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�B�b �Q�M�2 �Q�7 �i�?�2 �K���B�M �+�?���H�H�2�M�;�2�b �7���+�2�/ �#�v �`�Q�#�Q�i�B�+ �b�v�b�i�2�K�b�X �q�?�B�H�2 �i�?�2�`�2 ���`�2 �`�Q�#�Q�i�b
�i�?���i �+���M �K�Q�p�2 �r�B�i�? �2�t�i�`�2�K�2 �T�`�2�+�B�b�B�Q�M ���M�/ �b�T�2�2�/�- �?�m�K���M �T�2�`�+�2�T�i�B�p�2 �+���T���#�B�H�B�i�B�2�b
���`�2 �b�i�B�H�H �m�M�K���i�+�?�2�/�X

�� �F�2�v �T�`�Q�#�H�2�K �B�M �`�Q�#�Q�i�B�+ �T�2�`�+�2�T�i�B�Q�M �B�b �Q�#�D�2�+�i �/�2�i�2�+�i�B�Q�M�- �r�?�B�+�? ���i�i�2�K�T�i�b �i�Q �b�Q�H�p�2
�#�Q�i�? �+�H���b�b�B�}�+���i�B�Q�M �U�r�?�B�+�? �Q�#�D�2�+�i ���`�2 �r�2 �b�2�2�B�M�;�\�V ���M�/ �H�Q�+���H�B�x���i�B�Q�M �U�r�?�2�`�2 �B�b �i�?�2 �Q�#�@
�D�2�+�i�\�V �b�B�K�m�H�i���M�2�Q�m�b�H�v�X �h�?�B�b �+���T���#�B�H�B�i�v �B�b �M�2�2�/�2�/ �B�M �K���M�v ���T�T�H�B�+���i�B�Q�M�b�- �K�Q�b�i�H�v
�r�?�2�M�2�p�2�` �B�i�2�K�b �M�2�2�/ �i�Q �#�2 �7�Q�m�M�/ �Q�` �`�2�i�`�B�2�p�2�/�X �1�t���K�T�H�2�b �B�M�+�H�m�/�2 �r���`�2�?�Q�m�b�2 ���T�@
�T�H�B�+���i�B�Q�M�b�- �?�Q�K�2 ���b�b�B�b�i���M�+�2 �`�Q�#�Q�i�B�+�b�- �`�2�b�+�m�2 �`�Q�#�Q�i�B�+�b�- ���M�/ �K���M�v �Q�i�?�2�`�b�X �P�7 �+�Q�m�`�b�2�-
�i�?�2�`�2 ���`�2 ���H�b�Q �M�Q�M�@�`�Q�#�Q�i�B�+ ���T�T�H�B�+���i�B�Q�M�b �Q�7 �Q�#�D�2�+�i �/�2�i�2�+�i�B�Q�M�- �b�m�+�? ���b �B�K���;�2 �K�B�M�B�M�;
���M�/ ���m�i�Q�K���i�B�+ �B�K���;�2 ���M�M�Q�i���i�B�Q�M�X

�h�?�B�b �i�?�2�b�B�b �b�i�`�B�p�2�b �i�Q ���T�T�`�Q���+�? �Q�#�D�2�+�i �/�2�i�2�+�i�B�Q�M �7�`�Q�K �� �b�i�`�Q�M�;�H�v ���T�T�H�B�+���i�B�Q�M�@
�Q�`�B�2�M�i�2�/ �T�2�`�b�T�2�+�i�B�p�2�X �q�?�B�H�2 �i�?�2 �/�2�p�2�H�Q�T�2�/ �K�2�i�?�Q�/ �B�b �;�2�M�2�`���H�H�v ���T�T�H�B�+���#�H�2�- �K���M�v
�/�2�b�B�;�M �+�?�Q�B�+�2�b �r�2�`�2 �K�Q�i�B�p���i�2�/ �#�v �i�?�2 ���K���x�Q�M �S�B�+�F�B�M�; �*�?���H�H�2�M�;�2 �k�y�R�e �U���S�* �k�y�R�e�V�-
�� �`�Q�#�Q�i�B�+�b �+�?���H�H�2�M�;�2 �Q�`�;���M�B�x�2�/ �#�v ���K���x�Q�M �7�Q�+�m�b�B�M�; �Q�M �r���`�2�?�Q�m�b�2 ���m�i�Q�K���i�B�Q�M�X
�a�T�2�+�B�}�+���H�H�v�- �+�Q�M�i�2�b�i���M�i�b �r�2�`�2 �`�2�[�m�B�`�2�/ �i�Q �#�m�B�H�/ �`�Q�#�Q�i�B�+ �b�v�b�i�2�K�b �+���T���#�H�2 �Q�7 �`�2�i�`�B�2�p�@
�B�M�; �B�i�2�K�b �7�`�Q�K �m�M�Q�`�/�2�`�2�/ �b�?�2�H�7 �b�i�Q�`���;�2�- ���M�/ �b�i�Q�`�B�M�; �B�i�2�K�b �B�M�i�Q �i�?�2 �b�?�2�H�p�2�b�X

�A�M �`�2�+�2�M�i �v�2���`�b�- �/�2�T�i�? �b�2�M�b�Q�`�b �?���p�2 �#�2�+�Q�K�2 �b�i���M�/���`�/ �B�M �`�Q�#�Q�i�B�+�b ���T�T�H�B�+���i�B�Q�M�b�X
�a�B�M�+�2 �+�Q�K�K�Q�M �Q�#�D�2�+�i �/�2�i�2�+�i�B�Q�M �K�2�i�?�Q�/�b �i���`�;�2�i �i�?�2 �+�Q�H�Q�` �K�Q�/���H�B�i�v �Q�M�H�v�- �i�?�B�b �i�?�2�@
�b�B�b ���H�b�Q �B�M�p�2�b�i�B�;���i�2�b �K�2�i�?�Q�/�b �i�Q �B�M�+�Q�`�T�Q�`���i�2 �/�2�T�i�? �K�2���b�m�`�2�K�2�M�i�b �B�M�i�Q �i�?�2 �Q�#�D�2�+�i
�/�2�i�2�+�i�B�Q�M �T�B�T�2�H�B�M�2�X

���7�i�2�` �/�2�}�M�B�M�; �i�?�2 �Q�#�D�2�+�i �/�2�i�2�+�i�B�Q�M �T�`�Q�#�H�2�K ���M�/ �+�Q�`�`�2�b�T�Q�M�/�B�M�; �K�2�i�`�B�+�b �B�M �*�?���T�@
�i�2�` �k�- �/�B�b�+�m�b�b�B�M�; �`�2�H���i�2�/ �r�Q�`�F �B�M �*�?���T�i�2�` �j�- ���M�/ �/�2�b�+�`�B�#�B�M�; �i�?�2 �`�Q�#�Q�i�B�+ �b�v�b�i�2�K �B�M
�*�?���T�i�2�` �9�- �i�?�2 �i�?�2�b�B�b �r�B�H�H �+�Q�M�i���B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �+�Q�M�i�`�B�#�m�i�B�Q�M�b�,

�R�X ���/���T�i�B�Q�M �Q�7 �� �b�i���i�2�@�Q�7�@�i�?�2�@���`�i �Q�#�D�2�+�i �/�2�i�2�+�i�B�Q�M ���`�+�?�B�i�2�+�i�m�`�2 �i�Q �� �r���`�2�?�Q�m�b�2
���m�i�Q�K���i�B�Q�M �b�B�i�m���i�B�Q�M�- �B�M�+�H�m�/�B�M�; �i�?�2 �B�M�+�Q�`�T�Q�`���i�B�Q�M �Q�7 �/�2�T�i�? �K�2���b�m�`�2�K�2�M�i�b
�U�*�?���T�i�2�` �8�V�-

�k�X �� �+�Q�K�T�Q�M�2�M�i�@�H�2�p�2�H �2�p���H�m���i�B�Q�M �Q�7 �b���B�/ �K�2�i�?�Q�/ ���M�/ �i�?�2 �B�M�p�Q�H�p�2�/ �/�2�b�B�;�M �/�2�+�B�@
�b�B�Q�M�b �Q�M �i�r�Q �/���i���b�2�i�b �U�*�?���T�i�2�` �e�V�-

�j�X �B�M�i�2�;�`���i�B�Q�M �Q�7 �i�?�2 �K�2�i�?�Q�/ �B�M�i�Q �i�?�2 �`�Q�#�Q�i�B�+ �b�v�b�i�2�K�- �B�M�+�H�m�/�B�M�; �?�2�m�`�B�b�i�B�+ �;�`���b�T

�R



�R�X �A�M�i�`�Q�/�m�+�i�B�Q�M

�b�2�H�2�+�i�B�Q�M�- �B�M�i�2�H�H�B�;�2�M�i �B�M�p�2�`�b�2 �F�B�M�2�K���i�B�+�b�- ���M�/ �K�Q�i�B�Q�M �;�2�M�2�`���i�B�Q�M �m�b�B�M�; �K�Q�i�B�Q�M
�T�`�B�K�B�i�B�p�2�b �U�*�?���T�i�2�` �d�V�- ���M�/

�9�X �� �b�v�b�i�2�K�@�H�2�p�2�H �2�p���H�m���i�B�Q�M ���i �i�?�2 ���S�* �k�y�R�e �U�*�?���T�i�2�` �d�V�X

�6�B�M���H�H�v�- �*�?���T�i�2�` �3 �Q�z�2�`�b �� �+�Q�M�+�H�m�b�B�Q�M ���M�/ �T�Q�B�M�i�b �Q�m�i �T�Q�b�b�B�#�H�2 �2�t�i�2�M�b�B�Q�M �T�Q�B�M�i�b
�7�Q�` �7�m�i�m�`�2 �r�Q�`�F�X

�k



�k�X �h�?�2 �P�#�D�2�+�i �.�2�i�2�+�i�B�Q�M �S�`�Q�#�H�2�K

�k�X�R�X �.�2�}�M�B�i�B�Q�M

�h�?�2 �Q�#�D�2�+�i �/�2�i�2�+�i�B�Q�M �T�`�Q�#�H�2�K �B�b �T�Q�b�2�/ ���b �7�Q�H�H�Q�r�b�, �6�Q�` ���M �B�M�T�m�i �B�K���;�2I �- �i�?�2
�/�2�i�2�+�i�Q�` �b�?�Q�m�H�/ �Q�m�i�T�m�in �/�2�i�2�+�i�B�Q�M�bD i �- �r�?�2�`�2n �B�b �i�?�2 �M�m�K�#�2�` �Q�7� �̀2�H�2�p���M�i�B�i�2�K�b
�T�`�2�b�2�M�i �B�M �i�?�2 �B�K���;�2�X �1���+�? �/�2�i�2�+�i�B�Q�M �`�2�+�Q�`�/ �b�?�Q�m�H�/ �+�Q�M�i���B�M �� �T�`�2�+�B�b�2 �H�Q�+���H�B�x���i�B�Q�M
�Q�7 �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �B�i�2�K�X �l�b�m���H�H�v�- �i�?�2 �Q�#�D�2�+�i �/�2�i�2�+�i�B�Q�M �T�`�Q�#�H�2�K �B�b �7�Q�`�K�m�H���i�2�/ �7�Q�`
�k�. �+�Q�H�Q�` �B�K���;�2�b�- ���M�/ �i�?�2 �/�2�i�2�+�i�B�Q�M�b ���`�2 �Q�m�i�T�m�i ���b �k�. ���t�B�b�@���H�B�;�M�2�/ �#�Q�m�M�/�B�M�; �#�Q�t�2�b
�U�b�2�2 �6�B�;�m�`�2 �k�X�R�V�X

�.�2�i�2�+�i�Q�`�b �m�b�m���H�H�v �Q�m�i�T�m�i �� �+�Q�M�}�/�2�M�+�2 �b�+�Q�`�2ci �7�Q�` �2���+�? �/�2�i�2�+�i�B�Q�MD i �X �h�?�B�b ���H�H�Q�r�b
�i�Q �`���M�F ���H�H �/�2�i�2�+�i�B�Q�M�b �7�Q�` �Q�M�2 �+�H���b�b �T�`�2�/�B�+�i�2�/ �B�M �Q�M�2 �B�K���;�2�- �Q�` �2�p�2�M �Q�p�2�` �K�m�H�i�B�T�H�2
�B�K���;�2�b�X �A�M �i�?�2 �+�Q�M�i�2�t�i �Q�7 �#�B�M �T�B�+�F�B�M�;�- �i�?�B�b �b�+�Q�`�2 �+���M �#�2 �m�b�2�/ �i�Q �/�2�i�2�`�K�B�M�2 �i�?�2 �K�Q�b�i
�`�2�H�B���#�H�2 �/�2�i�2�+�i�B�Q�M �i�Q �m�b�2 �7�Q�` �`�2�i�`�B�2�p���H�X

�A�M �+�Q�M�i�`���b�i �i�Q �B�K���;�2 �+�H���b�b�B�}�+���i�B�Q�M�- �r�?�2�`�2 �2���+�? �B�K���;�2 �?���b �Q�M�2 �;�`�Q�m�M�/ �i�`�m�i�? �H���#�2�H�-
�K�2���b�m�`�B�M�; �/�2�i�2�+�i�Q�` �T�2�`�7�Q�`�K���M�+�2 �B�b �K�Q�`�2 �B�M�p�Q�H�p�2�/�X �P�M �i�?�2 �Q�M�2 �?���M�/�- �Q�M�2 �r���M�i�b ��
�`�2�H�B���#�H�2 �+�Q�M�}�/�2�M�+�2 �b�+�Q�`�2�- �b�Q �i�?���i �i�?�2 �/�2�i�2�+�i�Q�` �Q�m�i�T�m�i �B�b �i�`�m�b�i�r�Q�`�i�?�v�- �Q�M �i�?�2 �Q�i�?�2�`
�?���M�/�- �Q�M�2 �/�2�b�B�`�2�b �� �T�`�2�+�B�b�2 �H�Q�+���H�B�x���i�B�Q�M �Q�7 �i�?�2 �B�i�2�K�b�X

�X�X�X�X
�#�Q�i�i�H�2 �#�`�m�b�?

�X

�b�B�T�T�v �+�m�T

�X

�b�+�B�b�b�Q�`�b

�X �.�2�i�2�+�i�Q�`

�6�B�;�m�`�2 �k�X�R�, �h�v�T�B�+���H �k�. �Q�#�D�2�+�i �/�2�i�2�+�i�B�Q�M�X ���M �B�M�T�m�i �_�:�" �B�K���;�2 �B�b �T�`�Q�+�2�b�b�2�/ ���M�/ �i�?�`�2�2
�/�2�i�2�+�i�B�Q�M�b �r�B�i�? �k�. ���t�B�b�@���H�B�;�M�2�/ �#�Q�m�M�/�B�M�; �#�Q�t�2�b ���`�2 �T�`�2�/�B�+�i�2�/�X

�j



�k�X �h�?�2 �P�#�D�2�+�i �.�2�i�2�+�i�B�Q�M �S�`�Q�#�H�2�K

�X�X�X�Xc1 = 1:5 �X�Xc2 = 1:3 �X�Xc3 = 0:8 �X�Xc4 = 0:5 �X�Xc5 = 0:0 �X�Xc6 = � 0:1�X
d = 0 :2

�X

�S�Q�b�B�i�B�p�2 �/�2�i�2�+�i�B�Q�M�b

�X

�L�2�;���i�B�p�2�b

�6�B�;�m�`�2 �k�X�k�, �P�m�i�T�m�i �Q�7 �� �`���M�F�B�M�; �/�2�i�2�+�i�Q�`�X �h�?�2 �/�2�i�2�+�i�B�Q�M�b ���`�2 �Q�`�/�2�`�2�/ �r�B�i�? �/�2�b�+�2�M�/�B�M�;
�+�Q�M�}�/�2�M�+�2ci �7�`�Q�K �H�2�7�i �i�Q �`�B�;�?�i�X �h�?�2 �#�Q�`�/�2�` �+�Q�H�Q�` �/�2�M�Q�i�2�b �i�?�2 �;�`�Q�m�M�/ �i�`�m�i�?
�H���#�2�H �U�;�`�2�2�M�, �T�Q�b�B�i�B�p�2 �2�t���K�T�H�2�- �`�2�/�, �M�2�;���i�B�p�2�V�X �h�?�2 �i�?�`�2�b�?�Q�H�/d = 0 :2 ���H�H�Q�r�b
�i�Q �Q�#�i���B�M �#�B�M���`�v �+�H���b�b�B�}�+���i�B�Q�M �Q�m�i�T�m�i�X

�k�X�k�X �1�p���H�m���i�B�Q�M �J�2�i�`�B�+�b

�k�X�k�X�R�X �K���S �J�2�i�`�B�+

�h�?�2 �K�Q�b�i �T�Q�T�m�H���` �K�2�i�`�B�+ �7�Q�` �2�p���H�m���i�B�M�; �Q�#�D�2�+�i �/�2�i�2�+�i�B�Q�M ���T�T�`�Q���+�?�2�b �B�b �i�?�2�K�2���M
���p�2� �̀��;�2 �S� �̀2�+�B�b�B�Q�M �U�K���S�V�K�2�i�`�B�+�X �h�?�B�b �K�2�i�`�B�+ �B�b �#���b�2�/ �Q�M �i�?�2 �M�Q�i�B�Q�M�b �Q�7�T� �̀2�+�B�b�B�Q�M
���M�/� �̀2�+���H�H�7�`�Q�K �#�B�M���`�v �+�H���b�b�B�}�+���i�B�Q�M�,

precision =
tp

tp + fp
; ���M�/ �U�k�X�R�V

recall =
tp

tp + fn
; �U�k�X�k�V

�r�?�2�`�2tp �/�2�M�Q�i�2�b �i�?�2 �M�m�K�#�2�` �Q�7 �i�`�m�2 �T�Q�b�B�i�B�p�2�b �U�B�X�2�X �+�Q�`�`�2�+�i�H�v �+�H���b�b�B�}�2�/ �T�Q�b�B�i�B�p�2
�2�t���K�T�H�2�b�V�-fp �i�?�2 �M�m�K�#�2�` �Q�7 �7���H�b�2 �T�Q�b�B�i�B�p�2�b �U�B�X�2�X �r�`�Q�M�;�H�v �+�H���b�b�B�}�2�/ �M�2�;���i�B�p�2 �2�t�@
���K�T�H�2�b�V�- ���M�/fn �i�?�2 �M�m�K�#�2�` �Q�7 �7���H�b�2 �M�2�;���i�B�p�2�b �U�B�X�2�X �r�`�Q�M�;�H�v �+�H���b�b�B�}�2�/ �T�Q�b�B�i�B�p�2
�2�t���K�T�H�2�b�V�X �A�M �Q�i�?�2�` �r�Q�`�/�b�- �T�`�2�+�B�b�B�Q�M �`�2�T�`�2�b�2�M�i�b �i�?�2 �7�`���+�i�B�Q�M �Q�7 �`�2�H�2�p���M�i �/�2�i�2�+�i�B�Q�M�b
�B�M �i�?�2 ���H�;�Q�`�B�i�?�K �Q�m�i�T�m�i�- �r�?�B�H�2 �`�2�+���H�H �K�2���b�m�`�2�b �?�Q�r �K���M�v �Q�7 �i�?�2 �m�M�/�2�`�H�v�B�M�; �`�2�H�2�p���M�i
�B�i�2�K�b ���`�2 �/�2�i�2�+�i�2�/�X

�A�7 �� �+�Q�M�}�/�2�M�+�2 �b�+�Q�`�2ci �B�b ���p���B�H���#�H�2 �7�Q�` �2���+�? �/�2�i�2�+�i�B�Q�MD i �- �r�2 �+���M �i�m�`�M �b�m�+�?
�� �/�2�i�2�+�i�Q�` �B�M�i�Q �� �#�B�M���`�v �/�2�i�2�+�i�Q�` �m�b�B�M�; �� �i�?�`�2�b�?�Q�H�/d�, �� �/�2�i�2�+�i�B�Q�Mi �B�b �/�2�+�H���`�2�/
�T�Q�b�B�i�B�p�2 �B�7 ���M�/ �Q�M�H�v �B�7ci � d �U�b�2�2 �6�B�;�m�`�2 �k�X�k�V�X �L�Q�i�2 �i�?���id �B�b �� �T���`���K�2�i�2�` �Q�7 �i�?�B�b
�/�2�i�2�+�i�Q�`�X �A�7 �r�2 �r���M�i �i�Q �2�p���H�m���i�2 �i�?�2 �T�2�`�7�Q�`�K���M�+�2�- �r�2 �+���M �T�H�Q�i �T�`�2�+�B�b�B�Q�M ���M�/ �`�2�+���H�H
�7�Q�` �2���+�? �p���H�m�2 �Q�7d�- �� �b�Q�@�+���H�H�2�/ �T�`�2�+�B�b�B�Q�M�@�`�2�+���H�H �+�m�`�p�2 �U�b�2�2 �6�B�;�m�`�2 �k�X�j���V�X �6�B�;�m�`�2 �k�X�j�#�V
���M�/ �+�V �b�?�Q�r �`�2���H �`�2�b�m�H�i�b �7�`�Q�K �Q�m�` ���S�* �/���i���b�2�i �/�2�b�+�`�B�#�2�/ �B�M �*�?���T�i�2�` �d�X ���p�2�`���;�2
�S�`�2�+�B�b�B�Q�M �U���S�V �B�b �i�?�2�M �b�B�K�T�H�v �i�?�2 ���p�2�`���;�2 �T�`�2�+�B�b�B�Q�M �p���H�m�2 �B�M �i�?�B�b �T�H�Q�i�X �a�B�M�+�2 �Q�#�D�2�+�i
�/�2�i�2�+�i�Q�`�b �Q�m�i�T�m�i �/�2�i�2�+�i�B�Q�M �+�Q�M�}�/�2�M�+�2�b �7�Q�` �2���+�? �Q�#�D�2�+�i �+�H���b�b�- �i�?�2 ���S �p���H�m�2�b ���`�2
�+���H�+�m�H���i�2�/ �B�M�/�2�T�2�M�/�2�M�i�H�v �7�Q�` �2���+�? �+�H���b�b ���M�/ �i�?�2�M ���p�2�`���;�2�/ �i�Q �Q�#�i���B�M �i�?�2 �K�2���M ���S
�U�K���S�V�X

�A�M �i�?�2 �;�2�M�2�`���H �b�B�i�m���i�B�Q�M�- �i�?�2 �b�?���T�2 �Q�7 �� �T�`�2�+�B�b�B�Q�M�@�`�2�+���H�H �+�m�`�p�2 �B�b �2�M�i�B�`�2�H�v �m�M�@
�+�Q�M�b�i�`���B�M�2�/�X �6�Q�` �i�?�2 ���7�Q�`�2�K�2�M�i�B�Q�M�2�/ �i�?�`�2�b�?�Q�H�/�B�M�; �+�Q�M�b�i�`�m�+�i�B�Q�M�- �`�2�+���H�H �B�M�+�`�2���b�2�b
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�k�X�k�X �1�p���H�m���i�B�Q�M �J�2�i�`�B�+�b
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�+�V �a�?�B�`�i

�6�B�;�m�`�2 �k�X�j�, �1�t���K�T�H�2 �T�`�2�+�B�b�B�Q�M�@�`�2�+���H�H �+�m�`�p�2�b�X �U���V �l�b�m���H �2�t���K�T�H�2 �Q�7 �� �T�`�2�+�B�b�B�Q�M�@�`�2�+���H�H
�+�m�`�p�2�X �U�#�V ���M�/ �U�+�V �b�?�Q�r �`�2���H �T�`�2�+�B�b�B�Q�M�@�`�2�+���H�H �T�Q�B�M�i�b �U�#�H�m�2�V �Q�M �Q�M�2 �b�T�H�B�i �Q�7
�i�?�2 ���S�* �/���i���b�2�i�- �b�2�2 �*�?���T�i�2�` �d�X �L�Q�i�2 �i�?���i �B�M �U���V ���M�/ �U�+�V �i�?�2 �/�2�i�2�+�i�Q�`
�M�2�p�2�` �}�M�/�b ���H�H �T�Q�b�B�i�B�p�2 �2�t���K�T�H�2�b�- �b�Q �i�?���i �`�2�+���H�H �M�2�p�2�` �`�2���+�?�2�b �Q�M�2�X �U�#�V ���M�/
�U�+�V �2�t�?�B�#�B�i �Q�M�2 ���M�/ �i�r�Q �7���H�b�2 �T�Q�b�B�i�B�p�2�U�b�V �`���M�F�2�/ �#�2�7�Q�`�2 �i�?�2 �H���b�i �i�`�m�2 �T�Q�b�B�i�B�p�2
�/�2�i�2�+�i�B�Q�M�- �`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2 �2�z�2�+�i �Q�7 �K���t�B�K�m�K �B�M�i�2�`�T�Q�H���i�B�Q�M �B�b �b�?�Q�r�M �B�M �`�2�/�X

�U�r�2���F�H�v�V �r�B�i�? �/�2�+�`�2���b�B�M�;d�X �S�`�2�+�B�b�B�Q�M�- �?�Q�r�2�p�2�`�- �K���v �/�2�+�`�2���b�2 �r�?�2�M �i�?�2�`�2 �B�b �� �M�2�r
�7���H�b�2 �T�Q�b�B�i�B�p�2 �ó�m�M�+�Q�p�2�`�2�/�ô �#�v �i�?�2 �i�?�`�2�b�?�Q�H�/�- �#�m�i �B�i �K���v ���H�b�Q �B�M�+�`�2���b�2 ���;���B�M �B�7 �i�?�2�`�2
���`�2 �M�2�r �i�`�m�2 �T�Q�b�B�i�B�p�2�b �r�?�B�+�? �+�Q�m�M�i�2�` ���H�`�2���/�v �T�`�2�b�2�M�i �7���H�b�2 �T�Q�b�B�i�B�p�2�b�X �L�2���`�@�Q�T�i�B�K���H
���H�;�Q�`�B�i�?�K�b �r�B�H�H ���H�r���v�b �`�2�b�m�H�i �B�M �M�2���`�@�K�Q�M�Q�i�Q�M�B�+ �+�m�`�p�2�b�- �?�Q�r�2�p�2�`�- ���b �i�?�2�v �`���M�F �i�?�2
�T�Q�b�B�i�B�p�2 �2�t���K�T�H�2�b �?�B�;�?�2�` �i�?���M �i�?�2 �M�2�;���i�B�p�2�b�X

�J���M�v �`�2�b�2���`�+�?�2�`�b�- �r�?�Q�H�2 �/���i���b�2�i�b�- ���M�/ �+�Q�K�T�2�i�B�i�B�Q�M�b �U�2�X�;�X �S���a�*���G �o�P�* �b�B�M�+�2
�k�y�y�d�- �1�p�2�`�B�M�;�?���K �2�i ���H�X �k�y�R�y�V �m�b�2 �� �K���t�@�B�M�i�2�`�T�Q�H���i�2�/ ���S�- �B�X�2�X �7�Q�`�+�2 �i�?�2 �+�m�`�p�2
�i�Q �#�2 �K�Q�M�Q�i�Q�M�B�+���H�H�v �/�2�+�`�2���b�B�M�; �#�v �K�2���M�b �Q�7 �� �`�B�;�?�i�@�H�Q�Q�F�B�M�; �K���t�B�K�m�K �Q�T�2�`���i�B�Q�M�X
�6�Q�`�K���H�H�v�-

AP�K���t(p) = �K���t
p� p0� 1

AP (p0): �U�k�X�j�V

�h�?�2 �K�Q�i�B�p���i�B�Q�M �b�2�2�K�b �i�Q �#�2 �i�?���i �Q�M�2 �+�Q�m�H�/ �?���p�2 �+�?�Q�b�2�M �i�?�2 �H�Q�Q�b�2�`d �i�?�`�2�b�?�Q�H�/
�Q�#�i���B�M�B�M�; �i�?�2 �K���t�B�K�m�K �B�M�b�i�2���/ �Q�7 �m�b�B�M�; �i�?�2 �+�m�`�`�2�M�i �b�m�#�@�Q�T�i�B�K���Hd �p���H�m�2 �U�b�2�2 �`�2�/
�K���`�F �B�M �6�B�;�m�`�2 �k�X�j�#�@�+�V�X �>�Q�r�2�p�2�`�- �i�?�B�b �K�Q�i�B�p���i�B�Q�M �b�2�2�K�b �r�2���F�- �b�B�M�+�2 �i�?�2 ���S �K�2�i�`�B�+
�b�i�`�B�p�2�b �i�Q �;�B�p�2 �i�?�2 ���p�2�`���;�2 ���H�;�Q�`�B�i�?�K �T�`�2�+�B�b�B�Q�M �Q�p�2�`���H�H�+�?�Q�B�+�2�b �Q�7d�X �L�2�p�2�`�i�?�2�H�2�b�b�-
�b�B�M�+�2 �B�M�i�2�`�T�Q�H���i�2�/ ���p�2�`���;�2 �T�`�2�+�B�b�B�Q�M �B�b �b�Q �r�B�/�2�H�v �m�b�2�/�- �B�i �B�b ���H�b�Q ���/�Q�T�i�2�/ �B�M �i�?�B�b
�i�?�2�b�B�b �i�Q ���H�H�Q�r �7�Q�` �2���b�v �+�Q�K�T���`�B�b�Q�M�X

�A�M �i�?�2 �+�Q�M�i�2�t�i �Q�7 �Q�#�D�2�+�i �/�2�i�2�+�i�B�Q�M�- �i�?�2 �M�Q�i�B�Q�M �Q�7 �� �i�`�m�2 �T�Q�b�B�i�B�p�2 �?���b �i�Q �#�2 �/�2�}�M�2�/�X
�l�b�m���H�H�v �� �/�2�i�2�+�i�B�Q�MD �B�b �+�Q�m�M�i�2�/ ���b �� �i�`�m�2 �T�Q�b�B�i�B�p�2 �r�?�2�M�2�p�2�` �B�i�b �A�M�i�2�`�b�2�+�i�B�Q�M �Q�p�2�`
�l�M�B�Q�M

�A�Q�l(D; G) =
jD \ Gj
jD [ Gj

�U�k�X�9�V

�8



�k�X �h�?�2 �P�#�D�2�+�i �.�2�i�2�+�i�B�Q�M �S�`�Q�#�H�2�K

�r�B�i�? �i�?�2 �+�H�Q�b�2�b�i �;�`�Q�m�M�/ �i�`�m�i�? �`�2�+�i���M�;�H�2G �B�b �;�`�2���i�2�` �i�?���M �y�X�8 �U�1�p�2�`�B�M�;�?���K �2�i ���H�X
�k�y�R�y�V�X �L�Q�i�2 �i�?���i �/�2�i�2�+�i�B�Q�M�b ���`�2 ���b�b�Q�+�B���i�2�/ �i�Q �;�`�Q�m�M�/ �i�`�m�i�? �`�2�+�i���M�;�H�2�b �;�`�2�2�/�B�H�v
�r�B�i�? �/�2�+�`�2���b�B�M�; �+�Q�M�}�/�2�M�+�2�- �B�X�2�X �� �r�2�H�H �H�Q�+���H�B�x�2�/ �/�2�i�2�+�i�B�Q�M �r�B�H�H �#�2 �?�B�/�/�2�M �#�v ��
�#���/�H�v �H�Q�+���H�B�x�2�/ �/�2�i�2�+�i�B�Q�M �r�B�i�? �?�B�;�?�2�` �+�Q�M�}�/�2�M�+�2�X �h�?�B�b �K�2���M�b �i�?���i �Q�#�D�2�+�i �/�2�i�2�+�i�Q�`�b
�?���p�2 �i�Q �b�m�T�T�`�2�b�b �K�m�H�i�B�T�H�2 �T�Q�b�B�i�B�p�2�b �b�Q�K�2�?�Q�r�- �2�X�;�X �m�b�B�M�; �;�`�2�2�/�v �M�Q�M�@�K���t�B�K�m�K
�b�m�T�T�`�2�b�b�B�Q�M�X

�A�M �i�?�B�b �i�?�2�b�B�b�- �i�r�Q �K���S �p���H�m�2�b �r�B�H�H �#�2 �`�2�T�Q�`�i�2�/�,�l�M�B�M�7�Q�`�K�2�/�K���S ���M�/�A�M�7�Q�`�K�2�/
�K���S�X �A�M �i�?�2 �B�M�7�Q�`�K�2�/ �+���b�2�- �/�2�i�2�+�i�B�Q�M�b ���`�2 �K���b�F�2�/ �#�v �i�?�2 �B�M�7�Q�`�K���i�B�Q�M �r�?�B�+�? �B�i�2�K�b
���`�2 �T�`�2�b�2�M�i �B�M �2���+�? �7�`���K�2�- �/�B�b�+���`�/�B�M�; �/�2�i�2�+�i�B�Q�M�b �Q�7 �Q�#�D�2�+�i�b �M�Q�i �T�`�2�b�2�M�i�X �h�?�B�b �B�b
�T���`�i�B�+�m�H���`�H�v �m�b�2�7�m�H �B�M �� �r���`�2�?�Q�m�b�2 ���m�i�Q�K���i�B�Q�M �b�+�2�M���`�B�Q�- �b�B�M�+�2 �i�?�2�`�2 �m�b�m���H�H�v �B�b ��
�r���`�2�?�Q�m�b�2 �/���i���#���b�2 �r�?�B�+�? �+���M �b�m�T�T�H�v �i�?�B�b �B�M�7�Q�`�K���i�B�Q�M�X

�k�X�k�X�k�X �6�R �J�2�i�`�B�+

�:�2�M�2�`���H�H�v�- �i�?�2 �K���S �K�2�i�`�B�+ ���b �/�2�}�M�2�/ ���#�Q�p�2 �T�H���+�2�b �;�`�2���i�2�` �r�2�B�;�?�i �Q�M �+�Q�`�`�2�+�i �/�2�i�2�+�@
�i�B�Q�M �i�?���M �Q�M �T�`�2�+�B�b�2 �H�Q�+���H�B�x���i�B�Q�M�X �A�M�/�2�2�/�- �B�i �B�b �T�Q�b�b�B�#�H�2 �i�Q ���+�?�B�2�p�2 �T�2�`�7�2�+�i ���p�2�`���;�2
�T�`�2�+�B�b�B�Q�M �b�+�Q�`�2�b �U���M�/ �r�2 �r�B�H�H �b�2�2 �b�m�+�? �`�2�b�m�H�i�b �B�M �*�?���T�i�2�` �d�V�- �r�?�B�H�2 ���+�?�B�2�p�B�M�; �T�2�`�7�2�+�i
�H�Q�+���H�B�x���i�B�Q�M �T�`�2�+�B�b�B�Q�M �B�b �K�m�+�? �?���`�/�2�`�X

�h�Q ���H�b�Q �T�`�Q�p�B�/�2 �b�2�M�b�B�i�B�p�B�i�v �B�M �i�?�B�b �/�B�`�2�+�i�B�Q�M�- �Q�M�2 �+���M �/�2�}�M�2 �� �K�2�i�`�B�+ �7�Q�` �Q�#�D�2�+�i
�/�2�i�2�+�i�B�Q�M �#���b�2�/ �Q�M �T�B�t�2�H�@�H�2�p�2�H �T�`�2�+�B�b�B�Q�M ���M�/ �`�2�+���H�H�X �A�M �i�?�B�b �+���b�2�- �r�2 �+�Q�M�b�B�/�2�` �i�?�2
�T���`�i�B�+�m�H���` �m�b�2 �+���b�2 �7�Q�` ���M �Q�#�D�2�+�i �/�2�i�2�+�i�Q�` �B�M �i�?�2 �+�Q�M�i�2�t�i �Q�7 �r���`�2�?�Q�m�b�2 ���m�i�Q�K���i�B�Q�M�,
�A�i �B�b �F�M�Q�r�M �i�?���i �� �T���`�i�B�+�m�H���` �Q�#�D�2�+�i �`�2�b�B�/�2�b �B�M �� �T���`�i�B�+�m�H���` �b�?�2�H�7 �#�B�M�- ���M�/ �r�2 �M�2�2�/
�i�Q �`�2�i�`�B�2�p�2 �B�i�X �>�2�`�2�- �r�2 ���`�2 �Q�M�H�v �B�M�i�2�`�2�b�i�2�/ �B�M �i�?�2 �/�2�i�2�+�i�B�Q�Mi �r�B�i�? �K���t�B�K�m�K
�+�Q�M�}�/�2�M�+�2ci �7�Q�` �i�?�B�b �Q�#�D�2�+�i �+�H���b�b�X �q�2 �K�2���b�m�`�2 �B�i�b �T�`�2�+�B�b�B�Q�M ���M�/ �`�2�+���H�H�,

precision =
jD \ Gj
jD [ Gj

= �A�Q�l(D; G) �U�k�X�8�V

recall =
jD \ Gj

jGj
; �U�k�X�e�V

�r�?�2�`�2D �B�b �i�?�2 �/�2�i�2�+�i�2�/ �#�Q�m�M�/�B�M�; �#�Q�t ���M�/G �/�2�M�Q�i�2�b �i�?�2 �+�H�Q�b�2�b�i �;�`�Q�m�M�/ �i�`�m�i�?
�#�Q�m�M�/�B�M�; �#�Q�t�X �L�Q�i�2 �i�?���i �� �+�Q�K�T�H�2�i�2 �K�B�b�H�Q�+���H�B�x���i�B�Q�M �`�2�b�m�H�i�b �B�M �x�2�`�Q �T�`�2�+�B�b�B�Q�M ���M�/
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�6�Q�` �2�p���H�m���i�B�Q�M �Q�M �� �i�2�b�i �b�2�i�- �i�?�2 �6�R �b�+�Q�`�2�b ���`�2 �+�Q�K�T�m�i�2�/ �7�Q�` �2���+�? �;�`�Q�m�M�/ �i�`�m�i�?
�H���#�2�H�- ���M�/ �i�?�2�M ���p�2�`���;�2�/ �7�Q�` �2���+�? �+�H���b�b�X �A�i �b�?�Q�m�H�/ �#�2 �M�Q�i�2�/ �i�?���i �i�?�B�b �K�2�i�`�B�+ �/�Q�2�b
�M�Q�i �T�m�M�B�b�? �7���H�b�2 �T�Q�b�B�i�B�p�2�b �7�Q�` �+�H���b�b�2�b �M�Q�i �T�`�2�b�2�M�i �B�M �i�?�2 �;�`�Q�m�M�/ �i�`�m�i�? �7�Q�` �� �T���`�i�B�+�m�H���`
�B�K���;�2�X �a�m�+�? �#�2�?���p�B�Q�` �B�b �#�2�i�i�2�` �[�m���M�i�B�}�2�/ �#�v �i�?�2 �K���S �K�2�i�`�B�+�X
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�j�X�R�X �_�Q�#�Q�i�B�+ �"�B�M �S�B�+�F�B�M�;

�h�?�2 �#�B�M �T�B�+�F�B�M�; �T�`�Q�#�H�2�K�- �B�X�2�X �`�2�i�`�B�2�p�B�M�; �B�i�2�K�b �7�`�Q�K �� �K�Q�`�2 �Q�` �H�2�b�b �m�M�Q�`�/�2�`�2�/
�b�i�Q�`���;�2 �b�v�b�i�2�K�- �B�b �?���`�/�X �A�i �+�Q�K�#�B�M�2�b �T�2�`�+�2�T�i�m���H �T�`�Q�#�H�2�K�b �U�r�?�2�`�2 ���`�2 �i�?�2 �Q�#�D�2�+�i�b�\�V
�r�B�i�? �T�H���M�M�B�M�; �T�`�Q�#�H�2�K�b �U�?�Q�r �i�Q �;�2�i �i�?�2�K �Q�m�i�\�V ���M�/ �K�2�+�?���M�B�+���H �T�`�Q�#�H�2�K�b �U�?�Q�r
�+���M �r�2 �T�B�+�F �i�?�2 �Q�#�D�2�+�i�b�\�V�X �P�M �i�?�2 �Q�i�?�2�` �?���M�/�- �i�?�2�`�2 �B�b �� �?�B�;�? �/�2�K���M�/ �7�Q�` �b�Q�H�m�i�B�Q�M�b
�B�M �i�?�2 �B�M�/�m�b�i�`�v�X �h�?�2�`�2�7�Q�`�2 �B�i �B�b �M�Q�i �b�m�`�T�`�B�b�B�M�; �i�?���i �i�?�2�`�2 �B�b �� �H�Q�M�; �H�B�M�2 �Q�7 �`�2�b�2���`�+�?
�r�Q�`�F�b �B�M �i�?�B�b ���`�2���X

�l�b�m���H�H�v�- �i�?�2 �r�Q�`�F�b �7�Q�+�m�b �Q�M �i�?�2 �T�2�`�+�2�T�i�B�Q�M �b�B�/�2�X �.�`�Q�b�i �2�i ���H�X �U�k�y�R�y�V �T�`�Q�T�Q�b�2 ��
�K�2�i�?�Q�/ �7�Q�` �+�`�2���i�B�M�; �� �;�H�Q�#���H �K�Q�/�2�H �#���b�2�/ �Q�M �T�Q�B�M�i �T���B�` �7�2���i�m�`�2�b ���M�/ �`�2�;�B�b�i�2�` �B�i
�2�{�+�B�2�M�i�H�v �r�B�i�? �j�. �T�Q�B�M�i �+�H�Q�m�/ �b�+�2�M�2�b�X �h�?�2 �b�T���`�b�2 �K�Q�/�2�H ���M�/ �b�+�2�M�2 �T�Q�B�M�i �+�H�Q�m�/�b
�`�2�b�m�H�i �B�M �p�2�`�v �?�B�;�? �T�2�`�7�Q�`�K���M�+�2�X �>�Q�r�2�p�2�`�- �i�?�2 �K�2�i�?�Q�/ �B�b �H�B�K�B�i�2�/ �i�Q �;�2�Q�K�2�i�`�v ���M�/
�B�b �i���`�;�2�i�2�/ �i�Q�r���`�/�b �b�B�M�;�H�2�@�+�H���b�b �b�B�i�m���i�B�Q�M�b�X �L�B�2�m�r�2�M�?�m�B�b�2�M �2�i ���H�X �U�k�y�R�j�V �/�2�i�2�+�i �Q�#�@
�D�2�+�i�b �m�b�B�M�; �b�?���T�2 �T�`�B�K�B�i�B�p�2�b�X �S�`�B�K�B�i�B�p�2�b ���`�2 ���m�i�Q�K���i�B�+���H�H�v �/�2�i�2�+�i�2�/ �B�M �#�Q�i�? �i�?�2
�Q�#�D�2�+�i ���M�/ �b�+�2�M�2 �T�Q�B�M�i �+�H�Q�m�/�X �l�b�B�M�; �� �;�`���T�? �K���i�+�?�B�M�; �K�2�i�?�Q�/�- �+�Q�`�`�2�b�T�Q�M�/�2�M�+�2�b
�B�M �i�?�2 �M�2�B�;�?�#�Q�`�B�M�; �;�`���T�? �Q�7 �T�`�B�K�B�i�B�p�2�b ���`�2 �7�Q�m�M�/�X �h�?�2 ���m�i�?�Q�`�b ���H�b�Q �T�`�Q�p�B�/�2 �b�Q�H�m�@
�i�B�Q�M�b �7�Q�` �;�H�Q�#���H �M���p�B�;���i�B�Q�M �i�Q �i�?�2 �#�B�M �T�B�+�F�B�M�; ���`�2���- ���+�i�B�p�2 �T�2�`�+�2�T�i�B�Q�M �7�Q�` ���p�Q�B�/�B�M�;
�Q�+�+�H�m�b�B�Q�M�b�- ���M�/ �}�M���H�H�v �;�`���b�T �T�H���M�M�B�M�; �m�b�B�M�; �� �K�m�H�i�B�`�2�b�Q�H�m�i�B�Q�M �?�2�B�;�?�i �K���T�X �h�?�2
���T�T�`�Q���+�? �B�b ���;���B�M �H�B�K�B�i�2�/ �i�Q �;�2�Q�K�2�i�`�v ���M�/ �`�B�;�B�/ �Q�#�D�2�+�i�b �r�?�B�+�? �+���M �#�2 �K�Q�/�2�H�2�/
�m�b�B�M�; �i�?�2 ���p���B�H���#�H�2 �b�?���T�2 �T�`�B�K�B�i�B�p�2�b�X �"�2�`�M�2�` �2�i ���H�X �U�k�y�R�j�V �2�M�?���M�+�2 �i�?�2 �K�2�i�?�Q�/
�m�b�B�M�; �k�. �T�`�B�K�B�i�B�p�2�b �b�m�+�? ���b �+�B�`�+�m�H���` �+�Q�M�i�Q�m�`�b�X �S�`�2�i�i�Q�- �h�Q�M�2�H�H�Q�- ���M�/ �J�2�M�2�;���i�i�B
�U�k�y�R�j�V �/�2�b�+�`�B�#�2 ���M �Q�#�D�2�+�i �T�2�`�+�2�T�i�B�Q�M �b�v�b�i�2�K �7�Q�` �T�H���M���` �Q�#�D�2�+�i�b �7�`�Q�K �K�Q�M�Q�+�m�H���`
�+�Q�H�Q�` �B�K���;�2�b�X �.�Q�K���2 �2�i ���H�X �U�k�y�R�9�V �7�Q�+�m�b �Q�M �;�`���b�T �T�H���M�M�B�M�; �B�M �/�2�T�i�? �B�K���;�2�b �7�Q�`
�`���M�/�Q�K �Q�#�D�2�+�i�b�X �h�?�2 �K�2�i�?�Q�/ �/�Q�2�b �M�Q�i �m�b�2 �Q�#�D�2�+�i �K�Q�/�2�H�b�- �B�M�b�i�2���/ �B�i �i�`�B�2�b �i�Q �}�M�/
�;�`���b�T���#�H�2 �b�T�Q�i�b �B�M �i�?�2 �Q�#�b�2�`�p�2�/ �;�2�Q�K�2�i�`�v�X �"�m�+�?�?�Q�H�x �2�i ���H�X �U�k�y�R�9�V ���H�b�Q �}�M�/ �;�`���b�T
�T�Q�b�2�b �Q�M �m�M�F�M�Q�r�M �Q�#�D�2�+�i�b�- �#�m�i �+���M �T�2�`�7�Q�`�K �T�Q�b�2 �2�b�i�B�K���i�B�Q�M �7�Q�` �T�`�2�+�B�b�2 �T�H���+�2�K�2�M�i
�m�b�B�M�; ���M �B�M�2�`�i�B���H �K�Q�/�2�H �/�m�`�B�M�; �i�?�2 �;�`���b�T �K�Q�p�2�K�2�M�i�X �h�?�2 �M�2�2�/�2�/ �K�2���b�m�`�2�K�2�M�i
���M�/ �+�Q�K�T�m�i���i�B�Q�M �i�B�K�2 �B�b �i�?�m�b �?�B�/�/�2�M �B�M �i�?�2 �`�Q�#�Q�i �K�Q�i�B�Q�M�X �E���B�T�� �2�i ���H�X �U�k�y�R�e�V
���/�/�`�2�b�b �i�?�2 �/�B�z�2�`�2�M�i �7���B�H�m�`�2 �K�Q�/�2�b �i�?���i �+���M �?���T�T�2�M �/�m�`�B�M�; �#�B�M�@�T�B�+�F�B�M�;�- �b�m�+�? ���b
�K�B�b�`�2�+�Q�;�M�B�i�B�Q�M�b�- �7���B�H�2�/ �;�`���b�T�b�- �T�H���+�2�K�2�M�i �B�M���+�+�m�`���+�B�2�b�- ���M�/ �Q�i�?�2�`�b�X �A�7 �T�Q�b�b�B�#�H�2�- �i�?�2
�7���B�H�m�`�2 �B�b ���m�i�Q�K���i�B�+���H�H�v �/�2�i�2�+�i�2�/ ���M�/ �+�Q�`�`�2�+�i�2�/�- �Q�` �� �?�m�K���M �b�m�T�2�`�p�B�b�Q�` �B�b ���H�2�`�i�2�/
���M�/ �+���M �b�Q�H�p�2 �i�?�2 �T�`�Q�#�H�2�K �m�b�B�M�; �� �`�2�K�Q�i�2 �B�M�i�2�`�7���+�2�X
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�h�?�2 ���K���x�Q�M �S�B�+�F�B�M�; �*�?���H�H�2�M�;�2 �k�y�R�8 �`�2�b�m�H�i�2�/ �B�M �p���`�B�Q�m�b ���T�T�`�Q���+�?�2�b �7�Q�` �� �p�2�`�v
�;�2�M�2�`���H �b�?�2�H�7�@�T�B�+�F�B�M�; �T�`�Q�#�H�2�K�X �*�Q�`�`�2�H�H �2�i ���H�X �U�k�y�R�e�V ���;�;�`�2�;���i�2 �H�2�b�b�Q�M�b �H�2���`�M�2�/ �/�m�`�B�M�;
�i�?�2 ���S�* �k�y�R�8 ���M�/ �T�`�2�b�2�M�i �� �;�2�M�2�`���H �Q�p�2�`�p�B�2�r ���M�/ �b�i���i�B�b�i�B�+�b �Q�7 �i�?�2 ���T�T�`�Q���+�?�2�b�X

�1�T�T�M�2�` �2�i ���H�X �U�k�y�R�e�V �/�2�b�+�`�B�#�2 �i�?�2�B�` �r�B�M�M�B�M�; �2�M�i�`�v �7�Q�` �i�?�2 ���S�* �k�y�R�8�X �� �+�Q�K�#�B�@
�M���i�B�Q�M �Q�7 �� �K�Q�#�B�H�2 �#���b�2 �r�B�i�? �� �d�@�.�P�6 ���`�K �+���M �`�2���+�? ���H�H �b�?�2�H�7 �#�B�M�b �+�Q�K�7�Q�`�i���#�H�v�X
�A�M �+�Q�M�i�`���b�i�- �i�?�2 �`�Q�#�Q�i�B�+ �b�v�b�i�2�K �m�b�2�/ �B�M �i�?�B�b �i�?�2�b�B�b �2�K�T�H�Q�v�b �� �H���`�;�2 �2�M�Q�m�;�? ���`�K
�i�?���i �i�?�2 �`�Q�#�Q�i �#���b�2 �+���M �#�2 �}�t�2�/ �B�M �T�Q�b�B�i�B�Q�M �U�b�2�2 �a�2�+�i�B�Q�M �9�X�R�V�X �1�T�T�M�2�` �2�i ���H�X �U�k�y�R�e�V
�m�b�2 �� �}�t�2�/ �b�m�+�i�B�Q�M �;�`�B�T�T�2�`�- �r�?�B�+�? �+���M �2�t�2�+�m�i�2 �i�Q�T ���M�/ �b�B�/�2 �T�B�+�F�b�X �a�m�+�i�B�Q�M�B�M�;
���M �Q�#�D�2�+�i �7�`�Q�K �i�?�2 �7�`�Q�M�i �B�b �M�Q�i �T�Q�b�b�B�#�H�2�X �P�#�D�2�+�i �T�2�`�+�2�T�i�B�Q�M �B�b �T�2�`�7�Q�`�K�2�/ �m�b�B�M�; ��
�r�`�B�b�i�@�K�Q�m�M�i�2�/ �_�:�"�@�. �b�2�M�b�Q�`�X �a�B�t �?���M�/�@�+�`���7�i�2�/ �T�B�t�2�H�@�r�B�b�2 �7�2���i�m�`�2�b ���`�2 �+�Q�K�T�m�i�2�/�-
�B�M�+�H�m�/�B�M�; �+�Q�H�Q�` ���M�/ �;�2�Q�K�2�i�`�v�@�#���b�2�/ �7�2���i�m�`�2�b�X �>�B�b�i�Q�;�`���K �#���+�F�T�`�Q�D�2�+�i�B�Q�M �B�b �m�b�2�/ �i�Q
�2�b�i�B�K���i�2 �T�Q�b�i�2�`�B�Q�` �T�`�Q�#���#�B�H�B�i�B�2�b �7�Q�` �2���+�? �Q�#�D�2�+�i �+�H���b�b�X �h�?�2 �i���`�;�2�i �Q�#�D�2�+�i �B�b �7�Q�m�M�/ �#�v
�b�2���`�+�?�B�M�; �7�Q�` �i�?�2 �T�B�t�2�H �r�B�i�? �K���t�B�K�m�K �T�`�Q�#���#�B�H�B�i�v�X �h�Q�T �Q�` �b�B�/�2 �;�`���b�T�b ���`�2 �b�2�H�2�+�i�2�/
�?�2�m�`�B�b�i�B�+���H�H�v �m�b�B�M�; �i�?�2 �2�t�i�`���+�i�2�/ �j�. �#�Q�m�M�/�B�M�; �#�Q�t�X �a�B�K�B�H���` �i�Q �i�?�2 ���T�T�`�Q���+�? �/�2�@
�b�+�`�B�#�2�/ �B�M �a�2�+�i�B�Q�M �d�X�R�- �K�Q�i�B�Q�M�b ���`�2 �;�2�M�2�`���i�2�/ �7�`�Q�K �T���`���K�2�i�`�B�x�2�/ �K�Q�i�B�Q�M �T�`�B�K�B�i�B�p�2�b
���M�/ �T�Q�b�b�B�#�H�2 �+�Q�H�H�B�b�B�Q�M�b ���`�2 �/�2�i�2�+�i�2�/ �m�b�B�M�; �7�2�2�/�#���+�F �7�`�Q�K �i�?�2 �`�Q�#�Q�i ���`�K�X �h�?�2 �i�2���K
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�/�2�M�+�2 �b�+�Q�`�2�X �h�?�2 �B�M�i�2�`�K�2�/�B���i�2 �*�L�L �7�2���i�m�`�2�b ���`�2 �i�?�2�M �B�M�i�2�`�T�Q�H���i�2�/ �#�B�H�B�M�2���`�H�v �7�`�Q�K
�2���+�? �T�`�Q�T�Q�b���H �`�2�;�B�Q�M �i�Q �� �}�t�2�/ �b�B�x�2�X �h�?�2 �7�m�H�H�v�@�+�Q�M�M�2�+�i�2�/ �T���`�i �Q�7 �o�:�:�@�R�e �U�m�T �m�M�i�B�H
�i�?�2 �b�2�+�Q�M�/�@�H���b�i �H���v�2�`�V �B�b �i�?�2�M �m�b�2�/ �i�Q �+�Q�K�T�m�i�2 �� �?�B�;�?�@�H�2�p�2�H �7�2���i�m�`�2 �p�2�+�i�Q�` �7�Q�` �2���+�?
�T�`�Q�T�Q�b���H �`�2�;�B�Q�M�X �6�B�M���H�H�v�- ���M �G�a�h�J �M�2�i�r�Q�`�F �;�2�M�2�`���i�2�b �i�2�t�i�m���H �/�2�b�+�`�B�T�i�B�Q�M�b �7�Q�` �i�?�2
�`�2�;�B�Q�M�b�X �A�M ���/�/�B�i�B�Q�M �i�Q �i�?�2 �T�`�2�i�`���B�M�2�/ �*�L�L �T���`�i�- �i�?�2 �2�M�i�B�`�2 �T�B�T�2�H�B�M�2 �B�b �i�`���B�M�2�/ �Q�M
�i�?�2 �o�B�b�m���H �:�2�M�Q�K�2 �/���i���b�2�i �U�E�`�B�b�?�M�� �2�i ���H�X �k�y�R�e�V�X

�q�?�B�H�2 �.�2�M�b�2�*���T �B�b �i���`�;�2�i�2�/ �7�Q�` �i�?�2 �b�Q�K�2�r�?���i �K�Q�`�2 �+�Q�K�T�H�2�t �/�2�M�b�2 �+���T�i�B�Q�M�B�M�;
�T�`�Q�#�H�2�K�- �B�i �M�2�p�2�`�i�?�2�H�2�b�b �?���b �b�2�p�2�`���H ���/�p���M�i���;�2�b �Q�p�2�` �`�2�H���i�2�/ �Q�#�D�2�+�i �/�2�i�2�+�i�B�Q�M �r�Q�`�F�b�-
�b�Q�K�2 �Q�7 �r�?�B�+�? �?���p�2 �#�2�2�M �b�i���i�2�/ �B�M �*�?���T�i�2�` �j�- �#�m�i �r�B�H�H �#�2 �`�2�T�2���i�2�/ �?�2�`�2�,

�1�M�/�@�i�Q�@�2�M�/ �i�`���B�M�B�M�;�X�A�M �+�Q�M�i�`���b�i �i�Q �b�B�K�B�H���` ���`�+�?�B�i�2�+�i�m�`�2�b �7�Q�` �Q�#�D�2�+�i �/�2�i�2�+�i�B�Q�M �U�2�X�;�X
�6���b�i�2�` �_�@�*�L�L�- �_�2�M �2�i ���H�X �k�y�R�8�V�- �i�?�2 �.�2�M�b�2�*���T ���`�+�?�B�i�2�+�i�m�`�2 �+���M �#�2 �i�`���B�M�2�/
�2�M�/�@�i�Q�@�2�M�/ �r�B�i�?�Q�m�i �i�?�2 �M�2�2�/ �7�Q�` ���T�T�`�Q�t�B�K���i�B�Q�M�b�- �b�B�M�+�2 �B�i�b �#�B�H�B�M�2���` �B�M�i�2�`�T�Q�H���@
�i�B�Q�M �H���v�2�` �B�b �7�m�H�H�v �/�B�z�2�`�2�M�i�B���#�H�2�X

�1�t�i�2�`�M���H �T�`�Q�T�Q�b���H�b�X�a�B�M�+�2 �.�2�M�b�2�*���T �B�M�+�H�m�/�2�b �� �;�2�M�2�`���H�@�T�m�`�T�Q�b�2 �+�H���b�b�B�}�+���i�B�Q�M �M�2�i�@

�R�L�J�a�, �L�Q�M�@�K���t�B�K�m�K �b�m�T�T�`�2�b�b�B�Q�M�- �m�b�m���H�H�v �B�K�T�H�2�K�2�M�i�2�/ ���b �b�Q�`�i�B�M�; �#�v �+�Q�M�}�/�2�M�+�2 ���M�/ �;�`�2�2�/�B�H�v
�i���F�B�M�; �T�`�Q�T�Q�b���H�b �r�?�B�H�2 �Q�#�b�2�`�p�B�M�; �� �K���t�B�K�m�K �B�M�i�2�`�b�2�+�i�B�Q�M �i�?�`�2�b�?�Q�H�/�X

�R�3



�8�X�k�X �P�#�D�2�+�i �*�H���b�b�B�}�+���i�B�Q�M

�r�Q�`�F�- �B�i �B�b �b�i�`���B�;�?�i�7�Q�`�r���`�/ �i�Q �+�Q�M�b�B�/�2�` �2�t�i�2�`�M���H �Q�#�D�2�+�i �T�`�Q�T�Q�b���H�b�X �h�?�B�b �r�B�H�H
�#�2 �2�t�T�H�Q�B�i�2�/ �H���i�2�` �B�M �*�?���T�i�2�` �d �i�Q ���/�/ �Q�#�D�2�+�i �T�`�Q�T�Q�b���H�b �7�`�Q�K �_�:�"�@�. �+�m�2�b�X
�P�i�?�2�` ���`�+�?�B�i�2�+�i�m�`�2�b �?���p�2 �+�H���b�b�B�}�2�`�b �r�?�B�+�? ���`�2 �b�i�`�B�+�i�H�v �i�B�2�/ �i�Q �}�t�2�/ ���M�+�?�Q�`�b
�B�M �i�?�2 �B�K���;�2 ���M�/ �i�?�m�b �+���M�M�Q�i �2���b�B�H�v �#�2 �m�b�2�/ �Q�M �2�t�i�2�`�M���H �T�`�Q�T�Q�b���H�b �U�u�P�G�P�-
�_�2�/�K�Q�M �2�i ���H�X �k�y�R�8�V�X

�S�Q�T�m�H���` �7�`���K�2�r�Q�`�F�X�.�2�M�b�2�*���T �B�b �#���b�2�/ �Q�M �h�Q�`�+�?�k�- �� �T�Q�T�m�H���` �/�2�2�T �H�2���`�M�B�M�; �7�`���K�2�@
�r�Q�`�F �7�Q�` �i�?�2 �G�l�� �b�+�`�B�T�i�B�M�; �H���M�;�m���;�2�X �P�i�?�2�` �Q�#�D�2�+�i �/�2�i�2�+�i�B�Q�M �r�Q�`�F�b ���`�2 �Q�7�i�2�M
�#���b�2�/ �Q�M �2�M�i�B�`�2�H�v �+�m�b�i�Q�K �7�`���K�2�r�Q�`�F�b �U�u�P�G�P�- �_�2�/�K�Q�M �2�i ���H�X �k�y�R�8�V �Q�` �m�b�2
�?�2���p�B�H�v �K�Q�/�B�}�2�/ �7�Q�`�F�b �Q�7 �i�?�2 �*���z�2 �7�`���K�2�r�Q�`�F �U�6���b�i�2�` �_�@�*�L�L�- �_�2�M �2�i ���H�X
�k�y�R�8�V�X �"�Q�i�? �K���F�2 �7�m�`�i�?�2�` �K�Q�/�B�}�+���i�B�Q�M�b ���M�/ �+�Q�K�#�B�M���i�B�Q�M�b �r�B�i�? �Q�i�?�2�` �i�2�+�?�@
�M�B�[�m�2�b �`���i�?�2�` �/�B�{�+�m�H�i�X

�8�X�k�X �P�#�D�2�+�i �*�H���b�b�B�}�+���i�B�Q�M

�h�?�2 �;�2�M�2�`���i�2�/ �i�2�t�i�m���H �/�2�b�+�`�B�T�i�B�Q�M�b ���`�2 �M�Q�i �M�2�2�/�2�/ �7�Q�` �Q�#�D�2�+�i �/�2�i�2�+�i�B�Q�M�X �>�Q�r�2�p�2�`�-
�i�?�2 �+���T�i�B�Q�M�b ���`�2 �;�2�M�2�`���i�2�/ �7�`�Q�K �i�?�2 �B�M�i�2�`�K�2�/�B���i�2 �?�B�;�?�@�H�2�p�2�H �o�:�:�@�R�e �7�2���i�m�`�2 �p�2�+�@
�i�Q�`�b�- �r�?�B�+�? �K�m�b�i �i�?�2�`�2�7�Q�`�2 �#�2 �?�B�;�?�H�v �/�2�b�+�`�B�T�i�B�p�2�X �h�Q �2�t�T�H�Q�B�i �i�?�2 �T�Q�r�2�` �Q�7 �i�?�B�b
�7�2���i�m�`�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M�- �i�?�2 �M�2�i�r�Q�`�F �B�b �m�b�2�/ �m�T �m�M�i�B�H �i�?�2 �G�a�h�J�- �r�?�B�+�? �B�b �`�2�T�H���+�2�/
�r�B�i�? �� �+�H���b�b�B�}�+���i�B�Q�M �H���v�2�`�X �h�r�Q �K�2�i�?�Q�/�b �7�Q�` �+�H���b�b�B�}�+���i�B�Q�M ���`�2 �B�M�p�2�b�i�B�;���i�2�/ ���M�/ �r�B�H�H
�#�2 �/�2�b�+�`�B�#�2�/ �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�;�X

�8�X�k�X�R�X �a�o�J �*�H���b�b�B�}�+���i�B�Q�M
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�i�?���i �i�?�2 �;�`���b�T �B�b �b�m�+�+�2�b�b�7�m�H ���M�/ �i�?�2 �Q�#�D�2�+�i �+���M �#�2 �H�B�7�i�2�/ �B�M �� �+�Q�M�i�`�Q�H�H�2�/ �K���M�M�2�`�X �6�Q�`
�b�m�+�? �Q�#�D�2�+�i�b�- ���M �A�*�S�@�#���b�2�/ �`�2�;�B�b�i�`���i�B�Q�M �r�B�i�? �� �T�`�2�`�2�+�Q�`�/�2�/ �K�Q�/�2�H �Q�7 �i�?�2 �Q�#�D�2�+�i �B�b
�T�2�`�7�Q�`�K�2�/�- �r�?�B�+�? �B�b �M�Q�i �i�?�2 �b�m�#�D�2�+�i �Q�7 �i�?�B�b �i�?�2�b�B�b�X �6�Q�` �/�2�i���B�H�b�- �b�2�2 �a�+�?�r���`�x�- �J�B�H���M�-
�2�i ���H�X �U�k�y�R�d�V�X �L�Q�i�2 �i�?���i �Q�M�H�v �i�?�`�2�2 �Q�#�D�2�+�i�b �`�2�[�m�B�`�2�/ �i�?�B�b �b�T�2�+�B���H �T�`�Q�+�2�/�m�`�2�, �h�?�2
�/�m�+�i �i���T�2�- �i�?�2 �T���+�F �Q�7 �i�m�#�2 �b�Q�+�F�b�- ���M�/ �i�?�2 �T���T�2�` �i�Q�r�2�H �`�Q�H�H�X

�6�Q�` ���H�H �Q�i�?�2�` �Q�#�D�2�+�i�b�- �;�`���b�T �T�Q�b�2�b ���`�2 �b�2�H�2�+�i�2�/ �?�2�m�`�B�b�i�B�+���H�H�v�X �h�?�2 �b�v�b�i�2�K �+���M
�;�2�M�2�`���i�2 �i�r�Q �#���b�B�+ �;�`���b�T�b�, �� �i�Q�T �;�`���b�T ���M�/ �� �+�2�M�i�2�` �;�`���b�T�X

�h�?�2 �i�Q�T �;�`���b�T �i�`�B�2�b �i�Q �;�`���b�T �i�?�2 �j�. �#�Q�m�M�/�B�M�; �#�Q�t �Q�7 �i�?�2 �Q�#�D�2�+�i �7�`�Q�K ���#�Q�p�2�X
�l�b�B�M�; �i�?�2 �b�2�K���M�i�B�+ �b�2�;�K�2�M�i���i�B�Q�M �`�2�b�m�H�i�- �i�?�2 �Q�#�D�2�+�i �T�Q�B�M�i�- �r�?�Q�b�2 �;�`�Q�m�M�/ �T�`�Q�D�2�+�i�B�Q�M
�B�b �+�H�Q�b�2�b�i �i�Q �i�?�2 �T�`�Q�D�2�+�i�B�Q�M �Q�7 �i�?�2 �j�. �#�Q�m�M�/�B�M�; �#�Q�t �+�2�M�i�2�` �B�b �b�2�H�2�+�i�2�/�X �h�?�2 �;�`���b�T
�?�2�B�;�?�i �B�b �+�?�Q�b�2�M ���b �i�?�2 �K���t�B�K�m�K �?�2�B�;�?�i �Q�7 �Q�#�D�2�+�i �T�Q�B�M�i�b �B�M �� �+�v�H�B�M�/�2�` ���`�Q�m�M�/ �i�?�2
�+�?�Q�b�2�M �T�Q�b�B�i�B�Q�M�X �h�?�2 �;�`���b�T �T�Q�b�B�i�B�Q�M �B�b �i�?�2�M �`�2�}�M�2�/ �i�Q �i�?�2 �M�2�t�i �Q�#�D�2�+�i �T�Q�B�M�i�X �h�?�2
�;�`���b�T �B�b ���H�r���v�b �T�2�`�7�Q�`�K�2�/ �7�`�Q�K ���#�Q�p�2 �i�?�2 �Q�#�D�2�+�i�- �T�Q�B�M�i�B�M�; �b�i�`���B�;�?�i �/�Q�r�M�X

�*�2�M�i�2�` �;�`���b�T�b ���`�2 �7�Q�m�M�/ �m�b�B�M�; �i�?�2 �k�. �B�K���;�2�@�b�T���+�2 �#�Q�m�M�/�B�M�; �#�Q�t�X ���;���B�M�- �i�?�2
�Q�#�D�2�+�i �T�Q�B�M�i �+�H�Q�b�2�b�i �i�Q �i�?�2 �#�Q�t �+�2�M�i�2�` �B�b �+�?�Q�b�2�M�- �i�?�B�b �i�B�K�2 �B�M �B�K���;�2 �b�T���+�2�X �h�?�2 �;�`���b�T
�/�B�`�2�+�i�B�Q�M �B�b �/�2�i�2�`�K�B�M�2�/ �#�v �i�?�2 �b�m�`�7���+�2 �M�Q�`�K���H �2�b�i�B�K���i�2�/ �B�M �i�?�2 �H�Q�+���H �M�2�B�;�?�#�Q�`�?�Q�Q�/�X

�6�B�;�m�`�2 �d�X�R �b�?�Q�r�b �i�Q�T ���M�/ �+�2�M�i�2�` �;�`���b�T�b �Q�M �2�t�2�K�T�H���`�v �b�+�2�M�2�b�X

�j�d



�d�X �a�v�b�i�2�K �A�M�i�2�;�`���i�B�Q�M �7�Q�` �i�?�2 ���S�* �k�y�R�e

�6�B�;�m�`�2 �d�X�R�, �>�2�m�`�B�b�i�B�+ �;�`���b�T �b�2�H�2�+�i�B�Q�M�X �G�2�7�i�, �h�Q�T �;�`���b�T �Q�M ���M �2�t�i�2�M�b�B�Q�M �+�Q�`�/�X �_�B�;�?�i�,
�6�`�Q�M�i �;�`���b�T �Q�M �i�?�2 �i�B�b�b�m�2 �#�Q�t�X

�d�X�R�X�k�X �A�M�p�2�`�b�2 �E�B�M�2�K���i�B�+�b

�A�M�b�i�2���/ �Q�7 �m�b�B�M�; �� �;�2�M�2�`�B�+ �F�B�M�2�K���i�B�+�b �b�Q�H�p�2�` �7�Q�` �K�Q�i�B�Q�M �T�H���M�M�B�M�;�- �r�2 �+���M �m�b�2 �i�?�2
�;�2�Q�K�2�i�`�B�+ �+�Q�M�b�i�`���B�M�i�b �;�B�p�2�M �#�v �i�?�2 ���`�`���M�;�2�K�2�M�i �i�Q �b�B�K�T�H�B�7�v �i�?�2 �T�H���M�M�B�M�; �T�`�Q�#�H�2�K�X
�h�?�B�b �B�/�2�� �`�2�b�m�H�i�b �B�M ���M �B�M�i�2�H�H�B�;�2�M�i �F�B�M�2�K���i�B�+�b �b�Q�H�p�2�` �/�`�B�p�2�M �#�v �i�r�Q �B�/�2���b�, �6�B�`�b�i�- �i�?�2
�b�m�+�i�B�Q�M �T�Q�b�2 �B�i�b�2�H�7 �B�b �B�M�p���`�B���M�i �i�Q �`�Q�i���i�B�Q�M�b ���`�Q�m�M�/ �i�?�2 �b�m�+�i�B�Q�M ���t�B�b�- ���M�/ �b�2�+�Q�M�/�-
�i�?�2 �b�Q�H�p�2�` �b�?�Q�m�H�/ �`�2�b�Q�H�p�2 �i�?�2 �B�M�?�2�`�2�M�i �`�2�/�m�M�/���M�+�v �B�M �i�?�2 �F�B�M�2�K���i�B�+ �+�?���B�M �b�Q ���b �i�Q
�K�B�M�B�K�B�x�2 �i�?�2 �+�?���M�+�2 �Q�7 �+�Q�H�H�B�b�B�Q�M�b �r�B�i�? �i�?�2 �2�M�p�B�`�Q�M�K�2�M�i�X

���b �� �#���b�B�b�- �r�2 �m�b�2 �� �b�2�H�2�+�i�B�p�2�H�v �/���K�T�2�/ �H�2���b�i �b�[�m���`�2�b �U�a�.�G�a�V �b�Q�H�p�2�` �U�"�m�b�b ���M�/
�E�B�K �k�y�y�8�V�- �b�B�M�+�2 �B�i �T�2�`�7�Q�`�K�b �r�2�H�H �M�2���` �b�B�M�;�m�H���`�B�i�B�2�b ���M�/ �}�M�/�b ���T�T�`�Q�t�B�K���i�B�p�2 �b�Q�@
�H�m�i�B�Q�M�b �7�Q�` �M�Q�M�@�`�2���+�?���#�H�2 �;�Q���H�b�- �r�?�2�`�2 �Q�i�?�2�` ���H�;�Q�`�B�i�?�K�b �[�m�B�+�F�H�v �#�2�;�B�M �i�Q �/�B�p�2�`�;�2�X
�q�2 ���m�;�K�2�M�i �B�i �r�B�i�? �� �M�m�H�H�@�b�T���+�2 �Q�T�i�B�K�B�x���i�B�Q�M �b�i�2�T�- �r�?�B�+�? �T�`�Q�D�2�+�i�b �i�?�2 �;�`���/�B�2�M�i �Q�7
�� �b�2�+�Q�M�/���`�v �Q�#�D�2�+�i�B�p�2f �i�Q �i�?�2 �M�m�H�H �b�T���+�2 �Q�7 �i�?�2 �a�.�G�a �C���+�Q�#�B���M �K���i�`�B�tJ �X �h�?�B�b
���H�H�Q�r�b �i�Q �Q�T�i�B�K�B�x�2 �b�2�+�Q�M�/���`�v �Q�#�D�2�+�i�B�p�2�b �m�b�B�M�; �i�?�2 �F�B�M�2�K���i�B�+ �+�?���B�M �`�2�/�m�M�/���M�+�B�2�b
�r�?�B�H�2 �b�i�B�H�H �`�2���+�?�B�M�; �i�?�2 �i���`�;�2�i �T�Q�b�2 �r�B�i�? �i�?�2 �2�M�/�2�z�2�+�i�Q�`�X

�q�2 �}�`�b�i �/�2�}�M�2 �� �D�Q�B�M�i�@�H�2�p�2�H �M�m�H�H �b�T���+�2 �Q�#�D�2�+�i�B�p�2g�,

gi (q) = wl �K���tf 0; q � (q+
i � q� )g2

+ wl �K�B�Mf 0; q � (q�
i + q� )g2

+ wc(q � q(c)
i )2;

�U�d�X�R�V

�r�?�2�`�2i �B�b �i�?�2 �D�Q�B�M�i �B�M�/�2�t�-q �B�b �i�?�2 �D�Q�B�M�i �T�Q�b�B�i�B�Q�M�-q+
i ���M�/q�

i ���`�2 �i�?�2 �m�T�T�2�` ���M�/ �H�Q�r�2�`
�D�Q�B�M�i �H�B�K�B�i�b�-q� �B�b �� �D�Q�B�M�i �H�B�K�B�i �i�?�`�2�b�?�Q�H�/�-q(c)

i �B�b �i�?�2 �ó�+�Q�M�p�2�M�B�2�M�i�ô �+�Q�M�}�;�m�`���i�B�Q�M �7�Q�`
�i�?�B�b �D�Q�B�M�i�- ���M�/w �B�b �m�b�2�/ �i�Q �7�Q�`�K �� �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �Q�7 �i�?�2 �+�Q�b�i�b�X ���b �+���M �#�2 �b�2�2�M�-
�i�?�B�b �Q�#�D�2�+�i�B�p�2 �T�`�2�7�2�`�b �� �+�Q�M�p�2�M�B�2�M�i �+�Q�M�}�;�m�`���i�B�Q�M ���M�/ ���p�Q�B�/�b �D�Q�B�M�i �H�B�K�B�i�b�X

�j�3



�d�X�R�X �J�Q�i�B�Q�M �:�2�M�2�`���i�B�Q�M

�6�B�;�m�`�2 �d�X�k�, �S�2�M���H�B�x�B�M�; �T�H���M�2�b �B�M �A�E �b�Q�H�p�2�`�X �h�?�2 �`�2�/�f�#�H�m�2 �T�H���M�2�b �T�2�M���H�B�x�2 �p�B�Q�H���i�B�Q�M �#�v �i�?�2
�`�2�/�f�#�H�m�2 �b�T�?�2�`�2�b�- �`�2�b�T�2�+�i�B�p�2�H�v�X

�J�Q�`�2 �B�M�i�2�`�2�b�i�B�M�;�H�v �B�M �i�?�B�b ���T�T�H�B�+���i�B�Q�M�- �r�2 ���H�b�Q �b�T�2�+�B�7�v �*���`�i�2�b�B���M�@�b�T���+�2 �+�Q�b�i�b �m�b�B�M�;
�� �T�H���M�2�@�p�B�Q�H���i�B�Q�M �K�Q�/�2�H�,

h~n;d(~x) = ( �K���tf 0; (� ~n~xT + d)g)2; �U�d�X�k�V

�r�?�2�`�2~n ���M�/d �b�T�2�+�B�7�v ���M �Q�`�B�2�M�i�2�/ �T�H���M�2~n~xT � d = 0�- ���M�/~x �B�b �b�Q�K�2 �*���`�i�2�b�B���M
�T�Q�B�M�i�X �h�?�B�b �K�Q�/�2�H �B�b �m�b�2�/ �i�Q ���p�Q�B�/ �b�T�2�+�B�}�2�/ �?���H�7�@�b�T���+�2�b �r�B�i�? �T���`�i�b �Q�7 �i�?�2 �`�Q�#�Q�i
�U�2�X�;�X �/�Q �M�Q�i �2�M�i�2�` �i�?�2 �b�?�2�H�7 �r�B�i�? �i�?�2 �+���K�2�`���b�V�X

�6�B�M���H�H�v�- �r�2 �Q�#�i���B�M �i�?�2 �+�Q�K�#�B�M�2�/ �+�Q�b�i�bf �,

f (~q; ~xl ; ~xw) =
X

i 2 Q

gi (~qi ) + h~ns ;ds (~xl ) + h~nt ;dt (~xl ) + h~nb;db( ~xw); �U�d�X�j�V

�r�?�2�`�2~q �B�b �i�?�2 �p�2�+�i�Q�` �Q�7 �D�Q�B�M�i �T�Q�b�B�i�B�Q�M�b�-~xl ���M�/~xw ���`�2 �*���`�i�2�b�B���M �T�Q�b�B�i�B�Q�M�b �Q�7 �i�?�2
�H�B�M�2���` �2�t�i�2�M�b�B�Q�M ���M�/ �i�?�2 �+���K�2�`�� �K�Q�/�m�H�2�- ���M�/~ni ; di �/�2�b�+�`�B�#�2 �i�?�`�2�2 �?���H�7 �b�T���+�2�b �r�?�B�+�?
���`�2 ���p�Q�B�/�2�/ �U�b�2�2 �6�B�;�m�`�2 �d�X�k�V�X �h�?�B�b �?���H�7 �b�T���+�2 �T�2�M���H�B�x���i�B�Q�M �2�M�b�m�`�2�b �i�?���i �r�2 �/�Q �M�Q�i
�2�M�i�2�` �i�?�2 �b�?�2�H�7 �r�B�i�? �i�?�2 �+���K�2�`���b�- �i�?���i �i�?�2 �H�B�M�2���` �2�t�i�2�M�b�B�Q�M �B�b �?�Q�`�B�x�Q�M�i���H �/�m�`�B�M�;
�K���M�B�T�m�H���i�B�Q�M �B�M �i�?�2 �b�?�2�H�7�R�- ���M�/ �i�?���i �+�Q�H�H�B�b�B�Q�M�b �r�B�i�? �i�?�2 �`�Q�#�Q�i �#���b�2 ���`�2 ���p�Q�B�/�2�/�X

�R�h�?�B�b ���H�b�Q �m�b�2�b �i�?�2 �T�2�M���H�B�x���i�B�Q�M �Q�7 �H�B�M�2���` �2�t�i�2�M�b�B�Q�M �B�M �1�[�m���i�B�Q�M �U�d�X�R�V�X

�j�N



�d�X �a�v�b�i�2�K �A�M�i�2�;�`���i�B�Q�M �7�Q�` �i�?�2 ���S�* �k�y�R�e

�6�B�;�m�`�2 �d�X�j�, �L�m�H�H�b�T���+�2�@�Q�T�i�B�K�B�x�B�M�; �A�E�X �G�2�7�i�, �6�`�Q�M�i �;�`���b�T�X �_�B�;�?�i�, �a�B�/�2 �;�`���b�T�X

�P�M�2 �B�i�2�`���i�B�Q�M �Q�7 �i�?�2 �b�Q�H�p�2�` �+���H�+�m�H���i�2�b �i�?�2 �m�T�/���i�2� q ���b �7�Q�H�H�Q�r�b�,

�J; �J + = �a�.�G�a(RPRT J ) �U�d�X�9�V

N = I � �J + �J �U�d�X�8�V

� q = �J + � x � �N r f (~q; ~xl ; ~xw); �U�d�X�e�V

�r�?�2�`�2R �B�b �i�?�2 �i���`�;�2�i �Q�`�B�2�M�i���i�B�Q�M �Q�7 �i�?�2 �2�M�/�2�z�2�+�i�Q�`�-P �B�b �� �T�`�Q�D�2�+�i�Q�` �x�2�`�Q�B�M�; �i�?�2 �`�Q�H�H
�+�Q�K�T�Q�M�2�M�i �U���H�H�Q�r�B�M�; �`�Q�i���i�B�Q�M ���`�Q�m�M�/ �i�?�2 �b�m�+�i�B�Q�M ���t�B�b�V�-J �B�b �i�?�26 � n �F�B�M�2�K���i�B�+
�C���+�Q�#�B���M �K���i�`�B�t�-N �B�b �i�?�2 �M�m�H�H �b�T���+�2 �T�`�Q�D�2�+�i�Q�` �Q�7�J �-� x �B�b �i�?�2 �`�2�K���B�M�B�M�; �e�. �T�Q�b�2
�/�B�z�2�`�2�M�+�2�- ���M�/� �B�b �i�?�2 �b�i�2�T �b�B�x�2 �7�Q�` �M�m�H�H �b�T���+�2 �Q�T�i�B�K�B�x���i�B�Q�M�X

�l�b�B�M�; �i�?�B�b �+�m�b�i�Q�K �A�E �b�Q�H�p�2�`�- �B�i �B�b �T�Q�b�b�B�#�H�2 �i�Q �`�2���+�? �/�B�{�+�m�H�i �i���`�;�2�i �T�Q�b�2�b �B�M �i�?�2
�b�?�2�H�7 ���M�/ �i�Q�i�2 �r�B�i�?�Q�m�i �+�Q�H�H�B�b�B�Q�M�b �U�b�2�2 �6�B�;�m�`�2 �d�X�j�V�X

�d�X�R�X�j�X �S���`���K�2�i�`�B�x�2�/ �J�Q�i�B�Q�M �S�`�B�K�B�i�B�p�2�b

�A�M �2���`�H�B�2�` �r�Q�`�F�b �U�a�+�?�r���`�x�- �_�Q�/�2�?�m�i�b�F�Q�`�b�- �2�i ���H�X �k�y�R�e�V�- �r�2 �/�2�p�2�H�Q�T�2�/ �� �F�2�v�7�`���K�2�@
�#���b�2�/ �B�M�i�2�`�T�Q�H���i�B�Q�M �b�v�b�i�2�K�X �E�2�v�7�`���K�2�b �b�T�2�+�B�7�v �D�Q�B�M�i�@ �Q�` �*���`�i�2�b�B���M �b�T���+�2 �+�Q�M�}�;�m�`���@
�i�B�Q�M�b �Q�7 �i�?�2 �`�Q�#�Q�i �U�Q�` �b�m�#�@�;�`�Q�m�T�b �H�B�F�2 �i�?�2 �2�M�/�2�z�2�+�i�Q�`�V�X �1���+�? �F�2�v�7�`���K�2 ���H�b�Q �+�Q�M�i���B�M�b
�D�Q�B�M�i ���M�/ �*���`�i�2�b�B���M �p�2�H�Q�+�B�i�v ���M�/ ���+�+�2�H�2�`���i�B�Q�M �H�B�K�B�i�b�- �r�?�B�+�? �+�Q�M�b�i�`���B�M �i�?�2 �K�Q�i�B�Q�M
�i�Q �i�?�2 �F�2�v�7�`���K�2 �T�Q�b�2�X �J�Q�i�B�Q�M�b �+���M �#�2 �2�/�B�i�2�/ �B�M �� �/�2�/�B�+���i�2�/ �j�. �:�l�A�- �r�?�B�+�? �B�b
�T���`�i�B�+�m�H���`�H�v �m�b�2�7�m�H �7�Q�` �}�t�2�/ �K�Q�i�B�Q�M�b�- �b�m�+�? ���b ���T�T�`�Q���+�?�B�M�; �b�?�2�H�7 �#�B�M�b �7�Q�` �T�2�`�+�2�T�i�B�Q�M
�Q�` �/�`�Q�T�T�B�M�; �B�i�2�K�b �B�M�i�Q �i�?�2 �i�Q�i�2�X �P�i�?�2�` �K�Q�`�2 �/�v�M���K�B�+ �K�Q�i�B�Q�M�b�- �H�B�F�2 �Q�#�D�2�+�i �T�B�+�F�@
�B�M�; �K�Q�i�B�Q�M�b�- ���`�2 �+�`�2���i�2�/ �Q�M �i�?�2 �~�v�X �"���b�2�/ �Q�M �i�?�2 �b�2�H�2�+�i�2�/ �;�`���b�T �T�Q�b�2�- �*���`�i�2�b�B���M
�F�2�v�7�`���K�2�b ���`�2 �T�H���+�2�/ �B�M �T�`�2�;�`���b�T�- �;�`���b�T ���M�/ �`�2�i�`���+�i �T�Q�b�2�b�X �6�B�M���H�H�v�- �i�?�2 �b�v�b�i�2�K
�b�K�Q�Q�i�?�H�v �B�M�i�2�`�T�Q�H���i�2�b �#�2�i�r�2�2�M �i�?�2 �F�2�v�7�`���K�2 �+�Q�M�}�;�m�`���i�B�Q�M�b �B�M �D�Q�B�M�i �Q�` �*���`�i�2�b�B���M
�b�T���+�2 �i�Q �;�2�M�2�`���i�2 �i�`���D�2�+�i�Q�`�B�2�b�X �h�?�2 �i�`���D�2�+�i�Q�`�v �B�b �i�?�2�M �2�t�2�+�m�i�2�/ �Q�M �i�?�2 �`�Q�#�Q�i�X �a�B�M�+�2
�+�Q�H�H�B�b�B�Q�M�b �r�B�i�? �Q�#�D�2�+�i�b �K���v �b�i�B�H�H �#�2 �T�Q�b�b�B�#�H�2�- �i�?�2 �l�_�R�y ���`�K �B�b �+�Q�M�}�;�m�`�2�/ �i�Q �b�i�Q�T �Q�M

�9�y



�d�X�k�X �P�p�2�`���H�H �a�v�b�i�2�K �S�2�`�7�Q�`�K���M�+�2

�h���#�H�2 �d�X�R�, �6�B�M���H �b�+�Q�`�2�b �Q�7 �i�?�2 �i�Q�T �7�Q�m�` �i�2���K�b �7�Q�` �2���+�? �i���b�F�X

�a�i�Q�r�B�M�;

�h�2���K �a�+�Q�`�2

�.�2�H�7�i �U�>�2�`�M���M�/�2�x �2�i ���H�X �k�y�R�e�V �k�R�9
�L�B�K�#�_�Q �S�B�+�F�B�M�; �U�Q�m�`�b�V �R�3�e
�J�A�h �R�e�9
�S�6�L �R�e�R

�S�B�+�F�B�M�;

�h�2���K �a�+�Q�`�2

�.�2�H�7�i �U�>�2�`�M���M�/�2�x �2�i ���H�X �k�y�R�e�V �R�y�8
�S�6�L �R�y�8
�L�B�K�#�`�Q �S�B�+�F�B�M�; �U�Q�m�`�b�V �N�d
�J�A�h �e�d

�m�M�2�t�T�2�+�i�2�/ �+�Q�M�i���+�i �7�Q�`�+�2�b�X �h�?�2 �b�Q�7�i�r���`�2 �+���M �i�?�2�M �+���M�+�2�H �i�?�2 �i�`���D�2�+�i�Q�`�v�- �`�2�@�2�M���#�H�2
�i�?�2 ���`�K ���M�/ �2�t�2�+�m�i�2 �� �`�2�i�`���+�i �i�`���D�2�+�i�Q�`�v�X �6���B�H�2�/ �Q�#�D�2�+�i�b ���`�2 �`�2�i�`�B�2�/ ���i �i�?�2 �2�M�/ �Q�7
�i�?�2 �T�B�+�F�B�M�; �b�2�[�m�2�M�+�2�X

�d�X�k�X �P�p�2�`���H�H �a�v�b�i�2�K �S�2�`�7�Q�`�K���M�+�2

�.�m�`�B�M�; �i�?�2 ���S�* �k�y�R�e�- �i�?�2 �Q�#�D�2�+�i �/�2�i�2�+�i�B�Q�M �T�B�T�2�H�B�M�2 �r���b �B�M ���M �2���`�H�B�2�` �b�i���i�2 �i�?���M �i�?�2
�#�2�b�i ���`�+�?�B�i�2�+�i�m�`�2�b �/�2�b�+�`�B�#�2�/ �B�M �*�?���T�i�2�` �8�X �A�M �T���`�i�B�+�m�H���`�- �/�2�T�i�? �}�H�H�B�M�; �r���b �/�Q�M�2
�m�b�B�M�; �i�?�2 �b�H�B�;�?�i�H�v �B�M�7�2�`�B�Q�` �.�Q�K���B�M �h�`���M�b�7�Q�`�K �B�K�T�H�2�K�2�M�i���i�B�Q�M ���M�/ �i�?�2 �2�t�i�2�`�M���H
�T�`�Q�T�Q�b���H �;�2�M�2�`���i�Q�` �r���b �m�b�2�/ �i�Q �B�M�+�Q�`�T�Q�`���i�2 �/�2�T�i�? �K�2���b�m�`�2�K�2�M�i�b�X �6�B�M���H�H�v�- �i�?�2
�a�o�J �+�H���b�b�B�}�2�` �r���b �m�b�2�/ �7�Q�` �+�H���b�b�B�}�+���i�B�Q�M�X

�h�?�2 �b�v�b�i�2�K ���i�i�2�K�T�i�2�/ �#�Q�i�? �i�?�2 �T�B�+�F�B�M�; ���M�/ �i�?�2 �b�i�Q�r�B�M�; �i���b�F�b �b�m�+�+�2�b�b�7�m�H�H�v�X �h���@
�#�H�2 �d�X�R �b�?�Q�r�b �i�?�2 �}�M���H �Q�{�+�B���H �b�+�Q�`�2�b �Q�7 �i�?�2 �i�Q�T �7�Q�m�` �i�2���K�b �Q�7 ���S�* �k�y�R�e�X �o�B�/�2�Q�b
�7�`�Q�K �#�Q�i�? �`�m�M�b ���b �r�2�H�H ���b ���M �Q�p�2�`�p�B�2�r �p�B�/�2�Q ���`�2 ���p���B�H���#�H�2 �Q�M�H�B�M�2�X�k �.�m�`�B�M�; �i�?�2
�b�i�Q�r�B�M�; �i���b�F�- �i�?�2 �b�v�b�i�2�K �b�i�Q�r�2�/ �2�H�2�p�2�M �Q�m�i �Q�7 �i�r�2�H�p�2 �B�i�2�K�b �B�M�i�Q �i�?�2 �b�?�2�H�7�X �a���/�H�v�-
�Q�M�2 �Q�7 �i�?�2 �b�m�+�+�2�b�b�7�m�H�H�v �b�i�Q�r�2�/ �B�i�2�K�b �r���b �K�B�b�`�2�+�Q�;�M�B�x�2�/�X �a�B�M�+�2 �i�?�2 �b�v�b�i�2�K �K���b�F�2�/
�Q�m�i �Q�#�D�2�+�i�b ���H�`�2���/�v �b�i�Q�r�2�/ �U�i�?�2 �B�M�7�Q�`�K�2�/ �+���b�2�V�- �i�?�2 �`�2�K���B�M�B�M�; �B�i�2�K �U�� �i�Q�Q�i�?�#�`�m�b�?�V
�+�Q�m�H�/ �M�Q�i �#�2 �/�2�i�2�+�i�2�/�X �q�2 ���M�i�B�+�B�T���i�2�/ �i�?�B�b �T�`�Q�#�H�2�K ���M�/ �?���/ �#�m�B�H�i �B�M �� �7���H�H�#���+�F
�K�2�+�?���M�B�b�K�- �r�?�B�+�? �`�2�b�2�i �i�?�2 �K���b�F �i�Q ���H�H �Q�#�D�2�+�i�b ���7�i�2�` �b�Q�K�2 �M�m�K�#�2�` �Q�7 �7���B�H�2�/ ���i�@
�i�2�K�T�i�b�- �#�m�i �i�?�B�b �7���B�H�2�/ �/�m�2 �i�Q ���M �Q�#�D�2�+�i �b�B�x�2 �i�?�`�2�b�?�Q�H�/�X �h�?�2 �K�B�b�`�2�+�Q�;�M�B�i�B�Q�M �H�2�/ �i�Q
�i�?�2 �b�2�+�Q�M�/ �T�H���+�2�- �b�B�M�+�2 �i�2���K �.�2�H�7�i �b�m�+�+�2�b�b�7�m�H�H�v �b�i�Q�r�2�/ ���H�H �B�i�2�K�b�X

�A�M �Q�m�` �T�B�+�F�B�M�; �`�m�M�- �i�?�2 �b�v�b�i�2�K �T�B�+�F�2�/ �i�2�M �Q�m�i �Q�7 �i�r�2�H�p�2 �B�i�2�K�b �U�b�2�2 �h���#�H�2 �d�X�k�V�X
�.�m�2 �i�Q �i�?�2 �/�B�{�+�m�H�i ���`�`���M�;�2�K�2�M�i�b �Q�7 �B�i�2�K�b �B�M �i�?�2 �b�?�2�H�7 �#�B�M�b�- �i�?�2 �`�Q�#�Q�i �/�`�Q�T�T�2�/
�i�?�`�2�2 �B�i�2�K�b �/�m�`�B�M�; �`�2�i�`���+�i�B�Q�M �7�`�Q�K �i�?�2 �#�B�M�- �b�B�M�+�2 �i�?�2�v �+�Q�H�H�B�/�2�/ �r�B�i�? �Q�i�?�2�` �B�i�2�K�b�X
�>�Q�r�2�p�2�`�- �i�?�2 �B�i�2�K�b �7�2�H�H �B�M�i�Q �i�?�2 �i�Q�i�2 ���M�/ �r�2�`�2 �i�?�m�b �+�Q�m�M�i�2�/ ���b �b�m�+�+�2�b�b�7�m�H �T�B�+�F�b�X
�l�M�7�Q�`�i�m�M���i�2�H�v�- �i�?�2 �b�v�b�i�2�K �D�m�/�;�2�/ �i�?���i �i�?�2 �/�`�Q�T �?���T�T�2�M�2�/�B�M�b�B�/�2�i�?�2 �b�?�2�H�7 �#�B�M ���M�/
�K���`�F�2�/ �i�?�2 �B�i�2�K�b ���b �T�`�2�b�2�M�i �B�M �i�?�2 �b�?�2�H�7 �B�M �i�?�2 �Q�m�i�T�m�i �}�H�2�X �h�?�2 �`�2�b�m�H�i�B�M�; �T�2�M���H�i�B�2�b

�k�P�p�2�`�p�B�2�r�,�?�i�i�T�b�,�f�f�v�Q�m�i�m�X�#�2�f�d�.�H�i�3�h�j�b�j�>�u�- �b�i�Q�r�B�M�;�,�?�i�i�T�b�,�f�f�v�Q�m�i�m�X�#�2�f�"�e�M�v�N�P�L�7�/�t�9�-
�T�B�+�F�B�M�;�,�?�i�i�T�b�,�f�f�v�Q�m�i�m�X�#�2�f�[�N�u�B�.�3�y�p�r�.�+�X

�9�R



�d�X �a�v�b�i�2�K �A�M�i�2�;�`���i�B�Q�M �7�Q�` �i�?�2 ���S�* �k�y�R�e

�h���#�H�2 �d�X�k�, �S�B�+�F�B�M�; �_�m�M ���i ���S�* �k�y�R�e

�"�B�M �A�i�2�K �S�B�+�F �.�`�Q�T �_�2�T�Q�`�i

�� �/�m�+�i �i���T�2 � � �
�" �#�m�M�M�v �#�Q�Q�FX X � �k

�* �b�[�m�2���F�v �2�;�;�bX � X
�. �+�`���v�Q�M�b�R X � X
�1 �+�Q�z�2�2 X X � �k

�6 �?�Q�Q�F�b X � X
�: �b�+�B�b�b�Q�`�b � � �
�> �T�H�m�b�? �#�2���X̀ � X
�A �+�m�`�i���B�M X � X
�C �i�B�b�b�m�2 �#�Q�tX � X
�E �b�B�T�T�v �+�m�TX � X
�G �T�2�M�+�B�H �+�m�TX X � �k

�a�m�K �R�y �j �d
�R�J�B�b�`�2�+�Q�;�M�B�x�2�/�- �+�Q�`�`�2�+�i�2�/ �Q�M �b�2�+�Q�M�/ ���i�i�2�K�T�i�X
�k �A�M�+�Q�`�`�2�+�i �`�2�T�Q�`�i�- �`�2�b�m�H�i�B�M�; �B�M �T�2�M���H�i�v�X

�/�`�Q�T�T�2�/ �Q�m�` �b�+�Q�`�2 �7�`�Q�K �R�8�k �T�Q�B�M�i�b �i�Q �N�d �T�Q�B�M�i�b���D�m�b�i �#�2�?�B�M�/ �i�?�2 �}�`�b�i ���M�/ �b�2�+�Q�M�/
�T�H���+�2 �r�B�i�? �#�Q�i�? �R�y�8 �T�Q�B�M�i�b�X

�P�M �i�?�2 �}�M���H �/���v �Q�7 �i�?�2 �+�Q�K�T�2�i�B�i�B�Q�M�- �r�2 �b�?�Q�r�2�/ �i�?�2 �+���T���#�B�H�B�i�B�2�b �Q�7 �i�?�2 �b�v�b�i�2�K
�B�M ���M �Q�T�2�M �/�2�K�Q�M�b�i�`���i�B�Q�M�X �A�M �� �p�2�`�v �b�m�+�+�2�b�b�7�m�H �/�2�K�Q�M�b�i�`���i�2�/ �T�B�+�F�B�M�; �`�m�M�- �r�2
�b�?�Q�r�+���b�2�/ �Q�m�` ���#�B�H�B�i�v �i�Q �?���M�/�H�2 �#�Q�i�? �ó�?���`�/�ô �Q�#�D�2�+�i�b �r�B�i�? �i�?�`�2�2 �#�Q�M�m�b �T�Q�B�M�i�b�, �h�?�2
�T�2�M�+�B�H �+�m�T �U�`�2�[�m�B�`�2�b �F�M�Q�+�F�B�M�; �Q�p�2�` �i�Q �#�2 ���#�H�2 �i�Q �b�m�+�i�B�Q�M �B�i�V ���M�/ �i�?�2 �?�2���p�v �/�m�K�#�#�2�H�H
�U�`�2�[�m�B�`�2�b �p�2�`�v �T�`�2�+�B�b�2 �b�m�+�i�B�Q�M �T�Q�B�M�i �H�Q�+���H�B�x���i�B�Q�M�V�X

�9�k



�3�X �*�Q�M�+�H�m�b�B�Q�M

�h�?�B�b �i�?�2�b�B�b �T�`�2�b�2�M�i�b ���M �2�M�/�@�i�Q�@�2�M�/ �T�B�T�2�H�B�M�2 �7�Q�` �_�:�"�@�. �T�`�2�T�`�Q�+�2�b�b�B�M�;�- �Q�#�D�2�+�i �/�2�i�2�+�@
�i�B�Q�M�- �;�`���b�T �b�2�H�2�+�i�B�Q�M ���M�/ �K�Q�i�B�Q�M �2�t�2�+�m�i�B�Q�M�X �"�2�b�B�/�2�b �i�?�2 �/�2�K�Q�M�b�i�`���i�2�/ �B�M�i�2�;�`���i�B�Q�M
�2�z�Q�`�i�- �b�+�B�2�M�i�B�}�+ �+�Q�M�i�`�B�#�m�i�B�Q�M�b �r�2�`�2 �i�?�2 �K�2�i�?�Q�/ �7�Q�` �7�m�b�B�M�; �i�r�Q �_�:�"�@�. �b�i�`�2���K�b �m�b�@
�B�M�; �;�m�B�/�2�/ �m�T�b���K�T�H�B�M�;�- ���/���T�i�B�Q�M �Q�7 �i�?�2 �.�2�M�b�2�*���T �K�2�i�?�Q�/ �7�Q�` �Q�#�D�2�+�i �/�2�i�2�+�i�B�Q�M�-
�B�M�+�Q�`�T�Q�`���i�B�Q�M �Q�7 �/�2�T�i�? �K�2���b�m�`�2�K�2�M�i�b�- ���M�/ �� �+�m�b�i�Q�K �B�M�p�2�`�b�2 �F�B�M�2�K���i�B�+�b �b�Q�H�p�2�` �7�Q�`
�`�2���+�?�B�M�; �B�M�i�Q �i�?�2 �b�?�2�H�7�X

�h�?�2 �B�M�/�B�p�B�/�m���H �/�2�b�B�;�M �/�2�+�B�b�B�Q�M�b �r�2�`�2 �2�p���H�m���i�2�/ �Q�M �i�?�2 ���S�* �/���i���b�2�i�- ���M�/ �i�?�2
�Q�#�D�2�+�i �/�2�i�2�+�i�B�Q�M �T�B�T�2�H�B�M�2 �b�?�Q�r�b �;�Q�Q�/ �T�2�`�7�Q�`�K���M�+�2 �Q�M �#�Q�i�? �i�?�2 ���S�* ���M�/ �i�?�2 �/�B�b�@
���b�i�2�` �`�2�b�T�Q�M�b�2 �/���i���b�2�i�X �6�B�M���H�H�v�- �i�?�2 �2�M�i�B�`�2 �b�v�b�i�2�K �r���b �2�p���H�m���i�2�/ ���i �i�?�2 ���S�* �k�y�R�e�-
�`�2���+�?�B�M�; �� �p�2�`�v �;�Q�Q�/ �b�2�+�Q�M�/ ���M�/ �i�?�B�`�/ �T�H���+�2�X �� �;�2�M�2�`���H �/�2�b�+�`�B�T�i�B�Q�M �Q�7 �i�?�2 �2�M�@
�i�B�`�2 �b�v�b�i�2�K �?���b �#�2�2�M �b�m�#�K�B�i�i�2�/ ���M�/ ���+�+�2�T�i�2�/ �7�Q�` �i�?�2 �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2�`�2�M�+�2 �Q�M
�_�Q�#�Q�i�B�+�b ���M�/ ���m�i�Q�K���i�B�Q�M �U�A�*�_���V �k�y�R�d �U�a�+�?�r���`�x�- �J�B�H���M�- �2�i ���H�X �k�y�R�d�V�X

�� �T�Q�b�b�B�#�H�2 �2�t�i�2�M�b�B�Q�M �T�Q�B�M�i �B�b �i�?�2 �2�{�+�B�2�M�i �i�`���B�M�B�M�; �7�Q�` �M�2�r �Q�#�D�2�+�i�b�- �r�?�B�+�? �K���v �#�2
�`�2�[�m�B�`�2�/ �/���B�H�v �B�M �?�B�;�?�@�p�Q�H�m�K�2 �r���`�2�?�Q�m�b�2�b�X �P�7 �T���`�i�B�+�m�H���` �B�M�i�2�`�2�b�i �B�M �i�?�B�b �+�Q�M�i�2�t�i �B�b
�F�2�2�T�B�M�; �i�?�2 ���M�M�Q�i���i�B�Q�M �r�Q�`�F�H�Q���/ �H�Q�r�- �b�B�M�+�2 �i�?�B�b �B�b �2���b�B�H�v �i�?�2 �K�Q�b�i �i�B�K�2�@�+�Q�M�b�m�K�B�M�;
�T���`�i �Q�7 �i�`���B�M�B�M�;�X �A�M �T���`�i�B�+�m�H���`�- �i�?�2 �+�m�`�`�2�M�i �b�v�b�i�2�K �`�2�[�m�B�`�2�b �K���M�m���H ���`�`���M�;�2�K�2�M�i
�Q�7 �ó�M���i�m�`���H�ô �i�`���B�M�B�M�; �b�+�2�M�2�b �r�B�i�? �K�m�H�i�B�T�H�2 �Q�#�D�2�+�i�b�X

�h�?�2 ���K���x�Q�M �_�Q�#�Q�i�B�+�b �*�?���H�H�2�M�;�2 �U���_�*�V �k�y�R�d�R �B�b �i�?�2 �b�m�+�+�2�b�b�Q�` �Q�7 �i�?�2 ���K���x�Q�M
�S�B�+�F�B�M�; �*�?���H�H�2�M�;�2�X �A�i �`���B�b�2�b �i�?�2 �/�B�{�+�m�H�i�v �Q�7 �2�t�B�b�i�B�M�; �i���b�F�b �U�T���+�F�B�M�; �B�i�2�K�b �B�M�i�Q
�+���`�/�#�Q���`�/ �#�Q�t�2�b �B�M�b�i�2���/ �Q�7 �i�Q�i�2�b�V�- ���M�/ �B�M�i�`�Q�/�m�+�2�b �� �M�2�r �?�v�#�`�B�/ �i���b�F �U�}�`�b�i �b�i�Q�r�B�M�;
�Q�#�D�2�+�i�b ���M�/ �i�?�2�M �T�B�+�F�B�M�; �i�?�2�K �B�M�i�Q �#�Q�t�2�b�V�X �h�?�2 �b�?�2�H�7 �B�b �`�2�T�H���+�2�/ �#�v �� �T���`�i�B�+�B�T���M�i�@
�/�2�b�B�;�M�2�/ �b�i�Q�`���;�2 �b�v�b�i�2�K�X �6�Q�` �Q�#�D�2�+�i �T�2�`�+�2�T�i�B�Q�M�- �i�?�2 �K���B�M �+�?���H�H�2�M�;�2 �B�b �2�{�+�B�2�M�i
�i�`���B�M�B�M�;�, �>���H�7 �Q�7 �i�?�2 �B�i�2�K�b �i�Q �#�2 �T�B�+�F�2�/ �Q�` �b�i�Q�r�2�/ �r�B�H�H �#�2 �M�2�r �B�i�2�K�b�- �r�?�B�+�? ���`�2
�T�`�Q�p�B�/�2�/ �i�Q �i�?�2 �i�2���K �j�y �K�B�M �#�2�7�Q�`�2 �i�?�2 �`�m�M �b�i���`�i�b�X �1�{�+�B�2�M�i�H�v �m�b�B�M�; �i�?�B�b �i�B�K�2 �i�Q
�+���T�i�m�`�2 �/���i���- ���M�M�Q�i���i�2 �B�i�- ���M�/ �i�`���B�M �+�H���b�b�B�}�2�`�b �r�B�H�H �#�2 �F�2�v �i�Q �r�B�M �i�?�2 �+�Q�K�T�2�i�B�i�B�Q�M�X
�>�2�`�2�- �� �?�v�#�`�B�/ �a�Q�7�i�K���t�f�a�o�J �b�v�b�i�2�K �K�B�;�?�i �#�2 ���T�T�H�B�+���#�H�2�, �6�Q�` �i�?�2 �i�`���B�M�B�M�; �b�2�i
���p���B�H���#�H�2 �#�2�7�Q�`�2 �i�?�2 �`�m�M�- �i�?�2 �T�B�T�2�H�B�M�2 �+���M �#�2 �i�`���B�M�2�/ �2�M�/�@�i�Q�@�2�M�/�X �h�?�2 �T�`�2�i�`���B�M�2�/
�M�2�i�r�Q�`�F �+���M �i�?�2�M �#�2 �m�b�2�/ �i�Q �2�t�i�`���+�i �7�2���i�m�`�2 �p�2�+�i�Q�`�b �7�Q�` �7���b�i �a�o�J �i�`���B�M�B�M�; �Q�M �i�?�2
�M�2�r �Q�#�D�2�+�i�b�X

�R�?�i�i�T�b�,�f�f�r�r�r�X���K���x�Q�M�`�Q�#�Q�i�B�+�b�X�+�Q�K�f�O�f�T�B�+�F�B�M�;�+�?���H�H�2�M�;�2

�9�j





���X �.�2�i���B�H�2�/ ���S�* �`�2�b�m�H�i�b

�9�8



���X �.�2�i���B�H�2�/ ���S�* �`�2�b�m�H�i�b

�h���#�H�2 ���X�R�, �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7 ���p�2�`���;�2 �S�`�2�+�B�b�B�Q�M ���M�/ �6�R�@�a�+�Q�`�2 �Q�p�2�` �i�?�2 �Q�#�D�2�+�i�b �Q�7 �i�?�2
���S�* �b�?�2�H�7 �/���i���b�2�i�X

���p�2�`���;�2 �S�`�2�+�B�b�B�Q�M

�P�#�D�2�+�i �l�M�B�M�7�X �A�M�7�X �:���B�M �6�R�@�a�+�Q�`�2

�#���`�F�2�H�v�n�?�B�/�2�n�#�Q�M�2�b 0:906 0:959 +0:054 0:816
�+�?�2�`�Q�F�2�2�n�2���b�v�n�i�2�2�n�b�?�B�`�i 0:736 0:756 +0:020 0:625
�+�H�Q�`�Q�t�n�m�i�B�H�B�i�v�n�#�`�m�b�? 0:888 0:903 +0:015 0:801
�+�H�Q�m�/�n�#�n�T�H�m�b�?�n�#�2���` 0:975 0:980 +0:005 0:835
�+�Q�K�K���M�/�n�?�Q�Q�F�b 0:678 0:734 +0:056 0:617
�+�Q�Q�H�n�b�?�Q�i�n�;�H�m�2�n�b�i�B�+�F�b 0:815 0:931 +0:115 0:750
�+�`���v�Q�H���n�k�9�n�+�i 0:936 0:956 +0:020 0:854
�+�`�2���i�B�p�B�i�v�n�+�?�2�M�B�H�H�2�n�b�i�2�K�b0:801 0:826 +0:025 0:680
�/���b���M�B�n�r���i�2�`�n�#�Q�i�i�H�2 0:879 0:887 +0:008 0:815
�/�Q�p�2�n�#�2���m�i�v�n�#���` 0:934 1:000 +0:066 0:877
�/�`�n�#�`�Q�r�M�b�n�#�Q�i�i�H�2�n�#�`�m�b�? 0:879 0:888 +0:009 0:788
�2���b�i�2�`�n�i�m�`�i�H�2�n�b�B�T�T�v�n�+�m�T 1:000 1:000 +0:000 0:898
�2�H�K�2�`�b�n�r���b�?���#�H�2�n�M�Q�n�`�m�M�n�b�+�?�Q�Q�H�n�;�H�m�20:571 0:668 +0:097 0:589
�2�t�T�Q�n�/�`�v�n�2�`���b�2�n�#�Q���`�/�n�2�`���b�2� 0̀:919 0:943 +0:024 0:831
�7�B�b�F���`�b�n�b�+�B�b�b�Q�`�b�n�`�2�/ 0:726 0:779 +0:054 0:633
�7�B�i�M�2�b�b�n�;�2���`�n�j�H�#�n�/�m�K�#�#�2�H�H1:000 1:000 +0:000 0:873
�7�Q�H�;�2�`�b�n�+�H���b�b�B�+�n�`�Q���b�i�n�+�Q�7�7�2�20:969 0:989 +0:020 0:937
�?���M�2�b�n�i�m�#�2�n�b�Q�+�F�b 0:869 0:902 +0:033 0:817
�B�n���K�n���n�#�m�M�M�v�n�#�Q�Q�F 0:836 0:968 +0:132 0:840
�D���M�2�n�2�v�`�2�n�/�p�/ 0:847 0:918 +0:071 0:773
�F�H�2�2�M�2�t�n�T���T�2�`�n�i�Q�r�2�H�b 1:000 1:000 +0:000 0:939
�F�H�2�2�M�2�t�n�i�B�b�b�m�2�n�#�Q�t 1:000 1:000 +0:000 0:922
�F�v�D�2�M�n�b�[�m�2���F�B�M�n�2�;�;�b�n�T�H�m�b�?�n�T�m�T�T�B�2�b0:914 0:914 +0:000 0:796
�H���m�;�?�n�Q�m�i�n�H�Q�m�/�n�D�Q�F�2�n�#�Q�Q�F0:923 0:934 +0:011 0:830
�Q�`���H�n�#�n�i�Q�Q�i�?�#�`�m�b�?�n�;�`�2�2�M 0:662 0:780 +0:118 0:678
�Q�`���H�n�#�n�i�Q�Q�i�?�#�`�m�b�?�n�`�2�/ 0:697 0:773 +0:076 0:585
�T�2�p���n�b�?�Q�r�2�`�n�+�m�`�i���B�M�n�H�B�M�2�0̀:929 0:947 +0:018 0:863
�T�H���i�B�M�m�K�n�T�2�i�b�n�/�Q�;�n�#�Q�r�H 1:000 1:000 +0:000 0:883
�`���r�H�B�M�;�b�n�#���b�2�#���H�H 0:886 0:886 +0:000 0:781
�`�Q�H�Q�/�2�t�n�D�m�K�#�Q�n�T�2�M�+�B�H�n�+�m�T1:000 1:000 +0:000 0:907
�b���7�2�i�v�n�7�B�`�b�i�n�Q�m�i�H�2�i�n�T�H�m�;�b0:961 0:994 +0:033 0:868
�b�+�Q�i�+�?�n�#�m�#�#�H�2�n�K���B�H�2�` 0:864 0:912 +0:048 0:819
�b�+�Q�i�+�?�n�/�m�+�i�n�i���T�2 0:906 0:906 +0:000 0:825
�b�Q�7�i�n�r�?�B�i�2�n�H�B�;�?�i�#�m�H�# 0:960 1:000 +0:040 0:894
�b�i���T�H�2�b�n�B�M�/�2�t�n�+���`�/�b 0:754 0:795 +0:041 0:746
�i�B�+�Q�M�/�2�`�Q�;���n�R�k�n�T�2�M�+�B�H�b 0:904 0:918 +0:014 0:740
�m�T�n�;�H�m�+�Q�b�2�n�#�Q�i�i�H�2 1:000 1:000 +0:000 0:922
�r�Q�K�2�M�b�n�F�M�B�i�n�;�H�Q�p�2�b 0:984 0:984 +0:000 0:812
�r�Q�Q�/�b�n�2�t�i�2�M�b�B�Q�M�n�+�Q�`�/ 0:766 0:836 +0:071 0:680

�9�e



�h���#�H�2 ���X�k�, �.�B�b�i�`�B�#�m�i�B�Q�M �Q�7 ���p�2�`���;�2 �S�`�2�+�B�b�B�Q�M ���M�/ �6�R�@�a�+�Q�`�2 �Q�p�2�` �i�?�2 �Q�#�D�2�+�i�b �Q�7 �i�?�2
���S�* �i�Q�i�2 �/���i���b�2�i�X

���p�2�`���;�2 �S�`�2�+�B�b�B�Q�M

�P�#�D�2�+�i �l�M�B�M�7�X �A�M�7�X �:���B�M �6�R�@�a�+�Q�`�2

�#���`�F�2�H�v�n�?�B�/�2�n�#�Q�M�2�b 0:891 0:891 +0:000 0:817
�+�?�2�`�Q�F�2�2�n�2���b�v�n�i�2�2�n�b�?�B�`�i 0:835 0:892 +0:057 0:741
�+�H�Q�`�Q�t�n�m�i�B�H�B�i�v�n�#�`�m�b�? 0:974 0:977 +0:003 0:891
�+�H�Q�m�/�n�#�n�T�H�m�b�?�n�#�2���` 0:934 0:934 +0:000 0:803
�+�Q�K�K���M�/�n�?�Q�Q�F�b 0:954 0:969 +0:015 0:827
�+�Q�Q�H�n�b�?�Q�i�n�;�H�m�2�n�b�i�B�+�F�b 0:790 0:845 +0:055 0:726
�+�`���v�Q�H���n�k�9�n�+�i 0:900 0:908 +0:008 0:790
�+�`�2���i�B�p�B�i�v�n�+�?�2�M�B�H�H�2�n�b�i�2�K�b0:718 0:737 +0:019 0:644
�/���b���M�B�n�r���i�2�`�n�#�Q�i�i�H�2 0:954 0:955 +0:001 0:864
�/�Q�p�2�n�#�2���m�i�v�n�#���` 0:960 0:973 +0:013 0:884
�/�`�n�#�`�Q�r�M�b�n�#�Q�i�i�H�2�n�#�`�m�b�? 0:946 0:953 +0:007 0:833
�2���b�i�2�`�n�i�m�`�i�H�2�n�b�B�T�T�v�n�+�m�T 1:000 1:000 +0:000 0:875
�2�H�K�2�`�b�n�r���b�?���#�H�2�n�M�Q�n�`�m�M�n�b�+�?�Q�Q�H�n�;�H�m�20:779 0:792 +0:013 0:682
�2�t�T�Q�n�/�`�v�n�2�`���b�2�n�#�Q���`�/�n�2�`���b�2� 0̀:846 0:859 +0:014 0:757
�7�B�b�F���`�b�n�b�+�B�b�b�Q�`�b�n�`�2�/ 0:469 0:514 +0:045 0:357
�7�B�i�M�2�b�b�n�;�2���`�n�j�H�#�n�/�m�K�#�#�2�H�H0:906 0:948 +0:042 0:770
�7�Q�H�;�2�`�b�n�+�H���b�b�B�+�n�`�Q���b�i�n�+�Q�7�7�2�21:000 1:000 +0:000 0:930
�?���M�2�b�n�i�m�#�2�n�b�Q�+�F�b 0:690 0:691 +0:001 0:756
�B�n���K�n���n�#�m�M�M�v�n�#�Q�Q�F 0:914 0:929 +0:015 0:790
�D���M�2�n�2�v�`�2�n�/�p�/ 1:000 1:000 +0:000 0:900
�F�H�2�2�M�2�t�n�T���T�2�`�n�i�Q�r�2�H�b 0:941 0:967 +0:026 0:808
�F�H�2�2�M�2�t�n�i�B�b�b�m�2�n�#�Q�t 0:962 0:963 +0:001 0:878
�F�v�D�2�M�n�b�[�m�2���F�B�M�n�2�;�;�b�n�T�H�m�b�?�n�T�m�T�T�B�2�b0:934 0:934 +0:000 0:836
�H���m�;�?�n�Q�m�i�n�H�Q�m�/�n�D�Q�F�2�n�#�Q�Q�F0:934 0:934 +0:000 0:832
�Q�`���H�n�#�n�i�Q�Q�i�?�#�`�m�b�?�n�;�`�2�2�M 0:734 0:753 +0:020 0:652
�Q�`���H�n�#�n�i�Q�Q�i�?�#�`�m�b�?�n�`�2�/ 0:340 0:386 +0:047 0:302
�T�2�p���n�b�?�Q�r�2�`�n�+�m�`�i���B�M�n�H�B�M�2�0̀:737 0:750 +0:013 0:643
�T�H���i�B�M�m�K�n�T�2�i�b�n�/�Q�;�n�#�Q�r�H 0:974 1:000 +0:026 0:893
�`���r�H�B�M�;�b�n�#���b�2�#���H�H 0:937 0:951 +0:014 0:818
�`�Q�H�Q�/�2�t�n�D�m�K�#�Q�n�T�2�M�+�B�H�n�+�m�T1:000 1:000 +0:000 0:901
�b���7�2�i�v�n�7�B�`�b�i�n�Q�m�i�H�2�i�n�T�H�m�;�b0:680 0:690 +0:010 0:557
�b�+�Q�i�+�?�n�#�m�#�#�H�2�n�K���B�H�2�` 0:864 0:869 +0:005 0:788
�b�+�Q�i�+�?�n�/�m�+�i�n�i���T�2 0:952 0:967 +0:015 0:825
�b�Q�7�i�n�r�?�B�i�2�n�H�B�;�?�i�#�m�H�# 0:898 0:947 +0:049 0:799
�b�i���T�H�2�b�n�B�M�/�2�t�n�+���`�/�b 0:801 0:822 +0:022 0:751
�i�B�+�Q�M�/�2�`�Q�;���n�R�k�n�T�2�M�+�B�H�b 0:916 0:934 +0:018 0:882
�m�T�n�;�H�m�+�Q�b�2�n�#�Q�i�i�H�2 0:864 0:938 +0:074 0:806
�r�Q�K�2�M�b�n�F�M�B�i�n�;�H�Q�p�2�b 1:000 1:000 +0:000 0:890
�r�Q�Q�/�b�n�2�t�i�2�M�b�B�Q�M�n�+�Q�`�/ 1:000 1:000 +0:000 0:880

�9�d





�G�B�b�i �Q�7 �6�B�;�m�`�2�b

�k�X�R�X �k�. �Q�#�D�2�+�i �/�2�i�2�+�i�B�Q�M �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �j
�k�X�k�X �_���M�F�2�/ �/�2�i�2�+�i�Q�` �Q�m�i�T�m�i �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �9
�k�X�j�X �S�`�2�+�B�b�B�Q�M�@�_�2�+���H�H �+�m�`�p�2�b �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �8

�9�X�R�X �L�B�K�#�_�Q ���i ���S�* �k�y�R�e �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�R
�9�X�k�X ���S�* �Q�#�D�2�+�i�b �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�k
�9�X�j�X ���S�* �2�M�/�2�z�2�+�i�Q�` �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�9
�9�X�9�X �_�:�"�@�. �*���T�i�m�`�2 �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�9

�8�X�R�X �P�#�D�2�+�i �.�2�i�2�+�i�B�Q�M ���M�/ �.�2�M�b�2 �*���T�i�B�Q�M�B�M�; �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�d
�8�X�k�X �P�`�B�;�B�M���H �.�2�M�b�2�*���T ���`�+�?�B�i�2�+�i�m�`�2 �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�3
�8�X�j�X �_�:�"�@�. �7�m�b�B�Q�M �7�`�Q�K �i�r�Q �b�2�M�b�Q�`�b �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �k�y
�8�X�9�X �_�:�"�@�Q�M�H�v �Q�#�D�2�+�i �/�2�i�2�+�i�B�Q�M �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �k�k
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