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r i < r � r i +1

� j < � � � j +1

� k < � � � k+1
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���M�/i �B�b �i�?�2�B�i�?�+�2�H�H ���?�2���/ �Q�7 �i�?�2 �b�Q�M���`�X �h�?�2 �+�2�H�Hci;j;k �B�b �#�Q�m�M�/�2�/ �#�2�i�r�2�2�M(� j ; � j +1 ] �?�Q�`�B�x�Q�M�i���H
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�#�vzt 2 Z ���i �i�B�K�2t�X �"�v �m�i�B�H�B�x�B�M�; �Q�m�` �K�2���b�m�`�2�K�2�M�i �K�Q�/�2�H �7�`�Q�K �*�?���T�i�2�`�k�- �r�2 �+���M �+���H�+�m�H���i�2

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

�i�B�K�2t�- �/�2�M�Q�i�2�/ �#�vct
i;j;k �- �r�?�B�+�? �B�b �`�2�T�`�2�b�2�M�i�2�/ ���bp(zt jct

i;j;k = 1) �X

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

�m�T�/���i�2 �B�b �+�Q�K�T�m�i�2�/ �7�Q�` �2���+�? �+�2�H�Hci;j;k 2 M �X �h�?�2 �T�Q�b�i�2�`�B�Q�` �T�`�Q�#���#�B�H�B�i�v �i�?���ict
i;j;k = 1 �;�B�p�2�M

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

p
�
ct

i;j;k = 1jzt
�

=
p(zt jct

i;j;k = 1) p(ct
i;j;k = 1)

P 1
k=0 p(zt jct

i;j;k = k)p(ct
i;j;k = k)

�>�2�`�2�-p(zt jct
i;j;k = 1) �B�b �/�2�`�B�p�2�/ �7�`�Q�K �i�?�2 �b�2�M�b�Q�` �K�Q�/�2�H�- ���M�/p(ct

i;j;k = 1) �B�b �i�?�2 �T�`�B�Q�` �Q�#�i���B�M�2�/
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�7�`�Q�K �i�?�2 �T�`�Q�T���;���i�2�/ �T�`�Q�#���#�B�H�B�i�B�2�b �Q�7 �i�?�2 �p�2�H�Q�+�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�b�- �/�2�b�+�`�B�#�2�/ �B�M �a�2�+�i�B�Q�M�8�X�R�X�j�X

�h�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2�`�2 �B�b �M�Q �Q�#�b�i���+�H�2 �B�M �� �;�B�p�2�M �+�2�H�H �B�b �/�2�M�Q�i�2�/ �#�vp(ct
i;j;k = 0) �- �r�?�B�+�? �B�b

�2�[�m�B�p���H�2�M�i �i�Q1 � p(ct
i;j;k = 1) �X

�8�X�R�X�j �J�Q�i�B�Q�M �J�Q�/�2�H

�h�?�2 �K�Q�i�B�Q�M �K�Q�/�2�H �m�T�/���i�2�b �i�?�2 �T�Q�H���` �K���T �#���b�2�/ �Q�M �i�?�2 ���l�o�ö�b �K�Q�i�B�Q�M �#�2�i�r�2�2�M �b�2�M�b�Q�` �K�2���@

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

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

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

�`�2�H���i�B�p�2 �i�Q �i�?�2 ���l�o�- �r�?�2�`�2 �2���+�? �+�2�H�H�bci;j;k �m�i�B�H�B�x�2�b �i�?�2 �b���K�2 �/�B�b�i�`�B�#�m�i�B�Q�M �7�Q�` �i�?�2 ���l�o�ö�b �K�Q�@

�i�B�Q�M�X

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

�B�M�i�Q ���+�+�Q�m�M�i �i�?�2 �2�H���T�b�2�/ �i�B�K�2� �#�2�i�r�2�2�M �K�2���b�m�`�2�K�2�M�i�b ���M�/ �i�?�2 �`�2�H���i�B�p�2 �i�`���M�b�H���i�B�Q�M���H ���M�/

�`�Q�i���i�B�Q�M���H �p�2�H�Q�+�B�i�B�2�b~v �#�2�i�r�2�2�M �b�2�M�b�Q�` �K�2���b�m�`�2�K�2�M�i�b�X �a�T�2�+�B�7�B�+���H�H�v�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 ���M

�Q�#�b�i���+�H�2 �B�M �+�2�H�Hci;j;k ���i �i�B�K�2t + � �B�b �;�B�p�2�M �#�v

p(ct+ �
i;j;k = 1) =

M[

m=1

N[

n=1

O[

o=1

�
p(ct

m;n;o = 1)

Z

~v2V

V(ci;j;k ; cm;n;o j~v0; � )
V(ci;j;k )

p(~v)d~v0

� �U�8�X�R�V

�>�2�`�2�-V (ci;j;k ; cm;n;o j~v; � ) �`�2�T�`�2�b�2�M�i�b �i�?�2 �Q�p�2�`�H���T�T�B�M�; �p�Q�H�m�K�2 ���7�i�2�` �� �/�B�b�T�H���+�2�K�2�M�i �Q�p�2�` �i�B�K�2

� �Q�7 �+�2�H�H�bci;j;k ���M�/cm;n;o �;�B�p�2�M �� �`�2�H���i�B�p�2 �p�2�H�Q�+�B�i�v~v�XV(cm;n;o ) �/�2�M�Q�i�2�b �i�?�2 �i�Q�i���H �p�Q�H�m�K�2 �Q�7

�+�2�H�Hcm;n;o �- ���M�/V �B�b �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �7�Q�` �p�2�H�Q�+�B�i�v�X

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



�3�9
�+�Ñ�ž�ÿ���¶�� �9�Y �m���Ô�é�Ì �ž �H�ñ�'�A�+�ñ���� �7�ñ���'�ž���²�A�H�ñ�ñ�á�Ô�é�Ì �b�ñ�é�ž�� �Å�ñ�� �+�ñ�ã�ã�Ô���Ô�ñ�é ���&�ñ�Ô�²�ž�é�«�¶ �Ô�é �b�è�ž�ã�ã

���m�p���. ���é�ž�ã�-���Ô�� �ž�é�² �2�,�ÿ�¶���Ô�è�¶�é���ž�ã �`�¶�����ã����

�6�B�;�m�`�2 �8�X�j�, �h�`���M�b�H���i�B�Q�M���H �T�`�Q�T���;���i�B�Q�M �U�H�2�7�i�V ���M�/ �`�Q�i���i�B�Q�M���H �T�`�Q�T���;���i�B�Q�M �U�`�B�;�?�i�V

�m�M�B�Q�M�b �B�M �2�[�m���i�B�Q�M �U�8�X�R�V �i�Q �#�2 �2�t�T�`�2�b�b�2�/ ���b �b�m�K�b�- �`�2�b�m�H�i�B�M�; �B�M

p(ct+ �
i;j;k = 1) =

MX

m=1

NX

n=1

OX

o=1

�
p(ct

m;n;o = 1)

Z

~v2V

V(ci;j;k ; cm;n;o j~v0; � )
V(ci;j;k )

p(~v)d~v0

� �U�8�X�k�V

�h�Q �2�M���#�H�2 �`�2���H�@�i�B�K�2 �+�Q�K�T�m�i���i�B�Q�M�- �i�?�2 �i�`���M�b�H���i�B�Q�M���H ���M�/ �`�Q�i���i�B�Q�M���H �K�Q�i�B�Q�M ���`�2 �/�2�+�Q�m�T�H�2�/�-

���M�/ �2�[�m���i�B�Q�M �U�8�X�k�V �B�b �7�B�`�b�i �+���H�+�m�H���i�2�/ �r�B�i�?V �`�2�T�`�2�b�2�M�i�B�M�; �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �7�Q�` �`�2�H���i�B�p�2 �i�`���M�b�@

�H���i�B�Q�M���H �K�Q�i�B�Q�M�X �6�Q�` �� �;�B�p�2�M �i�`���M�b�H���i�B�Q�M���H �p�2�H�Q�+�B�i�vvx �- �i�?�2 �Q�p�2�`�H���T�T�B�M�; �p�Q�H�m�K�2 �Q�7 �i�r�Q �+�2�H�H�b �B�b

�/�2�i�2�`�K�B�M�2�/ �m�b�B�M�;

V (ci;j;k ; cm;n;o jvx ; � )

=
Z � �

� �

Z � �

� �

Z g(�;� )

f (�;� )
r 2 �b�B�M(� )drd�d�

�r�?�2�`�2f (�; � ) ���M�/g(�; � ) �`�2�T�`�2�b�2�M�i �i�?�2 �?�Q�`�B�x�Q�M�i���H �#�Q�m�M�/�b �Q�7 �i�?�2 �Q�p�2�`�H���T�T�B�M�; �+�2�H�H�X� � ���M�/� �
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�/�2�7�B�M�2 �i�?�2 �K�B�M�B�K�m�K ���M�/ �K���t�B�K�m�K �?�Q�`�B�x�Q�M�i���H ���M�;�H�2�b�- �`�2�b�T�2�+�i�B�p�2�H�v�- ���M�/� � ���M�/� � ���`�2 �i�?�2

�K�B�M�B�K�m�K ���M�/ �K���t�B�K�m�K �p�2�`�i�B�+���H ���M�;�H�2�b�- �`�2�b�T�2�+�i�B�p�2�H�v�- �7�Q�` �r�?�B�+�? �� �T�Q�B�M�i �B�M �+�2�H�Hcm;n;o �Q�p�2�`�H���T�b

�r�B�i�? �+�2�H�Hci;j;k �X ���M �B�H�H�m�b�i�`���i�B�Q�M �Q�7 �i�?�2 �i�`���M�b�H���i�B�Q�M���H �T�`�Q�T���;���i�B�Q�M �B�b �b�?�Q�r�M �B�M �6�B�;�m�`�2�8�X�j�Q�M

�i�?�2 �H�2�7�i�- �r�?�2�`�2 �i�?�2 �`�2�/ �+�2�H�H �B�b �b�?�B�7�i�2�/ �#�v �� �/�B�b�T�H���+�2�K�2�M�i �Q�7� x = vx � �- �i�?�2 �v�2�H�H�Q�r �B�b �i�?�2 �+�2�H�H

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

�b�?���/�2�/ ���`�2�� �r�B�i�? �?�Q�`�B�x�Q�M�i���H �H�B�M�2�b�X

�h�?�2 �`�2�H���i�B�p�2 �`�Q�i���i�B�Q�M���H �K�Q�i�B�Q�M�-v! �- �B�b �7�m�`�i�?�2�` �b�T�H�B�i �B�M�i�Qv� ���M�/v� �r�?�B�+�? ���`�2 �i�?�2 �?�Q�`�B�x�Q�M�i���H

���M�/ �p�2�`�i�B�+���H �+�Q�K�T�Q�M�2�M�i�b �Q�7 �i�?�2 �`�2�H���i�B�p�2 �`�Q�i���i�B�Q�M���H �K�Q�i�B�Q�M�- �`�2�b�T�2�+�i�B�p�2�H�v�X �1�[�m���i�B�Q�M �U�8�X�k�V �B�b

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

�b�B�#�H�2 �`�Q�i���i�B�Q�M���H �p�2�H�Q�+�B�i�B�2�b �`�2�H���i�B�p�2 �i�Q �i�?�2 ���l�o�X �h�?�2 �Q�p�2�`�H���T�T�B�M�; �p�Q�H�m�K�2�-V(ci;j;k ; cm;n;o jv! ; � )�-

�B�b �+�Q�K�T�m�i�2�/ �7�Q�` �i�?�2 �`�Q�i���i�B�Q�M���H �p�2�H�Q�+�B�i�B�2�bv� ���M�/v� �- �Q�p�2�` �i�?�2 �i�B�K�2� �X �6�Q�` �� �;�B�p�2�Mv� ���M�/v� �-

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

V (ci;j;k ; cm;n;o j! � ; ! � ; � ) =

8
>><

>>:

� � � � �
j � n +1 � � n j

� � � � �

j � o+1 � � o j i = m

0 i 6= m

�>�2�`�2�-� � ���M�/� � �`�2�T�`�2�b�2�M�i �i�?�2 �K�B�M�B�K�m�K ���M�/ �K���t�B�K�m�K �?�Q�`�B�x�Q�M�i���H �Q�p�2�`�H���T ���M�;�H�2�b�-� � ���M�/

� � �`�2�T�`�2�b�2�M�i �i�?�2 �K�B�M�B�K�m�K ���M�/ �K���t�B�K�m�K �p�2�`�i�B�+���H �Q�p�2�`�H���T ���M�;�H�2�b�X� n+1 ���M�/� n ���`�2 �i�?�2 �?�Q�`�B�@

�x�Q�M�i���H �#�Q�m�M�/�b �Q�7 �+�2�H�Hcm;n;o �r�?�B�H�2� o+1 ���M�/� o ���`�2 �i�?�2 �+�2�H�H�ö�b �p�2�`�i�B�+���H �#�Q�m�M�/�b�X �h�?�2 �`�Q�i���i�B�Q�M���H

�T�`�Q�T���;���i�B�Q�M �B�b �B�H�H�m�b�i�`���i�2�/ �B�M �6�B�;�m�`�2�8�X�j�Q�M �i�?�2 �`�B�;�?�i�- �r�?�2�`�2 �i�?�2 �+�2�H�H �B�b �b�?�B�7�i�2�/ �#�v �� �?�Q�`�B�x�Q�M�i���H

�`�Q�i���i�B�Q�M �Q�7� ���M�/ �� �p�2�`�i�B�+���H �`�Q�i���i�B�Q�M �Q�7� ���M�/ �i�?�2 �b�?���/�2�/ ���`�2�� �r�B�i�? �?�Q�`�B�x�Q�M�i���H �H�B�M�2�b �`�2�T�`�2�b�2�M�i�b

�i�?�2 �Q�p�2�`�H���T�T�B�M�; ���`�2���X

�A�7 �M���p�B�;���i�B�Q�M �/���i�� �B�b ���p���B�H���#�H�2�- �B�i �+���M �#�2 �m�b�2�/ �i�Q �+�?�Q�Q�b�2 �i�?�2 �i�`���M�b�H���i�B�Q�M���H ���M�/ �`�Q�i���i�B�Q�M���H

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

�p�2�H�Q�+�B�i�B�2�b ���+�?�B�2�p���#�H�2 �#�v �i�?�2 ���l�o �b�?�Q�m�H�/ �#�2 �b�2�H�2�+�i�2�/�X



�3�e
�+�Ñ�ž�ÿ���¶�� �9�Y �m���Ô�é�Ì �ž �H�ñ�'�A�+�ñ���� �7�ñ���'�ž���²�A�H�ñ�ñ�á�Ô�é�Ì �b�ñ�é�ž�� �Å�ñ�� �+�ñ�ã�ã�Ô���Ô�ñ�é ���&�ñ�Ô�²�ž�é�«�¶ �Ô�é �b�è�ž�ã�ã

���m�p���. ���é�ž�ã�-���Ô�� �ž�é�² �2�,�ÿ�¶���Ô�è�¶�é���ž�ã �`�¶�����ã����

�8�X�R�X�9 �a�Q�M���` �J�Q�/�2�H

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

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

�b�Q�m�M�/ �p�2�H�Q�+�B�i�v �(�9�d�)�- ���i�i�2�M�m���i�B�Q�M �(�k�y�)�- �(�k�R�)�- �b�T�`�2���/ �H�Q�b�b �(�j�8�)�- �#�2���K �T���i�i�2�`�M �H�Q�b�b �i�?�`�Q�m�;�? �i�?�2

�b�B�M�;�H�2�@�T�Q�B�M�i�@�b�Q�m�`�+�2 �K�2�i�?�Q�/ �(�9�9�)�- �#���+�F�b�+���i�i�2�` �(�e�j�)�- �b�Q�M���` �`�2�b�Q�H�m�i�B�Q�M �(�9�3�)�- ���M�/ �M�Q�B�b�2 �(�R�j�)�X �h�?�2

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

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

�8�X�k �*�Q�H�H�B�b�B�Q�M ���p�Q�B�/���M�+�2

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

�T���`�i�b�X �A�M �a�2�+�i�B�Q�M�8�X�k�X�R�- �� �H�Q�b�b �7�m�M�+�i�B�Q�M ���M�/ �/�2�+�B�b�B�Q�M �`�m�H�2 ���`�2 �T�`�2�b�2�M�i�2�/ �7�Q�` �/�2�i�2�`�K�B�M�B�M�;

�r�?�2�M �i�?�2 ���l�o �b�?�Q�m�H�/ �`�2���+�i �i�Q ���M �Q�#�b�i���+�H�2�X �a�2�+�i�B�Q�M�8�X�k�X�k�2�t�i�2�M�/�b �i�?�B�b �b�i���M�/���`�/ ���T�T�`�Q���+�?

�i�Q �B�M�+�Q�`�T�Q�`���i�2 �� �T�`�Q�#���#�B�H�B�b�i�B�+ �i�`���D�2�+�i�Q�`�v�X �A�M �a�2�+�i�B�Q�M�8�X�k�X�j�- �r�2 �B�M�i�`�Q�/�m�+�2 �� �T���i�? �T�H���M�M�B�M�;

���T�T�`�Q���+�? �i�?���i �B�b �+�Q�m�T�H�2�/ �i�Q �i�?�2 �7�`���K�2�r�Q�`�F �/�2�b�+�`�B�#�2�/ �B�M �a�2�+�i�B�Q�M�8�X�k�X�R�X

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

���l�o�X �P�m�` �K�2�i�?�Q�/ �2�K�T�H�Q�v�b �T�Q�b�i�2�`�B�Q�` �2�t�T�2�+�i�2�/ �H�Q�b�b�- �r�?�B�+�? �m�b�2�b �i�?�2 �T�Q�H���` �K���T �r�2 �+�Q�M�b�i�`�m�+�i�2�/

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

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

�#�v �>�m ���M�/ �"�`���/�v �(�j�R�) ���M�/ �C���M�b�b�Q�M ���M�/ �:�m�b�i���7�b�b�Q�M �(�j�9�)�X

�8�X�k�X�R �.�2�+�B�b�B�Q�M �_�m�H�2

�G�2�iA �/�2�M�Q�i�2 �i�?�2 �b�2�i �Q�7 ���+�i�B�Q�M�b ���p���B�H���#�H�2 �i�Q �i�?�2 ���l�o�- �r�?�2�`�2 �2���+�? ���+�i�B�Q�M �B�b �`�2�T�`�2�b�2�M�i�2�/ �#�v

ak 2 A �X �h�?�2 ���+�i�B�Q�M �b�T���+�2 �+���M �#�2 ���b �b�B�K�T�H�2 ���b �� �/�2�+�B�b�B�Q�M �Q�M �r�?�2�i�?�2�` �i�Q �B�M�i�2�`�p�2�M�2�- ���b �B�M �i�?�2



�9�Y�l�Y �+�ñ�ã�ã�Ô���Ô�ñ�é ���&�ñ�Ô�²�ž�é�«�¶ �3�d

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

���+�i�B�Q�M�b �`�2�T�`�2�b�2�M�i�2�/ �#�vA

A =

8
>>>>>>>>>>>>>><

>>>>>>>>>>>>>>:

a0 �;�Q �b�i�`���B�;�?�i

a1 �i�m�`�M �H�2�7�i

a2 �i�m�`�M �`�B�;�?�i

a3 �;�Q �m�T

a4 �;�Q �/�Q�r�M

�h�?�2 �T�Q�b�i�2�`�B�Q�` �2�t�T�2�+�i�2�/ �H�Q�b�b ���b�b�Q�+�B���i�2�/ �r�B�i�? �i���F�B�M�; ���+�i�B�Q�Mak �B�b �;�B�p�2�M �#�v

R(ak jz0:t ) =
1X

j =0

L(ak ; H j )P(H j jz0:t )

�r�?�2�`�2L(ak ; H j ) �B�b �i�?�2 �H�Q�b�b �B�M�+�m�`�`�2�/ �#�v �i���F�B�M�; ���+�i�B�Q�Mak �B�M �i�?�2 �2�p�2�M�i �i�?���i �?�v�T�Q�i�?�2�b�B�bH j �B�b

�i�`�m�2�-j = 1 �- �Q�` �7���H�b�2j = 0�- ���M�/P(H j jz0:t ) �B�b �i�?�2 �T�Q�b�i�2�`�B�Q�` �T�`�Q�#���#�B�H�B�i�v �Q�7 �?�v�T�Q�i�?�2�b�B�bH j �;�B�p�2�M

�i�?�2 �K�2���b�m�`�2�K�2�M�i�bz0:t �X �6�Q�` �Q�m�` ���T�T�H�B�+���i�B�Q�M�-H1 �B�M�/�B�+���i�2�b �� �+�Q�H�H�B�b�B�Q�M ���M�/H0 �B�M�/�B�+���i�2�b �M�Q

�+�Q�H�H�B�b�B�Q�M�X �h�?�2 �/�2�+�B�b�B�Q�M �7�m�M�+�i�B�Q�M �B�b �K�Q�/�B�7�B�2�/ �i�Q �b�2�H�2�+�i �i�?�2 ���+�i�B�Q�Ma� �i�?���i �K�B�M�B�K�B�x�2�b �i�?�2 �Q�p�2�`���H�H

�T�Q�b�i�2�`�B�Q�` �2�t�T�2�+�i�2�/ �H�Q�b�b

a� = ���`�;�K�B�M
ai

R(ai jz0:t ) = ���`�;�K�B�M
ak

1X

j =0

L(ak ; H j )P(H j jz0:t ) �U�8�X�j�V

�h�?�2 �H�Q�b�b �7�m�M�+�i�B�Q�M �B�b �`�2�b�T�Q�M�b�B�#�H�2 �7�Q�` �#���H���M�+�B�M�; �i�?�2 �T�Q�i�2�M�i�B���H �+�Q�b�i �Q�7 �� �+�Q�H�H�B�b�B�Q�M �r�B�i�? �i�?�2 �+�Q�b�i

�Q�7 ���M �m�M�M�2�+�2�b�b���`�v �K���M�2�m�p�2�` �Q�` �7���H�b�2 ���H���`�K�X �6�Q�` �� �;�B�p�2�M ���+�i�B�Q�Mak �- �i�?�2 �H�Q�b�b �r�?�2�MH0 �Q�+�+�m�`�b

�B�b �`�2�T�`�2�b�2�M�i�2�/ �#�vCk
0 �- �r�?�B�+�? �B�b �/�2�7�B�M�2�/ ���b �i�?�2 �+�Q�b�i �Q�7 �i���F�B�M�; �i�?�2 �i�`���D�2�+�i�Q�`�v ���b�b�Q�+�B���i�2�/ �r�B�i�?

���+�i�B�Q�Mk�X �h�?�2 �H�Q�b�b �r�?�2�MH1 �Q�+�+�m�`�b �B�bCk
0 + Ck

1 �- �r�?�2�`�2Ck
1 �`�2�T�`�2�b�2�M�i�b �i�?�2 �+�Q�b�i �Q�7 �+�Q�H�H�B�b�B�Q�M



�3�3
�+�Ñ�ž�ÿ���¶�� �9�Y �m���Ô�é�Ì �ž �H�ñ�'�A�+�ñ���� �7�ñ���'�ž���²�A�H�ñ�ñ�á�Ô�é�Ì �b�ñ�é�ž�� �Å�ñ�� �+�ñ�ã�ã�Ô���Ô�ñ�é ���&�ñ�Ô�²�ž�é�«�¶ �Ô�é �b�è�ž�ã�ã

���m�p���. ���é�ž�ã�-���Ô�� �ž�é�² �2�,�ÿ�¶���Ô�è�¶�é���ž�ã �`�¶�����ã����

���b�b�Q�+�B���i�2�/ �r�B�i�? ���+�i�B�Q�Mk�X �A�i �B�b �B�K�T�Q�`�i���M�i �i�Q �M�Q�i�2 �i�?���iCk
1 �B�b �2�[�m���H �i�QC j

1 �7�Q�` ���H�Hj ���M�/k�- �b�B�M�+�2

�i�?�2 �+�Q�b�i �Q�7 �� �+�Q�H�H�B�b�B�Q�M �B�b �i�?�2 �b���K�2 �7�Q�` �2���+�? ���+�i�B�Q�M�X

�h�Q ���+�+�Q�m�M�i �7�Q�` �i�?�2 �+�Q�b�i �Q�7 �7���H�b�2 ���H���`�K�b�- �i�?�2 �+�Q�b�i �B�b �K�Q�/�B�7�B�2�/ �i�Q �#�2Ck
0 � C0

0 �7�Q�` ���H�Hk 6= 0�- �r�?�2�`�2

C0
0 �B�b �i�?�2 �+�Q�b�i �Q�7 �M�Q�i �i���F�B�M�; ���M�v ���p�Q�B�/���M�+�2 �K���M�2�m�p�2�` ���M�/ �+�Q�M�i�B�M�m�B�M�; �Q�M �i�?�2 �T���i�? �7�`�Q�K �i�?�2

�T���i�? �T�H���M�M�2�`�X �h�?�2 �+�Q�b�i �Q�7 �� �K�B�b�b�2�/ �/�2�i�2�+�i�B�Q�M�- �r�?�B�+�? �r�Q�m�H�/ �`�2�b�m�H�i �B�M �� �+�Q�H�H�B�b�B�Q�M�- �B�bC0
1 + C0

0 �X

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

�#�2�i�i�2�` �#���H���M�+�2 �i�?�2 �+�Q�b�i �Q�7 �� �+�Q�H�H�B�b�B�Q�M �r�B�i�? �i�?�2 �+�Q�b�i �Q�7 �� �7���H�b�2 ���H���`�K�X

�8�X�k�X�k �S�`�Q�#���#�B�H�B�b�i�B�+ �h�`���D�2�+�i�Q�`�v

�q�2 ���/�Q�T�i �� �b�i�Q�+�?���b�i�B�+ ���T�T�`�Q���+�? �i�Q ���l�o �i�`���D�2�+�i�Q�`�v �T�H���M�M�B�M�;�X �h�?�B�b ���T�T�`�Q���+�? �+�Q�M�b�B�/�2�`�b

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

�Q�7 �� �+�Q�H�H�B�b�B�Q�M �#���b�2�/ �Q�M �i�?�2 �b�2�i �Q�7 �T�Q�b�b�B�#�H�2 �+�Q�K�K���M�/�b ���M�/ �2���+�? �T�Q�b�b�B�#�H�2 �i�`���D�2�+�i�Q�`�v�X �h�Q

�K�Q�/�2�H �i�?�2 ���l�o �/�v�M���K�B�+�b �b�i�Q�+�?���b�i�B�+���H�H�v�- �r�2 �+�Q�M�b�B�/�2�` �� �7�B�M�B�i�2 �b�2�i �Q�7 �+���M�/�B�/���i�2 �i�`���D�2�+�i�Q�@

�`�B�2�bX t :t+ T � X �- �r�?�2�`�2X �B�b �i�?�2 �b�2�i �Q�7 ���H�H �T�Q�b�b�B�#�H�2 �i�`���D�2�+�i�Q�`�B�2�b�- ���M�/ �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7

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

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

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

�+�Q�K�K���M�/�X ���M �B�M�/�B�+���i�Q�` �7�m�M�+�i�B�Q�MI (X k
t :t+ T 2 ci;j;k ) �B�b �m�b�2�/ �i�Q �/�2�i�2�`�K�B�M�2 �r�?�2�i�?�2�` �� �;�B�p�2�M

�i�`���D�2�+�i�Q�`�vX k
t :t+ T 2 X t :t+ T �T���b�b�2�b �i�?�`�Q�m�;�? �i�?�2 �+�2�H�Hci;j;k �- �r�?�2�`�2T �B�b �i�?�2 �H�2�M�;�i�? �Q�7 �i�?�2 �i�`���@

�D�2�+�i�Q�`�v �B�M �b�2�+�Q�M�/�b�- ���M�/I (X k
t :t+ T 2 ci;j;k ) = 1 �B�7 �i�?�2 �i�`���D�2�+�i�Q�`�v �T���b�b�2�b �i�?�`�Q�m�;�? �i�?�2 �+�2�H�H ���M�/

I (X k
t :t+ T 2 ci;j;k ) = 0 �B�7 �i�?�2 �i�`���D�2�+�i�Q�`�v �/�Q�2�b �M�Q�i �T���b�b �i�?�`�Q�m�;�? �i�?�2 �+�2�H�H�X �P�p�2�` �� �/�2�i�2�`�K�B�M�B�b�i�B�+

�i�`���D�2�+�i�Q�`�v�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �+�Q�H�H�B�b�B�Q�M �r�B�i�? �� �+�2�H�Hci;j;k �B�b

p(C(ci;j;k ) = 1 jX k
t :t+ T ) = I (X k

t :t+ T 2 ci;j;k )p(ci;j;k = 1) �U�8�X�9�V
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�h�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �M�Q �+�Q�H�H�B�b�B�Q�M �r�B�i�? �� �+�2�H�Hci;j;k �;�B�p�2�M �� �i�`���D�2�+�i�Q�`�vX k
t :t+ T �B�b �/�2�M�Q�i�2�/ �#�v

p(C(ci;j;k ) = 0 jX k
t :t+ T )�- �r�?�B�+�? �B�b �2�[�m�B�p���H�2�M�i �i�Q1 � p(C(ci;j;k ) = 1 jX k

t :t+ T )�X �a�B�M�+�2 �i�?�2 �+�2�H�H�bci;j;k

���`�2 �B�M�/�2�T�2�M�/�2�M�i�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �+�Q�H�H�B�b�B�Q�M �Q�p�2�` �� �i�`���D�2�+�i�Q�`�v �B�b

p(C(X k
t :t+ T ) = 1) = 1 �

Y

ci;j;k 2M

p(C(ci;j;k ) = 0 jX k
t :t+ T ) �U�8�X�8�V

�h�Q �B�M�+�Q�`�T�Q�`���i�2 �T�`�Q�#���#�B�H�B�b�i�B�+ �i�`���D�2�+�i�Q�`�B�2�b�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i ���M ���+�i�B�Q�Mak �`�2�b�m�H�i�b �B�M �+�Q�H�H�B�b�B�Q�M

�B�b

p(C(X k
t :t+ T ) = 1 jak) =

Z

X k
t :t + T 2X

p(xjak)p(C(x) = 1) dx �U�8�X�e�V

�r�?�2�`�2p(xjak) �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �i�`���D�2�+�i�Q�`�vx = X k
t :t+ T 2 X �;�B�p�2�M ���M ���+�i�B�Q�Mak ���M�/

p(C(x) = 1) �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �+�Q�H�H�B�b�B�Q�M �`�2�b�m�H�i�B�M�; �7�`�Q�K �� �i�`���D�2�+�i�Q�`�vx �7�`�Q�K �2�[�m���i�B�Q�M

�U�8�X�8�V�X

�q�2 �2�K�T�H�Q�v �� �`�2�+�2�/�B�M�; �?�Q�`�B�x�Q�M �(�j�) ���T�T�`�Q���+�? �7�Q�` �T�H���M�M�B�M�;�X �_�2�+�2�/�B�M�; �?�Q�`�B�x�Q�M �T�H���M�M�B�M�; �+�Q�K�@

�T�m�i�2�b �� �T���i�? �Q�p�2�` �� �7�B�M�B�i�2 �T�H���M�M�B�M�; �?�Q�`�B�x�Q�M ���M�/ �2�t�2�+�m�i�2�b �� �T�Q�`�i�B�Q�M �Q�7 �i�?���i �T���i�? �#�2�7�Q�`�2

�`�2�@�T�H���M�M�B�M�;�X �6�Q�` �+�Q�H�H�B�b�B�Q�M ���p�Q�B�/���M�+�2�- �i�?�2 �T�H���M�M�B�M�; �?�Q�`�B�x�Q�M �B�b �K�m�+�? �H�Q�M�;�2�` �i�?���M �i�?�2 �i�B�K�2

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

�K�2�M�i�b �7�`�Q�K �i�?�2 �b�Q�M���`zt �X �h�?�2�`�2�7�Q�`�2�- �r�?�2�M �Q�#�b�i���+�H�2�b ���`�2 �7���` �7�`�Q�K �i�?�2 �b�Q�M���`�- �i�?�2 ���H�;�Q�`�B�i�?�K

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

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

�M�2�r �T���i�?�b�X �h�Q ���+�+�Q�m�M�i �7�Q�` �i�?�2 �K���M�v �`�2�@�+�Q�K�T�m�i���i�B�Q�M�b �/�m�2 �i�Q �i�?�2 �M���i�m�`�2 �Q�7 �`�2�+�2�/�B�M�; �?�Q�`�B�x�Q�M

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

�i�?�2 �i�`���D�2�+�i�Q�`�v�X �q�2 �K�Q�/�B�7�v �2�[�m���i�B�Q�M �U�8�X�9�V �i�Q �#�2 �i�?�2 �+�Q�b�i �Q�7 �� �i�`���D�2�+�i�Q�`�v �;�B�p�2�M ���M ���+�i�B�Q�Mak
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�b�m�+�? �i�?���i

C(C(ci;j;k ) = 1 jX k
t :t+ T ) =

I (X k
t :t+ T 2 ci;j;k )p(ci;j;k = 1)

I x � (i � 1)cd

I x

�U�8�X�d�V

�r�?�2�`�2I x �B�b �i�?�2 �7�m�`�i�?�2�b�i �+�2�H�H �B�M�/�2�t ���r���v �7�`�Q�K �i�?�2 �b�Q�M���` ���M�/cd 2 [0; 1] �B�b �b�i�`���i�2�;�B�+���H�H�v �+�?�Q�b�2�M �i�Q

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

�+�Q�H�H�B�b�B�Q�M�b�X �q�?�2�Mcd = 0�- �2�p�2�`�v �+�2�H�H �B�b �r�2�B�;�?�i�2�/ �2�[�m���H�H�v�X �A�70 < cd � 1�- �i�?�2 �+�H�Q�b�2�b�i �+�2�H�H�b �i�Q �i�?�2

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

�i�?�2 �b�Q�M���` �B�M�+�`�2���b�2�b�X �1�K�T�H�Q�v�B�M�; �i�?�B�b �m�T�/���i�2�/ �+�Q�b�i �7�m�M�+�i�B�Q�M�- ���M�/ �m�b�B�M�;C(C(ci;j;k ) = 1 jX k
t :t+ T )

�B�M �2�[�m���i�B�Q�M �U�8�X�8�V�- �Q�m�` �K�Q�/�B�7�B�2�/ �/�2�+�B�b�B�Q�M �7�m�M�+�i�B�Q�M �#�2�+�Q�K�2�b

a� = ���`�;�K�B�M
ak

1X

j =0

L(ak ; H j )C(C(X t :t+ T ) = 1 jak)

�8�X�k�X�j �S���i�? �S�H���M�M�B�M�;

�A�M �Q�`�/�2�` �i�Q �/�2�K�Q�M�b�i�`���i�2 �i�?�2 �Q�#�b�i���+�H�2 ���p�Q�B�/���M�+�2 ���H�;�Q�`�B�i�?�K �B�M �i�?�2 �7�B�2�H�/ �/�m�`�B�M�; ���l�o �Q�T�2�`���@

�i�B�Q�M�- �i�?�2 �+�Q�H�H�B�b�B�Q�M ���p�Q�B�/���M�+�2 ���H�;�Q�`�B�i�?�K �K�m�b�i �#�2 ���#�H�2 �i�Q �`�2�/�B�`�2�+�i �i�?�2 ���l�o �r�?�2�M ���M �B�K�K�B�M�2�M�i

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

�� �K�2�+�?���M�B�b�K �B�b �M�2�2�/�2�/ �i�Q �B�M�+�Q�`�T�Q�`���i�2 �i�?�2 �+�Q�H�H�B�b�B�Q�M ���p�Q�B�/���M�+�2 ���H�;�Q�`�B�i�?�K �r�B�i�? �i�?�2 �?�B�;�?�@�H�2�p�2�H

�M���p�B�;���i�B�Q�M ���M�/ �;�Q���H�b �Q�7 �i�?�2 ���l�o�X �h�Q �+�Q�m�T�H�2 �i�?�2 ���l�o�ö�b �T���i�? �T�H���M�M�2�` �r�B�i�? �Q�m�` �+�Q�H�H�B�b�B�Q�M

���p�Q�B�/���M�+�2 �/�2�+�B�b�B�Q�M �`�m�H�2�- �r�2 �2�t�i�2�M�/ �i�?�2 �H�Q�b�b �7�m�M�+�i�B�Q�M �B�M �b�2�+�i�B�Q�M�8�X�k�X�R�#�v �B�M�+�H�m�/�B�M�; �+�Q�b�i�b �7�Q�`

�/�2�p�B���i�B�Q�M �7�`�Q�K �i�?�2 ���l�o�ö�b �T���i�?�X �h�Q ���+�?�B�2�p�2 �i�?�B�b�- �r�2 �+�Q�M�b�B�/�2�` �� �b�B�K�T�H�2 �T���i�? �T�H���M�M�B�M�; ���H�@

�;�Q�`�B�i�?�K �m�b�B�M�; �r���v�T�Q�B�M�i�b ���M�/ �i�?�2 �T�Q�b�i�2�`�B�Q�` �2�t�T�2�+�i�2�/ �H�Q�b�b �U�8�X�j�V �/�B�b�+�m�b�b�2�/ �B�M �a�2�+�i�B�Q�M�8�X�k�X�R�X

�h�?�2 �r���v�T�Q�B�M�i�b ���`�2 �;�2�M�2�`���i�2�/ �#�v �i�?�2 �e�N�y ���l�o�ö�b �T���i�? �T�H���M�M�2�` ���M�/ �i�?�2 �+�Q�H�H�B�b�B�Q�M ���p�Q�B�/���M�+�2
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�b�v�b�i�2�K �i���F�2�b �+�Q�M�i�`�Q�H �r�?�2�M �Q�m�` �b�v�b�i�2�K �/�2�i�2�+�i�b �i�?���i �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �+�Q�H�H�B�b�B�Q�M ���H�Q�M�; �i�?�2

�+�m�`�`�2�M�i �i�`���D�2�+�i�Q�`�v �B�b �;�`�2���i�2�` �i�?���M �Q�m�` �T�`�2�/�2�i�2�`�K�B�M�2�/ �`�B�b�F �i�Q�H�2�`���M�+�2�X �P�m�` �K�2�i�?�Q�/ �+�Q�K�T�m�i�2�b

�i�?�2 �+�m�`�`�2�M�i �v���r ���M�/ �T�B�i�+�? ���M�;�H�2�b�- ���M�/ �K�2���b�m�`�2�b �i�?�2 �/�B�7�7�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 ���M�;�H�2 �i�?�2 ���l�o

�B�b �7���+�B�M�; ���M�/ �i�?�2 �/�2�b�B�`�2�/ ���M�;�H�2 �`�2�[�m�B�`�2�/ �i�Q �`�2���+�? �i�?�2 �r���v�T�Q�B�M�i �7�Q�` �2���+�? �T�Q�b�b�B�#�H�2 �i�`���D�2�+�i�Q�`�v

�r�2 �2�p���H�m���i�2�X �h�?�B�b �B�b ���+�?�B�2�p�2�/ �#�v �+�Q�M�b�i�`�m�+�i�B�M�; �i�?�2 �+�Q�b�i �Q�7 �2���+�?ak �B�M �U�8�X�j�V �7�Q�` �2���+�? �Q�7 �i�?�2

�T�Q�b�b�B�#�H�2 �i�`���D�2�+�i�Q�`�B�2�b �b�m�+�? �i�?���i

Ck
0 = �+�Q�b� 1

�
�+�Q�b(� w) �+�Q�b(� k)

�
�+�Q�b(� w) �+�Q�b(� k) + �b�B�M(� w) �b�B�M(� k)

�
+ �b�B�M(� w) �b�B�M(� k)

�
c

�U�8�X�3�V

�r�?�2�`�2� k ���M�/� k ���`�2 �i�?�2 �7�B�M���H �?�2���/�B�M�; ���M�/ �T�B�i�+�? ���M�;�H�2�b ���b �� �`�2�b�m�H�i �Q�7 �i���F�B�M�; �i�`���D�2�+�i�Q�`�vk�c� w

���M�/� w ���`�2 �i�?�2 �?�2���/�B�M�; ���M�/ �T�B�i�+�? ���M�;�H�2�b �i�Q �i�?�2 �r���v�T�Q�B�M�i�X �h�?�B�b �`�2�b�m�H�i�b �B�M �i�?�2 ���M�;�H�2 �#�2�i�r�2�2�M

�i�?�2 �7�Q�`�r���`�/ �p�2�+�i�Q�` �Q�7 �i�?�2 ���l�o ���M�/ �i�?�2 �p�2�+�i�Q�` �i�Q �i�?�2 �r���v�T�Q�B�M�i �K�m�H�i�B�T�H�B�2�/ �#�v �� �m�b�2�` �b�2�H�2�+�i�2�/

�+�Q�b�i �H���#�2�H�2�/ �#�v �� �+�Q�M�b�i���M�ic�X �h�?�2 �+�Q�M�b�i���M�ic �B�b �b�i�`���i�2�;�B�+���H�H�v �+�?�Q�b�2�M �i�Q �#���H���M�+�2 �i�?�2 �+�Q�b�i �Q�7

�K���B�M�i���B�M�B�M�; �i�?�2 �/�2�b�B�`�2�/ �i�`���D�2�+�i�Q�`�v �B�M �i�?�2 ���l�o �K�B�b�b�B�Q�M ���M�/ �i�?�2 �+�Q�b�i �Q�7 ���p�Q�B�/�B�M�; �Q�#�b�i���+�H�2�b�X
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