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�+�a�w�U�j�R�<�a���U�@�w

���?�n�L���N �C�N�<�3�N�n�C�j�w �,���N�N�R�j �,�R�N�,�R�,�j �� �,�C�U�@�3�a �s�@�C�,�@ �@�n�L���N
�C�N�<�3�N�n�C�j�w �,���N�N�R�j �a�3�c�R�I�q�3�Y���. �2�0�<���a ���I�I�3�N �T�R�3�. �S�4�:�S

���B �@�R�U�3 �L�w �@���N�0�s�a�C�j�C�N�<�. �3�j�,�Y �0�R �N�R�j �<�C�q�3 �j�@�3 �C�L�U�a�3�c�c�C�R�N
�B ���L �E�n�c�j �� �,�a���N�G �R�a �,�C�a�,�I�3�A�c�\�n���a�3�a���Y �i�@�3 �c�C�<�N�C�~�,���N�,�3 �R�8
�j�@�C�c �,�R�N�E�3�,�j�n�a�3 �)�j�@���j �,�3�a�j���C�N �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3�c ���a�3 �3�u�A
�U�R�N�3�N�j�C���I�I�w �c�3�,�n�a�3 ���<���C�N�c�j �G�3�w �a�3�,�R�q�3�a�w ���j�j���,�G�c�* �Y�Y �C�c �j�@���j
�C�j �C�c �\�n�C�j�3 �8�3���c�C�$�I�3 �j�R �0�3�c�C�<�N �,�C�U�@�3�a�c �j�@���j ���a�3 �3�{�3�,�j�C�q�3�I�w
�n�N�$�a�3���G���$�I�3�Y���. �D�R�@�N �M���c�@�.�I�3�j�j�3�a �j�R �j�@�3 �M�b���. �S�O�9�9�Y

�����T�3�a�8�3�,�j �b�3�,�a�3�,�w�� �C�c �0�3�~�N�3�0 �$�w �a�3�\�n�C�a�C�N�< �R�8 �� �c�w�c�j�3�L
�j�@���j ���8�j�3�a �� �,�a�w�U�j�R�<�a���L �C�c �C�N�j�3�a�,�3�U�j�3�0 �$�w �j�@�3 �3�N�3�L�w �j�@�3 ��
�U�R�c�j�3�a�C�R�a�C �U�a�R�$���$�C�I�C�j�C�3�c �R�8 �j�@�C�c �,�a�w�U�j�R�<�a���L �a�3�U�a�3�c�3�N�j�C�N�<
�q���a�C�R�n�c �L�3�c�c���<�3�c �$�3 �C�0�3�N�j�C�,���I�I�w �j�@�3 �c���L�3 ���c �j�@�3 �� �U�a�C�R�a�C
�U�a�R�$���$�C�I�C�j�C�3�c �R�8 �j�@�3 �c���L�3 �L�3�c�c���<�3�c �$�3�8�R�a�3 �j�@�3 �C�N�j�3�a�,�3�U�j�C�R�N�Y
�B�j �C�c �c�@�R�s�N �j�@���j �U�3�a�8�3�,�j �c�3�,�a�3�,�w �C�c �U�R�c�c�C�$�I�3 �$�n�j �a�3�\�n�C�a�3�c�.
�C�8 �j�@�3 �N�n�L�$�3�a �R�8 �L�3�c�c���<�3�c �C�c �~�N�C�j�3�. �j�@�3 �c���L�3 �N�n�L�$�3�a �R�8
�U�R�c�c�C�$�I�3 �G�3�w�c�Y���. �+�I���n�0�3 �b�@���N�N�R�N�. �S�O�:�9

���r�3 �c�j���N�0 �j�R�0���w �R�N �j�@�3 �$�a�C�N�G �R�8 �� �a�3�q�R�I�n�j�C�R�N �C�N �,�a�w�U�A
�j�R�<�a���U�@�w�Y���. �r�@�C�j�8�3�I�0 �/�C�|�3 ���N�0 �K���a�j�C�N �?�3�I�I�L���N�.
�S�O�e�f

�+�a�w�U�j�R�<�a���U�@�w �A �j�@�3 ���a�j �R�a �c�,�C�3�N�,�3 �R�8 ���c�3�,�a�3�j �s�a�C�j�C�N�<�� �A �@���c �$�3�3�N
���a�R�n�N�0 �8�R�a �c�3�q�3�a���I �L�C�I�I�3�N�C���. ���N�0 �8�R�a ���I�L�R�c�j ���I�I �R�8 �j�@���j �j�C�L�3 �2�0�<���a ���I�I���N
�T�R�3���c �\�n�R�j�3 ���$�R�q�3 �@�3�I�0 �j�a�n�3�Y �B�N�0�3�3�0�. �j�@�3 �@�C�c�j�R�a�w �R�8 �,�a�w�U�j�R�<�a���U�@�w �C�c
�I�C�j�j�3�a�3�0 �s�C�j�@ �j�@�3 �~�<�n�a���j�C�q�3 �,�R�a�U�c�3�c �R�8 �,�a�w�U�j�R�c�w�c�j�3�L�c �$�3�I�C�3�q�3�0 �c�3�,�n�a�3
���N�0 �j�@�3�N �$�a�R�G�3�N�. ���N�0 �c�R�L�3�j�C�L�3�c �s�C�j�@ �j�@�3 ���,�j�n���I �,�R�a�U�c�3�c �R�8 �j�@�R�c�3 �s�@�R
�@���q�3 �L�C�c�j���G�3�N�I�w �U�I���,�3�0 �j�@�3�C�a �8���C�j�@ �C�N �j�@�3�c�3 �,�a�w�U�j�R�c�w�c�j�3�L�c�Y

�v�3�j�. �c�R�L�3�j�@�C�N�< �,�@���N�<�3�0 �C�N �j�@�3 �I���c�j �8�3�s �0�3�,���0�3�c�. �s�@�C�,�@ �C�c �j�@�3 ���a�3�q�A

�+�R�L�U�C�I�3�0 �R�N �S�S�Y�4�Y�l�z�S�4 �S�9�-�:�:

�H�3���a�N�C�N�< �Q�$�E�3�,�j�C�q�3�c�-
�Ë �/�3�~�N�C�j�C�R�N �R�8 �U�3�a�8�3�,�j �c�3�,�a�3�,�w

�Ë �i�@�3 �R�N�3�A�j�C�L�3 �U���0 �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3

�Ë �M�3�,�3�c�c�C�j�w �R�8 �I�R�N�< �G�3�w�c �8�R�a �U�3�a�8�3�,�j �c�3�,�a�3�,�w

�Ë �+�R�L�U�n�j���j�C�R�N���I �c�3�,�a�3�,�w ���N�0 �j�@�3 �0�3�a���N�0�R�L�C�y�3�0
�R�N�3�A�j�C�L�3 �U���0�Y

�Ë �T�n�$�I�C�, �G�3�w �3�N�,�a�w�U�j�C�R�N

�Ë �� �j���c�j�3 �R�8 ���0�q���N�,�3�0 �j�R�U�C�,�c
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�R�I�n�j�C�R�N�� ���I�I�n�0�3�0 �j�R �V���N�0 �j�R �� �I���a�<�3 �3�u�j�3�N�j �C�N�C�j�C���j�3�0 �$�w�W �/�C�|�3 ���N�0 �?�3�I�I�A
�L���N���c �S�O�e�f �U���U�3�a �\�n�R�j�3�0 ���$�R�q�3�Y �M�3�s �,�a�w�U�j�R�c�w�c�j�3�L�c �@���q�3 �$�3�3�N �8�R�n�N�0
�j�@���j �@���q�3 �N�R�j �$�3�3�N �$�a�R�G�3�N �0�3�c�U�C�j�3 �$�3�C�N�< �c�n�$�E�3�,�j�3�0 �j�R �C�L�L�3�N�c�3 �3�{�R�a�j�c
�C�N�q�R�I�q�C�N�< �$�R�j�@ �@�n�L���N �C�N�<�3�N�n�C�j�w ���N�0 �,�R�L�U�n�j���j�C�R�N���I �U�R�s�3�a �R�N �� �c�,���I�3
�j�@���j �,�R�L�U�I�3�j�3�I�w �0�s���a�q�3�c �j�@�3 ���,�R�0�3 �$�a�3���G�3�a�c�� �R�8 �T�R�3���c �j�C�L�3�Y �2�q�3�N �L�R�a�3
���L���y�C�N�<�I�w�. �j�@�3�c�3 �,�a�w�U�j�R�c�w�c�j�3�L ���a�3 �N�R�j �R�N�I�w �c�3�3�L�C�N�<�I�w �n�N�$�a�3���G���$�I�3�.
�$�n�j �j�@�3�w ���I�c�R ���,�@�C�3�q�3 �j�@�C�c �n�N�0�3�a �L�n�,�@ �@���a�c�@�3�a �,�R�N�0�C�j�C�R�N�c�Y �M�R�j �R�N�I�w �0�R
�j�R�0���w���c ���j�j���,�G�3�a�c �@���q�3 �L�R�a�3 �,�R�L�U�n�j���j�C�R�N���I �U�R�s�3�a �$�n�j �j�@�3�w ���I�c�R �@���q�3
�L�R�a�3 �0���j�� �j�R �s�R�a�G �s�C�j�@�Y �B�N �T�R�3���c ���<�3�. ���N ���j�j���,�G�3�a �s�R�n�I�0 �$�3 �I�n�,�G�w �C�8
�j�@�3�w �<�R�j ���,�,�3�c�c �j�R �L�R�a�3 �j�@���N �� �8�3�s �3�N�,�a�w�U�j�C�R�N�c �R�8 �G�N�R�s�N �L�3�c�c���<�3�c�Y
�i�@�3�c�3 �0���w�c ���j�j���,�G�3�a�c �L�C�<�@�j �@���q�3 �L���c�c�C�q�3 ���L�R�n�N�j�c �R�8 �0���j���A �j�3�a���$�w�j�3�c
�R�a �L�R�a�3 �A ���j �j�@�3�C�a �0�C�c�U�R�c���I�Y �B�N �8���,�j�. �s�C�j�@�U�n�$�I�C�, �G�3�w�3�N�,�a�w�U�j�C�R�N�. ���N ���j�A
�j���,�G�3�a �,���N �<�3�N�3�a���j�3 ���c �L���N�w �,�C�U�@�3�a�j�3�u�j�c ���c �j�@�3�w �s�C�c�@�Y

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

�l�z�Y�S�+�H���b�b�B�+���H �+�`�v�T�i�Q�b�v�b�i�2�K�b

�� �<�a�3���j �L���N�w �,�a�w�U�j�R�c�w�c�j�3�L�c �@���q�3 �$�3�3�N �0�3�q�C�c�3�0 ���N�0 �$�a�R�G�3�N �j�@�a�R�n�<�@�A
�R�n�j �j�@�3 ���<�3�c�Y �H�3�j �n�c �a�3�,�R�n�N�j �E�n�c�j �R�N�3 �c�n�,�@ �c�j�R�a�w�Y �B�N �S�9�4�e�. �K���a�w �j�@�3
�\�n�3�3�N �R�8 �b�,�R�j�c�. ���N�0 �j�@�3 �@�3�C�a �j�R �j�@�3 �j�@�a�R�N�3 �R�8 �2�N�<�I���N�0�. �s���N�j�3�0 �j�R ���a�A
�a���N�<�3 �j�@�3 ���c�c���c�c�C�N���j�C�R�N �R�8 �@�3�a �,�R�n�c�C�N�. �\�n�3�3�N �2�I�C�c���$�3�j�@ �B �R�8 �2�N�<�I���N�0�.
�c�R �j�@���j �c�@�3 �,�R�n�I�0 ���c�,�3�N�0 �j�R �j�@�3 �j�@�a�R�N�3 ���N�0 �~�N���I�I�w �3�c�,���U�3 �j�@�3 �@�R�n�c�3
���a�a�3�c�j �n�N�0�3�a �s�@�C�,�@ �c�@�3 �@���0 �$�3�3�N �8�R�a �j�@�3 �I���c�j �S�4 �w�3���a�c�Y ���c �U���a�j �R�8 �j�@�C�c
�,�R�L�U�I�C�,���j�3�0 �U�I�R�j�. �c�@�3 �c�3�N�j �� �,�R�0�3�0 �I�3�j�j�3�a �j�R �b�C�a ���N�j�@�R�N�w �#���$�C�N�<�j�R�N�Y

�7�C�<�n�a�3 �l�z�Y�S�- �b�N�C�U�U�3�j �8�a�R�L �3�N�,�a�w�U�j�3�0 �,�R�L�L�n�N�C�,���j�C�R�N �$�3�j�s�3�3�N �\�n�3�3�N �K���a�w ���N�0 �b�C�a
�#���$�C�N�<�j�R�N

�K���a�w �n�c�3�0 �s�@���j���c �G�N�R�s�N ���c ���c�n�$�c�j�C�j�n�j�C�R�N �,�C�U�@�3�a�s�@�3�a�3 �3���,�@ �I�3�j�j�3�a
�C�c �j�a���N�c�8�R�a�L�3�0 �C�N�j�R �� �0�C�{�3�a�3�N�j �R�$�c�,�n�a�3 �c�w�L�$�R�I �V�c�3�3�7�C�<�Y �l�z�Y�S�W�Y ���j �� �~�a�c�j
�I�R�R�G�. �c�n�,�@ �� �I�3�j�j�3�a �L�C�<�@�j �c�3�3�L �a���j�@�3�a �C�N�c�,�a�n�j���$�I�3�A �� �L�3���N�C�N�<�I�3�c�c �c�3�A
�\�n�3�N�,�3 �R�8 �c�j�a���N�<�3 �c�w�L�$�R�I�c�Y �?�R�s�3�q�3�a�. ���8�j�3�a �c�R�L�3 �j�@�R�n�<�@�j�. �R�N�3 �L�C�<�@�j
�a�3�,�R�<�N�C�y�3 �j�@���j �j�@�3�c�3 �c�w�L�$�R�I�c�a�3�U�3���j�c�3�q�3�a���I �j�C�L�3�c ���N�0 �L�R�a�3�R�q�3�a �j�@���j
�0�C�{�3�a�3�N�j �c�w�L�$�R�I�c �a�3�U�3���j �s�C�j�@ �0�C�{�3�a�3�N�j �8�a�3�\�n�3�N�,�C�3�c�Y �M�R�s �C�j �0�R�3�c�N���j
�j���G�3 �� �I���a�<�3 �I�3���U �R�8 �8���C�j�@ �j�R ���c�c�n�L�3 �j�@���j �U�3�a�@���U�c �3���,�@ �c�w�L�$�R�I �,�R�a�a�3�A
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�S�B�8 �w�R�n �0�R�N���j �G�N�R�s �s�@���j ���U�a�C�q���j�3 �G�3�w��
�L�3���N�c�. �w�R�n �,���N �C�<�N�R�a�3 �j�@�C�c ���0�E�3�,�j�C�q�3 �8�R�a
�N�R�s�Y �7�R�a �j�@�R�n�c���N�0�c �R�8 �w�3���a�c�. ���U�a�C�q���j�3
�G�3�w �3�N�,�a�w�U�j�C�R�N�� �s���c �c�w�N�R�N�w�L�R�n�c �s�C�j�@
�3�N�,�a�w�U�j�C�R�N�Y �Q�N�I�w �C�N �j�@�3 �S�O�e�z���c �s���c �j�@�3
�,�R�N�,�3�U�j �R�8�U�n�$�I�C�, �G�3�w �3�N�,�a�w�U�j�C�R�N�C�N�q�3�N�j�3�0�.
�c�3�3�/�3�~�N�C�j�C�R�N �l�z�Y�4�Y

�c�U�R�N�0�c �j�R �� �0�C�{�3�a�3�N�j �I�3�j�j�3�a ���N�0 �j�@�3 �L�R�a�3 �8�a�3�\�n�3�N�j �c�w�L�$�R�I�c �,�R�a�a�3�c�U�R�N�0
�j�R �I�3�j�j�3�a�c �j�@���j �R�,�,�n�a �C�N �j�@�3 ���I�U�@���$�3�j �s�C�j�@ �@�C�<�@�3�a �8�a�3�\�n�3�N�,�w�Y �7�a�R�L �j�@�C�c
�R�$�c�3�a�q���j�C�R�N�. �j�@�3�a�3 �C�c �� �c�@�R�a�j �<���U �j�R �,�R�L�U�I�3�j�3�I�w �$�a�3���G�C�N�< �j�@�3 �,�C�U�@�3�a�.
�s�@�C�,�@ �s���c �C�N �8���,�j �0�R�N�3 �$�w �\�n�3�3�N �2�I�C�c���$�3�j�@���c �c�U�C�3�c �s�@�R �n�c�3�0 �j�@�3 �0�3�A
�,�R�0�3�0 �I�3�j�j�3�a�c �j�R �I�3���a�N �R�8 ���I�I �j�@�3 �,�R�A�,�R�N�c�U�C�a���j�R�a�c ���N�0 �j�R �,�R�N�q�C�,�j �\�n�3�3�N
�K���a�w �R�8 �j�a�3���c�R�N�. �� �,�a�C�L�3 �8�R�a �s�@�C�,�@ �c�@�3 �s���c �3�u�3�,�n�j�3�0�Y �i�a�n�c�j�C�N�< �C�N �c�n�A
�U�3�a�~�,�C���I �c�3�,�n�a�C�j�w �L�3���c�n�a�3�c �V�c�n�,�@ ���c �n�c�C�N�< ���C�N�c�,�a�n�j���$�I�3�� �c�w�L�$�R�I�c�W �C�c ��
�j�a���U �j�@���j �n�c�3�a�c �R�8 �,�a�w�U�j�R�<�a���U�@�w �@���q�3 �$�3�3�N �8���I�I�C�N�< �C�N�j�R ���<���C�N ���N�0 ���<���C�N
�R�q�3�a �j�@�3 �w�3���a�c�Y �V���c �C�N �L���N�w �j�@�C�N�<�c�. �j�@�C�c �C�c �j�@�3 �c�n�$�E�3�,�j �R�8 �� �<�a�3���j �t�F�+�/
�,���a�j�R�R�N�. �c�3�3�7�C�<�Y �l�z�Y�l�Y�W

�7�C�<�n�a�3 �l�z�Y�l�- �t�F�+�/���c �j���G�3 �R�N �j�@�3 ���0�0�3�0 �c�3�,�n�a�C�j�w �R�8 �n�c�C�N�< �n�N�,�R�L�L�R�N �c�w�L�$�R�I�c
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�K���N�w �R�8 �j�@�3 �j�a�R�n�$�I�3�c �j�@���j �,�a�w�U�j�R�c�w�c�j�3�L �0�3�c�C�<�N�3�a�c �8���,�3�0 �R�q�3�a �@�C�c�j�R�a�w
�V���N�0 �c�j�C�I�I �8���,�3�6�W �,���N �$�3 ���j�j�a�C�$�n�j�3�0 �j�R �N�R�j �U�a�R�U�3�a�I�w �0�3�~�N�C�N�< �R�a �n�N�0�3�a�A
�c�j���N�0�C�N�< �s�@���j ���a�3 �j�@�3 �<�R���I�c �j�@�3�w �s���N�j �j�R ���,�@�C�3�q�3 �C�N �j�@�3 �~�a�c�j �U�I���,�3�Y �H�3�j
�n�c �8�R�,�n�c �R�N �j�@�3 �c�3�j�j�C�N�< �R�8�U�a�C�q���j�3 �G�3�w �3�N�,�a�w�U�j�C�R�N�Y�S�� �c�3�N�0�3�a�V�j�a���0�C�j�C�R�N���I�I�w
�,���I�I�3�0 �����I�C�,�3���W �s���N�j�c �j�R �c�3�N�0 �� �L�3�c�c���<�3 �V�G�N�R�s�N ���I�c�R ���c ���U�I���C�N�j�3�u�j�W
�' �n �\��� ���
̂_ �j�R ���a�3�,�3�C�q�3�a�V�j�a���0�C�j�C�R�N���I�I�w �,���I�I�3�0 ���#�R�$���W�Y �i�@�3�w �s�R�n�I�0 �I�C�G�3
�j�@�3�C�a �L�3�c�c���<�3 �j�R �$�3 �G�3�U�j �c�3�,�a�3�j �8�a�R�L ���N���0�q�3�a�c���a�w�s�@�R �I�C�c�j�3�N�c �C�N �R�a
���3���q�3�c�0�a�R�U�c�� �R�N �j�@�3 �,�R�L�L�n�N�C�,���j�C�R�N �,�@���N�N�3�I �V���N�0 �C�c �j�a���0�C�j�C�R�N���I�I�w
�,���I�I�3�0 ���2�q�3���W�Y

���I�C�,�3 ���N�0 �#�R�$ �c�@���a�3 ���c�3�,�a�3�j �G�3�w�� �n �\��� ���
̂_�Y ���I�C�,�3 �n�c�3�c �j�@�3 �G�3�w�� �j�R
���c�,�a���L�$�I�3�� �R�a�3�N�,�a�w�U�j�j�@�3 �U�I���C�N�j�3�u�j�' �C�N�j�R ���,�C�U�@�3�a�j�3�u�j�(�. ���N�0 �#�R�$ �n�c�3�c
�j�@�3 �G�3�w�� �j�R ���n�N�c�,�a���L�$�I�3�� �R�a�0�3�,�a�w�U�j�j�@�3 �,�C�U�@�3�a�j�3�u�j�( �$���,�G �C�N�j�R �j�@�3
�U�I���C�N�j�3�u�j�' �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�-
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�l �r�3 �,���I�I �j�@�3 �8�n�N�,�j�C�R�N�m 
C ² �B ²
�j�@�3�I�3�N�<�j�@ �8�n�N�,�j�C�R�N�R�8�	�f�ô �e�
�Y �i�@�3
���,�C�U�@�j�3�a�j�3�u�j �I�3�N�<�j�@ �a�3�<�n�I���a�C�j�w�� �,�R�N�0�C�j�C�R�N
�C�c ���0�0�3�0 �8�R�a �j�3�,�@�N�C�,���I �,�R�N�q�3�N�C�3�N�,�3 ���N�0
�C�c �N�R�j ���j ���I�I �C�L�U�R�a�j���N�j�Y �v�R�n �,���N �C�<�N�R�a�3 �C�j
�C�N �� �~�a�c�j �a�3���0�C�N�<�Y

�/�3�~�N�C�j�C�R�N �l�z�Y�S�! �p���I�C�0 �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3�Y�H�3�j�� 
C ² �B ² �$�3 �c�R�L�3
�8�n�N�,�j�C�R�N�Y �� �U���C�a �R�8 �U�R�I�w�N�R�L�C���I�A�j�C�L�3 �,�R�L�U�n�j���$�I�3 �8�n�N�,�j�C�R�N�c�	�ú� �ù�

�L���U�U�C�N�< �c�j�a�C�N�<�c �j�R �c�j�a�C�N�<�c �C�c ���q���I�C�0 �U�a�C�q���j�3 �G�3�w �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3�V�R�a
�3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3�8�R�a �c�@�R�a�j�W �s�C�j�@ �U�I���C�N�j�3�u�j �I�3�N�<�j�@ �8�n�N�,�j�C�R�N���	
A�
�C�8 �8�R�a
�3�q�3�a�w�� �n �\��� ����̂‰���N�0�' �n �\��� ����̂m�	�‰�
�.

�ù�	��� �ú�	��� �'�
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�r�3 ���I�c�R �a�3�\�n�C�a�3 �j�@���j �R�n�a �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3�c ���a�3�,�C�U�@�3�a�j�3�u�j �I�3�N�<�j�@
�a�3�<�n�I���a�C�N �j�@�3 �c�3�N�c�3 �j�@���j ���I�I �,�C�U�@�3�a�j�3�u�j�c �,�R�a�a�3�c�U�R�N�0�C�N�< �j�R �G�3�w�c �R�8
�j�@�3 �c���L�3 �I�3�N�<�j�@ ���a�3 �R�8 �j�@�3 �c���L�3 �I�3�N�<�j�@�- �j�@�3�a�3 �C�c �c�R�L�3 �8�n�N�,�j�C�R�N
�ø 
C ² �B ²�c�n�,�@ �j�@���j �8�R�a �3�q�3�a�w�� �n �\��� ����̂‰���N�0�' �n �\��� ����̂m�	�‰�
�.
�]�ú�	��� �'�
�] �� �ø�	���
�Y�l

�r�3 �s�C�I�I �R�8�j�3�N �s�a�C�j�3 �j�@�3 �~�a�c�j �C�N�U�n�j �V�C�Y�3�Y�. �j�@�3 �G�3�w�W �j�R �j�@�3 �3�N�,�a�w�U�A
�j�C�R�N ���N�0 �0�3�,�a�w�U�j�C�R�N ���c �� �c�n�$�c�,�a�C�U�j ���N�0 �c�R �,���N �s�a�C�j�3�2�\�Y �V�l�z�Y�S�W���I�c�R
���c�ù�†�	�ú�†�	�'�
�
 �� �' �Y
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�/�3�~�N�C�j�C�R�N �l�z�Y�S�c���w�c �N�R�j�@�C�N�< ���$�R�n�j �j�@�3�c�3�,�n�a�C�j�w�R�8�ú ���N�0�ù�. ���N�0 �3�q�3�N
���I�I�R�s�c �j�@�3 �j�a�C�q�C���I �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3 �j�@���j �C�<�N�R�a�3�c �j�@�3 �G�3�w ���I�j�R�<�3�j�@�3�a
���N�0 �c�3�j�c�ú�†�	�'�
 �� �' �8�R�a �3�q�3�a�w�' �Y �/�3�~�N�C�N�< �c�3�,�n�a�C�j�w �C�c �N�R�j �� �j�a�C�q�C���I �L���j�A
�j�3�a�Y

�T �v�R�n �s�R�n�I�0 ���U�U�a�3�,�C���j�3 �j�@�3 �c�n�$�j�I�3�j�C�3�c �R�8 �0�3�~�N�C�N�<
�c�3�,�n�a�C�j�w �R�8 �3�N�,�a�w�U�j�C�R�N �C�8 ���j �j�@�C�c �U�R�C�N�j �w�R�n �j���G�3 �� �~�q�3
�L�C�N�n�j�3 �$�a�3���G �8�a�R�L �a�3���0�C�N�<�. ���N�0 �j�a�w �V�U�R�c�c�C�$�I�w �s�C�j�@ ��
�U���a�j�N�3�a�W �j�R �$�a���C�N�c�j�R�a�L �R�N �@�R�s �w�R�n �s�R�n�I�0 �L���j�@�3�L���j�A
�C�,���I�I�w �0�3�~�N�3 �j�@�3 �N�R�j�C�R�N �j�@���j ���N �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3 �C�c
�c�3�,�n�a�3�. �C�N �j�@�3 �c�3�N�c�3 �j�@���j �C�j �U�a�R�j�3�,�j�c �j�@�3 �c�3�,�a�3�,�w �R�8 �j�@�3
�U�I���C�N�j�3�u�j�' �Y

�i�@�a�R�n�<�@�R�n�j �@�C�c�j�R�a�w�. �L���N�w ���j�j���,�G�c �R�N �,�a�w�U�j�R�c�w�c�j�3�L�c ���a�3 �a�R�R�j�3�0
�C�N �j�@�3 �,�a�w�U�j�R�c�w�c�j�3�L �0�3�c�C�<�N�3�a�c�� �a�3�I�C���N�,�3 �R�N ���c�3�,�n�a�C�j�w �j�@�a�R�n�<�@
�R�$�c�,�n�a�C�j�w���! �j�a�n�c�j�C�N�< �j�@���j �j�@�3 �8���,�j �j�@�3�C�a�L�3�j�@�R�0�c���a�3 �N�R�j �G�N�R�s�N �j�R
�j�@�3�C�a �3�N�3�L�w �s�C�I�I �U�a�R�j�3�,�j �j�@�3�L �8�a�R�L �$�3�C�N�< �$�a�R�G�3�N�Y �i�@�C�c �C�c �� �8���n�I�j�w
���c�c�n�L�U�j�C�R�N �A �C�8 �w�R�n �a�3�n�c�3 �� �L�3�j�@�R�0 ���<���C�N ���N�0 ���<���C�N �V�3�q�3�N �s�C�j�@ ��
�0�C�{�3�a�3�N�j �G�3�w �3���,�@ �j�C�L�3�W �j�@�3�N �3�q�3�N�j�n���I�I�w �w�R�n�a ���0�q�3�a�c���a�C�3�c �s�C�I�I �~�<�n�a�3
�R�n�j �s�@���j �w�R�n ���a�3 �0�R�C�N�<�Y ���N�0 �C�8 ���I�C�,�3 ���N�0 �#�R�$ �L�3�3�j �8�a�3�\�n�3�N�j�I�w �C�N ��
�c�3�,�n�a�3 �I�R�,���j�C�R�N �j�R �0�3�,�C�0�3 �R�N �� �N�3�s �L�3�j�@�R�0�. �j�@�3�w �L�C�<�@�j ���c �s�3�I�I �j���G�3
�j�@�3 �R�U�U�R�a�j�n�N�C�j�w �j�R �3�u�,�@���N�<�3 �j�@�3�C�a �c�3�,�a�3�j�c�Y �i�@�3�c�3 �,�R�N�c�C�0�3�a���j�C�R�N�c �I�3�0
���n�<�n�c�j�3 �F�3�a�,�G�@�R�{�c �C�N �S�4�4�k �j�R �c�j���j�3 �j�@�3 �8�R�I�I�R�s�C�N�< �U�a�C�N�,�C�U�I�3�-

�� �,�a�w�U�j�R�c�w�c�j�3�L �c�@�R�n�I�0 �$�3 �c�3�,�n�a�3 �3�q�3�N �C�8 �3�q�3�a�w�j�@�C�N�< ���$�R�n�j
�j�@�3 �c�w�c�j�3�L�. �3�u�,�3�U�j �j�@�3 �G�3�w�. �C�c �U�n�$�I�C�, �G�N�R�s�I�3�0�<�3�Y�k
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�k�i�@�3 ���,�j�n���I �\�n�R�j�3 �C�c ���B�I �8���n�j �\�n���C�I �N���3�u�C�<�3
�U���c �I�3 �c�3�,�a�3�j�. �3�j �\�n���C�I �U�n�C�c�c�3 �c���N�c �C�N�A
�,�R�N�q���N�C�3�N�j �j�R�L�$�3�a �3�N�j�a�3 �I�3�c �L���C�N�c �0�3
�I���3�N�N�3�L�C�� �I�R�R�c�3�I�w �j�a���N�c�I���j�3�0 ���c ���i�@�3
�c�w�c�j�3�L �L�n�c�j �N�R�j �a�3�\�n�C�a�3 �c�3�,�a�3�,�w ���N�0 �,���N
�$�3 �c�j�R�I�3�N �$�w �j�@�3 �3�N�3�L�w �s�C�j�@�R�n�j �,���n�c�C�N�<
�j�a�R�n�$�I�3���Y ���,�,�R�a�0�C�N�< �j�R �b�j�3�q�3 �#�3�I�I�R�q�C�N
�j�@�3 �M�b�� �q�3�a�c�C�R�N �C�c �����c�c�n�L�3 �j�@���j �j�@�3 �~�a�c�j
�,�R�U�w �R�8 ���N�w �0�3�q�C�,�3 �s�3 �L���G�3 �C�c �c�@�C�U�U�3�0
�j�R �j�@�3 �F�a�3�L�I�C�N���Y

�r�@�w �C�c �C�j �Q�F �j�R ���c�c�n�L�3 �j�@�3 �G�3�w �C�c �c�3�,�a�3�j ���N�0 �N�R�j �j�@�3 ���I�<�R�a�C�j�@�L�]
�#�3�,���n�c�3 �s�3 �,���N ���I�s���w�c �,�@�R�R�c�3 �� �8�a�3�c�@ �G�3�w�Y �#�n�j �R�8 �,�R�n�a�c�3 �j�@���j �s�R�N���j
�@�3�I�U �n�c �L�n�,�@ �C�8 �R�n�a �G�3�w �C�c �C�8 �s�3 �,�@�R�R�c�3 �R�n�a �G�3�w �j�R �$�3 ���S�l�k�:�� �R�a
���U���c�c�s�z�a�0�6���Y �B�N �8���,�j�. �C�8 �w�R�n �n�c�3���N�w�0�3�j�3�a�L�C�N�C�c�j�C�, ���I�<�R�a�C�j�@�L �j�R
�,�@�R�R�c�3 �j�@�3 �G�3�w �j�@�3�N �3�q�3�N�j�n���I�I�w �w�R�n�a ���0�q�3�a�c���a�w �s�C�I�I �~�<�n�a�3 �j�@�C�c �R�n�j�Y
�i�@�3�a�3�8�R�a�3 �8�R�a �c�3�,�n�a�C�j�w �s�3 �L�n�c�j �,�@�R�R�c�3 �j�@�3 �G�3�w ���j�a���N�0�R�L���N�0 �,���N
�a�3�c�j���j�3 �F�3�a�,�G�@�R�{�c���c �U�a�C�N�,�C�U�I�3 ���c �8�R�I�I�R�s�c�-

�i�@�3�a�3 �C�c �N�R �c�3�,�a�3�,�w �s�C�j�@�R�n�j �a���N�0�R�L�N�3�c�c

�i�@�C�c �C�c �c�n�,�@ �� �,�a�n�,�C���I �U�R�C�N�j �j�@���j �C�c �s�R�a�j�@ �a�3�U�3���j�C�N�<�-

�i�@�3�a�3 �C�c �N�R �c�3�,�a�3�,�w �s�C�j�@�R�n�j �a���N�0�R�L�N�3�c�c

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

�l�z�Y�:�T�2�`�7�2�+�i �b�2�+�`�2�+�v

�B�8 �w�R�n �j�@�C�N�G ���$�R�n�j �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3 �c�3�,�n�a�C�j�w �8�R�a �� �s�@�C�I�3�. �w�R�n �L�C�<�@�j
�,�R�L�3 �n�U �s�C�j�@ �j�@�3 �8�R�I�I�R�s�C�N�< �U�a�C�N�,�C�U�I�3 �8�R�a �0�3�~�N�C�N�< �c�3�,�n�a�C�j�w�-�����N
�3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3 �C�c �c�3�,�n�a�3 �C�8 �C�j �C�c �N�R�j �U�R�c�c�C�$�I�3 �j�R �a�3�,�R�q�3�a �j�@�3 �G�3�w�� �8�a�R�L
�ú�†�	�'�
���Y �?�R�s�3�q�3�a�. �� �L�R�L�3�N�j���c �j�@�R�n�<�@�j �c�@�R�s�c �j�@���j �j�@�3 �G�3�w �C�c �N�R�j �a�3���I�I�w
�s�@���j �s�3���a�3 �j�a�w�C�N�< �j�R �U�a�R�j�3�,�j�Y ���8�j�3�a ���I�I�. �j�@�3 �s�@�R�I�3 �U�R�C�N�j �R�8 ���N �3�N�,�a�w�U�A
�j�C�R�N �C�c �j�R �U�a�R�j�3�,�j �j�@�3 �,�R�N�~�0�3�N�j�C���I�C�j�w �R�8 �j�@�3�U�I���C�N�j�3�u�j�' �Y �b�R�. �s�3 �,���N �j�a�w �j�R
�0�3�~�N�3 �j�@���j�����N �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3 �C�c �c�3�,�n�a�3 �C�8 �C�j �C�c �N�R�j �U�R�c�c�C�$�I�3 �j�R �a�3�,�R�q�3�a �j�@�3
�U�I���C�N�j�3�u�j�' �8�a�R�L�ú�†�	�'�
���Y �v�3�j �C�j �C�c �N�R�j �,�I�3���a �s�@���j �j�@�C�c �L�3���N�c �3�C�j�@�3�a�Y �b�n�U�A
�U�R�c�3 �j�@���j ���N �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3 �a�3�q�3���I�c �j�@�3 �~�a�c�j �S�z �$�C�j�c �R�8 �j�@�3 �U�I���C�N�j�3�u�j
�' �Y �B�j �L�C�<�@�j �c�j�C�I�I �N�R�j �$�3 �U�R�c�c�C�$�I�3 �j�R �a�3�,�R�q�3�a�' �,�R�L�U�I�3�j�3�I�w�. �$�n�j �R�N ���N �C�N�j�n�A
�C�j�C�q�3 �I�3�q�3�I�. �j�@�C�c �c�3�3�L�c �I�C�G�3 �C�j �s�R�n�I�0 �$�3 �3�u�j�a�3�L�3�I�w �n�N�s�C�c�3 �j�R �n�c�3 �c�n�,�@ ���N
�3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3 �C�N �U�a���,�j�C�,�3�Y �B�N�0�3�3�0�. �R�8�j�3�N �3�q�3�N�U���a�j�C���I �C�N�8�R�a�L���j�C�R�N
���$�R�n�j �j�@�3 �U�I���C�N�j�3�u�j �C�c �3�N�R�n�<�@ �8�R�a �j�@�3 ���0�q�3�a�c���a�w �j�R ���,�@�C�3�q�3 �C�j�c �<�R���I�c�Y

�i�@�3 ���$�R�q�3 �j�@�C�N�G�C�N�< �I�3�0 �b�@���N�N�R�N �C�N �S�O�:�9 �j�R �8�R�a�L���I�C�y�3 �j�@�3 �N�R�j�C�R�N �R�8
�U�3�a�8�3�,�j �c�3�,�a�3�,�w�. �s�@�C�,�@ �C�c �j�@���j ���N �3�N�,�a�w�U�j�C�R�N �a�3�q�3���I�c ���$�c�R�I�n�j�3�I�w �N�R�j�@�C�N�<
���$�R�n�j �j�@�3 �L�3�c�c���<�3�Y �i�@�3�a�3 ���a�3 �c�3�q�3�a���I �3�\�n�C�q���I�3�N�j �s���w�c �j�R �0�3�~�N�3 �C�j�. �$�n�j
�U�3�a�@���U�c �j�@�3 �,�I�3���N�3�c�j �R�N�3 �C�c �j�@�3 �8�R�I�I�R�s�C�N�<�-

�/�3�~�N�C�j�C�R�N �l�z�Y�l�! �T�3�a�8�3�,�j �c�3�,�a�3�,�w�Y�� �q���I�C�0 �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3�	�ú� �ù�

�s�C�j�@ �I�3�N�<�j�@���	
A�
�C�c�U�3�a�8�3�,�j�I�w �c�3�,�a�3�j�C�8 �8�R�a �3�q�3�a�w�� �n ² ���N�0 �U�I���C�N�j�3�u�j�c
�'� �'�¥ �n �\��� ����̂m�	�‰�
�. �j�@�3 �8�R�I�I�R�s�C�N�< �j�s�R �0�C�c�j�a�C�$�n�j�C�R�N�c�� ���N�0�� �¥�R�q�3�a
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̂_ ���a�3 �C�0�3�N�j�C�,���I�-

�Ë �� �C�c �R�$�j���C�N�3�0 �$�w �c���L�U�I�C�N�<�� �} �\��� ��� �̂‰���N�0 �R�n�j�U�n�j�j�C�N�<�ú�†�	�'�
�Y

�Ë �� �¥�C�c �R�$�j���C�N�3�0 �$�w �c���L�U�I�C�N�<�� �} �\��� ��� �̂‰���N�0 �R�n�j�U�n�j�j�C�N�<�ú�†�	�'
�¥�
�Y

�T �i�@�C�c �0�3�~�N�C�j�C�R�N �L�C�<�@�j �j���G�3 �L�R�a�3 �j�@���N �R�N�3 �a�3���0�C�N�<
�j�R �U���a�c�3�Y �i�a�w �j�R �j�@�C�N�G �R�8 �@�R�s �j�@�C�c �,�R�N�0�C�j�C�R�N �s�R�n�I�0
�,�R�a�a�3�c�U�R�N�0 �j�R �w�R�n�a �C�N�j�n�C�j�C�q�3 �N�R�j�C�R�N �R�8 ���I�3���a�N�C�N�< �N�R
�C�N�8�R�a�L���j�C�R�N�� ���$�R�n�j�' �8�a�R�L �R�$�c�3�a�q�C�N�<�ú�†�	�'�
�. ���N�0 �j�R
�b�@���N�N�R�N���c �\�n�R�j�3 �C�N �j�@�3 �$�3�<�C�N�N�C�N�< �R�8 �j�@�C�c �,�@���U�j�3�a�Y �B�N
�U���a�j�C�,�n�I���a�. �c�n�U�U�R�c�3 �j�@���j �w�R�n �G�N�3�s ���@�3���0 �R�8 �j�C�L�3 �j�@���j
���I�C�,�3 �c�3�N�j �3�C�j�@�3�a ���N �3�N�,�a�w�U�j�C�R�N �R�8�' �R�a ���N �3�N�,�a�w�U�j�C�R�N
�R�8�' �¥�Y �r�R�n�I�0 �w�R�n �I�3���a�N ���N�w�j�@�C�N�< �N�3�s �8�a�R�L �R�$�c�3�a�q�C�N�<
�j�@�3 �3�N�,�a�w�U�j�C�R�N �R�8 �j�@�3 �L�3�c�c���<�3 �j�@���j ���I�C�,�3 ���,�j�n���I�I�w
�c�3�N�j�] �B�j �L���w �@�3�I�U �w�R�n �j�R �I�R�R�G ���j�7�C�<�Y �l�z�Y�k�Y

�7�C�<�n�a�3 �l�z�Y�k�- �7�R�a ���N�w �G�3�w �I�3�N�<�j�@�‰�. �s�3 �,���N �q�C�c�n���I�C�y�3 ���N �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3�	�f�ô �e�
���c
�� �<�a���U�@ �s�C�j�@ �� �q�3�a�j�3�u �8�R�a �3�q�3�a�w �R�N�3 �R�8 �j�@�3�õ�m�	�‰�
�U�R�c�c�C�$�I�3 �U�I���C�N�j�3�u�j�c ���N�0 �8�R�a �3�q�3�a�w �R�N�3
�R�8 �j�@�3 �,�C�U�@�3�a�j�3�u�j�c �C�N�\���ô �Æ�^
_ �R�8 �j�@�3 �8�R�a�L�f �†�	�“�
 �8�R�a�† �n �\���ô �Æ�^�‰���N�0�“ �n �\���ô �Æ�^�m�	�‰�
�Y
�7�R�a �3�q�3�a�w �U�I���C�N�j�3�u�j�“ ���N�0 �G�3�w�†�. �s�3 ���0�0 ���N �3�0�<�3 �I���$�3�I�3�0�†�$�3�j�s�3�3�N�“ ���N�0�f �†�	�“�
�Y �#�w
�j�@�3 �q���I�C�0�C�j�w �,�R�N�0�C�j�C�R�N�. �C�8 �s�3 �U�C�,�G ���N�w �~�u�3�0 �G�3�w�†�. �j�@�3 �L���U�“ �˜ �f �†�	�“�
 �L�n�c�j �$�3 �R�N�3�A�j�R�A
�R�N�3�Y �i�@�3 �,�R�N�0�C�j�C�R�N �R�8 �U�3�a�8�3�,�j �c�3�,�a�3�,�w �c�C�L�U�I�w �,�R�a�a�3�c�U�R�N�0�c �j�R �a�3�\�n�C�a�C�N�< �j�@���j �3�q�3�a�w �j�s�R
�U�I���C�N�j�3�u�j�c�“ ���N�0�“ �¥�@���q�3 �3�u���,�j�I�w �j�@�3 �c���L�3 �c�3�j �R�8 �N�3�C�<�@�$�R�a�c �V�R�a �L�n�I�j�C�A�c�3�j�. �C�8 �j�@�3�a�3 ���a�3
�U���a���I�I�3�I �3�0�<�3�c�W�Y
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�: �i�@�3 �3�\�n���j�C�R�N�2�\�Y �V�l�z�Y�l�W�C�c �� �c�U�3�,�C���I
�,���c�3 �R�8�#���w�3�c�� �a�n�I�3�s�@�C�,�@�. ���I�j�@�R�n�<�@ ��
�c�C�L�U�I�3 �a�3�c�j���j�3�L�3�N�j �R�8 �j�@�3 �8�R�a�L�n�I�� �8�R�a
�,�R�N�0�C�j�C�R�N���I �U�a�R�$���$�C�I�C�j�w�. �C�c ���N �3�u�j�a�3�L�3�I�w
�C�L�U�R�a�j���N�j ���N�0 �s�C�0�3�I�w �n�c�3�0 �j�R�R�I �C�N
�c�j���j�C�c�j�C�,�c ���N�0 �0���j�� ���N���I�w�c�C�c�Y

�l�z�Y�:�Y�S�2�u���L�U�I�3�- �T�3�a�8�3�,�j �c�3�,�a�3�,�w �C�N �j�@�3 �$���j�j�I�3�~�3�I�0

�i�R �n�N�0�3�a�c�j���N�0�/�3�~�N�C�j�C�R�N �l�z�Y�l�. �c�n�U�U�R�c�3 �j�@���j ���I�C�,�3 �c�3�N�0�c �R�N�I�w �R�N�3 �R�8
�j�s�R �U�R�c�c�C�$�I�3 �L�3�c�c���<�3�c�- �����j�j���,�G�� �R�a ���a�3�j�a�3���j���. �s�@�C�,�@ �s�3 �0�3�N�R�j�3 �$�w�' ��

���N�0�' �Æ�a�3�c�U�3�,�j�C�q�3�I�w�. ���N�0 �j�@���j �c�@�3 �c�3�N�0�c �3���,�@ �R�N�3 �R�8 �j�@�R�c�3 �L�3�c�c���<�3�c
�s�C�j�@ �U�a�R�$���$�C�I�C�j�w�������Y �H�3�j �n�c �U�n�j �R�n�a�c�3�I�q�3�c �C�N �j�@�3 �c�@�R�3�c �R�8�2�q�3�. �j�@�3
�3���q�3�c�0�a�R�U�U�C�N�< ���0�q�3�a�c���a�w�Y �� �U�a�C�R�a�C �s�3 �s�R�n�I�0 �@���q�3 �<�n�3�c�c�3�0 �j�@���j ���I�C�,�3
�c�3�N�j �3�C�j�@�3�a�' �� �R�a�' �Æ�s�C�j�@ �U�a�R�$���$�C�I�C�j�w�������Y �M�R�s �s�3 �R�$�c�3�a�q�3�( �� �ú �†�	�'�„�

�s�@�3�a�3�� �C�c �� �n�N�C�8�R�a�L�I�w �,�@�R�c�3�N �G�3�w �C�N�\��� ����̂‰�Y �?�R�s �0�R�3�c �j�@�C�c �N�3�s
�C�N�8�R�a�L���j�C�R�N �,���n�c�3 �n�c �j�R �n�U�0���j�3 �R�n�a �$�3�I�C�3�8�c �R�N �s�@�3�j�@�3�a ���I�C�,�3 �c�3�N�j �j�@�3
�U�I���C�N�j�3�u�j�' �� �R�a �j�@�3 �U�I���C�N�j�3�u�j�' �Æ�]

�T �#�3�8�R�a�3 �a�3���0�C�N�< �j�@�3 �N�3�u�j �U���a���<�a���U�@�. �w�R�n �L�C�<�@�j �s���N�j
�j�R �j�a�w �j�@�3 ���N���I�w�c�C�c �w�R�n�a�c�3�I�8�Y �v�R�n �L���w �~�N�0 �C�j �n�c�3�8�n�I �j�R
�I�R�R�G ���j �j�@�3�r�C�G�C�U�3�0�C�� �3�N�j�a�w �R�N �#���w�3�c�C���N �B�N�8�3�a�3�N�,�3�R�a
�j�@�3�c�3 �K�B�i �I�3�,�j�n�a�3 �N�R�j�3�c�Y

�H�3�j �n�c �0�3�~�N�3���� �	�(�
�j�R �$�3 �j�@�3 �U�a�R�$���$�C�I�C�j�w �V�j���G�3�N �R�q�3�a�� �} �\��� ��� �̂‰�W
�j�@���j�( �� �ú �†�	�'�� �
 ���N�0 �c�C�L�C�I���a�I�w���Æ�	�(�
�j�R �$�3 �T�a�†�}�\���ô�Æ�^�S �<�( �� �ú�†�	�'�Æ�
�>�Y
�M�R�j�3 �j�@���j�. �c�C�N�,�3 ���I�C�,�3 �,�@�R�R�c�3�c �j�@�3 �L�3�c�c���<�3 �j�R �c�3�N�0 ���j �a���N�0�R�L�. �R�n�a
�� �U�a�C�R�a�C �U�a�R�$���$�C�I�C�j�w �8�R�a �R�$�c�3�a�q�C�N�<�( �C�c�Æ�õ���� �	�(�
 �� �Æ

�õ���Æ�	�(�
�Y �?�R�s�3�q�3�a�.
���c �U�3�a�/�3�~�N�C�j�C�R�N �l�z�Y�l�. �j�@�3 �U�3�a�8�3�,�j �c�3�,�a�3�,�w �,�R�N�0�C�j�C�R�N �<�n���a���N�j�3�3�c �j�@���j
���� �	�(�
 �� ���Æ�	�(�
�6 �H�3�j �n�c �0�3�N�R�j�3 �j�@�3 �N�n�L�$�3�a���� �	�(�
 �� ���Æ�	�(�
�$�w���Y �#�w �j�@�3
�8�R�a�L�n�I�� �8�R�a �,�R�N�0�C�j�C�R�N���I �U�a�R�$���$�C�I�C�j�w�. �j�@�3 �U�a�R�$���$�C�I�C�j�w �j�@���j ���I�C�,�3 �c�3�N�j �j�@�3
�L�3�c�c���<�3�' �� �,�R�N�0�C�j�C�R�N�3�0 �R�N �R�n�a �R�$�c�3�a�q���j�C�R�N�( �C�c �c�C�L�U�I�w�:

�T�a�<�� �� ���]�( �� �ú�†�	�'�„�
�> ��
�T�a�<�� �� �� 
Ñ �( �� �ú�†�	�'�„�
�>

�T�a�<�( �� �ú�†�	�'�
�>
�� �V�l�z�Y�l�W

�b�C�N�,�3 �j�@�3 �U�a�R�$���$�C�I�C�j�w �j�@���j�� �� �� ���N�0�( �C�c �j�@�3 �,�C�U�@�3�a�j�3�u�j�ú�†�	���
�C�c �3�\�n���I
�j�R�Æ

�õ 
A ���� �	�(�
�. ���N�0 �j�@�3 �� �U�a�C�R�a�C �U�a�R�$���$�C�I�C�j�w �R�8 �R�$�c�3�a�q�C�N�<�( �C�c�Æ�õ���� �	�(�
 ��
�Æ
�õ���Æ�	�(�
�. �s�3 �,���N �a�3�s�a�C�j�3�2�\�Y �V�l�z�Y�l�W���c
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�n�c�C�N�< �j�@�3 �8���,�j �j�@���j���� �	�(�
 �� ���Æ�	�(�
 �� ���Y �i�@�C�c �L�3���N�c �j�@���j �R�$�c�3�a�q�C�N�< �j�@�3
�,�C�U�@�3�a�j�3�u�j�( �0�C�0 �N�R�j �@�3�I�U �n�c ���j ���I�I�6 �r�3 �c�j�C�I�I �s�R�n�I�0 �N�R�j �$�3 ���$�I�3 �j�R �<�n�3�c�c
�s�@�3�j�@�3�a ���I�C�,�3 �c�3�N�j �����j�j���,�G�� �R�a ���a�3�j�a�3���j�� �s�C�j�@ �$�3�j�j�3�a �j�@���N �9�z�g�9�z �R�0�0�c�6

�i�@�C�c �3�u���L�U�I�3 �,���N �$�3 �q���c�j�I�w �<�3�N�3�a���I�C�y�3�0 �j�R �c�@�R�s �j�@���j �U�3�a�8�3�,�j �c�3�,�a�3�,�w
�C�c �C�N�0�3�3�0 ���U�3�a�8�3�,�j�� �C�N �j�@�3 �c�3�N�c�3 �j�@���j �R�$�c�3�a�q�C�N�< �� �,�C�U�@�3�a�j�3�u�j �<�C�q�3�c �2�q�3
�N�R ���0�0�C�j�C�R�N���I �C�N�8�R�a�L���j�C�R�N���$�R�n�j �j�@�3 �U�I���C�N�j�3�u�j �$�3�w�R�N�0 �@�3�a �� �U�a�C�R�a�C �G�N�R�s�I�A
�3�0�<�3�Y

�l�z�Y�:�Y�l�+�R�N�c�j�a�n�,�j�C�N�< �U�3�a�8�3�,�j�I�w �c�3�,�a�3�j �3�N�,�a�w�U�j�C�R�N

�T�3�a�8�3�,�j �c�3�,�a�3�,�w�C�c ���N �3�u�j�a�3�L�3�I�w �c�j�a�R�N�< �,�R�N�0�C�j�C�R�N�. ���N�0 �C�L�U�I�C�3�c �j�@���j ���N
�3���q�3�c�0�a�R�U�U�3�a �0�R�3�c �N�R�j �I�3���a�N���N�w�C�N�8�R�a�L���j�C�R�N �8�a�R�L �R�$�c�3�a�q�C�N�< �j�@�3 �,�C�A
�U�@�3�a�j�3�u�j�Y �v�R�n �L�C�<�@�j �j�@�C�N�G �j�@���j ���N �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3 �c���j�C�c�8�w�C�N�< �c�n�,�@ ��

https://en.wikipedia.org/wiki/Bayesian_inference
https://ocw.mit.edu/courses/mathematics/18-05-introduction-to-probability-and-statistics-spring-2014/readings/MIT18_05S14_Reading11.pdf
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�c�j�a�R�N�< �,�R�N�0�C�j�C�R�N �s�C�I�I �$�3 �C�L�U�R�c�c�C�$�I�3�. �R�a ���j �I�3���c�j �3�u�j�a�3�L�3�I�w �,�R�L�U�I�C�,���j�3�0�.
�j�R ���,�@�C�3�q�3�Y �?�R�s�3�q�3�a �C�j �j�n�a�N�c �R�n�j �s�3 �,���N �C�N �8���,�j �R�$�j���C�N �U�3�a�8�3�,�j�I�w �c�3�,�a�3�j
�3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3 �8���C�a�I�w �3���c�C�I�w�Y �b�n�,�@ �� �c�,�@�3�L�3 �8�R�a �j�s�R�A�$�C�j �L�3�c�c���<�3�c �C�c
�C�I�I�n�c�j�a���j�3�0 �C�N�7�C�<�Y �l�z�Y�:

�7�C�<�n�a�3 �l�z�Y�:�- �� �U�3�a�8�3�,�j�I�w �c�3�,�a�3�j �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3 �8�R�a �j�s�R�A�$�C�j �G�3�w�c ���N�0 �L�3�c�c���<�3�c�Y �i�@�3
�$�I�n�3 �q�3�a�j�C�,�3�c �a�3�U�a�3�c�3�N�j �U�I���C�N�j�3�u�j�c ���N�0 �j�@�3 �a�3�0 �q�3�a�j�C�,�3�c �a�3�U�a�3�c�3�N�j �,�C�U�@�3�a�j�3�u�j�c�. �3���,�@ �3�0�<�3
�L���U�U�C�N�< �� �U�I���C�N�j�3�u�j�“ �j�R �� �,�C�U�@�3�a�j�3�u�j�” �� �f �†�	�“�
 �C�c �I���$�3�I�3�0 �s�C�j�@ �j�@�3 �,�R�a�a�3�c�U�R�N�0�C�N�<
�G�3�w�†�Y �b�C�N�,�3 �j�@�3�a�3 ���a�3 �8�R�n�a �U�R�c�c�C�$�I�3 �G�3�w�c�. �j�@�3 �0�3�<�a�3�3 �R�8 �j�@�3 �<�a���U�@ �C�c �8�R�n�a ���N�0 �C�j �C�c �C�N �8���,�j
�� �,�R�L�U�I�3�j�3 �$�C�U���a�j�C�j�3 �<�a���U�@�Y �i�@�3 �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3 �C�c �q���I�C�0 �C�N �j�@�3 �c�3�N�c�3 �j�@���j �8�R�a �3�q�3�a�w
�† �n �\���ô �Æ�^�õ�. �j�@�3 �L���U�“ �˜ �f �†�	�“�
 �C�c �R�N�3�A�j�R�A�R�N�3�. �s�@�C�,�@ �C�N �R�j�@�3�a �s�R�a�0�c �L�3���N�c �j�@���j �j�@�3 �c�3�j
�R�8 �3�0�<�3�c �I���$�3�I�3�0 �s�C�j�@�†�C�c ���L���j�,�@�C�N�<�Y

�B�N �8���,�j�. �j�@�C�c �,���N �$�3 �<�3�N�3�a���I�C�y�3�0 �j�R ���N�w �N�n�L�$�3�a �R�8 �$�C�j�c�-

�i�@�3�R�a�3�L �l�z�Y�k�! �Q�N�3 �i�C�L�3 �T���0 �V�p�3�a�N���L �S�O�S�e�. �b�@���N�N�R�N �S�O�:�O�W�Y�i�@�3�a�3 �C�c ��
�U�3�a�8�3�,�j�I�w �c�3�,�a�3�j �q���I�C�0 �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3�	�ú� �ù�
�s�C�j�@���	���
 �� �� �Y

�T�a�R�R�8 �B�0�3���-�Q�n�a �c�,�@�3�L�3 �C�c �j�@�3�R�N�3�A�j�C�L�3 �U���0���I�c�R �G�N�R�s�N ���c �j�@�3 ���p�3�a�A
�N���L �+�C�U�@�3�a���. �c�3�3�7�C�<�Y �l�z�Y�9�Y �i�@�3 �3�N�,�a�w�U�j�C�R�N �C�c �3�u�,�3�3�0�C�N�<�I�w �c�C�L�U�I�3�- �j�R
�3�N�,�a�w�U�j �� �L�3�c�c���<�3�' �n �\��� ����̂‰�s�C�j�@ �� �G�3�w�� �n �\��� ����̂‰�s�3 �c�C�L�U�I�w �R�n�j�U�n�j
�' 
õ �� �s�@�3�a�3
õ �C�c �j�@�3 �$�C�j�s�C�c�3 �t�Q�` �R�U�3�a���j�C�R�N �j�@���j �R�n�j�U�n�j�c �j�@�3 �c�j�a�C�N�<
�,�R�a�a�3�c�U�R�N�0�C�N�< �j�R �t�Q�`�C�N�< �3���,�@ �,�R�R�a�0�C�N���j�3 �R�8�' ���N�0���Y
`

�T�a�R�R�8 �R�8�i�@�3�R�a�3�L �l�z�Y�k�Y�7�R�a �j�s�R �$�C�N���a�w �c�j�a�C�N�<�c�� ���N�0�� �R�8 �j�@�3 �c���L�3
�I�3�N�<�j�@�� �. �s�3 �0�3�~�N�3�� 
õ �� �j�R �$�3 �j�@�3 �c�j�a�C�N�<�� �n �\��� ���^�‰�c�n�,�@ �j�@���j
���„ �� �� �„ �� �� �„ �L�R�0�� �8�R�a �3�q�3�a�w�� �n �<���>�Y �i�@�3 �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3
�	�ú� �ù�
�C�c �0�3�~�N�3�0 ���c �8�R�I�I�R�s�c�-�ú�†�	�'�
 �� �' 
õ �� ���N�0�ù�†�	�(�
 �� �( 
õ ���Y
�#�w �j�@�3 ���c�c�R�,�C���j�C�q�3 �I���s �R�8 ���0�0�C�j�C�R�N �V�s�@�C�,�@ �s�R�a�G�c ���I�c�R �L�R�0�n�I�R �j�s�R�W�.
�ù�†�	�ú�†�	�'�
�
 �� �	�' 
õ ���
 
õ �� �� �' 
õ �	�� 
õ ���
 �� �' 
õ �� �‰�� �' �. �n�c�C�N�< �j�@�3 �8���,�j
�j�@���j �8�R�a �3�q�3�a�w �$�C�j�| �n �\��� ����̂.�| �� �| �L�R�0�� �� �� ���N�0�| �� �� �� �| �L�R�0���Y
�?�3�N�,�3�	�ú� �ù�
�8�R�a�L �� �q���I�C�0 �3�N�,�a�w�U�j�C�R�N�Y

�i�R ���N���I�w�y�3 �j�@�3 �U�3�a�8�3�,�j �c�3�,�a�3�,�w �U�a�R�U�3�a�j�w�. �s�3 �,�I���C�L �j�@���j �8�R�a �3�q�3�a�w
�' �n �\��� ����̂‰�. �j�@�3 �0�C�c�j�a�C�$�n�j�C�R�N�� �“ �� �ú �†�	�'�
 �s�@�3�a�3�� �} �\��� ��� �̂‰�C�c �c�C�L�U�I�w
�j�@�3 �n�N�C�8�R�a�L �0�C�c�j�a�C�$�n�j�C�R�N �R�q�3�a�\��� ����̂‰�. ���N�0 �@�3�N�,�3 �C�N �U���a�j�C�,�n�I���a �j�@�3
�0�C�c�j�a�C�$�n�j�C�R�N�c�� �“ ���N�0�� �“ �¬ ���a�3 �C�0�3�N�j�C�,���I �8�R�a �3�q�3�a�w�'� �'�¥ �n �\��� ����̂‰�Y �B�N�0�3�3�0�.
�8�R�a �3�q�3�a�w �U���a�j�C�,�n�I���a�( �n �\��� ���^�‰�. �j�@�3 �q���I�n�3�( �C�c �R�n�j�U�n�j �$�w�� �“ �C�8 ���N�0
�R�N�I�w �C�8�( �� �' 
õ �� �s�@�C�,�@ �@�R�I�0�c �C�8 ���N�0 �R�N�I�w �C�8�� �� �' 
õ �( �Y �b�C�N�,�3�� �C�c

https://en.wikipedia.org/wiki/One-time_pad
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�,�@�R�c�3�N �n�N�C�8�R�a�L�I�w ���j �a���N�0�R�L �C�N�\��� ����̂‰�. �j�@�3 �U�a�R�$���$�C�I�C�j�w �j�@���j�� �@���U�U�3�N�c
�j�R �3�\�n���I�� 
õ �( �C�c �3�u���,�j�I�w��
7�‰�. �s�@�C�,�@ �L�3���N�c �j�@���j �3�q�3�a�w �c�j�a�C�N�<�( �C�c �R�n�j�U�n�j
�$�w�� �“ �s�C�j�@ �U�a�R�$���$�C�I�C�j�w��
7�‰�Y �

�7�C�<�n�a�3 �l�z�Y�9�- �B�N �j�@�3�R�N�3 �j�C�L�3 �U���0�3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3 �s�3 �3�N�,�a�w�U�j �� �U�I���C�N�j�3�u�j�“ �n �\���ô �Æ�^�‰

�s�C�j�@ �� �G�3�w�† �n �\���ô �Æ�^�‰�$�w �j�@�3 �,�C�U�@�3�a�j�3�u�j�“ 
õ �†�s�@�3�a�3
õ �0�3�N�R�j�3�c �j�@�3 �$�C�j�s�C�c�3 �t�Q�`
�R�U�3�a���j�C�R�N�Y

�T �i�@�3 ���a�<�n�L�3�N�j ���$�R�q�3 �C�c �\�n�C�j�3 �c�C�L�U�I�3 �$�n�j �C�c �s�R�a�j�@
�a�3���0�C�N�< ���<���C�N�Y �i�R �n�N�0�3�a�c�j���N�0 �s�@�w �j�@�3 �R�N�3�A�j�C�L�3
�U���0 �C�c �U�3�a�8�3�,�j�I�w �c�3�,�a�3�j�. �C�j �C�c �n�c�3�8�n�I �j�R �3�N�q�C�c�C�R�N �C�j ���c
�� �$�C�U���a�j�C�j�3 �<�a���U�@ ���c �s�3���q�3 �0�R�N�3 �C�N�7�C�<�Y �l�z�Y�:�Y �V�B�N �8���,�j
�j�@�3 �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3 �R�8�7�C�<�Y �l�z�Y�:�C�c �U�a�3�,�C�c�3�I�w �j�@�3
�R�N�3�A�j�C�L�3 �U���0 �8�R�a�� �� �� �Y�W �7�R�a �3�q�3�a�w�� �. �j�@�3 �R�N�3�A�j�C�L�3
�U���0 �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3 �,�R�a�a�3�c�U�R�N�0�c �j�R �� �$�C�U���a�j�C�j�3
�<�a���U�@ �s�C�j�@���‰�q�3�a�j�C�,�3�c �R�N �j�@�3 ���I�3�8�j �c�C�0�3�� �,�R�a�a�3�c�U�R�N�0�A
�C�N�< �j�R �j�@�3 �U�I���C�N�j�3�u�j�c �C�N�\��� ����̂‰���N�0���‰�q�3�a�j�C�,�3�c �R�N �j�@�3
���a�C�<�@�j �c�C�0�3�� �,�R�a�a�3�c�U�R�N�0�C�N�< �j�R �j�@�3 �,�C�U�@�3�a�j�3�u�j�c�\��� ����̂‰�Y
�7�R�a �3�q�3�a�w�' �n �\��� ����̂‰���N�0�� �n �\��� ����̂‰�. �s�3 �,�R�N�N�3�,�j�'
�j�R �j�@�3 �q�3�a�j�3�u�( �� �ú �†�	�'�
 �s�C�j�@ ���N �3�0�<�3 �j�@���j �s�3 �I���$�3�I
�s�C�j�@���Y �Q�N�3 �,���N �c�3�3 �j�@���j �j�@�C�c �C�c �j�@�3 �,�R�L�U�I�3�j�3 �$�C�U���a�j�C�j�3
�<�a���U�@�. �s�@�3�a�3 �3�q�3�a�w �q�3�a�j�3�u �R�N �j�@�3 �I�3�8�j �C�c �,�R�N�N�3�,�j�3�0
�j�R���I�I�q�3�a�j�C�,�3�c �R�N �j�@�3 �a�C�<�@�j�Y �B�N �U���a�j�C�,�n�I���a �j�@�C�c �L�3���N�c
�j�@���j �8�R�a �3�q�3�a�w �I�3�8�j �q�3�a�j�3�u�' �. �j�@�3 �0�C�c�j�a�C�$�n�j�C�R�N �R�N �j�@�3
�,�C�U�@�3�a�j�3�u�j�c �R�$�j���C�N�3�0 �$�w �j���G�C�N�< �� �a���N�0�R�L�� �n �\��� ����̂‰

���N�0 �<�R�C�N�< �j�R �j�@�3 �N�3�C�<�@�$�R�a �R�8�' �R�N �j�@�3 �3�0�<�3 �I���$�3�I�3�0��
�C�c �j�@�3 �n�N�C�8�R�a�L �0�C�c�j�a�C�$�n�j�C�R�N �R�q�3�a�\��� ����̂‰�Y �i�@�C�c �3�N�c�n�a�3�c
�j�@�3 �U�3�a�8�3�,�j �c�3�,�a�3�,�w �,�R�N�0�C�j�C�R�N�Y

�l�z�Y�9�M�2�+�2�b�b�B�i�v �Q�7 �H�Q�M�; �F�2�v�b

�b�R�. �0�R�3�c�i�@�3�R�a�3�L �l�z�Y�k�<�C�q�3 �j�@�3 �~�N���I �s�R�a�0 �R�N �,�a�w�U�j�R�<�a���U�@�w�. ���N�0
�L�3���N�c �j�@���j �s�3 �,���N ���I�I �,�R�L�L�n�N�C�,���j�3 �s�C�j�@ �U�3�a�8�3�,�j �c�3�,�a�3�,�w ���N�0 �I�C�q�3
�@���U�U�C�I�w �3�q�3�a ���8�j�3�a�] �M�R �C�j �0�R�3�c�N���j�Y �r�@�C�I�3 �j�@�3 �R�N�3�A�j�C�L�3 �U���0 �C�c �3�|�,�C�3�N�j�.
���N�0 �<�C�q�3�c �U�3�a�8�3�,�j �c�3�,�a�3�,�w�. �C�j �@���c �R�N�3 �<�I���a�C�N�< �0�C�c���0�q���N�j���<�3�- �j�R �,�R�L�L�n�A
�N�C�,���j�3�� �$�C�j�c �w�R�n �N�3�3�0 �j�R �c�j�R�a�3 �� �G�3�w �R�8 �I�3�N�<�j�@�� �Y �B�N �,�R�N�j�a���c�j�. �U�a���,�j�C�,���I�I�w
�n�c�3�0 �,�a�w�U�j�R�c�w�c�j�3�L�c �c�n�,�@ ���c ���2�b�A�S�l�4 �@���q�3 �� �c�@�R�a�j �G�3�w �R�8������ �$�C�j�c �V�C�Y�3�Y�.
���� �$�w�j�3�c�W �j�@���j �,���N �$�3 �n�c�3�0 �j�R �U�a�R�j�3�,�j �j�3�a���$�w�j�3�c �R�a �L�R�a�3 �R�8 �,�R�L�L�n�N�C�,���A
�j�C�R�N�6 �B�L���<�C�N�3 �j�@���j �s�3 ���I�I �N�3�3�0�3�0 �j�R �n�c�3 �j�@�3 �R�N�3 �j�C�L�3 �U���0�Y �B�8 �j�@���j �s���c
�j�@�3 �,���c�3�. �j�@�3�N �C�8 �w�R�n �@���0 �j�R �,�R�L�L�n�N�C�,���j�3 �s�C�j�@�� �U�3�R�U�I�3�. �w�R�n �s�R�n�I�0
�@���q�3 �j�R �L���C�N�j���C�N �V�c�3�,�n�a�3�I�w�6�W�� �@�n�<�3 �~�I�3�c �j�@���j ���a�3 �3���,�@ ���c �I�R�N�< ���c �j�@�3
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�9�+�a�3�0�C�j �j�R �j�@�C�c �0�C�c�,�R�q�3�a�w �C�c �c�@���a�3�0 �$�w
�H�j�Y �`�C�,�@���a�0 �?���I�I�R�,�G�. �+���a�a�C�3 �#�3�a�a�w�. �7�a���N�G
�H�3�s�C�c�. ���N�0 �H�j�Y �F���a�I �2�I�L�\�n�C�c�j�. ���N�0 �j�@�3�a�3
���a�3 �R�j�@�3�a�c �j�@���j �@���q�3 �L���0�3 �C�L�U�R�a�j���N�j
�,�R�N�j�a�C�$�n�j�C�R�N �j�R �j�@�C�c �U�a�R�E�3�,�j�Y �b�3�3 �U���<�3�c �l�e
���N�0 �l�4 �C�N �j�@�3 �0�R�,�n�L�3�N�j�Y

�I�3�N�<�j�@ �R�8 �j�@�3 �L���u�C�L�n�L �j�R�j���I �,�R�L�L�n�N�C�,���j�C�R�N �w�R�n �3�u�U�3�,�j �s�C�j�@ �j�@���j �U�3�a�A
�c�R�N�Y �B�L���<�C�N�3 �j�@���j �3�q�3�a�w �j�C�L�3 �w�R�n �R�U�3�N�3�0 ���N ���,�,�R�n�N�j �s�C�j�@ ���L���y�R�N�.
�;�R�R�<�I�3�. �R�a ���N�w �R�j�@�3�a �c�3�a�q�C�,�3�. �j�@�3�w �s�R�n�I�0 �N�3�3�0 �j�R �c�3�N�0 �w�R�n �C�N �j�@�3 �L���C�I
�V�C�0�3���I�I�w �s�C�j�@ �� �c�3�,�n�a�3 �,�R�n�a�C�3�a�W �� �/�p�/ �8�n�I�I �R�8 �a���N�0�R�L �N�n�L�$�3�a�c�. ���N�0
�3�q�3�a�w �j�C�L�3 �w�R�n �c�n�c�U�3�,�j�3�0 �� �q�C�a�n�c�. �w�R�n���0 �N�3�3�0 �j�R ���c�G ���I�I �j�@�3�c�3 �c�3�a�q�C�,�3�c
�8�R�a �� �8�a�3�c�@ �/�p�/�Y �i�@�C�c �0�R�3�c�N���j �c�R�n�N�0 �c�R ���U�U�3���I�C�N�<�Y

�i�@�C�c �C�c �N�R�j �E�n�c�j �� �j�@�3�R�a�3�j�C�,���I �C�c�c�n�3�Y �i�@�3 �b�R�q�C�3�j�c �@���q�3 �n�c�3�0 �j�@�3 �R�N�3�A
�j�C�L�3 �U���0 �8�R�a �j�@�3�C�a �,�R�N�~�0�3�N�j�C���I �,�R�L�L�n�N�C�,���j�C�R�N �c�C�N�,�3 �$�3�8�R�a�3 �j�@�3 �S�O�:�z���c�Y
�B�N �8���,�j�. �3�q�3�N �$�3�8�R�a�3 �b�@���N�N�R�N���c �s�R�a�G�. �j�@�3 �m�Y�b�Y �C�N�j�3�I�I�C�<�3�N�,�3 ���I�a�3���0�w
�G�N�3�s �C�N �S�O�:�S �j�@���j �j�@�3 �R�N�3�A�j�C�L�3 �U���0 �C�c �C�N �U�a�C�N�,�C�U�I�3 ���n�N�$�a�3���G���$�I�3�� �V�c�3�3
�U���<�3 �k�l �C�N �j�@�3�p�3�N�R�N�� �0�R�,�n�L�3�N�j�W�Y �?�R�s�3�q�3�a�. �C�j �j�n�a�N�3�0 �R�n�j �j�@���j �j�@�3
�@���c�c�I�3 �R�8 �L���N�n�8���,�j�n�a�C�N�< �c�R �L���N�w �G�3�w�c �8�R�a ���I�I �j�@�3 �,�R�L�L�n�N�C�,���j�C�R�N �j�R�R�G
�C�j�c �j�R�I�I �R�N �j�@�3 �b�R�q�C�3�j�c ���N�0 �j�@�3�w �3�N�0�3�0 �n�U �a�3�n�c�C�N�< �j�@�3 �c���L�3 �G�3�w�c �8�R�a
�L�R�a�3 �j�@���N �R�N�3 �L�3�c�c���<�3�Y �i�@�3�w �0�C�0 �j�a�w �j�R �n�c�3 �j�@�3�L �8�R�a �,�R�L�U�I�3�j�3�I�w �0�C�8�A
�8�3�a�3�N�j �a�3�,�3�C�q�3�a�c �C�N �j�@�3 �V�8���I�c�3�W �@�R�U�3 �j�@���j �j�@�C�c �s�R�n�I�0�N���j �$�3 �0�3�j�3�,�j�3�0�Y �i�@�3
�p�3�N�R�N�� �T�a�R�E�3�,�j�R�8 �j�@�3 �m�Y�b�Y ���a�L�w �s���c �8�R�n�N�0�3�0 �C�N �7�3�$�a�n���a�w �S�O�:�k �$�w
�;�3�N�3 �;�a���$�3�3�I �V�c�3�3�7�C�<�Y �l�z�Y�f�W�. �� �8�R�a�L�3�a �@�R�L�3 �3�,�R�N�R�L�C�,�c �j�3���,�@�3�a �8�a�R�L
�K���0�C�c�R�N �?�3�C�<�@�j�c�. �p�C�a�<�N�C�� ���N�0 �H�j�Y �H�3�R�N���a�0 �x�n�$�G�R�Y �B�N �Q�,�j�R�$�3�a �S�O�:�k�.
�j�@�3�w �@���0 �j�@�3�C�a �$�a�3���G�j�@�a�R�n�<�@ �s�@�3�N �C�j �s���c �0�C�c�,�R�q�3�a�3�0 �j�@���j �j�@�3 �`�n�c�c�C���N�c
�s�3�a�3 �a�3�n�c�C�N�< �j�@�3�C�a �G�3�w�c�Y�9 �B�N �j�@�3 �k�e �w�3���a�c �R�8 �C�j�c �3�u�C�c�j�3�N�,�3�. �j�@�3 �U�a�R�E�3�,�j
�@���c �a�3�c�n�I�j�3�0 �C�N �� �j�a�3���c�n�a�3 �,�@�3�c�j �R�8 �C�N�j�3�I�I�C�<�3�N�,�3�. �3�u�U�R�c�C�N�< �@�n�N�0�a�3�0�c �R�8
�F�;�# ���<�3�N�j�c ���N�0 �`�n�c�c�C���N �c�U�C�3�c �C�N �j�@�3 �m�Y�b�Y ���N�0 �R�j�@�3�a �,�R�n�N�j�a�C�3�c�. �C�N�,�I�n�0�A
�C�N�< �D�n�I�C�n�c �`�R�c�3�N�$�3�a�<�. �?���a�a�w �;�R�I�0�. �F�I���n�c �7�n�,�@�c�. ���I�<�3�a �?�C�c�c�. �?���a�a�w
�/�3�u�j�3�a �r�@�C�j�3 ���N�0 �L���N�w �R�j�@�3�a�c�Y

�m�N�8�R�a�j�n�N���j�3�I�w �C�j �j�n�a�N�c �R�n�j �j�@���j �V���c �c�@�R�s�N �$�w �b�@���N�N�R�N�W �j�@���j �c�n�,�@
�I�R�N�< �G�3�w�c ���a�3�N�3�,�3�c�c���a�w�8�R�a �U�3�a�8�3�,�j �c�3�,�a�3�,�w�-

�i�@�3�R�a�3�L �l�z�Y�:�! �T�3�a�8�3�,�j �c�3�,�a�3�,�w �a�3�\�n�C�a�3�c �I�R�N�< �G�3�w�c�Y�7�R�a �3�q�3�a�w �U�3�a�8�3�,�j�I�w
�c�3�,�a�3�j �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3�	�ú� �ù�
�j�@�3 �I�3�N�<�j�@ �8�n�N�,�j�C�R�N�� �c���j�C�c�~�3�c
���	���
 �. �� �Y

�T�a�R�R�8 �B�0�3���-�i�@�3 �C�0�3�� �$�3�@�C�N�0 �j�@�3 �U�a�R�R�8 �C�c �C�I�I�n�c�j�a���j�3�0 �C�N�7�C�<�Y �l�z�Y�e�Y �B�8
�j�@�3 �N�n�L�$�3�a �R�8 �G�3�w�c �C�c �c�L���I�I�3�a �j�@���N �j�@�3 �N�n�L�$�3�a �R�8 �L�3�c�c���<�3�c �j�@�3�N �j�@�3
�N�3�C�<�@�$�R�a�@�R�R�0�c �R�8 ���I�I �q�3�a�j�C�,�3�c �C�N �j�@�3 �,�R�a�a�3�c�U�R�N�0�C�N�< �<�a���U�@�c �,���N�N�R�j �$�3
�C�0�3�N�j�C�,���I�Y
`

�T�a�R�R�8 �R�8�i�@�3�R�a�3�L �l�z�Y�:�Y�H�3�j�ú� �ù�$�3 �� �q���I�C�0 �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3 �s�C�j�@
�L�3�c�c���<�3�c �R�8 �I�3�N�<�j�@�� ���N�0 �G�3�w �R�8 �I�3�N�<�j�@�� �� �� �Y �r�3 �s�C�I�I �c�@�R�s �j�@���j
�	�ú� �ù�
�C�c �N�R�j �U�3�a�8�3�,�j�I�w �c�3�,�a�3�j �$�w �U�a�R�q�C�0�C�N�< �j�s�R �U�I���C�N�j�3�u�j�c�' �� � �'�Æ �n
�\��� ����̂m �c�n�,�@ �j�@���j �j�@�3 �0�C�c�j�a�C�$�n�j�C�R�N�c�� �“ �q

���N�0�� �“ �/
���a�3 �N�R�j �C�0�3�N�j�C�,���I�. �s�@�3�a�3

�� �“ �C�c �j�@�3 �0�C�c�j�a�C�$�n�j�C�R�N �R�$�j���C�N�3�0 �$�w �U�C�,�G�C�N�<�� �} �\��� ��� �̂‰���N�0 �R�n�j�U�n�j�j�C�N�<
�ú�†�	�'�
�Y �r�3 �,�@�R�R�c�3�' �� �� �� �m�Y �H�3�j�� �� �f �\��� ��� 
̂_ �$�3 �j�@�3 �c�3�j �R�8 ���I�I �,�C�U�@�3�a�j�3�u�j�c
�j�@���j �@���q�3 �N�R�N�y�3�a�R �U�a�R�$���$�C�I�C�j�w �R�8 �$�3�C�N�< �R�n�j�U�n�j �C�N�� �“ �q

�Y �i�@���j �C�c�.�� ��
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�7�C�<�n�a�3 �l�z�Y�f�- �;�3�N�3 �;�a���$�3�3�I�. �s�@�R �8�R�n�N�0�3�0 �j�@�3 �m�Y�b�Y �`�n�c�c�C���N �b�C�<�B�N�j �U�a�R�<�a���L �R�N �S �7�3�$
�S�O�:�k�Y �T�@�R�j�R �j���G�3�N �C�N �S�O�:�l�. �c�3�3 �T���<�3 �e �C�N �j�@�3 �p�3�N�R�N�� �@�C�c�j�R�a�C�,���I �c�j�n�0�w�Y

�7�C�<�n�a�3 �l�z�Y�e�- ���N �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3 �s�@�3�a�3 �j�@�3 �N�n�L�$�3�a �R�8 �G�3�w�c �C�c �c�L���I�I�3�a �j�@���N �j�@�3
�N�n�L�$�3�a �R�8 �U�I���C�N�j�3�u�j�c �,�R�a�a�3�c�U�R�N�0�c �j�R �� �$�C�U���a�j�C�j�3 �<�a���U�@ �s�@�3�a�3 �j�@�3 �0�3�<�a�3�3 �C�c �c�L���I�I�3�a �j�@���N
�j�@�3 �N�n�L�$�3�a �R�8 �q�3�a�j�C�,�3�c �R�N �j�@�3 �I�3�8�j �c�C�0�3�Y �i�R�<�3�j�@�3�a �s�C�j�@ �j�@�3 �q���I�C�0�C�j�w �,�R�N�0�C�j�C�R�N �j�@�C�c �C�L�U�I�C�3�c
�j�@���j �j�@�3�a�3 �s�C�I�I �$�3 �j�s�R �I�3�8�j �q�3�a�j�C�,�3�c�“�ô �“�¥�s�C�j�@ �N�R�N�A�C�0�3�N�j�C�,���I �N�3�C�<�@�$�R�a�@�R�R�0�c�. ���N�0 �@�3�N�,�3
�j�@�3 �c�,�@�3�L�3 �0�R�3�c�N�R�j�c���j�C�c�8�w �U�3�a�8�3�,�j �c�3�,�a�3�,�w�Y
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�\�( �] 
à�†�n�\���ô�Æ�^�S �( �� �ú �†�	�'�� �
� �̂Y �b�C�N�,�3 �j�@�3�a�3 ���a�3 �R�N�I�w���‰�G�3�w�c�. �s�3 �G�N�R�s �j�@���j
�]���� �] �. ���‰�Y

�r�3 �s�C�I�I �c�@�R�s �j�@�3 �8�R�I�I�R�s�C�N�< �,�I���C�L�-
�+�I���C�L �B�-�i�@�3�a�3 �3�u�C�c�j�c �c�R�L�3�' �Æ�n �\��� ����̂m ���N�0�� �n �\��� ����̂‰�c�n�,�@ �j�@���j

�ú�†�	�'�Æ�
 �p ���� �Y
�+�I���C�L �B �C�L�U�I�C�3�c �j�@���j �j�@�3 �c�j�a�C�N�<�ú�†�	�'�Æ�
 �@���c �U�R�c�C�j�C�q�3 �U�a�R�$���$�C�I�C�j�w �R�8

�$�3�C�N�< �R�n�j�U�n�j �$�w�� �“ �/
���N�0 �y�3�a�R �U�a�R�$���$�C�I�C�j�w �R�8 �$�3�C�N�< �R�n�j�U�n�j �$�w�� �“ �q

���N�0
�@�3�N�,�3 �C�N �U���a�j�C�,�n�I���a�� �“ �q

���N�0�� �“ �/
���a�3 �N�R�j �C�0�3�N�j�C�,���I�Y �i�R �U�a�R�q�3 �+�I���C�L �B�.

�E�n�c�j �,�@�R�R�c�3 �� �~�u�3�0�� �n �\��� ����̂‰�Y �#�w �j�@�3 �q���I�C�0�C�j�w �,�R�N�0�C�j�C�R�N�. �j�@�3 �L���U
�' �˜ �ú �†�	�'�
 �C�c �� �R�N�3 �j�R �R�N�3 �L���U �R�8�\��� ����̂m �j�R�\��� ���
̂_ ���N�0 �@�3�N�,�3 �C�N
�U���a�j�C�,�n�I���a �j�@�3�C�L���<�3�R�8 �j�@�C�c �L���U�- �j�@�3 �c�3�j�þ �� �\�( �] 
à�“�n�\���ô�Æ�^�7 �( �� �ú �†�	�'�
�^
�@���c �c�C�y�3 ���j �I�3���c�j �V�C�N �8���,�j �3�u���,�j�I�w�W���m�Y �b�C�N�,�3�]���� �] �� ���‰�� �� �m�. �j�@�C�c �L�3���N�c
�j�@���j�]�þ�] �� �]���� �]���N�0 �c�R �C�N �U���a�j�C�,�n�I���a �j�@�3�a�3 �3�u�C�c�j�c �c�R�L�3 �c�j�a�C�N�<�( �C�N�þ�o�� �� �Y
�#�n�j �$�w �j�@�3 �0�3�~�N�C�j�C�R�N �R�8�þ�j�@�C�c �L�3���N�c �j�@���j �j�@�3�a�3 �C�c �c�R�L�3�' �n �\��� ����̂m

�c�n�,�@ �j�@���j�ú�†�	�'�
 �p ���� �s�@�C�,�@ �,�R�N�,�I�n�0�3�c �j�@�3 �U�a�R�R�8 �R�8 �+�I���C�L �B ���N�0 �@�3�N�,�3
�R�8�i�@�3�R�a�3�L �l�z�Y�:�Y �

�l�z�Y�f�+�Q�K�T�m�i���i�B�Q�M���H �b�2�+�`�2�+�v

�i�R �c�n�L �n�U �j�@�3 �U�a�3�q�C�R�n�c �3�U�C�c�R�0�3�c�. �s�3 �N�R�s �G�N�R�s �j�@���j�-

�Ë �B�j �C�c �U�R�c�c�C�$�I�3 �j�R �R�$�j���C�N �� �U�3�a�8�3�,�j�I�w �c�3�,�a�3�j �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3 �s�C�j�@
�G�3�w �I�3�N�<�j�@ �j�@�3 �c���L�3 ���c �j�@�3 �U�I���C�N�j�3�u�j�Y

���N�0

�Ë �B�j �C�c �N�R�j �U�R�c�c�C�$�I�3 �j�R �R�$�j���C�N �c�n�,�@ �� �c�,�@�3�L�3 �s�C�j�@ �G�3�w �j�@���j �C�c �3�q�3�N ��
�c�C�N�<�I�3 �$�C�j �c�@�R�a�j�3�a �j�@���N �j�@�3 �U�I���C�N�j�3�u�j�Y

�?�R�s �0�R�3�c �j�@�C�c �L�3�c�@ �s�C�j�@ �j�@�3 �8���,�j �j�@���j�. ���c �s�3���q�3 ���I�a�3���0�w �c�3�3�N�. �U�3�R�A
�U�I�3 �a�R�n�j�C�N�3�I�w �n�c�3 �,�a�w�U�j�R�c�w�c�j�3�L�c �s�C�j�@ �� �S�f �$�w�j�3�c �G�3�w �$�n�j �L���N�w �j�3�a�A
���$�w�j�3�c �R�8 �U�I���C�N�j�3�u�j�] �i�@�3 �U�a�R�R�8 �R�8�i�@�3�R�a�3�L �l�z�Y�:�0�R�3�c �<�C�q�3 �C�N �8���,�j �� �s���w
�j�R �$�a�3���G ���I�I �j�@�3�c�3 �,�a�w�U�j�R�c�w�c�j�3�L�c�. �$�n�j ���N �3�u���L�C�N���j�C�R�N �R�8 �j�@�C�c �U�a�R�R�8
�c�@�R�s�c �j�@���j �C�j �R�N�I�w �w�C�3�I�0�c ���N ���I�<�R�a�C�j�@�L �s�C�j�@ �j�C�L�3�3�u�U�R�N�3�N�j�C���I �C�N �j�@�3
�I�3�N�<�j�@ �R�8 �j�@�3 �G�3�w�Y �i�@�C�c �L�R�j�C�q���j�3�c �j�@�3 �8�R�I�I�R�s�C�N�< �a�3�I���u���j�C�R�N �R�8 �U�3�a�8�3�,�j �c�3�A
�,�a�3�,�w �j�R �� �,�R�N�0�C�j�C�R�N �G�N�R�s�N ���c���,�R�L�U�n�j���j�C�R�N���I �c�3�,�a�3�,�w���Y �B�N�j�n�C�j�C�q�3�I�w�. ���N
�3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3 �C�c �,�R�L�U�n�j���j�C�R�N���I�I�w �c�3�,�a�3�j �C�8 �N�R �U�R�I�w�N�R�L�C���I �j�C�L�3
���I�<�R�a�C�j�@�L �,���N �$�a�3���G �C�j�Y �i�@�3 �8�R�a�L���I �0�3�~�N�C�j�C�R�N �C�c �$�3�I�R�s�-

�/�3�~�N�C�j�C�R�N �l�z�Y�9�! �+�R�L�U�n�j���j�C�R�N���I �c�3�,�a�3�,�w�Y�H�3�j�	�ú� �ù�
�$�3 �� �q���I�C�0 �3�N�A
�,�a�w�U�j�C�R�N �c�,�@�3�L�3 �s�@�3�a�3 �8�R�a �G�3�w�c �R�8 �I�3�N�<�j�@�� �. �j�@�3 �U�I���C�N�j�3�u�j�c ���a�3 �R�8
�I�3�N�<�j�@���	���
 ���N�0 �j�@�3 �,�C�U�@�3�a�j�3�u�j�c ���a�3 �R�8 �I�3�N�<�j�@���	���
 �Y �r�3 �c���w �j�@���j
�	�ú� �ù�
�C�c�,�R�L�U�n�j���j�C�R�N���I�I�w �c�3�,�a�3�j�C�8 �8�R�a �3�q�3�a�w �U�R�I�w�N�R�L�C���I�� 
C ² �B ²�.
���N�0 �I���a�<�3 �3�N�R�n�<�@�� �. �C�8�� �C�c ���N���	���
 �A�C�N�U�n�j ���N�0 �c�C�N�<�I�3 �R�n�j�U�n�j �M���M�/
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�T �/�3�~�N�C�j�C�R�N �l�z�Y�9�a�3�\�n�C�a�3�c �� �c�3�,�R�N�0 �R�a �j�@�C�a�0 �a�3���0 ���N�0
�c�R�L�3 �U�a���,�j�C�,�3 �j�R �j�a�n�I�w �n�N�0�3�a�c�j���N�0�Y �Q�N�3 �3�u�,�3�I�I�3�N�j
�3�u�3�a�,�C�c�3 �j�R �L���G�3 �c�n�a�3 �w�R�n �8�R�I�I�R�s �C�j �C�c �j�R �c�3�3 �j�@���j
�C�8 �s�3 ���I�I�R�s�� �j�R �$�3 ���N���a�$�C�j�a���a�w�8�n�N�,�j�C�R�N �L���U�U�C�N�<
�\��� ����̂ˆ�	�‰�
 �j�R�\��� ����̂. ���N�0 �s�3 �a�3�U�I���,�3 �j�@�3 �,�R�N�0�C�j�C�R�N �C�N
�2�\�Y �V�l�z�Y�:�W�j�@���j �j�@�3 �I�3�8�@���N�0 �c�C�0�3 �C�c �c�L���I�I�3�a �j�@���N�Æ

�‹�	�m�	�‰�
�


�s�C�j�@ �j�@�3 �,�R�N�0�C�j�C�R�N �j�@���j �C�j �C�c �3�\�n���I �j�R�� �j�@�3�N �s�3 �<�3�j �j�@�3
�U�3�a�8�3�,�j �c�3�,�a�3�,�w �,�R�N�0�C�j�C�R�N �R�8�/�3�~�N�C�j�C�R�N �l�z�Y�l�Y �B�N�0�3�3�0
�C�8 �j�@�3 �0�C�c�j�a�C�$�n�j�C�R�N�c�ú�†�	�'�� �
 ���N�0�ú�†�	�'�Æ�
 ���a�3 �C�0�3�N�j�C�,���I
�j�@�3�N ���U�U�I�w�C�N�< ���N�w �8�n�N�,�j�C�R�N�� �j�R �j�@�3�L �s�3 �<�3�j �j�@�3
�c���L�3 �3�u�U�3�,�j���j�C�R�N�Y �Q�N �j�@�3 �R�j�@�3�a �@���N�0�. �C�8 �j�@�3 �j�s�R �0�C�c�A
�j�a�C�$�n�j�C�R�N�c ���$�R�q�3 �<�C�q�3 �� �0�C�{�3�a�3�N�j �U�a�R�$���$�C�I�C�j�w �8�R�a �c�R�L�3
�3�I�3�L�3�N�j�(
_ �n �\��� ����̂ˆ�	�‰�
�. �j�@�3�N �j�@�3 �8�n�N�,�j�C�R�N�� �	�(�
 �j�@���j
�R�n�j�U�n�j�c�� �C�{�( �� �( 
_ �s�C�I�I �@���q�3 �� �0�C�{�3�a�3�N�j �3�u�U�3�,�j���j�C�R�N
�n�N�0�3�a �j�@�3 �8�R�a�L�3�a �0�C�c�j�a�C�$�n�j�C�R�N �j�@���N �n�N�0�3�a �j�@�3 �I���j�j�3�a�Y

�/�3�~�N�C�j�C�R�N �l�z�Y�9�a���C�c�3�c �j�s�R �N���j�n�a���I �\�n�3�c�j�C�R�N�c�-

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

�Ë �B�j �C�c �s�3���G �3�N�R�n�<�@ �j�@���j�. �n�N�I�C�G�3 �U�3�a�8�3�,�j �c�3�,�a�3�,�w�. �C�j �C�c �U�R�c�c�C�$�I�3 �j�R �R�$�j���C�N
�� �,�R�L�U�n�j���j�C�R�N���I�I�w �c�3�,�a�3�j �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3 �s�@�3�a�3 �j�@�3 �G�3�w �C�c �L�n�,�@
�c�L���I�I�3�a �j�@���N �j�@�3 �L�3�c�c���<�3�]

�i�R �j�@�3 �$�3�c�j �R�8 �R�n�a �G�N�R�s�I�3�0�<�3�. �j�@�3 ���N�c�s�3�a �j�R �$�R�j�@ �\�n�3�c�j�C�R�N�c �C�c�v�3�c�Y
�`�3�<���a�0�C�N�< �j�@�3 �~�a�c�j �\�n�3�c�j�C�R�N�. �C�j �C�c �N�R�j �@���a�0 �j�R �c�@�R�s �j�@���j �C�8�. �8�R�a �3�u���L�U�I�3�.
���I�C�,�3 �n�c�3�c �� �,�R�L�U�n�j���j�C�R�N���I�I�w �c�3�,�a�3�j �3�N�,�a�w�U�j�C�R�N ���I�<�R�a�C�j�@�L �j�R �3�N�,�a�w�U�j
�3�C�j�@�3�a �����j�j���,�G�� �R�a ���a�3�j�a�3���j�� �V�3���,�@ �,�@�R�c�3�N �s�C�j�@ �U�a�R�$���$�C�I�C�j�w�������W�. �j�@�3�N ���c
�I�R�N�< ���c �c�@�3���c �a�3�c�j�a�C�,�j�3�0 �j�R �U�R�I�w�N�R�L�C���I�A�j�C�L�3 ���I�<�R�a�C�j�@�L�c�. ���N ���0�q�3�a�c���a�w
�2�q�3 �s�C�I�I �N�R�j �$�3 ���$�I�3 �j�R �<�n�3�c�c �j�@�3 �L�3�c�c���<�3 �s�C�j�@ �U�a�R�$���$�C�I�C�j�w �$�3�j�j�3�a �j�@���N�.
�c���w�.���������. �3�q�3�N ���8�j�3�a �R�$�c�3�a�q�C�N�< �C�j�c �3�N�,�a�w�U�j�3�0 �8�R�a�L�Y �V�r�3 �R�L�C�j �j�@�3 �U�a�R�R�8�.
�$�n�j �C�j �C�c ���N �3�u�,�3�I�I�3�N�j �3�u�3�a�,�C�c�3 �8�R�a �w�R�n �j�R �s�R�a�G �C�j �R�n�j �R�N �w�R�n�a �R�s�N�Y�W

�i�R ���N�c�s�3�a �j�@�3 �c�3�,�R�N�0 �\�n�3�c�j�C�R�N �s�3 �s�C�I�I �c�@�R�s �j�@���j �n�N�0�3�a �j�@�3 �c���L�3
���c�c�n�L�U�j�C�R�N �s�3 �n�c�3�0 �8�R�a �0�3�a���N�0�R�L�C�y�C�N�<�#�T�T�. �s�3 �,���N �R�$�j���C�N �� �,�R�L�A
�U�n�j���j�C�R�N���I�I�w �c�3�,�a�3�j �,�a�w�U�j�R�c�w�c�j�3�L �s�@�3�a�3 �j�@�3 �G�3�w �C�c ���I�L�R�c�j�3�u�U�R�N�3�N�j�C���I�I�w
�c�L���I�I�3�a �j�@���N �j�@�3 �U�I���C�N�j�3�u�j�Y

�l�z�Y�f�Y�S�b�j�a�3���L �,�C�U�@�3�a�c �R�a �j�@�3 ���0�3�a���N�0�R�L�C�y�3�0 �R�N�3�A�j�C�L�3 �U���0��

�B�j �j�n�a�N�c �R�n�j �j�@���j �C�8 �U�c�3�n�0�R�a���N�0�R�L �<�3�N�3�a���j�R�a�c �3�u�C�c�j ���c �C�N �j�@�3 �R�U�j�C�L���I
�T� �̀; �,�R�N�E�3�,�j�n�a�3�. �j�@�3�N �j�@�3�a�3 �3�u�C�c�j�c �� �,�R�L�U�n�j���j�C�R�N���I�I�w �c�3�,�a�3�j �3�N�,�a�w�U�j�C�R�N
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�i�@�3�R�a�3�L �l�z�Y�f�! �/�3�a���N�0�R�L�C�y�3�0 �R�N�3�A�j�C�L�3 �U���0�Y�b�n�U�U�R�c�3 �j�@���j �j�@�3 �R�U�j�C�A
�L���I �T� �̀; �,�R�N�E�3�,�j�n�a�3 �C�c �j�a�n�3�Y �i�@�3�N �8�R�a �3�q�3�a�w �,�R�N�c�j���N�j�� �n ² �j�@�3�a�3 �C�c
�� �,�R�L�U�n�j���j�C�R�N���I�I�w �c�3�,�a�3�j �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3�	�ú� �ù�
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�T�a�R�R�8 �B�0�3���-�i�@�3 �U�a�R�R�8 �C�c �C�I�I�n�c�j�a���j�3�0 �C�N�7�C�<�Y �l�z�Y�4�Y �r�3 �c�C�L�U�I�w �j���G�3 �j�@�3
�R�N�3�A�j�C�L�3 �U���0 �R�N�� �$�C�j �U�I���C�N�j�3�u�j�c�. �$�n�j �a�3�U�I���,�3 �j�@�3 �G�3�w �s�C�j�@�ü�	���
�s�@�3�a�3
�� �C�c �� �c�j�a�C�N�< �C�N�\��� ����̂‰���N�0�ü 
C �\��� ���^�‰�B �\��� ��� �̂m �C�c �� �U�c�3�n�0�R�a���N�0�R�L
�<�3�N�3�a���j�R�a�Y
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�T�a�R�R�8 �R�8�i�@�3�R�a�3�L �l�z�Y�f�Y�b�C�N�,�3 ���N �3�u�U�R�N�3�N�j�C���I �8�n�N�,�j�C�R�N �R�8 �j�@�3 �8�R�a�L���Â�‰

�<�a�R�s�c �8���c�j�3�a �j�@���N ���N�w �U�R�I�w�N�R�L�C���I �R�8 �j�@�3 �8�R�a�L�� �| �. �n�N�0�3�a �j�@�3 �R�U�j�C�A
�L���I �T� �̀; �,�R�N�E�3�,�j�n�a�3 �s�3 �,���N �R�$�j���C�N �� �U�R�I�w�N�R�L�C���I�A�j�C�L�3 �,�R�L�U�n�j���$�I�3
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�R�a�“ �Æ�Y �M�R�j�3 �j�@���j �s�3 �,�R�n�I�0 �@���q�3 �E�n�c�j ���c
�s�3�I�I �L�R�0�C�~�3�0 �2�q�3 �j�R �R�n�j�U�n�j�“ �� �C�N�c�j�3���0
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�C�c �j�@���j �� �U�a�C�R�a�C �2�q�3 �R�N�I�w �@���0 �� �9�z�g�9�z
�,�@���N�,�3 �R�8 �<�n�c�c�C�N�< �s�@�3�j�@�3�a ���I�C�,�3 �c�3�N�j�“ ��
�R�a�“ �Æ�$�n�j ���8�j�3�a �c�3�3�C�N�< �j�@�3 �,�C�U�@�3�a�j�3�u�j �j�@�C�c
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�n�c�3�0 �8�R�a�L�c �R�8 �V�U�a�C�q���j�3 �G�3�w�W �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3�c �C�N
�U�a���,�j�C�,�3 ���a�3�c�j�a�3���L �,�C�U�@�3�a�c���N�0�$�I�R�,�G �,�C�U�@�3�a�c�Y �V�i�R �L���G�3
�j�@�C�N�<�c �L�R�a�3 �,�R�N�8�n�c�C�N�<�. �� �$�I�R�,�G �,�C�U�@�3�a �C�c ���I�s���w�c �n�c�3�0
�C�N �c�R�L�3�L�R�0�3 �R�8 �R�U�3�a���j�C�R�N���N�0 �c�R�L�3 �R�8 �j�@�3�c�3 �L�R�0�3�c
�3�{�3�,�j�C�q�3�I�w �j�n�a�N �� �$�I�R�,�G �,�C�U�@�3�a �C�N�j�R �� �c�j�a�3���L �,�C�U�@�3�a�Y�W
�� �$�I�R�,�G �,�C�U�@�3�a �,���N �$�3 �j�@�R�n�<�@�j ���c �� �c�R�a�j �R�8 �� ���a���N�0�R�L
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�n�c�3�0 �j�R �,�R�N�c�j�a�n�,�j �� �U�c�3�n�0�R�a���N�0�R�L �<�3�N�3�a���j�R�a ���N�0
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�� �� ���N�0 �R�n�j�U�n�j�c�� �R�j�@�3�a�s�C�c�3�. �j�@�3�N �T�a�<�ú�� �ú�	�ú�†�	�'�� �
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�B�N �a�3�j�a�R�c�U�3�,�j�i�@�3�R�a�3�L �l�z�Y�e�C�c �U�3�a�@���U�c �N�R�j �c�n�a�U�a�C�c�C�N�<�Y ���8�j�3�a ���I�I�. ���c
�s�3���q�3 �L�3�N�j�C�R�N�3�0 �$�3�8�R�a�3 �C�j �C�c �G�N�R�s�N �j�@���j �j�@�3 �Q�U�j�C�L���I �T� �̀; �,�R�N�E�3�,�j�n�a�3
�V�s�@�C�,�@ �C�c �j�@�3 �$���c�C�c �8�R�a �j�@�3 �0�3�a���N�0�R�L�C�y�3�0 �R�N�3�A�j�C�L�3 �U���0 �3�N�,�a�w�U�j�C�R�N�W �C�c
�8���I�c�3�C�8�T�� �M�T�V���N�0 �C�N �8���,�j �3�q�3�N �C�8�M�T�f �#�T�T�R�a �3�q�3�N�M�T�f �T���U�R�I�w�W�Y

�l�z�Y�4�T�m�#�H�B�+ �F�2�v �+�`�v�T�i�Q�;�`���T�?�v

�T�3�R�U�I�3 �@���q�3 �$�3�3�N �0�a�3���L�C�N�< ���$�R�n�j �@�3���q�C�3�a �j�@���N ���C�a �•�C�<�@�j �c�C�N�,�3 ���j �I�3���c�j
�j�@�3 �0���w�c �R�8 �H�3�R�N���a�0�R �/�� �p�C�N�,�C �V�N�R�j �j�R �L�3�N�j�C�R�N �B�,���a�n�c �8�a�R�L �j�@�3 �<�a�3�3�G
�L�w�j�@�R�I�R�<�w�W�Y �D�n�I�3�c �p�3�a�N�3 �s�a�R�j�3 �s�C�j�@ �a���j�@�3�a �C�N�c�C�<�@�j�8�n�I �0�3�j���C�I�c ���$�R�n�j
�<�R�C�N�< �j�R �j�@�3 �L�R�R�N �C�N �S�4�f�9�Y �#�n�j�. ���c �8���a ���c �B �G�N�R�s�. �C�N ���I�I �j�@�3 �j�@�R�n�c���N�0�c
�R�8 �w�3���a�c �U�3�R�U�I�3 �@���q�3 �$�3�3�N �n�c�C�N�< �c�3�,�a�3�j �s�a�C�j�C�N�<�. �n�N�j�C�I ���$�R�n�j �9�z �w�3���a�c
���<�R �N�R �R�N�3 �@���c �,�R�N�c�C�0�3�a�3�0 �j�@�3 �U�R�c�c�C�$�C�I�C�j�w �R�8 �,�R�L�L�n�N�C�,���j�C�N�< �c�3�,�n�a�3�I�w
�s�C�j�@�R�n�j �~�a�c�j �3�u�,�@���N�<�C�N�< �� �c�@���a�3�0 �c�3�,�a�3�j �G�3�w�Y

�v�3�j �C�N �j�@�3 �I���j�3 �S�O�f�z���c ���N�0 �3���a�I�w �S�O�e�z���c�. �c�3�q�3�a���I �U�3�R�U�I�3 �c�j���a�j�3�0 �j�R
�\�n�3�c�j�C�R�N �j�@�C�c ���,�R�L�L�R�N �s�C�c�0�R�L���Y �T�3�a�@���U�c �j�@�3 �L�R�c�j �c�n�a�U�a�C�c�C�N�< �R�8
�j�@�3�c�3 �q�C�c�C�R�N���a�C�3�c �s���c ���N �n�N�0�3�a�<�a���0�n���j�3 �c�j�n�0�3�N�j ���j �#�3�a�G�3�I�3�w �N���L�3�0
�`���I�U�@ �K�3�a�G�I�3�Y �B�N �j�@�3 �8���I�I �R�8 �S�O�e�: �K�3�a�G�I�3 �s�a�R�j�3 �C�N ���U�a�R�E�3�,�j �U�a�R�U�R�c���I
�8�R�a �@�C�c �,�R�L�U�n�j�3�a �c�3�,�n�a�C�j�w �,�R�n�a�c�3 �j�@���j �s�@�C�I�3 ���C�j �L�C�<�@�j �c�3�3�L �C�N�j�n�C�j�C�q�3�I�w
�R�$�q�C�R�n�c �j�@���j �C�8 �j�s�R �U�3�R�U�I�3 �@���q�3 �N�3�q�3�a �@���0 �j�@�3 �R�U�U�R�a�j�n�N�C�j�w �j�R �U�a�3���a�A
�a���N�<�3 ���N �3�N�,�a�w�U�j�C�R�N �L�3�j�@�R�0�. �j�@�3�N �j�@�3�w �s�C�I�I �$�3 �n�N���$�I�3 �j�R �,�R�L�L�n�N�C�,���j�3
�c�3�,�n�a�3�I�w �R�q�3�a ���N �C�N�c�3�,�n�a�3 �,�@���N�N�3�I�� �B �$�3�I�C�3�q�3 �C�j �C�c �8���I�c�3���Y �i�@�3 �U�a�R�E�3�,�j
�U�a�R�U�R�c���I �s���c �a�3�E�3�,�j�3�0 �$�w �@�C�c �U�a�R�8�3�c�c�R�a ���c ���N�R�j �<�R�R�0 �3�N�R�n�<�@���Y �K�3�a�G�I�3
�I���j�3�a �c�n�$�L�C�j�j�3�0 �� �U���U�3�a �j�R �j�@�3 �,�R�L�L�n�N�C�,���j�C�R�N �R�8 �j�@�3 ���+�K �s�@�3�a�3 �@�3
���U�R�I�R�<�C�y�3�0 �8�R�a �j�@�3 �I���,�G �R�8 �a�3�8�3�a�3�N�,�3�c �c�C�N�,�3 �@�3 �s���c �n�N���$�I�3 �j�R �~�N�0 ���N�w
�L�3�N�j�C�R�N �R�8 �j�@�3 �U�a�R�$�I�3�L �C�N �j�@�3 �c�,�C�3�N�j�C�~�, �I�C�j�3�a���j�n�a�3�. ���N�0 �j�@�3 �R�N�I�w �c�R�n�a�,�3
�s�@�3�a�3 �@�3 �c���s �j�@�3 �U�a�R�$�I�3�L �3�q�3�N�a���C�c�3�0�s���c �C�N �� �c�,�C�3�N�,�3 �~�,�j�C�R�N �c�j�R�a�w�Y
�i�@�3 �U���U�3�a �s���c �a�3�E�3�,�j�3�0 �s�C�j�@ �j�@�3 �,�R�L�L�3�N�j �j�@���j ���2�u�U�3�a�C�3�N�,�3 �c�@�R�s�c �j�@���j
�C�j �C�c �3�u�j�a�3�L�3�I�w �0���N�<�3�a�R�n�c �j�R �j�a���N�c�L�C�j �G�3�w �C�N�8�R�a�L���j�C�R�N �C�N �j�@�3 �,�I�3���a�Y��
�K�3�a�G�I�3 �c�@�R�s�3�0 �j�@���j �R�N�3 �,���N �0�3�c�C�<�N �� �U�a�R�j�R�,�R�I �s�@�3�a�3 ���I�C�,�3 ���N�0 �#�R�$
�,���N �n�c�3�	 �C�N�q�R�,���j�C�R�N�c �R�8 �� �@���c�@ �8�n�N�,�j�C�R�N �j�R �3�u�,�@���N�<�3 �� �G�3�w�. �$�n�j ���N
���0�q�3�a�c���a�w �V�C�N �j�@�3 �a���N�0�R�L �R�a���,�I�3 �L�R�0�3�I�. �j�@�R�n�<�@ �@�3 �R�8 �,�R�n�a�c�3 �0�C�0�N���j
�n�c�3 �j�@�C�c �N���L�3�W �s�R�n�I�0 �N�3�3�0 �a�R�n�<�@�I�w�	 �õ �C�N�q�R�,���j�C�R�N�c �j�R �$�a�3���G �C�j�Y �?�3
�,�R�N�E�3�,�j�n�a�3�0 �j�@���j �C�j �L���w �$�3 �U�R�c�c�C�$�I�3 �j�R �R�$�j���C�N �c�n�,�@ �U�a�R�j�R�,�R�I�c �s�@�3�a�3
�$�a�3���G�C�N�< �C�c�3�u�U�R�N�3�N�j�C���I�I�w �@���a�0�3�a�j�@���N �n�c�C�N�< �j�@�3�L�. �$�n�j �,�R�n�I�0 �N�R�j �j�@�C�N�G �R�8
���N�w �,�R�N�,�a�3�j�3 �s���w �j�R �0�R�C�N�< �c�R�Y

�r�3 �R�N�I�w �8�R�n�N�0 �R�n�j �L�n�,�@ �I���j�3�a �j�@���j �C�N �j�@�3 �I���j�3 �S�O�f�z���c�. �� �8�3�s �w�3���a�c
�$�3�8�R�a�3 �K�3�a�G�I�3�. �D���L�3�c �2�I�I�C�c �R�8 �j�@�3 �#�a�C�j�C�c�@ �B�N�j�3�I�I�C�<�3�N�,�3 ���<�3�N�,�w �;�+�?�[
�s���c�@���q�C�N�< �c�C�L�C�I���a �j�@�R�n�<�@�j�c�Y �?�C�c �,�n�a�C�R�c�C�j�w �s���c �c�U�n�a�a�3�0 �$�w ���N �R�I�0
�r�R�a�I�0�A�r���a �B�B �L���N�n�c�,�a�C�U�j �8�a�R�L �#�3�I�I �I���$�c �j�@���j �c�n�<�<�3�c�j�3�0 �j�@�3 �8�R�I�I�R�s�C�N�<
�s���w �j�@���j �j�s�R �U�3�R�U�I�3 �,�R�n�I�0 �,�R�L�L�n�N�C�,���j�3 �c�3�,�n�a�3�I�w �R�q�3�a �� �U�@�R�N�3 �I�C�N�3�Y
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���I�C�,�3 �s�R�n�I�0 �C�N�E�3�,�j �N�R�C�c�3 �j�R �j�@�3 �I�C�N�3�. �#�R�$ �s�R�n�I�0 �a�3�I���w �@�C�c �L�3�c�c���<�3�c�.
���N�0 �j�@�3�N ���I�C�,�3 �s�R�n�I�0 �c�n�$�j�a���,�j �j�@�3 �N�R�C�c�3 �j�R �<�3�j �j�@�3 �c�C�<�N���I�Y �i�@�3 �C�0�3�� �C�c
�j�@���j ���N ���0�q�3�a�c���a�w �R�q�3�a �j�@�3 �I�C�N�3 �c�3�3�c �R�N�I�w �j�@�3 �c�n�L �R�8 ���I�C�,�3���c ���N�0 �#�R�$���c
�c�C�<�N���I�c�. ���N�0 �0�R�3�c�N���j �G�N�R�s �s�@���j �,���L�3 �8�a�R�L �s�@���j�Y �i�@�C�c �<�R�j �D���L�3�c �2�I�I�C�c
�j�@�C�N�G�C�N�< �s�@�3�j�@�3�a �C�j �s�R�n�I�0 �$�3 �U�R�c�c�C�$�I�3 �j�R ���,�@�C�3�q�3 �c�R�L�3�j�@�C�N�< �I�C�G�3 �j�@���j
�0�C�<�C�j���I�I�w�Y ���c �2�I�I�C�c �I���j�3�a �a�3�,�R�I�I�3�,�j�3�0�. �C�N �S�O�e�z �@�3 �a�3���I�C�y�3�0 �j�@���j �C�N �U�a�C�N�,�C�A
�U�I�3 �j�@�C�c �c�@�R�n�I�0 �$�3 �U�R�c�c�C�$�I�3�. �c�C�N�,�3 �@�3 �,�R�n�I�0 �j�@�C�N�G �R�8 ���N �@�w�U�R�j�@�3�j�C�,���I
�$�I���,�G �$�R�u�÷ �j�@���j �R�N �C�N�U�n�j �� ���@���N�0�I�3���k ���N�0 �U�I���C�N�j�3�u�j�' �s�R�n�I�0 �<�C�q�3 ��
���,�C�U�@�3�a�j�3�u�j���( ���N�0 �j�@���j �j�@�3�a�3 �s�R�n�I�0 �$�3 �� �c�3�,�a�3�j �G�3�w�l �,�R�a�a�3�c�U�R�N�0�C�N�<
�j�R�k�. �c�n�,�@ �j�@���j �8�3�3�0�C�N�<�l ���N�0�( �j�R �j�@�3 �$�R�u �s�R�n�I�0 �a�3�,�R�q�3�a�' �Y �?�R�s�3�q�3�a�.
�2�I�I�C�c �@���0 �N�R �C�0�3�� �@�R�s �j�R ���,�j�n���I�I�w �C�N�c�j���N�j�C���j�3 �j�@�C�c �$�R�u�Y �?�3 ���N�0 �R�j�@�3�a�c
�G�3�U�j �<�C�q�C�N�< �j�@�C�c �\�n�3�c�j�C�R�N ���c �� �U�n�y�y�I�3 �j�R �$�a�C�<�@�j �N�3�s �a�3�,�a�n�C�j�c �n�N�j�C�I �R�N�3
�R�8 �j�@�3�L�. �+�I�C�{�R�a�0 �+�R�,�G�c�. �,���L�3 �n�U �C�N �S�O�e�k �s�C�j�@ �� �,���N�0�C�0���j�3 �c�R�I�n�j�C�R�N
�I�R�R�c�3�I�w �$���c�3�0 �R�N �j�@�3 �8���,�j�R�a�C�N�< �U�a�R�$�I�3�L�d �C�N �S�O�e�: ���N�R�j�@�3�a �;�+�?�[ �a�3�A
�,�a�n�C�j�. �K���I�,�R�I�L �r�C�I�I�C���L�c�R�N�. �,���L�3 �n�U �s�C�j�@ �� �c�R�I�n�j�C�R�N �n�c�C�N�< �L�R�0�n�I���a
�3�u�U�R�N�3�N�j�C���j�C�R�N�Y

�#�n�j ���L�R�N�< ���I�I �j�@�R�c�3 �j�@�C�N�G�C�N�< �R�8 �U�n�$�I�C�, �G�3�w �,�a�w�U�j�R�<�a���U�@�w�. �U�a�R�$���$�I�w
�j�@�3 �U�3�R�U�I�3 �s�@�R �c���s �j�@�3 �8�n�a�j�@�3�c�j �s�3�a�3 �j�s�R �a�3�c�3���a�,�@�3�a�c ���j �b�j���N�8�R�a�0�.
�r�@�C�j �/�C�|�3 ���N�0 �K���a�j�C�N �?�3�I�I�L���N�Y �i�@�3�w �a�3���I�C�y�3�0 �j�@���j �s�C�j�@ �j�@�3 ���0�q�3�N�j
�R�8 �3�I�3�,�j�a�R�N�C�, �,�R�L�L�n�N�C�,���j�C�R�N�. �,�a�w�U�j�R�<�a���U�@�w �s�R�n�I�0 �~�N�0 �N�3�s ���U�U�I�C�,���A
�j�C�R�N�c �$�3�w�R�N�0 �j�@�3 �L�C�I�C�j���a�w �0�R�L���C�N �R�8 �c�U�C�3�c ���N�0 �c�n�$�L���a�C�N�3�c�. ���N�0 �j�@�3�w
�n�N�0�3�a�c�j�R�R�0 �j�@���j �C�N �j�@�C�c �N�3�s �s�R�a�I�0 �R�8 �L���N�w �n�c�3�a�c ���N�0 �U�R�C�N�j �j�R �U�R�C�N�j
�,�R�L�L�n�N�C�,���j�C�R�N�. �,�a�w�U�j�R�<�a���U�@�w �s�C�I�I �N�3�3�0 �j�R �c�,���I�3 �n�U�Y �/�C�|�3 ���N�0 �?�3�I�I�A
�L���N �3�N�q�C�c�C�R�N�3�0 ���N �R�$�E�3�,�j �s�@�C�,�@ �s�3 �N�R�s �,���I�I ���j�a���U�0�R�R�a �U�3�a�L�n�j���j�C�R�N��
�j�@�R�n�<�@ �j�@�3�w �,���I�I�3�0 ���R�N�3 �s���w �j�a���U�0�R�R�a �8�n�N�,�j�C�R�N�� �R�a �c�R�L�3�j�C�L�3�c �c�C�L�U�I�w
���U�n�$�I�C�, �G�3�w �3�N�,�a�w�U�j�C�R�N���Y �i�@�R�n�<�@ �j�@�3�w �0�C�0�N���j �@���q�3 �8�n�I�I �8�R�a�L���I �0�3�~�N�C�A
�j�C�R�N�c�. �j�@�3�C�a �C�0�3�� �s���c �j�@���j �j�@�C�c �C�c ���N �C�N�E�3�,�j�C�q�3 �8�n�N�,�j�C�R�N �j�@���j �C�c �3���c�w �V�3�Y�<�Y�.
�U�R�I�w�N�R�L�C���I�A�j�C�L�3�W �j�R�,�R�L�U�n�j�3�$�n�j �@���a�0 �V�3�Y�<�Y�. �3�u�U�R�N�3�N�j�C���I�A�j�C�L�3�W �j�R�C�N�q�3�a�j�Y
�?�R�s�3�q�3�a�. �j�@�3�a�3 �C�c �� �,�3�a�j���C�N�j�a���U�0�R�R�a�. �G�N�R�s�I�3�0�<�3 �R�8 �s�@�C�,�@ �s�R�n�I�0 ���I�A
�I�R�s �U�R�I�w�N�R�L�C���I �j�C�L�3 �C�N�q�3�a�c�C�R�N�Y �/�C�|�3 ���N�0 �?�3�I�I�L���N ���a�<�n�3�0 �j�@���j �n�c�C�N�<
�c�n�,�@ �� �j�a���U�0�R�R�a �8�n�N�,�j�C�R�N�. �C�j �s�R�n�I�0 �$�3 �U�R�c�c�C�$�I�3 �8�R�a ���I�C�,�3 ���N�0 �#�R�$ �j�R
�,�R�L�L�n�N�C�,���j�3 �c�3�,�n�a�3�I�w�s�C�j�@�R�n�j �3�q�3�a �@���q�C�N�< �3�u�,�@���N�<�3�0 �� �c�3�,�a�3�j �G�3�w�Y �#�n�j
�j�@�3�w �0�C�0�N���j �c�j�R�U �j�@�3�a�3�Y �i�@�3�w �a�3���I�C�y�3�0 �j�@���j �U�a�R�j�3�,�j�C�N�< �j�@�3�C�N�j�3�<�a�C�j�w�R�8
�,�R�L�L�n�N�C�,���j�C�R�N �C�c �N�R �I�3�c�c �C�L�U�R�a�j���N�j �j�@���N �U�a�R�j�3�,�j�C�N�< �C�j�c�c�3�,�a�3�,�w�Y �i�@�n�c
�j�@�3�w �C�L���<�C�N�3�0 �j�@���j ���I�C�,�3 �,�R�n�I�0 ���a�n�N �3�N�,�a�w�U�j�C�R�N �C�N �a�3�q�3�a�c�3�� �C�N �R�a�0�3�a �j�R
�,�3�a�j�C�8�w �R�a�c�C�<�N�L�3�c�c���<�3�c�Y

���j �j�@�3 �U�R�C�N�j�. �/�C�|�3 ���N�0 �?�3�I�I�L���N �s�3�a�3 �C�N �� �U�R�c�C�j�C�R�N �N�R�j �n�N�I�C�G�3
�U�@�w�c�C�,�C�c�j�c �s�@�R �U�a�3�0�C�,�j�3�0 �j�@���j �� �,�3�a�j���C�N �U���a�j�C�,�I�3 �c�@�R�n�I�0 �3�u�C�c�j �$�n�j �s�C�j�@�A
�R�n�j ���N�w �3�u�U�3�a�C�L�3�N�j���I �q�3�a�C�~�,���j�C�R�N�Y �H�n�,�G�C�I�w �j�@�3�w�L�3�j �`���I�U�@ �K�3�a�G�I�3�.
���N�0 �@�C�c �C�0�3���c ���$�R�n�j �� �U�a�R�$���$�C�I�C�c�j�C�,�G�3�w �3�u�,�@���N�<�3 �U�a�R�j�R�,�R�I�. �j�R�<�3�j�@�3�a �s�C�j�@
�� �c�n�<�<�3�c�j�C�R�N �8�a�R�L �j�@�3�C�a �b�j���N�8�R�a�0 �,�R�I�I�3���<�n�3�D�R�@�N �;�C�I�I�. �C�N�c�U�C�a�3�0 �j�@�3�L
�j�R �,�R�L�3 �n�U �s�C�j�@ �s�@���j �j�R�0���w �C�c �G�N�R�s�N ���c �j�@�3�/�C�|�3 �?�3�I�I�L���N �F�3�w �2�u�A
�,�@���N�<�3�V�s�@�C�,�@ �n�N�$�3�G�N�R�s�N�c�j �j�R �j�@�3�L �s���c �8�R�n�N�0 �j�s�R �w�3���a�c �3���a�I�C�3�a ���j
�;�+�?�[ �$�w �K���I�,�R�I�L �r�C�I�I�C���L�c�R�N�W�Y �i�@�3�w �U�n�$�I�C�c�@�3�0 �j�@�3�C�a �U���U�3�a���M�3�s

http://cr.yp.to/bib/1988/diffie.pdf
https://profiles.stanford.edu/john-gill
https://en.wikipedia.org/wiki/Diffie%E2%80%93Hellman_key_exchange
https://en.wikipedia.org/wiki/Diffie%E2%80%93Hellman_key_exchange
https://www-ee.stanford.edu/~hellman/publications/24.pdf
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�e�� �,�I�R�c�3 �q���a�C���N�j �R�8 �j�@�3 �`�b�� �8�n�N�,�j�C�R�N
�s���c �0�C�c�,�R�q�3�a�3�0 �3���a�I�C�3�a �$�w �+�I�C�{�R�a�0
�+�R�,�G�c ���j �;�+�?�[�. �j�@�R�n�<�@ ���c �8���a ���c �B �,���N
�j�3�I�I �+�R�,�G�c�. �2�I�I�C�c ���N�0 �r�C�I�I�C���L�c�R�N �0�C�0
�N�R�j �a�3���I�C�y�3 �j�@�3 ���U�U�I�C�,���j�C�R�N �j�R �0�C�<�C�j���I
�c�C�<�N���j�n�a�3�c�Y

�/�C�a�3�,�j�C�R�N�c �C�N �+�a�w�U�j�R�<�a���U�@�w���C�N �S�O�e�f�. ���N�0 �C�j �C�c �,�R�N�c�C�0�3�a�3�0 �j�R �@���q�3
�$�a�R�n�<�@�j ���$�R�n�j �j�@�3 �$�C�a�j�@ �R�8 �L�R�0�3�a�N �,�a�w�U�j�R�<�a���U�@�w�Y

�i�@�3 �/�C�|�3�A�?�3�I�I�L���N �F�3�w �2�u�,�@���N�<�3 �C�c �c�j�C�I�I �s�C�0�3�I�w �n�c�3�0 �j�R�0���w �8�R�a
�c�3�,�n�a�3 �,�R�L�L�n�N�C�,���j�C�R�N�Y �?�R�s�3�q�3�a�. �C�j �c�j�C�I�I �8�3�I�j �c�@�R�a�j �R�8 �U�a�R�q�C�0�C�N�< �/�C�|�3
���N�0 �?�3�I�I�L���N���c �3�I�n�c�C�q�3 �j�a���U�0�R�R�a �8�n�N�,�j�C�R�N�Y �i�@�C�c �s���c �0�R�N�3 �j�@�3 �N�3�u�j �w�3���a
�$�w �`�C�q�3�c�j�. �b�@���L�C�a ���N�0 ���0�I�3�L���N �s�@�R �,���L�3 �n�U �s�C�j�@ �j�@�3 �`�b�� �j�a���U�0�R�R�a
�8�n�N�,�j�C�R�N�. �s�@�C�,�@ �j�@�a�R�n�<�@ �j�@�3 �8�a���L�3�s�R�a�G �R�8 �/�C�|�3 ���N�0 �?�3�I�I�L���N �w�C�3�I�0�3�0
�N�R�j �E�n�c�j �3�N�,�a�w�U�j�C�R�N �$�n�j ���I�c�R �c�C�<�N���j�n�a�3�c�Y�e �7�a�R�L �j�@�C�c �U�R�C�N�j �R�N �$�3�<���N ��
�•�n�a�a�w �R�8 ���0�q���N�,�3�c �C�N �,�a�w�U�j�R�<�a���U�@�w �s�@�C�,�@ �@���c�N���j �0�C�3�0 �0�R�s�N �j�C�I�I �j�@�C�c
�0���w�Y

�l�z�Y�4�Y�S�T�n�$�I�C�, �G�3�w �3�N�,�a�w�U�j�C�R�N�. �j�a���U�0�R�R�a �8�n�N�,�j�C�R�N�c ���N�0 �U�c�3�n�0�a���N�0�R�L

�<�3�N�3�a���j�R�a�c

�� �U�n�$�I�C�, �G�3�w �3�N�,�a�w�U�j�C�R�N�,�R�N�c�C�c�j�c �R�8 �� �j�a�C�U�I�3 �R�8 ���I�<�R�a�C�j�@�L�c�-

�Ë �i�@�3�G�3�w �<�3�N�3�a���j�C�R�N ���I�<�R�a�C�j�@�L�. �s�@�C�,�@ �s�3 �0�3�N�R�j�3 �$�w�����(�ü���� �R�a���ü �8�R�a
�c�@�R�a�j�. �C�c �� �a���N�0�R�L�C�y�3�0 ���I�<�R�a�C�j�@�L �j�@���j �R�n�j�U�n�j�c �� �U���C�a �R�8 �c�j�a�C�N�<�c�	��� ���

�s�@�3�a�3�� �C�c �G�N�R�s�N ���c �j�@�3�U�n�$�I�C�,�V�R�a�3�N�,�a�w�U�j�C�R�N�W �G�3�w�. ���N�0�� �C�c �G�N�R�s�N
���c �j�@�3�U�a�C�q���j�3�V�R�a�0�3�,�a�w�U�j�C�R�N�W �G�3�w�Y �i�@�3 �G�3�w �<�3�N�3�a���j�C�R�N ���I�<�R�a�C�j�@�L �<�3�j�c
���c �C�N�U�n�j���‰�V�C�Y�3�Y�. �� �c�j�a�C�N�< �R�8 �R�N�3�c �R�8 �I�3�N�<�j�@�� �W�Y �r�3 �a�3�8�3�a �j�R�� ���c �j�@�3
�c�3�,�n�a�C�j�w �U���a���L�3�j�3�a�R�8 �j�@�3 �c�,�@�3�L�3�Y �i�@�3 �$�C�<�<�3�a �s�3 �L���G�3�� �. �j�@�3 �L�R�a�3
�c�3�,�n�a�3 �j�@�3 �3�N�,�a�w�U�j�C�R�N �s�C�I�I �$�3�. �$�n�j ���I�c�R �j�@�3 �I�3�c�c �3�|�,�C�3�N�j �C�j �s�C�I�I �$�3�Y

�Ë �i�@�3�3�N�,�a�w�U�j�C�R�N ���I�<�R�a�C�j�@�L�. �s�@�C�,�@ �s�3 �0�3�N�R�j�3 �$�w�ú�. �j���G�3�c �j�@�3 �3�N�,�a�w�U�A
�j�C�R�N �G�3�w�� ���N�0 �� �U�I���C�N�j�3�u�j�' �. ���N�0 �R�n�j�U�n�j�c �j�@�3 �,�C�U�@�3�a�j�3�u�j�( �� �ú �€�	�'�
�Y

�Ë �i�@�3�0�3�,�a�w�U�j�C�R�N ���I�<�R�a�C�j�@�L�. �s�@�C�,�@ �s�3 �0�3�N�R�j�3 �$�w�ù�. �j���G�3�c �j�@�3 �0�3�,�a�w�U�A
�j�C�R�N �G�3�w�� ���N�0 �� �,�C�U�@�3�a�j�3�u�j�(�. ���N�0 �R�n�j�U�n�j�c �j�@�3 �U�I���C�N�j�3�u�j�' �� �ù �•�	�(�
�Y

�7�C�<�n�a�3 �l�z�Y�O�- �B�N ���U�n�$�I�C�, �G�3�w �3�N�,�a�w�U�j�C�R�N�. ���I�C�,�3 �<�3�N�3�a���j�3�c �� �U�a�C�q���j�3�g�U�n�$�I�C�, �G�3�w�U���C�a�	�€�ô �•�
�.
�U�n�$�I�C�c�@�3�c�€���N�0 �G�3�3�U�c�• �c�3�,�a�3�j�Y �i�R �3�N�,�a�w�U�j �� �L�3�c�c���<�3 �8�R�a ���I�C�,�3�. �R�N�3 �R�N�I�w �N�3�3�0�c �j�R �G�N�R�s
�€�Y �i�R �0�3�,�a�w�U�j �C�j �s�3 �N�3�3�0 �j�R �G�N�R�s�•�Y

�r�3 �N�R�s �L���G�3 �j�@�C�c �� �8�R�a�L���I �0�3�~�N�C�j�C�R�N�-

https://www-ee.stanford.edu/~hellman/publications/24.pdf
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�4�B�8 �w�R�n �s���N�j �j�R �I�3���a�N �L�R�a�3 ���$�R�n�j �j�@�3
�0�C�{�3�a�3�N�j �j�w�U�3�c �R�8 �U�n�$�I�C�, �G�3�w ���c�c�n�L�U�A
�j�C�R�N�c�. �w�R�n �,���N �j���G�3 �� �I�R�R�G���j �L�w �R�s�N
�c�n�a�q�3�w �R�N �j�@�C�c �j�R�U�C�,�Y

�O�Q�N�3 �s���w �j�R �,�R�L�U�n�j�3 �� �I�R�<���a�C�j�@�L �C�c �$�w
�$�C�N���a�w �c�3���a�,�@�- �c�j���a�j �s�C�j�@ �c�R�L�3 �C�N�j�3�a�q���I
�<�“�ˆ�„�‰�ô �“�ˆ�|�“ �>�j�@���j �C�c �<�n���a���N�j�3�3�0 �j�R
�,�R�N�j���C�N�I�R�<�‚ �”�Y �r�3 �,���N �j�@�3�N �j�3�c�j �s�@�3�j�@�3�a
�j�@�3 �C�N�j�3�q�3�a���I���c �L�C�0�U�R�C�N�j�“ �ˆ�„�• �c���j�C�c�~�3�c
�‚ �“ �R�N�I �� �” �. ���N�0 �$���c�3�0 �R�N �j�@���j �@���I�q�3 �j�@�3
�c�C�y�3 �R�8 �j�@�3 �C�N�j�3�a�q���I�Y

�/�3�~�N�C�j�C�R�N �l�z�Y�4�! �T�n�$�I�C�, �F�3�w �2�N�,�a�w�U�j�C�R�N�Y�� �,�R�L�U�n�j���j�C�R�N���I�I�w �c�3�,�a�3�j �U�n�$�I�C�,
�G�3�w �3�N�,�a�w�U�j�C�R�N�s�C�j�@ �U�I���C�N�j�3�u�j �I�3�N�<�j�@�� 
C ² �B ² �C�c �� �j�a�C�U�I�3 �R�8 �a���N�A
�0�R�L�C�y�3�0 �U�R�I�w�N�R�L�C���I�A�j�C�L�3 ���I�<�R�a�C�j�@�L�c�	���ü� �ú� �ù�
�j�@���j �c���j�C�c�8�w �j�@�3
�8�R�I�I�R�s�C�N�< �,�R�N�0�C�j�C�R�N�c�-

�Ë �7�R�a �3�q�3�a�w�� �. �C�8�	��� ���
�C�c �R�n�j�U�n�j �$�w���ü�	�� �‰�
 �s�C�j�@ �U�R�c�C�j�C�q�3 �U�a�R�$���A
�$�C�I�C�j�w�. ���N�0�' �n �\��� ����̂m�	�‰�
�. �j�@�3�N�ù�•�	�ú�€�	�'�
�
 �� �' �s�C�j�@ �U�a�R�$���$�C�I�C�j�w
�R�N�3�Y

�Ë �7�R�a �3�q�3�a�w �U�R�I�w�N�R�L�C���I���. ���N�0 �c�n�|�,�C�3�N�j�I�w �I���a�<�3�� �. �C�8�� �C�c �� �M���M�/
�U�a�R�<�a���L �R�8 ���j �L�R�c�j���	���
 �I�C�N�3�c �j�@�3�N �8�R�a �3�q�3�a�w�'� �'�¥ �n �\��� ����̂m�	�‰�
�.
�]©�<�� �	��� �ú�€�	�'�
�
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�¥�
�
�>�] �� �������	���
�. �s�@�3�a�3 �j�@�C�c �U�a�R�$���$�C�I�A
�C�j�w �C�c �j���G�3�N �R�q�3�a �j�@�3 �,�R�C�N�c �R�8���ü ���N�0�ú�Y

�M�R�j�3 �j�@���j �s�3 ���I�I�R�s�3�0�ú ���N�0�ù �j�R �$�3�a���N�0�R�L�C�y�3�0���c �s�3�I�I�Y �B�N �8���,�j�. �C�j
�j�n�a�N�c �R�n�j �j�@���j �C�j �C�c�N�3�,�3�c�c���a�w�8�R�a�ú �j�R �$�3 �a���N�0�R�L�C�y�3�0 �j�R �R�$�j���C�N �,�R�L�A
�U�n�j���j�C�R�N���I �c�3�,�a�3�,�w�Y �B�j ���I�c�R �j�n�a�N�c �R�n�j �j�@���j�. �n�N�I�C�G�3 �j�@�3 �U�a�C�q���j�3 �G�3�w �,���c�3�.
�R�$�j���C�N�C�N�< �U�n�$�I�C�, �G�3�w �3�N�,�a�w�U�j�C�R�N �8�R�a ���c�C�N�<�I�3 �$�C�j �R�8 �U�I���C�N�j�3�u�j�C�c �c�n�|�,�C�3�N�j
�8�R�a �R�$�j���C�N�C�N�< �U�n�$�I�C�, �G�3�w �3�N�,�a�w�U�j�C�R�N �8�R�a ���a�$�C�j�a���a�C�I�w �I�R�N�< �L�3�c�c���<�3�c�Y �B�N
�U���a�j�C�,�n�I���a �j�@�C�c �L�3���N�c �j�@���j �s�3 �,���N�N�R�j �R�$�j���C�N �� �U�3�a�8�3�,�j�I�w �c�3�,�a�3�j �U�n�$�I�C�,
�G�3�w �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3�Y

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

�Ë �;�a�R�n�U �j�@�3�R�a�3�j�C�, �,�R�N�c�j�a�n�,�j�C�R�N�c�$���c�3�0 �R�N �U�a�R�$�I�3�L�c �c�n�,�@ ���c�C�N�j�3�<�3�a �8���,�j�R�a�A
�C�N�<�. ���N�0 �j�@�3�0�C�c�,�a�3�j�3 �I�R�<���a�C�j�@�L�R�q�3�a �~�N�C�j�3 �~�3�I�0�c �R�a �3�I�I�C�U�j�C�, �,�n�a�q�3�c�Y

�Ë �H���j�j�C�,�3�g�,�R�0�C�N�< �$���c�3�0 �,�R�N�c�j�a�n�,�j�C�R�N�c�$���c�3�0 �R�N �U�a�R�$�I�3�L�c �c�n�,�@ ���c �j�@�3
�,�I�R�c�3�c�j �q�3�,�j�R�a �C�N �� �I���j�j�C�,�3�R�a�$�R�n�N�0�3�0 �0�C�c�j���N�,�3 �0�3�,�R�0�C�N�<�Y

�;�a�R�n�U �j�@�3�R�a�w �$���c�3�0 �3�N�,�a�w�U�j�C�R�N�c ���a�3 �L�R�a�3 �s�C�0�3�I�w �C�L�U�I�3�L�3�N�j�3�0�.
�$�n�j �j�@�3 �I���j�j�C�,�3�g�,�R�0�C�N�< �c�,�@�3�L�3�c ���a�3 �a�3�,�3�N�j�I�w �R�N �j�@�3 �a�C�c�3�. �U���a�j�C�,�n�I���a�I�w
�$�3�,���n�c�3 �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3�c �$���c�3�0 �R�N �j�@�3 �8�R�a�L�3�a �,���N �$�3 �$�a�R�G�3�N �$�w
�\�n���N�j�n�L �,�R�L�U�n�j�3�a�c�. �s�@�C�,�@ �s�3���I�I �0�C�c�,�n�c�c �I���j�3�a �C�N �j�@�C�c �,�R�n�a�c�3�Y�4

���c �E�n�c�j �R�N�3 �3�u���L�U�I�3 �R�8 �@�R�s �U�n�$�I�C�, �G�3�w �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3�c ���a�3
�,�R�N�c�j�a�n�,�j�3�0�. �I�3�j �n�c �N�R�s �0�3�c�,�a�C�$�3 �j�@�3 �/�C�|�3�A�?�3�I�I�L���N �G�3�w �3�u�,�@���N�<�3�Y �r�3
�0�3�c�,�a�C�$�3 �j�@�3 �/�C�|�3�A�?�3�I�I�L���N �U�a�R�j�R�,�R�I �C�N �� �c�R�L�3�s�@���j �R�8 ���N �C�N�8�R�a�L���I
�I�3�q�3�I�. �s�C�j�@�R�n�j �U�a�3�c�3�N�j�C�N�< �� �8�n�I�I �c�3�,�n�a�C�j�w ���N���I�w�c�C�c�Y

�i�@�3 �,�R�L�U�n�j���j�C�R�N���I �U�a�R�$�I�3�L �n�N�0�3�a�I�w�C�N�< �j�@�3 �/�C�|�3 �?�3�I�I�L���N �U�a�R�j�R�,�R�I
�C�c �j�@�3�0�C�c�,�a�3�j�3 �I�R�<���a�C�j�@�L �U�a�R�$�I�3�L�Y �H�3�j���c �c�n�U�U�R�c�3 �j�@���j�� �C�c �c�R�L�3 �C�N�j�3�<�3�a�Y
�r�3 �,���N �,�R�L�U�n�j�3 �j�@�3 �L���U�' �˜ �� �“ ���N�0 ���I�c�R �C�j�c�C�N�q�3�a�c�3�( �˜ �I�R�<
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�?�R�s�3�q�3�a�. �c�n�U�U�R�c�3 �N�R�s �j�@���j �s�3 �n�c�3�L�R�0�n�I���a ���a�C�j�@�L�3�j�C�,���N�0 �s�R�a�G �L�R�0�A
�n�I�R �c�R�L�3 �U�a�C�L�3 �N�n�L�$�3�a���Y �B�8�� �@���c�� �$�C�N���a�w �0�C�<�C�j�c�.�� �C�c �C�N�<���>�. �C�j �C�c
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�R�N�3 �,���N �,�R�L�U�n�j�3 �j�@�3 �L���U�† �˜ �‚ �õ�P

�L�R�0�‹ �n�c�C�N�<�†�L�R�0�n�I���a �L�n�I�j�C�U�I�C�,���j�C�R�N�c
�L�R�0�n�I�R�‹�Y �B�8 �w�R�n���a�3 �c�j�n�L�U�3�0�. �w�R�n �,���N
�I�R�R�G �n�U�j�@�C�c �r�C�G�C�U�3�0�C�� �3�N�j�a�w�Y
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�j�@�3 �N���j�n�a���I �$�C�N���a�w �a�3�U�a�3�c�3�N�j���j�C�R�N�Y �i�@�3
�8�n�N�,�j�C�R�N�•�€�‹�0�R�3�c �N�3�3�0 �j�R �c���j�C�c�8�w �,�3�a�j���C�N
�j�3�,�@�N�C�,���I �,�R�N�0�C�j�C�R�N�c �s�@�C�,�@ �s�3 �R�L�C�j �C�N
�j�@�C�c �0�3�c�,�a�C�U�j�C�R�N�Y

�S�l�i�@�3 �L���C�N ���0�q���N�j���<�3 �C�N �2�+�+ �C�c �j�@���j �j�@�3
�$�3�c�j �G�N�R�s�N ���I�<�R�a�C�j�@�L�c �8�R�a �,�R�L�U�n�j�C�N�<
�0�C�c�,�a�3�j�3 �I�R�<���a�C�j�@�L�c �R�q�3�a �3�I�I�C�U�j�C�, �,�n�a�q�3
�<�a�R�n�U�c �j���G�3 �j�C�L�3�õ�Ã�‰�8�R�a �c�R�L�3�Ã ��
�� �s�@�3�a�3�‰�C�c �j�@�3 �N�n�L�$�3�a �R�8 �$�C�j�c �j�R
�0�3�c�,�a�C�$�3 �� �<�a�R�n�U �3�I�3�L�3�N�j�Y �B�N �,�R�N�j�a���c�j�.
�8�R�a �j�@�3 �L�n�I�j�C�U�I�C�,���j�C�q�3 �<�a�R�n�U �L�R�0�n�I�R ��
�U�a�C�L�3�‹ �j�@�3 �$�3�c�j ���I�<�R�a�C�j�@�L �j���G�3 �j�C�L�3
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�
�s�@�C�,�@ �L�3���N�c �j�@���j
�V���c�c�n�L�C�N�< �j�@�3 �G�N�R�s�N ���I�<�R�a�C�j�@�L�c ���a�3
�R�U�j�C�L���I�W �s�3 �N�3�3�0 �j�R �c�3�j �j�@�3 �U�a�C�L�3
�j�R �$�3 �$�C�<�<�3�a �V���N�0 �c�R �@���q�3 �I���a�<�3�a �G�3�w
�c�C�y�3�c �s�C�j�@ �,�R�a�a�3�c�U�R�N�0�C�N�< �R�q�3�a�@�3���0 �C�N
�,�R�L�L�n�N�C�,���j�C�R�N ���N�0 �,�R�L�U�n�j���j�C�R�N�W �j�R �<�3�j
�j�@�3 �c���L�3 �I�3�q�3�I �R�8 �c�3�,�n�a�C�j�w�Y

�G�N�R�s�N �@�R�s �j�R �,�R�L�U�n�j�3 �j�@�3 �L���U�' �˜ �� �“ �L�R�0�� �C�N �j�C�L�3 �U�R�I�w�N�R�L�C���I
�C�N�� �Y �V�i�@�C�c �C�c �N�R�j �j�a�C�q�C���I�. ���N�0 �C�c �� �<�a�3���j �3�u�3�a�,�C�c�3 �8�R�a �w�R�n �j�R �s�R�a�G �j�@�C�c
�R�n�j�Y�S�z�W �Q�N �j�@�3 �R�j�@�3�a �@���N�0�. �$�3�,���n�c�3 �R�8 �j�@�3 ���s�a���U���a�R�n�N�0�� �U�a�R�U�3�a�j�w �R�8
�L�R�0�n�I���a ���a�C�j�@�L�3�j�C�,�. �s�3 �,���N�N�R�j �a�n�N �$�C�N���a�w �c�3���a�,�@ �j�R �~�N�0 �j�@�3 �C�N�q�3�a�c�3 �R�8
�j�@�C�c �L���U �V�G�N�R�s�N ���c �j�@�3�0�C�c�,�a�3�j�3 �I�R�<���a�C�j�@�L�W�Y �B�N �8���,�j�. �j�@�3�a�3 �C�c �N�R �G�N�R�s�N
�U�R�I�w�N�R�L�C���I�A�j�C�L�3 ���I�<�R�a�C�j�@�L �8�R�a �,�R�L�U�n�j�C�N�< �j�@�3 �L���U�	��� �'� ���
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�‚

�' �L�R�0�� ���c �j�@�3 �N�n�L�$�3�a�� �n �<���>�c�n�,�@ �j�@���j
���| �� �' �L�R�0���Y

�i�@�3 �/�C�|�3�A�?�3�I�I�L���N �U�a�R�j�R�,�R�I �8�R�a �#�R�$ �j�R �c�3�N�0 �� �L�3�c�c���<�3 �j�R ���I�C�,�3 �C�c ���c
�8�R�I�I�R�s�c�-

�Ë ���I�C�,�3�-�+�@�R�R�c�3�c�� �j�R �$�3 �� �a���N�0�R�L�� �$�C�j �I�R�N�< �U�a�C�L�3 �V�s�@�C�,�@ �,���N �$�3
�0�R�N�3 �$�w �,�@�R�R�c�C�N�< �a���N�0�R�L �N�n�L�$�3�a�c ���N�0 �a�n�N�N�C�N�< �� �U�a�C�L���I�C�j�w �j�3�c�j�C�N�<
���I�<�R�a�C�j�@�L �R�N �j�@�3�L�W�. ���N�0�� ���N�0�� ���j �a���N�0�R�L �C�N�<���>�Y �b�@�3 �c�3�N�0�c �j�R �#�R�$
�j�@�3 �j�a�C�U�I�3�	��� ��� ���| �L�R�0���
�Y

�Ë �#�R�$�-�;�C�q�3�N �j�@�3 �j�a�C�U�I�3�	��� ��� ���
�. �#�R�$ �c�3�N�0�c �� �L�3�c�c���<�3�' �n �\��� ����̂m �j�R
���I�C�,�3 �$�w �,�@�R�R�c�C�N�<�� ���j �a���N�0�R�L �C�N�<���>�. ���N�0 �c�3�N�0�C�N�< �j�R ���I�C�,�3 �j�@�3 �U���C�a
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�i�@�3 �,�R�a�a�3�,�j�N�3�c�c �R�8 �j�@�3 �U�a�R�j�R�,�R�I �8�R�I�I�R�s�c �8�a�R�L �j�@�3 �c�C�L�U�I�3 �8���,�j �j�@���j
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�| �8�R�a �3�q�3�a�w��� ��� �����N�0 �j�@�C�c �c�j�C�I�I �@�R�I�0�c �C�8 �s�3 �s�R�a�G �L�R�0�n�I�R
���Y �B�j�c �c�3�,�n�a�C�j�w �a�3�I�C�3�c �R�N �j�@�3 �,�R�L�U�n�j���j�C�R�N���I ���c�c�n�L�U�j�C�R�N �j�@���j �,�R�L�U�n�j�C�N�<
�j�@�C�c �L���U �C�c �@���a�0�. �3�q�3�N �C�N �� �,�3�a�j���C�N �����q�3�a���<�3 �,���c�3�� �c�3�N�c�3 �V�j�@�C�c �,�R�L�U�n�j���A
�j�C�R�N���I ���c�c�n�L�U�j�C�R�N �C�c �G�N�R�s�N ���c �j�@�3�/�3�,�C�c�C�R�N���I �/�C�|�3 �?�3�I�I�L���N ���c�c�n�L�U�A
�j�C�R�N�W�Y �i�@�3 �/�C�|�3�A�?�3�I�I�L���N �G�3�w �3�u�,�@���N�<�3 �U�a�R�j�R�,�R�I �,���N �$�3 �j�@�R�n�<�@�j �R�8 ���c
�� �U�n�$�I�C�, �G�3�w �3�N�,�a�w�U�j�C�R�N �s�@�3�a�3 �j�@�3 ���I�C�,�3���c �~�a�c�j �L�3�c�c���<�3 �C�c �j�@�3 �U�n�$�I�C�,
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�I�R�R�G�c ���a���N�0�R�L�� �j�R �c�R�L�3�R�N�3 �j�@���j �0�R�3�c�N���j �G�N�R�s���. �$�n�j �c�R�L�3�R�N�3 �j�@���j
�0�R�3�c �G�N�R�s�� �,���N �c�3�3 �j�@���j �a���C�c�C�N�< �j�@�3 �c�3�,�R�N�0 �3�I�3�L�3�N�j �j�R �j�@�3���A�j�@ �U�R�s�3�a
�w�C�3�I�0�c �j�@�3 �j�@�C�a�0 �3�I�3�L�3�N�j�Y �i�@�3 �/�C�|�3�A�?�3�I�I�L���N �U�a�R�j�R�,�R�I �,���N �$�3 �0�3�c�,�a�C�$�3�0
���$�c�j�a���,�j�I�w �C�N �j�@�3 �,�R�N�j�3�u�j �R�8 ���N�w�~�N�C�j�3 ���$�3�I�C���N �<�a�R�n�U�8�R�a �s�@�C�,�@ �s�3 �,���N
�3�|�,�C�3�N�j�I�w �,�R�L�U�n�j�3 �j�@�3 �<�a�R�n�U �R�U�3�a���j�C�R�N�Y �B�j �@���c �$�3�3�N �C�L�U�I�3�L�3�N�j�3�0
�R�N �R�j�@�3�a �<�a�R�n�U�c �j�@���N �N�n�L�$�3�a�c �L�R�0�n�I�R���. ���N�0 �C�N �U���a�j�C�,�n�I���a�2�I�I�C�U�j�C�,
�+�n�a�q�3 �+�a�w�U�j�R�<�a���U�@�w �V�2�+�+�W�C�c �R�$�j���C�N�3�0 �$�w �$���c�C�N�< �j�@�3 �/�C�|�3 �?�3�I�I�L���N
�R�N �3�I�I�C�U�j�C�, �,�n�a�q�3 �<�a�R�n�U�c �s�@�C�,�@ �<�C�q�3�c �c�R�L�3 �U�a���,�j�C�,���I ���0�q���N�j���<�3�c�Y�S�l

���N�R�j�@�3�a �,�R�L�L�R�N �<�a�R�n�U �j�@�3�R�a�3�j�C�, �$���c�C�c �8�R�a �G�3�w�A�3�u�,�@���N�<�3�g�U�n�$�I�C�, �G�3�w
�3�N�,�a�w�U�j�C�R�N �U�a�R�j�R�,�R�I �C�c �j�@�3 �`�b�� �8�n�N�,�j�C�R�N�Y �� �$�C�< �0�C�c���0�q���N�j���<�3 �R�8 �/�C�|�3�A
�?�3�I�I�L���N �V�$�R�j�@ �j�@�3 �L�R�0�n�I���a ���a�C�j�@�L�3�j�C�, ���N�0 �3�I�I�C�U�j�C�, �,�n�a�q�3 �q���a�C���N�j�c�W
���N�0 �`�b�� �C�c �j�@���j �$�R�j�@ �c�,�@�3�L�3�c �,���N �$�3 �$�a�R�G�3�N �C�N �U�R�I�w�N�R�L�C���I �j�C�L�3 �$�w ��

https://en.wikipedia.org/wiki/Exponentiation_by_squaring
https://en.wikipedia.org/wiki/Decisional_Diffie%E2%80%93Hellman_assumption
https://en.wikipedia.org/wiki/Decisional_Diffie%E2%80%93Hellman_assumption
https://en.wikipedia.org/wiki/Abelian_group
https://en.wikipedia.org/wiki/Elliptic-curve_cryptography
https://en.wikipedia.org/wiki/Elliptic-curve_cryptography
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�\�n���N�j�n�L �,�R�L�U�n�j�3�a�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�< �I���j�3�a �C�N �j�@�C�c
�,�R�n�a�c�3�Y

�l�z�Y�O�Q�i�?�2�` �b�2�+�m�`�B�i�v �M�Q�i�B�Q�M�b

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

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

�l�z�Y�S�z�K���;�B�+

�#�3�w�R�N�0 �3�N�,�a�w�U�j�C�R�N ���N�0 �c�C�<�N���j�n�a�3 �c�,�@�3�L�3�c�. �,�a�w�U�j�R�<�a���U�@�3�a�c �@���q�3 �L���N�A
���<�3�0 �j�R �R�$�j���C�N �R�$�E�3�,�j�c �j�@���j �j�a�n�I�w �c�3�3�L �U���a���0�R�u�C�,���I ���N�0 ���L���<�C�,���I���Y �r�3
�$�a�C�3�•�w �0�C�c�,�n�c�c �c�R�L�3 �R�8 �j�@�3�c�3 �R�$�E�3�,�j�c�Y �r�3 �0�R �N�R�j �<�C�q�3 ���N�w �0�3�j���C�I�c�. �$�n�j
�@�R�U�3�8�n�I�I�w �j�@�C�c �s�C�I�I �c�U���a�G �w�R�n�a �,�n�a�C�R�c�C�j�w �j�R �~�N�0 �R�n�j �L�R�a�3�Y

�l�z�Y�S�z�Y�S�x�3�a�R �G�N�R�s�I�3�0�<�3 �U�a�R�R�8�c

�Q�N �Q�,�j�R�$�3�a �k�S�. �S�O�z�k�. �j�@�3 �L���j�@�3�L���j�C�,�C���N �7�a���N�G �M�3�I�c�R�N �+�R�I�3�.
�<���q�3 ���N �@�R�n�a�I�R�N�< �I�3�,�j�n�a�3 �j�R �� �L�3�3�j�C�N�< �R�8 �j�@�3 ���L�3�a�C�,���N �K���j�@�3�A
�L���j�C�,���I �b�R�,�C�3�j�w �s�@�3�a�3 �@�3 �0�C�0 �N�R�j �c�U�3���G �� �c�C�N�<�I�3 �s�R�a�0�Y �`���j�@�3�a�.
�@�3 �,���I�,�n�I���j�3�0 �R�N �j�@�3 �$�R���a�0 �j�@�3 �q���I�n�3���é�è 
7 �� �s�@�C�,�@ �C�c �3�\�n���I �j�R
������� ������� ������� ������� ������� ������� �������. ���N�0 �j�@�3�N �c�@�R�s�3�0 �j�@���j �j�@�C�c �N�n�L�$�3�a �C�c
�3�\�n���I �j�R������� ������� ������ 
N ������� ������� ������� �������Y �+�R�I�3���c �U�a�R�R�8 �c�@�R�s�3�0 �j�@���j
���é�è
7 �� �C�c �N�R�j �� �U�a�C�L�3�. �$�n�j �C�j ���I�c�R �a�3�q�3���I�3�0 ���0�0�C�j�C�R�N���I �C�N�8�R�a�L���j�C�R�N�.
�N���L�3�I�w �C�j�c ���,�j�n���I �8���,�j�R�a�c�Y �i�@�C�c �C�c �R�8�j�3�N �j�@�3 �,���c�3 �s�C�j�@ �U�a�R�R�8�c�- �j�@�3�w �j�3���,�@
�n�c �L�R�a�3 �j�@���N �E�n�c�j �j�@�3 �q���I�C�0�C�j�w �R�8 �j�@�3 �c�j���j�3�L�3�N�j�c�Y

�B�N�x�3�a�R �F�N�R�s�I�3�0�<�3 �T�a�R�R�8�c�s�3 �j�a�w �j�R ���,�@�C�3�q�3 �j�@�3 �R�U�U�R�c�C�j�3 �3�{�3�,�j�Y �r�3
�s���N�j �� �U�a�R�R�8 �8�R�a �� �c�j���j�3�L�3�N�j� �s�@�3�a�3 �s�3 �,���N�a�C�<�R�a�R�n�c�I�w �c�@�R�s�j�@���j �j�@�3
�U�a�R�R�8�c �a�3�q�3���I�c���$�c�R�I�n�j�3�I�w �N�R ���0�0�C�j�C�R�N���I �C�N�8�R�a�L���j�C�R�N ���$�R�n�j� �$�3�w�R�N�0 �j�@�3
�8���,�j �j�@���j �C�j �C�c �j�a�n�3�Y �i�@�C�c �j�n�a�N�c �R�n�j �j�R �$�3 ���N �3�u�j�a�3�L�3�I�w �n�c�3�8�n�I �R�$�E�3�,�j �8�R�a

https://en.wikipedia.org/wiki/Public_key_certificate
https://en.wikipedia.org/wiki/Adaptive_chosen-ciphertext_attack
https://en.wikipedia.org/wiki/Forward_secrecy
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�� �q���a�C�3�j�w �R�8 �j���c�G�c �C�N�,�I�n�0�C�N�< ���n�j�@�3�N�j�C�,���j�C�R�N�. �c�3�,�n�a�3 �U�a�R�j�R�,�R�I�c�. �q�R�j�C�N�<�.
���N�R�N�w�L�C�j�w �C�N �,�a�w�U�j�R�,�n�a�a�3�N�,�C�3�c�. ���N�0 �L�R�a�3�Y �+�R�N�c�j�a�n�,�j�C�N�< �j�@�3�c�3 �R�$�E�3�,�j�c
�a�3�I�C�3�c �R�N �j�@�3 �j�@�3�R�a�w �R�8�M�T�,�R�L�U�I�3�j�3�N�3�c�c�Y �i�@�n�c �j�@�C�c �j�@�3�R�a�w �j�@���j �R�a�C�<�C�A
�N���I�I�w �s���c �0�3�c�C�<�N�3�0 �j�R �<�C�q�3 ���N�3�<���j�C�q�3 �a�3�c�n�I�j�V�c�@�R�s �j�@���j �c�R�L�3 �U�a�R�$�I�3�L�c
���a�3 �@���a�0�W �3�N�0�3�0 �n�U �w�C�3�I�0�C�N�<�U�R�c�C�j�C�q�3 ���U�U�I�C�,���j�C�R�N�c�. �3�N���$�I�C�N�< �n�c �j�R ���,�@�C�3�q�3
�j���c�G�c �j�@���j �s�3�a�3 �N�R�j �U�R�c�c�C�$�I�3 �R�j�@�3�a�s�C�c�3�Y

�l�z�Y�S�z�Y�l�7�n�I�I�w �@�R�L�R�L�R�a�U�@�C�, �3�N�,�a�w�U�j�C�R�N

�b�n�U�U�R�c�3 �j�@���j �s�3 ���a�3 �<�C�q�3�N �� �$�C�j�A�$�w�A�$�C�j �3�N�,�a�w�U�j�C�R�N �R�8 �� �c�j�a�C�N�<
�ú�†�	�'�� �
� �w � �ú�†�	�'�‰
7�Æ�
�Y �#�w �0�3�c�C�<�N�. �j�@�3�c�3 �,�C�U�@�3�a�j�3�u�j�c ���a�3 �c�n�U�U�R�c�3�0 �j�R
�$�3 ���,�R�L�U�I�3�j�3�I�w �n�N�c�,�a�n�j���$�I�3�� ���N�0 �s�3 �c�@�R�n�I�0 �N�R�j �$�3 ���$�I�3 �j�R �3�u�j�a���,�j
���N�w �C�N�8�R�a�L���j�C�R�N ���$�R�n�j�' �„���c �8�a�R�L �C�j�Y �?�R�s�3�q�3�a�. ���I�a�3���0�w �C�N �S�O�e�4�. �`�C�q�3�c�j�.
���0�I�3�L���N ���N�0 �/�3�a�j�R�n�y�R�c �R�$�c�3�a�q�3�0 �j�@���j �j�@�C�c �0�R�3�c �N�R�j �C�L�U�I�w �j�@���j �s�3
�,�R�n�I�0 �N�R�j�L���N�C�U�n�I���j�3�j�@�3�c�3 �3�N�,�a�w�U�j�C�R�N�c�Y �7�R�a �3�u���L�U�I�3�. �C�j �j�n�a�N�c �R�n�j �j�@�3
�c�3�,�n�a�C�j�w �R�8 ���N �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3 �0�R�3�c �N�R�j �C�L�L�3�0�C���j�3�I�w �a�n�I�3 �R�n�j �j�@�3
���$�C�I�C�j�w �j�R �j���G�3 �� �U���C�a �R�8 �3�N�,�a�w�U�j�C�R�N�c�ú�†�	���
���N�0�ú�†�	���
���N�0 �,�R�L�U�n�j�3
�8�a�R�L �j�@�3�L�ú�†�	���� �ö�� �ù���
 �s�C�j�@�R�n�j �G�N�R�s�C�N�< �j�@�3 �c�3�,�a�3�j �G�3�w���Y �#�n�j �0�R �j�@�3�a�3
�3�u�C�c�j �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3�c �j�@���j ���I�I�R�s �c�n�,�@ �L���N�C�U�n�I���j�C�R�N�c�] ���N�0 �C�8 �c�R�. �C�c
�j�@�C�c �� �$�n�< �R�a �� �8�3���j�n�a�3�]

�`�C�q�3�c�j �3�j ���I ���I�a�3���0�w �c�@�R�s�3�0 �j�@���j �c�n�,�@ �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3�c �,�R�n�I�0
�$�3�C�L�L�3�N�c�3�I�w�n�c�3�8�n�I�. ���N�0 �j�@�3�C�a �n�j�C�I�C�j�w �@���c �R�N�I�w �<�a�R�s�N �C�N �j�@�3 ���<�3 �R�8
�,�I�R�n�0 �,�R�L�U�n�j�C�N�<�Y ���8�j�3�a ���I�I�. �C�8 �s�3 �,���N �,�R�L�U�n�j�3 �M���M�/ �j�@�3�N �s�3 �,���N
�n�c�3 �j�@�C�c �j�R �a�n�N ���N�w ���I�<�R�a�C�j�@�L�� �R�N �j�@�3 �3�N�,�a�w�U�j�3�0 �0���j���. ���N�0 �L���U
�ú�†�	�'�� �
� �w � �ú�†�	�'�‰
7�Æ�
 �j�R�ú�†�	�� �	�'�� � �w � �'�‰
7�Æ�
�
�Y �7�R�a �3�u���L�U�I�3�. �� �,�I�C�3�N�j
�,�R�n�I�0 �c�j�R�a�3 �j�@�3�C�a �c�3�,�a�3�j �0���j���' �C�N �3�N�,�a�w�U�j�3�0 �8�R�a�L �R�N �j�@�3 �,�I�R�n�0�. ���N�0
�@���q�3 �j�@�3 �,�I�R�n�0 �U�a�R�q�C�0�3�a �U�3�a�8�R�a�L ���I�I �c�R�a�j�c �R�8 �,�R�L�U�n�j���j�C�R�N �R�N �j�@�3�c�3
�0���j�� �s�C�j�@�R�n�j �3�q�3�a �a�3�q�3���I�C�N�< �j�R �j�@�3 �U�a�R�q�C�0�3�a �j�@�3 �U�a�C�q���j�3 �G�3�w�. ���N�0 �c�R
�s�C�j�@�R�n�j �j�@�3 �U�a�R�q�C�0�3�a�3�q�3�a �I�3���a�N�C�N�< ���N�w �C�N�8�R�a�L���j�C�R�N���$�R�n�j �j�@�3 �c�3�,�a�3�j
�0���j���Y

�i�@�3 �\�n�3�c�j�C�R�N �R�8�3�u�C�c�j�3�N�,�3�R�8 �c�n�,�@ �� �c�,�@�3�L�3 �j�R�R�G �L�n�,�@ �I�R�N�<�3�a �j�C�L�3
�j�R �a�3�c�R�I�q�3�Y �Q�N�I�w �C�N �l�z�z�O �+�a���C�< �;�3�N�j�a�w �<���q�3 �j�@�3 �~�a�c�j �,�R�N�c�j�a�n�,�j�C�R�N �R�8
���N �3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3 �j�@���j ���I�I�R�s�c �j�R �,�R�L�U�n�j�3 �� �n�N�C�q�3�a�c���I �$���c�C�c �R�8
�<���j�3�c �R�N �j�@�3 �0���j�� �V�G�N�R�s�N ���c ���7�n�I�I�w �?�R�L�R�L�R�a�U�@�C�, �2�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3�C�N
�,�a�w�U�j�R �U���a�I���N�,�3�W�Y �;�3�N�j�a�w���c �c�,�@�3�L�3 �I�3�8�j �L�n�,�@ �j�R �$�3 �0�3�c�C�a�3�0 �C�N �j�3�a�L�c �R�8
�3�|�,�C�3�N�,�w�. ���N�0 �C�L�U�a�R�q�C�N�< �n�U�R�N �C�j �@���c �$�3�3�N �j�@�3 �8�R�,�n�c �R�8 ���N �C�N�j�3�N�c�C�q�3
�a�3�c�3���a�,�@ �U�a�R�<�a���L �j�@���j �@���c ���I�a�3���0�w �c�3�3�N �c�C�<�N�C�~�,���N�j �C�L�U�a�R�q�3�L�3�N�j�c�Y

�l�z�Y�S�z�Y�k�K�n�I�j�C�U���a�j�w �c�3�,�n�a�3 �,�R�L�U�n�j���j�C�R�N

�+�a�w�U�j�R�<�a���U�@�w �C�c ���$�R�n�j �3�N���$�I�C�N�< �L�n�j�n���I�I�w �0�C�c�j�a�n�c�j�C�N�< �U���a�j�C�3�c �j�R
���,�@�C�3�q�3 �� �,�R�L�L�R�N �<�R���I�Y �T�3�a�@���U�c �j�@�3 �L�R�c�j �<�3�N�3�a���I �U�a�C�L�C�j�C�q�3 ���,�@�C�3�q�A
�C�N�< �j�@�C�c �R�$�E�3�,�j�C�q�3 �C�c�c�3�,�n�a�3 �L�n�I�j�C�U���a�j�w �,�R�L�U�n�j���j�C�R�N�Y �i�@�3 �C�0�3�� �C�N �c�3�,�n�a�3
�L�n�I�j�C�U���a�j�w �,�R�L�U�n�j���j�C�R�N �C�c �j�@���j�� �U���a�j�C�3�c �C�N�j�3�a���,�j �j�R�<�3�j�@�3�a �j�R �,�R�L�U�n�j�3
�c�R�L�3 �8�n�N�,�j�C�R�N�û �	�'�� � �w � �'�‰
7�Æ�
 �s�@�3�a�3�' �„ �C�c �j�@�3 �U�a�C�q���j�3 �C�N�U�n�j �R�8 �j�@�3���A�j�@
�U���a�j�w�Y �i�@�3 �,�a�n�,�C���I �U�R�C�N�j �C�c �j�@���j �j�@�3�a�3 �C�c�N�R �,�R�L�L�R�N�I�w �j�a�n�c�j�3�0 �U���a�j�w �R�a

https://z.cash/technology/zksnarks.html
https://en.wikipedia.org/wiki/Secure_multi-party_computation
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���n�j�@�R�a�C�j�w���N�0 �j�@���j �N�R�j�@�C�N�< �C�c �a�3�q�3���I�3�0 ���$�R�n�j �j�@�3 �c�3�,�a�3�j �0���j�� �$�3�w�R�N�0 �j�@�3
�8�n�N�,�j�C�R�N���c �R�n�j�U�n�j�Y �Q�N�3 �3�u���L�U�I�3 �C�c ���N�3�I�3�,�j�a�R�N�C�, �q�R�j�C�N�< �U�a�R�j�R�,�R�I�s�@�3�a�3
�R�N�I�w �j�@�3 �j�R�j���I �q�R�j�3 �,�R�n�N�j �C�c �a�3�q�3���I�3�0�. �s�C�j�@ �j�@�3 �U�a�C�q���,�w �R�8 �j�@�3 �C�N�0�C�q�C�0�n���I
�q�R�j�3�a�c �U�a�R�j�3�,�j�3�0�. �$�n�j �s�C�j�@�R�n�j �@���q�C�N�< �j�R �j�a�n�c�j ���N�w ���n�j�@�R�a�C�j�w �j�R �3�C�j�@�3�a
�,�R�n�N�j �j�@�3 �q�R�j�3�c �,�R�a�a�3�,�j�I�w �R�a �j�R �G�3�3�U �C�N�8�R�a�L���j�C�R�N �,�R�N�~�0�3�N�j�C���I�Y ���N�R�j�@�3�a
�3�u���L�U�I�3 �C�c �C�L�U�I�3�L�3�N�j�C�N�< ���c�3�,�R�N�0 �U�a�C�,�3 �V���G�� �p�C�,�G�a�3�w�W ���n�,�j�C�R�N�s�@�3�a�3
�� 
7 �� �U���a�j�C�3�c �c�n�$�L�C�j �$�C�0�c �j�R ���N �C�j�3�L �R�s�N�3�0 �$�w �j�@�3�� �A�j�@ �U���a�j�w�. ���N�0 �j�@�3
�C�j�3�L �<�R�3�c �j�R �j�@�3 �@�C�<�@�3�c�j �$�C�0�0�3�a �$�n�j ���j �j�@�3 �U�a�C�,�3 �R�8 �j�@�3�c�3�,�R�N�0 �@�C�<�@�3�c�j �$�C�0�Y
�m�c�C�N�< �c�3�,�n�a�3 �L�n�I�j�C�U���a�j�w �,�R�L�U�n�j���j�C�R�N �s�3 �,���N �C�L�U�I�3�L�3�N�j �c�3�,�R�N�0 �U�a�C�,�3
���n�,�j�C�R�N �C�N �� �s���w �j�@���j �s�C�I�I �3�N�c�n�a�3 �j�@�3 �c�3�,�a�3�,�w �R�8 �j�@�3 �N�n�L�3�a�C�,���I �q���I�n�3�c
�R�8 ���I�I �$�C�0�c �V�C�N�,�I�n�0�C�N�< �3�q�3�N �j�@�3 �j�R�U �R�N�3�W �3�u�,�3�U�j �j�@�3 �c�3�,�R�N�0 �@�C�<�@�3�c�j �R�N�3�.
���N�0 �j�@�3 �c�3�,�a�3�,�w �R�8 �j�@�3 �C�0�3�N�j�C�j�w �R�8 ���I�I �$�C�0�0�3�a�c �V�C�N�,�I�n�0�C�N�< �3�q�3�N �j�@�3 �c�3�,�A
�R�N�0 �@�C�<�@�3�c�j �$�C�0�0�3�a�W �3�u�,�3�U�j �j�@�3 �j�R�U �R�N�3�Y �r�3 �3�L�U�@���c�C�y�3 �j�@���j �c�n�,�@ ��
�U�a�R�j�R�,�R�I �a�3�\�n�C�a�3�c �N�R �j�a�n�c�j �3�q�3�N �C�N �j�@�3 ���n�,�j�C�R�N�3�3�a �C�j�c�3�I�8�. �j�@���j �s�C�I�I ���I�c�R
�N�R�j �I�3���a�N ���N�w ���0�0�C�j�C�R�N���I �C�N�8�R�a�L���j�C�R�N�Y �b�3�,�n�a�3 �L�n�I�j�C�U���a�j�w �,�R�L�U�n�j���j�C�R�N
�,���N �$�3 �n�c�3�0 �3�q�3�N �8�R�a �,�R�L�U�n�j�C�N�<�a���N�0�R�L�C�y�3�0�U�a�R�,�3�c�c�3�c�. �s�C�j�@ �R�N�3 �3�u�A
���L�U�I�3 �$�3�C�N�< �U�I���w�C�N�< �T�R�G�3�a �R�q�3�a �j�@�3 �N�3�j �s�C�j�@�R�n�j �@���q�C�N�< �j�R �j�a�n�c�j ���N�w
�c�3�a�q�3�a �8�R�a �,�R�a�a�3�,�j �c�@�n�}�C�N�< �R�8 �,���a�0�c �R�a �N�R�j �a�3�q�3���I�C�N�< �j�@�3 �C�N�8�R�a�L���j�C�R�N�Y

�l�z�Y�S�S�H�2�+�i�m�`�2 �b�m�K�K���`�v

�l�z�Y�S�l�2�t�2�`�+�B�b�2�b

�` �/�C�c�,�I���C�L�3�a�K�R�c�j �R�8 �j�@�3 �3�u�3�a�,�C�c�3�c �@���q�3 �$�3�3�N �s�a�C�j�j�3�N
�C�N �j�@�3 �c�n�L�L�3�a �R�8 �l�z�S�4 ���N�0 �@���q�3�N���j �w�3�j �$�3�3�N �8�n�I�I�w
�0�3�$�n�<�<�3�0�Y �r�@�C�I�3 �B �s�R�n�I�0 �U�a�3�8�3�a �U�3�R�U�I�3 �0�R �N�R�j �U�R�c�j
�R�N�I�C�N�3 �c�R�I�n�j�C�R�N�c �j�R �j�@�3 �3�u�3�a�,�C�c�3�c�. �B �s�R�n�I�0 �<�a�3���j�I�w
���U�U�a�3�,�C���j�3 �C�8 �w�R�n �I�3�j �L�3 �G�N�R�s �R�8 ���N�w �$�n�<�c�Y �v�R�n �,���N
�0�R �c�R �$�w �U�R�c�j�C�N�< ���;�C�j�?�n�$ �C�c�c�n�3���$�R�n�j �j�@�3 �3�u�3�a�,�C�c�3�.
���N�0 �R�U�j�C�R�N���I�I�w �,�R�L�U�I�3�L�3�N�j �j�@�C�c �s�C�j�@ ���N �3�L���C�I �j�R �L�3
�s�C�j�@ �L�R�a�3 �0�3�j���C�I�c ���$�R�n�j �j�@�3 ���j�j�3�L�U�j�3�0 �c�R�I�n�j�C�R�N�Y

�l�z�Y�S�k�#�B�#�H�B�Q�;�`���T�?�B�+���H �M�Q�i�2�b

�K�n�,�@ �R�8 �j�@�C�c �j�3�u�j �C�c �j���G�3�N �8�a�R�L �L�w �I�3�,�j�n�a�3 �N�R�j�3�c �R�N �,�a�w�U�j�R�<�a���U�@�w�Y
�b�@���N�N�R�N���c �L���N�n�c�,�a�C�U�j �s���c �s�a�C�j�j�3�N �C�N �S�O�:�9 �$�n�j �s���c �,�I���c�c�C�~�3�0�. ���N�0 ��

�U���a�j�C���I �q�3�a�c�C�R�N �s���c �R�N�I�w �U�n�$�I�C�c�@�3�0 �C�N �S�O�:�O�Y �b�j�C�I�I �C�j �@���c �a�3�q�R�I�n�j�C�R�N�C�y�3�0
�,�a�w�U�j�R�<�a���U�@�w�. ���N�0 �C�c �j�@�3 �8�R�a�3�a�n�N�N�3�a �j�R �L�n�,�@ �R�8 �s�@���j �8�R�I�I�R�s�3�0�Y

�D�R�@�N �M���c�@ �L���0�3 �c�3�L�C�N���I �,�R�N�j�a�C�$�n�j�C�R�N�c �C�N �L���j�@�3�L���j�C�,�c ���N�0 �<���L�3
�j�@�3�R�a�w�. ���N�0 �s���c ���s���a�0�3�0 �$�R�j�@ �j�@�3 ���$�3�I �T�a�C�y�3 �C�N �L���j�@�3�L���j�C�,�c ���N�0
�j�@�3 �M�R�$�3�I �K�3�L�R�a�C���I �T�a�C�y�3 �C�N �2�,�R�N�R�L�C�, �b�,�C�3�N�,�3�c�Y �?�R�s�3�q�3�a�. �@�3 �@���c
�c�j�a�n�<�<�I�3�0 �s�C�j�@ �L�3�N�j���I �C�I�I�N�3�c�c �j�@�a�R�n�<�@�R�n�j �@�C�c �I�C�8�3�Y �?�C�c �$�C�R�<�a���U�@�w�.��
�#�3���n�j�C�8�n�I �K�C�N�0�s���c �L���0�3 �C�N�j�R �� �U�R�U�n�I���a �L�R�q�C�3�Y �B�j �C�c �N���j�n�a���I �j�R �,�R�L�A
�U���a�3 �M���c�@���c �S�O�9�9 �I�3�j�j�3�a �j�R �j�@�3 �M�b�� �j�R �;�Ñ�0�3�I���c �I�3�j�j�3�a �j�R �q�R�N �M�3�n�L���N�N
�s�3 �L�3�N�j�C�R�N�3�0 �$�3�8�R�a�3�Y �7�a�R�L �j�@�3 �j�@�3�R�a�3�j�C�,���I �,�R�L�U�n�j�3�a �c�,�C�3�N�,�3 �U�R�C�N�j �R�8

https://en.wikipedia.org/wiki/Vickrey_auction
https://github.com/boazbk/tcs/issues
https://en.wikipedia.org/wiki/A_Beautiful_Mind_(book)
https://en.wikipedia.org/wiki/A_Beautiful_Mind_(book)
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�q�C�3�s�. �j�@�3 �,�a�n�,�C���I �0�C�{�3�a�3�N�,�3 �C�c �j�@���j �s�@�C�I�3 �M���c�@ �C�N�8�R�a�L���I�I�w �j���I�G�c ���$�R�n�j
�3�u�U�R�N�3�N�j�C���I �q�c �U�R�I�w�N�R�L�C���I �,�R�L�U�n�j���j�C�R�N �j�C�L�3�. �@�3 �0�R�3�c �N�R�j �L�3�N�j�C�R�N �j�@�3
�s�R�a�0 ���i�n�a�C�N�< �K���,�@�C�N�3�� �R�a �R�j�@�3�a �L�R�0�3�I�c �R�8 �,�R�L�U�n�j���j�C�R�N�. ���N�0 �C�j �C�c �N�R�j
�,�I�3���a �C�8 �@�3 �C�c ���s���a�3 �R�a �N�R�j �j�@���j �@�C�c �,�R�N�E�3�,�j�n�a�3 �,���N �$�3 �L���0�3 �L���j�@�3�L���j�C�A
�,���I�I�w �U�a�3�,�C�c�3 �V���c�c�n�L�C�N�< �� �8�R�a�L���I�C�y���j�C�R�N �R�8 ���c�n�|�,�C�3�N�j�I�w �,�R�L�U�I�3�u �j�w�U�3�c
�R�8 �3�N�,�C�U�@�3�a�C�N�<���W�Y

�i�@�3 �0�3�~�N�C�j�C�R�N �R�8 �,�R�L�U�n�j���j�C�R�N���I �c�3�,�a�3�,�w �s�3 �n�c�3 �C�c �j�@�3 �N�R�j�C�R�N �R�8
�,�R�L�U�n�j���j�C�R�N���I �C�N�0�C�c�j�C�N�<�n�C�c�@���$�C�I�C�j�w�V�G�N�R�s�N �j�R �$�3 �3�\�n�C�q���I�3�N�j �j�R�c�3�L���N�j�C�,
�c�3�,�n�a�C�j�w�W �j�@���j �s���c �<�C�q�3�N �$�w �;�R�I�0�s���c�c�3�a ���N�0 �K�C�,���I�C �C�N �S�O�4�l�Y

���I�j�@�R�n�<�@ �j�@�3�w �n�c�3�0 �� �0�C�{�3�a�3�N�j �j�3�a�L�C�N�R�I�R�<�w�. �/�C�|�3 ���N�0 �?�3�I�I�L���N
���I�a�3���0�w �L���0�3 �,�I�3���a �C�N �j�@�3�C�a �U���U�3�a �j�@���j �j�@�3�C�a �U�a�R�j�R�,�R�I �,���N �$�3 �n�c�3�0 ���c ��
�U�n�$�I�C�, �G�3�w �3�N�,�a�w�U�j�C�R�N�. �s�C�j�@ �j�@�3 �~�a�c�j �L�3�c�c���<�3 �$�3�C�N�< �U�n�j �C�N �� ���U�n�$�I�C�,
�~�I�3���Y �B�N �S�O�4�9�. �2�I�;���L���I �c�@�R�s�3�0 �@�R�s �j�R �R�$�j���C�N ���c�C�<�N���j�n�a�3 �c�,�@�3�L�3�$���c�3�0
�R�N �j�@�3 �/�C�|�3 �?�3�I�I�L���N �C�0�3���c�. ���N�0 �c�C�N�,�3 �@�3 �0�3�c�,�a�C�$�3�0 �j�@�3 �/�C�|�3�A�?�3�I�I�L���N
�3�N�,�a�w�U�j�C�R�N �c�,�@�3�L�3 �C�N �j�@�3 �c���L�3 �U���U�3�a�. �C�j �C�c �c�R�L�3�j�C�L�3�c ���I�c�R �G�N�R�s�N ���c
�2�I�;���L���I �3�N�,�a�w�U�j�C�R�N�Y

�x�3�a�R�A�G�N�R�s�I�3�0�<�3 �U�a�R�R�8�c �s�3�a�3 �,�R�N�c�j�a�n�,�j�3�0 �$�w �;�R�I�0�s���c�c�3�a�. �K�C�,���I�C�.
���N�0 �`���,�G�R�{ �C�N �S�O�4�l�. ���N�0 �j�@�3�C�a �s�C�0�3 ���U�U�I�C�,���$�C�I�C�j�w �s���c �c�@�R�s�N �V�n�c�C�N�<
�j�@�3 �j�@�3�R�a�w �R�8�M�T�,�R�L�U�I�3�j�3�N�3�c�c�W �$�w �;�R�I�0�a�3�C�,�@�. �K�C�,���I�C�. ���N�0 �r�C�<�0�3�a�c�R�N
�C�N �S�O�4�f�Y

�i�s�R �U���a�j�w ���N�0 �L�n�I�j�C�U���a�j�w �c�3�,�n�a�3 �,�R�L�U�n�j���j�C�R�N �U�a�R�j�R�,�R�I�c �s�3�a�3 �,�R�N�A
�c�j�a�n�,�j�3�0 �V�a�3�c�U�3�,�j�C�q�3�I�w�W �$�w �v���R �C�N �S�O�4�l ���N�0 �;�R�I�0�a�3�C�,�@�. �K�C�,���I�C�. ���N�0
�r�C�<�0�3�a�c�R�N �C�N �S�O�4�e�Y �i�@�3 �I���j�j�3�a �s�R�a�G �<���q�3 �� �<�3�N�3�a���I �j�a���N�c�8�R�a�L���j�C�R�N
�8�a�R�L �c�3�,�n�a�C�j�w ���<���C�N�c�j �U���c�c�C�q�3 ���0�q�3�a�c���a�C�3�c �j�R �c�3�,�n�a�C�j�w ���<���C�N�c�j ���,�j�C�q�3
���0�q�3�a�c���a�C�3�c �n�c�C�N�< �y�3�a�R �G�N�R�s�I�3�0�<�3 �U�a�R�R�8�c�Y
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