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� m (y) = 0
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L � � m = �
p

m + 1� m+1

L + � m =
p

m� m� 1;
�U�k�X�R�d�V

���M �2�t�T���M�b�B�Q�M �Q�7 �i�?�2�b�2 �2�[�m���i�B�Q�M�b �B�M �i�2�`�K�b �Q�7� m �- �B�X�2�X �� �/�2�+�Q�K�T�Q�b�B�i�B�Q�Mr (x; y) =
P 1

m=0 rm (x)� m (y)
���M�/l (x; y) =

P 1
m=0 lm (x)� m (y) �U�k�X�R�3�V �v�B�2�H�/�b�,
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= �
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� p
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p
m + 1( Ha � s� )m� 1

�
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p

m + 1rm+1 �
p

ml m� 1 = � 2
p

ml m� 1�-8 m 2 N:
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F (k; t + � t) = F (k; t )e� � � t + G(k; t ) 1� e� � � t
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q
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3 � � 1

4 �U�k�X�k�9�V �U�J���D�/�� �2�i ���H�X�- �k�y�R�N�c
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� 2(y)

q(x; y) = Q(x) � � 0(y)

Ha(x; y) = HA (x) � � 0(y):
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�m�b�2�/ �7�Q�` �i�?�2 �T�m�`�T�Q�b�2 �Q�7 �K�Q�/�2�H �B�M�B�i�B���H�B�x���i�B�Q�M �r�B�i�? �T�H���m�b�B�#�H�2 �r���p�2 ���+�i�B�p�B�i�v�X �� �`�2���H�B�b�i�B�+ �B�M�B�i�B���H�B�x���i�B�Q�M �B�b
�2�b�T�2�+�B���H�H�v �B�K�T�Q�`�i���M�i �/�m�2 �i�Q �i�?�2 �/�2�i�2�`�K�B�M�B�b�i�B�+ �M���i�m�`�2 ���M�/ �+�Q�M�b�2�`�p���i�B�Q�M �T�`�Q�T�2�`�i�B�2�b �Q�7 �i�?�2 �K�Q�/�2�H �p�2�`�b�B�Q�M
�i�?���i �B�b �m�b�2�/ �B�M �i�?�B�b �r�Q�`�F�X

�k�X�k�X�9 �S�`�Q�T�2�`�i�B�2�b �Q�7 �i�?�2 �?�B�;�?�H�v �i�`�m�M�+���i�2�/ �M�Q�M�H�B�M�2���` �/�2�i�2�`�K�B�M�B�b�i�B�+ �K�Q�/�2�H

�h�?�2 �H�B�M�2���`�B�x�2�/ �p�2�`�b�B�Q�M �Q�7 �i�?�2 �a�F�2�H�2�i�Q�M �K�Q�/�2�H �r�B�i�? �x�Q�M���H�H�v �+�Q�M�b�i���M�i �#���+�F�;�`�Q�m�M�/ �/�B���#���i�B�+ �+�Q�Q�H�B�M�;�f�?�2���i�B�M�;
�?���b �T�H���M�2 �r���p�2 �2�B�;�2�M�K�Q�/�2�b�- �r�?�Q�b�2 �K���D�Q�` �+�?���`���+�i�2�`�B�b�i�B�+�b �+�Q�`�`�2�b�T�Q�M�/ �r�2�H�H �i�Q �+�2�`�i���B�M �i�`�Q�T�B�+���H �r���p�2 �i�v�T�2�b�-
�Q�M�2 �Q�7 �i�?�2�K �i�?�2 �J�C�P�X �A�i �i�?�m�b ���H�H�Q�r�b �7�Q�` �� �i�?�2�Q�`�2�i�B�+ �B�M�p�2�b�i�B�;���i�B�Q�M �Q�7 �?�Q�r �i�?�2�b�2 �#���b�B�+ �r���p�2�b ���`�2 �2�t�T�`�2�b�b�2�/
�B�M �i�?�2 �K�Q�/�2�H�X �>�Q�r�2�p�2�`�- �K�Q�`�2 �`�2���H�B�b�i�B�+ �K�Q�/�2�H �b�B�K�m�H���i�B�Q�M�b �#�2�v�Q�M�/ �b�B�K�T�H�2 �T�H���M�2 �r���p�2 �T�`�Q�T���;���i�B�Q�M�b ���`�2
�Q�#�i���B�M�2�/ �r�B�i�? �i�?�2 �M�Q�M�H�B�M�2���` �p�2�`�b�B�Q�M �U�+�7�X �1�[�m���i�B�Q�M�b �k�X�k�8�V�- ���M�/ �2�p�2�M �K�Q�`�2 �B�7 �+�Q�K�#�B�M�2�/ �r�B�i�? �� �`�2�@
�}�M�2�/ �#���+�F�;�`�Q�m�M�/ �7�Q�`�+�B�M�;�X �P�M�2 �T�Q�b�b�B�#�B�H�B�i�v �B�b �2�X�;�X �� �r���`�K �T�Q�Q�H �i�?���i �K�B�K�B�+�b �i�?�2 �r���`�K �r�2�b�i�2�`�M �S���+�B�}�+
S�q�S (x) = S�+�Q�M�b�i�X�

�
1 � � cos

� 2�x
L

��
�U�k�X�j�8�V �r�B�i�? �i�v�T�B�+���H�H�v� = 0 :6 �U�J���D�/�� �2�i ���H�X�- �k�y�R�N�V ���M�/S�+�Q�M�b�i�X�2�[�m���H

�i�Q �i�?�2 �/�2�7���m�H�i �#���+�F�;�`�Q�m�M�/�X �h�?�2�b�2 �b�2�i�i�B�M�;�b ���H�H�Q�r �7�Q�` �B�M�i�2�`���+�i�B�Q�M�b �#�2�i�r�2�2�M �i�?�2 �#���b�B�+ �r���p�2�b�- �i�?���i ���`�2 �Q�i�?�@
�2�`�r�B�b�2 �T�`�Q�T���;���i�2�/ �b�2�T���`���i�2�H�v �B�M �i�?�2 �H�B�M�2���`�B�x�2�/ �K�Q�/�2�H�X �A�i �r���b �b�?�Q�r�M �B�M �J���D�/�� ���M�/ �a�i�2�+�?�K���M�M �U�k�y�R�R�V
�i�?���i �i�?�B�b �`�2�b�m�H�i�b �B�M �K�Q�`�2 �`�2���H�B�b�i�B�+ �Q�+�+�m�`�`�2�M�+�2�b �Q�7 �M�Q�r �B�M�/�B�p�B�/�m���H �J�C�P �2�p�2�M�i�b�- �r�?�B�H�2 ���H�H �B�K�T�Q�`�i���M�i �+�?���`�@
���+�i�2�`�B�b�i�B�+�b �Q�7 �i�?�2 �J�C�P �2�B�;�2�M�K�Q�/�2�b�- �B�X�2�X �i�?�2�B�` �+�Q���`�b�2 �b�i�`�m�+�i�m�`�2�- �T�?���b�2 �b�T�2�2�/�- ���M�/ �i�?�2 �/�B�b�T�2�`�b�B�Q�M �`�2�H���i�B�Q�M�-
���`�2 �`�2�i���B�M�2�/�X �h�?�2 �J�C�P �B�M �i�?�2 �M�Q�M�H�B�M�2���` �K�Q�/�2�H ���;�`�2�2�b �2�b�T�2�+�B���H�H�v �r�2�H�H �r�B�i�? �Q�#�b�2�`�p���i�B�Q�M�b �r�B�i�? �`�2�;���`�/
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�i�Q �B�i�b �p���`�B���#�B�H�B�i�v �B�M �b�i�`�2�M�;�i�?�- �H�B�7�2�i�B�K�2�- ���M�/ �B�i�b �T�`�2�7�2�`�2�M�i�B���H �H�Q�+���H�B�x���i�B�Q�M �Q�p�2�` �i�?�2 �r���`�K �T�Q�Q�H�X �J�Q�`�2�Q�p�2�`�-
�i�?�2�`�2 ���`�2 �Q�+�+���b�B�Q�M���H �`�2���H�B�b�i�B�+ �b�i���M�/�B�M�; �Q�b�+�B�H�H���i�B�Q�M�b �i�Q �i�?�2 �r�2�b�i �Q�7 �i�?�2 �r���`�K �T�Q�Q�H ���i �#�2�;�B�M�M�B�M�;�b �Q�7 �J�C�P
�2�p�2�M�i�b�X

�6�B�;�m�`�2 �k�X�8�, �S�Q�r�2�` �b�T�2�+�i�`�� �U�k�. �6�Q�m�`�B�2�` �i�`���M�b�7�Q�`�K�b �B�M �x�Q�M���H �b�T���+�2 ���M�/ �i�B�K�2�V �Q�7 �i�?�2 �7�Q�m�` �T�?�v�b�B�+���H �p���`�B���#�H�2
�}�2�H�/�b�- �+���H�+�m�H���i�2�/ �7�`�Q�K �� �R �v�2���` �K�Q�/�2�H �`�m�M �r�B�i�? �i�?�2 �b�i���M�/���`�/ �+�Q�M�}�;�m�`���i�B�Q�M�- �b�+���H�2�/ �#�v �i�?�2�B�` �`�2�b�T�2�+�i�B�p�2
�+�H�B�K���i�Q�H�Q�;�B�+���H �K�2���M ���#�b�Q�H�m�i�2 �/�2�p�B���i�B�Q�M�b�- �b�m�T�2�`�B�K�T�Q�b�2�/ �/�B�b�T�2�`�b�B�Q�M �+�m�`�p�2�b �Q�7 �i�?�2 �H�B�M�2���`�B�x�2�/ �K�Q�/�2�H�ö�b
�2�B�;�2�M�K�Q�/�2�b�X

�h�?�2 �M�Q�M�H�B�M�2���`�B�i�v ���M�/ �r���p�2 �B�M�i�2�`���+�i�B�Q�M�b �B�M �i�?�2 �a�F�2�H�2�i�Q�M �K�Q�/�2�H �`�2�b�m�H�i �B�M �� �T�Q�b�B�i�B�p�2�H�v �b�F�2�r�2�/�- �B�X�2�X �M�Q�M�@
�:���m�b�b�B���M�- �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �7�Q�`a �U�J���D�/�� ���M�/ �a�i�2�+�?�K���M�M�- �k�y�R�R�V�X �a�B�M�+�2 �i�?�B�b �B�b �Q�7 �;�`�2���i �B�K�T�Q�`�@
�i���M�+�2 �7�Q�` �.���- �i�?�2 �b�i�B�H�H �2���b�v �i�Q �?���M�/�H�2 �M�Q�M�H�B�M�2���` �K�Q�/�2�H �r�B�i�? �r���`�K �T�Q�Q�H �#���+�F�;�`�Q�m�M�/ �B�b �m�b�2�/ ���b �b�i���M�/���`�/
�+�Q�M�}�;�m�`���i�B�Q�M �i�?�`�Q�m�;�?�Q�m�i �i�?�B�b �r�Q�`�F�X �h�?�2 �T�Q�r�2�` �b�T�2�+�i�`�� �Q�7 ���H�H �p���`�B���#�H�2�b �U�+�7�X �6�B�;�m�`�2 �k�X�8�V ���M�/ �>�Q�p�K�º�H�H�2�`
�/�B���;�`���K �Q�7 �+�Q�M�p�2�+�i�B�p�2 ���+�i�B�p�B�i�v �U�+�7�X �6�B�;�m�`�2 �k�X�e�V �7�`�Q�K �� �K�Q�/�2�H �`�m�M �r�B�i�? �i�?�2�b�2 �b�2�i�i�B�M�;�b �B�H�H�m�b�i�`���i�2 �B�i�b ���#�Q�p�2
�K�2�M�i�B�Q�M�2�/ �7�2���i�m�`�2�b�X �h�?�2 �7�Q�`�K�2�` �b�?�Q�r�b �B�M �T���`�i�B�+�m�H���` �i�?���i �i�?�2 �J�C�P �b�B�;�M���i�m�`�2 �B�b �r�2���F�2�b�i �Q�M �T�Q�i�2�M�i�B���H
�i�2�K�T�2�`���i�m�`�2�X
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�6�B�;�m�`�2 �k�X�e�, �>�Q�p�K�º�H�H�2�` �/�B���;�`���K �Q�7 �+�Q�M�p�2�+�i�B�p�2 ���+�i�B�p�B�i�v ���M�Q�K���H�B�2�b �/�m�`�B�M�; �� �8 �v�2���` �K�Q�/�2�H �`�m�M �r�B�i�? �i�?�2
�b�i���M�/���`�/ �+�Q�M�}�;�m�`���i�B�Q�M�X

�J�Q�`�2�Q�p�2�` �B�M�i�2�`�2�b�i�B�M�; �7�Q�` �.�� �T�m�`�T�Q�b�2�b �� ���H�i�?�Q�m�;�? �Q�M�H�v ���T�T�`�Q�t�B�K���i�2�H�v �?�2�H�/ �B�M �i�?�2 �K�Q�/�2�H�ö�b �K�2�`�B�/�B�Q�M���H�H�v
�i�`�m�M�+���i�2�/ ���H�;�Q�`�B�i�?�K �� ���`�2 �i�?�2 �i�r�Q �2�M�2�`�;�v �#���H���M�+�2�b �U�J���D�/�� �2�i ���H�X�- �k�y�R�N�V �i�?���i ���`�2 �B�M�+�Q�`�T�Q�`���i�2�/ �B�M �i�?�2
�M�Q�M�H�B�M�2���` �a�F�2�H�2�i�Q�M �K�Q�/�2�H�ö�b �T�?�v�b�B�+���H �2�[�m���i�B�Q�M�b �U�+�7�X �1�[�m���i�B�Q�M�b �k�X�3�V�X �h�?�2�v ���`�2 �p���H�B�/ �B�M �+���b�2 �Q�7 �2�[�m���H�B�x�2�/
�#���+�F�;�`�Q�m�M�/ �7�Q�`�+�B�M�;s� = sq�- ���b ���b�b�m�K�2�/ �#�v �/�2�7���m�H�i �B�M �i�?�B�b �r�Q�`�F�- ���M�/ �M���K�2�/ ���+�+�Q�`�/�B�M�; �i�Q �i�?�2 �`�2�b�T�2�+�i�B�p�2
�B�M�p�Q�H�p�2�/ �p���`�B���#�H�2�b�,

�k�e



�Ç �K�Q�B�b�i �b�i���i�B�+ �2�M�2�`�;�v �+�Q�M�b�2�`�p���i�B�Q�M�,@(� + q)
@t �

�
1 � Q

� �
@u
@x+ @v

@y

�
= 0 �U�k�X�j�e�V

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

�
u2

2 + � 2

2 + 1
2

Q
1� Q

�
� + q

Q

� 2
+ H

� Q
a � s

� Q
ln (a)

�
� @

@x(u� ) � @
@y(v� ) = 0 �U�k�X�j�d�V�X

�"�2�+���m�b�2 �Q�7 �i�?�2 �x�Q�M���H �T�2�`�B�Q�/�B�+�B�i�v ���M�/ �i�?�2 �i�`�Q�T�B�+���H �+�Q�M�}�M�2�K�2�M�i �B�M �i�?�2 �a�F�2�H�2�i�Q�M �K�Q�/�2�H�- �i�?�2 �/�Q�K���B�M
�B�M�i�2�;�`���i�2�/ �p���H�m�2�b �Q�7 �i�?�2�b�2 �2�M�2�`�;�B�2�b ���`�2 �+�Q�M�b�2�`�p�2�/ �B�M �i�B�K�2�X

�k�X�k�X�8 �a�F�2�H�2�i�Q�M �K�Q�/�2�H �#���b�2�/ �J�C�P �B�M�/�2�t

�.�m�2 �i�Q �i�?�2 �#���/ �i�?�2�Q�`�2�i�B�+���H �m�M�/�2�`�b�i���M�/�B�M�; �Q�7 �i�?�2 �J�C�P�- �B�i �B�b �/�B�{�+�m�H�i �i�Q �b�2�T���`���i�2 �B�i�b �T���i�i�2�`�M �7�`�Q�K �/���i��
���M�/ �i�Q �K�2���b�m�`�2 �B�i�b �b�i�`�2�M�;�i�?�X �6�Q�` �i�?�B�b �`�2���b�Q�M�- �b�Q �7���` �K�Q�b�i�H�v �i�r�Q �/�B�z�2�`�2�M�i ���T�T�`�Q���+�?�2�b �?���p�2 �#�2�2�M �m�b�2�/
�i�Q �b�2�i �m�T �J�C�P �B�M�/�B�+�2�b�- �i�?���i ���`�2 �#�Q�i�? �#���b�2�/ �Q�M �2�K�T�B�`�B�+���H �J�C�P �+�?���`���+�i�2�`�B�b�i�B�+�b�X �1�B�i�?�2�`�- �i�?�2 �/���i�� �+���M �#�2
�}�H�i�2�`�2�/ �7�Q�` �i�?�2 �i�v�T�B�+���H �J�C�P �T�?���b�2 ���M�/ �;�`�Q�m�T �p�2�H�Q�+�B�i�B�2�b ���i �i�?�2 �`�2�H�2�p���M�i �i�B�K�2 ���M�/ �H�2�M�;�i�? �b�+���H�2�b�- �r�?�B�+�?
�+���M �#�2 �Q�#�i���B�M�2�/ �7�`�Q�K �i�?�2 �q�?�2�2�H�2�`�@�E�B�H���/�B�b �/�B���;�`���K �U�+�7�X �6�B�;�m�`�2 �k�X�R�V�X �P�` �Q�i�?�2�`�r�B�b�2�- �i�?�2 �/���i�� �+���M �#�2
�T�`�Q�D�2�+�i�2�/ �Q�M �i�?�2 �K�Q�b�i �B�K�T�Q�`�i���M�i �2�K�T�B�`�B�+���H �Q�`�i�?�Q�;�Q�M���H �7�m�M�+�i�B�Q�M�b �U�1�P�6�b�V�- �B�X�2�X �i�?�2 �T���i�i�2�`�M�b �i�?���i �b�?�Q�r
�i�?�2 �H���`�;�2�b�i �+�H�B�K���i�Q�H�Q�;�B�+���H �p���`�B���M�+�2 �Q�M �i�?�2 �+�Q�M�+�2�`�M�2�/ �i�B�K�2 ���M�/ �H�2�M�;�i�? �b�+���H�2�b�X �(�q�?�2�2�H�2�` ���M�/ �>�2�M�/�Q�M�-
�k�y�y�9�) �>�Q�r�2�p�2�`�- �i�?�2 �a�F�2�H�2�i�Q�M �K�Q�/�2�H �T�`�Q�p�B�/�2�b �� �M�2�r �Q�T�i�B�Q�M �i�Q �#���b�2 ���M �J�C�P �B�M�/�2�t �Q�M �� �i�?�2�Q�`�2�i�B�+���H
�b�i�`�m�+�i�m�`�2 �r�B�i�?�Q�m�i ���M�v �2�t�T�H�B�+�B�i �M�2�2�/ �7�Q�` �i�2�K�T�Q�`���H �}�H�i�2�`�B�M�; �Q�7 �i�?�2 �/���i���- �M���K�2�H�v �#�v �T�`�Q�D�2�+�i�B�Q�M�b �Q�M �i�?�2
�2�B�;�2�M�K�Q�/�2�b �Q�7 �i�?�2 �H�B�M�2���`�B�x�2�/ �K�Q�/�2�H �p�2�`�b�B�Q�M�X �A�7 ���T�T�H�B�2�/ �i�Q �`�2���M���H�v�b�B�b �/���i���- �i�?�B�b �a�F�2�H�2�i�Q�M �K�Q�/�2�H �#���b�2�/
�J�C�P �B�M�/�2�t �r���b �b�?�Q�r�M �i�Q �+�Q�`�`�2�H���i�2 �?�B�;�?�H�v �r�B�i�? �Q�#�b�2�`�p�2�/ �?�B�b�i�Q�`�B�+���H �J�C�P �2�p�2�M�i�b ���b �r�2�H�H ���b �Q�i�?�2�` �r�2�H�H�@
�2�b�i���#�H�B�b�?�2�/ �J�C�P �B�M�/�B�+�2�b�X �(�a�i�2�+�?�K���M�M ���M�/ �J���D�/���- �k�y�R�8�) �J�Q�`�2�Q�p�2�`�- �B�i �+���M �M�Q�i �Q�M�H�v �#�2 �m�b�2�/ �i�Q �2�t�i�`���+�i
�J�C�P �T���i�i�2�`�M�b �7�`�Q�K �`�2���H �/���i�� �#�m�i �B�b ���H�b�Q �p�2�`�v �b�m�B�i���#�H�2 �i�Q �B�M�p�2�b�i�B�;���i�2 �i�?�2 �J�C�P �2�p�Q�H�m�i�B�Q�M �r�B�i�?�B�M �i�?�2
�a�F�2�H�2�i�Q�M �K�Q�/�2�H �B�i�b�2�H�7�- ���b �M�2�+�2�b�b���`�v �7�Q�` �i�?�B�b �r�Q�`�F�X

�h�Q �+���H�+�m�H���i�2 �i�?�2 �a�F�2�H�2�i�Q�M �K�Q�/�2�H �#���b�2�/ �J�C�P �B�M�/�2�t ���b �B�M �a�i�2�+�?�K���M�M ���M�/ �J���D�/�� �U�k�y�R�8�V�- �B�X�2�X �i�Q �2�t�@
�i�`���+�i �i�?�2 �J�C�P �+�Q�M�i�`�B�#�m�i�B�Q�M �7�`�Q�K �/���i�� �#���b�2�/ �Q�M �i�?�2 �H�B�M�2���`�B�x�2�/ �a�F�2�H�2�i�Q�M �K�Q�/�2�H�ö�b �J�C�P �2�B�;�2�M�K�Q�/�2�b �7�Q�`
�/�B�z�2�`�2�M�i �x�Q�M���H �r���p�2�M�m�K�#�2�`�bk�- �i�?�2 ���i�K�Q�b�T�?�2�`�B�+ �b�i���i�2 �?���b �i�Q �#�2 �2�t�T�`�2�b�b�2�/ �B�M �i�2�`�K�b �Q�7 �i�?�2 �x�Q�M���H�H�v
�6�Q�m�`�B�2�` �i�`���M�b�7�Q�`�K�2�/ �K�Q�/�2�H �p���`�B���#�H�2�b�X �h�?�2 �p�2�+�i�Q�`�b~X (k) �+���M �i�?�2�M �#�2 �T�`�Q�D�2�+�i�2�/ �Q�M �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�;
�J�C�P �2�B�;�2�M�p�2�+�i�Q�`�be�J�C�P(k) �7�Q�` �� �`�2���b�Q�M���#�H�v �+�?�Q�b�2�M �`���M�;�2 �Q�7k�- �2�X�;�Xk 2 f 1; 2; 3g 1

40000 �F�K�X �� �x�Q�M���H
�6�Q�m�`�B�2�` �#���+�F �i�`���M�b�7�Q�`�K �b�m�#�b�2�[�m�2�M�i�H�v �v�B�2�H�/�b �i�?�2 �J�C�P �b�i�`�2�M�;�i�? �/�B�b�i�`�B�#�m�i�B�Q�M �B�M �T�?�v�b�B�+���H �b�T���+�2 �U�+���H�H�2�/
�J�C�P �a�F�2�H�2�i�Q�M �b�B�;�M���H �Q�` �B�M�/�2�t�- �M���K�2�/MJOS (x; t )�V�X �A�M �Q�`�/�2�` �i�Q ���p�Q�B�/ �m�M�`�2���H�B�b�i�B�+ �T�`�Q�D�2�+�i�B�Q�M�b �Q�7 �i�?�2
�Q�i�?�2�` �2�B�;�2�M�K�Q�/�2�b�f�r���p�2 �i�v�T�2�b �Q�M �i�?�2 �J�C�P �b�i�`�m�+�i�m�`�2�- �B�i �+���M �#�2 �?�2�H�T�7�m�H �i�Q �m�b�2 ���M �B�M�M�2�` �T�`�Q�/�m�+�iM
�r�B�i�? �`�2�b�T�2�+�i �i�Q �r�?�B�+�? �i�?�2 �2�B�;�2�M�K�Q�/�2�bei (k) ���`�2 �Q�`�i�?�Q�;�Q�M���H�X �a�m�+�? �B�b �;�B�p�2�M �#�v �i�?�2 �>�2�b�b�B���M �K���i�`�B�t �Q�7
�i�?�2 �H�B�M�2���`�B�x�2�/ �K�Q�/�2�H�ö�b �i�Q�i���H �2�M�2�`�;�v�- �i�?���i �+���M �#�2 �2�t�T�`�2�b�b�2�/ �B�M �K�Q�/�2�H �p���`�B���#�H�2�b�X �h�?�2 �T�`�Q�D�2�+�i�B�Q�M �b�i�2�T �+���M
�i�?�m�b �#�2 �2�t�i�2�M�/�2�/ �7�`�Q�K �� �b�B�K�T�H�2 �b�+���H���` �T�`�Q�/�m�+�i �i�Q�,

e�J�C�P(k)yM ~X (k)
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�k�X�j �.���i�� ���b�b�B�K�B�H���i�B�Q�M

�h�?�2 �b�m�#�b�2�[�m�2�M�i �b�2�+�i�B�Q�M �T�`�2�b�2�M�i�b �`�2�H�2�p���M�i �.�� �7�Q�m�M�/���i�B�Q�M�b�X ���7�i�2�` �� �;�2�M�2�`���H �B�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �b�2�[�m�2�M�i�B���H
�"���v�2�b�B���M �}�H�i�2�`�B�M�; ���M�/ �B�i�b �T���`�i�B�+�m�H���`�B�i�B�2�b �r�?�2�M ���T�T�H�B�2�/ �B�M �K�2�i�2�Q�`�Q�H�Q�;�v �B�M �k�X�j�X�R�- �i�?�2 �b�i�Q�+�?���b�i�B�+ �1�M�E�6
�B�b �/�2�b�+�`�B�#�2�/ �i�Q�;�2�i�?�2�` �r�B�i�? �i�?�2 �+�Q�M�p�2�M�i�B�Q�M���H �i�m�M�B�M�; �K�2�i�?�Q�/�b �Q�7 �H�Q�+���H�B�x���i�B�Q�M ���M�/ �B�M�~���i�B�Q�M �B�M �k�X�j�X�k ���M�/
�k�X�j�X�j�- �`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2 �B�/�2�� �#�2�?�B�M�/ ���M�/ �`�2���H�B�x���i�B�Q�M �Q�7 �B�i�b �`�2�+�2�M�i�H�v �T�`�Q�T�Q�b�2�/ �2�t�i�2�M�b�B�Q�M �7�Q�` ���M���H�v�b�B�b
�+�Q�M�b�i�`���B�M�i�b �B�b �2�t�T�H���B�M�2�/ �B�M �k�X�j�X�9�X ���b �i�?�Q�b�2 ���`�2 �B�M �i�?�B�b �r�Q�`�F �K���B�M�H�v �m�b�2�/ �i�Q ���/�/�`�2�b�b �2�`�`�Q�`�b �/�m�2 �i�Q �M�Q�M�@
�:���m�b�b�B���M�B�i�v �B�M �i�?�2 �1�M�E�6�- �}�M���H�H�v�- �b�Q�K�2 �;�2�M�2�`���H �B�M�7�Q�`�K���i�B�Q�M �Q�M �K�2�i�?�Q�/�b �i�Q �K�2���b�m�`�2 �i�?�2 �S�.�6 �b�?���T�2 �Q�7
���M �2�M�b�2�K�#�H�2 �B�b �;�B�p�2�M �B�M �k�X�j�X�8�X

�k�X�j�X�R �a�2�[�m�2�M�i�B���H �"���v�2�b�B���M �b�i���i�2 �2�b�i�B�K���i�B�Q�M

�h�?�2 ���B�K �Q�7 �.�� �B�b �i�Q �/�2�`�B�p�2 �i�?�2 �#�2�b�i �2�b�i�B�K���i�2 �7�Q�` �i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M �U�S�.�6�V �Q�7 �i�?�2
���i�K�Q�b�T�?�2�`�B�+ �b�i���i�2xk ���i �� �+�m�`�`�2�M�i �i�B�K�2tk �;�B�p�2�M �Q�#�b�2�`�p���i�B�Q�M�b[yk ; :::; y0] ���i �i�B�K�2�b[tk ; :::; t0]�X �S�`�Q�p�B�/�2�/
�i�?���i �i�?�2 �Q�#�b�2�`�p���i�B�Q�M�b ���i �/�B�z�2�`�2�M�i �i�B�K�2�b �+���M �#�2 ���b�b�m�K�2�/ �i�Q �#�2 ���T�T�`�Q�t�B�K���i�2�H�v �B�M�/�2�T�2�M�/�2�M�i �� �r�?���i �+�Q�m�H�/
�#�2 �p�B�Q�H���i�2�/ �2�X�;�X �/�m�2 �i�Q �#�B���b�2�b �Q�` �i�B�K�2 �+�Q�`�`�2�H���i�2�/ �2�`�`�Q�`�b ���- �"���v�2�b �i�?�2�Q�`�2�K �v�B�2�H�/�b �i�?�2 �7�Q�H�H�Q�r�B�M�; �`�2�H���i�B�Q�M
�r�B�i�? �M�Q�`�K���H�B�x���i�B�Q�M �+�Q�M�b�i���M�iC�,

p(xk j[yk ; :::; y0]) � C � p(yk jxk )p(xk j[yk� 1; :::; y0]): �U�k�X�j�N�V

�h�?�m�b�- �B�7 ���M �2�b�i�B�K���i�2 �7�Q�` �i�?�2 �i�B�K�2 �2�p�Q�H�m�i�B�Q�M �Q�7 �i�?�2 �S�.�6p(xk� 1j[yk� 1; :::; y0]) ! p(xk j[yk� 1; :::; y0])
�B�b ���p���B�H���#�H�2�- �i�?�2 �+�m�`�`�2�M�i �#�2�b�i �2�b�i�B�K���i�2 ���i �i�B�K�2tk �+���M �#�2 �/�2�`�B�p�2�/ �/�B�`�2�+�i�H�v �7�`�Q�K �i�?�2 �H���i�2�b�i �2�b�i�B�K���i�2
���i �i�B�K�2tk� 1 �Q�M�+�2 ���M �2�b�i�B�K���i�B�Q�M �7�Q�` �i�?�2 �Q�#�b�2�`�p���i�B�Q�M �H�B�F�2�H�B�?�Q�Q�/p(yk jxk ) �?���b �#�2�2�M �K���/�2�X �a�2�[�m�2�M�i�B���H
�.�� �i�2�+�?�M�B�[�m�2�b �m�b�2 �i�?�B�b �`�2�+�m�`�b�B�p�2 �`�2�H���i�B�Q�M�b�?�B�T �i�Q �;�2�M�2�`���i�2 �B�M�B�i�B���H �+�Q�M�/�B�i�B�Q�M�b �7�Q�` �L�q�S �B�M �b�m�#�b�2�[�m�2�M�i
�7�Q�`�2�+���b�i�f�T�`�Q�T���;���i�B�Q�M ���M�/ ���M���H�v�b�B�b�f�m�T�/���i�2 �+�v�+�H�2�b�- �B�X�2�X ���b�b�B�K�B�H���i�B�M�; ���M�v �Q�#�b�2�`�p���i�B�Q�M�b �`�B�;�?�i ���i �i�?�2 �i�B�K�2
�i�?�2�v ���`�2 �i���F�2�M�X �(�>���K�B�H�H�- �k�y�y�e�)

���M �2�t���+�i �/�2�b�+�`�B�T�i�B�Q�M �7�Q�` �i�?�2 �S�.�6�ö�b �i�B�K�2 �2�p�Q�H�m�i�B�Q�M �B�M �i�?�2 �;�2�M�2�`���H �+���b�2 �Q�7 �� �M�Q�M�H�B�M�2���` ���i�K�Q�b�T�?�2�`�B�+
�K�Q�/�2�H�- �i�?���i �+�Q�M�i���B�M�b �b�i�Q�+�?���b�i�B�+ �+�Q�K�T�Q�M�2�M�i�b �`�2�T�`�2�b�2�M�i�B�M�; �B�i�b �m�M�+�2�`�i���B�M�i�v �/�m�2 �i�Q �K�Q�/�2�H �2�`�`�Q�` ���M�/ �+�?���Q�b�-
�B�b �;�B�p�2�M �#�v �i�?�2 �6�Q�F�F�2�`�@�S�H���M�+�F �2�[�m���i�B�Q�M �U���H�b�Q �F�M�Q�r�M ���b �E�Q�H�K�Q�;�Q�`�Q�p �7�Q�`�r���`�/ �2�[�m���i�B�Q�M�V �U�>���K�B�H�H�- �k�y�y�e�V�X
�>�Q�r�2�p�2�`�- �i���F�B�M�; �B�M�i�Q ���+�+�Q�m�M�i �i�?�2 �H���`�;�2 �b�i���i�2 �b�T���+�2�b �i�?���i ���`�2 �+�Q�K�K�Q�M �B�M ���i�K�Q�b�T�?�2�`�B�+ ���T�T�H�B�+���i�B�Q�M�b�- �r�B�i�?
�/�B�K�2�M�b�B�Q�M�b �m�T �i�Q/ 108 �B�M �;�H�Q�#���H �L�q�S �U�C���M�D�B�+ �2�i ���H�X�- �k�y�R�d�V�- �B�i�b �B�M�i�2�;�`���i�B�Q�M�- ���b �r�2�H�H ���b �i�?�2 �"���v�2�b�B���M
�m�T�/���i�2 �r�Q�m�H�/ �?���p�2 ���M �2�t�i�`�2�K�2 �+�Q�K�T�m�i���i�B�Q�M���H �H�Q���/ �U�>���K�B�H�H�- �k�y�y�e�V�X �h�?�2�`�2�7�Q�`�2�- �i�?�2 �2�t���+�i �b�2�[�m�2�M�i�B���H
�"���v�2�b�B���M �b�i���i�2 �2�b�i�B�K���i�B�Q�M �`�2�K���B�M�b �� �i�?�2�Q�`�2�i�B�+���H �7�Q�m�M�/���i�B�Q�M �B�M �i�?�2 ���i�K�Q�b�T�?�2�`�B�+ �b�+�B�2�M�+�2�b �r�?�B�H�2 �`�2���H
�r�Q�`�H�/ ���T�T�H�B�+���i�B�Q�M�b �m�b�2 �b�2�p�2�`���H �b�B�K�T�H�B�}�+���i�B�Q�M�b ���M�/ ���/���T�i�B�Q�M�b �U�>���K�B�H�H�- �k�y�y�e�V�X �h�?�2 �K���B�M �Q�#�D�2�+�i�B�p�2 �Q�7 �.��
�`�2�b�2���`�+�? �B�b �i�?�m�b �i�Q �}�M�/ �b�m�B�i���#�H�2 ���H�;�Q�`�B�i�?�K�b �i�?���i �/�2���H �2�{�+�B�2�M�i�H�v �r�B�i�? �i�?�2 �?�B�;�? �/�B�K�2�M�b�B�Q�M���H �S�.�6 �m�M�/�2�`
�p���`�B�Q�m�b �+�Q�M�/�B�i�B�Q�M�b ���M�/ �i�Q �K�B�i�B�;���i�2 �2�`�`�Q�`�b �i�?���i ���`�B�b�2 �7�`�Q�K �B�K�T�2�`�7�2�+�i�B�Q�M�b �B�M �i�?�Q�b�2�X

�� �+�Q�K�K�Q�M �}�`�b�i �b�i�2�T �7�Q�` �i�?�2 �b�B�K�T�H�B�}�+���i�B�Q�M �Q�7 �i�?�2 �"���v�2�b�B���M �m�T�/���i�2 �B�b �i�Q ���b�b�m�K�2 �:���m�b�b�B���M �S�.�6�bp(yk jxk )
���M�/p(xk j[yk� 1; :::; y0])�- �B�X�2�X �i�Q �M�2�;�H�2�+�i ���H�H �K�Q�K�2�M�i�b �Q�7 �?�B�;�?�2�` �Q�`�/�2�` �i�?���M �i�?�2�B�` �`�2�b�T�2�+�i�B�p�2 �K�2���M�byk ���M�/
xb

k ���M�/ �+�Q�p���`�B���M�+�2�bR k ���M�/B k �- �r�?�B�+�? �`�2�/�m�+�2�b �1�[�m���i�B�Q�M �k�X�j�N �i�Q�,

p(xk j[yk ; :::; y0]) �
C

(2� )n
p

�/�2�i(B k ) � �/�2�i(R k )
e�J k

�r�B�i�?J k =
1
2

(xk � xb
k )T B � 1

k (xk � xb
k ) +

1
2

(yk � H k (xk ))T R � 1
k (yk � H k (xk )) :
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xb
k = M k;k � 1xa

k� 1

Pb
k = M k;k � 1Pa

k� 1M T
k;k � 1 + Qk;k � 1

�U�k�X�9�R�V

�Ç ���M���H�v�b�B�b �b�i�2�T�,

xa
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k + K k (yk � H kxb
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Pa
k = ( I � K kH k )Pb

k

�U�k�X�9�k�V

�r�B�i�?

K k = Pb
kH T

k (H kPb
kH T
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�E���`�m�b�?�@�E�m�?�M�@�h�m�+�F�2�` �U�E�E�h�V �Q�T�i�B�K���H�B�i�v �+�`�B�i�2�`�B�� ���M�/ �p���`�B�Q�m�b �b�Q�H�m�i�B�Q�M ���H�;�Q�`�B�i�?�K�b �+���M �#�2 �7�Q�m�M�/ �B�M �L�Q�@
�+�2�/���H ���M�/ �q�`�B�;�?�i �U�k�y�y�e�V�X �J�Q�`�2�Q�p�2�`�- �7�Q�` �;�H�Q�#���H �Q�T�i�B�K�B�x���i�B�Q�M�- �i�?�2 �:�H�Q�#���H �P�T�i�B�K�B�x���i�B�Q�M �h�Q�Q�H�#�Q�t �r���b
���p���B�H���#�H�2�X

�q�?�2�`�2���b �i�?�2 �Z�S�1�M�b �`�2�T�`�2�b�2�M�i�b �i�?�2 �2�t���+�i �b�Q�H�m�i�B�Q�M �Q�7 �i�?�2 �b�i�Q�+�?���b�i�B�+ �1�M�E�6 �2�[�m���i�B�Q�M�b �b�m�#�D�2�+�i �i�Q �T�`�2�+�B�b�2
�+�Q�M�b�i�`���B�M�i�b�- �� �K�Q�`�2 ���T�T�`�Q�t�B�K���i�2�- �#�m�i �B�M �+�2�`�i���B�M �T�Q�B�M�i�b �#�2�M�2�}�+�B���H ���H�i�2�`�M���i�B�p�2 �B�b �i�Q �B�M�+�H�m�/�2 �2�[�m���H�B�i�v
�+�Q�M�b�i�`���B�M�i�b ���b �b�Q �+���H�H�2�/ �b�Q�7�i �+�Q�M�b�i�`���B�M�i�b �p�B�� �T�b�2�m�/�Q�@�Q�#�b�2�`�p���i�B�Q�M�b�X �6�Q�` �� �+�Q�M�b�i�`���B�M�iD(x i

k ) = d �U�k�X�8�j�V�-
d �B�b �i�?�2�M �i���F�2�M ���b �Q�#�b�2�`�p���i�B�Q�M�b�-D �`�2�T�H���+�2�b �i�?�2 �Q�#�b�2�`�p���i�B�Q�M �Q�T�2�`���i�Q�`H �- ���M�/ �7�m�`�i�?�2�`�K�Q�`�2 �M�Q�M�x�2�`�Q
�+�Q�M�b�i�`���B�M�i �i�Q�H�2�`���M�+�2�b ���`�2 �b�T�2�+�B�}�2�/ ���b �p���`�B���M�+�2�b �Q�7 �� �/�B���;�Q�M���H �T�b�2�m�/�Q�@�Q�#�b�2�`�p���i�B�Q�M �2�`�`�Q�` �+�Q�p���`�B���M�+�2 �K���@
�i�`�B�t�X �h�?�2 �H���i�i�2�` ���p�Q�B�/�b �� �b�B�M�;�m�H���` �Q�#�b�2�`�p���i�B�Q�M �2�`�`�Q�` �+�Q�p���`�B���M�+�2 �K���i�`�B�t �i�?���i �+�Q�m�H�/ �T�Q�i�2�M�i�B���H�H�v �T�Q�b�2
�B�H�H�@�+�Q�M�/�B�i�B�Q�M�B�M�; �T�`�Q�#�H�2�K�b�X �h�?�B�b ���T�T�`�Q���+�? �`�2�[�m�B�`�2�b �H�2�b�b �+�Q�K�T�m�i���i�B�Q�M���H �`�2�b�Q�m�`�+�2�b �i�?���M �i�?�2 �Z�S�1�M�b�- �+���M
�2���b�B�H�v �#�2 �+�Q�K�#�B�M�2�/ �r�B�i�? ���M�v �i�v�T�2 �Q�7 �}�H�i�2�`�- �i�?�m�b ���H�b�Q �K�Q�`�2 �b�Q�T�?�B�b�i�B�+���i�2�/ �}�H�i�2�` ���H�;�Q�`�B�i�?�K�b �#�2�v�Q�M�/ �i�?�2
�b�i�Q�+�?���b�i�B�+ �1�M�E�6�- ���M�/ ���H�H�Q�r�b �7�Q�` �m�M�+�2�`�i���B�M�i�v �B�M �i�?�2 �+�Q�M�b�i�`���B�M�i�b�- �2�X�;�X �B�M �+���b�2 �i�?�2 �i�`�m�2 �p���H�m�2 �B�b �M�Q�i
�2�t���+�i�H�v �F�M�Q�r�M�X �>�Q�r�2�p�2�`�- �+�Q�M�b�i�`���B�M�i�b �K�m�b�i �#�2 �2�[�m���H�B�i�v �+�Q�M�b�i�`���B�M�i�b ���M�/ �2�t���+�i�H�v �F�M�Q�r�M �+�Q�M�b�i�`���B�M�i�b �+���M
�#�2 �p�B�Q�H���i�2�/�- ���H�i�?�Q�m�;�? �i�?�2 �T�b�2�m�/�Q�@�Q�#�b�2�`�p���i�B�Q�M �p���`�B���M�+�2�b �+���M �#�2 �+�?�Q�b�2�M �`���i�?�2�` �b�K���H�H�X �(�a�B�K�Q�M�- �k�y�R�y�)

�k�X�j�X�8 �J�2���b�m�`�B�M�; �M�Q�M�@�:���m�b�b�B���M�B�i�v

�A�7 �� �m�M�B�p���`�B���i�2 �S�.�6 �B�b �+�Q�M�b�B�/�2�`�2�/�- �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M�ö�b �K�Q�K�2�M�i�b ���`�2 �b�+���H���` �p���H�m�2�b ���M�/ �i�?�m�b �2���b�B�H�v ���+�+�2�b�b�B�#�H�2
�K�2���b�m�`�2�b �i�Q �;�`���b�T �B�i�b �b�?���T�2�X �h�Q �;�2�i �� �7�2�2�H�B�M�; �7�Q�` �B�i�b �M�Q�M�@�:���m�b�b�B���M�B�i�v�- �2�b�T�2�+�B���H�H�v �i�?�2 �b�F�2�r�M�2�b�b
 ���M�/
�F�m�`�i�Q�b�B�b� �- �i�?���i ���`�2 �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �i�?�2 �i�?�B�`�/ ���M�/ �7�Q�m�`�i�? �Q�`�/�2�` �K�Q�K�2�M�i�b�- ���`�2 �7�`�2�[�m�2�M�i�H�v �m�b�2�/�X �h�?�B�b �B�b
�/�m�2 �i�Q �i�?�2 �7���+�i �i�?���i �:���m�b�b�B���M�b ���`�2 �7�m�H�H�v �/�2�i�2�`�K�B�M�2�/ �#�v �i�?�2 �}�`�b�i �i�r�Q �K�Q�K�2�M�i�b�- �B�X�2�X �K�2���M ���M�/ �p���`�B���M�+�2�-
���M�/ �;�2�M�2�`���H�H�v �?���p�2
 G = 0 ���M�/� G = 3 �X �q�B�i�? �i�?�2 �2�t�+�2�b�b �F�m�`�i�Q�b�B�b �/�2�}�M�2�/ ���b� e = � � � G = � � 3
�U�k�X�8�9�V�- ���M �B�M�i�m�B�i�B�p�2 �B�M�i�2�`�T�`�2�i���i�B�Q�M �Q�7 �b�F�2�r�M�2�b�b ���M�/ �F�m�`�i�Q�b�B�b �B�b �;�B�p�2�M �#�v �H�Q�M�;�2�` �i���B�H�b �i�Q �i�?�2 �`�B�;�?�i �Q�` �H�2�7�i
�b�B�/�2 �7�Q�`
 > 0 �Q�
̀ < 0 ���M�/ �� �b�?���`�T�2�` �Q�` �#�`�Q���/�2�` �T�2���F �7�Q�`� e > 0 �Q��̀ e < 0�- �`�2�b�T�2�+�i�B�p�2�H�v �U�+�7�X �6�B�;�m�`�2

�j�9



�k�X�3�V�X �h�?�2 �+���H�+�m�H���i�B�Q�M �Q�7 �i�?�2�B�` �2�t�T�2�+�i���i�B�Q�M �p���H�m�2�b�- �B�X�2�X �m�M�#�B���b�2�/ �2�b�i�B�K���i�2�b�- �7�`�Q�K ���MN �@�K�2�K�#�2�` �b���K�T�H�2
�B�b �b�i�`���B�;�?�i�7�Q�`�r���`�/ �U�E�Q�M�/�Q ���M�/ �J�B�v�Q�b�?�B�- �k�y�R�N�c �C�Q���M�2�b ���M�/ �:�B�H�H�- �R�N�N�3�V�,

E (
 ) =

p
N (N � 1)
N � 2

m3

m3=2
2

E(� e) =
(N � 1)

(N � 2)(N � 3)

�
(N + 1)

m4

m2
2

� 3(N � 1)
�

�r�B�i�?

mr =
1
N

NX

i =1

(x i � x)r :

�U�k�X�8�8�V

�6�B�;�m�`�2 �k�X�3�, �S�.�6 �b�?���T�2�b �7�Q�` �/�B�z�2�`�2�M�i �p���H�m�2�b �Q�7 �b�F�2�r�M�2�b�b
 ���M�/ �2�t�+�2�b�b �F�m�`�i�Q�b�B�b� e �;�2�M�2�`���i�2�/ ���b �S�2���`�b�Q�M
�b�v�b�i�2�K �/�B�b�i�`�B�#�m�i�B�Q�M�b �r�B�i�? �K�2���M� = 0 ���M�/ �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M� = 1 �U
 = 0 �-� e = 0 �B�7 �M�Q�i �B�M�/�B�+���i�2�/
�Q�i�?�2�`�r�B�b�2�V�X

�h�?�2 ���#�Q�p�2 �B�M�i�`�Q�/�m�+�2�/ �K�2���b�m�`�2�b �Q�7 �b�F�2�r�M�2�b�b ���M�/ �F�m�`�i�Q�b�B�b �T�`�Q�p�B�/�2 �B�M�b�B�;�?�i �B�M�i�Q �i�?�2 ���+�+�Q�`�/���M�+�2 �Q�7 �b�Q�K�2
�B�K�T�Q�`�i���M�i �b�?���T�2 �+�?���`���+�i�2�`�B�b�i�B�+�b �r�B�i�? �� �:���m�b�b�B���M �#���b�2�/ �Q�M �b�B�K�T�H�2 �+���H�+�m�H���i�B�Q�M�b�- �#�m�i �i�?�2�v �/�Q �M�Q�i �Q�z�2�` ���M
���#�b�Q�H�m�i�2 �[�m���M�i�B�}�+���i�B�Q�M �Q�7 �M�Q�M�@�:���m�b�b�B���M�B�i�v�X �6�Q�` �i�?�B�b�- �i�?�2 �E�m�H�H�#���+�F�@�G�2�B�#�H�2�` �/�B�p�2�`�;�2�M�+�2 �U�E�G �/�B�p�2�`�;�2�M�+�2
�Q�` ���H�b�Q �`�2�H���i�B�p�2 �2�M�i�`�Q�T�v�V �+���M �#�2 �m�b�2�/�- �r�?�B�+�? �+�Q�K�2�b �7�`�Q�K �b�B�;�M���H ���M�/ �B�M�7�Q�`�K���i�B�Q�M �i�?�2�Q�`�v ���M�/ �B�b �/�2�}�M�2�/
���b �i�?�2 �B�M�7�Q�`�K���i�B�Q�M �;���B�M �7�`�Q�K �� �/�B�b�i�`�B�#�m�i�B�Q�Mq �i�Q �� �/�B�b�i�`�B�#�m�i�B�Q�Mp�,

KL (p; q) =
Z

p(x) ln
�

p(x)
q(x)

�
dx: �U�k�X�8�e�V

�h�?�2 �E�G �/�B�p�2�`�;�2�M�+�2 �Q�7 �� �S�.�6p ���M�/ �B�i�b �+�Q�`�`�2�b�T�Q�M�/�B�M�; �:���m�b�b�B���Mq �r�B�i�? �2�[�m���H �K�2���M ���M�/ �p���`�B���M�+�2 �� �i�?�2
�Q�`�/�2�` �B�b �B�K�T�Q�`�i���M�i �b�B�M�+�2 �i�?�2 �E�G �/�B�p�2�`�;�2�M�+�2 �B�b �M�Q�i �b�v�K�K�2�i�`�B�+ �� �i�?�m�b �[�m���M�i�B�}�2�b �i�?�2 �M�Q�M�@�:���m�b�b�B���M�B�i�v �B�Mp�X
�(�"�Q�+�[�m�2�i �2�i ���H�X�- �k�y�R�y�) �h�Q �+���H�+�m�H���i�2 �B�i �7�`�Q�K �� �b���K�T�H�2�- �i�?�2 �b���K�T�H�2�ö�b �/�B�b�i�`�B�#�m�i�B�Q�M �?���b �i�Q �#�2 ���T�T�`�Q�t�B�K���i�2�/
�2�X�;�X �p�B�� �� �?�B�b�i�Q�;�`���K �Q�` �r�B�i�? �F�2�`�M�2�H �b�K�Q�Q�i�?�B�M�;�X

�j�8



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

�j�e



�j �J�2�i�?�Q�/�b

�j�X�R �A�/�2�M�i�B�+���H �i�r�B�M �2�t�T�2�`�B�K�2�M�i�b

�h�?�2 �7�Q�H�H�Q�r�B�M�; �+�?���T�i�2�` �/�2�b�+�`�B�#�2�b �i�?�2 �b�2�i�m�T �Q�7 �i�?�2 �B�/�2�M�i�B�+���H �i�r�B�M �2�t�T�2�`�B�K�2�M�i�b �r�B�i�? �i�?�2 �a�F�2�H�2�i�Q�M �K�Q�/�2�H
�B�M �/�2�i���B�H�X �A�M �j�X�R�X�R�- �i�?�2 �B�/�2�� �#�2�?�B�M�/ �i�?�2 �;�2�M�2�`���H ���T�T�`�Q���+�? �B�b �T�`�2�b�2�M�i�2�/ �i�Q�;�2�i�?�2�` �r�B�i�? �i�?�2 �K�Q�/�2�H �b�2�i�i�B�M�;�b
�2�K�T�H�Q�v�2�/ �B�M �i�?�B�b �r�Q�`�F ���M�/ �i�?�2 �+�Q�M�}�;�m�`���i�B�Q�M �Q�7 �i�?�2 ���p���B�H���#�H�2 �b�i���i�2 �b�T���+�2�b �7�Q�` �i�?�2 �m�T�/���i�2 �b�i�2�T�X �h�?�2�`�2�@
���7�i�2�`�- �B�M �j�X�R�X�k �i�?�2 �B�M�B�i�B���H�B�x���i�B�Q�M�- �B�X�2�X �i�?�2 �+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �i�?�2 �B�M�B�i�B���H �b�v�M�i�?�2�i�B�+ �i�`�m�i�? ���M�/ �2�M�b�2�K�#�H�2�- ���M�/
�i�?�2 �`�2�i�`�B�2�p���H �Q�7 �`�2�H�2�p���M�i �B�M�7�Q�`�K���i�B�Q�M �7�`�Q�K �i�?�2 �K�Q�/�2�H�ö�b �+�H�B�K���i�Q�H�Q�;�v ���`�2 �Q�m�i�H�B�M�2�/�X �h�?�2 �;�2�M�2�`���i�B�Q�M �Q�7 �i�?�2
�b�v�M�i�?�2�i�B�+ �Q�#�b�2�`�p���i�B�Q�M�b ���M�/ �i�?�2�B�` �T�2�`�i�m�`�#���i�B�Q�M�b �7�Q�` �i�?�2 �b�i�Q�+�?���b�i�B�+ �1�M�E�6 ���`�2 �2�t�T�H���B�M�2�/ �B�M �j�X�R�X�j�X ���H�H
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�U�j�X�R�j�V�X �6�Q�` �i�?�2 �K�Q�`�2 �b�Q�T�?�B�b�i�B�+���i�2�/ �+���H�+�m�H���i�B�Q�M�b �Q�7 �i�?�2 �T�?�v�b�B�+���H �+�Q�M�b�i�`���B�M�i�b�- �r�?�B�+�? �i���F�2 �B�M�i�Q ���+�+�Q�m�M�i
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�r���p�2�M�m�K�#�2�`�bk 2 f 1; 2; 3g 1
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�j�X�j�X�9 �S�.�6 �b�?���T�2 �/�B���;�M�Q�b�i�B�+�b

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

�h�Q �/�2�i�2�`�K�B�M�2 �i�?�2 �E�G�@�/�B�p�2�`�;�2�M�+�2 �Q�7 �� �b���K�T�H�2�- �B�i�b �S�.�6 �b�?���T�2 �?���/ �i�Q �#�2 ���T�T�`�Q�t�B�K���i�2�/�X �h�?�B�b �r���b �/�Q�M�2
�#�v �/�B�b�i�`�B�#�m�i�B�M�; ���H�H �b���K�T�H�2 �2�H�2�K�2�M�i�b �B�M �#�B�M�b ���M�/ �b�m�#�b�2�[�m�2�M�i �b�+���H�B�M�; �Q�7 ���H�H �p���H�m�2�b �B�M �i�?�2 �#�B�M�b �b�m�+�? �i�?���i
�i�?�2�B�` �B�M�i�2�;�`���i�B�Q�M �2�[�m���H�b1�- �B�X�2�X �i�?�2 �+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �� �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �b�+���H�2�/ �?�B�b�i�Q�;�`���K�X �h�?�2�`�2�#�v�-
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�� �b�i�2�T�r�B�b�2 �S�.�6p �r���b �;���B�M�2�/�- �i�?���i �+�Q�m�H�/ �i�?�2�`�2���7�i�2�` �Q�T�i�B�Q�M���H�H�v �#�2 �b�K�Q�Q�i�?�2�/ �#�v �i�?�2 �+���H�+�m�H���i�B�Q�M �Q�7
�K�Q�p�B�M�; ���p�2�`���;�2�b�X �*�`�B�i�B�+���H �7�Q�` �i�?�2 �b�?���T�2 �Q�7p ���M�/ �i�?�m�b �i�?�2 ���+�+�m�`���+�v �Q�7 �i�?�2 �E�G�@�/�B�p�2�`�;�2�M�+�2 �K�2���b�m�`�2
���`�2 �i�?�2�`�2�7�Q�`�2 �K�Q�b�i�H�v �i�?�2 �7�`�2�2�H�v �b�2�H�2�+�i���#�H�2 �M�m�K�#�2�` �Q�7 �#�B�M�b ���M�/ �i�?�2 �b�K�Q�Q�i�?�B�M�; �r�B�/�i�?�X ���M ���H�i�2�`�M���i�B�p�2 �i�Q
�i�?�B�b �T�`�Q�+�2�/�m�`�2 �r�Q�m�H�/ �?���p�2 �#�2�2�M �i�Q �m�b�2 �F�2�`�M�2�H �b�K�Q�Q�i�?�B�M�; �7�Q�` �i�?�2 �2�b�i�B�K���i�B�Q�M �Q�7 �i�?�2 �S�.�6�- �#�m�i �i�?�B�b �r���b
�7�Q�m�M�/ �i�Q �#�2 �K�m�+�? �K�Q�`�2 �T�`�Q�M�2 �i�Q �2�`�`�Q�`�b �/�m�2 �i�Q �m�M�b�m�B�i���#�H�2 �+�?�Q�B�+�2�b �Q�7 �i�?�2 �F�2�`�M�2�H�- �2�b�T�2�+�B���H�H�v �7�Q�` �?�B�;�?�H�v
�b�F�2�r�2�/ �/�B�b�i�`�B�#�m�i�B�Q�M�b�X �6�Q�` �i�?�2 �}�M���H �+���H�+�m�H���i�B�Q�M �Q�7 �i�?�2 �E�G�@�/�B�p�2�`�;�2�M�+�2�- �i�?�2 �p���H�m�2�b �Q�7 �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�;
�:���m�b�b�B���M �S�.�6q �r�B�i�? �i�?�2 �b���K�2 �K�2���M ���M�/ �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �r�2�`�2 �+�Q�K�T�m�i�2�/ ���i �i�?�2 �+�2�M�i�2�`�b �Q�7 �i�?�2
�#�B�M�b�X �h�?�2 �B�M�i�2�;�`���i�B�Q�M �r���b �b�m�#�b�2�[�m�2�M�i�H�v �+���`�`�B�2�/ �Q�m�i �M�m�K�2�`�B�+���H�H�v�X �A�7p �+�Q�M�i���B�M�2�/ ���M�v0 �p���H�m�2�b�- �2�X�;�X �B�7
���M�v �#�B�M�b �r�2�`�2 �2�K�T�i�v �#�v �+�?���M�+�2 ���M�/ �M�Q �b�K�Q�Q�i�?�B�M�; �r���b ���T�T�H�B�2�/�- �i�?�2 �+�Q�M�i�`�B�#�m�i�B�Q�M�b �Q�7 �i�?�2�b�2 �#�B�M�b �i�Q �i�?�2

�E�G�@�/�B�p�2�`�;�2�M�+�2 �r�2�`�2 �/�B�`�2�+�i�H�v �b�2�i �i�Q0�- �b�B�M�+�2 �i�?�2 �J���h�G���" �+�Q�K�T�m�i���i�B�Q�M �Q�7p(x) ln
h

p(x )
q(x )

i
= 0 � (�1 )

�U�j�X�k�9�V �r�Q�m�H�/ �Q�i�?�2�`�r�B�b�2 �`�2�b�m�H�i �B�M �L���L ���b �Q�m�i�T�m�i �7�Q�` �i�?�2 �r�?�Q�H�2 �B�M�i�2�;�`���H�- ���H�i�?�Q�m�;�?p ln p
q ! 0 �7�Q�`p ! 0�X

�j�X�j�X�8 �S�Q�r�2�` �b�T�2�+�i�`��

�"�2�b�B�/�2�b �i�?�2 ���#�Q�p�2 �/�B���;�M�Q�b�i�B�+�b �i�?���i ���H�H �H�Q�Q�F ���i �+�2�`�i���B�M �T�`�Q�T�2�`�i�B�2�b �Q�7 �i�?�2 �#�2�b�i �2�b�i�B�K���i�2 �Q�` �2�M�b�2�K�#�H�2 ���i
�� �+�2�`�i���B�M �i�B�K�2�- �i�?�2 �x�Q�M���H �r���p�2�M�m�K�#�2�`�@�7�`�2�[�m�2�M�+�v �T�Q�r�2�` �b�T�2�+�i�`�� �Q�7 �i�?�2 �#�2�b�i �2�b�i�B�K���i�2 ���M�/ �i�?�2 �i�`�m�i�?
�+�Q�m�H�/ �#�2 �+���H�+�m�H���i�2�/ �/�m�`�B�M�; �}�H�i�2�`�B�M�; ���M�/ �7�Q�`�2�+���b�i�X �h�?�2�`�2�7�Q�`�2�- �� �i�r�Q�@�/�B�K�2�M�b�B�Q�M���H �6�Q�m�`�B�2�` �i�`���M�b�7�Q�`�K �B�M
�x�Q�M���H �b�T���+�2 ���M�/ �i�B�K�2 �r���b ���T�T�H�B�2�/ �i�Q �i�?�2 �K�Q�/�2�H �/���i���X ���H�i�?�Q�m�;�? �i�?�2 �T�Q�r�2�` �b�T�2�+�i�`�� �/�Q �M�Q�i �v�B�2�H�/ ���M�v
�B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�i �i�?�2 ���+�+�m�`���+�v �Q�7 �i�?�2 �}�H�i�2�`�ö�b �`�2�b�m�H�i ���i �� �;�B�p�2�M �i�B�K�2�- �i�?�2�v �+�Q�m�H�/ �?�Q�r�2�p�2�` �T�`�Q�p�B�/�2 �B�M�b�B�;�?�i
�B�M�i�Q �i�?�2 �T�Q�i�2�M�i�B���H �2�K�2�`�;�2�M�+�2 �Q�7 �M�2�r ���`�i�B�}�+�B���H �r���p�2 �i�v�T�2�b �Q�` �i�?�2 ���i�i�2�M�m���i�B�Q�M �Q�7 �K�Q�/�2�H �B�M�?�2�`�2�M�i �r���p�2
�i�v�T�2�b �/�m�2 �i�Q �.���X �L�2�p�2�`�i�?�2�H�2�b�b�- �B�M �i�?�B�b �r�Q�`�F�- �i�?�2�v �r�2�`�2 �Q�M�H�v �m�b�2�/ �7�Q�` �i�?�2 �p�B�b�m���H�B�x���i�B�Q�M �Q�7 �i�?�2 �K�Q�/�2�H
�T�`�Q�T�2�`�i�B�2�b �U�+�7�X �6�B�;�m�`�2 �k�X�8�V�X
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�9 �_�2�b�m�H�i�b

�9�X�R �_�2�H�2�p���M�i �+�H�B�K���i�Q�H�Q�;�B�+���H �T�`�Q�T�2�`�i�B�2�b �Q�7 �i�?�2 �a�F�2�H�2�i�Q�M �K�Q�/�2�H

�A�M �i�?�B�b �+�?���T�i�2�`�- �i�?�2 �+�H�B�K���i�Q�H�Q�;�B�+���H �T�`�Q�T�2�`�i�B�2�b �Q�7 �i�?�2 �a�F�2�H�2�i�Q�M �K�Q�/�2�H �B�M �i�?�2 �p�2�`�b�B�Q�M ���M�/ �b�i���M�/���`�/ �b�2�i�i�B�M�;�b
�m�b�2�/ �B�M �i�?�B�b �r�Q�`�F ���`�2 �/�2�b�+�`�B�#�2�/ ���M�/ �p�B�b�m���H�B�x�2�/�X �h�?�2 �7�Q�+�m�b �B�b �i�?�2�`�2�#�v �T�m�i �Q�M �+�?���`���+�i�2�`�B�b�i�B�+�b �i�?���i ���`�2
�`�2�H�2�p���M�i �7�Q�` �.�� ���M�/ �B�i�b ���b�b�2�b�b�K�2�M�i�X �h�v�T�B�+���H ���i�K�Q�b�T�?�2�`�B�+ �b�i���i�2�b ���`�2 �b�?�Q�r�M �B�M �9�X�R�X�R ���M�/ ���M���H�v�x�2�/ �r�B�i�?
�`�2�b�T�2�+�i �i�Q �i�?�2�B�` �Q�`�i�?�Q�;�Q�M���H�B�i�v �B�M �i�?�2 �b�i���i�2 �b�T���+�2�X �a�m�#�b�2�[�m�2�M�i�H�v�- �i�?�2 �K�Q�/�2�H�ö�b �+�H�B�K���i�Q�H�Q�;�v �B�b �B�M�p�2�b�i�B�;���i�2�/
�`�2�;���`�/�B�M�; �i�?�2 �p���`�B���#�H�2�b�ö �+�Q�p���`�B���M�+�2�b �B�M �T�?�v�b�B�+���H ���M�/ �K�Q�/�2�H �b�T���+�2 �B�M �9�X�R�X�k�- �i�?�2 ���+�+�m�`���+�v �Q�7 �i�?�2 �T�?�v�b�B�+���H
���M�/ ���H�;�Q�`�B�i�?�K�B�+ �#���H���M�+�2�b �B�M �9�X�R�X�j�- ���M�/ �i�?�2 ���K�Q�m�M�i �Q�7 �M�Q�M�@�:���m�b�b�B���M�B�i�v �B�M �i�?�2 �p���`�B���#�H�2�b �B�M �9�X�R�X�9�X �6�B�M���H�H�v�-
�B�M �9�X�R�X�8�- �i�?�2 �2�t�T�`�2�b�b�B�Q�M �Q�7 �i�?�2 �7�Q�m�` �r���p�2 �i�v�T�2�b �B�M �i�?�2 �a�F�2�H�2�i�Q�M �K�Q�/�2�H �B�b �p�B�b�m���H�B�x�2�/ �#�v �i�?�2 ���T�T�H�B�+���i�B�Q�M
�Q�7 �i�?�2 �r���p�2 �B�M�/�B�+�2�b �i�Q �� �M���i�m�`�2 �`�m�M�X

�9�X�R�X�R �h�v�T�B�+���H ���i�K�Q�b�T�?�2�`�B�+ �b�i���i�2�b

�6�B�;�m�`�2 �9�X�R�, �k�y �B�M�B�i�B���H �2�M�b�2�K�#�H�2 �K�2�K�#�2�`�b �B�M �T�?�v�b�B�+���H �U�H�2�7�i�V ���M�/ �K�Q�/�2�H �U�`�B�;�?�i�V �b�T���+�2�- �B�X�2�X �v�2���`�H�v �+�H�B�K���@
�i�Q�H�Q�;�B�+���H �b�i���i�2�b �+�Q�H�H�2�+�i�2�/ �7�`�Q�K �k�y �v�2���`�b �Q�7 �K�Q�/�2�H �b�B�K�m�H���i�B�Q�M�X
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�� �H�Q�Q�F ���i �� �k�y�@�K�2�K�#�2�` �B�M�B�i�B���H �2�M�b�2�K�#�H�2 �U�+�7�X �6�B�;�m�`�2 �9�X�R�V�- �i�?���i �r���b �`�2�i�`�B�2�p�2�/ �B�M �T�?�v�b�B�+���H ���b �r�2�H�H ���b �K�Q�/�2�H
�b�T���+�2 �7�`�Q�K �+�H�B�K���i�Q�H�Q�;�v�- �b�?�Q�r�b �i�?�2 �i�v�T�B�+���H �/�B�K�2�M�b�B�Q�M�b ���M�/ �T���i�i�2�`�M�b �Q�7 �i�?�2 �M�Q�M�@�/�B�K�2�M�b�B�Q�M���H �p���`�B���#�H�2�b
�B�M �i�?�2 �a�F�2�H�2�i�Q�M �K�Q�/�2�H�X �A�i �b�?�Q�m�H�/ �#�2 �M�Q�i�2�/ �i�?���i �i�?�2 �p���`�B���#�H�2�bq �Q�Q̀�-a �Q�À ���M�/ �+�Q�M�b�2�[�m�2�M�i�H�va0 �Q�`
A0 ���`�2 �B�/�2�M�i�B�+���H �B�M �#�Q�i�? �b�i���i�2 �b�T���+�2�b�X �J�Q�`�2�Q�p�2�`�- ���H�H �p���`�B���#�H�2�b ���`�2 ���T�T�`�Q�t�B�K���i�2�H�v �Q�7 �i�?�2 �b���K�2 �Q�`�/�2�` �Q�7
�K���;�M�B�i�m�/�2 ���M�/ ���#�Q�m�i �Q�`�i�?�Q�;�Q�M���H �U�+�7�X �6�B�;�m�`�2 �9�X�k�V�X �h�?�2 �b�i���i�2�b �+�Q�p���`�B���M�+�2 �K���i�`�B�t �?���b �i�?�2 �K���t�B�K�m�K
�T�Q�b�b�B�#�H�2 �`���M�F �Q�719 �B�M �#�Q�i�? �b�T���+�2�b�X

�6�B�;�m�`�2 �9�X�k�, �P�`�i�?�Q�;�Q�M���H�B�i�v �K�2���b�m�`�2�b �Q�7 �i�?�2 ���#�Q�p�2 �k�y �B�M�B�i�B���H �2�M�b�2�K�#�H�2 �K�2�K�#�2�`�b �B�M �T�?�v�b�B�+���H �U�H�2�7�i�V ���M�/
�K�Q�/�2�H �U�`�B�;�?�i�V �b�T���+�2�- �+���H�+�m�H���i�2�/ �#�v �i�?�2 �b�+���H���` �T�`�Q�/�m�+�i�b �b�+���H�2�/ �#�v �i�?�2 �b�[�m���`�2 �`�Q�Q�i�b �Q�7 �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�;
�p�2�+�i�Q�` �H�2�M�;�i�?�b�,oi;j = x i � x jp
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�H�Q�+���H�B�x���i�B�Q�M�- �i�r�Q �H�B�M�2�b �7�Q�` �T�?�v�b�B�+���H ���M�/ �K�Q�/�2�H �b�T���+�2�X

�h�?�2 �Q�m�i�+�Q�K�2 �Q�7 �i�?�B�b �T�`�Q�+�2�/�m�`�2 �r�2�`�2 �b�+���H���` �K�2���b�m�`�2�b �7�Q�` �i�?�2 �`�2�K���B�M�B�M�; �+�Q�p���`�B���M�+�2 �T���i�i�2�`�M �2�`�`�Q�`�b ���7�i�2�`
�H�Q�+���H�B�x���i�B�Q�M �r�B�i�? �i�?�2 �/�B�z�2�`�2�M�i �i�2�+�?�M�B�[�m�2�b ���M�/ �7�Q�` �/�B�z�2�`�2�M�i �2�M�b�2�K�#�H�2 �b�B�x�2�b�X �h�Q �2�p���H�m���i�2 �r�?�2�i�?�2�` �i�?�2
�+�H�B�K���i�Q�H�Q�;�v �#���b�2�/ �H�Q�+���H�B�x���i�B�Q�M �b�?�Q�m�H�/ �#�2 ���T�T�H�B�2�/�- ���M�/ �r�?�2�i�?�2�` �B�i �K���F�2�b �� �/�B�z�2�`�2�M�+�2 �B�7 �� �:���m�b�b�B���M �Q�` ��
�:�* �7�m�M�+�i�B�Q�M �B�b �m�b�2�/ �7�Q�` �i�?�2 �/�B�b�i���M�+�2 �/�2�T�2�M�/�2�M�i �/���K�T�B�M�;�- �i�?�2 �b�K���H�H�2�b�i ���+�?�B�2�p�2�/ �2�`�`�Q�` �p���H�m�2�b �7�Q�` �i�?�2�b�2
�Q�T�i�B�Q�M�b�- �B�X�2�X �i�?�Q�b�2 �7�Q�` �i�?�2 �Q�T�i�B�K���H �H�Q�+���H�B�x���i�B�Q�M �`���/�B�B�- �r�2�`�2 �T�H�Q�i�i�2�/ ���b �7�m�M�+�i�B�Q�M�b �Q�7 �i�?�2 �2�M�b�2�K�#�H�2 �b�B�x�2 �U�+�7�X
�6�B�;�m�`�2 �9�X�N�V�X �h�?�2 �`�2�b�m�H�i�b �B�M�/�B�+���i�2 �i�?���i �B�M�/�2�T�2�M�/�2�M�i �Q�7 �i�?�2 �2�M�b�2�K�#�H�2 �b�B�x�2 ���M�/ �#�Q�i�?�- �B�M �T�?�v�b�B�+���H ���b �r�2�H�H
���b �B�M �K�Q�/�2�H �b�T���+�2�- �i�?�2 �+�H�B�K���i�Q�H�Q�;�v �#���b�2�/ �H�Q�+���H�B�x���i�B�Q�M �B�b �m�b�2�7�m�H ���M�/ �i�?�2�`�2 �B�b �M�Q �b�B�;�M�B�}�+���M�i �/�B�z�2�`�2�M�+�2
�#�2�i�r�2�2�M �i�?�2 �H�Q�+���H�B�x���i�B�Q�M �#�v �� �:���m�b�b�B���M �Q�` �:�* �7�m�M�+�i�B�Q�M�X �A�i �r���b �i�?�2�`�2�7�Q�`�2 �/�2�+�B�/�2�/ �i�Q �m�b�2 �i�?�2 �+�Q�K�#�B�M�2�/
�+�H�B�K���i�Q�H�Q�;�v �#���b�2�/ ���M�/ �:�* �H�Q�+���H�B�x���i�B�Q�M �7�Q�` �i�?�2 �7�m�`�i�?�2�` �2�t�T�2�`�B�K�2�M�i�b �B�M �i�?�B�b �r�Q�`�F�X �q�B�i�? �i�?�B�b �i�2�+�?�M�B�[�m�2�-
�i�?�2 �[�m���H�B�i�v �Q�7 �i�?�2 �+�Q�p���`�B���M�+�2 �2�b�i�B�K���i�B�Q�M �+���M �#�2 �F�2�T�i ���T�T�`�Q�t�B�K���i�2�H�v �+�Q�M�b�i���M�i ���H�b�Q �7�Q�` �b�K���H�H �2�M�b�2�K�#�H�2�b
�#�v ���/���T�i�B�Q�M �Q�7 �i�?�2 �H�Q�+���H�B�x���i�B�Q�M �`���/�B�m�b�- ���M�/ �B�b �K�Q�`�2�Q�p�2�` �b�B�K�B�H���` �7�Q�` �i�?�2 �}�H�i�2�`�B�M�; �B�M �#�Q�i�? �b�i���i�2 �b�T���+�2�b�X �A�M
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�� �b�2�+�Q�M�/ �b�i�2�T�- �i�?�2 �i�?�m�b �b�2�H�2�+�i�2�/ �H�Q�+���H�B�x���i�B�Q�M �r���b �2�t���K�B�M�2�/ �7�Q�` �i�?�2 �Q�T�i�B�K���H �H�Q�+���H�B�x���i�B�Q�M �`���/�B�m�b�- �B�X�2�X �i�?�2
�Q�M�2 �r�B�i�? �b�K���H�H�2�b�i �2�`�`�Q�` �p���H�m�2�- �b�m�#�D�2�+�i �i�Q �i�?�2 �2�M�b�2�K�#�H�2 �b�B�x�2 �U�+�7�X �6�B�;�m�`�2 �9�X�R�y�V�X �h�?�2 �;�`���T�? �`�2�p�2���H�b �� �[�m�B�i�2
�/�B�z�2�`�2�M�i �#�2�?���p�B�Q�` �/�2�T�2�M�/�B�M�; �Q�M �i�?�2 �b�i���i�2 �b�T���+�2�, �A�M �T�?�v�b�B�+���H �b�T���+�2�- �i�?�2 �H�Q�+���H�B�x���i�B�Q�M �`���/�B�m�b �B�b �b�i�`�Q�M�;�H�v
�B�M�+�`�2���b�B�M�; �r�B�i�? �i�?�2 �2�M�b�2�K�#�H�2 �b�B�x�2 ���M�/ �i�?�2�`�2 �B�b �M�Q �M�2�2�/ �7�Q�` �� �:�* �H�Q�+���H�B�x���i�B�Q�M �7�Q�`N > 100�X �A�M �+�Q�M�i�`���b�i�-
�B�M �K�Q�/�2�H �b�T���+�2�- �� �i�B�;�?�i �H�Q�+���H�B�x���i�B�Q�M �r�B�i�? �Q�M�H�v �r�2���F�H�v �B�M�+�`�2���b�B�M�; �H�Q�+���H�B�x���i�B�Q�M �`���/�B�m�b �r�B�i�? �2�M�b�2�K�#�H�2 �b�B�x�2
�b�?�Q�m�H�/ �#�2 ���T�T�H�B�2�/�X �h�?�2�b�2 �}�M�/�B�M�;�b ���`�2 �B�M �;�Q�Q�/ ���;�`�2�2�K�2�M�i �r�B�i�? �i�?�2 �2�t�T�2�`�B�2�M�+�2�/ �/�B�z�2�`�2�M�+�2�b �B�M �}�H�i�2�`
�[�m���H�B�i�v �Q�7 �i�?�2 �1�M�E�6 �r�B�i�? �/�B�p�2�`�b�2 �H�Q�+���H�B�x���i�B�Q�M �`���/�B�B ���M�/ �2�M�b�2�K�#�H�2 �b�B�x�2�b�X �h�?�2 �H�Q�+���H�B�x���i�B�Q�M �`���/�B�m�b �B�M
���H�H �7�Q�H�H�Q�r�B�M�; �2�t�T�2�`�B�K�2�M�i�b �r���b �b�2�H�2�+�i�2�/ �#���b�2�/ �Q�M �i�?�2�b�2 �`�2�b�m�H�i�b�- �r�?�2�`�2 �i�?�2 �b�i���M�/���`�/ �2�M�b�2�K�#�H�2 �b�B�x�2 �r���b
�+�?�Q�b�2�M �i�Q �#�2 �8�y �K�2�K�#�2�`�b�X

�9�X�k�X�k ���b�b�2�b�b�K�2�M�i �Q�7 �/�B�z�2�`�2�M�i �Q�#�b�2�`�p���i�B�Q�M���H �b�2�i�m�T�b

�h�?�2 �Q�#�b�2�`�p���i�B�Q�M�b �Q�7 �/�B�z�2�`�2�M�i �p���`�B���#�H�2�b �+���M �p���`�v �H���`�;�2�H�v �B�M �i�?�2�B�` �B�K�T���+�i�b �Q�M �i�?�2 �1�M�E�6�ö�b �[�m���H�B�i�v �/�m�2
�i�Q �i�?�2�B�` �/�B�z�2�`�2�M�i �B�M�i�2�`�/�2�T�2�M�/�2�M�+�B�2�b �r�B�i�? �Q�i�?�2�` �p���`�B���#�H�2�b ���M�/ �;�`�B�/�T�Q�B�M�i�b�X �h�Q ���b�b�2�b�b �r�?�B�+�? �Q�#�b�2�`�p���i�B�Q�M�b
���`�2 �T���`�i�B�+�m�H���`�H�v �?�2�H�T�7�m�H �7�Q�` �i�?�2 �}�H�i�2�`�B�M�; �Q�7 �i�?�2 �a�F�2�H�2�i�Q�M �K�Q�/�2�H ���M�/ �2�b�T�2�+�B���H�H�v �i�?�2 �J�C�P �T�`�2�/�B�+�i�B�Q�M�- �b�B�t
�2�t�T�2�`�B�K�2�M�i�b �r�2�`�2 �`�m�M �r�B�i�? �i�?�2 �b�i���M�/���`�/ �b�2�i�m�T ���b �/�2�b�+�`�B�#�2�/ �B�M �*�?���T�i�2�`�b �j�X�R�X�R�- �j�X�R�X�k�- �j�X�R�X�j ���M�/ �j�X�k�X�R�X
�A�M �2���+�? �Q�7 �i�?�Q�b�2�- �Q�M�H�v �Q�M�2 �p���`�B���#�H�2�- �2�B�i�?�2�`u�-� �-q�-a�-K �Q�R̀�- �r���b �Q�#�b�2�`�p�2�/ ���i �2�p�2�`�v �7�Q�m�`�i�? �;�`�B�/�T�Q�B�M�i
���M�/ �i�B�K�2 �b�i�2�T�- �B�X�2�X �r�B�i�? �/�B�b�i���M�+�2�b �B�M �b�T���+�2 ���M�/ �i�B�K�2 �Q�7 ���T�T�`�Q�t�X2500 �F�K ���M�/6:64 �?�X �A�M �i�?�2 �}�`�b�i
�7�Q�m�` �2�t�T�2�`�B�K�2�M�i�b�- �i�?�2 �m�T�/���i�2 �b�i�2�T �r���b �T�2�`�7�Q�`�K�2�/ �B�M �T�?�v�b�B�+���H �b�T���+�2�- �B�M �i�?�2 �H���i�i�2�` �i�r�Q �B�M �K�Q�/�2�H �b�T���+�2�X
���M �2�M�b�2�K�#�H�2 �b�B�x�2 �Q�7 �8�y �K�2�K�#�2�`�b �r���b �+�?�Q�b�2�M ���M�/ �i�?�2 �H�Q�+���H�B�x���i�B�Q�M �`���/�B�m�b �r���b �b�2�H�2�+�i�2�/ ���+�+�Q�`�/�B�M�; �i�Q �i�?�2
�b�m�;�;�2�b�i�B�Q�M �B�M �*�?���T�i�2�` �9�X�k�X�R ���b �y�X�k�9 �Q�` �y�X�R�8�X ���/�/�B�i�B�Q�M���H �+�Q�M�b�i���M�i �B�M�~���i�B�Q�M �7���+�i�Q�`�b� c �r�2�`�2 �i�m�M�2�/ �7�Q�`
�2���+�? �2�t�T�2�`�B�K�2�M�i �b�2�T���`���i�2�H�v ���b �R�X�y�y�y�9�- �R�X�y�y�R�y�- �R�X�y�y�y�8�- �R �B�X�2�X �M�Q�M�2�- �R�X�y�y�y�R ���M�/ �R�X�y�y�y�R�- �`�2�b�T�2�+�i�B�p�2�H�v�X
�h�?�2 �.�� �r���b �`�m�M �7�Q�` �8 �v�2���`�b �B�M �i�?�2 �K�Q�/�2�H �b�B�K�m�H���i�B�Q�M�- �7�Q�H�H�Q�r�2�/ �#�v �8 �v�2���`�b �Q�7 �7�`�2�2 �7�Q�`�2�+���b�i�- �r�?�2�`�2 �i�?�2
�m�M�/�2�`�H�v�B�M�; �i�`�m�i�? �B�b �i�?�2 �b���K�2 �B�M ���H�H �2�t�T�2�`�B�K�2�M�i�b�X

�h�?�2 �`�2�b�m�H�i�b �Q�7 �i�?�2 �2�t�T�2�`�B�K�2�M�i�b ���`�2 �T�`�2�b�2�M�i�2�/ �B�M �6�B�;�m�`�2 �9�X�R�R �7�Q�` �i�?�2 �_�J�a�1 ���M�/ �T���i�i�2�`�M �+�Q�`�`�2�H���i�B�Q�M
�2�p�Q�H�m�i�B�Q�M�b �Q�7 �i�?�2 �/�B�z�2�`�2�M�i �T�?�v�b�B�+���H ���M�/ �K�Q�/�2�H �p���`�B���#�H�2�b ���M�/ �B�M �6�B�;�m�`�2 �9�X�R�k �Q�7 �i�?�2 �r���p�2 �i�v�T�2�b �B�M �i�?�2
�2�M�b�2�K�#�H�2 �K�2���M�X �6�Q�` �� �#�2�i�i�2�` �Q�p�2�`�p�B�2�r�- �i�?�2 �K���B�M �B�M�i�2�`�2�b�i�B�M�; �Q�m�i�+�Q�K�2�b ���`�2 �H�B�b�i�2�/ �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�;�,
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�p���`�B���#�H�2�b ���M�/ �i�?�2 �J�C�P�X �h�?�B�b �B�b �B�M �;�Q�Q�/ �+�Q�`�`�2�b�T�Q�M�/�2�M�+�2 �r�B�i�? �i�?�2 �}�M�/�B�M�; �i�?���i �i�?�2 �J�C�P �b�B�;�M���H �B�b
�H�2���b�i �2�t�T�`�2�b�b�2�/ �B�M �i�?�2 �T�Q�r�2�` �b�T�2�+�i�`�m�K �Q�7 �T�Q�i�2�M�i�B���H �i�2�K�T�2�`���i�m�`�2 �U�+�7�X �6�B�;�m�`�2 �k�X�8�V�X

�Ç �.�� �r�B�i�? �Q�#�b�2�`�p���i�B�Q�M�b �Q�7 �x�Q�M���H �r�B�M�/ �Q�` �K�Q�B�b�i�m�`�2 �b�?�Q�r�b �i�?�2 �#�2�b�i �Q�p�2�`���H�H �`�2�b�m�H�i�b ���M�/ �B�b �#�2�M�2�}�+�B���H
�i�?�`�Q�m�;�?�Q�m�i ���H�H �p���`�B���#�H�2�b ���M�/ �r���p�2 �K�Q�/�2�b�- ���H�b�Q �i�?�2 �J�C�P�X

�Ç �P�#�b�2�`�p���i�B�Q�M�b �Q�7 �+�Q�M�p�2�+�i�B�p�2 ���+�i�B�p�B�i�v ���`�2 �#�2�M�2�}�+�B���H �7�Q�` �i�?�2 �}�H�i�2�`�B�M�; �Q�7 �K�Q�B�b�i�m�`�2�- �#�m�i �M�Q�i �b�m�{�+�B�2�M�i
�i�Q �T�`�2�p�2�M�i �i�?�2 �1�M�E�6�ö�b �/�B�p�2�`�;�2�M�+�2 �B�M �i�?�2 �/�`�v �/�v�M���K�B�+ �p���`�B���#�H�2�b�X �h�?�B�b �+���M �#�2 �2�t�T�H���B�M�2�/ �#�v �i�?�2
�b�K���H�H �+�Q�p���`�B���M�+�2�b �#�2�i�r�2�2�M �+�Q�M�p�2�+�i�B�p�2 ���+�i�B�p�B�i�v ���M�/ �i�?�2 �Q�i�?�2�` �p���`�B���#�H�2�b�X �>�Q�r�2�p�2�`�- �B�i �B�b �T�Q�b�b�B�#�H�2 �i�Q
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�7�Q�` �i�?�2 �/�`�v �/�v�M���K�B�+ �p���`�B���#�H�2�b�X �h�?�B�b �+���M �#�2 �2�t�T�H���B�M�2�/ �#�v �i�?�2�B�` �b�K���H�H�2�` �b�+���H�2 �b�i�`�m�+�i�m�`�2�- ���M�/ �7�Q�`
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�+���b�2�b �M�Q�i �T�`�2�/�B�+�i���#�H�2 �Q�p�2�` �H�Q�M�; �i�B�K�2�- �T�`�2�b�m�K���#�H�v �/�m�2 �i�Q �i�?�2�B�` �7���b�i �T�`�Q�T���;���i�B�Q�M�X

�Ç �P�#�b�2�`�p���i�B�Q�M�b �Q�7K ���`�2 �M�Q�i �#�2�M�2�}�+�B���H �7�Q�` �}�H�i�2�`�B�M�; �i�?�2 �T�?�v�b�B�+���H �p���`�B���#�H�2�b ���M�/ �H�2���/ �i�Q �� �b�K���H�H
�T�`�2�/�B�+�i���#�B�H�B�i�v �Q�7 �i�?�2 �K�Q�B�b�i �r���p�2 �i�v�T�2�b�X �A�i �B�b �K�Q�`�2 �m�b�2�7�m�H �i�Q �Q�#�b�2�`�p�2R�X �� �T�`�Q�#���#�H�2 �`�2���b�Q�M �7�Q�`
�i�?�B�b �B�b �i�?�2 �p�2�`�v �7���b�i �Q�b�+�B�H�H���i�B�Q�M �Q�7 �i�?�2 �E�2�H�p�B�M �r���p�2�X

�Ç �P�#�b�2�`�p���i�B�Q�M�b �Q�7K ���`�2 �+�Q�`�`�2�H���i�2�/ �r�B�i�? �� �;�Q�Q�/ �}�H�i�2�`�B�M�; �b�F�B�H�H �7�Q�` �/�`�v �E�2�H�p�B�M �r���p�2�b ���M�/ �Q�#�b�2�`�p���i�B�Q�M�b
�Q�7R �r�B�i�? �� �;�Q�Q�/ �}�H�i�2�`�B�M�; �b�F�B�H�H �7�Q�` �2�b�T�2�+�B���H�H�v �/�`�v�- �#�m�i ���H�b�Q �K�Q�B�b�i �_�Q�b�b�#�v �r���p�2�b�X �h�?�B�b �b�?�Q�r�b �i�?�2
�B�K�T�Q�`�i���M�+�2 �Q�7 �i�?�2�B�` �+�Q�`�`�2�b�T�Q�M�/�B�M�; �m�M�7�Q�`�+�2�/ �b�i�`�m�+�i�m�`�2�b �7�Q�` �i�?�2�b�2 �r���p�2 �i�v�T�2�b�X
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�6�B�;�m�`�2 �9�X�R�k�, �a�B�t �2�t�T�2�`�B�K�2�M�i�b �r�B�i�? �Q�#�b�2�`�p���i�B�Q�M�b �Q�7 �/�B�z�2�`�2�M�i �p���`�B���#�H�2�b ���b �B�M�/�B�+���i�2�/ �B�M �i�?�2 �b�2�T���`���i�2 �`�Q�r�b�-
�.�� ���i �2�p�2�`�v �7�Q�m�`�i�? �;�`�B�/�T�Q�B�M�i ���M�/ �i�B�K�2 �b�i�2�T�- �8 �v�2���`�b �Q�7 �}�H�i�2�`�B�M�;�- �b�m�#�b�2�[�m�2�M�i�H�v �8 �v�2���`�b �Q�7 �7�`�2�2 �7�Q�`�2�+���b�i�-
�i�?�2 �+�Q�H�m�K�M�b �b�?�Q�r �7�Q�` �i�?�2 �/�B�z�2�`�2�M�i �r���p�2 �i�v�T�2�b �B�M �i�?�2 �a�F�2�H�2�i�Q�M �K�Q�/�2�H �i�?�2 �_�J�a�1�b �U�`�2�/�V ���M�/ �T���i�i�2�`�M
�+�Q�`�`�2�H���i�B�Q�M�b �U�#�H�m�2�V�X

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

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

�Ç �h�?�2 �`�2�H���i�B�p�2 �2�M�b�2�K�#�H�2 �b�T�`�2���/ �+�Q�m�H�/ �#�2 �K���B�M�i���B�M�2�/ �r�B�i�?�B�M �B�M �i�?�2 �B�M�i�2�`�p���H �(�y�X�8�-�R�X�8�) �i�?�`�Q�m�;�?�Q�m�i
���H�H �2�t�T�2�`�B�K�2�M�i�b�X �h�?�B�b �B�b ���#�Q�p�2 �i�?�2 �2�M�b�2�K�#�H�2 �b�T�`�2���/ �i�?���i �B�b ���T�T�`�Q���+�?�2�/ �r�B�i�?�Q�m�i �B�M�~���i�B�Q�M�X �h�?�2
���/���T�i�B�p�2 �B�M�~���i�B�Q�M �7���+�i�Q�` �/�2�+�`�2���b�2�/ �Q�p�2�` �i�B�K�2 �B�M ���H�H �2�t�T�2�`�B�K�2�M�i�b ���b �B�b �i�?�2�Q�`�2�i�B�+���H�H�v �2�t�T�2�+�i�2�/�X

�Ç �a�i�`�Q�M�;�2�` �B�M�~���i�B�Q�M �r���b �M�2�2�/�2�/ �B�M �i�?�2 �2�t�T�2�`�B�K�2�M�i�b �r�B�i�? �Q�#�b�2�`�p�2�/ �/�`�v �/�v�M���K�B�+ �p���`�B���#�H�2�b�- �B�X�2�Xu�-� �-
K �- ���M�/R�X

�Ç ���H�H �+�Q�M�b�2�`�p���i�B�Q�M �T�`�Q�T�2�`�i�B�2�b ���`�2 ���z�2�+�i�2�/ �#�v �i�?�2 �.�� �B�M ���H�H �2�t�T�2�`�B�K�2�M�i�b�X �>�Q�r�2�p�2�`�- �b�Q�K�2 �/�B�z�2�`�2�M�+�2�b
�+���M �#�2 �Q�#�b�2�`�p�2�/�X �1�b�T�2�+�B���H�H�v �x�Q�M���H �r�B�M�/ �Q�#�b�2�`�p���i�B�Q�M�b�- �#�m�i ���H�b�Q �Q�#�b�2�`�p���i�B�Q�M�b �Q�7R ���`�2 �#�2�M�2�}�+�B���H
�7�Q�C̀�R�X �S�Q�i�2�M�i�B���H �i�2�K�T�2�`���i�m�`�2 �Q�#�b�2�`�p���i�B�Q�M�b �H�2���/ �i�Q ���M �Q�b�+�B�H�H���i�B�Q�M ���`�Q�m�M�/ �i�?�2 �+�Q�`�`�2�+�i �K�2���M �7�Q�`
ME ���M�/C�k�- �i�?�Q�m�;�? �r�B�i�? �H���`�;�2 ���K�T�H�B�i�m�/�2�XDM �- �i�?�2 �Q�M�H�v �M�2�B�i�?�2�` �T�?�v�b�B�+���H �M�Q�` ���H�;�Q�`�B�i�?�K�B�+
�+�Q�M�b�2�`�p���i�B�Q�M �T�`�Q�T�2�`�i�v�- �B�b �H�2���b�i ���z�2�+�i�2�/ �#�v �.���- �B�i�b �Q�b�+�B�H�H���i�B�Q�M �b�i���v�b �r�B�i�?�B�M �i�?�2 �+�H�B�K���i�Q�H�Q�;�B�+���H
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�`���M�;�2�X
�Ç ���H�H �H�B�M�2���` �+�Q�M�b�2�`�p���i�B�Q�M �T�`�Q�T�2�`�i�B�2�b ���`�2 ���T�T�`�Q�t�B�K���i�2�H�v �+�Q�M�b�2�`�p�2�/ �/�m�`�B�M�; �i�?�2 �7�`�2�2 �7�Q�`�2�+���b�i�X �>�Q�r�2�p�2�`�-

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

�Ç TE ���M�/C�j �Q�7 �i�?�2 �2�M�b�2�K�#�H�2 �K�2���M �#�Q�i�? �b�?�Q�r �� �M�2�;���i�B�p�2 �/�`�B�7�i �/�m�`�B�M�; �i�?�2 �7�`�2�2 �7�Q�`�2�+���b�i�X �h�?�B�b
�B�b �/�m�2 �i�Q �i�?�2 �`�2�H���t���i�B�Q�M �i�Q �� �+�H�B�K���i�Q�H�Q�;�B�+���H �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �b�i���i�2�b�X ���b �i�?�2�b�2 ���`�2 �M�Q�M�H�B�M�2���`�-
�+�Q�M�p�2�t �7�m�M�+�i�B�Q�M�b�- �i�?�2 �+�H�B�K���i�Q�H�Q�;�B�+���H �K�2���M�- �7�Q�` �r�?�B�+�?u�- � �- ���M�/q �Q�K̀ �-R�- ���M�/Q ���`�2 �+�H�Q�b�2 �i�Q
�x�2�`�Q �i�?�`�Q�m�;�?�Q�m�i ���H�H �;�`�B�/�T�Q�B�M�i�b�- �?���b �b�K���H�H�2�`TE �Q�C̀�j �i�?���M �i�?�2 �K�2���M �p���H�m�2 �Q�7 �+�H�B�K���i�Q�H�Q�;�B�+���H�H�v
�/�B�b�i�`�B�#�m�i�2�/ �b�i���i�2�b�X

�6�B�;�m�`�2 �9�X�R�j�, �a�B�t �2�t�T�2�`�B�K�2�M�i�b �r�B�i�? �b�T���`�b�2 �Q�#�b�2�`�p���i�B�Q�M�b �Q�7 �/�B�z�2�`�2�M�i �p���`�B���#�H�2�b ���b �B�M�/�B�+���i�2�/ �B�M �i�?�2 �b�2�T���`���i�2
�`�Q�r�b�- �.�� ���i �2�p�2�`�v �7�Q�m�`�i�? �;�`�B�/�T�Q�B�M�i ���M�/ �i�B�K�2 �b�i�2�T�- �8 �v�2���`�b �Q�7 �}�H�i�2�`�B�M�;�- �b�m�#�b�2�[�m�2�M�i�H�v �8 �v�2���`�b �Q�7 �7�`�2�2
�7�Q�`�2�+���b�i�- �i�?�2 �+�Q�H�m�K�M�b �b�?�Q�r �i�?�2 �B�M�~�m�2�M�+�2�b �Q�M �i�?�2 �2�M�b�2�K�#�H�2 �T�`�Q�T�2�`�i�B�2�b�- �B�X�2�X �i�?�2 �b�F�2�r�M�2�b�b �B�M �+�Q�M�p�2�+�i�B�p�2
���+�i�B�p�B�i�v ���i �i�?�2 �;�`�B�/�T�Q�B�M�i �r�B�i�? �i�?�2 �?�B�;�?�2�b�i �+�H�B�K���i�Q�H�Q�;�B�+���H �b�F�2�r�M�2�b�b �U�H�2�7�i�- �;�`�2�2�M �H�B�M�2�, �+�H�B�K���i�Q�H�Q�;�B�+���H
�b�F�2�r�M�2�b�b�V ���M�/ �i�?�2 �`�2�H���i�B�p�2 �2�M�b�2�K�#�H�2 �b�T�`�2���/ �U�K�B�/�/�H�2�- �;�`�2�2�M �H�B�M�2�, �Q�T�i�B�K���H �`�2�H���i�B�p�2 �2�M�b�2�K�#�H�2 �b�T�`�2���/�- �B�X�2�X
�R�V�- �i�?�2 �2�p�Q�H�m�i�B�Q�M �Q�7 �i�?�2 �B�M�~���i�B�Q�M �7���+�i�Q�` �/�m�`�B�M�; �i�?�2 �}�H�i�2�`�B�M�; �B�b �T�H�Q�i�i�2�/ �Q�M �i�?�2 �`�B�;�?�i�X
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