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�i�?�2 �/�B���K�2�i�2�` �Q�7 �i�?�2 �b�K���H�H�2�` �p���b�+�m�H���` �b�i�`�m�+�i�m�`�2�b �+���M �`�2���+�? �/�Q�r�M �i�Q �R�y� �K�X

�J�Q�/���H�B�i�v �a�Q�m�`�+�2 �_�2�b�Q�H�m�i�B�Q�M �.�2�T�i�?
�J�_�A �_���/�B�Q �q���p�2 �R �K�K �M�Q �H�B�K�B�i
�*�h �s�@�_���v �8�y�@�k�y�y� �K �M�Q �H�B�K�B�i
�P�T�i�B�+���H �A�K���;�B�M�; �G�B�;�?�i �y�X�j� �K �I�R�X�8 �+�K
�l�a �l�H�i�`���b�Q�M�B�+ �r���p�2 �k�y�y�@�8�y�y� �K �I�R�8 �+�K

�R�X�k �o���b�+�m�H���` �J�2�/�B�+���H �A�K���;�B�M�;

�h�?�2�`�2 ���`�2 �p���`�B�Q�m�b �K�2�i�?�Q�/�b �i�Q �p�B�b�m���H�B�x�2 �i�?�2 �p���b�+�m�H���i�m�`�2 �r�?�B�+�? ���`�2 �+�m�`�`�2�M�i�H�v ���T�T�H�B�2�/ �B�M �i�?�2
�+�H�B�M�B�+���H �+�Q�M�i�2�t�i�X �h�?�2�b�2 �B�M�+�H�m�/�2 �J���;�M�2�i�B�+ �_�2�b�Q�M���M�+�2 �A�K���;�B�M�; �U�J�_�A�V�- �*�Q�K�T�m�i�2�/ �h�Q�K�Q�;�@
�`���T�?�v �U�*�h�V�- �P�T�i�B�+�b�- ���M�/ �l�H�i�`���b�Q�m�M�/ �U�l�a�V�X �h�?�2�b�2 �B�K���;�B�M�; �K�Q�/���H�B�i�B�2�b ���`�2 �+�Q�K�T���`�2�/ �#���b�2�/
�Q�M �i�?�2 �b�Q�m�`�+�2 ���H�H�Q�r�B�M�; �i�?�2 �B�K���;�B�M�;�- �i�?�2 �`�2�b�Q�H�m�i�B�Q�M �U�B�X�2�X �i�?�2 �b�K���H�H�2�b�i �b�T���i�B���H �/�B�b�i���M�+�2 �7�Q�`
�r�?�B�+�? �i�r�Q �b�+���i�i�2�`�2�`�b �+���M �#�2 �/�B�b�i�B�M�;�m�B�b�?�2�/ �B�M �i�?�2 �B�K���;�2�V ���M�/ �i�B�b�b�m�2 �T�2�M�2�i�`���i�B�Q�M �/�2�T�i�?�X ��
�b�m�K�K���`�v �Q�7 �i�?�2 �/�B�z�2�`�2�M�i �p���b�+�m�H���` �B�K���;�B�M�; �K�Q�/���H�B�i�B�2�b �B�b �/�B�b�T�H���v�2�/ �B�M �h���#�H�2�R�X�R�X

�R�X�k�X�R �J���;�M�2�i�B�+ �_�2�b�Q�M���M�+�2 �A�K���;�B�M�;

�J���;�M�2�i�B�+ �_�2�b�Q�M���M�+�2 �A�K���;�B�M�; �U�J�_�A�V �;�2�M�2�`���i�2�b �k�. ���M�/ �j�. �B�K���;�2�b �Q�7 �B�M�M�2�` �#�Q�/�v �b�i�`�m�+�i�m�`�2�b�-
�B�M�+�H�m�/�B�M�; ���`�i�2�`�B�2�b ���M�/ �p�2�B�M�b�X �J�_�A �/�2�T�H�Q�v�b �� �K���;�M�2�i�B�+ �}�2�H�/ ���M�/ �`���/�B�Q �r���p�2�b �i�Q �B�K���;�2
�/�B�z�2�`�2�M�i �#�Q�/�v �i�B�b�b�m�2�b�X ���i �}�`�b�i�- �i�?�2 �?�v�/�`�Q�;�2�M �B�Q�M�b�- �T�Q�b�B�i�B�p�2�H�v �+�?���`�;�2�/�- ���`�2 �2�t�+�B�i�2�/ �#�v
�i�?�2 �K���;�M�2�i �2�K�#�2�/�/�2�/ �B�M �J�_�A�- �r�?�B�+�? �+���m�b�2�b �i�?�2�K �i�Q ���H�B�;�M ���H�Q�M�; �i�?�2 �/�B�`�2�+�i�B�Q�M �Q�7 �i�?�2
�K���;�M�2�i�B�+ �}�2�H�/�X �h�?�2�M�- �� �`���/�B�Q�7�`�2�[�m�2�M�+�v �U�_�6�V �T�m�H�b�2 �B�b �m�b�2�/ �i�Q �/�B�b�i�m�`�# �i�?�2 ���H�B�;�M�K�2�M�i�b �Q�7 �i�?�2
�K���;�M�2�i�B�+���H�H�v ���+�i�B�p�2 �M�m�+�H�2�B�- �r�?�B�+�? �b�i���`�i �b�T�B�M�M�B�M�; �B�M�@�T�?���b�2 ���H�Q�M�; �i�?�2 �T�2�`�T�2�M�/�B�+�m�H���` �/�B�`�2�+�i�B�Q�M
�Q�7 �i�?�2 �K���;�M�2�i�B�+ �}�2�H�/�X �P�M�+�2 �i�?�2 �_�6 �T�m�H�b�2 �2�M�/�b�- �i�?�2 �?�v�/�`�Q�;�2�M �M�m�+�H�2�B �r�Q�m�H�/ �b�T�B�M �Q�m�i �Q�7 �T�?���b�2
���M�/ �`�2���H�B�;�M �r�B�i�? �i�?�2 �/�B�`�2�+�i�B�Q�M �Q�7 �i�?�2 �K���;�M�2�i�B�+ �}�2�H�/�X �h�?�2 �/�B�z�2�`�2�M�+�2�b �?���T�T�2�M�B�M�; �B�M �/�B�z�2�`�2�M�i
�#�Q�/�v �i�B�b�b�m�2�b �/�m�`�B�M�; �_�6 �T�m�H�b�2 �b�2�[�m�2�M�+�2�b ���`�2 �K�2���b�m�`�2�/�- �T�`�Q�/�m�+�B�M�; �i�?�2 �J�_�A �B�K���;�2 �(�R�8�)�X ��
�b�T�2�+�B�}�+ �i�v�T�2 �Q�7 �J�_�A �i�Q �p�B�b�m���H�B�x�2 �i�?�2 �p���b�+�m�H���i�m�`�2 �B�b �J�_�A ���M�;�B�Q�;�`���T�?�v �U�J�_���V�X �A�M �J�_���-
�`�2�T�2�i�B�i�B�p�2 �_�6 �T�m�H�b�2�b �b���i�m�`���i�2 �i�?�2 �b�i���i�B�Q�M���`�v �b�i�`�m�+�i�m�`�2�b �U�2�X�;�X �i�B�b�b�m�2�b ���M�/ �#���+�F�;�`�Q�m�M�/�V�-
���H�H�Q�r�B�M�; �i�Q �p�B�b�m���H�B�x�2 �M�Q�M�@�b�i���i�B�Q�M���`�v �b�i�`�m�+�i�m�`�2�b �U�2�X�;�X �#�H�Q�Q�/�V �(�R�e�)�X ���M �2�t���K�T�H�2 �Q�7 �j�. �J�_��
�+�2�`�2�#�`���H �p���b�+�m�H���i�m�`�2 �B�b �b�?�Q�r�M �B�M �}�;�m�`�2�R�X�k�X �"���b�2�/ �Q�M �i�?�2 �T�Q�r�2�` �Q�7 �i�?�2 �K���;�M�2�i�B�+ �}�2�H�/�-
�J�_�A �+���M �`�2���+�? �� �b�T���i�B���H �`�2�b�Q�H�m�i�B�Q�M �Q�7 �R�y�@�R�y�y� �K�X �>�Q�r�2�p�2�`�- �i�?�2 ���T�T�`�Q�p�2�/ �K���;�M�2�i�B�+ �}�2�H�/
�b�i�`�2�M�;�i�? ���H�H�Q�r�b �7�Q�` �� �`�2�b�Q�H�m�i�B�Q�M �Q�7 �Q�M�H�v �R �K�K �7�Q�` �?�m�K���M�b �(�R�d�)�X �J�_�� �+���M �r�Q�`�F �r�B�i�? �Q�`
�r�B�i�?�Q�m�i �+�Q�M�i�`���b�i ���;�2�M�i�b�- �B�b �M�Q�M�@�B�M�p���b�B�p�2 ���M�/ �/�Q�2�b �M�Q�i �`�2�[�m�B�`�2 �B�Q�M�B�x�B�M�; �`���/�B���i�B�Q�M�X �>�Q�r�2�p�2�`�-
���b �7�Q�` �J�_�A�- �i�?�2 �`�2�b�Q�H�m�i�B�Q�M �B�b �H�B�K�B�i�2�/ �i�Q �7�2�r �K�B�H�H�B�K�2�i�2�`�b�- �B�i �B�b �2�t�T�2�M�b�B�p�2 ���M�/ �i�B�K�2 �+�Q�M�b�m�K�B�M�;
�i�2�+�?�M�B�[�m�2�X

�R�X�k�X�k �*�Q�K�T�m�i�2�/ �h�Q�K�Q�;�`���T�?�v

�*�Q�K�T�m�i�2�/ �h�Q�K�Q�;�`���T�?�v �U�*�h�V �B�b �� �j�. �K�2�/�B�+���H �B�K���;�B�M�; �K�Q�/���H�B�i�v �i�?���i �m�b�2�b �s�@�`���v �#�2���K�b
�7�Q�` �i�?�2 �p�B�b�m���H�B�x���i�B�Q�M �Q�7 �Q�`�;���M�b ���M�/ �i�B�b�b�m�2�b�X �A�M �*�h�- �s�@�`���v�b ���i �/�B�z�2�`�2�M�i ���M�;�H�2�b ���`�2 �m�b�2�/ �i�Q
�K�2���b�m�`�2 �2�M�2�`�;�v�@�K���b�b ���i�i�2�M�m���i�B�Q�M ���M�/ �2�M�2�`�;�v�@�K���b�b ���#�b�Q�`�T�i�B�Q�M �i�Q �/�B�z�2�`�2�M�i�B���i�2 ���M�/ �B�K���;�2
�i�B�b�b�m�2�b �(�R�d�-�R�N�)�X �A�M �*�Q�K�T�m�i�2�/ �h�Q�K�Q�;�`���T�?�v ���M�;�B�Q�;�`���T�?�v �U�*�h���V�- �?�B�;�?�@�`�2�b�Q�H�m�i�B�Q�M �B�K���;�2�b
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�6�B�;�m�`�2 �R�X�k�, �J�_�� �+�Q�`�Q�M���H ���M�/ ���t�B���H �j�. �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �+�2�`�2�#�`���H �p�2�M�Q�m�b �b�v�b�i�2�K�- �}�;�m�`�2 �7�`�Q�K
�(�R�3�)�X

�6�B�;�m�`�2 �R�X�j�, �*�h�� �Q�7 �� �i�?�`�Q�K�#�B�+ �+���`�Q�i�?�B�/ �#�m�H�#�b�- ���t�B���H �U���V ���M�/ �b���;�B�i�i���H �U�#�V �B�K���;�2�b �U�A�K���;�2 �7�`�Q�K
�(�k�y�)�V�X �h�?�2 �r�?�B�i�2 ���`�`�Q�r �B�M�/�B�+���i�2 �i�?�2 �i�?�`�Q�K�#�Q�i�B�+ �#�m�H�# �2�t�i�2�M�/�B�M�; �7�`�Q�K �i�?�2 �Q�m�i�2�` �r���H�H �B�M�i�Q �i�?�2
�H�m�K�2�M�X

�Q�7 �i�?�2 �p���b�+�m�H���i�m�`�2 ���`�2 �+�`�2���i�2�/ �m�b�B�M�; �2�H�2�+�i�`�Q�M�@�/�2�M�b�2 �+�Q�M�i�`���b�i ���;�2�M�i�b�X �.�2�b�T�B�i�2 �i�?�2 �?�B�;�?
�`�2�b�Q�H�m�i�B�Q�M �Q�7 �i�?�2 �*�h�� �B�K���;�2�b �U�8�y� �K�V�- �*�h �s�@�`���v �2�t�T�Q�b�m�`�2 �+�Q�m�H�/ �#�2 �?���`�K�7�m�H�- �r�?�B�+�?
���p�Q�B�/�b �i�?�B�b �i�2�+�?�M�B�[�m�2 �7�`�Q�K �#�2�B�M�; �2�K�T�H�Q�v�2�/ �7�Q�` �7�`�2�[�m�2�M�i �2�t���K�b�X ���M �2�t���K�T�H�2 �Q�7 �*�h�� �Q�7 ��
�+���`�Q�i�B�/ �i�?�`�Q�K�#�m�b �B�b �b�?�Q�r�M �B�M �}�;�m�`�2�R�X�j�- �7�`�Q�K �(�k�y�)�X

�R�X�k�X�j �P�T�i�B�+���H �A�K���;�B�M�;

�A�M �Q�T�i�B�+���H �B�K���;�B�M�;�- �H�B�;�?�i �T�`�Q�T�2�`�i�B�2�b ���`�2 �+�Q�K�#�B�M�2�/ �i�Q �Q�#�i���B�M �/�2�i���B�H�2�/ �B�K���;�2�b �Q�7 �i�B�b�b�m�2�b
���M�/ �K�B�+�`�Q�p���b�+�m�H���` �b�i�`�m�+�i�m�`�2�b�X �o���b�+�m�H���` �Q�T�i�B�+���H �K�2�i�?�Q�/�b �+���M �#�2 �/�B�p�B�/�2�/ �B�M�i�Q �i�r�Q �K���B�M
�b�m�#�;�`�Q�m�T�b�, �#���H�H�B�b�i�B�+ �U�2�X�;�X �b�B�M�;�H�2 ���M�/ �i�r�Q�@�T�?�Q�i�Q�M �~�m�Q�`�2�b�+�2�M�+�2 �K�B�+�`�Q�b�+�Q�T�v�V ���M�/ �/�B�z�m�b�B�p�2
�B�K���;�B�M�; �U�2�X�;�X �/�B�z�m�b�2 �Q�T�i�B�+���H �i�Q�K�Q�;�`���T�?�v�V�X �h�?�2 �}�`�b�i �+���i�2�;�Q�`�v �T�`�Q�p�B�/�2�b �#�2�i�i�2�` �`�2�b�Q�H�m�i�B�Q�M�-
�#�m�i �H�Q�r �T�2�M�2�i�`���i�B�Q�M �/�2�T�i�? �U�y�X�8 �@ �R�X�8 �K�K�V�- �r�?�2�`�2���b �i�?�2 �b�2�+�Q�M�/ �T�`�Q�p�B�/�2�b �7�2�r �+�2�M�i�B�K�2�i�2�`�b
���b �B�K���;�B�M�; �/�2�T�i�? �#�m�i �T�Q�Q�`�2�` �`�2�b�Q�H�m�i�B�Q�M�X �P�T�i�B�+���H �B�K���;�B�M�; �?���b ���i�i�`���+�i�2�/ �B�M�i�2�`�2�b�i �/�m�2 �i�Q
�#�2�B�M�; �M�Q�M�@�B�M�p���b�B�p�2 ���M�/ �?�B�;�?�H�v �b�2�M�b�B�i�B�p�2�- �T�`�Q�p�B�/�B�M�; �� �`�2�b�Q�H�m�i�B�Q�M �/�Q�r�M �i�Q �M���M�Q�K�2�i�2�` �b�+���H�2
�(�k�R�)�X �h�?�2 �K���D�Q�` �H�B�K�B�i���i�B�Q�M �B�b �b�K���H�H �T�2�M�2�i�`���i�B�Q�M �/�2�T�i�? �U�I �R �K�K�V �(�R�d�)�X ���M �2�t���K�T�H�2 �Q�7
�Q�M�2�@�T�?�Q�i�Q�M �~�m�Q�`�2�b�+�2�M�+�2 �K�B�+�`�Q�b�+�Q�T�v �B�b �b�?�Q�r�M �B�M �}�;�m�`�2�R�X�9�X
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�6�B�;�m�`�2 �R�X�9�, �A�K���;�2�b �Q�7 �i�?�2 �p���b�+�m�H���i�m�`�2 �r�B�i�? �r�?�B�i�2 �H�B�;�?�i �B�K���;�2 �T�?�Q�i�Q�;�`���T�? �U���V ���M�/ �b�B�M�;�H�2�@�T�?�Q�i�Q�M
�~�m�Q�`�2�b�+�2�M�+�2 �K�B�+�`�Q�b�+�Q�T�v �U�#�V�X �6�B�;�m�`�2 �7�`�Q�K �(�k�k�)�X

�R�X�k�X�9 �l�H�i�`���b�Q�m�M�/

�A�M �l�H�i�`���b�Q�m�M�/ �U�l�a�V �K�2�/�B�+���H �B�K���;�B�M�;�- �i�?�2 �#���+�F�b�+���i�i�2�`�2�/ �2�+�?�Q�b �T�`�Q�/�m�+�2�/ ���i �i�?�2 �B�M�i�2�`�7���+�2
�#�2�i�r�2�2�M �/�B�z�2�`�2�M�i �K�2�/�B�� �U�2�X�;�X�- �#�2�i�r�2�2�M �#�H�Q�Q�/ ���M�/ �K�m�b�+�H�2�V �B�M�b�Q�M�B�}�2�/ �#�v �i�?�2 �m�H�i�`���b�Q�M�B�+
�r���p�2 ���`�2 �+�Q�K�#�B�M�2�/ �i�Q �;�2�M�2�`���i�2 ���M���i�Q�K�B�+���H �B�K���;�2�b �Q�7 �b�m�#�+�m�i���M�2�Q�m�b �b�i�`�m�+�i�m�`�2�b�- �b�m�+�? ���b
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�r�2 � �̀2�+�Q�M�b�i�`�m�+�i �a�_ �B�K���;�2�b �m�b�B�M�; �i�?�2 �l�G�J �7� �̀��K�2�r�Q�`�F �b�i�2�T�b�X �q�2 �2�p���H�m���i�2 �i�?�2 �T� �̀Q�T�Q�b�2�/
�h�1�l�G�J �m�b�B�M�; �7�Q�m�` �B�M �p�B�p�Q �/���i���b�2�i�b�- �� �_���i �#� �̀��B�M �U�/���i���b�2�i ���V�- �� �_���i �F�B�/�M�2�v �U�/���i���b�2�i �"�V�-
�� �_���i �i�m�K�Q�` �U�/���i���b�2�i �*�V ���M�/ �� �_���i �#� �̀��B�M �#�Q�H�m�b �U�/���i���b�2�i �.�V�- �B�M�i�2�`�T�Q�H���i�B�M�; ���i �i�?�2 �B�M�@�T�?���b�2
���M�/ �[�m���/� �̀��i�m� �̀2 �U�A�Z�V �H�2�p�2�H�X �_�2�b�m�H�i�b �/�2�K�Q�M�b�i� �̀��i�2 �i�?�2 �2�z�2�+�i�B�p�2�M�2�b�b �Q�7 �h�1�l�G�J �B�M � �̀2�+�Q�p�2�`�B�M�;
�p���b�+�m�H���` �b�i�`�m�+�i�m� �̀2�b�- �2�p�2�M ���i �� �.�a � �̀��i�2 �Q�7 �R�y �U�+�Q�`� �̀2�b�T�Q�M�/�B�M�; �i�Q �� �6�_ �Q�7 �b�m�#�@�R�y�y�>�x�V�X �A�M
�+�Q�M�+�H�m�b�B�Q�M�- �i�?�2 �T� �̀Q�T�Q�b�2�/ �i�2�+�?�M�B�[�m�2 �B�b �b�m�+�+�2�b�b�7�m�H �B�M � �̀2�+�Q�M�b�i�`�m�+�i�B�M�; ���+�+�m� �̀��i�2 �a�_ �B�K���;�2�b �r�?�B�H�2
� �̀2�[�m�B�`�B�M�; �6�_�b �Q�7 �Q�M�2 �Q� �̀/�2�` �Q�7 �K���;�M�B�i�m�/�2 �H�Q�r�2�` �i�?���M �b�i���M�/��� �̀/ �l�G�J�X

�k�X�R �A�M�i�`�Q�/�m�+�i�B�Q�M

�.�2�b�T�B�i�2 �i�?�2 ���/�p���M�i���;�2�b �i�?���i �l�G�J �K���v �#�`�B�M�; �B�M �i�?�2 �+�H�B�M�B�+���H �b�2�i�i�B�M�;�- �B�i�b �m�i�B�H�B�x���i�B�Q�M �B�b
�+�m�`�`�2�M�i�H�v �H�B�K�B�i�2�/ �#�v �?�B�;�? �6�_ �B�b �M�2�+�2�b�b���`�v �i�Q �+�Q�?�2�`�2�M�i�H�v �T���B�` �i�?�2 �J�" �b�B�;�M���H�b �7�`�Q�K �Q�M�2
�7�`���K�2 �i�Q �i�?�2 �b�m�+�+�2�b�b�B�p�2 �Q�M�2 �(�d�N�-�3�y�-�3�9�)�X �h�Q �/���i�2�- �i�?�B�b �M�2�2�/ �7�Q�` �?�B�;�? �6�_�b �?���b �?���K�T�2�`�2�/

�R�h�?�B�b �*�?���T�i�2�` ���T�T�2���`�b �B�M�,
�(�C�y�) �h�m�+�+�B�Q �:�X�- ���7�`���F�?�i�2�? �a�X�- �A���+�+�� �:�X�- �.�2�K�B �G�X�- �ô�h�B�K�2 �1�{�+�B�2�M�i �l�H�i�`���b�Q�m�M�/ �G�Q�+���H�B�x���i�B�Q�M �J�B�+�`�Q�b�+�Q�T�v �"���b�2�/ �Q�M ��
�L�Q�p�2�H �_���/�B���H �"���b�B�b �6�m�M�+�i�B�Q�M �k�. �A�M�i�2�`�T�Q�H���i�B�Q�M�ô �B�M �A�1�1�1 �h�`���M�b���+�i�B�Q�M�b �Q�M �K�2�/�B�+���H �B�K���;�B�M�;�- �k�y�k�9
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�i�?�2 �l�G�J �+�H�B�M�B�+���H �i�`���M�b�H���i�B�Q�M�X
�:�m�Q �2�i ���H�X �(�d�N�) �2�p���H�m���i�2�/ �#�v �� �[�m���M�i�B�i���i�B�p�2 �B�M�p�2�b�i�B�;���i�B�Q�M �i�?�2 �H�Q�b�b �Q�7 �l�G�J �T�2�`�7�Q�`�K���M�+�2

�r�?�2�M �/�2�+�`�2���b�B�M�; �i�?�2 �6�_�X �h�?�2 �b�i�m�/�v �/�2�K�Q�M�b�i�`���i�2�b�- �#�v �m�i�B�H�B�x�B�M�; ���M �B�M �p�B�p�Q �/���i���b�2�i�- �i�?���i ��
�/�2�+�`�2���b�2�/ �6�_ �`�2�b�m�H�i�b �B�M ���M �m�M�`�2�H�B���#�H�2 �K�B�+�`�Q�#�m�#�#�H�2 �/�2�i�2�+�i�B�Q�M ���M�/ �i�`���+�F�B�M�;�- �r�?�B�+�? �B�M �i�m�`�M
�H�2���/�b �i�Q �� �/�2�+�`�2���b�2�/ �b�T���i�B���H �`�2�b�Q�H�m�i�B�Q�M �U�7�`�Q�K �N�X�N� �K �i�Q �R�8� �K �r�?�2�M �;�Q�B�M�; �7�`�Q�K �R�F�>�x
�i�Q �k�8�y�>�x�V ���b �r�2�H�H ���b �� �/�2�+�`�2���b�2�/ �b���i�m�`���i�B�Q�M �U�b���i�m�`���i�B�Q�M �/�`�Q�T ���#�Q�p�2 �8�y% �7�`�Q�K �R�F�>�x �i�Q
�R�y�y�>�x�V�X �6�m�`�i�?�2�`�K�Q�`�2�- �i�?�2 �6�_ �?���b �� �b�B�;�M�B�}�+���M�i �B�K�T���+�i �Q�M �i�?�2 �T�`�2�+�B�b�B�Q�M �Q�7 �i�?�2 �p�2�H�Q�+�B�i�v
�K�2���b�m�`�2�K�2�M�i�b�X

�h�Q �i���+�F�H�2 �i�?�2 �?�B�;�? �6�_ �`�2�[�m�B�`�2�K�2�M�i�- ���+�F�2�`�K���M �2�i ���H�X �(�e�j�) ���M�/ �P�T���+�B�+ �2�i ���H�X �(�e�R�) �B�K�T�H�2�@
�K�2�M�i�2�/ �� �K�Q�/�B�}�2�/ �J���`�F�Q�p �+�?���B�M �J�Q�M�i�2 �*���`�H�Q �/���i�� ���b�b�Q�+�B���i�B�Q�M �i�Q �`�2�+�Q�p�2�` �l�*�� �i�`���+�F�b ���i ��
�H�Q�r�2�` �6�_�- �r�?�B�+�? �Q�T�i�B�K���H�H�v ���b�b�Q�+�B���i�2 �J�"�b �T�Q�b�B�i�B�Q�M�b �#���b�2�/ �Q�M ���M �m�M�/�2�`�H�v�B�M�; �K�Q�i�B�Q�M �K�Q�/�2�H�X
���M�Q�i�?�2�` ���T�T�`�Q���+�? �(�e�y�) �m�b�2�b �� �E���H�K���M �}�H�i�2�` ���b �� �i�`���+�F�B�M�; �#���+�F�#�Q�M�2�- ���M�/ �B�M�i�`�Q�/�m�+�2�b �J�"
�B�K���;�2 �7�2���i�m�`�2�b �Q�M �i�Q�T�X ���H�i�?�Q�m�;�? �i�?�2�b�2 ���T�T�`�Q���+�?�2�b �+���M �`�2�+�Q�p�2�` �l�*���b �i�`���+�F�b ���i �� �H�Q�r�2�`
�6�_�- �i�?�2�B�` �B�K�T�`�Q�p�2�/ �T�2�`�7�Q�`�K���M�+�2 �+�Q�K�2�b ���i �� �b�B�;�M�B�}�+���M�i �+�Q�K�T�m�i���i�B�Q�M���H �+�Q�b�i�X �1�M���#�H�B�M�;
�H�Q�r�2�` �6�_ ���+�[�m�B�b�B�i�B�Q�M�b �m�b�B�M�; �h�1�l�G�J �r�Q�m�H�/ ���H�H�2�p�B���i�2 �b�Q�K�2 �Q�7 �i�?�2 �/���i�� �b�B�x�2 �+�Q�M�b�i�`���B�M�i�b �7�Q�`
�l�G�J ���M�/ �r�Q�m�H�/ �K���F�2 �i�?�2 �i�2�+�?�M�Q�H�Q�;�v �K�Q�`�2 �T�`���;�K���i�B�+ �7�Q�` �+�H�B�M�B�+���H �i�`���M�b�H���i�B�Q�M�- �r�?�2�`�2 �H�Q�r
�6�_�b ���`�2 �b�i���M�/���`�/�X �h�Q �#�2 �K�Q�`�2 �T�`�2�+�B�b�2�- ���/�Q�T�i�B�M�; �H�Q�r�2�` �6�_ ���+�[�m�B�b�B�i�B�Q�M�b �B�M �l�G�J �+���M �#�`�B�M�;
���#�Q�m�i �M�m�K�2�`�Q�m�b ���/�p���M�i���;�2�b �B�M �i�?�2 �+�H�B�M�B�+���H �+�Q�M�i�2�t�i�X �h�?�2�b�2 �#�2�M�2�}�i�b �2�M�+�Q�K�T���b�b �`�2�/�m�+�2�/
�/���i�� �b�B�x�2�- �+�Q�K�T���i�B�#�B�H�B�i�v �r�B�i�? �b�i���M�/���`�/ �2�[�m�B�T�K�2�M�i�- ���M�/ �+�Q�b�i�@�2�z�2�+�i�B�p�2�M�2�b�b�X

�A�M �i�?�B�b �b�i�m�/�v�- �r�2 ���B�K ���i �#�`�B�/�;�B�M�; �i�?�2 �;���T �#�2�i�r�2�2�M �i�?�2 �?�B�;�? �6�_�b �`�2�[�m�B�`�2�/ �#�v �l�G�J �U�B�M
�i�?�2 �`���M�;�2 �Q�7 �R�F�>�x�V ���M�/ �i�?�2 �H�B�K�B�i�2�/ �6�_ �Q�7 �i�?�2 �b�i���M�/���`�/ �+�H�B�M�B�+���H �b�+���M�M�2�`�b �U�B�M �i�?�2 �b�m�#�@�`���M�;�2
�Q�7 �R�y�y�>�x�V�X

�h�Q �i�?�B�b �2�M�/�- �r�2 �T�`�Q�T�Q�b�2 �� �M�2�r �i�B�K�2�@�2�{�+�B�2�M�i �l�G�J �U�h�1�l�G�J�V �T�B�T�2�H�B�M�2 �#���b�2�/ �Q�M ��
�M�Q�p�2�H �k�@�/�B�K�2�M�b�B�Q�M���H �U�k�.�V �B�M�i�2�`�T�Q�H���i�B�Q�M �i�2�+�?�M�B�[�m�2 �i�Q �`�2�H���t �i�?�2 �`�2�[�m�B�`�2�K�2�M�i �Q�M �i�?�2 �?�B�;�? �6�_
�M�2�+�2�b�b���`�v �i�Q �Q�#�i���B�M �b�m�T�2�`�@�`�2�b�Q�H�p�2�/ �B�K���;�2�b�X �h�?�2 ���`�i�B�+�H�2 �B�b �b�i�`�m�+�i�m�`�2�/ ���b �7�Q�H�H�Q�r�b�X �a�2�+�i�B�Q�M
�k�X�k�;�B�p�2�b �� �/�2�i���B�H�2�/ �2�t�T�H���M���i�B�Q�M �Q�7 �i�?�2 �B�M�i�2�`�T�Q�H���i�B�Q�M �i�2�+�?�M�B�[�m�2 �m�b�2�/ �m�T�b�i�`�2���K �i�?�2 �l�G�J
�T�B�T�2�H�B�M�2�X �L�2�t�i�- �r�2 �/�2�b�+�`�B�#�2 �i�?�2 �F�2�v �b�i�2�T�b �Q�7 �l�G�J �7�`���K�2�r�Q�`�F�- ���b �r�2�H�H ���b �i�?�2 �h�1�l�G�J
�T�B�T�2�H�B�M�2�X �A�M �i�?�2 �`�2�b�m�H�i �b�2�+�i�B�Q�M �U�a�2�+�X�k�X�j�V�- �r�2 �[�m���M�i�B�7�v �i�?�2 �[�m���H�B�i�v �Q�7 �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/
�B�K���;�2�b �m�b�B�M�; �h�1�l�G�J�- ���M�/ �+�Q�K�T���`�2 �i�?�2�b�2 �B�K���;�2�b �r�B�i�? �i�?�2 �a�_ �B�K���;�2�b �Q�#�i���B�M�2�/ �i�?�`�Q�m�;�?
�b�i���M�/���`�/ �l�G�J�X �6�B�M���H�H�v�- �r�2 �T�`�Q�p�B�/�2 �i�?�2 �/�B�b�+�m�b�b�B�Q�M ���M�/ �+�Q�M�+�H�m�b�B�Q�M�b �Q�7 �i�?�2 �T�`�Q�T�Q�b�2�/ �K�2�i�?�Q�/�X

�k�X�k �J���i�2�`�B���H�b ���M�/ �J�2�i�?�Q�/�b

�k�X�k�X�R �_�"�6�@�#���b�2�/ �k�. �B�M�i�2�`�T�Q�H���i�B�Q�M

�_���/�B���H �"���b�B�b �6�m�M�+�i�B�Q�M�b �U�_�"�6�b�V �?���p�2 �#�2�2�M �7�`�2�[�m�2�M�i�H�v �m�b�2�/ �B�M �`�2�+�2�M�i �v�2���`�b �i�Q �B�M�i�2�`�T�Q�H���i�2
�?�B�;�?�@�/�B�K�2�M�b�B�Q�M���H �b�T���`�b�2 �/���i�� �(�3�8�- �3�e�)�X �h�?�2 �K���B�M ���/�p���M�i���;�2 �Q�7 �i�?�B�b �i�2�+�?�M�B�[�m�2 �B�b �i�?���i �B�i
�/�2�H�B�p�2�`�b �`�2�b�T�2�+�i���#�H�2 �M�m�K�2�`�B�+���H �`�2�b�m�H�i�b �r�B�i�?�Q�m�i �2�M�i���B�H�B�M�; �+�Q�K�T�H�B�+���i�2�/ �+�Q�K�T�m�i���i�B�Q�M�b�X �h�?�B�b
�K���F�2�b �B�i �b�B�K�T�H�2 �i�Q ���T�T�H�v �i�Q �+�Q�K�T�H�B�+���i�2�/ �;�2�Q�K�2�i�`�B�2�b �B�M �� �p���`�B�2�i�v �Q�7 �b�T���+�2�b�X �A�M �i�?�2 �7�Q�H�H�Q�r�B�M�;�-
�r�2 �T�`�Q�p�B�/�2 �i�?�2 �7�Q�`�K�m�H���i�B�Q�M �Q�7 �i�?�2 �k�. �B�M�i�2�`�T�Q�H���i�B�Q�M �T�`�Q�#�H�2�K �m�b�B�M�; �_�"�6�b�X

�:�B�p�2�M �i�?�2 �/���i��(�s j ; �uj ); j = 1; 2; : : : ; N; �r�?�2�`�2�s j ���M�/�uj 2 Rd �U�B�M �Q�m�` �T�`�Q�#�H�2�Kd =
2�V�- �r�2 ���B�K �i�Q �}�M�/ �� �+�Q�M�i�B�M�m�Q�m�b �7�m�M�+�i�B�Q�MS(�s) �b�Q �i�?���iS(�s j ) = �uj 8j 2 f 1; 2; : : : ; Ng�X �A�M
���/�/�B�i�B�Q�M�- �i�?�2 �B�M�i�2�`�T�Q�H���i�B�Q�M �#���b�2�b ���`�2 �+�?�Q�b�2�M ���bf � (X � X 1) ; � (X � X 2) ; : : : ; � (X � X N )g�-
�r�?�2�`�2X 1; X 2; : : : ;X N ���`�2 �T�`�2�/�2�i�2�`�K�B�M�2�/ �B�M�i�2�`�T�Q�H���i�B�Q�M �M�Q�/�2�b�X �h�?�2�b�2 ���b�b�m�K�T�i�B�Q�M�b �H�2���/ �i�Q
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�i�?�2 �/�2�}�M�B�i�B�Q�M �Q�7 �_�"�6�b ���b�,

� (r j ) � � (kX � X j k) =
q

kX � X j k2
2 + � 2 �U�k�X�R�V

�r�?�2�`�2k � k2 �B�M�/�B�+���i�2�b �i�?�2`2 �M�Q�`�K �U�B�X�2�X�- �i�?�2 �1�m�+�H�B�/�2���M �/�B�b�i���M�+�2�V ���M�/� �`�2�T�`�2�b�2�M�i�b �i�?�2 �b�Q�@
�+���H�H�2�/ �b�?���T�2 �T���`���K�2�i�2�`�X �.�m�2 �i�Q �i�?�2�B�` �`���/�B���H �/�2�T�2�M�/�2�M�+�2�- �i�?�2�b�2 �7�m�M�+�i�B�Q�M�b ���`�2 �`�2�7�2�`�`�2�/ �i�Q
���b �_�"�6�b�X �a�Q�K�2 �T�Q�b�b�B�#�H�2 �_�"�6�b ���`�2 �H�B�b�i�2�/ �B�M �h���#�H�2�k�X�R�X

�h���#�H�2 �k�X�R�, �_�"�6 �#���b�B�b �m�b�2�/ �B�M �i�?�B�b �b�i�m�/�v �U� �B�b �� �+�Q�M�b�i���M�i�-r �B�b �i�?�2 �`���/�B�m�b �Q�7 �i�?�2 �_�"�6�- ���M�/Ln (:)
�B�M�/�B�+���i�2�b �i�?�2 �M���i�m�`���H �H�Q�;���`�B�i�?�K�V�X

�J�2�i�?�Q�/ ���+�`�Q�M�v�K �6�Q�`�K�m�H��

�A�M�}�M�B�i�2�H�v �b�K�Q�Q�i�?
�J�m�H�i�B�[�m���/�`�B�+ �J�Z � (r ) =

p
1 + ( �r )2

�A�M�p�2�`�b�2 �K�m�H�i�B�[�m���/�`�B�+ �A�J�Z� (r ) = 1p
1+( �r )2

�:���m�b�b�B���M �:�� � (r ) = e� �r 2

�S�B�2�+�2�@�r�B�b�2 �b�K�Q�Q�i�?
�*�m�#�B�+ �*�l � (r ) = jr j3

�h�?�B�M �T�H���i�2 �b�T�H�B�M�2�h�S�a � (r ) = r 2Ln jr j

�6�Q�H�H�Q�r�B�M�; �i�?���i�- �r�2 �/�2�p�2�H�Q�T �� �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �Q�7 �_�"�6�b� (r ) �i�Q �K�Q�p�2 �7�Q�`�r���`�/ �r�B�i�?
�i�?�2 �k�. �B�M�i�2�`�T�Q�H���i�B�Q�M�,

S(�s) =
NX

j =1

� j � (k�s � �s c
j k2; � ); �U�k�X�k�V

�r�?�2�`�2�s = ( x1; x2; : : : ; xd)�-� �B�b �i�?�2 �b�?���T�2 �T���`���K�2�i�2�`�-� j �B�b �i�?�2 �B�M�i�2�`�T�Q�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i�-
���M�/r = k�sk2�X �A�7 �r�2 �B�M�i�2�M�/ �i�Q �2�b�i�B�K���i�2f : Rd ! R �m�i�B�H�B�x�B�M�; �i�?�2 �B�M�i�2�`�T�Q�H���i�Q�`�b �/�2�i�2�`�K�B�M�2�/
�#�v �1�[�X �U�k�X�k�V�- �r�2 �M�2�2�/ �i�Q �}�M�/ �i�?�2 �B�M�i�2�`�T�Q�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i�b� j �X �h�Q �/�Q �i�?���i�- �r�2 �m�b�2 �i�?�2
�7�Q�H�H�Q�r�B�M�; �B�M�i�2�`�T�Q�H���i�B�Q�M �+�Q�M�/�B�i�B�Q�M�,

S(�s j ) = f (�s j ); j = 1; 2; : : : ; N: �U�k�X�j�V

�"�v ���T�T�H�v�B�M�; �1�[�X �U�k�X�j�V ���i �i�?�2 �+�2�M�i�`���H �T�Q�B�M�i�b �Q�7X c
j �7�Q�`j = 1; : : : ; N �- �r�2 �Q�#�i���B�M �i�?�2 �H�B�M�2���`

�b�v�b�i�2�K�,
� N � N B N � 1 = FN � 1 B = [ � 1; � 2; : : : ; � N ]T �U�k�X�9�V

�r�?�B�+�? �+���M �#�2 �2�t�T���M�/�2�/ ���b �7�Q�H�H�Q�r�b�,
2

6
6
6
6
4

� (r1;1) � (r1;2) : : : � (r1;N )
� (r2;1) � (r2;2) : : : � (r2;N )

�X�X�X
�X�X�X

�X�X�X
�X�X�X

� (rN � 1;1) � (rN � 1;2) : : : � (rN � 1;N )
� (rN; 1) � (rN;2) : : : � (rN;N )

3

7
7
7
7
5

| {z }
�

2

6
6
6
6
4

� 1

� 2
�X�X�X

� N � 1

� N

3

7
7
7
7
5

| {z }
B

=

2

6
6
6
6
4

f (X 1)
f (X 2)

�X�X�X
f (X N � 1)
f (X N )

3

7
7
7
7
5

| {z }
F

�U�k�X�8�V

�r�?�2�`�2X j �B�M�/�B�+���i�2�b �i�?�2 �B�K���;�B�M�; �T�B�t�2�H�b�-f (X j ) �`�2�7�2�`�b �i�Q �i�?�2 �T�B�t�2�H �B�M�i�2�M�b�B�i�v �Q�7 �i�?�2 �B�K���;�B�M�;
�T�Q�B�M�iX j �-r i;j = k�s c

i � �s c
j k �B�b �i�?�2 �1�m�+�H�B�/�2���M �/�B�b�i���M�+�2�- ���M�/N �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �T�Q�B�M�i�b �B�M

�i�?�2 �k�. �;�`�B�/ �U�B�X�2�X�- �i�?�2 �B�K���;�B�M�; �T�Q�B�M�i�b �B�M �Q�m�` �T�`�Q�#�H�2�K�V�X
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�"���b�2�/ �Q�M �i�?�2 �b�v�b�i�2�K �B�M �1�[�X �U�j�X�k�V�- �i�Q �b�Q�H�p�2 �i�?�2 �B�M�i�2�`�T�Q�H���i�B�Q�M �T�`�Q�#�H�2�K �U�B�X�2�X�- �}�M�/�B�M�;
�i�?�2� �p���H�m�2�b�V�- �r�2 �K�m�b�i �B�M�p�2�`�i �i�?�2 �+�Q�2�{�+�B�2�M�i �K���i�`�B�t� �- ���b �/�B�b�+�m�b�b�2�/ �B�M �i�?�2 �M�2�t�i �b�2�+�i�B�Q�M�X
�L�Q�r�- �m�b�B�M�; �i�?�2 �+�Q�2�{�+�B�2�M�i�b �+���H�+�m�H���i�2�/ �7�`�Q�K �i�?�2 ���#�Q�p�2 �b�v�b�i�2�K�- �B�7 �r�2 �b�2�2�F �i�Q ���M���H�v�x�2 �i�?�2
�B�M�i�2�`�T�Q�H���i�Q�` ���iM �T�Q�B�M�i�bX i ; i = 1; 2; : : : ; M �- �i�?�2 �M�2�r �+�Q�2�{�+�B�2�M�i�b �K���i�`�B�t �2�M�i�`�B�2�b �K�m�b�i
�#�2 �+�Q�M�b�i�`�m�+�i�2�/ ���b �7�Q�H�H�Q�r�b�,hij = � (k�s i � �s c

j k2) 8j 2 f 1; : : : ; Ng�X �6�B�M���H�H�v�- �i�?�2 �7�Q�H�H�Q�r�B�M�;
�K���i�`�B�t �K�m�H�i�B�T�H�B�+���i�B�Q�M �B�b �m�b�2�/ �i�Q �2�p���H�m���i�2 �i�?�2 �B�M�i�2�`�T�Q�H���M�i ���i �i�?�2M �T�Q�B�M�i�b�,

Fest = HB = H� � 1F; �U�k�X�e�V

�r�?�2�`�2Fest �`�2�T�`�2�b�2�M�i�b �i�?�2 �2�b�i�B�K���i�2�/F �U�B�X�2�X�- �B�M �Q�m�` �B�M�i�2�`�T�Q�H���i�B�Q�M �T�`�Q�#�H�2�K�-Fest �B�M�/�B�+���i�2�b
�i�?�2 �B�M�i�2�`�T�Q�H���i�2�/ �/���i���V�X

�6�B�;�m�`�2 �k�X�R�, �J���B�M �T�`�Q�+�2�b�b�B�M�; �b�i�2�T�b �Q�7 �l�H�i�`���b�Q�m�M�/ �G�Q�+���H�B�x���i�B�Q�M �J�B�+�`�Q�b�+�Q�T�v �U�l�G�J�V ���M�/ �h�B�K�2
�1�{�+�B�2�M�i �l�H�i�`���b�Q�m�M�/ �G�Q�+���H�B�x���i�B�Q�M �J�B�+�`�Q�b�+�Q�T�v �U�h�1�l�G�J�V�X

�k�X�k�X�k �S�`�Q�T�Q�b�2�/ ���T�T�`�Q���+�?

�a�i���M�/���`�/ �l�G�J �7�`���K�2�r�Q�`�F

���b �b�?�Q�r�M �B�M �6�B�;�X�k�X�R�- �i�?�2 �i�`���/�B�i�B�Q�M���H �l�G�J �7�`���K�2�r�Q�`�F �+�Q�M�b�B�b�i�b �Q�7 �}�p�2 �#���b�B�+ �b�i�2�T�b�, �/���i��
���+�[�m�B�b�B�i�B�Q�M�- �T�`�2�@�T�`�Q�+�2�b�b�B�M�; ���M�/ �}�H�i�2�`�B�M�;�- �J�" �/�2�i�2�+�i�B�Q�M�- �J�" �H�Q�+���H�B�x���i�B�Q�M ���M�/ �i�`���+�F�B�M�;�-
���M�/ ���+�+�m�K�m�H���i�B�Q�M�X �6�Q�` �i�?�2 �/���i�� ���+�[�m�B�b�B�i�B�Q�M �b�i�2�T�- �i�?�2 �b�i���M�/���`�/ �7�`���K�2�r�Q�`�F �/�2�K���M�/�b �/���i��
���+�[�m�B�`�2�/ ���i �?�B�;�? �6�_�b�X �6�Q�H�H�Q�r�B�M�; �i�?���i�- �i�?�2 �?�B�;�? �6�_ �/���i�� �B�b �T�`�2�@�T�`�Q�+�2�b�b�2�/ �i�Q �`�2�/�m�+�2 �+�H�m�i�i�2�`
���M�/ �i�B�b�b�m�2 �M�Q�B�b�2�X �A�M �i�?�B�b �b�i�m�/�v�- �r�2 �2�K�T�H�Q�v �b�B�M�;�m�H���` �p���H�m�2 �/�2�+�Q�K�T�Q�b�B�i�B�Q�M �U�a�o�.�V �b�T���i�B�Q�@
�i�2�K�T�Q�`���H �}�H�i�2�`�B�M�; �i�Q �/�B�b�i�B�M�;�m�B�b�? �i�?�2 �J�"�b �b�B�;�M���H �7�`�Q�K �i�?�2 �b�m�`�`�Q�m�M�/�B�M�; �i�B�b�b�m�2 �(�8�e�)�X �h�?�2
�a�o�. �}�H�i�2�` �i���F�2�b ���/�p���M�i���;�2 �Q�7 �i�?�2 �7���+�i �i�?���i �#���+�F�@�b�+���i�i�2�` �i�B�b�b�m�2 �b�B�;�M���H�b �?���p�2 �� �?�B�;�? �b�T���i�B�Q�@
�i�2�K�T�Q�`���H �+�Q�?�2�`�2�M�+�2 �+�Q�K�T���`�2�/ �i�Q �J�" �2�+�?�Q�2�b�X �h�?�2�`�2�7�Q�`�2�- �#�v �2�H�B�K�B�M���i�B�M�; �i�?�2 �B�M�B�i�B���H�F
�b�B�M�;�m�H���` �p���H�m�2�b�- �i�?�2 �i�B�b�b�m�2 �b�B�;�M���H �B�b �}�H�i�2�`�2�/ �Q�m�i �7�`�Q�K �i�?�2 �/���i���X

�L�2�t�i�- �J�" �b�B�;�M���H�b ���`�2 �/�2�i�2�+�i�2�/ �#���b�2�/ �Q�M �i�?�2 �T�B�t�2�H�b �B�M�i�2�M�b�B�i�v �B�M �2���+�? �7�`���K�2�X ���b �B�M
�(�8�d�)�- ���M �2�b�i�B�K���i�2 �Q�7 �i�?�2 �M�m�K�#�2�` �Q�7 �J�"�b �U�B�X�2�X�-n�V �B�M �2���+�? �7�`���K�2 �B�b �m�i�B�H�B�x�2�/ �B�M�b�i�2���/ �Q�7
�+�`�2���i�B�M�; �� �i�?�`�2�b�?�Q�H�/ �i�Q �B�/�2�M�i�B�7�v �i�?�2 �K�B�M�B�K�m�K �T�B�t�2�H �B�M�i�2�M�b�B�i�v �p���H�m�2 �`�2�T�`�2�b�2�M�i���i�B�p�2 �Q�7 �i�?�2
�J�" �b�B�;�M���H�b�- �r�?�B�+�? �B�b �M�Q�M�@�i�`�B�p�B���H ���M�/ �K���v �`�2�b�m�H�i �B�M �T�Q�Q�` �J�" �/�2�i�2�+�i�B�Q�M�X �A�M �i�?�B�b �T���T�2�`�- �7�Q�`
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�2���+�? �7�`���K�2�- �i�?�2n �T�B�t�2�H�b �+�?���`���+�i�2�`�B�x�2�/ �#�v �i�?�2 �K�Q�b�i �B�M�i�2�M�b�2 �p���H�m�2�b ���`�2 �b�2�H�2�+�i�2�/�X �A�M�/�B�p�B�/�m���H
�J�"�b ���`�2 �i�?�2�M �H�Q�+���H�B�x�2�/ �m�b�B�M�; �i�?�2 �:���m�b�b�B���M �}�i�i�B�M�; ���H�;�Q�`�B�i�?�K �(�8�d�-�3�d�-�3�3�) �- �r�?�B�+�? �}�i�b �� �k�.
�K�m�H�i�B�p���`�B���i�2 �:���m�b�b�B���M �/�B�b�i�`�B�#�m�i�B�Q�M�X �h�?�B�b ���T�T�`�Q���+�? ���b�b�m�K�2�b �i�?���i �i�?�2 �K���t�B�K�m�K �B�M�i�2�M�b�B�i�v
�p���H�m�2 �UI �V �B�M �� �;�`�B�/ �Q�7[Nz; Nx ] �T�B�t�2�H�b �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �i�?�2 �J�" �+�2�M�i�`�Q�B�/�X �h�Q �`�2�+�Q�p�2�` �i�?�2
�b�m�T�2�`�@�`�2�b�Q�H�p�2�/ �H�Q�+���i�B�Q�M�- �i�?�2 �Q�`�B�;�B�M���H �B�K���;�2 �B�b �m�T�@�b���K�T�H�2�/ �#�v �� �`�2�b�Q�H�m�i�B�Q�M �7���+�i�Q�`res�X �1���+�?
�T�B�t�2�H �B�b �B�M�i�2�`�T�Q�H���i�2�/ �B�M�i�Q ��res � res �;�`�B�/�- ���H�H�Q�r�B�M�; �i�Q �H�Q�+���H�B�x�2 �i�?�2 �J�"�b �r�B�i�? �� �T�`�2�+�B�b�B�Q�M
res �i�B�K�2�b �?�B�;�?�2�` �i�?���M �i�?�2 �T�B�t�2�H �b�B�x�2�X �h�?�2 �}�M���H �B�K���;�2 �B�b �i�?�2�M �Q�#�i���B�M�2�/ ���b �� �;�`�B�/ �Q�7 �b�B�x�2
[Nz � res; Nx � res]�X �>�2�`�2�- �r�2 �/�2�}�M�2res ���b �i�?�2 �2�K�T�B�`�B�+���H �H�B�K�B�i �7�Q�m�M�/ �B�M �(�8�d�)�- �M���K�2�H�v
�R�y�X �h�?�2 �H�Q�+���H�B�x���i�B�Q�M �T�`�Q�#�H�2�K �+���M �i�?�2�M �#�2 �K���i�?�2�K���i�B�+���H�H�v �/�2�b�+�`�B�#�2�/ ���b ���M �Q�T�i�B�K�B�x���i�B�Q�M
�T�`�Q�#�H�2�K�X ���7�i�2�` �+�2�M�i�2�`�B�M�; �i�?�2 �b�m�#�b�T���+�2 �B�M �i�?�2 �K���t�B�K�m�K �p���H�m�2 �Q�7 �i�?�2 �b�m�#�@�b���K�T�H�2�/ �;�`�B�/�-
�i�?�2 �b�m�T�2�`�@�`�2�b�Q�H�p�2�/ �x ���M�/ �t �+�Q�Q�`�/�B�M���i�2�b�-(cz; cx )�- �Q�7 �2���+�? �J�" �B�b �2�p���H�m���i�2�/ ���b �i�?�2 �H�Q�+���i�B�Q�M
�Q�7 �i�?�2 �:���m�b�b�B���M �T�2���F ���b �7�Q�H�H�Q�r�b�,

maxI = exp
�

�
�

(z � cz)2

2� 2
z

+
(x � cx )2

2� 2
x

��
;

(z; x) 2
��

�j
f z

2
j; j

f z

2
j
�

;
�
�j

f x

2
j; j

f x

2
j
��

;
�U�k�X�d�V

�r�?�2�`�2f z ���M�/f x �`�2�b�T�2�+�i�B�p�2�H�v �B�M�/�B�+���i�2 �i�?�2 �6�q�>�J ���H�Q�M�;z ���M�/x �/�B�`�2�+�i�B�Q�M�b�X �h�?�2 �b�i���M�@
�/���`�/ �/�2�p�B���i�B�Q�M�b� z ���M�/� x ���`�2 �2�K�T�B�`�B�+���H�H�v �2�p���H�m���i�2�/ �i�Q �#�2 �2�[�m���H �i�Q �R�- ���b �B�M �(�8�d�)�X �h�?�2�M�-
�i�?�2 �#�B�T���`�i�B�i�2 �i�`���+�F�B�M�; ���H�;�Q�`�B�i�?�K �K���i�+�?�2�b �2���+�? �/�2�i�2�+�i�2�/ �J�" �H�Q�+���i�B�Q�M �B�M �� �7�`���K�2�@�i�Q�@�7�`���K�2
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�/���i���b�2�i�b �/�m�2 �i�Q �i�?�2�B�` �+���T���+�B�i�v �i�Q �2�M�+�Q�K�T���b�b �� �r�B�/�2 �`���M�;�2 �Q�7 �?�2�K�Q�/�v�M���K�B�+ �b�i�`�m�+�i�m�`�2�b
���+�`�Q�b�b �/�B�z�2�`�2�M�i �Q�`�;���M�b �U�b�m�+�? ���b �i�?�2 �#�`���B�M ���M�/ �F�B�/�M�2�v�V ���M�/ �p���`�B�Q�m�b �B�M�D�2�+�i�B�Q�M �K�Q�/���H�B�i�B�2�b�X

�R�3



�h���#�H�2 �k�X�j�, �l�G�J ���M�/ �h�1�l�G�J �T���`���K�2�i�2�`�b �m�b�2�/ �B�M �i�?�B�b �r�Q�`�F�X� ���M�/�� �B�M�/�B�+���i�2 �i�?�2 �T���`���K�2�i�2�`�b
�r�?�B�+�? �r�2�`�2 ���/�D�m�b�i�2�/ �7�Q�` �i�?�2 �M�Q�M�@�B�M�i�2�`�T�Q�H���i�2�/ �/���i�� �U�l�G�J ���iDS > 1�V�X �A�M �T���`�i�B�+�m�H���`�-� ���M�/��

�`�2�b�T�2�+�i�B�p�2�H�v �K�m�H�i�B�T�H�v ���M�/ �/�B�p�B�/�2 �#�v �� �7���+�i�Q�` �2�[�m���H �i�Q �i�?�2 �.�a �`���i�2 �m�b�2�/�X

�.���i���b�2�i �6�`���K�2 �F�@�p���H�m�2 �J���t�X �G�B�M�F�B�M�; �J�B�M�X �h�`���+�F �L�m�K�#�2�` �Q�7
�_���i�2 (Hz) �U�a�o�.�V �.�B�b�i���M�+�2� �H�2�M�;�i�?�� �J�" �f �6�`���K�2

�.���i���b�2�i �� �R�y�y�y �8 �k �R�8 �d�y
�.���i���b�2�i �" �R�y�y�y �R�y �R�X�8 �R�8 �R�y�y
�.���i���b�2�i �* �8�y�y �R�y �R �R�y �R�y�y
�.���i���b�2�i �. �R�y�y�y �R�y �k �R�y �R�y�y

�k�X�k�X�9 �A�M �p�B�p�Q �2�p���H�m���i�B�Q�M �K�2�i�`�B�+�b

�q�2 �m�b�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �K�2�i�`�B�+�b �i�Q �2�p���H�m���i�2 �i�?�2 �h�1�l�G�J�@�;�2�M�2�`���i�2�/ �a�_ �B�K���;�2 �[�m���H�B�i�v ���M�/
�+�Q�K�T���`�2 �B�i �r�B�i�? �i�?���i �Q�#�i���B�M�2�/ �#�v �b�i���M�/���`�/ �l�G�J�X

�_�Q�Q�i �J�2���M �a�[�m���`�2 �1�`�`�Q�` �U�_�J�a�1�V

�h�?�2 �b�B�K�B�H���`�B�i�v �#�2�i�r�2�2�M �i�?�2 �Q�`�B�;�B�M���H �B�K���;�2�- �`�2�+�Q�M�b�i�`�m�+�i�2�/ ���i �R�E�>�x �UI 1�V�- ���M�/ �i�?�2 �B�K���;�2�b
�B�M�i�2�`�T�Q�H���i�2�/ ���i �/�B�z�2�`�2�M�iDS �`���i�2�b �UI DS �V�- �r�B�i�?DS = 2; : : : ; 10�- �B�b ���b�b�2�b�b�2�/ �T�B�t�2�H�@�#�v�@�T�B�t�2�H
�m�b�B�M�; �i�?�2 �`�Q�Q�i �K�2���M �b�[�m���`�2 �2�`�`�Q�`�,

RMSE =

vu
u
t

NpixX

i =1

(jI DS � I 1j)2

Npix
; �U�k�X�3�V

�r�?�2�`�2Npix �/�2�M�Q�i�2�b �i�?�2 �i�Q�i���H �M�m�K�#�2�` �Q�7 �T�B�t�2�H�b �B�M �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/ �B�K���;�2�X �"�Q�i�? �/�2�M�b�B�i�v
�K���T�b�- �r�?�B�+�? �/�2�T�B�+�i �i�?�2 �p���b�+�m�H���` ���M���i�Q�K�v�- ���M�/ �p�2�H�Q�+�B�i�v �K���T�b ���`�2 �2�p���H�m���i�2�/�X �h�?�2 �_�Q�Q�i
�J�2���M �a�[�m���`�2 �1�`�`�Q�` �URMSE �V �B�b �2�K�T�H�Q�v�2�/ �i�Q �;���m�;�2 �i�?�2 �`�2�b�2�K�#�H���M�+�2 �B�M �i�2�`�K�b �Q�7 �p���b�+�m�H���`
�b�i�`�m�+�i�m�`�2 ���M�/ �B�M�i�2�M�b�B�i�v ���K�Q�M�; �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/ �B�K���;�2�b ���+�[�m�B�`�2�/ �i�?�`�Q�m�;�? �h�1�l�G�J ���M�/
�l�G�J ���i �p���`�B�Q�m�b �H�2�p�2�H�b �Q�7DS �`���i�2�b�X �A�M�/�2�2�/�- �i�?�2RMSE �+�Q�M�/�m�+�i�b �� �T�B�t�2�H�@�H�2�p�2�H ���b�b�2�b�b�K�2�M�i
�Q�7 �i�?�2 �2�`�`�Q�`�- �i���F�B�M�; �B�M�i�Q ���+�+�Q�m�M�i �i�?�2 �B�K���;�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/ �7�`�Q�K �i�?�2 �B�M�B�i�B���H �?�B�;�? �7�`���K�2�@�`���i�2
�/���i�� �U�R�E�>�x �7�Q�` �/���i���b�2�i�b ���- �"�- ���M�/ �.�- ���M�/ �8�y�y�>�x �7�Q�` �/���i���b�2�i �*�V ���b �i�?�2 �`�2�7�2�`�2�M�+�2 �b�i���M�/���`�/�X

�.�A�*�1 �b�+�Q�`�2

�h�?�2DICE �b�+�Q�`�2 �2�p���H�m���i�2�b �i�?�2 �b�B�K�B�H���`�B�i�v �#�2�i�r�2�2�M �i�r�Q �B�K���;�2�b �#�v �K�2���b�m�`�B�M�; �i�?�2 �Q�p�2�`�H���T�@
�T�B�M�; ���`�2�� �Q�7 �i�r�Q �B�K���;�2�b �Q�p�2�` �i�?�2 ���`�2�� �Q�7 �i�?�2�B�` �m�M�B�Q�M �(�3�N�)�,

DICE =
2 � j I DS \ I 1j

jI DS j [ j I 1j
; �U�k�X�N�V

�h�?�2DICE �b�+�Q�`�2 �[�m���M�i�B�i���i�B�p�2�H�v ���b�b�2�b�b�2�b �i�?�2 �`�2�b�2�K�#�H���M�+�2 �Q�7 �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/ �#�B�M���`�v
�B�K���;�2�b �;�2�M�2�`���i�2�/ �#�v �l�G�J ���M�/ �h�1�l�G�J ���+�`�Q�b�b �p���`�B�Q�m�bDS �`���i�2�b�X

�R�N



�S�2�`�+�2�M�i���;�2 �Q�7 �T�`�2�b�2�`�p�2�/ �i�`���+�F�b

�a�B�M�+�2 �i�?�2 �M�m�K�#�2�` �Q�7 �/�2�i�2�+�i�2�/ �i�`���+�F�b �?���b �� �b�B�;�M�B�}�+���M�i �B�K�T���+�i �Q�M �i�?�2 �b���i�m�`���i�B�Q�M ���M�/ �Q�M
�i�?�2 �[�m���H�B�i�v �Q�7 �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/ �B�K���;�2�b�- �r�2 ���M���H�v�x�2 �i�?�2 �b�i���i�B�b�i�B�+�b �`�2�H���i�2�/ �i�Q �i�?�2 �M�m�K�#�2�`
�Q�7 �i�`���+�F�b ���i �p���`�B�Q�m�bDS �`���i�2�b�X �h�?�2 �`���i�B�Q �Q�7 �i�?�2 �M�m�K�#�2�` �Q�7 �i�`���+�F�b �7�Q�m�M�/ ���i �i�?�2 �p���`�B�Q�m�bDS
�`���i�2�b �UDS = 2; : : : ; 10�V �i�Q �i�?�Q�b�2 �7�Q�m�M�/ ���iDS�4�R �B�b �m�b�2�/ �i�Q �+���H�+�m�H���i�2 �i�?�2 �T�2�`�+�2�M�i���;�2 �Q�7
�T�`�2�b�2�`�p�2�/ �i�`���+�F�b�X �h�?�2 �T�2�`�+�2�M�i���;�2 �Q�7 �T�`�2�b�2�`�p�2�/ �i�`���+�F�b �B�b �2�p���H�m���i�2�/ �7�Q�` �/�2�M�b�B�i�v �K���T�b �Q�M�H�v�X
�A�M �l�G�J�- �� �/�2�M�b�B�i�v �K���T �`�2�7�2�`�b �i�Q �� �b�T���i�B���H �`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �p�2�b�b�2�H �/�2�M�b�B�i�v �r�B�i�?�B�M �� �`�2�;�B�Q�M
�Q�7 �B�M�i�2�`�2�b�i�X

�a���i�m�`���i�B�Q�M

�q�2 �7�m�`�i�?�2�` ���b�b�2�b�b �i�?�2 �h�1�l�G�J �T�2�`�7�Q�`�K���M�+�2 ���i �/�B�z�2�`�2�M�iDS �`���i�2�b �i�?�`�Q�m�;�? �b���i�m�`���i�B�Q�M
�U�B�X�2�X�- �B�M�/�B�+���i�B�M�; �i�?�2 �M�m�K�#�2�` �Q�7 �T�B�t�2�H�b �+�`�Q�b�b�2�/ �#�v �J�"�b�V �(�d�N�- �3�y�)�X �h�?�2 �2�p���H�m���i�B�Q�M �Q�7 �i�?�2
�b���i�m�`���i�B�Q�M �B�b �K�2���M�B�M�;�7�m�H �b�B�M�+�2 �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/ �B�K���;�2�b ���`�2 �i�?�2 �`�2�b�m�H�i �Q�7 �i�?�2 ���+�+�m�K�m�H���i�B�Q�M
�Q�7 �i�?�2 �T�B�t�2�H�b �+�`�Q�b�b�2�/ �#�v �i�?�2 �J�"�b�X �A�M �i�?�B�b �b�i�m�/�v�- �i�?�2 �b���i�m�`���i�B�Q�M �+�m�`�p�2 �B�b �+���H�+�m�H���i�2�/ ���b �i�?�2
�T�2�`�+�2�M�i���;�2 �Q�7 �}�H�H�2�/ �T�B�t�2�H�b �Q�p�2�` �i�?�2 �i�Q�i���H ���`�2�� �Q�7 �i�?�2 �B�K���;�2�X �h�?�2 �b���i�m�`���i�B�Q�M �B�b �2�p���H�m���i�2�/
�Q�M�H�v �7�Q�` �/�2�M�b�B�i�v �K���T�b�X

�6�Q�m�`�B�2�` �_�B�M�; �*�Q�`�`�2�H���i�B�Q�M �U�6�_�*�V

�6�Q�m�`�B�2�` �_�B�M�; �*�Q�`�`�2�H���i�B�Q�M �B�b �� �+�Q�K�K�Q�M�H�v �m�b�2�/ �K�2�i�?�Q�/ �B�M �i�?�2 �l�G�J �+�Q�M�i�2�t�i �i�Q �2�b�i�B�K���i�2
�i�?�2 �b�T���i�B���H �`�2�b�Q�H�m�i�B�Q�M �Q�7 �i�?�2 �b�m�T�2�`�@�`�2�b�Q�H�p�2�/ �B�K���;�2�b �(�N�y�)�X �h�?�2FRC �2�p���H�m���i�2�b �i�?�2 �b�T���i�B���H
�7�`�2�[�m�2�M�+�v �+�Q�`�`�2�H���i�B�Q�M ���H�Q�M�; �B�b�Q�@�b�T���i�B���H �7�`�2�[�m�2�M�+�v �`�B�M�;�b �Ur i �V �#�2�i�r�2�2�M �i�r�Q �b�m�#�@�B�K���;�2�b �B�M �i�?�2
�7�`�2�[�m�2�M�+�v �/�Q�K���B�M�- �7�Q�`�K�2�/ �#�v �`���M�/�Q�K �b�T�H�B�i�i�B�M�; �i�?�2 �i�`���+�F�b�,

FRC(r i ) =

P
r 2 r i

F1(r )F2(r )�

q P
r 2 r i

jF1(r )j2
P

r 2 r i
jF2(r )j2

: �U�k�X�R�y�V

�h�?�2 �`�2�b�Q�H�m�i�B�Q�M �B�b �i�?�2 �B�M�p�2�`�b�2 �p���H�m�2 �Q�7 �i�?�2FRC �+�m�`�p�2�- �r�?�2�M �i�?�2FRC �/�`�Q�T�b �#�2�H�Q�r �i�?�2
�i�?�`�2�b�?�Q�H�/ �p���H�m�2�X �A�M �i�?�B�b �b�i�m�/�v�- �r�2 �b�2�H�2�+�i �i�?�21=2 �#�B�i ���b �i�?�`�2�b�?�Q�H�/�B�M�; �K�2�i�?�Q�/�- �r�?�B�+�?
�+�Q�`�`�2�b�T�Q�M�/�b �i�Q �i�?�2 �?�B�;�?�2�b�i �b�T���i�B���H �7�`�2�[�m�2�M�+�v �M�2�+�2�b�b���`�v �i�Q �+�Q�H�H�2�+�i �i�?�2 �B�M�7�Q�`�K���i�B�Q�M �i�Q �}�H�H
�?���H�7 �� �#�B�i �(�N�R�-�N�k�)�X �h�Q ���+�?�B�2�p�2 ���M �m�M�#�B���b�2�/ ���M�/ �Q�#�D�2�+�i�B�p�2 �[�m���M�i�B�}�+���i�B�Q�M�- �r�2 �+�Q�M�/�m�+�i �;�H�Q�#���H
�U�B�X�2�X�- �r�?�Q�H�2 �B�K���;�2�VFRC �`�2�b�Q�H�m�i�B�Q�M �2�b�i�B�K���i�2�b�X

�k�X�j �_�2�b�m�H�i�b

�A�M �i�?�B�b �b�2�+�i�B�Q�M�- �r�2 �T�`�2�b�2�M�i �i�?�2 �`�2�b�m�H�i�b �Q�#�i���B�M�2�/ �i�?�`�Q�m�;�? �h�1�l�G�J �m�b�B�M�; �i�?�2�B�M �p�B�p�Q�/���i���b�2�i�b
�/�2�b�+�`�B�#�2�/ �B�M �b�2�+�i�B�Q�M�k�X�k�X�j�X

�q�2 �T�`�Q�p�B�/�2 �i�?�2�B�M �p�B�p�Q�`�2�b�m�H�i�b �Q�7 �b�i���M�/���`�/ �l�G�J �Q�M �i�?�2 �Q�`�B�;�B�M���H �?�B�;�? �6�_ �/���i�� �U�M���K�2�H�v�-
�R�F�>�x �7�Q�` �/���i���b�2�i ���- �" ���M�/ �. ���M�/ �8�y�y�>�x �7�Q�` �/���i���b�2�i �*�V�- �b�2�2 �6�B�;�X�k�X�k�X �h�?�2�b�2 �B�K���;�2�b ���`�2
�+�Q�M�b�B�/�2�`�2�/ ���b �� �`�2�7�2�`�2�M�+�2�X �6�B�;�m�`�2�b�k�X�j�- �k�X�9�- �k�X�8�- ���M�/�k�X�e�/�2�T�B�+�i �i�?�2 �l�G�J ���M�/ �h�1�l�G�J
�`�2�+�Q�M�b�i�`�m�+�i�2�/ �/�2�M�b�B�i�v ���M�/ �p�2�H�Q�+�B�i�v �K���T�b �7�Q�` �/���i���b�2�i�b ���- �"�- �*�- ���M�/ �.�- �`�2�b�T�2�+�i�B�p�2�H�v�- ���+�`�Q�b�b
�/�B�z�2�`�2�M�iDS �`���i�2�b�X �A�i�ö�b �r�Q�`�i�? �2�K�T�?���b�B�x�B�M�; �i�?���i �7�Q�` �/���i���b�2�i �*�- �r�2 �T�`�Q�p�B�/�2 �i�?�2 �`�2�b�m�H�i�b
�m�M�i�B�H �/�Q�r�M�@�b���K�T�H�B�M�; �e �U�r�?�B�+�? �B�K�T�H�B�2�b �� �6�_ �Q�7 �3�j�>�x�V �r�?�B�+�? �/�2�K�Q�M�b�i�`���i�2�b �i�?�2 �+���T���#�B�H�B�i�v

�k�y



�Q�7 �Q�m�` �T�`�Q�T�Q�b�2�/ �h�1�l�G�J ���T�T�`�Q���+�? �i�Q �i�?�2 �6�_�b �+�H�Q�b�2 �i�Q �i�?�2 �+�m�`�`�2�M�i �+�H�B�M�B�+���H �b�v�b�i�2�K�ö�b �6�_�X
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