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¶ y�|5s/���·}�¸�y�z¹x�º�y»v�z�s�¼���y�u½s�����y	��z���}~��¾!��¾/z-}�¸��9¼����-y�¸°u¿��vÀw��·}~��¾°��z�s�¼µs�x
Á }�x�º^��s�}��·�Â�·y����·s/z�������¸^��|*x�w���x�s�z��1Ã ¶ yÄ|5s/u�v���z�yÅx Á sÆ��v�v�z�s/�/|�º�y���Ç
s����~}~��y$È»ÉÆ� Á º�y1z�yÅx�º�y$u¿��v^}~��x�z-y	��x�y�¸Ê���¿�ÌË�Í�y�¸Êv���z���u�y1x-y�z��»����¸
� �m��y��-}����;}~����y�z-y���|5y/� Á º�y1z�yNx-º�yÎu���v^}~�Ï�[Ð�u¿��x�z-}�Í��¡�����~w�y	¸�Ñ�z�����¸�s/u
����z�}~��¼���y/Ã ¶ yÒ�·º�s Á x-º���xÓy1��y��Ås/�Ï����y�z-�¿�-}�u�v��~y�y5Í���u�v��~y���s�����}~��yÒÈ»É
|1���¿¾�y5xÔ�=x�w�|���}����~s�|1����u�}~��}�u¿��� Á º�}�|�ºÅ|���w��-y���x-º�y(z-s/¼�s�x�x-s�¾�y5x�Õ·�~s/�·x�Ö
����¸;x-º�y$z-y	�·w���x-}~��¾Hu¿��vÂx-sÆ¼µyCw��·y���y	�-��Ã � �;|1s���x-z����·x��»x-º�y � �m��y	�·}����
��v�v�z-s���|�º<�o¼��Ìu¿��}~��x���}���}~��¾Äu�w���x-}~v���yCº���v�s�x-º�y	�·y	�1�×}��Àu�w�|�ºÆu�s�z�y�z-s��
¼�w��·x�Ã ¶ yÓx-º�y��¿}���x�z-s�¸�w�|1y!��u�y5x�º�s�¸���s�z»��v�v�z�smÍ�}�u¿��x�}���¾(x�º�y � �m��y	�·}����
�·s/��w�x-}~s��<��|����~��y	¸NØ���s�� � ����|�� Á y����~}��·y	¸¿v���z-x-}�|5�~y�Ë���x-y�z-}~��¾�Ã ¶ yP�-º�s Á x-º���x
x-º�}��»��v�v�z�smÍ�}�u¿��x�}�s/�<� Á º�y���|5s/w�v��~y�¸ Á }�x�º������/|*x-}~��yÓ�~y���z-��}���¾Ò�·x-z���x�y1¾��/�
}~��� �/�=x�¼�w�x!��|�|5w�z���x�y�Ã

Ù Ú/Û ±�²�ÜÓÝ!Þ!´µ±�ß·Ü Û

à º�y�v�z-s/¼���y�uás��Ó¾�y5x-x-}~��¾Äu�s�¼�}��~y�z�s�¼µs�x��Òx-sÎ��w�x-s/��s�u�s�w��·�~�Î�~y���z-�Ku¿��v��Às��Ôx-º�y1}~zÀy1����}��
z�s���u�y1��x�º�����¼µy1y�� Á }�¸�y1�~�â�·x-w�¸�}~y�¸½Ð �-y1yCy�Ã ¾�Ã~�!ã ��äÓ��s/z��H|5s/���~y�|5x-}~s��;s��(z�y�|1y1��x�v���v�y�z���Ñ*Ã
à º�yN¼��/�·}�|N¸�}�å�|1w���x=�;}~��x�º���x¿x�º�yNz-s/¼�s�x�u�w��=x�����s Á y5Í���|5x-�~� Á º�y1z�yN}�x�}��$Ð �Hv�z�s�¼��~y1u
|1�����~y�¸Î��s�|����~}�æ	��x-}~s��µÑ*�<�-s�x-º���xÒ}�xP|����Îw�vµ¸���x-y�x-º�y�z�}~¾�º�x(v���z·x�s��tx-º�y�u¿��v<Ã�ç�s Á y1�/y1z	��x�s
����s ÁèÁ º�y1z�y¿}�xP}��1�kx-º�y¿z-s/¼�s�xPuÀw��·xÀ���~z-y	��¸��$º��m��y¿�Nu¿��v<ÇPz�y1�~��}���¾Cs/�Æ¸�y��/¸��¡z�y�|��/s���}~��¾
���~s���yCÐ }éÃ y�Ã~�¹}~��x-y1¾/z���x-}~��¾�x�º�y�u�s�x-s/zÒ|5s�u�u¿����¸���Ñ(}���w���z�y1�~}~��¼��~y�¼µy�|���w��-y�s��t��s/}~�-y�}��Ìx-º�y
��|5x-w���x-s/z���Ð �-�~}�v�v���¾�yÒ����¸Ï¸�z-}��)x�Ñ5Ã
ê(��yÄs/¼���}~s�w����·s/��w�x-}~s��[}���x�sâw��-yÌÈ»Éâ� Á º�y�z-y Á yÎ����x�y1z�����x�yÄ¼�y1x Á y�y1�[y	�=x�}�u¿��x�}���¾âx-º�y
�~s�|���x�}�s/�â¾�}~��y��Æx-º�yCu¿��vVÐ�x-º�yNÈë�=x�y1v�Ñ5�»����¸ây��·x-}~u���x-}~��¾Äx�º�yCu���v;¾/}��/y1�Æx�º�yÏ�~s�|1��x-}~s��
Ð)x�º�y�Éì�=x�y1v�Ñ5Ã�í>��¸�y1y�¸<�îx-º�}��P��v�v�z�s/��|�ºÎº����°¼µy1y1�K�-w�|1|1y����=��w��~�~�Äw��-y�¸Ì¼��Ä�-y1�/y1z����o¾�z�s�w�v��
ã ï��î�����î�	�	ä9Ãgç�s Á y1��y�z���}~�N�����qs��¹x-º�y��-y Á s�z����1�/x-º�y�x-z���ð=y�|5x-s/z-��s��kx-º�y�z�s�¼µs�x Á �/�Ô�·vµy�|1}�Ë�y	¸
¼���º�����¸<������¸�x�º�y(u¿��v Á �/�»�~y���z-��y�¸�s�ñµ�9��}~��y�Ãgò�s�zt��w����~����w�x-s���s�u�s�w��»s�vµy1z���x�}�s/�<������¸�x�s
|5s/v�y Á }�x-ºÄ¸�������u�}~|°y1����}~z-s/��u�y1��x�����x-º�yÒu¿��vNu�w��=x�¼µyÒ�~y���z���y	¸�s�����}~��y�Ã
¶ y(|5s/���-}~¸�y�z�x Á sÀ��v�v�z-s���|�º�y	�×x-s�s����~}~��y!�~y���z-��}~��¾�Ç¹s�����}~��y(ÈtÉÆ������¸ � �m��y	�·}�����}~����y1z�y1��|5y��
Á º�y�z-y Á yNx-z�y���x�x�º�yÄu¿��v^�����Hz�����¸�s�uó����z�}���¼��~y�Ã[í>�ô{�y	|*x-}~s��[õ�� Á y$�·º�s Á x-º���x¿x-º�y
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òo}�¾/w�z�yC�/Ç�Ð ��Ñ à º�y � ê°ÉÄ� � z-y�v�z�y��-y1��x-y	¸Ì�/�Ò�N¾�z���v�º�}�|1���×u�s�¸�y��éÃ����!}��°x-º�y���s�|���x-}~s��¹�� � Ð��=Ñ�}~�(x-º�y�����¼µy1�os��gx�º�y��
	 x-ºÌ¾�z�}~¸Ä|1y1�~�é��� � }~�!x-º�y���|5x-}~s��<�î����¸�
 � }��(x-º�y�s�¼��-y1z�����x-}~s��¹Ã
�(s�x·x�y�¸Ò|1}�z�|5�~y��<¸�y1��s�x-y�����z�}���¼��~y��µx�º���xkÈtÉëx-z�y���x��<�/�îv���z���u�y1x-y1z���Ã�Ð�¼�Ñî�âs���y1�9¸�}~u�y1���-}~s������
¾�z�}�¸ Á }�x-ºK¼�}~����z��$�~��¼�y��~�¿Ð Á º�}�x-y�� ���<¼�����|���� �mÑ*ÃNÐ |�Ñ�� x Á s��>¸�}~u�y����-}�s/�����o¾�z�}~¸<� Á }�x�º
��s�w�zÓ�~��¼�y��~�PÐé|5�~s/�-y�¸C¸�s�s�z��1��s/v�y��N¸�s�s/z���� Á ��������������¸Ï��z�y1yÒ�·v���|5ymÑ*Ã

� �m��y	�·}����C��v�v�z�s/�/|�ºÏ|����C��y	��¸Åx-s¿uÀw�|�ºC¼µy5x-x-y�z�z-y	�·w���x���x-º����Cs/���~}���yPÈtÉ���w�����s/z·x�w�����x-y1�~���
}�xo}��×|5s�u�v�w�x���x�}�s/�����~�~�°}~��x-z���|5x���¼���y/���·s(}���{�y�|5x-}~s��À��� Á y�¸�}��-|1w��-�×������v�v�z-smÍ�}~u¿��x-}~s��Ò¼����-y�¸
s��NØ���s�� � ����|�� Á y1�~��}��-y�¸¿v���z·x�}~|1��y°Ë���x-y�z-}~��¾�Ã

� ������� ÜÓÝ ���
¶ y���s Á v�z�y�|1}~�-y1�~�P¸�y5Ë���y�x-º�yÓu�s�¸�y1��x�º���x Á y Á }��~��w��-y�}~��x-º�}��×v���v�y�z��/}�xg}��g�·}~u�}�����zox-s���¼�w�x
uÀw�|�ºÎ�·}~u�v��~y1z�x�º����¹��x�º�yÀs�|�|5w�v�����|5�C¾�z�}�¸Nu�s�¸�y��k}~�;ã��	�	ä9Ã à º�y�u¿��vÄ}��(¸�y5Ë���y	¸Nx-sÅ¼�y��
¾�z�}�¸î� Á º�y1z�y(y	��|�ºÅ|1y1�~�qº����Ô���~��¼�y�� Á º�}~|�ºCz-y�v�z�y��-y1��x�� Á º���xÔx-º�y(z�s�¼µs�x Á s/w���¸Å�-y1y���x�x-º���x
vµs�}~�/x	Ã�ÉÄs�z�yÀ��s/z-u¿���~�~���qx-º�y¿u���vH��x(x�}�u�y��(}~�Ò�Ï��y	|*x-s/z�s���¸�}~��|5z�y5x�y�z�����¸�s�u ����z�}~��¼��~y����� � Ð��=Ñ �"!��$#&%�%&%'#)(+*-,�� Á º�y1z�yÆ�/.0�1.0(+2oÃiê!�Ò|1s�w�z��-y��tx-º�yÄu¿��v[}~�¿��s�xÅs/¼��·y�z-�/y�¸
¸�}~z-y	|*x����/�»����¸;��s�z�}��Àx�º�yCz-s/¼�s�x�	 �À�~s�|1��x�}�s/�<��� � �3!/�4#&%�%&%'#)(+2�,/Ã ¶ º���x�}���s�¼��-y1z���y	¸K}~�
 � ��!/�4#&%�%&%5#6(�*-,/�ox�º�yÅ����¼µy1�ts��Ôx-º�yC|5y�������xÀx�º�y�z�s�¼µs�x7	 ��|5w�z�z-y���xP��s�|1��x-}~s��<�g����¸�� � �!/�4#&%�%&%'#)(+89,/�gx�º�yC�/|*x�}�s/�;|�º�s/�-y1�;¼��Hx�º�yÏz�s�¼µs�x(ð=w��·x�¼µy5��s/z-yÏx-}~u�y��*Ã à º�yN|5s/��¸�}�x-}~s������
}~��¸�y1vµy1��¸�y1��|1y¿�����·w�u�v�x�}�s/��� Á y���z�yÀu¿����}~��¾C��z-y�}��~�~w��=x�z���x-y	¸$}��Hòo}�¾/w�z-yC�/Ðé�/Ñ5Ã ¶ y¿�=x���z-x
¼��Ì|1s����-}~¸�y1z�}���¾Ïx-º�y���y�z-�Ä�-}�u�v��~y¿s���y5�>¸�}�u�y����·}~s������g¾�z�}�¸Ì�-º�s Á �H}��âòo}~¾�w�z�yN�/Ð�¼µÑ*� Á º�y1z�y
x-º�y1z�yP��z�y»ð=w��·x�x Á s��/|*x�}�s/���1��u�s��/y°z�}~¾�º�xPÐ;:ÂÑÔ����¸Cu�s���y��~y5�)xÀÐ;<ÂÑ*������¸�ð=w��·xÓx Á s�����¼µy1���1�
s�ñ½Ð �/ÑP����¸Hs��[Ð·�	Ñ*Ã à º�}��Ò}��P�·w�å¿|1}�y���x-�~�H�-u¿���~�gx-º���x Á y�|����Kvµy1z-��s�z�u y5Í��/|*x � �m��y	�·}����
}~����y1z�y1��|1y�Ã�=k��x-y�z�� Á y Á }��~�<¾/y1��y�z�����}~æ1y(x-s�x Á s�¸�}�u�y1���·}~s�����Ã
à º�yÔv�z�}�s/zo��s�z×x-º�yÓ��s�|1��x-}~s���}~�g��¸�y���x��(��w���|*x�}�s/� Á }�x�º�������}�x��×u¿�/�-�×s/�Àx�º�y�Ë�z��·x�Ð��~y5�)x-�¡u�s/�·x�Ñ
|5y����¡��}~��¸�y�v�y���¸�y1��x�s��>�@?mÃ à º�y�x�z������·}�x-}~s��Cu�s�¸�y1�q��s/zÓx-º�yÒ�~s�|1��x-}~s��Å}����/����s��~��s Á ��Ã

� z�ÐA���>�/BDC �9�FE�?-�G�)#)�H�I�J:;Ñ��
KLLM LLN
OQP }��RB��G�DSô�$#;B�TU(
�WV ODP }��RB��G�)#FBXTY(
� }��RB��G�Z�G(
� s�x-º�y�z Á }��-y

Á º�y�z-y O P }��tx-º�y°v�z�s�¼���¼�}~��}�x=��s��k���·w�|1|5y	�-�·��w��î��|5x-}~s��<��}¡Ã y/Ã��q�[V O P }��tx-º�y�v�z�s�¼���¼�}~��}�x=��x-º���x
x-º�yPz-s/¼�s�x�	 � Á º�y�y1���!�-��}~v<Ã à º�y1z�yP}������Ä�������~s�¾/s�w���y�\�w���x-}~s��C��s�z!x-º�y�|1���-y Á º�y��]�H�9�J<[Ã^ s�x-y°x-º���xÓ}�xÓ}��Ô��s�xÓvµs/���·}~¼��~y!x�s�v������tx-º�z�s�w�¾/º�x�º�yNÕ·z�}�¾/º/x�u�s/�·x�ÖÀ|1y1�~�A��x�º�yÒz�s�¼µs�xÓ|1���Ïw��-y
x-º�}~�Ó}~����s/z-u¿��x�}�s/�Åx�s�º�y1�~vN��s�|1����}~æ1y�}�x��-y1���=Ã
à º�y�v�z�}�s/z!��s/z°x-º�y�u¿��vH}~���Cv�z�s�¸�w�|*x�s��tx-º�y�v�z�}~s�z�����s/z°y	��|�ºH|5y1�~�¡� Á º�}�|�ºÌ��z�y�w���}���s�z�uCÃ
Ð ¶ yÄ|5s/w���¸âu�s�¸�y1��|1s�z�z-y��~��x-}~s��â¼µy5x Á y1y��Â��y�}�¾/º�¼�s/z-}~��¾K|5y1�~����w��·}~��¾K�KÉÄ��z���s��KØ�����¸�s�u
òo}�y��~¸<�×����x�º�s�w�¾�ºKx-º�}~��}~��|5s/u�v�w�x���x-}~s��������~�Îy1Í�vµy1���·}~��y/Ã Ñ à º�y¿x�z������-}�x�}�s/�Æu�s�¸�y�����s/zPx-º�y
u¿��v�}��»��v�z�s�¸�w�|*x�s��qx-º�yÔx�z������·}�x-}~s���u�s�¸�y1���g��s/z�y��/|�º�|1y1�~�é� Á º�}�|�º¿��z�yÔ¸�y5Ë���y	¸¿���×��s/���~s Á ��Ç



x-º�y(v�z�s�¼���¼�}~��}�x=��x-º���x��À�P¼�y	|5s�u�y	�t�Å�!s�zt��}~|1y!��y�z�����}�� O � Ð v�z�s�¼���¼�}��~}�x=��s��¹|�º�����¾/y	Ñ5������¸
º�y���|5y�x�º�yÒv�z�s�¼���¼�}��~}�x=��x-º���xÓx-º�yP|1y1�~�<�~��¼�y��îz-y�u¿��}~����x-º�yP����u�y�}����WV O � Ã
òo}������~���/��x-º�yÒs/¼��-y1z��m��x-}~s��Ïu�s�¸�y��<}��

� z�ÐF
>�>���RC � �Z�èÐ��]? #�%&%&%�#����	��Ñ5#)���>�G�=Ñ���
 O
� }��	�������
�WV O
� s�x�º�y1z Á }��·y

Á º�y�z-y O
� }���x-º�yÒv�z-s/¼���¼�}��~}�x=�Ås��o���-w�|1|1y��·��w��<s/¼��·y�z-����x-}~s��<��}¡Ã y/Ã��<�WV O
� }���x-º�yÒv�z-s/¼���¼�}��~}�x=�
s��×��|5�������·}�Ë�|1��x-}~s��Ïy1z�z-s/z�Ão����s�x-º�y�z Á �m�¿s�� Á z�}�x�}���¾�x�º�}~����x�º���x Á }~���î¼µyÒw��-y5��w��<����x�y1z	��}~��x�s
}~�/x�z-s�¸�w�|5yPx�º�y�¸�w�u�uÀ�$¸�y1x-y1z�u�}���}~�·x-}�|À����z-}���¼��~y��R
��� � Á º�}�|�ºÄº��/��x�º�yÀ��s/���~s Á }~��¾Å¸�}��=x�z-}~¼�w��
x-}~s��¹Ç � z�ÐF
��� ��� C � �I�iÐ��1? #&%�%&%'#������µÑ5#6�9�>�G�=Ñ�����Ð��D#����¡Ñ5� Á º�y�z-y���Ð�� #��5Ñ��i�Ò}���� ���
����¸Å}��Ó�Às�x-º�y�z Á }��-y�Ã à º�w���
 �� �/|*x��oð=w��=xÓ�~}��/y���uÀw���x�}�v��~y5Í�y�z����-y1�~y�|5x-}~��¾�s�w�x���|5s�u�vµs���y���x
s�� � � ����¸�y1x-y�z-u�}~��y�¸�¼��Px�º�y�Õ·¾���x�y�Ö@� � Ã à º�yÓs�w�x�v�w�x»s���x�º�y�u�w���x�}�v���y1Í�y�z�}��×x-º�y��¿v������-y�¸
x-º�z-s/w�¾�ºN����s�}��·�Ï|�º�������y1�¡� Á º�}~|�º� �}~v��Ô¼�}�x�� Á }�x�ºCv�z-s/¼���¼�}~�~}�x=�Ä�WV O � ��x-s¿v�z�s�¸�w�|1y 
 � Ã
! " ³$# � ¯�ß=³ Û � � ³×² Û ß Û�% ´qÜ �'& ³×² � Ý ±�Ü'(*)
ò�s/z»�-}�u�v��~}~|1}�x=�/� Á y������-w�u�yÓx-º���x�x-º�y�v���z���u�y1x-y1z�� O � � O P ����¸ O � ����z�y����~������s Á �<Ã�Ð�í>�¿x�º�}~�
�-y�|*x�}�s/�<� Á y°w��-y O � �[� % ��� O P �V� % ïÀ����¸ O � �ô�����·s�x-º�y Á s�z���¸¿}~�Ô�-s�u�y Á º���x�Õ��·�~}~v�v�y�z-��Ö��
¼�w�xÀ�·x���x-}�|�}��K��v�vµy���z�����|5y/Ã Ñ à º�y¿�=x���x-y�y	�=x�}�u¿��x�}�s/�Îv�z�s�¼���y�u }~�°x�s$|5s�u�v�w�x-y�x-º�y�¼µy1�~}�y1�
�·x���x�y � z�ÐA� � # � � C + ?-, � Ñ5� Á º�y�z-y/. � � ÐF
 � #6� � Ñ°}~��x�º�y¿y1��}�¸�y1��|5y¿��xÒx�}�u�y��5�kx-º�}��Ò}��Òy�\�w�}~���
���~y1��x°x-sNvµy1z-��s�z�u�}~��¾Ïs����~}���y�}~����y�z-y���|5y�}��Ìx-º�y�¾/z���v�º�}�|1���ku�s�¸�y1���-º�s Á �Ì}��Hòk}~¾�w�z-yC�/Ðé�/Ñ*Ã
� ����s�z-x-w�����x-y����/��y���y���x-º�s�w�¾/º Á y!º��m�/y(�����-w�u�y�¸¿x�º���x�x-º�y�|1s�u�vµs���y��/x��»s�� � ����z-y°�Àv�z�}��
s�z�}¹}~��¸�y�v�y���¸�y��/x	�qx-º�y��N¼�y	|5s�u�y�|5s�z�z�y1����x-y	¸N¼��C��}~z·x�w�yÀs��»�·º���z�}���¾Ï��|5s/u�u�s/�Î|�º�}~�~¸î� 
I��Ã
à º���x�}��1���-}���|1y!x�º�y(x-z�w�y!�~s�|1��x�}�s/��s��¹x-º�y°z-s/¼�s�xt}��»w�������s Á �<�����~��s��<x-º�y°|1y1�~�~����z�y�vµs/���·}~¼��~y
|1��w��-y��Ós��kx�º�yPs�¼��·y�z-����x�}�s/�<������¸Ïx-º�y��ÂÕ�|5s�u�vµy5x�y�Ö�x-s;Õ·y5Í�v�����}~��Ö�x-º�yÀ¸���x���ÃÔç�y���|5yÀ�����¹s��
x-º�yÒº�}~¸�¸�y1�N����z�}~��¼��~y���¼�y	|5s/u�yP|1s�w�v���y	¸î������¸Ïx�º�yÒ¼�y���}~y5�g�·x���x�yÒº����Ó�-}~æ1y�0�Ð ( 2 � � � Ñ*Ã
í9�Px�º�y Á s�z��~¸ô}~�C�=x���x�}~|ÂÐ�}¡Ã y/Ã�� O � � ��Ñ*� Á yÌ|����[x�z-y	��x � ���C�ÆË�Í�y�¸<�!¼�w�xCw�������s Á �<�
v���z���u�y1x-y�z��»x-º�}��¿|1���âx-º�y1�Ê¼�y$|5s/uÀ¼�}~��y	¸ Á }�x-ºÂx-º�yN��s/}~�-�â�·y����-s�z�u�s�¸�y���x-sÆ¸�y5Ë���yC���
ç!ÉÎÉ Á }�x-ºCx�º�y���s��~��s Á }~��¾�s�¼��·y�z-����x�}�s/�Åu¿��x�z-}�ÍîÇ1 Ð��
#���Ñ	24365� � z	Ð;
 � ��� C � � � �
� � Ñ���798 � z	Ð;
 � ��� C 
 �� � B�Ñ���Ð � Ð��=Ñ'#;B�Ñ

¶ yÔ|�����x-º�y����~y���z-� 1 w��·}~��¾�È»ÉÆ���/�o}��Nã ï����������m�	ä¡ÃÔÐ ¶ y������-w�u�y»��s/zo��s Á x-º���x×x-º�y�ç(ÉÄÉ
x-z������·}�x-}~s��Ku¿��x�z-}�ÍÎ}��Ò}���¸�y1vµy1��¸�y1��x�s��tx�º�y¿u¿��v<�×����¸Hy���|5s�¸�y	��x-º�yÅ����s Á �Îx�s�vµs��~s�¾��Îs��
x-º�yÒ¾�z�}~¸î��}éÃ y�Ã~��x-º�yPz-s/¼�s�x�|1���Nu�s���y°x�s���������y�}�¾/º�¼µs�z�}~��¾¿|5y1�~�¡����s¿u¿��x-x-y1z Á º���x�}�x��Ó����¼µy1�
}��1Ã ¶ y Á }��~�<�~}��)xÓx�º�}��Óz-y	�=x�z-}�|*x�}�s/�Ï}~�Ïx-º�yÀ���Qy5Í���u�v��~y�Ã
¶ y�|1���N��s�z�uÀw�����x�yÀ���$s/���~}���y���y�z��-}�s/�Ns��»È»É �/�Ó��s/���~s Á �1Ã ¶ yÀw��·yÒË�Í�y	¸��9�~��¾Å�·u�s�s�x�º�}~��¾
Á }�x-ºô�K�·�~}�¸�}���¾ Á }���¸�s Á s��°�~y1��¾�x-º�:ë�Ó����¸^|1s�u�v�w�x�yNx-º�yÄy1Í�v�y	|*x-y	¸^�·w�å�|1}�y��/xC�=x���x-}��·�
x-}�|1�HÐ È�{�{�Ñ¿��s�z�x�º�yÎs/¼��-y1z��m��x-}~s��^u¿��x�z-}�Í Á }�x-º�}��[x�º�}�� Á }~��¸�s Á ������s��~��s Á ��Ç<;7�*Ð �)#���Ñ]�= � >@? �FEBA/, CED ?GFIH� >KJ � Ð��=Ñ*� Á º�y�z-y H� >KJ � Ð��=Ñ � � z�ÐA� > � �'C + ?-, � Ñ5Ã ¶ yÅ|1���Æ|5s�u�v�w�x-y H�Sw��-}���¾
x-º�y���s�z Á ��z�¸��=�9¼��/|�� Á ��z�¸��k���~¾�s�z�}�x-º�uN��w��·}~��¾ H� �FE$A�ER? J �FER? ����x-º�y�v�z-}~s�z	Ã�Ð à º�y�}~��}�x-}����q|5s����
¸�}�x-}~s���}�� H� �MLg� Á º�y1z�yNLN}~�gx-º�yPÐ ����s Á ��Ñov�z�}�s/z×��s�z9�PO�Ã Ñ à º�w��×x�º�y�|5s��=x�vµy1z�x-}~u�y(�=x�y1v�}~�0�Ðé�K:�(RQ2 Ñ5Ãoí>�Åx-º�yÒÉ �·x-y�v<� Á y!��s/z-u¿���~}~æ1y!y	��|�º�z�s Á s��G; � STSVUW; �FER?m� Á º�y1z�y(�XTXS�T �
}����H¸�y	|1�m�Æ|5s/���=x�����x��×x�sÌ¾/y5x�x-º�yC��y Á y��·x-}~u¿��x-yCs�� 1 Ã ¶ yÏ��y1y�¸âx-sK¸�s Á � Á y�}�¾/º�xÀx-º�y
v�z�y1��}~s�w���È�{�{C�·}~��|1yÒx-º�y�� Á y1z�yÒ|5s/u�v�w�x-y	¸Nw��·}~��¾�s/w�x·�9s��)�>¸���x-yÒv���z���u�y1x-y�z�����}��Ä�/¸�¸�}�x-}~s��<�
y5Í�vµs���y���x-}����q��s�z�¾�y1x·x�}���¾¿�����~s Á ��w��Ôx-s�º�����¸��~yP¸�������u�}�|°y1����}�z�s���u�y��/x��1ÃÓã��5ä¹¸�}���|5w������-s�u�y
����z�}~��x-}~s�����s/�Ïx�º�}��Ó���~¾�s�z�}�x-º�uNÃ
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Most probable map, i.e, argmax P(M(t) | y(1:t))
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Online EM map, w=16, d=0.1, i.e., E(B
t
(i,:) | y(1:t))
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Offline EM map, i.e., E(B
k
(i,:) | y(1:T))
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� ¼ | ¸
òo}�¾/w�z�y°��ÇÔÐ ��Ñ à º�y���w��~��ð=s�}~�/xÔvµs/�·x-y1z�}~s�z»s/� � Ð � � C + ?-, � Ñ5Ãg�À����¸Å��������s��¿x�º�y°��Í�}~�t}���x�sPx-º�y
v���¾�y���z�y1v�z-y	�·y��/xkx-º�yÓu¿��v�� Á º�y1z�yty���y�z-�Ò|5y�����}��×s�ñ�����¸Ày���y�z-�Ò|5y�����}��os��<��z-y	�·vµy�|5x-}~��y1�~�D��x-º�y
u�s�¸�yÒ��x-�I�i����}~�t��s/z�u¿��vÌ������� Á º�}�|�ºC|1s�z�z-y	�·vµs���¸���x�sÀx�º�yÒ|5s/z-z�y�|5xtv���x·x-y�z-�N���	���	��������Ã
Ð�¼��9¸�Ñ�È»�·x-}~u���x-y	¸;u¿��v¹Ã =<}~¾�º�x�|5y���������z-yNu�s�z�y$��}~��y����âx-sâ|5s/��x���}~���¿�/�1�Ó�-sÌx�º�yÄ|5s/z-z�y�|5x
v���x·x-y�z-�Ê�·º�s�w���¸Æº��m�/yÅ�~}�¾/º/x�¼���z���}��;x-º�yCs�¸�¸âz�s Á ��Ã^Ð ¼�Ñ à º�yÏu¿��z-¾/}������~�Às���x�º�yNy5Í���|5x
ð=s�}~��x�Ã�Ðé|�Ñ�ê(���~}���yPÈ»ÉÆÃ<Ðé¸�Ñ�ê��¿}���yPÈtÉÆÃ

�!��x�º�y Á }���¸�s Á �~y1��¾�x-ºÊ}���|1z-y	���-y�����v��/�=x���s�|���x-}~s�������z-yN���~�~s Á y	¸Kx-sK�~s�s/�â��x�u�s�z�yC����¸
u�s�z�y���w�x-w�z�y�¸���x����k����¸Ìº�y1��|5y�x-º�y1}~zPy��·x-}~u¿��x-y	��¼�y	|5s/u�y�u�s�z�y¿��|�|5w�z���x�y$�¹º�s Á y���y1z	�qx-º�y
�-v���|1y°����¸�x�}�u�y�z�y�\�w�}~z-y�u�y���x���}���|5z�y����-y�Ã ^ y���y�z·x�º�y1�~y����1��x�º�y1z�yÒ��z�y!s�|1|����-}�s/��� Á º�y1�Cy1�/y1�
x-º�y�u¿��Í�}�u�w�u Á }���¸�s Á �-}~æ1yÎÐ }éÃ y�Ã~�×��s�s���}~��¾Ä���~��x�º�y Á �m�Î¼��/|��Äx�s��/� ��Ñ Á }~����v�y�z·��s/z-u
vµs�s/z-�~����¼�y	|1��w��·yÀs��gx-º�yÀ¾�z�y1y	¸��Åº�}��~���>|5�~}~uÀ¼�}~��¾Å����x-w�z-yPs���È»ÉÆÃµò�s�z°���-}�u�v��~yÀy1Í���u�v���yÀs��
x-º�}~���¹|5s/���-}~¸�y�z!x�º�y�y1����}�z�s���u�y���x°�-º�s Á �Î}~�Hòo}~¾�w�z�yC�/Ð�¼µÑ*Ã�{�w�v�v�s��·y�x�º�y�z�s�¼µs�xÒ�·x���z-x��°}~�
|5y����×�/���/y1y�v���¾�s�}~��¾�z-}~¾�º�xtw��/x�}��î}�x�|5s/u�y	��x�sÀx�º�y�y1��¸Ïs��¹x-º�yCÕ-|1s�z�z-}�¸�s�z�Ö�������¸�x-º�y��Ïº�y���¸��
¼��/|��âÕ·º�s/u�y�Ö�Ã�{�w�v�vµs/�-yÒ��w�z-x-º�y�zÓx-º���x�x�º�y1z�yÒ}~�!�¿�·}~��¾��~yP�-��}~v�v���¾�y�y1z�z-s/z���xH�9�V�����-s�x-º�y
��|5x-w����îv���x�º$����¸Ïs�¼��-y1z�����x�}�s/�Ï�-y�\�w�y1��|5y�s��ox-º�yÒz�s�¼µs�xÓ}��Ó������s/���~s Á �1Ç
� � � õ � � � � ï � ��� �/� �	� �	õ �1� ��� ���� � � � õ 	 	 � � � ï � � � � õ � �
>� � � � � � � � � � � � � � � � ��H� � : : : : : : : < < < < < < < <

à sÏ�·x-w�¸��Cx�º�yÀy1ñµy	|*x�s��gx-º�}~�°�·y7\�w�y1��|1y�� Á y�|5s/u�v�w�x-y	¸ � z	Ð � �5#)���5C + ?-, �=ÑÓ¼��$��v�v��~��}���¾�x-º�y
ð=w���|5x-}~s��Àx-z�y1yt����¾/s�z�}�x�º�u x-s(x-º�y�¾�z���v�º�}~|�����u�s�¸�y1��}~��òo}~¾�w�z�y!��Ð �/Ñ5Ã ¶ y»x�º�y1��u¿��z�¾�}~�����~}�æ�y�¸
s�w�x����!x-sÄ|5s/u�v�w�x-y�x-º�y�vµs/�·x-y�z-}~s�z � Ð � �=Ñ*Ç��·y�yÅòo}�¾/w�z-yÅ��Ð ��Ñ*ÃÏ��x��J� ���¹x-º�y�z-yÅ��z-y���

u�s�¸�y�����|1s�z�z-y	�·vµs���¸�}���¾�x�s����~�¹vµs/���·}~¼��~yÒ¼�}�x(v���x-x-y1z����!s��Cx-º�yÀw���s�¼��·y�z-�/y�¸N|5y������1ÃÔ��x!y	��|�º
x-}~u�y��·x-y�v<��x�º�yÀz�s�¼µs�xÓx�º�}������(}�x!}~�(u�s���}���¾¿s/��yP�·x-y1vÄx-s¿x�º�yPz�}�¾/º/x	ÃÓç�y1��|5y���x��[�½ï���x-º�y
z�s�¼µs�x°x-º�}~�����°}�xÒ}���}��H|5y1�~��ï��<����¸Äs/¼��-y1z���y��(��Ã ¶ º�y1�H}�x�x-z�}~y��(x-sCu�s���y�z-}~¾�º�x��q}�xÒ����s Á �
}�x Á }~�~�îz-y�u���}��Ï}��N|5y����<ïCÐ �-}~��|5y°x-º�y°z�s�¼µs�xÔ����s Á � Á º�y1z�y(x-º�yÒ¼µs�w���¸���z�}�y	�t��z-ymÑ*Ãgç�y���|5yÒ��x���ô���/}�x�}��Ô���~u�s/�·xÓ����� |5s���Ë�¸�y1��xtx-º���x�}�x�}���}��C|5y����qï�Ãg��x-�I�V����}�x�s/¼��·y�z-�/y����Å��� Á º�}�|�º
|5s/��x-z���¸�}�|*x��t}�x��Ôv�z-y���}~s�w��»s/¼��·y�z-����x-}~s��Ås��k��Ã à º�y1z�y°��z-y(x Á s�vµs/���·}~¼��~y(y1Í�v��~������x�}�s/���1Çox�º�}~�
}������·y����-s�z�y1z�z-s/z��/s�ztx-º�y�z-y Á �/�t��u�s�x-s/zty�z-z�s�z	Ã ¶ º�}~|�ºÏs��<x�º�y��-y(}��tu�s/z-y(��}~��y�����¸�y1vµy1��¸��
s��Âx-º�y$z-y��~��x-}~��yC�m����w�y���s��°x-º�yN�-y1���·s/z���s�}��·y/� O � ������¸Âx-º�y$�-���=x�y1u ��s�}��·y/� O P Ã^í>�^s�w�z
y5Í�vµy1z�}�u�y��/x��1� Á yP��s�w���¸Cx�º���x(x-º�yÀu�s�x-s/z!y1z�z�s�zÓº���v�s�x-º�y	�·}��Ó}���uÀw�|�º$u�s/z-yÀ��}~��y����D��º�y1��|1y
x-º�yÀu�s�¸�yÀs��ox�º�yÀvµs/�·x-y�z-}~s�z�ð=w�u�v��(��z-s/u x�º�y Á z�s���¾¿u¿��v;Ð�}~� Á º�}�|�º � Ð
�/Ñ �M�	Ñ�x�s�x-º�y
z�}�¾/º/x�u���vVÐ�}~� Á º�}~|�º � Ð���ÑX� �/Ñ5ÃÌò�w�z·x�º�y1z�u�s�z�y��g���Àx-º�yÏz-s/¼�s�x�z�y5x�w�z-���Òx-s Õ=� ��u�}~�~}~��z
x-y�z-z�}�x-s�z���Ö���}�x»}��»��¼���yÔx�sP¼µy5x·x�y1zt��s�|1����}~æ1yÓ}�x��-y1���»Ð �-y1y�òo}~¾�w�z�y!õ�Ð �/Ñ-Ñ*������¸¿|1s���x-}~��w�y��×x�sP�~y���z��
x-º�y(u¿��vÏy1�/y1�¿��s/z»� ��z·�>� Á �m��|5y1�~���1��¼µy�|1��w��-y�x-º�y1����z�y(�����q|5s/z-z�y1����x�y�¸$Ð }��Còk}~¾�w�z-y���Ð�¼µÑ*��x-º�y
y1��x�z-�¿��s/z�|5y����¹ï�¼µy�|1s�u�y��Ó�-º���z�vµy1zÓy1�/y1�N����x�º�yÒz-s/¼�s�x�z�y5x�w�z�����x-s�|1y1�~�g�	Ñ
¶ y¿��s Á |1s�u�v���z-y�x-º�y � �m�/y��-}~���Ì�-s��~w�x-}~s�� Á }�x-ºâÈtÉÆÃkê(���~}���y�ÈtÉ Á }�x�ºÆ��sÄ�·u�s�s�x�º�}~��¾
Á ���Ï��s�xN��¼��~yÎx�s;�~y���z-�[x�º�yK|5s�z�z�y�|*xÏu���v<Ã �!¸�¸�}���¾^�-u�s�s�x-º�}~��¾ Á }�x-ºVx-º�yHu¿��Í�}~uÀw�u
Á }~��¸�s Á �·}~æ1y!s�� : � � ��¸�}~¸���s�x»}~u�v�z�s���y�u¿��x-x-y�z���Ç¹}�xt}��t�·x-}~�~��w�����¼��~yÓx-s�y���|1��v�yÓx�º�y!�~s�|1���
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Prob. location, i.e., P(L(t)=i | y(1:t))
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Dead−reckoning, i.e., P(L(t)=i | y(1:t), B
0
)

2 4 6 8 10 12 14 16

1

2

3

4

5

6

7

8

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

time t

g
ri
d
 c

e
ll 

i

Online EM prob. locn., w=16, d=0.1, i.e., P(L(t) | y(1:t), B
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Marginal map, i.e., P(M
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(t) | y(1:t)), 50 particles, seed 1
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Prob. location, i.e., P(L(t)=i | y(1:t)), 50 particles, seed 1
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BK Marginal map, i.e., P(M
i
(t) | y(1:t))

2 4 6 8 10 12 14 16

1

2

3

4

5

6

7

8

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

time t

g
ri
d
 c

e
ll 

i

BK Prob. location, i.e., P(L(t)=i | y(1:t))
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