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�K�2�i�?�Q�/ �B�b �#���b�2�/ �m�T�Q�M�X �a�2�+�i�B�Q�M�9�B�/�2�M�i�B�}�2�b ���M�/ ���/�/�`�2�b�b�2�b �i�?�2 �B�b�b�m�2�b �i�?���i �Q�+�+�m�` �r�?�2�M
���T�T�H�v�B�M�; �i�?�2 ���H�;�Q�`�B�i�?�K �B�M �T�`���+�i�B�+�2�c �B�i �i�?�2�M �T�`�2�b�2�M�i�b �i�?�2 �`�2�/�2�b�B�;�M�2�/ �K�2�i�?�Q�/ ���M�/ �B�i�b
�2�p���H�m���i�B�Q�M �i�?�`�Q�m�;�? �b�B�K�m�H���i�B�Q�M�b�- �2�K�m�H���i�B�Q�M�b ���M�/ �A�M�i�2�`�M�2�i �2�t�T�2�`�B�K�2�M�i�b �B�M�+�Q�M�i�`�Q�H�H�2�/
�b�2�i�m�T�b�X �a�2�+�i�B�Q�M�8�T�`�2�b�2�M�i�b �i�r�Q �b�i�m�/�B�2�b �r�?�2�`�2 �r�2 ���T�T�H�v �Q�m�` �K�2�i�?�Q�/ �i�Q �B�M�p�2�b�i�B�;���i�2 �M�2�m�@
�i�`���H�B�i�v �p�B�Q�H���i�B�Q�M�b �Q�M �i�?�2 �A�M�i�2�`�M�2�i�X �a�2�+�i�B�Q�M�e�/�2�b�+�`�B�#�2�b �Q�m�` �M�2�i�r�Q�`�F �2�K�m�H���i�B�Q�M �b�2�i�m�T�-
���M�/ �i�?�2 �`�2�b�m�H�i�b �Q�7 �� �T�2�`�7�Q�`�K���M�+�2 ���M�/ ���+�+�m�`���+�v �2�p���H�m���i�B�Q�M�X �6�B�M���H�H�v�- �i�?�2 �+�Q�M�+�H�m�b�B�Q�M�b
���`�2 �T�`�2�b�2�M�i�2�/ �B�M �a�2�+�i�B�Q�M�d�- �7�Q�H�H�Q�r�2�/ �#�v �i�?�2 ���T�T�2�M�/�B�t�X
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�k�X�R�X �L�2�i�r�Q�`�F �S�2�`�7�Q�`�K���M�+�2 �h�Q�K�Q�;�`���T�?�v

�k�X�R�X�R�X �P�p�2�`�p�B�2�r

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

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

�k�X �J�2���b�m�`�2�K�2�M�i �+�Q�H�H�2�+�i�B�Q�M�, �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2 �i�`���{�+ �2�t�+�?���M�;�2�/ �#�2�i�r�2�2�M
�2�M�/�T�Q�B�M�i�b �B�b �`�2�+�Q�`�/�2�/�X �h�`���{�+ �K���v �+�Q�M�b�B�b�i �2�B�i�?�2�` �Q�7 �`�2�;�m�H���` �i�`���{�+ �2�t�+�?���M�;�2�/
�M���i�m�`���H�H�v �#�2�i�r�2�2�M �2�M�/�T�Q�B�M�i�b�- �B�M �r�?�B�+�? �+���b�2 �r�2 �+���H�H �i�?�2 �K�2���b�m�`�2�K�2�M�i �T�`�Q�+�2�b� b � i� Q
�#�2�T���b�b�B�p�2�c �Q�` �T�`�Q�#�B�M�; �i�`���{�+�- �b�m�+�? ���b �A�*�J�S �T�B�M�;�b�R�- �l�.�S �T�B�M�;�b�- �+�Q�M�b�i���M�i�@�`���i�2
�Q�` �S�Q�B�b�b�Q�M �l�.�S �i�`���{�+ �2�i�+�X�- �B�M �r�?�B�+�? �+���b�2 �r�2 �+���H�H �i�?�2 �K�2���b�m�`�2�K�2�M�i �T�`�Q�+�2�b�b �i�Q
�#�2���+�i�B�p�2�c

�j�X �S�2�`�7�Q�`�K���M�+�2 �B�M�7�2�`�2�M�+�2�, �i�?�2 �i�Q�T�Q�H�Q�;�v �B�b �m�b�2�/ �i�Q �/�2�i�2�`�K�B�M�2 �i�?�2 �`�2�H���i�B�Q�M�b�?�B�T�b
�#�2�i�r�2�2�M �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �K�2�i�`�B�+�b �Q�7 �H�B�M�F�b ���M�/ �T���i�?�b�- �+�`�2���i�B�M�; �� �b�v�b�i�2�K �Q�7
�2�[�m���i�B�Q�M�b �r�?�2�`�2 �i�?�2 �H�B�M�F �T�2�`�7�Q�`�K���M�+�2 �K�2�i�`�B�+�b ���`�2 �m�M�F�M�Q�r�M�- ���M�/ �i�?�2 �T���i�?
�T�2�`�7�Q�`�K���M�+�2 �K�2�i�`�B�+�b ���`�2 �;�B�p�2�M �U�K�2���b�m�`�2�/�V�X �h�?�B�b �b�v�b�i�2�K �B�b �i�?�2�M �b�Q�H�p�2�/ �i�Q
�/�2�i�2�`�K�B�M�2 �i�?�2 �H�B�M�F �T�2�`�7�Q�`�K���M�+�2 �K�2�i�`�B�+�b�X

�q�?���i �p���`�B�2�b ���K�Q�M�; �i�?�2�b�2 �i�2�+�?�M�B�[�m�2�b �B�b�,

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

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

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

�Ç �>�Q�r �i�?�2 �T���i�? �Q�p�2�`�H���v �B�b �+�?�Q�b�2�M�c �b�Q�K�2 �i�2�+�?�M�B�[�m�2�b �r�Q�`�F �Q�M�H�v �Q�M �i�`�2�2�b�- �r�?�B�H�2
�Q�i�?�2�`�b �+���M �?���M�/�H�2 �;�2�M�2�`���H �;�`���T�?�b�c

�Ç �>�Q�r �i�?�2 �b�v�b�i�2�K �Q�7 �2�[�m���i�B�Q�M�b �B�b �7�Q�`�K�2�/�c �i�?�2 �K�Q�b�i �+�Q�K�K�Q�M �+�?�Q�B�+�2�b ���`�2 �b�v�b�i�2�K�b
�Q�7 �H�B�M�2���` �2�[�m���i�B�Q�M�b�- �b�v�b�i�2�K�b �Q�7 �#�Q�Q�H�2���M �U�#�B�M���`�v�V �2�[�m���i�B�Q�M�b ���M�/ ���/�@�?�Q�+�- �;�`���T�?�@
�#���b�2�/ �K�Q�/�2�H�b�c

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

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

�h�?�2 �}�`�b�i �r�2�H�H�@�F�M�Q�r�M �M�2�i�r�Q�`�F �T�2�`�7�Q�`�K���M�+�2 �i�Q�K�Q�;�`���T�?�v �i�2�+�?�M�B�[�m�2 �r���b �i�?�2 �r�Q�`�F
�Q�7 �(�*���+�2�`�2�b �2�i ���H�X�-�R�N�N�N�)�, �B�i �B�M�7�2�`�`�2�/ �H�B�M�F �H�Q�b�b �`���i�2 �7�`�Q�K �2�M�/�@�i�Q�@�2�M�/ �K�m�H�i�B�+���b�i �T�`�Q�#�B�M�;
�K�2���b�m�`�2�K�2�M�i�b �i���F�2�M �7�`�Q�K �� �i�`�2�2 �i�Q�T�Q�H�Q�;�v�X �q�?�B�H�2 �M�Q�i �T�`���+�i�B�+���H �Q�M �i�?�2 �A�M�i�2�`�M�2�i �/�m�2
�i�Q �i�?�2 �m�b�2 �Q�7 �K�m�H�i�B�+���b�i �i�`���{�+�- �b�2�p�2�`���H �Q�7 �B�i�b �F�2�v �2�H�2�K�2�M�i�b �?���p�2 �#�2�2�M �m�b�2�/ �2�t�i�2�M�b�B�p�2�H�v
�B�M �7�Q�H�H�Q�r�B�M�; �i�Q�K�Q�;�`���T�?�v �r�Q�`�F�- �b�m�+�? ���b�, �T���+�F�2�i �H�Q�b�b �2�p�2�M�i�b �K�Q�/�2�H�2�/ ���b �"�2�`�M�Q�m�H�H�B
�T�`�Q�+�2�b�b�2�b�c �i�?�2 ���b�b�m�K�T�i�B�Q�M �Q�7 �i�2�K�T�Q�`���H ���M�/ �b�T���i�B���H �B�M�/�2�T�2�M�/�2�M�+�2 �Q�7 �H�B�M�F �T�2�`�7�Q�`�K���M�+�2�c
���M�/ �+�?�Q�Q�b�B�M�; �� �b�B�M�;�H�2 �ó�#�2�b�i�ô �b�Q�H�m�i�B�Q�M �7�`�Q�K �K�m�H�i�B�T�H�2 �T�Q�b�b�B�#�H�2 �b�Q�H�m�i�B�Q�M�b�- �B�M �i�?�B�b �+���b�2
�p�B�� �J���t�B�K�m�K �G�B�F�2�H�B�?�Q�Q�/ �1�b�i�B�K���i�B�Q�M�X

�h�?�2 �r�Q�`�F �Q�7 �(�*�Q���i�2�b ���M�/ �L�Q�r���F�-�k�y�y�y�) �T�`�Q�p�B�/�2�/ �� �b�B�K�B�H���`�- �#�m�i �K�Q�`�2 �T�`���+�i�B�+���H
�i�2�+�?�M�B�[�m�2 �i�?���i �m�b�2�/ �m�M�B�+���b�i �T�`�Q�#�B�M�;�X �A�i �B�M�i�`�Q�/�m�+�2�/ �i�?�2 ���b�b�m�K�T�i�B�Q�M �i�?���i �T���+�F�2�i �H�Q�b�b
�2�p�2�M�i�b ���`�2 �+�Q�`�`�2�H���i�2�/ �Q�M �b�?�Q�`�i �i�B�K�2 �b�+���H�2�b�X �h�?�2 �T�`�Q�#�B�M�; �K�2�i�?�Q�/ �r���b �/�2�b�B�;�M�2�/ �i�Q �i���F�2
���/�p���M�i���;�2 �Q�7 �i�?�B�b ���b�b�m�K�T�i�B�Q�M�, �� �+�Q�K�#�B�M���i�B�Q�M �Q�7 �b�B�M�;�H�2 ���M�/ �i�r�Q�@�T���+�F�2�i �#���+�F�@�i�Q�@�#���+�F
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�L�2�i�r�Q�`�F �i�Q�T�Q�H�Q�;�v �2�H�2�K�2�M�i�b ���`�2 �/�2�M�Q�i�2�/ �#�v �H���i�B�M �H�2�i�i�2�`�b�- �b�T�2�+�B�}�+���H�H�vl �/�2�M�Q�i�2�b ��

�H�B�M�F�-L �/�2�M�Q�i�2�b �� �H�B�M�F �b�2�[�m�2�M�+�2�cp �/�2�M�Q�i�2�b �� �T���i�?�- ���M�/P �/�2�M�Q�i�2�b �� �T���i�? �T���B�`�X
�q�2 �m�b�2Lpj � pk �i�Q �/�2�M�Q�i�2 �i�?�2 �H�Q�M�;�2�b�i �+�Q�K�K�Q�M �H�B�M�F �b�2�[�m�2�M�+�2 �Q�7 �T���i�?�bpj ���M�/pk�-

���M�/Lpj \ pk �i�Q �/�2�M�Q�i�2 �i�?�2 �H�Q�M�;�2�b�i �H�B�M�F �b�2�[�m�2�M�+�2 �i�`���p�2�`�b�2�/ �#�v �T���i�?pj �#�m�i �M�Q�i �T���i�?pk�X
�6�Q�` �2�t���K�T�H�2�- �B�M �6�B�;�m�`�2�R�-Lp1\ p2 = � l2� �-Lp2\ p3 = � l3� �- ���M�/Lp1� p2 = � l1� �X

�_�2�;���`�/�B�M�; �T�2�`�7�Q�`�K���M�+�2 �K�2�i�`�B�+�b ���M�/ �K�2���b�m�`�2�K�2�M�i�b�- �+���T�B�i���H �;�`�2�2�F �H�2�i�i�2�`�b ���`�2 �m�b�2�/
�7�Q�` �`���M�/�Q�K �p���`�B���#�H�2�b�- �r�?�B�H�2 �b�K���H�H �;�`�2�2�F �H�2�i�i�2�`�b �/�2�M�Q�i�2 �i�`�m�2 �p���H�m�2�b �i�?���i �`���M�/�Q�K �p���`�B�@
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���#�H�2�b �i���F�2 ���i �b�T�2�+�B�}�+ �B�M�b�i���M�+�2�b�c �b�K���H�H �;�`�2�2�F �H�2�i�i�2�`�b �r�B�i�? �� �?���i �/�2�M�Q�i�2 �K�2���b�m�`�2�K�2�M�i�@
�#���b�2�/ �2�b�i�B�K���i�2�b �Q�7 �i�`�m�2 �p���H�m�2�b�X �6�Q�` �2�t���K�T�H�2�- �B�M �� �T���`�i�B�+�m�H���` �i�B�K�2 �B�M�i�2�`�p���Hi �-� p �i���F�2�b
�p���H�m�2� p,i �c �B�7 �r�2 �2�b�i�B�K���i�2 �i�?�B�b �p���H�m�2 �#�v �Q�#�b�2�`�p�B�M�; �b�Q�K�2 �i�`���{�+ �7�`�Q�K �T���i�?p�- �i�?�2 �`�2�b�m�H�i
�B�b �/�2�M�Q�i�2�/ �#�v�� p,i �X

�j�X�8�X�R�X �S���i�?�b

�q�2 �/�2�}�M�2 �i�?�2�+�Q�M�;�2�b�i�B�Q�M �b�i���i�2�Q�7 �� �T���i�?p ���b� p�- �� �#�Q�Q�H�2���M �`���M�/�Q�K �p���`�B���#�H�2 �r�B�i�? ��
�p���H�m�2 �Q�70 �B�M�/�B�+���i�B�M�; �+�Q�M�;�2�b�i�B�Q�M�- ���M�/1 �B�M�/�B�+���i�B�M�; �;�Q�Q�/ �T�2�`�7�Q�`�K���M�+�2�,

� p = � p � tc �U�8�V

�h�?�2 �i�`�m�2 �p���H�m�2� p �i���F�2�b �B�M �� �;�B�p�2�M �B�M�i�2�`�p���Hi �B�b �/�2�M�Q�i�2�/ �#�v� p,i �- �/�2�}�M�2�/ ���b�,

� p,i = � p,i � tc �U�e�V

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

�� p,i = �� p,i � tc �U�d�V

�6�B�M���H�H�v�- �i�?�2 �i�`�m�2 �T�2�`�7�Q�`�K���M�+�2 �M�m�K�#�2�` �Q�7 �� �T���i�?p �B�b �/�2�M�Q�i�2�/ �#�vyp�- �r�?�B�H�2 �B�i�b �2�b�i�B�K���i�2
�/�2�`�B�p�2�/ �7�`�Q�K �2�M�/�@�i�Q�@�2�M�/ �K�2���b�m�`�2�K�2�M�i�b �B�b �/�2�M�Q�i�2�/ �#�v�yp�,

�yp =
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� I �

�

i � I

�� p,i , �U�3�V

�r�?�2�`�2I �B�b �i�?�2 �b�2�i �Q�7 ���H�H �K�2���b�m�`�2�K�2�M�i �B�M�i�2�`�p���H�b�X

�j�X�8�X�k�X �S���i�? �T���B�`�b

�q�2 �m�b�2 �b�B�K�B�H���` �M�Q�i���i�B�Q�M �7�Q�` �T���i�? �T���B�`�b�- �b�T�2�+�B�}�+���H�H�v� P �B�b �� �`���M�/�Q�K �p���`�B���#�H�2 �i�?���i
�`�2�T�`�2�b�2�M�i�b �i�?�2 �+�Q�M�;�2�b�i�B�Q�M �b�i���i�2 �Q�7 �T���i�? �T���B�`P = ( pj , pk)�,

� P = � pj � � pk �U�N�V

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

� P,i = � pj ,i � � pk ,i �U�R�y�V

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

�� P,i = �� pj ,i � �� pk ,i �U�R�R�V

�6�B�M���H�H�v�- �i�?�2 �i�`�m�2 �T�2�`�7�Q�`�K���M�+�2 �M�m�K�#�2�` �Q�7 �i�?�2 �T���i�? �T���B�`P �B�b �/�2�M�Q�i�2�/ �#�vyP �- �r�?�B�H�2 �B�i�b
�2�b�i�B�K���i�2 �/�2�`�B�p�2�/ �7�`�Q�K �2�M�/�@�i�Q�@�2�M�/ �K�2���b�m�`�2�K�2�M�i�b �B�b �/�2�M�Q�i�2�/ �#�v�yP �,

�yP =
1

� I �

�

i � I

�� P,i , �U�R�k�V
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�j�X�8�X�j�X �G�B�M�F �b�2�[�m�2�M�+�2�b

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

�h�?�2 �+�Q�M�;�2�b�i�B�Q�M �b�i���i�2 �Q�7 �� �H�B�M�F �b�2�[�m�2�M�+�2L �7�Q�` �i�`���{�+ �+�H���b�bc �B�b �/�2�M�Q�i�2�/ �#�v �i�?�2
�`���M�/�Q�K �p���`�B���#�H�2�,

� L (c) = � L (c) � tc(L) �U�R�j�V

�r�?�2�`�2tc(L) �B�b �i�?�2 �+�Q�M�;�2�b�i�B�Q�M �i�?�`�2�b�?�Q�H�/ �m�b�2�/ �7�Q�` �i�?�2 �H�B�M�F �b�2�[�m�2�M�+�2�j �X
�h�?�2 �i�`�m�2 �+�Q�M�;�2�b�i�B�Q�M �b�i���i�2 �Q�7 �i�?�2 �H�B�M�F �b�2�[�m�2�M�+�2 �B�M �� �;�B�p�2�M �B�M�i�2�`�p���Hi �B�b �/�2�M�Q�i�2�/ �#�v�,

� L,i (c) = � L,i (c) � tc(L) �U�R�9�V

�6�B�M���H�H�v�- �i�?�2 �i�`�m�2 �T�2�`�7�Q�`�K���M�+�2 �M�m�K�#�2�` �Q�7 �i�?�2 �H�B�M�F �b�2�[�m�2�M�+�2L �7�Q�` �i�`���{�+ �+�H���b�bc �B�b
�/�2�M�Q�i�2�/ �#�vxL (c)�- ���b �/�2�}�M�2�/ �B�M �1�[�m���i�B�Q�M�U�9�V�X �A�i�b �2�b�i�B�K���i�2 �/�2�`�B�p�2�/ �7�`�Q�K �2�M�/�@�i�Q�@�2�M�/
�K�2���b�m�`�2�K�2�M�i�b �#�v ���M �B�M�7�2�`�2�M�+�2 ���H�;�Q�`�B�i�?�K �B�b �/�2�M�Q�i�2�/ �#�v�xL (c)�c �r�?�2�M �i�?�2 �2�b�i�B�K���i�2 �?���b
�#�2�2�M �/�2�`�B�p�2�/ �7�`�Q�K �K�2���b�m�`�2�K�2�M�i�b �i���F�2�M �7�Q�` �� �b�B�M�;�H�2 �T���i�? �T���B�`P�- �r�2 �K���v �/�2�M�Q�i�2 �B�i
�#�v�xL (P)�X

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

�j�X�e�X�R�X �G�B�M�F �B�M�/�2�T�2�M�/�2�M�+�2

�h�?�2 �+�Q�M�;�2�b�i�B�Q�M �b�i���i�2�b �Q�7 �/�B�z�2�`�2�M�i �H�B�M�F�b ���`�2 �B�M�/�2�T�2�M�/�2�M�i�X �6�Q�`�K���H�H�v�- �7�Q�` ���M� v � i� r� Q
�/�B�z�2�`�2�M�i �H�B�M�F�blj , lk �- �r�2 �?���p�2 �i�?���i� l j � � lk �X

�h�?�B�b �B�b �� �r�2�H�H �m�M�/�2�`�b�i�Q�Q�/ ���b�b�m�K�T�i�B�Q�M �B�M �M�2�i�r�Q�`�F �i�Q�K�Q�;�`���T�?�v�c �r�2 �r�B�H�H �M�Q�i �/�B�b�+�m�b�b
�B�i �B�M �/�2�i���B�H�X

�j�X�e�X�k�X �S�2�`�7�Q�`�K���M�+�2 �+�Q�`�`�2�H���i�B�Q�M

�.�B�z�2�`�2�M�i �T���i�?�b �7�`�Q�K �i�?�2 �b���K�2 �i�`���{�+ �+�H���b�b �i�?���i �b�?���`�2 �� �+�Q�K�K�Q�M �H�B�M�F �b�2�[�m�2�M�+�2 �2�t�@
�T�2�`�B�2�M�+�2 �i�?�2 �b���K�2 �+�Q�M�;�2�b�i�B�Q�M �b�i���i�2�b �U���i �i�?�2 �b���K�2 �i�B�K�2�V �Q�M �i�?���i �H�B�M�F �b�2�[�m�2�M�+�2�X

�6�Q�`�K���H�H�v�- �7�Q�` ���M�v �i�r�Q �/�B�z�2�`�2�M�i �T���i�?�bpj , pk �7�`�Q�K �i�?�2 �b���K�2 �i�`���{�+ �+�H���b�bc�- �i�?���i
�b�?���`�2 �� �H�B�M�F �b�2�[�m�2�M�+�2L�- �r�2 �?���p�2 �i�?���i� L,i (pj ) = � L,i (pk)�-	 i 
 I �- �r�?�2�`�2� L,i (pj ) �B�b
�i�?�2 �+�Q�M�;�2�b�i�B�Q�M �b�i���i�2 �Q�7 �i�?�2 �H�B�M�F �b�2�[�m�2�M�+�2L �B�M �B�M�i�2�`�p���Hi �r�?�2�M �i���F�B�M�; �B�M�i�Q ���+�+�Q�m�M�i
�Q�M�H�v �T���+�F�2�i�b �7�`�Q�K �T���i�?pj �r�?�2�M �+�Q�K�T�m�i�B�M�; �i�?�2 �H�Q�b�b �`���i�2�X

�h�?�B�b ���b�b�m�K�T�i�B�Q�M �B�b �B�K�T�Q�`�i���M�i�- �b�B�M�+�2 �B�i ���H�H�Q�r�b �m�b �i�Q �T�2�`�7�Q�`�K �H�Q�+���H�B�x���i�B�Q�M �Q�7 �+�Q�M�@
�;�2�b�i�B�Q�M�- �#�v �+�Q�K�T���`�B�M�; �+�Q�M�;�2�b�i�B�Q�M �b�i���i�2�b �Q�7 �2�p�2�`�v �i�r�Q �T���i�?�b �i�?���i �B�M�i�2�`�b�2�+�i�- �T���B�`�r�B�b�2�-
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�r�Q�`�F ���;���B�M�b�i �B�M �a�2�+�i�B�Q�M�9�X

�*�Q�M�b�B�/�2�` �i�?�2 �i�Q�T�Q�H�Q�;�v �7�`�Q�K �6�B�;�m�`�2�k�- �r�?�B�+�? �b�?�Q�r�b �� �M�2�i�r�Q�`�F �r�B�i�? �}�p�2 �H�B�M�F�b ���M�/
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�6�Q�` �2���+�? �/�2�}�M�2�/ �i�`���{�+ �+�H���b�bc�-�a�i� �̀��r�B�M�7�2�`�bL�ö�b �+�H���b�b�@c �T�2�`�7�Q�`�K���M�+�2xL (c) �#�v �+�`�2���i�B�M�;
���M�/ �b�Q�H�p�B�M�; �� �i�Q�K�Q�;�`���T�?�B�+ �b�v�b�i�2�K �Q�7 �2�[�m���i�B�Q�M�b �#���b�2�/ �Q�M �� �/�B�z�2�`�2�M�i �T���i�? �T���B�`� X � 6� Q� `
�B�M�b�i���M�+�2�- �+�Q�M�b�B�/�2�` �� �T���i�? �T���B�`Pc = { pj , pk} �+���`�`�v�B�M�; �i�`���{�+ �7�`�Q�K �+�H���b�bc�X �a�i� �̀��r
�+�`�2���i�2�b �i�?�2 �7�Q�H�H�Q�r�B�M�; �b�v�b�i�2�K �Q�7 �2�[�m���i�B�Q�M�b�,

�ypj = xL (c) · xL pj \ pk

�ypk = xL (c) · xL pk \ pj

�yP = xL (c) · xL pj \ pk
· xL pk \ pj

�U�k�y�V

�P�M �i�?�2 �H�2�7�i �b�B�/�2 �Q�7 �2���+�? �2�[�m���i�B�Q�M �r�2 �?���p�2 �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �M�m�K�#�2�` �Q�7 �� �T���i�? �Q�` �T���i�?
�T���B�`�- ���b �K�2���b�m�`�2�/ �B�M �a�i�2�T �R�c �Q�M �i�?�2 �`�B�;�?�i �b�B�/�2�- �r�2 �?���p�2 �� �T�`�Q�/�m�+�i �Q�7 �i�?�2 �T�2�`�7�Q�`�K���M�+�2
�M�m�K�#�2�`�b �Q�7 �/�B�z�2�`�2�M�i �H�B�M�F �b�2�[�m�2�M�+�2�b�- �r�?�B�+�? ���`�2 �m�M�F�M�Q�r�M�X �a�Q�H�p�B�M�; �i�?�B�b �b�v�b�i�2�K �v�B�2�H�/�b
�� �K���t�B�K�m�K �H�B�F�2�H�B�?�Q�Q�/ �2�b�i�B�K���i�2 �U�J�G�1�V �Q�7xL (c)�X
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�a�i� �̀��r�H���#�2�H�bL ���b �M�Q�M�@�M�2�m�i�`���H �B�7 �B�i�b �B�M�7�2�`�`�2�/ �T�2�`�7�Q�`�K���M�+�2 �M�m�K�#�2�`�b ���`�2 �b�B�;�M�B�}�+���M�i�H�v
�/�B�z�2�`�2�M�i �7�`�Q�K �2���+�? �Q�i�?�2�`�X �a�T�2�+�B�}�+���H�H�v�-�a�i� �̀��r�/�2�}�M�2�bL�ö�b�M�2�m�i� �̀��H�B�i�v �#�B���b���b �i�?�2 �K���t�@
�B�K�m�K �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M ���M�v �i�r�Q �Q�7 �B�i�b �T�2�`�7�Q�`�K���M�+�2 �M�m�K�#�2�`�b�,

�#�B���b� �K���t
c,m

|xL (c) Š xL (m)| �U�k�R�V

�h�?�2�M�- �B�i �H���#�2�H�bL ���b �M�Q�M�@�M�2�m�i�`���H �B�7 �#�B���b> t n �- �r�?�2�`�2tn �B�b �� �+�Q�M�}�;�m�`���#�H�2�M�2�m�i� �̀��H�B�i�v
�i�?� �̀2�b�?�Q�H�/�X
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�9�X �_�2�H�B���#�H�2 �L�2�m�i�`���H�B�i�v �A�M�7�2�`�2�M�+�2 �m�b�B�M�; �"���v�2�b�B���M
�a�i���i�B�b�i�B�+�b

�h�?�2 �i�?�2�Q�`�v �#�2�?�B�M�/ �i�?�2�a�i� �̀��r���H�;�Q�`�B�i�?�K �U�T�`�2�b�2�M�i�2�/ �B�M �a�2�+�i�B�Q�M�j�X�d�V ���b�b�m�K�2�b �T�2�`�7�2�+�i
�K�2���b�m�`�2�K�2�M�i�b�X ���b �� �`�2�b�m�H�i�- �B�M �T�`���+�i�B�+�2�-�a�i� �̀��r�b�m�z�2�`�b �7�`�Q�K �2�`�`�Q�`�b �i�?���i �r�2 �/�B�b�+�m�b�b
�B�M�9�X�R�X �q�?�B�H�2 �r�2 �+���M�M�Q�i �2�H�B�K�B�M���i�2 �i�?�2�b�2 �2�`�`�Q�`�b�- �r�2 �`�2�/�2�b�B�;�M �i�?�2 �K�2���b�m�`�2�K�2�M�i �T�`�Q�+�2�b�b
�b�m�+�? �i�?���i �r�2 �+���M �`�2���b�Q�M ���#�Q�m�i �i�?�2�K ���M�/ ���p�Q�B�/ �K���;�B�+ �i�?�`�2�b�?�Q�H�/�b�c �r�2 �/�2�b�+�`�B�#�2 �?�Q�r
�B�M �a�2�+�i�B�Q�M�9�X�R�X �q�2 �2�p���H�m���i�2 �2���+�? �i�?�2 �p���`�B�Q�m�b �+�Q�K�T�Q�M�2�M�i�b �Q�7 �Q�m�` �M�2�r �K�2���b�m�`�2�K�2�M�i
�T�`�Q�+�2�b�b �r�?�2�M �r�2 �B�M�i�`�Q�/�m�+�2 �i�?�2�K�X ���i �i�?�2 �2�M�/ �Q�7 �i�?�2 �+�?���T�i�2�`�- �B�M �a�2�+�i�B�Q�M�9�X�d�- �r�2 ���H�b�Q
�2�p���H�m���i�2 �i�?�2 �K�2���b�m�`�2�K�2�M�i �T�`�Q�+�2�b�b ���b �� �r�?�Q�H�2�- �B�M �� �`�2���H�B�b�i�B�+ �b�2�i�i�B�M�; �i�?���i �B�b�Q�m�i�b�B�/�2
�Q�m�` �+�Q�M�i�`�Q�H�X

�9�X�R�X �a�Q�m�`�+�2�b �Q�7 �1�`�`�Q�`

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

�O�R�X �A�M���+�+�m�`���i�2 �T���i�?�@�+�Q�M�;�2�b�i�B�Q�M �K�2���b�m�`�2�K�2�M�i�b �U�/�m�`�B�M�; �Q�M�2 �B�M�i�2�`�p���H �Q�7
n�T�F�i�T���+�F�2�i�b�V

�a�i�2�T �R �2�b�i�B�K���i�2�b �r�?�2�i�?�2�`�- �B�M �2���+�? �B�M�i�2�`�p���H�- �� �T���i�?�ö�b �H�Q�b�b �`���i�2 �2�t�+�2�2�/�b �i�?�2 �+�Q�M�;�2�b�@
�i�B�Q�M �i�?�`�2�b�?�Q�H�/tc�X �h�?�2 ���+�+�m�`���+�v �Q�7 �2���+�? �b�m�+�? �2�b�i�B�K���i�2 �/�2�T�2�M�/�b �Q�M �i�?�2 �M�m�K�#�2�` �Q�7
�K�2���b�m�`�2�K�2�M�i �T���+�F�2�i�bn�T�F�i�X �J�Q�`�2�Q�p�2�`�- �i�?�2 �+�H�Q�b�2�` �i�?�2 �T���i�?�ö�b ���+�i�m���H �H�Q�b�b �`���i�2 �B�b �i�Qtc�-
�i�?�2 �?���`�/�2�` �B�i �B�b �i�Q ���+�+�m�`���i�2�H�v �/�2�i�2�`�K�B�M�2 �r�?�2�i�?�2�` �Q�M�2 �2�t�+�2�2�/�b �i�?�2 �Q�i�?�2�`�- �?�2�M�+�2 �i�?�2
�H���`�;�2�` �i�?�2n�T�F�i�r�2 �M�2�2�/�X �h�?�2 �T�`�Q�#�H�2�K �B�b �i�?���i�- �r�B�i�?�Q�m�i �;�`�Q�m�M�/ �i�`�m�i�?���r�B�i�?�Q�m�i �b�Q�K�2
���@�T�`�B�Q�`�B �F�M�Q�r�H�2�/�;�2 �Q�7 �i�?�2 �M�2�i�r�Q�`�F �+�Q�M�/�B�i�B�Q�M�b���r�2 �/�Q �M�Q�i �F�M�Q�r �?�Q�r �i�Q �`�2���b�Q�M ���#�Q�m�i
�i�?�2 �`�2�H�B���#�B�H�B�i�v �Q�7 �i�?�2�b�2 �2�b�i�B�K���i�2�b�X

�O�k�X �A�M���+�+�m�`���i�2 �T���i�?�@�T�2�`�7�Q�`�K���M�+�2 �K�2���b�m�`�2�K�2�M�i�b �U�Q�p�2�` �K�m�H�i�B�T�H�2n�B�M�i�B�M�@
�i�2�`�p���H�b�V

�a�i�2�T �R ���H�b�Q �2�b�i�B�K���i�2�b �� �T���i�?�ö�b �Q�p�2�`���H�H �T�2�`�7�Q�`�K���M�+�2�- �#�v �K�Q�M�B�i�Q�`�B�M�; �i�?�2 �T���i�?�ö�b �+�Q�M�;�2�b�@
�i�B�Q�M �Q�p�2�`n�B�M�i�K�2���b�m�`�2�K�2�M�i �B�M�i�2�`�p���H�b�X �h�?�2 ���+�+�m�`���+�v �Q�7 �2���+�? �b�m�+�? �2�b�i�B�K���i�2 �/�2�T�2�M�/�b
�Q�Mn�B�M�i�X �J�Q�`�2�Q�p�2�`�- �i�?�2 �2�`�`�Q�` �Q�7 �2���+�? �b�m�+�? �2�b�i�B�K���i�2 �+���M �#�2 �b�B�;�M�B�}�+���M�i�H�v ���K�T�H�B�}�2�/ �B�M
�a�i�2�T �k�- �r�?�2�`�2 �i�?�2 �T���i�?�@�T�2�`�7�Q�`�K���M�+�2 �2�b�i�B�K���i�2�b �b�2�`�p�2 ���b �B�M�T�m�i �i�Q �H�B�M�2���` �b�v�b�i�2�K�b �Q�7
�2�[�m���i�B�Q�M�b�X ���;���B�M�- �r�B�i�?�Q�m�i �b�Q�K�2 ���@�T�`�B�Q�`�B �F�M�Q�r�H�2�/�;�2 ���#�Q�m�i �i�?�2 �b�i���#�B�H�B�i�v �Q�7�M�2�i�r�Q�`�F
�+�Q�M�/�B�i�B�Q�M�b�- �r�2 �/�Q �M�Q�i �F�M�Q�r �?�Q�r �i�Q �`�2���b�Q�M ���#�Q�m�i �i�?�2 �`�2�H�B���#�B�H�B�i�v �Q�7 �i�?�2�b�2 �2�b�i�B�K���i�2�b
���M�/ �i�?�2 �H�B�M�F �T�2�`�7�Q�`�K���M�+�2 �M�m�K�#�2�`�b �i�?���i �r�2 �B�M�7�2�` �7�`�Q�K �i�?�2�K�X

�O�j�X �A�M���T�T�`�Q�T�`�B���i�2 �M�2�m�i�`���H�B�i�v �/�2�}�M�B�i�B�Q�M �U�i�?�2 �+�?�Q�B�+�2 �Q�7tn �- �i�?�2 �b���7�2�i�v �K���`�@
�;�B�M�V

�a�i�2�T �j �/�2�i�2�`�K�B�M�2�b �i�?�2 �M�2�m�i�`���H�B�i�v �Q�7 �� �H�B�M�F �b�2�[�m�2�M�+�2 �#�v �+�Q�K�T���`�B�M�; �B�i�b �K���t�B�K�m�K �T�2�`�@
�7�Q�`�K���M�+�2 �;���T �i�Q �� �M�2�m�i�`���H�B�i�v �i�?�`�2�b�?�Q�H�/tn �X �S�B�+�F�B�M�;tn �B�M�p�Q�H�p�2�b �i�?�2 �m�b�m���H �#���H���M�+�B�M�;
���+�i �#�2�i�r�2�2�M �7���H�b�2 �T�Q�b�B�i�B�p�2�b �U�7���p�Q�`�2�/ �#�v �� �H�Q�r �i�?�`�2�b�?�Q�H�/�V ���M�/ �7���H�b�2 �M�2�;���i�B�p�2�b �U�7���p�Q�`�2�/
�#�v �� �?�B�;�? �i�?�`�2�b�?�Q�H�/�V�X �J�Q�`�2�Q�p�2�`�- �r�2 �b�?�Q�m�H�/ �B�/�2���H�H�v �T�B�+�Ftn ���b �� �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �M�m�K�@
�#�2�` �Q�7 �B�M�i�2�`�p���H�bn�B�M�i�, �i�?�2 �7�2�r�2�` �i�?�2 �B�M�i�2�`�p���H�b�- �i�?�2 �H�2�b�b �`�2�H�B���#�H�2 �i�?�2 �T���i�? �T�2�`�7�Q�`�K���M�+�2
�2�b�i�B�K���i�2�b �B�M �a�i�2�T �R ���M�/ �i�?�2 �H�B�M�F �T�2�`�7�Q�`�K���M�+�2 �B�M�7�2�`�2�M�+�2 �B�M �a�i�2�T �k�- �?�2�M�+�2 �i�?�2 �K�Q�`�2
�+�Q�M�b�2�`�p���i�B�p�2 �r�2 �b�?�Q�m�H�/ �#�2 �B�M �a�i�2�T �j �U�i�?�2 �?�B�;�?�2�` �r�2 �b�?�Q�m�H�/ �b�2�itn �V �i�Q ���p�Q�B�/ �7���H�b�2 �M�2�;���@
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�i�B�p�2�b�X �>�Q�r�2�p�2�`�- �#�2�+���m�b�2 �r�2 �?���p�2 �M�Q �r���v �i�Q �[�m���M�i�B�7�v �i�?�2 �`�2�H�B���#�B�H�B�i�v �Q�7 �i�?�2 �2�b�i�B�K���i�B�Q�M
���M�/ �B�M�7�2�`�2�M�+�2 �B�M �a�i�2�T�b �R ���M�/ �k�- �r�2 ���H�b�Q �?���p�2 �M�Q �#���b�B�b �7�Q�` �b�2�i�i�B�M�;tn �X

�O�9�X �A�M���T�T�`�Q�T�`�B���i�2 �+�Q�M�;�2�b�i�B�Q�M �/�2�}�M�B�i�B�Q�M �U�i�?�2 �+�?�Q�B�+�2 �Q�7tc�V

�a�i�2�T �R �+�Q�K�T���`�2�b �2���+�? �T���i�?�ö�b �2�b�i�B�K���i�2�/ �H�Q�b�b �`���i�2 �i�Q �� �+�Q�M�;�2�b�i�B�Q�M �i�?�`�2�b�?�Q�H�/tc�c �M�Q�i
�b�m�`�T�`�B�b�B�M�;�H�v�- �i�?�2 �p���H�m�2 �Q�7tc �?���b �� �/�`���K���i�B�+ �B�K�T���+�i �Q�M �i�?�2 �`�2�b�m�H�i�b�X ���M �B�M���T�T�`�Q�T�`�B���i�2
�i�?�`�2�b�?�Q�H�/ �+���M �H�2���/ �i�Q �7���H�b�2 �M�2�;���i�B�p�2�b�, �B�7 �B�i �B�b �i�Q�Q �H�Q�r�- �T���i�?�b ���T�T�2���` �i�Q �#�2 �+�Q�M�;�2�b�i�2�/
�K�Q�b�i �Q�7 �i�?�2 �i�B�K�2�c �B�7 �B�i �B�b �i�Q�Q �?�B�;�?�- �T���i�?�b ���T�T�2���` �i�Q �#�2 �+�Q�M�;�2�b�i�B�Q�M�@�7�`�2�2 �K�Q�b�i �Q�7 �i�?�2 �i�B�K�2�c
�2�B�i�?�2�` �r���v�- �T���i�?�b ���T�T�2���` �i�Q �2�t�T�2�`�B�2�M�+�2 �+�Q�M�;�2�b�i�B�Q�M �r�B�i�? �b�B�K�B�H���` �T�`�Q�#���#�B�H�B�i�B�2�b�- �r�?�B�+�?
�K���v �B�M�+�Q�`�`�2�+�i�H�v �B�M�/�B�+���i�2 �� �M�2�m�i�`���H �M�2�i�r�Q�`�F�X �J�Q�`�2�Q�p�2�`�- ���M �B�M���T�T�`�Q�T�`�B���i�2 �i�?�`�2�b�?�Q�H�/
�+���M �H�2���/ �i�Q �7���H�b�2 �T�Q�b�B�i�B�p�2�b�c �7�Q�` �B�M�b�i���M�+�2�- �B�7tc = 0.01�- ���M�/ �T���i�?p1 �2�t�T�2�`�B�2�M�+�2�b �H�Q�b�b
�`���i�20.009�U�D�m�b�i �#�2�H�Q�r �i�?�2 �i�?�`�2�b�?�Q�H�/�V�- �r�?�B�H�2 �T���i�?p2 �2�t�T�2�`�B�2�M�+�2�b �H�Q�b�b �`���i�20.011�U�D�m�b�i
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�b�2�+�i�B�M�; �Q�p�2�` �� �M�2�m�i�`���H �H�B�M�F �b�2�[�m�2�M�+�2�- ���b �� �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �+�Q�M�;�2�b�i�B�Q�M �i�?�`�2�b�?�Q�H�/�X �h�?�2
�i�Q�T�Q�H�Q�;�v �B�b �2�[�m�B�p���H�2�M�i �i�Q �i�?�2 �Q�M�2 �B�M �6�B�;�m�`�2�k�X �h�Q�T�, �i�`�m�2 �T�2�`�7�Q�`�K���M�+�2 �Q�M �i�?�2 �+�Q�K�@
�K�Q�M �H�B�M�F �b�2�[�m�2�M�+�2�X �l�T�T�2�` �K�B�/�, �T�2�`�7�Q�`�K���M�+�2 ���b �B�M�7�2�`�`�2�/ �#�v�a�i� �̀��r�X �G�Q�r�2�` �K�B�/�,
�T�2�`�7�Q�`�K���M�+�2 �#�B���b ���b �B�M�7�2�`�`�2�/ �#�v�a�i� �̀��r�X �"�Q�i�i�Q�K�, �i�`�m�2 �T�2�`�7�Q�`�K���M�+�2 �Q�M �i�?�2 �Q�m�i�2�` �H�B�M�F
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�B�M �6�B�;�m�`�2�j�V�X �6�B�;�m�`�2�9�� �b�?�Q�r�b �i�?�2 �;�`�Q�m�M�/ �i�`�m�i�?�- �B�X�2�X�- �?�Q�r �7�`�2�[�m�2�M�i�H�v �i�?�2 �H�B�M�F �B�b
���+�i�m���H�H�v �+�Q�M�;�2�b�i�B�Q�M�@�7�`�2�2 �r�B�i�? �`�2�;���`�/ �i�Q �+�H���b�b1 �U�#�H�m�2�V ���M�/ �+�H���b�b2 �U�`�2�/�V�- ���b �� �7�m�M�+�i�B�Q�M
�Q�7 �i�?�2 �+�Q�M�;�2�b�i�B�Q�M �i�?�`�2�b�?�Q�H�/tc�X �6�B�;�m�`�2�9�#�b�?�Q�r�b�a�i� �̀��r�ö�b �B�M�7�2�`�2�M�+�2�- �B�X�2�X�- �?�Q�r �7�`�2�[�m�2�M�i�H�v
�i�?�2 �H�B�M�F ���T�T�2���`�b �i�Q �#�2 �+�Q�M�;�2�b�i�B�Q�M�@�7�`�2�2 �r�B�i�? �`�2�;���`�/ �i�Q �2���+�? �+�H���b�b �#���b�2�/ �Q�M �i�r�Q �T���i�?
�T���B�`�b�- �Q�M�2 �+���`�`�v�B�M�; �+�H���b�b�@1 �i�`���{�+�- �i�?�2 �Q�i�?�2�` �+�H���b�b�@2�, �7�Q�`tc = 0.07�- �i�?�2 �H�B�M�F ���T�T�2���`�b
�i�Q �#�2 �+�Q�M�;�2�b�i�B�Q�M�@�7�`�2�2100�W �r�B�i�? �`�2�;���`�/ �i�Q �+�H���b�b1 ���M�/0�W �r�B�i�? �`�2�;���`�/ �i�Q �+�H���b�b2�-
�r�?�B�H�2 �2�t���+�i�H�v �i�?�2 �Q�T�T�Q�b�B�i�2 �?���T�T�2�M�b �7�Q�`tc = 0.2�X �6�B�;�m�`�2�9�+�b�?�Q�r�b�a�i� �̀��r�ö�b �+�Q�M�+�H�m�b�B�Q�M�-
�B�X�2�X�- �i�?�2 �M�2�m�i�`���H�B�i�v �#�B���b �B�i �+�Q�K�T�m�i�2�b �7�Q�` �i�?�2 �H�B�M�F�, �i�?�2 �K���t�B�K�m�K �;���T �#�2�i�r�2�2�M�+�H���b�b�@1
���M�/ �+�H���b�b�@2 �T�2�`�7�Q�`�K���M�+�2 �B�b100�W�- �?�2�M�+�2�a�i� �̀��r�B�M�+�Q�`�`�2�+�i�H�v �+�Q�M�+�H�m�/�2�b �i�?���i �i�?�2 �H�B�M�F �B�b
�M�Q�M�@�M�2�m�i�`���H�X
�h�?�2 �T�`�Q�#�H�2�K �B�b �i�?���i�a�i� �̀��r�ö�b �K���i�? �B�b �p�2�`�v �b�2�M�b�B�i�B�p�2 �i�Q �B�M���+�+�m�`���i�2 �B�M�T�m�i �r�?�2�M �i�?�2
�B�M�T�m�i �p���H�m�2�b ���`�2 �b�K���H�H�, �a�v�b�i�2�K�U�k�y�V�?���b �� �m�M�B�[�m�2 �b�Q�H�m�i�B�Q�M ���b �H�Q�M�; ���b �B�i �B�b �M�Q�i �i�?�2
�+���b�2 �i�?���i �#�Q�i�? �T���i�?�b �Q�7 �� �T���i�? �T���B�` ���`�2 �M�2�p�2�` �+�Q�M�;�2�b�i�B�Q�M�@�7�`�2�2�X �A�7 �i�?�B�b ���b�b�m�K�T�i�B�Q�M �B�b
�p�B�Q�H���i�2�/�- �i�?�2�M �K�m�H�i�B�T�H�2 �b�Q�H�m�i�B�Q�M�b �}�i �i�?�2 �2�M�/�@�i�Q�@�2�M�/ �K�2���b�m�`�2�K�2�M�i�b�, �+�Q�M�;�2�b�i�B�Q�M �+�Q�m�H�/
�#�2 �/�m�2 �i�Q �i�?�2 �b�?���`�2�/ �T���`�i �Q�7 �i�?�2 �T���i�? �T���B�`�- �Q�` �/�m�2 �i�Q �i�?�2 �M�Q�M�@�b�?���`�2�/ �T���`�i�b�- �Q�` �#�Q�i�?�X
�A�7 �i�?�2 ���b�b�m�K�T�i�B�Q�M �?�Q�H�/�b �#�m�i �Q�M�2 �Q�` �#�Q�i�? �T���i�?�b ���`�2 �`���`�2�H�v �+�Q�M�;�2�b�i�B�Q�M�@�7�`�2�2�- �i�?�2�M �K���M�v
�b�Q�H�m�i�B�Q�M�b �ó���H�K�Q�b�i �}�i�ô �i�?�2 �2�M�/�@�i�Q�@�2�M�/ �K�2���b�m�`�2�K�2�M�i�b�- ���M�/ �� �K�B�M�Q�` �2�`�`�Q�` �B�M �2�b�i�B�K���i�B�M�;
�T���i�? �T�2�`�7�Q�`�K���M�+�2 �K�B�;�?�i �+���m�b�2�a�i� �̀��r�i�Q �T�B�+�F �i�?�2 �r�`�Q�M�; �b�Q�H�m�i�B�Q�M�X

�q�2 �+���M �+�Q�M�}�`�K �i�?���i �i�?�B�b �B�b �r�?���i �r�2�M�i �r�`�Q�M�; �B�M �i�?�2 �B�M�7�2�`�2�M�+�2 �#�v ���M���H�v�x�B�M�;
�i�?�2 �;�`�Q�m�M�/ �i�`�m�i�? �7�Q�` �i�?�2 �Q�i�?�2�` �H�B�M�F�b �B�M �i�?�2 �M�2�i�r�Q�`�F�X �6�B�;�m�`�2�9�/ �b�?�Q�r�b �i�?�2 �i�`�m�2
�T�2�`�7�Q�`�K���M�+�2 �M�m�K�#�2�`�b �7�Q�` �i�?�2 �7�Q�m�` �H�B�M�F�b �i�?���i ���+�i ���b �#�Q�i�i�H�2�M�2�+�F�b �7�Q�` �i�?�2 �7�Q�m�`�T���i�?�b
�m�b�2�/ �B�M�a�i� �̀��r�ö�b �B�M�7�2�`�2�M�+�2�X �6�Q�` �b�K���H�H �p���H�m�2�b �Q�7 �i�?�2 �+�Q�M�;�2�b�i�B�Q�M �i�?�`�2�b�?�Q�H�/tc� - � i� r� Q � Q� 7
�i�?�2 �7�Q�m�` �T���i�?�b ���`�2 �`���`�2�H�v �+�Q�M�;�2�b�i�B�Q�M�@�7�`�2�2�X �h�?�2 �M�m�K�#�2�` �Q�7 �K�2���b�m�`�2�K�2�M�i �B�M�i�2�`�p���H�b �B�b
�M�Q�i �b�m�{�+�B�2�M�i �7�Q�` ���+�+�m�`���i�2�H�v �2�b�i�B�K���i�B�M�; �b�m�+�? �b�K���H�H �M�m�K�#�2�`�b�X �h�?�2 �2�b�i�B�K���i�B�Q�M �2�`�`�Q�` �Q�7
�2���+�? �M�m�K�#�2�` �B�b �b�K���H�H�- �#�m�i �B�i �B�b ���K�T�H�B�}�2�/ �#�v �a�v�b�i�2�K�U�k�y�V���M�/ �+���m�b�2�b�a�i� �̀��r�ö�b �B�M�7�2�`�2�M�+�2
�U�6�B�;�m�`�2�9�#�V �i�Q �/�B�z�2�` �b�B�;�M�B�}�+���M�i�H�v �7�`�Q�K �i�?�2 �;�`�Q�m�M�/ �i�`�m�i�? �U�6�B�;�m�`�2�9���V�X
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�P�m�` �b�Q�H�m�i�B�Q�M �B�b �i�Q �`�2�T�H���+�2�a�i� �̀��r�ö�b �a�i�2�T �k �r�B�i�? �"���v�2�b�B���M �B�M�7�2�`�2�M�+�2�, �;�B�p�2�M �� �i���`�;�2�i
�H�B�M�F �b�2�[�m�2�M�+�2L�- �B�M�b�i�2���/ �Q�7 �B�M�7�2�`�`�B�M�; �B�i�b �T�2�`�7�Q�`�K���M�+�2 �M�m�K�#�2�`xL (c) �#�v �b�Q�H�p�B�M�; ��
�i�Q�K�Q�;�`���T�?�B�+ �b�v�b�i�2�K �Q�7 �2�[�m���i�B�Q�M�b�- �r�2 �B�M�7�2�`xL (c)�ö�b �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M �S�`[xL (c)|E ]
�;�B�p�2�M �i�?�2 �Q�#�b�2�`�p�2�/ �K�2���b�m�`�2�K�2�M�i�bE�X �h�?�2 �B�M�7�2�`�`�2�/ �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M �/�Q�2�b �M�Q�i
�`�2�T�`�2�b�2�M�i �� �m�M�B�[�m�2 �b�Q�H�m�i�B�Q�M�- �#�m�i �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �2���+�? �T�Q�b�b�B�#�H�2 �b�Q�H�m�i�B�Q�MxL (c) �i�?���i
�+�Q�m�H�/ �K���i�+�? �i�?�2 �Q�#�b�2�`�p�2�/ �K�2���b�m�`�2�K�2�M�i�b�X �h�?�B�b �B�M�i�`�B�M�b�B�+���H�H�v �2�M�+�Q�/�2�b �i�?�2 �`�2�H�B���#�B�H�B�i�v
�r�B�i�? �r�?�B�+�? �r�2 �+���M �b�Q�H�p�2 �i�?�2 �2�[�m���i�B�Q�M�b�, �r�?�2�M �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �M���`�`�Q�r�- �B�X�2�X
�B�i �?���b �� �i���H�H �T�2���F ���i �i�?�2 �H�B�F�2�H�B�2�b�i �p���H�m�2�- �i�?�2 �K�2���b�m�`�2�K�2�M�i�b �b�i�`�Q�M�;�H�v �b�m�T�T�Q�`�i �� �b�B�M�;�H�2
�b�Q�H�m�i�B�Q�M �Q�` �� �b�K���H�H �b�2�i �Q�7 �b�Q�H�m�i�B�Q�M�b �+�H�Q�b�2 �i�Q �B�i�c �#�v �+�Q�M�i�`���b�i�- �i�?�2 �K�Q�`�2 �m�M�B�7�Q�`�K �i�?�2
�T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M�- �i�?�2 �H�2�b�b �i�?�2 �H�B�F�2�H�B�2�b�i �p���H�m�2 �ó�b�i���M�/�b �Q�m�i�-�ô ���M�/ �i�?�2 �H�2�b�b �`�2�H�B���#�H�2
�Q�m�` �B�M�7�2�`�2�M�+�2�X
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�`�2�H�B���#�H�v �B�M�7�2�` �i�?�2 �H�B�M�F�ö�b �T�2�`�7�Q�`�K���M�+�2 �M�m�K�#�2�` �r�B�i�? �`�2�;���`�/ �i�Q ���M�v �+�H���b�b�- �?�2�M�+�2 �r�2
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���b�b�m�K�2�b �T�2�`�7�2�+�i �K�2���b�m�`�2�K�2�M�i�b�- �r�?�B�+�? �2�M�b�m�`�2�b �i�?���i �i�?�2 �i�Q�K�Q�;�`���T�?�B�+ �b�v�b�i�2�K�Q�7 �2�[�m���@
�i�B�Q�M�b �B�i �b�Q�H�p�2�b �?���b �� �m�M�B�[�m�2 �b�Q�H�m�i�B�Q�M�X �h�?�2 �K�Q�K�2�M�i �r�2 ���/�K�B�i �B�K�T�2�`�7�2�+�i �K�2���b�m�`�2�K�2�M�i�b�-
�r�2 ���H�b�Q ���/�K�B�i �K�m�H�i�B�T�H�2 �T�Q�b�b�B�#�H�2 �b�Q�H�m�i�B�Q�M�b�X �A�7�- ���b�b�m�K�B�M�; �B�K�T�2�`�7�2�+�i �K�2���b�m�`�2�K�2�M�i�b�-
�i�?�2�`�2 �2�t�B�b�i �K�m�H�i�B�T�H�2 �b�Q�H�m�i�B�Q�M�b �i�?���i �}�i �Q�m�` �K�2���b�m�`�2�K�2�M�i�b�- ���M�/ �i�?�2�v ���H�H �Q�+�+�m�` �r�B�i�?
�b�B�K�B�H���` �T�`�Q�#���#�B�H�B�i�B�2�b�- �i�?�2�M �r�2 �+���M�M�Q�i �`�2�H�B���#�H�v �B�M�7�2�` �i�?�2 �i�`�m�2 �Q�M�2�X �h�?�B�b �B�b�T�`�2�+�B�b�2�H�v
�i�?�2 �B�M�7�Q�`�K���i�B�Q�M �T�`�Q�p�B�/�2�/ �#�v �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M�X

�9�X�j�X�j�X �P�m�` ���T�T�`�Q���+�? �B�M �.�2�i���B�H

�q�2 �M�Q�r �b�?�Q�r �?�Q�r �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M �+���M �#�2 �+�Q�K�T�m�i�2�/ �7�`�Q�K �2�M�/�@�i�Q�@�2�M�/
�K�2���b�m�`�2�K�2�M�i�b�X �*�Q�M�b�B�/�2�` �� �b�B�K�T�H�2�` �i�Q�T�Q�H�Q�;�v �+�Q�M�b�B�b�i�B�M�; �Q�7 �� �b�B�M�;�H�2 �T���i�? �T���B�`�- ���b
�b�?�Q�r�M �B�M �6�B�;�m�`�2�e�- �b�B�M�+�2 �i�?�2 �+�Q�K�T�m�i���i�B�Q�M �M�2�2�/�b �i�Q �#�2 �T�2�`�7�Q�`�K�2�/ �M�Q�i �7�Q�` �7�Q�m�` �T���i�?�b
�#�m�i �Q�M�2 �T���i�? �T���B�` ���i �� �i�B�K�2�- �2�b�b�2�M�i�B���H�H�v �`�2�T�H���+�B�M�; �1�[�m���i�B�Q�M �a�v�b�i�2�K�U�k�y�V�X ���b�b�m�K�2
�i�?���i �i�?�2 �i�r�Q �T���i�?�bp1 ���M�/p2 �#�2�H�Q�M�; �i�Q �i�?�2 �b���K�2 �i�`���{�+ �+�H���b�bc�X
�P�m�` �B�M�T�m�i �+�Q�M�b�B�b�i�b �Q�7 �i�?�2 �2�M�/�@�i�Q�@�2�M�/ �K�2���b�m�`�2�K�2�M�i�b �7�Q�` �i�?�2 �T���i�?�b�yp1 �-�yp2 ���M�/ �i�?�2 �T���i�?
�T���B�`�yP �- ���M�/ �Q�7 �i�?�2 �M�m�K�#�2�` �Q�7 �K�2���b�m�`�2�K�2�M�i �B�M�i�2�`�p���H�bn�B�M�i�c �r�2 �/�2�M�Q�i�2 �i�?�2�K ���bE =
(�yp1 , �yp2 , �yP , n�B�M�i)�X �h�?�2 �;�Q���H �B�b �i�Q �+�Q�K�T�m�i�2 �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M �S�`[xl1 (c)|E ]�X

�9�X�j�X�9�X �L�m�K�2�`�B�+���H �*�Q�K�T�m�i���i�B�Q�M �m�b�B�M�; �J�Q�M�i�2 �*���`�H�Q �a�B�K�m�H���i�B�Q�M

�q�2 �T�`�Q�T�Q�b�2 �� �K�2�i�?�Q�/ �i�Q ���T�T�`�Q�t�B�K���i�2 �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M �m�b�B�M�; �J�Q�M�i�2
�*���`�H�Q �U�J�*�V �b�B�K�m�H���i�B�Q�M�X �q�2 �`�2�b�i���i�2 �Q�m�` �;�Q���H�, �+�Q�K�T�m�i�2 �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M
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�6�B�;�m�`�2 �e�X�L�2�i�r�Q�`�F �i�Q�T�Q�H�Q�;�v�X

�S�[̀xl1 (c)|E ] �;�B�p�2�M �i�?�2 �2�M�/�@�i�Q�@�2�M�/ �K�2���b�m�`�2�K�2�M�i�bE = (�yp1 , �yp2 , �yP , n�B�M�i)�- �7�Q�` �� �i�Q�T�Q�H�@
�Q�;�v �+�Q�M�b�B�b�i�B�M�; �Q�7 �i�r�Q �T���i�?�b ���M�/ �i�?�`�2�2 �H�B�M�F�b�- ���b �b�?�Q�r�M �B�M �6�B�;�m�`�2�e�X

�q�2 �b�?�Q�m�H�/ �+�H���`�B�7�v �i�?���i �Q�m�` �K�2�i�?�Q�/ �?���b �M�Q�i�?�B�M�; �i�Q �/�Q �r�B�i�? �M�2�i�r�Q�`�F �U�2�X�;�X�- �L�a�j�V
�b�B�K�m�H���i�B�Q�M ���b �i�v�T�B�+���H�H�v �m�b�2�/ �i�Q �2�p���H�m���i�2 �M�2�i�r�Q�`�F �T�`�Q�T�Q�b���H�b���r�2 �/�Q �M�Q�i �b�B�K�m�H���i�2
�i�`���{�+ �;�2�M�2�`���i�B�Q�M�- �M�2�i�r�Q�`�F �+�Q�M�/�B�i�B�Q�M�b�- �2�i�+�X �q�2 �b�B�K�T�H�v �m�b�2 �J�* �b�B�K�m�H���i�B�Q�M ���b��
�M�m�K�2�`�B�+���H �K�2�i�?�Q�/ �i�Q �b�Q�H�p�2 �� �K���i�?�2�K���i�B�+���H �T�`�Q�#�H�2�K �7�Q�` �r�?�B�+�? �r�2 �+�Q�m�H�/ �M�Q�i �}�M�/��
�i�`���+�i���#�H�2 ���M���H�v�i�B�+���H �b�Q�H�m�i�B�Q�M�X

�P�m�` �J�* �b�B�K�m�H���i�B�Q�M �+�`�2���i�2�b �� �H���`�;�2 �M�m�K�#�2�` �Q�7 �T�Q�b�b�B�#�H�2 �ó�;�`�Q�m�M�/ �i�`�m�i�?�b�-�ô �B�X�2�X�-
�+�Q�K�#�B�M���i�B�Q�M�b �Q�7 �T�2�`�7�Q�`�K���M�+�2 �M�m�K�#�2�`�b �7�Q�` �i�?�2 �i�?�`�2�2 �H�B�M�F�b �B�M �i�?�2 �M�2�i�r�Q�`�F�c �i�?�B�b �+���M
�#�2 �/�Q�M�2 �#�v �B�i�2�`���i�B�M�; �Q�p�2�` �i�?�2 �`���M�;�2 �Q�7 ���H�H �`�2���H �M�m�K�#�2�`�b �#�2�i�r�2�2�M �y ���M�/ �R �r�B�i�? ��
�b�K���H�H �}�t�2�/ �b�i�2�T� �X �6�Q�` �2���+�? �;�`�Q�m�M�/ �i�`�m�i�?�- ���M�/ �7�Q�` �2���+�? �H�B�M�F�- �i�?�2 �b�B�K�m�H���i�B�Q�M �+�`�2���i�2�b
n�B�M�i�`���M�/�Q�K �b���K�T�H�2�b �Q�7 �i�?�2 �H�B�M�F �b�2�[�m�2�M�+�2�ö�b �+�Q�M�;�2�b�i�B�Q�M �b�i���i�m�b �i�?���i ���`�2 �+�Q�K�T���i�B�#�H�2
�r�B�i�? �i�?�B�b �;�`�Q�m�M�/ �i�`�m�i�?�c �7�`�Q�K �i�?�2�b�2 �b���K�T�H�2�b�- �B�i �+�Q�K�T�m�i�2�b �i�?�2 �+�Q�M�;�2�b�i�B�Q�M �b�i���i�m�b�2�b
�Q�7 �i�?�2 �i�r�Q �T���i�?�b �/�m�`�B�M�; �2���+�? �B�M�i�2�`�p���H�- ���M�/ �i�?�2 �2�b�i�B�K���i�2�/ �T�2�`�7�Q�`�K���M�+�2 �M�m�K�#�2�`�b �Q�7
�i�?�2 �i�r�Q �T���i�?�b ���M�/ �i�?�2 �T���i�? �T���B�`�X �A�7 �i�?�2 �i�?�`�2�2 �+�Q�K�T�m�i�2�/ �T�2�`�7�Q�`�K���M�+�2 �M�m�K�#�2�`�b ���`�2
�i�?�2 �b���K�2 ���b �i�?�2 �Q�M�2�b �K�2���b�m�`�2�/ �B�M �i�?�2 �2�t�T�2�`�B�K�2�M�i �U�B�X�2�X�- �r�2 �+�`�2���i�2�/ �� �;�`�Q�m�M�/ �i�`�m�i�?
�i�?���i �}�i�b �i�?�2 �2�M�/�@�i�Q�@�2�M�/ �K�2���b�m�`�2�K�2�M�i�b�V�- �i�?�2�M �r�2 �`�2�+�Q�`�/ �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �b���K�T�H�2�b�c
�Q�i�?�2�`�r�B�b�2 �r�2 �/�B�b�+���`�/ �i�?�2�K�X ���7�i�2�` �i�?�2 �b�B�K�m�H���i�B�Q�M �?���b �+�`�2���i�2�/ �2�M�Q�m�;�? �;�`�Q�m�M�/�i�`�m�i�?�b
�7�Q�` �i�?�2 �`�2�+�Q�`�/�2�/ �b���K�T�H�2 �b�2�i �i�Q �`�2���+�?100, 000 �p���H�m�2�b �Q�` �b�Q�- �r�2 �m�b�2 �i�?�2 �b���K�T�H�2�b �i�Q
�2�b�i�B�K���i�2 �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7l1�ö�b �T�2�`�7�Q�`�K���M�+�2 �M�m�K�#�2�`xl1 (c)�X �h�?�B�b �K�2�i�?�Q�/
�B�b �B�K�T�H�2�K�2�M�i�2�/ �#�v ���H�;�Q�`�B�i�?�K�R�X

���H�;�Q�`�B�i�?�K �R�,�S�Q�b�i�2�`�B�Q�` �*�Q�K�T�m�i���i�B�Q�M �r�B�i�? �J�Q�M�i�2�@�*���`�H�Q �b�B�K�m�H���i�B�Q�M

�O �*�Q�K�T�m�i�2�b �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�MPr[xl1 (c)|E ]
�O �A�M�T�m�i�, �1 ���b�yp1 , �yp2 , �yP , n�B�M�i

�O �P�m�i�T�m�i�, �. �4 �K���T�T�B�M�;xl1 (c) 
 [0, 1] � [0, 1]
�O �S���`���K�2�i�2�`�b�,
�O � �K�B�M�n�b���K�T�H�2�b �4 �R�y�y�-�y�y�y
� O �  � �4 �y�X�y�R
�7�m�M�+�i�B�Q�M�*�Q�K�T�m�i�2�S�Q�b�i�2�`�B�Q�`�U�yp1 , �yp2 , �yP , n�B�M�i�V�,

�. �4 �&�'
�M�n�b���K�T�H�2�b�4 �y
�r�?�B�H�2�M�n�b���K�T�H�2�b �I �K�B�M�n�b���K�T�H�2�b�,

�7�Q��̀t�n�R�B�M�`���M�;�2�U�y�X�y�- �R�X�y�- �b�i�2�T�4� �V�,
�7�Q��̀t�n�k�B�M�`���M�;�2�U�y�X�y�- �R�X�y�- �b�i�2�T�4� �V�,

�7�Q��̀t�n�j �B�M�`���M�;�2�U�y�X�y�- �R�X�y�- �b�i�2�T�4� �V�,

�k�N



�v�n�R�- �v�n�k�- �v�n�R�k�4 �a�B�K�m�H���i�2�1�t�T�2�`�B�K�2�M�i�U�t�n�R�- �t�n�k�- �t�n�j�-n�B�M�i�V
�O �*�?�2�+�F �B�7 �i�?�2 �b�B�K�m�H���i�B�Q�M �`�2�b�m�H�i �K���i�+�?�2�b �i�?�2 �K�2���b�m�`�2�K�2�M�i�b
�B�7�v�n�R �4�4�yp1 ���M�/�v�n�k �4�4�yp2 ���M�/�v�n�R�k �4�4�yP �,

�M�n�b���K�T�H�2�b �Y�4�R
�.�(�t�n�R�) �Y�4�R

�O �L�Q�`�K���H�B�x�2 �.
�7�Q��̀t�- �p���H�m�2�B�M�.�,

�.�(�t�) �f�4 �M�n�b���K�T�H�2�b
�`�2�i�m�`�M�.

�O �a�B�K�m�H���i�2�b ���M �2�t�T�2�`�B�K�2�M�i�- �+�Q�K�T�m�i�B�M�; �� �b�2�i �Q�7 �2�M�/�@�i�Q�@�2�M�/ �K�2���b�m�`�2�K�2�M�i�b
�O �7�`�Q�K �i�?�2 �;�`�Q�m�M�/ �i�`�m�i�?�X
�O �A�M�T�m�i�, �;�`�Q�m�M�/ �i�`�m�i�? �7�Q�` �i�?�2 �j �H�B�M�F�b ���M�/ �i�?�2 �M�m�K�#�2�` �Q�7 �B�M�i�2�`�p���H�b
�O �P�m�i�T�m�i�, �Q�M�2 �b�2�i �Q�7 �2�M�/�@�i�Q�@�2�M�/ �K�2���b�m�`�2�K�2�M�i�b
�7�m�M�+�i�B�Q�M�a�B�K�m�H���i�2�1�t�T�2�`�B�K�2�M�i�U�t�n�R�- �t�n�k�- �t�n�j�-n�B�M�i�V�,

�O �1�M�/�@�i�Q�@�2�M�/ �2�b�i�B�K���i�2�b
�v�n�R�4 �v�n�k�4 �v�n�R�k�4 �y�X�y
�O �a�B�K�m�H���i�2n�B�M�i�B�M�i�2�`�p���H�b
�7�Q��̀B �B�M�`���M�;�2�U�y�- n�B�M�i�V�,

�H�B�M�F�n�b�i���i�2�n�R�4 �"�2�`�M�Q�m�H�H�B�U�t�n�R�V
�H�B�M�F�n�b�i���i�2�n�k�4 �"�2�`�M�Q�m�H�H�B�U�t�n�k�V
�H�B�M�F�n�b�i���i�2�n�j�4 �"�2�`�M�Q�m�H�H�B�U�t�n�j�V
�O �*�Q�K�T�m�i�2 �T���i�? �b�i���i�2�b �7�`�Q�K �H�B�M�F �b�i���i�2�b
�T���i�?�n�b�i���i�2�n�R�4 �H�B�M�F�n�b�i���i�2�n�R���M�/�H�B�M�F�n�b�i���i�2�n�k
�T���i�?�n�b�i���i�2�n�k�4 �H�B�M�F�n�b�i���i�2�n�R���M�/�H�B�M�F�n�b�i���i�2�n�j
�T���i�?�n�T���B�`�n�b�i���i�2�4 �T���i�?�n�b�i���i�2�n�R���M�/�T���i�?�n�b�i���i�2�n�k
�O �l�T�/���i�2 �2�M�/�@�i�Q�@�2�M�/ �2�b�i�B�K���i�2�b
�B�7�T���i�?�n�b�i���i�2�n�R�,

�v�n�R �Y�4�R
�B�7�T���i�?�n�b�i���i�2�n�k�,

�v�n�k �Y�4�R
�B�7�T���i�?�n�T���B�`�n�b�i���i�2�,

�v�n�R�k �Y�4�R
�O �L�Q�`�K���H�B�x�2 �2�b�i�B�K���i�2�b �i�Q �(�y�- �R�)
�v�n�R �f�4n�B�M�i

�v�n�k �f�4n�B�M�i

�v�n�R�k �f�4n�B�M�i

�`�2�i�m�`�M�U�v�n�R�- �v�n�k�- �v�n�R�k�V

�O �_�m�M�b �� �"�2�`�M�Q�m�H�H�B �i�`�B���H�X
�O �A�M�T�m�i�, �b�m�+�+�2�b�b �T�`�Q�#���#�B�H�B�i�v �Q�7 �"�2�`�M�Q�m�H�H�B �i�`�B���H
�O �P�m�i�T�m�i�, �`�2�b�m�H�i �Q�7 �"�2�`�M�Q�m�H�H�B �i�`�B���H �U�#�Q�Q�H�2���M�V
�7�m�M�+�i�B�Q�M�"�2�`�M�Q�m�H�H�B�U�T�`�Q�#�n�b�m�+�+�2�b�b�V�,

�`�2�i�m�`�M�`���M�/�n�m�M�B�7�Q�`�K�U�y�- �R�V �I�4 �T�`�Q�#�n�b�m�+�+�2�b�b

�q�?�B�H�2 ���H�;�Q�`�B�i�?�K�R�B�b �[�m�B�i�2 �b�B�K�T�H�2 ���M�/ �T���`���H�H�2�H�B�x���#�H�2�- �B�i �B�b �i�Q�Q �B�M�2�{�+�B�2�M�i �i�Q �#�2 �T�`���+�@

�j�y



�i�B�+���H�X �h�?�2 �T�`�Q�#�H�2�K �B�b �B�M �i�?�2 �b�i�2�T �i�?���i �+�?�2�+�F�b �B�7 �i�?�2 �b�B�K�m�H���i�B�Q�M �`�2�b�m�H�i �K���i�+�?�2�b �i�?�2
�K�2���b�m�`�2�K�2�M�i�b �7�`�Q�K �7�m�M�+�i�B�Q�M�*�Q�K�T�m�i�2�S�Q�b�i�2�`�B�Q�`�X �:�B�p�2�M �� �}�t�2�/ �;�`�Q�m�M�/ �i�`�m�i�?�- �i�?�2
�M�m�K�#�2�` �Q�7 �T�Q�b�b�B�#�H�2 �2�M�/�@�i�Q�@�2�M�/ �Q�m�i�+�Q�K�2�b �B�b �B�MO(n3
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�v�n�R�- �v�n�k�- �v�n�R�k�4 �a�B�K�m�H���i�2�1�t�T�2�`�B�K�2�M�i�U�t�n�R�- �t�n�k�- �t�n�j�-n�B�M�i�V
�.�(�v�n�R�)�(�v�n�k�)�(�v�n�R�k�)�(�t�n�R�) �Y�4�R

�O �L�Q�`�K���H�B�x�2 �2���+�? �.�(�v�n�R�)�(�v�n�k�)�(�v�n�R�k�)
�7�Q��̀v�n�R�B�M�.�,

�7�Q��̀v�n�k�B�M�.�(�v�n�R�)�,
�7�Q��̀v�n�R�k�B�M�.�(�v�n�R�)�(�v�n�k�)�,

�i�Q�i���H�4 �b�m�K�U�(�p���H�m�2�7�Q��̀t�- �p���H�m�2�B�M�.�(�v�n�R�)�(�v�n�k�)�(�v�n�R�k�)�)�V
�7�Q��̀t�- �p���H�m�2�B�M�.�(�v�n�R�)�(�v�n�k�)�(�v�n�R�k�)�,

�.�(�t�) �f�4 �i�Q�i���H
�`�2�i�m�`�M�.

�O �S�`�2�+�Q�K�T�m�i�2�b ���H�H �H�Q�Q�F�m�T �i���#�H�2�b
�O �S���`���K�2�i�2�`�b�,
�O � �M�n�p���H�m�2�b �4 �(�R�y�- �k�y�- �X�X�- �R�y�y�- �R�8�y�- �X�X�- �8�y�y�- �e�y�y�- �X�X�- �R�k�y�y�)
�7�m�M�+�i�B�Q�M�S�`�2�+�Q�K�T�m�i�2���H�H�h���#�H�2�b�U�V�,

�7�Q��̀M�B�M�M�n�p���H�m�2�b�,
�h �4 �"���H�H�h�`�2�2�U�S�`�2�+�Q�K�T�m�i�2�h���#�H�2�U�M�V�V
�a�i�Q�`�2�U�h�V

�O �*�Q�K�T�m�i�2�b �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�MPr[xl1 (c)|E ]
�O �A�M�T�m�i�, �1 ���b�yp1 , �yp2 , �yP , n�B�M�i

�O �P�m�i�T�m�i�, �. �4 �K���T�T�B�M�;xl1 (c) 
 [0, 1] � [0, 1]

�j�k



�O �S���`���K�2�i�2�`�b�,
�O � �M�n�p���H�m�2�b �4 �(�R�y�- �k�y�- �X�X�- �R�y�y�- �R�8�y�- �X�X�- �8�y�y�- �e�y�y�- �X�X�- �R�k�y�y�)
�7�m�M�+�i�B�Q�M�*�Q�K�T�m�i�2�S�Q�b�i�2�`�B�Q�`�U�yp1 , �yp2 , �yP , n�B�M�i�V�,

�M�4 �6�B�M�/�*�H�Q�b�2�b�i�U�M�n�p���H�m�2�b�-n�B�M�i�V
�h �4 �G�Q���/�U�M�V
�v�n�R�- �v�n�k�- �v�n�R�k�4 �6�B�M�/�*�H�Q�b�2�b�i�U�h�- �yp1 , �yp2 , �yP �V
�`�2�i�m�`�M�h�(�v�n�R�)�(�v�n�k�)�(�v�n�R�k�)

�9�X�j�X�8�X ���H�i�2�`�M���i�B�p�2 �J�2�i�?�Q�/�, ���M���H�v�i�B�+���H �.�2�`�B�p���i�B�Q�M

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

�l�M�/�2�` �i�?�2 ���b�b�m�K�T�i�B�Q�M�b �7�`�Q�K �a�2�+�i�B�Q�M�j�X�e�- �i�?�2 �b�i���i�2 �Q�7 �i�?�2 �M�2�i�r�Q�`�F �B�M �2���+�? �B�M�i�2�`�p���H
i �B�b �7�m�H�H�v �+�?���`���+�i�2�`�B�x�2�/ �#�v �i�?�2 �+�Q�M�;�2�b�i�B�Q�M �b�i���i�2�b �Q�7 �i�?�2 �i�?�`�2�2 �H�B�M�F�b�- �B�X�2�X �i�?�2 �p���H�m�2�b
�i���F�2�M �#�v �i�?�2 �`���M�/�Q�K �p���`�B���#�H�2�b� l1 (c)�-� l2 (c) ���M�/� l3 (c)�X �h�?�2 �T���i�? �+�Q�M�;�2�b�i�B�Q�M �b�i���i�2�b
���`�2 �`���M�/�Q�K �p���`�B���#�H�2�b �i�?���i �/�2�T�2�M�/ �Q�M �i�?�2 �H�B�M�F �+�Q�M�;�2�b�i�B�Q�M �b�i���i�2�b�,

� p1 = � l1 (c) � � l2 (c)

� p2 = � l1 (c) � � l3 (c)

� P = � l1 (c) � � l2 (c) � � l3 (c)

�U�k�k�V

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

�Ç u1 �B�b �i�?�2 �p���H�m�2 �i���F�2�M �#�vxl1 (c) = Pr[ � l1 (c) = 1 ] �c
�Ç u2 �B�b �i�?�2 �p���H�m�2 �i���F�2�M �#�vxl2 (c) = Pr[ � l2 (c) = 1 ] �c
�Ç u3 �B�b �i�?�2 �p���H�m�2 �i���F�2�M �#�vxl3 (c) = Pr[ � l3 (c) = 1 ] �X

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

P r[ � p1 (c) = 0 � � p2 (c) = 0 ] = (1 Š u1)(1 Š u2)(1 Š u3) + (1 Š u1)(1 Š u2)u3 +

+ (1 Š u1)u2(1 Š u3) + (1 Š u1)u2u3 +

+ u1(1 Š u2)(1 Š u3) =

= u1u2u3 Š u1u2 Š u1u3 + 1
�U�k�j�V

P r[ � p1 (c) = 0 � � p2 (c) = 1 ] = u1(1 Š u2)u3 =

= u1u3 Š u1u2u3
�U�k�9�V

Pr[ � p1 (c) = 1 � � p2 (c) = 0 ] = u1u2(1 Š u3) =

= u1u2 Š u1u2u3
�U�k�8�V

Pr[ � p1 (c) = 1 � � p2 (c) = 1 ] = u1u2u3 �U�k�e�V

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

�j�j



�*�Q�M�;�2�b�i�B�Q�M �b�i���i�2�b�S�`�Q�#���#�B�H�B�i�v

l1 l2 l3 p1 p2 P ��

�y �y �y �y �y �y (1 Š u1)(1 Š u2)(1 Š u3)

�y �y �R �y �y �y (1 Š u1)(1 Š u2)u3

�y �R �y �y �y �y (1 Š u1)u2(1 Š u3)

�y �R �R �y �y �y (1 Š u1)u2u3

�R �y �y �y �y �y u1(1 Š u2)(1 Š u3)

�R �y �R �y �R �y u1(1 Š u2)u3

�R �R �y �R �y �y u1u2(1 Š u3)

�R �R �R �R �R �R u1u2u3

�h���#�H�2 �j�X���H�H �i�?�2 �T�Q�b�b�B�#�H�2 �b�i���i�2�b �Q�7 �i�?�2 �M�2�i�r�Q�`�F �/�m�`�B�M�; �Q�M�2 �B�M�i�2�`�p���H�X

�Ç k1,2 �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �B�M�i�2�`�p���H�b �r�B�i�? �i�?�2 �Q�m�i�+�Q�K�2(� p1 = 0 � � p2 = 0) �X
�Ç k1 Š k1,2 �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �B�M�i�2�`�p���H�b �r�B�i�? �i�?�2 �Q�m�i�+�Q�K�2(� p1 = 0 � � p2 = 1) �X
�Ç k2 Š k1,2 �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �B�M�i�2�`�p���H�b �r�B�i�? �i�?�2 �Q�m�i�+�Q�K�2(� p1 = 1 � � p2 = 0) �X
�Ç n�B�M�iŠ k1Š k2+ k1,2 �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �B�M�i�2�`�p���H�b �r�B�i�? �i�?�2 �Q�m�i�+�Q�K�2(� p1 = 1 � � p2 =

1)�X

�L�Q�i�2 �i�?���i(k1, k2, k1,2, n�B�M�i) �B�b �2�[�m�B�p���H�2�M�i �i�Q �i�?�2 �2�M�/�@�i�Q�@�2�M�/ �K�2���b�m�`�2�K�2�M�i�bE =
(�yp1 , �yp2 , �yP , n�B�M�i)�- �b�B�M�+�2 �r�2 �+���M �r�`�B�i�2�yp1 = n�B�M�iŠ k1

n�B�M�i
�- �yp2 = n�B�M�iŠ k2

n�B�M�i
���M�/ �yP =

n�B�M�iŠ k1Š k2+ k1,2

n�B�M�i
�X �h�?�2�M �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�Q �Q�#�b�2�`�p�2 �� �;�B�p�2�M �p���H�m�2 �Q�7 �i�?�2 �2�M�/�@�i�Q�@�2�M�/

�K�2���b�m�`�2�K�2�M�i�b �7�Q�` �i�?�2 �2�M�i�B�`�2 �2�t�T�2�`�B�K�2�M�i �+���M �#�2 �r�`�B�i�i�2�M ���b�,

P r[ E |xl1 (c) = u1 � xl2 (c) = u2 � xl3 (c) = u3 ] =

P r( �yp1 =
n�B�M�iŠ k1

n�B�M�i
� �yp2 =

n�B�M�iŠ k2

n�B�M�i
� �yP =

n�B�M�iŠ k1 Š k2 + k1,2

n�B�M�i
|

|xl1 (c) = u1 � xl2 (c) = u2 � xl3 (c) = u3 ] =

=
�

n�B�M�i

k1,2

��
n�B�M�iŠ k1,2

k1 Š k1,2

��
n�B�M�iŠ k1

k2 Š k1,2

�
×

× Pr[ � p1 (c) = 0 � � p2 (c) = 0 |xl1 (c) = u1 � xl2 (c) = u2 � xl3 (c) = u3 ]k1,2 ×

× Pr[ � p1 (c) = 0 � � p2 (c) = 1 |xl1 (c) = u1 � xl2 (c) = u2 � xl3 (c) = u3 ]k1Š k1,2 ×

× Pr[ � p1 (c) = 1 � � p2 (c) = 0 |xl1 (c) = u1 � xl2 (c) = u2 � xl3 (c) = u3 ]k2Š k1,2 ×

× Pr[ � p1 (c) = 1 � � p2 (c) = 1 |xl1 (c) = u1 � xl2 (c) = u2 � xl3 (c) = u3 ]n�B�M�iŠ k1Š k2+ k1,2

�U�k�d�V

�j�9



�q�?�B�+�? �2�t�T���M�/�b �i�Q�,

P r[ E |xl1 (c) = u1 � xl2 (c) = u2 � xl3 (c) = u3 ] =

=
�

n�B�M�i

k1,2

��
n�B�M�iŠ k1,2

k1 Š k1,2

��
n�B�M�iŠ k1

k2 Š k1,2

�
×

× (u1u2u3 Š u1u2 Š u1u3 + 1) k1,2 ×

× (u1u3 Š u1u2u3)k1Š k1,2 ×

× (u1u2 Š u1u2u3)k2Š k1,2 ×

× (u1u2u3)n�B�M�iŠ k1Š k2+ k1,2

�U�k�3�V

�q�2 �+���M �B�M�i�2�;�`���i�2 �B�i �Q�p�2�`u2 ���M�/u3 �i�Q �+�Q�K�T�m�i�2�,

P r[ E |xl1 (c) = u1 ] =

=
� 1

0

� 1

0
P r[ E |xl1 (c) = u1 � xl2 (c) = u2 � xl3 (c) = u3 ]du2du3

�U�k�N�V

�h�Q �}�M���H�H�v �Q�#�i���B�M �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M�- �r�2 ���T�T�H�v �"���v�2�b�ö �i�?�2�Q�`�2�K ���M�/ ���b�b�m�K�2
�i�?���i ���H�H �T�Q�b�b�B�#�H�2 �H�B�M�F �T�2�`�7�Q�`�K���M�+�2 �M�m�K�#�2�`�b ���`�2 �2�[�m���H�H�v �H�B�F�2�H�v �UPr[xl1 (c) = u1] = 1�V�,

P r[ xl1 (c) = u1|E ] =
Pr[ E|xl1 (c) = u1 ]P r[ xl1 (c) = u1 ]

P r[ E ]
=

=
Pr[ E|xl1 (c) = u1 ]

� 1
0 P r[ E |xl1 (c) = u1 ]du1

�U�j�y�V

�l�M�7�Q�`�i�m�M���i�2�H�v�- �i�?�2 �/�Q�m�#�H�2 �B�M�i�2�;�`���H �7�`�Q�K �1�[�m���i�B�Q�M�U�k�N�V�B�b �/�B�{�+�m�H�i �i�Q �b�Q�H�p�2 �7�Q�` �b�v�K�@
�#�Q�H�B�+ �p���H�m�2�b �Q�7n�B�M�i, k1, k2, k1,2�- �i�?�2 �T�Q�r�2�`�b �Q�7 �i�?�2 �T�Q�H�v�M�Q�K�b �7�`�Q�K �1�[�m���i�B�Q�M�U�k�3�V�c ���M�/
�b�i�B�H�H �/�B�{�+�m�H�i �7�Q�` �b�T�2�+�B�}�+ �K�2���b�m�`�2�/ �p���H�m�2�b �/�m�2 �i�Q �i�?�2 �H���`�;�2 �M�m�K�2�`�B�+ �p���H�m�2�b �Q�7n�B�M�i���M�/
�b�Q�K�2�- �Q�` ���H�H �Q�7k1, k2�- ���M�/k1,2�X �h�?�2�`�2�7�Q�`�2 �i�?�B�b �/�2�`�B�p���i�B�Q�M �+���M�M�Q�i �#�2 �m�b�2�/ �B�M �T�`���+�i�B�+�2�X

�9�X�j�X�e�X �1�p���H�m���i�B�Q�M �h�?�`�Q�m�;�? �a�B�K�m�H���i�B�Q�M

�h�?�2 �b�B�K�m�H���i�B�Q�M�b �m�b�2�/ �i�Q �2�p���H�m���i�2 �i�?�2 �"���v�2�b�B���M �T�2�`�7�Q�`�K���M�+�2 �B�M�7�2�`�2�M�+�2 ���H�;�Q�`�B�i�?�K �r�2�`�2
�T�2�`�7�Q�`�K�2�/ ���b �7�Q�H�H�Q�r�b�, �*�Q�M�b�B�/�2�` �� �i�Q�T�Q�H�Q�;�v �+�Q�M�b�B�b�i�B�M�; �Q�7 �i�?�`�2�2 �H�B�M�F�b ���M�/ �i�r�Q �T���i�?�b�-
���b �B�M �6�B�;�m�`�2�k�X �a�i���`�i�B�M�; �7�`�Q�K �� �F�M�Q�r�M �;�`�Q�m�M�/ �i�`�m�i�?�- �B�X�2�X �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �M�m�K�#�2�`�b
�Q�7 �i�?�2 �i�?�`�2�2 �H�B�M�F�bxl1 �-xl2 ���M�/xl3 �- �r�2 �m�b�2 �i�?�`�2�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �"�2�`�M�Q�m�H�H�B �T�`�Q�+�2�b�b�2�b �i�Q
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