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

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

�B�B



�S�m�#�H�B�+���i�B�Q�M �H�B�b�i

�6�`���M�F�H�B�M�- �A�X �:�X�- �J�B�H�M�2�- �S�X�- �*�?�B�H�/�b�- �C�X�- �"�Q�;�;���M�- �_�X �J�X�- �"���`�`�Q�r�- �A�X�- �G���r�H�2�b�b�- �*�X�- �:�Q�`�K���M�-
�:�X �a�X�- �L�;�- �u�X �a�X�- �*�Q�H�H�B�M�- �J�X�- �_�m�b�b�2�H�H�- �P�X �J�X�- �� �S�B�+�F�2�i�i�- �a�X �C�X �U�k�y�k�j�V�X �h �+�2�H�H �/�B�z�2�`�2�M�i�B���@
�i�B�Q�M �/�`�B�p�2�b �i�?�2 �M�2�;���i�B�p�2 �b�2�H�2�+�i�B�Q�M �Q�7 �T���i�?�Q�;�2�M�B�+ �K�B�i�Q�+�?�Q�M�/�`�B���H �.�L�� �p���`�B���M�i�b �(�S�m�#�H�B�b�?�2�`�,
�G�B�7�2 �a�+�B�2�M�+�2 ���H�H�B���M�+�2 �a�2�+�i�B�Q�M�, �_�2�b�2���`�+�? ���`�i�B�+�H�2�b�)�X�G�B�7�2 �a�+�B�2�M�+�2 ���H�H�B���M�+�2�- �e�U�R�R�V�X �?�i�i�T�b�,
�f�f�/�Q�B�X�Q�`�;�f�R�y�X�k�e�8�y�3�f�H�b���X�k�y�k�j�y�k�k�d�R

�*�?�B�H�/�b�- �C�X�- �:�Q�K�2�b�- �h�X �"�X�- �o�B�M�+�2�M�i�- ���X �1�X�- �:�Q�H�B�;�?�i�H�v�- ���X�- �� �G���r�H�2�b�b�- �*�X �U�k�y�k�8�V�X �"���v�2�b�B���M
�+�H���b�b�B�}�+���i�B�Q�M �Q�7 �P�s�S�>�P�a �/�2�}�+�B�2�M�i �b�F�2�H�2�i���H �K�v�Q�}�#�`�2�b �(�S�m�#�H�B�b�?�2�`�, �S�m�#�H�B�+ �G�B�#�`���`�v �Q�7 �a�+�B�@
�2�M�+�2�)�X�S�G�P�a �*�Q�K�T�m�i���i�B�Q�M���H �"�B�Q�H�Q�;�v�-�k�R�U�k�V�- �2�R�y�R�k�d�d�y�X �?�i�i�T�b�,�f�f�/�Q�B�X�Q�`�;�f�R�y�X�R�j�d�R�f�D�Q�m�`�M���H�X
�T�+�#�B�X�R�y�R�k�d�d�y

�B�B�B



�*�Q�M�i�2�M�i�b

�R �A�M�i�`�Q�/�m�+�i�B�Q�M �R
�R�X�R �J�B�i�Q�+�?�Q�M�/�`�B���H �"�B�Q�H�Q�;�v �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

�R�X�R�X�R �J�B�i�Q�+�?�Q�M�/�`�B���H �Q�`�B�;�B�M�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�R
�R�X�R�X�k �J�B�i�Q�+�?�Q�M�/�`�B���H �b�i�`�m�+�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�R
�R�X�R�X�j �J�B�i�Q�+�?�Q�M�/�`�B���H �/�v�M���K�B�+�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�k
�R�X�R�X�9 �J�B�i�Q�+�?�Q�M�/�`�B���H �;�2�M�2�i�B�+�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�j
�R�X�R�X�8 �J�B�i�Q�+�?�Q�M�/�`�B���H �#�B�Q�;�2�M�2�b�B�b ���M�/ �K�B�i�Q�T�?���;�v �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�e
�R�X�R�X�e ���h�S �T�`�Q�/�m�+�i�B�Q�M ���M�/ �Q�t�B�/���i�B�p�2 �T�?�Q�b�T�?�Q�`�v�H���i�B�Q�M �X �X �X �X �X �X �X �X �X �X �X�d
�R�X�R�X�d �.�L�� �K�m�i���i�B�Q�M�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�3
�R�X�R�X�3 �:�2�M�2�i�B�+ �#�Q�i�i�H�2�M�2�+�F �2�z�2�+�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�R�R
�R�X�R�X�N �h�?�`�2�b�?�Q�H�/ �2�z�2�+�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 �X �X �X �X �X�R�k
�R�X�R�X�R�y �*�Q�T�v �M�m�K�#�2�` �`�2�;�m�H���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�R�j

�R�X�k �*�H�Q�M���H �2�t�T���M�b�B�Q�M �Q�7 �K�i�.�L�� �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�j
�R�X�k�X�R �*�H�Q�M���H �2�t�T���M�b�B�Q�M �i�?�2�Q�`�B�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�R�9

�R�X�j �S�`�Q�#���#�B�H�B�i�v ���M�/ �"���v�2�b�ö �i�?�2�Q�`�2�K �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�e
�R�X�j�X�R �*�Q�M�/�B�i�B�Q�M���H �T�`�Q�#���#�B�H�B�i�v �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�d
�R�X�j�X�k �h�Q�i���H �T�`�Q�#���#�B�H�B�i�v �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�d

�R�X�9 �"���v�2�b�B���M �b�i���i�B�b�i�B�+�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�d
�R�X�9�X�R �"���v�2�b�ö �i�?�2�Q�`�2�K �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�3
�R�X�9�X�k �*�Q�M�D�m�;���i�2 ���M���H�v�b�B�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�R�N
�R�X�9�X�j �*�Q�M�D�m�;���i�2 ���M���H�v�b�B�b �2�t���K�T�H�2 �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�N
�R�X�9�X�9 �L�Q�M�@�+�Q�M�D�m�;���i�2 ���M���H�v�b�B�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�k�y

�R�X�8 �J���`�F�Q�p �+�?���B�M�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 �X �X �X�k�R
�R�X�8�X�R �.�B�b�+�`�2�i�2 �b�i���i�2�@�b�T���+�2 �J���`�F�Q�p �+�?���B�M �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�k�R
�R�X�8�X�k �a�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�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�k�9
�R�X�8�X�j �*�2�H�H �+�m�H�i�m�`�2 �T�Q�T�m�H���i�B�Q�M �2�t���K�T�H�2 �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�k�8
�R�X�8�X�9 �*�Q�M�i�B�M�m�Q�m�b �b�i���i�2�@�b�T���+�2 �J���`�F�Q�p �+�?���B�M �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�k�e

�R�X�e �S�`�Q�D�2�+�i ���B�K�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 �X �X �X �X�k�d

�k �J�2�i�?�Q�/�b �k�N
�k�X�R �J���`�F�Q�p �+�?���B�M �J�Q�M�i�2 �*���`�H�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�k�N

�k�X�R�X�R �:�B�#�#�b �b���K�T�H�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 �X�k�N
�k�X�R�X�k �J�2�i�`�Q�T�Q�H�B�b�@�>���b�i�B�M�;�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�j�y
�k�X�R�X�j �J�2�i�`�Q�T�Q�H�B�b�@�r�B�i�?�B�M�@�:�B�#�#�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�j�j
�k�X�R�X�9 �*�Q�M�p�2�`�;�2�M�+�2 ���M�/ ���m�i�Q�+�Q�`�`�2�H���i�B�Q�M �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�j�j

�k�X�k �a�i���i�B�b�i�B�+���H �b�Q�7�i�r���`�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 �X �X �X�j�9
�k�X�j �"���v�2�b�B���M �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�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�j�8

�k�X�j�X�R �>�B�;�? �/�2�M�b�B�i�v �B�M�i�2�`�p���H�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�j�e

�B�p



�k�X�9 �J�B�t�i�m�`�2 �K�Q�/�2�H�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 �X �X�j�d
�k�X�9�X�R �J�B�t�i�m�`�2 �/�B�b�i�`�B�#�m�i�B�Q�M�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�j�3
�k�X�9�X�k �J�B�t�i�m�`�2 �K�Q�/�2�H�H�B�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�3
�k�X�9�X�j �G���i�2�M�i �b�i���i�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 �X �X �X �X �X�9�y
�k�X�9�X�9 �*�H���b�b�B�}�+���i�B�Q�M ���M�/ �H���i�2�M�i �b�i���i�2 �B�M�7�2�`�2�M�+�2 �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�9�y
�k�X�9�X�8 �G���#�2�H �b�r�B�i�+�?�B�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 �X �X�9�R
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�8�X�k �.���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 �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�3
�8�X�j �J�2�i�?�Q�/�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 �X �X �X �X �X �X�R�R�N

�8�X�j�X�R �a�i�Q�+�?���b�i�B�+ �F�B�M�2�i�B�+ �K�Q�/�2�H�b �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�N
�8�X�j�X�k ���;�2�M�i�@�#���b�2�/ �K�Q�/�2�H �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
�8�X�j�X�j �a�i���i�B�b�i�B�+���H �K�Q�/�2�H �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�j�j
�8�X�j�X�9 �S�`�B�Q�` �#�2�H�B�2�7�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�j�9
�8�X�j�X�8 �A�M�7�2�`�2�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 �X �X �X �X�R�j�8
�8�X�j�X�e �a�v�M�i�?�2�i�B�+ �/���i���b�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�R�j�8
�8�X�j�X�d �*�Q�K�T�m�i���i�B�Q�M���H �+�Q�b�i �Q�7 �B�M�7�2�`�2�M�+�2 ���M�/ �B�K�T�H�2�K�2�M�i���i�B�Q�M �X �X �X �X �X �X �X �X�R�j�N

�8�X�9 �_�2�b�m�H�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 �X �X �X �X �X �X �X�R�9�y
�8�X�9�X�R �P�#�b�2�`�p�2�/ �/���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 �X �X �X �X �X�R�9�y
�8�X�9�X�k �a�v�M�i�?�2�i�B�+ �/���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 �X �X �X �X �X�R�9�j
�8�X�9�X�j �J�Q�/�2�H �+�Q�K�T���`�B�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�R�8�R
�8�X�9�X�9 �6�B�t�B�M�; �T���`���K�2�i�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 �X �X�R�8�R

�8�X�8 �.�B�b�+�m�b�b�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 �X �X �X �X �X �X �X �X �X�R�8�j
�8�X�8�X�R �E�2�v �}�M�/�B�M�;�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�R�8�j
�8�X�8�X�k �G�B�K�B�i���i�B�Q�M�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�8�9
�8�X�8�X�j �6�m�i�m�`�2 �r�Q�`�F �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�8�e
�8�X�8�X�9 �6�B�M���H �`�2�K���`�F�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�R�8�d

�e �.�B�b�+�m�b�b�B�Q�M �R�8�N
�e�X�R �E�2�v �}�M�/�B�M�;�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 �X �X �X �X�R�8�N

�e�X�R�X�R �"�H�Q�Q�/ �+�2�H�H ���M���H�v�b�B�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�R�e�y
�e�X�R�X�k �P�s�S�>�P�a �b�i���i�m�b �+�H���b�b�B�}�+���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�R�e�y
�e�X�R�X�j �J�Q�/�2�H�H�B�M�; �+�H�Q�M���H �2�t�T���M�b�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�R�e�y
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�e�X�k �6�m�i�m�`�2 �r�Q�`�F �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 �X �X �X �X�R�e�R
�e�X�j �*�H�Q�b�B�M�; �`�2�K���`�F�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 �X �X�R�e�k

�� �*�H���b�b�B�}�+���i�B�Q�M �Q�7 �K�v�Q�}�#�`�2 �P�s�S�>�P�a �b�i���i�m�b �@ ���T�T�2�M�/�B�t �R�e�j
���X�R �6�m�H�H�@�+�Q�M�/�B�i�B�Q�M���H �/�B�b�i�`�B�#�m�i�B�Q�M �+���H�+�m�H���i�B�Q�M�b �Q�7 �"���v�2�b�B���M �?�B�2�`���`�+�?�B�+���H �H�B�M�2���`

�K�B�t�i�m�`�2 �K�Q�/�2�H �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 �X �X�R�e�j
���X�k �"���v�2�b�B���M �K�Q�/�2�H �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 �X �X �X �X �X�R�e�8

���X�k�X�R �o�B�M�+�2�M�i�2�i ���H�X�/���i���b�2�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 �X�R�e�e
���X�k�X�k �a�v�M�i�?�2�i�B�+ �/���i���b�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�R�d�y
���X�k�X�j �:�Q�K�2�b�2�i ���H�X�/���i���b�2�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 �X �X�R�d�y

�" �J�Q�/�2�H�H�B�M�; �+�H�Q�M���H �2�t�T���M�b�B�Q�M �@ ���T�T�2�M�/�B�t �R�d�9
�"�X�R �a�v�M�i�?�2�i�B�+ �/���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 �X �X �X �X �X �X �X �X �X�R�d�9
�"�X�k �A�M�7�2�`�2�M�+�2 �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 �X �X �X �X �X �X �X �X�R�d�e

�* �>���`�/�r���`�2 ���+�+�2�H�2�`���i�2�/ �a�B�K�m�H���i�B�Q�M �R�3�k
�*�X�R �A�M�i�`�Q�/�m�+�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 �X �X �X �X �X �X �X �X�R�3�k
�*�X�k �J�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 �X �X �X �X �X �X �X �X �X�R�3�k
�*�X�j �_�2�b�m�H�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 �X �X �X �X �X �X �X�R�3�j
�*�X�9 �.�B�b�+�m�b�b�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 �X �X �X �X �X �X �X �X �X�R�3�8
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�G�B�b�i �Q�7 �6�B�;�m�`�2�b

�R�X�R �J�B�i�Q�+�?�Q�M�/�`�B���H �b�i�`�m�+�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�k
�R�X�k �J�B�i�Q�+�?�Q�M�/�`�B���H �}�b�b�B�Q�M �/�B���;�`���K �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
�R�X�j �J�B�i�Q�+�?�Q�M�/�`�B���H �7�m�b�B�Q�M �/�B���;�`���K �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�9
�R�X�9 �>�m�K���M �K�B�i�Q�+�?�Q�M�/�`�B�� �.�L�� �Q�`�;���M�B�b���i�B�Q�M �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�8
�R�X�8 �a�v�M�+�?�`�Q�M�Q�m�b �K�i�.�L�� �`�2�T�H�B�+���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�e
�R�X�e ���b�v�M�+�?�`�Q�M�Q�m�b �K�i�.�L�� �`�2�T�H�B�+���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�e
�R�X�d �P�t�B�/���i�B�p�2 �T�?�Q�b�T�?�Q�`�v�H���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�N
�R�X�3 �_�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �i�?�2 �i�?�`�2�b�?�Q�H�/ �2�z�2�+�i �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�k
�R�X�N �.�B�b�+�`�2�i�2 �b�i���i�2�@�b�T���+�2 �J���`�F�Q�p �+�?���B�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
�R�X�R�y �.�B�b�+�`�2�i�2 �b�i���i�2�@�b�T���+�2 �J���`�F�Q�p �+�?���B�M �r�B�i�? �M�Q�M�@�b�B�M�;�m�H���` �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M�k�k
�R�X�R�R �1�t���K�T�H�2 �b�B�K�m�H���i�B�Q�M�b �Q�7 �M�Q�`�K���H �`���M�/�Q�K �r���H�F �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�k�d

�k�X�R �>�B�;�? �/�2�M�b�B�i�v �B�M�i�2�`�p���H�b �+�Q�K�T���`�2�/ �i�Q �2�[�m�B�@�i���B�H�2�/ �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H�b �X �X �X �X �X�j�d
�k�X�k �o���`�B�2�i�v �Q�7 �i�?�`�2�2�@�+�Q�K�T�Q�M�2�M�i �M�Q�`�K���H �K�B�t�i�m�`�2 �/�B�b�i�`�B�#�m�i�B�Q�M �X �X �X �X �X �X �X �X �X �X�j�N
�k�X�j �_�2���H�B�b���i�B�Q�M�b �7�`�Q�K �i�?�2 �#�B�`�i�?�@�/�2���i�? �K�Q�/�2�H �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�8�R
�k�X�9 �*�Q�T�v �M�m�K�#�2�` �+�Q�M�i�`�Q�H �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�8�k
�k�X�8 �A�M�B�i�B���H �p���`�B���M�i �H�Q���/ �B�K�T���+�i �Q�M �P�s�S�>�P�a �/�2�}�+�B�2�M�+�v �X �X �X �X �X �X �X �X �X �X �X �X �X �X�8�9
�k�X�e �A�K�T���+�i �Q�7 �K�B�i�Q�+�?�Q�M�/�`�B���H �i�m�`�M�Q�p�2�` �Q�M �K�i�.�L�� �/�v�M���K�B�+�b �X �X �X �X �X �X �X �X �X �X �X�8�8

�j�X�R �"�H�Q�Q�/ �+�2�H�H �H�B�M�2���;�2 �/�B���;�`���K �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�8�N
�j�X�k �a�B�M�;�H�2�@�+�2�H�H �p���`�B���M�i �H�Q���/ �b�?�Q�r �� �M�2���`�@�x�2�`�Q �b�T�B�F�2 �r�B�i�?�B�M �h �+�2�H�H �+�Q�K�T���`�i�K�2�M�i �X�e�k
�j�X�j �a�T�B�F�2 �T�`�Q�T�Q�`�i�B�Q�M �T�`�B�Q�` �#�2�H�B�2�7�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�e�9
�j�X�9 �"�H�Q�Q�/ �+�2�H�H �p���`�B�2�M�i �H�2�p�2�H �K�Q�/�2�H �/�B�`�2�+�i�2�/ ���+�v�+�H�B�+ �;�`���T�? �X �X �X �X �X �X �X �X �X �X �X �X �X�e�8
�j�X�8 �S�Q�b�i�2�`�B�Q�` �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �r�B�H�/�@�i�v�T�2 �?�Q�K�Q�T�H���b�K�v �m�T�/���i�2�b �B�M �b�T�B�F�2 ���#�b�2�M�+�2 �X �X�e�e
�j�X�e �S�Q�b�i�2�`�B�Q�` �T�`�2�/�B�+�i�B�p�2 �/�B�b�i�`�B�#�m�i�B�Q�M �b�?�Q�r�b �� �;�Q�Q�/ �`�2�b�2�K�#�H���M�+�2 �i�Q �Q�#�b�2�`�p�2�/ �/���i���e�d
�j�X�d �q�B�H�/�@�i�v�T�2 �?�Q�K�Q�T�H���b�K�v �B�b �B�M�+�`�2���b�2�/ �r�B�i�?�B�M �i�?�2 �K�2�K�Q�`�v �h �+�2�H�H�b ���+�`�Q�b�b �T���i�B�2�M�i�b�e�N
�j�X�3 �J���i�?�2�K���i�B�+���H �K�Q�/�2�H �Q�7 �" ���M�/ �h �+�2�H�H �/�2�p�2�H�Q�T�K�2�M�i �X �X �X �X �X �X �X �X �X �X �X �X �X �X�d�8

�9�X�R �*�Q�M�i�`�Q�H �b�m�#�D�2�+�i �T�`�Q�i�2�B�M ���#�m�M�/���M�+�2�b�- �o�B�M�+�2�M�i�2�i ���H�X�X �X �X �X �X �X �X �X �X �X �X �X �X�3�R
�9�X�k �a�B�M�;�H�2�@�K�v�Q�}�#�`�2 �P�s�S�>�P�a �T�`�Q�i�2�B�M ���#�m�M�/���M�+�2�b �b�T�H�B�i �B�M�i�Q �i�r�Q �T�Q�T�m�H���i�B�Q�M�b�c

�H�B�F�2�@�+�Q�M�i�`�Q�H ���M�/ �M�Q�i�@�H�B�F�2�@�+�Q�M�i�`�Q�H�- �o�B�M�+�2�M�i �/���i���b�2�i �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�3�k
�9�X�j �6�`�2�[�m�2�M�i�B�b�i �+�H���b�b�B�}�+���i�B�Q�M ���`�#�B�i�`���`�B�H�v �b�T�H�B�i�b �?�2���H�i�?�v �K�v�Q�}�#�`�2 �T�Q�T�m�H���i�B�Q�M�b �X �X�3�j
�9�X�9 �*�Q�M�i�`�Q�H �b�m�#�D�2�+�i �H�Q�;�;�2�/ �T�`�Q�i�2�B�M ���#�m�M�/���M�+�2�b �b�?�Q�r �H�B�M�2���` �`�2�H���i�B�Q�M�b�?�B�T�- �:�Q�K�2�b

�/���i���b�2�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 �X �X �X �X �X �X �X �X �X �X �X �X �X �X�3�9
�9�X�8 �P�s�S�>�P�a �T�`�Q�i�2�B�M ���#�m�M�/���M�+�2 �T�`�Q�}�H�2�b �b�?�Q�r �� �?�B�;�? �p���`�B���M�+�2 �B�M �i�?�2 �:�Q�K�2�b

�/���i���b�2�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 �X �X �X �X �X �X �X �X �X �X �X �X �X �X�3�8
�9�X�e �6�`�2�[�m�2�M�i�B�b�i �T�B�T�2�H�B�M�2 �b�?�Q�r�b �?�B�;�? �p���`�B���i�B�Q�M �r�B�i�?�B�M �T���i�B�2�M�i �S�y�R�- �:�Q�K�2�b �/���i�� �X�3�e
�9�X�d �.���: �Q�7 �"���v�2�b�B���M �?�B�2�`���`�+�?�B�+���H �H�B�M�2���` �K�B�t�i�m�`�2 �K�Q�/�2�H �i�Q �+�H���b�b�B�7�v �K�v�Q�}�#�`�2�ö�b

�P�s�S�>�P�a �b�i���i�m�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 �X�N�y
�9�X�3 �1�t���K�T�H�2 �k�.�K�B�i�Q �T�H�Q�i�b �7�`�Q�K �b�v�M�i�?�2�i�B�+ �/���i���b�2�i�b �.�y�R ���M�/ �.�y�k �X �X �X �X �X �X �X �X�N�8

�p�B�B�B



�9�X�N �"���v�2�b�B���M �K�Q�/�2�H �+�Q�`�`�2�+�i�H�v �B�/�2�M�i�B�}�2�b �i�?�2 �K���D�Q�`�B�i�v �Q�7 �H�B�F�2�@�+�Q�M�i�`�Q�H �T���i�B�2�M�i �K�v�@
�Q�}�#�`�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 �X �X �X �X �X �X �X �X �X �X �X �X �X�N�e

�9�X�R�y �J���`�;�B�M���H �T�`�B�Q�` ���M�/ �T�Q�b�i�2�`�B�Q�` �/�2�M�b�B�i�B�2�b �7�Q�` ���H�H �T���`���K�2�i�2�`�b ���7�i�2�` �+�H���b�b�B�7�v�B�M�;
�K�v�Q�}�#�`�2�b �7�`�Q�K �S�y�N �#�v �L�.�l�6�"�3 �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�N�d

�9�X�R�R �h�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �7�`�2�[�m�2�M�i�B�b�i ���M�/ �K���M�m���H �2�b�i�B�K���i�2�b �Q�7 �i�?�2 �T�`�Q�@
�T�Q�`�i�B�Q�M �Q�7 �M�Q�i�@�H�B�F�2�@�+�Q�M�i�`�Q�H �B�b �H���`�;�2�` �i�?���M �i�?���i �Q�7 �i�?�2 �"���v�2�b�B���M ���M�/ �K���M�m���H
�2�b�i�B�K���i�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 �X �X �X �X �X �X �X �X �X �X �X�N�3

�9�X�R�k �"���v�2�b�B���M �K�Q�/�2�H ���+�+�m�`���i�2�H�v �2�b�i�B�K���i�2�b �;�`�Q�m�M�/�@�i�`�m�i�? �M�Q�i�@�H�B�F�2�@�+�Q�M�i�`�Q�H �T�`�Q�T�Q�`�@
�i�B�Q�M�- �.�y�R ���M�/ �.�y�k �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�N�N

�9�X�R�j �"���v�2�b�B���M �K�Q�/�2�H �+�Q�M�b�B�b�i�2�M�i�H�v �B�M�7�2�`�b �P�s�S�>�P�a �/�2�}�+�B�2�M�+�v �T�`�Q�T�Q�`�i�B�Q�M�- �S�y�R
�:�Q�K�2�b �/���i���b�2�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 �X �X �X �X �X �X �X �X �X�R�y�R

�9�X�R�9 �A�M�7�2�`�2�M�+�2 �+�?���B�M�b �r�B�i�? �?�B�;�? �T�Q�b�i�2�`�B�Q�` �H�B�F�2�H�B�?�Q�Q�/ �+�Q�`�`�2�+�i�H�v �+�H���b�b�B�7�v �T���i�B�2�M�i
�K�v�Q�}�#�`�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 �X �X �X �X �X �X �X �X �X �X �X�R�y�k

�9�X�R�8 �"���v�2�b�B���M �K�Q�/�2�H �+�Q�M�b�B�b�i�2�M�i�H�v �B�M�7�2�`�b �/�2�}�+�B�2�M�+�v �T�`�Q�T�Q�`�i�B�Q�M �B�M �S�y�k�- �:�Q�K�2�b �/���i���R�y�j
�9�X�R�e �"���v�2�b�B���M �K�Q�/�2�H �7���B�H�b �i�Q �+�Q�M�b�B�b�i�2�M�i�H�v �+�H���b�b�B�7�v �K�v�Q�}�#�`�2�b �r�B�i�?�B�M �M�Q�M�@�/�B�b�i�B�M�+�i

�?�2���H�i�?�v �P�s�S�>�P�a ���#�m�M�/���M�+�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�R�y�9
�9�X�R�d �.�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �"���v�2�b�B���M �K�Q�/�2�H ���M�/ �K���M�m���H �+�H���b�b�B�}�+���i�B�Q�M �B�b �K�B�M�B�K�B�b�2�/

���i 
 = 0:0001 �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 �X �X �X�R�y�8

�8�X�R �1�t���+�i �p�b�X ���T�T�`�Q�t�B�K���i�2 �b�B�K�m�H���i�B�Q�M �Q�7 �K�i�.�L�� �/�v�M���K�B�+�b �X �X �X �X �X �X �X �X �X �X �X�R�k�j
�8�X�k �h�?�2�Q�`�2�i�B�+���H �/�B���;�`���K �Q�7 �i�?�2z�@�#���M�/ �b�i�`�m�+�i�m�`�2 �Q�7 �i�?�2 �K�B�i�Q�+�?�Q�M�/�`�B���H �M�2�i�r�Q�`�F

�B�M �K�v�Q�}�#�`�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 �X �X �X �X �X �X �X �X �X �X�R�k�9
�8�X�j �� �b�+�?�2�K���i�B�+ �/�B���;�`���K �Q�7 �i�?�2 �K�v�Q�}�#�`�2 �b�T���+�2 �r�B�i�?�B�M �i�?�2 �K���i�?�2�K���i�B�+���H �K�Q�/�2�H�R�k�8
�8�X�9 �.�B���;�`���K �Q�7 �K�i�.�L�� �K�Q�p�2�K�2�M�i �Q�p�2�` �� �i�B�K�2 �b�i�2�T �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�k�d
�8�X�8 �a�v�M�i�?�2�i�B�+ �_�:�. �P�s�S�>�P�a �/�2�}�+�B�2�M�+�v �T�`�Q�T�Q�`�B�i�Q�M �/���i���b�2�i �X �X �X �X �X �X �X �X �X �X �X�R�j�N
�8�X�e �"���b�2 �`�2���+�i�B�Q�M �`���i�2 ���M�/ �K�m�i���i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �b�?�Q�r�2�/ �`�2�/�m�+�2�/ �m�M�+�2�`�i���B�M�i�v��

�T�Q�b�i�2�`�B�Q�`�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 �X �X �X �X �X�R�9�k
�8�X�d �S�Q�b�i�2�`�B�Q�` �T�`�2�/�B�+�i�B�p�2 �/�B�b�i�`�B�#�m�i�B�Q�M�b �K���i�+�? �Q�#�b�2�`�p�2�/ �/���i�� �r�2�H�H �7�Q�` �L�.�l�6�"�3

���M�/ �J�h�*�P�R �T�`�Q�i�2�B�M�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�R�9�j
�8�X�3 �"���v�2�b�B���M �B�M�7�2�`�2�M�+�2 �`�2�+�Q�p�2�`�b �;�`�Q�m�M�/�@�i�`�m�i�? �T���`���K�2�i�2�` �p���H�m�2�b ���M�/ �T�Q�b�i�2�`�B�Q�`

�T�`�2�/�B�+�i�B�p�2�b �b�?�Q�r �+�H�Q�b�2 �`�2�b�2�K�#�H���M�+�2 �i�Q �/���i�� �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�9�8
�8�X�N �S�Q�b�i�2�`�B�Q�` �T���`���K�2�i�2�` �#�2�H�B�2�7�b ���M�/ �T�`�2�/�B�+�i�B�p�2 �/�B�b�i�`�B�#�m�i�B�Q�M �r�?�2�M �}�i�i�B�M�; �K�Q�/�2�H

�Q�7 �_�:�. �i�Q �b�v�M�i�?�2�i�B�+ �a�Q�a �/���i���b�2�i �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�d
�8�X�R�y �S�Q�b�i�2�`�B�Q�` �T���`���K�2�i�2�` �#�2�H�B�2�7�b ���M�/ �T�`�2�/�B�+�i�B�p�2 �/�B�b�i�`�B�#�m�i�B�Q�M �r�?�2�M �}�i�i�B�M�; �K�Q�/�2�H

�Q�7 �_�:�. �i�Q �b�v�M�i�?�2�i�B�+ �S�L�L �/���i���b�2�i �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�N
�8�X�R�R �S�Q�b�i�2�`�B�Q�` �T�`�2�/�B�+�i�B�Q�M�b �Q�7 �K�i�.�L�� �/�v�M���K�+�B�b �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�8�y
�8�X�R�k �S�Q�b�i�2�`�B�Q�` �T�`�Q�#���#�B�H�i�v �Q�7 �Q�#�b�2�`�p�B�M�;X �_�:�. �B�b �?�B�;�?�2�b�i ���K�Q�M�;�b�i �b�v�M�i�?�2�i�B�+ �/���i���b�2�i�b�R�8�R
�8�X�R�j �6�B�t�B�M�; �T���i�?�Q�;�2�M�B�+ �i�?�`�2�b�?�Q�H�/�b �B�M�+�`�2���b�2�b �K�Q�/�2�H �}�i �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�8�j

���X�R �J�*�J�* �Q�m�i�T�m�i �7�Q�` �b�m�#�D�2�+�i�@�b�T�2�+�B�}�+ �b�H�Q�T�2 �T���`���K�2�i�2�`�b ���7�i�2�` �}�i�i�B�M�; �i�?�2 �"���v�2�b�B���M
�K�Q�/�2�H �i�Q �L�.�l�6�"�3 ���#�m�M�/���M�+�2 �7�Q�` �T���i�B�2�M�i �S�y�N �B�M �i�?�2 �o�B�M�+�2�M�i�2�i ���H�X�/���i���b�2�i�R�e�e

���X�k �J�*�J�* �Q�m�i�T�m�i �7�Q�` �b�m�#�D�2�+�i�@�b�T�2�+�B�}�+ �B�M�i�2�`�+�2�T�i �T���`���K�2�i�2�`�b ���7�i�2�` �}�i�i�B�M�; �i�?�2
�"���v�2�b�B���M �K�Q�/�2�H �i�Q �L�.�l�6�"�3 ���#�m�M�/���M�+�2 �7�Q�` �T���i�B�2�M�i �S�y�N �B�M �i�?�2 �o�B�M�+�2�M�i�2�i
���H�X�/���i���b�2�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 �X �X �X �X �X �X �X �X �X �X �X �X�R�e�d

���X�j �J�*�J�* �Q�m�i�T�m�i �7�Q�` �`�2�K���B�M�B�M�; �T���`���K�2�i�2�`�b ���7�i�2�` �}�i�i�B�M�; �i�?�2 �"���v�2�b�B���M �K�Q�/�2�H
�i�Q �L�.�l�6�"�3 ���#�m�M�/���M�+�2 �7�Q�` �T���i�B�2�M�i �S�y�N �B�M �i�?�2 �o�B�M�+�2�M�i�2�i ���H�X�/���i���b�2�i �X �X �X�R�e�3

���X�9 �1�t���K�T�H�2 �k�.�K�B�i�Q �T�H�Q�i�b �7�`�Q�K �i�?�2 �o�B�M�+�2�M�i�2�i ���H�X�/���i���b�2�i �r�B�i�? �"���v�2�b�B���M
�+�H���b�b�B�}�+���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 �X �X �X �X �X �X �X �X�R�e�N

�B�t



���X�8 �1�t���K�T�H�2 �k�.�K�B�i�Q �T�H�Q�i�b �7�`�Q�K �i�?�2 �b�v�M�i�?�2�i�B�+ �/���i���b�2�i�b �r�B�i�? �"���v�2�b�B���M �+�H���b�b�B�}�@
�+���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 �X �X �X �X �X �X �X �X �X �X �X�R�d�y

���X�e �k�.�K�B�i�Q �T�H�Q�i�b �7�Q�` �Z�. �i�B�b�b�m�2 �7�`�Q�K �T���i�B�2�M�i �S�y�j �B�M �i�?�2 �:�Q�K�2�b�2�i ���H�X�/���i���b�2�i
�r�B�i�? �"���v�2�b�B���M �+�H���b�b�B�}�+���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�R�d�R

���X�d �k�.�K�B�i�Q �T�H�Q�i�b �7�Q�` �h�� �i�B�b�b�m�2 �U�#�H�Q�+�F �R�V �7�`�Q�K �T���i�B�2�M�i �S�y�j �B�M �i�?�2 �:�Q�K�2�b�2�i ���H�X
�/���i���b�2�i �r�B�i�? �"���v�2�b�B���M �+�H���b�b�B�}�+���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�R�d�k

���X�3 �k�.�K�B�i�Q �T�H�Q�i�b �7�Q�` �h�� �i�B�b�b�m�2 �U�#�H�Q�+�F �k�V �7�`�Q�K �T���i�B�2�M�i �S�y�j �B�M �i�?�2 �:�Q�K�2�b�2�i ���H�X
�/���i���b�2�i �r�B�i�? �"���v�2�b�B���M �+�H���b�b�B�}�+���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�R�d�j

�"�X�R �a�v�M�i�?�2�i�B�+ �P�s�S�>�P�a �/�2�}�+�B�2�M�+�v �T�`�Q�T�Q�`�B�i�Q�M �/���i���b�2�i �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�d�8
�"�X�k �_�2�b�m�H�i�b �Q�7 �T���`���K�2�i�2�` �B�M�7�2�`�2�M�+�2 �r�?�2�M �}�i�i�B�M�; �i�?�2 �K���i�?�2�K���i�B�+���H �K�Q�/�2�H �Q�7

�+�H�Q�M���H �2�t�T���M�b�B�Q�M �i�Q �i�?�2 �o�B�M�+�2�M�i�2�i ���H�X�/���i���b�2�i �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�d�d
�"�X�j �_�2�b�m�H�i�b �Q�7 �T���`���K�2�i�2�` �B�M�7�2�`�2�M�+�2 �r�?�2�M �}�i�i�B�M�; �i�?�2 �K���i�?�2�K���i�B�+���H �K�Q�/�2�H �Q�7

�+�H�Q�M���H �2�t�T���M�b�B�Q�M �i�Q �i�?�2 �b�v�M�i�?�2�i�B�+ �_�:�. �/���i���b�2�i �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�d�3
�"�X�9 �_�2�b�m�H�i�b �Q�7 �T���`���K�2�i�2�` �B�M�7�2�`�2�M�+�2 �r�?�2�M �}�i�i�B�M�; �i�?�2 �K���i�?�2�K���i�B�+���H �K�Q�/�2�H �Q�7

�+�H�Q�M���H �2�t�T���M�b�B�Q�M �i�Q �i�?�2 �b�v�M�i�?�2�i�B�+ �a�Q�a �/���i���b�2�i �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�d�N
�"�X�8 �_�2�b�m�H�i�b �Q�7 �T���`���K�2�i�2�` �B�M�7�2�`�2�M�+�2 �r�?�2�M �}�i�i�B�M�; �i�?�2 �K���i�?�2�K���i�B�+���H �K�Q�/�2�H �Q�7

�+�H�Q�M���H �2�t�T���M�b�B�Q�M �i�Q �i�?�2 �b�v�M�i�?�2�i�B�+ �S�L�L �/���i���b�2�i �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�3�y
�"�X�e �_�2�b�m�H�i�b �Q�7 �T���`���K�2�i�2�` �B�M�7�2�`�2�M�+�2 �r�?�2�M �}�i�i�B�M�; �i�?�2 �K���i�?�2�K���i�B�+���H �K�Q�/�2�H �Q�7

�+�H�Q�M���H �2�t�T���M�b�B�Q�M �i�Q �i�?�2 �b�v�M�i�?�2�i�B�+ �_�:�. �/���i���b�2�i �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�3�R

�*�X�R �A�S�l�b �K���b�b�B�p�2�H�v �`�2�/�m�+�2 �#���i�+�? �b�B�K�m�H���i�B�Q�M �i�B�K�2 �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�3�9
�*�X�k �A�S�l�@�S�P�.�b ���H�H�Q�r �b�2���K�H�2�b�b �b�+���H���#�B�H�B�i�v �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�3�8

�t



�G�B�b�i �Q�7 �h���#�H�2�b

�k�X�R �1�t���K�T�H�2 �/���i���b�2�i �Q�7 �l�E �b�+�?�Q�Q�H �b�i�m�/�2�M�i�b ���+�?�B�2�p�B�M�; �}�p�2 �:�*�a�1�b �X �X �X �X �X �X �X�9�j

�j�X�R �S���i�B�2�M�i �b�m�K�K���`�v �7�Q�` �b�B�M�;�H�2�@�+�2�H�H ���M���H�v�b�B�b �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�e�R

�8�X�R �J�i�.�L�� �?���H�7�@�H�B�7�2 �2�b�i�B�K���i�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 �X �X�R�R�e
�8�X�k �:�`�Q�m�M�/�@�i�`�m�i�? �T���`���K�2�i�2�` �p���H�m�2�b �K���i�?�2�K���i�B�+���H �K�Q�/�2�H�b �Q�7 �+�H�Q�M���H �2�t�T���M�b�B�Q�M �X�R�j�3
�8�X�j �S�Q�b�i�2�`�B�Q�` �2�t�T�2�+�i���i�B�Q�M�b ���M�/ �N�8�W �>�.�A�b �r�?�2�M �}�i�i�B�M�; �i�?�2 �K���i�?�2�K���i�B�+���H �K�Q�/�2�H

�i�Q �i�?�2 �Q�#�b�2�`�p�2�/ �o�B�M�+�2�M�i�2�i ���H�X�/���i���b�2�i �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�9�R
�8�X�9 �S�Q�b�i�2�`�B�Q�` �2�t�T�2�+�i���i�B�Q�M�b ���M�/ �N�8�W �>�.�A�b�- �_�:�. �/���i���b�2�i �X �X �X �X �X �X �X �X �X �X �X �X �X�R�9�9
�8�X�8 �S�Q�b�i�2�`�B�Q�` �2�t�T�2�+�i���i�B�Q�M�b ���M�/ �N�8�W �>�.�A�b�- �a�Q�a �/���i���b�2�i �X �X �X �X �X �X �X �X �X �X �X �X �X�R�9�e
�8�X�e �S�Q�b�i�2�`�B�Q�` �2�t�T�2�+�i���i�B�Q�M�b ���M�/ �N�8�W �>�.�A�b�- �S�L�L �/���i���b�2�i �X �X �X �X �X �X �X �X �X �X �X �X �X�R�9�3
�8�X�d �S�Q�b�i�2�`�B�Q�` �2�t�T�2�+�i�B�Q�M�b ���M�/ �N�8�W �>�.�A�b �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�8�k

�*�X�R �*�S�l �B�b �b�B�;�M�B�}�+���M�i�H�v �7���b�i�2�` �r�?�2�M �b�B�K�m�H���i�B�M�; �� �b�B�M�;�H�2 �`�2���H�B�b���i�B�Q�M �X �X �X �X �X �X �X�R�3�j
�*�X�k �A�S�l�@�S�P�.�9 �T�`�Q�p�B�/�2�b �� �H�Q�r�2�` �+�Q�b�i �T�2�` �b�B�K�m�H���i�B�Q�M �i�?���M �*�S�l �X �X �X �X �X �X �X �X �X�R�3�8

�t�B



���#�`�2�p�B���i�B�Q�M�b

�S�P�G�: �S�Q�H�v�K�2�`���b�2�@
 �X

�h�q�L�E �h�r�B�M�F�H�2�X

���"�J ���;�2�M�i�@�#���b�2�/ �K�Q�/�2�H�X

���h�S ���/�2�M�Q�b�B�M�2 �i�`�B�T�?�Q�b�T�?���i�2�X

�"�1�_ �#���b�2 �2�t�+�B�b�B�Q�M �`�2�T���B�`�X

�"�A�* �"���v�2�b�B���M �B�M�7�Q�`�K���i�B�Q�M �+�`�B�i�2�`�B�Q�M�X

�*�P�s �+�v�i�Q�+�?�`�Q�K�2 �+ �Q�t�B�/���b�2�X

�*�S�1�P �+�?�`�Q�M�B�+ �T�`�Q�;�`�2�b�b�B�p�2 �2�t�i�2�`�M���H �Q�T�?�i�?���H�K�Q�T�H�2�;�B���X

�/�L�h�S �/�2�Q�t�v�M�m�+�H�2�Q�i�B�/�2�X

�1�a�a�2�z�2�2�+�i�B�p�2 �b���K�T�H�2 �b�B�x�2�X

�1�h�* �2�H�2�+�i�`�Q�M �i�`���M�b�T�Q�`�i �+�?���B�M�X

�1�h�S �2���`�H�v �h �+�2�H�H �T�`�2�+�m�`�b�Q�`�X

�6�*�. �7�m�H�H�@�+�Q�M�/�B�i�B�Q�M���H �/�B�b�i�`�B�#�m�i�B�Q�M�X

�:�J�J �:���m�b�b�B���M �K�B�t�i�m�`�2 �K�Q�/�2�H�X

�:�S�1 �:���m�b�b�B���M �T�`�Q�+�2�b�b �2�K�m�H���i�Q�`�X

�>�.�A �?�B�;�? �/�2�M�b�B�i�v �B�M�i�2�`�p���H�X

�>�a�* �?���2�K���i�Q�T�Q�B�2�i�B�+ �b�i�2�K �+�2�H�H�X

�A�6�B�K�K�m�M�Q�~�m�Q�`�2�b�+�2�M�+�2�X

�A�J�* �B�K���;�B�M�; �K���b�b �+�v�i�Q�K�2�i�`�v�X

�A�J�J �B�M�M�2�` �K�B�i�Q�+�?�Q�M�/�`�B���H �K�2�K�#�`���M�2�X

�A�J�a �B�M�i�2�`�K�2�K�#�`���M�2 �b�T���+�2�X

�E�a�a�E�2���`�M�b�@�a���v�`�2 �b�v�M�/�`�Q�K�2�X

�t�B�B



�G�>�P�L �G�2�#�2�` �?�2�`�2�/�B�i���`�v �Q�T�i�B�+ �M�2�m�`�Q�T���i�?�v�X

�J�*�J�* �J���`�F�Q�p �+�?���B�M �J�Q�M�i�2 �*���`�H�Q�X

�J�1�G���a �K�B�i�Q�+�?�Q�M�/�`�B���H �2�M�+�2�T�?���H�Q�T���i�?�v�- �H���+�i�B�+ ���+�B�/�Q�b�B�b ���M�/ �b�i�`�Q�F�2�@�H�B�F�2 �2�T�B�b�Q�/�2�b�X

�J�>�* �K���D�Q�` �?�B�b�i�Q�+�Q�K�T���i���#�B�H�B�i�v �+�Q�K�T�H�2�t�X

�J�A�.�. �K���i�2�`�M���H�H�v�@�B�M�?�2�`�B�i�2�/ �/�B���#�2�i�2�b ���M�/ �/�2���7�M�2�b�b�X

�K�i�@�`�_�L���K�B�i�Q�+�?�Q�M�/�`�B���H �`�B�#�Q�b�Q�K���H �`�B�#�Q�M�m�+�H�2�B�+ ���+�B�/�X

�K�i�@�i�_�L���K�B�i�Q�+�?�Q�M�/�`�B���H �i�`���M�b�7�2�` �`�B�#�Q�M�m�+�H�2�B�+ ���+�B�/�X

�L�*�_ �M�Q�M�@�+�Q�/�B�M�; �`�2�;�B�Q�M �Q�7 �K�i�.�L���X

�P�J�J �Q�m�i�2�` �K�B�i�Q�+�?�Q�M�/�`�B���H �K�2�K�#�`���M�2�X

�P�s�S�>�P�a �Q�t�B�/���i�B�p�2 �T�?�Q�b�T�?�Q�`�v�H���i�B�Q�M�X

�S�.�6 �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M�X

�S�:�* �T�`�B�K�Q�`�/�B���H �;�2�`�K �+�2�H�H�X

�S�J�6 �T�`�Q�#���#�B�H�B�i�v �K���b�b �7�m�M�+�i�B�Q�M�X

�S�L�L �T�2�`�B�M�m�+�H�2���` �M�B�+�?�2�X

�Z�A�6�[�m���`�/�`�m�T�H�2 �B�K�K�m�M�Q�~�m�Q�`�2�b�+�2�M�+�2�X

�_�:�. �`���M�/�Q�K �;�2�M�2�i�B�+ �/�`�B�7�i�X

�_�P�a �`�2���+�i�B�p�2 �Q�t�v�;�2�M �b�T�2�+�B�2�b�X

�a�L�o �b�B�M�;�H�2�@�M�m�+�H�2�Q�i�B�/�2 �p���`�B���M�i�X

�a�Q�a�b�m�`�p�B�p���H �Q�7 �i�?�2 �b�K���H�H�2�b�i�X

�a�a�. �b�i�Q�+�?���b�i�B�+ �b�m�`�p�B�p���H �Q�7 �i�?�2 �/�2�M�b�2�b�i�X

�hCM �+�2�M�i�`���H �K�2�K�Q�`�v �h �+�2�H�H�X

�hEMRA �K�2�K�Q�`�v �h �+�2�H�H�b �`�2�@�2�t�T�`�2�b�b�B�M�; �M���[�p�2 �K���`�F�2�` �*�.�9�8�_���X

�hEM �2�z�2�+�i�Q�` �K�2�K�Q�`�v �h �+�2�H�H�X

�h�*�_ �h �+�2�H�H �`�2�+�2�T�i�Q�`�X

�t�B�B�B



�S�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�b

�L�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M

�h�?�2 �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M �Q�7 �� �M�Q�`�K���H�H�v �/�B�b�i�`�B�#�m�i�2�/ �`���M�/�Q�K �p���`�B���#�H�2 �B�b �+�?���`���+�i�2�`�@
�B�b�i�B�+ �Q�7 �� �#�2�H�H �+�m�`�p�2 ���M�/ �/�2�}�M�2�/ �#�v �i�r�Q �T���`���K�2�i�2�`�b�, �K�2���M� ���M�/ �p���`�B���M�+�2� 2�X �>�Q�r�2�p�2�`�- �B�i
�B�b �Q�7�i�2�M �/�2�b�+�`�B�#�2�/ �B�M �i�2�`�K�b �Q�7 �T�`�2�+�B�b�B�Q�M�- �r�?�B�+�? �B�b �i�?�2 �B�M�p�2�`�b�2 �Q�7 �p���`�B���M�+�2�X �"�Q�i�? �T���`���K�2�i�2�`�@
�B�b���i�B�Q�M�b ���`�2 �m�b�2�/ �i�?�`�Q�m�;�?�Q�m�i ���M�/ �?�B�;�?�H�B�;�?�i�2�/ �r�?�2�`�2 ���T�T�`�Q�T�`�B���i�2�X �� �M�Q�`�K���H�H�v �/�B�b�i�`�B�#�m�i�2�/
�`���M�/�Q�K �p���`�B���#�H�2 �+���M �i���F�2 ���M�v �p���H�m�2 �Q�M �i�?�2 �r�?�Q�H�2 �`�2���H �H�B�M�2�- �i�?�B�b �B�b �F�M�Q�r�M ���b �B�i�b �b�m�T�T�Q�`�i�X
�G�2�iX �#�2 �M�Q�`�K���H�H�v �/�B�b�i�`�B�#�m�i�2�/ �r�B�i�? �K�2���M� �- �p���`�B���M�+�2� 2 ���M�/ �H�2�i� = 1=� 2�X �h�?�2 �7�Q�H�H�Q�r�B�M�;
�/�2�}�M�2�b �i�?�2 �b�m�T�T�Q�`�i�- �M�Q�i���i�B�Q�M ���M�/ �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M �7�Q�` �� �`���M�/�Q�K �p���`�B���#�H�2X �X

�a�m�T�T�Q�`�i

X 2 R:

�L�Q�i���i�B�Q�M

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

X � �L
�
�; � 2

�
;

X � �L
�
�; � � 1

�
:

�.�2�}�M�B�i�B�Q�M

�h�?�2 �/�2�}�M�B�i�B�Q�M �Q�7 �i�?�2 �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M �B�b�- �7�Q�` �#�Q�i�? �i�?�2 �p���`�B���M�+�2 ���M�/ �T�`�2�+�B�b�B�Q�M �T���`���K�2�i�2�`�B�@
�b���i�B�Q�M�b

f (xj�; � 2) =
1

p
2�� 2

exp
�

�
1

2� 2

�
x � � )2

�
�

;

f (xj�; � � 1) =

r
�
2�

exp
n

�
�
2

�
x � � )2

� o
:

�J�m�H�i�B�p���`�B���i�2 �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M

�h�?�2 �m�M�B�p���`�B���i�2 �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M �+���M �#�2 �2�t�i�2�M�/�2�/ �i�Q �?���p�2 �K�m�H�i�B�@�/�B�K�2�M�b�B�Q�M���H �`���M�/�Q�K
�p�2�+�i�Q�`�b�X �h�?�2 �K�m�H�i�B�p���`�B���i�2 �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M �b�i�B�H�H �T�Q�b�b�2�b�b�2�b �i�?�2 �+�H���b�b�B�+���H �#�2�H�H�@�b�?���T�2�/
�+�m�`�p�2�c �?�Q�r�2�p�2�`�- �B�i �B�b �r�B�i�?�B�M �� �K�m�H�i�B�@�/�B�K�2�M�b�B�Q�M���H �b�T���+�2�X �h�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �/�2�}�M�2�/ �#�v
�� �K�2���M �p�2�+�i�Q�` ���M�/ �� �+�Q�p���`�B���M�+�2 �K���i�`�B�t�X �G�2�iX �#�2 ��p�@�/�B�K�2�M�b�B�Q�M���H �`���M�/�Q�K �p�2�+�i�Q�`�- �B�X�2�X
X = ( X 1; X 2; : : : ; X p)�h�- �r�?�2�`�2 �2���+�? �2�H�2�K�2�M�i �+�Q�m�H�/ �#�2 ���M�v �`�2���H �M�m�K�#�2�`�X �L�Q�i���i�B�Q�M �i�?�`�Q�m�;�?�@
�Q�m�i �i�?�2 �i�?�2�b�B�b �B�b �F�2�T�i ���b �+�Q�M�b�B�b�i�2�M�i ���b �T�Q�b�b�B�#�H�2�X �l�M�H�2�b�b �b�T�2�+�B�}�2�/ �Q�i�?�2�`�r�B�b�2�- �� �#�Q�H�/ �H�2�i�i�2�`
�B�M�/�B�+���i�2�b �� �p�2�+�i�Q�`�- �b�m�+�? ���bx = ( x1; x2; : : : ; xp)�h�- ���M�/ �� �M�Q�M�@�#�Q�H�/ �H�2�i�i�2�` �B�M�/�B�+���i�2�b �� �b�+���H���`�-
�b�m�+�? ���bx�X �h�?�2 �b�m�T�2�`�b�+�`�B�T�i �h �Q�7 �� �p�2�+�i�Q�` �U�Q�` �K���i�`�B�t�V �B�M�/�B�+���i�2�b �B�i�b �i�`���M�b�T�Q�b�2�X �"�v �+�Q�M�p�2�M�@
�i�B�Q�M�- �p�2�+�i�Q�`�b ���`�2 �i�v�T�B�+���H�H�v �r�`�B�i�i�2�M ���b �+�Q�H�m�K�M �p�2�+�i�Q�`�b�X

�a�m�T�T�Q�`�i

X 2 Rp:

�t�B�p



�L�Q�i���i�B�Q�M

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

X � �L(� ; �) :

�.�2�}�M�B�i�B�Q�M

f (x j� ; �) = (2 � )� k=2�/�2�i(�) � 1=2 exp
�

�
1
2

(x � � )�h � � 1 (x � � )
�

;

�r�?�2�`�2 �/�2�i() �B�b �i�?�2 �/�2�i�2�`�K�B�M���M�i �Q�7 �i�?�2 �K���i�`�B�t�X �h�?�2 �S�.�6 �B�b �T�`�Q�T�2�`�H�v �/�2�}�M�2�/ �Q�M�H�v �r�?�2�M�
�B�b �� �T�Q�b�B�i�B�p�2 �b�2�K�B�@�/�2�}�M�B�i�2 �K���i�`�B�t�X

�1�t�T�Q�M�2�M�i�B���H �/�B�b�i�`�B�#�m�i�B�Q�M

�1�t�T�Q�M�2�M�i�B���H�H�v �/�B�b�i�`�B�#�m�i�2�/ �`���M�/�Q�K �p���`�B���#�H�2�b �?���p�2 �� �/�2�+�`�2���b�B�M�; �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M
�r�?�Q�b�2 �K�Q�/�2 �B�b ���H�r���v�b �H�Q�+���i�2�/ ���i �y�X�y�X �h�?�2 �7�m�M�+�i�B�Q�M �B�b �/�2�}�M�2�/ �r�B�i�? �� �b�B�M�;�H�2 ���`�;�m�K�2�M�i�-
� �X �h�?�2 �`���i�2 �/�2�}�M�B�i�B�Q�M �Q�7 �i�?�2 �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M �B�b �m�b�2�/ �i�?�`�Q�m�;�?�Q�m�i�- �M�Q�i �i�?�2 �b�+���H�2 �U�i�?�2
�B�M�p�2�`�b�2 �Q�7 �i�?�2 �`���i�2�V�X �6�Q�` �� �`���M�/�Q�K �p���`�B���#�2�HX �r�B�i�? �b�m�T�T�Q�`�i �Q�p�2�` �i�?�2 �T�Q�b�B�i�B�p�2 �`�2���H �H�B�M�2�-
R+ = f x �b�m�+�? �i�?���ix � 0:0g�X

�a�m�T�T�Q�`�i

X 2 R+ :

�L�Q�i���i�B�Q�M

X � �1�t�T(� ) ;

�.�2�}�M�B�i�B�Q�M

f (xj� ) = � expf� �x g:

�:���K�K�� �/�B�b�i�`�B�#�m�i�B�Q�M

�� �;���K�K�� �`���M�/�Q�K �p���`�B���#�H�2 �?���b �b�m�T�T�Q�`�i �Q�p�2�` �T�Q�b�B�i�B�p�2 �`�2���H �M�m�K�#�2�`�b�-R+ �X �h�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M
�B�b �/�2�}�M�2�/ �#�v �i�r�Q �T���`���K�2�i�2�`�b�, �b�?���T�2 ���M�/ �`���i�2�X ���H�i�?�Q�m�;�? �b�Q�K�2 �+�?�Q�b�2 �i�Q �T���`���K�2�i�2�`�B�b�2 �i�?�2
�/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�? �i�?�2 �b�+���H�2�- �i�?�2 �`���i�2�ö�b �B�M�p�2�`�b�2�- �i�?�B�b �r�B�H�H �M�Q�i �#�2 �/�Q�M�2 �?�2�`�2�X

�a�m�T�T�Q�`�i

X 2 R+

�L�Q�i���i�B�Q�M

X � �:�� (�; � ) ;

�t�p



�.�2�}�M�B�i�B�Q�M

f (xj�; � ) =
� �

�( � )
x � � 1e� �x ;

�r�?�2�`�2�( � ) �/�2�M�Q�i�2�b �i�?�2 �;���K�K�� �7�m�M�+�i�B�Q�M�X

�"�2�i�� �/�B�b�i�`�B�#�m�i�B�Q�M

�h�?�2 �#�2�i�� �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �� �+�Q�M�i�B�M�m�Q�m�b �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �+�Q�M�b�i�`���B�M�2�/ �i�Q �#�2 �#�2�i�r�2�2�M
�y�X�y ���M�/ �R�X�y�- ���M�/ �B�i �B�b �i�?�2�`�2�7�Q�`�2 �Q�7�i�2�M �m�b�2�/ �i�Q �K�Q�/�2�H �T�`�Q�T�Q�`�i�B�Q�M�b �Q�` �T�`�Q�#���#�B�H�B�i�B�2�b�X

�a�m�T�T�Q�`�i

X 2 [0:0; 1:0]

�.�2�}�M�B�i�B�Q�M

f (xj�; � ) =
x � � 1(1 � x)� � 1

�"(�; � )

�r�?�2�`�2 �"(�; � ) = �( � )+�( � )
�( � + � ) �X

�L�Q�i���i�B�Q�M

X � �"�2�i��(�; � )

�"�B�M�Q�K�B���H �/�B�b�i�`�B�#�m�i�B�Q�M

�h�?�2 �#�B�M�Q�K�B���H �/�B�b�i�`�B�#�m�i�B�Q�M �K�Q�/�2�H�b �i�?�2 �M�m�K�#�2�` �Q�7 �b�m�+�+�2�b�b�2�b �7�Q�`n �B�M�/�2�T�2�M�/�2�M�i �2�p�2�M�i�b�- �r�?�2�`�2
�2���+�? �2�p�2�M�i �?���b �� �T�`�Q�#���#�B�H�B�i�v �Q�7 �b�m�+�+�2�b�bp ���M�/ �B�b �i�?�2�`�2�7�Q�`�2 �� �/�B�b�+�`�2�i�2 �`���M�/�Q�K �p���`�B���#�H�2�- �i���F�@
�B�M�; �r�?�Q�H�2 �M�m�K�#�2�`�b �#�2�i�r�2�2�M �y ���M�/n�X �h�?�2 �"�2�`�M�Q�m�H�H�B �/�B�b�i�`�B�#�m�i�B�Q�M�- �M�Q�i �K�2�M�i�B�Q�M�2�/ �?�2�`�2�- �B�b
�� �b�T�2�+�B���H �+���b�2 �Q�7 �i�?�2 �"�B�M�Q�K�B���H �7�Q�` �� �b�B�M�;�H�2 �i�`�B���H�- �B�X�2�Xn = 1�X

�a�m�T�T�Q�`�i

X 2 f 0; 1; 2; : : : ; ng

�.�2�}�M�B�i�B�Q�M

f (xjn; p) =
�

n
x

�
px (1 � p)n� x

�L�Q�i���i�B�Q�M

X � �"�B�M�Q�K(n; p)

�t�p�B



�h�`�m�M�+���i�2�/ �/�B�b�i�`�B�#�m�i�B�Q�M�b

�� �i�`�m�M�+���i�2�/ �/�B�b�i�`�B�#�m�i�B�Q�M �H�B�K�B�i�b �i�?�2 �T�Q�b�b�B�#�H�2 �`���M�;�2 �Q�7 �p���H�m�2�b �7�Q�` �� �`���M�/�Q�K �p���`�B���#�H�2 �i�Q ��
�b�T�2�+�B�}�+ �`�2�;�B�Q�M ���M�/ �b�+���H�2�b �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M ���+�+�Q�`�/�B�M�;�H�v �i�Q ���+�+�Q�m�M�i �7�Q�` �i�?�B�b�X �a�m�T�T�Q�b�2 �i�?���i
f X (xj� ) �B�b �� �S�.�6 �Q�p�2�` �i�?�2 �`���M�;�2X ���M�/ �i�?���iY �B�b �� �`���M�/�Q�K �p���`�B���#�H�2 �r�B�i�? �b�m�T�T�Q�`�iY � X �X
�h�?���i �B�b�- �i�?�2 �b�m�T�T�Q�`�i �Q�7Y �B�b �� �`�2�;�B�Q�M �r�B�i�?�B�MX �X �h�?�2 �`���M�/�Q�K �p���`�B���#�H�2Y �+���M �#�2 �K�Q�/�2�H�H�2�/ �#�v
f X (x) �#�v �i�`�m�M�+���i�B�M�; �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M�X �G�2�i �i�?�2 �i�`�m�M�+���i�2�/ �/�B�b�i�`�B�#�m�i�B�Q�M �#�2 �/�2�M�Q�i�2�/f Y (yj� )�X

�a�m�T�T�Q�`�i

Y 2 Y

�.�2�}�M�B�i�B�Q�M

f Y (yj� ) =
f X (yj� )

�S�(̀X 2 Y )
I (y � Y )

�q�?�2�`�2I (�) �B�b �i�?�2 �B�M�/�B�+���i�Q�` �7�m�M�+�i�B�Q�M ���M�/ �B�b �2�[�m���H �i�Q �R �B�7 �i�?�2 �+�Q�M�/�B�i�B�Q�M �B�M�b�B�/�2 �i�?�2 �#�`���+�F�2�i�b
�B�b �i�`�m�2 ���M�/ �y �Q�i�?�2�`�r�B�b�2�X �h�?�B�b �2�M�b�m�`�2�b �i�?�2 �/�2�M�b�B�i�v �B�b �x�2�`�Q �Q�m�i�b�B�/�2 �i�?�2 �`�2�;�B�Q�MY�X
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�h�?�2�`�2 ���`�2 �i�r�Q �T�`�2�p���B�H�B�M�; �i�?�2�Q�`�B�2�b �7�Q�` �i�?�2 �K�i�.�L�� �`�2�T�H�B�+���i�B�Q�M �K�2�+�?���M�B�b�K�, �b�v�M�+�?�`�Q�M�Q�m�b�-
�6�B�;�m�`�2 �R�X�8�- ���M�/ ���b�v�M�+�?�`�Q�M�Q�m�b�- �6�B�;�m�`�2 �R�X�e�X �"�Q�i�? �`�2�T�H�B�+���i�B�Q�M �K�Q�/�2�H�b ���;�`�2�2 �i�?���i �`�2�T�H�B�+���i�B�Q�M
�Q�7 �i�?�2 �>�@�b�i�`���M�/ �#�2�;�B�M�b ���i �i�?�2 �>�@�b�i�`���M�/ �Q�`�B�;�B�M�- �P�>�- ���M�/ �`�2�T�H�B�+���i�B�Q�M �Q�7 �i�?�2 �G�@�b�i�`���M�/ �#�2�;�B�M�b
���i �B�i�b �Q�`�B�;�B�M�- �P�G�X �_�Q�#�#�2�`�b�Q�M �2�i ���H�X �U�R�N�d�k�V �b�m�;�;�2�b�i�b �i�?���i �`�2�T�H�B�+���i�B�Q�M �Q�7 �#�Q�i�? �b�i�`���M�/�b �#�2�;�B�M�b
�b�B�K�m�H�i���M�2�Q�m�b�H�v�- �#�2�B�M�; �B�M�B�i�B���i�2�/ ���i �i�?�2�B�` �`�2�b�T�2�+�i�B�p�2 �b�i�`���M�/ �Q�`�B�;�B�M�b ���M�/ �K�Q�p�B�M�; �B�M �Q�T�T�Q�b�B�M�;
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�6�B�;�m�`�2 �R�X�9�,�>�m�K���M �K�B�i�Q�+�?�Q�M�/�`�B�� �.�L�� �Q�`�;���M�B�b���i�B�Q�M�X �h�?�2 �H���`�;�2�` �U�Q�m�i�2�`�V �+�B�`�+�H�2 �K���T�b �i�?�2
�?�2���p�v �b�i�`���M�/�- ���M�/ �i�?�2 �b�K���H�H�2�` �+�B�`�+�H�2 �K���T�b �i�?�2 �H�B�;�?�i �b�i�`���M�/�X �:�2�M�2�b �2�M�+�Q�/�B�M�; �b�m�#�m�M�B�i�b �Q�7 �*�A ���`�2
�;�`�2�2�M�- ���M�/ �;�2�M�2�b �7�Q�` �*�A�A�A ���`�2 �T�m�`�T�H�2�X �*���i���H�v�i�B�+ �b�m�#�m�M�B�i�b �Q�7 �*�A�o ���M�/ �*�o ���`�2 �v�2�H�H�Q�r ���M�/ �#�H�m�2�-
�`�2�b�T�2�+�i�B�p�2�H�v�X �_�B�#�Q�b�Q�K���H �_�L�� �;�2�M�2�b ���`�2 �`�2�/�- ���M�/ �i�?�2 �#�H���+�F �#���`�b �B�M�/�B�+���i�2 �i�`���M�b�7�2�` �_�L�� �;�2�M�2�b
���M�/ ���`�2 �H���#�2�H�H�2�/ �r�B�i�? �i�?�2�B�` �b�B�M�;�H�2�@�H�2�i�i�2�` ���#�#�`�2�p�B���i�B�Q�M�b�X �h�?�2 �?�2���p�v ���M�/ �H�B�;�?�i �b�i�`���M�/ �Q�`�B�;�B�M�b ���`�2
�/�2�M�Q�i�2�/ �P�> ���M�/ �P�G�X �h���F�2�M �7�`�Q�K �:�`�2���p�2�b �2�i ���H�X �U�k�y�R�k�V�X

�/�B�`�2�+�i�B�Q�M�b ���`�Q�m�M�/ �i�?�2 �K�Q�H�2�+�m�H�2�X ���b�v�M�+�?�`�Q�M�Q�m�b �`�2�T�H�B�+���i�B�Q�M �b�m�;�;�2�b�i�b �i�?���i �`�2�T�H�B�+���i�B�Q�M �#�2�;�B�M�b
�r�B�i�? �i�?�2 �>�@�b�i�`���M�/�X ���7�i�2�` ���T�T�`�Q�t�B�K���i�2�H�v �i�r�Q�@�i�?�B�`�/�b �Q�7 �i�?�2 �>�@�b�i�`���M�/ �?���b �#�2�2�M �`�2�T�H�B�+���i�2�/�-
�i�?�2 �`�2�T�H�B�+���i�B�Q�M �`�2���+�?�2�b �i�?�2 �P�G �b�B�i�2�- ���M�/ �i�?�2�M �G�@�b�i�`���M�/ �`�2�T�H�B�+���i�B�Q�M �#�2�;�B�M�b�X �6�`�Q�K �?�2�`�2�-
�>�@�b�i�`���M�/ ���M�/ �G�@�b�i�`���M�/ �`�2�T�H�B�+���i�B�Q�M �+�Q�M�i�B�M�m�2 �b�B�K�m�H�i���M�2�Q�m�b�H�v�- �B�M �Q�T�T�Q�b�B�M�; �/�B�`�2�+�i�B�Q�M�b�- �r�B�i�?
�G�@�b�i�`���M�/ �`�2�T�H�B�+���i�B�Q�M �õ�H���;�;�B�M�;�ö �#�2�?�B�M�/ �>�@�b�i�`���M�/ �U�"�`�Q�r�M �2�i ���H�X�- �k�y�y�8�c �*�H���v�i�Q�M�- �R�N�3�k�V�X

�J�i�.�L�� �`�2�T���B�`

�*�H���v�i�Q�M �2�i ���H�X �U�R�N�d�9�V �T�`�Q�T�Q�b�2�/ �i�?���i �K�B�i�Q�+�?�Q�M�/�`�B�� �?���p�2 �M�Q �`�2�T���B�` �K�2�+�?���M�B�b�K�b �7�Q�` �/���K���;�2�/
�K�B�i�Q�+�?�Q�M�/�`�B���H �.�L���X �>�Q�r�2�p�2�`�- �H���i�2�` �r�Q�`�F �B�/�2�M�i�B�}�2�/ �K�m�H�i�B�T�H�2 �K�2�+�?���M�B�b�K�b�X �"���b�2 �2�t�+�B�b�B�Q�M
�`�2�T���B�` �U�"�1�_�V �?���b �#�2�2�M �7�Q�m�M�/ �i�Q �`�2�T���B�` �/���K���;�2 �+���m�b�2�/ �#�v �`�2���+�i�B�p�2 �Q�t�v�;�2�M �b�T�2�+�B�2�b �U�_�P�a�V
�U�G�B�m �2�i ���H�X�- �k�y�y�3�c �G�Q�M�;�H�2�v �2�i ���H�X�- �R�N�N�3�c �w�?�2�M�; �2�i ���H�X�- �k�y�y�3�V ���M�/ �b�B�M�;�H�2�@�b�i�`���M�/�2�/ �#�`�2���F�b
�m�i�B�H�B�b�2 �i�?�2 �b���K�2 �K���+�?�B�M�2�`�v �U�E���x���F �2�i ���H�X�- �k�y�R�k�V�X �h�?�2 �K�2�+�?���M�B�b�K�b �7�Q�` �`�2�T���B�`�B�M�; �/�Q�m�#�H�2�@
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�6�B�;�m�`�2 �R�X�8�,�a�v�M�+�?�`�Q�M�Q�m�b �K�i�.�L�� �`�2�T�H�B�+���i�B�Q�M�X �� �/�B���;�`���K �/�2�T�B�+�i�B�M�; �b�v�M�+�?�`�Q�M�Q�m�b �K�i�.�L��
�`�2�T�H�B�+���i�B�Q�M�- �r�?�2�`�2 �#�Q�i�? �b�i�`���M�/�b �#�2�;�B�M �`�2�T�H�B�+���i�B�Q�M �b�B�K�m�H�i���M�2�Q�m�b�H�v ���i �i�?�2�B�` �`�2�b�T�2�+�i�B�p�2 �Q�`�B�;�B�M�b�- �P�>

���M�/ �P�G�X �h�?�2 �T�B�M�F ���M�/ �;�`�2�2�M �H�B�M�2�b �b�?�Q�r �M�2�r �b�i�`���M�/�b �#�2�B�M�; �7�Q�`�K�2�/�- ���M�/ �i�?�2 ���`�`�Q�r�b �B�M�/�B�+���i�2 �i�?�2
�/�B�`�2�+�i�B�Q�M �Q�7 �K�Q�p�2�K�2�M�i �7�Q�` �S�P�G�: ���M�/ �h�q�L�E ���`�Q�m�M�/ �i�?�2 �K�i�.�L���X

�6�B�;�m�`�2 �R�X�e�,���b�v�M�+�?�`�Q�M�Q�m�b �K�i�.�L�� �`�2�T�H�B�+���i�B�Q�M�X �.�B���;�`���K �b�?�Q�r�B�M�; �i�?�2 �b�i�2�T�b �Q�7 ���b�v�M�+�?�`�Q�M�Q�m�b
�K�i�.�L�� �`�2�T�H�B�+���i�B�Q�M�X �h�?�2 �>�2���p�v ���M�/ �H�B�;�?�i �b�i�`���M�/ �Q�`�B�;�B�M�b ���`�2 �/�2�M�Q�i�2�/ �P�> ���M�/ �P�G �`�2�b�T�2�+�i�B�p�2�H�v�X
�h�?�2 �M�2�r �?�2���p�v ���M�/ �H�B�;�?�i �b�i�`���M�/�b ���`�2 �b�?�Q�r�M �B�M �;�`�2�2�M ���M�/ �T�B�M�F�- �`�2�b�T�2�+�i�B�p�2�H�v�X ���`�`�Q�r�b �b�?�Q�r �i�?�2
�/�B�`�2�+�i�B�Q�M �Q�7 �K�Q�p�2�K�2�M�i �7�Q�` �S�P�G�: ���M�/ �h�q�L�E�X

�b�i�`���M�/ �#�`�2���F�b ���`�2 �M�Q�i �+�H�2���`�X �>�Q�r�2�p�2�`�- �b�Q�K�2 �r�Q�`�F�b �?���p�2 �T�`�Q�T�Q�b�2�/ �`�2�+�Q�K�#�B�M���i�B�Q�M �U�"���+�K���M
�2�i ���H�X�- �k�y�y�N�c �.���K���b �2�i ���H�X�- �k�y�R�9�c �6�m�F�m�B �� �J�Q�`���2�b�- �k�y�y�N�V�X

�R�X�R�X�8 �J�B�i�Q�+�?�Q�M�/�`�B���H �#�B�Q�;�2�M�2�b�B�b ���M�/ �K�B�i�Q�T�?���;�v

�J�B�i�Q�+�?�Q�M�/�`�B���H �i�m�`�M�Q�p�2�` �B�b �B�M�/�2�T�2�M�/�2�M�i �Q�7 �i�?�2 �+�2�H�H ���M�/ �Q�+�+�m�`�b ���i �/�B�z�2�`�B�M�; �`���i�2�b �/�2�T�2�M�/�B�M�;
�Q�M �+�2�H�H �i�v�T�2�X �E�B�K �2�i ���H�X �U�k�y�R�k�V �m�b�2�/ �� �`���i �K�Q�/�2�H �i�Q �+�Q�K�T���`�2 �i�?�2 �?���H�7�@�H�B�7�2 �Q�7 �K�B�i�Q�+�?�Q�M�/�`�B���H

�e



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

�J�B�i�Q�T�?���;�v �B�b �i�?�2 �T�`�Q�+�2�b�b �Q�7 �/�2�;�`���/�B�M�; �K�B�i�Q�+�?�Q�M�/�`�B�� ���M�/ �B�i�ö�b �+�Q�M�i�2�M�i�b�- �B�M�+�H�m�/�B�M�; �K�i�.�L���X
�� �`�2�/�m�+�i�B�Q�M �B�M �K�2�K�#�`���M�2 �T�Q�i�2�M�i�B���H �H�2���/�b �i�Q �i�?�2 �b�2�H�2�+�i�B�p�2 �/�2�;�`���/���i�B�Q�M �Q�7 �K�B�i�Q�+�?�Q�M�/�`�B��
�U�E���M�F�B �� �E�H�B�Q�M�b�F�v�- �k�y�y�3�V�X �h�?�2 �K�B�i�Q�+�?�Q�M�/�`�B�Q�M �B�b �b�2�;�`�2�;���i�2�/ �7�`�Q�K �i�?�2 �K�B�i�Q�+�?�Q�M�/�`�B���H �M�2�i�@
�r�Q�`�F �#�v �}�b�b�B�Q�M ���M�/ �B�b �m�M���#�H�2 �i�Q �`�2�@�7�m�b�2 �U�h�r�B�; �2�i ���H�X�- �k�y�y�3�V�X �J�B�i�Q�T�?���;�v �`�2�K�Q�p�2�b �i�?�2
�K�B�i�Q�+�?�Q�M�/�`�B�Q�M ���M�/ ���M�v �K�i�.�L�� �r�B�i�?�B�M�X

�R�X�R�X�e ���h�S �T�`�Q�/�m�+�i�B�Q�M ���M�/ �Q�t�B�/���i�B�p�2 �T�?�Q�b�T�?�Q�`�v�H���i�B�Q�M

���h�S �B�b �i�?�2 �T�`�B�K���`�v �2�M�2�`�;�v �b�Q�m�`�+�2 �r�B�i�?�B�M �� �+�2�H�H�- ���M�/ �K�B�i�Q�+�?�Q�M�/�`�B�� ���`�2 �+�2�M�i�`���H �i�Q �B�i�b �T�`�Q�@
�/�m�+�i�B�Q�M�X �h�?�2 �T�`�Q�+�2�b�b �Q�7 �`�2�H�2���b�B�M�; �2�M�2�`�;�v �7�`�Q�K �;�H�m�+�Q�b�2 �+�Q�K�T�`�B�b�2�b �i�?�`�2�2 �b�2�+�i�B�Q�M�b�, ���M���2�`�Q�#�B�+
�;�H�v�+�Q�H�v�b�B�b�- �i�`�B�+���`�#�Q�t�v�H�B�+ ���+�B�/ �U�h�*���V �+�v�+�H�2 ���M�/ �P�s�S�>�P�a�X �:�H�v�+�Q�H�v�b�B�b �Q�+�+�m�`�b �Q�m�i�b�B�/�2 �Q�7 �i�?�2
�K�B�i�Q�+�?�Q�M�/�`�B���- �B�M �i�?�2 �+�v�i�Q�b�Q�H�- ���M�/ �T�`�Q�/�m�+�2�b �i�r�Q �T�v�`�m�p���i�2 �K�Q�H�2�+�m�H�2�b�- �i�r�Q ���h�S �K�Q�H�2�+�m�H�2�b
���M�/ �`�2�/�m�+�2�b �i�r�QNAD+ �i�QNADH �K�Q�H�2�+�m�H�2�b �U�"�2�`�; �2�i ���H�X�- �k�y�R�8�V�X �h�?�2 �+�?�2�K�B�+���H �`�2���+�i�B�Q�M
�2�[�m���i�B�Q�M �7�Q�` ���M���2�`�Q�#�B�+ �;�H�v�+�Q�H�v�b�B�b �+���M �#�2 �b�2�2�M �B�M �1�[�X �R�X�R�X �_�2�/�m�+�i�B�Q�M �Q�7NAD+ �i�QNADH �B�b
�F�2�v �i�Q ���h�S �T�`�Q�/�m�+�i�B�Q�M�- ���bNADH �K�Q�H�2�+�m�H�2�b ���`�2 �i�?�2 �m�i�B�H�B�b�2�/ �r�B�i�?�B�M �i�?�2 �2�H�2�+�i�`�Q�M �i�`���M�b�T�Q�`�i
�+�?���B�M �U�1�h�*�V�- �/�2�b�+�`�B�#�2�/ �H���i�2�`�X

�:�H�m�+�Q�b�2+ 2NAD + + 2ADP + 2P i !

2�S�v�`�m�p���i�2+ 2NADH + 2H + + 2ATP + 2H 2O
�U�R�X�R�V

�h�?�2 �h�*�� �+�v�+�H�2 �B�b �� �b�2�`�B�2�b �Q�7 �`�2���+�i�B�Q�M�b �B�M �i�?�2 �K�B�i�Q�+�?�Q�M�/�`�B���H �K���i�`�B�t �i�?���i �#�2�;�B�M�b �r�B�i�?
�Q�M�2 �T�v�`�m�p���i�2 �K�Q�H�2�+�m�H�2 �+�Q�M�p�2�`�i�B�M�; �i�Q ���M ���+�2�i�v�H�@�*�Q�� �K�Q�H�2�+�m�H�2 �U�"�2�`�; �2�i ���H�X�- �k�y�R�8�V�X �h�?�2
�T�v�`�m�p���i�2 �i�Q ���+�2�i�v�H�@�*�Q�� �`�2���+�i�B�Q�M ���H�b�Q �`�2�/�m�+�2�b �Q�M�2NAD+ �K�Q�H�2�+�m�H�2�- ���b �/�2�b�+�`�B�#�2�/ �B�M �1�[�X
�R�X�k�X

�S�v�`�m�p���i�2+ CoA + NAD + ! ���+�2�i�v�H�@�*�Q��+ NADH + H + + CO 2 �U�R�X�k�V

�h�?�2 ���+�2�i�v�H�@�*�Q�� �i�?�2�M �m�M�/�2�`�;�Q�2�b �� �b�2�`�B�2�b �Q�7 �`�2���+�i�B�Q�M�b�- �+�m�H�K�B�M���i�B�M�; �B�M �i�?�2 �7�Q�`�K���i�B�Q�M �Q�7
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�2�i ���H�X �U�k�y�y�j�V �m�b�2�/ �� �K�Q�/�2�H �Q�7 �M�Q �`�2�T�H�B�+���i�B�p�2 ���/�p���M�i���;�2 �i�Q �+�Q�K�T���`�2 �+�Q�T�v �M�m�K�#�2�` �+�Q�M�i�`�Q�H
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�1���`�H�v �K���i�?�2�K���i�B�+���H �K�Q�/�2�H�H�B�M�; �b�?�Q�r�2�/ �?�Q�r �p���`�B���M�i �H�Q���/ �+���M �`�2���+�? �T���i�?�Q�;�2�M�B�+ �H�2�p�2�H�b
�i�?�`�Q�m�;�?�Q�m�i �i�?�2 �?�m�K���M �H�B�7�2 �b�T���M �p�B���/�2 �M�Q�p�Q�K�m�i���i�B�Q�M �2�p�2�M�i�b �U�*�?�B�M�M�2�`�v �� �a���K�m�2�H�b�- �R�N�N�N�c
�1�H�b�Q�M �2�i ���H�X�- �k�y�y�R�V�X �E�Q�r���H�/ ���M�/ �E�B�`�F�r�Q�Q�/ �U�k�y�R�j�V �/�2�K�Q�M�b�i�`���i�2�/ �i�?���i �_�:�. �+���M�M�Q�i �T�`�Q�/�m�+�2
�K�m�i���i�B�Q�M �H�Q���/�b �b�2�2�M �B�M �2�t�T�2�`�B�K�2�M�i���H �/���i�� �Q�7 �b�?�Q�`�i�@�H�B�p�2�/ �b�T�2�+�B�2�b�- �b�m�+�? ���b �`�Q�/�2�M�i�b�X �>�2�M�/�2�`�@
�b�Q�M �2�i ���H�X �U�k�y�y�N�V �b�?�Q�r�2�/ �i�?���i �i�?�2 ���+�+�m�K�m�H���i�B�Q�M �Q�7 �b�B�M�;�H�2�- �H���`�;�2�@�b�+���H�2 �/�2�H�2�i�B�Q�M�b �B�M �M�2�m�`�Q�M�b
�+���M �#�2 �2�t�T�H���B�M�2�/ �#�v �_�:�. ���M�/ �C�Q�?�M�b�i�Q�M �2�i ���H�X �U�k�y�R�8�V �+�Q�K�T���`�2�/ �i�?�2 �K�2�+�?���M�B�b�K �;�Q�p�2�`�M�B�M�;
�i�?�2 �;�2�M�2�i�B�+ �#�Q�i�i�H�2�M�2�+�F �m�M�/�2�` �i�?�2 ���b�b�m�K�T�i�B�Q�M �Q�7 �M�Q �`�2�T�H�B�+���i�B�p�2 ���/�p���M�i���;�2�X �"�Q�i�? �>�2�M�/�2�`�b�Q�M
�2�i ���H�X �U�k�y�y�N�V ���M�/ �C�Q�?�M�b�i�Q�M �2�i ���H�X �U�k�y�R�8�V �B�M�7�2�`�`�2�/ �K�Q�/�2�H �T���`���K�2�i�2�`�b �p�B�� �"���v�2�b�B���M �B�M�7�2�`�2�M�+�2�c
�?�Q�r�2�p�2�`�- �Q�7�i�2�M �T���`���K�2�i�2�` �p���H�m�2�b ���`�2 �}�t�2�/ �i�Q �p���H�m�2�b �7�Q�m�M�/ �B�M �i�?�2 �H�B�i�2�`���i�m�`�2 �U�*���T�T�b �2�i ���H�X�-
�k�y�y�j�c �1�H�b�Q�M �2�i ���H�X�- �k�y�y�R�c �A�M�b���H���i�� �2�i ���H�X�- �k�y�k�k�c �E�Q�r���H�/ �� �E�B�`�F�r�Q�Q�/�- �k�y�R�j�V�X

�S���`���K�2�i�2�` �p���H�m�2�b �r�B�i�?�B�M �i�?�2 �H�B�i�2�`���i�m�`�2�- �2�b�i�B�K���i�2�/ �7�`�Q�K �Q�#�b�2�`�p�2�/ �/���i���- ���`�2 �b�+���`�+�2 ���M�/
�+�Q�K�2 �r�B�i�? �� �?�B�;�? �/�2�;�`�2�2 �Q�7 �m�M�+�2�`�i���B�M�i�v�X �h�?�2 �m�M�+�2�`�i���B�M�i�v �B�b �b�B�;�M�B�}�+���M�i ���b �p���`�v�B�M�; �T���@
�`���K�2�i�2�` �p���H�m�2�b �+���M �/�`���b�i�B�+���H�H�v ���H�i�2�` �i�?�2 �`�2�b�m�H�i�B�M�; �/�v�M���K�B�+�b �Q�7 �� �K�Q�/�2�H�X �6�Q�` �2�t���K�T�H�2�-
�2�t�T�2�`�B�K�2�M�i���H �/���i�� �Q�7 �*�P�s �/�2�}�+�B�2�M�+�v �Q�7 �M�2�m�`�Q�M�b �B�M �i�?�2 �a�m�#�b�i���M�i�B�� �L�B�;�`�� �b�?�Q�r �� �K�m�+�?
�?�B�;�?�2�` �/�2�}�+�B�2�M�+�v �H�2�p�2�H �i�?���M �T�`�2�/�B�+�i�2�/ �#�v �1�H�b�Q�M �2�i ���H�X �U�k�y�y�R�V �U�A�i�Q�? �2�i ���H�X�- �R�N�N�e�c �E�`���v�i�b�#�2�`�;
�2�i ���H�X�- �k�y�y�e�V�X �>�Q�r�2�p�2�`�- �� �H�Q�r�2�` �K�i�.�L�� �?���H�7�@�H�B�7�2�- �?�B�;�?�2�` �K�m�i���i�B�Q�M �T�`�Q�#���#�B�H�B�i�v�- �Q�` �H�Q�r�2�`
�T���i�?�Q�;�2�M�B�+ �i�?�`�2�b�?�Q�H�/ �r�Q�m�H�/ �`�2�b�m�H�i �B�M �� �?�B�;�?�2�` �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �*�P�s �/�2�}�+�B�2�M�i �+�2�H�H�b �r�B�i�?�B�M
�i�?�2 �b���K�2 �i�B�K�2 �7�`���K�2�- ���M�/ �`���M�/�Q�K �;�2�M�2�i�B�+ �/�`�B�7�i �+�Q�m�H�/ �#�2 �+���T���#�H�2 �Q�7 �2�t�T�H���B�M�B�M�; �i�?�2 �/���i���X
�S���`���K�2�i�2�` �p���H�m�2�b �r�B�i�?�B�M �i�?�2 �H�B�i�2�`���i�m�`�2 ���`�2 �7�m�`�i�?�2�` �/�B�b�+�m�b�b�2�/ �B�M �*�?���T�i�2�` �8�X�R�X�e�X

�a�m�`�p�B�p���H �Q�7 �i�?�2 �b�K���H�H�2�b�i

�a�m�`�p�B�p���H �Q�7 �i�?�2 �b�K���H�H�2�b�i ���b�b�m�K�2�b �i�?���i �p���`�B���M�i �K�i�.�L���- �r�B�i�? �H���`�;�2�@�b�+���H�2 �/�2�H�2�i�B�Q�M�b�- �`�2�T�H�B�+���i�2
���i �� �?�B�;�?�2�` �`���i�2 �/�m�2 �i�Q �i�?�2�B�` �/�2�+�`�2���b�2�/ �b�B�x�2 �U�q���H�H���+�2�- �R�N�3�N�V�X �h�?�2 �B�M�+�`�2���b�2�/ �`�2�T�H�B�+���i�B�Q�M
�`���i�2 �;�B�p�2�b �p���`�B���M�i �K�i�.�L�� �� �b�2�H�2�+�i�B�p�2 ���/�p���M�i���;�2�- ���H�H�Q�r�B�M�; �i�?�2�K �i�Q �+�H�Q�M���H�H�v �2�t�T���M�/ �i�Q �?�B�;�?
�H�2�p�2�H�b �r�B�i�?�B�M �� �+�2�H�H�X �.�B���x �2�i ���H�X �U�k�y�y�k�V �/�2�K�Q�M�b�i�`���i�2 �i�?���i �m�M�/�2�` �`�2�H���t�2�/ �`�2�T�H�B�+���i�B�Q�M�- �b�B�M�;�H�2�@
�/�2�H�2�i�B�Q�M �K�i�.�L�� �`�2�T�Q�T�m�H���i�2�b �� �+�2�H�H �7���b�i�2�` �i�?���M �r�B�H�/�@�i�v�T�2�X �E�Q�r���H�/ �2�i ���H�X �U�k�y�R�9�V �/�2�p�2�H�Q�T�2�/
�� �K���i�?�2�K���i�B�+���H �K�Q�/�2�H �7�Q�+�m�b�2�/ �Q�M �i�?�2 �2�z�2�+�i �Q�7 �b�B�M�;�H�2�@�/�2�H�2�i�B�Q�M�b �Q�M �`�2�T�H�B�+���i�B�Q�M �i�B�K�2 ���M�/
�b�?�Q�r�2�/ �i�?���i �i�?�2 �`�2�T�H�B�+���i�B�p�2 ���/�p���M�i���;�2 �B�b �+���T���#�H�2 �Q�7 �2�t�T�H���B�M�B�M�; �i�?�2 ���+�+�m�K�m�H���i�B�Q�M �Q�7 �*�P�s
�/�2�}�+�B�2�M�i �+�2�H�H�b �B�M �#�Q�i�? �H�Q�M�;�@ ���M�/ �b�?�Q�`�i�@�H�B�p�2�/ �b�T�2�+�B�2�b�X �>�Q�r�2�p�2�`�- �K���M�v �?���p�2 �[�m�2�b�i�B�Q�M�2�/ �i�?�2
�i�?�2�Q�`�v�ö�b �2�t�T�H���M���i�B�Q�M�X �a�B�;�M�B�}�+���M�i�H�v�- �B�i �/�Q�2�b �M�Q�i �2�t�T�H���B�M �i�?�2 �B�M�+�`�2���b�2 �B�M �a�L�o�b �r�B�i�? ���;�2
�U�:�`�2���p�2�b �2�i ���H�X�- �k�y�R�9�c �q�2�#�2�` �2�i ���H�X�- �R�N�N�d�V�X �A�M ���/�/�B�i�B�Q�M�- �:�B�i�b�+�?�H���; �2�i ���H�X �U�k�y�R�e�V �7�Q�m�M�/ �i�?���i
�/�2�H�2�i�B�Q�M�b �Q�7 �/�B�z�2�`�2�M�i �b�B�x�2�b ���+�+�m�K�m�H���i�2 ���i �i�?�2 �b���K�2 �`���i�2�X �>���v���b�?�B �2�i ���H�X �U�R�N�N�R�V �T�`�Q�p�B�/�2�/
�7�m�`�i�?�2�` �2�p�B�/�2�M�+�2 ���;���B�M�b�i �i�?�2 �?�v�T�Q�i�?�2�b�B�b �#�v �b�?�Q�r�B�M�; �i�?���i �i�?�2 �+�2�H�H �/�Q�m�#�H�B�M�; �i�B�K�2 �B�b �?�B�;�?�2�`
�7�Q�` �+�2�H�H�b �r�B�i�? �K�i�.�L�� �/�2�H�2�i�B�Q�M�b�X �h�?�2 �p���`�v�B�M�; �2�p�B�/�2�M�+�2 �B�M �i�?�2 �H�B�i�2�`���i�m�`�2 �B�b �i�?�m�b �B�M�+�Q�M�@
�+�H�m�b�B�p�2�- �B�M�/�B�+���i�B�M�; �i�?���i �i�?�B�b �i�?�2�Q�`�v �B�b �M�Q�i �i�?�2 �F�2�v �+�Q�K�T�Q�M�2�M�i �/�`�B�p�B�M�; �+�H�Q�M���H �2�t�T���M�b�B�Q�M�X
�L�2�p�2�`�i�?�2�H�2�b�b�- �i�?�2 �i�?�2�Q�`�v �U�Q�` �p�2�`�b�B�Q�M�b �Q�7 �B�i�V �B�b �T�Q�T�m�H���` �r�B�i�?�B�M �i�?�2 �H�B�i�2�`���i�m�`�2�X
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�o�B�M�+�2�M�i �2�i ���H�X �U�k�y�R�3�V �B�M�p�2�b�i�B�;���i�2�/ �b�m�#�+�2�H�H�m�H���` �/�B�b�i�`�B�#�m�i�B�Q�M�b �Q�7 �*�P�s �/�2�}�+�B�2�M�+�v �B�M �b�F�2�H�2�i���H
�K�m�b�+�H�2 �}�#�`�2�b �U�K�v�Q�}�#�`�2�b�V�X �h�?�2�v �7�Q�m�M�/ �i�?���i �*�P�s �/�2�}�+�B�2�M�+�v ���M�/ �B�M�+�`�2���b�2�/ �K�i�.�L�� �+�Q�T�v
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�?�v�T�Q�i�?�2�b�B�b�X �h�?�2 �?�v�T�Q�i�?�2�b�B�b �b�i���i�2�b �i�?���i �K�i�.�L�� �`�2�T�H�B�+���i�B�Q�M �`���i�2�b ���`�2 �?�B�;�?�2�` �r�B�i�?�B�M �i�?�2
�T�2�`�B�M�m�+�H�2���` �M�B�+�?�2�- �/�m�2 �i�Q �B�i�b �/�2�T�2�M�/�2�M�+�2 �Q�M �M�m�+�H�2���`�@�2�M�+�Q�/�2�/ �T�`�Q�i�2�B�M�b�X �h�?�2�`�2�7�Q�`�2�- �K�i�.�L��
�p���`�B���M�i�b �r�?�B�+�? �7�Q�`�K �B�M �i�?�2 �M�B�+�?�2 ���z�2�+�i �P�s�S�>�P�a �H�Q�+���H�H�v �#�2�7�Q�`�2 �b�T�`�2���/�B�M�; �i�?�`�Q�m�;�?�Q�m�i
�i�?�2 �K�v�Q�}�#�`�2�X �h�?�2 �i�?�2�Q�`�v �B�b �T�`�B�K���`�B�H�v �7�Q�+�m�b�2�/ �Q�M �P�s�S�>�P�a �/�2�}�+�B�2�M�+�v �r�B�i�?�B�M �K�v�Q�}�#�`�2�b�-
�r�?�Q�b�2 �b�B�x�2 ���H�H�Q�r�b �b�2�+�i�B�Q�M�b �Q�7 �i�?�2 �K�v�Q�}�#�`�2 �i�Q �#�2 �P�s�S�>�P�a �/�2�}�+�B�2�M�i �r�?�B�H�2 �Q�i�?�2�` �b�2�+�i�B�Q�M�b
�`�2�K���B�M �P�s�S�>�P�a �7�m�M�+�i�B�Q�M���H �U�1�H�b�Q�M �2�i ���H�X�- �k�y�y�k�V�X �a�B�K�B�H���`�H�v �i�Q �_�:�.�- �i�?�2 �i�?�2�Q�`�v ���b�b�m�K�2�b �M�Q
�`�2�T�H�B�+���i�B�p�2 ���/�p���M�i���;�2 �#�2�i�r�2�2�M �K�i�.�L�� �b�T�2�+�B�2�b�X �J���i�?�2�K���i�B�+���H �K�Q�/�2�H�H�B�M�; �Q�7 �i�?�2 �T�2�`�B�M�m�+�H�2���`
�M�B�+�?�2 �U�S�L�L�V �?���b �M�Q�i �#�2�2�M �+�Q�K�T�H�2�i�2�/ �r�B�i�?�B�M �i�?�2 �H�B�i�2�`���i�m�`�2�- �H�B�F�2�H�v �/�m�2 �i�Q �B�i�b �`�2�H���i�B�p�2�H�v �`�2�+�2�M�i
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�>�2�`�2�- ���M �2�t���K�T�H�2 �Q�7 �+�Q�M�D�m�;���i�2 ���M���H�v�b�B�b �B�b �T�`�2�b�2�M�i�2�/�- �B�K�T�H�2�K�2�M�i�B�M�; �i�?�2 �i�?�2�Q�`�v �T�`�2�b�2�M�i�2�/
�B�M �*�?���T�i�2�` �R�X�9�X �a�m�T�T�Q�b�2x �B�b �� �p�2�+�i�Q�` �Q�7n �B�M�/�2�T�2�M�/�2�M�i �Q�#�b�2�`�p���i�B�Q�M�b�- ���M�/ �r�2 �r�B�b�? �i�Q
�K�Q�/�2�H �2���+�? �Q�#�b�2�`�p���i�B�Q�M ���b �+�Q�K�B�M�; �7�`�Q�K �� �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M�X �6�m�`�i�?�2�`�- ���b�b�m�K�2 �i�?�2 �/���i���ö�b
�T�Q�T�m�H���i�B�Q�M �K�2���M�-� �- �B�b �F�M�Q�r�M �#�m�i �i�?�2 �K�Q�/�2�H �T�`�2�+�B�b�B�Q�M�-� �- �K�m�b�i �#�2 �B�M�7�2�`�`�2�/�X �6�Q�`i =
1; : : : ; n�- �i�?�2 �K�Q�/�2�H �B�b
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�h�?�2 �H�B�F�2�H�B�?�Q�Q�/ �7�m�M�+�i�B�Q�M �B�b �i�?�2 �T�`�Q�/�m�+�i �Q�7 �i�?�2 �K�Q�/�2�H �/�2�M�b�B�i�B�2�b �2�p���H�m���i�2�/ ���i �2���+�? �Q�#�b�2�`�p���i�B�Q�M�X
�h�?�2 �K�Q�/�2�H �?�2�`�2 �B�b �� �M�Q�`�K���H �/�2�M�b�B�i�v�- ���M�/ �b�Q �i�?�2 �H�B�F�2�H�B�?�Q�Q�/ �B�b �i�?�2 �T�`�Q�/�m�+�i �Q�7n �M�Q�`�K���H

�R�N



�/�2�M�b�B�i�B�2�b�- �r�B�i�? �K�2���M� ���M�/ �T�`�2�+�B�b�B�Q�M� �- �2�p���H�m���i�2�/ ���ix i �7�Q�`i = 1; 2; : : : ; n�X �*�Q�M�i�B�M�m�B�M�; �i�?�2
�M�Q�i���i�B�Q�M �7�`�Q�K �#�2�7�Q�`�2�- �i�?���i �B�b
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���7�i�2�` �+�Q�M�b�m�H�i�B�M�; �i�?�2 �H�B�i�2�`���i�m�`�2 ���M�/ �2�t�T�2�`�i�b �B�M �i�?�2 �}�2�H�/�- �B�i �B�b ���;�`�2�2�/ �i�?���i �T�`�B�Q�` �#�2�H�B�2�7�b
�7�Q�` �i�?�2 �T�`�2�+�B�b�B�Q�M�-� �- ���`�2 �b�m�K�K���`�B�b�2�/ �#�v �� �;���K�K�� �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�? �b�?���T�2 ���M�/ �`���i�2a ���M�/
b�-

� � �:�� (a; b) : �U�R�X�R�d�V

�h�?�2 �T�`�B�Q�` �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M �B�b�- �i�?�2�`�2�7�Q�`�2�- �i�?�2 �;���K�K�� �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M �r�B�i�? �b�?���T�2 ���M�/ �`���i�2�,
a ���M�/b�-

p(� ) =
ba

�( a)
� a� 1 exp (� b� ) : �U�R�X�R�3�V

�h�?�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�Mp(� jx ) �+���M �i�?�2�M �#�2 �7�Q�m�M�/ �m�T �i�Q �T�`�Q�T�Q�`�i�B�Q�M���H�B�i�v �#�v �K�m�H�i�B�@
�T�H�v�B�M�; �i�?�2 �T�`�B�Q�` �/�2�M�b�B�i�v ���M�/ �H�B�F�2�H�B�?�Q�Q�/ �7�m�M�+�i�B�Q�M�b�X

p(� jx ) /
ba

�( a)
� a� 1 exp (� b� ) �

nY

i =1

r
�
2�

exp
�
�

1
2�

(x i � � )2

�

/ � a+ n=2� 1 exp

(

�

"

b+
1
2

nX

i =1

(x i � � )2

#

�

) �U�R�X�R�N�V

�h�?�2 �7�Q�`�K �Q�7p(� jx )�- �m�T �i�Q �T�`�Q�T�Q�`�i�B�Q�M���H�B�i�v�- �?���b �i�?�2 �b���K�2 �7�Q�`�K ���b �� �;���K�K�� �/�B�b�i�`�B�#�m�i�B�Q�M
���M�/�- �i�?�2�`�2�7�Q�`�2�-� �K�m�b�i �7�Q�H�H�Q�r �� �;���K�K�� �/�B�b�i�`�B�#�m�i�B�Q�M�� �T�Q�b�i�2�`�B�Q�`�B�X �>�2�M�+�2�- �i�?�2 �T�Q�b�i�2�`�B�Q�`
�#�2�H�B�2�7 �7�Q�`� �B�b �b�m�K�K���`�B�b�2�/ �#�v �� �;���K�K�� �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�? �b�?���T�2a + n=2 � 1 ���M�/ �`���i�2�
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�A�M �i�?�B�b �2�t���K�T�H�2�- �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M �+���M �#�2 �7�Q�m�M�/ ���M���H�v�i�B�+���H�H�v ���M�/ �B�b �� �F�M�Q�r�M
�/�B�b�i�`�B�#�m�i�B�Q�M�- ���M�/�- �i�?�2�`�2�7�Q�`�2�- �i�?�2 �K�Q�/�2�H �B�b �+�Q�M�D�m�;���i�2�X

�R�X�9�X�9 �L�Q�M�@�+�Q�M�D�m�;���i�2 ���M���H�v�b�B�b

���H�i�?�Q�m�;�? �m�b�2�7�m�H�- �i�?�2�`�2 ���`�2 �`�2�H���i�B�p�2�H�v �7�2�r �K�Q�/�2�H�b �r�?�B�+�? ���`�2 �7�m�H�H�v �+�Q�M�D�m�;���i�2�X �>�Q�r�2�p�2�`�-
�T���`���K�2�i�2�` �p���H�m�2�b �+���M �b�i�B�H�H �#�2 �B�M�7�2�`�`�2�/ �B�7 �i�?�B�b �B�b �M�Q�i �i�?�2 �+���b�2�X �6�Q�` �M�Q�M�@�+�Q�M�D�m�;���i�2 ���M���H�v�b�B�b�-
�i�?�2 �T�Q�b�i�2�`�B�Q�` �+���M�M�Q�i �#�2 �7�Q�m�M�/ ���M���H�v�i�B�+���H�H�v�- ���H�i�?�Q�m�;�? �B�i �+���M �#�2 �b�m�K�K���`�B�b�2�/ �#�v �� �H���`�;�2
�M�m�K�#�2�` �Q�7 �`���M�/�Q�K �/�`���r�b�X �a�m�T�T�Q�b�2�- �r�2 ���`�2 �i���b�F�2�/ �r�B�i�? �}�M�/�B�M�; �i�?�2 �K�2���M ���M�/ �p���`�B���M�+�2
�Q�7 �� �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M �r�?�Q�b�2 �T���`���K�2�i�2�` �p���H�m�2�b ���`�2 �m�M�F�M�Q�r�M�- �?�Q�r�2�p�2�` �B�i �B�b �T�Q�b�b�B�#�H�2
�i�Q �`���M�/�Q�K�H�v �b���K�T�H�2 �7�`�Q�K �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M�X �A�7 �� �H���`�;�2 �M�m�K�#�2�` �Q�7 �b���K�T�H�2�b ���`�2 �/�`���r�M�-
�i�?�2�b�2 �+���M �#�2 �B�M�b�T�2�+�i�2�/ �i�Q �;���B�M ���M �m�M�/�2�`�b�i���M�/�B�M�; �Q�7 �i�?�2 �K�2���M ���M�/ �p���`�B���M�+�2�X �a�B�K�B�H���`�H�v�- �B�M
�M�Q�M�@�+�Q�M�D�m�;���i�2 ���M���H�v�b�B�b�- �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �`�2�T�2���i�2�/�H�v �b���K�T�H�2�/ �7�`�Q�K ���M�/ �i�?�Q�b�2
�T�Q�b�i�2�`�B�Q�` �/�`���r�b ���`�2 ���M���H�v�b�2�/�X �>�Q�r �i�?�2 �/�`���r�b ���`�2 �;�2�M�2�`���i�2�/ �p���`�B�2�b �/�2�T�2�M�/�B�M�; �Q�M �i�?�2
�K�Q�/�2�H �B�M �[�m�2�b�i�B�Q�M�c �K�Q�`�2 �+�Q�K�T�H�2�t �K�Q�/�2�H�b �Q�7�i�2�M �`�2�[�m�B�`�2 �K�Q�`�2 �+�Q�K�T�H�2�t ���H�;�Q�`�B�i�?�K�b ���M�/ �K�Q�`�2
�+�Q�K�T�m�i���i�B�Q�M���H�H�v �2�t�T�2�M�b�B�p�2 �K�2�i�?�Q�/�b �i�Q �b���K�T�H�2 �7�`�Q�K �i�?�2 �T�Q�b�i�2�`�B�Q�`�X �A�M �i�?�2 �M�2�t�i �+�?���T�i�2�`�-
�*�?���T�i�2�` �R�X�8�- �b�Q�K�2 �Q�7 �i�?�2 �+�Q�M�+�2�T�i�b �m�M�/�2�`�T�B�M�M�B�M�; �i�?�2 ���H�;�Q�`�B�i�?�K�b �/�2�b�B�;�M�2�/ �i�Q �b���K�T�H�2 �7�`�Q�K
�b�m�+�? �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M�b ���`�2 �B�M�i�`�Q�/�m�+�2�/�X �a�T�2�+�B�}�+ �b���K�T�H�B�M�; �K�2�i�?�Q�/�b ���`�2 �/�B�b�+�m�b�b�2�/ �B�M
�*�?���T�i�2�` �k�X�R�X

�k�y



�R�X�8 �J���`�F�Q�p �+�?���B�M�b

�� �J���`�F�Q�p �+�?���B�M �B�b �� �b�2�[�m�2�M�+�2 �Q�7 �`���M�/�Q�K �p���`�B���#�H�2�b �r�?�Q�b�2 �+�m�`�`�2�M�i �b�i���i�2 �/�2�T�2�M�/�b �Q�M�H�v �Q�M
�i�?�2 �T�`�2�p�B�Q�m�b �b�i���i�2 ���M�/ �B�b �B�M�/�2�T�2�M�/�2�M�i �Q�7 ���H�H �b�i���i�2�b �#�2�7�Q�`�2 �i�?���i�X �h�?�B�b �+�Q�M�/�B�i�B�Q�M �B�b �F�M�Q�r�M
���b �i�?�2 �K�2�K�Q�`�v�H�2�b�b �Q�` �J���`�F�Q�p �T�`�Q�T�2�`�i�v�X �h�?�2�B�` ���T�T�H�B�+���i�B�Q�M�b �b�T���M �K���M�v ���`�2���b �Q�7 �b�i���i�B�b�i�B�+�b�-
�B�M�+�H�m�/�B�M�; �T���`���K�2�i�2�` �B�M�7�2�`�2�M�+�2 ���M�/ �b�i���i�B�b�i�B�+���H �K�Q�/�2�H�H�B�M�;�c �#�Q�i�? ���`�2���b �r�B�H�H �#�2 �/�2�K�Q�M�b�i�`���i�2�/
�B�M �*�?���T�i�2�`�b �k�X�R ���M�/ �8 �Q�7 �i�?�B�b �i�?�2�b�B�b�X

�h�?�2 �K�2�K�Q�`�v�H�2�b�b �T�`�Q�T�2�`�i�v �B�K�T�H�B�2�b �i�?���i �i�?�2 �+�m�`�`�2�M�i �b�i���i�2 �B�b �� �`���M�/�Q�K �p���`�B���#�H�2 �r�?�Q�b�2
�T�Q�b�b�B�#�H�2 �p���H�m�2�b ���`�2 �/�2�b�+�`�B�#�2�/ �#�v �� �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �/�2�T�2�M�/�2�M�i �Q�M �i�?�2 �T�`�2�p�B�Q�m�b �b�i���i�2�X
�"�2�B�M�; �b�2�[�m�2�M�i�B���H�- �J���`�F�Q�p �+�?���B�M�b ���`�2 �m�b�m���H�H�v �i�?�Q�m�;�?�i �i�Q �T�`�Q�;�`�2�b�b �r�B�i�? �i�B�K�2�- �r�B�i�? �m�T�/���i�2�b
�Q�+�+�m�`�`�B�M�; ���i �/�B�b�+�`�2�i�2 �Q�` �+�Q�M�i�B�M�m�Q�m�b �B�M�i�2�`�p���H�b�X �h�?�2 �b�i���i�2 �b�T���+�2 �Q�7 �� �J���`�F�Q�p �+�?���B�M�- �i�?�2
�T�Q�b�b�B�#�H�2 �p���H�m�2�b �i�?�2 �`���M�/�Q�K �p���`�B���#�H�2�b�- �+���M �#�2 �2�B�i�?�2�` �K�m�H�i�B�@ �Q�` �m�M�B�p���`�B���i�2 ���M�/ �#�2 �/�B�b�+�`�2�i�2 �Q�`
�+�Q�M�i�B�M�m�Q�m�b�X �A�M �i�?�2 �`�2�K���B�M�/�2�` �Q�7 �i�?�B�b �+�?���T�i�2�`�- �/�B�b�+�`�2�i�2�@�i�B�K�2 �J���`�F�Q�p �+�?���B�M�b ���`�2 �B�M�i�`�Q�/�m�+�2�/
�i�Q �?�B�;�?�H�B�;�?�i �b�Q�K�2 �Q�7 �i�?�2 �K���i�?�2�K���i�B�+���H �i�?�2�Q�`�B�2�b �#�2�?�B�M�/ �J���`�F�Q�p �+�?���B�M�b�X

�R�X�8�X�R �.�B�b�+�`�2�i�2 �b�i���i�2�@�b�T���+�2 �J���`�F�Q�p �+�?���B�M

�G�2�if X t : t = 0; 1; 2; : : : g �#�2 �� �b�2�[�m�2�M�+�2 �Q�7 �`���M�/�Q�K �p���`�B���#�H�2�b �r�?�B�+�? �7�Q�`�K �� �/�B�b�+�`�2�i�2�@
�i�B�K�2�- �/�B�b�+�`�2�i�2 �b�i���i�2�@�b�T���+�2�- �b�i�Q�+�?���b�i�B�+ �T�`�Q�+�2�b�b�X �h�?���i �B�b�- �� �J���`�F�Q�p �+�?���B�M �r�?�B�+�? �m�T�/���i�2�b ���i
�/�B�b�+�`�2�i�2 ���M�/ �}�t�2�/ �i�B�K�2 �B�M�+�`�2�K�2�M�i�b ���M�/ �r�?�Q�b�2 �p���H�m�2 �+���M �#�2 �� �}�M�B�i�2 �M�m�K�#�2�` �Q�7 �T�Q�b�b�B�#�B�H�@
�B�i�B�2�b�X �G�2�iS = f S1; S2; : : : ; Smg �/�2�M�Q�i�2 �i�?�2 �b�2�i �Q�7m �T�Q�b�b�B�#�H�2 �p���H�m�2�b �i�?���iX t �+���M �#�2 �B�X�2�X
X t 2 S �7�Q�` ���H�Ht = 0; 1; 2; : : : �X ���b�b�m�K�2 �i�?���i �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �K�Q�p�B�M�; �#�2�i�r�2�2�M ���M�v �i�r�Q
�b�i���i�2�b�-Si ; Sj 2 S i 6= j �- �B�b �F�M�Q�r�M ���M�/ �B�M�/�2�T�2�M�/�2�M�i �Q�7 �i�B�K�2 ���M�/ �#�2 �/�2�M�Q�i�2�/pij �b�m�+�? �i�?���i
�S�(̀X t = Sj jX t � 1 = Si ) = pij �- �7�Q�` ���H�H� 0 ���M�/ �7�Q�` ���H�H1 � i; j � m�X

�:�B�p�2�M �i�?���i ���i �i�B�K�2 �B�M�/�2�tt �i�?�2 �T�`�2�p�B�Q�m�b �b�i���i�2 �B�bX t � 1 = Si �- �i�?�2 �i�`���M�b�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�B�2�b
f pi 1; pi 2; : : : ; pim g �7�Q�`�K �� �T�`�Q�#���#�B�H�B�i�v �K���b�b �7�m�M�+�i�B�Q�M �U�S�J�6�V �/�2�b�+�`�B�#�B�M�; �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7
X t �X �h�?�2 �b�v�b�i�2�K �+���M�- �i�?�2�`�2�7�Q�`�2�- �#�2 �7�Q�`�r���`�/�@�b�B�K�m�H���i�2�/ �r�B�i�? �� �F�M�Q�r�M �b�i���`�i�B�M�; �+�Q�M�/�B�i�B�Q�M
�#�v �`�2�+�m�`�b�B�p�2�H�v �b���K�T�H�B�M�; �7�`�Q�K �i�?�2 ���T�T�`�Q�T�`�B���i�2 �S�J�6�X �h�?�2 �M�2�t�i �b�2�+�i�B�Q�M �/�B�b�+�m�b�b�2�b �� �/�B�b�+�`�2�i�2
�b�i���i�2�@�b�T���+�2 �2�t���K�T�H�2 �i�Q �b�Q�H�B�/�B�7�v �b�Q�K�2 �Q�7 �i�?�2�B�` �F�2�v �+�Q�M�+�2�T�i�b�X

�.�B�b�+�`�2�i�2 �b�i���i�2�@�b�T���+�2 �2�t���K�T�H�2

�a�m�T�T�Q�b�2 �� �b�v�b�i�2�K �+���M �#�2 �B�M �7�Q�m�` �/�B�b�i�B�M�+�i �b�i���i�2�b�-f S1; S2; S3; S4g�- ���M�/ �i�?�2 �T�`�Q�#���#�B�H�B�i�B�2�b
�Q�7 �K�Q�p�B�M�; �#�2�i�r�2�2�M �b�i���i�2�b ���`�2 �F�M�Q�r�M�X �h�?�2 �/�B�`�2�+�i�2�/ �;�`���T�? �B�M �6�B�;�m�`�2 �R�X�N �b�m�K�K���`�B�b�2�b �i�?�2
�b�v�b�i�2�K�X �� �/�B�`�2�+�i�2�/ �;�`���T�? �B�b �� �+�Q�M�p�2�M�B�2�M�i �r���v �i�Q �/�2�b�+�`�B�#�2 �� �J���`�F�Q�p �+�?���B�M �r�?�2�M �i�?�2 �b�i���i�2
�b�T���+�2 �B�b �`�2�H���i�B�p�2�H�v �b�K���H�H�X �6�Q�` �2�t���K�T�H�2�- �#�v �B�M�b�T�2�+�i�B�Q�M �Q�7 �i�?�2 �;�`���T�?�- �B�i �+���M �#�2 �b�2�2�M �i�?���i
�r�?�2�M �i�?�2 �b�v�b�i�2�K �B�b �B�MS1�- �i�?�2 �M�2�t�i �b�i���i�2 �+���M �#�2 �2�B�i�?�2�`S2 �Q�S̀3�- �r�B�i�? �2�[�m���H �T�`�Q�#���#�B�H�B�i�v�X

�A�M�i�m�B�i�B�p�2�H�v�- �r�B�i�?�B�M �i�?�2 �b�v�b�i�2�K �/�2�b�+�`�B�#�2�/ �B�M �6�B�;�m�`�2 �R�X�N�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7
�i�?�2 �+�m�`�`�2�M�i �b�v�b�i�2�K �b�i���i�2 �/�2�T�2�M�/�b �Q�M�H�v �Q�M �i�?�2 �T�`�2�p�B�Q�m�b �b�i���i�2 ���M�/ �M�Q�i ���M�v �b�i���i�2 �#�2�7�Q�`�2
�i�?���i�X �A�i �+���M ���H�b�Q �#�2 �b�2�2�M �B�M �i�?�2 �/�B�`�2�+�i�2�/ �;�`���T�? �i�?���i �B�7 �i�?�2 �b�v�b�i�2�K �`�2���+�?�2�bS4�- �B�i �r�B�H�H �`�2�K���B�M
�B�M �i�?�B�b �b�i���i�2 �B�M�/�2�}�M�B�i�2�H�v�X �h�?�B�b �B�b ���M �2�t���K�T�H�2 �Q�7 �� �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �J���`�F�Q�p
�+�?���B�M�X �:�B�p�2�M ���M �B�M�}�M�B�i�2 ���K�Q�m�M�i �Q�7 �i�B�K�2�- �i�?�2 �b�v�b�i�2�K �r�B�H�H �`�2���+�?S4 �r�B�i�? �T�`�Q�#���#�B�H�B�i�v �R�- ���M�/
�Q�M�+�2 �B�i �/�Q�2�b�- �B�i �+���M �M�Q�i �2�b�+���T�2�X �A�M �i�?�B�b �2�t���K�T�H�2�- �i�?�2 �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M �?���b ���H�H �r�2�B�;�?�i
���b�b�Q�+�B���i�2�/ �r�B�i�?S4 ���M�/ �M�Q�M�2 �i�Q �i�?�2 �Q�i�?�2�` �b�i���i�2�b�X ���H�i�?�Q�m�;�? �B�M �K�Q�`�2 �+�Q�K�T�H�2�t �b�v�b�i�2�K�b�- �i�?�B�b
�K���v �M�Q�i �#�2 �i�?�2 �+���b�2�X �6�Q�` �2�t���K�T�H�2�- �i�?�2 �b�v�b�i�2�K �/�2�T�B�+�i�2�/ �B�M �6�B�;�m�`�2 �R�X�R�y�- �b�?�Q�r�b �� �b�i���i�B�Q�M���`�v

�k�R



�6�B�;�m�`�2 �R�X�N�,�.�B�b�+�`�2�i�2 �b�i���i�2�@�b�T���+�2 �J���`�F�Q�p �+�?���B�M�X �� �/�B�`�2�+�i�2�/ �;�`���T�? �b�?�Q�r�B�M�; �i�?�2 �T�Q�b�b�B�#�H�2
�i�`���M�b�B�i�B�Q�M�b ���M�/ �i�?�2�B�` �T�`�Q�#���#�B�H�B�i�B�2�b �Q�7 �i�?�2 �J���`�F�Q�p �+�?���B�M�X �h�?�2 �/�B�`�2�+�i�2�/ �2�/�;�2�b �#�2�i�r�2�2�M �M�Q�/�2�b
�B�M�/�B�+���i�2 �� �T�Q�b�b�B�#�H�2 �i�`���M�b�B�i�B�Q�M �Q�p�2�` �� �/�B�b�+�`�2�i�2 �i�B�K�2 �B�M�i�2�`�p���H�X �6�Q�` �2�t���K�T�H�2�- �K�Q�p�B�M�; �7�`�Q�KS2 �i�QS3�-
�Q�p�2�` �Q�M�2 �i�B�K�2 �B�M�+�`�2�K�2�M�i�- �B�b �T�Q�b�b�B�#�H�2�- �#�m�i �M�Q�i �7�`�Q�KS3 �i�QS2�X �1���+�? �i�`���M�b�B�i�B�Q�M �B�b ���b�b�Q�+�B���i�2�/ �r�B�i�?
�T�`�Q�#���#�B�H�B�i�v�- �b�2�2�M ���/�D���+�2�M�i �i�Q �i�?�2 �2�/�;�2 �+�Q�M�M�2�+�i�B�M�; �i�Q �M�Q�/�2�b�X

�/�B�b�i�`�B�#�m�i�B�Q�M �b�T�H�B�i ���+�`�Q�b�b �i�r�Q �b�i���i�2�b�cS4 ���M�/S5�X �"�v �B�M�b�T�2�+�i�B�Q�M �Q�7 �i�?�2 �/�B�`�2�+�i�2�/ �;�`���T�?�- �B�i �+���M
�#�2 �b�2�2�M �i�?���i �Q�M�+�2 �i�?�2 �b�v�b�i�2�K �2�M�i�2�`�bS4�- �B�i �r�B�H�H �Q�b�+�B�H�H���i�2 �#�2�i�r�2�2�MS4 ���M�/S5 �B�M�/�2�}�M�B�i�2�H�v�X

�6�B�;�m�`�2 �R�X�R�y�,�.�B�b�+�`�2�i�2 �b�i���i�2�@�b�T���+�2 �J���`�F�Q�p �+�?���B�M �r�B�i�? �M�Q�M�@�b�B�M�;�m�H���` �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�@
�#�m�i�B�Q�M�X �� �/�B�`�2�+�i�2�/ �;�`���T�? �b�?�Q�r�B�M�; �i�?�2 �T�Q�b�b�B�#�H�2 �i�`���M�b�B�i�B�Q�M�b ���M�/ �i�?�2�B�` �T�`�Q�#���#�B�H�B�i�B�2�b �Q�7 �i�?�2 �J���`�F�Q�p
�+�?���B�M�X �h�?�2 �+�Q�M�M�2�+�i�B�Q�M�b �#�2�i�r�2�2�M �M�Q�/�2�b �B�M�/�B�+���i�2 �i�?���i �B�i �B�b �T�Q�b�b�B�#�H�2 �i�Q �i�`���M�b�B�i�B�Q�M �#�2�i�r�2�2�M �i�?�2 �i�r�Q
�b�i���i�2�b �Q�p�2�` �� �/�B�b�+�`�2�i�2 �i�B�K�2 �B�M�i�2�`�p���H�X �h�?�2 ���`�`�Q�r �Q�7 �i�?�2�b�2 �+�Q�M�M�2�+�i�B�Q�M�b �B�M�/�B�+���i�2�b �B�M �r�?�B�+�? �/�B�`�2�+�i�B�Q�M
�B�i �B�b �T�Q�b�b�B�#�H�2 �i�Q �K�Q�p�2�X �h�?�2 �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�B�b �J���`�F�Q�p �+�?���B�M �?���b �2�[�m���H �r�2�B�;�?�i ���b�b�Q�@
�+�B���i�2�/ �r�B�i�? �b�i���i�2�bS4 ���M�/S5 �#�m�i �x�2�`�Q �r�2�B�;�?�i ���b�b�Q�+�B���i�2�/ �r�B�i�? �i�?�2 �`�2�K���B�M�B�M�; �M�Q�/�2�b�X

�� �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M �`�2�T�`�2�b�2�M�i�b �i�?�2 �i�B�K�2�@�H�B�K�B�i�B�M�; �#�2�?���p�B�Q�m�` �Q�7 �i�?�2 �b�v�b�i�2�K ���M�/ �i�?�2
�T�`�Q�T�Q�`�i�B�Q�M �Q�7 �i�B�K�2 �i�?�2 �+�?���B�M �b�T�2�M�/�b �B�M �2���+�? �b�i���i�2 ���b �i�?�2 �b�v�b�i�2�K �i�B�K�2 �i�2�M�/�b �i�Q �B�M�}�M�B�i�v�X �A�7
�Q�M�2 �2�t�B�b�i�b�- �i�?�2 �b�v�b�i�2�K�ö�b �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M �+���M �#�2 �+���H�+�m�H���i�2�/ ���M���H�v�i�B�+���H�H�v �7�Q�` �/�B�b�+�`�2�i�2�@
�i�B�K�2�- �/�B�b�+�`�2�i�2�@�b�i���i�2�@�b�T���+�2 �J���`�F�Q�p �+�?���B�M�b�- �b�2�2 �*�?���T�i�2�` �R�X�8�X�k�X

���b �i�?�2 �b�B�x�2 �Q�7 �i�?�2 �b�i���i�2 �b�T���+�2 �B�M�+�`�2���b�2�b�- �b�m�K�K���`�B�b�B�M�; �i�?�2 �T�Q�b�b�B�#�H�2 �i�`���M�b�B�i�B�Q�M�b ���M�/ �i�?�2�B�`
�T�`�Q�#���#�B�H�B�i�B�2�b �r�B�i�?�B�M �� �/�B�`�2�+�i�2�/ �;�`���T�? �#�2�+�Q�K�2�b �B�M�+�Q�M�p�2�M�B�2�M�i�X �h�?�2�`�2�7�Q�`�2�- �i�?�B�b �B�M�7�Q�`�K���i�B�Q�M
�B�b �Q�7�i�2�M �b�m�K�K���`�B�b�2�/ �B�M �� �i�`���M�b�B�i�B�Q�M �K���i�`�B�t�- �r�?�Q�b�2(i; j )�@�i�? �2�H�2�K�2�M�i �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7
�i�`���M�b�B�i�B�Q�M�B�M�; �7�`�Q�K �b�i���i�2i �i�Qj �-pij �X �6�Q�` �i�?�2 �b�v�b�i�2�K �/�2�b�+�`�B�#�2�/ �B�M �6�B�;�m�`�2 �R�X�R�y�- �i�?�2 �i�`���M�b�B�i�B�Q�M

�k�k



�K���i�`�B�t�-P�- �B�b

P =

0

B
B
B
B
@

0 1=2 1=2 0 0
0 1=4 3=4 0 0

4=5 0 0 1=5 0
0 0 0 0 1
0 0 0 1=3 2=3

1

C
C
C
C
A

:

�h�?�2i �@�i�? �`�Q�r �Q�7 �i�?�2 �i�`���M�b�B�i�B�Q�M �K���i�`�B�t �B�b �i�?�2 �S�J�6 �Q�7 �i�?�2 �+�m�`�`�2�M�i �b�i���i�2 �B�7 �i�?�2 �b�v�b�i�2�K �r���b
�T�`�2�p�B�Q�m�b�H�v �B�M �i�?�2i �@�i�? �b�i���i�2�X �6�Q�` �2�t���K�T�H�2�- �i�?�23rd �`�Q�r�-(4=5; 0; 0; 1=5; 0) �;�B�p�2�b �T�`�Q�#���#�B�H�B�i�B�2�b
�9�f�8 ���M�/ �R�f�8 �Q�7 �#�2�B�M�; �B�M �i�?�21st ���M�/4th �b�i���i�2�b�- �`�2�b�T�2�+�i�B�p�2�H�v�- ���M�/ ���H�H �Q�i�?�2�` �b�i���i�2�b �?���p�B�M�; ��
�x�2�`�Q �T�`�Q�#���#�B�H�B�i�v�X �h�?�B�b �B�b �`�2�~�2�+�i�2�/ �B�M �6�B�;�m�`�2 �R�X�R�y �r�?�2�`�2 �i�?�2 �Q�M�H�v �/�B�`�2�+�i�2�/ �2�/�;�2�b �H�2���p�B�M�;S3

���`�2 �i�QS1 ���M�/S4�- �r�B�i�? �i�?�2 ���T�T�`�Q�T�`�B���i�2 �r�2�B�;�?�i�b�X

�h�`���M�b�B�i�B�Q�M �K���i�`�B�+�2�b

�G�2�if X t : t = 0; 1; 2; : : : g �#�2 �� �/�B�b�+�`�2�i�2 �b�i���i�2�@�b�T���+�2 �b�i�Q�+�?���b�i�B�+ �T�`�Q�+�2�b�b�- �b�m�+�? �i�?���iX t 2
f S1; S2; : : : ; Smg �7�Q�` ���H�H� 0�- ���M�/P �#�2 �B�i�ö�b �i�`���M�b�B�i�B�Q�M �K���i�`�B�t�X �h�?�2(i; j )�@�i�? �2�H�2�K�2�M�i �Q�7P
�B�b�- �i�?�2�`�2�7�Q�`�2�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �i�`���M�b�B�i�B�Q�M �7�`�Q�KSi �@�i�? �i�Q �i�?�2Sj �@�i�? �b�i���i�2�-

(P) i;j = �S�(̀X t = Sj jX t � 1 = Si ) = pij :

�A�7 �i�?�2 �T�`�2�p�B�Q�m�b �b�v�b�i�2�K �b�i���i�2�-X t � 1 = Si �- �B�b �r�`�B�i�i�2�M ���b �� �H�2�M�;�i�?m�- �m�M�B�i �`�Q�r�@�p�2�+�i�Q�`
� t � 1�- �r�?�Q�b�2i �@�i�? �2�H�2�K�2�M�i �B�b �R�X�y ���M�/ ���H�H �Q�i�?�2�` �2�H�2�K�2�M�i�b �y�X�y�- �B�X�2�X �� �S�J�6 �r�B�i�? ���H�H �r�2�B�;�?�i
���b�b�Q�+�B���i�2�/ �r�B�i�? �� �b�B�M�;�H�2 �p���H�m�2�X �h�?�2�M�- �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �+�m�`�`�2�M�i �b�i���i�2�-� t �- �+���M �#�2
�7�Q�m�M�/ �#�v �K�m�H�i�B�T�H�v�B�M�; �i�?�2 �m�M�B�i �p�2�+�i�Q�` ���M�/ �i�?�2 �i�`���M�b�B�i�B�Q�M �K���i�`�B�t�X �q�?�B�+�? �`�2�i�m�`�M�b �i�?�2i �@�i�?
�`�Q�r �Q�7 �i�?�2 �i�`���M�b�B�i�B�Q�M �K���i�`�B�t�- ���b �r�Q�m�H�/ �#�2 �2�t�T�2�+�i�2�/�-

� t = � t � 1P;

= (0 ; : : : ; 0; 1; 0; : : : ; 0) P;

= ( pi 1; pi 2; : : : ; pim ):

�a�B�K�B�H���`�H�v�- �B�7 �m�M�+�2�`�i���B�M�i�v �2�t�B�b�i�b �B�M �i�?�2 �T�`�2�p�B�Q�m�b �b�i���i�2�ö�b �p���H�m�2 ���M�/ �B�b �/�2�b�+�`�B�#�2�/ �#�v �� �M�Q�M�@
�b�B�M�;�m�H���` �S�J�6�-� t � 1�- �i�?�2�M �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �+�m�`�`�2�M�i �b�v�b�i�2�K �b�i���i�2�-� t �B�b �7�Q�m�M�/ �i�?�`�Q�m�;�?
�K���i�`�B�t �K�m�H�i�B�T�H�B�+���i�B�Q�M�-

� t = � t � 1P:

�h�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �7�m�i�m�`�2 �b�i���i�2�-� t+1 �- �/�2�T�2�M�/�2�M�i �Q�MX t � 1�- �+���M ���H�b�Q �#�2 �+���H�+�m�H���i�2�/ �#�v
�b�m�#�b�i�B�i�m�i�B�Q�M�-

� t+1 = � tP = [ � t � 1P] P = � t � 1P2:

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

� t+ k = � t � 1P k+1 :

�>�2�`�2�- �B�i �B�b �b�?�Q�r�M �i�?���i �M�Q�i �Q�M�H�v �B�b �B�i �T�Q�b�b�B�#�H�2 �i�Q �7�Q�`�r���`�/ �b�B�K�m�H���i�2 �i�?�2 �b�v�b�i�2�K �#�v �`���M�/�Q�K�H�v
�/�`���r�B�M�; �i�?�2 �M�2�t�i �b�i���i�2 �7�`�Q�K �i�?�2 ���T�T�`�Q�T�`�B���i�2 �/�B�b�i�`�B�#�m�i�B�Q�M�- �#�m�i �B�i �B�b ���H�b�Q �T�Q�b�b�B�#�H�2 �i�Q �+���H�+�m�@
�H���i�2 �i�?�2 �S�J�6 �Q�7 ���M�v �7�m�i�m�`�2 �b�i���i�2�- �;�B�p�2�M ���M �B�M�B�i�B���H �b�i���i�2�X

�k�j



�R�X�8�X�k �a�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M

���b �K�2�M�i�B�Q�M�2�/�- �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M�b ���`�2 ���M �B�K�T�Q�`�i���M�i ���b�T�2�+�i �Q�7 �"���v�2�b�B���M �B�M�7�2�`�2�M�+�2�X
�q�?�2�M �K�Q�/�2�H�b ���`�2 �M�Q�i �7�m�H�H�v �+�Q�M�D�m�;���i�2�- �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M�b ���`�2 �b���K�T�H�2�/ �#�v �+�Q�M�b�i�`�m�+�i�B�M�;
�J���`�F�Q�p �+�?���B�M�b �r�?�Q�b�2 �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M�b ���`�2 �i�?�2 �/�2�b�B�`�2�/ �T�Q�b�i�2�`�B�Q�` �/�2�M�b�B�i�v�- �b�2�2 �*�?���T�@
�i�2�` �k�X�R�X �>�2�`�2�- �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M�b �7�Q�` �/�B�b�+�`�2�i�2 �b�i���i�2�@�b�T���+�2 �J���`�F�Q�p �+�?���B�M�b ���`�2 �/�B�b�+�m�b�b�2�/�X

�P�M�+�2 �� �J���`�F�Q�p �+�?���B�M �`�2���+�?�2�b �B�i�b �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M�-� �- �B�i �r�B�H�H �`�2�K���B�M �B�M �i�?�B�b
�/�B�b�i�`�B�#�m�i�B�Q�M �B�M�/�2�}�M�B�i�2�H�v�X �h�?�2�`�2�7�Q�`�2�- ���7�i�2�` �2���+�? �m�T�/���i�2 �Q�7 �i�?�2 �J���`�F�Q�p �+�?���B�M�- �i�?�2 �p���H�m�2 �Q�7
�i�?�2 �`���M�/�Q�K �p���`�B���#�H�2�-X t �- �7�Q�H�H�Q�r�b �i�?�2 �b���K�2 �/�B�b�i�`�B�#�m�i�B�Q�M�- ���M�/ �i�?�2 �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M
�K�m�b�i �b���i�B�b�7�v �i�?�2 �2�[�m���i�B�Q�M

� = � P; �U�R�X�k�R�V

�r�?�2�`�2P �B�b �i�?�2 �i�`���M�b�B�i�B�Q�M �K���i�`�B�t ���M�/� �� �`�Q�r �p�2�+�i�Q�`�X �h�?�2 �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M �+���M �#�2
�7�Q�m�M�/ �#�v �b�Q�H�p�B�M�; �1�[�X �R�X�k�R�X �h�?�2 �2�t�B�b�i�2�M�+�2 ���M�/ �m�M�B�[�m�2�M�2�b�b �Q�7 �b�m�+�? �� �/�B�b�i�`�B�#�m�i�B�Q�M �`�2�[�m�B�`�2
�+�2�`�i���B�M �+�`�B�i�2�`�B�� �Q�7 �i�?�2 �J���`�F�Q�p �+�?���B�M�- �r�?�B�+�? �r�B�H�H �M�Q�i �#�2 �/�B�b�+�m�b�b�2�/ �?�2�`�2�c �� �/�2�i���B�H�2�/ �/�B�b�+�m�b�b�B�Q�M
�+���M �#�2 �7�Q�m�M�/ �B�M �L�Q�`�`�B�b �U�R�N�N�d�V�X �A�K�T�Q�`�i���M�i�H�v�- �J���`�F�Q�p �+�?���B�M�b �+���M �#�2 �+�Q�M�b�i�`�m�+�i�2�/ �r�B�i�? �b�m�+�?
�`�2�[�m�B�`�2�K�2�M�i�b �i�Q �2�M�b�m�`�2 �� �m�M�B�[�m�2 �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M �2�t�B�b�i�b�X

�.�B�b�+�`�2�i�2 �b�i���i�2�@�b�T���+�2 �2�t���K�T�H�2 �+�Q�M�i�B�M�m�2�/

�_�2�+���H�H �i�?�2 �/�B�b�+�`�2�i�2 �i�B�K�2�- �/�B�b�+�`�2�i�2 �b�i���i�2�@�b�T���+�2 �J���`�F�Q�p �+�?���B�M �/�2�T�B�+�i�2�/ �B�M �6�B�;�m�`�2 �R�X�R�y�- �i�?�2
�b�v�b�i�2�K �?���b �}�p�2 �T�Q�b�b�B�#�H�2 �b�i���i�2�b�-f S1; S2; S3; S4; S5g�- ���M�/ �� �i�`���M�b�B�i�B�Q�M �K���i�`�B�t�-

P =

0

B
B
B
B
@

0 1=2 1=2 0 0
0 1=4 3=4 0 0

4=5 0 0 1=5 0
0 0 0 0 1
0 0 0 1=3 2=3

1

C
C
C
C
A

:

�"�v �B�M�b�T�2�+�i�B�M�; �i�?�2 �/�B�`�2�+�i�2�/ �;�`���T�?�- �6�B�;�m�`�2 �R�X�R�y�- �B�i �+���M �B�M�i�m�B�i�B�p�2�H�v �#�2 �b�2�2�M �i�?���i �Q�M�+�2
�i�?�2 �b�v�b�i�2�K �`�2���+�?�2�bS4�- �B�i �`�2�K���B�M�b �B�MS4 �Q�S̀5 �B�M�/�2�}�M�B�i�2�H�v�X �>�Q�r�2�p�2�`�- �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7
�i�B�K�2 �b�T�2�M�i �B�M �2���+�? �b�i���i�2 �r�B�i�?�B�M �i�?�2 �H�B�K�B�i �B�b �m�M�+�H�2���`�X �h�?�2 �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M �+���M �#�2
�7�Q�m�M�/ �#�v �b�Q�H�p�B�M�; �i�?�2 �b�v�b�i�2�K �Q�7 �2�[�m���i�B�Q�M�b �7�`�Q�K �1�[�X �R�X�k�R�X �h�?�2 �b�v�b�i�2�K �2�[�m���i�B�Q�M�b �+���M �#�2
�`�2���`�`���M�;�2�/ �b�m�+�? �i�?���i�-

� = � P

� (I 5 � P) = 0

�r�?�2�`�2I 5 �B�b �i�?�25 � 5 �B�/�2�M�i�B�i�v �K���i�`�B�t�- �r�?�B�+�? �?���b �R�ö�b �Q�M �i�?�2 �/�B���;�Q�M���H ���M�/ �y�ö�b �2�p�2�`�v�r�?�2�`�2
�2�H�b�2�- ���M�/0 �B�b �� �8�@�/�B�K�2�M�b�B�Q�M���H �`�Q�r �p�2�+�i�Q�` �r�B�i�? ���H�H �x�2�`�Q �2�H�2�K�2�M�i�b�X �"�Q�i�? �b�B�/�2�b �Q�7 �i�?�2 �2�[�m���@
�i�B�Q�M ���`�2 �i�`���M�b�T�Q�b�2�/ �#�2�7�Q�`�2 �b�m�#�b�i�B�i�m�i�B�M�; �i�?�2 �i�`���M�b�B�i�B�Q�M �K���i�`�B�t ���M�/ �+���H�+�m�H���i�B�M�; �i�?�2 �K���i�`�B�t
�K�m�H�i�B�T�H�B�+���i�B�Q�M�X �h�?�B�b �Q�M�H�v �K���F�2�b �i�?�2 �p�2�+�i�Q�`�b �2���b�B�2�` �i�Q �`�2���/ �Q�M �i�?�2 �T���;�2 ���M�/ �/�Q�2�b �M�Q�i ���z�2�+�i

�k�9



�i�?�2 �b�Q�H�m�i�B�Q�M�X �h�?�2 �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M �+���M �i�?�2�M �#�2 �+���H�+�m�H���i�2�/ ���b �7�Q�H�H�Q�r�b

(I 5 � P)T � T = 0T ;
0

B
B
B
B
@

1 � 0 0 � 4=5 0 0
� 1=2 1� 1=4 0 0 0
� 1=2 � 3=4 1� 0 0 0

0 0 0 1� 0 � 1=3
0 0 0 � 1 1� 2=3

1

C
C
C
C
A

0

B
B
B
B
@

� 1

� 2

� 3

� 4

� 5

1

C
C
C
C
A

=

0

B
B
B
B
@

0
0
0
0
0

1

C
C
C
C
A

;

0

B
B
B
B
@

� 1 � 4
5 � 3

� 1
2 � 1 + 3

4 � 2

� 1
2 � 1 � 3

4 � 2 + � 3

� 1
5 � 3 + � 4 � 1

3 � 5

� � 4 + 1
3 � 5

1

C
C
C
C
A

=

0

B
B
B
B
@

0
0
0
0
0

1

C
C
C
C
A

:

�a�Q�H�p�B�M�; �i�?�2 �b�v�b�i�2�K �Q�7 �2�[�m���i�B�Q�M�b�- �r�2 �}�M�/ �i�?���i� 1 = � 2 = � 3 = 0 ���M�/� 4 = 1
3 � 5�X �_�2�+���H�H

�i�?���i� �B�b �� �S�J�6 �B�X�2�X� i � 0:0 �7�Q�` ���H�Hi ���M�/
P

i � i = 1:0�X �l�b�B�M�; �i�?�2�b�2 �+�Q�M�b�i�`���B�M�i�b �p���H�m�2�b �7�Q�`
� 4 ���M�/� 5 �+���M �#�2 �7�Q�m�M�/�c

5X

i =1

� i = 1:0;

� 4 + � 5 = 1:0;
4
3

� 5 = 1:0;

� 5 =
3
4

:

�h�?�B�b �B�K�T�H�B�2�b �i�?���i� 4 = 1
3

�
3
4

�
= 1=4�- ���M�/ �b�Q �i�?�2 �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �b�v�b�i�2�K �B�b

� =
�
0; 0; 0; 1

4 ; 3
4

�
�X �h�?�2�`�2�7�Q�`�2�- �i�?�2 �J���`�F�Q�p �+�?���B�M �/�2�b�+�`�B�#�2�/ �#�v �i�?�2 �/�B�`�2�+�i�2�/ �;�`���T�? �B�M �6�B�;�m�`�2

�R�X�R�y �r�B�H�H �b�T�2�M�/ �d�8�W �Q�7 �B�i�b �i�B�K�2 �B�M �i�?�2 �b�i���i�2S5 ���M�/ �i�?�2 �`�2�K���B�M�/�2�` �B�MS4�- ���b �i�?�2 �i�B�K�2 �H�B�K�B�i
�i�2�M�/�b �i�Q �B�M�}�M�B�i�v�X

���H�i�?�Q�m�;�? �i�?�B�b �r���b �� �b�B�K�T�H�2 �2�t���K�T�H�2�- �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M�b ���`�2 �2�b�b�2�M�i�B���H �B�M �J���`�F�Q�p
�+�?���B�M�b ���M�/ �"���v�2�b�B���M �B�M�7�2�`�2�M�+�2�X �a�T�2�+�B�}�+ ���H�;�Q�`�B�i�?�K�b �r�?�B�+�? �i���`�;�2�i �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�2�M�b�B�i�v ���`�2
�/�B�b�+�m�b�b�2�/ �B�M �*�?���T�i�2�` �k�X�R�X �a�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M�b ���`�2 �M�Q�i �/�B�b�+�m�b�b�2�/ �B�M �7�m�`�i�?�2�` �/�2�i���B�H�c ��
�/�2�i���B�H�2�/ �`�2�p�B�2�r �Q�7 �i�?�2�Q�`�v ���M�/ �T�`���+�i�B�+�2 �B�M �"���v�2�b�B���M �B�M�7�2�`�2�M�+�2 �+���M �#�2 �7�Q�m�M�/ �B�M �:���K�2�`�K���M
���M�/ �G�Q�T�2�b �U�k�y�y�e�V�X �h�?�2 �7�Q�H�H�Q�r�B�M�; �+�?���T�i�2�` �B�M�i�`�Q�/�m�+�2�b �� �`�2���H�@�r�Q�`�H�/ �J���`�F�Q�p �+�?���B�M �2�t���K�T�H�2
�i�Q �?�B�;�?�H�B�;�?�i �i�?�2�B�` �m�b�2 �B�M �K���i�?�2�K���i�B�+���H �K�Q�/�2�H�H�B�M�;�X

�R�X�8�X�j �*�2�H�H �+�m�H�i�m�`�2 �T�Q�T�m�H���i�B�Q�M �2�t���K�T�H�2

�*�Q�M�b�B�/�2�` �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 �+�2�H�H�b �r�B�i�?�B�M �� �+�m�H�i�m�`�2�X �� �+�2�H�H �+���M �/�B�p�B�/�2�- �`�2�b�m�H�i�B�M�; �B�M �i�r�Q
�/���m�;�?�i�2�` �+�2�H�H�b�- �Q�` �/�B�2�- �`�2�K�Q�p�B�M�; �i�?�2 �+�2�H�H �7�`�Q�K �i�?�2 �T�Q�T�m�H���i�B�Q�M�X ���b�b�m�K�B�M�; �i�?���i �i�?�2 �2�p�2�M�i�b
���`�2 �B�M�/�2�T�2�M�/�2�M�i �Q�7 �i�?�2 �+�m�`�`�2�M�i �T�Q�T�m�H���i�B�Q�M ���M�/ �Q�+�+�m�` �`���M�/�Q�K�H�v�- �i�?�2 �T�Q�T�m�H���i�B�Q�M ���7�i�2�` �i�?�2
�M�2�t�i �2�p�2�M�i �/�2�T�2�M�/�b �Q�M�H�v �Q�M �i�?�2 �+�m�`�`�2�M�i �T�Q�T�m�H���i�B�Q�M ���M�/ �M�Q�i ���M�v �T�`�2�p�B�Q�m�b �b�i���i�2�X �h�?�m�b�- �i�?�2
�+�m�H�i�m�`�2�ö�b �T�Q�T�m�H���i�B�Q�M �+�Q�m�H�/ �#�2 �K�Q�/�2�H�H�2�/ ���b �� �J���`�F�Q�p �+�?���B�M�X �h�?�2 �b�i���i�2 �b�T���+�2 �Q�7 �i�?�2 �+�?���B�M
�B�b �i�?�2 �b�2�i �Q�7 �r�?�Q�H�2 �M�m�K�#�2�`�b �;�`�2���i�2�` �i�?���M �Q�` �2�[�m���H �i�Q �x�2�`�Q�- �+�Q�K�K�Q�M�H�v �/�2�M�Q�i�2�/N�X

�G�2�iX �#�2 �i�?�2 �+�m�`�`�2�M�i �T�Q�T�m�H���i�B�Q�M �Q�7 �i�?�2 �b�v�b�i�2�K�- �i�?�2 �+�2�H�H �+�m�H�i�m�`�2�- ���M�/Y �#�2 �i�?�2 �T�Q�T�m�@
�H���i�B�Q�M ���7�i�2�` �i�?�2 �M�2�t�i �2�p�2�M�i�X ���H�b�Q�- �H�2�ipx �#�2 �� �F�M�Q�r�M �`�2�T�H�B�+���i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �r�?�2�MX = x�X

�k�8



�h�?�2 �i�`���M�b�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�B�2�b �Q�7 �K�Q�p�B�M�; �7�`�Q�K �i�?�2 �+�m�`�`�2�M�i �b�i���i�2 �i�Q ���M�v �Q�i�?�2�` �B�M �i�?�2 �b�i���i�2
�b�T���+�2 �+���M �i�?�2�M �#�2 �/�2�}�M�2�/�X ���b�b�m�K�2 �i�?�2 �+�m�`�`�2�M�i �T�Q�T�m�H���i�B�Q�MX = x > 0�- �i�?�2�M

�S�(̀Y = x + 1jX = x) = px ;

�S�(̀Y = x � 1jX = x) = (1 :0 � px );

�S�(̀jY � xj > 1jX = x) = 0 :0:

�L�Q�i�2 �i�?���i �B�7X = 0�- �i�?�2�`�2 ���`�2 �M�Q �+�2�H�H�b �i�Q �/�B�p�B�/�2 �Q�` �/�B�2�- ���M�/ �i�?�2 �J���`�F�Q�p �+�?���B�M �+���M�M�Q�i
�2�b�+���T�2 �i�?�B�b �b�i���i�2�X ���b �b�m�+�?�- �i�?�2 �i�`���M�b�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�B�2�b �`�2�[�m�B�`�2 �i�r�Q ���/�/�B�i�B�Q�M���H �T�`�Q�#���#�B�H�B�i�B�2�b
�i�Q �#�2 �+�Q�K�T�`�2�?�2�M�b�B�p�2�c

�S�(̀Y = 0jX = 0) = 1 :0;

�S�(̀Y > 0jX = 0) = 0 :0:

�h�?�2 �2�t���K�T�H�2 �?�Q�T�2�7�m�H�H�v �?�B�;�?�H�B�;�?�i�b �?�Q�r �J���`�F�Q�p �+�?���B�M�b �K���v ���T�T�2���` �B�M �i�?�2 �`�2���H �r�Q�`�H�/�X
�h�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �`�2�T�H�B�+���i�B�Q�M �r���b �T�m�`�T�Q�b�2�7�m�H�H�v �F�2�T�i �p���;�m�2 �B�M �i�?�2 �2�t���K�T�H�2�- ���b�- �B�M �`�2���H�B�i�v�-
�i�?�B�b �B�b �H�B�F�2�H�v �i�Q �/�2�T�2�M�/ �Q�M �`�2�b�Q�m�`�+�2�b ���p���B�H���#�H�2 �r�B�i�?�B�M �i�?�2 �+�m�H�i�m�`�2�X �h�?�2 �2�t���K�T�H�2 �K�Q�/�2�H�b
�i�?�2 �T�Q�T�m�H���i�B�Q�M �H�2�p�2�H �Q�7 �� �+�2�H�H �+�m�H�i�m�`�2 �b�i�Q�+�?���b�i�B�+���H�H�v�- �`�2�+�`�2���i�B�M�; �i�?�2 �`���M�/�Q�K �~�m�+�i�m���i�B�Q�M�b
�r�?�B�+�? �r�Q�m�H�/ �#�2 �b�2�2�M �B�M �� �`�2���H �/���i���b�2�i�X �6�m�`�i�?�2�` �2�t���K�T�H�2�b �Q�7 �b�m�+�? �K�Q�/�2�H�b ���`�2 �/�B�b�+�m�b�b�2�/
�B�M �*�?���T�i�2�` �k�X�e�X�8 ���M�/ �k�X�e�X�e�X �*�?���T�i�2�` �8 �+�Q�M�b�B�/�2�`�b �K�i�.�L�� �T�Q�T�m�H���i�B�Q�M�b �r�B�i�?�B�M �� �b�B�M�;�H�2
�+�2�H�H ���b �b�i�Q�+�?���b�i�B�+���H�H�v �2�p�Q�H�p�B�M�; �T�`�Q�+�2�b�b�2�b ���M�/ �/�2�p�2�H�Q�T�b �K���i�?�2�K���i�B�+���H �K�Q�/�2�H�b �#���b�2�/ �Q�M �i�?�2
�T�`�B�M�+�B�T�H�2�b �Q�7 �J���`�F�Q�p �+�?���B�M�b �i�Q �K�Q�/�2�H �i�?�2�B�` �/�v�M���K�B�+�b�X �.�2�i���B�H�b �Q�7 �i�?�2 �K���i�?�2�K���i�B�+���H �i�?�2�Q�`�v
�m�M�/�2�`�T�B�M�M�B�M�; �i�?�2 �K�Q�/�2�H�b �m�b�2�/ ���`�2 �/�B�b�+�m�b�b�2�/ �B�M �*�?���T�i�2�` �k�X�e�X

�R�X�8�X�9 �*�Q�M�i�B�M�m�Q�m�b �b�i���i�2�@�b�T���+�2 �J���`�F�Q�p �+�?���B�M

���b �K�2�M�i�B�Q�M�2�/�- �J���`�F�Q�p �+�?���B�M�b ���`�2 �F�2�v �i�Q �b���K�T�H�B�M�; �7�`�Q�K �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M�b �/�m�`�B�M�;
�"���v�2�b�B���M �B�M�7�2�`�2�M�+�2�X �>�Q�r�2�p�2�`�- �Q�M�H�v �/�B�b�+�`�2�i�2 �b�i���i�2 �b�T���+�2�b �?���p�2 �#�2�2�M �/�B�b�+�m�b�b�2�/ �b�Q �7���`�- ���M�/
�K���M�v �K�Q�/�2�H�b �`�2�[�m�B�`�2 �B�M�7�2�`�2�M�+�2 �Q�7 �+�Q�M�i�B�M�m�Q�m�b�@�p���H�m�2�/ �T���`���K�2�i�2�`�b�X �>�2�`�2�- �+�Q�M�i�B�M�m�Q�m�b �b�i���i�2�@
�b�T���+�2 �J���`�F�Q�p �+�?���B�M�b ���`�2 �#�`�B�2�~�v �B�M�i�`�Q�/�m�+�2�/�X �� �/�2�i���B�H�2�/ �/�B�b�+�m�b�b�B�Q�M �Q�7 �J���`�F�Q�p �+�?���B�M�b�-
�/�B�b�+�`�2�i�2 ���M�/ �+�Q�M�i�B�M�m�Q�m�b �b�i���i�2�@�b�T���+�2�- �+���M �#�2 �7�Q�m�M�/ �B�M �L�Q�`�`�B�b �U�R�N�N�d�V�X

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

�G�2�if X t : t � 0g �#�2 �/�B�b�+�`�2�i�2�@�i�B�K�2 �b�i�Q�+�?���b�i�B�+ �T�`�Q�+�2�b�b�- ���M�/X t 2 S �#�2 �� �+�Q�M�i�B�M�m�Q�m�b �b�i���i�2�@
�b�T���+�2�- �b�m�+�? ���bR�X �h�?�2 �K�2�K�Q�`�v�H�2�b�b �T�`�Q�T�2�`�i�v �B�K�T�H�B�2�b �i�?���i �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �+�m�`�`�2�M�i
�b�i���i�2�-X t �- �/�2�T�2�M�/�b �Q�M�H�v �Q�M �i�?�2 �T�`�2�p�B�Q�m�b�-X t � 1�- ���M�/ �B�b �B�M�/�2�T�2�M�/�2�M�i �Q�7X t � 2; X t � 3; : : : ; X 0�X
�6�Q�` �� �i�`���M�b�B�i�B�Q�M �/�2�M�b�B�i�vf �i�?���i �B�b

f (X t jX t � 1; X t � 2; : : : ; X 0) = f (X t jX t � 1) : �U�R�X�k�k�V

�*�Q�M�i�B�M�m�Q�m�b �b�i���i�2�@�b�T���+�2 �J���`�F�Q�p �+�?���B�M�b �T�Q�b�b�2�b�b �K���M�v �Q�7 �i�?�2 �b���K�2 �T�`�Q�T�2�`�i�B�2�b ���b �i�?�2�B�`
�/�B�b�+�`�2�i�2 �+�Q�m�M�i�2�`�T���`�i�b�X �>�Q�r�2�p�2�`�- �i�?�2�B�` �i�`���M�b�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�B�2�b �+���M�M�Q�i �#�2 �b�m�+�+�B�M�+�i�H�v �b�m�K�@
�K���`�B�b�2�/ �B�M �� �K���i�`�B�t�X �A�K�T�Q�`�i���M�i�H�v�- �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M�b �Q�7 �+�Q�M�i�B�M�m�Q�m�b �b�i���i�2�@�b�T���+�2
�J���`�F�Q�p �+�?���B�M�b �+���M �b�i�B�H�H �2�t�B�b�i�- �b�m�#�D�2�+�i �i�Q �b�Q�K�2 �`�2�[�m�B�`�2�K�2�M�i�b �U�L�Q�`�`�B�b�- �R�N�N�d�V�- ���M�/ �i�?�2�v
�+���M �#�2 �7�Q�`�r���`�/ �b�B�K�m�H���i�2�/�X ���M �2�t���K�T�H�2 �Q�7 �� �+�Q�M�i�B�M�m�Q�m�b �b�i���i�2�@�b�T���+�2 �J���`�F�Q�p �+�?���B�M �B�b �B�M�i�`�Q�@
�/�m�+�2�/ �?�2�`�2�X

�k�e



�*�Q�M�i�B�M�m�Q�m�b �b�i���i�2�@�b�T���+�2 �2�t���K�T�H�2

�G�2�if X t : t = 0; 1; 2; : : : g �#�2 �`�2���H�@�p���H�m�2�/ �`���M�/�Q�K �p���`�B���#�H�2�b �i�?���i ���`�2 �b�2�[�m�2�M�i�B���H�H�v �m�T�/���i�2�/
�#�v ���/�/�B�M�; �M�Q�`�K���H�H�v �/�B�b�i�`�B�#�m�i�2�/ �B�M�/�2�T�2�M�/�2�M�i �`���M�/�Q�K �M�Q�B�b�2�X �h�?���i �B�b�- �;�B�p�2�M ���M �B�M�B�i�B���H �p���H�m�2
X 0 = x0�- �7�Q�`t = 1; 2; : : :

X t = X t � 1 + " t ;

" t � �L
�
0; � 2

�
; �B�M�/�2�T�X

�h�?�2 �`���M�/�Q�K �p���`�B���#�H�2�bf X t : t = 0; 1; 2; : : : g �7�Q�`�K �� �+�Q�M�i�B�M�m�Q�m�b �b�i���i�2�@�b�T���+�2�- �/�B�b�+�`�2�i�2�@
�i�B�K�2 �J���`�F�Q�p �+�?���B�M�- �`�2�7�2�`�`�2�/ �i�Q ���b �� �M�Q�`�K���H �`���M�/�Q�K �r���H�F�X �q�?�Q�b�2 �i�`���M�b�B�i�B�Q�M �/�2�M�b�B�i�v �B�b
�� �M�Q�`�K���H �/�B�b�i�`�B�#�m�i�B�Q�M �+�2�M�i�`�2�/ ���`�Q�m�M�/ �i�?�2 �T�`�2�p�B�Q�m�b �b�i���i�2�- �r�B�i�? �p���`�B���M�+�2� 2�X �6�B�;�m�`�2 �R�X�R�R
�b�?�Q�r�b �� �M�m�K�#�2�` �Q�7 �`�2���H�B�b���i�B�Q�M�b �7�`�Q�K �i�?�B�b �K�Q�/�2�H�- �r�B�i�? �p���`�v�B�M�; �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b �Q�7 �i�?�2
���/�/�B�i�B�p�2 �`���M�/�Q�K �M�Q�B�b�2�X

�6�B�;�m�`�2 �R�X�R�R�,�1�t���K�T�H�2 �b�B�K�m�H���i�B�Q�M�b �Q�7 �M�Q�`�K���H �`���M�/�Q�K �r���H�F�X �h�r�2�M�i�v �`�2���H�B�b���i�B�Q�M�b �7�`�Q�K ��
�M�Q�`�K���H �`���M�/�Q�K �r���H�F�- �r�B�i�? �B�M�B�i�B���H �p���H�m�2X 0 = 0 �U�#�Q�i�?�V ���M�/ �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b� = 0 :25 �U�H�2�7�i�V
���M�/� = 1 :0 �U�`�B�;�?�i�V�X

���b �T�`�2�b�2�M�i�2�/ �?�2�`�2�- �i�?�2 �M�Q�`�K���H �`���M�/�Q�K �r���H�F �B�b �m�M�B�p���`�B���i�2�c �?�Q�r�2�p�2�`�- �i�?�B�b �M�2�2�/ �M�Q�i �#�2
�i�?�2 �+���b�2�- ���M�/ �2�t�i�2�M�/�B�M�; �i�?�2 �J���`�F�Q�p �+�?���B�M �i�Q �#�2 �K�m�H�i�B�p���`�B���i�2 �B�b �`�2�H���i�B�p�2�H�v �b�i�`���B�;�?�i�7�Q�`�r���`�/�X
�J�m�H�i�B�p���`�B���i�2 �U���M�/ �m�M�B�p���`�B���i�2�V �M�Q�`�K���H �`���M�/�Q�K �r���H�F�b ���`�2 �+�Q�K�K�Q�M�H�v �m�b�2�/ �r�B�i�?�B�M �"���v�2�b�B���M
�B�M�7�2�`�2�M�+�2 �b�+�?�2�K�2�b�c �b�2�2 �*�?���T�i�2�` �k�X�R�X�k�X

�R�X�e �S�`�Q�D�2�+�i ���B�K�b

�h�?�B�b �i�?�2�b�B�b ���B�K�b �i�Q �m�b�2 ���/�p���M�+�2�/ �b�i���i�B�b�i�B�+���H �i�2�+�?�M�B�[�m�2�b �i�Q �B�M�7�2�` �K�i�.�L�� �/�v�M���K�B�+�b ���M�/ �B�M�@
�p�2�b�i�B�;���i�2 �r�?�2�i�?�2�` �#�B�Q�H�Q�;�B�+���H �i�?�2�Q�`�B�2�b �Q�7 �+�H�Q�M���H �2�t�T���M�b�B�Q�M �+���M �#�2 �+�Q�K�T���`�2�/ �m�b�B�M�; �"���v�2�b�B���M
�K�2�i�?�Q�/�b�X �h�Q �i�?�B�b �2�M�/�- �K���i�?�2�K���i�B�+���H �K�Q�/�2�H�b �Q�7 �+�H�Q�M���H �2�t�T���M�b�B�Q�M ���`�2 �/�2�p�2�H�Q�T�2�/ �i�?���i �`�2�~�2�+�i
�#�B�Q�H�Q�;�B�+���H �i�?�2�Q�`�B�2�b �T�`�Q�T�Q�b�2�/ �B�M �i�?�2 �H�B�i�2�`���i�m�`�2�X �A�i �B�b �?�Q�T�2�/ �i�?���i �� �+�Q�K�T�`�2�?�2�M�b�B�p�2 �b�i���i�B�b�i�B�+���H
���M���H�v�b�B�b �r�Q�m�H�/ ���H�H�Q�r �7�Q�` �i�?�2 �`�Q�#�m�b�i �+�Q�K�T���`�B�b�Q�M �Q�7 �i�?�2 �K���i�?�2�K���i�B�+���H �K�Q�/�2�H�b�- �;�B�p�B�M�; �r�2�B�;�?�i

�k�d



�i�Q �i�?�2 �#�B�Q�H�Q�;�B�+���H �i�?�2�Q�`�B�2�b �i�?�2�v �`�2�~�2�+�i�X

�k�3



�*�?���T�i�2�` �k

�J�2�i�?�Q�/�b

�A�M �i�?�B�b �+�?���T�i�2�`�- �b�i���i�B�b�i�B�+���H �K�Q�/�2�H�b ���M�/ �B�M�7�2�`�2�M�+�2 �b�+�?�2�K�2�b �m�b�2�/ �B�M �*�?���T�i�2�`�b �j�- �9�- ���M�/ �8
���`�2 �/�B�b�+�m�b�b�2�/�X �h�?�2 �/�2�i���B�H�b �Q�7 �i�?�2 �K�Q�/�2�H�b ���M�/ �T���`���K�2�i�2�` �B�M�7�2�`�2�M�+�2 �b�+�?�2�K�2�b ���`�2 �b�T�2�+�B�}�+
�i�Q �2���+�? ���M���H�v�b�B�b ���M�/ ���`�2 �i�?�2�`�2�7�Q�`�2 �Q�m�i�H�B�M�2�/ �B�M �i�?�2�B�` �`�2�b�T�2�+�i�B�p�2 �+�?���T�i�2�`�b�X �>�Q�r�2�p�2�`�- �i�?�2
�b�i���i�B�b�i�B�+���H �i�?�2�Q�`�v ���M�/ �K�2�i�?�Q�/�b �r�?�B�+�? ���`�2 ���T�T�H�B�+���#�H�2 �i�?�`�Q�m�;�?�Q�m�i �i�?�2 �i�?�2�b�B�b ���`�2 �/�B�b�+�m�b�b�2�/
�?�2�`�2�X ���b �K�2�M�i�B�Q�M�2�/�- �i�?�B�b �i�?�2�b�B�b �7�Q�+�m�b�2�b �Q�M �i�?�2 �m�b�2 �Q�7 �"���v�2�b�B���M �K�2�i�?�Q�/�b�c �i�?�2�`�2�7�Q�`�2�- �i�?�B�b
�b�2�+�i�B�Q�M �#�2�;�B�M�b �r�B�i�? �� �/�B�b�+�m�b�b�B�Q�M �Q�7 ���H�;�Q�`�B�i�?�K�b �7�Q�` �b���K�T�H�B�M�; �7�`�Q�K �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M�b
�B�M �M�Q�M�@�+�Q�M�D�m�;���i�2 ���M���H�v�b�B�b�X

�k�X�R �J���`�F�Q�p �+�?���B�M �J�Q�M�i�2 �*���`�H�Q

�J���`�F�Q�p �+�?���B�M �J�Q�M�i�2 �*���`�H�Q �U�J�*�J�*�V �B�b �� �+�Q�K�K�Q�M �K�2�i�?�Q�/ �m�b�2�/ �i�Q �b���K�T�H�2 �7�`�Q�K �� �T�Q�b�i�2�@
�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M �r�?�2�M �i�?�2 ���M���H�v�b�B�b �B�b �M�Q�i �7�m�H�H�v �+�Q�M�D�m�;���i�2�X �h�?�2 �T�`�2�K�B�b�2 �Q�7 �i�?�2 �K�2�i�?�Q�/ �B�b
�i�Q �+�Q�M�b�i�`�m�+�i �� �J���`�F�Q�p �+�?���B�M �r�?�Q�b�2 �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�2�M�b�B�i�v�X �P�M�+�2
�i�?�2 �J���`�F�Q�p �+�?���B�M �?���b �+�Q�M�p�2�`�;�2�/ �i�Q �i�?�2 �T�Q�b�i�2�`�B�Q�`�- ���M�v �b���K�T�H�2 �;�2�M�2�`���i�2�/ �#�v �i�?�2 �+�?���B�M �r�B�H�H
�#�2 �� �`�2���H�B�b���i�B�Q�M �7�`�Q�K �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M�X �h�?�2 �T�2�`�B�Q�/ �#�2�7�Q�`�2 �i�?�2 �+�?���B�M �`�2���+�?�2�b �i�?�2
�b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �`�2�7�2�`�`�2�/ �i�Q ���b �i�?�2 �õ�#�m�`�M�@�B�M�ö �T�2�`�B�Q�/�- ���M�/ �i�?�2�b�2 �b���K�T�H�2�b ���`�2 �`�2�@
�K�Q�p�2�/ �#�2�7�Q�`�2 ���M���H�v�b�B�M�; �i�?�2 �T�Q�b�i�2�`�B�Q�`�b�X �P�7�i�2�M�- �K�m�H�i�B�T�H�2 �+�?���B�M�b ���`�2 �2�t�2�+�m�i�2�/ �i�Q �2�M�b�m�`�2 �i�?�2�v
�+�Q�M�p�2�`�;�2 �i�Q �i�?�2 �b���K�2 �/�B�b�i�`�B�#�m�i�B�Q�M�- ���M�/ �+�?�2�+�F�b ���`�2 �B�K�T�H�2�K�2�M�i�2�/ �i�Q �2�M�b�m�`�2 �i�?�B�b�X �J�2�i�?�Q�/�b
�i�Q ���b�b�2�b�b �+�Q�M�p�2�`�;�2�M�+�2 ���`�2 �/�B�b�+�m�b�b�2�/ �B�M �*�?���T�i�2�` �k�X�R�X�9�X

�A�M �i�?�B�b �+�?���T�i�2�` �� �;�2�M�2�`�B�+ �b�i���i�B�b�i�B�+���H �K�Q�/�2�H�-f (xj� �V�- �B�b �`�2�7�2�`�`�2�/ �i�Q�- �r�?�B�+�? �/�2�T�2�M�/�b �Q�M �� �b�2�i
�Q�7m �T���`���K�2�i�2�`�b�-� = ( � 1; � 2; : : : ; � m )T �X �h�?�2 �b�m�T�T�Q�`�i �Q�7� �B�b �/�2�M�Q�i�2�/� �X �h�?�2 �T���`���K�2�i�2�`�b
���`�2 ���b�b�m�K�2�/ �i�Q �#�2 �m�M�F�M�Q�r�M ���M�/ �B�M�7�2�`�`�2�/ �7�Q�` ���M �Q�#�b�2�`�p�2�/ �/���i���b�2�i�-x �X

�k�X�R�X�R �:�B�#�#�b �b���K�T�H�2�`

�h�?�2 �:�B�#�#�b �b���K�T�H�2�`�- ���H�;�Q�`�B�i�?�K �R�- �r���b �B�M�i�`�Q�/�m�+�2�/ �#�v �:�2�K���M ���M�/ �:�2�K���M �U�R�N�3�9�V�- ���M�/ �?���b
�b�B�M�+�2 �#�2�+�Q�K�2 �Q�M�2 �Q�7 �i�?�2 �K�Q�b�i �+�Q�K�K�Q�M �K�2�i�?�Q�/�b �i�Q �+�Q�M�b�i�`�m�+�i �J�*�J�* �b�+�?�2�K�2�b�X �A�i �B�b �;�2�M�2�`�@
���H�H�v �H�2�b�b �+�Q�K�T�m�i���i�B�Q�M���H�H�v �2�t�T�2�M�b�B�p�2 �i�?���M �i�?�2 �J�2�i�`�Q�T�Q�H�B�b�@�>���b�i�B�M�;�b ���H�;�Q�`�B�i�?�K�- ���H�;�Q�`�B�i�?�K �k�X
�>�Q�r�2�p�2�`�- �B�i �B�K�T�Q�b�2�b �b�Q�K�2 �`�2�b�i�`�B�+�i�B�Q�M�b �Q�M �i�?�2 �K�Q�/�2�H�b �r�?�B�+�? �+���M �#�2 �m�b�2�/�X �"�2�7�Q�`�2 �/�2�b�+�`�B�#�@
�B�M�; �i�?�2 �B�/�2�� ���M�/ ���H�;�Q�`�B�i�?�K�- �7�m�H�H�@�+�Q�M�/�B�i�B�Q�M���H �/�B�b�i�`�B�#�m�i�B�Q�M�b �U�6�*�.�b�V �K�m�b�i �#�2 �B�M�i�`�Q�/�m�+�2�/�X ���M
�6�*�. �B�b �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �� �b�B�M�;�H�2 �T���`���K�2�i�2�`�-� i �U�i�?�2i �@�i�? �2�H�2�K�2�M�i �Q�7� �V�- �+�Q�M�/�B�i�B�Q�M���H �Q�M
�2�p�2�`�v �Q�i�?�2�` �2�M�i�B�i�v �U�T���`���K�2�i�2�`�b ���M�/ �/���i���V�X �a�m�+�? �� �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �/�2�M�Q�i�2�/ �b�B�K�B�H���`�H�v �i�Q ���M�v

�k�N



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

p(� i j� 1; : : : ; � i � 1; � i +1 ; : : : ; � m ; x ):

�a�m�T�T�Q�b�2 �r�2 �r�B�b�? �i�Q �B�M�7�2�` �� �b�2�i �Q�7 �m�M�F�M�Q�r�M �T���`���K�2�i�2�`�b �B�M �� �K�Q�/�2�H�- �r�?�Q�b�2 �T�Q�b�i�2�`�B�Q�`�-
p(� jx )�- �+���M�M�Q�i �#�2 �7�Q�m�M�/ ���M���H�v�i�B�+���H�H�v�- �M�Q�` �+���M �B�i �#�2 �b���K�T�H�2�/ �7�`�Q�K�X �>�Q�r�2�p�2�`�- �i�?�2 �6�*�.�b �7�Q�`
�2���+�? �2�H�2�K�2�M�i �Q�7� �+���M �#�2 �7�Q�m�M�/ ���M���H�v�i�B�+���H�H�v ���M�/ �b���K�T�H�2�/ �7�`�Q�K�X �h�?�2�M�- �� �J���`�F�Q�p �+�?���B�M
�+���M �#�2 �+�Q�M�b�i�`�m�+�i�2�/ �#�v �b�2�[�m�2�M�i�B���H �b���K�T�H�B�M�; �Q�7 �i�?�2 �6�*�.�b �Q�7 �2���+�? �2�H�2�K�2�M�i �Q�7� �- ���M�/ �B�i�b
�b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �i�?�2 �D�Q�B�M�i�@�T�Q�b�i�2�`�B�Q�`�-p(� jx ) �U�:���K�2�`�K���M �� �G�Q�T�2�b�- �k�y�y�e�V�X �h�?�2
�:�B�#�#�b �b���K�T�H�B�M�; ���H�;�Q�`�B�i�?�K �B�b �/�2�b�+�`�B�#�2�/ �B�M ���H�;�Q�`�B�i�?�K �R�X

���H�;�Q�`�B�i�?�K �R�:�B�#�#�b �b���K�T�H�2�`

�R�X �A�M�B�i�B���H�B�b�2 �i�?�2 �b�i���i�2 �Q�7 �i�?�2 �+�?���B�M� (0) = ( � (0)
1 ; : : : ; � (0)

m )�h ���M�/ �b�2�ij = 1 �X
�k�X �:�2�M�2�`���i�2� (j ) �#�v �b�2�[�m�2�M�i�B���H �`�2���H�B�b���i�B�Q�M�b �7�`�Q�K �7�m�H�H�@�+�Q�M�/�B�i�B�Q�M���H�b

� (j )
1 � p(� 1j� (j � 1)

2 ; : : : ; � (j � 1)
m ; x )

� (j )
2 � p(� 2j� (j )

1 ; � (j � 1)
3 : : : ; � (j � 1)

m ; x )
�X�X�X

� (j )
m � p(� m j� (j )

1 ; : : : ; � (j )
m� 1; x )

�j�X �A�M�+�`�2�K�2�M�ij �#�v �R ���M�/ �`�2�i�m�`�M �i�Q �b�i�2�T �k�X

�h�?�2 �:�B�#�#�b �b���K�T�H�2�` �T�`�Q�/�m�+�2�b ���Mm�@�/�B�K�2�M�b�B�Q�M���H �J���`�F�Q�p �+�?���B�M �r�?�B�+�? �r�B�H�H �2�p�2�M�i�m���H�H�v�-
���7�i�2�` �� �#�m�`�M�@�B�M �T�2�`�B�Q�/�- �b���K�T�H�2 �7�`�Q�K �i�?�2 �D�Q�B�M�i�@�T�Q�b�i�2�`�B�Q�` �/�2�M�b�B�i�v�X �>�Q�r�2�p�2�`�- �i�?�2 �i�B�K�2 �i���F�2�M
�i�Q �`�2���+�? �i�?�2 �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �M�Q�i �F�M�Q�r�M�- ���M�/ �i�?�2 �[�m���H�B�i�v �Q�7 �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�`���r
�T�`�Q�/�m�+�2�/ �B�b �M�Q�i �;�m���`���M�i�2�2�/�X �>�Q�r �i�Q ���b�b�2�b�b �#�Q�i�? ���b�T�2�+�i�b �Q�7 �B�M�7�2�`�2�M�+�2 �B�b �/�B�b�+�m�b�b�2�/ �B�M
�*�?���T�i�2�` �k�X�R�X�9�X

�k�X�R�X�k �J�2�i�`�Q�T�Q�H�B�b�@�>���b�i�B�M�;�b

�h�?�2 �J�2�i�`�Q�T�Q�H�B�b�@�>���b�i�B�M�;�b ���H�;�Q�`�B�i�?�K �r���b �B�M�B�i�B���H�H�v �T�`�Q�T�Q�b�2�/ �#�v �J�2�i�`�Q�T�Q�H�B�b �2�i ���H�X �U�R�N�8�j�V
���M�/ �H���i�2�` �/�2�p�2�H�Q�T�2�/ �#�v �>���b�i�B�M�;�b �U�R�N�d�y�V�- ���M�/ �B�i �+���M �#�2 �m�b�2�/ �r�?�2�M �b���K�T�H�B�M�; �7�`�Q�K �7�m�H�H�@
�+�Q�M�/�B�i�B�Q�M���H�b �B�b �M�Q�i ���p���B�H���#�H�2�- �B�X�2�X �i�?�2 �6�*�.�b �+���M �M�Q�i �#�2 �b���K�T�H�2�/ �7�`�Q�K �/�B�`�2�+�i�H�v�X �l�M�H�B�F�2 �i�?�2
�:�B�#�#�b �b���K�T�H�2�`�- �i�?�2 �K�2�i�?�Q�/ �`�2�[�m�B�`�2�b �M�2�r� �p���H�m�2�b �i�Q �#�2 ���+�i�B�p�2�H�v �T�`�Q�T�Q�b�2�/ �#�2�7�Q�`�2 �#�2�B�M�;
���+�+�2�T�i�2�/ �Q�` �`�2�D�2�+�i�2�/�X �h�?�2 ���+�+�2�T�i���M�+�2 �T�`�Q�#���#�B�H�B�i�v �+�Q�K�#�B�M�2�b �B�M�7�Q�`�K���i�B�Q�M �7�`�Q�K �i�?�2 �T�`�Q�T�Q�b���H
�/�B�b�i�`�B�#�m�i�B�Q�M ���M�/ �T�Q�b�i�2�`�B�Q�` �/�2�M�b�B�i�v�X �h�?�2 �T�`�Q�T�Q�b���H �/�B�b�i�`�B�#�m�i�B�Q�M�- �/�2�M�Q�i�2�/q(�j� )�- �Q�7�i�2�M �/�2�@
�T�2�M�/�b �Q�M �i�?�2 �T�`�2�p�B�Q�m�b�H�v ���+�+�2�T�i�2�/ �p���H�m�2 �Q�7� �X �6�Q�H�H�Q�r�B�M�; �i�?�B�b �M�Q�i���i�B�Q�M�- �i�?�2 ���H�;�Q�`�B�i�?�K �B�b
�/�2�b�+�`�B�#�2�/ �B�M ���H�;�Q�`�B�i�?�K �k�X

�L�Q�i�2 �i�?���i �i�?�2 ���+�+�2�T�i���M�+�2 �T�`�Q�#���#�B�H�B�i�v �+�Q�M�i���B�M�b �� �`���i�B�Q �Q�7 �T�Q�b�i�2�`�B�Q�` �/�2�M�b�B�i�B�2�b�- �i�?�2 �`���i�B�Q
�+���M�+�2�H�b �Q�m�i �i�?�2 �M�Q�`�K���H�B�b�B�M�; �+�Q�M�b�i���M�i�- ���M�/ �i�?�m�b �B�b �2�[�m���H �i�Q �� �`���i�B�Q �Q�7 �T�`�B�Q�` �K�m�H�i�B�T�H�B�2�/ �#�v
�H�B�F�2�H�B�?�Q�Q�/�X �h�?�2 �7�Q�`�K �Q�7 �i�?�2 ���+�+�2�T�i���M�+�2 �T�`�Q�#���#�B�H�B�i�v �B�M ���H�;�Q�`�B�i�?�K �k �2�M�b�m�`�2�b �i�?���i �i�?�2 �J���`�F�Q�p
�+�?���B�M�ö�b �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�2�M�b�B�i�v �Q�7 �B�M�i�2�`�2�b�i�- �r�B�i�? �T�`�Q�T�Q�b�2�/ �p���H�m�2�b
�B�M ���`�2���b �Q�7 �?�B�;�?�2�` �T�Q�b�i�2�`�B�Q�` �/�2�M�b�B�i�v �?���p�B�M�; �� �?�B�;�?�2�` ���+�+�2�T�i���M�+�2 �T�`�Q�#���#�B�H�B�i�v �U�:���K�2�`�K���M ��
�G�Q�T�2�b�- �k�y�y�e�V�X

�j�y



���H�;�Q�`�B�i�?�K �k�J�2�i�`�Q�T�Q�H�B�b�@�>���b�i�B�M�;�b ���H�;�Q�`�B�i�?�K

�R�X �A�M�B�i�B���H�B�b�2 �i�?�2 �b�i���i�2 �Q�7 �i�?�2 �+�?���B�M� (0) = ( � (0)
1 ; : : : ; � (0)

m )�h ���M�/ �b�2�ij = 1 �X
�k�X �S�`�Q�T�Q�b�2 �� �M�2�r �T���`���K�2�i�2�` �p���H�m�2

� � � q(�j � (j � 1)):

�j�X �*���H�+�m�H���i�2 �i�?�2 ���+�+�2�T�i���M�+�2 �T�`�Q�#���#�B�H�B�i�v

� (� (j � 1); � � ) = min

(

1;
p(� � jx )

p(� (j � 1) jx )

q(� (j � 1) j� � )

q(� � j� (j � 1))

)

= min

(

1;
p(� � )L(� � jx )

p(� (j � 1))L(� (j � 1) jx )

q(� (j � 1) j� � )

q(� � j� (j � 1))

)

:

�9�X �a�2�i� (j ) = � � �r�B�i�? �T�`�Q�#���#�B�H�B�i�v� (� (j � 1); � � )�- �Q�i�?�2�`�r�B�b�2 �b�2�i� (j ) = � (j � 1) �X
�j�X �A�M�+�`�2�K�2�M�ij �#�v �R ���M�/ �`�2�i�m�`�M �i�Q �b�i�2�T �k�X

�h�?�2 �T�`�Q�T�Q�b���H �/�B�b�i�`�B�#�m�i�B�Q�M�-q(�j � )�- �B�b �Q�7 �T���`�i�B�+�m�H���` �B�K�T�Q�`�i���M�+�2�- ���b �B�i �/�2�i�2�`�K�B�M�2�b �i�?�2
���H�;�Q�`�B�i�?�K�ö�b �2�{�+�B�2�M�+�v�X �A�/�2���H�H�v�- �i�?�2 �T�`�Q�T�Q�b���H �/�B�b�i�`�B�#�m�i�B�Q�M �+�H�Q�b�2�H�v �`�2�b�2�K�#�H�2�b �i�?�2 �b�i���i�B�Q�M���`�v
�/�B�b�i�`�B�#�m�i�B�Q�M �U�T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M�V�X �A�7 �i�?�B�b �B�b �M�Q�i �i�?�2 �+���b�2�- �i�?�2 �+�?���B�M �K���v �?���p�2 �B�M�2�7�@
�}�+�B�2�M�i �2�t�T�H�Q�`���i�B�Q�M �Q�7 �i�?�2 �T���`���K�2�i�2�` �b�T���+�2�- �r�?�B�+�? �+���M �H�2���/ �i�Q �H�Q�M�; �#�m�`�M�@�B�M �T�2�`�B�Q�/�b ���M�/
�B�M�+�`�2���b�2�/ �+�Q�K�T�m�i���i�B�Q�M���H �+�Q�b�i�X �*�Q�K�K�Q�M �T�`�Q�T�Q�b���H �/�B�b�i�`�B�#�m�i�B�Q�M�b ���`�2 �/�B�b�+�m�b�b�2�/ �B�M �i�?�2 �7�Q�H�H�Q�r�@
�B�M�; �b�2�+�i�B�Q�M�b�X �a�B�K�B�H���`�H�v �i�Q �i�?�2 �:�B�#�#�b �b���K�T�H�2�`�- �M�Q �;�m���`���M�i�2�2�b ���`�2 �K���/�2 ���#�Q�m�i �i�?�2 �[�m���H�B�i�v
�Q�7 �T�Q�b�i�2�`�B�Q�` �/�`���r�b �Q�` �#�m�`�M�@�B�M �H�2�M�;�i�?�X

�A�M�/�2�T�2�M�/�2�M�i �T�`�Q�T�Q�b���H

���M �B�M�/�2�T�2�M�/�2�M�i �T�`�Q�T�Q�b���H �B�b �Q�M�2 �i�?���i �/�Q�2�b �M�Q�i �`�2�H�v �Q�M �i�?�2 �+�m�`�`�2�M�i �b�i���i�2 �Q�7 �i�?�2 �J���`�F�Q�p
�+�?���B�M�X �h�?�2 �T�`�Q�T�Q�b���H �/�2�M�b�B�i�v �+���M �i�?�2�M �#�2 �r�`�B�i�i�2�Mq(� � )�- �r�B�i�?�Q�m�i �i�?�2� (j � 1) �/�2�T�2�M�/�2�M�+�2�-
���M�/ �i�?�2 ���+�+�2�T�i���M�+�2 �T�`�Q�#���#�B�H�B�i�v �#�2�+�Q�K�2�b

� (� ; � � ) = min
�

1;
p(� � jx )
p(� jx )

q(� )
q(� � )

�
;

= min
�

1;
p(� � )L(� � jx )
p(� )L(� jx )

q(� )
q(� � )

�
:

�L�Q�i�2 �i�?���i �i�?�2 �b�m�T�2�`�b�+�`�B�T�i �Q�7 �i�?�2 �T�`�2�p�B�Q�m�b�H�v ���+�+�2�T�i�2�/ �p���H�m�2 �Q�7� (j � 1) �?���b �#�2�2�M �/�`�Q�T�T�2�/ �7�Q�`
�#�`�2�p�B�i�v�X �� �b�T�2�+�B���H �+���b�2 �Q�7 �i�?�2 �B�M�/�2�T�2�M�/�2�M�i �T�`�Q�T�Q�b���H �B�b �r�?�2�M �i�?�2 �T�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �m�b�2�/
�i�Q �T�`�Q�T�Q�b�2 �p���H�m�2�b�X �A�M �i�?�B�b �+���b�2�- �i�?�2 ���+�+�2�T�i���M�+�2 �`���i�B�Q �b�B�K�T�H�B�}�2�b �i�Q �#�2�+�Q�K�2 �i�?�2 �`���i�B�Q �Q�7 �i�?�2
�H�B�F�2�H�B�?�Q�Q�/�b�-

� (� ; � � ) = min
�

1;
p(� � )L(� � jx )
p(� )L(� jx )

p(� )
p(� � )

�
;

= min
�

1;
L(� � jx )
L(� jx )

�
:

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

�j�R



�b�H�Q�r �2�t�T�H�Q�`���i�B�Q�M �Q�7 �i�?�2 �T���`���K�2�i�2�` �b�T���+�2�X

�a�v�K�K�2�i�`�B�+ �T�`�Q�T�Q�b���H

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

� (� ; � � ) = min
�

1;
p(� � jx )
p(� jx )

�

= min
�

1;
p(� � )L(� � jx )
p(� )L(� jx )

�
:

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

�_���M�/�Q�K �r���H�F �T�`�Q�T�Q�b���H

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

� � = � (j � 1) + " j ; �U�k�X�R�V

�r�?�2�`�2" j ���`�2 �B�M�/�2�T�2�M�/�2�M�i ���M�/ �B�/�2�M�i�B�+���H�H�v �/�B�b�i�`�B�#�m�i�2�/ �`���M�/�Q�K �p���`�B���#�H�2�b�X �l�b�m���H�H�v�- �i�?�2 �M�Q�B�b�2
�B�b �M�Q�`�K���H�H�v �/�B�b�i�`�B�#�m�i�2�/ ���M�/ �+�2�M�i�`�2�/ ���`�Q�m�M�/0 �Um�@�/�B�K�2�M�b�B�Q�M���H �x�2�`�Q �p�2�+�i�Q�`�V�X �h�?�B�b �B�b �i�?�2
�K�m�H�i�B�p���`�B���i�2 �2�t�i�2�M�b�B�Q�M �Q�7 �i�?�2 �M�Q�`�K���H �`���M�/�Q�K �r���H�F �2�t���K�T�H�2 �B�M �a�2�+�i�B�Q�M �R�X�8�X�9�X �G�2�i

" j � �L(0; �) ;

�7�Q�` ���H�Hj �- �i�?�2�M �i�?�2 �� �T�`�Q�T�Q�b�2�/ �p���H�m�2 �Q�7� �B�b �/�`���r�M �7�`�Q�K

� � j� (j � 1) � �L
�

� (j � 1); �
�

:

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

�A�M �T�`���+�i�B�+�2�- �_�Q�#�2�`�i�b ���M�/ �_�Q�b�2�M�i�?���H �U�k�y�y�R�V �T�`�Q�T�Q�b�2�/ �i�?���i �i�?�2 �+�Q�p���`�B���M�+�2 �K���i�`�B�t �b�?�Q�m�H�/
�/�2�T�2�M�/ �Q�M �i�?�2 �T�Q�b�i�2�`�B�Q�` �+�Q�p���`�B���M�+�2 ���M�/ �i�?�2 �M�m�K�#�2�` �Q�7 �T���`���K�2�i�2�`�b �#�2�B�M�; �B�M�7�2�`�`�2�/�- �b�m�;�;�2�b�i�@
�B�M�; �i�?���i

�o���(̀" j ) =
2:382

m
d�o���(̀� jx ): �U�k�X�k�V

�>�2�`�2�-d�o���(̀� jx ) �/�2�M�Q�i�2�b �� �b���K�T�H�2 �p���`�B���M�+�2 �i���F�2�M �7�`�Q�K ���M �B�M�B�i�B���H �`�m�M �Q�7 �i�?�2 �B�M�7�2�`�2�M�+�2�X �A�M�B�@
�i�B���H �`�m�M�b �Q�7 �B�M�7�2�`�2�M�+�2 �r�Q�m�H�/ ���/�/ ���/�/�B�i�B�Q�M���H �+�Q�K�T�m�i���i�B�Q�M���H �+�Q�b�i �i�Q �i�?�2 �B�M�7�2�`�2�M�+�2 �b�+�?�2�K�2�X

�j�k



�>�Q�r�2�p�2�`�- �7�Q�` �+�Q�K�T�H�2�t �K�Q�/�2�H�b �r�B�i�? �+�Q�K�T�H�2�t �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M�b�- �i�?�2 �#�2�M�2�}�i�b �Q�7 �� �K�Q�`�2
�2�{�+�B�2�M�i �b���K�T�H�B�M�; ���H�;�Q�`�B�i�?�K �r�Q�m�H�/ �;�2�M�2�`���H�H�v �Q�m�i�r�2�B�;�? �i�?�2 ���/�/�B�i�B�Q�M���H �+�Q�b�i�X �h�?�2 �M�Q�`�K���H
�`���M�/�Q�K �r���H�F �T�`�Q�T�Q�b���H �K�2�+�?���M�B�b�K �B�b �B�K�T�H�2�K�2�M�i�2�/ �B�M �*�?���T�i�2�` �8�X

�k�X�R�X�j �J�2�i�`�Q�T�Q�H�B�b�@�r�B�i�?�B�M�@�:�B�#�#�b

�>�v�#�`�B�/ �J�*�J�* �b�+�?�2�K�2�b ���`�2 �+���T���#�H�2 �Q�7 �B�K�T�H�2�K�2�M�i�B�M�; �J�2�i�`�Q�T�Q�H�B�b�@�>���b�i�B�M�;�b �m�T�/���i�2�b �i�Q ��
�b�m�#�b�2�i �Q�7 �T���`���K�2�i�2�`�b �r�?�Q�b�2 �6�*�.�b ���`�2 �M�Q�i �i�`���+�i���#�H�2 �U�b�Q�H�p���#�H�2�V �r�?�B�H�2 ���H�H�Q�r�B�M�; �+�Q�K�T�Q�M�2�M�i�@
�r�B�b�2 �:�B�#�#�b �m�T�/���i�2�b �7�Q�` �i�?�Q�b�2 �i�?���i ���`�2�X

�h�?�2 �J�2�i�`�Q�T�Q�H�B�b�@�r�B�i�?�B�M�@�:�B�#�#�b ���H�;�Q�`�B�i�?�K �B�b �� �+�Q�K�#�B�M���i�B�Q�M �Q�7 ���H�;�Q�`�B�i�?�K�b �R ���M�/ �k�X �S�`�B�Q�`
�i�Q �B�M�7�2�`�2�M�+�2�- �� �T�`�Q�T�Q�b���H �/�B�b�i�`�B�#�m�i�B�Q�M �7�Q�` �i�?�2 �J�2�i�`�Q�T�Q�H�B�b�@�>���b�i�B�M�;�b �m�T�/���i�2 �K�m�b�i �#�2 �+�?�Q�b�2�M�X
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�b���K�2 �2�b�i�B�K���i�B�Q�M �T�Q�r�2�` ���b �i�?�2 �+�Q�`�`�2�H���i�2�/ �`�2���H�B�b���i�B�Q�M�b �7�`�Q�K �i�?�2 �J���`�F�Q�p �+�?���B�M�X �q�?�2�M ���m�i�Q�@
�+�Q�`�`�2�H���i�B�Q�M �B�b �H�Q�r�- �1�a�a ���M�/ �i�?�2 �M�m�K�#�2�` �Q�7 �`�2���H�B�b���i�B�Q�M�b �r�B�H�H �#�2 �p�2�`�v �+�H�Q�b�2 �B�M �p���H�m�2�X �q�?�2�M
���m�i�Q�+�Q�`�`�2�H���i�B�Q�M �B�b �?�B�;�? �i�?�2 �1�a�a �+���M �#�2 �/�`���b�i�B�+���H�H�v �b�K���H�H�2�`�X �h�?�2 �1�a�a �;�B�p�2�b �� �;�Q�Q�/ �B�M�@
�/�B�+���i�B�Q�M �Q�7 �i�?�2 ���+�+�m�`���+�v �Q�7 �K�Q�K�2�M�i�b �+���H�+�m�H���i�2�/ �7�`�Q�K �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�`���r�b�X �a�B�M�;�H�2 ���M�/
�K�m�H�i�B�@�p���`�B���i�2 �1�a�a �+���H�+�m�H���i�B�Q�M�b �2�t�B�b�i ���M�/ �#�Q�i�? �+���M �m�b�2�/ �i�Q�;�2�i�?�2�`�X

�k�X�k �a�i���i�B�b�i�B�+���H �b�Q�7�i�r���`�2

�*�Q�M�b�i�`�m�+�i�B�M�; ���M ���T�T�`�Q�T�`�B���i�2 �B�M�7�2�`�2�M�+�2 �+���M �#�2 �+�Q�K�T�H�B�+���i�2�/�- ���M�/ �}�M�/�B�M�; ���T�T�`�Q�T�`�B���i�2 �T�`�Q�@
�T�Q�b���H �/�B�b�i�`�B�#�m�i�B�Q�M�b �K���v �#�2 �/�B�{�+�m�H�i �7�Q�` �?�B�;�?�@�/�B�K�2�M�b�B�Q�M���H �T�`�Q�#�H�2�K�b�X �h�Q �Q�p�2�`�+�Q�K�2 �i�?�B�b
�?�m�`�/�H�2�- �b�Q�7�i�r���`�2 �2�t�B�b�i�b �i�?���i �+���M �B�K�T�H�2�K�2�M�i �� �"���v�2�b�B���M �B�M�7�2�`�2�M�+�2 �b�+�?�2�K�2 �U�b�2�K�B�@�V���m�i�Q�K���i�@
�B�+���H�H�v�X �h�?�2 �i�r�Q �K���B�M �T�B�2�+�2�b �Q�7 �b�Q�7�i�r���`�2 ���`�2 �a�h���L �U�*���`�T�2�M�i�2�` �2�i ���H�X�- �k�y�R�d�V ���M�/ �C���:�a
�U�S�H�m�K�K�2�`�- �k�y�y�j�V�X �"�Q�i�? ���`�2 ���p���B�H���#�H�2 �r�B�i�?�B�M �_ ���M�/ �S�v�i�?�Q�M�- ���b �r�2�H�H ���b �B�M �K���M�v �Q�i�?�2�`
�T�H���+�2�b�- ���M�/ �i�?�2�v �#�Q�i�? �?���p�2 ���/�p���M�i���;�2�b ���M�/ �/�B�b���/�p���M�i���;�2�b�X �h�?�2 �H���`�;�2�b�i �/�B�b���/�p���M�i���;�2 �7�Q�`
�#�Q�i�? �B�b �i�?�2 �B�M�B�i�B���H �i�B�K�2 �b�T�2�M�i �M�2�2�/�B�M�; �i�Q �H�2���`�M �?�Q�r �i�Q �r�`�B�i�2 �� �K�Q�/�2�H �B�M �i�?�2�B�` �`�2�b�T�2�+�i�B�p�2
�T�`�Q�#���#�B�H�B�b�i�B�+ �T�`�Q�;�`���K�K�B�M�; �H���M�;�m���;�2�b�X

�a�h���L�- ���p���B�H���#�H�2 �B�M�_�i�?�`�Q�m�;�? �i�?�2 �õ�`�b�i���M�ö �T���+�F���;�2 �U�a�i���M �.�2�p�2�H�Q�T�K�2�M�i �h�2���K�- �k�y�k�y�V�- �B�K�@
�T�H�2�K�2�M�i�b ���M�Q�i�?�2�` �"���v�2�b�B���M �B�M�7�2�`�2�M�+�2 ���H�;�Q�`�B�i�?�K �+���H�H�2�/ �>���K�B�H�i�Q�M�B���M �J�Q�M�i�2 �*���`�H�Q �U�>�J�*�V�-
�r�?�B�+�? �;�2�M�2�`���H�H�v �Q�z�2�`�b �#�2�i�i�2�` �2�t�T�H�Q�`���i�B�Q�M �Q�7 �i�?�2 �T���`���K�2�i�2�` �b�T���+�2 �U�>�Q�z�K���M �� �:�2�H�K���M�-
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�k�y�R�9�V�X �a�h���L �[�m�B�+�F�H�v �}�M�/�b �i�?�2 �K���B�M ���`�2���b �Q�7 �i�?�2 �i���`�;�2�i �b�m�T�T�Q�`�i�- ���M�/ �Q�M�+�2 �i�?�2�`�2�- �i�?�2 �b���K�@
�T�H�2�b �;�2�M�2�`���i�2�/ ���`�2 ���H�K�Q�b�i �m�M�+�Q�`�`�2�H���i�2�/�X �>�Q�r�2�p�2�`�- �/�m�2 �i�Q �i�?�2 �b�T�2�+�B�}�+ ���H�;�Q�`�B�i�?�K �a�h���L �m�b�2�b�-
�+���i�2�;�Q�`�B�+���H �p���`�B���#�H�2�b �+���M�M�Q�i �/�B�`�2�+�i�H�v �#�2 �� �T���`�i �Q�7 �i�?�2 �K�Q�/�2�H�X �6�Q�` �K���M�v �K�Q�/�2�H�b�- �B�M�+�H�m�/�@
�B�M�; �i�?�2 �Q�M�2 �m�b�2�/ �B�M �*�?���T�i�2�` �9�- �i�?�B�b �B�b �M�Q�i ���M �B�b�b�m�2 ���M�/ �� �õ�r�Q�`�F���`�Q�m�M�/�ö �+���M �#�2 �B�K�T�H�2�K�2�M�i�2�/�X

�C���:�a �U�S�H�m�K�K�2�`�- �k�y�y�j�V �B�b ���p���B�H���#�H�2 �B�M�_�i�?�`�Q�m�;�? �i�?�2 �õ�`�D���;�b�ö �T���+�F���;�2 �U�S�H�m�K�K�2�` �2�i ���H�X�-
�k�y�k�9�V�X �C���:�a �B�b �M�Q�i ���b �2�{�+�B�2�M�i ���b �a�h���L �B�M �B�i�b �2�t�T�H�Q�`���i�B�Q�M �Q�7 �i�?�2 �T���`���K�2�i�2�` �b�T���+�2 ���M�/
�B�i�b �T�Q�b�i�2�`�B�Q�`�b �Q�7�i�2�M �T�`�Q�/�m�+�2 �K�Q�`�2 �+�Q�`�`�2�H���i�2�/ �b���K�T�H�2�b�X �>�Q�r�2�p�2�`�- �C���:�a �B�b �2���b�B�2�` �i�Q �m�b�2 ���M�/
���H�H�Q�r�b �+���i�2�;�Q�`�B�+���H �p���`�B���#�H�2�b�X

�"�Q�i�? �a�h���L ���M�/ �C���:�a ���`�2 �H�B�F�2�H�v �7���b�i�2�` �i�?���M �?���`�/�@�+�Q�/�2�/ �B�M�7�2�`�2�M�+�2 �b�+�?�2�K�2�b�- �#�Q�i�? �m�b�B�M�;
�Q�T�i�B�K�B�b�2�/ �* �+�Q�/�2�X �>�Q�r�2�p�2�`�- �B�i �B�b �M�Q�i ���H�r���v�b �T�Q�b�b�B�#�H�2 �i�Q �m�b�2 �a�h���L �Q�` �C���:�a�- ���b �r�B�H�H �b�2�2�M
�B�M �*�?���T�i�2�` �8�- �M�2�+�2�b�b�B�i���i�B�M�; �?���`�/�@�+�Q�/�B�M�; ���M �B�M�7�2�`�2�M�+�2 �b�+�?�2�K�2�X

�k�X�j �"���v�2�b�B���M �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�;

�h�?�2 �i�@�i�2�b�i �B�b �Q�M�2 �Q�7 �i�?�2 �K�Q�b�i �+�Q�K�K�Q�M �i�2�b�i�b �m�b�2�/ �B�M �b�i���i�B�b�i�B�+�b�X �A�i �+�Q�K�T���`�2�b �i�?�2 �K�2���M�b
�Q�7 �i�r�Q �M�Q�`�K���H�H�v �/�B�b�i�`�B�#�m�i�2�/ �/���i���b�2�i�b �#�v �+���H�+�m�H���i�B�M�; �� �i�2�b�i �b�i���i�B�b�i�B�+ ���M�/ �+�Q�K�T���`�B�M�; �B�i �i�Q
�i�?�2 �i�@�/�B�b�i�`�B�#�m�i�B�Q�M�X �o���`�B���i�B�Q�M�b �Q�7 �i�?�2 �i�2�b�i �2�t�B�b�i�- �B�M�+�H�m�/�B�M�; �+�Q�M�b�i���M�i ���M�/ �/�B�z�2�`�B�M�; �p���`�B���M�+�2
�#�2�i�r�2�2�M �;�`�Q�m�T�b�- �T���B�`�2�/ ���M�/ �m�M�T���B�`�2�/�- ���M�/ �M�Q�M�@�M�Q�`�K���H�B�i�v �B�M �i�?�2 �/���i���X �>�2�`�2�- �"���v�2�b�B���M �?�v�@
�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�; �B�b �#�`�B�2�~�v �/�B�b�+�m�b�b�2�/�- �;�B�p�B�M�; ���M �B�M�/�B�+���i�B�Q�M �Q�7 �?�Q�r �� �i�r�Q�@�b���K�T�H�2 �i�@�i�2�b�i �r�Q�m�H�/
�#�2 �+�Q�M�/�m�+�i�2�/ �r�B�i�?�B�M �� �"���v�2�b�B���M �+�Q�M�i�2�t�i�X �1�t�i�2�M�b�B�Q�M�b �i�Q �Q�i�?�2�` �b�B�i�m���i�B�Q�M�b ���`�2 ���p���B�H���#�H�2�X
�>�Q�r�2�p�2�`�- �i�?�2 �7�Q�H�H�Q�r�B�M�; �2�t���K�T�H�2 �B�H�H�m�b�i�`���i�2�b �i�?�2 �K���B�M �+�Q�M�+�2�T�i�X

�G�2�if X 1; X 2g �#�2 �i�r�Q �B�M�/�2�T�2�M�/�2�M�i ���M�/ �M�Q�`�K���H�H�v �/�B�b�i�`�B�#�m�i�2�/ �/���i���b�2�i�b�- �r�B�i�? �K�2���M�b� 1

���M�/� 2�X ���b�b�m�K�2 �i�?�2 �p���`�B���M�+�2 �Q�7 �i�?�2 �i�r�Q �;�`�Q�m�T�b �B�b �F�M�Q�r�M ���M�/ �2�[�m���H�- ���H�i�?�Q�m�;�? �i�?�B�b �M�2�2�/
�M�Q�i �#�2 �i�?�2 �+���b�2�X �A�M �� �"���v�2�b�B���M �+�Q�M�i�2�t�i�- �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M�bp(� 1jX 1) ���M�/p(� 2jX 2)
���`�2 �B�M�7�2�`�`�2�/�- �B�M �i�?�2 �m�b�m���H �K���M�M�2�` �#�v �+�Q�M�b�i�`�m�+�i�B�M�; �� �T�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M ���M�/ �+�Q�K�#�B�M�B�M�; �r�B�i�?
�i�?�2 �/���i�� �H�B�F�2�H�B�?�Q�Q�/�X �G�2�i �i�?�2 �/�B�z�2�`�2�M�+�2 �Q�7 �i�?�2 �;�`�Q�m�T �K�2���M�b �/�2�}�M�2 �� �`���M�/�Q�K �p���`�B���#�H�2�-
� � = � 1 � � 2�X �h�?�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�Mp(� � jX ) �r�?�2�`�2X = f X 1; X 2g�- �B�b �Q�7 �B�M�i�2�`�2�b�i
�?�2�`�2 ���M�/ �+���M �#�2 �7�Q�m�M�/ �2�B�i�?�2�` ���M���H�v�i�B�+���H�H�v �Q�` �#�v �J�*�J�*�- �#�v �2�B�i�?�2�` �K�2�i�?�Q�/�- �i�?�2 �/�B�z�2�`�2�M�+�2
�B�M �i�?�2 �;�`�Q�m�T �K�2���M�b �+���M �#�2 �B�M�b�T�2�+�i�2�/ �#�v ���M���H�v�b�B�M�;p(� � jX )�X �6�Q�` �2�t���K�T�H�2�- �i�Q ���M�b�r�2�`
�i�?�2 �[�m�2�b�i�B�Q�M�c �A�b �i�?�2 �K�2���M �Q�7 �;�`�Q�m�T �R �H���`�;�2�` �i�?���M �;�`�Q�m�T �k�\ �� �"���v�2�b�B���M �b�i���i�B�b�i�B�+�B���M �r�Q�m�H�/
�+���H�+�m�H���i�2 �i�?�2 �T�Q�b�i�2�`�B�Q�` �T�`�Q�#���#�B�H�B�i�v �S�`(� 1 > � 2jX )�- �r�?�B�+�? �B�b �2�[�m�B�p���H�2�M�i �i�Q �S�`(� � > 0jX )�X
�A�7p(� � jX ) �B�b �7�Q�m�M�/ �p�B�� �J�*�J�*�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �B�b ���T�T�`�Q�t�B�K���i�2�/

�S�(̀� � > 0jX ) �
1

N �J�*�J�*

X

i

I (� (i )
1 > � (i )

2 ) �U�k�X�j�V

�r�?�2�`�2N �J�*�J�* �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �T�Q�b�i�2�`�B�Q�` �`�2���H�B�b���i�B�Q�M�b ���M�/� (i )
1 ���M�/� (i )

2 ���`�2 �i�?�2i �@�i�? �`�2���H�B�@
�b���i�B�Q�M�b �7�`�Q�K �i�?�2 �T�Q�b�i�2�`�B�Q�M�X �i�?�2 �B�M�/�B�+���i�Q�` �7�m�M�+�i�B�Q�M�-I (�)�- �2�[�m���H�b �R �B�7 �i�?�2 �2�t�T�`�2�b�b�B�Q�M �B�b �i�`�m�2
���M�/ �y�X�y �Q�i�?�2�`�r�B�b�2�X ���H�i�?�Q�m�;�? �� �"���v�2�b�B���M �b�i���i�B�b�i�B�+�B���M �r�Q�m�H�/ �M�Q�i �m�b�2 �i�?�2 �r�Q�`�/�b�B�;�M�B�}�+���M�i�-
�Q�M�2 �K���v �b���v �i�?���i �B�7 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �B�b �H�Q�r�- �H�2�b�b �i�?���M �y�X�y�8�- �i�?�2�`�2 �B�b�b�m�#�b�i���M�i�B���H�2�p�B�/�2�M�+�2 �i�Q
�b�m�;�;�2�b�i �i�?���i �i�?�2 �K�2���M �Q�7 �;�`�Q�m�T �R �B�b �H���`�;�2�` �i�?���M �i�?�2 �K�2���M �Q�7 �;�`�Q�m�T �k�X

�P�i�?�2�` �[�m�2�b�i�B�Q�M�b �`�2�;���`�/�B�M�; �i�?�2 �i�r�Q �;�`�Q�m�T �K�2���M�b �+���M �#�2 �T�`�Q�T�Q�b�2�/�- ���M�/ �i�?�2�B�` ���M�b�r�2�`
�7�Q�`�K�m�H���i�2�/ �B�M �� �b�B�K�B�H���` �K���M�M�2�` �#�v �B�M�b�T�2�+�i�B�Q�M �Q�7 �i�?�2 ���T�T�`�Q�T�`�B���i�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M�X
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�6�Q�` �� �`�2�p�B�2�r ���M�/ �/�B�b�+�m�b�b�B�Q�M �Q�7 �?�Q�r �"���v�2�b�B���M �b�i���i�B�b�i�B�+���H �i�2�b�i�b ���`�2 �B�K�T�H�2�K�2�M�i�2�/ ���M�/ �� �+�Q�K�@
�T���`�B�b�Q�M �i�Q �7�`�2�[�m�2�M�i�B�b�i �K�2�i�?�Q�/�b�- �b�2�2 �E�`�m�b�+�?�F�2 ���M�/ �G�B�/�/�2�H�H �U�k�y�R�3�V�X
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�k�X�9�X�k �J�B�t�i�m�`�2 �K�Q�/�2�H�H�B�M�;

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

�J�B�t�i�m�`�2�b �+���M �#�2 �#�2�M�2�}�+�B���H �r�?�2�M �/���i�� �b�?�Q�r�b �b�m�#�@�T�Q�T�m�H���i�B�Q�M�b�- �;�`�Q�m�T�b �r�B�i�?�B�M �i�?�2 �/���i���b�2�i�-
�2�t�?�B�#�B�i �B�M�i�2�`�@�;�`�Q�m�T �p���`�B���i�B�Q�M�X �� �K���D�Q�` �#�2�M�2�}�i �Q�7 �i�?�B�b �K�Q�/�2�H �i�v�T�2 �B�b �i�?���i �;�`�Q�m�T �H���#�2�H�b ���`�2
�M�Q�i �M�2�2�/�2�/�X �A�M �7���+�i�- �� �T�?�v�b�B�+���H �B�M�i�2�`�T�`�2�i���i�B�Q�M �Q�7 �i�?�2 �;�`�Q�m�T�b �B�b �M�Q�i �`�2�[�m�B�`�2�/�- ���M�/ �B�/�2�M�i�B�@
�}�+���i�B�Q�M �Q�7 �õ�H�B�F�2�ö �;�`�Q�m�T�b �+���M �H�2���/ �i�Q �7�m�`�i�?�2�` �B�M�p�2�b�i�B�;���i�B�Q�M�X �*�Q�M�b�2�[�m�2�M�i�H�v�- �K�B�t�i�m�`�2 �K�Q�/�2�H�b
�+���M �#�2 �m�b�2�/ �i�Q �+�H���b�b�B�7�v �/���i���b�2�i�b �B�M�i�Q �b�m�#�T�Q�T�m�H���i�B�Q�M�b�- �Q�7�i�2�M �`�2�7�2�`�`�2�/ �i�Q ���b �+�H�m�b�i�2�`�B�M�;�X �l�M�@
�H�B�F�2 �Q�i�?�2�` �+�H�m�b�i�2�`�B�M�; ���H�;�Q�`�B�i�?�K�b�- �i�?�2 �M�m�K�#�2�` �Q�7 �b�m�#�@�T�Q�T�m�H���i�B�Q�M�b �K�m�b�i �#�2 �+�?�Q�b�2�M �#�2�7�Q�`�2
�K�Q�/�2�H�H�B�M�; �#�2�;�B�M�b�X �>�Q�r�2�p�2�`�- �i�?�B�b �/�Q�2�b �M�Q�i �b�i�Q�T �i�?�2 �}�i�i�B�M�; �Q�7 �K�m�H�i�B�T�H�2 �K�Q�/�2�H�b �r�B�i�? �p���`�v�B�M�;

�j�3



�6�B�;�m�`�2 �k�X�k�,�o���`�B�2�i�v �Q�7 �i�?�`�2�2�@�+�Q�K�T�Q�M�2�M�i �M�Q�`�K���H �K�B�t�i�m�`�2 �/�B�b�i�`�B�#�m�i�B�Q�M�X �1���+�? �`�Q�r ���H�i�2�`�b
�Q�M�H�v �� �b�B�M�;�H�2 �T���`���K�2�i�2�`�X �h�?�2 �i�Q�T �`�Q�r �Q�7 �/�B�b�i�`�B�#�m�i�B�Q�M�b ���H�i�2�`�b �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �i�?�2 �`�2�/ �+�Q�K�T�Q�M�2�M�i
�/�B�b�i�`�B�#�m�i�B�Q�M�- �/�2�+�`�2���b�B�M�; �7�`�Q�K �H�2�7�i �i�Q �`�B�;�?�i ���M�/ �b�T�H�B�i�i�B�M�; �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �2�p�2�M�H�v �#�2�i�r�2�2�M �i�?�2 �Q�i�?�2�`
�+�Q�K�T�Q�M�2�M�i�b�X �h�?�2 �K�B�/�/�H�2 �`�Q�r ���H�i�2�`�b �i�?�2 �p���`�B���M�+�2 �Q�7 �i�?�2 �#�H�m�2 �+�Q�K�T�Q�M�2�M�i�- �B�M�+�`�2���b�B�M�; �7�`�Q�K �H�2�7�i �i�Q
�`�B�;�?�i �r�?�B�H�2 �F�2�2�T�B�M�; ���H�H �Q�i�?�2�` �T���`���K�2�i�2�`�b �i�?�2 �b���K�2�X �h�?�2 �#�Q�i�i�Q�K �`�Q�r �Q�M�H�v �+�?���M�;�2�b �i�?�2 �K�2���M �Q�7
�i�?�2 �#�H�m�2 �+�Q�K�T�Q�M�2�M�i ���M�/ ���H�H �Q�i�?�2�` �T���`���K�2�i�2�`�b ���`�2 �F�2�T�i �i�?�2 �b���K�2�X

�M�m�K�#�2�`�b �Q�7 �+�Q�K�T�Q�M�2�M�i�b ���M�/ �i�?�2 �+�Q�K�T���`�B�b�Q�M �Q�7 �K�Q�/�2�H �}�i�X

�G�2�if x ; yg �/�2�M�Q�i�2 �� �/���i���b�2�i �Q�7n �B�M�/�2�T�2�M�/�2�M�i �Q�#�b�2�`�p���i�B�Q�M�b �Q�M �2�t�T�H���M���i�Q�`�v �p���`�B���#�H�2x
���M�/ �`�2�b�T�Q�M�b�2 �p���`�B���#�H�2y�- �b�m�+�? �i�?���ix = ( x1; x2; : : : ; xn )�h ���M�/y = ( y1; y2; : : : ; yn )�h�- ���M�/
�b�m�T�T�Q�b�2 �i�?���i �B�i �B�b �#�2�H�B�2�p�2�/ �i�?���i �i�?�2 �/���i�� �b�T�H�B�i �M���i�m�`���H�H�v �B�M�i�Q �i�r�Q �;�`�Q�m�T�b�X �h�?�2 �}�`�b�i �;�`�Q�m�T �B�b
�K�Q�/�2�H�H�2�/ �#�vf 1(yj� 1; x) ���M�/ �i�?�2 �b�2�+�Q�M�/ �#�vf 2(yj� 2; x)�- �r�B�i�? �`�2�b�T�2�+�i�B�p�2 �r�2�B�;�?�i�b ���M�/ �K�Q�/�2�H
�T���`���K�2�i�2�`�bw1; w2; � 1 ���M�/� 2�X �h�?�2 �K�B�t�i�m�`�2 �K�Q�/�2�H�-f (yj� 1; � 2; x)�- �B�b �/�2�}�M�2�/

f (yj� 1; � 2; x) = w1f 1(yj� 1; x) + w2f 2(yj� 2; x): �U�k�X�e�V

�J�Q�`�2 �;�2�M�2�`���H�H�v�- ��J �@�+�Q�K�T�Q�M�2�M�i �K�B�t�i�m�`�2 �K�Q�/�2�H �B�b �r�`�B�i�i�2�M ���b

f (yj� ; x) =
JX

j =1

wj f j (yj� j ; x); �U�k�X�d�V

�j�N



�r�?�2�`�2� = ( � 1; � 2; : : : ; � J )�- �i�?�2 �b�2�i �Q�7 �+�Q�K�T�Q�M�2�M�i �T���`���K�2�i�2�`�b�X �h�?�2 �;�2�M�2�`���H �H�B�F�2�H�B�?�Q�Q�/
�7�m�M�+�i�B�Q�M�- �7�Q�` �Q�#�b�2�`�p���i�B�Q�M�by �- �B�b

L(� jx ; y ) =
nY

i =1

(
JX

j =1

wj f j (yi j� j ; x i )

)

: �U�k�X�3�V

�"�v �2�t�T���M�/�B�M�; �i�?�2 �H�B�F�2�H�B�?�Q�Q�/�- �B�i �+���M �#�2 �b�2�2�M �i�?���i �i�?�B�b �#�2�+�Q�K�2�b �B�M�+�`�2���b�B�M�;�H�v �+�Q�K�T�H�2�t �r�?�2�M
�+�Q�K�T�Q�M�2�M�i�b �Q�` �/���i�� ���`�2 ���/�/�2�/�X �A�M �T���`�i�B�+�m�H���`�- �i�?�2 �H�B�F�2�H�B�?�Q�Q�/ �B�b ���Mn�@�/�2�;�`�2�2 �T�Q�H�v�M�Q�K�B���H �B�M
�i�?�2 �+�Q�K�T�Q�M�2�M�i �r�2�B�;�?�i�b�X

�k�X�9�X�j �G���i�2�M�i �b�i���i�2�b

�*�H���b�b�B�}�+���i�B�Q�M �#�v �K�B�t�i�m�`�2 �K�Q�/�2�H �B�b �i�?�2 �i���b�F �Q�7 �H�2���`�M�B�M�; �i�?�2 �m�M�Q�#�b�2�`�p�2�/�- �H���i�2�M�i �b�i���i�2�b�- �r�?�B�+�?
�B�/�2�M�i�B�7�v �2���+�? �Q�#�b�2�`�p���i�B�Q�M ���b �#�2�H�Q�M�;�B�M�; �i�Q �� �K�Q�/�2�H �+�Q�K�T�Q�M�2�M�i �Q�` �b�m�#�@�T�Q�T�m�H���i�B�Q�M�X �h�?�2 �H���@
�i�2�M�i �b�i���i�2�b ���`�2�- ���b �b�m�+�?�- �+���i�2�;�Q�`�B�+���H �p���`�B���#�H�2�b�- �i���F�B�M�; �p���H�m�2�b �B�M �i�?�2 �`���M�;�2f 1; 2; : : : ; Jg�-
�r�?�2�`�2J �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �+�Q�K�T�Q�M�2�M�i�b�X

�a�m�T�T�Q�b�2 �i�?�2 �;�`�Q�m�T ���H�H�Q�+���i�B�Q�M �B�b �F�M�Q�r�M�- �B�X�2�X �i�?�2 �/���i�� �B�b �H���#�2�H�H�2�/�X �h�?�2 �K�Q�/�2�H ���M�/
�H�B�F�2�H�B�?�Q�Q�/ �7�m�M�+�i�B�Q�M �#�2�+�Q�K�2�b

L (� jx ; y ; w ; Z ) =
nY

i =1

wZ i f Z i (yi j� Z i ; x i ): �U�k�X�N�V

�a�B�K�T�H�B�7�v�B�M�; �i�?�2 �K�Q�/�2�H �/�2�M�b�B�i�v �`�2�K�Q�p�2�b �i�?�2n�@�/�2�;�`�2�2 �T�Q�H�v�M�Q�K�B���H �B�M �i�?�2 �H�B�F�2�H�B�?�Q�Q�/ �7�m�M�+�i�B�Q�M�-
�/�`���b�i�B�+���H�H�v �/�2�+�`�2���b�B�M�; �B�i�b �+�Q�K�T�m�i���i�B�Q�M���H �+�Q�K�T�H�2�t�B�i�v�X �1�p���H�m���i�B�Q�M �Q�7 �i�?�2 �H�B�F�2�H�B�?�Q�Q�/ �7�m�M�+�i�B�Q�M
�B�b �+�`�B�i�B�+���H �i�Q �K���M�v �T���`���K�2�i�2�` �B�M�7�2�`�2�M�+�2 �b�+�?�2�K�2�b �B�M �#�Q�i�? �7�`�2�[�m�2�M�i�B�b�i ���M�/ �"���v�2�b�B���M �b�2�i�i�B�M�;�b�X
���b �b�m�+�?�- �B�M�+�H�m�/�B�M�; �i�?�2 �H���i�2�M�i �p���`�B���#�H�2�b �+�Q�m�H�/ �`�2�/�m�+�2 �i�?�2 �+�Q�K�T�m�i���i�B�Q�M���H �+�Q�b�i�b ���b�b�Q�+�B���i�2�/
�r�B�i�? �B�M�7�2�`�2�M�+�2 ���M�/ �7���+�B�H�B�i���i�2 �/���i�� �+�H���b�b�B�}�+���i�B�Q�M �B�M �i�?�2 �T�`�Q�+�2�b�b�X

�k�X�9�X�9 �*�H���b�b�B�}�+���i�B�Q�M ���M�/ �H���i�2�M�i �b�i���i�2 �B�M�7�2�`�2�M�+�2

�*�Q�M�/�B�i�B�Q�M�B�M�; �i�?�2 �H�B�F�2�H�B�?�Q�Q�/ �7�m�M�+�i�B�Q�M �Q�M �H���i�2�M�i �b�i���i�2�b �+���M �`�2�/�m�+�2 �B�i�b �+�Q�K�T�H�2�t�B�i�v�X �>�Q�r�2�p�2�`�-
�H���i�2�M�i �b�i���i�2�b ���`�2 �M�Q�i �M�2�+�2�b�b���`�B�H�v �F�M�Q�r�M�c �r�?�2�M �i�?�B�b �B�b �i�?�2 �+���b�2�- �i�?�2 �H���i�2�M�i �b�i���i�2�b �K�m�b�i �#�2
�B�M�7�2�`�`�2�/�X �A�M �"���v�2�b�B���M �K�2�i�?�Q�/�Q�H�Q�;�v�- ���H�H �m�M�F�M�Q�r�M �[�m���M�i�B�i�B�2�b ���`�2 �i�`�2���i�2�/ �B�M �i�?�2 �b���K�2 �K���M�@
�M�2�`�- ���M�/ �b�Q �r�2 ���B�K �i�Q �}�M�/ �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �H���i�2�M�i �b�i���i�2�b�X

�G�2�iZ i �#�2 �i�?�2 �H���i�2�M�i �b�i���i�2 �Q�7 �i�?�2i �@�i�? �Q�#�b�2�`�p���i�B�Q�M�- �r�?�B�+�? �B�b �/�B�b�i�`�B�#�m�i�2�/ ���+�+�Q�`�/�B�M�; �i�Q
�i�?�2 �+�Q�K�T�Q�M�2�M�i �r�2�B�;�?�i�b�� �T�`�B�Q�`�B�-

�S�(̀Z i = j jw ) = wj : �U�k�X�R�y�V

�A�M�7�2�`�2�M�+�2 �7�Q�` �i�?�2 �H���i�2�M�i �b�i���i�2�b �+���M �T�`�Q�;�`�2�b�b �#�v �+�Q�M�b�B�/�2�`�B�M�; �i�?�2�B�` �6�*�.�b�X �h�?�2 �H���r
�Q�7 �+�Q�M�/�B�i�B�Q�M���H �T�`�Q�#���#�B�H�B�i�v �B�K�T�H�B�2�b �i�?���i �i�?�2 �6�*�. �B�b �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �i�?�2 �D�Q�B�M�i �/�2�M�b�B�i�v�-
p(y ; Z ; � ; w )�X �h�?�2 �T�`�Q�#���#�B�H�B�i�v �+���M �#�2 �+���H�+�m�H���i�2�/ �m�T �i�Q �T�`�Q�T�Q�`�i�B�Q�M���H�B�i�v�- ���M�/ �b�Q ���M�v �7�m�M�+�@

�9�y



�i�B�Q�M �M�Q�i �/�2�T�2�M�/�2�M�i �Q�MZ i �+���M �#�2 �`�2�K�Q�p�2�/

�S�(̀Z i = j jy ; x ; � ; w ) / p(y ; Z ; � ; w ) ;

= p(y ; Z j� ; w ) p(� ; w );

/ p(y jZ ; � ; w ) p(Z j� ; w ) ;

=
nY

l=1

p(yl ; jZ l ; � ) p(Z l jw ) ;

= p(yi ; jZ i ; � ) p(Z i jw ) ;

/ wj f j (yi j� j ) :

�U�k�X�R�R�V

�h�?�2 �D�Q�B�M�i �/�2�M�b�B�i�v�-p(y ; Z j� ; w )�- �B�b �b�T�H�B�i �B�M�i�Q �i�?�2 �Q�#�b�2�`�p�2�/ �/���i�� �H�B�F�2�H�B�?�Q�Q�/�-p(y jZ ; � ; w )
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�A�M �i�?�B�b �+�?���T�i�2�`�- ���M�Q�i�?�2�` �i�v�T�2 �Q�7 �K�Q�/�2�H �B�b �B�M�i�`�Q�/�m�+�2�/�- �Q�M�2 �i�?���i �B�b �b�v�M�Q�M�v�K�Q�m�b �r�B�i�? �"���v�2�b�B���M
�K�2�i�?�Q�/�b�- �i�?�2 �?�B�2�`���`�+�?�B�+���H �K�Q�/�2�H �U�:�2�H�K���M �� �>�B�H�H�- �k�y�y�e�V�X �>�B�2�`���`�+�?�B�+���H �K�Q�/�2�H�b ���`�2 �T�Q�T�m�H���`
���b �i�?�2�v ���H�H�Q�r �b�B�K�T�H�2 �K�Q�/�2�H�b �i�Q �#�2 �+�Q�K�#�B�M�2�/ �i�Q �7�Q�`�K �� �+�Q�K�T�H�2�t �b�i�`�m�+�i�m�`�2�X �P�7�i�2�M�- �?�B�2�`�@
���`�+�?�B�+���H �K�Q�/�2�H�b ���`�2 �+�Q�M�b�i�`�m�+�i�2�/ ���b �� �7�Q�`�K �Q�7 �K�B�t�i�m�`�2 �K�Q�/�2�H�- ���M�/ �i�?�2�`�2�7�Q�`�2�- �i�?�2 �T�`�2�p�B�Q�m�b
�/�B�b�+�m�b�b�B�Q�M ���#�Q�m�i �H���i�2�M�i �p���`�B���#�H�2�b ���M�/ �+�H���b�b�B�}�+���i�B�Q�M �B�b ���H�b�Q �`�2�H�2�p���M�i �?�2�`�2�X
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���M�/ �i�?�2�B�` �;�2�M�2�i�B�+ �B�M�i�2�`���+�i�B�Q�M�b�X �h�?�2�B�` �K�Q�/�2�H �r���b ���#�H�2 �i�Q �/�2�i�2�+�i �K�Q�`�2 �b�m�#�i�H�2 �B�M�i�2�`���+�i�B�Q�M�b
�#�2�i�r�2�2�M �;�2�M�Q�i�v�T�2�b �i�?���M ���M �2�t�B�b�i�B�M�; �M�Q�M�@�?�B�2�`���`�+�?�B�+���H �K�2�i�?�Q�/�X �"�2�`�`�v �2�i ���H�X �U�k�y�R�j�V �/�2�K�Q�M�@
�b�i�`���i�2�/ �i�?���i �� �?�B�2�`���`�+�?�B�+���H �K�Q�/�2�H �+���M �`�2�/�m�+�2 �i�?�2 �M�m�K�#�2�` �Q�7 �T���i�B�2�M�i�b �`�2�[�m�B�`�2�/ �B�M �+�H�B�M�B�+���H
�i�`�B���H�b �#�v ���M ���p�2�`���;�2 �Q�7 �9�@�d �T���i�B�2�M�i�b �+�Q�K�T���`�2�/ �i�Q �2�t�B�b�i�B�M�; �K�2�i�?�Q�/�b�X �q�B�i�?�B�M �i�?�B�b �i�?�2�b�B�b�-
�?�B�2�`���`�+�?�B�+���H �K�Q�/�2�H�b ���`�2 �m�b�2�/ �r�B�i�?�B�M �*�?���T�i�2�`�b �j ���M�/ �9�X
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�� �"���v�2�b�B���M �?�B�2�`���`�+�?�B�+���H �K�Q�/�2�H �B�K�T�Q�b�2�b �/�2�T�2�M�/�2�M�+�B�2�b �#�2�i�r�2�2�M �m�M�F�M�Q�r�M �T���`���K�2�i�2�`�b�X �A�M
�T�`���+�i�B�+�2�- �T�`�B�Q�` �T���`���K�2�i�2�`�b ���`�2 �+�Q�M�b�B�/�2�`�2�/ �m�M�F�M�Q�r�M ���M�/ �i�Q �#�2 �B�M�7�2�`�`�2�/�- �`�2�~�2�+�i�B�M�; �m�M�@
�+�2�`�i���B�M�i�v �B�M �i�?�2 �T�`�B�Q�` �b�T�2�+�B�}�+���i�B�Q�M �B�i�b�2�H�7�X �h�Q �i�?�B�b �2�M�/�- �?�v�T�2�`�@�T�`�B�Q�`�b�- �/�2�}�M�2�/ �#�v �?�v�T�2�`�@
�T���`���K�2�i�2�`�b�- ���`�2 �+�?�Q�b�2�M �i�Q �b�m�K�K���`�B�b�2 �#�2�H�B�2�7�b �Q�M �i�?�2 �T�`�B�Q�` �T���`���K�2�i�2�`�b�X �h�?�2 �/�2�T�2�M�/�2�M�i
�b�i�`�m�+�i�m�`�2 �2�M���#�H�2�b �i�?�2 �+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �+�Q�K�T�H�2�t �K�Q�/�2�H�b �7�`�Q�K �b�B�K�T�H�2 �+�Q�K�T�Q�M�2�M�i�b�X

�>�B�2�`���`�+�?�B�+���H �K�Q�/�2�H�b ���`�2 �Q�7�i�2�M �m�b�2�/ �r�?�2�M �i�?�2 �/���i���b�2�i �+���M �#�2 �b�T�H�B�i �B�M�i�Q �M�Q�M�@�Q�p�2�`�H���T�T�B�M�;
�;�`�Q�m�T�b�- �r�?�B�+�? �K���v �B�K�T���+�i �i�?�2 �`�2�b�T�Q�M�b�2 �p���`�B���#�H�2�X �h�?�2 �?�B�2�`���`�+�?�v ���H�H�Q�r�b �2���+�? �;�`�Q�m�T �i�Q �#�2
�K�Q�/�2�H�H�2�/ �r�B�i�? �� �/�B�z�2�`�2�M�i �T���`���K�2�i�2�` �r�?�B�H�2 �H�2���`�M�B�M�; �i�?�2 �T�Q�T�m�H���i�B�Q�M�@�H�2�p�2�H �T���`���K�2�i�2�`�b�X �h�?�2
�i�Q�T �H�2�p�2�H �Q�7 �i�?�2 �?�B�2�`���`�+�?�v �/�2�b�+�`�B�#�2�b �#�2�H�B�2�7�b ���#�Q�m�i �i�?�2 �T�Q�T�m�H���i�B�Q�M�@�H�2�p�2�H �T���`���K�2�i�2�`�b�- �r�?�B�+�?
�+�Q�M�+�2�`�M �i�?�2 �r�?�Q�H�2 �/���i���b�2�i�X ���7�i�2�` �i�?���i�- �2���+�? �H�2�p�2�H �r�B�H�H �/�2�b�+�`�B�#�2 �� �b�K���H�H�2�` �b�m�#�b�2�i �Q�7 �i�?�2 �/���i���X

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

�9�k



�J�B�t�i�m�`�2 �K�Q�/�2�H�b ���M�/ �?�B�2�`���`�+�?�B�+���H �K�Q�/�2�H�b ���`�2 �Q�7�i�2�M �+�Q�K�#�B�M�2�/�- ���b �i�?�2�v �#�Q�i�? �+�Q�M�+�2�`�M
�/���i�� �b�m�#�@�T�Q�T�m�H���i�B�Q�M�b�X �q�?�2�M �i�?�B�b �B�b �i�?�2 �+���b�2�- �B�M�7�2�`�2�M�+�2 �+���M �T�`�Q�+�2�2�/ ���b �m�b�m���H�- �#�m�i �+���`�2
�K�m�b�i �#�2 �i���F�2�M �r�?�2�M �+���H�+�m�H���i�B�M�; �6�*�.�b �/�m�2 �i�Q �i�?�2 �K�Q�/�2�H�ö�b �K�Q�`�2 �+�Q�K�T�H�2�t �b�i�`�m�+�i�m�`�2�X ���M
�2�t���K�T�H�2 �Q�7 �b�m�+�? �� �K�Q�/�2�H �B�b �b�?�Q�r�M �B�M �*�?���T�i�2�` �9�X

�k�X�8�X�k �"���v�2�b�B���M �?�B�2�`���`�+�?�B�+���H �K�Q�/�2�H �2�t���K�T�H�2

�a�m�T�T�Q�b�2 �r�2 �r�B�b�? �i�Q �K�Q�/�2�H �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �b�i�m�/�2�M�i�b ���+�?�B�2�p�B�M�; �� �T���b�b �B�M ���i �H�2���b�i �}�p�2
�:�*�a�1�b �r�B�i�?�B�M �b�+�?�Q�Q�H�b ���+�`�Q�b�b �i�?�2 �l�E�X �A�i �B�b �`�2���b�Q�M���#�H�2 �i�Q ���b�b�m�K�2 �i�?���i �i�?�2 �T���b�b �`���i�2 �r�B�H�H
�p���`�v �#�2�i�r�2�2�M �b�+�?�Q�Q�H�b�X ���b �b�m�+�?�- ���;�;�`�2�;���i�B�M�; �i�?�2 �l�E�@�r�B�/�2 �/���i�� �r�Q�m�H�/ �M�Q�i �#�2 �B�M�7�Q�`�K���i�B�p�2
�Q�7 �i�?�2 �r�?�Q�H�2 �T�B�+�i�m�`�2�X ���H�i�2�`�M���i�B�p�2�H�v�- �2���+�? �b�+�?�Q�Q�H �+�Q�m�H�/ �#�2 �K�Q�/�2�H�H�2�/ �B�M�/�2�T�2�M�/�2�M�i�H�v�- �#�m�i
�i�?�B�b �r�Q�m�H�/ �B�;�M�Q�`�2 �i�?�2 �B�M�7�Q�`�K���i�B�Q�M �r�B�i�?�B�M �i�?�2 �/���i���b�2�i �7�`�Q�K �Q�i�?�2�` �b�+�?�Q�Q�H�b�X �h�?�2 �?�B�2�`���`�+�?�B�+���H
�K�Q�/�2�H ���/�/�`�2�b�b�2�b �#�Q�i�? �B�b�b�m�2�b�- ���H�H�Q�r�B�M�; �2���+�? �b�+�?�Q�Q�H �i�Q �?���p�2 �� �m�M�B�[�m�2 �T���b�b �`���i�2 �r�?�B�H�2 �#�Q�`�@
�`�Q�r�B�M�; �b�i�`�2�M�;�i�? ���+�`�Q�b�b �b�+�?�Q�Q�H�b�X

�a�m�T�T�Q�b�2 �i�?�2 �/���i���b�2�i �+�Q�M�i���B�M�b �B�M�7�Q�`�K���i�B�Q�M �7�Q�`N �m�M�B�[�m�2�H�v �B�/�2�M�i�B�}�2�/ �b�+�?�Q�Q�H�b ���+�`�Q�b�b �i�?�2
�l�E�X �G�2�ini �#�2 �i�?�2 �M�m�K�#�2�` �Q�7 �b�i�m�/�2�M�i�b �B�M �i�?�2i �@�i�? �b�+�?�Q�Q�H�- ���M�/Yi �#�2 �i�?�2 �M�m�K�#�2�` �Q�7 �b�i�m�/�2�M�i�b
���+�?�B�2�p�B�M�; �i�?�2 �}�p�2 �:�*�a�1�b �B�M �i�?���i �b�+�?�Q�Q�H�X �h���#�H�2 �k�X�R �b�?�Q�r�b �� �b�M�B�T�T�2�i �Q�7 �r�?���i �b�m�+�? �� �/���i���b�2�i
�K���v �H�Q�Q�F �H�B�F�2�X

�a�+�?�Q�Q�Hn Y
�R �R�k�y�N�8
�k �N�N �e�8
�j �R�y�3�d�R
�X�X�X

�X�X�X
�X�X�X

N �d�N �d�y

�h���#�H�2 �k�X�R�,�1�t���K�T�H�2 �/���i���b�2�i �Q�7 �l�E �b�+�?�Q�Q�H �b�i�m�/�2�M�i�b ���+�?�B�2�p�B�M�; �}�p�2 �:�*�a�1�b�X

���b�b�m�K�2Yi �7�Q�H�H�Q�r�b �� �#�B�M�Q�K�B���H �/�B�b�i�`�B�#�m�i�B�Q�M�- �r�B�i�? �T�`�Q�#���#�B�H�B�i�v �Q�7 �b�m�+�+�2�b�b� i �- ���M�/ �i�?�2
�M�m�K�#�2�` �Q�7 �+�?�B�H�/�`�2�M �B�M �2���+�? �b�+�?�Q�Q�H �B�b �F�M�Q�r�M�- �i�?�2�M

Yi jni ; � i � �"�B�M(ni ; � i ) : �U�k�X�R�j�V

�h�?�2 �T���`���K�2�i�2�`�b� 1; � 2; : : : ; � N ���`�2 �m�M�F�M�Q�r�M ���M�/ �i�Q �#�2 �B�M�7�2�`�`�2�/�X �h�?�2 �T���b�b �`���i�2�b ���`�2
�T�`�Q�T�Q�`�i�B�Q�M�b�- �b�Q �B�i �B�b �`�2���b�Q�M���#�H�2 �i�Q �K�Q�/�2�H �i�?�2�K �m�b�B�M�; �� �"�2�i�� �/�B�b�i�`�B�#�m�i�B�Q�M�-

� i j�; � � �"�2�i��(�; � ) �U�k�X�R�9�V

�h�?�2 �?�B�2�`���`�+�?�v �B�b �B�K�T�H�2�K�2�M�i�2�/ �#�v �+�Q�M�b�B�/�2�`�B�M�; �i�?�2 �T�`�B�Q�` �T���`���K�2�i�2�`�b� ���M�/� �m�M�F�M�Q�r�M
���M�/�- �i�?�2�`�2�7�Q�`�2�- ���H�b�Q �i�Q �#�2 �B�M�7�2�`�`�2�/�X �"�Q�i�? ���`�2 �+�Q�M�i�B�M�m�Q�m�b ���M�/ �T�Q�b�B�i�B�p�2�c �B�M�/�2�T�2�M�/�2�M�i �;���K�K��
�/�B�b�i�`�B�#�m�i�B�Q�M�b ���`�2 �Q�M�2 �+�?�Q�B�+�2 �7�Q�` �i�?�2 �?�v�T�2�`�@�T�`�B�Q�`�b�X

� � �:�� (a1; b1)

� � �:�� (a2; b2)
�U�k�X�R�8�V

�h�?�2 �?�v�T�2�`�@�T���`���K�2�i�2�`�b�-f a1; b1; a2; b2g�- ���`�2 �F�M�Q�r�M ���M�/ �+�?�Q�b�2�M �#�v �m�b �i�Q �b�m�K�K���`�B�b�2 �T�`�B�Q�`
�#�2�H�B�2�7�b�X �"�v �B�M�7�2�`�`�B�M�;� ���M�/� �- �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �� �M���i�B�Q�M�r�B�/�2 �b�m�+�+�2�b�b �`���i�2 �+���M �#�2 �H�2���`�M�i
�7�`�Q�K �i�?�2 �r�?�Q�H�2 �/���i���b�2�i�X �q�?�B�+�?�- �B�M �i�m�`�M�- ���z�2�+�i�b �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �b�+�?�Q�Q�H�@�H�2�p�2�H �b�m�+�+�2�b�b
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�`���i�2�b�X �h�?�2 �`�2�H���i�B�Q�M�b�?�B�T �+���M �#�2 �b�2�2�M �#�v �+���H�+�m�H���i�B�M�; �i�?�2 �T���`���K�2�i�2�` �6�*�.�b �m�T �i�Q �T�`�Q�T�Q�`�i�B�Q�M�@
���H�B�i�v�X

�6�B�`�b�i�- �+�Q�M�b�B�/�2�` �i�?�2 �6�*�. �Q�7 �i�?�2 �T�`�B�Q�` �T���`���K�2�i�2�`�b�

p(� j�; � ; y ) / p(�; �; � ; y ) ;

/ p(y j� )p(� j�; � )p(� )p(� );

/ p(� j�; � )p(� );

/
nY

i =1

n
� i

� � 1 (1 � � i )
� � 1

o
� � a1 � 1e� b1 � ;

/ � a1 � 1e� b1 �
nY

i =1

� i
� � 1:

�U�k�X�R�e�V

�l�M�7�Q�`�i�m�M���i�2�H�v�- �i�?�B�b �B�b �M�Q�i �i�?�2 �7�Q�`�K �Q�7 �� �F�M�Q�r�M �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�c ���b �b�m�+�?�- �i�?�2
���M���H�v�b�B�b �B�b �M�Q�i �b�2�K�B�@�+�Q�M�D�m�;���i�2�X �.�2�b�T�B�i�2 �i�?�2 ���M���H�v�b�B�b �M�Q�i �#�2�B�M�; �b�2�K�B�@�+�Q�M�D�m�;���i�2�- �B�M�7�2�`�2�M�+�2
�+���M �b�i�B�H�H �;�Q ���?�2���/ �r�B�i�? �i�?�2 �B�K�T�H�2�K�2�M�i���i�B�Q�M �Q�7 �J�2�i�`�Q�T�Q�H�B�b�@�>���b�i�B�M�;�b �Q�` �?�v�#�`�B�/ ���H�;�Q�`�B�i�?�K�b�-
���b �T�`�2�p�B�Q�m�b�H�v �/�B�b�+�m�b�b�2�/�X �L�2�p�2�`�i�?�2�H�2�b�b�- �B�i �+���M �#�2 �b�2�2�M �i�?���i �;�B�p�2�Ma1; b1 ���M�/� �-p(� j�; � ; y )
�B�b �B�M�/�2�T�2�M�/�2�M�i �Q�7� ���M�/y �X �a�B�K�B�H���`�H�v�- �+���H�+�m�H���i�B�M�; �i�?�2 �6�*�. �Q�7� �b�?�Q�r�b �i�?���i �;�B�p�2�Ma2; b2

���M�/� �- �B�i �B�b �B�M�/�2�T�2�M�/�2�M�i �Q�7 �i�?�2 �Q�#�b�2�`�p���i�B�Q�M�by ���M�/� �X

p(� j�; � ; y ) / � a� � 1e� b� �
nY

i =1

(1 � � i )
� � 1 �U�k�X�R�d�V

�h�?�2 �}�M���H �T���`���K�2�i�2�`�b �i�Q �+�Q�M�b�B�/�2�` ���`�2 �i�?�2 �B�M�/�B�p�B�/�m���H �b�+�?�Q�Q�H �b�m�+�+�2�b�b �`���i�2�b

p(� i j�; �; � � i ; y ) / p(�; �; � ; y ) ;

/ p(y j� )p(� j�; � );

/
nY

i =1

�
� i

yi (1 � � i )
n i � yi

	
�

nY

i =1

�
� i

� � 1 �
1 � � i )� � 1

�	
;

/ � i
yi + � � 1 (1 � � i )

n i � yi + � � 1 :

�U�k�X�R�3�V

�h�?�B�b �B�b �i�?�2 �7�Q�`�K �Q�7 �� �"�2�i�� �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�? �T���`���K�2�i�2�`�byi + � ���M�/ni � yi + � �- ���M�/�-
�i�?�2�`�2�7�Q�`�2�-

� i j�; �; y i � �"�2�i��(yi + �; n i � yi + � ) : �U�k�X�R�N�V

�h�?�2 �6�*�. �Q�7 �i�?�2 �B�M�/�B�p�B�/�m���H �b�+�?�Q�Q�H �b�m�+�+�2�b�b �`���i�2�b �/�2�T�2�M�/�b �Q�M �i�?�2 �Q�#�b�2�`�p�2�/ �/���i�� �Q�7 �Q�M�H�v �i�?���i
�b�+�?�Q�Q�H�-yi �- ���M�/ �i�?�2 �T�Q�T�m�H���i�B�Q�M�@�H�2�p�2�H �T���`���K�2�i�2�`�b�-� ���M�/� �X

�"�v �H�2���`�M�B�M�; �?�B�;�?�@�H�2�p�2�H �T���`���K�2�i�2�`�b�-� ���M�/� �- �B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�i �i�?�2 �;�H�Q�#���H �T�Q�T�m�H���i�B�Q�M
�B�b �T���b�b�2�/ �i�Q �H�Q�r�2�`�@�H�2�p�2�H �T���`���K�2�i�2�`�b�-� i �- �r�?�B�+�? ���`�2 �b�T�2�+�B�}�+ �i�Q �� �b�m�#�@�T�Q�T�m�H���i�B�Q�M�X �h�?�2�`�2�7�Q�`�2�-
�B�M�7�Q�`�K���i�B�Q�M �B�b �i�`���M�b�7�2�`�`�2�/ �i�Q �b�m�#�@�T�Q�T�m�H���i�B�Q�M�@�b�T�2�+�B�}�+ �T���`���K�2�i�2�`�b �7�`�Q�K �i�?�2 �r�?�Q�H�2 �/���i���b�2�i�-
�#�Q�`�`�Q�r�B�M�; �b�i�`�2�M�;�i�? ���+�`�Q�b�b �;�`�Q�m�T�b�X �q�?�2�M �i�?�2�`�2 �B�b �H�B�i�i�H�2 �/���i�� �B�M �b�m�#�@�T�Q�T�m�H���i�B�Q�M�b�- �b�?���`�B�M�; �B�M�@
�7�Q�`�K���i�B�Q�M ���+�`�Q�b�b �;�`�Q�m�T�b �B�b �T���`�i�B�+�m�H���`�H�v �m�b�2�7�m�H�c ���H�i�2�`�M���i�B�p�2�H�v�- �i�`�2���i�B�M�; �2���+�? �b�m�#�@�T�Q�T�m�H���i�B�Q�M
�B�M�/�2�T�2�M�/�2�M�i�H�v �K���v �H�2���/ �i�Q �Q�p�2�`�@�}�i�i�B�M�; �B�M �2�B�i�?�2�` �� �"���v�2�b�B���M �Q�` �7�`�2�[�m�2�M�i�B�b�i �b�2�i�i�B�M�;�X

�>�B�2�`���`�+�?�B�+���H �K�Q�/�2�H�b �+���M �#�2�+�Q�K�2 �K�Q�`�2 �+�Q�K�T�H�2�t �r�?�2�M ���/�/�B�i�B�Q�M���H �H���v�2�`�b �i�Q �i�?�2 �?�B�2�`���`�@
�+�?�v ���`�2 ���/�/�2�/�X �6�Q�` �2�t���K�T�H�2�- �b�m�T�T�Q�b�2 �i�?�2 �b�+�?�Q�Q�H�b ���`�2 �;�`�Q�m�T�2�/ �B�M�i�Q �;�2�Q�;�`���T�?�B�+���H �`�2�;�B�Q�M�b�X
���M�Q�i�?�2�` �H���v�2�` �+�Q�m�H�/ �#�2 ���/�/�2�/ �r�?�B�+�? �H�2���`�M�b �`�2�;�B�Q�M�@�b�T�2�+�B�}�+ �b�m�+�+�2�b�b �`���i�2�b�X
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�k�X�e �a�i�Q�+�?���b�i�B�+ �F�B�M�2�i�B�+ �K�Q�/�2�H�b

�a�i�Q�+�?���b�i�B�+ �F�B�M�2�i�B�+ �K�Q�/�2�H�b �r�2�`�2 �/�2�p�2�H�Q�T�2�/ �i�Q �K�Q�/�2�H �+�?�2�K�B�+���H �`�2���+�i�B�Q�M�b �r�B�i�?�B�M �� �b�v�b�i�2�K
�U�G�2�+�+���- �k�y�R�j�V�X �>�Q�r�2�p�2�`�- �i�?�2�v �?���p�2 �b�B�M�+�2 �#�2�+�Q�K�2 �T�Q�T�m�H���` �K�2�i�?�Q�/�b �i�Q �K�Q�/�2�H �+�Q�K�T�H�2�t �#�B�@
�Q�H�Q�;�B�+���H �b�v�b�i�2�K�b �U�q�B�H�F�B�M�b�Q�M�- �k�y�R�3�V�X �a�i�Q�+�?���b�i�B�+ �F�B�M�2�i�B�+ �K�Q�/�2�H�b �Q�7�i�2�M �b�B�K�T�H�B�7�v �K�m�+�? �H���`�;�2�`
���M�/ �K�Q�`�2 �+�Q�K�T�H�2�t �b�v�b�i�2�K�b�- ���b �+�Q�K�T�m�i���i�B�Q�M���H�H�v �B�i �r�Q�m�H�/ �#�2 �B�K�T�Q�b�b�B�#�H�2 �i�Q ���+�+�Q�m�M�i �7�Q�` ���M�/
�/�2�b�+�`�B�#�2 ���H�H �i�?�2 �T�Q�b�b�B�#�H�2 �2�p�2�M�i�b ���M�/ �K�Q�H�2�+�m�H�2�b �r�B�i�?�B�M �� �b�v�b�i�2�K�X �h�?�2 �K�Q�/�2�H�b�- �i�?�2�`�2�7�Q�`�2�-
�7�Q�+�m�b �Q�M �i�?�2 �F�2�v �`�2���+�i�B�Q�M�b �+�Q�M�b�B�/�2�`�2�/ �i�Q �#�2 �/�`�B�p�B�M�; �b�v�b�i�2�K �/�v�M���K�B�+�b�X �h�?�2 �b�i�Q�+�?���b�i�B�+
�M���i�m�`�2 �Q�7 �i�?�2 �K�Q�/�2�H�b ���H�H�Q�r�b �i�?�2 �b�2�2�K�B�M�;�H�v �`���M�/�Q�K �~�m�+�i�m���i�B�Q�M�b �+���m�b�2�/ �#�v �m�M�F�M�Q�r�M ���M�/
�m�M���+�+�Q�m�M�i�2�/�@�7�Q�` �2�H�2�K�2�M�i�b �r�B�i�?�B�M �i�?�2 �b�v�b�i�2�K �i�Q �#�2 �b�B�K�m�H���i�2�/ �B�M �� �r���v �i�?���i �� �/�2�i�2�`�K�B�M�B�b�i�B�+
�K�Q�/�2�H �r�Q�m�H�/ �M�Q�i �#�2 ���#�H�2 �i�Q �/�Q�X �_���M�/�Q�K �~�m�+�i�m���i�B�Q�M�b ���`�2 �Q�7�i�2�M �K�Q�b�i �b�B�;�M�B�}�+���M�i �r�?�2�M
�T�Q�T�m�H���i�B�Q�M�b ���`�2 �b�K���H�H ���M�/ �� �b�B�M�;�H�2 �2�p�2�M�i �+���M �K���F�2 �� �b�m�#�b�i���M�i�B���H �/�B�z�2�`�2�M�+�2 �B�M �i�?�2 �`�2�H���@
�i�B�p�2 �T�Q�T�m�H���i�B�Q�M�b �Q�7 �i�?�2 �b�v�b�i�2�K �U�1�H�Q�r�B�i�x �2�i ���H�X�- �k�y�y�k�V�X �h�?�B�b �B�b �r�?�v �i�?�2�B�` �m�b�2 �B�M �#�B�Q�H�Q�;�B�+���H
�/���i���b�2�i�b �B�b �B�M�+�`�2���b�B�M�; �B�M �T�Q�T�m�H���`�B�i�v�X

�a�i�Q�+�?���b�i�B�+ �F�B�M�2�i�B�+ �K�Q�/�2�H�b �?���p�2 �#�2�2�M �m�b�2�/ �i�Q �K�Q�/�2�H �K�i�.�L�� �T�Q�T�m�H���i�B�Q�M �/�v�M���K�B�+�b �U�>�2�M�@
�/�2�`�b�Q�M �2�i ���H�X�- �k�y�y�N�c �>�Q�B�i�x�B�M�; �2�i ���H�X�- �k�y�R�d�c �C�Q�?�M�b�i�Q�M �2�i ���H�X�- �k�y�R�8�V�- ���b �r�2�H�H ���b �� �r�B�/�2 �p���`�B�2�i�v
�Q�7 �Q�i�?�2�` �+�Q�K�T�H�2�t �#�B�Q�H�Q�;�B�+���H �b�v�b�i�2�K�b�- �B�M�+�H�m�/�B�M�;�, �?�Q�r �i�?�2 �b�T���i�B���H �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �+���M�+�2�`
�+�2�H�H�b ���z�2�+�i�b �#�m�H�F ���M�/ �b�B�M�;�H�2�@�+�2�H�H �b�2�[�m�2�M�+�B�M�; �/���i�� �U�*�?�F�?���B�/�x�2 �2�i ���H�X�- �k�y�R�N�V�- �i�?�2 �+�Q�Q�`�/�B�M���@
�i�B�Q�M �Q�7 �T�H���M�i �;�`�Q�r�i�? �i�?�`�Q�m�;�? �B�M�i�2�`���+�i�B�M�; �?�Q�`�K�Q�M�2�b ���M�/ �;�2�M�2�b �U�C���+�F�b�Q�M �2�i ���H�X�- �k�y�k�y�V�- ���M�/
�i�?�2 �2�z�2�+�i�b �Q�7 �+�Q�`�i�B�b�Q�H �H�2�p�2�H�b �Q�M �M�2�m�`�Q�M���H ���+�i�B�p�B�i�v �U�J�+���m�H�2�v �2�i ���H�X�- �k�y�y�N�V�X �A�M �i�?�B�b �i�?�2�b�B�b�-
�i�?�2 �T�Q�T�m�H���i�B�Q�M �/�v�M���K�B�+�b �Q�7 �K�i�.�L�� �B�b �+�Q�M�b�B�/�2�`�2�/ ���M�/ �`�2�7�2�`�`�2�/ �i�Q �i�?�`�Q�m�;�?�Q�m�i�X �a�i�Q�+�?���b�i�B�+
�F�B�M�2�i�B�+ �K�Q�/�2�H�b �Q�7 �i�?�2�b�2 �/�v�M���K�B�+�b ���`�2 �+�Q�M�b�B�/�2�`�2�/ �B�M �*�?���T�i�2�` �8�X �h�?�2 �`�2�K���B�M�/�2�` �Q�7 �i�?�B�b
�+�?���T�i�2�` �B�M�i�`�Q�/�m�+�2�b �i�?�2 �i�?�2�Q�`�v �#�2�?�B�M�/ �b�i�Q�+�?���b�i�B�+ �F�B�M�2�i�B�+ �K�Q�/�2�H�b�- ���b �r�2�H�H ���b �i�?�2�B�` �b�B�K�m�H���@
�i�B�Q�M �K�2�i�?�Q�/�b�X �h�?�2 �+�?���T�i�2�` �+�Q�M�+�H�m�/�2�b �r�B�i�? �i�r�Q �2�t���K�T�H�2�b �Q�7 �b�i�Q�+�?���b�i�B�+ �F�B�M�2�i�B�+ �K�Q�/�2�H�b ���M�/
�`�2���H�B�b���i�B�Q�M�b �7�`�Q�K �i�?�2�B�` �b�B�K�m�H���i�B�Q�M�X

�k�X�e�X�R �*�?�2�K�B�+���H �`�2���+�i�B�Q�M�b

�"�2�7�Q�`�2 �/�2�b�+�`�B�#�B�M�; �b�i�Q�+�?���b�i�B�+ �F�B�M�2�i�B�+�b �K�Q�/�2�H�b�- ���b�b�Q�+�B���i�2�/ �i�?�2�Q�`�v�- ���M�/ �b�B�K�m�H���i�B�Q�M �K�2�i�?�Q�/�b�-
�H�2�i �m�b �+�Q�M�b�B�/�2�` �� �b�v�b�i�2�K �Q�7 �#�B�Q�+�?�2�K�B�+���H �`�2���+�i�B�Q�M�b�X �a�m�T�T�Q�b�2 �i�?�2 �b�v�b�i�2�K �+�Q�M�b�B�b�i�b �Q�7n �b�T�2�+�B�2�b�-
�/�2�M�Q�i�2�/X 1; X 2; : : : ; X n �- ���M�/ �b�2�i �Q�7m �T�Q�b�b�B�#�H�2 �+�?�2�K�B�+���H �`�2���+�i�B�Q�M�b�- �/�2�M�Q�i�2�/R1; R2; : : : ; Rm �X
�h�?�2 �b�2�i �Q�7 �`�2���+�i�B�Q�M�b �/�2�b�+�`�B�#�2�b ���H�H �T�Q�b�b�B�#�H�2 �B�M�i�2�`���+�i�B�Q�M�b �i�?���i �+���M �Q�+�+�m�` �#�2�i�r�2�2�M �i�?�2 �b�T�2�+�B�2�b
�r�B�i�?�B�M �i�?�2 �b�v�b�i�2�K�X �� �`�2���+�i�B�Q�M �+�?���M�;�2�b �i�?�2 �M�m�K�#�2�` �U�Q�` �+�Q�M�+�2�M�i�`���i�B�Q�M�V �Q�7 �Q�M�2 �Q�` �K�Q�`�2
�b�T�2�+�B�2�b �B�M �i�?�2 �b�v�b�i�2�K�X �6�Q�` �2�t���K�T�H�2�- �i�?�2 �b�T�2�+�B�2�bX 1 �K���v �b�T�H�B�i �B�M�i�Q �i�r�Q �K�Q�H�2�+�m�H�2�b �Q�7 �i�v�T�2
X 2 ���M�/X 3�X �h�?�B�b �r�Q�m�H�/ �/�2�+�`�2���b�2 �i�?�2 ���K�Q�m�M�i �Q�7X 1 �#�v �Q�M�2 �m�M�B�i ���M�/ �B�M�+�`�2���b�2 �i�?�2 ���K�Q�m�M�i
�Q�7X 2 ���M�/X 3 �#�v �Q�M�2 �m�M�B�i�X �h�?�2 �`�2���+�i�B�Q�M �r�Q�m�H�/ �#�2 �/�2�M�Q�i�2�/ �#�v �� �T�b�2�m�/�Q�@�2�[�m���i�B�Q�M�-

X 1
k! X 2 + X 3: �U�k�X�k�y�V

�h�?�2 �b�T�2�+�B�2�b �T�`�2�b�2�M�i �#�2�7�Q�`�2 �i�?�2 �`�2���+�i�B�Q�M ���`�2 �+���H�H�2�/ �i�?�2 �`�2���+�i���M�i�b�- ���M�/ �i�?�2 �b�T�2�+�B�2�b �T�`�2�b�2�M�i
���7�i�2�` ���`�2 �+���H�H�2�/ �i�?�2 �T�`�Q�/�m�+�i�b�X �l�M�/�2�` �� �b�2�i �Q�7 ���b�b�m�K�T�i�B�Q�M�b�- �/�B�b�+�m�b�b�2�/ �B�M �*�?���T�i�2�` �k�X�e�X�k�- �i�?�2
�`�2���+�i�B�Q�M �r�B�H�H �Q�+�+�m�` ���i �� �;�B�p�2�M �`���i�2�-k�- �Q�7�i�2�M �M�Q�i�2�/ ���#�Q�p�2 �i�?�2 �`�2���+�i�B�Q�M�ö�b �/�B�`�2�+�i�B�Q�M ���`�`�Q�r�X
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�� �;�2�M�2�`���H �`�2���+�i�B�Q�M �M�2�i�r�Q�`�F �7�Q�` �� �b�v�b�i�2�K �+���M �#�2 �r�`�B�i�i�2�M ���b �7�Q�H�H�Q�r�b�-

R1 : a11X 1 + a12X 2 + � � � + a1nX n
k1! b11X 1 + b12X 2 + � � � + b1nX n ;

R2 : a21X 1 + a22X 2 + � � � + a2nX n
k2! b21X 1 + b22X 2 + � � � + b2nX n ;

�X�X�X
�X�X�X

Rm : am1X 1 + am2X 2 + � � � + amn X n
km! bm1X 1 + bm2X 2 + � � � + bmn X n ;

�U�k�X�k�R�V

�r�?�2�`�2k = ( k1; k2; : : : ; km )T ���`�2 �i�?�2 �`�2���+�i�B�Q�M �`���i�2�b �Q�7 �i�?�2 �b�v�b�i�2�K�X

�h�?�2 �+�Q�2�{�+�B�2�M�i�b �Q�7 �i�?�2 �`�2���+�i���M�i�b ���M�/ �T�`�Q�/�m�+�i�b ���`�2 �M�Q�M�@�M�2�;���i�B�p�2 �`�2���H �M�m�K�#�2�`�b �/�2�M�Q�i�B�M�;
�i�?�2 �[�m���M�i�B�i�v �Q�7 �2���+�? �b�T�2�+�B�2�b �`�2�[�m�B�`�2�/ �7�Q�` �i�?���i �`�2���+�i�B�Q�M�X �A�M �1�[�X �k�X�k�y�- �i�?�2 �Q�M�H�v �M�Q�M�@�x�2�`�Q �`�2���+�@
�i���M�i �+�Q�2�{�+�B�2�M�i �r���b �7�Q�`X 1�- ���M�/ �B�i �r���b �2�[�m���H �i�Q �R�X�y�c �i�?�2 �Q�M�H�v �M�Q�M�@�x�2�`�Q �T�`�Q�/�m�+�i �+�Q�2�{�+�B�2�M�i�b
�r�2�`�2 �7�Q�`X 2 ���M�/X 3�- �#�Q�i�? �2�[�m���H �i�Q �R�X�y�X �h�?�2 �+�Q�2�{�+�B�2�M�i�b ���`�2 �`�2�7�2�`�`�2�/ �i�Q ���b �b�i�Q�B�+�?�B�Q�K�2�i�`�B�+
�+�Q�2�{�+�B�2�M�i�b�X �A�i �B�b �m�b�2�7�m�H �i�Q �b�m�K�K���`�B�b�2 �i�?�2 �+�Q�2�{�+�B�2�M�i�b �B�M �K���i�`�B�t �7�Q�`�K�X �G�2�iA �/�2�M�Q�i�2 �i�?�2
�T�`�2�@�`�2���+�i�B�Q�M �b�i�Q�B�+�?�B�Q�K�2�i�`�B�+ �K���i�`�B�t�- �r�?�Q�b�2(i; j )�@�i�? �2�H�2�K�2�M�i �B�b �2�[�m���H �i�Qaij �- ���M�/B �/�2�M�Q�i�2
�i�?�2 �T�Q�b�i�@�`�2���+�i�B�Q�M �b�i�Q�B�+�?�B�Q�K�2�i�`�B�+ �K���i�`�B�t�- �r�?�Q�b�2(i; j )�@�i�? �2�H�2�K�2�M�i �B�bbi;j �X

�h�?�2 �M�2�i �+�?���M�;�2 �B�MX j �b�T�2�+�B�2�b �H�2�p�2�H ���7�i�2�` �i�?�2i �@�i�? �`�2���+�i�B�Q�M �B�b �i�?�2�`�2�7�Q�`�2bij � aij �X �h�?�2
�+�?���M�;�2 �B�M �b�T�2�+�B�2�b �/�m�2 �i�Q �2���+�? �`�2���+�i�B�Q�M �B�b �b�i�Q�`�2�/ �B�M �i�?�2 �M�2�i �2�z�2�+�i�b �K���i�`�B�t�-Q = B � A�-
�r�?�Q�b�2(i; j )�@�i�? �2�H�2�K�2�M�i �B�b �2�[�m���H �i�Qbij � aij �X �h�?�2 �b�i�Q�B�+�?�B�Q�K�2�i�`�v �K���i�`�B�t�-S�- �B�b �i�?�2 �i�`���M�b�T�Q�b�2
�Q�7 �i�?�2 �M�2�i �2�z�2�+�i �K���i�`�B�t�-

S = QT ; �U�k�X�k�k�V

�r�?�B�+�? �B�b �Q�7�i�2�M �m�b�2�/ �B�M �b�i�Q�+�?���b�i�B�+ �F�B�M�2�i�B�+ �K�Q�/�2�H�b�X

�k�X�e�X�k �J���`�F�Q�p �D�m�K�T �T�`�Q�+�2�b�b

���b�b�m�K�B�M�; �i�?�2 �K�Q�H�2�+�m�H�2�b ���`�2 �r�B�i�?�B�M �� �r�2�H�H�@�K�B�t�2�/ �+�Q�M�i���B�M�2�` �Q�7 �}�t�2�/ �p�Q�H�m�K�2 ���i �i�?�2�`�K���H �2�[�m�B�@
�H�B�#�`�B�m�K�- �B�i �+���M �#�2 �b�?�Q�r�M �i�?���i �i�?�2�B�` �K�Q�p�2�K�2�M�i �B�b �;�Q�p�2�`�M�2�/ �#�v �"�`�Q�r�M�B���M �K�Q�i�B�Q�M�X �"�`�Q�r�M�B���M
�K�Q�i�B�Q�M �/�2�b�+�`�B�#�2�b �i�?�2 �K�Q�p�2�K�2�M�i �Q�7 �� �K�Q�H�2�+�m�H�2 �Q�p�2�` �� �i�B�K�2 �b�i�2�T�-�t �- ���b �M�Q�`�K���H �`���M�/�Q�K
�M�Q�B�b�2�- �r�?�Q�b�2 �p���`�B���M�+�2 �B�b �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q�t �X �h�?�2 �`���i�2 �Q�7 �`�2���+�i�B�Q�M�b �B�b �+�Q�M�b�i���M�i �Q�p�2�` �� �b�K���H�H
�i�B�K�2 �b�i�2�T �U�:�B�H�H�2�b�T�B�2�- �R�N�N�k�V�- ���M�/ �b�Q �i�?�2 �`�2���+�i�B�Q�M�b �K�m�b�i �?���p�2 ���b�b�Q�+�B���i�2�/ �b�i�Q�+�?���b�i�B�+ �`���i�2
�+�Q�M�b�i���M�i�b�- �T�`�2�p�B�Q�m�b�H�v �/�2�M�Q�i�2�/k �X �h�?�2 ���b�b�m�K�T�i�B�Q�M �Q�7 �K���b�b ���+�i�B�Q�M �F�B�M�2�i�B�+�b �b�i���i�2�b �i�?���i �i�?�2
�`�2���+�i�B�Q�M �`���i�2 �B�b �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �i�?�2 �T�`�Q�/�m�+�i �Q�7 �i�?�2 �`�2���+�i���M�i �H�2�p�2�H�b �`�2�[�m�B�`�2�/ �7�Q�` �i�?�2 �`�2���+�i�B�Q�M�X
�l�M�/�2�` �i�?�2�b�2 ���b�b�m�K�T�i�B�Q�M�b�- �i�?�2 �?���x���`�/ ���b�b�Q�+�B���i�2�/ �r�B�i�? ���M�v �`�2���+�i�B�Q�M �+���M �#�2 �/�2�}�M�2�/ ���b �i�?�2
�b�i�Q�+�?���b�i�B�+ �`���i�2 �+�Q�M�b�i���M�i �K�m�H�i�B�T�H�B�2�/ �#�v �i�?�2 �T�`�Q�/�m�+�i �Q�7 �i�?�2 �`�2���+�i���M�i �H�2�p�2�H�b �`�2�[�m�B�`�2�/�X

�*�Q�M�b�B�/�2�` �i�?�2 �}�`�b�i�@�Q�`�/�2�` �+�?�2�K�B�+���H �`�2���+�i�B�Q�M�-

X 1
k! X 2: �U�k�X�k�j�V

�P�M�H�v �Q�M�2 �K�Q�H�2�+�m�H�2 �Q�7X 1 �B�b �`�2�[�m�B�`�2�/ �7�Q�` �i�?�2 �`�2���+�i�B�Q�M �i�Q �i���F�2 �T�H���+�2�X �h�?�2 �`�2���+�i�B�Q�M �?���x���`�/ �B�b

h(x ; k) = kx1; �U�k�X�k�9�V

�r�?�2�`�2x1 �B�b �i�?�2 �H�2�p�2�H �Q�7 �b�T�2�+�B�2�bX 1�X �h�?�2 �b�2�+�Q�M�/�@�Q�`�/�2�` �`�2���+�i�B�Q�M

X 1 + X 2
k! X 3; �U�k�X�k�8�V

�9�e



�`�2�[�m�B�`�2�b �i�r�Q �K�Q�H�2�+�m�H�2�b �i�Q �B�M�i�2�`���+�i�- �Q�M�2 �K�Q�H�2�+�m�H�2 �Q�7X 1�- �i�?�2 �Q�M�2 �Q�7X 2�X �A�7 �i�?�2 �+�m�`�`�2�M�i �H�2�p�2�H�b
�Q�7 �i�?�2 �b�T�2�+�B�2�b ���`�2x1 ���M�/x2�- �`�2�b�T�2�+�i�B�p�2�H�v�- �i�?�2�M �i�?�2�`�2 ���`�2x1 � x2 �T�Q�b�b�B�#�H�2 �+�Q�K�#�B�M���i�B�Q�M�b �Q�7
�K�Q�H�2�+�m�H�2�b �i�Q �B�M�i�2�`���+�i�- ���M�/ �i�?�2 �`�2�b�m�H�i�B�M�; �?���x���`�/ �B�b

h(x ; k) = kx1x2: �U�k�X�k�e�V

�*�Q�M�b�B�/�2�` �i�?�2 �`�2���+�i�B�Q�M�-
2X 1

k! X 2; �U�k�X�k�d�V

�r�?�B�+�? �B�b ���H�b�Q �� �b�2�+�Q�M�/�@�Q�`�/�2�` �`�2���+�i�B�Q�M ���b �i�r�QX 1 �K�Q�H�2�+�m�H�2�b ���`�2 �`�2�[�m�B�`�2�/�X �A�7 �i�?�2 �+�m�`�`�2�M�iX 1

�H�2�p�2�H �B�bx1�- �i�?�2�M �i�?�2 �M�m�K�#�2�` �Q�7 �+�Q�K�#�B�M���i�B�Q�M�b �7�Q�` �i�r�Q �Q�7 �i�?�2�K �i�Q �B�M�i�2�`���+�i �B�bx1(x1 � 1)=2�X
�h�?�2�`�2�7�Q�`�2�- �i�?�2 �`�2���+�i�B�Q�M �?���x���`�/ �B�b

h(x ; k) = k
x1(x1 � 1)

2
: �U�k�X�k�3�V

�*�Q�M�i�B�M�m�B�M�; �i�?�2 �H�Q�;�B�+ ���M�/ �+�Q�M�b�B�/�2�`�B�M�; �i�?�2 �+�Q�K�#�B�M���i�B�Q�M�b �Q�7 �B�M�i�2�`���+�i�B�M�; �K�Q�H�2�+�m�H�2�b�- �r�2 �}�M�/
�i�?���i �i�?�2 �?���x���`�/ �B�b �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �i�?�2 �T�`�Q�/�m�+�i �Q�7 �i�?�2 �#�B�M�Q�K�B���H �+�Q�2�{�+�B�2�M�i�b�X �G�2�iki �#�2
�i�?�2 �b�i�Q�+�?���b�i�B�+ �`���i�2 �+�Q�M�b�i���M�i ���b�b�Q�+�B���i�2�/ �r�B�i�? �� �`�2���+�i�B�Q�M�-Ri �- ���M�/hi (x ; ki ) �#�2 �i�?�2 �`�2���+�i�B�Q�M
�?���x���`�/�X �h�?�2 �;�2�M�2�`���H�B�b�2�/ �7�Q�`�K �Q�7 �i�?�2 �?���x���`�/ �7�m�M�+�i�B�Q�M �B�b

hi (x ; ki ) = ki

nY

j =1

�
x j

aij

�
: �U�k�X�k�N�V

�h�?�2 �i�Q�i���H �?���x���`�/�- �/�2�b�+�`�B�#�B�M�; �i�?�2 �`���i�2 �Q�7 ���M�v �`�2���+�i�B�Q�M �Q�+�+�m�`�`�B�M�;�- �B�b �i�?�2 �b�m�K �Q�7 �i�?�2
�B�M�/�B�p�B�/�m���H �`�2���+�i�B�Q�M �?���x���`�/�b�-

h0(x ; k ) =
mX

i =1

(

ki

nY

j =1

�
x j

aij

� )

: �U�k�X�j�y�V

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

x (tn ) = x (tm ) + Si : �U�k�X�j�R�V

�q�?�2�`�2x (tm ) �B�b �i�?�2 �b�v�b�i�2�K �b�i���i�2 ���7�i�2�` �i�?�2 �H���b�i �`�2���+�i�B�Q�M�- ���M�/Si �B�b �i�?�2i �@�i�? �+�Q�H�m�K�M �Q�7 �i�?�2
�b�i�Q�B�+�?�B�Q�K�2�i�`�v �K���i�`�B�t�X �h�?�2 �2�p�Q�H�m�i�B�Q�M �Q�7x (t) �B�b �i�?�2�M �/�2�b�+�`�B�#�2�/ �#�v �� �/�B�b�+�`�2�i�2 �b�i���i�2�@�b�T���+�2�-
�+�Q�M�i�B�M�m�Q�m�b�@�i�B�K�2 �J���`�F�Q�p �T�`�Q�+�2�b�b�X

�h�?�2 �b�i���i�2 �Q�7 �i�?�2 �b�v�b�i�2�K�-x (t)�- ���i �i�B�K�2t �+���M �#�2 �r�`�B�i�i�2�M ���b

x (t) = x 0 +
X

i

Si Ri;t ; �U�k�X�j�k�V

�r�?�2�`�2x0 �B�b �i�?�2 �B�M�B�i�B���H �b�i���i�2 �Q�7 �i�?�2 �b�v�b�i�2�K ���M�/Ri;t �/�2�M�Q�i�2�b �i�?�2 �M�m�K�#�2�` �Q�7 �`�2���+�i�B�Q�M�b �Q�7 �i�v�T�2
i �B�M �i�?�2 �B�M�i�2�`�p���H(0; t]�XRi;t �B�b �� �+�Q�m�M�i�B�M�; �T�`�Q�+�2�b�b �r�B�i�? �B�M�i�2�M�b�B�i�v �2�[�m�B�p���H�2�M�i �i�Q �i�?�2 �`�2���+�i�B�Q�M
�?���x���`�/�-hi (x (t); ki )�- �r�?�B�+�? �+���M �#�2 �2�t�T�`�2�b�b�2�/ ���b

Ri;t = Yi

� Z t

0
hi (x (u); ki )du

�
: �U�k�X�j�j�V

�q�?�2�`�2Yi �7�Q�`i = 1; 2; : : : ; m�- ���`�2m �B�M�/�2�T�2�M�/�2�M�i �m�M�B�i �`���i�2 �S�Q�B�b�b�Q�M �T�`�Q�+�2�b�b�2�b�X �� �/�2�i���B�H�2�/
�/�B�b�+�m�b�b�B�Q�M �Q�M �i�?�B�b �`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �J���`�F�Q�p �D�m�K�T �T�`�Q�+�2�b�b�2�b �+���M �#�2 �7�Q�m�M�/ �B�M �E�m�`�i�x �U�R�N�d�k�V

�9�d



���M�/ �K�Q�`�2 �`�2�+�2�M�i�H�v �B�M �q�B�H�F�B�M�b�Q�M �U�k�y�R�3�V�X

�� �J���`�F�Q�p �D�m�K�T �T�`�Q�+�2�b�b �+���M �#�2 �7�Q�`�r���`�/�@�b�B�K�m�H���i�2�/ �#�v �� �p���`�B�2�i�v �Q�7 �b�B�K�m�H���i�B�Q�M ���H�;�Q�@
�`�B�i�?�K�b�X �>�Q�r�2�p�2�`�- �i�?�2 �+�Q�K�T�m�i���i�B�Q�M���H �2�t�T�2�M�b�2 �Q�7 �b�B�K�m�H���i�B�Q�M �+���M �#�2 �?�B�;�?�- �T���`�i�B�+�m�H���`�H�v �r�?�2�M
�i�?�2 �M�m�K�#�2�` �Q�7 �b�T�2�+�B�2�b ���M�/ �`�2���+�i�B�Q�M�b �B�b �?�B�;�?�- �r�?�B�+�? �;�2�M�2�`���H�H�v �B�M�+�`�2���b�2�b �i�?�2 �`�2���+�i�B�p�B�i�v �Q�7 �i�?�2
�b�v�b�i�2�K�X �� �?�B�;�?�H�v �`�2���+�i�B�p�2 �b�v�b�i�2�K �B�b �Q�7�i�2�M �K�Q�`�2 �+�Q�K�T�m�i���i�B�Q�M���H�H�v �2�t�T�2�M�b�B�p�2 �i�Q �b�B�K�m�H���i�2 ���b
�i�?�2 �M�m�K�#�2�` �Q�7 �`�2���+�i�B�Q�M �b�B�K�m�H���i�B�Q�M�b �B�M�+�`�2���b�2�b�X ���b �� �`�2�b�m�H�i�- ���T�T�`�Q�t�B�K���i�B�Q�M ���H�;�Q�`�B�i�?�K�b ���`�2
�Q�7�i�2�M �m�b�2�/�- �r�?�B�+�? �`�2�/�m�+�2 �i�?�2 �+�Q�K�T�m�i���i�B�Q�M���H �+�Q�b�i�X �h�r�Q �K�2�i�?�Q�/�b �i�Q �b�B�K�m�H���i�2 �� �b�v�b�i�2�K �m�M�@
�/�2�` �i�?�2�b�2 ���b�b�m�K�T�i�B�Q�M�b ���`�2 �/�2�b�+�`�B�#�2�/ �#�2�H�Q�r�X �h�?�2 �}�`�b�i �#�2�B�M�; ���M �2�t���+�i �b�B�K�m�H���i�B�Q�M ���H�;�Q�`�B�i�?�K
���M�/ �i�?�2 �b�2�+�Q�M�/ �� �T�Q�T�m�H���` ���T�T�`�Q�t�B�K���i�B�Q�M�X �>�Q�r�2�p�2�`�- �i�?�2�`�2 ���`�2 �K���M�v �Q�i�?�2�` ���T�T�`�Q�t�B�K���i�B�Q�M
���H�;�Q�`�B�i�?�K�b �U�:�Q�H�B�;�?�i�H�v �� �:�B�H�H�2�b�T�B�2�- �k�y�R�j�V�X �h�?�2 �i�r�Q �K�2�i�?�Q�/�b �T�`�2�b�2�M�i�2�/ �?�2�`�2 ���`�2 �m�b�2�/ �B�M
�*�?���T�i�2�` �8�X

�k�X�e�X�j �:�B�H�H�2�b�T�B�2�ö�b �/�B�`�2�+�i �K�2�i�?�Q�/

�:�B�H�H�2�b�T�B�2�ö�b �/�B�`�2�+�i �K�2�i�?�Q�/ �U�:�B�H�H�2�b�T�B�2�- �R�N�d�d�V �B�b ���M �2�t���+�i �b�B�K�m�H���i�B�Q�M ���H�;�Q�`�B�i�?�K ���M�/ �i�?�2 �K�Q�b�i
�+�Q�K�K�Q�M �K�2�i�?�Q�/ �i�Q �2�t���+�i�H�v �b�B�K�m�H���i�2 �i�?�2 �J���`�F�Q�p �D�m�K�T �T�`�Q�+�2�b�b �`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �i�?�2 �`�2�@
���+�i�B�Q�M �M�2�i�r�Q�`�F�X �h�?�2 �K�2�i�?�Q�/ �/�2�b�+�`�B�#�2�b �i�?�2 �B�M�i�2�`�@�2�p�2�M�i �i�B�K�2 ���b ���M �2�t�T�Q�M�2�M�i�B���H �`���M�/�Q�K
�p���`�B���#�H�2�- �r�?�Q�b�2 �`���i�2 �B�b �i�?�2 �i�Q�i���H �b�v�b�i�2�K �?���x���`�/�-h0(x ; k )�- ���M�/ �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �`�2���+�i�B�Q�M
Ri �Q�+�+�m�`�`�B�M�; �B�b �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �i�?�2 �`�2���+�i�B�Q�M �?���x���`�/�-hi (x ; k )�X �G�2�ix 0 �#�2 �i�?�2 �B�M�B�i�B���H �b�v�b�i�2�K
�b�i���i�2�- ���M�/ ���b�b�m�K�2 �i�?�2 �b�i�Q�+�?���b�i�B�+ �`���i�2 �+�Q�M�b�i���M�i�b�-k �- ���`�2 �F�M�Q�r�M�X �h�Q �b�B�K�m�H���i�2 �i�?�2 �b�v�b�i�2�K
�m�T �i�Q �� �K���t�B�K�m�K �i�B�K�2�-Tmax �- �i�?�2 ���H�;�Q�`�B�i�?�K �B�b �/�2�b�+�`�B�#�2�/ �B�M ���H�;�Q�`�B�i�?�K �j�X

���H�;�Q�`�B�i�?�K �j�:�B�H�H�2�b�T�B�2�ö�b �/�B�`�2�+�i �b�B�K�m�H���i�B�Q�M �K�2�i�?�Q�/

�R�X �a�2�it = 0 �X �A�M�B�i�B���H�B�b�2 �i�?�2 �b�v�b�i�2�K �b�i���i�2x = x 0�X
�k�X �*���H�+�m�H���i�2 �`�2���+�i�B�Q�M �?���x���`�/�b�- �7�Q�`i = 1; 2; : : : ; m

hi (x ; ki ) = ki

nY

j =1

�
x j

aij

�
:

�j�X �*���H�+�m�H���i�2 �i�?�2 �b�v�b�i�2�K �?���x���`�/

h0(x ; k ) =
mX

i =1

hi (x ; ki ):

�9�X �a�B�K�m�H���i�2 �B�M�i�2�`�@�2�p�2�M�i �i�B�K�2�-�t � �1�t�T(h0(x ; k )) ; ���M�/ �T�m�it := t + �t �X
�8�X �a�B�K�m�H���i�2 �i�?�2 �`�2���+�i�B�Q�M �B�M�/�2�t�-j �- �7�`�Q�K �� �/�B�b�+�`�2�i�2 �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�? �T�`�Q�#���#�B�H�B�i�B�2�b�X �6�Q�`
j = 1; 2; : : : ; m�-

�S�(̀�`�2���+�i�B�Q�M �B�M�/�2�t= j ) =
hj (x ; kj )
h0(x ; k )

:

�e�X �l�T�/���i�2 �b�v�b�i�2�K �b�i���i�2�-x �- ���+�+�Q�`�/�B�M�; �i�?�2 �`�2���+�i�B�Q�MRj �X
�d�X �A�7t < T max �- �`�2�i�m�`�M �i�Q �b�i�2�T �k�X

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

�9�3



�b�v�b�i�2�K �b�i���i�2 �B�b �b���p�2�/ �� �b�2�i �Q�7 �T�`�2�/�2�}�M�2�/ �b�v�b�i�2�K �i�B�K�2�b�- ���b �i�?�2 �2�t���+�i �?�B�b�i�Q�`�v �B�b �M�Q�i �T�`���+�i�B�+���H
���M�/ �Q�7�i�2�M �M�Q�i �Q�7 �B�M�i�2�`�2�b�i�X

�k�X�e�X�9 �S�Q�B�b�b�Q�M ���M�/ �i���m�@�H�2���T ���H�;�Q�`�B�i�?�K�b

�h�?�2 �S�Q�B�b�b�Q�M �H�2���T ���H�;�Q�`�B�i�?�K �B�b ���M ���T�T�`�Q�t�B�K���i�2 �b�B�K�m�H���i�B�Q�M ���H�;�Q�`�B�i�?�K �i�?���i ���T�T�`�Q�t�B�K���i�2�b
�i�?�2 �M�m�K�#�2�` �Q�7 �`�2���+�i�B�Q�M�b �Q�7 �2���+�? �i�v�T�2 �Q�p�2�` �� �i�B�K�2 �b�i�2�T�-� t�X �h�?�2 ���T�T�`�Q���+�? �B�b �#���b�2�/ �Q�M
�� �S�Q�B�b�b�Q�M �T�`�Q�+�2�b�b�- �r�?�B�+�? �b�B�K�m�H���i�2�b �� �J���`�F�Q�p �D�m�K�T �T�`�Q�+�2�b�b �r�B�i�? �� �+�Q�M�b�i���M�i �?���x���`�/ �`���i�2
���M�/�- �+�Q�M�b�2�[�m�2�M�i�H�v�- ���b�b�m�K�2�b �i�?���i �i�?�2 �b�v�b�i�2�K�ö�b �?���x���`�/ �`���i�2 �B�b ���T�T�`�Q�t�B�K���i�2�H�v �+�Q�M�b�i���M�i �Q�p�2�`
�i�?�2 �i�B�K�2 �b�i�2�T�-� t�X �A�M�i�m�B�i�B�p�2�H�v�- �i�?�B�b �K���F�2�b �b�2�M�b�2�- ���b �� �+�Q�M�b�i���M�i �?���x���`�/ �B�K�T�H�B�2�b �M�Q �+�?���M�;�2
�B�M �i�?�2 �b�v�b�i�2�K�ö�b �`�2���+�i�B�p�B�i�v�- ���M�/ �� �b�v�b�i�2�K �r�?�Q�b�2 �`�2���+�i�B�p�B�i�v �+�?���M�;�2�b �b�B�;�M�B�}�+���M�i�H�v �Q�p�2�` �� �i�B�K�2
�b�i�2�T �+���M�M�Q�i �#�2 ���+�+�m�`���i�2�H�v ���T�T�`�Q�t�B�K���i�2�/�X �h�Q �`�2�/�m�+�2 �+�Q�K�T�m�i���i�B�Q�M���H �2�t�T�2�M�b�2� t �b�?�Q�m�H�/ �#�2
�K�m�+�? �H���`�;�2�` �i�?���M �i�?�2 �i�v�T�B�+���H �B�M�i�2�`�@�2�p�2�M�i �i�B�K�2 �+���H�+�m�H���i�2�/ �#�v �:�B�H�H�2�b�T�B�2�ö�b �/�B�`�2�+�i �K�2�i�?�Q�/�X �6�Q�`
�� �F�M�Q�r�M �b�2�i �Q�7 �b�i�Q�+�?���b�i�B�+ �`���i�2 �+�Q�M�b�i���M�i�b�-k �- �B�M�B�i�B���H �+�Q�M�/�B�i�B�Q�M�-x 0�- ���M�/ �i�B�K�2 �b�i�2�T�-� t�- �i�?�2
�S�Q�B�b�b�Q�M ���H�;�Q�`�B�i�?�K �B�b �/�2�b�+�`�B�#�2�/ �B�M ���H�;�Q�`�B�i�?�K �9�X

���H�;�Q�`�B�i�?�K �9�S�Q�B�b�b�Q�M �H�2���T ���T�T�`�Q�t�B�K���i�2 �b�B�K�m�H���i�B�Q�M ���H�;�Q�`�B�i�?�K

�R�X �a�2�it = 0 �- ���M�/ �B�M�B�i�B���H�B�b�2 �i�?�2 �b�v�b�i�2�K �b�i���i�2x = x 0�X
�k�X �*���H�+�m�H���i�2 �`�2���+�i�B�Q�M �?���x���`�/�b�- �7�Q�`i = 1; 2; : : : ; m

hi (x ; ki ) = ki

nY

j =1

�
x j

aij

�
:

�j�X �*���H�+�m�H���i�2 �i�?�2 �b�v�b�i�2�K �?���x���`�/

h0(x ; k ) =
mX

i =1

hi (x ; ki ):

�9�X �a�B�K�m�H���i�2 �i�?�2m�@�/�B�K�2�M�b�B�Q�M���H �`�2���+�i�B�Q�M �p�2�+�i�Q�`�-r �- �b�m�+�? �i�?���i

r i � �S�Q(hi (x ; ki )� t):

�8�X �l�T�/���i�2x := x + Sr ���M�/ �T�m�it := t + � t�X
�e�X �A�7t < T max �- �`�2�i�m�`�M �i�Q �b�i�2�T �k�X

�*�H�2���`�H�v�- �i�?�2 �+�?�Q�B�+�2 �Q�7� t �B�b �B�K�T�Q�`�i���M�i�c �i�Q�Q �b�K���H�H ���M�/ �+�Q�K�T�m�i���i�B�Q�M���H �b���p�B�M�;�b ���`�2 �H�B�i�i�H�2
�i�Q �M�Q�M�2�c �i�Q�Q �#�B�;�- ���M�/ �i�?�2 ���T�T�`�Q�t�B�K���i�B�Q�M ���+�+�m�`���+�v �7���H�H�b�X ���/�/�B�i�B�Q�M���H�H�v�- �i�?�2 ���T�T�`�Q�T�`�B���i�2 �b�B�x�2
�Q�7� t �K���v �+�?���M�;�2 �i�?�`�Q�m�;�?�Q�m�i �i�?�2 �b�B�K�m�H���i�B�Q�M ���b �i�?�2 �b�v�b�i�2�K �#�2�+�Q�K�2�b �K�Q�`�2 �Q�` �H�2�b�b �`�2���+�i�B�p�2�X
�h�?�2 �S�Q�B�b�b�Q�M �H�2���T ���H�;�Q�`�B�i�?�K �`�2�[�m�B�`�2�b �� �+�Q�M�b�i���M�i �+�?�Q�B�+�2 �Q�7� t�X �>�Q�r�2�p�2�`�- �:�B�H�H�2�b�T�B�2 �T�`�Q�T�Q�b�2�/
�� � �@�H�2���T ���H�;�Q�`�B�i�?�K�- �r�?�Q�b�2 �i�B�K�2 �b�i�2�T�-� �- �B�b �p���`�B���#�H�2 ���M�/ �+�?���M�;�2�b �/�2�T�2�M�/�B�M�; �Q�M �i�?�2 �b�v�b�i�2�K�ö�b
�+�m�`�`�2�M�i �b�i���i�2 �U�:�B�H�H�2�b�T�B�2�- �k�y�y�R�V�X �h�?�2 �+�?�Q�B�+�2 �Q�7 �i�?�2 �M�2�t�i �i�B�K�2 �b�i�2�T�-� �- �B�b �b�i�B�H�H �/�B�{�+�m�H�i�X �h�?�2
�B�/�2���H �Q�T�i�B�Q�M �B�b �� �i�`���/�2�@�Q�z �#�2�i�r�2�2�M �K���t�B�K�B�b�B�M�; �+�Q�K�T�m�i���i�B�Q�M���H �b���p�B�M�;�b �U�K���F�B�M�;� ���b �H���`�;�2
���b �T�Q�b�b�B�#�H�2�V ���M�/ �K���B�M�i���B�M�B�M�; �i�?�2 ���b�b�m�K�T�i�B�Q�M �Q�7 ���M ���T�T�`�Q�t�B�K���i�2�H�v �+�Q�M�b�i���M�i �b�v�b�i�2�K �?���x���`�/�X
�:�B�H�H�2�b�T�B�2 �b�m�;�;�2�b�i�2�/ �i�?�2 �p���H�m�2 �Q�7� �b�?�Q�m�H�/ �`�2�b�m�H�i �B�M �� �`�2�H���i�B�p�2�H�v �b�K���H�H �+�?���M�;�2 �B�M �i�?�2 �`�2���+�i�B�Q�M
�?���x���`�/�b�-hi (x ; ki )�- �i�?�m�b �K���B�M�i���B�M�B�M�; �� �`�2�H���i�B�p�2�H�v �+�Q�M�b�i���M�i �b�v�b�i�2�K �?���x���`�/�X �h�?�2 ���H�;�Q�`�B�i�?�K
�7�Q�H�H�Q�r�b �b�B�K�B�H���` �b�i�2�T�b �i�Q �i�?�2 �S�Q�B�b�b�Q�M �H�2���T ���H�;�Q�`�B�i�?�K�- �r�B�i�? �i�?�2 ���/�/�B�i�B�Q�M �Q�7 ��� �+���H�+�m�H���i�B�Q�M
�#�2�7�Q�`�2 �b�B�K�m�H���i�B�M�; �i�?�2 �M�m�K�#�2�` �Q�7 �`�2���+�i�B�Q�M�b �Q�7 �2���+�? �i�v�T�2 �B�M �a�i�2�T �9�X
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�k�X�e�X�8 �1�t���K�T�H�2�, �#�B�`�i�?�@�/�2���i�? �K�Q�/�2�H

�h�Q �;�B�p�2 �+�Q�M�i�2�t�i �i�Q �i�?�2 �b�i�Q�+�?���b�i�B�+ �F�B�M�2�i�B�+ �i�?�2�Q�`�v �/�B�b�+�m�b�b�2�/ �B�M �i�?�B�b �+�?���T�i�2�`�- �r�2 �/�B�b�+�m�b�b �b�Q�K�2
�2�t���K�T�H�2�b�X �h�?�2 �}�`�b�i�- �/�B�b�+�m�b�b�2�/ �?�2�`�2�- �B�b �i�?�2 �#�B�`�i�?�@�/�2���i�? �K�Q�/�2�H�X �A�i �B�b �� �7���B�`�H�v �b�B�K�T�H�2 �K�Q�/�2�H
�Q�7 �T�Q�T�m�H���i�B�Q�M �/�v�M���K�B�+�b �r�?�B�+�? �Q�M�H�v �+�Q�M�b�B�/�2�`�b �Q�M�2 �b�T�2�+�B�2�b ���M�/ �i�r�Q �T�Q�b�b�B�#�H�2 �`�2���+�i�B�Q�M�b�, �#�B�`�i�?
���M�/ �/�2���i�?�X �h�?�2 �K�Q�/�2�H �B�b �� �+�Q�M�i�B�M�m�Q�m�b�@�i�B�K�2 �2�t�i�2�M�b�B�Q�M �Q�7 �i�?�2 �+�2�H�H �T�Q�T�m�H���i�B�Q�M �2�t���K�T�H�2 �/�2�@
�b�+�`�B�#�2�/ �B�M �*�?���T�i�2�` �R�X�8�X�j�X

�G�2�iX �/�2�M�Q�i�2 �i�?�2 �b�T�2�+�B�2�b ���M�/x �#�2 �B�i�b �T�Q�T�m�H���i�B�Q�M�X �A�7 �� �#�B�`�i�? �Q�+�+�m�`�b�- �i�?�2 �b�T�2�+�B�2�b�ö
�T�Q�T�m�H���i�B�Q�M �B�M�+�`�2���b�2�b �#�v �Q�M�2�c ���H�i�2�`�M���i�B�p�2�H�v�- �B�7 �� �/�2���i�? �Q�+�+�m�`�b�- �i�?�2 �T�Q�T�m�H���i�B�Q�M �/�2�+�`�2���b�2�b �#�v
�Q�M�2�X �l�b�B�M�; �i�?�2 �+�?�2�K�B�+���H �`�2���+�i�B�Q�M �M�2�i�r�Q�`�F �B�M�i�`�Q�/�m�+�2�/ �2���`�H�B�2�`�- �i�?�2 �b�v�b�i�2�K �+���M �#�2 �/�2�b�+�`�B�#�2�/
�#�v �i�?�2 �2�[�m���i�B�Q�M�b

X
k�#�B�`�i�?! 2X;

X
k�/�2���i�?! �:

�U�k�X�j�9�V

�h�?�2 �b�v�K�#�Q�H� �B�M�/�B�+���i�2�b �i�?���i �M�Q �2�H�2�K�2�M�i�b ���`�2 �T�`�2�b�2�M�i �Q�M �i�?���i �b�B�/�2 �Q�7 �i�?�2 �2�[�m���i�B�Q�M�X �h�?�2
�b�i�Q�+�?���b�i�B�+ �`���i�2 �+�Q�M�b�i���M�i�b �Q�7 �i�?�2 �i�r�Q �`�2���+�i�B�Q�M�b ���`�2 �/�2�M�Q�i�2�/kb ���M�/kd �7�Q�` �#�B�`�i�? ���M�/ �/�2���i�?�-
���M�/ �i�?�2 �`�2�b�m�H�i�B�M�; �`�2���+�i�B�Q�M �?���x���`�/�b ���`�2kbx ���M�/kdx�- �`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2 �b�i�Q�B�+�?�B�Q�K�2�i�`�v �K���@
�i�`�B�t �B�b �� �`�Q�r �p�2�+�i�Q�` �r�B�i�?S = (1 ; � 1)�X

�h�?�2 �/�v�M���K�B�+�b �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �/�2�T�2�M�/ �Q�M �i�?�2 �p���H�m�2�b �Q�7 �i�?�2 �#�B�`�i�? ���M�/ �/�2���i�? �`���i�2�b�X
�1�[�m���H �#�B�`�i�? ���M�/ �/�2���i�? �`���i�2�b �B�K�T�H�v �i�?���i �i�?�2 �T�Q�T�m�H���i�B�Q�M �B�b �2�t�T�2�+�i�2�/ �i�Q �`�2�K���B�M �7���B�`�H�v �b�i���#�H�2�X
�>�Q�r�2�p�2�`�- �/�m�2 �i�Q �i�?�2 �b�i�Q�+�?���b�i�B�+ �M���i�m�`�2 �Q�7 �i�?�2 �b�v�b�i�2�K�- �~�m�+�i�m���i�B�Q�M�b �B�M �i�?�2 �T�Q�T�m�H���i�B�Q�M ���`�2
�M���i�m�`���H�- ���b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �k�X�j�U���V�X �� �?�B�;�?�2�` �#�B�`�i�? �`���i�2�-k�#�B�`�i�?> k �/�2���i�?�- �`�2�b�m�H�i�b �B�M ���M �B�M�@
�+�`�2���b�B�M�; �T�Q�T�m�H���i�B�Q�M �b�B�x�2 �i�?���i �;�`�Q�r�b �r�B�i�?�Q�m�i �#�Q�m�M�/�b�X �� �?�B�;�?�2�` �/�2���i�? �`���i�2�-k�#�B�`�i�?< k �/�2���i�?�-
�K�2���M�b �i�?�2 �T�Q�T�m�H���i�B�Q�M �B�b �/�2�b�i�B�M�2�/ �7�Q�` �2�t�i�B�M�+�i�B�Q�M�- �� �b�i���i�2 �r�?�B�+�? �+���M�M�Q�i �#�2 �2�b�+���T�2�/�X �"�Q�i�?
�b�+�2�M���`�B�Q�b ���`�2 �/�2�T�B�+�i�2�/ �B�M �6�B�;�m�`�2�b �k�X�j�U�#�V ���M�/ �k�X�j�U�+�V�- �`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2 �b�i�Q�+�?���b�i�B�+�B�i�v �Q�7 �i�?�2
�b�v�b�i�2�K �K�2���M�b �i�?���i �M�Q �T���`�i�B�+�m�H���` �#�2�?���p�B�Q�m�` �B�b �;�m���`���M�i�2�2�/�- �M�Q�i �+�Q�M�b�B�/�2�`�B�M�; �b�i�2���/�v �b�i���i�2�b�X
�>�Q�r�2�p�2�`�- �i�?�2 �Q�p�2�`���H�H �#�2�?���p�B�Q�m�` �b�m�K�K���`�B�b�2�/ �#�v �K���M�v �b�B�K�m�H���i�B�Q�M�b �Q�7 �i�?�2 �b�v�b�i�2�K �+���M �#�2
�/�2�b�+�`�B�#�2�/�X

�k�X�e�X�e �1�t���K�T�H�2�, �K�i�.�L�� �T�Q�T�m�H���i�B�Q�M �/�v�M���K�B�+�b

�:�2�M�2�`���H �K�Q�/�2�H

�A�M �i�?�B�b �+�?���T�i�2�`�- �b�i�Q�+�?���b�i�B�+ �F�B�M�2�i�B�+ �K�Q�/�2�H�b �Q�7 �b�B�M�;�H�2�@�+�2�H�H �K�i�.�L�� �T�Q�T�m�H���i�B�Q�M �/�v�M���K�B�+�b ���`�2
�B�M�i�`�Q�/�m�+�2�/�X ���b �B�b �+�Q�K�K�Q�M �B�M �K���i�?�2�K���i�B�+���H �K�Q�/�2�H�b �Q�7 �K�i�.�L�� �/�v�M���K�B�+�b�- �r�2 �+�Q�M�b�B�/�2�` �i�r�Q
�b�T�2�+�B�2�b �Q�7 �K�i�.�L���, �r�B�H�/�@�i�v�T�2�-W�- ���M�/ �p���`�B���M�i�@�i�v�T�2�-V �- �U���B�M�b�r�Q�`�i�?�- �k�y�R�9�c �1�H�b�Q�M �2�i ���H�X�-
�k�y�y�R�c �>�2�M�/�2�`�b�Q�M �2�i ���H�X�- �k�y�y�N�V�X �1�[�X �k�X�j�8 �b�?�Q�r�b �i�?�2 �7�Q�m�` �}�`�b�i�@�Q�`�/�2�` �+�?�2�K�B�+���H �`�2���+�i�B�Q�M�b
�/�2�b�+�`�B�#�B�M�; �K�i�.�L�� �`�2�T�H�B�+���i�B�Q�M�- �/�2�;�`���/���i�B�Q�M�X

W k1! 2W

V k2! 2V

W k3! �

V k4! �

�U�k�X�j�8�V
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�6�B�;�m�`�2 �k�X�j�,�_�2���H�B�b���i�B�Q�M�b �7�`�Q�K �i�?�2 �#�B�`�i�?�@�/�2���i�? �K�Q�/�2�H�X �6�B�7�i�v �`�2���H�B�b���i�B�Q�M�b �7�`�Q�K �i�?�2 �#�B�`�i�?�@
�/�2���i�? �K�Q�/�2�H �r�B�i�? �� �p���`�v�B�M�; �/�2���i�? �`���i�2�X �U���V �a�?�Q�r�b �2�[�m���H �#�B�`�i�? ���M�/ �/�2���i�? �`���i�2�b�-k�#�B�`�i�?= k�/�2���i�?=
1:0 � 10� 1�X �U�#�V �a�?�Q�r�b �� �#�B�`�i�?�@�`���i�2 ���/�p���M�i���;�2�-k�#�B�`�i�?= 2 :0e � 1 ���M�/k�/�2���i�?= 1 :0e � 01�X �U�+�V
�a�?�Q�r�b �� �/�2���i�?�@�`���i�2 ���/�p���M�i���;�2k�#�B�`�i�?= 1 :0 � 10� 1 ���M�/k�/�2���i�?= 2 :0 � 10� 2�X ���H�H �b�B�K�m�H���i�B�Q�M�b �r�2�`�2
�2�t�2�+�m�i�2�/ �m�b�B�M�; �:�B�H�H�2�b�T�B�2�ö�b �/�B�`�2�+�i �K�2�i�?�Q�/ ���M�/ �B�M�B�i�B���H�B�b�2�/ �r�B�i�? �i�?�2 �b���K�2 �B�M�B�i�B���H �T�Q�T�m�H���i�B�Q�M �Q�7 �R�y�y�X

�h�?�2 �`�2�b�m�H�i�B�M�; �M�2�i �2�z�2�+�i �K���i�`�B�t �B�b

ST =

0

B
B
@

� 1 0
0 � 1
1 0
0 1

1

C
C
A ; �U�k�X�j�e�V

���M�/ �i�?�2 �`�2���+�i�B�Q�M �?���x���`�/ �7�m�M�+�i�B�Q�M�b ���`�2

h1(x ; k1) = k1W;

h2(x ; k2) = k2V;

h3(x ; k3) = k3W;

h4(x ; k4) = k4V:

�U�k�X�j�d�V

�h�?�2�Q�`�B�2�b �Q�7 �+�H�Q�M���H �2�t�T���M�b�B�Q�M �+���M �#�2 �B�K�T���`�i�2�/ �B�M�i�Q �i�?�2 �K�Q�/�2�H �#�v �i�?�2 �+�Q�M�b�i�`���B�M�i�b �Q�M �i�?�2
�b�i�Q�+�?���b�i�B�+ �`���i�2 �+�Q�M�b�i���M�i�b�-k �X �6�Q�` �2�t���K�T�H�2�- �`���M�/�Q�K �;�2�M�2�i�B�+ �/�`�B�7�i �r�Q�m�H�/ ���b�b�m�K�2k1 = k2�-
�;�B�p�B�M�; �M�Q �`�2�T�H�B�+���i�B�p�2 ���/�p���M�i���;�2 �#�2�i�r�2�2�M �i�?�2 �b�T�2�+�B�2�b�- ���M�/ �b�m�`�p�B�p���H �Q�7 �i�?�2 �b�K���H�H�2�b�i �r�Q�m�H�/
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�+�Q�M�b�i�`���B�Mk2 > k 1�- �B�K�T�Q�b�B�M�; �� �p���`�B���M�i�@�i�v�T�2 �`�2�T�H�B�+���i�B�p�2 ���/�p���M�i���;�2�X �>�Q�K�Q�T�H���b�K�v�- �Q�7 �2�B�i�?�2�`
�b�T�2�+�B�2�b�- �B�b �� �p���`�B���M�i �H�Q���/ �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M�- �r�?�B�+�? �i�?�2 �b�v�b�i�2�K �+���M�M�Q�i �2�b�+���T�2�X �h�?�2
�`���r �Q�m�i�T�m�i �Q�7 �i�?�2 �b�B�K�m�H���i�B�Q�M�b ���`�2 �i�?�2 �T�Q�T�m�H���i�B�Q�M �H�2�p�2�H�b �Q�7 �i�?�2 �i�r�Q �b�T�2�+�B�2�b�X �>�Q�r�2�p�2�`�- �B�i �B�b
�K�Q�`�2 �B�M�7�Q�`�K���i�B�p�2 �i�Q �p�B�2�r �i�?�2 �K�i�.�L�� �+�Q�T�v �M�m�K�#�2�` ���M�/ �p���`�B���M�i �H�Q���/�X �h�?�2 �i�r�Q �b�i���i�B�b�i�B�+�b
�+���T�i�m�`�2 ���H�H �/�v�M���K�B�+�b �r�B�i�?�B�M �i�?�2 �b�v�b�i�2�K�- ���M�/ �M�Q �B�M�7�Q�`�K���i�B�Q�M �B�b �H�Q�b�i �#�v �i�?�2 �i�`���M�b�7�Q�`�K���i�B�Q�M�X
�6�Q�` �i�?�2 �`�2�K���B�M�/�2�` �Q�7 �i�?�B�b �+�?���T�i�2�` ���M�/ �i�?�2�b�B�b�- �b�B�K�m�H���i�B�Q�M �Q�m�i�T�m�i �Q�7 �K�i�.�L�� �T�Q�T�m�H���i�B�Q�M�b �B�b
�T�`�2�b�2�M�i�2�/ �B�M �i�?�B�b �7�Q�`�K�X �h�?�2 �B�M�+�H�m�b�B�Q�M �Q�7 �K�i�.�L�� �K�m�i���i�B�Q�M �2�p�2�M�i�b �B�b �/�B�b�+�m�b�b�2�/ �B�M �*�?���T�i�2�` �8�X

�J�i�.�L�� �+�Q�T�v �M�m�K�#�2�`

�� �F�2�v �+�Q�K�T�Q�M�2�M�i �i�Q �K�Q�/�2�H�H�B�M�; �K�i�.�L�� �T�Q�T�m�H���i�B�Q�M �/�v�M���K�B�+�b �B�b �+�Q�T�v �M�m�K�#�2�` �+�Q�M�i�`�Q�H�X
�*�Q�T�v �M�m�K�#�2�` �`�2�K���B�M�b �7���B�`�H�v �+�Q�M�b�i���M�i �B�M �?�2���H�i�?�v �+�2�H�H�b�- ���M�/ �r�B�i�?�Q�m�i �� �K�2�+�?���M�B�b�K �+�Q�M�i�`�Q�H�@
�H�B�M�; �B�i�- �� �K���i�?�2�K���i�B�+���H �K�Q�/�2�H �r�Q�m�H�/ ���H�H�Q�r �K�i�.�L�� �i�Q �;�Q �2�t�i�B�M�+�i �Q�` �i�?�2 �T�Q�T�m�H���i�B�Q�M �i�Q
�2�t�T�H�Q�/�2 �i�Q �m�M�`�2���H�B�b�i�B�+ �p���H�m�2�b�X �h�?�2 �2�z�2�+�i �Q�7 ���M �m�M�+�Q�M�i�`�Q�H�H�2�/ �T�Q�T�m�H���i�B�Q�M �+���M �#�2 �b�2�2�M �B�M
�i�?�2 �#�B�`�i�?�@�/�2���i�? �2�t���K�T�H�2�- �6�B�;�m�`�2 �k�X�j�X �q�?�2�M �i�?�2 �#�B�`�i�? �`���i�2 �B�b �H�2�b�b �i�?���M �i�?�2 �/�2���i�? �`���i�2�-
�i�?�2 �T�Q�T�m�H���i�B�Q�M �7���H�H�b �i�Q�r���`�/�b �2�t�i�B�M�+�i�B�Q�M�c �+�Q�M�p�2�`�b�2�H�v�- �r�?�2�M �i�?�2 �#�B�`�i�? �`���i�2 �B�b �?�B�;�?�2�` �i�?���M �i�?�2
�/�2���i�? �`���i�2�- �i�?�2 �T�Q�T�m�H���i�B�Q�M �;�`�Q�r�b �r�B�i�?�Q�m�i �#�Q�m�M�/�b�X �h�?�2 �b���K�2 �r�Q�m�H�/ �#�2 �b�2�2�M �B�M �� �K�Q�/�2�H �Q�7
�K�i�.�L�� �T�Q�T�m�H���i�B�Q�M�b �r�B�i�?�Q�m�i �� �+�Q�T�v �M�m�K�#�2�` �+�Q�M�i�`�Q�H �K�2�+�?���M�B�b�K�X �6�Q�` �i�?�2 �`�2�K���B�M�/�2�` �Q�7 �i�?�B�b
�+�?���T�i�2�`�- �� �+�Q�T�v �M�m�K�#�2�` �+�Q�M�i�`�Q�H�H�2�` �?���b �#�2�2�M �B�K�T�H�2�K�2�M�i�2�/ �i�Q �K���B�M�i���B�M �� �`�2�H���i�B�p�2�H�v �b�i���#�H�2
�T�Q�T�m�H���i�B�Q�M �b�B�x�2�- �#�m�i �i�?�2 �b�T�2�+�B�}�+�b ���`�2 �M�Q�i �/�B�b�+�m�b�b�2�/ �?�2�`�2�X �*�Q�M�i�`�Q�H �K�2�+�?���M�B�b�K�b ���`�2 �/�B�b�@
�+�m�b�b�2�/ �B�M �*�?���T�i�2�` �8�X �6�B�;�m�`�2 �k�X�9 �/�2�K�Q�M�b�i�`���i�2�b �i�?�2 �2�z�2�+�i �Q�7 �i�?�2 �B�K�T�H�2�K�2�M�i�2�/ �+�Q�T�v �M�m�K�#�2�`
�+�Q�M�i�`�Q�H �K�2�+�?���M�B�b�K �Q�p�2�` �� �T�2�`�B�Q�/ �Q�7 �R�y �v�2���`�b�X �h�?�2 �b�v�b�i�2�K �+�Q�M�b�B�/�2�`�b �i�?�2 �i���`�;�2�i �+�Q�T�v �M�m�K�@
�#�2�` �i�Q �#�2 �k�y�y�- ���M�/ �K���B�M�i���B�M�b �i�?�B�b �#�v �/�v�M���K�B�+���H�H�v ���H�i�2�`�B�M�; �i�?�2 �`�2�T�H�B�+���i�B�Q�M �`���i�2 �Q�7 �K�i�.�L���X
�h�?�2 �`�2�b�m�H�i �K���B�M�i���B�M�b �� �+�Q�T�v �M�m�K�#�2�` �+�2�M�i�`�2�/ ���`�Q�m�M�/ �k�y�y �r�B�i�? �� �`���M�;�2 �Q�7 ���T�T�`�Q�t�B�K���i�2�H�v �8�y�X

�6�B�;�m�`�2 �k�X�9�,�*�Q�T�v �M�m�K�#�2�` �+�Q�M�i�`�Q�H�X �*�Q�T�v �M�m�K�#�2�` �7�`�Q�K �R�y�y �B�M�/�2�T�2�M�/�2�M�i �b�B�K�m�H���i�B�Q�M�b �Q�7 �K�i�.�L��
�/�v�M���K�B�+�b �/�2�b�+�`�B�#�2�/ �B�M �1�[�m���i�B�Q�M �k�X�j�8�- �r�B�i�? ���M �B�K�T�H�2�K�2�M�i�2�/ �+�Q�T�v �M�m�K�#�2�` �+�Q�M�i�`�Q�H �K�2�+�?���M�B�b�K
�i���`�;�2�i�B�M�; �� �+�Q�T�v �M�m�K�#�2�` �Q�7 �k�y�y�X

�a�B�K�m�H���i�B�Q�M�b

�h�?�2 �b�v�b�i�2�K �/�2�}�M�2�/ �B�M �1�[�m���i�B�Q�M �k�X�j�8 �+���M �v�B�2�H�/ �� �r�B�/�2 �p���`�B�2�i�v �Q�7 �/�v�M���K�B�+�b �/�2�T�2�M�/�B�M�; �Q�M
�i�?�2 �`�2���+�i�B�Q�M �`���i�2�b ���M�/ �B�M�B�i�B���H �+�Q�M�/�B�i�B�Q�M�b�X �>�2�`�2�- �� �M�m�K�#�2�` �Q�7 �b�B�K�m�H���i�B�Q�M�b ���`�2 �T�`�2�b�2�M�i�2�/
�r�B�i�? ���H�i�2�`���i�B�Q�M�b �i�Q �i�?�2�B�` �`�2���+�i�B�Q�M �`���i�2�b �Q�` �B�M�B�i�B���H �+�Q�M�/�B�i�B�Q�M�b�X �h�?�2 �+�Q�T�v �M�m�K�#�2�` ���b�b�Q�+�B���i�2�/
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�r�B�i�? �2���+�? �b�B�K�m�H���i�B�Q�M �B�b �M�Q�i �Q�7 �T���`�i�B�+�m�H���` �B�M�i�2�`�2�b�i�- ���b �i�?�2�v ���`�2 �i�B�;�?�i�H�v �+�Q�M�i�`�Q�H�H�2�/�c �b�2�2 �6�B�;�@
�m�`�2 �k�X�9 �7�Q�` ���M �2�t���K�T�H�2�- ���b �b�m�+�? �i�?�2�v �M�Q�i �b�?�Q�r�M�X �h�?�2 �/�2�;�`���/���i�B�Q�M �`���i�2 �r���b �i���F�2�M �7�`�Q�K
�i�?�2 �H�B�i�2�`���i�m�`�2 �U�:�`�Q�b�b �2�i ���H�X�- �R�N�e�N�V�X ���H�H �b�B�K�m�H���i�B�Q�M�b �T�Q�b�b�2�b�b�2�/ �i�?�2 �b���K�2 �+�Q�T�v �M�m�K�#�2�` �+�Q�M�@
�i�`�Q�H �K�2�+�?���M�B�b�K ���M�/ �i���`�;�2�i �+�Q�T�v �M�m�K�#�2�`�- �k�y�y�X ���H�b�Q �B�M�+�H�m�/�2�/ �r�B�i�?�B�M �i�?�2 �b�B�K�m�H���i�B�Q�M�b �B�b ��
�T���i�?�Q�;�2�M�B�+ �i�?�`�2�b�?�Q�H�/�c �B�7 �i�?�2 �b�B�K�m�H���i�2�/ �+�2�H�H�ö�b �p���`�B���M�i �H�Q���/ �B�b ���#�Q�p�2 �i�?�B�b�- �i�?�2 �+�2�H�H �B�b �+�Q�M�b�B�/�@
�2�`�2�/ �i�Q �#�2 �P�s�S�>�P�a �/�2�}�+�B�2�M�i�X �h�?�2 �T���i�?�Q�;�2�M�B�+ �i�?�`�2�b�?�Q�H�/ �B�b �b�2�i ���i �e�y�W �U�>���v���b�?�B �2�i ���H�X�-
�R�N�N�R�c �>�2�`�M�€�M�/�2�x�@���B�M�b�� �2�i ���H�X�- �k�y�k�k�V�X �� �K�Q�`�2 �/�2�i���B�H�2�/ �/�B�b�+�m�b�b�B�Q�M ���#�Q�m�i �i�?�2�b�2 �T���`���K�2�i�2�`
�p���H�m�2�b �B�b �;�B�p�2�M �B�M �*�?���T�i�2�` �8�X

�6�B�;�m�`�2 �k�X�8 �/�2�K�Q�M�b�i�`���i�2�b �?�Q�r �K�i�.�L�� �/�v�M���K�B�+�b ���`�2 ���z�2�+�i�2�/ �#�v �i�?�2 �B�M�B�i�B���H �p���`�B���M�i �H�Q���/�-
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�G�2�i� 0 �#�2 �i�?�2 �m�M�F�M�Q�r�M �T�`�Q�#���#�B�H�B�i�v �Q�7 �b�T�B�F�2 �2�t�B�b�i�2�M�+�2�X �h�?�2 �T�`�Q�#���#�B�H�B�i�v �M���i�m�`���H�H�v �H�2���/�b
�i�Q �� �"�2�i�� �T�`�B�Q�`�- �r�?�Q�b�2 �b�m�T�T�Q�`�i �B�b[0; 1]�- ���M�/ �b�Q

� 0 � �"�2�i��(a0; b0): �U�j�X�j�V

�� �T�`�B�Q�`�B�B�i�b �p���H�m�2 �B�b �p�2�`�v �m�M�+�2�`�i���B�M�c ���M �m�M�B�M�7�Q�`�K�2�/�- �~���i �T�`�B�Q�` �+���M �#�2 ���+�?�B�2�p�2�/ �r�B�i�? �p���H�m�2�b
a0 = b0 = 1�X

�h�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �b�T�B�F�2 �2�t�B�b�i�2�M�+�2 �B�b �m�b�2�/ ���b �T���`�i �Q�7 �� �i�r�Q�@�+�Q�K�T�Q�M�2�M�i �K�B�t�i�m�`�2 �/�B�b�@
�i�`�B�#�m�i�B�Q�M �7�Q�` �i�?�2 �T�`�B�Q�` �#�2�H�B�2�7�b �Q�7 �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �Q�#�b�2�`�p���i�B�Q�M�b �#�2�H�Q�M�;�B�M�; �i�Q �i�?�2 �b�T�B�F�2�X
�h�?�2 �}�`�b�i �+�Q�K�T�Q�M�2�M�i�- �r�2�B�;�?�i�2�/ �r�B�i�?� 0�- �B�b ���b�b�Q�+�B���i�2�/ �r�B�i�? �M�Q �b�T�B�F�2 �2�t�B�b�i�B�M�;�X �A�7 �M�Q �b�T�B�F�2
�2�t�B�b�i�b�- �M�Q �Q�#�b�2�`�p���i�B�Q�M�b �+���M �#�2�H�Q�M�; �i�Q �B�i�- ���M�/ �b�Q �i�?�2 �+�Q�K�T�Q�M�2�M�i �K�m�b�i �?���p�2 �� �T�`�Q�T�Q�`�i�B�Q�M �Q�7
�y�X�y �r�B�i�? �T�`�Q�#���#�B�H�B�i�v �R�X�y�X �h�?�2 �b�2�+�Q�M�/ �+�Q�K�T�Q�M�2�M�i�- �r�2�B�;�?�i�2�/ �#�v1 � � 0�- �B�b �i�?�2 �T�`�B�Q�` �#�2�H�B�2�7
�Q�7 �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M�- �;�B�p�2�M �i�?�2 �b�T�B�F�2 �2�t�B�b�i�b ���M�/ �b�?�Q�m�H�/ �?���p�2 �M�Q�M�@�x�2�`�Q �r�2�B�;�?�i �Q�p�2�` �i�?�2 �b�m�T�T�Q�`�i�X
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�G�2�i� 0 �#�2 �� �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M�- �b�m�+�? �i�?���i �B�7X � � 0�- �S�`(X = 0) = 1 :0 �B�X�2�X �B�i�ö�b �Q�M�H�v
�T�Q�b�b�B�#�H�2 �p���H�m�2 �B�b �y�X�y�X �h�?�2 �i�r�Q�@�+�Q�K�T�Q�M�2�M�i �K�B�t�i�m�`�2 �T�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7� �B�b �i�?�2�M

� j� 0 � � 0� 0 + (1 � � 0)�"�2�i��(a; b): �U�j�X�9�V

�h�?�2 �T���`���K�2�i�2�`�ba ���M�/b �K�m�b�i �#�2 �+�?�Q�b�2�M�X �1�t�T�2�`�i�b �?���p�2 �� �?�B�;�? �/�2�;�`�2�2 �Q�7 �m�M�+�2�`�i���B�M�i�v �B�M
�b�T�B�F�2 �T�`�Q�T�Q�`�i�B�Q�M �;�B�p�2�M �B�i�b �2�t�B�b�i�2�M�+�2�- �b�Qa = b = 1 ���`�2 �+�?�Q�b�2�M �i�Q �;�B�p�2 �2�[�m���H �T�`�Q�#���#�B�H�B�i�v �i�Q
���H�H ���`�2���b �Q�7 �b�m�T�T�Q�`�i�X �h�?�2 �`�2�b�m�H�i�B�M�; �T�`�B�Q�` �/�2�M�b�B�i�v �7�Q�`� �?���b �� �T�Q�B�M�i �K���b�b ���i� = 0 ���M�/ �B�b
�~���i �Q�M �i�?�2 �`���M�;�2(0; 1]�- �b�2�2 �6�B�;�m�`�2 �j�X�j�X

�6�B�;�m�`�2 �j�X�j�,�a�T�B�F�2 �T�`�Q�T�Q�`�i�B�Q�M �T�`�B�Q�` �#�2�H�B�2�7�b�X �� �?�B�b�i�Q�;�`���K �Q�7 �R�y�y�-�y�y�y �`���M�/�Q�K �/�`���r�b �7�`�Q�K �i�?�2
�T�`�B�Q�` �#�2�H�B�2�7�b �Q�7 �i�?�2 �M�2���`�@�x�2�`�Q �b�T�B�F�2 �T�`�Q�T�Q�`�i�B�Q�M�-p(� )�X

�S�`�B�Q�` �#�2�H�B�2�7�b �K�m�b�i �#�2 �+�?�Q�b�2�M �7�Q�` �i�?�2 �`�2�K���B�M�B�M�; �i�r�Q �T���`���K�2�i�2�`�b�, �i�?�2 �b�T�B�F�2 �H�Q�+���i�B�Q�M ���M�/
�p���`�B���M�+�2�X �A�7 �� �M�2���`�@�x�2�`�Q �b�T�B�F�2 �B�b �T�`�2�b�2�M�i�- �B�i�b �H�Q�+���i�B�Q�M �K�m�b�i �#�2�- �#�v �/�2�}�M�B�i�B�Q�M�- �M�2���` �x�2�`�Q�X ��
�~���i �T�`�B�Q�` �Q�M �i�?�2 �B�M�i�2�`�p���H[0; 0:2] �B�b �+�?�Q�b�2�M �i�Q �`�2�~�2�+�i �i�?�B�b�X �P�m�i�b�B�/�2 �Q�7 �i�?�B�b �`���M�;�2�- �i�?�2 �T�`�B�Q�`
�/�2�M�b�B�i�v �B�b �x�2�`�Q�- �;�B�p�B�M�; �M�Q �r�2�B�;�?�i �i�Q �i�?���i ���`�2�� �Q�7 �i�?�2 �b�m�T�T�Q�`�i�- ���M�/ �i�?�2 �T�`�B�Q�` �B�b� � �l (0; 0:2)�X
�A�7 �� �b�T�B�F�2 �2�t�B�b�i�b�- �B�i �K�m�b�i �?���p�2 �� �`�2�H���i�B�p�2�H�v �b�K���H�H �p���`�B���M�+�2 �i�Q �#�2 �� �p�B�b�B�#�H�2 �b�T�B�F�2 �B�M �i�?�2 �/���i���X
�h�?�2�`�2�7�Q�`�2�- �T�`�B�Q�` �#�2�H�B�2�7�b �7�Q�` �i�?�2 �b�T�B�F�2�ö�b �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M ���`�2� � �1�t�T(5)�X �h�?�2 �`�2�b�m�H�i�B�M�;
�2�t�T�2�+�i�2�/ �b�T�B�F�2 �p���`�B���M�+�2 �B�b �1[� ] = 0:2�X �h�?�2 �K�Q�/�2�H �b�i�`�m�+�i�m�`�2 �+���M �#�2 �b�2�2�M �B�M �6�B�;�m�`�2 �j�X�9�X

�j�X�j�X�j �*�Q�K�T�m�i���i�B�Q�M���H �K�2�i�?�Q�/�b

�h�?�2 �K�Q�/�2�H �B�b �M�2�B�i�?�2�` �+�Q�M�D�m�;���i�2 �M�Q�` �b�2�K�B�@�+�Q�M�D�m�;���i�2�- ���M�/ �i�?�2�`�2�7�Q�`�2�- �i�?�2 �T�Q�b�i�2�`�B�Q�` �+���M�M�Q�i
�#�2 �7�Q�m�M�/ ���M���H�v�i�B�+���H�H�v �Q�` �b���K�T�H�2�/ �m�b�B�M�; �� �:�B�#�#�b �b���K�T�H�2�`�c �B�i �K�m�b�i �#�2 �b���K�T�H�2�/ �7�`�Q�K �m�b�B�M�;
�b�Q�K�2 �Q�i�?�2�` �J�*�J�* �b�+�?�2�K�2�X �*�Q�M�b�i�`�m�+�i�B�M�; �� �J�2�i�`�Q�T�Q�H�B�b�@�>���b�i�B�M�;�b �b�+�?�2�K�2 ���M�/ �b�2�H�2�+�i�B�M�;
���M ���T�T�`�Q�T�`�B���i�2 �T�`�Q�T�Q�b���H �/�B�b�i�`�B�#�m�i�B�Q�M �+���M �#�2 �+�?���H�H�2�M�;�B�M�;�X �A�M�b�i�2���/�- �T���`���K�2�i�2�` �B�M�7�2�`�2�M�+�2 �B�b
�+�Q�M�/�m�+�i�2�/ �#�v �i�?�2 �b�i���i�B�b�i�B�+���H �b�Q�7�i�r���`�2�C���:�a�U�S�H�m�K�K�2�`�- �k�y�y�j�V�X �A�M�B�i�B���H �`�m�M�b �Q�7 �i�?�2 �J�*�J�*
�b�+�?�2�K�2 �b�?�Q�r�2�/ �i�?���i �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�`���r�b �T�Q�b�b�2�b�b �� �?�B�;�? �/�2�;�`�2�2 �Q�7 ���m�i�Q�+�Q�`�`�2�H���i�B�Q�M�- �b�Q �i�?�2
�Q�m�i�T�m�i �r���b �i�?�B�M�M�2�/ �r�B�i�? �� �H���; �Q�7 �R�y�y�- �`�2�b�m�H�i�B�M�; �B�M ���H�K�Q�b�i �m�M�+�Q�`�`�2�H���i�2�/ �T�Q�b�i�2�`�B�Q�` �/�`���r�b�X
�6�Q�` �2���+�? �+�2�H�H �i�v�T�2 ���M�/ �T���i�B�2�M�i �/���i���- �i�?�`�2�2 �+�?���B�M�b �r�2�`�2 �2�t�2�+�m�i�2�/ �r�B�i�? �R�-�y�y�y�-�y�y�y �B�i�2�`���i�B�Q�M�b
�U�M�Q�i �B�M�+�H�m�/�B�M�; �H���;�V�- �Q�7 �r�?�B�+�? �i�?�2 �}�`�b�i �?���H�7 �r���b �+�Q�M�b�B�/�2�`�2�/ �i�Q �#�2 �i�?�2 �#�m�`�M�@�B�M �T�2�`�B�Q�/ ���M�/
�r���b �`�2�K�Q�p�2�/�X �h�?�2 �`�2�K���B�M�B�M�; �T�Q�b�i�2�`�B�Q�` �/�`���r�b �r�2�`�2 �i�?�B�M�M�2�/�- �`�2�b�m�H�i�B�M�; �B�M �8�-�y�y�y �U���H�K�Q�b�i�V
�m�M�+�Q�`�`�2�H���i�2�/ �/�`���r�b �7�`�Q�K �i�?�2 �T�Q�b�i�2�`�B�Q�`�X �L�Q �+�?���B�M�b �b�?�Q�r�2�/ �b�B�;�M�b �Q�7 �M�Q�M�@�+�Q�M�p�2�`�;�2�M�+�2 �#�v
�B�M�b�T�2�+�i�B�Q�M �Q�7 �i�`���+�2 �T�H�Q�i�b ���M�/�̂_ �p���H�m�2�b�X
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�6�B�;�m�`�2 �j�X�9�,�"�H�Q�Q�/ �+�2�H�H �p���`�B�2�M�i �H�2�p�2�H �K�Q�/�2�H �/�B�`�2�+�i�2�/ ���+�v�+�H�B�+ �;�`���T�?�X �"���v�2�b�B���M �K�B�t�i�m�`�2
�K�Q�/�2�H �Q�7 �p���`�B���M�i �H�Q���/�b �B�M �#�H�Q�Q�/ �+�2�H�H �/���i���X �h�?�2 �Q�#�b�2�`�p�2�/ �/���i�� �Q�7 �p���`�B���M�i �H�Q���/ �T�`�Q�T�Q�`�i�B�Q�M�b �B�b
�/�2�M�Q�i�2�/Yk �- �7�Q�` �i�?�2k�@�i�? �b�B�M�;�H�2�@�+�2�H�H �Q�#�b�2�`�p���i�B�Q�M �Q�7 �� �b�T�2�+�B�}�+ �T���i�B�2�M�i ���M�/ �+�2�H�H �i�v�T�2�X �h�?�2 �K�2���M
���M�/ �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �i�?�2 �i�`�m�M�+���i�2�/ �M�Q�`�K���H �}�i�i�2�/ �i�Q �i�?�2 �b�T�B�F�2 �/���i�� ���`�2� ���M�/� �X �h�?�2 �b�T�B�F�2
�T�`�Q�T�Q�`�i�B�Q�M �B�b �/�2�M�Q�i�2�/ �#�v� ���M�/ �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �b�T�B�F�2 �2�t�B�b�i�2�M�+�2�-� 0�X �S�`�B�Q�` �T���`���K�2�i�2�`�b ���`�2
�/�2�M�Q�i�2�/ �#�v �H�Q�r�2�`�+���b�2 �`�Q�K���M �H�2�i�i�2�`�b �B�M �b�[�m���`�2 �M�Q�/�2�b�- ���M�/ �m�M�F�M�Q�r�M �T���`���K�2�i�2�`�b�- �i�Q �#�2 �B�M�7�2�`�`�2�/�-
���`�2 �:�`�2�2�F �H�2�i�i�2�`�b �r�B�i�?�B�M �+�B�`�+�m�H���` �M�Q�/�2�b�X

�j�X�9 �_�2�b�m�H�i�b

�j�X�9�X�R �J�Q�/�2�H �Q�m�i�T�m�i

�6�B�`�b�i�- �r�2 �B�M�b�T�2�+�i �i�?�2 �T���`���K�2�i�2�` �T�Q�b�i�2�`�B�Q�`�b �i�Q �+�?�2�+�F �B�7 �i�?�2 �T���`���K�2�i�2�` �#�2�H�B�2�7�b �?���p�2 �#�2�2�M �m�T�@
�/���i�2�/�� �T�Q�b�i�2�`�B�Q�`�B�X �6�B�;�m�`�2�b �j�X�8 �b�?�Q�r �2�t���K�T�H�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M�b �`�2�b�m�H�i�B�M�; �7�`�Q�K �}�i�i�B�M�;
�i�?�2 �K�Q�/�2�H �i�Q �p���`�B���M�i �H�Q���/ �/���i�� �7�Q�` �*�.�j�9�Y �S�`�Q�;�2�M�B�i�Q�` �+�2�H�H�b ���M�/ �*�.�9�Y �h �K�2�K�Q�`�v �+�2�H�H�b�-
�#�Q�i�? �T���i�B�2�M�i �S�k�k�X �6�B�`�b�i�- �+�Q�M�b�B�/�2�` �i�?�2 �*�.�j�9�Y �T�`�Q�;�2�M�B�i�Q�` �Q�m�i�T�m�i�- �i�?�2 �T�Q�b�i�2�`�B�Q�` �#�2�H�B�2�7�b �7�Q�`
� �- �i�?�2 �r�B�H�/�@�i�v�T�2 �?�Q�K�Q�T�H���b�K�v �T�`�Q�T�Q�`�i�B�Q�M�- �B�b �r�2�B�;�?�i�2�/ �K�Q�b�i�H�v ���i �y�X�y�c �B�M �7���+�i�- �i�?�2 �T�Q�b�i�2�`�B�Q�`
�T�`�Q�#���#�B�H�B�i�v �Q�7 �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �#�2�B�M�; �2�[�m���H �i�Q �y�X�y �B�b �y�X�N�e�e�X �h�?�B�b �K�2���M�b �i�?���i �i�?�2 �/���i�� �B�b
�Q�p�2�`�r�?�2�H�K�B�M�;�H�v �K�Q�/�2�H�H�2�/ �#�v �i�?�2 �b�2�+�Q�M�/ �+�Q�K�T�Q�M�2�M�i �Q�7 �i�?�2 �K�B�t�i�m�`�2�- �r�?�B�+�? �B�b �`�2�~�2�+�i�2�/ �B�M
�i�?�2 �T�Q�b�i�2�`�B�Q�` �#�2�H�B�2�7�b ���#�Q�m�i� ���M�/� �- �r�?�Q�b�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M�b �`�2�b�2�K�#�H�2 �i�?�2�B�` �`�2�b�T�2�+�i�B�p�2
�T�`�B�Q�`�b�X ���b �i�?�2 �/���i�� �B�b ���H�K�Q�b�i �+�Q�K�T�H�2�i�2�H�v �K�Q�/�2�H�H�2�/ �#�v �i�?�2 �b�2�+�Q�M�/ �+�Q�K�T�Q�M�2�M�i�- �i�?�2 �K�Q�/�2�H
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