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Jules���� ��{Vincent, ��Winston, ��Jimmie,��Marsellus}
Vincent ���� ��{Jules,��Winston, ��Butch, ��Mia, ��Jimmie,��Marsellus}
Marsellus ���� ��{Jules,��Vincent, ��Mia, ��Butch, ��Zed}
Mia ���� ��{Marsellus, ��Vincent}
Butch ���� ��{Marsellus, ��Vincent, ��Zed}
Zed���� ��{Marsellus, ��Butch}
Jimme���� ��{Winston, ��Jules,��Vincent}
Winston ���� ��{Jules,��Vincent, ��Jimmie}

Embedding ��Model

Jules���� ��[0.39,��-0.14,��-0.71,��0.57]
Vincent ���� ��[0.15,��0.38,��0.74,��0.54]
Winston ���� ��[0.71,��-0.33,��0.18,��-0.59]
Jimmie���� ��[0.71,��-0.33,��0.18,��-0.59]
Marsellus ���� ��[-0.56,��0.3,��-0.77,��-0.02]
Mia ���� ��[-0.16,��0.88,��0.04,��-0.44]
Butch ���� ��[-0.58,��-0.45,��0.53,��0.42]
Zed���� ��[-0.61,��-0.55,��-0.12,��-0.55]
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�`�2�b�Q�m�`�+�2�b ���p���B�H���#�H�2 �?�2�`�2�X �h�?�2 �a�K���H�H �U�8���d �K�B�H�H�B�Q�M �i�`���M�b���+�i�B�Q�M�b�V ���M�/ �J�2�/�B�m�K �U���`�Q�m�M�/
�j�y �K�B�H�H�B�Q�M�V �/���i���b�2�i�b ���`�2 �i�?�2�`�2�7�Q�`�2 �m�b�2�/ �B�M �i�?�B�b �i�?�2�b�B�b �7�Q�` �#�2�M�+�?�K���`�F�B�M�;�X ���b �i�?�2
�/���i���b�2�i�b �B�M�+�H�m�/�2 �i�`���M�b���+�i�B�Q�M�b �B�M �K�m�H�i�B�T�H�2 �+�m�`�`�2�M�+�B�2�b�- �Q�M�H�v �i�?�Q�b�2 �/�2�M�Q�K�B�M���i�2�/ �B�M
�l�a�. ���`�2 �`�2�i���B�M�2�/ �7�Q�` �b�B�K�T�H�B�+�B�i�v�X

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

�G�B�K�B�i���i�B�Q�M�b �Q�7 ���J�G�q�Q�`�H�/���H�i�?�Q�m�;�? �p���H�m���#�H�2�- ���J�G�q�Q�`�H�/ �+���M�M�Q�i �7�m�H�H�v �b�m�#�@
�b�i�B�i�m�i�2 �`�2���H �i�`���M�b���+�i�B�Q�M �M�2�i�r�Q�`�F�b�X �6�B�`�b�i�- �B�i�b �T�`�Q�T�2�`�i�B�2�b ���`�2 �H�B�K�B�i�2�/ �#�v �b�B�K�m�H���i�Q�` �/�2�@
�b�B�;�M�- ���M�/ �H���m�M�/�2�`�B�M�; �T���i�i�2�`�M�b �`�2�~�2�+�i �i�?�2 ���m�i�?�Q�`�b�ö �+�Q�M�+�2�T�i�B�Q�M �`���i�?�2�` �i�?���M �`�2���H�@�r�Q�`�H�/
�T�`���+�i�B�+�2�b�X �"�2�M�+�?�K���`�F �`�2�b�m�H�i�b �Q�#�i���B�M�2�/ �Q�M ���J�G�q�Q�`�H�/ �K���v �i�?�2�`�2�7�Q�`�2 �M�Q�i �i�`���M�b�7�2�`
�/�B�`�2�+�i�H�v �i�Q �T�`���+�i�B�+�2�X
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�a�2�+�Q�M�/�- �/���i���b�2�i �b�B�x�2 �T�Q�b�2�b ���/�/�B�i�B�Q�M���H �+�?���H�H�2�M�;�2�b�- �b�B�M�+�2 �K���M�v �M�Q�/�2 �2�K�#�2�/�/�B�M�;
�K�Q�/�2�H�b �b�+���H�2 �T�Q�Q�`�H�v�X �6�Q�` �i�?�B�b �`�2���b�Q�M�- �K�Q�b�i �2�t�T�2�`�B�K�2�M�i�b �B�M �i�?�B�b �i�?�2�b�B�b �m�b�2 �b�K���H�H�2�`
�#�2�M�+�?�K���`�F �;�`���T�?�b �i�Q �2�b�i���#�H�B�b�? �#���b�2�H�B�M�2�b�- �r�?�B�H�2 ���J�G�q�Q�`�H�/ �/���i���b�2�i�b ���`�2 �2�K�T�H�Q�v�2�/
�B�M �*�?���T�i�2�`�d�Q�M�+�2 �b�+���H���#�H�2 �K�Q�/�2�H�b �?���p�2 �#�2�2�M �B�M�i�`�Q�/�m�+�2�/�X

�k�X�k �J���i�?�2�K���i�B�+���H �_�2�T�`�2�b�2�M�i���i�B�Q�M�b ���M�/ �h�Q�Q�H�b �7�Q�` �J�Q�/�2�H�H�B�M�;
�L�2�i�r�Q�`�F�b ���M�/ �:�`���T�? �a�i�`�m�+�i�m�`�2

�h�Q �/�B�b�+�m�b�b �i�?�2 �T�`�Q�T�2�`�i�B�2�b �Q�7 �M�2�i�r�Q�`�F�b �`�B�;�Q�`�Q�m�b�H�v�- �B�i �B�b �M�2�+�2�b�b���`�v �i�Q �2�b�i���#�H�B�b�? �K���i�?�2�@
�K���i�B�+���H �/�2�}�M�B�i�B�Q�M�b ���M�/ �M�Q�i���i�B�Q�M�X �"�2�;�B�M�M�B�M�; �r�B�i�? �i�?�2 �;�`���T�? �b�i�`�m�+�i�m�`�2�- �H�2�iG = ( N; M)
�/�2�M�Q�i�2 �� �/�B�`�2�+�i�2�/ �;�`���T�? �r�B�i�?�Q�m�i �b�2�H�7�@�H�Q�Q�T�b�- �r�?�2�`�2N �B�b �i�?�2 �b�2�i �Q�7 �M�Q�/�2�b ���M�/M �i�?�2
�b�2�i �Q�7 �2�/�;�2�b�X �h�?�2 �;�`���T�? �+�Q�M�i���B�M�bn = jNj �M�Q�/�2�b ���M�/m = jMj �2�/�;�2�b�X

���b �M�Q�i�2�/ �B�M �*�?���T�i�2�`�R�- ���M�2�i�r�Q�`�F�+�Q�M�b�B�b�i�b �Q�7 �� �;�`���T�? �i�Q�;�2�i�?�2�` �r�B�i�? ���/�/�B�i�B�Q�M���H
�M�Q�/�2 �Q�` �2�/�;�2 ���i�i�`�B�#�m�i�2�b�X �6�Q�` �2�t���K�T�H�2�- �� �;�`���T�?G �+�Q�K�#�B�M�2�/ �r�B�i�? �� �K���i�`�B�t �Q�7d �M�Q�/�2
���i�i�`�B�#�m�i�2�b�-X 2 Rn � d �- �7�Q�`�K�b �� �M�2�i�r�Q�`�FN = ( G; X )�X �a�B�K�B�H���`�H�v�- �� �r�2�B�;�?�i�2�/ �;�`���T�?
�+���M �#�2 �2�t�T�`�2�b�b�2�/ ���bN = ( G; w)�- �r�?�2�`�2w 2 Rm

� 0 �B�b �� �p�2�+�i�Q�` �Q�7 �2�/�;�2 �r�2�B�;�?�i�b�- �r�B�i�?
�Q�M�2 �2�H�2�K�2�M�iwi 7! j 2 R� 0 �7�Q�` �2���+�? �2�/�;�2(i; j ) 2 M�X

�� �+�2�M�i�`���H �K���i�?�2�K���i�B�+���H �`�2�T�`�2�b�2�M�i���i�B�Q�M �B�M �i�?�B�b �i�?�2�b�B�b �B�b �i�?�2 ���/�D���+�2�M�+�v �K���i�`�B�t
A 2 Rn � n

� 0 �- �/�2�}�M�2�/ ���b

A i;j =

(
wj 7! i �B�7(j; i ) 2 M;
0 �Q�i�?�2�`�r�B�b�2:

�U�k�X�k�V

�>�2�`�2�-wj 7! i �B�b �i�?�2 �r�2�B�;�?�i �Q�7 �i�?�2 �2�/�;�2 �7�`�Q�Kj �i�Qi �- �r�B�i�?wj 7! i = 1 �B�M �m�M�r�2�B�;�?�i�2�/
�;�`���T�?�b�X

�h�?�2 ���/�D���+�2�M�+�v �K���i�`�B�t �B�b �2�[�m�B�p���H�2�M�i �i�Q �i�?�2 �M�Q�/�2 ���M�/ �2�/�;�2 �b�2�i�b(N; M) �#�m�i �B�b
�K�Q�`�2 �+�Q�M�p�2�M�B�2�M�i �7�Q�` �K���i�?�2�K���i�B�+���H ���M�/ �+�Q�K�T�m�i���i�B�Q�M���H �K�Q�/�2�H�H�B�M�;�X �L�Q�i�2 �i�?���iA i;j

�`�2�+�Q�`�/�b �r�?�2�i�?�2�` ���M �2�/�;�2 �2�t�B�b�i�b �7�`�Q�K �M�Q�/�2j �i�Q �M�Q�/�2i �X �*�Q�M�b�2�[�m�2�M�i�H�v�- �+�Q�H�m�K�M�b �Q�7
A �+�Q�`�`�2�b�T�Q�M�/ �i�Q �Q�m�i�;�Q�B�M�; �2�/�;�2�b�- ���M�/ �`�Q�r�b �i�Q �B�M�+�Q�K�B�M�; �2�/�;�2�b�X �h�?�B�b �7�Q�H�H�Q�r�b �i�?�2
�+�Q�M�p�2�M�i�B�Q�M �Q�7 �L�2�r�K���M �(�d�9�- �*�?�X �e�X�9�) ���M�/ �B�b ���/�Q�T�i�2�/ �i�?�`�Q�m�;�?�Q�m�i �i�?�B�b �i�?�2�b�B�b�X �_�2���/�2�`�b
���+�+�m�b�i�Q�K�2�/ �i�Q �i�?�2 �Q�T�T�Q�b�B�i�2 �+�Q�M�p�2�M�i�B�Q�M �b�?�Q�m�H�/ �i���F�2 �+���`�2�X

�l�M�/�B�`�2�+�i�2�/ �;�`���T�?�b ���`�2 �i�`�2���i�2�/ ���b �b�T�2�+�B���H �+���b�2�b �Q�7 �/�B�`�2�+�i�2�/ �;�`���T�?�b �r�?�2�`�2

A i;j = A j;i �7�Q�` ���H�H(i; j ) 2 M:

�1�[�m�B�p���H�2�M�i�H�v�- �� �/�B�;�`���T�? �+���M �#�2 �+�Q�M�p�2�`�i�2�/ �i�Q ���M �m�M�/�B�`�2�+�i�2�/ �;�`���T�? �#�v ���/�/�B�M�; �i�?�2
�`�2�p�2�`�b�2 �2�/�;�2(j; i ) �7�Q�` �2�p�2�`�v(i; j ) 2 M�- �v�B�2�H�/�B�M�; �i�?�2 �b�v�K�K�2�i�`�B�b�2�/ �2�/�;�2 �b�2�iM �m�M�/�B�`�X
�A�M �K���i�`�B�t �7�Q�`�K�- �i�?�B�b �B�bA �m�M�/�B�`= A + A | �X

�A�i �B�b ���H�b�Q �m�b�2�7�m�H �i�Q �/�2�}�M�2 �M�Q�i���i�B�Q�M �7�Q�` �� �M�Q�/�2�ö�b �Q�m�i�@�- �B�M�@�- ���M�/ �m�M�/�B�`�2�+�i�2�/ �M�2�B�;�?�@
�#�Q�m�`�?�Q�Q�/�b�,

N�P(i ) = f j : (i; j ) 2 Mg;

N�A(i ) = f j : (j; i ) 2 Mg; �U�k�X�j�V

N�l(i ) = f j : (i; j ) 2 M �m�M�/�B�`g:
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�� �`�2�H���i�2�/ ���M�/ �r�B�/�2�H�v �m�b�2�/ �+�Q�M�+�2�T�i �B�b �i�?�2�2�;�Q�M�2�i�Q�7 �� �M�Q�/�2�, �i�?�2 �B�M�/�m�+�2�/ �b�m�#�;�`���T�?
�7�Q�`�K�2�/ �#�v �� �M�Q�/�2 ���M�/ ���H�H �Q�7 �B�i�b �m�M�/�B�`�2�+�i�2�/ �M�2�B�;�?�#�Q�m�`�b�X �h�?�2 �2�;�Q�M�2�i �Q�7 �M�Q�/�2i �B�b
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�h�?�2 �r�2�B�;�?�i�2�/ �Q�m�i�@�- �B�M�@�- ���M�/ �m�M�/�B�`�2�+�i�2�/ �/�2�;�`�2�2�b ���`�2 �/�2�}�M�2�/ �p�B�� �i�?�2 ���/�D���+�2�M�+�v
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�/�2�;�P(i ) =
nX

k=1

Ak;i ; �/�2�;�A(i ) =
nX

k=1

A i;k ; �/�2�;(i ) =
nX

k=1

A �m�M�/�B�`k;i ; �U�k�X�e�V
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�m�/�2�;�P(i ) = jN�P(i )j; �m�/�2�;�A(i ) = jN�A(i )j; �m�/�2�;(i ) = jN�l(i )j: �U�k�X�d�V
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(i; j ) 2 M () (� (i ); � (j )) 2 M;
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���p�2�`���;�2 �T���i�? �H�2�M�;�i�?hl �T���i�?i �- ���H�H �M�2�B�;�?�#�Q�m�`�?�Q�Q�/�b �+�Q�M�p�2�`�;�2 �i�Q�r���`�/�b �i�?�2 �;�H�Q�#���H �;�`���T�?
�/�2�M�b�B�i�v�X

�h�?�2 �#�Q�i�i�Q�K �`�Q�r �Q�7 �6�B�;�m�`�2�k�X�8�b�?�Q�r�b �i�?�`�2�2 �#�2�M�+�?�K���`�F �M�2�i�r�Q�`�F�b�X �h�?�2�b�2 �2�t�?�B�#�B�i
�b�B�K�B�H���` �K�m�H�i�B�@�b�+���H�2 �T���i�i�2�`�M�b�- �i�?�Q�m�;�? �r�B�i�? �H�2�b�b �T�`�Q�M�Q�m�M�+�2�/ �/�2�M�b�B�i�v �b�T�B�F�2�b �i�?���M �i�?�2
�+�`�v�T�i�Q�+�m�`�`�2�M�+�v �;�`���T�?�b�X �h�?�2 �p���`�B���i�B�Q�M �B�M �i�`���D�2�+�i�Q�`�B�2�b ���;���B�M �?�B�;�?�H�B�;�?�i�b �i�?�2 �/�B�p�2�`�b�B�i�v
�Q�7 �K�m�H�i�B�@�b�+���H�2 �b�i�`�m�+�i�m�`�2�b�X �6�Q�` ���`�t�B�p ���M�/ �a�M���T �S���i�2�M�i�b�- �r�?�B�+�? �?���p�2 �H���`�;�2�` ���p�2�`���;�2
�T���i�? �H�2�M�;�i�?�b �U�8�X�d ���M�/ �e�X�3�- �`�2�b�T�2�+�i�B�p�2�H�v�V�- �+�Q�M�p�2�`�;�2�M�+�2 �i�Q �i�?�2 �;�H�Q�#���H �/�2�M�b�B�i�v �Q�+�+�m�`�b
�K�Q�`�2 �b�H�Q�r�H�v �i�?���M �B�M �i�?�2 �Q�i�?�2�` �/���i���b�2�i�b�X

�_�2�T�`�2�b�2�M�i�B�M�; �J�m�H�i�B�@�a�i�2�T �a�i�`�m�+�i�m�`�2�b �p�B�� �q���H�F�b

�� �m�b�2�7�m�H �i�Q�Q�H �7�Q�` �`�2�T�`�2�b�2�M�i�B�M�; �K�m�H�i�B�@�b�i�2�T �M�2�B�;�?�#�Q�m�`�?�Q�Q�/�b �B�b �i�?�2 �T�Q�r�2�`�b �Q�7 �i�?�2 ���/�D���@
�+�2�M�+�v �K���i�`�B�t�-A k �X �a�T�2�+�B�}�+���H�H�v�- �i�?�2 �2�M�i�`�vA k

j;i �+�Q�m�M�i�b �i�?�2 �M�m�K�#�2�` �Q�7k�@�b�i�2�T �T���i�?�b
�b�i���`�i�B�M�; ���i �M�Q�/�2i ���M�/ �2�M�/�B�M�; ���i �M�Q�/�2j �B�M �i�?�2 �;�`���T�? �(�d�9�- �*�?�X �e�X�R�R�)�X �h�?�m�b�- �i�?�2i �i�?
�+�Q�H�m�K�MA k

:;i �+�Q�M�i���B�M�b �i�?�2 �+�Q�m�M�i�b �Q�7 ���H�Hk�@�b�i�2�T �T���i�?�b �2�K���M���i�B�M�; �7�`�Q�K �M�Q�/�2i �- �r�?�B�H�2
�i�?�2j �i�? �`�Q�rA k

j; : �+�Q�M�i���B�M�b �i�?�2 �+�Q�m�M�i�b �Q�7 ���H�Hk�@�b�i�2�T �T���i�?�b �i�2�`�K�B�M���i�B�M�; ���i �M�Q�/�2j �X
�6�Q�` �m�M�/�B�`�2�+�i�2�/ �;�`���T�?�b�-A k

:;i = A k |
i; : �- �#�m�i �i�?�B�b �b�v�K�K�2�i�`�v �/�Q�2�b �M�Q�i �;�2�M�2�`���H�H�v �?�Q�H�/ �B�M

�/�B�`�2�+�i�2�/ �;�`���T�?�b�X
�.�B�`�2�+�i�H�v �m�b�B�M�;A k �B�b �Q�7�i�2�M �B�K�T�`���+�i�B�+���H�- ���b �2�M�i�`�B�2�b �;�`�Q�r �`���T�B�/�H�v �r�B�i�?k�- �H�2���/�B�M�;

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

�6�Q�` �/�B�;�`���T�?�b�- �i�?�2 �`���M�/�Q�K �r���H�F �M�Q�`�K���H�B�x���i�B�Q�M �?���b �i�r�Q �M���i�m�`���H �p���`�B���M�i�b�- �/�2�T�2�M�/�@
�B�M�; �Q�M �r�?�2�i�?�2�` �r���H�F�b �7�Q�H�H�Q�r �Q�m�i�;�Q�B�M�; �Q�` �B�M�+�Q�K�B�M�; �2�/�;�2�b�X �h�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �K���i�`�B�@
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�6�B�;�m�`�2 �k�X�8�,�1�/�;�2 �/�2�M�b�B�i�v �i�`���D�2�+�i�Q�`�B�2�b �Q�7 �K�m�H�i�B�@�b�i�2�T �M�2�B�;�?�#�Q�m�`�?�Q�Q�/�bN�L (i; r ) �7�Q�` �b�2�H�2�+�i�2�/
�M�Q�/�2�b ���+�`�Q�b�b �/�B�z�2�`�2�M�i �M�2�i�r�Q�`�F�b�X �1���+�? �+�m�`�p�2 �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �Q�M�2 �M�Q�/�2�- �b�?�Q�r�B�M�; �?�Q�r �i�?�2
�/�2�M�b�B�i�v �Q�7 �B�i�b �B�M�/�m�+�2�/ �M�2�B�;�?�#�Q�m�`�?�Q�Q�/ �+�?���M�;�2�b �r�B�i�? �`���/�B�m�br �- �K�2���M�B�M�; �i�?�2 �M�m�K�#�2�` �Q�7 �b�i�2�T�b
�7�`�Q�K �i�?�2 �B�M�B�i�B���H �M�Q�/�2�X�U�h�Q�T �`�Q�r�V�,�*�`�v�T�i�Q�+�m�`�`�2�M�+�v �M�2�i�r�Q�`�F�b �/�B�b�T�H���v �#�Q�i�? �;�`���/�m���H �/�2�M�b�B�i�v
�b�?�B�7�i�b ���M�/ �b�m�/�/�2�M �b�T�B�F�2�b�- �`�2�~�2�+�i�B�M�; ���#�`�m�T�i �+�?���M�;�2�b �B�M �H�Q�+���H �b�i�`�m�+�i�m�`�2�X�U�"�Q�i�i�Q�K �`�Q�r�V�,
�"�2�M�+�?�K���`�F �M�2�i�r�Q�`�F�b �b�?�Q�r �b�B�K�B�H���` �K�m�H�i�B�@�b�+���H�2 �#�2�?���p�B�Q�m�`�- �i�?�Q�m�;�? �r�B�i�? �b�H�B�;�?�i�H�v �b�K�Q�Q�i�?�2�`
�i�`���D�2�+�i�Q�`�B�2�b�X �A�M ���H�H �+���b�2�b�- �/�2�M�b�B�i�B�2�b �+�Q�M�p�2�`�;�2 �i�Q�r���`�/�b �i�?�2 �;�H�Q�#���H �2�/�;�2 �/�2�M�b�B�i�v �Q�M�+�2r �2�t�+�2�2�/�b
�i�?�2 ���p�2�`���;�2 �T���i�? �H�2�M�;�i�?hl �T���i�?i �X

�+�2�b ���`�2 �/�2�M�Q�i�2�/ �#�vA �P �U�Q�m�i�V ���M�/A �A �U�B�M�V�- �r�B�i�? �2�M�i�`�B�2�b

A �Pi;j =

(
1 �B�7i = j ���M�/ �/�2�;�P(j ) = 0 ;

A i;j

�/�2�;�P( j ) �Q�i�?�2�`�r�B�b�2�-
�U�k�X�R�8�V

A �Ai;j =

(
1 �B�7i = j ���M�/ �/�2�;�A(j ) = 0 ;

A j;i

�/�2�;�A( j ) �Q�i�?�2�`�r�B�b�2�X
�U�k�X�R�e�V

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

A �l i;j =

(
1 �B�7i = j ���M�/ �/�2�;(j ) = 0 ;
A �m�M�/�B�`i;j

�/�2�;( j ) �Q�i�?�2�`�r�B�b�2�X
�U�k�X�R�d�V

�h�?�2�b�2 �i�?�`�2�2 �K���i�`�B�+�2�b�-A �P�-A �A�- ���M�/A �l �- ���`�2 �+�Q�H�H�2�+�i�B�p�2�H�v �/�2�M�Q�i�2�/A � �X �h�?�2�v ���H�H
�b���i�B�b�7�vA � 2 [0; 1]n � n ���M�/ ���`�2 �+�Q�H�m�K�M�@�b�i�Q�+�?���b�i�B�+�- �K�2���M�B�M�; �i�?���i �i�?�2 �2�M�i�`�B�2�b �B�M �2���+�?
�+�Q�H�m�K�M �b�m�K �i�Q �Q�M�2 �(�R�k�R�- �*�?�X �3�X�d�)�X �*�Q�M�b�2�[�m�2�M�i�H�v�- �2���+�?A � �b�2�`�p�2�b ���b �� �`���M�/�Q�K �r���H�F
�i�`���M�b�B�i�B�Q�M �K���i�`�B�t�X

�:�B�p�2�M �� �T�`�Q�#���#�B�H�B�i�v �p�2�+�i�Q�`p(k ) 2 [0; 1]n �- �r�?�2�`�2p(k )
i �/�2�M�Q�i�2�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7

�� �`���M�/�Q�K �r���H�F�2�` �#�2�B�M�; ���i �M�Q�/�2i ���7�i�2�`k �b�i�2�T�b�- �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M ���7�i�2�`k+1 �b�i�2�T�b �B�b
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�Q�#�i���B�M�2�/ �#�v

p(k+1) = A � p(k ) : �U�k�X�R�3�V

�1���+�? �M�Q�`�K���H�B�x���i�B�Q�M �/�2�}�M�2�b �� �/�B�b�i�B�M�+�i �`���M�/�Q�K �r���H�F �#�2�?���p�B�Q�m�` �r�B�i�? �`�2�b�T�2�+�i �i�Q �2�/�;�2
�/�B�`�2�+�i�B�Q�M�b�,

�Ç �q�B�i�?A �P�- �i�?�2 �r���H�F�2�` �7�Q�H�H�Q�r�b �i�?�2 �;�`���T�?�ö�b �Q�m�i�;�Q�B�M�; �2�/�;�2�b �U�i�?�2 �ó�/�2�7���m�H�i�ô �/�B�`�2�+�@
�i�B�Q�M�V�X

�Ç �q�B�i�?A �A�- �i�?�2 �r���H�F�2�` �B�M�b�i�2���/ �i�`���p�2�`�b�2�b �B�M�+�Q�K�B�M�; �2�/�;�2�b �U�B�X�2�X�- �`�2�p�2�`�b�2�/ �/�B�`�2�+�i�B�Q�M�V�X

�Ç �q�B�i�?A �l �- �2�/�;�2�b ���`�2 �i�`�2���i�2�/ ���b �m�M�/�B�`�2�+�i�2�/�- ���M�/ �i�?�2 �r���H�F�2�` �+���M �K�Q�p�2 �B�M �2�B�i�?�2�`
�/�B�`�2�+�i�B�Q�M�X

���M���H�Q�;�Q�m�b �i�Q �i�?�2 �m�M�M�Q�`�K���H�B�x�2�/ ���/�D���+�2�M�+�v �K���i�`�B�t�- �i�?�2 �T�Q�r�2�`�bA k
� �+���T�i�m�`�2k�@�b�i�2�T

�M�2�B�;�?�#�Q�m�`�?�Q�Q�/ �B�M�7�Q�`�K���i�B�Q�M�X �6�`�Q�K �i�?�2 �`�2�+�m�`�`�2�M�+�2p(k+1) = A � p(k ) �- �B�i �7�Q�H�H�Q�r�b �i�?���i�-
�;�B�p�2�M ���M �B�M�B�i�B���H �/�B�b�i�`�B�#�m�i�B�Q�Mp(0) �- �i�?�2 �b�i���i�2 ���7�i�2�`k �b�i�2�T�b �B�b

p(k ) = A k
� p(0) : �U�k�X�R�N�V

�h�?�m�b�- �2���+�? �2�M�i�`�vA k
� j;i �`�2�T�`�2�b�2�M�i�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �� �r���H�F�2�` �b�i���`�i�B�M�; ���i �M�Q�/�2i �B�b

���i �M�Q�/�2j ���7�i�2�` �2�t���+�i�H�vk �b�i�2�T�b�X �l�M�H�B�F�2A k �- �i�?�2�b�2 �M�Q�`�K���H�B�x�2�/ �T�Q�r�2�` �K���i�`�B�+�2�b �`�2�K���B�M
�#�Q�m�M�/�2�/ �r�B�i�?�B�M[0; 1]�- �;�B�p�B�M�; �i�?�2�K �K�m�+�? �#�2�i�i�2�` �M�m�K�2�`�B�+���H �b�i���#�B�H�B�i�v �7�Q�` �H���`�;�2k�X

�A�i �B�b �i�Q �2�M�b�m�`�2 �+�Q�H�m�K�M�@�b�i�Q�+�?���b�i�B�+�B�i�v �i�?���i �i�?�2 �/�B���;�Q�M���H �2�H�2�K�2�M�i�b �Q�7 �2���+�?A � ���`�2
�b�2�i �i�Q �R �7�Q�` �M�Q�/�2�b �r�B�i�?�Q�m�i �H�2�;���H �2�/�;�2�b �i�Q �7�Q�H�H�Q�r�X �a�m�+�? �M�Q�/�2�b ���`�2 �`�2�7�2�`�`�2�/ �i�Q ���b�b�B�M�F
�M�Q�/�2�b�- �b�B�M�+�2 �� �`���M�/�Q�K �r���H�F�2�` �i�?���i �2�M�i�2�`�b �i�?�2�K �+���M�M�Q�i �H�2���p�2�X �>�Q�r�2�p�2�`�- �B�i �B�b �T�Q�b�b�B�#�H�2
�i�Q �M�Q�`�K���H�B�x�2 �i�?�2 ���/�D���+�2�M�+�v �K���i�`�B�t �r�B�i�?�Q�m�i �i�?�B�b �b�T�2�+�B���H �i�`�2���i�K�2�M�i�- �r�?�B�+�? �H�2���/�b �i�Q
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EmbeddingsEmbedding 
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Loss functionLabels

Network

def GNN(graph, x, w1, w2):
   adj = get_adj(graph)
   z = x @ w1 + adj @ x @ w2
   return z
   

def LossFun(labels, z):
   pred = make_prediction(z)
   loss = norm(labels - pred)
   return loss
   

Minimize 
loss 

function
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EmbeddingsEmbedding 
model

Loss function

Network

def GNN(graph, x, w1, w2):
   adj = get_adj(graph)
   z = x @ w1 + adj @ x @ w2
   return z
   

def LossFun(graph, z):
   adj = get_adj(graph)
   loss = norm(adj - z @ z.T)
   return loss
   

Minimize 
loss 

function
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EmbeddingsEmbedding 
model

Network

def EmbModel(graph):
   adj = get_adj(graph)
   adj = add_self_loops(adj)
   u,s,vh = svd(adj)
   return u * sqrt(s)
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�B�i�B�2�b ���M�/ �/�2�b�B�/�2�`���i�� �B�M�i�`�Q�/�m�+�2�/ �2���`�H�B�2�`�X �A�M �T���`�i�B�+�m�H���`�- �i�?�2 �`�2�p�B�2�r �+�Q�M�b�B�/�2�`�b �r�?�2�i�?�2�`
�i�?�2 �K�Q�/�2�H�b �+���T�i�m�`�2 �K�m�H�i�B�@�b�i�2�T�- �K�m�H�i�B�@�b�+���H�2�- ���M�/ �/�B�`�2�+�i�2�/ �b�i�`�m�+�i�m�`�2�b�- ���M�/ �r�?�2�i�?�2�`
�i�?�2�v �B�M�+�Q�`�T�Q�`���i�2 �M�Q�/�2 ���i�i�`�B�#�m�i�2�b�X �h�?�2�B�` �T�`�2�7�2�`�`�2�/ �H�2���`�M�B�M�; �b�2�i�i�B�M�;�b�- ���b �/�2�b�+�`�B�#�2�/ �B�M
�a�2�+�i�B�Q�M�j�X�j�- ���`�2 ���H�b�Q �?�B�;�?�H�B�;�?�i�2�/�- ���H�Q�M�; �r�B�i�? �b�+���H���#�B�H�B�i�v �+�Q�M�b�B�/�2�`���i�B�Q�M�b�X



�8�e �*�?���T�i�2�` �j�X �L�Q�/�2 �1�K�#�2�/�/�B�M�; �J�Q�/�2�H�b

�h�?�2 ���M���H�v�b���#�B�H�B�i�v �Q�7 �2���+�? �K�Q�/�2�H �B�b ���b�b�2�b�b�2�/ �B�M �i�r�Q �r���v�b�X �6�B�`�b�i�- �#�v �2�p���H�m���i�B�M�;
�r�?�2�i�?�2�` �B�i �+���M �#�2 �+�H���b�b�B�}�2�/ ���b ���T� �̀Q�t�B�K�B�i�v�Q��̀b�i�`�m�+�i�m� �̀��H�2�K�#�2�/�/�B�M�; �K�Q�/�2�H�- �7�Q�H�H�Q�r�B�M�;
�i�?�2 �/�2�}�M�B�i�B�Q�M�b �B�M �a�2�+�i�B�Q�M�j�X�9�X �a�2�+�Q�M�/�- �#�v �+�Q�M�b�B�/�2�`�B�M�; �B�i�b �#�`�Q���/�2�` ���M���H�v�b���#�B�H�B�i�v�-
�m�M�/�2�`�b�i�Q�Q�/ ���b �i�?�2 ���#�B�H�B�i�v �i�Q �K���i�?�2�K���i�B�+���H�H�v �`�2���b�Q�M ���#�Q�m�i �i�?�2 �K�Q�/�2�H ���M�/ �i�Q �b�i���i�2
���M�/ �T�`�Q�p�2 �T�`�Q�T�2�`�i�B�2�b �i�?���i �B�M�7�Q�`�K �B�i�b �#�2�?���p�B�Q�m�`�X �h�?�B�b �7�Q�+�m�b �`�2�~�2�+�i�b �i�?�2 �T�`���+�i�B�+���H
�M�2�2�/ �7�Q�` �m�M�b�m�T�2�`�p�B�b�2�/ �K�Q�/�2�H �b�2�H�2�+�i�B�Q�M �B�M �i�`���M�b���+�i�B�Q�M �M�2�i�r�Q�`�F�b�- �r�?�2�`�2 �H���#�2�H�H�2�/ �/���i��
�7�Q�` �?�v�T�2�`�T���`���K�2�i�2�` �i�m�M�B�M�; �B�b �;�2�M�2�`���H�H�v �m�M���p���B�H���#�H�2�X

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

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

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

�A�M �i�?�2 �M�2�t�i �b�2�+�i�B�Q�M�b�- �2���+�? �Q�7 �i�?�2 �K�Q�/�2�H �+���i�2�;�Q�`�B�2�b ���M�/ �K�Q�/�2�H�b �7�`�Q�K �h���#�H�2�j�X�R�B�b
�/�B�b�+�m�b�b�2�/�- �/�2�i���B�H�B�M�; �i�?�2�B�` �T�`�Q�T�2�`�i�B�2�b �i�?���i ���`�2 �b�m�K�K���`�B�x�2�/ �B�M �i�?�2 �i���#�H�2�X

�j�X�e �_���M�/�Q�K �q���H�F�@�#���b�2�/ �J�Q�/�2�H�b

�h�?�B�b �}�`�b�i �`�2�p�B�2�r �b�2�+�i�B�Q�M �i�`�2���i�b �K�Q�/�2�H�b �i�?���i �m�b�2 �`���M�/�Q�K �r���H�F�b �i�Q �B�M�+�Q�`�T�Q�`���i�2 �K�m�H�i�B�@
�b�i�2�T �b�i�`�m�+�i�m�`�2�b �B�M�i�Q �M�Q�/�2 �2�K�#�2�/�/�B�M�;�b�X �"�`�Q���/�H�v�- �i�?�2�b�2 ���T�T�`�Q���+�?�2�b �7���H�H �B�M�i�Q �i�r�Q
�+���i�2�;�Q�`�B�2�b�,�b���K�T�H�2�/ � �̀��M�/�Q�K �r���H�F �K�Q�/�2�H�b�- �r�?�B�+�? �`�2�H�v �Q�M �2�t�T�H�B�+�B�i �r���H�F �b���K�T�H�B�M�;�- ���M�/
�K���i�`�B�t � �̀2�/�m�+�i�B�Q�M �K�Q�/�2�H�b�- �r�?�B�+�? �+�Q�K�T�m�i�2 ���M���H�v�i�B�+ �T�`�Q�t�B�K�B�i�v �K���i�`�B�+�2�b �i�?���i ���`�2 �i�?�2�M
�7���+�i�Q�`�B�x�2�/ �B�M�i�Q �2�K�#�2�/�/�B�M�;�b�X �h�?�2�b�2 �i�r�Q �7���K�B�H�B�2�b ���`�2 �+�H�Q�b�2�H�v �`�2�H���i�2�/ �(�R�d�e�-�d�j�)�- ���b �r�B�H�H
�#�2 �/�B�b�+�m�b�b�2�/ �H���i�2�`�X �6�B�`�b�i�- �i�?�2 �b���K�T�H�2�/ �`���M�/�Q�K �r���H�F �K�Q�/�2�H�b ���`�2 �B�M�i�`�Q�/�m�+�2�/�X

�a���K�T�H�2�/ �_���M�/�Q�K �q���H�F �J�Q�/�2�H�b

�l�M�/�B�`�2�+�i�2�/ �:�`���T�?�b�h�?�`�2�2 �b�2�K�B�M���H �b���K�T�H�2�/ �`���M�/�Q�K �r���H�F �K�2�i�?�Q�/�b ���`�2 �.�2�2�T�@
�q���H�F �(�R�d�9�)�- �L�Q�/�2�k�o�2�+ �(�R�N�)�- ���M�/ �G�A�L�1 �(�d�e�)�X ���H�H �/�B�`�2�+�i�H�v �Q�T�i�B�K�B�x�2 �i�?�2 �2�K�#�2�/�/�B�M�;
�K���i�`�B�tZ 2 Rn � p �p�B�� �� �b�2�H�7�@�b�m�T�2�`�p�B�b�2�/ �H�Q�b�b �i�?���i �2�M�+�Q�m�`���;�2�b �2�K�#�2�/�/�B�M�;�b �Q�7 �M�Q�/�2�b
�b�?���`�B�M�; �� �r���H�F�@�#���b�2�/ �+�Q�M�i�2�t�i �i�Q �#�2 �+�H�Q�b�2�- �r�?�B�H�2 �m�M�`�2�H���i�2�/ �M�Q�/�2�b ���`�2 �T�m�b�?�2�/ ���T���`�i�X



�j�X
�e�X

�_���M
�/�Q

�K
�q���H

�F
�@

�#���b�2�/
�J�Q

�/�2�H
�b

�8�d

�J�Q�/���H�B�i�B�2�b �1�K�#�2�/�/�B�M�; �h�v�T�2 �.�2�b�B�/�2�`���i��

�*���i�2�;�Q�`�v �J�Q�/�2�H
�J�m�H�i�B�@
�b�i�2�T

�J�m�H�i�B�@
�b�+���H�2

�.�B�`�2�+�i�2�/
�L�Q�/�2

���i�i�`�B�#�m�i�2�b
�S�`�Q�t�B�K�B�i�v �a�i�`�m�+�i�m�`���H

�G�2���`�M�B�M�;
�b�2�i�i�B�M�;

���M���H�v�b���#�B�H�B�i�v
�[�m���H�B�i�v

�a�+���H���#�B�H�B�i�v
�+�Q�M�b�B�/�2�`���i�B�Q�M�b
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K
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�/�
Q

�K
�q
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H

�F
�@

�#
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b�
2�

/
�.�2�2�T�r���H�F �(�R�d�9�) 3 7 7 7 3 7 �a�2�H�7�@�b�m�T�2�`�p�B�b�2�/ �1���b�v�_���M�/�Q�K �r���H�F �b���K�T�H�B�M�; ���M�/

�B�i�2�`���i�B�p�2 �Q�T�i�B�K�B�x���i�B�Q�M�L�Q�/�2�k�o�2�+ �(�R�N�) 3 7 7 7 3 7 �a�2�H�7�@�b�m�T�2�`�p�B�b�2�/ �J�2�/�B�m�K�@�1���b�v
�G�A�L�1 �(�d�e�) �Ç �Ç �Ç 7 3 7 �a�2�H�7�@�b�m�T�2�`�p�B�b�2�/ �1���b�v�A�i�2�`���i�B�p�2 �Q�T�i�B�K�B�x���i�B�Q�M

���S�S �(�9�) 3 7 3 7 3 7 �a�2�H�7�@�b�m�T�2�`�p�B�b�2�/ �1���b�v�_���M�/�Q�K �r���H�F �b���K�T�H�B�M�; ���M�/
�B�i�2�`���i�B�p�2 �Q�T�i�B�K�B�x���i�B�Q�M�L�1�_�. �( �R�3�) 3 7 3 7 3 7 �a�2�H�7�@�b�m�T�2�`�p�B�b�2�/ �1���b�v

�_�B�q���H�F �(�R�d�8�) 3 7 7 7 7 3 �a�2�H�7�@�b�m�T�2�`�p�B�b�2�/ �J�2�/�B�m�K �YO (nm ) �b�m�#�@�;�`���T�? �`�2�H���#�2�H�H�B�M�;
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v
�K
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i�`

�B
�t

�`
�2

�/�
m

�+
�i�

B
�Q

�M

�L�2�i�J�6 �(�R�d�e�) 3 7 7 7 3 7 �l�M�b�m�T�2�`�p�B�b�2�/ �1���b�v

�Z�m���/�`���i�B�+ �i�B�K�2
�+�Q�K�T�H�2�t�B�i�v�-O (nm )

�>�P�S�1 �(�R�9�) 3 7 3 7 3 7 �l�M�b�m�T�2�`�p�B�b�2�/ �1���b�v
�:�`���T�?�q���p�2 �(�d�N�) 3 3 3 7 7 3 �l�M�b�m�T�2�`�p�B�b�2�/ �J�2�/�B�m�K

�.�B�;�`���T�?�r���p�2 �(�R�d�d�) 3 3 3 7 7 3 �l�M�b�m�T�2�`�p�B�b�2�/ �J�2�/�B�m�K
�_�2�i�:�E �(�R�d�3�) 3 3 7 7 7 3 �L�Q �H�2���`�M�B�M�; �1���b�v
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��T
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�+
�Q

�M
�p

�Q
�H

�m
�i�

B
�Q

�M
�b

�:�`���T�? �+�Q�M�p�Q�H�m�@
�i�B�Q�M���H �}�H�i�2�`�b �(�R�d�N�- �R�3�y�) 3 7 �Ç 3 �Ç �Ç �L�Q �H�2���`�M�B�M�; �1���b�v �G�B�M�2���` �i�B�K�2

�+�Q�K�T�H�2�t�B�i�v�-O (nd + md )
�a�:�*�L �( �k�k�) 3 7 7 3 7 �Ç �L�Q �H�2���`�M�B�M�; �1���b�v

�*�?�2�#�L�2�i �(�R�3�R�) 3 �Ç 7 3 �Ç �Ç �a�m�T�2�`�p�B�b�2�/ �J�2�/�B�m�K�@�1���b�v
�A�i�2�`���i�B�p�2

�Q�T�i�B�K�B�x���i�B�Q�M

�J�2�b�b���;�2�@
�T���b�b�B�M�;
�K�Q�/�2�H�b

�S�*���S���b�b �(�k�R�) 3 3 7 3 7 �Ç �l�M�b�m�T�2�`�p�B�b�2�/ �J�2�/�B�m�K�@�1���b�v�G�B�M�2���` �i�B�K�2 �+�Q�K�T�H�2�t�B�i�v

�J�m�H�i�B�G�2�M�b �(�3�y�) 3 3 �Ç 3 7 �Ç �l�M�b�m�T�2�`�p�B�b�2�/ �J�2�/�B�m�K�@�1���b�v�o�2�`�v �K�2�K�Q�`�v �B�M�2�{�+�B�2�M�i
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�:�*�L �( �R�k�) 3 �Ç 7 3 �Ç �Ç �a�m�T�2�`�p�B�b�2�/ �>���`�/
�A�i�2�`���i�B�p�2

�Q�T�i�B�K�B�x���i�B�Q�M
�:�`���T�?�a���:�1 �( �R�j�) 3 �Ç 7 3 �Ç �Ç �a�m�T�2�`�p�B�b�2�/ �>���`�/

�:���h �( �R�R�) 3 �Ç 7 3 �Ç �Ç �a�m�T�2�`�p�B�b�2�/ �>���`�/
�.�B�`�@�:�L�L �(�d�R�) 3 �Ç 3 3 �Ç �Ç �a�m�T�2�`�p�B�b�2�/ �>���`�/

�a
�a

�:�
L�

L
�J

�Q
�/�

2�
H

�b �:���1 �( �R�8�e�) 3 �Ç 7 3 3 7 �a�2�H�7�@�b�m�T�2�`�p�B�b�2�/ �>���`�/

�A�i�2�`���i�B�p�2
�Q�T�i�B�K�B�x���i�B�Q�M

�.�:�A �(�R�8�8�) 3 �Ç 7 3 7 �Ç �a�2�H�7�@�b�m�T�2�`�p�B�b�2�/ �>���`�/
�J�o�:�_�G �( �R�e�3�) 3 �Ç 7 3 �Ç �Ç �a�2�H�7�@�b�m�T�2�`�p�B�b�2�/ �>���`�/

�"�:�_�G �(�8�) 3 �Ç 7 3 �Ç �Ç �a�2�H�7�@�b�m�T�2�`�p�B�b�2�/ �>���`�/
�*�*���@�a�a�: �(�d�) 3 �Ç 7 3 �Ç �Ç �a�2�H�7�@�b�m�T�2�`�p�B�b�2�/ �>���`�/

�:�`���T�?�J���1 �( �R�e�N�) 3 �Ç 7 3 �Ç �Ç �a�2�H�7�@�b�m�T�2�`�p�B�b�2�/ �>���`�/
�:�`���T�?�J���1�p�k �(�R�d�y�) 3 �Ç 7 3 �Ç �Ç �a�2�H�7�@�b�m�T�2�`�p�B�b�2�/ �>���`�/

�"�G���.�1 �( �e�) 3 �Ç 3 3 3 7 �a�2�H�7�@�b�m�T�2�`�p�B�b�2�/ �>���`�/

�h���#�H�2 �j�X�R�,�P�p�2�`�p�B�2�r �Q�7 �M�Q�/�2 �2�K�#�2�/�/�B�M�; �K�Q�/�2�H�b �7�Q�` �`�2�T�`�2�b�2�M�i�B�M�; �;�`���T�? �b�i�`�m�+�i�m�`�2 ���M�/ �M�Q�/�2 ���i�i�`�B�#�m�i�2�b�X �h�?�2 �K���`�F�2�`�b �B�M�/�B�+���i�2 �K�Q�/�2�H
�+�Q�K�T���i�B�#�B�H�B�i�v �r�B�i�? �/�B�z�2�`�2�M�i �K�Q�/���H�B�i�B�2�b ���M�/ �2�K�#�2�/�/�B�M�; �i�v�T�2�b�,3 �/�2�M�Q�i�2�b �7�m�H�H �+�Q�K�T���i�B�#�B�H�B�i�v�-�Ç �/�2�M�Q�i�2�b �T���`�i�B���H �Q�` �+�Q�M�i�2�t�i�@�/�2�T�2�M�/�2�M�i
�+�Q�K�T���i�B�#�B�H�B�i�v�- ���M�/7 �/�2�M�Q�i�2�b �B�M�+�Q�K�T���i�B�#�B�H�B�i�v �Q�` �i�?�2 �M�2�2�/ �7�Q�` �M�Q�M�@�i�`�B�p�B���H �2�t�i�2�M�b�B�Q�M�b�X ���H�H �K�Q�/�2�H�b �H�B�b�i�2�/ ���`�2 �/�2�b�+�`�B�#�2�/ �B�M �i�?�2 �K���B�M
�i�2�t�i�X



�8�3 �*�?���T�i�2�` �j�X �L�Q�/�2 �1�K�#�2�/�/�B�M�; �J�Q�/�2�H�b
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�6�B�;�m�`�2 �j�X�9�,�L�Q�/�2�k�o�2�+ �r���H�F�@�b�T�H�B�i�i�B�M�; �b�i�`���i�2�;�v�X �� �r���H�F �Q�7 �H�2�M�;�i�?L �+���M �#�2 �T���`�i�B�i�B�Q�M�2�/
�B�M�i�QL � K + 1 �b�?�Q�`�i�2�` �r���H�F�b �Q�7K �b�i�2�T�b�- �B�K�T�`�Q�p�B�M�; �b���K�T�H�B�M�; �2�{�+�B�2�M�+�v�X

�.�2�2�T�q���H�F ���M�/ �L�Q�/�2�k�o�2�+ �#�Q�i�? �K�B�M�B�K�B�x�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �H�Q�b�b �7�m�M�+�i�B�Q�M�,

L (G) =
X

i 2 N

L(i ); �U�j�X�k�V

L(i ) = �
1

jW(i )j

X

j 2 W( i )

�
�
Z i; :Z

|
j; :

�
�

1
K �M�2�;jW(i )j

X

j 2 W( i )

X

k2 S( j )

�
�

� Z i; :Z
|
k; :

�
; �U�j�X�j�V

�r�?�2�`�2W(i ) �B�b �i�?�2 �b�2�i �Q�7 �M�Q�/�2�b �`�2���+�?�2�/ �#�v �`���M�/�Q�K �r���H�F�b �b�i���`�i�B�M�; ���ii �-S(j ) �B�b �� �b�2�i
�Q�7K �M�2�;�M�2�;���i�B�p�2 �b���K�T�H�2�b �7�Q�` �2���+�?j 2 W(i )�- ���M�/Z i; : �B�b �i�?�2 �2�K�#�2�/�/�B�M�; �Q�7 �M�Q�/�2i ���b
�� �`�Q�r �p�2�+�i�Q�`�X �h�?�2 �}�`�b�i �i�2�`�K �T�m�H�H�b �2�K�#�2�/�/�B�M�;�b �Q�7 �K�m�H�i�B�@�b�i�2�T �M�2�B�;�?�#�Q�m�`�b �i�Q�;�2�i�?�2�`�-
�r�?�B�H�2 �i�?�2 �b�2�+�Q�M�/ �T�m�b�?�2�b ���T���`�i �2�K�#�2�/�/�B�M�;�b �Q�7 �M�2�;���i�B�p�2 �b���K�T�H�2�b�X �"�Q�i�? �K�2�i�?�Q�/�b
�i�?�2�`�2�7�Q�`�2 �T�`�Q�/�m�+�2�T� �̀Q�t�B�K�B�i�v �2�K�#�2�/�/�B�M�;�b�X

�h�?�2 �K���B�M �?�v�T�2�`�T���`���K�2�i�2�`�b ���`�2 �i�?�2 �M�m�K�#�2�` �Q�7 �r���H�F �b�i�2�T�bK �- �i�?�2 �M�m�K�#�2�` �Q�7
�r���H�F�b �T�2�` �M�Q�/�2�- ���M�/ �i�?�2 �M�m�K�#�2�` �Q�7 �M�2�;���i�B�p�2 �b���K�T�H�2�bK �M�2�;�X �L�Q�/�2�k�o�2�+ �B�M�i�`�Q�/�m�+�2�b
�� �K�Q�`�2 �2�{�+�B�2�M�i �b���K�T�H�B�M�; �b�+�?�2�K�2�, �� �r���H�F �Q�7 �H�2�M�;�i�?L �+���M �#�2 �b�T�H�B�i �B�M�i�QL � K + 1
�b�?�Q�`�i�2�` �r���H�F�b �Q�7K �b�i�2�T�b�- �2���+�? �r�B�i�? �� �/�B�z�2�`�2�M�i �b�i���`�i �M�Q�/�2�X �h�?�B�b �B�K�T�`�Q�p�2�b �b���K�T�H�2
�2�{�+�B�2�M�+�v�- ���b �B�H�H�m�b�i�`���i�2�/ �B�M �6�B�;�m�`�2�j�X�9�X

�� �7�m�`�i�?�2�` �/�B�b�i�B�M�+�i�B�Q�M �B�b �i�?���i �L�Q�/�2�k�o�2�+ �B�M�i�`�Q�/�m�+�2�b ���b�2�+�Q�M�/�@�Q� �̀/�2�` �J���`�F�Q�p �T� �̀Q�+�2�b�b�-
�r�?�2�`�2 �i�`���M�b�B�i�B�Q�M�b �/�2�T�2�M�/ �Q�M �#�Q�i�? �i�?�2 �+�m�`�`�2�M�i ���M�/ �T�`�2�p�B�Q�m�b �M�Q�/�2�X �h�r�Q �?�v�T�2�`�T���`���K�@
�2�i�2�`�b�-p ���M�/q�- �#�B���b �i�?�2 �r���H�F �i�Q�r���`�/ �#�`�2���/�i�?�@�}�`�b�i �Q�` �/�2�T�i�?�@�}�`�b�i �2�t�T�H�Q�`���i�B�Q�M�- �K���F�B�M�;
�L�Q�/�2�k�o�2�+ �K�Q�`�2 �~�2�t�B�#�H�2 �i�?���M �.�2�2�T�q���H�F�X

�G�A�L�1 �(�d�e�) ���H�b�Q �H�2���`�M�b �T�`�Q�t�B�K�B�i�v �2�K�#�2�/�/�B�M�;�b �#�m�i ���p�Q�B�/�b �`���M�/�Q�K �r���H�F�b �2�M�i�B�`�2�H�v�X
�A�i �/�2�}�M�2�bW(i ) = f j : (i; j ) 2 Mg�- �i�?�m�b �B�M�B�i�B���H�H�v �+���T�i�m�`�B�M�; �Q�M�H�v �R�@�b�i�2�T �T�`�Q�t�B�K�B�i�v
�m�b�B�M�; �1�[�m���i�B�Q�M �U�j�X�k�V�X �h�Q �2�t�i�2�M�/ �i�?�B�b�- �G�A�L�1 �B�M�i�`�Q�/�m�+�2�b �� �b�2�+�Q�M�/ �2�K�#�2�/�/�B�M�; �K���i�`�B�t



�j�X�e�X �_���M�/�Q�K �q���H�F�@�#���b�2�/ �J�Q�/�2�H�b �8�N

Z �* 2 Rn � p �7�Q�` �+�Q�M�i�2�t�i �M�Q�/�2�b�X �"�v �`�2�T�H���+�B�M�; �i�?�2 �b�v�K�K�2�i�`�B�+ �B�M�M�2�` �T�`�Q�/�m�+�i�b �B�M
�1�[�m���i�B�Q�M �U�j�X�j�V �r�B�i�? ���b�v�K�K�2�i�`�B�+ �Q�M�2�b�- �B�X�2�X�-Z i; :Z

|
j; : ! Z i; :Z �*

|
:;j ���M�/Z i; :Z

|
k; : !

Z i; :Z �*
|
:;k �- �G�A�L�1 �+���M �+���T�i�m�`�2 �k�@�b�i�2�T �T�`�Q�t�B�K�B�i�v �r�B�i�?�Q�m�i �b���K�T�H�B�M�; �`���M�/�Q�K �r���H�F�b�X �h�?�2

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

�"�v ���p�Q�B�/�B�M�; �r���H�F �b���K�T�H�B�M�;�- �G�A�L�1 �B�b �;�2�M�2�`���H�H�v �K�Q�`�2 �2�{�+�B�2�M�i �i�?���M �.�2�2�T�q���H�F
�Q�` �L�Q�/�2�k�o�2�+�X �>�Q�r�2�p�2�`�- ���H�H �i�?�`�2�2 �K�2�i�?�Q�/�b �`�2�H�v �Q�M �B�i�2�`���i�B�p�2 �;�`���/�B�2�M�i �/�2�b�+�2�M�i �7�Q�`
�H�Q�b�b �K�B�M�B�K�B�x���i�B�Q�M�- �r�?�B�+�? �`�2�K���B�M�b �+�Q�b�i�H�v �+�Q�K�T���`�2�/ �i�Q ���M���H�v�i�B�+ �K���i�`�B�t �7���+�i�Q�`�B�x���i�B�Q�M
���T�T�`�Q���+�?�2�b �/�B�b�+�m�b�b�2�/ �B�M �i�?�2 �M�2�t�i �b�2�+�i�B�Q�M�X

�.�B�`�2�+�i�2�/ �:�`���T�?�b�.�2�2�T�q���H�F�- �L�Q�/�2�k�o�2�+�- ���M�/ �G�A�L�1 �r�2�`�2 �Q�`�B�;�B�M���H�H�v �/�2�b�B�;�M�2�/ �7�Q�`
�m�M�/�B�`�2�+�i�2�/ �;�`���T�?�b�X ���H�H �`�2�H�v �Q�M �i�?�2 �B�M�M�2�` �T�`�Q�/�m�+�iZ i; :Z

|
j; : �i�Q �K�2���b�m�`�2 �b�B�K�B�H���`�B�i�v�-

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

�� �M���i�m�`���H �2�t�i�2�M�b�B�Q�M �B�b �i�Q �B�M�i�`�Q�/�m�+�2 �i�r�Q �B�M�/�2�T�2�M�/�2�M�i �2�K�#�2�/�/�B�M�; �K���i�`�B�+�2�b�- ���b
�B�M �G�A�L�1�ö�b �k�@�b�i�2�T �2�K�#�2�/�/�B�M�;�b�X �A�M�/�2�2�/�- �i�?�2 ���m�i�?�Q�`�b �Q�7 �G�A�L�1 �M�Q�i�2 �i�?���i �B�i�b �k�@�b�i�2�T
�2�K�#�2�/�/�B�M�;�b �+���M �#�2 ���T�T�H�B�2�/ �i�Q �/�B�;�`���T�?�b�- �r�?�B�H�2 �i�?�2 �R�@�b�i�2�T �2�K�#�2�/�/�B�M�;�b �+���M�M�Q�i �(�d�e�)�X

���S�S �U���b�v�K�K�2�i�`�B�+ �S�`�Q�t�B�K�B�i�v �S�`�2�b�2�`�p�B�M�;�V �(�9�) �7�Q�H�H�Q�r�b �i�?�B�b ���T�T�`�Q���+�?�X �A�i �2�K�T�H�Q�v�b
�i�?�2 �b���K�2 �;�2�M�2�`���H �H�Q�b�b �7�m�M�+�i�B�Q�M ���b �.�2�2�T�q���H�F ���M�/ �L�Q�/�2�k�o�2�+�- �r�B�i�? �K�m�H�i�B�@�b�i�2�T �`���M�/�Q�K
�r���H�F�b�- �#�m�i �`�2�T�H���+�2�b �i�?�2 �B�M�M�2�` �T�`�Q�/�m�+�i �r�B�i�? �i�r�Q ���b�v�K�K�2�i�`�B�+ �2�K�#�2�/�/�B�M�; �K���i�`�B�+�2�b�-
Z U ; Z V 2 Rn � p/2 �- �r�?�B�+�? ���`�2 �+�Q�M�+���i�2�M���i�2�/ �i�Q �7�Q�`�KZ =

�
Z U Z V

�
�X ���S�S ���H�b�Q

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

� (S) = �H�Q�;

 
n
K

D � 1
KX

k=1

A k
�l

!

; �U�j�X�8�V

�r�?�2�`�2

S =
1
K

D � 1
KX

k=1

A k
�l ; � (x) = �H�Q�;(nx): �U�j�X�e�V

�>�2�`�2�-A �l �B�b �i�?�2 �`���M�/�Q�K �r���H�F �M�Q�`�K���H�B�x�2�/ ���/�D���+�2�M�+�v �K���i�`�B�t �U�b�2�2 �*�?���T�i�2�`�k�X�j�V�- ���M�/
A k

�l �2�M�+�Q�/�2�bk�@�b�i�2�T �i�`���M�b�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�B�2�b�X
�"�m�B�H�/�B�M�; �Q�M �i�?�B�b �+�Q�M�M�2�+�i�B�Q�M�- �(�R�d�e�) �T�`�Q�T�Q�b�2�/ �i�?�2 �L�2�i�J�6 �K�Q�/�2�H�- �r�?�B�+�? ���T�T�H�B�2�b

�1�[�m���i�B�Q�M �U�j�X�9�V �i�Q

� (S) = �H�Q�;
�
n � �K���t

�
S; 1

n

��
; �U�j�X�d�V

�r�?�2�`�2S �B�b �/�2�}�M�2�/ �B�M �1�[�m���i�B�Q�M �U�j�X�e�V�- ���M�/ �i�?�2 �K���t(�; 1
n ) ���p�Q�B�/�b �/�B�p�2�`�;�2�M�+�2�b �r�?�2�M

Si;j = 0 �X �L�2�i�J�6 �i�?�m�b �2�t�2�K�T�H�B�}�2�b �� �T�`�Q�t�B�K�B�i�v �2�K�#�2�/�/�B�M�; �K�2�i�?�Q�/ �r�B�i�?�B�M �i�?�2 �S�?�l�@
�a�A�P�L �7�`���K�2�r�Q�`�F�- �#�m�i �K���M�v �7�m�`�i�?�2�` �p���`�B���M�i�b ���`�2 �T�Q�b�b�B�#�H�2 �(�d�j�)�X

���H�i�?�Q�m�;�? �S�?�l�a�A�P�L �B�i�b�2�H�7 �B�b �`�2�b�i�`�B�+�i�2�/ �i�Q �m�M�/�B�`�2�+�i�2�/ �;�`���T�?�b�- �T�`�Q�t�B�K�B�i�v �K���i�`�B�t
�/�2�+�Q�K�T�Q�b�B�i�B�Q�M �M���i�m�`���H�H�v �2�t�i�2�M�/�b �i�Q �/�B�`�2�+�i�2�/ �;�`���T�?�b�X �6�Q�` �2�t���K�T�H�2�- �(�9�) �b�?�Q�r�2�/ �i�?���i
���S�S �B�K�T�H�B�+�B�i�H�v �7���+�i�Q�`�B�x�2�b

S = �
1X

k=1

(1 � � )k � 1A k
�P; � (x) = �H�Q�;(nx); �U�j�X�3�V

�B�M �i�?�2 �H�B�K�B�i �Q�7 �B�M�}�M�B�i�2�H�v �K���M�v �b���K�T�H�2�b �r�B�i�? �b�i�Q�T�T�B�M�; �T�`�Q�#���#�B�H�B�i�v� �X
���M�Q�i�?�2�` �2�t���K�T�H�2 �B�b �>�P�S�1 �(�R�9�)�- �r�?�B�+�? �/�2�+�Q�K�T�Q�b�2�b

S =
1X

k=1

� A k : �U�j�X�N�V

���b �>�P�S�1 �B�b �/�2�b�B�;�M�2�/ �7�Q�` �/�B�`�2�+�i�2�/ �;�`���T�?�b�- �B�i �+�Q�M�b�i�`�m�+�i�b �2�K�#�2�/�/�B�M�;�b �7�`�Q�K �#�Q�i�?U
p

�
���M�/V

p
� �- �i�v�T�B�+���H�H�v �+�Q�M�+���i�2�M���i�2�/�,

Z =
�
U

p
� V

p
�

�
: �U�j�X�R�y�V

�� �T�`���+�i�B�+���H �+�Q�M�b�B�/�2�`���i�B�Q�M �B�b �i�?���i �>�P�S�1 �Q�T�2�`���i�2�b �Q�M �i�?�2 �`���r ���/�D���+�2�M�+�v �K���i�`�B�t�- �M�Q�i
�� �M�Q�`�K���H�B�x�2�/ �p�2�`�b�B�Q�M�X �*�Q�M�b�2�[�m�2�M�i�H�v�-� 2 [0; 1] �K�m�b�i �#�2 �+�?�Q�b�2�M �b�m�{�+�B�2�M�i�H�v �b�K���H�H
�i�Q �2�M�b�m�`�2 �+�Q�M�p�2�`�;�2�M�+�2 �B�M �1�[�m���i�B�Q�M �U�j�X�N�V�X �J�Q�`�2�Q�p�2�`�- �i�?�2 �`�2�7�2�`�2�M�+�2 �B�K�T�H�2�K�2�M�i���i�B�Q�M
�2�K�T�H�Q�v�b �T���`�i�B���H ���M�/ �;�2�M�2�`���H�B�x�2�/ �a�o�. �(�R�3�k�) �7�Q�` �+�Q�K�T�m�i���i�B�Q�M���H �2�{�+�B�2�M�+�v�X



�e�k �*�?���T�i�2�` �j�X �L�Q�/�2 �1�K�#�2�/�/�B�M�; �J�Q�/�2�H�b

�a�i�`�m�+�i�m�`���H �1�K�#�2�/�/�B�M�; �_�2�/�m�+�i�B�Q�M�b�q�?�B�H�2 �T�`�Q�t�B�K�B�i�v�@�#���b�2�/ �S�?�l�a�A�P�L �K�Q�/�2�H�b
�+�Q�M�M�2�+�i �/�B�`�2�+�i�H�v �i�Q �b���K�T�H�2�/ �`���M�/�Q�K �r���H�F �K�2�i�?�Q�/�b�- �i�?�2 �b�i�`�m�+�i�m�`���H �S�?�l�a�A�P�L �K�Q�/�2�H�b
�7�Q�`�K �� �/�B�b�i�B�M�+�i �+�H���b�b�X

�h�Q �Q�#�i���B�M �b�i�`�m�+�i�m�`���H �2�K�#�2�/�/�B�M�;�b �7�`�Q�K �� �T�`�Q�t�B�K�B�i�v �K���i�`�B�t�- �� �`�2�/�m�+�i�B�Q�M �i�?���i �B�b
�B�M�p���`�B���M�i �m�M�/�2�` ���m�i�Q�K�Q�`�T�?�B�b�K �B�b �`�2�[�m�B�`�2�/�X �S�?�l�a�A�P�L ���/���T�i�b �i�?�2�1�K�T�B�`�B�+���H �*�?���`�@
���+�i�2�`�B�b�i�B�+ �6�m�M�+�i�B�Q�M �U�1�*�6�V�- �Q�`�B�;�B�M���H�H�v �7�`�Q�K �b�i���i�B�b�i�B�+�b �(�R�3�j�) ���M�/ �B�M�i�`�Q�/�m�+�2�/ �7�Q�` �M�Q�/�2
�2�K�#�2�/�/�B�M�;�b �B�M �:�`���T�?�q���p�2 �(�d�N�)�X �6�Q�` �� �K�m�H�i�B�b�2�iX �Q�7 �`�2���H �M�m�K�#�2�`�b�- �i�?�2 �1�*�6 �B�b

� (t jX) =
1

jXj

X

x 2 X

�+�Q�b(tx ) + � �b�B�M(tx ); �U�j�X�R�R�V

�r�?�2�`�2� �/�2�M�Q�i�2�b �i�?�2 �B�K���;�B�M���`�v �m�M�B�i�X �1�p���H�m���i�B�M�;� (t jX) ���i �� �b�2�i �Q�7 �T�Q�B�M�i�bf t1; : : : ; tp/2 g
�v�B�2�H�/�b ��p�@�/�B�K�2�M�b�B�Q�M���H �p�2�+�i�Q�` �#�v �b�2�T���`���i�B�M�; �`�2���H ���M�/ �B�K���;�B�M���`�v �T���`�i�b�X

�A�M �#�Q�i�? �S�?�l�a�A�P�L ���M�/ �:�`���T�?�q���p�2�- �2���+�? �+�Q�H�m�K�MS:;i �B�b �i�`�2���i�2�/ ���b ���M �m�M�Q�`�/�2�`�2�/
�K�m�H�i�B�b�2�i�- ���M�/ �2�K�#�2�/�/�B�M�;�b ���`�2 �+�Q�M�b�i�`�m�+�i�2�/ ���b

Z i;k = < (� (tk jS:;i )) =
nX

j =1

�+�Q�b(tk Sj;i ); �U�j�X�R�k�V

Z i;k + p/2 = = (� (tk jS:;i )) =
nX

j =1

�b�B�M(tk Sj;i ): �U�j�X�R�j�V

�h�?�2 �F�2�v �B�M�i�m�B�i�B�Q�M �B�b �i�?���i �r�?�2�M �p�B�2�r�2�/ ���b ���M �m�M�Q�`�/�2�`�2�/ �K�m�H�i�B�b�2�i�- �2���+�? �+�Q�H�m�K�MS:;i

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

�:�`���T�?�q���p�2 �m�b�2�b �i�?�2 �?�2���i �F�2�`�M�2�H �K���i�`�B�t ���b �B�i�b �T�`�Q�t�B�K�B�i�v �K���i�`�B�t�-

S = �2�t�T(� � L �l) =
1X

k=0

e� � � k

k!
A k

�l ; �U�j�X�R�9�V

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

�:�`���T�?�q���p�2 �B�b �`�2�b�i�`�B�+�i�2�/ �i�Q �m�M�/�B�`�2�+�i�2�/ �;�`���T�?�b�X �S���T�2�` �1 �(�R�d�d�) �2�t�i�2�M�/�b �B�i �i�Q �/�B�@
�`�2�+�i�2�/ �;�`���T�?�b �r�B�i�? �.�B�:�`���T�?�q���p�2�- ���/���T�i�B�M�; �i�?�2 �/�B�z�m�b�B�Q�M �T�`�Q�+�2�b�b �i�Q �#�Q�i�? �7�Q�`�r���`�/
���M�/ �`�2�p�2�`�b�2 �/�B�`�2�+�i�B�Q�M�b�- �`�2�T�H���+�B�M�; �*�?�2�#�v�b�?�2�p �T�Q�H�v�M�Q�K�B���H�b �r�B�i�? �h���v�H�Q�` �2�t�T���M�b�B�Q�M�b
�U�i�Q ���p�Q�B�/ �/�B�p�2�`�;�2�M�+�2 �Q�M �/�B�;�`���T�?�b�V�- ���M�/ �B�M�i�`�Q�/�m�+�B�M�; �i�?�2�Q�`�2�i�B�+���H�H�v �;�`�Q�m�M�/�2�/ �K�2�i�?�Q�/�b
�7�Q�` �b�2�H�2�+�i�B�M�;� �X ���H�i�?�Q�m�;�? �.�B�:�`���T�?�q���p�2 �B�b �M�Q�i �B�M�+�H�m�/�2�/ �B�M �i�?�B�b �i�?�2�b�B�b�- �B�i�b �B�K�T�H�2�K�2�M�@
�i���i�B�Q�M �B�b ���p���B�H���#�H�2 �B�M �i�?�2 �_�2���+�?�L�1�b �+�Q�/�2�#���b�2�X�k

���M�Q�i�?�2�` �2�t���K�T�H�2 �B�b �_�2�i�:�E �(�R�d�3�)�- �r�?�B�+�? �`�2�/�m�+�2�b �T�`�Q�t�B�K�B�i�v �K���i�`�B�+�2�b �i�Q �b�i�`�m�+�i�m�`���H
�2�K�#�2�/�/�B�M�;�b �#�v �m�b�B�M�; �`�2�i�m�`�M �T�`�Q�#���#�B�H�B�i�B�2�b�X �6�Q�` �2���+�? �M�Q�/�2i �- �i�?�2 �2�K�#�2�/�/�B�M�; �B�b

Z i; : =
�
[A 1

�l ]i;i [A 2
�l ]i;i : : : [A K

�l ]i;i
�

: �U�j�X�R�8�V

�k�?�i�i�T�b�,�f�f�;�B�i�?�m�#�X�+�Q�K�f�+�B�r���M�+�2�v�H���M�f�`�2���+�?�M�2�b

https://github.com/ciwanceylan/reachnes


�j�X�d�X �:� �̀��T�? �*�Q�M�p�Q�H�m�i�B�Q�M�b �e�j

�>�2�`�2�-[A k
�l ]i;i �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �`�2�i�m�`�M�B�M�; �i�Q �M�Q�/�2i ���7�i�2�k̀ �b�i�2�T�b�X �h�?�2�b�2 �`�2�i�m�`�M

�T�`�Q�#���#�B�H�B�i�B�2�b �/�2�T�2�M�/ �Q�M�H�v �Q�M �H�Q�+���H �b�i�`�m�+�i�m�`�2 ���M�/ ���`�2 �B�M�p���`�B���M�i �m�M�/�2�` ���m�i�Q�K�Q�`�T�?�B�b�K�-
�K���F�B�M�; �_�2�i�:�E �� �K�m�H�i�B�@�b�+���H�2 �b�i�`�m�+�i�m�`���H �2�K�#�2�/�/�B�M�; �K�2�i�?�Q�/�X

���M���H�v�b���#�B�H�B�i�v ���M�/ �a�+���H���#�B�H�B�i�v�S�`�Q�t�B�K�B�i�v �K���i�`�B�t �`�2�/�m�+�i�B�Q�M �K�2�i�?�Q�/�b ���`�2 �b�m�T�@
�T�Q�`�i�2�/ �#�v �b�m�#�b�i���M�i�B���H �i�?�2�Q�`�2�i�B�+���H ���M���H�v�b�B�b ���M�/ �i�v�T�B�+���H�H�v �?���p�2 �7�2�r�- �B�M�i�m�B�i�B�p�2 �?�v�T�2�`�@
�T���`���K�2�i�2�`�b�X �h�?�2 �K���B�M �2�t�+�2�T�i�B�Q�M�b ���`�2 �:�`���T�?�q���p�2 ���M�/ �Q�i�?�2�` �1�*�6�@�#���b�2�/ �K�Q�/�2�H�b�-
�r�?�2�`�2 �i�?�2 �+�?�Q�B�+�2 �Q�7 �b���K�T�H�B�M�; �T�Q�B�M�i�bf t1; : : : ; tp/2 g �B�b �H�2�b�b �B�M�i�2�`�T�`�2�i���#�H�2 ���M�/ �?���b �`�2�@
�+�2�B�p�2�/ �H�B�i�i�H�2 ���i�i�2�M�i�B�Q�M �B�M �i�?�2 �H�B�i�2�`���i�m�`�2 �(�d�N�-�d�j�)�X

�A�M �i�2�`�K�b �Q�7 �b�+���H���#�B�H�B�i�v�- �i�?�2�b�2 �K�2�i�?�Q�/�b ���p�Q�B�/ �b���K�T�H�B�M�; ���M�/ �B�i�2�`���i�B�p�2 �Q�T�i�B�K�B�x���i�B�Q�M�-
�#�m�i �+�Q�K�T�m�i�B�M�;S �+���M �#�2 �+�Q�b�i�H�v�X �A�M �i�?�2 �#�2�b�i �+���b�2�- �i�?�2 �+�Q�K�T�H�2�t�B�i�v �B�bO(nm)�c �M���B�p�2 �Q�`
�/�2�M�b�2 �B�K�T�H�2�K�2�M�i���i�B�Q�M�b �b�+���H�2 ���bO(n3)�X �J�2�K�Q�`�v �B�b ���H�b�Q �� �H�B�K�B�i���i�B�Q�M�, �b�i�Q�`�B�M�;S �`�2�@
�[�m�B�`�2�bO(n2) �b�T���+�2�- �r�?�B�+�? �B�b �T�`�Q�?�B�#�B�i�B�p�2 �7�Q�` �H���`�;�2 �;�`���T�?�b�X �6�Q�` �b�i�`�m�+�i�m�`���H �`�2�/�m�+�i�B�Q�M�b�-
�#���i�+�? �+�Q�K�T�m�i���i�B�Q�M �B�b �b�i�`���B�;�?�i�7�Q�`�r���`�/ �b�B�M�+�2 �2���+�? �+�Q�H�m�K�M �Q�7S �+���M �#�2 �T�`�Q�+�2�b�b�2�/ �B�M�@
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�*�?�2�#�L�2�i �(�R�3�R�) �B�b �� �r�2�H�H�@�F�M�Q�r�M �K�Q�/�2�H �Q�7 �i�?�B�b �i�v�T�2�- �`�2�T�H���+�B�M�; ���/�D���+�2�M�+�v �T�Q�r�2�`�b
�r�B�i�? �*�?�2�#�v�b�?�2�p �T�Q�H�v�M�Q�K�B���H�b �(�R�3�e�- �*�?�X �j�)�X �h�?�2�b�2 �T�Q�H�v�M�Q�K�B���H�b �?���p�2 ���i�i�`���+�i�B�p�2 �T�`�Q�T�@
�2�`�i�B�2�b �7�Q�` �K���i�`�B�+�2�b �r�B�i�? �`�2���H �2�B�;�2�M�p���H�m�2�b �(�R�3�e�- �*�?�X �R�e�)�- �#�m�i �i�?�2�v �/�Q �M�Q�i �;�2�M�2�`���H�B�x�2
�r�2�H�H �i�Q ���`�#�B�i�`���`�v �K���i�`�B�+�2�b �(�R�3�d�)�- �H�B�K�B�i�B�M�; �i�?�2�B�` ���T�T�H�B�+���i�B�Q�M �i�Q �/�B�`�2�+�i�2�/ �;�`���T�?�b�X

�*�?�2�#�L�2�i �H�2���`�M�bW �i�?�`�Q�m�;�? �2�M�/�@�i�Q�@�2�M�/ �b�m�T�2�`�p�B�b�2�/ �i�`���B�M�B�M�;�X �h�?�B�b �B�b �T�`�Q�#�H�2�K���i�B�+
�7�Q�` �i�`���M�b���+�i�B�Q�M �M�2�i�r�Q�`�F�b�- �r�?�2�`�2 �H���#�2�H�2�/ �/���i�� �B�b �b�+���`�+�2�X �6�m�`�i�?�2�`�K�Q�`�2�- �i�?�2 �`�2�H�B���M�+�2
�Q�M �r�2�B�;�?�i �K���i�`�B�+�2�b ���M�/ �b�m�T�2�`�p�B�b�2�/ �Q�T�i�B�K�B�x���i�B�Q�M �+�Q�K�T�H�B�+���i�2�b �T�Q�b�i�@�?�Q�+ ���M���H�v�b�B�b �Q�7
�i�?�2 �H�2���`�M�2�/ �7�2���i�m�`�2�b�X �L�Q�M�2�i�?�2�H�2�b�b�- �#�2�+���m�b�2 �*�?�2�#�L�2�i �B�b �H�B�M�2���` �B�MX �- �B�i �`�2�K���B�M�b
�`�2���b�Q�M���#�H�v �B�M�i�2�`�T�`�2�i���#�H�2�X

�j�X�3 �J�2�b�b���;�2�@�S���b�b�B�M�; �J�Q�/�2�H�b

�J�2�b�b���;�2�@�T���b�b�B�M�; �B�b �T�2�`�?���T�b �i�?�2 �K�Q�b�i �r�B�/�2�H�v �m�b�2�/ ���T�T�`�Q���+�? �7�Q�` �H�2���`�M�B�M�; �2�K�#�2�/�/�B�M�;�b
�i�?���i �B�M�+�Q�`�T�Q�`���i�2 �M�Q�/�2 ���i�i�`�B�#�m�i�2�b�X �A�i �r���b �7�Q�`�K���H�B�x�2�/ �#�v �(�R�j�- �3�j�- �R�8�9�)�- ���M�/ �K�Q�b�i
�;�`���T�? �M�2�m�`���H �M�2�i�r�Q�`�F�b �U�:�L�L�b�V �+���M �#�2 �p�B�2�r�2�/ ���b �K�2�b�b���;�2�@�T���b�b�B�M�; �K�Q�/�2�H�b �(�R�3�3�)�X �h�?�2
�7�`���K�2�r�Q�`�F �B�b �?�B�;�?�H�v �;�2�M�2�`���H�, �B�M ���/�/�B�i�B�Q�M �i�Q �M�Q�/�2 ���i�i�`�B�#�m�i�2�b ���M�/ �;�`���T�? �b�i�`�m�+�i�m�`�2�- �B�i
�+���M �M���i�m�`���H�H�v �B�M�i�2�;�`���i�2 �Q�i�?�2�` �K�Q�/���H�B�i�B�2�b �b�m�+�? ���b �2�/�;�2 ���i�i�`�B�#�m�i�2�b �(�R�3�N�) ���M�/ �i�2�K�T�Q�`���H
�B�M�7�Q�`�K���i�B�Q�M �(�R�N�y�)�X

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

�6�Q�k̀ 2 f 1; 2; : : : ; K g;

(
M (k ) = ���:�: (H (k � 1) ; A );
H (k ) = �l�S�.���h�1 (H (k � 1) ; M (k ) ):

�U�j�X�k�j�V

�>�2�`�2�-H (k ) 2 Rn � pk ���`�2 �i�?�2 �M�Q�/�2 �2�K�#�2�/�/�B�M�;�b ���i �B�i�2�`���i�B�Q�Mk�- �r�B�i�? �/�B�K�2�M�b�B�Q�M���H�B�i�v
pk �X �h�?�2�v ���`�2 �B�M�B�i�B���H�B�x�2�/ ���bH (0) = X �- ���M�/ ���7�i�2�`K �B�i�2�`���i�B�Q�M�b �i�?�2 �}�M���H �2�K�#�2�/�/�B�M�;�b
���`�2Z = H (K ) �X

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



�e�e �*�?���T�i�2�` �j�X �L�Q�/�2 �1�K�#�2�/�/�B�M�; �J�Q�/�2�H�b

Agg

Message-passing step for

= Update =

�6�B�;�m�`�2 �j�X�8�,�A�H�H�m�b�i�`���i�B�Q�M �Q�7 �Q�M�2 �K�2�b�b���;�2�@�T���b�b�B�M�; �B�i�2�`���i�B�Q�M�X �h�?�2 �+�Q�H�Q�m�`�2�/ �#���`�b �B�M �i�?�2
�;�`���T�? �U�H�2�7�i�V �`�2�T�`�2�b�2�M�i �i�?�2 �+�m�`�`�2�M�i �2�K�#�2�/�/�B�M�;�bH ( k � 1) �X �6�Q�` �i�?�2 �?�B�;�?�H�B�;�?�i�2�/ �T�m�`�T�H�2 �M�Q�/�2�-
�2�K�#�2�/�/�B�M�;�b �Q�7 �B�i�b �Q�`���M�;�2 �M�2�B�;�?�#�Q�m�`�b ���`�2 ���;�;�`�2�;���i�2�/ �B�M�i�Q �� �;�`�2�2�M �K�2�b�b���;�2 �p�2�+�i�Q�`�X �A�M �i�?�2
�m�T�/���i�2 �b�i�2�T�- �i�?�B�b �K�2�b�b���;�2 �B�b �+�Q�K�#�B�M�2�/ �r�B�i�? �i�?�2 �T�m�`�T�H�2 �M�Q�/�2�ö�b �T�`�2�p�B�Q�m�b �2�K�#�2�/�/�B�M�; �i�Q �7�Q�`�K
�� �M�2�r �`�2�/ �2�K�#�2�/�/�B�M�;�X �h�?�2 �b���K�2 �T�`�Q�+�2�b�b �B�b �2�t�2�+�m�i�2�/ �B�M �T���`���H�H�2�H �7�Q�` ���H�H �M�Q�/�2�b�X

�B�M �6�B�;�m�`�2�j�X�8�X �6�Q�` �2���+�? �M�Q�/�2�- �i�?�2 ���;�;�`�2�;���i�B�Q�M �7�m�M�+�i�B�Q�M �+�Q�H�H�2�+�i�b �2�K�#�2�/�/�B�M�;�b �7�`�Q�K
�B�i�b �M�2�B�;�?�#�Q�m�`�b �B�MH (k � 1) �- �+�Q�K�#�B�M�2�b �i�?�2�K �B�M�i�Q �K�2�b�b���;�2�bM (k ) 2 Rn � qk �- ���M�/ �T���b�b�2�b
�i�?�2�K �i�Q �i�?�2 �m�T�/���i�2 �7�m�M�+�i�B�Q�M�X �h�?�2 �m�T�/���i�2 �b�i�2�T �i�?�2�M �K�2�`�;�2�b �i�?�2�b�2 �K�2�b�b���;�2�b �r�B�i�?
�i�?�2 �2�t�B�b�i�B�M�; �2�K�#�2�/�/�B�M�;�b �i�Q �T�`�Q�/�m�+�2H (k ) �X ���7�i�2�`K �b�i�2�T�b�- �2���+�? �M�Q�/�2 �?���b ���;�;�`�2�;���i�2�/
�B�M�7�Q�`�K���i�B�Q�M �7�`�Q�K �B�i�bK �@�?�Q�T �M�2�B�;�?�#�Q�m�`�?�Q�Q�/�X

�.�B�z�2�`�2�M�i �K�2�b�b���;�2�@�T���b�b�B�M�; �K�Q�/�2�H�b ���`�2 �/�B�b�i�B�M�;�m�B�b�?�2�/ �#�v �i�?�2�B�` ���;�;�`�2�;���i�B�Q�M ���M�/ �m�T�@
�/���i�2 �7�m�M�+�i�B�Q�M�b�X �q�?�2�M �i�?�2�b�2 �7�m�M�+�i�B�Q�M�b �B�M�+�H�m�/�2 �M�Q�M�@�H�B�M�2���`�B�i�B�2�b ���M�/ �H�2���`�M���#�H�2 �T���`���K�2�@
�i�2�`�b�- �i�?�2 �`�2�b�m�H�i�B�M�; �K�Q�/�2�H�b ���`�2 �`�2�7�2�`�`�2�/ �i�Q ���b �:�L�L�b�X �*�Q�K�K�Q�M �:�L�L ���`�+�?�B�i�2�+�i�m�`�2�b ���M�/
�i�`���B�M�B�M�; �b�i�`���i�2�;�B�2�b ���`�2 �T�`�2�b�2�M�i�2�/ �B�M �a�2�+�i�B�Q�M�j�X�N�X �>�Q�r�2�p�2�`�- �i�?�2�`�2 ���H�b�Q �2�t�B�b�i �T�m�`�2�H�v �H�B�M�@
�2���` �K�2�b�b���;�2�@�T���b�b�B�M�; �K�Q�/�2�H�b�- ���M�/ �K���M�v �:�L�L�b ���`�2 �2�b�b�2�M�i�B���H�H�v �H�B�M�2���` �i�`���M�b�7�Q�`�K���i�B�Q�M�b
�7�Q�H�H�Q�r�2�/ �#�v �M�Q�M�@�H�B�M�2���` ���+�i�B�p���i�B�Q�M�b�X �h�?�m�b�- �i�?�2 �7�m�M�/���K�2�M�i���H�b �Q�7 �K�2�b�b���;�2�@�T���b�b�B�M�; �B�b
�#�2�b�i �/�2�b�+�`�B�#�2�/ �m�b�B�M�; �H�B�M�2���` ���;�;�`�2�;���i�B�Q�M ���M�/ �m�T�/���i�2 �7�m�M�+�i�B�Q�M�b�X

�G�B�M�2���` �J�2�b�b���;�2�@�S���b�b�B�M�; �7�Q�` �l�M�/�B�`�2�+�i�2�/ �:�`���T�?�b�h�?�2 �K�Q�b�i �+�Q�K�K�Q�M ���;�;�`�2�;���@
�i�B�Q�M �B�b �i�?�2�K�2���M ���;�;� �̀2�;���i�Q�`�- �r�?�B�+�? ���p�2�`���;�2�b �i�?�2 �2�K�#�2�/�/�B�M�;�b �Q�7 �M�2�B�;�?�#�Q�m�`�B�M�; �M�Q�/�2�b�X
�h�?�B�b �+���M �#�2 �r�`�B�i�i�2�M �2�B�i�?�2�` ���b �� �b�T���`�b�2 �K���i�`�B�t �K�m�H�i�B�T�H�B�+���i�B�Q�M �r�B�i�? �i�?�2 �K�2�b�b���;�2�@
�T���b�b�B�M�; �M�Q�`�K���H�B�x�2�/ ���/�D���+�2�M�+�v �K���i�`�B�tA �L�- �Q�` �2�[�m�B�p���H�2�M�i�H�v ���b �� �b�m�K�,

M (k ) = A |
�LH

(k � 1) = D � 1A |
�m�M�/�B�`H (k � 1) ; �U�j�X�k�9�V

[M (k ) ]i; : =
1

�/�2�;(i )

X

j 2 N�l ( i )

H (k � 1)
j; : : �U�j�X�k�8�V

�A�M �;�2�M�2�`���H�- �K�m�H�i�B�T�H�2 ���;�;�`�2�;���i�B�Q�M�b �U�2�X�;�X�- �K�2���M�- �K���t�- �b�m�K�V �+���M �#�2 �+�Q�K�#�B�M�2�/�- �i�v�T�B�+���H�H�v
�p�B�� �+�Q�M�+���i�2�M���i�B�Q�M�- �b�Q �i�?�2 �K�2�b�b���;�2 �K���i�`�B�tM (k ) �?���b �/�B�K�2�M�b�B�Q�M�bn � qk �X

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

H (k ) = H (k � 1) W (k )
H + M (k ) W (k )

M ; �U�j�X�k�e�V

�r�B�i�?W (k )
H 2 Rpk � 1 � pk ���M�/W (k )

M 2 Rqk � pk �X �h�?�B�b ���T�T�`�Q���+�? �B�b �2�{�+�B�2�M�i �#�m�i �H�Q�b�b�v�,
�M�2�B�i�?�2�`H (k � 1) �M�Q�M̀ (k ) �+���M �#�2 �7�m�H�H�v �`�2�+�Q�M�b�i�`�m�+�i�2�/ �7�`�Q�KH (k ) �X �_�2�T�2���i�2�/ �m�T�/���i�2�b



�j�X�3�X �J�2�b�b���;�2�@�S���b�b�B�M�; �J�Q�/�2�H�b �e�d

�i�?�2�`�2�7�Q�`�2 �H�2���/ �i�Q�Q�p�2�`�@�b�K�Q�Q�i�?�B�M�;�- �r�?�2�`�2 �2�K�#�2�/�/�B�M�;�b �Q�7 �/�B�z�2�`�2�M�i �M�Q�/�2�b �#�2�+�Q�K�2 �B�M�@
�/�B�b�i�B�M�;�m�B�b�?���#�H�2 �(�R�N�R�-�R�N�k�)�X �A�M �Q�i�?�2�` �r�Q�`�/�b�- �b�m�K�K���i�B�Q�M �T�`�Q�/�m�+�2�b �K�m�H�i�B�@�b�i�2�T �#�m�i �M�Q�i
�K�m�H�i�B�@�b�+���H�2 �2�K�#�2�/�/�B�M�;�b�- �b�B�M�+�2 �B�M�i�2�`�K�2�/�B���i�2 �b�i�`�m�+�i�m�`���H �B�M�7�Q�`�K���i�B�Q�M �B�b �M�Q�i �T�`�2�b�2�`�p�2�/�X

�h�?�2 �b�2�+�Q�M�/ ���T�T�`�Q���+�? �B�b�+�Q�M�+���i�2�M���i�B�Q�M�- �r�?�B�+�? �2�t�T�H�B�+�B�i�H�v �`�2�i���B�M�b �#�Q�i�? �B�M�T�m�i�b�,

H (k ) =
�
H (k � 1) M (k )

�
W (k ) ; �U�j�X�k�d�V

�r�B�i�?W (k ) 2 R(pk � 1 + qk ) � pk �X �"�v �+�?�Q�Q�b�B�M�;W (k ) ���T�T�`�Q�T�`�B���i�2�H�v�- ���H�H �B�M�7�Q�`�K���i�B�Q�M �7�`�Q�K
H (k � 1) ���M�/M (k ) �+���M �#�2 �T�`�2�b�2�`�p�2�/�X �6�Q�` �2�t���K�T�H�2�- �B�7W (k ) |

=
�
I pk � 1 I qk

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

���H�i�2�`�M���i�B�p�2�H�v�- �b�2�i�i�B�M�;X = I n �- �B�X�2�X�- �B�M�B�i�B���H�B�x�B�M�; �r�B�i�? �Q�M�2�@�?�Q�i �2�M�+�Q�/�B�M�;�b �Q�7 �M�Q�/�2
�B�/�2�M�i�B�i�B�2�b�- �H�2���/�b �K�2�b�b���;�2�@�T���b�b�B�M�; �i�Q �+�Q�K�T�m�i�2 �� �T�`�Q�t�B�K�B�i�v �K���i�`�B�t�X �h�?�B�b �7�Q�H�H�Q�r�b �7�`�Q�K
�i�?�2 �+�Q�M�M�2�+�i�B�Q�M �i�Q �;�`���T�? �+�Q�M�p�Q�H�m�i�B�Q�M���H �}�H�i�2�`�b �b�2�2�M �B�M �1�[�m���i�B�Q�M�b�j�X�j�9���M�/�j�X�j�8�X �.�2�@
�+�Q�K�T�Q�b�B�M�; �i�?�2 �`�2�b�m�H�i�B�M�; �T�`�Q�t�B�K�B�i�v �K���i�`�B�t �m�b�B�M�; �a�o�. �i�?�2�M �T�`�Q�/�m�+�2�b �T�`�Q�t�B�K�B�i�v �2�K�@
�#�2�/�/�B�M�;�b�- ���b �/�B�b�+�m�b�b�2�/ �B�M �a�2�+�i�B�Q�M�j�X�e�X

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

�a�+���H���#�B�H�B�i�v�h�?�2 �H�B�M�2���` �K�2�b�b���;�2�@�T���b�b�B�M�; �7�`���K�2�r�Q�`�F �B�M�?�2�`�B�i�b �i�?�2 ���i�i�`���+�i�B�p�2 �H�B�M�2���`
�i�B�K�2 �+�Q�K�T�H�2�t�B�i�v �Q�7 �;�`���T�? �+�Q�M�p�Q�H�m�i�B�Q�M���H �}�H�i�2�`�b�- �M���K�2�H�vO(np + mp)�- �r�?�2�`�2p �B�b �i�?�2
�2�K�#�2�/�/�B�M�; �/�B�K�2�M�b�B�Q�M���H�B�i�v �Q�7Z 2 Rn � p�X �q�?�2�M �+�Q�K�T�`�2�b�b�B�Q�M �K���i�`�B�+�2�b ���`�2 �B�M�+�H�m�/�2�/�-
���M ���/�/�B�i�B�Q�M���H �+�Q�b�i �Q�7O(n(pk � 1 + qk )pk ) �T�2�` �B�i�2�`���i�B�Q�M �B�b �B�M�+�m�`�`�2�/�X ���H�i�?�Q�m�;�? �i�?�2 �T�`�Q�@
�D�2�+�i�B�Q�M �b�i�2�T �B�i�b�2�H�7 �B�b �?�B�;�?�H�v �2�{�+�B�2�M�i �/�m�2 �i�Q �T���`���H�H�2�H�B�x���i�B�Q�M�- �H�2���`�M�B�M�; �i�?�2 �+�Q�K�T�`�2�b�b�B�Q�M
�K���i�`�B�+�2�b �Q�7�i�2�M �B�M�i�`�Q�/�m�+�2�b �7�m�`�i�?�2�` �Q�p�2�`�?�2���/�X �h�?�B�b �B�b�b�m�2 �B�b �`�2�p�B�b�B�i�2�/ �B�M �K�Q�`�2 �/�2�i���B�H
�#�2�H�Q�r ���M�/ �B�M �a�2�+�i�B�Q�M�j�X�N�X

�J�2�K�Q�`�v �+�Q�K�T�H�2�t�B�i�v �/�2�T�2�M�/�b �b�i�`�Q�M�;�H�v �Q�M �i�?�2 �m�T�/���i�2 �`�m�H�2�X �6�Q�` �b�m�K�K���i�B�Q�M �m�T�@
�/���i�2�b�- �i�?�2 �`�2�[�m�B�`�2�K�2�M�i �K���i�+�?�2�b �i�?���i �Q�7 �+�Q�M�p�Q�H�m�i�B�Q�M���H �}�H�i�2�`�b�-O(nd+ m)�X �A�M �+�Q�M�i�`���b�i�-
�+�Q�M�+���i�2�M���i�B�Q�M �m�T�/���i�2�b �+���M �+���m�b�2 �2�t�T�Q�M�2�M�i�B���H �;�`�Q�r�i�? �B�M �2�K�#�2�/�/�B�M�; �/�B�K�2�M�b�B�Q�M���H�B�i�v
�r�B�i�? �B�M�+�`�2���b�B�M�; �B�i�2�`���i�B�Q�M�b�X �q�?�2�M �+�Q�K�T�`�2�b�b�B�Q�M �B�b ���T�T�H�B�2�/ �i�Q �K���B�M�i���B�M �� �}�t�2�/ �/�B�K�2�M�@
�b�B�Q�M���H�B�i�vp�- �i�?�2 �K�2�K�Q�`�v �`�2�[�m�B�`�2�K�2�M�i �B�bO(np + m)�X

�J�m�H�i�B�@�a�+���H�2 �G�B�M�2���` �J�2�b�b���;�2�@�S���b�b�B�M�; �J�Q�/�2�H�b

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

�S�*���S���b�b �S�*���S���b�b �(�k�R�) �B�b �� �`�2�+�2�M�i ���M�/ �?�B�;�?�H�v �b�+���H���#�H�2 �K�m�H�i�B�@�b�+���H�2 �K�2�b�b���;�2�@
�T���b�b�B�M�; �K�Q�/�2�H�X �A�i �m�b�2�b �i�?�2 �H�B�M�2���` �K�2�b�b���;�2�@�T���b�b�B�M�; �7�Q�` �m�M�/�B�`�2�+�i�2�/ �M�2�i�r�Q�`�F�b �r�B�i�?
�i�?�2 �+�Q�M�+���i�2�M���i�B�Q�M �m�T�/���i�2 ���b �/�2�b�+�`�B�#�2�/ ���#�Q�p�2�- ���M�/ �B�b �i�?�m�b �� �T�`�B�K�2 �2�t���K�T�H�2 �Q�7 ��



�d�y �*�?���T�i�2�` �j�X �L�Q�/�2 �1�K�#�2�/�/�B�M�; �J�Q�/�2�H�b

�H�B�M�2���` �K�2�b�b���;�2�@�T���b�b�B�M�; �K�Q�/�2�H�X �h�Q ���p�Q�B�/ �i�?�2 �2�t�T�Q�M�2�M�i�B���H �;�`�Q�r�i�? �Q�7 �2�K�#�2�/�/�B�M�;�b�-
�S�*���S���b�b �m�b�2�b �S�*�� �(�k�y�- �*�?�X �R�k�X�k�) �i�Q �H�2���`�M �i�?�2 �+�Q�K�T�`�2�b�b�B�Q�M �K���i�`�B�+�2�bW (k ) �X

�h�?�B�b �r�Q�`�F�b ���b �7�Q�H�H�Q�r�b�- �m�b�B�M�; �2�{�+�B�2�M�i �a�o�.�@�#���b�2�/ �S�*�� �(�k�y�- �*�?�X �R�k�X�k�X�j�)�X �6�Q�H�@
�H�Q�r�B�M�; �i�?�2 ���;�;�`�2�;���i�B�Q�M �b�i�2�T �B�M �2���+�? �K�2�b�b���;�2�@�T���b�b�B�M�; �B�i�2�`���i�B�Q�M�- �S�*���S���b�b �7�Q�`�K�b �i�?�2
�B�M�i�2�`�K�2�/�B���i�2 �K���i�`�B�t~H (k ) 2 Rn � pk ���b

~H (k ) =
�
H (k � 1) M (k )

�
: �U�j�X�j�e�V

���7�i�2�` �b�i���M�/���`�/�B�x�B�M�; �i�?�2 �+�Q�H�m�K�M�b �Q�7~H (k ) �- �B�X�2�X�- �b�m�#�i�`���+�i�B�M�; �i�?�2�B�` �K�2���M ���M�/ �M�Q�`�K���H�@
�B�x�B�M�; �i�Q �m�M�B�i �p���`�B���M�+�2�-~H (k ) �B�b �/�2�+�Q�K�T�Q�b�2�/ �m�b�B�M�;p�@�i�`�m�M�+���i�2�/ �a�o�.�,

U :;:p; � :p; :p; V:;:p = �a�o�.( ~H (k ) ); �U�j�X�j�d�V

���M�/ �i�?�2 �2�K�#�2�/�/�B�M�;�b �7�Q�` �i�?�2 �M�2�t�i �B�i�2�`���i�B�Q�M ���`�2 �7�Q�`�K�2�/ ���b

H (k ) = ~H (k ) W (k ) ; �r�?�2�`�2W (k ) = V:;:p: �U�j�X�j�3�V

�>�2�`�2p = �K�B�M(pk ; p�K���t )�- �r�B�i�?p�K���t �� �?�v�T�2�`�T���`���K�2�i�2�` �b�T�2�+�B�7�v�B�M�; �i�?�2 �K���t�B�K�m�K
�2�K�#�2�/�/�B�M�; �b�B�x�2�X �h�?�2 �K���i�`�B�tV:;:p �?���b �b�?���T�2[pk � p]�X

�h�?�B�b ���T�T�`�Q���+�? �B�b �r�2�H�H�@�7�Q�m�M�/�2�/ �7�`�Q�K �#�Q�i�? �b�+���H���#�B�H�B�i�v ���M�/ ���M���H�v�b���#�B�H�B�i�v �T�2�`�b�T�2�+�@
�i�B�p�2�b�X �a�o�. �`�2�b�T�2�+�i�b �i�?�2 �H�B�M�2���` �i�B�K�2 �+�Q�K�T�H�2�t�B�i�v �B�M �i�?�2 �;�`���T�? �b�B�x�2�- �r�B�i�? �+�Q�K�T�H�2�t�B�i�v
O(np2

�K���t )�- �;�B�p�B�M�; �� �i�Q�i���H �T�2�`�@�B�i�2�`���i�B�Q�M �+�Q�K�T�H�2�t�B�i�v �Q�7O(np2
�K���t + mp�K���t )�X �J�Q�`�2�@

�Q�p�2�`�- �i�?�2 �K�Q�/�2�H �Q�M�H�v �`�2�[�m�B�`�2�b �� �b�B�M�;�H�2 �T���b�b �Q�p�2�` �i�?�2 �K�2�b�b���;�2�@�T���b�b�B�M�; �B�i�2�`���i�B�Q�M�b�- ��
�b�B�;�M�B�}�+���M�i �b�+���H���#�B�H�B�i�v ���/�p���M�i���;�2 �Q�p�2�` �i�?�2 �:�L�L�b �b�i�m�/�B�2�/ �B�M �a�2�+�i�B�Q�M�j�X�N�X

�S�*���S���b�b �B�b ���H�b�Q ���M���H�v�i�B�+���H�H�v �i�`���M�b�T���`�2�M�i�, �S�*�� �B�b �r�2�H�H �m�M�/�2�`�b�i�Q�Q�/ �(�k�y�- �*�?�X �R�k�X�k�)�-
���M�/ �B�b �F�M�Q�r�M �i�Q �+���T�i�m�`�2 �i�?�2p �Q�`�i�?�Q�;�Q�M���H �/�B�`�2�+�i�B�Q�M�b �Q�7 �?�B�;�?�2�b�i �p���`�B���M�+�2�- �r�?�B�+�? �+���M
�#�2 �2�t�T�2�+�i�2�/ �i�Q �+�Q�`�`�2�b�T�Q�M�/ �i�Q �i�?�2 �K�Q�b�i �B�M�7�Q�`�K���i�B�Q�M�@�`�B�+�? �b�m�#�b�T���+�2�b�X �� �/�`���r�#���+�F�-
�?�Q�r�2�p�2�`�- �B�b �i�?���i �S�*�� �/�Q�2�b �M�Q�i �;�m���`���M�i�2�2 �i�Q �`�2�i���B�M �B�M�7�Q�`�K���i�B�Q�M �7�`�Q�K �2���+�? �B�i�2�`���i�B�Q�M
���M�/ �b�+���H�2k�- �b�B�M�+�2 �i�?�2 �`�2�i���B�M�2�/ �+�Q�K�T�Q�M�2�M�i�b ���`�2 �b�2�H�2�+�i�2�/ �#���b�2�/ �b�Q�H�2�H�v �Q�M �p���`�B���M�+�2�X

�.�2�b�T�B�i�2 �#�2�B�M�; �i�?�2�Q�`�2�i�B�+���H�H�v �r�2�H�H�@�7�Q�m�M�/�2�/�- �S�*���S���b�b �`�B�b�F�b �T�`�Q�/�m�+�B�M�; �H�Q�r�@�[�m���H�B�i�v�-
�`���M�F�@�/�2�}�+�B�2�M�i �2�K�#�2�/�/�B�M�;�b�- �r�?�B�+�? �B�b �T�`�Q�#�H�2�K���i�B�+ �7�Q�` �K���M�v �/�Q�r�M�b�i�`�2���K �i���b�F�b�X �h�?�B�b
�B�b�b�m�2 �B�b �2�t�T�H�Q�`�2�/ �B�M �/�2�i���B�H �B�M �*�?���T�i�2�`�d�X

�J�m�H�i�B�G�2�M�b�J�m�H�i�B�G�2�M�b �(�3�y�) �B�b ���M�Q�i�?�2�` �`�2�+�2�M�i�- �m�M�b�m�T�2�`�p�B�b�2�/�- ���M�/ �K�m�H�i�B�@�b�+���H�2 �K�2�b�b���;�2�@
�T���b�b�B�M�; �K�Q�/�2�H�X �A�i�b �T�`�B�K���`�v ���T�T�H�B�+���i�B�Q�M �B�b�;� �̀��T�? �b�m�K�K���`�B�x���i�B�Q�M�- �B�X�2�X�- �T�`�Q�/�m�+�B�M�; ��
�p�2�+�i�Q�` �2�K�#�2�/�/�B�M�; �7�Q�` ���M �2�M�i�B�`�2 �;�`���T�?�X �A�M �i�?�B�b �b�2�i�i�B�M�;�- �M�Q�/�2 �2�K�#�2�/�/�B�M�;�b ���`�2 �B�M�i�2�`�K�2�@
�/�B���i�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M�b�, �i�?�2 �}�M���H �;�`���T�? �2�K�#�2�/�/�B�M�; �B�b �Q�#�i���B�M�2�/ �#�v �7�m�`�i�?�2�` �T�`�Q�+�2�b�b�B�M�;
�i�?�2 �M�Q�/�2 �2�K�#�2�/�/�B�M�; �K���i�`�B�tZ �X �h�Q �`�2�T�`�2�b�2�M�i �i�?�2 �2�M�i�B�`�2 �;�`���T�? �2�z�2�+�i�B�p�2�H�v�- �?�Q�r�@
�2�p�2�`�- �J�m�H�i�B�G�2�M�b �M�Q�/�2 �2�K�#�2�/�/�B�M�;�b �K�m�b�i �+���T�i�m�`�2 �K�m�H�i�B�@�b�+���H�2 �b�i�`�m�+�i�m�`�2�X �J�m�H�i�B�G�2�M�b
���+�?�B�2�p�2�b �i�?�B�b �#�v �B�M�B�i�B���H�B�x�B�M�; �K�2�b�b���;�2�@�T���b�b�B�M�; �r�B�i�? �;�`���T�?�@�b�i�`�m�+�i�m�`���H �7�2���i�m�`�2�b�- �M���K�2�H�v
�Q�m�i�@�- �B�M�@�- ���M�/ �i�Q�i���H �M�Q�/�2 �/�2�;�`�2�2�b�- �i�?�2�`�2�#�v �T�`�Q�/�m�+�B�M�; �b�i�`�m�+�i�m�`���H �2�K�#�2�/�/�B�M�;�b�X �.�2�@
�b�T�B�i�2 �m�b�B�M�; �#�Q�i�? �Q�m�i�@ ���M�/ �B�M�@�/�2�;�`�2�2�b�- �J�m�H�i�B�G�2�M�b �Q�M�H�v �T�2�`�7�Q�`�K�b �K�2�b�b���;�2�@�T���b�b�B�M�; �Q�M
�i�?�2 �m�M�/�B�`�2�+�i�2�/ �;�`���T�? �b�i�`�m�+�i�m�`�2�X



�j�X�N�X �a�2�H�7�@�a�m�T�2�`�p�B�b�2�/ �:� �̀��T�? �L�2�m� �̀��H �L�2�i�r�Q�`�F�b �d�R

�h�?�2 �J�m�H�i�B�G�2�M�b �K�2�b�b���;�2�@�T���b�b�B�M�; �B�b �b�m�K�K���`�B�x�2�/ �#�v �i�?�2 �7�Q�H�H�Q�r�B�M�; �T�`�Q�+�2�/�m�`�2�,

�6�Q�k̀ 2 f 1; 2; : : : ; K g;

8
>><

>>:

M (k ) = ���:�: (M (k � 1) ; A );
~H (k ) = �*�P�J�S�_�1�a�a(M (k ) );

H (k ) =
h
H (k � 1) ~H (k )

i
:

�U�j�X�j�N�V

�h�?�B�b �b�2�i�m�T �/�B�z�2�`�b �7�`�Q�K �i�?�2 �2���`�H�B�2�` �7�Q�`�K�m�H���i�B�Q�M �B�M �i�r�Q �r���v�b�X �6�B�`�b�i�- ���;�;�`�2�;���i�B�Q�M �B�b
���T�T�H�B�2�/ �i�Q �i�?�2�K�2�b�b���;�2 �K���i�`�B�+�2�bM (k ) �- �`���i�?�2�` �i�?���M �i�Q �i�?�2 �2�K�#�2�/�/�B�M�;�bH (k ) �X �h�?�B�b
�`�2�[�m�B�`�2�b �B�M�B�i�B���H�B�x���i�B�Q�M ���bM (0) = X �X �a�2�+�Q�M�/�- �J�m�H�i�B�G�2�M�b �+�Q�K�T�`�2�b�b�2�b �i�?�2 �K�2�b�b���;�2
�K���i�`�B�+�2�b �B�M�i�Q~H (k ) �- �r�?�B�+�? �B�b �i�?�2�M �/�B�`�2�+�i�H�v �i�B�2�/ �i�Q �i�?�2k�@�b�i�2�T �B�M�7�Q�`�K���i�B�Q�M �Q�7 �i�?�2
�M�2�i�r�Q�`�F�X �h�?�2 �}�M���H �2�K�#�2�/�/�B�M�;�b ���`�2 �Q�#�i���B�M�2�/ �#�v �+�Q�M�+���i�2�M���i�B�M�; �i�?�2�b�2K �K���i�`�B�+�2�b�X

�h�?�B�b �+�Q�M�b�i�`�m�+�i�B�Q�M �+�Q�M�i�`���b�i�b �r�B�i�? �S�*���S���b�b �B�M �b�2�p�2�`���H �`�2�b�T�2�+�i�b�X �"�2�+���m�b�2 �i�?�2 �2�K�@
�#�2�/�/�B�M�;�b ���`�2 �#�m�B�H�i �#�v �+�Q�M�+���i�2�M���i�B�M�;K �b�+���H�2�@�b�T�2�+�B�}�+ �+�Q�K�T�Q�M�2�M�i�b�- �J�m�H�i�B�G�2�M�b �2�K�#�2�/�@
�/�B�M�;�b ���`�2 �2�t�T�H�B�+�B�i�H�v �K�m�H�i�B�@�b�+���H�2�- �+�Q�M�i���B�M�B�M�; �+�Q�M�i�`�B�#�m�i�B�Q�M�b �7�`�Q�K�2�p�2�`�v�b�+���H�2 �#�2�i�r�2�2�M
k = 1 ���M�/k = K �X �h�?�B�b �D�m�b�i�B�}�2�b �/�2�b�+�`�B�#�B�M�; �i�?�2�K ���b�?�B�;�?�@�7� �̀2�[�m�2�M�+�v �K�m�H�i�B�@�b�+���H�2 �2�K�@
�#�2�/�/�B�M�;�b�X �h�?�2�b�2 �T�`�Q�T�2�`�i�B�2�b ���`�2 �2�M���#�H�2�/ �#�v ���T�T�H�v�B�M�; ���;�;�`�2�;���i�B�Q�M ���M�/ �+�Q�K�T�`�2�b�b�B�Q�M �i�Q
�i�?�2 �K�2�b�b���;�2 �K���i�`�B�+�2�b �`���i�?�2�` �i�?���M �i�?�2 �2�K�#�2�/�/�B�M�;�b�- �2�M�b�m�`�B�M�; �� �/�B�`�2�+�i �+�Q�`�`�2�b�T�Q�M�/�2�M�+�2
�#�2�i�r�2�2�M~H (k ) ���M�/k�@�b�i�2�T �B�M�7�Q�`�K���i�B�Q�M�X

���M�Q�i�?�2�` �F�2�v ���b�T�2�+�i �Q�7 �J�m�H�i�B�G�2�M�b �B�b �B�i�b �m�b�2 �Q�7 �K�m�H�i�B�T�H�2 ���;�;�`�2�;���i�B�Q�M �7�m�M�+�i�B�Q�M�b�,
�K�2���M�- �b�m�K�- �K���t�- �K�B�M�- �p���`�B���M�+�2�- ���M�/ �i�?�2 �G�R�@ ���M�/ �G�k�@�M�Q�`�K�b�X �h�?�B�b �/�2�b�B�;�M �b�2�2�F�b
�i�Q �K�B�i�B�;���i�2 �B�M�7�Q�`�K���i�B�Q�M �H�Q�b�b �7�`�Q�K �`�2�H�v�B�M�; �Q�M �� �b�B�M�;�H�2 ���;�;�`�2�;���i�B�Q�M�- ���M�/ �?���b �T�`�Q�p�2�M
�2�z�2�+�i�B�p�2 �B�M �Q�i�?�2�` �+�Q�M�i�2�t�i�b �(�R�N�j�)�X

�>�Q�r�2�p�2�`�- �i�?�B�b �/�2�b�B�;�M ���H�b�Q �B�M�i�`�Q�/�m�+�2�b �� �+�`�B�i�B�+���H �#�Q�i�i�H�2�M�2�+�F�X �a�B�M�+�2 �i�?�2 �7�m�H�H �K�2�b�b���;�2
�K���i�`�B�t �B�b �T���b�b�2�/ �i�Q �i�?�2 ���;�;�`�2�;���i�B�Q�M �7�m�M�+�i�B�Q�M�b �r�B�i�?�Q�m�i �T�`�B�Q�` �+�Q�K�T�`�2�b�b�B�Q�M�- ���M�v ���;�@
�;�`�2�;���i�B�Q�M �i�?���i �B�M�+�`�2���b�2�b �/�B�K�2�M�b�B�Q�M���H�B�i�v �#�v �� �7���+�i�Q�`� �H�2���/�b �i�Q �2�t�T�Q�M�2�M�i�B���H �;�`�Q�r�i�?�X
�*�Q�M�b�2�[�m�2�M�i�H�v�- �J�m�H�i�B�G�2�M�b �?���b �K�2�K�Q�`�v �+�Q�K�T�H�2�t�B�i�vO(nd� K )�X �q�B�i�?� = 7 �- �i�?�2
�K�2�i�?�Q�/ �#�2�+�Q�K�2�b �B�K�T�`���+�i�B�+���H �7�Q�`K > 2�X

�A�M �*�?���T�i�2�`�d�- �i�?�2 ���*�* �K�Q�/�2�H �r�B�H�H �/�2�K�Q�M�b�i�`���i�2 �?�Q�r �i�Q �`�2�i���B�M �i�?�2 ���/�p���M�i���;�2�b
�Q�7 ���;�;�`�2�;���i�B�M�; ���M�/ �+�Q�K�T�`�2�b�b�B�M�; �K�2�b�b���;�2 �K���i�`�B�+�2�b �r�?�B�H�2 ���p�Q�B�/�B�M�; �i�?�B�b �K�2�K�Q�`�v �Q�p�2�`�@
�?�2���/�X

�j�X�N �a�2�H�7�@�a�m�T�2�`�p�B�b�2�/ �:�`���T�? �L�2�m�`���H �L�2�i�r�Q�`�F�b

�h�?�2 �T�`�2�p�B�Q�m�b �b�2�+�i�B�Q�M �+�Q�M�b�B�/�2�`�2�/ �H�B�M�2���` �K�2�b�b���;�2�@�T���b�b�B�M�; �K�Q�/�2�H�b�X �>�Q�r�2�p�2�`�- �i�?�2 �p���b�i
�K���D�Q�`�B�i�v �Q�7 �K�2�b�b���;�2�@�T���b�b�B�M�; ���T�T�`�Q���+�?�2�b ���/�Q�T�i �i�?�2 �M�Q�M�@�H�B�M�2���`�:� �̀��T�? �L�2�m� �̀��H �L�2�i�r�Q�`�F
�U�:�L�L�V �7�`���K�2�r�Q�`�F �(�3�j�)�X �S���`���K�2�i�2�` �H�2���`�M�B�M�; �B�M �i�?�2�b�2 �K�Q�/�2�H�b �;�2�M�2�`���H�H�v �B�M�p�Q�H�p�2�b �M�Q�M�@
�+�Q�M�p�2�t �Q�T�i�B�K�B�b���i�B�Q�M �Q�7 �� �H�Q�b�b �7�m�M�+�i�B�Q�M�X �J�Q�b�i �+�Q�K�K�Q�M�H�v�- �2�M�/�@�i�Q�@�2�M�/ �b�m�T�2�`�p�B�b�2�/ �Q�`
�b�2�K�B�@�b�m�T�2�`�p�B�b�2�/ �H�2���`�M�B�M�; �B�b �2�K�T�H�Q�v�2�/ �(�R�k�- �R�j�- �R�R�- �d�y�- �d�R�)�X �u�2�i�- �;�B�p�2�M �i�?�2 �b�+���`�+�B�i�v
�Q�7 �H���#�2�H�H�2�/ �M�2�i�r�Q�`�F �/���i���b�2�i�b�- �b�2�H�7�@�b�m�T�2�`�p�B�b�2�/ �H�2���`�M�B�M�; �?���b �#�2�+�Q�K�2 ���M �B�M�+�`�2���b�B�M�;�H�v
�T�Q�T�m�H���` ���H�i�2�`�M���i�B�p�2 �(�R�8�8�)�X

�h�?�B�b �b�2�+�i�B�Q�M �B�M�i�`�Q�/�m�+�2�b �i�?�2 �i�?�`�2�2 �K�Q�b�i �T�`�2�p���H�2�M�i �K�2�b�b���;�2�@�T���b�b�B�M�; �:�L�L ���`�+�?�B�i�2�+�i�m�`�2�b��
�:�*�L �(�R�k�)�- �:�`���T�?�a���:�1 �(�R�j�)�- ���M�/ �:���h �(�R�R�)���i�Q�;�2�i�?�2�` �r�B�i�? �i�?�2�B�` �`�2�+�2�M�i �/�B�`�2�+�i�2�/ �2�t�@
�i�2�M�b�B�Q�M�b �(�d�R�)�X �a�m�#�b�2�[�m�2�M�i�H�v�- �b�2�H�7�@�b�m�T�2�`�p�B�b�2�/ �M�Q�/�2 �2�K�#�2�/�/�B�M�; �K�Q�/�2�H�b �#�m�B�H�/�B�M�; �m�T�Q�M
�i�?�2�b�2 ���`�+�?�B�i�2�+�i�m�`�2�b ���`�2 �T�`�2�b�2�M�i�2�/�X



�d�k �*�?���T�i�2�` �j�X �L�Q�/�2 �1�K�#�2�/�/�B�M�; �J�Q�/�2�H�b

�:�`���T�? �L�2�m�`���H �L�2�i�r�Q�`�F ���`�+�?�B�i�2�+�i�m�`�2�b

�:�`���T�? �*�Q�M�p�Q�H�m�i�B�Q�M���H �L�2�i�r�Q�`�F�h�?�2�:� �̀��T�? �*�Q�M�p�Q�H�m�i�B�Q�M���H �L�2�i�r�Q�`�F�U�:�*�L�V �(�R�k�)
�+���M �#�2 �p�B�2�r�2�/ ���b �� �M�Q�M�@�H�B�M�2���` �2�t�i�2�M�b�B�Q�M �Q�7 �i�?�2 �a�:�*�L �K�Q�/�2�H �/�2�b�+�`�B�#�2�/ �B�M �a�2�+�i�B�Q�M�j�X�d�X
�l�b�B�M�; �i�?�2 �M�Q�i���i�B�Q�M �7�`�Q�K �1�[�m���i�B�Q�M �U�j�X�R�N�V�- �r�?�2�`�2S �/�2�M�Q�i�2�b �i�?�2 �b�v�K�K�2�i�`�B�+���H�H�v �M�Q�`�@
�K���H�B�b�2�/ ���/�D���+�2�M�+�v �K���i�`�B�t �r�B�i�? �b�2�H�7�@�H�Q�Q�T�b�- �Q�M�2 �B�i�2�`���i�B�Q�M �Q�7 �:�*�L �B�b �;�B�p�2�M �#�v

H (k ) = �
�

S | H (k � 1) W (k � 1)
�

; �U�j�X�9�y�V

�r�?�2�`�2W (k � 1) �B�b �� �H�2���`�M���#�H�2 �r�2�B�;�?�i �K���i�`�B�t ���M�/� �B�b ���M �2�H�2�K�2�M�i�@�r�B�b�2 �M�Q�M�@�H�B�M�2���`�B�i�v
�b�m�+�? ���b �_�2�G�l�X

�� �F�2�v �7�2���i�m�`�2 �Q�7 �:�*�L �B�b �i�?�2 �B�M�+�H�m�b�B�Q�M �Q�7 �b�2�H�7�@�H�Q�Q�T�b�- �r�?�B�+�? �2�M�b�m�`�2�b �i�?���i �B�M�7�Q�`�@
�K���i�B�Q�M �7�`�Q�K �2���`�H�B�2�` �B�i�2�`���i�B�Q�M�b �B�b �`�2�i���B�M�2�/�X �A�M �i�?�B�b �b�2�M�b�2�- �:�*�L �B�K�T�H�B�+�B�i�H�v �2�K�T�H�Q�v�b
�� �b�m�K�K���i�B�Q�M �m�T�/���i�2�X �>�Q�r�2�p�2�`�- �+�Q�K�T���`�2�/ �r�B�i�? �+�Q�M�+���i�2�M���i�B�Q�M�@�#���b�2�/ �m�T�/���i�2�b�- �b�m�K�@
�K���i�B�Q�M �/�B�b�+���`�/�b �b�Q�K�2 �B�M�7�Q�`�K���i�B�Q�M�X ���b �i�?�2 �M�m�K�#�2�` �Q�7 �H���v�2�`�bk �B�M�+�`�2���b�2�b�- �:�*�L�b
���`�2 �T�`�Q�M�2 �i�Q�Q�p�2�`�@�b�K�Q�Q�i�?�B�M�;�- �r�?�2�`�2�#�v �M�Q�/�2 �2�K�#�2�/�/�B�M�;�b �+�Q�M�p�2�`�;�2 �i�Q�r���`�/�b �B�M�/�B�b�i�B�M�@
�;�m�B�b�?���#�H�2 �p�2�+�i�Q�`�b �(�R�N�k�)�X

�:�`���T�?�a���:�1 �h�?�2�:� �̀��T�?�a���:�1�K�Q�/�2�H �(�R�j�) �T�2�`�7�Q�`�K�b �K�2�b�b���;�2�@�T���b�b�B�M�; ���b

M (k ) = A |
�LH

(k � 1) ; �U�j�X�9�R�V

H (k ) = �
�

H (k � 1) W (k )
1 + M (k ) W (k )

2

�
: �U�j�X�9�k�V

�l�M�H�B�F�2 �:�*�L�- �:�`���T�?�a���:�1 �+�Q�K�#�B�M�2�b �M�Q�/�2 ���M�/ �M�2�B�;�?�#�Q�m�`�?�Q�Q�/ �2�K�#�2�/�/�B�M�;�b �i�?�`�Q�m�;�?
�+�Q�M�+���i�2�M���i�B�Q�M�X �h�?�B�b �#�2�+�Q�K�2�b �2�t�T�H�B�+�B�i �r�?�2�M �1�[�m���i�B�Q�M �U�j�X�9�k�V �B�b �`�2�r�`�B�i�i�2�M ���b

H (k ) = �
� �

H (k � 1) M (k )
�

W (k )
�

; W (k ) =

"
W (k )

1

W (k )
2

#

: �U�j�X�9�j�V

�>�2�`�2�-W (k )
1 ���M�/W (k )

2 ���+�i ���b �+�Q�K�T�`�2�b�b�B�Q�M �K���i�`�B�+�2�b �`�2�;�m�H���i�B�M�; �?�Q�r �B�M�7�Q�`�K���i�B�Q�M �~�Q�r�b
���+�`�Q�b�b �b�+���H�2�b�X
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�q�?�B�H�2 �"�:�_�G �b�B�;�M�B�}�+���M�i�H�v �B�K�T�`�Q�p�2�b �b�+���H���#�B�H�B�i�v �+�Q�K�T���`�2�/ �r�B�i�? �2���`�H�B�2�` �+�Q�M�i�`���b�i�B�p�2
���T�T�`�Q���+�?�2�b�����b �b�?�Q�r�M �B�M �i�?�2 �2�t�T�2�`�B�K�2�M�i�b �Q�7 �(�8�)���B�i �+���M �b�i�B�H�H �#�2 �b�H�Q�r �B�M �T�`���+�i�B�+�2�X
�h�?�B�b �B�b �H���`�;�2�H�v �/�m�2 �i�Q �B�i�b �`�2�+�Q�K�K�2�M�/�2�/ �?�v�T�2�`�T���`���K�2�i�2�` �+�Q�M�}�;�m�`���i�B�Q�M�- �r�?�B�+�? �2�K�@
�T�H�Q�v�b �� �p�2�`�v �H�Q�r �H�2���`�M�B�M�; �`���i�2 ���M�/ �� �H���`�;�2 �M�m�K�#�2�` �Q�7 �i�`���B�M�B�M�; �2�T�Q�+�?�b�X �h�?�2 �T���T�2�`
�/�Q�2�b �M�Q�i �2�t�T�H�B�+�B�i�H�v �D�m�b�i�B�7�v �i�?�2�b�2 �+�?�Q�B�+�2�b�- �#�m�i �i�?�2�v ���`�2 �H�B�F�2�H�v �`�2�H���i�2�/ �i�Q �i�?�2 �K�Q�/�2�H�ö�b
�M�Q�M�@�b�i���M�/���`�/ �Q�T�i�B�K�B�b���i�B�Q�M �/�v�M���K�B�+�b�X

�*�*���@�a�a�: �*���M�Q�M�B�+���H �*�Q�`� �̀2�H���i�B�Q�M ���M���H�v�b�B�b���B�M�b�T�B� �̀2�/ �a�2�H�7�@�a�m�T�2�`�p�B�b�2�/ �G�2���`�M�B�M�; �Q�M
�:� �̀��T�?�b�U�*�*���@�a�a�:�V �(�d�) �B�b ���M�Q�i�?�2�` �a�a�:�L�L �K�Q�/�2�H �i�?���i �`�2�H�B�2�b �Q�M �K�m�H�i�B�@�p�B�2�r �+�Q�M�b�B�b�@
�i�2�M�+�v �#�m�i�- �H�B�F�2 �"�:�_�G�- ���p�Q�B�/�b �M�2�;���i�B�p�2 �b���K�T�H�B�M�; �i�Q �B�K�T�`�Q�p�2 �b�+���H���#�B�H�B�i�v�X �>�Q�r�2�p�2�`�-
�B�i ���/�Q�T�i�b �� �+�Q�M�b�B�/�2�`���#�H�v �b�B�K�T�H�2�` �i�`���B�M�B�M�; �b�2�i�m�T �i�?���M �"�:�_�G�X

���b �B�M �"�:�_�G�- �2�/�;�2 ���M�/ �7�2���i�m�`�2 �K���b�F�B�M�; ���`�2 �m�b�2�/ �i�Q �;�2�M�2�`���i�2 �i�r�Q ���m�;�K�2�M�i�2�/
�;�`���T�?�b�-N1 ���M�/N2�- �r�?�B�+�? ���`�2 �i�?�2�M �2�M�+�Q�/�2�/ �B�M�i�Q �M�Q�/�2 �2�K�#�2�/�/�B�M�;�bZ 1 ���M�/Z 2�X
�l�M�H�B�F�2 �"�:�_�G�- �?�Q�r�2�p�2�`�- �#�Q�i�? ���m�;�K�2�M�i�2�/ �;�`���T�?�b �b�?���`�2 �i�?�2 �b���K�2 �2�M�+�Q�/�2�`���� �:�*�L
�r�B�i�? �b�?���`�2�/ �T���`���K�2�i�2�`�b�,

Z 1 = �:�*�L ~G1
( ~X 1; � ); Z 2 = �:�*�L ~G2

( ~X 2; � ): �U�j�X�8�N�V

�h�?�2 �K�Q�/�2�H �B�b �i�`���B�M�2�/ �m�b�B�M�; �� �H�Q�b�b �7�m�M�+�i�B�Q�M �/�2�`�B�p�2�/ �7�`�Q�K�*���M�Q�M�B�+���H �*�Q�`� �̀2�H���i�B�Q�M
���M���H�v�b�B�b�U�*�*���V �(�R�N�8�)�X �h�?�B�b �Q�#�D�2�+�i�B�p�2 �+�Q�M�b�B�b�i�b �Q�7 �Q�M�2 �i�2�`�K �2�M�7�Q�`�+�B�M�; �2�K�#�2�/�/�B�M�;
�+�Q�M�b�B�b�i�2�M�+�v ���M�/ �i�r�Q �/�2�+�Q�`�`�2�H���i�B�Q�M �i�2�`�K�b �i�?���i �T�`�2�p�2�M�i �`�2�/�m�M�/���M�+�v ���+�`�Q�b�b �2�K�#�2�/�/�B�M�;



�j�X�N�X �a�2�H�7�@�a�m�T�2�`�p�B�b�2�/ �:� �̀��T�? �L�2�m� �̀��H �L�2�i�r�Q�`�F�b �d�d

�/�B�K�2�M�b�B�Q�M�b�,

L (� ) = k ~Z 1 � ~Z 2k2
F + �

�
k ~Z |

1
~Z 1 � I pk2

F + k ~Z |
2

~Z 2 � I pk2
F

�
; �U�j�X�e�y�V

�r�?�2�`�2~Z 1 ���M�/~Z 2 �/�2�M�Q�i�2 �b�i���M�/���`�/�B�b�2�/ �2�K�#�2�/�/�B�M�; �K���i�`�B�+�2�b�-k � kF �B�b �i�?�2 �6�`�Q�#�2�M�B�m�b
�M�Q�`�K�- ���M�/� �B�b �� �`�2�;�m�H���`�B�b���i�B�Q�M �+�Q�2�{�+�B�2�M�i �#���H���M�+�B�M�; �+�Q�M�b�B�b�i�2�M�+�v ���M�/ �/�2�+�Q�`�`�2�H���i�B�Q�M�X
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�2�/�;�2�b�- �:�`���T�?�J���1 �`�2�+�Q�M�b�i�`�m�+�i�b �M�Q�/�2 ���i�i�`�B�#�m�i�2�bX 2 Rn � d �X
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�7�2���i�m�`�2 �p�2�+�i�Q�`�b �Q�7 �� �b�m�#�b�2�i �Q�7 �M�Q�/�2�b~N �r�B�i�? �� �b�?���`�2�/ �H�2���`�M���#�H�2 �p�2�+�i�Q�`�- �v�B�2�H�/�B�M�; �i�?�2
�K���b�F�2�/ ���i�i�`�B�#�m�i�2 �K���i�`�B�t~X �X �h�?�B�b �B�b �T���b�b�2�/ �i�?�`�Q�m�;�? �� �:�L�L �2�M�+�Q�/�2�`���B�K�T�H�2�K�2�M�i�2�/
���b �� �:���h �K�Q�/�2�H���i�Q �T�`�Q�/�m�+�2 �M�Q�/�2 �2�K�#�2�/�/�B�M�;�b�,

Z = �:���h ( ~X ; � ): �U�j�X�e�R�V

�a�m�#�b�2�[�m�2�M�i�H�v�- �i�?�2 �2�K�#�2�/�/�B�M�;�b �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2 �K���b�F�2�/ �M�Q�/�2�b~N ���`�2 ���;���B�M
�K���b�F�2�/�- �T�`�Q�/�m�+�B�M�;~Z �- �r�?�B�+�? �B�b �T���b�b�2�/ �i�?�`�Q�m�;�? �� �:���h �/�2�+�Q�/�2�` �i�Q �`�2�+�Q�M�b�i�`�m�+�i �i�?�2
�M�Q�/�2 ���i�i�`�B�#�m�i�2�b�,

X̂ = �:���h ( ~Z ; � ): �U�j�X�e�k�V

�h�?�2 ���m�i�?�Q�`�b �2�K�T�?���b�B�b�2 �i�?���i ���M �2�t�T�`�2�b�b�B�p�2�- �b�i�`�m�+�i�m�`�2�@���r���`�2 �/�2�+�Q�/�2�` �B�b �+�`�m�+�B���H�- ���b �B�i
���H�H�Q�r�b �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �i�Q �2�t�T�H�Q�B�i �M�2�i�r�Q�`�F �/�2�T�2�M�/�2�M�+�B�2�b �(�R�e�N�)�X



�d�3 �*�?���T�i�2�` �j�X �L�Q�/�2 �1�K�#�2�/�/�B�M�; �J�Q�/�2�H�b

�A�M�b�i�2���/ �Q�7 �K�2���M�@�b�[�m���`�2�/ �2�`�`�Q�`�- �:�`���T�?�J���1 �2�K�T�H�Q�v�b �i�?�2�a�+���H�2�/ �*�Q�b�B�M�2 �1�`� �̀Q�`
�U�a�*�1�V �i�Q �K�2���b�m�`�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �[�m���H�B�i�v �7�Q�` �i�?�2 �K���b�F�2�/ �M�Q�/�2�b�,

L (� ; � ) =
1

j ~Nj

X

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

�:�`���T�?�J���1�k �P�M�2 �H�B�K�B�i���i�B�Q�M �Q�7 �:�`���T�?�J���1�ö�b ���i�i�`�B�#�m�i�2�@�`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���T�T�`�Q���+�?
�B�b �B�i�b �b�2�M�b�B�i�B�p�B�i�v �i�Q �i�?�2 �/�B�b�+�`�B�K�B�M���#�B�H�B�i�v �Q�7 �M�Q�/�2 ���i�i�`�B�#�m�i�2�b�- �r�?�B�+�? �K���v �`�2�b�m�H�i �B�M
�T�Q�Q�` �2�K�#�2�/�/�B�M�; �[�m���H�B�i�v �/�2�T�2�M�/�B�M�; �Q�M �i�?�2 �7�2���i�m�`�2 �b�2�i�X �h�Q �K�B�i�B�;���i�2 �i�?�B�b�-�:� �̀��T�?�@
�J���1�k �(�R�d�y�) �B�M�i�`�Q�/�m�+�2�b �i�r�Q �+�Q�K�T�H�2�K�2�M�i���`�v �`�2�;�m�H���`�B�b���i�B�Q�M �b�i�`���i�2�;�B�2�b �r�?�B�H�2 �Q�i�?�2�`�r�B�b�2
�K���B�M�i���B�M�B�M�; �i�?�2 �Q�p�2�`���H�H �:�`���T�?�J���1 �7�`���K�2�r�Q�`�F�X

�h�?�2 �}�`�b�i �b�i�`���i�2�;�v �B�b�K�m�H�i�B�@�p�B�2�r � �̀2�@�K���b�F�B�M�;�X �A�M�b�i�2���/ �Q�7 �m�b�B�M�; �i�?�2 �b���K�2 �K���b�F�2�/
�M�Q�/�2 �b�2�i~N �7�Q�` �#�Q�i�? �i�?�2 �B�M�B�i�B���H �K���b�F�B�M�; �Q�7X ���M�/ �i�?�2 �`�2�@�K���b�F�B�M�; �Q�7Z �- �:�`���T�?�J���1�k
�b���K�T�H�2�bK �B�M�/�2�T�2�M�/�2�M�i �M�Q�/�2 �b�2�i�bf ~Nk gK

k=1 �7�Q�` �`�2�@�K���b�F�B�M�;�X �h�?�B�b �T�`�Q�/�m�+�2�bK �`�2�+�Q�M�@
�b�i�`�m�+�i�2�/ ���i�i�`�B�#�m�i�2 �K���i�`�B�+�2�bf X̂ (k ) gK

k=1 �- ���M�/ �i�?�2 �a�*�1 �H�Q�b�b �B�b �+�Q�K�T�m�i�2�/ ���+�`�Q�b�b ���H�H
�p�B�2�r�b�,

L 1(� ; � ) =
1

j ~Nj

KX

k=1

X

i 2 ~N

0

@1 �
X i; :

�
X̂ (k )

i; :

� |

kX i; :k2kX̂ (k )
i; : k2

1

A




: �U�j�X�e�9�V

�h�?�2 �b�2�+�Q�M�/ �b�i�`���i�2�;�v �2�M�7�Q�`�+�2�b�H���i�2�M�i � �̀2�T� �̀2�b�2�M�i���i�B�Q�M �T� �̀2�/�B�+�i�B�Q�M�i�Q �T�`�Q�K�Q�i�2 �+�Q�M�@
�b�B�b�i�2�M�+�v �B�M �i�?�2 �2�K�#�2�/�/�B�M�; �b�T���+�2�X �h�?�2 �2�K�#�2�/�/�B�M�;�b �7�`�Q�K �1�[�m���i�B�Q�M �U�j�X�e�R�V ���`�2 �}�`�b�i
�i�`���M�b�7�Q�`�K�2�/ �#�v ���M �J�G�S �r�B�i�? �T���`���K�2�i�2�`�b� �i�Q �v�B�2�H�/�Z �- �r�?�B�H�2 �m�M�K���b�F�2�/ �M�Q�/�2 ���i�@
�i�`�B�#�m�i�2�bX ���`�2 �T���b�b�2�/ �i�?�`�Q�m�;�? ���M�Q�i�?�2�` �:���h �2�M�+�Q�/�2�` �r�B�i�? �T���`���K�2�i�2�`�b�� ���M�/ ��
�b�2�T���`���i�2 �J�G�S �r�B�i�? �T���`���K�2�i�2�`�b�� �,

�Z = �J�G�S(Z ; � ); �U�j�X�e�8�V

�Z = �J�G�S(�:���h (X ; �� ); �� ): �U�j�X�e�e�V

�h�?�2 �a�*�1 �B�b ���;���B�M �m�b�2�/ �i�Q ���H�B�;�M �i�?�2 �H���i�2�M�i �`�2�T�`�2�b�2�M�i���i�B�Q�M�b�,

L 2(� ; � ) =
1
n

nX

i =1

 

1 �
�Z i; :

�Z |
i; :

k �Z i; :k2k �Z i; :k2

! 


: �U�j�X�e�d�V



�j�X�N�X �a�2�H�7�@�a�m�T�2�`�p�B�b�2�/ �:� �̀��T�? �L�2�m� �̀��H �L�2�i�r�Q�`�F�b �d�N

�h�?�2 �Q�p�2�`���H�H �H�Q�b�b �7�m�M�+�i�B�Q�M �+�Q�K�#�B�M�2�b �#�Q�i�? �i�2�`�K�b�,

L (� ; � ; � ) = L 1(� ; � ) + �L 2(� ; � ); �U�j�X�e�3�V

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

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

�:�_�1�1�h �:�_�1�1�h �(�R�N�e�) �B�b �� �`�2�+�2�M�i �b�2�H�7�@�b�m�T�2�`�p�B�b�2�/ �:�L�L �K�Q�/�2�H �/�2�b�B�;�M�2�/ �b�T�2�+�B�}�@
�+���H�H�v �7�Q�` �H�2���`�M�B�M�; �M�Q�/�2 �2�K�#�2�/�/�B�M�;�b �Q�M �K�B�t�2�/ �?�Q�K�Q�T�?�B�H�B�+ ���M�/ �?�2�i�2�`�Q�T�?�B�H�B�+ �M�2�i�r�Q�`�F
�/���i���b�2�i�b �U�*�?���T�i�2�`�k�X�k�V�X �G�B�F�2 �J�o�:�_�G�- �B�i ���/�Q�T�i�b �� �K�m�H�i�B�@�p�B�2�r �H�2���`�M�B�M�; �b�i�`���i�2�;�v�- �#�m�i
�2�K�T�H�Q�v�b �� �b�m�#�b�i���M�i�B���H�H�v �K�Q�`�2 �B�M�i�`�B�+���i�2 ���`�+�?�B�i�2�+�i�m�`�2�X

�:�_�1�1�h �+�Q�M�b�i�`�m�+�i�b �i�r�Q �;�`���T�? �p�B�2�r�b �#�v �m�b�B�M�; �� �/�B�b�+�`�B�K�B�M���i�Q�` �i�Q �+�H���b�b�B�7�v �2���+�?
�2�/�;�2 ���b �2�B�i�?�2�` �?�Q�K�Q�T�?�B�H�B�+ �Q�` �?�2�i�2�`�Q�T�?�B�H�B�+�X �6�Q�` �2���+�? �2�/�;�2(i; j )�- �i�?�2 �/�B�b�+�`�B�K�B�M���i�Q�`
�b���K�T�H�2�b �� �r�2�B�;�?�iwi 7! j 2 [0; 1] �7�`�Q�K �� �:�m�K�#�2�H���a�Q�7�i�K���t �/�B�b�i�`�B�#�m�i�B�Q�M �(�R�N�d�)�- �r�?�2�`�2
�p���H�m�2�b �+�H�Q�b�2 �i�Q �Q�M�2 �B�M�/�B�+���i�2 �?�Q�K�Q�T�?�B�H�B�+ �`�2�H���i�B�Q�M�b�X �h�?�2�b�2 �r�2�B�;�?�i�b ���`�2 �i�?�2�M �m�b�2�/ �i�Q
�7�Q�`�K �i�r�Q �M�2�r ���/�D���+�2�M�+�v �K���i�`�B�+�2�b�,

A �?�Q�K�Qi;j = wi 7! j ; A �?�2�i�2�`�Qi;j = 1 � wi 7! j : �U�j�X�e�N�V

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

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

H (k )
�?�Q�K�Q= A |

�?�Q�K�QH
(k � 1)
�?�Q�K�Q; �U�j�X�d�y�V

H (k )
�?�2�i�2�`�Q= ( I n � � A �?�2�i�2�`�Q) | H (k � 1)

�?�2�i�2�`�Q; �U�j�X�d�R�V

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

Z =
h
H (K )

�?�Q�K�Q H (K )
�?�2�i�2�`�Q

i
: �U�j�X�d�k�V

�h�?�2 �B�M�B�i�B���H �7�2���i�m�`�2�b ���`�2 �/�2�}�M�2�/ ���bH (0)
� = �J�G�S(X )�X �L�Q�i���#�H�v�- �:�_�1�1�h �/�Q�2�b �M�Q�i

�m�b�2 ���M�v �M�Q�M�@�H�B�M�2���` �Q�` �T���`���K�2�i�2�`�B�b�2�/ �7�m�M�+�i�B�Q�M�b �/�m�`�B�M�; �K�2�b�b���;�2�@�T���b�b�B�M�;�- ���b�B�/�2 �7�`�Q�K
�i�?�2 �B�M�B�i�B���H �J�G�S�X

�h�?�2 �/�B�b�+�`�B�K�B�M���i�Q�` �i�?���i ���b�b�B�;�M�b �2�/�;�2 �r�2�B�;�?�i�b �H�2�p�2�`���;�2�b���m�;�K�2�M�i�2�/ �M�Q�/�2 �7�2���i�m� �̀2�b�-
�/�2�}�M�2�/ �7�Q�` �M�Q�/�2i ���bx i = [ X i; :; pi ]�- �r�?�2�`�2pi 2 Rdp �B�b ��� �̀��M�/�Q�K �r���H�F � �̀2�i�m�`�M�@
�T� �̀Q�#���#�B�H�B�i�v �p�2�+�i�Q�`�+�Q�M�i���B�M�B�M�; �`�2�i�m�`�M �T�`�Q�#���#�B�H�B�i�B�2�b �7�Q�` �r���H�F�b �m�T �i�Q �H�2�M�;�i�?dp�,

pi =
h
(A �L) i;i (A 2

�L) i;i : : : (A dp
�L ) i;i

i
: �U�j�X�d�j�V



�3�y �*�?���T�i�2�` �j�X �L�Q�/�2 �1�K�#�2�/�/�B�M�; �J�Q�/�2�H�b

�h�?�2�b�2 ���m�;�K�2�M�i�2�/ �p�2�+�i�Q�`�b ���`�2 �T���b�b�2�/ �i�?�`�Q�m�;�? ���M �J�G�S �i�Q �T�`�Q�/�m�+�2 �?�B�/�/�2�M �M�Q�/�2
�2�K�#�2�/�/�B�M�;�bh i = �J�G�S(x i )�- �r�?�B�+�? ���`�2 �i�?�2�M �m�b�2�/ �i�Q �+�Q�K�T�m�i�2 �i�?�2 �?�Q�K�Q�T�?�B�H�B�+ �2�/�;�2
�r�2�B�;�?�i�b�,

� i 7! j =
1
2

�
�J�G�S

��
h i h j

��
+ �J�G�S

��
h j h i

���
; �U�j�X�d�9�V

wi 7! j = �
�

� i 7! j + �H�Q�;� � �H�Q�;(1 � � )
� g

�
; �U�j�X�d�8�V

�r�?�2�`�2� �B�b �i�?�2 �b�B�;�K�Q�B�/ �7�m�M�+�i�B�Q�M�-� � �l�M�B�7�Q�`�K(0; 1) �B�b �� �b���K�T�H�2�/ �:�m�K�#�2�H �p���`�B���i�2�-
���M�/� g > 0 �B�b �� �i�2�K�T�2�`���i�m�`�2 �?�v�T�2�`�T���`���K�2�i�2�`�X

�:�_�1�1�h �B�b �i�`���B�M�2�/ �m�b�B�M�; �� �+�Q�K�#�B�M���i�B�Q�M �Q�7 �Q�#�D�2�+�i�B�p�2�b�X �h�?�2�T�B�p�Q�i�@���M�+�?�Q� �̀2�/ � �̀��M�F�@
�B�M�; �H�Q�b�b�i�`���B�M�b �i�?�2 �/�B�b�+�`�B�K�B�M���i�Q�` �i�Q ���b�b�B�;�M �?�B�;�? �r�2�B�;�?�i�b �i�Q �2�/�;�2�b �+�Q�M�M�2�+�i�B�M�; �M�Q�/�2�b
�r�B�i�? �b�B�K�B�H���` �2�K�#�2�/�/�B�M�;�b ���M�/ �H�Q�r �r�2�B�;�?�i�b �i�Q �/�B�b�b�B�K�B�H���` �Q�M�2�b�X �A�M �T���`���H�H�2�H�- �i�?�2� �̀Q�@
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�b�?�Q�r �i�?�2 �T�Q�i�2�M�i�B���H �p���H�m�2�b�X�U�+�V�.�B�p�2�`�;�2�M�+�2�@�7�`�2�2 �~�Q�r �+�Q�K�T�Q�M�2�M�if �F�2�`�U�/�B�p�V�- �r�?�2�`�2 �B�M�~�Q�r
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f �;�`���/ i 7! j = zj � zi ; �7�Q�` �2���+�?(i; j ) 2 M; �U�9�X�j�V

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

f �;�`���/ = Bz ; �U�9�X�8�V

�r�B�i�?z 2 Rn �- �+�Q�H�H�2�+�i�B�M�; ���H�H �M�Q�/�2 �T�Q�i�2�M�i�B���H�b�X �h�?�2 �/�B�p�2�`�;�2�M�+�2�@�7�`�2�2 �+�Q�K�T�Q�M�2�M�i �H�B�2�b
�B�M �i�?�2 �F�2�`�M�2�H �Q�7B �- �b���i�B�b�7�v�B�M�;f |

�F�2�`�U�/�B�p�VB = 0�- �B�X�2�X�- �M�2�i �B�M�~�Q�r �2�[�m���H�b �M�2�i �Q�m�i�~�Q�r ���i
�2�p�2�`�v �M�Q�/�2�X
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�~�Q�r�b�X �6�B�;�m�`�2�9�X�R�#�b�?�Q�r�b �i�?�2 �;�`���/�B�2�M�i �+�Q�K�T�Q�M�2�M�i�- �r�?�2�`�2 �~�Q�r �2�[�m���H�b �T�Q�i�2�M�i�B���H
�/�B�z�2�`�2�M�+�2�b�X �6�B�;�m�`�2�9�X�R�+�b�?�Q�r�b �i�?�2 �/�B�p�2�`�;�2�M�+�2�@�7�`�2�2 �+�Q�K�T�Q�M�2�M�i�- �r�?�2�`�2 �M�2�i �M�Q�/�2 �~�Q�r�b
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f̂ i 7! j = � �:�6 (zi ; zj ) = zj � zi : �U�9�X�e�V

�A�M �p�2�+�i�Q�` �7�Q�`�K�,

^f = Bz �:�6 ; �U�9�X�d�V
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B �i�`���B�M�- �M�Q�/�2 �2�K�#�2�/�/�B�M�;�b �+���M �#�2 �B�M�7�2�`�`�2�/ �#�v �K�B�M�B�K�B�x�B�M�; �i�?�2 �K�2���M �b�[�m���`�2�/ �2�`�`�Q�` �H�Q�b�b

L �:�6 ( �J�a�1) (z �:�6 ) =
1

jM �i�`���B�Mj
kf �i�`���B�M� B �i�`���B�Mz �:�6 k2

2

=
1

jM �i�`���B�Mj

X

( i;j )2 M �i�`���B�M

(f i 7! j � (zj � zi ))
2 :

�U�9�X�3�V

�h�?�2 �b�[�m���`�2�/ �H�Q�b�b �B�b �+�Q�M�p�2�t ���M�/ �+���M �#�2 �2�{�+�B�2�M�i�H�v �K�B�M�B�K�B�x�2�/ �m�b�B�M�; �K�2�i�?�Q�/�b �b�m�+�? ���b
�G�a�Z�_ �(�k�y�R�-�k�y�k�)�X

�>�Q�r�2�p�2�`�- ���b �r�B�i�? �K�Q�b�i �K���+�?�B�M�2 �H�2���`�M�B�M�; �K�Q�/�2�H�b�- �:�6 �B�b �T�`�Q�M�2 �i�Q �Q�p�2�`�}�i�i�B�M�; �B�7
�M�Q�i �`�2�;�m�H���`�B�x�2�/�X �A�M �T���`�i�B�+�m�H���`�- �i�?�2 �b�[�m���`�2�/ �H�Q�b�b �T�H���+�2�b �/�B�b�T�`�Q�T�Q�`�i�B�Q�M���i�2 �r�2�B�;�?�i �Q�M
�H���`�;�2 �~�Q�r�b�- �� �+�Q�K�K�Q�M �7�2���i�m�`�2 �Q�7 �i�`���M�b���+�i�B�Q�M �/���i���X �h�?�B�b �B�b�b�m�2 �K�Q�i�B�p���i�2�b �i�?�2 �`�Q�#�m�b�i
�H�Q�b�b �7�m�M�+�i�B�Q�M �B�M�i�`�Q�/�m�+�2�/ �B�M �a�2�+�i�B�Q�M�9�X�j�X

�9�X�k �:���i�2�/ �:�`���/�B�2�M�i �6�H�Q�r �J�Q�/�2�H

�h�?�2 �:�`���/�B�2�M�i �6�H�Q�r �U�:�6�V �K�Q�/�2�H �B�b ���i�i�`���+�i�B�p�2 �#�2�+���m�b�2 �B�i �B�b �K���i�?�2�K���i�B�+���H�H�v �i�`���M�b�@
�T���`�2�M�i ���M�/ �b�+���H�2�b �r�2�H�H �i�Q �H���`�;�2 �M�2�i�r�Q�`�F�b�X �>�Q�r�2�p�2�`�- �B�i�b �2�t�T�`�2�b�b�B�p�B�i�v �B�b �H�B�K�B�i�2�/�X �A�M
�T���`�i�B�+�m�H���`�- �i�?�2 �:�6 �K�Q�/�2�H �+���M�M�Q�i �+���T�i�m�`�2 �i�?�2 �/�B�p�2�`�;�2�M�+�2�@�7�`�2�2 �+�Q�K�T�Q�M�2�M�i �Q�7 �i�?�2 �~�Q�r�-
f �F�2�`�U�/�B�p�V�- �`�2�b�i�`�B�+�i�B�M�; �B�i�b ���T�T�H�B�+���#�B�H�B�i�v �i�Q �/���i���b�2�i�b �r�?�2�`�2 �i�?�B�b �+�Q�K�T�Q�M�2�M�i �B�b �b�K���H�H�X
�6�Q�` �B�M�b�i���M�+�2�- �i�?�2 �/�B�p�2�`�;�2�M�+�2�@�7�`�2�2 �~�Q�r �M�Q�`�K �B�M �i�?�2 �1�i�?�2�`�2�m�K �U�:�:�6�V �/���i���b�2�i �B�b
kf �F�2�`�U�/�B�p�Vk2 � 42 � 106�- �+�Q�K�T���`�2�/ �i�Qkf �;�`���/k2 � 6 � 106�X



�9�X�k�X �:���i�2�/ �:� �̀��/�B�2�M�i �6�H�Q�r �J�Q�/�2�H �N�j

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

���z�2�+�i�b �M�Q�i �Q�M�H�v �i�?�2 �T�`�2�/�B�+�i�B�Q�M �7�Q�` �i�?�2 �2�/�;�2(i; j ) �#�m�i ���H�b�Q �7�Q�` ���H�H �Q�i�?�2�` �2�/�;�2�b �B�M�+�B�/�2�M�i
�i�Qi �Q�j̀ �X �h�Q �`�2�H���t �i�?�B�b �+�Q�M�b�i�`���B�M�i�-p�@�/�B�K�2�M�b�B�Q�M���H �M�Q�/�2 �T�Q�i�2�M�i�B���H�b ���`�2 �B�M�i�`�Q�/�m�+�2�/�-
�7�Q�`�K�B�M�; ���M �2�K�#�2�/�/�B�M�; �K���i�`�B�tZ 2 Rn � p�X

�a�B�K�T�H�v �B�M�+�`�2���b�B�M�; �i�?�2 �/�B�K�2�M�b�B�Q�M���H�B�i�v �B�b �M�Q�i �b�m�{�+�B�2�M�i�- �b�B�M�+�2 �2���+�? �/�B�K�2�M�b�B�Q�M �+�Q�m�H�/
�+�Q�H�H���T�b�2 �i�Q �H�2���`�M �i�?�2 �b���K�2 �T�Q�i�2�M�i�B���H�X �h�Q �T�`�2�p�2�M�i �i�?�B�b�- ���;���i�2 �7�m�M�+�i�B�Q�M�i�?���i �K�Q�/�m�H���i�2�b
�+�Q�M�i�`�B�#�m�i�B�Q�M�b �7�`�Q�K �/�B�z�2�`�2�M�i �T�Q�i�2�M�i�B���H �/�B�K�2�M�b�B�Q�M�b �Q�M �2���+�? �2�/�;�2 �B�b �m�b�2�/�X �h�?�2 �;���i�2
�7�m�M�+�i�B�Q�M� : Rq � Rq 7! [0; 1]p �i���F�2�b ���b �B�M�T�m�i �� �T���B�` �Q�7q�@�/�B�K�2�M�b�B�Q�M���H �K�Q�/�m�H���i�B�Q�M
�p�2�+�i�Q�`�b�- �Q�M�2 �7�`�Q�K �2���+�? �2�M�/�T�Q�B�M�i�- ���M�/ �Q�m�i�T�m�i�b ��p�@�/�B�K�2�M�b�B�Q�M���H �r�2�B�;�?�i �p�2�+�i�Q�` �r�B�i�?
�2�M�i�`�B�2�b �B�M[0; 1]�X �h�?�2 �`�2�b�m�H�i�B�M�;�:���i�2�/ �:� �̀��/�B�2�M�i �6�H�Q�r �U�:�:�6�V�K�Q�/�2�H �B�b

f̂ i 7! j = � (Z ; U ) = � (u i ; u j ) | (z j � z i ) �U�9�X�N�V

=
pX

k=1

[� (u i ; u j )]k
�
Z j;k � Z i;k

�
; �U�9�X�R�y�V

�r�?�2�`�2z i = Z i; : 2 Rp ���`�2 �i�?�2 �p�2�+�i�Q�`�@�p���H�m�2�/ �M�Q�/�2 �T�Q�i�2�M�i�B���H�b�- ���M�/u i = U i; : 2 Rq ���`�2
�i�?�2 �K�Q�/�m�H���i�B�Q�M �p�2�+�i�Q�`�b �i�?���i �B�M�i�2�`���+�i �p�B��� �i�Q �/�2�i�2�`�K�B�M�2 �?�Q�r �2���+�? �/�B�K�2�M�b�B�Q�M �Q�7 �i�?�2
�T�Q�i�2�M�i�B���H�b �+�Q�M�i�`�B�#�m�i�2�b �i�Q �i�?�2 �2�/�;�2 �~�Q�r�X �h�?�2 �K���i�`�B�tU �K���v �2�B�i�?�2�` �#�2 �/�2�`�B�p�2�/ �7�`�Q�K
�2�t�i�2�`�M���H �M�Q�/�2 ���i�i�`�B�#�m�i�2�b �Q�` �H�2���`�M�2�/ �D�Q�B�M�i�H�v �r�B�i�?Z �X �A�M �2�B�i�?�2�` �+���b�2�- �#�Q�i�?Z ���M�/U
�+�Q�M�b�i�B�i�m�i�2 �T���`�i�b �Q�7 �i�?�2 �+�Q�K�T�H�2�i�2 �M�Q�/�2 �~�Q�r �2�K�#�2�/�/�B�M�;�b�X

�l�M�/�2�` �i�?�B�b �7�Q�`�K�m�H���i�B�Q�M�- ���M�/ �T�`�Q�p�B�/�2�/ �i�?���i �i�?�2 �;���i�2 �7�m�M�+�i�B�Q�M� �B�b �b�m�{�+�B�2�M�i�H�v
�2�t�T�`�2�b�b�B�p�2�- �i�?�2 �:�:�6 �K�Q�/�2�H ���+�i�b ���b ���m�M�B�p�2�`�b���H ���T�T� �̀Q�t�B�K���i�Q�`�7�Q�` �~�Q�r�b �Q�M �m�M�/�B�`�2�+�i�2�/
�;�`���T�?�b�X �h�?�B�b �`�2�T�`�2�b�2�M�i�b �� �F�2�v �B�K�T�`�Q�p�2�K�2�M�i �Q�p�2�` �i�?�2 �:�6 �K�Q�/�2�H�- �r�?�B�+�? �B�b �H�B�K�B�i�2�/ �i�Q
�;�`���/�B�2�M�i �~�Q�r�b�X �� �7�Q�`�K���H �T�`�Q�Q�7 �Q�7 �i�?�B�b �m�M�B�p�2�`�b���H ���T�T�`�Q�t�B�K���i�B�Q�M �T�`�Q�T�2�`�i�v �B�b �T�`�Q�p�B�/�2�/
�B�M �i�?�2 �M�2�t�i �b�m�#�b�2�+�i�B�Q�M�X

�l�M�B�p�2�`�b���H �6�H�Q�r ���T�T�`�Q�t�B�K���i�Q�`

�h�?�2�Q�`�2�K �9�X�k�X�R�X�G�2�iG = ( N; M) �#�2 ���M�v �;� �̀��T�? �7�Q�H�H�Q�r�B�M�; �i�?�2 �b�T�2�+�B�}�+���i�B�Q�M�b �B�M �a�2�+�@
�i�B�Q�M�9�X�R�- f ���M �2�/�;�2 �~�Q�r �p�2�+�i�Q�` �r�B�i�?f �K���t = kf k1 �X �6�m�`�i�?�2�`�K�Q� �̀2�- �H�2�i� (u i ; u j ) :
Rq � Rq 7! [0; 1]p �/�2�M�Q�i�2 �� �7�m�M�+�i�B�Q�M �B�M �� �7�m�M�+�i�B�Q�M �+�H���b�b �+�Q�M�i���B�M�B�M�; �2�H�2�K�2�M�i�b ���#�H�2
�i�Q �K���T �b�Q�K�2 �b�2�i �Q�7 �T��� �̀��K�2�i�2�` �T���B�`�b(u i ; u j ) �7�Q�`i; j 2 f 1; : : : ; ng �i�Q �Q�M�2�@�?�Q�i �p�2�+�i�Q�`�b
1k i;j 2 f 0; 1gp�- �r�?�2� �̀2 �Q�M�H�v �i�?�2 �+�Q�K�T�Q�M�2�M�i ���i �B�M�/�2�tki;j �B�b �M�Q�M�x�2� �̀Q�- �r�B�i�? �#�Q�m�M�/�2�/
�2�`� �̀Q�` �7�Q�` ���M�v �}�t�2�/ �+�?�Q�B�+�2 �Q�7ki;j 2 f 1; : : : ; pg �7�Q�`i; j 2 f 1; : : : ; ng�X �h�?���i �B�b�-

� (u i ; u j ) = 1k i;j + � i;j ; �U�9�X�R�R�V

�r�?�2� �̀2� i;j 2 Rp �B�b ���M �2�`� �̀Q�` �p�2�+�i�Q�` �r�B�i�?k� i;j k1 < � �X �h�?�2�M�- �7�Q�`p = 2�( G)�- �i�?�2
�7�m�M�+�i�B�Q�M� �+���M �#�2 �+�?�Q�b�2�M �B�M �i�?�B�b �7�m�M�+�i�B�Q�M �+�H���b�b �i�Q�;�2�i�?�2�` �r�B�i�? �T��� �̀��K�2�i�2�`�bz i 2 Rp�-
�b�m�+�? �i�?���i �i�?�2 � �̀2�b�m�H�i�B�M�; �;���i�2�/ �~�Q�r �K�Q�/�2�H �B�M �1�[�m���i�B�Q�M �U�9�X�R�y�V �+���M ���T�T� �̀Q�t�B�K���i�2 �i�?�2
�~�Q�rf �b�m�+�? �i�?���i

kf � ^f k1 � 4� �( G)f �K���t ; �U�9�X�R�k�V

�r�?�2� �̀2�( G) �B�b �i�?�2 �K���t�B�K�m�K �/�2�;� �̀2�2 �Q�7 �i�?�2 �;� �̀��T�?�X



�N�9 �*�?���T�i�2�` �9�X �G�2���`�M�B�M�; �L�Q�/�2 �6�H�Q�r �1�K�#�2�/�/�B�M�;�b �p�B�� �a�i���i�B�Q�M���`�v �6�H�Q�r �S� �̀2�/�B�+�i�B�Q�M

�S� �̀Q�Q�7�X�h�?�2 �T�`�Q�Q�7 �+�Q�M�b�B�b�i�b �Q�7 ���M ���H�;�Q�`�B�i�?�K �i�?���i �+�Q�M�b�i�`�m�+�i�b �i�?�2 �~�Q�r^f �r�B�i�? �i�?�2 �/�2�b�B�`�2�/
�2�`�`�Q�` �b�T�2�+�B�}�2�/ �B�M �1�[�m���i�B�Q�M �U�9�X�R�k�V�X �h�?�2 ���H�;�Q�`�B�i�?�K �r�B�H�H �B�i�2�`���i�B�p�2�H�v ���b�b�B�;�M �p���H�m�2�b �i�Q
�2���+�? �M�Q�/�2 �T�Q�i�2�M�i�B���H �p�2�+�i�Q�`z i 2 Rp ���M�/ �b�T�2�+�B�7�v �i�?�2 �p���H�m�2�b �Q�7 �i�?�2 �;���i�2 �7�m�M�+�i�B�Q�M �7�Q�`
�2���+�? �M�Q�/�2 �T���B�`(i; j ) �r�B�i�? ���M ���b�b�Q�+�B���i�2�/ �~�Q�r �B�Mf �X �6�Q�` �M�Q�i���i�B�Q�M���H �b�B�K�T�H�B�+�B�i�v�- �i�?�2
�b�?�Q�`�i�?���M�/ �M�Q�i���i�B�Q�M� i;j = � (u i ; u j ) �r�B�H�H �#�2 �m�b�2�/ �7�Q�` �i�?�2 �;���i�2 �7�m�M�+�i�B�Q�M�X

�h�?�2 ���H�;�Q�`�B�i�?�K �B�i�2�`���i�2�b �Q�p�2�` ���H�H �M�Q�/�2�b �B�MN�X �G�2�iD �#�2 �i�?�2 �b�2�i �Q�7 �+�Q�K�T�H�2�i�2�/ �M�Q�/�2�b�-
�K�2���M�B�M�; �i�?���i �M�Q�/�2 �T�Q�i�2�M�i�B���H�b ���M�/ �;���i�2 �7�m�M�+�i�B�Q�M�b �?���p�2 �#�2�2�M �b�2�i �i�Q ���+�+�Q�m�M�i �7�Q�` �2���+�?
�~�Q�r �p���H�m�2 �Q�7 �i�?�2 �2�/�;�2�b �B�M�+�B�/�2�M�i �i�Q �M�Q�/�2�b �B�MD�X �6�m�`�i�?�2�`�K�Q�`�2�- �H�2�iQ = N n D �/�2�M�Q�i�2
�i�?�2 �b�2�i �Q�7 �M�Q�M�@�+�Q�K�T�H�2�i�2�/ �M�Q�/�2�b�X

�L�Q�r �+�Q�M�b�B�/�2�` ���b�b�B�;�M�B�M�; �~�Q�r �p���H�m�2�b �i�Q �i�?�2 �M�Q�/�2i 2 Q�X �A�7 �i�?�2 �M�Q�/�2 �T�Q�i�2�M�i�B���H�b �B�M
z i �?���p�2 ���H�`�2���/�v �#�2�2�M ���b�b�B�;�M�2�/ �i�Q ���+�+�Q�m�M�i �7�Q�` �i�?�2 �~�Q�r �p���H�m�2�b �Q�7 �2�/�;�2�b �B�M�+�B�/�2�M�i �i�Q
�M�Q�/�2i �- �K�Q�p�2i �i�QD ���M�/ �+�Q�M�i�B�M�m�2 �r�B�i�? �M�Q�/�2i + 1 �X

�P�i�?�2�`�r�B�b�2�- �H�2�id �#�2 �i�?�2 �M�m�K�#�2�` �Q�7 �M�Q�/�2 �M�2�B�;�?�#�Q�m�`�b �M�Q�/�2i �?���b �B�MD�- ���M�/ �H�2�iq �#�2
�i�?�2 �M�m�K�#�2�` �Q�7 �M�2�B�;�?�#�Q�m�`�b �B�MQ�X �h�?�m�b�- �M�Q�/�2i �?���bd �+�Q�K�T�H�2�i�2�/ �2�/�;�2�b ���M�/q �2�/�;�2�b
�r�B�i�?�Q�m�i ���b�b�B�;�M�2�/ �~�Q�r �p���H�m�2�b�X

�6�m�`�i�?�2�`�K�Q�`�2�- �/�m�2 �i�Q �i�?�2 ���b�b�B�;�M�K�2�M�i �T�`�Q�i�Q�+�Q�H �2�t�T�H���B�M�2�/ �#�2�H�Q�r�- �i�?�B�b �K�2���M�b �i�?���id
�+�Q�K�T�Q�M�2�M�i�b �Q�7z i �r�B�H�H �?���p�2 ���b�b�B�;�M�2�/ �p���H�m�2�b�- �r�?�B�H�2p� d �+�Q�K�T�Q�M�2�M�i�b ���`�2 �m�M���b�b�B�;�M�2�/�X
�G�2�iJi �/�2�M�Q�i�2 �i�?�2 �b�2�i �Q�7 �+�Q�K�T�Q�M�2�M�i �B�M�/�B�+�2�b �r�B�i�? �m�M���b�b�B�;�M�2�/ �p���H�m�2�b �Q�7 �M�Q�/�2i �- ���M�/
�i�?�2�M ���b�b�B�;�M �i�?�2 �p���H�m�20 �i�Q �i�?�2�b�2p � d �+�Q�K�T�Q�M�2�M�i�b �Q�7z i �X

�L�2�t�i�- �B�i�2�`���i�2 �Q�p�2�` �2���+�? �M�2�B�;�?�#�Q�m�`�B�M�; �M�Q�/�2j �r�?�2�`�2j 2 Q�- ���M�/ �b�2�i �i�?�2l �i�?
�+�Q�K�T�Q�M�2�M�i �Q�7z j �i�Qf i 7! j �- �B�X�2�X�-zj l = f i 7! j �- �r�?�2�`�2l �B�b �� �+�Q�K�T�Q�M�2�M�i �B�M�/�2�t �b�m�+�? �i�?���i
l 2 Ji \ Jj �X �h�?�2�M �`�2�K�Q�p�2l �7�`�Q�KJi ���M�/Jj �- ���M�/ �H�2�i� i;j = � j;i ���T�T�`�Q�t�B�K���i�21 l �m�b�B�M�;
�1�[�m���i�B�Q�M �U�9�X�R�R�V�- �K�2���M�B�M�; �i�?���iki;j = l�X �J�Q�`�2�Q�p�2�`�- �B�7 �i�?�B�b ���b�b�B�;�M�K�2�M�i �+�Q�K�T�H�2�i�2�b
�M�Q�/�2j �- �K�Q�p�2 �B�i �7�`�Q�KQ �i�QD�X

�L�Q�i�2 �i�?���ip = 2�( G) �;�m���`���M�i�2�2�b �i�?���i �� �+�Q�K�T�Q�M�2�M�i �B�M�/�2�tl 2 Ji \ Jj �r�B�H�H �#�2
���p���B�H���#�H�2�X �h�?�B�b �B�b �#�2�+���m�b�2 �2���+�? �Q�7 �i�?�2 �M�2�B�;�?�#�Q�m�`�B�M�; �M�Q�/�2�bj 2 Q �r�B�H�H �?���p�2 ���i �H�2���b�i
p � (�( G) � 1) = p + 1 � �( G) �m�M���b�b�B�;�M�2�/ �+�Q�K�T�Q�M�2�M�i�b �Q�7z j �X �h�?�B�b �B�b �#�2�+���m�b�2 �i�?�2�v
�?���p�2 ���i �K�Q�b�i�( G) �M�2�B�;�?�#�Q�m�`�b�- ���M�/ �b�B�M�+�2 �i�?�2�v ���`�2 �M�Q�i �+�Q�K�T�H�2�i�2�/�- ���i �K�Q�b�i�( G) � 1
�Q�7 �i�?�2 �+�Q�K�T�Q�M�2�M�i�b �+���M �#�2 �}�H�H�2�/�X �h�?�m�b�-jJj j � p + 1 � �( G) = �( G) + 1 �X �a�B�K�B�H���`�H�v�-
�7�Q�` �M�Q�/�2i �-jJi j = p � d = 2�( G) � d � �( G) + 1 �X �h�?�m�b�- �i�?�2�`�2 �K�m�b�i �2�t�B�b�i ���i �H�2���b�i
�Q�M�2 �B�M�/�2�tl 2 Ji \ Jj �#�v �i�?�2 �T�B�;�2�Q�M�?�Q�H�2 �T�`�B�M�+�B�T�H�2�X

���7�i�2�` �i�?�2 �B�i�2�`���i�B�Q�M �Q�p�2�` ���H�H �M�2�B�;�?�#�Q�m�`�B�M�; �M�Q�/�2�bj 2 Q �B�b �}�M�B�b�?�2�/�- �K�Q�p�2 �M�Q�/�2i
�i�QD�- ���M�/ �+�Q�M�i�B�M�m�2 �i�Q �M�Q�/�2i + 1 �X �h�?�B�b �+�Q�M�+�H�m�/�2�b �i�?�2 �/�2�b�+�`�B�T�i�B�Q�M �Q�7 �i�?�2 ���H�;�Q�`�B�i�?�K�X

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

f̂ i 7! j = � |
i;j (z j � z i ) = ( 1k i;j + � i;j ) | (z j � z i ) = f i 7! j + � |

i;j (z j � z i ):

�a�B�M�+�2zi k 2 [� f �K���t ; f �K���t ] ���M�/� i;j k 2 [� �; � ] �r�2 �?���p�2

jf i 7! j � f̂ i 7! j j = j� |
i;j (z j � z i )j � 2�pf �K���t = 4 � �( G)f �K���t :

�h�?�2�Q�`�2�K�9�X�k�X�R�b�?�Q�r�b �i�?���i �i�?�2 �:�:�6 �K�Q�/�2�H �B�b �� �m�M�B�p�2�`�b���H ���T�T�`�Q�t�B�K���i�Q�` �7�Q�` �~�Q�r�b
�Q�M �;�`���T�?�b�- �T�`�Q�p�B�/�2�/ �i�?���i �i�?�2 �;���i�2 �7�m�M�+�i�B�Q�M� �m�b�2�/ �B�M �1�[�m���i�B�Q�M �U�9�X�R�y�V �B�b �B�i�b�2�H�7 ��



�9�X�k�X �:���i�2�/ �:� �̀��/�B�2�M�i �6�H�Q�r �J�Q�/�2�H �N�8

�m�M�B�p�2�`�b���H ���T�T�`�Q�t�B�K���i�Q�` �r�B�i�? �`���M�;�2[0; 1]�- �7�Q�` �B�M�b�i���M�+�2 �� �b�m�{�+�B�2�M�i�H�v �H���`�;�2 �M�2�m�`���H
�M�2�i�r�Q�`�F �r�B�i�? �� �b�B�;�K�Q�B�/ �Q�m�i�T�m�i �H���v�2�` �(�k�y�j�)�X

�S�`���+�i�B�+���H �:���i�2�/ �:�`���/�B�2�M�i �6�H�Q�r �J�Q�/�2�H ���M�/ �B�i�b �A�M�i�2�`�T�`�2�i���i�B�Q�M

�q�?�B�H�2 �i�?�2 �i�?�2�Q�`�2�K ���#�Q�p�2 ���b�b�m�K�2�b� �i�Q �#�2 �� �~�2�t�B�#�H�2 �7�m�M�+�i�B�Q�M�- �B�M �T�`���+�i�B�+�2 �Q�p�2�`�}�i�i�B�M�;
�B�b �� �;�`�2���i�2�` �+�Q�M�+�2�`�M �i�?���M �2�t�T�`�2�b�b�B�p�B�i�v �7�Q�` �i�`���M�b���+�i�B�Q�M �/���i���X �6�Q�` �i�?�B�b �`�2���b�Q�M�- �� �b�B�K�T�H�2
�7�Q�`�K �Q�7� �B�b �m�b�2�/ �B�M �i�?�2 �2�t�T�2�`�B�K�2�M�i���H �2�p���H�m���i�B�Q�M�,

[� (U i; :; U j; :)]k = � (Ui;k ; Uj;k ) =
1

1 + e� (U i;k + U j;k )
; �U�9�X�R�j�V

�r�?�2�`�2 �i�?�2 �p���H�m�2�b �Q�7U 2 Rn � p ���`�2 �H�2���`�M���#�H�2 �T���`���K�2�i�2�`�b�X �L�Q�i�2 �i�?���iq = p �B�b �m�b�2�/�X
�J�Q�`�2�Q�p�2�`�- �r�B�i�? �i�?�B�b �;���i�2 �7�m�M�+�i�B�Q�M�- �i�?�2 �:�:�6 �K�Q�/�2�H �`�2�/�m�+�2�b �i�Q �i�?�2 �:�6 �K�Q�/�2�H �r�?�2�M
U = 0�- �+�7�X �1�[�m���i�B�Q�M �U�9�X�R�y�V ���M�/ �1�[�m���i�B�Q�M �U�9�X�e�V�X

�h�?�B�b �T���`�i�B�+�m�H���` �;���i�2 �7�m�M�+�i�B�Q�M �B�b �K�Q�i�B�p���i�2�/ �#�v �i�r�Q �+�Q�M�b�B�/�2�`���i�B�Q�M�b�, �+�Q�K�T�m�i���i�B�Q�M���H
�T�`���+�i�B�+���H�B�i�v ���M�/ �B�M�i�2�`�T�`�2�i���#�B�H�B�i�v�X �6�`�Q�K �� �+�Q�K�T�m�i���i�B�Q�M���H �b�i���M�/�T�Q�B�M�i�- �1�[�m���i�B�Q�M �U�9�X�R�j�V
�?���b �M�Q�M�x�2�`�Q �;�`���/�B�2�M�i�b ���i �i�?�2 �Q�`�B�;�B�M�- �r�?�B�+�? �K�2���M�b �i�?�2 �K�Q�/�2�H �+���M �#�2 �B�M�B�i�B���H�B�x�2�/ ���b �i�?�2
�;�`���/�B�2�M�i �~�Q�r �K�Q�/�2�H �UU = 0�V ���M�/ �i�?�2�M �`�2�}�M�2�/ �m�b�B�M�; �;�`���/�B�2�M�i�@�#���b�2�/ �Q�T�i�B�K�B�x���i�B�Q�M�X

�6�`�Q�K ���M �B�M�i�2�`�T�`�2�i���#�B�H�B�i�v �T�2�`�b�T�2�+�i�B�p�2�- �1�[�m���i�B�Q�M �U�9�X�R�j�V �B�b �b�i�`���B�;�?�i�7�Q�`�r���`�/�X �A�7
Ui;k + Uj;k �B�b �H���`�;�2�- �i�?�2k�i�? �+�Q�K�T�Q�M�2�M�i �Q�7� ���T�T�`�Q���+�?�2�b �R�c �B�7 �b�K���H�H�- �B�i ���T�T�`�Q���+�?�2�b
�y�X �h�?�m�b�- �#�Q�i�? �M�Q�/�2i ���M�/ �M�Q�/�2j �+���M �`�2�;�m�H���i�2 �i�?�2�B�` �B�M�i�2�`���+�i�B�Q�M�b �#�v ���b�b�B�;�M�B�M�; �H���`�;�2
�T�Q�b�B�i�B�p�2 �Q�` �M�2�;���i�B�p�2 �p���H�m�2�b �i�Q �i�?�2�B�` �`�2�b�T�2�+�i�B�p�2 �+�Q�K�T�Q�M�2�M�i�b �Q�7U �X �P�7 �+�Q�m�`�b�2�- �i�?�B�b �B�b
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�M�Q�/�2 �/�2�;�`�2�2�X �L�Q�/�2�b �r�B�i�? �?�B�;�?�2�` �/�2�;�`�2�2 �;�2�M�2�`���H�H�v �2�t�?�B�#�B�i �H���`�;�2�` ���#�b�Q�H�m�i�2 �T�Q�i�2�M�i�B���H�b
jzi j�- ���b �+�Q�M�}�`�K�2�/ �B�M �6�B�;�m�`�2�9�X�9�#�- �r�?�B�+�? �?�B�;�?�H�B�;�?�i�b �M�Q�/�2�b �r�B�i�? �/�2�;�`�2�2 �;�`�2���i�2�` �i�?���M �R�8�X

�J�Q�`�2�Q�p�2�`�- �i�?�2 �H�2���`�M�2�/ �T�Q�i�2�M�i�B���H�b �b�T�H�B�i �M�Q�/�2�b �B�M�i�Q �i�r�Q �;�`�Q�m�T�b �#�v �b�B�;�M�X �l�M�/�2�` �i�?�2
�+�?�Q�b�2�M �+�Q�M�p�2�M�i�B�Q�M�- �H���`�;�2 �M�2�;���i�B�p�2zi �p���H�m�2�b �+�Q�`�`�2�b�T�Q�M�/ �i�Q �M�Q�/�2�b ���+�i�B�M�; ���b�b�Q�m� �̀+�2�b�Q�7
�1�i�?�2�`�- �r�?�B�H�2 �H���`�;�2 �T�Q�b�B�i�B�p�2zi �p���H�m�2�b �+�Q�`�`�2�b�T�Q�M�/ �i�Q�b�B�M�F�b�X �l�b�B�M�; ���M �Q�M�H�B�M�2 �#�H�Q�+�F�+�?���B�M
���M���H�v�b�B�b �b�2�`�p�B�+�2�-�j �i�?�2 �i�2�M �?�B�;�?�2�b�i�@�/�2�;�`�2�2 �M�Q�/�2�b �r�2�`�2 �K���M�m���H�H�v �H���#�2�H�H�2�/�, �1�i�?�2�`�2�m�K
�K�B�M�2�` �M�Q�/�2�b �U�#�H�m�2�V �+�H�m�b�i�2�` �Q�M �i�?�2 �H�2�7�i �r�B�i�? �H���`�;�2 �M�2�;���i�B�p�2 �T�Q�i�2�M�i�B���H�b�- �`�2�~�2�+�i�B�M�; �?�B�;�?
�1�i�?�2�` �b�m�T�T�H�v�- �r�?�B�H�2 �+�`�v�T�i�Q�+�m�`�`�2�M�+�v �2�t�+�?���M�;�2�b �U�Q�`���M�;�2�V �+�H�m�b�i�2�` �Q�M �i�?�2 �`�B�;�?�i �r�B�i�?
�H���`�;�2 �T�Q�b�B�i�B�p�2 �T�Q�i�2�M�i�B���H�b�- �+�Q�M�b�B�b�i�2�M�i �r�B�i�? �i�?�2�B�` �`�Q�H�2 ���b �b�B�M�F�b �+�Q�M�p�2�`�i�B�M�; �1�i�?�2�` �B�M�i�Q
�l�a�.�- �Q�` �B�M�i�Q �Q�i�?�2�` �i�Q�F�2�M�b �Q�M �i�?�2 �1�i�?�2�`�2�m�K �#�H�Q�+�F�+�?���B�M�X

�j �?�i�i�T�b�,�f�f�2�i�?�2�`�b�+���M�X�B�Q�f

�h���#�H�2 �9�X�k�,�h�2�b�i �T�2�`�7�Q�`�K���M�+�2 �Q�M �b�v�M�i�?�2�i�B�+ �~�Q�r�b�X �_�2�T�Q�`�i�2�/ ���`�2 �K�2���M�b ���M�/ �b�i���M�/���`�/
�/�2�p�B���i�B�Q�M�b �Q�7 �i�?�2 �H�Q�;10 �K�2�/�B���M �`�2�H���i�B�p�2 �2�`�`�Q�` ���+�`�Q�b�b �R�y �;�2�M�2�`���i�2�/ �~�Q�r�b �T�2�` �;�`���T�?�X �G�Q�r�2�`
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�6�B�;�m�`�2 �9�X�9�, �U���V�G�2���`�M�2�/ �M�Q�/�2 �2�K�#�2�/�/�B�M�;�b(zi ; ui ) �7�`�Q�K �i�?�2 �:�:�6 �K�Q�/�2�H �Q�M �i�?�2 �1�i�?�2�`�2�m�K
�i�`���M�b���+�i�B�Q�M �M�2�i�r�Q�`�F�X �S�Q�B�M�i �b�B�x�2 ���M�/ �+�Q�H�Q�m�` �`�2�~�2�+�i �M�Q�/�2 �/�2�;�`�2�2�- ���M�/ �� �u�2�Q���C�Q�?�M�b�Q�M �T�Q�r�2�`
�i�`���M�b�7�Q�`�K �B�b ���T�T�H�B�2�/ �i�Qzi �i�Q �`�2�p�2���H �b�i�`�m�+�i�m�`�2 ���+�`�Q�b�b �H�Q�;���`�B�i�?�K�B�+ �b�+���H�2�b�X�U�#�V�a���K�2 �2�K�@
�#�2�/�/�B�M�; �T�H�Q�i �`�2�b�i�`�B�+�i�2�/ �i�Q �M�Q�/�2�b �r�B�i�? �/�2�;�`�2�2� 15�- �r�B�i�? �i�?�2 �i�2�M �?�B�;�?�2�b�i�@�/�2�;�`�2�2 �M�Q�/�2�b
���M�M�Q�i���i�2�/�X �"�H�m�2 �H���#�2�H�b �+�Q�`�`�2�b�T�Q�M�/ �i�Q �1�i�?�2�`�2�m�K �K�B�M�2�`�b �U�b�Q�m�`�+�2�b �Q�7 �1�i�?�2�`�V�- ���M�/ �Q�`���M�;�2
�H���#�2�H�b �/�2�M�Q�i�2 �+�`�v�T�i�Q�+�m�`�`�2�M�+�v �2�t�+�?���M�;�2�b �U�b�B�M�F�b �Q�7 �1�i�?�2�`�V�X

�1�t�T�2�`�B�K�2�M�i�b �Q�M �a�v�M�i�?�2�i�B�+ �6�H�Q�r �.���i��

�L�2�t�i�- �i�?�2 �:�:�6 �K�Q�/�2�H ���M�/ �#���b�2�H�B�M�2�b ���`�2 �2�p���H�m���i�2�/ �Q�M �b�v�M�i�?�2�i�B�+ �~�Q�r �/���i���b�2�i�b�- �r�?�B�+�?
�T�`�Q�p�B�/�2 �i�?�2 ���/�p���M�i���;�2 �i�?���i �i�?�2 �/���i���@�;�2�M�2�`���i�B�M�; �T�`�Q�+�2�b�b �B�b �7�m�H�H�v �F�M�Q�r�M�X �h�?�B�b �2�M���#�H�2�b
�#�Q�i�? �p�2�`�B�}�+���i�B�Q�M �i�?���i �i�?�2 �1�i�?�2�`�2�m�K �}�M�/�B�M�;�b �;�2�M�2�`���H�B�x�2 ���+�`�Q�b�b �;�`���T�? ���M�/ �~�Q�r �p���`�B�@
���i�B�Q�M�b�- ���M�/ ���M���H�v�b�B�b �Q�7 �r�?�2�i�?�2�` �i�?�2 �:�:�6 �2�K�#�2�/�/�B�M�;�b �`�2�+�Q�p�2�` �[�m���H�B�i���i�B�p�2 �T�`�Q�T�2�`�i�B�2�b
�Q�7 �i�?�2 �i�`�m�2 �;�2�M�2�`���i�B�p�2 �K�2�+�?���M�B�b�K�b�X

�a�v�M�i�?�2�i�B�+ �~�Q�r�b ���`�2 �+�`�2���i�2�/ �#�v �b���K�T�H�B�M�; �`���M�/�Q�K �M�Q�/�2 �2�K�#�2�/�/�B�M�;�bZ ���M�/U �-
���M�/ ���T�T�H�v�B�M�; �i�?�2 �;���i�2�/ �~�Q�r �K�Q�/�2�H �B�M �1�[�m���i�B�Q�M �U�9�X�R�y�V �i�Q �� �}�t�2�/ �;�`���T�? �b�i�`�m�+�i�m�`�2�X
�h�?�`�2�2 �;�`���T�?�b ���`�2 �+�Q�M�b�B�/�2�`�2�/�,

�R�X �i�?�2 �m�M�/�B�`�2�+�i�2�/ �*�Q�`�� �+�B�i���i�B�Q�M �M�2�i�r�Q�`�F �(�9�k�) �r�B�i�?n = 20 �E ���M�/m = 86 �E �2�/�;�2�b�-

�k�X �i�?�2 �m�M�/�B�`�2�+�i�2�/ �"�B�i�+�Q�B�M �i�`���M�b���+�i�B�Q�M �;�`���T�? �(�k�R�e�) �r�B�i�?n = 13 �E ���M�/m = 36 �E�-

�j�X �� �+�Q�K�T�H�2�i�2 �;�`���T�? �Q�M �9�y �M�Q�/�2�b �Um = 780�V�X

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

�Ç �h�?�2�m�M�B�K�Q�/���H�b�2�i�i�B�M�; �m�b�2�bp = 3 ���M�/ �b���K�T�H�2 �2���+�?Z i; : �7�`�Q�K �� �a�i�m�/�2�M�i�@�i �/�B�b�i�`�B�@
�#�m�i�B�Q�M �U�K�2���M �y�- �b�+���H�2 �R�y�y�-� = 2 �V ���M�/ �2���+�?U i; : �7�`�Q�K �� �a�i�m�/�2�M�i�@�i �/�B�b�i�`�B�#�m�i�B�Q�M
�U�K�2���M� 2�- �b�+���H�2 �R�-� = 4 �V�X

�Ç �A�M �i�?�2�K�m�H�i�B�K�Q�/���H�b�2�i�i�B�M�;�- �K�B�t�i�m�`�2�b �Q�7 �a�i�m�/�2�M�i�@�i �/�B�b�i�`�B�#�m�i�B�Q�M�b ���`�2 �m�b�2�/�- �r�B�i�?
�i�?�`�2�2 �+�Q�K�T�Q�M�2�M�i�b �2���+�? ���M�/p = 2 �X �h�?�2 �+�2�M�i�`�2�b ���`�2(100; 100)�- (0; 0)�- ���M�/
(0; � 50) �7�Q�`Z �- ���M�/(4; 4)�-(0; � 5)�- ���M�/(� 5; 1) �7�Q�Ù �U�b�+���H�2�/ �#�v0:01�V�X
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�i�?�2 ���T�T�2�M�/�B�t �Q�7 �S���T�2�` �� �(�N�R�)�X

�1���+�? �Q�7 �i�?�2 �i�?�`�2�2 �;�`���T�?�b �+�Q�K�#�B�M�2�/ �r�B�i�? �i�?�2 �i�r�Q �T���`���K�2�i�2�` �b�2�i�i�B�M�;�b �;�B�p�2�b �b�B�t
�b�2�i�m�T�b�X �6�Q�` �2���+�? �b�2�i�m�T�- �R�y �/�B�z�2�`�2�M�i �~�Q�r�b ���`�2 �;�2�M�2�`���i�2�/�- ���M�/ �b�T�H�B�i �B�M�i�Q �3�y�W �i�`���B�M�B�M�;
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�_�2�b�m�H�i�b�h���#�H�2�9�X�k�b�?�Q�r�b �i�?�2 �K�2���M ���M�/ �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �Q�7 �i�?�2 �H�Q�;10 �K�2�/�B���M
�`�2�H���i�B�p�2 �2�`�`�Q�` �Q�p�2�` �i�?�2 �R�y �~�Q�r�b�X �*�m�K�m�H���i�B�p�2 �`�2�H���i�B�p�2 �2�`�`�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M�b �7�Q�` �Q�M�2
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�b�i���i�2 �p�2�+�i�Q�`p(k ) 2 [0; 1]n �- �r�?�2�`�2p(k )

i �/�2�M�Q�i�2�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �i�?�2 �r���H�F�2�` �#�2�B�M�; ���i
�M�Q�/�2i ���7�i�2�`k �b�i�2�T�b�- �i�?�2 �M�2�t�i �b�i���i�2 �B�b �;�B�p�2�M �#�v

p(k+1) = A � p(k ) :
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�b�m�+�? �b�2�M�b�B�i�B�p�B�i�v�- �Q�M�2 �+���M �7�Q�`�K �T�Q�H�v�M�Q�K�B���H�b �Q�7A k
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�/�B�z�2�`�2�M�+�2�, �r�?�2�`�2���b �+�Q�M�p�Q�H�m�i�B�Q�M���H �}�H�i�2�`�b ���H�H�Q�r ���`�#�B�i�`���`�v �`�2���H�@�p���H�m�2�/ �T�Q�H�v�M�Q�K�B���H �+�Q�@
�2�{�+�B�2�M�i�b�- �_�2���+�?�L�1�b �B�K�T�Q�b�2�b �� �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �Q�p�2�` �r���H�F �H�2�M�;�i�?�- �S�r(k)�-
�T�`�2�b�2�`�p�B�M�; �i�?�2 �T�`�Q�#���#�B�H�B�b�i�B�+ �B�M�i�2�`�T�`�2�i���i�B�Q�M �Q�7 �i�?�2 �Q�T�2�`���i�Q�`�X

�6�Q�`�K���H�H�v�- �i�?�2� �̀2���+�?���#�B�H�B�i�v �K���i�`�B�tR 2 [0; 1]n � n �B�b �/�2�}�M�2�/ ���b �i�?�2 �i�`���M�b�B�i�B�Q�M �T�`�Q�#�@
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�b�?���T�2�b �i�?�B�b �b�K�Q�Q�i�?�B�M�; �T�`�Q�+�2�b�b�- �i�?�2�`�2�#�v �2�M���#�H�B�M�; �K�m�H�i�B�@�b�+���H�2 �2�K�#�2�/�/�B�M�;�b�X

�8�X�k �q���H�F �G�2�M�;�i�? �.�B�b�i�`�B�#�m�i�B�Q�M�b
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�2���+�?(� ; �S�r) �T���B�` �+�Q�M�i�`�B�#�m�i�2�b �Q�M�H�vp

2r s �7�2���i�m�`�2�b �i�Q �i�?�2 �}�M���H �2�K�#�2�/�/�B�M�;�X �A�M�+�`�2���b�B�M�;
r ���M�/s �i�?�2�`�2�7�Q�`�2 �v�B�2�H�/�b �/�B�K�B�M�B�b�?�B�M�; �`�2�i�m�`�M�b�- ���b �i�?�2 �7�2���i�m�`�2�b �7�`�Q�K �2���+�? �T���B�` �#�2�+�Q�K�2
�B�M�+�`�2���b�B�M�;�H�v �+�Q�K�T�`�2�b�b�2�/�X �*�Q�M�b�2�[�m�2�M�i�H�v�-p �B�b �i�?�2 �T�`�B�K���`�v �T�2�`�7�Q�`�K���M�+�2���2�{�+�B�2�M�+�v
�i�`���/�2�@�Q�z �T���`���K�2�i�2�` �B�M �_�2���+�?�L�1�b�, �H���`�;�2�` �p���H�m�2�b �T�2�`�K�B�i �K�Q�`�2 �2�t�T�`�2�b�b�B�p�2 �K�m�H�i�B�@�b�+���H�2
���M�/ �K�m�H�i�B�@�/�B�`�2�+�i�B�Q�M���H �2�K�#�2�/�/�B�M�;�b�X �S�`���+�i�B�+���H �;�m�B�/���M�+�2 �Q�M �b�2�i�i�B�M�;r ���M�/s �7�Q�` �� �;�B�p�2�M
p �B�b �T�`�Q�p�B�/�2�/ �B�M �i�?�2 ���T�T�2�M�/�B�t �Q�7 �S���T�2�` �" �(�R�R�j�)�X



�8�X�9�X �S� �̀Q�t�B�K�B�i�v �1�K�#�2�/�/�B�M�; �_�2�/�m�+�i�B�Q�M ���M�/ �a�i�`�m�+�i�m� �̀��H �1�[�m�B�p���H�2�M�+�2�R�R�d

�8�X�9 �S�`�Q�t�B�K�B�i�v �1�K�#�2�/�/�B�M�; �_�2�/�m�+�i�B�Q�M ���M�/ �a�i�`�m�+�i�m�`���H
�1�[�m�B�p���H�2�M�+�2

�>���p�B�M�; �b�2�2�M �?�Q�r �i�Q �T�`�Q�/�m�+�2 �K�m�H�i�B�@�b�+���H�2 ���M�/ �K�m�H�i�B�@�/�B�`�2�+�i�B�Q�M���H �`�2���+�?���#�B�H�B�i�v �K���i�`�B�+�2�b�-
�i�?�2 �+�?���T�i�2�` �M�Q�r �i�m�`�M�b �i�Q �K�2�i�?�Q�/�b �7�Q�` �`�2�/�m�+�B�M�; �i�?�2�K �i�Q �2�K�#�2�/�/�B�M�; �K���i�`�B�+�2�b�X �h�Q
�/�2�`�B�p�2 �T�`�Q�t�B�K�B�i�v �2�K�#�2�/�/�B�M�;�b �7�`�Q�KR �- �i�?�2 �b�B�M�;�m�H���` �p���H�m�2 �/�2�+�Q�K�T�Q�b�B�i�B�Q�M �U�a�o�.�V �(�k�k�j�-
�*�?�X �k�X�9�) �B�b �2�K�T�H�Q�v�2�/�X �G�2�iU ; � ; V | = �a�o�.(R ) �/�2�M�Q�i�2 �i�?�2 �a�o�. �Q�7R �- ���M�/ �H�2�iU :;:q�-
� :q;:q�- ���M�/V:;:q �#�2 �i�?�2q�@�i�`�m�M�+���i�B�Q�M�b �Q�7U �-� �- ���M�/V �- �`�2�b�T�2�+�i�B�p�2�H�v�- �r�?�2�`�2q = p/2 �X
�h�?�2 �T�`�Q�t�B�K�B�i�v �2�K�#�2�/�/�B�M�;�b ���`�2 �i�?�2�M

Z =
�
Z U Z V

�
2 Rn � 2q; �U�8�X�R�j�V

Z U = U :;:q
p

� :q;:q 2 Rn � q; �U�8�X�R�9�V

Z V = V:;:q
p

� :q;:q 2 Rn � q: �U�8�X�R�8�V

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

R � Z U Z |
V = U :;:q� :q;:qV |

:;:q: �U�8�X�R�e�V

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

kR i; : � R j; :k
2
2 + kR :;i � R :;j k2

2 =





 (Z i; : � Z j; :)

p
�̂








2

2
; �U�8�X�R�d�V

�r�?�2�`�2

�̂ =
�
� :q;:q 0

0 � :q;:q

�
: �U�8�X�R�3�V

�h�?�2 �H�2�7�i�@�?���M�/ �b�B�/�2 �K�2���b�m�`�2�b �i�?�2 �/�B�z�2�`�2�M�+�2�b �#�2�i�r�2�2�M �`�Q�r�b ���M�/ �+�Q�H�m�K�M�b �Q�7R �7�Q�`
�M�Q�/�2�bi ���M�/j �- �[�m���M�i�B�7�v�B�M�; �i�?�2 �Q�p�2�`�H���T �Q�7 �i�?�2�B�` �K�m�H�i�B�@�b�i�2�T �M�2�B�;�?�#�Q�m�`�?�Q�Q�/�b�X �h�?�2
�`�B�;�?�i�@�?���M�/ �b�B�/�2 �B�b �i�?�2 �/�B�b�i���M�+�2 �#�2�i�r�2�2�M �i�?�2�B�` �T�`�Q�t�B�K�B�i�v �2�K�#�2�/�/�B�M�;�b �B�MZ �X �h�?�B�b
�2�[�m�B�p���H�2�M�+�2 �B�K�T�H�B�2�b �i�?���i�- �7�Q�`q � �`���M�F(R )�- �i�r�Q �M�Q�/�2�b �?���p�2 �B�/�2�M�i�B�+���H �2�K�#�2�/�/�B�M�;�b �B�M
Z �B�7 ���M�/ �Q�M�H�v �B�7 �i�?�2�B�` �K�m�H�i�B�@�b�i�2�T �M�2�B�;�?�#�Q�m�`�?�Q�Q�/�b �T�2�`�7�2�+�i�H�v �Q�p�2�`�H���T�X

�h�?�B�b �T�`�Q�T�2�`�i�v �B�b �p���H�m���#�H�2 �7�Q�` �/�B�b�i���M�+�2�@�#���b�2�/ �/�Q�r�M�b�i�`�2���K �i���b�F�b�X �>�Q�r�2�p�2�`�- �B�i �`�2�@
�H�B�2�b �Q�M �i�?�2 �}�`�b�i �i�2�`�K �B�M �1�[�m���i�B�Q�M �U�8�X�R�V�- �M���K�2�H�v �S�r(0)I n �- �#�2�B�M�; �x�2�`�Q�X �h�?���i �i�2�`�K
�B�M�i�`�Q�/�m�+�2�b �� �+�Q�M�b�i���M�i�- �M�Q�M���M�2�B�;�?�#�Q�m�`�?�Q�Q�/�@�/�2�T�2�M�/�2�M�i �+�Q�M�i�`�B�#�m�i�B�Q�M �i�?���i �T�`�2�p�2�M�i�b
�b�i�`�m�+�i�m�`���H�H�v �2�[�m�B�p���H�2�M�i �M�Q�/�2�b �7�`�Q�K �?���p�B�M�; �B�/�2�M�i�B�+���H �2�K�#�2�/�/�B�M�;�b�X �h�Q ���/�/�`�2�b�b �i�?�B�b�-
R �B�b �+�Q�K�T�m�i�2�/ �m�b�B�M�; ���b�?�B�7�i�2�/�r���H�F �H�2�M�;�i�? �/�B�b�i�`�B�#�m�i�B�Q�M�, �i�?�2 �+�Q�2�{�+�B�2�M�i�b �B�M �1�[�m���@
�i�B�Q�M �U�8�X�R�V ���`�2 �`�2�T�H���+�2�/ �r�B�i�? �S�r(k � 1)�- �r�B�i�? �S�r(� 1) = 0 �X



�R�R�3 �*�?���T�i�2�` �8�X �S� �̀Q�t�B�K�B�i�v ���M�/ �J�2�b�b���;�2�@�S���b�b�B�M�; �1�K�#�2�/�/�B�M�;�b �p�B�� �_�2���+�?���#�B�H�B�i�v

� (x) = log(max(nx; 1)) � (x) = x
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�6�B�;�m�`�2 �8�X�j�,�*�Q�M�i�`���b�i�@�2�M�?���M�+�B�M�; �2�H�2�K�2�M�i�r�B�b�2 �i�`���M�b�7�Q�`�K �m�b�2�/ �#�2�7�Q�`�2 �a�o�.�X �h�?�2 �7�m�M�+�i�B�Q�M
� (x) = �H�Q�;(�K���t(nx; 1)) �U�#�H�m�2�V �B�b �+�Q�K�T���`�2�/ �r�B�i�? �i�?�2 �B�/�2�M�i�B�i�v� (x) = x �U�Q�`���M�;�2�V �Q�M �H�Q�;�@
���`�B�i�?�K�B�+ ���t�2�b�X �h�?�2 �i�`���M�b�7�Q�`�K �b�m�T�T�`�2�b�b�2�b �2�M�i�`�B�2�b �#�2�H�Q�r1/ n �U�~���i ���i0 �7�Q�`x < 1/ n�V ���M�/
���K�T�H�B�}�2�b �2�M�i�`�B�2�b ���#�Q�p�21/ n�- �i�?�2�`�2�#�v �B�M�+�`�2���b�B�M�; �b�2�T���`���i�B�Q�M �#�2�i�r�2�2�M �r�2���F ���M�/ �b�i�`�Q�M�; �`�2���+�?�@
���#�B�H�B�i�v �T�`�Q�#���#�B�H�B�i�B�2�b�X �a�?�Q�r�M �7�Q�`n = 10 3 �X

�� �7�m�`�i�?�2�` �K�Q�/�B�}�+���i�B�Q�M �7�Q�` �T�`�Q�t�B�K�B�i�v �`�2�/�m�+�i�B�Q�M �B�b �i�?�2 ���T�T�H�B�+���i�B�Q�M �Q�7 �i�?�2 �2�H�2�K�2�M�@
�i�r�B�b�2 �i�?�`�2�b�?�Q�H�/�B�M�; �7�m�M�+�i�B�Q�M

� (Ri;j ) = �H�Q�;
�
�K���t(nR i;j ; 1)

�
�U�8�X�R�N�V

�#�2�7�Q�`�2 �T�2�`�7�Q�`�K�B�M�; �i�?�2 �a�o�.�X �h�?�B�b �+�Q�M�i�`���b�i�@�2�M�?���M�+�B�M�; �i�`���M�b�7�Q�`�K ���K�T�H�B�}�2�b �i�?�2 �/�B�7�@
�7�2�`�2�M�+�2 �#�2�i�r�2�2�M �2�H�2�K�2�M�i�b �r�B�i�?Ri;j < 1

n ���M�/ �i�?�Q�b�2 �r�B�i�?Ri;j � 1
n �U�b�2�2 �6�B�;�m�`�2�8�X�j

�7�Q�`n = 103�V�X �a�m�+�? �+�Q�M�i�`���b�i �2�M�?���M�+�2�K�2�M�i �?���b �/�2�K�Q�M�b�i�`���i�2�/ �T�`���+�i�B�+���H �#�2�M�2�}�i�b �7�Q�`
�m�M�/�B�`�2�+�i�2�/ �;�`���T�?�b �(�R�d�e�-�k�k�k�-�d�j�)�- ���M�/ �i�?�2�b�2 ���/�p���M�i���;�2�b �2�t�i�2�M�/ �i�Q �/�B�;�`���T�?�b ���b �r�2�H�H�X

�a�i�`�m�+�i�m�`���H �L�Q�/�2 �1�[�m�B�p���H�2�M�+�2���b �/�2�b�+�`�B�#�2�/ �B�M �*�?���T�i�2�`�j�X�9�- �� �T�`�Q�t�B�K�B�i�v �2�K�@
�#�2�/�/�B�M�; �K�Q�/�2�H �b�?�Q�m�H�/ �T�`�2�b�2�`�p�2 �b�i�`�m�+�i�m�`���H �M�Q�/�2 �2�[�m�B�p���H�2�M�+�2�- ���M�/ �i�?�2 �a�o�. �`�2�/�m�+�i�B�Q�M
�/�Q�2�b �b�Q �m�M�/�2�` �K�B�H�/ �+�Q�M�/�B�i�B�Q�M�b�X �_�2�+���H�H �i�?���i �M�Q�/�2�bi ���M�/j ���`�2 �b�i�`�m�+�i�m�`���H�H�v �2�[�m�B�p���H�2�M�i
�B�7 �i�?�2�v �b�?���`�2 �B�/�2�M�i�B�+���H �B�M�@ ���M�/ �Q�m�i�@�M�2�B�;�?�#�Q�m�`�b�- �B�X�2�X�-A i; : = A j; : ���M�/A :;i = A :;j �(�R�R�9�)�X
�h�?�2�MZ i; : = Z j; : �B�b �;�m���`���M�i�2�2�/ �T�`�Q�p�B�/�2�/ �i�?���i �M�Q�/�2�bi ���M�/j �?���p�2 �M�Q�M�@�x�2�`�Q �B�M�@ ���M�/
�Q�m�i�@�/�2�;�`�2�2�b�- �i�?�2 �r���H�F �H�2�M�;�i�? �/�B�b�i�`�B�#�m�i�B�Q�M �b���i�B�b�}�2�b �S�r(0) = 0 �- ���M�/q � �`���M�F(R )�X

�h�?�2 �`�2���b�Q�M �B�b �B�K�K�2�/�B���i�2�, �b�i�`�m�+�i�m�`���H �2�[�m�B�p���H�2�M�+�2 �B�K�T�H�B�2�b �i�?���i �i�?�2i �i�? ���M�/j �i�?
�`�Q�r�b ���M�/ �+�Q�H�m�K�M�b �Q�7A k

� �+�Q�B�M�+�B�/�2 �7�Q�` ���H�Hk � 1�- ���M�/ �?�2�M�+�2 ���H�b�Q �B�MR =
P

k � 1 �S�r(k)A k
� �X

�A�i �i�?�2�M �7�Q�H�H�Q�r�b �7�`�Q�K �1�[�m���i�B�Q�M �U�8�X�R�d�V �i�?���i �i�?�2 �2�K�#�2�/�/�B�M�;�b �K�m�b�i �#�2 �2�[�m���H�- �b�B�M�+�2 �i�?�2
�/�B���;�Q�M���H �Q�7�̂ �B�b �T�Q�b�B�i�B�p�2 �m�M�/�2�`q � �`���M�F(R )�X

���M �2�t�+�2�T�i�B�Q�M �Q�+�+�m�`�b �7�Q�` �b�B�M�F �M�Q�/�2�b�X �q�?�2�M �� �M�Q�/�2 �H���+�F�b �Q�m�i�;�Q�B�M�; �2�/�;�2�b�- �i�?�2 �M�Q�`�@
�K���H�B�b���i�B�Q�M �Q�7A �P�b�2�i�b �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �/�B���;�Q�M���H �2�M�i�`�v �i�Q1�- �p�B�Q�H���i�B�M�;A � i; : = A � j; : �X



�8�X�8�X �J�2�b�b���;�2�@�S���b�b�B�M�; �1�K�#�2�/�/�B�M�; �_�2�/�m�+�i�B�Q�M ���M�/ ���m�i�Q�K�Q�`�T�?�B�+ �1�[�m�B�p���H�2�M�+�2�R�R�N

���b �� �`�2�b�m�H�i�- �b�i�`�m�+�i�m�`���H�H�v �2�[�m�B�p���H�2�M�i �b�B�M�F �M�Q�/�2�b �U�r�B�i�? �B�/�2�M�i�B�+���H �B�M�+�Q�K�B�M�; �2�/�;�2�b�V �+���M
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�h�?�2 �b�i�2�T �7�`�Q�K �1�[�m���i�B�Q�M �U�8�X�k�y�V �i�Q �1�[�m���i�B�Q�M �U�8�X�k�R�V �m�b�2�b �i�?�2 �Q�`�i�?�Q�;�Q�M���H�B�i�v �Q�7U ���M�/
V �- �B�X�2�X�-U | U = I q ���M�/V | V = I q�X

�8�X�8 �J�2�b�b���;�2�@�S���b�b�B�M�; �1�K�#�2�/�/�B�M�; �_�2�/�m�+�i�B�Q�M ���M�/
���m�i�Q�K�Q�`�T�?�B�+ �1�[�m�B�p���H�2�M�+�2

�h�?�2 �b�2�+�Q�M�/ �`�2���+�?���#�B�H�B�i�v �`�2�/�m�+�i�B�Q�M �K�2�i�?�Q�/ �+�Q�M�b�B�/�2�`�2�/ �B�M �i�?�B�b �i�?�2�b�B�b �B�b�K�2�b�b���;�2�@
�T���b�b�B�M�; � �̀2�/�m�+�i�B�Q�M�X �>�2�`�2�- �i�?�2 �`�2���+�?���#�B�H�B�i�v �K���i�`�B�t ���+�i�b ���b �� �;�`���T�? �}�H�i�2�` ���T�T�H�B�2�/ �i�Q ��
�K���i�`�B�t �Q�7 �M�Q�/�2 ���i�i�`�B�#�m�i�2�bX 2 Rn � d �i�?���i �b�m�T�T�H�2�K�2�M�i �i�?�2 �;�`���T�? �b�i�`�m�+�i�m�`�2 �U�2�X�;�X�- �i�2�t�i



�R�k�y �*�?���T�i�2�` �8�X �S� �̀Q�t�B�K�B�i�v ���M�/ �J�2�b�b���;�2�@�S���b�b�B�M�; �1�K�#�2�/�/�B�M�;�b �p�B�� �_�2���+�?���#�B�H�B�i�v

�2�K�#�2�/�/�B�M�;�b �Q�7 �T���T�2�` ���#�b�i�`���+�i�b �B�M �+�B�i���i�B�Q�M �;�`���T�?�b �(�8�j�)�V �Q�` �+�Q�K�T�`�B�b�2 �;�`���T�?�@�/�2�`�B�p�2�/
�T�`�Q�T�2�`�i�B�2�b �b�m�+�? ���b �/�2�;�`�2�2�b �Q�` �H�Q�+���H �+�H�m�b�i�2�`�B�M�; �+�Q�2�{�+�B�2�M�i�b�X

�h�?�2 �2�K�#�2�/�/�B�M�; �K���i�`�B�t �B�b

Z = R | X ; �U�8�X�k�k�V

�b�Q �i�?�2 �T�`�Q�/�m�+�2�/ �2�K�#�2�/�/�B�M�;�b ���`�2 �b�K�Q�Q�i�?�2�/ �p�2�`�b�B�Q�M�b �Q�7 �i�?�2 �M�Q�/�2�@���i�i�`�B�#�m�i�2 �p�2�+�i�Q�`�b�-
�r�B�i�? �+�Q�H�m�K�M�b �Q�7R �/�2�}�M�B�M�; �K�m�H�i�B�@�b�i�2�T �b�K�Q�Q�i�?�B�M�; �Q�p�2�` �2���+�? �M�Q�/�2�ö�b �M�2�B�;�?�#�Q�m�`�?�Q�Q�/�X
�L�Q�i�2 �i�?���iZ �B�M �1�[�m���i�B�Q�M �U�8�X�k�k�V �?���bd �7�2���i�m�`�2�b�- �i�?�2 �b���K�2 �/�B�K�2�M�b�B�Q�M���H�B�i�v ���bX �X
�h�Q �7�m�`�i�?�2�` �`�2�/�m�+�2 �i�Qp �/�B�K�2�M�b�B�Q�M�b�- �Q�M�2 �K���v ���T�T�H�v �S�*�� �(�k�y�- �*�?�X �R�k�X�k�)�- �v�B�2�H�/�B�M�;
Z = �S�*�� (R | X ) 2 Rn � p�X

�h�?�B�b �b�K�Q�Q�i�?�B�M�; �`�2�/�m�+�i�B�Q�M �?���b ���H�`�2���/�v �#�2�2�M �/�2�b�+�`�B�#�2�/ �7�Q�` �Q�i�?�2�` �;�`���T�?�@�}�H�i�2�` �K�Q�/�@
�2�H�b �B�M �*�?���T�i�2�`�j�X�d�- ���M�/ �i�?�2 �H�B�M�F �#�2�i�r�2�2�M �}�H�i�2�`�B�M�; ���M�/ �K�2�b�b���;�2�@�T���b�b�B�M�; �r���b �2�b�i���#�@
�H�B�b�?�2�/ �B�M �1�[�m���i�B�Q�M �U�j�X�j�9�V ���M�/ �1�[�m���i�B�Q�M �U�j�X�j�8�V�X �h�?�2 �K���B�M �+�Q�M�i�`�B�#�m�i�B�Q�M �?�2�`�2 �B�b �i�Q
�b�?�Q�r �i�?���i �K�2�b�b���;�2�@�T���b�b�B�M�; �`�2�/�m�+�i�B�Q�M �+���T�i�m�`�2�b���m�i�Q�K�Q�`�T�?�B�+�M�Q�/�2 �2�[�m�B�p���H�2�M�+�2�X

���m�i�Q�K�Q�`�T�?�B�+ �L�Q�/�2 �1�[�m�B�p���H�2�M�+�2�_�2�+���H�H �i�?�2 �/�2�}�M�B�i�B�Q�M �7�`�Q�K �.�2�}�M�B�i�B�Q�M�k�X�k�X�k�X
�G�2�i� : N ! N �#�2 �� �T�2�`�K�m�i���i�B�Q�M �Q�7 �i�?�2 �M�Q�/�2 �b�2�i �B�M �� �;�`���T�?G = ( N; M)�- ���M�/ �H�2�i
P � 2 f 0; 1gn � n �#�2 �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �T�2�`�K�m�i���i�B�Q�M �K���i�`�B�t �r�B�i�?P � (� (i ); i ) = 1 �X ���M
���m�i�Q�K�Q�`�T�?�B�b�K�B�b �� �T�2�`�K�m�i���i�B�Q�M� �i�?���i �T�`�2�b�2�`�p�2�b �2�/�;�2�b�- �B�X�2�X�-

(i; j ) 2 M () (� (i ); � (j )) 2 M:

�1�[�m�B�p���H�2�M�i�H�v�-

A = P � AP |
� :

�L�Q�/�2�bi ���M�/j ���`�2���m�i�Q�K�Q�`�T�?�B�+���H�H�v �2�[�m�B�p���H�2�M�i�B�7 �i�?�2�`�2 �2�t�B�b�i�b ���M ���m�i�Q�K�Q�`�T�?�B�b�K�
�r�B�i�?� (i ) = j �X

�h�?�2 �7�Q�H�H�Q�r�B�M�; �b�?�Q�r�b �i�?���i �K�2�b�b���;�2�@�T���b�b�B�M�; �_�2���+�?�L�1�b �T�`�Q�/�m�+�2�b �B�/�2�M�i�B�+���H �2�K�#�2�/�@
�/�B�M�;�b �7�Q�` ���m�i�Q�K�Q�`�T�?�B�+ �M�Q�/�2�b �m�M�/�2�` �i�?�2�M�Q�/�2�@���i�i�`�B�#�m�i�2 �2�[�m�B�p���H�2�M�+�2���b�b�m�K�T�i�B�Q�M

X = P � X ;

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

�6�B�`�b�i�- �B�M�p���`�B���M�+�2 �Q�7 �i�?�2 �`�2���+�?���#�B�H�B�i�v �K���i�`�B�t �m�M�/�2�`� �B�b �2�b�i���#�H�B�b�?�2�/�X �"�v ���m�i�Q�K�Q�`�@
�T�?�B�b�K�-A = P � AP |

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

R = P � RP |
� :



�8�X�e�X �*�Q�K�T�m�i���i�B�Q�M���H �*�Q�K�T�H�2�t�B�i�v �Q�7 �_�2���+�?�L�1�b �R�k�R

�h�Q �+�Q�M�+�H�m�/�2�- �K�m�H�i�B�T�H�v �1�[�m���i�B�Q�M �U�8�X�k�k�V �Q�M �i�?�2 �H�2�7�i �#�vP � ���M�/ �m�b�2R = P � RP |
�

���M�/X = P � X �,

P � Z = P � R | X = P � R | I n|{z}
P |

� P �

X = P � R | P |
�| {z }

R |

P � X| {z }
X

= R | X = Z :

�>�2�M�+�2 �K�2�b�b���;�2�@�T���b�b�B�M�; �_�2���+�?�L�1�b �2�K�#�2�/�/�B�M�;�b ���`�2 �B�M�p���`�B���M�i �m�M�/�2�` ���m�i�Q�K�Q�`�T�?�B�b�K�b�,
���m�i�Q�K�Q�`�T�?�B�+���H�H�v �2�[�m�B�p���H�2�M�i �M�Q�/�2�b �`�2�+�2�B�p�2 �B�/�2�M�i�B�+���H �2�K�#�2�/�/�B�M�;�b�X

�"�v �+�Q�M�i�`���b�i�- �_�2���+�?�L�1�b�T� �̀Q�t�B�K�B�i�v�2�K�#�2�/�/�B�M�;�b �/�Q �M�Q�i�- �B�M �;�2�M�2�`���H�- �T�`�2�b�2�`�p�2 ���m�@
�i�Q�K�Q�`�T�?�B�b�K �B�M�p���`�B���M�+�2 �#�2�+���m�b�2 �i�?�2 �a�o�. �B�b �� �;�H�Q�#���H �Q�T�2�`���i�B�Q�M�c �i�v�T�B�+���H�H�vP � Z 6= Z
�U�b�2�2 �i�?�2 �7�Q�`�K���H ���`�;�m�K�2�M�i �7�Q�` �m�M�/�B�`�2�+�i�2�/ �;�`���T�?�b �B�M �(�d�j�)�V�X
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�h�?�B�b �b�2�+�i�B�Q�M ���M���H�v�b�2�b �i�?�2 �i�B�K�2 ���M�/ �K�2�K�Q�`�v �+�Q�K�T�H�2�t�B�i�v �Q�7 �_�2���+�?�L�1�b ���M�/ �Q�m�i�H�B�M�2�b
�b�i�`���i�2�;�B�2�b �7�Q�` �2�{�+�B�2�M�i �B�K�T�H�2�K�2�M�i���i�B�Q�M �Q�M �H���`�;�2 �;�`���T�?�b�X �h�?�2 �T�`�B�K���`�v �+�Q�K�T�m�i���i�B�Q�M���H
�#�Q�i�i�H�2�M�2�+�F �B�b �i�?�2n � n �`�2���+�?���#�B�H�B�i�v �K���i�`�B�tR �- �r�?�B�+�? �B�b �;�2�M�2�`���H�H�v �/�2�M�b�2�X �a�i�Q�`�B�M�;R
�2�t�T�H�B�+�B�i�H�v �B�b �B�M�7�2���b�B�#�H�2 �2�p�2�M �7�Q�` �K�Q�/�2�`���i�2�H�v �H���`�;�2 �;�`���T�?�b�X �6�Q�` �B�M�b�i���M�+�2�- �� �;�`���T�? �r�B�i�?
�Q�M�2 �K�B�H�H�B�Q�M �M�Q�/�2�b �r�Q�m�H�/ �`�2�[�m�B�`�2 �Q�p�2�` �j �h�" �Q�7 �K�2�K�Q�`�v�X
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���H�;�Q�`�B�i�?�K �B�M �1�[�m���i�B�Q�M �U�j�X�j�8�V �T�`�Q�p�B�/�2�b �� �T�`���+�i�B�+���H �r���v �i�Q �#�v�T���b�b �b�i�Q�`�B�M�;R �2�t�T�H�B�+�B�i�H�v�X
�_�2�b�i���i�2�/ �B�M �_�2���+�?�L�1�b �M�Q�i���i�B�Q�M�,

�6�Q�k̀ 2 f 1; 2; : : : g;

(
H (k ) = A |

� k
H (k � 1) ;

Z (k ) = Z (k � 1) + �S�r(k)H (k ) ;

H (0) = X ;

Z (0) = �S�r(0)X :

�U�8�X�k�j�V

�_���i�?�2�` �i�?���M �7�Q�`�K�B�M�;R �B�M �7�m�H�H ���M�/ �K�m�H�i�B�T�H�v�B�M�; �B�i �r�B�i�? �i�?�2 �M�Q�/�2�@�7�2���i�m�`�2 �K���@
�i�`�B�tX 2 Rn � d �- �i�?�B�b �B�i�2�`���i�B�p�2 �b�+�?�2�K�2 �/�B�`�2�+�i�H�v �+�Q�M�b�i�`�m�+�i�b �i�?�2 �2�K�#�2�/�/�B�M�; �K���i�`�B�t
Z (K ) = R | X �p�B�� �b�2�[�m�2�M�i�B���H �b�m�K�K���i�B�Q�M�X �h�?�B�b �`�2�/�m�+�2�b �K�2�K�Q�`�v �+�Q�K�T�H�2�t�B�i�v �7�`�Q�K
�[�m���/�`���i�B�+ �i�Q �H�B�M�2���`�- �b�T�2�+�B�}�+���H�H�vO(nd + m)�- �r�?�2�`�2nd ���+�+�Q�m�M�i�b �7�Q�`H (k ) ���M�/Z (k ) �-
���M�/m �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �M�Q�M�@�x�2�`�Q �2�M�i�`�B�2�b �B�M �i�?�2 �b�T���`�b�2 ���/�D���+�2�M�+�v �K���i�`�B�tA � �X �J�Q�`�2�@
�Q�p�2�`�- �i�?�2 �b�T���`�b�2�@�/�2�M�b�2 �K�m�H�i�B�T�H�B�+���i�B�Q�M �B�M �i�?�2 �}�`�b�i �H�B�M�2 �Q�7 �i�?�2 �H�Q�Q�T �+���M �#�2 �`�2�m�b�2�/ �7�Q�`
�K�m�H�i�B�T�H�2 �r���H�F �H�2�M�;�i�? �/�B�b�i�`�B�#�m�i�B�Q�M�b �S�r�X

�h�?�2 �i�B�K�2 �+�Q�K�T�H�2�t�B�i�v �Q�7 �1�[�m���i�B�Q�M �U�8�X�k�j�V �B�bO(Kmd + Knd )�- �r�?�2�`�2md ���`�B�b�2�b
�7�`�Q�K �i�?�2 �b�T���`�b�2�@�/�2�M�b�2 �T�`�Q�/�m�+�iA |

� k
H (k � 1) �- ���M�/nd �7�`�Q�K �i�?�2 �2�K�#�2�/�/�B�M�; �m�T�/���i�2�X

�"�Q�i�? ���`�2 �2�{�+�B�2�M�i�H�v �b�m�T�T�Q�`�i�2�/ �#�v �K�Q�/�2�`�M �:�S�l �H�B�#�`���`�B�2�b �(�k�y�3�- �k�k�9�)�- �K���F�B�M�; �i�?�2
���T�T�`�Q���+�? �T�`���+�i�B�+���H ���i �b�+���H�2�X

�S�`�Q�t�B�K�B�i�v �1�K�#�2�/�/�B�M�;�b�S�`�Q�t�B�K�B�i�v �_�2���+�?�L�1�b �B�b �K�Q�`�2 �K�2�K�Q�`�v �/�2�K���M�/�B�M�;�X �"�Q�i�?
�b�i���M�/���`�/ ���M�/ �`���M�/�Q�K�B�b�2�/ �a�o�. �K�2�i�?�Q�/�b �(�k�k�8�) �`�2�[�m�B�`�2 �K�m�H�i�B�T�H�2 �T���b�b�2�b �Q�p�2�` ���H�H �2�H�2�@



�R�k�k �*�?���T�i�2�` �8�X �S� �̀Q�t�B�K�B�i�v ���M�/ �J�2�b�b���;�2�@�S���b�b�B�M�; �1�K�#�2�/�/�B�M�;�b �p�B�� �_�2���+�?���#�B�H�B�i�v

�K�2�M�i�b �Q�7 �i�?�2 �B�M�T�m�i �K���i�`�B�t�- �r�?�B�+�? �B�b �T�`�Q�?�B�#�B�i�B�p�2 �r�?�2�MR �+���M�M�Q�i �#�2 �b�i�Q�`�2�/ �Q�` �`�2�+�Q�K�@
�T�m�i�2�/ �Q�M �/�2�K���M�/�X

�h�Q �Q�p�2�`�+�Q�K�2 �i�?�B�b�- �_�2���+�?�L�1�b ���/�Q�T�i�b �i�?�2�b�B�M�;�H�2�@�T���b�b � �̀��M�/�Q�K�B�b�2�/ �a�o�.�U�a�S�@�`�a�o�.�V
���H�;�Q�`�B�i�?�K �Q�7 �(�k�9�)�X �a�S�@�`�a�o�. �b�?���`�2�b �i�?�2 �b�i�`�m�+�i�m�`�2 �Q�7 �`���M�/�Q�K�B�b�2�/ �a�o�. �#�m�i ���p�Q�B�/�b
�K�m�H�i�B�T�H�2 �T���b�b�2�b �Q�p�2�`R �X �6�B�`�b�i�-R �B�b �T�`�Q�D�2�+�i�2�/ �B�M�i�Q �� �H�Q�r�2�`�@�/�B�K�2�M�b�B�Q�M���H �b�m�#�b�T���+�2 �r�B�i�?
�� �`���M�/�Q�K �K���i�`�B�t
 2 Rn � p �i�Q �7�Q�`�KG = R 
 �X �h�?�B�b ���T�T�`�Q�t�B�K���i�2�b �i�?�2 �H�2�7�i �b�B�M�;�m�H���`
�b�m�#�b�T���+�2 �Q�7R �X �A�M �i�?�2 �b���K�2 �7�Q�`�r���`�/ �T���b�b�- �� �b�2�+�Q�M�/ �T�`�Q�D�2�+�i�B�Q�MF = R | G 2 Rn � p

�B�b ���H�b�Q �+�Q�K�T�m�i�2�/�- �2�M���#�H�B�M�; ���+�+�m�`���i�2 ���T�T�`�Q�t�B�K���i�B�Q�M �r�B�i�?�Q�m�i �`�2�@���+�+�2�b�b�B�M�;R �X �h�?�2
�`�2�K���B�M�B�M�; �a�S�@�`�a�o�. �b�i�2�T�b �i�?�2�M �T�`�Q�+�2�2�/ �2�{�+�B�2�M�i�H�v �Q�MG ���M�/F �- �b�2�2 �(�k�9�) �7�Q�` �i�?�2
�/�2�i���B�H�b�X

�h�Q �+�Q�K�T�m�i�2G ���M�/F �2�{�+�B�2�M�i�H�v�- �a�S�@�`�a�o�. �B�b �+�Q�K�#�B�M�2�/ �r�B�i�? �i�?�2 �b�2�[�m�2�M�i�B���H
�b�m�K�K���i�B�Q�M �b�i�`���i�2�;�v �Q�7 �1�[�m���i�B�Q�M �U�8�X�k�j�V�X �� �b�B�M�;�H�2 �`�Q�r �Q�7R �+���M �#�2 �Q�#�i���B�M�2�/ �#�v
�b�2�i�i�B�M�;X = I n :;i �- �v�B�2�H�/�B�M�;R i; :

| = R | I n :;i �X �l�b�B�M�; �i�?�B�b�-G ���M�/F �+���M �#�2 �#�m�B�H�i
�B�M�+�`�2�K�2�M�i���H�H�v�,

�6�Q�ì 2 f 1; 2; : : : ; ng :

�*�Q�K�T�m�i�2R i; : �p�B�� �1�[�m���i�B�Q�M �U�8�X�k�j�V �r�B�i�?X = I n :;i ;

g = R i; : 
 ;

G i; : = g;

F = F + R i; :
| g:

�U�8�X�k�9�V

�A�M �T�`���+�i�B�+�2�- �`�Q�r�b ���`�2 �T�`�Q�+�2�b�b�2�/ �B�M �K�B�M�B�@�#���i�+�?�2�b �Q�7 �b�B�x�2b �i�Q �K���t�B�K�B�b�2 �:�S�l �i�?�`�Q�m�;�?�@
�T�m�i�X �h�?�2 �`�2�b�m�H�i�B�M�; �K�2�K�Q�`�v �+�Q�K�T�H�2�t�B�i�v �B�bO(np + nb + m)�X

�h�?�2 �i�Q�i���H �i�B�K�2 �+�Q�K�T�H�2�t�B�i�v �Q�7 �T�`�Q�t�B�K�B�i�v �_�2���+�?�L�1�b �B�b

O(Knm + n2p + np2);

�r�?�2�`�2Knm ���+�+�Q�m�M�i�b �7�Q�` �+�Q�K�T�m�i�B�M�; ���H�H �`�Q�r�b �Q�7R �-n2p ���`�B�b�2�b �7�`�Q�K �i�?�2 �m�T�/���i�2�b �B�M
�1�[�m���i�B�Q�M �U�8�X�k�9�V�- ���M�/np2 �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �i�?�2 �}�M���H �a�o�. �b�i�2�T �Q�7 �a�S�@�`�a�o�. �(�k�9�)�X

�A�K�T�H�2�K�2�M�i���i�B�Q�M�h�?�2 �_�2���+�?�L�1�b �B�K�T�H�2�K�2�M�i���i�B�Q�M�k �B�b �#�m�B�H�i �Q�M �S�v�h�Q�`�+�?�- �r�B�i�? �b�m�T�@
�T�Q�`�i �7�Q�` �b�B�M�;�H�2�@ ���M�/ �K�m�H�i�B�@�:�S�l �2�t�2�+�m�i�B�Q�M�X �*�Q�K�T���`�2�/ �r�B�i�? �i�?�2 �Q�`�B�;�B�M���H �J���h�G���"
�B�K�T�H�2�K�2�M�i���i�B�Q�M �Q�7 �a�S�@�`�a�o�.�- �i�?�B�b �T�`�Q�p�B�/�2�b �#�Q�i�? �?�B�;�?�2�` �b�+���H���#�B�H�B�i�v ���M�/ �i�?�2 �#�2�M�2�@
�}�i�b �Q�7 ���m�i�Q�K���i�B�+ �/�B�z�2�`�2�M�i�B���i�B�Q�M�- �Q�T�2�M�B�M�; �m�T ���p�2�M�m�2�b �7�Q�` �b�2�H�7�@�b�m�T�2�`�p�B�b�2�/ �T�`�Q�t�B�K�B�i�v
�2�K�#�2�/�/�B�M�; �K�2�i�?�Q�/�b �#���b�2�/ �Q�M �/�B�z�2�`�2�M�i�B���#�H�2 �`�2���+�?���#�B�H�B�i�v �K���i�`�B�+�2�b�X

�8�X�d �*�?���T�i�2�` �*�Q�M�+�H�m�b�B�Q�M

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

�k�?�i�i�T�b�,�f�f�;�B�i�?�m�#�X�+�Q�K�f�+�B�r���M�+�2�v�H���M�f�`�2���+�?�M�2�b



�8�X�d�X �*�?���T�i�2�` �*�Q�M�+�H�m�b�B�Q�M �R�k�j

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

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

�"�2�v�Q�M�/ �B�i�b �m�M�b�m�T�2�`�p�B�b�2�/ �7�Q�`�K�m�H���i�B�Q�M�- �_�2���+�?�L�1�b �2�b�i���#�H�B�b�?�2�b �2�t�T�H�B�+�B�i �+�Q�M�M�2�+�i�B�Q�M�b
�#�2�i�r�2�2�M �M�Q�/�2 �2�[�m�B�p���H�2�M�+�2�b ���M�/ �B�i�b �i�r�Q �`�2�/�m�+�i�B�Q�M �K�2�i�?�Q�/�b�X �S�`�Q�t�B�K�B�i�v �2�K�#�2�/�/�B�M�;�b
�Q�#�i���B�M�2�/ �p�B�� �a�o�. �T�`�2�b�2�`�p�2�b�i�`�m�+�i�m� �̀��H �2�[�m�B�p���H�2�M�+�2�- �b�m�T�T�Q�`�i�B�M�; �/�B�`�2�+�i�2�/ �+�Q�K�K�m�M�B�i�v
�/�2�i�2�+�i�B�Q�M�- �r�?�B�H�2 �K�2�b�b���;�2�@�T���b�b�B�M�; �2�K�#�2�/�/�B�M�;�b �T�`�2�b�2�`�p�2���m�i�Q�K�Q�`�T�?�B�+ �2�[�m�B�p���H�2�M�+�2�- �2�M�@
���#�H�B�M�; �i�?�2 �/�B�b�+�Q�p�2�`�v �Q�7 �b�i�`�m�+�i�m�`���H �T���i�i�2�`�M�b �i�?���i �K���v �`�2�p�2���H �B�H�H�B�+�B�i �#�2�?���p�B�Q�m�` �B�M �i�`���M�b�@
���+�i�B�Q�M �M�2�i�r�Q�`�F�b�X �h�?�2�b�2 ���T�T�H�B�+���i�B�Q�M�b ���`�2 �7�m�`�i�?�2�` �b�m�T�T�Q�`�i�2�/ �#�v �K�2�K�Q�`�v�@�2�{�+�B�2�M�i ���M�/
�T���`���H�H�2�H�B�b���#�H�2 ���H�;�Q�`�B�i�?�K�b�- �r�?�B�+�? ���H�H�Q�r �_�2���+�?�L�1�b �i�Q �b�+���H�2 �i�Q �H���`�;�2 �i�`���M�b���+�i�B�Q�M �;�`���T�?�b
�r�?�B�H�2 �`�2�i���B�M�B�M�; �i�?�2�Q�`�2�i�B�+���H �B�M�i�2�`�T�`�2�i���#�B�H�B�i�v�X

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

�h�Q �[�m���M�i�B�7�v �i�?�B�b �T�?�2�M�Q�K�2�M�Q�M�- �+�Q�M�b�B�/�2�` �M�Q�/�2j �- �r�B�i�? �i�`���M�b�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�B�2�b
�;�B�p�2�M �#�v �i�?�2 �+�Q�H�m�K�MR :;j �X �A�7j �B�b �� �b�B�M�F �Q�` �B�b ���#�b�Q�`�#�2�/ �#�v �Q�M�2�-R :;j �r�B�H�H �+�Q�M�i���B�M �Q�M�H�v
�� �7�2�r �M�Q�M�x�2�`�Q �p���H�m�2�b���� �b�B�i�m���i�B�Q�M �`�2�7�2�`�`�2�/ �i�Q ���b�H�Q�r �/�B�b�T�2�`�b���H�X �>�B�;�? �/�B�b�T�2�`�b���H �B�M�b�i�2���/
�B�M�/�B�+���i�2�b �T�`�Q�#���#�B�H�B�i�B�2�b ���`�2 �b�T�`�2���/ �K�Q�`�2 �2�p�2�M�H�v ���+�`�Q�b�bj �ö�b �K�m�H�i�B�@�b�i�2�T �M�2�B�;�?�#�Q�m�`�?�Q�Q�/�X

�h�?�B�b �M�Q�i�B�Q�M �B�b �M���i�m�`���H�H�v �+���T�i�m�`�2�/ �#�v�a�?���M�M�Q�M �2�M�i� �̀Q�T�v�(�k�k�e�- �*�?�X �k�X�R�)�X �h�?�m�b�- �i�?�2
�`�2���+�?���#�B�H�B�i�v �2�M�i�`�Q�T�v �Q�7 �M�Q�/�2j �B�b �/�2�}�M�2�/ ���b

H (j ; R ) = �
nX

i =1

Ri;j �H�Q�;2 Ri;j : �U�e�X�R�V

�1�M�i�`�Q�T�v �B�b �x�2�`�Q �r�?�2�M ���H�H �T�`�Q�#���#�B�H�B�i�v �K���b�b �B�b �+�Q�M�+�2�M�i�`���i�2�/ �B�M �� �b�B�M�;�H�2 �M�Q�/�2 ���M�/
�K���t�B�K�B�b�2�/ ���i �H�Q�;2 n �r�?�2�M �B�i �B�b �m�M�B�7�Q�`�K�H�v �/�B�b�i�`�B�#�m�i�2�/ ���+�`�Q�b�b ���H�Hn �M�Q�/�2�b�X �>�B�;�?�2�`
�2�M�i�`�Q�T�v �i�?�2�`�2�7�Q�`�2 �B�M�/�B�+���i�2�b �`�2�/�m�+�2�/ �b�B�M�F �#�B���b ���M�/ �B�K�T�`�Q�p�2�/ �/�B�b�T�2�`�b���H�X

�6�B�;�m�`�2�e�X�j�T�H�Q�i�b �2�M�i�`�Q�T�v �7�Q�` �*�Q�`���@�J�G�- �6�H�v �G���`�p���- ���M�/ �S�Q�H�#�H�Q�;�b �(�9�R�)�X �L�Q�/�2�b
���`�2 �b�Q�`�i�2�/ �#�v �2�M�i�`�Q�T�v �Ux�@���t�B�b�V�- �r�B�i�?H (j ; R ) �Q�M �i�?�2y�@���t�B�b�X �1���+�? �+�Q�H�Q�m�`�2�/ �H�B�M�2
�`�2�T�`�2�b�2�M�i�b �S�r = �S�Q�B�b(� ) �7�Q�` �� �/�B�z�2�`�2�M�i� �- ���M�/ �i�?�2 �/���b�?�2�/ �H�B�M�2 �b�?�Q�r�b �i�?�2 �2�M�i�`�Q�T�v
�Q�7 �i�?�2 ���b�v�K�T�i�Q�i�B�+ �`�2���+�?���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M ���b� ! 1 �7�Q�` �m�M�/�B�`�2�+�i�2�/ �;�`���T�?�b �U�b�2�2
���T�T�2�M�/�B�t�"�X�R�V�X

�J�Q�p�B�M�; �7�`�Q�K �/�B�`�2�+�i�2�/ �i�Q �m�M�/�B�`�2�+�i�2�/ �;�`���T�?�b �v�B�2�H�/�b �� �+�H�2���` �2�M�i�`�Q�T�v �B�M�+�`�2���b�2 �7�Q�`
�*�Q�`���@�J�G ���M�/ �S�Q�H�#�H�Q�;�b�- �`�2�~�2�+�i�B�M�; �B�K�T�`�Q�p�2�/ �/�B�b�T�2�`�b���H �Q�M�+�2 �b�B�M�F�b ���`�2 �`�2�K�Q�p�2�/�X �h�?�2
�2�z�2�+�i �Q�7� ���H�b�Q �/�B�z�2�`�b�, �B�M �m�M�/�B�`�2�+�i�2�/ �*�Q�`���@�J�G�- �2�M�i�`�Q�T�v �;�`�Q�r�b �b�i�2���/�B�H�v �i�Q�r���`�/ �B�i�b
�H�B�K�B�i�- �r�?�B�H�2 �B�M �i�?�2 �/�B�`�2�+�i�2�/ �+���b�2 �B�i �/�2�+�H�B�M�2�b ���b �b�B�M�F�b ���#�b�Q�`�# �T�`�Q�#���#�B�H�B�i�v �K���b�b�X �S�Q�H�@
�#�H�Q�;�b�- �#�2�B�M�; �/�2�M�b�2�` �r�B�i�? ���M ���p�2�`���;�2 �T���i�? �H�2�M�;�i�? �Q�7 �Q�M�H�v �k�X�d �b�i�2�T�b �U�h���#�H�2�k�X�k�V�- �`�2���+�?�2�b
�M�2���`�@�K���t�B�K���H �2�M�i�`�Q�T�v ���H�`�2���/�v ���i� = 4 �X

�6�Q�` �6�H�v �G���`�p���- �2�M�i�`�Q�T�v �/�B�z�2�`�2�M�+�2�b �#�2�i�r�2�2�M �/�B�`�2�+�i�2�/ ���M�/ �m�M�/�B�`�2�+�i�2�/ �+���b�2�b ���`�2
�b�K���H�H�2�`�- �+�Q�M�b�B�b�i�2�M�i �r�B�i�? �B�i�b �?�B�;�? �/�2�M�b�B�i�v ���M�/ �H�Q�r �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �b�B�M�F �M�Q�/�2�b�X ���b
�`�2�T�Q�`�i�2�/ �B�M �h���#�H�2�k�X�j�- �Q�M�H�v �R�X�9�W �Q�7 �M�Q�/�2�b ���`�2 �Q�m�i�@�b�B�M�F�b�- �+�Q�K�T���`�2�/ �i�Q �e���d�W �B�M
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�U���V�*�Q�`���@�J�G�X�G�2�7�i�,�.�2�7���m�H�i �U�P�V�c�_�B�;�?�i�,�l�M�/�B�`�2�+�i�2�/ �U�l�V�X

�U�#�V�6�H�v �G���`�p���X�G�2�7�i�,�.�2�7���m�H�i �U�P�V�c�_�B�;�?�i�,�l�M�/�B�`�2�+�i�2�/ �U�l�V�X

�6�B�;�m�`�2 �e�X�k�,���+�+�m�K�m�H���i�B�Q�M �Q�7 �i�`���M�b�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�B�2�b �B�M �H�Q�+���H �b�B�M�F�b�X �L�Q�/�2 �b�B�x�2 ���M�/ �+�Q�H�Q�m�`
�B�M�/�B�+���i�2 �`�2���+�?���#�B�H�B�i�v �K���;�M�B�i�m�/�2�- �r�B�i�? �#�H���+�F �/�2�M�Q�i�B�M�; �x�2�`�Q�X�U���V�A�M �*�Q�`���@�J�G�- �/�B�`�2�+�i�2�/
�2�/�;�2�b �U�P�V �+�Q�M�+�2�M�i�`���i�2 �`�2���+�?���#�B�H�B�i�v �B�M �b�B�M�F�b�- �r�?�2�`�2���b �m�M�/�B�`�2�+�i�2�/ �2�/�;�2�b �U�l�V �T�`�Q�K�Q�i�2 �#�`�Q���/�2�`
�+�Q�p�2�`���;�2�X�U�#�V�A�M �6�H�v �G���`�p���- �� �/�2�M�b�2�` �;�`���T�?�- �i�?�2 �2�z�2�+�i �B�b �r�2���F�2�` �#�m�i �b�i�B�H�H �p�B�b�B�#�H�2�X

�*�Q�`���@�J�G ���M�/ �S�Q�H�#�H�Q�;�b�X �L�2�p�2�`�i�?�2�H�2�b�b�- �2�M�i�`�Q�T�v �`�2�K���B�M�b �+�Q�M�b�B�b�i�2�M�i�H�v �?�B�;�?�2�` �B�M �i�?�2
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�>�B�;�? �/�B�b�T�2�`�b���H ���H�Q�M�2 �/�Q�2�b �M�Q�i �;�m���`���M�i�2�2 �m�b�2�7�m�H �2�K�#�2�/�/�B�M�;�b�X �h�?�B�b �B�b �+�H�2���` �7�`�Q�K �i�?�2
�7���+�i �i�?���i �2�M�i�`�Q�T�v �B�b �K���t�B�K�B�b�2�/ �r�?�2�MRi;j = 1
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�2�K�#�2�/�/�B�M�;�b �i�?���i ���`�2 �2�b�b�2�M�i�B���H�H�v �m�M�B�M�7�Q�`�K���i�B�p�2�X �1�z�2�+�i�B�p�2 �2�K�#�2�/�/�B�M�;�b �i�?�2�`�2�7�Q�`�2 �`�2�@
�[�m�B�`�2 �M�Q�i �Q�M�H�v �/�B�b�T�2�`�b���H �#�m�i ���H�b�Q�2�t�T� �̀2�b�b�B�p�B�i�v�X



�e�X�R�X ���M���H�v�b�B�b �Q�7 �G�Q�+���H �a�B�M�F�b �B�M �.�B�;� �̀��T�?�b �R�k�N

0 2 4 6 8 10 12 Ri;j / deg(i )

0:0 0:5 1:0
Proportion of nodes

0:0

2:5

5:0

7:5

10:0

E
nt

ro
py

� =0.0

� =0.25

� =1

� =2� =4

�U���V�*�Q�`���@�J�G�-�P

0:0 0:5 1:0
Proportion of nodes

0:0

2:5

5:0

7:5

10:0

E
nt

ro
py

� =0.0

� =0.25

� =1

� =2

� =4

�U�#�V�*�Q�`���@�J�G�-�l

0:0 0:5 1:0
Proportion of nodes

0:0

2:5

5:0

7:5

10:0

E
nt

ro
py

� =0.0

� =0.25

� =1

� =2

� =4

�U�+�V�6�H�v �G���`�p���-�P

0:0 0:5 1:0
Proportion of nodes

0:0

2:5

5:0

7:5

10:0

E
nt

ro
py

� =0.0

� =0.25

� =1

� =2

� =4

�U�/�V�6�H�v �G���`�p���-�l

0:00 0:25 0:50 0:75 1:00
Proportion of nodes

0:0

2:5

5:0

7:5

E
nt

ro
py

� =0.0

� =0.25

� =1

� =2

� =4

�U�2�V�S�Q�H�#�H�Q�;�b�-�P

0:00 0:25 0:50 0:75 1:00
Proportion of nodes

0:0

2:5

5:0

7:5

E
nt

ro
py

� =0.0

� =0.25

� =1

� =2

� =4

�U�7�V�S�Q�H�#�H�Q�;�b�-�l

�6�B�;�m�`�2 �e�X�j�,�1�M�i�`�Q�T�v �Q�7 �`�2���+�?���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�b �m�M�/�2�` �S�r = �S�Q�B�b(� )�- �m�b�B�M�;A �P ���M�/A �l �X
�L�Q�/�2�b ���`�2 �b�Q�`�i�2�/ �#�v �2�M�i�`�Q�T�v �p���H�m�2�b �U�t�@���t�B�b�V�X �*�Q�H�Q�m�`�b �B�M�/�B�+���i�2 �/�B�z�2�`�2�M�i� �X �h�?�2 �/���b�?�2�/
�H�B�M�2 �/�2�M�Q�i�2�b �i�?�2 �H�B�K�B�i�B�M�; �/�B�b�i�`�B�#�m�i�B�Q�M �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �M�Q�/�2 �/�2�;�`�2�2�- �`�2���+�?�2�/ ���b� ! 1 �X �a�2�2
���T�T�2�M�/�B�t�"�X�R�X
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���b �`�2�+���H�H�2�/ �7�`�Q�K �*�?���T�i�2�`�j�X�9�- �2�t�T�`�2�b�b�B�p�B�i�v �+�Q�M�+�2�`�M�b �� �K�Q�/�2�H�ö�b ���#�B�H�B�i�v �i�Q �/�B�b�@
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�i�B�M�+�i �2�K�#�2�/�/�B�M�;�b �7�Q�` �M�Q�M�@�2�[�m�B�p���H�2�M�i �Q�M�2�b�X �� �?�B�;�?�2�` �/�2�;�`�2�2 �Q�7 �2�t�T�`�2�b�b�B�p�B�i�v �i�?�2�`�2�7�Q�`�2
�+�Q�`�`�2�b�T�Q�M�/�b �i�Q �;�`�2���i�2�` ���#�B�H�B�i�v �i�Q �b�2�T���`���i�2 �M�Q�/�2�b �r�B�i�? �/�B�z�2�`�2�M�i �b�i�`�m�+�i�m�`���H �`�Q�H�2�b�X

�J�m�H�i�B�@�b�+���H�2 ���M�/ �K�m�H�i�B�@�/�B�`�2�+�i�B�Q�M���H �2�K�#�2�/�/�B�M�;�b �#�Q�i�? �2�M�?���M�+�2 �2�t�T�`�2�b�b�B�p�B�i�v�- ���M�/
�_�2���+�?�L�1�b �b�m�T�T�Q�`�i�b �#�Q�i�? �+���T���#�B�H�B�i�B�2�b �U�*�?���T�i�2�`�8�X�j�V�X �6�Q�` �/�B�`�2�+�i�2�/ �;�`���T�?�b�- �`�2�T�`�2�@
�b�2�M�i�B�M�; �/�B�b�i�B�M�+�i �M�2�B�;�?�#�Q�m�`�?�Q�Q�/ �/�B�`�2�+�i�B�Q�M�b �B�b �T���`�i�B�+�m�H���`�H�v �+�`�B�i�B�+���H�X �a�B�K�T�H�v �/�B�b�+���`�/�B�M�;
�2�/�;�2 �Q�`�B�2�M�i���i�B�Q�M�b �#�v �i�`�2���i�B�M�; �i�?�2 �;�`���T�? ���b �m�M�/�B�`�2�+�i�2�/ �`�2�b�Q�H�p�2�b �i�?�2 �H�Q�+���H �b�B�M�F �B�b�b�m�2�-
�#�m�i ���i �i�?�2 �+�Q�b�i �Q�7 �2�t�T�`�2�b�b�B�p�B�i�v�- ���b �B�i �+�Q�H�H���T�b�2�b �i�?�2 �/�B�p�2�`�b�B�i�v �Q�7 �/�B�`�2�+�i�2�/ �M�2�B�;�?�#�Q�m�`�@
�?�Q�Q�/�b�X

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

�e�X�k �.�B�`�a�r�B�i�+�?�, �a�r�B�i�+�?�B�M�; �_�2���+�?���#�B�H�B�i�v �6�B�H�i�2�`�b

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

�.�B�`�a�r�B�i�+�? ���/�/�`�2�b�b�2�b �i�?�2�b�2 �B�b�b�m�2�b �m�b�B�M�;�b�r�B�i�+�?�B�M�; � �̀��M�/�Q�K �r���H�F�b�X �h�?�2 �+�2�M�i�`���H
�B�/�2�� �B�b �i�Q �7�Q�H�H�Q�r �/�B�`�2�+�i�2�/ �2�/�;�2�b �7�Q�` �i�?�2 �}�`�b�ir �b�i�2�T�b�- �i�?�2�`�2�#�v �+���T�i�m�`�B�M�; �H�Q�+���H �M�2�B�;�?�@
�#�Q�m�`�?�Q�Q�/ �b�i�`�m�+�i�m�`�2�- ���M�/ �i�?�2�M �b�r�B�i�+�? �i�Q �m�M�/�B�`�2�+�i�2�/ �2�/�;�2�b�X �h�?�B�b �2�M�b�m�`�2�b �i�?���i �r���H�F�b
�+���M �2�b�+���T�2 �b�B�M�F�b ���M�/ ���+�?�B�2�p�2 �#�`�Q���/�2�` �/�B�b�T�2�`�b���H�- �r�?�B�H�2 �b�i�B�H�H �`�2�i���B�M�B�M�; �}�M�2�@�;�`���B�M�2�/
�/�B�`�2�+�i�B�Q�M���H �B�M�7�Q�`�K���i�B�Q�M �H�Q�+���H�H�v�X
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�>�2�`�2�-� �B�b �� �b�i�`�B�M�; �Q�p�2�`f �P; �A; �lg�- �b�T�2�+�B�7�v�B�M�; �r�?�2�i�?�2�` �2���+�? �b�i�2�T �m�b�2�b �Q�m�i�;�Q�B�M�;�- �B�M�@
�+�Q�K�B�M�;�- �Q�` �m�M�/�B�`�2�+�i�2�/ �2�/�;�2�b�X �6�Q�` ��K �@�b�i�2�T �r���H�F�-� �?���b �H�2�M�;�i�?r + 1 �r�B�i�?r < K �-
���M�/ �i�?�2 �}�M���H �+�?���`���+�i�2�`� r +1 �/�2�i�2�`�K�B�M�2�b �i�?�2 �/�B�`�2�+�i�B�Q�M �Q�7 �i�?�2 �`�2�K���B�M�B�M�;K � r �b�i�2�T�b�X

�� �.�B�`�a�r�B�i�+�? �K�Q�/�2�H �B�b �/�2�}�M�2�/ �#�v �+�?�Q�Q�b�B�M�; �i�?�2 �}�`�b�ir �+�?���`���+�i�2�`�b �Q�7� �7�`�Q�K�P�Q��̀A�-
�r�B�i�? �i�?�2 �}�M���H �+�?���`���+�i�2�` �}�t�2�/ ���b�l�X �h�?�B�b �2�M�b�m�`�2�b �i�?���i �i�?�2 �}�`�b�ir �b�i�2�T�b �+���T�i�m�`�2 �H�Q�+���H
�/�B�`�2�+�i�B�Q�M���H�B�i�v�- �r�?�B�H�2 �b�m�#�b�2�[�m�2�M�i �m�M�/�B�`�2�+�i�2�/ �b�i�2�T�b �+�Q�m�M�i�2�`���+�i �b�B�M�F �#�B���b�X �6�Q�` �2���+�?r �-
�.�B�`�a�r�B�i�+�? �+�Q�M�b�B�/�2�`�b ���H�H2r �T�Q�b�b�B�#�H�2 �b�2�[�m�2�M�+�2�b �Q�7 �/�B�`�2�+�i�2�/ �b�i�2�T�b�- �+�Q�M�+���i�2�M���i�B�M�; �i�?�2
�`�2�b�m�H�i�B�M�; �2�K�#�2�/�/�B�M�;�b ���b �B�M �_�2���+�?�L�1�b �U�*�?���T�i�2�`�8�X�j�V�X �h�?�2�b�2 �K�Q�/�2�H�b ���`�2 �/�2�M�Q�i�2�/
�.�B�`�a�r�B�i�+�?�@r �X �6�Q�` �2�t���K�T�H�2�- �.�B�`�a�r�B�i�+�?�@�R �+�Q�M�+���i�2�M���i�2�b �2�K�#�2�/�/�B�M�;�b �7�Q�`� 2 f �P�l; �A�lg�-
�r�?�B�H�2 �.�B�`�a�r�B�i�+�?�@�k �m�b�2�b� 2 f �P�P�l; �P�A�l; �A�P�l; �A�A�lg�X
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�r�B�i�?�Q�m�i �b�r�B�i�+�?�B�M�;�X �6�Q�` �B�M�b�i���M�+�2�- �J�m�H�i�B�.�B�`�@�R �m�b�2�b� 2 f �P; �Ag�- �r�?�B�H�2 �J�m�H�i�B�.�B�`�@�k
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f �P; �P�A; �P�A�Pg�- ���M�/ �r�B�i�? �i�?�2 �m�M�/�B�`�2�+�i�2�/ �#���b�2�H�B�M�2� = �l�X �h�r�Q �r���H�F �H�2�M�;�i�? �/�B�b�i�`�B�#�m�@
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�.�2�7���m�H�i �e�e�X�y�N� �y�X�d�N �9�9�X�9�N� �y�X�k�9 �e�9�X�e�k� �y�X�k�y �9�8�X�e�3� �y�X�k�e
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�.�B�`�a�r�B�i�+�?�@�R �8�e�X�d�d� �k�X�j�e �9�8�X�R�N� �y�X�j�8 �e�e�X�k�j� �y�X�d�y �9�N�X�3�9� �y�X�e�y
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�l�M�/�B�`�2�+�i�2�/ �3�k�X�e�9� �R�X�8�N �3�y�X�d�R� �R�X�j�e �8�k�X�j�8� �R�X�j�y �9�8�X�N�j� �R�X�R�3

�_�Q�b�b�B �2�i ���H�X �(�d�R�) �e�y�X�9�9� �k�X�N�9 �e�9�X�e�9� �k�X�9�R �j�R�X�k�3� �k�X�k�R �j�9�X�N�k� �y�X�8�9
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�.�B�`�a�r�B�i�+�?�@�j �3�k�X�k�d� �R�X�9�k �3�8�X�k�e� �R�X�j�k �e�R�X�y�d� �y�X�3�y �e�j�X�8�3� �y�X�j�y
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�i�?�2 �b�i�`�Q�M�;�2�b�i �`�2�b�m�H�i�b�X �h�?�2 �Q�M�H�v �/���i���b�2�i �r�?�2�`�2 �_�Q�b�b�B �2�i ���H�X �b�m�`�T���b�b�2�b �.�B�`�a�r�B�i�+�? �B�b
�a�M���T �S���i�2�M�i�b�- �r�?�B�+�? ���H�b�Q �2�t�?�B�#�B�i�2�/ ���+�+�m�`���+�v �/�`�Q�T�b �r�B�i�? �m�M�/�B�`�2�+�i�2�/ �2�K�#�2�/�/�B�M�;�b �B�M
�2���`�H�B�2�` �_�2���+�?�L�1�b �2�t�T�2�`�B�K�2�M�i�b �U�h���#�H�2�e�X�9�V�X

�e�X�e �*�Q�K�T�m�i���i�B�Q�M���H �*�Q�K�T�H�2�t�B�i�v �Q�7 �.�B�`�a�r�B�i�+�? ���M�/ �_�m�M �h�B�K�2
�_�2�b�m�H�i�b

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

�*�Q�K�T�m�i���i�B�Q�M���H �*�Q�K�T�H�2�t�B�i�v

�h�?�2 �+�Q�K�T�H�2�t�B�i�v �Q�7 �.�B�`�a�r�B�i�+�? �/�2�T�2�M�/�b �Q�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �p���`�B���#�H�2�b�,

�Ç n�, �M�m�K�#�2�` �Q�7 �M�Q�/�2�b�-

�Ç m�, �M�m�K�#�2�` �Q�7 �2�/�;�2�b�-

�Ç p�, �2�K�#�2�/�/�B�M�; �/�B�K�2�M�b�B�Q�M���H�B�i�v�-

�Ç r �, �M�m�K�#�2�` �Q�7 �K�m�H�i�B�@�/�B�`�2�+�i�B�Q�M���H �b�i�2�T�b�-

�Ç s�, �M�m�K�#�2�` �Q�7 �r���H�F �H�2�M�;�i�? �/�B�b�i�`�B�#�m�i�B�Q�M�b�-

�Ç K �, �M�m�K�#�2�` �Q�7 �r���H�F �b�i�2�T�b �U�`�2���+�?���#�B�H�B�i�v �i�2�`�K�b�V�-

�Ç b�, �#���i�+�? �b�B�x�2 �B�M �a�S�@�`�a�o�. �U�T�`�Q�t�B�K�B�i�v �p�2�`�b�B�Q�M �Q�M�H�v�c �b�2�2 �*�?���T�i�2�`�8�X�e�V�-

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

�J�2�b�b���;�2�@�S���b�b�B�M�; �.�B�`�a�r�B�i�+�?�J�2�b�b���;�2�@�T���b�b�B�M�; �.�B�`�a�r�B�i�+�?�@r �m�b�2�b �i�?�2 ���H�;�Q�`�B�i�?�K
�B�M �1�[�m���i�B�Q�M �U�8�X�k�j�V�- �r�?�B�+�? �T�2�`�7�Q�`�K�bK �b�T���`�b�2���/�2�M�b�2 �K�m�H�i�B�T�H�B�+���i�B�Q�M�b ���i �+�Q�b�iO(md)
�2���+�?�- �;�B�p�B�M�;O(Kmd ) �T�2�` �r���H�F�X

�1���+�? �`�2�b�m�H�i�B�M�;n � d �K���i�`�B�t �B�b �i�?�2�M �`�2�/�m�+�2�/ �i�Qp
s2r �/�B�K�2�M�b�B�Q�M�b �m�b�B�M�; �S�*�� �p�B��

�a�o�.�- �r�B�i�? �+�Q�b�iO(nd2) �(�k�k�j�- �*�?�X �8�X�8�X�e�)�X �_�2�T�2���i�B�M�; �i�?�B�b �7�Q�` ���H�Hs � 2r �+�Q�K�#�B�M���i�B�Q�M�b
�Q�7 �r���H�F �H�2�M�;�i�? �/�B�b�i�`�B�#�m�i�B�Q�M�b ���M�/ �/�B�`�2�+�i�B�Q�M���H �M�2�B�;�?�#�Q�m�`�?�Q�Q�/�b �v�B�2�H�/�b �� �i�Q�i���H �i�B�K�2
�+�Q�K�T�H�2�t�B�i�v �Q�7

O
�
s2r (Kmd + nd2)

�
:

�a�T���+�2 �+�Q�K�T�H�2�t�B�i�v ���`�B�b�2�b �7�`�Q�K �b�i�Q�`�B�M�; �i�?�2m �M�Q�M�x�2�`�Q�b �Q�7 �i�?�2 ���/�D���+�2�M�+�v�- �i�?�2 �B�M�@
�i�2�`�K�2�/�B���i�2s �`�2���+�?���#�B�H�B�i�v �i�2�M�b�Q�`�b �Q�7 �b�?���T�2n � d�- ���M�/ �i�?�2 �}�M���H �2�K�#�2�/�/�B�M�; �K���i�`�B�t
Z 2 Rn � p�X �a�B�M�+�2s �K�m�H�i�B�@�b�+���H�2 �r���H�F�b ���`�2 �+�Q�K�T�m�i�2�/ �B�M �T���`���H�H�2�H �#�m�i2r �/�B�`�2�+�i�B�Q�M���H
�T���i�i�2�`�M�b ���`�2 �T�`�Q�+�2�b�b�2�/ �b�2�[�m�2�M�i�B���H�H�v�- �i�?�2 �i�Q�i���H �b�T���+�2 �+�Q�K�T�H�2�t�B�i�v �B�b

O(m + snd + np):
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�*�?���T�i�2�` �e�X �.�B�b�Q�#�2�v�B�M�; �.�B� �̀2�+�i�B�Q�M�b �7�Q�` �1�z�2�+�i�B�p�2 �L�Q�/�2 �1�K�#�2�/�/�B�M�; �G�2���`�M�B�M�; �Q�M

�.�B�;� �̀��T�?�b

�S�`�Q�t�B�K�B�i�v �.�B�`�a�r�B�i�+�?�S�`�Q�t�B�K�B�i�v �.�B�`�a�r�B�i�+�?�@r �7�Q�H�H�Q�r�b �i�?�2 ���H�;�Q�`�B�i�?�K �B�M �1�[�m���@
�i�B�Q�M �U�8�X�k�9�V�X �q�B�i�? �#���i�+�? �b�B�x�2b�- �i�?�2 �T�`�Q�+�2�/�m�`�2 �`�m�M�b �B�Mn

b �B�i�2�`���i�B�Q�M�b�X �1���+�? �#���i�+�?
�+�Q�K�T�m�i�2�b �� �b�H�B�+�2 �Q�7 �i�?�2 �`�2���+�?���#�B�H�B�i�v �K���i�`�B�t �p�B��K �b�T���`�b�2���/�2�M�b�2 �K�m�H�i�B�T�H�B�+���i�B�Q�M�b�-
�+�Q�b�i�B�M�;O(Kmb)�X �S�`�Q�D�2�+�i�B�Q�M �Q�M�i�Q
 2 Rn � p ���M�/ �i�?�2 �m�T�/���i�2 �Q�7F �2���+�? ���/�/O(bnp)�X
�_�2�T�2���i�B�M�; ���+�`�Q�b�b ���H�Hn

b �#���i�+�?�2�b �v�B�2�H�/�b

O(Kmn + n2p):

�a�S�@�`�a�o�. �i�?�2�M �+�Q�K�T�m�i�2�b �i�?�2 �}�M���H �2�K�#�2�/�/�B�M�;�b ���i �+�Q�b�iO(np2) �(�k�9�)�- �M�2�;�H�B�;�B�#�H�2
�r�?�2�Mp � n�X ���b �r�B�i�? �i�?�2 �K�2�b�b���;�2�@�T���b�b�B�M�; �+���b�2�- �i�?�B�b �K�m�b�i �#�2 �`�2�T�2���i�2�/ �7�Q�` ���H�Hs � 2r

�+�Q�K�#�B�M���i�B�Q�M�b�- �;�B�p�B�M�;
O

�
s2r (Kmn + n2p)

�
:

�6�Q�` �b�T���+�2�- �i�?�2 ���H�;�Q�`�B�i�?�K �`�2�[�m�B�`�2�b �i�?�2m �2�/�;�2�b�- �Q�M�2n � b �b�H�B�+�2 �Q�7 �i�?�2 �`�2���+�?���#�B�H�B�i�v
�K���i�`�B�t�- ���M�/ �i�?�2n � p �b�F�2�i�+�? �K���i�`�B�+�2�b
 ; G; F �X �q�B�i�?s �+�Q�T�B�2�b �Q�7
 �B�M �T���`���H�H�2�H�- �i�?�2
�i�Q�i���H �b�T���+�2 �+�Q�K�T�H�2�t�B�i�v �B�b

O(snp + snb+ m):

�.�B�b�+�m�b�b�B�Q�M�h�?�2 �a�S�@�`�a�o�. ���b�b�m�K�T�i�B�Q�Mp � n �B�b �+�`�B�i�B�+���H�- ���M�/ ���+�+�m�`���+�v �K���v �/�2�i�2�@
�`�B�Q�`���i�2 ���bp ! n�X �6�Q�` �b�K���H�H �;�`���T�?�b�- �+�Q�K�T�m�i�B�M�;R �2�t�T�H�B�+�B�i�H�v ���M�/ ���T�T�H�v�B�M�; �7�m�H�H �a�o�.
�B�b �T�`�2�7�2�`���#�H�2�- �r�B�i�? �i�B�K�2 �+�Q�K�T�H�2�t�B�i�vO(s2r (Kmn + n3)) ���M�/ �b�T���+�2O(sn2 + m)�X

���H�i�?�Q�m�;�? �a�S�@�`�a�o�. �K�B�i�B�;���i�2�b �K�2�K�Q�`�v �/�2�K���M�/�b�- �T�`�Q�t�B�K�B�i�v �.�B�`�a�r�B�i�+�?�@r �b�i�B�H�H
�B�M�+�m�`�b �[�m���/�`���i�B�+ �i�B�K�2 �B�Mn�- �r�?�2�`�2���b �K�2�b�b���;�2�@�T���b�b�B�M�; �.�B�`�a�r�B�i�+�?�@r �b�+���H�2�b �H�B�M�2���`�H�v�X
�>�2�M�+�2�- �K�2�b�b���;�2�@�T���b�b�B�M�; �B�b �#�2�i�i�2�` �b�m�B�i�2�/ �7�Q�` �H���`�;�2 �;�`���T�?�b�X

�� �T�`�Q�K�B�b�B�M�; �?�v�#�`�B�/ ���T�T�`�Q���+�? �r�Q�m�H�/ �+�Q�K�#�B�M�2 �a�o�. �Q�M �i�?�2 �b�T���`�b�2 ���/�D���+�2�M�+�v �U�7�Q�`
�B�M�B�i�B���H �T�`�Q�t�B�K�B�i�v �2�K�#�2�/�/�B�M�;�b�V �r�B�i�? �K�2�b�b���;�2�@�T���b�b�B�M�; �.�B�`�a�r�B�i�+�?�@r �- �m�b�B�M�; �i�?�2�b�2 ���b
�M�Q�/�2 ���i�i�`�B�#�m�i�2�b�- ���b �B�b �b�B�K�m�H���`�H�v �m�b�2�/ �B�M �"�G���.�1 �(�e�)�X �1�t�T�H�Q�`�B�M�; �i�?�2 �2�z�2�+�i�B�p�2�M�2�b�b ���M�/
�b�+���H���#�B�H�B�i�v �Q�7 �b�m�+�? �?�v�#�`�B�/�b �B�b �H�2�7�i �7�Q�` �7�m�i�m�`�2 �r�Q�`�F�X
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�h�Q �p���H�B�/���i�2 �T�`���+�i�B�+���H �b�+���H���#�B�H�B�i�v�- �b�K���H�H�@�b�+���H�2 �`�m�M �i�B�K�2 �2�t�T�2�`�B�K�2�M�i�b �r�2�`�2 �+�Q�M�/�m�+�i�2�/
�Q�M �b�v�M�i�?�2�i�B�+ �"���`���#�€�b�B�����H�#�2�`�i �;�`���T�?�b �(�k�k�N�) �U���p�2�`���;�2 �/�2�;�`�2�2= 2 �V�X �.�B�`�a�r�B�i�+�? �`�m�M
�i�B�K�2�b �r�2�`�2 �K�2���b�m�`�2�/ �r�?�B�H�2 �p���`�v�B�M�; �Q�M�2 �T���`���K�2�i�2�` ���i �� �i�B�K�2 �Un; r; s; p; d�V�- �r�B�i�?
�Q�i�?�2�`�b �}�t�2�/�X

�6�Q�` �T�`�Q�t�B�K�B�i�v �.�B�`�a�r�B�i�+�?�,

n = 2 16 = 65;536; r = 2 ; s = 3 ; p = 256:

�6�Q�` �K�2�b�b���;�2�@�T���b�b�B�M�; �.�B�`�a�r�B�i�+�?�,

n = 2 20 = 1 ;048;576; r = 2 ; s = 3 ; p = 512; d = 128:
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�+�m�b�b�2�/ �B�M �*�?���T�i�2�`�j�X�R�y�- �r�?�B�i�2�M�B�M�; �B�b �� �+�`�m�+�B���H �T�`�2�T�`�Q�+�2�b�b�B�M�; �b�i�2�T �7�Q�` �/�B�b�i���M�+�2�@�#���b�2�/
���H�B�;�M�K�2�M�i�X �q�B�i�?�Q�m�i �r�?�B�i�2�M�B�M�;�- �1�m�+�H�B�/�2���M �/�B�b�i���M�+�2�b ���`�2 �/�Q�K�B�M���i�2�/ �#�v �/�B�`�2�+�i�B�Q�M�b �Q�7
�?�B�;�? �p���`�B���M�+�2�- �r�?�B�+�? �+���M �Q�#�b�+�m�`�2 �i�`�m�2 �+�Q�`�`�2�b�T�Q�M�/�2�M�+�2�b �U�b�2�2 �6�B�;�m�`�2�j�X�d���V�X �q�?�B�i�2�M�@
�B�M�; �2�[�m���H�B�b�2�b �p���`�B���M�+�2 ���+�`�Q�b�b ���t�2�b�- �2�M�b�m�`�B�M�; �i�?���i �/�B�b�i���M�+�2�b �`�2�~�2�+�i �b�B�K�B�H���`�B�i�v �`���i�?�2�`
�i�?���M �p���`�B���M�+�2 �b�+���H�2�X

�h�?�B�b �`�2�H�B�2�b �Q�M �i�?�2 ���b�b�m�K�T�i�B�Q�M �i�?���i �2�K�#�2�/�/�B�M�; �/�B�b�T�H���+�2�K�2�M�i �+�Q�`�`�2�H���i�2�b �r�B�i�? �i�?�2
�T�`�B�M�+�B�T���H �/�B�`�2�+�i�B�Q�M�b �Q�7 �p���`�B���i�B�Q�M�X �6�B�;�m�`�2�b�d�X�j�����M�/�d�X�j�#�2�K�T�B�`�B�+���H�H�v �+�Q�M�}�`�K �i�?�B�b �7�Q�`
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�*�?���T�i�2�` �d�X �6�m�H�H�@�_���M�F �J�m�H�i�B�@�a�+���H�2 �J�2�b�b���;�2�@�S���b�b�B�M�; �1�K�#�2�/�/�B�M�;�b �p�B�� �J�2�b�b���;�2
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�U�/�VX �/�m�T�H�B�+���i�2�/ �9 �i�B�K�2�b

�6�B�;�m�`�2 �d�X�k�,�1�z�2�+�i �Q�7 �B�M�+�`�2���b�B�M�; �`���M�F �/�2�}�+�B�2�M�+�v �Q�M �+�H�m�b�i�2�` �b�i�`�m�+�i�m�`�2�X�U���V�b�?�Q�r�b �� �l�J���S
�T�`�Q�D�2�+�i�B�Q�M �Q�7X �- �+�Q�M�b�B�b�i�B�M�; �Q�7 �k�y�y �T�Q�B�M�i�b �7�`�Q�K �b�B�t �+�H���b�b�2�b �b���K�T�H�2�/ �Q�M �i�?�2 �b�m�`�7���+�2 �Q�7 �� �e�.
�b�T�?�2�`�2�X�U�#�V���U�/ �V�B�H�H�m�b�i�`���i�2 �?�Q�r �+�H�m�b�i�2�` �b�2�T���`���#�B�H�B�i�v �/�2�i�2�`�B�Q�`���i�2�b ���bX �B�b �/�m�T�H�B�+���i�2�/ �?�Q�`�B�x�Q�M�@
�i���H�H�v ���M�/ �i�?�2�M �r�?�B�i�2�M�2�/�X

�S�*���S���b�b �2�K�#�2�/�/�B�M�;�b�X �h�?�2 �t�@���t�2�b �b�?�Q�r �b�B�M�;�m�H���` �p���H�m�2�b �Q�7Z (1) �- �i�?�2 �2�K�#�2�/�/�B�M�;�b �Q�7
G1�- �r�?�B�H�2 �i�?�2 �v�@���t�2�b �b�?�Q�r �i�?�2 ���p�2�`���;�2 �/�B�b�T�H���+�2�K�2�M�i �B�M �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �/�B�`�2�+�i�B�Q�M

� i = 1
n




 (Z (1) � Z (2) )V:;i






2; �U�d�X�k�y�V

�r�?�2�`�2V:;i �B�b �i�?�2i �i�? �T�`�B�M�+�B�T���H ���t�B�b �Q�7Z (1) �X �h�?�2 �b�i�`�Q�M�; �+�Q�`�`�2�H���i�B�Q�M �Q�#�b�2�`�p�2�/ �p���H�B�/���i�2�b
�i�?�2 �r�?�B�i�2�M�B�M�; ���b�b�m�K�T�i�B�Q�M�X
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10� 3 102

� i;i { singular value

10� 8

10� 5

10� 2
� i

{
di

sp
la

ce
m

en
t

�U���V���`�2�M���b

10� 2 103

� i;i { singular value

10� 8

10� 5

10� 2

� i
{

di
sp

la
ce

m
en

t
�U�#�V�1�M�`�Q�M

�6�B�;�m�`�2 �d�X�j�,�1�K�T�B�`�B�+���H �+�Q�`�`�2�H���i�B�Q�M �#�2�i�r�2�2�M �/�B�b�T�H���+�2�K�2�M�i ���M�/ �b�B�M�;�m�H���` �p���H�m�2�b �7�Q�` �S�*���S���b�b
�2�K�#�2�/�/�B�M�;�b�X �6�Q�` �2���+�? �T�`�B�M�+�B�T���H ���t�B�bi �- �i�?�2x�@�p���H�m�2 �B�b �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �b�B�M�;�m�H���` �p���H�m�2
� i;i ���M�/ �i�?�2y�@�p���H�m�2 �B�b �i�?�2 ���p�2�`���;�2 �/�B�b�T�H���+�2�K�2�M�i� i �X �h�?�2 �b�i�`�Q�M�; �+�Q�`�`�2�H���i�B�Q�M �+�Q�M�}�`�K�b �i�?�2
�r�?�B�i�2�M�B�M�; ���b�b�m�K�T�i�B�Q�M�X

�>�Q�r�2�p�2�`�- �r�?�B�i�2�M�B�M�; �?���b �� �/�2�i�`�B�K�2�M�i���H �b�B�/�2 �2�z�2�+�i �7�Q�` �S�*���S���b�b �2�K�#�2�/�/�B�M�;�b�X �"�v
�`�2�b�+���H�B�M�; ���H�H �/�B�K�2�M�b�B�Q�M�b �2�[�m���H�H�v�- �r�?�B�i�2�M�B�M�; ���K�T�H�B�}�2�b �i�?�2 ���`�#�B�i�`���`�v �b�B�M�;�m�H���` �/�B�`�2�+�@
�i�B�Q�M�b� �- �r�?�Q�b�2 �M�2���`�@�x�2�`�Q �b�B�M�;�m�H���` �p���H�m�2�b �r�Q�m�H�/ �Q�i�?�2�`�r�B�b�2 �b�m�T�T�`�2�b�b �i�?�2�K�X �h�?�2�b�2
�M�Q�B�b�2 �/�B�K�2�M�b�B�Q�M�b �i�?�2�M �/�B�`�2�+�i�H�v ���z�2�+�i �/�B�b�i���M�+�2 �+�Q�K�T�m�i���i�B�Q�M�b�- �m�M�/�2�`�K�B�M�B�M�; ���H�B�;�M�@
�K�2�M�i ���+�+�m�`���+�v�X ���b �b�?�Q�r�M �H���i�2�` �B�M �a�2�+�i�B�Q�M�d�X�9�- �i�?�B�b �2�t�T�H���B�M�b �r�?�v �S�*���S���b�b �T�2�`�@
�7�Q�`�K�b �T�Q�Q�`�H�v �Q�M �2�K�#�2�/�/�B�M�;�@�#���b�2�/ �;�`���T�? ���H�B�;�M�K�2�M�i �+�Q�K�T���`�2�/ �i�Q �`���M�F�@�T�`�2�b�2�`�p�B�M�;
���H�i�2�`�M���i�B�p�2�b�X

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

�d�X�j �h�?�2 ���*�* �J�Q�/�2�H ���M�/ �J�2�b�b���;�2 ���;�;�`�2�;���i�B�Q�M

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



�R�e�y
�*�?���T�i�2�` �d�X �6�m�H�H�@�_���M�F �J�m�H�i�B�@�a�+���H�2 �J�2�b�b���;�2�@�S���b�b�B�M�; �1�K�#�2�/�/�B�M�;�b �p�B�� �J�2�b�b���;�2

���;�;� �̀2�;���i�B�Q�M

���H�;�Q�`�B�i�?�K�j �T�`�Q�p�B�/�2�b �T�b�2�m�/�Q�+�Q�/�2 �7�Q�` ���*�*�X �6�B�`�b�i�- �i�?�2 �7�2���i�m�`�2 �K���i�`�B�tX �B�b
�+�Q�K�T�`�2�b�b�2�/ �B�M�i�Q ���M �B�M�B�i�B���Hc�@�/�B�K�2�M�b�B�Q�M���H �K�2�b�b���;�2 �K���i�`�B�tM (0) 2 Rn � c �m�b�B�M�; �S�*��
�U�H�B�M�2 �j�c �b�2�2 ���H�;�Q�`�B�i�?�K�k�V�X �h�?�2 �K�2�b�b���;�2�@�T���b�b�B�M�; �T�`�Q�+�2�/�m�`�2 �i�?�2�M �#�2�;�B�M�b�X �l�M�H�B�F�2
�S�*���S���b�b�- �r�?�B�+�? �+�Q�M�+���i�2�M���i�2�b �2�K�#�2�/�/�B�M�;�b ���M�/ �K�2�b�b���;�2�b�- ���*�* ���T�T�H�B�2�b ���;�;�`�2�;���i�B�Q�M
�/�B�`�2�+�i�H�v �i�Q �i�?�2 �K�2�b�b���;�2 �K���i�`�B�+�2�b�,

M (k ) =
�
A �6

| M (k � 1) A �"
| M (k � 1)

�
: �U�d�X�k�R�V

�h�?�B�b �T�`�2�p�2�M�i�b �`�2�T�2���i�2�/ �b�m�#�K���i�`�B�+�2�b �b�m�+�? ���b �i�?�Q�b�2 �b�2�2�M �B�M �1�[�m���i�B�Q�M �U�d�X�R�R�V�X
�h�?�2 �`�2�b�m�H�i�B�M�; �K�2�b�b���;�2 �K���i�`�B�tM (k ) �B�b �i�?�2�M �+�Q�K�T�`�2�b�b�2�/ �#���+�F �i�Qc �/�B�K�2�M�b�B�Q�M�b

�U�H�B�M�2 �d�V ���M�/ �+�Q�M�+���i�2�M���i�2�/ �r�B�i�? �i�?�2 �2�K�#�2�/�/�B�M�; �K���i�`�B�t �U�H�B�M�2 �3�V�X ���7�i�2�`K �B�i�2�`���i�B�Q�M�b�-
�i�?�2 �}�M���H �2�K�#�2�/�/�B�M�; �K���i�`�B�t �B�b

H (K ) =
�
M (0) M (1) : : : M (K )

�
; �U�d�X�k�k�V

�r�B�i�? �i�Q�i���H �/�B�K�2�M�b�B�Q�Mp = ( K + 1) c�X
�A�M �T�`���+�i�B�+�2�-c �B�b �+�?�Q�b�2�M ���b �i�?�2 �H���`�;�2�b�i �B�M�i�2�;�2�` �b�m�+�? �i�?���i(K + 1) c � p�K���t �X �h�Q

���p�Q�B�/ �/�2�;�2�M�2�`���i�2 �+���b�2�b �r�?�2�`�2(K + 1) > p �K���t �r�Q�m�H�/ �7�Q�`�+�2c = 0 �- ���*�* �2�M�7�Q�`�+�2�b
�� �K�B�M�B�K�m�Kc�K�B�M�- �#�v �/�2�7���m�H�i2�- �i�Q �`�2�T�`�2�b�2�M�i �7�Q�`�r���`�/ ���M�/ �#���+�F�r���`�/ �/�B�`�2�+�i�B�Q�M�b �B�M
�/�B�`�2�+�i�2�/ �;�`���T�?�b�X

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

M (k ) = A |
�LM

(k � 1) : �U�d�X�k�j�V

�>�2�`�2�- �+�Q�K�T�`�2�b�b�B�Q�M �Q�M �H�B�M�2 �d �B�b �i�2�+�?�M�B�+���H�H�v �`�2�/�m�M�/���M�i �b�B�M�+�2M (k ) �B�b ���H�`�2���/�vc�@
�/�B�K�2�M�b�B�Q�M���H�X �L�Q�M�2�i�?�2�H�2�b�b�- �B�i �B�b �`�2�i���B�M�2�/ �7�Q�` �+�Q�M�b�B�b�i�2�M�+�v ���+�`�Q�b�b �2�t�T�2�`�B�K�2�M�i�b�X

���H�;�Q�`�B�i�?�K �j�,�h�?�2 ���*�* ���H�;�Q�`�B�i�?�K �7�Q�` �� �/�B�`�2�+�i�2�/ �;�`���T�?G �r�B�i�? �M�Q�/�2 �7�2���i�m�`�2�bX
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�i�2�`�T�`�2�i���i�B�Q�M �B�M �i�2�`�K�b �Q�7 �B�i�b �Q�`�B�;�B�M���i�B�M�; �M�Q�/�2 ���i�i�`�B�#�m�i�2�- �M�2�B�;�?�#�Q�m�`�?�Q�Q�/ �/�B�`�2�+�i�B�Q�M���H�@
�B�i�v�- ���M�/ �b�+���H�2�X �h�?�2 ���M���H�v�i�B�+ �m�b�2�7�m�H�M�2�b�b �Q�7 ���*�*�@�Z�J�_ �B�b �?�B�;�?�H�B�;�?�i�2�/ �i�?�`�Q�m�;�? �7�2���i�m�`�2
�B�K�T�Q�`�i���M�+�2 ���M���H�v�b�2�b �Q�M �i�?�2 �.�:�`���T�?�6�B�M �K�Q�M�2�v�@�H�2�M�/�B�M�; �M�2�i�r�Q�`�F �(�R�y�k�) ���M�/ �i�?�2 ���J�G�@
�q�Q�`�H�/ �b�B�K�m�H���i�2�/ �i�`���M�b���+�i�B�Q�M �M�2�i�r�Q�`�F�b �(�8�N�)�X

�R�3�d



�R�3�3 �*�?���T�i�2�` �3�X �Z�J�_ �6�2���i�m� �̀2 �a�2�H�2�+�i�B�Q�M �7�Q�` ���*�* �6�2���i�m� �̀2 �A�M�i�2�`�T� �̀2�i���#�B�H�B�i�v

�3�X�R �Z�J�_ �6�2���i�m�`�2 �a�2�H�2�+�i�B�Q�M

�h�?�B�b �b�2�+�i�B�Q�M �/�2�b�+�`�B�#�2�b �i�?�2 �Z�J�_�@�6�a �K�2�i�?�Q�/�- �r�?�B�+�? �T�2�`�7�Q�`�K�b �b�+���H���#�H�2 �7�2���i�m�`�2 �b�2�H�2�+�@
�i�B�Q�M �Q�M �� �/���i�� �K���i�`�B�t �r�B�i�?n �B�M�b�i���M�+�2�b ���M�/d �7�2���i�m�`�2�b�-X 2 Rn � d �X �a�B�M�+�2 �i�?�2 �7�Q�+�m�b
�B�b �Q�M �b�+���H���#�B�H�B�i�v �7�Q�` �H���`�;�2n�- �i�?�2 �/�B�b�+�m�b�b�B�Q�M �B�b �H�B�K�B�i�2�/ �i�Q �i�?�2 �+���b�2n � d�X

�Z�J�_�@�6�a ���T�T�H�B�2�b �;�`�2�2�/�v �7�Q�`�r���`�/ �7�2���i�m�`�2 �b�2�H�2�+�i�B�Q�M�- �T�`�Q�+�2�b�b�B�M�; �7�2���i�m�`�2�b �b�2�[�m�2�M�@
�i�B���H�H�v �7�`�Q�K �H�2�7�i �i�Q �`�B�;�?�i �B�MX �X �h�?�2 �/�2�+�B�b�B�Q�M �i�Q �`�2�i���B�M �� �7�2���i�m�`�2 �/�2�T�2�M�/�b �Q�M �i�?�2 �b�2�i
�Q�7 �T�`�2�p�B�Q�m�b�H�v �`�2�i���B�M�2�/ �7�2���i�m�`�2�b�- �;�m�B�/�2�/ �#�v �i�?�2 �T�`�B�M�+�B�T�H�2 �Q�7 �H�B�M�2���` �B�M�/�2�T�2�M�/�2�M�+�2�X

�h�?�2j �i�? �7�2���i�m�`�2 �+�Q�H�m�K�Mx j = X :;j �B�b �+�Q�M�b�B�/�2�`�2�/�H�B�M�2���`�H�v �/�2�T�2�M�/�2�M�i�Q�M �i�?�2 �T�`�2�@
�+�2�/�B�M�; �7�2���i�m�`�2 �+�Q�H�m�K�M�b �B�7 �B�i �+���M �#�2 �2�t�T�`�2�b�b�2�/ ���b �� �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �Q�7 �i�?�2�K�- �T�H�m�b
�� �+�Q�M�b�i���M�i �i�2�`�K�,

x j =
j � 1X

k=1

ak x k + b1n ; �U�3�X�R�V

�r�?�2�`�2ak ���M�/b ���`�2 �+�Q�2�{�+�B�2�M�i�b�- ���M�/1n �B�b �� �H�2�M�;�i�?�@n �p�2�+�i�Q�` �Q�7 �Q�M�2�b�X �h�?�B�b �+���M �#�2
�r�`�B�i�i�2�M �+�Q�M�+�B�b�2�H�v ���bx j 2 �b�T���M(x 1; : : : ; x j � 1; 1n )�X �A�7 �M�Q �b�m�+�? �+�Q�2�{�+�B�2�M�i�b �2�t�B�b�i�-x j �B�b
�H�B�M�2���`�H�v �B�M�/�2�T�2�M�/�2�M�i�-x j /2 �b�T���M(x 1; : : : ; x j � 1; 1n )�- ���M�/ �b�?�Q�m�H�/ �i�?�2�`�2�7�Q�`�2 �#�2 �`�2�i���B�M�2�/�X

�h�Q �/�2�i�2�`�K�B�M�2 �i�?�2 �B�M�/�2�T�2�M�/�2�M�+�2 �Q�7x j �r�B�i�?�Q�m�i �2�t�T�H�B�+�B�i�H�v �+�Q�K�T�m�i�B�M�; �i�?�2 �+�Q�2�{�@
�+�B�2�M�i�bak ���M�/b �i�?�`�Q�m�;�? �+�Q�b�i�H�v �H�B�M�2���` �K�Q�/�2�H �}�i�i�B�M�;�- �i�?�2 �7�Q�H�H�Q�r�B�M�; �H�2�K�K�� �B�b �m�b�2�/�-
�r�?�B�+�? �7�Q�`�K�b �i�?�2 �7�Q�m�M�/���i�B�Q�M �Q�7 �i�?�2 �Z�J�_�@�6�a �K�2�i�?�Q�/�X

�G�2�K�K�� �3�X�R�X�R�X�G�2�iX 2 Rn � d ���M�/�_ � �̀2�72 Rd� d �b���i�B�b�7�vX = U �_ � �̀2�7���M�/�_ � �̀2�7= U yX �-
�r�?�2� �̀2�_ � �̀2�7�B�b �B�M � �̀Q�r �2�+�?�2�H�Q�M �7�Q�`�K �U�_�1�6�V�- ���M�/U 2 Rn � d �?���b �7�m�H�H � �̀��M�F ���M�/ �� �H�2�7�i�@�b�B�/�2
�B�M�p�2�`�b�2U y 2 Rd� n �X �h�?�2�M

x j 2 �b�T���M(x 1; : : : ; x j � 1) �B�z r j 2 �b�T���M(r 1; : : : ; r j � 1) �U�3�X�k�V

�7�Q�` ���M�vj > 1�- �r�?�2� �̀2x j 2 Rn �B�b �i�?�2j �i�? �+�Q�H�m�K�M �Q�7X �- ���M�/r j 2 Rd �B�b �i�?�2j �i�?
�+�Q�H�m�K�M �Q�7�_ � �̀2�7�X

�S� �̀Q�Q�7�X�h�?�2 �T�`�Q�Q�7 �T�`�Q�+�2�2�/�b �B�M �i�r�Q �T���`�i�b�X
�6�B�`�b�i�- �+�Q�M�b�B�/�2�`

x j 2 �b�T���M(x 1; : : : ; x j � 1) =) r j 2 �b�T���M(r 1; : : : ; r j � 1): �U�3�X�j�V

���b�b�m�K�2 �i�?�2�`�2 �2�t�B�b�i �+�Q�2�{�+�B�2�M�i�bai;j 2 R �b�m�+�? �i�?���ix j =
P j � 1

i =1 ai;j x i �X �6�`�Q�KX = U �_ �`�2�7�-
�B�i �7�Q�H�H�Q�r�b �i�?���ix i = Ur i �7�Q�`i 2 f 1; : : : ; dg�X �>�2�M�+�2�-

Ur j = x j =
j � 1X

i =1

ai;j x i =
j � 1X

i =1

ai;j Ur i = U
j � 1X

i =1

ai;j r i :

�J�m�H�i�B�T�H�v�B�M�; �#�Q�i�? �b�B�/�2�b �#�vU y �+�Q�K�T�H�2�i�2�b �i�?�2 �}�`�b�i �B�K�T�H�B�+���i�B�Q�M�,

r j = U yU
j � 1X

i =1

ai;j r i =
j � 1X

i =1

ai;j r i :



�3�X�R�X �Z�J�_ �6�2���i�m� �̀2 �a�2�H�2�+�i�B�Q�M �R�3�N

�L�2�t�i�- �+�Q�M�b�B�/�2�` �i�?�2 �`�2�p�2�`�b�2 �/�B�`�2�+�i�B�Q�M�-

r j 2 �b�T���M(r 1; : : : ; r j � 1) =) x j 2 �b�T���M(x 1; : : : ; x j � 1); �U�3�X�9�V

���M�/ �m�b�2 �� �#�H�Q�+�F �K���i�`�B�t �`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7X = U �_ �`�2�7���b �b�?�Q�r�M �B�M �1�[�m���i�B�Q�M �U�3�X�8�V�,

x 1 �X�X�Xx j 91 x j �X�X�Xx d

0

B
B
@

1

C
C
A = u 1 �X�X�Xu h �X�X�Xu d

0

B
B
@

1

C
C
A

r 1;1 r 1;2 �X�X�Xr 1;j 91 r 1;j �X�X�Xr 1;d

r 2;2 �X�X�X�X�X�X �X�X�X �X�X�X �X�X�X
r h;j 91 r h;j �X�X�X�X�X�X

�X�X�X

0

B
@

1

C
A : �U�3�X�8�V

�G�2�ih �/�2�M�Q�i�2 �i�?�2 �`���M�F �Q�7 �i�?�2 �}�`�b�ij � 1 �+�Q�H�m�K�M�b �Q�7X �- �r�?�B�+�? �+�Q�B�M�+�B�/�2�b �r�B�i�? �i�?�2
�M�m�K�#�2�` �Q�7 �`�Q�r�b �+�Q�M�i���B�M�B�M�; �T�B�p�Q�i �2�H�2�K�2�M�i�b �#�2�7�Q�`�2 �+�Q�H�m�K�Mj �B�M�_ �`�2�7�X �a�B�M�+�2�_ �`�2�7�B�b �B�M
�_�1�6�-h � j � 1�- ���M�/ �#�v �i�?�2 ���b�b�m�K�T�i�B�Q�Mr j 2 �b�T���M(r 1; : : : ; r j � 1)�-r j �+���M�M�Q�i �+�Q�M�i���B�M
�T�B�p�Q�i �2�H�2�K�2�M�i�b�X

�h�?�2 �+�Q�H�m�K�Mx j �+���M �#�2 �r�`�B�i�i�2�M ���bx j =
P h

i =1 u i r i;j �U�Q�`���M�;�2 ���M�/ �#�`�Q�r�M �B�M �1�[�m���@
�i�B�Q�M �U�3�X�8�V�V�X �h�Q �2�t�T�`�2�b�bu i �B�M �i�2�`�K�b �Q�7 �i�?�2 �+�Q�H�m�K�M�b �Q�7X �- �+�Q�M�b�B�/�2�` �i�?�2 �#�H�Q�+�F �2�[�m���i�B�Q�M
�?�B�;�?�H�B�;�?�i�2�/ �B�M �#�H�m�2 ���M�/ �#�`�Q�r�M �B�M �1�[�m���i�B�Q�M �U�3�X�8�V�,

X :;1:j � 1 = U :;1:h �_ �`�2�71:h; 1:j � 1 : �U�3�X�e�V

�A�7h > 0�- �i�?�2 �b�m�#�K���i�`�B�t�_ �`�2�71:h; 1:j � 1 2 Rh� ( j � 1) �?���b �T�B�p�Q�i �2�H�2�K�2�M�i�b �B�M �2�p�2�`�v
�`�Q�r �#�v �+�Q�M�b�i�`�m�+�i�B�Q�M �U�_�1�6�V�- �B�K�T�H�v�B�M�; �7�m�H�H �`�Q�r �`���M�F�X �h�?�2�`�2�7�Q�`�2�- �B�i �?���b �� �`�B�;�?�i�@�b�B�/�2
�B�M�p�2�`�b�2�S 2 R( j � 1) � h �b���i�B�b�7�v�B�M�;�_ �`�2�71:h; 1:j � 1 �S = I h� h �(�k�9�j�- �*�?�X �k�X�R�)�X �J�m�H�i�B�T�H�v�B�M�;
�1�[�m���i�B�Q�M �U�3�X�e�V �7�`�Q�K �i�?�2 �`�B�;�?�i �#�v�S �;�B�p�2�b�,

X :;1:j � 1�S = U :;1:h �_ �`�2�71:h; 1:j � 1 �S =) U :;1:h = X :;1:j � 1�S:

�>�2�M�+�2�- �i�?�2 �}�`�b�ih �+�Q�H�m�K�M�b �Q�7U �+���M �#�2 �2�t�T�`�2�b�b�2�/ ���b �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M�b �Q�7 �i�?�2 �}�`�b�i
j � 1 �+�Q�H�m�K�M�b �Q�7X �,

u i =
j � 1X

k=1

x k Pk;i ; i 2 f 1; : : : ; hg:

�a�m�#�b�i�B�i�m�i�B�M�; �B�M�i�Qx j =
P h

i =1 u i r i;j �v�B�2�H�/�b

x j =
hX

i =1

j � 1X

k=1

x k Pk;i r i;j =
j � 1X

k=1

x k

hX

i =1

Pk;i r i;j =
j � 1X

k=1

ck;j x k ; �U�3�X�d�V

�r�?�2�`�2ck;j =
P h

i =1 Pk;i r i;j �X �h�?�m�b�- �7�Q�`h > 0�-

r j 2 �b�T���M(r 1; : : : ; r j � 1) =) x j 2 �b�T���M(x 1; : : : ; x j � 1): �U�3�X�3�V

�h�?�2 �+���b�2h = 0 �B�b �i�`�B�p�B���H�- ���b �B�i �`�2�[�m�B�`�2�b ���H�H �+�Q�H�m�K�M�b �Q�7�_ �`�2�7�r�B�i�? �B�M�/�B�+�2�b �b�K���H�H�2�`
�i�?���Mj �i�Q �#�2 �x�2�`�Q�X �*�Q�M�b�2�[�m�2�M�i�H�v�- ���H�H �+�Q�`�`�2�b�T�Q�M�/�B�M�; �+�Q�H�m�K�M�b �Q�7X �m�T �i�Q ���M�/ �B�M�+�H�m�/�B�M�;
j ���`�2 �x�2�`�Q�- �B�K�T�H�v�B�M�;x j 2 �b�T���M(x 1; : : : ; x j � 1) �i�`�B�p�B���H�H�v�X



�R�N�y �*�?���T�i�2�` �3�X �Z�J�_ �6�2���i�m� �̀2 �a�2�H�2�+�i�B�Q�M �7�Q�` ���*�* �6�2���i�m� �̀2 �A�M�i�2�`�T� �̀2�i���#�B�H�B�i�v

�"�v �G�2�K�K���3�X�R�X�R�- �i�?�2 �H�B�M�2���`�H�v �B�M�/�2�T�2�M�/�2�M�i �+�Q�H�m�K�M�b �B�MX �+�Q�`�`�2�b�T�Q�M�/ �/�B�`�2�+�i�H�v
�i�Q �i�?�2 �H�B�M�2���`�H�v �B�M�/�2�T�2�M�/�2�M�i �+�Q�H�m�K�M�b �B�M�_ �`�2�7�- �r�?�B�+�? �+���M �#�2 �B�/�2�M�i�B�}�2�/ �#�v �H�Q�+���i�B�M�;
�i�?�2 �T�B�p�Q�i �2�H�2�K�2�M�i�b�X �>�Q�r�2�p�2�`�- �i�?�2 �H�2�K�K�� �`�2�[�m�B�`�2�b �� �K���i�`�B�t �/�2�+�Q�K�T�Q�b�B�i�B�Q�M �Q�7 �i�?�2
�7�Q�`�KX = U �_ �`�2�7�- �r�?�2�`�2U �?���b �� �H�2�7�i�@�b�B�/�2 �B�M�p�2�`�b�2 ���M�/�_ �`�2�7�B�b �B�M �`�Q�r �2�+�?�2�H�Q�M �7�Q�`�K
�U�_�1�6�V�X �h�?�2 �r�2�H�H�@�F�M�Q�r�M �Z�_ �/�2�+�Q�K�T�Q�b�B�i�B�Q�M�-X = QR �- �T�`�Q�p�B�/�2�b �� �M���i�m�`���H �b�i���`�i�B�M�;
�T�Q�B�M�i �b�B�M�+�2Q 2 Rn � d �?���b �Q�`�i�?�Q�M�Q�`�K���H �+�Q�H�m�K�M�b ���M�/ �i�?�2�`�2�7�Q�`�2 �� �H�2�7�i�@�b�B�/�2 �B�M�p�2�`�b�2
Q | �(�R�k�R�- �*�?�X �k�X�R�)�X �>�Q�r�2�p�2�`�-R 2 Rd� d �B�b �Q�M�H�v �m�T�T�2�`�@�i�`�B���M�;�m�H���` ���M�/ �M�Q�i �B�M �_�1�6�X

�h�Q �b���i�B�b�7�v �i�?�2 �+�Q�M�/�B�i�B�Q�M�b �Q�7 �i�?�2 �H�2�K�K���- �i�?�2�Z�J�_ �/�2�+�Q�K�T�Q�b�B�i�B�Q�M�B�b �B�M�i�`�Q�/�m�+�2�/�X
�>�2�`�2�- �i�?�2 �K���i�`�B�tR �B�b �7�m�`�i�?�2�` �/�2�+�Q�K�T�Q�b�2�/ ���bR = M �_ �`�2�7�m�b�B�M�; �:���m�b�b�B���M �2�H�B�K�@
�B�M���i�B�Q�M�- �b�m�+�? �i�?���i�_ �`�2�72 Rd� d �B�b �B�M �_�1�6 ���M�/M 2 Rd� d �B�b ���M �B�M�p�2�`�i�B�#�H�2 �K���@
�i�`�B�t �+�Q�K�T�Q�b�2�/ �Q�7 �B�M�p�2�`�i�2�/ �`�Q�r�@�`�2�/�m�+�i�B�Q�M �Q�T�2�`���i�B�Q�M�b �(�k�k�j�- �*�?�X �j�X�k�)�X �a�T�2�+�B�}�+���H�H�v�-
M = M 91

K : : : M 91
2 M 91

1 �- �r�?�2�`�2 �2���+�?M k �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �Q�M�2 �Q�7 �i�?�`�2�2 �B�M�p�2�`�i�B�#�H�2 �Q�T�@
�2�`���i�B�Q�M�b�, �`�Q�r �b�r���T�- �`�Q�r ���/�/�B�i�B�Q�M�- �Q�` �K�m�H�i�B�T�H�B�+���i�B�Q�M �Q�7 �� �`�Q�r �#�v �� �M�Q�M�x�2�`�Q �b�+���H���` �(�k�k�j�-
�*�?�X �j�X�k�X�e�)�X �h�?�2 �`�2�b�m�H�i�B�M�; �/�2�+�Q�K�T�Q�b�B�i�B�Q�MX = QM �_ �`�2�7�2�M�b�m�`�2�b �i�?���iU = QM
�?���b �� �H�2�7�i�@�b�B�/�2 �B�M�p�2�`�b�2U y = M � 1Q | �- �i�?�2�`�2�#�v �7�m�H�}�H�H�B�M�; �i�?�2 �+�`�B�i�2�`�B�� �Q�7 �G�2�K�K���3�X�R�X�R�X
�*�Q�K�T�m�i���i�B�Q�M �Q�7M ���M�/�_ �`�2�7�B�b �B�K�T�H�2�K�2�M�i�2�/ �m�b�B�M�; �Q�m�i�2�`�@�T�`�Q�/�m�+�i �:���m�b�b�B���M �2�H�B�K�B�@
�M���i�B�Q�M �(�k�k�j�- �*�?�X �j�X�k�X�3�)�- ���b �b�?�Q�r�M �B�M �H�B�M�2�b �R�k���R�8 �Q�7 ���H�;�Q�`�B�i�?�K�9�X

���T�T�`�Q�t�B�K���i�B�p�2 �G�B�M�2���` �A�M�/�2�T�2�M�/�2�M�+�2�A�M �T�`���+�i�B�+�2�- �2�t���+�i �H�B�M�2���` �B�M�/�2�T�2�M�/�2�M�+�2
�+���M �#�2 �Q�p�2�`�H�v �b�i�`�B�+�i�- �H�2���/�B�M�; �i�Q �i�?�2 �`�2�i�2�M�i�B�Q�M �Q�7 �K�Q�`�2 �7�2���i�m�`�2�b �i�?���M �M�2�+�2�b�b���`�v�X �h�Q
�K�B�i�B�;���i�2 �i�?�B�b�- �Z�J�_�@�6�a �/�B�b�+���`�/�b �7�2���i�m�`�2�b �r�B�i�? �b�K���H�H �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �2�`�`�Q�`�b�X

�G�2�i���a �/�2�M�Q�i�2 �i�?�2 �H�B�b�i �Q�7 �`�2�i���B�M�2�/ �+�Q�H�m�K�M �B�M�/�B�+�2�b�- ���M�/X :; ���a �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�;
�K���i�`�B�t �Q�7 �`�2�i���B�M�2�/ �7�2���i�m�`�2 �+�Q�H�m�K�M�b�X �.�2�}�M�2� j = X :; ���a�+���b �� �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7x j

�7�`�Q�KX :; ���a �m�b�B�M�; �+�Q�2�{�+�B�2�M�i �p�2�+�i�Q�`�+�- �b�m�+�? �i�?���i

x j = � j + � j ; �U�3�X�N�V

�r�?�2�`�2� j �B�b �i�?�2 �`�2�b�B�/�m���H �2�`�`�Q�` �p�2�+�i�Q�`�X �Z�J�_�@�6�a �`�2�K�Q�p�2�b �i�?�2 �+�Q�H�m�K�Mx j �B�7 �i�?�2 �`�2�b�B�/�m���H
�2�`�`�Q�` �b���i�B�b�}�2�b

k� j k2 � � kx j k2; �U�3�X�R�y�V

�r�?�2�`�2� 2 [0; 1] �B�b �� �`�2�H���i�B�p�2 �i�Q�H�2�`���M�+�2 �T���`���K�2�i�2�`�X ���H�i�?�Q�m�;�?�+���M�/� j �+���M �#�2 �Q�#�i���B�M�2�/
�p�B�� �H�2���b�i�@�b�[�m���`�2�b �}�i�i�B�M�;�- �i�?�B�b �r�Q�m�H�/ �#�2 �+�Q�K�T�m�i���i�B�Q�M���H�H�v �2�t�T�2�M�b�B�p�2�X �A�M�b�i�2���/�- �� �+�H�Q�b�2�/�@
�7�Q�`�K �2�t�T�`�2�b�b�B�Q�M �7�Q�`� j �B�b �/�2�`�B�p�2�/�- �T�`�Q�p�B�/�B�M�; ���M �m�T�T�2�` �#�Q�m�M�/ �Q�M �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M
�2�`�`�Q�`�X

�h�Q �/�2�`�B�p�2 �i�?�B�b �2�t�T�`�2�b�b�B�Q�M�- �+�Q�M�b�B�/�2�` ���H�;�Q�`�B�i�?�K�9���i �i�?�2 �#�2�;�B�M�M�B�M�; �Q�7 �B�i�2�`���i�B�Q�Mj �-
�r�B�i�?p = j ���aj + 1 �X �"�v �i�?�2 �Z�J�_ �/�2�+�Q�K�T�Q�b�B�i�B�Q�M�-x j = QM :;1:j R 1:j;j �- �r�?�B�+�? �+���M �#�2
�/�2�+�Q�K�T�Q�b�2�/ �B�M�i�Q �i�r�Q �i�2�`�K�b�,

x j = QM :;1:p91R 1:p91;j + QM :;p:j R p:j;j : �U�3�X�R�R�V

�h�?�2 �}�`�b�i �i�2�`�K �B�b �� �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �Q�7 �i�?�2 �}�`�b�ip � 1 �+�Q�H�m�K�M �p�2�+�i�Q�`�b �Q�7QM �-
�r�?�B�H�2 �i�?�2 �b�2�+�Q�M�/ �i�2�`�K �+�Q�K�#�B�M�2�b �i�?�2 �`�2�K���B�M�B�M�;j � p + 1 �+�Q�H�m�K�M�b�X �A�i �7�Q�H�H�Q�r�b �i�?���i
�i�?�2�b�2 �i�r�Q �i�2�`�K�b �+�Q�`�`�2�b�T�Q�M�/ �i�Q� j ���M�/� j �- �`�2�b�T�2�+�i�B�p�2�H�v�X



�3�X�R�X �Z�J�_ �6�2���i�m� �̀2 �a�2�H�2�+�i�B�Q�M �R�N�R

���H�;�Q�`�B�i�?�K �9�,�h�?�2 �Z�J�_�@�6�a ���H�;�Q�`�B�i�?�K �r�B�i�? �R �#���b�2�/ �B�M�/�2�t�B�M�;�X
�A�M�T�m�i�b�,�.���i�� �K���i�`�B�tX 2 Rn � d ���M�/ �i�Q�H�2�`���M�+�2 �i�?�`�2�b�?�Q�H�/� 2 [0; 1]�X

�R �/�2�7�[�K�`�n�7�b�UX �-� �V�,
�k X = �b�Q�`�i�n�+�Q�H�m�K�M�b�n�#�v�n�2�M�i�`�Q�T�v(X ; �^�/�2�b�+�2�M�/�B�M�;�^)
�j X = [ 1n ; X ] �O �S�`�2�T�2�M�/ �+�Q�H�m�K�M �r�B�i�? �+�Q�M�b�i���M�i �p���H�m�2�X
�9 Q; R = �[�`�n�/�2�+�Q�K�T�Q�b�B�i�B�Q�M(X )
�8 M = I d� d �O �A�M�B�i�B���H�B�x�2M ���b �i�?�2 �B�/�2�M�i�B�i�v �K���i�`�B�t�X
�e ���a= �H�B�b�i() ; p = 1 �O �A�M�B�i�B���H�B�x�2���a ���M�/p�X
�d �7�Q�`j �B�M�`���M�;�2�U1; R �X�b�?���T�2�(�R�)�V�,
�3 � j = QM �(�,�- �T�,�D�)R �(�T�,�D�- �D�) �O �6�Q�`�K�m�H�� �T�`�Q�p�B�/�2�/ �#�v �1�[�X�U�3�X�R�R�V�X
�N �B�7k� j k2 � � kx j k2�,

�R�y R �(�T�,�D�- �D�)= 0 �O �1�M�b�m�`�2 �M�Q �T�`�B�p�Q�i �2�H�2�K�2�M�i�b�X
�R�R �2�H�b�2�,

�O �:���m�b�b�B���M �2�H�B�K�B�M���i�B�Q�M �Q�M �+�Q�H�m�K�Mj �7�`�Q�K �`�Q�rp�X
�R�k � = R �(�T�Y�R�,�D�- �D�)/ R �(�T�- �D�) �O[(j � p� 1) � 1]
�R�j R �(�T�Y�R�,�D�- �,�)� = � 
 R �(�T�- �,�) �O[(j � p� 1) � d]
�R�9 M �(�,�- �T�)+= M �(�,�- �T�Y�R�,�D�)�� �O[d � 1]
�R�8 p += 1 �O �A�M�+�`�2�K�2�M�i �T�B�p�Q�i �+�Q�m�M�i�2�`�X
�R�e ���a:���T�T�2�M�/(j ) �O ���/�/ �7�2���i�m�`�2j �i�Q �b�2�H�2�+�i�2�/ �b�2�i�X
�R�d ���a:�`�2�K�Q�p�2(1) �O �_�2�K�Q�p�2 �+�Q�M�b�i���M�i �p���H�m�2 �+�Q�H�m�K�M�X
�R�3 �`�2�i�m�`�MX [:; ���a]

�h�Q �+�Q�M�}�`�K �i�?�B�b�- �M�Q�i�2 �i�?���i �i�?�2 �}�`�b�i �i�2�`�K �B�M �1�[�m���i�B�Q�M �U�3�X�R�R�V �+�Q�`�`�2�b�T�Q�M�/�b �i�Q ��
�H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �Q�7 �i�?�2 �+�Q�H�m�K�M�b �B�MX :; ���a�X �G�2�iR 0 = R 1:p91; ���a �/�2�M�Q�i�2 �i�?�2 �b�m�#�K���i�`�B�t
�+�Q�M�b�B�b�i�B�M�; �Q�7 �i�?�2 �}�`�b�ip� 1 �`�Q�r�b �Q�7R ���M�/ �i�?�2 �+�Q�H�m�K�M�b �B�M�/�2�t�2�/ �#�v���a�X �"�v �+�Q�M�b�i�`�m�+�i�B�Q�M�-
R 0 �B�b �B�M �_�1�6 �r�B�i�? �7�m�H�H �`�Q�r �`���M�F ���M�/ �i�?�2�`�2�7�Q�`�2 �?���b �� �`�B�;�?�i�@�b�B�/�2 �B�M�p�2�`�b�2P �(�k�9�j�-
�*�?�X �k�X�R�)�X �J�Q�`�2�Q�p�2�`�-

X :; ���a = QM :;1:p91R 0 = QM :;1:p91R 1:p91; ���a: �U�3�X�R�k�V

�h�?�B�b �2�[�m���H�B�i�v �?�Q�H�/�b �B�M�B�i�B���H�H�v �7�Q�`j = 0 ���M�/ �B�b �T�`�2�b�2�`�p�2�/ �i�?�`�Q�m�;�? �2���+�? �B�i�2�`���i�B�Q�M ���bM �-
R �-p�- ���M�/���a ���`�2 �m�T�/���i�2�/�X �A�7 �i�?�2 �+�Q�M�/�B�i�B�Q�M �Q�M �H�B�M�2 �N �Q�7 ���H�;�Q�`�B�i�?�K�9�2�p���H�m���i�2�b �i�Q�6���H�b�2�-
�:���m�b�b�B���M �2�H�B�K�B�M���i�B�Q�M �T�`�Q�+�2�2�/�b �M�Q�`�K���H�H�v�- �T�`�2�b�2�`�p�B�M�; �i�?�2 �2�[�m���H�B�i�v �#�v �+�Q�M�b�i�`�m�+�i�B�Q�M�X �A�7
�B�i �2�p���H�m���i�2�b �i�Q�h�`�m�2�- �i�?�2 �2�H�2�K�2�M�i�bR p:j;j ���`�2 �b�2�i �i�Q �x�2�`�Q�- �2�M�b�m�`�B�M�; �i�?���i �+�Q�H�m�K�Mj
�H���+�F�b �T�B�p�Q�i �2�H�2�K�2�M�i�b �B�M�_ �`�2�7�X �a�B�M�+�2 �i�?�2�b�2 �2�H�2�K�2�M�i�b ���`�2 �M�Q�i �m�b�2�/ �B�M �H���i�2�` �m�T�/���i�2�b �i�Q
M ���M�/j �B�b �M�Q�i ���/�/�2�/ �i�Q���a�- �1�[�m���i�B�Q�M �U�3�X�R�k�V �`�2�K���B�M�b �p���H�B�/�X

�*�Q�K�#�B�M�B�M�; �i�?�2�b�2 �7���+�i�b �v�B�2�H�/�bQM :;1:p91 = X :; ���aP �- �B�K�T�H�v�B�M�; �i�?���i �i�?�2 �}�`�b�i �i�2�`�K
�B�M �1�[�m���i�B�Q�M �U�3�X�R�R�V �2�[�m���H�b� j �,

QM :;1:p91R 1:p91;j = X :; ���aP R 1:p91;j = X :; ���a�+= � j : �U�3�X�R�j�V

�>�2�M�+�2�- �i�?�2 �b�2�+�Q�M�/ �i�2�`�K �B�M �1�[�m���i�B�Q�M �U�3�X�R�R�V �+�Q�`�`�2�b�T�Q�M�/�b �i�Q� j �X

�6�B�M���H�B�x�B�M�; �Z�J�_�@�6�a�h�?�`�2�2 ���/�/�B�i�B�Q�M���H �+�Q�M�b�B�/�2�`���i�B�Q�M�b ���`�2 �M�Q�i�2�r�Q�`�i�?�v�X �6�B�`�b�i�- �/�m�2
�i�Q �B�i�b �;�`�2�2�/�v �b�2�H�2�+�i�B�Q�M �b�i�`���i�2�;�v�- �Z�J�_�@�6�a �B�b �b�2�M�b�B�i�B�p�2 �i�Q �i�?�2 �B�M�B�i�B���H �7�2���i�m�`�2 �Q�`�/�2�`�B�M�; �B�M



�R�N�k �*�?���T�i�2�` �3�X �Z�J�_ �6�2���i�m� �̀2 �a�2�H�2�+�i�B�Q�M �7�Q�` ���*�* �6�2���i�m� �̀2 �A�M�i�2�`�T� �̀2�i���#�B�H�B�i�v

X �- �r�B�i�? �7�2���i�m�`�2�b ���T�T�2���`�B�M�; �2���`�H�B�2�` �#�2�B�M�; �K�Q�`�2 �H�B�F�2�H�v �i�Q �#�2 �`�2�i���B�M�2�/�X �*�Q�M�b�2�[�m�2�M�i�H�v�-
���M �2�z�2�+�i�B�p�2 �B�M�B�i�B���H �Q�`�/�2�`�B�M�; �+���M �B�K�T�`�Q�p�2 �T�2�`�7�Q�`�K���M�+�2�X �q�?�2�M �T�`�B�Q�` �F�M�Q�r�H�2�/�;�2 �Q�7
�7�2���i�m�`�2 �B�K�T�Q�`�i���M�+�2 �B�b ���p���B�H���#�H�2�- �B�i �b�?�Q�m�H�/ �#�2 �m�b�2�/ �i�Q �/�2�i�2�`�K�B�M�2 �i�?�B�b �Q�`�/�2�`�B�M�;�X �P�i�?�@
�2�`�r�B�b�2�- �7�2���i�m�`�2�b ���`�2 �Q�`�/�2�`�2�/ �#�v �a�?���M�M�Q�M �2�M�i�`�Q�T�v �(�k�R�3�- �*�?�X �k�X�R�) �U�H�B�M�2 �k�V�- �7�Q�H�H�Q�r�B�M�;
�2�b�i���#�H�B�b�?�2�/ �2�M�i�`�Q�T�v�@�#���b�2�/ �l�6�a �?�2�m�`�B�b�i�B�+�b �(�k�9�9�-�k�9�8�-�k�9�e�)�X �L�2�p�2�`�i�?�2�H�2�b�b�- �2�M�?���M�+�B�M�;
�7�2���i�m�`�2 �Q�`�/�2�`�B�M�; �`�2�K���B�M�b ���M �Q�T�2�M �/�B�`�2�+�i�B�Q�M �7�Q�` �7�m�i�m�`�2 �r�Q�`�F�X

�a�2�+�Q�M�/�- �i�Q ���+�+�Q�m�M�i �7�Q�` �i�?�2 �+�Q�M�b�i���M�i �i�2�`�K �B�M �1�[�m���i�B�Q�M �U�3�X�R�V�- �� �Q�M�2�@�p�2�+�i�Q�`1n �B�b
�T�`�2�T�2�M�/�2�/ ���b �i�?�2 �}�`�b�i �+�Q�H�m�K�M �Q�7X �U�H�B�M�2 �j �B�M ���H�;�Q�`�B�i�?�K�9�V�- �2�M���#�H�B�M�; �`�2�K�Q�p���H �Q�7
�7�2���i�m�`�2�b �i�?���i ���`�2 �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M�b �Q�7 �Q�i�?�2�`�b �T�H�m�b �� �+�Q�M�b�i���M�i �Q�z�b�2�i�X
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�*�H�b�i�`�X ���p�;�X �`���M�F �U60�W�V5:5 � 2:9 4:3 � 2:0 4:8 � 2:4 7:2 � 1:3 4:8 � 2:5 5:5 � 2:6 3:0 � 2:7 4:2 � 3:4 4:8 � 2:3
�h�B�K�2 �+�Q�K�T�H�2�t�B�i�vO(nd2 ) O(nd3 ) O(n2d) O(n2d) O(n3d) O(n2d) � O(n2d) � O(n2d) � O(n2d)
�_�m�M �i�B�K�2 �U�A�b�Q�H�2�i�V �R�j�d�K�b� 310 � 1:2 � 16 � 22764 � 11 � 44 � 2950 � 13635
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�+�H�m�b�i�2�`�B�M�; �i���b�F�b�X �h�B�K�2 �+�Q�K�T�H�2�t�B�i�B�2�b ���`�2 �b�B�K�T�H�B�}�2�/ �m�M�/�2�` �i�?�2 ���b�b�m�K�T�i�B�Q�Mn � d�- �r�?�2�`�2� �B�M�/�B�+���i�2�b �B�i�2�`���i�B�p�2 �K�2�i�?�Q�/�b �i�?���i �`�m�M �m�M�i�B�H
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���H�;�Q�`�B�i�?�K �8�,�h�?�2 ���*�*�@�Z�J�_ ���H�;�Q�`�B�i�?�K �7�Q�` �� �/�B�`�2�+�i�2�/ �;�`���T�?G �r�B�i�? �M�Q�/�2 ���i�@
�i�`�B�#�m�i�2�bX 2 Rn � d �m�b�B�M�;K �K�2�b�b���;�2�@�T���b�b�B�M�; �B�i�2�`���i�B�Q�M�b�- �`�2�H���i�B�p�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M
�2�`�`�Q�` �i�Q�H�2�`���M�+�2� 2 [0; 1]�X

�R �/�2�7���*�*�n�Z�J�_�UG�-X �-K �-� = 10 � 1�V�,
�k M (0) = �[�K�`�n�7�b(X ; � )
�j H (0) = M (0)

�9 �7�Q�k̀ �B�M�`���M�;�2�U1; K + 1 �V�,
�O �*�Q�K�T�m�i�2 ���;�;�`�2�;���i�B�Q�M�b �B�M �#�Q�i�? �/�B�`�2�+�i�B�Q�M�X

�8 M (k ) =
�
A �6

| M (k � 1) A |
�"M

(k � 1)
�

�e M (k )  �[�K�`�n�7�b(M (k ) ; � )
�O �*�Q�M�+���i�2�M���i�2 �r�B�i�? �2�t�B�b�i�B�M�; �2�K�#�2�/�/�B�M�;�b�X

�d H (k ) =
�
H (k � 1) M (k )

�

�3 �`�2�i�m�`�MH (K )

�� �M�Q�i�2�r�Q�`�i�?�v �`�2�b�m�H�i ���T�T�2���`�b �7�Q�` �A�b�Q�H�2�i �B�M �6�B�;�m�`�2�3�X�R�D�- �r�?�2�`�2 �Z�J�_�@�6�a �b�?�Q�r�b ��
�b�i�2�2�T ���+�+�m�`���+�v �B�K�T�`�Q�p�2�K�2�M�i ���b �i�?�2 �M�m�K�#�2�` �Q�7 �7�2���i�m�`�2�b �B�M�+�`�2���b�2�b �7�`�Q�K �k�y �i�Q �R�y�y�-
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�i�B�Q�M�b�X

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

�� �T�Q�i�2�M�i�B���H �/�`���r�#���+�F �B�b �i�?���i �i�?�2 �M�m�K�#�2�` �Q�7 �`�2�i���B�M�2�/ �7�2���i�m�`�2�b �+���M ���+�+�m�K�m�H���i�2
���+�`�Q�b�b �B�i�2�`���i�B�Q�M�b �r�?�2�M �K�m�H�i�B�T�H�2 ���;�;�`�2�;���i�B�Q�M�b ���`�2 �+�Q�M�+���i�2�M���i�2�/�- �b�m�+�? ���b �Q�M �H�B�M�2 �8 �B�M
�i�?�2 �/�B�`�2�+�i�2�/ �p�2�`�b�B�Q�M �Q�7 ���*�*�@�Z�J�_�X �h�?�B�b �2�z�2�+�i�- ���H�Q�M�; �r�B�i�? �T�Q�b�b�B�#�H�2 �b�i�`���i�2�;�B�2�b �7�Q�`
�K�B�i�B�;���i�B�Q�M�- �B�b �/�B�b�+�m�b�b�2�/ �7�m�`�i�?�2�` �B�M �*�?���T�i�2�`�N�X�k�X

�6�2���i�m�`�2 �A�K�T�Q�`�i���M�+�2 ���M���H�v�b�B�b

�.�:�`���T�?�6�B�M �J�Q�M�2�v �"�Q�`�`�Q�r�B�M�; �6�`���m�/�h�Q �/�2�K�Q�M�b�i�`���i�2 �i�?�2 �T�`���+�i�B�+���H �m�i�B�H�B�i�v �Q�7
���*�*�@�Z�J�_�-�T�2�`�K�m�i���i�B�Q�M �7�2���i�m� �̀2 �B�K�T�Q�`�i���M�+�2�(�R�j�N�-�k�e�k�) �B�b ���T�T�H�B�2�/ �i�Q �B�/�2�M�i�B�7�v �i�?�2 �K�Q�b�i
�B�M�~�m�2�M�i�B���H �2�K�#�2�/�/�B�M�; �7�2���i�m�`�2�b �7�Q�` �/�2�i�2�+�i�B�M�; �7�`���m�/�m�H�2�M�i �#�2�?���p�B�Q�m�` �B�M �i�?�2 �.�:�`���T�?�6�B�M
�/���i���b�2�i �(�R�y�k�)�X �h�?�B�b �/���i���b�2�i �`�2�T�`�2�b�2�M�i�b �� �/�B�`�2�+�i�2�/ �;�`���T�? �Q�7 ���T�T�`�Q�t�B�K���i�2�H�v3:7�J
�M�Q�/�2�b���#�Q�`�`�Q�r�2�`�b ���M�/ �+�m�b�i�Q�K�2�`�b �Q�7 �i�?�2�6�B�M�o�Q�H�m�i�B�Q�M �:� �̀Q�m�T�����M�/ 4:3�J �/�B�`�2�+�i�2�/
�2�/�;�2�b �/�2�M�Q�i�B�M�; �/�2�+�H���`�2�/ �2�K�2�`�;�2�M�+�v �+�Q�M�i���+�i �`�2�H���i�B�Q�M�b�?�B�T�b�X �1���+�? �M�Q�/�2 �+�Q�M�i���B�M�b �9�k
���M�Q�M�v�K�B�x�2�/ ���M�/ �T�`�2�T�`�Q�+�2�b�b�2�/ ���i�i�`�B�#�m�i�2�b �`�2�H���i�2�/ �i�Q �+�m�b�i�Q�K�2�` �B�M�7�Q�`�K���i�B�Q�M�X �G���#�2�H�b
���`�2 ���p���B�H���#�H�2 �7�Q�` �� �b�m�#�b�2�i �Q�7 �#�Q�`�`�Q�r�2�`�b�- �r�B�i�? ���#�Q�m�i �R�X�j�W �B�/�2�M�i�B�}�2�/ ���b �7�`���m�/�b�i�2�`�b�X

�6�2���i�m�`�2 �B�K�T�Q�`�i���M�+�2 �B�b �+�Q�K�T�m�i�2�/ �#�v �}�`�b�i �i�`���B�M�B�M�; �� �+�H���b�b�B�}�2�` �Q�M �i�?�2 �7�m�H�H �b�2�i �Q�7
���*�*�@�Z�J�_ �2�K�#�2�/�/�B�M�; �7�2���i�m�`�2�b �m�b�B�M�; �i�?�2 �i�`���B�M�B�M�; �b�T�H�B�i�- ���M�/ �`�2�+�Q�`�/�B�M�; �� �`�2�7�2�`�2�M�+�2
�+�H���b�b�B�}�+���i�B�Q�M �b�+�Q�`�2 �Q�M �i�?�2 �i�2�b�i �b�T�H�B�i�X �6�Q�` �2���+�? �7�2���i�m�`�2 �+�Q�H�m�K�M�- �B�i�b �p���H�m�2�b ���`�2 �i�?�2�M
�`���M�/�Q�K�H�v �T�2�`�K�m�i�2�/ ���M�/ �i�?�2 �+�H���b�b�B�}�2�` �B�b �`�2�@�2�p���H�m���i�2�/ �Q�M �i�?�2 �b���K�2 �i�2�b�i �/���i���X �h�?�2
�B�K�T�Q�`�i���M�+�2 �b�+�Q�`�2 �B�b �/�2�}�M�2�/ ���b �i�?�2 �/�2�+�`�2���b�2 �B�M �T�2�`�7�Q�`�K���M�+�2 �`�2�H���i�B�p�2 �i�Q �i�?�2 �`�2�7�2�`�2�M�+�2
�b�+�Q�`�2�X �h�?�B�b �T�`�Q�+�2�b�b �B�b �`�2�T�2���i�2�/ �}�p�2 �i�B�K�2�b �T�2�` �7�2���i�m�`�2 �i�Q �+���T�i�m�`�2 �b�+�Q�`�2 �p���`�B���#�B�H�B�i�v�X

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

�6�B�;�m�`�2�3�X�k�T�`�2�b�2�M�i�b �i�?�2 �T�2�`�K�m�i���i�B�Q�M �B�K�T�Q�`�i���M�+�2 �b�+�Q�`�2�b �7�Q�` �i�?�2 �i�r�2�H�p�2 �K�Q�b�i �B�M�@
�7�Q�`�K���i�B�p�2 ���*�*�@�Z�J�_ �2�K�#�2�/�/�B�M�; �7�2���i�m�`�2�b�- �Q�#�i���B�M�2�/ �r�B�i�?K = 3 �K�2�b�b���;�2�@�T���b�b�B�M�;
�B�i�2�`���i�B�Q�M�b�X �1���+�? �7�2���i�m�`�2 �B�b �H���#�2�H�2�/ �Q�M �i�?�2 �v�@���t�B�b �m�b�B�M�; �i�?�2 �7�Q�`�K���i

�I�B�M�B�i�B���H �7�2���i�m�`�2�=�c�I�b�i�2�T�b�=�c�I� �=;

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



�R�N�3 �*�?���T�i�2�` �3�X �Z�J�_ �6�2���i�m� �̀2 �a�2�H�2�+�i�B�Q�M �7�Q�` ���*�* �6�2���i�m� �̀2 �A�M�i�2�`�T� �̀2�i���#�B�H�B�i�v

0:00 0:01 0:02 0:03 0:04 0:05
Permutation importance

Na13;0;
Out-Deg;0;

Na17;0;
Na0;2;BF
Na27;1;B

Na40;3;BFB
Na1;0;

In-Deg;3;FBF
Na31;3;BFB
Na26;3;BFB

Na15;0;
Na28;0;

F
ea

tu
re

de
sc

rip
tio

n

�6�B�;�m�`�2 �3�X�k�,�S�2�`�K�m�i���i�B�Q�M �B�K�T�Q�`�i���M�+�2 �b�+�Q�`�2�b �7�Q�` �i�?�2 �i�r�2�H�p�2 �K�Q�b�i �B�K�T�Q�`�i���M�i ���*�*�@�Z�J�_
�2�K�#�2�/�/�B�M�; �7�2���i�m�`�2�b �Q�M �i�?�2 �.�:�`���T�?�6�B�M �/���i���b�2�i�X �1���+�? �7�2���i�m�`�2 �B�b �H���#�2�H�2�/ ���b�I�B�M�B�i�B���H �M�Q�/�2
�7�2���i�m�`�2�=�c�I�M�m�K�#�2�` �Q�7 �b�i�2�T�b�=�c�I� �=�- �r�?�2�`�2�L�� ���#�#�`�2�p�B���i�2�b �ó�M�Q�/�2 ���i�i�`�B�#�m�i�2�X�ô

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

���b �b�?�Q�r�M �B�M �i�?�2 �}�;�m�`�2�- �i�?�2 �i�r�Q �K�Q�b�i �B�M�~�m�2�M�i�B���H �7�2���i�m�`�2�b �+�Q�`�`�2�b�T�Q�M�/ �i�Q �ó�L�Q�/�2
���i�i�`�B�#�m�i�2 �R�j�ô ���M�/ �i�?�2 �M�Q�/�2 �Q�m�i�@�/�2�;�`�2�2�X �q�?�B�H�2 �i�?�2 �b�2�K���M�i�B�+�b �Q�7 �ó�L�Q�/�2 ���i�i�`�B�#�m�i�2
�R�j�ô ���`�2 �m�M�F�M�Q�r�M �/�m�2 �i�Q ���M�Q�M�v�K�B�x���i�B�Q�M�- �i�?�2 �?�B�;�? �B�K�T�Q�`�i���M�+�2 �Q�7 �Q�m�i�@�/�2�;�`�2�2 �b�m�;�@
�;�2�b�i�b �i�?���i �7�`���m�/�m�H�2�M�i �#�Q�`�`�Q�r�2�`�b �/�B�z�2�` �B�M �i�?�2 �M�m�K�#�2�` �Q�7 �2�K�2�`�;�2�M�+�v �+�Q�M�i���+�i�b �i�?�2�v
�/�2�+�H���`�2�X �a�2�p�2�`���H �Q�7 �i�?�2 �i�Q�T �7�2���i�m�`�2�b �U�`���M�F�b �9�- �e�- �3�- �N�- ���M�/ �R�y�V �B�M�p�Q�H�p�2 �K�B�t�2�/ �7�Q�`�r���`�/��
�#���+�F�r���`�/ ���;�;�`�2�;���i�B�Q�M �T���i�i�2�`�M�b�- �B�M�/�B�+���i�B�M�; �i�?���i ���*�*�@�Z�J�_ �2�z�2�+�i�B�p�2�H�v �+���T�i�m�`�2�b �+�Q�K�@
�T�H�2�t�- �K�m�H�i�B�@�/�B�`�2�+�i�B�Q�M���H �M�2�B�;�?�#�Q�m�`�?�Q�Q�/ �B�M�i�2�`���+�i�B�Q�M�b�X

�A�K�T�Q�`�i���M�i�H�v�- �`�2�T�H���+�B�M�; �S�*�� �r�B�i�? �Z�J�_�@�6�a �/�Q�2�b �M�Q�i �/�2�;�`���/�2 �2�K�#�2�/�/�B�M�; �[�m���H�B�i�v�X
�h���#�H�2�3�X�9�`�2�T�Q�`�i�b �i�2�b�i�@�b�2�i ���l�* �b�+�Q�`�2�b �Q�M �.�:�`���T�?�6�B�M �7�Q�` �K�m�H�i�B�T�H�2 �2�K�#�2�/�/�B�M�; �K�Q�/�2�H�b�X
���*�* ���+�?�B�2�p�2�b ���M ���l�* �Q�7 �y�X�3�y�j�- �r�?�B�H�2 ���*�*�@�Z�J�_ �b�H�B�;�?�i�H�v �b�m�`�T���b�b�2�b �B�i ���i �y�X�3�y�9�X
�h�?�2�b�2 �`�2�b�m�H�i�b ���`�2 �+�Q�K�T�2�i�B�i�B�p�2 �r�B�i�? �i�?�2 �i�Q�T �i�?�`�2�2 �K�Q�/�2�H�b �Q�M �i�?�2 �Q�{�+�B���H �.�:�`���T�?�6�B�M
�H�2���/�2�`�#�Q���`�/�-�R �r�?�B�+�? ���`�2 ���H�b�Q �H�B�b�i�2�/ �B�M �i�?�2 �i���#�H�2�X�k

�R�?�i�i�T�b�,�f�f�/�;�`���T�?�X�t�B�M�v�2�X�+�Q�K�f�H�2���/�2�`�#�Q���`�/�b�f�/�;�`���T�?�7�B�M�U���+�+�2�b�b�2�/ �k�y�k�8�@�y�N�@�k�8�V�X
�k�A�K�T�H�2�K�2�M�i���i�B�Q�M�b ���p���B�H���#�H�2 ���i�, �:�1���_�a���;�2 �U�?�i�i�T�b�,�f�f�;�B�i�?�m�#�X�+�Q�K�f�b�i�Q�`�v���M�/�r�B�M�2�f�:�1���_�a���;�2�@

�.�:�`���T�?�6�B�M�V�- �:�`���T�? �h�`���M�b�7�Q�`�K�2�` �U�?�i�i�T�b�,�f�f�;�B�i�?�m�#�X�+�Q�K�f�u�m���M�+�?�2�M�"�2�B�f�:�`���T�?�h�`���M�b�7�Q�`�K�2�`�@
�.�:�`���T�?�6�B�M�V�- ���M�/ �a�A�:�L �U�?�i�i�T�b�,�f�f�;�B�i�?�m�#�X�+�Q�K�f�h�>�l�.�J�f�+�Q�;�/�H�f�i�`�2�2�f�K���b�i�2�`�f�2�t���K�T�H�2�b�f�/�;�`���T�?�V�X



�3�X�j�X ���*�*�@�Z�J�_ ���M�/ �1�K�#�2�/�/�B�M�; �6�2���i�m� �̀2 �A�K�T�Q�`�i���M�+�2 ���M���H�v�b�B�b�R�N�N

�h���#�H�2 �3�X�9�,�.�:�`���T�?�6�B�M ���l�* �+�H���b�b�B�}�+���i�B�Q�M �b�+�Q�`�2�b �Q�M �i�?�2 �T�`�2�/�2�}�M�2�/ �i�2�b�i �b�T�H�B�i�X �a�+�Q�`�2�b
�K���`�F�2�/ �r�B�i�?� ���`�2 �i���F�2�M �7�`�Q�K �i�?�2 �Q�{�+�B���H �H�2���/�2�`�#�Q���`�/ �(�R�y�k�)�- �r�?�2�`�2 �i�?�2�b�2 �K�Q�/�2�H�b �`���M�F
���K�Q�M�; �i�?�2 �i�Q�T �i�?�`�2�2 ���b �Q�7 �k�y�k�8�@�y�N�@�k�8�X �L�Q�i�2 �i�?���i �H�2���/�2�`�#�Q���`�/ �K�Q�/�2�H�b �K���v �m�b�2 ���/�/�B�i�B�Q�M���H
�K�Q�/���H�B�i�B�2�b �Q�` �/�B�z�2�`�2�M�i �2�K�#�2�/�/�B�M�; �/�B�K�2�M�b�B�Q�M�b�X

�J�Q�/�2�H ���l�*

�L�Q �K�Q�/�2�H�-�s 0:724

�*�*���@�a�a�: �U�_�Q�b�b�B�V �(�d�-�d�R�) 0:784
�S�*���S���b�b �(�k�R�) 0:789

�.�B�`�a�r�B�i�+�?�@�k 0:802
���*�* 0:803
���*�*�@�Z�J�_ �y :�3�y�9

�:�1���_�a���;�2� 0:846
�:�`���T�? �h�`���M�b�7�Q�`�K�2�`� 0:784
�a�A�:�L� 0:782

���J�G�q�Q�`�H�/ �h�`���M�b���+�i�B�Q�M �L�2�i�r�Q�`�F�b�� �b�B�K�B�H���` �7�2���i�m�`�2 �B�K�T�Q�`�i���M�+�2 ���M���H�v�b�B�b �B�b
�+�Q�M�/�m�+�i�2�/ �Q�M �i�?�2�a�K���H�H���J�G�q�Q�`�H�/ �/���i���b�2�i�b�- �r�B�i�? �`�2�b�m�H�i�b �b�?�Q�r�M �B�M �6�B�;�m�`�2�3�X�j�7�Q�`
�i�?�2 �a�K���H�H�@�>�A ���M�/ �a�K���H�H�@�G�A �p�2�`�b�B�Q�M�b�X

�h�Q �B�M�i�2�`�T�`�2�i �i�?�2 �`�2�b�m�H�i�b�- �`�2�+���H�H �7�`�Q�K �*�?���T�i�2�`�k�X�j�i�?���i �7�Q�`�r���`�/ �K�2�b�b���;�2�@�T���b�b�B�M�; �U�6�V
�+�Q�`�`�2�b�T�Q�M�/�b �i�Q �T�`�Q�T���;���i�B�Q�M ���H�Q�M�; �i�?�2 �/�2�7���m�H�i �2�/�;�2 �/�B�`�2�+�i�B�Q�M�- �K�2���M�B�M�; �i�?���i �2���+�?
�M�Q�/�2 ���;�;�`�2�;���i�2�b �B�M�7�Q�`�K���i�B�Q�M �7�`�Q�K �B�i�b �B�M�+�Q�K�B�M�; �M�2�B�;�?�#�Q�m�`�b�X �*�Q�M�p�2�`�b�2�H�v�-�" �/�2�M�Q�i�2�b
�K�2�b�b���;�2�@�T���b�b�B�M�; �B�M �i�?�2 �`�2�p�2�`�b�2 �/�B�`�2�+�i�B�Q�M�- �b�Q �i�?���i �2���+�? �M�Q�/�2 �`�2�+�2�B�p�2�b �B�M�7�Q�`�K���i�B�Q�M
�7�`�Q�K �i�?�2 �M�2�B�;�?�#�Q�m�`�b �B�i �T�Q�B�M�i�b �i�Q�X �h�?�2 �7�Q�m�` �T�Q�b�b�B�#�H�2 �i�r�Q�@�b�i�2�T �M�2�B�;�?�#�Q�m�`�?�Q�Q�/�b ���`�2
�B�H�H�m�b�i�`���i�2�/ �B�M �6�B�;�m�`�2�3�X�9�X

�h�?�2 �`�2�b�m�H�i�b �`�2�p�2���H �i�?�2 �B�M�@�/�2�;�`�2�2 �i�Q �#�2 �� �T���`�i�B�+�m�H���`�H�v �B�M�7�Q�`�K���i�B�p�2 �7�2���i�m�`�2�X �A�M
�a�K���H�H�@�>�A�- �� �M�Q�/�2�ö�b �Q�r�M �B�M�@�/�2�;�`�2�2 �`���M�F�b ���b �i�?�2 �i�?�B�`�/ �K�Q�b�i �B�K�T�Q�`�i���M�i �7�2���i�m�`�2�- �r�?�B�H�2
�B�i �`���M�F�b �b�2�+�Q�M�/ �B�M �a�K���H�H�@�G�A�X �J�Q�`�2�Q�p�2�`�- �#�Q�i�? �/���i���b�2�i�b �B�/�2�M�i�B�7�v�A�M�@�.�2�;�c�R�c�6���i�?���i
�B�b�- �i�?�2 �B�M�@�/�2�;�`�2�2 �Q�7 �Q�M�2�@�b�i�2�T �7�Q�`�r���`�/ �M�2�B�;�?�#�Q�m�`�b�- ���b �B�H�H�m�b�i�`���i�2�/ �B�M �6�B�;�m�`�2�3�X�9�������b
�i�?�2 �K�Q�b�i �B�K�T�Q�`�i���M�i �7�2���i�m�`�2 �Q�p�2�`���H�H�X �h�?�2 �b�B�;�M�B�}�+���M�+�2 �Q�7 �B�M�@�/�2�;�`�2�2 �H�B�F�2�H�v �`�2�~�2�+�i�b
�i�?�2 �B�M�D�2�+�i�2�/ �b�m�#�;�`���T�? �T���i�i�2�`�M�b �m�b�2�/ �i�Q �b�B�K�m�H���i�2 �K�Q�M�2�v �H���m�M�/�2�`�B�M�; ���+�i�B�p�B�i�v �B�M �i�?�2
���J�G�q�Q�`�H�/ �/���i���b�2�i�b�X ���b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �k �Q�7 �(�8�N�)�- �b�2�p�2�`���H �H���m�M�/�2�`�B�M�; �i�2�K�T�H���i�2�b
�2�K�T�H�Q�v �+�?���`���+�i�2�`�B�b�i�B�+�7���M�@�B�M���M�/�7���M�@�Q�m�i�K�Q�i�B�7�b�- �K���F�B�M�; �/�2�;�`�2�2�@�`�2�H���i�2�/ �T���i�i�2�`�M�b
�b���H�B�2�M�i �/�B�b�+�`�B�K�B�M���i�Q�`�b�X

�"�2�v�Q�M�/ �/�2�;�`�2�2�@�#���b�2�/ �7�2���i�m�`�2�b�- �i�?�2 ���J�G�q�Q�`�H�/ �/���i���b�2�i�b ���H�b�Q �T�`�Q�p�B�/�2 �B�M�i�2�`�T�`�2�i���#�H�2
�M�Q�/�2 ���i�i�`�B�#�m�i�2�b�X �1���+�? �M�Q�/�2 �B�b ���b�b�Q�+�B���i�2�/ �r�B�i�? �B�i�b �#���M�F ���{�H�B���i�B�Q�M ���M�/ �Q�r�M�2�`�b�?�B�T
�i�v�T�2 �U�2�X�;�X�- �+�Q�`�T�Q�`���i�2�- �B�M�/�B�p�B�/�m���H�- �Q�` �T���`�i�M�2�`�b�?�B�T�V�X �h�?�2 �Q�`�B�;�B�M���H �/���i���b�2�i�b �B�M�+�H�m�/�2 ��
�H���`�;�2 �M�m�K�#�2�` �Q�7 �m�M�B�[�m�2 �#���M�F�b���Q�p�2�` �k�d�-�y�y�y �B�M �a�K���H�H�@�G�A���K���F�B�M�; �/�B�`�2�+�i �Q�M�2�@�?�Q�i �2�M�@
�+�Q�/�B�M�; �B�K�T�`���+�i�B�+���H�X �h�Q �7���+�B�H�B�i���i�2 �2�K�#�2�/�/�B�M�; �H�2���`�M�B�M�; ���M�/ �7�2���i�m�`�2 ���M���H�v�b�B�b�- �#���M�F�b
���`�2 �+�Q�M�b�Q�H�B�/���i�2�/ �B�M�i�Q �8�y�y �;�`�Q�m�T�b �#�v �`�2�K�Q�p�B�M�; �M�m�K�2�`�B�+ �B�/�2�M�i�B�}�2�`�b �7�`�Q�K �i�?�2�B�` �M���K�2�b�X
�6�Q�` �2�t���K�T�H�2�- �ó�:�2�`�K���M�v �"���M�F �O�j�9�8�ô �#�2�+�Q�K�2�b �ó�:�2�`�K���M�v �"���M�F�X�ô �h���#�H�2�3�X�8�K���T�b
�M�Q�/�2 ���i�i�`�B�#�m�i�2 �B�M�/�B�+�2�b �i�Q �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �#���M�F ���M�/ �Q�r�M�2�`�b�?�B�T �2�M�i�B�i�B�2�b �`�2�7�2�`�2�M�+�2�/
�B�M �6�B�;�m�`�2�3�X�j�X



�k�y�y �*�?���T�i�2�` �3�X �Z�J�_ �6�2���i�m� �̀2 �a�2�H�2�+�i�B�Q�M �7�Q�` ���*�* �6�2���i�m� �̀2 �A�M�i�2�`�T� �̀2�i���#�B�H�B�i�v

0:00 0:01 0:02 0:03
Permutation importance

In-Deg;1;F
Na38;2;BB
In-Deg;0;

Na386;2;FB
Na501;0;

Out-Deg;0;
Na481;2;FB
Na270;2;BF
Na113;2;FB

Out-Deg;2;FB
In-Deg;2;FB
Na228;2;FB

F
ea

tu
re

de
sc

rip
tio

n

�U���V���J�G�q�Q�`�H�/ �a�K���H�H�@�>�A

0:000 0:005 0:010 0:015 0:020
Permutation importance

In-Deg;1;F
In-Deg;0;

Out-Deg;2;FB
Na420;1;B

Out-Deg;1;F
Out-Deg;0;

Na501;0;
Na228;2;FB
Na502;2;FB
Out-Lcc;1;B
Na501;2;FB

In-Lcc;0;

F
ea

tu
re

de
sc

rip
tio

n

�U�#�V���J�G�q�Q�`�H�/ �a�K���H�H�@�G�A

�6�B�;�m�`�2 �3�X�j�,�S�2�`�K�m�i���i�B�Q�M �B�K�T�Q�`�i���M�+�2 �b�+�Q�`�2�b �7�Q�` �i�?�2 �i�r�2�H�p�2 �K�Q�b�i �B�K�T�Q�`�i���M�i ���*�*�@�Z�J�_
�2�K�#�2�/�/�B�M�; �7�2���i�m�`�2�b �Q�M �i�?�2 ���J�G�q�Q�`�H�/ �a�K���H�H �/���i���b�2�i�b�X �1���+�? �7�2���i�m�`�2 �H���#�2�H �7�Q�H�H�Q�r�b �i�?�2
�7�Q�`�K���i�I�B�M�B�i�B���H �M�Q�/�2 �7�2���i�m�`�2�=�c�I�M�m�K�#�2�` �Q�7 �b�i�2�T�b�=�c�I� �=�- �r�?�2�`�2�L�� �/�2�M�Q�i�2�b �ó�M�Q�/�2 ���i�@
�i�`�B�#�m�i�2�X�ô

�� �T���`�i�B�+�m�H���`�H�v �M�Q�i���#�H�2 �7�2���i�m�`�2 �B�M �a�K���H�H�@�>�A �B�b�L���j�3�c�k�c�"�"�- �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�r�Q�@
�b�i�2�T �#���+�F�r���`�/ �K�2�b�b���;�2�@�T���b�b�B�M�; �7�`�Q�K ���+�+�Q�m�M�i�b ���b�b�Q�+�B���i�2�/ �r�B�i�? �i�?�2�"���M�F �Q�7 �*�Q�H�m�K�@
�#�m�b�X �h�?�B�b �b�m�;�;�2�b�i�b �i�?���i �b�B�K�m�H���i�2�/ �H���m�M�/�2�`�B�M�; ���+�i�B�p�B�i�B�2�b �B�M �i�?�2 �/���i���b�2�i �B�M�p�Q�H�p�2 �i�`���M�b�@
���+�i�B�Q�M�b �`�Q�m�i�2�/ �i�?�`�Q�m�;�? �i�?�B�b �#���M�F�X �a�B�K�B�H���`�H�v�-�L���j�3�e�c�k�c�6�"�B�/�2�M�i�B�}�2�b �M�Q�/�2�b �i�`���M�b�@
���+�i�B�M�; �r�B�i�? �i�?�2 �b���K�2 �`�2�+�B�T�B�2�M�i�b ���b �p���`�B�Q�m�b �_�m�b�b�B���M �#���M�F�b �U�6�B�;�m�`�2�3�X�9�+�V�- �T�Q�b�b�B�#�H�v
�B�M�/�B�+���i�B�M�; �b�B�K�m�H���i�2�/ �b���M�+�i�B�Q�M�@�2�p���b�B�Q�M �#�2�?���p�B�Q�m�`�X �6�B�M���H�H�v�- �B�M �a�K���H�H�@�G�A�- �i�?�2 �7�2���i�m�`�2
�L���9�k�N�c�R�c�"���`�2�T�`�2�b�2�M�i�B�M�; �Q�M�2�@�b�i�2�T �#���+�F�r���`�/ �+�Q�M�M�2�+�i�B�Q�M�b �i�Q �i�?�2�a���p�B�M�;�b �"���M�F �Q�7
�G��� �̀��K�B�2���B�b �7�Q�m�M�/ �i�Q �#�2 �?�B�;�?�H�v �T�`�2�/�B�+�i�B�p�2 �Q�7 �K�Q�M�2�v �H���m�M�/�2�`�B�M�;�X �h�?�B�b �H�B�F�2�H�v �`�2�~�2�+�i�b
�i�?�2 �B�M�~�m�2�M�+�2 �Q�7 �� �b�T�2�+�B�}�+ �b�B�K�m�H���i�2�/ �H���m�M�/�2�`�B�M�; �+���b�2�- �r�?�B�+�? �b�i�`�Q�M�;�H�v ���z�2�+�i�b �i�?�2 �7�2���@
�i�m�`�2 �B�K�T�Q�`�i���M�+�2 �/�m�2 �i�Q �i�?�2 �/���i���b�2�i�ö�b �2�t�i�`�2�K�2 �+�H���b�b �B�K�#���H���M�+�2 �U�Q�M�H�v �y�X�d�9�W �Q�7 �M�Q�/�2�b
���`�2 �H���#�2�H�2�/ ���b �K�Q�M�2�v �H���m�M�/�2�`�B�M�;�V�X

�a�m�K�K���`�v �h�?�2 �7�2���i�m�`�2 �B�K�T�Q�`�i���M�+�2 ���M���H�v�b�2�b �Q�M �i�?�2 �.�:�`���T�?�6�B�M ���M�/ ���J�G�q�Q�`�H�/
�/���i���b�2�i�b �m�M�/�2�`�b�+�Q�`�2 �?�Q�r ���*�*�@�Z�J�_�ö�b �B�K�T�`�Q�p�2�/ �7�2���i�m�`�2 �B�M�i�2�`�T�`�2�i���#�B�H�B�i�v �2�M���#�H�2�b �/�2�@
�i���B�H�2�/ �B�M�b�T�2�+�i�B�Q�M �Q�7 �2�K�#�2�/�/�B�M�; �+�Q�K�T�Q�M�2�M�i�b�X �q�?�B�H�2 �i�?�2�b�2 �2�t�T�2�`�B�K�2�M�i�b �m�b�2�/ �M�Q�/�2
�+�H���b�b�B�}�+���i�B�Q�M �7�Q�` �+�Q�M�p�2�M�B�2�M�+�2�- �i�?�2 �+���T���+�B�i�v �i�Q �i�`���+�2 �2�K�#�2�/�/�B�M�; �7�2���i�m�`�2�b �i�Q �B�M�i�2�`�@
�T�`�2�i���#�H�2 �M�2�B�;�?�#�Q�m�`�?�Q�Q�/ �b�i�`�m�+�i�m�`�2�b �B�b �T���`�i�B�+�m�H���`�H�v �p���H�m���#�H�2 �B�M���M�Q�K���H�v �/�2�i�2�+�i�B�Q�M
�+�Q�M�i�2�t�i�b�- �r�?�2�`�2 �K�Q�/�2�H �i�`���M�b�T���`�2�M�+�v ���M�/ �b�2�M�b�2�@�K���F�B�M�; ���`�2 �2�b�b�2�M�i�B���H �(�e�j�)�X

�3�X�9 �*�?���T�i�2�` �*�Q�M�+�H�m�b�B�Q�M

�h�?�B�b �+�?���T�i�2�` ���/�/�`�2�b�b�2�/ �i�?�2 �+�?���H�H�2�M�;�2 �Q�7 �B�K�T�`�Q�p�B�M�; �i�?�2 ���M���H�v�b���#�B�H�B�i�v �Q�7 ���*�* �#�v
�B�M�i�`�Q�/�m�+�B�M�; �i�?�2�Z�J�_ �6�2���i�m� �̀2 �a�2�H�2�+�i�B�Q�M�U�Z�J�_�@�6�a�V �K�2�i�?�Q�/ ���M�/ �i�?�2���*�*�@�Z�J�_
�2�K�#�2�/�/�B�M�; �K�Q�/�2�H�- �r�?�B�+�? �i�Q�;�2�i�?�2�` �T�`�Q�/�m�+�2 �?�B�;�?�@�7�`�2�[�m�2�M�+�v �K�m�H�i�B�@�b�+���H�2 �M�Q�/�2 �2�K�#�2�/�@
�/�B�M�;�b �i�?���i ���`�2 �B�M�i�2�`�T�`�2�i���#�H�2 �B�M �i�2�`�K�b �Q�7 �M�Q�/�2 ���i�i�`�B�#�m�i�2�b�- �b�+���H�2�- ���M�/ �K�m�H�i�B�@�/�B�`�2�+�i�B�Q�M���H



�3�X�9�X �*�?���T�i�2�` �*�Q�M�+�H�m�b�B�Q�M �k�y�R

�U���V�6�6 �U�#�V�"�" �U�+�V�6�" �U�/�V�"�6

�6�B�;�m�`�2 �3�X�9�,�A�H�H�m�b�i�`���i�B�Q�M �Q�7 �i�r�Q�@�b�i�2�T �K�m�H�i�B�@�/�B�`�2�+�i�B�Q�M���H �K�2�b�b���;�2�@�T���b�b�B�M�; �M�2�B�;�?�#�Q�m�`�?�Q�Q�/�b�X
�h�?�2 �#�H�m�2 �M�Q�/�2 �/�2�M�Q�i�2�b �i�?�2 �[�m�2�`�v �M�Q�/�2�- ���M�/ �i�?�2 �/���`�F �;�`�2�v �M�Q�/�2�b �H�B�2 �r�B�i�?�B�M �B�i�b �i�r�Q�@�b�i�2�T
�/�B�`�2�+�i�2�/ �M�2�B�;�?�#�Q�m�`�?�Q�Q�/�X�U���V�b�?�Q�r�b� = �6�6�- �r�?�2�`�2 �K�2�b�b���;�2�b �T�`�Q�T���;���i�2 ���H�Q�M�; �7�Q�`�r���`�/
�2�/�;�2�b�- ���M�/�U�#�V�b�?�Q�r�b �T�`�Q�T���;���i�B�Q�M �B�M �i�?�2 �`�2�p�2�`�b�2 �/�B�`�2�+�i�B�Q�M�X �A�M�U�+�V�- �K�2�b�b���;�2�b �}�`�b�i �T�`�Q�T���;���i�2
�7�Q�`�r���`�/ ���M�/ �i�?�2�M �#���+�F�r���`�/�- ���M�/ �p�B�+�2 �p�2�`�b�� �B�M�U�/ �V�X

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

�h�?�2 �Z�J�_�@�6�a �K�2�i�?�Q�/ �T�`�Q�p�B�/�2�b �� �b�+���H���#�H�2 ���T�T�`�Q���+�? �i�Q �m�M�b�m�T�2�`�p�B�b�2�/ �7�2���i�m�`�2 �b�2�@
�H�2�+�i�B�Q�M �#���b�2�/ �Q�M �� �M�Q�p�2�H�Z�J�_ �/�2�+�Q�K�T�Q�b�B�i�B�Q�M�- �r�?�B�+�? �+�Q�K�#�B�M�2�b �Z�_ �/�2�+�Q�K�T�Q�b�B�i�B�Q�M
�r�B�i�? �:���m�b�b�B���M �2�H�B�K�B�M���i�B�Q�M �i�Q �B�/�2�M�i�B�7�v ���T�T�`�Q�t�B�K���i�2�H�v �H�B�M�2���`�H�v �B�M�/�2�T�2�M�/�2�M�i �7�2���i�m�`�2�b�X
�l�M�H�B�F�2 �+�Q�M�p�2�M�i�B�Q�M���H �m�M�b�m�T�2�`�p�B�b�2�/ �7�2���i�m�`�2 �b�2�H�2�+�i�B�Q�M �K�2�i�?�Q�/�b �i�?���i �`�2�H�v �Q�M �B�i�2�`���i�B�p�2
�Q�T�i�B�K�B�x���i�B�Q�M �Q�` �[�m���/�`���i�B�+�@�i�B�K�2 �b�B�K�B�H���`�B�i�v �+�Q�K�T�m�i���i�B�Q�M�b�- �Z�J�_�@�6�a �b�+���H�2�b �H�B�M�2���`�H�v
�r�B�i�? �i�?�2 �M�m�K�#�2�` �Q�7 �M�Q�/�2�b�- �2�M���#�H�B�M�; �B�i�b ���T�T�H�B�+���i�B�Q�M �i�Q �H���`�;�2�@�b�+���H�2 �/���i���b�2�i�b�X �1�t�T�2�`�@
�B�K�2�M�i���H �2�p���H�m���i�B�Q�M �+�Q�M�}�`�K�2�/ �i�?���i �i�?�B�b �2�{�+�B�2�M�+�v �/�Q�2�b �M�Q�i �+�Q�K�T�`�Q�K�B�b�2 �b�2�H�2�+�i�B�Q�M
�[�m���H�B�i�v�- �r�B�i�? �Z�J�_�@�6�a �T�2�`�7�Q�`�K�B�M�; �+�Q�K�T�2�i�B�i�B�p�2�H�v ���;���B�M�b�i �b�i���i�2�@�Q�7�@�i�?�2�@���`�i �K�2�i�?�Q�/�b
�r�?�B�H�2 �#�2�B�M�; ���M �Q�`�/�2�` �Q�7 �K���;�M�B�i�m�/�2 �7���b�i�2�`�X

�"�m�B�H�/�B�M�; �Q�M �i�?�B�b �7�Q�m�M�/���i�B�Q�M�- �Z�J�_�@�6�a �r���b �B�M�i�2�;�`���i�2�/ �B�M�i�Q �i�?�2 ���*�* �7�`���K�2�r�Q�`�F
�i�Q �7�Q�`�K���*�*�@�Z�J�_�- �`�2�T�H���+�B�M�; �S�*�� �+�Q�K�T�`�2�b�b�B�Q�M �r�B�i�? �7�2���i�m�`�2 �b�2�H�2�+�i�B�Q�M�X �h�?�B�b �K�Q�/�B�}�@
�+���i�B�Q�M �T�`�2�b�2�`�p�2�b �i�?�2 �B�M�i�2�`�T�`�2�i���#�B�H�B�i�v �Q�7 �2�K�#�2�/�/�B�M�; �/�B�K�2�M�b�B�Q�M�b�- ���H�H�Q�r�B�M�; �2���+�? �7�2���i�m�`�2
�i�Q �#�2 �2�t�T�`�2�b�b�2�/ �2�t�T�H�B�+�B�i�H�v �B�M �i�2�`�K�b �Q�7 �B�i�b �Q�`�B�;�B�M���i�B�M�; �M�Q�/�2 ���i�i�`�B�#�m�i�2�- �K�2�b�b���;�2�@�T���b�b�B�M�;
�/�2�T�i�?�- ���M�/ �/�B�`�2�+�i�B�Q�M���H ���;�;�`�2�;���i�B�Q�M �T���i�i�2�`�M�X �*�Q�M�b�2�[�m�2�M�i�H�v�- ���*�*�@�Z�J�_ �v�B�2�H�/�b �2�K�@
�#�2�/�/�B�M�;�b �i�?���i �`�2�K���B�M �7�m�H�H�v ���M���H�v�b���#�H�2 �r�?�B�H�2 �`�2�i���B�M�B�M�; �i�?�2 �b�+���H���#�B�H�B�i�v ���M�/ �T�2�`�7�Q�`�@
�K���M�+�2 ���/�p���M�i���;�2�b �Q�7 ���*�*�X

�h�?�`�Q�m�;�? �T�2�`�K�m�i���i�B�Q�M�@�#���b�2�/ �7�2���i�m�`�2 �B�K�T�Q�`�i���M�+�2 ���M���H�v�b�B�b �Q�M �i�?�2 �.�:�`���T�?�6�B�M ���M�/
�b�B�K�m�H���i�2�/ ���J�G�q�Q�`�H�/ �i�`���M�b���+�i�B�Q�M �M�2�i�r�Q�`�F �/���i���b�2�i�b�- �i�?�B�b �+�?���T�i�2�` �/�2�K�Q�M�b�i�`���i�2�/ �?�Q�r

�h���#�H�2 �3�X�8�,�J���T�T�B�M�; �Q�7 �M�Q�/�2 ���i�i�`�B�#�m�i�2 �+�Q�/�2�b �i�Q �#���M�F �M���K�2�b ���M�/ �Q�r�M�2�`�b�?�B�T �+���i�2�;�Q�`�B�2�b�X

�L���j�3 �L���R�R�j �L���k�k�3 �L���k�d�y �L���j�3�e

�"���M�F �Q�7 �*�Q�H�m�K�#�m�b �*�?�B�M�� �"���M�F �:�2�`�K���M�v �"���M�F �C���T���M �"���M�F �_�m�b�b�B�� �"���M�F

�L���9�k�y �L���9�3�R �L���8�y�R �L���8�y�k

�a���p�B�M�;�b �"���M�F �Q�7 �G���`���K�B�2 �a�r�B�i�x�2�`�H���M�/ �"���M�F �*�Q�`�T�Q�`���i�B�Q�M �A�M�/�B�p�B�/�m���H



�k�y�k �*�?���T�i�2�` �3�X �Z�J�_ �6�2���i�m� �̀2 �a�2�H�2�+�i�B�Q�M �7�Q�` ���*�* �6�2���i�m� �̀2 �A�M�i�2�`�T� �̀2�i���#�B�H�B�i�v

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



�*�?���T�i�2�` �N

�*�Q�M�+�H�m�b�B�Q�M�- �G�B�K�B�i���i�B�Q�M�b�- ���M�/
�6�m�i�m�`�2 �q�Q�`�F

�N�X�R �h�?�2�b�B�b �*�Q�M�+�H�m�b�B�Q�M

�h�?�B�b �i�?�2�b�B�b �?���b ���/�/�`�2�b�b�2�/ �i�?�2 �T�`�Q�#�H�2�K �Q�7 �m�M�b�m�T�2�`�p�B�b�2�/ �M�Q�/�2 �2�K�#�2�/�/�B�M�; �K�Q�/�2�H�H�B�M�;
�i�?�`�Q�m�;�? �i�?�2 �H�2�M�b �Q�7 �M�2�i�r�Q�`�F �K�Q�/���H�B�i�B�2�b ���M�/ �K�Q�/�2�H �T�`�Q�T�2�`�i�B�2�b �`�2�H�2�p���M�i �i�Q �i�`���M�b���+�i�B�Q�M
�M�2�i�r�Q�`�F�b�X �a�T�2�+�B�}�+���H�H�v�- �B�i �?���b �T�`�2�b�2�M�i�2�/ �� �b�2�i �Q�7 �m�M�b�m�T�2�`�p�B�b�2�/ �M�Q�/�2 �2�K�#�2�/�/�B�M�;
�K�Q�/�2�H�b �i�?���i ���`�2 �#�Q�i�? ���M���H�v�b���#�H�2 ���M�/ �b�+���H���#�H�2�- �+���T���#�H�2 �Q�7 �K�Q�/�2�H�H�B�M�; �2�/�;�2 �~�Q�r ���b
�r�2�H�H ���b �/�B�`�2�+�i�2�/ ���M�/ �K�m�H�i�B�@�b�+���H�2 �;�`���T�? �b�i�`�m�+�i�m�`�2�X �*�Q�H�H�2�+�i�B�p�2�H�v�- �i�?�2�b�2 �K�Q�/�2�H�b ���M�b�r�2�`
�i�?�2 �i�?�`�2�2 �_�2�b�2���`�+�? �Z�m�2�b�i�B�Q�M�b�Z�X�R�-�Z�X�k�- ���M�/�Z�X�j�Q�m�i�H�B�M�2�/ �B�M �*�?���T�i�2�`�R�X

�*�?���T�i�2�`�9���/�/�`�2�b�b�2�/ �_�2�b�2���`�+�? �Z�m�2�b�i�B�Q�M�Z�X�R�#�v �7�Q�`�K�m�H���i�B�M�; �i�?�2 �M�Q�p�2�H�b�i���i�B�Q�M�@
���`�v �~�Q�r �T� �̀2�/�B�+�i�B�Q�M�T�`�Q�#�H�2�K �7�Q�` �H�2���`�M�B�M�; �M�Q�/�2 �2�K�#�2�/�/�B�M�;�b �i�?���i �+���T�i�m�`�2 �2�/�;�2 �~�Q�r�b
���M�/ �#�v �B�M�i�`�Q�/�m�+�B�M�; �i�?�2�:���i�2�/ �:� �̀��/�B�2�M�i �6�H�Q�r�U�:�:�6�V �K�Q�/�2�H�X �:�:�6 �2�t�i�2�M�/�b �i�?�2 ���M�@
���H�v�i�B�+���H�H�v �i�`���+�i���#�H�2 �:�`���/�B�2�M�i �6�H�Q�r �7�`���K�2�r�Q�`�F �;�`�Q�m�M�/�2�/ �B�M �>�Q�/�;�2 �i�?�2�Q�`�v �i�Q �2�M���#�H�2
�2�t�T�`�2�b�b�B�p�2 �K�Q�/�2�H�H�B�M�; �Q�7 �2�/�;�2 �~�Q�r �T���i�i�2�`�M�b�X �A�M �T���`�i�B�+�m�H���`�- �i�?�2 �:�:�6 �K�Q�/�2�H �B�b �� �m�M�B�@
�p�2�`�b���H ���T�T�`�Q�t�B�K���i�Q�` �7�Q�` �2�/�;�2 �~�Q�r�b �m�M�/�2�` �`�2���b�Q�M���#�H�2 ���b�b�m�K�T�i�B�Q�M�b�- �/�2�K�Q�M�b�i�`���i�B�M�;
�i�?���i �M�Q�/�2 �2�K�#�2�/�/�B�M�;�b �+���M �#�2 �H�2���`�M�2�/ �i�Q �`�2�T�`�2�b�2�M�i �2�/�;�2 �~�Q�r�b�X �A�M ���/�/�B�i�B�Q�M�- �i�?�2 �+�?���T�@
�i�2�` �i���+�F�H�2�/ �i�?�2 �+�?���H�H�2�M�;�2 �Q�7 �H�2���`�M�B�M�; �7�`�Q�K �H�Q�;���`�B�i�?�K�B�+���H�H�v �/�B�b�i�`�B�#�m�i�2�/ �i�`���M�b���+�i�B�Q�M
�p���H�m�2�b �b�T���M�M�B�M�; �b�2�p�2�`���H �Q�`�/�2�`�b �Q�7 �K���;�M�B�i�m�/�2 �#�v �T�`�Q�T�Q�b�B�M�; �� �`�Q�#�m�b�i �H�Q�b�b �7�m�M�+�i�B�Q�M
�i�?���i ���p�Q�B�/�b �Q�p�2�`�}�i�i�B�M�; �i�Q �H���`�;�2 �~�Q�r �p���H�m�2�b ���M�/ �`�2�K���B�M�b �`�2�b�B�H�B�2�M�i �i�Q �b���K�T�H�2�b �r�B�i�?
�?�B�;�? �`�2�H���i�B�p�2 �2�`�`�Q�`�X

�h�?�2 �b�m�#�b�2�[�m�2�M�i �+�?���T�i�2�`�b �/�2�p�2�H�Q�T�2�/ ���M���H�v�b���#�H�2 ���M�/ �b�+���H���#�H�2 �K�Q�/�2�H�b �+���T���#�H�2 �Q�7
�B�M�+�Q�`�T�Q�`���i�B�M�; �/�B�`�2�+�i�B�Q�M���H ���M�/ �K�m�H�i�B�@�b�+���H�2 �;�`���T�? �b�i�`�m�+�i�m�`�2 �B�M�7�Q�`�K���i�B�Q�M �B�M�i�Q �2�K�#�2�/�@
�/�B�M�;�b�- �i�?�2�`�2�#�v ���/�/�`�2�b�b�B�M�; �_�2�b�2���`�+�? �Z�m�2�b�i�B�Q�M�b�Z�X�k���M�/�Z�X�j�X �h�Q �i�?�B�b �2�M�/�- �*�?���T�i�2�`�8
�T�`�2�b�2�M�i�2�/ �i�?�2�_�2���+�?�L�1�b�7�`���K�2�r�Q�`�F�- �r�?�B�+�? �2�K�T�H�Q�v�b �`���M�/�Q�K �r���H�F�@�#���b�2�/ �M�2�B�;�?�#�Q�m�`�@
�?�Q�Q�/ �b�K�Q�Q�i�?�B�M�; �}�H�i�2�`�b �i�Q �H�2���`�M �#�Q�i�? �T�`�Q�t�B�K�B�i�v�@ ���M�/ �K�2�b�b���;�2�@�T���b�b�B�M�;���#���b�2�/ �2�K�#�2�/�@
�/�B�M�;�b �i�?���i �+���T�i�m�`�2 �+�Q�K�T�H�2�K�2�M�i���`�v �M�Q�i�B�Q�M�b �Q�7 �M�Q�/�2 �2�[�m�B�p���H�2�M�+�2�X �"�m�B�H�/�B�M�; �Q�M �i�?�B�b�-
�*�?���T�i�2�`�e�B�M�i�`�Q�/�m�+�2�/�.�B�`�a�r�B�i�+�?�- �� �b�T�2�+�B�}�+ �B�M�b�i���M�i�B���i�B�Q�M �Q�7 �_�2���+�?�L�1�b �/�2�b�B�;�M�2�/ �i�Q
�K�B�i�B�;���i�2 �K�Q�/�2�H�H�B�M�; �#�B���b �+���m�b�2�/ �#�v �H�Q�+���H �b�B�M�F�b �B�M �/�B�`�2�+�i�2�/ �;�`���T�?�b�X �"�v �b�r�B�i�+�?�B�M�;
�7�`�Q�K �K�m�H�i�B�@�/�B�`�2�+�i�B�Q�M���H �i�Q �m�M�/�B�`�2�+�i�2�/ �`���M�/�Q�K �r���H�F�b ���7�i�2�` �� �}�t�2�/ �M�m�K�#�2�` �Q�7 �b�i�2�T�b�-

�k�y�j



�k�y�9 �*�?���T�i�2�` �N�X �*�Q�M�+�H�m�b�B�Q�M�- �G�B�K�B�i���i�B�Q�M�b�- ���M�/ �6�m�i�m� �̀2 �q�Q�`�F

�.�B�`�a�r�B�i�+�? �`�2�i���B�M�b �H�Q�+���H �/�B�`�2�+�i�B�Q�M���H �B�M�7�Q�`�K���i�B�Q�M �r�?�B�H�2 �2�M�b�m�`�B�M�; �`�Q�#�m�b�i �B�M�7�Q�`�K���i�B�Q�M
�T�`�Q�T���;���i�B�Q�M�X �h�?�B�b ���T�T�`�Q���+�? �v�B�2�H�/�b �/�B�`�2�+�i�2�/ �T�`�Q�t�B�K�B�i�v �2�K�#�2�/�/�B�M�;�b �i�?���i ���`�2 �+�Q�K�T�2�i�B�@
�i�B�p�2 �r�B�i�? �b�i���i�2�@�Q�7�@�i�?�2�@���`�i �K�2�i�?�Q�/�b�- ���M�/ �B�i�b �b�r�B�i�+�?�B�M�; �K�2�+�?���M�B�b�K �b�?�Q�r�b �T�Q�i�2�M�i�B���H �7�Q�`
�#�`�Q���/�2�` ���T�T�H�B�+���i�B�Q�M �#�2�v�Q�M�/ �_�2���+�?�L�1�b�- �7�Q�` �2�t���K�T�H�2 �B�M �b�2�H�7�@�b�m�T�2�`�p�B�b�2�/ �;�`���T�? �M�2�m�`���H
�M�2�i�r�Q�`�F�b�X

�*�?���T�i�2�`�d �B�M�i�`�Q�/�m�+�2�/���*�* �- �� �b�+���H���#�H�2 �K�Q�/�2�H �7�Q�` �?�B�;�?�@�7�`�2�[�m�2�M�+�v�- �K�m�H�i�B�@�b�+���H�2
�K�2�b�b���;�2�@�T���b�b�B�M�; �2�K�#�2�/�/�B�M�;�b�X �_���M�F �/�2�}�+�B�2�M�+�v �B�M �+�Q�K�T���`���#�H�2 �K�Q�/�2�H�b �r���b �B�/�2�M�i�B�@
�}�2�/ ���b �� �F�2�v �H�B�K�B�i���i�B�Q�M �i�?���i �/�2�;�`���/�2�b �2�K�#�2�/�/�B�M�; �[�m���H�B�i�v�X ���*�* ���/�/�`�2�b�b�2�b �i�?�B�b
�B�b�b�m�2 �i�?�`�Q�m�;�? �K�2�b�b���;�2 ���;�;�`�2�;���i�B�Q�M�- �r�?�B�+�? �T�`�2�p�2�M�i�b �`�2�/�m�M�/���M�i �7�2���i�m�`�2 �;�2�M�2�`���i�B�Q�M
���M�/ �T�`�Q�/�m�+�2�b �+�Q�K�T���+�i�- �?�B�;�?�@�[�m���H�B�i�v �2�K�#�2�/�/�B�M�;�b�X �1�t�T�2�`�B�K�2�M�i���H ���M���H�v�b�2�b �/�2�K�Q�M�@
�b�i�`���i�2�/ �i�?���i ���*�* ���+�?�B�2�p�2�b �b�i���i�2�@�Q�7�@�i�?�2�@���`�i �T�2�`�7�Q�`�K���M�+�2 �r�?�B�H�2 �K���B�M�i���B�M�B�M�; �2�t�+�2�H�H�2�M�i
�b�+���H���#�B�H�B�i�v�X �h�?�2 �+�?���T�i�2�` �7�m�`�i�?�2�` �+�Q�K�T���`�2�/ �i�?�2 �i�r�Q �T�`�B�M�+�B�T���H �;�`���T�? �b�i�`�m�+�i�m�`�2 �K�Q�/�@
�2�H�b �/�2�p�2�H�Q�T�2�/ �B�M �i�?�B�b �i�?�2�b�B�b�- ���*�* ���M�/ �.�B�`�a�r�B�i�+�?�X �1�t�T�2�`�B�K�2�M�i�b �Q�M �i�?�2 �b�B�K�m�H���i�2�/
���J�G�q�Q�`�H�/�i�`���M�b���+�i�B�Q�M �M�2�i�r�Q�`�F �/���i���b�2�i �b�?�Q�r�2�/ �i�?���i �#�Q�i�? ���T�T�`�Q���+�?�2�b���i�?�2 �?�B�;�?�@
�7�`�2�[�m�2�M�+�v �K�m�H�i�B�@�b�+���H�2 �/�2�b�B�;�M �Q�7 ���*�* ���M�/ �i�?�2 �M�2�B�;�?�#�Q�m�`�?�Q�Q�/�@�b�K�Q�Q�i�?�B�M�; �/�2�b�B�;�M �Q�7
�.�B�`�a�r�B�i�+�?�����`�2 �2�z�2�+�i�B�p�2 �B�M �B�/�2�M�i�B�7�v�B�M�; �B�H�H�B�+�B�i ���+�i�B�p�B�i�v�- �b�m�+�? ���b �K�Q�M�2�v �H���m�M�/�2�`�B�M�;�-
�r�B�i�?�B�M �i�`���M�b���+�i�B�Q�M �M�2�i�r�Q�`�F�b�X

�6�B�M���H�H�v�- �*�?���T�i�2�`�3�2�M�?���M�+�2�/ �i�?�2 �B�M�i�2�`�T�`�2�i���#�B�H�B�i�v �Q�7 ���*�* �#�v �`�2�T�H���+�B�M�; �B�i�b �S�*���@
�#���b�2�/ �/�B�K�2�M�b�B�Q�M���H�B�i�v �`�2�/�m�+�i�B�Q�M �r�B�i�? �� �M�Q�p�2�H�- �b�+���H���#�H�2�- �m�M�b�m�T�2�`�p�B�b�2�/ �7�2���i�m�`�2 �b�2�H�2�+�@
�i�B�Q�M �K�2�i�?�Q�/ �i�2�`�K�2�/�Z�J�_�@�6�a�X �h�?�2 �`�2�b�m�H�i�B�M�;���*�*�@�Z�J�_�K�Q�/�2�H �T�`�Q�/�m�+�2�b �2�K�#�2�/�@
�/�B�M�;�b �r�?�Q�b�2 �7�2���i�m�`�2�b ���`�2 �/�B�`�2�+�i�H�v �B�M�i�2�`�T�`�2�i���#�H�2 �B�M �i�2�`�K�b �Q�7 �M�2�B�;�?�#�Q�m�`�?�Q�Q�/ �b�+���H�2�- �/�B�@
�`�2�+�i�B�Q�M���H�B�i�v�- ���M�/ �+�Q�`�`�2�b�T�Q�M�/�B�M�; �M�Q�/�2 ���i�i�`�B�#�m�i�2�b�X �h�?�B�b �2�M�?���M�+�2�/ �B�M�i�2�`�T�`�2�i���#�B�H�B�i�v �?���b
�b�B�;�M�B�}�+���M�i �T�Q�i�2�M�i�B���H �7�Q�` �B�K�T�`�Q�p�B�M�; �i�?�2 �i�`���M�b�T���`�2�M�+�v ���M�/ �b�2�M�b�2�@�K���F�B�M�; �Q�7 ���M�Q�K���H�v
�/�2�i�2�+�i�B�Q�M �K�2�i�?�Q�/�b�- �r�?�B�+�? �B�b �2�b�b�2�M�i�B���H �7�Q�` �+�Q�K�T�H�B���M�+�2 �#�`�2���+�? �/�B�b�+�Q�p�2�`�v �B�M �i�`���M�b���+�i�B�Q�M
�M�2�i�r�Q�`�F�b�X

�"�`�Q���/�2�` �A�K�T�H�B�+���i�B�Q�M�b

�w�Q�Q�K�B�M�; �Q�m�i�- �i�?�B�b �i�?�2�b�B�b �+�Q�M�i�`�B�#�m�i�2�b �K�Q�`�2 �#�`�Q���/�H�v �i�Q �i�?�2 �}�2�H�/ �Q�7 �;�`���T�? �`�2�T�`�2�b�2�M�i���@
�i�B�Q�M �H�2���`�M�B�M�; �#�v �/�2�K�Q�M�b�i�`���i�B�M�; �i�?���i �K�m�H�i�B�T�H�2 �T�`���+�i�B�+���H �/�2�b�B�/�2�`���i�� �7�Q�` �M�Q�/�2 �2�K�#�2�/�@
�/�B�M�; �K�Q�/�2�H�b ���M�/ �/�B�p�2�`�b�2 �M�2�i�r�Q�`�F �K�Q�/���H�B�i�B�2�b �+���M �#�2 �b���i�B�b�}�2�/ �b�B�K�m�H�i���M�2�Q�m�b�H�v�X ���H�H
�T�`�Q�T�Q�b�2�/ �K�Q�/�2�H�b ���`�2 �7�m�H�H�v �m�M�b�m�T�2�`�p�B�b�2�/�- �`�2�[�m�B�`�B�M�; �M�Q �`�2�H�B���M�+�2 �Q�M �2�H�m�b�B�p�2 �;�`�Q�m�M�/�@
�i�`�m�i�? �M�Q�/�2 �H���#�2�H�b�X �h�?�2�v ���`�2 ���H�b�Q �K���i�?�2�K���i�B�+���H�H�v ���M���H�v�b���#�H�2�- ���b �2�p�B�/�2�M�+�2�/ �#�v �i�?�2
�m�M�B�p�2�`�b���H �~�Q�r ���T�T�`�Q�t�B�K���i�B�Q�M �i�?�2�Q�`�2�K �7�Q�` �:�:�6�- �i�?�2 �H�Q�+���H �b�B�M�F ���M���H�v�b�B�b �B�M �_�2���+�?�L�1�b�-
�i�?�2 �`���M�F�@�/�2�}�+�B�2�M�+�v ���M���H�v�b�B�b �Q�7 ���*�*�- ���M�/ �i�?�2 ���T�T�`�Q�t�B�K���i�2 �H�B�M�2���` �B�M�/�2�T�2�M�/�2�M�+�2 �2�b�@
�i���#�H�B�b�?�2�/ �i�?�`�Q�m�;�? �i�?�2 �Z�J�_ �/�2�+�Q�K�T�Q�b�B�i�B�Q�M�X �J�Q�`�2�Q�p�2�`�- �i�?�2 �K�Q�/�2�H�b ���+�?�B�2�p�2 �i�?�B�b
�r�B�i�?�Q�m�i �+�Q�K�T�`�Q�K�B�b�B�M�; �b�+���H���#�B�H�B�i�v�X �G���`�;�2 �M�2�i�r�Q�`�F�b ���`�2 �+�Q�M�b�B�b�i�2�M�i�H�v �2�K�T�H�Q�v�2�/ �B�M �i�?�2
�2�t�T�2�`�B�K�2�M�i���H �2�p���H�m���i�B�Q�M�b�- �b�?�Q�r�+���b�B�M�; �#�Q�i�? �i�?�2�B�` �2�{�+�B�2�M�+�v ���M�/ �T�`���+�i�B�+���H �7�2���b�B�#�B�H�B�i�v�X

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



�N�X�k�X �G�B�K�B�i���i�B�Q�M�b ���M�/ �6�m�i�m� �̀2 �q�Q�`�F �k�y�8

�N�X�k �G�B�K�B�i���i�B�Q�M�b ���M�/ �6�m�i�m�`�2 �q�Q�`�F

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

�G�B�K�B�i���i�B�Q�M�b ���M�/ �A�K�T�`�Q�p�2�K�2�M�i�b �i�Q �6�H�Q�r �1�K�#�2�/�/�B�M�; �G�2���`�M�B�M�;

�h�?�2 �:�:�6 �K�Q�/�2�H �T�`�2�b�2�M�i�2�/ �B�M �*�?���T�i�2�`�9�r���b �K�Q�i�B�p���i�2�/ �#�v �i�?�2 �;�Q���H �Q�7 �B�K�T�`�Q�p�B�M�;
�~�Q�r �2�t�T�`�2�b�b�B�p�B�i�v �+�Q�K�T���`�2�/ �r�B�i�? �i�?�2 �:�6 �K�Q�/�2�H�X �>�Q�r�2�p�2�`�- �i�?�2 �2�t�T�2�`�B�K�2�M�i���H �`�2�b�m�H�i�b
�`�2�p�2���H�2�/ �i�?���i �Q�p�2�`�}�i�i�B�M�; �#�2�+���K�2 �� �H�B�K�B�i�B�M�; �7���+�i�Q�` �7�Q�` �:�:�6�- �T���`�i�B�+�m�H���`�H�v �r�?�2�M �B�M�@
�+�`�2���b�B�M�; �i�?�2 �/�B�K�2�M�b�B�Q�M���H�B�i�v �Q�7 �i�?�2 �p�2�+�i�Q�`�B�b�2�/ �M�Q�/�2 �T�Q�i�2�M�i�B���H�b�X �A�M �b�m�+�? �+���b�2�b�- �i�?�2
�K�Q�/�2�H ���+�?�B�2�p�2�/ �b�m�#�b�i���M�i�B���H�H�v �H�Q�r�2�` �T�`�2�/�B�+�i�B�Q�M �2�`�`�Q�`�b �Q�M �i�?�2 �i�`���B�M�B�M�; �b�2�i �#�m�i �b�?�Q�r�2�/
�M�Q �B�K�T�`�Q�p�2�K�2�M�i �Q�M �i�?�2 �i�2�b�i �b�2�i�X

�� �K���D�Q�` �+�Q�M�i�`�B�#�m�i�Q�` �i�Q �i�?�B�b �Q�p�2�`�}�i�i�B�M�; �B�b �i�?�2 �7�Q�`�K�m�H���i�B�Q�M �Q�7 �i�?�2 �;���i�2 �7�m�M�+�i�B�Q�M�b
�B�M �:�:�6�- �r�?�B�+�? �2�K�T�H�Q�v �H�2���`�M���#�H�2 �T���`���K�2�i�2�`�b �7�Q�` �2���+�? �M�2�i�r�Q�`�F �M�Q�/�2�X �q�?�B�H�2 �i�?�B�b
�/�2�b�B�;�M �T�`�Q�p�B�/�2�b �;�`�2���i �~�2�t�B�#�B�H�B�i�v�- �B�i ���H�b�Q �K���F�2�b �i�?�2 �K�Q�/�2�H �T�`�Q�M�2 �i�Q �Q�p�2�`�}�i�i�B�M�;�- ���b �i�?�2
�M�m�K�#�2�` �Q�7 �7�`�2�2 �T���`���K�2�i�2�`�b �+���M �[�m�B�+�F�H�v �2�t�+�2�2�/ �i�?�2 �M�m�K�#�2�` �Q�7 �Q�#�b�2�`�p�2�/ �~�Q�r �p���H�m�2�b
�r�?�2�M �i�?�2 �/�B�K�2�M�b�B�Q�M���H�B�i�v �Q�7 �i�?�2 �T�Q�i�2�M�i�B���H�b �B�M�+�`�2���b�2�b�X

�P�M�2 �T�Q�b�b�B�#�H�2 �`�2�K�2�/�v �B�b �i�Q �`�2�T�H���+�2 �i�?�2 �H�2���`�M���#�H�2 �;���i�2 �2�K�#�2�/�/�B�M�;�b �r�B�i�?�;� �̀��T�?
�2�K�#�2�/�/�B�M�;�b�X �G�2�iZ ( �b�i�`�m�+�i) 2 Rn � q �/�2�M�Q�i�2 �� �K���i�`�B�t �Q�7 �;�`���T�? �2�K�#�2�/�/�B�M�;�b���2�B�i�?�2�`
�T�`�Q�t�B�K�B�i�v�@�#���b�2�/ �Q�` �b�i�`�m�+�i�m�`���H�- �7�Q�` �2�t���K�T�H�2 �7�`�Q�K �_�2���+�?�L�1�b �Q�` ���*�*�����M�/ �H�2�i �i�?�2
�:�:�6 �K�Q�/�2�H �i���F�2 �i�?�2 �7�Q�`�K
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�h�?�B�b �7�Q�`�K�m�H���i�B�Q�M �/�`���b�i�B�+���H�H�v �`�2�/�m�+�2�b �i�?�2 �M�m�K�#�2�` �Q�7 �7�`�2�2 �T���`���K�2�i�2�`�b�- ���b �i�?�2 �;���i�2
�7�m�M�+�i�B�Q�M �#�2�+�Q�K�2�b �� �T���`���K�2�i�`�B�+ �K���T�T�B�M�; �7�`�Q�K �}�t�2�/ �B�M�T�m�i�b �i�Q �;���i�2 �p���H�m�2�b �`���i�?�2�` �i�?���M
�� �i�`���M�b�7�Q�`�K���i�B�Q�M �Q�7 �B�M�/�2�T�2�M�/�2�M�i �T���`���K�2�i�2�`�b�X �J�Q�`�2�Q�p�2�`�- �B�i �2�M�7�Q�`�+�2�b �i�?�2 �B�M�/�m�+�i�B�p�2
�#�B���b �i�?���i �M�Q�/�2�b �r�B�i�? �b�B�K�B�H���` �T�`�Q�t�B�K�B�i�v �Q�` �b�i�`�m�+�i�m�`���H �T�`�Q�T�2�`�i�B�2�b �b�?�Q�m�H�/ �2�t�?�B�#�B�i �b�B�K�B�H���`
�;���i�B�M�; �#�2�?���p�B�Q�m�`�X ���b �� �`�2�b�m�H�i�- �i�?�B�b ���T�T�`�Q���+�? �?���b �i�?�2 �T�Q�i�2�M�i�B���H �i�Q �`�2�/�m�+�2 �Q�p�2�`�}�i�i�B�M�;
�r�?�B�H�2 �T�`�2�b�2�`�p�B�M�; �i�?�2 ���M���H�v�i�B�+���H �i�`���+�i���#�B�H�B�i�v �Q�7 �i�?�2 �:�:�6 �K�Q�/�2�H�X

���M�Q�i�?�2�` �H�B�K�B�i���i�B�Q�M �Q�7 �i�?�2 �+�m�`�`�2�M�i �:�:�6 �7�Q�`�K�m�H���i�B�Q�M �B�b �i�?���i �B�i �`�2�T�`�2�b�2�M�i�b �Q�M�H�v �M�2�i
�~�Q�r �Q�M ���M �m�M�/�B�`�2�+�i�2�/ �;�`���T�? �b�i�`�m�+�i�m�`�2�X �� �p���H�m���#�H�2 �2�t�i�2�M�b�B�Q�M �r�Q�m�H�/ �#�2 �i�Q �K�Q�/�2�H �#�Q�i�?
�i�?�2 �Q�m�i�;�Q�B�M�; ���M�/ �B�M�+�Q�K�B�M�; �~�Q�r�b �Q�7 �2���+�? �M�Q�/�2 �b�2�T���`���i�2�H�v�X �P�M�2 �T�Q�b�b�B�#�H�2 ���T�T�`�Q���+�? �B�b
�i�Q �B�M�i�`�Q�/�m�+�2 �/�B�b�i�B�M�+�i �M�Q�/�2 �p�2�+�i�Q�` �T�Q�i�2�M�i�B���H�b �7�Q�` �Q�m�i�;�Q�B�M�; ���M�/ �B�M�+�Q�K�B�M�; �~�Q�r�b�-Z ( �Q�m�i)

���M�/Z ( �B�M) �X �� �/�B�`�2�+�i�2�/ �p�2�`�b�B�Q�M �Q�7 �:�:�6 �+�Q�m�H�/ �i�?�2�M �#�2 �2�t�T�`�2�b�b�2�/ ���b
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�k�y�e �*�?���T�i�2�` �N�X �*�Q�M�+�H�m�b�B�Q�M�- �G�B�K�B�i���i�B�Q�M�b�- ���M�/ �6�m�i�m� �̀2 �q�Q�`�F

�r�?�2�`�2 �i�?�2 �;�`���T�? �b�i�`�m�+�i�m�`�2 �2�K�#�2�/�/�B�M�;�b �b�2�`�p�2 ���b �B�M�T�m�i�b �i�Q �i�?�2 �;���i�2 �7�m�M�+�i�B�Q�M�- ���b �/�2�@
�b�+�`�B�#�2�/ ���#�Q�p�2�X �h�?�2 �m�b�2 �Q�7Z ( �Q�m�i) ���M�/Z ( �B�M) �2�M���#�H�2�b �i�?�2 �K�Q�/�2�H �i�Q �+���T�i�m�`�2 ���b�v�K�K�2�i�`�B�+
�~�Q�r �T���i�i�2�`�M�b�- �T�`�Q�p�B�/�B�M�; �� �M���i�m�`���H �2�t�i�2�M�b�B�Q�M �Q�7 �:�:�6 �i�Q �/�B�`�2�+�i�2�/ �M�2�i�r�Q�`�F�b�X

���H�i�2�`�M���i�B�p�2 �_�2���+�?�L�1�b �_�2�/�m�+�i�B�Q�M �J�2�i�?�Q�/�b

�*�?���T�i�2�`�8 ���M���H�v�b�2�/ �i�r�Q �/�B�z�2�`�2�M�i �`�2���+�?���#�B�H�B�i�v �`�2�/�m�+�i�B�Q�M �K�2�i�?�Q�/�b�, �T�`�Q�t�B�K�B�i�v �2�K�@
�#�2�/�/�B�M�;�b �p�B�� �a�o�. ���M�/ �K�2�b�b���;�2�@�T���b�b�B�M�; �`�2�/�m�+�i�B�Q�M �7�Q�` �b�i�`�m�+�i�m�`���H ���M�/ �M�Q�/�2�@���i�i�`�B�#�m�i�2
�2�K�#�2�/�/�B�M�;�b�X �>�Q�r�2�p�2�`�- �i�?�2�b�2 �i�r�Q ���T�T�`�Q���+�?�2�b ���`�2 �M�Q�i �2�t�?���m�b�i�B�p�2�- ���M�/ �i�?�2�`�2 ���`�2 �H�B�F�2�H�v
�b�+�2�M���`�B�Q�b �B�M �r�?�B�+�? ���H�i�2�`�M���i�B�p�2 �`�2�/�m�+�i�B�Q�M �K�2�i�?�Q�/�b �K���v �T�`�Q�p�2 �K�Q�`�2 �2�z�2�+�i�B�p�2�X

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

�A�M �i�?�B�b �i�?�2�b�B�b�- �M�Q�/�2 �/�2�;�`�2�2 ���M�/ �+�H�m�b�i�2�`�B�M�; �+�Q�2�{�+�B�2�M�i�b �r�2�`�2 �m�b�2�/ ���b �;�`���T�?�@�/�2�`�B�p�2�/
�B�M�B�i�B���H �b�i���i�2�b �7�Q�` �;�2�M�2�`���i�B�M�; �b�i�`�m�+�i�m�`���H �2�K�#�2�/�/�B�M�;�b �p�B�� �K�2�b�b���;�2�@�T���b�b�B�M�;�X �h�?�B�b �B�M�@
�2�p�B�i���#�H�v �H�Q�b�2�b �B�M�7�Q�`�K���i�B�Q�M�- ���b �i�?�2 �+�?�Q�B�+�2 �Q�7 �;�`���T�?�@�/�2�`�B�p�2�/ �7�2���i�m�`�2�b �+�Q�M�b�i�`���B�M�b �i�?�2 �`�2�T�@
�`�2�b�2�M�i���i�B�Q�M�X �A�M �+�Q�M�i�`���b�i�- �S�?�l�a�A�P�L �(�d�j�)�- �:�`���T�?�q���p�2 �(�d�N�)�- ���M�/ �.�B�:�`���T�?�q���p�2 �U�S���@
�T�2�` �6�V �(�R�d�d�) �2�K�T�H�Q�v �i�?�2 �1�K�T�B�`�B�+���H �*�?���`���+�i�2�`�B�b�i�B�+ �6�m�M�+�i�B�Q�M �U�1�*�6�c �1�[�m���i�B�Q�M �U�j�X�R�R�V�V�-
�r�?�B�+�? ���T�T�2���`�b �i�Q �#�2 �� �K�Q�`�2 �T�`�B�M�+�B�T�H�2�/ �+�?�Q�B�+�2�- �b�B�M�+�2 �i�?�2 �+�Q�K�T�`�2�b�b�B�Q�M �`�2�b�Q�H�m�i�B�Q�M
�+���M �#�2 �B�M�/�2�T�2�M�/�2�M�i�H�v �+�Q�M�i�`�Q�H�H�2�/�X ���M�Q�i�?�2�` �Q�T�i�B�Q�M �r�Q�m�H�/ �#�2 �i�Q �b�Q�`�i �i�?�2 �p���H�m�2�b �B�M
�i�?�2 �`�2���+�?���#�B�H�B�i�v �K���i�`�B�t �+�Q�H�m�K�M�b ���M�/ �m�b�2 �i�?�2p �H���`�;�2�b�i �p���H�m�2�b ���b �2�K�#�2�/�/�B�M�;�b�X �A�M
�T�`���+�i�B�+�2�- �?�Q�r�2�p�2�`�- �T�`�2�H�B�K�B�M���`�v �2�t�T�2�`�B�K�2�M�i�b �b�?�Q�r�2�/ �i�?���i �K�2�b�b���;�2�@�T���b�b�B�M�; �#���b�2�/ �Q�M
�;�`���T�?�@�/�2�`�B�p�2�/ �7�2���i�m�`�2�b �T�2�`�7�Q�`�K�2�/ �b�m�#�b�i���M�i�B���H�H�v �#�2�i�i�2�` �B�M �;�`���T�? ���H�B�;�M�K�2�M�i �#�2�M�+�?�@
�K���`�F�b �i�?���M �#�Q�i�? �i�?�2 �1�*�6 ���M�/ �i�?�2 �i�Q�T�@p �`�2���+�?���#�B�H�B�i�v ���T�T�`�Q���+�?�2�b�X �l�M�/�2�`�b�i���M�/�B�M�;
�i�?�2 �`�2���b�Q�M�b �7�Q�` �i�?�B�b �#�2�?���p�B�Q�m�` ���M�/ �B�/�2�M�i�B�7�v�B�M�; �K�Q�`�2 �T�`�B�M�+�B�T�H�2�/ ���M�/ �2�z�2�+�i�B�p�2 �b�i�`�m�+�@
�i�m�`���H �`�2�/�m�+�i�B�Q�M �K�2�i�?�Q�/�b �i�?�2�`�2�7�Q�`�2 �+�Q�M�b�i�B�i�m�i�2 �� �T�`�Q�K�B�b�B�M�; �/�B�`�2�+�i�B�Q�M �7�Q�` �7�m�i�m�`�2 �r�Q�`�F�X

�6�Q�` �T�`�Q�t�B�K�B�i�v �2�K�#�2�/�/�B�M�;�b�- �a�o�. �+�Q�m�H�/ �#�2 �`�2�T�H���+�2�/ �#�v �Q�i�?�2�` �T�2�`�K�m�i���i�B�Q�M �2�[�m�B�p�@
���`�B���M�i �/�2�+�Q�K�T�Q�b�B�i�B�Q�M�b�X �P�M�2 �B�M�i�2�`�2�b�i�B�M�; �T�Q�b�b�B�#�B�H�B�i�v �B�b�L�Q�M�M�2�;���i�B�p�2 �J���i�`�B�t �6���+�i�Q�`�B�x���@
�i�B�Q�M�U�L�J�6�V �(�k�e�j�)�- �r�?�B�+�? �B�b ���T�T�H�B�+���#�H�2 �#�2�+���m�b�2 ���H�H �p���H�m�2�b �B�M �i�?�2 �`�2���+�?���#�B�H�B�i�v �K���i�`�B�t
���`�2 �M�Q�M�M�2�;���i�B�p�2�X �L�J�6 �M���i�m�`���H�H�v �/�B�b�+�Q�p�2�`�b �+�H�m�b�i�2�`�b �/�m�`�B�M�; �/�2�+�Q�K�T�Q�b�B�i�B�Q�M�- �r�?�B�+�?
�+�Q�m�H�/ �#�2 �H�2�p�2�`���;�2�/ �7�Q�` �+�Q�K�K�m�M�B�i�v �/�2�i�2�+�i�B�Q�M �Q�` �M�2�i�r�Q�`�F �T���`�i�B�i�B�Q�M�B�M�;�X �� �T�Q�i�2�M�i�B���H
�+�?���H�H�2�M�;�2�- �?�Q�r�2�p�2�`�- �B�b ���+�+�Q�m�M�i�B�M�; �7�Q�` �i�?�2 �+�Q�K�T�m�i���i�B�Q�M���H ���M�/ �K�2�K�Q�`�v �+�Q�K�T�H�2�t�B�i�v �Q�7
�T�`�Q�t�B�K�B�i�v�@�#���b�2�/ �_�2���+�?�L�1�b�- �7�Q�` �r�?�B�+�? �i�?�B�b �i�?�2�b�B�b �m�b�2�/ �a�S�@�`�a�o�. �(�k�9�)�X �L�2�p�2�`�i�?�2�H�2�b�b�-
�2�{�+�B�2�M�i ���M�/ �Q�M�H�B�M�2 �p���`�B���M�i�b �Q�7 �L�J�6 ���H�`�2���/�v �2�t�B�b�i ���M�/ �+�Q�m�H�/ �#�2 �2�t�T�H�Q�`�2�/ �B�M �7�m�i�m�`�2
�`�2�b�2���`�+�? �(�k�e�9�-�k�e�8�)�X

�S�`�Q�t�B�K�B�i�v �J�2�b�b���;�2�@�S���b�b�B�M�; �1�K�#�2�/�/�B�M�;�b

���b �/�B�b�+�m�b�b�2�/ �B�M �*�?���T�i�2�`�8�X�e�- �i�?�2 �i�B�K�2 �+�Q�K�T�H�2�t�B�i�v �Q�7 �T�`�Q�t�B�K�B�i�v �_�2���+�?�L�1�b �B�bO(Knm +
n2p + np2)�- �r�?�2�`�2 �i�?�2 �i�2�`�KKnm �Q�`�B�;�B�M���i�2�b �7�`�Q�K �i�?�2 �`�2���+�?���#�B�H�B�i�v �K���i�`�B�t �+�Q�K�T�m�@
�i���i�B�Q�M ���M�/ �i�?�2 �i�2�`�Kn2p ���`�B�b�2�b �7�`�Q�K �i�?�2 �b�B�M�;�H�2�@�T���b�b �a�o�. �`�2�/�m�+�i�B�Q�M�X �h�?�2�b�2 ���`�2



�N�X�k�X �G�B�K�B�i���i�B�Q�M�b ���M�/ �6�m�i�m� �̀2 �q�Q�`�F �k�y�d

�+�Q�K�T�m�i���i�B�Q�M���H�H�v �2�t�T�2�M�b�B�p�2 �Q�T�2�`���i�B�Q�M�b�- ���M�/ �i�?�2 �b�+���H���#�B�H�B�i�v �Q�7 �T�`�Q�t�B�K�B�i�v �_�2���+�?�L�1�b
�r�Q�m�H�/ �#�2�M�2�}�i �;�`�2���i�H�v �B�7 �i�?�2�v �+�Q�m�H�/ �#�2 ���p�Q�B�/�2�/�X

�"�G���.�1 �(�e�) �U�*�?���T�i�2�`�j�X�N�V �T�`�Q�p�B�/�2�b �B�M�b�T�B�`���i�B�Q�M �7�Q�` ���M ���H�i�2�`�M���i�B�p�2 �7�Q�`�K�m�H���i�B�Q�M
�B�M �r�?�B�+�? �T�`�Q�t�B�K�B�i�v �2�K�#�2�/�/�B�M�;�b ���`�2 �T�`�Q�/�m�+�2�/ �p�B�� �K�2�b�b���;�2�@�T���b�b�B�M�;�X �h�?�B�b ���T�T�`�Q���+�?
�?���b �� �b�m�#�b�i���M�i�B���H�H�v �H�Q�r�2�` �i�B�K�2 �+�Q�K�T�H�2�t�B�i�v�-O(Kmd + Knd )�- ���b �B�i �Q�M�H�v �`�2�[�m�B�`�2�b �i�?�2
�T�`�Q�D�2�+�i�B�Q�M �Q�7 �i�?�2 �`�2���+�?���#�B�H�B�i�v �K���i�`�B�tR �Q�M�i�Q �i�?�2 �M�Q�/�2 ���i�i�`�B�#�m�i�2 �K���i�`�B�tX 2 Rn � d �X
�h�?�2 �+�Q�`�2 �B�/�2�� �B�b �i�Q �}�`�b�i �+�Q�K�T�m�i�2 �B�M�2�t�T�2�M�b�B�p�2 �B�M�B�i�B���H �T�`�Q�t�B�K�B�i�v �2�K�#�2�/�/�B�M�;�b ���M�/
�m�b�2 �i�?�2�b�2 ���b �M�Q�/�2 ���i�i�`�B�#�m�i�2�b�- �i�?�2�M �;�2�M�2�`���i�2 �K�Q�`�2 �2�t�T�`�2�b�b�B�p�2 �K�m�H�i�B�@�b�i�2�T �2�K�#�2�/�/�B�M�;�b
�i�?�`�Q�m�;�? �K�2�b�b���;�2�@�T���b�b�B�M�; �b�K�Q�Q�i�?�B�M�;�- ���b �/�2�b�+�`�B�#�2�/ �B�M �*�?���T�i�2�`�8�X�8�X

�h�Q �T�`�Q�/�m�+�2 �i�?�2 �B�M�B�i�B���H �T�`�Q�t�B�K�B�i�v �2�K�#�2�/�/�B�M�;�bX �- �T�2�`�7�Q�`�K�B�M�; �a�o�. �Q�M �i�?�2 ���/�D���@
�+�2�M�+�v �K���i�`�B�tA �U�Q�` �B�i�b �M�Q�`�K���H�B�b�2�/ �p���`�B���M�i�b�V ���T�T�2���`�b �i�Q �#�2 ���M �2�z�2�+�i�B�p�2 ���T�T�`�Q���+�?�X
�l�M�H�B�F�2 �i�?�2 �`�2���+�?���#�B�H�B�i�v �K���i�`�B�t�-A �B�b �i�v�T�B�+���H�H�v �p�2�`�v �b�T���`�b�2�- �K�2���M�B�M�; �i�?���i �b�i���M�/���`�/
�`���M�/�Q�K�B�b�2�/ �a�o�. �(�k�k�8�) �+���M �#�2 ���T�T�H�B�2�/ �2�{�+�B�2�M�i�H�v �r�B�i�?�Q�m�i �`�2�b�Q�`�i�B�M�; �i�Q �b�B�M�;�H�2�@�T���b�b
�b�2�i�m�T�b �U�b�2�2 �*�?���T�i�2�`�8�X�e�V�X �h�?�B�b �T�`�Q�+�2�/�m�`�2 �?���b �i�B�K�2 �+�Q�K�T�H�2�t�B�i�vO(md+ nd2)�- ���b�b�m�K�@
�B�M�; �i�?�2 �/�2�b�B�`�2�/ �B�M�B�i�B���H �2�K�#�2�/�/�B�M�; �/�B�K�2�M�b�B�Q�M �B�bd�X �*�Q�K�#�B�M�2�/ �r�B�i�? �K�2�b�b���;�2�@�T���b�b�B�M�;�-
�i�?�2 �Q�p�2�`���H�H �+�Q�K�T�H�2�t�B�i�v �#�2�+�Q�K�2�b

O
�
(K + 1) md + Knd + nd2�

;

�r�?�B�+�? �B�b �b�B�;�M�B�}�+���M�i�H�v �K�Q�`�2 �2�{�+�B�2�M�i �7�Q�` �H���`�;�2 �;�`���T�?�b �i�?���M �i�?�2 �b�i���M�/���`�/ �T�`�Q�t�B�K�B�i�v
�_�2���+�?�L�1�b ���T�T�`�Q���+�?�X

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

�.�B�z�2�`�2�M�+�2�b �"�2�i�r�2�2�M ���S�S ���M�/ �_�2���+�?�L�1�b

�A�M �i�?�2 �2�t�T�2�`�B�K�2�M�i�b �B�M �*�?���T�i�2�`�e�X�8�- �.�B�`�a�r�B�i�+�?�@r �r���b �+�Q�K�T���`�2�/ �r�B�i�? �i�?�2 �`���M�/�Q�K
�r���H�F�@�#���b�2�/ �K�Q�/�2�H ���S�S �(�9�) �U�*�?���T�i�2�`�j�X�e�V�X ���b �/�B�b�+�m�b�b�2�/ �i�?�2�`�2�- �B�M �i�?�2 �H�B�K�B�i �Q�7 �B�M�@
�}�M�B�i�2�H�v �K���M�v �`���M�/�Q�K �r���H�F ���M�/ �M�2�;���i�B�p�2 �b���K�T�H�2�b�- ���S�S �+�Q�M�p�2�`�;�2�b �i�Q �� �_�2���+�?�L�1�b
�K�Q�/�2�H �r�B�i�? �� �;�2�Q�K�2�i�`�B�+ �r���H�F �H�2�M�;�i�? �/�B�b�i�`�B�#�m�i�B�Q�M ���M�/ �i�?�2 �/�2�7���m�H�i �Q�m�i�;�Q�B�M�;�@�2�/�;�2 �/�B�@
�`�2�+�i�B�Q�M �b�T�2�+�B�}�2�`� = �P�X �h�?�B�b �7�Q�H�H�Q�r�b �7�`�Q�K �i�?�2 �/�2�`�B�p���i�B�Q�M�b �B�M �i�?�2 ���S�S �T���T�2�` �(�9�)�-
�r�?�B�+�? ���`�2 �#���b�2�/ �Q�M �`�2�b�m�H�i�b �#�v �(�R�d�e�-�k�e�e�)�X

�>�Q�r�2�p�2�`�- �B�M �T�`���+�i�B�+���H �}�M�B�i�2�@�b���K�T�H�2 �b�2�i�i�B�M�;�b�- �+�H�2���` �[�m���H�B�i�v �/�B�z�2�`�2�M�+�2�b �2�K�2�`�;�2
�#�2�i�r�2�2�M �_�2���+�?�L�1�b ���M�/ ���S�S �2�K�#�2�/�/�B�M�;�b�X �h�?�B�b �B�b �m�M�b�m�`�T�`�B�b�B�M�;�- ���b �_�2���+�?�L�1�b�ö �2�t�@
�T�H�B�+�B�i �K���i�`�B�t �/�2�+�Q�K�T�Q�b�B�i�B�Q�M ���+�+�Q�m�M�i�b �7�Q�` ���H�Hn2 �2�H�2�K�2�M�i�b �Q�7 �i�?�2 �`�2���+�?���#�B�H�B�i�v �K���i�`�B�t�-
�r�?�2�`�2���b �i�?�2 �M�m�K�#�2�` �Q�7 �`���M�/�Q�K �r���H�F ���M�/ �M�2�;���i�B�p�2 �b���K�T�H�2�b �m�b�2�/ �#�v ���S�S �B�b �7���`
�b�K���H�H�2�` �i�?���M �r�Q�m�H�/ �#�2 �`�2�[�m�B�`�2�/ �i�Q �`�2�T�`�2�b�2�M�i ���H�H �T���B�`�r�B�b�2 �M�Q�/�2 �B�M�i�2�`���+�i�B�Q�M�b�X

�A�M�i�2�`�2�b�i�B�M�;�H�v�- ���S�S �2�K�#�2�/�/�B�M�;�b �b�Q�K�2�i�B�K�2�b �Q�m�i�T�2�`�7�Q�`�K �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �_�2���+�?�L�1�b
�2�K�#�2�/�/�B�M�;�b�- �7�Q�` �2�t���K�T�H�2 �B�M �M�Q�/�2 �+�H�m�b�i�2�`�B�M�; �i���b�F�b �Q�M �+�2�`�i���B�M �/���i���b�2�i�b�X ���i �T�`�2�b�2�M�i�-
�i�?�2�`�2 �B�b �M�Q �2�b�i���#�H�B�b�?�2�/ �i�?�2�Q�`�2�i�B�+���H �2�t�T�H���M���i�B�Q�M �7�Q�` �r�?�v �}�M�B�i�2 �b���K�T�H�B�M�; �K�B�;�?�i �B�K�@
�T�`�Q�p�2 �2�K�#�2�/�/�B�M�; �[�m���H�B�i�v�X �P�M�2 �T�H���m�b�B�#�H�2 �?�v�T�Q�i�?�2�b�B�b �B�b �i�?���i �i�?�2 �H�B�K�B�i�2�/ �b���K�T�H�B�M�;
�B�M�i�`�Q�/�m�+�2�b �� �7�Q�`�K �Q�7 �`�2�;�m�H���`�B�b���i�B�Q�M�- �T�`�2�p�2�M�i�B�M�; �Q�p�2�`�}�i�i�B�M�; �i�Q �i�?�2 �K���M�v �M�2���`�@�x�2�`�Q
�2�H�2�K�2�M�i�b �Q�7 �i�?�2 �`�2���+�?���#�B�H�B�i�v �K���i�`�B�t�X �A�7 �i�`�m�2�- �B�M�b�B�;�?�i�b �B�M�i�Q �i�?�B�b �K�2�+�?���M�B�b�K �+�Q�m�H�/



�k�y�3 �*�?���T�i�2�` �N�X �*�Q�M�+�H�m�b�B�Q�M�- �G�B�K�B�i���i�B�Q�M�b�- ���M�/ �6�m�i�m� �̀2 �q�Q�`�F

�B�M�7�Q�`�K �r���v�b �i�Q �B�M�+�Q�`�T�Q�`���i�2 �� �b�B�K�B�H���` �`�2�;�m�H���`�B�b���i�B�Q�M �B�M�i�Q �i�?�2 �a�o�.�@�#���b�2�/ ���T�T�`�Q���+�?
�m�b�2�/ �B�M �_�2���+�?�L�1�b�- �T�Q�i�2�M�i�B���H�H�v �7�m�`�i�?�2�` �B�K�T�`�Q�p�B�M�; �2�K�#�2�/�/�B�M�; �[�m���H�B�i�v�X

�_���M�F �.�2�}�+�B�2�M�+�v ���M�/ �J�2�b�b���;�2 ���;�;�`�2�;���i�B�Q�M �7�Q�` �:�L�L�b

�*�?���T�i�2�`�d ���M���H�v�b�2�/ ���M�/ ���/�/�`�2�b�b�2�/ �`���M�F �/�2�}�+�B�2�M�+�v �B�M �i�?�2 �H�B�M�2���` �K�2�b�b���;�2�@�T���b�b�B�M�;
�b�2�i�i�B�M�;�X �� �M���i�m�`���H �[�m�2�b�i�B�Q�M �B�b �r�?�2�i�?�2�` �i�?�2�b�2 �}�M�/�B�M�;�b �;�2�M�2�`���H�B�b�2 �i�Q �i�?�2 �M�Q�M�@�H�B�M�2���`
�K�2�b�b���;�2�@�T���b�b�B�M�; �`�2�;�B�K�2 �m�b�2�/ �B�M �;�`���T�? �M�2�m�`���H �M�2�i�r�Q�`�F�b �U�:�L�L�b�V�X �� �T�`�2�H�B�K�B�M���`�v
�B�M�p�2�b�i�B�;���i�B�Q�M �Q�7 �i�?�B�b �[�m�2�b�i�B�Q�M �B�b �T�`�2�b�2�M�i�2�/ �B�M ���T�T�2�M�/�B�t �: �Q�7 �S���T�2�` �* �(�R�y�d�)�X �A�M
�i�?�B�b �b�i�m�/�v�- �M�Q�M�@�H�B�M�2���` �:�L�L �p���`�B���M�i�b �Q�7 �S�*���S���b�b ���M�/ ���*�* �r�2�`�2 �B�K�T�H�2�K�2�M�i�2�/ ���M�/
�i�`���B�M�2�/ �m�b�B�M�; �i�?�2 �:�`���T�?�J���1�p�k �b�2�H�7�@�b�m�T�2�`�p�B�b�2�/ �H�Q�b�b �7�m�M�+�i�B�Q�M �U�*�?���T�i�2�`�j�X�N�V�X �h�?�2
�b�B�M�;�m�H���` �p���H�m�2�b �Q�7 �i�?�2 �`�2�b�m�H�i�B�M�; �2�K�#�2�/�/�B�M�;�b ���M�/ �i�?�2�B�` �;�`���T�? ���H�B�;�M�K�2�M�i ���+�+�m�`���+�B�2�b
�r�2�`�2 �i�?�2�M �2�p���H�m���i�2�/ ���7�i�2�` �y�- �k�y�- ���M�/ �k�y�y �i�`���B�M�B�M�; �2�T�Q�+�?�b�X

�h�?�2 �`�2�b�m�H�i�b �b�?�Q�r �i�?���i �B�M�+�Q�`�T�Q�`���i�B�M�; �M�Q�M�@�H�B�M�2���` ���+�i�B�p���i�B�Q�M �7�m�M�+�i�B�Q�M�b �/�m�`�B�M�; �K�2�b�b���;�2�@
�T���b�b�B�M�; ���H�H�2�p�B���i�2�b �i�?�2 �2�t�T�H�B�+�B�i �`���M�F �/�2�}�+�B�2�M�+�v �Q�#�b�2�`�p�2�/ �B�M �S�*���S���b�b�X �h�?�2 �M�Q�M�@�H�B�M�2���`
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�`�2�b�2���`�+�? �?���b �T�`�Q�T�Q�b�2�/ �b�i���M�/���`�/�B�x�2�/ �b�2�i�m�T�b ���M�/ �#�2�M�+�?�K���`�F�b �7�Q�` �M�2�i�r�Q�`�F ���M�Q�K���H�v
�/�2�i�2�+�i�B�Q�M �(�k�d�y�-�R�N�3�)�X ���M �B�K�T�Q�`�i���M�i �+�Q�M�i�B�M�m���i�B�Q�M �Q�7 �i�?�B�b �r�Q�`�F �B�b �i�Q �2�p���H�m���i�2 �?�Q�r �i�?�2
�_�2���+�?�L�1�b�- �.�B�`�a�r�B�i�+�?�- ���M�/ ���*�* �2�K�#�2�/�/�B�M�;�b �T�2�`�7�Q�`�K �m�M�/�2�` �i�?�2�b�2 �#�2�M�+�?�K���`�F�b�X

�l�M�H�B�F�2 ���M�Q�K���H�v �/�2�i�2�+�i�B�Q�M�- �H�B�M�F �T�`�2�/�B�+�i�B�Q�M �B�b �� �b�i���M�/���`�/ �#�2�M�+�?�K���`�F �i���b�F �7�Q�`
�T�`�Q�t�B�K�B�i�v�@�#���b�2�/ �M�Q�/�2 �2�K�#�2�/�/�B�M�; �K�Q�/�2�H�b �(�R�N�-�R�9�-�9�-�R�3�-�e�)�X �h�?�2 �;�Q���H �B�b �i�Q �T�`�2�/�B�+�i
�K�B�b�b�B�M�; �2�/�;�2�b �B�M �� �M�2�i�r�Q�`�F���2�B�i�?�2�` �m�M�Q�#�b�2�`�p�2�/ �2�t�B�b�i�B�M�; �2�/�;�2�b �Q�` �i�?�Q�b�2 �H�B�F�2�H�v �i�Q ���T�@
�T�2���` �B�M �i�?�2 �7�m�i�m�`�2�X �h�?�B�b �i���b�F �m�M�/�2�`�T�B�M�b �K���M�v �T�`���+�i�B�+���H ���T�T�H�B�+���i�B�Q�M�b�- �b�m�+�? ���b �T�`�Q�/�m�+�i
�`�2�+�Q�K�K�2�M�/���i�B�Q�M�b �B�M �2�@�+�Q�K�K�2�`�+�2 �M�2�i�r�Q�`�F�b ���M�/ �7�`�B�2�M�/ �Q�` �7�Q�H�H�Q�r�2�` �b�m�;�;�2�b�i�B�Q�M�b �B�M �Q�M�@



�k�R�y �*�?���T�i�2�` �N�X �*�Q�M�+�H�m�b�B�Q�M�- �G�B�K�B�i���i�B�Q�M�b�- ���M�/ �6�m�i�m� �̀2 �q�Q�`�F

�6�B�;�m�`�2 �N�X�R�,�.�B�b�+�`�2�i�2�@�i�B�K�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �� �/�v�M���K�B�+ �M�2�i�r�Q�`�F�X �P�M �i�?�2 �H�2�7�i�-N 1 �`�2�T�`�2�@
�b�2�M�i�b �i�?�2 �b�i���i�B�+ �M�2�i�r�Q�`�F �+�Q�M�i���B�M�B�M�; ���H�H �2�/�;�2�b ���;�;�`�2�;���i�2�/ �Q�p�2�` �i�?�2 �2�M�i�B�`�2 �i�B�K�2�H�B�M�2�X �1���+�?N t

�Q�M �i�?�2 �`�B�;�?�i �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �� �i�2�K�T�Q�`���H �b�H�B�+�2 �+�Q�M�i���B�M�B�M�; �Q�M�H�v �i�?�2 �2�/�;�2�b ���+�i�B�p�2 �r�B�i�?�B�M �i�?���i
�B�M�i�2�`�p���H�X �6�`�Q�K �2���+�? �b�H�B�+�2�- �� �M�Q�/�2 �2�K�#�2�/�/�B�M�; �K���i�`�B�tZ t �+���M �#�2 �Q�#�i���B�M�2�/ �m�b�B�M�; �i�?�2 �K�Q�/�2�H�b
�T�`�Q�T�Q�b�2�/ �B�M �i�?�B�b �i�?�2�b�B�b�X �h�?�2 �`�2�b�m�H�i�B�M�; �b�2�[�m�2�M�+�2 �Q�7 �2�K�#�2�/�/�B�M�;�bf Z t gT

t =1 �+���M �i�?�2�M �#�2 �m�b�2�/
�7�Q�` �K�Q�/�2�H�H�B�M�; �i�?�2 �i�2�K�T�Q�`���H �/�v�M���K�B�+�b�X

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

�l�M�7�Q�`�i�m�M���i�2�H�v�- �H�B�M�F �T�`�2�/�B�+�i�B�Q�M �#�2�M�+�?�K���`�F�B�M�; �b�m�z�2�`�b �7�`�Q�K �b�2�p�2�`���H �B�b�b�m�2�b �/�m�2 �i�Q
�i�?�2 �H���+�F �Q�7 �b�i���M�/���`�/�B�b�2�/ �2�p���H�m���i�B�Q�M �T�`���+�i�B�+�2�b �(�k�d�R�-�e�y�)�X �"�2�M�+�?�K���`�F�B�M�; �`�2�b�m�H�i�b �Q�7�i�2�M
�7���B�H �i�Q �`�2�~�2�+�i �`�2���H�@�r�Q�`�H�/ �T�`�2�/�B�+�i�B�p�2 �T�2�`�7�Q�`�K���M�+�2�X �6�Q�` �B�M�b�i���M�+�2�- �H�B�M�F �T�`�2�/�B�+�i�B�Q�M �B�b
�i�v�T�B�+���H�H�v �7�Q�`�K�m�H���i�2�/ ���b �� �#�B�M���`�v �+�H���b�b�B�}�+���i�B�Q�M �i���b�F�- �r�B�i�? �T�Q�b�B�i�B�p�2 ���M�/ �M�2�;���i�B�p�2 �2�/�;�2
�b���K�T�H�2�b �/�`���r�M �7�`�Q�K �i�?�2 �Q�#�b�2�`�p�2�/ �M�2�i�r�Q�`�F�X �>�Q�r�2�p�2�`�- �M�2�;���i�B�p�2 �2�/�;�2�b ���`�2 �m�b�m���H�H�v
�b���K�T�H�2�/ �m�M�B�7�Q�`�K�H�v ���i �`���M�/�Q�K�- �K���F�B�M�; �i�?�2 �i���b�F �m�M�`�2���H�B�b�i�B�+���H�H�v �2���b�v �b�B�M�+�2 �K�Q�b�i �M�Q�M�@
�2�t�B�b�i�2�M�i �2�/�;�2�b ���`�2 �2�t�i�`�2�K�2�H�v �m�M�H�B�F�2�H�v�X

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

�.�v�M���K�B�+ �L�2�i�r�Q�`�F�b

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



�N�X�k�X �G�B�K�B�i���i�B�Q�M�b ���M�/ �6�m�i�m� �̀2 �q�Q�`�F �k�R�R

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

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

�� �M���i�m�`���H �b�i���`�i�B�M�; �T�Q�B�M�i �B�b ���b�H�B�/�B�M�;�@�r�B�M�/�Q�r���T�T�`�Q���+�?�X �� �i�B�K�2 �r�B�M�/�Q�r �Q�7 �b�B�x�2� t
�B�b �m�b�2�/ �i�Q �T�`�Q�/�m�+�2 �� �b�2�[�m�2�M�+�2 �Q�7 �M�2�i�r�Q�`�F�bN1; : : : ; NT �- �r�?�2�`�2 �2���+�?N t ���;�;�`�2�;���i�2�b ���H�H
�2�p�2�M�i�b �Q�+�+�m�`�`�B�M�; �r�B�i�?�B�M �i�?�2 �B�M�i�2�`�p���H[t; t + � t)�X �h�?�B�b �7�Q�`�K�b �� �/�B�b�+�`�2�i�2�@�i�B�K�2 �/�v�M���K�B�+
�M�2�i�r�Q�`�F �`�2�T�`�2�b�2�M�i���i�B�Q�M�- �r�?�B�+�? �?���b �#�2�2�M �r�B�/�2�H�v ���/�Q�T�i�2�/ ���M�/ �b�i�m�/�B�2�/ �(�k�d�k�-�k�d�j�-�k�d�9�)�X

�h�?�2 �/�B�b�+�`�2�i�2�@�i�B�K�2 �b�2�i�m�T �2�M���#�H�2�b �/�B�`�2�+�i �m�b�2 �Q�7 �b�i���i�B�+ �M�Q�/�2 �2�K�#�2�/�/�B�M�; �K�Q�/�2�H�b �b�m�+�?
���b �_�2���+�?�L�1�b �Q�` ���*�*�- �r�?�B�+�? �+���M �#�2 ���T�T�H�B�2�/ �i�Q �2���+�? �i�B�K�2 �b�H�B�+�2 �i�Q �v�B�2�H�/ �� �b�2�[�m�2�M�+�2
�Q�7 �M�Q�/�2 �2�K�#�2�/�/�B�M�; �K���i�`�B�+�2�bZ 1; : : : ; Z T �- ���b �B�H�H�m�b�i�`���i�2�/ �B�M �6�B�;�m�`�2�N�X�R�X �>���p�B�M�; �Q�#�@
�i���B�M�2�/ �i�?�2�b�2 �p�2�+�i�Q�` �`�2�T�`�2�b�2�M�i���i�B�Q�M�b �i�?���i �+���T�i�m�`�2 �K�m�H�i�B�@�b�i�2�T ���M�/ �K�m�H�i�B�@�b�+���H�2 �M�Q�/�2
�B�M�i�2�`���+�i�B�Q�M�b�- �b�i���M�/���`�/ �b�2�[�m�2�M�+�2�@�K�Q�/�2�H�H�B�M�; �i�2�+�?�M�B�[�m�2�b �+���M �i�?�2�M �#�2 ���T�T�H�B�2�/ �i�Q �H�2���`�M
�i�?�2 �i�2�K�T�Q�`���H �/�v�M���K�B�+�b�X �6�Q�` �2�t���K�T�H�2�- ���M ���m�i�Q�`�2�;�`�2�b�b�B�p�2 �K�Q�/�2�H �+���M �#�2 �i�`���B�M�2�/ �i�Q
�T�`�2�/�B�+�i �i�?�2 �M�2�t�i �i�B�K�2 �b�i�2�T�,

Ẑ t = f (Z t � 1; : : : ; Z 1); �U�N�X�j�V

�r�?�2�`�2̂Z t �B�b �i�?�2 �K�Q�/�2�H�ö�b �T�`�2�/�B�+�i�B�Q�M �Q�7Z t �- ���M�/f �K���v �#�2 ���M�v �r�2�H�H�@�2�b�i���#�H�B�b�?�2�/ �b�2�@
�[�m�2�M�+�2 �K�Q�/�2�H�- �b�m�+�? ���b �� �i�`���M�b�7�Q�`�K�2�` �(�j�k�) �Q�` �� �`�2�+�m�`�`�2�M�i �M�2�m�`���H �M�2�i�r�Q�`�F �(�R�9�d�)�X

�h�?�B�b ���T�T�`�Q���+�? �B�b ���T�T�2���H�B�M�; �7�Q�` �B�i�b �~�2�t�B�#�B�H�B�i�v ���M�/ �K�Q�/�2�H�H�B�M�; �+�`�2���i�B�p�B�i�v�X �"�2�+���m�b�2
�B�i �B�b ���;�M�Q�b�i�B�+ �i�Q �i�?�2 �b�T�2�+�B�}�+ �b�i���i�B�+ �2�K�#�2�/�/�B�M�; �K�Q�/�2�H �m�b�2�/�- �B�i �+���M �M���i�m�`���H�H�v �B�M�i�2�@
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�1�K�#�2�/�/�B�M�;�-�ô�������A �ö�k�R�- �p�Q�H�X �j�8�- �M�Q�X �8�- �T�T�X �9�d�9�R���9�d�9�3�- �k�y�k�R�X

�(�R�y�) �a�X �E�m�K���`�- �6�X �a�T�2�x�x���M�Q�- �o�X �a�X �a�m�#�`���?�K���M�B���M�- ���M�/ �*�X �6���H�Q�m�i�b�Q�b�- �ó�1�/�;�2 �q�2�B�;�?�i
�S�`�2�/�B�+�i�B�Q�M �B�M �q�2�B�;�?�i�2�/ �a�B�;�M�2�/ �L�2�i�r�Q�`�F�b�-�ô �B�M�A�*�.�J�ö�R�e�- �T�T�X �k�k�R���k�j�y�- �k�y�R�e�X

�(�R�R�) �S�X �o�2�H�B�Í�F�Q�p�B�É�- �:�X �*�m�+�m�`�m�H�H�- ���X �*���b���M�Q�p���- ���X �_�Q�K�2�`�Q�- �S�X �G�B�Á�- ���M�/ �u�X �"�2�M�@
�;�B�Q�- �ó�:�`���T�? ���i�i�2�M�i�B�Q�M �L�2�i�r�Q�`�F�b�-�ô �B�M�A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �G�2���`�M�B�M�;
�_�2�T� �̀2�b�2�M�i���i�B�Q�M�b�- �P�T�2�M�_�2�p�B�2�r�- �k�y�R�3�X

�k�R�8



�k�R�e �_�2�7�2� �̀2�M�+�2�b

�(�R�k�) �h�X �L�X �E�B�T�7 ���M�/ �J�X �q�2�H�H�B�M�;�- �ó�a�2�K�B�@�b�m�T�2�`�p�B�b�2�/ �*�H���b�b�B�}�+���i�B�Q�M �r�B�i�? �:�`���T�? �*�Q�M�@
�p�Q�H�m�i�B�Q�M���H �L�2�i�r�Q�`�F�b�-�ô �B�M�A�*�G�_�ö�R�d�- �P�T�2�M�_�2�p�B�2�r�- �k�y�R�d�X

�(�R�j�) �q�X �>���K�B�H�i�Q�M�- �w�X �u�B�M�;�- ���M�/ �C�X �G�2�b�F�Q�p�2�+�- �ó�A�M�/�m�+�i�B�p�2 �_�2�T�`�2�b�2�M�i���i�B�Q�M �G�2���`�M�B�M�;
�Q�M �G���`�;�2 �:�`���T�?�b�-�ô �B�M�L�2�m�`�A�S�a�ö�R�d�- �p�Q�H�X �j�y�- �k�y�R�d�X

�(�R�9�) �J�X �P�m�- �S�X �*�m�B�- �C�X �S�2�B�- �w�X �w�?���M�;�- ���M�/ �q�X �w�?�m�- �ó���b�v�K�K�2�i�`�B�+ �h�`���M�b�B�i�B�p�B�i�v
�S�`�2�b�2�`�p�B�M�; �:�`���T�? �1�K�#�2�/�/�B�M�;�-�ô �B�M�E�.�. �ö�R�e�- �T�X �R�R�y�8���R�R�R�9�- �k�y�R�e�X

�(�R�8�) �.�X ���`�i�?�m�` ���M�/ �a�X �o���b�b�B�H�p�B�i�b�F�B�B�- �ó�E�@�K�2���M�b�Y�Y�, �h�?�2 ���/�p���M�i���;�2�b �Q�7 �+���`�2�7�m�H �b�2�2�/�@
�B�M�;�-�ô �B�M�a�P�.�� �ö�y�d�- �T�X �R�y�k�d���R�y�j�8�- �k�y�y�d�X

�(�R�e�) �s�X �>�2�- �.�X �*���B�- ���M�/ �S�X �L�B�v�Q�;�B�- �ó�G���T�H���+�B���M �b�+�Q�`�2 �7�Q�` �7�2���i�m�`�2 �b�2�H�2�+�i�B�Q�M�-�ô �B�M
�L�A�S�a�ö�y�8�- �T�X �8�y�d���8�R�9�- �J�A�h �S�`�2�b�b�- �k�y�y�8�X

�(�R�d�) �w�X �G�B�- �u�X �u���M�;�- �C�X �G�B�m�- �s�X �w�?�Q�m�- ���M�/ �>�X �G�m�- �ó�l�M�b�m�T�2�`�p�B�b�2�/ �7�2���i�m�`�2 �b�2�H�2�+�i�B�Q�M
�m�b�B�M�; �M�Q�M�M�2�;���i�B�p�2 �b�T�2�+�i�`���H ���M���H�v�b�B�b�-�ô �B�M�������A�ö�R�k�- �T�X �R�y�k�e���R�y�j�k�- �������A �S�`�2�b�b�-
�k�y�R�k�X

�(�R�3�) �J�X �E�?�Q�b�H���- �C�X �G�2�Q�M�?���`�/�i�- �q�X �L�2�D�/�H�- ���M�/ ���X ���M���M�/�- �ó�L�Q�/�2 �_�2�T�`�2�b�2�M�i���i�B�Q�M
�G�2���`�M�B�M�; �7�Q�` �.�B�`�2�+�i�2�/ �:�`���T�?�b�-�ô �B�M�1�*�J�G �S�E�.�. �k�y�R�N�- �T�T�X �j�N�8���9�R�R�- �k�y�k�y�X

�(�R�N�) ���X �:�`�Q�p�2�` ���M�/ �C�X �G�2�b�F�Q�p�2�+�- �ó�M�Q�/�2�k�p�2�+�, �a�+���H���#�H�2 �6�2���i�m�`�2 �G�2���`�M�B�M�; �7�Q�` �L�2�i�@
�r�Q�`�F�b�-�ô �B�M�E�.�.�ö�R�e�- �T�T�X �3�8�8���3�e�9�- �k�y�R�e�X

�(�k�y�) �E�X �S�X �J�m�`�T�?�v�-�J���+�?�B�M�2 �G�2���`�M�B�M�;�, �� �S� �̀Q�#���#�B�H�B�b�i�B�+ �S�2�`�b�T�2�+�i�B�p�2�X �J�A�h �T�`�2�b�b�-
�k�y�R�k�X

�(�k�R�) �E�X �a���/�Q�r�b�F�B�- �J�X �a�x���`�K���+�?�- ���M�/ �1�X �J���i�i�B���- �ó�.�B�K�2�M�b�B�Q�M���H�B�i�v �_�2�/�m�+�i�B�Q�M �J�2�2�i�b
�J�2�b�b���;�2 �S���b�b�B�M�; �7�Q�` �:�`���T�? �L�Q�/�2 �1�K�#�2�/�/�B�M�;�b�-�ô �k�y�k�k�X

�(�k�k�) �6�X �q�m�- ���X �a�Q�m�x���- �h�X �w�?���M�;�- �*�X �6�B�7�i�v�- �h�X �u�m�- ���M�/ �E�X �q�2�B�M�#�2�`�;�2�`�- �ó�a�B�K�T�H�B�7�v�B�M�;
�:�`���T�? �*�Q�M�p�Q�H�m�i�B�Q�M���H �L�2�i�r�Q�`�F�b�-�ô �B�M�A�*�J�G�ö�R�N�- �T�T�X �e�3�e�R���e�3�d�R�- �k�y�R�N�X

�(�k�j�) �w�X �w�?���Q ���M�/ �>�X �G�B�m�- �ó�a�T�2�+�i�`���H �7�2���i�m�`�2 �b�2�H�2�+�i�B�Q�M �7�Q�` �b�m�T�2�`�p�B�b�2�/ ���M�/ �m�M�b�m�T�2�`�@
�p�B�b�2�/ �H�2���`�M�B�M�;�-�ô �B�M�A�*�J�G�ö�y�d�- �T�X �R�R�8�R���R�R�8�d�- ���*�J�- �k�y�y�d�X

�(�k�9�) �q�X �u�m�- �u�X �:�m�- �C�X �G�B�- �a�X �G�B�m�- ���M�/ �u�X �G�B�- �ó�a�B�M�;�H�2�@�S���b�b �S�*�� �Q�7 �G���`�;�2 �>�B�;�?�@
�.�B�K�2�M�b�B�Q�M���H �.���i���-�ô �B�M�A�C�*���A �ö�R�d�- �T�T�X �j�j�8�y���j�j�8�e�- �k�y�R�d�X

�(�k�8�) �u�X �u���M�;�- �>�X �h�X �a�?�2�M�- �w�X �J���- �w�X �>�m���M�;�- ���M�/ �s�X �w�?�Q�m�- �ó`2;1�@�M�Q�`�K �`�2�;�m�H���`�@
�B�x�2�/ �/�B�b�+�`�B�K�B�M���i�B�p�2 �7�2���i�m�`�2 �b�2�H�2�+�i�B�Q�M �7�Q�` �m�M�b�m�T�2�`�p�B�b�2�/ �H�2���`�M�B�M�;�-�ô �B�M�A�C�*���A�ö�R�R�-
�T�X �R�8�3�N���R�8�N�9�- �������A �S�`�2�b�b�- �k�y�R�R�X

�(�k�e�) �a�X �a�Q�H�Q�`�B�Q�@�6�2�`�M�€�M�/�2�x�- �C�X �6�X �J���`�i�Q�M�2�x�@�h�`�B�M�B�/���/�- ���M�/ �C�X ���X �*���`�`���b�+�Q�@�P�+�?�Q���- �ó��
�M�2�r �m�M�b�m�T�2�`�p�B�b�2�/ �b�T�2�+�i�`���H �7�2���i�m�`�2 �b�2�H�2�+�i�B�Q�M �K�2�i�?�Q�/ �7�Q�` �K�B�t�2�/ �/���i���, �� �}�H�i�2�`
���T�T�`�Q���+�?�-�ô�S���i�i�2�`�M �_�2�+�Q�;�M�B�i�B�Q�M�- �p�Q�H�X �d�k�- �T�T�X �j�R�9���j�k�e�- �k�y�R�d�X



�_�2�7�2� �̀2�M�+�2�b �k�R�d

�(�k�d�) �h�X �a���B�M�#�m�`�;�- �G�X �J�+�A�M�M�2�b�- ���M�/ �h�X �Z�X �:�2�M�i�M�2�`�- �ó�S���`���K�2�i�`�B�+ �l�J���S �1�K�#�2�/�@
�/�B�M�;�b �7�Q�` �_�2�T�`�2�b�2�M�i���i�B�Q�M ���M�/ �a�2�K�B�b�m�T�2�`�p�B�b�2�/ �H�2���`�M�B�M�;�-�ô�L�2�m� �̀��H �*�Q�K�T�m�i���i�B�Q�M�-
�p�Q�H�X �j�j�- �M�Q�X �R�R�- �T�T�X �k�3�3�R���k�N�y�d�- �k�y�k�R�X

�(�k�3�) �u�X �"�2�M�;�B�Q�- ���X �*�Q�m�`�p�B�H�H�2�- ���M�/ �S�X �o�B�M�+�2�M�i�- �ó�_�2�T�`�2�b�2�M�i���i�B�Q�M �H�2���`�M�B�M�;�, �� �`�2�p�B�2�r
���M�/ �M�2�r �T�2�`�b�T�2�+�i�B�p�2�b�-�ô�A�1�1�1 �h� �̀��M�b���+�i�B�Q�M�b �Q�M �S���i�i�2�`�M ���M���H�v�b�B�b ���M�/ �J���+�?�B�M�2
�A�M�i�2�H�H�B�;�2�M�+�2�- �p�Q�H�X �j�8�- �M�Q�X �3�- �T�X �R�d�N�3���R�3�k�3�- �k�y�R�j�X

�(�k�N�) �u�X �G�2�*�m�M�- �u�X �"�2�M�;�B�Q�- ���M�/ �:�X �>�B�M�i�Q�M�- �ó�.�2�2�T �H�2���`�M�B�M�;�-�ô�L���i�m� �̀2�- �p�Q�H�X �8�k�R�-
�T�T�X �9�j�e���9�9�9�- �J���v �k�y�R�8�X

�(�j�y�) ���X �E�`�B�x�?�2�p�b�F�v�- �A�X �a�m�i�b�F�2�p�2�`�- ���M�/ �:�X �1�X �>�B�M�i�Q�M�- �ó�A�K���;�2�L�2�i �*�H���b�b�B�}�+���i�B�Q�M �r�B�i�?
�.�2�2�T �*�Q�M�p�Q�H�m�i�B�Q�M���H �L�2�m�`���H �L�2�i�r�Q�`�F�b�-�ô �B�M�L�2�m�`�A�S�a �ö�R�k�- �p�Q�H�X �k�8�- �*�m�`�`���M ���b�@
�b�Q�+�B���i�2�b�- �k�y�R�k�X

�(�j�R�) �h�X �*�?�2�M�- �a�X �E�Q�`�M�#�H�B�i�?�- �J�X �L�Q�`�Q�m�x�B�- ���M�/ �:�X �>�B�M�i�Q�M�- �ó�� �a�B�K�T�H�2 �6�`���K�2�r�Q�`�F
�7�Q�` �*�Q�M�i�`���b�i�B�p�2 �G�2���`�M�B�M�; �Q�7 �o�B�b�m���H �_�2�T�`�2�b�2�M�i���i�B�Q�M�b�-�ô �B�M�A�*�J�G�ö�k�y�- �C�J�G�_�X�Q�`�;�-
�k�y�k�y�X

�(�j�k�) ���X �o���b�r���M�B�- �L�X �a�?���x�2�2�`�- �L�X �S���`�K���`�- �C�X �l�b�x�F�Q�`�2�B�i�- �G�X �C�Q�M�2�b�- ���X �L�X �:�Q�K�2�x�-
�‡�X �E���B�b�2�`�- ���M�/ �A�X �S�Q�H�Q�b�m�F�?�B�M�- �ó���i�i�2�M�i�B�Q�M �B�b ���H�H �v�Q�m �L�2�2�/�-�ô �B�M�L�2�m�`�A�S�a �ö�R�d�-
�p�Q�H�X �j�y�- �*�m�`�`���M ���b�b�Q�+�B���i�2�b�- �k�y�R�d�X

�(�j�j�) �h�X �"�`�Q�r�M�- �"�X �J���M�M�- �L�X �_�v�/�2�`�- �J�X �a�m�#�#�B���?�- �C�X �.�X �E���T�H���M�- �S�X �.�?���`�B�r���H�-
���X �L�2�2�H���F���M�i���M�- �S�X �a�?�v���K�- �:�X �a���b�i�`�v�- ���X ���b�F�2�H�H�- �a�X ���;���`�r���H�- ���X �>�2�`�#�2�`�i�@�o�Q�b�b�-
�:�X �E�`�m�2�;�2�`�- �h�X �>�2�M�B�;�?���M�- �_�X �*�?�B�H�/�- ���X �_���K�2�b�?�- �.�X �w�B�2�;�H�2�`�- �C�X �q�m�- �*�X �q�B�M�@
�i�2�`�- �*�X �>�2�b�b�2�- �J�X �*�?�2�M�- �1�X �a�B�;�H�2�`�- �J�X �G�B�i�r�B�M�- �a�X �:�`���v�- �"�X �*�?�2�b�b�- �C�X �*�H���`�F�-
�*�X �"�2�`�M�2�`�- �a�X �J�+�*���M�/�H�B�b�?�- ���X �_���/�7�Q�`�/�- �A�X �a�m�i�b�F�2�p�2�`�- ���M�/ �.�X ���K�Q�/�2�B�- �ó�G���M�@
�;�m���;�2 �J�Q�/�2�H�b ���`�2 �6�2�r�@�a�?�Q�i �G�2���`�M�2�`�b�-�ô �B�M�L�2�m�`�A�S�a �ö�k�y�- �p�Q�H�X �j�j�- �T�T�X �R�3�d�d���R�N�y�R�-
�*�m�`�`���M ���b�b�Q�+�B���i�2�b�- �k�y�k�y�X

�(�j�9�) �q�X �G�X �>���K�B�H�i�Q�M�- �_�X �u�B�M�;�- ���M�/ �C�X �G�2�b�F�Q�p�2�+�- �ó�_�2�T�`�2�b�2�M�i���i�B�Q�M �G�2���`�M�B�M�; �Q�M
�:�`���T�?�b�, �J�2�i�?�Q�/�b ���M�/ ���T�T�H�B�+���i�B�Q�M�b�-�ô�A�1�1�1 �.���i�� �1�M�;�B�M�2�2�`�B�M�; �"�m�H�H�2�i�B�M�-
�p�Q�H�X �9�y�- �M�Q�X �j�- �T�T�X �8�k���d�9�- �k�y�R�d�X

�(�j�8�) �_�X �.�B�2�b�i�2�H�-�:� �̀��T�? �h�?�2�Q�`�v�- �p�Q�H�X �R�d�j �Q�7�:� �̀��/�m���i�2 �h�2�t�i�b �B�M �J���i�?�2�K���i�B�+�b�X �a�T�`�B�M�;�2�`
�"�2�`�H�B�M �>�2�B�/�2�H�#�2�`�;�- �e �2�/�X�- �k�y�k�9�X

�(�j�e�) �h�X �>�X �*�Q�`�K�2�M�- �*�X �1�X �G�2�B�b�2�`�b�Q�M�- �_�X �G�X �_�B�p�2�b�i�- ���M�/ �*�X �a�i�2�B�M�-�A�M�i� �̀Q�/�m�+�i�B�Q�M �i�Q
���H�;�Q�`�B�i�?�K�b�X �J�A�h �S�`�2�b�b�- �9�i�? �2�/�X�- �k�y�k�k�X

�(�j�d�) �J�X �6���H�Q�m�i�b�Q�b�- �S�X �6���H�Q�m�i�b�Q�b�- ���M�/ �*�X �6���H�Q�m�i�b�Q�b�- �ó�P�M �T�Q�r�2�`�@�H���r �`�2�H���i�B�Q�M�b�?�B�T�b �Q�7
�i�?�2 �B�M�i�2�`�M�2�i �i�Q�T�Q�H�Q�;�v�-�ô���*�J �a�A�:�*�P�J�J �*�Q�K�T�m�i�2�` �*�Q�K�K�m�M�B�+���i�B�Q�M �_�2�p�B�2�r�-
�p�Q�H�X �k�N�- �M�Q�X �9�- �T�X �k�8�R���k�e�k�- �R�N�N�N�X

�(�j�3�) �_�X �:�m�B�K�2�`�¨�- �G�X �.���M�Q�M�- ���X �.�Q���x�@�:�m�B�H�2�`���- �6�X �:�B�`���H�i�- ���M�/ ���X ���`�2�M���b�- �ó�a�2�H�7�@
�b�B�K�B�H���` �+�Q�K�K�m�M�B�i�v �b�i�`�m�+�i�m�`�2 �B�M �� �M�2�i�r�Q�`�F �Q�7 �?�m�K���M �B�M�i�2�`���+�i�B�Q�M�b�-�ô�S�?�v�b�X �_�2�p�X
�1�- �p�Q�H�X �e�3�- �k�y�y�j�X



�k�R�3 �_�2�7�2� �̀2�M�+�2�b

�(�j�N�) �"�X �E�H�B�K�i ���M�/ �u�X �u���M�;�- �ó�h�?�2 �1�M�`�Q�M �*�Q�`�T�m�b�, �� �L�2�r �.���i���b�2�i �7�Q�` �1�K���B�H �*�H���b�@
�b�B�}�+���i�B�Q�M �_�2�b�2���`�+�?�-�ô �B�M�1�*�J�G �ö�y�9�- �a�T�`�B�M�;�2�` �"�2�`�H�B�M �>�2�B�/�2�H�#�2�`�;�- �k�y�y�9�X

�(�9�y�) ���X �"�`�Q�/�2�`�- �_�X �E�m�K���`�- �6�X �J���;�?�Q�m�H�- �S�X �_���;�?���p���M�- �a�X �_���D���;�Q�T���H���M�- �_�X �a�i���i���-
���X �h�Q�K�F�B�M�b�- ���M�/ �C�X �q�B�2�M�2�`�- �ó�:�`���T�? �b�i�`�m�+�i�m�`�2 �B�M �i�?�2 �r�2�#�-�ô�*�Q�K�T�m�i�2�` �M�2�i�@
�r�Q�`�F�b�- �p�Q�H�X �j�j�- �M�Q�X �R�@�e�- �T�T�X �j�y�N���j�k�y�- �k�y�y�y�X

�(�9�R�) �G�X ���X ���/���K�B�+ ���M�/ �L�X �:�H���M�+�2�- �ó�h�?�2 �S�Q�H�B�i�B�+���H �"�H�Q�;�Q�b�T�?�2�`�2 ���M�/ �i�?�2 �k�y�y�9 �l�X�a�X
�1�H�2�+�i�B�Q�M�, �.�B�p�B�/�2�/ �h�?�2�v �"�H�Q�;�-�ô �B�M�G�B�M�F�E�.�. �ö�y�8�- �T�X �j�e���9�j�- �k�y�y�8�X

�(�9�k�) ���X �E�X �J�+�*���H�H�m�K�- �E�X �L�B�;���K�- �C�X �_�2�M�M�B�2�- ���M�/ �E�X �a�2�v�K�Q�`�2�- �ó���m�i�Q�K���i�B�M�; �i�?�2 �+�Q�M�@
�b�i�`�m�+�i�B�Q�M �Q�7 �B�M�i�2�`�M�2�i �T�Q�`�i���H�b �r�B�i�? �K���+�?�B�M�2 �H�2���`�M�B�M�;�-�ô�A�M�7�Q�`�K���i�B�Q�M �_�2�i�`�B�2�p���H�-
�p�Q�H�X �j�- �T�T�X �R�k�d���R�e�j�- �k�y�y�y�X

�(�9�j�) �E�X �q���M�;�- �w�X �a�?�2�M�- �*�X �>�m���M�;�- �*�X�@�>�X �q�m�- �u�X �.�Q�M�;�- ���M�/ ���X �E���M���F�B���- �ó�J�B�+�`�Q�b�Q�7�i
���+���/�2�K�B�+ �:�`���T�?�, �q�?�2�M �2�t�T�2�`�i�b ���`�2 �M�Q�i �2�M�Q�m�;�?�-�ô�Z�m���M�i�B�i���i�B�p�2 �a�+�B�2�M�+�2 �a�i�m�/�@
�B�2�b�- �p�Q�H�X �R�- �T�T�X �j�N�e���9�R�j�- �y�k �k�y�k�y�X

�(�9�9�) �G�X �h���F���+ ���M�/ �J�X �w���#�Q�p�b�F�v�- �ó�.���i�� ���M���H�v�b�B�b �B�M �T�m�#�H�B�+ �b�Q�+�B���H �M�2�i�r�Q�`�F�b�-�ô �B�M
�A�M�i�2�`�M���i�B�Q�M���H �b�+�B�2�M�i�B�}�+ �+�Q�M�7�2� �̀2�M�+�2 ���M�/ �B�M�i�2�`�M���i�B�Q�M���H �r�Q�`�F�b�?�Q�T �T� �̀2�b�2�M�i �/���v
�i� �̀2�M�/�b �Q�7 �B�M�M�Q�p���i�B�Q�M�b�- �p�Q�H�X �e�- �k�y�R�k�X

�(�9�8�) �C�X �G�2�b�F�Q�p�2�+ ���M�/ ���X �E�`�2�p�H�- �ó�a�L���S �.���i���b�2�i�b�, �a�i���M�7�Q�`�/ �H���`�;�2 �M�2�i�r�Q�`�F �/���i���b�2�i
�+�Q�H�H�2�+�i�B�Q�M�X�ô�?�i�i�T�,�f�f�b�M���T�X�b�i���M�7�Q�`�/�X�2�/�m�f�/���i���- �k�y�R�9�X �h�2�H�2�+�Q�K �:�`���T�? �T�`�Q�@
�p�B�/�2�/ �#�v �:�H�Q�#���H �h�2�+�?�M�Q�H�Q�;�v �a�2�`�p�B�+�2�b �/�2�T���`�i�K�2�M�i �Q�7 �>�m���r�2�B �h�2�+�?�M�Q�H�Q�;�B�2�b�- �*�Q�X�-
�G�i�/�X

�(�9�e�) �_�X ���H�#�2�`�i�- �A�X ���H�#�2�`�i�- ���M�/ �:�X �G�X �L���F���`���/�Q�- �ó�a�i�`�m�+�i�m�`���H �p�m�H�M�2�`���#�B�H�B�i�v �Q�7 �i�?�2
�M�Q�`�i�? ���K�2�`�B�+���M �T�Q�r�2�` �;�`�B�/�-�ô�S�?�v�b�B�+���H � �̀2�p�B�2�r �1�- �p�Q�H�X �e�N�- �M�Q�X �k�- �T�X �y�k�8�R�y�j�-
�k�y�y�9�X

�(�9�d�) �S�X �a�2�M�- �a�X �.���b�;�m�T�i���- ���X �*�?���i�i�2�`�D�2�2�- �S�X �a�`�2�2�`���K�- �:�X �J�m�F�?�2�`�D�2�2�- ���M�/ �a�X �J���M�M���-
�ó�a�K���H�H�@�r�Q�`�H�/ �T�`�Q�T�2�`�i�B�2�b �Q�7 �i�?�2 �B�M�/�B���M �`���B�H�r���v �M�2�i�r�Q�`�F�-�ô�S�?�v�b�B�+���H �_�2�p�B�2�r �1�-
�p�Q�H�X �e�d�- �M�Q�X �j�- �T�X �y�j�e�R�y�e�- �k�y�y�j�X

�(�9�3�) �E�X �G�2�2�- �q�X�@�a�X �C�m�M�;�- �C�X �a�X �S���`�F�- ���M�/ �J�X �*�?�Q�B�- �ó�a�i���i�B�b�i�B�+���H ���M���H�v�b�B�b �Q�7 �i�?�2
�K�2�i�`�Q�T�Q�H�B�i���M �b�2�Q�m�H �b�m�#�r���v �b�v�b�i�2�K�, �L�2�i�r�Q�`�F �b�i�`�m�+�i�m�`�2 ���M�/ �T���b�b�2�M�;�2�` �~�Q�r�b�-�ô
�S�?�v�b�B�+�� ���, �a�i���i�B�b�i�B�+���H �J�2�+�?���M�B�+�b ���M�/ �B�i�b ���T�T�H�B�+���i�B�Q�M�b�- �p�Q�H�X �j�3�d�- �M�Q�X �k�9�-
�T�T�X �e�k�j�R���e�k�j�9�- �k�y�y�3�X

�(�9�N�) �:�X �"���;�H�2�`�- �ó���M���H�v�b�B�b �Q�7 �i�?�2 ���B�`�T�Q�`�i �M�2�i�r�Q�`�F �Q�7 �B�M�/�B�� ���b �� �+�Q�K�T�H�2�t �r�2�B�;�?�i�2�/
�M�2�i�r�Q�`�F�-�ô�S�?�v�b�B�+�� ���, �a�i���i�B�b�i�B�+���H �J�2�+�?���M�B�+�b ���M�/ �B�i�b ���T�T�H�B�+���i�B�Q�M�b�- �p�Q�H�X �j�3�d�-
�M�Q�X �R�k�- �T�T�X �k�N�d�k���k�N�3�y�- �k�y�y�3�X

�(�8�y�) �J�X �q�B�M�/�B�M�;�- �"�X �.�X �S�2�/�B�;�Q�- �*�X �G�X �"���`�M�2�b�- �>�X �:�X �S���i�b�Q�H�B�+�- �u�X �S���`�F�- �h�X �E���x�@
�B�K�B�2�`�b�- ���X �6�m�b�?�B�F�B�- �A�X �o�X ���M�/�`���/�2�- ���X �E�?���M�/�2�H�r���H�- �C�X �o���H�/�2�b�@���H�2�K���M�- �6�X �G�B�-
�L�X �_���M�/�2�H�- �1�X �"���`�b�Q�i�i�B�- ���X �*�Q�`�`�2�B���- �_�X �.�X �6�2�i�i�2�`�- �o�X �>���`�i�2�M�b�i�2�B�M�- �*�X �1�X �S�`�B�2�#�2�-
�C�X �h�X �o�Q�;�2�H�b�i�2�B�M�- ���X �*���`�/�Q�M���- ���M�/ �J�X �w�H���i�B�+�- �ó�h�?�2 �+�Q�M�M�2�+�i�Q�K�2 �Q�7 ���M �B�M�b�2�+�i
�#�`���B�M�-�ô�a�+�B�2�M�+�2�- �p�Q�H�X �j�d�N�- �M�Q�X �e�e�j�e�- �k�y�k�j�X



�_�2�7�2� �̀2�M�+�2�b �k�R�N

�(�8�R�) �o�X �a���`���T�? ���M�/ �h�X �J�B�H�2�M�F�Q�p�B�É�- �ó�J���:�L���, �J���t�B�K�B�x�B�M�; ���+�+�m�`���+�v �B�M �:�H�Q�#���H
�L�2�i�r�Q�`�F ���H�B�;�M�K�2�M�i�-�ô�"�B�Q�B�M�7�Q�`�K���i�B�+�b�- �p�Q�H�X �j�y�- �M�Q�X �k�y�- �T�T�X �k�N�j�R���k�N�9�y�- �k�y�R�9�X

�(�8�k�) �"�X�@�C�X �"�`�2�B�i�F�`�2�m�i�x�- �*�X �a�i���`�F�- �h�X �_�2�;�m�H�v�- �G�X �"�Q�m�+�?�2�`�- ���X �"�`�2�B�i�F�`�2�m�i�x�- �J�X �G�B�p�b�@
�i�Q�M�2�- �_�X �P�m�;�?�i�`�2�/�- �.�X �>�X �G���+�F�M�2�`�- �C�X �"� �?�H�2�`�- �o�X �q�Q�Q�/�-�2�i ���H�X�- �ó�h�?�2 �#�B�Q�;�`�B�/ �B�M�@
�i�2�`���+�i�B�Q�M �/���i���#���b�2�, �k�y�y�3 �m�T�/���i�2�-�ô�L�m�+�H�2�B�+ ���+�B�/�b � �̀2�b�2��� �̀+�?�- �p�Q�H�X �j�e�- �M�Q�X �b�m�T�T�H�n�R�-
�T�T�X �.�e�j�d���.�e�9�y�- �k�y�y�d�X

�(�8�j�) �q�X �>�m�- �J�X �6�2�v�- �J�X �w�B�i�M�B�F�- �u�X �.�Q�M�;�- �>�X �_�2�M�- �"�X �G�B�m�- �J�X �*���i���b�i���- ���M�/
�C�X �G�2�b�F�Q�p�2�+�- �ó�P�T�2�M �:�`���T�? �"�2�M�+�?�K���`�F�, �.���i���b�2�i�b �7�Q�` �J���+�?�B�M�2 �G�2���`�M�B�M�; �Q�M
�:�`���T�?�b�-�ô �B�M���/�p���M�+�2�b �B�M �L�2�m� �̀��H �A�M�7�Q�`�K���i�B�Q�M �S� �̀Q�+�2�b�b�B�M�; �a�v�b�i�2�K�b�- �p�Q�H�X �j�j�-
�T�T�X �k�k�R�R�3���k�k�R�j�j�- �*�m�`�`���M ���b�b�Q�+�B���i�2�b�- �A�M�+�X�- �k�y�k�y�X

�(�8�9�) �S�X �*�m�B�- �s�X �q���M�;�- �C�X �S�2�B�- ���M�/ �q�X �w�?�m�- �ó�� �b�m�`�p�2�v �Q�M �M�2�i�r�Q�`�F �2�K�#�2�/�/�B�M�;�-�ô
�A�1�1�1 �h� �̀��M�b���+�i�B�Q�M�b �Q�M �E�M�Q�r�H�2�/�;�2 ���M�/ �.���i�� �1�M�;�B�M�2�2�`�B�M�;�- �p�Q�H�X �j�R�- �M�Q�X �8�-
�T�T�X �3�j�j���3�8�k�- �k�y�R�N�X

�(�8�8�) �l�M�B�i�2�/ �L���i�B�Q�M�b �Q�{�+�2 �Q�M �/�`�m�;�b ���M�/ �+�`�B�K�2�- �ó�l�L�P�.�* �`�2�T�Q�`�i�, �1�b�i�B�K���i�B�M�; �B�H�H�B�+�B�i
�}�M���M�+�B���H �~�Q�r�b �`�2�b�m�H�i�B�M�; �7�`�Q�K �/�`�m�; �i�`���{�+�F�B�M�; ���M�/ �Q�i�?�2�` �i�`���M�b�M���i�B�Q�M���H �Q�`�;���@
�M�B�x�2�/ �+�`�B�K�2�b�-�ô �k�y�R�R�X�?�i�i�T�b�,�f�f�r�r�r�X�m�M�Q�/�+�X�Q�`�;�f�m�M�Q�/�+�f�2�M�f�7�`�Q�M�i�T���;�2�f�k�y�R�R�f
�P�+�i�Q�#�2�`�f�B�H�H�B�+�B�i�@�K�Q�M�2�v�n�@�?�Q�r�@�K�m�+�?�@�B�b�@�Q�m�i�@�i�?�2�`�2�X�?�i�K�H�X

�(�8�e�) �a�p�2�`�B�;�2�b �_�B�F�b�#���M�F�- �ó�6�`���m�/ �B�b �i�?�2 �7���b�i�2�b�i �;�`�Q�r�B�M�; �i�v�T�2 �Q�7 �+�`�B�K�2 �B�M �b�r�2�@
�/�2�M�X�ô �?�i�i�T�b�,�f�f�r�r�r�X�`�B�F�b�#���M�F�X�b�2�f�2�M�@�;�#�f�T���v�K�2�M�i�b�@�@�+���b�?�f�T���v�K�2�M�i�b�@
�B�M�@�b�r�2�/�2�M�f�T���v�K�2�M�i�b�@�`�2�T�Q�`�i�@�@�k�y�k�9�f�b���7�2�i�v�@�2�7�7�B�+�B�2�M�+�v�@���M�/�@
���+�+�2�b�b�B�#�B�H�B�i�v�f���`�2�@�T���v�K�2�M�i�b�@�B�M�@�b�r�2�/�2�M�@�b���7�2�f�7�`���m�/�@�B�b�@�i�?�2�@
�7���b�i�2�b�i�@�;�`�Q�r�B�M�;�@�i�v�T�2�@�Q�7�@�+�`�B�K�2�@�B�M�@�b�r�2�/�2�M�f�- �J���`�X �k�y�k�9�X ���+�+�2�b�b�2�/
�C�m�H�v �k�R�- �k�y�k�8�X

�(�8�d�) �1�m�`�Q�T�2���M �S���`�H�B���K�2�M�i ���M�/ �*�Q�m�M�+�B�H�- �ó�_�2�;�m�H���i�B�Q�M �U�1�l�V �k�y�k�9�f�R�e�k�9 �Q�7 �i�?�2 �1�m�`�Q�@
�T�2���M �S���`�H�B���K�2�M�i ���M�/ �Q�7 �i�?�2 �*�Q�m�M�+�B�H �Q�7 �j�R �J���v �k�y�k�9 �Q�M �i�?�2 �T�`�2�p�2�M�i�B�Q�M �Q�7 �i�?�2
�m�b�2 �Q�7 �i�?�2 �}�M���M�+�B���H �b�v�b�i�2�K �7�Q�` �i�?�2 �T�m�`�T�Q�b�2�b �Q�7 �K�Q�M�2�v �H���m�M�/�2�`�B�M�; �Q�` �i�2�`�`�Q�`�B�b�i
�}�M���M�+�B�M�; �U�h�2�t�i �r�B�i�? �1�1�� �`�2�H�2�p���M�+�2�V�-�ô �k�y�k�9�X

�(�8�3�) �J�X �P�2�#�2�M�- �C�X �:�Q�m�/�b�K�B�i�- ���M�/ �1�X �J���`�+�?�B�Q�`�B�- �ó�S�`�2�`�2�[�m�B�b�B�i�2�b ���M�/ ���A �+�?���H�H�2�M�;�2�b
�7�Q�` �K�Q�/�2�H�@�#���b�2�/ ���M�i�B�@�J�Q�M�2�v �G���m�M�/�2�`�B�M�;�-�ô �B�M���A �7�Q�` �a�Q�+�B���H �:�Q�Q�/ �@ �A�C�*���A
�k�y�R�N �q�Q�`�F�b�?�Q�T�- �T�T�X �R���9�- �k�y�R�N�X

�(�8�N�) �1�X ���H�i�K���M�- �C�X �"�H���M�m�����- �G�X �o�X �L�B�2�/�2�`�?� �m�b�2�`�M�- �"�X �1�;�`�2�b�b�v�- ���X ���M�;�?�2�H�- ���M�/
�E�X ���i���b�m�- �ó�_�2���H�B�b�i�B�+ �b�v�M�i�?�2�i�B�+ �}�M���M�+�B���H �i�`���M�b���+�i�B�Q�M�b �7�Q�` ���M�i�B�@�K�Q�M�2�v �H���m�M�/�2�`�@
�B�M�; �K�Q�/�2�H�b�-�ô �B�M�h�?�B�`�i�v�@�b�2�p�2�M�i�? �*�Q�M�7�2� �̀2�M�+�2 �Q�M �L�2�m� �̀��H �A�M�7�Q�`�K���i�B�Q�M �S� �̀Q�+�2�b�b�B�M�;
�a�v�b�i�2�K�b �.���i���b�2�i�b ���M�/ �"�2�M�+�?�K���`�F�b �h� �̀��+�F�- �k�y�k�j�X

�(�e�y�) �J�X �"�2�+�?�H�2�`�@�a�T�2�B�+�?�2�`�- �"�X �6�B�M�F�2�H�b�?�i�2�B�M�- �6�X �6�`���b�+���- �G�X �J�C�H�H�2�`�- �C�X �h�º�M�b�?�Q�z�- ���X �a�B�`�@
���m�/�B�M�- �o�X �w���p�2�`�F�B�M�- �J�X �J�X �"�`�Q�M�b�i�2�B�M�- �J�X �L�B�2�T�2�`�i�- �"�X �S�2�`�Q�x�x�B�- �J�X �:���H�F�B�M�-
���M�/ �*�X �J�Q�`�`�B�b�- �ó�S�Q�b�B�i�B�Q�M�, �:�`���T�? �G�2���`�M�B�M�; �q�B�H�H �G�Q�b�2 �_�2�H�2�p���M�+�2 �.�m�2 �h�Q �S�Q�Q�`
�"�2�M�+�?�K���`�F�b�-�ô �B�M�6�Q�`�i�v�@�b�2�+�Q�M�/ �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �J���+�?�B�M�2 �G�2���`�M�B�M�;
�S�Q�b�B�i�B�Q�M �S���T�2�` �h� �̀��+�F�- �k�y�k�8�X



�k�k�y �_�2�7�2� �̀2�M�+�2�b

�(�e�R�) �C�X �.�2�M�;�- �q�X �.�Q�M�;�- �_�X �a�Q�+�?�2�`�- �G�X�@�C�X �G�B�- �E�X �G�B�- ���M�/ �G�X �6�2�B�@�6�2�B�- �ó�A�K���;�2�M�2�i�, ��
�H���`�;�2�@�b�+���H�2 �?�B�2�`���`�+�?�B�+���H �B�K���;�2 �/���i���#���b�2�-�ô �B�M�k�y�y�N �A�1�1�1 �*�Q�M�7�2� �̀2�M�+�2 �Q�M �*�Q�K�@
�T�m�i�2�` �o�B�b�B�Q�M ���M�/ �S���i�i�2�`�M �_�2�+�Q�;�M�B�i�B�Q�M�- �T�T�X �k�9�3���k�8�8�- �k�y�y�N�X

�(�e�k�) �J�X �Z�X �J���- �u�X �w�?���Q�- �s�X �w�?���M�;�- ���M�/ �G�X ���F�Q�;�H�m�- �ó�h�?�2 �L�2�2�/ �7�Q�` �l�M�b�m�T�2�`�p�B�b�2�/
�P�m�i�H�B�2�` �J�Q�/�2�H �a�2�H�2�+�i�B�Q�M�, �� �_�2�p�B�2�r ���M�/ �1�p���H�m���i�B�Q�M �Q�7 �A�M�i�2�`�M���H �1�p���H�m���i�B�Q�M
�a�i�`���i�2�;�B�2�b�-�ô���*�J �a�A�:�E�.�. �1�t�T�H�Q� �̀��i�B�Q�M�b �L�2�r�b�H�2�i�i�2�`�- �p�Q�H�X �k�8�- �M�Q�X �R�- �T�X �R�N���j�8�-
�k�y�k�j�X

�(�e�j�) �G�X ���F�Q�;�H�m�- �>�X �h�Q�M�;�- ���M�/ �.�X �E�Q�m�i�`���- �ó�:�`���T�? �#���b�2�/ ���M�Q�K���H�v �/�2�i�2�+�i�B�Q�M ���M�/
�/�2�b�+�`�B�T�i�B�Q�M�, �� �b�m�`�p�2�v�-�ô�.���i�� �K�B�M�B�M�; ���M�/ �F�M�Q�r�H�2�/�;�2 �/�B�b�+�Q�p�2�`�v�- �p�Q�H�X �k�N�- �M�Q�X �j�-
�T�T�X �e�k�e���e�3�3�- �k�y�R�8�X

�(�e�9�) �"���b�2�H �*�Q�K�K�B�i�i�2�2 �Q�M �"���M�F�B�M�; �a�m�T�2�`�p�B�b�B�Q�M�- �ó�"���b�2�H �7�`���K�2�r�Q�`�F�-�ô �k�y�k�8�X

�(�e�8�) �.�B�`�2�+�i�Q�`���i�2�@�:�2�M�2�`���H �7�Q�` �6�B�M���M�+�B���H �a�i���#�B�H�B�i�v�- �6�B�M���M�+�B���H �a�2�`�p�B�+�2�b ���M�/ �*���T�B�i���H
�J���`�F�2�i�b �l�M�B�Q�M�- �ó���B �B�M �}�M���M�+�2�X�ô �1�l �L�2�r�b�H�2�i�i�2�`�- �k�y�k�9�X

�(�e�e�) �6�X �.�Q�b�?�B�@�o�2�H�2�x ���M�/ �"�X �E�B�K�- �ó�h�Q�r���`�/�b �� �_�B�;�Q�`�Q�m�b �a�+�B�2�M�+�2 �Q�7 �A�M�i�2�`�T�`�2�i���#�H�2
�J���+�?�B�M�2 �G�2���`�M�B�M�;�-�ô �k�y�R�d�X

�(�e�d�) �*�X �J�Q�H�M���`�-�A�M�i�2�`�T� �̀2�i���#�H�2 �J���+�?�B�M�2 �G�2���`�M�B�M�;�X �a�2�H�7�@�T�m�#�H�B�b�?�2�/�- �j �2�/�X�- �k�y�k�8�X

�(�e�3�) �C�X �C�B���- �J�X �h�X �a�+�?���m�#�- �a�X �a�2�;���`�`���- ���M�/ ���X �_�X �"�2�M�b�Q�M�- �ó�:�`���T�?�@�#���b�2�/ �b�2�K�B�@
�b�m�T�2�`�p�B�b�2�/ �� ���+�i�B�p�2 �H�2���`�M�B�M�; �7�Q�` �2�/�;�2 �~�Q�r�b�-�ô �B�M�E�.�. �ö�R�N�- �T�T�X �d�e�R���d�d�R�- �k�y�R�N�X

�(�e�N�) �J�X �h�X �a�+�?���m�#�- ���X �_�X �"�2�M�b�Q�M�- �S�X �>�Q�`�M�- �:�X �G�B�T�T�M�2�`�- ���M�/ ���X �C���/�#���#���B�2�- �ó�_���M�@
�/�Q�K �q���H�F�b �Q�M �a�B�K�T�H�B�+�B���H �*�Q�K�T�H�2�t�2�b ���M�/ �i�?�2 �L�Q�`�K���H�B�x�2�/ �>�Q�/�;�2 �R�@�G���T�H���+�B���M�-�ô
�a�A���J �_�2�p�B�2�r�- �p�Q�H�X �e�k�- �M�Q�X �k�- �T�T�X �j�8�j���j�N�R�- �k�y�k�y�X

�(�d�y�) �s�X �w�?���M�;�- �u�X �>�2�- �L�X �"�`�m�;�M�Q�M�2�- �J�X �S�2�`�H�K�m�i�i�2�`�- ���M�/ �J�X �>�B�`�M�- �ó�J���;�L�2�i�, ��
�L�2�m�`���H �L�2�i�r�Q�`�F �7�Q�` �.�B�`�2�+�i�2�/ �:�`���T�?�b�-�ô �B�M�L�2�m�`�A�S�a�ö�k�R�- �p�Q�H�X �j�9�- �T�T�X �k�d�y�y�j��
�k�d�y�R�8�- �k�y�k�R�X

�(�d�R�) �1�X �_�Q�b�b�B�- �"�X �*�?���`�T�2�M�i�B�2�`�- �6�X �.�B �:�B�Q�p���M�M�B�- �6�X �6�`���b�+���- �a�X �:�C�M�M�2�K���M�M�- ���M�/
�J�X �J�X �"�`�Q�M�b�i�2�B�M�- �ó�1�/�;�2 �.�B�`�2�+�i�B�Q�M���H�B�i�v �A�K�T�`�Q�p�2�b �G�2���`�M�B�M�; �Q�M �>�2�i�2�`�Q�T�?�B�H�B�+
�:�`���T�?�b�-�ô �B�M�G�Q�: �ö�k�j�- �k�y�k�j�X

�(�d�k�) �w�X �h�Q�M�;�- �u�X �G�B���M�;�- �*�X �a�m�M�- �s�X �G�B�- �.�X �_�Q�b�2�M�#�H�m�K�- ���M�/ ���X �G�B�K�- �ó�.�B�;�`���T�?
�A�M�+�2�T�i�B�Q�M �*�Q�M�p�Q�H�m�i�B�Q�M���H �L�2�i�r�Q�`�F�b�-�ô �B�M�L�2�m�`�A�S�a �ö�k�y�- �p�Q�H�X �j�j�- �T�T�X �R�d�N�y�d���R�d�N�R�3�-
�k�y�k�y�X

�(�d�j�) �C�X �w�?�m�- �s�X �G�m�- �J�X �>�2�B�K���M�M�- ���M�/ �.�X �E�Q�m�i�`���- �ó�L�Q�/�2 �S�`�Q�t�B�K�B�i�v �B�b ���H�H �u�Q�m �L�2�2�/�,
�l�M�B�}�2�/ �a�i�`�m�+�i�m�`���H ���M�/ �S�Q�b�B�i�B�Q�M���H �L�Q�/�2 ���M�/ �:�`���T�? �1�K�#�2�/�/�B�M�;�-�ô �B�M�a�.�J�ö�k�R�-
�T�T�X �R�e�j���R�d�R�- �k�y�k�R�X

�(�d�9�) �J�X �L�2�r�K���M�-�L�2�i�r�Q�`�F�b�X �P�t�7�Q�`�/ �m�M�B�p�2�`�b�B�i�v �T�`�2�b�b�- �k�M�/ �2�/�X�- �k�y�R�3�X



�_�2�7�2� �̀2�M�+�2�b �k�k�R

�(�d�8�) �"�X �_�Q�x�2�K�#�2�`�+�x�F�B�- �*�X ���H�H�2�M�- ���M�/ �_�X �a���`�F���`�- �ó�J�m�H�i�B�@�a�+���H�2 ���i�i�`�B�#�m�i�2�/ �M�Q�/�2 �2�K�@
�#�2�/�/�B�M�;�-�ô�C�Q�m�`�M���H �Q�7 �*�Q�K�T�H�2�t �L�2�i�r�Q�`�F�b�- �p�Q�H�X �N�- �M�Q�X �k�- �k�y�k�R�X

�(�d�e�) �C�X �h���M�;�- �J�X �Z�m�- �J�X �q���M�;�- �J�X �w�?���M�;�- �C�X �u���M�- ���M�/ �Z�X �J�2�B�- �ó�G�B�M�2�, �G���`�;�2�@�a�+���H�2
�A�M�7�Q�`�K���i�B�Q�M �L�2�i�r�Q�`�F �1�K�#�2�/�/�B�M�;�-�ô �B�M�q�q�q �ö�R�8�- �k�y�R�8�X

�(�d�d�) �a�X �*���Q�- �q�X �G�m�- ���M�/ �Z�X �s�m�- �ó�:�`���`�2�T�, �G�2���`�M�B�M�; �;�`���T�? �`�2�T�`�2�b�2�M�i���i�B�Q�M�b �r�B�i�?
�;�H�Q�#���H �b�i�`�m�+�i�m�`���H �B�M�7�Q�`�K���i�B�Q�M�-�ô �B�M�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �k�9�i�? ���*�J �A�M�i�2�`�M���@
�i�B�Q�M���H �Q�M �*�Q�M�7�2� �̀2�M�+�2 �Q�M �A�M�7�Q�`�K���i�B�Q�M ���M�/ �E�M�Q�r�H�2�/�;�2 �J���M���;�2�K�2�M�i�- �*�A�E�J
�ö�R�8�- �T�X �3�N�R���N�y�y�- ���b�b�Q�+�B���i�B�Q�M �7�Q�` �*�Q�K�T�m�i�B�M�; �J���+�?�B�M�2�`�v�- �k�y�R�8�X

�(�d�3�) �"�X �S�2�`�Q�x�x�B�- �o�X �E�m�H�F���`�M�B�- �>�X �*�?�2�M�- ���M�/ �a�X �a�F�B�2�M���- �ó�.�Q�M�ö�i �r���H�F�- �b�F�B�T�5 �Q�M�H�B�M�2
�H�2���`�M�B�M�; �Q�7 �K�m�H�i�B�@�b�+���H�2 �M�2�i�r�Q�`�F �2�K�#�2�/�/�B�M�;�b�-�ô �B�M���a�P�L���J �ö�R�d�- �T�T�X �k�8�3���k�e�8�-
�k�y�R�d�X

�(�d�N�) �*�X �.�Q�M�M���i�- �J�X �w�B�i�M�B�F�- �.�X �>���H�H���+�- ���M�/ �C�X �G�2�b�F�Q�p�2�+�- �ó�G�2���`�M�B�M�; �a�i�`�m�+�i�m�`���H �L�Q�/�2
�1�K�#�2�/�/�B�M�;�b �o�B�� �.�B�z�m�b�B�Q�M �q���p�2�H�2�i�b�-�ô �B�M�E�.�.�ö�R�3�- �T�T�X �R�j�k�y���R�j�k�N�- �k�y�R�3�X

�(�3�y�) �.�X �C�B�M�- �_�X ���X �_�Q�b�b�B�- �1�X �E�Q�?�- �a�X �E�B�K�- ���X �_���Q�- ���M�/ �.�X �E�Q�m�i�`���- �ó�G���i�2�M�i �L�2�i�@
�r�Q�`�F �a�m�K�K���`�B�x���i�B�Q�M�, �"�`�B�/�;�B�M�; �L�2�i�r�Q�`�F �1�K�#�2�/�/�B�M�; ���M�/ �a�m�K�K���`�B�x���i�B�Q�M�-�ô �B�M
�E�.�.�ö�R�N�- �T�X �N�3�d���N�N�d�- �k�y�R�N�X

�(�3�R�) �a�X �:�Q�M�x�€�H�2�x�@�"���B�H�¦�M�- �C�X �"�Q�`�;�2�@�>�Q�H�i�?�Q�2�7�2�`�- ���X �_�B�p�2�`�Q�- ���M�/ �u�X �J�Q�`�2�M�Q�- �ó�h�?�2 �/�v�@
�M���K�B�+�b �Q�7 �T�`�Q�i�2�b�i �`�2�+�`�m�B�i�K�2�M�i �i�?�`�Q�m�;�? ���M �Q�M�H�B�M�2 �M�2�i�r�Q�`�F�-�ô�a�+�B�2�M�i�B�}�+ � �̀2�T�Q�`�i�b�-
�p�Q�H�X �R�- �M�Q�X �R�- �T�T�X �R���d�- �k�y�R�R�X

�(�3�k�) �.�X �.�m�p�2�M���m�/�- �.�X �J���+�H���m�`�B�M�- �C�X ���;�m�B�H�2�`���@�A�T���`�`���;�m�B�`�`�2�- �_�X �:�¦�K�2�x�@�"�Q�K�#���`�2�H�H�B�-
�h�X �>�B�`�x�2�H�- ���X ���b�T�m�`�m�@�:�m�x�B�F�- ���M�/ �_�X �S�X ���/���K�b�- �ó�*�Q�M�p�Q�H�m�i�B�Q�M���H �M�2�i�r�Q�`�F�b �Q�M
�;�`���T�?�b �7�Q�` �H�2���`�M�B�M�; �K�Q�H�2�+�m�H���` �}�M�;�2�`�T�`�B�M�i�b�-�ô �B�M�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �k�N�i�? �A�M�i�2�`�@
�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �L�2�m� �̀��H �A�M�7�Q�`�K���i�B�Q�M �S� �̀Q�+�2�b�b�B�M�; �a�v�b�i�2�K�b �@ �o�Q�H�m�K�2 �k�-
�L�2�m�`�A�S�a�ö�R�8�- �T�X �k�k�k�9���k�k�j�k�- �J�A�h �S�`�2�b�b�- �k�y�R�8�X

�(�3�j�) �C�X �:�B�H�K�2�`�- �a�X �a�X �a�+�?�Q�2�M�?�Q�H�x�- �S�X �6�X �_�B�H�2�v�- �P�X �o�B�M�v���H�b�- ���M�/ �:�X �1�X �.���?�H�- �ó�L�2�m�`���H
�J�2�b�b���;�2 �S���b�b�B�M�; �7�Q�` �Z�m���M�i�m�K �*�?�2�K�B�b�i�`�v�-�ô �B�M�A�*�J�G �ö�R�d�- �T�T�X �R�k�e�j���R�k�d�k�- �k�y�R�d�X

�(�3�9�) �E�X �G�B�M�- �G�X �q���M�;�- ���M�/ �w�X �G�B�m�- �ó�J�2�b�? �;�`���T�?�Q�`�K�2�`�-�ô �B�M�S� �̀Q�+�2�2�/�B�M�;�b �Q�7
�i�?�2 �A�1�1�1�f�*�o�6 �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �*�Q�K�T�m�i�2�` �o�B�b�B�Q�M �U�A�*�*�o�V�-
�T�T�X �R�k�N�j�N���R�k�N�9�3�- �P�+�i�Q�#�2�` �k�y�k�R�X

�(�3�8�) ���X �G�Q�M�;�?�B�M�B�- �J�X �J�Q�H�2�i�i���- ���X �_�2�B�+�?�H�B�M�- �J�X �*�X �q�2�H�H�2�- �.�X �>�2�H�/�- �w�X �1�`�B�+�F�b�Q�M�- ���M�/
�.�X �E�`���;�B�+�- �ó�1�/�Q�@�M�2�i�, �G�2���`�M�B�M�; �2�H���b�i�B�+ �T�`�Q�T�2�`�i�B�2�b �Q�7 �/�2�7�Q�`�K���#�H�2 �Q�#�D�2�+�i�b �7�`�Q�K
�;�`���T�? �/�v�M���K�B�+�b�-�ô �B�M�k�y�k�j �A�1�1�1 �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �_�Q�#�Q�i�B�+�b ���M�/
���m�i�Q�K���i�B�Q�M �U�A�*�_���V�- �T�T�X �j�3�d�8���j�3�3�R�- �k�y�k�j�X

�(�3�e�) �1�m�`�Q�T�2���M �S���`�H�B���K�2�M�i ���M�/ �*�Q�m�M�+�B�H�- �ó�_�2�;�m�H���i�B�Q�M �U�2�m�V �k�y�R�e�f�e�d�N �Q�7 �i�?�2 �2�m�`�Q�@
�T�2���M �T���`�H�B���K�2�M�i ���M�/ �Q�7 �i�?�2 �+�Q�m�M�+�B�H �Q�7 �k�d ���T�`�B�H �k�y�R�e �Q�M �i�?�2 �T�`�Q�i�2�+�i�B�Q�M �Q�7
�M���i�m�`���H �T�2�`�b�Q�M�b �r�B�i�? �`�2�;���`�/ �i�Q �i�?�2 �T�`�Q�+�2�b�b�B�M�; �Q�7 �T�2�`�b�Q�M���H �/���i�� ���M�/ �Q�M �i�?�2
�7�`�2�2 �K�Q�p�2�K�2�M�i �Q�7 �b�m�+�? �/���i�� �U�;�2�M�2�`���H �/���i�� �T�`�Q�i�2�+�i�B�Q�M �`�2�;�m�H���i�B�Q�M�V�-�ô �k�y�k�9�X



�k�k�k �_�2�7�2� �̀2�M�+�2�b

�(�3�d�) �.�X �u���;���- �S�X �J�2�H�H�- �L�X �_�Q�#�v�- ���M�/ �E�X �a�+���`�7�Q�M�2�- �ó�"�H�Q�+�F�+�?���B�M �i�2�+�?�M�Q�H�Q�;�v
�Q�p�2�`�p�B�2�r�-�ô �h�2�+�?�X �_�2�T�X �L�A�a�h�A�_ �3�k�y�k�- �L���i�B�Q�M���H �A�M�b�i�B�i�m�i�2 �Q�7 �a�i���M�/���`�/�b ���M�/
�h�2�+�?�M�Q�H�Q�;�v�- �P�+�i�Q�#�2�` �k�y�R�3�X

�(�3�3�) �6�X �1�X ���H�p���`�2�x�- �.�X ���`�;�2�M�i�2�- ���M�/ �.�X �o���M �S���i�i�2�M�- �ó���`�2 �*�`�v�T�i�Q�+�m�`�`�2�M�+�B�2�b �*�m�`�`�2�M�@
�+�B�2�b�\ �"�B�i�+�Q�B�M ���b �G�2�;���H �h�2�M�/�2�` �B�M �1�H �a���H�p���/�Q�`�-�ô �q�Q�`�F�B�M�; �S���T�2�` �k�N�N�e�3�- �L���i�B�Q�M���H
�"�m�`�2���m �Q�7 �1�+�Q�M�Q�K�B�+ �_�2�b�2���`�+�?�- ���T�`�B�H �k�y�k�k�X

�(�3�N�) �J�X �6�B�`�2 ���M�/ �*�X �:�m�2�b�i�`�B�M�- �ó�h�?�2 �`�B�b�2 ���M�/ �7���H�H �Q�7 �M�2�i�r�Q�`�F �b�i���`�b�, ���M���H�v�x�B�M�; �k�X�8
�K�B�H�H�B�Q�M �;�`���T�?�b �i�Q �`�2�p�2���H �?�Q�r �?�B�;�?�@�/�2�;�`�2�2 �p�2�`�i�B�+�2�b �2�K�2�`�;�2 �Q�p�2�` �i�B�K�2�-�ô�A�M�7�Q�`�@
�K���i�B�Q�M �S� �̀Q�+�2�b�b�B�M�; ���M�/ �J���M���;�2�K�2�M�i�, ���M �A�M�i�2�`�M���i�B�Q�M���H �C�Q�m�`�M���H�- �p�Q�H�X �8�d�- �M�Q�X �k�-
�k�y�k�y�X

�(�N�y�) �a�X �.�2�H�;���/�Q�@�a�2�;�m�`���- �*�X �S�û�`�2�x�@�a�Q�H�¨�- �:�X �L���p���`�`�Q�@���`�`�B�#���b�- ���M�/ �C�X �>�2�`�`�2�`���@
�C�Q���M�+�Q�K���`�i�Q�- �ó���M���H�v�b�B�b �Q�7 �i�?�2 �"�B�i�+�Q�B�M �l�h�s�P �a�2�i�-�ô �B�M�6�B�M���M�+�B���H �*�`�v�T�i�Q�;� �̀��T�?�v
���M�/ �.���i�� �a�2�+�m�`�B�i�v�- �T�T�X �d�3���N�R�- �a�T�`�B�M�;�2�` �"�2�`�H�B�M �>�2�B�/�2�H�#�2�`�;�- �k�y�R�N�X

�(�N�R�) �*�X �*�2�v�H���M�- �a�X �6�`���M�x�û�M�- ���M�/ �6�X �h�X �S�Q�F�Q�`�M�v�- �ó�G�2���`�M�B�M�; �L�Q�/�2 �_�2�T�`�2�b�2�M�i���i�B�Q�M�b
�l�b�B�M�; �a�i���i�B�Q�M���`�v �6�H�Q�r �S�`�2�/�B�+�i�B�Q�M �Q�M �G���`�;�2 �S���v�K�2�M�i ���M�/ �*���b�? �h�`���M�b���+�i�B�Q�M
�L�2�i�r�Q�`�F�b�-�ô �B�M�A�*�J�G �ö�k�R�- �p�Q�H�X �R�j�N �Q�7�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �J���+�?�B�M�2 �G�2���`�M�B�M�; �_�2�@
�b�2��� �̀+�?�- �T�T�X �R�j�N�8���R�9�y�e�- �S�J�G�_�- �k�y�k�R�X

�(�N�k�) ���X �L���M�B�- �ó�h�?�2 �/�Q�;�2 �r�Q�`�i�? �3�3 �#�B�H�H�B�Q�M �/�Q�H�H���`�b�, �� �+���b�2 �b�i�m�/�v �Q�7 �/�Q�;�2�+�Q�B�M�-�ô
�*�Q�M�p�2� �̀;�2�M�+�2�- �p�Q�H�X �k�3�- �M�Q�X �e�- �T�T�X �R�d�R�N���R�d�j�e�- �k�y�k�k�X

�(�N�j�) �a�X �E�2�i�?�B�M�2�M�B ���M�/ �u�X �*���Q�- �ó�h�?�2 �`�B�b�2 �B�M �T�Q�T�m�H���`�B�i�v �Q�7 �+�`�v�T�i�Q�+�m�`�`�2�M�+�v ���M�/ ���b�@
�b�Q�+�B���i�2�/ �+�`�B�K�B�M���H ���+�i�B�p�B�i�v�-�ô�A�M�i�2�`�M���i�B�Q�M���H �*�`�B�K�B�M���H �C�m�b�i�B�+�2 �_�2�p�B�2�r�- �p�Q�H�X �j�y�-
�M�Q�X �j�- �T�T�X �j�k�8���j�9�9�- �k�y�k�y�X

�(�N�9�) �J�X �q�2�#�2�`�- �:�X �.�Q�K�2�M�B�+�Q�M�B�- �C�X �*�?�2�M�- �.�X �E�X �A�X �q�2�B�/�2�H�2�- �*�X �"�2�H�H�2�B�- �h�X �_�Q�#�B�M�b�Q�M�-
���M�/ �*�X �1�X �G�2�B�b�2�`�b�Q�M�- �ó���M�i�B�@�J�Q�M�2�v �G���m�M�/�2�`�B�M�; �B�M �"�B�i�+�Q�B�M�, �1�t�T�2�`�B�K�2�M�i�B�M�;
�r�B�i�? �:�`���T�? �*�Q�M�p�Q�H�m�i�B�Q�M���H �L�2�i�r�Q�`�F�b �7�Q�` �6�B�M���M�+�B���H �6�Q�`�2�M�b�B�+�b�-�ô �B�M�E�.�. �ö�R�N
�q�Q�`�F�b�?�Q�T �Q�M ���M�Q�K���H�v �.�2�i�2�+�i�B�Q�M �B�M �6�B�M���M�+�2�- �k�y�R�N�X

�(�N�8�) �J�X �G�2�p�B ���M�/ �S�X �_�2�m�i�2�`�- �ó�J�Q�M�2�v �H���m�M�/�2�`�B�M�;�-�ô�*�`�B�K�2 ���M�/ �C�m�b�i�B�+�2�- �p�Q�H�X �j�9�- �M�Q�X �R�-
�T�T�X �k�3�N���j�d�8�- �k�y�y�e�X

�(�N�e�) �1�X �G�Q�T�2�x�@�_�Q�D���b�- ���X �1�H�K�B�`�- ���M�/ �a�X ���t�2�H�b�b�Q�M�- �ó�S���v�b�B�K�, �� �}�M���M�+�B���H �K�Q�#�B�H�2
�K�Q�M�2�v �b�B�K�m�H���i�Q�` �7�Q�` �7�`���m�/ �/�2�i�2�+�i�B�Q�M�-�ô �B�M�k�3�i�? �1�m� �̀Q�T�2���M �J�Q�/�2�H�B�M�; ���M�/ �a�B�K�m�@
�H���i�B�Q�M �a�v�K�T�Q�b�B�m�K�- �1�J�a�a�- �G���`�M���+���- �T�T�X �k�9�N���k�8�8�- �.�B�K�2 �l�M�B�p�2�`�b�B�i�v �Q�7 �:�2�M�Q���-
�k�y�R�e�X

�(�N�d�) �h�X �a�m�x�m�K�m�`�� ���M�/ �>�X �E���M�2�x���b�?�B�- �ó���M�i�B�@�J�Q�M�2�v �G���m�M�/�2�`�B�M�; �.���i���b�2�i�b�, �A�M�@
�S�H�m�b�G���# ���M�i�B�@�K�Q�M�2�v �H���m�M�/�2�`�B�M�; �/���i���/���i���b�2�i�b�X�ô�?�i�i�T�,�f�f�;�B�i�?�m�#�X�+�Q�K�f�A�"�J�f
���J�G�a�B�K�f�- �k�y�k�R�X



�_�2�7�2� �̀2�M�+�2�b �k�k�j

�(�N�3�) �J�X �q�2�#�2�`�- �C�X �*�?�2�M�- �h�X �a�m�x�m�K�m�`���- ���X �S���`�2�D���- �h�X �J���- �>�X �E���M�2�x���b�?�B�- �h�X �E���H�2�`�-
�*�X �1�X �G�2�B�b�2�`�b�Q�M�- ���M�/ �h�X �"�X �a�+�?���`�/�H�- �ó�a�+���H���#�H�2 �;�`���T�? �H�2���`�M�B�M�; �7�Q�` ���M�i�B�c�K�Q�M�2�v
�H���m�M�/�2�`�B�M�;�, �� �}�`�b�i �H�Q�Q�F�-�ô �B�M�L�A�S�a �k�y�R�3 �q�Q�`�F�b�?�Q�T �Q�M �*�?���H�H�2�M�;�2�b ���M�/ �P�T�T�Q�`�@
�i�m�M�B�i�B�2�b �7�Q�` ���A �B�M �6�B�M���M�+�B���H �a�2�`�p�B�+�2�b�, �i�?�2 �A�K�T���+�i �Q�7 �6���B�`�M�2�b�b�- �1�t�T�H���B�M���#�B�H�B�i�v�-
���+�+�m� �̀��+�v�- ���M�/ �S�`�B�p���+�v �U�6�1���S�@���A�9�6�B�M �k�y�R�3�V�- �k�y�R�3�X �q�Q�`�F�b�?�Q�T �T���T�2�`�c ���H�b�Q
���p���B�H���#�H�2 �Q�M ���`�s�B�p ���b ���`�s�B�p�,�R�3�R�k�X�y�y�y�d�e�X

�(�N�N�) �.�X �G�B�K�- �6�X �>�Q�?�M�2�- �s�X �G�B�- �a�X �G�X �>�m���M�;�- �o�X �:�m�T�i���- �P�X �"�?���H�2�`���Q�- ���M�/ �a�X�@�L�X �G�B�K�-
�ó�G���`�;�2 �a�+���H�2 �G�2���`�M�B�M�; �Q�M �L�Q�M�@�>�Q�K�Q�T�?�B�H�Q�m�b �:�`���T�?�b�, �L�2�r �"�2�M�+�?�K���`�F�b ���M�/
�a�i�`�Q�M�; �a�B�K�T�H�2 �J�2�i�?�Q�/�b�-�ô �B�M�L�2�m�`�A�S�a �ö�k�R�- �k�y�k�R�X

�(�R�y�y�) �>�X �S�2�B�- �"�X �q�2�B�- �E�X �*�X�@�*�X �*�?���M�;�- �u�X �G�2�B�- ���M�/ �"�X �u���M�;�- �ó�:�2�Q�K�@�:�*�L�, �:�2�Q�K�2�i�`�B�+
�:�`���T�? �*�Q�M�p�Q�H�m�i�B�Q�M���H �L�2�i�r�Q�`�F�b�-�ô �B�M�A�*�G�_�ö�k�y�- �k�y�k�y�X

�(�R�y�R�) ���X �"�Q�D�+�?�2�p�b�F�B ���M�/ �a�X �:�C�M�M�2�K���M�M�- �ó�.�2�2�T �:���m�b�b�B���M �1�K�#�2�/�/�B�M�; �Q�7 �:�`���T�?�b�,
�l�M�b�m�T�2�`�p�B�b�2�/ �A�M�/�m�+�i�B�p�2 �G�2���`�M�B�M�; �p�B�� �_���M�F�B�M�;�-�ô �B�M�A�*�G�_ �ö�R�3�- �k�y�R�3�X

�(�R�y�k�) �s�X �>�m���M�;�- �u�X �u���M�;�- �u�X �q���M�;�- �*�X �q���M�;�- �w�X �w�?���M�;�- �C�X �s�m�- ���M�/ �G�X �*�?�2�M�-
�ó�.�:�`���T�?�, �� �G���`�;�2�@�a�+���H�2 �6�B�M���M�+�B���H �.���i���b�2�i �7�Q�` �:�`���T�? ���M�Q�K���H�v �.�2�i�2�+�i�B�Q�M�-�ô
�B�M�L�2�m�`�A�S�a�ö�k�k �.���i���b�2�i�b ���M�/ �"�2�M�+�?�K���`�F�b �h� �̀��+�F�- �k�y�k�k�X

�(�R�y�j�) �>�X �u�B�M�- ���X �_�X �"�2�M�b�Q�M�- �C�X �G�2�b�F�Q�p�2�+�- ���M�/ �.�X �6�X �:�H�2�B�+�?�- �ó�G�Q�+���H �>�B�;�?�2�`�@�P�`�/�2�`
�:�`���T�? �*�H�m�b�i�2�`�B�M�;�-�ô �B�M�E�.�. �ö�R�d�- �T�X �8�8�8���8�e�9�- �k�y�R�d�X

�(�R�y�9�) �C�X �G�2�b�F�Q�p�2�+�- �.�X �>�m�i�i�2�M�H�Q�+�?�2�`�- ���M�/ �C�X �E�H�2�B�M�#�2�`�;�- �ó�a�B�;�M�2�/ �L�2�i�r�Q�`�F�b �B�M �a�Q�+�B���H
�J�2�/�B���-�ô �B�M�*�>�A �ö�R�y�- �k�y�R�y�X

�(�R�y�8�) �:�X �6���;�B�Q�H�Q�- �ó�*�H�m�b�i�2�`�B�M�; �B�M �+�Q�K�T�H�2�t �/�B�`�2�+�i�2�/ �M�2�i�r�Q�`�F�b�-�ô�S�?�v�b�B�+���H �_�2�p�B�2�r �1�-
�p�Q�H�X �d�e�- �M�Q�X �k�- �k�y�y�d�X

�(�R�y�e�) �a�X �E�X �G���K�- ���X �S�B�i�`�Q�m�- ���M�/ �a�X �a�2�B�#�2�`�i�- �ó�L�m�K�#���, �� �G�G�o�J�@�#���b�2�/ �S�v�i�?�Q�M �C�A�h
�+�Q�K�T�B�H�2�`�-�ô �B�M�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �a�2�+�Q�M�/ �q�Q�`�F�b�?�Q�T �Q�M �i�?�2 �G�G�o�J �*�Q�K�T�B�H�2�`
�A�M�7� �̀��b�i�`�m�+�i�m� �̀2 �B�M �>�S�*�- �G�G�o�J �ö�R�8�- ���b�b�Q�+�B���i�B�Q�M �7�Q�` �*�Q�K�T�m�i�B�M�; �J���+�?�B�M�2�`�v�-
�k�y�R�8�X

�(�R�y�d�) �*�X �*�2�v�H���M�- �E�X �:�?�Q�Q�`�+�?�B���M�- ���M�/ �.�X �E�`���;�B�+�- �ó�6�m�H�H�@�_���M�F �l�M�b�m�T�2�`�p�B�b�2�/ �L�Q�/�2
�1�K�#�2�/�/�B�M�;�b �7�Q�` �.�B�`�2�+�i�2�/ �:�`���T�?�b �p�B�� �J�2�b�b���;�2 ���;�;�`�2�;���i�B�Q�M�-�ô�h� �̀��M�b���+�i�B�Q�M�b �Q�M
�J���+�?�B�M�2 �G�2���`�M�B�M�; �_�2�b�2��� �̀+�?�- �k�y�k�8�X

�(�R�y�3�) �A�X �a�i���M�i�Q�M ���M�/ �:�X �E�H�B�Q�i�- �ó�a�i�`�2���K�B�M�; �;�`���T�? �T���`�i�B�i�B�Q�M�B�M�; �7�Q�` �H���`�;�2 �/�B�b�i�`�B�#�m�i�2�/
�;�`���T�?�b�-�ô �B�M�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �R�3�i�? ���*�J �a�A�:�E�.�. �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2
�Q�M �E�M�Q�r�H�2�/�;�2 �.�B�b�+�Q�p�2�`�v ���M�/ �.���i�� �J�B�M�B�M�;�- �E�.�. �ö�R�k�- �T�X �R�k�k�k���R�k�j�y�- ���b�b�Q�+�B���@
�i�B�Q�M �7�Q�` �*�Q�K�T�m�i�B�M�; �J���+�?�B�M�2�`�v�- �k�y�R�k�X

�(�R�y�N�) �.�X �C�X �q���i�i�b ���M�/ �a�X �>�X �a�i�`�Q�;���i�x�- �ó�*�Q�H�H�2�+�i�B�p�2 �/�v�M���K�B�+�b �Q�7 �õ�b�K���H�H�@�r�Q�`�H�/�ö �M�2�i�@
�r�Q�`�F�b�-�ô�L���i�m� �̀2�- �p�Q�H�X �j�N�j�- �T�T�X �9�9�y���9�9�k�- �D�m�M �R�N�N�3�X
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�(�R�R�y�) �C�X �w�?�m�- �u�X �u���M�- �G�X �w�?���Q�- �J�X �>�2�B�K���M�M�- �G�X ���F�Q�;�H�m�- ���M�/ �.�X �E�Q�m�i�`���- �ó�"�2�v�Q�M�/
�>�Q�K�Q�T�?�B�H�v �B�M �:�`���T�? �L�2�m�`���H �L�2�i�r�Q�`�F�b�, �*�m�`�`�2�M�i �G�B�K�B�i���i�B�Q�M�b ���M�/ �1�z�2�+�i�B�p�2
�.�2�b�B�;�M�b�-�ô �B�M�L�2�m�`�A�S�a �ö�k�y�- �k�y�k�y�X

�(�R�R�R�) �>�X �q���M�;�- �C�X �w�?���M�;�- �Z�X �w�?�m�- �q�X �>�m���M�;�- �E�X �E���r���;�m�+�?�B�- ���M�/ �s�X �s�B���Q�- �ó�a�B�M�;�H�2�@
�S���b�b �*�Q�M�i�`���b�i�B�p�2 �G�2���`�M�B�M�; �*���M �q�Q�`�F �7�Q�` �"�Q�i�? �>�Q�K�Q�T�?�B�H�B�+ ���M�/ �>�2�i�2�`�Q�T�?�B�H�B�+
�:�`���T�?�-�ô�h� �̀��M�b���+�i�B�Q�M�b �Q�M �J���+�?�B�M�2 �G�2���`�M�B�M�; �_�2�b�2��� �̀+�?�- �k�y�k�j�X

�(�R�R�k�) �P�X �S�H���i�Q�M�Q�p�- �.�X �E�m�x�M�2�/�2�H�2�p�- ���X �"���#�2�M�F�Q�- ���M�/ �G�X �S�`�Q�F�?�Q�`�2�M�F�Q�p���- �ó�*�?���`���+�@
�i�2�`�B�x�B�M�; �:�`���T�? �.���i���b�2�i�b �7�Q�` �L�Q�/�2 �*�H���b�b�B�}�+���i�B�Q�M�, �>�Q�K�Q�T�?�B�H�v�@�>�2�i�2�`�Q�T�?�B�H�v �.�B�@
�+�?�Q�i�Q�K�v ���M�/ �"�2�v�Q�M�/�-�ô �B�M���/�p���M�+�2�b �B�M �L�2�m� �̀��H �A�M�7�Q�`�K���i�B�Q�M �S� �̀Q�+�2�b�b�B�M�; �a�v�b�i�2�K�b�-
�p�Q�H�X �j�e�- �T�T�X �8�k�j���8�9�3�- �*�m�`�`���M ���b�b�Q�+�B���i�2�b�- �A�M�+�X�- �k�y�k�j�X

�(�R�R�j�) �*�X �*�2�v�H���M�- �E�X �:�?�Q�Q�`�+�?�B���M�- ���M�/ �.�X �E�`���;�B�+�- �ó�.�B�b�Q�#�2�v�B�M�; �.�B�`�2�+�i�B�Q�M�b�, �a�r�B�i�+�?�@
�B�M�; �_���M�/�Q�K �q���H�F �6�B�H�i�2�`�b �7�Q�` �l�M�b�m�T�2�`�p�B�b�2�/ �L�Q�/�2 �1�K�#�2�/�/�B�M�; �G�2���`�M�B�M�; �Q�M
�.�B�`�2�+�i�2�/ �:�`���T�?�b�-�ô�h� �̀��M�b���+�i�B�Q�M�b �Q�M �J���+�?�B�M�2 �G�2���`�M�B�M�; �_�2�b�2��� �̀+�?�- �k�y�k�8�X

�(�R�R�9�) �a�X �S�X �"�Q�`�;���i�i�B ���M�/ �J�X �:�X �1�p�2�`�2�i�i�- �ó�L�Q�i�B�Q�M�b �Q�7 �S�Q�b�B�i�B�Q�M �B�M �a�Q�+�B���H �L�2�i�r�Q�`�F
���M���H�v�b�B�b�-�ô�a�Q�+�B�Q�H�Q�;�B�+���H �K�2�i�?�Q�/�Q�H�Q�;�v�- �p�Q�H�X �k�k�- �T�T�X �R���j�8�- �R�N�N�k�X

�(�R�R�8�) �_�X ���X �_�Q�b�b�B�- �.�X �C�B�M�- �a�X �E�B�K�- �L�X �E�X ���?�K�2�/�- �.�X �E�Q�m�i�`���- ���M�/ �C�X �"�X �G�2�2�- �ó�P�M
�S�`�Q�t�B�K�B�i�v ���M�/ �a�i�`�m�+�i�m�`���H �_�Q�H�2�@�"���b�2�/ �1�K�#�2�/�/�B�M�;�b �B�M �L�2�i�r�Q�`�F�b�, �J�B�b�+�Q�M�+�2�T�@
�i�B�Q�M�b�- �h�2�+�?�M�B�[�m�2�b�- ���M�/ ���T�T�H�B�+���i�B�Q�M�b�-�ô���*�J �h�E�.�. �- �p�Q�H�X �R�9�- �M�Q�X �8�- �k�y�k�y�X

�(�R�R�e�) �C�X �C�B�M�- �J�X �>�2�B�K���M�M�- �.�X �C�B�M�- ���M�/ �.�X �E�Q�m�i�`���- �ó�h�Q�r���`�/ �l�M�/�2�`�b�i���M�/�B�M�; ���M�/
�1�p���H�m���i�B�M�; �a�i�`�m�+�i�m�`���H �L�Q�/�2 �1�K�#�2�/�/�B�M�;�b�-�ô���*�J �h�E�.�. �- �p�Q�H�X �R�e�- �M�Q�X �j�- �k�y�k�R�X

�(�R�R�d�) �a�X �S�X �"�Q�`�;���i�i�B ���M�/ �J�X �:�X �1�p�2�`�2�i�i�- �ó�h�r�Q ���H�;�Q�`�B�i�?�K�b �7�Q�` �+�Q�K�T�m�i�B�M�; �`�2�;�m�H���`
�2�[�m�B�p���H�2�M�+�2�-�ô�a�Q�+�B���H �L�2�i�r�Q�`�F�b�- �p�Q�H�X �R�8�- �M�Q�X �9�- �T�T�X �j�e�R���j�d�e�- �R�N�N�j�X

�(�R�R�3�) �6�X �G�Q�`�`���B�M ���M�/ �>�X �*�X �q�?�B�i�2�- �ó�a�i�`�m�+�i�m�`���H �2�[�m�B�p���H�2�M�+�2 �Q�7 �B�M�/�B�p�B�/�m���H�b �B�M �b�Q�+�B���H
�M�2�i�r�Q�`�F�b�-�ô�h�?�2 �C�Q�m�`�M���H �Q�7 �K���i�?�2�K���i�B�+���H �b�Q�+�B�Q�H�Q�;�v�- �p�Q�H�X �R�- �M�Q�X �R�- �T�T�X �9�N���3�y�-
�R�N�d�R�X

�(�R�R�N�) �J�X �>�2�B�K���M�M�- �>�X �a�?�2�M�- �h�X �a���7���p�B�- ���M�/ �.�X �E�Q�m�i�`���- �ó�_�2�;���H�, �_�2�T�`�2�b�2�M�i���i�B�Q�M
�G�2���`�M�B�M�;�@�"���b�2�/ �:�`���T�? ���H�B�;�M�K�2�M�i�-�ô �B�M�*�A�E�J�ö�R�3�- �T�X �R�R�d���R�k�e�- �k�y�R�3�X

�(�R�k�y�) �C�X �Z�B�m�- �Z�X �*�?�2�M�- �u�X �.�Q�M�;�- �C�X �w�?���M�;�- �>�X �u���M�;�- �J�X �.�B�M�;�- �E�X �q���M�;�- ���M�/ �C�X �h���M�;�-
�ó�:�*�*�, �:�`���T�? �*�Q�M�i�`���b�i�B�p�2 �*�Q�/�B�M�; �7�Q�` �:�`���T�? �L�2�m�`���H �L�2�i�r�Q�`�F �S�`�2�@�h�`���B�M�B�M�;�-�ô
�B�M�E�.�. �ö�k�y�- �T�T�X �R�R�8�y���R�R�e�y�- �k�y�k�y�X

�(�R�k�R�) �_�X ���X �>�Q�`�M ���M�/ �*�X �_�X �C�Q�?�M�b�Q�M�-�J���i�`�B�t ���M���H�v�b�B�b�X �*���K�#�`�B�/�;�2 �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�-
�k�M�/ �2�/�X�- �k�y�R�k�X

�(�R�k�k�) �6�X �_�X �*�?�m�M�;�-�a�T�2�+�i� �̀��H �;� �̀��T�? �i�?�2�Q�`�v�X �L�Q�X �N�k �B�M �_�2�;�B�Q�M���H �+�Q�M�7�2�`�2�M�+�2 �b�2�`�B�2�b �B�M
�K���i�?�2�K���i�B�+�b�- ���K�2�`�B�+���M �J���i�?�2�K���i�B�+���H �a�Q�+�B�2�i�v�- �R�N�N�d�X

�(�R�k�j�) �l�X �p�Q�M �G�m�t�#�m�`�;�- �ó�� �i�m�i�Q�`�B���H �Q�M �b�T�2�+�i�`���H �+�H�m�b�i�2�`�B�M�;�-�ô�a�i���i�B�b�i�B�+�b ���M�/ �+�Q�K�T�m�i�B�M�;�-
�p�Q�H�X �R�d�- �M�Q�X �9�- �T�T�X �j�N�8���9�R�e�- �k�y�y�d�X
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�(�R�k�9�) �C�X �C�X �S�X �o�2�2�`�K���M ���M�/ �_�X �G�v�Q�M�b�- �ó�� �S�`�B�K�2�` �Q�M �G���T�H���+�B���M �.�v�M���K�B�+�b �B�M �.�B�`�2�+�i�2�/
�:�`���T�?�b�-�ô �k�y�k�y�X

�(�R�k�8�) �G�X �S���;�2�- �a�X �"�`�B�M�- �_�X �J�Q�i�r���M�B�- ���M�/ �h�X �q�B�M�Q�;�`���/�- �ó�h�?�2 �S���;�2�_���M�F �*�B�i���i�B�Q�M
�_���M�F�B�M�;�, �"�`�B�M�;�B�M�; �P�`�/�2�` �i�Q �i�?�2 �q�2�#�X�-�ô �h�2�+�?�M�B�+���H �_�2�T�Q�`�i �R�N�N�N�@�e�e�- �a�i���M�7�Q�`�/
�A�M�7�Q�G���#�- �R�N�N�N�X

�(�R�k�e�) �G�X �>���D�/�m�- �J�X �E�`�û�b�x�- �*�X �S���T���i�?�2�Q�/�Q�`�Q�m�- �G�X �"�2�H�H���i�`�2�+�?�2�- �J�X �>���H�H�- �1�X �.�2�K�B�@
�/�Q�p���- �J�X �"�B�2�H�B�F�Q�p�€�- �P�X �"�Q�m�b�b���[�/�- �h�X �J�2�`�Í�m�M�- �C�X �.���`�K�Q�M�i�- �6�X �.�m�+�?���i�2���m�- ���M�/
�"�X �*���i���M�B���- �ó�h�2�K�T�Q�`���H �M�2�i�r�Q�`�F ���M���H�v�i�B�+�b �7�Q�` �7�`���m�/ �/�2�i�2�+�i�B�Q�M �B�M �i�?�2 �#���M�F�B�M�;
�b�2�+�i�Q�`�-�ô �B�M���.�"�A�a�- �h�S�.�G ���M�/ �1�.�� �k�y�k�y �*�Q�K�K�Q�M �q�Q�`�F�b�?�Q�T�b ���M�/ �.�Q�+�i�Q� �̀��H
�*�Q�M�b�Q�`�i�B�m�K�- �p�Q�H�X �R�k�e�y �Q�7�*�Q�K�K�m�M�B�+���i�B�Q�M�b �B�M �*�Q�K�T�m�i�2�` ���M�/ �A�M�7�Q�`�K���i�B�Q�M �a�+�B�@
�2�M�+�2�- �T�T�X �R�9�8���R�8�d�- �a�T�`�B�M�;�2�` �A�M�i�2�`�M���i�B�Q�M���H �S�m�#�H�B�b�?�B�M�; ���:�- �k�y�k�y�X

�(�R�k�d�) �6�X ���/�`�B���2�M�b�- �*�X ���b�H���v�- �h�X �.�2 �"�B�2�- ���X �:�B�Q�M�B�b�- ���M�/ �C�X �G�B�D�{�D�i�- �ó�.�B�b�+�Q�p�2�`�B�M�;
�B�M�i�2�`�2�b�i�B�M�; �+�v�+�H�2�b �B�M �/�B�`�2�+�i�2�/ �;�`���T�?�b�-�ô �B�M�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �k�3�i�? ���*�J �A�M�i�2�`�@
�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �A�M�7�Q�`�K���i�B�Q�M ���M�/ �E�M�Q�r�H�2�/�;�2 �J���M���;�2�K�2�M�i�- �*�A�E�J �ö�R�N�-
�T�X �R�R�N�R���R�k�y�y�- ���b�b�Q�+�B���i�B�Q�M �7�Q�` �*�Q�K�T�m�i�B�M�; �J���+�?�B�M�2�`�v�- �k�y�R�N�X

�(�R�k�3�) �C�X �"�H���M�m�b���- �S�X �A�2�M�M�2�- ���M�/ �E�X ���i���b�m�- �ó�a�+���H���#�H�2 �}�M�2�@�;�`���B�M�2�/ �T���`���H�H�2�H �+�v�+�H�2 �2�M�m�@
�K�2�`���i�B�Q�M ���H�;�Q�`�B�i�?�K�b�-�ô �B�M�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �j�9�i�? ���*�J �a�v�K�T�Q�b�B�m�K �Q�M �S��� �̀��H�@
�H�2�H�B�b�K �B�M ���H�;�Q�`�B�i�?�K�b ���M�/ ��� �̀+�?�B�i�2�+�i�m� �̀2�b�- �a�S���� �ö�k�k�- �T�T�X �k�9�d���k�8�3�- �k�y�k�k�X

�(�R�k�N�) �E�X �:�m�b�i���7�b�Q�M ���M�/ �_�X �>���`�i�K���M�- �ó�:�`���T�? �i�?�2�Q�`�v ���M�/ �~�m�B�/ �/�v�M���K�B�+�b�-�ô�a�A���J
�C�Q�m�`�M���H �Q�M ���H�;�2�#� �̀��B�+ �.�B�b�+� �̀2�i�2 �J�2�i�?�Q�/�b�- �p�Q�H�X �e�- �M�Q�X �9�- �T�T�X �e�9�j���e�8�e�- �R�N�3�8�X

�(�R�j�y�) �"�X �"�Q�H�H�Q�#�€�b�-�J�Q�/�2�`�M �:� �̀��T�? �h�?�2�Q�`�v�- �p�Q�H�X �R�3�9 �Q�7�:� �̀��/�m���i�2 �h�2�t�i�b �B�M �J���i�?�2�K���i�@
�B�+�b�X �a�T�`�B�M�;�2�`�@�o�2�`�H���;�- �R �2�/�X�- �R�N�N�3�X

�(�R�j�R�) �:�X �J�X �*�Q�+�H�B�i�2�- �J�X �:���`���p�2�H�H�Q�- ���M�/ �"�X �S�B�+�+�Q�H�B�- �ó�h�`���{�+ �~�Q�r �Q�M �� �`�Q���/ �M�2�i�r�Q�`�F�-�ô
�a�A���J �C�Q�m�`�M���H �Q�M �J���i�?�2�K���i�B�+���H ���M���H�v�b�B�b�- �p�Q�H�X �j�e�- �M�Q�X �e�- �T�T�X �R�3�e�k���R�3�3�e�- �k�y�y�8�X

�(�R�j�k�) �G�X�@�>�X �G�B�K�- �ó�>�Q�/�;�2 �G���T�H���+�B���M�b �Q�M �;�`���T�?�b�-�ô�a�B���K �_�2�p�B�2�r�- �p�Q�H�X �e�k�- �M�Q�X �j�-
�T�T�X �e�3�8���d�R�8�- �k�y�k�y�X

�(�R�j�j�) �J�X �h�X �a�+�?���m�# ���M�/ �a�X �a�2�;���`�`���- �ó�6�H�Q�r �b�K�Q�Q�i�?�B�M�; ���M�/ �/�2�M�Q�B�b�B�M�;�, �:�`���T�? �b�B�;�M���H
�T�`�Q�+�2�b�b�B�M�; �B�M �i�?�2 �2�/�;�2�@�b�T���+�2�-�ô �B�M�k�y�R�3 �A�1�1�1 �:�H�Q�#���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �a�B�;�M���H ���M�/
�A�M�7�Q�`�K���i�B�Q�M �S� �̀Q�+�2�b�b�B�M�; �U�:�H�Q�#���H�a�A�S�V�- �T�T�X �d�j�8���d�j�N�- �k�y�R�3�X

�(�R�j�9�) �>�X �*���B�- �o�X �q�X �w�?�2�M�;�- ���M�/ �E�X �*�X�@�*�X �*�?���M�;�- �ó�� �*�Q�K�T�`�2�?�2�M�b�B�p�2 �a�m�`�p�2�v �Q�7
�:�`���T�? �1�K�#�2�/�/�B�M�;�, �S�`�Q�#�H�2�K�b�- �h�2�+�?�M�B�[�m�2�b�- ���M�/ ���T�T�H�B�+���i�B�Q�M�b�-�ô�A�1�1�1 �h� �̀��M�b�@
���+�i�B�Q�M�b �Q�M �E�M�Q�r�H�2�/�;�2 ���M�/ �.���i�� �1�M�;�B�M�2�2�`�B�M�;�- �p�Q�H�X �j�y�- �M�Q�X �N�- �T�T�X �R�e�R�e���R�e�j�d�-
�k�y�R�3�X �*�Q�M�7�2�`�2�M�+�2 �L���K�2�, �A�1�1�1 �h�`���M�b���+�i�B�Q�M�b �Q�M �E�M�Q�r�H�2�/�;�2 ���M�/ �.���i�� �1�M�;�B�@
�M�2�2�`�B�M�;�X

�(�R�j�8�) �C�X �w�?�Q�m�- �G�X �G�B�m�- �q�X �q�2�B�- ���M�/ �C�X �6���M�- �ó�L�2�i�r�Q�`�F �`�2�T�`�2�b�2�M�i���i�B�Q�M �H�2���`�M�B�M�;�, �6�`�Q�K
�T�`�2�T�`�Q�+�2�b�b�B�M�;�- �7�2���i�m�`�2 �2�t�i�`���+�i�B�Q�M �i�Q �M�Q�/�2 �2�K�#�2�/�/�B�M�;�-�ô���*�J �*�Q�K�T�m�i�B�M�; �a�m�`�@
�p�2�v�b�- �p�Q�H�X �8�8�- �M�Q�X �k�- �k�y�k�k�X



�k�k�e �_�2�7�2� �̀2�M�+�2�b

�(�R�j�e�) �J�X �E���B�M�2�` ���M�/ �C�X �G�X �h�`� �z�- �ó�J�Q�`�2 �T���`���H�H�2�H�B�b�K �B�M �/�B�D�F�b�i�`���ö�b �b�B�M�;�H�2�@�b�Q�m�`�+�2 �b�?�Q�`�i�@
�2�b�i �T���i�? ���H�;�Q�`�B�i�?�K�-�ô �k�y�R�N�X ���`�s�B�p�,�R�N�y�j�X�R�k�y�3�8�X

�(�R�j�d�) �s�X �w�?�m ���M�/ �w�X �:�?���?�`���K���M�B�- �ó�G�2���`�M�B�M�; �7�`�Q�K �H���#�2�H�2�/ ���M�/ �m�M�H���#�2�H�2�/ �/���i�� �r�B�i�?
�H���#�2�H �T�`�Q�T���;���i�B�Q�M�-�ô �i�2�+�?�X �`�2�T�X�- �*���`�M�2�;�B�2 �J�2�H�H�Q�M �l�M�B�p�2�`�b�B�i�v�- �k�y�y�k�X

�(�R�j�3�) ���X �"�m�H�m�Ï�- �>�X �J�2�v�2�`�?�2�M�F�2�- �A�X �a���7�`�Q�- �S�X �a���M�/�2�`�b�- ���M�/ �*�X �a�+�?�m�H�x�-�_�2�+�2�M�i ���/�p���M�+�2�b
�B�M �:� �̀��T�? �S���`�i�B�i�B�Q�M�B�M�;�- �T�T�X �R�R�d���R�8�3�X �a�T�`�B�M�;�2�` �A�M�i�2�`�M���i�B�Q�M���H �S�m�#�H�B�b�?�B�M�;�- �k�y�R�e�X

�(�R�j�N�) �6�X �S�2�/�`�2�;�Q�b���2�i ���H�X�- �ó�a�+�B�F�B�i�@�H�2���`�M�, �J���+�?�B�M�2 �G�2���`�M�B�M�; �B�M �S�v�i�?�Q�M�-�ô�C�J�G�_�-
�p�Q�H�X �R�k�- �T�X �k�3�k�8���k�3�j�y�- �k�y�R�R�X

�(�R�9�y�) �:�X �E�2�- �Z�X �J�2�M�;�- �h�X �6�B�M�H�2�v�- �h�X �q���M�;�- �q�X �*�?�2�M�- �q�X �J���- �Z�X �u�2�- ���M�/ �h�X�@�u�X
�G�B�m�- �ó�G�B�;�?�i�;�#�K�, �� �>�B�;�?�H�v �1�{�+�B�2�M�i �:�`���/�B�2�M�i �"�Q�Q�b�i�B�M�; �.�2�+�B�b�B�Q�M �h�`�2�2�-�ô �B�M
�L�2�m�`�A�S�a�ö�R�d�- �T�X �j�R�9�N���j�R�8�d�- �k�y�R�d�X

�(�R�9�R�) �G�X �J�+�A�M�M�2�b�- �C�X �>�2���H�v�- ���M�/ �a�X ���b�i�2�H�b�- �ó�?�/�#�b�+���M�, �>�B�2�`���`�+�?�B�+���H �/�2�M�b�B�i�v �#���b�2�/
�+�H�m�b�i�2�`�B�M�;�-�ô�h�?�2 �C�Q�m�`�M���H �Q�7 �P�T�2�M �a�Q�m� �̀+�2 �a�Q�7�i�r��� �̀2�- �p�Q�H�X �k�- �M�Q�X �R�R�- �k�y�R�d�X

�(�R�9�k�) ���X �_���K�2�b�?�- �J�X �S���p�H�Q�p�- �:�X �:�Q�?�- �a�X �:�`���v�- �*�X �o�Q�b�b�- ���X �_���/�7�Q�`�/�- �J�X �*�?�2�M�-
���M�/ �A�X �a�m�i�b�F�2�p�2�`�- �ó�w�2�`�Q�@�b�?�Q�i �i�2�t�i�@�i�Q�@�B�K���;�2 �;�2�M�2�`���i�B�Q�M�-�ô �B�M�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2
�j�3�i�? �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �J���+�?�B�M�2 �G�2���`�M�B�M�;�- �p�Q�H�X �R�j�N �Q�7�S� �̀Q�+�2�2�/�B�M�;�b
�Q�7 �J���+�?�B�M�2 �G�2���`�M�B�M�; �_�2�b�2��� �̀+�?�- �T�T�X �3�3�k�R���3�3�j�R�- �S�J�G�_�- �k�y�k�R�X

�(�R�9�j�) �u�X�@�>�X �>�X �h�b���B�- �a�X �"���B�- �S�X �S�X �G�B���M�;�- �C�X �w�X �E�Q�H�i�2�`�- �G�X�@�S�X �J�Q�`�2�M�+�v�- ���M�/
�_�X �a���H���F�?�m�i�/�B�M�Q�p�- �ó�J�m�H�i�B�K�Q�/���H �i�`���M�b�7�Q�`�K�2�` �7�Q�` �m�M���H�B�;�M�2�/ �K�m�H�i�B�K�Q�/���H �H���M�@
�;�m���;�2 �b�2�[�m�2�M�+�2�b�-�ô �B�M�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �8�d�i�? ���M�M�m���H �J�2�2�i�B�M�; �Q�7 �i�?�2 ���b�b�Q�+�B���@
�i�B�Q�M �7�Q�` �*�Q�K�T�m�i���i�B�Q�M���H �G�B�M�;�m�B�b�i�B�+�b �U�o�Q�H�m�K�2 �R�, �G�Q�M�; �S���T�2�`�b�V�- ���b�b�Q�+�B���i�B�Q�M �7�Q�`
�*�Q�K�T�m�i���i�B�Q�M���H �G�B�M�;�m�B�b�i�B�+�b�- �d �k�y�R�N�X

�(�R�9�9�) �S�X �S�Q�F�H�m�F���`�- �J�X �o���b�+�Q�- �>�X �u�B�M�- �6�X �a�X �J�2�H�Q�- ���X �S���B�p���- ���M�/ �.�X �E�`���;�B�+�- �ó�:�2�Q�@
�K�2�i�`�B�+ �K�m�H�i�B�K�Q�/���H �+�Q�M�i�`���b�i�B�p�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M �H�2���`�M�B�M�;�-�ô �B�M�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2
�j�N�i�? �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �J���+�?�B�M�2 �G�2���`�M�B�M�;�- �p�Q�H�X �R�e�k �Q�7�S� �̀Q�+�2�2�/�B�M�;�b
�Q�7 �J���+�?�B�M�2 �G�2���`�M�B�M�; �_�2�b�2��� �̀+�?�- �T�T�X �R�d�d�3�k���R�d�3�y�y�- �S�J�G�_�- �k�y�k�k�X

�(�R�9�8�) �1�X �L�;���B�- �u�X �>�m�- �u�X �q�Q�M�;�- �u�X �*�?�2�M�- ���M�/ �s�X �a�m�M�- �ó�h�?�2 ���T�T�H�B�+���i�B�Q�M �Q�7 �/���i��
�K�B�M�B�M�; �i�2�+�?�M�B�[�m�2�b �B�M �}�M���M�+�B���H �7�`���m�/ �/�2�i�2�+�i�B�Q�M�, �� �+�H���b�b�B�}�+���i�B�Q�M �7�`���K�2�r�Q�`�F ���M�/
���M ���+���/�2�K�B�+ �`�2�p�B�2�r �Q�7 �H�B�i�2�`���i�m�`�2�-�ô�.�2�+�B�b�B�Q�M �a�m�T�T�Q�`�i �a�v�b�i�2�K�b�- �p�Q�H�X �8�y�- �M�Q�X �j�-
�T�T�X �8�8�N���8�e�N�- �k�y�R�R�X �P�M �[�m���M�i�B�i���i�B�p�2 �K�2�i�?�Q�/�b �7�Q�` �/�2�i�2�+�i�B�Q�M �Q�7 �}�M���M�+�B���H �7�`���m�/�X

�(�R�9�e�) ���X �S���`�2�D���- �:�X �.�Q�K�2�M�B�+�Q�M�B�- �C�X �*�?�2�M�- �h�X �J���- �h�X �a�m�x�m�K�m�`���- �>�X �E���M�2�x���b�?�B�-
�h�X �E���H�2�`�- �h�X �"�X �a�+�?���`�/�H�- ���M�/ �*�X �1�X �G�2�B�b�2�`�b�Q�M�- �ó�1�p�Q�H�p�2�:�*�L�, �1�p�Q�H�p�B�M�; �;�`���T�?
�+�Q�M�p�Q�H�m�i�B�Q�M���H �M�2�i�r�Q�`�F�b �7�Q�` �/�v�M���K�B�+ �;�`���T�?�b�-�ô �B�M�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �h�?�B�`�i�v�@
�6�Q�m�`�i�? �������A �*�Q�M�7�2� �̀2�M�+�2 �Q�M ���`�i�B�}�+�B���H �A�M�i�2�H�H�B�;�2�M�+�2�- �k�y�k�y�X

�(�R�9�d�) �a�X �>�Q�+�?�`�2�B�i�2�` ���M�/ �C�X �a�+�?�K�B�/�?�m�#�2�`�- �ó�G�Q�M�; �a�?�Q�`�i�@�h�2�`�K �J�2�K�Q�`�v�-�ô�L�2�m� �̀��H �*�Q�K�@
�T�m�i���i�B�Q�M�- �p�Q�H�X �N�- �T�T�X �R�d�j�8���R�d�3�y�- �R�R �R�N�N�d�X



�_�2�7�2� �̀2�M�+�2�b �k�k�d

�(�R�9�3�) �"�X �1�;�`�2�b�b�v�- �G�X �p�Q�M �L�B�2�/�2�`�?� �m�b�2�`�M�- �C�X �"�H���M�m�����- �1�X ���H�i�K���M�- �_�X �q���i�i�2�M�?�Q�7�2�`�-
���M�/ �E�X ���i���b�m�- �ó�S�`�Q�p���#�H�v �T�Q�r�2�`�7�m�H �;�`���T�? �M�2�m�`���H �M�2�i�r�Q�`�F�b �7�Q�` �/�B�`�2�+�i�2�/ �K�m�H�i�B�@
�;�`���T�?�b�-�ô �B�M�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �h�?�B�`�i�v�@�1�B�;�?�i�? �������A �*�Q�M�7�2� �̀2�M�+�2 �Q�M ���`�i�B�}�+�B���H
�A�M�i�2�H�H�B�;�2�M�+�2 ���M�/ �h�?�B�`�i�v�@�a�B�t�i�? �*�Q�M�7�2� �̀2�M�+�2 �Q�M �A�M�M�Q�p���i�B�p�2 ���T�T�H�B�+���i�B�Q�M�b �Q�7 ���`�@
�i�B�}�+�B���H �A�M�i�2�H�H�B�;�2�M�+�2 ���M�/ �6�Q�m�`�i�2�2�M�i�? �a�v�K�T�Q�b�B�m�K �Q�M �1�/�m�+���i�B�Q�M���H ���/�p���M�+�2�b �B�M
���`�i�B�}�+�B���H �A�M�i�2�H�H�B�;�2�M�+�2�- �������A�ö�k�9�f�A�����A�ö�k�9�f�1�����A�ö�k�9�- �������A �S�`�2�b�b�- �k�y�k�9�X

�(�R�9�N�) �_�X �a���i�Q�- �J�X �u���K���/���- ���M�/ �>�X �E���b�?�B�K���- �ó���T�T�`�Q�t�B�K���i�B�Q�M �`���i�B�Q�b �Q�7 �;�`���T�? �M�2�m�`���H
�M�2�i�r�Q�`�F�b �7�Q�` �+�Q�K�#�B�M���i�Q�`�B���H �T�`�Q�#�H�2�K�b�-�ô �B�M�L�2�m�`�A�S�a�ö�R�N�- �*�m�`�`���M ���b�b�Q�+�B���i�2�b �A�M�+�X�-
�k�y�R�N�X

�(�R�8�y�) �C�X �u�Q�m�- �C�X �J�X �:�Q�K�2�b�@�a�2�H�K���M�- �_�X �u�B�M�;�- ���M�/ �C�X �G�2�b�F�Q�p�2�+�- �ó�A�/�2�M�i�B�i�v�@���r���`�2 �;�`���T�?
�M�2�m�`���H �M�2�i�r�Q�`�F�b�-�ô�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �������A �*�Q�M�7�2� �̀2�M�+�2 �Q�M ���`�i�B�}�+�B���H �A�M�i�2�H�H�B�@
�;�2�M�+�2�- �p�Q�H�X �j�8�- �T�T�X �R�y�d�j�d���R�y�d�9�8�- �J���v �k�y�k�R�X

�(�R�8�R�) �q�X �q�X �G�Q�- �:�X �E�X �E�m�H���i�B�H�H�2�F�2�- �J�X �a���`�?���M�- �a�X �G���v�2�;�?�v�- ���M�/ �J�X �S�Q�`�i�K���M�M�-
�ó�A�M�b�T�2�+�i�B�Q�M�@�H�, �a�2�H�7�@�b�m�T�2�`�p�B�b�2�/ �;�M�M �M�Q�/�2 �2�K�#�2�/�/�B�M�;�b �7�Q�` �K�Q�M�2�v �H���m�M�/�2�`�B�M�;
�/�2�i�2�+�i�B�Q�M �B�M �#�B�i�+�Q�B�M�-�ô���T�T�H�B�2�/ �A�M�i�2�H�H�B�;�2�M�+�2�- �p�Q�H�X �8�j�- �M�Q�X �R�e�- �T�T�X �R�N�9�y�e���R�N�9�R�d�-
�k�y�k�j�X

�(�R�8�k�) �J�X �*���`�/�Q�b�Q�- �S�X �a���H�2�B�`�Q�- ���M�/ �S�X �"�B�x���`�`�Q�- �ó�G���m�M�/�`�Q�;�`���T�?�, �a�2�H�7�@�b�m�T�2�`�p�B�b�2�/
�;�`���T�? �`�2�T�`�2�b�2�M�i���i�B�Q�M �H�2���`�M�B�M�; �7�Q�` ���M�i�B�@�K�Q�M�2�v �H���m�M�/�2�`�B�M�;�-�ô �B�M�S� �̀Q�+�2�2�/�B�M�;�b �Q�7
�i�?�2 �h�?�B� �̀/ ���*�J �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M ���A �B�M �6�B�M���M�+�2�- �A�*���A�6 �ö�k�k�- �T�X �R�j�y��
�R�j�3�- ���b�b�Q�+�B���i�B�Q�M �7�Q�` �*�Q�K�T�m�i�B�M�; �J���+�?�B�M�2�`�v�- �k�y�k�k�X

�(�R�8�j�) �u�X �G�B�m�- �J�X �C�B�M�- �a�X �S���M�- �*�X �w�?�Q�m�- �u�X �w�?�2�M�;�- �6�X �s�B���- ���M�/ �S�X �a�X �u�m�- �ó�:�`���T�?
�a�2�H�7�@�a�m�T�2�`�p�B�b�2�/ �G�2���`�M�B�M�;�, �� �a�m�`�p�2�v�-�ô�A�1�1�1 �h� �̀��M�b���+�i�B�Q�M�b �Q�M �E�M�Q�r�H�2�/�;�2 ���M�/
�.���i�� �1�M�;�B�M�2�2�`�B�M�;�- �p�Q�H�X �j�8�- �M�Q�X �e�- �T�T�X �8�3�d�N���8�N�y�y�- �k�y�k�j�X

�(�R�8�9�) �E�X �s�m�- �q�X �>�m�- �C�X �G�2�b�F�Q�p�2�+�- ���M�/ �a�X �C�2�;�2�H�F���- �ó�>�Q�r �S�Q�r�2�`�7�m�H ���`�2 �:�`���T�? �L�2�m�@
�`���H �L�2�i�r�Q�`�F�b�\�-�ô �B�M�A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �G�2���`�M�B�M�; �_�2�T� �̀2�b�2�M�i���i�B�Q�M�b�-
�A�*�G�_�ö�R�N�- �P�T�2�M�_�2�p�B�2�r�X�M�2�i�- �k�y�R�N�X

�(�R�8�8�) �S�X �o�2�H�B�Í�F�Q�p�B�É�- �q�X �6�2�/�m�b�- �q�X �G�X �>���K�B�H�i�Q�M�- �S�X �G�B�Á�- �u�X �"�2�M�;�B�Q�- ���M�/ �_�X �.�X �>�D�2�H�K�-
�ó�.�2�2�T �:�`���T�? �A�M�7�Q�K���t�-�ô �B�M�A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �G�2���`�M�B�M�; �_�2�T� �̀2�b�2�M�i���@
�i�B�Q�M�b�- �A�*�G�_�ö�R�N�- �k�y�R�N�X

�(�R�8�e�) �h�X �L�X �E�B�T�7 ���M�/ �J�X �q�2�H�H�B�M�;�- �ó�o���`�B���i�B�Q�M���H �;�`���T�? ���m�i�Q�@�2�M�+�Q�/�2�`�b�-�ô �k�y�R�e�X

�(�R�8�d�) ���X �6�`�Q�M�x�2�i�i�B �*�Q�H�H���/�Q�M ���M�/ �1�X �_�2�K�Q�M�/�B�- �ó�l�b�B�M�; �b�Q�+�B���H �M�2�i�r�Q�`�F ���M���H�v�b�B�b �i�Q
�T�`�2�p�2�M�i �K�Q�M�2�v �H���m�M�/�2�`�B�M�;�-�ô�1�t�T�2�`�i �a�v�b�i�2�K�b �r�B�i�? ���T�T�H�B�+���i�B�Q�M�b�- �p�Q�H�X �e�d�- �T�T�X �9�N��
�8�3�- �k�y�R�d�X

�(�R�8�3�) �q�X �>�m�- �J�X �6�2�v�- �J�X �w�B�i�M�B�F�- �u�X �.�Q�M�;�- �>�X �_�2�M�- �"�X �G�B�m�- �J�X �*���i���b�i���- ���M�/
�C�X �G�2�b�F�Q�p�2�+�- �ó�P�T�2�M �:�`���T�? �"�2�M�+�?�K���`�F�, �.���i���b�2�i�b �7�Q�` �J���+�?�B�M�2 �G�2���`�M�B�M�; �Q�M
�:�`���T�?�b�-�ô �B�M�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �j�9�i�? �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �L�2�m� �̀��H �A�M�@
�7�Q�`�K���i�B�Q�M �S� �̀Q�+�2�b�b�B�M�; �a�v�b�i�2�K�b�- �L�2�m�`�A�S�a �ö�k�y�- �*�m�`�`���M ���b�b�Q�+�B���i�2�b �A�M�+�X�- �k�y�k�y�X



�k�k�3 �_�2�7�2� �̀2�M�+�2�b

�(�R�8�N�) �a�X ���#�m�@�1�H�@�>���B�D���- �"�X �S�2�`�Q�x�x�B�- ���X �E���T�Q�Q�`�- �>�X �>���`�m�i�v�m�M�v���M�- �L�X ���H�B�T�Q�m�`�7���`�/�-
�E�X �G�2�`�K���M�- �:�X �o�X �a�i�2�2�;�- ���M�/ ���X �:���H�b�i�v���M�- �ó�J�B�t�>�Q�T�, �>�B�;�?�2�`�@�P�`�/�2�` �:�`���T�?
�*�Q�M�p�Q�H�m�i�B�Q�M���H ���`�+�?�B�i�2�+�i�m�`�2�b �p�B�� �a�T���`�b�B�}�2�/ �L�2�B�;�?�#�Q�`�?�Q�Q�/ �J�B�t�B�M�;�-�ô �B�M�h�?�2
�h�?�B�`�i�v�@�b�B�t�i�? �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �J���+�?�B�M�2 �G�2���`�M�B�M�;�- �A�*�J�G �ö�R�N�- �k�y�R�N�X

�(�R�e�y�) �a�X �u�m�M�- �J�X �C�2�Q�M�;�- �_�X �E�B�K�- �C�X �E���M�;�- ���M�/ �>�X �C�X �E�B�K�- �ó�:�`���T�? �i�`���M�b�7�Q�`�K�2�`
�M�2�i�r�Q�`�F�b�-�ô �B�M���/�p���M�+�2�b �B�M �L�2�m� �̀��H �A�M�7�Q�`�K���i�B�Q�M �S� �̀Q�+�2�b�b�B�M�; �a�v�b�i�2�K�b�- �L�2�m�`�A�S�a
�ö�R�N�- �T�T�X �R�R�N�e�y���R�R�N�d�y�- �k�y�R�N�X

�(�R�e�R�) �*�X �J�Q�`�`�B�b�- �J�X �_�B�i�x�2�`�i�- �J�X �6�2�v�- �q�X �G�X �>���K�B�H�i�Q�M�- �C�X �1�X �G�2�M�b�b�2�M�- �:�X �_���i�i���M�- ���M�/
�J�X �:�`�Q�?�2�- �ó�q�2�B�b�7�2�B�H�2�` ���M�/ �G�2�K���M �:�Q �L�2�m�`���H�, �>�B�;�?�2�`�@�P�`�/�2�` �:�`���T�? �L�2�m�`���H
�L�2�i�r�Q�`�F�b�-�ô �B�M�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �h�?�B�`�i�v�@�h�?�B� �̀/ �������A �*�Q�M�7�2� �̀2�M�+�2 �Q�M ���`�i�B�}�+�B���H
�A�M�i�2�H�H�B�;�2�M�+�2 ���M�/ �h�?�B�`�i�v�@�6�B�`�b�i �A�M�M�Q�p���i�B�p�2 ���T�T�H�B�+���i�B�Q�M�b �Q�7 ���`�i�B�}�+�B���H �A�M�i�2�H�H�B�;�2�M�+�2
�*�Q�M�7�2� �̀2�M�+�2 ���M�/ �L�B�M�i�? �������A �a�v�K�T�Q�b�B�m�K �Q�M �1�/�m�+���i�B�Q�M���H ���/�p���M�+�2�b �B�M ���`�i�B�}�+�B���H
�A�M�i�2�H�H�B�;�2�M�+�2�- �������A�ö�R�N�- �������A �S�`�2�b�b�- �k�y�R�N�X

�(�R�e�k�) �*�X �.�2�M�;�- �w�X �u�m�2�- ���M�/ �w�X �w�?���M�;�- �ó�S�Q�H�v�M�Q�`�K�2�`�, �S�Q�H�v�M�Q�K�B���H�@�1�t�T�`�2�b�b�B�p�2 �:�`���T�?
�h�`���M�b�7�Q�`�K�2�` �B�M �G�B�M�2���` �h�B�K�2�-�ô �B�M�h�?�2 �h�r�2�H�7�i�? �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M
�G�2���`�M�B�M�; �_�2�T� �̀2�b�2�M�i���i�B�Q�M�b�- �A�*�G�_ �ö�k�9�- �k�y�k�9�X

�(�R�e�j�) �q�X �>�m�- �"�X �G�B�m�- �C�X �:�Q�K�2�b�- �J�X �w�B�i�M�B�F�- �S�X �G�B���M�;�- �o�X �S���M�/�2�- ���M�/ �C�X �G�2�b�F�Q�p�2�+�-
�ó�a�i�`���i�2�;�B�2�b �7�Q�` �S�`�2�@�i�`���B�M�B�M�; �:�`���T�? �L�2�m�`���H �L�2�i�r�Q�`�F�b�-�ô �B�M�A�*�G�_ �ö�k�y�- �k�y�k�y�X

�(�R�e�9�) �>�X �J���Q�- �w�X �*�?�2�M�- �q�X �h���M�;�- �C�X �w�?���Q�- �u�X �J���- �h�X �w�?���Q�- �L�X �a�?���?�- �J�X �:���H�F�B�M�-
���M�/ �C�X �h���M�;�- �ó�S�Q�b�B�i�B�Q�M�, �:�`���T�? �6�Q�m�M�/���i�B�Q�M �J�Q�/�2�H�b ���`�2 ���H�`�2���/�v �>�2�`�2�-�ô �B�M�S� �̀Q�@
�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �9�R�b�i �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �J���+�?�B�M�2 �G�2���`�M�B�M�;�- �A�*�J�G�ö�k�9�-
�C�J�G�_�X�Q�`�;�- �k�y�k�9�X

�(�R�e�8�) �J�X �:���H�F�B�M�- �s�X �u�m���M�- �>�X �J�Q�b�i���7���- �C�X �h���M�;�- ���M�/ �w�X �w�?�m�- �ó�h�Q�r���`�/�b �7�Q�m�M�/���@
�i�B�Q�M �K�Q�/�2�H�b �7�Q�` �F�M�Q�r�H�2�/�;�2 �;�`���T�? �`�2���b�Q�M�B�M�;�-�ô �B�M�h�?�2 �h�r�2�H�7�i�? �A�M�i�2�`�M���i�B�Q�M���H
�*�Q�M�7�2� �̀2�M�+�2 �Q�M �G�2���`�M�B�M�; �_�2�T� �̀2�b�2�M�i���i�B�Q�M�b�- �A�*�G�_ �ö�k�9�- �k�y�k�9�X

�(�R�e�e�) �u�X �_�Q�M�;�- �q�X �>�m���M�;�- �h�X �s�m�- ���M�/ �C�X �>�m���M�;�- �ó�.�`�Q�T�2�/�;�2�, �h�Q�r���`�/�b �/�2�2�T �;�`���T�?
�+�Q�M�p�Q�H�m�i�B�Q�M���H �M�2�i�r�Q�`�F�b �Q�M �M�Q�/�2 �+�H���b�b�B�}�+���i�B�Q�M�-�ô �B�M�A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2
�Q�M �G�2���`�M�B�M�; �_�2�T� �̀2�b�2�M�i���i�B�Q�M�b�- �A�*�G�_ �ö�k�y�- �k�y�k�y�X

�(�R�e�d�) �h�X �q���M�; ���M�/ �S�X �A�b�Q�H���- �ó�l�M�/�2�`�b�i���M�/�B�M�; �+�Q�M�i�`���b�i�B�p�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M �H�2���`�M�B�M�;
�i�?�`�Q�m�;�? ���H�B�;�M�K�2�M�i ���M�/ �m�M�B�7�Q�`�K�B�i�v �Q�M �i�?�2 �?�v�T�2�`�b�T�?�2�`�2�-�ô �B�M�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2
�j�d�i�? �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �J���+�?�B�M�2 �G�2���`�M�B�M�;�- �A�*�J�G�ö�k�y�- �C�J�G�_�X�Q�`�;�-
�k�y�k�y�X

�(�R�e�3�) �E�X �>���b�b���M�B ���M�/ ���X �>�X �E�?���b���?�K���/�B�- �ó�*�Q�M�i�`���b�i�B�p�2 �J�m�H�i�B�@�o�B�2�r �_�2�T�`�2�b�2�M�i���i�B�Q�M
�G�2���`�M�B�M�; �Q�M �:�`���T�?�b�-�ô �B�M�A�*�J�G�ö�k�y�- �T�T�X �9�R�R�e���9�R�k�e�- �k�y�k�y�X

�(�R�e�N�) �w�X �>�Q�m�- �s�X �G�B�m�- �u�X �*�2�M�- �u�X �.�Q�M�;�- �>�X �u���M�;�- �*�X �q���M�;�- ���M�/ �C�X �h���M�;�- �ó�:�`���T�?�@
�J���1�, �a�2�H�7�@�a�m�T�2�`�p�B�b�2�/ �J���b�F�2�/ �:�`���T�? ���m�i�Q�2�M�+�Q�/�2�`�b�-�ô �B�M�E�.�.�ö�k�k�- �T�T�X �8�N�9��
�e�y�9�- �k�y�k�k�X



�_�2�7�2� �̀2�M�+�2�b �k�k�N

�(�R�d�y�) �w�X �>�Q�m�- �u�X �>�2�- �u�X �*�2�M�- �s�X �G�B�m�- �u�X �.�Q�M�;�- �1�X �E�?���`�H���K�Q�p�- ���M�/ �C�X �h���M�;�- �ó�:�`���T�?�@
�J���1�k�, �� �.�2�+�Q�/�B�M�;�@�1�M�?���M�+�2�/ �J���b�F�2�/ �a�2�H�7�@�a�m�T�2�`�p�B�b�2�/ �:�`���T�? �G�2���`�M�2�`�-�ô �B�M
�q�q�q�ö�k�j�- �T�T�X �d�j�d���d�9�e�- �k�y�k�j�X

�(�R�d�R�) �"�X �a�`�B�M�B�p���b���M ���M�/ �"�X �_�B�#�2�B�`�Q�- �ó�P�M �i�?�2 �2�[�m�B�p���H�2�M�+�2 �#�2�i�r�2�2�M �T�Q�b�B�i�B�Q�M���H �M�Q�/�2
�2�K�#�2�/�/�B�M�;�b ���M�/ �b�i�`�m�+�i�m�`���H �;�`���T�? �`�2�T�`�2�b�2�M�i���i�B�Q�M�b�-�ô �B�M�A�*�G�_ �ö�k�y�- �k�y�k�y�X

�(�R�d�k�) �J�X �:�`�Q�?�2 ���M�/ �S�X �a�+�?�r�2�B�i�x�2�`�- �ó�h�?�2 �;�`���T�? �B�b�Q�K�Q�`�T�?�B�b�K �T�`�Q�#�H�2�K�-�ô�*�Q�K�K�m�M�B�@
�+���i�B�Q�M�b �Q�7 �i�?�2 ���*�J�- �p�Q�H�X �e�j�- �M�Q�X �R�R�- �T�X �R�k�3���R�j�9�- �k�y�k�y�X

�(�R�d�j�) �*�X �J�Q�`�`�B�b�- �J�X �_�B�i�x�2�`�i�- �J�X �6�2�v�- �q�X �G�X �>���K�B�H�i�Q�M�- �C�X �1�X �G�2�M�b�b�2�M�- �:�X �_���i�i���M�- ���M�/
�J�X �:�`�Q�?�2�- �ó�q�2�B�b�7�2�B�H�2�` ���M�/ �G�2�K���M �:�Q �L�2�m�`���H�, �>�B�;�?�2�`�@�P�`�/�2�` �:�`���T�? �L�2�m�`���H
�L�2�i�r�Q�`�F�b�-�ô �B�M�������A �ö�R�N�- �������A�ö�R�N�f�A�����A�ö�R�N�f�1�����A�ö�R�N�- �k�y�R�N�X

�(�R�d�9�) �"�X �S�2�`�Q�x�x�B�- �_�X ���H�@�_�7�Q�m�- ���M�/ �a�X �a�F�B�2�M���- �ó�.�2�2�T�q���H�F�, �Q�M�H�B�M�2 �H�2���`�M�B�M�; �Q�7 �b�Q�@
�+�B���H �`�2�T�`�2�b�2�M�i���i�B�Q�M�b�-�ô �B�M�E�.�. �ö�R�9�- �T�T�X �d�y�R���d�R�y�- ���b�b�Q�+�B���i�B�Q�M �7�Q�` �*�Q�K�T�m�i�B�M�;
�J���+�?�B�M�2�`�v�- �k�y�R�9�X

�(�R�d�8�) �s�X �J���- �:�X �Z�B�M�- �w�X �Z�B�m�- �J�X �w�?�2�M�;�- ���M�/ �w�X �q���M�;�- �ó�_�B�r���H�F�, �6���b�i �a�i�`�m�+�i�m�`���H
�L�Q�/�2 �1�K�#�2�/�/�B�M�; �p�B�� �_�Q�H�2 �A�/�2�M�i�B�}�+���i�B�Q�M�-�ô �B�M�A�*�.�J�ö�R�N�- �T�T�X �9�d�3���9�3�d�- �k�y�R�N�X

�(�R�d�e�) �C�X �Z�B�m�- �u�X �.�Q�M�;�- �>�X �J���- �C�X �G�B�- �E�X �q���M�;�- ���M�/ �C�X �h���M�;�- �ó�L�2�i�r�Q�`�F �1�K�#�2�/�/�B�M�;
���b �J���i�`�B�t �6���+�i�Q�`�B�x���i�B�Q�M�, �l�M�B�7�v�B�M�; �.�2�2�T�q���H�F�- �G�A�L�1�- �S�h�1�- ���M�/ �L�Q�/�2�k�p�2�+�-�ô
�B�M�q�a�.�J�ö�R�3�- �T�T�X �9�8�N���9�e�d�- �k�y�R�3�X

�(�R�d�d�) �*�X �*�2�v�H���M�- �E�X �:�?�Q�Q�`�+�?�B���M�- ���M�/ �.�X �E�`���;�B�+�- �ó�.�B�;�`���T�?�r���p�2�, �a�+���H���#�H�2 �1�t�i�`���+�i�B�Q�M
�Q�7 �a�i�`�m�+�i�m�`���H �L�Q�/�2 �1�K�#�2�/�/�B�M�;�b �p�B�� �.�B�z�m�b�B�Q�M �Q�M �.�B�`�2�+�i�2�/ �:�`���T�?�b�-�ô �k�y�k�k�X

�(�R�d�3�) �w�X �w�?���M�;�- �J�X �q���M�;�- �u�X �s�B���M�;�- �u�X �>�m���M�;�- ���M�/ ���X �L�2�?�Q�`���B�- �ó�_�2�i�;�F�, �:�`���T�?
�F�2�`�M�2�H�b �#���b�2�/ �Q�M �`�2�i�m�`�M �T�`�Q�#���#�B�H�B�i�B�2�b �Q�7 �`���M�/�Q�K �r���H�F�b�-�ô �B�M���/�p���M�+�2�b �B�M �L�2�m� �̀��H
�A�M�7�Q�`�K���i�B�Q�M �S� �̀Q�+�2�b�b�B�M�; �a�v�b�i�2�K�b�- �p�Q�H�X �j�R�- �*�m�`�`���M ���b�b�Q�+�B���i�2�b�- �A�M�+�X�- �k�y�R�3�X

�(�R�d�N�) �1�X �A�b�m�}�- �6�X �:���K���- �.�X �A�X �a�?�m�K���M�- ���M�/ �a�X �a�2�;���`�`���- �ó�:�`���T�? �6�B�H�i�2�`�b �7�Q�` �a�B�;�M���H
�S�`�Q�+�2�b�b�B�M�; ���M�/ �J���+�?�B�M�2 �G�2���`�M�B�M�; �Q�M �:�`���T�?�b�-�ô�A�1�1�1 �h� �̀��M�b���+�i�B�Q�M�b �Q�M �a�B�;�M���H
�S� �̀Q�+�2�b�b�B�M�;�- �p�Q�H�X �d�k�- �T�T�X �9�d�9�8���9�d�3�R�- �k�y�k�9�X

�(�R�3�y�) �.�X �A�X �a�?�m�K���M�- �a�X �E�X �L���`���M�;�- �S�X �6�`�Q�b�b���`�/�- ���X �P�`�i�2�;���- ���M�/ �S�X �o���M�@
�/�2�`�;�?�2�v�M�b�i�- �ó�h�?�2 �2�K�2�`�;�B�M�; �}�2�H�/ �Q�7 �b�B�;�M���H �T�`�Q�+�2�b�b�B�M�; �Q�M �;�`���T�?�b�, �1�t�i�2�M�/�B�M�;
�?�B�;�?�@�/�B�K�2�M�b�B�Q�M���H �/���i�� ���M���H�v�b�B�b �i�Q �M�2�i�r�Q�`�F�b ���M�/ �Q�i�?�2�` �B�`�`�2�;�m�H���` �/�Q�K���B�M�b�-�ô
�A�1�1�1 �a�B�;�M���H �S� �̀Q�+�2�b�b�B�M�; �J���;���x�B�M�2�- �p�Q�H�X �j�y�- �M�Q�X �j�- �T�T�X �3�j���N�3�- �k�y�R�j�X

�(�R�3�R�) �J�X �.�2�z�2�`�`���`�/�- �s�X �"�`�2�b�b�Q�M�- ���M�/ �S�X �o���M�/�2�`�;�?�2�v�M�b�i�- �ó�*�Q�M�p�Q�H�m�i�B�Q�M���H �M�2�m�`���H �M�2�i�@
�r�Q�`�F�b �Q�M �;�`���T�?�b �r�B�i�? �7���b�i �H�Q�+���H�B�x�2�/ �b�T�2�+�i�`���H �}�H�i�2�`�B�M�;�-�ô �B�M�L�2�m�`�A�S�a�ö�R�e�- �p�Q�H�X �k�N�-
�k�y�R�e�X

�(�R�3�k�) �J�X �1�X �>�Q�+�?�b�i�2�M�#���+�?�- �ó�� �C���+�Q�#�B���.���p�B�/�b�Q�M �i�v�T�2 �K�2�i�?�Q�/ �7�Q�` �i�?�2 �;�2�M�2�`���H�B�x�2�/
�b�B�M�;�m�H���` �p���H�m�2 �T�`�Q�#�H�2�K�-�ô�G�B�M�2���` ���H�;�2�#� �̀� ���M�/ �B�i�b ���T�T�H�B�+���i�B�Q�M�b�- �p�Q�H�X �9�j�R�- �M�Q�X �j�-
�T�T�X �9�d�R���9�3�d�- �k�y�y�N�X



�k�j�y �_�2�7�2� �̀2�M�+�2�b

�(�R�3�j�) ���X �6�2�m�2�`�p�2�`�;�2�` ���M�/ �_�X ���X �J�m�`�2�B�F���- �ó�h�?�2 �1�K�T�B�`�B�+���H �*�?���`���+�i�2�`�B�b�i�B�+ �6�m�M�+�i�B�Q�M
���M�/ �A�i�b ���T�T�H�B�+���i�B�Q�M�b�-�ô�h�?�2 ���M�M���H�b �Q�7 �a�i���i�B�b�i�B�+�b�- �p�Q�H�X �8�- �M�Q�X �R�- �T�T�X �3�3 �� �N�d�-
�R�N�d�d�X

�(�R�3�9�) �J�X �J�X �"�`�Q�M�b�i�2�B�M�- �C�X �"�`�m�M���- �u�X �G�2�*�m�M�- ���X �a�x�H���K�- ���M�/ �S�X �o���M�/�2�`�;�?�2�v�M�b�i�- �ó�:�2�@
�Q�K�2�i�`�B�+ �.�2�2�T �G�2���`�M�B�M�;�, �:�Q�B�M�; �#�2�v�Q�M�/ �1�m�+�H�B�/�2���M �/���i���-�ô�A�1�1�1 �a�B�;�M���H �S� �̀Q�@
�+�2�b�b�B�M�; �J���;���x�B�M�2�- �p�Q�H�X �j�9�- �M�Q�X �9�- �T�T�X �R�3���9�k�- �k�y�R�d�X

�(�R�3�8�) ���X �P�`�i�2�;���-�A�M�i� �̀Q�/�m�+�i�B�Q�M �i�Q �:� �̀��T�? �a�B�;�M���H �S� �̀Q�+�2�b�b�B�M�;�X �*���K�#�`�B�/�;�2 �l�M�B�p�2�`�b�B�i�v
�S�`�2�b�b�- �k�y�k�k�X

�(�R�3�e�) �G�X �L�X �h�`�2�7�2�i�?�2�M�-���T�T� �̀Q�t�B�K���i�B�Q�M �h�?�2�Q�`�v ���M�/ ���T�T� �̀Q�t�B�K���i�B�Q�M �S� �̀��+�i�B�+�2�- �1�t�@
�i�2�M�/�2�/ �1�/�B�i�B�Q�M�X �P�i�?�2�` �h�B�i�H�2�b �B�M ���T�T�H�B�2�/ �J���i�?�2�K���i�B�+�b�- �a�Q�+�B�2�i�v �7�Q�` �A�M�/�m�b�i�`�B���H
���M�/ ���T�T�H�B�2�/ �J���i�?�2�K���i�B�+�b�- �k�y�R�N�X

�(�R�3�d�) �*�X �J�Q�H�2�` ���M�/ �*�X �o���M �G�Q���M�- �ó�L�B�M�2�i�2�2�M �.�m�#�B�Q�m�b �q���v�b �i�Q �*�Q�K�T�m�i�2 �i�?�2 �1�t�T�Q�@
�M�2�M�i�B���H �Q�7 �� �J���i�`�B�t�- �h�r�2�M�i�v�@�6�B�p�2 �u�2���`�b �G���i�2�`�-�ô�a�A���J �_�2�p�B�2�r�- �p�Q�H�X �9�8�- �T�T�X �j��
�9�N�- �C���M�X �k�y�y�j�X

�(�R�3�3�) �C�X �w�?�Q�m�- �:�X �*�m�B�- �a�X �>�m�- �w�X �w�?���M�;�- �*�X �u���M�;�- �w�X �G�B�m�- �G�X �q���M�;�- �*�X �G�B�- ���M�/
�J�X �a�m�M�- �ó�:�`���T�? �M�2�m�`���H �M�2�i�r�Q�`�F�b�, �� �`�2�p�B�2�r �Q�7 �K�2�i�?�Q�/�b ���M�/ ���T�T�H�B�+���i�B�Q�M�b�-�ô���A
�P�T�2�M�- �p�Q�H�X �R�- �T�T�X �8�d���3�R�- �k�y�k�y�X

�(�R�3�N�) �w�X �q���M�;�- �C�X �*�?�2�M�- ���M�/ �>�X �*�?�2�M�- �ó�1�;���i�, �1�/�;�2�@�6�2���i�m�`�2�/ �:�`���T�? ���i�i�2�M�i�B�Q�M
�L�2�i�r�Q�`�F�-�ô �B�M���`�i�B�}�+�B���H �L�2�m� �̀��H �L�2�i�r�Q�`�F�b ���M�/ �J���+�?�B�M�2 �G�2���`�M�B�M�; �� �A�*���L�L
�k�y�k�R�- �U�*�?���K�V�- �T�T�X �k�8�j���k�e�9�- �a�T�`�B�M�;�2�` �A�M�i�2�`�M���i�B�Q�M���H �S�m�#�H�B�b�?�B�M�;�- �k�y�k�R�X

�(�R�N�y�) �1�X �_�Q�b�b�B�- �"�X �*�?���K�#�2�`�H���B�M�- �6�X �6�`���b�+���- �.�X �1�v�M���`�/�- �6�X �J�Q�M�i�B�- ���M�/ �J�X �"�`�Q�M�b�i�2�B�M�-
�ó�h�2�K�T�Q�`���H �;�`���T�? �M�2�i�r�Q�`�F�b �7�Q�` �/�2�2�T �H�2���`�M�B�M�; �Q�M �/�v�M���K�B�+ �;�`���T�?�b�-�ô �B�M�A�*�J�G
�k�y�k�y �q�Q�`�F�b�?�Q�T �Q�M �:� �̀��T�? �_�2�T� �̀2�b�2�M�i���i�B�Q�M �G�2���`�M�B�M�;�- �k�y�k�y�X

�(�R�N�R�) �Z�X �G�B�- �w�X �>���M�- ���M�/ �s�X�@�J�X �q�m�- �ó�.�2�2�T�2�` �A�M�b�B�;�?�i�b �A�M�i�Q �:�`���T�? �*�Q�M�p�Q�H�m�i�B�Q�M���H
�L�2�i�r�Q�`�F�b �7�Q�` �a�2�K�B�@�a�m�T�2�`�p�B�b�2�/ �G�2���`�M�B�M�;�-�ô �B�M�������A�ö�R�3�- �k�y�R�3�X

�(�R�N�k�) �.�X �*�?�2�M�- �u�X �G�B�M�- �q�X �G�B�- �S�X �G�B�- �C�X �w�?�Q�m�- ���M�/ �s�X �a�m�M�- �ó�J�2���b�m�`�B�M�; ���M�/ �_�2�@
�H�B�2�p�B�M�; �i�?�2 �P�p�2�`�@�a�K�Q�Q�i�?�B�M�; �S�`�Q�#�H�2�K �7�Q�` �:�`���T�? �L�2�m�`���H �L�2�i�r�Q�`�F�b �7�`�Q�K �i�?�2
�h�Q�T�Q�H�Q�;�B�+���H �o�B�2�r�-�ô�������A �ö�k�y�- �p�Q�H�X �j�9�- �M�Q�X �y�9�- �T�T�X �j�9�j�3���j�9�9�8�- �k�y�k�y�X

�(�R�N�j�) �:�X �*�Q�`�b�Q�- �G�X �*���p���H�H�2�`�B�- �.�X �"�2���B�M�B�- �S�X �G�B�Á�- ���M�/ �S�X �o�2�H�B�+�F�Q�p�B�+�- �ó�S�`�B�M�+�B�T���H �L�2�B�;�?�@
�#�Q�m�`�?�Q�Q�/ ���;�;�`�2�;���i�B�Q�M �7�Q�` �:�`���T�? �L�2�i�b�-�ô �B�M�L�2�m�`�A�S�a �ö�k�y�- �k�y�k�y�X

�(�R�N�9�) �u�X �u�Q�m�- �h�X �*�?�2�M�- �u�X �a�m�B�- �h�X �*�?�2�M�- �w�X �q���M�;�- ���M�/ �u�X �a�?�2�M�- �ó�:�`���T�? �+�Q�M�i�`���b�i�B�p�2
�H�2���`�M�B�M�; �r�B�i�? ���m�;�K�2�M�i���i�B�Q�M�b�-�ô �B�M�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �j�9�i�? �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�@
�7�2� �̀2�M�+�2 �Q�M �L�2�m� �̀��H �A�M�7�Q�`�K���i�B�Q�M �S� �̀Q�+�2�b�b�B�M�; �a�v�b�i�2�K�b�- �L�A�S�a �ö�k�y�- �*�m�`�`���M ���b�b�Q�@
�+�B���i�2�b �A�M�+�X�- �k�y�k�y�X

�(�R�N�8�) �.�X �_�X �>���`�/�Q�Q�M�- �a�X �a�x�2�/�K���F�- ���M�/ �C�X �a�?���r�2�@�h���v�H�Q�`�- �ó�*���M�Q�M�B�+���H �*�Q�`�`�2�H���i�B�Q�M
���M���H�v�b�B�b�, ���M �P�p�2�`�p�B�2�r �r�B�i�? ���T�T�H�B�+���i�B�Q�M �i�Q �G�2���`�M�B�M�; �J�2�i�?�Q�/�b�-�ô�L�2�m� �̀��H �*�Q�K�@
�T�m�i���i�B�Q�M�- �p�Q�H�X �R�e�- �M�Q�X �R�k�- �T�T�X �k�e�j�N���k�e�e�9�- �k�y�y�9�X



�_�2�7�2� �̀2�M�+�2�b �k�j�R

�(�R�N�e�) �u�X �G�B�m�- �u�X �w�?�2�M�;�- �.�X �w�?���M�;�- �o�X �G�2�2�- ���M�/ �a�X �S���M�- �ó�"�2�v�Q�M�/ �a�K�Q�Q�i�?�B�M�;�, �l�M�b�m�@
�T�2�`�p�B�b�2�/ �:�`���T�? �_�2�T�`�2�b�2�M�i���i�B�Q�M �G�2���`�M�B�M�; �r�B�i�? �1�/�;�2 �>�2�i�2�`�Q�T�?�B�H�v �.�B�b�+�`�B�K�B�M���i�@
�B�M�;�-�ô �B�M�������A�ö�k�j�- �T�T�X �9�8�R�e���9�8�k�9�- �k�y�k�j�X

�(�R�N�d�) �1�X �C���M�;�- �a�X �:�m�- ���M�/ �"�X �S�Q�Q�H�2�- �ó�*���i�2�;�Q�`�B�+���H �`�2�T���`���K�2�i�2�`�B�x���i�B�Q�M �r�B�i�? �;�m�K�#�2�H�@
�b�Q�7�i�K���t�-�ô �B�M�A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �G�2���`�M�B�M�; �_�2�T� �̀2�b�2�M�i���i�B�Q�M�b�- �A�*�G�_�ö�R�d�-
�k�y�R�d�X

�(�R�N�3�) �E�X �G�B�m�- �u�X �.�Q�m�- �s�X �.�B�M�;�- �s�X �>�m�- �_�X �w�?���M�;�- �>�X �S�2�M�;�- �G�X �a�m�M�- ���M�/ �S�X �a�X �u�m�-
�ó�S�v�:�P�.�, �� �S�v�i�?�Q�M �H�B�#�`���`�v �7�Q�` �;�`���T�? �Q�m�i�H�B�2�` �/�2�i�2�+�i�B�Q�M�-�ô�C�Q�m�`�M���H �Q�7 �J���+�?�B�M�2
�G�2���`�M�B�M�; �_�2�b�2��� �̀+�?�- �p�Q�H�X �k�8�- �M�Q�X �R�9�R�- �T�T�X �R���N�- �k�y�k�9�X

�(�R�N�N�) �J�X �w�?���M�; ���M�/ �u�X �*�?�2�M�- �ó�G�B�M�F �T�`�2�/�B�+�i�B�Q�M �#���b�2�/ �Q�M �;�`���T�? �M�2�m�`���H �M�2�i�r�Q�`�F�b�-�ô
�B�M�L�2�m�`�A�S�a�ö�R�3�- �p�Q�H�X �j�R�- �k�y�R�3�X

�(�k�y�y�) �C�X �G�X �"�2�M�i�H�2�v�- �ó�J�m�H�i�B�/�B�K�2�M�b�B�Q�M���H �"�B�M���`�v �a�2���`�+�? �h�`�2�2�b �l�b�2�/ �7�Q�` ���b�b�Q�+�B���i�B�p�2
�a�2���`�+�?�B�M�;�-�ô�*�Q�K�K�m�M�B�+���i�B�Q�M�b �Q�7 �i�?�2 ���*�J�- �p�Q�H�X �R�3�- �M�Q�X �N�- �T�X �8�y�N���8�R�d�- �R�N�d�8�X

�(�k�y�R�) �*�X �*�X �S���B�;�2 ���M�/ �J�X ���X �a���m�M�/�2�`�b�- �ó�G�b�[�`�, ���M ���H�;�Q�`�B�i�?�K �7�Q�` �b�T���`�b�2 �H�B�M�2���` �2�[�m���@
�i�B�Q�M�b ���M�/ �b�T���`�b�2 �H�2���b�i �b�[�m���`�2�b�-�ô���*�J �h� �̀��M�b���+�i�B�Q�M�b �Q�M �J���i�?�2�K���i�B�+���H �a�Q�7�i�r��� �̀2
�U�h�P�J�a�V�- �p�Q�H�X �3�- �M�Q�X �R�- �T�T�X �9�j���d�R�- �R�N�3�k�X

�(�k�y�k�) �S�X �o�B�`�i���M�2�M�- �_�X �:�Q�K�K�2�`�b�- �h�X �1�X �P�H�B�T�?���M�i�- �J�X �>���#�2�`�H���M�/�- �h�X �_�2�/�/�v�- �.�X �*�Q�m�`�@
�M���T�2���m�- �1�X �"�m�`�Q�p�b�F�B�- �S�X �S�2�i�2�`�b�Q�M�- �q�X �q�2�+�F�2�b�b�2�`�- �C�X �"�`�B�;�?�i�- �a�X �C�X �p���M �/�2�` �q���H�i�-
�J�X �"�`�2�i�i�- �C�X �q�B�H�b�Q�M�- �E�X �C�X �J�B�H�H�K���M�- �L�X �J���v�Q�`�Q�p�- ���X �_�X �C�X �L�2�H�b�Q�M�- �1�X �C�Q�M�2�b�-
�_�X �E�2�`�M�- �1�X �G���`�b�Q�M�- �*�X �C�X �*���`�2�v�- �^�X �S�Q�H���i�- �u�X �6�2�M�;�- �1�X �q�X �J�Q�Q�`�2�- �C�X �o���M�@
�/�2�`�S�H���b�- �.�X �G���t���H�/�2�- �C�X �S�2�`�F�i�Q�H�/�- �_�X �*�B�K�`�K���M�- �A�X �>�2�M�`�B�F�b�2�M�- �1�X ���X �Z�m�B�M�i�2�`�Q�-
�*�X �_�X �>���`�`�B�b�- ���X �J�X ���`�+�?�B�#���H�/�- ���X �>�X �_�B�#�2�B�`�Q�- �6�X �S�2�/�`�2�;�Q�b���- �S�X �p���M �J�m�H�@
�#�`�2�;�i�- ���M�/ �a�+�B�S�v �R�X�y �*�Q�M�i�`�B�#�m�i�Q�`�b�- �ó�a�+�B�S�v �R�X�y�, �6�m�M�/���K�2�M�i���H ���H�;�Q�`�B�i�?�K�b �7�Q�`
�a�+�B�2�M�i�B�}�+ �*�Q�K�T�m�i�B�M�; �B�M �S�v�i�?�Q�M�-�ô�L���i�m� �̀2 �J�2�i�?�Q�/�b�- �p�Q�H�X �R�d�- �T�T�X �k�e�R���k�d�k�- �k�y�k�y�X

�(�k�y�j�) �E�X �>�Q�`�M�B�F�- �J�X �a�i�B�M�+�?�+�Q�K�#�2�- ���M�/ �>�X �q�?�B�i�2�- �ó�J�m�H�i�B�H���v�2�` �7�2�2�/�7�Q�`�r���`�/ �M�2�i�r�Q�`�F�b
���`�2 �m�M�B�p�2�`�b���H ���T�T�`�Q�t�B�K���i�Q�`�b�-�ô�L�2�m� �̀��H �L�2�i�r�Q�`�F�b�- �p�Q�H�X �k�- �M�Q�X �8�- �T�X �j�8�N���j�e�e�- �R�N�3�N�X

�(�k�y�9�) �a�X �J�X �E���F���/�2�- �J�X �E�2���`�M�b�- ���M�/ �G�X �1�X �P�`�i�B�x�- �ó�:�`���T�?�B�+���H �1�+�Q�M�Q�K�B�+�b�-�ô �B�M�A�M�i�2�`�@
�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �*�Q�K�T�m�i���i�B�Q�M���H �G�2���`�M�B�M�; �h�?�2�Q�`�v�- �T�T�X �R�d���j�k�- �a�T�`�B�M�;�2�`�-
�k�y�y�9�X

�(�k�y�8�) �a�X �J�X �E���F���/�2�- �J�X �E�2���`�M�b�- �G�X �1�X �P�`�i�B�x�- �_�X �S�2�K���M�i�H�2�- ���M�/ �a�X �a�m�`�B�- �ó�1�+�Q�M�Q�K�B�+
�S�`�Q�T�2�`�i�B�2�b �Q�7 �a�Q�+�B���H �L�2�i�r�Q�`�F�b�-�ô �B�M�L�2�m�`�A�S�a�ö�y�8�- �p�Q�H�X �R�d�- �T�T�X �e�j�j���e�9�y�- �J�A�h
�S�`�2�b�b�- �k�y�y�8�X

�(�k�y�e�) �L�X �_�m�#�B�/�Q�- �*�X �:�`�2�#�Q�;�B�- ���M�/ �J�X �a�X �"���T�i�B�b�i���- �ó�_�2�b�B�H�B�2�M�i�H�v �2�p�Q�H�p�B�M�; �b�m�T�T�H�v�@
�/�2�K���M�/ �M�2�i�r�Q�`�F�b�-�ô�S�?�v�b�X �_�2�p�X �1�- �p�Q�H�X �3�N�- �T�X �y�R�k�3�y�R�- �k�y�R�9�X

�(�k�y�d�) �E�X �G�X �G���M�;�2�- �_�X �C�X ���X �G�B�i�i�H�2�- ���M�/ �C�X �J�X �:�X �h���v�H�Q�`�- �ó�_�Q�#�m�b�i �b�i���i�B�b�i�B�+���H �K�Q�/�2�H�B�M�;
�m�b�B�M�; �i�?�2 �i �/�B�b�i�`�B�#�m�i�B�Q�M�-�ô�C�Q�m�`�M���H �Q�7 �i�?�2 ���K�2�`�B�+���M �a�i���i�B�b�i�B�+���H ���b�b�Q�+�B���i�B�Q�M�-
�p�Q�H�X �3�9�- �M�Q�X �9�y�3�- �T�T�X �3�3�R���3�N�e�- �R�N�3�N�X



�k�j�k �_�2�7�2� �̀2�M�+�2�b

�(�k�y�3�) ���X �S���b�x�F�2�- �a�X �:�`�Q�b�b�- �6�X �J���b�b���- ���X �G�2�`�2�`�- �C�X �"�`���/�#�m�`�v�- �:�X �*�?���M���M�- �h�X �E�B�H�H�2�2�M�-
�w�X �G�B�M�- �L�X �:�B�K�2�H�b�?�2�B�M�- �G�X ���M�i�B�;���- ���X �.�2�b�K���B�b�Q�M�- ���X �E�Q�T�7�- �1�X �u���M�;�- �w�X �.�2�@
�o�B�i�Q�- �J�X �_���B�b�Q�M�- ���X �h�2�D���M�B�- �a�X �*�?�B�H���K�F�m�`�i�?�v�- �"�X �a�i�2�B�M�2�`�- �G�X �6���M�;�- �C�X �"���B�-
���M�/ �a�X �*�?�B�M�i���H���- �ó�S�v�h�Q�`�+�?�, ���M �A�K�T�2�`���i�B�p�2 �a�i�v�H�2�- �>�B�;�?�@�S�2�`�7�Q�`�K���M�+�2 �.�2�2�T
�G�2���`�M�B�M�; �G�B�#�`���`�v�-�ô �B�M�L�2�m�`�A�S�a �ö�R�N�- �T�T�X �3�y�k�9���3�y�j�8�- �k�y�R�N�X

�(�k�y�N�) �.�X �S�X �E�B�M�;�K�� ���M�/ �C�X �"���- �ó���/���K�, �� �J�2�i�?�Q�/ �7�Q�` �a�i�Q�+�?���b�i�B�+ �P�T�i�B�K�B�x���i�B�Q�M�-�ô �B�M
�A�*�G�_�- �k�y�R�8�X

�(�k�R�y�) �A�X �a�m�i�b�F�2�p�2�`�- �C�X �J���`�i�2�M�b�- �:�X �.���?�H�- ���M�/ �:�X �>�B�M�i�Q�M�- �ó�P�M �i�?�2 �B�K�T�Q�`�i���M�+�2 �Q�7
�B�M�B�i�B���H�B�x���i�B�Q�M ���M�/ �K�Q�K�2�M�i�m�K �B�M �/�2�2�T �H�2���`�M�B�M�;�-�ô �B�M�A�*�J�G �ö�R�j�- �T�T�X �R�R�j�N���R�R�9�d�-
�S�J�G�_�- �k�y�R�j�X

�(�k�R�R�) �"�X �w�?�m�- �u�X �s�B���- ���M�/ �s�X�@�C�X �w�?���M�;�- �ó�q�2�B�;�?�i �T�`�2�/�B�+�i�B�Q�M �B�M �+�Q�K�T�H�2�t �M�2�i�r�Q�`�F�b
�#���b�2�/ �Q�M �M�2�B�;�?�#�Q�` �b�2�i�-�ô�a�+�B�2�M�i�B�}�+ � �̀2�T�Q�`�i�b�- �p�Q�H�X �e�- �M�Q�X �R�- �T�T�X �R���R�y�- �k�y�R�e�X

�(�k�R�k�) �_�X ���;�`���r���H ���M�/ �G�X �/�2 ���H�7���`�Q�- �ó�G�2���`�M�B�M�; �2�/�;�2 �T�`�Q�T�2�`�i�B�2�b �B�M �;�`���T�?�b �7�`�Q�K �T���i�?
���;�;�`�2�;���i�B�Q�M�b�-�ô �B�M�h�?�2 �q�Q�`�H�/ �q�B�/�2 �q�2�# �*�Q�M�7�2� �̀2�M�+�2�- �T�T�X �R�8���k�8�- �k�y�R�N�X

�(�k�R�j�) �E�X �>�2�M�/�2�`�b�Q�M�- �"�X �:���H�H���;�?�2�`�- �G�X �G�B�- �G�X ���F�Q�;�H�m�- �h�X �1�H�B���b�b�B�@�_���/�- �>�X �h�Q�M�;�- ���M�/
�*�X �6���H�Q�m�i�b�Q�b�- �ó�A�i�ö�b �r�?�Q �v�Q�m �F�M�Q�r�, �;�`���T�? �K�B�M�B�M�; �m�b�B�M�; �`�2�+�m�`�b�B�p�2 �b�i�`�m�+�i�m�`���H
�7�2���i�m�`�2�b�-�ô �B�M�E�.�.�ö�R�R�- �T�T�X �e�e�j���e�d�R�- �k�y�R�R�X

�(�k�R�9�) �G�X ���F�Q�;�H�m�- �J�X �J�+�:�H�Q�?�Q�M�- ���M�/ �*�X �6���H�Q�m�i�b�Q�b�- �ó�Q�/�/�#���H�H�, �a�T�Q�i�i�B�M�; ���M�Q�K���H�B�2�b �B�M
�q�2�B�;�?�i�2�/ �:�`���T�?�b�-�ô �B�M�S���E�.�. �k�y�R�y�- �T�T�X �9�R�y���9�k�R�- �k�y�R�y�X

�(�k�R�8�) �A�X�@�E�X �u�2�Q ���M�/ �_�X ���X �C�Q�?�M�b�Q�M�- �ó�� �M�2�r �7���K�B�H�v �Q�7 �T�Q�r�2�` �i�`���M�b�7�Q�`�K���i�B�Q�M�b �i�Q
�B�K�T�`�Q�p�2 �M�Q�`�K���H�B�i�v �Q�` �b�v�K�K�2�i�`�v�-�ô�"�B�Q�K�2�i�`�B�F���- �p�Q�H�X �3�d�- �M�Q�X �9�- �T�T�X �N�8�9���N�8�N�-
�k�y�y�y�X

�(�k�R�e�) �J�X �6�B�`�2 ���M�/ �*�X �:�m�2�b�i�`�B�M�- �ó�h�?�2 �`�B�b�2 ���M�/ �7���H�H �Q�7 �M�2�i�r�Q�`�F �b�i���`�b�, ���M���H�v�x�B�M�; �k�X�8
�K�B�H�H�B�Q�M �;�`���T�?�b �i�Q �`�2�p�2���H �?�Q�r �?�B�;�?�@�/�2�;�`�2�2 �p�2�`�i�B�+�2�b �2�K�2�`�;�2 �Q�p�2�` �i�B�K�2�-�ô�A�M�7�Q�`�@
�K���i�B�Q�M �S� �̀Q�+�2�b�b�B�M�; ���M�/ �J���M���;�2�K�2�M�i�- �p�Q�H�X �8�d�- �M�Q�X �k�- �k�y�k�y�X

�(�k�R�d�) �L�X �a�`�B�p���b�i���p���- �:�X �>�B�M�i�Q�M�- ���X �E�`�B�x�?�2�p�b�F�v�- �A�X �a�m�i�b�F�2�p�2�`�- ���M�/ �_�X �a���H���F�?�m�i�/�B�M�Q�p�-
�ó�.�`�Q�T�Q�m�i�, �� �b�B�K�T�H�2 �r���v �i�Q �T�`�2�p�2�M�i �M�2�m�`���H �M�2�i�r�Q�`�F�b �7�`�Q�K �Q�p�2�`�}�i�i�B�M�;�-�ô�h�?�2
�D�Q�m�`�M���H �Q�7 �K���+�?�B�M�2 �H�2���`�M�B�M�; � �̀2�b�2��� �̀+�?�- �p�Q�H�X �R�8�- �M�Q�X �R�- �T�T�X �R�N�k�N���R�N�8�3�- �k�y�R�9�X

�(�k�R�3�) �*�X �1�X �a�?���M�M�Q�M�- �ó�*�Q�K�K�m�M�B�+���i�B�Q�M �B�M �i�?�2 �T�`�2�b�2�M�+�2 �Q�7 �M�Q�B�b�2�-�ô�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2
�A�_�1�- �p�Q�H�X �j�d�- �M�Q�X �R�- �T�T�X �R�y���k�R�- �R�N�9�N�X

�(�k�R�N�) �h�X �>���b�i�B�2�- �_�X �h�B�#�b�?�B�`���M�B�- ���M�/ �C�X �6�`�B�2�/�K���M�-�h�?�2 �1�H�2�K�2�M�i�b �Q�7 �a�i���i�B�b�i�B�+���H �G�2���`�M�@
�B�M�;�X �a�T�`�B�M�;�2�` �L�2�r �u�Q�`�F�- �k�M�/ �2�/�X�- �k�y�y�N�X

�(�k�k�y�) ���X �h�b�B�i�b�m�H�B�M�- �.�X �J�Q�i�i�B�M�- �S�X �E���`�`���b�- ���M�/ �1�X �J�C�H�H�2�`�- �ó�o�2�`�b�2�, �o�2�`�b���i�B�H�2 �;�`���T�? �2�K�@
�#�2�/�/�B�M�;�b �7�`�Q�K �b�B�K�B�H���`�B�i�v �K�2���b�m�`�2�b�-�ô �B�M�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �k�y�R�3 �q�Q�`�H�/ �q�B�/�2
�q�2�# �*�Q�M�7�2� �̀2�M�+�2�- �q�q�q �ö�R�3�- �T�X �8�j�N���8�9�3�- �A�M�i�2�`�M���i�B�Q�M���H �q�Q�`�H�/ �q�B�/�2 �q�2�# �*�Q�M�@
�7�2�`�2�M�+�2�b �a�i�2�2�`�B�M�; �*�Q�K�K�B�i�i�2�2�- �k�y�R�3�X



�_�2�7�2� �̀2�M�+�2�b �k�j�j

�(�k�k�R�) �u�X �u���M�- �u�X �>�m�- �Z�X �w�?�Q�m�- �G�X �G�B�m�- �w�X �w�2�M�;�- �u�X �*�?�2�M�- �J�X �S���M�- �>�X �*�?�2�M�- �J�X �.���b�-
���M�/ �>�X �h�Q�M�;�- �ó�S���*�1�`�, �L�2�i�r�Q�`�F �1�K�#�2�/�/�B�M�; �6�`�Q�K �S�Q�b�B�i�B�Q�M���H �i�Q �a�i�`�m�+�i�m�`���H�-�ô
�B�M�q�q�q �ö�k�9�- �T�X �k�9�3�8���k�9�N�e�- ���b�b�Q�+�B���i�B�Q�M �7�Q�` �*�Q�K�T�m�i�B�M�; �J���+�?�B�M�2�`�v�- �k�y�k�9�X

�(�k�k�k�) �a�X �*�?���M�T�m�`�B�v�� ���M�/ �*�X �J�m�b�+�Q�- �ó�A�M�}�M�B�i�2�r���H�F�, �.�2�2�T �L�2�i�r�Q�`�F �1�K�#�2�/�/�B�M�;�b ���b
�G���T�H���+�B���M �1�K�#�2�/�/�B�M�;�b �r�B�i�? �� �L�Q�M�H�B�M�2���`�B�i�v�-�ô �B�M�E�.�. �ö�k�y�- �T�X �R�j�k�8���R�j�j�j�- �k�y�k�y�X

�(�k�k�j�) �:�X �>�X �:�Q�H�m�# ���M�/ �*�X �6�X �o���M �G�Q���M�-�J���i�`�B�t �*�Q�K�T�m�i���i�B�Q�M�b�X �C�Q�?�M�b �>�Q�T�F�B�M�b
�l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�- �9�i�? �2�/�X�- �k�y�R�j�X

�(�k�k�9�) �J�X �6�2�v ���M�/ �C�X �1�X �G�2�M�b�b�2�M�- �ó�6���b�i �:�`���T�? �_�2�T�`�2�b�2�M�i���i�B�Q�M �G�2���`�M�B�M�; �r�B�i�? �S�v�h�Q�`�+�?
�:�2�Q�K�2�i�`�B�+�-�ô �B�M�A�*�G�_ �q�Q�`�F�b�?�Q�T �Q�M �_�2�T� �̀2�b�2�M�i���i�B�Q�M �G�2���`�M�B�M�; �Q�M �:� �̀��T�?�b ���M�/
�J���M�B�7�Q�H�/�b�- �k�y�R�N�X

�(�k�k�8�) �L�X �>���H�F�Q�- �S�X�@�:�X �J���`�i�B�M�b�b�Q�M�- ���M�/ �C�X ���X �h�`�Q�T�T�- �ó�6�B�M�/�B�M�; �a�i�`�m�+�i�m�`�2 �r�B�i�? �_���M�@
�/�Q�K�M�2�b�b�, �S�`�Q�#���#�B�H�B�b�i�B�+ ���H�;�Q�`�B�i�?�K�b �7�Q�` �*�Q�M�b�i�`�m�+�i�B�M�; ���T�T�`�Q�t�B�K���i�2 �J���i�`�B�t �.�2�@
�+�Q�K�T�Q�b�B�i�B�Q�M�b�-�ô�a�A���J �_�2�p�B�2�r�- �p�Q�H�X �8�j�- �M�Q�X �k�- �T�T�X �k�R�d���k�3�3�- �k�y�R�R�X

�(�k�k�e�) �h�X �J�X �*�Q�p�2�` ���M�/ �C�X ���X �h�?�Q�K���b�-�1�H�2�K�2�M�i�b �Q�7 �A�M�7�Q�`�K���i�B�Q�M �h�?�2�Q�`�v�X �C�Q�?�M �q�B�H�2�v
�� �a�Q�M�b�- �G�i�/�- �k�M�/ �2�/�X�- �k�y�y�8�X

�(�k�k�d�) �G�X �.���M�Q�M�- ���X �.�Q���x�@�:�m�B�H�2�`���- �C�X �.�m�+�?�- ���M�/ ���X ���`�2�M���b�- �ó�*�Q�K�T���`�B�M�; �+�Q�K�K�m�@
�M�B�i�v �b�i�`�m�+�i�m�`�2 �B�/�2�M�i�B�}�+���i�B�Q�M�-�ô�C�Q�m�`�M���H �Q�7 �a�i���i�B�b�i�B�+���H �J�2�+�?���M�B�+�b�, �h�?�2�Q�`�v ���M�/
�1�t�T�2�`�B�K�2�M�i�- �p�Q�H�X �k�y�y�8�- �M�Q�X �y�N�- �k�y�y�8�X

�(�k�k�3�) �u�X �E�Q�`�2�M�- �_�X �"�2�H�H�- ���M�/ �*�X �o�Q�H�B�M�b�F�v�- �ó�J���i�`�B�t �6���+�i�Q�`�B�x���i�B�Q�M �h�2�+�?�M�B�[�m�2�b �7�Q�`
�_�2�+�Q�K�K�2�M�/�2�` �a�v�b�i�2�K�b�-�ô�*�Q�K�T�m�i�2�`�- �p�Q�H�X �9�k�- �M�Q�X �3�- �T�T�X �j�y���j�d�- �k�y�y�N�X

�(�k�k�N�) ���X�@�G�X �"���`���#�€�b�B ���M�/ �_�X ���H�#�2�`�i�- �ó�1�K�2�`�;�2�M�+�2 �Q�7 �a�+���H�B�M�; �B�M �_���M�/�Q�K �L�2�i�r�Q�`�F�b�-�ô
�a�+�B�2�M�+�2�- �p�Q�H�X �k�3�e�- �M�Q�X �8�9�j�N�- �T�T�X �8�y�N���8�R�k�- �R�N�N�N�X

�(�k�j�y�) �S�X �*�X �>���M�b�2�M�-�_���M�F�@�.�2�}�+�B�2�M�i ���M�/ �.�B�b�+� �̀2�i�2 �A�H�H�@�S�Q�b�2�/ �S� �̀Q�#�H�2�K�b�X �a�Q�+�B�2�i�v �7�Q�`
�A�M�/�m�b�i�`�B���H ���M�/ ���T�T�H�B�2�/ �J���i�?�2�K���i�B�+�b�- �R�N�N�3�X

�(�k�j�R�) �G�X �L�X �h�`�2�7�2�i�?�2�M ���M�/ �.�X �"���m�-�L�m�K�2�`�B�+���H �G�B�M�2���` ���H�;�2�#� �̀��X �a�Q�+�B�2�i�v �7�Q�` �A�M�/�m�b�i�`�B���H
���M�/ ���T�T�H�B�2�/ �J���i�?�2�K���i�B�+�b�- �R�N�N�d�X

�(�k�j�k�) ���X �1�X �>�Q�2�`�H ���M�/ �_�X �q�X �E�2�M�M���`�/�- �ó�_�B�/�;�2 �_�2�;�`�2�b�b�B�Q�M�, �"�B���b�2�/ �1�b�i�B�K���i�B�Q�M �7�Q�`
�L�Q�M�Q�`�i�?�Q�;�Q�M���H �S�`�Q�#�H�2�K�b�-�ô�h�2�+�?�M�Q�K�2�i�`�B�+�b�- �p�Q�H�X �R�k�- �M�Q�X �R�- �T�T�X �8�8���e�d�- �R�N�d�y�X

�(�k�j�j�) �*�X �*�X ���;�;���`�r���H�-�.���i�� �J�B�M�B�M�;�, �h�?�2 �h�2�t�i�#�Q�Q�F�X �a�T�`�B�M�;�2�`�- �}�`�b�i �2�/�X�- �k�y�R�8�X

�(�k�j�9�) ���X �G�X ���;�M���M �E�2�b�b�v ���M�/ �E�X �a�i�`�B�K�K�2�`�- �ó�P�T�i�B�K���H �q�?�B�i�2�M�B�M�; ���M�/ �.�2�+�Q�`�`�2�H���i�B�Q�M�-�ô
�h�?�2 ���K�2�`�B�+���M �a�i���i�B�b�i�B�+�B���M�- �p�Q�H�X �d�k�- �M�Q�X �9�- �T�T�X �j�y�N���j�R�9�- �k�y�R�3�X

�(�k�j�8�) �E�X �a�F�B�i�b���b�- �E�X �P�`�ˆ�Q�r�b�F�B�- �C�X �>�2�`�K���M�M�b�- �.�X �J�Q�i�i�B�M�- ���M�/ �S�X �E���`�`���b�- �ó�*�Q�K�@
�T�`�2�?�2�M�b�B�p�2 �1�p���H�m���i�B�Q�M �Q�7 ���H�;�Q�`�B�i�?�K�b �7�Q�` �l�M�`�2�b�i�`�B�+�i�2�/ �:�`���T�? ���H�B�;�M�K�2�M�i�-�ô �B�M
�1�.�"�h�ö�k�j�- �k�y�k�j�X



�k�j�9 �_�2�7�2� �̀2�M�+�2�b

�(�k�j�e�) �>�X �s�m�- �.�X �G�m�Q�- ���M�/ �G�X �*���`�B�M�- �ó�a�+���H���#�H�2 �:�`�Q�K�Q�p�@�q���b�b�2�`�b�i�2�B�M �G�2���`�M�B�M�; �7�Q�`
�:�`���T�? �S���`�i�B�i�B�Q�M�B�M�; ���M�/ �J���i�+�?�B�M�;�-�ô �B�M�L�2�m�`�A�S�a �ö�R�N�- �k�y�R�N�X

�(�k�j�d�) �s�X �*�?�2�M�- �J�X �>�2�B�K���M�M�- �6�X �o���?�2�/�B���M�- ���M�/ �.�X �E�Q�m�i�`���- �ó�*�P�L�1�@���H�B�;�M�, �*�Q�M�@
�b�B�b�i�2�M�i �L�2�i�r�Q�`�F ���H�B�;�M�K�2�M�i �r�B�i�? �S�`�Q�t�B�K�B�i�v�@�S�`�2�b�2�`�p�B�M�; �L�Q�/�2 �1�K�#�2�/�/�B�M�;�-�ô �B�M
�*�A�E�J �ö�k�y�- �T�X �R�N�3�8���R�N�3�3�- �k�y�k�y�X

�(�k�j�3�) ���X �"�Q�K�K���F���M�i�B�- �>�X �_�X �o�Q�M�i�2�`�B�- �E�X �a�F�B�i�b���b�- �a�X �_���M�m�- �.�X �J�Q�i�i�B�M�- ���M�/ �S�X �E���`�`���b�-
�ó�6�l�:���G�, �6�2���i�m�`�2�@�7�Q�`�i�B�}�2�/ �l�M�`�2�b�i�`�B�+�i�2�/ �:�`���T�? ���H�B�;�M�K�2�M�i�-�ô �B�M�L�2�m�`�A�S�a �ö�k�9�-
�k�y�k�9�X

�(�k�j�N�) �.�X �G�B�K�- �6�X �J�X �>�Q�?�M�2�- �s�X �G�B�- �a�X �G�X �>�m���M�;�- �o�X �:�m�T�i���- �P�X �S�X �"�?���H�2�`���Q�- ���M�/ �a�X�@�L�X
�G�B�K�- �ó�G���`�;�2 �a�+���H�2 �G�2���`�M�B�M�; �Q�M �L�Q�M�@�>�Q�K�Q�T�?�B�H�Q�m�b �:�`���T�?�b�, �L�2�r �"�2�M�+�?�K���`�F�b
���M�/ �a�i�`�Q�M�; �a�B�K�T�H�2 �J�2�i�?�Q�/�b�-�ô �B�M�L�2�m�`�A�S�a�ö�k�R�- �k�y�k�R�X

�(�k�9�y�) �P�X �S�H���i�Q�M�Q�p�- �.�X �E�m�x�M�2�/�2�H�2�p�- �J�X �.�B�b�F�B�M�- ���X �"���#�2�M�F�Q�- ���M�/ �G�X �S�`�Q�F�?�Q�`�2�M�F�Q�p���-
�ó�� �+�`�B�i�B�+���H �H�Q�Q�F ���i �2�p���H�m���i�B�Q�M �Q�7 �;�M�M�b �m�M�/�2�` �?�2�i�2�`�Q�T�?�B�H�v�, ���`�2 �r�2 �`�2���H�H�v �K���F�B�M�;
�T�`�Q�;�`�2�b�b�\�-�ô �B�M�A�*�G�_�ö�k�j�- �k�y�k�j�X

�(�k�9�R�) �6�X �h�X �G�B�m�- �E�X �J�X �h�B�M�;�- ���M�/ �w�X�@�>�X �w�?�Q�m�- �ó�A�b�Q�H���i�B�Q�M�@�"���b�2�/ ���M�Q�K���H�v �.�2�i�2�+�i�B�Q�M�-�ô
���*�J �h�E�.�. �- �p�Q�H�X �e�- �M�Q�X �R�- �k�y�R�k�X

�(�k�9�k�) �>�X �>�m�- �_�X �q���M�;�- �s�X �u���M�;�- ���M�/ �6�X �L�B�2�- �ó�a�+���H���#�H�2 ���M�/ �6�H�2�t�B�#�H�2 �l�M�b�m�T�2�`�p�B�b�2�/
�6�2���i�m�`�2 �a�2�H�2�+�i�B�Q�M�-�ô�L�2�m� �̀��H �*�Q�K�T�m�i���i�B�Q�M�- �p�Q�H�X �j�R�- �M�Q�X �j�- �T�T�X �8�R�d���8�j�d�- �k�y�R�N�X

�(�k�9�j�) �*�X �_�X �_���Q�-�:�2�M�2� �̀��H�B�x�2�/ �B�M�p�2�`�b�2 �Q�7 �K���i�`�B�+�2�b ���M�/ �B�i�b ���T�T�H�B�+���i�B�Q�M�b�X �q�B�H�2�v�@
�A�M�i�2�`�b�+�B�2�M�+�2�- �R�N�d�R�X

�(�k�9�9�) �_�X �o���`�b�?���p�b�F�v�- ���X �:�Q�i�i�H�B�2�#�- �J�X �G�B�M�B���H�- ���M�/ �.�X �>�Q�`�M�- �ó�L�Q�p�2�H �l�M�b�m�T�2�`�p�B�b�2�/
�6�2���i�m�`�2 �6�B�H�i�2�`�B�M�; �Q�7 �"�B�Q�H�Q�;�B�+���H �.���i���-�ô�"�B�Q�B�M�7�Q�`�K���i�B�+�b�- �p�Q�H�X �k�k�- �T�T�X �2�8�y�d���2�8�R�j�-
�y�d �k�y�y�e�X

�(�k�9�8�) �A�X �:�m�v�Q�M ���M�/ ���X �1�H�B�b�b�2�2�z�- �ó���M �B�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �p���`�B���#�H�2 ���M�/ �7�2���i�m�`�2 �b�2�H�2�+�i�B�Q�M�-�ô
�C�Q�m�`�M���H �Q�7 �K���+�?�B�M�2 �H�2���`�M�B�M�; � �̀2�b�2��� �̀+�?�- �p�Q�H�X �j�- �M�Q�X �J���`�- �T�T�X �R�R�8�d���R�R�3�k�- �k�y�y�j�X

�(�k�9�e�) �J�X �.���b�?�- �>�X �G�B�m�- ���M�/ �C�X �u���Q�- �ó�.�B�K�2�M�b�B�Q�M���H�B�i�v �`�2�/�m�+�i�B�Q�M �Q�7 �m�M�b�m�T�2�`�p�B�b�2�/
�/���i���-�ô �B�M�S� �̀Q�+�2�2�/�B�M�;�b �L�B�M�i�? �A�1�1�1 �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �h�Q�Q�H�b �r�B�i�?
���`�i�B�}�+�B���H �A�M�i�2�H�H�B�;�2�M�+�2�- �T�T�X �8�j�k���8�j�N�- �A�1�1�1�- �R�N�N�d�X

�(�k�9�d�) �*�X �J�2�2�F�- �"�X �h�?�B�2�b�b�Q�M�- ���M�/ �.�X �>�2�+�F�2�`�K���M�- �ó�l�a �*�2�M�b�m�b �.���i�� �U�R�N�N�y�V�X�ô �l�*�A
�J���+�?�B�M�2 �G�2���`�M�B�M�; �_�2�T�Q�b�B�i�Q�`�v�- �k�y�y�R�X�?�i�i�T�b�,�f�f�/�Q�B�X�Q�`�;�f�R�y�X�k�9�9�j�k�f�*�8�o�S�9�k�X

�(�k�9�3�) �l�X �J�X �G�X �_�2�T�Q�b�B�i�Q�`�v�- �ó�:�B�i�>�m�# �J�l�a���1�X�ô �l�*�A �J���+�?�B�M�2 �G�2���`�M�B�M�; �_�2�T�Q�b�B�i�Q�`�v�-
�k�y�R�N�X�?�i�i�T�b�,�f�f�/�Q�B�X�Q�`�;�f�R�y�X�k�9�9�j�k�f�*�8�w�y�k�"�X

�(�k�9�N�) �C�X �G�2�b�F�Q�p�2�+�- �C�X �E�H�2�B�M�#�2�`�;�- ���M�/ �*�X �6���H�Q�m�i�b�Q�b�- �ó�:�`���T�?�b �Q�p�2�` �i�B�K�2�, �/�2�M�b�B�}�+���i�B�Q�M
�H���r�b�- �b�?�`�B�M�F�B�M�; �/�B���K�2�i�2�`�b ���M�/ �T�Q�b�b�B�#�H�2 �2�t�T�H���M���i�B�Q�M�b�-�ô �B�M�E�.�. �ö�y�8�- �E�.�. �ö�y�8�-
�T�X �R�d�d���R�3�d�- ���b�b�Q�+�B���i�B�Q�M �7�Q�` �*�Q�K�T�m�i�B�M�; �J���+�?�B�M�2�`�v�- �k�y�y�8�X



�_�2�7�2� �̀2�M�+�2�b �k�j�8

�(�k�8�y�) �a�X �a�i�Q�H�7�Q�- �q�X �6���M�- �q�X �G�2�2�- ���X �S�`�Q�/�`�Q�K�B�/�B�b�- ���M�/ �S�X �*�?���M�- �ó�E�.�. �*�m�T
�R�N�N�N �.���i���X�ô �l�*�A �J���+�?�B�M�2 �G�2���`�M�B�M�; �_�2�T�Q�b�B�i�Q�`�v�- �R�N�N�N�X�?�i�i�T�b�,�f�f�/�Q�B�X�Q�`�;�f
�R�y�X�k�9�9�j�k�f�*�8�R�*�d�L�X

�(�k�8�R�) �>�X �>�m�- �_�X �q���M�;�- �6�X �L�B�2�- �s�X �u���M�;�- ���M�/ �q�X �u�m�- �ó�6���b�i �m�M�b�m�T�2�`�p�B�b�2�/ �7�2���i�m�`�2
�b�2�H�2�+�i�B�Q�M �r�B�i�? ���M�+�?�Q�` �;�`���T�? ���M�/`2;1�@�M�Q�`�K �`�2�;�m�H���`�B�x���i�B�Q�M�-�ô�J�m�H�i�B�K�2�/�B�� �h�Q�Q�H�b
���T�T�H�X�- �p�Q�H�X �d�d�- �M�Q�X �R�d�- �T�X �k�k�y�N�N���k�k�R�R�j�- �k�y�R�3�X

�(�k�8�k�) �a�X �a�Q�H�Q�`�B�Q�@�6�2�`�M�€�M�/�2�x�- �C�X ���X �*���`�`���b�+�Q�@�P�+�?�Q���- ���M�/ �C�X �6�X �J���`�i�Q�M�2�x�@�h�`�B�M�B�/���/�-
�ó�� �`�2�p�B�2�r �Q�7 �m�M�b�m�T�2�`�p�B�b�2�/ �7�2���i�m�`�2 �b�2�H�2�+�i�B�Q�M �K�2�i�?�Q�/�b�-�ô���`�i�B�}�+�B���H �A�M�i�2�H�H�B�;�2�M�+�2
�_�2�p�B�2�r�- �p�Q�H�X �8�j�- �M�Q�X �k�- �T�T�X �N�y�d���N�9�3�- �k�y�k�y�X

�(�k�8�j�) �*�X �*�Q�`�i�2�b ���M�/ �o�X �o���T�M�B�F�- �ó�a�m�T�T�Q�`�i�@�p�2�+�i�Q�` �M�2�i�r�Q�`�F�b�-�ô�J���+�?�B�M�2 �H�2���`�M�B�M�;�-
�p�Q�H�X �k�y�- �T�T�X �k�d�j���k�N�d�- �R�N�N�8�X

�(�k�8�9�) �J�X �E�2�H�H�v�- �_�X �G�Q�M�;�D�Q�?�M�- ���M�/ �E�X �L�Q�i�i�B�M�;�?���K�- �ó�h�?�2 �l�*�A �J���+�?�B�M�2 �G�2���`�M�B�M�;
�_�2�T�Q�b�B�i�Q�`�v�-�ô �k�y�k�9�X�?�i�i�T�b�,�f�f���`�+�?�B�p�2�X�B�+�b�X�m�+�B�X�2�/�m�X

�(�k�8�8�) �J�X �6���M�i�v ���M�/ �_�X �*�Q�H�2�- �ó�a�T�Q�F�2�M �H�2�i�i�2�` �`�2�+�Q�;�M�B�i�B�Q�M�-�ô �B�M���/�p���M�+�2�b �B�M �L�2�m� �̀��H �A�M�@
�7�Q�`�K���i�B�Q�M �S� �̀Q�+�2�b�b�B�M�; �a�v�b�i�2�K�b�- �p�Q�H�X �j�- �T�T�X �k�k�y���k�k�e�- �J�Q�`�;���M�@�E���m�7�K���M�M�- �R�N�N�y�X

�(�k�8�e�) �.�X �*���B�- �s�X �>�2�- ���M�/ �C�X �>���M�- �ó�a�T�2�2�/ �m�T �F�2�`�M�2�H �/�B�b�+�`�B�K�B�M���M�i ���M���H�v�b�B�b�-�ô�h�?�2
�o�G�.�" �C�Q�m�`�M���H�- �p�Q�H�X �k�y�- �T�T�X �k�R���j�j�- �k�y�R�R�X

�(�k�8�d�) �u�X �G�B�m�- �.�X �u�2�- �q�X �G�B�- �>�X �q���M�;�- ���M�/ �u�X �:���Q�- �ó�_�Q�#�m�b�i �M�2�B�;�?�#�Q�`�?�Q�Q�/ �2�K�#�2�/�@
�/�B�M�; �7�Q�` �m�M�b�m�T�2�`�p�B�b�2�/ �7�2���i�m�`�2 �b�2�H�2�+�i�B�Q�M�-�ô�E�M�Q�r�H�2�/�;�2�@�"���b�2�/ �a�v�b�i�2�K�b�- �p�Q�H�X �R�N�j�-
�T�X �R�y�8�9�e�k�- �k�y�k�y�X

�(�k�8�3�) �w�X �u�m���M�- �>�X �*�?�2�M�- �S�X �w�?���M�;�- �C�X �q���M�- ���M�/ �h�X �G�B�- �ó�� �M�Q�p�2�H �m�M�b�m�T�2�`�p�B�b�2�/ ���T�@
�T�`�Q���+�? �i�Q �?�2�i�2�`�Q�;�2�M�2�Q�m�b �7�2���i�m�`�2 �b�2�H�2�+�i�B�Q�M �#���b�2�/ �Q�M �7�m�x�x�v �K�m�i�m���H �B�M�7�Q�`�K���i�B�Q�M�-�ô
�A�1�1�1 �h� �̀��M�b���+�i�B�Q�M�b �Q�M �6�m�x�x�v �a�v�b�i�2�K�b�- �p�Q�H�X �j�y�- �M�Q�X �N�- �T�T�X �j�j�N�8���j�9�y�N�- �k�y�k�k�X

�(�k�8�N�) �6�X ���#�2�/�B�M�x���/�2�? �h�Q�`�;�?���#�2�?�- �u�X �J�Q�/���`�2�b�M�B���- ���M�/ �a�X ���X �>�Q�b�b�2�B�M�B�- �ó���m�i�Q�@�m�7�b�i�Q�Q�H�,
���M ���m�i�Q�K���i�B�+ �m�M�b�m�T�2�`�p�B�b�2�/ �7�2���i�m�`�2 �b�2�H�2�+�i�B�Q�M �i�Q�Q�H�#�Q�t �7�Q�` �K���i�H���#�-�ô�C�Q�m�`�M���H �Q�7
���A ���M�/ �.���i�� �J�B�M�B�M�;�- �p�Q�H�X �R�R�- �M�Q�X �9�- �T�T�X �8�R�d���8�k�9�- �k�y�k�j�X

�(�k�e�y�) �a�X �q���M�;�- �q�X �S�2�/�`�v�+�x�- �Z�X �w�?�m�- ���M�/ �q�X �w�?�m�- �ó�l�M�b�m�T�2�`�p�B�b�2�/ �7�2���i�m�`�2 �b�2�H�2�+�@
�i�B�Q�M �p�B�� �K���t�B�K�m�K �T�`�Q�D�2�+�i�B�Q�M ���M�/ �K�B�M�B�K�m�K �`�2�/�m�M�/���M�+�v�-�ô�E�M�Q�r�H�2�/�;�2�@�"���b�2�/
�a�v�b�i�2�K�b�- �p�Q�H�X �d�8�- �T�T�X �R�N���k�N�- �k�y�R�8�X

�(�k�e�R�) �a�X �q���M�;�- �q�X �S�2�/�`�v�+�x�- �Z�X �w�?�m�- ���M�/ �q�X �w�?�m�- �ó�a�m�#�b�T���+�2 �H�2���`�M�B�M�; �7�Q�` �m�M�b�m�T�2�`�@
�p�B�b�2�/ �7�2���i�m�`�2 �b�2�H�2�+�i�B�Q�M �p�B�� �K���i�`�B�t �7���+�i�Q�`�B�x���i�B�Q�M�-�ô�S���i�i�2�`�M �_�2�+�Q�;�M�B�i�B�Q�M�- �p�Q�H�X �9�3�-
�M�Q�X �R�- �T�T�X �R�y���R�N�- �k�y�R�8�X

�(�k�e�k�) �G�X �"�`�2�B�K���M�- �ó�_���M�/�Q�K �6�Q�`�2�b�i�b�-�ô�J���+�?�B�M�2 �G�2���`�M�B�M�;�- �p�Q�H�X �9�8�- �T�T�X �8���j�k�- �k�y�y�R�X

�(�k�e�j�) �.�X �.�X �G�2�2 ���M�/ �>�X �a�X �a�2�m�M�;�- �ó�G�2���`�M�B�M�; �i�?�2 �T���`�i�b �Q�7 �Q�#�D�2�+�i�b �#�v �M�Q�M�@�M�2�;���i�B�p�2
�K���i�`�B�t �7���+�i�Q�`�B�x���i�B�Q�M�-�ô�L���i�m� �̀2�- �p�Q�H�X �9�y�R�- �M�Q�X �e�d�8�8�- �T�T�X �d�3�3���d�N�R�- �R�N�N�N�X



�k�j�e �_�2�7�2� �̀2�M�+�2�b

�(�k�e�9�) ���X �*�B�+�?�Q�+�F�B ���M�/ ���X�@�>�X �S�?���M�- �ó�6���b�i �H�Q�+���H ���H�;�Q�`�B�i�?�K�b �7�Q�` �H���`�;�2 �b�+���H�2 �M�Q�M�M�2�;���i�B�p�2
�K���i�`�B�t ���M�/ �i�2�M�b�Q�` �7���+�i�Q�`�B�x���i�B�Q�M�b�-�ô�A�1�A�*�1 �h�_���L�a���*�h�A�P�L�a �Q�M �6�m�M�/���K�2�M�@
�i���H�b�- �p�Q�H�X �1�N�k�@���- �T�T�X �d�y�3���d�k�R�- �J���`�+�? �k�y�y�N�X

�(�k�e�8�) ���X �G�2�7���p�`�2�- �6�X �"���+�?�- ���M�/ �*�X �6�û�p�Q�i�i�2�- �ó�P�M�H�B�M�2 ���H�;�Q�`�B�i�?�K�b �7�Q�` �M�Q�M�M�2�;���i�B�p�2
�K���i�`�B�t �7���+�i�Q�`�B�x���i�B�Q�M �r�B�i�? �i�?�2 �B�i���F�m�`���@�b���B�i�Q �/�B�p�2�`�;�2�M�+�2�-�ô �k�y�R�R�X

�(�k�e�e�) �P�X �G�2�p�v ���M�/ �u�X �:�Q�H�/�#�2�`�;�- �ó�L�2�m�`���H �q�Q�`�/ �1�K�#�2�/�/�B�M�; ���b �A�K�T�H�B�+�B�i �J���i�`�B�t �6���+�@
�i�Q�`�B�x���i�B�Q�M�-�ô �B�M�L�2�m�`�A�S�a �ö�R�9�- �p�Q�H�X �k�d�- �k�y�R�9�X

�(�k�e�d�) �J�X �J�2�H�M�B�+�?�2�M�F�Q�- �_�X �J�m�`�`���v�- �q�X �E�B�H�H�B���M�- �C�X �.�2�K�K�2�H�- �J�X �q�X �J���?�Q�M�2�v�-
�S�X �G�m�b�x�+�x�2�F�- ���M�/ �J�X �:���i�2�b�- �ó���M���i�Q�K�v �Q�7 �?�B�;�?�@�T�2�`�7�Q�`�K���M�+�2 �+�Q�H�m�K�M�@�T�B�p�Q�i�2�/
�[�` �/�2�+�Q�K�T�Q�b�B�i�B�Q�M�-�ô �k�y�k�8�X

�(�k�e�3�) �J�X �J�X �"�`�2�m�M�B�;�- �>�X�@�S�X �E�`�B�2�;�2�H�- �_�X �h�X �L�;�- ���M�/ �C�X �a���M�/�2�`�- �ó�G�Q�7�, �B�/�2�M�i�B�7�v�B�M�;
�/�2�M�b�B�i�v�@�#���b�2�/ �H�Q�+���H �Q�m�i�H�B�2�`�b�-�ô �B�M�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �k�y�y�y ���*�J �a�A�:�J�P�. �B�M�@
�i�2�`�M���i�B�Q�M���H �+�Q�M�7�2� �̀2�M�+�2 �Q�M �J���M���;�2�K�2�M�i �Q�7 �/���i���- �T�T�X �N�j���R�y�9�- �k�y�y�y�X

�(�k�e�N�) �E�X �:�?�Q�b�?�- �J�X �*�X �L���H�/�B�- �C�X �a���M�/�2�`�- ���M�/ �1�X �*�?�Q�Q�- �ó�l�M�b�m�T�2�`�p�B�b�2�/ �T���`���K�2�i�2�`�@�7�`�2�2
�Q�m�i�H�B�2�` �/�2�i�2�+�i�B�Q�M �m�b�B�M�; �?�/�#�b�+���M� �Q�m�i�H�B�2�` �T�`�Q�}�H�2�b�-�ô �B�M�k�y�k�9 �A�1�1�1 �A�M�i�2�`�M���i�B�Q�M���H
�*�Q�M�7�2� �̀2�M�+�2 �Q�M �"�B�; �.���i�� �U�"�B�;�.���i���V�- �T�T�X �d�y�k�R���d�y�j�y�- �A�1�1�1�- �k�y�k�9�X

�(�k�d�y�) �E�X �G�B�m�- �u�X �.�Q�m�- �u�X �w�?���Q�- �s�X �.�B�M�;�- �s�X �>�m�- �_�X �w�?���M�;�- �E�X �.�B�M�;�- �*�X �*�?�2�M�-
�>�X �S�2�M�;�- �E�X �a�?�m�- �G�X �a�m�M�- �C�X �G�B�- �:�X �>�X �*�?�2�M�- �w�X �C�B���- ���M�/ �S�X �a�X �u�m�-
�ó�"�P�L�.�, �"�2�M�+�?�K���`�F�B�M�; �m�M�b�m�T�2�`�p�B�b�2�/ �Q�m�i�H�B�2�` �M�Q�/�2 �/�2�i�2�+�i�B�Q�M �Q�M �b�i���i�B�+ ���i�@
�i�`�B�#�m�i�2�/ �;�`���T�?�b�-�ô �B�M���/�p���M�+�2�b �B�M �L�2�m� �̀��H �A�M�7�Q�`�K���i�B�Q�M �S� �̀Q�+�2�b�b�B�M�; �a�v�b�i�2�K�b�-
�p�Q�H�X �j�8�- �T�T�X �k�d�y�k�R���k�d�y�j�8�- �*�m�`�`���M ���b�b�Q�+�B���i�2�b�- �A�M�+�X�- �k�y�k�k�X

�(�k�d�R�) �C�X �G�B�- �>�X �a�?�Q�K�2�`�- �>�X �J���Q�- �a�X �w�2�M�;�- �u�X �J���- �L�X �a�?���?�- �C�X �h���M�;�- ���M�/ �.�X �u�B�M�-
�ó�1�p���H�m���i�B�M�; �;�`���T�? �M�2�m�`���H �M�2�i�r�Q�`�F�b �7�Q�` �H�B�M�F �T�`�2�/�B�+�i�B�Q�M�, �*�m�`�`�2�M�i �T�B�i�7���H�H�b ���M�/
�M�2�r �#�2�M�+�?�K���`�F�B�M�;�-�ô �B�M���/�p���M�+�2�b �B�M �L�2�m� �̀��H �A�M�7�Q�`�K���i�B�Q�M �S� �̀Q�+�2�b�b�B�M�; �a�v�b�i�2�K�b�-
�p�Q�H�X �j�e�- �T�T�X �j�3�8�j���j�3�e�e�- �*�m�`�`���M ���b�b�Q�+�B���i�2�b�- �A�M�+�X�- �k�y�k�j�X
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���M�/ �S�Q�B�b�b�Q�M�@�#���b�2�/ �`�2���+�?���#�B�H�B�i�v �7�Q�`�K�m�H���i�B�Q�M�b�X

�"�X�k �h�?�2 �:�2�Q�K�2�i�`�B�+ �.�B�b�i�`�B�#�m�i�B�Q�M

�h�?�B�b �b�2�+�i�B�Q�M ���M���H�v�b�2�b �i�?�2 ���b�v�K�T�i�Q�i�B�+ �#�2�?���p�B�Q�m�` �Q�7 �r���H�F �H�2�M�;�i�?�b �;�Q�p�2�`�M�2�/ �#�v �i�?�2
�;�2�Q�K�2�i�`�B�+ �/�B�b�i�`�B�#�m�i�B�Q�M�X �h�?�2 �;�2�Q�K�2�i�`�B�+ �/�B�b�i�`�B�#�m�i�B�Q�M �K���v �#�2 �T���`���K�2�i�2�`�B�b�2�/ �B�M �i�r�Q
�2�[�m�B�p���H�2�M�i �r���v�b�, �m�b�B�M�; �2�B�i�?�2�`� 2 [0; 1)�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �+�Q�M�i�B�M�m�B�M�; �i�?�2 �`���M�/�Q�K
�r���H�F ���i �2���+�? �b�i�2�T�- �Q�`� �- �i�?�2 �2�t�T�2�+�i�2�/ �r���H�F �H�2�M�;�i�?�X �h�?�2�b�2 ���`�2 �`�2�H���i�2�/ �#�v� = �

1+ � �-
�b�Q �i�?���i� ! 1 �+�Q�`�`�2�b�T�Q�M�/�b �i�Q� ! 1�X

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

R (A � ; �:�2�Q�K(� )) = (1 � � )
1X

k=0

� k A k
� = (1 � � ) ( I n � � A � ) � 1 : �U�"�X�e�V



�k�9�9 ���T�T�2�M�/�B�t �"�X ���M���H�v�b�B�b �Q�7 �_�2���+�?�L�1�b �_���M�/�Q�K �q���H�F �G�2�M�;�i�? �.�B�b�i�`�B�#�m�i�B�Q�M�b

�a�m�#�b�i�B�i�m�i�B�M�;� = �
1+ � ���M�/ �b�B�K�T�H�B�7�v�B�M�; �v�B�2�H�/�b

R (A � ; �:�2�Q�K(� )) =
1

1 + �

�
I n �

�
1 + �

A �

� � 1

= ( I n + � (I n � A � )) � 1

= ( I n + � L � ) � 1 :

�h�?�B�b �B�/�2�M�i�B�i�v ���H�H�Q�r�bR (A � ; �:�2�Q�K(� )) �i�Q �#�2 ���b�b�Q�+�B���i�2�/ �r�B�i�? �i�?�2 �/�B�z�2�`�2�M�i�B���H �2�[�m���@
�i�B�Q�M

�/p(� )
�/�

= � (I n + � L � ) � 1 L � p(� ); p(0) = p(0) ; �U�"�X�d�V

�r�?�B�+�? �B�b �b���i�B�b�}�2�/ �#�vp(� ) = R (A � ; �:�2�Q�K(� ))p(0) �X

�S� �̀Q�Q�7�X�h�?�2 �B�M�B�i�B���H �+�Q�M�/�B�i�B�Q�M �?�Q�H�/�b �b�B�M�+�2R (A � ; �:�2�Q�K(0)) = I n �- �;�B�p�B�M�;p(0) = p(0) �X
�h�Q �+�Q�K�T�m�i�2�/p ( � )

�/ � �- �i�?�2 �/�2�`�B�p���i�B�p�2 �Q�7 �i�?�2 �K���i�`�B�t �B�M�p�2�`�b�2 �B�b ���T�T�H�B�2�/ �(�k�3�j�- �a�2�+�X �k�X�k�)�,

�/p(� )
�/�

=
�/
�/�

(I n + � L � ) � 1 p(0)

= � (I n + � L � ) � 1 L � (I n + � L � ) � 1 p(0)

= � (I n + � L � ) � 1 L � p(� ):

�>�2�M�+�2�- �i�?�2 �/�B�z�2�`�2�M�i�B���H �2�[�m���i�B�Q�M �B�M �1�[�m���i�B�Q�M �U�"�X�d�V �B�b �p�2�`�B�}�2�/�X

�h�?�2 �/�B�z�2�`�2�M�i�B���H �`�2�H���i�B�Q�M �B�M �1�[�m���i�B�Q�M �U�"�X�d�V �T�`�Q�p�B�/�2�b �B�M�b�B�;�?�i �B�M�i�Q �i�?�2 �b�B�K�B�H���`�B�i�B�2�b
���M�/ �/�B�z�2�`�2�M�+�2�b �#�2�i�r�2�2�M �i�?�2 �/�v�M���K�B�+�b �B�M�/�m�+�2�/ �#�v �i�?�2 �;�2�Q�K�2�i�`�B�+ ���M�/ �S�Q�B�b�b�Q�M �/�B�b�i�`�B�@
�#�m�i�B�Q�M�b�X �"�Q�i�? �B�M�p�Q�H�p�2 �i�?�2 �i�2�`�KL � p(� )�- �B�K�T�H�v�B�M�; �i�?���i ���M�v �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M
�m�M�/�2�` �S�Q�B�b�b�Q�M �/�v�M���K�B�+�b �B�b ���H�b�Q �b�i���i�B�Q�M���`�v �B�M �i�?�2 �;�2�Q�K�2�i�`�B�+ �+���b�2�X �>�Q�r�2�p�2�`�- �i�?�2 �T�`�2�7�@
���+�i�Q�`(I n + � L � ) � 1 �B�M �1�[�m���i�B�Q�M �U�"�X�d�V �B�M�/�B�+���i�2�b �i�?���i �i�?�B�b �b�i���i�B�Q�M���`�v �/�B�b�i�`�B�#�m�i�B�Q�M
�K���v �M�Q�i �#�2 �`�2���+�?�2�/ �m�M�/�2�` �;�2�Q�K�2�i�`�B�+ �/�v�M���K�B�+�b�X

�h�Q �2�t���K�B�M�2 �i�?�B�b �#�2�?���p�B�Q�m�`�- �+�Q�M�b�B�/�2�` ���M �2�B�;�2�M�p���H�m�2� �Q�7L � �X �h�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�;
�2�B�;�2�M�p���H�m�2 �Q�7(I n + � L � ) � 1 �B�b 1

1+ � � �X �6�Q�` ���M�v� > 0�- 1
1+ � � ! 0 ���b� ! 1 �X �*�Q�M�b�2�@

�[�m�2�M�i�H�v�- �K���M�v �2�B�;�2�M�p�2�+�i�Q�`�b �v�B�2�H�/ �M�2���`�@�x�2�`�Q �;�`���/�B�2�M�i�b �7�Q�` �H���`�;�2� �- �2�z�2�+�i�B�p�2�H�v �b�i���H�H�B�M�;
�i�?�2 �/�v�M���K�B�+�b�X

�h�?�m�b�-p(� ) �i�2�M�/�b �i�Q �b�i���#�B�H�B�b�2 �#�2�7�Q�`�2 �`�2���+�?�B�M�; �i�?�2 �M�Q�M�@�B�M�7�Q�`�K���i�B�p�2 �b�i���i�B�Q�M���`�v �/�B�b�@
�i�`�B�#�m�i�B�Q�M �+�?���`���+�i�2�`�B�b�i�B�+ �Q�7 �S�Q�B�b�b�Q�M �/�v�M���K�B�+�b�X �h�?�B�b �#�2�?���p�B�Q�m�` �B�b ���H�b�Q �2�p�B�/�2�M�i �2�K�T�B�`�@
�B�+���H�H�v �B�M �6�B�;�m�`�2�b�e�X�j���M�/�e�X�8�- �r�?�2�`�2 �#�Q�i�? �`�2���+�?���#�B�H�B�i�v �2�M�i�`�Q�T�v ���M�/ �;�`���T�? ���H�B�;�M�K�2�M�i
���+�+�m�`���+�v �2�t�?�B�#�B�i �� �b�B�K�B�H���` �b���i�m�`���i�B�Q�M �2�z�2�+�i�X

�_�2�H���i�B�Q�M �"�2�i�r�2�2�M �i�?�2 �:�2�Q�K�2�i�`�B�+ ���M�/ �S�Q�B�b�b�Q�M �.�B�b�i�`�B�#�m�i�B�Q�M�b

�h�?�2 �;�2�Q�K�2�i�`�B�+ ���M�/ �S�Q�B�b�b�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M�b ���`�2 �+�Q�M�M�2�+�i�2�/ �i�?�`�Q�m�;�? �i�?�2�M�2�;���i�B�p�2 �#�B�M�Q�@
�K�B���H �/�B�b�i�`�B�#�m�i�B�Q�M�(�k�3�9�)�- �r�?�B�+�? ���/�K�B�i�b �� �`���M�/�Q�K �r���H�F �B�M�i�2�`�T�`�2�i���i�B�Q�M�X �*�Q�M�b�B�/�2�` ��



�"�X�k�X �h�?�2 �:�2�Q�K�2�i�`�B�+ �.�B�b�i�`�B�#�m�i�B�Q�M �k�9�8

�r���H�F�2�` �i�?���i�- �#�2�7�Q�`�2 �2���+�? �b�i�2�T�- �/�2�+�B�/�2�b �i�Q �+�Q�M�i�B�M�m�2 �r�B�i�? �T�`�Q�#���#�B�H�B�i�v� 2 [0; 1) ���M�/ �i�Q
�?���H�i �r�B�i�? �T�`�Q�#���#�B�H�B�i�v1 � � �X �h�?�2 �r���H�F �i�2�`�K�B�M���i�2�b �Q�M�H�v ���7�i�2�` �i�?�2 �r���H�F�2�` �?���b �/�2�+�B�/�2�/
�i�Q �?���H�ir �i�B�K�2�b�X �h�?�2 �T�`�Q�#���#�B�H�B�i�v �K���b�b �7�m�M�+�i�B�Q�M �B�b

�S�r(k; r; � ) =
�

r + k � 1
k

�
(1 � � )r � k : �U�"�X�3�V

�1�[�m���i�B�Q�M �U�"�X�3�V �`�2�/�m�+�2�b �i�Q �i�?�2 �;�2�Q�K�2�i�`�B�+ �/�B�b�i�`�B�#�m�i�B�Q�M �7�Q�`r = 1 �- ���M�/ ���T�T�`�Q���+�?�2�b
�i�?�2 �S�Q�B�b�b�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M ���br ! 1 �X �_�2�/�2�}�M�B�M�; �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �B�M �i�2�`�K�b �Q�7 �i�?�2
�2�t�T�2�+�i�2�/ �p���H�m�2� = �r

1� � �;�B�p�2�b� = �
r + � �X �a�m�#�b�i�B�i�m�i�B�M�; �i�?�B�b �B�M�i�Q �1�[�m���i�B�Q�M �U�"�X�3�V

�v�B�2�H�/�b

�S�r(k; r; � ) =
�

r + k � 1
k

� �
r

r + �

� r �
�

r + �

� k

: �U�"�X�N�V

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

�S�r(k; r; � ) =
�( k + r )
k!�( r )

�
r

r + �

� r �
�

r + �

� k

=
� k

k!
�( k + r )

�( r )( r + � )k

1
(1 + �

r )r : �U�"�X�R�y�V

���b r ! 1 �- �i�?�2 �}�`�b�i �7���+�i�Q�` �`�2�K���B�M�b �+�Q�M�b�i���M�i�- �i�?�2 �b�2�+�Q�M�/ ���T�T�`�Q���+�?�2�b �Q�M�2�- ���M�/
�i�?�2 �i�?�B�`�/ �i�2�M�/�b �i�Qe� � �X �h�?�m�b�-

�H�B�K
r !1

�S�r(k; r; � ) =
� k

k!
e� � ; �U�"�X�R�R�V

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

�Q�K�2�i�`�B�+ ���M�/ �S�Q�B�b�b�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M�b �i�?�`�Q�m�;�? �i�?�2 �T���`���K�2�i�2�`r �X �.�2�i�2�`�K�B�M�B�M�; �r�?�2�i�?�2�`
�B�M�i�2�`�K�2�/�B���i�2 �p���H�m�2�br 2 (1; 1 ) �T�`�Q�p�B�/�2 ���/�p���M�i���;�2�b �7�Q�` �_�2���+�?�L�1�b �2�K�#�2�/�/�B�M�;�b �`�2�@
�K���B�M�b ���M �Q�T�2�M �/�B�`�2�+�i�B�Q�M �7�Q�` �7�m�i�m�`�2 �B�M�p�2�b�i�B�;���i�B�Q�M�X

�_�2�H���i�B�Q�M �"�2�i�r�2�2�M �i�?�2 �:�2�Q�K�2�i�`�B�+ ���M�/ �l�M�B�7�Q�`�K �.�B�b�i�`�B�#�m�i�B�Q�M�b

���M ���/�/�B�i�B�Q�M���H ���b�v�K�T�i�Q�i�B�+ �T�`�Q�T�2�`�i�v �Q�7 �i�?�2 �;�2�Q�K�2�i�`�B�+ �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �i�?���i �B�i�bK �@
�i�`�m�M�+���i�B�Q�M ���T�T�`�Q���+�?�2�b �i�?�2 �m�M�B�7�Q�`�K �/�B�b�i�`�B�#�m�i�B�Q�M ���b� ! 1 �- �Q�` �2�[�m�B�p���H�2�M�i�H�v�- ���b
� ! 1�X

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

R (K ) (A � ; �:�2�Q�K(� )) =
(1 � � )
Z (�; K )

KX

k=0

� k A k
� ; �U�"�X�R�k�V

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



�k�9�e ���T�T�2�M�/�B�t �"�X ���M���H�v�b�B�b �Q�7 �_�2���+�?�L�1�b �_���M�/�Q�K �q���H�F �G�2�M�;�i�? �.�B�b�i�`�B�#�m�i�B�Q�M�b

�_�2�T���`���K�2�i�2�`�B�b�B�M�; �m�b�B�M�;" = 1 � � �;�B�p�2�b

R (K ) (A � ; " ) =
"

Z ("; K )

KX

k=0

(1 � " )k A k
� : �U�"�X�R�j�V

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

Z ("; K ) =
KX

k=0

" (1 � " )k = "
1 � (1 � " )K +1

1 � (1 � " )
= 1 � (1 � " )K +1 :

���b " ! 0�- �i�?�2 ���T�T�`�Q�t�B�K���i�B�Q�M(1 � " )k = 1 � k" + O("2) �+���M �#�2 �m�b�2�/ �7�Q�`
�#�Q�i�?Z ("; K ) ���M�/ �i�?�2 �b�m�K�K���M�/�b �B�M �1�[�m���i�B�Q�M �U�"�X�R�j�V�- �b�?�Q�r�B�M�; �i�?���iR (K ) (A � ; " )
���T�T�`�Q���+�?�2�b �i�?�2 �`�2���+�?���#�B�H�B�i�v �K���i�`�B�t �m�M�/�2�` �i�?�2 �m�M�B�7�Q�`�K �/�B�b�i�`�B�#�m�i�B�Q�M�,

�H�B�K
" ! 0
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�"�X�j �_�2�H���i�B�Q�M �"�2�i�r�2�2�M �i�?�2 �"�B�M�Q�K�B���H �.�B�b�i�`�B�#�m�i�B�Q�M ���M�/
�a�2�H�7�@�G�Q�Q�T�b

�:�`���T�? �*�Q�M�p�Q�H�m�i�B�Q�M���H �L�2�i�r�Q�`�F�b �U�:�*�L�b�V �(�R�k�) �T�Q�T�m�H���`�B�b�2�/ �i�?�2 �+�Q�K�K�Q�M �T�`�2�@�T�`�Q�+�2�b�b�B�M�;
�b�i�2�T �Q�7 ���/�/�B�M�; �b�2�H�7�@�H�Q�Q�T�b �i�Q �2���+�? �M�Q�/�2�- �� �i�2�+�?�M�B�[�m�2 �i�?���i �?���b �b�B�M�+�2 �#�2�+�Q�K�2 �b�i���M�/���`�/
�B�M �K���M�v �b�2�H�7�@�b�m�T�2�`�p�B�b�2�/ �:�L�L �K�2�i�?�Q�/�b �(�k�k�-�d�-�8�)�X ���b �/�B�b�+�m�b�b�2�/ �B�M �`�2�H���i�B�Q�M �i�Q �1�[�m���@
�i�B�Q�M �U�j�X�k�y�V �B�M �*�?���T�i�2�`�j�X�d�- �i�?�2�`�2 �2�t�B�b�i�b �� �+�H�Q�b�2 �+�Q�M�M�2�+�i�B�Q�M �#�2�i�r�2�2�M �i�?�2 �#�B�M�Q�K�B���H �r���H�F
�H�2�M�;�i�? �/�B�b�i�`�B�#�m�i�B�Q�M ���M�/ �;�`���T�?�b ���m�;�K�2�M�i�2�/ �r�B�i�? �b�2�H�7�@�H�Q�Q�T�b�X �h�?�B�b �b�2�+�i�B�Q�M �7�Q�`�K���H�B�b�2�b
�i�?���i �+�Q�M�M�2�+�i�B�Q�M�X

�h�?�2 �`�2�H���i�B�Q�M�b�?�B�T �#�2�+�Q�K�2�b �+�H�2���` �r�?�2�M �+�Q�M�b�B�/�2�`�B�M�; �i�?�2 �`���M�/�Q�K �r���H�F �B�M�i�2�`�T�`�2�i���@
�i�B�Q�M �Q�7 �i�?�2 �#�B�M�Q�K�B���H �/�B�b�i�`�B�#�m�i�B�Q�M�X �A�M �i�?�B�b �p�B�2�r�- �� �`���M�/�Q�K �r���H�F�2�` �K���F�2�b �� �i�Q�i���H �Q�7K
�/�2�+�B�b�B�Q�M�b�X ���i �2���+�? �b�i�2�T�- �i�?�2 �r���H�F�2�` �2�B�i�?�2�` �K�Q�p�2�b �i�Q �� �M�2�B�;�?�#�Q�m�`�B�M�; �M�Q�/�2 �r�B�i�? �T�`�Q�#�@
���#�B�H�B�i�v� �- �Q�` �`�2�K���B�M�b ���i �B�i�b �+�m�`�`�2�M�i �M�Q�/�2���T�2�`�7�Q�`�K�B�M�; �� �b�2�H�7�@�H�Q�Q�T���r�B�i�? �T�`�Q�#���#�B�H�B�i�v
1 � � �X �h�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �i���F�B�M�; �2�t���+�i�H�vk �b�i�2�T�b �i�Q �M�2�B�;�?�#�Q�m�`�B�M�; �M�Q�/�2�b �U���M�/K � k
�b�2�H�7�@�H�Q�Q�T�b�V �i�?�2�`�2�7�Q�`�2 �7�Q�H�H�Q�r�b �i�?�2 �#�B�M�Q�K�B���H �/�B�b�i�`�B�#�m�i�B�Q�M�,
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�h�?�B�b �2�t�T�`�2�b�b�B�Q�M �+���M �#�2 �`�2�7�Q�`�K�m�H���i�2�/ �m�b�B�M�; �i�?�2 �"�B�M�Q�K�B���H �h�?�2�Q�`�2�K ���M�/ �i�?�2 �7���+�i
�i�?���i �i�?�2 �/�B���;�Q�M���H �K���i�`�B�t(1� � )I n �+�Q�K�K�m�i�2�b �r�B�i�? ���M�v �K���i�`�B�t �m�M�/�2�` �K�m�H�i�B�T�H�B�+���i�B�Q�M�,
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= ((1 � � )I n + � A � )K
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� �Y:

�>�2�`�2�-A � �Y= (1 � � )I n + � A � �/�2�M�Q�i�2�b �� �b�2�H�7�@�H�Q�Q�T�@�2�M�?���M�+�2�/ �M�Q�`�K���H�B�b�2�/ ���/�D���+�2�M�+�v
�K���i�`�B�t�X �h�?�2 �#�B�M�Q�K�B���H �`�2���+�?���#�B�H�B�i�v �K���i�`�B�t �B�b �i�?�m�b �i�?�2K �i�? �T�Q�r�2�` �Q�7A � �Y�X

�h�?�B�b �K���i�`�B�t �+�Q�M�b�B�b�i�b �Q�7 �i�r�Q �+�Q�K�T�Q�M�2�M�i�b�, �� �/�B���;�Q�M���H �i�2�`�K(1 � � )I n �- �`�2�T�`�2�b�2�M�i�@
�B�M�; �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �`�2�K���B�M�B�M�; ���i �i�?�2 �+�m�`�`�2�M�i �M�Q�/�2 �U�b�2�H�7�@�H�Q�Q�T�b�V�- ���M�/ �� �r�2�B�;�?�i�2�/
���/�D���+�2�M�+�v �i�2�`�K� A � �- �`�2�T�`�2�b�2�M�i�B�M�; �i�`���M�b�B�i�B�Q�M�b �i�Q �M�2�B�;�?�#�Q�m�`�B�M�; �M�Q�/�2�b�X

�� �b�B�K�B�H���` �+�Q�M�b�i�`�m�+�i�B�Q�M ���`�B�b�2�b �B�M �K�2�b�b���;�2�@�T���b�b�B�M�; �K�Q�/�2�H�b �i�?���i �2�t�T�H�B�+�B�i�H�v �B�M�+�Q�`�T�Q�@
�`���i�2 �b�2�H�7�@�H�Q�Q�T�b�X �G�2�iS = A + I n �/�2�M�Q�i�2 �i�?�2 ���/�D���+�2�M�+�v �K���i�`�B�t �r�B�i�? �b�2�H�7�@�H�Q�Q�T�b ���/�/�2�/�-
���M�/ �H�2�iD �P�Y= D �P+ I n �#�2 �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �Q�m�i�@�/�2�;�`�2�2 �K���i�`�B�t�X �h�?�2 �M�Q�`�K���H�B�b�2�/
�i�`���M�b�B�i�B�Q�M �K���i�`�B�t �7�Q�` �i�?�2 �b�2�H�7�@�H�Q�Q�T�@�2�M�?���M�+�2�/ �;�`���T�? �B�b �i�?�2�M �;�B�p�2�M �#�v

S�P= SD � 1
�P�Y:

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

S�P= P 	 + P! ;

�r�?�2�`�2P 	 = �/�B���;(S�P) �+�Q�M�i���B�M�b �i�?�2 �b�2�H�7�@�H�Q�Q�T �U�b�i���v�@�B�M�@�T�H���+�2�V �T�`�Q�#���#�B�H�B�i�B�2�b�- ���M�/P!

�+�Q�M�i���B�M�b �i�?�2 �Q�z�@�/�B���;�Q�M���H �i�`���M�b�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�B�2�b �i�Q �M�2�B�;�?�#�Q�m�`�B�M�; �M�Q�/�2�b�X
�h�?�B�b �b�i�`�m�+�i�m�`�2 �+�H�Q�b�2�H�v �T���`���H�H�2�H�b

A � �Y= (1 � � )I n + � A � : �U�"�X�R�8�V

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

�7�Q�`S�P���M�/(1 � � )I n �7�Q�`A � �Y���r�?�B�H�2 �i�?�2 �`�2�K���B�M�B�M�; �i�`���M�b�B�i�B�Q�M�b ���`�2 �/�2�b�+�`�B�#�2�/ �#�vP!

���M�/� A � �- �`�2�b�T�2�+�i�B�p�2�H�v�X
�*�Q�M�b�2�[�m�2�M�i�H�v�-SK

�P �v�B�2�H�/�b �� �K���i�`�B�t �T�Q�H�v�M�Q�K�B���H �r�B�i�? �#�B�M�Q�K�B���H �+�Q�2�{�+�B�2�M�i�b�- ���M���H�@
�Q�;�Q�m�b �i�Q �i�?�2 �#�B�M�Q�K�B���H �`�2���+�?���#�B�H�B�i�v �K���i�`�B�t �B�M �1�[�m���i�B�Q�M �U�"�X�R�9�V�X �"�Q�i�? �+�Q�M�b�i�`�m�+�i�B�Q�M�b
�i�?�2�`�2�7�Q�`�2 �b�?���`�2 �i�?�2 �b���K�2 �m�M�/�2�`�H�v�B�M�; �`���M�/�Q�K �r���H�F �B�M�i�2�`�T�`�2�i���i�B�Q�M ���M�/ �2�t�?�B�#�B�i �b�B�K�B�H���`
�K���i�?�2�K���i�B�+���H �b�i�`�m�+�i�m�`�2�X

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



�k�9�3 ���T�T�2�M�/�B�t �"�X ���M���H�v�b�B�b �Q�7 �_�2���+�?�L�1�b �_���M�/�Q�K �q���H�F �G�2�M�;�i�? �.�B�b�i�`�B�#�m�i�B�Q�M�b

P	 i;i = 1
1+ �/�2�;�P( i ) �X �L�Q�/�2�b �r�B�i�? �H�Q�r�2�` �Q�m�i�@�/�2�;�`�2�2 �i�?�2�`�2�7�Q�`�2 �?���p�2 �� �?�B�;�?�2�` �T�`�Q�#���#�B�H�B�i�v

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

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



���T�T�2�M�/�B�t �*

���/�/�B�i�B�Q�M���H �.�B�`�a�r�B�i�+�? �1�p���H�m���i�B�Q�M
�_�2�b�m�H�i�b

�h�?�B�b ���T�T�2�M�/�B�t �T�`�2�b�2�M�i�b �b�m�T�T�H�2�K�2�M�i���`�v �2�p���H�m���i�B�Q�M �`�2�b�m�H�i�b �7�Q�` �i�?�2 �.�B�`�a�r�B�i�+�? �K�Q�/�2�H�X
�A�i �B�M�+�H�m�/�2�b �M�Q�/�2 �+�H���b�b�B�}�+���i�B�Q�M �2�t�T�2�`�B�K�2�M�i�b �m�b�B�M�;p = 512 �2�K�#�2�/�/�B�M�; �/�B�K�2�M�b�B�Q�M�b�-
�M�Q�/�2 �+�H�m�b�i�2�`�B�M�; �`�2�b�m�H�i�b�- ���M�/ ���M �B�M�p�2�b�i�B�;���i�B�Q�M �Q�7 �?�Q�K�Q�T�?�B�H�v �B�M �i�?�2 �S�Q�F�2�+ �M�2�i�r�Q�`�F
�/���i���b�2�i �(�9�9�)�X

�*�X�R ���/�/�B�i�B�Q�M���H �L�Q�/�2 �*�H���b�b�B�}�+���i�B�Q�M �_�2�b�m�H�i�b

�h���#�H�2�b�*�X�R���M�/�*�X�k�`�2�T�Q�`�i �M�Q�/�2 �+�H���b�b�B�}�+���i�B�Q�M �`�2�b�m�H�i�b �7�Q�` �.�B�`�a�r�B�i�+�? �m�b�B�M�;p = 512
�2�K�#�2�/�/�B�M�; �/�B�K�2�M�b�B�Q�M�b�- �7�Q�` �K�2�b�b���;�2�@�T���b�b�B�M�; ���M�/ �T�`�Q�t�B�K�B�i�v �2�K�#�2�/�/�B�M�;�b �`�2�b�T�2�+�i�B�p�2�H�v�X
�h�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�;p = 1024 �`�2�b�m�H�i�b ���`�2 �T�`�2�b�2�M�i�2�/ �B�M �*�?���T�i�2�`�e�X�9�X

�h�?�2 �`�2�b�m�H�i�b �7�Q�`p = 512 ���`�2 �[�m���H�B�i���i�B�p�2�H�v �b�B�K�B�H���` �i�Q �i�?�Q�b�2 �Q�#�i���B�M�2�/ �r�B�i�?p = 1024�X
�"�v �K�B�i�B�;���i�B�M�; �b�B�M�F �#�B���b�- �.�B�`�a�r�B�i�+�? ���+�?�B�2�p�2�b �?�B�;�?�2�` ���+�+�m�`���+�B�2�b �i�?���M �J�m�H�i�B�.�B�` �Q�M
�?�Q�K�Q�T�?�B�H�B�+ �K�2�b�b���;�2�@�T���b�b�B�M�; �#�2�M�+�?�K���`�F�b ���M�/ �Q�M �T�`�Q�t�B�K�B�i�v�@�#���b�2�/ �#�2�M�+�?�K���`�F�b �7�Q�`
�+�B�i���i�B�Q�M �M�2�i�r�Q�`�F�b�X �h�?�2 ���#�B�H�B�i�v �i�Q �T�`�2�b�2�`�p�2 �/�B�`�2�+�i�2�/ �b�i�`�m�+�i�m�`�2�b �T�`�Q�p�B�/�2�b �� �M�Q�i���#�H�2
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