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�#�2 �b�2�2�M ���b ���M�2�b�i�2�/ �b�2��� �̀+�?�, �}�`�b�i�- �r�2 �b�2���`�+�? �7�Q�` �p���H�m�2�b �i�?���i �7�m�H�}�H�HP1�- ���M�/ �i�?�2�M�- ���K�Q�M�;
�i�?�Q�b�2 �p���H�m�2�b�- �r�2 �H�Q�Q�F �7�Q�` �Q�M�2 �i�?���i �7�m�H�}�H�H�bP2�X

�h�?�2 �M���B�p�2 ���T�T�`�Q���+�? �?���b �� �+�Q�b�i �Q�7

c�b�2���`�+�?pX; P 1 ^ P2q � c�i�`�B���H�bpX; P 1 ^ P2q

�

�
� c�b���K�T�H�2pX q � c�i�2�b�ipP1q � c�i�2�b�ipP2qlooooooooooomooooooooooon

�+�Q�b�i �i�Q �i�2�b�iP1^ P2 :

�

�
 :

�A�7 �r�2 �M�Q�i�2X |P1 � t x PX |P1pxqu�i�?�2 �b�m�#�b�2�i �Q�7X �i�?���i �b���i�B�b�}�2�bP1�- �i�?�2�M �i�?�2 �+�Q�b�i �Q�7
�i�?�2 �H���x�v �2�p���H�m���i�B�Q�M �B�b

c�b�2���`�+�?pX; P 1 ^ P2q � c�i�`�B���H�bpX; P 1 ^ P2q pc�b���K�T�H�2pX q � c�i�2�b�ipP1qqlooooooooooooooooooooooooooomooooooooooooooooooooooooooon
�h�2�b�i �Q�7P1 �7�Q�` ���H�H �p���H�m�2�b

� c�i�`�B���H�bpX |P1 ; P2qc�i�2�b�ipP2qloooooooooooooomoooooooooooooon
�h�2�b�i �Q�7P2 �- �Q�M�H�v �7�Q�` �p���H�m�2�b �i�?���i �b���i�B�b�7�vP1

:

�q�2 �+���M �`�2�K���`�F �i�?���ic�i�`�B���H�bpX; P 1 ^ P2q � c�i�`�B���H�bpX; P 1qc�i�`�B���H�bpX |P1 ; P2q�X �J�Q�`�2�Q�p�2�`�- �i�?�2
�+�Q�b�i �Q�7 �b���K�T�H�B�M�; �� �p���H�m�2 �B�MX |P1 �B�b �2�t���+�i�H�v �i�?�2 �+�Q�b�i �Q�7 �}�M�/�B�M�; �� �p���H�m�2 �B�MX �r�?�B�+�? �b���i�B�b�}�2�b



�j�X�k�X �L�2�b�i�2�/ �b�2���`�+�? �9�R

P1�- �i�?���i �B�b�-c�b���K�T�H�2pX |P1 q � c�b�2���`�+�?pX; P 1q�X �>�2�M�+�2�- �r�2 �+���M �`�2�r�`�B�i�2 �i�?�2 �T�`�2�p�B�Q�m�b �2�[�m���i�B�Q�M
���b

c�b�2���`�+�?pX; P 1 ^ P2q �

c�i�`�B���H�bpX |P1 ; P2q

�

�
�
� c�i�`�B���H�bpX; P 1q pc�b���K�T�H�2pX q � c�i�2�b�ipP1qqlooooooooooooooooooooooomooooooooooooooooooooooon

c�b���K�T�H�2pX |P1
q

� c�i�2�b�ipP2q

�

�
�
 :

�.�2�}�M�B�i�B�Q�M �j�X�j�U�6�B�H�i�2�`�V�X�G�2�iX �#�2 �� �b�2�i�-P �#�2 �� �T�`�2�/�B�+���i�2�X �� �}�H�i�2�` �B�b ���M ���H�;�Q�`�B�i�?�K
�i�?���i �b���K�T�H�2�b �B�MX ���M�/ �m�b�2�b �i�?�2 �2�p���H�m���i�B�Q�M �Q�7P �i�Q �T�`�Q�/�m�+�2 �� �b���K�T�H�B�M�; �B�M �i�?�2 �b�m�#�b�2�i
X |P � t x PX |Ppxqu�X

�j�X�k�X�R�X�k �h�?�2 �+���b�2 �Q�7 �T�`�Q�/�m�+�i �b�T���+�2�b�X

���M�Q�i�?�2�` �T���`�i�B�+�m�H���` �+���b�2 �B�b �r�?�2�M �r�2 �?���p�2 �B�M�/�2�T�2�M�/�2�M�i �T�`�2�/�B�+���i�2�b�- �i�?���i �B�b�-X � X 1 � X 2�-
���M�/ �r�2 �?���p�2 �� �T�`�2�/�B�+���i�2P1 �Q�MX 1�- ���M�/P2 �Q�MX 2�X �A�M �i�?���i �+���b�2�- �r�2 �+���M �b���K�T�H�2 �2���b�B�H�v
�Q�MX |P1^ P2 � X 1|P1 � X 2|P2 �- �r�B�i�?

c�b�2���`�+�?pX; P 1 ^ P2q � c�i�`�B���H�bpX 1; P1q pc�b���K�T�H�2pX 1q � c�i�2�b�ipP1qqloooooooooooooooooooooooomoooooooooooooooooooooooon
c�b�2���`�+�?pX 1 ;P1q

� c�i�`�B���H�bpX 2; P2q pc�b���K�T�H�2pX 2q � c�i�2�b�ipP2qqloooooooooooooooooooooooomoooooooooooooooooooooooon
c�b�2���`�+�?pX 2 ;P2q

�>�Q�r�2�p�2�`�- �i�?�B�b ���T�T�`�Q���+�? �B�b �b�m�#�Q�T�i�B�K���H �B�7 �r�2 �r���M�i �i�Q �b���K�T�H�2 �K�m�H�i�B�T�H�2 �i�B�K�2�b �B�MX 1|P1 �
X 2|P2 �- ���b �r�2 �`�2�/�Q �i�?�2 �i�2�b�i�b �7�Q�` �#�Q�i�? �p���H�m�2�b �2���+�? �i�B�K�2�- ���M�/ �r�2 �+�Q�m�H�/ ���z�Q�`�/ �i�Q �Q�M�H�v �+�?���M�;�2
�Q�M�2 �Q�7 �i�?�2�K�X �A�M �T�`���+�i�B�+�2�- �r�2�ö�`�2 �B�M�i�2�`�2�b�i�2�/ �B�M �i�?�2 �+���b�2 �r�?�2�`�2 �Q�M�H�v �Q�M�2 �b�Q�H�m�i�B�Q�M �`�2�K���B�M�b
�B�M �i�?�2 �2�M�/�- �b�Q �i�?�B�b �K���v �#�2 ���M �B�b�b�m�2�X

�G�2�i�ö�b �b���v �i�?���i �r�2 ���H�b�Q �?���p�2 �� �T�`�2�/�B�+���i�2P3 �i�?���i �Q�M�H�v ���+�+�2�T�i�b �R �b�Q�H�m�i�B�Q�Mpx; yq�- �i�?���i
X 1; X 2; X 1|P1 ; X 2|P2 �?���p�2 �`�2�b�T�2�+�i�B�p�2�H�vN1; N2; M 1; M 2 �2�H�2�K�2�M�i�b�- ���M�/ �i�?���i �b���K�T�H�B�M�; �B�M
X 1 ���M�/X 2 �B�b �7�`�2�2�X

�h�?�2 �/�B�`�2�+�i �b�2���`�+�? �B�MX 1|P1 � X 2|P2 �r�Q�m�H�/ �?���p�2 �� �+�Q�b�i �Q�7

M 1M 2

�
N1

M 1
c�i�2�b�ipP1q �

N2

M 2
c�i�2�b�ipP2q




looooooooooooooooooomooooooooooooooooooon
�a���K�T�H�B�M�; �B�MX 1|P1 � X 2|P2

� M 1M 2c�i�2�b�ipP3qloooooooomoooooooon
�h�2�b�i �Q�7P3 �B�MX 1|P1 � X 2|P2

�h�?�B�b �/�B�`�2�+�i ���T�T�`�Q���+�? �b���K�T�H�2�b �7�Q�` �2���+�? �T���B�` �B�MX 1 ���M�/X 2�- �r�?�B�+�? �B�b �b�m�#�Q�T�i�B�K���H�X �q�2
�+���M �/�Q �#�2�i�i�2�` �B�7 �B�M�b�i�2���/ �Q�7 �b�2���`�+�?�B�M�; �B�MX 1|P1 � X 2|P2 �7�Q�` �i�?�2 �T�`�2�/�B�+���i�2P3�- �r�2 �+���M �b�2���`�+�?
�B�MX 1|P1 �7�Q�` �i�?�2 �T�`�2�/�B�+���i�2

P1pxq � D y PX 2|P2 : P3px; yq

�a�m�+�? �� �T�`�2�/�B�+���i�2 �B�b �7���B�`�H�v �2���b�v �i�Q �+�?�2�+�F�, �B�i �B�b �� �b�2���`�+�? �B�MX 2|P2 �X �>�2�M�+�2�-

c�i�2�b�ipP1q � c�b�2���`�+�?pX 2|P2 ; P3px; �qq



�9�k �*�?���T�i�2�` �j�X �Z�m���M�i�m�K �a�2���`�+�?

�A�M �Q�m�` �2�t���K�T�H�2�-c�i�2�b�ipP1q � M 2

�
N 2
M 2

� c�i�2�b�ipP3q
	

�X �>�2�M�+�2�- ���b �r�2 �M�2�2�/ �i�Q �T�2�`�7�Q�`�K �B�i

M 1 �i�B�K�2�b�- �i�?�2 �}�M���H �+�Q�b�i �B�b

N1c�i�2�b�ipP1qlooooomooooon
�h�2�b�i ���H�H �p���H�m�2�b �B�MX 1

� M 1N2c�i�2�b�ipP2qlooooooomooooooon
�6�Q�` �2���+�? �p���H�m�2 �Q�7X 1|P1 �- �i�2�b�i ���H�H �p���H�m�2�b �Q�7X 2

� M 1M 2c�i�2�b�ipP3qloooooooomoooooooon
�h�2�b�iP3 �Q�M�H�v �B�7 �r�2 ���`�2 �B�MX 1|P1 � X 2|P2

�_�2�K���`�F�j�X�8�X�>�2�`�2�- �i�?�2 �T�`�2�/�B�+���i�2 �/�2�T�2�M�/�b �Q�M �i�?�2 �T�`�2�p�B�Q�m�b �p���H�m�2x�- ���M�/ �i�?�2 �M�m�K�#�2�` �Q�7
�b�Q�H�m�i�B�Q�M�b �/�2�T�2�M�/�b �Q�Mx�X �A�7 �r�2 �2�t�T�2�+�i ���i �K�Q�b�i �Q�M�2 �b�Q�H�m�i�B�Q�M�- �i�?�2�M �i�?�B�b �B�b �M�Q�i ���M �B�b�b�m�2 �,
�r�2 �2�t�?���m�b�i ���H�HX 2|P2 �7�Q�` �2���+�? �T�Q�b�b�B�#�H�2x�X �A�7 �r�2 �+���M �?���p�2 �K���M�v �b�Q�H�m�i�B�Q�M�b�- �i�?�2�M �B�i �+���M �#�2
�+�m�K�#�2�`�b�Q�K�2�- ���b �r�2 �K���v �r���M�i �i�Q ���#�Q�`�i �� �b�2���`�+�? �Q�MX 2|P2 �B�7�- ���7�i�2�` �� �i�2�b�i �Q�M �� �7�`���+�i�B�Q�M �Q�7
�i�?�2 �p���H�m�2�b�- �r�2 �?���p�2 �7���B�H�2�/ �i�Q �}�M�/ �� �;�Q�Q�/ �Q�M�2�X

�j�X�k�X�k �Z�m���M�i�m�K �M�2�b�i�2�/ �b�2���`�+�?
�A�M �[�m���M�i�m�K �+�Q�K�T�m�i�B�M�;�- �r�2 �+���M�M�Q�i �b���p�2 �i�B�K�2 �#�v �#�`���M�+�?�B�M�;�- ���b �r�2 �M�2�2�/ �i�Q �+�Q�K�T�m�i�2 ���H�H
�i�?�2 �T�Q�b�b�B�#�H�2 �+���b�2�b�X �h�?�B�b �K���F�2�b �i�?�2 �M�Q�i�B�Q�M �Q�7 �H���x�v �2�p���H�m���i�B�Q�M �H�2�b�b �B�M�i�m�B�i�B�p�2�X ���K�T�H�B�i�m�/�2
���K�T�H�B�}�+���i�B�Q�M �r�B�i�? �i�?�2 �M�Q�i�B�Q�M �Q�7 �}�H�i�2�`�b ���H�H�Q�r�b �m�b �i�Q ���+�?�B�2�p�2 �`�Q�m�;�?�H�v �i�?�2 �b���K�2 �F�B�M�/ �Q�7
�+�Q�b�i�b �i�?���M �r�B�i�? �+�H���b�b�B�+���H �M�2�b�i�2�/ �b�2���`�+�?�2�b�- �#�m�i �r�B�i�? �� �b�[�m���`�2 �`�Q�Q�i ���T�T�H�B�2�/ �Q�M �i�?�2 �i�2�`�K�b
�+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �� �b�2���`�+�?�X �h�?�2�b�2 �i�2�`�K�b �r�2�`�2 �/�2�M�Q�i�2�/c�i�`�B���H�bpX; P q �T�`�2�p�B�Q�m�b�H�v�- ���M�/ ���`�2
�/�2�M�Q�i�2�/c���K�T�H�B�7�vpX; P q �B�M �i�?�B�b �b�2�+�i�B�Q�M �i�Q �`�2�~�2�+�i �i�?�2 �m�b�2 �Q�7 ���K�T�H�B�i�m�/�2 ���K�T�H�B�}�+���i�B�Q�M�X

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

c�b�2���`�+�?pX; P q �

c���K�T�H�B�7�vpX; P qlooooooomooooooon
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�
� c�b���K�T�H�2pX qlooooomooooon

�*�Q�b�i �Q�7C

� c�i�2�b�ipPqlooomooon
�*�Q�b�i �Q�7 �+�Q�K�T�m�i�B�M�;f

�

�
 � c�b���K�T�H�2pX qlooooomooooon

�A�M�B�i�B���H�B�x���i�B�Q�M �+�Q�b�i

:

�h�?�2 �M�m�K�#�2�` �Q�7 �B�i�2�`���i�B�Q�M�b �B�b�
4

1?
� �B�7 �i�?�2 �+�H���b�b�B�+���H �M�m�K�#�2�` �Q�7 �B�i�2�`���i�B�Q�M�b �r���b1

� �X �h�?�2
�7���+�i�Q�` �k �+�Q�K�2�b �7�`�Q�K �i�?�2 �7���+�i �i�?���i �r�2 �?���p�2 �i�Q ���T�T�H�vC �i�r�B�+�2�- ���M�/ �r�2 �M�2�2�/ �i�Q �m�M�+�Q�K�T�m�i�2
�i�?�2 ���T�T�H�B�+���i�B�Q�M �Q�7f �X �h�?�2 �B�M�B�i�B���H�B�x���i�B�Q�M �+�Q�b�i �+�Q�K�2�b �7�`�Q�K �i�?�2 �7���+�i �i�?���i �i�?�2 �B�M�B�i�B���H �b�i���i�2
�Q�7 ���K�T�H�B�i�m�/�2 ���K�T�H�B�}�+���i�B�Q�M �B�b �i�?�2 �b�m�T�2�`�T�Q�b�B�i�B�Q�M �Q�7 �p���H�m�2�b �B�MX �X �q�2 �r�B�H�H �M�2�;�H�2�+�i �i�?�B�b
�i�2�`�K�- ���b �r�2 �+�Q�M�b�B�/�2�` ���K�T�H�B�}�+���i�B�Q�M�b �r�B�i�? �� �H���`�;�2 �M�m�K�#�2�` �Q�7 �B�i�2�`���i�B�Q�M�b�X �h�?�B�b �r�Q�m�H�/ �M�Q�i
�#�2 �M�2�;�H�B�;�B�#�H�2 �B�7 �r�2 �T�2�`�7�Q�`�K�2�/ ���M ���b�v�K�T�i�Q�i�B�+ �M�2�b�i�B�M�; �Q�7 �[�m���M�i�m�K �b�2���`�+�?�2�b �Q�7 �}�t�2�/ �b�B�x�2�X
�q�2 �+���M ���T�T�H�v �/�B�`�2�+�i�H�v �Q�m�` �K�2�i�?�Q�/ �Q�7 �M�2�b�i�2�/ �b�2���`�+�?�- �r�B�i�? �i�?�2c���K�T�H�B�7�v�i�2�`�K�b �i�?���i �+�Q�b�i
���H�K�Q�b�i�i�?�2 �b�[�m���`�2 �`�Q�Q�i �Q�7 �i�?�2 �+�H���b�b�B�+���Hc�i�`�B���H�b�X



�j�X�j�X �*�Q�H�H�B�b�B�Q�M �b�2���`�+�? �9�j

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

N1M 2c�i�2�b�ipP1q � N2M 1c�i�2�b�ipP2q � M 1M 2c�i�2�b�ipP3q
�i�Q N1c�i�2�b�ipP1q � N2M 1c�i�2�b�ipP2q � M 1M 2c�i�2�b�ipP3q

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

� 2

4

?
N1M 2c�i�2�b�ipP1q � � 2

4

?
N2M 1c�i�2�b�ipP2q � �

2

?
M 1M 2c�i�2�b�ipP3q

���M�/ � 2

4

?
N1c�i�2�b�ipP1q � � 3

8

?
N2M 1c�i�2�b�ipP2q � � 2

4

?
M 1M 2c�i�2�b�ipP3q

�h�?�2 ���/�/�B�i�B�Q�M���H �M�2�b�i�B�M�; �/�B�p�B�/�2�b �i�?�2 �M�m�K�#�2�` �Q�7 �B�i�2�`���i�B�Q�M�b �Q�7c�i�2�b�ipP1q �#�v
?

M 2�- �#�m�i
�K�m�H�i�B�T�H�B�2�b �i�?�2 �Q�i�?�2�` �i�2�`�K�b �#�v�

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

�q�`�B�i�B�M�; ���H�;�Q�`�B�i�?�K�b�X�A�M �Q�`�/�2�` �i�Q �r�`�B�i�2 ���H�;�Q�`�B�i�?�K�b �B�M �i�?�B�b �7�`���K�2�r�Q�`�F�- �r�2 �m�b�2 �i�?�2
�7�Q�H�H�Q�r�B�M�; �M�Q�i���i�B�Q�M�,

�R�,�6�B�H�i�2�`x PX
�k�, �A�7�M�Q�iP1pxq�, ���#�Q�`�i ™�S�`�Q�/�m�+�2X |P1

�j�, �A�7P2pxq �i�?�2�M ™�*���M ���b�b�m�K�2P1pxq
�9�, y Ð f pxq ™y Pf pX |P1^ P2 q
�8�, �6�B�H�i�2�`y
�e�, �A�7�M�Q�iQ3pyq�, ���#�Q�`�i ™�*�?�2�+�F�bP3pxq � Q3pf pxqq
�d�, �1�M�/ �6�B�H�i�2�`
�3�, �_�2�i�m�`�Mx ™�a���K�T�H�2 �B�MX |P1^ P2^ P3

�N�,�1�M�/ �6�B�H�i�2�`

�h�?�B�b �2�t���K�T�H�2 ���H�;�Q�`�B�i�?�K �B�b �� �M�2�b�i�2�/ �b�2���`�+�? �7�Q�`x �B�MX |P1^ P2 �- �r�?�2�`�2 �r�2 �b�2���`�+�? �B�MX |P1

�#�2�7�Q�`�2 �i�2�b�i�B�M�; �7�Q�`P2�X �A�i �+���M �#�2 �B�K�T�H�2�K�2�M�i�2�/ �+�H���b�b�B�+���H�H�v �Q�` �[�m���M�i�m�K�H�v�X �h�?�B�b �7�Q�`�K���H�B�b�K
���M�/ �i�?�2�b�2 �M�Q�i���i�B�Q�M�b ���`�2 �m�b�2�/ �B�M�*�?���T�i�2�` �R�R�i�Q �/�2�b�+�`�B�#�2 �� �+�`�v�T�i���M���H�v�b�B�b �Q�7 ���1�a�X

�j�X�j �*�Q�H�H�B�b�B�Q�M �b�2���`�+�?

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

�S�`�Q�#�H�2�K �j�X�k�U�*�Q�H�H�B�b�B�Q�M �a�2���`�+�?�V�X�G�2�if : t 0; 1un Ñ t 0; 1un �#�2 �� �7�m�M�+�i�B�Q�M�X �6�B�M�/x � y
�b�m�+�? �i�?���if pxq � f pyq�X



�9�9 �*�?���T�i�2�` �j�X �Z�m���M�i�m�K �a�2���`�+�?

�A�M �b�Q�K�2 �+���b�2�b�- �r�2 ���`�2 �B�M�i�2�`�2�b�i�2�/ �B�M �� �+�Q�H�H�B�b�B�Q�M �#�2�i�r�2�2�M �i�r�Q �7�m�M�+�i�B�Q�M�b�- �i�?���i �B�b �;�B�p�2�M
�i�r�Q �7�m�M�+�i�B�Q�M�bf ���M�/g�- �}�M�/�B�M�;x ���M�/y �b�m�+�? �i�?���if pxq � gpyq�X �q�2 �+���M �`�2�/�m�+�2 �i�?�B�b
�T�`�Q�#�H�2�K �i�Q �i�?�2 �T�`�2�p�B�Q�m�b �Q�M�2 �#�v �+�Q�M�b�B�/�2�`�B�M�;

F : b; x ÞÑ

#
f pxq �B�7b � 0�-

gpxq �B�7b � 1�X

�� �+�Q�H�H�B�b�B�Q�M �Q�MF �r�B�H�H �+�Q�`�`�2�b�T�Q�M�/ �i�Q �� �+�Q�H�H�B�b�B�Q�M �#�2�i�r�2�2�Mf ���M�/g �8�y�W �Q�7 �i�?�2 �i�B�K�2�X

�j�X�j�X�R �*�H���b�b�B�+���H �`�2�b�Q�H�m�i�B�Q�M
�J�m�H�i�B�T�H�2 �+�H���b�b�B�+���H ���H�;�Q�`�B�i�?�K�b �?���p�2 �T�`�Q�T�Q�b�2�/ �i�Q �b�2���`�+�? �7�Q�` �+�Q�H�H�B�b�B�Q�M�b�- ���M�/ �i�r�Q �Q�7 �i�?�2�K ���`�2
�T�`�2�b�2�M�i�2�/ �#�2�H�Q�r�X �� �b�m�`�p�2�v �Q�7 �+�Q�H�H�B�b�B�Q�M ���H�;�Q�`�B�i�?�K�b �+���M �#�2 �7�Q�m�M�/ �B�M �(�C�Q�m�y�N�)�X

�j�X�j�X�R�X�R �L���B�p�2 ���H�;�Q�`�B�i�?�K

�q�2 �+���M �2�t�T�2�+�i �i�Q �}�M�/ �� �+�Q�H�H�B�b�B�Q�M �Q�Mn �#�B�i�b ���K�Q�M�; �H�B�i�i�H�2 �K�Q�`�2 �i�?���M2n{2 �p���H�m�2�b�X �A�M�/�2�2�/�-
2n{2 �p���H�m�2�b �K���F�2 �7�Q�`2n� 1 � 2n{2� 1 �T���B�`�b�- ���M�/ �r�2 �+���M �2�t�T�2�+�i �i�?���i �Q�M�2 �Q�7 �i�?�2�M �r�B�H�H �b���i�B�b�7�v
�i�?�2n�@�#�B�i �+�Q�M�b�i�`���B�M�i�X �h�?�B�b �B�b �Q�7�i�2�M �`�2�7�2�`�`�2�/ �i�Q ���b �i�?�2�#�B�`�i�?�/���v �T��� �̀��/�Q�t�X �h�?�B�b �H�2���/�b �i�Q ��
�b�B�K�T�H�2 �+�Q�H�H�B�b�B�Q�M ���H�;�Q�`�B�i�?�K�, �[�m�2�`�v ���`�Q�m�M�/2n{2 �p���H�m�2�b �i�Qf �- �b�Q�`�i �i�?�2 �p���H�m�2�b ���+�+�Q�`�/�B�M�; �i�Q
f pxq�- ���M�/ �i�?�2�M �H�Q�Q�F �b�2�[�m�2�M�i�B���H�H�v �7�Q�` �� �+�Q�H�H�B�b�B�Q�M �B�M �i�?�2 �b�Q�`�i�2�/ �H�B�b�i�X �h�?�2 �i�B�K�2�- �K�2�K�Q�`�v
���M�/ �[�m�2�`�v �+�Q�b�i �B�b �B�MO

�
2n{2

�
�X

�j�X�j�X�R�X�k �G�Q�r�@�K�2�K�Q�`�v ���H�;�Q�`�B�i�?�K

�h�?�2�`�2 �B�b ���M �B�K�T�`�Q�p�2�/ �K�2�i�?�Q�/�- �r�?�B�+�? ���H�H�Q�r�b �i�Q ���p�Q�B�/ �i�?�2 �K�2�K�Q�`�v �m�b���;�2 �r�B�i�? �� �+�Q�K�T���`���@
�#�H�2 �i�B�K�2 �+�Q�b�i�, �S�Q�H�H���`�/�ö�b �`�?�Q ���H�;�Q�`�B�i�?�K �(�S�Q�H�d�8�)�X �A�i�b �B�/�2�� �B�b �i�Q �m�b�2 �i�?�2 �b�2�[�m�2�M�+�2 �Q�7 �B�i�2�`���i�2�b
�Q�7f �7�`�Q�K �� �;�B�p�2�M �#���b�2 �T�Q�B�M�ix0�X �h�?�B�b �b�2�[�m�2�M�+�2 �B�b �m�H�i�B�K���i�2�H�v �T�2�`�B�Q�/�B�+�- ���b �i�?�2 �/�Q�K���B�M �Q�7
f �B�b �}�M�B�i�2�X �h�?�2 �T�2�`�B�Q�/�B�+ �b�2�[�m�2�M�+�2 �?���b �H�2�M�;�i�?c ���M�/ �#�2�;�B�M�b ���7�i�2�`t �b�i�2�T�b�X �h�?�B�b �;�B�p�2�b �i�?�2
�;�`���T�? �Q�7 �i�?�2 �b�2�[�m�2�M�+�2 �B�i�b� �b�?���T�2�- �/�2�b�+�`�B�#�2�/ �B�M�6�B�;�m�`�2 �j�X�k�X �h�?�2 �;�`���T�? �+�Q�M�i���B�M�b �2�t���+�i�H�v
�Q�M�2 �+�Q�H�H�B�b�B�Q�M �B�7t � 0�- �r�B�i�?f px t � 1q � f px t � c� 1q�X

x0

t

c

x t � x t � c

x1 � f px0q

�6�B�;�m�`�2 �j�X�k�,� �@�b�?���T�2�/ �;�`���T�? �Q�7 �i�?�2 �B�i�2�`���i�2�b �Q�7x0 �m�M�/�2�` �i�?�2 �7�m�M�+�i�B�Q�Mf �, x i � 1 � f px i q�X
�h�?�2 �+�Q�H�H�B�b�B�Q�M �?���T�T�2�M�b �r�B�i�?f px t � 1q � x t � x t � c � f px t � c� 1q�X

�h�?�2 �+�Q�H�H�B�b�B�Q�M �B�M �i�?�2 �;�`���T�? �+���M �#�2 �7�Q�m�M�/ �m�b�B�M�; �i�?�2 �b�B�K�T�H�2���H�;�Q�`�B�i�?�K �j�X�R�X �h�?�2 ���H�;�Q�@
�`�B�i�?�K �}�`�b�i �H�Q�Q�F�b �7�Q�` ���M �B�M�/�2�tk �b�m�+�? �i�?���ixk � x2k �X �6�`�Q�K �i�?�2 �b�i�`�m�+�i�m�`�2 �Q�7 �i�?�2 �;�`���T�?�-



�j�X�j�X �*�Q�H�H�B�b�B�Q�M �b�2���`�+�? �9�8

�i�?�B�b �B�K�T�H�B�2�b �i�?���i �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�Mk ���M�/2k �B�b �� �K�m�H�i�B�T�H�2 �Q�7c�X �>�2�M�+�2�-c �/�B�p�B�/�2�bk�X
�P�M�+�2 �i�?�2 �p���H�m�2 �Q�7xk �B�b �F�M�Q�r�M�- �i�?�2 �+�Q�H�H�B�b�B�Q�M �+���M �#�2 �2���b�B�H�v �7�Q�m�M�/�- ���b �B�i �+�Q�`�`�2�b�T�Q�M�/�b �i�Q
x t � x t � k �X �A�i �B�b �b�m�{�+�B�2�M�i �i�Q �r���H�F �7�`�Q�Kx0 ���M�/xk �m�M�i�B�H �� �+�Q�H�H�B�b�B�Q�M �B�b �7�Q�m�M�/�X

���H�;�Q�`�B�i�?�K �j�X�R�S�Q�H�H���`�/� ���H�;�Q�`�B�i�?�K �7�Q�` �+�Q�H�H�B�b�B�Q�M�b�X
�A�M�T�m�i�,�� �7�m�M�+�i�B�Q�Mf �- �� �b�i���`�i�B�M�; �p���H�m�2x0

�P�m�i�T�m�i�,x i �-x j �b�m�+�? �i�?���ix i � x j ���M�/f px i q � f px j q
�R�,a Ð f px0q
�k�,b Ð f pf px0qq
�j�, �q�?�B�H�2a � b �/�Q ™�*�v�+�H�2 �/�2�i�2�+�i�B�Q�M�,a � f pi qpx0q; b � f p2i qpx0q
�9�, a Ð f paq
�8�, b Ð f pf pbqq

™f pkqpx0q � a � b � f p2kqpx0q
�e�,a Ð x0

�d�,�q�?�B�H�2f paq � f pbq �/�Q ™�*�Q�H�H�B�b�B�Q�M �}�M�/�B�M�;�,f ptqpx0q � f pt � kqpx0q
�3�, a Ð f paq
�N�, b Ð f pbq

�_�2�i�m�`�Mpa; bq

�*�Q�K�T�H�2�t�B�i�v�X�h�?�2 �+�Q�K�T�H�2�t�B�i�v �Q�7 �i�?�B�b ���T�T�`�Q���+�? �/�2�T�2�M�/�b �Q�M �i�?�2 �b�i�`�m�+�i�m�`�2 �Q�7 �i�?�2 �;�`���T�?�X
�A�i �i�m�`�M�b �Q�m�i �i�?���i �7�Q�` �`���M�/�Q�K �7�m�M�+�i�B�Q�M�b ���M�/ �� �`���M�/�Q�Kx0�- t � O

�
2n{2

�
�-c � O

�
2n{2

�
�X

�6�Q�` �� �7�m�M�+�i�B�Q�M �r�B�i�? �� �/�B�b�i�B�M�+�i �/�Q�K���B�M ���M�/ �+�Q�/�Q�K���B�M�- �Q�` �B�7 �� �7�m�M�+�i�B�Q�M �B�b �+�Q�M�b�B�/�2�`�2�/
�i�Q�Q �b�i�`�m�+�i�m�`�2�/�- �i�?�2 �b���K�2 ���H�;�Q�`�B�i�?�K �+���M �#�2 ���T�T�H�B�2�/ �#�v �+�Q�K�T�Q�b�B�M�;f �r�B�i�? �� �`���M�/�Q�K
�T�2�`�K�m�i���i�B�Q�Mg �i�?���i �K���T�b �i�?�2 �+�Q�/�Q�K���B�M �i�Q �i�?�2 �/�Q�K���B�M �Q�7f �X �P�p�2�`���H�H�- �i�?�B�b �H�Q�r�@�K�2�K�Q�`�v
���H�;�Q�`�B�i�?�K �?���b �� �i�B�K�2 ���M�/ �[�m�2�`�v �+�Q�b�i �B�MO
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�B�7 �i�?�2�`�2 �B�b �� �K���i�+�?�B�M�; �p���H�m�2 �B�ML 2�X

�h�?�2 �+�Q�b�i �Q�7 �i�?�B�b ���H�;�Q�`�B�i�?�K �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �i�?�2 �b�B�x�2 �Q�7 �i�?�2 �i�r�Q �H�B�b�i�b�- �B�MrOp2n{2q �i�B�K�2
���M�/ �K�2�K�Q�`�v�X

�_�2�K���`�F�8�X�R�X�P�M�H�v �Q�M�2 �H�B�b�i �M�2�2�/�b �i�Q �#�2 �2�z�2�+�i�B�p�2�H�v �b�i�Q�`�2�/ �B�M �K�2�K�Q�`�v�- ���b �i�?�2 �Q�i�?�2�` �+���M �#�2
�+�Q�K�T�m�i�2�/ �Q�M�@�i�?�2�@�~�v�X

�8�X�k�X�R�X�k �a�+�?�`�Q�T�T�2�H�@�a�?���K�B�` ���H�;�Q�`�B�i�?�K �(�a�a�3�R�)

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

° n
i � 1 " i x i � V �B�b �b�T�H�B�i �B�M�i�Q �9 �T���`�i�b �`�2�T�`�2�b�2�M�i�2�/ ���b �9 �H�B�b�i�bL 1; L 2; L 3; L 4�- �r�B�i�?

L 1 �
°

i ¤ n{4 " i x i �- ���M�/ �b�Q �Q�M�X
�h�?�2 �H�B�b�i�bL 1 �i�QL 4 �+�Q�M�i���B�M ���H�H �T�Q�b�b�B�#�H�2 �T���`�i�B���H �b�m�K�b �Q�M �� �7�Q�m�`�i�? �Q�7 �i�?�2 �p���`�B���#�H�2�b�X �h�?�2

�B�M�i�2�`�K�2�/�B���i�2 �H�B�b�i�bL 12 ���M�/L 34 �+�Q�M�i���B�M �`�2�b�T�2�+�i�B�p�2�H�v �i�?�2 �T���`�i�B���H �b�m�K�b �Q�M �i�?�2 �}�`�b�i ���M�/
�b�2�+�Q�M�/ �?���H�7 �Q�7 �i�?�2 �p���`�B���#�H�2�b�X



�e�y �*�?���T�i�2�` �8�X ���#�2�H�B���M �>�B�/�/�2�M �a�?�B�7�i ���H�;�Q�`�B�i�?�K�b

�q�B�i�?�Q�m�i ���M�v �Q�i�?�2�` �i�2�+�?�M�B�[�m�2�- �i�?�2 �b�T�H�B�i�i�B�M�; �r�Q�m�H�/ �M�Q�i �;���B�M ���M�v�i�?�B�M�;�- ���b �i�?�2 �i�r�Q
�B�M�i�2�`�K�2�/�B���i�2 �H�B�b�i�b �r�Q�m�H�/ �#�2 �Q�7 �b�B�x�22n{2�X �h�?�2 �a�+�?�`�Q�2�T�T�2�H�@�a�?���K�B�` ���H�;�Q�`�B�i�?�K �;���B�M�b �#�v
�;�m�2�b�b�B�M�;L 12 mod 2n{4�X �q�B�i�? �i�?���i �;�m�2�b�b�- �i�?�2 �H�B�b�i �B�b �2�t�T�2�+�i�2�/ �i�Q �#�2 �Q�7 �b�B�x�22n{4�X �*�Q�M�@
�p�2�`�b�2�H�v�-L 12 mod 2n{4 �B�K�T�Q�b�2�b �i�?�2 �p���H�m�2s � L 12 mod 2n{4 �7�Q�`L 34�X �>�2�M�+�2 ���H�H �i�?�2 �H�B�b�i�b
���`�2 �2�t�T�2�+�i�2�/ �i�Q �#�2 �Q�7 �b�B�x�2rOp2n{4q�X �h�?�2 �b�Q�H�m�i�B�Q�M �r�B�H�H �Q�M�H�v �#�2 �7�Q�m�M�/ �7�Q�` �i�?�2 �+�Q�`�`�2�+�i �;�m�2�b�b
�Q�7 �i�?�2 �B�M�i�2�`�K�2�/�B���i�2 �p���H�m�2�- �`�2�[�m�B�`�B�M�;2n{4 �;�m�2�b�b�2�b �Q�p�2�`���H�H�- �7�Q�` �� �i�Q�i���H �+�Q�b�i �Q�7rOp2n{2q �i�B�K�2�-
�#�m�i �Q�M�H�vrOp2n{4q �K�2�K�Q�`�v�X

2n{4

L 1 L 2 L 3 L 4

�:�m�2�b�b �b�m�K �K�Q�/2n{4

L 12

2n{4

L 34

s
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�"�v �b�T�H�B�i�i�B�M�; �i�?�2 �b�m�K �B�M �3 ���M�/ �+���`�2�7�m�H�H�v �+�?�Q�Q�b�B�M�; �i�?�2 �b�B�x�2 �Q�7 �i�?�2 �B�M�i�2�`�K�2�/�B���i�2 �+�Q�M�@
�b�i�`���B�M�i ���M�/ �i�?�2 �`���i�B�Q �Q�7 �@�R�- �i�?�2 ���m�i�?�Q�`�b �Q�7 �(�"�*�C�R�R�) �Q�#�i���B�M�2�/ ���M ���b�v�K�T�i�Q�i�B�+ �+�Q�K�T�H�2�t�B�i�v
�Q�7rOp20:291nq �+�H���b�b�B�+���H �i�B�K�2 ���M�/ �K�2�K�Q�`�v�X

�8�X�k�X�R�X�j �S�Q�H�v�M�Q�K�B���H�@�K�2�K�Q�`�v ���H�;�Q�`�B�i�?�K�b �(�"�*�C�R�R�)�X

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



�8�X�k�X �S�`�2�H�B�K�B�M���`�B�2�b�, �b�m�#�b�2�i�@�b�m�K ���M�/k�@�H�B�b�i �e�R

�h�?�2 �B�/�2�� �Q�7 �i�?�2 �}�`�b�i ���H�;�Q�`�B�i�?�K �B�b �i�Q �`�2�H�v �Q�M �+�Q�H�H�B�b�B�Q�M�@�}�M�/�B�M�;�X �A�7 �r�2 �/�2�}�M�2

f 1 :

#
t 0; 1utn{2u Ñ t 0; 1un

p� 1; : : : ; � tn{2uq ÞÑ
° tn{2u

i � 1 � i x i
;

f 2 :
"

t 0; 1urn{2s Ñ t 0; 1un

p� tn{2u� 1; : : : ; � nq ÞÑs �
° n

i � tn{2u� 1 � i x i
;

�i�?�2�M �� �+�Q�H�H�B�b�B�Q�M �#�2�i�r�2�2�Mf 1 ���M�/f 2 �r�Q�m�H�/ �H�2���/ �i�Q �� �b�m�#�b�2�i�@�b�m�K �b�Q�H�m�i�B�Q�M�X �A�7 �i�?�2 �i�r�Q
�7�m�M�+�i�B�Q�M�b �?���/ �i�?�2 �b���K�2 �/�Q�K���B�M ���M�/ �+�Q�/�Q�K���B�M �b�B�x�2�- �r�2 �+�Q�m�H�/ ���T�T�H�v �� �+�Q�H�H�B�b�B�Q�M�@�}�M�/�B�M�;
���H�;�Q�`�B�i�?�K �i�Q �}�M�/ �i�?�2 �r���M�i�2�/ �p���H�m�2�b�X �L�2�p�2�`�i�?�2�H�2�b�b�- �r�2 �+���M �b�i�B�H�H ���T�T�H�v �i�?�2 ���H�;�Q�`�B�i�?�K
�Q�M �i�`�m�M�+���i�2�/ �p�2�`�b�B�Q�M�bf 1

1pxq � f 1pxq mod 2n{2 ���M�/f 1
2pxq � f 2pxq mod 2n{2 �i�Q �}�M�/

px; x 1q �b�m�+�? �i�?���if 1
1pxq � f 1

2px1q �B�M �i�B�K�2Op2n{4q�X �h�?�2 �T���B�`px; x 1q �B�b �� �+�Q�`�`�2�+�i �b�m�#�b�2�i�@�b�m�K
�b�Q�H�m�i�B�Q�M �K�Q�/�m�H�Q2n{2�X �>�2�M�+�2�- �B�i �B�b �+�Q�`�`�2�+�i �K�Q�/�m�H�Q2n �r�B�i�? �T�`�Q�#���#�B�H�B�i�v2� n{2�X

�q�2 �+���M �?�2�M�+�2 �2�t�T�2�+�i �i�Q �}�M�/ �i�?�2 �+�Q�`�`�2�+�i �b�Q�H�m�i�B�Q�M �B�M2n{2 �i�`�B���H�b�- �#�v �`���M�/�Q�K�B�x�B�M�; �i�?�2f 1

���M�/f 2 �m�b�2�/�X �h�?�2 �+�Q�K�T�H�2�t�B�i�v �B�b �i�?�2�M �B�MOp23n{4q �i�B�K�2�- �r�B�i�? �Q�M�H�v �� �T�Q�H�v�M�Q�K�B���H �K�2�K�Q�`�v�X
�h�?�2 �b�2�+�Q�M�/ ���H�;�Q�`�B�i�?�K �m�b�2�b �i�?�2 �b���K�2 �K�2�i�?�Q�/�- �#�m�i �B�M�b�i�2���/ �Q�7 �b�T�H�B�i�i�B�M�; �i�?�2 �p���`�B���#�H�2�b�-

�B�i �b�T�H�B�i�b �#�2�i�r�2�2�M �b�m�K�b �+�Q�M�i���B�M�B�M�;n{4 �2�H�2�K�2�M�i�b�X �h�?�B�b ���H�H�Q�r�b �i�Q �b�H�B�;�?�i�H�v �`�2�/�m�+�2 �i�?�2 �+�Q�b�i�-
�i�QOp20:72nq�X

�8�X�k�X�kk�@�H�B�b�i ���H�;�Q�`�B�i�?�K�b
�h�?�2k�@�H�B�b�i �T�`�Q�#�H�2�K �B�b �� �;�2�M�2�`���H�B�x���i�B�Q�M �Q�7 �i�?�2 �b�m�#�b�2�i�@�b�m�K �T�`�Q�#�H�2�K�X �A�i �+���M �#�2 �b�i���i�2�/ ���b�,

�.�2�}�M�B�i�B�Q�M �8�X�k�Uk�@�H�B�b�i �B�MZ{p2nq�V�X�G�2�ipL 1; : : : ; L kq P pZ{p2nqqN qk �#�2k �H�B�b�i�b �Q�7 �b�B�x�2N �-
s PZ{p2nq�X

�6�B�M�/px1; : : : xkq P r1;N sk �b�m�+�? �i�?���i
° k

i � 1 Lrx i s � s�X

�h�?�2 �b�m�#�b�2�i�@�b�m�K �T�`�Q�#�H�2�K �B�b �i�?�2 �T���`�i�B�+�m�H���` �+���b�2 �Q�7 �H�B�b�i�b �Q�7 �b�B�x�2 �k�X �h�?�2 �;�2�M�2�`�B�+ �T�`�Q�#�H�2�K
�?���b �#�2�2�M �B�M�i�`�Q�/�m�+�2�/ �#�v �q���;�M�2�` �(�q���;�y�k�)�- �r�?�Q �T�`�Q�T�Q�b�2�/ �� �;�2�M�2�`���H ���H�;�Q�`�B�i�?�K �#���b�2�/ �Q�M �k�@
�H�B�b�i �K�2�`�;�B�M�;�X �h�?�B�b �?���b �#�2�2�M �2�t�i�2�M�/�2�/ �r�B�i�? �p���`�B�Q�m�b �r�Q�`�F�b �(�J�a�R�k�c�L�a�R�8�c�.�B�M�R�3�)�- �B�M �r�?�B�+�?
�K���M�v �i�`���/�2�Q�z�b �#�2�i�r�2�2�M �i�B�K�2 ���M�/ �K�2�K�Q�`�v ���`�2 �T�`�Q�T�Q�b�2�/�- �r�B�i�? �p���`�B�Q�m�b ���T�T�H�B�+���i�B�Q�M�b �B�M
�+�`�v�T�i�Q�;�`���T�?�v�X

�J�2�`�;�B�M�; ���H�;�Q�`�B�i�?�K�b �7�Q�` �b�m�#�b�2�i�@�b�m�K�- �H�B�F�2�6�B�;�m�`�2 �8�X�R���M�/�8�X�k�r�Q�`�F �B�7 �i�?�2 �+�Q�M�b�i�`���B�M�i�b
���`�2 �b�i�`�Q�M�; �2�M�Q�m�;�? �i�Q �?���p�2 �Q�M�H�v �Q�M�2 �b�Q�H�m�i�B�Q�M�- �#�m�i ���H�b�Q �7�Q�` �r�2���F�2�` �+�Q�M�b�i�`���B�M�i�b�- ���b �i�?�2�v
�2�{�+�B�2�M�i�H�v �2�M�m�K�2�`���i�2 ���H�H �i�?�2 �T�Q�b�b�B�#�H�2 �b�Q�H�m�i�B�Q�M�b�X �A�M �i�?���i �+���b�2�- �i�?�2 �Q�m�i�T�m�i �r�B�H�H �#�2 �� �H�B�b�i
�Q�7 �b�Q�H�m�i�B�Q�M�b �Q�7 �i�?�2 �r�2���F �+�Q�M�b�i�`���B�M�i�X �A�i �?���b �Q�M�H�v ���M �B�K�T���+�i �Q�M �i�?�2 �K�2�K�Q�`�v �B�7 �i�?�2 �}�M���H
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�q�2 �r�B�H�H �7�Q�+�m�b �Q�M ���H�;�Q�`�B�i�?�K�b �i�?���i �`�2�i�`�B�2�p�2i 0�- ���b �Q�M�+�2i 0 �B�b �F�M�Q�r�M�- �i�?�2 �T�2�`�B�Q�/ �Q�7f pi 0; �q
�+���M �#�2 �7�Q�m�M�/ �B�M �Q�M�2 ���T�T�H�B�+���i�B�Q�M �Q�7 �a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K�X

�3�d



�3�3 �*�?���T�i�2�` �e�X �a�2���`�+�?�B�M�; �7�Q�` �� �>�B�/�/�2�M �a�i�`�m�+�i�m�`�2

�e�X�R �*�Q�K�#�B�M�B�M�; �:�`�Q�p�2�`�ö�b ���M�/ �a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K�b
�h�?�2 ���H�;�Q�`�B�i�?�K �T�`�Q�T�Q�b�2�/ �B�M �(�G�J�R�d�) �i�Q �b�Q�H�p�2�S�`�Q�#�H�2�K �e�X�R�B�b �[�m�B�i�2 �b�B�K�T�H�2�, �/�Q �� �[�m���M�i�m�K
�b�2���`�+�? �Q�Mi �r�B�i�? �i�?�2 �i�2�b�i �7�m�M�+�i�B�Q�M �ó�B�bf pi; �q �T�2�`�B�Q�/�B�+�\�ô�X �A�M �Q�`�/�2�` �i�Q �/�Q �b�Q�- �r�2 �M�2�2�/ ��
�K�2���b�m�`�2�K�2�M�i�@�7�`�2�2 �p�2�`�b�B�Q�M �Q�7 �a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K�X �h�?�B�b �B�b �M�Q�i ���M �B�b�b�m�2�- �#�m�i �B�i �`�2�[�m�B�`�2�b �i�Q
�b�Q�H�p�2 �� �H�B�M�2���` �b�v�b�i�2�K �Q�7 �2�[�m���i�B�Q�M�b �B�M �[�m���M�i�m�K �b�m�T�2�`�T�Q�b�B�i�B�Q�M�X �h�?�2 �Q�M�H�v �i�?�B�M�; �r�2 �M�2�2�/
�i�Q �/�2�}�M�2 �B�b �i�?�2 �[�m���M�i�m�K �+�B�`�+�m�B�i �m�b�2�/ �B�M �i�?�2 ���K�T�H�B�i�m�/�2 ���K�T�H�B�}�+���i�B�Q�M�- ���M�/ �r�2 �M�2�2�/ �i�Q
�2�b�i�B�K���i�2 �B�i�b �b�m�+�+�2�b�b �T�`�Q�#���#�B�H�B�i�v�X

�h�Q �b�B�K�T�H�B�7�v �i�?�2 ���M���H�v�b�B�b�- �r�2 �b�m�T�T�Q�b�2 �i�?���if pi 0; xq �B�b �� �k�@�i�Q�@�R �7�m�M�+�i�B�Q�M�- ���M�/ �i�?���i
f pi; x q �7�Q�`i � i 0 �B�b �� �T�2�`�K�m�i���i�B�Q�M�X �h�?�2 ���M���H�v�b�B�b �+���M �#�2 �2�t�i�2�M�/�2�/ �i�Q ���M�v �7�m�M�+�i�B�Q�M �m�b�B�M�;
�i�?�2 �K�2�i�?�Q�/�b �Q�7�a�2�+�i�B�Q�M �9�X�k�X�k�- �i�?���i �B�b�- �r�2 �Q�M�H�v �M�2�2�/ �i�Q �K�m�H�i�B�T�H�v �i�?�2 �M�m�K�#�2�` �Q�7 �[�m�2�`�B�2�b
�m�b�2�/ �#�v �a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K �#�v �� �b�K���H�H �+�Q�M�b�i���M�i�X

�a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K ���b �� �i�2�b�i �7�m�M�+�i�B�Q�M�X�q�?���i �r�2 �`�2���H�H�v �r���M�i �B�b �i�Q �#�2 ���#�H�2 �i�Q
�/�B�b�i�B�M�;�m�B�b�? �#�2�i�r�2�2�M �� �T�2�`�B�Q�/�B�+ �7�m�M�+�i�B�Q�M ���M�/ �� �`���M�/�Q�K �7�m�M�+�i�B�Q�M�X �a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K
�b���K�T�H�2�b �p���H�m�2�b �Q�`�i�?�Q�;�Q�M���H �i�Q �i�?�2 �T�2�`�B�Q�/�X �>�2�M�+�2�- �r�2 �}�`�b�i �M�2�2�/ �i�Q ���b�b�m�K�2 �i�?���i �i�?�2 �T�2�`�B�Q�/
�B�b �M�Q�i �y�X �h�?�B�b �B�b �;�2�M�2�`���H�H�v �M�Q�i ���M �B�b�b�m�2�- ���b �r�2 �+���M �i�2�b�i �b�2�T���`���i�2�H�v �i�?�B�b �+���b�2�- �Q�` �b�B�K�T�H�v
�/�B�b�K�B�b�b �B�i�- ���b �i�?�B�b �2�/�;�2 �+���b�2 �b�?�Q�m�H�/ �Q�+�+�m�` �r�B�i�? �� �M�2�;�H�B�;�B�#�H�2 �T�`�Q�#���#�B�H�B�i�v�X

���H�;�Q�`�B�i�?�K �e�X�R�:�`�Q�p�2�`�@�K�2�2�i�b�@�a�B�K�Q�M ���H�;�Q�`�B�i�?�K �(�G�J�R�d�)
�A�M�T�m�i�,���M �Q�`���+�H�2 �i�Qf pi; x q�- �b�m�+�? �i�?���if pi 0; �q �?���b �� �T�2�`�B�Q�/s � 0�X
�P�m�i�T�m�i�,i 0

�R�,�6�B�H�i�2�`i
�k�, ���T�T�H�v �a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K �i�Qf pi; �q�X
�j�, �:�2�i �i�?�2 �T�2�`�B�Q�/s�X
�9�, �A�7s � 0�, ���#�Q�`�i
�8�,�1�M�/ �6�B�H�i�2�`

�h�?�2�Q�`�2�K �e�X�R�U�*�Q�b�i �Q�7���H�;�Q�`�B�i�?�K �e�X�R�V�X�G�2�if P t0; 1uk � t 0; 1un Ñ t 0; 1ù �#�2 �� �7�m�M�+�i�B�Q�M�-
i 0 P t0; 1uk �b�m�+�? �i�?���i�,

�Ç �h�?�2� �̀2 �2�t�B�b�i�b �� �m�M�B�[�m�2s � 0 �b�m�+�? �i�?���irf pi 0; xq � f pi 0; yq ô x ` y P t0; sus�X

�Ç �6�Q�` ���H�Hi � i 0�-f pi 0; �q �B�b �B�M�D�2�+�i�B�p�2�X

���H�;�Q�`�B�i�?�K �e�X�R�}�M�/�bi 0 �r�B�i�? �T� �̀Q�#���#�B�H�B�i�v �;� �̀2���i�2�` �i�?���M1� 2� � � 2� k � 2� � k �m�b�B�M�; ���i �K�Q�b�i
�
2 2k{2 ���T�T�H�B�+���i�B�Q�M�b �Q�7 �a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K �B�7 �2���+�? ���T�T�H�B�+���i�B�Q�M �m�b�2�bn � � � k �b�m�T�2�`�T�Q�b�B�i�B�Q�M
�[�m�2�`�B�2�b �i�Qf �X

�S� �̀Q�Q�7�X�q�2 �m�b�2 �a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K �i�Q �b���K�T�H�2 �p���H�m�2�b �Q�`�i�?�Q�;�Q�M���H �i�Q �i�?�2 �T�2�`�B�Q�/�X �A�7 �i�?�2
�T�2�`�B�Q�/ �2�t�B�b�i�b�- �i�?�2 �`���M�F �Q�7 �i�?�2�b�2 �p���H�m�2�b �r�B�H�H �#�2 ���i �K�Q�b�in � 1�- ���M�/ �B�7 �i�?�2�`�2 �B�b �M�Q �T�2�`�B�Q�/�-
�r�2 ���`�2 �b���K�T�H�B�M�; �`���M�/�Q�K �p���H�m�2�b�- �r�?�B�+�? �+���M �#�2 �Q�7 �`���M�Fn�X �h�?�B�b �B�b �Q�m�` �/�B�b�i�B�M�;�m�B�b�?�2�`
�#�2�i�r�2�2�M �i�?�2 �i�r�Q �+���b�2�b�X �h�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �� �b�2�im �Q�7 �`���M�/�Q�K �p���H�m�2�b �B�b �Q�7 �`���M�F �H�2�b�b
�i�?���Mn �B�b �H�Q�r�2�` �i�?���M2n� m �U�S�`�Q�T�Q�b�B�i�B�Q�M �9�X�R�V�X �>�2�M�+�2�- �2���+�? �Q�7 �i�?�22k � 1 �r�`�Q�M�; �p���H�m�2�b
�T���b�b�2�b �Q�m�` �i�2�b�i �r�B�i�? �T�`�Q�#���#�B�H�B�i�v2n� m �- �r�?�B�H�2 �i�?�2 �p���H�m�2 �r�2 �r���M�i �T���b�b�2�b �B�i �r�B�i�? �T�`�Q�#���#�B�H�B�i�v
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�R�X ���K�T�H�B�i�m�/�2 ���K�T�H�B�}�+���i�B�Q�M �r�B�H�H �T�`�Q�/�m�+�2 �i�?�2 �b�m�T�2�`�T�Q�b�B�i�B�Q�M �Q�7 ���H�H �i�?�2 �p���H�m�2�b �i�?���i �T���b�b
�i�?�2 �i�2�b�i�X �>�2�M�+�2�- �r�2 �r�B�H�H �K�2���b�m�`�2 �i�?�2 �p���H�m�2 �r�2 �r���M�i �r�B�i�? �T�`�Q�#���#�B�H�B�i�v �;�`�2���i�2�` �i�?���M

1
1�p 2k � 1q2n � m ¥ 1 � 2k� n� m �X �h�?�2 �K�Q�`�2 �7���H�b�2 �T�Q�b�B�i�B�p�2�b �r�2 �?���p�2�- �i�?�2 �7�2�r�2�` ���K�T�H�B�}�+���i�B�Q�M

���K�T�H�B�i�m�/�2 �B�i�2�`���i�B�Q�M�b �r�2 �M�2�2�/ �i�Q �/�Q�- �?�2�M�+�2 �r�2 �?���p�2 ���i �K�Q�b�i�
2 2k{2 �B�i�2�`���i�B�Q�M�b�X

�h�?�2 �i�2�b�i �+�B�`�+�m�B�i �Q�7 ���K�T�H�B�i�m�/�2 ���K�T�H�B�}�+���i�B�Q�M �?���b �� �b�m�+�+�2�b�b �T�`�Q�#���#�B�H�B�i�v �Q�72� k � 1 �
p2k � 1q2� k � 2n� m � 2� k � 2n� m �X �>�2�M�+�2�- �B�i �b�m�+�+�2�2�/�b �r�B�i�? �T�`�Q�#���#�B�H�B�i�v �;�`�2���i�2�` �i�?���M
1 � 2� k � 2n� m �B�M �H�2�b�b �i�?���M�

2 2k{2 ���T�T�H�B�+���i�B�Q�M�b �Q�7 �a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K�X
�P�p�2�`���H�H�- �r�2 �Q�#�i���B�M �i�?�2 �p���H�m�2 �r�2 �r���M�i �r�B�i�? �� �T�`�Q�#���#�B�H�B�i�v �;�`�2���i�2�` �i�?���M
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1 � 2� k � 2n� m

	 �
1 � 2k� n� m

	
¥ 1 � 2� k � 2n� m � 2k� n� m :

�_�2�K���`�F�e�X�R �U�L�Q�M�@�B�M�D�2�+�i�B�p�2 �7�m�M�+�i�B�Q�M�b�X�V�X�6�Q�` �M�Q�M�@�B�M�D�2�+�i�B�p�2 �7�m�M�+�i�B�Q�M�b�- �r�2 �+���M �#�Q�m�M�/ �i�?�2
�M�m�K�#�2�` �Q�7 �[�m�2�`�B�2�b �m�b�B�M�;�S�`�Q�T�Q�b�B�i�B�Q�M �9�X�8�- ���M�/ �i���F�B�M�; �i�?�2 �K���t�B�K���Hp0 �Q�p�2�` ���H�H �i�?�2f pi; �q�-
�r�?�B�+�? �r�B�H�H �Q�M�H�v �K�m�H�i�B�T�H�v �i�?�2 �M�m�K�#�2�` �Q�7 �[�m�2�`�B�2�b �#�v �� �+�Q�M�b�i���M�i �i�?���i �/�2�T�2�M�/�b �Q�Mf �X

�l�b�B�M�; ���M �2�t�i�2�`�M���H �i�2�b�i �7�m�M�+�i�B�Q�M�X�A�M �b�Q�K�2 �+���b�2�b�- �r�2 �K���v �#�2 ���#�H�2 �i�Q �+�?�2�+�F �/�B�`�2�+�i�H�v �B�7
�i�?�2 �B�M�/�2�t ���M�/ �i�?�2 �T�2�`�B�Q�/ ���`�2 �+�Q�`�`�2�+�i�X �h�?�B�b �r�Q�m�H�/ ���H�H�Q�r �m�b �i�Q �+�?�2�+�F �B�7 �i�?�2 �p���H�m�2 �7�Q�m�M�/ �i�Q
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�T�Q�b�B�i�B�p�2�b�- ���M�/ �`�2�/�m�+�2�b �i�?�2 �M�2�+�2�b�b���`�v �M�m�K�#�2�` �Q�7 �[�m�2�`�B�2�b �B�M �a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K�X �J�Q�`�2�Q�p�2�`�-
�B�i �/�Q�2�b �M�Q�i �`�2�[�m�B�`�2 �� �b�T�2�+�B���H �i�`�2���i�K�2�M�i �Q�7 �i�?�2 �+���b�2s � 0�X �q�2 �b�m�T�T�Q�b�2 �i�?���i �i�?�2 �+�Q�b�i �Q�7
�i�?�2 �i�2�b�i �B�b �+�Q�K�T���`���#�H�2 �i�Q �� �+���H�H �i�Qf �- �r�?�B�+�? ���H�H�Q�r�b �i�Q �M�2�;�H�2�+�i �B�i �+�Q�K�T���`�2�/ �i�Q �i�?�2 �+�Q�b�i �Q�7
�a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K�X

���H�;�Q�`�B�i�?�K �e�X�k�:�`�Q�p�2�`�@�K�2�2�i�b�@�a�B�K�Q�M �r�B�i�? �2�t�i�2�`�M���H �i�2�b�i
�A�M�T�m�i�,���M �Q�`���+�H�2 �i�Qf pi; x q�- �b�m�+�? �i�?���if pi 0; �q �?���b �� �T�2�`�B�Q�/s � 0�- �� �i�2�b�i �7�m�M�+�i�B�Q�M
�7�Q�`pi; sq�X
�P�m�i�T�m�i�,i 0
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tpx; f pi; x qq|x P t0; 1ù u�X ���b�b�m�K�2 �i�?���i �i�?�2� �̀2 �2�t�B�b�i�b �� �m�M�B�[�m�2i 0 P t0; 1uk �b�m�+�? �i�?���if pi 0; �q
�b���i�B�b�}�2�b �a�B�K�Q�M�ö�b �T� �̀Q�K�B�b�2�X �:�B�p�2�M �Q� �̀��+�H�2 ���+�+�2�b�b �i�QEk �- �}�M�/i 0 ���M�/ �i�?�2 �T�2�`�B�Q�/ �Q�7f pi 0; �q�X

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

°
x |xy |Ekpxqy�- �r�?�B�+�? �K�2���M�b �r�2 �M�2�2�/ �i�Q �#�2 ���#�H�2 �i�Q

�+�Q�K�T�m�i�2 �`�2�p�2�`�b�B�#�H�v�- �7�`�Q�Ki; x; E kpxq�- ���M�/i; x 1; f pi; x 1q�- �r�B�i�? �� �#�B�D�2�+�i�B�Q�M �#�2�i�r�2�2�Mx ���M�/
x1�X

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

�S�`�Q�#�H�2�K �e�X�j�U���b�v�K�K�2�i�`�B�+ �a�2���`�+�? �Q�7 �� �S�2�`�B�Q�/�V�X�G�2�iF : t 0; 1um � t 0; 1un Ñ t 0; 1ù ���M�/
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�B�M �b�Q�K�2 �+���b�2�b�X

�d�X�j�X�k �6�2�B�b�i�2�H �M�2�i�r�Q�`�F�b

�6�2�B�b�i�2�H �M�2�i�r�Q�`�F�b ���`�2 �� �T�Q�T�m�H���` �+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �#�H�Q�+�F �+�B�T�?�2�`�b�- �i�?�2�B�` �K�Q�b�i �M�Q�i���#�H�2 �`�2�T�`�2�@
�b�2�M�i���i�B�p�2 �B�b �.�1�a �(�.�1�a�)�- �r�?�B�+�? �r���b �i�?�2 �b�i���M�/���`�/ �#�H�Q�+�F �+�B�T�?�2�` �#�2�7�Q�`�2 �#�2�B�M�; �Q�#�b�Q�H�2�i�2�/ �#�v
���1�a �(���1�a�)�X

�6�2�B�b�i�2�H �M�2�i�r�Q�`�F�b �B�i�2�`���i�2 �Q�M ���Mn�@�#�B�i �b�i���i�2 �� �`�Q�m�M�/ �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �7�Q�`�KpL; R q ÞÑ
pR ` F pLq; Lq�X �>���H�7 �Q�7 �i�?�2 �b�i���i�2 �B�b �T���b�b�2�/ �i�?�`�Q�m�;�? �� �`�Q�m�M�/ �7�m�M�+�i�B�Q�M ���M�/ ���/�/�2�/ �i�Q �i�?�2
�Q�i�?�2�` �?���H�7 ���M�/ �i�?�2�M �i�?�2 �i�r�Q �?���H�p�2�b ���`�2 �b�r���T�T�2�/�- ���b �B�M�6�B�;�m�`�2 �d�X�R�X

L i

Fi

Ri

L i � 1

Ri � 1

�6�B�;�m�`�2 �d�X�R�,�6�2�B�b�i�2�H �`�Q�m�M�/ �7�m�M�+�i�B�Q�M

�*�H���b�b�B�+���H �b�2�+�m�`�B�i�v�X�h�?�2 �b�2�+�m�`�B�i�v �Q�7 �6�2�B�b�i�2�H �M�2�i�r�Q�`�F�b �?���b �#�2�2�M �b�i�m�/�B�2�/ �#�v �G�m�#�v ���M�/
�_���+�F�Q�z �(�G�_�3�3�)�X �h�?�2�v �b�?�Q�r�2�/ �i�?���i �B�7 �i�?�2 �`�Q�m�M�/ �7�m�M�+�i�B�Q�M�b ���`�2 �T�b�2�m�/�Q�`���M�/�Q�K �7�m�M�+�i�B�Q�M�b�-
�i�?�2�M �r�B�i�? ���+�+�2�b�b �i�Q ���M �2�M�+�`�v�T�i�B�Q�M �Q�`���+�H�2�- �Q�M�2 �M�2�2�/�b


�
2n{4

�
�[�m�2�`�B�2�b �i�Q �/�B�b�i�B�M�;�m�B�b�?

�#�2�i�r�2�2�M �j �`�Q�m�M�/�b �Q�7 �� �6�2�B�b�i�2�H �M�2�i�r�Q�`�F ���M�/ �� �`���M�/�Q�K �T�2�`�K�m�i���i�B�Q�M�X �A�7 �� �/�2�+�`�v�T�i�B�Q�M
�Q�`���+�H�2 �B�b ���H�b�Q ���p���B�H���#�H�2�- �i�?�2�M �j �`�Q�m�M�/�b �B�b �M�Q�i �2�M�Q�m�;�?�- ���M�/ �v�Q�m �M�2�2�/ �9 �`�Q�m�M�/�b �i�Q �?���p�2 ��
�b���7�2 �+�Q�M�b�i�`�m�+�i�B�Q�M�- �i�?���i �b�i�B�H�H �`�2�[�m�B�`�2�b


�
2n{4

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

�T�2�`�K�m�i���i�B�Q�M�X �h�?�B�b �T�`�Q�Q�7 �B�b �Q�T�i�B�K���H�- ���b �b�Q�K�2 ���i�i���+�F�b �K���i�+�?�B�M�; �i�?�2 �#�Q�m�M�/ �?���p�2 �#�2�2�M
�T�`�Q�T�Q�b�2�/ �(�S���i�N�k�)�X



�R�y�9 �*�?���T�i�2�` �d�X �>�B�/�/�2�M �a�i�`�m�+�i�m�`�2�b �B�M �a�v�K�K�2�i�`�B�+ �*�`�v�T�i�Q�;�`���T�?�v

x

F1

y

F2 F3

l

r

�6�B�;�m�`�2 �d�X�k�,�j�@�`�Q�m�M�/ �6�2�B�b�i�2�H �M�2�i�r�Q�`�FPpx; yq � p l; r q

�:�2�M�2�`���H�B�x���i�B�Q�M�b�X�6�2�B�b�i�2�H �M�2�i�r�Q�`�F�b �+���M �#�2 �M���i�m�`���H�H�v �;�2�M�2�`���H�B�x�2�/ �#�v �B�M�+�`�2���b�B�M�; �i�?�2�B�`
�M�m�K�#�2�` �Q�7 �#�`���M�+�?�2�b �h�?�B�b �H�2���p�2�b �K�Q�`�2 �7�`�2�2�/�Q�K �B�M �i�?�2 �#�`���M�+�? ���/�/�B�i�B�Q�M �T���i�i�2�`�M�b�X �j
�+�Q�M�b�i�`�m�+�i�B�Q�M�b ���`�2 �;�2�M�2�`���H�H�v �+�Q�M�b�B�/�2�`�2�/�- �+���H�H�2�/ �i�v�T�2�@�R�- �i�v�T�2�@�k ���M�/ �i�v�T�2�@�j �6�2�B�b�i�2�H �M�2�i�@
�r�Q�`�F�b �(�w�J�A�N�y�)�- �r�?�B�+�? �/�B�z�2�` �Q�M �i�?�2 �M�m�K�#�2�` �Q�7 �#�`���M�+�?�2�b ���/�/�2�/ �i�Q �i�?�2�B�` �M�2�B�;�?�#�Q�m�` ���i
�2���+�? �`�Q�m�M�/�X

�d�X�j�X�k�X�R �Z�m���M�i�m�K �.�B�b�i�B�M�;�m�B�b�?�2�` �Q�M �j �`�Q�m�M�/�b

�h�?�2 �[�m���M�i�m�K �/�B�b�i�B�M�;�m�B�b�?�2�` �Q�7 �E�m�r���F���/�Q ���M�/ �J�Q�`�B�B �(�E�J�R�y�) �B�b �i�?�2 �}�`�b�i �F�M�Q�r�M ���T�T�H�B�+���i�B�Q�M
�Q�7 �a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K �B�M �+�`�v�T�i�Q�;�`���T�?�v�X �A�i�b ���B�K �B�b �i�Q �/�B�b�i�B�M�;�m�B�b�? �#�2�i�r�2�2�M �� �j�@�`�Q�m�M�/
�6�2�B�b�i�2�H �+�B�T�?�2�` ���M�/ �� �`���M�/�Q�K �T�2�`�K�m�i���i�B�Q�M�- �i�?���i �B�b�- �;�B�p�2�M �� �[�m���M�i�m�K �[�m�2�`�v ���+�+�2�b�b �i�Q ���M
�m�M�F�M�Q�r�M �T�2�`�K�m�i���i�B�Q�M�- �B�/�2�M�i�B�7�v �r�B�i�? �� �;�Q�Q�/ �T�`�Q�#���#�B�H�B�i�v �r�?�2�i�?�2�` �Q�` �M�Q�i �B�i �B�b �� �j�@�`�Q�m�M�/
�6�2�B�b�i�2�H �M�2�i�r�Q�`�F�X �h�?�B�b �B�b ���+�?�B�2�p�2�/ �#�v �+�Q�M�b�i�`�m�+�i�B�M�; �7�`�Q�K �i�?�2 �m�M�F�M�Q�r�M �T�2�`�K�m�i���i�B�Q�MP ��
�7�m�M�+�i�B�Q�M �i�?���i �r�B�H�H ���H�r���v�b �#�2 �T�2�`�B�Q�/�B�+ �B�7 �B�i �B�b �� �6�2�B�b�i�2�H �+�B�T�?�2�`�- ���M�/�- �r�B�i�? ���M �Q�p�2�`�r�?�2�H�K�B�M�;
�T�`�Q�#���#�B�H�B�i�v�- �r�Q�M�ö�i �#�2 �7�Q�` �� �`���M�/�Q�K �7�m�M�+�i�B�Q�M�X

�6�`�Q�K�6�B�;�m�`�2 �d�X�k�- �r�2 �+���M �b�2�2 �i�?���ir � y ` F2px ` F1pyqq�X �>�2�M�+�2�- �B�7 �r�2 �+�?�Q�Q�b�2 �i�r�Q
�/�B�b�i�B�M�+�i �p���H�m�2�b� ���M�/� �- �r�2 �+���M �/�2�}�M�2

f :

t 0; 1u � t 0; 1un{2 Ñ t 0; 1un{2

b; x ÞÑ

#
TruncRpPpx; � qq ` � �B�7b � 0�-

T runcRpPpx; � qq ` � �B�7b � 1�X

�q�2 �?���p�2 �i�?���i �7�Q�` �� �6�2�B�b�i�2�H �+�B�T�?�2�`�-f p0; xq � F2px ` F1p� qq�- ���M�/f p1; xq � F2px ` F1p� qq�X
�>�2�M�+�2�- �B�M �i�?���i �+���b�2�- �7�Q�` ���H�Hx�-f p0; xq � f p1; x ` F1p� q ` F1p� qq�X

���H�;�Q�`�B�i�?�K �d�X�k�Z�m���M�i�m�K �/�B�b�i�B�M�;�m�B�b�?�2�` �Q�7 �� �j�@�`�Q�m�M�/ �6�2�B�b�i�2�H
�A�M�T�m�i�,m�- �� �[�m���M�i�m�K �Q�`���+�H�2 �i�Q �i�?�2n�@�#�B�i �7�m�M�+�i�B�Q�MP
�P�m�i�T�m�i�,�1�B�i�?�2�` �ôP �B�b �j�@�`�Q�m�M�/ �6�2�B�b�i�2�H�ó �Q�` �ôP �B�b �� �`���M�/�Q�K �7�m�M�+�i�B�Q�M�ó

�R�,�*���H�Hm �i�B�K�2�b �a�B�K�Q�M�ö�b �`�Q�m�i�B�M�2 �Q�M �i�?�2 �7�m�M�+�i�B�Q�Mf �X
�k�, �A�7�h�?�2m �p���H�m�2�b �?���p�2 �� �K���t�B�K���H �`���M�F�i�?�2�M
�j�, �_�2�i�m�`�M�ôP �B�b �� �`���M�/�Q�K �7�m�M�+�i�B�Q�M�ó
�9�,�1�H�b�2
�8�, �_�2�i�m�`�M�ôP �B�b �� �j�@�`�Q�m�M�/ �6�2�B�b�i�2�H�ó

�h�?�2�Q�`�2�K �d�X�R�U�Z�m���M�i�m�K �/�B�b�i�B�M�;�m�B�b�?�2�` �7�Q�` �j�@�`�Q�m�M�/ �6�2�B�b�i�2�H�b �(�E�J�R�y�)�V�X�q�B�i�?m � Opnq
�[�m�2�`�B�2�b �i�QP�-���H�;�Q�`�B�i�?�K �d�X�k� �̀2�i�m�`�M�b�,

�Ç �ôP �B�b �� �j�@� �̀Q�m�M�/ �6�2�B�b�i�2�H�ó �r�B�i�? �T� �̀Q�#���#�B�H�B�i�v1 �B�7P �B�b �� �j�@� �̀Q�m�M�/ �6�2�B�b�i�2�H�-



�d�X�j�X �Z�m���M�i�m�K �/�B�b�i�B�M�;�m�B�b�?�2�`�b �R�y�8

�Ç �ôP �B�b �� � �̀��M�/�Q�K �T�2�`�K�m�i���i�B�Q�M�ó �r�B�i�? �T� �̀Q�#���#�B�H�B�i�v �B�M1 � O p2� nq �B�7P �B�b �� � �̀��M�/�Q�K
�T�2�`�K�m�i���i�B�Q�M�X

�S� �̀Q�Q�7�X�A�7P �B�b �� �j�@�_�Q�m�M�/ �6�2�B�b�i�2�H�- �i�?�2�Mf �B�b �T�2�`�B�Q�/�B�+�X �A�7P �B�b �� �`���M�/�Q�K �T�2�`�K�m�i���i�B�Q�M�-f
�B�b �� �`���M�/�Q�K �7�m�M�+�i�B�Q�M�- �i�?�2�M �i�?�2n{2�@�#�B�i �p���H�m�2�b �b���K�T�H�2�/ �#�v �a�B�K�Q�M�ö�b �`�Q�m�i�B�M�2 ���`�2 �`���M�/�Q�K
���M�/ �7�`�Q�K�a�2�+�i�B�Q�M �9�X�k�X�k�- �r�B�i�?c � n{2 �[�m�2�`�B�2�b�- �r�B�i�?c �� �b�K���H�H �+�Q�M�b�i���M�i�- �r�2 �Q�#�i���B�M �� �b�2�i
�Q�7 �p���H�m�2�b �Q�7 �K���t�B�K���H �`���M�F�X

�:�2�M�2�`���H�B�x���i�B�Q�M�b�X�� �p�2�`�v �b�B�K�B�H���` �/�B�b�i�B�M�;�m�B�b�?�2�` �+���M �#�2 ���T�T�H�B�2�/ ���;���B�M�b�i ��3d � 3�@�`�Q�m�M�/
d�@�#�`���M�+�?�2�b �h�v�T�2�@�R �;�2�M�2�`���H�B�x�2�/ �6�2�B�b�i�2�H �M�2�i�r�Q�`�F �(�L�.�R�N�c�A�A�R�N�) ���M�/ ��d� 1�@�`�Q�m�M�/d�@�#�`���M�+�?�2�b
�h�v�T�2�@�k �;�2�M�2�`���H�B�x�2�/ �6�2�B�b�i�2�H �M�2�i�r�Q�`�F �(�.�G�q�R�N�)�X �q�B�i�? ���+�+�2�b�b �i�Q �i�?�2 �/�2�+�`�v�T�i�B�Q�M �7�m�M�+�i�B�Q�M
�Q�M�H�v�- �i�?�2 �b���K�2 ���T�T�`�Q���+�? �+���M �/�B�b�i�B�M�;�m�B�b�? ��d2� d� 1�@�`�Q�m�M�/d�@�#�`���M�+�?�2�b �h�v�T�2�@�R �;�2�M�2�`���H�B�x�2�/
�6�2�B�b�i�2�H �M�2�i�r�Q�`�F �(�A�A�R�N�)�X

�a���7�2 �+�Q�M�b�i�`�m�+�i�B�Q�M�b�X�P�M�2 �+�Q�m�H�/ ���b�F �B�7 �i�?�B�b ���i�i���+�F �+���M �#�2 �T�2�`�7�Q�`�K�2�/ �Q�M �� �?�B�;�?�2�` �M�m�K�@
�#�2�` �Q�7 �`�Q�m�M�/�b�- ���M�/ �r�?���i �B�b �i�?�2 �K�B�M�B�K���H �M�m�K�#�2�` �Q�7 �`�Q�m�M�/ �i�Q �Q�#�i���B�M �� �b�2�+�m�`�2 �T�`�B�K�B�i�B�p�2�X
�h�?�B�b �[�m�2�b�i�B�Q�M �?���b �#�2�2�M �b�i�m�/�B�2�/ �#�v ���F�B�M�Q�`�B �>�Q�b�Q�v���K���/�� ���M�/ �h�2�i�b�m �A�r���i�� �(�>�A�R�N�)�X �h�?�2�v
�b�?�Q�r�2�/ �i�?���i �9 �`�Q�m�M�/�b ���`�2 �2�M�Q�m�;�?�- �i�?���i �B�b�- �B�7 �Q�M�H�vP �B�b ���+�+�2�b�b�B�#�H�2 �Q�M�2 �M�2�2�/�b
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2n{12

�

�[�m���M�i�m�K �[�m�2�`�B�2�b �i�Q �/�B�b�i�B�M�;�m�B�b�? �#�2�i�r�2�2�M �� �9�@�`�Q�m�M�/ �6�2�B�b�i�2�H ���M�/ �� �`���M�/�Q�K �T�2�`�K�m�i���i�B�Q�M�X
�h�?�2�v ���H�b�Q �T�`�Q�T�Q�b�2�/ �� �/�B�b�i�B�M�;�m�B�b�?�2�` �i�?���i �`�2�[�m�B�`�2�bO

�
2n{6

�
�[�m�2�`�B�2�b�- �r�?�B�+�? �H�2���p�2�b �� �;���T

�#�2�i�r�2�2�M �i�?�2 �+�m�`�`�2�M�i �T�`�Q�Q�7 ���M�/ �i�?�2 �#�2�b�i �F�M�Q�r�M �/�B�b�i�B�M�;�m�B�b�?�2�` �i�Q �/���i�2�X �h�?�2 �+���b�2 �r�?�2�`�2
P � 1 �B�b ���H�b�Q ���+�+�2�b�b�B�#�H�2 �B�b �i�`�2���i�2�/ �B�M �i�?�2 �M�2�t�i �b�2�+�i�B�Q�M�X

�d�X�j�X�k�X�k �Z�m���M�i�m�K �.�B�b�i�B�M�;�m�B�b�?�2�` �Q�M �9 �`�Q�m�M�/�b

�h�?�2 �T�`�2�p�B�Q�m�b �/�B�b�i�B�M�;�m�B�b�?�2�` �B�/�2�M�i�B�}�2�b �� �j�@�`�Q�m�M�/ �6�2�B�b�i�2�H �M�2�i�r�Q�`�F �m�b�B�M�; �Q�M�H�v �� �[�m���M�i�m�K
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�T�`�Q�#���#�B�H�B�i�v �Q�7 �� �7�Q�`�;�2�`�v �B�b �H�2�b�b �i�?���M2� 106�X �h�?�2 �#�2�b�i �F�M�Q�r�M �+�H���b�b�B�+���H ���i�i���+�F �B�b �� �m�M�B�p�2�`�b���H
�7�Q�`�;�2�`�v �#�v �G�2�m�`�2�M�i ���M�/ �a�B�#�H�2�v�`���b �(�G�a�R�3�) �i�?���i �+�Q�b�i�b ���`�Q�m�M�/283 �i�B�K�2 ���M�/ �[�m�2�`�B�2�b�X �h�?�2
�/�2�b�B�;�M�2�` �/�2�b�+�`�B�#�2�/ �B�M �(�"�G�R�d�) �� �+�Q�M�D�2�+�i�m�`�2�/ �+�H���b�b�B�+���H ���M�/ �[�m���M�i�m�K �b�2�+�m�`�B�i�v �Q�7 �S�Q�H�v�R�j�y�8
�Q�7 �R�k�3 �#�B�i�b�X



�R�R�k �*�?���T�i�2�` �d�X �>�B�/�/�2�M �a�i�`�m�+�i�m�`�2�b �B�M �a�v�K�K�2�i�`�B�+ �*�`�v�T�i�Q�;�`���T�?�v

�Z�m���M�i�m�K ���i�i���+�F�b�6�Q�` �Q�m�` �[�m���M�i�m�K ���i�i���+�F�b�- �r�2 �b�m�T�T�Q�b�2 �i�?���i �r�2 �?���p�2 ���+�+�2�b�b �i�Q ��
�[�m���M�i�m�K �Q�`���+�H�2 �i�?���i �B�K�T�H�2�K�2�M�i�b

�S�Q�H�v�R�j�y�8: |m1y |m2y |0y ÞÑ |m1y |m2y |�S�Q�H�v�R�j�y�8�@���1�apr;k;n qpm1; m2qi ;

�r�B�i�? �i�r�Q �m�M�F�M�Q�r�M �}�t�2�/ �+�H���b�b�B�+���H �F�2�v�br; k ���M�/ �� �+�H���b�b�B�+���H �M�Q�M�+�2n �i�?���i �r�B�H�H �/�B�z�2�` �7�Q�`
�2���+�? �+���H�H�X

�q�2 �T�`�Q�T�Q�b�2�/ �i�r�Q �b�m�T�2�`�T�Q�b�B�i�B�Q�M ���i�i���+�F�b �B�M �(�"�L�R�3�)�X �h�?�2 �}�`�b�i ���i�i���+�F �m�b�2�b �i�?�2 �7���+�i
�i�?���i �i�?�B�b �J���* �+���M �#�2 �b�T�H�B�i ���b �i�?�2 �b�m�K �Q�7 �i�r�Q �B�M�/�2�T�2�M�/�2�M�i �7�m�M�+�i�B�Q�M�b�X �h�?�2 �b�2�+�Q�M�/ ���i�i���+�F
�`�2�H�B�2�b �Q�M �i�?�2 �T�Q�H�v�M�Q�K�B���H �b�i�`�m�+�i�m�`�2 �Q�7 �i�?�2 �?���b�? �7�m�M�+�i�B�Q�M�X

�d�X�d�X�j�X�k �.�B�b�i�B�M�;�m�B�b�?�2�`�@�#���b�2�/ ���i�i���+�F

�A�i �B�b �T�Q�b�b�B�#�H�2 �i�Q �b�2�2 �S�Q�H�v�R�j�y�8�@���1�a ���b �� �Q�M�2�@�i�B�K�2 �T���/�- �r�B�i�? �i�?�2 �K�2�b�b���;�2
° q

i � 1pmq� i � 1 �
2128qr i mod 2130 � 5 ���M�/ �i�?�2 �F�2�v ���1�akpnq�X �>�2�M�+�2�- �r�2 �+���M �;�m�2�b�b �i�?�2 �p���H�m�2 �Q�7r �- ���M�/
�i�?�2�M �+�?�2�+�F �B�7 �r�?���i �r�2 �Q�#�i���B�M �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �� �Q�M�2�@�i�B�K�2�@�T���/�- �Q�` �i�Q �� �`���M�/�Q�K �7�m�M�+�i�B�Q�M�-
�m�b�B�M�; �i�?�2 �/�B�b�i�B�M�;�m�B�b�?�2�` �Q�7�a�2�+�i�B�Q�M �d�X�j�X�R�X

�*�Q�M�+�`�2�i�2�H�v�- �r�2 �+�Q�M�b�B�/�2�`

Apx; sq � �S�Q�H�v�R�j�y�8pxq �
�
px � 2128qs mod 2130 � 5

�
mod 2128;

�r�?�2�`�2 �S�Q�H�v�R�j�y�8pxq �B�b �i�?�2 �i���; �Q�7 �i�?�2 �Q�M�2�@�#�H�Q�+�F �K�2�b�b���;�2x�- �r�B�i�? ���M �m�M�b�T�2�+�B�}�2�/ �M�Q�M�+�2�X �A�7
s � r �- �i�?�2�MApx; r q � ���1�akpnq �U�r�?�B�+�? �B�b �� �}�t�2�/ �p���H�m�2 �7�Q�` �2���+�? �[�m�2�`�v�V�- ���M�/ �B�7 �M�Q�i�- �B�i
�r�B�H�H �#�2Apx; sq �

�
px � 2128qr mod 2130 � 5

�
�

�
px � 2128qs mod 2130 � 5

�
� ���1�akpnq

mod 2128�X ���b �i�?�2 �7�m�M�+�i�B�Q�Mx ÞÑxs �B�MZ{
�
2130 � 5

�
�B�b�- �r�B�i�? ���M �Q�p�2�`�r�?�2�H�K�B�M�; �T�`�Q�#���#�B�H�B�i�v�-

�� �T�2�`�K�m�i���i�B�Q�M�- �r�2 �r�B�H�H �K�2���b�m�`�2 �� �y �7�Q�` �� �r�`�Q�M�; �;�m�2�b�b �r�B�i�? �� �T�`�Q�#���#�B�H�B�i�v �Q�7 ���`�Q�m�M�/2� 126�X
�h�?�B�b �/�B�b�i�B�M�;�m�B�b�?�2�` �+���M �i�?�2�M �#�2 �m�b�2�/ �B�M �� �:�`�Q�p�2�` �b�2���`�+�? �Q�Mr �i�?���i �+���H�H�b �S�Q�H�v�R�j�y�8�,

���i �2���+�? �b�i�2�T�- �r�2 �+�Q�K�T�m�i�2
°

x |xy |Apx; r qy�- ���T�T�H�v �� �>���/���K���`�/ �;���i�2 �Q�M �i�?�2 �}�`�b�i �`�2�;�B�b�i�2�`�-
���M�/ �K���`�Fr �B�7 �i�?�2 �}�`�b�i �`�2�;�B�b�i�2�` �B�b �y�X ���b �i�?�2 �i�2�b�i �7�m�M�+�i�B�Q�M �B�b �M�Q�i �T�2�`�7�2�+�i�- �i�?�2 �b�m�+�+�2�b�b
�T�`�Q�#���#�B�H�B�i�v �Q�7 �i�?�2 ���H�;�Q�`�B�i�?�K �r�B�H�H �#�2 �b�K���H�H�2�` �i�?���M �R�- �#�m�i �i�?�2 �2�`�`�Q�` �Q�7 �i�?�2 �i�2�b�i �7�m�M�+�i�B�Q�M �B�b
�b�K���H�H �2�M�Q�m�;�? �i�Q �?���p�2 �� �M�2�;�H�B�;�B�#�H�2 �}�M���H �2�`�`�Q�`�X

�h�?�2�`�2 �B�b �b�i�B�H�H �Q�M�2 �T�`�Q�#�H�2�K�, �i�Q �T�2�`�7�Q�`�K �� �:�`�Q�p�2�` �b�2���`�+�?�- �r�2 �M�2�2�/ �i�Q �m�M�+�Q�K�T�m�i�2 �Q�m�`
�+�Q�K�T�m�i���i�B�Q�M�b�X ���M�/ ���b �Q�m�` �Q�`���+�H�2 �;�2�M�2�`���i�2�b �� �7�`�2�b�? �M�Q�M�+�2 ���i �2���+�? �[�m�2�`�v�- �r�2 �+���M�M�Q�i
�m�M�+�Q�K�T�m�i�2 �i�?�2 �7�m�M�+�i�B�Q�M�X �h�?�B�b �B�b �?�Q�r�2�p�2�` �M�Q�i �� �T�`�Q�#�H�2�K�- ���b �� �M�Q�M�+�2 �/�B�z�2�`�2�M�+�2 �B�M �i�?�2
�m�M�+�Q�K�T�m�i���i�B�Q�M �r�B�H�H �T�`�Q�/�m�+�2 �� �}�t�2�/ �/�B�z�2�`�2�M�+�2 �B�M �i�?�2 �Q�m�i�T�m�i �U���1�akpnq� ���1�akpn1q�V�X �h�?�B�b
�K�2���M�b �i�?���i �i�?�2 �m�M�+�Q�K�T�m�i���i�B�Q�M �r�Q�m�H�/ �H�2���p�2 �i�?�2 �`�2�;�B�b�i�2�` �B�M �� �M�Q�M�@�x�2�`�Q �#�m�i �M�Q�M�@�2�M�i���M�;�H�2�/
�b�i���i�2�- �r�?�B�+�? ���H�H�Q�r�b �i�Q �b���7�2�H�v �2�`���b�2 ���M�/ �`�2�b�2�i �B�i�X �q�2 �+���M �?�2�M�+�2 ���T�T�H�v �� �:�`�Q�p�2�` �b�2���`�+�? �Q�M
r �X ���b �B�i �?���b �R�y�e �p���`�B���#�H�2 �#�B�i�b�- �B�i �r�Q�m�H�/ �+�Q�b�i ���`�Q�m�M�/253� 1 �[�m�2�`�B�2�b ���M�/ �i�B�K�2 �i�Q �`�2�i�`�B�2�p�2r �X

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

�d�X�d�X�j�X�j �>�B�/�/�2�M �a�?�B�7�i ���i�i���+�F

�q�2 �T�`�Q�T�Q�b�2�/ �� �b�2�+�Q�M�/ ���i�i���+�F �i�?���i �m�b�2�b �i�?�2 �T�Q�H�v�M�Q�K�B���H �b�i�`�m�+�i�m�`�2 �Q�7 �i�?�2 �m�M�B�p�2�`�b���H �?���b�?
�7�m�M�+�i�B�Q�M �i�Q �Q�#�i���B�M �i�?�2 �F�2�vr �X �h�?�2 �+�Q�K�K�m�i���i�B�p�2 ���H�;�2�#�`��Z{

�
2130 � 5

�
rX s �+�Q�M�i���B�M�b �K���M�v



�d�X�d�X �J���*�b �R�R�j

�T�Q�b�b�B�#�H�2 �b�?�B�7�i �b�i�`�m�+�i�m�`�2�b�- �#�Q�i�? �B�MZ{
�
2130 � 5

�
�U�r�B�i�? ���/�/�B�i�B�Q�M�V ���M�/ �B�MZ{

�
2130 � 6

�
�U�r�B�i�?

�K�m�H�i�B�T�H�B�+���i�B�Q�M�V�X �6�Q�` �2�t���K�T�H�2�- �Q�M�2 �+���M �+�Q�M�b�B�/�2�` �i�?�2 �i�r�Q �7�m�M�+�i�B�Q�M�bf pxq � xr � r 2 �
2128pr � r 2q ���M�/gpxq � xr � 2128pr � r 2q�- �i�?���i �b���i�B�b�7�vf pxq � gpx � r q�X �h�?�2�`�2 �B�b
�M�Q �r���v �i�Q ���+�+�2�b�b �i�?�2�K �/�B�`�2�+�i�H�v�- �#�m�i �r�2 �+���M �+���H�HF pxq � �S�Q�H�v�R�j�y�8�@���1�apr;k;n qp1; xq ���M�/
Gpxq � �S�Q�H�v�R�j�y�8�@���1�apr;k;n qp0; xq�- �r�?�B�+�? ���H�b�Q �b���i�B�b�7�vF pxq � Gpx � r q �B�7 �i�?�2 �M�Q�M�+�2 �B�b �i�?�2
�b���K�2�X

�h�?�2�`�2 ���`�2 �i�r�Q �B�b�b�m�2�b �i�?���i �/�Q �M�Q�i ���H�H�Q�r �i�?�2 �/�B�`�2�+�i ���T�T�H�B�+���i�B�Q�M �Q�7 �� �?�B�/�/�2�M �b�?�B�7�i
���H�;�Q�`�B�i�?�K �Q�MF ���M�/G�X �6�B�`�b�i�- �i�?�2 �M�Q�M�+�2 �+�?���M�;�2�b ���i �2���+�? �[�m�2�`�v�- �r�?�B�+�? �K�2���M�b �i�?���i
�B�M �Q�`�/�2�` �i�Q �?���p�2F pxq � Gpx � r q�- �r�2 �K�m�b�i �#�2 ���#�H�2 �+�Q�K�T�m�i�2F ���M�/G �B�M �Q�M�H�v �Q�M�2
�[�m�2�`�v �i�Q �S�Q�H�v�R�j�y�8�X �h�?�B�b �+���M �#�2 �+�B�`�+�m�K�p�2�M�i�2�/ �#�v �m�b�B�M�; �i�?�2 �7���+�i �i�?���i �#�Q�i�? ���`�2 �Q�7 �i�?�2
�7�Q�`�K �S�Q�H�v�R�j�y�8papxqq�- �r�B�i�?apxq �� �7�m�M�+�i�B�Q�M �Q�7x�, �Q�M�2 �+���M �+�Q�K�T�m�i�2aF pxq � p 1; xq ���M�/
aGpxq � p 0; xq �B�M �b�m�T�2�`�T�Q�b�B�i�B�Q�M �B�M ���M ���m�t�B�H�B���`�v �`�2�;�B�b�i�2�`�- ���M�/ �i�?�2�M �+���H�H �i�?�2 �Q�`���+�H�2 �i�Q
�S�Q�H�v�R�j�y�8 �Q�M �B�i�X �a�2�+�Q�M�/�- ���M�/ �K�Q�`�2 ���M�M�Q�v�B�M�;�H�v�- �i�?�2 �B�M�T�m�i�b �Q�7 �S�Q�H�v�R�j�y�8 ���`�2 �`�2�b�i�`���B�M�2�/ �i�Q
�#�2 �#�2�i�r�2�2�M �y ���M�/2128 � 1�- �r�?�B�+�? �K�2���M�b �r�2 �+���M�M�Q�i �b���K�T�H�2 ���H�H �;�`�Q�m�T �2�H�2�K�2�M�i�b�X

�h�?�B�b �+���M �b�i�B�H�H �#�2 �b�Q�H�p�2�/ �#�v �m�b�B�M�; �G�2�K�K���8�X�d�- ���b �r�2 �+���M �[�m�2�`�vr0; 2128q�X �A�M�/�2�2�/�- �B�7r
�B�b �p�2�`�v �b�K���H�H�- �i�?�2�M �i�?�2 �7�m�M�+�i�B�Q�M�b

f :
"

t 0; 1u127 Ñ t 0; 1u128

x ÞÑ�S�Q�H�v�R�j�y�8�@���1�apr;k;n qp0; xq
;

g :
"

t 0; 1u127 Ñ t 0; 1u128

x ÞÑ�S�Q�H�v�R�j�y�8�@���1�apr;k;n qp1; xq

�b���i�B�b�7�v �7�Q�` �K�Q�b�i �Q�7 �i�?�2�B�` �B�M�T�m�i�b �i�?���if px � r q � gpxq�X �6�Q�` �� �H���`�;�2�`r �- �r�2 �r�Q�m�H�/ �M�2�2�/
�i�Q �b�?�B�7�i �Q�M�2 �Q�7 �i�?�2 �B�M�T�m�i�b �i�Q �?���p�2 �� �b�K���H�H�2�` �b�?�B�7�i�X

�a�Q�H�p�B�M�; �i�?�2 �?�B�/�/�2�M �b�?�B�7�i �B�MZ{
�
2127

�
�- �m�b�B�M�; �E�m�T�2�`�#�2�`�;�ö�b �b�2�+�Q�M�/ ���H�;�Q�`�B�i�?�K �r�B�H�H �+�Q�b�i

���`�Q�m�M�/216 �[�m�2�`�B�2�b ���M�/247 �+�H���b�b�B�+���H �i�B�K�2 ���M�/240 �K�2�K�Q�`�v�X �q�2 �+���M �i�?�m�b �b�2�i �i�?�2 �B�M�i�2�`�p���H
�b�B�x�2 ���i2110�X ���b �i�?�2 �/�Q�K���B�M �Q�7 �i�?�2 �7�m�M�+�i�B�Q�M�b �B�bt 0; 1u127�-r �+���M �#�2 �`�2�i�`�B�2�p�2�/ �B�7 �B�i �B�b �#�2�H�Q�r
2127�X �h�?�B�b �B�b �i�?�2 �+���b�2�- ���b �i�?�2 �#�B�i �+�Q�M�b�i�`���B�M�i�b �Q�Mr �B�K�T�H�B�2�br   2124�- �r�2 �M�2�2�/ �Q�M�H�v �i�Q �i�2�b�i
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K �B�M ���1�w�p�9�- �/�2�T�2�M�/�B�M�; �Q�M �i�?�2 �T���`���K�2�i�2�`�bi ���M�/j �-

�r�B�i�?� j � 23� tpj � 1q{8u ` pp j � 1q mod 8q ���M�/� i � 2i � 3�X �h�?�2 �K�m�H�i�B�T�H�B�+���i�B�Q�M �B�b �/�Q�M�2 �B�M
�i�?�2 �}�M�B�i�2 �}�2�H�/F2128 �- �b�2�2�M ���bF2rX s{pX 128 � X 7 � X 2 � X � 1q�X

�h�?�2 �7�m�M�+�i�B�Q�M �B�b �b�B�K�T�H�2�` �B�M ���1�w�p�8�,

�Ç E � 1;j
K pX q � ���1�a�R�ypX ` jL q

�Ç E i;j
K pX q � ���1�a�9pX ` iJ ` 2rj {8sI ` p j mod 8qLq
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�6�B�;�m�`�2 �3�X�k�,���1�w�@�?���b�?�b�+�?�2�K�2

�6�Q�` �i�?�2 �p���`�B���M�i ���1�w�R�y�- �i�?�2 �K���b�i�2�` �F�2�vK �?���b �R�k�3 �#�B�i�b ���M�/ �B�b �/�B�`�2�+�i�H�v �m�b�2�/ ���b ���M
���1�a �F�2�v �i�Q �/�2�`�B�p�2 �i�?�2 �b�m�#�F�2�v�b�X

I � ���1�aK p0q; J � ���1�aK p1q; E i;j
K � ���1�aK pX ` jI ` iJ q

�3�X�R�X�j���1�w�@�?���b�?
�h�?�B�b �7�m�M�+�i�B�Q�M �i���F�2�b ���b �B�M�T�m�i �i�?�2 ���b�b�Q�+�B���i�2�/ �/���i��A ���M�/ �i�?�2 �F�2�vK ���M�/ �Q�m�i�T�m�i�b �i�?�2
�R�k�3�@�#�B�i �p���H�m�2� �X

���b �T�`�2�b�2�M�i�2�/ �B�M�6�B�;�m�`�2 �3�X�k�- ���1�w�@�?���b�?pK; A q � � �
À

i;j
E i � 2;j

K pA j
i q �B�M �#�Q�i�? �p�9 ���M�/

�p�8�X

�3�X�R�X�9���1�w�@�T�`�7
�h�?�B�b �7�m�M�+�i�B�Q�M �B�b �� �T�b�2�m�/�Q�@�`���M�/�Q�K �7�m�M�+�i�B�Q�M �U�S�_�6�V �Q�7 ���`�#�B�i�`���`�v �Q�m�i�T�m�i �H�2�M�;�i�? �r�?�B�+�? �+���M
�#�2 �m�b�2�/ �i�Q ���m�i�?�2�M�i�B�7�v �i�?�2 ���b�b�Q�+�B���i�2�/ �/���i���X �A�i �i���F�2�b ���b �B�M�T�m�i ���M �Q�m�i�T�m�i �H�2�M�;�i�?� �- �b�Q�K�2
���b�b�Q�+�B���i�2�/ �/���i��A ���M�/ �i�?�2 �F�2�vK �- ���M�/ �Q�m�i�T�m�i�b� �#�B�i�b�X

�A�i �+�Q�K�T�m�i�2�b� � ���1�w�@�?���b�?pK; A q�- ���M�/ �Q�m�i�T�m�i�b �i�?�2 �}�`�b�i� �#�B�i�b �Q�7 �i�?�2 �b�2�[�m�2�M�+�2
E � 1;3

K p� q�-E � 1;3
K p� ` 1q; E � 1;3

K p� ` 2q: : : �h�?�2 �K�Q�b�i �B�M�i�2�`�2�b�i�B�M�; �T�`�Q�T�2�`�i�v �Q�7 �i�?�B�b �7�m�M�+�i�B�Q�M
�B�b �i�?���i �B�i�b �p���H�m�2 �U�7�Q�`� �}�t�2�/�V �/�2�T�2�M�/�b �Q�M�H�v �Q�M �i�?�2 �p���H�m�2 �Q�7���1�w�@�?���b�?�- ���M�/ �B�M �T���`�i�B�+�m�H���`�-
�i�?���i �� �+�Q�H�H�B�b�B�Q�M �B�M���1�w�@�?���b�?�B�K�T�H�B�2�b �� �+�Q�H�H�B�b�B�Q�M �B�M���1�w�@�T�`�7�X

�3�X�R�X�8���1�w�@�+�Q�`�2
�h�?�B�b �7�m�M�+�i�B�Q�M �i���F�2�b ���b �B�M�T�m�i �i�?�2 �?���b�?� ���M�/ �� �T�H���B�M�i�2�t�iP �Q�7 �H�2�M�;�i�? �;�`�2���i�2�` �i�?���M �k�8�e �#�B�i�b�X
�h�?�2 �T�H���B�M�i�2�t�i �B�b �b�T�H�B�i �B�M �T���B�`�b �Q�7 �#�H�Q�+�F�b �Q�7 �R�k�3 �#�B�i�bP||0� � P1||P1

1||P2||P1
2:::Pu ||Pv ||Px ||Py �X

���H�H �i�?�2 �#�H�Q�+�F�b ���`�2 �R�k�3�@�#�B�i �H�Q�M�;�- �2�t�+�2�T�i �i�?�2 �b�2�+�Q�M�/�@�i�Q �H���b�i �T���B�`Pu ; Pv �X
�h�?�2�M�- �� �6�2�B�b�i�2�H �M�2�i�r�Q�`�F �i�?���i �m�b�2�bE i;j

K ���b �� �`�Q�m�M�/ �7�m�M�+�i�B�Q�M �B�b ���T�T�H�B�2�/�X �1���+�? �T���B�` �Q�7
�T�H���B�M�i�2�t�i �#�H�Q�+�F�b �B�b �2�M�+�`�v�T�i�2�/ ���H�K�Q�b�i �B�M�/�2�T�2�M�/�2�M�i�H�v�, ���M �B�M�i�2�`�K�2�/�B���i�2 �p���H�m�2 �7�`�Q�K �2���+�?
�T���B�` �UX i �V �B�b �t�Q�`�2�/ �B�M�i�Q �i�?�2 �H���b�i �T���B�`�ö�b �2�M�+�`�v�T�i�B�Q�M �B�M�i�2�`�K�2�/�B���i�2 �b�i���i�2�- �i�?�2�M �� �K���b�FS �B�b
�+�Q�K�T�m�i�2�/ �7�`�Q�K �B�i�- �r�?�B�+�? �B�b ���/�/�2�/ �i�Q ���H�H �i�?�2 �Q�i�?�2�` �B�M�i�2�`�K�2�/�B���i�2 �b�i���i�2�b�X �6�B�M���H�H�v�- ���M�Q�i�?�2�`
�p���H�m�2 �UYi �V �B�b �2�t�i�`���+�i�2�/ �7�`�Q�K �2���+�? �2�M�+�`�v�T�i�B�Q�M �b�i���i�2 ���M�/ �t�Q�`�2�/ �B�M �i�?�2 �H���b�i �T���B�`�X �6�Q�H�H�Q�r�B�M�;
�i�?�2 �M�Q�i���i�B�Q�M�b �Q�7�6�B�;�m�`�2 �3�X�j�- �r�2 �?���p�2
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�6�B�;�m�`�2 �3�X�j�,���1�w�@�+�Q�`�2�X �.�`���r�B�M�; �#���b�2�/ �Q�M �i�?�2 �r�Q�`�F �Q�7 �*�Q�H�B�M �*�?���B�;�M�2���m �(�C�2���R�e�)

�3�X�R�X�e �1�M�+�`�v�T�i

�h�?�B�b �7�m�M�+�i�B�Q�M �i���F�2�b ���b �B�M�T�m�i �i�?�2 �F�2�vK �- �i�?�2 ���b�b�Q�+�B���i�2�/ �/���i��A ���M�/ �� �p���`�B���#�H�2�@�H�2�M�;�i�?
�K�2�b�b���;�2M �X �6�Q�` �2�K�T�i�v �K�2�b�b���;�2�b�- �B�i �B�b �� �/�B�`�2�+�i �+���H�H �i�Q���1�w�@�T�`�7pK; A; � q�X �A�70   | M |  
256 � � �- �B�i �+���H�H�b���1�w�@�i�B�M�v�X �6�Q�` �H�Q�M�;�2�` �K�2�b�b���;�2�b�- �B�i �+���H�H�b���1�w�@�+�Q�`�2p� ; M ||0� q�- �r�B�i�?
� � ���1�w�@�?���b�?pK; A q�X

�3�X�k �*�H���b�b�B�+���H �+�`�v�T�i���M���H�v�b�B�b

�h�?�B�b �b�2�+�i�B�Q�M �T�`�2�b�2�M�i�b �i�?�2 �i�r�Q �r�Q�`�F�b �Q�7 �U�+�H���b�b�B�+���H�V �+�`�v�T�i���M���H�v�b�B�b �Q�M ���1�w�p�9�- �M���K�2�H�v ��
�T�`�Q�#�H�2�K �B�M �i�?�2 �/�2�}�M�B�i�B�Q�M �Q�7 �B�i�b �Q�z�b�2�i�b�- ���M�/ �i�?�2 �+�Q�H�H�B�b�B�Q�M ���M���H�v�b�B�b �T�`�Q�T�Q�b�2�/ �#�v �*�?���B�;�M�2���m
���M�/ �:�B�H�#�2�`�i�X

�3�X�k�X�R �h�?�2 �7���m�H�i �B�M ���1�w�p�9

�h�?�2 ���/�/�B�i�B�Q�M���H �/���i�� �B�b ���m�i�?�2�M�i�B�+���i�2�/ �r�B�i�? �i�?�2 �p���H�m�2� �
À

i;j
E i � 2;j

K pA j
i q�X �>�2�`�2�-E i;j

K �B�b

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

�A�M ���1�w�p�9�- �i�?�2 �Q�z�b�2�i �B�b2i � 3L `p 23� tpj � 1q{8u`pp j � 1q mod 8qqJ �X �A�M �T���`�i�B�+�m�H���`�- �r�?���i
�B�M�i�2�`�2�b�i�b �m�b �B�b �i�?�2 �p���H�m�2� j � 23� tpj � 1q{8u`pp j � 1q mod 8q�X �q�?�B�H�2j �B�b �b�K���H�H�-23� tpj � 1q{8u

�B�b �� �K�m�H�i�B�T�H�2 �Q�7 �3�- �?�2�M�+�2 �i�?�2�`�2 �B�b �M�Q �+�Q�H�H�B�b�B�Q�M�X �h�?�2 �T�`�Q�#�H�2�K ���`�B�b�2�b �r�?�2�M3 � tpj � 1q{8u
�`�2���+�?�2�b �R�k�3�X �A�M �i�?���i �+���b�2�- �i�?�2 �p���H�m�2 �`�2�b�m�H�i�B�M�; �Q�7 �i�?�2 �}�M�B�i�2 �}�2�H�/ �K�Q�/�m�H�Q �r�B�H�H �M�Q�i �#�2 ��
�K�m�H�i�B�T�H�2 �Q�7 �3�- ���M�/ �r�2 �+���M �2�t�T�2�+�i �i�Q �m�b�2pj � 1q mod 8 �i�Q �+���M�+�2�H �� �/�B�z�2�`�2�M�+�2�X



�R�k�k �*�?���T�i�2�` �3�X �*�`�v�T�i���M���H�v�b�B�b �Q�7 ���1�w

�h���#�H�2 �3�X�k�,�*�Q�H�H�B�b�B�Q�M �7�m�M�+�i�B�Q�M�b �B�M �(�*�:�R�e�)�X �H�#�U�V �P�m�i�T�m�i�b �i�?�2 �H���b�i �#�H�Q�+�F �Q�7 �B�i�b �B�M�T�m�i�X

�b�m�#�F�2�v �7�m�M�+�i�B�Q�M �T�`�Q�T�2�`�i�v

I f I pxq� �H�#p���1�w�@�+�Q�`�2pK; p�; N q; p0; x; 0; x; 0; 0qqqf I pxq� f I px ` I q
J f J pxq� ���1�w�@�T�`�7pK; p�; N; px; x qq; � q f J pxq� f J px ` J q
L f L pxq� ���1�w�@�T�`�7pK; p�; x; x q; � q f L pxq� f L px ` 6Lq

�h�?�2 �}�`�b�i �T�`�Q�#�H�2�K���i�B�+ �Q�z�b�2�i �B�bj � 1001�- �r�B�i�?� 1001 � 27 � 4 � 2 � 1�X �h�?�B�b �i�m�`�M�b
�Q�m�i �i�Q �#�2 �i�?�2 �b���K�2 �p���H�m�2 ���b� 40�X �>�2�M�+�2�- �r�2 �?���p�2 ���M �2�t�B�b�i�2�M�i�B���H �7�Q�`�;�2�`�v�, �Q�M�2 �+���M �b�r���T
�Q�M ���M�v �b�i�`�B�M�; �B�M �i�?�2 ���m�i�?�2�M�i�B�+���i�2�/ �/���i�� �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �#�H�Q�+�F�b �9�y ���M�/ �R�y�y�R �r�B�i�?�Q�m�i
���H�i�2�`�B�M�;� �X �� �b�B�K�B�H���` �T�`�Q�#�H�2�K ���`�B�b�2�b �r�B�i�? �?�B�;�?�2�` �p���H�m�2�b �Q�7j �X �h�?�2 �K�B�M�B�K���H �+�Q�b�i �7�Q�` �i�?�B�b
���i�i���+�F �B�b �Q�M�2 �[�m�2�`�v �Q�7 �`�Q�m�;�?�H�v �R�y�y�y �#�H�Q�+�F�b�X

�h�?�2 �B�b�b�m�2 �+���K�2 �7�`�Q�K �i�?�2 �7���+�i �i�?���i �/�2�b�T�B�i�2 �r�?���i �i�?�23 �K�B�;�?�i �b�m�;�;�2�b�i�- �i�?�2�`�2 �B�b ���M
�Q�p�2�`�H���T �#�2�i�r�2�2�M �i�?�2 �#�B�i�b ���z�2�+�i�2�/ �#�v23� tpj � 1q{8u ���M�/pj � 1q mod 8�X �h�?�B�b �r���b �2���b�v �i�Q
�T���i�+�? ���M�/ �H�2�/ �i�Q ���1�w�p�8�- �r�?�B�+�? �/�Q�2�b �M�Q�i �?���p�2 �b�m�+�? �� �T�`�Q�#�H�2�K�X

�3�X�k�X�k �h�?�2 �+�Q�H�H�B�b�B�Q�M ���M���H�v�b�B�b �Q�7 ���1�w�p�9
�*�?���B�;�M�2���m ���M�/ �:�B�H�#�2�`�i �T�`�2�b�2�M�i�2�/ ���i �6�a�1�ö�R�d �� �F�2�v�@�`�2�+�Q�p�2�`�v ���i�i���+�F �Q�M ���1�w�p�9 �(�*�:�R�e�)�X
�h�?�2 ���i�i���+�F�2�` �+���M �[�m�2�`�v �i�?�2 �7�m�M�+�i�B�Q�M�b �Q�7 ���1�w �r�B�i�? �� �}�t�2�/ �m�M�F�M�Q�r�M �F�2�v�- ���M�/ �+�?�Q�b�2�M
���m�i�?�2�M�i�B�+���i�2�/ �/���i�� ���M�/ �T�H���B�M�i�2�t�i�b�X �h�?�2 ���i�i���+�F �B�b �/�Q�M�2 �B�M �i�r�Q �T���`�i�b�, �}�`�b�i�- �i�?�2�v ���T�@
�T�H�v �j �B�M�/�2�T�2�M�/�2�M�i �#�B�`�i�?�/���v �b�m�#�@���i�i���+�F�b �i�?���i �`�2�i�`�B�2�p�2 �Q�M�2 �Q�7 �i�?�2 �j �b�m�#�F�2�v�b�- ���M�/ �M�2�t�i
�i�?�2�v �T�2�`�7�Q�`�K �� �/�B�z�2�`�2�M�i�B���H ���i�i���+�F �i�?���i �`�2�i�`�B�2�p�2�b �i�?�2 �k �`�2�K���B�M�B�M�; �b�m�#�F�2�v�b �Q�M�+�2 �Q�M�2 �B�b
�F�M�Q�r�M�X �h�?�2 �}�`�b�i �T���`�i �M�2�2�/�b �� �[�m���M�i�B�i�v �Q�7 �/���i�� ���i �i�?�2 �#�B�`�i�?�/���v �#�Q�m�M�/ �U264 �#�H�Q�+�F�b�V�-
�r�?�B�+�? �B�b �#�2�v�Q�M�/ �i�?�2 �b�2�+�m�`�B�i�v �+�H���B�K�2�/ �#�v ���1�w�b �/�2�b�B�;�M�2�`�b�- �r�?�Q �H�B�K�B�i�2�/ �i�?�2 �/���i�� �i�Q244

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

�6�Q�` �2���+�? �Q�7 �i�?�2 �j ���i�i���+�F�b�- �i�?�2�v �b�2�2�F �� �+�Q�H�H�B�b�B�Q�M �B�M �� �b�T�2�+�B�}�+ �7�m�M�+�i�B�Q�M �i�?�2�v �+�Q�M�b�i�`�m�+�i
�7�`�Q�K ���1�w�- ���M�/ �b�m�+�? �� �+�Q�H�H�B�b�B�Q�M�- �r�B�i�? �� �?�B�;�? �T�`�Q�#���#�B�H�B�i�v�- �r�B�H�H �T�`�Q�p�B�/�2 �i�?�2 �p���H�m�2 �Q�7 ��
�b�m�#�F�2�v �B�7 �i�?�2�v �t�Q�` �i�?�2 �+�Q�H�H�B�/�B�M�; �B�M�T�m�i�b�X �h�?�2 �7�m�M�+�i�B�Q�M�b ���`�2 �/�2�b�+�`�B�#�2�/ �B�M �i���#�H�2�3�X�k�X �h�?�2
�7�m�M�+�i�B�Q�M�bf I ���M�/f J �M�2�2�/ �� �}�t�2�/ �M�Q�M�+�2N �7�Q�` �2���+�? �B�M�T�m�i�- �#�m�i �M�Q�if L �- ���b �7�Q�` �i�?�B�b �7�m�M�+�i�B�Q�M
�i�?�2 �M�Q�M�+�2 �B�b �b�2�i ���i �i�?�2 �B�M�T�m�i �p���H�m�2x�X

�6�Q�` �2�t���K�T�H�2�- �7�Q�`f L �- �i�?�2 �p���H�m�2 �Q�7���1�w�@�?���b�?pK; p�; x; x qq�B�b� � E 3;1
K p� q ` E 4;1

K pxq `
E 5;1

K pxq�- �r�?�B�+�? �;�B�p�2�b �m�b�- �r�?�2�M �r�2 �2�t�T���M�/�,

� � E 3;1
K p� q ` ���1�a�9px ` 2L ` 8J q ` ���1�a�9px ` 4L ` 8J q:

�6�Q�x̀ � x1` 6L �- �r�2 �;�2�i

� � E 3;1
K p� q ` ���1�a�9px1` 6L ` 2L ` 8J q ` ���1�a�9px1` 6L ` 4L ` 8J q:

���b �r�2 ���`�2 �B�MF2128 �- �B�i �`�2�/�m�+�2�b �i�Q

� � E 3;1
K p� q ` ���1�a�9px1` 4L ` 8J q ` ���1�a�9px1` 2L ` 8J q:



�3�X�j�X �Z�m���M�i�m�K �+�`�v�T�i���M���H�v�b�B�b �R�k�j

�>�2�M�+�2�- �r�2 �;�2�i �i�?�2 �b���K�2� �U�r�?�B�+�? �B�K�T�H�B�2�b �i�?�2 �b���K�2 �p���H�m�2 �Q�7f L pxq�V �B�7x ` x1 � 6L �-
�i�?���i �B�b�-f L pxq � f L px ` 6Lq�X

�h�?�2 �+���b�2 �Q�7f J �B�b �i�?�2 �b���K�2 ���bf L �- �#�m�i �B�M�b�i�2���/ �Q�7 �+�Q�M�b�B�/�2�`�B�M�; �i�r�Q �Q�M�2�@�#�H�Q�+�F �b�i�`�B�M�;�b�-
�r�2 �+�Q�M�b�B�/�2�` �Q�M�2 �i�r�Q�@�#�H�Q�+�F �b�i�`�B�M�;�- ���M�/ �r�2 �?���p�2f J pxq � f J px ` J q�X

�h�?�2 �+���b�2 �Q�7f I �B�b �b�H�B�;�?�i�H�v �/�B�z�2�`�2�M�i�- ���b �B�i �m�b�2�b���1�w�@�+�Q�`�2�X �h�?�2 �K�2�b�b���;�2p0; x; 0; x; 0; 0q
�B�b �b�T�H�B�i ���bpP1; P1

1; P2; P1
2; Px ; Pyq�X �>�2�`�2�- �i�?�2 �Q�M�H�v �p���`�B���#�H�2 �p���H�m�2�b ���`�2P1

1 ���M�/P1
2�X

�h�?�2 �B�M�i�2�`�K�2�/�B���i�2 �p���H�m�2X �B�b

���1�a�9p���1�a�9px ` 8I qq ` ���1�a�9p���1�a�9px ` 9I qq

���b �#�2�7�Q�`�2�- �B�7 �r�2 �}�M�/ �i�r�Q �p���H�m�2�bx; x 1 �r�B�i�?x � x1` I �- �i�?�2�M �r�2 �Q�#�i���B�M �� �+�Q�H�H�B�b�B�Q�M �Q�M
X �X

�A�i �i�m�`�M�b �Q�m�i �i�?���i �b�m�+�? �� �+�Q�H�H�B�b�B�Q�M �+���M �#�2 �/�2�i�2�+�i�2�/�- ���b �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �H���b�i �#�H�Q�+�F�-
Cy �- �/�2�T�2�M�/�b �Q�M�H�v �Q�7� ; X; P x ; Py �- ���M�/� ; Px ; Py ���`�2 �}�t�2�/ �?�2�`�2�X �>�2�M�+�2�- �r�2 �?���p�2f I pxq �
f I px ` I q�X

�h�?�2�M�- �7�Q�`f L �U���M�/ �b�B�K�B�H���`�H�v �7�Q�`f I ���M�/f J �V�- �*�?���B�;�M�2���m ���M�/ �:�B�H�#�2�`�i�ö�b ���i�i���+�F �B�b�,

�Ç �Z�m�2�`�vf L pxq �7�Q�`264 �/�B�z�2�`�2�M�i �p���H�m�2�b �Q�7x�X

�Ç �a�2���`�+�? �7�Q�` �� �+�Q�H�H�B�b�B�Q�Mf L pxq � f L px1q

�Ç �q�B�i�? �?�B�;�? �T�`�Q�#���#�B�H�B�i�v�-x ` x1 � 6L �X

���H�H �Q�7 �i�?�2�b�2 �F�2�v �`�2�+�Q�p�2�`�B�2�b �?���p�2 �� �+�Q�b�i ���i �i�?�2 �#�B�`�i�?�/���v �#�Q�m�M�/�- �r�?�B�+�? �B�b ���#�Q�p�2 �i�?�2
�b�2�+�m�`�B�i�v �+�H���B�K �Q�7 �i�?�2 �/�2�b�B�;�M�2�`�b�- �r�?�Q �H�B�K�B�i�2�/ �i�?�2 �i�Q�i���H ���K�Q�m�M�i �Q�7 �#�v�i�2�b �i�Q �#�2 �T�`�Q�+�2�b�b�2�/
�r�B�i�? �i�?�2 �b���K�2 �F�2�v �i�Q248�X

�3�X�j �Z�m���M�i�m�K �+�`�v�T�i���M���H�v�b�B�b
�h�?�2 �7�m�M�+�i�B�Q�M�b �Q�7 �h���#�H�2�3�X�k���`�2 �Q�7 �i�?�2 �7�Q�`�Kf pxq � a ` gpx ` bq ` gpx ` b ` sq�- �r�B�i�?
g �� �t�Q�` �Q�7���1�a�9�r�B�i�? �p���`�B�Q�m�b �B�M�T�m�i�b�X �>�2�M�+�2�- �a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K �U���H�;�Q�`�B�i�?�K �9�X�k�V �B�b
���T�T�H�B�+���#�H�2 ���M�/ �+���M �`�2�i�`�B�2�p�2s�- �2�t�+�2�T�i �B�7s � 0�X �A�M �i�?�B�b �+���b�2�-f �B�b �� �+�Q�M�b�i���M�i �7�m�M�+�i�B�Q�M�- ���M�/
�a�B�K�Q�M�ö�b �`�Q�m�i�B�M�2 �U���H�;�Q�`�B�i�?�K �9�X�R�V �r�B�H�H ���H�r���v�b �T�`�Q�/�m�+�2 �i�?�2 �p���H�m�2 �y�X �>�2�M�+�2�- �B�i �+���M �2���b�B�H�v
�#�2 �/�2�i�2�+�i�2�/�X �J�Q�`�2�Q�p�2�`�- �i�?�B�b �B�b ���H�b�Q �2���b�v �i�Q �/�2�i�2�+�i �+�H���b�b�B�+���H�H�v�- ���b �r�2 �+���M �[�m�2�`�v �+�H���b�b�B�+���H�H�v
�i�?�2�b�2 �7�m�M�+�i�B�Q�M�b�X �A�i �?�2�M�+�2 �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �� �r�2���F �F�2�v�X �6�Q�` �i�?�2 �T�`�2�p�B�Q�m�b �7�m�M�+�i�B�Q�M�b�- �B�i
�+�Q�`�`�2�b�T�Q�M�/�b �i�Q �i�?�2 �+���b�2 �r�?�2�`�2 �Q�M�2 �b�m�#�F�2�v �F�2�v �B�b ���H�H �y�X �q�2 �+���M ���H�b�Q �+�`���7�i �b�Q�K�2 �7�m�M�+�i�B�Q�M�b
�r�?�2�`�2s �/�2�T�2�M�/�b �Q�M �K�m�H�i�B�T�H�2 �b�m�#�F�2�v�b�X ���Ms � 0 �r�Q�m�H�/ �+�Q�`�`�2�b�T�Q�M�/ �i�Q �� �+���b�2 �r�?�2�`�2 �i�r�Q
�Q�z�b�2�i�b ���`�2 �B�/�2�M�i�B�+���H�- �r�?�B�+�? �r�Q�m�H�/ ���H�b�Q �#�`�2���F �i�?�2 �b�2�+�m�`�B�i�v �Q�7 �i�?�2 �b�+�?�2�K�2�X

�a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K�X���b �i�?�2 �#�H�Q�+�F �B�M ���1�w ���`�2 �R�k�3�@�#�B�i �H�Q�M�;�- �r�2 �r�B�H�H �Q�M�H�v �?���p�2 �i�Q
�+�Q�M�b�B�/�2�` �a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K �Q�M �7�m�M�+�i�B�Q�M�b �Q�M �R�k�3 �#�B�i�b�X �A�M �Q�`�/�2�` �i�Q �Q�#�i���B�M �+�Q�M�+�`�2�i�2 �p���H�m�2�b
�7�Q�` �i�?�2 �+�Q�b�i �Q�7 �a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K�- �7�`�Q�K�S�`�Q�T�Q�b�B�i�B�Q�M �9�X�9�r�2 �M�2�2�/ �i�Q �#�Q�m�M�/ �i�?�2 �p���H�m�2

p0 � max
tRt0;su

�S�x̀ rf px ` tq � f pxqs:

�>�2�`�2�-f �B�b �#���b�2�/ �Q�M �9 �`�Q�m�M�/�b �Q�7 ���1�a�- ���M�/ �i�?�2�b�2 ���/�/�B�i�B�Q�M���H �T�2�`�B�Q�/�b �+�Q�`�`�2�b�T�Q�M�/ �i�Q ��
�?�B�;�? �/�B�z�2�`�2�M�i�B���H �Q�M �9 �`�Q�m�M�/�b �Q�7 ���1�a�X �>�2�M�+�2�- �r�2 �+���M �2�t�T�2�+�i �B�i �i�Q �#�2 �7���B�`�H�v �H�Q�r�X �6�Q�`



�R�k�9 �*�?���T�i�2�` �3�X �*�`�v�T�i���M���H�v�b�B�b �Q�7 ���1�w

�M�m�K�2�`�B�+ ���T�T�H�B�+���i�B�Q�M�b�- �r�2 �+�Q�M�b�B�/�2�`�2�/ �i�?���ip0   1{8�X �6�`�Q�K�S�`�Q�T�Q�b�B�i�B�Q�M �9�X�9�- �r�2 �Q�#�i���B�M
�i�?���i ���7�i�2�` �R�N�k �[�m�2�`�B�2�b�- �i�?�2 �7���B�H�m�`�2 �T�`�Q�#���#�B�H�B�i�v �B�b �b�K���H�H�2�` �i�?���M2� 30�X �q�2 �#���b�2�/ �Q�m�` �M�m�K�2�`�B�+
���T�T�H�B�+���i�B�Q�M�b �Q�M �i�?�B�b �M�m�K�#�2�` �Q�7 �[�m�2�`�B�2�b�X

�3�X�j�X�R �Z�m���M�i�m�K �2�t�B�b�i�2�M�i�B���H �7�Q�`�;�2�`�v

�A�M �(�E���T�Y�R�e�)�- �� �[�m���M�i�m�K �2�t�B�b�i�2�M�i�B���H �7�Q�`�;�2�`�v �B�b �T�`�Q�T�Q�b�2�/�, �B�i �b�B�K�T�H�v �+�Q�M�b�B�b�i�b �B�M �`�2�K���`�F�B�M�;
�i�?���i� �B�b �Q�7 �i�?�2 �7�Q�`�K

� �
à

i
EK pA i ` Oi q:

�>�2�M�+�2�- �B�7 �Q�M�2 �[�m�2�`�B�2�b �[�m���M�i�m�K�H�v���1�w�@�T�`�7pK; p�; N; x; x qq�- �i�?�2 �`�2�b�m�H�i�B�M�; �7�m�M�+�i�B�Q�M �r�B�H�H
�?���p�2 �i�?�2 �T�2�`�B�Q�/p � O3 ` O4�- ���M�/ �+���M �#�2 �`�2�i�`�B�2�p�2�/ �r�B�i�? �a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K�X �6�`�Q�K �i�?�2
�p���H�m�2 �Q�7p�- �Q�M�2 �+���M �2���b�B�H�v �K���F�2 �b�Q�K�2 �7�Q�`�;�2�`�B�2�b�- ���b �i�?�2 ���m�i�?�2�M�i�B�+���i�2�/ �/���i��p�; N; A; B q
���M�/p�; N; A ` p; B ` pq �T�`�Q�/�m�+�2�b �i�?�2 �b���K�2� �X

�3�X�j�X�k �a�i�`�Q�M�;�2�` �[�m���M�i�m�K ���i�i���+�F�b

�q�2 �T�`�2�b�2�M�i�2�/ �i�?�2 �7�Q�H�H�Q�r�B�M�; ���i�i���+�F�b ���i �a���*�ö�R�d �(�"�Q�M�R�d�)�X �h�?�2�v �#�m�B�H�/ �m�T�Q�M �i�?�2 �+�H���b�b�B�+���H
���M���H�v�b�B�b �Q�7 �*�?���B�;�M�2���m ���M�/ �:�B�H�#�2�`�i �i�Q �Q�#�i���B�M �� �7�m�H�H �F�2�v �`�2�+�Q�p�2�`�v �Q�M ���1�w�p�9 ���M�/ ���1�w�p�8
���M�/ �� �m�M�B�p�2�`�b���H �7�Q�`�;�2�`�v �Q�M ���1�w�R�y ���i �2�b�b�2�M�i�B���H�H�v �i�?�2 �+�Q�b�i �Q�7 �i�?�2 �[�m���M�i�m�K �2�t�B�b�i�2�M�i�B���H
�7�Q�`�;�2�`�v�X �J�Q�`�2�Q�p�2�`�- �r�2 ���/���T�i�2�/ �i�?�2 �+�H���b�b�B�+���H ���i�i���+�F �i�Q ���1�w�p�8 ���M�/ �i�?�2 �b�i�`�Q�M�;�2�` �p���`�B���M�i
���1�w�R�y�X

�3�X�j�X�k�X�R �E�2�v �_�2�+�Q�p�2�`�v �Q�M ���1�w�p�9

�q�2 �+���M �/�B�`�2�+�i�H�v �m�b�2 �i�?�2 �7�m�M�+�i�B�Q�M�b �Q�7 �(�*�:�R�e�)�- �/�2�b�+�`�B�#�2�/ �B�M �i���#�H�2�3�X�k�- �B�M �a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K�X
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�b�m�#�F�2�v �7�m�M�+�i�B�Q�M �S�2�`�B�Q�/
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���/�/�B�i�B�Q�M�@�#���b�2�/ �b�H�B�/�2�@�b�?�B�7�i �2�[�m���i�B�Q�M�b�- �7�`�Q�K�*�?���T�i�2�` �8�X �A�7 �r�2 �M�2�2�/ �� �`�2�p�2�`�b�B�#�H�2 �p���`�B���M�i �Q�7
�i�?�2 ���H�;�Q�`�B�i�?�K�- �i�Q �#�2 �m�b�2�/ �#�v ���M�Q�i�?�2�` �[�m���M�i�m�K ���H�;�Q�`�B�i�?�K�- �r�2 �+�Q�M�b�B�/�2�` �i�?���i �i�?�2 �[�m�2�`�v
�+�Q�b�i �B�b �[�m���/�`�m�T�H�2�/ �U�/�Q�m�#�H�2�/ �i�Q �i���F�2 �B�M�i�Q ���+�+�Q�m�M�i �i�?�2 �m�M�+�Q�K�T�m�i�B�M�;�- ���M�/ �/�Q�m�#�H�2�/ �i�Q �?���p�2
�� �7���B�H�m�`�2 �T�`�Q�#���#�B�H�B�i�v �2�t�T�Q�M�2�M�i�B���H�H�v �b�K���H�H�V�X

�A�M �i�?�B�b �b�2�+�i�B�Q�M�- �r�2 �}�`�b�i �T�`�2�b�2�M�i �i�?�2 �Q�`�B�;�B�M���H �[�m���M�i�m�K �b�H�B�/�2 ���i�i���+�F ���;���B�M�b�i �R�@�`�Q�m�M�/ �b�2�H�7
�b�B�K�B�H���` �F�2�v�@���H�i�2�`�M���i�B�M�; �+�B�T�?�2�` �T�`�Q�T�Q�b�2�/ �B�M �(�E���T�Y�R�e�)�- ���M�/ �B�i�b �K�m�H�i�B�T�H�2 �;�2�M�2�`���H�B�x���i�B�Q�M�b�, �i�Q
�K�Q�/�m�H���` �F�2�v ���/�/�B�i�B�Q�M�b�- �i�Q ���`�#�B�i�`���`�v �F�2�v �b�+�?�2�/�m�H�2�b �B�M �� �b�T�2�+�B�}�+ �`�2�H���i�2�/�@�F�2�v �K�Q�/�2�H �(�>���R�d�)
���M�/ �i�Q �k�@�`�Q�m�M�/ �b�2�H�7�@�b�B�K�B�H���`�B�i�v�X �L�2�t�i�- �r�2 �T�`�2�b�2�M�i �M�2�r ���/�p���M�+�2�/ �[�m���M�i�m�K �b�H�B�/�2 ���i�i���+�F�b
�Q�M �6�2�B�b�i�2�H �M�2�i�r�Q�`�F�b�- �r�B�i�? �b�H�B�/�2 ���i�i���+�F�b �#���b�2�/ �Q�M �Q�M�2�@�`�Q�m�M�/ �b�2�H�7�@�b�B�K�B�H���`�B�i�v ���M�/ ���/�p���M�+�2�/
�b�H�B�/�B�M�; �i�2�+�?�M�B�[�m�2�b �7�`�Q�K �(�"�q�y�y�)�- ���T�T�H�B�2�/ �i�Q �6�2�B�b�i�2�H �p���`�B���M�i�b�X



�R�j�k �*�?���T�i�2�` �N�X �Z�m���M�i�m�K �a�H�B�/�2 ���i�i���+�F�b

�N�X�k�X�R �E�2�v�@���H�i�2�`�M���i�B�M�; �+�B�T�?�2�`
�h�?�2 �R�@�`�Q�m�M�/ �b�2�H�7�@�b�B�K�B�H���` �F�2�v�@���H�i�2�`�M���i�B�M�; �+�B�T�?�2�` �B�b �T�`�2�b�2�M�i�2�/ �B�M�6�B�;�m�`�2 �N�X�R�- �r�B�i�? �� �T�m�#�@
�H�B�+ �T�2�`�K�m�i���i�B�Q�M� ���M�/ �� �`�2�T�2���i�2�/ �b�2�+�`�2�i �F�2�vk�X �q�2 �+���M �/�2�}�M�2 �i�?�2 �7�m�M�+�i�B�Q�MG ���b �B�M
�(�E���T�Y�R�e�)�,

G : t 0; 1u � t 0; 1un Ñ t 0; 1un

b; x ÞÑ

#
g0pxq � � pEkpxqq ` x �B�7b � 0�-

g1pxq � Ekp� pxqq ` x �B�7b � 1�X

���b �B�M �i�?�2 �T�`�2�p�B�Q�m�b ���i�i���+�F�- �r�2 �F�M�Q�r �i�?���i ���H�Hx �b���i�B�b�7�v� pEkpxqq ` k � Ekp� px ` kqq
�#�2�+���m�b�2 �Q�7 �i�?�2 �b�H�B�/�B�M�; �T�`�Q�T�2�`�i�v�X �h�?�2�M �r�2 �+���M �b�2�2 �i�?���iG �p�2�`�B�}�2�b �i�?�2 �+�Q�M�/�B�i�B�Q�M�b �Q�7 �i�?�2
�?�B�/�/�2�M �b�?�B�7�i �T�`�Q�#�H�2�K ���bg0pxq � g1px ` kq�,

Gp0; xq � � pEkpxqq ` x � Ekp� px ` kqq ` k ` x � Gp1; x ` kq:

�>�2�M�+�2�-k �+���M �#�2 �`�2�+�Q�p�2�`�2�/ �B�Mn �[�m���M�i�m�K �[�m�2�`�B�2�b ���M�/ �i�B�K�2�X

�q�B�i�? �K�Q�/�m�H���` ���/�/�B�i�B�Q�M�b�X�J�Q�/�m�H���` �F�2�v ���/�/�B�i�B�Q�M�b �/�Q �M�Q�i �+�?���M�;�2 �7�m�M�/���K�2�M�i���H�H�v �i�?�2
�b�H�B�/�2�@�b�?�B�7�i �T�`�Q�T�2�`�i�v�- ���M�/ �B�M �i�?���i �+���b�2�- �r�2 �?���p�2� pEkpxqq � k � Ekp� px � kqq�- �r�?�B�+�?
���H�H�Q�r�b �i�Q �/�2�}�M�2�,

G : t 0; 1u � t 0; 1un Ñ t 0; 1un

b; x ÞÑ

#
g0pxq � � pEkpxqq � x �B�7b � 0�-

g1pxq � Ekp� pxqq � x �B�7b � 1�X

�q�2 �+���M �b�2�2 �i�?���iG �p�2�`�B�}�2�b �i�?�2 �+�Q�M�/�B�i�B�Q�M�b �Q�7 �i�?�2 �?�B�/�/�2�M �b�?�B�7�i �T�`�Q�#�H�2�K ���bg0pxq � g1px� kq�,

Gp0; xq � � pEkpxqq � x � Ekp� px � kqq � k � x � Gp1; x � kq:

�A�M �i�?���i �+���b�2�-k �+���M �#�2 �`�2�+�Q�p�2�`�2�/ �B�M ���`�Q�m�M�/2
?

2n �[�m���M�i�m�K �[�m�2�`�B�2�b�- �i�B�K�2 ���M�/ �+�H���b�b�B�+���H
�K�2�K�Q�`�v�X ���H���;�B�+ ���M�/ �_�m�b�b�2�H �(���_�R�d�- ���T�T�2�M�/�B�t �"�X�k�) �?���p�2 �T�`�Q�T�Q�b�2�/ �i�?�B�b ���b ���M �2�{�+�B�2�M�i
�+�Q�m�M�i�2�`�@�K�2���b�m�`�2 �i�Q �i�?�2 �a�B�K�Q�M�ö�b ���i�i���+�F�, ���b �B�i �B�b �M�Q�i �T�Q�H�v�M�Q�K�B���H�@�i�B�K�2�- �� �T�`�B�K�B�i�B�p�2 �r�B�i�?
�H���`�;�2 �2�M�Q�m�;�? �b�i���i�2 �r�B�H�H �#�2 �?���`�/ �i�Q �#�`�2���F�X �h�?�B�b �B�b �/�B�b�+�m�b�b�2�/ �B�M�a�2�+�i�B�Q�M �d�X�N�X

���`�#�B�i�`���`�v �F�2�v �b�+�?�2�/�m�H�2�- �B�M �� �`�2�H���i�2�/�@�F�2�v �b�2�i�i�B�M�; �(�>���R�d�)�X �>�Q�b�Q�v���K���/�� ���M�/
���Q�F�B �?���p�2 �`�2�K���`�F�2�/ �i�?���i �i�?�2 �T�`�2�p�B�Q�m�b ���i�i���+�F �+���M ���H�b�Q �#�2 ���T�T�H�B�2�/ �i�Q ���M ���`�#�B�i�`���`�v �F�2�v�@
���H�i�2�`�M���i�B�M�; �+�B�T�?�2�` �r�B�i�? �[�m���M�i�m�K ���+�+�2�b�b �i�Q �� �T���B�` �Q�7 �+�B�T�?�2�`�bEk1 ;:::;k r ���M�/Ek2 ;:::;k r � 1 �- ���b
�T�`�2�b�2�M�i�2�/ �B�M�6�B�;�m�`�2 �N�X�k�X

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

� pEk1 ;:::;k r pxqq ` kr � 1 � Ek2 ;:::;k r � 1 p� px ` k1qq :

�>�2�M�+�2�- �r�2 �+���M �/�2�}�M�2 �i�?�2 �7�m�M�+�i�B�Q�M�,

f pxq � � pEk1 ;:::;k r pxqq ` Ek2 ;:::;k r � 1 p� pxqq:

�h�?�B�b �7�m�M�+�i�B�Q�M �?���b �i�?�2 �T�2�`�B�Q�/k1�X �6�`�Q�Kk1�- �i�?�2 �b�H�B�/�2 �T�`�Q�T�2�`�i�v ���H�H�Q�r�b �i�Q �+�Q�K�T�m�i�2kr � 1 �
� pEk1 ;:::;k r pxq ` Ek2 ;:::;k r � 1 p� px ` k1qq�X �h�?�2 �Q�i�?�2�` �F�2�v�b �+���M �#�2 �`�2�+�Q�p�2�`�2�/ �B�7 �i�?�2 �7�m�M�+�i�B�Q�M�b
Ek1� i ;:::;k r � i ���`�2 ���H�b�Q ���+�+�2�b�b�B�#�H�2�X �A�M �i�?���i �+���b�2�- �B�i �B�b �M�Q�i �T�Q�b�b�B�#�H�2 �i�Q �?���p�2 �� �b�2�+�m�`�2 �F�2�v�@
���H�i�2�`�M���i�B�M�; �+�B�T�?�2�`�X



�N�X�k�X �a�H�B�/�2�@�b�?�B�7�i ���i�i���+�F�b �R�j�j

P0

k1

�

k2

� ��

kr

C0

P1

k2

� ��

kr

�

kr � 1

C1

P1

C0

�6�B�;�m�`�2 �N�X�k�,�Z�m���M�i�m�K �`�2�H���i�2�/�@�F�2�v �b�H�B�/�2 ���i�i���+�F �(�>���R�d�)�X

�k �`�Q�m�M�/�b �b�2�H�7�@�b�B�K�B�H���`�B�i�v�X�� �b�B�K�B�H���` ���i�i���+�F �+���M �#�2 �K���/�2 �B�7 �Q�M�H�v �i�r�Q �F�2�v�bk1; k2 ���`�2
�m�b�2�/ ���H�i�2�`�M���i�B�p�2�H�v�X �q�2 �+���M �b�2�2 �i�?�B�b �+�Q�M�b�i�`�m�+�i�B�Q�M ���b �� �R�@�`�Q�m�M�/ �b�2�H�7�@�b�B�K�B�H���` �+�B�T�?�2�` �r�B�i�?
�i�?�2 �T�2�`�K�m�i���i�B�Q�M� 1pxq � � pk2 ` � pxqq�X ���b �i�?�B�b �B�b �M�Q�i �� �T�m�#�H�B�+ �T�2�`�K�m�i���i�B�Q�M�- �r�2 �M�2�2�/
�i�Q �+�Q�K�#�B�M�2 �i�?�2 ���i�i���+�F �r�B�i�? �� �[�m���M�i�m�K �b�2���`�+�? �Q�Mk2�X �q�2 �+���M �m�b�2 �i�?�2 �Q�|�B�M�2 �a�B�K�Q�M�ö�b
���H�;�Q�`�B�i�?�K �i�Q �`�2�/�m�+�2 �i�?�2 �M�m�K�#�2�` �Q�7 �[�m�2�`�B�2�b�- ���M�/ �i�?�2 �i�Q�i���H �+�Q�b�i �B�b �i�?�2�M �`�Q�m�;�?�H�v2n �[�m���M�i�m�K
�[�m�2�`�B�2�b ���M�/n2n{2 �[�m���M�i�m�K �i�B�K�2�X

�N�X�k�X�k �6�2�B�b�i�2�H �b�+�?�2�K�2�b �r�B�i�? �Q�M�2 �`�Q�m�M�/ �b�2�H�7�@�b�B�K�B�H���`�B�i�v

�q�2 �+�Q�M�b�B�/�2�` �7�`�Q�K �M�Q�r �Q�M �6�2�B�b�i�2�H �b�+�?�2�K�2�b�- �H�B�F�2 �i�?�2 �Q�M�2 �`�2�T�`�2�b�2�M�i�2�/ �B�M�6�B�;�m�`�2 �N�X�j�X �q�2
�/�2�M�Q�i�2 �#�vEk �i�?�2 �2�M�+�`�v�T�i�B�Q�M �7�m�M�+�i�B�Q�M�- ���M�/ �#�vT runcL ���M�/T runcR �i�?�2 �7�m�M�+�i�B�Q�M�b �i�?���i
�i�`�m�M�+���i�2 �� �6�2�B�b�i�2�H �b�i���i�2 �i�Q �B�i�b �H�2�7�i �Q�` �`�B�;�?�i �T���`�i �`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2�b�2 �7�m�M�+�i�B�Q�M�b ���`�2 �7�`�2�2 �i�Q
�+�Q�K�T�m�i�2 �[�m���M�i�m�K�H�v�- ���b �b�?�Q�r�M �B�M�a�2�+�i�B�Q�M �k�X�9�X�j�X

�6�Q�` �� �6�2�B�b�i�2�H �+�Q�M�b�i�`�m�+�i�B�Q�M�- �B�7 �r�2 �+�Q�M�b�B�/�2�` �� �b�H�B�/�2 ���i�i���+�F �Q�p�2�` �Q�M�2 �`�Q�m�M�/�- �i�?�2 �`�B�;�?�i �T���`�i
�Q�7 �i�?�2 �}�`�b�i �T�H���B�M�i�2�t�iR �U�H�2�7�i �b�B�/�2 �B�M�6�B�;�m�`�2 �N�X�j�V �r�B�H�H �#�2 �i�?�2 �b���K�2 ���b �i�?�2 �H�2�7�i �T���`�i �Q�7 �i�?�2
�b�2�+�Q�M�/ �T�H���B�M�i�2�t�i�-L 1�X �*�H���b�b�B�+���H ���/�p�2�`�b���`�B�2�b �+�Q�m�H�/ �m�b�2 �� �}�t�2�/ �`�B�;�?�i �T���`�i�- ���M�/ �i���F�2 �`���M�/�Q�K
�T�H���B�M�i�2�t�i�b �7�Q�` �i�?�2 �H�2�7�i �T���`�i�X �6�Q�` �Q�m�` �[�m���M�i�m�K ���i�i���+�F�- �r�2 �}�t �� �F�M�Q�r�M �p���H�m�2R0 � R � L 1�X
�q�2 �+���M �+�Q�M�b�B�/�2�` �i�?�2 �p���`�B���#�H�2k1 � f kpR0q�- �`�2�T�`�2�b�2�M�i�2�/ �Q�M�6�B�;�m�`�2 �N�X�j�- ���b ���M �2�[�m�B�p���H�2�M�i
�F�2�v�- ���M�/ �i�?�B�b �r�B�H�H �#�2 �i�?�2 �p���H�m�2 �`�2�i�`�B�2�p�2�/ �#�v �i�?�2 �?�B�/�/�2�M �b�?�B�7�i ���H�;�Q�`�B�i�?�K�X

�q�2 �m�b�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �7�m�M�+�i�B�Q�M�,

G : t 0; 1u � t 0; 1un{2 Ñ t 0; 1un{2

b; x ÞÑ

#
g0pxq � T runcRpEkpx; R0qq �B�7b � 0�-

g1pxq � T runcL pEkpR0; xqq �B�7b � 1�X

�6�`�Q�K�6�B�;�m�`�2 �N�X�j�r�2 �+���M �p�2�`�B�7�v �i�?�2 �b�H�B�/�2 �b�?�B�7�i �2�[�m���i�B�Q�Mg0pxq � g1px � k1q�X �"�v ���T�T�H�v�B�M�;
�� �?�B�/�/�2�M �b�?�B�7�i ���H�;�Q�`�B�i�?�K �r�2 �r�B�H�H �`�2�+�Q�p�2�` �i�?�2 �p���H�m�2 �Q�7k1 � f kpR0q �7�Q�` �i�?�2 �p���H�m�2 �Q�7R0

�i�?���i �r�2 �}�t�2�/ �B�M �i�?�2 �#�2�;�B�M�M�B�M�;�X �a�B�M�+�2 �r�2 �F�M�Q�rR0�- �r�2 �+���M �`�2�i�`�B�2�p�2 �i�?�2 ���+�i�m���H �p���H�m�2 �Q�7k
�r�?�2�Mf �B�b �r�2���F�X �h�?�2 �+�Q�b�i �Q�7 �i�?�B�b ���i�i���+�F �r�B�i�? �K�Q�/�m�H���` ���/�/�B�i�B�Q�M�b �B�b21:2

?
n �X �q�B�i�? �s�P�_�b�-

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



�R�j�9 �*�?���T�i�2�` �N�X �Z�m���M�i�m�K �a�H�B�/�2 ���i�i���+�F�b

L

f k

R

f k

f k

NM

k1

R1L 1

L 1

f k

R1

f k

f k

N 1M 1

NM

R � L 1

R1 � L � k1

M 1 � N
M � f kpN q � M 1

�6�B�;�m�`�2 �N�X�j�,�a�H�B�/�2 ���i�i���+�F �Q�M �6�2�B�b�i�2�H �b�+�?�2�K�2 �r�B�i�? �Q�M�2 �`�Q�m�M�/ �b�2�H�7�@�b�B�K�B�H���`�B�i�v

�N�X�k�X�j �h�?�2 �[�m���M�i�m�K �+�Q�K�T�H�2�K�2�M�i���i�B�Q�M �b�H�B�/�2 ���i�i���+�F
�q�2 �B�H�H�m�b�i�`���i�2 �i�?�2 �[�m���M�i�m�K�+�Q�K�T�H�2�K�2�M�i���i�B�Q�M �b�H�B�/�2 ���i�i���+�F�- �i�?���i �r���b �Q�`�B�;�B�M���H�H�v �T�`�Q�T�Q�b�2�/ �B�M
�� �+�H���b�b�B�+���H �b�2�i�i�B�M�; �(�"�q�y�y�)�- �Q�M �� �6�2�B�b�i�2�H �+�B�T�?�2�` �r�B�i�? �k�@�`�Q�m�M�/ �b�2�H�7�@�b�B�K�B�H���`�B�i�v ���M�/ �� �`�Q�m�M�/
�7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �7�Q�`�Kf px � kq�X �h�?�2 �K���B�M �B�/�2�� �Q�7 �i�?�B�b ���i�i���+�F�- �/�2�b�+�`�B�#�2�/ �B�M�6�B�;�m�`�2 �N�X�9�- �B�b �i�Q
�b�H�B�/�2 �#�v �Q�M�2 �`�Q�m�M�/ �Q�M�H�v�X �h�?�Q�m�;�? �i�?�B�b �B�K�T�H�B�2�b �i�?���i �i�?�2 �`�Q�m�M�/�@�F�2�v�b �Q�7 �i�?�2 �K�B�/�/�H�2 �`�Q�m�M�/�b
���`�2 �M�Q�i �i�?�2 �b���K�2�- �i�?�B�b �+���M �#�2 �+�Q�K�T�2�M�b���i�2�/ �#�v ���/�/�B�M�; �� �`�2�H���i�B�p�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2
�+�Q�K�T�H�2�K�2�M�i�2�/ �b�H�B�/�2 �T���B�`�b�X ���b �+���M �#�2 �b�2�2�M �Q�M �i�?�2 �}�;�m�`�2�- �B�7 �r�2 �/�2�M�Q�i�2 �#�v� � k0� k1 ���M�/ �B�7
�i�?�2 �7�Q�H�H�Q�r�B�M�; �2�[�m���i�B�Q�M�b �B�K�T�H�v�B�M�; �� �b�H�B�/ �T���B�` ���`�2 �p�2�`�B�}�2�/�,R � L 1� � ���M�/L � f pR � k0q �
R1� � �- �i�?�2�M�- �i�?�2 �Q�m�i�T�m�i�b �Q�7 �#�Q�i�? �T�H���B�M�i�2�t�i�b�-pM; N q ���M�/pM 1; N 1q �p�2�`�B�7�vN � M 1 � �
���M�/N 1 � M � f pk1 � N � � q � � �X �q�B�i�? �b�m�+�? �B�M�T�m�i�b�- ���H�H �i�?�2 �i�`���M�b�7�Q�`�K���i�B�Q�M�b �i�?�`�Q�m�;�?
�i�?�2f �7�m�M�+�i�B�Q�M�b �r�B�H�H �#�2 �i�?�2 �b���K�2 �T���B�`�r�B�b�2 �i�?�`�Q�m�;�? ���H�H �i�?�2 �`�Q�m�M�/�b �7�Q�` �� �b�H�B�/ �T���B�`�X �h�?�2
�+�Q�K�#�B�M���i�B�Q�M �Q�7 �#�Q�i�? �?���H�p�2�b �2�M�b�m�`�2�b �i�?���i �i�?�2 �B�M�T�m�i �`�Q�m�M�/ �/�B�z�2�`�2�M�+�2 �b�i���v�b ���b �r���M�i�2�/�X

�q�2 �T�2�`�7�Q�`�K ���M �2�t�?���m�b�i�B�p�2 �b�2���`�+�? �Q�M� �X �h�?�2 �b�B�x�2 �Q�7 �� �#�H�Q�+�F ���M�/ �Q�7 �i�?�2 �r�?�Q�H�2 �F�2�v �B�b
n�- �r�?�B�H�2 �i�?�2 �b�B�x�2 �Q�7� �B�bn{2�X �*�Q�M�b�B�/�2�`�B�M�; �i�?�2 �p���H�m�2 �Q�7R �}�t�2�/ �i�Q �� �+�?�Q�b�2�M ���M�/ �F�M�Q�r�M
�p���H�m�2�- �r�2 �+���M �/�2�}�M�2 ���M �2�[�m�B�p���H�2�M�i �`�Q�m�M�/�@�F�2�vk1

0 � f pR � k0q���M�/ �r�?�2�M �r�2 �`�2�+�Q�p�2�`k1
0 �r�2

�+���M �/�2�/�m�+�2k0 �B�7f �B�b �r�2���F�X �h�?�2 �2�t�?���m�b�i�B�p�2 �b�2���`�+�? �+���M �#�2 �+�Q�K�#�B�M�2�/ �r�B�i�? �E�m�T�2�`�#�2�`�;�ö�b
���H�;�Q�`�B�i�?�K ���T�T�H�B�2�/ �i�Q �i�?�2 �7�Q�H�H�Q�r�B�M�; �7�m�M�+�i�B�Q�M �U�F�2�2�T�B�M�; �B�M �K�B�M�/ �i�?���iR ���M�/� ���`�2 �i�?�2�`�2�7�Q�`�2
�F�M�Q�r�M�V�,

G : t 0; 1u � t 0; 1un{2 Ñ t 0; 1un{2

b; x ÞÑ

#
g0pxq � T runcRpEkpx; Rqq � � �B�7b � 0�-

g1pxq � T runcL pEkpR � � ; x � � qq �B�7b � 1�X

�6�`�Q�K�6�B�;�m�`�2 �N�X�9�r�2 �+���M �p�2�`�B�7�v �i�?���ig0pxq � g1px � k1
0q�X �6�Q�` �2���+�? �Q�7 �i�?�2 �i�2�b�i�2�/ �p���H�m�2�b �7�Q�`



�N�X�k�X �a�H�B�/�2�@�b�?�B�7�i ���i�i���+�F�b �R�j�8

L

f
k0

R

f
k1

f
k0

f
k1

NM

R1� �L 1� �

�1�M�+�`�v�T�i�B�Q�M

L 1

f
k0

R1

f
k1

f
k0

f
k1

N 1M 1

M � � N � �

�1�M�+�`�v�T�i�B�Q�M

�6�B�;�m�`�2 �N�X�9�,�*�Q�K�T�H�2�K�2�M�i���i�B�Q�M �b�H�B�/�2 ���i�i���+�F

� �- �#�v ���T�T�H�v�B�M�; �E�m�T�2�`�#�2�`�;�ö�b ���H�;�Q�`�B�i�?�K �r�2 �r�B�H�H �`�2�+�Q�p�2�` �i�?�2 �p���H�m�2 �Q�7k1
0 �7�Q�` �i�?�2 �}�t�2�/ �p���H�m�2

�Q�7R �i�?���i �r�2 �}�t�2�/ �B�M �i�?�2 �#�2�;�B�M�M�B�M�;�-R0�X �6�`�Q�Kk1
0 ���M�/R0 �r�2 �/�B�`�2�+�i�H�v �`�2�+�Q�p�2�`k0 �#�2�+���m�b�2

f �B�b �r�2���F�- ���M�/ �r�B�i�?� �- �i�?�B�b �B�K�T�H�B�2�b �i�?�2 �p���H�m�2 �Q�7k1�X �q�?�2�M �i�?�2 �i�2�b�i�2�/ �p���H�m�2 �7�Q�`� �B�b �i�?�2
�+�Q�`�`�2�+�i �Q�M�2�- �r�2 �b�?�Q�m�H�/ ���H�b�Q �Q�#�i���B�M �� �+�Q�H�H�B�b�B�Q�M �;�B�p�2�M �#�vN 1 � M � f pk1 � N � � q � � �-
�r�?�B�+�? �?���T�T�2�M�b �r�B�i�? �� �`���M�/�Q�K �T�`�Q�#���#�B�H�B�i�v2� n{2�X �q�?�2�M �i�?�B�b �B�b �i�?�2 �+���b�2�- �i�?�B�b �B�K�T�H�B�2�b
�i�?���i �r�2 �?���p�2 �`�2�+�Q�p�2�`�2�/ �i�?�2 �+�Q�`�`�2�+�i �p���H�m�2�b �Q�7k0 ���M�/k1�X

�h�?�2 �+�Q�b�i �7�Q�` �i�?�B�b �B�7 ���H�H �i�?�2 �i�`���M�b�7�Q�`�K���i�B�Q�M�b �r�2�`�2 �s�P�_�b �r�Q�m�H�/ �#�2 �Q�7n2n{4 �[�m���M�i�m�K
�i�B�K�2 ���M�/ �b�m�T�2�`�T�Q�b�B�i�B�Q�M �[�m�2�`�B�2�b�- �+�Q�K�T���`�2�/ �i�Q2n{2 �7�`�Q�K �i�?�2 �[�m���M�i�m�K ���+�+�2�H�2�`���i�2�/ �2�t�?���m�b�@
�i�B�p�2 �b�2���`�+�? �Q�7 �i�?�2 �F�2�v�X �A�7 �r�2 �?���p�2 �K�Q�/�m�H���` ���/�/�B�i�B�Q�M�b �B�M�b�i�2���/�- �i�?�2 �+�Q�b�i �#�2�+�Q�K�2�b2

?
n� n{4

�[�m���M�i�m�K �i�B�K�2 ���M�/ �b�m�T�2�`�T�Q�b�B�i�B�Q�M �[�m�2�`�B�2�b�- �r�?�B�+�? �B�b �b�i�B�H�H �#�2�i�i�2�` �i�?���M �;�2�M�2�`�B�+ �2�t�?���m�b�i�B�p�2
�b�2���`�+�? �B�M2n{2�X �q�2 �b�?�Q�r �B�M�a�2�+�i�B�Q�M �N�X�j�?�Q�r �i�Q �/�Q �#�2�i�i�2�` �B�7 �i�?�2 �F�2�v ���M�/ �#�`���M�+�? ���/�/�B�i�B�Q�M
���`�2 �B�/�2�M�i�B�+���H�X

�q�?�B�i�2�M�2�/ �6�2�B�b�i�2�H�X�� �p���`�B���M�i �Q�7 �i�?�2 ���i�i���+�F �+���M �#�2 �T�2�`�7�Q�`�K�2�/ �B�7 �i�?�2 �6�2�B�b�i�2�H �B�b �r�?�B�i�2�M�2�/
�r�B�i�? ���M ���/�/�B�i�B�Q�M���H �B�M�T�m�i �F�2�vkpre ���M�/ ���M �Q�m�i�T�m�i �F�2�vkpost�X �q�2 �b�T�H�B�i �i�?�2 �r�?�B�i�2�M�B�M�; �F�2�v
�B�M �i�?�2�v �H�2�7�i ���M�/ �`�B�;�?�i �T���`�i�,kpre � kL

pre ||kR
pre �X �h�?�B�b �r�?�B�i�2�M�B�M�; �b�B�K�T�H�v �i�`���M�b�7�Q�`�K�b �i�?�2

�2�[�m���i�B�Q�M�b �r�2 �?���/�,

g0pxq � T runcRpEkpx � kL
pre ; R � kR

preqq � � � kR
post

g1pxq � T runcL pEkpR � � � kL
pre ; x � � � kR

preqq � kL
post



�R�j�e �*�?���T�i�2�` �N�X �Z�m���M�i�m�K �a�H�B�/�2 ���i�i���+�F�b

�A�7 �r�2 �/�2�}�M�2� 1 � � � kL
pre � kR

pre �- �b�m�#�i�`���+�ikL
pre �7�`�Q�Kx ���M�/kR

pre �7�`�Q�KR�- �i�?�2 �i�r�Q �7�m�M�+�i�B�Q�M�b
�#�2�+�Q�K�2

g0pxq � T runcRpEkpx; Rqq � � 1� kL
pre � kR

pre � kR
post

g1pxq � T runcL pEkpR � � 1; x � � 1qq � kL
post

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

g0px; yq � T runcRpEkpx; Rqq � � 1� y

g1px; yq � T runcL pEkpR � � 1; x � � 1qq � y

�h�?�B�b �T���B�` �Q�7 �7�m�M�+�i�B�Q�M �b���i�B�b�7�vg0px; yq � g1px � k1
0; y � kL

pre � kR
pre � kR

post � kL
postq�X

�>�2�M�+�2�- �r�2 �+���M �T�2�`�7�Q�`�K ���b �#�2�7�Q�`�2 �� �[�m���M�i�m�K �b�2���`�+�? �Q�M� 1 �r�B�i�? �i�?�2�b�2 �7�m�M�+�i�B�Q�M�b�X �6�`�Q�K
k1

0 � f pR � k0q�-k0 �+���M �#�2 �2�t�i�`���+�i�2�/�- �B�M ���i �r�Q�`�b�i2n{4 �Q�T�2�`���i�B�Q�M�b�X �P�M�+�2k0 �B�b �F�M�Q�r�M�-
k1 �+���M �#�2 �`�2�+�Q�p�2�`�2�/ �#�v ���T�T�H�v�B�M�; �i�?�2 ���i�i���+�F ���;���B�M�b�i �i�?�2 �6�s �+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7�*�?���T�i�2�` �d�X
�P�p�2�`���H�H�- �i�?�2 �+�Q�b�i �B�b �2�b�b�2�M�i�B���H�H�v �i�?�2 �b���K�2 ���b �r�B�i�?�Q�m�i ���M�v �r�?�B�i�2�M�B�M�;�X

�N�X�k�X�9 �a�H�B�/�B�M�; �r�B�i�? �� �i�r�B�b�i
�� �7�m�`�i�?�2�` �B�K�T�`�Q�p�2�/ �p���`�B���M�i �Q�7 �i�?�2 �b�H�B�/�2 ���i�i���+�F�b �B�b �i�?�2�b�H�B�/�B�M�; �r�B�i�? �� �i�r�B�b�i�i�2�+�?�M�B�[�m�2�-
���H�b�Q �B�M�i�`�Q�/�m�+�2�/ �B�M �(�"�q�y�y�)�- �i�?���i �+���M �#�2 ���T�T�H�B�2�/ ���;���B�M�b�i �b�Q�K�2 �6�2�B�b�i�2�H �+�Q�M�b�i�`�m�+�i�B�Q�M�b �U�6�B�;�@
�m�`�2 �N�X�8�V�X �h�?�2 �[�m���M�i�m�K �p�2�`�b�B�Q�M �r�Q�`�F�b ���b �H�Q�M�; ���b �i�?�2 �i�r�Q �#�`���M�+�?�2�b ���`�2 ���/�/�2�/ �r�B�i�? ��
�s�P�_�X �q�2 �r�B�H�H �/�2�b�+�`�B�#�2 �i�?�2 ���i�i���+�F �+�Q�M�b�B�/�2�`�B�M�; �F�2�v �B�M�b�2�`�i�B�Q�M�b ���M�/ �`�Q�m�M�/ �+�Q�K�#�B�M���i�B�Q�M�b
�#�v �s�P�_�- �i�?�2 ���/�/�B�i�B�Q�M �Q�7 �i�?�2 �F�2�v �#�2�B�M�; �B�`�`�2�H�2�p���M�i �7�Q�` �i�?�2 �+�Q�K�T�H�2�t�B�i�v�X

�h�?�2 �F�2�v �B�/�2�� �B�b �i�?���i �2�M�+�`�v�T�i�B�Q�M �Q�7 �� �i�r�Q�@�`�Q�m�M�/ �b�2�H�7 �b�B�K�B�H���`�B�i�v �6�2�B�b�i�2�H �+�B�T�?�2�` �B�b �� �b�H�B�/
�p�2�`�b�B�Q�M �Q�7 �B�i�b �/�2�+�`�v�T�i�B�Q�M�- �K�Q�/�m�H�Q �i�?�2 �}�M���H �i�r�B�b�i�b�- �i�?���i ���`�2 �2���b�B�H�v �i���F�2�M �B�M�i�Q ���+�+�Q�m�M�i�X �A�7
�r�2 �+�Q�M�b�B�/�2�` �i�?�2 �B�M�T�m�i�b ���M�/ �Q�m�i�T�m�i�b �Q�7 �i�?�2 �2�M�+�`�v�T�i�B�Q�MpL; R q�-pM; N q ���M�/ �i�?�2 �B�M�T�m�i�b
���M�/ �Q�m�i�T�m�i�b �Q�7 �i�?�2 �/�2�+�`�v�T�i�B�Q�MpM 1N 1q�- pL 1; R1q�- �r�2 �?���p�2 �i�?���i �B�7R � N 1 ���M�/M 1 �
L ` f pR ` k0q�- �i�?�2�MR1 � N ���M�/L 1 � M ` f pN ` k0q�X

�q�2 �+���M �+�Q�M�b�B�/�2�` �M�Q�rR � N 1 ���b �� �}�t�2�/ �+�?�Q�b�2�M �p���H�m�2�X �G�B�F�2 �i�?�2 �T�`�2�p�B�Q�m�b ���i�i���+�F�- �B�7
�r�2 �+�Q�M�b�B�/�2�` ���M �2�[�m�B�p���H�2�M�i �F�2�vk1

0 � f pR ` k0q�- �r�2 �+���M ���T�T�H�v �a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K�X �G�2�i �m�b
�/�2�M�Q�i�2 �i�?�2 �/�2�+�`�v�T�i�B�Q�M �7�m�M�+�i�B�Q�MDk �X

G : t 0; 1u � t 0; 1un{2 Ñ t 0; 1un{2

b; x ÞÑ

#
g0pxq � T runcRpEkpx; Rqq � N �B�7b � 0�-

g1pxq � T runcRpDkpx; Rqq � R1 �B�7b � 1�X

�6�`�Q�K�6�B�;�m�`�2 �N�X�8�r�2 �+���M �p�2�`�B�7�v �i�?�2 �b�H�B�/�2 �b�?�B�7�i �2�[�m���i�B�Q�Mg0pxq � g1px ` k1
0q�X �a�B�K�Q�M�ö�b

���H�;�Q�`�B�i�?�K �`�2�+�Q�p�2�`�b �i�?�2 �p���H�m�2 �Q�7k1
0�- ���M�/ �7�`�Q�K �B�i�- ���H�b�Q �i�?�2 �Q�M�2 �Q�7k0 �r�B�i�? �M�2�;�H�B�;�B�#�H�2

�+�Q�K�T�H�2�t�B�i�v �#�2�+���m�b�2f �B�b �2���b�v �i�Q �B�M�p�2�`�i�X �P�M�+�2k0 �B�b �F�M�Q�r�M�- �r�2 �+���M �`�2�T�2���i �� �b�B�K�B�H���`
���i�i���+�F �T�2�2�H�B�M�; �Q�z �Q�M�2 �H���v�2�` �B�M �Q�`�/�2�` �i�Q �`�2�+�Q�p�2�` ���H�b�Qk1 �r�B�i�? �+�Q�K�T���`���#�H�2 �+�Q�K�T�H�2�t�B�i�v�X

�h�?�2 �+�Q�b�i �r�?�2�M ���H�H �i�?�2 �i�`���M�b�7�Q�`�K���i�B�Q�M�b ���`�2 �s�P�_�b �B�bn�- �+�Q�K�T���`�2�/ �i�Q2n{2 �7�Q�` �i�?�2 �[�m���M�@
�i�m�K ���+�+�2�H�2�`���i�2�/ �2�t�?���m�b�i�B�p�2 �b�2���`�+�?�X �A�7 �r�2 �?���p�2 �K�Q�/�m�H���` ���/�/�B�i�B�Q�M�b �#�2�i�r�2�2�M �#�`���M�+�?�2�b�- �i�?�B�b
���i�i���+�F �/�Q�2�b �M�Q�i ���T�T�H�v�- ���b �i�?�2 �/�2�+�`�v�T�i�B�Q�M �b�+�?�2�K�2 �?���b �b�m�#�i�`���+�i�B�Q�M�b �B�M�b�i�2���/ �Q�7 ���/�/�B�i�B�Q�M�b�X
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�6�B�;�m�`�2 �N�X�8�,�_�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �i�?�2 �b�H�B�/�B�M�; �r�B�i�? �� �i�r�B�b�i �i�2�+�?�M�B�[�m�2

�N�X�j ���/�p���M�+�2�/ �b�H�B�/�2�@�b�?�B�7�i ���i�i���+�F�b �Q�M �b�2�H�7�@�b�B�K�B�H���` �6�2�B�b�@
�i�2�H�b

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

�A�M �r�?���i �7�Q�H�H�Q�r�b�- �r�2 �b�?�Q�r �?�Q�r �i�Q �+�Q�M�b�i�`�m�+�i �� �[�m���M�i�m�K �Q�`���+�H�2 �i�Q �i�?�2 �`�Q�m�M�/ �7�m�M�+�i�B�Q�M
�;�B�p�2�M ���+�+�2�b�b �i�Q �� �[�m���M�i�m�K �Q�`���+�H�2 �i�Q �i�?�2 �7�m�H�H �T�`�B�K�B�i�B�p�2�- �r�?�B�+�? ���H�H�Q�r�b �i�Q �#�`�2���F �B�i �r�?�2�M �i�?�2
�`�Q�m�M�/ �7�m�M�+�i�B�Q�M �B�b �Q�M�H�v �[�m���M�i�m�K�H�v �r�2���F�X �L�2�t�i�- �r�2 �b�?�Q�r �� �K�Q�`�2 �2�{�+�B�2�M�i ���i�i���+�F �r�?�2�M �i�?�2
�`�Q�m�M�/ �7�m�M�+�i�B�Q�M �?���b �i�?�2 �7�Q�`�Kf px � kq ���M�/ �i�?�2 �#�`���M�+�? ���M�/ �F�2�v ���/�/�B�i�B�Q�M�b ���`�2 �i�?�2 �b���K�2�-
�r�B�i�?�Q�m�i ���M�v �r�2���F�M�2�b�b ���b�b�m�K�T�i�B�Q�M �Q�Mf �X

�N�X�j�X�R �:�2�M�2�`���H ���i�i���+�F
�A�M �i�?�2 ���i�i���+�F�b �T�`�2�b�2�M�i�2�/ �B�M �i�?�2 �T�`�2�p�B�Q�m�b �b�2�+�i�B�Q�M�- �i�?�2 �`�Q�m�M�/ �7�m�M�+�i�B�Q�M �r���b �b�m�T�T�Q�b�2�/ �i�Q �#�2
�r�2���F�X �A�M�/�2�2�/�- �i�?�2 �[�m���M�i�m�K �>�B�/�/�2�M �a�?�B�7�i ���H�;�Q�`�B�i�?�K �`�2�+�Q�p�2�`�b �i�?�2 �2�[�m�B�p���H�2�M�i �`�Q�m�M�/ �F�2�v
k1 � f kpR0q�X �q�2 ���`�2 �H�2�7�i �r�B�i�? �i�?�2 �i���b�F �Q�7 �}�M�/�B�M�;k�X �*�H���b�b�B�+���H �2�t�?���m�b�i�B�p�2 �b�2���`�+�? �`�2�[�m�B�`�2�b
�i�B�K�22n{2�- �:�`�Q�p�2�`�ö�b ���H�;�Q�`�B�i�?�K �`�2�[�m�B�`�2�b �i�B�K�22n{4�X �"�m�i �i�?�2�`�2 ���`�2 �b�Q�K�2 �+�Q�K�K�Q�M �+���b�2�b �B�M
�r�?�B�+�? �r�2 �+���M �[�m���M�i�m�K�H�v ���i�i���+�F �i�?�2 �`�Q�m�M�/ �7�m�M�+�i�B�Q�M�X �A�M �i�?�2 �T�`�2�p�B�Q�m�b ���i�i���+�F�b�- �i�?�2 �p���H�m�2
�Q�7R0 �r���b �}�t�2�/ �i�Q �� �`���M�/�Q�K �+�?�Q�b�2�M �p���H�m�2�X �h�?�B�b �K�2���M�b �i�?���i �r�2 �+���M �`�2�T�2���i �i�?�2 �b���K�2
�Q�T�2�`���i�B�Q�M �7�Q�` �b�2�p�2�`���H �p���H�m�2�bRi �X

�*���b�2 �7�U�t�Y�F�V�X�q�2 �+�Q�M�b�B�/�2�` �?�2�`�2 �i�?���i �i�?�2 �`�Q�m�M�/ �7�m�M�+�i�B�Q�M �B�b �� �F�2�v ���/�/�B�i�B�Q�M �+�Q�K�T�Q�b�2�/
�r�B�i�? �� �T�m�#�H�B�+ �7�m�M�+�i�B�Q�Mf �- ���b �i�?�B�b �B�b �� �7���B�`�H�v �+�Q�K�K�Q�M �/�2�b�B�;�M�X �q�2 �m�b�2 �i�?�2 ���i�i���+�F �Q�7
�a�2�+�i�B�Q�M �N�X�k�X�k�- �r�?�B�+�?�- �;�B�p�2�M �� �p���H�m�2R0�- �T�`�Q�/�m�+�2�bf pR0� kq�X �h�?�B�b ���i�i���+�F �+���M �#�2 �+�Q�M�b�B�/�2�`�2�/
���b �� �+�B�`�+�m�B�i �i�?���i �i���F�2�b ���M �B�M�T�m�ix�- ���M�/ �T�`�Q�/�m�+�2�bf px � kq�X �>�2�M�+�2�- �i�?�B�b �2�z�2�+�i�B�p�2�H�v
�B�K�T�H�2�K�2�M�i�b �� �[�m���M�i�m�K �Q�`���+�H�2 �i�Q �i�?�2 �7�m�M�+�i�B�Q�MH : x ÞÑf px � kq�X �:�B�p�2�M �i�?�B�b �7�m�M�+�i�B�Q�M�-



�R�j�3 �*�?���T�i�2�` �N�X �Z�m���M�i�m�K �a�H�B�/�2 ���i�i���+�F�b

L

f k

R0

f k

f k

NM

R1L 1

L 1

f k

R1

f k

f k

N 1M 1

NM

R0 � L 1

L � R1� f kpRq

M 1 � N
M � f kpN q � N 1

�6�B�;�m�`�2 �N�X�e�,�a�H�B�/�2 ���i�i���+�F �Q�M �� �;�2�M�2�`�B�+ �Q�M�2�@�`�Q�m�M�/ �b�2�H�7�@�b�B�K�B�H���` �6�2�B�b�i�2�H

�r�2 �+���M �+�Q�M�b�i�`�m�+�i �i�?�2 �7�Q�H�H�Q�r�B�M�; �7�m�M�+�i�B�Q�MG�- �r�?�Q�b�2 �?�B�/�/�2�M �b�?�B�7�i �B�bk�,

G : t 0; 1u � t 0; 1un{2 Ñ t 0; 1un{2

b; x ÞÑ

#
g0pxq � H pxq � f px � kq �B�7b � 0�-

g1pxq � f pxq �B�7b � 1�X

�A�M�/�2�2�/�- �r�2 �?���p�2Gp0; xq � Gp1; x � kq�X �1���+�? �+���H�H �i�QG �`�2�[�m�B�`�2�b �i�Q �b�Q�H�p�2 �� �?�B�/�/�2�M �b�?�B�7�i
�B�M�b�i���M�+�2 �`�2�p�2�`�b�B�#�H�v�X �>�2�M�+�2�- �i�?�2 �+�Q�b�i �B�b �K�m�H�i�B�T�H�B�+���i�B�p�2�X �q�B�i�? �t�Q�`�b �Q�M�H�v�- �B�i �r�B�H�H �#�2 ���`�Q�m�M�/
n2 �[�m�2�`�B�2�b�X �h�?�2 �+�Q�b�i �Q�7 �i�?�2�b�2 ���i�i���+�F�b �B�b �b�m�K�K���`�B�x�2�/ �B�M �h���#�H�2�N�X�R�X

�:�2�M�2�`���H�B�x���i�B�Q�M�X�q�2 �/�2�b�+�`�B�#�2�/ �i�?�2 ���i�i���+�F �7�Q�` �� �6�2�B�b�i�2�H �`�Q�m�M�/ �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �7�Q�`�K
F px; kq � f px � kq�- �#�m�i �r�2 �+���M �m�b�2 �i�?�B�b �7�Q�` ���M�v �F�2�v�2�/ �7�m�M�+�i�B�Q�M �p�m�H�M�2�`���#�H�2 �i�Q �[�m���M�i�m�K
�F�2�v �`�2�+�Q�p�2�`�v�- �H�B�F�2 �i�?�2 �1�p�2�M�@�J���M�b�Q�m�` �+�Q�M�b�i�`�m�+�i�B�Q�M �B�M�6�B�;�m�`�2 �N�X�d�X �h�?�2 �i�Q�i���H �+�Q�b�i �Q�7 �i�?�2
���i�i���+�F �B�b �i�?�2 �+�Q�b�i �i�Q ���i�i���+�F �i�?�2 �`�Q�m�M�/ �7�m�M�+�i�B�Q�M �K�m�H�i�B�T�H�B�2�/ �#�v �i�?�2 �+�Q�b�i �Q�7 �i�?�2 �b�H�B�/�2 ���i�i���+�F�X
�>�2�M�+�2�- �i�?�2 �6�2�B�b�i�2�H �b�i�`�m�+�i�m�`�2 �/�Q�2�b �H�B�i�i�H�2 �i�Q �B�M�+�`�2���b�2 �i�?�2 �b�2�+�m�`�B�i�v �+�Q�K�T���`�2�/ �i�Q �i�?�2 �`�Q�m�M�/
�7�m�M�+�i�B�Q�M�X

�6�Q�` �i�?�2 �2�t���K�T�H�2 �B�M�6�B�;�m�`�2 �N�X�d�- �i�?�2 �2�t�?���m�b�i�B�p�2 �b�2���`�+�? �B�b �+�H���b�b�B�+���H�H�v �B�M2n{2�- �[�m���M�i�m�K�H�v
�B�M2n{4�X �h�?�2 �+�H���b�b�B�+���H �b�H�B�/�2 ���i�i���+�F �+���M �}�M�/ �� �T���B�`px; f kpxqq�B�M2n{4 �[�m�2�`�B�2�b�X �P�M�+�2 �i�?�B�b �B�b
�/�Q�M�2�- �r�2 �+���M �2���b�B�H�v �`�2�i�`�B�2�p�2 �b�Q�K�2 �Q�i�?�2�` �b�H�B�/�2 �T���B�`�b �m�b�B�M�; �i�?�2 �b�H�B�/�2 �T���B�`�b ���i �i�?�2 �Q�m�i�T�m�i �Q�7
�i�?�2 �+�B�T�?�2�`�- ���M�/ �/�Q �i�?�2 �+�H���b�b�B�+���H �b�H�B�/�2 ���i�i���+�F �i�Q �#�`�2���F �1�p�2�M�@�J���M�b�Q�m�` �B�M2n{4 �K�Q�`�2 �[�m�2�`�B�2�b
���M�/ �i�B�K�2�X �A�M �+�Q�K�T���`�B�b�Q�M�- �i�?�2 �[�m���M�i�m�K �b�H�B�/�2 ���i�i���+�F �T�2�`�7�Q�`�K�b �B�M ���`�Q�m�M�/n2

?
n �[�m�2�`�B�2�b�X
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�6�B�;�m�`�2 �N�X�3�,�a�H�B�/�2 ���i�i���+�F �r�B�i�? �B�/�2�M�i�B�+���H �F�2�v ���M�/ �#�`���M�+�? ���/�/�B�i�B�Q�M�X

�N�X�j�X�k �q�B�i�? �i�?�2 �b���K�2 �#�`���M�+�? ���M�/ �F�2�v ���/�/�B�i�B�Q�M

�A�7 �i�?�2 �`�Q�m�M�/ �7�m�M�+�i�B�Q�M �B�bf px � kq ���M�/ �i�?�2 �#�`���M�+�? ���M�/ �i�?�2 �F�2�v ���/�/�B�i�B�Q�M �#�Q�i�? �m�b�2 �i�?�2
�b���K�2 �H���r�- �i�?�2 ���i�i���+�F �+���M �#�2 �K���/�2 �K�Q�`�2 �2�{�+�B�2�M�i�X �q�2 �+���M �+�Q�M�b�B�/�2�` �� �6�2�B�b�i�2�H �+�Q�M�b�i�`�m�+�i
Ek �+�Q�K�T�Q�b�2�/ �Q�7 �� �+�2�`�i���B�M �M�m�K�#�2�` �Q�7 �B�i�2�`���i�B�Q�M�b �Q�7 �i�?�2 �7�m�M�+�i�B�Q�Mf kpx; yq � y; x � f py � kq�X
�A�M �i�?���i �+���b�2�- �r�2 �?���p�2f kpx; yq � p k; kq � f 0px � k; y � kq�- �?�2�M�+�2Ekpx; yq � p k; kq �
E0px � k; y � kq�- ���b �/�2�b�+�`�B�#�2�/ �B�M�6�B�;�m�`�2 �N�X�3�X �q�2 �+���M �i�?�2�M �+�Q�M�b�B�/�2�` �i�?�B�b �7�m�M�+�i�B�Q�M�- �r�B�i�?
�?�B�/�/�2�M �b�?�B�7�ik�,

G : t 0; 1u � t 0; 1un{2 Ñ t 0; 1un

b; x ÞÑ

#
g0pxq � Ekpx; x q � p x; x q �B�7b � 0�-

g1pxq � E0px; x q � p x; x q �B�7b � 1�X

�A�M�/�2�2�/�-Gp0; xq � Ekpx; x q � p x; x q � E0px � k; y � kq � p k; kq � p x; x q � E0px � k; y �
kq � p x � k; x � kq � Gp1; x � kq�X

�>�2�M�+�2�- �r�B�i�? �s�P�_�b�- �i�?�B�b ���i�i���+�F �+�Q�b�i�bn{2 �[�m���M�i�m�K �[�m�2�`�B�2�b ���M�/ �[�m���M�i�m�K �i�B�K�2�- �r�B�i�?�@
�Q�m�i ���M�v ���b�b�m�K�T�i�B�Q�M �Q�Mf �- �r�?�B�H�2 �+�H���b�b�B�+���H�H�v2n{4 �[�m�2�`�B�2�b �r�Q�m�H�/ �#�2 �`�2�[�m�B�`�2�/�X �A�M�i�2�`�2�b�i�B�M�;�H�v�-
�i�?�2 �7�m�M�+�i�B�Q�MG �+���M �#�2 �b�T�H�B�i �B�M�i�Q �� �b�2�+�`�2�i �T���`�i �Ug0�V�- ���M�/ �� �T�m�#�H�B�+�H�v �+�Q�K�T�m�i���#�H�2 �T���`�i �Ug1�V�X
�>�2�M�+�2�- �r�2 �+���M ���T�T�H�v �i�?�2 �Q�|�B�M�2 �a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K �i�Q �`�2�i�`�B�2�p�2k �B�M2n{6 �+�H���b�b�B�+���H�[�m�2�`�B�2�b
���M�/ �[�m���M�i�m�K �i�B�K�2�X



�R�9�y �*�?���T�i�2�` �N�X �Z�m���M�i�m�K �a�H�B�/�2 ���i�i���+�F�b

�*���b�2 �7�U�t�Y�F�V�- �k�@�`�Q�m�M�/�b �b�2�H�7�@�b�B�K�B�H���`�B�i�v�X�A�7 �i�?�2 �6�2�B�b�i�2�H �?���b �i�r�Q ���H�i�2�`�M���i�B�M�; �F�2�v�b
pk0; k1q�- �r�2 �+���M �m�b�2

G : t 0; 1u �
�

t 0; 1un{2
	 2

Ñ t 0; 1un

b; x; y ÞÑ

#
g0pxq � Ek0 ;k1 px; yq � p x; yq �B�7b � 0�-

g1pxq � E0;0px; yq � p x; yq �B�7b � 1�X

���b �r�2 �?���p�2 �i�?�2 �b���K�2 �T�`�Q�T�2�`�i�vEk0 ;k1 px; yq � p k0; k1q � E0px � k0; y � k1q�- �i�?�2 �?�B�/�/�2�M
�b�?�B�7�i �B�bpk0; k1q�X ���b �#�2�7�Q�`�2�- �i�?�B�b ���i�i���+�F �+���M �#�2 �T�2�`�7�Q�`�K�2�/ �r�B�i�? �Q�M�H�v�+�H���b�b�B�+���H�[�m�2�`�B�2�b�X
�A�i �`�2�[�m�B�`�2�b2n{3 �+�H���b�b�B�+���H �[�m�2�`�B�2�b ���M�/ �[�m���M�i�m�K �i�B�K�2�- �r�?�B�H�2 �+�H���b�b�B�+���H�H�v2n{2 �[�m�2�`�B�2�b ���`�2
�M�2�2�/�2�/�X

�h���#�H�2 �N�X�R�,�a�m�K�K���`�v �Q�7 �i�?�2 �b�H�B�/�2 ���i�i���+�F �+�Q�b�i�b�-n �B�b �i�?�2 �#�H�Q�+�F �b�B�x�2�X

�"�`���M�+�? ���M�/ �F�2�v �_�Q�m�M�/ �[�m�2�`�v�_�2�K���`�F
���/�/�B�i�B�Q�M �7�m�M�+�i�B�Q�M �+�Q�b�i

` ; ���M�v �q�2���F n{2
` ; ` f px ` kq n{2
` ; ` f kpxq n2

` ; � f kpxq n2
?

n

� ; ���M�v �q�2���F 2
?

n

� ; � f px � kq 2
?

n �L�2�2�/ �i�?�2 �2�t���+�i �b���K�2 ���/�/�B�i�B�Q�M
� ; ` f kpxq n2

?
n

� ; � f kpxq 22
?

n

` ; ` f px ` kq n �k�@�_�Q�m�M�/ �b�2�H�7�@�b�B�K�B�H���`�B�i�v

� ; � f px � kq 2
?

2n �k�@�_�Q�m�M�/ �b�2�H�7�@�b�B�K�B�H���`�B�i�v
�L�2�2�/ �i�?�2 �2�t���+�i �b���K�2 ���/�/�B�i�B�Q�M

� ; � f px � kq 2n{6 �*�H���b�b�B�+���H �[�m�2�`�B�2�b�-
�L�2�2�/ �i�?�2 �2�t���+�i �b���K�2 ���/�/�B�i�B�Q�M

� ; � f px � kq 2n{3
�*�H���b�b�B�+���H �[�m�2�`�B�2�b

�k�@�_�Q�m�M�/ �b�2�H�7�@�b�B�K�B�H���`�B�i�v
�L�2�2�/ �i�?�2 �2�t���+�i �b���K�2 ���/�/�B�i�B�Q�M

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



�N�X�9�X �a�H�B�/�2 ���i�i���+�F�b ���;���B�M�b�i �9�@�`�Q�m�M�/ �b�2�H�7�@�b�B�K�B�H���` �6�2�B�b�i�2�H�b�R�9�R

�N�X�9 �a�H�B�/�2 ���i�i���+�F�b ���;���B�M�b�i �9�@�`�Q�m�M�/ �b�2�H�7�@�b�B�K�B�H���` �6�2�B�b�@
�i�2�H�b

�A�M �i�?�B�b �b�2�+�i�B�Q�M�- �r�2 �T�`�2�b�2�M�i �b�Q�K�2 ���i�i���+�F�b �Q�M �9�@�`�Q�m�M�/ �b�2�H�7�@�b�B�K�B�H���` �6�2�B�b�i�2�H �b�+�?�2�K�2�b ���M�/
�i�?�2�B�` �r�?�B�i�2�M�2�/ �p���`�B���M�i�b�X �*�Q�M�i�`���`�v �i�Q �i�?�2 �T�`�2�p�B�Q�m�b �b�2�+�i�B�Q�M�b�- �i�?�2�b�2 ���i�i���+�F�b �`�2�[�m�B�`�2 �i�?�2
�F�2�v ���/�/�B�i�B�Q�M�b �i�Q �#�2 �s�P�_�b�X

�N�X�9�X�R �h�r�B�b�i ���M�/ �+�Q�K�T�H�2�K�2�M�i���i�B�Q�M �b�H�B�/�2 ���i�i���+�F
�*�Q�K�#�B�M�B�M�; �i�r�B�b�i ���M�/ �+�Q�K�T�H�2�K�2�M�i���i�B�Q�M �b�H�B�/�2�b �2�M���#�H�2�b �i�?�2 ���m�i�?�Q�`�b �B�M �(�"�q�y�y�) �i�Q ���i�i���+�F
�� �9�@�`�Q�m�M�/ �b�2�H�7�@�b�B�K�B�H���` �6�2�B�b�i�2�H�X �A�M �i�?�B�b �b�2�+�i�B�Q�M �r�2 �b�?�Q�r �?�Q�r �i�Q �2�{�+�B�2�M�i�H�v �[�m���M�i�B�x�2 �i�?�B�b
���i�i���+�F ���M�/ �2�t�i�2�M�/ �B�i �i�Q �i�?�2 �r�?�B�i�2�M�2�/ �p���`�B���M�i�X �h�?�2 �K���B�M �B�/�2�� �B�b �i�?���i �i�?�2 �b�2�[�m�2�M�+�2 �Q�7 �F�2�v�b
�7�Q�` �2�M�+�`�v�T�i�B�Q�M �B�bk0k1k2k3 : : : ���M�/ �7�Q�` �/�2�+�`�v�T�i�B�Q�M�-k3k2k1k0 : : : �U�b�2�2�6�B�;�m�`�2 �N�X�N�V�X �A�7 �r�2
�b�H�B�/�2 �#�v �Q�M�2 �`�Q�m�M�/�- �r�2 �K���F�2 �i�?�2 �F�2�v�bk0 ���M�/k2 �+�Q�B�M�+�B�/�2�- �r�?�2�`�2���b �i�?�2 �F�2�v�b �B�M �i�?�2 �Q�i�?�2�`
�`�Q�m�M�/�b ���H�r���v�b �?���p�2 �� �+�Q�M�b�i���M�i �/�B�z�2�`�2�M�+�2� � k1 ` k3�- �b�B�K�B�H���`�H�v �i�Q �i�?�2�+�Q�K�T�H�2�K�2�M�i���i�B�Q�M
�b�H�B�/�2�i�2�+�?�M�B�[�m�2�X �G�2�iEk ���M�/Dk �#�2 �i�?�2 �2�M�+�`�v�T�i�B�Q�M ���M�/ �/�2�+�`�v�T�i�B�Q�M �Q�`���+�H�2�b�X

�q�2 �;���i�?�2�` �7�`�Q�K �(�"�q�y�y�) �i�?���i �� �b�H�B�/�2 �T���B�`pP; Cq � p L; R q; pM; N q �U�B�M �B�M�T�m�i �i�QEk �V�-
pP1; C1q � p L 1; R1q; pM 1; N 1q �U�B�M �B�M�T�m�i �i�QDk �V �b���i�B�b�}�2�b �i�?�2 �7�Q�H�H�Q�r�B�M�; �T�`�Q�T�2�`�i�B�2�b�,

L 1; R1 � M ` � ` f pk0 ` N q; N

M 1; N 1 � L ` f pR ` k0q ` � ; R

�6�Q�` ���H�H �T�H���B�M�i�2�t�i�bP � p x; Rq�r�2 �r�`�B�i�2DkpM 1; N 1q � p L 1; R1q���M�/M � T runcL pEkpx; Rqq�-
N � T runcRpEkpx; Rqq�- �r�?�B�+�? �;�B�p�2�b�,

Dkpx ` f pR ` k0q ` � ; Rq � M ` � ` f pk0 ` N q; N

ùñ T runcRpDkpx ` f pR ` k0q ` � ; Rqq � T runcRpEkpx; Rqq

�>�2�M�+�2�- �7�Q�` �� �}�t�2�/R�- �r�2 �?���p�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �7�m�M�+�i�B�Q�MG�,

G : t 0; 1u � t 0; 1un{2 Ñ t 0; 1un{2

b; x ÞÑ

#
g0pxq � T runcRpDkpx; Rqq �B�7b � 0�-

g1pxq � T runcRpEkpx; Rqq �B�7b � 1�X

�h�?�2 �?�B�/�/�2�M �b�?�B�7�i �#�2�i�r�2�2�Mg0 ���M�/g1 �B�bf pR ` k0q ` � �X ���b �B�M�a�2�+�i�B�Q�M �N�X�j�- �r�2 �`�2�K���`�F
�i�?���i �i�?�2 �7�m�M�+�i�B�Q�MR ÞÑf pR ` k0q ` � ` f pRq �?���bk0 ���b �?�B�/�/�2�M �T�2�`�B�Q�/�- �r�?�B�+�? �+���M �#�2
�`�2�+�Q�p�2�`�2�/ �r�B�i�? �a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K�X �*�Q�M�i�`���`�v �i�Q �(�.�.�q�R�3�)�- �r�2 �/�Q �M�Q�i �M�2�2�/ �i�Q ���b�b�m�K�2
�i�?���if �B�b �r�2���F�X

�h�?�2 �i�Q�i���H �+�Q�b�i �B�b ���`�Q�m�M�/n2 �[�m�2�`�B�2�b�- ���b �r�2 �M�2�2�/ �i�Q �+�Q�K�#�B�M�2 �i�r�Q �a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K�b
�i�Q �`�2�+�Q�p�2�`k0�X �P�M�+�2k0 �B�b �F�M�Q�r�M�- �r�2 �+���M �/�B�`�2�+�i�H�v �m�b�2 �i�?�2 �}�`�b�i ���i�i���+�F �i�Q �;�2�i� � k1 ` k3�-
���i �� �M�2�;�H�B�;�B�#�H�2 �+�Q�b�i �Q�7n{2�X

�J�Q�`�2�Q�p�2�`�- �r�2 �+���M �ó�b�?�B�7�i�ô �i�?�2 �+�B�T�?�2�`�- �i�?���i �B�b�- �b�m�T�T�`�2�b�b �i�?�2 �}�`�b�i �`�Q�m�M�/ �Q�7 �2�M�+�`�v�T�i�B�Q�M�-
���M�/ ���/�/ �B�i ���i �i�?�2 �H���b�i �`�Q�m�M�/�- �B�M �Q�`�/�2�` �i�Q �b�B�K�m�H���i�2 ���+�+�2�b�b �i�Q �i�?�2 �b���K�2 �+�B�T�?�2�`�- �#�m�i �r�B�i�?
�i�?�2 �2�M�+�`�v�T�i�B�Q�M �F�2�v�bpk1; k2; k3; k0q �B�M�b�i�2���/ �Q�7pk0; k1; k2; k3q�X �>�2�M�+�2�- �r�2 �+���M �`�2�T�2���i �i�?�2
�b���K�2 ���i�i���+�F�- �i�Q �;�2�ik1�- ���M�/� 1 � k2 ` k0�X �q�B�i�?k1 ���M�/� �- �r�2 �Q�#�i���B�Mk3�- ���M�/ �r�B�i�?k0

���M�/� 1�- �r�2 �Q�#�i���B�Mk2�X �h�?�2 �i�Q�i���H �+�Q�b�i �B�b ���`�Q�m�M�/n2�- �7�Q�` �� �i�Q�i���H �F�2�v �b�B�x�2 �Q�72n �#�B�i�b�X



�R�9�k �*�?���T�i�2�` �N�X �Z�m���M�i�m�K �a�H�B�/�2 ���i�i���+�F�b

L

f
k0

R

M 1` � N 1

f
k1

f
k2

f
k3

f
k0

f
k1

f
k2

f
k3

M N

M 1 N 1

f
k3

f
k2

f
k1

f
k0

f
k3

f
k2

f
k1

M ` � Nf
k0

L 1 R1

�6�B�;�m�`�2 �N�X�N�,�*�Q�K�T�H�2�K�2�M�i���i�B�Q�M ���M�/ �i�r�B�b�i �+�Q�K�#�B�M�2�/ �Q�M �� �9�F�@�6�2�B�b�i�2�H �b�+�?�2�K�2

���i�i���+�F�B�M�; �9�F�@�q�6�2�B�b�i�2�H�X�"�m�B�H�/�B�M�; �Q�M �i�?�2 �T�`�2�p�B�Q�m�b �9�F�@�6�2�B�b�i�2�H ���i�i���+�F�- �r�2 �+���M �7�m�`�i�?�2�`
�2�t�i�2�M�/ �B�i �i�Q �9�F�@�q�6�2�B�b�i�2�H�- �r�B�i�? �F�2�v �r�?�B�i�2�M�B�M�;�bkpre ���M�/kpost�X �A�M�/�2�2�/�- �B�7 �r�2 �`�2�r�`�B�i�2 �i�?�2
�b�H�B�/�2 �b�?�B�7�i �2�[�m���i�B�Q�M�,

T runcRpDkpx ` f pR ` k0q ` � ; Rqq � T runcRpEkpx; Rqq

�m�b�B�M�; �i�?�2 �r�?�Q�H�2 �T�`�B�K�B�i�B�p�2Ep�q � kpost ` Ekpkpre ` �q �- �r�2 �Q�#�i���B�M�,

T runcRpDpx ` kL
post ` f pR ` k0q ` � ; R ` kR

postqq ` kR
pre �

T runcRpEpx ` kL
pre ; R ` kR

preqq ` kR
post

�r�?�B�+�? �r�2 �`�2�r�`�B�i�2�,

T runcRpDpx ` � L ` f pR ` k0 ` kR
postq; Rqq � T runcRpEpx; R ` � Rqq ` � R

�r�?�2�`�2� R � kR
pre ` kR

post ���M�/� L � kL
pre ` kL

post ` k1 ` k3�X
�L�Q�r�- �r�2 �+���M �m�b�2 �i�?�2 �7�m�M�+�i�B�Q�M

G : t 0; 1u �
�

t 0; 1un{2
	 2

Ñ t 0; 1un{2

b; x; y ÞÑ

#
g0px; yq � T runcRpDpx ` f py ` p kR

post ` k0qq; yq ` y �B�7b � 0�-

g1px; yq � T runcRpEpx; yqq �B�7b � 1�X



�N�X�9�X �a�H�B�/�2 ���i�i���+�F�b ���;���B�M�b�i �9�@�`�Q�m�M�/ �b�2�H�7�@�b�B�K�B�H���` �6�2�B�b�i�2�H�b�R�9�j

�q�2 �?���p�2g0px; yq � g1px ` � L ; y ` � Rq�X �>�Q�r�2�p�2�`�- �i�Q �B�K�T�H�2�K�2�M�ig0�- �r�2 �M�2�2�/ �i�Q �F�M�Q�r
�i�?�2 �p���H�m�2pkR

post ` k0q�X �>�2�M�+�2�- �r�2 �}�`�b�i �;�m�2�b�b �i�?�2 �p���H�m�2 �Q�7pkR
post ` k0q �m�b�B�M�; �:�`�Q�p�2�`�ö�b

���H�;�Q�`�B�i�?�K�- ���M�/ �+�Q�K�#�B�M�2 �B�i �r�B�i�? �a�B�K�Q�M�ö�b ���H�;�Q�`�B�i�?�K�X �A�M �i�B�K�2 ���M�/ �[�m�2�`�B�2�b2n2n{4�- �i�?�B�b
���i�i���+�F �`�2�+�Q�p�2�`�b� L ; � R ���M�/pkR

post ` k0q�X �L�Q�r�- �r�2 �+���M �T�2�`�7�Q�`�K �i�?�2 ���M���H�Q�;�m�2 �Q�7 �i�?�2
�+�H���b�b�B�+���H ���i�i���+�F�, �b�r���T�T�B�M�; �i�?�2 �2�M�+�`�v�T�i�B�Q�M ���M�/ �i�?�2 �/�2�+�`�v�T�i�B�Q�M�- �r�2 �Q�#�i���B�MkL

pre ` kL
post ���M�/

kR
pre ` kR

post ` k0 ` k2�- �r�?�B�+�? ���H�H�Q�r�b �i�Q �Q�#�i���B�Mk0 ` k2�-k1 ` k3 ���M�/kpre ` kpost�X �h�?�B�b �b�i�2�T
�+�Q�b�i�bn2n{4�X

�"�m�i �r�2 �+���M ���H�b�Q �K�Q�p�2 �/�B�z�2�`�2�M�i�H�v� R �B�M �i�?�2 �b�H�B�/�2 �b�?�B�7�i �T�`�Q�T�2�`�i�v�,

T runcRpDpx ` � L ` f pR ` k0 ` kR
preq; R ` � Rqq � T runcRpEpx; Rqq ` � R :

�q�2 �M�Q�r �B�M�i�2�`�T�`�2�i �i�?�B�b ���b �� �?�B�/�/�2�M �b�?�B�7�i �2�[�m���i�B�Q�M �Q�Mx �Q�M�H�v ���M�/�- �;�B�p�2�M ���M ���`�#�B�i�`���`�vR�-
�r�2 �+���M �`�2�+�Q�p�2�`f pR ` k0 ` kR

preq�X �A�M �i�m�`�M�- �i�?�B�b �;�B�p�2�b �m�b �i�?�2 �p���H�m�2k0 ` kR
pre �7�Q�` �� �i�Q�i���H �Q�7

n2 �[�m�2�`�B�2�b�X
�a�B�M�+�2 �r�2 �?���p�2 ���H�`�2���/�v �;�m�2�b�b�2�/pkR

post ` k0q�- �r�2 �/�2�/�m�+�2k0; kR
pre ; kR

post�- ���M�/k2 �7�`�Q�K
k0 ` k2�X �P�M�H�vn{2 �#�B�i�b �Q�7 �F�2�v �K���i�2�`�B���H �`�2�K���B�M �m�M�F�M�Q�r�M �B�M �i�?�2 �6�2�B�b�i�2�H �b�+�?�2�K�2�- ���bk1 ` k3

�?���b �#�2�2�M �T�`�2�p�B�Q�m�b�H�v �Q�#�i���B�M�2�/�X �q�2 �+���M �}�M�B�b�? �i�?�2 ���i�i���+�F �#�v �b�2�2�B�M�; �i�?�2 �+�B�T�?�2�` ���b ���M
�B�M�b�i���M�+�2 �Q�7 �i�?�2 �6�s �+�Q�M�b�i�`�m�+�i�B�Q�M�- ���i �� �+�Q�b�i �Q�7n2n{4 �[�m�2�`�B�2�b�X

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

�� �p���`�B���M�i �Q�7 �9�F�@�q�6�2�B�b�i�2�H�X�q�2 �+�Q�M�b�B�/�2�` �� �p���`�B���M�i �Q�7 �i�?�2 �9�F�@�q�6�2�B�b�i�2�H �b�i�m�/�B�2�/ �B�M �(�.�E�a�R�8�-
�a�2�+�i�B�Q�M �d�X�9�)�X �A�i �?���b �i�r�Q �r�?�B�i�2�M�B�M�; �F�2�v�bkpre ���M�/kpost ���M�/ �7�Q�m�` ���H�i�2�`�M���i�B�M�; �F�2�v�bk0; k1; k2; k3

�b�+�?�2�/�m�H�2�/ �B�M4m � 1 �`�Q�m�M�/�b ���b�,pk0; k1; k2; k3qm ; k0�X
�a�H�B�/�2 �T���B�`�bpP; Cq; pP1; C1q �?���p�2 �i�?�2 �T�`�Q�T�2�`�i�B�2�b�,

P ` C1 � kpre ` kpost ` p k1 ` k3||0q

EkpP ` kpreq � E � 1
k pC1` kpostq ` pk1 ` k3||0q

�q�?�2�`�2 �i�?�2 �i�2�`�K� � k1 ` k3 �B�M�i�2�`�p�2�M�2�b ���b �B�M �i�?�2�+�Q�K�T�H�2�K�2�M�i���i�B�Q�M �b�H�B�/�2�i�Q �+�Q�`�`�2�+�i
�i�?�2 �B�M�p�2�`�b�B�Q�M �Q�7Ek �X �q�2 �+���M �`�2�r�`�B�i�2 �i�?�B�b ���b �� �b�H�B�/�2 �b�?�B�7�i �2�[�m���i�B�Q�M �?�Q�H�/�B�M�; �7�Q�` ���H�H �B�M�T�m�i
x�,

Ekpxq � E � 1
k px ` p � ||0qq ` p� ||0q

ùñ Epx ` kpreq ` kpost � E � 1px ` kpost ` p � ||0qq ` kpre ` p � ||0q

ùñ Epxq ` x � E � 1px ` � 1q ` x ` � 1

�r�?�2�`�2� 1 � kpre ` kpost ` p � ||0q�- �� �b�H�B�/�2 �b�?�B�7�i �2�[�m���i�B�Q�M �?�Q�H�/�B�M�; �7�Q�` ���H�Hx�X �q�2 �+���M �`�2�i�`�B�2�p�2
� 1 �B�M �Q�M�H�vn �[�m�2�`�B�2�b�- ���+�?�B�2�p�B�M�; �� �p�2�`�v �2�{�+�B�2�M�i �/�B�b�i�B�M�;�m�B�b�?�2�`�X �P�#�i���B�M�B�M�; �i�?�2 �`�2�b�i �Q�7 �i�?�2
�F�2�v �b�2�2�K�b �K�Q�`�2 �/�B�{�+�m�H�i�X



�R�9�9 �*�?���T�i�2�` �N�X �Z�m���M�i�m�K �a�H�B�/�2 ���i�i���+�F�b

�N�X�9�X�k �1�M�?���M�+�2�/ �`�2�~�2�+�i�B�Q�M ���i�i���+�F

�h�?�2�2�M�?���M�+�2�/ � �̀2�~�2�+�i�B�Q�M ���i�i���+�F�r���b �B�M�i�`�Q�/�m�+�2�/ �B�M �(�.�B�M�Y�R�8�) �7�Q�` �+�B�T�?�2�`�b �Q�7 �i�?�2 �7�Q�`�KE �
E2 � E1 � E0 �r�?�2�`�2E1 �B�b ���M �B�M�p�Q�H�m�i�B�Q�M�X �A�i �`�2�[�m�B�`�2�b �i�Q �}�M�/P �b�m�+�? �i�?���iE0pPq�B�b ���}�t�T�Q�B�M�i
�Q�7E1�X �h�?�B�b �?���T�T�2�M�b �r�B�i�? �T�`�Q�#���#�B�H�B�i�v2� n{2 �7�Q�` �R �`�Q�m�M�/ �Q�7 �6�2�B�b�i�2�H �+�B�T�?�2�`�b�X �A�M �i�?�B�b �+���b�2
�r�2 �;�2�i �/�B�`�2�+�i�H�vC � E2pE0pPqq�X

�1�M�?���M�+�2�/ �`�2�~�2�+�i�B�Q�M ���i�i���+�F �Q�M �9�F�@�6�2�B�b�i�2�H�X�A�M �(�.�B�M�Y�R�8�)�- �i�?�2 ���m�i�?�Q�`�b �m�b�2 �� �`�2�~�2�+�@
�i�B�Q�M ���i�i���+�F �Q�M �9�F�@�6�2�B�b�i�2�H�- �r�?�2�`�2 �i�?�2 �7�Q�m�` ���H�i�2�`�M���i�B�M�; �b�m�#�F�2�v�b ���`�2 �/�2�M�Q�i�2�/k0; k1; k2; k3�X
�h�?�2 �+�Q�`�2 �B�/�2�� �Q�7 �i�?�2 �2�M�?���M�+�2�/ �`�2�~�2�+�i�B�Q�M ���i�i���+�F �U�(�.�B�M�Y�R�8�- �S�`�Q�T�2�`�i�v �j�)�V �B�b �i�?���i �B�7 ���i �`�Q�m�M�/
2m �U�r�?�B�+�? �r�B�H�H �m�b�2 �2�B�i�?�2�`k0 �Q�k̀2 ���b �� �`�Q�m�M�/ �F�2�v�V �i�?�2 �`�Q�m�M�/ �7�m�M�+�i�B�Q�M ���/�/�b� � k1 ` k3�-
�i�?�2�M �i�?�2 �`�2�K���B�M�B�M�; �`�Q�m�M�/�b �r�B�H�H �#�2�?���p�2 ���b �B�7k1 ���M�/k3 �r�2�`�2 �b�r���T�T�2�/�X �h�?�B�b �K�2���M�b �i�?���i
���H�H �i�?�2 �7�Q�H�H�Q�r�B�M�; �`�Q�m�M�/�b �r�B�H�H �2�z�2�+�i�B�p�2�H�v�/�2�+�`�v�T�i�- �i�?�2 �Q�M�H�v �/�B�z�2�`�2�M�+�2 �#�2�B�M�; ���M �Q�z�b�2�i �Q�7
� �Q�M �Q�M�2 �#�`���M�+�?�X ���H�H �i�?�2 �`�Q�m�M�/�b �r�Q�m�H�/ �#�2 �/�2�+�`�v�T�i�2�/ ���i �`�Q�m�M�/4m � 1�- ���M�/ �i�?�2 �p���H�m�2
�r�Q�m�H�/ �+�Q�`�`�2�b�T�Q�M�/ �i�Q �i�?�2 �Q�`�B�;�B�M���H �T�H���B�M�i�2�t�i �b�r���T�T�2�/ �r�B�i�?� ���/�/�2�/ �Q�M �i�?�2 �`�B�;�?�i �#�`���M�+�?�X
�>�2�M�+�2�- �7�Q�` �i�?�2 �+�B�T�?�2�`�i�2�t�i�b�- �r�2 �?���p�2PR � CR ���M�/PL � CL ` � ` f pCR ` k0q�X

�_�2�~�2�+�i�B�Q�M �T�Q�B�M�i�b�- �i�?���i �b���i�B�b�7�v �i�?�2�b�2 �T�`�Q�T�2�`�i�B�2�b �+���M �#�2 �/�2�i�2�+�i�2�/ ���bPL � CL �X �P�M�H�v
O

�
2n{2

�
�F�M�Q�r�M �T�H���B�M�i�2�t�i�b ���`�2 �`�2�[�m�B�`�2�/�X �:�B�p�2�M ���i �H�2���b�i �i�?�`�2�2 �Q�7 �i�?�2�K�- �i�?�2 ���/�p�2�`�b���`�v

�;�m�2�b�b�2�b� �- �i�?�2�M �i�`�B�2�b �i�Q �Q�#�i���B�Mk3 �7�`�Q�K �i�?�2 �2�[�m���i�B�Q�M�, �B�7� �B�b �;�Q�Q�/�- �i�?�B�b �r�Q�`�F�b ���M�/ �#�Q�i�?
k1 ���M�/k3 �+���M �#�2 �Q�#�i���B�M�2�/�X

�h�Q �+�Q�K�T�H�2�i�2 �i�?�2 ���i�i���+�F�- �i�?�2 ���m�i�?�Q�`�b �M�Q�i�2 �i�?���i �� �b�B�K�B�H���` �`�2�~�2�+�i�B�Q�M �T�`�Q�T�2�`�i�v �?�Q�H�/�b �r�B�i�?
�i�?�2 �2�[�m���i�B�Q�MPL � CL �i�Q �/�2�i�2�+�i �`�2�~�2�+�i�B�Q�M �T�Q�B�M�i�b�- ���M�/PR � CR ` f pCL ` k3q`pk0 ` k2q
�U�i�?�B�b �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �i�?�2 �b���K�2 �T�`�Q�T�2�`�i�v�- �#�m�i �r�B�i�? �i�?�2 �/�2�+�`�v�T�i�B�Q�M�- �r�?�B�+�? �b�r���T�b �i�?�2 �i�r�Q
�#�`���M�+�?�2�b ���M�/ �B�M�p�2�`�i�b �i�?�2 �F�2�v �b�+�?�2�/�m�H�2�V�X

�A�M �� �[�m���M�i�m�K �b�2�i�i�B�M�;�- �Q�M�H�vO
�
2n{4

�
�b�m�T�2�`�T�Q�b�B�i�B�Q�M �[�m�2�`�B�2�b ���`�2 �2�M�Q�m�;�? �i�Q �`�2�i�`�B�2�p�2 �i�?�2

�`�2�~�2�+�i�B�Q�M �T�Q�B�M�i�b�- �m�b�B�M�; �:�`�Q�p�2�` �b�2���`�+�? �Q�p�2�` ���H�H �T�H���B�M�i�2�t�i�bP�X ���;���B�M�- �i�`�v�B�M�; ���H�H �p���H�m�2�b �Q�7
� �`�2�[�m�B�`�2�bO

�
2n{4

�
�r�Q�`�F�X ���H�H �b�m�#�F�2�v�b ���`�2 �`�2�+�Q�p�2�`�2�/ �B�M �i�B�K�2O

�
2n{4

�
�X

�1�M�?���M�+�2�/ �`�2�~�2�+�i�B�Q�M ���i�i���+�F �Q�M �9�F�@�q�6�2�B�b�i�2�H�X�h�?�2 �`�2�~�2�+�i�B�Q�M ���i�i���+�F �Q�M �9�F�@�6�2�B�b�i�2�H
�+���M �#�2 �+�H���b�b�B�+���H�H�v �i�m�`�M�2�/ �B�M�i�Q ���M ���i�i���+�F �7�Q�` �9�F�@�q�6�2�B�b�i�2�H�X �q�2 �M�Q�i�2kpre ���M�/kpost �i�?�2 �i�r�Q
�r�?�B�i�2�M�B�M�; �F�2�v�b�X �h�?�2 ���/�p�2�`�b���`�v �}�`�b�i �?���b �i�Q �;�m�2�b�bkL

pre ` kL
post�X �h�Q �/�Q �i�?�B�b�- �`�2�K���`�F �i�?���i

�`�2�~�2�+�i�B�Q�M �T�Q�B�M�i�b �7�Q�`E 1 �Q�7 �i�?�2 �7�Q�`�KP1; C1 �i�m�`�M �B�M�i�Q �`�2�~�2�+�i�B�Q�M �T�Q�B�M�i�b �7�Q�`E �i�?���i �b���i�B�b�7�v
PL ` CL � kL

pre ` kL
post�X

�A�M �i�?�B�b�- �i�?�2 �+�Q�`�`�2�+�i �p���H�m�2 �Q�7kL
pre ` kL

post ���T�T�2���`�b �r�B�i�? �T�`�Q�#���#�B�H�B�i�v2 � 2� n{2�- �r�?�2�`�2���b
���H�H �B�M�+�Q�`�`�2�+�i �p���H�m�2�b �?���p�2 �� �T�`�Q�#���#�B�H�B�i�v2� n{2 �Q�7 ���T�T�2���`���M�+�2�X �h�?�B�b ���H�H�Q�r�b �i�Q �`�2�i�`�B�2�p�2
kL

pre ` kL
post �m�b�B�M�;O

�
n2n{2

�
�K�2�K�Q�`�v ���M�/ �i�B�K�2�- �i�?�2 �#�Q�i�i�H�2�M�2�+�F �Q�7 �i�?�2 ���i�i���+�F�X

�q�2 �H�2���p�2 �� �[�m���M�i�B�x���i�B�Q�M �Q�7 �i�?�B�b ���i�i���+�F ���b ���M �Q�T�2�M �T�`�Q�#�H�2�K�X �A�M�/�2�2�/�- �r�2 �/�Q �M�Q�i
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y � � 2pk1 ` � 1pk0 ` xqq
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�7�m�M�+�i�B�Q�M�- �#�m�i �#�2�i�r�2�2�M �Q�M�2 �`�Q�m�M�/ ���M�/ �i�?�2 �b���K�2 �`�Q�m�M�/�- �r�B�i�? �� �/�B�z�2�`�2�M�i �F�2�v�X �A�i �Q�M�H�v
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�6�Q�` �Q�m�` �T�m�`�T�Q�b�2�b�- �B�i �B�b �#�2�i�i�2�` �i�Q �r�Q�`�F �r�B�i�? �i�?�2 ���T�T�`�Q�t�B�K���i�B�Q�M �7���+�i�Q�`�- �r�?�B�+�? �`�2�H���i�2�b||b1||2
���M�/� 1pLq�- �i�?�2 �2�m�+�H�B�/�2���M �M�Q�`�K �Q�7 �i�?�2 �b�K���H�H�2�b�i �p�2�+�i�Q�` �B�ML �X ���M ���T�T�`�Q�t�B�K���i�B�Q�M �7���+�i�Q�`
�Q�7c2u �B�b �;�m���`���M�i�2�2�/�- �#�m�i �B�M �T�`���+�i�B�+�2�- �B�i �B�b �2�[�m���H �i�Q �U���M�/ �b�Q�K�2�i�B�K�2�b �#�2�i�i�2�` �i�?���M�V �i�?�2
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~v � ~h�V �Q�7 �+�H���b�b �;�`�Q�m�T �2�H�2�K�2�M�i�b �#�2�+�Q�K�2�b�X �L���i�m�`���H�H�v�- �B�7 �r�2 �K���M���;�2 �i�Q �Q�#�i���B�M �� �`�2�/�m�+�2�/
�#���b�B�b �Q�7mathcalL �r�?�B�+�? ���H�H�Q�r�b �i�Q �Q�#�i���B�M ���H�r���v�b �i�?�2 �+�H�Q�b�2�b�i �p�2�+�i�Q�` �i�Q~h�- ���M�v �+�H���b�b �;�`�Q�m�T
���+�i�B�Q�M �2�p���H�m���i�B�Q�M �r�B�H�H �?���p�2 �2�t�T�Q�M�2�M�i�b �B�Mt� m; : : : ; mu ���M�/ �+�Q�b�i �2�t���+�i�H�v �i�?�2 �b���K�2 ���b ��
�ó�H�2�;�B�i�B�K���i�2�ô �Q�M�2�X �q�2 �?���p�2�,
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¤ u3{2mcu :

�h�?�2 �K�m�H�i�B�T�H�B�+���i�B�p�2 �7���+�i�Q�` �r�X�`�X�i �i�?�2 �+�H���b�b�B�+���H �;�`�Q�m�T ���+�i�B�Q�M �Umu�V �B�bu1{2cu �X

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

?
u �U�r�B�i�?c � 1 ���b ���T�T�`�Q�t�B�K���i�B�Q�M �7���+�i�Q�`�V�- �r�?�B�+�? �B�b

�b�K���H�H�2�` �i�?���M24 �7�Q�` ���H�H �i�?�2 �T�`�Q�T�Q�b�2�/ �B�M�b�i���M�+�2�b �Q�7 �*�a�A�.�>�X

�Z�m���M�i�m�K �*�B�`�+�m�B�i�b �7�Q�` �i�?�2 �*�a�A�.�> �:�`�Q�m�T ���+�i�B�Q�M�X�h�?�2 �M�m�K�#�2�` �Q�7 �[�m���M�i�m�K �;���i�2�b
�`�2�[�m�B�`�2�/ �i�Q �2�p���H�m���i�2 �� �*�a�A�.�> �;�`�Q�m�T ���+�i�B�Q�M�- �r�B�i�? �2�t�T�Q�M�2�M�i�b �B�M �i�?�2 �`���M�;�2� m : : : m�- �?���b
�#�2�2�M �2�b�i�B�K���i�2�/ �B�M �7�m�H�H �/�2�i���B�H �B�M �(�"�2�`�Y�R�N�#�)�X �h�?�2 ���m�i�?�Q�`�b �;�B�p�2765325228976�M�Q�M�H�B�M�2���`
�#�B�i �Q�T�2�`���i�B�Q�M�b �7�Q�` �i�?�2 �*�a�A�.�>�@�8�R�k �B�M�b�i���M�+�2�- �B�M �Q�`�/�2�` �i�Q �`�2���+�? �� �b�m�+�+�2�b�b �T�`�Q�#���#�B�H�B�i�v �Q�7
�i�?�2 �Q�`�/�2�`2� 32�- �M�2�+�2�b�b���`�v �b�B�M�+�2 �r�2 �`�2�[�m�B�`�2 �i�?���i �K���M�v �[�m�2�`�B�2�b�X �h�?�B�b �+�Q�b�i �+�Q�K�2�b �K���B�M�H�v



�R�y�X�9�X �*�Q�M�+�`�2�i�2 �+�Q�b�i �2�b�i�B�K���i�2�b �7�Q�` �*�a�A�.�> �R�e�R

�h���#�H�2 �R�y�X�k�,�L�m�K�#�2�` �Q�7 �*�H�B�z�Q�`�/ �Y �h �;���i�2�b �`�2�[�m�B�`�2�/ �i�Q �+�Q�K�T�m�i�2rxs �E �B�M �b�m�T�2�`�T�Q�b�B�i�B�Q�M
�Q�p�2�` �i�?�2 �+�H���b�b �;�`�Q�m�TC̀ pOq�X

�h���`�;�2�i�2�/ �H�2�p�2�H �B�M �(�*���b�Y�R�3�)log2 p �L�m�K�#�2�` �Q�7 �;���i�2�b �Ulog2�V

�L�A�a�h �R 512 48
�L�A�a�h �j 1024 57
�L�A�a�h �8 1792 60

�7�`�Q�K �i�?�2221:4 �K�m�H�i�B�T�H�B�+���i�B�Q�M�b �B�MFp �M�2�2�/�2�/�- �2���+�? �Q�M�2 �+�Q�b�i�B�M�;218:7 �h�Q�z�Q�H�B �;���i�2�b�- �r�B�i�?
log2 p � 512�X �h�?�2 �M�m�K�#�2�` �Q�7 �h �;���i�2�b �B�b243:3�X �h�?�2 �i�Q�i���H �M�m�K�#�2�` �Q�7 �;���i�2�b �U�*�H�B�z�Q�`�/ �Y
�h�V �B�b �Q�7 �i�?�2 �Q�`�/�2�`245:3�X �6�m�`�i�?�2�`�K�Q�`�2�- �B�M �Q�`�/�2�` �i�Q �F�2�2�T �i�?�2 �M�m�K�#�2�` �Q�7 ���M�+�B�H�H�� �[�m�#�B�i�b
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�+�Q�K�T�m�i���i�B�Q�M �#�v �b�Q�K�2 �7���+�i�Q�` �U���i �H�2���b�i4�V�X �A�M �i�?�2 �2�M�/�- �i�?�2 �[�m���M�i�m�K �*�a�A�.�> �;�`�Q�m�T ���+�i�B�Q�M
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�/�B�K�2�M�b�B�Q�M�- �i�?�2 �B�M�+�`�2���b�B�M�; �p���H�m�2 �Q�7 �i�?�2 �H�B�i�i�H�2 �T�`�B�K�2�b ���M�/ �i�?�2 �B�M�+�`�2���b�B�M�; �T�`�2�+�B�b�B�Q�M �M�2�2�/�2�/�V�X
�6�m�`�i�?�2�`�K�Q�`�2�- �r�?�2�Mp �B�b �/�Q�m�#�H�2�/�- �i�?�2 �+�Q�b�i �Q�7 �� �K�m�H�i�B�T�H�B�+���i�B�Q�M ���i �K�Q�b�i �[�m���/�`�m�T�H�2�b�X �6�Q�`
�*�a�A�.�>�@�R�y�k�9�- �r�2 �+���M �i���F�2253 �;���i�2�b ���M�/256 �7�Q�` �*�a�A�.�>�@�R�d�N�k�X �L�Q�i�B�+�2 �i�?���i �7�`�Q�K �i�?�2 �T�Q�B�M�i
�Q�7 �p�B�2�r �Q�7 �/�2�T�i�?�- �i�?�2 �Q�`���+�H�2 �+�Q�M�i���B�M�b ���H�K�Q�b�i ���H�H �i�?�2 �/�2�T�i�? �Q�7 �i�?�2 �r�?�Q�H�2 �+�B�`�+�m�B�i �U�/�m�2 �i�Q
�i�?�2 �b�i�`�m�+�i�m�`�2 �Q�7 �i�?�2 �?�B�/�/�2�M �b�?�B�7�i ���H�;�Q�`�B�i�?�K�b�V�X

�"�v �+�Q�K�#�B�M�B�M�; �i�?�2�b�2 �+�Q�b�i�b �r�B�i�? �i�?�2 ���T�T�`�Q�t�B�K���i�B�Q�M �7���+�i�Q�`�b �Q�724 �i�?���i �r�2 �2�b�i�B�K���i�2�/
���#�Q�p�2�- �r�2 ���`�2 �M�Q�r ���#�H�2 �i�Q �;�B�p�2 ���M �2�b�i�B�K���i�B�Q�M �Q�7 �i�?�2 �M�m�K�#�2�` �Q�7 �*�H�B�z�Q�`�/ �Y �h �;���i�2�b
�`�2�[�m�B�`�2�/ �7�Q�` ���M �2�p���H�m���i�B�Q�M �Q�7rxs �E �B�M �b�m�T�2�`�T�Q�b�B�i�B�Q�M �Q�p�2�` �i�?�2 �r�?�Q�H�2 �+�H���b�b �;�`�Q�m�TC̀ pOq�-
�7�Q�` �� �;�B�p�2�M �#�B�i�@�b�B�x�2 �Q�7p�X �J�Q�`�2�Q�p�2�`�- �`�2�+�2�M�i�H�v�- �i�?�2 �b�i�`�m�+�i�m�`�2 �Q�7 �i�?�2 �+�H���b�b �;�`�Q�m�T �Q�7 �*�a�A�.�>�@
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�*�a�A�.�>�@�8�R�k�X �h�?�B�b �B�b �h���#�H�2�R�y�X�k�X

�R�y�X�9 �*�Q�M�+�`�2�i�2 �+�Q�b�i �2�b�i�B�K���i�2�b �7�Q�` �*�a�A�.�>

�h�?�B�b �b�2�+�i�B�Q�M �2�b�i�B�K���i�2�b �i�?�2 �+�Q�b�i �Q�7 �/�B�z�2�`�2�M�i ���T�T�`�Q���+�?�2�b �i�Q ���i�i���+�F �*�a�A�.�>�- �m�b�B�M�; �i�?�2
�2�b�i�B�K���i�2�b �Q�7 �i�?�2 �T�`�2�p�B�Q�m�b �b�2�+�i�B�Q�M ���M�/ �i�?�2 �/�B�z�2�`�2�M�i ���H�;�Q�`�B�i�?�K�b �T�`�2�b�2�M�i�2�/ �B�M�*�?���T�i�2�` �8�X
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�d 299 299 296 �.�a �J�A�h�J �(�.�6�C�R�j�)
�3 2113 2172 282 �.�a �J�A�h�J �(�.�6�C�R�j�)
�3 2107 2172 296 �.�a �J�A�h�J �(�.�6�C�R�j�)

�k�8�e

�d 299 298 296 �.�a �J�A�h�J �(�.�6�C�R�j�)
�d 234 2172 232 �a�[�m���`�2 �(�6�2�`�Y�y�R�)
�3 2113 2196 282 �.�a �J�A�h�J �(�.�6�C�R�j�)
�3 2107 2196 296 �.�a �J�A�h�J �(�.�6�C�R�j�)
�N 2113� x 2210� x � 2196� x 2210� x �.�a �J�A�h�J �(�.�6�C�R�j�)
�N 2113� x{2 2210� x � 2194� x 2194� x �.�a �J�A�h�J�a�2�+�i�B�Q�M �R�R�X�8�X�e

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

�h�?�2 �+�Q�b�i �2�b�i�B�K���i�2�b �r�2 �r�B�H�H �m�b�2 ���`�2 �b�m�K�K���`�B�x�2�/ �B�M�h���#�H�2 �R�R�X�k�X �h�?�2 �+�Q�b�i�b �+�Q�K�2 �7�`�Q�K
�i�?�2 �2�b�i�B�K���i�2�b �Q�7 �(�:�`���Y�R�e�c���H�K�Y�R�3�)�X �6�Q�` �i�?�2 �`�2�/�m�+�2�/ �p�2�`�b�B�Q�M�b�- �r�2 �2�b�i�B�K���i�2�/ �i�?�2 �+�Q�b�i �Q�7 ��
�`�2�/�m�+�2�/ �p�2�`�b�B�Q�M �Q�7 �i�?�2 �+�B�`�+�m�B�i�b �Q�7 �(�:�`���Y�R�e�)�X �h�?�2 �[�m���M�i�m�K �b�2���`�+�? �Q�M ���M ���1�a �F�2�v �B�b �[�m�B�i�2
�b�B�K�T�H�2�, �Q�M�2 �Q�M�H�v �M�2�2�/�b �� �7�2�r �T�H���B�M�i�2�t�i�@�+�B�T�?�2�`�i�2�t�i �T���B�`�b�- ���M�/ �7�Q�` �� �;�B�p�2�M �F�2�v�- �+�?�2�+�F �B�7 �i�?�2
�2�M�+�`�v�T�i�B�Q�M �Q�7 �i�?�2 �T�H���B�M�i�2�t�i�b �K���i�+�?�2�b �i�?�2 �+�B�T�?�2�`�i�2�t�i�b�X �h�?�2 �M�m�K�#�2�` �Q�7 �T�H���B�M�i�2�t�i�b �M�2�2�/�2�/
�i�Q �2�M�b�m�`�2 �i�?���i �Q�M�H�v �i�?�2 �+�Q�`�`�2�+�i �F�2�v �T���b�b�2�b �i�?�2 �i�2�b�i �/�2�T�2�M�/�b �Q�M �B�i�b �b�B�x�2�- ���b �i�?�2 �T�H���B�M�i�2�t�i�b
���`�2 ���H�r���v�b128�@�#�B�i �H�Q�M�;�X ���b �i�?�2 �F�2�v�b ���`�2 �`�2�b�T�2�+�i�B�p�2�H�v �R�k�3�- �R�N�k ���M�/ �k�8�e�@�#�B�i �H�Q�M�;�- �r�2 �M�2�2�/
�`�2�b�T�2�+�i�B�p�2�H�v �k�-�k ���M�/ �j �T�H���B�M�i�2�t�i�b �i�Q �2�M�b�m�`�2 �i�?���i �r�B�i�? ���M �Q�p�2�`�r�?�2�H�K�B�M�; �T�`�Q�#���#�B�H�B�i�v�- �Q�M�H�v
�i�?�2 �+�Q�`�`�2�+�i �F�2�v �r�B�H�H �T���b�b �i�?�2 �i�2�b�i�X ���b �i�?�2 �b�2���`�+�? �b�T���+�2 �B�b �Q�7 �b�B�x�22k �- �r�2 �2�b�i�B�K���i�2�/ �� �i�B�K�2
�+�Q�b�i �Q�7�

2 2k{2 � �*�Q�b�ip���1�aq � �T���B�`�b�- �r�B�i�? �T���B�`�b� 2; 2 ���M�/3 �7�Q�` �`�2�b�T�2�+�i�B�p�2�H�v ���1�a�@�R�k�3�-
�R�N�k ���M�/ �k�8�e�X �6�Q�` �i�?�2 �K�2�K�Q�`�v �+�Q�b�i�- �i�?�2 �2�M�+�`�v�T�i�B�Q�M�b �Q�7 �i�?�2 �T�H���B�M�i�2�t�i�b ���`�2 �+�Q�K�T�m�i�2�/
�B�M �T���`���H�H�2�H�- �2�t�+�2�T�i �7�Q�` �i�?�2 �F�2�v �b�+�?�2�/�m�H�2�- �r�?�B�+�? �B�b �+�Q�K�K�Q�M �i�Q ���H�H �i�?�2 �2�M�+�`�v�T�i�B�Q�M�b�X �h�?�B�b
�/�B�z�2�`�b �b�H�B�;�?�i�H�v �7�`�Q�K �(�:�`���Y�R�e�c���H�K�Y�R�3�)�- �r�?�B�+�? �m�b�2�b �`�2�b�T�2�+�i�B�p�2�H�v3; 4 ���M�/5 �T���B�`�b ���M�/ ��
�b�2�T���`���i�2 �F�2�v �b�+�?�2�/�m�H�2 �7�Q�` �2���+�? �2�M�+�`�v�T�i�B�Q�M�X



�R�d�k �*�?���T�i�2�` �R�R�X �Z�m���M�i�m�K �b�2�+�m�`�B�i�v ���M���H�v�b�B�b �Q�7 ���1�a

�h���#�H�2 �R�R�X�k�,�*�Q�b�i �#�2�M�+�?�K���`�F�b �7�Q�` ���1�a �[�m���M�i�m�K �+�B�`�+�m�B�i�b�X �*�Q�K�T�H�2�i�2 �p�2�`�b�B�Q�M�b �+�Q�M�i���B�M�b
�i�?�2 �+�Q�b�i �Q�7 �i�?�2 �F�2�v ���M�/ �i�?�2 �F�2�v �b�+�?�2�/�m�H�2�X

�*�Q�K�T�Q�M�2�M�i �L�m�K�#�2�` �Z�m�#�B�i�b �_�2�7�2�`�2�M�+�2
�Q�7 �a�@�"�Q�t�2�b

�_�2�7�2�`�2�M�+�2 �a�@�"�Q�t 1 40 �(�:�`���Y�R�e�)
���H�i�2�`�M���i�B�p�2 �a�@�"�Q�t 0:88 48 �(���H�K�Y�R�3�)

128�@�#�B�i �7�m�H�H �F�2�v �b�+�?�2�/�m�H�2 40 320 �(�:�`���Y�R�e�)
192�@�#�B�i �7�m�H�H �F�2�v �b�+�?�2�/�m�H�2 32 256 �(�:�`���Y�R�e�)
256�@�#�B�i �7�m�H�H �F�2�v �b�+�?�2�/�m�H�2 52 416 �(�:�`���Y�R�e�)

�e�@�`�Q�m�M�/ ���1�a 144 408
�d�@�`�Q�m�M�/ ���1�a 160 536
�3�@�`�Q�m�M�/ ���1�a 192 536
�R�y�@�`�Q�m�M�/ ���1�a 256 536 �(�:�`���Y�R�e�)
�R�k�@�`�Q�m�M�/ ���1�a 304 664 �(�:�`���Y�R�e�)
�R�9�@�`�Q�m�M�/ ���1�a 368 664 �(�:�`���Y�R�e�)

�*�Q�K�T�H�2�i�2 �e�@�`�Q�m�M�/ ���1�a�@�R�k�3168 856
�*�Q�K�T�H�2�i�2 �d�@�`�Q�m�M�/ ���1�a�@�R�N�k180 984
�*�Q�K�T�H�2�i�2 �3�@�`�Q�m�M�/ ���1�a�@�k�8�e224 1208
�*�Q�K�T�H�2�i�2 �R�y�@�`�Q�m�M�/ ���1�a�@�R�k�3294 928 �(���H�K�Y�R�3�)
�*�Q�K�T�H�2�i�2 �R�k�@�`�Q�m�M�/ ���1�a�@�R�N�k336 1112 �(�:�`���Y�R�e�)
�*�Q�K�T�H�2�i�2 �R�9�@�`�Q�m�M�/ ���1�a�@�k�8�e420 1336 �(�:�`���Y�R�e�)

�Z�m���M�i�m�K �b�2���`�+�? �Q�M �e�@�`�Q�m�M�/ ���1�a�@�R�k�3273 �R�k�e�8
�Z�m���M�i�m�K �b�2���`�+�? �Q�M �d�@�`�Q�m�M�/ ���1�a�@�R�N�k2105:1 �R�8�k�R
�Z�m���M�i�m�K �b�2���`�+�? �Q�M �3�@�`�Q�m�M�/ ���1�a�@�k�8�e2137:9 �k�k�3�R
�Z�m���M�i�m�K �b�2���`�+�? �Q�M �R�y�@�`�Q�m�M�/ ���1�a�@�R�k�3273:8 �R�8�k�R
�Z�m���M�i�m�K �b�2���`�+�? �Q�M �R�k�@�`�Q�m�M�/ ���1�a�@�R�N�k2106 �R�d�d�d
�Z�m���M�i�m�K �b�2���`�+�? �Q�M �R�9�@�`�Q�m�M�/ ���1�a�@�k�8�e2138:8 �k�e�e�8

�R�R�X�9 �Z�m���M�i�m�K �b�[�m���`�2 ���i�i���+�F

�A�M �i�?�B�b �b�2�+�i�B�Q�M�- �r�2 �T�`�2�b�2�M�i �i�?�2 �p���`�B���M�i�b �Q�7 �i�?�2 �b�[�m���`�2 ���i�i���+�F �Q�M ���1�a �i�?���i �?���p�2 �#�2�2�M
�T�`�Q�T�Q�b�2�/ �b�B�M�+�2 �B�i�b �B�M�i�`�Q�/�m�+�i�B�Q�M �#�v �.���2�K�2�M�- �E�M�m�/�b�2�M ���M�/ �_�B�D�K�2�M �(�.�E�_�N�d�)�- ���M�/ �b�i�m�/�v
�i�?�2�B�` �[�m���M�i�m�K �+�Q�m�M�i�2�`�T���`�i�b�X �*�H���b�b�B�+���H�H�v�- �B�i �i���`�;�2�i�b �e �`�Q�m�M�/�b�- ���M�/ �+���M �#�2 �2�t�i�2�M�/�2�/ �i�Q
�d �`�Q�m�M�/�b �r�?�2�M �+�Q�M�b�B�/�2�`�B�M�; ���1�a�@�R�N�k ���M�/ �k�8�e �(�6�2�`�Y�y�R�)�X �h�?�B�b �B�b ���H�b�Q �i�?�2 �+���b�2 �r�B�i�? �Q�m�`
�[�m���M�i�m�K ���i�i���+�F�b�X

�R�R�X�9�X�R �h�?�2 �/�B�b�i�B�M�;�m�B�b�?�2�`

�h�?�2 �b�[�m���`�2 ���i�i���+�F �`�2�H�B�2�b �Q�M �� �/�B�b�i�B�M�;�m�B�b�?�2�` �Q�M �j �`�Q�m�M�/�b �Q�7 ���1�a �U�6�B�;�m�`�2 �R�R�X�9�V �r�?�B�+�?
�H�2�p�2�`���;�2�b �?�Q�r �/�B�z�m�b�B�Q�M �B�b ���+�?�B�2�p�2�/ �B�M ���1�a�- ���M�/ �B�b �B�M�/�2�T�2�M�/�2�M�i �Q�7 �i�?�2 �a�@�"�Q�t�X �A�i �`�2�H�B�2�b



�R�R�X�9�X �Z�m���M�i�m�K �b�[�m���`�2 ���i�i���+�F �R�d�j
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�R�e �#���H���M�+�2�/ �#�v�i�2�b

�6�B�;�m�`�2 �R�R�X�9�,�A�M�i�2�;�`���H �/�B�b�i�B�M�;�m�B�b�?�2�` �Q�M �j �`�Q�m�M�/�b �Q�7 ���1�a�X �� �#�v�i�2 �K���`�F�2�/ �#�v0 �B�b �#���H���M�+�2�/�X
�a�i���`�`�2�/ �#�v�i�2�b �i���F�2 ���H�H �k�8�e �p���H�m�2�b �B�M �i�?�2 �2�M�+�`�v�T�i�B�Q�M �Q�7 �i�?�2 �k�8�e �T�H���B�M�i�2�t�i�b�X �l�M�K���`�F�2�/ �#�v�i�2�b
���`�2 �}�t�2�/�X

�Q�M �i�?�2 �7���+�i �i�?���i �� �R�@�#�v�i�2 �/�B�z�2�`�2�M�+�2 �B�K�T���+�i�b �i�?�2 �7�m�H�H ���1�a �b�i���i�2 ���7�i�2�` �k �`�Q�m�M�/�b�- ���M�/ �m�M�i�B�H
�i�?�2�M�- �i�?�2 �B�M�i�2�`�K�2�/�B���i�2 �#�v�i�2 �/�B�z�2�`�2�M�+�2�b �/�Q �M�Q�i �B�M�i�2�`�7�2�`�2 �r�B�i�? �2���+�? �Q�i�?�2�`�X �>�2�M�+�2�- �B�7 �r�2
�+�Q�M�b�B�/�2�` ��� �@�b�2�i�- �i�?���i �B�b�-28 �+�B�T�?�2�`�i�2�t�i�b �i�?���i �i���F�2 ���H�H �p���H�m�2�b �Q�M �Q�M�2 �#�v�i�2 �#�m�i ���`�2 �+�Q�M�b�i���M�i
�Q�M �i�?�2 �Q�i�?�2�` �#�v�i�2�b�- �2���+�? �#�v�i�2 �Q�7 �i�?�2 �b�i���i�2 ���7�i�2�` �i�r�Q �`�Q�m�M�/�b �r�B�H�H �i���F�2 ���H�H �k�8�e �p���H�m�2�b�X �h�?�B�b
�T�`�Q�T�2�`�i�v �B�b �F�2�T�i �#�v �i�?�2 �#�v�i�2�@�Q�`�B�2�M�i�2�/ �Q�T�2�`���i�B�Q�M�b �a�m�#�"�v�i�2�b ���M�/ �a�?�B�7�i�_�Q�r�b�X �A�i �#�`�2���F�b
�r�B�i�? �J�B�t�*�Q�H�m�K�M�- �#�m�i ���b �B�i �B�b �H�B�M�2���`�- �i�?�2 �B�K���;�2 �Q�7 ���M�v �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �Q�7 �B�i�b �B�M�T�m�i
�r�B�H�H �#�2 �i�?�2 �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �Q�7 �B�i�b �Q�m�i�T�m�i�X �A�M �T���`�i�B�+�m�H���`�- �i�?�2 �s�P�_ �Q�7 ���H�H �k�8�e �p���H�m�2�b �B�b
�y�- �?�2�M�+�2 �i�?�2 �s�P�_ �Q�7 ���H�H �p���H�m�2�b �B�M �2���+�? �#�v�i�2 ���7�i�2�` �i�?�2 �J�B�t�*�Q�H�m�K�M �B�b ���H�b�Q �y�X �h�?�B�b �B�b �i�?�2
�/�B�b�i�B�M�;�m�B�b�?�2�`�, �i�?�B�b �T�`�Q�T�2�`�i�v ���H�r���v�b �?���T�T�2�M�b �7�Q�` �j �`�Q�m�M�/�b �Q�7 ���1�a�- �B�M�/�2�T�2�M�/�2�M�i�H�v �Q�7 �i�?�2
�F�2�v�X �P�M �i�?�2 �+�Q�M�i�`���`�v�- �7�Q�` �� �`���M�/�Q�K �7�m�M�+�i�B�Q�M�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�B�b �2�p�2�M�i �?���T�T�2�M�b �B�b
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x4r0s � S� 1 �
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�
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�
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� a2S� 1pcr10s � u6r10sq � a3S� 1pcr7s � u6r7sq;

�Ç �6�`�Q�K �i�?�2 �T�`�2�p�B�Q�m�b �H�B�b�i ���M�/u5r0s�- �+�Q�K�T�m�i�2x4r0s�X

�_�2�K���`�F�R�R�X�R�X���b �r�2 �Q�M�H�v �r���M�i �i�Q �+�Q�K�T�m�i�2 �i�?�2 �t�Q�` �Q�7 ���H�Hx4r0s�- �r�2 �Q�M�H�v �M�2�2�/ �i�Q �F�M�Q�r
�i�?�2 �M�m�K�#�2�` �Q�7 �Q�+�+�m�`�`�2�M�+�2�b �K�Q�/�m�H�Q �k�X

�*�H���b�b�B�+���H �+�Q�b�i�X�h�?�2 �+�H���b�b�B�+���H �i�B�K�2 �+�Q�K�T�H�2�t�B�i�v �Q�7 �i�?�B�b �T�`�Q�+�2�/�m�`�2 �U�B�M �a�@�"�Q�t�2�b ���M�/ �B�M�@
�p�2�`�b�2 �a�@�"�Q�t�2�b�V �B�b�,

22� 8loomoon
�P�p�2� ù 6 r0;13s
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���H�;�Q�`�B�i�?�K �`�2�[�m�B�`�2�b8 � 224 �[�m�#�B�i�b ���M�/235 256�@�#�B�i �`�2�;�B�b�i�2�`�b �Q�7�+�H���b�b�B�+���H�K�2�K�Q�`�v �i�Q �b�i�Q�`�2
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�R�R�X�9�X�8 �1�t�i�2�M�b�B�Q�M �i�Q �d �`�Q�m�M�/�b�X
�h�?�2 �2�t�i�2�M�b�B�Q�M �i�Q �d �`�Q�m�M�/�b �B�b �[�m�B�i�2 �b�i�`���B�;�?�i�7�Q�`�r���`�/�, �r�2 �;�m�2�b�b �i�?�2 �+�Q�K�T�H�2�i�2 �`�Q�m�M�/�@�F�2�v
k7�X �P�7 �+�Q�m�`�b�2�- �d �`�Q�m�M�/�b �Q�7 ���1�a�@�R�k�3 �+���M �M�Q �H�Q�M�;�2�` �#�2 ���i�i���+�F�2�/ �r�B�i�? �i�?�B�b ���T�T�`�Q���+�?�X ���b
�r�2 �;�m�2�b�b �K�Q�`�2 �F�2�v �#�v�i�2�b�- �r�2 �M�2�2�/ �i�Q ���/�/ �Q�M�2 �b�i�`�m�+�i�m�`�2 �i�Q �+�?�2�+�F �T�2�` ���/�/�B�i�B�Q�M���H �#�v�i�2 �i�Q
�;�m�2�b�b�X



�R�d�3 �*�?���T�i�2�` �R�R�X �Z�m���M�i�m�K �b�2�+�m�`�B�i�v ���M���H�v�b�B�b �Q�7 ���1�a

���H�;�Q�`�B�i�?�K �R�R�X�j�a�[�m���`�2 ���i�i���+�F �Q�M �e�@�`�Q�m�M�/ ���1�a �r�B�i�? �i�?�2 �T���`�i�B���H �b�m�K�b �i�2�+�?�M�B�[�m�2
�A�M�T�m�i�,6 �b�i�`�m�+�i�m�`�2�b �Q�7232 �+�H���b�b�B�+���H �+�?�Q�b�2�M�@�T�H���B�M�i�2�t�i �[�m�2�`�B�2�b �b�m�+�? �i�?���i �i�?�2 �K���B�M
�/�B���;�Q�M���Hx0r0; 5; 10; 15s �i���F�2�b ���H�H �p���H�m�2�b
�P�m�i�T�m�i�,�h�?�2 �F�2�v �#�v�i�2�bu5r0s�-u6r0; 13; 10; 7s

�R�,�6�B�H�i�2�`u6r0s; u6r13s
�k�, �6�Q�`i P r1; 6s �/�Q
�j�, T i

1 � H
�9�, �6�Q�` ���H�H�+�B�T�?�2�`�i�2�t�ic �B�M �b�i�`�m�+�i�m�`�2i �/�Q
�8�, �*�Q�K�T�m�i�2px; y; zq �

�
a0S� 1pcr0s � u6r0sq � a1S� 1pcr13s � u6r13sq; cr10s; cr7s

�

�e�, T i
1rpx; y; zqs���41

�d�, �6�B�H�i�2�`u6r10s
�3�, �6�Q�`i P r1; 6s �/�Q
�N�, T i

2 � H
�R�y�, �6�Q�` ���H�Hpx; y; zq PT i

1 �/�Q
�R�R�, �*�Q�K�T�m�i�2x1 � x � a2S� 1py � u6r10sq
�R�k�, T i

2rpx1; zqs���4T i
1rpx; y; zqs

�R�j�, �6�B�H�i�2�`u6r7s
�R�9�, �6�Q�`i P r1; 6s �/�Q
�R�8�, T i

3 � H
�R�e�, �6�Q�` ���H�Hpx; zq PT i

2 �/�Q
�R�d�, �*�Q�K�T�m�i�2x1 � x � a2S� 1pz � u6r10sq
�R�3�, T i

3rpx1qs���4T i
2rpx; zqs

�R�N�, �6�B�H�i�2�`u5r0s
�k�y�, �6�Q�`i P r1; 6s �/�Q
�k�R�, x4 � 0
�k�k�, �6�Q�` ���H�Hx PT i

3 �/�Q
�k�j�, �A�7T i

3rxs � 1 �i�?�2�M
�k�9�, x4���4S� 1px � u5r0sq

�k�8�, �A�7x4 � 0�, ���#�Q�`�i
�k�e�, �_�2�i�m�`�Mu5r0s�-u6r0; 13; 10; 7s
�k�d�, �1�M�/ �6�B�H�i�2�`
�k�3�, �1�M�/ �6�B�H�i�2�`
�k�N�, �1�M�/ �6�B�H�i�2�`
�j�y�, �1�M�/ �6�B�H�i�2�`
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���M�/2103 �a�@�"�Q�t�2�b �[�m���M�i�m�K�H�v�X �h�?�B�b �H���b�i �+�Q�b�i �B�b �K���`�;�B�M���H�H�v �#�2�H�Q�r �i�?�2 �+�Q�b�i �Q�7 �� �:�`�Q�p�2�`
�b�2���`�+�?�- ���i2105:1�X

�R�R�X�8 �Z�m���M�i�m�K �.�2�K�B�`�+�B�@�a�2�H�Ï�m�F �K�2�2�i�@�B�M�@�i�?�2�@�K�B�/�/�H�2
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�q�2 �}�`�b�i �T�`�2�b�2�M�i �� �i�2�+�?�M�B�+���H �H�2�K�K�� �i�?���i �b�?�Q�r�b �?�Q�r �i�Q �2�{�+�B�2�M�i�H�v �+�Q�K�T�m�i�2 �i�?�2 �b�Q�H�m�@
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�2�[�m���i�B�Q�M �Q�7 �i�?�2 ���1�a �a�@�"�Q�t�X �h�?�B�b �Q�T�2�`���i�B�Q�M �B�b �+�H���b�b�B�+���H�H�v �M�2�;�H�2�+�i�2�/�- ���b �B�i �+���M �#�2 �b�Q�H�p�2�/
�r�B�i�? ��28 � 28 �H�Q�Q�F�m�T �i���#�H�2�X �h�Q �K���F�2 �b�m�+�? �� �i���#�H�2 �[�m���M�i�m�K�@���+�+�2�b�b�B�#�H�2 �r�Q�m�H�/ �K�2���M�-
�?�Q�r�2�p�2�`�- �i�Q �m�b�2 �� �7�2�r �F�B�H�Q�#�v�i�2�b �Q�7 �[�m���M�i�m�K �_���J�X ���b �i�?�2 �+�Q�b�i �Q�7 �m�b�B�M�; �i�?���i �K�m�+�?
�K�2�K�Q�`�v �B�b �b�i�B�H�H �m�M�+�H�2���`�- �r�2 �?���p�2 �+�?�Q�b�2�M �i�Q ���p�Q�B�/ �B�i�- ���M�/ �`�2�H�v �Q�M ���M �2�{�+�B�2�M�i �H�Q�r�@�K�2�K�Q�`�v
�[�m���M�i�m�K �+�B�`�+�m�B�i�X �q�?�2�M �+�Q�m�M�i�B�M�; �[�m���M�i�m�K �;���i�2�b�- �r�2 �`�2�H�v �Q�M �i�?�2 �*�H�B�z�Q�`�/�YT �7���K�B�H�v �U�b�2�2
�*�?���T�i�2�` �k�V�- �r�?�B�+�? �r�2 �r�B�H�H �i�?�2�M �i�`���M�b�H���i�2 �B�M ���M �2�[�m�B�p���H�2�M�i �+�Q�b�i �B�M �� �M�m�K�#�2�` �Q�7 �a�@�"�Q�t�2�b
�7�`�Q�K �(�:�`���Y�R�e�)�X

�G�2�K�K�� �R�R�X�k�U�a�@�"�Q�t �/�B�z�2�`�2�M�i�B���H �T�`�Q�T�2�`�i�v�V�X�:�B�p�2�M� x ���M�/� y �b�m�+�? �i�?���i� x � y � 0�-
�i�?�2� �̀2 �2�t�B�b�i�b �2�B�i�?�2�` �x�2� �̀Q�- �i�r�Q �Q�` �7�Q�m�` �T���B�`�bx; y; x 1; y1 �b�m�+�? �i�?���iSpxq � y; Spx1q � y1�-
x ` x1 � � x �-y ` y1 � � y �X
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�r���M�i �i�Q �F�M�Q�r �B�7 �� �b�Q�H�m�i�B�Q�M �2�t�B�b�i�b ���M�/ �M�Q�i ���M �2�t�T�H�B�+�B�i �b�Q�H�m�i�B�Q�M�- �i�?�2 �+�Q�b�i �/� �̀Q�T�b �i�Q �R �a�@�"�Q�t
�+�Q�K�T�m�i���i�B�Q�M ���M�/ �R�8 ���M�+�B�H�H�� �[�m�#�B�i�b�X

�S� �̀Q�Q�7�X�h�?�2 ���1�a �a�@�"�Q�t �+���M �#�2 �r�`�B�i�i�2�MSpxq � Lpx � 1q` c�- �r�B�i�?L �� �H�B�M�2���` �Q�T�2�`���i�B�Q�M ���M�/
x � 1 �i�?�2 �B�M�p�2�`�b�B�Q�M �B�MF28 �b�2�2�M ���bF2rX s{pX 8 � X 4 � X 3 � X � 1q �U�r�?�2�`�2 �y �B�b �K���T�T�2�/ �i�Q
�y�V�X �h�?�2 �K���B�M �+�Q�b�i �Q�7 �i�?�2 �7�m�M�+�i�B�Q�M �B�b �i�?�2 �B�M�p�2�`�b�B�Q�M�- �r�?�B�+�? �+�Q�b�i�b ���`�Q�m�M�/ �3 �K�m�H�i�B�T�H�B�+���i�B�Q�M�b
�B�M �i�?�2 �}�M�B�i�2 �}�2�H�/ �(�:�`���Y�R�e�)�X �l�b�B�M�; �i�?�2 �b���K�2 �b�Q�m�`�+�2�- �r�2 �+�Q�M�b�B�/�2�` �i�?���i �� �K�m�H�i�B�T�H�B�+���i�B�Q�M
�+�Q�b�i�b �N�3�R �;���i�2�b �r�B�i�? �i�?�2 �K�m�H�i�B�T�H�B�2�` �Q�7 �(�*�?�2�Y�y�3�)�- ���M�/L �+�Q�b�i�b �j�y �;���i�2�b�X

�q�2 �r���M�i �i�Q �b�Q�H�p�2 �i�?�2 �2�[�m���i�B�Q�M

Spxq ` Spx ` � xq � � y : �U�R�R�X�R�V

�A�i �+���M �#�2 �`�2�r�`�B�i�i�2�M ���bx � 1 `p x ` � xq� 1 � L � 1p� yq�X �q�2 �M�Q�i�2L � 1p� yq���b� 1
y �X �h�?�2�`�2

���`�2 �i�r�Q �+���b�2�b �?�2�`�2�X �A�7� x � 1
y � 1�- �i�?�2�M0 ���M�/� x ���`�2 �b�Q�H�m�i�B�Q�M�b�X ���b �i�?�2�`�2 �r�B�H�H ���H�b�Q �#�2

���M�Q�i�?�2�` �+�Q�m�T�H�2 �Q�7 �b�Q�H�m�i�B�Q�M�b �7�Q�` �i�?�2 �b���K�2 �/�B�z�2�`�2�M�+�2�b �#�2�H�Q�r�- �B�i �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �i�?�2 �+���b�2
�r�?�2�`�2 �i�?�2 �/�B�z�2�`�2�M�i�B���H �2�[�m���i�B�Q�M �?���b �9 �b�Q�H�m�i�B�Q�M�b�X

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

� 1
yx2 ` � x � 1

yx ` � x � 0: �U�R�R�X�k�V

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

px{� xq2 ` p x{� xq ` p� x � 1
yq� 1 � 0: �U�R�R�X�j�V

�q�2 �i�?�2�M �Q�M�H�v �M�2�2�/ �i�Q �}�M�/ �� �`�Q�Q�iRpdq �Q�7 �i�?�2 �T�Q�H�v�M�Q�K�B���HX 2 � X � d�X �h�?�2 �b�Q�H�m�i�B�Q�M�b
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