






�S�f�4 �Ô�é�� ���ñ �² �� �« �� �Ô�ñ�é �� �ñ �� �Ñ�¶�ñ�� �¶ �� �Ô�«�ž�ã �«�ñ�è�ÿ�� �� �¶ �� �� �« �Ô�¶�é�«�¶

�l �r�3 �s�C�I�I �N�R�j �n�c�3 �L�n�,�@ ���$�R�n�j �T�w�j�@�R�N�.
���N�0 �� �a�3���0�3�a �j�@���j �@���c �8���L�C�I�C���a�C�j�w �s�C�j�@
�U�a�R�<�a���L�L�C�N�< �C�N ���N�w �I���N�<�n���<�3 �c�@�R�n�I�0
�$�3 ���$�I�3 �j�R �8�R�I�I�R�s ���I�R�N�<�Y

�l�Y�i�@�3�N�. �s�3 �s�C�I�I �c�@�R�s �@�R�s �s�3 �,���N �s�a�C�j�3 �� �U�a�R�<�a���L �j�R �,�R�L�U�n�j�3
�ú�� �ö�� �Ž�ô�‰�ô�ˆ�C�N�T�w�j�@�R�N�Y�l

�k�Y�7�C�N���I�I�w�. �s�3 �s�C�I�I �c�@�R�s �@�R�s �s�3 �,���N �j�a���N�c�8�R�a�L �j�@�C�c �T�w�j�@�R�N �U�a�R�<�a���L
�C�N�j�R �� �M���M�/ �U�a�R�<�a���L�Y

�9�Y�S�Y�S�+�R�N�,�a�3�j�3 �a�3�U�a�3�c�3�N�j���j�C�R�N �8�R�a �M���M�/ �U�a�R�<�a���L�c

�7�C�<�n�a�3 �9�Y�l�- �B�N �j�@�3 �?���a�q���a�0 �K���a�G �B �,�R�L�U�n�j�3�a�. �� �U�a�R�<�a���L �s���c �a�3�U�a�3�c�3�N�j�3�0 ���c �� �I�C�c�j �R�8
�j�a�C�U�I�3�c �R�8 �N�n�L�$�3�a�c�. �s�@�C�,�@ �s�3�a�3 �j�@�3�N �3�N�,�R�0�3�0 �$�w �U�3�a�8�R�a���j�C�N�< �@�R�I�3�c �C�N �� �,�R�N�j�a�R�I �,���a�0�Y

�� �M���M�/ �U�a�R�<�a���L �C�c �c�C�L�U�I�w �� �c�3�\�n�3�N�,�3 �R�8 �I�C�N�3�c �R�8 �j�@�3 �8�R�a�L

�E�O�D�K� �1�$�1�'���E�D�]���E�R�R��

�i�@�3�a�3 �C�c �R�8 �,�R�n�a�c�3 �N�R�j�@�C�N�< �c�U�3�,�C���I ���$�R�n�j �j�@�3�c�3 �U���a�j�C�,�n�I���a �C�0�3�N�j�C�~�3�a�c�Y
�?�3�N�,�3 �j�R �a�3�U�a�3�c�3�N�j �� �M���M�/ �U�a�R�<�a���L �L���j�@�3�L���j�C�,���I�I�w�. �s�3 �,���N �c�C�L�U�I�w
�C�0�3�N�j�C�8�w �j�@�3 �q���a�C���$�I�3�c �s�C�j�@ �N���j�n�a���I �N�n�L�$�3�a�c�. ���N�0 �j�@�C�N�G �R�8 �3���,�@ �I�C�N�3
���c �� �j�a�C�U�I�3�	��� ��� ���
�s�@�C�,�@ �,�R�a�a�3�c�U�R�N�0�c �j�R �c���w�C�N�< �j�@���j �s�3 ���c�c�C�<�N �j�R �j�@�3
���A�j�@ �q���a�C���$�I�3 �j�@�3 �M���M�/ �R�8 �j�@�3 �q���I�n�3�c �R�8 �j�@�3���A�j�@ ���N�0���A�j�@ �q���a�C���$�I�3�c�Y
�r�3 �s�C�I�I �n�c�3 �j�@�3 �c�3�j�<�#�> �� �\��� ��� �w � �# 
7 ���^���c �R�n�a �c�3�j �R�8 �q���a�C���$�I�3�c�. ���N�0
�8�R�a �,�R�N�,�a�3�j�3�N�3�c�c �s�3 �s�C�I�I �I�3�j �j�@�3 �C�N�U�n�j �q���a�C���$�I�3�c �$�3 �j�@�3 �~�a�c�j�� �N�n�L�$�3�a�c�.
���N�0 �j�@�3 �R�n�j�U�n�j �q���a�C���$�I�3�c �$�3 �j�@�3 �I���c�j�� �N�n�L�$�3�a�c �V�C�Y�3�Y�. �j�@�3 �N�n�L�$�3�a�c
�	�# 
7 ��� �w � �# 
7 ���
�W�Y �i�@�C�c �L�R�j�C�q���j�3�c �j�@�3 �8�R�I�I�R�s�C�N�< �0�3�~�N�C�j�C�R�N�-

�/�3�~�N�C�j�C�R�N �9�Y�k�! �H�C�c�j �R�8 �j�n�U�I�3�c �a�3�U�a�3�c�3�N�j���j�C�R�N�Y�H�3�j�� �$�3 �� �M���M�/ �U�a�R�A
�<�a���L �R�8�� �C�N�U�n�j�c�.�� �R�n�j�U�n�j�c�. ���N�0�" �I�C�N�3�c�. ���N�0 �I�3�j�#�$�3 �j�@�3 �N�n�L�$�3�a �R�8



�«�ñ�² �¶ �ž �� �²�ž���ž�. �²�ž���ž �ž �� �«�ñ�² �¶ �S�f�O

�k�B�8 �w�R�n���a�3 �,�n�a�C�R�n�c �s�@���j �j�@�3�c�3 �S�9 �I�C�N�3�c
���a�3�. �c�3�3 �j�@�3 ���U�U�3�N�0�C�u�Y

�0�C�c�j�C�N�,�j �q���a�C���$�I�3�c �n�c�3�0 �$�w�� �Y �i�@�3�I�C�c�j �R�8 �j�n�U�I�3�c �a�3�U�a�3�c�3�N�j���j�C�R�N �R�8�� �C�c
�j�@�3 �j�a�C�U�I�3�	��� ��� ���
 �s�@�3�a�3�� �C�c �� �I�C�c�j �R�8 �j�a�C�U�I�3�c �R�8 �j�@�3 �8�R�a�L�	��� ��� ���
�8�R�a
��� ��� �� �n �<�#�>�Y

�7�R�a �3�q�3�a�w �q���a�C���$�I�3 �R�8�� �. �s�3 ���c�c�C�<�N �� �N�n�L�$�3�a �C�N�<�#�>���c �8�R�I�I�R�s�c�-

�Ë �7�R�a �3�q�3�a�w�� �n �<���>�. �j�@�3 �q���a�C���$�I�3�;�>���@�C�c ���c�c�C�<�N�3�0 �j�@�3 �N�n�L�$�3�a���Y

�Ë �7�R�a �3�q�3�a�w�� �n �<���>�. �j�@�3 �q���a�C���$�I�3�<�>���@�C�c ���c�c�C�<�N�3�0 �j�@�3 �N�n�L�$�3�a�# 
7
�� �� �� �Y

�Ë �2�q�3�a�w �R�j�@�3�a �q���a�C���$�I�3 �C�c ���c�c�C�<�N�3�0 �� �N�n�L�$�3�a �C�N�\��� �� �� ��� �w � �# 
7 �� 
7
���^�C�N �j�@�3 �R�a�0�3�a �R�8 �s�@�C�,�@ �C�j ���U�U�3���a�c�Y

�i�@�3 �I�C�c�j �R�8 �j�n�U�I�3�c �a�3�U�a�3�c�3�N�j���j�C�R�N �s�C�I�I �$�3 �R�n�a �0�3�8���n�I�j �,�@�R�C�,�3 �8�R�a �a�3�U�a�3�A
�c�3�N�j�C�N�< �M���M�/ �U�a�R�<�a���L�c�. ���N�0 �c�C�N�,�3 ���I�C�c�j �R�8 �j�n�U�I�3�c �a�3�U�a�3�c�3�N�j���j�C�R�N�� �C�c ��
�$�C�j �R�8 �� �L�R�n�j�@�8�n�I�. �s�3 �s�C�I�I �R�8�j�3�N �,���I�I �j�@�C�c �c�C�L�U�I�w �j�@�3�a�3�U�a�3�c�3�N�j���j�C�R�N�8�R�a ��
�U�a�R�<�a���L�� �Y

� �2�u���L�U�I�3 �9�Y�: �! �`�3�U�a�3�c�3�N�j�C�N�< �j�@�3 �t�Q�` �U�a�R�<�a���L�Y�Q�n�a �8���q�R�a�C�j�3 �M���M�/
�U�a�R�<�a���L�. �j�@�3 �t�Q�` �U�a�R�<�a���L�-

�X � �1�$�1�'�� �;�>�� �@���;�>�� �@��
�Y � �1�$�1�'�� �;�>�� �@���X��
�Z � �1�$�1�'�� �;�>�� �@���X��
�<�>�� �@� �1�$�1�'���Y���Z��
�B�c �a�3�U�a�3�c�3�N�j�3�0 ���c �j�@�3 �j�n�U�I�3�	��� ��� ���
�s�@�3�a�3�� �� �	�	��� ��� ���
� �	��� ��� ���
� �	��� ��� ���
� �	��� ��� ���
�
�Y

�i�@���j �C�c�. �j�@�3 �q���a�C���$�I�3�c�;�>�� �@���N�0�;�>�� �@���a�3 �<�C�q�3�N �j�@�3 �C�N�0�C�,�3�c�� ���N�0��
�a�3�c�U�3�,�j�C�q�3�I�w�. �j�@�3 �q���a�C���$�I�3�c�X�.�Y�.�Z���a�3 �<�C�q�3�N �j�@�3 �C�N�0�C�,�3�c��� ��� ���a�3�c�U�3�,�A
�j�C�q�3�I�w�. ���N�0 �j�@�3 �q���a�C���$�I�3�<�>�� �@�C�c �<�C�q�3�N �j�@�3 �C�N�0�3�u���Y

�i�a���N�c�8�R�a�L�C�N�< �� �M���M�/ �U�a�R�<�a���L �8�a�R�L �C�j�c �a�3�U�a�3�c�3�N�j���j�C�R�N ���c �,�R�0�3
�j�R �j�@�3 �a�3�U�a�3�c�3�N�j���j�C�R�N ���c �� �I�C�c�j �R�8 �j�n�U�I�3�c �C�c �� �8���C�a�I�w �c�j�a���C�<�@�j�8�R�a�s���a�0 �U�a�R�A
�<�a���L�L�C�N�< �3�u�3�a�,�C�c�3�. ���N�0 �C�N �U���a�j�C�,�n�I���a �,���N �$�3 �0�R�N�3 �C�N �� �8�3�s �I�C�N�3�c �R�8
�T�w�j�@�R�N�Y�k �M�R�j�3 �j�@���j �j�@�C�c �a�3�U�a�3�c�3�N�j���j�C�R�N �I�R�c�3�c �C�N�8�R�a�L���j�C�R�N �c�n�,�@ ���c �j�@�3
�U���a�j�C�,�n�I���a �N���L�3�c �s�3 �n�c�3�0 �8�R�a �j�@�3 �q���a�C���$�I�3�c�. �$�n�j �j�@�C�c �C�c �Q�F �c�C�N�,�3 �j�@�3�c�3
�N���L�3�c �0�R �N�R�j �L���G�3 �� �0�C�{�3�a�3�N�,�3 �j�R �j�@�3 �8�n�N�,�j�C�R�N���I�C�j�w �R�8 �j�@�3 �U�a�R�<�a���L�Y

�9�Y�S�Y�l�`�3�U�a�3�c�3�N�j�C�N�< �� �U�a�R�<�a���L ���c �� �c�j�a�C�N�<

�i�R �R�$�j���C�N �� �a�3�U�a�3�c�3�N�j���j�C�R�N �j�@���j �s�3 �,���N �n�c�3 ���c �C�N�U�n�j �j�R �� �M���M�/ �U�a�R�A
�<�a���L�. �s�3 �N�3�3�0 �j�R �j���G�3 �� �c�j�3�U �8�n�a�j�@�3�a ���N�0 �L���U �j�@�3 �j�a�C�U�I�3�	��� ��� ���
 �j�R ��
�$�C�N���a�w �c�j�a�C�N�<�Y �?�3�a�3 �j�@�3�a�3 ���a�3 �L���N�w �0�C�{�3�a�3�N�j �,�@�R�C�,�3�c�. �$�n�j �I�3�j �n�c �~�u �R�N�3
�R�8 �j�@�3�L�Y �B�8 �j�@�3 �I�C�c�j�� �@���c�" �j�a�C�U�I�3�c �C�N �C�j�. �s�3 �s�C�I�I �a�3�U�a�3�c�3�N�j �C�j ���c �c�C�L�U�I�w
�j�@�3 �c�j�a�C�N�<�"�#�!�	���
�s�@�C�,�@ �s�C�I�I �$�3 �j�@�3 �,�R�N�,���j�3�N���j�C�R�N �R�8 �j�@�3���" �N�n�L�$�3�a�c �C�N
�j�@�3 �$�C�N���a�w �$���c�C�c�. �s�@�C�,�@ �,���N �$�3 �3�N�,�R�0�3�0 ���c �� �c�j�a�C�N�< �R�8 �I�3�N�<�j�@���"�ï�s�@�3�a�3
�ï �� 	1�I�R�<���"	2�C�c �� �N�n�L�$�3�a �R�8 �$�C�j�c �j�@���j �C�c �<�n���a���N�j�3�3�0 �j�R �$�3 �c�n�|�,�C�3�N�j �j�R
�a�3�U�a�3�c�3�N�j �N�n�L�$�3�a�c �C�N�<�#�>�V�c�C�N�,�3�# �. ���"�W�Y �r�3 �s�C�I�I �a�3�U�a�3�c�3�N�j �j�@�3 �U�a�R�<�a���L
�	��� ��� ���
 ���c �j�@�3 �c�j�a�C�N�<
���
�
���
�
��"
��"�#�!�	���
�s�@�3�a�3
���
� ���N�0
���
� ���a�3 �c�R�L�3



�S�e�z �Ô�é�� ���ñ �² �� �« �� �Ô�ñ�é �� �ñ �� �Ñ�¶�ñ�� �¶ �� �Ô�«�ž�ã �«�ñ�è�ÿ�� �� �¶ �� �� �« �Ô�¶�é�«�¶

�U�a�3�~�u �8�a�3�3 �a�3�U�a�3�c�3�N�j���j�C�R�N�c �R�8�� �.�� ���N�0�" �V�c�3�3�b�3�,�j�C�R�N �l�Y�k�Y�l�W�Y �?�3�N�,�3 ���N
�" �I�C�N�3 �U�a�R�<�a���L �s�C�I�I �$�3 �a�3�U�a�3�c�3�N�j�3�0 �$�w �� �c�j�a�C�N�< �R�8 �I�3�N�<�j�@���	�" �I�R�<�"�
�Y �B�N
�j�@�3 �,�R�N�j�3�u�j �R�8 �,�R�L�U�n�j�C�N�<�ú�� �ö�� �Ž�ô�‰�ô�ˆ�j�@�3 �N�n�L�$�3�a �R�8 �I�C�N�3�c�. �C�N�U�n�j�c�. ���N�0
�R�n�j�U�n�j�c�. �C�c �~�u�3�0�. ���N�0 �c�R �s�3 �,���N �0�a�R�U��� ��� �" ���N�0 �c�C�L�U�I�w �j�@�C�N�G �R�8 �C�j ���c ��
�8�n�N�,�j�C�R�N �j�@���j �L���U�c�\��� ����̂ï�Ž�õ���‰�j�R�\��� ����̂ˆ �. �s�@�3�a�3�ï �� 	1�I�R�<���"	2�Y

�9�Y�S�Y�k�� �M���M�/ �C�N�j�3�a�U�3�j�3�a �C�N ���U�c�3�n�0�R�,�R�0�3��

�i�R �U�a�R�q�3�i�@�3�R�a�3�L �9�Y�l�C�j �c�n�|�,�3�c �j�R �<�C�q�3 �� �M���M�/ �U�a�R�<�a���L �R�8
���	�"�õ�I�R�<�"�
 �. ���	�	�"�I�R�<�"�
�õ�
 �I�C�N�3�c �j�@���j �,���N �3�q���I�n���j�3 �M���M�/ �U�a�R�<�a���L�c
�R�8�" �I�C�N�3�c�Y �H�3�j �n�c �c�j���a�j �$�w �j�@�C�N�G�C�N�< �@�R�s �s�3 �s�R�n�I�0 �3�q���I�n���j�3 �c�n�,�@
�U�a�R�<�a���L�c �C�8 �s�3 �s�3�a�3�N���j �a�3�c�j�a�C�,�j�3�0 �j�R �j�@�3 �M���M�/ �R�U�3�a���j�C�R�N�c�Y �i�@���j �C�c�.
�I�3�j �n�c �0�3�c�,�a�C�$�3 �C�N�8�R�a�L���I�I�w ���N���I�<�R�a�C�j�@�L�j�@���j �R�N �C�N�U�n�j��� ��� �"�. �� �I�C�c�j �R�8
�j�a�C�U�I�3�c�� �. ���N�0 �� �c�j�a�C�N�<�' �n �\��� ����̂‰�. �3�q���I�n���j�3�c �j�@�3 �U�a�R�<�a���L �a�3�U�a�3�c�3�N�j�3�0
�$�w�	��� ��� ���
 �R�N �j�@�3 �c�j�a�C�N�<�' �Y

�T �B�j �s�R�n�I�0 �$�3 �@�C�<�@�I�w �s�R�a�j�@�s�@�C�I�3 �8�R�a �w�R�n �j�R �c�j�R�U �@�3�a�3
���N�0 �j�a�w �j�R �c�R�I�q�3 �j�@�C�c �U�a�R�$�I�3�L �w�R�n�a�c�3�I�8�Y �7�R�a �3�u���L�A
�U�I�3�. �w�R�n �,���N �j�a�w �j�@�C�N�G�C�N�< �@�R�s �w�R�n �s�R�n�I�0 �s�a�C�j�3 ��
�U�a�R�<�a���L�1�$�1�'�(�9�$�/���Q���P���V���/���[���j�@���j �,�R�L�U�n�j�3�c
�j�@�C�c �8�n�N�,�j�C�R�N �C�N �j�@�3 �U�a�R�<�a���L�L�C�N�< �I���N�<�n���<�3 �R�8 �w�R�n�a
�,�@�R�C�,�3�Y

�?�3�a�3 �C�c �� �0�3�c�,�a�C�U�j�C�R�N �R�8 �c�n�,�@ ���N ���I�<�R�a�C�j�@�L�-
�B�N�U�n�j�-�M�n�L�$�3�a�c��� �� ���N�0 �� �I�C�c�j�� �R�8�" �j�a�C�U�I�3�c �R�8 �N�n�L�$�3�a�c �C�N�<�#�>�8�R�a

�c�R�L�3�# �. ���"�. ���c �s�3�I�I ���c �� �c�j�a�C�N�<�' �n �\��� ����̂‰�Y
�;�R���I�-�2�q���I�n���j�3 �j�@�3 �U�a�R�<�a���L �a�3�U�a�3�c�3�N�j�3�0 �$�w�	��� ��� ���
 �R�N �j�@�3 �C�N�U�n�j

�' �n �\��� ����̂‰�Y
�Q�U�3�a���j�C�R�N�-

�S�Y�r�3 �s�C�I�I �,�a�3���j�3 ���0�C�,�j�C�R�N���a�w�0���j�� �c�j�a�n�,�j�n�a�3�9�D�U�W�D�E�O�H�j�@���j �8�R�a �3�q�A
�3�a�w�� �n �<�#�>�c�j�R�a�3�c �� �$�C�j�Y �r�3 �s�C�I�I ���c�c�n�L�3 �s�3 �@���q�3 �j�@�3 �R�U�3�a���j�C�R�N�c
�*�(�7���9�D�U�W�D�E�O�H���L�� �s�@�C�,�@ �a�3�c�j�R�a�3 �j�@�3 �$�C�j �,�R�a�a�3�c�U�R�N�0�C�N�< �j�R�L�. ���N�0
�j�@�3 �R�U�3�a���j�C�R�N�8�3�'�$�7�(���9�D�U�W�D�E�O�H���L���E�� �s�@�C�,�@ �n�U�0���j�3 �j�@�3 �$�C�j �,�R�a�A
�a�3�c�U�R�N�0�C�N�< �j�R�L�s�C�j�@ �j�@�3 �q���I�n�3�E�Y �V�K�R�a�3 �,�R�N�,�a�3�j�3�I�w�. �s�3 �s�C�I�I �s�a�C�j�3
�j�@�C�c ���c�9�D�U�W�D�E�O�H� �8�3�'�$�7�(���9�D�U�W�D�E�O�H���L���E�� �j�R �3�L�U�@���c�C�y�3 �j�@�3
�8���,�j �j�@���j �j�@�3 �c�j���j�3 �R�8 �j�@�3 �0���j�� �c�j�a�n�,�j�n�a�3 �,�@���N�<�3�c�. ���N�0 �j�R �G�3�3�U �R�n�a
�,�R�N�q�3�N�j�C�R�N �R�8 �n�c�C�N�< �8�n�N�,�j�C�R�N�c �8�a�3�3 �R�8 ���c�C�0�3 �3�{�3�,�j�c���Y�W

�l�Y�r�3 �s�C�I�I �C�N�C�j�C���I�C�y�3 �j�@�3 �j���$�I�3 �$�w �c�3�j�j�C�N�< �j�@�3���A�j�@ �q���I�n�3 �R�8�9�D�U�W�D�E�O�H�j�R
�' �„ �8�R�a �3�q�3�a�w�� �n �<���>�Y

�k�Y�r�3 �s�C�I�I �<�R �R�q�3�a �j�@�3 �I�C�c�j�� �C�N �R�a�0�3�a�. ���N�0 �8�R�a �3�q�3�a�w �j�a�C�U�I�3�	��� ��� ���
�C�N�� �.
�s�3 �I�3�j�� �$�3�*�(�7���9�D�U�W�D�E�O�H������ �.�� �$�3�*�(�7���9�D�U�W�D�E�O�H���� �. ���N�0 �j�@�3�N
�c�3�j �j�@�3 �q���I�n�3 �,�R�a�a�3�c�U�R�N�0�C�N�< �j�R�� �j�R �j�@�3 �M���M�/ �R�8�� ���N�0���Y �i�@���j �C�c�. �I�3�j
�9�D�U�W�D�E�O�H� �8�3�'�$�7�(���9�D�U�W�D�E�O�H�����.�1�$�1�'�� ���� ������ �Y



�«�ñ�² �¶ �ž �� �²�ž���ž�. �²�ž���ž �ž �� �«�ñ�² �¶ �S�e�S

�: �i�R �G�3�3�U �j�@�C�N�<�c �c�C�L�U�I�3�. �s�3 �s�C�I�I �N�R�j
�s�R�a�a�w ���$�R�n�j �j�@�3 �,���c�3 �j�@���j�m�0�R�3�c �N�R�j
�a�3�U�a�3�c�3�N�j �� �q���I�C�0 �U�a�R�<�a���L �R�8�‰�C�N�U�n�j�c
���N�0�ˆ �R�n�j�U�n�j�c�Y ���I�c�R�. �j�@�3�a�3 �C�c �N�R�j�@�C�N�<
�c�U�3�,�C���I ���$�R�n�j �T�w�j�@�R�N�Y �r�3 �,�R�n�I�0 �@���q�3
�3���c�C�I�w �U�a�3�c�3�N�j�3�0 �� �,�R�a�a�3�c�U�R�N�0�C�N�<
�8�n�N�,�j�C�R�N �C�N �D���q���b�,�a�C�U�j�. �+�. �Q�+���L�I�. �R�a ���N�w
�R�j�@�3�a �U�a�R�<�a���L�L�C�N�< �I���N�<�n���<�3�Y

�:�Y�7�C�N���I�I�w�. �s�3 �R�n�j�U�n�j �j�@�3 �q���I�n�3�*�(�7���9�D�U�W�D�E�O�H���# 
7 �� �� �� �� �8�R�a �3�q�3�a�w
�� �n �<���>�Y

�T �T�I�3���c�3 �L���G�3 �c�n�a�3 �w�R�n �n�N�0�3�a�c�j���N�0 �j�@�C�c ���I�<�R�a�C�j�@�L ���N�0
�s�@�w �C�j �0�R�3�c �U�a�R�0�n�,�3 �j�@�3 �a�C�<�@�j �q���I�n�3�Y

�9�Y�S�Y�:�� �M���M�/ �C�N�j�3�a�U�a�3�j�3�a �C�N �T�w�j�@�R�N

�i�R �L���G�3 �j�@�C�N�<�c �L�R�a�3 �,�R�N�,�a�3�j�3�. �I�3�j �n�c �c�3�3 �@�R�s �s�3 �C�L�U�I�3�L�3�N�j �j�@�3 ���$�R�q�3
���I�<�R�a�C�j�@�L �C�N �j�@�3�T�w�j�@�R�N�U�a�R�<�a���L�L�C�N�< �I���N�<�n���<�3�Y �r�3 �s�C�I�I �,�R�N�c�j�a�n�,�j ��
�8�n�N�,�j�C�R�N�1�$�1�'�(�9�$�/�j�@���j �R�N �C�N�U�n�j��� ��� ��� �' �s�C�I�I �R�n�j�U�n�j �j�@�3 �a�3�c�n�I�j �R�8
�3�q���I�n���j�C�N�< �j�@�3 �U�a�R�<�a���L �a�3�U�a�3�c�3�N�j�3�0 �$�w�	��� ��� ���
 �R�N�' �Y�: �V�r�3 �s�C�I�I �,�R�L�A
�U�n�j�3 �j�@�3 �q���I�n�3�" �j�R �$�3 �j�@�3 �c�C�y�3 �R�8�� ���N�0 �j�@�3 �q���I�n�3�#�j�R �$�3 �j�@�3 �L���u�C�L�n�L
�N�n�L�$�3�a ���U�U�3���a�C�N�< �C�N�� �U�I�n�c �R�N�3�Y�W

�G�H�I�1�$�1�'�(�9�$�/���Q���P���/���;����
�� �(�Y�D�O�X�D�W�H �D �1�$�1�' �S�U�R�J�U�D�P �I�U�R�P �L�W�V �O�L�V�W �R�I

�W�U�L�S�O�H �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q���«

�V � �O�H�Q���/�� �� �Q�X�P�E�H�U �R�I �O�L�Q�H�V
�W� �P�D�[�� �P�D�[���D���E���F���I�R�U���D���E���F���L�Q�/�� �� �� �� �P�D�[�L�P�X�P

�L�Q�G�H�[ �L�Q �/ �� ���«

�9�D�U�W�D�E�O�H� �>�� �@� �W�� �Z�H�
�O�O �V�L�P�S�O�\ �X�V�H �D�Q �D�U�U�D�\
�W�R �V�W�R�U�H �G�D�W�D�«

�G�H�I�*�(�7���9���L���� �U�H�W�X�U�Q�9�>�L�@
�G�H�I�8�3�'�$�7�(���9���L���E����

�9�>�L�@� �E
�U�H�W�X�U�Q�9

�� �O�R�D�G �L�Q�S�X�W �Y�D�O�X�H�V �W�R �9�D�U�W�D�E�O�H��
�I�R�U�L �L�Q�U�D�Q�J�H���Q���� �9�D�U�W�D�E�O�H� 

�8�3�'�$�7�(���9�D�U�W�D�E�O�H���L�� �;�>�L�@���«

�� �5�X�Q �W�K�H �S�U�R�J�U�D�P
�I�R�U�� �L���M���N���L�Q�/��

�D � �*�(�7���9�D�U�W�D�E�O�H���M��
�E � �*�(�7���9�D�U�W�D�E�O�H���N��
�F � �1�$�1�'���D���E��
�9�D�U�W�D�E�O�H� �8�3�'�$�7�(���9�D�U�W�D�E�O�H���L���F��

�� �5�H�W�X�U�Q �R�X�W�S�X�W�V �9�D�U�W�D�E�O�H�>�W���P�@��
�9�D�U�W�D�E�O�H�>�W���P�����@�������������9�D�U�W�D�E�O�H�>�W�����@�«

�U�H�W�X�U�Q�>�*�(�7���9�D�U�W�D�E�O�H���W�� �P�� �M�� �I�R�U�M�L�Q�U�D�Q�J�H���P���@



�S�e�l �Ô�é�� ���ñ �² �� �« �� �Ô�ñ�é �� �ñ �� �Ñ�¶�ñ�� �¶ �� �Ô�«�ž�ã �«�ñ�è�ÿ�� �� �¶ �� �� �« �Ô�¶�é�«�¶

�9�T�w�j�@�R�N �0�R�3�c �N�R�j �0�C�c�j�C�N�<�n�C�c�@ �$�3�j�s�3�3�N
�I�C�c�j�c ���N�0 ���a�a���w�c�. �$�n�j ���I�I�R�s�c �,�R�N�c�j���N�j
�j�C�L�3 �a���N�0�R�L ���,�,�3�c�c �j�R ���N �C�N�0�3�u�3�0
�3�I�3�L�3�N�j�c �j�R �$�R�j�@ �R�8 �j�@�3�L�Y �Q�N�3 �,�R�n�I�0
���a�<�n�3 �j�@���j �C�8 �s�3 ���I�I�R�s�3�0 �U�a�R�<�a���L�c �R�8
�j�a�n�I�w �n�N�$�R�n�N�0�3�0 �I�3�N�<�j�@ �V�3�Y�<�Y�. �I���a�<�3�a
�j�@���N�õ�é�š�W �j�@�3�N �j�@�3 �U�a�C�,�3 �s�R�n�I�0 �N�R�j �$�3
�,�R�N�c�j���N�j �$�n�j �I�R�<���a�C�j�@�L�C�, �C�N �j�@�3 �I�3�N�<�j�@
�R�8 �j�@�3 ���a�a���w�g�I�C�c�j�c�. �$�n�j �j�@�3 �0�C�{�3�a�3�N�,�3
�$�3�j�s�3�3�N�p�	�Ž�
���N�0�p�	�Ž�I�R�<�Ž�
�s�C�I�I �N�R�j �$�3
�C�L�U�R�a�j���N�j �8�R�a �R�n�a �0�C�c�,�n�c�c�C�R�N�c�Y

�� �7�H�V�W �R�Q �;�2�5 ���� �L�Q�S�X�W�V�� �� �R�X�W�S�X�W��
�/ � ���� �� �� �� �� �� ���� �� �� �� �� �� �� ���� �� �� �� �� �� �� ���� �� �� �� �� �� �� ����
�S�U�L�Q�W���1�$�1�'�(�9�$�/���� �� �� ���/���� �� �� �� ������ �� �;�2�5����������
�� �>���@
�S�U�L�Q�W���1�$�1�'�(�9�$�/���� �� �� ���/���� �� �� �� ������ �� �;�2�5����������
�� �>���@

���,�,�3�c�c�C�N�< ���N �3�I�3�L�3�N�j �R�8 �j�@�3 ���a�a���w�9�D�U�W�D�E�O�H���j �� �<�C�q�3�N �C�N�0�3�u �j���G�3�c
�� �,�R�N�c�j���N�j �N�n�L�$�3�a �R�8 �$���c�C�, �R�U�3�a���j�C�R�N�c�Y �?�3�N�,�3 �V�c�C�N�,�3��� �� �. �" ���N�0
�# �. ���"�W�. �j�@�3 �U�a�R�<�a���L ���$�R�q�3 �s�C�I�I �n�c�3���	�"�
 �$���c�C�, �R�U�3�a���j�C�R�N�c�Y�9

�9�Y�S�Y�9�+�R�N�c�j�a�n�,�j�C�N�< �j�@�3 �M���M�/ �C�N�j�3�a�U�a�3�j�3�a �C�N �M���M�/

�r�3 �N�R�s �j�n�a�N �j�R �0�3�c�,�a�C�$�C�N�< �j�@�3 �U�a�R�R�8 �R�8�i�@�3�R�a�3�L �9�Y�l�Y �i�R �0�R �j�@�C�c�. �C�j �C�c
�R�8 �,�R�n�a�c�3 �N�R�j �3�N�R�n�<�@ �j�R �<�C�q�3 �� �T�w�j�@�R�N �U�a�R�<�a���L�Y �`���j�@�3�a�. �s�3 �N�3�3�0 �j�R
�c�@�R�s �@�R�s �s�3 �,�R�L�U�n�j�3 �j�@�3 �8�n�N�,�j�C�R�N�ú�� �ö�� �Ž�ô�‰�ô�ˆ�$�w �� �M���M�/ �U�a�R�<�a���L�Y
�B�N �R�j�@�3�a �s�R�a�0�c�. �R�n�a �E�R�$ �C�c �j�R �j�a���N�c�8�R�a�L�. �8�R�a �3�q�3�a�w�"� ��� ���. �j�@�3 �T�w�j�@�R�N
�,�R�0�3 ���$�R�q�3 �j�R �� �M���M�/ �U�a�R�<�a���L�
 �Ž�ô�‰�ô�ˆ�j�@���j �,�R�L�U�n�j�3�c �j�@�3 �8�n�N�,�j�C�R�N
�ú�� �ö�� �Ž�ô�‰�ô�ˆ�Y

�T �#�3�8�R�a�3 �a�3���0�C�N�< �8�n�a�j�@�3�a�. �j�a�w �j�R �j�@�C�N�G �@�R�s�w�R�n�,�R�n�I�0
�<�C�q�3 �� ���,�R�N�c�j�a�n�,�j�C�q�3 �U�a�R�R�8�� �R�8�i�@�3�R�a�3�L �9�Y�l�Y �i�@���j
�C�c�. �j�@�C�N�G �R�8 �@�R�s �w�R�n �s�R�n�I�0 �s�a�C�j�3�. �C�N �j�@�3 �U�a�R�<�a���L�A
�L�C�N�< �I���N�<�n���<�3 �R�8 �w�R�n�a �,�@�R�C�,�3�. �� �8�n�N�,�j�C�R�N�X�Q�L��
�Y�H�U�V�D�O���V���Q���P���j�@���j �R�N �C�N�U�n�j�"� ��� �� �R�n�j�U�n�j�c �j�@�3
�,�R�0�3 �8�R�a �j�@�3 �M���M�/ �U�a�R�<�a���L�
 �Ž�ô�‰�ô�ˆ�c�n�,�@ �j�@���j�
 �Ž�ô�‰�ô�ˆ

�,�R�L�U�n�j�3�c�ú�� �ö�� �Ž�ô�‰�ô�ˆ�Y �M�R�j�3 �j�@���j �j�@�3�a�3 �C�c �� �c�n�$�j�I�3
�$�n�j �,�a�n�,�C���I �0�C�{�3�a�3�N�,�3 �$�3�j�s�3�3�N �j�@�C�c �8�n�N�,�j�C�R�N ���N�0 �j�@�3
�T�w�j�@�R�N�1�$�1�'�(�9�$�/�U�a�R�<�a���L �0�3�c�,�a�C�$�3�0 ���$�R�q�3�Y �`���j�@�3�a
�j�@���N ���,�j�n���I�I�w �3�q���I�n���j�C�N�< �� �<�C�q�3�N �U�a�R�<�a���L�� �R�N �c�R�L�3
�C�N�U�n�j�&�. �j�@�3 �8�n�N�,�j�C�R�N�X�Q�L�Y�H�U�V�D�O�c�@�R�n�I�0 �R�n�j�U�n�j �j�@�3
�,�R�0�3�R�8 �� �M���M�/ �U�a�R�<�a���L �j�@���j �,�R�L�U�n�j�3�c �j�@�3 �L���U
�	�� � �'�
 �˜ �� �	�'�
 �Y

�Q�n�a �,�R�N�c�j�a�n�,�j�C�R�N �s�C�I�I �8�R�I�I�R�s �q�3�a�w �,�I�R�c�3�I�w �j�@�3 �T�w�j�@�R�N �C�L�U�I�3�L�3�N�j���A
�j�C�R�N �R�8�(�9�$�/���$�R�q�3�Y �r�3 �s�C�I�I �n�c�3 �q���a�C���$�I�3�c�9�D�U�W�D�E�O�H�>���@�.�w�.�9�D�U�W�D�E�O�H�>���õ
7
���@�. �s�@�3�a�3�ï �� 	1�I�R�<���"	2�j�R �c�j�R�a�3 �R�n�a �q���a�C���$�I�3�c�Y �?�R�s�3�q�3�a�. �M���M�/ �0�R�3�c�N���j
�@���q�3 �C�N�j�3�<�3�a�A�q���I�n�3�0 �q���a�C���$�I�3�c�. �c�R �s�3 �,���N�N�R�j �s�a�C�j�3 �,�R�0�3 �c�n�,�@ ���c
�9�D�U�W�D�E�O�H�>�L�@�8�R�a �c�R�L�3 �q���a�C���$�I�3�L�Y �?�R�s�3�q�3�a�. �s�3�,���N�C�L�U�I�3�L�3�N�j �j�@�3
�8�n�N�,�j�C�R�N�*�(�7���9�D�U�W�D�E�O�H���L�� �j�@���j �R�n�j�U�n�j�c �j�@�3�L�A�j�@ �$�C�j �R�8 �j�@�3 ���a�a���w
�9�D�U�W�D�E�O�H�Y �B�N�0�3�3�0�. �j�@�C�c �C�c �N�R�j�@�C�N�< �$�w �j�@�3 �8�n�N�,�j�C�R�N�/�2�2�.�8�3�j�@���j �s�3
�@���q�3 �c�3�3�N �C�N�i�@�3�R�a�3�L �:�Y�:�6

�T �T�I�3���c�3 �L���G�3 �c�n�a�3 �j�@���j �w�R�n �n�N�0�3�a�c�j���N�0 �s�@�w�*�(�7���N�0
�/�2�2�.�8�3���a�3 �j�@�3 �c���L�3 �8�n�N�,�j�C�R�N�Y

�r�3 �c���s �j�@���j �s�3 �,���N �,�R�L�U�n�j�3�/�2�2�.�8�3�R�N ���a�a���w�c �R�8 �c�C�y�3���õ�C�N �j�C�L�3
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���	�� �õ�
�. �s�@�C�,�@ �s�C�I�I �$�3���	�"�
 �8�R�a �R�n�a �,�@�R�C�,�3 �R�8�ï�Y
�i�R �,�R�L�U�n�j�3 �j�@�3�X�S�G�D�W�H�8�n�N�,�j�C�R�N �R�N �C�N�U�n�j�9�.�L�.�E�. �s�3 �N�3�3�0 �j�R �c�,���N

�j�@�3 ���a�a���w�9�. ���N�0 �8�R�a�� �n �<���õ�>�. �@���q�3 �R�n�a���A�j�@ �R�n�j�U�n�j �$�3�9�>���@�n�N�I�3�c�c
�� �C�c �3�\�n���I �j�R�L�. �C�N �s�@�C�,�@ �,���c�3 �j�@�3���A�j�@ �R�n�j�U�n�j �C�c�E�Y �r�3 �,���N �0�R �j�@�C�c ���c
�8�R�I�I�R�s�c�-

�S�Y�7�R�a �3�q�3�a�w�� �n �<���õ�>�. �j�@�3�a�3 �C�c ���N���	�ï�
 �I�C�N�3 �M���M�/ �U�a�R�<�a���L �j�R �,�R�L�U�n�j�3
�j�@�3 �8�n�N�,�j�C�R�N�ú���
 �ö���� �…
C �\��� ���^�õ �B �\��� ��� �̂j�@���j �R�N �C�N�U�n�j�� �R�n�j�U�n�j�c��
�C�8 ���N�0 �R�N�I�w �C�8�� �C�c �3�\�n���I �j�R �V�j�@�3 �$�C�N���a�w �a�3�U�a�3�c�3�N�j���j�C�R�N �R�8�W���Y �V�r�3 �I�3���q�3
�q�3�a�C�8�w�C�N�< �j�@�C�c ���c�2�u�3�a�,�C�c�3 �9�Y�l���N�0�2�u�3�a�,�C�c�3 �9�Y�k�Y�W

�l�Y�r�3 �@���q�3 �c�3�3�N �j�@���j �s�3 �,���N �,�R�L�U�n�j�3 �j�@�3 �8�n�N�,�j�C�R�N�þ�û 
C �\��� ���^�ï �B
�\��� ��� �̂c�n�,�@ �j�@���j�þ�û �	��� ��� ���
�3�\�n���I�c�� �C�8�� �� �� ���N�0�� �C�8�� �� �� �Y

�i�R�<�3�j�@�3�a�. �j�@�C�c �L�3���N�c �j�@���j �s�3 �,���N �,�R�L�U�n�j�3�8�3�'�$�7�(���c �8�R�I�I�R�s�c�-

�G�H�I�8�3�'�$�7�(���9���L���E����
�� �X�S�G�D�W�H �D �����H�O�O �O�H�Q�J�W�K �D�U�U�D�\ �D�W �O�R�F�D�W�L�R�Q �L �W�R

�W�K�H �Y�D�O�X�H �E�«

�I�R�U�M�L�Q�U�D�Q�J�H�� �� �� �H�O�O������ �M � �������������������������A�H�O�O
�����«

�D � �(�4�8�$�/�6�B�M���L��
�<�>�M�@� �,�)���D���E���9�>�M�@��

�U�H�W�X�U�Q�<

�Q�N�,�3 �s�3 �,���N �,�R�L�U�n�j�3�*�(�7���N�0�8�3�'�$�7�(�. �j�@�3 �a�3�c�j �R�8 �j�@�3 �C�L�U�I�3�L�3�N�A
�j���j�C�R�N ���L�R�n�N�j�c �j�R ���$�R�R�G �G�3�3�U�C�N�<�� �j�@���j �N�3�3�0�c �j�R �$�3 �0�R�N�3 �,���a�3�8�n�I�I�w�.
�$�n�j �C�c �N�R�j �j�R�R �C�N�c�C�<�@�j�8�n�I�Y �?�3�N�,�3 �s�3 �R�L�C�j �j�@�3 �0�3�j���C�I�c �8�a�R�L �j�@�C�c �,�@���U�j�3�a�Y
�b�3�3 �j�@�3 ���U�U�3�N�0�C�u �8�R�a �j�@�3 �8�n�I�I �0�3�j���C�I�c �R�8 �@�R�s �j�R �,�R�L�U�n�j�3 �j�@�3 �n�N�C�q�3�a�c���I
�M���M�/ �3�q���I�n���j�R�a �C�N �M���M�/�Y

�b�C�N�,�3 �j�@�3 �I�R�R�U �R�q�3�a�M�C�N�8�3�'�$�7�(�C�c �a�n�N���õ�j�C�L�3�c�. ���N�0 �,�R�L�U�n�j�C�N�<
�(�4�8�$�/�6�B�M�j���G�3�c���	�ï�
 �I�C�N�3�c�. �j�@�3 �j�R�j���I �N�n�L�$�3�a �R�8 �I�C�N�3�c �j�R �,�R�L�U�n�j�3�8�3��
�'�$�7�(�C�c���	�� �õ 
A �ï�
 �� ���	�"�I�R�<�"�
�Y �b�C�N�,�3 �s�3 �a�n�N �j�@�C�c �8�n�N�,�j�C�R�N�" �j�C�L�3�c�. �j�@�3
�j�R�j���I �N�n�L�$�3�a �R�8 �I�C�N�3�c �8�R�a �,�R�L�U�n�j�C�N�<�ú�� �ö�� �Ž�ô�‰�ô�ˆ�C�c���	�"�õ�I�R�<�"�
�Y �i�@�C�c
�,�R�L�U�I�3�j�3�c �V�n�U �j�R �j�@�3 �R�L�C�j�j�3�0 �0�3�j���C�I�c�W �j�@�3 �U�a�R�R�8 �R�8�i�@�3�R�a�3�L �9�Y�l�Y

�` �B�L�U�a�R�q�C�N�< �j�R �\�n���c�C�I�C�N�3���a �R�q�3�a�@�3���0 �V���0�q���N�,�3�0
�R�U�j�C�R�N���I �N�R�j�3�W�i�@�3 �M���M�/ �U�a�R�<�a���L ���$�R�q�3 �C�c �I�3�c�c �3�8�A
�~�,�C�3�N�j �j�@���j �C�j�c �T�w�j�@�R�N �,�R�n�N�j�3�a�U���a�j�. �c�C�N�,�3 �M���M�/ �0�R�3�c
�N�R�j �R�{�3�a ���a�a���w�c �s�C�j�@ �3�|�,�C�3�N�j �a���N�0�R�L ���,�,�3�c�c�Y �?�3�N�,�3
�8�R�a �3�u���L�U�I�3 �j�@�3�/�2�2�.�8�3�R�U�3�a���j�C�R�N �R�N ���N ���a�a���w �R�8�"
�$�C�j�c �j���G�3�c���	�"�
 �I�C�N�3�c �C�N �M���M�/ �3�q�3�N �j�@�R�n�<�@ �C�j �j���G�3�c
���	���
 �c�j�3�U�c �V�R�a �L���w�$�3���	 �I�R�<�"�
�c�j�3�U�c�. �0�3�U�3�N�0�C�N�< �@�R�s
�s�3 �,�R�n�N�j�W �C�N�T�w�j�@�R�N�Y
�B�j �j�n�a�N�c �R�n�j �j�@���j �C�j �C�c �U�R�c�c�C�$�I�3 �j�R �C�L�U�a�R�q�3 �j�@�3 �$�R�n�N�0
�R�8�i�@�3�R�a�3�L �9�Y�l�. ���N�0 �3�q���I�n���j�3�" �I�C�N�3 �M���M�/ �U�a�R�<�a���L�c
�n�c�C�N�< �� �M���M�/ �U�a�R�<�a���L �R�8���	�" �I�R�<�"�
�I�C�N�3�c�Y �i�@�3 �G�3�w
�C�c �j�R �,�R�N�c�C�0�3�a �j�@�3 �0�3�c�,�a�C�U�j�C�R�N �R�8 �M���M�/ �U�a�R�<�a���L�c ���c
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�f �K�R�a�3 �,�R�N�,�a�3�j�3�I�w�. �C�8 �j�@�3 �T�w�j�@�R�N �U�a�R�<�a���L
�j���G�3�c�u �	�‰�
�R�U�3�a���j�C�R�N�c �R�N �C�N�U�n�j�c �R�8
�I�3�N�<�j�@ ���j �L�R�c�j�‰�j�@�3�N �s�3 �,���N �~�N�0 ��
�M���M�/ �U�a�R�<�a���L �R�8�p�	�u �	�‰�
�I�R�<�u �	�‰�
�

�I�C�N�3�c �j�@���j ���<�a�3�3�c �s�C�j�@ �j�@�3 �T�w�j�@�R�N
�U�a�R�<�a���L �R�N �C�N�U�n�j�c �R�8 �I�3�N�<�j�@�‰�Y

�e���`�K �c�j���N�0�c �8�R�a �����0�q���N�,�3�0 �`�B�b�+
�K���,�@�C�N�3�� �s�@�3�a�3 �`�B�b�+ �C�N �j�n�a�N �c�j���N�0�c �8�R�a
���`�3�0�n�,�3�0 �C�N�c�j�a�n�,�j�C�R�N �c�3�j �,�R�L�U�n�j�3�a���Y

�4�i�@�3 �a�3�q�3�a�c�3 �0�C�a�3�,�j�C�R�N �R�8 �,�R�L�U�C�I�C�N�<
�M���M�/ �j�R �+ �,�R�0�3�. �C�c �L�n�,�@ �3���c�C�3�a�Y �r�3
�c�@�R�s �,�R�0�3 �8�R�a ���1�$�1�'���&�8�n�N�,�j�C�R�N �C�N �j�@�3
���U�U�3�N�0�C�u�Y

�,�C�a�,�n�C�j�c�. ���N�0 �C�N �U���a�j�C�,�n�I���a ���c �0�C�a�3�,�j�3�0 ���,�w�,�I�C�, �<�a���U�@�c
�V�/���;�c�W �R�8 �$�R�n�N�0�3�0 �C�N �0�3�<�a�3�3�Y �� �n�N�C�q�3�a�c���I �M���M�/
�U�a�R�<�a���L�
 �Ž �8�R�a�" �I�C�N�3 �U�a�R�<�a���L�c �s�C�I�I �,�R�a�a�3�c�U�R�N�0
�j�R ���n�N�C�q�3�a�c���I �<�a���U�@�ý �Ž �8�R�a �c�n�,�@�" �q�3�a�j�3�u �/���;�c�Y �r�3
�,���N �j�@�C�N�G �R�8 �c�n�,�@ ���c �<�a���U�@�
 �Ž ���c �~�u�3�0 ���s�C�a�C�N�<�� �8�R�a
�,�R�L�L�n�N�C�,���j�C�R�N �N�3�j�s�R�a�G�. �j�@���j �c�@�R�n�I�0 �$�3 ���$�I�3 �j�R ���,�A
�,�R�L�L�R�0���j�3 ���N�w ���a�$�C�j�a���a�w �U���j�j�3�a�N �R�8 �,�R�L�L�n�N�C�,���j�C�R�N
�$�3�j�s�3�3�N�" �q�3�a�j�C�,�3�c �V�s�@�3�a�3 �j�@�C�c �U���j�j�3�a�N �,�R�a�a�3�c�U�R�N�0�c
�j�R ���N�" �I�C�N�3 �M���M�/ �U�a�R�<�a���L�W�Y �B�j �j�n�a�N�c �R�n�j �j�@���j �j�@�3�a�3
�3�u�C�c�j �c�n�,�@ �3�|�,�C�3�N�j�a�R�n�j�C�N�< �N�3�j�s�R�a�G�c�3�u�C�c�j �j�@���j ���I�I�R�s
�3�L�$�3�0�0�C�N�< ���N�w�" �q�3�a�j�3�u �,�C�a�,�n�C�j �C�N�c�C�0�3 �� �n�N�C�q�3�a�c���I
�<�a���U�@ �R�8 �c�C�y�3���	�" �I�R�<�"�
�. �c�3�3�j�@�C�c �a�3�,�3�N�j �U���U�3�a�8�R�a
�L�R�a�3 �R�N �j�@�C�c �C�c�c�n�3�Y

�9�Y�l�� �T�v�i�?�Q�M �B�M�i�2�`�T�`�2�i�2�` �B�M �M���M�/ �V�/�B�b�+�m�b�b�B�Q�M�W

�i�R �U�a�R�q�3�i�@�3�R�a�3�L �9�Y�l�s�3 �3�c�c�3�N�j�C���I�I�w �j�a���N�c�I���j�3�0 �3�q�3�a�w �I�C�N�3 �R�8 �j�@�3
�T�w�j�@�R�N �U�a�R�<�a���L �8�R�a�(�9�$�/�C�N�j�R ���N �3�\�n�C�q���I�3�N�j �M���M�/ �c�N�C�U�U�3�j�Y �B�j �j�n�a�N�c
�R�n�j �j�@���j �N�R�N�3 �R�8 �R�n�a �a�3���c�R�N�C�N�< �s���c �c�U�3�,�C�~�, �j�R �j�@�3 �U���a�j�C�,�n�I���a �8�n�N�,�A
�j�C�R�N�ú�� �ö�� �Y �B�j �C�c �U�R�c�c�C�$�I�3 �j�R �j�a���N�c�I���j�3�3�q�3�a�w�T�w�j�@�R�N �U�a�R�<�a���L �C�N�j�R ���N
�3�\�n�C�q���I�3�N�j�1�$�1�'�U�a�R�<�a���L �R�8 �,�R�L�U���a���$�I�3 �3�|�,�C�3�N�,�w�Y�f ���,�j�n���I�I�w �0�R�C�N�<
�c�R �a�3�\�n�C�a�3�c �j���G�C�N�< �,���a�3 �R�8 �L���N�w �0�3�j���C�I�c ���N�0 �C�c �$�3�w�R�N�0 �j�@�3 �c�,�R�U�3 �R�8 �j�@�C�c
�,�R�n�a�c�3�. �$�n�j �I�3�j �L�3 �,�R�N�q�C�N�,�3 �w�R�n �s�@�w �w�R�n �c�@�R�n�I�0 �$�3�I�C�3�q�3 �C�j �C�c �U�R�c�c�C�$�I�3
�C�N �U�a�C�N�,�C�U�I�3�Y �r�3 �,���N �n�c�3�+�T�w�j�@�R�N�V�j�@�3 �a�3�8�3�a�3�N�,�3 �C�L�U�I�3�L�3�N�j���j�C�R�N �8�R�a
�T�w�j�@�R�N�W�. �j�R �3�q���I�n���j�3 �3�q�3�a�w �T�w�j�@�R�N �U�a�R�<�a���L �n�c�C�N�< ���&�U�a�R�<�a���L�Y �r�3
�,���N �,�R�L�$�C�N�3 �j�@�C�c �s�C�j�@ �� �+ �,�R�L�U�C�I�3�a �j�R �j�a���N�c�8�R�a�L �� �T�w�j�@�R�N �U�a�R�<�a���L �j�R
�q���a�C�R�n�c �•���q�R�a�c �R�8 ���L���,�@�C�N�3 �I���N�<�n���<�3���Y

�b�R�. �j�R �j�a���N�c�8�R�a�L �� �T�w�j�@�R�N �U�a�R�<�a���L �C�N�j�R ���N �3�\�n�C�q���I�3�N�j �M���M�/ �U�a�R�A
�<�a���L�. �C�j �C�c �3�N�R�n�<�@ �j�R �c�@�R�s �@�R�s �j�R �j�a���N�c�8�R�a�L �� �L���,�@�C�N�3 �I���N�<�n���<�3
�U�a�R�<�a���L �C�N�j�R ���N �3�\�n�C�q���I�3�N�j �M���M�/ �U�a�R�<�a���L�Y �Q�N�3 �L�C�N�C�L���I�C�c�j�C�, �V���N�0
�@�3�N�,�3 �,�R�N�q�3�N�C�3�N�j�W �8���L�C�I�w �R�8 �L���,�@�C�N�3 �I���N�<�n���<�3�c �C�c �G�N�R�s�N ���c �j�@�3���`�K
���a�,�@�C�j�3�,�j�n�a�3�s�@�C�,�@ �U�R�s�3�a�c �� �<�a�3���j �L���N�w �L�R�$�C�I�3 �0�3�q�C�,�3�c �C�N�,�I�n�0�C�N�<
�3�c�c�3�N�j�C���I�I�w ���I�I ���N�0�a�R�C�0 �0�3�q�C�,�3�c�Y�e �i�@�3�a�3 ���a�3 �3�q�3�N �c�C�L�U�I�3�a �L���,�@�C�N�3
�I���N�<�n���<�3�c�. �c�n�,�@ ���c �j�@�3�H�2�; ���,�a�@�C�j�3�,�j�n�a�3�8�R�a �s�@�C�,�@ �� �$���,�G�3�N�0 �8�R�a �j�@�3
�H�H�p�K �,�R�L�U�C�I�3�a�s���c �C�L�U�I�3�L�3�N�j�3�0 �V���N�0 �@�3�N�,�3 �,���N �$�3 �j�@�3 �j���a�<�3�j �R�8
�,�R�L�U�C�I�C�N�< ���N�w �R�8�I���a�<�3 ���N�0 �<�a�R�s�C�N�< �I�C�c�j�R�8 �I���N�<�n���<�3�c �j�@���j �j�@�C�c �,�R�L�A
�U�C�I�3�a �c�n�U�U�R�a�j�c�W�Y �Q�j�@�3�a �3�u���L�U�I�3�c �C�N�,�I�n�0�3 �j�@�3�i�C�N�w�`���K���a�,�@�C�j�3�,�j�n�a�3
�V�L�R�j�C�q���j�3�0 �$�w �C�N�j�3�a���,�j�C�q�3 �U�a�R�R�8 �c�w�c�j�3�L�c �j�@���j �s�3 �s�C�I�I �0�C�c�,�n�c�c �L�n�,�@
�I���j�3�a �C�N �j�@�C�c �,�R�n�a�c�3�W ���N�0 �j�@�3 �j�3���,�@�C�N�<�A�R�a�C�3�N�j�3�0�`�C�0�C�,�n�I�R�n�c�I�w �b�C�L�U�I�3
�+�R�L�U�n�j�3�a���a�,�@�C�j�3�,�j�n�a�3�Y�4

�;�R�C�N�< �R�N�3 �$�w �R�N�3 �R�q�3�a �j�@�3 �C�N�c�j�a�n�,�j�C�R�N �c�3�j�c �R�8 �c�n�,�@ �,�R�L�U�n�j�3�a�c ���N�0
�j�a���N�c�I���j�C�N�< �j�@�3�L �j�R �M���M�/ �c�N�C�U�U�3�j�c �C�c �N�R �8�n�N�. �$�n�j �C�j �C�c �� �8�3���c�C�$�I�3 �j�@�C�N�<
�j�R �0�R�Y �B�N �8���,�j�. �n�I�j�C�L���j�3�I�w �j�@�C�c �C�c �q�3�a�w �c�C�L�C�I���a �j�R �j�@�3 �j�a���N�c�8�R�a�L���j�C�R�N �j�@���j
�j���G�3�c �U�I���,�3 �C�N �,�R�N�q�3�a�j�C�N�< �R�n�a �@�C�<�@ �I�3�q�3�I �,�R�0�3 �j�R ���,�j�n���I �c�C�I�C�,�R�N �<���j�3�c
�j�@���j ���a�3 �N�R�j �c�R �0�C�{�3�a�3�N�j �8�a�R�L �j�@�3 �R�U�3�a���j�C�R�N�c �R�8 �� �M���M�/ �U�a�R�<�a���L�Y
�B�N�0�3�3�0�. �j�R�R�I�c �c�n�,�@ ���c�K�w�?�/�H�j�@���j �j�a���N�c�8�R�a�L ���T�w�j�@�R�N �j�R �b�C�I�C�,�R�N�� �,���N

https://goo.gl/NnkkjM
https://eprint.iacr.org/2016/017
https://en.wikipedia.org/wiki/CPython
https://github.com/frasercrmck/llvm-leg
http://llvm.org/
https://en.wikipedia.org/wiki/LLVM#Front_ends
http://www.scipr-lab.org/doc/TinyRAM-spec-0.991.pdf
https://www.ece.umd.edu/~blj/RiSC/
https://www.ece.umd.edu/~blj/RiSC/
http://www.myhdl.org/
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�$�3 �n�c�3�0 �j�R �,�R�N�q�3�a�j �� �T�w�j�@�R�N �U�a�R�<�a���L �j�R �� �M���M�/ �U�a�R�<�a���L�Y
�i�@�3 �M���M�/ �U�a�R�<�a���L�L�C�N�< �I���N�<�n���<�3 �C�c �E�n�c�j �� �j�3���,�@�C�N�< �j�R�R�I�. ���N�0 �$�w

�N�R �L�3���N�c �0�R �B �c�n�<�<�3�c�j �j�@���j �s�a�C�j�C�N�< �M���M�/ �U�a�R�<�a���L�c�. �R�a �,�R�L�U�C�I�3�a�c
�j�R �M���M�/�. �C�c �� �U�a���,�j�C�,���I�. �n�c�3�8�n�I�. �R�a �3�q�3�N �3�N�E�R�w���$�I�3 ���,�j�C�q�C�j�w�Y �r�@���j �B �0�R
�s���N�j �C�c �j�R �L���G�3 �c�n�a�3 �w�R�n �n�N�0�3�a�c�j���N�0 �s�@�w �C�j�,���N�$�3 �0�R�N�3�. ���N�0 �j�R �@���q�3
�j�@�3 �,�R�N�~�0�3�N�,�3 �j�@���j �C�8 �w�R�n�a �I�C�8�3 �V�R�a ���j �I�3���c�j �w�R�n�a �<�a���0�3 �C�N �j�@�C�c �,�R�n�a�c�3�W
�0�3�U�3�N�0�3�0 �R�N �C�j�. �j�@�3�N �w�R�n �s�R�n�I�0 �$�3 ���$�I�3 �j�R �0�R �j�@�C�c�Y �m�N�0�3�a�c�j���N�0�C�N�<
�@�R�s �U�a�R�<�a���L�c �C�N �@�C�<�@ �I�3�q�3�I �I���N�<�n���<�3�c �c�n�,�@ ���c �T�w�j�@�R�N ���a�3 �3�q�3�N�j�n���I�I�w
�j�a���N�c�8�R�a�L�3�0 �C�N�j�R �,�R�N�,�a�3�j�3 �I�R�s�A�I�3�q�3�I �a�3�U�a�3�c�3�N�j���j�C�R�N �c�n�,�@ ���c �M���M�/ �C�c
�8�n�N�0���L�3�N�j���I �j�R �,�R�L�U�n�j�3�a �c�,�C�3�N�,�3�Y

�i�@�3 ���c�j�n�j�3 �a�3���0�3�a �L�C�<�@�j �N�R�j�C�,�3 �j�@���j �j�@�3 ���$�R�q�3 �U���a���<�a���U�@�c �R�N�I�w
�R�n�j�I�C�N�3�0 �s�@�w �C�j �c�@�R�n�I�0 �$�3 �U�R�c�c�C�$�I�3 �j�R �~�N�0 �8�R�a �3�q�3�a�w�U���a�j�C�,�n�I���a�T�w�j�@�R�N�A
�,�R�L�U�n�j���$�I�3 �8�n�N�,�j�C�R�N�û�. ���U���a�j�C�,�n�I���a�,�R�L�U���a���$�I�w �3�|�,�C�3�N�j �M���M�/ �U�a�R�A
�<�a���L�� �j�@���j �,�R�L�U�n�j�3�c�û�Y �#�n�j �j�@�C�c �c�j�C�I�I �c�3�3�L�c �j�R �8���I�I �c�@�R�a�j �R�8 �R�n�a �<�R���I
�R�8 �s�a�C�j�C�N�< �� ���T�w�j�@�R�N �C�N�j�3�a�U�a�3�j�3�a �C�N �M���M�/�� �s�@�C�,�@ �s�R�n�I�0 �L�3���N �j�@���j
�8�R�a �3�q�3�a�w �U���a���L�3�j�3�a�� �. �s�3 �,�R�L�3 �n�U �s�C�j�@ ���c�C�N�<�I�3�M���M�/ �U�a�R�<�a���L
�
 �� �þ�� �‰�c�n�,�@ �j�@���j �<�C�q�3�N �� �0�3�c�,�a�C�U�j�C�R�N �R�8 �� �T�w�j�@�R�N �U�a�R�<�a���L�� �. �� �U���a�A
�j�C�,�n�I���a �C�N�U�n�j�' �. ���N�0 �� �$�R�n�N�0�	 �R�N �j�@�3 �N�n�L�$�3�a �R�8 �R�U�3�a���j�C�R�N�c �V�s�@�3�a�3
�j�@�3 �I�3�N�<�j�@ �R�8�� �.�' ���N�0 �j�@�3 �L���<�N�C�j�n�0�3 �R�8�	 ���a�3 ���I�I ���j �L�R�c�j�� �W �s�R�n�I�0
�a�3�j�n�a�N �j�@�3 �a�3�c�n�I�j �R�8 �3�u�3�,�n�j�C�N�<�� �R�N�' �8�R�a ���j �L�R�c�j�	 �c�j�3�U�c�Y ���8�j�3�a ���I�I�. �j�@�3
�j�a���N�c�8�R�a�L���j�C�R�N ���$�R�q�3 �s�R�n�I�0 �j�a���N�c�8�R�a�L �3�q�3�a�w �T�w�j�@�R�N �U�a�R�<�a���L �C�N�j�R ��
�0�C�{�3�a�3�N�j �M���M�/ �U�a�R�<�a���L�. �$�n�j �s�R�n�I�0 �N�R�j �w�C�3�I�0 ���R�N�3 �M���M�/ �U�a�R�<�a���L
�j�R �a�n�I�3 �j�@�3�L ���I�I�� �j�@���j �,���N �3�q���I�n���j�3 �3�q�3�a�w �T�w�j�@�R�N �U�a�R�<�a���L �n�U �j�R �c�R�L�3
�<�C�q�3�N �,�R�L�U�I�3�u�C�j�w�Y �?�R�s�3�q�3�a�. �C�j �j�n�a�N�c �R�n�j �j�@���j �C�j �C�c �3�N�R�n�<�@ �j�R �c�@�R�s �c�n�,�@
�� �j�a���N�c�8�R�a�L���j�C�R�N �8�R�a �� �c�C�N�<�I�3 �T�w�j�@�R�N �U�a�R�<�a���L�Y �i�@�3 �a�3���c�R�N �C�c �j�@���j �s�3
�,���N �s�a�C�j�3 �� �T�w�j�@�R�N �C�N�j�3�a�U�a�3�j�3�a�C�N �T�w�j�@�R�N�- �� �T�w�j�@�R�N �U�a�R�<�a���L�
 �j�@���j
�j���G�3�c �� �$�C�j �c�j�a�C�N�<�. �C�N�j�3�a�U�a�3�j�c �C�j ���c �T�w�j�@�R�N �,�R�0�3�. ���N�0 �j�@�3�N �a�n�N�c �j�@���j �,�R�0�3�Y
�?�3�N�,�3�. �s�3 �R�N�I�w �N�3�3�0 �j�R �c�@�R�s �� �M���M�/ �U�a�R�<�a���L�
 
_ �j�@���j �,�R�L�U�n�j�3�c �j�@�3
�c���L�3 �8�n�N�,�j�C�R�N ���c �j�@�3 �U���a�j�C�,�n�I���a �T�w�j�@�R�N �U�a�R�<�a���L�
 �. ���N�0 �j�@�C�c �s�C�I�I �<�C�q�3
�n�c �� �s���w �j�R �3�q���I�n���j�3���I�I�T�w�j�@�R�N �U�a�R�<�a���L�c�Y

�r�@���j �s�3 ���a�3 �c�3�3�C�N�< �j�C�L�3 ���N�0 ���<���C�N �C�c �j�@�3 �N�R�j�C�R�N �R�8�n�N�C�q�3�a�c���I�C�j�w�R�a
�c�3�I�8 �a�3�8�3�a�3�N�,�3�R�8 �,�R�L�U�n�j���j�C�R�N�. �s�@�C�,�@ �C�c �j�@�3 �c�3�N�c�3 �j�@���j ���I�I �a�3���c�R�N���$�I�w �a�C�,�@
�L�R�0�3�I�c �R�8 �,�R�L�U�n�j���j�C�R�N ���a�3 �3�u�U�a�3�c�c�C�q�3 �3�N�R�n�<�@ �j�@���j �j�@�3�w �,���N ���c�C�L�n�I���j�3
�j�@�3�L�c�3�I�q�3�c���Y �i�@�3 �C�L�U�R�a�j���N�,�3 �R�8 �j�@�C�c �U�@�3�N�R�L�3�N�� �j�R �$�R�j�@ �j�@�3 �j�@�3�R�a�w
���N�0 �U�a���,�j�C�,�3 �R�8 �,�R�L�U�n�j�C�N�<�. ���c �s�3�I�I ���c �8���a �$�3�w�R�N�0 �C�j�. �C�N�,�I�n�0�C�N�< �j�@�3
�8�R�n�N�0���j�C�R�N�c �R�8 �L���j�@�3�L���j�C�,�c ���N�0 �$���c�C�, �\�n�3�c�j�C�R�N�c �C�N �c�,�C�3�N�,�3�. �,���N�N�R�j �$�3
�R�q�3�a�c�j���j�3�0�Y

�9�Y�k�+�Q�m�M�i�B�M�; �T�`�Q�;�`���K�b�. ���M�/ �H�Q�r�2�` �#�Q�m�M�/�b �Q�M �i�?�2
�b�B�x�2 �Q�7 �M���M�/ �T�`�Q�;�`���K�b

�Q�N�3 �R�8 �j�@�3 �,�R�N�c�3�\�n�3�N�,�3�c �R�8 �R�n�a �a�3�U�a�3�c�3�N�j���j�C�R�N �C�c �j�@�3 �8�R�I�I�R�s�C�N�<�-
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�O�#�w �j�@�C�c �s�3 �L�3���N �j�@���j �8�R�a ���I�I �c�n�|�,�C�3�N�j�I�w
�I���a�<�3�Ž�.�]�t�„�•�€�	�Ž�
�] �. �õ�Æ���Ž�I�R�<�Ž�Y

�i�@�3�R�a�3�L �9�Y�9�! �+�R�n�N�j�C�N�< �U�a�R�<�a���L�c�Y

�]�����)���	�"�
�] �. ���p�	�Ž�I�R�<�Ž�
�� �V�9�Y�k�W

�i�@���j �C�c�. �j�@�3�a�3 ���a�3 ���j �L�R�c�j���p�	�Ž�I�R�<�Ž�
�8�n�N�,�j�C�R�N�c �,�R�L�U�n�j�3�0 �$�w �M���M�/
�U�a�R�<�a���L�c �R�8 ���j �L�R�c�j�" �I�C�N�3�c�Y

�K�R�a�3�R�q�3�a�. �j�@�3 �C�L�U�I�C�,�C�j �,�R�N�c�j���N�j �C�N �j�@�3���	
A�
�N�R�j���j�C�R�N �C�N�i�@�3�R�a�3�L �9�Y�9
�C�c ���j �L�R�c�j�����Y�O

�T�a�R�R�8 �B�0�3���-�i�@�3 �C�0�3�� �$�3�@�C�N�0 �j�@�3 �U�a�R�R�8 �C�c �j�@���j �s�3 �,���N �a�3�U�a�3�c�3�N�j �3�q�3�a�w
�" �I�C�N�3 �U�a�R�<�a���L �$�w �� �$�C�N���a�w �c�j�a�C�N�< �R�8���	�" �I�R�<�"�
�$�C�j�c�Y �i�@�3�a�3�8�R�a�3 �j�@�3
�N�n�L�$�3�a �R�8 �8�n�N�,�j�C�R�N�c �,�R�L�U�n�j�3�0 �$�w�"�A�I�C�N�3 �U�a�R�<�a���L�c �,���N�N�R�j �$�3 �I���a�<�3�a
�j�@���N �j�@�3 �N�n�L�$�3�a �R�8 �c�n�,�@ �c�j�a�C�N�<�c�. �s�@�C�,�@ �C�c���p�	�Ž�I�R�<�Ž�
�Y �B�N �j�@�3 ���,�j�n���I �U�a�R�R�8�.
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�,���N �$�3 �,�R�L�U�n�j�3�0 �$�w ���N���	�� �‰�����
 �I�C�N�3 �U�a�R�<�a���L�Y �r�3 �N�R�s �c�3�3 �j�@���j �j�@�C�c �C�c
�j�C�<�@�j �C�N �j�@�3 �c�3�N�c�3 �j�@���j �c�R�L�3 �8�n�N�,�j�C�R�N�c �0�R �a�3�\�n�C�a�3 �c�n�,�@ ���N ���c�j�a�R�N�R�L�C�,���I
�N�n�L�$�3�a �R�8 �I�C�N�3�c �j�R �,�R�L�U�n�j�3�Y �B�N �8���,�j�. ���c �s�3 �3�u�U�I�R�a�3 �C�N �j�@�3 �3�u�3�a�,�C�c�3�c
�$�3�I�R�s�. �j�@�C�c �C�c �j�@�3 �,���c�3 �8�R�a�L�R�c�j�8�n�N�,�j�C�R�N�c�Y �?�3�N�,�3 �8�n�N�,�j�C�R�N�c �j�@���j �,���N �$�3
�,�R�L�U�n�j�3�0 �C�N �� �c�L���I�I �N�n�L�$�3�a �R�8 �I�C�N�3�c �V�c�n�,�@ ���c ���0�0�C�j�C�R�N�. �L�n�I�j�C�U�I�C�,���j�C�R�N�.
�~�N�0�C�N�< �c�@�R�a�j �U���j�@�c �C�N �<�a���U�@�c�. �R�a �3�q�3�N �j�@�3�ú�� �ö�� �8�n�N�,�j�C�R�N�W ���a�3 �j�@�3
�3�u�,�3�U�j�C�R�N�. �a���j�@�3�a �j�@���N �j�@�3 �a�n�I�3�Y

�7�C�<�n�a�3 �9�Y�k�- ���I�I �8�n�N�,�j�C�R�N�c �L���U�U�C�N�<�‰�$�C�j�c �j�R�ˆ �$�C�j�c �,���N �$�3 �,�R�L�U�n�j�3�0 �$�w �M���M�/ �U�a�R�A
�<�a���L�c �R�8�p�	�ˆ�õ �‰���‰�
�I�C�N�3�c�. �$�n�j �L�R�c�j �8�n�N�,�j�C�R�N�c �,���N�N�R�j �$�3 �,�R�L�U�n�j�3�0 �n�c�C�N�< �L�n�,�@ �c�L���I�I�3�a
�U�a�R�<�a���L�c�Y �?�R�s�3�q�3�a �j�@�3�a�3 ���a�3 �L���N�w �C�L�U�R�a�j���N�j �3�u�,�3�U�j�C�R�N�c �s�@�C�,�@ ���a�3 �8�n�N�,�j�C�R�N�c �c�n�,�@ ���c
���0�0�C�j�C�R�N�. �L�n�I�j�C�U�I�C�,���j�C�R�N�. �U�a�R�<�a���L �3�q���I�n���j�C�R�N�. ���N�0 �L���N�w �R�j�@�3�a�c�. �j�@���j �,���N �$�3 �,�R�L�U�n�j�3�0 �C�N
�U�R�I�w�N�R�L�C���I �j�C�L�3 �s�C�j�@ �� �c�L���I�I �3�u�U�R�N�3�N�j�Y

�` ���0�q���N�,�3�0 �N�R�j�3�- �L�R�a�3 �3�|�,�C�3�N�j �a�3�U�a�3�c�3�N�j���j�C�R�N�i�@�3
�I�C�c�j �R�8 �j�a�C�U�I�3�c �C�c �N�R�j �j�@�3 �c�@�R�a�j�3�c�j �a�3�U�a�3�c�3�N�j���j�C�R�N �8�R�a
�M���M�/ �U�a�R�<�a���L�c�Y �r�3 �@���q�3 �c�3�3�N �j�@���j �3�q�3�a�w �M���M�/
�U�a�R�<�a���L �R�8�" �I�C�N�3�c ���N�0�� �C�N�U�n�j�c �,���N �$�3 �a�3�U�a�3�c�3�N�j�3�0
�$�w �� �0�C�a�3�,�j�3�0 �<�a���U�@ �R�8�" �� �� �q�3�a�j�C�,�3�c�. �R�8 �s�@�C�,�@��
�@���q�3 �C�N�A�0�3�<�a�3�3 �y�3�a�R�. ���N�0 �j�@�3�" �R�j�@�3�a�c �@���q�3 �C�N�A�0�3�<�a�3�3
���j �L�R�c�j �j�s�R�Y �m�c�C�N�< �j�@�3 ���0�E���,�3�N�,�w �I�C�c�j �a�3�U�a�3�c�3�N�j���A
�j�C�R�N�. �c�n�,�@ �� �<�a���U�@ �,���N �$�3 �a�3�U�a�3�c�3�N�j�3�0 �n�c�C�N�< �a�R�n�<�@�I�w
���"�I�R�<�	�" �� ���
 �. ���"�	�I�R�<�" �� ���	���
�
 �$�C�j�c�Y �m�c�C�N�< �j�@�C�c
�a�3�U�a�3�c�3�N�j���j�C�R�N �s�3 �,���N �a�3�0�n�,�3 �j�@�3 �C�L�U�I�C�,�C�j �,�R�N�c�j���N�j �C�N
�i�@�3�R�a�3�L �9�Y�9���a�$�C�j�a���a�C�I�w �,�I�R�c�3 �j�R���Y
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�9�Y�:�i�?�2 �T�?�v�b�B�+���H �2�t�i�2�M�/�2�/ �+�?�m�`�+�?�A�i�m�`�B�M�; �i�?�2�b�B�b
�V�/�B�b�+�m�b�b�B�Q�M�W

�r�3���q�3 �c�3�3�N �j�@���j �M���M�/ �<���j�3�c �,���N �$�3 �C�L�U�I�3�L�3�N�j�3�0 �n�c�C�N�< �q�3�a�w �0�C�{�3�a�3�N�j
�c�w�c�j�3�L�c �C�N �j�@�3 �U�@�w�c�C�,���I �s�R�a�I�0�Y �r�@���j ���$�R�n�j �j�@�3 �a�3�q�3�a�c�3 �0�C�a�3�,�j�C�R�N�] �+���N
�M���M�/ �U�a�R�<�a���L�c �c�C�L�n�I���j�3 ���N�w �U�@�w�c�C�,���I �,�R�L�U�n�j�3�a�]

�r�3 �,���N �j���G�3 �� �I�3���U �R�8 �8���C�j�@ ���N�0 �c�j�C�U�n�I���j�3 �j�@���j �M���M�/ �U�a�R�<�a���L�c �0�R
���,�j�n���I�I�w �3�N�,���U�c�n�I���j�3�3�q�3�a�w�,�R�L�U�n�j���j�C�R�N �j�@���j �s�3 �,���N �j�@�C�N�G �R�8�Y �b�n�,�@ ��
�c�j���j�3�L�3�N�j �V�C�N �j�@�3 �a�3���I�L �R�8 �C�N�~�N�C�j�3 �8�n�N�,�j�C�R�N�c�. �s�@�C�,�@ �s�3���I�I �3�N�,�R�n�N�j�3�a �C�N
�+�@���U�j�3�a �f�W �C�c �j�w�U�C�,���I�I�w ���j�j�a�C�$�n�j�3�0 �j�R ���I�R�N�y�R �+�@�n�a�,�@ ���N�0 ���I���N �i�n�a�C�N�<�.
���N�0 �C�N �j�@���j �,�R�N�j�3�u�j �C�c �G�N�R�s�N ���c �j�@�3�+�@�n�a�,�@ �i�n�a�C�N�< �i�@�3�c�C�c�Y ���c �s�3 �s�C�I�I
�0�C�c�,�n�c�c �C�N �8�n�j�n�a�3 �I�3�,�j�n�a�3�c�. �j�@�3 �+�@�n�a�,�@�A�i�n�a�C�N�< �i�@�3�c�C�c �C�c �N�R�j �� �L���j�@�3�A
�L���j�C�,���I �j�@�3�R�a�3�L �R�a �,�R�N�E�3�,�j�n�a�3�Y �`���j�@�3�a�. �I�C�G�3 �j�@�3�R�a�C�3�c �C�N �U�@�w�c�C�,�c�. �j�@�3
�+�@�n�a�,�@�A�i�n�a�C�N�< �i�@�3�c�C�c �C�c ���$�R�n�j �L���j�@�3�L���j�C�,���I�I�w �L�R�0�3�I�I�C�N�< �j�@�3 �a�3���I
�s�R�a�I�0�Y �B�N �j�@�3 �,�R�N�j�3�u�j �R�8 �~�N�C�j�3 �8�n�N�,�j�C�R�N�c�. �s�3 �,���N �L���G�3 �j�@�3 �8�R�I�I�R�s�C�N�<
�C�N�8�R�a�L���I �@�w�U�R�j�@�3�c�C�c �R�a �U�a�3�0�C�,�j�C�R�N�-

�B�8 �� �8�n�N�,�j�C�R�N�û 
C �\��� ���^�‰ �B �\��� ��� �̂ˆ �,���N �$�3 �,�R�L�U�n�j�3�0
�C�N �j�@�3 �U�@�w�c�C�,���I �s�R�a�I�0 �n�c�C�N�<�" ���L�R�n�N�j �R�8 ���U�@�w�c�C�,���I �a�3�A
�c�R�n�a�,�3�c�� �j�@�3�N �C�j �,���N �$�3 �,�R�L�U�n�j�3�0 �$�w �� �M���M�/ �U�a�R�<�a���L �R�8
�a�R�n�<�@�I�w�" �I�C�N�3�c�Y

�r�3 �,���I�I �j�@�C�c �@�w�U�R�j�@�3�c�C�c �j�@�3���T�@�w�c�C�,���I �2�u�j�3�N�0�3�0 �+�@�n�a�,�@�A�i�n�a�C�N�<
�i�@�3�c�C�c���R�a�T�2�+�i�i�8�R�a �c�@�R�a�j�Y �� �U�a�C�R�a�C �C�j �L�C�<�@�j �c�3�3�L �a���j�@�3�a �3�u�j�a�3�L�3
�j�R �@�w�U�R�j�@�3�c�C�y�3 �j�@���j �R�n�a �L�3���<�3�a �M���M�/ �L�R�0�3�I �,���U�j�n�a�3�c ���I�I �U�R�c�c�C�$�I�3
�U�@�w�c�C�,���I �,�R�L�U�n�j���j�C�R�N�Y �#�n�j �w�3�j�. �C�N �L�R�a�3 �j�@���N �� �,�3�N�j�n�a�w �R�8 �,�R�L�U�n�j�C�N�<
�j�3�,�@�N�R�I�R�<�C�3�c�. �N�R �R�N�3 �@���c �w�3�j �$�n�C�I�j ���N�w �c�,���I���$�I�3 �,�R�L�U�n�j�C�N�< �0�3�q�C�,�3 �j�@���j
�,�@���I�I�3�N�<�3�c �j�@�C�c �@�w�U�R�j�@�3�c�C�c�Y

�r�3 �N�R�s �0�C�c�,�n�c�c �j�@�3 ���~�N�3 �U�a�C�N�j�� �R�8 �j�@�3 �T�2�+�i�i �C�N �L�R�a�3 �0�3�j���C�I�. ���c
�s�3�I�I ���c �j�@�3 �V�c�R �8���a �n�N�c�n�,�,�3�c�c�8�n�I�W �,�@���I�I�3�N�<�3�c �j�@���j �@���q�3 �$�3�3�N �a���C�c�3�0
���<���C�N�c�j �C�j�Y �i�@�3�a�3 �C�c �N�R �c�C�N�<�I�3 �n�N�C�q�3�a�c���I�I�w�A���<�a�3�3�0�A�n�U�R�N �8�R�a�L���I�C�y���j�C�R�N
�R�8 ���a�R�n�<�@�I�w�" �U�@�w�c�C�,���I �a�3�c�R�n�a�,�3�c���. �$�n�j �s�3 �,���N ���U�U�a�R�u�C�L���j�3 �j�@�C�c �N�R�j�C�R�N
�$�w �,�R�N�c�C�0�3�a�C�N�< �j�@�3 �c�C�y�3 �R�8 ���N�w �U�@�w�c�C�,���I �,�R�L�U�n�j�C�N�< �0�3�q�C�,�3 ���N�0 �j�@�3 �j�C�L�3
�C�j �j���G�3�c �j�R �,�R�L�U�n�j�3 �j�@�3 �R�n�j�U�n�j�. ���N�0 ���c�G �j�@���j ���N�w �c�n�,�@ �0�3�q�C�,�3 �,���N �$�3
�c�C�L�n�I���j�3�0 �$�w �� �M���M�/ �U�a�R�<�a���L �s�C�j�@ �� �N�n�L�$�3�a �R�8 �I�C�N�3�c �j�@���j �C�c �� �U�R�I�w�A
�N�R�L�C���I �V�s�C�j�@ �N�R�j �j�R�R �I���a�<�3 �3�u�U�R�N�3�N�j�W �C�N �j�@�3 �c�C�y�3 �R�8 �j�@�3 �c�w�c�j�3�L ���N�0 �j�@�3
�j�C�L�3 �C�j �j���G�3�c �C�j �j�R �R�U�3�a���j�3�Y

�B�N �R�j�@�3�a �s�R�a�0�c�. �s�3 �,���N �U�@�a���c�3 �j�@�3 �T�2�+�i�i ���c �c�j�C�U�n�I���j�C�N�< �j�@���j ���N�w
�8�n�N�,�j�C�R�N �j�@���j �,���N �$�3 �,�R�L�U�n�j�3�0 �$�w �� �0�3�q�C�,�3 �R�8 �q�R�I�n�L�3�� ���N�0 �j�C�L�3�#�.
�L�n�c�j �$�3 �,�R�L�U�n�j���$�I�3 �$�w �� �M���M�/ �U�a�R�<�a���L �j�@���j �@���c ���j �L�R�c�j�k�	�� �#�
�À

�I�C�N�3�c �8�R�a �c�R�L�3 �,�R�N�c�j���N�j�c�k� �l�Y �i�@�3 �3�u���,�j �q���I�n�3�c �8�R�a�k� �l���a�3 �N�R�j �c�R �,�I�3���a�.
�$�n�j �C�j �C�c �<�3�N�3�a���I�I�w ���,�,�3�U�j�3�0 �j�@���j �C�8�û 
C �\��� ���^�‰�B �\��� ��� �̂C�c ���N�3�u�U�R�N�3�N�A
�j�C���I�I�w �@���a�0�8�n�N�,�j�C�R�N�. �C�N �j�@�3 �c�3�N�c�3 �j�@���j �C�j �@���c �N�R �M���M�/ �U�a�R�<�a���L �R�8 �8�3�s�3�a
�j�@���N�. �c���w�.���‰���õ�I�C�N�3�c�. �j�@�3�N �� �0�3�L�R�N�c�j�a���j�C�R�N �R�8 �� �U�@�w�c�C�,���I �0�3�q�C�,�3 �j�@���j
�,���N �,�R�L�U�n�j�3�û �8�R�a �L�R�0�3�a���j�3 �C�N�U�n�j �I�3�N�<�j�@�c �V�3�Y�<�Y�.�� �� ������ �W �s�R�n�I�0 �$�3 ��
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�S�l�r�3 �,���N ���I�c�R �,�R�N�c�C�0�3�a �q���a�C���N�j�c �s�@�3�a�3
�s�3 �n�c�3�c�n�a�8���,�3 ���a�3���C�N�c�j�3���0 �R�8 �q�R�I�n�L�3�.
�R�a �j���G�3�	�w �•�
�j�R �� �0�C�{�3�a�3�N�j �U�R�s�3�a �j�@���N�õ�Y
�?�R�s�3�q�3�a�. �N�R�N�3 �R�8 �j�@�3�c�3 �,�@�R�C�,�3�c �L���G�3�c ��
�\�n���I�C�j���j�C�q�3 �0�C�{�3�a�3�N�,�3 �j�R �j�@�3 �0�C�c�,�n�c�c�C�R�N
�$�3�I�R�s�Y
�S�l�i�@�3�a�3 ���a�3 �R�8 �,�R�n�a�c�3 �c�3�q�3�a���I �@�n�a�0�I�3�c
�j�R �a�3�8�n�j�C�N�< �j�@�3 �T�2�+�i�i �C�N �j�@�C�c �s���w�.
�R�N�3 �R�8 �s�@�C�,�@ �C�c �j�@���j �s�3 �,���N���j ���,�j�n���I�I�w
�j�3�c�j �j�@�3 �c�w�c�j�3�L �R�N ���I�I �U�R�c�c�C�$�I�3 �C�N�U�n�j�c�Y
�?�R�s�3�q�3�a�. �C�j �j�n�a�N�c �R�n�j �j�@���j �s�3 �,���N
�<�3�j ���a�R�n�N�0 �j�@�C�c �C�c�c�n�3 �n�c�C�N�< �N�R�j�C�R�N�c
�c�n�,�@ ���c�C�N�j�3�a���,�j�C�q�3 �U�a�R�R�8�c���N�0�U�a�R�<�a���L
�,�@�3�,�G�C�N�<�j�@���j �s�3 �L�C�<�@�j �3�N�,�R�n�N�j�3�a
�I���j�3�a �C�N �j�@�C�c �$�R�R�G�Y ���N�R�j�@�3�a�. �U�3�a�@���U�c
�L�R�a�3 �c���I�C�3�N�j �U�a�R�$�I�3�L�. �C�c �j�@���j �s�@�C�I�3 �s�3
�G�N�R�s �L���N�w �@���a�0 �8�n�N�,�j�C�R�N�c �3�u�C�c�j�. ���j �j�@�3
�L�R�L�3�N�j �j�@�3�a�3 �C�c�N�R �c�C�N�<�I�3 �3�u�U�I�C�,�C�j �8�n�N�,�j�C�R�N
�g 
C �\���ô �Æ�^�‰�B �\���ô �Æ�^�8�R�a �s�@�C�,�@ �s�3 �,���N
�U�a�R�q�3���N�Ö�	�‰�
�V�I�3�j ���I�R�N�3�;�	�õ�‰���‰�
�W �I�R�s�3�a
�$�R�n�N�0 �R�N �j�@�3 �N�n�L�$�3�a �R�8 �I�C�N�3�c �j�@���j ��
�M���M�/ �U�a�R�<�a���L �N�3�3�0�c �j�R �,�R�L�U�n�j�3 �C�j�Y

�q�C�R�I���j�C�R�N �R�8 �j�@�3 �T�2�+�i�i�Y

�` ���0�q���N�,�3�0 �N�R�j�3�- �L���G�C�N�< �T�2�+�i�i �,�R�N�,�a�3�j�3�r�3 �,���N
���j�j�3�L�U�j ���j �� �L�R�a�3 �3�u���,�j �U�@�a���c�C�N�< �R�8 �j�@�3 �T�2�+�i�i ���c
�8�R�I�I�R�s�c�Y �b�n�U�U�R�c�3 �j�@���j�� �C�c �� �U�@�w�c�C�,���I �c�w�c�j�3�L �j�@���j
���,�,�3�U�j�c�� �$�C�N���a�w �c�j�C�L�n�I�C ���N�0 �@���c �� �$�C�N���a�w �R�n�j�U�n�j�. ���N�0
�,���N �$�3 �3�N�,�I�R�c�3�0 �C�N �� �c�U�@�3�a�3 �R�8 �q�R�I�n�L�3�� �Y �r�3 �c���w �j�@���j
�j�@�3 �c�w�c�j�3�L�� �,�R�L�U�n�j�3�c�� �8�n�N�,�j�C�R�N�û 
C �\��� ���^�‰�B �\��� ���^
�s�C�j�@�C�N�#�c�3�,�R�N�0�c �C�8 �s�@�3�N�3�q�3�a �s�3 �c�3�j �j�@�3 �c�j�C�L�n�I�C �j�R
�c�R�L�3 �q���I�n�3�' �n �\��� ����̂‰�. �C�8 �s�3 �L�3���c�n�a�3 �j�@�3 �R�n�j�U�n�j
���8�j�3�a�#�c�3�,�R�N�0�c �j�@�3�N �s�3 �R�$�j���C�N�û �	�'�
�Y
�r�3 �,���N �U�@�a���c�3 �j�@�3 �T�2�+�i�i ���c �c�j�C�U�n�I���j�C�N�< �j�@���j �C�8 �j�@�3�a�3
�3�u�C�c�j�c �c�n�,�@ �� �c�w�c�j�3�L�� �j�@���j �,�R�L�U�n�j�3�c�û �s�C�j�@�C�N�#
�c�3�,�R�N�0�c�. �j�@�3�N �j�@�3�a�3 �3�u�C�c�j�c �� �M���M�/ �U�a�R�<�a���L �j�@���j
�,�R�L�U�n�j�3�c�û ���N�0 �@���c ���j �L�R�c�j�k�	�� �#�
�õ �I�C�N�3�c�. �s�@�3�a�3�k
�C�c �c�R�L�3 �N�R�a�L���I�C�y���j�C�R�N �,�R�N�c�j���N�j�Y�S�S�B�N �U���a�j�C�,�n�I���a�.
�c�n�U�U�R�c�3 �j�@���j�û 
C �\��� ���^�‰ �B �\��� ��� �̂C�c �� �8�n�N�,�j�C�R�N �j�@���j
�a�3�\�n�C�a�3�c���‰���	���������
 �� �� ���ó�…�‰�I�C�N�3�c �8�R�a ���N�w �M���M�/ �U�a�R�A
�<�a���L �V�c�n�,�@ �� �8�n�N�,�j�C�R�N �3�u�C�c�j�c �$�w�i�@�3�R�a�3�L �9�Y�f�W�Y �i�@�3�N
�j�@�3 �T�2�+�i�i �s�R�n�I�0 �C�L�U�I�w �j�@���j �3�C�j�@�3�a �j�@�3 �q�R�I�n�L�3 �R�a
�j�@�3 �j�C�L�3 �R�8 �� �c�w�c�j�3�L �j�@���j �,�R�L�U�n�j�3�c�û �s�C�I�I �@���q�3 �j�R �$�3
���j �I�3���c�j�����ó�õ�‰��

��
�k�Y �b�C�N�,�3 �j�@�C�c �\�n���N�j�C�j�w �<�a�R�s�c�3�u�U�R�N�3�N�A

�j�C���I�I�w�C�N�� �. �C�j �C�c �N�R�j �@���a�0 �j�R �c�3�j �U���a���L�3�j�3�a�c �c�R �j�@���j �3�q�3�N
�8�R�a �L�R�0�3�a���j�3�I�w �I���a�<�3 �q���I�n�3�c �R�8�� �. �c�n�,�@ �� �c�w�c�j�3�L �,�R�n�I�0
�N�R�j �~�j �C�N �R�n�a �n�N�C�q�3�a�c�3�Y
�i�R �8�n�I�I�w �L���G�3 �j�@�3 �T�2�+�i�i �,�R�N�,�a�3�j�3�. �s�3 �N�3�3�0 �j�R �0�3�A
�,�C�0�3 �R�N �j�@�3 �n�N�C�j�c �8�R�a �L�3���c�n�a�C�N�< �j�C�L�3 ���N�0 �q�R�I�n�L�3�.
���N�0 �j�@�3 �N�R�a�L���I�C�y���j�C�R�N �,�R�N�c�j���N�j�k�Y �Q�N�3 �,�R�N�c�3�a�q���j�C�q�3
�,�@�R�C�,�3 �C�c �j�R ���c�c�n�L�3 �j�@���j �s�3 �,�R�n�I�0 �c�\�n�3�3�y�3 �,�R�L�U�n�j���A
�j�C�R�N �j�R �j�@�3 ���$�c�R�I�n�j�3 �U�@�w�c�C�,���I �I�C�L�C�j�c �V�s�@�C�,�@ ���a�3 �L���N�w
�R�a�0�3�a�c �R�8 �L���<�N�C�j�n�0�3 �$�3�w�R�N�0 �,�n�a�a�3�N�j �j�3�,�@�N�R�I�R�<�w�W�Y
�i�@�C�c �,�R�a�a�3�c�U�R�N�0�c �j�R �c�3�j�j�C�N�<�k �� �� ���N�0 �n�c�C�N�< �j�@�3
�T�I���N�,�G �n�N�C�j�c�8�R�a �q�R�I�n�L�3 ���N�0 �j�C�L�3�Y �i�@�3�T�I���N�,�G �I�3�N�<�j�@
�ï�q �V�s�@�C�,�@ �C�c�. �a�R�n�<�@�I�w �c�U�3���G�C�N�<�. �j�@�3 �c�@�R�a�j�3�c�j �0�C�c�j���N�,�3
�j�@���j �,���N �j�@�3�R�a�3�j�C�,���I�I�w �$�3 �L�3���c�n�a�3�0�W �C�c �a�R�n�<�@�I�w��
7�Æ�õ��

�L�3�j�3�a�c�Y �i�@�3�T�I���N�,�G �j�C�L�3�#�q �V�s�@�C�,�@ �C�c �j�@�3 �j�C�L�3 �C�j �j���G�3�c
�8�R�a �I�C�<�@�j �j�R �j�a���q�3�I �R�N�3 �T�I���N�,�G �I�3�N�<�j�@�W �C�c ���$�R�n�j��
7�Æ�˜��

�c�3�,�R�N�0�c�Y �B�N �j�@�3 ���$�R�q�3 �c�3�j�j�C�N�<�. �C�8 �� �8�n�N�,�j�C�R�N�û �j���G�3�c�.
�c���w�. �S�F�# �R�8 �C�N�U�n�j �V�3�Y�<�Y�. �a�R�n�<�@�I�w�����š �$�C�j�c�. �s�@�C�,�@ �,���N
�3�N�,�R�0�3 �������� �$�w������ �$�C�j�L���U �C�L���<�3�W�. ���N�0 �a�3�\�n�C�a�3�c
���j �I�3���c�j�����ó�…�‰ �� �� ���ó�…
A�Æ����

�M���M�/ �I�C�N�3�c �j�R �,�R�L�U�n�j�3�.
�j�@�3�N ���N�w �U�@�w�c�C�,���I �c�w�c�j�3�L �j�@���j �,�R�L�U�n�j�3�c �C�j �s�R�n�I�0
�a�3�\�n�C�a�3 �3�C�j�@�3�a �q�R�I�n�L�3 �R�8�����ó�õ
A�Æ����

�T�I���N�,�G �I�3�N�<�j�@ �,�n�$�3�0�.
�s�@�C�,�@ �C�c �L�R�a�3 �j�@���N���Æ�˜�����L�3�j�3�a�c �,�n�$�3�0 �R�a �j���G�3 ���j
�I�3���c�j�����ó�õ
A�Æ����

�T�I���N�,�G �i�C�L�3 �n�N�C�j�c�. �s�@�C�,�@ �C�c �I���a�<�3�a �j�@���N
���Æ�˜�����c�3�,�R�N�0�c�Y �i�R �<�3�j �� �c�3�N�c�3 �R�8 �@�R�s �$�C�< �j�@���j �N�n�L�$�3�a
�C�c�. �N�R�j�3 �j�@���j �j�@�3 �n�N�C�q�3�a�c�3 �C�c �R�N�I�w ���$�R�n�j���é�� �c�3�,�R�N�0�c
�R�I�0�. ���N�0 �C�j�c �R�$�c�3�a�q���$�I�3 �a���0�C�n�c �C�c �R�N�I�w �a�R�n�<�@�I�w���½��

�L�3�j�3�a�c�Y �i�@�3 ���$�R�q�3 �0�C�c�,�n�c�c�C�R�N �c�n�<�<�3�c�j�c �j�@���j �C�j �C�c �U�R�c�A
�c�C�$�I�3 �j�R�3�L�U�C�a�C�,���I�I�w �8���I�c�C�8�w�j�@�3 �T�2�+�i�i �$�w �U�a�3�c�3�N�j�C�N�<
�� �c�L���I�I�3�a�A�j�@���N�A�n�N�C�q�3�a�c�3�A�c�C�y�3 �c�w�c�j�3�L �j�@���j �,�R�L�U�n�j�3�c
�c�n�,�@ �� �8�n�N�,�j�C�R�N�Y�S�l
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�9�Y�:�Y�S���j�j�3�L�U�j�c ���j �a�3�8�n�j�C�N�< �j�@�3 �T�2�+�i�i

�Q�N�3 �R�8 �j�@�3 ���0�L�C�a���$�I�3 �j�a���C�j�c �R�8 �L���N�G�C�N�0 �C�c �j�@�3 �a�3�8�n�c���I �j�R ���,�,�3�U�j �I�C�L�C�j���A
�j�C�R�N�c�Y �B�N �j�@�3 �$�3�c�j �,���c�3 �j�@�C�c �C�c �L���N�C�8�3�c�j�3�0 �$�w �U�3�R�U�I�3 ���,�@�C�3�q�C�N�< �I�R�N�<�A
�c�j���N�0�C�N�< ���C�L�U�R�c�c�C�$�I�3�� �,�@���I�I�3�N�<�3�c �c�n�,�@ ���c �@�3���q�C�3�a�A�j�@���N�A���C�a �•�C�<�@�j�.
�U�n�j�j�C�N�< �� �U�3�a�c�R�N �R�N �j�@�3 �L�R�R�N�. �,�C�a�,�n�L�N���q�C�<���j�C�N�< �j�@�3 �<�I�R�$�3�. �R�a �3�q�3�N
�a�3�c�R�I�q�C�N�<�7�3�a�L���j���c �H���c�j �i�@�3�R�a�3�L�Y �B�N �j�@�3 �s�R�a�c�j �,���c�3 �C�j �C�c �L���N�C�8�3�c�j�3�0 �$�w
�U�3�R�U�I�3 �,�R�N�j�C�N�n���I�I�w �8�R�I�I�R�s�C�N�< �j�@�3 �8�R�R�j�c�j�3�U�c �R�8 �U�a�3�q�C�R�n�c �8���C�I�n�a�3�c �j�R �j�a�w �j�R
�0�R �U�a�R�q�3�N�A�C�L�U�R�c�c�C�$�I�3 �j���c�G�c �c�n�,�@ ���c �$�n�C�I�0 ���U�3�a�U�3�j�n���I �L�R�j�C�R�N �L���,�@�C�N�3�.
�j�a�C�c�3�,�j ���N ���N�<�I�3�s�C�j�@ �� �,�R�L�U���c�c ���N�0 �c�j�a���C�<�@�j�3�0�<�3�. �R�a �a�3�8�n�j�3�#�3�I�I���c �C�N�A
�3�\�n���I�C�j�w�Y �i�@�3 �T�@�w�c�C�,���I �2�u�j�3�N�0�3�0 �+�@�n�a�,�@ �i�n�a�C�N�< �j�@�3�c�C�c �V�C�N �C�j�c �q���a�C�R�n�c
�8�R�a�L�c�W �@���c ���j�j�a���,�j�3�0 �$�R�j�@ �j�w�U�3�c �R�8 �U�3�R�U�I�3�Y �?�3�a�3 ���a�3 �c�R�L�3 �U�@�w�c�C�,���I �0�3�A
�q�C�,�3�c �j�@���j �@���q�3 �$�3�3�N �c�U�3�,�n�I���j�3�0 �j�R ���,�@�C�3�q�3 �,�R�L�U�n�j���j�C�R�N���I �j���c�G�c �j�@���j
�,���N�N�R�j �$�3 �0�R�N�3 �$�w �N�R�j�A�j�R�R�A�I���a�<�3 �M���M�/ �U�a�R�<�a���L�c�-

�Ë �b�U���<�@�3�j�j�C �c�R�a�j�-�Q�N�3 �R�8 �j�@�3 �~�a�c�j �I�R�s�3�a �$�R�n�N�0�c �j�@���j �+�R�L�U�n�j�3�a �b�,�C�A
�3�N�,�3 �c�j�n�0�3�N�j�c �3�N�,�R�n�N�j�3�a �C�c �j�@���j �c�R�a�j�C�N�<�� �N�n�L�$�3�a�c �a�3�\�n�C�a�3�c �L���G�C�N�<
���	�� �I�R�<���
 �,�R�L�U���a�C�c�R�N�c�Y �i�@�3 ���c�U���<�@�3�j�j�C �c�R�a�j�� �C�c �� �0�3�c�,�a�C�U�j�C�R�N �R�8 ��
�U�a�R�U�R�c�3�0 ���L�3�,�@���N�C�,���I �,�R�L�U�n�j�3�a�� �j�@���j �s�R�n�I�0 �0�R �j�@�C�c �8���c�j�3�a�Y �i�@�3
�C�0�3�� �C�c �j�@���j �j�R �c�R�a�j�� �N�n�L�$�3�a�c�' �Æ� �w � �'�‰�. �s�3 �,�R�n�I�0 �,�n�j�� �c�U���<�@�3�j�j�C
�N�R�R�0�I�3�c �C�N�j�R �I�3�N�<�j�@�c�' �Æ� �w � �'�‰�. ���N�0 �j�@�3�N �C�8 �s�3 �c�C�L�U�I�w �@�R�I�0 �j�@�3�L
�j�R�<�3�j�@�3�a �C�N �R�n�a �@���N�0 ���N�0 �$�a�C�N�< �j�@�3�L �0�R�s�N �j�R �� �•���j �c�n�a�8���,�3�. �j�@�3�w
�s�C�I�I �3�L�3�a�<�3 �C�N �c�R�a�j�3�0 �R�a�0�3�a�Y �i�@�3�a�3 ���a�3 �� �<�a�3���j �L���N�w �a�3���c�R�N�c �s�@�w
�j�@�C�c �C�c �N�R�j �j�a�n�I�w �� �,�@���I�I�3�N�<�3 �j�R �j�@�3 �T�2�+�i�i �@�w�U�R�j�@�3�c�C�c�. ���N�0 �B �s�C�I�I �N�R�j
�a�n�C�N �j�@�3 �a�3���0�3�a���c �8�n�N �C�N �~�N�0�C�N�< �j�@�3�L �R�n�j �$�w �@�3�a �R�a �@�C�L�c�3�I�8�Y

�Ë �b�R���U �$�n�$�$�I�3�c�-�Q�N�3 �8�n�N�,�j�C�R�N�û 
C �\��� ���^�‰ �B �\��� ��� �̂j�@���j �C�c �,�R�N�A
�E�3�,�j�n�a�3�0 �j�R �a�3�\�n�C�a�3 �� �I���a�<�3 �N�n�L�$�3�a �R�8 �M���M�/ �I�C�N�3�c �j�R �c�R�I�q�3 �C�c �j�@�3
�2�n�,�I�C�0�3���N �b�j�3�C�N�3�a �i�a�3�3�U�a�R�$�I�3�L�Y �i�@�C�c �C�c �j�@�3 �U�a�R�$�I�3�L �s�@�3�a�3 �R�N�3 �C�c
�<�C�q�3�N�� �U�R�C�N�j�c �C�N �j�@�3 �U�I���N�3�	�'�Æ� �(�Æ�
� �w � �	�'�ˆ � �(�ˆ �
 �V�c���w �s�C�j�@ �C�N�j�3�<�3�a
�,�R�R�a�0�C�N���j�3�c �a���N�<�C�N�< �8�a�R�L�� �j�C�I�I�� �. ���N�0 �@�3�N�,�3 �j�@�3 �I�C�c�j �,���N �$�3 �a�3�U�a�3�A
�c�3�N�j�3�0 ���c �� �c�j�a�C�N�< �R�8�� �� ���	�� �I�R�<���
 �c�C�y�3�W ���N�0 �c�R�L�3 �N�n�L�$�3�a�� �Y �i�@�3
�<�R���I �C�c �j�R �~�<�n�a�3 �R�n�j �s�@�3�j�@�3�a �C�j �C�c �U�R�c�c�C�$�I�3 �j�R �,�R�N�N�3�,�j ���I�I �j�@�3 �U�R�C�N�j�c
�$�w �I�C�N�3 �c�3�<�L�3�N�j�c �R�8 �j�R�j���I �I�3�N�<�j�@ ���j �L�R�c�j�� �Y �i�@�C�c �8�n�N�,�j�C�R�N �C�c �,�R�N�E�3�,�A
�j�n�a�3�0 �j�R �$�3 �@���a�0 �$�3�,���n�c�3 �C�j �C�c�M�T �,�R�L�U�I�3�j�3�A �� �,�R�N�,�3�U�j �j�@���j �s�3���I�I �3�N�A
�,�R�n�N�j�3�a �I���j�3�a �C�N �j�@�C�c �,�R�n�a�c�3 �A ���N�0 �C�j �C�c �C�N �8���,�j �a�3���c�R�N���$�I�3 �j�R �,�R�N�E�3�,�j�n�a�3
�j�@���j ���c�� �<�a�R�s�c�. �j�@�3 �N�n�L�$�3�a �R�8 �M���M�/ �I�C�N�3�c �a�3�\�n�C�a�3�0 �j�R �,�R�L�U�n�j�3
�j�@�C�c �8�n�N�,�j�C�R�N �<�a�R�s�c�3�u�U�R�N�3�N�j�C���I�I�w�C�N�� �. �L�3���N�C�N�< �j�@���j �j�@�3 �T�2�+�i�i
�s�R�n�I�0 �U�a�3�0�C�,�j �j�@���j �C�8�� �C�c �c�n�|�,�C�3�N�j�I�w �I���a�<�3 �V�c�n�,�@ ���c �8�3�s �@�n�N�0�a�3�0�c
�R�a �c�R�W �j�@�3�N �N�R �U�@�w�c�C�,���I �0�3�q�C�,�3 �,�R�n�I�0 �,�R�L�U�n�j�3�û�Y �v�3�j�. �c�R�L�3 �U�3�R�U�I�3
�,�I���C�L�3�0 �j�@���j �j�@�3�a�3 �C�c �C�N �8���,�j �� �q�3�a�w �c�C�L�U�I�3 �U�@�w�c�C�,���I �0�3�q�C�,�3 �j�@���j �,�R�n�I�0
�c�R�I�q�3 �j�@�C�c �U�a�R�$�I�3�L�. �j�@���j �,���N �$�3 �,�R�N�c�j�a�n�,�j�3�0 �n�c�C�N�< �c�R�L�3 �s�R�R�0�3�N
�U�3�<�c ���N�0 �c�R���U�Y �i�@�3 �C�0�3�� �C�c �j�@���j �C�8 �s�3 �j���G�3 �j�s�R �<�I���c�c �U�I���j�3�c�. ���N�0 �U�n�j
�� �s�R�R�0�3�N �U�3�<�c �$�3�j�s�3�3�N �j�@�3�L �C�N �j�@�3 �I�R�,���j�C�R�N�c�	�'�Æ� �(�Æ�
� �w � �	�'�ˆ � �(�ˆ �

�j�@�3�N �$�n�$�$�I�3�c �s�C�I�I �8�R�a�L �s�@�R�c�3 �3�0�<�3�c �j�R�n�,�@ �j�@�R�c�3 �U�3�<�c �C�N �j�@�3 �s���w
�j�@���j �s�C�I�I �L�C�N�C�L�C�y�3 �j�@�3 �j�R�j���I �3�N�3�a�<�w �s�@�C�,�@ �j�n�a�N�c �R�n�j �j�R �$�3 �� �8�n�N�,�A

https://en.wikipedia.org/wiki/Fermat%27s_Last_Theorem
https://en.wikipedia.org/wiki/Perpetual_motion
https://en.wikipedia.org/wiki/Angle_trisection
https://en.wikipedia.org/wiki/Bell%27s_theorem
https://en.wikipedia.org/wiki/Bell%27s_theorem
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�S�k�r�3 �s�3�a�3 �3�u�j�a�3�L�3�I�w �,�R�N�c�3�a�q���j�C�q�3
�C�N �j�@�3 �c�n�<�<�3�c�j�3�0 �U���a���L�3�j�3�a�c �8�R�a �j�@�3
�T�2�+�i�i�. �@���q�C�N�< ���c�c�n�L�3�0 �j�@���j ���c �L���N�w ���c
�õ
7�õ

�q �Æ��
7�é �} �Æ���é�Æ�$�C�j�c �,�R�n�I�0 �U�R�j�3�N�j�C���I�I�w
�$�3 �c�j�R�a�3�0 �C�N �� �L�C�I�C�L�3�j�3�a �a���0�C�n�c �a�3�<�C�R�N�Y

�j�C�R�N �R�8 �j�@�3 �j�R�j���I �I�3�N�<�j�@ �R�8 �j�@�3 �I�C�N�3 �c�3�<�L�3�N�j�c�Y �i�@�3 �U�a�R�$�I�3�L �s�C�j�@ �j�@�C�c
�0�3�q�C�,�3 �R�8 �,�R�n�a�c�3 �C�c �j�@���j �N���j�n�a�3�. �E�n�c�j �I�C�G�3 �U�3�R�U�I�3�. �R�8�j�3�N �<�3�j�c �c�j�n�,�G �C�N
���I�R�,���I �R�U�j�C�L�����Y �i�@���j �C�c�. �j�@�3 �a�3�c�n�I�j�C�N�< �,�R�N�~�<�n�a���j�C�R�N �s�C�I�I �N�R�j �$�3 �R�N�3
�j�@���j ���,�@�C�3�q�3�c �j�@�3 ���$�c�R�I�n�j�3 �L�C�N�C�L�n�L �R�8 �j�@�3 �j�R�j���I �3�N�3�a�<�w �$�n�j �a���j�@�3�a
�R�N�3 �j�@���j �,���N���j �$�3 �C�L�U�a�R�q�3�0 �s�C�j�@ �I�R�,���I �,�@���N�<�3�c�Y�����a�R�N�c�R�N�@���c �,���a�A
�a�C�3�0 �R�n�j ���,�j�n���I �3�u�U�3�a�C�L�3�N�j�c �V�c�3�3�7�C�<�Y �9�Y�:�W�. ���N�0 �c���s �j�@���j �s�@�C�I�3 �j�@�C�c
�0�3�q�C�,�3 �R�8�j�3�N �C�c �c�n�,�,�3�c�c�8�n�I �8�R�a �j�@�a�3�3 �R�a �8�R�n�a �U�3�<�c�. �C�j �c�j���a�j�c �w�C�3�I�0�C�N�<
�c�n�$�R�U�j�C�L���I �a�3�c�n�I�j�c �R�N�,�3 �j�@�3 �N�n�L�$�3�a �R�8 �U�3�<�c �<�a�R�s�c �$�3�w�R�N�0 �j�@���j�Y

�7�C�<�n�a�3 �9�Y�:�- �b�,�R�j�j �����a�R�N�c�R�N�j�3�c�j�c�� �,���N�0�C�0���j�3 �0�3�q�C�,�3 �8�R�a �,�R�L�U�n�j�C�N�< �b�j�3�C�N�3�a �j�a�3�3�c �n�c�C�N�<
�c�R���U �$�n�$�$�I�3�c�Y

�Ë �/�M�� �,�R�L�U�n�j�C�N�<�Y�T�3�R�U�I�3 �@���q�3 �c�n�<�<�3�c�j�3�0 �n�c�C�N�< �j�@�3 �U�a�R�U�3�a�j�C�3�c �R�8
�/�M�� �j�R �0�R �@���a�0 �,�R�L�U�n�j���j�C�R�N���I �U�a�R�$�I�3�L�c�Y �i�@�3 �L���C�N ���0�q���N�j���<�3
�R�8 �/�M�� �C�c �j�@�3 ���$�C�I�C�j�w �j�R �U�R�j�3�N�j�C���I�I�w �3�N�,�R�0�3 �� �I�R�j �R�8 �C�N�8�R�a�L���j�C�R�N �C�N
�a�3�I���j�C�q�3�I�w �c�L���I�I �U�@�w�c�C�,���I �c�U���,�3�. ���c �s�3�I�I ���c �,�R�L�U�n�j�3 �R�N �j�@�C�c �C�N�8�R�a�A
�L���j�C�R�N �C�N �� �@�C�<�@�I�w �U���a���I�I�3�I �L���N�N�3�a�Y ���j �j�@�3 �j�C�L�3 �R�8 �j�@�C�c �s�a�C�j�C�N�<�. �C�j
�s���c�0�3�L�R�N�c�j�a���j�3�0�j�@���j �R�N�3 �,���N �n�c�3 �/�M�� �j�R �c�j�R�a�3 ���$�R�n�j�����Æ�é�$�C�j�c
�R�8 �C�N�8�R�a�L���j�C�R�N �C�N �� �a�3�<�C�R�N �R�8 �a���0�C�n�c ���$�R�n�j �L�C�I�C�L�C�j�3�a�. ���c �R�U�U�R�c�3�0
�j�R ���$�R�n�j�����Æ���$�C�j�c �s�C�j�@ �j�@�3 �$�3�c�j �G�N�R�s�N �@���a�0 �0�C�c�G �j�3�,�@�N�R�I�R�<�w�Y �i�@�C�c
�0�R�3�c �N�R�j �U�R�c�C�j �� �a�3���I �,�@���I�I�3�N�<�3 �j�R �j�@�3 �T�2�+�i�i �$�n�j �0�R�3�c �c�n�<�<�3�c�j �j�@���j
�R�N�3 �c�@�R�n�I�0 �$�3 �,�R�N�c�3�a�q���j�C�q�3 ���$�R�n�j �j�@�3 �,�@�R�C�,�3 �R�8 �,�R�N�c�j���N�j ���N�0 �N�R�j ���c�A
�c�n�L�3 �j�@���j �,�n�a�a�3�N�j �@���a�0 �0�C�c�G �Z �c�C�I�C�,�R�N �j�3�,�@�N�R�I�R�<�C�3�c ���a�3 �j�@�3 ���$�c�R�I�n�j�3
�$�3�c�j �U�R�c�c�C�$�I�3�Y�S�k

�Ë �+�R�N�j�C�N�n�R�n�c�g�a�3���I �,�R�L�U�n�j�3�a�c�Y�i�@�3 �U�@�w�c�C�,���I �s�R�a�I�0 �C�c �R�8�j�3�N �0�3�c�,�a�C�$�3�0
�n�c�C�N�< �,�R�N�j�C�N�n�R�n�c �\�n���N�j�C�j�C�3�c �c�n�,�@ ���c �j�C�L�3 ���N�0 �c�U���,�3�. ���N�0 �U�3�R�U�I�3
�@���q�3 �c�n�<�<�3�c�j�3�0 �j�@���j ���N���I�R�< �0�3�q�C�,�3�c �L�C�<�@�j �@���q�3 �0�C�a�3�,�j ���,�,�3�c�c �j�R
�,�R�L�U�n�j�C�N�< �s�C�j�@ �a�3���I�A�q���I�n�3�0 �\�n���N�j�C�j�C�3�c ���N�0 �s�R�n�I�0 �$�3 �C�N�@�3�a�3�N�j�I�w

http://www.scottaaronson.com/papers/npcomplete.pdf
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http://science.sciencemag.org/content/337/6102/1628.full
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�L�R�a�3 �U�R�s�3�a�8�n�I �j�@���N �0�C�c�,�a�3�j�3 �L�R�0�3�I�c �c�n�,�@ ���c �M���M�/ �L���,�@�C�N�3�c�Y
�r�@�3�j�@�3�a �j�@�3 ���j�a�n�3�� �U�@�w�c�C�,���I �s�R�a�I�0 �C�c �,�R�N�j�C�N�n�R�n�c �R�a �0�C�c�,�a�3�j�3 �C�c ���N
�R�U�3�N �\�n�3�c�j�C�R�N�Y �B�N �8���,�j�. �s�3 �0�R �N�R�j �3�q�3�N �G�N�R�s �@�R�s �j�R �U�a�3�,�C�c�3�I�w�U�@�a���c�3
�j�@�C�c �\�n�3�c�j�C�R�N�. �I�3�j ���I�R�N�3 ���N�c�s�3�a �C�j�Y �v�3�j�. �a�3�<���a�0�I�3�c�c �R�8 �j�@�3 ���N�c�s�3�a�. �C�j
�c�3�3�L�c �,�I�3���a �j�@���j �j�@�3 �3�{�R�a�j �j�R �L�3���c�n�a�3 �� �,�R�N�j�C�N�n�R�n�c �\�n���N�j�C�j�w �<�a�R�s�c
�s�C�j�@ �j�@�3 �I�3�q�3�I �R�8 ���,�,�n�a���,�w �0�3�c�C�a�3�0�. ���N�0 �c�R �j�@�3�a�3 �C�c �N�R ���8�a�3�3 �I�n�N�,�@��
�R�a �s���w �j�R �$�w�U���c�c �j�@�3 �T�2�+�i�i �n�c�C�N�< �c�n�,�@ �L���,�@�C�N�3�c �V�c�3�3 ���I�c�R�j�@�C�c
�U���U�3�a�W�Y �`�3�I���j�3�0 �j�R �j�@���j ���a�3 �U�a�R�U�R�c���I�c �G�N�R�s�N ���c ���@�w�U�3�a�,�R�L�U�n�j�C�N�<��
�R�a ���x�3�N�R���c �,�R�L�U�n�j�3�a�c�� �s�@�C�,�@ ���j�j�3�L�U�j �j�R �n�c�3 �j�@�3 �,�R�N�j�C�N�n�C�j�w �R�8 �j�C�L�3
�$�w �0�R�C�N�< �j�@�3 �~�a�c�j �R�U�3�a���j�C�R�N �C�N �R�N�3 �c�3�,�R�N�0�. �j�@�3 �c�3�,�R�N�0 �R�N�3 �C�N �@���I�8 ��
�c�3�,�R�N�0�. �j�@�3 �j�@�C�a�0 �R�U�3�a���j�C�R�N �C�N �� �\�n���a�j�3�a �c�3�,�R�N�0 ���N�0 �c�R �R�N�Y�Y �i�@�3�c�3
�8���C�I �8�R�a �� �c�C�L�C�I���a �a�3���c�R�N �j�R �j�@�3 �R�N�3 �<�n���a���N�j�3�3�C�N�< �j�@���j ���,�@�C�I�I�3�c �s�C�I�I
�3�q�3�N�j�n���I�I�w �,���j�,�@ �j�@�3 �j�R�a�j�R�C�c�3 �0�3�c�U�C�j�3 �j�@�3 �R�a�C�<�C�N���I �x�3�N�R���c �U���a���0�R�u�Y

�Ë �`�3�I���j�C�q�C�j�w �,�R�L�U�n�j�3�a ���N�0 �j�C�L�3 �j�a���q�3�I�Y�i�@�3 �8�R�a�L�n�I���j�C�R�N ���$�R�q�3 ���c�A
�c�n�L�3�0 �j�@�3 �N�R�j�C�R�N �R�8 �j�C�L�3�. �$�n�j �n�N�0�3�a �j�@�3 �j�@�3�R�a�w �R�8 �a�3�I���j�C�q�C�j�w �j�C�L�3 �C�c
�C�N �j�@�3 �3�w�3 �R�8 �j�@�3 �R�$�c�3�a�q�3�a�Y �Q�N�3 ���U�U�a�R���,�@ �j�R �c�R�I�q�3 �@���a�0 �U�a�R�$�I�3�L�c �C�c
�j�R �I�3���q�3 �j�@�3 �,�R�L�U�n�j�3�a �j�R �a�n�N �8�R�a �� �I�R�j �R�8 �j�C�L�3 �8�a�R�L�@�C�c�U�3�a�c�U�3�,�j�C�q�3�.
�$�n�j �j�R �3�N�c�n�a�3 �j�@���j �j�@�C�c �C�c ���,�j�n���I�I�w �� �c�@�R�a�j �s�@�C�I�3 �8�a�R�L�R�n�a�U�3�a�c�U�3�,�j�C�q�3�Y
�Q�N�3 ���U�U�a�R���,�@ �j�R �0�R �c�R �C�c �8�R�a �j�@�3 �n�c�3�a �j�R �c�j���a�j �j�@�3 �,�R�L�U�n�j�3�a ���N�0 �j�@�3�N
�<�R �8�R�a �� �\�n�C�,�G �E�R�< ���j �,�I�R�c�3 �j�R �j�@�3 �c�U�3�3�0 �R�8 �I�C�<�@�j �$�3�8�R�a�3 �,�@�3�,�G�C�N�< �R�N
�C�j�c �c�j���j�n�c�Y �/�3�U�3�N�0�C�N�< �R�N �@�R�s �8���c�j �R�N�3 �<�R�3�c�. �8�3�s �c�3�,�R�N�0�c �8�a�R�L �j�@�3
�U�R�C�N�j �R�8 �q�C�3�s �R�8 �j�@�3 �n�c�3�a �L�C�<�@�j �,�R�a�a�3�c�U�R�N�0 �j�R �,�3�N�j�n�a�C�3�c �C�N �,�R�L�A
�U�n�j�3�a �j�C�L�3 �V�C�j �L�C�<�@�j �3�q�3�N �~�N�C�c�@ �n�U�0���j�C�N�< �C�j�c �r�C�N�0�R�s�c �R�U�3�a���j�C�N�<
�c�w�c�j�3�L�6�W�Y �Q�8 �,�R�n�a�c�3 �j�@�3 �,���j�,�@ �@�3�a�3 �C�c �j�@���j �j�@�3 �3�N�3�a�<�w �a�3�\�n�C�a�3�0 �8�a�R�L
�j�@�3 �n�c�3�a �C�c �U�a�R�U�R�a�j�C�R�N���I �j�R �@�R�s �,�I�R�c�3 �R�N�3 �N�3�3�0�c �j�R �<�3�j �j�R �j�@�3 �c�U�3�3�0
�R�8 �I�C�<�@�j�Y �� �L�R�a�3 �C�N�j�3�a�3�c�j�C�N�< �U�a�R�U�R�c���I �C�c �j�R �n�c�3 �j�C�L�3 �j�a���q�3�I �q�C���,�I�R�c�3�0
�j�C�L�3�I�C�G�3 �,�n�a�q�3�c �V�+�i�+�c�W�Y �B�N �j�@�C�c �,���c�3 �s�3 �,�R�n�I�0 �a�n�N ���N ���a�$�C�j�a���a�C�I�w �I�R�N�<
�,�R�L�U�n�j���j�C�R�N �$�w �0�R�C�N�< �c�R�L�3 �,���I�,�n�I���j�C�R�N�c�. �a�3�L�3�L�$�3�a�C�N�< �j�@�3 �,�n�a�a�3�N�j
�c�j���j�3�. ���N�0 �j�@�3 �j�a���q�3�I�I�C�N�< �$���,�G �C�N �j�C�L�3 �j�R �,�R�N�j�C�N�n�3 �s�@�3�a�3 �s�3 �I�3�8�j �R�{�Y
�B�N�0�3�3�0�. �C�8 �+�i�+�c �3�u�C�c�j �j�@�3�N �s�3���0 �U�a�R�$���$�I�w �@���q�3 �j�R �a�3�q�C�c�3 �j�@�3 �T�2�+�i�i
�V�j�@�R�n�<�@ �C�N �j�@�C�c �,���c�3 �B �s�C�I�I �c�C�L�U�I�w �j�a���q�3�I �$���,�G �C�N �j�C�L�3 ���N�0 �3�0�C�j �j�@�3�c�3
�N�R�j�3�c�. �c�R �B �,���N �,�I���C�L �B �N�3�q�3�a �,�R�N�E�3�,�j�n�a�3�0 �C�j �C�N �j�@�3 �~�a�c�j �U�I���,�3���W

�Ë �?�n�L���N�c�Y���N�R�j�@�3�a �,�R�L�U�n�j�C�N�< �c�w�c�j�3�L �j�@���j �@���c �$�3�3�N �U�a�R�U�R�c�3�0 ���c ��
�,�R�n�N�j�3�a�3�u���L�U�I�3 �j�R �j�@�3 �T�2�+�i�i �C�c �� �k �U�R�n�N�0 �,�R�L�U�n�j�3�a �R�8 ���$�R�n�j �z�Y�S�L
�a���0�C�n�c�. �N���L�3�I�w �j�@�3 �@�n�L���N �$�a���C�N�Y �?�n�L���N�c �,���N �s���I�G ���a�R�n�N�0�. �j���I�G�.
�8�3�3�I�. ���N�0 �0�R �R�j�@�3�a�c �j�@�C�N�<�c �j�@���j ���a�3 �N�R�j �,�R�L�L�R�N�I�w �0�R�N�3 �$�w �M���M�/
�U�a�R�<�a���L�c�. �$�n�j �,���N �j�@�3�w �,�R�L�U�n�j�3 �U���a�j�C���I �8�n�N�,�j�C�R�N�c �j�@���j �M���M�/
�U�a�R�<�a���L�c �,���N�N�R�j�] �i�@�3�a�3 ���a�3 �,�3�a�j���C�N�I�w �,�R�L�U�n�j���j�C�R�N���I �j���c�G�c �j�@���j
���j �j�@�3 �L�R�L�3�N�j�@�n�L���N�c �0�R �$�3�j�j�3�a �j�@���N �,�R�L�U�n�j�3�a�c �V�3�Y�<�Y�. �U�I���w �c�R�L�3
�q�C�0�3�R �<���L�3�c�. ���j �j�@�3 �L�R�L�3�N�j�W�. �$�n�j �$���c�3�0 �R�N �R�n�a �,�n�a�a�3�N�j �n�N�0�3�a�A
�c�j���N�0�C�N�< �R�8 �j�@�3 �$�a���C�N�. �@�n�L���N�c �V�R�a �R�j�@�3�a ���N�C�L���I�c�W �@���q�3 �N�R�C�N�@�3�a�3�N�j
�,�R�L�U�n�j���j�C�R�N���I ���0�q���N�j���<�3 �R�q�3�a �,�R�L�U�n�j�3�a�c�Y �i�@�3 �$�a���C�N �@���c ���$�R�n�j
�����Æ�Æ�N�3�n�a�R�N�c�. �3���,�@ �R�U�3�a���j�C�N�< �C�N �� �c�U�3�3�0 �R�8 ���$�R�n�j�������� �R�U�3�a���j�C�R�N�c
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�S�:�i�@�C�c �C�c �� �q�3�a�w �a�R�n�<�@ ���U�U�a�R�u�C�L���j�C�R�N
�j�@���j �,�R�n�I�0 �$�3 �s�a�R�N�< �j�R �� �8�3�s �R�a�0�3�a�c �R�8
�L���<�N�C�j�n�0�3 �C�N �3�C�j�@�3�a �0�C�a�3�,�j�C�R�N�Y �7�R�a �R�N�3�.
�j�@�3�a�3 ���a�3 �R�j�@�3�a �c�j�a�n�,�j�n�a�3�c �C�N �j�@�3 �$�a���C�N
���U���a�j �8�a�R�L �N�3�n�a�R�N�c �j�@���j �R�N�3 �L�C�<�@�j �N�3�3�0
�j�R �c�C�L�n�I���j�3�. �@�3�N�,�3 �a�3�\�n�C�a�C�N�< �@�C�<�@�3�a
�R�q�3�a�@�3���0�Y �Q�N �j�@�3�a �R�j�@�3�a �@���N�0�. �C�j �C�c �$�w �N�R
�L�3���N �,�I�3���a �j�@���j �s�3 �N�3�3�0 �j�R �8�n�I�I�w �,�I�R�N�3
�j�@�3 �$�a���C�N �C�N �R�a�0�3�a �j�R ���,�@�C�3�q�3 �j�@�3 �c���L�3
�,�R�L�U�n�j���j�C�R�N���I �j���c�G�c �j�@���j �C�j �0�R�3�c�Y

�S�9�i�@�3�a�3 ���a�3 �c�R�L�3 �s�3�I�I �G�N�R�s�N �c�,�C�3�N�j�C�c�j�c
�j�@���j �@���q�3���0�q�R�,���j�3�0�j�@���j �@�n�L���N�c �@���q�3
�C�N�@�3�a�3�N�j �,�R�L�U�n�j���j�C�R�N���I ���0�q���N�j���<�3�c �R�q�3�a
�,�R�L�U�n�j�3�a�c�Y �b�3�3 ���I�c�R�j�@�C�c�Y

�U�3�a �c�3�,�R�N�0�c�Y �?�3�N�,�3 �� �a�R�n�<�@ �~�a�c�j ���U�U�a�R�u�C�L���j�C�R�N �C�c �j�@���j �� �M���M�/
�U�a�R�<�a���L �R�8 ���$�R�n�j�����Æ�š�I�C�N�3�c �,�R�n�I�0 �c�C�L�n�I���j�3 �R�N�3 �c�3�,�R�N�0 �R�8 �� �$�a���C�N���c
���,�j�C�q�C�j�w�Y�S�:�M�R�j�3 �j�@���j �j�@�3 �8���,�j �j�@���j �c�n�,�@ �� �M���M�/ �U�a�R�<�a���L �V�I�C�G�3�I�w�W
�3�u�C�c�j�c �0�R�3�c �N�R�j �L�3���N �C�j �C�c �3���c�w �j�R�~�N�0�C�j�Y ���8�j�3�a ���I�I�. �,�R�N�c�j�a�n�,�j�C�N�< �j�@�C�c
�U�a�R�<�a���L �j�R�R�G �3�q�R�I�n�j�C�R�N �$�C�I�I�C�R�N�c �R�8 �w�3���a�c�Y �K�n�,�@ �R�8 �j�@�3 �a�3�,�3�N�j �3�{�R�a�j�c
�C�N ���a�j�C�~�,�C���I �C�N�j�3�I�I�C�<�3�N�,�3 �a�3�c�3���a�,�@ �C�c �8�R�,�n�c�3�0 �R�N �~�N�0�C�N�< �U�a�R�<�a���L�c
�j�@���j �a�3�U�I�C�,���j�3 �c�R�L�3 �R�8 �j�@�3 �$�a���C�N���c �,���U���$�C�I�C�j�C�3�c ���N�0 �j�@�3�w �j���G�3 �L���c�c�C�q�3
�,�R�L�U�n�j���j�C�R�N���I �3�{�R�a�j �j�R �0�C�c�,�R�q�3�a�. �j�@�3�c�3 �U�a�R�<�a���L�c �R�8�j�3�N �j�n�a�N �R�n�j �j�R
�$�3 �L�n�,�@ �c�L���I�I�3�a �j�@���N �j�@�3 �U�3�c�c�C�L�C�c�j�C�, �3�c�j�C�L���j�3�c ���$�R�q�3�Y �7�R�a �3�u���L�U�I�3�.
���j �j�@�3 �j�C�L�3 �R�8 �j�@�C�c �s�a�C�j�C�N�<�. �;�R�R�<�I�3���c�N�3�n�a���I �N�3�j�s�R�a�G �8�R�a �L���,�@�C�N�3
�j�a���N�c�I���j�C�R�N�@���c ���$�R�n�j�����š �N�R�0�3�c �V���N�0 �,���N �$�3 �c�C�L�n�I���j�3�0 �$�w �� �M���M�/
�U�a�R�<�a���L �R�8 �,�R�L�U���a���$�I�3 �c�C�y�3�W�Y �T�@�C�I�R�c�R�U�@�3�a�c�. �U�a�C�3�c�j�c ���N�0 �L���N�w �R�j�@�A
�3�a�c �@���q�3 �c�C�N�,�3 �j�C�L�3 �C�L�L�3�L�R�a�C���I ���a�<�n�3�0 �j�@���j �j�@�3�a�3 �C�c �c�R�L�3�j�@�C�N�<
���$�R�n�j �@�n�L���N�c �j�@���j �,���N�N�R�j �$�3 �,���U�j�n�a�3�0 �$�w �L�3�,�@���N�C�,���I �0�3�q�C�,�3�c �c�n�,�@
���c �,�R�L�U�n�j�3�a�c�d �s�@�3�j�@�3�a �R�a �N�R�j �j�@���j �C�c �j�@�3 �,���c�3�. �j�@�3 �3�q�C�0�3�N�,�3 �C�c �j�@�C�N
�j�@���j �@�n�L���N�c �,���N �U�3�a�8�R�a�L �,�R�L�U�n�j���j�C�R�N���I �j���c�G�c �j�@���j ���a�3 �C�N�@�3�a�3�N�j�I�w
�C�L�U�R�c�c�C�$�I�3 �j�R ���,�@�C�3�q�3 �$�w �,�R�L�U�n�j�3�a�c �R�8 �c�C�L�C�I���a �,�R�L�U�I�3�u�C�j�w�Y�S�9

�Ë �[�n���N�j�n�L �,�R�L�U�n�j���j�C�R�N�Y�i�@�3 �L�R�c�j �,�R�L�U�3�I�I�C�N�< ���j�j���,�G �R�N �j�@�3 �T�@�w�c�C�A
�,���I �2�u�j�3�N�0�3�0 �+�@�n�a�,�@ �i�n�a�C�N�< �i�@�3�c�C�c �,�R�L�3�c �8�a�R�L �j�@�3 �N�R�j�C�R�N �R�8�\�n���N�A
�j�n�L �,�R�L�U�n�j�C�N�<�Y �i�@�3 �C�0�3�� �s���c �C�N�C�j�C���j�3�0 �$�w �j�@�3 �R�$�c�3�a�q���j�C�R�N �j�@���j �c�w�c�A
�j�3�L�c �s�C�j�@ �c�j�a�R�N�< �\�n���N�j�n�L �3�{�3�,�j�c ���a�3 �q�3�a�w �@���a�0 �j�R �c�C�L�n�I���j�3 �R�N ��
�,�R�L�U�n�j�3�a�Y �i�n�a�N�C�N�< �j�@�C�c �R�$�c�3�a�q���j�C�R�N �R�N �C�j�c �@�3���0�. �U�3�R�U�I�3 �@���q�3 �U�a�R�A
�U�R�c�3�0 �n�c�C�N�< �c�n�,�@ �c�w�c�j�3�L�c �j�R �U�3�a�8�R�a�L �,�R�L�U�n�j���j�C�R�N�c �j�@���j �s�3 �0�R �N�R�j
�G�N�R�s �@�R�s �j�R �0�R �R�j�@�3�a�s�C�c�3�Y ���j �j�@�3 �j�C�L�3 �R�8 �j�@�C�c �s�a�C�j�C�N�<�. �b�,���I���$�I�3
�\�n���N�j�n�L �,�R�L�U�n�j�3�a�c �@���q�3 �N�R�j �w�3�j �$�3�3�N �$�n�C�I�j�. �$�n�j �C�j �C�c �� �8���c�,�C�N���j�C�N�<
�U�R�c�c�C�$�C�I�C�j�w�. ���N�0 �R�N�3 �j�@���j �0�R�3�c �N�R�j �c�3�3�L �j�R �,�R�N�j�a���0�C�,�j ���N�w �G�N�R�s�N
�I���s �R�8 �N���j�n�a�3�Y �r�3 �s�C�I�I �0�C�c�,�n�c�c �\�n���N�j�n�L �,�R�L�U�n�j�C�N�< �C�N �L�n�,�@ �L�R�a�3
�0�3�j���C�I �I���j�3�a �C�N �j�@�C�c �,�R�n�a�c�3�Y �K�R�0�3�I�C�N�< �C�j �s�C�I�I �3�c�c�3�N�j�C���I�I�w �C�N�q�R�I�q�3 �3�u�A
�j�3�N�0�C�N�< �j�@�3 �M���M�/ �U�a�R�<�a���L�L�C�N�< �I���N�<�n���<�3 �j�R �j�@�3 ���[�M���M�/�� �U�a�R�A
�<�a���L�L�C�N�< �I���N�<�n���<�3 �j�@���j �@���c �R�N�3 �L�R�a�3 �V�q�3�a�w �c�U�3�,�C���I�W �R�U�3�a���j�C�R�N�Y
�?�R�s�3�q�3�a�. �j�@�3 �L���C�N �j���G�3 ���s���w �C�c �j�@���j �s�@�C�I�3 �\�n���N�j�n�L �,�R�L�U�n�j�C�N�<
�0�R�3�c �c�n�<�<�3�c�j �s�3 �N�3�3�0 �j�R ���L�3�N�0 �j�@�3 �T�2�+�i�i�. �C�j �0�R�3�c�N�R�j�a�3�\�n�C�a�3 ��
�,�R�L�U�I�3�j�3 �a�3�q�C�c�C�R�N �R�8 �R�n�a �s�R�a�I�0�q�C�3�s�Y �B�N�0�3�3�0�. ���I�L�R�c�j ���I�I �R�8 �j�@�3 �,�R�N�A
�j�3�N�j �R�8 �j�@�C�c �,�R�n�a�c�3 �a�3�L���C�N�c �j�@�3 �c���L�3 �s�@�3�j�@�3�a �j�@�3 �n�N�0�3�a�I�w�C�N�< �,�R�L�A
�U�n�j���j�C�R�N���I �L�R�0�3�I �C�c �j�@�3 ���,�I���c�c�C�,���I�� �L�R�0�3�I �R�8 �M���M�/ �U�a�R�<�a���L�c �R�a
�j�@�3 �\�n���N�j�n�L �L�R�0�3�I �R�8 �[�M���M�/ �U�a�R�<�a���L�c �V���I�c�R �G�N�R�s�N ���c�\�n���N�j�n�L
�,�C�a�,�n�C�j�c�W�Y

�` �T�2�+�i�i �C�N �U�a���,�j�C�,�3�r�@�C�I�3 �3�q�3�N �j�@�3 �U�a�3�,�C�c�3 �U�@�a���c�C�N�<
�R�8 �j�@�3 �T�2�+�i�i�. �I�3�j ���I�R�N�3 �n�N�0�3�a�c�j���N�0�C�N�< �C�j�c �,�R�a�a�3�,�j�A
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