap"e65 `;` sfÚ87�tu}K�.g ª 	 ��Ü"£"Ü � g�m
c n=tuoutulwp"m%n�oug�Ù Ö D p�d"gK} c m;g�ekjgKl ` o c nxt ` m�lwi«gK}Knwe=p.oug�s�g�à�� Ý £��k|§l � M �#7�g'|4p"m;t ag�eVg ap�i�ehg�m;s�eVg�g�m�} ` | i;nxg
n `;c n=gKl�ougKl�} ` | i ` lwp"m%n=gKl�g�m-dktun=gKl=lxg � m `kc lAp�d ` m;l�p. c l=n�jg�oug l7i�gK}KnweVg `k� lxg�eVd�jg¬i�p"eTs�gKl�r;p c l=l=tug�m�m;gKl
s ` m%n�ougKlAi�p"e=p"| agKnweVgKl�d9p"eVtqp � ougKl�l ` m%n L oqpDd;tun=gKl=l=g\}Kg�m%nwe=p.oug � oÞpÝoqp"eVr"g c e�s�g e=p.tug\gKn�l ` m ` i�p.}Ktun�jg� Ö gKl
i�p"exp"| agKn7eVgKl 	/Ù.7
9%: ��9 d�	 <.O � gKn;:�	 <.O � � s�gKl�rkp c l=l=tug�m�m;gKl¡p¢ c lxnWjgKgKl�p c ØGi�ehtÞm;}Ktqi�p.ougKlAe=p¢tygKl�s�g <.O�g�m
p � l ` e=i;n=t ` m4l ` m%n'eVg�i ` eVn�jgKgKl�g�m n7p � oug ����àAi `;c e�s�gKl�d;tun=gKl=l=gKl�g�m%nweVg�� �� { gKn=< �\�k| lK� M � Ö gKl�d;tynxgKl=l=gKl
ougKlAi;o c l�rke=p"m;s�gKlT} ` e=ehgKlwi ` m;s�g�m%n�p c Ø�m c p¢r"gKl¡s�t�ã c l�i�e ` }K�;gAs c } ` |4i;oygKØ;g � rkeTß'à4gKn¡m;g\l ` m%n¡i�p.l
eVg�i ` eVn�jgKgKl�s�p"m;l�}KgKnxn=gAnwp � oyg��¨�mDg7ã�gKn � m `kc l�m `;c l�tqm"n�jg�eVgKl=l ` m;l�s�p"m;lT}KgKn=n=gÏjgKn c s�g c m;ty� c g�|\g�m%nAp c Ø
m c p.r"gKl¡i `kc d9p%m"n �gKnwehg¡s�jg�|��gKo7jgKl�s�gAoqp\} ` |4i ` lwp%m"n=g�g�mÈjg�|\tul=lxt ` mCs�gAoqp e;jgKr"t ` m <2OSO �

��&>$&?()�@-+�BADC ���FEHG& ���?I Q 3
Ö pÏe=p.tugDs�g ~ N ap � Ý £ Q | i�e;jgKl=g�m%n=g c mfi�e ` ��o'g�m*p � l ` e=i;n=t ` m p c ØZd;tun=gKl=l=gKl4tÞm%¥.jg�ehtyg c ehgKl ap à"{

�;|Sl � M gKn c mCi�e ` ��o	g�m*jg�|\tul=l=t ` m ap�s�gKl'd;tun=gKl=l=gKlTi;o c l�rke=p"m;s�gKl 	/d ` tqe©��r c eVg ��� à� �%D¡d.p"m"n�n `;c n=g¡nxg�m%�
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nwp.n=tud"g�s�gT| ` s�jgKoutyl7p.n=t ` m\s�gKl�} ` | i ` lwp"m%n=gKl�g�m p � l ` e=i;n=t ` m � c m;g�gKl=n=tq| p¢n=t ` m s�g�oÞp�} ` | i ` lwp"m%n=g�� ~ O O��� Ý £ Q |�g�m jg�|\tul=lxt ` mCgKl=n¡m�jgK}KgKlxlwp.tqeVg� ~ ` m;l=tus�jg�e ` m;l�ougKl¡} `kc }K�;gKl�gKØ;n=g�e=m;gKl�s�gKlTm c p.r%gKl¡| ` o7jgK} c oqp.tqeVgKl
`bac oyg4}�p"e ��` m;g¬gKlxnA| p. ` eVtunwp.tqeVg�|�g�m"nTl `kc lT¥ ` e=|\g\s�g\}�p"e �«` m;g t ` m;tul�jg� � m�l c i�i ` l=g4� c g ougKl�} ` m;s�t��
n=t ` m;l'i�� ª lxty� c gKl¡e;jgKrkm�p"m%n�s�p%m;l�}KgKn=n=g�} `kc }��;gTl ` m%n�ougKl�|��g�|\gKl�� c gTs�p"m;l�ougTd ` o c |\g `�ac oÞp�nwe=p"m;lxtynxt ` m
� � O�� � 1 Ý Q |�gKl=nCjg�|\tul=g 	 > tugKoug�m;l¡Ú < ` ouoyg�m � p.}K� ��Ü%£ Ý p � � Ö p\e=p.tug ap �K1 Ý Q |�i�g c n\�gKnweVgTp. c l=n�jgKgTi�p"e
c mZi�e ` ��o�rkp c l=l=tug�mÏs�g ; Û < � G�1 { �;|®lK� M }Kg�m%nwe;jg apCg�m%d;tÞe ` m � { �;|®lK� M gKn�} ` m"d ` o c jgvp�d"gK}\oug
i�e ` ��o�tqm;l=n7e c |\g�m%nwp.o apD}KgKnxn=gv|-�g�|\g o ` m;r c g c e�s�  ` m;s�g� Ö  ¦p. c l=n=g�|\g�m%nA} ` | i�p"e;jg¬p c Ø `k� l=g�ehd9p.n=t ` m;l
gKl=n�eVg�i�e;jgKlxg�m"n�jg�g�m4��r c eVg ��� � � DTtqm;l=t � oqp\} ` | i ` lwp"m%n=gTg�m jg�|\tul=lxt ` m gKl=n�n `kc n�s� �p ��` ehs�| ` s�jgKoutyl�jgKg�i�p"e
c m;g¬r;p c l=l=tug�m�m;g\g�mÈjg�|\tul=l=t ` m-s ` m%n�ougKlAi�p"e=p"| agKnweVgKl 	/Ù 7�9 : gKn ; Û=< � � l ` m%n�s'jgKs c tun=l�s�g�o  �p. c l=n=g7�
|\g�m"n�s�gAoqp e=p.tug ap � 1 ÝJQ | �
Ö gKl e=p.tugKl\g�mfp � l ` e=i;n=t ` m l ` m%n¬| ` s�jgKoutul�jgKgKl¬i�p"e�s�gKl\rkp c l=lxtyg�m�m;gKl4s ` m"n�ougKl�i�p%e=p"| agKnweVgKl 	/Ù 7�9 : gKn
; Û < � � l ` m%n�s�jgKs c tynxl¡s�gKl `k� l=g�eVd.p.n=t ` m;l <.O � Ö gKl ` i�p.}Ktun�jgKl�s�gKl�e=p¢tygKl�s�g ~*N } ` | � tqm�jgKgKl ap o) Vjg�|\tulV�
l=t ` m ap � { �;|Ql � M l ` m"n�p.o ` ehl¡p. c l=n�jgKgKl'p���mCs�gAeVg�i�e ` s c tqeVg�oyg�l7i�gK}KnweVg `k� l=g�eVd�jg� ~ gKoqp\tq| i;outu� c g\� c g
oygKl\} ` m;s�tun=t ` m;lCi�� ª l=tu� c gKl\s�p"m;l\oqpD} `;c }��;g `bac o) ¦� ª s�e ` r ag�m;g4gKl=nAl `;c l�¥ ` e=|\gvp¢n ` |\tu� c gvl ` m"nAp c lxl=t
d9p.outus�gKl�s�p"m;l�oqp4l=gK} ` m;s�gA} `;c }��;g � `�ac ~*N gKn � l ` m%n�} ` �OgKØ;tul=nwp"m%n=l��
Ö  ¦p. c l=n=g�|�g�m"n�s�g�oqp\nwe=p%m;l=tun=t ` m ap � Ý £ Q |QgKlxn¡eVg�i�e;jgKl=g�m"n�jg�g�m4��r c ehg �����¬p%i�e agKl�} ` m%d ` o c n=t ` mDp�d"gK}Toug
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; �O1"1 �O1 ���¦à%¤��O1 �� { à �"� � à�� � Ü"Ü à
× ��à��� Ý ��à Ý �¦£%¤���à { � Ý 1 1"1 � à��¦Ü Ý 1 Ý ��£
< � à � Ý ¤ Ý � Ý ��¦� � �"Ü � ��¦� �%£� � à

g�mDn=g�m�p"m%n�} ` |4i;n=g�s�gAoug c e�oÞp%eVr"g c e�s�g¬e=p.tugAeVgKl7i�gK}Kn=tud"gKl��	¨�m%d;tÞe ` m�£ m c p.r"gKl�l ` m%n¡|\tul¡g�mÈjgKd;tus�g�m;}Kg
l c e$oqpToyturkm;g�s�g�dktul�jgKg�s�g � r;e=ß�à�s�p"m;l c m�tÞm%n=g�eVd.p.ououg�g�m\d;tynxgKl=l=g � � �� { � < � { �k|¾l � M ��gKn�l ` m%n�eVg�i ` ehnWjgKl
g�m nwp � oyg ���21 � �$`kc e©}���p¢} c m\s�gKl�m c p.r%gKl � oug�e=p"i�i ` eVn�� 	 � O � s�p%m;l'ougT} ` g c e�| ` o7jgK} c oqp.tqeVg�i�p"e�e=p"i�i ` eVn
ap�n `kc n�oug�m c p.r"g 	 } `kc }��;gKl�gKØknxg�e=m;gKl=<Â} ` g c e�| ` owjgK} c oqp.tqeVg � gKl=n�}�p.ou} c o7jgTgKn'ehg�i ` eVn�jg�s�p"m;l�}Kg¡n7p � oug�p c �
Ö g¬e=p%i�i ` eVn � ¤ ~�� s�p"m;l�}K��p.} c mÝs�gA}KgKl¡m c p.r"gKl¡| ` owjgK} c oqp.tqeVgKlTd9p"eVtug�g�m"nwehg à gKn à ���
� `kc l�p�d ` m;l�eVg�i�e;jgKl=g�m%nWjg�g�m���r c eVg � ��� { oÞp�d9p"ehtÞp¢n=t ` m\s�gToÞp�s�g�m;l=tun�jg�s�gT} ` o ` m�m;g�s�  ` Ø ª r ag�m;g�p.n ` |�ty� c g
s�p"m;l�oygT} ` g c e�| ` o7jgK} c oqp.tqeVgTg�m�¥ ` m;}Knxt ` m s�gToqpAs�g�m;lxtyn�jgTs�g¡} ` o ` m�m;g�s�g M K ~�� ��¨�nwp%m"n�s ` m�m�jg�oug�¥ p¢t � oug
m ` | � eVg s�gvi ` tqm"n=l�s�gv|\gKl c ehgvgKn�o) 2tqm;}Kg�eVn=tun c s�gDs�gKl�d9p.oug c eVl\}�p.ou} c o7jgKgKl 	/g�m%d;tÞe ` m c m-¥Op.}Kn=g c e�à � � tuo
p"i�i�p"e=p.��un s�t�áv}KtuougZs�gÏ|\gKn=nweVgCg�m�jgKdktus�g�m;}Kg c m;g ehgKoÞp¢n=t ` m*s�tqeVgK}Kn=g-g�m"n7eVgD}KgKlvs�g c Ø*r;e=p"m;s�g c eVl�� Ö p
s'jgKn=g�e=|�tÞm�p¢n=t ` mCs�  c m;g�o ` t�outqm�jg�p.tqeVg�s c n ª i«g � 	 � O � G p�� 	 M K ~�� � < � m `kc l¡p c exp.tunRp%i�i ` eVn�jgTs�gKl�tqm%�
¥ ` ex| p.n=t ` m;l�l c e�oqp�l=nwe c }Kn c eVg�s c m c p.r%g� � t�oqp�d9p¢oyg c e�s�gToqpA} ` m;l=nwp"m%n=g � m	  gKl=n'i�p.l�m c ououg � oug�e=p"i�i ` eVn
� 	 � O � ¤�� 	 M K ~�� � m	  gKl=n¬i�p.l�l=nweVtu}Kn=g�|�g�m"n�} ` m;lxnwp"m%nAgKn¬e;jgKd agKoug\oÞp-i�e;jgKlxg�m;}Kg s�  c m;gC} `kc }��;g4tÞm%n=g�e=| jg7�
s�tÞp¢tÞehg ~ N ¤ ~ ¤ ~�� m ` m*m�jgKr"outur"g�p � oug � s�p"m;l oqp.� c gKouoygÏoqpÏs�g�m;l=tun�jgDs�gD} ` o ` m�m;g�s�  ` Ø ª r ag�m;gDp.n ` |�ty� c g
l=g�e=p.tun�s�g � }�| ��K �

> e agKlAe;jgK}Kg�| |\g�m%n � s�gKl `;� l=g�eVd9p¢n=t ` m;l\s�g oqp�n7e=p"m;l=tun=t ` mÏs�gC}�p"e �«` m;gDp.n ` |\tu� c g apD1;Ü"àD× < � ` m%n
jgKn�jgvg7ã�gK}Kn c jgKgKlvg�mÓs�tÞehgK}Kn=t ` mÈs�g � r;e=ß�àfi�p"e4ougÏlwp.n=gKououtun=g � Û D � s�p%m;l c m � g�p%| s�g à � à � IS1 � Ý � �
~ gKouoygKlh�O}Kt�i«g�e=|\gKn=nwe ` m"n4s�gDs'jgKn=g�e=|�tÞm;g�e�oÞp s�g�m;l=tunWjgDs�g-} ` o ` m�m;g�s�gD}�p"e ��` m;gÏp.n ` |\tu� c gDs�p"m;l }K��p��
} c m�s�g4}KgKlAm c p.r%gKl¡gKn�s�g\}�p.ou} c oug�e�oqpDs�g�m;lxtyn�jgAs�g4} ` o ` m�m;g\s�  ` Ø ª r ag�m;g\p.n ` |�ty� c g i�e;jgKlxg�m"n=g�s�p"m;lToÞp
} `kc }��;g ~ N ¤ ~ ¤ ~�� r;e.�p.}Kgvp c e=p"i�i ` eVn � ¤ ~ â�à�� à � g�mÏl c i�i ` lwp"m%nA� c gvoqpDs�jg�i;ougKn=t ` mZs c }�p"e ��` m;g
m	 2tqm"n=g�ehdktug�m%nA� c g s�p"m;l�ougKlA} `kc }K�;gKl¬i;o c l�tÞm%n=g�e=m;gKl � ~ gKn=nxg¬d.p.oug c eAi `kc e=e=pDp.o ` ehlv�gKnweVg i;oqp.}	jgKg¬l c eToÞp
��r c eVg � ��� { gKn¡i�g�ex|\gKn=nwe=p4i�g c n �gKnweVg�s�g�} ` m"nwexp.tqm;s�eVg c m;gZjgKd"g�m%n c gKouougA} ` e=e;jgKoqp.n=t ` m � � t+}KgKn=n=gAs�g�m;lxtyn�jg
s�gA} ` o ` m�m;g\gKl=n¡m ` m�m�jgKr%oytur"g�p � oyg i�p"e�e=p"i�i ` eVn ap\}KgKououg s�jgKnxg�e=|\tqm�jgKg�g�mÝnwp � oug ��� à � gKoyoug\s�gKd�e=p.tun�p¢o ` eVl
i�g�e=|\gKnxnweVgCs�gv}�p.ou} c oug�eCi;o c lCi�ekjgK}Ktul=g�|\g�m%n\oug�e=p"i�i ` eVn � O�¤ ~�� s�p"m;l\ougD} ` g c e\| ` owjgK} c oqp.tqeVg��� `kc l
m	 ¦p�d ` m;l�| p.oq�;g c eVg c lxg�|\g�m"n�i�p.l�p.}K} agKl�s�tqeVgK}Knxg�|\g�m"n ap�}KgKl�s ` m�m�jgKgKl�i `kc e©oygT| ` |\g�m%n�gKn�m;g�i `kc d ` m;l
� c g�l c i�i ` lxg�e�}KgKn=n=g�} `kc }��;g�n7e agKl�|\tqm;}Kg¬i�p%e�e=p"i�i ` eVn¡p c ØDp c nwehgKl�} `kc }K�;gKl��
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Ö pDe;jgKr"t ` mDs�g i�� ` n ` �Os�tul=l ` }KtÞp¢n=t ` m 	 � 7 � L � � � ` n ` ��7�tul=l ` }Ktqp.n=t ` m � gKr"t ` m � `kc g�m;} ` eVg � � � ` n ` m

7 ` |\tqm�p.n=gKs � gKr"t ` m � � eVg�i�e;jgKl=g�m%n=gDougZ|\tuoytug c tqm%n=g�eVl=nxgKoyoqp.tqeVg s�p"m;lvougK� c gKo�ougKlGi�� ` n ` m;l ; � Ù®s ` m%n
o  Vjg�m;g�eVr"tug�gKl=n�} ` |4i�eVtul=g�g�m%nweVg ��gKÙÈgKn � à � ��gKÙÈs ` |\tqm;g�m%n�oÞp�}��;tq|\tug � oyg�}���p c ã�p.r%g�gKn�oqpTl=nwe c }Kn c eVg�s c
rkp���g�m%dktqe ` m�m�p%m"n�� ~ gKl¡i�� ` n ` m;l�i�� ` n ` �Ot ` m;tul=g�m%n¡ougKlAp.n ` |\gKl�s ` m%n¡ougKl�i ` n=g�m%n=tugKoul�s� 2t ` m;tulwp.n=t ` mÝl ` m%n
tÞm%¥.jg�ehtyg c ehl ap � à � ��gKÙ } ` |4|\g�oyg�}�p"e ��` m;g 	 ���¦à�RgKÙ � gKn�i�� ` n ` �Os�tul=l ` }Ktyg�m%n�oug ~�� ap ��� { Ü�gKÙÈgKn�< K ap1 �21k£�gKÙ � Ö p � 7 � l� VjgKn=g�m;s ap�n7e=p�d"g�eVl�oug�m c p.r"g	 c l=� c   ap�}Kg�� c g�oug'i�e ` }KgKl=l c l$s� VjgK}�exp"m"n7p.r"g�i«g�e=|\gKn=n=g�p c
~�� s�g�l=g�| p.tqm%n=g�m;tqe�� Ö p���r c ehg'������eVg�i�e;jgKl=g�m%n=g c m;g � 7 � tuouo c |\tqm�jgKg¡i�p%e c m�}K��p"| i�s�g'e=p ª"` m�m;g�|�g�m"n
� Ù ��D¡tqm;l=t � ougKl � 7 � l\l ` m%n¬ougKlve;jgKr"t ` m;l�s c � O � s�p"m;l\ougKl=� c gKouougKlDoqp-}��;tq|\tug � oqpÏl=n7e c }Kn c eVgCgKn\oygKl
i�e ` }KgKlxl c l�}��;tq|\tu� c gKl\l ` m%n¡s�jgKn=g�e=|\tqm�jgKlTi�p"eTo) 2tqm"n=g�exp.}Kn=t ` m-s c }K��p"| i-s�g e=p ª"` m�m;g�|\g�m%n ; � ÙQp�d"gK}
oygCrkp��\gKn�oÞp-i `kc lxl=t ag�eVg tqm%n=g�eVl=nxgKoyoqp.tqeVgKl � Ö p�| p¢�g c eVgCi�p"eVn=tug s cBA�c Ø ; � Ù 	�CQÜ"Ü � � gKl=n¬p � l ` e � jgKg
i�p"e�ougKl�rke=p.tqm;l�s�g i `kc lxl=t ag�eVg\gKn�ekjg	jg�|\tul=gAs�p"m;lToug } ` m%n=tqm c�c |'O ��� g�m%nwe=p.��qm�p"m%n c m;g p.n=n�jg�m c p.nxt ` mCs c
}���p"|4i ; � ÙQgKn\i�e ` d ` � c p"m%n c m;g l=nwe=p¢n=t���}�p.n=t ` m-}��;tq|\tu� c gvgKn�n7�;g�e=|\tu� c g4s�g oqp�e;jgKr"t ` mDs�gvi�� ` n ` �
s�tylxl ` }Ktqp.nxt ` m �
~ gC}���p%| i s�g�e=p ª"` m�m;g�|\g�m%n ; � Ù gKl=n |\gKl c e;jg jgKrkp.o ap �� � I � { � N g�eVr"l\l � M }�| ��K 	�¥ p¢}Kn=g c e

× E � g�m"n7eVg�Ü��CgKnvà.1 { m�| p c d ` tul=tqm�p.r"gDl ` oÞp¢tÞehgDgKnveVg�i�e;jgKl=g�m"nxgvoug�}K��p"| i s�g�exp ª%` m�m;g�|\g�m%nfjg�|\tul
i�p"e�oqp\i ` i c oqp.nxt ` mCl=n=gKouoqp.tqeVg�s�p"m;l�m ` nweVg�rkp.oqp.Ø;tyg 	 <Tp � tqm;r ��Ü�"£ � ��� `kc l c n=tuoutylxg�e ` m;l�}Kg�¥ p¢}Kn=g c e�s�p"m;l
m ` nweVgÏjgKn c s�gAs�g�oÞp � 7 � s�gAÛÈ1kÜ � ��ß�tug�m-� c g�ougA}K��p"| iDs�g\e=p ª"` m�m;g�|\g�m%n ; � Ù l ` tunT}�ekjg	jg�i�p"e c m
g�m;l=g�| � oyg�s� VjgKn ` tuougKl'i�e;jgKl=g�m%n=gKl�s�p%m;l'm ` nwehg�rkp.oqp.Ø;tug � tuo	gKl=n�s ` |\tqm�jg¡i�p%e�oqp�} ` m"n7eVt ��c n=t ` m s�gT}Kg�eVnwp¢tÞm;gKl
jgKn ` tuougKl �)Vg c m;gKl �\� c t�l ` m%n�oygKlDjgKn ` tuougKl�s�g�n ª i�g � gKn¡ß � ~ gKoyougKlV�O}Kt$l ` m%n�}���p c s�gKl 	 >EDGFHF â ��JI ILK { �
�MI�INK { � �'O � | p¢l=l=tud"gKlQPRK { �SK4K { �UT O�gKnÏjg�|\gKn=n=g�m%n c m;gvr;e=p"m;s�g i�p"eVn=tugCs�g oug c eZjg�m;g�eVr"tug apCs�gKl
o ` m;r c g c eVlTs�  ` m;s�g�tqm%¥9jg�eVtug c eVgKl ap à {"{"{ DWVYX
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Ö�X8Y�Z[M\#]K^:_8`I[Ua � ^#bc^ � `I]KdLdL^�eM] X bL]K^:_faI[�g�b �[Mb Y [Re Y�Z[ Z[M[ihXijkX dlg Y ¥ X eM[R`   gI_m_:g X \,[�n�^ j6Z[Me�g jQX ] Y [�] jKj gIni]k_ Z[
`I[ j   [ Ø b Z[ Y ]K[�g Y a X#Y gI_oe � X npao`I[ YLX ª#^:_I_�[�n�[�_,bWq � Ù P Z[�n�]KdSa X,Y `I[Md Z[MbL^#] j [Md O n X ]Kd X g�dLdc]�`I[ j   ]Q_ �
b Z[ Y ]K[�g Y ` X _�d j [8e X d�`   Z[MbL^#] j [MdU[�_ ¥ ^:g�]K[Md X grdL[M]Q_r`   gI_s_:g X \#[tni^ j6Z[Me�g jQX ] Y [ X � _uav[�g�bp` Z[ � _�] Y b Y ^,]wd
eM^:_ � \�g YLX bL]K^:_�d�`   ^k��dc[ YExGX bc]w^�_8`I[ � 7 � L�`I[ ¥ X eM[ � `I[We �^#b Z[ � [Mb X#YLY ]�h[ Y [ X Ö�X � \:g Y [ � X�à Y [�a Y�Z[MdL[�_,bL[=eM[Md
`I] ã Z[ Y [�_,bL[Md.eM^�_ � \:g YLX bL]K^:_�dy`   gI_zav^#]Q_#b.`I[ x g�[Rdc]kn{a j ] � Z[ X
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Ö�X a Y ]Q_�eM]Qa X@j [�dL^�g Y eM[�`I[Ue � X g ã X \#[�`�gm\ X � [MdLb j [ YLX ª#^:_I_�[�n�[�_,b=q � Ù Z[�n�]KdSa X,Y [ ã [MbRa � ^#bL^ �

Z[ j [MeMb Y ] � g�[Wd6g Y�j [Md�\ YLX ]Q_�d X�� [Mb�[ ã [Mb�aI[�g�b �[Mb Y [�` Z[Me Y ]Kb�`I[ jQX n X _�]�h[ Y [.d6g�] xGX _#bL[ L�gI_pa � ^#bL^�_�q � Ù [MdLb
X ��dc^ Y � Z[.a X#Y gI_�\ YLX ]k_i`I[=aI^:g�dcdL]�h[ Y [ � aIg�]wd�[MdLb�`I] ã g�d Z[�hX b YcX�x [ Y d j [.\ YLX ]Q_  g�d � g   hX eM[ � g   ] j d   Z[Me � X aIav[
[Mb ¥ ^:g Y _�]Kb X@j ^ Y d X gf\ X � gI_f[ Ø e#h[Md�`   Z[�_�[ Y \#]K[peM]Q_ Z[Mbc] � g�[ X�� [Na Y ^:eM[Mdcd6g�dpaI[ Y n�[Mb�\ Z[�_ Z[ YLX�j [�ni[�_#bR`I[
eM^:_ x [ Y bc] Y â K ��`I[ j   Z[�_�[ Y \#]K[�`�g{a � ^#bL^:_ � Ù [�_ Z[�_�[ Y \#]K[.d6g�dLeM[�a�bc]Þ� j [W`I[.e � X g ã [ Y�j [y\ X � P >�]K[ j [�_�d Ú
< ^ jKj [�_k� X e � K�Ü%£4I X O�X Ö�X dlaI[MeMb Y ^,dLeM^:a�]K[pq O � [Mdcb j   ^:g�bc] j `   Z[Mb6g�`I[�dLb X _�` X#Y `z`I[Md�� 7 � d X Ö   Z[�n�]KdLdc]w^�_
q O � `I[Md�b YLX _�dL]KbL]K^:_�d�`I[.dcb Y g�eMb6g Y [ � _�[.`I[ j   ^ Ø ª�\vh[�_�[ X bL^:n�] � g�[ � � O�� hXR� àW[Mb KM�7I Q�n�[Mb�`�g�e X#Y �I^:_�[
]K^:_�]Kd Z[ ����O O�� hX K I"£ Q�n�`I^:n�]Q_�[ j [ Y [ ¥ Y ^,]w`I]KdLdc[�n�[�_#b�`�g8\ X �� g�d � g   hX gI_�[R[ Ø bc]k_�eMbc]w^�_ x ]Kd6g�[ jKj [�`I[ â��
^�hg j [We X#Y �v^:_�[.[Mb j   ^ Ø ª�\vh[�_�[�dL[ Y [MeM^:n\��]k_�[�_,b.aI^:g Y ¥ ^ Y n�[ Y�jQX n�^ j6Z[Me�g j [ � � P < ^ jKj [�_k� X e �CÚ >�]K[ j [�_�d
K�Ü%Ü"Ü4O�X
Ö   ^ Ø ª�\vh[�_�[ X bL^�n�] � g�[.aI^,dLd�h[M`I[WgI_paI^#bc[�_#bL]K[ j `   ]K^:_�]Kd X bL]K^:_{`I[ K à X � à [ Ù eM^:n{a X#YLX � j [=n X ]wd�d6gIa Z[ Y ]w[�g Y
hX eM[ j g�]=`I[ j  ¦� ª�` Y ^#\�h[�_�[ X!� [ jkX ]Qnpa j ] � g�[ � g�[ j   ^ Ø ª�\�h[�_�[8dL[ YLX dL^�g�dpd X ¥ ^ Y n�[8]w^�_�]wd Z[M[N` X _�d jQXfY�Z[ �
\#]K^:_ <2OSO � [Mb X bL^:n�] � g�[�` X _�d jQX � 7 � X�¨ _8[ ã [Mb � jQX � 7 � av[�g�b �[Mb Y [W` Z[ � _�]K[�eM^:n{n�[ Z[Mb X _#b jQX � ^�_�[
`I[pb YLX _�dL]KbL]K^:_o[�_,b Y [ jQXoY:Z[M\#]K^:_ <2OSO [Mb j [i_�g X \#[pn�^ j6Z[Me�g jQX ] Y [ � ^�hg j   ^ Ø ª�\�h[�_�[�dL[�b Y ^:g x [Udc^:g�d ¥ ^ Y ni[
X bc^:n�] � g�[�a j g�b �^,b � g�[R]K^:_�]Kd Z[M[�^:gNn�^ jlZ[Me�g jQX ] Y [ X
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�I*,+z<I+ � 7#/M+
J�+6BL58+�9 �7mOl> F � -M+6B��M7:9E+G*@BH<I+��@F�;QB{O +L- 3+�9EF�;wO&+L- # *�;yJ�1AF:9EF � <#;w-c-MF:/L;&+6?A9pO&+L-�3+LO,3+658+6?�9"-N/21�;Q5�; # *,+L- # *�;
/MFG5�J�F�-M+6?�9 O +R?�*,70D�+ V�� ?A+��T*,+�<I+R/ "F:9A3+�J�+6Bc58+�9.<I+���F�;QB�O&+L-�<#; � 3+6Bl+6?A9E+L-�@F@?A+L-R<I+�9PBl7G?�-c;�9"; F@?m+6?A9PBl+
O +L-H3+�92F�;KO +L- � O&7)BC3+ED:;&FG? / � �B& F �*�Ol> 1 � <:BlF0D �+6?A+�+L-�9C9EF:9E7�O&+658+6?A9I;&FG?�;K-�3+ ( � O&7 ����� +�9AO +�?�*,70D�+�58F�O,3+M/G*�O&7�;QBl+ V
� ?A+��I*,+�<I+R<I+6BLB2; �+6Bl+=?A+�J�+6Bc58+�9�J�7�-R<�> F � -M+6B��@+6B�O&+L-s3+�9EF�;KO&+L-R+�9�O&7 ����� +L-�9�7�O F@BE-WF � -M/G*@Bl/L;&+.J�7@B�O&+
?�*,7MDA+=58F�O#3+M/G*�O&7�;QBl+ V

; ¯�� ± ²�³��µ�¶xµ�¸Èº�� ´µ ²�Ã ·�� �Aµ�¸

Ö�X a j gIa X#Y b�`I[Md�ni^:`�h[ j [Md{b � Z[M^ Y ] � g�[Mdp`I[ � 7 � ` Z[Me Y ] x [�_#b j [MdNa Y ^�eM[MdLd6g�dp`I[oe � X g ã X \#[�[Mb{`I[
Y [ ¥ Y ^#]K`I]wdcdL[�n�[�_,b�[�_�bL[�_ X _#b�eM^:npa�bL[�`I[ jQX e � ]Qn�]K[=`�gi\ X � � `I[ j   Z[ � g�] j ]q� Y [Rb � [ Y n�] � g�[.[Mb�`�gib YLX _�d ¥ [ Y b
YLX `I] X bL] ¥ `I[Md YLX ]K[Md�`I[ Y [ ¥ Y ^#]K`I]KdLdL[�ni[�_#b P >�]K[ j [�_�d Ú < ^ jwj [�_;� X e � K�Ü"£4I X �.Û ^ j � Y [W[Mb X@j X K�Ü"Ü����"ß g Y bL^:_
[Mb X@j X K�Ü%Ü�����< ^ jKj [�_k� X e � � > X � X � X d � ] Ú >�]K[ j [�_�d K�Ü"Ü K � � [M] Ø _�[ Y Ú >�]K[ j [�_�d K�Ü"Ü à � K�Ü"Ü4I4O�XI� ^�npn�[
_�^:g�d j   X�x ^:_�d x g X g8e � X a�]wb Y [ I � j [Md YLX aIaI^ Y bcd.`I[Md YLX ]K[Md.` X _�d j   ]Q_ ¥ YLX,Y ^:g�\#[R`I[ j   ^ Ø ª�\vh[�_�[ X bL^:ni] � g�[
[Mb�`�g e X#Y �v^:_�[m]K^:_�]Kd Z[faI[�g x [�_#bNeM^:_,b YLX ]k_�` Y [ jQX `I[�_�dL]Kb Z[z`�g \ X � [Mb j [ e � X npa `I[ YLX ª#^:_I_�[�ni[�_#b
q � Ù ]Q_�eM]K`I[�_,b XHO j [ Ø ]KdLbL[uhX eM[  ^:g Y `I[�g Ø bVªIaI[Md�`I[tni^:`�h[ j [Md X Ö [ta Y [�ni]w[ Y [MdLbpgI_un�^�`�h[ j [fhX gI_�[
eM^:npaI^,d X _,bL[ � ^:n�^,\vh[�_�[pgI_�] � g�[ P >�]K[ j [�_�d Ú < ^ jKj [�_k� X e � K�Ü"£4I X ��Û ^ j � Y [ � >�]K[ j [�_�d Ú < ^ jKj [�_k� X e �
K�Ü"Ü��4O X Ö [pdL[MeM^�_�` ]Q_�e j g�[8`I[Md�[ ã [MbLdW`I[ ¥ YcX \:n�[�_,b X bL]K^:_ P ß g Y bL^:_o[Mb X@j X K�Ü"Ü���� � [M] Ø _�[ Y Ú >�]K[ j [�_�d
K�Ü"Ü à � K�Ü"Ü4I�� � a X#X _�d K�Ü"Ü � O�X�� [Nn�^�` h[ j [ hX `I[�g Ø eM^:npav^#d X _,bL[Md � a j g�d�a Y ^:e � [�eM[ Y b X ]Q_�[�n�[�_,bU`I[ jkX
Y:Z[ X@j ]Kb Z[ � b YLX ]KbL[ jQX ¥ YLX \�n�[�_#b X bL]K^:_�a X#Y `I[Md�d6a � h[ Y [ � ^:n�^#\�h[�_�[Md�`I[W`I[�_�dL]Kb Z[RgI_�] ¥ ^ Y n�[W` X _�d.gI_Nn�] j ]K[�g
� ^:n�^#\�h[�_�[Sni^#]Q_�d=`I[�_�dL[ X
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>�]K[ j [�_�d Ú < ^ jKj [�_k� X e � P > <¡£ I X [Mb$> <¡£ I � O ^:_,b Z[Mb Z[ j [Md�a Y [�ni]w[ Y d hX n�^�` Z[ j ]KdL[ Y�jQX e � ]kni]w[N[Mb
j   Z[ � g�] j ]q� Y [�`I[.e � X g ã X \#[y` X _�d j [Md Y�Z[M\#]K^:_�d�`I[Ra � ^#bL^ � `I]wdcdL^:eM] X bc]w^�_ � d   X aIaIg;ª X _,b�dlg Y�j [Md=_�^:n\� Y [�g�dL[Md
^k��dc[ YExGX bc]w^�_�d�`I[Md YLX ]w[Md�`I[ � � O�� hX�� àFQ�n [Mb KM�7I Q n�[Mb ���*OSO�� hX K I"£ Q�n � b Y h[Md�]Q_,bL[�_�dL[Md.[�_{`I] Y [MeMbL]K^:_
`I[ Y�Z[M\#]K^:_�d <.OSO X Ö [N\ X � [MdLbUn�^�` Z[ j ]Kd Z[ta X#Y gI_�[NeM^:g�e � [ � ^:n�^,\vh[�_�[p`I[8`I[�_�dL]Kb Z[�[�_,b Y [ K �� [Mb K � �
e�n ��� ] jKj gIn�]Q_ Z[M[fa X#Y gI_ e � X npa `I[ YLX ª#^�_I_�[�n�[�_#b�q � Ù bL[ j � g�[ K �� C�× E C K � � X�7 X _�d�eM[MbLbc[
� 7 ��� j [MdSa � ^,bL^:_�d.q � Ù av[ Y n�[MbLbc[�_#b.`I[�e � X g ã [ Y�j [�\ X � hX b YLX�x [ Y d�dc[�a�b.[ ã [MbLd=n X  [�g Y d L

( j   [ ã [Mb=a � ^#bL^ Z[ j [MeMb Y ] � g�[Rdlg Y.j [Md.\ YcX ]Q_�d �
( j   ]K^:_�]Kd X bL]K^:_H`�gNe X#Y �v^:_�[ �
( jQX a � ^#bL^ � `I]KdLdc^:eM] X bL]K^:_o`I[ jQX n�^ j6Z[Me�g j [ < K �
( j [UaI^�npa X \#[Rq � Ù `I[ jQX n�^ jlZ[Me�g j [ < K �
( jQX ¥ ^ Y n X bL]K^:_8`I[ jQX n�^ jlZ[Me�g j [ < K �
( jQX eM^ jKj ]wdc]w^�_m` X _�d j [�\ X ���
( j [�e � X g ã X \#[W`I[Md=\ YcX ]Q_�d=a X#Y.YLX ª#^�_I_�[�n�[�_#b�q � ÙSX

Ö [=e � X g ã X \#[�` �g X g Ø YLX ª#^:_�d�eM^#dln�] � g�[Md._�[W`I[ x ]K[�_,b�]Qnpav^ Y b X _#b � g�[.` X _�d j [Md�eM^:g�e � [Md�]Q_,bL[ Y _�[Md
`�go_:g X \,[�n�^ j6Z[Me�g jQX ] Y [ � x [ Y d D��LCNK �QP `I[��#^:_�\8[Mb X@j X!K�Ü"£ �4O�X
Ö [ _�^:n\� Y [f`I[ Y�Z[ X eMbL]K^:_�dNe � ]Qn�] � g�[Mdfa Y ]KdL[Mdz[�_ eM^�npa�bL[f` X _�dNeM[ n�^:`�h[ j [f[MdLbN`I[ K � I aI^:g Y ��K
[Md6a�h[MeM[Md�eM^:_�dLb Y g�]KbL[Mdpa X#Y4j [Md X bL^:n�[Md < � < [ � � �$�\� � ] ���	��� \o[MbUqA[ X Ö [Md Z[ � g X bc]w^�_�d�`   Z[ � g�] j ]q� Y [
b � [ Y n�] � g�[�[Mb.e � ]Qn�] � g�[�dL^�_#b Y�Z[MdL^ j g�[Md�dL]Qn�g j b X _ Z[�ni[�_#b X � _8`I[R` Z[MbL[ Y ni]k_�[ Y)j [�a Y ^ � j b � [ Y ni] � g�[�[Mb
jQX8xGX,Y ] X bL]K^:_o`I[Md X �I^:_�` X _�eM[MdRe � ]Qn�] � g�[Md�[�_ ¥ ^:_�eMbc]w^�_N`I[ jQX `I]KdLb X _�eM[U` X _�d j [p_�g X \#[ � a X,YLX n Z[Mb Y�Z[M[
a X#Y�j   [ Ø bL]Q_�eMbL]K^:_ x ]wdlg�[ jwj [ D � X Ö [Md X g�b Y [Md)a X,YLX nNh[Mb Y [Md�dL^:_,b L j [%A�g Ø ]Q_ ¥ YLX#Y ^:g�\,[ Z[�n�]Kd�a X#Y�j [S_�g X \#[ �
jQX a Y ^ ¥ ^:_�`I[�g Y ^:a�bL] � g�[4hX K ��� Q n � jQX bL[�npa Z[ YcX b6g Y [�`I[ jkX av^:g�dLdL]�h[ Y [ � j [�b X g Ø `   ]K^:_�]Kd X bc]w^�_�`I[Md YcX ª,^:_�d
eM^#dln�] � g�[Md X Ö [Md X �I^:_�` X _�eM[MdRe � ^#]KdL]K[MdRdL^�_#bWeM[ jKj [Md�^k��dL[ YEx�Z[M[Mdy[�_z`I] Y [MeMbc]w^�_m`�gz_�g X \#[�� � a � ]kg�e�g�d X
Ö [Mdma X#YLX nNh[Mb Y [Md j ]q� Y [Mdm`�g�ni^:`�h[ j [mdL^�_#b jQX `I[�_�dc]wb Z[m`I[ j   X bL^�n�[m`  ¦� ª�` Y ^#\�h[�_�[z[Mb j [fe � X npa `I[
YLX ª#^�_I_�[�n�[�_#by]k_�eM]K`I[�_,b=q � Ù X
> <T£4I X ^:_,b Z[Mblg�`I] Z[ j [Md�a Y ^:a Y ] Z[Mb Z[MdR`   gI_�[ � 7 � [�_ ��Ø X _,bU_ G à X à I K � 
�[Mb × E G K � 
 X�O j dp^:_,b
e X@j e�g jlZ[ � g�[ j [ YLX aIav^ Y b � � O�� � à%Q�n ¤�� �*OSO��&KHI"£ Q�n [MdLb ¥ X ]q� j [ PSC KHO hX `I[MdR`I[�_�dL]Kb Z[Md�� K �� e�n ��� �
n X ]wdT�I[ X g�eM^:gIama j g�dW\ YLX _�` P�� K O hX a j g�d � X g�bL[R`I[�_�dc]wb Z[ P _ � K �� e�n�� � O [Mb.bL[�npa Z[ YLX b6g Y [ P >��
K � ���'O X Ö [ YLX aIav^ Y b ������� K0�7I Q n! ������� � à Q n [MdLb C � X �#"#$&% g�[ jKj [Md % g�[RdL^#]K[�_#b jkX bL[�npa Z[ YcX b6g Y [.[Mb
jQX `I[�_�dL]Kb Z[R`�gN\ X � n X ]wdWaI^:g Y `I[Md YLX ]K[Md.^:a�bL] % g�[�n�[�_,bSn�]Q_�eM[Md X � Z[ X _In�^#]Q_�d jQXpYLX ]w[ �'����� � à Q�n [MdLb
( X#) ]Kb6g�[ jKj [�n�[�_,b�^:a�bc] % g�[�n�[�_,b Z[�a X ]wdcdL[R[�_#b YLX*+ _ X _,b=gI_ YLX aIaI^ Y b�b Y h[Md�d6gIa Z[ Y ]w[�g Y hX eM[MbLbL[ j ]Qn�]KbL[ X
Ö�X n X, [�g Y [pa X#Y bL]K[�`I[Md�a ( ^#bL^:_�dRq.- Ù Z[�n�]KdSa X,YWj [Md Z[MbL^,] j [MdR[MdLb X/) dL^ Y0)�Z[M[Ua X#YyjQX aI^�g�dLdL]�h[ Y [�` X _�d
j [Md � 721 dR[Mb�b YLX _�d43�^ Y n Z[M[�[�_ YLX65 ^:_I_�[�n�[�_,bR]Q_/3 YcX#Y ^:g�\#[ X -W_�[�av[MbL]KbL[ta X,Y bL]K[p`I[peM[MbLbc[ Z[�_�[ Y \#]K[p[MdLb
g�bL] j ]Kd Z[M[�a X,Y�j [=\ X � hX b YLX�x [ Y d j�7 [ ã [Mb�a ( ^#bL^ Z[ j [MeMb Y ] % g�[W`I[Md Z[ j [MeMb Y ^:_�d�d6g Y�j [Md.\ YLX ]Q_�d�aIg�]Kd.[MdLb Y�Z[ Z[�n�]KdL[
` X _�d j [Md YLX ]K[Md�`I[pdcb Y g�eMb6g Y [�8�_�[�]Q_/3 YcX#Y ^:g�\#[Md X Ö [ YLX aIav^ Y b P �'����� � à�Q�n < �������&K0�7I Q�n < ���9�:���
KHI/$ Q n O  @q.; : aI[ Y n�[Mb�` 7EZ[ x@X@j g�[ YRj�7 [ á e X eM]wb Z[p`I[peM^�_ x [ Y dL]K^:_m`�g A�g Ø q.- Ù ` X _�d j [pe ( X g ã X \#[�`�g
\ X �4X
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Û ^ j 8 Y [���>�]K[ j [�_�d Ú < ^ jKj [�_ )IX e ( PRK�Ü"Ü��4O dL[8dL^:_,b )IX d Z[MdRd6g YRj [Nn�^:`�h[ j [�a Y�Z[Me Z[M` X _,b=[Mb�^:_#b�a Y�Z[��
dL[�_#b Z[ j [Md YcX aIaI^ Y bLd=` 7 gI_N\ YLX _�`z_�^:n )IY [�`I[ YLX ]K[Md=`I[ Y [ 3 Y ^#]K`I]KdLdL[�ni[�_#bWq � 1 X ]Q_�dL] % g�[ j [Md YcX aIaI^ Y bLd
YLX ]K[Md�d6g Y eM^�_#bL]Q_�gIgIn ` X _�d j [Md�b YLX e Z[MdW`I[peM^:_,bL^:g Y dW[�_ 3�^:_�eMbL]K^:_m`I[�_o[Mb × E X Ö 7 ^ ) dL[ Y2xGX bL]K^:_ ` 7�X g
n�^#]Q_�d�b Y ^#]Kd�`I[=eM[Md YLX ]w[Md.av[ Y n�[Mb.` 7 [MdcbL]Qn�[ Y eM[Md�`I[�g Ø a X#YLX nNh[Mb Y [Md X#� [Sn�^�`�h[ j [WdL[ YLX g�bL] j ]Kd Z[R` X _�d j [
e ( X a�]Kb Y [�d6g�] xGX _#b X 8�_8`I[R` Z[Mbc[ Y n�]Q_�[ Y.jQX `I[�_�dc]wb Z[R`I[ jQX � 721 `I[ Û �kÜ � X

< ^ jKj [�_ )IX e ( � > X���X ( X d ( ] Ú >�]K[ j [�_�d P�K�Ü"Ü KHO ^�_#b Z[MbL[�_�`�g j [Md Y:Z[Md6g j b X bLd.`�gmn�^�` h[ j [�`I[ > < $4I X hX
`I[Md�`I[�_�dc]wb Z[Md�[Mb A�g Ø q.- Ù a j g�d 3 X ] )�j [Md P�K � K � _ P e�n � � O � K � 
 ��K � × E � K � � O�XI� [.`I^:n X ]Q_�[R[MdLb
`I] Y [MeMbL[�n�[�_,b X aIa j ]Ke X#)�j [ X g Ø _:g X \,[Md�] jKj gIni]k_ Z[Mdta X,YRj [�e ( X npa `I[ YLX65 ^�_I_�[�n�[�_#b j ^�e X@j � j [Mdp_ Z[ ) g��
j [�g�dc[Md�a X#Y=Y�Z[#A�[ Ø ]w^�_N[Mb j [MdR\ X@jQX Ø ]K[MdRaI^:g Yyj [Md % g�[ jwj [MdpgI_o\ YLX _�`z_�^�n )IY [�`I[p_:g X \#[Md.dL^:_,bW^ ) dL[ YEx�Z[Md
` X _�d j [�3 X ]KdLeM[ X g X

ß g Y bL^:_�� < ^ jKj [�_ )IX e (*Ú >�]K[ j [�_�d PRK�Ü"Ü��4O ^�_#b Z[MbL[�_�`�g j [Nn�^�` h[ j [p`I[ > < $ I X hX `I[�a j g�d ( X g�bL[Md
`I[�_�dL]Kb Z[Md P , g�d % g 7 hX K �  e�n � � O [�_8]k_,b Y ^�`�g�]Kd X _,bSgI_Hb YLX ]KbL[�ni[�_#b.a j g�d=` Z[Mb X ] jKj6Z[R`I[MdRn�^ j6Z[Me�g j [Md �9� [Mb
< K X � j d�^:_,b X@j ^ Y d�ni^:` Z[ j ]Kd Z[ j�7EZ[�ni]wdcdL]K^:_m`I[�a j g�dL]K[�g Y d � 721 d�^ ) dL[ Y2x�Z[M[Md�a X#Y `I[Md Y�Z[M\#]K^:_�dR` X _�d j [Md��
% g�[ jKj [Md=`I[RaI[Mbc]wbcd 3 YcX \:n�[�_,bLd�`I[�_�dL[Md P _ â K � � � K �  e�n�� � O dc^:_#b�]Qnpn�[ Y \ Z[Md�` X _�d.gI_�n�] j ]K[�gzn�^,]k_�d
`I[�_�dL[ P _ â(K � � � K � 
 e�n � � O�X Ö [Md YcX ]K[Md.dL^:_,b X@j ^ Y dy` Z[MbL[ Y ni]k_ Z[M[Md�[�_NeM^:n ) ]Q_ X _,b j [Md=eM^:_,b Y ] ) g�bL]K^:_�d
` X _�dRe ( X e�gI_�[p`I[MdUa ( X dc[Md�aI^:_�` Z[ Y:Z[M[MdRa X#YWj [ 3 X eMbL[�g Y `I[�`I] j g�bc]w^�_ X aIa Y ^:a Y ] Z[ X�D ]Q_�dL]�� jQXNYLX ]K[ ��� � ���
KHI#$ Q�n [Mb j [Md�b YLX _�dL]KbL]K^:_�dzhX 3 X ] )�j [ �m`�g �9� dL^�_#b Z[�n�]KdL[Md�a Y ]Q_�eM]ka X�j [�ni[�_#bNa X#YRj [zn�] j ]K[�g ]Q_#bL[ Y �
3 YLX \:n�[�_,bLd X@j ^ Y d % g�[ jQXpYLX ]w[ ������� � à Q n [MdLb Z[�n�]KdL[�a X#Y�j [MdW`I[�g Ø eM^�npaI^#d X _#bc[Md X

	 [M] Ø _�[ Y Ú >�]K[ j [�_�d P�K�Ü%Ü à
� K�Ü"Ü4I4O ^:_,b.` Z[ x [ j ^�aIa Z[�gI_zni^:`�h[ j [�a j g�d=eM^:n{a j [ Ø [�`I[ � 721 hX `I[�g Ø
eM^:npaI^,d X _,bL[Md��#`I[�3 YLX \�n�[�_#bcd�n�^ jlZ[Me�g jkX ] Y [Md.`I[�_�dL[Md.` X _�dWgI_Nn�] j ]K[�gon�^#]Q_�d.`I[�_�dL[�n X ]wd._ 7 ]Q_,bL[ YLX \,]wd��
d X _,b�a X d YLX `I] X bL] x [�n�[�_,b X Ö [�g Y d Y�Z[Mdlg j b X bLdpn�^:_,b Y [�_,b % g�[ jQX a Z[�_ Z[Mb YcX bL]K^:_r`�g YcX 5 ^:_I_�[�n�[�_,b - Ù
` Z[�aI[�_�`s[MdcdL[�_#bc]w[ jKj [�n�[�_,b�`I[ jQX `I[�_�dL]Kb Z[N`�g n�] j ]w[�g ]Q_#bL[ Y ��3 YLX \:n�[�_,bLd X Ö [zn�^:`�h[ j [�` Z[M`�g�]wb % g�[�eM[ Y �
b X ]Q_�[Md YLX ]K[Md=a Y ^ x ]w[�_I_�[�_,b.n X, ^ Y ]Kb X ] Y [�n�[�_#b�`�gNn�] j ]w[�gH[�_#b Y [ j [Md 3 YLX \�n�[�_#bcd�eM^:npn�[ ���9��� hX�� �"Ü Q n
[Mbmà "�� Q�n�� ���9�:��� hX KHI#$ Q�n [Mb j [Md�b YLX _�dL]KbL]K^:_�d )IX dcdL[MdR`I[ �9� � X@j ^ Y d % g�[�` 7�X g�b Y [MdRdL^:_,bR[ Ø eM]Kb Z[M[Md
gI_�] % g�[�n�[�_,b�` X _�d j [Md�3 YLX \:n�[�_,bLdWeM^:npn�[ ������� hXN� à!Q�n [Mb KM��I Q�n�� �� ] �:��� hX à I Q�n [Mb j [Md�b YLX _��
dL]KbL]K^:_�d ( X g�bL[Md=`I[ �9� X Ö�X 3 YLX \:n�[�_,b X bc]w^�_p`�gon�] j ]K[�gfav[ Y n�[Mb X g Ø a ( ^#bL^:_�d�- Ù `I[�a Z[�_ Z[Mb Y [ Y.) ]K[�_
a j g�d j ^#]Q_���hX b YLX�x [ Y d j [�n�] j ]K[�gz]Q_,bL[ Y ��3 YLX \:ni[�_#bLd P)ß ^#]KdLd Z[ K�Ü"Ü��4O X#� [R\#[�_ Y [R`I[�n�^�`�h[ j [�av[ Y n�[Mb.` 7 [ Ø �
a j ] % g�[ Y�j�7EZ[�ni]wdcdL]K^:_�b Y h[Md Z[MbL[�_�`�g�[.`I[ jQX�YLX ]K[ � �9�:��� K I#$ Q�n ^ ) dL[ Y2x�Z[M[�` X _�d�`I[Md Y�Z[M\#]K^:_�d�`I[ 3�^ Y n X bL]K^:_
` 7 Z[MbL^,] j [Md�eM^:npn�[ 	 K ".P 	 [M] Ø _�[ Y [Mb X�j X K�Ü"Ü"à O � � Y ]w^�_ P� b X eM[ 5 [Mb X�j X K�Ü"Ü à O � Û à
� �¡×���K�Ü/"#" [Mb
�¡×��Âà��"à à P < ^ 5 [=[Mb X�j X K�Ü"Ü KHO X

-W_zn�^�` h[ j [zhX `I[�g Ø `I]Qn�[�_�dL]K^:_�dUav^:g Y `I[MdR_:g X \,[Md=]Q_,bL[ Y dLbL[ jKjQX ] Y [Md�]k_ ( ^�n�^#\�h[�_�[Md X Z[Mb Z[ Z[ jQX#) ^ Y�Z[
a X#Y  a X#X _�d P�K�Ü"Ü � O ` X _�d j [ % g�[ j�j [Md Z[ % g X bL]K^:_�d�`I[yb YLX _�d:3�[ Y b YLX `I] X bL]'3�dL^:_,b Y:Z[MdL^ j g�[Md X gUni^ 5 [�_�` 7 gI_�[
n Z[Mb ( ^�`I[ 	 ^:_#bc[�� � X#YEj ^ X Ö [Md�a Y ^:a Y ] Z[Mb Z[Md�a ( 5 dL] % g�[Md�[Mb�e ( ]Qn�] % g�[Md�`I[ jQX � 721 ni^:` Z[ j ]Kd Z[M[�]weM]A` Z[�av[�_�`
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`I[�a j g�dc]w[�g Y d�a X#YLX nNh[Mb Y [Md j ] )IY [Md L
( Ö�X `I[�_�dL]Kb Z[R[Mb jQX a Y [MdLdL]K^:_N`�g8\ X � n�^ jlZ[Me�g jQX ] Y [��
( j�7 ]Q_#bL[�_�dc]wb Z[R`�gNe ( X npa8`I[ YLX65 ^:_I_�[�n�[�_,b�q.- Ù �
( j [MdSa Y ^�a Y ] Z[Mb Z[Md�` 7�X#) dc^ Y a�bL]K^:_8[Mb.`I[�`I] ã g�dc]w^�_N`I[MdW\ YLX ]Q_�d��
( j [Md X#) ^:_�` X _�eM[MdW`I[Md Z[ jlZ[�n�[�_#bcd.3�^:_�` X ni[�_#b X g Ø �
( j�7 ( ^:n�^#\ Z[�_ Z[M]Kb Z[.`�gN_�g X \#[ X
� [NeM^:`I[o[MdLb8` Z[Me Y ]Kbp[�_ ` Z[Mb X ] j ` X _�d  a X#X _�d P�K�Ü"Ü � O [Mb  a X#X _�d Ú xGX _ 7 ]Kd ( ^:[Me � P�K�Ü%Ü#"4O�X � j

[MdLb�b Y ^:g x�Z[ % g�[ j [Ne X#Y0) ^:_�[8]w^�_�]wd Z[N[MdLb Z[�n�]Kd�` X _�d j [zn�] j ]K[�g ]k_,bL[ Y ��3 YLX \�n�[�_#bcd X@j ^ Y d % g�[ j [�� � � �
b YcX eM[pa Y ]Q_�eM]ka X�j [�ni[�_#b j [Md&3 YLX \:n�[�_,bLd=`I[�_�dc[Md X Ö [�e X#Y ) ^:_�[ X bL^:n�] % g�[p[MdLbRb Y h[Md X/) ^:_�` X _,bR` X _�d j [Md
eM^:g�e ( [MdW[ Ø bL[ Y _�[Md=`I[Md 3 YcX \:n�[�_,bLd X ÖCX eM^:npa X#YcX ]KdL^:_N[�_,b Y [ j [Md=`I[�_�dL]Kb Z[Md=`I[�eM^ j ^:_I_�[�e X@j e�g j6Z[M[Md X�x [Me
gI_fni^:`�h[ j [ ( ^:n�^#\�h[�_�[�[MbR]k_ ( ^�n�^#\�h[�_�[ini^:_#b Y [ % g�[ j [Mdpn�^�` h[ j [Md�_�^:_ ( ^�n�^#\�h[�_�[MdR[�_#b YcX*+ _�[�_#b�gI_
X eMe Y ^#]KdLdL[�n�[�_,b�` 7 gI_!3 X eMbL[�g Y eM]Q_ % `I[ jkX `I[�_�dL]Kb Z[=`I[WeM^ j ^:_I_�[R`I[ �9� n X ]Kd.gI_�[ )IX ]KdLdL[W` 7�X#) ^:_�` X _�eM[
`I[Md8[Md6a�h[MeM[Md % g�]=_�[ av[�g x [�_,bpd 7EZ[Me YLX _,bL[ Y�X 8�_ `I[zaI^:g x ^#] Y d 7EZ[Me ( X aIaI[ Y `I[ jQX a ( ^,bL^ �P`I]KdLdL^�eM] X bL]K^:_ X
Ö�X dcb Y g�eMb6g Y [�]Q_ ( ^:n�^,\vh[�_�[ X ã [MeMbL[ X g�dLdL] j [pa Y ^8 j [�_obL[�npa Z[ YLX b6g Y [�[MbR[�_,b YLX*+ _�[pgI_�[ ( X g�dLdc[U`I[ jkX
bL[�n{a Z[ YLX blg Y [=` X _�d j [Md=eM^:g�e ( [Md.]Q_,bL[ Y _�[MdW`�gN_:g X \,[ X � ^�g�d=g�bL] j ]wdc[ Y ^:_�dWeM[�n�^:`�h[ j [�` X _�d j [Re ( X a�]Kb Y [
d6g�] x@X _#b X 8�_8`I[�` Z[MbL[ Y ni]k_�[ Y)j [MdRa X#YLX nth[Mb Y [Md�a ( 5 dL] % g�[MdR[Mb.e ( ]kni] % g�[MdR`I[ jQX � 721 `I[ Û �kÜ�� X



��0��

� �������	��
� �

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


� ����� 
 �� �

 ��� �������������! ��#"$��� �%�&�%�&�%�%�&�%�&�%�%�&�%�&�'�%�%�&�%�&�%�%�&�%�&�%�%�&�%�&�(�*)+�
 �,) ��� 3 0 ����� ��"W�7� 3 �%�&�%�&�%�%�&�%�&�%�%�&�%�&�'�%�%�&�%�&�%�%�&�%�&�%�%�&�%�&�(�*)+�
 �,: ���4���7 �� 60 ��" 3 �4�#"$��� � 0 1 ������� �&�%�%�&�%�&�'�%�%�&�%�&�%�%�&�%�&�%�%�&�%�&�(�*)��
 � � -.���&6021 " 3 � ��"W�7� 0 �%� 6043 � 1 �!�4� 3 �%�&�%�%�&�%�&�'�%�%�&�%�&�%�%�&�%�&�%�%�&�%�&�(�*:+�

"$##< =&%�')(+*-, �-. '0/1*2%
D a Y h[Md X�x ^#] YzZ[Mb6g�`I] Z[ j [Md�_:g X \,[MdUn�^ jlZ[Me�g jkX ] Y [Md�d6g YWjQXNj ]K\:_�[8`I[ x ]wd Z[M[p`I[43 �65 � _�^:g�dU_�^:g�d�]Q_��

b Z[ Y [MdcdL^:_�d=n X ]k_,bL[�_ X _,bUhX eM[MbLbL[ Y�Z[M\#]K^:_N`I[&3�^ Y n X bL]K^:_8` 7EZ[MbL^#] j [MdWdL]Kb6g Z[M[NhX K4K4X � � ave�`�g  ^ j [M] j X�� [MbLbL[
Y:Z[M\#]K^:_oa Y�Z[Mdc[�_#bL[�gI_�[�\ Z[M^:n Z[Mb Y ]K[Rb Y h[Md.eM^:n{a j [�7�[�[Mb X `I^�_I_ Z[ j ]K[�g hX `I[p_�^:n )IY [�g�dL[MdWb ( Z[M^ Y ]K[Md=eM]Q_ Z[��
n X bL] % g�[Md X 8�_m` 7 [�7Ta j ] % g�[ Yij 7 ^ Y ]K\#]Q_�[�`I[ jkX )IY g�d % g�[ A X n )�Z[M[�` 7EZ[MbL^#] j [Md�[�_mdc^:_mdL[M]Q_ X98 [Md�b ( Z[M^ Y ]K[Md
dL^:_,b Y�Z[MdlgIn Z[M[Md X g8e ( X a�]wb Y [ �:�:� X ��X

� ^:g�d X@jKj ^:_�d YLX aIav^ Y bL[ Y ` X _�dReM[MbcbL[ Z[Mb6g�`I[ j 7 ^ ) dL[ YEx@X bL]K^:_m`I[pa j g�dL]K[�g Y d YLX ]K[MdR` 7EZ[�n�]KdLdL]K^:_o]Q_/3 YLX �
Y ^:g�\#[Md�[Mb�n�] jwj ]Qn Z[Mb Y ] % g�[Md�[�_4`I] Y [MeMbL]K^:_�`I[:3 �65�� [Mb�g�bL] j ]wdc[ Y�j [Md A�g�7R`I[�eM[Md YLX ]K[Md X 8�_W`I[�` Z[Mbc[ Y n�]Q_�[ Y
j [Md�a Y ^:a Y ] Z[Mb Z[Md=a ( 5 dL] % g�[Md�[MbRe ( ]Qn�] % g�[Md�`I[ jQXNY�Z[M\#]K^:_N`I[�3�^ Y n X bc]w^�_z` 7EZ[MbL^#] j [Md X�� ^�g�d X�x ^:_�d x g X g
e ( X a�]Kb Y [ia Y�Z[Me Z[M`I[�_,b % g�[ j [MdRb YLX _�dL]KbL]K^:_�d � 1 `I[ ������� P � àJQ�n [Mb KM�7I Q�n O � � �9�:���&P�KHI#$ Q�n O [MbRn�^ �
j6Z[Me�g jQX ] Y [MdR`I[Md=b YLX _�dL]KbL]K^:_�dR`I[ Y ^#b X bc]w^�_8`�g � � Z[Mb X ]K[�_#b.`I[MdW^:g�bL] j dR`I[�`I] X \�_�^#dLbL]Ke�]QnpaI^ Y b X _,b=aI^:g Y
eM[MbLbL[R` Z[Mbc[ Y n�]Q_ X bL]K^:_ X;8 [Md Y�Z[M\#]K^:_�d�`I[�a ( ^#bL^ �P`I]KdLdL^�eM] X bL]K^:_ P � 721EO eM^:n{n�[=eM[ jKj [�`I[23 �65�� dL^:_,b�[�_
% g�[ j % g�[Udc^ Y bL[W`I[Md )IX�j ]KdL[Md j gIn�]Q_�[�g�dL[MdR`I[ j�7�X eMbL] x ]Kb Z[R`I[�3�^ Y n X bc]w^�_pdLbc[ jwjQX ] Y [ X

"$#�� <>=�?A@:(ABDCE'0/F*$%-?
G:HJI9HLK M 
ON � �QP 
 �����SRON�� � N�����
ARON�� � ��+RONN}�~UTWV M }YX � �ZV\[�}#}�X

8 [Md8^ ) dL[ YEx@X bL]K^:_�d � 1 ������� hX � à Q�n [Mb K0�7I Q�n [Mb ���9�:��� hX K I#" Q�n ^:_ Z[Mb Z[Na Y�Z[MdL[�_#b Z[M[Md X g
e ( X a�]Kb Y [ �:� � XJI X]8 [MdRb YLX _�dc]wbc]w^�_�dthX KM�7I Q�n [Mb KHI#$ Q�n ^:_,b Z[Mb Z[ X, g�dLb Z[M[Md X�x [MepgI_�[p\ X g�dLdc]w[�_I_�[{`I[
K � � n	d � � X�x@X _,b.` 7 *[Mb Y [=eM^�_ x ^ j g Z[M[Md X�x [Me j [Md�a Y ^ 8 j dW]Q_�dLb Y gIni[�_#b X g�7za Y:Z[MdL[�_,b Z[Md�[�_He ( X a�]wb Y [ �:� X � j
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1 X ]w[ > YLX _�dc]wbc]w^�_ q j g�7
P Q�n O PRK � � � E [ Y \pd � � e�n�� K�O
������� � à X K $@� � �

���
� � K à X�"�� � X��

�������YKM�7I+XJI��4I � � K �
� � � � X I@��� � X � �

��� � ���YKHI#"+X�"@��K K � ��� K �
K �
� � K K4X �#"�� � X � 5

3 X g�bU_�^,bL[ Y % g�[�� jkXoY�Z[Mdc^ j g�bL]K^:_f`I[ j 7 ]k_�dcb Y gIn�[�_,b Z[Mb X _,bR`I[ j 7 ^ Y ` Y [p`I[�à $ � n d � � eM[Mb X, g�dLbL[�n�[�_,b
X�x [Me�gI_�[U\ X g�dLdL]K[�_I_�[�`I[�q:3 < 	 ) ]K[�_ma j g�dUaI[Mbc]wbc[i_�[�aI[�g�b *[Mb Y [�3 X ]Kb % g�[�dL] j�7 ^�_zdlgIaIaI^#dL[ % g�[ jkX
Y�Z[M\#]K^:_meM[�_,b YLX@j [ Z[�n�[MbR`I[Nn X _�]�h[ Y [�gI_�]'3�^ Y n�[8[�_ x ]KbL[MdLdL[8` X _�d j [�3 X ]KdLeM[ X g X � _ _ 7�X `I^:_�e X g�e�gI_�[
]Q_/3�^ Y n X bc]w^�_seM^:_�eM[ Y _ X _#b j [ma Y ^8 j [�_ Z[�n�]KdLdL]K^:_ % g�]=av[�g�bta Y�Z[MdL[�_,bL[ Y gI_�[zdL[ j 3 � X#) dL^ Y a�bc]w^�_s^:gsgI_
\ YcX _�` _�^�n )IY [�`I[ YLX ]K[Md 8�_�[Mdp[�_ Z[�ni]wdcdL]K^:_ X�� [ jQX _ 7 [MdLb�d *g Y [�n�[�_,bpa X d j [Ne X diav^:g Y 3 �65�� n X ]wd
_�^:g�d._�^:g�d�]Q_,b Z[ Y [MdcdL^:_�d X g A�g�7 Z[�n�]Kd.a X#Y jkX{Y:Z[M\#]K^:_ Z[�n�[MbLb Y ]KeM[ % g�]�`I^#]Kb *[Mb Y [.eM^:_�dL[ Y2x�Z[ % g�[ j % g�[�dL^,]wb
j [Ua Y ^8 j X8 X b YcX _�dL]KbL]K^:_ hXo� à Q�n a Y�Z[Mdc[�_#bL[pgI_ a Y ^8 j [�_ X#) dc^ Y a�bL]K^:_ % g�] X"! [MeMbc[ jQX eM^:npav^#d X _,bL[p[�_ Z[�ni]wd��
dL]K^:_ eM^:npn�[z_�^�g�d j�7�X�x ^:_�d x g X gse ( X a�]Kb Y [ �:�:� X I X � ^:g�d X�x ^�_�dp` X _�d�gI_ a Y [�n�]K[ Y bc[�npa�dpd Z[�a X#Y�Z[
jQX eM^�npaI^#d X _#bc[p[�_ X#) dL^ Y a�bL]K^:_���`�g�[fhX8jQX a Y:Z[MdL[�_�eM[{`I[�_:g X \#[MdUn�^ j6Z[Me�g jQX ] Y [Md�3 Y ^,]w`Id�[Mb�`I[�_�g X \#[Md
`I] ! g�d=` X _�d j�7 ]Q_#bL[ Y2xGX@jKj [�[�_ x ]wbc[MdLdL[ � à I � n d � ��� "�� � n�d � � � d6g Y)jkX{j ]K\:_�[�`I[ x ]Kd Z[M[R[�_8`I] Y [MeMbL]K^:_N`I[
3 �65�� P e ( X a�]Kb Y [ �:�:� XJI4O X � ^�g�d X@jKj ^:_�d=_�^:g�d�]Q_,b Z[ Y [MdcdL[ Y ` X _�d jQX d6g�]KbL[phX�jQX eM^�npaI^#d X _#bc[.[�_ Z[�n�]KdLdc]w^�_
X dcdL^:eM] Z[M[ hXojQXmY:Z[M\#]K^:_ < �:� 3 �65�� X � ^:g�d�`I[ x ^�_�d X@j ^ Y d�`I]wdcdL^:eM]K[ Y{jQX eM^�npaI^#d X _#bc[�[�_ Z[�n�]KdLdc]w^�_f`I[
j�7�X#) dc^ Y a�bL]K^:_H`�g�[ X g�7z_�g X \#[Md.`I] ! g�dW[Mb X g�7z_�g X \#[Md=n�^ j6Z[Me�g jQX ] Y [MdRd6g Y�j�7 ]Q_,bL[ YExGX�jwj [p[�_ x ]KbL[MdcdL[Ua j g�d
\ YcX _�` � � K � � n d � ��� K ��� � n�d � � � X 8 7 X#) dL^ Y a�bc]w^�_�bc^#b X@j [�[MdLb�ni^:` Z[ j ]Kd Z[M[.a X#Y�j�7�X#) dL^ Y a�bL]K^:_�`I[Md�_�g X \#[Md
n�^ j6Z[Me�g jQX ] Y [Md�b YLX e Z[Md�a X#YWj [ �9� [Mb j�7�X#) dL^ Y a�bL]K^:_r`I[MdU_�g X \#[Md�`I] ! g�d�b YLX e Z[Md�a X,Y <�� av^:g Y�jkX % g�[ jKj [
_�^:g�d X�x ^:_�d�g�bL] j ]Kd Z[�gI_�[8bL[�npa Z[ YLX b6g Y [�`I[pd6a�]Q_r`I[ I�� � ` X _�d�eM[MdU_�g X \#[MdR`I] ! g�d P x ^#] Y$#�Y ^#\ X _&%
> Y ^ jQX _�` ����� KHO X98 [ A�g�7seM^ YLY ]K\ Z[N`I[NeM[Md X#) dc^ Y a�bL]K^:_�d hXr� à Q�n X ]k_�dc] % g�[ j [Md A�g�7 n�[Mdlg Y:Z[Mdp`I[Md
b YcX _�dL]KbL]K^:_�dphX K0�7I Q�n [Mb KHI/$ Q�n dL^:_,b Y:Z[�av[ Y bL^ Y ] Z[Md�[�_Hb X#)�j [ $ X�K X8 7 X#) dL^ Y a�bc]w^�_�`I[ j 7 ^�7 5 \vh[�_�[ X bL^�n�] % g�[�` X _�d j [Md�_:g X \#[Md < � `I] ! g�d�[�_,b Y [ � [Mb ��� � n�d � � eM^ YLY [MdlaI^:_�`
hX n�^#]Q_�dW`I[ K � � `�g�A�g�7obL^#b X�j ` 7 ^�7 5 \vh[�_�[ X bc^:n�] % g�[�[�_ Z[�n�]KdLdL]K^:_zni^:` Z[ j ]Kd Z[Ua X#Y gI_�[�\ X g�dLdL]K[�_I_�[ X
7 [.a j g�d�_�^:g�d X�x ^:_�d x�Z[ Y ]'8 Z[ % g�[ j [ A�g�7�`I[Md YcX ]K[Md=hX KM��I Q�n�[Mb KHI#$ Q�n�` X _�d j [.n�^:`I[ Y�Z[MdL[ X g P 3 X ] )�j [
Y�Z[MdL^ j g�bL]K^:_ O eM^ YLY [Md6aI^:_�`I[ ) ]K[�_ X g A�g�7fb Y ^:g x�Z[ P hX � à � � ` 7 ]Q_�eM[ Y bL]Kb6g�`I[ O [�_sn�^�`I[8q X#)IY:5 ��� Z[ Y ^#b
P�( X g�bL[ Y�Z[Mdc^ j g�bL]K^:_ O�X
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8 [Md�^ ) dL[ YEx@X bL]K^:_�d.a Y�Z[Mdc[�_#b Z[M[Md�` X _�d�eM[We ( X a�]Kb Y [WdL^:_,b�` Z[Me Y ]wbc[Md�` X _�d j [=e ( X a�]Kb Y [ �:�:� XJI X;8 X 8�\:g Y [

$ X K Y [�a Y�Z[MdL[�_#bc[ j [MdRdlaI[MeMb Y [Md X a Y h[Md X _ X@j 5 dL[ XA8 [MdRbL[�npa Z[ YLX b6g Y [Md�dL^�_#b.`I[MdRbc[�npa Z[ YLX b6g Y [W`I]wbc[Md�,.-0/21
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8 [Md.^ ) dL[ YExGX bL]K^:_�d=a Y�Z[MdL[�_#b Z[M[Md�` X _�d�eM[�a X,YLX \ YLX a ( [Sav^:g Y�jQX b YLX _�dL]KbL]K^:_�� G K
�
� `�g8e X#Y0) ^�_�[

X bL^:n�] % g�[ P&�650��� < �HO ^:_#b Z[Mb Z[�[ ! [MeMb6g Z[M[Md j [ ��� [Mb � à , g�] jKj [Mb ��� � K X�x [Me j 7 X _#bc[�_I_�[.d6g ) n�] jKj ]kn Z[Mb Y ] % g�[
� �� `I[ K � X � nNh[Mb Y [Md.`I[�`I] X nNh[Mb Y [R]Q_�dLb X@jKj6Z[ X gHdL^:npn�[Mby`�g 	fX gI_ X � [ X hX < X 5 X ]w] XA8 X 8�\:g Y [ $ X��
a Y:Z[MdL[�_,bL[ j [�d6aI[MeMb Y [�^ ) bc[�_:goa X#Y.j [ � �� X�x [Me�gI_�[ Y�Z[MdL^ j g�bL]K^:_8`I[ � X � à � n d � � ��gI_�[�bL[�npa Z[ YLX b6g Y [
d 5 dcb0h[�n�[o` 7 [�_ x ] Y ^:_ I � ��� � [MbzgI_ bL[�npa�dN` 7 ]k_,b Z[M\ YLX bL]K^:_ `I[ � � ni]k_�g�bL[Md X�8 [fe ( X npas`I[ x g�[ hX
eM[MbLbL[!3 Y�Z[ % g�[�_�eM[N[MdcbU`I[ KHI � � X:8 [zaI^#]Q_,b X \#[8[Mb jQX n�]KdL[ X gsav^#]Q_#b�`�g b Z[ j [MdceM^:aI[N^:_,b Z[Mb Z[{eM^:_#b Y*^ j6Z[Md
Y:Z[M\:g j ]�h[ Y [�n�[�_#b �I[Mb j [MdW[ YLY [�g Y dW`I[paI^#]Q_,b X \#[�dL^:_,b.]Q_/3 Z[ Y ]K[�g Y [Md�hX I � � X)8 [ Y n�d=^ ) bL[�_:gH[MdLbW`I[ � X�� 5�� X
D eM[ , ^:g Y �:dc[�g j [ jQX av^#dL]KbL]K^:_NeM[�_,b YLX�j [ X aIg *[Mb Y [W^ ) dL[ YEx�Z[M[ X

"$#�� � CE( C . '��@ (+/F?AC�'0/F*$% , @��FC�� � �

� ^:g�d X@jKj ^:_�dzn X ]Q_,bL[�_ X _,bNbL[�_#bc[ Y `I[ ` Z[MbL[ Y n�]Q_�[ Y8j [MdzeM^�_�`I]wbc]w^�_�d a ( 5 dL] % g�[Md % g�] Y h[M\�_�[�_#b X g
dL[M]Q_s`I[ jQX � 721 `I[ 3 �65 � [�_ g�bL] j ]Kd X _,b�`I[Md8n�^:`�h[ j [MdpdL]Qnpa j [MdzaI[ Y ni[MbLb X _,b j 7 X _ X@j 5 dc[z`I[Md YLX ]w[Md
`I[ Y [ 3 Y ^#]K`I]KdLdL[�n�[�_,b % g�[m_�^:g�d X�x ^:_�dp^ ) dL[ YEx�Z[M[Md X � X#Y�jQX dlg�]wbc[ _�^:g�d!3�[ Y ^:_�d j�7 ( 5 av^#b ( h[Mdc[ % g�[ j [Md
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b YcX _�dL]KbL]K^:_�d � 1 `I[ j�7 ^ 7 5 \�h[�_�[ X bL^:n�] % g�[�[Mb.`�gHe X#Y0) ^:_�[�]K^:_�]Kd Z[�dL^:_,b Z[�n�]KdL[Md=` X _�d jQX n *[�n�[ Y�Z[M\#]K^:_��
hX d X�x ^#] Y�jQX � 721'X

G:H��:H K � 
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	 b X _,b�`I^:_I_ Z[M[Md jQX � 3 X ] )�j [ � Y:Z[MdL^ j g�bc]w^�_�d6a X bL] X@j [.[Mb�d6aI[MeMb YLX@j [=`I[ j�7 ]Q_�dLb Y gIni[�_#b 8 3  �#] j eM^:_ x ]w[�_,b
`I[W` Z[MbL[ Y n�]Q_�[ Y�jQXRx@X@j [�g Y `I[.`I[�g�7�a X#YcX nNh[Mb Y [Md��IhX d X�x ^#] Y�jQX b X ] jKj [=[Mb jQXRjQX#Y \,[�g Y `I[ YLX ]K[.`I[ jkX�Y�Z[M\#]K^:_
Z[�n�[MbLb Y ]KeM[ X�< X#Y2x [ 5 � � X npa ) [ jwj % < ^ ! n X _ PRK 5#"#"4O ^:_,b�e X#Y bc^#\ YLX a ( ] Z[43 �65�� hX I à Q n ` X _�dpgI_
3 X ]KdLeM[ X gH`I[ �4I � � X � j dW^:_,b.[ ! [MeMb6g Z[W`I[Md=eM^�gIaI[MdphX b YLX�x [ Y d�eM[MbLbc[ Y�Z[M\#]K^:_p` X _�d j [MdW`I] Y [MeMbL]K^:_�d  	 � � 3
[Mb � 	 �  3 % g�]�^:_,b�aI[ Y n�]Kd�`I[p` Z[MbL[ Y n�]Q_�[ YWjkX b X ] jKj [�`�gmeM^�_#bL]Q_�gIgIn � 1 `I[ j�7 ^ Y ` Y [�`I[ I�� � � X � ^:g�d
X�x ^:_�d X�j ^ Y dRe ( [ Y e ( Z[HhX d X�x ^#] Y dL] j�7 [�7�bL[�_�dL]K^:_ `I[Md YLX ]K[Md � 1 Z[Mb X ]KbRa j g�d�\ YLX _�`I[{^:gma j g�d�aI[MbL]KbL[ % g�[
eM[ jKj [m`�g eM^:_#bc]k_�gIgIn � 1'XO8 X eM^:npa X#YcX ]KdL^:_r[�_#b Y [ j 7 [�7:bL[�_�dc]w^�_s`I[ jQX dL^:g Y eM[ Z[�n�[MbLb Y ]KeM[N`I[ � N [Mb
`�goeM^:_,bL]Q_:gIgIn � 1 ` X _�d jQX � 721 [�_#bL^�g YLX _,b j [U_�g X \#[ 8 K � à �  ����� �����@�  � Y ]K^:_ # n�^:_,b Y [ % g�[ jkX
Y�Z[M\#]K^:_ � N X gI_�[pb X ] jKj [�dc]kni] jQX ] Y [�� x ^,] Y [�a j g�dU\ YLX _�`I[ % g�[ jkXoY�Z[M\,]w^�_z`�g eM^:_#bc]k_�gIgIn � 1 P � X ! [U[Mb
X@j X K 5 5@� � 	 ^:^ � [ Y , [ X [Mb X@j X
����� �4O�X 	 _md6gIaIaI^,d X _,bUn X ]Q_,bL[�_ X _,b % g�[ j [Md YLX ]w[Md�`I[ �������MP � à8[Mb K0�7I
Q�n O [Mb ���9�:��� P�KHI#$ Q�n O ^:_#b�gI_�[=[�7�bL[�_�dL]K^:_8dc]kni] jQX ] Y [�^:gpa j g�d.\ YcX _�`I[ % g�[WeM[ jwj [�`�gpeM^:_,bL]Q_�gIgIn � 1 �
jQXmY�Z[M\,]w^�_ Z[�n�[Mbcb Y ]KeM[�` X _�d 3 �65 � [MdcbUa j g�dp\ YLX _�`I[ % g�[ I � � � X�x [MeNgI_�[ j ]Qn�]KbL[od6gIa Z[ Y ]w[�g Y [�`I[ $�� � �
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P 3 X ]wdceM[ X g 8 3  O�X�� [ jQX eM^ YLY [MdlaI^:_�`uhX gI_�[�b X ] jKj [ j ]Q_ Z[ X ] Y [�[�_,b Y [ � X�$ [Mb ��XJI aIe X
-=_ X g�b Y [)a X,YLX nNh[Mb Y [�` 7 ^ ) dc[ YExGX bc]w^�_thX eM^:_,b YLX ]Q_�` Y [�[MdLb jQXWjQX#Y \,[�g Y ]k_,b Y ]Q_�d�h[ % g�[�`I[ jQX�YLX ]w[ Z[�n�[MbLb Y ]KeM[ X
� ^:g�d X�x ^:_�d x g ` X _�d j [ma X#YLX \ YcX a ( [za Y�Z[Me Z[M` X _,b % g�[ j [Md YcX ]K[Md hX K0�7I [Mb KHI/$ Q�n aI[�g x [�_,b *[Mb Y [
X, g�dLb Z[M[Md8a X#Y gI_�[m\ X g�dLdL]K[�_I_�[m`I[�� K � � n d � � X 	 b X _,bp`I^:_I_ Z[ j [ 3 X ]KdLeM[ X g Y [ jkX bL] x [�n�[�_,b jkX,Y \#[
`I[ j�7 ]Q_�dLb Y gIn�[�_#b 8 3  ��] j [MdLbUa Y ^ )IX#)�j [ % g�[NeM[MbLbL[ jQX#Y \#[�g Y `I[ YLX ]w[NaIg�]KdLdL[ *[Mb Y [�[�7Ta j ] % g Z[M[za X#Y4jkX
a Y:Z[MdL[�_�eM[�` 7 gI_�\ YcX _�`p_�^:n )IY [�`I[.eM^�npaI^#d X _#bc[Md�` X _�d j [ 3 X ]KdLeM[ X g X#� ^:npn�[�_�^:g�d j�7�X�x ^:_�d�n�[�_#bc]w^�_I_ Z[
` X _�d j 7 ]k_,b Y ^�`�g�eMbL]K^:_���3f[ j e ( [Mb X�j X P�K 5#$/"4O ^:_,b�n�]Kd�[�_ Z[ x ]K`I[�_�eM[�gI_�[W`I] � X ]Q_�[�`I[ Y:Z[M\#]K^:_�d < �:� g j b YLX �
eM^:npa X eMbL[MdWe ( X e�gI_�[ Z[Mb X _,b X dLdL^�eM] Z[M[ X�x [Me X gon�^#]Q_�d�gI_�[ Z[MbL^#] j [�`I[�b 5 aI[ � XA8 X{x ]KbL[MdcdL[ YLX `I] X@j [�`I[
eM[Md Y�Z[M\#]K^:_�d <��:� xGX#Y ]w[{[�_#b Y [ � �+XJI [Mb KM��XJI � n d � � X � X#Y eM^:_�d Z[ % g�[�_,b j�7�X dLdL^�eM] X bL]K^:_m`I[{e ( X e�gI_�[{`I[
eM[Md Y�Z[M\#]K^:_�dSav[�g�b Y [�a Y ^:`�g�] Y [�gI_�[ jkX,Y \#[�g Y `I[ YLX ]w[�`I[ K � � n d � � XA8 [pd6av[MeMb Y [ � ��� � `I[ jQX 8�\:g Y [
$ X�K eM^:_/8 Y n�[ jQX a Y�Z[MdL[�_�eM[N`I[za j g�dL]K[�g Y d�eM^�npaI^#d X _#bc[MdU` X _�d j [z_:g X \,[N`I^:_#b jQX `I]Kd6av[ Y dL]K^:_sbc^#b X@j [
[�_ x ]KbL[MdLdL[o[MdLb8`I[ j�7 ^ Y ` Y [z`I[ K � � n d � � X � X,YpjQX d6g�]KbL[f_�^:g�d�dlgIaIaI^#dL[ Y ^:_�d % g�[ j�7EZ[�n�]KdLdL]K^:_s`I[Md
b YLX _�dL]KbL]K^:_�d � 1 ^ ) dL[ YEx�Z[M[Md�a Y ^ x ]K[�_I_�[�_,bp`I[8e ( X e�gI_�[N`I[8eM[Md�eM^:npav^#d X _,bL[Md�[Mb % g�[ jQX a Y [MdLdL]K^:_r`I[
e ( X % g�[.eM^:n{aI^#d X _#bL[�[MdLb�dL^:g�bL[�_�g�[=a X#Y ni]we Y ^ �Pb6g Y0) g j [�_�eM[ X � ^:g�d X `I^:a�bL^:_�d�gI_pa X,YLX nNh[Mb Y [ 7 ^�aIa j [ Y
� Z[M\ X@j hX à XJI � n�d � � ��n X ]Kd.] j eM^�_ x ]K[�_#bW`I[ Y [�n X#Y % g�[ Y % g�[ j 7 ]k_,bL[�_�dL]Kb Z[�e X@j e�g jlZ[M[R`I[Md YLX ]K[Md=_ 7 [MdLbWa X d
b Y�� [Md�dL[�_�dL] )�j [ hX eM[MbLbL[ xGX@j [�g Y X

G:H �:H I � � ���+R+��� R +�+ � }�~

	 _og�bL] j ]wd X _#b j�7 ^ ) dL[ YExGX bL]K^:_o`�gzeM^�_#bL]Q_�gIgIn � 1 [�_on�^:`I[ Y�Z[MdL[ X g8`�g 8 3  �A^:_zav[�g�bR[MdLbL]Qn�[ YyjkX
bL[�npa Z[ YcX b6g Y [Rn�^ 5 [�_I_�[�`I[ jQX av^:g�dLdL]�h[ Y [���>����
	�� X08 7EZ[�n�]KdLdL]K^:_8`�gHeM^:_,bL]Q_:gIgIn `I[ jQX aI^:g�dLdc]�h[ Y [ Z[�n�]KdL[
a X#Y gI_�[�eM^�g�e ( [ ( ^:n�^#\�h[�_�[Sav[�g�b.d 7EZ[Me Y ] Y [RdL^:g�d jkX 3�^ Y n�[�L

�� G�� 	 I�� � P�� ���
	�� OHP�K���� ��������� � O P $ X�KHO

^ hg � 	 [MdLb j�7�X _�\ j [�dc^ j ]w`I[{dL^:g�d j [ % g�[ j ^:_ x ^,]wb j [�eM^:_,bL]Q_�gIgIn�� # � P > O [MdLb j�7 Z[�n�]KdLdc]w^�_N`�goeM^ Y a�d=_�^,] Y
hX�jQX bL[�npa Z[ YLX b6g Y [ � ���
	!� ��[Mb : ���
	!��[MdLb jQX a Y ^3�^:_�`I[�g Y ^:a�bL] % g�[ X�� ^:g�d X `I^�a�bL^:_�d�gI_�[ j ^#]�` 7EZ[�n�]KdLdL] x ]wb Z[
[�_zaIg�]KdLd X _�eM[#" ��$ bL[ jKj [ % g�[HL

: ���
	�� G P "&%�'(" O $ P $ X��4O

^ hg*) [MdLb j�7 ]Q_�`I[�7 d6aI[MeMb YLX@j ��[Mb+" % [MdLb jQXzj ^:_�\�g�[�g Y ` 7 ^:_�`I[�e Y ]wbc] % g�[uhXNjQX % g�[ jKj [ jkX dL^�g Y eM[�`I[ x ]K[�_#b
^:a�bL] % g�[�ni[�_#b=ni]k_�eM[ XA8 X 8�\�g Y [ $ X à�a Y�Z[MdL[�_#bc[ j [Uni[M] jKj [�g YRX, g�dLbL[�ni[�_#b�hX _�^#d.^ ) dc[ YExGX bc]w^�_�d��I^ ) bL[�_�g
X�x [Me � �,�
	!� G � à XJI � �-) G � X 5 � X _�`�" % G I�� Q�n X

8 [ A�g�7�bc^#b X@j q � 1 `I[�3 �65 � aI[�g�b *[Mb Y [.e X@j e�g j6Z[R[�_8]Q_,b Z[M\ YcX _#b j�7EZ[ % g X bL]K^:_ $+X�K L#] j [MdLb Z[M\ X@j hX K4XJI@�
I K � � �y[ Y \�d � ��e�n � K X D gI_�[W`I]KdLb X _�eM[W`I[ K4K4X � � aIe���eM[ jQX eM^ YLY [Md6av^:_�`fhX gI_�[ j gIn�]Q_�^#dL]Kb Z[=bL^,b X@j [ � 1
`I[ � X à I K � � 8 T �:eM^ ( Z[ Y [�_,bL[ X�x [Me jQX�x@X@j [�g Y [MdLbL]Qn Z[M[�a X#Y # g�e �,j [ 5 % 3 X#Y ` � > ( ^:npa�dL^�_ P�K 5 5 � O `I[
� X�$ I�K � � 8 T �,^ ) bL[�_�g�[=[�_,b Y [ K�� Q�n [Mb K à ��� Q�n�[Mb�` X _�d.gI_8e ( X n{ap`I[ x g�[�a j g�d.\ YLX _�` P�K0�7I � � I
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8 [Un�^�`�h[ j [paI[ Y n�[Mb X�j ^ Y d=`I[�e X@j e�g j [ YRj [Md=]Q_,bL[�_�dL]Kb Z[MdR`I[MdSa Y ]Q_�eM]Qa X@j [Md YcX ]K[MdR`I[ Y [ 3 Y ^#]K`I]KdLdL[�n�[�_,b
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[�_,b Y [ j�7 ^ ) dc[ YExGX bc]w^�_ `I[ jkX b YLX _�dL]KbL]K^:_ � ����� � : 3 n [Mb jkX n�^:` Z[ j ]wd X bL]K^:_ bL[�_�` YLX ]wbmhX 3 X�x ^ Y ]KdL[ Y gI_�[
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jkX `I[�_�dL]Kb Z[R`I[ReM^ j ^:_I_�[�`�g8\ X10 e ( X g�` Z[�n�[MbLbL[�g Y `I[ReM[Md YLX ]K[Md.` 7 gI_ 3 X eMbc[�g Y � 1

8 X 8�\:g Y [ $ 1 ��Y [�a Y�Z[Mdc[�_#bL[ jQX dLb Y g�eMb6g Y [We ( ]Qn�] % g�[�`I[ jQX 6 8 1 n�^:` Z[ j ]wd Z[M[ 1;8 [Md X#) ^:_�` X _�eM[Md X bL^ �
n�] % g�[Md.[MbWn�^ j6Z[Me�g jQX ] Y [Md.` Z[�aI[�_�`I[�_,b 3�^ Y bL[�n�[�_,b�`I[ jQX a Y ^3�^:_�`I[�g Y ` X _�d j [�_�g X \#[R[Mb j [Md.`I] !SZ[ Y [�_,bL[Md
[Md6a�h[MeM[MdRn�^:_,b Y [�_,b=`I[MdRa�]KeMd�` 7�X/) ^:_�` X _�eM[zhX `I[MdR[�_�` Y ^#]KbLdW`I] !SZ[ Y [�_,bLd=` X _�d jQX 6 8 1 1 �W]Q_�dL] j�7�X#) ^�_��
` X _�eM[R`I[Re X#Y0) ^:_�[R]K^:_�]Kd Z[R` Z[Me Y ^ *+ b j ^ Y d % g�[ j�7 ^:_ Y [�_#b Y [=` X _�d jkX 6 8 1 e X#Y�j [���g�7�q.- � Y [Md6aI^:_�d X#)�j [
`I[ j�7 ]K^:_�]Kd X bL]K^:_ `�gme X,Y0) ^:_�[8[MdLb�3�^ Y bL[�ni[�_#b X bcb Z[�_�g Z[ 1A8 7�X#) ^:_�` X _�eM[8`I[ �9� X g�\:n�[�_,bL[ , g�d % g 7 hX eM[
% g�[Ra Y [Md % g�[=bc^:g�b j [Re X#Y0) ^�_�[.dL^#]Kb�dL^:g�d 3�^ Y n�[.`I[ �9� [�_ YLX ]KdL^:_�`I[ j�7EZ[Me YcX _#b X \#[�`I[Md.n�^ j6Z[Me�g j [Md �9�
X g8eM^:[�g Y `I[Md 698 1 d 1

8 X 8�\:g Y [ $ 1�" Y [�a Y�Z[MdL[�_#bc[ j�7EZ[ x ^ j g�bL]K^:_o`I[ jQX bc[�npa Z[ YLX b6g Y [�`�g \ X10 [�_ 3�^:_�eMbL]K^:_o`I[ jQX `I]KdLb X _�eM[
` X _�d jkX 698 1 198 X bL[�n{a Z[ YLX blg Y [�`�gf\ X*0 a Y ^�e ( [8`I[ jQX d6g Y 3 X eM[8e Y ^ *+ b�]Q_�]wbc] X�j [�ni[�_#bp` 7 gI_�[�bL[�n{a Z[��
YLX b6g Y [�`I[ 1 � �#$ � � , g�d % g 7 hXNX bLbc[M]k_�` Y [�gI_�[ 1 � : � � � hX �� � *�1 � 1�� [pa�]we{`I[pbL[�npa Z[ YLX b6g Y [
` Z[�aI[�_�`s[�_ 3 X ]wb�`I[ jQXfY�Z[M`�g�eMbL]K^:_ `I[ jQX e ( X#Y \#[N`�g \ YcX ]Q_ X�x [Me jQX a Y ^ 3�^:_�`I[�g Y ` X _�d j [z_:g X \#[N[Mb
`I[ j�7�X g�\:n�[�_,b X bL]K^:_H`I[ jQX a Y ^ 3�^:_�`I[�g Y ^�a�bL] % g�[p`I[ jQX a Y ]Q_�eM]Qa X@j [ YcX ]K[U`I[ Y [ 3 Y ^#]K`I]KdLdL[�ni[�_#b�� � ����� � :3 n 1 8ph[Md % g�[ j [Md�\ YLX ]k_�d�dL^�_#b�n X, ^ Y ]Kb X ] Y [�ni[�_#b�_�[�g�b Y [Md��Ia Y ^3�^:_�` Z[�n�[�_#b�` X _�d j [�_�g X \#[�� j 7 X bLb Z[�_:g X �
bL]K^:_8`�g8e ( X npa8`I[ YLX65 ^:_I_�[�n�[�_,b�q.- � bL[�_�`uhX 3 X ] Y [R` Z[Me Y ^ *+ b Y [ j�7 [ ! [Mb=a ( ^#bL^ Z[ j [MeMb Y ] % g�[��v[Mb�`I^�_�e jkX
bL[�npa Z[ YcX b6g Y [ 1;8 [pa Y ^8 j `I[�bL[�npa Z[ YLX b6g Y [�a Y:Z[M`I]Kb.]KeM]�[MdLb=[�_ X eMeM^ Y ` X�x [Me jQX bL[�n{a Z[ YLX blg Y [�n�^ 5 [�_I_�[
e X@j e�g j6Z[M[ihX4j�7�X ]K`I[=`�g8n�^�` h[ j [ 8�� � �#e 7 [MdLb � hX �P`I] Y [W[�_#b Y [ ������� [Mb : ����� . x ^,] Y jQX 8�\�g Y [ $ 1 � X�x [MeWgI_�[
`I[�_�dL]Kb Z[R`I[ * � $ e�n�� � )21
� Y *X eM[ X grdLe ( Z[�n X $ 1 � `I[ xGX,Y ] X bL]K^:_r`I[Md X/) ^:_�` X _�eM[Md ��^:_ aI[�g�b�` Z[Mbc[ Y n�]Q_�[ Y�j [Md�`I[�_�dL]Kb Z[Md�`I[

eM^ j ^:_I_�[�a Y�Z[M`I]KbL[Md�a X#Y�j [�n�^�`�h[ j [ 	 ^:_,bL[�� � X,YEj ^ 1 �W]Q_�dL]��:` X _�d j [Md�eM^:g�e ( [Md�[�7:bL[ Y _�[Md�e ( X g�`I[Md .�� * ���
� ) ^:_ X 7
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	 _8]Q_,b Z[M\ YLX _,b , g�d % g 7 hX gI_�[�[�7�bL]Q_�eMbL]K^:_ x ]Kd6g�[ jKj [�`I[ * � n X \:_�]Kb6g�`I[Md��A^:_ X 7
( 4 . � ) .��'1'" * * � ���We�n ��(
( 4 . � , ) . : 1 5 * * � � � e�n ��(
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� j eM^�_ x ]K[�_#b�`I[ Y [�n X#Y % g�[ Y % g�[ j [Md�`I[�_�dL]Kb Z[Md�`I[peM^ j ^�_I_�[p` 7 ^ 7 5 \�h[�_�[ X bL^�n�] % g�[p[MbR`I[{e X#Y0) ^�_�[

]w^�_�]wd Z[.e X@j e�g jlZ[Md�\ Y*X eM[ X g�n�^�`�h[ j [ 	 ^:_,bL[ � X#YEj ^�[Mdcb�[�_�[�7:eM[ jKj [�_,b X eMeM^ Y ` X�x [Me j [Md�[MdLbL]Qn X bc]w^�_�d 3 X ]KbL[Md
X gNn�^ 5 [�_8` 7 gI_Nn�^�`�h[ j [ 8���� a j g�dWdL]Qnpa j [ 1
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�@f/g�h iUjIk%i�lg�mng�h h'ock%iEp�g!q�r<sUt�ocmng�mEfMg�h>t�ocm ocs>ug�i'mng�hvp�lg�i g�m swjIk�lg�hQt�r�x�mEfyo 698 1zp�g 3L{ 5 4|o�}%g�q
p 7 o%x�i'mng�h 698 1�hVo�h h~r<q�j7lg�g�h 7

� o�}cg�qRp�g�hVm�lg��cjMr<k�h ,-��� . :%�78 r�m o�p*x�h � 	 *�� � 	 { ��) �
� o�}cg�qRp�g�hVk�lg���x�fMg�x�h g�hRt�ocm/m�lg � g 7 j�r�k . 4 �C� � �c�%�
� 4��v��� � � :
� 4 �C� � � � : ) �
� o�}cg�qCx�k�gCk�lg���x�fMg�x�h g3t�fyock�lg�i7o�jymng . 4 �C�L� � �c��) �
� ocx>k�r 5 ocx(p 7 x�k�gR��o�fyo 7 jMg>uo � ocsE��lg�g-p 7 lg�i~rcjMf�g�h . 	 � ��) �
� ocx>k�r 5 ocx(p�gCk�rci7mng	�Co�fyo 7 jMg�1
8�gVi7oc��fMg�ocx � 1 { 1 : m�lg�h7x�sEg�f�g�h � x 7 r���h g�mn}�lg�h�p�g�h/m o�jMg�h ���R� � � : 3�s � ���R� � * { � 3�s ��� � �n� � *�� � 3�s �

� � . * � � ) � f 7 jykci~g�k�h jMiPlgRp*x�q�r<kci~jIk�x�x�sz� � 1`jyk%iPlg��<m�lg/g�i/fMgvq4��ocsUt(p�gCm o 5 r<k�k�g�sEg�k%i/� ��t�ocm ocs�lg �
i'm�lgRt�ocm��-& 1&8�o 8 ��x�mng � 1 � t�m�lg�h g�k%i gRfMg�hVp�j ! lg�m�g�kci g�h 6 8 1�h-p*ock�hVx�k�p�jIo:�<m ocs3swgCp�lgn��uoEt�m�lg�h~g�kci�lgOo%x
q���oct�jMi'mng � 1 8�g�h�p�g�k�h jMi�lg�h�}�o%mnjMg�kci�g�k%i'mng * � ( g�i * � ! g�i�fMgRt�ocm ocs>ug�i'mng �-&�}�ocmnjMg-g�kci'm�g * � ( g�i * � ! 1 8�g�h
p�j ! lg�mng�k%i g�h/h~r<x�mnq�g�h-h g�t�fyo�q�g�k%iRp*ock�h-p�g�hVq�r<k�p�jMi jMr<k�hCm~o�jMh r<k�k�oc��fMg�hRp�gCp�g�k�h~j�i�lgCg�i-p�g � x 7 jyk�q�jMp�g�k%i
��� ��g 7 q�g�t�i�lgRfIoUk�lg���x�fMg�x�h g3t�ocm�m�lg � g 7 jMr<k�4 �C� � � � � p*ock�h/fMgCq�rcjyk�h'x�t�lg�mnjMg�x�m��<ocx�q���gRp*x(�<m oct���g�1
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 � 1 � � � 27����$�)�8��'2 &E?��*D%�C�'� � ������)+?J��� ���-$A� 0 27� � ��������D�2H�������/$A�C��D%��=*� 0 ��27��&F"��)�2G"��� 0 ��2�$76 �����
)@?y����)@?A��� K�?M��D%� $M$J� �ON ,�0 �PD�2ED����R���'��� ?@)*"�v���. � $ �'& S�T ��)VD��eW & Y Z *  � & \
��g�i i g>t�ocmni jMq�x�fyocmnjMi�lg t g�x�i��g�i'mngUg 7 t�fMj��Px�lg�g!t�ocmvfMg ��o�jMi!�Px�g>fyo i'm ock�h~j�i~j�r�k�uo � : 3 s g�h i"�@r<mni g�swg�kci
r<t�i j��Px�g�swg�kci!lg�t�o�jMh h~g�1 � f�g�k!m�lg�h'x�fMi gRx�k�g�ocx���sEg�kci7o�i jMr<k(p*x>m oct�t r<mni � � �n� � *�� � 3�s # � �R� � �/: 3�szg�i
x�k�gCp�jysEjyk<x�i~j�r�k!p*x m oct�t r<mni � �R� � � : 3�s # � �R� � * { � 3 s 1

8�g>m oct�t r<mni$��x�g>k�r<x�h3o�}%r<k�hCq�o�fMq�x�f7lg>g�k%i'mngUfIoXs3o:h h g(p*x �<o 0 o�i r<swj%��x�g(g�iCfyo s3o�h~h g3p*xe�<o 0
sErcf'lg�q�x�fyo�jymngvg�kci'm�g � � g�i � � t�g�x�i �g�i'mng-q�r<s3t�o%m<lg3uovfIoU}�o:f�g�x�m�p�g�* � � t�r<x�m�fMg�k�x�o��cgCsErcf7lg�q�x�fIo:jIm�g
p& � mnjMr<k . �(' �*) *,)�g�iVt r<x�m/fMgEq�g�k%i'mngR�<o�fyo�q�i~j%��x�g . 3 rcf,+;mng.- 1 jMg�f�g�k�h % , r%f�fMg�k���o�q�� * 5 5 � )�-�g�i {�� �
t�r<x�m :c� 8 r<m~o�p*x�h��x�j<g�h iGfIo-m�lg��cjMr<k-p�g/�@r<m s3o:i jMr<k-p&nlg�i~rcjMf�g�h
fyoVt�fyx�h
fyx�sEjyk�g�x�h g/g�i
fIo-t�fyx�h�s3o�h h~j�}%g�p*x
�<m ock�pEk<x�o��%g�p�g ' o��%g�f�fyock . 8 ' � ) . 6 rc�cfMjMi h q��Rg�i�o�f�1 * 5 5���) 14� g�m oct�t r<mni�o�i i g�jyk%i * � � p*ock�h
fyoVm�lg��cjMr<k
q�g�kci'm~o�fMg . � :c�c� t q,)�p�g�fIo��<o�fyo 7 jMgCuo � ocsE��lg�g�p&nlg�i rcjMfMg�h ' � � . 3 rcf,+;mng.- 1 j�g�fMg�k�h %0, rcfMfMg�k���o�q4� * 5 5 � )0-
� � � t r<x�mvfyo k�lg���x�fMg�x�h g t�o%m�m�lg � g 7 j�r�k�4��v� � � � : g�i :c� � t r<x�mvfyo k�lg���x�fMg�x�h g!t�fyock�lg�i'o:jIm�g 4��v�
� � �c� . , rcfMfMg�k<��o:q4� % 1 jMg�fMg�k�h * 5 5 5�)21 � f�g�h i�t�ocm�i jMq�x�f�j@ug�mng�sEg�k%i�jyk%i�lg�m�g�h h'ock%iRp�g t r<x�}crcjymvq�r<s3t�o%mng�m

3�{ 5 4 uo � mnjMr<kBq�ocm3q�g�h(p�g�x 7 r<���ng�i h3h~r<kci(t�ocmni jMq�x�fMj ug�mng�sEg�k%i!s3o�h~h j,� h(g�i3fyx�sEjyk�g�x 7 p*ock�h k�r%i'mng
�Co�fyo 7 jMg�1 � fMh/h r<k%iOuoHg�kc}�jymnr<kUfIoEs1�g�sEg/p�jMh i'o%k�q�gR�<o�fyo�q�i r�q�g�kci7mnj��Px�g-g�i�h r<k%i�t�ocm q�r<k�h�lg���x�g�k%i�g 7 t�rch�lg�h
uo>p�g�hCq�r�k�p�j�i~j�r�k�hwt���2�h j��Px�g�h3g 7 i g�m k�g�hvi'm�ug�hVh jysEjMfyo�jymng�h,1 8�g�x�mnh lg�}cg�k%i'x�g�fMfMg�hCp�j ! lg�mng�k�q�g�hEt�r<x�m~m o�jMg�kci
o�fMr<mnh!mng � lg�i g�m(p�g�h`lg�i'oct�g�h(p�j ! lg�mng�k%i g�h>p�g fMg�x�mLlg�}crcfyx�i jMr<k�1�8�o sUo�h h gXp*xL�<o 0 swrcf'lg�q�x�fyo�jymng�p*ock�h
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 � 1 � ��� ?A��=P24��&3&(�v�;DQ24� 0�0 ��25) ��� � ��� ���
 3 &���� 
����	� Z43 & �'� � ������)+?J��� �;D(27� 0�0 ��2�) � 
����	� Z3 &���� 
��	�  	 � 3 & 0 ��D�2R�c?�
E"�'27�'��)n� �CK5��$A��D�2n�E���E���'��� ?@)�"� �  � ( �'& S ( �  � ! �'& S ( � ��)-W & �  � ( �  � ! � �'�
D�)@?M$M?M������)-$J�E&(�<���� $A����� � ��$ ��27� ,� ?J� $A�'����� . ��$�$A�'� �%�c� 8 �  � � � � \ � � �3� 8�?�
;24� � � ���*)�2G"� � "�'27�'����� ��($J�
���<)��<)@?A��� ���V$A�3���'2~��? ��'27�C����$J�������C���/$A� )�����$A��
 \"	 \ Z \
fMg�q�r<g�x�m(p�g�k�h g�p& � mnjMr<k . �(' � ) *,)(g�h i>p�g f	& r�mnp*mngXp�g ��� � '�� h rcjMi * �%� � rcjMh!t�fyx�h t�g�i jMi g �Px�g
q�g�fMfMgXq�o�fMq�x�f'lg�g t�m<lg�q�lg�p�g�s3sEg�k%i�p*o%k�h 3L{ 5 4 . 3 rcf,+;mng.- 1 j�g�fMg�k�h % , rcfMfMg�k<��o�q�� * 5 5 � ; p�g 6 mng�g>g�i
o�f�1 * 5 5c��)21�8�g k�r<sE��mngXi r%i'o�f/p�g t���r%i r<k�h 8 2�s3ock p*xLq�r<k%i jyk�x�x�s g�h i * � �@rcjMh!t�fyx�h`lg�f�g�}�lgXp*ock�h

3L{ 5 4 ��x�g>p*ock�h � mnjMr<k ��jMg�k �Px�g(fyo s3o�h~h g3p�g>�<o 0 j�r�k�j�h�lg(h rcjMi � �@rcjMh3t�fyx�h3�<m ock�p�g(p*ock�h � mnjMr<k
��x�gXp*ock�h 3L{ 5/4 . ���<x�mnq�����g�fMf % �Hrch h * 5 5 5�;
p�g 6 m�g�g!g�i>o�f�1 * 5 5c��)21���g�fyo t�g�x�i>}%g�k�jImUp*x �+o:j�i
��x�g!fMg�h lg�i rcjMfMg�h3p�g!i 2�t�g � m�lg�q�g�s3sEg�k%i$�@r<m s�lg�g�hEp*ock�h 3L{ 5 4 }<jMg�k�k�g�k%iC� x�h i g>p�g q�r<s3sEg�k�q�g�m!uo
q�mng�x�h~g�m/fMg�x�m�g�kc}�jymnr<k�k�g�sEg�k%iCt�mnr�q4��g�1)8 g�k�x�o��cgCp& � mnjMr<k>g�h i-x�k>g 7 g�s3t�fMg�q�fyo�h~h j��Px�gEp�g �@r<m sUo�i jMr<k
h i~g�f�fyo�jymngXh�lg��Px�g�k%i jMg�fMfMg r�ux fMg�hQ}%g�kci h(h i g�fMfyo�jymng�h>g�i3fMg�h(g 7 t�fMrch~j�r�k�h>p�g!h'x�t g�m k�r�}�o�gXp�g!fyo�t�mng�sEj@ug�m�g
��lg�k�lg�m o:i jMr<k>p&nlg�i rcjMfMg�hRp�lg�q�fMg�k�q���g�kcivfIo � r�m s3o�i jMr<k�h i g�fMfyo�jymng(p�g3fyo>��lg�k�lg�m o�i~j�r�k(h'x�jM}�ock%i g . 	 fysEg��<mng�g�k

% 8�o:p*o * 5c�c��)21 8�g(��o�jMi �Px�gRfyo �@r<m s3o�i~j�r�k3g�i/fMg�h/g ! g�i h�p�2�k�ocsEj���x�g�h/p�g�h>lg�i~rcjMf�g�h-s3o�h h jM}cg�h/t�x�jMh h g�k%i
p�r<k�k�g�m f�jMg�x uoEx�k�gCk�r<x�}cg�fMfMgRh�lg��Px�g�k�q�gRp�g � r�m s3o�i jMr<kwh i g�fMfyo�jymng�oHg�kci'm~o�� �yk�lg-f�gRq�r�k�q�g�t�i�p�g(�@r<m sUo�i jMr<k
h i~g�f�fyo�jymngUhPlg���x�g�kci~j�g�fMfMg lg���ocx�q4��lg�gCg�k +*�<x�mng � 1 5 1)8/& g 7 jMh i g�k�q�g3p�gEq���o�� �yk�g�hCp&nlg�i rcjMfMg�hVp�gUi 2�t�g � p�r<kci
fyo>t�fyx�hC}�jMg�j�fMfMg>h gEi'mnr�x�}cgCg�k +;kXp�gEq���o���yk�g3g�iVfyo t�fIx�h��ng�x�k�gQocx p�lg���x�iVp�g3q���o�� �yk�gEg�h iCx�k�g3t�mng�x�}cg
s3o%k�j �@g�h i gvp�gRq�g�t�mnr�q�g�h h'x�h 1
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Onde de choc

Nuage
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Evolution dans le temps

Nuage

*

*
*

*
*

1ere generation d’etoiles2eme generation d’etoiles

Nuage
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 � 1 5 � � � 8R"�'&(�3��� � ��2 & �<)@?A���(��)n� $M$A��?y27�-� "� �*D%�'�*)+?J� $M$A� \

3L{ 5 4eh g�sE��fMg �g�i7mng p*o%k�h fMg�h�t�mng�sEj@ug�mng�hRlg�i7oct�g�h�p�g � r�m s3o�i jMr<k-h~i g�fMfIo:jIm�g�h�lg���x�g�kci jMg�fMfMg�7�fyoVt�mng�swj ug�mng
� lg�k�lg�m o�i jMr<kHp&�lg�i r%j�fMg�h�s3o:h h jM}cg�h�}�jMg�kciG��x�h~i g/p�g/h g �@r<m sEg�m0-cocsEr<mnq�lg�g�t�ocm fyoRq�rcfMfMjMh jMr<k(p�g/p�g�x 7 k<x�o:�cg�h
sErcf'lg�q�x�fyo�jymng�h>��lg�ock%i h,1
��jyk�o�fMg�sEg�kci -�q�g�i i gXh r<x�mnq�g h g�sE��fMg �g�i'mng f &�x�k�g p�g�h!t�fyx�h!s3o:h h jM}cg�h(g�i!t�fIx�h
��g�x�k�g�h . }cr%jIm�gQfyo!t�fyx�hR�ng�x�k�g(g�i�fyoXt�fyx�h3s3o�h h jM}cg,)vm�lg��%j�r�k�hCp�g�� r<m~s3o�i jMr<kXp&nlg�i rcjMfMg�hCp�g(fyo �Co�fyo 7 jMg
p*ock�h>fyo��Px�g�fMfMg�f�g�hXk<x�o:�cg�h!sErcf7lg�q�x�fyo�jymng�h g�kc}�jymnr<k�k�ock%i h!k & r�kci>t�o�h>g�k�q�r<mng lg�iPlg>p�jMh't g�mnh�lg�h!t�o%m(f�g�h
t�mnrci r�lg�i rcjMfMg�h/s3o�h h jM}cg�h-m<lg�q�g�s3swg�kci �@r<m s�lg�g�h -%g�k�� r<x�jMg�h-p*ock�h-f�g�x�m�q�r�q�r<k�1
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 �� �� �� � �� � �� �� �� � � ��� � � �� � � 
 � � � �! "� � � �� � � � ��$# � � �� � � �� � � 
 �� � �� � % �'& (  � & ) � �& (!

*+, -./ 0 12 034 5 ./ 6 798 � : 6 7<;= > : 6 7<; > � : 6 79?@ 7<;A B : : 6 7<C 6 D : E + F 79G H : I D/ J�

7<K L . : ; B& M ; B& M ; B& M ; B& N ; B& M

O = PQ ; ; �= � ; A � B = � 8RA ;S ; ;A S � = � 8 � � � > >� > ; �= A �� 8 ;

Q G ? S BS � B�= � � 8 S � � 8 � � ; � > ; � ; = �S = ; S

Q G ? T BS T ; � ; ; S B B = > ; � B � � ; 8 B >� T S � �

U �S � � B B ;S B >� � ; T S � T > B = � T � � =

@ -2 + 5V 4 - B�= T = B B S B 8 B = > = � 8 ; ; B >

U ; T * O S � > ; > B ; P S 8 T 8 � T = � T = T 8

� B 1 + -4 W, 0 = P = � P B�= > B � ; B� 8 �� T ; T T

U = S B�= T = B BA 8 B B � BA 8 B = BA T B > � � ;S > S > �

Q G ? T BS � B�= � T� > B� P S � � B � 8 B� 8 �� T ; P P

Q G ? S B 8 � B�= � S � � B� P �� ; ; � ; B� � ��= � P ; B

G ? ; � � ; S = B 8 � P ; > S �S A �� B = � >� 8 P� > ; ;

G ? S � � ; = B S � � �� � S �S A �� B ; T >� ; = ; S

X YRZ[ \ \[ ][ \^_ [ `a YRb \[ cde fg Z e d[ hi f Xj jk lm cn d e f[ \e n ` Xjk o `p YRq[ n[ rs i e f_ te h u[ h Xjk k lv n n c re f_ w[ h f[ h Xjxy lz ^ h \i f { t i n n[ f|e s} e f_ q c[ n[ f r Xj j~ `y Yq[ n[ rs i

e f_ te h u[ h Xj x ~ lb \e s[ �[ \e n ` Xj j X l w i n� h[ {q c[ n[ f r� t i n n[ f|e s} Xj j~ ` o Y q e ^ |[ h[ \e n ` Xj jy `� Y m [ c� f[ h[ \e n ` Xj j a `k Y b \e s[ �[ \e n ` Xj j X {� i � n c \ rs } [ \e n ` Xj j o `
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X X[ \ Xa Y_ ][ se ne �[ _ [ � | � ~ { � n � a ~ � � u i ^ h ne u i r c \ ci f X {[ \ � | � ~ { � n � x ~ � � u i ^ h ne u i r c \ ci f a { ue h he u u i h \��e ne u i r c \ ci f c f c \ ce n[ � �� � � � Xk }y y d a o ` oa r[ \

� �� � � � a x � ox � X `k � � � w i n� h[ {q c[ n[ f r � t i n n[ f|e s } Xj j~ Y `
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� x!q�r�x�mnhRp�gEq�g3i'm o�}�o:j�f�k�r<x�hCo�}cr<k�h lg�i7x�p�j'lgEp�j��Rlg�mng�kci~g�hOt���o�h~g�hRp*x sEjMfMj�g�xejykci~g�mnh i g�fMfyo�jymng(p*ock�h
f�g�h �Px�g�fMfMg�hEh g �@r<m sEg�k%i/f	& r���2<�*ug�k�g.-�fMgEq�ocm ��r�k�gCg�i-f�g�x�mRt�m�jIk�q�jyt�ocx � t r<mni g�x�mnh . � -�� � -�� � -�� )21���g�h
p�j��Rlg�mng�kci~g�hCt���o�h g�hCh~r<kciRfMg�h3m�lg��cjMr<k�hRp�gQt���rci r�p�jMh h r�q�jyo�i jMr<k�g�iRfMg�h3k<x�o��%g�hCsErcf'lg�q�x�fyo�jymng�hEp*ock�hvf�g�h )
�Px�g�fMh3fMg�hQt�mnr�q�g�h h'x�hUp�g �@r<m s3o:i jMr<k h~i g�fMfIo:jIm�g!k�g>h gQh~r<kci3t�o�hEg�k�q�r<m�gQp�lg�q�f�g�k�q���lg�h 1 ����o�q�x�k�p�gQq�g�h
k<x�o��%g�h�t�m�lg�h g�kci�h'x�m�fyovfMjM�<k�gRp�gV}�jMh�lg�g�p�gVq�g�mni7o�jyk�g�h m�lg��cjMr<k�h"! �n� q�r<s3t�o:q�i g�h/t�g�x�i��cfMr<��o�fMg�sEg�k%i$�g�i'mng
mng�t�m�lg�h~g�kci�lgVt�ocm/x�k�q�r<g�x�m-sErcf7lg�q�x�fIo:jIm�gCg�k%i r<x�m�lgVp& x�k�gCm�lg��cjMr<k(p�gEt���rci r�)�p�jMh h r�q�jyo�i jMr<k�1
��gVi7m o�}�o�jMf�oEt�m<lg�h g�k%i�lg/f	&�lg�}cr%fIx�i~j�r�k(p�gVfyo3s�lg�i'��r�p�gOx�i jMfMjMh�lg�gCo +;k(p�gRq�ocm o�q�i�lg�mnjMh g�m�fyoEq�r�s3t�rch~j�i~j�r�k(g�k
r#��2�� ug�k�g-p�g�k�x�o��cg�hRsErcf7lg�q�x�fyo�jymng�hRk�rci'o%s3sEg�k%i/g�k>p�jymng�q�i jMr<k p�gvp�g�x �!m<lg��cjMr<k�h$! �n� h't g�q�i'o�q�x�fyo�jymng�h -
% { & 4�g�i('�o��%j�i~i'ocmnjyx�h()"* 1���g�hvh r<x�mnq�g�hRr<k%iRfyo!t�ocm�i jMq�x�fIo%mnjMiPlg3p�g3t�m�lg�h g�k%i g�mRx�k�g!�@r<mni g3oc��h r�m t�i jMr<k
p*ock�h�fIoHi'm ock�h~j�i~j�r�k!�@r<k�p*ocsEg�k%i'o�fMg/p�g-f	& r�� 2��*ug�k�g o:i r<sEj���x�gwuo � :,+ s 1 -/& r�� 2��*ug�k�g o:i r<sEj���x�g/g�h i�t�m�lg )
h g�kci�p*ock�hVfMg�h-q�r<x�q���g�hVfMg�hCt�fyx�hVg.��i g�m k�g�h�� x�h �Px &�ocx>q�r�g�x�m/p�g�h-k<x�o��%g�hOsEr%f'lg�q�x�fyo�jymng�h,1/-/& r<���ng�q�i j,��p�g
q�gQi'm~o�}�o�jMf�o!o�fMr<m�h lg�i�lgCp�g(p�lg�i~g�m sEjyk�g�mRfyoXt�ocmniRp�g(f	& oc��h r<m~t�i jMr<k t�ocmHf & r#��2�� ug�k�g3o�i r�sEj��Px�g>t�m�lg�h~g�kci
p*ock�h/q�g�h-p�g�x �>q�r<x�q4��g�h 1
��g�i i g lg�i'x�p�gCo(t�g�m swj�hRp�gEq�o�fMq�x�fMg�mRx�kXm oct�t r<mni � #c� � p*o%k�hVfMgEq�r<g�x�m-sErcf7lg�q�x�fIo:jIm�g�p�gEq�g�hRk<x�o:�cg�h
t�fIx�h-�<m o%k�p>q�r<s3t�ocm�lgwuowfIow}�o�fMg�x�m�i'��lg�r<m�j%��x�gCt�m�lg�p�j�i~gCt�ocm�fMg�hOswr<p�ug�f�g�h 1 � f�g�k>m�lg�h'x�fMi g ��x�g.-�p*ock�h/q�g�h
k<x�o��%g�hVsErcf7lg�q�x�fyo�jymng�h -�f	& r�� 2��*ug�k�g�g�h iVs3o:��r<m�j�i7o�jymng�sEg�k%i�h r<x�h � r<m~sEgVp& r#��2�� ug�k�gRo�i r<swj%��x�g�1 ' o�fy��g�x�)
mng�x�h g�sEg�k%i -cfMgRs3ock���x�gVp& jIk��@r<m sUo�i jMr<kUq�r<k�q�g�m k�ock%i�fyo"�Px�o%kci jMi�lg�p�gVq�ocm~��r<k�gRo�i r<swj%��x�g/g�i�p�g/�cfyo�q�g�h
p�gC� � g�i/� �,0 p*o%k�h�q�g�h-k<x�o��%g�h k�gCk�r�x�h t g�m sEg�iVt�o:h -;uovq�g��nr<x�m�-�p�gVp�lg�i g�m sEjyk�g�m�p�gRs3ock�j@ug�mngOt�m�lg )
q�j�h~gCfMg(�+o:q�i g�x�m�p�gRp�lg�t�f7lg�i jMr<k3p*x(q�o%m ��r<k�gCt�o%m/m oct�t r<mniCuovf &�oc��r<k�p*o%k�q�gCq�rch'swj%��x�gCp*o%k�h�q�g�h-k<x�o��%g�h,1

�-k�g>p�g�hQm�lg��%j�r�k�h1! �n� t�m<lg�h g�k%i�lg�g�h�ocx�q���oct�jMi'mng �n�n� 1 { -�o lg�i�lg3f	& r<�P��g�iEp& x�k�gLlg�i'x�p�g!t�mng�k�ock%iEg�k
q�r<s3t�i g-fMg�h/i'm ock�h~j�i~j�r�k�h/p*ock�h�f	& jyk��+m o%mnr<x��cgRfMrcjyk%i'o�jyk>r<��h~g�mn}�lg�g�h�g�k(h &�o2� m ock�q���j�h~h'ock%i�p�gRf	& oc��h r�m t�i jMr<k
t�m<lg�h g�k%i gEh'x�m-fyo>fMjM�<k�g(p�g3}�j�h�lg�g�13-�g�hvq�ocm o�q�i�lg�mnjMh i j���x�g�hRp�g3q�g�i i g3h~r<x�mnq�gEg�k1�@r<kciRf	& x�k�g(p�g�hCm�lg��cjMr<k�h
p�g �@r<m s3o�i~j�r�k3p&nlg�i rcjMfMg�h/fMg�hOt�fyx�hRs3o�h h~j�}%g�h -�fMg�hOt�fyx�h-fyx�sEjyk�g�x�h g�hRg�i/fMg�hOt�fyx�h���g�x�k�g�h-r<��h g�m�}�lg�g�h�uovq�g
��r<x�m 14- &�lg�i'x�p�g-p�g�hVmng�fyo�i~j�r�k�h/g�kci7mngCs3o�i j@ug�mngVg�i(lg�i rcjMfMg�hVs3o�h h~j�}%g�h�p*o%k�h/p�g�hVm�lg��cjMr<k�h�r ux3fyo"�@r<m sUo�i jMr<k
h i g�fMfyo�jymngEg�h iVi7m4ug�h/o�q�i jM}cgvp�g�}Pm~o�jMiOk�r<x�hRt�g�m~sEg�i i'mngvp�g�sEjMg�x � q�r<s3t�mng�k�p*mngvfMgwt�m�r<q�g�h h7x�hOt�ocm�fMg��Px�g�f
p�g�h�lg�i rcjMfMg�h
p�lgn��uo �@r<m s�lg�g�h t�mnr�}cr��Px�g�k%i�fyo �@r<m s3o�i~j�r�kRp�g�k�r�x�}cg�fMf�g�h���lg�k�lg�m o�i jMr<k�hGp&�lg�i r%j�fMg�h -�g�i�+;k�j�h~h g�kci
t�ocm�p�jMh h r�q�jMg�m-g�i/p�jMh't�g�mnh~g�m-f�g�hRk�x�o��cg�h-r ux>k�o�jMh h g�k%iVfMg�h!lg�i r%j�fMg�h,15-�g�hVr���h g�mn}�o:i jMr<k�hwuow}cg�k�jymVk�r<x�h-o�j,)
p�g�mnr<k�hOuoRswj�g�x �Uq�r<s3t�mng�k�p*mng�f�g�h�s�lg�q�o%k�j�h7sEg�h�p�g �@r<m sUo�i jMr<kRg�i�p&nlg�}%rcfyx�i jMr<kvp�g/q�g/i 2Pt g/p�gVm�lg��cjMr<k�h,1

-�g�h�sEr�p ug�fMg�h�o�q�i'x�g�fMh�p�g�fyo/q���jysEjMg/p�g�f & r#��2�� ug�k�g�k�g/t�g�m~sEg�i i g�k%i t�o:h p& g.��t�fMj��Px�g�m i rci'o�fMg�sEg�k%i
f�g�h
r<��h g�mn}�o�i jMr<k�h�o�q���x�jMh g�h�t�ocmGf�g�h�h7o�i g�fMfMj�i~g�h6' % � 'Hg�i � ' � p�g�h�t�mnjyk�q�jyt�ocx �3t�r<m�i g�x�mnh
p�g�f	& r���2<�*ug�k�g�17-�g�h



����� ���������
	�������

q�r<k%i'm o:jIk%i g�h�oct�t�r<m�iPlg�g�h�t�ocm�q�g�h�r<��h g�mn}�o�i jMr<k�h�mng�t�m�lg�h~g�kci g�k%i�x�kUp�lg +Qt�r<x�m fMg�h�i7��lg�r<mnjMq�jMg�k�h,1 6 r<x�m ��x�rcj
fMg�hCsEr�p ug�fMg�hRt�m<lg�p�jMh g�k%iVp�gEfyocmn�%g�hOoc� r<k�p*ock�q�g�hRp�g � 0 g�i,! 0 � p*ock�h-fMg�hCk<x�o��%g�hOsEr%f'lg�q�x�fyo�jymng�h�� � ux
h g-i'mnr�x�}cg/f	& r�� 2��*ug�k�g/p*ock�h�q�g�h/k<x�o��%g�h�o�jyk�h j ��x�gVp*ock�h�fMg�hVm�lg��cjMr<k�h�p�g �@r<m s3o�i~j�r�kEp&nlg�i~rcjMf�g�h�p�g(�+o:jI��fMg
g�i/p�gv�<m ock�p�gCsUo�h h g�� -�g�hOswr<p�ug�f�g�h�q4��jysEj���x�g�hQuoE}cg�k�jym/p�r%j�}%g�kciVt r<x�}crcjym-mng�t�mnr�p*x�jymng��

� fMg�hOoc� r<k�p*ock�q�g�h-p& g�ocx(g�i/r���2<�*ug�k�gRsErcf'lg�q�x�fyo�jymngvi'm�ug�h/t g�i jMi g�hVr���h g�mn}�lg�g�h/o�}cg�q(' % � ' -
� fMg�hOoc� r<k�p*ock�q�g�h-p�gR�cfyo�q�g�h-p& g�ocx>sEg�h'x�m�lg�g�hVo�}cg�q � ' � -
� fMg�hCoc��r<k�p*o%k�q�g�hRp�g�hCt�mnjyk�q�jIt�o:f�g�h3sEr%f'lg�q�x�fMg�hCt�r<mni~g�x�h g�hRp& r�� 2��*ug�k�gRr<��h g�mn}�lg�g�hRo�}cg�qCfMg�hRi�lg�f�g�h )

q�r<t�g�hRocx(h r%f -

� fMg�hV}�ocmnjyo�i jMr<k�hRr<��h~g�mn}�lg�g�h/p*ock�h-p�g�hVg�k%}�jIm�r<k�k�g�sEg�k%i hRp�j �Olg�mng�k%i h/q�r<s3swgRp�g�hRq�r<g�x�mnhRsErcf7lg�q�x�)
fyo�jymng�h -�o�jyk�h j��x�gRp�g�hVq�r<sUt�f�g.��g�h-p�g �@r<m s3o�i~j�r�k3p&nlg�i rcjMfMg�hVt�fyx�hVr�x!sErcjyk�hVsUo�h h jM}cg�h,1

�-k�g	lg�i'x�p�g>t�mng�k�ock%iCg�keq�r<s3t�i g(fMg�h�p�r�k�k�lg�g�hEr<��h g�mn}�o�i jMr<k�k�g�fMfMg�h3g�h i3k�lg�q�g�h~h'o�jymngQs3o:j�hEjMf/oct�t�ocm o�� ��i
jyk�p�jMh't�g�k�h7oc��fMgQp& o:q��Px�lg�mnjym�p�g�k�r<x�}%g�f�fMg�hRr<��h~g�mn}�o�i~j�r�k�hOo�}cg�qCx�k�gEsEg�jMf�fMg�x�mng(m<lg�h r%fIx�i~j�r�k>h't g�q�i'm o�fMgCg�i
h't�o:i jyo�fMg�1

� x +*f*p�g�h/ock�h -%f	& o�h i'm�r<k�r<sEjMg/jyk���m ocmnr<x��%g/g�h i�p�g�}cg�k�xQx�kUp�r<s3o�jyk�g-p&nlg�i7x�p�gVt�mnjM}<jMf7lg��%j'lgVg�k(m o�jMh r�k
p�g�h3o�}�ock�q�lg�g�hRi g�q���k�rcfMrc�cj��Px�g�hUjIsUt�r<mni7ockci~g�h,13-�o>q�r�s3sEx�k�ocx�i�lgEh q�jMg�k%i j,+ �Px�g g�h iCo�fMr<mnhvp�g�}cg�k�x�gQp�g
t�fyx�h>g�kLt�fyx�h>g.�<jM�cg�k%i gXh'x�mUfIo m�lg�h rcfyx�i jMr<kBp�g�hQjyk�h i7m x�sEg�k%i h�lg�fyoc� r<m�lg�h 1 - g�h>p�r<k�k�lg�g�h -RuoXf	&nlg�t�r��Px�g
m�lg�}crcfyx�i jMr<k�k�o�jymng�h -�o�q���x�jMh g�h�t�ocm ����� 'vr<k%i
fIo:j�h~hPlg�t�fIo:q�g o%x �Cp�r<k�k�lg�g�h � ' � -coc��r<k�p*o%kci g�h�s3o�jMh�g�k�q�r<m�g
x�k�g �@rcjMh!fMjysEjMi�lg�g�h!g�kLm�lg�h~rcfyx�i jMr<k h't�o�i jyo�fMg g�i>h't g�q�i'm o�fMg�1$-�o i'm�rcjMh j ug�sEgX��lg�k�lg�m o�i~j�r�k�p�g h'o�i g�fMfMjMi g�h
jyk���m ocmnr<x��%g>g�i3h'x���sEjMfMfMjIs�lg�i'mnj���x�gXg�h iQo�i i~g�k�p*x�g!o�}%g�qQfMg!fyock�q�g�swg�kci3g�k�*���� *�p�g ' ����� ��h7x�j�}�j/g�k
*����c�Rp�g,!/g�m�h q4��g�f�1*� gVh'o:i g�fMf�jMi gCm�g��<mnr<x�t gRi'mnrcjMh�jyk�h i7m x�sEg�k%i h . ! � � � - 6�� �	'Ug�i	' 6������ ) ��x�j�ocx�mnr<k%i
x�k�g/h~g�k�h jy��j�fMjMi�lgVp�g *��3uo0*���� �@rcjMh�h'x�t�lg�m�j�g�x�m�g�uo/q�g�fMfMg-p& � ' � g�i�q�r�x�}Pmnjymnr�kci�fMg/p�r<sUo�jyk�g�h7t�g�q�i'm o:f�g�kci'm�g

� � + s�g�i � ��� + s 1;��g�h-p�r<k�k�lg�g�h/i'm�ug�hVo�i i g�k�p*x�g�hRocx�mnr�kciVx�k�gEi'm�ug�h/��r<k�k�g3m�lg�h rcfyx�i jMr<k�h't�g�q�i'm~o�fMg�g�i
h g�m�r<kci�q�r<s3t�f7lg�i�lg�g�h���m��o�q�gVocx �U}crcfMh�p�g-f	& r<��h g�mn}�o�i rcjymng-h i'm~o�i rch't���lg�mnj��Px�g$' � � � � uoEt�ocmni~jIm p�g *���� � g�i
uoEfyoUq�r<k�h i'm~x�q�i jMr<k(p�g�hOt�m�g�sEj ug�mng�hVo%kci g�k�k�g�h�p�gCf	& jykci~g�m ��lg�mnr<s>ug�i'mng � - '�� . *�������)21
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G�H%I J6K�L'MONQPSRTKQUVK�L�W�XYLZU[X\P
� k%}�jIm�r<k & & � p�g�fyoVsUo�h h g�p�g�h�k<x�o��%g�h sEr%f'lg�q�x�fyo�jymng�h�g�h i�q�r<s3t rch�lg�g�p& �.2�p*mnrc�*ug�k�g�swrcf'lg�q�x�fyo�jymng�g�i

p& ��lg�fMjyx�s -�q�g ��x�j�fMg�h m�g�k�p ��x�o�h jysEg�k%i�jIk�o:q�q�g�h h jy��fMg�hwuovf	& r<��h g�m�}�o�i jMr<kUp�jymng�q�i g�1 6 r<x�m q�g�i i gRm o�jMh r<k -%fIo
s lg�i'��r�p�g-i'm o�p�jMi jMr<k�k�g�fMfMg3x�i jMf�jMh�lg�g�o +;k(p�gRp�lg�i g�m sEjyk�g�m�fMg�hRt�mnr<t�mnj7lg�iPlg�h�t��.2�h j��Px�g�h lg�f7lg�sEg�kci7o�jymng�h�p*ock�h
p�g/i g�fMh�r<���ng�i h�q�r<s3sEg�fyoRi7o�jMf�fMg.-�fyoCs3o:h h g/g�i�fIoHi g�s3t�lg�m o�i'x�mng�g�h i�f	& r���h g�mn}�o:i jMr<kEh't g�q�i'mnrch q�r�t�j%��x�g-p�g
sErcf'lg�q�x�fMg�hCt�fyx�hCm ocmng�hRs3o�jMhRt�m�lg�h~g�kci g�h3uoUf &nlg�i'o�i�p�gEi'm o:q�g�h,1*� & g�h~iVfMgEq�o�h-p*x swr<k�r�� 2�p�gCp�gvq�ocm ��r�k�g

. � � )�- * ������� �@rcjMhOsEr%jIk�hRoc� r<k�p*ock%i ��x�gCfyo(t�mnjyk�q�jIt�o:f�gUq�r<s3t�r%h'ock%i gRg�k!s3o:h h g.-�f	& ��2<p*m�rc�*ug�k�gCswrcf'lg )
q�x�fIo:jIm�g . ! 0 )21#- & x�k�g/p�g�h�t�mng�sEj@ug�mng�h�s�lg�i7��r<p�g�h/uoRo�}crcjymRlg�i�lg�x�i~j�fMjMh�lg�g lg�i'o:j�i���o�h�lg�g�h'x�m
f	& oct�t�mnr���jIsUo�i jMr<k
p�gQf	&nlg��Px�jMfMjy��mng>i'��g�m sEr�p�2�k�ocsEj��Px�g(fMr<q�o:f . � � - )21���g�i lg���x�jMf�jy��mng(g�h iEo�i i g�jyk%iCfMr<mnh ��x�g(f�g�hvq�rcfMfMj�h~j�r�k�h
p�r<sEjyk�g�kci-p*ock�h/fMgEsEjMf�jMg�x -�q.& g�h~i�uoEp�jymng�t r<x�m/x�k�gvp�g�k�h jMiPlgRi'm�ug�h�h'x�t�lg�m�j�g�x�m�g uoEfyoEp�g�k�h jMi�lgCq�mnjMi j���x�g�1
-�o p�g�k�h jMiPlg(q�mnjMi j��Px�g>p�g(fyo i'm ock�h jMi jMr<kA]�^ *`_ ��p�gQfyoXsErcf7lg�q�x�fMg!� � g�h iEp�g6a������(q�s S�T t�r<x�m
x�k�g r�t�o�q�jMiPlg>p�g *�1 � mUq�g�i i g!i7m ock�h jMi jMr<kBg�h i3��lg�k�lg�m o�fMg�sEg�k%i3r<t�i~j%��x�g�sEg�k%i	lg�t�o�jMh h g�b3g�k p�jymng�q�i jMr<k
p�gCk<x�o��%g�h swrcf'lg�q�x�fyo�jymng.-�m�lg�p*x�jMh'o%kci�fyoEp�g�k�h jMi�lgVq�mnjMi j���x�g�t�mnr�t�r<mni~j�r�k�k�g�f�fMg�sEg�k%i3uoCq�g�i~i gVr�t�o�q�jMiPlg . x�k�g
r<t�o�q�jMi�lg�p�g *�� g�kci'm~o���yk�g�x�k�g�p�g�k�h jMi�lg�q�mnjMi j��Px�g�p�g�cda�����q�s S�T )217- & � � -Ug�h i�o�fMr<mnh��+o:q�j�fMg�sEg�k%i�o�i i~g�jIk%i,1

-�g i7m ock�h �@g�mni(p�g m o 2cr<k�k�g�sEg�k%i>p*ock�h f�g ' � '`t�g�x�i �g�i'm�g p�lg�q�mnjMi!t�ocm(f	&nlg���x�o�i jMr<k p�g i'm ock��@g�mni
m o�p�jyo�i j,� � e>f�g

e>h ^ji�k gZl�m�g .$n 1 *,)
r uxpo\qsroYt mng�t�m�lg�h g�k%i g-fIov}�ocmnjyo�i jMr<k(p& jyk%i g�k�h jMi�lg �

g
uovfyo �+m�lg���x�g�k�q�gOu uovi'm o�}cg�m�h�x�k�gRq�r<x�q���gRp&nlg�t�o:j�h~h g�x�m

h,1 � fMfMg!p�lg�t�g�k�p p*x�q�r<g  q�jMg�k%iQp&�oc��h r<m t�i~j�r�kvk g g�iEp*x q�r�g  q�jMg�kci(p&nlg�sEjMh h jMr<k �
g 1��

g
mng�t�m�lg�h~g�kci g

w%xYy�zZ{}|�~�|����'���s�-��|��-�Y���$|��%�+��{Z��zS��������Y|��#��� |�~+���s�-�$�Y����>�Y���s�Y�s���YzS�����s�\|��-�+�\�����Q�%�+�Q�S�Q�\���Yz��S�'����+�\|��s�s���S���\�+�$|��%�+�%���s�\|���+�\�������%�+���s�\z(����������|���zS�Q��� �\�+�s�\�s�+�$|��\zO���s�7�$�Y����Q�Y���\z+��x+�Q���s�s���Q�����zS|��$|��\zO���s�7�Y�\~��Y��~��T~��\���s�%�+��~&� �Yz(����z+���S���\�&�Yz��S���S��Y���$|��%�+�Z�$��������$�S������s|�����������'w%x
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