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

�k�X �J�2�i�?�Q�/�b

�k�X�R�X �.���i���#���b�2�b

�A�M �i�?�B�b �r�Q�`�F �r�2 �}�i �i�?�2 �G�J�G �T�Q�i�2�M�i�B���H�b �m�b�B�M�; �.�6�h �/���i���#���b�2�b �7�Q�` �6�2 ���M�/ �q �U�h���#�H�2�R�V�X �h�?�2

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

�+���H�+�m�H���i�B�Q�M�b�- �H�B�[�m�B�/ �+�Q�M�}�;�m�`���i�B�Q�M�b ���M�/ �i�?�2 �b�i�`�m�+�i�m�`�2�b �Q�7 �T�Q�B�M�i�- �T�H���M���` ���M�/ �H�B�M�2���` �/�2�7�2�+�i�b�X �6�Q�`

�Q�M�2 �+�Q�M�}�;�m�`���i�B�Q�M �U�b�B�K�m�H���i�B�Q�M �+�2�H�H�V �r�B�i�?N ���i�Q�K�b�- �i�?�2 �K���t�B�K�m�K �M�m�K�#�2�` �Q�7 �i�?�2 �/���i�� �T�Q�B�M�i�b �i�Q

�}�i �B�b(nE + nF + nS) = 3 N + 7 �- �r�?�B�+�? �`�2�b�m�H�i�b �7�`�Q�K �i�?�2 �b�B�K�m�H�i���M�2�Q�m�b �}�i �Q�7 �2�M�2�`�;�v �UnE = 1 �V�-

�7�Q�`�+�2�b �UnF = 3N �V ���M�/ �b�B�t �B�M�/�2�T�2�M�/�2�M�i �+�Q�K�T�Q�M�2�M�i�b �Q�7 �p�B�`�B���H �b�i�`�2�b�b �UnS = 6 �V�X �h�?�2 �q �/���i���#���b�2 �B�b

�b�B�;�M�B�}�+���M�i�H�v �#�B�;�;�2�` �i�?���M �i�?���i �Q�7 �6�2�X �P�p�2�`���H�H�- �i�?�2 �q �/���i���#���b�2 �+�Q�M�i���B�M�b �k�e�k�k�y�j(nE + nF + nS)

�/���i���T�Q�B�M�i�b�- �r�?�B�H�b�i �i�?�2 �6�2 �/���i���b�2�i �+�Q�M�i���B�M�b �k�y�8�d�d �T�Q�B�M�i�b ���p���B�H���#�H�2 �7�Q�` �i�?�2 �i�2�b�i ���M�/ �i�`���B�M�X �h�?�2

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

�i�`���B�M ���M�/ �i�2�b�i ���`�2 �`�2�T�Q�`�i�2�/ �B�M �h���#�H�2�R�X

�h���#�H�2 �R�, �*�Q�K�T�Q�b�B�i�B�Q�M �Q�7 �6�2 ���M�/ �q �/���i���#���b�2�b �2�K�T�H�Q�v�2�/ �7�Q�` �}�i�i�B�M�; �G�J�G �T�Q�i�2�M�i�B���H�b�X �A�M �i�?�2 �+�Q�H�m�K�M �r�B�i�? �T�`�Q�T�2�`�i�B�2�b

�i�Q �}�i�- �1 �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �2�M�2�`�;�B�2�b�- �6 �b�i���M�/�b �7�Q�` �7�Q�`�+�2�b ���M�/ �a �7�Q�` �b�i�`�2�b�b�X �h�?�2 �M�m�K�#�2�` �Q�7 �/���i�� �T�Q�B�M�i�b �i�Q �}�i �B�b �/�2�}�M�2�/

�#�v(nE + nF + nS ) �r�B�i�?nE �-nF ���M�/nS �#�2�B�M�; �i�?�2 �M�m�K�#�2�` �Q�7 �T�Q�B�M�i�b �r�B�i�? �2�M�2�`�;�B�2�b�- �7�Q�`�+�2�b ���M�/ �b�i�`�2�b�b�- �`�2�b�T�2�+�i�B�p�2�H�v�X

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

�.�" �+�H���b�b

�6�2 �q �U�j�y�V

���i�Q�K�b �S�`�Q�T�2�`�i�B�2�bnE + nF + nS �*�Q�M�}�;�m�`���i�B�Q�M�b���i�Q�K�b �S�`�Q�T�2�`�i�B�2�bnE + nF + nS �*�Q�M�}�;�m�`���i�B�Q�M�b

�T�2�` �+�2�H�H �i�Q �}�i �i�`���B�M �f �i�2�b�i �i�`���B�M �f �i�2�b�i�T�2�` �+�2�H�H �i�Q �}�i �i�`���B�M �f �i�2�b�i �i�`���B�M �f �i�2�b�i

�"�+�+ �m�M�B�i �+�2�H�H�k �1�a �3�9�y�f�9�3�j �R�k�y�f�e�N �R �1�a �d�j�j�e�f�e�e�e�9 �R�y�9�3�f�N�8�k

�1�H���b�i�B�+�B�i�v �k �1�a �k�j�R�f�9�e�k �j�j�f�e�e �� �� �� ��

�"�+�+ �@ �J�. �R�k�3 �6 �R�R�8�k�y�f�j�3�9�y �j�y�f�R�y�R�k�3 �1�6 �R�R�8�8�y�f�R�R�8�8�y �j�y�f�j�y

�G�B�[�m�B�/ �R�y�y �6 �k�R�y�y�f�N�y�y �d�f�j �� �� �� ��

�6�`�2�2 �b�m�`�7���+�2�b�R�9�@�9�3 �1 �9�f�9 �9�f�9 �R�k �1 �N�y�f�N�y �N�y�f�N�y

 �@�b�m�`�7���+�2�b �R�k �1 �R�k�y�f�9�N �R�k�y�f�9�N�R�k �1 �j�y�y�y�f�j�R�3�j �j�y�y�y�f�j�R�3�j

�o���+���M�+�B�2�b �R�k�e�@�R�k�d �1 �j�f�j �j�f�j �9�d�@�R�k�d �1�6 �3�N�y�d�y�f�3�N�y�d�y �8�3�8�f�8�3�8

�a�2�H�7�@�B�M�i�2�`�b�i�B�i�B���H�b�R�k�N�@�R�j�k �1 �N�f�N �N�f�N �� �� �� ��

�.�B�b�H�Q�+���i�B�Q�M�b�� �� �� �� �R�j�8 �1�6 �9�y�e�y�f�j�e�8�9�y �R�y�f�N�y

�h�Q�i���H �R�9�3�k�d�f�8�d�8�y �j�k�e�f�k�R�j �R�R�8�R�y�e�f�R�9�d�y�N�d �9�d�e�j�f�9�N�j�y
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�h�?�2 �6�2 �/���i���#���b�2 �B�b �+���H�+�m�H���i�2�/ �r�B�i�? �o���a�S �U�j�9�V �m�b�B�M�; �S���q �T�b�2�m�/�Q�T�Q�i�2�M�i�B���H �r�B�i�? �:�:���@�S�"�1

�7�m�M�+�i�B�Q�M���H �i�?���i ���+�+�Q�m�M�i�b �7�Q�` �R�9 �p���H�2�M�+�2 �2�H�2�+�i�`�Q�M�b �jp63d74s1�X �h�?�2 �T�H���M�2�@�r���p�2 �+�m�i�Q�z �2�M�2�`�;�v �B�b �b�2�i

�i�Q �9�y�y �2�o�X �h�?�2 �"�`�B�H�H�Q�m�B�M �x�Q�M�2 �B�b �b���K�T�H�2�/ �r�B�i�? �i�?�2 �J�Q�M�F�?�Q�`�b�i�@�S���+�F �b�+�?�2�K�2 �b�m�+�? ���b �i�?�2 �b�K���H�H�2�i�b

�b�T���+�B�M�; �#�2�i�r�2�2�M �i�?�2�F�@�T�Q�B�M�i�b �B�b �y�X�y�R�d�8 �³� 1�X

�6�Q�` �q�- �r�2 �2�K�T�H�Q�v �i�?�2 �Q�T�2�M ���+�+�2�b�b �/���i���#���b�2 �7�`�Q�K �H�B�#���i�Q�K�b�X�Q�`�; �U�*���K�#�`�B�/�;�2 �l�M�B�p�2�`�b�B�i�v�V�-

�r�?�B�+�? �r���b �T�`�2�p�B�Q�m�b�H�v �m�b�2�/ �7�Q�` �}�i�i�B�M�; �� �:���S �T�Q�i�2�M�i�B���H �U�j�y�V�X �h�?�B�b �/���i���#���b�2 �r���b �+���H�+�m�H���i�2�/ �r�B�i�?

�*���a�h�1�S �U�j�8�V �m�b�B�M�; �m�H�i�`���b�Q�7�i �T�b�2�m�/�Q�T�Q�i�2�M�i�B���H ���M�/ �:�:���@�S�"�1 �7�m�M�+�i�B�Q�M���H �r�B�i�?5s25p65d46s2

�2�H�2�+�i�`�Q�M�b�X �J�Q�`�2 �/�2�i���B�H�b ���#�Q�m�i �i�?�2 �q �/���i���#���b�2 �+���H�+�m�H���i�B�Q�M�b �+���M �#�2 �7�Q�m�M�/ �B�M �U�j�y�V�X

�k�X�k�X �.�2�b�+�`�B�T�i�Q�` �7�m�M�+�i�B�Q�M�b

�k�X�k�X�R�X �"�2�?�H�2�`�@�S���`�B�M�2�H�H�Q �/�2�b�+�`�B�T�i�Q�` �7�m�M�+�i�B�Q�M�b

�h�?�2 �"�2�?�H�2�`�@�S���`�B�M�2�H�H�Q �U�"�S�V �b�v�K�K�2�i�`�v �7�m�M�+�i�B�Q�M�b �r�2�`�2 �Q�`�B�;�B�M���H�H�v �B�M�i�`�Q�/�m�+�2�/ �B�M �k�y�y�d �U�R�j�V ���M�/

�b�B�M�+�2 �i�?�2�M �i�?�2�v ���`�2 �r�B�/�2�H�v �m�b�2�/ ���b �/�2�b�+�`�B�T�i�Q�`�b �+�Q�m�T�H�2�/ �r�B�i�? �L�L �T�Q�i�2�M�i�B���H�b �U�j�e�V �7�Q�` �p���`�B�Q�m�b

�K���i�2�`�B���H�b�- �b�m�+�? ���b ���H�m�K�B�M�m�K �U�k�9�c�j�d�V ���M�/ �B�i�b ���H�H�Q�v�b �U�j�3�V�- �+���`�#�Q�M ���H�H�Q�i�`�Q�T�2�b �U�;�`���T�?�B�i�2�@�/�B���K�Q�M�/�V

�U�j�N�V�- �b�Q�/�B�m�K �U�9�y�c�9�R�V�- �;�2�`�K���M�B�m�K �i�2�H�H�m�`�B�/�2 �U�9�k�V�- �r���i�2�` �U�9�j�c�9�9�V�- �2�i�+�X

�h�?�2 �K�Q�b�i �b�B�K�T�H�2 ���M�/ �7���b�i �"�S �/�2�b�+�`�B�T�i�Q�` �B�b �i�?�2 �i�r�Q�@�#�Q�/�v �b�v�K�K�2�i�`�v �7�m�M�+�i�B�Q�MG a
2 �i�?���i �i���F�2�b

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

�/�B�b�i�`�B�#�m�i�B�Q�M �7�m�M�+�i�B�Q�M�X �l�b�B�M�; �i�?�2G a
2 �7�m�M�+�i�B�Q�M�- �i�?�2 �2�M�p�B�`�Q�M�K�2�M�i �Q�7 �i�?�2ath ���i�Q�K �+���M �#�2 �r�`�B�i�i�2�M

���b�,

Ga
2(�; R s) =

X

b2 v(a)

e� � (r ab � Rs )2
wbf c (r ab) ; �U�R�V

�r�?�2�`�2v(a) �/�2�M�Q�i�2�b �i�?�2 �b�2�i �Q�7 ���H�H �i�?�2 �M�2�B�;�?�#�Q�`�b �Q�7 �i�?�2ath ���i�Q�K �r�B�i�?�B�M �� �+�m�i�Q�z �7�m�M�+�i�B�Q�Mf c (rab)

�U�/�2�i���B�H�2�/ �#�2�H�Q�r�V�c �T���`���K�2�i�2�`�bRs ���M�/� �+�Q�M�i�`�Q�H �i�?�2 �T�Q�b�B�i�B�Q�M ���M�/ �r�B�/�i�? �Q�7 �i�?�2 �:���m�b�b�B���M �r�B�i�?

�`�2�b�T�2�+�i �i�Q �i�?�2 �+�2�M�i�`���H ���i�Q�K�cwb �B�b �� �r�2�B�;�?�i �7���+�i�Q�`�- �+�Q�K�K�Q�M�H�v �i���F�2�M ���b ���i�Q�K�B�+ �K���b�b�- �r�?�B�+�?

���H�H�Q�r�b �i�Q �/�B�b�+�`�B�K�B�M���i�2 �#�2�i�r�2�2�M �p���`�B�Q�m�b �i�v�T�2�b �Q�7 ���i�Q�K�b�X �l�b�B�M�; �i�?�2 �;�`�B�/�b �Q�7� = � 1; : : : ; � g1 ���M�/

Rs = Rs;1; : : : ; Rs;g2 �- �i�?�2 �H�Q�+���H �2�M�p�B�`�Q�M�K�2�M�i �Q�7 �i�?�2ath ���i�Q�K �B�b �T�`�Q�D�2�+�i�2�/ �B�M�i�Q �/�2�b�+�`�B�T�i�Q�` �7�m�M�+�i�B�Q�M

�b�T���+�2 �Q�7 �/�B�K�2�M�b�B�Q�Mj = dim(G a
2) = g1 � g2�X �J�Q�b�i �+�Q�K�K�Q�M�H�v�- �i�?�2�b�2 �p���H�m�2�b ���`�2 �i���F�2�M ���bg2 = 1

���M�/Rs = 0 �r�?�B�H�b�i �i�?�2 �;�`�B�/� �?���b5 � 200 �p���H�m�2�b �#�2�i�r�2�2�M10� 2 ���M�/1:0�X

�A�M �Q�`�/�2�` �i�Q �;�Q �#�2�v�Q�M�/ �i�?�2 �`���/�B���H �7�m�M�+�i�B�Q�MG a
2 �U�1�[�X�R�V�- �B�i �B�b �M�2�+�2�b�b���`�v �i�Q �+�Q�M�b�B�/�2�` ���M�;�m�H���` �K���M�v�@

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

���M�;�m�H���` �+�Q�`�`�2�H���i�B�Q�M�b �#�2�i�r�2�2�M �i�?�2 ���i�Q�K�b�X �l�b�B�M�; �i�?�2 ���M�;�H�2� abc = r abr ac=rabrac �#�2�i�r�2�2�M �i�?�2 �i�?�`�2�2

���i�Q�K�ba�-b ���M�/c �U�+�2�M�i�2�`�2�/ �Q�M �i�?�2 ���i�Q�Ka�V�- �Q�M�2 �+���M �/�2�}�M�2 �i�?�2G a
3 �/�2�b�+�`�B�T�i�Q�` ���b �7�Q�H�H�Q�r�b �U�R�j�V�,

Ga
3(�; �; � ) = 2 1� �

X

b;c6=a

(1 + � cos� abc) � � e� � (r 2
ab + r 2

ac + r 2
bc) � f 0

c (r ab; rac; rbc) ; �U�k�V

�e



  

�r�?�2�`�2 �i�?�2 �T���`���K�2�i�2�`� �+�Q�M�i�`�Q�H�b �i�?�2 ���M�;�m�H���` �+�Q�K�T�Q�M�2�M�i�b �Q�7 ���i�Q�K�B�+ �2�M�p�B�`�Q�M�K�2�M�i�b�c� = �1 �/�2�}�M�2�b

�i�?�2 �2�t�i�`�2�K�2 �T�Q�b�B�i�B�Q�M�b �Q�7 �+�Q�b�B�M�2 �7�m�M�+�i�B�Q�M�c ���M�/ �i�?�2 �7�m�M�+�i�B�Q�Mf 0
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�h�?�2� ���M�/� �;�`�B�/�b �i�Q�;�2�i�?�2�` �r�B�i�?� �;�B�p�2 �i�?�2 �/�B�K�2�M�b�B�Q�M �Q�7 �i�?�2 �/�2�b�+�`�B�T�i�Q�` �7�m�M�+�i�B�Q�M �b�T���+�2j =
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�2�M�p�B�`�Q�M�K�2�M�i �r�B�i�?�B�M �i�?�2 �/�B�b�i���M�+�2r � Rcut ���+�+�Q�`�/�B�M�; �i�Q �i�?�2 �7�Q�H�H�Q�r�B�M�; �2�t�T�`�2�b�b�B�Q�M�,

f c (r ) =
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�2���+�? ���i�Q�Ka �+���M �#�2 �+�Q�M�b�B�/�2�`�2�/ ���b �� �b�m�K �Q�7� �7�m�M�+�i�B�Q�M�b ���i ���H�H �T�Q�b�B�i�B�Q�M�b �Q�7 �M�2�B�;�?�#�Q�`�B�M�; ���i�Q�K�b �m�T
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� a(r) = wa� (r ) +
X

b2 v(a)

f c(r ab)wb� (r � r ab) : �U�9�V
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���`�2 �#���b�2�/ �2�t�+�H�m�b�B�p�2�H�v �Q�M ���M�;�m�H���` �b�T�?�2�`�B�+���H �7�m�M�+�i�B�Q�M�bYlm �+�Q�M�i���B�M �Q�M�H�v �`���/�B���H �B�M�7�Q�`�K���i�B�Q�M ���M�/�-

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

�H�B�F�2 �#�B�b�T�2�+�i�`�m�K �a�P�U�9�V �U�R�9�c�R�8�V�- �r���b �b�?�Q�r�M �i�Q �#�2 �+�Q�K�T�H�2�i�2 �U�R�9�c�R�8�c�9�e�c�9�d�V�- �B�X�2�X�- ���#�H�2 �i�Q �/�2�i�2�`�K�B�M�2

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

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

���T�T�`�Q���+�? �`�2�H�B�2�b �Q�M �i�?�2 �#�B�b�T�2�+�i�`�m�K �+�Q�K�T�Q�M�2�M�i�b �Q�7 �i�?�2 �9�. �?�v�T�2�`�b�T�?�2�`�B�+���H �?���`�K�Q�M�B�+�b �T�`�Q�D�2�+�i�2�/

�Q�M�i�Q �i�?�2R4�@�b�T�?�2�`�2 �U��-��- � 0�V�X �h�?�2 �`�2�H���i�B�Q�M �#�2�i�r�2�2�M �T�Q�H���` ���M�/ �*���`�i�2�b�B���M �+�Q�Q�`�/�B�M���i�2�b �B�b �#�B�D�2�+�i�B�p�2

�U�9�3�V�X

�A�i �B�b �B�M�i�2�`�2�b�i�B�M�; �i�Q �M�Q�i�2 �i�?���i �i�?�2�b�2 �7�m�M�+�i�B�Q�M�b ���`�2 �i�?�2 �i�`���M�b�7�Q�`�K���i�B�Q�M�b �K���i�`�B�+�2�b �7�Q�` �b�i���M�/���`�/

�b�T�?�2�`�B�+���H �?���`�K�Q�M�B�+�b �m�M�/�2�` �`�Q�i���i�B�Q�M�b �#�v ���M�;�H�2' = 2� 0 ���`�Q�m�M�/ �i�?�2 ���t�B�b �/�2�}�M�2�/ �#�v ���M�;�H�2�b� ���M�/
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��X �*�Q�M�b�2�[�m�2�M�i�H�v�- �i�?�2 �7�m�M�+�i�B�Q�M�b �+���M �#�2 �2���b�B�H�v �`�2�H���i�2�/ �i�Q �i�?�2 �q�B�;�M�2�` �.�@�K���i�`�B�t�- �r�?�B�+�? �;�B�p�2�b �i�?�2

�B�`�`�2�/�m�+�B�#�H�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M�b �Q�7 �i�?�2 �a�P�U�j�V �;�`�Q�m�T �U�9�3�V�X �h�?�2 �M�2�B�;�?�#�Q�` �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M� a(�`) �Q�7 �i�?�2

ath ���i�Q�K �+���M �#�2 �/�2�b�+�`�B�#�2�/ �B�M �9�. �?�v�T�2�`�b�T�?�2�`�B�+���H �?���`�K�Q�M�B�+�b ���b �7�Q�H�H�Q�r�b�,

� a(�`) =
1X

j =0 ;1=2;:::

jX

m=� j

jX

m0=� j

ca
j ;mm 0Uj ;mm 0(� 0; �; � � r ) : �U�8�V

�h�?�2 �2�t�T���M�b�B�Q�M �+�Q�2�{�+�B�2�M�i�bca
j ;mm 0 �U���H�b�Q �+���H�H�2�/ �T�Q�r�2�` �b�T�2�+�i�`�m�K �+�Q�2�{�+�B�2�M�i�b�V �7�Q�` �i�?�2ath ���i�Q�K ���`�2

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

ca
j;mm 0 = waUj;mm 0(0; 0;0) +

X

b2v(a)

f c(r ab)wbUj;mm 0(� ab
0 ; � ab; � ab � r ab) ; �U�e�V

�r�?�2�`�2�- �i�?�2j �p���H�m�2�b �+���M �Q�M�H�v �#�2 �T�Q�b�B�i�B�p�2 �B�M�i�2�;�2�` �Q�` �?���H�7�@�B�M�i�2�;�2�`�- �B�X�2�X�-j = 0;
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3
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�i�?�2 �K���t�B�K���H �p���H�m�2 �Q�7 �i�?�2 ���M�;�m�H���` �K�Q�K�2�M�ij max �- �i�?�2 �i�Q�i���H �M�m�K�#�2�` �Q�7 �+�Q�K�T�Q�M�2�M�i�bUj ;mm 0 �B�b
P j max
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0 ; � ab; � ab ���`�2 �i�?�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�M �i�?�2r ab �p�2�+�i�Q�` �Q�M �i�?�2
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l1X
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l2X
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�h�?�2 �+�?�Q�B�+�2 �Q�7 ���i�Q�K�B�+ �/�2�b�+�`�B�T�i�Q�` �7�m�M�+�i�B�Q�M�b �?���b ���M �B�K�T���+�i �Q�M �i�?�2 ���+�+�m�`���+�v �Q�7 �i�?�2 �T�Q�i�2�M�i�B���H

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

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

�3



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

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

�i�Q ���/�/�`�2�b�b�X

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

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

�Q�7 �#�B�b�T�2�+�i�`�m�K �#�@�a�P�U�9�V ���`�2 �b�m�{�+�B�2�M�i �7�Q�` �i�?�2 ���M�;�m�H���` �/�2�b�+�`�B�T�i�B�Q�M�X �>�Q�r�2�p�2�`�- �i�?�B�b �H�Q�r �p���H�m�2�b �Q�7

j max �r�B�H�H �/�2�;�`���/�2 �i�?�2 �`���/�B���H �/�2�b�+�`�B�T�i�B�Q�M �T�`�Q�p�B�/�2�/ �#�v �i�?�2 �b�T�2�+�i�`���H �/�2�b�+�`�B�T�i�Q�`�X �A�M �Q�`�/�2�` �i�Q �2�M�b�m�`�2

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

�U�2�X�;�X�-G 2�V �+�Q�M�i�`�B�#�m�i�B�M�; �i�Q �i�?�2 �?�v�#�`�B�/ �7�m�M�+�i�B�Q�M�X

�A�M �i�?�B�b �r�Q�`�F �r�2 �/�2�b�B�;�M �� �?�v�#�`�B�/ �/�2�b�+�`�B�T�i�Q�`D�- �+���H�H�2�/ �?�2�`�2���7�i�2�` �:�k�"�9�- �r�?�B�+�? �B�b �#�m�B�H�i �Q�M �i�?�2

�`���/�B���H �/�2�b�+�`�B�T�i�Q�`G 2 �U�1�[�X�R�V ���M�/ �+�Q�K�T�H�2�K�2�M�i�2�/ �r�B�i�? �i�?�2 �#�B�b�T�2�+�i�`�m�K �a�P�U�9�V �+�Q�2�{�+�B�2�M�i�bB �U�1�[�X�d�V

�Q�7 �`�2�H���i�B�p�2�H�v �H�Q�r �/�B�K�2�M�b�B�Q�M���H�B�i�v �Ujmax = 1 :5� 3:5�V�X ���/�/�B�M�; �H�Q�r �/�B�K�2�M�b�B�Q�M���H�B�i�v �#�B�b�T�2�+�i�`�m�K ���H�H�Q�r�b

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

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

�/�2�i���B�H�b�- �b�2�2 �i�?�2 �b�2�+�i�B�Q�M�j�X�j�V�X �h�?�2 �M�2�r �/�2�b�+�`�B�T�i�Q�` �:�k�"�9 �B�b �#�m�B�H�i ���b �� �/�B�`�2�+�i �b�m�KD = G 2 � B ���M�/

�B�i�b �/�B�K�2�M�b�B�Q�MK = dim �UD�V �B�b �2�[�m���H �i�Q �i�?�2 �b�m�KK = dim�UG 2�V �Ydim�UB�V�X �h�?�B�b �K�B�t�B�M�; �Q�T�i�B�Q�M �B�b

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

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

�H�B�K�B�i�b �Q�7 �H�Q�r �f �?�B�;�? ���+�+�m�`���+�v ���M�/ �H�Q�r �f �?�B�;�? �+�Q�K�T�m�i���i�B�Q�M���H �+�Q�b�i�X

�k�X�j�X �G�B�M�2���` � �̀2�;� �̀2�b�b�B�Q�M �B�M �i�?�2 �/�2�b�+�`�B�T�i�Q�`�b �b�T���+�2

�.�2�b�B�;�M�B�M�; �� �J�G �T�Q�i�2�M�i�B���H �p�B�� �H�B�M�2���` �}�i �B�M �i�?�2 �/�2�b�+�`�B�T�i�Q�` �b�T���+�2�- �B�X�2�X�- �G�J�G�- �r���b �Q�`�B�;�B�M���H�H�v

�B�M�i�`�Q�/�m�+�2�/ �#�v �h�?�Q�K�T�b�Q�M ���M�/ �+�Q�@�r�Q�`�F�2�`�b �U�k�N�V �B�M �i�?�2 �7�`���K�2�r�Q�`�F �Q�7 �a�L���S �K�2�i�?�Q�/�- �r�?�B�+�? �H�B�M�F�b

�i�?�2 �#�B�b�T�2�+�i�`�m�K �a�P�U�9�V �+�Q�2�{�+�B�2�M�i�bB a
ll 1 l2 �U�1�[�X�d�V �i�Q �i�?�2 �i�Q�i���H �2�M�2�`�;�v �Q�7 �i�?�2 �b�v�b�i�2�K�X �� �b�B�K�B�H���`

�`�2�;�`�2�b�b�B�Q�M ���H�;�Q�`�B�i�?�K �r���b ���H�b�Q �2�K�T�H�Q�v�2�/ �B�M �`�2�7�b�X �U�R�e�c�R�d�V �r�?�2�`�2 �J�h�S �T�Q�i�2�M�i�B���H �m�b�2�b �B�M�p���`�B���M�i

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

�/�2�b�+�`�B�T�i�Q�`�b�- �2�X�;�X�- �r�B�i�? �i�?�2 �"�S �7�m�M�+�i�B�Q�M�b �U�1�[�b�X�R�- �k�V ���M�/ �i�?�2 �?�v�#�`�B�/ �/�2�b�+�`�B�T�i�Q�` �:�k�"�9 �U�b�2�+�i�B�Q�M

�k�X�k�X�j�V�X

���b�b�m�K�B�M�; �� �H�B�M�2���` �`�2�H���i�B�Q�M �#�2�i�r�2�2�M �i�?�2 ���i�Q�K�B�+ �2�M�2�`�;�v ���M�/ �/�2�b�+�`�B�T�i�Q�` �+�Q�2�{�+�B�2�M�i�b �U�k�N�V�- �i�?�2

�G�J�G �T�Q�i�2�M�i�B���H �2�M�2�`�;�vE a
LML �Q�7 �2���+�? ���i�Q�Ka �+���M �#�2 �+�Q�K�T�m�i�2�/ ���b �� �b�m�K �Q�p�2�` �i�?�2K �/�2�b�+�`�B�T�i�Q�`

�+�Q�K�T�Q�M�2�M�i�bD a = ( D a
1; : : : ; D a

K ) �K�m�H�i�B�T�H�B�2�/ �#�v �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �T���`���K�2�i�2�`�b(� 1; : : : ; � K )T ���H�Q�M�;

�N



�2���+�? �/�B�`�2�+�i�B�Q�M�,

E a
LML (D a) = � 0 +

KX

k=1

� kD a
k = (1; D a) �

0

B
B
B
B
B
B
@

� 0

� 1

�X�X�X

� K

1

C
C
C
C
C
C
A

; �U�3�V

�r�?�2�`�2� 0 �B�b �i�?�2 �+�Q�M�b�i���M�i �2�M�2�`�;�v �+�Q�M�i�`�B�#�m�i�B�Q�M�X �h�?�2 �2�M�2�`�;�v �/�2�b�+�`�B�T�i�Q�` �Q�7 �i�?�2 �H�Q�+���H �2�M�p�B�`�Q�M�K�2�M�i

�Q�7 �i�?�2 ���i�Q�Ka �B�b �i�?�2R1� (K +1) �p�2�+�i�Q�`(1; D a)�X �h�?�2�M�- ���b�b�m�K�B�M�; �i�?���i �i�?�2 �2�M�2�`�;�v �Q�7 �i�?�2 ���i�Q�K�B�+

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

�U�k�N�V�- �i�?�2 �i�Q�i���H �2�M�2�`�;�vELML �+���M �#�2 �r�`�B�i�i�2�M ���b�,

ELML = N� 0 +
KX

k=1

� k

NX

a=1

D a
k = N;

NX

a=1

D a

!

�

0
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B
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B
@

� 0

� 1

�X�X�X

� K

1

C
C
C
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C
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: �U�N�V

�h�?�2 �i�Q�i���H �2�M�2�`�;�v �/�2�b�+�`�B�T�i�Q�` �#�2�+�Q�K�2�bD E = ( N;
P

a D a) �p�2�+�i�Q�` �B�M �i�?�2R1� (K +1) �b�T���+�2�X �h�?�2

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

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

�Q�#�i���B�M�2�/ �7�`�Q�K �i�?�2 �/�2�`�B�p���i�B�p�2�b �Q�7 �i�?�2 �2�M�2�`�;�v �U�1�[�X�N�V �r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2 ���i�Q�K�B�+ �T�Q�b�B�i�B�Q�M�br�X �h�?�m�b�-

�i�?�2 �7�Q�`�+�2Fa
LML ���+�i�B�M�; �Q�M �i�?�2 ���i�Q�Kb �B�M �i�?�2 �/�B�`�2�+�i�B�Q�M� �B�b�,

F b�
LML = �r b� ELML =

KX

k=1

� k �
NX

a=1

@Da
k

@xb�

!

= 0; �
NX

a=1

@D a

@xb�

!
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B
@

� 0

� 1
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: �U�R�y�V

�h�?�2 �/�2�b�+�`�B�T�i�Q�` �7�Q�` �i�?�2 �7�Q�`�+�2 �Q�M �i�?�2bth ���i�Q�K �B�M �/�B�`�2�+�i�B�Q�M� �#�2�+�Q�K�2�bD b�
F = (0; �

P N
a=1 @D a=@xb� ) 2

R1� (K +1) �X ���b �B�M �i�?�2 �+���b�2 �Q�7 �2�M�2�`�;�v �U�1�[�X�N�V�- �i�?�2 ���i�Q�K�B�+ �7�Q�`�+�2�b ���`�2 �B�M �H�B�M�2���` �`�2�H���i�B�Q�M �r�B�i�? �i�?�2

�7�Q�`�+�2 �/�2�b�+�`�B�T�i�Q�`�b ���M�/ �i�?�2�v ���`�2 �+�?���`���+�i�2�`�B�x�2�/ �#�v �i�?�2 �b���K�2K +1 �`�2�;�`�2�b�b�B�Q�M �T���`���K�2�i�2�`�b�X �h�?�2 �7�Q�`�+�2

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

�i�?�2 �/�2�b�+�`�B�T�i�Q�` �7�m�M�+�i�B�Q�M�b �?���p�2 �� �}�M�B�i�2 �+�m�i�Q�z �`���/�B�m�b ���M�/�- �/�m�2 �i�Q �i�?�2 �T�2�`�B�Q�/�B�+ �#�Q�m�M�/���`�v �+�Q�M�/�B�i�B�Q�M�b�-

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

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

NX

a=1

!
X

a2 v(b)

: �U�R�R�V

�"���b�2�/ �Q�M �i�?�2 �b�B�K�B�H���` �T�`�Q�i�Q�+�Q�H�b �7�Q�` �i�?�2 �/�2�}�M�B�i�B�Q�M �Q�7 �p�B�`�B���H �b�i�`�2�b�b�- �i�?�2 �b�i�`�2�b�b �/�2�b�+�`�B�T�i�Q�`�bD S

�+���M �#�2 �7�m�`�i�?�2�` �/�2�/�m�+�2�/�X

�R�y
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�r�2 �i�2�b�i �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2 �a�L���S �T�Q�i�2�M�i�B���H �U�G�J�G �Y �#�B�b�T�2�+�i�`�m�K �#�@�a�P�U�9�V �r�B�i�?j max = 3:5

���M�/Rcut �4�8 �³�V �r�B�i�?�Q�m�i ���T�T�H�v�B�M�; ���M�v �`�2�;�`�2�b�b�B�Q�M �r�2�B�;�?�i�b�X �h�?�2 �2�t���+�i �`���i�B�Q�b �#�2�i�r�2�2�M �i�?�2 �i�`���B�M�f�i�2�b�i

�+�Q�M�}�;�m�`���i�B�Q�M�b �7�Q�` �/�B�z�2�`�2�M�i �/���i���#���b�2 �+�H���b�b�2�b �U�2�X�;�X�- �T�`�B�K�B�i�B�p�2 �+�2�H�H�- �7�`�2�2 �b�m�`�7���+�2�b�- �T�Q�B�M�i �/�2�7�2�+�i�b�- �2�i�+�X�V

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

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

�}�M�/ �i�?�2 �i�2�b�i �2�`�`�Q�`�b �b�B�K�B�H���` �i�Q �i�?�Q�b�2 �7�`�Q�K �i�`���B�M�B�M�; �U�6�B�;�X�k�V�X �_�2�;���`�/�H�2�b�b �Q�7 �i�?�2 �/���i���#���b�2 �b�B�x�2 �U�b�K���H�H

�6�2 �Q�` �#�B�; �q�V�- �i�?�2 �K�2���M �b�[�m���`�2 �2�`�`�Q�`�b �U�J�a�1�V ���`�2 ���H�r���v�b �r�B�i�?�B�M �k�y �K�2�o�f���i�Q�K�- �R�y�y �K�2�o�f�³ ���M�/
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�6�B�;�m�`�2 �R�, �*�Q�K�T�m�i���i�B�Q�M���H �+�Q�b�i �Q�7 �i�?�2 ���i�Q�K�B�+ �/�2�b�+�`�B�T�i�Q�`�b �U�Q�M �� �b�B�M�;�H�2 �A�M�i�2�H �"�`�Q���/�r�2�H�H �+�Q�`�2�V �M�Q�`�K���H�B�x�2�/ �#�v �i�?���i �Q�7

�#�B�b�T�2�+�i�`�m�K �#�@�a�P�U�9�V �r�B�i�?j max �4�j�X�8 ���M�/Rcut �4�8�X �h�?�2 �i�B�K�B�M�;�b �/�Q �M�Q�i �+�Q�K�T�`�B�b�2 �2�p���H�m���i�B�Q�M �Q�7 �i�?�2 �M�2���`�2�b�i �M�2�B�;�?�#�Q�`

�2�M�p�B�`�Q�M�K�2�M�i�- �B�X�2�X�- �i�?�2�v ���`�2 �B�M�/�2�T�2�M�/�2�M�i �Q�7 �i�?�2 �M�2�B�;�?�#�Q�` �H�B�b�i ���H�;�Q�`�B�i�?�K�X �h�?�2G2;3 �+�m�`�p�2�b ���`�2 �i�?�2 �"�S �/�2�b�+�`�B�T�i�Q�`�b�c

�#�@�a�P�U�9�V ���M�/ �T�@�a�P�U�9�V �+�m�`�p�2�b �+�Q�`�`�2�b�T�Q�M�/�- �`�2�b�T�2�+�i�B�p�2�H�v�- �i�Q �i�?�2 �#�B�b�T�2�+�i�`�m�K ���M�/ �T�Q�r�2�`�b�T�2�+�i�`�m�K �7�m�M�+�i�B�Q�M�b�c �:�k�"�9 �B�b

�i�?�2 �?�v�#�`�B�/ �/�2�b�+�`�B�T�i�Q�`�X �h�?�2 �B�M�/�2�t�2�bj �`�2�7�2�` �i�Q �/�B�K�2�M�b�B�Q�M���H�B�i�v �Q�7 �i�?�2 �"�S �/�2�b�+�`�B�T�i�Q�`�b�-j max �B�b �i�?�2 ���M�;�m�H���` �K�Q�K�2�M�i

�Q�7 �i�?�2 �b�T�2�+�i�`���H �/�2�b�+�`�B�T�i�Q�`�b�X

�6�B�;�m�`�2 �k�, �G�B�M�2���` �a�L���S �T�Q�i�2�M�i�B���H �7�Q�` �6�2 ���M�/ �q �}�i�i�2�/ �r�B�i�?�Q�m�i �r�2�B�;�?�i�b�, �+�Q�K�T���`�B�b�Q�M �Q�7 �i�?�2 �2�M�2�`�;�B�2�b�- �7�Q�`�+�2�b ���M�/

�b�i�`�2�b�b �r�B�i�? �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �.�6�h �p���H�m�2�b �7�`�Q�K �i�?�2 �/���i���#���b�2�X ���i�Q�K�B�+ �b�v�b�i�2�K�b �i�?���i �+���`�`�v �B�M�7�Q�`�K���i�B�Q�M �Q�M �/�B�z�2�`�2�M�i

�K���i�2�`�B���H�b �T�`�Q�T�2�`�i�B�2�b �U�2�X�;�X�- �+�Q�M�i���B�M�B�M�; �/�B�z�2�`�2�M�i �b�i�`�m�+�i�m�`���H �/�2�7�2�+�i�b�V ���`�2 �/�2�T�B�+�i�2�/ �r�B�i�? �/�B�z�2�`�2�M�i �+�Q�H�Q�`�b�X �h�?�2 �_�J�a�1

���M�/ �J�a�1 �2�`�`�Q�`�b �Q�7 �}�i ���`�2 �T�`�Q�p�B�/�2�/ �Q�M �2���+�? �b�m�#�T�H�Q�i�X

�9�y �K�2�o�f�³3 �7�Q�` �2�M�2�`�;�B�2�b�- �7�Q�`�+�2�b ���M�/ �b�i�`�2�b�b�- �`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2 �T�`�2�b�2�M�i �H�B�M�2���` �}�i �r�B�i�? �i�?�2 �i�`���B�M�f�i�2�b�i

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

�h�?�2 �;�`�Q�m�M�/ �b�i���i�2 �T�`�Q�T�2�`�i�B�2�b �Q�7 �6�2 ���M�/ �q �7�`�Q�K �i�?�2�b�2 �T�Q�i�2�M�i�B���H�b ���`�2 �B�H�H�m�b�i�`���i�2�/ �B�M �6�B�;�m�`�2�j

�R�j



�6�B�;�m�`�2 �j�, �1�p�Q�H�m�i�B�Q�M �Q�7 �i�?�2 �H���i�i�B�+�2 �+�Q�M�b�i���M�ia0 �- �#�m�H�F �K�Q�/�m�H�m�bB �- �2�H���b�i�B�+ �+�Q�M�b�i���M�i�bCij ���M�/ �Q�7 �i�?�2 �_�J�a�1 �2�`�`�Q�`

�}�i �7�Q�` �i�?�2 �7�Q�`�+�2 �+�Q�K�T�Q�M�2�M�i�b �U�b�Q�H�B�/ �H�B�M�2�b�@ �i�`���B�M�B�M�; �+�Q�M�}�;�m�`���i�B�Q�M�b�- �/���b�?�2�/ �H�B�M�2�b �@ �i�2�b�i �+�Q�M�}�;�m�`���i�B�Q�M�b�V �B�M �#�+�+�@�6�2

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

�T�`�Q�T�2�`�i�B�2�b �U�7�`�Q�K �i�?�2 �.�6�h �/���i���#���b�2�V ���`�2 �B�M�/�B�+���i�2�/ �r�B�i�? �i�?�2 �/���b�?�2�/ �;�`���v �H�B�M�2�b�X �A�M �i�?�2 �H�2�;�2�M�/�- �i�?�2 �B�M�/�2�t�2�bj �`�2�7�2�`

�i�Q �/�B�K�2�M�b�B�Q�M���H�B�i�v �Q�7 �i�?�2 �"�SG2;3 �/�2�b�+�`�B�T�i�Q�`�b�-j max �B�b �i�?�2 ���M�;�m�H���` �K�Q�K�2�M�i �Q�7 �i�?�2 �b�T�2�+�i�`���H �/�2�b�+�`�B�T�i�Q�`�b�X

�U�b�2�2 �i�?�2 �`�2�/ �#�@�a�P�U�9�V �+�m�`�p�2�b �r�B�i�?j max �4�j�X�8 ���i �r�2�B�;�?�i�bW �4 1�V�X �q�B�i�?�Q�m�i ���T�T�H�v�B�M�; �`�2�;�`�2�b�b�B�Q�M

�r�2�B�;�?�i�b�- �#�Q�i�? �T�Q�i�2�M�i�B���H�b �T�`�Q�p�B�/�2 �i�?�2 �m�M�B�i �+�2�H�H �T���`���K�2�i�2�` ���M�/ �2�H���b�i�B�+ �+�Q�M�b�i���M�i�b �r�B�i�? �i�?�2 �8�W�20%

�/�B�z�2�`�2�M�+�2 �r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2 �i���`�;�2�i �.�6�h �p���H�m�2�b �7�`�Q�K �i�?�2 �/���i���#���b�2 �U�B�M�/�B�+���i�2�/ �r�B�i�? �;�`���v �/���b�?�2�/

�H�B�M�2 �B�M �6�B�;�X�j�V�X �h�?�m�b�- �2�p�2�M �+�Q�K�#�B�M�2�/ �r�B�i�? �� �`�Q�#�m�b�i �/�2�b�+�`�B�T�i�Q�` ���M�/ �2�t�i�2�M�b�B�p�2 �/���i���#���b�2�- �G�J�G

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

�r�2 �2�t���K�B�M�2 �?�Q�r �i�?�2 �[�m���H�B�i�v �Q�7 �}�i ���M�/ �i�?�2 �J�G �T�Q�i�2�M�i�B���H �T�2�`�7�Q�`�K���M�+�2 �U�B�M�+�H�m�/�B�M�; �+�Q�K�T�m�i���i�B�Q�M���H

�+�Q�b�i�V �+���M �#�2 �B�K�T�`�Q�p�2�/�X

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

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

�G�J�G �K�2�i�?�Q�/�X �_�2�H�v�B�M�; �Q�M �i�?�2 �+�?�Q�b�2�M �/���i���#���b�2�b�- �r�2 ���B�K �i�Q �`�2�T�`�Q�/�m�+�2 �i�?�2 �2�b�b�2�M�i�B���H �;�`�Q�m�M�/

�b�i���i�2 �T�`�Q�T�2�`�i�B�2�b �Q�7 �6�2 ���M�/ �q�- �b�m�+�? ���b �#�+�+ �m�M�B�i �+�2�H�H �T���`���K�2�i�2�`a0 �U�}�`�b�i �Q�`�/�2�` �/�2�`�B�p���i�B�p�2 �Q�7 �i�?�2

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

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

�/�2�7�Q�`�K�2�/ �#�+�+ �+�Q�M�}�;�m�`���i�B�Q�M�b �2�t�+�H�m�b�B�p�2�H�v�X �h�?�2�b�2 �+�Q�M�}�;�m�`���i�B�Q�M�b �`�2�T�`�2�b�2�M�i�+���X�R�y�W ���M�/ �R�8�W �Q�7

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

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

���i �H�2���b�i �m�T �i�Q103�X �6�Q�` �i�?�2 �#�B�;�;�2�` �q �/���i���#���b�2�- �i�?�2 �+�Q�M�p�2�`�;�2�M�+�2 �Q�7 �2�H���b�i�B�+ �+�Q�M�b�i���M�i�b �+���M �#�2
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�`�2���+�?�2�/ �r�B�i�? �i�?�2 �r�2�B�;�?�i�b �B�M �i�?�2 �Q�`�/�2�` �Q�7104�- �r�?�B�H�2 �7�Q�` �i�?�2 �b�K���H�H �6�2 �/���i���b�2�i�- �i�?�2 �r�2�B�;�?�i�b �B�M

�`���M�;�2 �Q�7104 � 105 ���`�2 �`���i�?�2�` �`�2�[�m�B�`�2�/�X ���b ���M�v �`���/�B���H �T�Q�i�2�M�i�B���H �U�R�R�c�R�k�V�- �G�J�G �+�Q�m�T�H�2�/ �r�B�i�? �i�?�2

G 2 ���H�r���v�b �T�`�Q�p�B�/�2�bC12 = C44�X ���K�Q�M�; �i�?�2 �i�2�b�i�2�/ �/�2�b�+�`�B�T�i�Q�`�b�- �Q�M�H�v �#�B�b�T�2�+�i�`�m�K �#�@�a�P�U�9�V �r�B�i�?

j max �4�j�X�8 �U�i�?�B�b �/�2�b�+�`�B�T�i�Q�` �B�b �+�Q�M�p�2�M�i�B�Q�M���H�H�v �+�Q�m�T�H�2�/ �r�B�i�? �i�?�2 �a�L���S �7�Q�`�K���H�B�b�K�V ���M�/ �i�?�2 �?�v�#�`�B�/

�/�2�b�+�`�B�T�i�Q�` �:�k�"�9 �K���B�M�i���B�M �� �`�2�H���i�B�p�2�H�v �H�Q�r �}�i �2�`�`�Q�` �r�B�i�? �i�?�2 �r�2�B�;�?�i �Q�7104 ���M�/105 �i�?���i �2�M�b�m�`�2

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

�>�Q�r�2�p�2�`�- �r�?�2�M �i�?�2 �r�2�B�;�?�i�b �`�2���+�? �i�?�2 �p���H�m�2�b �Q�7104 � 105�- �i�`���M�b�7�2�`���#�B�H�B�i�v �Q�7 �i�?�2 �T�Q�i�2�M�i�B���H�b

�r���M�2�b�X �A�M�+�`�2���b�B�M�; �r�2�B�;�?�i�b �Q�M �i�?�2 �b�2�H�2�+�i�2�/ �T�`�Q�T�2�`�i�B�2�b �`�2�b�m�H�i�b �B�M �B�M�+�`�2���b�2 �Q�7 �i�?�2 �i�`���B�M �f �i�2�b�i

�}�i �2�`�`�Q�` �7�Q�` �i�?�2 �Q�i�?�2�` �+�Q�M�}�;�m�`���i�B�Q�M�b �r�?�2�`�2 �M�Q �H���`�;�2 �r�2�B�;�?�i�b �r�2�`�2 �b�2�i�X �6�B�;�m�`�2�j �/�2�T�B�+�i�b �i�?�2

�2�p�Q�H�m�i�B�Q�M �Q�7 �_�J�a�1 �2�`�`�Q�`�b �Q�7 �i�?�2 �7�Q�`�+�2 �+�Q�K�T�Q�M�2�M�i�b �7�Q�` �i�`���B�M�B�M�; �U�b�Q�H�B�/ �H�B�M�2�b�V ���M�/ �i�2�b�i�B�M�; �U�/���b�?�2�/

�H�B�M�2�b�V �+�Q�M�}�;�m�`���i�B�Q�M�b�X �q�?�B�H�2 �`�2���+�?�B�M�; �i�?�2 �+�Q�M�p�2�`�;�2�M�+�2 �Q�7 �2�H���b�i�B�+ �T�`�Q�T�2�`�i�B�2�b �r�B�i�?W = 1041�- �r�2

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

�6�Q�` �i�?�2 �T�`�2�b�2�M�i �G�J�G �`�2�;�`�2�b�b�B�Q�M�- �i�?�2 �p���H�m�2�b �Q�7 �r�2�B�;�?�i�b �/�2�}�M�2 �i�?�2 �+�Q�M�}�/�2�M�+�2 �H�B�K�B�i �Q�7 �i�?�2

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

�U�2�t�+�2�T�i �7�Q�` �i�?�2 �T�Q�r�2�`�b�T�2�+�i�`�m�K �T�@�a�P�U�9�V �r�?�2�`�2 �i�?�2 �+�Q�M�}�/�2�M�+�2 �x�Q�M�2 �/�2�+�H�B�M�2�b �7���b�i�2�`�V�X �h�?�2 �H�B�K�B�i �Q�7

�i�?�2 �+�Q�M�}�/�2�M�+�2 �x�Q�M�2 �/�B�`�2�+�i�H�v �B�K�T���+�i�b �i�`���M�b�7�2�`���#�B�H�B�i�v �Q�7 �G�J�G �T�Q�i�2�M�i�B���H�b�- �i�?�2�`�2�7�Q�`�2�- �B�i �`�2�T�`�2�b�2�M�i�b

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

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

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

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

�"�2�B�M�; �K�m�+�? �7���b�i�2�` �U�6�B�;�X�R�V�- �i�?�2 �?�v�#�`�B�/ �:�k�"�9 �+���M �#�2 �� �T�`�Q�K�B�b�B�M�; �+���M�/�B�/���i�2 �i�Q �b�m�#�b�i�B�i�m�i�2 �Q�7

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

�B�M�+�`�2���b�2�/ �#�v �B�M�+�Q�`�T�Q�`���i�B�M�; �K�Q�`�2G 2 �Q�B̀ �+�Q�K�T�Q�M�2�M�i�b�X �6�`�Q�K �i�?�2 �i�`�B���H �+���H�+�m�H���i�B�Q�M�b �r�B�i�? �� �?�v�#�`�B�/

�/�2�b�+�`�B�T�i�Q�` �i�?���i �?���bj max �4�R�X�8 �Q�7 �#�B�b�T�2�+�i�`�m�KB ���M�/j = 30 �Q�7 �`���/�B���HG 2 �7�m�M�+�i�B�Q�M�- �r�2 �}�M�/ �i�?�2 �G�J�G

�}�i ���+�+�m�`���+�v �b�B�K�B�H���` �i�Q �i�?���i �Q�7 �i�?�2 �`�2�;�m�H���` �#�B�b�T�2�+�i�`�m�K �a�P�U�9�V �r�B�i�?j max �4�j�X�8�X �q�?�B�H�2 �B�M�+�`�2���b�B�M�;

�i�?�2 �M�m�K�#�2�` �Q�7 �+�Q�K�T�Q�M�2�M�i�b �B�MG 2 �7�`�Q�K �d �i�Q �j�y�- �i�?�2 �+�Q�K�T�m�i���i�B�Q�M���H �+�Q�b�i �Q�7 �:�k�"�9 �B�M�+�`�2���b�2�b �Q�M�H�v �#�v

�k�y�W�c �r�?�B�H�b�i �i�?�2 �+���H�+�m�H���i�B�Q�M�b �r�B�i�? �T�m�`�2 �#�@�a�P�U�9�V �r�B�i�?j max �4�j�X�8 ���`�2 ���K�Q�b�i �R�y �i�B�K�2�b �b�H�Q�r�2�`�X �h�?�2

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

�i�?�2 �T�Q�i�2�M�i�B���H�X

�h�?�2 �m�b�2�`�@�/�2�}�M�2�/ �+�Q�M�i�`�Q�H �Q�p�2�` �i�?�2 �+�Q�b�i�f���+�+�m�`���+�v �#���H���M�+�2 �B�M �G�J�G �T�Q�i�2�M�i�B���H�b �+�Q�K�#�B�M�2�/ �r�B�i�?

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

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

�q �U�6�B�;�X�9�V�X �h�?�2 ���+�+�m�`���+�v �Q�7 �i�?�2 �T�?�Q�M�Q�M�b �;�`���/�m���H�H�v �B�K�T�`�Q�p�2�b �r�B�i�? �B�M�+�`�2���b�B�M�; �i�?�2 �}�/�2�H�B�i�v �Q�7 �G�J�G

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

�R�8



  

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

�K���i�2�`�B���H�b �T�`�Q�T�2�`�i�B�2�b �U�2�X�;�X�- �7�Q�`a0 ���M�/ �2�H���b�i�B�+ �+�Q�M�b�i���M�i�b�V�- �r�?�B�H�b�i �i�?�2 �T�?�Q�M�Q�M�b�- ���M�/�- �+�Q�M�b�2�[�m�2�M�i�H�v�-

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

�Q�7 �i�?�2 �T�Q�i�2�M�i�B���H�X �6�B�;�m�`�2�9 �B�H�H�m�b�i�`���i�2�b �?�Q�r �i�?�2 �B�M�+�`�2���b�B�M�; �i�?�2 �+�Q�K�T�H�2�i�2�M�2�b�b �Q�7 �i�?�2 �/�2�b�+�`�B�T�i�Q�`

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

�?�B�;�? �b�v�K�K�2�i�`�v �/�B�`�2�+�i�B�Q�M �B�M �}�`�b�i �"�`�B�H�H�Q�m�B�M �x�Q�M�2�X �h�?�2 �T�m�`�2 �#�@�a�P�U�9�V �/�2�b�+�`�B�T�i�Q�` �r�B�i�?j max �4�9�X�y

�U�6�B�;�X�9�/�V �;�B�p�2�b �i�?�2 ���+�+�m�`���+�v �H�B�K�B�i �7�Q�` �i�?�2 �+���H�+�m�H���i�B�Q�M�b �U�i�?�2 �b�K���H�H �/�B�z�2�`�2�M�+�2�b �#�2�i�r�2�2�M �i�?�2 �G�J�G

�+�m�`�p�2�b ���M�/ �2�t�T�2�`�B�K�2�M�i���H �T�Q�B�M�i�b ���`�2 �K���B�M�H�v �/�m�2 �i�Q �i�?�2 �b�v�b�i�2�K���i�B�+ �2�`�`�Q�` �Q�7 �i�?�2 �.�6�h �+���H�+�m�H���i�B�Q�M�b

�i�?���i �+�Q�M�i�`�B�#�m�i�2 �i�Q �i�?�2 �q �/���i���#���b�2�V�X �6�`�Q�K �i�?�2 �i�2�b�i�2�/ �b�2�i �Q�7 �G�J�G �T�Q�i�2�M�i���B�H�b �U�6�B�;�X�9�V�- �i�?�2

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

���M�;�m�H���` �K�Q�K�2�M�ij max > 2:5�X �h�?�2 �?�v�#�`�B�/ �/�2�b�+�`�B�T�i�Q�`�b �:�k�"�9 �7�`�Q�K �6�B�;�X�9�# ���M�/ �6�B�;�X�9�+ ���`�2�-

�`�2�b�T�2�+�i�B�p�2�H�v�- �3 ���M�/ �j �i�B�K�2�b �7���b�i�2�` �i�?���M �i�?�2 �T�m�`�2 �#�B�b�T�2�+�i�`�m�K �7�`�Q�K �6�B�;�X�9�/�X

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

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

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

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

�i�?�2�`�K�Q�/�v�M���K�B�+���H ���/���T�i�B�p�2 �b���K�T�H�B�M�; �K�2�i�?�Q�/�b�- �b�m�+�? ���b ���/���T�i�B�M�; �#�B���b�B�M�; �7�Q�`�+�2 �U�8�9�c�8�8�c�8�e�c�8�d�V

�Q�` �T�Q�i�2�M�i�B���H �/�v�M���K�B�+�b �U�8�3�c�8�N�c�e�y�V�X �h�?�2 �H�2�b�b ���+�+�m�`���i�2 �#�m�i �7���b�i �?�v�#�`�B�/ �/�2�b�+�`�B�T�i�Q�`�b �+���M �#�2 �m�b�2�/

�7�Q�` ���M �2�t�?���m�b�i�B�p�2 �2�t�T�H�Q�`���i�B�Q�M �Q�7 �i�?�2 �`�2�;�B�Q�M �Q�7 �B�M�i�2�`�2�b�i �Q�p�2�` �i�?�2 �T�?���b�2 �b�T���+�2�X �q�B�i�? �� �7�Q�+�m�b �Q�M

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

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

�B�M�+�`�2���b�2 �r�?�B�H�2 �F�2�2�T�B�M�; �i�?�2 �M�m�K�2�`�B�+���H �2�z�Q�`�i �r�B�i�?�B�M �`�2���b�Q�M���#�H�2 �H�B�K�B�i�b�X

�9�X �*�Q�M�+�H�m�b�B�Q�M�b ���M�/ �T�2�`�b�T�2�+�i�B�p�2�b

�A�M �i�?�B�b �r�Q�`�F �r�2 �?���p�2 �2�t���K�B�M�2�/ �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2 �G�J�G �K�2�i�?�Q�/ �+�Q�K�#�B�M�2�/ �r�B�i�? �/�B�z�2�`�2�M�i
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�U�U�R�9�c�9�3�V�,

Uj ;mm 0(r ) =
�

j � m
j � m0

� 1=2

z+ Uj � 1
2 ;m+ 1

2 m0+ 1
2
(r) � {

�
j + m
j � m0

� 1=2

x � Uj � 1
2 ;m� 1

2 m0+ 1
2
(r ) ; �U���X�8�V

�R�3



�q�?�B�H�2 �7�Q�` �i�?�2Uj;mm 0(r ) �r�B�i�?m0 6= � j �- �i�?�2 �7�Q�H�H�Q�r�B�M�; �`�2�H���i�B�Q�M �+���M �#�2 �m�b�2�/�,

Uj ;mm 0(r ) =
�

j + m
j + m0

� 1=2

z� Uj � 1
2 ;m� 1

2 m0� 1
2
(r) � {

�
j � m
j + m0

� 1=2

x+ Uj � 1
2 ;m+ 1

2 m0� 1
2
(r ) ; �U���X�e�V

�r�B�i�? �i�?�2 �}�`�b�i �i�2�`�K�b �Q�7 �i�?�2 �`�2�+�m�`�`�2�M�+�2 �i�?���i �/�2�}�M�2 �i�?�2 �m�T�T�2�` �i�2�`�K�b�,

U0;00(r) = 0 ;

U1
2 ;� 1

2 � 1
2
(r) =

1
2

z0 � iz
l0

;

U1
2 ;� 1

2 � 1
2
(r) = �{

x � iy
l0

; �U���X�d�V

�r�?�2�`�2 8
><

>:

z� = cos(� 0) � { sin(� 0) cos(� ) = z0 � {z
l0

;

x � = sin(� 0) sin(� )e� {� = x� {y
l0

;

�r�B�i�?z0 = r= tan � 0 ���M�/l0 = r= sin � 0�X �*�Q�M�b�2�[�m�2�M�i�H�v�- �i�?�2 �/�2�`�B�p���i�B�p�2 �Q�7Uj;mm 0 �U�1�[�b�X���X�8���M�/���X�e�V

�#�2�+�Q�K�2�b�,

@Uj;mm 0

@x�
=

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

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

q
j �m
j �m 0�

0

B
@

@z+
@x�

U
j � 1

2

m+ 1
2 m0+ 1

2
+ z+ �

@U
j � 1

2

m+ 1
2 m0+ 1

2

@x�

1

C
A

� {
q

j + m
j �m 0�

0

B
@

@x�
@x�

U
j � 1

2

m� 1
2 m0+ 1

2
+ x �

@U
j � 1

2

m� 1
2 m0+ 1

2

@x�

1

C
A (m0 6= j )

q
j +m
j +m 0�

0

B
@

@z�
@x�

U
j � 1

2

m� 1
2 m0� 1

2
+ z�

@U
j � 1

2

m� 1
2 m0� 1

2

@x�

1

C
A

� {
q

j � m
j +m 0�

0

B
@

@x+
@x�

U
j � 1

2

m+ 1
2 m0� 1

2
+ x+

@U
j � 1

2

m+ 1
2 m0� 1

2

@x�

1

C
A (m0 6= � j )

�h�?�2 �/�2�`�B�p���i�B�p�2�b �Q�7x � ���M�/z� �7�m�M�+�i�B�Q�M�b �+���M �#�2 �+�Q�K�T�m�i�2�/ ���b�,

@x�
@x�

=

8
>>>>>><

>>>>>>:

(x � {y)�
@(1=l0)

@x�
�U�B�7� = z)

(x � {y)�
@(1=l0)

@x�
+

1
l0

�U�B�7� = x)

(x � {y)�
@(1=l0)

@x�
�

{
l0

�U�B�7� = y)

@(1=l0)
@x�

=
�

cos� 0

r0
�

1
l0

�
x �

r 2 ;

@z�
@x�

=

8
>><

>>:

(z0 � {z)�
@(1=l0)

@x�
+

1
l0

@z0
@x�

�U�B�7� = x ; y)

(z0 � {z)�
@(1=l0)

@x�
+

1
l0

@z0
@x�

�
{
l0

�U�B�7� = z)

�R�N



@z0
@x�

=
�

1
tan � 0

�
� 0

sin2 � 0

�
x �

r
:

�_�2�7�2�`�2�M�+�2�b

�(�R�) �_�X �S�X �:�m�T�i���- �G���i�i�B�+�2 �`�2�H���t���i�B�Q�M ���i �� �K�2�i���H �b�m�`�7���+�2�- �S�?�v�b�X �_�2�p�X �" �k�j �U�R�N�3�R�V �e�k�e�8���e�k�d�y�X

�/�Q�B�,�R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�"�X�k�j�X�e�k�e�8�X

�(�k�) �:�X �C�X ���+�F�H���M�/�- �_�X �h�?�2�i�7�Q�`�/�- ���M �B�K�T�`�Q�p�2�/ �L�@�#�Q�/�v �b�2�K�B�@�2�K�T�B�`�B�+���H �K�Q�/�2�H �7�Q�` �#�Q�/�v�@�+�2�M�i�`�2�/ �+�m�@

�#�B�+ �i�`���M�b�B�i�B�Q�M �K�2�i���H�b�- �S�?�B�H�Q�b�X �J���;�X �� �8�e �U�R�V �U�R�N�3�d�V �R�8�X�/�Q�B�,�R�y�X�R�y�3�y�f�y�R�9�R�3�e�R�3�d�y�3�k�y�9�9�e�9�X

�(�j�) �o�X �_�Q�b���i�Q�- �J�X �:�m�B�H�H�Q�T�2�- �"�X �G�2�;�`���M�/�- �h�?�2�`�K�Q�/�v�M���K�B�+���H ���M�/ �b�i�`�m�+�i�m�`���H �T�`�Q�T�2�`�i�B�2�b �Q�7 �7�X�+�X�+�X

�i�`���M�b�B�i�B�Q�M �K�2�i���H�b �m�b�B�M�; �� �b�B�K�T�H�2 �i�B�;�?�i�@�#�B�M�/�B�M�; �K�Q�/�2�H�- �S�?�B�H�Q�b�X �J���;�X �� �8�N �U�k�V �U�R�N�3�N�V �j�k�R���j�j�e�X

�/�Q�B�,�R�y�X�R�y�3�y�f�y�R�9�R�3�e�R�3�N�y�3�k�y�8�y�e�k�X

�(�9�) �J�X �a�X �.���r�- �J�X �A�X �"���b�F�2�b�- �1�K�#�2�/�/�2�/�@���i�Q�K �K�2�i�?�Q�/�, �.�2�`�B�p���i�B�Q�M ���M�/ ���T�T�H�B�+���i�B�Q�M �i�Q �B�K�@

�T�m�`�B�i�B�2�b�- �b�m�`�7���+�2�b�- ���M�/ �Q�i�?�2�` �/�2�7�2�+�i�b �B�M �K�2�i���H�b�- �S�?�v�b�X �_�2�p�X �" �k�N �U�R�N�3�9�V �e�9�9�j���e�9�8�j�X�/�Q�B�,

�R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�"�X�k�N�X�e�9�9�j�X

�(�8�) �J�X �a�X �.���r�- �a�X �J�X �6�Q�B�H�2�b�- �J�X �A�X �"���b�F�2�b�- �h�?�2 �2�K�#�2�/�/�2�/�@���i�Q�K �K�2�i�?�Q�/�, �� �`�2�p�B�2�r �Q�7 �i�?�2�Q�`�v

���M�/ ���T�T�H�B�+���i�B�Q�M�b�- �J���i�2�`�X �a�+�B�X �_�2�T�Q�`�i�b �N �U�d�@�3�V �U�R�N�N�j�V �k�8�R�X�/�Q�B�,�R�y�X�R�y�R�e�f�y�N�k�y�@�k�j�y�d�U�N�j�V

�N�y�y�y�R�@�l�X

�(�e�) �J�X �A�X �"���b�F�2�b�- �J�Q�/�B�}�2�/ �2�K�#�2�/�/�2�/�@���i�Q�K �T�Q�i�2�M�i�B���H�b �7�Q�` �+�m�#�B�+ �K���i�2�`�B���H�b ���M�/ �B�K�T�m�`�B�i�B�2�b�- �S�?�v�b�X

�_�2�p�X �" �9�e �U�8�V �U�R�N�N�k�V �k�d�k�d�X�/�Q�B�,�R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�"�X�9�e�X�k�d�k�d�X

�(�d�) �C�X �a�X �G�m�Q�- �"�X �G�2�;�`���M�/�- �J�m�H�i�B�H���v�2�` �`�2�H���t���i�B�Q�M ���i �b�m�`�7���+�2�b �Q�7 �#�Q�/�v�@�+�2�M�i�2�`�2�/�@�+�m�#�B�+ �i�`���M�b�B�i�B�Q�M

�K�2�i���H�b�- �S�?�v�b�X �_�2�p�X �" �j�3 �U�R�N�3�3�V �R�d�k�3���R�d�j�j�X�/�Q�B�,�R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�"�X�j�3�X�R�d�k�3�X

�(�3�) �.�X �:�X �S�2�i�i�B�7�Q�`�- �L�2�r �K���M�v�@�#�Q�/�v �T�Q�i�2�M�i�B���H �7�Q�` �i�?�2 �#�Q�M�/ �Q�`�/�2�`�- �S�?�v�b�X �_�2�p�X �G�2�i�i�X �e�j �U�k�k�V

�U�R�N�3�N�V �k�9�3�y�X�/�Q�B�,�R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�G�2�i�i�X�e�j�X�k�9�3�y�X

�(�N�) �.�X �:�X �S�2�i�i�B�7�Q�`�- �"�Q�M�/�B�M�; ���M�/ �b�i�`�m�+�i�m�`�2 �Q�7 �K�Q�H�2�+�m�H�2�b ���M�/ �b�Q�H�B�/�b�- �P�t�7�Q�`�/ �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�-

�P�t�7�Q�`�/�- �R�N�N�e�X

�(�R�y�) ���X �S�X �>�Q�`�b�}�2�H�/�- ���X �J�X �"�`���i�F�Q�p�b�F�v�- �J�X �6�2���`�M�- �.�X �:�X �S�2�i�i�B�7�Q�`�- �J�X ���Q�F�B�- �"�Q�M�/�@�Q�`�/�2�` �T�Q�i�2�M�i�B���H�b�,

�h�?�2�Q�`�v ���M�/ �B�K�T�H�2�K�2�M�i���i�B�Q�M�- �S�?�v�b�X �_�2�p�X �" �8�j �U�R�N�V �U�R�N�N�e�V �R�k�e�N�9�X

�(�R�R�) �J�X �*�X �.�2�b�D�Q�M�[�m���`�2�b�- �.�X �a�T���M�D�����`�/�- �*�Q�M�+�2�T�i�b �B�M �a�m�`�7���+�2 �S�?�v�b�B�+�b�- �a�T�`�B�M�;�2�`�@�o�2�`�H���;�- �L�2�r �u�Q�`�F�-

�R�N�N�j�X

�k�y



  

�(�R�k�) �J�X �q�X �6�B�M�M�B�b�- �A�M�i�2�`���i�Q�K�B�+ �7�Q�`�+�2�b �B�M �+�Q�M�/�2�M�b�2�/ �K���i�i�2�`�X�- �P�t�7�Q�`�/ �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�- �P�t�7�Q�`�/�-

�k�y�y�j�X

�(�R�j�) �C�X �"�2�?�H�2�`�- �J�X �S���`�`�B�M�2�H�H�Q�- �:�2�M�2�`���H�B�x�2�/ �M�2�m�`���H�@�M�2�i�r�Q�`�F �`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �?�B�;�?�@�/�B�K�2�M�b�B�Q�M���H

�T�Q�i�2�M�i�B���H�@�2�M�2�`�;�v �b�m�`�7���+�2�b�- �S�?�v�b�X �_�2�p�X �G�2�i�i�X �N�3 �U�k�y�y�d�V �R�9�e�9�y�R�X�/�Q�B�,�R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�G�2�i�i�X

�N�3�X�R�9�e�9�y�R�X

�(�R�9�) ���X �S�X �"���`�i�¦�F�- �:���m�b�b�B���M ���T�T�`�Q�t�B�K���i�B�Q�M �T�Q�i�2�M�i�B���H �, ���M �B�M�i�2�`���i�Q�K�B�+ �T�Q�i�2�M�i�B���H �/�2�`�B�p�2�/ �7�`�Q�K

�}�`�b�i �T�`�B�M�+�B�T�H�2�b �[�m���M�i�m�K �K�2�+�?���M�B�+�b�- �S�?�X�.�X �i�?�2�b�B�b�- �l�M�B�p�2�`�b�B�i�v �Q�7 �*���K�#�`�B�/�;�2 �U�k�y�y�N�V�X

�(�R�8�) ���X �S�X �"���`�i�¦�F�- �_�X �E�Q�M�/�Q�`�- �:�X �*�b�€�M�v�B�- �P�M �`�2�T�`�2�b�2�M�i�B�M�; �+�?�2�K�B�+���H �2�M�p�B�`�Q�M�K�2�M�i�b�- �S�?�v�b�X �_�2�p�X

�" �3�d �U�k�y�R�j�V �R�3�9�R�R�8�X�/�Q�B�,�R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�"�X�3�d�X�R�3�9�R�R�8�X

�(�R�e�) ���X �a�?���T�2�2�p�- �J�Q�K�2�M�i �i�2�M�b�Q�` �T�Q�i�2�M�i�B���H�b�, �� �+�H���b�b �Q�7 �b�v�b�i�2�K���i�B�+���H�H�v �B�K�T�`�Q�p���#�H�2 �B�M�i�2�`���i�Q�K�B�+

�T�Q�i�2�M�i�B���H�b�- �J�m�H�i�B�b�+���H�2 �J�Q�/�2�H�X �a�B�K�X �R�9 �U�j�V �U�k�y�R�e�V �R�R�8�j���R�R�d�j�X�/�Q�B�,�R�y�X�R�R�j�d�f�R�8�J�R�y�8�9�R�3�j�X

�(�R�d�) �1�X �o�X �S�Q�/�`�v���#�B�M�F�B�M�- ���X �o�X �a�?���T�2�2�p�- ���+�i�B�p�2 �H�2���`�M�B�M�; �Q�7 �H�B�M�2���`�H�v �T���`���K�2�i�`�B�x�2�/ �B�M�i�2�`���i�Q�K�B�+

�T�Q�i�2�M�i�B���H�b�- �*�Q�K�T�m�i�X �J���i�2�`�X �a�+�B�X �R�9�y �U�k�y�R�d�V �R�d�R���R�3�y�X�/�Q�B�,�R�y�X�R�y�R�e�f�D�X�+�Q�K�K���i�b�+�B�X�k�y�R�d�X

�y�3�X�y�j�R�X

�(�R�3�) �:�X �6�2�`�`�û�- �C�X�@�"�X �J���B�H�H�2�i�- �:�X �a�i�Q�H�i�x�- �S�2�`�K�m�i���i�B�Q�M�@�B�M�p���`�B���M�i �/�B�b�i���M�+�2 �#�2�i�r�2�2�M ���i�Q�K�B�+ �+�Q�M�}�;�m�@

�`���i�B�Q�M�b�- �C�X �*�?�2�K�X �S�?�v�b�X �R�9�j �U�R�y�V �U�k�y�R�8�V �R�y�9�R�R�9�X�/�Q�B�,�R�y�X�R�y�e�j�f�R�X�9�N�j�y�8�9�R�X

�(�R�N�) �:�X �6�2�`�`�û�- �h�X �>���m�i�- �E�X �"���`�`�Q�b�- �G�2���`�M�B�M�; �K�Q�H�2�+�m�H���` �2�M�2�`�;�B�2�b �m�b�B�M�; �H�Q�+���H�B�x�2�/ �;�`���T�? �F�2�`�M�2�H�b�- �C�X

�*�?�2�K�X �S�?�v�b�X �R�9�e �U�R�R�V �U�k�y�R�d�V �R�R�9�R�y�d�X�/�Q�B�,�R�y�X�R�y�e�j�f�R�X�9�N�d�3�e�k�j�X

�(�k�y�) �C�X �"�2�?�H�2�`�- �S�2�`�b�T�2�+�i�B�p�2�, �J���+�?�B�M�2 �H�2���`�M�B�M�; �T�Q�i�2�M�i�B���H�b �7�Q�` ���i�Q�K�B�b�i�B�+ �b�B�K�m�H���i�B�Q�M�b�- �C�X �*�?�2�K�X

�S�?�v�b�X �R�9�8 �U�R�d�V �U�k�y�R�e�V �R�d�y�N�y�R�X�/�Q�B�,�R�y�X�R�y�e�j�f�R�X�9�N�e�e�R�N�k�X

�(�k�R�) �1�X �*�m�#�m�F�- �a�X �a�+�?�Q�2�M�?�Q�H�x�- �C�X �_�B�2�b�2�`�- �"�X �J���H�Q�M�2�- �C�X �_�Q�i�i�H�2�`�- �.�X �.�m�`�B���M�- �1�X �E���t�B�`���b�- ���X �G�B�m�-

�A�/�2�M�i�B�7�v�B�M�; �a�i�`�m�+�i�m�`���H �6�H�Q�r �.�2�7�2�+�i�b �B�M �.�B�b�Q�`�/�2�`�2�/ �a�Q�H�B�/�b �l�b�B�M�; �J���+�?�B�M�2�@�G�2���`�M�B�M�; �J�2�i�?�Q�/�b�-

�S�?�v�b�X �_�2�p�X �G�2�i�i�X �R�R�9 �U�R�y�V �U�k�y�R�8�V �R�y�3�y�y�R�X�/�Q�B�,�R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�G�2�i�i�X�R�R�9�X�R�y�3�y�y�R�X

�(�k�k�) ���X �S�X �"���`�i�¦�F�- �:�X �*�b�€�M�v�B�- �:���m�b�b�B���M ���T�T�`�Q�t�B�K���i�B�Q�M �T�Q�i�2�M�i�B���H�b�, �� �#�`�B�2�7 �i�m�i�Q�`�B���H �B�M�i�`�Q�/�m�+�i�B�Q�M�-

�A�M�i�X �C�X �Z�m���M�i�m�K �*�?�2�K�X �R�R�8 �U�R�e�V �U�k�y�R�8�V �R�y�8�R���R�y�8�d�X�/�Q�B�,�R�y�X�R�y�y�k�f�[�m���X�k�9�N�k�d�X

�(�k�j�) �h�X �>�Q�7�K���M�M�- �"�X �a�+�?�º�H�F�Q�T�7�- ���X �C�X �a�K�Q�H���- �E�2�`�M�2�H �K�2�i�?�Q�/�b �B�M �K���+�?�B�M�2 �H�2���`�M�B�M�;�- ���M�M�X �a�i���i�B�b�i�X

�j�e �U�j�V �U�k�y�y�3�V �R�R�d�R���R�k�k�y�X�/�Q�B�,�R�y�X�R�k�R�9�f�y�y�N�y�8�j�e�y�d�y�y�y�y�y�y�e�d�d�X

�(�k�9�) �o�X �"�Q�i�m�- �_�X �"���i�`���- �C�X �*�?���T�K���M�- �_�X �_���K�T�`���b���/�- �J���+�?�B�M�2 �G�2���`�M�B�M�; �6�Q�`�+�2 �6�B�2�H�/�b�, �*�Q�M�@

�b�i�`�m�+�i�B�Q�M�- �o���H�B�/���i�B�Q�M�- ���M�/ �P�m�i�H�Q�Q�F�- �C�X �S�?�v�b�X �*�?�2�K�X �* �R�k�R �U�R�V �U�k�y�R�d�V �8�R�R���8�k�k�X�/�Q�B�,

�R�y�X�R�y�k�R�f���+�b�X�D�T�+�+�X�e�#�R�y�N�y�3�X

�k�R



  

�(�k�8�) �w�X �G�B�- �C�X �_�X �E�2�`�K�Q�/�2�- ���X �.�2 �o�B�i���- �J�Q�H�2�+�m�H���` �.�v�M���K�B�+�b �r�B�i�? �P�M�@�i�?�2�@�6�H�v �J���+�?�B�M�2 �G�2���`�M�B�M�;

�Q�7 �Z�m���M�i�m�K�@�J�2�+�?���M�B�+���H �6�Q�`�+�2�b�- �S�?�v�b�X �_�2�p�X �G�2�i�i�X �R�R�9 �U�N�V �U�k�y�R�8�V �y�N�e�9�y�8�X�/�Q�B�,�R�y�X�R�R�y�j�f

�S�?�v�b�_�2�p�G�2�i�i�X�R�R�9�X�y�N�e�9�y�8�X

�(�k�e�) ���X �S�X �"���`�i�¦�F�- �a�X �.�2�- �*�X �S�Q�2�H�F�B�M�;�- �L�X �"�2�`�M�b�i�2�B�M�- �C�X �_�X �E�2�`�K�Q�/�2�- �:�X �*�b�€�M�v�B�- �J�X �*�2�`�B�Q�i�i�B�-

�J���+�?�B�M�2 �H�2���`�M�B�M�; �m�M�B�}�2�b �i�?�2 �K�Q�/�2�H�B�M�; �Q�7 �K���i�2�`�B���H�b ���M�/ �K�Q�H�2�+�m�H�2�b�- �a�+�B�X ���/�p�X �j �U�R�k�V �U�k�y�R�d�V

�2�R�d�y�R�3�R�e�X�/�Q�B�,�R�y�X�R�R�k�e�f�b�+�B���/�p�X�R�d�y�R�3�R�e�X

�(�k�d�) �G�X �J�X �:�?�B�`�B�M�;�?�2�H�H�B�- �C�X �o�v�#�B�`���H�- �a�X �o�X �G�2�p�+�?�2�M�F�Q�- �*�X �.�`���t�H�- �J�X �a�+�?�2�|�2�`�- �"�B�; �.���i�� �Q�7 �J���i�2�`�B���H�b

�a�+�B�2�M�+�2�, �*�`�B�i�B�+���H �_�Q�H�2 �Q�7 �i�?�2 �.�2�b�+�`�B�T�i�Q�`�- �S�?�v�b�X �_�2�p�X �G�2�i�i�X �R�R�9 �U�R�y�V �U�k�y�R�8�V �R�y�8�8�y�j�X�/�Q�B�,

�R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�G�2�i�i�X�R�R�9�X�R�y�8�8�y�j�X

�(�k�3�) ���X �S�X �"���`�i�¦�F�- �J�X �*�X �S���v�M�2�- �_�X �E�Q�M�/�Q�`�- �:�X �*�b�€�M�v�B�- �:���m�b�b�B���M ���T�T�`�Q�t�B�K���i�B�Q�M �T�Q�i�2�M�i�B���H�b�, �h�?�2

���+�+�m�`���+�v �Q�7 �[�m���M�i�m�K �K�2�+�?���M�B�+�b�- �r�B�i�?�Q�m�i �i�?�2 �2�H�2�+�i�`�Q�M�b�- �S�?�v�b�X �_�2�p�X �G�2�i�i�X �R�y�9 �U�k�y�R�y�V �R�j�e�9�y�j�X

�/�Q�B�,�R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�G�2�i�i�X�R�y�9�X�R�j�e�9�y�j�X

�(�k�N�) ���X �h�?�Q�K�T�b�Q�M�- �G�X �a�r�B�H�2�`�- �*�X �h�`�Q�i�i�- �a�X �6�Q�B�H�2�b�- �:�X �h�m�+�F�2�`�- �a�T�2�+�i�`���H �M�2�B�;�?�#�Q�` ���M���H�v�b�B�b �K�2�i�?�Q�/

�7�Q�` ���m�i�Q�K���i�2�/ �;�2�M�2�`���i�B�Q�M �Q�7 �[�m���M�i�m�K�@���+�+�m�`���i�2 �B�M�i�2�`���i�Q�K�B�+ �T�Q�i�2�M�i�B���H�b�- �C�X �*�Q�K�T�X �S�?�v�b�X �k�3�8

�U�k�y�R�8�V �j�R�e �� �j�j�y�X�/�Q�B�,�?�i�i�T�b�,�f�f�/�Q�B�X�Q�`�;�f�R�y�X�R�y�R�e�f�D�X�D�+�T�X�k�y�R�9�X�R�k�X�y�R�3�X

�(�j�y�) �.�X �.�`���;�Q�M�B�- �h�X �.�X �.���z�- �:�X �*�b�€�M�v�B�- �L�X �J���`�x���`�B�- ���+�?�B�2�p�B�M�; �/�7�i ���+�+�m�`���+�v �r�B�i�? �� �K���+�?�B�M�2�@

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

�S�?�v�b�X �_�2�p�X �J���i�2�`�B���H�b �k �U�k�y�R�3�V �y�R�j�3�y�3�X�/�Q�B�,�R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�J���i�2�`�B���H�b�X�k�X�y�R�j�3�y�3�X

�(�j�R�) �q�X �C�X �a�x�H���+�?�i���- ���X �S�X �"���`�i�¦�F�- �:�X �*�b�€�M�v�B�- ���+�+�m�`���+�v ���M�/ �i�`���M�b�7�2�`���#�B�H�B�i�v �Q�7 �;���m�b�b�B���M ���T�T�`�Q�t�@

�B�K���i�B�Q�M �T�Q�i�2�M�i�B���H �K�Q�/�2�H�b �7�Q�` �i�m�M�;�b�i�2�M�- �S�?�v�b�X �_�2�p�X �" �N�y �U�k�y�R�9�V �R�y�9�R�y�3�X�/�Q�B�,�R�y�X�R�R�y�j�f

�S�?�v�b�_�2�p�"�X�N�y�X�R�y�9�R�y�3�X

�(�j�k�) �J�X ���X �q�Q�Q�/�- ���X �S�X �h�?�Q�K�T�b�Q�M�- �Z�m���M�i�m�K�@���+�+�m�`���i�2 �K�Q�H�2�+�m�H���` �/�v�M���K�B�+�b �T�Q�i�2�M�i�B���H �7�Q�` �i�m�M�;�@

�b�i�2�M�- ���`�s�B�p�,�R�d�y�k�X�y�d�y�9�k�p�R �(�T�?�v�b�B�+�b�X�+�Q�K�T�@�T�?�)�X

�(�j�j�) ���X �S�X �h�?�Q�K�T�b�Q�M�- �S�X ���X �a�+�?�m�H�i�x�- �S�X �a�X �*�`�Q�x�B�2�`�- �a�X �:�X �J�Q�Q�`�2�- �G�X �S�X �a�r�B�H�2�`�- �C�X ���X �a�i�2�T�?�2�M�b�- �*�X �_�X

�h�`�Q�i�i�- �a�X �J�X �6�Q�B�H�2�b�- �:�X �C�X �h�m�+�F�2�`�- �a���M�/�B�� �`�2�T�Q�`�i�, ���m�i�Q�K���i�2�/ ���H�;�Q�`�B�i�?�K�b �7�Q�` �Z�m���M�i�m�K�@�G�2�p�2�H

���+�+�m�`���+�v �B�M ���i�Q�K�B�b�i�B�+ �a�B�K�m�H���i�B�Q�M�b�, �G�.�_�. �6�B�M���H �_�2�T�Q�`�i�- �a���M�/�B�� �L���i�B�Q�M���H �G���#�Q�`���i�Q�`�B�2�b�-

�k�y�R�9�X

�(�j�9�) �:�X �E�`�2�b�b�2�- �C�X �6�m�`�i�?�K�C�H�H�2�`�- �1�{�+�B�2�M�i �B�i�2�`���i�B�p�2 �b�+�?�2�K�2�b �7�Q�` ���# �B�M�B�i�B�Q �i�Q�i���H�@�2�M�2�`�;�v �+���H�+�m�H���i�B�Q�M�b

�m�b�B�M�; �� �T�H���M�2�@�r���p�2 �#���b�B�b �b�2�i�- �S�?�v�b�X �_�2�p�X �" �8�9 �U�R�N�N�e�V �R�R�R�e�N���R�R�R�3�e�X�/�Q�B�,�R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�"�X

�8�9�X�R�R�R�e�N�X

�k�k



�(�j�8�) �a�X �C�X �*�H���`�F�- �J�X �.�X �a�2�;���H�H�- �*�X �C�X �S�B�+�F���`�/�- �S�X �C�X �>���b�M�B�T�- �J�X �A�X �C�X �S�`�Q�#�2�`�i�- �E�X �_�2�7�b�Q�M�- �J�X �*�X

�S���v�M�2�- �6�B�`�b�i �T�`�B�M�+�B�T�H�2�b �K�2�i�?�Q�/�b �m�b�B�M�; �*���a�h�1�S�- �w�2�B�i�b�+�?�`�B�7�i �7�m�` �E�`�B�b�i���H�H�Q�;�`���T�?�B�2 �k�k�y �U�k�y�y�8�V

�8�e�d���8�d�y�X�/�Q�B�,�R�y�X�R�8�k�9�f�x�F�`�B�X�k�k�y�X�8�X�8�e�d�X�e�8�y�d�8�X

�(�j�e�) �C�X �"�2�?�H�2�`�- ���i�Q�K�@�+�2�M�i�2�`�2�/ �b�v�K�K�2�i�`�v �7�m�M�+�i�B�Q�M�b �7�Q�` �+�Q�M�b�i�`�m�+�i�B�M�; �?�B�;�?�@�/�B�K�2�M�b�B�Q�M���H �M�2�m�`���H �M�2�i�@

�r�Q�`�F �T�Q�i�2�M�i�B���H�b�- �C�X �*�?�2�K�X �S�?�v�b�X �R�j�9 �U�d�V �U�k�y�R�R�V �y�d�9�R�y�e�X�/�Q�B�,�R�y�X�R�y�e�j�f�R�X�j�8�8�j�d�R�d�X

�(�j�d�) �o�X �"�Q�i�m�- �_�X �_���K�T�`���b���/�- ���/���T�i�B�p�2 �K���+�?�B�M�2 �H�2���`�M�B�M�; �7�`���K�2�r�Q�`�F �i�Q ���+�+�2�H�2�`���i�2 ���# �B�M�B�i�B�Q �K�Q�H�2�+�@

�m�H���` �/�v�M���K�B�+�b�- �A�M�i�X �C�X �Z�m���M�i�m�K �*�?�2�K�X �R�R�8 �U�R�e�V �U�k�y�R�8�V �R�y�d�9���R�y�3�j�X�/�Q�B�,�R�y�X�R�y�y�k�f�[�m���X

�k�9�3�j�e�X

�(�j�3�) �_�X �E�Q�#���v���b�?�B�- �.�X �:�B�Q�7�`�û�- �h�X �C�m�M�;�2�- �J�X �*�2�`�B�Q�i�i�B�- �q�X ���X �*�m�`�i�B�M�- �L�2�m�`���H �M�2�i�r�Q�`�F �T�Q�i�2�M�i�B���H �7�Q�`

���H�@�J�;�@�a�B ���H�H�Q�v�b�- �S�?�v�b�X �_�2�p�X �J���i�2�`�B���H�b �R �U�k�y�R�d�V �y�8�j�e�y�9�X�/�Q�B�,�R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�J���i�2�`�B���H�b�X

�R�X�y�8�j�e�y�9�X

�(�j�N�) �_�X �w�X �E�?���H�B�m�H�H�B�M�- �>�X �1�b�?�2�i�- �h�X �.�X �E�C�?�M�2�- �C�X �"�2�?�H�2�`�- �J�X �S���`�`�B�M�2�H�H�Q�- �:�`���T�?�B�i�2�@�/�B���K�Q�M�/ �T�?���b�2

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

�b�m�`�7���+�2�- �S�?�v�b�X �_�2�p�X �" �3�R �U�k�y�R�y�V �R�y�y�R�y�j�X�/�Q�B�,�R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�"�X�3�R�X�R�y�y�R�y�j�X

�(�9�y�) �>�X �1�b�?�2�i�- �_�X �w�X �E�?���H�B�m�H�H�B�M�- �h�X �.�X �E�C�?�M�2�- �C�X �"�2�?�H�2�`�- �J�X �S���`�`�B�M�2�H�H�Q�- �J�B�+�`�Q�b�+�Q�T�B�+ �Q�`�B�;�B�M�b �Q�7 �i�?�2

���M�Q�K���H�Q�m�b �K�2�H�i�B�M�; �#�2�?���p�B�Q�` �Q�7 �b�Q�/�B�m�K �m�M�/�2�` �?�B�;�? �T�`�2�b�b�m�`�2�- �S�?�v�b�X �_�2�p�X �G�2�i�i�X �R�y�3 �U�k�y�R�k�V

�R�R�8�d�y�R�X�/�Q�B�,�R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�G�2�i�i�X�R�y�3�X�R�R�8�d�y�R�X

�(�9�R�) �>�X �1�b�?�2�i�- �_�X �w�X �E�?���H�B�m�H�H�B�M�- �h�X �.�X �E�C�?�M�2�- �C�X �"�2�?�H�2�`�- �J�X �S���`�`�B�M�2�H�H�Q�- ���# �B�M�B�i�B�Q �[�m���H�B�i�v �M�2�m�`���H�@

�M�2�i�r�Q�`�F �T�Q�i�2�M�i�B���H �7�Q�` �b�Q�/�B�m�K�- �S�?�v�b�X �_�2�p�X �" �3�R �U�k�y�R�y�V �R�3�9�R�y�d�X�/�Q�B�,�R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�"�X

�3�R�X�R�3�9�R�y�d�X

�(�9�k�) �:�X �*�X �a�Q�b�b�Q�- �:�X �J�B�+�2�H�B�- �a�X �*���`���p���i�B�- �C�X �"�2�?�H�2�`�- �J�X �"�2�`�M���b�+�Q�M�B�- �L�2�m�`���H �M�2�i�r�Q�`�F �B�M�i�2�`���i�Q�K�B�+

�T�Q�i�2�M�i�B���H �7�Q�` �i�?�2 �T�?���b�2 �+�?���M�;�2 �K���i�2�`�B���H �:�2�h�2�- �S�?�v�b�X �_�2�p�X �" �3�8 �U�k�y�R�k�V �R�d�9�R�y�j�X�/�Q�B�,�R�y�X
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