
 
 
General rights  
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

�x Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 
�x You may not further distribute the material or use it for any profit-making activity or commercial gain 
�x You may freely distribute the URL identifying the publication in the public portal 

 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: Mar 24, 2019

Computational screening of new inorganic materials for highly efficient solar energy
conversion

Kuhar, Korina

Publication date:
2017

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Kuhar, K. (2017). Computational screening of new inorganic materials for highly efficient solar energy
conversion.

http://orbit.dtu.dk/en/publications/computational-screening-of-new-inorganic-materials-for-highly-efficient-solar-energy-conversion(78095335-acd3-4cde-89ae-b840fea7a845).html


�T�@�Y�/�Y �i�@�3�c�C�c

�/�R�,�j�R�a �R�8 �T�@�C�I�R�c�R�U�@�w

�+�R�L�U�n�j���j�C�R�N���I �c�,�a�3�3�N�C�N�< �R�8 �N�3�s �C�N�R�a�<���N�C�,

�L���j�3�a�C���I�c �8�R�a �@�C�<�@�I�w �3�|�,�C�3�N�j �c�R�I���a �3�N�3�a�<�w

�,�R�N�q�3�a�c�C�R�N
�F�R�a�C�N�� �F�n�@���a

�F�R�N�<�3�N�c �H�w�N�<�$�w �l�z�S�e



�/�i�m �T�@�w�c�C�,�c

�/�3�U���a�j�L�3�N�j �R�8 �T�@�w�c�C�,�c

�i�3�,�@�N�C�,���I �m�N�C�q�3�a�c�C�j�w �R�8 �/�3�N�L���a�G

�7�w�c�C�G�q�3�E

�#�n�C�I�0�C�N�< �k�z�e

�l�4�z�z �F�R�N�<�3�N�c �H�w�N�<�$�w�. �/�3�N�L���a�G

�T�@�R�N�3 �Z�:�9 �:�9�l�9 �k�k�:�:

�C�N�8�R�"�8�w�c�C�G�Y�0�j�n�Y�0�G

�s�s�s�Y�8�w�c�C�G�Y�0�j�n�Y�0�G



�b�n�L�L���a�w
�h�?�2 �r�Q�`�H�/�ö�b �2�M�2�`�;�v �+�Q�M�b�m�K�T�i�B�Q�M �B�b �`�B�b�B�M�;�- ���M�/ �i�?�2 �/�2�K���M�/ �7�Q�` �2�M�2�`�;�v �B�b �T�`�Q�D�2�+�i�2�/ �i�Q
�B�M�+�`�2���b�2 �2�p�2�M �K�Q�`�2 �B�M �i�?�2 �7�m�i�m�`�2�X ���i �i�?�2 �K�Q�K�2�M�i�- �r�2 �`�2�H�v �Q�M �2�M�2�`�;�v �7�`�Q�K �7�Q�b�b�B�H �7�m�2�H�b�-
�r�?�B�+�? ���`�2 �?���`�K�7�m�H �i�Q �i�?�2 �2�M�p�B�`�Q�M�K�2�M�i�- ���M�/ �i�?�2 �7�m�i�m�`�2 �B�M�+�`�2���b�2�b �B�M �+�Q�M�b�m�K�T�i�B�Q�M �r�B�H�H
�#�2 �b�i�`�Q�M�;�H�v �?���`�K�7�m�H �i�Q �#�Q�i�? �i�?�2 �2�M�p�B�`�Q�M�K�2�M�i ���M�/ �?�m�K���M �r�2�H�H �#�2�B�M�;�X ���/�/�B�i�B�Q�M���H�H�v�-
�7�Q�b�b�B�H �7�m�2�H�b ���`�2 �M�Q�M�@�`�2�M�2�r���#�H�2�- ���M�/ �i�?�2�`�2 ���`�2 �Q�M�H�v �H�B�K�B�i�2�/ �`�2�b�2�`�p�2�b �Q�M �i�?�2 �T�H���M�2�i�X ���M
���H�i�2�`�M���i�B�p�2 �i�Q �m�b�B�M�; �7�Q�b�b�B�H �7�m�2�H�b �B�b �i�Q �?���`�p�2�b�i �2�M�2�`�;�v �7�`�Q�K �`�2�M�2�r���#�H�2 ���M�/ �2�M�p�B�`�Q�M�K�2�M�@
�i���H�H�v �#�2�M�B�;�M �b�Q�m�`�+�2�b�- �b�m�+�? ���b �i�?�2 �b�m�M�- �r�?�B�+�? �i�?�2�Q�`�2�i�B�+���H�H�v �T�`�Q�p�B�/�2�b �i�?�2 �H���`�;�2�b�i �b�Q�m�`�+�2
�Q�7 �2�M�2�`�;�v �i�?���i �r�2 �?���p�2 ���+�+�2�b�b �i�Q�X �.�2�b�T�B�i�2 �i�?�2 �p���b�i ���K�Q�m�M�i�b �Q�7 �2�M�2�`�;�v ���i �Q�m�` �/�B�b�T�Q�b���H�-
�r�2 ���`�2 �M�Q�i ���#�H�2 �i�Q �?���`�p�2�b�i �i�?�B�b �b�Q�H���` �2�M�2�`�;�v �2�{�+�B�2�M�i�H�v�X �*�m�`�`�2�M�i�H�v�- �i�?�2�`�2 ���`�2 �� �7�2�r
�r���v�b �Q�7 �+�Q�M�p�2�`�i�B�M�; �b�Q�H���` �T�Q�r�2�` �B�M�i�Q �m�b���#�H�2 �2�M�2�`�;�v�- �b�m�+�? ���b �T�?�Q�i�Q�p�Q�H�i���B�+�b �U�S�o�V �Q�` �T�?�Q�@
�i�Q�2�H�2�+�i�`�Q�+�?�2�K�B�+���H �;�2�M�2�`���i�B�Q�M �Q�7 �7�m�2�H�b �U�S�*�V�X �S�o �T�`�Q�+�2�b�b�2�b �B�M �b�Q�H���` �+�2�H�H�b �+�Q�M�p�2�`�i �b�Q�H���`
�2�M�2�`�;�v �B�M�i�Q �2�H�2�+�i�`�B�+�B�i�v�- ���M�/ �S�* �m�b�2�b �?���`�p�2�b�i�2�/ �2�M�2�`�;�v �i�Q �+�Q�M�/�m�+�i �+�?�2�K�B�+���H �`�2���+�i�B�Q�M�b�-
�b�m�+�? ���b �b�T�H�B�i�i�B�M�; �r���i�2�` �B�M�i�Q �Q�t�v�;�2�M ���M�/�- �K�Q�`�2 �B�K�T�Q�`�i���M�i�H�v�- �?�v�/�`�Q�;�2�M�- ���H�b�Q �F�M�Q�r�M ���b
�i�?�2 �7�m�2�H �Q�7 �i�?�2 �7�m�i�m�`�2�X

�6�m�`�i�?�2�` �T�`�Q�;�`�2�b�b �B�M �#�Q�i�? �S�o ���M�/ �S�* �}�2�H�/�b �B�b �K�Q�b�i�H�v �H�B�K�B�i�2�/ �#�v �i�?�2 �~���r�b �B�M �K���i�2�@
�`�B���H�b �m�b�2�/ ���b �T�?�Q�i�Q���#�b�Q�`�#�2�`�b�X �a�B�H�B�+�Q�M ���b ���M ���#�b�Q�`�#�2�` �/�Q�K�B�M���M�i�2�b �i�?�2 �S�o �+�Q�K�K�m�M�B�i�v
���M�/ ���H�H �Q�i�?�2�` �b�2�K�B�+�Q�M�/�m�+�i�Q�`�b �7���+�2 �b�B�;�M�B�}�+���M�i �+�?���H�H�2�M�;�2�b�- �7�Q�` �p���`�B�Q�m�b �/�B�z�2�`�2�M�i �`�2���b�Q�M�b�-
�r�?�2�M �b�m�;�;�2�b�i�2�/ �7�Q�` �H���`�;�2 �b�+���H�2 �/�2�T�H�Q�v�K�2�M�i�X ���/�p���M�+�2�b �B�M �S�*�- �Q�M �i�?�2 �Q�i�?�2�` �?���M�/�- ���`�2
�K�Q�b�i�H�v �?�2�H�/ �#���+�F �/�m�2 �i�Q �i�?�2 �7���+�i �i�?���i �M�Q �b�B�M�;�H�2 �K���i�2�`�B���H�- �r�?�B�+�? �+���M �#�Q�i�? ���#�b�Q�`�# �H�B�;�?�i
���M�/ �+���i���H�v�b�2 �i�?�2 �`�2�H�2�p���M�i �+�?�2�K�B�+���H �`�2���+�i�B�Q�M�b�- �?���b �#�2�2�M �7�Q�m�M�/�X �� �T�`�Q�T�Q�b�2�/ ���H�i�2�`�M���i�B�p�2�-
�m�b�B�M�; �i�r�Q �K���i�2�`�B���H�b �B�M �i���M�/�2�K �B�M�b�i�2���/ �Q�7 �Q�M�2�- �?���b �i�?�2 �T�Q�i�2�M�i�B���H �i�Q �b�m�+�+�2�b�b�7�m�H�H�v �T�2�`�@
�7�Q�`�K �i�?�2 �i���b�F�X �>�Q�r�2�p�2�`�- �T�`�Q�;�`�2�b�b �B�M �i�?�B�b �}�2�H�/ �B�b �B�M�?�B�#�B�i�2�/ �#�v �i�?�2 �H���+�F �Q�7 �?�B�;�? �#���M�/ �;���T
�T�?�Q�i�Q���#�b�Q�`�#�B�M�; �K���i�2�`�B���H�b�X �A�M �i�?�B�b �r�Q�`�F �� �?�B�;�?�@�i�?�`�Q�m�;�?�T�m�i �+�Q�K�T�m�i���i�B�Q�M���H �b�2���`�+�? �7�Q�`
�b�m�B�i���#�H�2 ���#�b�Q�`�#�2�`�b �7�Q�` �S�o ���M�/ �S�* ���T�T�H�B�+���i�B�Q�M�b �B�b �T�`�2�b�2�M�i�2�/�X �� �b�2�i �Q�7 �/�2�b�+�`�B�T�i�Q�`�b �?���b
�#�2�2�M �/�2�p�2�H�Q�T�2�/�- �b�m�+�? �i�?���i �2���+�? �/�2�b�+�`�B�T�i�Q�` �i���`�;�2�i�b ���M �B�K�T�Q�`�i���M�i �T�`�Q�T�2�`�i�v �Q�` �B�b�b�m�2 �Q�7 ��
�;�Q�Q�/ �b�Q�H���` �2�M�2�`�;�v �+�Q�M�p�2�`�b�B�Q�M �K���i�2�`�B���H�X �h�?�2 �b�+�`�2�2�M�B�M�; �b�i�m�/�v �r���b �T�2�`�7�Q�`�K�2�/ �b�i�2�T�@�r�B�b�2�-
�b�Q �i�?���i �B�M �2���+�? �b�i�2�T �� �M�2�r �/�2�b�+�`�B�T�i�Q�` ���M�/ ���b�b�Q�+�B���i�2�/ �+�`�B�i�2�`�B�Q�M �r�2�`�2 �B�M�i�`�Q�/�m�+�2�/ ���M�/
���H�H �i�?�2 �K���i�2�`�B���H�b �7���B�H�B�M�; �i�Q �b���i�B�b�7�v �i�?�2 �+�`�B�i�2�`�B�Q�M ���`�2 �`�2�K�Q�p�2�/ �7�`�Q�K �i�?�2 �b�i�m�/�v�X �h�?�2 �+�Q�`�@
�`�2�b�T�Q�M�/�B�M�; �/�2�b�+�`�B�T�i�Q�`�b �r�2�`�2 �Q�#�i���B�M�2�/ �r�B�i�?�B�M �i�?�2 �b�+�Q�T�2 �Q�7 �[�m���M�i�m�K �K�2�+�?���M�B�+�b �m�b�B�M�;
�.�2�M�b�B�i�v �6�m�M�+�i�B�Q�M���H �h�?�2�Q�`�v�X

�h�?�B�b �K�2�i�?�Q�/ �Q�7 �K���i�2�`�B���H�b �/�2�b�B�;�M �B�b �}�`�b�i ���T�T�H�B�2�/ �i�Q �K���i�2�`�B���H�b �7�Q�m�M�/ �#�v �b�m�#�b�i�B�i�m�i�B�M�;
���i�Q�K�B�+ �+���i�B�Q�M�b �B�M �+�`�v�b�i���H �b�i�`�m�+�i�m�`�2�b �Q�7 �i�?�2 ���"�a3 �b�i�Q�B�+�?�B�Q�K�2�i�`�v�- �`�2�b�m�H�i�B�M�; �B�M �b�2�p�2�`���H
�+���M�/�B�/���i�2�b �r�?�B�+�? �r�2 �#�2�H�B�2�p�2 �?���p�2 �i�?�2 �T�Q�i�2�M�i�B���H �i�Q �r�Q�`�F �B�M �� �S�o ���M�/ �S�* �/�2�p�B�+�2�X �P�M�2 �Q�7
�i�?�2�b�2 �+���M�/�B�/���i�2�b �?���b �#�2�2�M �b�m�+�+�2�b�b�7�m�H�H�v �b�v�M�i�?�2�b�B�x�2�/ �#�v �Q�m�` �+�Q�H�H���#�Q�`���i�Q�`�b�- ���M�/ �i�?�2 �K�2���@



�C�C �b�n�L�L���a�w

�b�m�`�2�/ �#���M�/ �;���T �B�b �B�M ���+�+�Q�`�/���M�+�2 �r�B�i�? �i�?�2 �i�?�2�Q�`�2�i�B�+���H�H�v �+���H�+�m�H���i�2�/ �Q�M�2�X �6�m�`�i�?�2�`�K�Q�`�2�-
�� �b�i�m�/�v �Q�M �T�`�2�p�B�Q�m�b�H�v �b�v�M�i�?�2�b�B�x�2�/ �b�2�K�B�+�Q�M�/�m�+�i�Q�`�b �v�B�2�H�/�2�/ �� �H�B�b�i �Q�7 �b�i���#�H�2 �K���i�2�`�B���H�b
�r�?�B�+�? �?���p�2 �M�Q�i �v�2�i �#�2�2�M �2�t�T�H�Q�`�2�/ �7�Q�` �S�o �Q�` �S�*�X

�� �b�B�K�B�H���` �b�i�m�/�v �?���b �#�2�2�M �T�2�`�7�Q�`�K�2�/ �Q�M �A�A�@�A�o�@�o2 �+�Q�K�T�Q�m�M�/�b�- ���M�/ �?���b �`�2�p�2���H�2�/
�b�Q�K�2 �B�M�i�2�`�2�b�i�B�M�; �i�`�2�M�/�b �r�B�i�?�B�M �i�?�2 �+�H���b�b�- �`�2�b�m�H�i�B�M�; �B�M �b�2�p�2�`���H �B�M�i�2�`�2�b�i�B�M�; �+���M�/�B�/���i�2
�K���i�2�`�B���H�b�X �� �7�2�r �Q�7 �i�?�2�b�2 �?���p�2 ���H�`�2���/�v �#�2�2�M �2�t�i�2�M�b�B�p�2�H�v �B�M�p�2�b�i�B�;���i�2�/ �#�v �Q�i�?�2�`�b�X



�`�3�c�n�L��
�o�2�`�/�2�M�b �2�M�2�`�;�B�7�Q�`�#�`�m�; �2�` �?�à�D�i�- �Q�; �7�Q�`�p�2�M�i�2�b ���i �b�i�B�;�2 �Q�p�2�` �/�2 �M�¤�b�i�2 �´�`�X �A �à�D�2�#�H�B�F�F�2�i
�b�i���K�K�2�` �b�i�à�`�b�i�2�/�2�H�2�M ���7 �/�2�M �2�M�2�`�;�B �p�B �#�`�m�;�2�` �7�`�� �7�Q�b�b�B�H�2 �#�`�¤�M�/�b�i�Q�z�2�`�- �b�´�b�Q�K �F�m�H �Q�; �Q�H�B�2�X
�6�Q�`�#�`�¤�M�/�B�M�;�b�T�`�Q�+�2�b�b�2�`�M�2�- �/�2�` �2�` �M�à�/�p�2�M�/�B�;�2 �7�Q�` ���i �#�`�m�;�2 �/�2�M�M�2 �2�M�2�`�;�B�- �2�` �b�F���/�2�H�B�;�2 �7�Q�`
�F�H�B�K���2�i�- �7�Q�` �K�B�H�D�à�2�i �Q�; �7�Q�` �/�2�i �K�2�M�M�2�b�F�2�H�B�;�2 �?�2�H�#�`�2�/�X �.�2�`�m�/�Q�p�2�` �2�` �/�2�` �F�m�M �#�2�;�`�¤�M�b�2�/�2
�`�2�b�2�`�p�2�` ���7 �7�Q�b�b�B�H�2 �#�`�¤�M�/�b�i�Q�z�2�` �T�´ �F�H�Q�/�2�M�- �Q�; �p�B �`�B�b�B�F�2�`�2�` �T�´ �2�i �i�B�/�b�T�m�M�F�i ���i �H�à�#�2 �i�à�`�X

�1�M �K�m�H�B�;�?�2�/ �7�Q�` ���i �m�/�7���b�2 �#�`�m�;�2�M ���7 �7�Q�b�b�B�H�2 �#�`�¤�M�/�b�i�Q�z�2�` �2�` �B �?�à�D�2�`�2 �;�`���/ ���i �#�2�M�v�i�i�2
�b�B�; ���7 ���H�i�2�`�M���i�B�p�2 �Q�; �p�2�/�p���`�2�M�/�2 �2�M�2�`�;�B�7�Q�`�K�2�`�- �b�´�b�Q�K �b�Q�H�2�M�2�`�;�B�X �a�Q�H�2�M �2�` �/�2�M �b�i�à�`�b�i�2
�2�M�2�`�;�B�F�B�H�/�2 �p�B �?���` ���/�;���M�; �i�B�H�- �Q�; �/�2�M�b �b�i�`�´�H�2�` �H�2�p�2�`�2�` �K�2�`�2 �2�M�/ �M�Q�F �2�M�2�`�;�B �i�B�H �?�2�H�i ���i
�F�m�M�M�2 �2�`�b�i���i�i�2 �/�2 �7�Q�b�b�B�H�2 �#�`�¤�M�/�b�i�Q�z�2�`�X �.�2�b�p�¤�`�`�2 �2�` �/�2�i �2�M�/�M�m �B�F�F�2 �K�m�H�B�;�i ���i �m�/�M�v�i�i�2
�/�2�M�M�2 �2�M�2�`�;�B�F�B�H�/�2 �2�z�2�F�i�B�p�i�X

�G�B�;�2 �M�m �}�M�/�2�b �/�2�` �i�Q �?�Q�p�2�/�K�2�i�Q�/�2�` �i�B�H ���i �m�/�M�v�i�i�2 �2�M�2�`�;�B�2�M �7�`�� �b�Q�H�2�M�, �.�2�M �7�Q�i�Q�@
�p�Q�H�i���B�b�F�2 �2�z�2�F�i�- �b�Q�K �p�B �F�2�M�/�2�` �B �b�Q�H�+�2�H�H�2�`�- �/�2�` �Q�K�/���M�M�2�` �H�v�b �/�B�`�2�F�i�2 �i�B�H �2�H�2�F�i�`�B�+�B�i�2�i�- �Q�;
�7�Q�i�Q�2�H�2�F�i�`�Q�F�2�K�B�b�F�2 �T�`�Q�+�2�b�b�2�`�- �?�p�Q�` �H�v�b�2�i �7�Q�` �2�F�b�2�K�T�2�H �#�`�m�;�2�b �i�B�H ���i �b�T���H�i�2 �p���M�/ �i�B�H �B�H�i
�Q�; �#�`�B�M�i�- �b�Q�K �b�´ �F���M �#�`�m�;�2�b �b�Q�K �#�`�¤�M�/�b�i�Q�z�2�`�X

�.�2�M �b�i�à�`�b�i�2 �?�¤�K�b�F�Q �7�Q�` �m�/�#�`�2�/�2�H�b�2�M ���7 �b�Q�H�2�M�2�`�;�B �2�` �/�2 �K���i�2�`�B���H�2�` �/�2�` �#�`�m�;�2�b �i�B�H
���i ���#�b�Q�`�#�2�`�2 �H�v�b�2�i�X �A �7�Q�i�Q�p�Q�H�i���B�b�F�2 �T�`�Q�+�2�b�b�2�` ���M�p�2�M�/�2�b �Q�7�i�2 �b�B�H�B�+�B�m�K�- �Q�; ���H�H�2 ���M�/�`�2
�K���i�2�`�B���H�2�`�- �/�2�` �?���` �p�¤�`�2�i �7�Q�`�2�b�H�´�2�i�- �?���` �m�H�2�K�T�2�` �/�2�` �;�à�` ���i �/�2 �B�F�F�2 �F���M ���M�p�2�M�/�2�b �B
�b�i�à�`�`�2 �b�F���H���X �>�p���/ ���M�;�´�` �/�2 �7�Q�i�Q�2�H�2�F�i�`�B�b�F�2 �T�`�Q�+�2�b�b�2�`�- �?���` �K���M �2�M�/�M�m �B�F�F�2 �7�m�M�/�2�i �û�i
�K���i�2�`�B���H�2 �/�2�` �#�´�/�2 �F���M ���#�b�Q�`�#�2�`�2 �H�v�b �2�z�2�F�i�B�p�i �Q�; �/���M�M�2 �/�2 �`�B�;�i�B�;�2 �F�2�K�B�b�F�2 �T�`�Q�/�m�F�i�2�`�X
�1�M �K�m�H�B�;�?�2�/ �2�` �B �b�i�2�/�2�i ���i ���M�p�2�M�/�2 �i�Q �K���i�2�`�B���H�2�`�- �/�2�` ���`�#�2�D�/�2�` �B �i���M�/�2�K�- �K�2�M �?�2�` �?���`
�/�2�i �p�B�b�i �b�B�; �p���M�b�F�2�H�B�;�i ���i �}�M�/�2 �K���i�2�`�B���H�2�` �K�2�/ �`�2�H�2�p���M�i�2 �#�´�M�/�;���#�X

�A �/�2�M�M�2 ���7�?���M�/�H�B�M�; �7�Q�`�2�i���;�2�b �2�M �b�v�b�i�2�K���i�B�b�F �m�M�/�2�`�b�à�;�2�H�b�2 ���7 �K���M�;�2 �7�Q�`�b�F�2�H�H�B�;�2 �b�i�Q�7�@
�7�2�`�- �7�Q�` ���i �b�2 �?�p�Q�`�/���M �/�2 �2�;�M�2�` �b�B�; �i�B�H �#�`�m�; �B �7�Q�i�Q�p�Q�H�i���B�b�F�2 �2�H�H�2�` �@�2�H�2�F�i�`�Q�F�2�K�B�b�F�2 �T�`�Q�+�2�b�b�2�`�X
�6�Q�` ���i �;�à�`�2 �/�2�i�i�2 �}�M�/�2�b �2�M �`�¤�F�F�2 �M�à�;�H�2�T���`���K�2�i�`�2 �U�b�´�F���H�/�i�2 �/�2�b�F�`�B�T�i�Q�`�2�`�V�- �b�´�H�2�/�2�b ���i
�?�p�2�` �/�2�b�F�`�B�T�i�Q�` �B�M�/�7���M�;�2�` �2�M �p�B�;�i�B�; �2�;�2�M�b�F���#�- �/�2�` ���7�;�à�`�2�` �Q�K �2�i �K���i�2�`�B���H�2 �F���M ���M�p�2�M�@
�/�2�b �2�H�H�2�` �2�D�X �l�M�/�2�`�b�à�;�2�H�b�2�M �2�` �H���p�2�i �b�Q�K �i�`�B�M�p�B�b �b�+�`�2�2�M�B�M�;�, �o�2�/ �?�p�2�`�i �i�`�B�M ���M�p�2�M�/�2�b �2�M
�M�v �/�2�b�F�`�B�T�i�Q�` �Q�; �2�M �i�B�H�?�à�`�2�M�/�2 �;�`�¤�M�b�2�p�¤�`�/�B�- �Q�; ���H�H�2 �K���i�2�`�B���H�2�` �b�Q�K �?�p�Q�` �T���`���K�2�i�2�`�2�M
�2�` �T�´ �/�2�M �7�Q�`�F�2�`�i�2 �b�B�/�2 ���7 �;�`�¤�M�b�2�p�¤�`�/�B�2�M�- �7�Q�`�F�b���b�i�2�b�X �"�2�`�2�;�M�B�M�;�2�`�M�2 ���7 �/�2�b�F�`�B�T�i�Q�`�2�`�M�2
�7�Q�`�2�i���;�2�b �p�2�/ �#�`�m�; ���7 �F�p���M�i�2�K�2�F���M�B�F�F�2�M �Q�; �i�¤�i�?�2�/�b�7�m�M�F�i�B�Q�M���H�i�2�Q�`�B �U�.�6�h�V

�6�à�`�b�i ���M�p�2�M�/�2�b �/�2�M�M�2 �T�`�Q�+�2�b �T�´ �K���i�2�`�B���H�2�` �K�2�/ �/�2�M �F�2�K�B�b�F�2 �7�Q�`�K�2�H ���"�a3�- �Q�;
�`�2�b�m�H�i���i�2�i �2�` �2�M �?�´�M�/�7�m�H�/ �K���i�2�`�B���H�2�`�- �b�Q�K �T�Q�i�2�M�i�B�2�H�i �F���M ���M�p�2�M�/�2�b �i�B�H �2�M�i�2�M �7�Q�i�Q�@
�p�Q�H�i���B�b�F�2 �2�H�H�2�` �@�2�H�2�F�i�`�Q�F�2�K�B�b�F�2 �T�`�Q�+�2�b�b�2�`�X �1�M ���7 �/�B�b�b�2 �2�` �#�H�2�p�2�i �b�v�M�i�2�i�B�b�2�`�2�i�- �Q�; �/�2�i
�K�´�H�i�2 �#�´�M�/�;���T �b�i�2�K�K�2�` �Q�p�2�`�2�M�b �K�2�/ �/�2�i �#�2�`�2�;�M�2�/�2�X �.�2�` �2�` �Q�;�b�´ �7�Q�`�2�i���;�2�i �2�M �m�M�@
�/�2�`�b�à�;�2�H�b�2 ���7 �F�2�M�/�i�2 �K���i�2�`�B���H�2�`�- �b�Q�K �p�B�b�i�2 ���i �/�2�` �2�` �Q�;�b�´ �?�2�` �2�` �M�Q�;�H�2 �K���i�2�`�B���H�2�` �b�Q�K



�C�q �`�3�c�n�L��

�T�Q�i�2�M�i�B�2�H�i �F���M ���M�p�2�M�/�2�b�X
�.�2�` �2�` �7�Q�`�2�i���;�2�i �2�M �H�B�;�M�2�M�/�2 �m�M�/�2�`�b�à�;�2�H�b�2 �7�Q�` �K���i�2�`�B���H�2�` �K�2�/ �7�Q�`�K�H�2�M ���"�s2�- �b�Q�K

�p�B�b�i�2 �M�Q�;�H�2 �B�M�i�2�`�2�b�b���M�i�2 �i�2�M�/�2�M�b�2�` �#�H���M�/�i �/�2 �7�Q�`�b�F�2�H�H�B�;�2 �K���i�2�`�B���H�2�`�- �Q�; �Q�;�b�´ �;���p �2�M
�?�´�M�/�7�m�H�/ �T�Q�i�2�M�i�B�2�H�H�2 �K���i�2�`�B���H�2�`�X �L�Q�;�H�2 ���7 �/�B�b�b�2 �2�` �2�` �7�à�` �#�H�2�p�2�i �;�`�m�M�/�B�;�i �b�i�m�/�2�`�2�i �i�B�H
�M�2�i�Q�T �H�v�b���#�b�Q�`�T�i�B�Q�M�X



�T�a�3�8���,�3
�h�?�B�b �i�?�2�b�B�b �B�b �b�m�#�K�B�i�i�2�/ �B�M �+���M�/�B�/���+�v �7�Q�` �i�?�2 �S�?�X �.�X �/�2�;�`�2�2 �B�M �T�?�v�b�B�+�b �7�`�Q�K �i�?�2 �h�2�+�?�M�B�@
�+���H �l�M�B�p�2�`�b�B�i�v �Q�7 �.�2�M�K���`�F�X �h�?�2 �r�Q�`�F �r���b �+���`�`�B�2�/ �Q�m�i ���i �i�?�2 �*�2�M�i�2�` �7�Q�` ���i�Q�K�B�+�@�b�+���H�2
�J���i�2�`�B���H�b �/�2�b�B�;�M �U�*���J�/�V ���i �i�?�2 �.�2�T���`�i�K�2�M�i �Q�7 �S�?�v�b�B�+�b �B�M �i�?�2 �T�2�`�B�Q�/ �L�Q�p�2�K�#�2�` �k�y�R�9
�i�Q �P�+�i�Q�#�2�` �k�y�R�d�- �m�M�/�2�` �b�m�T�2�`�p�B�b�B�Q�M �Q�7 �T�`�Q�7�2�b�b�Q�`�b �E���`�b�i�2�M �q�X �C���+�Q�#�b�2�M ���M�/ �E�`�B�b�i�B���M
�a�X �h�?�v�;�2�b�2�M�X �h�?�2 �S�?�X �.�X �T�`�Q�D�2�+�i �r���b �7�m�M�/�2�/ �#�v ���M �B�M�i�2�`�M���H �b�+�?�Q�H���`�b�?�B�T �7�`�Q�K �.�h�l
���M�/ �r���b ���{�H�B���i�2�/ �r�B�i�? �i�?�2 �o�A�G�G�l�J �6�P�L�.�1�L �U�`�2�b�2���`�+�? �;�`���M�i �N�9�8�8�V�X

�E�Q�M�;�2�M�b �G�v�M�;�#�v�- �P�+�i�Q�#�2�` �k�3�- �k�y�R�d

�E�Q�`�B�M�� �E�m�?���`



�q�C



���,�G�N�R�s�I�3�0�<�3�L�3�N�j�c
�A �r�Q�m�H�/ �H�B�F�2 �i�Q �2�t�T�`�2�b�b �K�v �;�`���i�B�i�m�/�2 �i�Q �K�v �b�m�T�2�`�p�B�b�Q�`�- �E���`�b�i�2�M �q�X �C���+�Q�#�b�2�M�- �7�Q�` �?�B�b
�;�m�B�/���M�+�2 ���M�/ �b�m�T�T�Q�`�i�X �A �7�2�2�H �b�Q �T�`�B�p�B�H�2�;�2�/ �i�Q �?���p�2 �?���/ �i�?�2 �Q�T�T�Q�`�i�m�M�B�i�v �i�Q �r�Q�`�F ���M�/
�H�2���`�M �7�`�Q�K �b�m�+�? ���M �2�t�T�2�`�i ���M�/ �2�M�i�?�m�b�B���b�i�X �J�Q�b�i�H�v�- �A ���K �;�`���i�2�7�m�H �7�Q�` ���H�H �?�B�b �T���i�B���M�+�2
���M�/ �7�Q�` �F�2�2�T�B�M�; �K�2 �K�Q�i�B�p���i�2�/�X �u�Q�m�` �/�Q�Q�` �B�b ���H�r���v�b �Q�T�2�M ���M�/ �v�Q�m �K�2���M �B�i�X ���H�b�Q�- �A
�r�Q�m�H�/ �H�B�F�2 �i�Q �i�?���M�F �E�`�B�b�i�B���M �a�X �h�?�v�;�2�b�2�M �7�Q�` ���H�H �i�?�2 �;�Q�Q�/ �b�+�B�2�M�i�B�}�+ �/�B�b�+�m�b�b�B�Q�M�b ���M�/
�+�Q�M�i�`�B�#�m�i�B�Q�M�b �i�Q �K�v �T�`�Q�D�2�+�i�b�X �h�?���M�F�b ���H�b�Q �i�Q �h�?�Q�K���b �"�H�B�;�����`�/ �7�Q�` �?�Q�b�i�B�M�; �K�2 �B�M �?�B�b
�;�`�Q�m�T ���i �i�?�2 �a�i���M�7�Q�`�/ �l�M�B�p�2�`�b�B�i�v�X

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

�A �+���M�M�Q�i �i�?���M�F �2�M�Q�m�;�? �C�2�M�b �C�à�`�;�2�M �J�Q�`�i�2�M�b�2�M �7�Q�` ���H�r���v�b �b�2�H�~�2�b�b�H�v �?�2�H�T�B�M�; �Q�m�i
�r�B�i�? �+�Q�/�B�M�; ���M�/ �b�Q�7�i�r���`�2 �+�?���H�H�2�M�;�2�b�X �A �+�Q�m�H�/ ���H�r���v�b �+�Q�m�M�i �Q�M �v�Q�m�X �a�T�2�+�B���H �i�?���M�F�b �i�Q
�J���`�B���M�M�2 �7�Q�` �?�2�H�T�B�M�; �Q�m�i �r�B�i�? �K�v �`�2�H�Q�+���i�B�Q�M �i�Q �.�2�M�K���`�F ���M�/ �Q�i�?�2�` ���/�K�B�M�B�b�i�`���i�B�p�2
�K���i�i�2�`�b�- �#�m�i �K�Q�b�i �Q�7 ���H�H�- �7�Q�` �?�2�` �7�`�B�2�M�/�b�?�B�T �r�?�B�+�? �;�Q�2�b �#�2�v�Q�M�/ �i�?�2 �r�Q�`�F �T�H���+�2�X �P�H�2
���M�/ �J���`�+�B�M�- �i�?���M�F �v�Q�m �7�Q�` �K���F�B�M�; �b�m�`�2 �r�2 �?���p�2 �� �;�`�2���i �+�Q�K�T�m�i���i�B�Q�M���H �b�m�T�T�Q�`�i�X

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

�h�?���M�F�b �i�Q �K�v �Q�{�+�2 �K���i�2 �a�i�2�M �7�Q�` ���H�H �i�?�2 �2�b�b�2�M�i�B���H �/�B�b�i�`���+�i�B�Q�M�b ���M�/ �;�Q�Q�/ �/�B�b�+�m�b�@
�b�B�Q�M�b�X �J�Q�`�2 �B�K�T�Q�`�i���M�i�H�v�- �i�?���M�F�b �7�Q�` �v�Q�m�` �b�m�T�T�Q�`�i �/�m�`�B�M�; �i�?�2 �i�Q�m�;�? �i�B�K�2�b ���M�/ �;�B�p�B�M�;
�K�2 �?�2�H�T�7�m�H ���/�p�B�+�2�b�X �� �7�m�`�i�?�2�` �i�?���M�F�b �i�Q �S�2�`�- �7�Q�` �?�B�b �F�B�M�/�M�2�b�b ���M�/ �7�Q�` ���H�r���v�b �#�2�B�M�;
���#�H�2 �i�Q �+�Q�m�M�i �Q�M �?�B�K�X �A �r�Q�m�H�/ ���H�b�Q �H�B�F�2 �i�Q ���+�F�M�Q�r�H�2�/�;�2 �i�?�2 �T�2�Q�T�H�2 �r�?�Q �i�Q�Q�F �i�?�2 �i�B�K�2
�i�Q �`�2���/ �i�?�`�Q�m�;�? �K�v �i�?�2�b�B�b ���M�/ �b�m�;�;�2�b�i�2�/ �B�K�T�`�Q�p�2�K�2�M�i�b�, �J�Q�?�M�B�b�?�- �S�2�`�- �a�i�2�M�- �S�2�i�2�`�-
�>�m�;�?�- �J�Q�`�i�2�M ���M�/ �1�b�i���7���M�B���- ���H�H �i�?�2 �i�v�T�Q�b ���`�2 �Q�M �v�Q�m�X

�J�v �7�`�B�2�M�/�b ���M�/ �+�Q�H�H�2���;�m�2�b ���i �i�?�2 �*���J�/ �`�2���H�H�v �K���/�2 �i�?�B�b �i�B�K�2 �+�Q�m�M�i�X �A �?���/ �b�Q
�K�m�+�? �7�m�M �i�Q �?���M�;�B�M�; �Q�m�i �r�B�i�? �v�Q�m�- �r�?�2�i�?�2�` �B�i �r���b ���i �� �+�Q�M�7�2�`�2�M�+�2 �Q�` �D�m�b�i �/�m�`�B�M�;
�� �+�Q�z�2�2 ���M�/ �+�Q�Q�F�B�2�b �#�`�2���F�X �E�`�B�b�i�B���M �ß�- �L�B�2�H�b�- �E�B�`�b�i�2�M�- �*�?�`�B�b�- �L�B�+�F�B�- �6�B�H�B�T�- �a�B�K�Q�M�2�-
�J�Q�`�i�2�M�- �J���`�i�B�M�- �J���M�m�2�H�- �*�?�2�M�;�D�m�M�- �J�B�F�F�2�H�- �C���+�Q�# �J�X�- �C���F�Q�#�- �h�m�Q�K���b�- �h�?�Q�`�b�i�2�M�-
�J���`�B���M�M�2 �a�X�- �h�?�Q�K���b�- �S�2�i�2�`�- ���M�/�2�`�b�- �1�b�i�2�7���M�B���- �.���M�B�2�H�2�- �h�?�Q�`�#�D�à�`�M�- �.�B���M���- �J���/�b�-
�J���i�?�B���b�- �C���+�Q�# �G�X�- ���M�/ �Q�M�+�2 ���;���B�M�- �a�i�2�M�- �J�Q�?�M�B�b�? ���M�/ �S�2�`�- �r�2 �?���/ �� �;�Q�Q�/ �`�m�M ���M�/
�v�Q�m �r�B�H�H �#�2 �K�B�b�b�2�/�X

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



�q�C�C�C ���,�G�N�R�s�I�3�0�<�3�L�3�N�j�c

���b �v�Q�m �b�m�z�2�`�2�/ �i�?�2 �K�Q�b�i �B�M �i�?�2 �T���b�i �7�2�r �K�Q�M�i�?�b�X
�h�?�2 �H���b�i �Q�M�2 �B�b �7�Q�` �K�v �7���K�B�H�v�, �A ���2�É�2�` �M�� �F�`���D�m�- �K���K���- �i���i���- ���M�/�`�2�D�- �6�B�H�B�T �B �M�Q�M���-

�M�2 �K�Q�;�m �Q�T�B�b���i�B �F�Q�H�B�F�Q �b���K �b�`�2�i�M�� ���i�Q �p���b �B�K���K �B ���i�Q �b�i�2 �m�p�B�D�2�F �m�x �K�2�M�2�X �P�p���D �m�b�T�D�2�?
�D�2 �p���� �F�Q�H�B�F�Q �B �K�Q�D�- �D�2�` �M�2 �x�M���K �F���F�Q �#�B �m�b�T�D�2�H�� �#�2�x �p�����2 �T�Q�ˆ�`�i�p�Q�p�M�Q�b�i�B �B �T�Q�i�T�Q�`�2�X �A���F�Q
�D�2 �#�B�H�Q �i�2���F�Q �#�B�i�B �/���H�2�F�Q �Q�/ �p���b �B �p���K�� �/���H�2�F�Q �Q�/ �K�2�M�2�- �M�B�D�2 �#�B�i�M�Q �F�Q�H�B�F�Q �b�K�Q �/���H�2�F�Q
�M�� �F���`�i�B �/�Q�F �;�Q�/ �b�i�2 �M���D�#�H�B�ˆ�2 �m �b�`�+�m�X



�+�R�N�j�3�N�j�c
�b�n�L�L���a�w �C

�`�3�c�n�L�� �C�C�C

�T�a�3�8���,�3 �q

���,�G�N�R�s�I�3�0�<�3�L�3�N�j�c �q�C�C

�+�R�N�j�3�N�j�c �C�u

�S �B�N�j�a�R�0�n�,�j�C�R�N �S

�R�X�R �a�Q�H���` �2�M�2�`�;�v�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�k
�R�X�k �P�M�2�@ ���M�/ �i�r�Q�@�T�?�Q�i�Q�M �/�2�p�B�+�2�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�j
�R�X�j �P�#�i���B�M�B�M�; �M�2�r �b�Q�H���` �2�M�2�`�;�v �+�Q�M�p�2�`�b�B�Q�M �K���i�2�`�B���H�b�X �X �X �X �X �X �X �X �X �X �X �X�9
�R�X�9 �P�m�i�H�B�M�2�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�e

�l �/�3�N�c�C�j�w �7�n�N�,�j�C�R�N���I �i�@�3�R�a�w �e

�k�X�R �h�?�2 �2�H�2�+�i�`�Q�M�B�+ �b�i�`�m�+�i�m�`�2 �T�`�Q�#�H�2�K�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�d
�k�X�k �.�2�M�b�B�i�v �6�m�M�+�i�B�Q�M���H �h�?�2�Q�`�v�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�N
�k�X�j �S�`���+�i�B�+���H �B�K�T�H�2�K�2�M�i���i�B�Q�M �Q�7 �.�6�h �B�M �i�?�2 �:�S���q �+�Q�/�2�X �X �X �X �X �X �X �X �X �X�R�R
�k�X�9 �"���M�/ �;���T �+���H�+�m�H���i�B�Q�M�b �m�b�B�M�; �.�6�h�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�k
�k�X�8 �*���H�+�m�H���i�B�M�; �i�Q�i���H �2�M�2�`�;�B�2�b ���M�/ �?�2���i�b �Q�7 �7�Q�`�K���i�B�Q�M �Q�7 �b�Q�H�B�/ �+�`�v�b�i���H�b�X �X �X�R�e

�k �K�3�j�@�R�0�c �l�k

�j�X�R �*�Q�K�T�m�i���i�B�Q�M���H �b�+�`�2�2�M�B�M�; �i�2�+�?�M�B�[�m�2�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�k�j
�j�X�k �P�p�2�`�p�B�2�r �Q�7 �b�+�`�2�2�M�B�M�; �/�2�b�+�`�B�T�i�Q�`�b ���M�/ �+�`�B�i�2�`�B���X �X �X �X �X �X �X �X �X �X �X �X �X �X�k�d
�j�X�j �*���H�+�m�H���i�B�M�; �/�2�b�+�`�B�T�i�Q�`�b �B�M �T�`���+�i�B�+�2 �m�b�B�M�; �.�6�h�X �X �X �X �X �X �X �X �X �X �X �X �X �X�j�k

�: �b�n�L�L���a�w �R�8 �j�@�3 �a�3�c�n�I�j�c �k�O

�9�X�R �S���T�2�` �A�, �.�2�7�2�+�i�@�h�Q�H�2�`���M�i �J�Q�M�Q�H���v�2�` �h�`���M�b�B�i�B�Q�M �J�2�i���H �.�B�+�?���H�+�Q�;�2�M�B�/�2�b�j�N
�9�X�k �S���T�2�` �A�A�, �A�A�•�A�o�•�o2 ���M�/ �A�A�A�•�A�A�A�•�o2 �S�Q�H�v�i�v�T�2�b ���b �G�B�;�?�i ���#�b�Q�`�#�2�`�b �7�Q�`

�a�B�M�;�H�2 �C�m�M�+�i�B�Q�M ���M�/ �h���M�/�2�K �S�?�Q�i�Q�p�Q�H�i���B�+ �.�2�p�B�+�2�X �X �X �X �X �X �X �X �X �X �X �X�9�k
�9�X�j �S���T�2�` �A�A�A�, �a�m�H�}�/�2 �S�2�`�Q�p�b�F�B�i�2�b �7�Q�` �a�Q�H���` �1�M�2�`�;�v �*�Q�M�p�2�`�b�B�Q�M ���T�T�H�B�+���i�B�Q�M�b�,

�*�Q�K�T�m�i���i�B�Q�M���H �a�+�`�2�2�M�B�M�; ���M�/ �a�v�M�i�?�2�b�B�b �Q�7 �i�?�2 �a�2�H�2�+�i�2�/ �*�Q�K�T�Q�m�M�/ �G���u�a3 �9�9



�u �+�R�N�j�3�N�j�c

�9�X�9 �S���T�2�` �A�o�, �>�B�;�?�@�h�?�`�Q�m�;�?�T�m�i ���b�b�2�b�b�K�2�M�i �Q�7 �1�t�T�2�`�B�K�2�M�i���H�H�v �a�i���#�H�2 �J���@
�i�2�`�B���H�b �7�Q�` �a�B�M�;�H�2 �C�m�M�+�i�B�Q�M ���M�/ �h���M�/�2�K �S�?�Q�i�Q�p�Q�H�i���B�+ �.�2�p�B�+�2�b�X �X �X �X �X �X�9�3

�9�X�8 �S���T�2�` �o�, �h�`�B�;�Q�M���H �a�2�H�2�M�B�m�K ���b �G���`�;�2 �"���M�/ �:���T �J���i�2�`�B���H �B�M �h���M�/�2�K
�S�?�Q�i�Q�2�H�2�+�i�`�Q�+�?�2�K�B�+���H �.�2�p�B�+�2�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�8�R

�9 �T���U�3�a�c �9�k

�8�X�R �S���T�2�` �A�,�.�2�7�2�+�i�@�h�Q�H�2�`���M�i �J�Q�M�Q�H���v�2�` �h�`���M�b�B�i�B�Q�M �J�2�i���H �.�B�+�?���H�+�Q�;�2�M�B�/�2�b�X �8�j
�8�X�k �S���T�2�` �A�A�, �A�A�•�A�o�•�o2 ���M�/ �A�A�A�•�A�A�A�•�o2 �S�Q�H�v�i�v�T�2�b ���b �G�B�;�?�i ���#�b�Q�`�#�2�`�b �7�Q�`

�a�B�M�;�H�2 �C�m�M�+�i�B�Q�M ���M�/ �h���M�/�2�K �S�?�Q�i�Q�p�Q�H�i���B�+ �.�2�p�B�+�2�X �X �X �X �X �X �X �X �X �X �X �X�e�y
�8�X�j �S���T�2�` �A�A�A�, �a�m�H�}�/�2 �S�2�`�Q�p�b�F�B�i�2�b �7�Q�` �a�Q�H���` �1�M�2�`�;�v �*�Q�M�p�2�`�b�B�Q�M ���T�T�H�B�+���i�B�Q�M�b�,

�*�Q�K�T�m�i���i�B�Q�M���H �a�+�`�2�2�M�B�M�; ���M�/ �a�v�M�i�?�2�b�B�b �Q�7 �i�?�2 �a�2�H�2�+�i�2�/ �*�Q�K�T�Q�m�M�/ �G���u�a3 �e�3
�8�X�9 �S���T�2�` �A�o�, �>�B�;�?�@�h�?�`�Q�m�;�?�T�m�i �*�Q�K�T�m�i���i�B�Q�M���H ���b�b�2�b�b�K�2�M�i �Q�7 �S�`�2�p�B�Q�m�b�H�v

�a�v�M�i�?�2�b�B�x�2�/ �a�2�K�B�+�Q�M�/�m�+�i�Q�`�b �7�Q�` �S�?�Q�i�Q�p�Q�H�i���B�+ ���M�/ �S�?�Q�i�Q�2�H�2�+�i�`�Q�+�?�2�K�B�+���H
�.�2�p�B�+�2�b�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�3�e

�8�X�8 �S���T�2�` �o�, �h�`�B�;�Q�M���H �a�2�H�2�M�B�m�K ���b �� �G���`�;�2 �"���M�/ �:���T �J���i�2�`�B���H �B�M �h���M�/�2�K
�S�?�Q�i�Q�2�H�2�+�i�`�Q�+�?�2�K�B�+���H �.�2�p�B�+�2�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�d

�f ���0�0�C�j�C�R�N���I �C�N�8�R�a�L���j�C�R�N �S�l�O

�e�X�R �S���T�2�` �A�,�.�2�7�2�+�i�@�h�Q�H�2�`���M�i �J�Q�M�Q�H���v�2�` �h�`���M�b�B�i�B�Q�M �J�2�i���H �.�B�+�?���H�+�Q�;�2�M�B�/�2�b�X �R�k�N
�e�X�k �S���T�2�` �A�A�, �A�A�•�A�o�•�o2 ���M�/ �A�A�A�•�A�A�A�•�o2 �S�Q�H�v�i�v�T�2�b ���b �G�B�;�?�i ���#�b�Q�`�#�2�`�b �7�Q�`

�a�B�M�;�H�2 �C�m�M�+�i�B�Q�M ���M�/ �h���M�/�2�K �S�?�Q�i�Q�p�Q�H�i���B�+ �.�2�p�B�+�2�X �X �X �X �X �X �X �X �X �X �X �X�R�j�R
�e�X�j �S���T�2�` �A�A�A�, �a�m�H�}�/�2 �S�2�`�Q�p�b�F�B�i�2�b �7�Q�` �a�Q�H���` �1�M�2�`�;�v �*�Q�M�p�2�`�b�B�Q�M ���T�T�H�B�+���i�B�Q�M�b�,

�*�Q�K�T�m�i���i�B�Q�M���H �a�+�`�2�2�M�B�M�; ���M�/ �a�v�M�i�?�2�b�B�b �Q�7 �i�?�2 �a�2�H�2�+�i�2�/ �*�Q�K�T�Q�m�M�/ �G���u�a3�R�j�k

�e ���0�0�C�j�C�R�N���I �a�3�c�n�I�j�c ���N�0 �C�L�U�I�3�L�3�N�j���j�C�R�N �S�k�9

�d�X�R �l�M�`���p�2�H�B�M�; �H�Q�r�@�/�B�K�2�M�b�B�Q�M���H �b�i�`�m�+�i�m�`�2 �Q�7 �2�t�T�2�`�B�K�2�M�i���H�H�v �F�M�Q�r�M �+�Q�K�T�Q�m�M�/�b�R�j�8

�4 �+�R�N�,�I�n�c�C�R�N �S�:�9

�#�C�$�I�C�R�<�a���U�@�w �S�:�e



�+�?���T�i�2� �̀S
�B�N�j�a�R�0�n�,�j�C�R�N

�6�Q�b�b�B�H �7�m�2�H�b�- �r�?�B�+�? �K�Q�/�2�`�M �b�Q�+�B�2�i�v �`�2�H�B�2�b �Q�M�- �/�`���r�b �}�M�B�i�2 �`�2�b�Q�m�`�+�2�b �i�?���i �r�B�H�H �/�r�B�M�/�H�2�-
�#�2�+�Q�K�2 �i�Q�Q �2�t�T�2�M�b�B�p�2 �Q�` �i�Q�Q �2�M�p�B�`�Q�M�K�2�M�i���H�H�v �/���K���;�B�M�; �i�Q �`�2�i�`�B�2�p�2 �B�M �i�?�2 �7�Q�`�2�b�2�2���#�H�2
�7�m�i�m�`�2�X �q�?�2�M �i�?�2�b�2 �7�m�2�H�b ���`�2 �+�Q�K�#�m�b�i�2�/ �7�Q�` �i�?�2 �T�`�Q�/�m�+�i�B�Q�M �Q�7 �2�M�2�`�;�v�- �H���`�;�2 ���K�Q�m�M�i�b
�Q�7 �;�`�2�2�M�?�Q�m�b�2 �;���b�2�b ���`�2 �2�K�B�i�i�2�/ �r�?�B�+�? �M�Q�i �Q�M�H�v �T�Q�H�H�m�i�2 �i�?�2 �2�M�p�B�`�Q�M�K�2�M�i �#�m�i �`�2�T�`�2�b�2�M�i
�� �b�2�`�B�Q�m�b �i�?�`�2���i �i�Q �?�m�K���M �?�2���H�i�?�X �A�M �+�Q�M�i�`���b�i�- ���H�i�2�`�M���i�B�p�2�- �+�H�2���M �2�M�2�`�;�v �b�Q�m�`�+�2�b�- �b�m�+�?
���b �r�B�M�/ ���M�/ �b�Q�H���` �2�M�2�`�;�v�- ���`�2 �+�Q�M�b�i���M�i�H�v �`�2�T�H�2�M�B�b�?�2�/ ���M�/ �r�B�H�H �M�2�p�2�` �#�2 �2�t�?���m�b�i�2�/�X
�A�M �Q�`�/�2�` �i�Q �K�2�2�i �B�M�+�`�2���b�2�/ �2�M�2�`�;�v �/�2�K���M�/ �r�B�i�?�Q�m�i �?���`�K�B�M�; �i�?�2 �2�M�p�B�`�Q�M�K�2�M�i�- �B�i �B�b
�M�2�+�2�b�b���`�v �i�Q �B�M�+�`�2���b�2 �i�?�2 ���K�Q�m�M�i �Q�7 �2�M�2�`�;�v �T�`�Q�/�m�+�2�/ �7�`�Q�K �`�2�M�2�r���#�H�2 �b�Q�m�`�+�2�b�X �J�Q�b�i
�`�2�M�2�r���#�H�2 �2�M�2�`�;�v �+�Q�K�2�b �7�`�Q�K �i�?�2 �b�m�M�- �r�?�Q�b�2 ���M�M�m���H �T�Q�i�2�M�i�B���H �B�b �b�2�p�2�`���H �i�B�K�2�b �H���`�;�2�`
�i�?���M �i�?�2 �i�Q�i���H �r�Q�`�H�/ �2�M�2�`�;�v �+�Q�M�b�m�K�T�i�B�Q�M�(�R�-�k�)�X �>�Q�r�2�p�2�`�- �/�m�2 �i�Q �i�?�2 �7���+�i�b �i�?���i �B�V �i�?�2
�b�Q�H���` �2�M�2�`�;�v �/�2�M�b�B�i�v �B�b �7���` �H�Q�r�2�` �i�?���M ���M�v �Q�7 �i�?�2 �7�Q�b�b�B�H �2�M�2�`�;�v�- ���M�/ �B�B�V �i�?���i �b�Q�H���` �2�M�2�`�;�v
�B�b �/�B�{�+�m�H�i �i�Q �#�2 �b�i�Q�`�2�/ �B�M �i�?�2 �7�Q�`�K �Q�7 �2�H�2�+�i�`�B�+�B�i�v �Q�` �?�2���i �U���b �+�Q�K�T���`�2�/ �r�B�i�? �7�Q�b�b�B�H
�7�m�2�H�V�- �m�i�B�H�B�x�B�M�; �i�?�2 �b�Q�H���` �2�M�2�`�;�v �B�M �2�{�+�B�2�M�i ���M�/ �2�+�Q�M�Q�K�B�+ �r���v �`�2�K���B�M�b �� �+�?���H�H�2�M�;�2 �7�Q�`
�b�+�B�2�M�i�B�b�i�b ���M�/ �2�M�;�B�M�2�2�`�b�X �A�M �k�y�R�8�- �b�Q�H���` �T�Q�r�2�` �+�Q�p�2�`�2�/ �Q�M�H�v �b�H�B�;�?�i�H�v �K�Q�`�2 �i�?���M �R�W �Q�7
�;�H�Q�#���H �2�H�2�+�i�`�B�+�B�i�v �/�2�K���M�/�- ���b �`�2�T�Q�`�i�2�/ �#�v �a�Q�H���` �S�Q�r�2�` �1�m�`�Q�T�2�(�j�)�X �a�i�B�H�H�- �+�Q�M�p�2�`�b�B�Q�M �Q�7
�b�m�M�H�B�;�?�i �/�B�`�2�+�i�H�v �B�M�i�Q �2�H�2�+�i�`�B�+�B�i�v �?���b �i�?�2 �?�B�;�?�2�b�i �i�?�2�Q�`�2�i�B�+���H �2�{�+�B�2�M�+�v ���M�/ �~�2�t�B�#�B�H�B�i�v
�+�Q�K�T���`�2�/ �i�Q �i�?�2 �+�Q�M�p�2�`�b�B�Q�M �2�{�+�B�2�M�+�B�2�b �Q�7 �?�2���i �Q�` �#�B�Q�K���b�b�- �b�Q �i�?�2�`�2 �B�b �� �H���`�;�2 �T�Q�i�2�M�i�B���H
�i�Q �#�2 �2�t�T�H�Q�`�2�/�X

�A�M�b�T�B�`�2�/ �#�v �M���i�m�`�2�ö�b �?���`�M�2�b�b�B�M�; �Q�7 �b�Q�H���` �2�M�2�`�;�v �i�?�`�Q�m�;�? �T�?�Q�i�Q�b�v�M�i�?�2�b�B�b�- �i�?�2 �2�K�2�`�;�@
�B�M�; �i�2�+�?�M�Q�H�Q�;�v �Q�7 �T�?�Q�i�Q�+���i���H�v�b�B�b �U�S�*�V �m�b�2�b �b�Q�H���` �2�M�2�`�;�v �i�Q �/�`�B�p�2 �+�?�2�K�B�+���H �`�2���+�i�B�Q�M�b�X
�h�?�2 �T�Q�i�2�M�i�B���H ���T�T�H�B�+���i�B�Q�M�b �Q�7 �T�?�Q�i�Q�+���i���H�v�b�B�b ���`�2 �7�Q�m�M�/ �K���B�M�H�v �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �}�2�H�/�b�,
�U�B�V �T�?�Q�i�Q�H�v�b�B�b �Q�7 �r���i�2�` �i�Q �v�B�2�H�/ �?�v�/�`�Q�;�2�M �7�m�2�H�c �U�B�B�V �T�?�Q�i�Q�/�2�+�Q�K�T�Q�b�B�i�B�Q�M �Q�` �T�?�Q�i�Q�Q�t�B�@
�/�B�x���i�B�Q�M �Q�7 �?���x���`�/�Q�m�b �b�m�#�b�i���M�+�2�b�c �U�B�B�B�V ���`�i�B�}�+�B���H �T�?�Q�i�Q�b�v�M�i�?�2�b�B�b ���M�/ �b�Q �7�Q�`�i�?�(�9�)�X

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



�l �S �B�N�j�a�R�0�n�,�j�C�R�N

�K���i�2�`�B���H�b�X

�S�Y�S �b�R�I���a �3�N�3�a�<�w

�h�?�2 �#���b�2 �7�Q�` �2�{�+�B�2�M�i �b�Q�H���` �2�M�2�`�;�v �+�Q�M�p�2�`�b�B�Q�M �B�b �i�?�2 �b�m�+�+�2�b�b�7�m�H ���#�b�Q�`�T�i�B�Q�M �Q�7 �b�m�M�H�B�;�?�i�X
�h�?�2 �r�?�Q�H�2 �S�o ���M�/ �S�* �B�M�/�m�b�i�`�v �`�2�H�B�2�b �Q�M �i�?�2 ���#�b�Q�`�T�i�B�Q�M �Q�7 �H�B�;�?�i �#�v �� �T�?�Q�i�Q���+�i�B�p�2
�K���i�2�`�B���H�- �m�b�m���H�H�v �� �b�Q�H�B�/ �b�2�K�B�+�Q�M�/�m�+�i�Q�` �Q�` �� �K�Q�H�2�+�m�H�2�X �:�2�M�2�`���H�H�v�- �?���`�p�2�b�i�B�M�; �b�m�M�H�B�;�?�i
�B�M�+�H�m�/�2�b �i�r�Q �b�m�+�+�2�b�b�B�p�2 �T�`�Q�+�2�/�m�`�2�b�, �i�?�2 �;�2�M�2�`���i�B�Q�M �Q�7 �2�t�+�B�i�Q�M�b �U�T�?�Q�i�Q�;�2�M�2�`���i�2�/ �2�H�2�+�@
�i�`�Q�M ���M�/ �?�Q�H�2 �T���B�`�V �B�M�/�m�+�2�/ �#�v �T�?�Q�i�Q�M ���#�b�Q�`�T�i�B�Q�M �#�v �b�2�K�B�+�Q�M�/�m�+�i�Q�` �K���i�2�`�B���H�b �r�B�i�?
�i�?�2 �T�`�Q�T�2�` �2�H�2�+�i�`�Q�M�B�+ �#���M�/ �;���T�- ���M�/ �i�?�2 �b�2�T���`���i�B�Q�M �Q�7 �2�t�+�B�i�Q�M�b �#�v �i�?�2 �#�m�B�H�i�@�B�M �2�H�2�+�@
�i�`�B�+ �T�Q�i�2�M�i�B���H �;�`���/�B�2�M�i�X �A�M �R�N�e�R�- �q�B�H�H�B���K �a�?�Q�+�F�H�2�v ���M�/ �>���M�b �C�X �Z�m�2�B�b�b�2�` �+���H�+�m�H���i�2�/
�i�?�2 �K���t�B�K���H �i�?�2�Q�`�2�i�B�+���H �2�{�+�B�2�M�+�v �Q�7 �T�?�Q�i�Q�p�Q�H�i���B�+ �/�2�p�B�+�2 �U�a�?�Q�+�F�H�2�v���Z�m�2�B�b�b�2�` �H�B�K�B�i �Q�`
�/�2�i���B�H�2�/ �#���H���M�+�2 �H�B�K�B�i�(�8�)�V �Q�7 �j�j�X�d�W �7�Q�` �� �K���i�2�`�B���H �r�B�i�? �� �#���M�/ �;���T �Q�7 �R�X�j�9 �2�o�X �h�?�2�v
���b�b�m�K�2�/ �� �b�B�M�;�H�2 �T�@�M �D�m�M�+�i�B�Q�M ���M�/ �i�?�2 �Q�M�H�v �`���/�B���i�B�p�2 �`�2�+�Q�K�#�B�M���i�B�Q�M �Q�7 �?�Q�H�2�b�2�H�2�+�i�`�Q�M
�T���B�`�b�X �h�?�B�b �K�2���M�b �i�?���i �� �?�v�T�Q�i�?�2�i�B�+���H �ó�T�2�`�7�2�+�i�ô �K���i�2�`�B���H �+�Q�m�H�/ �+�Q�M�p�2�`�i �j�j�X�d�W �Q�7 �i�?�2
�B�M�T�m�i �b�Q�H���` �2�M�2�`�;�v �B�M�i�Q �2�H�2�+�i�`�B�+�B�i�v�X �P�7 �+�Q�m�`�b�2�- �`�2���H�B�i�v �B�b �/�B�z�2�`�2�M�i �b�Q ���/�/�B�i�B�Q�M���H �H�Q�b�b�2�b
�+���M �K���b�b�B�p�2�H�v �/�2�+�`�2���b�2 �i�?�2 �2�{�+�B�2�M�+�v�X �h�?�2 �m�T�@�i�Q�@�/���i�2 �`�2�+�Q�`�/ �Q�7 �k�3�X�3�W �B�b �Q�#�b�2�`�p�2�/ �B�M
�;���H�H�B�m�K ���`�b�2�M�B�/�2 �b�Q�H���` �+�2�H�H�b�- �Q�M�2 �Q�7 �i�?�2 �7�2�r �+���b�2�b �r�?�2�`�2 �i�?�2 �`�2�T�Q�`�i�2�/ �2�{�+�B�2�M�+�v �B�b �?�B�;�?�2�`
�i�?���M �k�y �W�X �l�T �i�Q �M�Q�r�- �� �;�`�2���i �2�z�Q�`�i �?���b �#�2�2�M �K���/�2 �B�M �}�M�/�B�M�; �r���v�b �i�Q �K�B�M�B�K�B�x�2
�i�?�Q�b�2 �H�Q�b�b�2�b�X

�h�?�2 �+�m�`�`�2�M�i �S�o �K���`�F�2�i �B�b �/�Q�K�B�M���i�2�/ �#�v �b�B�H�B�+�Q�M �K�Q�/�m�H�2�b �r�B�i�? �� �i�Q�i���H �b�?���`�2 �Q�7
�=�N�y�W�(�e�)�X �q�B�i�? �B�i�ö�b ���H�K�Q�b�i �B�/�2���H �#���M�/ �;���T �U�R�X�R�k �2�o�V ���M�/ �i�?�2 �2�{�+�B�2�M�+�v �Q�7 �B�i�ö�b �+�2�H�H�b
�`�2���+�?�B�M�; �Q�p�2�` �k�8�W�(�d�)�- �b�B�H�B�+�Q�M �b�2�2�K�b �H�B�F�2 ���M �B�/�2���H �S�o �K���i�2�`�B���H�X �>�Q�r�2�p�2�`�- �K���D�Q�` �H�Q�b�b�2�b
�Q�+�+�m�` �/�m�2 �i�Q �+�Q�M�i���+�i �`�2�+�Q�K�#�B�M���i�B�Q�M �b�Q �2�M�;�B�M�2�2�`�B�M�; �b�Q�H�m�i�B�Q�M�b �m�b�B�M�; �K�B�M�B�K���H �+�Q�M�i���+�i
���`�2�� ���`�2 �M�2�+�2�b�b���`�v�X �6�m�`�i�?�2�`�K�Q�`�2�- �b�B�H�B�+�Q�M �B�b ���M �B�M�/�B�`�2�+�i �#���M�/ �;���T �K���i�2�`�B���H ���M�/ ���b ��
�+�Q�M�b�2�[�m�2�M�+�2 �i�?�2 ���#�b�Q�`�T�i�B�Q�M �+�Q�2�{�+�B�2�M�i �B�b �H�Q�r�X �J���F�B�M�; �i�?�B�+�F �r���7�2�`�b �?�2�H�T�b ���#�b�Q�`�#�B�M�; ���H�H
�T�?�Q�i�Q�M�b �r�B�i�? �2�M�2�`�;�B�2�b ���#�Q�p�2 �i�?�2 �;���T�- �#�m�i �?���b �i�?�2 �/�B�b���/�p���M�i���;�2 �Q�7 �B�M�+�`�2���b�B�M�; ���m�;�2�`
�`�2�+�Q�K�#�B�M���i�B�Q�M ���M�/ �B�M�+�`�2���b�B�M�; �i�?�2 �/�2�p�B�+�2 �+�Q�b�i�X ���/�/�B�i�B�Q�M���H�H�v�- �Q�#�i���B�M�B�M�; �N�N�X�N�N�N�N�N�W
�b�B�H�B�+�Q�M �T�m�`�B�i�v�- �r�?�B�+�? �B�b �� �`�2�[�m�B�`�2�K�2�M�i �7�Q�` �� �r�Q�`�F�B�M�; �/�2�p�B�+�2 �B�b ���M�Q�i�?�2�` �/�Q�r�M �b�B�/�2�X ��
�i�`���/�2�@�Q�z �#�2�i�r�2�2�M �+�Q�b�i ���M�/ �2�{�+�B�2�M�+�v �H�B�K�B�i�b �i�?�2 �#�`�Q���/�2�` �m�b���;�2 �Q�7 �b�B�H�B�+�Q�M �#���b�2�/ �+�2�H�H�b�X

�h�?�2 ���#�b�Q�H�m�i�2 �`�2�+�Q�`�/ �r�B�i�? �k�3�X�3�W�(�d�) �2�{�+�B�2�M�+�v �B�b �� �:�����b �b�Q�H���` �+�2�H�H�X �a�Q�H���` �+�2�H�H�b �K���/�2
�Q�m�i �Q�7 �i�?�B�b �/�B�`�2�+�i �#���M�/ �;���T �b�2�K�B�+�Q�M�/�m�+�i�Q�` �U�R�X�9�j �2�o�(�3�)�V �+���M ���+�?�B�2�p�2 �;�`�2���i �2�{�+�B�2�M�+�v
�Q�M �� �b�K���H�H ���`�2���- �b�Q �i�?�2�v ���`�2 �K�Q�b�i�H�v �m�b�2�/ �B�M �M�B�+�?�2 �K���`�F�2�i�b �U�2�t�X �b�T���+�2 �i�2�+�?�M�Q�H�Q�;�v�V�X
�h�?�2 �K���B�M �Q�#�b�i���+�H�2 �H�B�K�B�i�B�M�; �i�?�2 �#�`�Q���/�2�` ���T�T�H�B�+���i�B�Q�M �B�b �i�?�2 �m�b���;�2 �Q�7 �i�?�2 �i�Q�t�B�+ �2�H�2�K�2�M�i
���`�b�2�M�B�+�X �a�B�K�B�H���`�H�v�- �*�/�h�2 �U�#���M�/ �;���T �R�X�9�9 �2�o�(�3�)�V �b�Q�H���` �+�2�H�H�b�- �r�?�2�`�2 �i�?�2 �`�2�+�Q�`�/ �2�{�+�B�2�M�+�v
�B�b �`�2�T�Q�`�i�2�/ �i�Q �#�2 �k�R�X�8�W �+�Q�M�i���B�M�b �i�?�2 �i�Q�t�B�+ �2�H�2�K�2�M�i �+���/�K�B�m�K�X

�6�m�`�i�?�2�`�K�Q�`�2�- �A�M�S �U�#���M�/ �;���T �R�X�j�8 �2�o�V ���M�/ �:���A�M�S �U�#���M�/ �;���T �R�X�3�R �2�o�V�- �i�r�Q �Q�i�?�2�`
�A�A�A�@�o �+�Q�K�T�Q�m�M�/ �b�2�K�B�+�Q�M�/�m�+�i�Q�`�b �?���p�2 �`�2���+�?�2�/ �?�B�;�? �2�{�+�B�2�M�+�B�2�b�- �k�k�X�R�W ���M�/ �k�y�X�3�W�-
�`�2�b�T�2�+�i�B�p�2�H�v�(�e�)�X �P�M�2 �Q�7 �i�?�2 �H�B�K�B�i���i�B�Q�M�b �B�b �i�?�2 �+�Q�b�i ���M�/ �b�+���`�+�B�i�v �Q�7 �B�M�/�B�m�K�- �r�?�B�H�2 �i�?�2
�?�B�;�? �#���M�/ �;���T �Q�7 �:���A�M�S �?���b �#�2�2�M �i�m�`�M�2�/ �B�M�i�Q ���M ���/�p���M�i���;�2 �#�v �#�m�B�H�/�B�M�; �b�Q �+���H�H�2�/
�K�m�H�i�B�D�m�M�+�i�B�Q�M �/�2�p�B�+�2�b�X �h�?�2 �#���b�B�+ �+�Q�M�+�2�T�i �Q�7 �� �K�m�H�i�B�D�m�M�+�i�B�Q�M �/�2�p�B�+�2 �B�b �i�Q �m�b�2 �� �?�B�;�?
�#���M�/ �;���T �K���i�2�`�B���H �i�Q ���#�b�Q�`�# �?�B�;�?�2�` �2�M�2�`�;�v �T�?�Q�i�Q�M�b�- ���H�H�Q�r�B�M�; �i�?�2 �H�Q�r�2�` �2�M�2�`�;�v �T�?�Q�i�Q�M�b
�i�Q �;�Q �i�?�`�Q�m�;�? �B�i ���M�/ �;�2�i ���#�b�Q�`�#�2�/ �#�v �i�?�2 �H�Q�r�2�` �#���M�/ �;���T �K���i�2�`�B���H�X �J�m�H�i�B�T�H�2 ���#�b�Q�`�#�2�`�b



�S�Y�l �Q�N�3�A ���N�0 �j�s�R�A�U�@�R�j�R�N �0�3�q�C�,�3�c �k

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

�J�m�H�i�B�+�Q�K�T�Q�M�2�M�i �i�?�B�M�@�}�H�K �b�Q�H���` �+�2�H�H�b�- �F�M�Q�r�M ���b �*�A�:�a �U�*�m�U�A�M�f�:���V�U�a�2�f�a�V2�V ���M�/
�H���i�2�H�v �*�w�h�a�U�a�2�V �U�*�m2�w�M�a�M�U�a�-�a�2�V4�V �?���p�2 ���H�b�Q �b�?�Q�r�M �T�`�Q�K�B�b�B�M�; �2�{�+�B�2�M�+�B�2�b�- �k�R�X�d�W ���M�/
�R�k�X�e�W�- �`�2�b�T�2�+�i�B�p�2�H�v�(�d�)�X �6�H�2�t�B�#�H�2 �U���M�/ �+�Q�K�T�H�2�t�V �b�i�Q�B�+�?�B�Q�K�2�i�`�v �Q�T�2�M�b �i�?�2 �T�Q�b�b�B�#�B�H�B�i�v �Q�7
�#���M�/ �;���T �i�m�M�B�M�; �#�m�i �7�m�`�i�?�2�` �T�`�Q�;�`�2�b�b �B�M �m�i�B�H�B�x�B�M�; �i�?�2 �b�v�M�i�?�2�b�B�b �+�Q�M�/�B�i�B�Q�M�b �B�b �M�2�+�2�b�b���`�v
�i�Q �T�`�2�p�2�M�i �i�?�2 �7�Q�`�K���i�B�Q�M �Q�7 �b�2�+�Q�M�/���`�v �T�?���b�2�b �Q�` �?�B�;�? �/�2�7�2�+�i �+�Q�M�+�2�M�i�`���i�B�Q�M�X

�6�H���r�b ���M�/ �H�B�K�B�i���i�B�Q�M�b �Q�7 �S�o �/�2�p�B�+�2�b �+�m�`�`�2�M�i�H�v �B�M �m�b�2 �+�Q�M�}�`�K �i�?�2 �7���+�i �i�?���i �r�2
���`�2 �b�i�B�H�H �B�M �i�?�2 �B�M�+�B�T�B�2�M�i �T�?���b�2 �Q�7 �?���`�p�2�b�i�B�M�; �b�Q�H���` �2�M�2�`�;�v �2�{�+�B�2�M�i�H�v�X �a�Q �7���`�- �� �i�`���/�2�@
�Q�z �#�2�i�r�2�2�M �+�Q�b�i�- �2�{�+�B�2�M�+�v �Q�` �T�Q�i�2�M�i�B���H �?���x���`�/�M�2�b�b �?���/ �i�Q �#�2 �K���/�2�X ���/�/�`�2�b�b�B�M�; �i�?�2
�B�b�b�m�2�b ���M�/ �}�M�/�B�M�; �� �K���i�2�`�B���H �i�?���i �B�b �#�2�i�i�2�` �B�M ���H�H �b�2�;�K�2�M�i�b �B�b �� �F�2�v �T�`�B�Q�`�B�i�v �7�Q�` �#�`�B�M�;�B�M�;
�i�?�2 �S�o �i�2�+�?�M�Q�H�Q�;�v �i�Q �� �M�2�r �H�2�p�2�H�X �.�2�b�B�;�M�B�M�; �Q�7 �b�m�+�? �K���i�2�`�B���H �?���b �#�2�2�M �i�?�2 ���B�K �Q�7
�i�?�2 �K���M�v �b�+�B�2�M�i�B�}�+ �b�i�m�/�B�2�b �B�M �i�?�2 �T���b�i �7�2�r �/�2�+���/�2�b�X �1�p�2�M �i�?�Q�m�;�? �;�`�2���i �T�`�Q�;�`�2�b�b �?���b
���H�`�2���/�v �#�2�2�M �K���/�2�- �r�2 ���`�2 �b�i�B�H�H �B�M �b�2���`�+�? �Q�7 �b�m�B�i���#�H�2 �K���i�2�`�B���H�b �i�?���i �+���M �T�Q�b�b�B�#�H�v �#�2
�b�v�M�i�?�2�b�B�x�2�/ ���i �i�?�2 �H�Q�r �+�Q�b�i ���M�/ �m�b�B�M�; �b�K���H�H �K���i�2�`�B���H�b �[�m���M�i�B�i�B�2�b�X

�S�Y�l �Q�N�3�A ���N�0 �j�s�R�A�U�@�R�j�R�N �0�3�q�C�,�3�c

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

�h�?�2 �7�`�2�2 �2�M�2�`�;�v �+�Q�b�i �7�Q�` �Q�#�i���B�M�B�M�; �>2 ���M�/ �P2 �7�`�Q�K �� �r���i�2�` �K�Q�H�2�+�m�H�2 �B�b �R�X�k�j �2�o�-
�#�m�i �/�m�2 �i�Q ���/�/�B�i�B�Q�M���H �2�M�2�`�;�v �H�Q�b�b�2�b�- �i�?�2 �i�Q�i���H �2�M�2�`�;�v �`�2�[�m�B�`�2�/ �B�b ���`�Q�m�M�/ �k�X�j �2�o�X ���b ��
�`�2�b�m�H�i�- �i�?�2 �#���M�/ �;���T �Q�7 �� �S�* �K���i�2�`�B���H �b�?�Q�m�H�/ �#�2 �Q�7 �i�?�2 �b���K�2 �Q�`�/�2�`�X �a�m�+�? �� �K���i�2�`�B���H
�+�Q�m�H�/ ���+�?�B�2�p�2 �Q�M�H�v �d�W �2�{�+�B�2�M�+�v�- ���M�/ �#�2�+���m�b�2 �Q�7 �H���`�;�2 �#���M�/ �;���T�- �K�Q�b�i �p�B�b�B�#�H�2 �T�?�Q�i�Q�M�b
�r�Q�m�H�/ �M�2�p�2�` �#�2 ���#�b�Q�`�#�2�/�(�N�)�X

�h�?�2 �2�{�+�B�2�M�+�v �+���M �#�2 �B�M�+�`�2���b�2�/ �#�v �#�m�B�H�/�B�M�; �� �/�2�p�B�+�2 �Q�7 �i�r�Q ���#�b�Q�`�#�B�M�; �b�2�K�B�+�Q�M�@
�/�m�+�i�Q�`�b �B�M �� �i���M�/�2�K ���`�+�?�B�i�2�+�i�m�`�2�X �� �i���M�/�2�K�- �Q�` �i�r�Q�@�T�?�Q�i�Q�M �/�2�p�B�+�2�- �+�Q�M�b�B�b�i�b �Q�7 �i�r�Q
�b�2�K�B�+�Q�M�/�m�+�i�Q�`�b �r�B�i�? �/�B�z�2�`�2�M�i �#���M�/ �;���T�b�, �i�?�2 �}�`�b�i �Q�M�2 �r�B�i�? �� �H���`�;�2�` �#���M�/ �;���T ���#�b�Q�`�#�b
�?�B�;�? �2�M�2�`�;�v �T�?�Q�i�Q�M�b�- �r�?�B�H�2 �i�?�2 �b�2�+�Q�M�/ �Q�M�2 ���#�b�Q�`�#�b �`�2�K���B�M�B�M�; �H�Q�r�2�` �2�M�2�`�;�v �T�?�Q�i�Q�M�b
�b�B�M�+�2 �B�i�ö�b �#���M�/ �;���T �B�b �K�m�+�? �H�Q�r�2�`�X �h�?�B�b �b�i�`���i�2�;�v ���H�H�Q�r�b �K�m�+�? �K�Q�`�2 �Q�7 �i�?�2 �b�Q�H���` �b�T�2�+�@
�i�`�m�K �i�Q �#�2 ���#�b�Q�`�#�2�/�X �h�?�2 �2�b�i�B�K���i�2�/ �Q�T�i�B�K���H �#���M�/ �;���T �Q�7 �� �b�K���H�H �#���M�/ �;���T �U�a�"�:�V
�K���i�2�`�B���H �B�b �R �2�o �r�?�B�H�2 �i�?�2 �H���`�;�2 �#���M�/ �;���T �U�G�"�:�V �K���i�2�`�B���H�b �B�b �2�t�T�2�+�i�2�/ �i�Q �?���p�2 �� �#���M�/
�;���T �Q�7 �R�X�d �2�o�(�N���R�k�)�X �6�B�;�m�`�2�R�X�k�� �b�?�Q�r�b �� �/�2�p�B�+�2 �/�2�b�B�;�M �B�M �r�?�B�+�? �Q�t�v�;�2�M �2�p�Q�H�m�i�B�Q�M �i���F�2�b
�T�H���+�2 �Q�M �i�?�2 �G�"�: �K���i�2�`�B���H �U�T�?�Q�i�Q���M�Q�/�2�V ���M�/ �i�?�2 �?�v�/�`�Q�;�2�M �2�p�Q�H�m�i�B�Q�M �i���F�2�b �T�H���+�2 �Q�M
�a�"�: �K���i�2�`�B���H �U�T�?�Q�i�Q�+���i�?�Q�/�2�V�X �S�Q�b�B�i�B�Q�M�b �Q�7 �#���M�/ �2�/�;�2�b�- �B�M �i�?�B�b �+���b�2 �T�Q�i�2�M�i�B���H�b �Q�7 �+���`�@
�`�B�2�`�b�- �b�?�Q�m�H�/ ���H�B�;�M �r�B�i�? �i�?�2 �`�2�/�Q�t �H�2�p�2�`�b �Q�7 �r���i�2�`�X ���M ���H�i�2�`�M���i�B�p�2 �/�2�b�B�;�M �B�b �`�2�[�m�B�`�2�/ �B�7



�: �S �B�N�j�a�R�0�n�,�j�C�R�N

�6�B�;�m�`�2 �R�X�R�,�6�m�M�/���K�2�M�i���H �b�Q�H���` �+�2�H�H �2�{�+�B�2�M�+�v �H�B�K�B�i�b ���M�/ �T�`�2�b�2�M�i�@�/���v �`�2�+�Q�`�/�b�X �U���V
���J�R�X�8 �b�Q�H���` �b�T�2�+�i�`�m�K �r�B�i�? �/�B�b�i�B�M�+�i �/�B�T�b �/�m�2 �i�Q �K�Q�H�2�+�m�H���` ���#�b�Q�`�T�i�B�Q�M �B�M
�i�?�2 �1���`�i�?�ö�b ���i�K�Q�b�T�?�2�`�2�X �S�?�Q�i�Q�M�b �r�B�i�? �2�M�2�`�;�B�2�b �#�2�H�Q�r �i�?�2 �#���M�/ �;���T �U�1g �-
�/���b�?�2�/ �#�H���+�F �H�B�M�2 �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �i�?�2 �#���M�/ �;���T �Q�7 �a�B�V ���`�2 �M�Q�i ���#�b�Q�`�#�2�/�-
�r�?�2�`�2���b �T�?�Q�i�Q�M�b �r�B�i�? �2�M�2�`�;�B�2�b ���#�Q�p�2 �i�?�2 �#���M�/ �;���T ���`�2 �M�Q�i �7�m�H�H�v �+�Q�M�@
�p�2�`�i�2�/ �i�Q �2�H�2�+�i�`�B�+���H �2�M�2�`�;�v �#�2�+���m�b�2 �Q�7 �i�?�2 �i�?�2�`�K���H�B�x���i�B�Q�M �Q�7 �+�?���`�;�2 �+���`�`�B�@
�2�`�b�X �h�?�2 �K���t�B�K�m�K �T�Q�r�2�` �;�2�M�2�`���i�2�/ �#�v �i�?�2 �+�2�H�H �B�b �H�B�K�B�i�2�/ �#�v �p�Q�H�i���;�2 �H�Q�b�b
�`�2�H���i�B�p�2 �i�Q �i�?�2 �#���M�/ �;���T �p�Q�H�i���;�2�X �A�M�b�2�i�, �1�H�2�+�i�`�Q�M�B�+ �#���M�/ �b�i�`�m�+�i�m�`�2 �r�B�i�?
�i�?�2 �b�2�T���`���i�B�Q�M �Q�7 �i�?�2 �[�m���b�B�@�6�2�`�K�B �H�2�p�2�H�b �/�2�i�2�`�K�B�M�B�M�; �i�?�2 �Q�T�2�M�@�+�B�`�+�m�B�i
�p�Q�H�i���;�2 �ooc�X �U�"�V �h�?�2�Q�`�2�i�B�+���H �a�?�Q�+�F�H�2�v�@�Z�m�2�B�b�b�2�` �/�2�i���B�H�2�/�@�#���H���M�+�2 �2�{�@
�+�B�2�M�+�v �H�B�K�B�i ���b �� �7�m�M�+�i�B�Q�M �Q�7 �#���M�/ �;���T �U�#�H���+�F �H�B�M�2�V ���M�/ �d�8�W ���M�/ �8�y�W �Q�7
�i�?�2 �H�B�K�B�i �U�;�`���v �H�B�M�2�b�V�X �h�?�2 �`�2�+�Q�`�/ �2�{�+�B�2�M�+�B�2�b �7�Q�` �/�B�z�2�`�2�M�i �K���i�2�`�B���H�b ���`�2
�T�H�Q�i�i�2�/ �7�Q�` �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �#���M�/ �;���T�b�X �h�?�2 �}�;�m�`�2 �B�b �`�2�T�`�B�M�i�2�/ �7�`�Q�K
�`�2�7�2�`�2�M�+�2 �(�e�)�X

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

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

�S�Y�k �Q�$�j���C�N�C�N�< �N�3�s �c�R�I���a �3�N�3�a�<�w �,�R�N�q�3�a�c�C�R�N �L���j�3�a�C���I�c

�A�M�/�2�T�2�M�/�2�M�i �Q�7 �i�?�2 ���T�T�H�B�+���i�B�Q�M�- �S�o �Q�` �S�*�- �i�?�2 �+�Q�`�2 �Q�7 �� �b�Q�H���` �2�M�2�`�;�v �+�Q�M�p�2�`�b�B�Q�M
�/�2�p�B�+�2 �B�b �� �T�?�Q�i�Q���#�b�Q�`�#�B�M�; �K���i�2�`�B���H�X �1�p�2�M �i�?�Q�m�;�? �/�B�z�2�`�2�M�i ���T�T�H�B�+���i�B�Q�M�b ���M�/ �/�B�z�2�`�2�M�i
�/�2�p�B�+�2 �/�2�b�B�;�M�b �K���v �`�2�[�m�B�`�2 �K���i�2�`�B���H�b �r�B�i�? �/�B�z�2�`�2�M�i �#���M�/ �;���T�b�- �� �b�B�K�B�H���` �#���b�B�+ �r�Q�`�F�B�M�;



�S�Y�k �Q�$�j���C�N�C�N�< �N�3�s �c�R�I���a �3�N�3�a�<�w �,�R�N�q�3�a�c�C�R�N �L���j�3�a�C���I�c �9

�U���V�.�2�b�B�;�M �R �U�#�V�.�2�b�B�;�M �k

�6�B�;�m�`�2 �R�X�k�,�S�`�Q�T�Q�b�2�/ �/�2�b�B�;�M�b �7�Q�` �� �i�r�Q�@�T�?�Q�i�Q�M �r���i�2�` �b�T�H�B�i�i�B�M�; �/�2�p�B�+�2�X �U���V �h�?�2 �H���`�;�2
�#���M�/ �;���T �K���i�2�`�B���H �U�G�"�:�V �B�b �i�?�2 �T�?�Q�i�Q���M�Q�/�2 ���M�/ �i�?�2 �b�K���H�H �#���M�/ �;���T
�K���i�2�`�B���H �U�a�"�:�V �i�?�2 �T�?�Q�i�Q�+���i�?�Q�/�2�X �o�B�+�2 �p�2�`�b�� �B�M �U�#�V�- �G�"�: �B�b �i�?�2 �T�?�Q�i�Q�@
�+���i�?�Q�/�2 ���M�/ �a�"�: �i�?�2 �T�?�Q�i�Q���M�Q�/�2�X �6�B�;�m�`�2�b �7�`�Q�K �`�2�7�2�`�2�M�+�2 �(�R�j�)�X

�T�`�B�M�+�B�T�H�2 �B�K�T�H�B�2�b �i�?�2 �K���i�2�`�B���H�b �m�b�2�/ �T�Q�b�b�2�b �b�B�K�B�H���` �T�`�Q�T�2�`�i�B�2�b�X �>�Q�r�2�p�2�`�- �i�?�B�b �B�b �Q�M�H�v
�p���H�B�/ �7�Q�` �T�`�Q�T�2�`�i�B�2�b �`�2�H���i�2�/ �i�Q �T�?�Q�i�Q���#�b�Q�`�T�i�B�Q�M�- �r�?�2�`�2���b �b�i���#�B�H�B�i�v�- �7�Q�` �2�t���K�T�H�2�- �b�?�Q�m�H�/
�#�2 ���/�/�`�2�b�b�2�/ �b�2�T���`���i�2�H�v �/�m�2 �i�Q �/�B�z�2�`�2�M�i �2�M�p�B�`�Q�M�K�2�M�i�b �B�M �r�?�B�+�? �i�?�2 �/�2�p�B�+�2 �b�?�Q�m�H�/
�Q�T�2�`���i�2�X �G�m�+�F�B�H�v�- �/�B�z�2�`�2�M�i �2�M�;�B�M�2�2�`�B�M�; �b�Q�H�m�i�B�Q�M�b�- �b�m�+�? ���b �+�Q���i�B�M�; �Q�7 �i�?�2 �K���i�2�`�B���H�- �+���M
�b�Q�H�p�2 �i�?�2�b�2 �T�`�Q�#�H�2�K�b �b�Q �r�2 �/�Q �M�Q�i ���/�/�`�2�b�b �B�i �b�2�T���`���i�2�H�v �B�M �i�?�B�b �r�Q�`�F�X �P�p�2�`���H�H�- �r�2
�+���M �B�M�p�2�b�i�B�;���i�2 �K���i�2�`�B���H �+���M�/�B�/���i�2�b �7�Q�` ���#�b�Q�`�#�2�`�b �B�M �b�B�M�;�H�2�@�T�?�Q�i�Q�K ���M�/ �i�r�Q �T�?�Q�i�Q�M
�/�2�p�B�+�2�b �b�B�K�m�H�i���M�2�Q�m�b�H�v �b�B�M�+�2 �K���D�Q�`�B�i�v �Q�7 �`�2�H�2�p���M�i �T�`�Q�T�2�`�i�B�2�b ���`�2 �i�?�2 �b���K�2 ���M�/ �B�i �B�b
�Q�M�H�v �i�?�2�B�` �p���H�m�2 �r�?�B�+�? �/�B�b�i�B�M�;�m�B�b�?�2�b �r�?�2�i�?�2�` �K���i�2�`�B���H �B�b �K�Q�`�2 �b�m�B�i���#�H�2 ���b �S�o �Q�` �S�*
�+���M�/�B�/���i�2�X

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

�6�Q�` �b�+�`�2�2�M�B�M�; �i�Q �#�2 �b�m�+�+�2�b�b�7�m�H�- �B�i �B�b �+�`�m�+�B���H �i�Q �m�M�/�2�`�b�i���M�/ �B�M �/�2�T�i�? �i�?�2 �T�`�Q�#�H�2�K �Q�7
�B�M�p�2�b�i�B�;���i�B�Q�M�X �6�Q�` �2�t���K�T�H�2�- �B�7 �i�?�2 �;�Q���H �B�b �i�Q �}�M�/ �;�Q�Q�/ �b�Q�H���` �+�2�H�H ���#�b�Q�`�#�2�`�- �Q�M�2 �M�2�2�/�b
�� �r�2�H�H �/�2�}�M�2�/ �b�2�i �Q�7 �[�m���M�i�B�i�B�2�b �B�M�?�2�`�2�M�i �i�Q �� �;�Q�Q�/ ���#�b�Q�`�#�2�`�X �P�M�+�2 �i�?�2 �T�`�Q�T�2�`�i�B�2�b
�?���p�2 �#�2�2�M �/�2�}�M�2�/�- �Q�M�2 �M�2�2�/�b �i�Q �#�`�B�M�; �i�?�2�K �/�Q�r�M �i�Q �� �K�B�+�`�Q�b�+�Q�T�B�+ �H�2�p�2�H�X �*�Q�K�#�B�M�B�M�;
�[�m���M�i�B�i�B�2�b �+���H�+�m�H���i�2�/ �Q�M ���i�Q�K�B�+ �b�+���H�2 �r�B�i�? �K���+�`�Q�b�+�Q�T�B�+ �[�m���M�i�B�i�B�2�b �Q�#�i���B�M�2�/ �B�M �i�?�2
�2�t�T�2�`�B�K�2�M�i�b �B�b ���+�?�B�2�p�2�/ �#�v �b�Q�@�+���H�H�2�/ �/�2�b�+�`�B�T�i�Q�`�b�X �1���+�? �/�2�b�+�`�B�T�i�Q�` �B�b �i���`�;�2�i�B�M�; ���M �B�K�@
�T�Q�`�i���M�i �T�`�Q�T�2�`�i�v �Q�` �B�b�b�m�2 �Q�7 �� �;�Q�Q�/ �b�Q�H���` �2�M�2�`�;�v �+�Q�M�p�2�`�b�B�Q�M �K���i�2�`�B���H�X �� �K�Q�`�2 �/�2�i���B�H�2�/
�/�B�b�+�m�b�b�B�Q�M �Q�7 �/�2�b�+�`�B�T�i�Q�`�b ���M�/ �i�?�2�B�` �`�Q�H�2 �+���M �#�2 �7�Q�m�M�/ �B�M �i�?�2 �+�?���T�i�2�`�j�X �*���H�+�m�H���i�2�/
�[�m���M�i�B�i�B�2�b ���`�2 �K�Q�b�i �Q�7�i�2�M �Q�#�i���B�M�2�/ �7�`�Q�K �[�m���M�i�m�K �K�2�+�?���M�B�+���H �+���H�+�m�H���i�B�Q�M�b�- ���M�/ �T�`�Q�#�@
���#�H�v �i�?�2 �K�Q�b�i �r�B�/�2�H�v�@�m�b�2�/ �i�2�+�?�M�B�[�m�2 �B�b �i�?�2 �.�2�M�b�B�i�v �6�m�M�+�i�B�Q�M���H �h�?�2�Q�`�v �U�.�6�h�V�- �r�?�B�+�?
�r�B�H�H �#�2 �/�B�b�+�m�b�b�2�/ �B�M �/�2�i���B�H �B�M �+�?���T�i�2�`�k�X



�f �S �B�N�j�a�R�0�n�,�j�C�R�N

�S�Y�: �Q�n�j�I�C�N�3

�h�?�2 �}�`�b�i �+�?���T�i�2�`�b �U�k ���M�/�j�V �T�`�2�b�2�M�i �i�?�2 �M�2�+�2�b�b���`�v �#���+�F�;�`�Q�m�M�/ �B�M�7�Q�`�K���i�B�Q�M �M�2�2�/�2�/
�i�Q �m�M�/�2�`�b�i���M�/ �i�?�2 �T���T�2�`�b �Q�7 �i�?�2 �i�?�2�b�B�b�X �*�?���T�i�2�`�9�T�`�2�b�2�M�i�b �b�m�K�K���`�B�2�b �Q�7 �i�?�2 �T���T�2�`�b
�?�B�;�?�H�B�;�?�i�B�M�; �i�?�2 �K�Q�b�i �b�B�;�M�B�}�+���M�i �`�2�b�m�H�i�b�X �*�?���T�i�2�`�8�T�`�2�b�2�M�i�b �i�?�2 �T���T�2�`�b ���M�/ �+�?���T�i�2�`
�e �b�m�T�T�H�B�2�b ���/�/�B�i�B�Q�M���H �B�M�7�Q�`�K���i�B�Q�M �M�Q�i �+�Q�M�i���B�M�2�/ �B�M �i�?�2 �T���T�2�`�b�X �6�B�M���H�H�v�- �+�?���T�i�2�`�d
�T�`�2�b�2�M�i�b �B�K�T�H�2�K�2�M�i���i�B�Q�M ���M�/ �`�2�b�m�H�i�b �r�?�B�+�? �/�B�/ �M�Q�i �`�2�b�m�H�i �B�M �� �b�+�B�2�M�i�B�}�+ �T�m�#�H�B�+���i�B�Q�M�X



�+�?���T�i�2� �̀l
�/�3�N�c�C�j�w �7�n�N�,�j�C�R�N���I

�i�@�3�R�a�w
�.�2�M�b�B�i�v �6�m�M�+�i�B�Q�M���H �h�?�2�Q�`�v �B�b �� �T�Q�r�2�`�7�m�H �i�Q�Q�H �m�b�2�/ �i�Q �B�M�p�2�b�i�B�;���i�2 �T�`�Q�T�2�`�i�B�2�b �Q�7 �K���i�2�`�B�@
���H�b�X �"���b�2�/ �Q�M �Q�M�H�v �2�H�2�K�2�M�i �i�v�T�2�b ���M�/ ���i�Q�K�B�+ �T�Q�b�B�i�B�Q�M�b�- �i�Q�i���H �2�M�2�`�;�v�- ���M�/ ���/�/�B�i�B�Q�M���H�H�v�-
�Q�T�i�B�+���H�- �2�H�2�+�i�`�Q�M�B�+ ���M�/ �+�?�2�K�B�+���H �T�`�Q�T�2�`�i�B�2�b �+���M �#�2 �+���H�+�m�H���i�2�/�X ���H�b�Q�- �� �H�Q�r �i�2�K�T�2�`���i�m�`�2
�b�i���#�H�2 �b�i�`�m�+�i�m�`�2 �+���M �#�2 �Q�#�i���B�M�2�/ �#�v �K�B�M�B�K�B�x�B�M�; �i�?�2 �2�M�2�`�;�v �Q�7 �i�?�2 �b�v�b�i�2�K �r�B�i�? �`�2�b�T�2�+�i
�i�Q �i�?�2 ���i�Q�K�B�+ �b�i�`�m�+�i�m�`�2�X �h�?�B�b �+�?���T�i�2�` �2�t�T�H���B�M�b �i�?�2 �K�2�i�?�Q�/ �B�M �/�2�i���B�H ���M�/ �B�i�b �B�K�T�H�2�@
�K�2�M�i���i�B�Q�M �B�M �i�?�2 �2�H�2�+�i�`�Q�M�B�+ �b�i�`�m�+�i�m�`�2 �:�`�B�/�@�#���b�2�/ �S�`�Q�D�2�+�i ���m�;�K�2�M�i�2�/ �q���p�2 �U�:�S���q�V
�+�Q�/�2�(�:�S���q �-�R�9�)�X �6�m�`�i�?�2�`�K�Q�`�2�- �i�?�2 �r���v �.�6�h �B�b �B�b �m�b�2�/ �i�Q �Q�#�i���B�M �+�Q�@�+���H�H�2�/ �b�+�`�2�2�M�B�M�;
�T���`���K�2�i�2�`�b �B�K�T�Q�`�i���M�i �i�Q �i�?�2 �7�Q�H�H�Q�r�B�M�; �T���`�i �Q�7 �i�?�B�b �r�Q�`�F �B�b �/�B�b�+�m�b�b�2�/ �B�M �+�?���T�i�2�`�j�X

�l�Y�S �i�@�3 �3�I�3�,�j�a�R�N�C�, �c�j�a�n�,�j�n�a�3 �U�a�R�$�I�3�L

�P�M �i�?�2 �7�m�M�/���K�2�M�i���H �H�2�p�2�H �K���i�i�2�` �+���M �#�2 �m�M�/�2�`�b�i�Q�Q�/ ���b ���M �2�M�b�2�K�#�H�2 �Q�7 �B�M�i�2�`���+�i�B�M�;
���i�Q�K�b�X �_�2�;���`�/�H�2�b�b �Q�7 �r�?�B�+�? �i�v�T�2 �i�?�B�b �2�M�b�2�K�#�H�2 �Q�7 �T���`�i�B�+�H�2�b �B�b �U�b�Q�H�B�/�- �H�B�[�m�B�/�- �K�Q�H�2�+�m�H�2�b�V�-
�i�Q �i�`�m�H�v �m�M�/�2�`�b�i���M�/ �B�i�ö�b �T�`�Q�T�2�`�i�B�2�b �� �`�2�H���i�B�Q�M �#�2�i�r�2�2�M �7�m�M�/���K�2�M�i���H ���i�Q�K�B�+ �T�`�Q�T�2�`�i�B�2�b
���M�/ �K�2���b�m�`���#�H�2 �K���+�`�Q�b�+�Q�T�B�+ �T�`�Q�T�2�`�i�B�2�b �K�m�b�i �#�2 �r�2�H�H �2�b�i���#�H�B�b�?�2�/�X �h�?�B�b �B�b �2�b�b�2�M�i�B���H �B�M
�K���i�2�`�B���H �/�2�b�B�;�M �r�?�2�`�2 �/�B�z�2�`�2�M�i �2�H�2�K�2�M�i�b �Q�7 �i�?�2 �T�2�`�B�Q�/�B�+ �i���#�H�2 ���`�2 �+�Q�K�#�B�M�2�/ �i�Q �+�`�2���i�2
�K���i�2�`�B���H�b �r�B�i�? �/�2�b�B�`���#�H�2 �K���+�`�Q�b�+�Q�T�B�+ �7�2���i�m�`�2�b�X �a�m�+�? ���M ���T�T�`�Q���+�? �`�2�[�m�B�`�2�b �� �i�?�2�Q�`�v
�r�?�B�+�? �+���M �/�2�b�+�`�B�#�2 �T�`�Q�T�2�`�i�B�2�b �Q�7 ���i�Q�K�b �B�M �/�B�z�2�`�2�M�i �+�Q�M�}�;�m�`���i�B�Q�M�b�X

�J���i�i�2�` ���i �i�?�2 ���i�Q�K�B�+ �b�+���H�2 �Q�#�2�v�b �i�?�2 �H���r�b �Q�7 �[�m���M�i�m�K �K�2�+�?���M�B�+�b�X �q�B�i�?�B�M �[�m���M�i�m�K
�K�2�+�?���M�B�+�b�- �i�?�2 �K���i�2�`�B���H �B�b �/�2�b�+�`�B�#�2�/ �#�v �B�i�b �r���p�2�7�m�M�+�i�B�Q�M�- ���M ���#�b�i�`���+�i �Q�#�D�2�+�i �r�?�B�+�?
�`�2�T�`�2�b�2�M�i�b �� �b�i���i�B�b�i�B�+���H �T�`�Q�#���#�B�H�B�i�v �Q�7 �i�?�2 �T���`�i�B�+�H�2�b�ö �U�2�H�2�+�i�`�Q�M�b ���M�/ �M�m�+�H�2�B�V �[�m���M�i�m�K
�b�i���i�2 ���b �� �7�m�M�+�i�B�Q�M �Q�7 �T�Q�b�B�i�B�Q�M�- �K�Q�K�2�M�i�m�K�- �i�B�K�2�- ���M�/ �b�T�B�M�X �A�M �Q�i�?�2�` �r�Q�`�/�b�- �i�?�2
�r���p�2�7�m�M�+�i�B�Q�M �+�Q�M�i���B�M�b ���H�H �i�?�2 �B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�i �i�?�2 �[�m���M�i�m�K �b�v�b�i�2�K�X �A�i �+���M �#�2
�Q�#�i���B�M�2�/ �#�v �b�Q�H�p�B�M�; �i�?�2 �i�B�K�2�@�/�2�T�2�M�/�2�M�i �a�+�?�`�º�/�B�M�;�2�` �2�[�m���i�B�Q�M

i �h@t 	( r ; R ; t) = Ĥ 	( r ; R ; t) �U�k�X�R�V

�r�?�2�`�2



�4 �l �/�3�N�c�C�j�w �7�n�N�,�j�C�R�N���I �i�@�3�R�a�w

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

�h�?�2 �i�Q�i���H �2�M�2�`�;�v �Q�7 �i�?�2 �b�v�b�i�2�K �B�b �+�Q�M�b�2�`�p�2�/ �7�Q�` �� �i�B�K�2�@�B�M�/�2�T�2�M�/�2�M�i �T�Q�i�2�M�i�B���H
�b�Q �i�?�2 �b�i���i�B�Q�M���`�v �b�Q�H�m�i�B�Q�M �Q�7 �i�?�2 �a�+�?�`�º�/�B�M�;�2�` �2�[�m���i�B�Q�M �r�B�H�H �#�2 �� �T�`�Q�/�m�+�i �Q�7 �� �i�B�K�2�@
�/�2�T�2�M�/�2�M�i ���M�/ �� �i�B�K�2�@�B�M�/�2�T�2�M�/�2�M�i �T���`�i�X �a�B�M�+�2 �i�?�2 �T�`�Q�T�2�`�i�B�2�b �Q�7 �B�M�i�2�`�2�b�i �B�M �i�?�B�b �r�Q�`�F
���`�2 �i�B�K�2�@�B�M�/�2�T�2�M�/�2�M�i�- �i�?�2 �`�2�H�2�p���M�i �B�M�7�Q�`�K���i�B�Q�M �B�b �?�2�H�/ �B�M �i�?�2 �b�i���i�B�Q�M���`�v �b�i���i�2 �Q�7 �i�?�2
�>���K�B�H�i�Q�M�B���M�X �h�?�2 �2�B�;�2�M�p���H�m�2�b ���M�/ �2�B�;�2�M�7�m�M�+�i�B�Q�M�b �U�r���p�2�7�m�M�+�i�B�Q�M�b�V �Q�7 �i�?�2 �>���K�B�H�i�Q�M�B���M
�+���M �#�2 �Q�#�i���B�M�2�/ �#�v �b�Q�H�p�B�M�; �i�?�2 �i�B�K�2�@�B�M�/�2�T�2�M�/�2�M�i �a�+�?�`�º�/�B�M�;�2�` �2�[�m���i�B�Q�M�,

Ĥ 	( r ; R ) = E 	( r ; R ); �U�k�X�k�V

�r�?�2�`�2E(R ) �B�b �i�?�2 �2�B�;�2�M�p���H�m�2�X
�h�?�2 �>���K�B�H�i�Q�M�B���MĤ �+���M �#�2 �r�`�B�i�i�2�M ���b

Ĥ = �
PX

I =1

�h2

2M I
r 2

I �
NX

i =1

�h2

2m
r 2

i +
e2

2

NX

i =1

NX

j 6= i

1
jr i � r j j

+

e2

2

PX

I =1

PX

J 6= I

Z I ZJ

jR I � R J j
� e2

PX

I =1

NX

i =1

Z I

jR I � r i j
: �U�k�X�j�V

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

�l�M�7�Q�`�i�m�M���i�2�H�v�- �Q�#�i���B�M�B�M�; �2�B�;�2�M�p���H�m�2�b ���M�/ �2�B�;�2�M�7�m�M�+�i�B�Q�M�b �2�t���+�i�H�v �B�b �T�Q�b�b�B�#�H�2 �Q�M�H�v �B�M
�7�2�r �+���b�2�b�, �?�v�/�`�Q�;�2�M�Q�B�/ ���i�Q�K�b �U���M���H�v�i�B�+���H�H�v�V ���M�/ �p�2�`�v �b�K���H�H �K�Q�H�2�+�m�H�2�b �U�M�m�K�2�`�B�+���H�H�v�V�X
�h�?�2 �K���B�M �T�`�Q�#�H�2�K �`�B�b�2�b �7�`�Q�K �i�?�2 �i�r�Q�@�T���`�i�B�+�H�2 �*�Q�m�H�Q�K�# �B�M�i�2�`���+�i�B�Q�M�X �h�?�2 �T�`�Q�#���#�B�H�B�i�v
�Q�7 �}�M�/�B�M�; �Q�M�2 �2�H�2�+�i�`�Q�M ���i �i�?�2 �T�Q�B�M�ir �/�2�T�2�M�/�b �Q�M �i�?�2 �H�Q�+���i�B�Q�M �Q�7 ���H�H �i�?�2 �Q�i�?�2�` �2�H�2�+�i�`�Q�M�b
�B�M �i�?�2 �b�v�b�i�2�K�X �a�m�+�? �� �T�?�2�M�Q�K�2�M���- �+���H�H�2�/�+�Q�`� �̀2�H���i�B�Q�M�- �B�b ���i �Q�/�/�b �r�B�i�? �� �Q�M�2�@�2�H�2�+�i�`�Q�M
�r���p�2 �7�m�M�+�i�B�Q�M �`�2�T�`�2�b�2�M�i���i�B�Q�M ���M�/ �K���F�2�b �i�?�2 �a�+�?�`�º�/�B�M�;�2�` �2�[�m���i�B�Q�M �B�M�b�2�T���`���#�H�2�X

�� �7�2�r �r�2�H�H�@�+�Q�M�i�`�Q�H�H�2�/ ���T�T�`�Q�t�B�K���i�B�Q�M�b ���`�2 �B�M�i�`�Q�/�m�+�2�/ �i�Q �/�2�+�`�2���b�2 �i�?�2 �M�m�K�#�2�` �Q�7
�+�Q�m�T�H�2�/ �/�2�;�`�2�2�b �Q�7 �7�`�2�2�/�Q�K ���M�/ �?�2�H�T �K���F�2 �i�?�2 �i�?�2�Q�`�v ���T�T�H�B�+���#�H�2 �7�Q�` �K���M�v �b�v�b�i�2�K�b�X
�h�?�2 �}�`�b�i ���T�T�`�Q�t�B�K���i�B�Q�M �m�b�2�/ �i�Q �/�2�+�Q�m�T�H�2 �M�m�+�H�2���` ���M�/ �2�H�2�+�i�`�Q�M�B�+ �K�Q�i�B�Q�M �B�b �i�?�2 �"�Q�`�M�@
�P�T�T�2�M�?�2�B�K�2�` ���T�T�`�Q�t�B�K���i�B�Q�M �U���H�b�Q �F�M�Q�r ���b���/�B���#���i�B�+���T�T�`�Q�t�B�K���i�B�Q�M �r�?�2�M �� �b�K���H�H
�+�Q�`�`�2�+�i�B�Q�M �Q�7 �i�?�2 �Q�`�/�2�` �K�f�J �B�b �B�M�+�H�m�/�2�/�V�(�R�8�)�X �h�?�2 �K���b�b �`���i�B�Q�M �#�2�i�r�2�2�M �2�H�2�+�i�`�Q�M�b
���M�/ �M�m�+�H�2�B �B�b �p�2�`�v �b�K���H�H �Ume=mp = 10 � 4�V ���M�/ ���H�H�Q�r�b �i�?�2 �2�H�2�+�i�`�Q�M�b �i�Q �B�M�b�i���M�i���M�2�Q�m�b�H�v
�7�Q�H�H�Q�r �i�?�2 �K�Q�i�B�Q�M �Q�7 �i�?�2 �M�m�+�H�2���B ���M�/ ���/�D�m�b�i �i�?�2�B�` �r���p�2�7�m�M�+�i�B�Q�M�X ���+�+�Q�`�/�B�M�;�H�v�- �i�?�2
�r���p�2�7�m�M�+�i�B�Q�M �+���M �#�2 �#�2 �r�`�B�i�i�2�M �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �7�Q�`�K�(�R�e�)�,

	( R ; r ; t) = � n (R ; t)� n (r ; R ); �U�k�X�9�V



�l�Y�l �/�3�N�c�C�j�w �7�n�N�,�j�C�R�N���I �i�@�3�R�a�w �O

� n (R ; t) �#�2�B�M�; �M�m�+�H�2���` �r���p�2�7�m�M�+�i�B�Q�M ���M�/ �2���+�? ���/�B���#���i�B�+ �2�H�2�+�i�`�Q�M�B�+ �2�B�;�2�M�b�i���i�2� n (r ; R )
�b���i�B�b�7�v�B�M�; �i�?�2 �i�B�K�2�@�B�M�/�2�T�2�M�/�2�M�i �a�+�?�`�º�/�B�M�;�2�` �2�[�m���i�B�Q�M�X �h�?�2 �i�B�K�2�@�B�M�/�2�T�2�M�/�2�M�i �2�H�2�+�@
�i�`�Q�M�B�+ �>���K�B�H�i�Q�M�B���M �+���M �i�?�2�`�2�7�Q�`�2 �#�2 �`�2�/�m�+�2�/ �i�Q�,

Ĥe = �
NX

i =1

�h2

2mi
r 2

i +
e2

2

NX

i =1

NX

j 6= i

1
jr i � r j j

� e2
PX

I =1

NX

i =1

Z I

jR I � r i j
: �U�k�X�8�V

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

�l�Y�l �/�3�N�c�C�j�w �7�n�N�,�j�C�R�N���I �i�@�3�R�a�w

�h�?�2 �#���b�B�+ �B�/�2���- �H���i�2�` �m�b�2�/ �i�Q �/�2�`�B�p�2 �i�?�2 �p�2�`�v �b�m�+�+�2�b�b�7�m�H �.�2�M�b�B�i�v �6�m�M�+�i�B�Q�M���H �h�?�2�Q�`�v
�U�.�6�h�V�- �r���b �B�M�i�`�Q�/�m�+�2�/ �B�M �R�N�k�d �#�v �G�X�>�X�h�?�Q�K���b�(�R�d�) ���M�/ �1�X�6�2�`�K�B�(�R�3�)�X �h�?�2�v �T�`�Q�T�Q�b�2�/
���M ���H�i�2�`�M���i�B�p�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �� �K���M�v �2�H�2�+�i�`�Q�M �b�v�b�i�2�K �r�?�2�`�2 �i�?�2 �7�m�H�H �2�H�2�+�i�`�Q�M �/�2�M�b�B�i�v
�r���b �i�?�2 �7�m�M�/���K�2�M�i���H �p���`�B���#�H�2 �Q�7 �i�?�2 �K���M�v�@�#�Q�/�v �T�`�Q�#�H�2�K�X �h�?�2 �b�B�K�T�H�2�h�?�Q�K���b�@�6�2�`�K�B
�K�Q�/�2�H �/�2�b�+�`�B�#�2�b ���i�Q�K�b ���b �M�2�;���i�B�p�2�H�v �+�?���`�;�2�/ �2�H�2�+�i�`�Q�M �+�H�Q�m�/�b ���`�Q�m�M�/ �M�m�+�H�2�B �B�M �� �b�B�t�@
�/�B�K�2�M�b�B�Q�M���H �T�?���b�2 �b�T���+�2�X �h�?�2 �T�`�Q�T�Q�b�2�/ �i�Q�i���H �2�M�2�`�;�v �r���b �+�Q�M�b�i�`�m�+�i�2�/ �m�b�B�M�; �i�?�2 �F�M�Q�r�M
�2�t�T�`�2�b�b�B�Q�M�b �7�Q�` �F�B�M�2�i�B�+�- �2�t�+�?���M�;�2 ���M�/ �+�Q�`�`�2�H���i�B�Q�M �2�M�2�`�;�B�2�b �Q�7 �� �?�Q�K�Q�;�2�M�2�Q�m�b �2�H�2�+�i�`�Q�M
�;���b ���M�/ ���T�T�H�B�2�/ �Q�M �H�Q�+���H �/�2�M�b�B�i�v �+�Q�M�i�`�B�#�m�i�B�Q�M�b�X �h�?���i �r���v�- �i�?�2 �i�Q�i���H �2�M�2�`�;�v �?���/ �+�Q�M�@
�i�`�B�#�m�i�B�Q�M�b �U� �4�F�B�M�2�i�B�+�- �2�t�+�?���M�;�2�- �+�Q�`�`�2�H���i�B�Q�M�V �7�`�Q�K �H�Q�+���H �/�2�M�b�B�i�B�2�b ���i �2�p�2�`�v �T�Q�B�M�i �B�M
�b�T���+�2�,

E � [� ] =
Z

� (r )" � [� (r )]dr : �U�k�X�e�V

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

�J�Q�`�2 �i�?���M �j�y �v�2���`�b ���7�i�2�` �h�?�Q�K���b ���M�/ �6�2�`�K�B �B�M�i�`�Q�/�m�+�2�/ �i�?�2�B�` �K�Q�/�2�H�- �>�Q�?�2�M�#�2�`�;
���M�/ �E�Q�?�M �/�2�p�2�H�Q�T�2�/ �.�6�h�(�R�N�)�X

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

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

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



�S�z �l �/�3�N�c�C�j�w �7�n�N�,�j�C�R�N���I �i�@�3�R�a�w

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

�>�Q�r�2�p�2�`�- �i�?�2 �i�?�2�Q�`�2�K�b �+���M �Q�M�H�v �#�2 �m�b�2�/ �B�7 �i�?�2 �K���M�v�@�#�Q�/�v �/�2�M�b�B�i�v �B�b �F�M�Q�r�M�X ���M
���T�T�`�Q���+�? �#�v �E�Q�?�M ���M�/ �a�?���K �b�m�;�;�2�b�i�2�/ �K���T�T�B�M�; �i�?�2 �/�2�M�b�B�i�v �Q�7 �� �b�v�b�i�2�K �Q�7 �M�Q�M�@
�B�M�i�2�`���+�i�B�M�; �2�H�2�+�i�`�Q�M�b �Q�M�i�Q ���M �B�M�i�2�`���+�i�B�M�; �b�v�b�i�2�K �r�B�i�? �i�?�2 �b���K�2 �/�2�M�b�B�i�v�(�k�y�)�X �a�m�+�? ��
�M�Q�M�@�B�M�i�2�`���+�i�B�M�; �b�v�b�i�2�K �B�b �/�2�b�+�`�B�#�2�/ �#�v �i�?�2 ���M�i�B�b�v�K�K�2�i�`�B�+�- �Q�M�2�@�2�H�2�+�i�`�Q�M �Q�`�#�B�i���H �r���p�2�@
�7�m�M�+�i�B�Q�M�b�- ���M�/ �B�i�b �F�B�M�2�i�B�+ �2�M�2�`�;�v �+���M �#�2 �2�t���+�i�H�v �+���H�+�m�H���i�2�/�X �A�M �Q�i�?�2�` �r�Q�`�/�b�- �i�?�2
�T�`�Q�#�H�2�K �Q�7 �B�M�i�2�`���+�i�B�M�; �2�H�2�+�i�`�Q�M�b �B�M ���M �2�t�i�2�`�M���H �T�Q�i�2�M�i�B���H �B�b �K���T�T�2�/ �Q�M�i�Q �� �T�`�Q�#�H�2�K
�Q�7 �M�Q�M�@�B�M�i�2�`���+�i�B�M�; �2�H�2�+�i�`�Q�M�b �B�M ���M �2�z�2�+�i�B�p�2 �H�Q�+���H �T�Q�i�2�M�i�B���H�(�R�e�)�X �P�#�i���B�M�B�M�; �i�?�2 �/�2�M�b�B�i�v
���M�/ �i�?�2 �F�B�M�2�i�B�+ �2�M�2�`�;�v �7�`�Q�K �i�?�2 �M�Q�M�@�B�M�i�2�`���+�i�B�M�; �b�v�b�i�2�K�- �v�B�2�H�/�b �i�?�2 �2�t�T�`�2�b�b�B�Q�M �7�Q�` �i�?�2
�2�M�2�`�;�v �Q�7 �i�?�2 �E�Q�?�M�@�a�?���K �b�v�b�i�2�K�,

EKS [� ] =
�h2

m

N= 2X

i =1

h� i jr 2j� i i +
Z

� (r )vext (r )d3r + EHartree + Exc [� ]: �U�k�X�d�V

�h�?�2 �}�`�b�i �i�2�`�K �B�b �i�?�2 �F�B�M�2�i�B�+ �2�M�2�`�;�v �i�2�`�K�- �i�?�2 �b�2�+�Q�M�/ �B�b �i�?�2 �2�t�i�2�`�M���H �T�Q�i�2�M�i�B���H
���+�+�Q�m�M�i�B�M�; �7�Q�` �i�?�2 �2�H�2�+�i�`�Q�b�i���i�B�+ �T�Q�i�2�M�i�B���H �Q�7 �i�?�2 �M�m�+�H�2���B�- �i�?�2 �i�?�B�`�/�- �i�?�2 �>���`�i�`�2�2 �2�M�2�`�;�v�-
EHartree �B�b �i�?�2 �+�H���b�b�B�+���H �2�H�2�+�i�`�Q�b�i���i�B�+ �B�M�i�2�`���+�i�B�Q�M �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �� �+�?���`�;�2 �/�B�b�i�`�B�#�m�i�B�Q�M
� (r )�X �h�?�2 �2�H�2�+�i�`�Q�M�@�2�H�2�+�i�`�Q�M �2�M�2�`�;�v �+�Q�M�i�`�B�#�m�i�B�Q�M �M�Q�i ���+�+�Q�m�M�i�2�/ �7�Q�` �#�v �i�?�2 �>���`�i�`�2�2 �i�2�`�K
�B�b �b�i�Q�`�2�/ �B�M�i�Q �i�?�2 �b�Q�@�+���H�H�2�/ �2�t�+�?���M�;�2�@�+�Q�`�`�2�H���i�B�Q�M �U�t�+�V �T���`�i�-Exc �-�X �h�?�2 �H���i�i�2�` ���+�+�Q�m�M�i�b
�7�Q�` �i�?�2 �K���M�v �#�Q�/�v �M���i�m�`�2 �Q�7 �i�?�2 �r���p�2�7�m�M�+�i�B�Q�M ���M�/ �i�?�2 �F�B�M�2�i�B�+ �+�Q�`�`�2�+�i�B�Q�M �B�;�M�Q�`�2�/ �B�M
�i�?�2 �}�`�b�i �i�2�`�K �/�m�2 �i�Q �i�?�2 �M�Q�M�@�B�M�i�2�`���+�i�B�M�; �F�B�M�2�i�B�+ ���T�T�`�Q�t�B�K���i�B�Q�M�X

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

�l�Y�l�Y�S �2�u�,�@���N�<�3�A�,�R�a�a�3�I���j�C�R�N �8�n�N�,�j�C�R�N���I�c

�h�?�2 �}�`�b�i ���T�T�`�Q�t�B�K���i�B�Q�M �7�Q�` �i�?�2 �2�t�+�?���M�;�2�@�+�Q�`�`�2�H���i�B�Q�M �2�M�2�`�;�v �B�M �.�6�h �r���b �#���b�2�/ �Q�M �i�?�2
�T�`�2�p�B�Q�m�b�H�v �B�M�i�`�Q�/�m�+�2�/ �h�?�Q�K���b�@�6�2�`�K�B �K�Q�/�2�H�X �h�?�2 ���T�T�`�Q�t�B�K���i�B�Q�M �F�M�Q�r�M ���b �i�?�2 �H�Q�+���H
�/�2�M�b�B�i�v ���T�T�`�Q�t�B�K���i�B�Q�M ���b�b�m�K�2�b �i�?�2 �B�M�?�Q�K�Q�;�2�M�2�Q�m�b �b�v�b�i�2�K �i�Q �#�2 �H�Q�+���H�H�v �?�Q�K�Q�;�2�M�2�Q�m�b
���M�/ �i�?�2 �t�+ �2�M�2�`�;�v �B�b �7�Q�m�M�/ �7�`�Q�K �i�?�2 �2�t �2�M�2�`�;�v �T�2�` �T���`�i�B�+�H�2 �Q�7 �� �?�Q�K�Q�;�2�M�2�Q�m�b �2�H�2�+�i�`�Q�M
�;���b ���i �i�?�2 �;�B�p�2�M �/�2�M�b�B�i�v�X �h�?�2Exc �r�B�i�?�B�M �i�?�2 �G�.�� �?���b �i�?�2 �7�Q�`�K �Q�7 �2�[�m���i�B�Q�M�k�X�3
�r�?�2�`�2 �i�?�2 �p���H�m�2�b �Q�7" xc [� (r )] ���`�2 �#���b�2�/ �Q�M �J�Q�M�i�2 �*���`�H�Q �+���H�+�m�H���i�B�Q�M�b �Q�7 �i�?�2 �2�M�2�`�;�v �Q�7
�?�Q�K�Q�;�2�M�2�Q�m�b �2�H�2�+�i�`�Q�M �;���b�2�b �Q�7 �p���`�v�B�M�; �/�2�M�b�B�i�B�2�b�(�k�R�)�X

�a�B�M�+�2 �G�.�� �B�b �#�m�B�H�i �m�b�B�M�; �� �?�Q�K�Q�;�2�M�2�Q�m�b �2�H�2�+�i�`�Q�M �;���b �K�Q�/�2�H�- �B�i �B�b �2�t�T�2�+�i�2�/ �i�Q
�T�2�`�7�Q�`�K �r�2�H�H �7�Q�` �b�v�b�i�2�K�b �r�B�i�? �`�2�H���i�B�p�2�H�v �?�Q�K�Q�;�2�M�2�Q�m�b �+�?���`�;�2 �/�2�M�b�B�i�B�2�b �U�H�B�F�2 �K�2�i���H�b�V
���M�/ �?���p�2 �T�`�Q�#�H�2�K�b �r�B�i�? �b�v�b�i�2�K�b �?���p�B�M�; �p�2�`�v �B�M�?�Q�K�Q�;�2�M�B�Q�m�b �+�?���`�;�2 �/�2�M�b�B�i�v�X �6�m�`�i�?�2�`�@
�K�Q�`�2�- �G�.�� �7���B�H�b �i�Q �+���M�+�2�H �i�?�2�b�2�H�7�@�B�M�i�2� �̀��+�i�B�Q�M�- �b�Q �B�M �b�v�b�i�2�K�b �r�B�i�? �b�i�`�Q�M�;�H�v �H�Q�+���H�B�x�2�/
�b�i���i�2�b �H�B�F�2 �K�Q�H�2�+�m�H�2�b ���M�/ �+�H�m�b�i�2�`�- �i�?�2 �2�t�T�Q�M�2�M�i�B���H �/�2�+���v �Q�7 �i�?�2 �2�t�+�?���M�;�2�@�+�Q�`�`�2�+�i�B�Q�M
�T�Q�i�2�M�i�B���H �B�M �p���+�m�m�K �`�2�;�B�Q�M�b �U�B�M�b�i�2���/ �Q�7 �?���p�B�M�; ���i�i�`���+�i�B�p�2� e2=r �#�2�?���p�B�Q�`�V �H�2���/�b �i�Q
�r�`�Q�M�; �T�`�2�/�B�+�i�B�Q�M�b �Q�7 �/�B�b�b�Q�+�B���i�B�Q�M �H�B�K�B�i ���M�/ �B�Q�M�B�x���i�B�Q�M �2�M�2�`�;�B�2�b�X ���M�Q�i�?�2�` �B�K�T�Q�`�i���M�i
�7���B�H�m�`�2 �Q�7 �G�.���- ���M�/ �� �;�2�M�2�`���H �T�`�Q�#�H�2�K �B�M �.�6�h�- ���b �r�B�H�H �#�2 �7�m�`�i�?�2�` �/�B�b�+�m�b�b�2�/ �B�M �b�2�+�i�B�Q�M



�l�Y�k �T�a���,�j�C�,���I �C�L�U�I�3�L�3�N�j���j�C�R�N �R�8 �/�7�i �C�N �j�@�3 �;�T���r �,�R�0�3 �S�S

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

�� �M���i�m�`���H �r���v �Q�7 �B�K�T�`�Q�p�B�M�; �m�T�Q�M �G�.�� �B�b �i�Q �B�M�+�H�m�/�2 �i�?�2 �;�`���/�B�2�M�i�b �Q�7 �i�?�2 �/�2�M�@
�b�B�i�v �B�M �i�?�2 �7�m�M�+�i�B�Q�M���H�X �a�m�+�? ���T�T�`�Q�t�B�K���i�B�Q�M ���M �B�b �F�M�Q�r�M ���b ���;�2�M�2� �̀��H�B�x�2�/ �;� �̀��/�B�2�M�i
���T�T� �̀Q�t�B�K���i�B�Q�M�- �:�:�� ���M�/ �i�?�2 �K�Q�b�i �7���K�Q�m�b �7�m�M�+�i�B�Q�M���H �r�B�i�?�B�M �i�?�B�b �i�v�T�2 �B�b �i�?�2 �S�"�1
�U�S�2�`�/�2�r�@�"�m�`�F�2�@�1�`�M�x�2�`�?�Q�7�V �7�m�M�+�i�B�Q�M���H�(�k�k�)�X �h�?�2 �p���`�B���i�B�Q�M �Q�7 �/�2�M�b�B�i�v �+�H�Q�b�2 �i�Q �i�?�2 �+�Q�M�@
�b�B�/�2�`�2�/ �T�Q�B�M�i �B�b �B�M�+�H�m�/�2�/ �B�M�i�Q �2�t�+�?���M�;�2 �2�M�2�`�;�v �#�v �i�?�2�2�M�?���M�+�2�K�2�M�i �7���+�i�Q�`�-FX [s(r )]�,

E GGA
X [� ] =

Z
� (r )"LDA

X [� (r )]FX [s(r )]dr ; �U�k�X�3�V

�r�?�2�`�2s = jr � (r )j=2kF � �B�b �i�?�2 �/�B�K�2�M�b�B�Q�M�H�2�b�b �/�2�M�b�B�i�v �;�`���/�B�2�M�i�X
�q�B�i�?�B�M �i�?�2 ���T�T�`�Q�t�B�K���i�B�Q�M�- �i�?�2 �+�Q�`�`�2�H���i�B�Q�M �2�M�2�`�;�v �B�b ���H�b�Q �+�Q�`�`�2�+�i�2�/ �#�v ��H [� (r ); r � (r )]

�i�2�`�K�- �i�Q �7�m�H�}�H�H �� �M�m�K�#�2�` �Q�7 �2�t���+�i �+�Q�M�/�B�i�B�Q�M�b�X
�h�?�2 �B�M�i�`�Q�/�m�+�i�B�Q�M �Q�7 �:�:���@�b �B�b �Q�M�2 �Q�7 �i�?�2 �K�Q�b�i �B�K�T�Q�`�i���M�i ���/�p���M�+�2�b �Q�7 �.�6�h ���M�/ �m�T

�i�Q �M�Q�r�- �S�"�1 �`�2�K���B�M�b �i�?�2 �K�Q�b�i �m�b�2�/ �7�m�M�+�i�B�Q�M���H �B�M �i�?�2 �2�H�2�+�i�`�Q�M�B�+ �b�i�`�m�+�i�m�`�2 �+�Q�K�K�m�M�B�i�v�X
�>�Q�r�2�p�2�`�- �/�2�b�T�B�i�2 �i�?�2 �b�B�;�M�B�}�+���M�i �B�K�T�`�Q�p�2�K�2�M�i�b �r�B�i�? �`�2�b�T�2�+�i �i�Q �G�.���- �i�?�2�`�2 �B�b �� �H�B�K�B�i
�i�Q �i�?�2 ���+�+�m�`���+�v �Q�7 �S�"�1�X �L�Q �b�B�;�M�B�}�+���M�i �B�K�T�`�Q�p�2�K�2�M�i�b �Q�M �i�?�2 �2�b�i�B�K���i�B�Q�M �Q�7 �#���M�/ �;���T�b
�r�2�`�2 ���+�?�B�2�p�2�/ ���M�/ �/�m�2 �i�Q �i�?�2 �H���+�F �Q�7 �M�Q�M�@�H�Q�+���H�B�i�v �B�M �i�?�2 �2�t�+�?���M�;�2 �i�2�`�K �B�i �b�i�B�H�H �7���B�H�b �7�Q�`
�i�?�2 �b�i�`�Q�M�;�H�v �+�Q�`�`�2�H���i�2�/ �b�v�b�i�2�K�b�(�R�e�)�X

�a�2�p�2�`���H �/�B�z�2�`�2�M�i �`�Q�m�i�2�b �r�2�`�2 �i���F�2�M �i�Q �;�Q �#�2�v�Q�M�/ �i�?�2 �:�:�� ���M�/ �K���M�v �M�2�r �7�m�M�+�i�B�Q�M�@
���H�b �r�2�`�2 �/�2�p�2�H�Q�T�2�/ �i�Q �7�m�`�i�?�2�` �B�K�T�`�Q�p�2 ���+�+�m�`���+�v �Q�7 �.�6�h �+���H�+�m�H���i�B�Q�M�b�X �P�7�i�2�M �7�m�M�+�i�B�Q�M���H�b
�r�2�`�2 �/�2�p�2�H�Q�T�2�/ �i�Q �i���+�F�H�2 �Q�M�2 �b�T�2�+�B�}�+ �T�`�Q�T�2�`�i�v �b�Q �i�?�2�`�2 ���`�2 �+�m�`�`�2�M�i�H�v �K���M�v �b�T�2�+�B���H�B�x�2�/
�7�m�M�+�i�B�Q�M���H�b �r�B�i�? �Q�M�H�v �� �b�B�M�;�H�2 �T�m�`�T�Q�b�2�X �6�2�r �7�m�M�+�i�B�Q�M���H�b �Q�7 �`�2�H�2�p���M�+�2 �i�Q �i�?�2 �`�2�T�Q�`�i�2�/
�r�Q�`�F �r�B�H�H �#�2 �B�M�i�`�Q�/�m�+�2�/ �H���i�2�` �B�M �i�?�B�b �+�?���T�i�2�`�X

�l�Y�k �T�a���,�j�C�,���I �C�L�U�I�3�L�3�N�j���j�C�R�N �R�8 �/�7�i �C�N �j�@�3 �;�T���r

�,�R�0�3

�h�?�2 �B�K�T�H�2�K�2�M�i���i�B�Q�M �Q�7 �.�6�h �`�2�[�m�B�`�2�b �� �b�m�B�i���#�H�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �i�?�2 �r���p�2�7�m�M�+�i�B�Q�M�X
�"���b�2�/ �Q�M �i�?�2 �T���`�i�B�+�m�H���` �T�`�Q�#�H�2�K�- �/�B�z�2�`�2�M�i �+�?�Q�B�+�2 �Q�7 �#���b�2�b �7�m�M�+�i�B�Q�M �B�b �T�`�2�7�2�`�`�2�/�X �h�?�2
�+�m�`�`�2�M�i �B�K�T�H�2�K�2�M�i���i�B�Q�M �Q�7 �:�S���q �U�:�`�B�/�@�#���b�2�/ �S�`�Q�D�2�+�i ���m�;�K�2�M�i�2�/ �q���p�2�V �+�Q�/�2�(�:�S���q �-
�R�9�) �Q�z�2�`�b �i�?�2 �T�Q�b�b�B�#�B�H�B�i�v �Q�7 �2�t�T���M�/�B�M�; �i�?�2 �r���p�2�7�m�M�+�i�B�Q�M �B�M �� �T�H���M�2 �r���p�2 �#���b�B�b�- �Q�M ��
�`�2���H �b�T���+�2 �;�`�B�/�(�k�j�) �Q�` ���b �� �H�B�M�2���` �+�Q�K�#�B�M���i�B�Q�M �Q�7 ���i�Q�K�B�+ �Q�`�#�B�i���H�b �U�G�*���P�V�(�k�9�)�X

�:�S���q �r�Q�`�F�b �B�M �+�Q�K�#�B�M���i�B�Q�M �r�B�i�? �i�?�2 ���i�Q�K�B�+ �a�B�K�m�H���i�B�Q�M �1�M�p�B�`�Q�M�K�2�M�i �U���a�1�V�(�k�8�-
�k�e�)�X

�l�Y�k�Y�S �#���c�C�c �c�3�j�c �C�N �;�T���r

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



�S�l �l �/�3�N�c�C�j�w �7�n�N�,�j�C�R�N���I �i�@�3�R�a�w

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

�l�Y�k�Y�l �T�c�3�n�0�R�U�R�j�3�N�j�C���I�c ���N�0 �T���r �8�R�a�L���I�C�c�L

�1�p�2�M �i�?�Q�m�;�? �Q�M�2 �+���M�- �B�M �T�`�B�M�+�B�T�H�2�- �B�M�+�H�m�/�2 ���H�H �i�?�2 �2�H�2�+�i�`�Q�M�b �B�M �� �+���H�+�m�H���i�B�Q�M�- �Q�M�2
�m�b�m���H�H�v �Q�M�H�v �M�2�2�/�b �i�?�2 �p���H�2�M�+�2 �2�H�2�+�i�`�Q�M�b �i�Q �+���T�i�m�`�2 �B�M�i�2�`�2�b�i�B�M�; �+�?�2�K�B�+���H ���M�/ �T�?�v�b�B�+���H
�T�`�Q�T�2�`�i�B�2�b �Q�7 �i�?�2 �b�v�b�i�2�K�X �h�?�2 �+�Q�`�2 �2�H�2�+�i�`�Q�M�b �`���`�2�H�v �+�Q�M�i�`�B�#�m�i�2 �B�M �+�?�2�K�B�+���H �#�Q�M�/�B�M�;
�Q�` �2�t�+�B�i���i�B�Q�M�b ���M�/ ���b �b�m�+�? �+���M �#�2 ���T�T�`�Q�t�B�K���i�2�/�- �i�Q�;�2�i�?�2�` �r�B�i�? �i�?�2 �M�m�+�H�2�m�b�- �r�B�i�? ���M
�2�z�2�+�i�B�p�2 �+�Q�`�2 �T�Q�i�2�M�i�B���H�X �a�m�+�? �� �b�B�K�T�H�B�}�+���i�B�Q�M �B�b �+���H�H�2�/ �i�?�2�T�b�2�m�/�Q�T�Q�i�2�M�i�B���H�K�2�i�?�Q�/�(�k�d�)�X
�*�Q�K�T�H�2�i�2�H�v �H�Q�Q�b�B�M�; �B�M�7�Q�`�K���i�B�Q�M �Q�7 �i�?�2 �+�Q�`�2 �2�H�2�+�i�`�Q�M�b �B�M �T�b�2�m�/�Q�T�Q�i�2�M�i�B���H�b �?���b �� �/�B�`�2�+�i
�+�Q�M�b�2�[�m�2�M�+�2 �Q�M �i�?�2 �b�?���T�2 �Q�7 �i�?�2 �2�H�2�+�i�`�Q�M�B�+ �r���p�2�7�m�M�+�i�B�Q�M�X �� �T�`�Q�D�2�+�i�2�/ ���m�;�K�2�M�i�2�/ �r���p�2
�U�S���q�V �7�Q�`�K���H�B�b�K ���H�H�Q�r�b ���+�+�2�b�b �i�Q �i�?�2 �7�m�H�H �E�Q�?�M�@�a�?���K �r���p�2�7�m�M�+�i�B�Q�M �r�?�B�H�2 �F�2�2�T�B�M�; �i�?�2
�T�b�2�m�/�Q�T�Q�i�2�M�i�B���H �b�B�K�T�H�B�}�+���i�B�Q�M�X

�S�b�2�m�/�Q�T�Q�i�2�M�i�B���H�b ���`�2 �b�m�#�D�2�+�i �i�Q �i�?�2 �7�`�Q�x�2�M �+�Q�`�2 ���T�T�`�Q�t�B�K���i�B�Q�M �r�?�B�+�? ���b�b�m�K�2�b
�i�?���i �i�?�2 �+�Q�`�2 �b�i���i�2�b ���`�2 �H�Q�+���H�B�x�2�/ �r�B�i�?�B�M �i�?�2 ���m�;�K�2�M�i���i�B�Q�M �b�T�?�2�`�2�b�- ���M�/ �i�?���i �i�?�2 �+�Q�`�2
�b�i���i�2�b �Q�7 �i�?�2 �B�b�Q�H���i�2�/ ���i�Q�K�b ���`�2 �M�Q�i �+�?���M�;�2�/ �#�v �i�?�2 �7�Q�`�K���i�B�Q�M �Q�7 �K�Q�H�2�+�m�H�2�b �Q�` �b�Q�H�B�/�b�X
�h�?�2 �M�m�K�#�2�` �Q�7 �r���p�2�7�m�M�+�i�B�Q�M�b �i�Q �#�2 �+���H�+�m�H���i�2�/ �B�b �i�?�2�`�2�7�Q�`�2 �`�2�/�m�+�2�/ �b�B�M�+�2 �Q�M�H�v �i�?�2
�+���H�+�m�H���i�B�Q�M�b �Q�7 �p���H�2�M�+�2 �b�i���i�2�b ���`�2 �M�2�2�/�2�/�X �6�m�`�i�?�2�`�K�Q�`�2�- �p���H�2�M�+�2 �2�H�2�+�i�`�Q�M�b ���`�2 �i�`�2���i�2�/
�M�Q�M�@�`�2�H���i�B�p�B�b�i�B�+�H�v �r�?�B�H�2 �i�?�2 �T�b�2�m�/�Q�T�Q�i�2�M�i�B���H �B�M�+�H�m�/�2�b �i�?�2 �7�m�H�H �`�2�H���i�B�p�B�b�i�B�+ �2�z�2�+�i�b �Q�7 �i�?�2
�+�Q�`�2 �2�H�2�+�i�`�Q�M�b�X

�h�?�2 ���m�;�K�2�M�i�2�/�@�T�H���M�2�@�r���p�2 �K�2�i�?�Q�/ �/�B�p�B�/�2�b �b�T���+�2 �B�M�i�Q ���i�Q�K�@�+�2�M�i�2�`�2�/ ���m�;�K�2�M�i���@
�i�B�Q�M �b�T�?�2�`�2�b �B�M�b�B�/�2 �r�?�B�+�? �i�?�2 �r���p�2 �7�m�M�+�i�B�Q�M�b ���`�2 �i���F�2�M ���b �b�Q�K�2 ���i�Q�K�@�H�B�F�2 �T���`�i�B���H �r���p�2�b�-
���M�/ �� �#�Q�M�/�B�M�; �`�2�;�B�Q�M �Q�m�i�@ �b�B�/�2 �i�?�2 �b�T�?�2�`�2�b�- �r�?�2�`�2 �b�Q�K�2 �2�M�p�2�H�Q�T�2 �7�m�M�+�i�B�Q�M�b ���`�2 �/�2�}�M�2�/�X
�h�?�2 �T���`�i�B���H �r���p�2�b ���M�/ �2�M�p�2�H�Q�T�2 �7�m�M�+�i�B�Q�M�b ���`�2 �i�?�2�M �K���i�+�?�2�/ ���i �i�?�2 �#�Q�m�M�/���`�B�2�b �Q�7 �i�?�2
�b�T�?�2�`�2�b�(�k�3�)�X �A�M �i�?�2 �S���q �7�Q�`�K���H�B�b�K �T�`�2�b�2�M�i�2�/ �#�v �"�H�º�+�?�H�(�k�N�)�- �� �H�B�M�2���` �i�`���M�b�7�Q�`�K���i�B�Q�M
�Q�7 �i�?�2 ���H�H�@�2�H�2�+�i�`�Q�M �r���p�2�7�m�M�+�i�B�Q�M �Q�M�i�Q �� �+�Q�K�T�m�i���i�B�Q�M���H�H�v �+�Q�M�p�2�M�B�2�M�i �b�K�Q�Q�i�? �r���p�2 �7�m�M�+�@
�i�B�Q�M �B�b �+�Q�M�b�i�`�m�+�i�2�/�X �h�?�2 �i�`���M�b�7�Q�`�K���i�B�Q�M �?���b �M�Q �2�z�2�+�i �Q�m�i�b�B�/�2 �� �+�m�i�Q�z �`���/�B�m�b ���M�/ �i�?�2
�i�`�m�2 �r���p�2�7�m�M�+�i�B�Q�M �B�M�b�B�/�2 �i�?�2 ���m�;�K�2�M�i���i�B�Q�M �b�T�?�2�`�2 �B�b �2�t�T���M�/�2�/ �B�M �i�2�`�K�b �Q�7 �T���`�i�B���H
�r���p�2�b�X

�l�Y�: �#���N�0 �<���U �,���I�,�n�I���j�C�R�N�c �n�c�C�N�< �/�7�i

�h�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2 �B�Q�M�B�x���i�B�Q�M �2�M�2�`�;�vI �U�2�M�2�`�;�v �`�2�[�m�B�`�2�/ �i�Q �`�2�K�Q�p�2 �i�?�2 �?�B�;�?�2�b�i
�p���H�2�M�+�2 �2�H�2�+�i�`�Q�M�V ���M�/ �2�H�2�+�i�`�Q�M ���{�M�B�i�vA �U���K�Q�m�M�i �Q�7 �2�M�2�`�;�v �b�T�2�M�i �r�?�2�M ���M �2�H�2�+�i�`�Q�M
�B�b ���/�/�2�/ �i�Q �i�?�2 �K���i�2�`�B���H�V �Q�7 ���M �2�H�2�+�i�`�Q�M�B�+ �b�v�b�i�2�K �B�b �B�i�b �7�m�M�/���K�2�M�i���H �#���M�/ �;���T�X �h�?�2
�/�B�z�2�`�2�M�+�2 �B�b �x�2�`�Q �B�M �K�2�i���H�b ���M�/ �}�M�B�i�2 �B�M �b�2�K�B�+�Q�M�/�m�+�i�Q�`�b ���M�/ �B�M�b�m�H���i�Q�`�b�X �h�?�2 �2�z�2�+�i�B�p�2



�l�Y�: �#���N�0 �<���U �,���I�,�n�I���j�C�R�N�c �n�c�C�N�< �/�7�i �S�k

�T�Q�i�2�M�i�B���H �r�?�B�+�? �;�2�M�2�`���i�2�b �i�?�2 �i�`�m�2 �2�H�2�+�i�`�Q�M �/�2�M�b�B�i�v�- �i�?�2 �E�Q�?�M�@�a�?���K �T�Q�i�2�M�i�B���H�-vef f (n)�-
�B�b �+�H�Q�b�2�H�v �`�2�H���i�2�/ �i�Q �i�?�2 �;�`�Q�m�M�/ �b�i���i�2 �2�M�2�`�;�v �Q�7 �i�?�2 �b�v�b�i�2�K�X �h�?�2 ���/�/�B�i�B�Q�M �Q�` �`�2�K�Q�p���H
�Q�7 ���M �2�H�2�+�i�`�Q�M �+���m�b�2�b �� �+�?���M�;�2 �B�M �i�?�2 �2�H�2�+�i�`�Q�M �/�2�M�b�B�i�v ���M�/ �+���M �#�2 ���b�b�Q�+�B���i�2�/ �r�B�i�? ��
�+�?���M�;�2 �B�M �i�?�2 �E�a �T�Q�i�2�M�i�B���H �U�*�V�X �h�?�2 �B�Q�M�B�x���i�B�Q�M �T�Q�i�2�M�i�B���H ���M�/ �2�H�2�+�i�`�Q�M ���{�M�B�i�v �7�Q�` �i�?�2
J �2�H�2�+�i�`�Q�M �b�v�b�i�2�K ���`�2�,

I (J ) = � � J (J � � ); �U�k�X�N�V

A(J ) = � � J +1 (J + � ) = � [� J +1 (J � � ) + C]; �U�k�X�R�y�V

���M�/ �i�?�2�B�` �/�B�z�2�`�2�M�+�2 �B�b �i�?�2�M�,

I (J ) � A(J ) = � J +1 (J + � ) � � J (J � � ) �U�k�X�R�R�V

= � J +1 (J ) � � J (J ) + C; �U�k�X�R�k�V

�r�?�2�`�2� i ���`�2 �i�?�2 �E�a �Q�`�#�B�i���H �2�M�2�`�;�B�2�b ���M�/� �B�b ���M �B�M�}�M�B�i�2�b�B�K���H �+�?���M�;�2�X �h�?�2 ���#�Q�p�2
�b�?�Q�r�b �i�?���i �i�?�2 �#���M�/ �;���T �+���M�M�Q�i �#�2 �/�2�}�M�2�/ ���b �� �/�B�z�2�`�2�M�+�2 �B�M �E�a �Q�`�#�B�i���H �2�M�2�`�;�B�2�b�-
�#�m�i �� �+�Q�M�b�i���M�iC �b�?�Q�m�H�/ �#�2 ���/�/�2�/�(�j�y�)�X �h�?�2 �b���K�2 �T�`�B�M�+�B�T�H�2 �B�b ���H�b�Q �p���H�B�/ �7�Q�` �7�`���+�i�B�Q�M���H
�M�m�K�#�2�` �Q�7 �2�H�2�+�i�`�Q�M�b�X ���b �i�?�2 �+�Q�M�/�m�+�i�B�Q�M �#���M�/ �b�i���`�i�b �i�Q �}�H�H �U�B�M�}�M�B�i�2�b�B�K���H�H�v�V�- �i�?�2 �+�?�2�K�@
�B�+���H �T�Q�i�2�M�i�B���H�E v =�n (r ) ���M�/ �i�?�2 �E�a �Q�`�#�B�i���H �2�M�2�`�;�v �D�m�K�T �/�B�b�+�Q�M�i�B�M�m�Q�m�b�H�v �7�`�Q�K �Q�M�2
�T�?�v�b�B�+���H �p���H�m�2 �UI (J ) = � � J (J � � )�V �i�Q ���M�Q�i�?�2�` �UA(J ) = � � J +1 (J + � )�V�X �h�?�2�`�2�7�Q�`�2�- �i�?�2
�7�m�M�/���K�2�M�i���H �;���T �+���M �#�2 �2�t�T�`�2�b�b�2�/ ���b �� �/�B�b�+�Q�M�i�B�M�m�B�i�v �B�M �i�?�2 �7�m�M�+�i�B�Q�M���H �/�2�`�B�p���i�B�p�2�(�j�R�-
�j�k�)�X �A�7 �2�M�2�`�;�v �7�m�M�+�i�B�Q�M���H �?���b �i�?�2 �7�Q�`�K ���b �B�M �2�[�m���i�B�Q�M�k�X�d�- �i�?�2 �/�B�b�+�Q�M�i�B�M�m�B�i�v �+���M �Q�M�H�v
���`�B�b�2 �7�`�Q�K �i�?�2 �F�B�M�2�i�B�+ �2�M�2�`�;�v ���M�/ �2�t�+�?���M�;�2�@�+�Q�`�`�2�H���i�B�Q�M �2�M�2�`�;�v �T���`�i�X �a�B�M�+�2 �i�?�2 �F�B�M�2�i�B�+
�2�M�2�`�;�v �B�b �i�?�2 �Q�M�2 �Q�7 �i�?�2 �E�a �M�Q�M�@�B�M�i�2�`���+�i�B�M�; �b�v�b�i�2�K�- �B�i�b �7�m�M�+�i�B�Q�M���H �/�2�`�B�p���i�B�p�2 �r�B�H�H �`�2�@
�b�m�H�i �B�M �B�M�i�2�;�2�` �2�H�2�+�i�`�Q�M �Q�`�#�B�i���H �2�M�2�`�;�B�2�b�X �h�?�B�b �H�2���p�2�b �i�?�2 �7�m�M�+�i�B�Q�M���H �/�2�`�B�p���i�B�p�2 �Q�7 �i�?�2
�t�+ �2�M�2�`�;�v �T���`�i�- �`�2�b�m�H�i�B�M�; �B�M�,

C = �E xc =�n (r )j j + � � �E xc =�n (r )j j � � � � �U�k�X�R�j�V

�6�B�M���H�H�v�- �i�?�2 �7�m�M�/���K�2�M�i���H �#���M�/ �;���T �B�b �i�?�2 �b�m�K �Q�7 �i�?�2 �E�a �;���T �T�H�m�b �i�?�2 �+�Q�M�b�i���M�i�,

Eg = "KS + � : �U�k�X�R�9�V

�h�?�2 ���#�b�2�M�+�2 �Q�7 �i�?�2 �/�2�`�B�p���i�B�p�2 �/�B�b�+�Q�M�i�B�M�m�B�i�v �B�M �G�.�� ���M�/ �:�:�� �7�m�M�+�i�B�Q�M���H�b �B�b �i�?�2
�K���B�M �`�2���b�Q�M �7�Q�` �i�?�2 �H���`�;�2 �m�M�/�2�`�2�b�i�B�K���i�B�Q�M �Q�7 �i�?�2 �Q�#�i���B�M�2�/ �#���M�/ �;���T�b�X ���M �2�b�i�B�K���i�2 �Q�7
�i�?�2 �/�2�`�B�p���i�B�p�2 �/�B�b�+�Q�M�i�B�M�m�B�i�v �+���M �#�2 �B�M�+�H�m�/�2�/ �B�M �� �b�B�K�T�H�2 �r���v�X ���M �2�t���K�T�H�2 �Q�7 �i�?�B�b �B�b �i�?�2
�:�G�G�"�@�a�* �7�m�M�+�i�B�Q�M���H�(�j�j�)�X �A�i �B�b �#���b�2�/ �Q�M �i�?�2 �:�G�G�" �i�v�T�2 �2�t�+�?���M�;�2�(�j�9�) ���M�/ �S�"�1�b�Q�H�(�j�8�)
�+�Q�`�`�2�H���i�B�Q�M�X �h�?�2 �i�Q�i���H �2�z�2�+�i�B�p�2 �T�Q�i�2�M�i�B���H �B�M �:�G�G�"�@�a�* �?���b �i�?�2 �7�Q�H�H�Q�r�B�M�; �7�Q�`�K�,

vGLLB � SC (r ) = 2 "P BEsol
XC (r ) + vP BEsol

c;resp (r ) +
occX

i

K x
p

" r � " i
j	 i (r )j2

� (r )
; �U�k�X�R�8�V



�S�: �l �/�3�N�c�C�j�w �7�n�N�,�j�C�R�N���I �i�@�3�R�a�w

�r�?�2�`�2 �i�?�2 �}�`�b�i �i�2�`�K �B�b �i�?�2 �S�"�1�b�Q�H �2�t�+�?���M�;�2�@�+�Q�`�`�2�H���i�B�Q�M �2�M�2�`�;�v �/�2�M�b�B�i�v ���M�/ �i�?�2 �b�2�+�@
�Q�M�/ �i�2�`�K �B�b �i�?�2 �H�B�M�2���` �+�Q�`�`�2�H���i�B�Q�M �`�2�b�T�Q�M�b�2 �T�Q�i�2�M�i�B���H �UvP BEsol

c;resp (r ) = vP BEsol (r ) �
"P BEsol (r )�(�j�8�)�V�X �A�M �i�?�2 �H���b�i �i�2�`�K�- �i�?�2 �2�t�+�?���M�;�2 �`�2�b�T�Q�M�b�2 �T�Q�i�2�M�i�B���H�- �i�?�2 �T�`�2�7���+�i�Q�` �B�b
�/�2�`�B�p�2�/ �7�`�Q�K �i�?�2 �?�Q�K�Q�;�2�M�2�Q�m�b �2�H�2�+�i�`�Q�M �;���b ���M�/" r �B�b �i�?�2 �2�B�;�2�M�p���H�m�2 �Q�7 �i�?�2 �?�B�;�?�2�b�i
�Q�+�+�m�T�B�2�/ �Q�`�#�B�i���H�X �h�?�2 �2�t�+�?���M�;�2 �`�2�b�T�Q�M�b�2 ���T�T�`�Q�t�B�K���i�B�Q�M �2�K�T�H�Q�v�2�/ �B�M �i�?�2 �:�G�G�"�@�a�*
�7�m�M�+�i�B�Q�M���H ���H�H�Q�r�b �/�2�`�B�p�B�M�; �i�?�2 �/�B�b�+�Q�M�i�B�M�m�B�i�v �7�`�Q�K �B�i�b �b�i�`���B�;�?�i�7�Q�`�r���`�/ �/�2�T�2�M�/�2�M�+�2 �Q�M
�i�?�2 �?�B�;�?�2�b�i �Q�+�+�m�T�B�2�/ �2�H�2�+�i�`�Q�M �b�i���i�2�,

� XC �
NX

i

K x (
p

"N +1 � " i �
p

"N � " i )
Z
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amn �X
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Exc =
MX

m;n

amn E mn
x + E GGA
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���+�+�m�`���+�v �+�Q�K�T���`�B�M�; �i�Q �i�?�2 �b�i���M�/���`�/ �:�:���b�X �h�?�2 �Q�#�i���B�M�2�/ �m�M�+�2�`�i���B�M�i�B�2�b �B�M �i�Q�i���H
�2�M�2�`�;�v �+���H�+�m�H���i�B�Q�M�b �T�`�Q�p�B�/�2 �B�M�b�B�;�?�i �B�M�i�Q �/�2�;�`�2�2 �Q�7 �K�2�i���b�i���#�B�H�B�i�v �B�M �+���b�2�b �r�B�i�? �b�2�p�2�`���H
�+�`�v�b�i���H �b�i�`�m�+�i�m�`�2�b�X �h�?�2 �r�Q�`�F �`�2�T�Q�`�i�2�/ �B�M �T���T�2�` �A�A�A �`�2�H�B�2�b �Q�M �T�`�2�/�B�+�i�B�p�2 �T�Q�r�2�` ���M�/
���+�+�m�`���+�v �Q�7 �K�"�1�1�6 �7�m�M�+�i�B�Q�M���H�- �r�?�B�+�? �?���b �b�?�Q�r�M �i�Q �#�2 �2�b�b�2�M�i�B���H �B�M �/�2�b�B�;�M �Q�7 �M�2�r
�K���i�2�`�B���H�b�X
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�.�6�h �B�b �i�?�2 �K�Q�b�i �+�Q�M�p�2�M�B�2�M�i ���M�/ �?�B�;�?�H�v �`�2�H�B���#�H�2 �K�2�i�?�Q�/ �7�Q�` �+���H�+�m�H���i�B�M�; �T�`�Q�T�2�`�i�B�2�b
�Q�7 �K���M�v �/�B�z�2�`�2�M�i �K���i�2�`�B���H�b �B�M �� �b�v�b�i�2�K���i�B�+ �r���v�- ���b �M�2�2�/�2�/ �B�M �� �b�+�`�2�2�M�B�M�; �b�i�m�/�v�X ��
�.�6�h �+���H�+�m�H���i�B�Q�M �+���M �#�2 �T�2�`�7�Q�`�K�2�/ �Q�M�H�v �B�7 �i�?�2 �B�b �� �T�`�2�p�B�Q�m�b �F�M�Q�r�H�2�/�;�2 �Q�7 �i�?�2 ���i�Q�K�B�+
�b�i�`�m�+�i�m�`�2�- �7�Q�` �2�t���K�T�H�2 �+���M�/�B�/���i�2 �K���i�2�`�B���H �r�?�Q�b�2 �T�`�Q�T�2�`�i�B�2�b �r�2 �r���M�i �i�Q �B�M�p�2�b�i�B�;���i�2�X
�>�Q�r�2�p�2�`�- �i�?�2 �B�M�p�2�`�b�2�- �Q�` �K���i�2�`�B���H �/�2�b�B�;�M �T�`�Q�#�H�2�K�- �#�2�;�B�M�b �r�B�i�? �� �ó�r�B�b�?�@�H�B�b�i�ô �Q�7 �T�`�Q�T�@
�2�`�i�B�2�b �7�Q�` �� �K���i�2�`�B���H �#�m�i �M�Q ���i�Q�K�B�+ �b�i�`�m�+�i�m�`�2�X �A�M �i�?���i �+���b�2 �#�2�7�Q�`�2 �/�Q�B�M�; ���M�v �.�6�h
�+���H�+�m�H���i�B�Q�M�b �B�i �B�b �M�2�+�2�b�b���`�v �i�Q �/�2�p�2�H�Q�T �� �b�2�M�b�B�#�H�2 �b�i�`���i�2�;�v �i�Q �i���B�H�Q�` �i�?�2 �`�B�;�?�i �K���i�2�`�B���H�X
�6�Q�` �2�t���K�T�H�2�- �+�?�Q�Q�b�B�M�; �T�`�Q�i�Q�i�v�T�2 �b�i�`�m�+�i�m�`�2�b �7�Q�` �i�?�2 �M�2�r �K���i�2�`�B���H �B�b �� �r���v �i�Q �Q�T�i�B�K�B�x�2
�i�?�2 �T�`�Q�+�2�b�b�X
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�J���i�2�`�B���H �T�`�Q�T�2�`�i�B�2�b ���M�/ �i�?�2�`�2�7�Q�`�2 �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �/�2�b�+�`�B�T�i�Q�`�b �+���M �#�2 �/�B�p�B�/�2�/ �B�M
�i�?�`�2�2 �;�`�Q�m�T�b�, �B�V �+�Q�M�b�i�B�i�m�2�M�i�b�- �B�B�V �+�`�v�b�i���H �b�i�`�m�+�i�m�`�2 ���M�/ �B�B�B�V �2�H�2�+�i�`�Q�M�B�+ �T�`�Q�T�2�`�i�B�2�b�X �A�i �B�b
�M���i�m�`���H �i�Q �Q�`�/�2�` �i�?�2 �T�`�Q�T�2�`�i�B�2�b �B�M �B�M�+�`�2���b�B�M�; �Q�`�/�2�` �Q�7 �i�?�2�B�` ���+�+�2�b�b�B�#�B�H�B�i�v �i�Q �+���H�+�m�H���i�B�Q�M�b�X
�6�Q�` �2�t���K�T�H�2�- �b�i���`�i�B�M�; �r�B�i�? �F�M�Q�r�M ���i�Q�K�B�+ �T�`�Q�T�2�`�i�B�2�b �b�m�+�? ���b �2�H�2�+�i�`�Q�M�2�;���i�B�p�B�i�v�- �p���H�2�M�+�2
�Q�` �i�Q�t�B�+�B�i�v�- �r�?�B�+�? �/�Q �M�Q�i �`�2�[�m�B�`�2 �M�2�r �+���H�+�m�H���i�B�Q�M�b�- ���M�/ �+�Q�M�i�B�M�m�B�M�; �r�B�i�? �+�`�v�b�i���H �b�i�`�m�+�@
�i�m�`�2�- �b�i���#�B�H�B�i�v �Q�` �i�?�2 �#���M�/ �;���T �r�?�B�+�? �M�2�2�/ �i�Q �#�2 ���+�+�2�b�b�2�/ �#�v �.�6�h �+���H�+�m�H���i�B�Q�M�b�X �A�i
�B�b �;�Q�Q�/ �i�Q �Q�`�;���M�B�x�2 �b�+�`�2�2�M�B�M�; �B�M �� �r���v �i�?���i �� �H���`�;�2 �M�m�K�#�2�` �Q�7 �K���i�2�`�B���H�b ���`�2 �`�2�K�Q�p�2�/
�2���`�H�v �B�M �i�?�2 �T�`�Q�+�2�b�b �#�2�7�Q�`�2 �m�b�B�M�; �2�t�i�2�M�b�B�p�2 �+�Q�K�T�m�i�2�` �`�2�b�Q�m�`�+�2�b�X �h�?�2 �T�`�Q�T�2�`�i�B�2�b �r�?�B�+�?
�`�2�[�m�B�`�2 �K�Q�`�2 �i�B�K�2 ���M�/ �`�2�b�Q�m�`�+�2�b �i�Q �+���H�+�m�H���i�2 �b�?�Q�m�H�/ �#�2 �/�Q�M�2 �7�Q�` ���b �7�2�r ���b �T�Q�b�b�B�#�H�2
�K���i�2�`�B���H�b�- ���M�/ �H���i�2�` �B�M �i�?�2 �b�+�`�2�2�M�B�M�; �T�`�Q�+�2�b�b�X �A�M �Q�i�?�2�` �r�Q�`�/�b�- �Q�M�2 �b�?�Q�m�H�/ �i�`�v �i�Q �`�2�@
�K�Q�p�2 ���b �K���M�v �K���i�2�`�B���H�b ���b �T�Q�b�b�B�#�H�2 �2���`�H�v �B�M �i�?�2 �b�+�`�2�2�M�B�M�; �;�B�p�B�M�; �i�?�2 �Q�T�T�Q�`�i�m�M�B�i�v �i�Q
�B�M�p�2�b�i�B�;���i�2 �`�2�K���B�M�B�M�; �K���i�2�`�B���H�b �B�M �� �#�2�i�i�2�` �r���v�X �P�M�2 �+���M �b�+�?�2�K���i�B�+���H�H�v �b�?�Q�r �i�?�2
�T�`�Q�+�2�b�b ���b �� �7�m�M�M�2�H �r�?�2�`�2 �i�?�2 �M�m�K�#�2�` �Q�7 �K���i�2�`�B���H�b �`�2�/�m�+�2�b �B�M �2���+�? �b�i�2�T�X ���M �2�t���K�T�H�2
�Q�7 �� �b�+�`�2�2�M�B�M�; �7�m�M�M�2�H �B�b �b�?�Q�r�M �B�M �}�;�m�`�2�j�X�R���M�/ �r�B�i�? �b�K���H�H ���/���T�i�B�Q�M�b �B�i �+���M �#�2 �m�b�2�/
�7�Q�` �/�B�z�2�`�2�M�i �K���i�2�`�B���H �/�2�b�B�;�M �T�`�Q�#�H�2�K�b�X �A�7 �Q�M�2 �T�2�`�7�Q�`�K�b �+�Q�K�T�m�i���i�B�Q�M���H �b�+�`�2�2�M�B�M�; �Q�M
�F�M�Q�r�M �K���i�2�`�B���H�b�- �i�?�2 �b�i�2�T�b �B�M�p�Q�H�p�B�M�; �+�?�2�K�B�+���H �`�m�H�2�b �+���M �Q�7�i�2�M �#�2 �b�F�B�T�T�2�/ �b�B�M�+�2 �i�?�2�v
���`�2 �Q�M�H�v �B�K�T�Q�`�i���M�i �r�?�2�M �m�b�2�/ ���b �+�Q�M�b�i�`���B�M�i�b �B�M �/�2�b�B�;�M �Q�7 �M�2�r �K���i�2�`�B���H�b�X �J���i�2�`�B���H�b
�/�2�b�B�;�M �b�+�?�2�K�2 �r�B�H�H �#�2 �/�B�b�+�m�b�b�2�/ �B�M �K�Q�`�2 �/�2�i���B�H �B�M �i�?�2 �M�2�t�i �b�2�+�i�B�Q�M�X

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

�P�M�+�2 �i�?�2 �+�Q�M�b�i�B�i�m�2�M�i�b �?���p�2 �#�2�2�M �b�2�H�2�+�i�2�/�- �i�?�2 �M�2�t�i �b�i�2�T �B�b �}�M�/�B�M�; �i�?�2 �+�`�v�b�i���H
�b�i�`�m�+�i�m�`�2 ���M�/ �+�?�2�+�F �i�?�2 �i�?�2�`�K�Q�/�v�M���K�B�+ �b�i���#�B�H�B�i�v�X �h�?�2 �H���r�b �Q�7 �i�?�2�`�K�Q�/�v�M���K�B�+�b ���H�H�Q�r
�7�Q�` �Q�M�H�v �Q�M�2 �;�H�Q�#���H�H�v �b�i���#�H�2 �b�i�`�m�+�i�m�`�2 �7�Q�` �� �;�B�p�2�M �+�?�2�K�B�+���H �b�i�Q�B�+�?�B�Q�K�2�i�`�v�X �h�?�2 �2�M�2�`�;�v �Q�7
�b�m�+�? �� �b�i�`�m�+�i�m�`�2�- �Q�7�i�2�M �+���H�H�2�/ �i�?�2 �;�`�Q�m�M�/ �b�i���i�2 �2�M�2�`�;�v�- �B�b �H�Q�r�2�` �i�?���M �2�M�2�`�;�B�2�b �Q�7 �Q�i�?�2�`
�T�?���b�2�b �r�B�i�? �i�?�2 �b���K�2 �b�i�Q�B�+�?�B�Q�K�2�i�`�v�X �A�M �`�2���H�B�i�v�- �7�Q�` �� �;�B�p�2�M �b�i�Q�B�+�?�B�Q�K�2�i�`�v �/�B�z�2�`�2�M�i
�b�i���#�H�2 �T�?���b�2�b �K���v �?���p�2 �#�2�2�M �2�t�T�2�`�B�K�2�M�i���H�H�v �Q�#�b�2�`�p�2�/�- �K�2���M�B�M�; �i�?�2�`�2 ���`�2 �Q�M�2 �Q�` �K�Q�`�2
�b�i���#�H�2 �H�Q�+���H �K�B�M�B�K�� �Q�7 �2�M�2�`�;�B�2�b�X �a�m�+�? �b�i�`�m�+�i�m�`�2�b ���`�2 �Q�7�i�2�M �b�v�M�i�?�2�b�B�x�2�/ �m�M�/�2�` �+�Q�M�i�`�Q�H�H�2�/
�+�Q�M�/�B�i�B�Q�M�b �Q�7 �T�`�2�b�b�m�`�2 ���M�/ �i�2�K�T�2�`���i�m�`�2�X �_�2�;���`�/�H�2�b�b �B�7 �Q�M�2 �B�b �B�M�p�2�b�i�B�;���i�B�M�; �F�M�Q�r�M
�K���i�2�`�B���H�b �Q�` �/�2�b�B�;�M�B�M�; �M�2�r �Q�M�2�b�- �B�i �B�b �+�`�m�+�B���H �i�?���i �Q�M�H�v �i�?�2 �b�i���#�H�2 �b�i�`�m�+�i�m�`�2�b ���`�2 �F�2�T�i
�7�Q�` �7�m�`�i�?�2�` �B�M�p�2�b�i�B�;���i�B�Q�M�X �A�7 �M�Q�i �2�t�T�2�`�B�K�2�M�i���H�H�v �F�M�Q�r�M�- �i�?�B�b �b�i�2�T �`�2�[�m�B�`�2�b �Q�#�i���B�M�B�M�;
�i�Q�i���H �2�M�2�`�;�B�2�b �Q�7 �K���i�2�`�B���H�b �m�b�B�M�; �i�?�2 �.�6�h ���M�/ �+���H�+�m�H���i�B�M�; �i�?�2 �i�?�2�`�K�Q�/�v�M���K�B�+ �b�i���#�B�H�B�i�v�X

�A�M �+�Q�M�M�2�+�i�B�Q�M �i�Q �i�?�2 �T�?�v�b�B�+���H �T�`�Q�T�2�`�i�B�2�b �Q�7 �b�m�M�H�B�;�?�i ���#�b�Q�`�#�2�`�b�- �Q�M�2 �B�M�p�2�b�i�B�;���i�2�b
�2�H�2�+�i�`�Q�M�B�+ �T�`�Q�T�2�`�i�B�2�b �Q�7 �K���i�2�`�B���H�b�X �P�#�i���B�M�B�M�; �`�2�H�B���#�H�2 �2�b�i�B�K���i�2 �Q�7 �i�?�2 �#���M�/ �;���T�b ���M�/
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�a�i���#�B�H�B�i�v �Q�7 �� �K���i�2�`�B���H �B�b �/�2�b�+�`�B�#�2�/ �#�v �i�?�2 �F�M�Q�r�H�2�/�;�2 �Q�7 �B�i�ö�b �7�`�2�2 �2�M�2�`�;�v �Q�7 �`�2���+�i�B�Q�M�X
�a�B�M�+�2 �B�M �b�Q�H�B�/�b �i�?�2 �+�?���M�;�2 �B�M �2�M�i�`�Q�T�v �B�b �M�2�;�H�B�;�B�#�H�2 �Q�M�2 �+���M �m�b�2 �2�M�i�?���H�T�v �B�M�b�i�2���/ �Q�7 �7�`�2�2
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�h�?�2 �+���H�+�m�H���i�2�/ �;�`�Q�m�M�/ �b�i���i�2 �2�M�2�`�;�B�2�b �Q�#�i���B�M�2�/ �r�B�i�? �i�?�2 �.�6�h ���`�2 �� �;�Q�Q�/ ���T�T�`�Q�t�B�@
�K���i�B�Q�M �B�M �+�Q�M�/�B�i�B�Q�M�b �Q�7 �H�Q�r �i�2�K�T�2�`���i�m�`�2�b �U�h� �y�E�- �2�M�i�`�Q�T�v �a� �y�V ���M�/ ���`�2 �i�Q �#�2 �m�b�2�/
�i�Q �+���H�+�m�H���i�2 �2�M�i�?���H�T�v �Q�7 �7�Q�`�K���i�B�Q�M�X �*�Q�K�T�Q�m�M�/ �U�T�`�Q�/�m�+�i�V �7�Q�`�K���i�B�Q�M �B�b �7���p�Q�`�2�/ �r�?�2�M
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�2�M�2�`�;�B�2�b ���#�Q�p�2 �i�?�2 �+�Q�M�p�2�t �?�m�H�H �Q�7 �i�?�2 �b���K�2 �+�Q�K�T�Q�b�B�i�B�Q�M ���`�2 �+�Q�M�b�B�/�2�`�2�/ �m�M�b�i���#�H�2 ���M�/
�7�Q�`�K���i�B�Q�M �Q�7 �+�Q�K�T�2�i�B�M�; �K���i�2�`�B���H�b �r�B�H�H �#�2 �7���p�Q�`���#�H�2�X �*�Q�K�T�2�i�B�M�; �K���i�2�`�B���H�b �+���M �#�2
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�+�Q�M�b�i�`�m�+�i�B�M�; �T�?���b�2 �/�B���;�`���K�b �U�H�B�F�2 �i�?�2 �P�Z�J�. �Q�` �i�?�2 �J���i�2�`�B���H�b �S�`�Q�D�2�+�i�V�X �h�?�2 �b�B�K�B�H���`
�i�Q�Q�H �+���M ���H�b�Q �#�2 �7�Q�m�M�/ �r�B�i�?�B�M �i�?�2 ���a�1 �B�M �i�?�2 �%���b�2�X�T�?���b�2�/�B���;�`���K�% �K�Q�/�m�H�2�- �m�b�2�/ �B�M �i�?�B�b
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�A�M �H�Q�r �i�2�K�T�2�`���i�m�`�2 �`�2�;�B�K�2�- �� �.�6�h �i�Q�i���H �2�M�2�`�;�B�2�b ���`�2 �b�m�{�+�B�2�M�i �7�Q�` �+�Q�M�b�i�`�m�+�i�B�M�;
�i�?�2 �+�Q�M�p�2�t �?�m�H�H ���M�/ �/�2�i�2�`�K�B�M�B�M�; �i�?�2 �b�i���#�B�H�B�i�v �Q�7 �i�?�2 �+�Q�K�T�Q�m�M�/�b�X �h�?�2 �T�`�2�p�B�Q�m�b�H�v
�B�M�i�`�Q�/�m�+�2�/ �K�2�i�� �:�:�� �7�m�M�+�i�B�Q�M���H�b�- �b�m�+�? ���b �K�"�1�1�6�- ���`�2 �F�M�Q�r�M �7�Q�` �;�Q�Q�/ �2�b�i�B�K���i�B�Q�M
�Q�7 �?�2���i�b �Q�7 �7�Q�`�K���i�B�Q�M ���M�/ �K�Q�`�2�Q�p�2�` �T�`�Q�p�B�/�2 �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �m�M�+�2�`�i���B�M�i�B�2�b �Q�7 �i�?�2
�2�b�i�B�K���i�B�Q�M�X
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�2�H�2�+�i�`�Q�M�B�+ �b�i���i�2�b �B�M�i�`�Q�/�m�+�2�/ �#�v �i�?�2 �/�2�7�2�+�i�b�, �R�V �/�2�7�2�+�i �i�Q�H�2�`���M�i�, �M�2�r �2�H�2�+�i�`�Q�M�B�+ �b�i���i�2�b
���`�2 �+�H�Q�b�2 �i�Q �i�?�2 �#���M�/ �2�/�;�2 ���M�/ �T�H���v �M�Q �K���D�Q�` �`�Q�H�2 �B�M �K���i�2�`�B���H�b�ö �T�2�`�7�Q�`�K���M�+�2�- ���M�/
�k�V �/�2�7�2�+�i �b�2�M�b�B�i�B�p�2�, �M�2�r �2�H�2�+�i�`�Q�M�B�+ �b�i���i�2�b ���`�2 �B�M �i�?�2 �K�B�/�/�H�2 �Q�7 �i�?�2 �;���T ���M�/ ���`�2 ��
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�/�m�+�i�B�Q�M �Q�7 �#���M�/ �;���T �+�`�B�i�2�`�B�� �`�2�/�m�+�2�b �i�?�2 �M�m�K�#�2�` �Q�7 �K���i�2�`�B���H�b �i�Q �8�R�3�- ���M�/ �Q�M�H�v �k�k�k �Q�7
�i�?�Q�b�2 �?���p�2 �H�Q�r �+���`�`�B�2�` �2�z�2�+�i�B�p�2 �K���b�b�2�b�X �A�M �i�?�2 �H���b�i �b�i���;�2�- �K���i�2�`�B���H�b �r�2�`�2 �B�M�p�2�b�i�B�;���i�2�/
�7�Q�` �i�?�2�B�` �i�Q�H�2�`���M�+�2 �i�Q �i�?�2 �T�Q�B�M�i �/�2�7�2�+�i�b ���M�/ �i�?�2 �b�2���`�+�? �v�B�2�H�/�2�/ �d�9 �/�2�7�2�+�i �i�Q�H�2�`���M�i �K���@
�i�2�`�B���H�b�X �h�?�2�b�2 �d�9 �K���i�2�`�B���H�b �?���p�2 �b���i�B�b�}�2�/ ���H�H �i�?�2 �B�M�i�`�Q�/�m�+�2�/ �+�`�B�i�2�`�B�� �B�M �i�?�2 �b�+�`�2�2�M�B�M�;�-
�K���F�B�M�; �B�i �� �b�2�i �Q�7 �}�M���H �+���M�/�B�/���i�2�b �7�Q�` �S�o ���M�/ �S�* ���#�b�Q�`�#�2�`�b�X �h�?�2 �7�m�H�H �H�B�b�i �Q�7 �K���@
�i�2�`�B���H�b�- �i�Q�;�2�i�?�2�` �r�B�i�? �+���H�+�m�H���i�2�/ �#���M�/ �;���T�b�- �+���`�`�B�2�` �2�z�2�+�i�B�p�2 �K���b�b�2�b ���M�/�- �B�7 ���p���B�H���#�H�2
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�� �`�2�H���i�B�p�2�H�v �b�K���H�H �M�m�K�#�2�` �Q�7 �+���M�/�B�/���i�2�b ���H�H�Q�r�2�/ �m�b �i�Q �B�M�p�2�b�i�B�;���i�2 �7�2�r �Q�i�?�2�` �/�2�i���B�H�b
�7�Q�` �2���+�? �K���i�2�`�B���H�X �P�M�2 �Q�7 �i�?�2 �B�b�b�m�2�b �B�b �i�?�2 �b�i���#�B�H�B�i�v�, �2�p�2�M �i�?�Q�m�;�? ���H�H �i�?�2 �K���i�2�`�B���H�b
�+�Q�M�b�B�/�2�`�2�/ �r�2�`�2 �b�v�M�i�?�2�b�B�x�2�/�- �b�Q�K�2 �Q�7 �i�?�2�K �`�2�[�m�B�`�2 �b�T�2�+�B���H �+�Q�M�/�B�i�B�Q�M�b�- �H�B�F�2 �� �?�B�;�?
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�b�i���#�B�H�B�i�v �Q�7 �/�B�z�2�`�2�M�i �T�Q�H�v�K�Q�`�T�?�b�, �i�?�2�`�2 �+�Q�m�H�/ �2�t�B�b�i ���M�Q�i�?�2�` �T�?���b�2 �Q�7 �i�?�2 �+�Q�K�T�Q�m�M�/
�r�?�B�+�? �B�b �K�Q�`�2 �b�i���#�H�2�X ���M �2�t���K�T�H�2 �B�b �*�b�a�M�A3�- �� �T�2�`�Q�p�b�F�B�i�2 �b�i�`�m�+�i�m�`�2 �r�?�B�+�? ���T�T�2���`�b �B�M
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�B�b �i�?�2 �Q�`�i�?�Q�`�?�Q�K�#�B�+ �ö�v�2�H�H�Q�r�ö �T�?���b�2 �r�B�i�? �i�?�2 �#���M�/ �;���T �Q�m�i�b�B�/�2 �Q�7 �Q�m�` �`���M�;�2 �U�i�Q�Q �?�B�;�?�V�X
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�7�2�`�2�M�i ���T�T�H�B�+���i�B�Q�M�b�, �i�Q �M���K�2 �� �7�2�r�- �*�b3�a�# �r���b �B�M�p�2�b�i�B�;���i�2�/ ���b �� �T�?�Q�i�Q�+���i�Q�/�2�- �*�m2�a ���b
�� �S�o ���#�b�Q�`�#�2�` ���M�/ �*�m2�P ���b �#�Q�i�? �S�o ���M�/ �S�* ���#�b�Q�`�#�2�`�X �h�?�2 �+�?���H�+�Q�;�2�M�B�/�2 �T�2�`�Q�p�b�F�B�i�2�-
�"���w�`�a3�- �r�?�B�+�? �r���b ���H�b�Q �T���`�i �Q�7 �i�?�2 �b�i�m�/�v �B�M �S���T�2�` �A�A�A�- �r���b �7�Q�m�M�/ ���b �� �T�`�Q�K�B�b�b�B�M�;
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�Q�M �i�?�2 �H�B�b�i�X �q�2 �B�M�p�2�b�i�B�;���i�2�/ �T�`�Q�T�2�`�i�B�2�b �`�2�[�m�B�`�2�/ �#�v �i�?�2 �/�2�b�+�`�B�T�i�Q�`�b �7�Q�` �� �b�K���H�H �b�2�i
�Q�7 �F�M�Q�r�M �S�o ���M�/ �S�* �K���i�2�`�B�H���b�- �a�B�- �:�����b�-�*�/�h�2�- �*�/�a�2�- �:���S�- �*�m�A�M�a�22 ���M�/ �"�B�o�P4�-
���M�/ �/�B�b�+�m�b�b�2�/ �r�?�v �i�?�2�v �7���B�H �i�Q �T���b�b �Q�m�` �b�+�`�2�2�M�B�M�; �b�i�m�/�v�X �6�B�`�b�i�H�v�- ���b�- �*�/�- �h�2 ���M�/ �"�B
���`�2 �M�Q�i �Q�M �i�?�2 �H�B�b�i �Q�7 ���H�H�Q�r�2�/ �2�H�2�K�2�M�i�b �/�m�2 �i�Q �i�Q�t�B�+�B�i�v �Q�` �H�Q�r ���#�m�M�/���M�+�2 �U�b�2�2 �}�;�m�`�2
�R �B�M �i�?�2 �K���M�m�b�+�`�B�T�i�V�X �*���H�+�m�H���i�2�/ �#���M�/ �;���T �p���H�m�2�b ���`�2 �B�M �� �`�2���b�Q�M���#�H�2 ���;�`�2�2�K�2�M�i
�r�B�i�? �i�?�2 �2�t�T�2�`�B�K�2�M�i���H �Q�M�2�b�- �r�B�i�? �i�?�2 �2�t�+�2�T�i�B�Q�M �Q�7 �:���S�- �r�?�2�`�2 �+���H�+�m�H���i�2�/ �#���M�/ �;���T
�B�b �b�H�B�;�?�i�H�v �Q�p�2�`�2�b�i�B�K���i�2�/�- ���M�/ �"�B�o�P4�- �r�?�2�`�2 �i�?�2 �R �2�o �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �+���H�+�m�H���i�2�/
���M�/ �2�t�T�2�`�B�K�2�M�i���H �#���M�/ �;���T�b �+���M �#�2 ���b�b�B�;�M�2�/ �i�Q �i�?�2 �i�?�2�`�K���H �2�z�2�+�i�b�X �G���b�i�H�v�- �/�2�7�2�+�i
�b�2�M�b�B�i�B�p�B�i�v �`�2�K�Q�p�2�b �i�?�2 �`�2�K���B�M�B�M�; �+���M�/�B�/���i�2�b�- �B�M�+�H�m�/�B�M�; �b�B�H�B�+�Q�M�- �r�?�B�+�? �B�b �F�M�Q�r�M �i�Q
�`�2�[�m�B�`�2 �p�2�`�v �?�B�;�? �T�m�`�B�i�v �B�M �Q�`�/�2�` �i�Q �T�2�`�7�Q�`�K �r�2�H�H�X

�h�?�B�b �2�t�?���m�b�i�B�p�2 �b�+�`�2�2�M�B�M�; �b�i�m�/�v �#�2�;�B�M�b �r�B�i�? �b�v�M�i�?�2�b�B�x�2�/ �K���i�2�`�B���H�b �`�2�T�Q�`�i�2�/ �B�M
�i�?�2 �A�*�a�. �/���i���#���b�2 ���M�/ ���7�i�2�` �B�M�p�2�b�i�B�;���i�B�M�; �b�2�p�2�`���H �T�`�Q�T�2�`�i�B�2�b �B�M�+�H�m�/�B�M�; �#���M�/ �;���T�b
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�b�Q�T�?�B�b�i�B�+���i�2�/ �i�?�2�Q�`�2�i�B�+���H �2�p���H�m���i�B�Q�M �B�b �`�2�[�m�B�`�2�/ �i�Q �K���F�2 �b�m�`�2 �i�?���i �� �+���M�/�B�/���i�2 �r�Q�m�H�/
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�B�M �� �i���M�/�2�K�X �a�2�H�2�M�B�m�K�- �r�B�i�? �B�i�b �R�X�3�8 �2�o�(�d�e�) �#���M�/ �;���T �B�b ���M �B�M�i�2�`�2�b�i�B�M�; �+���M�/�B�/���i�2 �7�Q�`
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�a�m�+�? ���M �m�M�m�b�m���H �2�t���K�T�H�2 �;�B�p�2�b �Q�M�H�v �� �b�K���H�H �i���b�i�2 �Q�7 �i�?�2 �+�Q�K�T�H�2�t�B�i�v ���M�/ �p���`�B�2�i�v �Q�7
�H�Q�r�@�/�B�K�2�M�b�B�Q�M���H �b�v�b�i�2�K�b�X

�*�?���`���+�i�2�`�B�b�i�B�+�b �b�m�+�? ���b �p���`�B���i�B�Q�M �B�M �i�?�2 �b�T���+�B�M�; �#�2�i�r�2�2�M �i�?�2 ���i�Q�K�B�+ �+�H�m�b�i�2�`�b�- �+�H�m�b�@
�i�2�` �+�Q�`�`�m�;���i�B�Q�M�- �+�H�m�b�i�2�`�b �b�T�`�2���/ �B�M �/�B�z�2�`�2�M�i �/�B�`�2�+�i�B�Q�M�b�- �Q�` �� �?�2�i�2�`�Q�b�i�`�m�+�i�m�`�2 �#�2�B�M�; ��
�K�B�t�i�m�`�2 �Q�7 �/�B�z�2�`�2�M�i �H�Q�r�@�/�B�K�2�M�b�B�Q�M���H �+�Q�M�b�i�B�i�m�2�M�i�b �U�7�Q�` �2�t���K�T�H�2 �k�. ���M�/ �R�.�V�- �K���F�2
�b�v�b�i�2�K���i�B�+ �B�/�2�M�i�B�}�+���i�B�Q�M �Q�7 �H�Q�r�@�/�B�K�2�M�b�B�Q�M���H �+�Q�M�b�i�B�i�m�2�M�i�b �7�`�Q�K �i�?�2 �#�m�H�F �ó�T���`�2�M�i�b�ô ��
�M�Q�M�i�`�B�p�B���H �T�`�Q�#�H�2�K�X �P�m�` ���T�T�`�Q���+�? �+�Q�M�i���B�M�b �� �b�B�M�;�H�2 ���H�;�Q�`�B�i�?�K ���#�H�2 �i�Q �+�Q�T�2 �r�B�i�? ���H�H
�i�?�2�b�2 �B�b�b�m�2�b�- �r�?�B�+�? �b�m�+�+�2�b�b�7�m�H�H�v �+�H���b�b�B�}�2�b �K���i�2�`�B���H�b �#���b�2�/ �Q�M �i�?�2 �/�B�K�2�M�b�B�Q�M���H�B�i�v �Q�7 �i�?�2
�+�Q�M�b�i�B�i�m�2�M�i�b�X

�e�Y�S�Y�l �Q�q�3�a�q�C�3�s �R�8 �j�@�3 ���I�<�R�a�C�j�@�L

�q�?���i �B�b �p�B�b�m���H�H�v �� �i�`�B�p�B���H �i���b�F�- �H�B�F�2 �B�/�2�M�i�B�7�v�B�M�; �k�.�- �R�. ���M�/ �y�. �M���i�m�`�2 �Q�7 �i�?�2 �b�i�`�m�+�i�m�`�2�b
�B�M �}�;�m�`�2�d�X�R�- �B�b �K�m�+�? �K�Q�`�2 �+�Q�K�T�H�B�+���i�2�/ �7�Q�` �� �+�Q�K�T�m�i�2�` �r�?�Q�b�2 �Q�M�H�v �B�M�T�m�i ���`�2 ���i�Q�K�B�+
�+�Q�Q�`�/�B�M���i�2�b �Q�7 �i�?�2 ���i�Q�K�b�X

�h�?�2 �}�`�b�i �T���`�i �Q�7 �i�?�2 ���H�;�Q�`�B�i�?�K �B�b �#���b�2�/ �Q�M �B�/�2�M�i�B�7�v�B�M�; ���i�Q�K�B�+ �+�H�m�b�i�2�`�b �B�M �� �m�M�B�i �+�2�H�H�X
�h�?�2 �+�H�m�b�i�2�`�b ���`�2 �#�m�B�H�i �m�b�B�M�; �i�?�2 �%���b�2�X�M�2�B�;�?�#�Q�`�H�B�b�i�%�(�N�N�) �K�Q�/�m�H�2�, �i�r�Q ���i�Q�K�b �#�2�H�Q�M�; �i�Q �i�?�2
�b���K�2 �+�H�m�b�i�2�` �B�7 �i�?�2�v ���`�2 �M�2�B�;�?�#�Q�`�b �Q�` �i�?�2�`�2 �2�t�B�b�i�b �� �T���i�? �7�`�Q�K �Q�M�2 �i�Q ���M�Q�i�?�2�` �i�?�`�Q�m�;�?
�M�2���`�2�b�i �M�2�B�;�?�#�Q�`�b�X �J���i�?�2�K���i�B�+���H�H�v�- �7�Q�` ���i�Q�K�b �i�Q �#�2 �B�M �i�?�2 �b���K�2 �+�H�m�b�i�2�`�- �i�?�2�v �K�m�b�i
�b���i�B�b�7�v �i�?�2 �i�`���M�b�B�i�B�p�B�i�v �T�`�Q�T�2�`�i�v �Q�7 �i�?�2 �2�[�m�B�p���H�2�M�+�2 �+�H���b�b�, �7�Q�` �2�p�2�`�v �i�?�`�2�2 �2�H�2�K�2�M�i�b ���-
�#�- ���M�/ �+ �B�M �� �+�H���b�b�- �B�7 ��� �# ���M�/ �#� �+�- �i�?�2�M ��� �+�X

�>�Q�r�2�p�2�`�- �i�?�2 �/�2�}�M�B�i�B�Q�M �Q�7 �M�2�B�;�?�#�Q�`�b �B�b �M�Q�i �b�i�`�B�+�i�H�v �/�2�}�M�2�/�- �b�B�M�+�2 �/�B�z�2�`�2�M�i �b�T�2�+�B�2�b
�B�M �i�?�2 �/�B�z�2�`�2�M�i �+�?�2�K�B�+���H �2�M�p�B�`�Q�M�K�2�M�i �7�Q�`�K �#�Q�M�/�b �Q�7 �/�B�z�2�`�2�M�i �H�2�M�;�i�?�b�X �a�i�B�H�H�- �� �;�Q�Q�/
�r���v �i�Q �#�2�;�B�M �B�b �#�v �m�b�B�M�; �i�?�2 �+�Q�p���H�2�M�i �`���/�B�B �Q�7 �i�?�2 �b�T�2�+�B�2�b�X ���7�i�2�` �� �b�2�`�B�2�b �Q�7 �i�2�b�i�b�-
�� �`�2�b�i�`�B�+�i�B�Q�MR �7�Q�` �+�Q�M�b�B�/�2�`�B�M�; ���i�Q�K�b �i�Q �#�2 �M�2�B�;�?�#�Q�`�b �B�b �+�?�Q�b�2�M ���b �i�?�2 �b�m�K �Q�7 �i�?�2�B�`
�+�Q�p���H�2�M�i �`���/�B�Br c �T�H�m�b �� �i�?�`�2�b�?�Q�H�/t �Q�7 �k�8�@�j�8�W �UR = r c � (1 + t�V�X



�S�k�4 �e ���0�0�C�j�C�R�N���I �a�3�c�n�I�j�c ���N�0 �C�L�U�I�3�L�3�N�j���j�C�R�N

�6�B�;�m�`�2 �d�X�j�,�1�t���K�T�H�2�b �Q�7 �i�?�2 �b�+���H�B�M�; �`�2�H���i�B�Q�M�b �B�M �i�?�2 �M�m�K�#�2�` �Q�7 ���i�Q�K�B�+ �+�H�m�b�i�2�`�b �7�Q�`
�+�Q�K�T�Q�m�M�/�b �r�B�i�? �k�. ���M�/ �R�. �+�Q�M�b�i�B�i�m�2�M�i�b�XNc �B�b �� �M�m�K�#�2�` �Q�7 �+�H�m�b�i�2�`�b
�B�M �� �T�`�B�K�B�i�B�p�2 ���M�/Nc0 �B�b �� �M�m�K�#�2�` �Q�7 �+�H�m�b�i�2�`�b �B�M �� �k� �k� �k �b�m�T�2�`�@�+�2�H�H�X
�*�H�m�b�i�2�`�b �B�M �i�?�2 �T�`�B�K�B�i�B�p�2 �+�2�H�H�b ���`�2 �H���#�2�H�2�/ci ���M�/ �B�M �i�?�2 �b�m�T�2�`�@�+�2�H�Hc0

i �X �h�?�2
�b�i�`�m�+�i�m�`�2 �B�M ���V �B�b �Q�#�p�B�Q�m�b�H�v �k�.�@�H�B�F�2�- ���M�/ �i�?�2 �M�m�K�#�2�` �Q�7 �+�H�m�b�i�2�`�b �/�Q�m�#�H�2�b
�r�?�2�M �;�Q�B�M�; �7�`�Q�K �i�?�2 �T�`�B�K�B�i�B�p�2 �+�2�H�H �i�Q �� �k� �k� �k �b�m�T�2�`�@�+�2�H�H�X �A�i �B�b �K�Q�`�2
�/�B�{�+�m�H�i �i�Q �p�B�b�m���H�B�x�2 �i�?�2 �i�r�Q �T�`�B�K�B�i�B�p�2 ���M�/ �2�B�;�?�i �b�m�T�2�`�@�+�2�H�H �+�?���B�M�b �B�M �i�?�2
�b�i�`�m�+�i�m�`�2 �B�M �#�V �b�B�M�+�2 �i�?�2 �#�Q�M�/�b �B�M �+�H�m�b�i�2�`�bc2�-c0

7 ���M�/c0
8 ���`�2 �M�Q�i �/�B�`�2�+�i�H�v

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

�h�?�2 �b�2�+�Q�M�/ �T���`�i �B�b �#���b�2�/ �Q�M �i�?�2 �b�+���H�B�M�; �Q�7 �i�?�2 �M�m�K�#�2�` �Q�7 �+�H�m�b�i�2�`�b �B�M �i�?�2 �T�`�B�K�B�i�B�p�2
�+�2�H�H ���M�/ �i�?�2 �k� �k� �k �b�m�T�2�`�@�+�2�H�H�X �A�7Nc �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �+�H�m�b�i�2�`�b �7�Q�m�M�/ �B�M �i�?�2 �T�`�B�K�B�i�B�p�2
�+�2�H�H�-Nc0 �i�?�2 �M�m�K�#�2�` �Q�7 �+�H�m�b�i�2�`�b �7�Q�m�M�/ �B�M �k� �k� �k �b�m�T�2�`�@�+�2�H�H ���M�/D �i�?�2 �/�B�K�2�M�b�B�Q�M���H�B�i�v
�Q�7 �i�?�2 �Q�7 �i�?�2 �+�Q�M�b�i�B�i�m�2�M�i�b�- �Q�M�2 �+���M �r�`�B�i�2�,

Nc0

Nc
= 2 3� D : �U�d�X�R�V

�6�Q�` �2�t���K�T�H�2�- �B�7 �i�?�2 �+�Q�K�T�Q�m�M�/ �B�b �� �j�. �#�m�H�F �UD = 3 �V�- �i�?�2�M ���H�H �i�?�2 ���i�Q�K�b �#�2�H�Q�M�; �i�Q
�i�?�2 �b���K�2 �+�H�m�b�i�2�` ���M�/ �i�?�2�`�2�7�Q�`�2Nc�4�R�X �_�2�T�2���i�B�M�; �i�?�2 �+�2�H�H �r�B�H�H �K���F�2 �M�Q �/�B�z�2�`�2�M�+�2 ���M�/
�Q�M�H�v �Q�M�2 �+�H�m�b�i�2�` �r�B�H�H �#�2 �7�Q�m�M�/�-Nc0�4�R�X �a�Q�H�p�B�M�; �2�[�m���i�B�Q�M�d�X�R�X�k�Q�M�2 �;�2�i�bD = 3 �X �h�?�2
�B�H�H�m�b�i�`���i�B�Q�M �B�M �}�;�m�`�2�d�X�j�b�?�Q�r�b �?�Q�r �i�?�2 �`�m�H�2 �B�b ���T�T�H�B�2�/ �i�Q �k�. ���M�/ �R�. �b�v�b�i�2�K�b�X �6�B�;�m�`�2
�d�X�j�� �B�b �� �H���v�2�`�2�/ �k�. �b�i�`�m�+�i�m�`�2 �r�B�i�? �i�r�Q �+�H�m�b�i�2�`�b �B�M �i�?�2 �T�`�B�K�B�i�B�p�2 �+�2�H�H ���M�/ �7�Q�m�` �B�M �i�?�2
�k� �k� �k �b�m�T�2�`�@�+�2�H�H �U�i�?�2 �M�m�K�#�2�` �Q�7 �+�H�m�b�i�2�`�b �B�b �B�M�+�`�2���b�2�/ �Q�M�H�v �B�M �i�?�2 �p�2�`�i�B�+���H �/�B�`�2�+�i�B�Q�M�V�X
�h�?�2 �7���+�i�Q�` �Q�7 �i�r�Q�- �`�2�b�m�H�i�B�M�; �7�`�Q�KN c 0

N c
= 4

2 �`�2�b�m�H�i�b �B�MD = 2 �r�?�2�M �b�Q�H�p�B�M�; �2�[�m���i�B�Q�M
�d�X�R�X�k�c �i�?�2 �b�i�`�m�+�i�m�`�2 �B�b �i�?�2�`�2�7�Q�`�2 �i�r�Q �/�B�K�2�M�b�B�Q�M���H�X �a�B�K�B�H���`�H�v�- �i�?�2 �T�`�B�K�B�i�B�p�2 �+�2�H�H �Q�7 �i�?�2



�e�Y�S �m�N�a���q�3�I�C�N�< �I�R�s�A�0�C�L�3�N�c�C�R�N���I �c�j�a�n�,�j�n�a�3 �R�8 �3�u�U�3�a�C�L�3�N�j���I�I�w �G�N�R�s�N �,�R�L�U�R�n�N�0�c�S�k�O

�b�i�`�m�+�i�m�`�2 �B�M �i�?�2 �}�;�m�`�2�d�X�j�# �?���b �i�r�Q �+�H�m�b�i�2�`�b �U�i�?�2 �i�r�Q �i�Q�T ���i�Q�K�b �#�2�H�Q�M�; �i�Q �i�?�2 �b���K�2
�+�H�m�b�i�2�` �/�m�2 �i�Q �i�?�2 �T�2�`�B�Q�/�B�+ �#�Q�m�M�/���`�v �+�Q�M�/�B�i�B�Q�M�b�V ���M�/ �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �k� �k� �k �b�m�T�2�`�@
�+�2�H�H �?���b �2�B�;�?�i �+�H�m�b�i�2�`�b �B�M �i�Q�i���H�- �`�2�b�m�H�i�B�M�; �B�MD = 1 �X �6�`�Q�K �?�2�`�2�- �i�?�2 �;�2�M�2�`���H�B�x���i�B�Q�M �i�Q
�x�2�`�Q �/�B�K�2�M�b�B�Q�M���H �b�v�b�i�2�K�b�- �r�?�2�`�2N c 0

N c
= 8 ���M�/ �i�?�2�`�2�7�Q�`�2D = 0 �B�b �b�i�`���B�;�?�i�7�Q�`�r���`�/�X

�h�?�2 �K�2�i�?�Q�/ �B�b �M�Q�i �#�Q�m�M�/ �i�Q �T�m�`�2�H�v �j�.�- �k�.�- �R�. ���M�/ �y�. �b�i�`�m�+�i�m�`�2�b�, �� �b�B�K�T�H�2
�2�t�i�2�M�b�B�Q�M ���H�H�Q�r�b �B�/�2�M�i�B�7�v�B�M�; �+�Q�K�T�H�2�t �K�B�t�2�/�@�/�B�K�2�M�b�B�Q�M���H �+�Q�K�T�Q�m�M�/�b �+�Q�M�i���B�M�B�M�; �/�B�7�@
�7�2�`�2�M�i �H�Q�r�@�/�B�K�2�M�b�B�Q�M���H �+�Q�M�b�i�B�i�m�2�M�i�b�X �*���b�2�b �r�?�2�`�2N c 0

N c
6= 1 ; 2; 4; 8 �B�M�/�B�+���i�2 �� �T�`�2�b�2�M�+�2

�Q�7 �K�Q�`�2 �i�?���M �Q�M�2 �i�v�T�2 �Q�7 �+�Q�M�b�i�B�i�m�2�M�i�b�X �h�?�2 �/�B�K�2�M�b�B�Q�M���H�B�i�v �B�b �i�?�2�M �/�2�i�2�`�K�B�M�2�/ �#�v
�i�`�2���i�B�M�; �2���+�? �+�H�m�b�i�2�` �B�M �i�?�2 �T�`�B�K�B�i�B�p�2 �+�2�H�H �b�2�T���`���i�2�H�v�,Nc �B�b �i�?�2�M ���H�r���v�b �Q�M�2 �U�Q�M�2 �+�H�m�b�@
�i�2�` ���i �i�?�2 �i�B�K�2�V ���M�/ �/�B�z�2�`�2�M�i �p���H�m�2�b �Q�7Nc0 �r�B�H�H �+�Q�`�`�2�b�T�Q�M�/ �i�Q �/�B�z�2�`�2�M�i �+�Q�M�b�i�B�i�m�2�M�i�b�-
�/�2�T�2�M�/�B�M�; �Q�M �?�Q�r �K���M�v �M�2�r �+�H�m�b�i�2�`�b �Q�7 �i�?�2 �b���K�2 �i�v�T�2 ���`�2 �7�Q�m�M�/ �B�M �k� �k� �k �b�m�T�2�`�@�+�2�H�H�X

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

�e�Y�S�Y�k �`�3�c�n�I�j�c

�h�?�2 �A�*�a�. �/���i���#���b�2 �+�Q�M�i���B�M�b �R�3�9 �e�N�N�R �+�`�v�b�i���H �b�i�`�m�+�i�m�`�2�b �B�M �i�Q�i���H�- �#�m�i �`�Q�m�;�?�H�v �?���H�7 �Q�7
�i�?�2 �2�M�i�`�B�2�b �U�N�j �8�8�8�V �2�B�i�?�2�` �+�Q�M�i���B�M �B�M�+�Q�K�T�H�2�i�2 �B�M�7�Q�`�K���i�B�Q�M �Q�` �+�Q�M�i���B�M ���i�Q�K�B�+ �T�Q�b�B�i�B�Q�M�b
�r�B�i�? �T���`�i�B���H �Q�+�+�m�T���M�+�v�X �h�?�2�b�2 �2�M�i�`�B�2�b ���`�2 �Q�7 �M�Q �m�b�2 �i�Q �m�b ���M�/ �i�?�2�`�2�7�Q�`�2 �r�B�H�H �M�Q�i �#�2
�+�Q�M�b�B�/�2�`�2�/ �B�M �i�?�2 �b�i�m�/�v�X

�q�2 ���T�T�H�v �i�?�2 ���H�;�Q�`�B�i�?�K �7�Q�` �/�2�i�2�`�K�B�M�B�M�; �i�?�2 �H�Q�r �/�B�K�2�M�b�B�Q�M���H �M���i�m�`�2 �Q�7 �i�?�2 �+�`�v�b�i���H
�+�Q�M�b�i�B�i�m�2�M�i�b �Q�M �i�?�2 �`�2�K���B�M�B�M�; �N�R �R�9�9 �2�M�i�`�B�2�b�X �h�?�2 �j�. �#�m�H�F �b�i�`�m�+�i�m�`�2 �B�b �#�v �7���` �i�?�2 �K�Q�b�i
�+�Q�K�K�Q�M�X �q�2 �}�M�/ �#�2�i�r�2�2�M �d�N �e�k�j �i�Q �3�R �9�3�e �#�m�H�F �K���i�2�`�B���H�b �B�M �Q�m�` �b�2�i �U �i�?�2 �M�m�K�#�2�` �B�b
�/�2�T�2�M�/�2�M�i �Q�M �i�?�2 �+�?�Q�B�+�2 �i�?�2 �i�?�`�2�b�?�Q�H�/ �B�M �/�2�}�M�B�i�B�Q�M �Q�7 �M�2�B�;�?�#�Q�` �H�B�b�i �`�2�b�i�`�B�+�i�B�Q�MR�V�X �h�?�2
�k�.�- �R�. ���M�/ �y�. �b�i�`�m�+�i�m�`�2�b ���`�2 �7�Q�m�M�/ �B�M �3 �R�N�j �i�Q �N �8�k�8 �2�M�i�`�B�2�b ���M�/ �i�?�2 �`�2�b�i ���`�2 �K�B�t�2�/
�/�B�K�2�M�b�B�Q�M���H �b�i�`�m�+�i�m�`�2�b�X �6�B�;�m�`�2�d�X�9�b�?�Q�r�b �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �/�B�z�2�`�2�M�i �H�Q�r�@�/�B�K�2�M�b�B�Q�M���H
�b�i�`�m�+�i�m�`�2�b �B�M �i�?�2 �i�Q�i���H �A�*�a�. �/���i���#���b�2�X �h�?�2 �b�2�M�b�B�i�B�p�B�i�v �Q�7 �i�?�2 ���H�;�Q�`�B�i�?�K �i�Q �i�?�2 �+�?�Q�B�+�2
�Q�7 �i�?�2 �`�2�b�i�`�B�+�i�B�Q�MR �r���b ���H�b�Q �B�M�p�2�b�i�B�;���i�2�/�X �h�?�2 �M�m�K�#�2�` �Q�7 �b�i�`�m�+�i�m�`�2�b �B�M �2���+�? �;�`�Q�m�T
�/�Q�2�b �M�Q�i �b�B�;�M�B�}�+���M�i�H�v �+�?���M�;�2 �B�7 �i�?�2 �i�?�`�2�b�?�Q�H�/ �B�b �B�M�+�`�2���b�2�/ �m�T �i�Q �R�8�W�X �h�?�2 �i�r�Q �/�B�b�i�B�M�+�i
�+���b�2�b ���`�2 �b�?�Q�r�M �B�M �}�;�m�`�2�d�X�8�X �h�?�2 �B�M�+�`�2���b�2 �B�MR �`�2�b�m�H�i�b �B�M �� �b�H�B�;�?�i �B�M�+�`�2���b�2 �B�M �i�?�2
�M�m�K�#�2�` �Q�M �j�. �b�i�`�m�+�i�m�`�2�b�- �r�?�B�+�? �B�b �2�t�T�2�+�i�2�/�- �b�B�M�+�2 �i�?�2 �B�M�+�H�m�b�B�Q�M �Q�7 �K�Q�`�2 �M�2�B�;�?�#�Q�`�b
�`�2�b�m�H�i�b �B�M �2�t�T���M�b�B�Q�M �Q�7 �i�?�2 ���i�Q�K�B�+ �+�H�m�b�i�2�`�X �>�Q�r�2�p�2�`�- �i�?�2 �M�m�K�#�2�` �B�7 �k�. �b�i�`�m�+�i�m�`�2�b �B�b
�M�Q�i �b�B�;�M�B�}�+���M�i�H�v �b�K���H�H�2�` �b�B�M�+�2 �b�Q�K�2 �b�i�`�m�+�i�m�`�2�b�- �T�`�2�p�B�Q�m�b�H�v �#�2�B�M�; �`�2�+�Q�;�M�B�x�2�/ ���b �R�. �Q�`
�y�.�- ���`�2 �M�Q�r �B�/�2�M�i�B�}�2�/ ���b �k�.�X �P�p�2�`���H�H�- �b�H�B�;�?�i�H�v �p���`�v�B�M�; �i�?�2R �p���H�m�2 �r�B�H�H �?���p�2 �2�z�2�+�i
�Q�M �b�i�`�m�+�i�m�`�2�b �r�B�i�? �b�2�M�b�B�i�B�p�2 �;�2�Q�K�2�i�`�v �#�m�i �r�B�H�H �M�Q�i �B�M�i�`�Q�/�m�+�2 �b�B�;�M�B�}�+���M�i �+�?���M�;�2�b �B�M
�i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �H�Q�r�@�/�B�K�2�M�b�B�Q�M���H �b�i�`�m�+�i�m�`�2�b�X �o�B�b�m���H �B�M�p�2�b�i�B�;���i�B�Q�M ���H�b�Q �b�?�Q�r�2�/ �i�?���i
�i�?�2�`�2 �B�b �M�Q �B�/�2���HR �p���H�m�2 �7�Q�` �i�?�B�b �T�`�Q�#�H�2�K �U�m�b�m���H�H�v �b�v�b�i�2�K �/�2�T�2�M�/�2�M�i�V�- �B�M�b�i�2���/ �Q�M�2

�R�h�?�2 �/���i���#���b�2 �r���b �Q�#�i���B�M�2�/ �b�Q�K�2�i�B�K�2 �B�M �k�y�R�e



�S�:�z �e ���0�0�C�j�C�R�N���I �a�3�c�n�I�j�c ���N�0 �C�L�U�I�3�L�3�N�j���j�C�R�N

�6�B�;�m�`�2 �d�X�9�,�.�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �b�i�`�m�+�i�m�`�2�b �B�M �i�?�2 �A�*�a�. �/���i���#���b�2�, �K�Q�`�2 �i�?���M �?���H�7 �Q�7 �i�?�2
�2�M�i�`�B�2�b ���`�2 �/�B�b�+���`�/�2�/ �/�m�2 �i�Q �B�M�+�Q�K�T�H�2�i�2 �b�i�`�m�+�i�m�`�2 �B�M�7�Q�`�K���i�B�Q�M �Q�` ���i�Q�K�B�+
�T�Q�b�B�i�B�Q�M�b �r�B�i�? �T���`�i�B���H �Q�+�+�m�T���M�+�v�X �h�?�2 �`�2�K���B�M�B�M�; �2�M�i�`�B�2�b ���`�2 �/�Q�K�B�M���M�i�H�v
�j�. �#�m�H�F �b�i�`�m�+�i�m�`�2�b�- �r�?�B�H�2 �i�?�2 �`�2�b�i �B�b �/�B�b�i�`�B�#�m�i�2�/ �#�2�i�r�2�2�M �k�.�- �R�.�- �y�.
���M�/ �K�B�t�2�/�@�/�B�K�2�M�b�B�Q�M���H �b�i�`�m�+�i�m�`�2�b�X �P�p�2�`���H�H�- �Q�M�H�v ���`�Q�m�M�/ �e�X�k�W �Q�7 ���H�H �i�?�2
�2�M�i�`�B�2�b �U�Q�` �R�k�X�9�W �Q�7 �i�?�2 �m�b���#�H�2 �2�M�i�`�B�2�b�V ���`�2 �K���/�2 �Q�7 �H�Q�r �/�B�K�2�M�b�B�Q�M���H
�+�Q�M�b�i�B�i�m�2�M�i�b�X �h�?�2R �p���H�m�2 �B�b �b�2�i �i�Q �R�X�j�8�X

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

���M�Q�i�?�2�` �B�b�b�m�2 �Q�7 �i�?�2 �A�*�a�. �/���i���#���b�2 �B�b �� �H���`�;�2 �M�m�K�#�2�` �Q�7 �/�m�T�H�B�+���i�2 �b�i�`�m�+�i�m�`�2�b�X
�h�?�2�a�i�`�m�+�i�m� �̀2�J���i�+�?�2�`�K�Q�/�m�H�2 �B�M �i�?�2�T�v�K���i�;�2�M�(�d�N�) �H�B�#�`���`�v �2�M���#�H�2�b �+�`�v�b�i���H �b�i�`�m�+�i�m�`�2
�+�Q�K�T���`�B�b�Q�M ���M�/ �r���b �m�b�2�/ �?�2�`�2 �i�Q �`�2�K�Q�p�2 �K���D�Q�`�B�i�v �Q�7 �i�?�2 �/�m�T�H�B�+���i�2 �2�M�i�`�B�2�b�X �a�B�M�+�2
�i�?�2 �/�2�}�M�B�i�B�Q�M �Q�7 �/�m�T�H�B�+���i�2 �r�B�i�?�B�M �i�?�2�a�i�`�m�+�i�m� �̀2�J���i�+�?�2�`�/�2�T�2�M�/�b �Q�M �i�?�2 �+�?�Q�B�+�2 �Q�7
�T���`���K�2�i�2�`�b �7�Q�` �#�Q�M�/�- �H���i�i�B�+�2 �p�2�+�i�Q�` ���M�/ ���M�;�H�2 �i�Q�H�2�`���M�+�2�- �i�?�2 �/�B�b�i�Q�`�i�2�/ �b�i�`�m�+�i�m�`�2�b �i�?���i
�/�Q �M�Q�i �7���H�H �r�B�i�?�B�M ���b�b�B�;�M�2�/ �i�?�`�2�b�?�Q�H�/�b �r�B�H�H �M�Q�i �#�2 �`�2�+�Q�;�M�B�x�2�/ ���b �/�m�T�H�B�+���i�2�b�X �� �T�Q�b�b�B�#�H�2
�b�Q�H�m�i�B�Q�M �i�Q �i�?�2�b�2 �T�`�Q�#�H�2�K �B�b �`�2�H���t���i�B�Q�M �Q�7 �i�?�2 �b�i�`�m�+�i�m�`�2�b �m�b�B�M�; �i�?�2 �.�6�h ���M�/ ���T�T�H�v�B�M�;
�i�?�2�a�i�`�m�+�i�m� �̀2�J���i�+�?�2�`�Q�M �`�2�H���t�2�/ �;�2�Q�K�2�i�`�B�2�b�X �>�Q�r�2�p�2�`�- �i�?���i �;�Q�2�b �#�2�v�Q�M�/ �i�?�2 �b�+�Q�T�2 �Q�7
�i�?�B�b �r�Q�`�F �r�?�2�`�2 �r�2 �7�Q�+�m�b �Q�M�H�v �Q�M �A�*�a�. �;�2�Q�K�2�i�`�B�2�b�X

�_�2�K�Q�p���H �Q�7 �/�m�T�H�B�+���i�2 �b�i�`�m�+�i�m�`�2�b �`�2�b�m�H�i�2�/ �B�M �k �R�9�e �m�M�B�[�m�2 �2�M�i�`�B�2�b �r�B�i�? �k�. �+�Q�M�@
�b�i�B�i�m�2�M�i�b ���M�/ �d�R�y �2�M�i�`�B�2�b �r�B�i�? �R�. �+�Q�M�b�i�B�i�m�2�M�i�b�X �h�?�2�b�2 �b�i�`�m�+�i�m�`�2�b �r�2�`�2 �7�m�`�i�?�2�` �B�M�p�2�b�@
�i�B�;���i�2�/ �B�M �i�2�`�K�b �Q�7 �b�i�`�m�+�i�m�`���H �T�`�Q�i�Q�i�v�T�2�b�- ���b �T�`�Q�p�B�/�2�/ �B�M �i�?�2 �A�*�a�.�X �>�Q�r�2�p�2�`�- �3�y�9 �k�.
�b�i�`�m�+�i�m�`�2�b ���M�/ �9�j�3 �R�. �b�i�`�m�+�i�m�`�2 �?���p�2 �M�Q �T�`�Q�i�Q�i�v�T�2 �B�M�7�Q�`�K���i�B�Q�M �b�Q �+���M�M�Q�i �#�2 �+�H���b�@



�e�Y�S �m�N�a���q�3�I�C�N�< �I�R�s�A�0�C�L�3�N�c�C�R�N���I �c�j�a�n�,�j�n�a�3 �R�8 �3�u�U�3�a�C�L�3�N�j���I�I�w �G�N�R�s�N �,�R�L�U�R�n�N�0�c�S�:�S

�6�B�;�m�`�2 �d�X�8�,�.�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �b�2�H�2�+�i�2�/ �A�*�a�. �b�i�`�m�+�i�m�`�2�b �Q�M �j�.�- �k�.�- �R�.�- �y�. ���M�/ �K�B�t�2�/�@
�. �b�i�`�m�+�i�m�`�2�b�X �h�?�2 �/�2�T�2�M�/�2�M�+�2 �Q�M �i�?�2 ���i�Q�K�B�+ �M�2�B�;�?�#�Q�` �H�B�b�i �`�2�b�i�`�B�+�i�B�Q�M
R �b�?�Q�r�b �i�?���i�- �#�v �B�M�+�`�2���b�B�M�; �i�?�2R �p���H�m�2�- �i�?�2 �M�m�K�#�2�` �Q�7 �j�. �B�/�2�M�i�B�}�2�/
�b�i�`�m�+�i�m�`�2�b �B�M�+�`�2���b�2�b ���M�/ �i�?�2 �M�m�K�#�2�` �Q�7 �H�Q�r�@�/�B�K�2�M�b�B�Q�M���H �b�i�`�m�+�i�m�`�2�b �/�2�@
�+�`�2���b�2�b�X

�b�B�}�2�/�X �P�p�2�`���H�H�- �e�R�d �/�B�z�2�`�2�M�i �T�`�Q�i�Q�i�v�T�2�b �7�Q�` �i�?�2 �H���v�2�`�2�/ �b�i�`�m�+�i�m�`�2�b �U�b�i�`�m�+�i�m�`�2�b �r�B�i�?
�k�. �+�Q�M�b�i�B�i�m�2�M�i�b�V ���M�/ �R�e�y �/�B�z�2�`�2�M�i �T�`�Q�i�Q�i�v�T�2�b �7�Q�` �i�?�2 �`�Q�/ �b�i�`�m�+�i�m�`�2�b �U�b�i�`�m�+�i�m�`�2�b �r�B�i�?
�R�. �+�Q�M�b�i�B�i�m�2�M�i�b�V ���`�2 �7�Q�m�M�/�X �6�B�;�m�`�2�d�X�e�b�?�Q�r�b �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �K�Q�b�i �+�Q�K�K�Q�M
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�6�2�P�*�H ���M�/ �"�`�m�+�B�i�2�@�J�;�U�P�>�V�X �A�M �2���+�? �+���b�2�- �� �`�2�+�Q�;�M�B�x���#�H�2 �H���v�2�`�2�/ �;�2�Q�K�2�i�`�v �B�b �T�`�2�b�2�M�i
���M�/ �i�?�2 �k�. �+�Q�M�b�i�B�i�m�2�M�i�b ���`�2 �/�B�b�i�B�M�;�m�B�b�?�2�/ �r�?�2�M �p�B�b�m���H�B�x�2�/�X

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



�S�:�l �e ���0�0�C�j�C�R�N���I �a�3�c�n�I�j�c ���N�0 �C�L�U�I�3�L�3�N�j���j�C�R�N

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

�6�B�;�m�`�2 �d�X�d�,�1�t���K�T�H�2�b �Q�7 �K�Q�M�Q�H���v�2�`�b �Q�7 �b�Q�K�2 �Q�7 �i�?�2 �K�Q�b�i �+�Q�K�K�Q�M �H���v�2�`�2�/ �T�`�Q�i�Q�i�v�T�2�b�,
�*�/�A3�- �6�2�P�*�H�- �h�B�a3 �U�i�r�Q �H���v�2�`�b �b�B�M�+�2 �i�?�2 �b�i�`�m�+�i�m�`�2 �?���b �� �i�`���M�b�H���i�B�Q�M���H
�b�v�K�K�2�i�`�v�V�- �a�K�a�A�- �"�B2�h�23 ���M�/ �6�2�S�a3�X



�e�Y�S �m�N�a���q�3�I�C�N�< �I�R�s�A�0�C�L�3�N�c�C�R�N���I �c�j�a�n�,�j�n�a�3 �R�8 �3�u�U�3�a�C�L�3�N�j���I�I�w �G�N�R�s�N �,�R�L�U�R�n�N�0�c�S�:�k

�6�B�;�m�`�2 �d�X�3�,�J�Q�b�i �+�Q�K�K�Q�M �`�Q�/ �b�i�`�m�+�i�m�`�2 �T�`�Q�i�Q�i�v�T�2�b �Q�#�i���B�M�2�/ �#�v �i�?�B�b �b�2���`�+�?�X �h�?�2
�b�2�M�b�B�i�B�p�B�i�v �i�Q �i�?�2 �+�?�Q�B�+�2 �Q�7 �i�?�2R �p���H�m�2 �B�b �b�B�K�B�H���` �i�Q �i�?�2 �+���b�2 �Q�7 �i�?�2
�H���v�2�`�2�/ �b�i�`�m�+�i�m�`�2�b�, �b�K���H�H�2�`R �p���H�m�2�b �;�B�p�2 �K�Q�`�2 �T�`�Q�i�Q�i�v�T�2�b�X

�6�B�;�m�`�2 �d�X�N�,�1�t���K�T�H�2�b �Q�7 �b�B�M�;�H�2 �`�Q�/�b �Q�7 �7�Q�m�` �`�Q�/ �T�`�Q�i�Q�i�v�T�2�b�X �h�?�2 �}�`�b�i �2�t���K�T�H�2�-
�*�/�U�L�>3�V2�*�H2 �B�b �Q�M�H�v �7�Q�m�M�/ �r�?�2�M �� �H�Q�rR �p���H�m�2 �B�b �m�b�2�/ �U�6�B�;�m�`�2�d�X�3�V
�#�m�i �+�H�2���`�H�v �?���b �� �`�Q�/�@�H�B�F�2 �b�i�`�m�+�i�m�`�2�X �P�i�?�2�` �2�t���K�T�H�2�b ���`�2 �J�Q�"�`3�P�- �2�H�2�@
�K�2�M�i���H �b�2�H�2�M�B�m�K ���M�/ �a�#2�a3�X



�S�:�: �e ���0�0�C�j�C�R�N���I �a�3�c�n�I�j�c ���N�0 �C�L�U�I�3�L�3�N�j���j�C�R�N

�i�Q�i�v�T�2�b ���`�2 �B�H�H�m�b�i�`���i�2�/ �B�M �}�;�m�`�2�d�X�3�X �h�?�2 �b���K�2 �T���i�i�2�`�M �Q�7 �p���M�B�b�?�B�M�; �T�`�Q�i�Q�i�v�T�2�b �7�Q�` ��
�H���`�;�2 �p���H�m�2 �Q�7R �r���b �Q�#�b�2�`�p�2�/�X �h�?�2 �T�`�Q�i�Q�i�v�T�2�b �B�M �[�m�2�b�i�B�Q�M �r�2�`�2 �p�B�b�m���H�H�v �B�M�p�2�b�i�B�;���i�2�/�-
���M�/ �B�M ���H�H �+���b�2�b �� �`�Q�/ �b�i�`�m�+�i�m�`�2 �r���b �7�Q�m�M�/�X �a�m�+�? ���M �2�t���K�T�H�2�- �*�/�U�L�>3�V2�*�H2�- �B�b �B�H�H�m�b�@
�i�`���i�2�/ �B�M �}�;�m�`�2�d�X�N�X �h�?�2 �}�;�m�`�2 ���H�b�Q �b�?�Q�r�b �Q�i�?�2�` �2�t���K�T�H�2�b �Q�7 �b�m�+�+�2�b�b�7�m�H�H�v �B�/�2�M�i�B�}�2�/
�R�. �+�Q�M�b�i�B�i�m�2�M�i�b�- �Q�M�2 �Q�7 �i�?�2�K �#�2�B�M�; �i�?�2 �i�`�B�;�Q�M���H �;�`�Q�m�M�/ �b�i���i�2 �Q�7 �b�2�H�2�M�B�m�K �K���/�2 �Q�7
�H�Q�Q�b�2�H�v �+�Q�M�M�2�+�i�2�/ �b�T�B�`���H �`�Q�/�b�X

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

�e�Y�S�Y�: �+�R�N�,�I�n�c�C�R�N

�q�2 �?���p�2 �b�m�+�+�2�b�b�7�m�H�H�v �/�2�p�2�H�Q�T�2�/ ���M ���H�;�Q�`�B�i�?�K �7�Q�` �b�v�b�i�2�K���i�B�+ �+�H���b�b�B�}�+���i�B�Q�M �Q�7 �K���i�2�`�B���H�b
�#���b�2�/ �Q�M �i�?�2 �i�v�T�2 �Q�7 �i�?�2�B�` �H�Q�r �/�B�K�2�M�b�B�Q�M���H �+�Q�M�b�i�B�i�m�2�M�i�b�X �h�?�2 ���H�;�Q�`�B�i�?�K �+���M �+�Q�T�2 �2�p�2�M
�r�B�i�? �b�i�`�m�+�i�m�`�2�b �r�B�i�? �p���`�v�B�M�; �b�T���+�B�M�; �#�2�i�r�2�2�M �i�?�2 ���i�Q�K�B�+ �+�H�m�b�i�2�`�b�- �b�i�`�m�+�i�m�`�2�b �r�B�i�?
�+�Q�`�`�m�;���i�2�/ �+�H�m�b�i�2�`�b �Q�` �+�H�m�b�i�2�`�b �b�T�`�2���/�B�M�; �B�M �/�B�z�2�`�2�M�i �/�B�`�2�+�i�B�Q�M�b�X �h�?�2 �b�B�K�T�H�2 ���T�T�`�Q���+�?
�`�2�H�B�2�b �Q�M �i�?�2 �K���i�2�`�B���H�ö�b �;�2�Q�K�2�i�`�v ���M�/ �/�2�}�M�2�b �i�?�2 �+�H�m�b�i�2�`�b �Q�7 ���i�Q�K�b ���M�/ �b�+���H�B�M�; �Q�7
�M�m�K�#�2�`�b �Q�7 �+�H�m�b�i�2�`�b �r�?�2�M �;�Q�B�M�; �7�`�Q�K �T�`�B�K�B�i�B�p�2 �+�2�H�H �i�Q �� �b�m�T�2�`�@�+�2�H�H�X �h�?�B�b ���T�T�`�Q���+�?
�+���M�M�Q�i �`�2�T�H���+�2 �i�?�2 �7�m�H�H �.�6�h �b�i�m�/�v �b�B�M�+�2 �B�i �;�B�p�2�b �M�Q �B�M�7�Q�`�K���i�B�Q�M �Q�M �2�t�7�Q�H�B���i�B�Q�M �2�M�2�`�;�B�2�b�X
�A�i �+���M�- �?�Q�r�2�p�2�`�- �#�2 �m�b�2�/ ���b �T�`�B�Q�` �i�Q �i�?�2 �.�6�h �b�i�m�/�v ���M�/ �?�2�H�T �/�2�+�`�2���b�2 �i�?�2 �M�m�K�#�2�` �Q�7
�b�i�`�m�+�i�m�`�2�b �i�Q �+�Q�M�b�B�/�2�`�X �>�2�`�2 �r�2 �b�?�Q�r ���T�T�H�B�+���i�B�Q�M �Q�7 �i�?�2 �K�2�i�?�Q�/ �Q�M �i�?�2 �2�M�i�`�B�2�b �B�M �i�?�2
�A�*�a�. �/���i���#���b�2 �r�?�2�`�2 �B�i �b�m�+�+�2�b�b�7�m�H�H�v �B�/�2�M�i�B�}�2�b �2�t�T�2�`�B�K�2�M�i���H�H�v �F�M�Q�r�M �?�2�i�2�`�Q�b�i�`�m�+�i�m�`�2�b
���M�/ �T�`�Q�/�m�+�2�b ���M �2�t�?���m�b�i�B�p�2 �H�B�b�i �Q�7 �T�Q�i�2�M�i�B���H �+���M�/�B�/���i�2�b �7�Q�` �2�t�7�Q�H�B���i�B�Q�M�X �h�?�2 �`�2�b�m�H�i�b
�Q�#�i���B�M�2�/ �m�b�B�M�; �i�?�B�b �K�2�i�?�Q�/ �+���M �b�2�`�p�2 ���b �� �b�i���`�i�B�M�; �T�Q�B�M�i �7�Q�` �� �b�+�`�2�2�M�B�M�; �b�i�m�/�v �Q�` �7�Q�`
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�r�B�i�?�Q�m�i �� �;�Q�Q�/ �b�i�`���i�2�;�v�X �h�?�B�b �r�Q�`�F �?���b �#�2�2�M �+�Q�M�+�2�`�M�2�/ �r�B�i�? �}�M�/�B�M�; �M�2�r �2�t�+�2�H�H�2�M�i
�T�?�Q�i�Q�p�Q�H�i���B�+ �U�S�o�V ���M�/ �T�?�Q�i�Q�2�H�2�+�i�`�Q�+�?�2�K�B�+���H �U�S�*�V �K���i�2�`�B���H�b�- �r�?�B�+�?�- �K�m�b�i �?���p�2 �i�?�2
�7�Q�H�H�Q�r�B�M�; �T�`�Q�T�2�`�i�B�2�b�, �2�{�+�B�2�M�i �H�B�;�?�i ���#�b�Q�`�T�i�B�Q�M ���M�/ �+���`�`�B�2�` �b�2�T���`���i�B�Q�M�- �H�Q�r �T�`�Q�/�m�+�i�B�Q�M
�+�Q�b�i ���M�/ �i�?�2�v �b�?�Q�m�H�/ �#�2 �M�Q�M�@�i�Q�t�B�+ �Q�` �?���`�K�7�m�H �7�Q�` �i�?�2 �2�M�p�B�`�Q�M�K�2�M�i�X �h�?�2 �b�+�`�2�2�M�B�M�;
�b�i�`���i�2�;�v ���T�T�H�B�2�/ �?�2�`�2 �`�2�H�B�2�b �Q�M �m�b�B�M�; �i�?�2 �+�Q�`�`�2�+�i �/�2�b�+�`�B�T�i�Q�`�b �7�Q�` �i�?�2 �T�`�Q�T�2�`�i�B�2�b �K�2�M�@
�i�B�Q�M�2�/ ���#�Q�p�2�X �h�?�2 �/�2�b�+�`�B�T�i�Q�`�b �r�2�`�2 �+�?�Q�Q�b�2�M �i�Q �#�2�, �#���M�/ �;���T �B�M �i�?�2 �p�B�b�B�#�H�2 �`���M�;�2�-
�H�Q�r �+���`�`�B�2�` �2�z�2�+�i�B�p�2 �K���b�b�2�b ���M�/ �M�Q �2�H�2�+�i�`�Q�M�B�+ �K�B�/�@�;���T �b�i���i�2�b �/�m�2 �i�Q �T�Q�B�M�i �/�2�7�2�+�i�b�X
���/�/�B�i�B�Q�M���H�H�v�- �K���i�2�`�B���H�b ���`�2 �`�2�[�m�B�`�2�/ �i�Q �#�2 �+�Q�K�T�Q�b�2�/ �Q�7 �2�H�2�K�2�M�i�b �i�?���i ���`�2 ���#�m�M�/���M�i�-
�M�Q�M�@�i�Q�t�B�+ ���M�/ �+�Q�K�2 �r�B�i�? �� �H�Q�r �>�>�A �B�M�/�2�t�X

�J�Q�b�i �Q�7 �i�?�2 �K���i�2�`�B���H�b �B�M�p�2�b�i�B�;���i�2�/ �?�2�`�2 �?���p�2 �M�Q�i �#�2�2�M �b�v�M�i�?�2�b�B�x�2�/ �v�2�i�- �r�?�B�+�?
�B�K�T�Q�b�2�b ���M ���/�/�B�i�B�Q�M���H �+�`�B�i�2�`�B���c �b�i���#�B�H�B�i�v�X �q�?�2�i�?�2�` �i�?�2 �K���i�2�`�B���H �B�b �b�i���#�H�2 �r�B�i�? �`�2�b�T�2�+�i
�i�Q �i�?�2 �/�2�+�Q�K�T�Q�b�B�i�B�Q�M �B�M�i�Q �+�Q�K�T�2�i�B�M�; �T�?���b�2�b �B�b �B�M�p�2�b�i�B�;���i�2�/ �m�b�B�M�; �i�?�2 �+�Q�M�p�2�t �?�m�H�H
���T�T�`�Q���+�?�X ���M�Q�i�?�2�` �B�b�b�m�2�- �T�?���b�2 �b�i���#�B�H�B�i�v�- �+���M �#�2 �� �i�`�B�+�F�v �i���b�F �B�M �+���b�2�b �r�?�2�`�2 �i�?�2
�+�`�v�b�i���H �b�i�`�m�+�i�m�`�2 �B�b �M�Q�i �F�M�Q�r�M�X �A�M �i�?���i �+���b�2 �� �b�2���`�+�? �7�Q�` �i�?�2 �;�`�Q�m�M�/ �b�i���i�2 �Q�7 �K���i�2�`�B���H�b
�r���b �/�Q�M�2 �#�v �B�M�p�2�b�i�B�;���i�B�M�; �F�M�Q�r�M �T�`�Q�i�Q�i�v�T�2�b �Q�7 �i�?�2 �b���K�2 �b�i�Q�B�+�?�B�Q�K�2�i�`�v ���b �i�?�2 �K���i�2�`�B���H
�Q�7 �B�M�i�2�`�2�b�i ���M�/ �}�M�/�B�M�; �i�?�2 �b�i�`�m�+�i�m�`�2 �r�B�i�? �H�Q�r�2�b�i �2�M�2�`�;�v�X
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�+�Q�T�2 �r�B�i�? �i�?�2 �i���b�F �Q�7 �}�M�/�B�M�; �M�2�r �S�o ���M�/ �S�* �K���i�2�`�B���H�b�X �h�?�2 �Q�`�/�2�` �B�M �r�?�B�+�? �� �/�2�b�+�`�B�T�@
�i�Q�` ���T�T�2���`�b �B�M �i�?�2 �b�i�m�/�v �/�2�T�2�M�/�b �Q�M �i�?�2 �+�Q�K�T�H�2�t�B�i�v ���M�/ �+�Q�b�i �Q�7 �i�?�2 �+���H�+�m�H���i�B�Q�M �M�2�2�/�2�/
�i�Q �Q�#�i���B�M �B�i�X �h�?�B�b �r���v�- �i�?�2 �ó�2���b�v�ô �/�2�b�+�`�B�T�i�Q�`�b ���`�2 �B�M�i�`�Q�/�m�+�2�/ �2���`�H�B�2�` ���M�/ �Q�#�i���B�M�2�/ �7�Q�`
�K���M�v �K���i�2�`�B���H�b �r�?�B�H�2 �i�?�2 �ó�/�B�{�+�m�H�i�ô �Q�M�2�b ���`�2 ���/�/�2�/ �H���i�2�` ���M�/ ���`�2 �Q�#�i���B�M�2�/ �Q�M�H�v �7�Q�` ��
�?���M�/�7�m�H �Q�7 �K���i�2�`�B���H�b�X

�P�m�` �b�i�m�/�B�2�b �`�2�b�m�H�i�2�/ �B�M �b�2�p�2�`���H �+���M�/�B�/���i�2 �K���i�2�`�B���H�b �7�Q�` �T�?�Q�i�Q�p�Q�H�i���B�+�b ���M�/ �T�?�Q�i�Q�@
�2�H�2�+�i�`�Q�+�?�2�K�B�+���H �T�`�Q�/�m�+�i�B�Q�M �Q�7 �?�v�/�`�Q�;�2�M�X �a�2�p�2�`���H �Q�7 �i�?�2 �T�`�Q�K�B�b�b�B�M�; �b�2�K�B�+�Q�M�/�m�+�i�Q�`�b
�?���p�2 ���H�`�2���/�v �#�2�2�M ���H�`�2���/�v �b�v�M�i�?�2�b�B�x�2�/�- ���M�/ �i�?�2�v �b���i�B�b�7�v ���H�H �i�?�2 �+�`�B�i�2�`�B�� �B�M�i�`�Q�/�m�+�2�/�X
�a�Q�K�2 �Q�7 �i�?�Q�b�2�- �H�B�F�2 �7�Q�` �2�t���K�T�H�2 �*�m2�a�- �*�m2�P�- �*�m�a�#�a�22�- �*�b�a�M�A3�- �w�M�a�M�L2�- �w�M�a�B�S2�-
�"���w�`�a3 ���M�/ �Q�i�?�2�`�b�- �?���p�2 ���H�`�2���/�v �#�2�2�M �B�M�p�2�b�i�B�;���i�2�/ �7�Q�` �S�o �Q�` �S�* ���T�T�H�B�+���i�B�Q�M�X �P�i�?�2�`�b
�`�2�[�m�B�`�2 ���/�/�B�i�B�Q�M���H �i�?�2�Q�`�2�i�B�+���H ���M�/ �2�t�T�2�`�B�K�2�M�i���H �B�M�p�2�b�i�B�;���i�B�Q�M�X ���H�b�Q�- �r�2 �/�B�b�+�Q�p�2�`�2�/
�M�2�r�- �T�`�2�p�B�Q�m�b�H�v �m�M�F�M�Q�r�M �K���i�2�`�B���H�b �r�?�B�+�? �T�Q�b�b�2�b�b ���H�H �i�?�2 �/�2�b�B�`�2�/ �T�`�Q�T�2�`�i�B�2�b�X �1�p�2�M
�i�?�Q�m�;�? �r�2 �B�M�p�2�b�i�B�;���i�2�/ �i�?�2 �b�i���#�B�H�B�i�v �Q�7 �i�?�2 �+�Q�K�T�Q�m�M�/�b�- �B�b�b�m�2�b �K���v �`�B�b�2 �/�m�2 �i�Q �M�Q�M�@
�B�/�2���H �2�t�T�2�`�B�K�2�M�i���H �+�Q�M�/�B�i�B�Q�M�b�- �i�?�2�`�K���H �2�z�2�+�i�b �Q�` �K�2�i���b�i���#�B�H�B�i�v �Q�7 �b�2�p�2�`���H �T�?���b�2�b�X �A�M
�K�v �Q�T�B�M�B�Q�M�- �B�i �B�b �+�`�m�+�B���H �i�Q �r�Q�`�F �+�H�Q�b�2�H�v �r�B�i�? �i�?�2 �2�t�T�2�`�B�K�2�M�i���H�B�b�i ���b �i�?�2�v �+���M �T�Q�B�M�i
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�H�2�K�b �r�?�2�M �i�`�v�B�M�; �i�Q�T �/�2�T�Q�b�B�i �b�Q�K�2 �K�2�i���H�b �i�Q�;�2�i�?�2�` �r�B�i�? �b�m�H�7�m�`�X ���M �2�t���K�T�H�2 �Q�7 �b�m�+�? ��
�+�Q�H�H���#�Q�`���i�B�Q�M �+���M �#�2 �7�Q�m�M�/ �T���T�2�` �A�A�A�- �r�?�2�`�2 �� �b�m�+�+�2�b�b�7�m�H �+�Q�?�2�b�B�Q�M �Q�7 �2�t�T�2�`�B�K�2�M�i���H ���M�/
�i�?�2�Q�`�2�i�B�+���H �r�Q�`�F �`�2�b�m�H�i�2�/ �B�M �b�v�M�i�?�2�b�B�b �Q�7 �G���u�a3�- �� �T�`�Q�K�B�b�b�B�M�; �H���`�;�2 �#���M�/ �;���T �b�2�K�B�@
�+�Q�M�/�m�+�i�Q�` �7�Q�` �T�?�Q�i�Q�2�H�2�+�i�`�Q�+�?�2�K�B�+���H �r���i�2�` �b�T�H�B�i�i�B�M�;�X �� �K���i�+�?�B�M�; �+�`�v�b�i���H �b�i�`�m�+�i�m�`�2 �r���b
�Q�#�i���B�M�2�/ ���b �r�2�H�H ���b �;�Q�Q�/ ���;�`�2�2�K�2�M�i �#�2�i�r�2�2�M �i�?�2�Q�`�2�i�B�+���H ���M�/ �2�t�T�2�`�B�K�2�M�i���H �#���M�/ �;���T�X

�A�M �i�?�2 �7�m�i�m�`�2�- �i�?�2 �B�M�+�`�2���b�B�M�; �+�Q�K�T�m�i���i�B�Q�M���H �`�2�b�Q�m�`�+�2�b ���p���B�H���#�H�2 �r�B�H�H ���H�H�Q�r �K�Q�`�2
�b�B�K�B�H���` �b�i�m�/�B�2�b�X �P�M�2 �b�?�Q�m�H�/ �F�2�2�T �B�M �K�B�M�/ �i�?�Q�m�;�? �i�?���i �[�m���H�B�i�v ���M�/ �M�Q�i �[�m���M�i�B�i�v �B�b
�r�?���i �K���F�2�b �;�Q�Q�/ �b�+�B�2�M�+�2 ���M�/ �`�2�H�B���#�H�2 �`�2�b�m�H�i�b�- �K�2���M�B�M�; �+�Q�K�T�m�i�2�`�b �b�?�Q�m�H�/ �M�Q�i �#�2 �m�b�2�/
�#�H�B�M�/�H�v�X �A�M�b�i�2���/�- �Q�M�2 �b�?�Q�m�H�/ �7�Q�+�m�b �Q�M �B�K�T�`�Q�p�B�M�; �+�m�`�`�2�M�i �K�2�i�?�Q�/�b ���M�/ �K���F�2 �b�m�`�2 �i�?���i
�i�?�2 �7�m�M�/���K�2�M�i���H �b�+�B�2�M�+�2 �B�b ���/�2�[�m���i�2�H�H�v �`�2�T�`�2�b�2�M�i�2�/�X �P�M �r���v �i�Q ���+�?�B�2�p�2 �i�?���i �B�b �#�v
�B�M�i�`�Q�/�m�+�B�M�; �#�2�i�i�2�` �/�2�b�+�`�B�T�i�Q�`�b�X �6�Q�` �2�t���K�T�H�2�- �K�Q�`�2 �r�Q�`�F �+���M �#�2 �/�Q�M�2 �Q�M �B�M�p�2�b�i�B�;���i�B�M�;
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�(�k�e�)���b�F �>�D�Q�`�i�? �G���`�b�2�M �2�i ���H�X �ó�h�?�2 ���i�Q�K�B�+ �b�B�K�m�H���i�B�Q�M �2�M�p�B�`�Q�M�K�2�M�i���� �S�v�i�?�Q�M �H�B�@
�#�`���`�v �7�Q�` �r�Q�`�F�B�M�; �r�B�i�? ���i�Q�K�b�ô�X �A�M�,�C�Q�m�`�M���H �Q�7 �S�?�v�b�B�+�b�, �*�Q�M�/�2�M�b�2�/ �J���i�i�2�`�k�N�X�k�d
�U�k�y�R�d�V�- �T���;�2 �k�d�j�y�y�k�X



�#�C�$�I�C�R�<�a���U�@�w �S�:�O

�(�k�d�)�.���p�B�/ �o���M�/�2�`�#�B�H�i�X �ó�a�Q�7�i �b�2�H�7�@�+�Q�M�b�B�b�i�2�M�i �T�b�2�m�/�Q�T�Q�i�2�M�i�B���H�b �B�M �� �;�2�M�2�`���H�B�x�2�/ �2�B�;�2�M�@
�p���H�m�2 �7�Q�`�K���H�B�b�K�ô�X �A�M�,�S�?�v�b�X �_�2�p�X �"�9�R �U�R�R ���T�`�B�H �R�N�N�y�V�- �T���;�2�b �d�3�N�k���d�3�N�8�X�/�Q�B�,
�R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�"�X�9�R�X�d�3�N�k�X

�(�k�3�)�E���`�b�i�2�M �_�Q�b�i�;�����`�/�X�h�?�2 �S� �̀Q�D�2�+�i�Q�` ���m�;�K�2�M�i�2�/�@�r���p�2 �J�2�i�?�Q�/�X �k�y�R�y�X�m�`�H�,�?�i�i�T�b�,
�f �f �r�B�F�B�X�7�v�b�B�F�X�/�i�m�X�/�F�f �;�T���r �f �n�/�Q�r�M�H�Q���/�b�f �T���r �n�M�Q�i�2�X�T�/�7�U�p�B�b�B�i�2�/ �Q�M ���m�@
�;�m�b�i �R�d�- �k�y�R�d�V�X

�(�k�N�)�S�X �1�X �"�H�º�+�?�H�X �ó�S�`�Q�D�2�+�i�Q�` ���m�;�K�2�M�i�2�/�@�r���p�2 �K�2�i�?�Q�/�ô�X �A�M�,�S�?�v�b�X �_�2�p�X �"�8�y �U�k�9
�.�2�+�2�K�#�2�` �R�N�N�9�V�- �T���;�2�b �R�d�N�8�j���R�d�N�d�N�X�/�Q�B�,�R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�"�X�8�y�X�R�d�N�8�j�X

�(�j�y�) �C�Q�?�M �S�X �S�2�`�/�2�r �2�i ���H�X �ó�l�M�/�2�`�b�i���M�/�B�M�; �#���M�/ �;���T�b �Q�7 �b�Q�H�B�/�b �B�M �;�2�M�2�`���H�B�x�2�/ �E�Q�?�M��
�a�?���K �i�?�2�Q�`�v�ô�X �2�M�X �A�M�,�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �L���i�B�Q�M���H ���+���/�2�K�v �Q�7 �a�+�B�2�M�+�2�b�R�R�9�X�R�R
�U�J���`�+�? �k�y�R�d�V�- �T���;�2�b �k�3�y�R���k�3�y�e�X�/�Q�B�,�R�y�X�R�y�d�j�f�T�M���b�X�R�e�k�R�j�8�k�R�R�9�X

�(�j�R�)�C�Q�?�M �S�X �S�2�`�/�2�r ���M�/ �J�2�H �G�2�p�v�X �ó�S�?�v�b�B�+���H �*�Q�M�i�2�M�i �Q�7 �i�?�2 �1�t���+�i �E�Q�?�M�@�a�?���K
�P�`�#�B�i���H �1�M�2�`�;�B�2�b�, �"���M�/ �:���T�b ���M�/ �.�2�`�B�p���i�B�p�2 �.�B�b�+�Q�M�i�B�M�m�B�i�B�2�b�ô�X �A�M�,�S�?�v�b�X �_�2�p�X
�G�2�i�i�X�8�R �U�k�y �L�Q�p�2�K�#�2�` �R�N�3�j�V�- �T���;�2�b �R�3�3�9���R�3�3�d�X�/�Q�B�, �R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�G�2�i�i�X
�8�R�X�R�3�3�9�X

�(�j�k�) �C�Q�?�M �S�X �S�2�`�/�2�r�X �ó�.�2�M�b�B�i�v �7�m�M�+�i�B�Q�M���H �i�?�2�Q�`�v ���M�/ �i�?�2 �#���M�/ �;���T �T�`�Q�#�H�2�K�ô�X �2�M�X �A�M�,
�A�M�i�2�`�M���i�B�Q�M���H �C�Q�m�`�M���H �Q�7 �Z�m���M�i�m�K �*�?�2�K�B�b�i�`�v�j�y�X�j �U�a�2�T�i�2�K�#�2�` �R�N�3�e�V�- �T���;�2�b �9�8�R��
�9�8�R�X�/�Q�B�,�R�y�X�R�y�y�k�f�[�m���X�8�e�y�j�y�y�j�R�9�X

�(�j�j�) �J�X �E�m�B�b�K�� �2�i ���H�X �A�M�,�S�?�v�b�X �_�2�p�X �"�3�k�X�R�R �U�a�2�T�i�2�K�#�2�` �k�y�R�y�V�- �T���;�2 �R�R�8�R�y�e�X�/�Q�B�,
�R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�"�X�3�k�X�R�R�8�R�y�e�X

�(�j�9�) �P�X �:�`�B�i�b�2�M�F�Q �2�i ���H�X �ó�a�2�H�7�@�+�Q�M�b�B�b�i�2�M�i ���T�T�`�Q�t�B�K���i�B�Q�M �i�Q �i�?�2 �E�Q�?�M�@�a�?���K �1�t�@
�+�?���M�;�2 �S�Q�i�2�M�i�B���H�ô�X �A�M�,�S�?�v�b�X �_�2�p�X ���8�R �U�R�N�N�8�V�- �T���;�2 �R�N�9�9�X

�(�j�8�) �C�Q�?�M �S�X �S�2�`�/�2�r �2�i ���H�X �ó�_�2�b�i�Q�`�B�M�; �i�?�2 �.�2�M�b�B�i�v�@�:�`���/�B�2�M�i �1�t�T���M�b�B�Q�M �7�Q�` �1�t�+�?���M�;�2
�B�M �a�Q�H�B�/�b ���M�/ �a�m�`�7���+�2�b�ô�X �A�M�,�S�?�v�b�X �_�2�p�X �G�2�i�i�X�R�y�y �U�k�y�y�3�V�- �T���;�2 �R�j�e�9�y�e�X

�(�j�e�) �A�p���M�Q �1�X �*���b�i�2�H�H�B �2�i ���H�X �ó�*�Q�K�T�m�i���i�B�Q�M���H �b�+�`�2�2�M�B�M�; �Q�7 �T�2�`�Q�p�b�F�B�i�2 �K�2�i���H �Q�t�B�/�2�b
�7�Q�` �Q�T�i�B�K���H �b�Q�H���` �H�B�;�?�i �+���T�i�m�`�2�ô�X �2�M�X �A�M�,�1�M�2� �̀;�v �� �1�M�p�B� �̀Q�M�K�2�M�i���H �a�+�B�2�M�+�2�8�X�k
�U�C���M�m���`�v �k�y�R�k�V�- �T���;�2�b �8�3�R�9���8�3�R�N�X�/�Q�B�,�R�y�X�R�y�j�N�f�*�R�1�1�y�k�d�R�d�.�X

�(�j�d�) �A�p���M�Q �1�X �*���b�i�2�H�H�B �2�i ���H�X �ó�L�2�r �G�B�;�?�i�@�>���`�p�2�b�i�B�M�; �J���i�2�`�B���H�b �l�b�B�M�; ���+�+�m�`���i�2 ���M�/
�1�{�+�B�2�M�i �"���M�/�;���T �*���H�+�m�H���i�B�Q�M�b�ô�X �2�M�X �A�M�,���/�p���M�+�2�/ �1�M�2� �̀;�v �J���i�2�`�B���H�b�8�X�k �U�C���M�@
�m���`�v �k�y�R�8�V�- �M�f�����M�f���X�/�Q�B�,�R�y�X�R�y�y�k�f���2�M�K�X�k�y�R�9�y�y�N�R�8�X

�(�j�3�) ���t�2�H �.�X �"�2�+�F�2 ���M�/ �1�`�B�M �_�X �C�Q�?�M�b�Q�M�X �ó�� �b�B�K�T�H�2 �2�z�2�+�i�B�p�2 �T�Q�i�2�M�i�B���H �7�Q�` �2�t�+�?���M�;�2�ô�X
�A�M�,�h�?�2 �C�Q�m�`�M���H �Q�7 �*�?�2�K�B�+���H �S�?�v�b�B�+�b�R�k�9�X�k�k �U�C�m�M�2 �k�y�y�e�V�- �T���;�2 �k�k�R�R�y�R�X�/�Q�B�,
�R�y�X�R�y�e�j�f�R�X�k�k�R�j�N�d�y�X

�(�j�N�)�6���#�B�2�M �h�`���M ���M�/ �S�2�i�2�` �"�H���?���X �ó���+�+�m�`���i�2 �"���M�/ �:���T�b �Q�7 �a�2�K�B�+�Q�M�/�m�+�i�Q�`�b ���M�/
�A�M�b�m�H���i�Q�`�b �r�B�i�? �� �a�2�K�B�H�Q�+���H �1�t�+�?���M�;�2�@�*�Q�`�`�2�H���i�B�Q�M �S�Q�i�2�M�i�B���H�ô�X �A�M�,�S�?�v�b�X �_�2�p�X
�G�2�i�i�X�R�y�k �U�k�k �C�m�M�2 �k�y�y�N�V�- �T���;�2 �k�k�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 �R�y�k �X
�k�k�e�9�y�R�X

�(�9�y�)���i�i�B�H�� �a�x���#�Q ���M�/ �L�2�B�H �a �P�b�i�H�m�M�/�X�J�Q�/�2�`�M �[�m���M�i�m�K �+�?�2�K�B�b�i�`�v �, �B�M�i� �̀Q�/�m�+�i�B�Q�M
�i�Q ���/�p���M�+�2�/ �2�H�2�+�i� �̀Q�M�B�+ �b�i�`�m�+�i�m� �̀2 �i�?�2�Q�`�v�X �1�M�;�H�B�b�?�X �J�B�M�2�Q�H���- �L�X�u�X �, �.�Q�p�2�` �S�m�#�H�B�@
�+���i�B�Q�M�b�- �R�N�N�e�X
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�(�9�R�)���t�2�H �.�X �"�2�+�F�2�X �ó�.�2�M�b�B�i�v�b�7�m�M�+�i�B�Q�M���H �i�?�2�`�K�Q�+�?�2�K�B�b�i�`�v�X �A�A�A�X �h�?�2 �`�Q�H�2 �Q�7 �2�t���+�i
�2�t�+�?���M�;�2�ô�X �A�M�,�h�?�2 �C�Q�m�`�M���H �Q�7 �*�?�2�K�B�+���H �S�?�v�b�B�+�b�N�3�X�d �U���T�`�B�H �R�N�N�j�V�- �T���;�2�b �8�e�9�3��
�8�e�8�k�X�/�Q�B�,�R�y�X�R�y�e�j�f�R�X�9�e�9�N�R�j�X

�(�9�k�)�*���`�H�Q ���/���K�Q ���M�/ �o�B�M�+�2�M�x�Q �"���`�Q�M�2�X �ó�h�Q�r���`�/ �`�2�H�B���#�H�2 �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M���H �K�2�i�?�@
�Q�/�b �r�B�i�?�Q�m�i ���/�D�m�b�i���#�H�2 �T���`���K�2�i�2�`�b�, �h�?�2 �S�"�1�y �K�Q�/�2�H�ô�X �A�M�,�h�?�2 �C�Q�m�`�M���H �Q�7
�*�?�2�K�B�+���H �S�?�v�b�B�+�b�R�R�y�X�R�j �U�J���`�+�? �R�N�N�N�V�- �T���;�2�b �e�R�8�3���e�R�d�y�X�/�Q�B�, �R�y �X�R�y�e�j �f �R�X
�9�d�3�8�k�k�X

�(�9�j�) �C�Q�+�?�2�M �>�2�v�/�- �:�m�b�i���p�Q �1�X �a�+�m�b�2�`�B���- ���M�/ �J���i�i�?�B���b �1�`�M�x�2�`�?�Q�7�X �ó�>�v�#�`�B�/ �7�m�M�+�@
�i�B�Q�M���H�b �#���b�2�/ �Q�M �� �b�+�`�2�2�M�2�/ �*�Q�m�H�Q�K�# �T�Q�i�2�M�i�B���H�ô�X �A�M�,�h�?�2 �C�Q�m�`�M���H �Q�7 �*�?�2�K�B�+���H
�S�?�v�b�B�+�b�R�R�3�X�R�3 �U���T�`�B�H �k�y�y�j�V�- �T���;�2�b �3�k�y�d���3�k�R�8�X�/�Q�B�,�R�y�X�R�y�e�j�f�R�X�R�8�e�9�y�e�y�X

�(�9�9�)�C�Q�?�M �S�X �S�2�`�/�2�r �2�i ���H�X �ó���i�Q�K�b�- �K�Q�H�2�+�m�H�2�b�- �b�Q�H�B�/�b�- ���M�/ �b�m�`�7���+�2�b�, ���T�T�H�B�+���i�B�Q�M�b �Q�7
�i�?�2 �;�2�M�2�`���H�B�x�2�/ �;�`���/�B�2�M�i ���T�T�`�Q�t�B�K���i�B�Q�M �7�Q�` �2�t�+�?���M�;�2 ���M�/ �+�Q�`�`�2�H���i�B�Q�M�ô�X �A�M�,�S�?�v�b�X
�_�2�p�X �"�9�e �U�R�R �a�2�T�i�2�K�#�2�` �R�N�N�k�V�- �T���;�2�b �e�e�d�R���e�e�3�d�X�/�Q�B�, �R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�"�X
�9�e�X�e�e�d�R�X

�(�9�8�)�"�m�`���F �>�B�K�K�2�i�Q�;�H�m �2�i ���H�X �ó�>�m�#�#���`�/�@�+�Q�`�`�2�+�i�2�/ �.�6�h �2�M�2�`�;�v �7�m�M�+�i�B�Q�M���H�b�, �h�?�2
�G�.���Y�l �/�2�b�+�`�B�T�i�B�Q�M �Q�7 �+�Q�`�`�2�H���i�2�/ �b�v�b�i�2�K�b�ô�X �A�M�,�A�M�i�2�`�M���i�B�Q�M���H �C�Q�m�`�M���H �Q�7 �Z�m���M�@
�i�m�K �*�?�2�K�B�b�i�`�v�R�R�9�X�R �U�k�y�R�9�V�- �T���;�2�b �R�9���9�N�X�/�Q�B�,�R�y�X�R�y�y�k�f�[�m���X�k�9�8�k�R�X

�(�9�e�)�C�X �C�X �J�Q�`�i�2�M�b�2�M �2�i ���H�X �ó�"���v�2�b�B���M �1�`�`�Q�` �1�b�i�B�K���i�B�Q�M �B�M �.�2�M�b�B�i�v�@�6�m�M�+�i�B�Q�M���H �h�?�2�@
�Q�`�v�ô�X �A�M�,�S�?�v�b�X �_�2�p�X �G�2�i�i�X�N�8 �U�k�R �L�Q�p�2�K�#�2�` �k�y�y�8�V�- �T���;�2 �k�R�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�8�X�k�R�e�9�y�R�X

�(�9�d�)�C�2�b�b �q�2�H�H�2�M�/�Q�`�z �2�i ���H�X �ó�.�2�M�b�B�i�v �7�m�M�+�i�B�Q�M���H�b �7�Q�` �b�m�`�7���+�2 �b�+�B�2�M�+�2�, �1�t�+�?���M�;�2�@
�+�Q�`�`�2�H���i�B�Q�M �K�Q�/�2�H �/�2�p�2�H�Q�T�K�2�M�i �r�B�i�? �"���v�2�b�B���M �2�`�`�Q�` �2�b�i�B�K���i�B�Q�M�ô�X �A�M�,�S�?�v�b�X �_�2�p�X
�" �3�8 �U�k�j �C�m�M�2 �k�y�R�k�V�- �T���;�2 �k�j�8�R�9�N�X�/�Q�B�,�R�y�X�R�R�y�j�f�S�?�v�b�_�2�p�"�X�3�8�X�k�j�8�R�9�N�X

�(�9�3�)�C�2�b�b �q�2�H�H�2�M�/�Q�`�z �2�i ���H�X �ó�K�"�1�1�6�, ���M ���+�+�m�`���i�2 �b�2�K�B�@�H�Q�+���H �"���v�2�b�B���M �2�`�`�Q�` �2�b�i�B�@
�K���i�B�Q�M �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M���H�ô�X �A�M�,�h�?�2 �C�Q�m�`�M���H �Q�7 �*�?�2�K�B�+���H �S�?�v�b�B�+�b�R�9�y�X�R�9 �U���T�`�B�H
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