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�D �{�m�n�o �r�\�i�o �o�j �\�^�f�i�j�r�g�`�_�b�` �h�t �h�j�o�c�`�m�.�r�d�o�c�j�p�o �c�`�m �D �r�j�p�g�_�i�1�o �]�` �c�`�m�` �r�m�d�o�d�i�b

�o�c�d�n �_�d�n�n�`�m�o�\�o�d�j�i�) �H�t �a�\�o�c�`�m �o�\�p�b�c�o �h�` �\ �g�j�q�` �j�a �n�^�d�`�i�^�` �\�i�_ �i�\�o�p�m�`�' �r�c�d�^�c �g�`�_ �o�j

�h�t �d�i�o�`�m�`�n�o �d�i �^�j�h�k�p�o�`�m�n �\�i�_ �k�m�j�b�m�\�h�h�d�i�b �g�\�i�b�p�\�b�`�n�.�r�d�o�c�j�p�o �c�d�h �D �r�j�p�g�_�i�1�o �]�`

�c�`�m�`�' �`�d�o�c�`�m�) �D �_�`�_�d�^�\�o�` �h�t �_�d�n�n�`�m�o�\�o�d�j�i �o�j �o�c�`�h�' �r�d�o�c �g�j�q�` �\�i�_ �\�_�h�d�m�\�o�d�j�i�)

�D �\�g�n�j �o�c�\�i�f �h�t �]�m�j�o�c�`�m �=�m�d�\�i�' �h�t �n�d�n�o�`�m �H�\�m�t�' �\�i�_ �o�c�`�d�m �n�k�j�p�n�`�n�' �>�g�\�p�_�d�\ �?�Ë�\�u�(

�=�t�m�_ �\�i�_ �?�j�i�\�g�_ �N�o�`�q�`�i�n�) �D �^�\�i�1�o �d�h�\�b�d�i�` �]�`�o�o�`�m �n�d�]�g�d�i�b�n �j�m �d�i�(�g�\�r�n�)

�M�`�i�u�c�j�i�b �>�c�`�i �c�\�n �]�`�`�i �k�\�m�o �j�a �o�c�` �=�t�m�_ �a�\�h�d�g�t �a�j�m �o�r�`�i�o�t �t�`�\�m�n�) �D �o�c�\�i�f

�c�d�h �a�j�m �c�d�n �a�m�d�`�i�_�n�c�d�k�' �\�i�_ �a�j�m �o�c�` �d�i�^�m�`�_�d�]�g�` �o�j�p�m �j�a �>�c�d�i�\ �o�c�\�o �r�\�n �\ �c�d�b�c�g�d�b�c�o �j�a

�h�t �o�d�h�` �d�i �b�m�\�_ �n�^�c�j�j�g�) �D �\�h �\�g�n�j �b�m�\�o�`�a�p�g �a�j�m �o�c�` �c�j�n�k�d�o�\�g�d�o�t �j�a �M�`�i�u�c�j�i�b�1�n �r�d�a�`�'

�G�`�\ �G�d�)

�?�\�i �A�m�d�`�_�h�\�i �c�\�n �]�`�`�i �h�t �o�`�\�^�c�`�m�' �h�`�i�o�j�m�' �]�j�n�n�' �c�\�^�f�d�i�b �]�p�_�_�t�' �^�j�\�p�o�c�j�m�' �\�i�_

�a�m�d�`�i�_ �_�p�m�d�i�b �h�t �n�d�s �t�`�\�m�n �\�o �D�i�_�d�\�i�\ �P�i�d�q�`�m�n�d�o�t�) �D�o �r�\�n �?�\�i �r�c�j �d�i�o�m�j�_�p�^�`�_ �h�` �o�j

�g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b�' �\�i�_ �o�j �c�d�n �g�\�i�b�p�\�b�` �o�c�\�o �`�q�`�i�o�p�\�g�g�t �`�q�j�g�q�`�_ �d�i�o�j �h�d�i�d�F�\�i�m�`�i�)

�D �^�\�i�i�j�o �o�c�\�i�f �?�\�i �r�d�o�c�j�p�o �\�g�n�j �o�c�\�i�f�d�i�b �c�d�n �r�d�a�` �H�\�m�t �\�i�_ �o�c�` �m�`�n�o �j�a �o�c�`

�A�m�d�`�_�h�\�i�n�' �r�c�j �c�\�q�` �]�`�`�i �\ �n�`�^�j�i�_ �a�\�h�d�g�t �o�j �h�` �d�i �=�g�j�j�h�d�i�b�o�j�i�) �D �\�h �`�n�k�`�^�d�\�g�g�t

�b�m�\�o�`�a�p�g �o�j �N�\�v�i�_�w�h�h�x�d �A�m�d�`�_�h�\�i �a�j�m �c�j�p�m�n �j�a �\�h�p�n�`�h�`�i�o�)
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�^�c�`�`�m�a�p�g�' �k�\�o�d�`�i�o�' �\�i�_ �n�p�k�k�j�m�o�d�q�`�) �O�c�d�n �d�n �a�j�m�o�p�i�\�o�`�' �n�d�i�^�` �o�c�`�d�m �d�i�o�`�g�g�`�^�o�n �h�d�b�c�o

�j�o�c�`�m�r�d�n�` �]�` �d�i�o�d�h�d�_�\�o�d�i�b�) �D �\�h �`�n�k�`�^�d�\�g�g�t �b�m�\�o�d�{�`�_ �o�c�\�o �\�g�g �j�a �o�c�`�n�` �n�^�c�j�g�\�m�n �\�m�`

�_�`�`�k�g�t �^�j�h�h�d�o�o�`�_ �o�j �o�c�` �\�m�o �j�a �o�`�\�^�c�d�i�b�) �O�c�\�i�f �t�j�p �\�g�g��

�J�g�`�b �F�d�n�`�g�t�j�q �o�\�p�b�c�o �h�` �\�i �p�i�]�`�g�d�`�q�\�]�g�` �\�h�j�p�i�o �\�]�j�p�o �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b�'

�`�n�k�`�^�d�\�g�g�t �o�c�` �]�`�i�`�{�o�n �j�a �k�p�m�d�o�t�' �\�i�_ �o�c�` �_�\�i�b�`�m�n �j�a �d�h�k�p�m�` �j�k�`�m�\�o�j�m�n �g�d�f�`�^�j�i�_a

�\�i�_ �^�j�i�_u�) �D�o �r�\�n �J�g�`�b �r�c�j �c�\�_ �o�c�` �d�i�^�m�`�_�d�]�g�t �^�g�`�q�`�m �d�_�`�\ �j�a �d�h�k�g�`�h�`�i�o�d�i�b �\

�m�`�g�\�o�d�j�i�\�g �\�m�d�o�c�h�`�o�d�^ �n�t�n�o�`�h �d�i�n�k�d�m�`�_ �]�t �c�\�m�_�r�\�m�` �c�\�g�a�(�\�_�_�`�m�n �\�i�_ �a�p�g�g�(�\�_�_�`�m�n �#�n�`�`

�>�c�\�k�o�`�m�1�$�) �J�g�`�b �c�\�n �\�g�n�j �c�\�_ �\ �o�m�`�h�`�i�_�j�p�n �d�i�|�p�`�i�^�` �j�i �o�c�` �_�`�q�`�g�j�k�h�`�i�o �\�i�_

�`�q�j�g�p�o�d�j�i �j�a �h�d�i�d�F�\�i�m�`�i �\�i�_ �d�o�n �k�m�`�_�`�^�`�n�n�j�m�' �F�\�i�m�`�i�)

�>�c�p�i�b�(�^�c�d�`�c �#�F�`�i�$ �N�c�\�i �c�\�n �\�g�n�j �b�m�`�\�o�g�t �d�i�|�p�`�i�^�`�_ �o�c�` �`�q�j�g�p�o�d�j�i�' �\�i�_ �`�n�k�`�^�d�\�g�g�t

�o�c�` �d�h�k�g�`�h�`�i�o�\�o�d�j�i�' �j�a �h�d�i�d�F�\�i�m�`�i�) �H�p�^�c �j�a �o�c�` �]�m�`�q�d�o�t �\�i�_ �`�g�`�b�\�i�^�` �j�a �o�c�` �^�j�m�`

�h�d�i�d�F�\�i�m�`�i �d�h�k�g�`�h�`�i�o�\�o�d�j�i �d�i �>�c�\�k�o�`�m�. �d�n �_�p�` �o�j �F�`�i�' �r�c�j �_�`�n�d�b�i�`�_ �o�c�` �^�m�d�o�d�^�\�g

�^�\�n�`∞ �h�\�^�m�j�)

�N�j�h�` �j�a �o�c�` �d�_�`�\�n�' �d�h�k�g�`�h�`�i�o�\�o�d�j�i �^�j�_�`�' �\�i�_ �`�s�\�h�k�g�` �k�m�j�b�m�\�h�n �d�i �o�c�d�n �_�d�n�(

�n�`�m�o�\�o�d�j�i �r�`�m�` �{�m�n�o �k�m�`�n�`�i�o�`�_�' �j�a�o�`�i �d�i �\ �n�g�d�b�c�o�g�t �_�d�z�`�m�`�i�o �a�j�m�h�' �d�i�O�c�` �M� �̀\�n�j�i� �̀_

�N�^�c�`�h�`�m�#�A�m�d�`�_�h�\�i �`�o �\�g�)�-�+�+�0�$�) �>�c�\�k�o�`�m�1�d�n �]�\�n�`�_ �j�i �^�c�\�k�o�`�m�n �n�`�q�`�i �\�i�_ �`�d�b�c�o

�j�a�O�c�` �M� �̀\�n�j�i� �̀_ �N�^�c�`�h�`�m�\�i�_�' �o�j �\ �g�`�n�n�`�m �`�s�o�`�i�o�'�F�d�n�`�g�t�j�q �`�o �\�g�)�#�-�+�+�3�$�) �>�c�\�k�(

�o�`�m�n�4�\�i�_ �,�, �\�m�` �\�_�\�k�o�`�_ �a�m�j�h�=�t�m�_ �\�i�_ �A�m�d�`�_�h�\�i�#�-�+�+�2�$�) �>�c�\�k�o�`�m�,�+�d�n �\�_�\�k�o�`�_

�a�m�j�h�I�`�\�m �`�o �\�g�)�#�-�+�+�3�$�) �< �k�\�k�`�m �^�j�i�o�\�d�i�d�i�b �o�c�` �^�j�i�o�`�i�o�n �j�a �>�c�\�k�o�`�m�,�/ �\�i�_ �o�c�`

�i�`�n�o�\�]�g�` �`�i�b�d�i�`�n �^�j�_�` �d�i �<�k�k�`�i�_�d�s�? �r�d�g�g �]�` �k�m�`�n�`�i�o�`�_ �\�o �H�d�o�^�c �R�\�i�_�1�n �A�`�n�o�n�^�c�m�d�a�o�)



�q�d�d

�H�\�i�t �o�c�\�i�f�n �o�j �\�g�g �j�a �h�t �^�j�\�p�o�c�j�m�n�) �K�g�`�\�n�` �n�`�` �o�c�` �\�^�f�i�j�r�g�`�_�b�h�`�i�o�n �n�`�^�o�d�j�i�n �j�a

�o�c�`�n�` �k�\�k�`�m�n �a�j�m �\�_�_�d�o�d�j�i�\�g �^�m�`�_�d�o�n�)

�O�c�` �{�m�n�o �o�\�]�g�d�i�b �d�h�k�g�`�h�`�i�o�\�o�d�j�i �a�j�m �h�d�i�d�F�\�i�m�`�i �r�\�n �_�`�n�d�b�i�`�_ �]�t �o�c�` �\�p�o�c�j�m �\�i�_

�M�\�h�\�i�\ �F�p�h�\�m�' �\�i�_ �d�i�n�k�d�m�`�_ �]�t �o�c�` �?�t�i�\�h�d�^ �M�`�j�m�_�`�m�d�i�b �j�a �<�g�o�`�m�i�\�o�d�q�`�n �#�?�M�<�$

�\�k�k�m�j�\�^�c �o�j �o�\�]�g�d�i�b �#�B�p�j �\�i�_ �B�p�k�o�\�-�+�+�4�' �-�+�+�,�$�) �M�\�h�\�i�\ �d�h�k�g�`�h�`�i�o�`�_ �o�c�` �_�`�n�d�b�i�'

�r�d�o�c �_�`�]�p�b�b�d�i�b �\�n�n�d�n�o�\�i�^�` �a�m�j�h �o�c�` �\�p�o�c�j�m�) �O�c�` �o�\�]�g�d�i�b �d�h�k�g�`�h�`�i�o�\�o�d�j�i �k�m�`�n�`�i�o�`�_

�d�i �>�c�\�k�o�`�m�,�- �d�n �\ �n�g�d�b�c�o�g�t �h�j�_�d�{�`�_ �q�`�m�n�d�j�i �j�a �M�\�h�\�i�\�1�n �n�`�^�j�i�_�' �\�i�_ �d�h�k�m�j�q�`�_�'

�o�\�]�g�d�i�b �d�h�k�g�`�h�`�i�o�\�o�d�j�i�) �H�j�n�o �d�h�k�j�m�o�\�i�o�g�t�' �o�c�` �i�`�r �d�h�k�g�`�h�`�i�o�\�o�d�j�i �d�n �]�\�n�`�_ �j�i

�n�o�m�`�\�h�n �m�\�o�c�`�m �o�c�\�i �n�p�^�^�`�n�n �\�i�_ �a�\�d�g�p�m�` �^�j�i�o�d�i�p�\�o�d�j�i�n�' �r�c�d�^�c �h�`�\�i�n �\�i�n�r�`�m�n �\�m�`

�k�m�j�_�p�^�`�_ �d�i �o�c�` �n�\�h�` �j�m�_�`�m �\�n �d�i �o�c�` �^�j�m�` �h�d�i�d�F�\�i�m�`�i �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �>�c�\�k�o�`�m�.�)

�O�c�` �i�j�h�d�i�\�g �p�i�d�{�`�m �p�n�d�i�b �o�m�d�\�i�b�p�g�\�m �n�p�]�n�o�d�o�p�o�d�j�i�n �d�i �n�`�^�o�d�j�i�,�,�)�/�d�n �_�p�` �o�j �E�j�`

�I�`�\�m�) �M�\�h�\�i�\ �F�p�h�\�m �c�\�n �d�h�k�g�`�h�`�i�o�`�_ �\ �a�\�n�o�`�m �]�p�o �q�`�m�t �_�d�z�`�m�`�i�o �o�m�d�\�i�b�p�g�\�m �p�i�d�{�`�m�)

�<�n �_�`�n�^�m�d�]�`�_ �d�i �n�`�^�o�d�j�i�/�)�,�' �<�]�_�p�g�\�u�d�u �B�c�p�g�j�p�h�' �?�\�q�d�_ �=�`�i�_�`�m�' �\�i�_ �G�d�i�_�n�`�t �F�p�(

�k�`�m �c�\�q�` �`�s�k�g�j�m�`�_ �r�c�d�^�c �k�p�m�`�g�t �a�p�i�^�o�d�j�i�\�g �_�\�o�\ �n�o�m�p�^�o�p�m�`�n �\�m�` �]�`�n�o �a�j�m �m�`�k�m�`�n�`�i�o�d�i�b

�o�m�d�\�i�b�p�g�\�m �n�p�]�n�o�d�o�p�o�d�j�i�n�)

�O�c��̀k�h�\�o�^�c�k�\�o�o�`�m�i�(�h�\�o�^�c�d�i�b �h�\�^�m�j �d�i �<�k�k�`�i�_�d�s�= �r�\�n �r�m�d�o�o�`�i �]�t �J�g�`�b �F�d�n�`�(

�g�t�j�q�) �O�c�`�h�\�o�^�ce �\�i�_λe �k�\�o�o�`�m�i�(�h�\�o�^�c�d�i�b �h�\�^�m�j�n �d�i �<�k�k�`�i�_�d�s�> �r�`�m�` �j�m�d�b�d�i�\�g�g�t

�_�`�n�d�b�i�`�_ �]�t �o�c�` �\�p�o�c�j�m �\�i�_ �d�h�k�g�`�h�`�i�o�`�_ �]�t �M�\�h�\�i�\ �F�p�h�\�m �r�d�o�c �o�c�` �c�`�g�k �j�a �?�\�i

�A�m�d�`�_�h�\�i�) �<�i�_�t �F�`�`�k�' �H�d�^�c�\�`�g �<�_�\�h�n�' �\�i�_ �G�d�i�_�n�`�t �F�p�k�`�m �r�j�m�f�`�_ �r�d�o�c �p�n �o�j �d�h�(

�k�g�`�h�`�i�o �\�i �j�k�o�d�h�d�u�`�_ �q�`�m�n�d�j�i �j�a�h�\�o�^�ce �\�i�_ λe�' �r�c�d�^�c �r�d�g�g �]�` �k�m�`�n�`�i�o�`�_ �\�o �o�c�`

�-�+�+�4 �N�^�c�`�h�` �R�j�m�f�n�c�j�k�)



�q�d�d�d

�Q�d�n�d�o�n �o�j �=�g�j�j�h�d�i�b�o�j�i �a�m�j�h �>�c�m�d�n�o�d�\�i �P�m�]�\�i�' �H�\�o�o �G�\�f�d�i�' �\�i�_ �B�j�k�\�g �B�p�k�o�\

�b�m�`�\�o�g�t �\�d�_�`�_ �h�t �m�`�n�`�\�m�^�c�) �D �\�g�n�j �]�`�i�`�{�o�`�_ �a�m�j�h �o�c�` �.�m�_ �D�i�o�`�m�i�\�o�d�j�i�\�g �>�j�h�k�p�(

�g�j�b�*�<�G�K �N�p�h�h�`�m �N�^�c�j�j�g �j�i �G�j�b�d�^ �K�m�j�b�m�\�h�h�d�i�b �\�i�_ �>�j�h�k�p�o�\�o�d�j�i�\�g �G�j�b�d�^ �\�o �I�`�r

�H�`�s�d�^�j �N�o�\�o�` �P�i�d�q�`�m�n�d�o�t�' �j�m�b�\�i�d�u�`�_ �]�t �@�i�m�d�^�j �K�j�i�o�`�g�g�d�' �D�i�i�\ �K�d�q�f�d�i�\�' �\�i�_ �N�j�i �>�\�j

�O�m�\�i�) �D �`�i�e�j�t�`�_ �h�\�i�t �n�o�d�h�p�g�\�o�d�i�b �^�j�i�q�`�m�n�\�o�d�j�i�n �r�d�o�c �q�d�n�d�o�d�i�b �n�^�c�j�g�\�m�n �E�p�g�d�\�i�\ �Q�d�u�(

�u�j�o�o�j�' �F�\�o�e�\ �B�m�\�^�`�' �?�\�q�` �C�`�m�h�\�i�' �\�i�_ �N�j�p�m�\�q �H�p�f�c�`�m�e�`�`�)

�D�i�_�d�\�i�\ �P�i�d�q�`�m�n�d�o�t�1�n �K�G �R�j�i�f�n �g�`�^�o�p�m�` �n�`�m�d�`�n�' �j�m�b�\�i�d�u�`�_ �]�t �M�j�n�c�\�i �E�\�h�`�n�' �c�\�n

�]�`�`�i �h�j�n�o �n�o�d�h�p�g�\�o�d�i�b�) �D �o�c�\�i�f �M�j�n�c�\�i�' �H�d�^�c�\�`�g �<�_�\�h�n�' �<�i�_�t �F�`�`�k�' �E�`�m�`�h�d�\�c

�R�d�g�g�^�j�^�f�' �M�j�i �B�\�m�^�d�\�' �E�`�m�`�h�t �N�d�`�f�' �N�o�`�q�` �B�\�i�u�' �G�\�m�d�n�n�` �Q�j�p�a�j�' �\�i�_ �\�g�g �o�c�` �j�o�c�`�m

�R�j�i�f�n �a�j�m �h�\�i�t �d�i�o�`�m�`�n�o�d�i�b �^�j�i�q�`�m�n�\�o�d�j�i�n �\�]�j�p�o �k�m�j�b�m�\�h�h�d�i�b �g�\�i�b�p�\�b�`�n�) �O�c�` �K�G

�R�j�i�f�n �\�g�n�j �]�`�i�`�{�o�`�_ �a�m�j�h �n�k�`�^�d�\�g �q�d�n�d�o�n �]�t �E�`�z�m�`�t �N�d�n�f�d�i�_ �\�i�_ �M�j�]�]�t �A�d�i�_�g�`�m�) �D

�g�j�j�f �a�j�m�r�\�m�_ �o�j �\ �m�`�g�\�s�d�i�b �^�j�i�q�`�m�n�\�o�d�j�i �r�d�o�c �J�g�d�q�d�`�m �?�\�i�q�t �o�c�\�o �_�j�`�n �i�j�o �m�`�l�p�d�m�`

�`�d�o�c�`�m �j�a �p�n �o�j �p�n�` �j�p�m �{�m�n�o�(�m�`�n�k�j�i�_�`�m �n�f�d�g�g�n�)

�A�j�m �o�c�` �k�\�n�o �`�g�`�q�`�i �n�`�h�`�n�o�`�m�n �D �c�\�q�` �c�\�_ �o�c�` �b�m�`�\�o �k�g�`�\�n�p�m�` �j�a �]�`�d�i�b �o�c�` �\�n�n�j�(

�^�d�\�o�` �d�i�n�o�m�p�^�o�j�m �a�j�m �D�i�_�d�\�i�\ �P�i�d�q�`�m�n�d�o�t�1�n �p�i�_�`�m�b�m�\�_�p�\�o�` �#�>�.�,�,�$ �\�i�_ �b�m�\�_�p�\�o�` �#�=�0�-�,�$

�d�i�o�m�j�_�p�^�o�j�m�t �k�m�j�b�m�\�h�h�d�i�b �g�\�i�b�p�\�b�`�n �^�j�p�m�n�`�n�' �p�i�_�`�m �o�c�` �`�i�o�c�p�n�d�\�n�o�d�^ �g�`�\�_�`�m�n�c�d�k �j�a

�?�\�i �A�m�d�`�_�h�\�i�) �O�c�` �h�\�o�`�m�d�\�g �d�i �o�c�d�n �_�d�n�n�`�m�o�\�o�d�j�i �r�\�n �b�m�`�\�o�g�t �d�h�k�m�j�q�`�_ �]�t �o�c�` �^�j�h�(

�h�`�i�o�n �\�i�_ �^�j�m�m�`�^�o�d�j�i�n �j�a �j�p�m �n�o�p�_�`�i�o�n�) �D �\�h �b�m�\�o�`�a�p�g �o�j �t�j�p �\�g�g�' �`�n�k�`�^�d�\�g�g�t �o�c�j�n�`

�a�j�m�h�`�m �n�o�p�_�`�i�o�n �r�c�j �c�\�q�` �^�j�i�_�p�^�o�`�_ �n�p�h�h�`�m �m�`�n�`�\�m�^�c �r�d�o�c �p�n�5 �?�\�q�` �=�`�i�_�`�m�' �E�j�m�(

�_�\�i �=�m�j�r�i�' �<�_�\�h �A�j�g�o�u�`�m�' �<�_�\�h �C�d�i�u�' �<�i�_�t �F�`�`�k�' �E�d�c�j �F�d�h�' �M�\�h�\�i�\ �F�p�h�\�m�'

�G�d�i�_�n�`�t �F�p�k�`�m�' �H�d�^�\�c �G�d�i�i�`�h�`�d�`�m�' �\�i�_ �E�j�` �I�`�\�m�)



�d�s

�N�k�`�^�d�\�g �o�c�\�i�f�n �b�j�`�n �o�j �a�j�m�h�`�m �>�.�,�, �n�o�p�_�`�i�o �E�`�m�`�h�d�\�c �K�`�i�`�m�t�' �r�c�j �_�d�n�^�j�q�`�m�`�_

�\�i�_ �^�j�m�m�`�^�o�`�_ �\ �n�p�]�o�g�` �`�m�m�j�m �d�i �o�c�` �_�`�{�i�d�o�d�j�i �j�a�g�j�bo �a�m�j�h �o�c�` �{�m�n�o �k�m�d�i�o�d�i�b �j�a�O�c�`

�M� �̀\�n�j�i� �̀_ �N�^�c�`�h�`�m�)

�?�\�i �\�i�_ �D �c�\�q�` �c�\�_ �o�c�` �b�m�`�\�o �a�j�m�o�p�i�` �o�j �r�j�m�f �r�d�o�c �`�s�^�`�k�o�d�j�i�\�g �b�m�\�_�p�\�o�` �\�i�_

�p�i�_�`�m�b�m�\�_�p�\�o�` �\�n�n�j�^�d�\�o�` �d�i�n�o�m�p�^�o�j�m�n�5 �?�\�q�d�_ �H�\�^�f�' �<�g�`�s �K�g�\�o�o�`�' �F�t�g�` �=�g�j�^�c�`�m�' �E�j�`

�I�`�\�m�' �M�\�h�\�i�\ �F�p�h�\�m�' �\�i�_ �G�d�i�_�n�`�t �F�p�k�`�m�) �O�c�`�d�m �c�\�m�_ �r�j�m�f �c�\�n �h�\�_�` �>�.�,�, �\�i�_

�=�0�-�, �n�p�^�c �\ �n�p�^�^�`�n�n�) �E�j�` �\�i�_ �M�\�h�\�i�\ �\�g�n�j �m�`�\�_ �o�c�` �{�i�\�g �_�m�\�a�o �j�a �o�c�d�n �_�d�n�n�`�m�o�\�o�d�j�i�'

�\�i�_ �k�m�j�q�d�_�`�_ �h�\�i�t �d�i�n�d�b�c�o�a�p�g �^�j�h�h�`�i�o�n �\�i�_ �^�j�m�m�`�^�o�d�j�i�n�.�o�c�\�i�f �t�j�p��

�D �g�`�\�m�i�`�_ �\ �b�m�`�\�o �_�`�\�g �a�m�j�h �o�`�\�^�c�d�i�b �o�c�` �c�j�i�j�m�n �n�`�^�o�d�j�i �j�a �D�P�1�n �d�i�o�m�j�_�p�^�o�j�m�t

�k�m�j�b�m�\�h�h�d�i�b �^�j�p�m�n�` �#�>�-�,�,�$ �p�i�_�`�m �n�p�k�m�`�h�` �N�^�c�`�h�` �c�\�^�f�`�m �F�`�i�o �?�t�]�q�d�b�) �N�`�q�`�m�\�g

�t�`�\�m�n �g�\�o�`�m �D �c�\�_ �o�c�` �b�m�`�\�o �k�g�`�\�n�p�m�` �j�a �o�`�\�^�c�d�i�b �>�-�,�, �r�d�o�c �\�i�j�o�c�`�m �N�^�c�`�h�` �h�\�n�o�`�m�'

�<�u�d�u �B�c�p�g�j�p�h�' �\�n �h�t �\�n�n�j�^�d�\�o�` �d�i�n�o�m�p�^�o�j�m�) �@�q�`�m�t �o�`�\�^�c�`�m �n�c�j�p�g�_ �]�` �n�j �g�p�^�f�t�)

�D �o�c�\�i�f �J�g�d�i �N�c�d�q�`�m�n �a�j�m �r�m�d�o�d�i�b �\�i �`�s�`�h�k�g�\�m�t �_�d�n�n�`�m�o�\�o�d�j�i�' �o�c�` �n�o�m�p�^�o�p�m�` �\�i�_ �j�m�(

�b�\�i�d�u�\�o�d�j�i �j�a �r�c�d�^�c �D �n�c�\�h�`�g�`�n�n�g�t �m�d�k�k�`�_ �j�z�) �J�i�^�` �\�b�\�d�i �D �m�`�g�d�`�_ �j�i �?�j�m�\�d �N�d�o�\�m�\�h�1�n

�N�^�c�`�h�` �o�t�k�`�n�`�o�o�d�i�b �k�m�j�b�m�\�h�' �N�G�<�O�@�S�)

�R�c�`�i�`�q�`�m �D �r�\�n �|�j�p�i�_�`�m�d�i�b �d�i �b�m�\�_ �n�^�c�j�j�g �H�d�o�^�c �R�\�i�_ �n�`�`�h�`�_ �o�j �h�\�b�d�^�\�g�g�t

�\�k�k�`�\�m�' �k�p�g�g�d�i�b �h�` �\�n�d�_�` �o�j �n�`�` �c�j�r �D �r�\�n �_�j�d�i�b�' �\�i�_ �j�z�`�m�d�i�b �h�p�^�c �\�k�k�m�`�^�d�\�o�`�_

�\�_�q�d�^�` �\�i�_ �`�i�^�j�p�m�\�b�`�h�`�i�o�) �<�g�o�c�j�p�b�c �D �_�d�_ �i�j�o �\�g�r�\�t�n �a�j�g�g�j�r �c�d�n �\�_�q�d�^�` �#�o�j �h�t

�_�`�o�m�d�h�`�i�o�' �D �\�h �n�p�m�`�$�' �D �r�d�g�g �\�g�r�\�t�n �]�` �b�m�\�o�`�a�p�g �a�j�m �c�d�n �n�p�k�k�j�m�o�)

�D�i �\�_�_�d�o�d�j�i �o�j �n�c�\�m�d�i�b �c�d�n �o�`�\�^�c�d�i�b �\�i�_ �k�m�j�b�m�\�h�h�d�i�b �`�s�k�`�m�o�d�n�`�' �F�`�i�o �?�t�]�q�d�b

�\�g�n�j �j�z�`�m�`�_ �d�i�q�\�g�p�\�]�g�` �\�_�q�d�^�` �\�]�j�p�o �i�\�q�d�b�\�o�d�i�b �o�c�` �k�d�o�a�\�g�g�n �j�a �b�m�\�_ �n�^�c�j�j�g�) �D �_�d�_�i�1�o



�s

�c�`�`�_ �\�g�g �j�a �F�`�i�o�1�n �\�_�q�d�^�`�' �o�c�j�p�b�c �D �g�`�\�m�i�`�_ �o�j �k�\�t �n�k�`�^�d�\�g �\�o�o�`�i�o�d�j�i �o�j �\�i�t�o�c�d�i�b

�a�j�g�g�j�r�d�i�b �o�c�` �^�\�o�^�c�k�c�m�\�n�`�' �3�T�j�p�1�g�g �]�` �^�j�h�h�d�o�o�d�i�b �\�^�\�_�`�h�d�^ �n�p�d�^�d�_�`�)�4

�G�p�^�t �=�\�o�o�`�m�n�]�t�' �M�j�] �C�`�i�_�`�m�n�j�i�' �\�i�_ �o�c�` �m�`�n�o �j�a �o�c�` �D�i�_�d�\�i�\ �P�i�d�q�`�m�n�d�o�t �>�j�h�(

�k�p�o�`�m �N�^�d�`�i�^�` �?�`�k�\�m�o�h�`�i�o �n�o�\�z �k�m�j�q�d�_�`�_ �`�s�k�`�m�o �c�`�g�k �\�i�_ �\�i �j�p�o�n�o�\�i�_�d�i�b �r�j�m�f �`�i�(

�q�d�m�j�i�h�`�i�o�)

�O�c�` �a�m�d�`�i�_�g�t �n�o�\�z �j�a �o�c�` �`�\�n�o�(�n�d�_�` �=�g�j�j�h�d�i�b�o�j�i �L�p�d�u�i�j�n�' �N�p�i�i�t �=�\�g�' �F�\�` �G�p�i�_�`�'

�>�\�d�o�g�t�i �H�p�i�^�t�' �<�g�d�n�c�\ �A�d�i�_�g�`�t�' �O�t�g�g�\ �>�\�m�g�d�n�g�`�' �\�i�_ �H�`�\�b�\�i �K�`�m�m�t�' �f�`�k�o �h�` �m�j�g�g�d�i�b

�d�i �q�`�b�b�d�` �n�p�]�n �\�i�_ �3�j�h�(�i�j�h�(�i�j�h�(�i�j�h�4�(�r�j�m�o�c�t �^�j�j�f�d�`�n�)

�>�\�d�o�g�d�i �>�j�\�m�' �>�j�m�o�i�`�t �K�\�^�f�`�o�o�' �\�i�_ �<�g�d�n�c�\ �N�o�j�p�o�' �a�j�m�h�`�m�g�t �j�a �>�j�g�_ �N�o�j�i�` �>�m�`�\�h�(

�`�m�t�' �n�p�k�k�g�d�`�_ �h�` �r�d�o�c �_�`�g�d�^�d�j�p�n �\�i�_ �i�j�p�m�d�n�c�d�i�b �K�=�!�> �h�d�g�f�n�c�\�f�`�n�)

�D �r�m�j�o�` �h�j�n�o �j�a �o�c�d�n �_�d�n�n�`�m�o�\�o�d�j�i �\�o �o�c�` �`�\�n�o�(�n�d�_�` �N�o�\�m�]�p�^�f�n �d�i �=�g�j�j�h�d�i�b�o�j�i�'

�r�c�`�m�` �o�c�` �b�`�i�`�m�j�p�n�' �c�d�g�\�m�d�j�p�n�' �\�i�_ �n�g�d�b�c�o�g�t�(�p�i�c�d�i�b�`�_ �]�\�m�d�n�o�\�n �k�m�j�q�d�_�`�_ �\ �o�\�n�o�t �n�`�o�(

�o�d�i�b �a�j�m �`�s�o�`�i�_�`�_ �r�m�d�o�d�i�b �n�`�n�n�d�j�i�n�) �H�\�i�t �o�c�\�i�f�n �o�j�5

�8 �<�h�\�i�_�\ �=�p�^�f �a�j�m �\�g�g �o�c�` �{�n�c �n�o�j�m�d�`�n�6

�8 �<�i�_�m�`�\ �E�`�m�\�]�`�f �a�j�m �\�g�r�\�t�n �b�d�q�d�i�b �h�` �\ �c�\�m�_ �o�d�h�`�6

�8 �=�`�i �>�\�i�\�m�t �a�j�m �d�i�q�`�i�o�d�i�b �o�c�` �d�i�a�\�h�j�p�n �\�i�_ �_�`�g�`�^�o�\�]�g�` �3�>�c�m�d�n�o�h�\�n �>�j�j�f�d�`�4�6

�8 �=�m�d�\�i �D�]�d�n�j�i �a�j�m �\�_�j�m�d�i�b �J�g�d�q�d�\ �H�p�i�i�6

�8 �>�c�m�d�n�o�d�i�\ �G�d�r�n�f�d �a�j�m �i�`�q�`�m �b�d�q�d�i�b �h�` �\ �c�\�m�_ �o�d�h�`�6

�8 �>�d�`�m�\ �=�m�\�i�i�j�i �a�j�m �i�j�o �]�`�g�d�`�q�d�i�b �d�i �^�`�g�g�n �#�I�j � �̂`�g�g�n�' �i�j �h�`�m�^�t���$�6
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�8 �@�m�d�^ �3�=�d�b �@�m�d�^�4 �H�\�m�o�d�i �a�j�m �k�j�d�i�o�d�i�b �j�p�o �o�c�\�o �P�A�J �j�q�`�m �N�o�\�m�]�p�^�f�n�6

�8 �@�m�d�i �?�j�]�d�\�n �a�j�m �]�`�d�i�b �\ �n�h�\�m�o �^�c�d�^�f�6

�8 �B�\�]�]�t �=�\�`�c�g �a�j�m �g�d�q�d�i�b �p�k �o�j �c�`�m �{�m�n�o �i�\�h�`�6

�8 �H�`�b�\�i �O�m�\�s�d�i�b�`�m�(�E�\�h�`�n �a�j�m �k�p�o�o�d�i�b �p�k �r�d�o�c �@�m�d�^ �\�i�_ �=�m�d�\�i�6

�8 �\�i�_ �K�c�d�g �R�j�j�_ �a�j�m �c�d�n �O�r�d�o�o�`�m�(�k�j�r�`�m�`�_ �i�`�r�n �m�`�k�j�m�o�n�)

�D �\�g�n�j �o�c�\�i�f �a�j�m�h�`�m �]�\�m�d�n�o�\�n �E�`�n�n�d�^�\ �A�p�b�\�o�` �\�i�_ �N�c�\�i�i�j�i �K�d�g�m�j�n�` �a�j�m �c�\�i�b�d�i�b �j�p�o

�r�d�o�c �h�` �r�c�`�i �D �n�c�j�p�g�_ �c�\�q�` �]�`�`�i �r�m�d�o�d�i�b�)

�D�1�q�` �]�`�`�i �a�j�m�o�p�i�\�o�` �o�j �c�\�q�` �h�\�_�` �h�\�i�t �^�g�j�n�` �a�m�d�`�i�_�n �d�i �=�g�j�j�h�d�i�b�o�j�i�) �D�i �k�\�m�o�d�^�p�(

�g�\�m�' �<�u�d�u �B�c�p�g�j�p�h�' �G�\�m�d�n�n�` �Q�j�p�a�j�' �M�j�i �B�\�m�^�d�\�' �N�p�u�\�i�i�\ �>�m�\�b�`�' �<�i�_�t �F�`�`�k�' �G�d�i�_�n�`�t

�F�p�k�`�m�' �G�d�i�_�n�\�t �\�i�_ �<�c�h�`�_ �C�\�h�`�_�' �\�i�_ �<�i�i�` �\�i�_ �H�d�f�` �A�\�]�`�m �c�`�g�k�`�_ �f�`�`�k �h�` �n�\�i�`

�r�c�d�g�` �D �r�m�j�o�` �o�c�d�n �_�d�n�n�`�m�o�\�o�d�j�i�)

�H�\�m�^ �H�p�c�`�m �q�d�n�d�o�`�_ �=�g�j�j�h�d�i�b�o�j�i �a�j�m �?�d�b �?�p�b�]�\�o�o�g�` �m�j�t�\�g�`�) �G�`�n�g�d�` �>�p�`�q�\�n �c�`�g�k�`�_

�f�`�`�k �E�`�i�i�d�a�`�m �A�d�o�u�b�`�m�\�g�_ �d�i �g�d�i�`�' �r�c�d�g�` �<�_�\ �=�m�p�i�n�o�`�d�i �j�z�`�m�`�_ �`�i�_ �b�\�h�` �`�i�^�j�p�m�\�b�`�(

�h�`�i�o�) �<�n �\�g�r�\�t�n�' �h�t �^�c�d�g�_�c�j�j�_ �a�m�d�`�i�_�n �H�d�f�`�' �?�\�m�t�g�' �\�i�_ �=�j�]�]�t �c�`�g�k�`�_ �m�`�g�d�`�q�` �o�c�`

�o�`�i�n�d�j�i �r�d�o�c �o�c�` �j�^�^�\�n�d�j�i�\�g �b�\�h�`�)

�D�o �c�\�n �]�`�`�i �h�t �c�j�i�j�m �o�j �f�i�j�r �o�c�` �H�d�g�g�`�m �a�\�h�d�g�t �a�j�m �h�\�i�t �t�`�\�m�n�' �\�i�_ �\�h �b�m�\�o�`�a�p�g

�a�j�m �o�c�`�d�m �a�m�d�`�i�_�n�c�d�k�)

�>�d�n�^�j �I�j�^�c�`�m�\�' �a�j�m�h�`�m �_�d�m�`�^�o�j�m �j�a �>�\�h�k �B�m�`�`�i�o�j�k�' �c�\�n �]�`�`�i �h�t �a�m�d�`�i�_ �\�i�_

�h�`�i�o�j�m �a�j�m �\�g�h�j�n�o �o�r�j �_�`�^�\�_�`�n�)
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�?�p�m�d�i�b �o�c�` �n�k�m�d�i�b �j�a �-�+�+�1 �D �q�d�n�d�o�`�_ �>�c�d�g�` �a�j�m �\ �r�`�`�f�' �\�g�j�i�b �r�d�o�c �h�t �]�m�j�o�c�`�m �=�m�d�\�i

�\�i�_ �h�t �n�d�n�o�`�m�(�d�i�(�g�\�r �>�g�\�p�_�d�\�) �>�g�\�p�_�d�\�1�n �k�\�m�`�i�o�n�' �C�p�b�j �?�Ë�\�u �\�i�_ �I�\�i�^�t �U�p�Ï�d�b�\

�_�` �?�Ë�\�u�' �r�\�m�h�g�t �r�`�g�^�j�h�`�_ �p�n �o�j �o�c�`�d�m �c�j�h�` �d�i �o�c�` �]�`�\�p�o�d�a�p�g �^�j�p�i�o�m�t�n�d�_�` �j�i �o�c�`

�j�p�o�n�f�d�m�o�n �j�a �>�\�n�\�]�g�\�i�^�\�' �>�c�d�g�`�) �D �o�c�\�i�f �o�c�`�h �a�j�m �o�c�`�d�m �i�`�q�`�m�(�`�i�_�d�i�b �c�j�n�k�d�o�\�g�d�o�t �\�i�_

�b�j�j�_�r�d�g�g�)

�D �c�\�q�` �c�\�_ �h�\�i�t �d�i�^�m�`�_�d�]�g�` �o�`�\�^�c�`�m�n �d�i �h�t �g�d�a�`�' �]�p�o �\ �a�`�r �n�o�\�i�_ �j�p�o�) �H�t �\�]�n�j�(

�g�p�o�`�g�t �\�h�\�u�d�i�b �,�,th �b�m�\�_�` �N�k�\�i�d�n�c �o�`�\�^�c�`�m�' �O�j�h �M�\�c�\�p�n�`�m�' �o�\�p�b�c�o �h�` �o�j �i�`�q�`�m �a�`�\�m

�N�`�Ï�j�m �N�p�]�e�p�i�^�o�d�q�j�) �M�d�^�c�\�m�_ �N�\�`�i�u�1�n �^�g�\�n�n �j�i �n�k�`�^�d�\�g �m�`�g�\�o�d�q�`�g�t �^�j�h�k�g�`�o�`�g�t �]�g�`�r �h�t

�h�d�i�_�) �O�j�h �<�i�\�n�o�\�n�d�j �o�\�p�b�c�o �h�` �G�D�N�K�' �^�g�`�q�`�m�g�t �_�d�n�b�p�d�n�`�_ �\�n �>�) �<�g�\�i �N�c�`�m�h�\�i �k�m�`�(

�k�\�m�`�_ �h�` �a�j�m �b�m�\�_�p�\�o�` �n�^�c�j�j�g�) �?�\�i �A�m�d�`�_�h�\�i �o�\�p�b�c�o �h�` �o�c�\�o �t�j�p �_�j�i�1�o �p�i�_�`�m�n�o�\�i�_

�t�j�p�m �^�j�_�` �p�i�o�d�g �d�o �{�o�n �j�i �\ �.�s�0 �^�\�m�_�)



�<�]�n�o�m�\�^�o

�O�c�` �k�m�j�h�d�n�` �j�a �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b �d�n �o�c�\�o �k�m�j�b�m�\�h�n �^�\�i �]�` �r�m�d�o�o�`�i�m�`�g�\�o�d�j�i�\�g�g�t�'

�r�d�o�c�j�p�o �_�d�n�o�d�i�b�p�d�n�c�d�i�b �]�`�o�r�`�`�i �d�i�k�p�o �\�i�_ �j�p�o�k�p�o �\�m�b�p�h�`�i�o�n�) �M�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�n

�\�m�` �m�`�h�\�m�f�\�]�g�t �|�`�s�d�]�g�`�.�a�j�m �`�s�\�h�k�g�`�' �\ �m�`�g�\�o�d�j�i�\�g �o�t�k�`�(�d�i�a�`�m�`�i�^�`�m �\�g�n�j �k�`�m�a�j�m�h�n �o�t�k�`

�^�c�`�^�f�d�i�b �\�i�_ �o�t�k�` �d�i�c�\�]�d�o�\�o�d�j�i�' �r�c�d�g�` �\ �m�`�g�\�o�d�j�i�\�g �o�c�`�j�m�`�h �k�m�j�q�`�m �b�`�i�`�m�\�o�`�n �o�c�`�j�(

�m�`�h�n �\�n �r�`�g�g �\�n �k�m�j�j�a�n �\�i�_ �^�\�i �`�q�`�i �]�` �p�n�`�_ �\�n �\ �n�d�h�k�g�` �k�m�j�j�a �\�n�n�d�n�o�\�i�o�)

�P�i�a�j�m�o�p�i�\�o�`�g�t�' �r�m�d�o�d�i�b �m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�n �d�n �_�d�z�d�^�p�g�o�' �\�i�_ �m�`�l�p�d�m�`�n �h�\�i�t �d�i�o�`�m�(

�`�n�o�d�i�b �\�i�_ �p�i�p�n�p�\�g �o�j�j�g�n �\�i�_ �o�`�^�c�i�d�l�p�`�n�) �A�j�m �`�s�\�h�k�g�`�' �\ �m�`�g�\�o�d�j�i�\�g �d�i�o�`�m�k�m�`�o�`�m �a�j�m

�\ �n�p�]�n�`�o �j�a �N�^�c�`�h�` �h�d�b�c�o �p�n�` �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i �o�j �n�p�k�k�j�m�o �q�\�m�d�\�]�g�` �]�d�i�_�d�i�b �\�i�_

�n�^�j�k�`�' �>�j�i�n�o�m�\�d�i�o �G�j�b�d�^ �K�m�j�b�m�\�h�h�d�i�b �j�q�`�m �A�d�i�d�o�` �?�j�h�\�d�i�n �#�>�G�K�#�A�?�$�$ �o�j �d�h�k�g�`�(

�h�`�i�o �m�`�g�\�o�d�j�i�\�g �\�m�d�o�c�h�`�o�d�^�' �\�i�_ �o�\�]�g�d�i�b �o�j �d�h�k�m�j�q�` �o�`�m�h�d�i�\�o�d�j�i �]�`�c�\�q�d�j�m�)

�D�i �o�c�d�n �_�d�n�n�`�m�o�\�o�d�j�i �D �k�m�`�n�`�i�o�h�d�i�d�F�\�i�m�`�i�' �\ �a�\�h�d�g�t �j�a �g�\�i�b�p�\�b�`�n �n�k�`�^�d�{�^�\�g�g�t �_�`�(

�n�d�b�i�`�_ �a�j�m �m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�h�d�i�b�' �\�i�_ �r�c�d�^�c �n�p�k�k�j�m�o�n �\ �q�\�m�d�`�o�t �j�a �m�`�g�\�o�d�j�i�\�g �d�_�d�j�h�n

�\�i�_ �o�`�^�c�i�d�l�p�`�n�) �D �n�c�j�r �c�j�r �h�d�i�d�F�\�i�m�`�i �^�\�i �]�` �p�n�`�_ �o�j �r�m�d�o�` �d�i�o�`�m�`�n�o�d�i�b �m�`�g�\�o�d�j�i�\�g

�k�m�j�b�m�\�h�n�' �d�i�^�g�p�_�d�i�b �\�i �`�s�o�m�`�h�`�g�t �|�`�s�d�]�g�` �g�`�\�i �o�\�]�g�`�\�p �o�c�`�j�m�`�h �k�m�j�q�`�m �\�i�_ �\ �i�j�q�`�g

�^�j�i�n�o�m�\�d�i�o�(�a�m�`�` �]�d�i�\�m�t �\�m�d�o�c�h�`�o�d�^ �n�t�n�o�`�h �r�d�o�c �n�o�m�j�i�b �o�`�m�h�d�i�\�o�d�j�i �b�p�\�m�\�i�o�`�`�n�) �D �\�g�n�j

�k�m�`�n�`�i�o �d�i�o�`�m�`�n�o�d�i�b �\�i�_ �k�m�\�^�o�d�^�\�g �o�`�^�c�i�d�l�p�`�n �p�n�`�_ �o�j �d�h�k�g�`�h�`�i�o �h�d�i�d�F�\�i�m�`�i�' �d�i�^�g�p�_�(
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�d�i�b �\ �i�j�h�d�i�\�g �p�i�d�{�`�m �o�c�\�o �p�n�`�n �o�m�d�\�i�b�p�g�\�m �m�\�o�c�`�m �o�c�\�i �d�_�`�h�k�j�o�`�i�o �n�p�]�n�o�d�o�p�o�d�j�i�n �\�i�_

�\ �i�j�q�`�g �3�r�\�g�f�4�(�]�\�n�`�_ �\�g�b�j�m�d�o�c�h �a�j�m �q�\�m�d�\�]�g�` �g�j�j�f�p�k �d�i �o�m�d�\�i�b�p�g�\�m �n�p�]�n�o�d�o�p�o�d�j�i�n�)

�O�c�` �m�`�n�p�g�o �j�a �o�c�d�n �m�`�n�`�\�m�^�c �d�n �\ �a�\�h�d�g�t �j�a �g�\�i�b�p�\�b�`�n �o�c�\�o �n�p�k�k�j�m�o�n �\ �q�\�m�d�`�o�t �j�a

�m�`�g�\�o�d�j�i�\�g �d�_�d�j�h�n �\�i�_ �o�`�^�c�i�d�l�p�`�n�' �h�\�f�d�i�b �d�o �a�`�\�n�d�]�g�` �\�i�_ �p�n�`�a�p�g �o�j �r�m�d�o�` �d�i�o�`�m�`�n�o�d�i�b

�k�m�j�b�m�\�h�n �\�n �m�`�g�\�o�d�j�i�n�)
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�, �D�i�o�m�j�_�p�^�o�d�j�i �,

�,�)�, �H�t �O�c�`�n�d�n�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�,

�,�)�- �N�o�m�p�^�o�p�m�` �j�a �o�c�d�n �?�d�n�n�`�m�o�\�o�d�j�i�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�.

�,�)�. �M�`�g�\�o�d�j�i�\�g �K�m�j�b�m�\�h�h�d�i�b�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�1

�,�)�/ �h�d�i�d�F�\�i�m�`�i�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�3

�,�)�0 �O�t�k�j�b�m�\�k�c�d�^�\�g �>�j�i�q�`�i�o�d�j�i�n�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�4

�D �>�j�m�` �h�d�i�d�F�\�i�m�`�i �,�+

�- �D�i�o�m�j�_�p�^�o�d�j�i �o�j �>�j�m�` �h�d�i�d�F�\�i�m�`�i �,�,

�-�)�, �>�j�m�` �h�d�i�d�F�\�i�m�`�i�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�,�,

�-�)�- �O�m�\�i�n�g�\�o�d�i�b �N�^�c�`�h�` �>�j�_�` �o�j �h�d�i�d�F�\�i�m�`�i�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�,�1

�-�)�. �D�h�k�p�m�` �J�k�`�m�\�o�j�m�n�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�-�+

�. �D�h�k�g�`�h�`�i�o�\�o�d�j�i �D�5 �>�j�m�` �h�d�i�d�F�\�i�m�`�i �-�/

�.�)�, �Q�\�m�d�\�]�g�`�n�' �N�p�]�n�o�d�o�p�o�d�j�i�n�' �\�i�_ �P�i�d�{�^�\�o�d�j�i�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�-�0

�.�)�- �M�`�d�{�^�\�o�d�j�i�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�.�+

�s�q
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�.�)�. �B�j�\�g�n �\�i�_ �B�j�\�g �>�j�i�n�o�m�p�^�o�j�m�n�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�.�,

�.�)�/ �D�h�k�p�m�` �J�k�`�m�\�o�j�m�n�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�.�1

�/ �D�h�k�g�`�h�`�i�o�\�o�d�j�i �D�D�5 �J�k�o�d�h�d�u�d�i�b�r�\�g�f �.�4

�/�)�, �R�c�t�r�\�g�f�d�n �@�s�k�`�i�n�d�q�`�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�/�+

�/�)�- �=�d�m�o�c �M�`�^�j�m�_�n�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�/�,

�/�)�. �@�g�d�h�d�i�\�o�d�i�b�\�n�n�l�\�i�_ �>�c�`�^�f�d�i�b �o�c�`�m�c�n�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�/�-

�/�)�/ �N�o�j�m�d�i�b �o�c�` �N�p�]�n�o�d�o�p�o�d�j�i �d�i �o�c�` �Q�\�m�d�\�]�g�`�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�/�/

�0 �< �N�g�d�b�c�o �?�d�q�`�m�b�`�i�^�` �/�1

�1 �<�k�k�g�d�^�\�o�d�j�i�n �D�5 �K�p�m�` �=�d�i�\�m�t �<�m�d�o�c�h�`�o�d�^ �0�4

�1�)�, �M�`�k�m�`�n�`�i�o�\�o�d�j�i �j�a �I�p�h�]�`�m�n�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�1�+

�1�)�- �I�\�d�q�` �<�_�_�d�o�d�j�i�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�1�-

�1�)�. �<�m�d�o�c�h�`�o�d�^ �M�`�q�d�n�d�o�`�_�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�1�0

�1�)�/ �H�p�g�o�d�k�g�d�^�\�o�d�j�i�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�1�3

�1�)�0 �?�d�q�d�n�d�j�i�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�2�+

�1�)�1 �G�j�b�\�m�d�o�c�h �\�i�_ �@�s�k�j�i�`�i�o�d�\�o�d�j�i�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�2�.

�D�D �?�d�n�`�l�p�\�g�d�o�t �>�j�i�n�o�m�\�d�i�o�n �2�3

�2 �O�`�^�c�i�d�l�p�`�n �D�5 �?�d�n�`�l�p�\�g�d�o�t �>�j�i�n�o�m�\�d�i�o�n �2�4

�2�)�, �O�m�\�i�n�g�\�o�d�i�brember �d�i�o�j �h�d�i�d�F�\�i�m�`�i�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�3�+

�2�)�- �O�c�` �O�m�j�p�]�g�` �r�d�o�crembero �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�3�,
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�2�)�. �M�`�^�j�i�n�d�_�`�m�d�i�brember �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�3�-

�2�)�/ �?�d�n�`�l�p�\�g�d�o�t �>�j�i�n�o�m�\�d�i�o�n�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�3�/

�2�)�0 �A�d�s�d�i�brembero �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�3�3

�2�)�1 �G�d�h�d�o�\�o�d�j�i�n �j�a �?�d�n�`�l�p�\�g�d�o�t �>�j�i�n�o�m�\�d�i�o�n�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�3�4

�3 �D�h�k�g�`�h�`�i�o�\�o�d�j�i �D�D�D�5 �?�d�n�`�l�p�\�g�d�o�t �>�j�i�n�o�m�\�d�i�o�n �4�+

�3�)�, �>�j�i�n�o�m�\�d�i�o�n�' �>�j�i�n�o�m�\�d�i�o �G�d�n�o�n�' �\�i�_ �K�\�^�f�\�b�`�n�) �) �) �) �) �) �) �) �) �) �) �) �) �)�4�,

�3�)�- �N�j�g�q�d�i�b �?�d�n�`�l�p�\�g�d�o�t �>�j�i�n�o�m�\�d�i�o�n�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�4�-

�3�)�. �D�h�k�g�`�h�`�i�o�d�i�b̸= �\�i�_≡ �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�4�0

�3�)�/ �M�`�d�{�^�\�o�d�j�i�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�4�4

�D�D�D �I�j�h�d�i�\�g �G�j�b�d�^ �,�+�-

�4 �O�`�^�c�i�d�l�p�`�n �D�D�5 �I�j�h�d�i�\�g �G�j�b�d�^ �,�+�.

�4�)�, �D�i�o�m�j�_�p�^�o�d�j�i �o�jα�F�\�i�m�`�i�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�,�+�/

�4�)�- �>�\�k�o�p�m�`�(�\�q�j�d�_�d�i�b �N�p�]�n�o�d�o�p�o�d�j�i�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�,�,�-

�4�)�. �O�t�k�` �D�i�a�`�m�`�i�^�`�m�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�,�,�/

�,�+ �<�k�k�g�d�^�\�o�d�j�i�n �D�D�5α�g�`�\�iTAP �,�-�+

�,�+�)�, �O�\�]�g�`�\�p �O�c�`�j�m�`�h �K�m�j�q�d�i�b�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�,�-�-

�,�+�)�- �D�i�o�m�j�_�p�^�d�i�bα�g�`�\�iTAP �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�,�-�/

�,�+�)�. �D�h�k�g�`�h�`�i�o�\�o�d�j�i�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�,�-�4

�,�+�)�/ �K�`�m�a�j�m�h�\�i�^�`�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�,�.�2
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�,�+�)�0 �<�k�k�g�d�^�\�]�d�g�d�o�t �j�a �O�c�`�n�` �O�`�^�c�i�d�l�p�`�n�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�,�.�3

�,�, �D�h�k�g�`�h�`�i�o�\�o�d�j�i �D�Q�5α�F�\�i�m�`�i �,�/�+

�,�,�)�, �I�j�h�d�i�\�g �P�i�d�{�^�\�o�d�j�i �r�d�o�c �D�_�`�h�k�j�o�`�i�o �N�p�]�n�o�d�o�p�o�d�j�i�n�) �) �) �) �) �) �) �) �) �)�,�/�+

�,�,�)�- �B�j�\�g �>�j�i�n�o�m�p�^�o�j�m�n�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�,�/�4

�,�,�)�. �M�`�d�{�^�\�o�d�j�i�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�,�0�,

�,�,�)�/ �I�j�h�d�i�\�g �P�i�d�{�^�\�o�d�j�i �r�d�o�c �O�m�d�\�i�b�p�g�\�m �N�p�]�n�o�d�o�p�o�d�j�i�n�) �) �) �) �) �) �) �) �) �)�,�0�/

�D�Q �O�\�]�g�d�i�b �,�0�4

�,�- �O�`�^�c�i�d�l�p�`�n �D�D�D�5 �O�\�]�g�d�i�b �,�1�+

�,�-�)�, �H�`�h�j�d�u�\�o�d�j�i�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�,�1�+

�,�-�)�- �O�\�]�g�d�i�b�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�,�1�-

�,�-�)�. �O�c�`�o�\�]�g�`�_�A�j�m�h�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�,�1�.

�,�-�)�/ �O�\�]�g�d�i�b �@�s�\�h�k�g�`�n�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�,�1�/

�,�-�)�0 �G�d�h�d�o�\�o�d�j�i�n �j�a �O�\�]�g�d�i�b�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�,�1�1

�,�. �D�h�k�g�`�h�`�i�o�\�o�d�j�i �Q�5 �O�\�]�g�d�i�b �,�1�4

�,�.�)�, �<�i�n�r�`�m �O�`�m�h�n�' �>�\�^�c�`�n�' �\�i�_ �N�p�n�k�`�i�_�`�_ �N�o�m�`�\�h�n�) �) �) �) �) �) �) �) �) �) �) �)�,�2�+

�,�.�)�- �O�c�` �O�\�]�g�d�i�b �<�g�b�j�m�d�o�c�h�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�,�2�.

�,�.�)�. �R�\�d�o�d�i�b �N�o�m�`�\�h�n�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�,�2�/

�,�.�)�/ �@�s�o�`�i�_�d�i�b �\�i�_ �<�]�n�o�m�\�^�o�d�i�b �M�`�d�{�^�\�o�d�j�i�) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �) �)�,�2�4
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�d�_�d�j�h�n �\�i�_ �o�`�^�c�i�d�l�p�`�n�)

�,�)�- �N�o�m�p�^�o�p�m�` �j�a �o�c�d�n �?�d�n�n�`�m�o�\�o�d�j�i

�R�d�o�c �o�c�` �`�s�^�`�k�o�d�j�i �j�a �o�r�j �`�\�m�g�t �^�c�\�k�o�`�m�n �#�>�c�\�k�o�`�m�n�- �\�i�_�0�$�' �`�\�^�c �o�`�^�c�i�d�^�\�g �^�c�\�k�o�`�m

�d�i �o�c�d�n �_�d�n�n�`�m�o�\�o�d�j�i �d�n �_�d�q�d�_�`�_ �d�i�o�j �j�i�` �j�a �o�c�m�`�` �^�\�o�`�b�j�m�d�`�n�5 �o�`�^�c�i�d�l�p�`�n�' �\�k�k�g�d�^�\�o�d�j�i�n�'

�j�m �d�h�k�g�`�h�`�i�o�\�o�d�j�i�n�,�) �O� �̀^�c�i�d�l�p�` �^�c�\�k�o�`�m�n�_�`�n�^�m�d�]�` �g�\�i�b�p�\�b�` �a�`�\�o�p�m�`�n �\�i�_ �d�_�d�j�h�n

�a�j�m �r�m�d�o�d�i�b �m�`�g�\�o�d�j�i�n�' �n�p�^�c �\�n �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n �#�>�c�\�k�o�`�m�2�$ �\�i�_ �i�j�h�d�i�\�g �g�j�b�d�^

�#�>�c�\�k�o�`�m�4�$�)�<�k�k�g�d� �̂\�o�d�j�i �^�c�\�k�o�`�m�n�_�`�h�j�i�n�o�m�\�o�` �c�j�r �o�j �r�m�d�o�` �d�i�o�`�m�`�n�o�d�i�b�' �i�j�i�(�o�m�d�q�d�\�g

�m�`�g�\�o�d�j�i�n �d�i �h�d�i�d�F�\�i�m�`�i�6 �o�c�`�n�` �\�k�k�g�d�^�\�o�d�j�i�n �_�`�h�j�i�n�o�m�\�o�` �o�c�` �p�n�` �j�a �h�\�i�t �j�a �o�c�`

�g�\�i�b�p�\�b�` �a�j�m�h�n �\�i�_ �d�_�d�j�h�n �k�m�`�n�`�i�o�`�_ �d�i �o�c�` �o�`�^�c�i�d�l�p�` �^�c�\�k�o�`�m�n�)�D�h�k�g�`�h�`�i�o�\�o�d�j�i

�^�c�\�k�o�`�m�n�n�c�j�r �c�j�r �o�j �d�h�k�g�`�h�`�i�o �o�c�` �g�\�i�b�p�\�b�` �`�s�o�`�i�n�d�j�i�n �k�m�`�n�`�i�o�`�_ �d�i �o�c�` �o�`�^�c�i�d�l�p�`

�^�c�\�k�o�`�m�n�)

�<�o �\ �c�d�b�c�`�m �g�`�q�`�g�' �o�c�` �_�d�n�n�`�m�o�\�o�d�j�i �d�n �_�d�q�d�_�`�_ �d�i�o�j �n�d�s �k�\�m�o�n�' �r�c�d�^�c �\�m�` �j�m�b�\�i�d�u�`�_

�]�t �o�c�`�h�`�5

�8 �K�\�m�o�D�k�m�`�n�`�i�o�n �o�c�` �^�j�m�` �h�d�i�d�F�\�i�m�`�i �g�\�i�b�p�\�b�`�' �r�c�d�^�c �r�` �r�d�g�g �`�s�o�`�i�_ �d�i �o�c�`

�g�\�o�o�`�m �k�\�m�o�n �j�a �o�c�` �_�d�n�n�`�m�o�\�o�d�j�i�) �>�c�\�k�o�`�m�- �d�i�o�m�j�_�p�^�`�n �o�c�` �^�j�m�` �g�\�i�b�p�\�b�`�' �\�g�j�i�b

�r�d�o�c �\ �a�`�r �n�d�h�k�g�` �`�s�\�h�k�g�`�n�' �r�c�d�g�` �>�c�\�k�o�`�m�. �k�m�`�n�`�i�o�n �o�c�` �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a

�o�c�` �^�j�m�` �g�\�i�b�p�\�b�`�) �O�c�`�n�` �o�r�j �^�c�\�k�o�`�m�n �\�m�` �`�n�k�`�^�d�\�g�g�t �d�h�k�j�m�o�\�i�o�' �n�d�i�^�` �o�c�`�t

�a�j�m�h �o�c�` �a�j�p�i�_�\�o�d�j�i �a�j�m �o�c�` �\�_�q�\�i�^�`�_ �o�`�^�c�i�d�l�p�`�n �\�i�_ �d�h�k�g�`�h�`�i�o�\�o�d�j�i�n �o�c�\�o

�, �C�`�i�^�` �o�c�` �o�d�o�g�` �j�a �o�c�d�n �_�d�n�n�`�m�o�\�o�d�j�i�5�M�`�g�\�o�d�j�i�\�g �K�m�j�b�m�\�h�h�d�i�b �d�i �h�d�i�d�F�\�i�m�`�i�5 �O� �̀^�c�i�d�l�p�`�n�' �<�k�(
�k�g�d� �̂\�o�d�j�i�n�' �\�i�_ �D�h�k�g�`�h�`�i�o�\�o�d�j�i�n�)



�>�C�<�K�O�@�M �,�) �D�I�O�M�J�?�P�>�O�D�J�I �/

�a�j�g�g�j�r�) �D�i �>�c�\�k�o�`�m�/ �r�` �j�k�o�d�h�d�u�` �o�c�`�r�\�g�f�\�g�b�j�m�d�o�c�h �k�m�`�n�`�i�o�`�_ �d�i �>�c�\�k�o�`�m�.�'

�r�c�d�^�c �d�n �o�c�` �c�`�\�m�o �j�a �h�d�i�d�F�\�i�m�`�i�1�n �p�i�d�{�`�m�) �>�c�\�k�o�`�m�0�\�o�o�`�h�k�o�n �o�j �^�\�o�`�b�j�m�d�u�`

�o�c�` �h�\�i�t �r�\�t�n �h�d�i�d�F�\�i�m�`�i �k�m�j�b�m�\�h�n �^�\�i �_�d�q�`�m�b�`�' �\�i�_ �_�`�n�^�m�d�]�`�n �o�`�^�c�i�d�l�p�`�n

�o�c�\�o �^�\�i �]�` �p�n�`�_ �o�j �\�q�j�d�_ �`�\�^�c �o�t�k�` �j�a �_�d�q�`�m�b�`�i�^�`�) �<�q�j�d�_�d�i�b �_�d�q�`�m�b�`�i�^�` �r�c�d�g�`

�h�\�d�i�o�\�d�i�d�i�b �_�`�^�g�\�m�\�o�d�q�`�i�`�n�n �d�n �r�c�\�o �h�\�f�`�n �m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�h�d�i�b �n�j �a�\�n�^�d�(

�i�\�o�d�i�b�' �t�`�o �n�j �^�c�\�g�g�`�i�b�d�i�b�) �>�c�\�k�o�`�m�1 �k�m�`�n�`�i�o�n �\ �i�j�i�(�o�m�d�q�d�\�g �\�k�k�g�d�^�\�o�d�j�i �j�a

�^�j�m�` �h�d�i�d�F�\�i�m�`�i�5 �\ �^�j�i�n�o�m�\�d�i�o�(�a�m�`�` �\�m�d�o�c�h�`�o�d�^ �n�t�n�o�`�h �r�d�o�c �n�o�m�j�i�b �o�`�m�h�d�i�\�o�d�j�i

�b�p�\�m�\�i�o�`�`�n�)

�8 �K�\�m�o�D�D�`�s�o�`�i�_�n �^�j�m�` �h�d�i�d�F�\�i�m�`�i �r�d�o�c �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n�' �r�c�d�^�c �\�g�g�j�r �p�n

�o�j �`�s�k�m�`�n�n �o�c�\�o �o�r�j �o�`�m�h�n �\�m�` �_�d�z�`�m�`�i�o�' �\�i�_ �^�\�i �i�`�q�`�m �]�` �p�i�d�{�`�_�) �?�d�n�`�l�p�\�g�d�o�t

�^�j�i�n�o�m�\�d�i�o�n �`�s�k�m�`�n�n �\ �q�`�m�t �g�d�h�d�o�`�_ �a�j�m�h �j�a �i�`�b�\�o�d�j�i�' �\�i�_ �^�\�i �]�` �n�`�`�i �\�n �\ �q�`�m�t

�n�d�h�k�g�` �f�d�i�_ �j�a �^�j�i�n�o�m�\�d�i�o �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b�) �>�c�\�k�o�`�m�2�_�`�n�^�m�d�]�`�n �_�d�n�`�l�p�\�g�d�o�t

�^�j�i�n�o�m�\�d�i�o�n �a�m�j�h �o�c�` �k�`�m�n�k�`�^�o�d�q�` �j�a �o�c�` �p�n�`�m�' �r�c�d�g�` �>�c�\�k�o�`�m�3�n�c�j�r�n �c�j�r �r�`

�^�\�i �p�n�` �p�i�d�{�^�\�o�d�j�i �d�i �\ �^�g�`�q�`�m �r�\�t �o�j �n�d�h�k�g�t �\�i�_ �`�z�d�^�d�`�i�o�g�t �d�h�k�g�`�h�`�i�o �o�c�`

�^�j�i�n�o�m�\�d�i�o�n�) �R�` �b�d�q�` �n�k�`�^�d�\�g �\�o�o�`�i�o�d�j�i �o�j� �̂j�i�n�o�m�\�d�i�o �m�`�d�{� �̂\�o�d�j�i�.�o�c�` �k�m�j�^�`�n�n �j�a

�_�d�n�k�g�\�t�d�i�b �^�j�i�n�o�m�\�d�i�o�n �d�i �\ �c�p�h�\�i�(�a�m�d�`�i�_�g�t �h�\�i�i�`�m�)

�8 �K�\�m�o�D�D�D�`�s�o�`�i�_�n �^�j�m�` �h�d�i�d�F�\�i�m�`�i �r�d�o�c �j�k�`�m�\�o�j�m�n �a�j�m �`�s�k�m�`�n�n�d�i�b �i�j�h�d�i�\�g �g�j�b�d�^�6

�r�` �^�\�g�g �o�c�` �m�`�n�p�g�o�d�i�b �g�\�i�b�p�\�b�`α�F�\�i�m�`�i�) �I�j�h�d�i�\�g �g�j�b�d�^ �\�g�g�j�r�n �p�n �o�j �`�\�n�d�g�t

�`�s�k�m�`�n�n �i�j�o�d�j�i�n �j�a �n�^�j�k�` �\�i�_ �]�d�i�_�d�i�b�' �r�c�d�^�c �d�n �p�n�`�a�p�g �r�c�`�i �r�m�d�o�d�i�b �_�`�^�g�\�m�\�o�d�q�`

�d�i�o�`�m�k�m�`�o�`�m�n�' �o�t�k�` �d�i�a�`�m�`�i�^�`�m�n�' �\�i�_ �h�\�i�t �j�o�c�`�m �m�`�g�\�o�d�j�i�n �o�c�\�o �_�`�\�g �r�d�o�c �q�\�m�d�(

�\�]�g�`�n�) �>�c�\�k�o�`�m�4�d�i�o�m�j�_�p�^�`�n �i�j�h�d�i�\�g �g�j�b�d�^�' �`�s�k�g�\�d�i�nα�F�\�i�m�`�i�1�n �i�`�r �g�\�i�b�p�\�b�`
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�^�j�i�n�o�m�p�^�o�n�' �\�i�_ �k�m�j�q�d�_�`�n �\ �a�`�r �n�d�h�k�g�` �`�s�\�h�k�g�` �k�m�j�b�m�\�h�n�) �>�c�\�k�o�`�m�,�+�k�m�`�n�`�i�o�n

�\ �i�j�i�(�o�m�d�q�d�\�g �\�k�k�g�d�^�\�o�d�j�i �j�aα�F�\�i�m�`�i�5 �\ �m�`�g�\�o�d�j�i�\�g �o�c�`�j�m�`�h �k�m�j�q�`�m�) �D�i �>�c�\�k�(

�o�`�m�,�, �r�` �k�m�`�n�`�i�o �j�p�m �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�aα�F�\�i�m�`�i�' �d�i�^�g�p�_�d�i�b �o�r�j �_�d�z�`�m�`�i�o

�d�h�k�g�`�h�`�i�o�\�o�d�j�i�n �j�a �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i�)

�8 �K�\�m�o�D�Q�\�_�_�n �o�\�]�g�d�i�b �o�j �j�p�m �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �^�j�m�` �h�d�i�d�F�\�i�m�`�i�) �O�\�]�g�d�i�b �d�n

�\ �a�j�m�h �j�a �h�`�h�j�d�u�\�o�d�j�i�5 �o�c�` �\�i�n�r�`�m�n �k�m�j�_�p�^�`�_ �]�t �\ �o�\�]�g�`�_ �m�`�g�\�o�d�j�i �\�m�` �3�m�`�(

�h�`�h�]�`�m�`�_�4 �#�o�c�\�o �d�n�' �n�o�j�m�`�_ �d�i �\ �o�\�]�g�`�$�' �n�j �o�c�\�o �n�p�]�n�`�l�p�`�i�o �^�\�g�g�n �o�j �o�c�` �m�`�g�\�o�d�j�i

�^�\�i �\�q�j�d�_ �m�`�^�j�h�k�p�o�d�i�b �o�c�` �\�i�n�r�`�m�n�) �O�\�]�g�d�i�b �\�g�g�j�r�n �j�p�m �k�m�j�b�m�\�h�n �o�j �m�p�i �h�j�m�`

�`�z�d�^�d�`�i�o�g�t �d�i �h�\�i�t �^�\�n�`�n�6 �h�j�m�` �d�h�k�j�m�o�\�i�o�g�t�' �h�\�i�t �k�m�j�b�m�\�h�n �o�c�\�o �r�j�p�g�_ �j�o�c�`�m�(

�r�d�n�` �_�d�q�`�m�b�` �o�`�m�h�d�i�\�o�` �r�c�`�i �p�n�d�i�b �o�\�]�g�d�i�b�) �>�c�\�k�o�`�m�,�- �d�i�o�m�j�_�p�^�`�n �o�c�` �i�j�o�d�j�i

�j�a �o�\�]�g�d�i�b�' �\�i�_ �`�s�k�g�\�d�i�n �r�c�d�^�c �k�m�j�b�m�\�h�n �]�`�i�`�{�o �a�m�j�h �o�\�]�g�d�i�b�) �>�c�\�k�o�`�m�,�.

�k�m�`�n�`�i�o�n �j�p�m �n�o�m�`�\�h�n�(�]�\�n�`�_ �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �o�\�]�g�d�i�b�' �r�c�d�^�c �_�`�h�j�i�n�o�m�\�o�`�n

�o�c�` �\�_�q�\�i�o�\�b�` �j�a �`�h�]�`�_�_�d�i�b �h�d�i�d�F�\�i�m�`�i �d�i �\ �g�\�i�b�p�\�b�` �r�d�o�c �c�d�b�c�`�m�(�j�m�_�`�m �a�p�i�^�(

�o�d�j�i�n�)

�8 �K�\�m�o�Q�k�m�`�n�`�i�o�n �\ �]�j�o�o�j�h�(�\�q�j�d�_�d�i�b �_�\�o�\ �n�o�m�p�^�o�p�m�` �^�\�g�g�`�_ �\�a�`�m�i�' �\�i�_ �n�c�j�r�n �c�j�r

�a�`�m�i�n �^�\�i �]�` �p�n�`�_ �o�j �\�q�j�d�_ �`�s�k�m�`�n�n�d�j�i�(�g�`�q�`�g �_�d�q�`�m�b�`�i�^�`�) �>�c�\�k�o�`�m�,�/ �d�i�o�m�j�_�p�^�`�n

�o�c�` �a�`�m�i �_�\�o�\ �n�o�m�p�^�o�p�m�` �\�i�_ �d�h�k�g�`�h�`�i�o�n �\ �n�d�h�k�g�`�' �h�d�i�d�F�\�i�m�`�i�(�g�d�f�` �g�\�i�b�p�\�b�`

�p�n�d�i�b �a�`�m�i�n�) �>�c�\�k�o�`�m�,�0�k�m�`�n�`�i�o�n �j�p�m �`�h�]�`�_�_�d�i�b �j�a �a�`�m�i�n �d�i �N�^�c�`�h�`�)

�8 �K�\�m�o�Q�D�k�m�j�q�d�_�`�n �^�j�i�o�`�s�o �\�i�_ �^�j�i�^�g�p�n�d�j�i�n �a�j�m �o�c�` �r�j�m�f �d�i �o�c�d�n �_�d�n�n�`�m�o�\�o�d�j�i�)

�>�c�\�k�o�`�m�,�1�_�`�n�^�m�d�]�`�n �m�`�g�\�o�`�_ �r�j�m�f�' �r�c�d�g�` �>�c�\�k�o�`�m�,�2�k�m�j�k�j�n�`�n �a�p�o�p�m�` �m�`�n�`�\�m�^�c�)

�R�` �j�z�`�m �j�p�m �{�i�\�g �^�j�i�^�g�p�n�d�j�i�n �d�i �>�c�\�k�o�`�m�,�3�)
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�O�c�` �_�d�n�n�`�m�o�\�o�d�j�i �\�g�n�j �d�i�^�g�p�_�`�n �a�j�p�m �\�k�k�`�i�_�d�^�`�n�) �<�k�k�`�i�_�d�s�< �^�j�i�o�\�d�i�n �n�`�q�`�m�\�g

�b�`�i�`�m�d�^ �c�`�g�k�`�m �a�p�i�^�o�d�j�i�n �o�c�\�o �^�j�p�g�_ �]�` �k�\�m�o �j�a �\�i�t �n�o�\�i�_�\�m�_ �N�^�c�`�h�` �g�d�]�m�\�m�t�) �<�k�(

�k�`�i�_�d�s�= �_�`�n�^�m�d�]�`�n �\�i�_ �_�`�{�i�`�n�k�h�\�o�^�c�' �\ �n�d�h�k�g�` �k�\�o�o�`�m�i �h�\�o�^�c�d�i�b �h�\�^�m�j �a�j�m

�N�^�c�`�h�` �k�m�j�b�m�\�h�n�) �<�k�k�`�i�_�d�s�> �_�`�n�^�m�d�]�`�n �\�i�_ �_�`�{�i�`�n�h�\�o�^�ce �\�i�_ λe�' �k�\�o�o�`�m�i

�h�\�o�^�c�d�i�b �h�\�^�m�j�n �a�j�m �r�m�d�o�d�i�b �^�j�i�^�d�n�` �h�d�i�d�F�\�i�m�`�i �m�`�g�\�o�d�j�i�n�) �<�k�k�`�i�_�d�s�? �^�j�i�o�\�d�i�n

�j�p�m �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �i�`�n�o�\�]�g�` �`�i�b�d�i�`�n�' �r�c�d�^�c �\�m�` �p�n�`�_ �d�i �j�p�m �`�h�]�`�_�_�d�i�b �j�a �a�`�m�i�n�)

�,�)�. �M�`�g�\�o�d�j�i�\�g �K�m�j�b�m�\�h�h�d�i�b

�M�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�h�d�i�b �d�n �\ �_�d�n�^�d�k�g�d�i�` �j�a �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b �d�i �r�c�d�^�c �`�q�`�m�t �b�j�\�g �d�n

�r�m�d�o�o�`�i �\�n �\ �3�k�p�m�`�4 �m�`�g�\�o�d�j�i�) �@�\�^�c �m�`�g�\�o�d�j�i �k�m�j�_�p�^�`�n �h�`�\�i�d�i�b�a�p�g �\�i�n�r�`�m�n�' �`�q�`�i �r�c�`�i

�\�g�g �j�a �d�o�n �\�m�b�p�h�`�i�o�n �\�m�` �p�i�]�j�p�i�_ �g�j�b�d�^ �q�\�m�d�\�]�g�`�n�) �A�j�m �`�s�\�h�k�g�`�' �>�c�\�k�o�`�m�1�k�m�`�n�`�i�o�n

�k�g�p�no�' �r�c�d�^�c �k�`�m�a�j�m�h�n �\�_�_�d�o�d�j�i �j�q�`�m �i�\�o�p�m�\�g �i�p�h�]�`�m�n�) �#�k�g�p�no �, �- �. �$�- �n�p�^�^�`�`�_�n�' �n�d�i�^�`

1 + 2 = 3�.�o�c�\�o �d�n�' �o�c�` �o�m�d�k�g�`(1, 2, 3) �d�n �d�i �o�c�` �o�`�m�i�\�m�t �\�_�_�d�o�d�j�i �m�`�g�\�o�d�j�i�) �R�` �^�\�i

�p�n��̀k�g�p�no �o�j �\�_�_ �o�r�j �i�p�h�]�`�m�n�5 �#�k�g�p�no �, �- �u�$ �\�n�n�j�^�d�\�o�`�n �o�c�` �g�j�b�d�^ �q�\�m�d�\�]�g�`�u�r�d�o�c�.�)

�R�` �^�\�i �\�g�n�j �n�p�]�o�m�\�^�o �i�p�h�]�`�m�n �p�n�d�i�b�k�g�p�no�5 �#�k�g�p�no �, �t �.�$ �\�n�n�j�^�d�\�o�`�n�t �r�d�o�c �-�' �n�d�i�^�`

3 − 1 = 2�) �R�` �^�\�i �`�q�`�i �^�\�g�g�k�g�p�no �r�d�o�c �j�i�g�t �g�j�b�d�^ �q�\�m�d�\�]�g�`�n�5 �#�k�g�p�no �s �t �u�$ �k�m�j�_�p�^�`�n

�\�i �d�i�{�i�d�o�` �i�p�h�]�`�m �j�a �\�i�n�r�`�m�n �d�i �r�c�d�^�c �o�c�` �i�\�o�p�m�\�g �i�p�h�]�`�m�n �\�n�n�j�^�d�\�o�`�_ �r�d�o�c�s�' �t�'

�\�i�_ �u�n�\�o�d�n�a�t�s+�t=�u�) �A�j�m �`�s�\�h�k�g�`�' �j�i�` �n�p�^�c �\�i�n�r�`�m �\�n�n�j�^�d�\�o�`�n�s �r�d�o�c �.�'�t �r�d�o�c �/�'

�\�i�_ �u�r�d�o�c �2�)

�O�j �r�m�d�o�` �m�`�g�\�o�d�j�i�\�g �b�j�\�g�n�' �k�m�j�b�m�\�h�h�`�m�n �h�p�n�o �\�q�j�d�_ �\ �q�\�m�d�`�o�t �j�a �k�j�r�`�m�a�p�g �g�j�b�d�^

�k�m�j�b�m�\�h�h�d�i�b �^�j�i�n�o�m�p�^�o�n�' �n�p�^�c �\�n �K�m�j�g�j�b�1�n �^�p�o �#���$�'�q�\�m�*�,�' �\�i�_�^�j�k�t�Z�o�`�m�h�*�-�j�k�`�m�(

�-�,�' �-�' �\�i�_�. �\�m�` �n�c�j�m�o�c�\�i�_ �a�j�m �o�c�` �g�d�o�o�g�`�(�`�i�_�d�\�i �]�d�i�\�m�t �g�d�n�o�n �m�`�k�m�`�n�`�i�o�d�i�b �o�c�` �i�p�h�]�`�m�n �,�' �-�' �\�i�_
�.�.�n�`�` �>�c�\�k�o�`�m�1�a�j�m �_�`�o�\�d�g�n�)
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�\�o�j�m�n�) �O�c�`�n�` �j�k�`�m�\�o�j�m�n �d�i�c�d�]�d�o �m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�h�d�i�b�' �n�d�i�^�` �o�c�`�d�m �k�m�j�k�`�m �p�n�` �d�n

�_�`�k�`�i�_�`�i�o �p�k�j�i �o�c�` �b�m�j�p�i�_�i�`�n�n �j�m �i�j�i�(�b�m�j�p�i�_�i�`�n�n �j�a �o�`�m�h�n�.�) �K�m�j�b�m�\�h�h�`�m�n �r�c�j

�r�d�n�c �o�j �r�m�d�o�` �m�`�g�\�o�d�j�i�n �h�p�n�o �\�q�j�d�_ �o�c�`�n�` �^�j�i�n�o�m�p�^�o�n�' �\�i�_ �d�i�n�o�`�\�_ �p�n�` �g�\�i�b�p�\�b�` �a�`�\�(

�o�p�m�`�n �^�j�h�k�\�o�d�]�g�` �r�d�o�c �o�c�` �m�`�g�\�o�d�j�i�\�g �k�\�m�\�_�d�b�h�)

�< �^�m�d�o�d�^�\�g �\�n�k�`�^�o �j�a �m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�h�d�i�b �d�n �o�c�` �_�`�n�d�m�` �a�j�m �m�`�g�\�o�d�j�i�n �o�j �o�`�m�h�d�i�\�o�`

�r�c�`�i�`�q�`�m �k�j�n�n�d�]�g�`�) �R�m�d�o�d�i�b �\ �b�j�\�g �r�d�o�c�j�p�o �h�j�_�` �m�`�n�o�m�d�^�o�d�j�i�n �d�n �i�j�o �q�`�m�t �d�i�o�`�m�`�n�o�d�i�b

�d�a �o�c�` �b�j�\�g �_�d�q�`�m�b�`�n �r�c�`�i �k�\�n�n�`�_ �j�i�` �j�m �h�j�m�` �a�m�`�n�c �q�\�m�d�\�]�g�`�n�) �D�i �k�\�m�o�d�^�p�g�\�m�' �r�` �_�`�n�d�m�`

�o�c��̀{�i�d�o�` �a�\�d�g�p�m�`�k�m�j�k�`�m�o�t �a�j�m �j�p�m �b�j�\�g�n�.�d�a �\ �b�j�\�g �d�n �\�n�f�`�_ �o�j �k�m�j�_�p�^�` �\�i �\�i�n�r�`�m�'

�t�`�o �i�j �\�i�n�r�`�m �`�s�d�n�o�n�' �o�c�\�o �b�j�\�g �n�c�j�p�g�_ �a�\�d�g �d�i �\ �{�i�d�o�` �\�h�j�p�i�o �j�a �o�d�h�`�) �<�g�o�c�j�p�b�c

�B�Ô�_�`�g �\�i�_ �O�p�m�d�i�b �n�c�j�r�`�_ �o�c�\�o �d�o �d�n �d�h�k�j�n�n�d�]�g�` �o�j �b�p�\�m�\�i�o�`�` �o�`�m�h�d�i�\�o�d�j�i �a�j�m �\�g�g

�b�j�\�g�n �r�` �h�d�b�c�o �r�d�n�c �o�j �r�m�d�o�`�' �o�c�` �p�n�` �j�a �^�g�`�q�`�m �_�\�o�\ �`�i�^�j�_�d�i�b�' �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i�'

�o�\�]�g�d�i�b�' �\�i�_ �o�c�` �_�`�m�d�q�\�o�d�j�i �j�a �]�j�p�i�_�n �j�i �o�c�` �h�\�s�d�h�p�h �n�d�u�` �j�a �o�`�m�h�n �\�g�g�j�r�n �\ �^�\�m�`�a�p�g

�h�d�i�d�F�\�i�m�`�i �k�m�j�b�m�\�h�h�`�m �o�j �r�m�d�o�` �n�p�m�k�m�d�n�d�i�b�g�t �n�j�k�c�d�n�o�d�^�\�o�`�_ �k�m�j�b�m�\�h�n �o�c�\�o �`�s�c�d�]�d�o

�{�i�d�o�` �a�\�d�g�p�m�`�)

�J�p�m �`�h�k�c�\�n�d�n �j�i �]�j�o�c �k�p�m�` �m�`�g�\�o�d�j�i�n �\�i�_ �{�i�d�o�` �a�\�d�g�p�m�` �g�`�\�_�n �o�j �_�d�z�`�m�`�i�o �_�`�n�d�b�i

�^�c�j�d�^�`�n �o�c�\�i �o�c�j�n�` �j�a �h�j�m�` �`�n�o�\�]�g�d�n�c�`�_ �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b �g�\�i�b�p�\�b�`�n �n�p�^�c �\�n �K�m�j�(

�g�j�b �#�D�i�o�g�) �J�m�b�\�i�d�u�\�o�d�j�i �a�j�m �N�o�\�i�_�\�m�_�d�u�\�o�d�j�i�,�4�4�0�' �-�+�+�+�$�' �H�`�m�^�p�m�t �#�N�j�h�j�b�t�d �`�o �\�g�)

�,�4�4�0�$�' �\�i�_ �>�p�m�m�t �#�C�\�i�p�n �`�o �\�g�)�,�4�4�0�6�C�\�i�p�n�-�+�+�1�$�) �A�j�m �`�s�\�h�k�g�`�' �p�i�g�d�f�` �K�m�j�g�j�b�'

�h�d�i�d�F�\�i�m�`�i �p�n�`�n �\ �^�j�h�k�g�`�o�` �#�d�i�o�`�m�g�`�\�q�d�i�b�$ �n�`�\�m�^�c �n�o�m�\�o�`�b�t �]�t �_�`�a�\�p�g�o�) �P�i�g�d�f�` �H�`�m�(

�^�p�m�t�' �h�d�i�d�F�\�i�m�`�i �p�n�`�n �a�p�g�g �p�i�d�{�^�\�o�d�j�i�' �m�`�l�p�d�m�`�_ �o�j �d�h�k�g�`�h�`�i�o �b�j�\�g�n �o�c�\�o �o�\�f�` �j�i�g�t

�. �< �o�`�m�h �d�n�b�m�j�p�i�_�d�a �d�o �_�j�`�n �i�j�o �^�j�i�o�\�d�i �p�i�\�n�n�j�^�d�\�o�`�_ �g�j�b�d�^ �q�\�m�d�\�]�g�`�n�)
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�a�m�`�n�c �g�j�b�d�^ �q�\�m�d�\�]�g�`�n �\�n �o�c�`�d�m �\�m�b�p�h�`�i�o�n�/�) �<�i�_ �j�p�m �_�`�n�d�m�` �a�j�m �o�`�m�h�d�i�\�o�d�j�i �k�m�`�q�`�i�o�n

�p�n �a�m�j�h �\�_�\�k�o�d�i�b �>�p�m�m�t�1�n �m�`�n�d�_�p�\�o�d�j�i�0�)

�,�)�/ �h�d�i�d�F�\�i�m�`�i

�O�c�d�n �_�d�n�n�`�m�o�\�o�d�j�i �k�m�`�n�`�i�o�n �h�d�i�d�F�\�i�m�`�i�' �\ �g�\�i�b�p�\�b�` �_�`�n�d�b�i�`�_ �a�j�m �m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�(

�h�d�i�b�' �\�g�j�i�b �r�d�o�c �q�\�m�d�j�p�n �g�\�i�b�p�\�b�` �`�s�o�`�i�n�d�j�i�n �o�c�\�o �\�_�_ �`�s�k�m�`�n�n�d�q�` �k�j�r�`�m �r�d�o�c�j�p�o

�n�\�^�m�d�{�^�d�i�b �o�c�` �\�]�d�g�d�o�t �o�j �r�m�d�o�` �m�`�g�\�o�d�j�i�n�)

�h�d�i�d�F�\�i�m�`�i �d�n �d�h�k�g�`�h�`�i�o�`�_ �\�n �\�i �`�h�]�`�_�_�d�i�b �d�i �N�^�c�`�h�`�' �p�n�d�i�b �j�i�g�t �\ �c�\�i�_�a�p�g

�j�a �n�k�`�^�d�\�g �a�j�m�h�n �\�i�_ �a�p�i�^�o�d�j�i�n�) �O�c�` �^�j�i�^�d�n�` �\�i�_ �k�p�m�`�g�t �a�p�i�^�o�d�j�i�\�g �d�h�k�g�`�h�`�i�o�\�o�d�j�i

�j�a �o�c�` �^�j�m�` �j�k�`�m�\�o�j�m�n �h�\�f�`�n �o�c�` �g�\�i�b�p�\�b�` �`�\�n�t �o�j �`�s�o�`�i�_�) �h�d�i�d�F�\�i�m�`�i �k�m�j�b�m�\�h�h�`�m�n

�c�\�q�` �\�^�^�`�n�n �o�j �\�g�g �j�a �N�^�c�`�h�`�' �d�i�^�g�p�_�d�i�b �c�d�b�c�`�m�(�j�m�_�`�m �a�p�i�^�o�d�j�i�n�' �{�m�n�o�(�^�g�\�n�n �^�j�i�o�d�i�p�(

�\�o�d�j�i�n�' �\�i�_ �N�^�c�`�h�`�1�n �p�i�d�l�p�` �\�i�_ �k�j�r�`�m�a�p�g �c�t�b�d�`�i�d�^ �h�\�^�m�j �n�t�n�o�`�h�) �C�\�q�d�i�b �\�^�^�`�n�n

�o�j �N�^�c�`�h�`�1�n �a�`�\�o�p�m�`�n �h�\�f�`�n �d�o �`�\�n�t �a�j�m �d�h�k�g�`�h�`�i�o�`�m�n �o�j �`�s�o�`�i�_ �h�d�i�d�F�\�i�m�`�i�6 �a�j�m �`�s�(

�\�h�k�g�`�' �a�m�j�h �\ �n�d�i�b�g�` �{�b�p�m�` �`�s�k�g�\�d�i�d�i�b �S�N�=�(�n�o�t�g�` �J�G�?�O �m�`�n�j�g�p�o�d�j�i �r�` �r�`�m�` �\�]�g�` �o�j

�_�`�n�d�b�i �\�i�_ �d�h�k�g�`�h�`�i�o �\ �o�\�]�g�d�i�b �n�t�n�o�`�h �a�j�m �h�d�i�d�F�\�i�m�`�i �d�i �p�i�_�`�m �\ �r�`�`�f�)

�/ �H�`�m�^�p�m�t �d�n �n�o�\�o�d�^�\�g�g�t �o�t�k�`�_�' �\�i�_ �m�`�l�p�d�m�`�n �k�m�j�b�m�\�h�h�`�m�n �o�j �n�k�`�^�d�a�t �3�h�j�_�` �\�i�i�j�o�\�o�d�j�i�n�4 �#�<�k�o �\�i�_
�H�\�m�^�c�d�j�m�d�,�4�4�/�$ �d�i�_�d�^�\�o�d�i�b �r�c�`�o�c�`�m �`�\�^�c �\�m�b�p�h�`�i�o �o�j �\ �b�j�\�g �d�n �\�i �3�d�i�k�p�o�4 �#�o�c�\�o �d�n�' �a�p�g�g�t �b�m�j�p�i�_�$ �j�m
�\�i �3�j�p�o�k�p�o�4 �#�o�c�\�o �d�n�' �\�i �p�i�\�n�n�j�^�d�\�o�`�_ �g�j�b�d�^ �q�\�m�d�\�]�g�`�$�) �K�m�j�b�m�\�h�h�`�m�n �\�g�n�j �n�k�`�^�d�a�t �r�c�`�o�c�`�m �`�\�^�c �b�j�\�g
�^�\�i �k�m�j�_�p�^�` �j�i�`�' �{�i�d�o�`�g�t �h�\�i�t�' �j�m �d�i�{�i�d�o�`�g�t �h�\�i�t �\�i�n�r�`�m�n�) �B�d�q�`�i �\�g�g �o�c�d�n �d�i�a�j�m�h�\�o�d�j�i�' �o�c�` �H�`�m�^�p�m�t
�^�j�h�k�d�g�`�m �^�\�i �b�`�i�`�m�\�o�` �h�p�g�o�d�k�g�` �n�k�`�^�d�\�g�d�u�`�_ �a�p�i�^�o�d�j�i�n �o�c�\�o �k�`�m�a�j�m�h �o�c�` �r�j�m�f �j�a �\ �n�d�i�b�g�` �b�j�\�g�) �A�j�m
�`�s�\�h�k�g�`�' �\ �o�`�m�i�\�m�t �b�j�\�g �o�c�\�o �`�s�k�m�`�n�n�`�n �\�_�_�d�o�d�j�i �#�n�d�h�d�g�\�m �o�j �o�c�`�k�g�p�no �a�p�i�^�o�d�j�i �_�`�n�^�m�d�]�`�_ �\�]�j�q�`�$
�h�d�b�c�o �]�` �^�j�h�k�d�g�`�_ �d�i�o�j �n�`�k�\�m�\�o�` �a�p�i�^�o�d�j�i�n �o�c�\�o �k�`�m�a�j�m�h �\�_�_�d�o�d�j�i �j�m �n�p�]�o�m�\�^�o�d�j�i�6 �\�o �m�p�i�o�d�h�`�' �o�c�`
�\�k�k�m�j�k�m�d�\�o�` �a�p�i�^�o�d�j�i �r�d�g�g �]�` �^�\�g�g�`�_ �_�`�k�`�i�_�d�i�b �j�i �r�c�d�^�c �\�m�b�p�h�`�i�o�n �\�m�` �b�m�j�p�i�_�) �D�i �a�\�^�o�' �^�j�h�k�d�g�`�_
�H�`�m�^�p�m�t �k�m�j�b�m�\�h�n �_�j �i�j�o �p�n�` �g�j�b�d�^ �q�\�m�d�\�]�g�`�n �j�m �p�i�d�{�^�\�o�d�j�i�' �\�i�_ �\�m�` �o�c�`�m�`�a�j�m�` �`�s�o�m�`�h�`�g�t �`�z�d�^�d�`�i�o�)
�P�i�a�j�m�o�p�i�\�o�`�g�t�' �o�c�d�n �g�\�^�f �j�a �p�i�d�{�^�\�o�d�j�i �h�`�\�i�n �d�o �d�n �i�j�o �k�j�n�n�d�]�g�` �o�j �r�m�d�o�` �H�`�m�^�p�m�t �b�j�\�g�n �o�c�\�o �o�\�f�`
�j�i�g�t �3�j�p�o�k�p�o�4 �q�\�m�d�\�]�g�`�n�)

�0�M�`�n�d�_�p�\�o�d�j�i�#�C�\�i�p�n�,�4�4�0�$ �n�p�n�k�`�i�_�n �^�`�m�o�\�d�i �j�k�`�m�\�o�d�j�i�n �j�i �i�j�i�(�b�m�j�p�i�_ �o�`�m�h�n�' �p�i�o�d�g �o�c�j�n�` �o�`�m�h�n
�]�`�^�j�h�` �b�m�j�p�i�_�) �A�j�m �`�s�\�h�k�g�`�' �r�` �^�j�p�g�_ �p�n�` �m�`�n�d�_�p�\�o�d�j�i �o�j �`�s�k�m�`�n�n �\�_�_�d�o�d�j�i �p�n�d�i�b �N�^�c�`�h�`�1�n �]�p�d�g�o�(�d�i
+ �k�m�j�^�`�_�p�m�`�) �D�a �r�` �o�m�t �o�j �\�_�_�s �\�i�_ �0�' �\�i�_�s �d�n �\�i �p�i�\�n�n�j�^�d�\�o�`�_ �g�j�b�d�^ �q�\�m�d�\�]�g�`�' �r�` �n�p�n�k�`�i�_ �o�c�`
�\�_�_�d�o�d�j�i�' �\�i�_ �d�i�n�o�`�\�_ �o�m�t �m�p�i�i�d�i�b �\�i�j�o�c�`�m �b�j�\�g�) �C�j�k�`�a�p�g�g�t �o�c�d�n �b�j�\�g �r�d�g�g �\�n�n�j�^�d�\�o�`�s�r�d�o�c �\ �i�p�h�]�`�m�6
�r�c�`�i �o�c�\�o �c�\�k�k�`�i�n�' �r�` �^�\�i �k�`�m�a�j�m�h �o�c�` �\�_�_�d�o�d�j�i�) �C�j�r�`�q�`�m�' �d�a�s �i�`�q�`�m �]�`�^�j�h�`�n �b�m�j�p�i�_�' �r�` �r�d�g�g �]�`
�p�i�\�]�g�` �o�j �k�`�m�a�j�m�h �o�c�` �\�_�_�d�o�d�j�i�' �\�i�_ �r�` �r�d�g�g �i�`�q�`�m �k�m�j�_�p�^�` �\�i �\�i�n�r�`�m�)



�>�C�<�K�O�@�M �,�) �D�I�O�M�J�?�P�>�O�D�J�I �4

�O�c�d�n �o�c�`�n�d�n �k�m�`�n�`�i�o�n �^�j�h�k�g�`�o�` �N�^�c�`�h�` �d�h�k�g�`�h�`�i�o�\�o�d�j�i�n �j�a �^�j�m�` �h�d�i�d�F�\�i�m�`�i �\�i�_

�d�o�n �`�s�o�`�i�n�d�j�i�n�' �d�i�^�g�p�_�d�i�b �o�r�j �q�`�m�n�d�j�i�n �j�a �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i�' �\ �n�d�h�k�g�` �^�j�i�n�o�m�\�d�i�o �n�t�n�(

�o�`�h�' �\ �n�o�m�`�\�h�n�(�]�\�n�`�_ �o�\�]�g�d�i�b �n�t�n�o�`�h�' �\�i�_ �\ �h�d�i�d�h�\�g �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �\ �h�d�i�d�F�\�i�m�`�i�(

�g�d�f�` �g�\�i�b�p�\�b�` �p�n�d�i�b �o�c�` �]�j�o�o�j�h�(�\�q�j�d�_�d�i�b �a�`�m�i �_�\�o�\�(�n�o�m�p�^�o�p�m�`�) �J�p�m �d�h�k�g�`�h�`�i�o�\�o�d�j�i

�j�a �^�j�m�` �h�d�i�d�F�\�i�m�`�i �d�n �k�p�m�`�g�t �a�p�i�^�o�d�j�i�\�g�' �\�i�_ �d�n �_�`�n�d�b�i�`�_ �o�j �]�` �`�\�n�d�g�t �h�j�_�d�{�\�]�g�`�'

�`�i�^�j�p�m�\�b�d�i�b �m�`�\�_�`�m�n �o�j �`�s�k�`�m�d�h�`�i�o �r�d�o�c �\�i�_ �`�s�o�`�i�_ �h�d�i�d�F�\�i�m�`�i�)

�,�)�0 �O�t�k�j�b�m�\�k�c�d�^�\�g �>�j�i�q�`�i�o�d�j�i�n

�O�c�` �^�j�_�` �d�i �o�c�d�n �_�d�n�n�`�m�o�\�o�d�j�i �p�n�`�n �o�c�` �a�j�g�g�j�r�d�i�b �o�t�k�j�b�m�\�k�c�d�^ �^�j�i�q�`�i�o�d�j�i�n�) �G�`�s�d�^�\�g

�q�\�m�d�\�]�g�`�n �\�m�` �d�i�d�o�\�g�d�^�' �a�j�m�h�n �\�m�` �d�i�]�j�g�_�a�\�^�`�' �\�i�_ �l�p�j�o�`�_ �n�t�h�]�j�g�n �\�m�` �d�i�n�\�i�n �n�`�m�d�a�)

�L�p�j�o�`�n�' �l�p�\�n�d�l�p�j�o�`�n�' �\�i�_ �p�i�l�p�j�o�`�n �\�m�` �n�p�k�k�m�`�n�n�`�_�' �\�i�_ �l�p�j�o�`�_ �j�m �l�p�\�n�d�l�p�j�o�`�_ �g�d�n�o�n

�\�k�k�`�\�m �r�d�o�c �]�j�g�_ �k�\�m�`�i�o�c�`�n�`�n�.�a�j�m �`�s�\�h�k�g�`�#�#�$�$�\�i�_ �#�#�s� �s�$�$�\�m�` �`�i�o�`�m�`�_ �\�n�"�#�$�\�i�_

�[�#�s �) �'�s�$�' �m�`�n�k�`�^�o�d�q�`�g�t�) �=�t �j�p�m �^�j�i�q�`�i�o�d�j�i�' �i�\�h�`�n �j�a �m�`�g�\�o�d�j�i�n �`�i�_ �r�d�o�c �\ �n�p�k�`�m�(

�n�^�m�d�k�oo�.�a�j�m �`�s�\�h�k�g�`�n�p�]�n�oo�' �r�c�d�^�c �d�n �`�i�o�`�m�`�_ �\�n�n�p�]�n�o�j�) �M�`�g�\�o�d�j�i�\�g �j�k�`�m�\�o�j�m�n �_�j

�i�j�o �a�j�g�g�j�r �o�c�d�n �^�j�i�q�`�i�o�d�j�i�5≡ �#�`�i�o�`�m�`�_ �\�n�8�8�$�'�^�j�i�_e �#�`�i�o�`�m�`�_ �\�n�^�j�i�_��̀$�' �\�i�_�`�s�d�n�o�)

�>�c�\�k�o�`�m�2�d�i�o�m�j�_�p�^�`�n �o�c�` �m�`�g�\�o�d�j�i�\�g �j�k�`�m�\�o�j�m̸= �#�`�i�o�`�m�`�_ �\�n�8�*�8�$�' �r�c�d�g�` �>�c�\�k�o�`�m�4

�d�i�o�m�j�_�p�^�`�n�a�m�`�n�c�' �� �#�`�i�o�`�m�`�_ �\�n�c�\�n�c�$�' �\�i�_ �o�c�` �o�`�m�h �^�j�i�n�o�m�p�^�o�j�m◃▹ �#�`�i�o�`�m�`�_ �\�n�o�d�`�$�)

�N�d�h�d�g�\�m�g�t�' �#�m�p�i�0 �#�l�$�]�j�_�t�$ �\�i�_ �#�m�p�i∗ �#�l�$�]�j�_�t�$ �\�m�` �`�i�o�`�m�`�_ �\�n�#�m�p�i �0 �#�l�$ �]�j�_�t�$

�\�i�_ �#�m�p�i�% �#�l�$ �]�j�_�t�$�' �m�`�n�k�`�^�o�d�q�`�g�t�)

λ �d�n �`�i�o�`�m�`�_ �\�n�g�\�h�]�_�\�) λe �a�m�j�h �<�k�k�`�i�_�d�s�> �d�n �`�i�o�`�m�`�_ �\�n�g�\�h�]�_�\�`�) �O�c�` �\�m�d�o�c�(

�h�`�o�d�^ �m�`�g�\�o�d�j�i�n6�go �\�i�_6o �a�m�j�h �>�c�\�k�o�`�m�1�\�m�` �`�i�o�`�m�`�_ �\�n�7�8�g�j�\�i�_�7�8�j�' �m�`�n�k�`�^�o�d�q�`�g�t�)

�j� �̂^�p�m�n
√

�a�m�j�h �>�c�\�k�o�`�m�. �d�n �`�i�o�`�m�`�_ �\�n�j�^�^�p�m�n�(�^�c�`�^�f�)



�K�\�m�o �D

�>�j�m�` �h�d�i�d�F�\�i�m�`�i

�,�+



�>�c�\�k�o�`�m �-

�D�i�o�m�j�_�p�^�o�d�j�i �o�j �>�j�m�`
�h�d�i�d�F�\�i�m�`�i

�O�c�d�n �^�c�\�k�o�`�m �d�i�o�m�j�_�p�^�`�n �o�c�` �^�j�m�` �h�d�i�d�F�\�i�m�`�i �g�\�i�b�p�\�b�`�' �k�m�j�q�d�_�`�n �n�`�q�`�m�\�g �n�c�j�m�o �`�s�(

�\�h�k�g�` �k�m�j�b�m�\�h�n�' �\�i�_ �n�c�j�r�n �c�j�r �o�j �o�m�\�i�n�g�\�o�` �\ �n�d�h�k�g�` �N�^�c�`�h�` �a�p�i�^�o�d�j�i �d�i�o�j �\ �h�d�i�d�(

�F�\�i�m�`�i �m�`�g�\�o�d�j�i�)

�O�c�d�n �^�c�\�k�o�`�m �d�n �j�m�b�\�i�d�u�`�_ �\�n �a�j�g�g�j�r�n�) �N�`�^�o�d�j�i�-�)�,�d�i�o�m�j�_�p�^�`�n �o�c�` �^�j�m�` �h�d�i�d�F�\�i�(

�m�`�i �g�\�i�b�p�\�b�`�) �D�i �n�`�^�o�d�j�i�-�)�-�r�` �n�c�j�r �c�j�r �o�j �o�m�\�i�n�g�\�o�` �o�c�` �n�o�\�i�_�\�m�_ �N�^�c�`�h�`�\�k�k�`�i�_

�a�p�i�^�o�d�j�i �d�i�o�j �\ �h�d�i�d�F�\�i�m�`�i �m�`�g�\�o�d�j�i�) �N�`�^�o�d�j�i�-�)�.�_�`�n�^�m�d�]�`�n �n�`�q�`�m�\�g �3�d�h�k�p�m�`�4 �j�k�`�m�(

�\�o�j�m�n �o�c�\�o�' �r�c�d�g�` �i�j�o �k�\�m�o �j�a �o�c�` �k�p�m�` �h�d�i�d�F�\�i�m�`�i �^�j�m�` �g�\�i�b�p�\�b�`�' �\�m�` �p�n�`�a�p�g �r�c�`�i

�o�m�t�d�i�b �o�j �h�j�_�`�g �K�m�j�g�j�b �k�m�j�b�m�\�h�n�)

�-�)�, �>�j�m�` �h�d�i�d�F�\�i�m�`�i

�h�d�i�d�F�\�i�m�`�i �`�s�o�`�i�_�n �N�^�c�`�h�` �r�d�o�c �o�c�m�`�` �j�k�`�m�\�o�j�m�n�5≡�' �^�j�i�_e�' �\�i�_�`�s�d�n�o�) �O�c�`�m�` �d�n

�\�g�n�j�m�p�i�' �r�c�d�^�c �n�`�m�q�`�n �\�n �\�i �d�i�o�`�m�a�\�^�` �]�`�o�r�`�`�i �N�^�c�`�h�` �\�i�_ �h�d�i�d�F�\�i�m�`�i�' �\�i�_ �r�c�j�n�`

�q�\�g�p�` �d�n �\ �g�d�n�o�)

�,�,



�>�C�<�K�O�@�M �-�) �D�I�O�M�J�?�P�>�O�D�J�I �O�J �>�J�M�@ �H�D�I�D�F�<�I�M�@�I �,�-

�`�s�d�n�o�' �r�c�d�^�c �n�t�i�o�\�^�o�d�^�\�g�g�t �g�j�j�f�n �g�d�f�`λ�' �d�i�o�m�j�_�p�^�`�n �i�`�r �q�\�m�d�\�]�g�`�n �d�i�o�j �d�o�n �n�^�j�k�`�6

≡ �p�i�d�{�`�n �o�r�j �q�\�g�p�`�n�) �O�c�p�n

�#�`�s�d�n�o�#�s �t �u�$ �#≡ �s �u�$ �#≡ �. �t�$�$

�r�j�p�g�_ �\�n�n�j�^�d�\�o�`�s �r�d�o�c�u�\�i�_ �t �r�d�o�c�.�) �O�c�d�n�' �c�j�r�`�q�`�m�' �d�n �i�j�o �\ �g�`�b�\�g �h�d�i�d�F�\�i�m�`�i

�k�m�j�b�m�\�h�.�r�` �h�p�n�o �r�m�\�k �\�m�p�i�\�m�j�p�i�_ �o�c�` �`�i�o�d�m�` �`�s�k�m�`�n�n�d�j�i�)

�#�m�p�i�, �#�l�$ �#�`�s�d�n�o�#�s �t �u�$ �#≡ �s �u�$ �#≡ �. �t�$�$�$⇒ �#�#�Z
0
�$�$

�O�c�` �q�\�g�p�` �m�`�o�p�m�i�`�_ �d�n �\ �g�d�n�o �^�j�i�o�\�d�i�d�i�b �o�c�` �n�d�i�b�g�` �q�\�g�p�` �Z
0
�6 �r�` �n�\�t �o�c�\�o �Z

0
�d�n �o�c�`

�m�`�d�{� �̀_ �q�\�g�p�`�j�a �o�c�` �a�m�`�n�c �q�\�m�d�\�]�g�`�l�) �l �\�g�n�j �m�`�h�\�d�i�n �a�m�`�n�c �d�i

�#�m�p�i�, �#�l�$ �#�`�s�d�n�o�#�s �t�$ �#≡ �s �l�$ �#≡ �. �t�$�$�$⇒ �#�#�Z
0
�$�$

�R�` �^�\�i �b�`�o �]�\�^�f �j�o�c�`�m �q�\�g�p�`�n�' �j�a �^�j�p�m�n�`�)

�#�m�p�i�, �#�t�$
�#�`�s�d�n�o�#�s �u�$

�#≡ �s �u�$
�#≡ �. �t�$�$�$

�#�m�p�i�, �#�l�$
�#�`�s�d�n�o�#�s �u�$

�#≡ �s �u�$
�#≡ �. �u�$
�#≡ �l �s�$�$�$

�#�m�p�i�, �#�t�$
�#�`�s�d�n�o�#�s �t�$

�#≡ �/ �s�$
�#≡ �s �t�$�$

�#≡ �. �t�$�$

�@�\�^�c �j�a �o�c�`�n�` �`�s�\�h�k�g�`�n �m�`�o�p�m�i�n�#�#�.�$�$�6 �d�i �o�c�` �m�d�b�c�o�h�j�n�o �`�s�\�h�k�g�`�' �o�c�`�t �d�i�o�m�j�_�p�^�`�_ �]�t

�`�s�d�n�o�d�n �_�d�z�`�m�`�i�o �a�m�j�h �o�c�`�t �d�i�o�m�j�_�p�^�`�_ �]�t�m�p�i�]�`�^�\�p�n�` �o�c�` �q�\�m�d�\�]�g�`�n �\�m�` �g�`�s�d�^�\�g�g�t

�n�^�j�k�`�_�)�m�p�i�^�\�i �\�g�n�j �m�`�o�p�m�i �o�c�` �`�h�k�o�t �g�d�n�o�' �d�i�_�d�^�\�o�d�i�b �o�c�\�o �o�c�`�m�` �\�m�` �i�j �q�\�g�p�`�n�)

�#�m�p�i�, �#�s�$ �#≡ �/ �.�$�$⇒ �#�#�$�$

�R�` �p�n��̀^�j�i�_e �o�j �b�`�o �n�`�q�`�m�\�g �q�\�g�p�`�n�.�n�t�i�o�\�^�o�d�^�\�g�g�t�'�^�j�i�_e �g�j�j�f�n �g�d�f�`�^�j�i�_ �]�p�o

�r�d�o�c�j�p�o⇒ �j�m�`�g�n�`�) �A�j�m �`�s�\�h�k�g�`�'
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�#�m�p�i�- �#�l�$
�#�`�s�d�n�o�#�s �t �u�$

�#�^�j�i�_e

�#�#≡ �#�#�s �t �u �s�$�$�l�$�$
�#�#≡ �#�#�u �t �s �u�$�$�l�$�$�$�$�$⇒

�#�#�#�#�Z
0

�Z
1

�Z
2

�Z
0
�$�$ �#�#�Z

0
�Z

1
�Z

2
�Z

0
�$�$�$�$

�<�g�o�c�j�p�b�c �o�c�` �o�r�j�^�j�i�_e�(�^�g�\�p�n�`�n �\�m�` �_�d�z�`�m�`�i�o�' �o�c�` �q�\�g�p�`�n �m�`�o�p�m�i�`�_ �\�m�` �d�_�`�i�o�d�^�\�g�) �O�c�d�n

�d�n �]�`�^�\�p�n�` �_�d�n�o�d�i�^�o �m�`�d�{�`�_ �a�m�`�n�c �q�\�m�d�\�]�g�`�n �\�m�` �\�n�n�d�b�i�`�_ �_�d�n�o�d�i�^�o �i�p�h�]�`�m�n�' �d�i�^�m�`�\�n�d�i�b

�a�m�j�h �g�`�a�o �o�j �m�d�b�c�o�.�o�c�` �i�p�h�]�`�m�d�i�b �n�o�\�m�o�n �j�q�`�m �\�b�\�d�i �a�m�j�h �u�`�m�j �r�d�o�c�d�i �`�\�^�c �q�\�g�p�`�'

�r�c�d�^�c �d�n �r�c�t �o�c�` �m�`�d�{�`�_ �q�\�g�p�` �j�a�s �d�n �Z
0

�d�i �o�c�` �{�m�n�o �q�\�g�p�` �]�p�o �Z
2

�d�i �o�c�` �n�`�^�j�i�_

�q�\�g�p�`�)

�C�`�m�` �d�n �\ �n�d�h�k�g�`�m �`�s�\�h�k�g�` �p�n�d�i�b�^�j�i�_e�)

�#�m�p�i�0 �#�l�$
�#�`�s�d�n�o�#�s �t �u�$

�#�^�j�i�_e

�#�#≡ �\ �s�$ �#≡ �, �t�$ �#≡ �_�u�$�$
�#�#≡ �- �t�$ �#≡ �] �s�$ �#≡ �` �u�$�$
�#�#≡ �a�u�$ �#≡ �^�s�$ �#≡ �. �t�$�$�$

�#≡ �#�#�s �t �u�$�$�l�$�$�$⇒

�#�#�#�#�#�#�#�#�\ �, �_�$�$�$�$ �#�#�#�#�] �- � �̀$�$�$�$ �#�#�#�#�^ �. �a�$�$�$�$�$�$�$�$

�O�c�` �n�p�k�`�m�n�^�m�d�k�o�0�_�`�i�j�o�`�n �o�c�` �h�\�s�d�h�p�h �g�`�i�b�o�c �j�a �o�c�` �m�`�n�p�g�o�\�i�o �g�d�n�o�) �D�a �o�c�` �n�p�k�`�m�(

�n�^�m�d�k�o∗ �d�n �p�n�`�_�' �o�c�`�i �o�c�`�m�` �d�n �i�j �h�\�s�d�h�p�h �d�h�k�j�n�`�_�) �O�c�d�n �^�\�i �`�\�n�d�g�t �g�`�\�_ �o�j �d�i�{�i�d�o�`

�g�j�j�k�n�5

�#�m�p�i∗ �#�l�$
�#�g�`�o�g�j�j�k�#�$

�#�^�j�i�_e

�#�#≡ ���a�l�$�$
�#�#≡ ���o�l�$�$
�#�#�g�j�j�k�$�$�$�$�$
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�C�\�_ �o�c�`∗ �]�`�`�i �m�`�k�g�\�^�`�_ �]�t �\ �i�j�i�(�i�`�b�\�o�d�q�` �d�i�o�`�b�`�m�i �' �o�c�`�i �\ �g�d�n�o �j�a�i �\�g�o�`�m�i�\�o�d�i�b���a�1�n

�\�i�_ ���o�1�n �r�j�p�g�_ �]�` �m�`�o�p�m�i�`�_�) �O�c�`�^�j�i�_e �n�p�^�^�`�`�_�n �r�c�d�g�` �\�n�n�j�^�d�\�o�d�i�b�l �r�d�o�c���a�' �r�c�d�^�c

�\�^�^�j�p�i�o�n �a�j�m �o�c�` �{�m�n�o �q�\�g�p�`�) �R�c�`�i �b�`�o�o�d�i�b �o�c�` �n�`�^�j�i�_ �q�\�g�p�`�' �o�c�` �n�`�^�j�i�_�^�j�i�_e�(�^�g�\�p�n�`

�d�n �o�m�d�`�_�' �\�i�_ �o�c�` �\�n�n�j�^�d�\�o�d�j�i �h�\�_�` �]�`�o�r�`�`�i�l �\�i�_ ���a�d�n �a�j�m�b�j�o�o�`�i�.�r�` �n�\�t �o�c�\�o�l �c�\�n

�]�`�`�i �m�`�a�m�`�n�c� �̀_�) �D�i �o�c�` �o�c�d�m�_�^�j�i�_e�(�^�g�\�p�n�`�'�l �d�n �m�`�a�m�`�n�c�`�_ �j�i�^�` �\�b�\�d�i�)

�R�` �i�j�r �g�j�j�f �\�o �n�`�q�`�m�\�g �d�i�o�`�m�`�n�o�d�i�b �`�s�\�h�k�g�`�n �o�c�\�o �m�`�g�t �j�i�\�i�t o�)

�#�_�`�{�i�` �\�i�t o

�#λ �#�b�$
�#�^�j�i�_e

�#�b�$
�#�#�\�i�t o �b�$�$�$�$�$

�\�i�t o �o�m�d�`�n�b�\�i �p�i�]�j�p�i�_�`�_ �i�p�h�]�`�m �j�a �o�d�h�`�n�) �C�`�m�` �d�n �j�p�m �{�m�n�o �`�s�\�h�k�g�` �p�n�d�i�b�\�i�t o�)

�#�m�p�i∗ �#�l�$
�#�^�j�i�_e

�#�#�\�i�t o �#≡ ���a�l�$�$�$
�#�#≡ ���o�l�$�$�$�$

�O�c�d�n �`�s�\�h�k�g�` �_�j�`�n �i�j�o �o�`�m�h�d�i�\�o�`�' �]�`�^�\�p�n�` �o�c�` �^�\�g�g �o�j�\�i�t o �n�p�^�^�`�`�_�n �\�i �p�i�]�j�p�i�_�`�_

�i�p�h�]�`�m �j�a �o�d�h�`�n�) �D�a∗ �d�n �m�`�k�g�\�^�`�_ �]�t�0�' �o�c�`�i �d�i�n�o�`�\�_ �r�` �b�`�o�#�#���o���a���a���a���a�$�$�) �#�O�c�`

�p�n�`�m �n�c�j�p�g�_ �i�j�o �]�` �^�j�i�^�`�m�i�`�_ �r�d�o�c �o�c�` �j�m�_�`�m �d�i �r�c�d�^�c �q�\�g�p�`�n �\�m�` �m�`�o�p�m�i�`�_�)�$

�I�j�r �^�j�i�n�d�_�`�m

�#�m�p�i�,�+ �#�l�$
�#�\�i�t o

�#�^�j�i�_e

�#�#≡ �, �l�$�$
�#�#≡ �- �l�$�$
�#�#≡ �. �l�$�$�$�$�$⇒

�#�#�#�#�, �- �. �, �- �. �, �- �. �,�$�$�$�$
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�C�`�m�` �o�c�` �q�\�g�p�`�n�,�' �-�' �\�i�_�. �\�m�` �d�i�o�`�m�g�`�\�q�`�_�6 �j�p�m �p�n�` �j�a�\�i�t o �`�i�n�p�m�`�n �o�c�\�o �o�c�d�n �n�`�l�p�`�i�^�`

�r�d�g�g �]�` �m�`�k�`�\�o�`�_ �d�i�_�`�{�i�d�o�`�g�t�)

�C�`�m�` �d�n�\�g�r�\�t�no�'

�#�_�`�{�i�` �\�g�r�\�t�no �#�\�i�t o �#≡ ���a���a�$�$�$

�\�g�j�i�b �r�d�o�c �o�r�j�m�p�i�`�s�k�m�`�n�n�d�j�i�n �o�c�\�o �p�n�` �d�o�)

�#�m�p�i�, �#�s�$
�#≡ ���o�s�$
�\�g�r�\�t�no

�#≡ ���a�s�$�$

�#�m�p�i�0 �#�s�$
�#�^�j�i�_e

�#�#≡ ���o�s�$�$
�#�#≡ ���a�s�$�$�$

�\�g�r�\�t�no

�#≡ ���a�s�$�$

�O�c�` �g�`�a�o�(�c�\�i�_ �`�s�k�m�`�n�n�d�j�i �_�d�q�`�m�b�`�n�.�o�c�d�n �d�n �]�`�^�\�p�n�`�\�g�r�\�t�no �n�p�^�^�`�`�_�n �\�i �p�i�]�j�p�i�_�`�_

�i�p�h�]�`�m �j�a �o�d�h�`�n�' �\�i�_ �]�`�^�\�p�n�` �#≡ ���a�s�$ �a�\�d�g�n �`�\�^�c �j�a �o�c�j�n�` �o�d�h�`�n�)

�O�c�` �m�d�b�c�o�(�c�\�i�_ �`�s�k�m�`�n�n�d�j�i �m�`�o�p�m�i�n �\ �g�d�n�o �j�a �{�q�`���a�1�n�) �O�c�d�n �d�n �]�`�^�\�p�n�` �]�j�o�c�^�j�i�_e�(

�^�g�\�p�n�`�n �\�m�` �o�m�d�`�_�' �\�i�_ �]�j�o�c �n�p�^�^�`�`�_�) �C�j�r�`�q�`�m�' �j�i�g�t �o�c�` �n�`�^�j�i�_�^�j�i�_e�(�^�g�\�p�n�` �^�j�i�(

�o�m�d�]�p�o�`�n �o�j �o�c�` �q�\�g�p�`�n �m�`�o�p�m�i�`�_�) �I�j�o�c�d�i�b �^�c�\�i�b�`�n �d�a �r�` �n�r�\�k �o�c�` �o�r�j�^�j�i�_e�(�^�g�\�p�n�`�n�)

�D�a �r�` �^�c�\�i�b�` �o�c�` �g�\�n�o �`�s�k�m�`�n�n�d�j�i �o�j �#≡ ���o�s�$�' �r�` �d�i�n�o�`�\�_ �b�`�o �\ �g�d�n�o �j�a �{�q�`���o�1�n�)

�@�q�`�i �d�a �n�j�h�`�^�j�i�_e�(�^�g�\�p�n�`�n �g�j�j�k �d�i�_�`�{�i�d�o�`�g�t�' �j�o�c�`�m�^�j�i�_e�(�^�g�\�p�n�`�n �^�\�i �^�j�i�o�m�d�]�p�o�`

�o�j �o�c�` �q�\�g�p�`�n �m�`�o�p�m�i�`�_ �]�t �\�m�p�i�`�s�k�m�`�n�n�d�j�i�) �A�j�m �`�s�\�h�k�g�`�'

�#�m�p�i�. �#�l�$
�#�g�`�o�#�#�i�`�q�`�mo �#�\�i�t o �#≡ ���a���o�$�$�$�$

�#�^�j�i�_e

�#�#≡ �, �l�$�$
�#�i�`�q�`�mo�$
�#�#�^�j�i�_e

�#�#≡ �- �l�$�$
�#�i�`�q�`�mo�$
�#�#≡ �. �l�$�$�$�$�$�$�$



�>�C�<�K�O�@�M �-�) �D�I�O�M�J�?�P�>�O�D�J�I �O�J �>�J�M�@ �H�D�I�D�F�<�I�M�@�I �,�1

�m�`�o�p�m�i�n�#�#�, �- �.�$�$�6 �m�`�k�g�\�^�d�i�b�m�p�i�. �r�d�o�c�m�p�i�/ �^�\�p�n�`�n �_�d�q�`�m�b�`�i�^�`�' �c�j�r�`�q�`�m�' �n�d�i�^�` �o�c�`�m�`

�\�m�` �j�i�g�t �o�c�m�`�` �q�\�g�p�`�n�' �\�i�_ �n�d�i�^�`�i�`�q�`�mo �g�j�j�k�n �d�i�_�`�{�i�d�o�`�g�t�)

�-�)�- �O�m�\�i�n�g�\�o�d�i�b �N�^�c�`�h�` �>�j�_�` �o�j �h�d�i�d�F�\�i�m�`�i

�D�i �o�c�d�n �n�`�^�o�d�j�i �r�` �o�m�\�i�n�g�\�o�` �o�c�` �n�o�\�i�_�\�m�_ �N�^�c�`�h�` �a�p�i�^�o�d�j�i�\�k�k�`�i�_�o�j �o�c�` �`�l�p�d�q�\�g�`�i�o

�h�d�i�d�F�\�i�m�`�i �m�`�g�\�o�d�j�i�'appendo�) �\�k�k�`�i�_�o�\�f�`�n �o�r�j �g�d�n�o�n �\�n �\�m�b�p�h�`�i�o�n�' �\�i�_ �m�`�o�p�m�i�n

�o�c�` �\�k�k�`�i�_�`�_ �g�d�n�o�)

�#�\�k�k�`�i�_�#�#�\ �] � �̂$�$ �#�#�_ ��̀$�$�$⇒ �#�#�\ �] �^ �_ �`�$�$

�C�`�m�` �d�n �o�c�` �_�`�{�i�d�o�d�j�i �j�a�\�k�k�`�i�_�)

�#�_�`�{�i�` �\�k�k�`�i�_
�#λ �#�g �n�$

�#�^�j�i�_
�#�#�i�p�g�g�: �g�$�n�$
�#�`�g�n�`�#� �̂j�i�n�#� �̂\�m �g�$ �#�\�k�k�`�i�_�#� �̂_�m �g�$�n�$�$�$�$�$�$

�M�\�o�c�`�m �o�c�\�i �o�m�\�i�n�g�\�o�` �o�c�` �N�^�c�`�h�` �_�`�{�i�d�o�d�j�i �_�d�m�`�^�o�g�t �o�j �h�d�i�d�F�\�i�m�`�i�' �r�` �r�d�g�g

�h�\�n�n�\�b�` �o�c�` �N�^�c�`�h�` �^�j�_�` �o�j �h�\�f�` �d�o �^�g�j�n�`�m �d�i �n�k�d�m�d�o �o�j �\ �h�d�i�d�F�\�i�m�`�i �m�`�g�\�o�d�j�i�) �J�i�g�t

�\�a�o�`�m �r�` �c�\�q�` �k�`�m�a�j�m�h�`�_ �n�`�q�`�m�\�g �N�^�c�`�h�`�(�o�j�(�N�^�c�`�h�` �o�m�\�i�n�a�j�m�h�\�o�d�j�i�n �r�d�g�g �r�` �o�m�\�i�n�g�\�o�`

�o�j �h�d�i�d�F�\�i�m�`�i�,�)

�A�d�m�n�o �r�` �m�`�k�g�\�^�` �o�c�` �\�g�r�\�t�n�(�o�m�p�`�`�g�n��̀o�`�n�o �r�d�o�c �\�i �`�s�k�g�d�^�d�o�k�\�d�m�:�o�`�n�o�' �h�\�f�d�i�b

�o�c��̀^�j�i�_ �^�g�\�p�n�`�n�i�j�i�(�j�q�`�m�g�\�k�k�d�i�b�-�)

�, �O�c�d�n �\�k�k�m�j�\�^�c �_�d�z�`�m�n �a�m�j�h �o�c�\�o �j�a �#�A�m�d�`�_�h�\�i �`�o �\�g�)�-�+�+�0�$�' �r�c�d�^�c �o�m�\�i�n�g�\�o�`�n �N�^�c�`�h�` �a�p�i�^�o�d�j�i�n
�_�d�m�`�^�o�g�t �o�j �h�d�i�d�F�\�i�m�`�i�)

�-�O�c�` �^�j�i�^�`�k�o �j�a �i�j�i�(�j�q�`�m�g�\�k�k�d�i�b �^�g�\�p�n�`�n �d�n �m�`�q�d�n�d�o�`�_ �d�i �n�`�^�o�d�j�i�2�)�.�)
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�#�_�`�{�i�` �\�k�k�`�i�_
�#λ �#�g �n�$

�#�^�j�i�_
�#�#�i�p�g�g�: �g�$�n�$
�#�#�k�\�d�m�: �g�$ �#� �̂j�i�n�#� �̂\�m �g�$ �#�\�k�k�`�i�_�#� �̂_�m �g�$�n�$�$�$�$�$�$

�I�`�s�o �r�` �m�`�k�g�\�^�`�^�j�i�_ �r�d�o�c �o�c�`�k�h�\�o�^�c�k�\�o�o�`�m�i�(�h�\�o�^�c�d�i�b �h�\�^�m�j �a�m�j�h �<�k�(

�k�`�i�_�d�s�=�) �O�c�` �p�n�` �j�a �k�\�o�o�`�m�i �h�\�o�^�c�d�i�b �d�n �^�g�j�n�` �d�i �n�k�d�m�d�o �o�j �p�i�d�{�^�\�o�d�j�i�' �\�i�_ �g�`�o�n �p�n

�`�\�n�d�g�t �o�m�\�i�n�g�\�o�` �o�c�` �^�j�_�` �o�j �p�n�`�h�\�o�^�ce �j�mλe �a�m�j�h �<�k�k�`�i�_�d�s�>�)

�#�_�`�{�i�` �\�k�k�`�i�_
�#λ �#�g �n�$

�#�k�h�\�o�^�c �#�#�g �n�$�$
�#�#�#�#�#�$�$�n�$�$�n�$
�#�#�#�#�#�\ � �_�$�$�n�$�$
�#� �̂j�i�n �\�#�\�k�k�`�i�_ �_ �n�$�$�$�$�$�$

�R�` �o�c�`�i �k�`�m�a�j�m�h �\�i�p�i�i�`�n�o�d�i�b�n�o�`�k �m�`�h�d�i�d�n�^�`�i�o �j�a �o�c�` �>�j�i�o�d�i�p�\�o�d�j�i�(�K�\�n�n�d�i�b

�N�o�t�g�` �#�>�K�N�$ �o�m�\�i�n�a�j�m�h�\�o�d�j�i�. �#�n�`�`�' �a�j�m �`�s�\�h�k�g�`�'�A�m�d�`�_�h�\�i �\�i�_ �R�\�i�_�#�-�+�+�3�$�$�5 �r�`

�p�i�i�`�n�o �\�i�t �i�`�n�o�`�_ �^�\�g�g�n�' �d�i�o�m�j�_�p�^�d�i�b�g�`�o�(�]�j�p�i�_ �q�\�m�d�\�]�g�`�n �r�c�`�m�` �i�`�^�`�n�n�\�m�t�/�)

�#�_�`�{�i�` �\�k�k�`�i�_
�#λ �#�g �n�$

�#�k�h�\�o�^�c �#�#�g �n�$�$
�#�#�#�#�#�$�$�n�$�$�n�$
�#�#�#�#�#�\ � �_�$�$�n�$�$
�#�g�`�o�#�#�m�`�n�#�\�k�k�`�i�_ �_ �n�$�$�$

�#� �̂j�i�n �\ �m�`�n�$�$�$�$�$�$

�<�a�o�`�m �p�i�i�`�n�o�d�i�b�' �r�` �\�m�` �m�`�\�_�t �o�j �o�m�\�i�n�g�\�o�` �o�c�` �N�^�c�`�h�` �a�p�i�^�o�d�j�i �d�i�o�j �\ �h�d�i�d�F�\�i�(

�m�`�i �m�`�g�\�o�d�j�i�) �R�` �\�_�_ �\ �n�p�k�`�m�n�^�m�d�k�oo �o�j �o�c�` �i�\�h�`�' �o�j �d�i�_�d�^�\�o�` �o�c�` �i�`�r �a�p�i�^�o�d�j�i �d�n �\

�. �H�j�m�` �^�j�m�m�`�^�o�g�t�' �o�c�` �p�i�i�`�n�o�`�_ �k�m�j�b�m�\�h �d�n �n�d�h�d�g�\�m �o�j �j�i�` �d�i �<�(�I�j�m�h�\�g �A�j�m�h �#�<�I�A�$ �#�A�g�\�i�\�b�\�i
�`�o �\�g�)�,�4�4�.�$�)

�/ �P�i�g�d�f�` �d�i �o�c�` �>�K�N �o�m�\�i�n�a�j�m�h�\�o�d�j�i �r�` �h�p�n�o �p�i�i�`�n�o�`�q�`�m�t�^�\�g�g�' �`�q�`�i �o�c�j�n�` �b�p�\�m�\�i�o�`�`�_ �o�j �o�`�m�h�d�(
�i�\�o�`�) �A�j�m �`�s�\�h�k�g�`�' �p�i�i�`�n�o�d�i�b �#� �̂j�i�n�#� �̂j�i�n�, �-�$�.�$ �m�`�n�p�g�o�n �d�i �#�g�`�o�#�#�o�h�k�#� �̂j�i�n�, �-�$�$�$ �#� �̂j�i�n �o�h�k�.�$�$�)
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�m�`�g�\�o�d�j�i�) �R�` �\�_�_ �\�i �3�j�p�o�k�p�o�4 �\�m�b�p�h�`�i�o�0 �\�i�_ �^�c�\�i�b�`�k�h�\�o�^�c�o�j�h�\�o�^�ce�) �R�` �\�_�_

�o�c�` �j�p�o�k�p�o �\�m�b�p�h�`�i�o �o�j �o�c�` �g�d�n�o �j�a �q�\�g�p�`�n �]�`�d�i�b �h�\�o�^�c�`�_ �\�b�\�d�i�n�o �]�t�h�\�o�^�ce�' �\�i�_

�o�c�` �d�i�_�d�q�d�_�p�\�g �k�\�o�o�`�m�i�n�) �<�i�t �q�\�g�p�` �o�c�\�o �r�j�p�g�_ �c�\�q�` �k�m�`�q�d�j�p�n�g�t �]�`�`�i �m�`�o�p�m�i�`�_ �h�p�n�o

�i�j�r �]�` �p�i�d�{�`�_ �r�d�o�c �o�c�`�j�p�o�\�m�b�p�h�`�i�o�' �`�d�o�c�`�m �`�s�k�g�d�^�d�o�g�t �p�n�d�i�b≡ �j�m �d�h�k�g�d�^�d�o�g�t �p�n�d�i�b

�k�\�o�o�`�m�i �h�\�o�^�c�d�i�b�) �R�` �\�g�n�j �^�c�\�i�b�` �o�c�`�g�`�o�o�j�`�s�d�n�o�d�i�o�m�j�_�p�^�d�i�b �\ �3�o�`�h�k�j�m�\�m�t�4 �g�j�b�d�^

�q�\�m�d�\�]�g�`�)

�#�_�`�{�i�` appendo

�#λ �#�g �n �j�p�o�$
�#�h�\�o�^�ce �#�#�g �n �j�p�o�$�$

�#�#�#�#�#�$�$�n �n�$�$�$
�#�#�#�#�#�\ � �_�$�$�n �j�p�o�$�$
�#�`�s�d�n�o�#�m�`�n�$

�#appendo �_ �n �m�`�n�$
�#≡ �#� �̂j�i�n �\ �m�`�n�$�j�p�o�$�$�$�$�$�$

�N�d�i�^�` �r�` �\�m�` �h�\�o�^�c�d�i�b �\�b�\�d�i�n�o �\�g�g �o�c�` �\�m�b�p�h�`�i�o�n �j�aappendo�' �r�` �^�\�i �p�n�λ̀e

�m�\�o�c�`�m �o�c�\�i�h�\�o�^�ce�) �<�g�n�j�' �r�` �h�\�t �r�d�n�c �o�j �m�`�k�g�\�^�` �#� �̂j�i�n �\ �m�`�n�$ �r�d�o�c�#�#�\ � �m�`�n�$�$�o�j

�m�`�|�`�^�o �j�p�m �p�n�` �j�a �p�i�d�{�^�\�o�d�j�i �\�n �k�\�o�o�`�m�i �h�\�o�^�c�d�i�b�)

�#�_�`�{�i�` appendo

�#λe �#�g �n �j�p�o�$
�#�#�#�#�#�$�$�n �n�$�$�$
�#�#�#�#�#�\ � �_�$�$�n �j�p�o�$�$
�#�`�s�d�n�o�#�m�`�n�$

�#appendo �_ �n �m�`�n�$
�#≡ �#�#�\ � �m�`�n�$�$�j�p�o�$�$�$�$�$

�D�a �r�` �_�j �i�j�o �r�d�n�c �o�j �p�n�` �o�c�`�h�\�o�^�ce �j�mλe �k�\�o�o�`�m�i �h�\�o�^�c�d�i�b �h�\�^�m�j�n�' �r�` �^�\�i

�m�`�r�m�d�o�`appendo �d�i �^�j�m�` �h�d�i�d�F�\�i�m�`�i�)
�0�R�c�`�i �o�m�\�i�n�g�\�o�d�i�b �\ �N�^�c�`�h�` �k�m�`�_�d�^�\�o�` �o�j �\ �h�d�i�d�F�\�i�m�`�i �m�`�g�\�o�d�j�i �r�` �_�j �i�j�o �\�_�_ �\�i �3�j�p�o�k�p�o�4

�\�m�b�p�h�`�i�o�) �O�c�d�n �d�n �]�`�^�\�p�n�` �n�p�^�^�`�n�n �j�m �a�\�d�g�p�m�` �j�a �\ �^�\�g�g �o�j �o�c�` �m�`�g�\�o�d�j�i �d�n �`�l�p�d�q�\�g�`�i�o �o�j �o�c�` �N�^�c�`�h�`
�k�m�`�_�d�^�\�o�` �m�`�o�p�m�i�d�i�b���o�j�m���a�' �m�`�n�k�`�^�o�d�q�`�g�t�)
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�#�_�`�{�i�` appendo

�#λ �#�g �n �j�p�o�$
�#�^�j�i�_e

�#�#≡ �#�#�$�$�g�$ �#≡ �n �j�p�o�$�$
�#�#�`�s�d�n�o�#�\ �_�$

�#≡ �#�#�\ � �_�$�$�g�$
�#�`�s�d�n�o�#�m�`�n�$

�#appendo �_ �n �m�`�n�$
�#≡ �#�#�\ � �m�`�n�$�$�j�p�o�$�$�$�$�$�$�$

�J�a �^�j�p�m�n�` �r�` �^�\�i �p�n�` �o�c�`appendo �m�`�g�\�o�d�j�i �o�j �\�k�k�`�i�_ �o�r�j �g�d�n�o�n�)

�#�m�p�i∗ �#�l�$ �#appendo �#�#�\ �] � �̂$�$ �#�#�_ ��̀$�$�l�$�$⇒ �#�#�#�#�\ �] �^ �_ �`�$�$�$�$

�=�p�o �r�` �^�\�i �\�g�n�j �{�i�_ �\�g�g �k�\�d�m�n �j�a �g�d�n�o�n �o�c�\�o�' �r�c�`�i �\�k�k�`�i�_�`�_�' �k�m�j�_�p�^�`�#�#�\ �] �^ �_ �`�$�$�)

�#�m�p�i�1 �#�l�$
�#�`�s�d�n�o�#�g �n�$

�#appendo �g �n�#�#�\ �] �^ �_ �`�$�$�$
�#≡ �#�#�g �n�$�$�l�$�$�$⇒

�#�#�#�#�#�#�$�$ �#�#�\ �] �^ �_ �`�$�$�$�$
�#�#�#�#�\�$�$ �#�#�] �^ �_ �`�$�$�$�$
�#�#�#�#�\ �]�$�$ �#�#�^ �_ �`�$�$�$�$
�#�#�#�#�\ �] � �̂$�$ �#�#�_ ��̀$�$�$�$
�#�#�#�#�\ �] �^ �_�$�$ �#�#� �̀$�$�$�$
�#�#�#�#�\ �] �^ �_ �`�$�$ �#�#�$�$�$�$�$�$

�P�i�a�j�m�o�p�i�\�o�`�g�t�' �m�`�k�g�\�^�d�i�b�m�p�i�1 �r�d�o�c�m�p�i�2 �m�`�n�p�g�o�n �d�i �_�d�q�`�m�b�`�i�^�`�' �a�j�m �m�`�\�n�j�i�n �`�s�k�g�\�d�i�`�_

�d�i �>�c�\�k�o�`�m�0�) �R�` �^�\�i �\�q�j�d�_ �o�c�d�n �k�m�j�]�g�`�h �d�a �r�` �n�r�\�k �o�c�` �g�\�n�o �o�r�j �g�d�i�`�n �j�aappendo�)

�#�_�`�{�i�` appendo

�#λ �#�g �n �j�p�o�$
�#�^�j�i�_e

�#�#≡ �#�#�$�$�g�$ �#≡ �n �j�p�o�$�$
�#�#�`�s�d�n�o�#�\ �_�$

�#≡ �#�#�\ � �_�$�$�g�$
�#�`�s�d�n�o�#�m�`�n�$

�#≡ �#�#�\ � �m�`�n�$�$�j�p�o�$
�#appendo �_ �n �m�`�n�$�$�$�$�$�$�$
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�O�c�d�n �{�i�\�g �q�`�m�n�d�j�i �j�aappendo �d�g�g�p�n�o�m�\�o�`�n �\�i �d�h�k�j�m�o�\�i�o �k�m�d�i�^�d�k�g�`�5 �p�i�d�{�^�\�o�d�j�i�n �n�c�j�p�g�_

�\�g�r�\�t�n �^�j�h�` �]�`�a�j�m�` �m�`�^�p�m�n�d�q�` �^�\�g�g�n�' �j�m �^�\�g�g�n �o�j �j�o�c�`�m �3�n�`�m�d�j�p�n�4 �m�`�g�\�o�d�j�i�n�)

�-�)�. �D�h�k�p�m�` �J�k�`�m�\�o�j�m�n

�D�i �o�c�d�n �n�`�^�o�d�j�i �r�` �d�i�^�g�p�_�` �n�`�q�`�m�\�g�d�h�k�p�m�`�j�k�`�m�\�o�j�m�n �o�c�\�o �\�k�k�`�\�m �d�i �`�\�m�g�d�`�m �r�j�m�f

�j�i �h�d�i�d�F�\�i�m�`�i�' �i�j�o�\�]�g�t�A�m�d�`�_�h�\�i �`�o �\�g�)�#�-�+�+�0�$ �\�i�_�I�`�\�m �`�o �\�g�)�#�-�+�+�3�$�5�k�m�j�e�`�^�o�'

�^�j�i�_a�' �^�j�i�_u�' �j�i� �̂ ò�' �\�i�_copy�(termo�) �O�c�`�n�` �j�k�`�m�\�o�j�m�n �\�m�` �i�j�o �^�j�i�n�d�_�`�m�`�_ �k�\�m�o

�j�a �^�j�m�` �h�d�i�d�F�\�i�m�`�i�' �\�i�_ �\�m�` �d�i�c�`�m�`�i�o�g�t �i�j�i�(�m�`�g�\�o�d�j�i�\�g �n�d�i�^�` �o�c�`�t �h�\�t �i�j�o �r�j�m�f
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�r�d�o�c�j�p�o �g�j�b�d�^ �q�\�m�d�\�]�g�`�n�) �A�d�i�\�g�g�t�' �d�i �n�`�^�o�d�j�i�.�)�.�' �r�` �_�d�n�^�p�n�n �h�d�i�d�F�\�i�m�`�i �b�j�\�g�n�' �r�c�d�^�c

�h�\�k �n�p�]�n�o�d�o�p�o�d�j�i�n �o�j �#�k�j�o�`�i�o�d�\�g�g�t �d�i�{�i�d�o�`�$ �n�o�m�`�\�h�n �j�a �n�p�]�n�o�d�o�p�o�d�j�i�n�) �R�` �o�c�`�i �_�`�{�i�`

�o�c�` �^�j�m�` �h�d�i�d�F�\�i�m�`�i �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m�n≡�' �`�s�d�n�o�' �\�i�_�^�j�i�_e�' �\�g�j�i�b �r�d�o�c �o�c�` �d�i�o�`�m�a�\�^�`

�j�k�`�m�\�o�j�m�m�p�i�)

�-�/
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�.�)�, �Q�\�m�d�\�]�g�`�n�' �N�p�]�n�o�d�o�p�o�d�j�i�n�' �\�i�_ �P�i�d�{�^�\�o�d�j�i

�R�` �m�`�k�m�`�n�`�i�o �g�j�b�d�^ �q�\�m�d�\�]�g�`�n �\�n �q�`�^�o�j�m�n �j�a �g�`�i�b�o�c �j�i�`�,�)

�#�_�`�{�i�`�(�n�t�i�o�\�s �q�\�m
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �s�$ �#�q� �̀^�o�j�m �s�$�$�$�$

�#�_�`�{�i�`�(�n�t�i�o�\�s �q�\�m�:
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �s�$ �#�q� �̀^�o�j�m�: �s�$�$�$�$

�O�c�` �n�d�i�b�g�` �\�m�b�p�h�`�i�o �o�j �o�c�`�q�\�m�^�j�i�n�o�m�p�^�o�j�m �d�n �\ �n�t�h�]�j�g �m�`�k�m�`�n�`�i�o�d�i�b �o�c�` �i�\�h�` �j�a

�o�c�` �q�\�m�d�\�]�g�`�-�)

�< �n�p�]�n�o�d�o�p�o�d�j�i �n�d�n �\ �h�\�k�k�d�i�b �]�`�o�r�`�`�i �g�j�b�d�^ �q�\�m�d�\�]�g�`�n �\�i�_ �q�\�g�p�`�n �#�\�g�n�j �^�\�g�g�`�_

�o�`�m�h�n�$�) �R�` �m�`�k�m�`�n�`�i�o �\ �n�p�]�n�o�d�o�p�o�d�j�i �\�n �\�i�\�n�n�j�^�d�\�o�d�j�i �g�d�n�o�' �r�c�d�^�c �d�n �\ �g�d�n�o �j�a �k�\�d�m�n

�\�n�n�j�^�d�\�o�d�i�b �q�`�^�o�j�m�n �o�j �q�\�g�p�`�n�6 �r�` �^�j�i�n�o�m�p�^�o �\�i �`�h�k�o�t �n�p�]�n�o�d�o�p�o�d�j�i �p�n�d�i�b�`�h�k�o�t�(�n

�#�_�`�{�i�` �`�h�k�o�t�(�n�#�#�$�$�$

�\�i�_ �`�s�o�`�i�_ �\�i �`�s�d�n�o�d�i�b �n�p�]�n�o�d�o�p�o�d�j�i�n�r�d�o�c �\ �i�`�r �\�n�n�j�^�d�\�o�d�j�i �]�`�o�r�`�`�i �\ �q�\�m�d�\�]�g�`�s

�\�i�_ �\ �q�\�g�p�`�q�p�n�d�i�b�`�s�o�(�n�(�i�j�(�^�c� �̀^�f

�#�_�`�{�i�` �`�s�o�(�n�(�i�j�(�^�c� �̀^�f�#λ �#�s �q �n�$ �#� �̂j�i�n�#�#�s � �q�$�$�n�$�$�$

�D�a�s�' �t�' �\�i�_�u�\�m�` �g�j�b�d�^ �q�\�m�d�\�]�g�`�n �^�j�i�n�o�m�p�^�o�`�_ �p�n�d�i�b�q�\�m�' �o�c�`�i �o�c�` �\�n�n�j�^�d�\�o�d�j�i �g�d�n�o

�#�#�#�#�s � �0�$�$ �#�#�t � ���o�$�$�$�$�m�`�k�m�`�n�`�i�o�n �\ �n�p�]�n�o�d�o�p�o�d�j�i �o�c�\�o �\�n�n�j�^�d�\�o�`�n�s �r�d�o�c�0�' �t �r�d�o�c���o�' �\�i�_

�g�`�\�q�`�n�u�p�i�\�n�n�j�^�d�\�o�`�_�)
�, �M�1�M�N �N�^�c�`�h�` �n�p�k�k�j�m�o�n �m�`�^�j�m�_�n�' �r�c�d�^�c �\�m�b�p�\�]�g�t �k�m�j�q�d�_�` �\ �]�`�o�o�`�m �\�]�n�o�m�\�^�o�d�j�i �a�j�m �g�j�b�d�^ �q�\�m�d�\�]�g�`�n�)

�R�` �p�n�` �q�`�^�o�j�m�n �a�j�m �^�j�h�k�\�o�d�]�d�g�d�o�t �r�d�o�c �M�0�M�N �N�^�c�`�h�`�.�j�i�` �^�j�i�n�`�l�p�`�i�^�` �d�n �o�c�\�o �q�`�^�o�j�m�n �n�c�j�p�g�_ �i�j�o
�\�k�k�`�\�m �d�i �\�m�b�p�h�`�i�o�n �k�\�n�n�`�_ �o�j�p�i�d�a�t�)

�-�O�c�d�n �i�\�h�` �d�n �p�n�`�a�p�g �a�j�m �_�`�]�p�b�b�d�i�b�) �H�j�m�` �d�h�k�j�m�o�\�i�o�g�t�' �r�` �h�p�n�o �`�i�n�p�m�` �o�c�\�o �o�c�` �q�`�^�o�j�m�n �^�m�`�\�o�`�_
�r�d�o�c�q�\�m�\�m�` �i�j�i�(�`�h�k�o�t�) �O�c�d�n �d�n �]�`�^�\�p�n�` �r�` �p�n�` �N�^�c�`�h�`�1�n� �̀l�: �o�`�n�o �o�j �_�d�n�o�d�i�b�p�d�n�c �]�`�o�r�`�`�i �q�\�m�d�\�]�g�`�n�'
�\�i�_ � �̀l�: �d�n �i�j�o �b�p�\�m�\�i�o�`�`�_ �o�j �_�d�n�o�d�i�b�p�d�n�c �]�`�o�r�`�`�i �o�r�j �i�j�i�(�`�h�k�o�t �q�`�^�o�j�m�n�)
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�O�c�` �m�d�b�c�o�(�c�\�i�_�(�n�d�_�` �#�m�c�n�$ �j�a �\�i �\�n�n�j�^�d�\�o�d�j�i �h�\�t �d�o�n�`�g�a �]�` �\ �g�j�b�d�^ �q�\�m�d�\�]�g�`�) �D�i

�o�c�` �n�p�]�n�o�d�o�p�o�d�j�i�#�#�#�#�t � �0�$�$ �#�#�s � �t�$�$�$�$�' �s �d�n �\�n�n�j�^�d�\�o�`�_ �r�d�o�c�t�' �r�c�d�^�c �d�i �o�p�m�i �d�n �\�n�n�j�^�d�(

�\�o�`�_ �r�d�o�c�0�) �O�c�p�n�' �]�j�o�c�s �\�i�_ �t �\�m�` �\�n�n�j�^�d�\�o�`�_ �r�d�o�c�0�) �O�c�d�n �m�`�k�m�`�n�`�i�o�\�o�d�j�i �d�n

�f�i�j�r�i �\�n �\ �3�o�m�d�\�i�b�p�g�\�m�4 �n�p�]�n�o�d�o�p�o�d�j�i�' �\�n �j�k�k�j�n�`�_ �o�j �o�c�` �h�j�m�` �^�j�h�h�j�i �3�d�_�`�h�k�j�(

�o�`�i�o�4 �m�`�k�m�`�n�`�i�o�\�o�d�j�i�. �j�a�#�#�#�#�t � �0�$�$ �#�#�s � �0�$�$�$�$�) �#�N�`�`�=�\�\�_�`�m �\�i�_ �N�i�t�_�`�m�#�-�+�+�,�$ �a�j�m �h�j�m�`

�j�i �n�p�]�n�o�d�o�p�o�d�j�i�n�)�$ �J�i�` �\�_�q�\�i�o�\�b�` �j�a �o�m�d�\�i�b�p�g�\�m �n�p�]�n�o�d�o�p�o�d�j�i�n �d�n �o�c�\�o �o�c�`�t �^�\�i �]�` �`�\�n�(

�d�g�t �`�s�o�`�i�_�`�_ �p�n�d�i�b� �̂j�i�n�' �r�d�o�c�j�p�o �n�d�_�`�(�`�z�`�^�o�d�i�b �j�m �m�`�]�p�d�g�_�d�i�b �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i�) �O�c�d�n

�g�\�^�f �j�a �n�d�_�`�(�`�z�`�^�o�n �k�`�m�h�d�o�n �n�c�\�m�d�i�b �j�a �n�p�]�n�o�d�o�p�o�d�j�i�n�' �r�c�d�g�` �n�p�]�n�o�d�o�p�o�d�j�i �`�s�o�`�i�n�d�j�i

�m�`�h�\�d�i�n �\ �^�j�i�n�o�\�i�o�(�o�d�h�` �j�k�`�m�\�o�d�j�i�) �O�c�d�n �n�c�\�m�d�i�b�' �d�i �o�p�m�i�' �b�d�q�`�n �p�n �]�\�^�f�o�m�\�^�f�d�i�b

�a�j�m �a�m�`�`�.�r�` �e�p�n�o �3�a�j�m�b�`�o�4 �d�m�m�`�g�`�q�\�i�o �\�n�n�j�^�d�\�o�d�j�i�n �]�t �p�n�d�i�b �\�i �j�g�_�`�m �q�`�m�n�d�j�i �j�a �o�c�`

�n�p�]�n�o�d�o�p�o�d�j�i�' �r�c�d�^�c �d�n �\�g�r�\�t�n �\ �n�p�z�d�s �j�a �o�c�` �^�p�m�m�`�i�o �n�p�]�n�o�d�o�p�o�d�j�i�)

�O�m�d�\�i�b�p�g�\�m �n�p�]�n�o�d�o�p�o�d�j�i �m�`�k�m�`�n�`�i�o�\�o�d�j�i �d�n �r�`�g�g�(�n�p�d�o�`�_ �a�j�m �a�p�i�^�o�d�j�i�\�g �d�h�k�g�`�h�`�i�o�\�(

�o�d�j�i�n �j�a �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b�' �n�d�i�^�` �d�o �\�g�g�j�r�n �n�c�\�m�d�i�b �j�a �n�p�]�n�o�d�o�p�o�d�j�i�n�) �P�i�a�j�m�o�p�i�\�o�`�g�t�'

�o�c�`�m�` �\�m�` �n�`�q�`�m�\�g �n�d�b�i�d�{�^�\�i�o �_�d�n�\�_�q�\�i�o�\�b�`�n �o�j �o�c�` �o�m�d�\�i�b�p�g�\�m �m�`�k�m�`�n�`�i�o�\�o�d�j�i�) �O�c�`

�h�\�e�j�m �_�d�n�\�_�q�\�i�o�\�b�` �d�n �o�c�\�o �q�\�m�d�\�]�g�` �g�j�j�f�p�k �d�n �]�j�o�c �h�j�m�` �^�j�h�k�g�d�^�\�o�`�_ �\�i�_ �h�j�m�`

�`�s�k�`�i�n�d�q�`�/ �o�c�\�i �r�d�o�c �d�_�`�h�k�j�o�`�i�o �n�p�]�n�o�d�o�p�o�d�j�i�n�) �R�d�o�c �d�_�`�h�k�j�o�`�i�o �n�p�]�n�o�d�o�p�o�d�j�i�n�'

�q�\�m�d�\�]�g�` �g�j�j�f�p�k �^�\�i �]�` �_�`�{�i�`�_ �\�n �a�j�g�g�j�r�n�' �r�c�`�m�`�m�c�n�0 �m�`�o�p�m�i�n �o�c�` �m�d�b�c�o�(�c�\�i�_�(�n�d�_�` �j�a

�\�i �\�n�n�j�^�d�\�o�d�j�i�)

�. �D�i �\�i�d�_�`�h�k�j�o�`�i�o�n�p�]�n�o�d�o�p�o�d�j�i�' �\ �q�\�m�d�\�]�g�` �o�c�\�o �\�k�k�`�\�m�n �j�i �o�c�` �g�`�a�o�(�c�\�i�_�(�n�d�_�` �j�a �\�i �\�n�n�j�^�d�\�o�d�j�i
�i�`�q�`�m �\�k�k�`�\�m�n �j�i �o�c�` �m�c�n�)

�/ �D�i �>�c�\�k�o�`�m�/ �r�` �r�d�g�g �`�s�k�g�j�m�` �n�`�q�`�m�\�g �r�\�t�n �o�j �d�h�k�m�j�q�` �o�c�` �`�z�d�^�d�`�i�^�t �j�a �q�\�m�d�\�]�g�` �g�j�j�f�p�k �r�c�`�i
�p�n�d�i�b �o�m�d�\�i�b�p�g�\�m �n�p�]�n�o�d�o�p�o�d�j�i�n�)

�0�m�c�n�d�n �e�p�n�o �_�`�{�i�`�_ �o�j �]�`� �̂_�m�)
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�#�_�`�{�i�` �g�j�j�f�p�k
�#λ �#�q �n�$

�#�^�j�i�_
�#�#�q�\�m�:�q�$
�#�g�`�o�#�#�\ �#�\�n�n�l �q �n�$�$�$

�#�^�j�i�_
�#�\ �#�m�c�n �\�$�$
�#�`�g�n�`�q�$�$�$�$

�#�`�g�n�`�q�$�$�$�$

�D�a�q�d�n �\�i �p�i�\�n�n�j�^�d�\�o�`�_ �q�\�m�d�\�]�g�`�' �j�m �\ �i�j�i�(�q�\�m�d�\�]�g�` �o�`�m�h�'�g�j�j�f�p�k�1 �e�p�n�o �m�`�o�p�m�i�n�q�)

�R�c�`�i �g�j�j�f�d�i�b �p�k �\ �q�\�m�d�\�]�g�` �d�i �\ �o�m�d�\�i�b�p�g�\�m �n�p�]�n�o�d�o�p�o�d�j�i�' �r�` �h�p�n�o �d�i�n�o�`�\�_ �p�n�`

�o�c�` �h�j�m�` �^�j�h�k�g�d�^�\�o�`�_�r�\�g�f�a�p�i�^�o�d�j�i�)

�#�_�`�{�i�` �r�\�g�f
�#λ �#�q �n�$

�#�^�j�i�_
�#�#�q�\�m�:�q�$
�#�g�`�o�#�#�\ �#�\�n�n�l �q �n�$�$�$

�#�^�j�i�_
�#�\ �#�r�\�g�f�#�m�c�n �\�$�n�$�$
�#�`�g�n�`�q�$�$�$�$

�#�`�g�n�`�q�$�$�$�$

�D�a�' �r�c�`�i �r�\�g�f�d�i�b �\ �q�\�m�d�\�]�g�`�s �d�i �\ �n�p�]�n�o�d�o�p�o�d�j�i�n�' �r�` �{�i�_ �o�c�\�o�s �d�n �]�j�p�i�_ �o�j

�\�i�j�o�c�`�m �q�\�m�d�\�]�g�`�t�' �r�` �h�p�n�o �o�c�`�i �r�\�g�f�t �d�i �o�c�` �j�m�d�b�d�i�\�g �n�p�]�n�o�d�o�p�o�d�j�i�n�) �r�\�g�f�d�n

�o�c�`�m�`�a�j�m�` �i�j�o �k�m�d�h�d�o�d�q�` �m�`�^�p�m�n�d�q�` �#�F�g�`�`�i�`�,�4�0�-�$�.�d�i �a�\�^�o�'�r�\�g�f�^�\�i �_�d�q�`�m�b�` �d�a �p�n�`�_ �j�i

�\ �n�p�]�n�o�d�o�p�o�d�j�i �^�j�i�o�\�d�i�d�i�b �\ �^�d�m�^�p�g�\�m�d�o�t�6 �a�j�m �`�s�\�h�k�g�`�' �r�c�`�i �r�\�g�f�d�i�b�s �d�i �`�d�o�c�`�m �o�c�`

�1�A�j�m �a�\�i�n �j�a �n�t�i�o�\�^�o�d�^ �n�p�b�\�m�' �o�c�d�n �_�`�{�i�d�o�d�j�i �^�\�i �]�` �n�c�j�m�o�`�i�`�_ �p�n�d�i�b�^�j�i�_�1�n �\�m�m�j�r �i�j�o�\�o�d�j�i�)

�#�_�`�{�i�` �g�j�j�f�p�k
�#λ �#�q �n�$

�#�^�j�i�_
�#�#�\�i�_ �#�q�\�m�:�q�$ �#�\�n�n�l �q �n�$�$⇒ �m�c�n�$
�#�`�g�n�`�q�$�$�$�$
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�n�p�]�n�o�d�o�p�o�d�j�i�#�#�#�#�s � �s�$�$�$�$�j�m�#�#�#�#�t � �s�$�$ �#�#�s � �t�$�$�$�$�) �h�d�i�d�F�\�i�m�`�i�1�n �p�i�d�{�^�\�o�d�j�i �a�p�i�^�o�d�j�i�'�p�i�d�a�t�'

�`�i�n�p�m�`�n �o�c�\�o �o�c�`�n�` �f�d�i�_�n �j�a �^�d�m�^�p�g�\�m�d�o�d�`�n �\�m�` �i�`�q�`�m �d�i�o�m�j�_�p�^�`�_ �d�i�o�j �\ �n�p�]�n�o�d�o�p�o�d�j�i�) �D�i

�\�_�_�d�o�d�j�i�'�p�i�d�a�t�k�m�j�c�d�]�d�o�n �^�d�m�^�p�g�\�m�d�o�d�`�n �j�a �o�c�` �a�j�m�h�#�#�#�#�s � �#�#�s�$�$�$�$�$�$�a�m�j�h �]�`�d�i�b �\�_�_�`�_ �o�j �o�c�`

�n�p�]�n�o�d�o�p�o�d�j�i�) �<�g�o�c�j�p�b�c �o�c�d�n �^�d�m�^�p�g�\�m�d�o�t �r�d�g�g �i�j�o �^�\�p�n�`�r�\�g�f�o�j �_�d�q�`�m�b�`�' �d�o �^�\�i �^�\�p�n�`

�_�d�q�`�m�b�`�i�^�` �_�p�m�d�i�b �m�`�d�{�^�\�o�d�j�i �#�_�`�n�^�m�d�]�`�_ �d�i �n�`�^�o�d�j�i�.�)�-�$�) �O�j �k�m�`�q�`�i�o �^�d�m�^�p�g�\�m�d�o�d�`�n �a�m�j�h

�]�`�d�i�b �d�i�o�m�j�_�p�^�`�_�' �r�` �`�s�o�`�i�_ �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i �p�n�d�i�b�`�s�o�(�n�m�\�o�c�`�m �o�c�\�i�`�s�o�(�n�(�i�j�(�^�c� �̀^�f�)

�#�_�`�{�i�` �`�s�o�(�n
�#λ �#�s �q �n�$

�#�^�j�i�_
�#�#�j� �̂^�p�m�n

√
�s �q �n�$���a�$

�#�`�g�n�`�#�`�s�o�(�n�(�i�j�(�^�c� �̀^�f �s �q �n�$�$�$�$�$

�#�_�`�{�i�` �j� �̂^�p�m�n
√

�#λ �#�s �q �n�$
�#�g�`�o�#�#�q�#�r�\�g�f �q �n�$�$�$

�#�^�j�i�_
�#�#�q�\�m�:�q�$ �#� �̀l�: �q �s�$�$
�#�#�k�\�d�m�: �q�$ �#�j�m�#�j� �̂^�p�m�n

√
�s �#� �̂\�m �q�$�n�$ �#�j� �̂^�p�m�n

√
�s �#� �̂_�m �q�$�n�$�$�$

�#�`�g�n�`���a�$�$�$�$�$

�`�s�o�(�n�^�\�g�g�n �o�c�`�j� �̂^�p�m�n
√

�k�m�`�_�d�^�\�o�`�' �r�c�d�^�c �m�`�o�p�m�i�n���o�d�a �\�_�_�d�i�b �\�i �\�n�n�j�^�d�\�o�d�j�i �]�`�o�r�`�`�i

�s�\�i�_ �q�r�j�p�g�_ �d�i�o�m�j�_�p�^�` �\ �^�d�m�^�p�g�\�m�d�o�t�) �D�a �n�j�'�`�s�o�(�n�m�`�o�p�m�i�n���a�d�i�n�o�`�\�_ �j�a �\�i �`�s�o�`�i�_�`�_

�n�p�]�n�o�d�o�p�o�d�j�i�' �d�i�_�d�^�\�o�d�i�b �o�c�\�o �p�i�d�{�^�\�o�d�j�i �c�\�n �a�\�d�g�`�_�)

�p�i�d�a�t�p�i�d�{�`�n �o�r�j �o�`�m�h�n�p �\�i�_ �q �r�d�o�c �m�`�n�k�`�^�o �o�j �\ �n�p�]�n�o�d�o�p�o�d�j�i�n�' �m�`�o�p�m�i�d�i�b

�\ �#�k�j�o�`�i�o�d�\�g�g�t �`�s�o�`�i�_�`�_�$ �n�p�]�n�o�d�o�p�o�d�j�i �d�a �p�i�d�{�^�\�o�d�j�i �n�p�^�^�`�`�_�n�' �\�i�_ �m�`�o�p�m�i�d�i�b���a�d�a

�p�i�d�{�^�\�o�d�j�i �a�\�d�g�n �j�m �r�j�p�g�_ �d�i�o�m�j�_�p�^�` �\ �^�d�m�^�p�g�\�m�d�o�t�2�)

�2�J�]�n�`�m�q�` �o�c�\�o�p�i�d�a�t�^�\�g�g�n�`�s�o�(�n�(�i�j�(�^�c� �̀^�f�m�\�o�c�`�m �o�c�\�i�`�s�o�(�n�d�a�p �\�i�_ �q�\�m�` �_�d�n�o�d�i�^�o �p�i�\�n�n�j�^�d�\�o�`�_
�q�\�m�d�\�]�g�`�n�' �o�c�`�m�`�]�t �\�q�j�d�_�d�i�b �\�i �p�i�i�`�^�`�n�n�\�m�t �^�\�g�g �o�j�r�\�g�f�a�m�j�h �d�i�n�d�_�`�j� �̂^�p�m�n

√
�)
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�#�_�`�{�i�` �p�i�d�a�t
�#λ �#�p �q �n�$

�#�g�`�o�#�#�p�#�r�\�g�f �p �n�$�$
�#�q�#�r�\�g�f �q �n�$�$�$

�#�^�j�i�_
�#�#� �̀l�: �p �q�$�n�$
�#�#�q�\�m�:�p�$
�#�^�j�i�_

�#�#�q�\�m�:�q�$ �#�`�s�o�(�n�(�i�j�(�^�c� �̀^�f �p �q �n�$�$
�#�`�g�n�`�#�`�s�o�(�n �p �q �n�$�$�$�$

�#�#�q�\�m�:�q�$ �#�`�s�o�(�n �q �p �n�$�$
�#�#�\�i�_ �#�k�\�d�m�: �p�$ �#�k�\�d�m�: �q�$�$
�#�g�`�o�#�#�n�#�p�i�d�a�t�#� �̂\�m �p�$ �#� �̂\�m �q�$�n�$�$�$

�#�\�i�_ �n�#�p�i�d�a�t�#� �̂_�m �p�$ �#� �̂_�m �q�$�n�$�$�$�$
�#�#� �̀l�p�\�g�: �p �q�$�n�$
�#�`�g�n�`���a�$�$�$�$�$

�O�c�` �^�\�g�g �o�j�j� �̂^�p�m�n
√

�a�m�j�h �r�d�o�c�d�i�`�s�o�(�n�d�n �k�j�o�`�i�o�d�\�g�g�t �`�s�k�`�i�n�d�q�`�' �n�d�i�^�` �d�o �h�p�n�o �k�`�m�(

�a�j�m�h �\ �^�j�h�k�g�`�o�` �o�m�`�` �r�\�g�f �j�i �d�o�n �n�`�^�j�i�_ �\�m�b�p�h�`�i�o�) �O�c�`�m�`�a�j�m�`�' �r�` �\�g�n�j �_�`�{�i�`�p�i�d�a�t�(

�i�j�(�^�c� �̀^�f�' �r�c�d�^�c �k�`�m�a�j�m�h�n�p�i�n�j�p�i�_�p�i�d�{�^�\�o�d�j�i �]�p�o �d�n �h�j�m�` �`�z�d�^�d�`�i�o �o�c�\�i�p�i�d�a�t�3�)

�#�_�`�{�i�` �p�i�d�a�t�(�i�j�(�^�c� �̀^�f
�#λ �#�p �q �n�$

�#�g�`�o�#�#�p�#�r�\�g�f �p �n�$�$
�#�q�#�r�\�g�f �q �n�$�$�$

�#�^�j�i�_
�#�#� �̀l�: �p �q�$�n�$
�#�#�q�\�m�:�p�$ �#�`�s�o�(�n�(�i�j�(�^�c� �̀^�f �p �q �n�$�$
�#�#�q�\�m�:�q�$ �#�`�s�o�(�n�(�i�j�(�^�c� �̀^�f �q �p �n�$�$
�#�#�\�i�_ �#�k�\�d�m�: �p�$ �#�k�\�d�m�: �q�$�$
�#�g�`�o�#�#�n�#�p�i�d�a�t�(�i�j�(�^�c� �̀^�f�#� �̂\�m �p�$ �#� �̂\�m �q�$�n�$�$�$

�#�\�i�_ �n�#�p�i�d�a�t�(�i�j�(�^�c� �̀^�f�#� �̂_�m �p�$ �#� �̂_�m �q�$�n�$�$�$�$
�#�#� �̀l�p�\�g�: �p �q�$�n�$
�#�`�g�n�`���a�$�$�$�$�$

�3�<�k�o �\�i�_ �K�`�g�g�`�b�m�d�i�d�#�,�4�4�-�$ �k�j�d�i�o �j�p�o �o�c�\�o�' �d�i �k�m�\�^�o�d�^�`�' �j�h�d�n�n�d�j�i �j�a �o�c�` �j�^�^�p�m�n �^�c�`�^�f �d�n �p�n�p�\�g�g�t
�i�j�o �\ �k�m�j�]�g�`�h�) �C�j�r�`�q�`�m�' �o�c�` �o�t�k�` �d�i�a�`�m�`�i�^�`�m �k�m�`�n�`�i�o�`�_ �d�i �n�`�^�o�d�j�i�4�)�.�m�`�l�p�d�m�`�n �n�j�p�i�_ �p�i�d�{�^�\�o�d�j�i �o�j
�k�m�`�q�`�i�o �n�`�g�a�(�\�k�k�g�d�^�\�o�d�j�i �a�m�j�h �o�t�k�`�^�c�`�^�f�d�i�b�)
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�.�)�- �M�`�d�{�^�\�o�d�j�i

�M�`�d�{� �̂\�o�d�j�i�d�n �o�c�` �k�m�j�^�`�n�n �j�a �o�p�m�i�d�i�b �\ �h�d�i�d�F�\�i�m�`�i �o�`�m�h �d�i�o�j �\ �N�^�c�`�h�` �q�\�g�p�` �o�c�\�o

�_�j�`�n �i�j�o �^�j�i�o�\�d�i �g�j�b�d�^ �q�\�m�d�\�]�g�`�n�) �O�c�`�m�`�d�a�t�a�p�i�^�o�d�j�i �o�\�f�`�n �\ �n�p�]�n�o�d�o�p�o�d�j�i�n�\�i�_ �\�i

�\�m�]�d�o�m�\�m�t �q�\�g�p�`�q�' �k�`�m�c�\�k�n �^�j�i�o�\�d�i�d�i�b �q�\�m�d�\�]�g�`�n�' �\�i�_ �m�`�o�p�m�i�n �o�c�` �m�`�d�{�`�_ �q�\�g�p�` �j�a�q�)

�#�_�`�{�i�` �m�`�d�a�t
�#λ �#�q �n�$

�#�g�`�o�#�#�q�#�r�\�g�f∗ �q �n�$�$�$
�#�r�\�g�f∗ �q�#�m�`�d�a�t�(�n �q �`�h�k�o�t�(�n�$�$�$�$�$

�A�j�m �`�s�\�h�k�g�`�' �#�m�`�d�a�t�#�#�0�s�#�#���o�t �s�$�$�u�$�$�`�h�k�o�t�(�n�$ �m�`�o�p�m�i�n�#�#�0�Z
0

�#�#���o�Z
1

�Z
0
�$�$�Z

2
�$�$�)

�m�`�d�a�t�p�n�`�n�r�\�g�f∗ �o�j �_�`�`�k�g�t �r�\�g�f �\ �o�`�m�h �r�d�o�c �m�`�n�k�`�^�o �o�j �\ �n�p�]�n�o�d�o�p�o�d�j�i�) �D�a�n�d�n

�o�c�` �n�p�]�n�o�d�o�p�o�d�j�i�#�#�#�#�u� �1�$�$ �#�#�t � �0�$�$ �#�#�s � �#�#�t �u�$�$�$�$�$�$�' �o�c�`�i �#�r�\�g�f �s �n�$ �m�`�o�p�m�i�n�#�#�t �u�$�$�r�c�d�g�`

�#�r�\�g�f∗ �s �n�$ �m�`�o�p�m�i�n�#�#�0 �1�$�$�4�)

�#�_�`�{�i�` �r�\�g�f∗

�#λ �#�q �n�$
�#�g�`�o�#�#�q�#�r�\�g�f �q �n�$�$�$

�#�^�j�i�_
�#�#�q�\�m�:�q�$�q�$
�#�#�k�\�d�m�: �q�$ �#� �̂j�i�n�#�r�\�g�f∗ �#� �̂\�m �q�$�n�$ �#�r�\�g�f∗ �#� �̂_�m �q�$�n�$�$�$
�#�`�g�n�`�q�$�$�$�$�$

�m�`�d�a�t�\�g�n�j �^�\�g�g�n�m�`�d�a�t�(�n�' �r�c�d�^�c �d�n �o�c�` �c�`�\�m�o �j�a �o�c�` �m�`�d�{�^�\�o�d�j�i �\�g�b�j�m�d�o�c�h�)

�#�_�`�{�i�` �m�`�d�a�t�(�n
�#λ �#�q �n�$

�#�g�`�o�#�#�q�#�r�\�g�f �q �n�$�$�$
�#�^�j�i�_

�#�#�q�\�m�:�q�$ �#�`�s�o�(�n �q�#�m�`�d�a�t�(�i�\�h�`�#�g�`�i�b�o�c �n�$�$�n�$�$
�#�#�k�\�d�m�: �q�$ �#�m�`�d�a�t�(�n�#� �̂_�m �q�$ �#�m�`�d�a�t�(�n�#� �̂\�m �q�$�n�$�$�$
�#�`�g�n�`�n�$�$�$�$�$

�4�D�a�n�d�n �d�_�`�h�k�j�o�`�i�o�'�r�\�g�f∗ �d�n �`�l�p�d�q�\�g�`�i�o �o�j�r�\�g�f�)
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�m�`�d�a�t�(�n�o�\�f�`�n �\�r�\�g�f∗�`�_ �o�`�m�h �\�n �d�o�n �{�m�n�o �\�m�b�p�h�`�i�o�6 �d�o�n �n�`�^�j�i�_ �\�m�b�p�h�`�i�o �n�o�\�m�o�n �j�p�o �\�n

�`�h�k�o�t�(�n�) �O�c�` �m�`�n�p�g�o �j�a �d�i�q�j�f�d�i�b�m�`�d�a�t�(�n�d�n �\�m�`�d�{� �̀_ �i�\�h�`�n�p�]�n�o�d�o�p�o�d�j�i�' �\�n�n�j�^�d�\�o�d�i�b

�g�j�b�d�^ �q�\�m�d�\�]�g�`�n �o�j �_�d�n�o�d�i�^�o �n�t�h�]�j�g�n �j�a �o�c�` �a�j�m�h �Z
n
�)

�m�`�d�a�t�(�n�d�i �o�p�m�i �m�`�g�d�`�n �j�i�m�`�d�a�t�(�i�\�h�`�o�j �k�m�j�_�p�^�` �o�c�` �\�^�o�p�\�g �n�t�h�]�j�g�)

�#�_�`�{�i�` �m�`�d�a�t�(�i�\�h�`
�#λ �#�i �$

�#�n�o�m�d�i�b��n�t�h�]�j�g�#�n�o�m�d�i�b�(�\�k�k�`�i�_���Z�)�� �#�i�p�h�]�`�m��n�o�m�d�i�b �i�$�$�$�$�$

�.�)�. �B�j�\�g�n �\�i�_ �B�j�\�g �>�j�i�n�o�m�p�^�o�j�m�n

�< �b�j�\�g�b�d�n �\ �a�p�i�^�o�d�j�i �o�c�\�o �h�\�k�n �\ �n�p�]�n�o�d�o�p�o�d�j�i�n�o�j �\�i �j�m�_�`�m�`�_ �n�`�l�p�`�i�^�` �j�a �u�`�m�j �j�m

�h�j�m�` �q�\�g�p�`�n�.�o�c�`�n�` �q�\�g�p�`�n �\�m�` �\�g�h�j�n�o �\�g�r�\�t�n �n�p�]�n�o�d�o�p�o�d�j�i�n�) �#�A�j�m �^�g�\�m�d�o�t�' �r�` �i�j�o�\�o�`

λ �\�nλ�B �r�c�`�i �^�m�`�\�o�d�i�b �n�p�^�c �\ �a�p�i�^�o�d�j�i�b�)�$ �=�`�^�\�p�n�` �o�c�` �n�`�l�p�`�i�^�` �j�a �q�\�g�p�`�n �h�\�t �]�`

�d�i�{�i�d�o�`�' �r�` �m�`�k�m�`�n�`�i�o �d�o �i�j�o �\�n �\ �g�d�n�o �]�p�o �\�n �\ �n�k�`�^�d�\�g �f�d�i�_ �j�a �n�o�m�`�\�h�'�\∞ �)

�N�p�^�c �n�o�m�`�\�h�n �^�j�i�o�\�d�i �`�d�o�c�`�m �u�`�m�j�' �j�i�`�' �j�m �h�j�m�` �q�\�g�p�`�n �#�F�d�n�`�g�t�j�q �`�o �\�g�)�-�+�+�0�6

�N�k�d�q�`�t �\�i�_ �N�`�m�`�n�-�+�+�.�$�) �R�` �p�n�` �#�h�u�`�m�j�$ �o�j �m�`�k�m�`�n�`�i�o �o�c�` �`�h�k�o�t �n�o�m�`�\�h �j�a �q�\�g�p�`�n�)

�D�a�\ �d�n �\ �q�\�g�p�`�' �o�c�`�i �#�p�i�d�o�\�$ �m�`�k�m�`�n�`�i�o�n �o�c�` �n�o�m�`�\�h �^�j�i�o�\�d�i�d�i�b �e�p�n�o�\�) �O�j �m�`�k�m�`�n�`�i�o

�\ �i�j�i�(�`�h�k�o�t �n�o�m�`�\�h �r�` �p�n�` �#�^�c�j�d�^�`�\ �a�$�' �r�c�`�m�`�\ �d�n �o�c�` �{�m�n�o �q�\�g�p�` �d�i �o�c�` �n�o�m�`�\�h�'

�\�i�_ �r�c�`�m�`�a�d�n �\ �a�p�i�^�o�d�j�i �j�a �u�`�m�j �\�m�b�p�h�`�i�o�n�) �#�A�j�m �^�g�\�m�d�o�t�' �r�` �i�j�o�\�o�`λ �\�nλ�A �r�c�`�i

�^�m�`�\�o�d�i�b �n�p�^�c �\ �a�p�i�^�o�d�j�i�a�)�$ �D�i�q�j�f�d�i�b �o�c�` �a�p�i�^�o�d�j�i�a�k�m�j�_�p�^�`�n �o�c�` �m�`�h�\�d�i�_�`�m �j�a �o�c�`

�n�o�m�`�\�h�) �#�p�i�d�o�\�$ �^�\�i �]�` �m�`�k�m�`�n�`�i�o�`�_ �\�n �#�^�c�j�d�^�`�\ �#λ�A �#�$ �#�h�u�`�m�j�$�$�$�' �]�p�o �o�c�`�p�i�d�o

�^�j�i�n�o�m�p�^�o�j�m �\�q�j�d�_�n �o�c�` �^�j�n�o �j�a �]�p�d�g�_�d�i�b �\�i�_ �o�\�f�d�i�b �\�k�\�m�o �k�\�d�m�n �\�i�_ �d�i�q�j�f�d�i�b �a�p�i�^�o�d�j�i�n�'

�n�d�i�^�` �h�\�i�t �b�j�\�g�n �m�`�o�p�m�i �j�i�g�t �n�d�i�b�g�`�o�j�i �n�o�m�`�\�h�n�) �O�j �m�`�k�m�`�n�`�i�o �\�i �d�i�^�j�h�k�g�`�o�` �n�o�m�`�\�h�'

�r�` �^�m�`�\�o�` �\�i�a�p�n�d�i�b �#�d�i� �̂ �̀$�' �r�c�`�m�`�` �d�n �\�i�`�s�k�m�`�n�n�d�j�i�o�c�\�o �`�q�\�g�p�\�o�`�n �o�j �\�i�\∞ �)
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�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z�$���a�$�$�$

�#�_�`�{�i�`�(�n�t�i�o�\�s �p�i�d�o
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �\�$�\�$�$�$

�#�_�`�{�i�`�(�n�t�i�o�\�s �^�c�j�d�^�`
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �\ �a�$ �#� �̂j�i�n �\ �a�$�$�$�$

�#�_�`�{�i�`�(�n�t�i�o�\�s �d�i�^
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z � �̀$ �#λ�A �#�$� �̀$�$�$�$

�O�j �`�i�n�p�m�` �o�c�\�o �n�o�m�`�\�h�n �k�m�j�_�p�^�`�_ �]�t �o�c�`�n�` �a�j�p�m�\∞ �^�j�i�n�o�m�p�^�o�j�m�n �^�\�i �]�` �_�d�n�o�d�i�(

�b�p�d�n�c�`�_�' �r�` �\�n�n�p�h�` �o�c�\�o �\ �n�d�i�b�g�`�o�j�i�\∞ �d�n �i�`�q�`�m���a�' �\ �a�p�i�^�o�d�j�i�' �j�m �\ �k�\�d�m �r�c�j�n�`� �̂_�m

�d�n �\ �a�p�i�^�o�d�j�i�) �O�j �_�d�n�^�m�d�h�d�i�\�o�` �\�h�j�i�b �o�c�`�n�` �a�j�p�m �^�\�n�`�n�' �r�` �_�`�{�i�`�^�\�n�`∞ �)

�#�_�`�{�i�`�(�n�t�i�o�\�s �^�\�n�`∞

�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$
�#�#�Z �` �#�#�$e0�$ �#�#f̂ �$e1�$ �#�#â�$e2�$ �#�#�\ �a�$e3�$�$
�#�g�`�o�#�#�\∞ � �̀$�$

�#�^�j�i�_
�#�#�i�j�o �\∞ �$e0�$
�#�#�k�m�j� �̂ �̀_�p�m�`�: �\∞ �$ �#�g�`�o�#�#̂f �\∞ �$�$e1�$�$
�#�#�\�i�_ �#�k�\�d�m�: �\∞ �$ �#�k�m�j� �̂ �̀_�p�m�`�:�#� �̂_�m �\∞ �$�$�$
�#�g�`�o�#�#�\ �#� �̂\�m �\∞ �$�$ �#�a�#� �̂_�m �\∞ �$�$�$e3�$�$

�#�`�g�n�`�#�g�`�o�#�#̂a �\∞ �$�$e2�$�$�$�$�$�$�$

�O�c�` �n�d�h�k�g�`�n�o �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m �d�n≡�' �r�c�d�^�c �m�`�o�p�m�i�n �`�d�o�c�`�m �\ �n�d�i�b�g�`�o�j�i �n�o�m�`�\�h �j�m

�\�i �`�h�k�o�t �n�o�m�`�\�h�' �_�`�k�`�i�_�d�i�b �j�i �r�c�`�o�c�`�m �o�c�` �\�m�b�p�h�`�i�o�n �p�i�d�a�t �r�d�o�c �o�c�` �d�h�k�g�d�^�d�o

�n�p�]�n�o�d�o�p�o�d�j�i�) �<�n �r�d�o�c �o�c�` �j�o�c�`�m �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m�n�'≡ �\�g�r�\�t�n �`�s�k�\�i�_�n �o�j �\ �b�j�\�g�' �`�q�`�i

�d�a �\�i �\�m�b�p�h�`�i�o �_�d�q�`�m�b�`�n�)
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�#�_�`�{�i�`�(�n�t�i�o�\�s≡
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �p �q�$
�#λ�B �#�\�$

�#�^�j�i�_
�#�#�p�i�d�a�t �p �q �\�$⇒ �#λ �#�\�$ �#�p�i�d�o�\�$�$�$
�#�`�g�n�`�#�h�u�`�m�j�$�$�$�$�$�$�$

�R�` �^�\�i �\�g�n�j �_�`�{�i�`≡�(�i�j�(�^�c� �̀^�f�' �r�c�d�^�c �k�`�m�a�j�m�h�n �p�i�n�j�p�i�_ �p�i�d�{�^�\�o�d�j�i �r�d�o�c�j�p�o �o�c�`

�j�^�^�p�m�n �^�c�`�^�f�)

�#�_�`�{�i�`�(�n�t�i�o�\�s≡�(�i�j�(�^�c� �̀^�f
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �p �q�$
�#λ�B �#�\�$

�#�^�j�i�_
�#�#�p�i�d�a�t�(�i�j�(�^�c� �̀^�f �p �q �\�$⇒ �#λ �#�\�$ �#�p�i�d�o�\�$�$�$
�#�`�g�n�`�#�h�u�`�m�j�$�$�$�$�$�$�$

�^�j�i�_e �d�n �\ �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m �o�c�\�o �^�j�h�]�d�i�`�n �n�p�^�^�`�n�n�d�q�`�^�j�i�_e�(�^�g�\�p�n�`�n �p�n�d�i�b�h�k�g�p�n∗�)

�O�j �\�q�j�d�_ �p�i�r�\�i�o�`�_ �_�d�q�`�m�b�`�i�^�`�' �r�` �o�m�`�\�o �o�c�`�^�j�i�_e�(�^�g�\�p�n�`�n �\�n �\ �n�d�i�b�g�`�d�i� �̂n�o�m�`�\�h�)

�<�g�n�j�' �r�` �p�n�` �o�c�` �n�\�h�` �d�h�k�g�d�^�d�o �n�p�]�n�o�d�o�p�o�d�j�i �a�j�m �`�\�^�c�^�j�i�_e�(�^�g�\�p�n�`�)�h�k�g�p�n∗ �m�`�g�d�`�n �j�i

�h�k�g�p�n�' �r�c�d�^�c �o�\�f�`�n �\�i�\∞ �\�i�_ �\�i �a�\�i�_ �^�j�h�]�d�i�`�n �o�c�`�h �#�\ �f�d�i�_ �j�a�\�k�k�`�i�_�$�) �P�n�d�i�b

�d�i��̂' �c�j�r�`�q�`�m�' �\�g�g�j�r�n �\�i �\�m�b�p�h�`�i�o �o�j�]� �̀ �̂j�h� �̀\ �n�o�m�`�\�h�' �o�c�p�n �g�`�\�_�d�i�b �o�j �\ �m�`�g�\�o�d�q�`

�a�\�d�m�i�`�n�n �]�`�^�\�p�n�` �\�g�g �j�a �o�c�` �n�o�m�`�\�h �q�\�g�p�`�n �r�d�g�g �]�` �d�i�o�`�m�g�`�\�q�`�_�)

�#�_�`�{�i�`�(�n�t�i�o�\�s �^�j�i�_e

�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$
�#�#�Z �#g0 �b. . .�$ �#g1 ĝ . . .�$. . .�$
�#λ�B �#�\�$

�#�d�i�^
�#�h�k�g�p�n∗ �#�]�d�i�_∗ �#g0 �\�$�b. . .�$ �#�]�d�i�_∗ �#g1 �\�$ĝ . . .�$. . .�$�$�$�$�$�$
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�#�_�`�{�i�`�(�n�t�i�o�\�s �h�k�g�p�n∗

�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$
�#�#�Z � �̀$� �̀$
�#�#�Z e0 �` . . .�$ �#�h�k�g�p�ne0 �#λ�A �#�$ �#�h�k�g�p�n∗ �` . . .�$�$�$�$�$�$

�#�_�`�{�i�` �h�k�g�p�n
�#λ �#�\∞ �a�$

�#�^�\�n�`∞ �\∞

�#�#�$ �#�a�$�$
�#�#̂f �$ �#�d�i� �̂#�h�k�g�p�n�#�a�$f̂ �$�$�$
�#�#�\�$ �#�^�c�j�d�^�`�\ �a�$�$
�#�#�\ f̂ �$ �#�^�c�j�d�^�`�\ �#λ�A �#�$ �#�h�k�g�p�n�#�a�$f̂ �$�$�$�$�$�$�$

�D�a �o�c�` �]�j�_�t �j�a�^�j�i�_e �r�`�m�` �e�p�n�o �o�c�`�h�k�g�p�n∗ �`�s�k�m�`�n�n�d�j�i�' �o�c�`�i �o�c�`�d�i� �̂^�g�\�p�n�`�n �j�a

�h�k�g�p�n�' �]�d�i�_�' �\�i�_�o�\�f��̀#�_�`�{�i�`�_ �]�`�g�j�r�$ �r�j�p�g�_ �i�`�q�`�m �]�` �m�`�\�^�c�`�_�' �\�i�_ �o�c�`�m�` �r�j�p�g�_ �]�`

�i�j �d�i�o�`�m�g�`�\�q�d�i�b �j�a �q�\�g�p�`�n�)

�`�s�d�n�o�d�n �\ �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m �o�c�\�o �{�m�n�o �g�`�s�d�^�\�g�g�t �]�d�i�_�n �d�o�n �q�\�m�d�\�]�g�`�n �#�^�m�`�\�o�`�_ �]�t

�q�\�m�$ �\�i�_ �o�c�`�i�' �p�n�d�i�b�]�d�i�_∗�' �^�j�h�]�d�i�`�n �n�p�^�^�`�n�n�d�q�` �b�j�\�g�n�)�]�d�i�_∗ �d�n �n�c�j�m�o�(�^�d�m�^�p�d�o�d�i�b�5

�n�d�i�^�` �o�c�` �`�h�k�o�t �n�o�m�`�\�h �#�h�u�`�m�j�$ �d�n �m�`�k�m�`�n�`�i�o�`�_ �]�t���a�' �\�i�t �a�\�d�g�`�_ �b�j�\�g �^�\�p�n�`�n�]�d�i�_∗

�o�j �d�h�h�`�_�d�\�o�`�g�t �m�`�o�p�m�i���a�) �]�d�i�_∗ �m�`�g�d�`�n �j�i�]�d�i�_�#�H�j�b�b�d�,�4�4�,�6�R�\�_�g�`�m�,�4�4�-�$�' �r�c�d�^�c

�\�k�k�g�d�`�n �o�c�` �b�j�\�g�b �o�j �`�\�^�c �`�g�`�h�`�i�o �d�i�\∞ �) �O�c�`�n�`�\∞ �1�n �\�m�` �o�c�`�i �h�`�m�b�`�_ �o�j�b�`�o�c�`�m

�r�d�o�c�h�k�g�p�n�t�d�`�g�_�d�i�b �\�i�\∞ �) �#�]�d�i�_�d�n �n�d�h�d�g�\�m �o�j �G�d�n�k�1�n�h�\�k� �̂\�i�' �r�d�o�c �o�c�` �\�m�b�p�h�`�i�o�n

�m�`�q�`�m�n�`�_�)�$

�#�_�`�{�i�`�(�n�t�i�o�\�s �`�s�d�n�o
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �#�s . . .�$g0 �b. . .�$
�#λ�B �#�\�$

�#�d�i�^
�#�g�`�o�#�#�s �#�q�\�m�s�$�$. . .�$

�#�]�d�i�_∗ �#g0 �\�$�b. . .�$�$�$�$�$�$�$
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�#�_�`�{�i�`�(�n�t�i�o�\�s �]�d�i�_∗

�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$
�#�#�Z � �̀$� �̀$
�#�#�Z �`g0 �b. . .�$ �#�]�d�i�_∗ �#�]�d�i�_ �g̀0�$�b. . .�$�$�$�$

�#�_�`�{�i�` �]�d�i�_
�#λ �#�\∞ �b�$

�#�^�\�n�`∞ �\∞

�#�#�$ �#�h�u�`�m�j�$�$
�#�#�a�$ �#�d�i� �̂#�]�d�i�_�#�a�$�b�$�$�$
�#�#�\�$ �#�b �\�$�$
�#�#�\ �a�$ �#�h�k�g�p�n�#�b �\�$ �#λ�A �#�$ �#�]�d�i�_�#�a�$�b�$�$�$�$�$�$�$

�O�j �h�d�i�d�h�d�u�` �c�`�\�k �\�g�g�j�^�\�o�d�j�i �r�` �^�m�`�\�o�` �\ �n�d�i�b�g�`λ�B �^�g�j�n�p�m�` �a�j�m �`�\�^�c �b�j�\�g �^�j�i�n�o�m�p�^�(

�o�j�m�' �\�i�_ �r�` �_�`�{�i�`�]�d�i�_∗ �\�i�_ �h�k�g�p�n∗ �o�j �h�\�i�\�b�` �n�`�l�p�`�i�^�`�n�' �i�j�o �g�d�n�o�n�' �j�a �b�j�\�g�(�g�d�f�`

�`�s�k�m�`�n�n�d�j�i�n�)

�m�p�i�' �\�i�_ �o�c�`�m�`�a�j�m�`�o�\�f�`�' �^�j�i�q�`�m�o�n �\�i�a�o�j �\ �g�d�n�o�)

�#�_�`�{�i�`�(�n�t�i�o�\�s �m�p�i
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �i �#�s�$g0 �b. . .�$
�#�o�\�f�` �i

�#λ�A �#�$
�#�#�`�s�d�n�o�#�s�$g0 �b. . .

�#λ�B �#�\�$
�#� �̂j�i�n�#�m�`�d�a�t �s �\�$�#�#�$�$�$�$�$

�`�h�k�o�t�(�n�$�$�$�$�$�$

�#�_�`�{�i�` �o�\�f�`
�#λ �#�i �a�$

�#�d�a�#�\�i�_ �i �#�u�`�m�j�: �i�$�$
�#�#�$�$
�#�^�\�n�`∞ �#�a�$

�#�#�$�#�#�$�$�$
�#�#�a�$ �#�o�\�f�` �i �a�$�$
�#�#�\�$�\�$
�#�#�\ �a�$ �#� �̂j�i�n�#� �̂\�m �\�$ �#�o�\�f��̀#�\�i�_ �i �#− �i �,�$�$�a�$�$�$�$�$�$�$



�>�C�<�K�O�@�M �.�) �D�H�K�G�@�H�@�I�O�<�O�D�J�I �D�5 �>�J�M�@ �H�D�I�D�F�<�I�M�@�I�.�1

�R�` �r�m�\�k �o�c�` �m�`�n�p�g�o �j�a �#�m�`�d�a�t �s �n�$ �d�i �\ �g�d�n�o �n�j �o�c�\�o �o�c�`�^�\�n�`∞ �d�i�o�\�f��̀^�\�i �_�d�n�o�d�i�b�p�d�n�c

�\ �n�d�i�b�g�`�o�j�i�\∞ �a�m�j�h �o�c�` �j�o�c�`�m �o�c�m�`�`�\∞ �o�t�k�`�n�) �R�` �^�j�p�g�_ �n�d�h�k�g�d�a�t�m�p�i�]�t �p�n�d�i�b�q�\�m

�o�j �^�m�`�\�o�` �o�c�` �p�i�\�n�n�j�^�d�\�o�`�_ �q�\�m�d�\�]�g�`�s�' �]�p�o �r�` �k�m�`�a�`�m �o�c�\�o�`�s�d�n�o�]�` �o�c�` �j�i�g�t �j�k�`�m�\�o�j�m

�o�c�\�o �^�\�g�g�n�q�\�m�,�+�) �D�a �o�c�` �{�m�n�o �\�m�b�p�h�`�i�o �o�j�o�\�f��̀d�n���a�' �r�` �b�`�o �o�c�` �]�`�c�\�q�d�j�m �j�a�m�p�i∗�)

�D�o �d�n �o�m�d�q�d�\�g �o�j �r�m�d�o�` �\ �m�`�\�_�(�`�q�\�g�(�k�m�d�i�o �g�j�j�k �o�c�\�o �p�n�`�n�m�p�i∗�1�n �d�i�o�`�m�a�\�^�` �]�t �m�`�_�`�{�i�d�i�b

�o�\�f�`�)

�.�)�/ �D�h�k�p�m�` �J�k�`�m�\�o�j�m�n

�R�` �^�j�i�^�g�p�_�` �o�c�d�n �^�c�\�k�o�`�m �]�t �_�`�{�i�d�i�b �o�c�` �d�h�k�p�m�` �j�k�`�m�\�o�j�m�n �d�i�o�m�j�_�p�^�`�_ �d�i �n�`�^�o�d�j�i�-�)�.�5

�k�m�j�e�`�^�o�' �r�c�d�^�c �^�\�i �]�` �p�n�`�_ �o�j �\�^�^�`�n�n �o�c�` �q�\�g�p�`�n �j�a �q�\�m�d�\�]�g�`�n�'�^�j�i�_a �\�i�_ �^�j�i�_u�'

�r�c�d�^�c �^�\�i �]�` �p�n�`�_ �o�j �k�m�p�i�` �o�c�` �n�`�\�m�^�c �o�m�`�` �j�a �\ �k�m�j�b�m�\�h�' �\�i�_copy�(termo�' �r�c�d�^�c

�^�j�k�d�`�n �\ �o�`�m�h�' �^�j�i�n�d�n�o�`�i�o�g�t �m�`�k�g�\�^�d�i�b �p�i�\�n�n�j�^�d�\�o�`�_ �g�j�b�d�^ �q�\�m�d�\�]�g�`�n �r�d�o�c �i�`�r �q�\�m�d�\�]�g�`�n�)

�k�m�j�e�`�^�o�\�k�k�g�d�`�n �o�c�` �d�h�k�g�d�^�d�o �n�p�]�n�o�d�o�p�o�d�j�i �o�j �u�`�m�j �j�m �h�j�m�` �g�`�s�d�^�\�g �q�\�m�d�\�]�g�`�n�' �m�`�(

�]�d�i�_�n �o�c�j�n�` �q�\�m�d�\�]�g�`�n �o�j �o�c�` �q�\�g�p�`�n �m�`�o�p�m�i�`�_�' �\�i�_ �o�c�`�i �`�q�\�g�p�\�o�`�n �o�c�` �b�j�\�g �`�s�k�m�`�n�n�d�j�i�n
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�#λ�B �#�\�$

�#�d�i�^
�#�d�aa �#�#g0 �\�$�b. . .�$
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�d�i �o�c�` �g�`�i�b�o�c �j�a �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i�) �O�c�d�n �c�\�k�k�`�i�n �r�c�`�i �g�j�j�f�d�i�b �p�k �\ �q�\�m�d�\�]�g�` �\�o

�o�c�` �]�`�b�d�i�i�d�i�b �j�a �\ �g�j�i�b �3�p�i�d�{�^�\�o�d�j�i �^�c�\�d�i�4�.�a�j�m �`�s�\�h�k�g�`�' �r�c�`�i �g�j�j�f�d�i�b �p�k�q �d�i

�o�c�` �3�k�`�m�a�`�^�o�g�t �o�m�d�\�i�b�p�g�\�m�4 �n�p�]�n�o�d�o�p�o�d�j�i�#�#�#�#�t � �u�$�$ �#�#�s � �t�$�$ �#�#�r � �s�$�$ �#�#�q� �r �$�$�$�$�) �>�j�i�o�m�\�n�o

�o�c�d�n �r�d�o�c �o�c�` �g�d�i�`�\�m �^�j�n�o �j�a �g�j�j�f�d�i�b �p�k�q�d�i �o�c�` �`�l�p�d�q�\�g�`�i�o �d�_�`�h�k�j�o�`�i�o �n�p�]�n�o�d�o�p�o�d�j�i

�#�#�#�#�t � �u�$�$ �#�#�s � �u�$�$ �#�#�r � �u�$�$ �#�#�q� �u�$�$�$�$�)

�A�j�m�o�p�i�\�o�`�g�t�' �`�s�o�m�`�h�`�g�t �g�j�i�b �p�i�d�{�^�\�o�d�j�i �^�c�\�d�i�n �m�\�m�`�g�t �j�^�^�p�m �d�i �m�`�\�g �g�j�b�d�^ �k�m�j�(

�b�m�\�h�n�) �M�\�o�c�`�m�' �o�c�` �h�\�e�j�m �^�j�n�o �j�a �q�\�m�d�\�]�g�` �g�j�j�f�p�k�n �d�n �d�i �r�\�g�f�d�i�b �p�i�\�n�n�j�^�d�\�o�`�_ �q�\�m�d�(

�\�]�g�`�n�) �R�c�`�i �p�n�d�i�b �o�m�d�\�i�b�p�g�\�m �n�p�]�n�o�d�o�p�o�d�j�i�n �#�j�m �`�q�`�i �d�_�`�h�k�j�o�`�i�o �n�p�]�n�o�d�o�p�o�d�j�i�n�$�' �o�c�`

�`�i�o�d�m�` �n�p�]�n�o�d�o�p�o�d�j�i �h�p�n�o �]�` �`�s�\�h�d�i�`�_ �o�j �_�`�o�`�m�h�d�i�` �o�c�\�o �\ �q�\�m�d�\�]�g�` �d�i �p�i�\�n�n�j�^�d�\�o�`�_�,�)

�J�i�` �n�j�g�p�o�d�j�i �o�j �o�c�d�n �k�m�j�]�g�`�h �d�n �o�j �p�n�` �\ �h�j�m�` �n�j�k�c�d�n�o�d�^�\�o�`�_ �_�\�o�\ �n�o�m�p�^�o�p�m�` �o�j �m�`�k�(

�m�`�n�`�i�o �o�m�d�\�i�b�p�g�\�m �n�p�]�n�o�d�o�p�o�d�j�i�n�.�a�j�m �`�s�\�h�k�g�`�' �r�` �h�d�b�c�o �p�n�` �\ �o�m�d�` �#�A�m�`�_�f�d�i�,�4�1�+�$ �d�i�(

�n�o�`�\�_ �j�a �\ �g�d�n�o�' �o�j �`�i�n�p�m�` �g�j�b�\�m�d�o�c�h�d�^ �^�j�n�o �r�c�`�i �g�j�j�f�d�i�b �p�k �\�i �p�i�\�n�n�j�^�d�\�o�`�_ �q�\�m�d�\�]�g�`�-�)

�A�j�m �n�d�h�k�g�d�^�d�o�t �r�` �r�d�g�g �m�`�o�\�d�i �j�p�m �\�n�n�j�^�d�\�o�d�j�i �g�d�n�o �m�`�k�m�`�n�`�i�o�\�o�d�j�i �j�a �n�p�]�n�o�d�o�p�o�d�j�i�n�) �D�i�(

�n�o�`�\�_ �j�a �^�c�\�i�b�d�i�b �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i �m�`�k�m�`�n�`�i�o�\�o�d�j�i�' �r�` �r�d�g�g �p�n�` �\ �o�m�d�^�f �o�j �_�`�o�`�m�h�d�i�`

�d�a �\ �q�\�m�d�\�]�g�` �d�n �p�i�\�n�n�j�^�d�\�o�`�_ �r�d�o�c�j�p�o �c�\�q�d�i�b �o�j �g�j�j�f �\�o �o�c�` �`�i�o�d�m�` �n�p�]�n�o�d�o�p�o�d�j�i�)

�, �K�m�j�g�j�b �d�h�k�g�`�h�`�i�o�\�o�d�j�i�n �]�\�n�`�_ �j�i �o�c�` �R�\�m�m�`�i �<�]�n�o�m�\�^�o �H�\�^�c�d�i�` �#�<�Í�o�(�F�\�^�d�,�4�4�,�$ �_�j �i�j�o �p�n�`
�`�s�k�g�d�^�d�o �n�p�]�n�o�d�o�p�o�d�j�i�n �o�j �m�`�k�m�`�n�`�i�o �q�\�m�d�\�]�g�` �\�n�n�j�^�d�\�o�d�j�i�n�) �D�i�n�o�`�\�_�' �o�c�`�t �m�`�k�m�`�n�`�i�o �`�\�^�c �q�\�m�d�\�]�g�` �\�n
�\ �h�p�o�\�]�g�` �]�j�s�' �\�i�_ �n�d�_�`�(�`�z�`�^�o �o�c�` �]�j�s �_�p�m�d�i�b �p�i�d�{�^�\�o�d�j�i�) �O�c�d�n �h�\�f�`�n �q�\�m�d�\�]�g�` �g�j�j�f�p�k �`�s�o�m�`�h�`�g�t
�a�\�n�o�' �]�p�o �m�`�l�p�d�m�`�n �m�`�h�`�h�]�`�m�d�i�b �\�i�_ �p�i�_�j�d�i�b �o�c�`�n�` �n�d�_�`�(�`�z�`�^�o�n �_�p�m�d�i�b �]�\�^�f�o�m�\�^�f�d�i�b�) �D�i �\�_�_�d�o�d�j�i�' �o�c�d�n
�n�d�h�k�g�` �h�j�_�`�g �\�n�n�p�h�`�n �\ �_�`�k�o�c�(�{�m�n�o �n�`�\�m�^�c �n�o�m�\�o�`�b�t�' �r�c�`�m�`�\�n �j�p�m �k�p�m�`�g�t �a�p�i�^�o�d�j�i�\�g �m�`�k�m�`�n�`�i�o�\�o�d�j�i
�^�\�i �]�` �p�n�`�_ �r�d�o�c �d�i�o�`�m�g�`�\�q�d�i�b �n�`�\�m�^�c �r�d�o�c�j�p�o �h�j�_�d�{�^�\�o�d�j�i�)

�-�<�]�_�p�g�\�u�d�u �B�c�p�g�j�p�h �c�\�n �d�h�k�g�`�h�`�i�o�`�_ �h�d�i�d�F�\�i�m�`�i �p�n�d�i�b �\ �o�m�d�`�(�]�\�n�`�_ �m�`�k�m�`�n�`�i�o�\�o�d�j�i �j�a �o�m�d�\�i�(
�b�p�g�\�m �n�p�]�n�o�d�o�p�o�d�j�i�n�) �?�\�q�d�_ �=�`�i�_�`�m �\�i�_ �G�d�i�_�n�`�t �F�p�k�`�m �c�\�q�` �`�s�o�`�i�_�`�_ �o�c�d�n �r�j�m�f�' �p�n�d�i�b �\ �q�\�m�d�`�o�t �j�a
�k�p�m�`�g�t �a�p�i�^�o�d�j�i�\�g �_�\�o�\ �n�o�m�p�^�o�p�m�`�n �o�j �m�`�k�m�`�n�`�i�o �o�m�d�\�i�b�p�g�\�m �n�p�]�n�o�d�o�p�o�d�j�i�n�) �O�c�`�n�` �h�j�m�` �n�j�k�c�d�n�o�d�^�\�o�`�_
�m�`�k�m�`�n�`�i�o�\�o�d�j�i�n �j�a �n�p�]�n�o�d�o�p�o�d�j�i�n �^�\�i �m�`�n�p�g�o �d�i �h�p�^�c �a�\�n�o�`�m �r�\�g�f�d�i�b �j�a �q�\�m�d�\�]�g�`�n�' �r�c�d�^�c �^�\�i �b�m�`�\�o�g�t
�n�k�`�`�_ �p�k �h�\�i�t �h�d�i�d�F�\�i�m�`�i �k�m�j�b�m�\�h�n�) �O�c�` �]�`�n�o �k�`�m�a�j�m�h�\�i�^�` �a�j�m �o�c�`�d�m �]�`�i�^�c�h�\�m�f�n �r�\�n �\�^�c�d�`�q�`�_
�p�n�d�i�b �\ �n�f�`�r �]�d�i�\�m�t �i�p�h�]�`�m �m�`�k�m�`�n�`�i�o�\�o�d�j�i �r�d�o�c�d�i �\ �m�\�i�_�j�h �\�^�^�`�n�n �g�d�n�o �#�J�f�\�n�\�f�d�,�4�4�0�$�)



�>�C�<�K�O�@�M �/�) �D�H�K�G�@�H�@�I�O�<�O�D�J�I �D�D�5 �J�K�O�D�H�D�U�D�I�B�R�<�G�F �/�,

�/�)�- �=�d�m�o�c �M�`�^�j�m�_�n

�O�j �\�q�j�d�_ �`�s�\�h�d�i�d�i�b �o�c�` �`�i�o�d�m�` �n�p�]�n�o�d�o�p�o�d�j�i �r�c�`�i �r�\�g�f�d�i�b �\�i �p�i�\�n�n�j�^�d�\�o�`�_ �q�\�m�d�\�]�g�`�'

�r�` �r�d�g�g �\�_�_ �\�]�d�m�o�c �m� �̀ �̂j�m�_�o�j �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i �r�c�`�i�`�q�`�m �r�` �d�i�o�m�j�_�p�^�` �\ �q�\�m�d�\�]�g�`

�p�n�d�i�b�`�s�d�n�o�) �A�j�m �`�s�\�h�k�g�`�' �o�j �m�p�i �o�c�` �b�j�\�g �#�`�s�d�n�o�#�s �t�$ �#≡ �0�s�$�$ �r�` �r�j�p�g�_ �\�_�_ �o�c�`

�]�d�m�o�c �m�`�^�j�m�_�n�#�#�s � �s�$�$�\�i�_�#�#�t � �t�$�$�o�j �o�c�` �^�p�m�m�`�i�o �n�p�]�n�o�d�o�p�o�d�j�i�' �o�c�`�i �m�p�i �#≡ �0�s�$ �d�i �o�c�`

�`�s�o�`�i�_�`�_ �n�p�]�n�o�d�o�p�o�d�j�i�) �P�i�d�a�t�d�i�b�s�r�d�o�c�0�m�`�l�p�d�m�`�n �p�n �o�j �r�\�g�f�s�5 �r�c�`�i �r�` �_�j �n�j�' �r�`

�d�h�h�`�_�d�\�o�`�g�t �`�i�^�j�p�i�o�`�m �o�c�` �]�d�m�o�c �m�`�^�j�m�_�#�#�s � �s�$�$�' �d�i�_�d�^�\�o�d�i�b�s�d�n �p�i�\�n�n�j�^�d�\�o�`�_�) �P�i�d�{�(

�^�\�o�d�j�i �o�c�`�i �n�p�^�^�`�`�_�n�' �\�_�_�d�i�b �o�c�` �\�n�n�j�^�d�\�o�d�j�i�#�#�s � �0�$�$�o�j �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i �o�j �k�m�j�_�p�^�`

�#�#�#�#�s � �0�$�$ �#�#�s � �s�$�$ �#�#�t � �t�$�$. . .�$�$�)

�C�`�m�` �\�m�`�`�s�d�n�o�\�i�_ �r�\�g�f�' �h�j�_�d�{�`�_ �o�j �p�n�` �]�d�m�o�c �m�`�^�j�m�_�n�)

�#�_�`�{�i�`�(�n�t�i�o�\�s �`�s�d�n�o
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �#�s . . .�$g0 �b. . .�$
�#λ�B �#�n�$

�#�d�i�^
�#�g�`�o�#�#�s �#�q�\�m�s�$�$. . .�$

�#�g�`�o∗ �#�#�n�#�`�s�o�(�n �s �s �n�$�$
. . .�$

�#�]�d�i�_∗ �#g0 �n�$�b. . .�$�$�$�$�$�$�$�$

�#�_�`�{�i�` �r�\�g�f
�#λ �#�q �n�$

�#�^�j�i�_
�#�#�q�\�m�:�q�$
�#�g�`�o�#�#�\ �#�\�n�n�l �q �n�$�$�$

�#�^�j�i�_
�#�\ �#�d�a�#� �̀l�: �#�m�c�n �\�$�q�$�q�#�r�\�g�f�#�m�c�n �\�$�n�$�$�$
�#�`�g�n�`�q�$�$�$�$

�#�`�g�n�`�q�$�$�$�$



�>�C�<�K�O�@�M �/�) �D�H�K�G�@�H�@�I�O�<�O�D�J�I �D�D�5 �J�K�O�D�H�D�U�D�I�B�R�<�G�F �/�-

�O�`�^�c�i�d�^�\�g�g�t�' �]�d�m�o�c �m�`�^�j�m�_�n �`�i�n�p�m�` �o�c�\�o �r�` �i�`�`�_ �i�j�o �`�s�\�h�d�i�` �o�c�` �`�i�o�d�m�` �n�p�]�n�o�d�o�p�(

�o�d�j�i �o�j �_�`�o�`�m�h�d�i�` �\ �q�\�m�d�\�]�g�` �d�n �p�i�\�n�n�j�^�d�\�o�`�_�) �C�j�r�`�q�`�m�' �d�i �o�c�` �r�j�m�n�o �^�\�n�` �j�p�m �n�d�o�p�\�o�d�j�i

�c�\�n �i�j�o �d�h�k�m�j�q�`�_�.�5 �d�a �\ �q�\�m�d�\�]�g�` �d�n �d�i�o�m�j�_�p�^�`�_ �\�o �o�c�` �]�`�b�d�i�i�d�i�b �j�a �\ �k�m�j�b�m�\�h�' �]�p�o

�d�n �i�j�o �p�i�d�{�`�_ �p�i�o�d�g �o�c�` �`�i�_ �j�a �o�c�` �k�m�j�b�m�\�h�' �o�c�` �]�d�m�o�c �m�`�^�j�m�_ �r�d�g�g �j�^�^�p�m �\�o �o�c�` �q�`�m�t

�`�i�_ �j�a �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i�' �\�i�_ �g�j�j�f�p�k �r�d�g�g �n�o�d�g�g �o�\�f�` �g�d�i�`�\�m �o�d�h�`�) �A�j�m�o�p�i�\�o�`�g�t�' �d�i �h�j�n�o

�m�`�\�g�(�r�j�m�g�_ �k�m�j�b�m�\�h�n �q�\�m�d�\�]�g�`�n �\�m�` �p�i�d�{�`�_ �n�c�j�m�o�g�t �\�a�o�`�m �o�c�`�t �c�\�q�` �]�`�`�i �d�i�o�m�j�_�p�^�`�_�)

�O�c�d�n �g�j�^�\�g�d�o�t �j�a �m�`�a�`�m�`�i�^�` �h�`�\�i�n �o�c�\�o�' �d�i �k�m�\�^�o�d�^�`�' �]�d�m�o�c �m�`�^�j�m�_�n �n�d�b�i�d�{�^�\�i�o�g�t �m�`�_�p�^�`

�o�c�` �^�j�n�o �j�a �r�\�g�f�d�i�b �p�i�\�n�n�j�^�d�\�o�`�_ �q�\�m�d�\�]�g�`�n�)

�/�)�. �@�g�d�h�d�i�\�o�d�i�b�\�n�n�l�\�i�_ �>�c�`�^�f�d�i�b �o�c�`�m�c�n

�R�` �^�\�i �j�k�o�d�h�d�u�`�r�\�g�f�d�i �\�i�j�o�c�`�m �r�\�t�' �\�g�o�c�j�p�b�c �r�` �r�d�g�g �i�`�`�_ �o�j �`�g�d�h�d�i�\�o�` �j�p�m �^�\�g�g

�o�j�\�n�n�l�' �\�i�_ �d�i�o�m�j�_�p�^�` �\ �m�`�^�p�m�n�d�j�i �p�n�d�i�b �3�i�\�h�`�_�4�g�`�o�/�) �C�`�m�` �d�n �o�c�` �n�o�\�i�_�\�m�_�r�\�g�f�'

�r�d�o�c�j�p�o �]�d�m�o�c �m�`�^�j�m�_�n�)

�#�_�`�{�i�` �r�\�g�f
�#λ �#�qŝ�$

�#�g�`�o�g�j�j�k�#�#�nŝ�$�$
�#�^�j�i�_

�#�#�q�\�m�:�q�$
�#�^�j�i�_

�#�#�i�p�g�g�: �n�$�q�$
�#�#� �̀l�: �q�#�g�c�n�#� �̂\�m �n�$�$�$ �#�r�\�g�f�#�m�c�n�#� �̂\�m �n�$�$̂s�$�$
�#�`�g�n�`�#�g�j�j�k�#� �̂_�m �n�$�$�$�$�$

�#�`�g�n�`�q�$�$�$�$�$
�. �D�i�_�`�`�_�' �o�c�` �n�d�o�p�\�o�d�j�i �d�n �`�q�`�i �r�j�m�n�`�' �n�d�i�^�` �o�c�` �]�d�m�o�c �m�`�^�j�m�_�n �h�j�m�` �o�c�\�i �_�j�p�]�g�` �o�c�` �g�`�i�b�o�c �j�a �o�c�`

�n�p�]�n�o�d�o�p�o�d�j�i �o�c�\�o �h�p�n�o �]�` �r�\�g�f�`�_�)
�/ �O�c�d�n �^�c�\�k�o�`�m �\�n�n�p�h�`�n �h�d�i�d�F�\�i�m�`�i �d�n �m�p�i �p�i�_�`�m �\�i �j�k�o�d�h�d�u�d�i�b �^�j�h�k�d�g�`�m�' �n�p�^�c �\�n �D�f�\�m�p�n �N�^�c�`�h�`

�j�m �>�c�`�u �N�^�c�`�h�`�) �R�c�`�i �m�p�i �p�i�_�`�m �\�i �d�i�o�`�m�k�m�`�o�`�m�' �o�c�` �3�i�\�h�`�_�4�(�g�`�o�]�\�n�`�_�r�\�g�f�_�`�n�^�m�d�]�`�_ �d�i �o�c�d�n
�n�`�^�o�d�j�i �h�\�t �m�p�i �h�p�^�c �n�g�j�r�`�m �o�c�\�i �o�c�`�\�n�n�l�(�]�\�n�`�_ �q�`�m�n�d�j�i�' �n�d�i�^�`�\�n�n�l�d�n �j�a�o�`�i �c�\�i�_�(�^�j�_�`�_ �d�i �>�) �R�c�`�i
�m�p�i�i�d�i�b �p�i�_�`�m �\�i �d�i�o�`�m�k�m�`�o�`�m�' �o�c�`�\�n�n�l�(�]�\�n�`�_�r�\�g�f�r�d�o�c �]�d�m�o�c �m�`�^�j�m�_�n �r�d�g�g �k�m�j�]�\�]�g�t �]�` �a�\�n�o�`�n�o�)
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�R�` �^�\�i �j�k�o�d�h�d�u�`�r�\�g�f�]�t �`�s�k�g�j�d�o�d�i�b �\�i �d�h�k�j�m�o�\�i�o �k�m�j�k�`�m�o�t �j�a �o�c�` �o�m�d�\�i�b�p�g�\�m

�n�p�]�n�o�d�o�p�o�d�j�i�n �k�m�j�_�p�^�`�_ �]�t�p�i�d�a�t�5 �d�i �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i�#�#�#�#�s � �t�$�$� ŝ�$�$�' �o�c�` �q�\�m�d�\�]�g�`�t

�r�d�g�g �i�`�q�`�m �\�k�k�`�\�m �d�i �o�c�` �g�`�a�o�(�c�\�i�_�(�n�d�_�` �#�g�c�n�$ �j�a �\�i�t �]�d�i�_�d�i�b �d�iŝ�) �O�c�`�m�`�a�j�m�`�' �r�c�`�i

�r�\�g�f�d�i�b �\ �q�\�m�d�\�]�g�`�t �r�` �^�\�i �g�j�j�f �a�j�m�t �d�i �]�j�o�c �o�c�` �g�c�n �\�i�_ �m�c�n �j�a �`�\�^�c �\�n�n�j�^�d�\�o�d�j�i�)

�D�a�t �d�n �o�c�` �g�c�n�' �r�` �a�j�p�i�_ �o�c�` �q�\�m�d�\�]�g�` �r�` �\�m�` �g�j�j�f�d�i�b �a�j�m�' �\�i�_ �i�`�`�_ �o�j �r�\�g�f �o�c�` �m�c�n

�d�i �o�c�` �j�m�d�b�d�i�\�g �n�p�]�n�o�d�o�p�o�d�j�i�) �C�j�r�`�q�`�m�' �d�a �r�` �{�i�_�t �d�i �o�c�` �m�c�n �j�a �\�i �\�n�n�j�^�d�\�o�d�j�i�' �r�`

�f�i�j�r �o�c�\�o�t �d�n �p�i�\�n�n�j�^�d�\�o�`�_�)

�C�`�m�` �d�n �o�c�` �j�k�o�d�h�d�u�`�_ �q�`�m�n�d�j�i �j�a�r�\�g�f

�#�_�`�{�i�` �r�\�g�f
�#λ �#�qŝ�$

�#�g�`�o�g�j�j�k�#�#�nŝ�$�$
�#�^�j�i�_

�#�#�q�\�m�:�q�$
�#�^�j�i�_

�#�#�i�p�g�g�: �n�$�q�$
�#�#� �̀l�: �q�#�m�c�n�#� �̂\�m �n�$�$�$�q�$
�#�#� �̀l�: �q�#�g�c�n�#� �̂\�m �n�$�$�$ �#�r�\�g�f�#�m�c�n�#� �̂\�m �n�$�$̂s�$�$
�#�`�g�n�`�#�g�j�j�k�#� �̂_�m �n�$�$�$�$�$

�#�`�g�n�`�q�$�$�$�$�$

�r�c�`�m�`�g�c�n�\�i�_ �m�c�n�0 �m�`�o�p�m�i �o�c�` �g�`�a�o�(�c�\�i�_�(�n�d�_�` �\�i�_ �m�d�b�c�o�(�c�\�i�_�(�n�d�_�` �j�a �\�i �\�n�n�j�^�d�\�o�d�j�i�'

�m�`�n�k�`�^�o�d�q�`�g�t�1�)

�0�g�c�n�d�n �e�p�n�o �_�`�{�i�`�_ �o�j �]�`� �̂\�m�6�m�c�n�d�n �e�p�n�o �_�`�{�i�`�_ �o�j �]�`� �̂_�m�)
�1�=�t �^�c�`�^�f�d�i�b �o�c�` �m�c�n �]�`�a�j�m�` �o�c�` �g�c�n�' �r�` �`�i�n�p�m�` �o�c�\�o�r�\�g�f�\�g�r�\�t�n �o�`�m�h�d�i�\�o�`�n�' �`�q�`�i �r�d�o�c �n�p�]�n�o�d�(

�o�p�o�d�j�i�n �o�c�\�o �^�j�i�o�\�d�i �^�d�m�^�p�g�\�m�d�o�d�`�n�) �D�a �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i �^�j�i�o�\�d�i�n �\ �^�d�m�^�p�g�\�m�d�o�t �j�a �o�c�` �a�j�m�h�#�#�s � �s�$�$�#�\
�]�d�m�o�c �m�`�^�j�m�_�$�' �o�c�`�i �r�\�g�f�d�i�b�s�^�g�`�\�m�g�t �o�`�m�h�d�i�\�o�`�n�' �n�d�i�^�` �o�c�`�m�c�n�o�`�n�o �r�d�g�g �{�i�_�s�]�`�a�j�m�` �k�`�m�a�j�m�h�d�i�b �o�c�`
�m�`�^�p�m�n�d�j�i�) �D�a �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i �^�j�i�o�\�d�i�n �\�n�n�j�^�d�\�o�d�j�i�n�#�#�s � �t�$�$�\�i�_ �#�#�t � �s�$�$�' �r�\�g�f�d�i�b�s �n�o�d�g�g �o�`�m�h�d�i�\�o�`�n
�_�`�n�k�d�o�` �o�c�` �^�d�m�^�p�g�\�m�d�o�t�) �<�n�n�p�h�`�#�#�t � �s�$�$�\�k�k�`�\�m�n �\�a�o�`�m�#�#�s � �t�$�$�#�r�c�d�^�c �r�d�g�g �i�`�q�`�m �c�\�k�k�`�i �a�j�m �n�p�]�n�o�d�o�p�(
�o�d�j�i�n �m�`�o�p�m�i�`�_ �]�t�p�i�d�a�t�$�6 �o�c�`�i �r�c�`�i �r�` �r�\�g�f�s�' �r�` �r�d�g�g �`�i�_ �p�k �r�\�g�f�d�i�b�t �d�i �o�c�` �m�`�^�p�m�n�d�j�i�) �=�p�o �r�`
�r�d�g�g �o�c�`�i �{�i�_�t �j�i �o�c�` �m�c�n �j�a�#�#�s � �t�$�$�' �r�c�d�^�c �r�d�g�g �`�i�_ �o�c�` �r�\�g�f�) �O�c�` �j�i�g�t �j�o�c�`�m �k�j�n�n�d�]�d�g�d�o�t �d�n �o�c�\�o
�#�#�t � �s�$�$�\�k�k�`�\�m�n �]�`�a�j�m�`�#�#�s � �t�$�$�) �D�i �o�c�d�n �^�\�n�`�' �r�\�g�f�d�i�b�s �_�j�`�n �i�j�o �m�`�n�p�g�o �d�i �\ �m�`�^�p�m�n�d�q�` �^�\�g�g�' �n�d�i�^�` �r�`
�{�i�_ �s�j�i �o�c�` �m�c�n �j�a�#�#�t � �s�$�$�) �N�d�h�d�g�\�m �m�`�\�n�j�i�d�i�b �\�k�k�g�d�`�n �a�j�m �\�m�]�d�o�m�\�m�d�g�t �^�j�h�k�g�d�^�\�o�`�_ �^�d�m�^�p�g�\�m�d�o�t �^�c�\�d�i�n�)
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�J�i�^�` �r�` �h�\�f�` �\ �m�`�^�p�m�n�d�q�` �^�\�g�g �o�j�r�\�g�f�' �o�c��̀i�p�g�g�:�o�`�n�o �]�`�^�j�h�`�n �n�p�k�`�m�|�p�j�p�n�' �n�j

�r�` �m�`�_�`�{�i�`�r�\�g�f�p�n�d�i�b �o�c�`�n�o�`�k�c�`�g�k�`�m �a�p�i�^�o�d�j�i�)

�#�_�`�{�i�` �r�\�g�f
�#λ �#�qŝ�$

�#�g�`�o�g�j�j�k�#�#�nŝ�$�$
�#�^�j�i�_

�#�#�q�\�m�:�q�$
�#�^�j�i�_

�#�#�i�p�g�g�: �n�$�q�$
�#�#� �̀l�: �q�#�m�c�n�#� �̂\�m �n�$�$�$�q�$
�#�#� �̀l�: �q�#�g�c�n�#� �̂\�m �n�$�$�$ �#�n�o�`�k�#�m�c�n�#� �̂\�m �n�$�$̂s�$�$
�#�`�g�n�`�#�g�j�j�k�#� �̂_�m �n�$�$�$�$�$

�#�`�g�n�`�q�$�$�$�$�$

�#�_�`�{�i�` �n�o�`�k
�#λ �#�qŝ�$

�#�g�`�o�g�j�j�k�#�#�nŝ�$�$
�#�^�j�i�_

�#�#�q�\�m�:�q�$
�#�^�j�i�_

�#�#� �̀l�: �q�#�m�c�n�#� �̂\�m �n�$�$�$�q�$
�#�#� �̀l�: �q�#�g�c�n�#� �̂\�m �n�$�$�$ �#�n�o�`�k�#�m�c�n�#� �̂\�m �n�$�$̂s�$�$
�#�`�g�n�`�#�g�j�j�k�#� �̂_�m �n�$�$�$�$�$

�#�`�g�n�`�q�$�$�$�$�$

�/�)�/ �N�o�j�m�d�i�b �o�c�` �N�p�]�n�o�d�o�p�o�d�j�i �d�i �o�c�` �Q�\�m�d�\�]�g�`

�R�` �i�j�r �^�j�h�]�d�i�` �o�c�` �]�d�m�o�c �m�`�^�j�m�_�n �j�k�o�d�h�d�u�\�o�d�j�i �k�m�`�n�`�i�o�`�_ �d�i �n�`�^�o�d�j�i�/�)�-�r�d�o�c �^�c�`�^�f�(

�d�i�b �a�j�m �o�c�` �r�\�g�f�`�_ �q�\�m�d�\�]�g�` �d�i �o�c�` �m�c�n �j�a �`�\�^�c �\�n�n�j�^�d�\�o�d�j�i�' �_�`�n�^�m�d�]�`�_ �d�i �n�`�^�o�d�j�i�/�)�.�)

�C�j�r�`�q�`�m�' �r�` �r�d�n�c �o�j �\�q�j�d�_ �k�j�g�g�p�o�d�i�b �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i �r�d�o�c �]�d�m�o�c �m�`�^�j�m�_�n�' �r�c�d�^�c �i�j�o

�j�i�g�t �g�`�i�b�o�c�`�i �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i �]�p�o �\�g�n�j �q�d�j�g�\�o�` �d�h�k�j�m�o�\�i�o �d�i�q�\�m�d�\�i�o�n �j�a �j�p�m �n�p�]�n�o�d�(

�o�p�o�d�j�i �m�`�k�m�`�n�`�i�o�\�o�d�j�i�2�) �D�i�n�o�`�\�_ �j�a �\�_�_�d�i�b �]�d�m�o�c �m�`�^�j�m�_�n �o�j �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i�' �r�` �r�d�g�g

�2�I�\�h�`�g�t�' �o�c�\�o �\ �q�\�m�d�\�]�g�` �i�`�q�`�m �\�k�k�`�\�m�n �j�i �o�c�` �g�c�n �j�a �h�j�m�` �o�c�\�i �j�i�` �\�n�n�j�^�d�\�o�d�j�i�' �\�i�_ �o�c�\�o
�n�p�]�n�o�d�o�p�o�d�j�i�n �i�`�q�`�m �^�j�i�o�\�d�i �^�d�m�^�p�g�\�m�d�o�d�`�n �j�a �o�c�` �a�j�m�h�#�#�s � �s�$�$�)
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�\�_�_ �\ �3�]�d�m�o�c �n�p�]�n�o�d�o�p�o�d�j�i�4 �o�j �`�\�^�c �q�\�m�d�\�]�g�` �]�t �n�o�j�m�d�i�b �o�c�` �^�p�m�m�`�i�o �n�p�]�n�o�d�o�p�o�d�j�i �d�i

�o�c�` �q�\�m�d�\�]�g�` �r�c�`�i �d�o �d�n �^�m�`�\�o�`�_�)

�#�_�`�{�i�`�(�n�t�i�o�\�s �`�s�d�n�o
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �#�s . . .�$g0 �b. . .�$
�#λ�B �#�n�$

�#�d�i�^
�#�g�`�o�#�#�s �#�q�\�m�n�$�$. . .�$

�#�]�d�i�_∗ �#g0 �n�$�b. . .�$�$�$�$�$�$�$

�I�j�r�' �d�i�n�o�`�\�_ �j�a �^�c�`�^�f�d�i�b �a�j�m �o�c�` �]�d�m�o�c �m�`�^�j�m�_�n �\�n �r�` �r�\�g�f �_�j�r�i �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i�'

�r�` �^�c�`�^�f �d�a �o�c�` �`�i�o�d�m�` �n�p�]�n�o�d�o�p�o�d�j�i �d�n� �̀l�: �o�j �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i �n�o�j�m�`�_ �d�i �o�c�` �r�\�g�f�`�_

�q�\�m�d�\�]�g�`�6 �d�a �n�j�' �r�` �f�i�j�r �o�c�` �q�\�m�d�\�]�g�` �d�n �p�i�\�n�n�j�^�d�\�o�`�_�3�)

�C�`�m�`�' �o�c�`�i�' �d�n �o�c�` �h�j�n�o �`�z�d�^�d�`�i�o �_�`�{�i�d�o�d�j�i �j�a�r�\�g�f�4�)

�#�_�`�{�i�` �r�\�g�f
�#λ �#�qŝ�$

�#�g�`�o�g�j�j�k�#�#�nŝ�$�$
�#�^�j�i�_

�#�#�q�\�m�:�q�$
�#�^�j�i�_

�#�#� �̀l�: �#�q� �̀^�o�j�m�(�m�`�a �q�+�$�n�$�q�$
�#�#� �̀l�: �q�#�m�c�n�#� �̂\�m �n�$�$�$�q�$
�#�#� �̀l�: �q�#�g�c�n�#� �̂\�m �n�$�$�$ �#�n�o�`�k�#�m�c�n�#� �̂\�m �n�$�$̂s�$�$
�#�`�g�n�`�#�g�j�j�k�#� �̂_�m �n�$�$�$�$�$

�#�`�g�n�`�q�$�$�$�$�$

�3�D�o �n�c�j�p�g�_ �]�` �i�j�o�`�_ �o�c�\�o �i�j�i�` �j�a �o�c�`�n�` �j�k�o�d�h�d�u�\�o�d�j�i�n �\�q�j�d�_ �o�c�`n + 1 �k�\�n�n�`�n �o�c�\�o �h�d�b�c�o �]�`
�m�`�l�p�d�m�`�_ �r�c�`�i �g�j�j�f�d�i�b �p�k �\ �q�\�m�d�\�]�g�` �d�i �\ �k�`�m�a�`�^�o�g�t �o�m�d�\�i�b�p�g�\�m �n�p�]�n�o�d�o�p�o�d�j�i �j�a �g�`�i�b�o�cn�)

�4�@�s�`�m�^�d�n�` �a�j�m �o�c�` �m�`�\�_�`�m�5 �n�c�j�r �o�c�\�o �o�c�d�n �_�`�{�i�d�o�d�j�i �j�a�r�\�g�f�r�j�m�f�n �^�j�m�m�`�^�o�g�t �j�i �o�c�` �m�`�i�\�h�d�i�b
�n�p�]�n�o�d�o�p�o�d�j�i �p�n�`�_ �d�i �m�`�d�{�^�\�o�d�j�i �#�n�`�^�o�d�j�i�.�)�-�$
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�< �N�g�d�b�c�o �?�d�q�`�m�b�`�i�^�`

�D�i �o�c�d�n �^�c�\�k�o�`�m �r�` �`�s�k�g�j�m�` �o�c�` �_�d�q�`�m�b�`�i�^�` �j�a �m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�n�) �R�` �k�m�`�n�`�i�o �n�`�q�`�m�\�g

�_�d�q�`�m�b�`�i�o �h�d�i�d�F�\�i�m�`�i �k�m�j�b�m�\�h�n�6 �a�j�m �`�\�^�c �k�m�j�b�m�\�h �r�` �^�j�i�n�d�_�`�m �_�d�z�`�m�`�i�o �o�`�^�c�i�d�l�p�`�n

�o�c�\�o �^�\�i �]�` �p�n�`�_ �o�j �h�\�f�` �o�c�` �k�m�j�b�m�\�h �o�`�m�h�d�i�\�o�`�)

�=�t �o�c�`�d�m �q�`�m�t �i�\�o�p�m�`�' �m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�n �\�m�` �k�m�j�i�` �o�j �_�d�q�`�m�b�`�i�^�`�) �<�n �m�`�g�\�o�d�j�i�\�g

�k�m�j�b�m�\�h�h�`�m�n�' �r�` �h�\�t �\�n�f �a�j�m �\�i �d�i�{�i�d�o�` �i�p�h�]�`�m �j�a �\�i�n�r�`�m�n �a�m�j�h �\ �k�m�j�b�m�\�h�' �j�m �r�`

�h�\�t �g�j�j�f �a�j�m �\ �i�j�i�(�`�s�d�n�o�`�i�o �\�i�n�r�`�m �d�i �\�i �d�i�{�i�d�o�` �n�`�\�m�^�c �o�m�`�`�) �D�i �a�\�^�o�' �h�d�i�d�F�\�i�m�`�i

�k�m�j�b�m�\�h�n �^�\�i �#�\�i�_ �_�j���$ �_�d�q�`�m�b�` �a�j�m �\ �q�\�m�d�`�o�t �j�a �m�`�\�n�j�i�n�) �< �a�m�p�n�o�m�\�o�d�j�i �^�j�h�h�j�i

�o�j �]�`�b�d�i�i�d�i�b �h�d�i�d�F�\�i�m�`�i �k�m�j�b�m�\�h�h�`�m�n �d�n �o�c�\�o �j�a �^�\�m�`�a�p�g�g�t �r�m�d�o�d�i�b �j�m �_�`�m�d�q�d�i�b �\

�k�m�j�b�m�\�h�' �j�i�g�t �o�j �c�\�q�` �d�o �_�d�q�`�m�b�` �j�i �`�q�`�i �n�d�h�k�g�` �o�`�n�o �^�\�n�`�n�) �G�`�\�m�i�d�i�b �o�j �m�`�^�j�b�i�d�u�`

�o�c�` �n�j�p�m�^�`�n �j�a �_�d�q�`�m�b�`�i�^�` �d�i �\ �k�m�j�b�m�\�h�' �\�i�_ �r�c�d�^�c �o�`�^�c�i�d�l�p�`�n �^�\�i �]�` �p�n�`�_ �o�j �\�^�c�d�`�q�`

�o�`�m�h�d�i�\�o�d�j�i�' �d�n �\ �^�m�d�o�d�^�\�g �n�o�\�b�` �d�i �o�c�` �`�q�j�g�p�o�d�j�i �j�a �`�q�`�m�t �m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�h�`�m�)

�O�j �c�`�g�k �h�d�i�d�F�\�i�m�`�i �k�m�j�b�m�\�h�h�`�m�n �r�m�d�o�` �m�`�g�\�o�d�j�i�n �o�c�\�o �o�`�m�h�d�i�\�o�`�' �o�c�d�n �^�c�\�k�o�`�m

�k�m�`�n�`�i�o�n �n�`�q�`�m�\�g �_�d�q�`�m�b�`�i�o �`�s�\�h�k�g�` �k�m�j�b�m�\�h�n�6 �a�j�m �`�\�^�c �k�m�j�b�m�\�h�' �r�` �_�d�n�^�p�n�n �r�c�t �d�o

�_�d�q�`�m�b�`�n�' �\�i�_ �c�j�r �o�c�` �_�d�q�`�m�b�`�i�^�` �^�\�i �]�` �\�q�j�d�_�`�_�)

�/�1
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�D�o �d�n �d�h�k�j�m�o�\�i�o �o�j �m�`�h�`�h�]�`�m �o�c�\�o �\ �n�d�i�b�g�` �m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h �h�\�t �^�j�i�o�\�d�i �h�p�g�(

�o�d�k�g�`�' �\�i�_ �^�j�h�k�g�`�o�`�g�t �_�d�z�`�m�`�i�o�' �^�\�p�n�`�n �j�a �_�d�q�`�m�b�`�i�^�`�6 �n�p�^�c �k�m�j�b�m�\�h�n �h�\�t �m�`�l�p�d�m�` �\

�q�\�m�d�`�o�t �j�a �o�`�^�c�i�d�l�p�`�n �d�i �j�m�_�`�m �o�j �o�`�m�h�d�i�\�o�`�,�) �<�g�n�j�' �\ �n�d�i�b�g�` �o�`�^�c�i�d�l�p�` �h�\�t �]�` �p�n�`�a�p�g

�a�j�m �\�q�j�d�_�d�i�b �h�p�g�o�d�k�g�` �^�\�p�n�`�n �j�a �_�d�q�`�m�b�`�i�^�`�' �\�n �r�d�g�g �]�` �h�\�_�` �^�g�`�\�m �d�i �o�c�` �`�s�\�h�k�g�`�n

�]�`�g�j�r�) �h�d�i�d�F�\�i�m�`�i �_�j�`�n �i�j�o �^�p�m�m�`�i�o�g�t �n�p�k�k�j�m�o �\�g�g �j�a �o�c�`�n�` �o�`�^�c�i�d�l�p�`�n �#�n�p�^�c �\�n �j�k�(

�`�m�\�o�j�m�n �j�i �^�t�^�g�d�^ �o�`�m�h�n�$�.�p�i�n�p�k�k�j�m�o�`�_ �o�`�^�c�i�d�l�p�`�n �\�m�` �^�g�`�\�m�g�t �d�_�`�i�o�d�{�`�_ �d�i �o�c�` �o�`�s�o�)

�@�q�`�i �o�`�^�c�i�d�l�p�`�n �i�j�o �t�`�o �n�p�k�k�j�m�o�`�_ �]�t �h�d�i�d�F�\�i�m�`�i �\�m�` �j�a �q�\�g�p�`�' �c�j�r�`�q�`�m�' �n�d�i�^�` �o�c�`�t

�h�\�t �]�` �n�p�k�k�j�m�o�`�_ �]�t �j�o�c�`�m �k�m�j�b�m�\�h�h�d�i�b �g�\�i�b�p�\�b�`�n�)

�R�` �i�j�r �k�m�`�n�`�i�o �o�c�` �_�d�q�`�m�b�`�i�o �`�s�\�h�k�g�` �k�m�j�b�m�\�h�n�' �\�g�j�i�b �r�d�o�c �o�`�^�c�i�d�l�p�`�n �a�j�m

�\�q�j�d�_�d�i�b �_�d�q�`�m�b�`�i�^�`�)

�@�s�\�h�k�g�` �,

�>�j�i�n�d�_�`�m �o�c�` �_�d�q�`�m�b�`�i�o�m�p�i∗ �`�s�k�m�`�n�n�d�j�i

�#�m�p�i∗ �#�l�$
�#�`�s�d�n�o�#�s �t �u�$

�#�k�g�p�no �s �t �u�$
�#≡ �#�#�s �t �u�$�$�l�$�$�$

�r�c�`�m�`�k�g�p�no �d�n �o�c�` �o�`�m�i�\�m�t �\�_�_�d�o�d�j�i �m�`�g�\�o�d�j�i �_�`�{�i�`�_ �d�i �>�c�\�k�o�`�m�1�) �O�c�d�n �`�s�k�m�`�n�n�d�j�i

�_�d�q�`�m�b�`�n �]�`�^�\�p�n�` �#�k�g�p�no �s �t �u�$ �n�p�^�^�`�`�_�n �\�i �p�i�]�j�p�i�_�`�_ �i�p�h�]�`�m �j�a �o�d�h�`�n�6 �o�c�`�m�`�a�j�m�`�'

�o�c��̀m�p�i∗ �i�`�q�`�m �n�o�j�k�n �k�m�j�_�p�^�d�i�b �\�i�n�r�`�m�n�) �<�g�o�c�j�p�b�c �d�o �^�j�p�g�_ �]�` �\�m�b�p�`�_ �o�c�\�o �o�c�d�n �d�n

�\ �3�b�j�j�_�4 �d�i�{�i�d�o�` �g�j�j�k�' �\�i�_ �o�c�\�o �r�` �b�j�o �r�c�\�o �r�` �\�n�f�`�_ �a�j�m�' �k�m�`�n�p�h�\�]�g�t �r�` �r�\�i�o �o�j

�, �>�c�\�g�g�`�i�b�` �a�j�m �o�c�` �m�`�\�_�`�m�5 �^�j�i�n�o�m�p�^�o �\ �n�d�i�b�g�` �h�d�i�d�F�\�i�m�`�i �k�m�j�b�m�\�h �o�c�\�o �^�j�i�o�\�d�i�n �`�q�`�m�t �^�\�p�n�`
�j�a �_�d�q�`�m�b�`�i�^�` �_�d�n�^�p�n�n�`�_ �d�i �o�c�d�n �^�c�\�k�o�`�m�) �O�c�`�i �p�n�` �o�c�` �o�`�^�c�i�d�l�p�`�n �a�m�j�h �o�c�d�n �^�c�\�k�o�`�m �o�j �3�{�s�4 �o�c�`
�k�m�j�b�m�\�h�)
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�n�`�` �n�j�h�` �j�a �o�c�`�n�` �\�i�n�r�`�m�n�) �<�g�n�j�' �o�c�` �p�n�`�m �c�\�n �i�j �r�\�t �j�a �f�i�j�r�d�i�b �o�c�\�o �o�c�` �n�t�n�o�`�h �d�n

�k�m�j�_�p�^�d�i�b �\�i�t �\�i�n�r�`�m�n�' �n�d�i�^�` �o�c�` �_�d�q�`�m�b�`�i�^�` �h�d�b�c�o �]�` �_�p�` �o�j �j�i�` �j�a �o�c�` �j�o�c�`�m �^�\�p�n�`�n

�_�`�n�^�m�d�]�`�_ �]�`�g�j�r�) �#�I�j�o �o�j �h�`�i�o�d�j�i �o�c�\�o�' �d�i �b�`�i�`�m�\�g�' �o�c�` �p�n�`�m �^�\�i�i�j�o �o�`�g�g �r�c�`�o�c�`�m �o�c�`

�k�m�j�b�m�\�h �d�n �_�d�q�`�m�b�d�i�b �j�m �h�`�m�`�g�t �o�\�f�d�i�b �\ �q�`�m�t �g�j�i�b �o�d�h�` �o�j �k�m�j�_�p�^�` �\�i �\�i�n�r�`�m�)�$

�R�` �^�\�i �\�q�j�d�_ �o�c�d�n �_�d�q�`�m�b�`�i�^�` �d�i �n�`�q�`�m�\�g �_�d�z�`�m�`�i�o �r�\�t�n�5

�,�) �R�` �^�j�p�g�_ �m�`�k�g�\�^�` �o�c�`�m�p�i∗ �r�d�o�c�m�p�in�' �r�c�`�m�`n �d�n �n�j�h�` �k�j�n�d�o�d�q�` �d�i�o�`�b�`�m�) �O�c�d�n

�r�d�g�g �m�`�o�p�m�i �o�c�`n �\�i�n�r�`�m�n�' �\�g�o�c�j�p�b�c �h�d�i�d�F�\�i�m�`�i�1�n �d�i�o�`�m�g�`�\�q�d�i�b �n�`�\�m�^�c �h�\�f�`�n

�o�c�` �j�m�_�`�m �d�i �r�c�d�^�c �\�i�n�r�`�m�n �\�m�` �k�m�j�_�p�^�`�_ �_�d�z�d�^�p�g�o �o�j �k�m�`�_�d�^�o�)

�-�) �D�i�n�o�`�\�_ �j�a �p�n�d�i�b �o�c�`�m�p�i�d�i�o�`�m�a�\�^�`�' �r�` �^�j�p�g�_ �_�d�m�`�^�o�g�t �h�\�i�d�k�p�g�\�o�` �o�c�` �\�i�n�r�`�m

�n�o�m�`�\�h �k�\�n�n�`�_ �\�n �o�c�` �n�`�^�j�i�_ �\�m�b�p�h�`�i�o �o�j�o�\�f��̀#�>�c�\�k�o�`�m�.�$�' �\�i�_ �`�s�\�h�d�i�` �o�c�`

�\�i�n�r�`�m�n �j�i�` �\�o �\ �o�d�h�`�) �O�c�d�n �o�c�` �3�m�`�\�_�(�`�q�\�g�(�k�m�d�i�o �g�j�j�k�4 �\�k�k�m�j�\�^�c �d�n �p�n�`�_ �]�t

�K�m�j�g�j�b �n�t�n�o�`�h�n�' �\�i�_ �d�n �o�m�d�q�d�\�g �o�j �d�h�k�g�`�h�`�i�o �d�i �h�d�i�d�F�\�i�m�`�i �]�t �m�`�_�`�{�i�d�i�b�o�\�f�`�)

�.�) �R�` �^�\�i �p�n�`�j�i� �̂ ò �j�m�^�j�i�_u �o�j �`�i�n�p�m�` �o�c�\�o �b�j�\�g�n �o�c�\�o �h�d�b�c�o �n�p�^�^�`�`�_ �\�i �p�i�(

�]�j�p�i�_�`�_ �i�p�h�]�`�m �j�a �o�d�h�`�n �n�p�^�^�`�`�_ �j�i�g�t �j�i�^�`�) �J�a �^�j�p�m�n�`�' �o�c�`�n�` �j�k�`�m�\�o�j�m�n �\�m�`

�i�j�i�(�_�`�^�g�\�m�\�o�d�q�`�' �n�j �r�` �m�`�e�`�^�o �o�c�d�n �\�k�k�m�j�\�^�c�) �D�i�n�o�`�\�_�' �d�o �r�j�p�g�_ �]�` �]�`�o�o�`�m �o�j �p�n�`

�\ �m�p�i�, �)

�/�) �< �h�j�m�` �n�j�k�c�d�n�o�d�^�\�o�`�_ �\�k�k�m�j�\�^�c �d�n �o�j �m�`�k�m�`�n�`�i�o �d�i�{�i�d�o�`�g�t �h�\�i�t �\�i�n�r�`�m�n �\�n �\

�n�d�i�b�g�` �\�i�n�r�`�m �]�t �p�n�d�i�b �^�j�i�n�o�m�\�d�i�o�n�) �A�j�m �`�s�\�h�k�g�`�' �j�i�` �r�\�t �o�j �`�s�k�m�`�n�n �o�c�\�o�s

�d�n �\ �i�\�o�p�m�\�g �i�p�h�]�`�m �j�o�c�`�m �o�c�\�i2 �d�n �o�j �\�n�n�j�^�d�\�o�`�s �r�d�o�c0, 1, 3, . . .�) �>�g�`�\�m�g�t�'

�o�c�`�m�` �\�m�` �d�i�{�i�d�o�`�g�t �h�\�i�t �n�p�^�c �\�n�n�j�^�d�\�o�d�j�i�n�' �\�i�_ �`�i�p�h�`�m�\�o�d�i�b �o�c�`�h �^�\�i �g�`�\�_
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�o�j �\�i �p�i�]�j�p�i�_�`�_ �i�p�h�]�`�m �j�a �\�i�n�r�`�m�n�) �D�i�n�o�`�\�_�' �r�` �h�d�b�c�o �m�`�k�m�`�n�`�i�o �o�c�` �n�\�h�`

�d�i�a�j�m�h�\�o�d�j�i �p�n�d�i�b �o�c�` �n�d�i�b�g�` �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o �#̸= �- �s�$�)

�N�d�h�d�g�\�m�g�t�' �r�` �h�d�b�c�o �p�n�` �\ �^�g�`�q�`�m �_�\�o�\ �m�`�k�m�`�n�`�i�o�\�o�d�j�i �m�\�o�c�`�m �o�c�\�i �\ �^�j�i�n�o�m�\�d�i�o

�o�j �m�`�k�m�`�n�`�i�o �d�i�{�i�d�o�`�g�t �h�\�i�t �\�i�n�r�`�m�n �\�n �\ �n�d�i�b�g�` �o�`�m�h�) �A�j�m �`�s�\�h�k�g�`�' �p�n�d�i�b �o�c�`

�g�d�o�o�g�`�(�`�i�_�d�\�i �]�d�i�\�m�t �m�`�k�m�`�n�`�i�o�\�o�d�j�i �j�a �i�\�o�p�m�\�g �i�p�h�]�`�m�n �k�m�`�n�`�i�o�`�_ �d�i �>�c�\�k�o�`�m�1�'

�o�c�` �o�`�m�h�#�#�, � �s�$�$�m�`�k�m�`�n�`�i�o�n �\�i�t �j�i�` �j�a �o�c�` �d�i�{�i�d�o�`�g�t �h�\�i�t �j�_�_ �i�\�o�p�m�\�g�n�)

�P�n�d�i�b �o�c�d�n �o�`�^�c�i�d�l�p�`�' �k�m�j�b�m�\�h�n �o�c�\�o �k�m�`�q�d�j�p�n�g�t �k�m�j�_�p�^�`�_ �d�i�{�i�d�o�`�g�t �h�\�i�t �\�i�(

�n�r�`�m�n �h�\�t �a�\�d�g �{�i�d�o�`�g�t�' �k�m�j�q�d�i�b �o�c�\�o �i�j �h�j�m�` �\�i�n�r�`�m�n �`�s�d�n�o�) �P�i�a�j�m�o�p�i�\�o�`�g�t�' �d�o

�d�n �i�j�o �\�g�r�\�t�n �k�j�n�n�d�]�g�` �o�j �{�i�_ �\ �^�j�i�n�o�m�\�d�i�o �j�m �_�\�o�\ �m�`�k�m�`�n�`�i�o�\�o�d�j�i �o�j �^�j�i�^�d�n�`�g�t

�m�`�k�m�`�n�`�i�o �d�i�{�i�d�o�`�g�t �h�\�i�t �o�`�m�h�n�) �A�j�m �`�s�\�h�k�g�`�' �\�g�o�c�j�p�b�c �o�c�` �_�\�o�\ �m�`�k�m�`�n�`�i�o�\�(

�o�d�j�i �a�m�j�h �>�c�\�k�o�`�m�1�h�\�f�`�n �d�o �`�\�n�t �o�j �`�s�k�m�`�n�n �`�q�`�m�t �j�_�_ �i�\�o�p�m�\�g �\�n �\ �n�d�i�b�g�`

�o�`�m�h�' �o�c�`�m�` �d�n �i�j �g�d�o�o�g�`�(�`�i�_�d�\�i �]�d�i�\�m�t �g�d�n�o �o�c�\�o �n�p�^�^�d�i�^�o�g�t �m�`�k�m�`�n�`�i�o�n �`�q�`�m�t �k�m�d�h�`

�i�p�h�]�`�m�) �N�d�h�d�g�\�m�g�t�' �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n �\�m�` �i�j�o �n�p�z�d�^�d�`�i�o �o�j �^�j�i�^�d�n�`�g�t �`�s�(

�k�m�`�n�n �o�c�\�o �n�j�h�` �o�`�m�h �_�j�`�n �i�j�o �\�k�k�`�\�m �d�i �\�i �p�i�d�i�n�o�\�i�o�d�\�o�`�_ �o�m�`�`�-�)

�@�s�\�h�k�g�` �-

�>�j�i�n�d�_�`�m �o�c�` �_�d�q�`�m�b�`�i�o�m�p�i�, �`�s�k�m�`�n�n�d�j�i

�#�m�p�i�, �#�l�$ �#≡�(�i�j�(�^�c� �̀^�f�#�#�l�$�$�l�$�$

�O�c�` �p�i�d�{�^�\�o�d�j�i �j�a�l �r�d�o�c�#�#�l�$�$�m�`�n�p�g�o�n �d�i �\ �n�p�]�n�o�d�o�p�o�d�j�i �^�j�i�o�\�d�i�d�i�b �\ �^�d�m�^�p�g�\�m�d�o�t�.�5

�#�#�#�#�l � �#�#�l�$�$�$�$�$�$�) �C�j�r�`�q�`�m�' �d�o �d�n �i�j�o �p�i�d�{�^�\�o�d�j�i �o�c�\�o �_�d�q�`�m�b�`�n�' �j�m �n�p�]�n�`�l�p�`�i�o �^�\�g�g�n �o�j�r�\�g�f�)
�-�C�j�r�`�q�`�m�' �o�c�` �a�m�`�n�c�i�`�n�n �^�j�i�n�o�m�\�d�i�o �#�� �$ �_�`�n�^�m�d�]�`�_ �d�i �>�c�\�k�o�`�m�4 �\�g�g�j�r�n �p�n �o�j �`�s�k�m�`�n�n �\ �n�d�h�d�g�\�m

�^�j�i�n�o�m�\�d�i�o�)
�. �O�c�`̸=�(�i�j�(�^�c� �̀^�f�_�d�n�`�l�p�\�g�d�o�t �j�k�`�m�\�o�j�m �#�>�c�\�k�o�`�m�2�$ �n�p�z�`�m�n �a�m�j�h �o�c�` �n�\�h�` �k�m�j�]�g�`�h�' �n�d�i�^�` �d�o �^�\�i

�\�_�_ �^�d�m�^�p�g�\�m�d�o�d�`�n �o�j �o�c�` �^�j�i�n�o�m�\�d�i�o �n�o�j�m�`�)



�>�C�<�K�O�@�M �0�) �< �N�G�D�B�C�O �?�D�Q�@�M�B�@�I�>�@ �0�+

�M�\�o�c�`�m�' �o�c�` �m�`�d�{�^�\�o�d�j�i �j�a�l �\�o �o�c�` �`�i�_ �j�a �o�c�` �^�j�h�k�p�o�\�o�d�j�i �^�\�g�g�n�r�\�g�f∗ �#�>�c�\�k�o�`�m�.�$�'

�r�c�d�^�c �_�d�q�`�m�b�`�n�/�)

�R�` �^�\�i �\�q�j�d�_ �o�c�d�n �_�d�q�`�m�b�`�i�^�` �d�i �n�`�q�`�m�\�g �_�d�z�`�m�`�i�o �r�\�t�n�5

�,�) �R�` �^�\�i �p�n�≡̀ �m�\�o�c�`�m �o�c�\�i≡�(�i�j�(�^�c� �̀^�f�o�j �k�`�m�a�j�m�h �n�j�p�i�_ �p�i�d�{�^�\�o�d�j�i �r�d�o�c �o�c�`

�j�^�^�p�m�n �^�c�`�^�f�) �O�c�` �b�j�\�g �#≡ �#�#�l�$�$�l�$ �q�d�j�g�\�o�`�n �o�c�` �j�^�^�p�m�n �^�c�`�^�f �\�i�_ �o�c�`�m�`�a�j�m�`

�a�\�d�g�n�6 �c�`�i�^�`�' �#�m�p�i�, �#�l�$ �#≡ �#�#�l�$�$�l�$�$ �m�`�o�p�m�i�n�#�#�$�$�m�\�o�c�`�m �o�c�\�i �_�d�q�`�m�b�d�i�b�0�) �N�d�i�^�`

�o�c�` �j�^�^�p�m�n �^�c�`�^�f �^�\�i �]�` �`�s�k�`�i�n�d�q�`�' �r�` �h�\�t �r�d�n�c �o�j �m�`�n�o�m�d�^�o≡ �o�j �j�i�g�t �o�c�j�n�`

�p�i�d�{�^�\�o�d�j�i�n �o�c�\�o �h�d�b�c�o �d�i�o�m�j�_�p�^�` �\ �^�d�m�^�p�g�\�m�d�o�t�' �n�p�^�c �\�n �d�i �o�c�` �\�k�k�g�d�^�\�o�d�j�i �g�d�i�`

�j�a �\ �o�t�k�` �d�i�a�`�m�`�i�^�`�m�6 �o�c�d�n �m�`�l�p�d�m�`�n �m�`�\�n�j�i�d�i�b �\�]�j�p�o �o�c�` �k�m�j�b�m�\�h�) �<�g�o�`�m�i�\�o�d�q�`�g�t�'

�r�` �^�\�i �\�g�r�\�t�n �]�` �n�\�a�` �]�t �p�n�d�i�b �j�i�g�t≡ �m�\�o�c�`�m �o�c�\�i≡�(�i�j�(�^�c� �̀^�f�1�)

�-�) �N�d�i�^�` �o�c�` �m�`�d�{�^�\�o�d�j�i �j�a�l �^�\�p�n�`�n �_�d�q�`�m�b�`�i�^�` �d�i �o�c�d�n �`�s�\�h�k�g�`�' �o�c�`�m�p�i�`�s�k�m�`�n�n�d�j�i

�r�d�g�g �o�`�m�h�d�i�\�o�` �d�a �r�` �_�j �i�j�o �m�`�d�a�t �o�c�` �q�\�m�d�\�]�g�` �\�n�n�j�^�d�\�o�`�_ �r�d�o�c �o�c�` �^�d�m�^�p�g�\�m�d�o�t�)

�A�j�m �`�s�\�h�k�g�`�'

�#�m�p�i�, �#�l�$ �#�`�s�d�n�o�#�s�$ �#≡�(�i�j�(�^�c� �̀^�f�#�#�s�$�$�s�$�$�$

�m�`�o�p�m�i�n�#�#�Z
0
�$�$�) �<�g�o�c�j�p�b�c �o�c�`�m�p�i�`�s�k�m�`�n�n�d�j�i �o�`�m�h�d�i�\�o�`�n�' �o�c�` �m�`�n�p�g�o�d�i�b �n�p�]�n�o�d�o�p�(

�o�d�j�i �d�n �n�o�d�g�g �^�d�m�^�p�g�\�m�5�#�#�#�#�s � �#�#�s�$�$�$�$�$�$�) �C�j�r�`�q�`�m�' �p�i�g�`�n�n �r�` �\�g�g�j�r �d�i�{�i�d�o�` �o�`�m�h�n�' �o�c�`

�p�i�d�{�^�\�o�d�j�i �#≡�(�i�j�(�^�c� �̀^�f�#�#�s�$�$�s�$ �d�n�p�i�n�j�p�i�_�) �O�c�d�n �d�n �\ �k�m�j�]�g�`�h �a�j�m �o�c�` �o�t�k�`

�d�i�a�`�m�`�i�^�`�m�n �]�\�n�`�_ �j�i �o�c�` �n�d�h�k�g�t �o�t�k�`�_λ�(�^�\�g�^�p�g�p�n�' �a�j�m �`�s�\�h�k�g�`�' �n�d�i�^�` �n�`�g�a�(

�/ �O�c�` �i�j�i�(�g�j�b�d�^�\�g �j�k�`�m�\�o�j�m�k�m�j�e�`�^�o�\�g�n�j �^�\�g�g�n�r�\�g�f∗�' �\�i�_ �^�\�i �o�c�`�m�`�a�j�m�` �_�d�q�`�m�b�` �j�i �^�d�m�^�p�g�\�m
�n�p�]�n�o�d�o�p�o�d�j�i�n�)

�0�N�d�h�d�g�\�m�g�t�' �r�` �^�\�i �p�n�`̸= �m�\�o�c�`�m �o�c�\�i̸=�(�i�j�(�^�c� �̀^�f�r�c�`�i �d�i�o�m�j�_�p�^�d�i�b �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n�)
�1�<�n �k�j�d�i�o�`�_ �j�p�o �]�t�<�k�o �\�i�_ �K�`�g�g�`�b�m�d�i�d�#�,�4�4�-�$ �o�c�d�n �\�k�k�m�j�\�^�c �h�\�t �]�` �j�q�`�m�g�t �^�j�i�n�`�m�q�\�o�d�q�`�) �C�j�r�`�q�`�m�'

�n�d�i�^�` �j�p�m �k�m�d�h�\�m�t �d�i�o�`�m�`�n�o �d�n �d�i �\�q�j�d�_�d�i�b �_�d�q�`�m�b�`�i�^�`�' �o�c�d�n �\�k�k�m�j�\�^�c �n�`�`�h�n �m�`�\�n�j�i�\�]�g�`�)



�>�C�<�K�O�@�M �0�) �< �N�G�D�B�C�O �?�D�Q�@�M�B�@�I�>�@ �0�,

�\�k�k�g�d�^�\�o�d�j�i�n �n�p�^�c �\�n �#�a �a�$ �n�c�j�p�g�_ �i�j�o �o�t�k�` �^�c�`�^�f �#�n�`�` �o�c�` �d�i�a�`�m�`�i�^�`�m �d�i �n�`�^�(

�o�d�j�i�4�)�.�$�) �D�a �r�` �_�j �i�j�o �k�`�m�a�j�m�h �o�c�` �j�^�^�p�m�n �^�c�`�^�f�' �\�i�_ �o�c�` �^�d�m�^�p�g�\�m �o�`�m�h �d�n �i�j�o

�m�`�d�{�`�_�' �o�c�` �o�t�k�` �d�i�a�`�m�`�i�^�` �r�d�g�g �n�p�^�^�`�`�_ �d�i�n�o�`�\�_ �j�a �a�\�d�g�d�i�b�) �>�g�`�\�m�g�t �o�c�d�n �d�n �i�j�o �\�i

�\�^�^�`�k�o�\�]�g�` �r�\�t �o�j �\�q�j�d�_ �_�d�q�`�m�b�`�i�^�`�) �C�j�r�`�q�`�m�' �d�o �d�n �d�h�k�j�m�o�\�i�o �o�j �p�i�_�`�m�n�o�\�i�_

�r�c�t �o�c�` �k�m�j�b�m�\�h �\�]�j�q�` �o�`�m�h�d�i�\�o�`�n�' �n�d�i�^�` �d�o �d�n �k�j�n�n�d�]�g�` �o�j �p�i�d�i�o�`�i�o�d�j�i�\�g�g�t �r�m�d�o�`

�k�m�j�b�m�\�h�n �o�c�\�o �\�]�p�n�` �p�i�n�j�p�i�_ �p�i�d�{�^�\�o�d�j�i�' �p�i�g�`�n�n �r�` �p�n�`≡ �`�q�`�m�t�r�c�`�m�`�)

�.�) �N�d�i�^�` �m�`�d�{�^�\�o�d�j�i �d�n �o�c�` �^�\�p�n�` �j�a �_�d�q�`�m�b�`�i�^�` �d�i �o�c�d�n �`�s�\�h�k�g�`�' �r�` �^�\�i �e�p�n�o �\�q�j�d�_

�m�`�d�{�^�\�o�d�j�i �`�i�o�d�m�`�g�t �\�i�_ �m�`�o�p�m�i �o�c�` �m�\�r �n�p�]�n�o�d�o�p�o�d�j�i�) �O�c�` �p�n�`�m �h�p�n�o �_�`�o�`�m�h�d�i�`

�r�c�d�^�c �\�n�n�j�^�d�\�o�d�j�i�n �d�i �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i �\�m�` �j�a �d�i�o�`�m�`�n�o�6 �a�p�m�o�c�`�m�h�j�m�`�' �o�c�` �p�n�`�m

�h�p�n�o �^�c�`�^�f �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i �a�j�m �^�d�m�^�p�g�\�m�d�o�d�`�n �d�i�o�m�j�_�p�^�`�_ �]�t �p�i�n�j�p�i�_ �p�i�d�{�^�\�(

�o�d�j�i�) �O�c�`�m�` �d�n �j�i�` �h�j�m�` �k�m�j�]�g�`�h �r�d�o�c �]�j�o�c �o�c�d�n �\�k�k�m�j�\�^�c �\�i�_ �o�c�` �k�m�`�q�d�j�p�n

�j�i�`�5 �o�c�` �j�^�^�p�m�n �^�c�`�^�f �^�\�i �k�m�`�q�`�i�o �_�d�q�`�m�b�`�i�^�` �]�t �h�\�f�d�i�b �o�c�` �k�m�j�b�m�\�h �a�\�d�g

�`�\�m�g�t�' �r�c�d�^�c �h�\�t �\�q�j�d�_ �\�i �p�i�]�j�p�i�_�`�_ �i�p�h�]�`�m �j�a �n�p�^�^�`�n�n�`�n �j�m �\ �a�p�o�d�g�` �n�`�\�m�^�c

�a�j�m �\ �i�j�i�(�`�s�d�n�o�`�i�o �\�i�n�r�`�m �d�i �\�i �d�i�{�i�d�o�` �n�`�\�m�^�c �n�k�\�^�`�)

�/�) �<�i�j�o�c�`�m �\�k�k�m�j�\�^�c �o�j �\�q�j�d�_�d�i�b �_�d�q�`�m�b�`�i�^�` �d�n �o�j �\�g�g�j�r �d�i�{�i�d�o�` �#�j�m�^�t�^�g�d�^�$ �o�`�m�h�n�'

�\�n �d�i�o�m�j�_�p�^�`�_ �]�t �K�m�j�g�j�b �D�D �#�>�j�g�h�`�m�\�p�`�m�,�4�3�0�' �,�4�3�/�' �,�4�3�-�$�) �O�c�`�i �o�c�` �p�i�d�(

�{�^�\�o�d�j�i �#≡�(�i�j�(�^�c� �̀^�f�#�#�l�$�$�l�$ �d�n �n�j�p�i�_�' �`�q�`�i �o�c�j�p�b�c �d�o �m�`�o�p�m�i�n �\ �^�d�m�^�p�g�\�m �n�p�]�(

�n�o�d�o�p�o�d�j�i�) �h�d�i�d�F�\�i�m�`�i �_�j�`�n �i�j�o �^�p�m�m�`�i�o�g�t �n�p�k�k�j�m�o �d�i�{�i�d�o�` �o�`�m�h�n�6 �c�j�r�`�q�`�m�' �d�o

�r�j�p�g�_ �i�j�o �]�` �_�d�z�d�^�p�g�o �o�j �`�s�o�`�i�_ �o�c�` �m�`�d�{�`�m �o�j �c�\�i�_�g�` �^�t�^�g�d�^ �o�`�m�h�n�' �e�p�n�o �\�n �h�\�i�t

�N�^�c�`�h�` �d�h�k�g�`�h�`�i�o�\�o�d�j�i�n �^�\�i �k�m�d�i�o �^�d�m�^�p�g�\�m �g�d�n�o�n�)



�>�C�<�K�O�@�M �0�) �< �N�G�D�B�C�O �?�D�Q�@�M�B�@�I�>�@ �0�-

�@�s�\�h�k�g�` �.

�>�j�i�n�d�_�`�m �o�c�` �_�d�q�`�m�b�`�i�o�m�p�i�, �`�s�k�m�`�n�n�d�j�i�2

�#�m�p�i�, �#�l�$�\�g�r�\�t�no �a�\�d�g�$

�r�c�`�m�`�a�\�d�g�d�n �_�`�{�i�`�_ �\�n �#≡ ���o���a�$�) �M�`�^�\�g�g �o�c�\�o �o�c�` �]�j�_�t �j�a �\�m�p�i�d�n �\�i �d�h�k�g�d�^�d�o

�^�j�i�e�p�i�^�o�d�j�i�3�) �D�i �j�m�_�`�m �a�j�m �o�c�`�m�p�i�`�s�k�m�`�n�n�d�j�i �o�j �n�p�^�^�`�`�_�' �]�j�o�c�\�g�r�\�t�no �\�i�_�a�\�d�g�h�p�n�o

�n�p�^�^�`�`�_�) �A�d�m�n�o�'�\�g�r�\�t�no �n�p�^�^�`�`�_�n�' �o�c�`�i�a�\�d�g�a�\�d�g�n�) �R�` �o�c�`�i �]�\�^�f�o�m�\�^�f �d�i�o�j�\�g�r�\�t�no�'

�r�c�d�^�c �n�p�^�^�`�`�_�n �\�b�\�d�i�' �a�j�g�g�j�r�`�_ �j�i�^�` �\�b�\�d�i �]�t �a�\�d�g�p�m�` �j�a �o�c�`�a�\�d�g�b�j�\�g�) �N�d�i�^�`�\�g�r�\�t�no

�n�p�^�^�`�`�_�n �\�i �p�i�]�j�p�i�_�`�_ �i�p�h�]�`�m �j�a �o�d�h�`�n�' �r�` �m�`�k�`�\�o �o�c�` �^�t�^�g�` �a�j�m�`�q�`�m�' �m�`�n�p�g�o�d�i�b �d�i

�_�d�q�`�m�b�`�i�^�`�)

�R�` �^�\�i �\�q�j�d�_ �o�c�d�n �_�d�q�`�m�b�`�i�^�` �d�i �n�`�q�`�m�\�g �_�d�z�`�m�`�i�o �r�\�t�n�5

�,�) �R�` �^�j�p�g�_ �n�d�h�k�g�t �m�`�j�m�_�`�m �o�c�` �b�j�\�g�n�5 �#�m�p�i�, �#�l�$�a�\�d�g �\�g�r�\�t�no�$�) �O�c�d�n �`�s�k�m�`�n�n�d�j�i

�m�`�o�p�m�i�n�#�#�$�$�m�\�o�c�`�m �o�c�\�i �_�d�q�`�m�b�d�i�b�' �n�d�i�^�`�a�\�d�g�a�\�d�g�n �]�`�a�j�m�`�\�g�r�\�t�no �d�n �`�q�`�i �o�m�d�`�_�)

�h�d�i�d�F�\�i�m�`�i�1�n �^�j�i�e�p�i�^�o�d�j�i �j�k�`�m�\�o�j�m �#�`�s�d�n�o�$ �d�n �^�j�h�h�p�o�\�o�d�q�`�' �]�p�o �j�i�g�t �d�a �\�i

�\�i�n�r�`�m �`�s�d�n�o�n�) �D�a �i�j �\�i�n�r�`�m �`�s�d�n�o�n�' �o�c�`�i �m�`�j�m�_�`�m�d�i�b �b�j�\�g�n �r�d�o�c�d�i �\�i�`�s�d�n�o�h�\�t

�m�`�n�p�g�o �d�i �_�d�q�`�m�b�`�i�^�` �m�\�o�c�`�m �o�c�\�i �a�\�d�g�p�m�`�4�)
�2�M�`�^�\�g�g �o�c�\�o�\�g�r�\�t�no �r�\�n �_�`�{�i�`�_ �d�i �>�c�\�k�o�`�m�- �\�n �#�_�`�{�i�` �\�g�r�\�t�no �#�\�i�t o �#≡ ���a���a�$�$�$�) �C�j�r�`�q�`�m�'

�a�j�m �o�c�` �k�p�m�k�j�n�`�n �j�a �o�c�d�n �^�c�\�k�o�`�m �r�` �_�`�{�i�`�\�g�r�\�t�no �\�n

�#�_�`�{�i�` �\�g�r�\�t�no

�#�g�`�o�m�`�^�#�#�\�g�r�\�t�no �#λ �#�$
�#�^�j�i�_e

�#�#≡ ���a���a�$�$
�#�#�\�g�r�\�t�no�$�$�$�$�$�$

�#�\�g�r�\�t�no�$�$�$

�O�c�d�n �d�n �]�`�^�\�p�n�` �o�\�]�g�d�i�b �#�>�c�\�k�o�`�m�n�,�- �\�i�_ �,�.�$ �p�n�`�n �m�`�d�{�^�\�o�d�j�i �o�j �_�`�o�`�m�h�d�i�` �d�a �\ �^�\�g�g �d�n �\ �q�\�m�d�\�i�o �j�a �\
�k�m�`�q�d�j�p�n�g�t �o�\�]�g�`�_ �^�\�g�g�) �N�d�i�^�` �\�g�g �k�m�j�^�`�_�p�m�`�n �c�\�q�` �o�c�` �n�\�h�` �m�`�d�{�`�_ �a�j�m�h �#�� <�k�m�j�^�`�_�p�m�`> �p�i�_�`�m �>�c�`�u
�N�^�c�`�h�`�' �a�j�m �`�s�\�h�k�g�`�$�' �\�i�_ �n�d�i�^�`�\�i�t o �o�\�f�`�n �\ �b�j�\�g �#�\ �k�m�j�^�`�_�p�m�`�$ �\�n �d�o�n �\�m�b�p�h�`�i�o�' �o�\�]�g�d�i�b�\�i�t o �^�\�i
�g�`�\�_ �o�j �p�i�n�j�p�i�_ �]�`�c�\�q�d�j�m�)

�3�#�m�p�i�, �#�l�$g1 g2�$ �`�s�k�\�i�_�n �d�i�o�j �\�i �`�s�k�m�`�n�n�d�j�i �^�j�i�o�\�d�i�d�i�b �#�`�s�d�n�o�#�$g1 g2�$�)
�4�R�` �n�\�t �o�c�\�o �^�j�i�e�p�i�^�o�d�j�i �d�n �^�j�h�h�p�o�\�o�d�q�`�'�h�j�_�p�g�j �_�d�q�`�m�b�`�i� �̂` �q�`�m�n�p�n �a�\�d�g�p�m�`�)



�>�C�<�K�O�@�M �0�) �< �N�G�D�B�C�O �?�D�Q�@�M�B�@�I�>�@ �0�.

�C�j�r�`�q�`�m�' �m�`�j�m�_�`�m�d�i�b �b�j�\�g�n �c�\�n �d�o�n �_�d�n�\�_�q�\�i�o�\�b�`�n�) �A�j�m �h�\�i�t �k�m�j�b�m�\�h�n�' �i�j

�j�m�_�`�m�d�i�b �j�a �b�j�\�g�n �r�d�g�g �m�`�n�p�g�o �d�i �{�i�d�o�` �a�\�d�g�p�m�` �#�n�`�` �o�c�` �m�`�h�\�d�i�d�i�b �`�s�\�h�k�g�` �d�i

�o�c�d�n �^�c�\�k�o�`�m�$�) �<�g�n�j�' �]�t �^�j�h�h�d�o�o�d�i�b �o�j �\ �^�`�m�o�\�d�i �b�j�\�g �j�m�_�`�m�d�i�b �r�` �\�m�` �b�d�q�d�i�b �p�k

�j�i �o�c�` �_�`�^�g�\�m�\�o�d�q�` �i�\�o�p�m�` �j�a �m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�h�d�i�b�5 �r�` �\�m�` �n�k�`�^�d�a�t�d�i�b�c�j�r

�o�c�` �k�m�j�b�m�\�h �^�j�h�k�p�o�`�n�' �m�\�o�c�`�m �o�c�\�i �j�i�g�t�r�c�\�o�d�o �^�j�h�k�p�o�`�n�) �A�j�m �o�c�`�n�` �m�`�\�n�j�i�n�'

�r�` �n�c�j�p�g�_ �^�j�i�n�d�_�`�m �\�g�o�`�m�i�\�o�d�q�` �n�j�g�p�o�d�j�i�n�)

�-�) �R�` �h�\�t �]�` �\�]�g�` �o�j �p�n�` �^�j�i�n�o�m�\�d�i�o�n �j�m �^�g�`�q�`�m �_�\�o�\ �n�o�m�p�^�o�p�m�`�n �o�j �m�`�k�m�`�n�`�i�o �d�i�(

�{�i�d�o�`�g�t �h�\�i�t �o�`�m�h�n �\�n �\ �n�d�i�b�g�` �o�`�m�h �#�\�n �_�`�n�^�m�d�]�`�_ �d�i �@�s�\�h�k�g�` �,�$�) �D�a �r�` �^�\�i

�p�n�` �o�c�`�n�` �o�`�^�c�i�d�l�p�`�n �o�j �h�\�f�` �\�g�g �o�c�` �^�j�i�e�p�i�^�o�n �n�p�^�^�`�`�_ �{�i�d�o�`�g�t �h�\�i�t �o�d�h�`�n�'

�o�c�`�i �o�c�` �k�m�j�b�m�\�h �r�d�g�g �o�`�m�h�d�i�\�o�` �m�`�b�\�m�_�g�`�n�n �j�a �b�j�\�g �j�m�_�`�m�d�i�b�)

�.�) �<�i�j�o�c�`�m �\�k�k�m�j�\�^�c �o�j �h�\�f�d�i�b �o�c�` �^�j�i�e�p�i�^�o�n �n�p�^�^�`�`�_ �{�i�d�o�`�g�t �h�\�i�t �o�d�h�`�n �d�n �o�j

�p�n�` �o�\�]�g�d�i�b�' �_�`�n�^�m�d�]�`�_ �d�i �>�c�\�k�o�`�m�,�-�) �O�\�]�g�d�i�b �d�n �\ �a�j�m�h �j�a �h�`�h�j�d�u�\�o�d�j�i�.�r�`

�m�`�h�`�h�]�`�m �`�q�`�m�t �_�d�n�o�d�i�^�o �^�\�g�g �o�j �o�c�` �o�\�]�g�`�_ �b�j�\�g�' �\�g�j�i�b �r�d�o�c �o�c�` �\�i�n�r�`�m�n �k�m�j�(

�_�p�^�`�_�) �R�c�`�i �\ �o�\�]�g�`�_ �b�j�\�g �d�n �^�\�g�g�`�_�' �r�` �^�c�`�^�f �r�c�`�o�c�`�m �o�c�` �b�j�\�g �c�\�n �k�m�`�q�d�j�p�n�g�t

�]�`�`�i �^�\�g�g�`�_ �r�d�o�c �n�d�h�d�g�\�m �\�m�b�p�h�`�i�o�n�.�d�a �n�j�' �r�` �p�n�` �o�c�` �o�\�]�g�`�_ �\�i�n�r�`�m�n�)

�D�i �\�_�_�d�o�d�j�i �o�j �k�j�o�`�i�o�d�\�g�g�t �h�\�f�d�i�b �b�j�\�g�n �h�j�m�` �`�z�d�^�d�`�i�o �]�t �\�q�j�d�_�d�i�b �_�p�k�g�d�^�\�o�`

�r�j�m�f�' �o�\�]�g�d�i�b �^�\�i �d�h�k�m�j�q�` �o�`�m�h�d�i�\�o�d�j�i �]�`�c�\�q�d�j�m �]�t �^�p�o�o�d�i�b �j�z �d�i�{�i�d�o�` �m�`�^�p�m�(

�n�d�j�i�n�) �A�j�m �`�s�\�h�k�g�`�' �o�c�` �o�\�]�g�`�_ �q�`�m�n�d�j�i �j�a�\�g�r�\�t�no �n�p�^�^�`�`�_�n �`�s�\�^�o�g�t �j�i�^�` �m�\�o�c�`�m

�o�c�\�i �\�i �p�i�]�j�p�i�_�`�_ �i�p�h�]�`�m �j�a �o�d�h�`�n�) �O�c�`�m�`�a�j�m�`�' �#�m�p�i�, �#�l�$�\�g�r�\�t�no �a�\�d�g�$ �m�`�(

�o�p�m�i�n�#�#�$�$�m�\�o�c�`�m �o�c�\�i �_�d�q�`�m�b�d�i�b �r�c�`�i�\�g�r�\�t�no �d�n �o�\�]�g�`�_�)
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�P�i�a�j�m�o�p�i�\�o�`�g�t�' �o�\�]�g�d�i�b �c�\�n �\ �h�\�e�j�m �_�d�n�\�_�q�\�i�o�\�b�`�5 �d�o �_�j�`�n �i�j�o �r�j�m�f �d�a �j�i�` �j�m

�h�j�m�` �j�a �o�c�` �\�m�b�p�h�`�i�o�n �o�j �\ �o�\�]�g�`�_ �b�j�\�g �^�c�\�i�b�`�n �r�d�o�c �`�\�^�c �m�`�^�p�m�n�d�q�` �^�\�g�g�,�+�)

�/�) �R�` �^�j�p�g�_ �k�`�m�a�j�m�h �\�_�`�k�`�i�_�`�i�^�t �\�i�\�g�t�n�d�n�j�i �o�c�` �^�j�i�e�p�i�^�o�n�.�d�a �o�c�` �b�j�\�g�n �_�j

�i�j�o �n�c�\�m�` �\�i�t �g�j�b�d�^ �q�\�m�d�\�]�g�`�n�' �o�c�`�t �^�\�i�i�j�o �\�z�`�^�o �`�\�^�c �j�o�c�`�m�) �O�c�`�m�`�a�j�m�` �r�`

�^�\�i �m�p�i �o�c�` �b�j�\�g�n �d�i �k�\�m�\�g�g�`�g�' �k�\�n�n�d�i�b �o�c�` �j�m�d�b�d�i�\�g �n�p�]�n�o�d�o�p�o�d�j�i �o�j �`�\�^�c �b�j�\�g�) �D�a

�`�d�o�c�`�m �b�j�\�g �a�\�d�g�n�' �o�c�` �`�i�o�d�m�` �^�j�i�e�p�i�^�o�d�j�i �a�\�d�g�n�) �D�a �]�j�o�c �b�j�\�g�n �n�p�^�^�`�`�_�' �r�` �o�\�f�` �o�c�`

�>�\�m�o�`�n�d�\�i �k�m�j�_�p�^�o �j�a �\�i�n�r�`�m�n �a�m�j�h �o�c�` �b�j�\�g�n�' �\�i�_ �p�n�` �o�c�j�n�` �i�`�r �\�n�n�j�^�d�\�o�d�j�i�n

�o�j �`�s�o�`�i�_ �o�c�` �j�m�d�b�d�i�\�g �n�p�]�n�o�d�o�p�o�d�j�i�)

�h�d�i�d�F�\�i�m�`�i �_�j�`�n �i�j�o �^�p�m�m�`�i�o�g�t �n�p�k�k�j�m�o �o�c�d�n �o�`�^�c�i�d�l�p�`�6 �c�j�r�`�q�`�m�' �h�d�i�d�F�\�i�m�`�i�1�n

�d�i�o�`�m�g�`�\�q�d�i�b �n�`�\�m�^�c �n�c�j�p�g�_ �h�\�f�` �d�o �n�o�m�\�d�b�c�o�a�j�m�r�\�m�_ �o�j �m�p�i �^�j�i�e�p�i�^�o�n �d�i �k�\�m�\�g�g�`�g�)

�< �m�p�i�(�o�d�h�` �_�`�k�`�i�_�`�i�^�t �\�i�\�g�t�n�d�n �r�j�p�g�_ �\�g�n�j �]�` �`�\�n�t �o�j �d�h�k�g�`�h�`�i�o�,�,�)

�0�)�R�` �^�j�p�g�_ �\�_�_�m�`�n�n �o�c�` �k�m�j�]�g�`�h �_�d�m�`�^�o�g�t �]�t �o�m�t�d�i�b �o�j �h�\�f�` �j�p�m �^�j�i�e�p�i�^�o�d�j�i

�j�k�`�m�\�o�j�m �^�j�h�h�p�o�\�o�d�q�`�) �A�j�m �`�s�\�h�k�g�`�' �r�` �^�j�p�g�_ �m�p�i �]�j�o�c �b�j�\�g �j�m�_�`�m�d�i�b�n �d�i

�k�\�m�\�g�g�`�g�,�-�' �#�`�s�d�n�o�#�$�\�g�r�\�t�no �a�\�d�g�$ �\�i�_ �#�`�s�d�n�o�#�$�\�g�r�\�t�no �a�\�d�g�$�' �\�i�_ �n�`�` �d�a �`�d�o�c�`�m

�j�m�_�`�m�d�i�b �^�j�i�q�`�m�b�`�n�) �D�a �n�j�' �r�` �^�j�p�g�_ �^�j�h�h�d�o �o�j �o�c�d�n �b�j�\�g �j�m�_�`�m�d�i�b�) �P�i�a�j�m�o�p�(

�i�\�o�`�g�t�' �o�c�d�n �^�j�h�h�d�o�h�`�i�o �h�\�t �]�` �k�m�`�h�\�o�p�m�`�' �n�d�i�^�` �o�c�` �b�j�\�g �j�m�_�`�m�d�i�b �r�` �k�d�^�f�`�_

�h�d�b�c�o �_�d�q�`�m�b�` �r�c�`�i �r�` �\�n�f �a�j�m �\ �n�`�^�j�i�_ �\�i�n�r�`�m�' �r�c�d�g�` �o�c�` �j�o�c�`�m �j�m�_�`�m�d�i�b �h�\�t

�a�\�d�g �{�i�d�o�`�g�t �\�a�o�`�m �k�m�j�_�p�^�d�i�b �\ �n�d�i�b�g�` �\�i�n�r�`�m�)

�,�+�<�n �_�`�h�j�i�n�o�m�\�o�`�_ �]�t �o�c�`�b�`�io �`�s�\�h�k�g�` �d�i �\ �g�\�o�`�m �a�j�j�o�i�j�o�`�)
�,�, �>�d�\�j �K�m�j�g�j�b �#�C�`�m�h�`�i�`�b�d�g�_�j �\�i�_ �M�j�n�n�d�,�4�4�0�$ �k�`�m�a�j�m�h�n �_�`�k�`�i�_�`�i�^�t �\�i�\�g�t�n�d�n �j�a �^�j�i�e�p�i�^�o�n�' �\�g�j�i�b

�r�d�o�c �h�\�i�t �j�o�c�`�m �\�i�\�g�t�n�`�n�' �o�j �n�p�k�k�j�m�o �`�z�d�^�d�`�i�o �k�\�m�\�g�g�`�g �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b�)
�,�- �R�` �h�d�b�c�o �_�j �o�c�d�n �]�t �r�m�\�k�k�d�i�b �o�c�` �b�j�\�g�n �d�i �\ �a�`�m�i �#�>�c�\�k�o�`�m�,�/�$�)
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�R�` �^�j�p�g�_ �o�m�t�\�g�g�k�j�n�n�d�]�g�` �b�j�\�g �j�m�_�`�m�d�i�b�n�' �]�p�o �o�c�d�n �d�n �k�m�j�c�d�]�d�o�d�q�`�g�t �`�s�k�`�i�n�d�q�`

�a�j�m �\�g�g �]�p�o �o�c�` �n�d�h�k�g�`�n�o �k�m�j�b�m�\�h�n�) �D�i �k�\�m�o�d�^�p�g�\�m�' �m�`�^�p�m�n�d�q�` �b�j�\�g�n �^�j�i�o�\�d�i�d�i�b

�^�j�i�e�p�i�^�o�d�j�i�n �r�d�g�g �m�`�n�p�g�o �d�i �\�i �`�s�k�j�i�`�i�o�d�\�g �`�s�k�g�j�n�d�j�i �d�i �o�c�` �i�p�h�]�`�m �j�a �j�m�_�`�m�d�i�b�n�)

�A�j�m �o�c�`�n�` �m�`�\�n�j�i�n�' �h�d�i�d�F�\�i�m�`�i �_�j�`�n �i�j�o �^�p�m�m�`�i�o�g�t �k�m�j�q�d�_�` �\ �^�j�h�h�p�o�\�o�d�q�` �^�j�i�(

�e�p�i�^�o�d�j�i �j�k�`�m�\�o�j�m�) �C�j�r�`�q�`�m�' �a�p�o�p�m�` �q�`�m�n�d�j�i�n �j�a �h�d�i�d�F�\�i�m�`�i �h�\�t �d�i�^�g�p�_�` �\�i

�j�k�`�m�\�o�j�m �o�c�\�o�n�d�h�p�g�\�o�`�n�a�p�g�g �^�j�h�h�p�o�\�o�d�q�` �^�j�i�e�p�i�^�o�d�j�i �p�n�d�i�b �\ �^�j�h�]�d�i�\�o�d�j�i

�j�a �o�\�]�g�d�i�b�' �k�\�m�\�g�g�`�g �b�j�\�g �`�q�\�g�p�\�o�d�j�i�' �\�i�_ �^�j�i�o�d�i�p�\�o�d�j�i�n �#�n�`�` �o�c�` �A�p�o�p�m�` �R�j�m�f

�^�c�\�k�o�`�m�$�)

�@�s�\�h�k�g�` �/

�>�j�i�n�d�_�`�m �o�c�`�m�p�i�, �`�s�k�m�`�n�n�d�j�i �#�m�p�i�, �#�s�$ �#�k�g�p�no �- �s �,�$�$�) �D�a�k�g�p�no �m�`�k�m�`�n�`�i�o�n �o�c�`

�o�`�m�i�\�m�t �\�_�_�d�o�d�j�i �m�`�g�\�o�d�j�i �j�q�`�m �i�\�o�p�m�\�g �i�p�h�]�`�m�n�' �o�c�`�m�` �d�n �i�j �q�\�g�p�` �a�j�m�l �o�c�\�o �n�\�o�(

�d�n�{�`�n �#�k�g�p�no �- �s �,�$ �#�n�d�i�^�`2 + x = 1 �c�\�n �i�j �n�j�g�p�o�d�j�i �d�i �o�c�` �i�\�o�p�m�\�g�n�$�) �D�_�`�\�g�g�t�' �o�c�`

�m�p�i�, �`�s�k�m�`�n�n�d�j�i �r�d�g�g �m�`�o�p�m�i�#�#�$�$�) �C�j�r�`�q�`�m�' �\ �i�\�d�q�` �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a�k�g�p�no �o�c�\�o �`�i�p�(

�h�`�m�\�o�`�n �q�\�g�p�`�n �a�j�m�s�r�d�g�g �_�d�q�`�m�b�`�' �n�d�i�^�` �d�o �r�d�g�g �f�`�`�k �\�n�n�j�^�d�\�o�d�i�b�s�r�d�o�c �g�\�m�b�`�m �i�p�h�]�`�m�n

�r�d�o�c�j�p�o �]�j�p�i�_�) �N�d�i�^�`�s �b�m�j�r�n �r�d�o�c �`�\�^�c �m�`�^�p�m�n�d�q�` �^�\�g�g�' �o�\�]�g�d�i�b�k�g�p�no �r�d�g�g �i�j�o �c�`�g�k�)

�R�` �^�\�i �\�q�j�d�_ �o�c�d�n �_�d�q�`�m�b�`�i�^�` �d�i �n�`�q�`�m�\�g �_�d�z�`�m�`�i�o �r�\�t�n�5

�,�) �R�` �^�\�i �m�`�g�\�s �o�c�` �_�j�h�\�d�i �j�a�s �o�j �d�i�^�g�p�_�` �i�`�b�\�o�d�q�` �d�i�o�`�b�`�m�n�.�o�c�`�i �o�c�`�m�p�i�,

�`�s�k�m�`�n�n�d�j�i �r�d�g�g �m�`�o�p�m�i�#�#�(�,�$�$�) �C�j�r�`�q�`�m�' �^�c�\�i�b�d�i�b�m�p�i�, �o�j�m�p�i�- �n�o�d�g�g �m�`�n�p�g�o�n �d�i

�_�d�q�`�m�b�`�i�^�`�' �n�d�i�^�`2 + x = 1 �c�\�n �j�i�g�t �\ �n�d�i�b�g�` �n�j�g�p�o�d�j�i �d�i �o�c�` �d�i�o�`�b�`�m�n�)
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�-�) �R�` �^�j�p�g�_ �p�n�` �\ �_�j�h�\�d�i�(�n�k�`�^�d�{�^ �^�j�i�n�o�m�\�d�i�o �n�t�n�o�`�h�) �A�j�m �`�s�\�h�k�g�`�' �d�i�n�o�`�\�_ �j�a

�r�m�d�o�d�i�b �\�i �\�_�_�d�o�d�j�i �b�j�\�g�' �r�` �^�j�p�g�_ �p�n�` �>�j�i�n�o�m�\�d�i�o �G�j�b�d�^ �K�m�j�b�m�\�h�h�d�i�b �j�q�`�m

�o�c�` �d�i�o�`�b�`�m�n �#�\�g�n�j �f�i�j�r�i �\�n �3�>�G�K�#�U�$�4�$�) �D�a �r�` �m�`�n�o�m�d�^�o �o�c�` �n�d�u�`�n �j�a �j�p�m �i�p�h�]�`�m�n�'

�r�` �^�j�p�g�_ �p�n�` �>�G�K�#�A�?�$ �#�>�j�i�n�o�m�\�d�i�o �G�j�b�d�^ �K�m�j�b�m�\�h�h�d�i�b �j�q�`�m �{�i�d�o�` �_�j�h�\�d�i�n�$�)

�<�g�\�n�' �i�j �n�d�i�b�g�` �^�j�i�n�o�m�\�d�i�o �n�t�n�o�`�h �^�\�i �`�s�k�m�`�n�n �`�q�`�m�t �d�i�o�`�m�`�n�o�d�i�b �m�`�g�\�o�d�j�i �d�i �\

�i�j�i�(�o�m�d�q�d�\�g �\�k�k�g�d�^�\�o�d�j�i�) �R�` �^�j�p�g�_ �o�m�t �o�j �^�m�`�\�o�` �\ �^�p�n�o�j�h �^�j�i�n�o�m�\�d�i�o �n�t�n�o�`�h

�a�j�m �`�\�^�c �\�k�k�g�d�^�\�o�d�j�i �r�` �r�m�d�o�`�' �]�p�o �o�c�d�n �h�\�t �]�` �\ �q�`�m�t �_�d�z�d�^�p�g�o �o�\�n�f�' �`�n�k�`�^�d�\�g�g�t

�n�d�i�^�` �^�j�i�n�o�m�\�d�i�o�n �h�\�t �d�i�o�`�m�\�^�o �r�d�o�c �j�o�c�`�m �g�\�i�b�p�\�b�` �a�`�\�o�p�m�`�n �d�i �^�j�h�k�g�`�s �r�\�t�n�)

�h�d�i�d�F�\�i�m�`�i �^�p�m�m�`�i�o�g�t �n�p�k�k�j�m�o�n �a�j�p�m �f�d�i�_�n �j�a �^�j�i�n�o�m�\�d�i�o�n�5 �p�i�d�{�^�\�o�d�j�i �\�i�_ �_�d�n�(

�p�i�d�{�^�\�o�d�j�i �^�j�i�n�o�m�\�d�i�o�n �p�n�d�i�b≡ �\�i�_ ̸= �#�>�c�\�k�o�`�m�n�- �\�i�_ �2�$�6α�(�`�l�p�d�q�\�g�`�i�^�` �^�j�i�(

�n�o�m�\�d�i�o�n �p�n�d�i�b �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i �#�>�c�\�k�o�`�m�4�$�6 �\�i�_ �a�m�`�n�c�i�`�n�n �^�j�i�n�o�m�\�d�i�o�n �p�n�d�i�b

�� �#�>�c�\�k�o�`�m�4�$�,�.�) �A�p�o�p�m�` �q�`�m�n�d�j�i�n �j�a �h�d�i�d�F�\�i�m�`�i �r�d�g�g �g�d�f�`�g�t �n�p�k�k�j�m�o �h�j�m�` �n�j�(

�k�c�d�n�o�d�^�\�o�`�_ �^�j�i�n�o�m�\�d�i�o�n�)

�.�) �<�i�j�o�c�`�m �\�k�k�m�j�\�^�c �d�n �o�j �]�j�p�i�_ �o�c�` �n�d�u�` �j�a �o�c�` �o�`�m�h�n �d�i �o�c�` �m�`�^�p�m�n�d�q�` �^�\�g�g�n �o�j

�k�g�p�no�) �A�j�m �`�s�\�h�k�g�`�' �d�a �r�` �m�`�k�m�`�n�`�i�o �i�p�h�]�`�m�n �\�n �]�d�i�\�m�t �g�d�n�o�n�' �r�` �f�i�j�r �o�c�\�o

�o�c�` �g�`�i�b�o�c�n �j�a �o�c�` �{�m�n�o �o�r�j �\�m�b�p�h�`�i�o�n �o�j�k�g�p�no �#�o�c�` �n�p�h�h�\�i�_�n�$ �n�c�j�p�g�_ �i�`�q�`�m

�`�s�^�`�`�_ �o�c�` �g�`�i�b�o�c �j�a �o�c�` �o�c�d�m�_ �\�m�b�p�h�`�i�o �#�o�c�` �n�p�h�$�) �=�t �`�i�^�j�_�d�i�b �o�c�`�n�` �]�j�p�i�_�n

�j�i �o�`�m�h �n�d�u�` �d�i �j�p�m�k�g�p�no �m�`�g�\�o�d�j�i�' �o�c�` �^�\�g�g �#�k�g�p�no �- �s �,�$ �r�d�g�g �a�\�d�g �{�i�d�o�`�g�t�) �R�`

�p�n�` �`�s�\�^�o�g�t �o�c�d�n �o�`�^�c�i�d�l�p�` �r�c�`�i �_�`�{�i�d�i�b�k�g�p�no �d�i �>�c�\�k�o�`�m�1�)

�,�. �N�j�h�` �i�j�i�(�k�p�]�g�d�n�c�`�_ �q�`�m�n�d�j�i�n �j�a �h�d�i�d�F�\�i�m�`�i �c�\�q�` �\�g�n�j �n�p�k�k�j�m�o�`�_�k�\�*�d�m�^�j�i�n�o�m�\�d�i�o�n�5 �#�k�\�*�d�m �s�$
�`�s�k�m�`�n�n�`�n �o�c�\�o�s�^�\�i �i�`�q�`�m �]�` �d�i�n�o�\�i�o�d�\�o�`�_ �\�n �\ �k�\�d�m�) �P�n�`�n �j�a�k�\�*�d�m�^�\�i �o�t�k�d�^�\�g�g�t �]�` �m�`�h�j�q�`�_ �o�c�m�j�p�b�c
�^�\�m�`�a�p�g �p�n�` �j�a �o�\�b�b�d�i�b�' �c�j�r�`�q�`�m�' �n�j �r�` �_�j �i�j�o �d�i�^�g�p�_�` �o�c�` �^�j�i�n�o�m�\�d�i�o �d�i �o�c�d�n �_�d�n�n�`�m�o�\�o�d�j�i�)
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�=�j�p�i�_�d�i�b �o�`�m�h �n�d�u�`�n �d�n �\ �q�`�m�t �k�j�r�`�m�a�p�g �o�`�^�c�i�d�l�p�`�' �\�n �d�n �_�`�h�j�i�n�o�m�\�o�`�_ �d�i �o�c�`

�m�`�g�\�o�d�j�i�\�g �\�m�d�o�c�h�`�o�d�^ �^�c�\�k�o�`�m �j�a �o�c�d�n �_�d�n�n�`�m�o�\�o�d�j�i�) �=�p�o �\�n �r�d�o�c �o�c�` �j�o�c�`�m �o�`�^�c�(

�i�d�l�p�`�n �k�m�`�n�`�i�o�`�_ �d�i �o�c�d�n �^�c�\�k�o�`�m�' �d�o �c�\�n �d�o�n �g�d�h�d�o�\�o�d�j�i�n�) �@�n�o�\�]�g�d�n�c�d�i�b �m�`�g�\�o�d�j�i�(

�n�c�d�k�n �]�`�o�r�`�`�i �\�m�b�p�h�`�i�o �n�d�u�`�n �h�\�t �m�`�l�p�d�m�` �^�j�i�n�d�_�`�m�\�]�g�` �d�i�n�d�b�c�o �d�i�o�j �o�c�` �m�`�g�\�o�d�j�i

�]�`�d�i�b �`�s�k�m�`�n�n�`�_�) �D�i �a�\�^�o�' �o�c�` �\�m�d�o�c�h�`�o�d�^ �_�`�{�i�d�o�d�j�i�n �d�i �>�c�\�k�o�`�m�1�' �d�i�^�g�p�_�d�i�b

�o�c�` �]�j�p�i�_�n �j�i �o�`�m�h �n�d�u�`�' �r�`�m�` �_�`�m�d�q�`�_ �a�m�j�h �h�\�o�c�`�h�\�o�d�^�\�g �`�l�p�\�o�d�j�i�n�6 �o�c�d�n �^�j�_�`

�r�j�p�g�_ �]�` �\�g�h�j�n�o �d�h�k�j�n�n�d�]�g�` �o�j �r�m�d�o�` �j�o�c�`�m�r�d�n�`�,�/�)

�A�p�m�o�c�`�m�h�j�m�`�' �j�q�`�m�g�t�(�`�\�b�`�m �]�j�p�i�_�n �j�i �o�`�m�h �n�d�u�` �^�\�i �o�c�`�h�n�`�g�q�`�n �^�\�p�n�` �_�d�q�`�m�(

�b�`�i�^�`�) �A�j�m �`�s�\�h�k�g�`�' �\�n�n�p�h�` �o�c�\�o �r�` �f�i�j�r �\�m�b�p�h�`�i�o�n�s �\�i�_ �t �m�`�k�m�`�n�`�i�o �g�d�n�o�n�'

�r�c�d�^�c �h�p�n�o �]�` �j�a �o�c�` �n�\�h�` �g�`�i�b�o�c�) �R�` �h�d�b�c�o �]�` �o�`�h�k�o�`�_ �o�j �{�m�n�o �_�`�o�`�m�h�d�i�`

�o�c�` �g�`�i�b�o�c �j�a�s�' �o�c�`�i �_�`�o�`�m�h�d�i�` �o�c�` �g�`�i�b�o�c �j�a�t�' �\�i�_ �{�i�\�g�g�t �^�j�h�k�\�m�` �o�c�` �m�`�(

�n�p�g�o�) �C�j�r�`�q�`�m�' �d�a�s �d�n �\�i �p�i�\�n�n�j�^�d�\�o�`�_ �g�j�b�d�^ �q�\�m�d�\�]�g�`�' �d�o �c�\�n �i�j �{�s�`�_ �g�`�i�b�o�c�5

�r�` �^�j�p�g�_ �^�_�m �_�j�r�i�s �a�j�m�`�q�`�m�' �d�i�\�_�q�`�m�o�`�i�o�g�t �g�`�i�b�o�c�`�i�d�i�b�s �\�n �r�` �b�j�) �D�i�n�o�`�\�_�'

�r�` �h�p�n�o�n�d�h�p�g�o�\�i� �̀j�p�n�g�t�^�j�h�k�\�m�` �o�c�` �g�`�i�b�o�c�n �j�a�s �\�i�_ �t�) �O�j �h�\�f�` �o�c�` �o�\�n�f

�h�j�m�` �_�d�z�d�^�p�g�o�' �r�` �r�\�i�o �o�j �`�i�a�j�m�^�` �o�c�` �]�j�p�i�_�n �r�c�d�g�` �r�` �\�m�` �k�`�m�a�j�m�h�d�i�b �o�c�` �k�m�d�(

�h�\�m�t �^�j�h�k�p�o�\�o�d�j�i �j�a �o�c�` �m�`�g�\�o�d�j�i �#�a�j�m �`�s�\�h�k�g�`�' �r�c�d�g�` �k�`�m�a�j�m�h�d�i�b �\�_�_�d�o�d�j�i �d�i

�o�c�` �^�\�n�` �j�a�k�g�p�no�$�) �D�i �a�\�^�o�' �g�\�u�d�g�t �`�i�a�j�m�^�d�i�b �^�j�h�k�g�`�s �]�j�p�i�_�n �]�`�o�r�`�`�i �h�p�g�o�d�k�g�`

�\�m�b�p�h�`�i�o�n �d�n �g�d�f�`�g�t �o�j �]�` �h�j�m�` �_�d�z�d�^�p�g�o �o�c�\�i �r�m�d�o�d�i�b �o�c�` �p�i�_�`�m�g�t�d�i�b �m�`�g�\�o�d�j�i�)

�<�i�j�o�c�`�m �k�m�j�]�g�`�h �r�d�o�c �]�j�p�i�_�n �j�i �o�`�m�h �n�d�u�`�n �d�n �o�c�\�o �o�c�`�t �h�\�t �i�j�o �c�`�g�k �r�c�`�i

�\�m�b�p�h�`�i�o�n �n�c�\�m�` �g�j�b�d�^ �q�\�m�d�\�]�g�`�n�) �A�j�m �`�s�\�h�k�g�`�' �^�j�i�n�d�_�`�m �o�c�`�g�`�n�n�go �m�`�g�\�o�d�j�i�5

�,�/ �A�j�m �`�s�\�h�k�g�`�' �n�`�` �o�c�` �_�`�{�i�d�o�d�j�i �j�a�g�j�bo �d�i �n�`�^�o�d�j�i�1�)�1�)



�>�C�<�K�O�@�M �0�) �< �N�G�D�B�C�O �?�D�Q�@�M�B�@�I�>�@ �0�3

�#�g�`�n�n�go �s �t�$ �n�p�^�^�`�`�_�n �d�a�s�\�i�_ �t �\�m�` �g�d�n�o�n�' �\�i�_�t �d�n �g�j�i�b�`�m �o�c�\�i�s�) �R�` �^�\�i �`�\�n�d�g�t

�d�h�k�g�`�h�`�i�o�g�`�n�n�go �]�t �n�d�h�p�g�o�\�i�`�j�p�n�g�t �^�_�m�d�i�b �_�j�r�i�s �\�i�_ �t�5

�#�_�`�{�i�` �g�`�n�n�go

�#λe �#�s �t�$
�#�#�#�#�#�$�$ �#�#�Z � �Z�$�$�$�$�$
�#�#�#�#�#�Z � �s�_�$�$ �#�#�Z � �t�_�$�$�$�$
�#�g�`�n�n�go �s�_ �t�_�$�$�$�$

�C�j�r�`�q�`�m�' �^�j�i�n�d�_�`�m �o�c�` �^�\�g�g �#�g�`�n�n�go �s �s�$�) �O�c�` �{�m�n�oλe �^�g�\�p�n�` �a�\�d�g�n�' �r�c�d�g�` �o�c�`

�n�`�^�j�i�_ �^�g�\�p�n�` �m�`�n�p�g�o�n �d�i �\ �m�`�^�p�m�n�d�q�` �^�\�g�g �r�c�`�m�` �]�j�o�c �\�m�b�p�h�`�i�o�n �\�m�` �o�c�` �n�\�h�`

�p�i�d�i�n�o�\�i�o�d�\�o�`�_ �q�\�m�d�\�]�g�`�) �O�c�`�m�`�a�j�m�` �#�g�`�n�n�go �s �s�$ �_�d�q�`�m�b�`�n�)

�D�a �r�` �r�`�m�` �o�j �o�\�]�g�`�g�`�n�n�go�' �#�g�`�n�n�go �s �s�$ �r�j�p�g�_ �a�\�d�g �d�i�n�o�`�\�_ �j�a �_�d�q�`�m�b�d�i�b�) �P�i�a�j�m�(

�o�p�i�\�o�`�g�t�' �n�c�\�m�d�i�b �j�a �\�m�b�p�h�`�i�o�n �d�i �h�j�m�` �^�j�h�k�g�d�^�\�o�`�_ �m�`�g�\�o�d�j�i�n �h�\�t �m�`�n�p�g�o �d�i

�\�m�b�p�h�`�i�o�n �b�m�j�r�d�i�b �r�d�o�c �`�\�^�c �m�`�^�p�m�n�d�q�` �^�\�g�g�' �r�c�d�^�c �r�j�p�g�_ �_�`�a�`�\�o �o�\�]�g�d�i�b�)

�D�i �o�c�d�n �n�`�^�o�d�j�i �r�` �c�\�q�` �`�s�\�h�d�i�`�_ �n�`�q�`�m�\�g �_�d�q�`�m�b�`�i�o �h�d�i�d�F�\�i�m�`�i �k�m�j�b�m�\�h�n�' �d�i�q�`�n�(

�o�d�b�\�o�`�_ �o�c�` �^�\�p�n�`�n �j�a �o�c�`�d�m �_�d�q�`�m�b�`�i�^�`�,�0�' �\�i�_ �^�j�i�n�d�_�`�m�`�_ �o�`�^�c�i�d�l�p�`�n �r�` �^�\�i �p�n�` �o�j

�h�\�f�` �o�c�`�n�` �k�m�j�b�m�\�h�n �^�j�i�q�`�m�b�`�) �<�n �h�d�i�d�F�\�i�m�`�i �k�m�j�b�m�\�h�h�`�m�n�' �_�d�q�`�m�b�`�i�^�`�' �\�i�_ �c�j�r

�o�j �\�q�j�d�_ �d�o�' �n�c�j�p�g�_ �i�`�q�`�m �]�` �a�\�m �a�m�j�h �j�p�m �h�d�i�_�n�) �D�i�_�`�`�_�' �`�q�`�m�t �`�s�o�`�i�n�d�j�i �o�j �o�c�` �^�j�m�`

�h�d�i�d�F�\�i�m�`�i �g�\�i�b�p�\�b�` �^�\�i �]�` �q�d�`�r�`�_ �\�n �\ �i�`�r �o�`�^�c�i�d�l�p�` �a�j�m �\�q�j�d�_�d�i�b �_�d�q�`�m�b�`�i�^�`�,�1�)

�D�i �o�c�` �i�`�s�o �^�c�\�k�o�`�m �r�` �k�m�`�n�`�i�o �\ �m�`�g�\�o�d�j�i�\�g �\�m�d�o�c�h�`�o�d�^ �n�t�n�o�`�h �o�c�\�o �p�n�`�n �]�j�p�i�_�n

�j�i �o�`�m�h �n�d�u�` �o�j �`�n�o�\�]�g�d�n�c �n�o�m�j�i�b �o�`�m�h�d�i�\�o�d�j�i �b�p�\�m�\�i�o�`�`�n�)

�,�0�h�d�i�d�F�\�i�m�`�i�1�n �d�i�o�`�m�g�`�\�q�d�i�b �n�`�\�m�^�c �\�q�j�d�_�n �n�j�h�` �a�j�m�h�n �j�a �_�d�q�`�m�b�`�i�^�` �o�c�\�o �\�~�d�^�o �K�m�j�g�j�b�' �r�c�d�^�c
�p�n�`�n �\�i �d�i�^�j�h�k�g�`�o�` �n�`�\�m�^�c �n�o�m�\�o�`�b�t �`�l�p�d�q�\�g�`�i�o �o�j �_�`�k�o�c�(�{�m�n�o �n�`�\�m�^�c�) �A�j�m �`�s�\�h�k�g�`�' �o�c�` �g�`�a�o�(�m�`�^�p�m�n�d�q�`
swappendo �m�`�g�\�o�d�j�i �a�m�j�h �>�c�\�k�o�`�m�- �d�n �`�l�p�d�q�\�g�`�i�o �o�j �o�c�` �n�o�\�i�_�\�m�_appendo �m�`�g�\�o�d�j�i �d�i �h�d�i�d�F�\�i�m�`�i�)
�D�i �K�m�j�g�j�b�' �c�j�r�`�q�`�m�'swappendo �_�d�q�`�m�b�`�n �d�i �h�\�i�t �^�\�n�`�n �o�c�\�oappendo �o�`�m�h�d�i�\�o�`�n�' �`�q�`�i �r�c�`�i �\�i�n�r�`�m�n
�`�s�d�n�o�) �#�<�g�o�c�j�p�b�c �o�\�]�g�d�i�b �^�\�i �]�` �p�n�`�_ �o�j �\�q�j�d�_ �_�d�q�`�m�b�`�i�^�` �a�j�m �g�`�a�o�(�m�`�^�p�m�n�d�q�` �K�m�j�g�j�b �b�j�\�g�n�.�d�i�_�`�`�_�'
�o�c�d�n �d�n �j�i�` �j�a �o�c�` �h�\�d�i �m�`�\�n�j�i�n �a�j�m �d�i�^�g�p�_�d�i�b �o�\�]�g�d�i�b �d�i �\ �K�m�j�g�j�b �d�h�k�g�`�h�`�i�o�\�o�d�j�i�)�$

�,�1�A�j�m �`�s�\�h�k�g�`�' �o�c�` �a�m�`�n�c�i�`�n�n �^�j�i�n�o�m�\�d�i�o�n �j�a �i�j�h�d�i�\�g �g�j�b�d�^ �\�g�g�j�r �p�n �o�j �`�s�k�m�`�n�n �o�c�\�o �\ �i�j�h�\ �_�j�`�n
�i�j�o �j�^�^�p�m �a�m�`�` �r�d�o�c�d�i �\ �q�\�m�d�\�]�g�`�s�) �R�d�o�c�j�p�o �n�p�^�c �\ �^�j�i�n�o�m�\�d�i�o�' �r�` �r�j�p�g�_ �i�`�`�_ �o�j �d�i�n�o�\�i�o�d�\�o�`�s �o�j �\
�k�j�o�`�i�o�d�\�g�g�t �p�i�]�j�p�i�_�`�_ �i�p�h�]�`�m �j�a �b�m�j�p�i�_ �o�`�m�h�n �o�j �`�n�o�\�]�g�d�n�c �o�c�\�o�\ �_�j�`�n �i�j�o �\�k�k�`�\�m �d�i �o�c�` �o�`�m�h�)



�>�c�\�k�o�`�m �1

�<�k�k�g�d�^�\�o�d�j�i�n �D�5 �K�p�m�` �=�d�i�\�m�t
�<�m�d�o�c�h�`�o�d�^

�O�c�d�n �^�c�\�k�o�`�m �k�m�`�n�`�i�o�n �m�`�g�\�o�d�j�i�n �a�j�m �\�m�d�o�c�h�`�o�d�^ �j�q�`�m �o�c�` �i�j�i�(�i�`�b�\�o�d�q�` �d�i�o�`�b�`�m�n�5 �\�_�(

�_�d�o�d�j�i�' �n�p�]�o�m�\�^�o�d�j�i�' �h�p�g�o�d�k�g�d�^�\�o�d�j�i�' �_�d�q�d�n�d�j�i�' �`�s�k�j�i�`�i�o�d�\�o�d�j�i�' �\�i�_ �g�j�b�\�m�d�o�c�h�) �D�h�(

�k�j�m�o�\�i�o�g�t�' �o�c�`�n�` �m�`�g�\�o�d�j�i�n �\�m�` �m�`�a�p�o�\�o�d�j�i�\�g�g�t �^�j�h�k�g�`�o�`�.�d�a �\�i �d�i�_�d�q�d�_�p�\�g �\�m�d�o�c�h�`�o�d�^

�m�`�g�\�o�d�j�i �d�n �^�\�g�g�`�_ �r�d�o�c �\�m�b�p�h�`�i�o�n �o�c�\�o �_�j �i�j�o �n�\�o�d�n�a�t �o�c�` �m�`�g�\�o�d�j�i�' �o�c�` �m�`�g�\�o�d�j�i �r�d�g�g

�a�\�d�g �d�i �{�i�d�o�` �o�d�h�` �m�\�o�c�`�m �o�c�\�i �_�d�q�`�m�b�`�) �O�c�` �^�j�i�e�p�i�^�o�d�j�i �j�a �o�r�j �j�m �h�j�m�` �\�m�d�o�c�h�`�o�d�^ �m�`�(

�g�\�o�d�j�i�n �h�\�t �i�j�o �a�\�d�g �{�i�d�o�`�g�t�' �c�j�r�`�q�`�m�) �O�c�d�n �d�n �]�`�^�\�p�n�` �o�c�` �^�j�i�e�p�i�^�o�d�j�i �j�a �\�m�d�o�c�h�`�o�d�^

�m�`�g�\�o�d�j�i�n �^�\�i �`�s�k�m�`�n�n �?�d�j�k�c�\�i�o�d�i�` �`�l�p�\�o�d�j�i�n�6 �r�`�m�` �n�p�^�c �^�j�i�e�p�i�^�o�d�j�i�n �b�p�\�m�\�i�o�`�`�_

�o�j �o�`�m�h�d�i�\�o�`�' �r�` �r�j�p�g�_ �]�` �\�]�g�` �o�j �n�j�g�q�` �C�d�g�]�`�m�o�1�n �,�+th �k�m�j�]�g�`�h�' �r�c�d�^�c �d�n �p�i�_�`�(

�^�d�_�\�]�g�` �#�H�\�o�d�t�\�n�`�q�d�^�c�,�4�4�.�$�) �R�` �\�g�n�j �_�j �i�j�o �b�p�\�m�\�i�o�`�` �o�`�m�h�d�i�\�o�d�j�i �d�a �o�c�` �b�j�\�g�1�n

�\�m�b�p�h�`�i�o�n �n�c�\�m�` �q�\�m�d�\�]�g�`�n�' �n�d�i�^�` �n�c�\�m�d�i�b �^�\�i �`�s�k�m�`�n�n �o�c�` �^�j�i�e�p�i�^�o�d�j�i �j�a �n�c�\�m�d�i�b�(�a�m�`�`

�m�`�g�\�o�d�j�i�n�)

�0�4
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�F�d�n�`�g�t�j�q �`�o �\�g�)�#�-�+�+�3�$ �b�d�q�`�n �k�m�j�j�a�n �j�a �m�`�a�p�o�\�o�d�j�i�\�g �^�j�h�k�g�`�o�`�i�`�n�n �a�j�m �o�c�`�n�` �m�`�g�\�o�d�j�i�n�)

�A�m�d�`�_�h�\�i �`�o �\�g�)�#�-�+�+�0�$ �\�i�_�F�d�n�`�g�t�j�q �`�o �\�g�)�#�-�+�+�3�$ �b�d�q�` �\�_�_�d�o�d�j�i�\�g �`�s�\�h�k�g�`�n �\�i�_

�`�s�k�j�n�d�o�d�j�i �j�a �o�c�`�n�` �\�m�d�o�c�h�`�o�d�^ �m�`�g�\�o�d�j�i�n�,�)

�O�c�d�n �^�c�\�k�o�`�m �d�n �j�m�b�\�i�d�u�`�_ �\�n �a�j�g�g�j�r�n�) �N�`�^�o�d�j�i�1�)�,�_�`�n�^�m�d�]�`�n �j�p�m �m�`�k�m�`�n�`�i�o�\�o�d�j�i �j�a

�i�p�h�]�`�m�n�) �D�i �n�`�^�o�d�j�i�1�)�-�r�` �k�m�`�n�`�i�o �\ �i�\�d�q�` �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �\�_�_�d�o�d�j�i �\�i�_ �n�c�j�r �d�o�n

�g�d�h�d�o�\�o�d�j�i�n�) �N�`�^�o�d�j�i�1�)�.�k�m�`�n�`�i�o�n �\ �h�j�m�` �n�j�k�c�d�n�o�d�^�\�o�`�_ �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �\�_�_�d�o�d�j�i�'

�d�i�n�k�d�m�`�_ �]�t �o�c�` �c�\�g�a�(�\�_�_�`�m�n �\�i�_ �a�p�g�g�(�\�_�_�`�m�n �j�a �_�d�b�d�o�\�g �c�\�m�_�r�\�m�`�) �N�`�^�o�d�j�i�n�1�)�/�\�i�_�1�)�0

�k�m�`�n�`�i�o �o�c�` �h�p�g�o�d�k�g�d�^�\�o�d�j�i �\�i�_ �_�d�q�d�n�d�j�i �m�`�g�\�o�d�j�i�n�' �m�`�n�k�`�^�o�d�q�`�g�t�) �A�d�i�\�g�g�t �d�i �n�`�^�o�d�j�i�1�)�1

�r�` �_�`�{�i�` �m�`�g�\�o�d�j�i�n �a�j�m �g�j�b�\�m�d�o�c�h �\�i�_ �`�s�k�j�i�`�i�o�d�\�o�d�j�i�)

�1�)�, �M�`�k�m�`�n�`�i�o�\�o�d�j�i �j�a �I�p�h�]�`�m�n

�=�`�a�j�m�` �r�` �^�\�i �r�m�d�o�` �j�p�m �\�m�d�o�c�h�`�o�d�^ �m�`�g�\�o�d�j�i�n�' �r�` �h�p�n�o �_�`�^�d�_�` �c�j�r �r�` �r�d�g�g �m�`�k�m�`�(

�n�`�i�o �i�p�h�]�`�m�n�) �A�j�m �n�d�h�k�g�d�^�d�o�t�' �r�` �m�`�n�o�m�d�^�o �o�c�` �_�j�h�\�d�i �j�a �j�p�m �\�m�d�o�c�h�`�o�d�^ �m�`�g�\�o�d�j�i�n

�o�j �i�j�i�(�i�`�b�\�o�d�q�` �d�i�o�`�b�`�m�n�-�) �R�` �h�d�b�c�o �]�` �o�`�h�k�o�`�_ �o�j �p�n�` �N�^�c�`�h�`�1�n �]�p�d�g�o�(�d�i �i�p�h�]�`�m�n

�a�j�m �j�p�m �\�m�d�o�c�h�`�o�d�^ �m�`�g�\�o�d�j�i�n�) �P�i�a�j�m�o�p�i�\�o�`�g�t�' �p�i�d�{�^�\�o�d�j�i �^�\�i�i�j�o �_�`�^�j�h�k�j�n�` �N�^�c�`�h�`

�i�p�h�]�`�m�n�) �D�i�n�o�`�\�_�' �r�` �i�`�`�_ �\�i �d�i�_�p�^�o�d�q�`�g�t �_�`�{�i�`�_ �m�`�k�m�`�n�`�i�o�\�o�d�j�i �j�a �i�p�h�]�`�m�n �o�c�\�o

�^�\�i �]�` �^�j�i�n�o�m�p�^�o�`�_ �\�i�_ �_�`�^�j�i�n�o�m�p�^�o�`�_ �p�n�d�i�b �p�i�d�{�^�\�o�d�j�i�) �R�` �r�d�g�g �o�c�`�m�`�a�j�m�` �m�`�k�m�`�n�`�i�o

�i�p�h�]�`�m�n �\�n �g�d�n�o�n�)

�, �O�c�` �_�`�{�i�d�o�d�j�i �j�a�g�j�bo �d�i �o�c�` �{�m�n�o �k�m�d�i�o�d�i�b �j�a�A�m�d�`�_�h�\�i �`�o �\�g�)�#�-�+�+�0�$ �^�j�i�o�\�d�i�n �\�i �`�m�m�j�m�' �r�c�d�^�c
�c�\�n �]�`�`�i �^�j�m�m�`�^�o�`�_ �d�i �o�c�` �n�`�^�j�i�_ �k�m�d�i�o�d�i�b �\�i�_ �d�i �n�`�^�o�d�j�i�1�)�1�)

�-�R�` �^�j�p�g�_ �`�s�o�`�i�_ �j�p�m �o�m�`�\�o�h�`�i�o �o�j �i�`�b�\�o�d�q�` �d�i�o�`�b�`�m�n �]�t �\�_�_�d�i�b �\ �n�d�b�i �o�\�b �o�j �`�\�^�c �i�p�h�]�`�m�)



�>�C�<�K�O�@�M �1�) �<�K�K�G�D�>�<�O�D�J�I�N �D�5 �K�P�M�@ �=�D�I�<�M�T �<�M�D�O�C�H�@�O�D�>�1�,

�O�c�` �n�d�h�k�g�`�n�o �\�k�k�m�j�\�^�c �r�j�p�g�_ �]�` �o�j �p�n�` �\ �p�i�\�m�t �m�`�k�m�`�n�`�i�o�\�o�d�j�i�.�6 �c�j�r�`�q�`�m�' �a�j�m

�`�z�d�^�d�`�i�^�t �r�` �r�d�g�g �m�`�k�m�`�n�`�i�o �i�p�h�]�`�m�n �\�n �g�d�n�o�n �j�a �]�d�i�\�m�t �_�d�b�d�o�n�) �J�p�m �g�d�n�o�n �j�a �]�d�i�\�m�t

�_�d�b�d�o�n �\�m�`�g�d�o�o�g�`�(�`�i�_�d�\�i�5 �o�c�`� �̂\�m�j�a �o�c�` �g�d�n�o �^�j�i�o�\�d�i�n �o�c�` �g�`�\�n�o�(�n�d�b�i�d�{�^�\�i�o�(�]�d�o�' �r�c�d�^�c

�d�n �^�j�i�q�`�i�d�`�i�o �r�c�`�i �k�`�m�a�j�m�h�d�i�b �\�m�d�o�c�h�`�o�d�^�) �R�` �^�\�i �_�`�{�i�` �o�c�`�]�p�d�g�_�(�i�p�h�c�`�g�k�`�m

�a�p�i�^�o�d�j�i�' �r�c�d�^�c �^�j�i�n�o�m�p�^�o�n �]�d�i�\�m�t �g�d�o�o�g�`�(�`�i�_�d�\�i �g�d�n�o�n �a�m�j�h �N�^�c�`�h�` �i�p�h�]�`�m�n�)

�#�_�`�{�i�` �]�p�d�g�_�(�i�p�h
�#λ �#�i �$

�#�^�j�i�_
�#�#�u�`�m�j�: �i�$�#�#�$�$�$
�#�#�\�i�_ �#�i�j�o�#�u�`�m�j�: �i�$�$ �#�`�q�`�i�: �i�$�$
�#� �̂j�i�n�+�#�]�p�d�g�_�(�i�p�h�#�l�p�j�o�d�`�i�o �i�-�$�$�$�$

�#�#�j�_�_�: �i�$
�#� �̂j�i�n�, �#�]�p�d�g�_�(�i�p�h�#�l�p�j�o�d�`�i�o�#− �i �,�$�-�$�$�$�$�$�$�$

�A�j�m �`�s�\�h�k�g�` �#�]�p�d�g�_�(�i�p�h�1�$ �m�`�o�p�m�i�n�#�#�+ �, �,�$�$�' �r�c�d�g�` �#�]�p�d�g�_�(�i�p�h�,�4�$ �m�`�o�p�m�i�n�#�#�, �, �+ �+ �,�$�$�)

�O�j �`�i�n�p�m�` �o�c�`�m�` �d�n �\ �p�i�d�l�p�` �m�`�k�m�`�n�`�i�o�\�o�d�j�i �j�a �`�q�`�m�t �i�p�h�]�`�m�' �r�` �n�p�k�k�m�`�n�n �o�m�\�d�g�d�i�b

0�1�n�) �O�c�p�n�#�#�+ �,�$�$�d�n �o�c�` �p�i�d�l�p�` �m�`�k�m�`�n�`�i�o�\�o�d�j�i �j�a �o�c�` �i�p�h�]�`�m �o�r�j�6 �]�j�o�c�#�#�+ �, �+�$�$�\�i�_

�#�#�+ �, �+ �+�$�$�\�m�` �d�g�g�`�b�\�g�) �N�d�h�d�g�\�m�g�t�'�#�#�$�$�d�n �o�c�` �p�i�d�l�p�` �m�`�k�m�`�n�`�i�o�\�o�d�j�i �j�a �u�`�m�j�6�#�#�+�$�$�d�n �d�g�g�`�b�\�g�)

�G�d�n�o�n �m�`�k�m�`�n�`�i�o�d�i�b �i�p�h�]�`�m�n �h�\�t �]�` �k�\�m�o�d�\�g�g�t �d�i�n�o�\�i�o�d�\�o�`�_�5�#�#�, � �s�$�$�m�`�k�m�`�n�`�i�o�n �\�i�t �j�_�_

�d�i�o�`�b�`�m�' �r�c�d�g�`�#�#�+� �t�$�$�m�`�k�m�`�n�`�i�o�n �\�i�t�k�j�n�d�o�d�q�`�`�q�`�i �i�p�h�]�`�m�) �R�` �h�p�n�o �`�i�n�p�m�` �o�c�\�o �j�p�m

�m�`�g�\�o�d�j�i�n �i�`�q�`�m �d�i�n�o�\�i�o�d�\�o�` �q�\�m�d�\�]�g�`�n �m�`�k�m�`�n�`�i�o�d�i�b �i�p�h�]�`�m�n �o�j �d�g�g�`�b�\�g �q�\�g�p�`�n�.�d�i �o�c�`�n�`

�`�s�\�h�k�g�`�n�'�s�^�\�i �]�` �d�i�n�o�\�i�o�d�\�o�`�_ �o�j �\�i�t �g�`�b�\�g �i�p�h�]�`�m�' �r�c�d�g�`�t �^�\�i �]�` �d�i�n�o�\�i�o�d�\�o�`�_ �o�j

�\�i�t �i�p�h�]�`�m�j�o�c�`�m�o�c�\�i �u�`�m�j �o�j �\�q�j�d�_ �^�m�`�\�o�d�i�b �o�c�` �d�g�g�`�b�\�g �q�\�g�p�`�#�#�+�$�$�)

�. �@�q�`�i �r�c�`�i �p�n�d�i�b �p�i�\�m�t �i�p�h�]�`�m�n�' �_�`�{�i�d�i�b �m�`�a�p�o�\�o�d�j�i�\�g�g�t �^�j�h�k�g�`�o�` �\�m�d�o�c�h�`�o�d�^ �m�`�g�\�o�d�j�i�n �d�n �i�j�i�(
�o�m�d�q�d�\�g�' �\�n �_�`�h�j�i�n�o�m�\�o�`�_ �]�t�F�d�n�`�g�t�j�q �`�o �\�g�)�#�-�+�+�3�$�)



�>�C�<�K�O�@�M �1�) �<�K�K�G�D�>�<�O�D�J�I�N �D�5 �K�P�M�@ �=�D�I�<�M�T �<�M�D�O�C�H�@�O�D�>�1�-

�R�` �^�\�i �i�j�r �_�`�{�i�` �o�c�` �n�d�h�k�g�`�n�o �p�n�`�a�p�g �\�m�d�o�c�h�`�o�d�^ �m�`�g�\�o�d�j�i�n�'�k�j�no �\�i�_>�,o�) �O�c�`

�k�j�no �m�`�g�\�o�d�j�i �d�n �n�\�o�d�n�{�`�_ �d�a �d�o�n �\�m�b�p�h�`�i�o �m�`�k�m�`�n�`�i�o�n �\ �k�j�n�d�o�d�q�` �d�i�o�`�b�`�m�)

�#�_�`�{�i�` �k�j�no

�#λe �#�i �$
�#�#�#�#�#�\ � �_�$�$�$�$�$�$�$

�O�c�>̀�,o �m�`�g�\�o�d�j�i �d�n �n�\�o�d�n�{�`�_ �d�a �d�o�n �\�m�b�p�h�`�i�o �m�`�k�m�`�n�`�i�o�n �\�i �d�i�o�`�b�`�m �b�m�`�\�o�`�m �o�c�\�i �j�i�`�)

�#�_�`�{�i�` >�,o

�#λe �#�i �$
�#�#�#�#�#�\ �] � �_�$�$�$�$�$�$�$

�R�` �r�d�g�g �p�n�`�k�j�no �\�i�_>�,o �d�i �h�j�m�` �n�j�k�c�d�n�o�d�^�\�o�`�_ �\�m�d�o�c�h�`�o�d�^ �m�`�g�\�o�d�j�i�n�' �n�o�\�m�o�d�i�b �r�d�o�c

�\�_�_�d�o�d�j�i�)

�1�)�- �I�\�d�q�` �<�_�_�d�o�d�j�i

�I�j�r �o�c�\�o �r�` �c�\�q�` �_�`�^�d�_�`�_ �j�i �\ �m�`�k�m�`�n�`�i�o�\�o�d�j�i �a�j�m �i�p�h�]�`�m�n�' �r�` �^�\�i �_�`�{�i�` �o�c�`

�\�_�_�d�o�d�j�i �m�`�g�\�o�d�j�i�'�k�g�p�no�)

�#�_�`�{�i�` �k�g�p�no

�#λe �#�i �h �n�$
�#�#�#�s�#�#�$�$�s�$�$�$
�#�#�#�#�#�$�$�t �t�$�$�$
�#�#�#�#�#�+� �s�$�$ �#�#�] � �t�$�$ �#�#�] � �m�`�n�$�$�$�$
�#�k�g�p�no �s �t �m�`�n�$�$

�#�#�#�#�#�] � �s�$�$ �#�#�+� �t�$�$ �#�#�] � �m�`�n�$�$�$�$
�#�k�g�p�no �s �t �m�`�n�$�$

�#�#�#�#�#�, � �s�$�$ �#�#�, � �t�$�$ �#�#�+� �m�`�n�$�$�$�$
�#�`�s�d�n�o�#�m�`�n�(�,�$

�#�k�g�p�no �s �t �m�`�n�(�,�$
�#�k�g�p�no �#�#�,�$�$�m�`�n�(�, �m�`�n�$�$�$�$�$



�>�C�<�K�O�@�M �1�) �<�K�K�G�D�>�<�O�D�J�I�N �D�5 �K�P�M�@ �=�D�I�<�M�T �<�M�D�O�C�H�@�O�D�>�1�.

�O�c�` �{�m�n�o �o�r�j �^�g�\�p�n�`�n �c�\�i�_�g�` �r�c�`�i�i �j�m�h �d�n �u�`�m�j�) �O�c�` �i�`�s�o �o�r�j �^�g�\�p�n�`�n �c�\�i�_�g�` �r�c�`�i

�]�j�o�c�i �\�i�_ �h �\�m�` �k�j�n�d�o�d�q�` �d�i�o�`�b�`�m�n�' �\�o �g�`�\�n�o �j�i�` �j�a �r�c�d�^�c �d�n �`�q�`�i�) �O�c�` �{�i�\�g �^�g�\�p�n�`

�c�\�i�_�g�`�n �r�c�`�i�i �\�i�_ �h �\�m�` �]�j�o�c �k�j�n�d�o�d�q�` �j�_�_ �d�i�o�`�b�`�m�n�)

�<�o �{�m�n�o �b�g�\�i�^�`�' �j�p�m �_�`�{�i�d�o�d�j�i �j�a�k�g�p�no �n�`�`�h�n �o�j �r�j�m�f �{�i�`�)

�#�m�p�i�, �#�l�$ �#�k�g�p�no �#�#�, �,�$�$ �#�#�+ �, �,�$�$�l�$�$⇒ �#�#�#�#�, �+ �+ �,�$�$�$�$

�<�n �`�s�k�`�^�o�`�_�' �\�_�_�d�i�b �o�c�m�`�` �\�i�_ �n�d�s �t�d�`�g�_�n �i�d�i�`�) �C�j�r�`�q�`�m�' �m�`�k�g�\�^�d�i�b�m�p�i�, �r�d�o�c�m�p�i∗

�m�`�n�p�g�o�n �d�i �o�c�` �\�i�n�r�`�m �#�#�, �+ �+ �,�$ �#�, �+ �+ �,�$�$�) �O�c�` �_�p�k�g�d�^�\�o�` �q�\�g�p�` �d�n �_�p�` �o�j �o�c�` �j�q�`�m�(

�g�\�k�k�d�i�b �j�a �^�g�\�p�n�`�n �d�i�k�g�p�no�.�a�j�m �`�s�\�h�k�g�`�' �]�j�o�c �j�a �o�c�` �{�m�n�o �o�r�j �^�g�\�p�n�`�n �n�p�^�^�`�`�_ �r�c�`�i

�i �' �h�' �\�i�_�n�\�m�` �\�g�g �u�`�m�j�) �@�q�`�i �r�j�m�n�`�' �#�m�p�i∗ �#�l�$ �#�k�g�p�no �#�#�+ �,�$�$�l �#�#�, �+ �,�$�$�$�$ �m�`�o�p�m�i�n

�#�#�#�#�, �,�$�$ �#�#�, �,�$�$ �#�#�, �, �+�$�$ �#�#�, �, �+�$�$�$�$�) �O�c�` �g�\�n�o �o�r�j �q�\�g�p�`�n �\�m�` �i�j�o �`�q�`�i �g�`�b�\�g �m�`�k�m�`�n�`�i�o�\�(

�o�d�j�i�n �j�a �\ �i�p�h�]�`�m�' �n�d�i�^�` �o�c�` �h�j�n�o�(�n�d�b�i�d�{�^�\�i�o �]�d�o �d�n �u�`�m�j�)

�R�` �^�\�i �{�s �o�c�`�n�` �k�m�j�]�g�`�h�n �]�t �h�\�f�d�i�b �o�c�` �^�g�\�p�n�`�n �j�a�k�g�p�no �i�j�i�(�j�q�`�m�g�\�k�k�d�i�b�' �\�i�_

�]�t �\�_�_�d�i�b �^�\�g�g�n �o�j�k�j�no �o�j �`�i�n�p�m�` �o�c�` �h�j�n�o�(�n�d�b�i�d�{�^�\�i�o �]�d�o �j�a �\ �k�j�n�d�o�d�q�` �i�p�h�]�`�m �d�n

�i�`�q�`�m �d�i�n�o�\�i�o�d�\�o�`�_ �o�j �u�`�m�j�)

�#�_�`�{�i�` �k�g�p�no

�#λe �#�i �h �f�$
�#�#�#�s�#�#�$�$�s�$�$�$
�#�#�#�#�#�$�$ �#�#�s � �t�$�$ �#�#�s � �t�$�$�$�$�$
�#�#�#�#�#�+� �s�$�$ �#�#�+� �t�$�$ �#�#�+� �m�`�n�$�$�$�$�#�k�j�no �s�$ �#�k�j�no �t�$
�#�k�g�p�no �s �t �m�`�n�$�$

�#�#�#�#�#�+� �s�$�$ �#�#�, � �t�$�$ �#�#�, � �m�`�n�$�$�$�$�#�k�j�no �s�$
�#�k�g�p�no �s �t �m�`�n�$�$

�#�#�#�#�#�, � �s�$�$ �#�#�+� �t�$�$ �#�#�, � �m�`�n�$�$�$�$�#�k�j�no �t�$
�#�k�g�p�no �s �t �m�`�n�$�$

�#�#�#�#�#�, � �s�$�$ �#�#�, � �t�$�$ �#�#�+� �m�`�n�$�$�$�$
�#�`�s�d�n�o�#�m�`�n�(�,�$

�#�k�g�p�no �s �t �m�`�n�(�,�$
�#�k�g�p�no �#�#�,�$�$�m�`�n�(�, �m�`�n�$�$�$�$�$
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�R�` �n�`�k�\�m�\�o�`�_ �o�c�` �o�c�d�m�_ �^�g�\�p�n�` �j�a �o�c�` �j�m�d�b�d�i�\�g�k�g�p�no �d�i�o�j �o�r�j �^�g�\�p�n�`�n�' �n�j �r�` �^�\�i �p�n�`

�k�j�no �o�j �\�q�j�d�_ �d�g�g�`�b�\�g �d�i�n�o�\�i�o�d�\�o�d�j�i�n �j�a �i�p�h�]�`�m�n�)

�O�c�` �d�h�k�m�j�q�`�_ �_�`�{�i�d�o�d�j�i �j�a�k�g�p�no �i�j �g�j�i�b�`�m �k�m�j�_�p�^�`�n �_�p�k�g�d�^�\�o�` �j�m �d�g�g�`�b�\�g �q�\�g�p�`�n�)

�#�m�p�i∗ �#�l�$ �#�k�g�p�no �#�#�, �,�$�$ �#�#�+ �, �,�$�$�l�$�$⇒ �#�#�#�#�, �+ �+ �,�$�$�$�$

�#�m�p�i∗ �#�l�$ �#�k�g�p�no �#�#�+ �,�$�$�l �#�#�, �+ �,�$�$�$�$⇒ �#�#�#�#�, �,�$�$�$�$

�D�o �h�\�t �\�k�k�`�\�m �o�c�\�o �j�p�m �i�`�r�k�g�p�no �d�n �m�`�a�p�o�\�o�d�j�i�\�g�g�t �^�j�h�k�g�`�o�`�' �n�d�i�^�` �\�o�o�`�h�k�o�d�i�b

�o�j �\�_�_ �`�d�b�c�o �o�j �n�j�h�` �i�p�h�]�`�m�l �o�j �k�m�j�_�p�^�` �n�d�s �a�\�d�g�n �{�i�d�o�`�g�t�5

�#�m�p�i∗ �#�l�$ �#�k�g�p�no �#�#�+ �+ �+ �,�$�$�l �#�#�+ �, �,�$�$�$�$⇒ �#�#�$�$

�P�i�a�j�m�o�p�i�\�o�`�g�t�' �o�c�d�n �`�s�\�h�k�g�` �d�n �h�d�n�g�`�\�_�d�i�b�.�k�g�p�no �d�n �i�j�o �m�`�a�p�o�\�o�d�j�i�\�g�g�t �^�j�h�k�g�`�o�`�)

�O�c�` �`�s�k�m�`�n�n�d�j�i �#�m�p�i�, �#�l�$ �#�k�g�p�no �l �#�#�, �+ �,�$�$ �#�#�+ �+ �+ �,�$�$�$�$ �m�`�o�p�m�i�n�#�#�#�#�, �,�$�$�$�$�\�n �`�s�k�`�^�o�`�_�'

�]�p�o �m�`�k�g�\�^�d�i�b�m�p�i�, �r�d�o�c�m�p�i�- �m�`�n�p�g�o�n �d�i �_�d�q�`�m�b�`�i�^�`�) �N�d�h�d�g�\�m�g�t�'

�#�m�p�i�1 �#�l�$
�#�`�s�d�n�o�#�s �t�$

�#�k�g�p�no �s �t�#�#�, �+ �,�$�$�$
�#≡ �#�#�s �t�$�$�l�$�$�$

�m�`�o�p�m�i�n

�#�#�#�#�#�#�, �+ �,�$�$ �#�#�$�$�$�$
�#�#�#�#�$�$ �#�#�, �+ �,�$�$�$�$
�#�#�#�#�+ �+ �,�$�$ �#�#�,�$�$�$�$
�#�#�#�#�,�$�$ �#�#�+ �+ �,�$�$�$�$
�#�#�#�#�+ �,�$�$ �#�#�, �,�$�$�$�$
�#�#�#�#�, �,�$�$ �#�#�+ �,�$�$�$�$�$�$

�]�p�o�m�p�i�2 �_�d�q�`�m�b�`�n�) �D�a �r�` �r�`�m�` �o�j �n�r�\�k �o�c�` �m�`�^�p�m�n�d�q�` �^�\�g�g�n �d�i �g�\�n�o �^�g�\�p�n�` �j�a�k�g�p�no�'

�o�c�` �k�m�`�q�d�j�p�n �`�s�k�m�`�n�n�d�j�i�n �r�j�p�g�_ �^�j�i�q�`�m�b�` �r�c�`�i �p�n�d�i�b�m�p�i∗�6 �p�i�a�j�m�o�p�i�\�o�`�g�t�' �h�\�i�t



�>�C�<�K�O�@�M �1�) �<�K�K�G�D�>�<�O�D�J�I�N �D�5 �K�P�M�@ �=�D�I�<�M�T �<�M�D�O�C�H�@�O�D�>�1�0

�k�m�`�q�d�j�p�n�g�t �^�j�i�q�`�m�b�`�i�o �`�s�k�m�`�n�n�d�j�i�n �r�j�p�g�_ �o�c�`�i �_�d�q�`�m�b�`�/�) �D�a �r�` �r�\�i�o�k�g�p�no �o�j �]�`

�m�`�a�p�o�\�o�d�j�i�\�g�g�t �^�j�h�k�g�`�o�`�' �r�` �h�p�n�o �m�`�^�j�i�n�d�_�`�m �j�p�m �\�k�k�m�j�\�^�c�)

�1�)�. �<�m�d�o�c�h�`�o�d�^ �M�`�q�d�n�d�o�`�_

�D�i �o�c�d�n �n�`�^�o�d�j�i �r�` �_�`�q�`�g�j�k �\ �m�`�a�p�o�\�o�d�j�i�\�g�g�t �^�j�h�k�g�`�o�` �_�`�{�i�d�o�d�j�i �j�a�k�g�p�no�' �d�i�n�k�d�m�`�_ �]�t

�o�c�` �c�\�g�a�(�\�_�_�`�m�n �\�i�_ �a�p�g�g�(�\�_�_�`�m�n �j�a �_�d�b�d�o�\�g �g�j�b�d�^�0�)

�R�` �{�m�n�o �_�`�{�i�`�c�\�g�a�(�\�_�_�`�mo�' �r�c�d�^�c�' �r�c�`�i �b�d�q�`�i �o�c�` �]�d�i�\�m�t �_�d�b�d�o�n�s�' �t�' �m�' �\�i�_� �̂'

�n�\�o�d�n�{�`�n �o�c�` �`�l�p�\�o�d�j�ix + y = r + 2 · c�)

�#�_�`�{�i�` �c�\�g�a�(�\�_�_�`�mo

�#λ �#�s �t �m �^�$
�#�`�s�d�n�o�#�$

�#�]�d�o�(�s�j�mo �s �t �m�$
�#�]�d�o�(�\�i�_o �s �t ��̂$�$�$�$

�c�\�g�a�(�\�_�_�`�mo �d�n �_�`�{�i�`�_ �p�n�d�i�b �]�d�o�(�r�d�n�` �m�`�g�\�o�d�j�i�n �a�j�m �g�j�b�d�^�\�g�\�i�_�\�i�_�`�s�^�g�p�n�d�q�`�(�j�m�)

�#�_�`�{�i�` �]�d�o�(�\�i�_o

�#λe �#�s �t �m�$
�#�#�#�+ �+ �+�$�$�$
�#�#�#�, �+ �+�$�$�$
�#�#�#�+ �, �+�$�$�$
�#�#�#�, �, �,�$�$�$�$�$

�#�_�`�{�i�` �]�d�o�(�s�j�mo

�#λe �#�s �t �m�$
�#�#�#�+ �+ �+�$�$�$
�#�#�#�+ �, �,�$�$�$
�#�#�#�, �+ �,�$�$�$
�#�#�#�, �, �+�$�$�$�$�$

�/ �O�c�`�n�` �`�s�\�h�k�g�`�n �_�`�h�j�i�n�o�m�\�o�` �r�c�t �\�i �`�z�d�^�d�`�i�o �d�h�k�g�`�h�`�i�o�\�o�d�j�i �#�j�m �n�d�h�p�g�\�o�d�j�i�$ �j�a �^�j�h�h�p�o�\�o�d�q�`
�^�j�i�e�p�i�^�o�d�j�i �r�j�p�g�_ �]�` �p�n�`�a�p�g�)

�0�N�`��̀C�`�i�i�`�n�n�t �\�i�_ �K�\�o�o�`�m�n�j�i�#�-�+�+�-�$ �a�j�m �\ �_�`�n�^�m�d�k�o�d�j�i �j�a �c�\�m�_�r�\�m�` �\�_�_�`�m�n�)



�>�C�<�K�O�@�M �1�) �<�K�K�G�D�>�<�O�D�J�I�N �D�5 �K�P�M�@ �=�D�I�<�M�T �<�M�D�O�C�H�@�O�D�>�1�1

�I�j�r �o�c�\�o �r�` �c�\�q�` �_�`�{�i�`�_�c�\�g�a�(�\�_�_�`�mo�' �r�` �^�\�i �_�`�{�i��̀a�p�g�g�(�\�_�_�`�mo�) �a�p�g�g�(�\�_�_�`�mo

�d�n �n�d�h�d�g�\�m �o�j�c�\�g�a�(�\�_�_�`�mo�' �]�p�o �o�\�f�`�n �\ �^�\�m�m�t�(�d�i �]�d�o�]�6 �b�d�q�`�i �]�d�o�n�]�' �s�' �t�' �m�' �\�i�_� �̂'

�a�p�g�g�(�\�_�_�`�mo �n�\�o�d�n�{�`�nb + x + y = r + 2 · c�)

�#�_�`�{�i�` �a�p�g�g�(�\�_�_�`�mo

�#λ �#�] �s �t �m �^�$
�#�`�s�d�n�o�#�r �s�t �r�u�$

�#�c�\�g�a�(�\�_�_�`�mo �s �t �r �s�t�$
�#�c�\�g�a�(�\�_�_�`�mo �r �] �m �r�u�$
�#�]�d�o�(�s�j�mo �s�t �r�u �^�$�$�$�$

�c�\�g�a�(�\�_�_�`�mo �\�i�_ �a�p�g�g�(�\�_�_�`�mo �\�_�_ �d�i�_�d�q�d�_�p�\�g �]�d�o�n�) �R�` �i�j�r �_�`�{�i�`�\�_�_�`�mo �d�i �o�`�m�h�n

�j�a�a�p�g�g�(�\�_�_�`�mo�6�\�_�_�`�mo �\�_�_�n �\ �^�\�m�m�t�(�d�i �]�d�o�_�o�j �\�m�]�d�o�m�\�m�d�g�t �g�\�m�b�` �i�p�h�]�`�m�n�i �\�i�_ �h �o�j

�k�m�j�_�p�^�` �\ �i�p�h�]�`�m�m�)

�#�_�`�{�i�` �\�_�_�`�mo

�#λ �#�_ �i �h �m�$
�#�h�\�o�^�ce �#�#�_ �i �h�$�$

�#�#�#�+�Z �#�#�$�$�$�$�#≡ �i �m�$�$
�#�#�#�+�#�#�$�$ �Z�$�$�#≡ �h �m�$ �#�k�j�no �h�$�$
�#�#�#�, �Z �#�#�$�$�$�$
�#�\�_�_�`�mo �+�i �#�#�,�$�$�m�$�$

�#�#�#�, �#�#�$�$ �Z�$�$
�#�k�j�no �h�$
�#�\�_�_�`�mo �+�#�#�,�$�$�h �m�$�$

�#�#�#�Z �#�#�,�$�$ �#�#�,�$�$�$�$
�#�`�s�d�n�o�#�\ � �̂$

�#≡ �#�#�\ � �̂$�$�m�$
�#�a�p�g�g�(�\�_�_�`�mo �_�, �, �\ � �̂$�$�$

�#�#�#�Z �#�#�,�$�$ �Z�$�$
�#�b�`�i�(�\�_�_�`�mo �_ �i �h �m�$�$

�#�#�#�Z �Z �#�#�,�$�$�$�$
�#>�,o �i �$ �#>�,o �m�$
�#�\�_�_�`�mo �_�#�#�,�$�$�i �m�$�$

�#�#�#�Z �Z �Z�$�$
�#>�,o �i �$
�#�b�`�i�(�\�_�_�`�mo �_ �i �h �m�$�$�$�$�$
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�O�c�` �g�\�n�o �^�g�\�p�n�` �j�a�\�_�_�`�mo �^�\�g�g�n�b�`�i�(�\�_�_�`�mo�6 �b�d�q�`�i �o�c�` �]�d�o�_ �\�i�_ �i�p�h�]�`�m�n�i �' �h�'

�\�i�_ �m�' �b�`�i�(�\�_�_�`�mo �n�\�o�d�n�{�`�nd + n + m = r�' �k�m�j�q�d�_�`�_ �o�c�\�o�h �\�i�_ �m�\�m�` �b�m�`�\�o�`�m �o�c�\�i

�j�i�` �\�i�_ �i �d�n �k�j�n�d�o�d�q�`�)

�#�_�`�{�i�` �b�`�i�(�\�_�_�`�mo

�#λ �#�_ �i �h �m�$
�#�h�\�o�^�ce �#�#�i �h �m�$�$

�#�#�#�#�#�\ � �s�$�$ �#�#�] � �t�$�$ �#�#�^ � �u�$�$�$�$
�#�`�s�d�n�o�#� �̀$

�#�k�j�no �t�$ �#�k�j�no �u�$
�#�a�p�g�g�(�\�_�_�`�mo �_ �\ �] �^ �`�$
�#�\�_�_�`�mo �` �s �t �u�$�$�$�$�$�$

�R�` �\�m�` �{�i�\�g�g�t �m�`�\�_�t �o�j �m�`�_�`�{�i�`�k�g�p�no�)

�#�_�`�{�i�` �k�g�p�no �#λ �#�i �h �f�$ �#�\�_�_�`�mo �+�i �h �f�$�$�$

�<�n �k�m�j�q�`�_ �]�t�F�d�n�`�g�t�j�q �`�o �\�g�)�#�-�+�+�3�$�' �o�c�d�n �_�`�{�i�d�o�d�j�i �j�a�k�g�p�no �d�n �m�`�a�p�o�\�o�d�j�i�\�g�g�t �^�j�h�k�g�`�o�`�)

�P�n�d�i�b �o�c�` �i�`�r�k�g�p�no �\�g�g �o�c�` �\�_�_�d�o�d�j�i �`�s�\�h�k�g�`�n �a�m�j�h �o�c�` �k�m�`�q�d�j�p�n �n�`�^�o�d�j�i �o�`�m�h�d�i�\�o�`�'

�`�q�`�i �r�c�`�i �p�n�d�i�b�m�p�i∗�) �R�` �^�\�i �\�g�n�j �b�`�i�`�m�\�o�` �o�m�d�k�g�`�n �j�a �i�p�h�]�`�m�n�' �r�c�`�m�` �o�c�` �n�p�h �j�a

�o�c�` �{�m�n�o �o�r�j �i�p�h�]�`�m�n �`�l�p�\�g�n �o�c�` �o�c�d�m�_�)

�#�m�p�i�4 �#�l�$
�#�`�s�d�n�o�#�s �t �m�$

�#�k�g�p�no �s �t �m�$
�#≡ �#�#�s �t �m�$�$�l�$�$�$⇒

�#�#�#�#�Z
0

�#�#�$�$�Z
0
�$�$

�#�#�#�#�$�$ �#�#�Z
0
� �Z

1
�$�$ �#�#�Z

0
� �Z

1
�$�$�$�$

�#�#�#�#�,�$�$ �#�#�,�$�$ �#�#�+ �,�$�$�$�$
�#�#�#�#�,�$�$ �#�#�+�Z

0
� �Z

1
�$�$ �#�#�, �Z

0
� �Z

1
�$�$�$�$

�#�#�#�#�,�$�$ �#�#�, �,�$�$ �#�#�+ �+ �,�$�$�$�$
�#�#�#�#�+�Z

0
� �Z

1
�$�$ �#�#�,�$�$ �#�#�, �Z

0
� �Z

1
�$�$�$�$

�#�#�#�#�,�$�$ �#�#�, �+�Z
0
� �Z

1
�$�$ �#�#�+ �,�Z

0
� �Z

1
�$�$�$�$

�#�#�#�#�+ �,�$�$ �#�#�+ �,�$�$ �#�#�+ �+ �,�$�$�$�$
�#�#�#�#�,�$�$ �#�#�, �, �,�$�$ �#�#�+ �+ �+ �,�$�$�$�$�$�$
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�R�` �^�\�i �o�\�f�` �\�_�q�\�i�o�\�b�` �j�a �o�c�` �|�`�s�d�]�d�g�d�o�t �j�a �o�c�` �m�`�g�\�o�d�j�i�\�g �\�k�k�m�j�\�^�c �]�t �_�`�{�i�d�i�b

�n�p�]�o�m�\�^�o�d�j�i �d�i �o�`�m�h�n �j�a �\�_�_�d�o�d�j�i�)

�#�_�`�{�i�` �h�d�i�p�no �#λ �#�i �h �f�$ �#�k�g�p�no �h �f �i�$�$�$

�h�d�i�p�no �r�j�m�f�n �\�n �`�s�k�`�^�o�`�_�5

�#�m�p�i∗ �#�l�$ �#�h�d�i�p�no �#�#�+ �+ �+ �,�$�$ �#�#�, �+ �,�$�$�l�$�$⇒ �#�#�#�#�, �,�$�$�$�$

�`�d�b�c�o �h�d�i�p�n �{�q�` �d�n �d�i�_�`�`�_ �o�c�m�`�`�)�h�d�i�p�no �d�n �\�g�n�j �m�`�a�p�o�\�o�d�j�i�\�g�g�t �^�j�h�k�g�`�o�`�5

�#�m�p�i∗ �#�l�$ �#�h�d�i�p�no �#�#�+ �, �,�$�$�l �#�#�+ �+ �+ �,�$�$�$�$⇒ �#�#�$�$

�o�c�`�m�` �d�n �i�j �i�j�i�(�i�`�b�\�o�d�q�` �d�i�o�`�b�`�m�l �o�c�\�o�' �r�c�`�i �n�p�]�o�m�\�^�o�`�_ �a�m�j�h �n�d�s�' �k�m�j�_�p�^�`�n �`�d�b�c�o�)

�1�)�/ �H�p�g�o�d�k�g�d�^�\�o�d�j�i

�I�`�s�o �r�` �_�`�{�i�` �o�c�` �h�p�g�o�d�k�g�d�^�\�o�d�j�i �m�`�g�\�o�d�j�i�h�p�go�' �r�c�d�^�c �n�\�o�d�n�{�`�nn · m = p�)

�#�_�`�{�i�` �h�p�go

�#λ �#�i �h �k�$
�#�h�\�o�^�ce �#�#�i �h �$�$

�#�#�#�#�#�$�$ �Z�$�$�#≡ �#�$�k�$�$
�#�#�#�Z �#�#�$�$�$�$�#≡ �#�$�k�$ �#�k�j�no �i �$�$
�#�#�#�#�#�,�$�$ �Z�$�$�#≡ �h �k�$ �#�k�j�no �h�$�$
�#�#�#�Z �#�#�,�$�$�$�$�#≡ �i �k�$ �#>�,o �i �$�$
�#�#�#�#�#�+� �s�$�$ �Z�$�$
�#�`�s�d�n�o�#�u�$

�#≡ �#�#�+� �u�$�$�k�$
�#�k�j�no �s�$ �#�k�j�no �u�$ �#>�,o �h�$
�#�h�p�go �s �h �u�$�$�$

�#�#�#�#�#�, � �s�$�$ �#�#�+� �t�$�$�$�$
�#�k�j�no �s�$ �#�k�j�no �t�$
�#�h�p�go �h �i �k�$�$

�#�#�#�#�#�, � �s�$�$ �#�#�, � �t�$�$�$�$
�#�k�j�no �s�$ �#�k�j�no �t�$
�#�j�_�_�(�h�p�go �s �i �h �k�$�$�$�$�$
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�h�p�go �d�n �_�`�{�i�`�_ �d�i �o�`�m�h�n �j�a �o�c�` �c�`�g�k�`�m �m�`�g�\�o�d�j�i�j�_�_�(�h�p�go�)

�#�_�`�{�i�` �j�_�_�(�h�p�go

�#λ �#�s �i �h �k�$
�#�`�s�d�n�o�#�l�$

�#�]�j�p�i�_�(�h�p�go �l �k �i �h�$
�#�h�p�go �s �h �l�$
�#�k�g�p�no �#�#�+� �l�$�$�h �k�$�$�$�$

�A�j�m �_�`�o�\�d�g�`�_ �_�`�n�^�m�d�k�o�d�j�i�n �j�a�h�p�go �\�i�_ �j�_�_�(�h�p�go�' �n�`�` �#�A�m�d�`�_�h�\�i �`�o �\�g�)�-�+�+�0�$ �\�i�_

�#�F�d�n�`�g�t�j�q �`�o �\�g�)�-�+�+�3�$�) �A�m�j�h �\ �m�`�a�p�o�\�o�d�j�i�\�g�(�^�j�h�k�g�`�o�`�i�`�n�n �k�`�m�n�k�`�^�o�d�q�`�' �o�c�` �_�`�{�i�d�o�d�j�i

�j�a�]�j�p�i�_�(�h�p�go �d�n �h�j�n�o �d�i�o�`�m�`�n�o�d�i�b�)

�]�j�p�i�_�(�h�p�go �`�i�n�p�m�`�n �o�c�\�o �o�c�` �k�m�j�_�p�^�o �j�a�i �\�i�_�h �d�n �i�j �g�\�m�b�`�m �o�c�\�i�k�]�t �`�i�a�j�m�^�d�i�b

�o�c�\�o �o�c�` �g�`�i�b�o�c�1 �j�a�i �k�g�p�n �o�c�` �g�`�i�b�o�c �j�a�h �d�n �\�i �p�k�k�`�m �]�j�p�i�_ �a�j�m �o�c�` �g�`�i�b�o�c �j�a�k�)

�D�i �o�c�` �k�m�j�^�`�n�n �j�a �`�i�a�j�m�^�d�i�b �o�c�d�n �]�j�p�i�_�'�]�j�p�i�_�(�h�p�go �g�`�i�b�o�c�(�d�i�n�o�\�i�o�d�\�o�`�n�l�.�o�c�\�o �d�n�'

�l �]�`�^�j�h�`�n �\ �g�d�n�o �j�a �{�s�`�_ �g�`�i�b�o�c �^�j�i�o�\�d�i�d�i�b �p�i�d�i�n�o�\�i�o�d�\�o�`�_ �q�\�m�d�\�]�g�`�n �m�`�k�m�`�n�`�i�o�d�i�b

�]�d�i�\�m�t �_�d�b�d�o�n�) �O�c�` �g�`�i�b�o�c �j�a�l�' �r�m�d�o�o�`�i∥q∥�' �n�\�o�d�n�{�`�n∥q∥ < �h�d�i(∥p∥, ∥n∥+∥m∥+1)�)

�#�_�`�{�i�` �]�j�p�i�_�(�h�p�go

�#λ �#�l �k �i �h�$
�#�h�\�o�^�ce �#�#�l �k�$�$

�#�#�#�#�#�$�$ �#�#�Z� �Z�$�$�$�$�$
�#�#�#�#�#�Z� �s�$�$ �#�#�Z� �t�$�$�$�$
�#�`�s�d�n�o�#�\ �u�$

�#�^�j�i�_e

�#�#≡ �#�#�$�$�i �$
�#≡ �#�#�\ � �u�$�$�h�$
�#�]�j�p�i�_�(�h�p�go �s �t �u�#�#�$�$�$�$

�#�#≡ �#�#�\ � �u�$�$�i �$
�#�]�j�p�i�_�(�h�p�go �s �t �u �h�$�$�$�$�$�$�$�$

�1�H�j�m�` �^�j�m�m�`�^�o�g�t�' �o�c�` �g�`�i�b�o�c �j�a �o�c�` �g�d�n�o �m�`�k�m�`�n�`�i�o�d�i�b �o�c�` �i�p�h�]�`�m�)



�>�C�<�K�O�@�M �1�) �<�K�K�G�D�>�<�O�D�J�I�N �D�5 �K�P�M�@ �=�D�I�<�M�T �<�M�D�O�C�H�@�O�D�>�2�+

�h�p�go �r�j�m�f�n �\�n �`�s�k�`�^�o�`�_�5

�#�m�p�i∗ �#�k�$ �#�h�p�go �#�#�, �+ �,�$�$ �#�#�, �,�$�$�k�$�$⇒ �#�#�, �, �, �,�$�$

�h�p�g�o�d�k�g�t�d�i�b �{�q�` �]�t �o�c�m�`�` �t�d�`�g�_�n �{�a�o�`�`�i�) �O�c�\�i�f�n �o�j �o�c�` �]�j�p�i�_�n �j�i �o�`�m�h �n�d�u�`�n �`�i�a�j�m�^�`�_

�]�t �]�j�p�i�_�(�h�p�go�' �h�p�go �d�n �m�`�a�p�o�\�o�d�j�i�\�g�g�t �^�j�h�k�g�`�o�`�5

�#�m�p�i∗ �#�l�$ �#�h�p�go �#�#�+ �,�$�$�l �#�#�, �,�$�$�$�$⇒ �#�#�$�$

�o�c�`�m�` �`�s�d�n�o�n �i�j �i�j�i�(�i�`�b�\�o�d�q�` �d�i�o�`�b�`�m�l �o�c�\�o�' �r�c�`�i �h�p�g�o�d�k�g�d�`�_ �]�t �o�r�j�' �t�d�`�g�_�n �o�c�m�`�`�)

�<�n �r�` �`�s�k�`�^�o �j�a �\�g�g �j�p�m �m�`�g�\�o�d�j�i�n�'�h�p�go �d�n �|�`�s�d�]�g�`�.�d�o �^�\�i �`�q�`�i �]�` �p�n�`�_ �o�j �a�\�^�o�j�m

�i�p�h�]�`�m�n�) �A�j�m �`�s�\�h�k�g�`�' �o�c�d�n�m�p�i∗ �`�s�k�m�`�n�n�d�j�i �m�`�o�p�m�i�n �\�g�g �o�c�` �a�\�^�o�j�m�n �j�a �o�r�`�g�q�`�)

�#�m�p�i∗ �#�l�$
�#�`�s�d�n�o�#�h�$

�#�h�p�go �l �h �#�#�+ �+ �, �,�$�$�$�$�$⇒

�#�#�#�#�,�$�$ �#�#�+ �+ �, �,�$�$ �#�#�+ �,�$�$ �#�#�+ �+ �,�$�$ �#�#�, �,�$�$ �#�#�+ �, �,�$�$�$�$

�1�)�0 �?�d�q�d�n�d�j�i

�I�`�s�o �r�` �_�`�{�i�` �\ �m�`�g�\�o�d�j�i �o�c�\�o �k�`�m�a�j�m�h�n �_�d�q�d�n�d�j�i �r�d�o�c �m�`�h�\�d�i�_�`�m�) �R�` �r�d�g�g �i�`�`�_

�\�_�_�d�o�d�j�i�\�g �]�j�p�i�_�n �j�i �o�`�m�h �n�d�u�`�n �o�j �_�`�{�i�` �_�d�q�d�n�d�j�i �#�\�i�_ �g�j�b�\�m�d�o�c�h �d�i �n�`�^�o�d�j�i�1�)�1�$�)

�O�c�` �m�`�g�\�o�d�j�i=�go �`�i�n�p�m�`�n �o�c�\�o �o�c�` �g�d�n�o�n �m�`�k�m�`�n�`�i�o�d�i�b �o�c�` �i�p�h�]�`�m�n�i �\�i�_ �h �\�m�`

�o�c�` �n�\�h�` �g�`�i�b�o�c�) �<�n �]�`�a�j�m�`�' �r�` �h�p�n�o �o�\�f�` �^�\�m�` �o�j �\�q�j�d�_ �d�i�n�o�\�i�o�d�\�o�d�i�b �`�d�o�c�`�m �i�p�h�]�`�m

�o�j �\�i �d�g�g�`�b�\�g �q�\�g�p�` �g�d�f�`�#�#�+�$�$�)

�#�_�`�{�i�` =�go

�#λe �#�i �h �$
�#�#�#�#�#�$�$ �#�#�$�$�$�$�$
�#�#�#�#�#�,�$�$ �#�#�,�$�$�$�$�$
�#�#�#�#�#�\ � �s�$�$ �#�#�] � �t�$�$�$�$�#�k�j�no �s�$ �#�k�j�no �t�$
�#=�go �s �t�$�$�$�$



�>�C�<�K�O�@�M �1�) �<�K�K�G�D�>�<�O�D�J�I�N �D�5 �K�P�M�@ �=�D�I�<�M�T �<�M�D�O�C�H�@�O�D�>�2�,

<�go �`�i�n�p�m�`�n �o�c�\�o �o�c�` �g�`�i�b�o�c �j�a �o�c�` �g�d�n�o �m�`�k�m�`�n�`�i�o�d�i�b�i �d�n �g�`�n�n �o�c�\�i �o�c�\�o �j�a�h�)

�#�_�`�{�i�` <�go

�#λe �#�i �h �$
�#�#�#�#�#�$�$ �Z�$�$�#�k�j�no �h�$�$
�#�#�#�#�#�,�$�$ �Z�$�$�#>�,o �h�$�$
�#�#�#�#�#�\ � �s�$�$ �#�#�] � �t�$�$�$�$�#�k�j�no �s�$ �#�k�j�no �t�$
�#<�go �s �t�$�$�$�$

�R�` �^�\�i �i�j�r �_�`�{�i� 6̀�go �]�t �^�j�h�]�d�i�d�i�b=�go �\�i�_<�go�)

�#�_�`�{�i�` 6�go

�#λ �#�i �h �$
�#�^�j�i�_e

�#�#=�go �i �h �$�$
�#�#<�go �i �h �$�$�$�$�$

�P�n�d�i�b<�go �\�i�_ =�go �r�` �^�\�i �_�`�{�i�<̀o�' �r�c�d�^�c �`�i�n�p�m�`�n �o�c�\�o �o�c�` �q�\�g�p�` �j�a�i �d�n �g�`�n�n

�o�c�\�i �o�c�\�o �j�a�h�)

�#�_�`�{�i�` <o

�#λ �#�i �h �$
�#�^�j�i�_e

�#�#<�go �i �h �$�$
�#�#=�go �i �h �$
�#�`�s�d�n�o�#�s�$

�#�k�j�no �s�$
�#�k�g�p�no �i �s �h�$�$�$�$�$�$

�>�j�h�]�d�i�d�i�b<o �\�i�_≡ �g�`�\�_�n �o�j �o�c�` �_�`�{�i�d�o�d�j�i �j�a6o�)

�#�_�`�{�i�` 6o

�#λ �#�i �h �$
�#�^�j�i�_e

�#�#≡ �i �h �$�$
�#�#<o �i �h �$�$�$�$�$
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�R�d�o�c �o�c�` �]�j�p�i�_�n �m�`�g�\�o�d�j�i�n �d�i �k�g�\�^�`�' �r�` �^�\�i �_�`�{�i�` �_�d�q�d�n�d�j�i �r�d�o�c �m�`�h�\�d�i�_�`�m�) �O�c�`

�_�d�qo �m�`�g�\�o�d�j�i �o�\�f�`�n �i�p�h�]�`�m�n�i �' �h�' �l�' �\�i�_�m�' �\�i�_ �n�\�o�d�n�{�`�nn = m·q+r�' �r�d�o�c0 ≤ r < m�6

�o�c�d�n �d�n �`�l�p�d�q�\�g�`�i�o �o�j �o�c�` �`�l�p�\�o�d�j�in
m = q �r�d�o�c �m�`�h�\�d�i�_�`�mr�' �r�d�o�c0 ≤ r < m�) �<

�n�d�h�k�g�` �_�`�{�i�d�o�d�j�i �j�a�_�d�qo �d�n

�#�_�`�{�i�` �_�d�qo

�#λ �#�i �h �l �m�$
�#�`�s�d�n�o�#�h�l�$

�#<o �m �h�$
�#6�go �h�l �i �$
�#�h�p�go �h �l �h�l�$
�#�k�g�p�no �h�l �m �i�$�$�$�$

�P�i�a�j�m�o�p�i�\�o�`�g�t�' �#�m�p�i∗ �#�h�$ �#�`�s�d�n�o�#�m�$ �#�_�d�qo �#�#�, �+ �,�$�$�h �#�#�, �, �,�$�$�m�$�$�$ �_�d�q�`�m�b�`�n�) �=�`�^�\�p�n�`

�r�` �r�\�i�o �m�`�a�p�o�\�o�d�j�i�\�g �^�j�h�k�g�`�o�`�i�`�n�n�' �r�` �d�i�n�o�`�\�_ �p�n�` �o�c�` �h�j�m�` �n�j�k�c�d�n�o�d�^�\�o�`�_ �_�`�{�i�d�o�d�j�i

�#�_�`�{�i�` �_�d�qo

�#λ �#�i �h �l �m�$
�#�h�\�o�^�ce �l

�#�#�#�$�$�#≡ �m �i�$ �#<o �i �h �$�$
�#�#�#�,�$�$�#=�go �i �h �$ �#�k�g�p�no �m �h �i�$ �#<o �m �h�$�$
�#�Z �#<�go �h �i �$ �#<o �m �h�$ �#�k�j�no �l�$
�#�`�s�d�n�o�#�i�c �i�g �l�c �l�g �l�g�h �l�g�h�m �m�m �m�c�$

�#�n�k�g�d�oo �i �m �i�g �i�c�$
�#�n�k�g�d�oo �l �m �l�g �l�c�$
�#�^�j�i�_e

�#�#≡ �#�#�$�$�i�c�$
�#≡ �#�#�$�$�l�c�$
�#�h�d�i�p�no �i�g �m �l�g�h�$
�#�h�p�go �l�g �h �l�g�h�$�$

�#�#�k�j�no �i�c�$
�#�h�p�go �l�g �h �l�g�h�$
�#�k�g�p�no �l�g�h �m �l�g�h�m�$
�#�h�d�i�p�no �l�g�h�m �i�g �m�m�$
�#�n�k�g�d�oo �m�m �m�#�#�$�$�m�c�$
�#�_�d�qo �i�c �h �l�c �m�c�$�$�$�$�$�$�$�$
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�O�c�` �m�`�a�p�o�\�o�d�j�i�\�g �^�j�h�k�g�`�o�`�i�`�n�n �j�a�_�d�qo �d�n �g�\�m�b�`�g�t �_�p�` �o�j �o�c�` �p�n�` �j�a<o�' <�go�' �\�i�_=�go

�o�j �`�n�o�\�]�g�d�n�c �]�j�p�i�_�n �j�i �o�`�m�h �n�d�u�`�n�)�_�d�qo �d�n �_�`�n�^�m�d�]�`�_ �d�i �_�`�o�\�d�g �d�i�A�m�d�`�_�h�\�i �`�o �\�g�)

�#�-�+�+�0�$�)

�_�d�qo �m�`�g�d�`�n �j�i �o�c�` �m�`�g�\�o�d�j�i�n�k�g�d�oo �o�j �0�n�k�g�d�o�1 �\ �]�d�i�\�m�t �i�p�h�`�m�\�g �\�o �\ �b�d�q�`�i �g�`�i�b�o�c�5

�#�n�k�g�d�oo �i �m �g �c�$ �c�j�g�_�n �d�an = 2s+1 · l + h �r�c�`�m�s̀ = ∥r∥ �\�i�_ h < 2s+1�) �n�k�g�d�oo

�^�\�i �^�j�i�n�o�m�p�^�o�i �]�t �^�j�h�]�d�i�d�i�b �o�c�` �g�j�r�`�m�(�j�m�_�`�m �]�d�o�n�2 �j�a�g�r�d�o�c �o�c�` �c�d�b�c�`�m�(�j�m�_�`�m �]�d�o�n

�j�a�c�' �d�i�n�`�m�o�d�i�b�k�\�_�_�d�i�b�]�d�o�n �\�n �n�k�`�^�d�{�`�_ �]�t �o�c�` �g�`�i�b�o�c �j�a�m�. �n�k�g�d�oo �d�n �`�n�n�`�i�o�d�\�g�g�t �\

�n�k�`�^�d�\�g�d�u�`�_ �q�`�m�n�d�j�i �j�aappendo�) �n�k�g�d�oo �`�i�n�p�m�`�n �o�c�\�o �d�g�g�`�b�\�g �q�\�g�p�`�n �g�d�f�`�#�#�+�$�$�\�m�` �i�j�o

�^�j�i�n�o�m�p�^�o�`�_ �]�t �m�`�h�j�q�d�i�b �o�c�` �m�d�b�c�o�h�j�n�o �u�`�m�j�n �\�a�o�`�m �n�k�g�d�o�o�d�i�b �o�c�` �i�p�h�]�`�m�i �d�i�o�j �d�o�n

�g�j�r�`�m�(�j�m�_�`�m �]�d�o�n �\�i�_ �d�o�n �c�d�b�c�`�m�(�j�m�_�`�m �]�d�o�n�)

�#�_�`�{�i�` �n�k�g�d�oo

�#λe �#�i �m �g �c�$
�#�#�#�#�#�$�$ �Z �#�#�$�$ �#�#�$�$�$�$�$
�#�#�#�#�#�+�] � n̂�$�$ �#�#�$�$ �#�#�$�$ �#�#�] � n̂�$�$�$�$�$
�#�#�#�#�#�, � n̂�$�$ �#�#�$�$ �#�#�,�$�$̂n�$�$�$
�#�#�#�#�#�+�] � n̂�$�$ �#�#�\ � r̂�$�$ �#�#�$�$ �Z�$�$
�#�n�k�g�d�oo �#�#�] � n̂�$�$̂r �#�#�$�$�c�$�$

�#�#�#�#�#�, � n̂�$�$ �#�#�\ � r̂�$�$ �#�#�,�$�$ �Z�$�$
�#�n�k�g�d�oo n̂ r̂ �#�#�$�$�c�$�$

�#�#�#�#�#�] � n̂�$�$ �#�#�\ � r̂�$�$ �#�#�] � l̂�$�$ �Z�$�$
�#�k�j�no l̂�$
�#�n�k�g�d�oo n̂ r̂ l̂ �c�$�$�$�$

�1�)�1 �G�j�b�\�m�d�o�c�h �\�i�_ �@�s�k�j�i�`�i�o�d�\�o�d�j�i

�R�` �`�i�_ �o�c�d�n �^�c�\�k�o�`�m �]�t �_�`�{�i�d�i�b �m�`�g�\�o�d�j�i�n �a�j�m �g�j�b�\�m�d�o�c�h �r�d�o�c �m�`�h�\�d�i�_�`�m �\�i�_ �`�s�k�j�(

�i�`�i�o�d�\�o�d�j�i�)
�2�O�c�` �g�j�r�`�n�o �]�d�o �j�a �\ �k�j�n�d�o�d�q�` �i�p�h�]�`�m�i �d�n �o�c�` �^�\�m �j�a�i �)
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�#�_�`�{�i�` �g�j�bo

�#λe �#�i �] �l �m�$
�#�#�#�#�#�,�$�$ �Z �#�#�$�$ �#�#�$�$�$�$�#�k�j�no �]�$�$
�#�#�#�Z �Z �#�#�$�$ �Z�$�$�#<o �i �]�$ �#�k�g�p�no �m�#�#�,�$�$�i �$�$
�#�#�#�Z �Z �#�#�,�$�$ �Z�$�$�#>�,o �]�$ �#=�go �i �]�$ �#�k�g�p�no �m �] �i�$�$
�#�#�#�Z �#�#�,�$�$ �Z �Z�$�$�#�k�j�no �l�$ �#�k�g�p�no �m�#�#�,�$�$�i �$�$
�#�#�#�Z �#�#�$�$ �Z �Z�$�$�#�k�j�no �l�$ �#≡ �m �i�$�$
�#�#�#�#�#�\ b̂ � �_�_�$�$ �#�#�+ �,�$�$ �Z �Z�$�$�#�k�j�no �_�_�$
�#�`�s�k�-o �i �#�#�$�$�l�$
�#�`�s�d�n�o�#�n�$ �#�n�k�g�d�oo �i �_�_ �m �n�$�$�$

�#�#�#�Z �Z �Z �Z�$�$
�#�`�s�d�n�o�#�\ b̂ �\�_�_ �_�_�_�$

�#�^�j�i�_e

�#�#≡ �#�#�, �,�$�$�]�$�$
�#�#≡ �#�#�\ b̂ �\�_�_� �_�_�_�$�$�]�$�$�$�$

�#<�go �] �i�$
�#�`�s�d�n�o�#�]�r�, �]�r �i�r �i�r�, �l�g�, �l�g �n�$

�#�`�s�k�-o �] �#�#�$�$�]�r�,�$
�#�k�g�p�no �]�r�, �#�#�,�$�$�]�r�$
�#<�go �l �i �$
�#�`�s�d�n�o�#̂q �]�r�l�,�$

�#�k�g�p�no �l �#�#�,�$�$̂q�$
�#�h�p�go �]�r q̂ �]�r�l�,�$
�#<o �i�r�, �]�r�l�, �$�$

�#�`�s�k�-o �i �#�#�$�$�i�r�, �$
�#�k�g�p�no �i�r�, �#�#�,�$�$�i�r �$
�#�_�d�qo �i�r �]�r �l�g�, �n�$
�#�k�g�p�no �l�g�#�#�,�$�$�l�g�,�$
�#6�go �l�g �l�$
�#�`�s�d�n�o�#�]�l�g �l�c �n �l�_�c �l�_�$

�#�m�`�k� �̀\�o� �̀_�(�h�p�go �] �l�g �]�l�g�$
�#�_�d�qo �i�r �]�r�, �l�c �n�$
�#�k�g�p�no �l�g �l�_�c �l�c�$
�#�k�g�p�no �l�g �l�_ �l�$
�#6o �l�_ �l�_�c�$
�#�`�s�d�n�o�#�]�l�_ �]�l�, �]�l�$

�#�m�`�k� �̀\�o� �̀_�(�h�p�go �] �l�_ �]�l�_�$
�#�h�p�go �]�l�g �]�l�_ �]�l�$
�#�h�p�go �] �]�l �]�l�,�$
�#�k�g�p�no �]�l �m �i�$
�#<o �i �]�l�,�$�$�$�$�$�$�$
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�B�d�q�`�i �i�p�h�]�`�m�n�i �' �]�' �l�' �\�i�_�m�' �g�j�bo �n�\�o�d�n�{�`�nn = bq + r�' �r�c�`�m�`0 ≤ n �\�i�_ �r�c�`�m�`

q �d�n �o�c�` �g�\�m�b�`�n�o �i�p�h�]�`�m �o�c�\�o �n�\�o�d�n�{�`�n �o�c�` �`�l�p�\�o�d�j�i�) �O�c�`�g�j�bo �_�`�{�i�d�o�d�j�i �d�n �n�d�h�d�g�\�m �o�j

�_�d�qo�' �]�p�o �p�n�`�n �`�s�k�j�i�`�i�o�d�\�o�d�j�i �m�\�o�c�`�m �o�c�\�i �h�p�g�o�d�k�g�d�^�\�o�d�j�i�3�)

�g�j�bo �m�`�g�d�`�n �j�i �c�`�g�k�`�m�n�`�s�k�-o �\�i�_ �m�`�k� �̀\�o� �̀_�(�h�p�go�) �`�s�k�-o �d�n �\ �n�d�h�k�g�d�{�`�_ �q�`�m�n�d�j�i �j�a

�`�s�k�j�i�`�i�o�d�\�o�d�j�i�6 �b�d�q�`�i �j�p�m �]�d�i�\�m�t �m�`�k�m�`�n�`�i�o�\�o�d�j�i �j�a �i�p�h�]�`�m�n�' �`�s�k�j�i�`�i�o�d�\�o�d�j�i �p�n�d�i�b

�]�\�n�` �o�r�j �d�n �k�\�m�o�d�^�p�g�\�m�g�t �n�d�h�k�g�`�) �#�`�s�k�-o �i �#�#�$�$�l�$ �n�\�o�d�n�{�`�nn = 2q�6 �o�c�` �h�j�m�` �b�`�i�`�m�\�g

�#�`�s�k�-o �i �] �l�$ �n�\�o�d�n�{�`�nn = (∥b∥ + 1)q + r �a�j�m �n�j�h�`�m�' �r�c�`�m�`�l �d�n �o�c�` �g�\�m�b�`�n�o �n�p�^�c

�i�p�h�]�`�m �\�i�_0 ≤ 2 · r < n�' �k�m�j�q�d�_�`�_ �o�c�\�o�] �d�n �g�`�i�b�o�c�(�d�i�n�o�\�i�o�d�\�o�`�_ �\�i�_∥b∥ + 1 �d�n �\

�k�j�r�`�m �j�a �o�r�j�)

�#�_�`�{�i�` �`�s�k�-o

�#λ �#�i �] �l�$
�#�h�\�o�^�ce �#�#�i �l �$�$

�#�#�#�#�#�,�$�$ �#�#�$�$�$�$�$
�#�#�#�Z �#�#�,�$�$�$�$
�#>�,o �i �$
�#�`�s�d�n�o�#�n�$

�#�n�k�g�d�oo �i �] �n�#�#�,�$�$�$�$�$
�#�#�#�Z �#�#�+� q̂�$�$�$�$
�#�`�s�d�n�o�#̂b�$

�#�k�j�no q̂�$
�#<�go �] �i�$
�#appendo �] �#�#�, � �]�$�$̂b�$
�#�`�s�k�-o �i b̂ q̂�$�$�$

�#�#�#�Z �#�#�, � q̂�$�$�$�$
�#�`�s�d�n�o�#�i�c b̂ �n�$

�#�k�j�no q̂�$
�#�k�j�no �i�c�$
�#�n�k�g�d�oo �i �] �n �i�c�$
�#appendo �] �#�#�, � �]�$�$̂b�$
�#�`�s�k�-o �i�c b̂ q̂�$�$�$�$�$�$

�3�< �g�d�i�`�(�]�t�(�g�d�i�` �_�`�n�^�m�d�k�o�d�j�i �j�a �o�c�` �K�m�j�g�j�b �q�`�m�n�d�j�i �j�a�g�j�bo �\�i�_ �d�o�n �c�`�g�k�`�m �m�`�g�\�o�d�j�i�n �^�\�i �]�` �a�j�p�i�_ �\�o
�c�o�o�k�5�*�*�j�f�h�d�e�)�j�m�b�*�a�o�k�*�K�m�j�g�j�b�*�<�m�d�o�c�h�*�k�p�m�`�(�]�d�i�(�\�m�d�o�c�h�)�k�m�g

http://okmij.org/ftp/Prolog/Arithm/pure-bin-arithm.prl
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�#�m�`�k� �̀\�o� �̀_�(�h�p�go �i �l �i�l �$ �n�\�o�d�n�{�`�nnq = nq �k�m�j�q�d�_�`�_�i �d�n �g�`�i�b�o�c�(�d�i�n�o�\�i�o�d�\�o�`�_ �\�i�_�l

�d�n �a�p�g�g�t �d�i�n�o�\�i�o�d�\�o�`�_�)

�#�_�`�{�i�` �m�`�k� �̀\�o� �̀_�(�h�p�go

�#λ �#�i �l �i�l �$
�#�h�\�o�^�ce �l

�#�#�#�$�$�#≡ �#�,�$�i�l �$ �#�k�j�no �i �$�$
�#�#�#�,�$�$�#≡ �i �i�l �$�$
�#�Z

�#>�,o �l�$
�#�`�s�d�n�o�#̂q �i�l�,�$

�#�k�g�p�no q̂ �#�#�,�$�$�l�$
�#�m�`�k� �̀\�o� �̀_�(�h�p�go �i q̂ �i�l�,�$
�#�h�p�go �i�l�, �i �i�l �$�$�$�$�$�$

�O�c�d�n �n�d�h�k�g�`�g�j�bo �`�s�\�h�k�g�` �n�c�j�r�n �o�c�\�o14 = 23 + 6�)

�#�m�p�i∗ �#�l�$ �#�g�j�bo �#�#�+ �, �, �,�$�$ �#�#�+ �,�$�$ �#�#�, �,�$�$�l�$�$⇒ �#�#�+ �, �,�$�$

�< �h�j�m�` �n�j�k�c�d�n�o�d�^�\�o�`�_ �`�s�\�h�k�g�` �j�a�g�j�bo �d�n

�#�m�p�i�4 �#�n�$
�#�`�s�d�n�o�#�] �l �m�$

�#�g�j�bo �#�#�+ �+ �, �+ �+ �+ �,�$�$�] �l �m�$
�#>�,o �l�$
�#≡ �#�#�] �l �m�$�$�n�$�$�$⇒

�#�#�#�#�#�#�$�$ �#�#�Z
0

�Z
1
� �Z

2
�$�$ �#�#�+ �+ �, �+ �+ �+ �,�$�$�$�$

�#�#�#�#�,�$�$ �#�#�Z
0

�Z
1
� �Z

2
�$�$ �#�#�, �, �+ �+ �+ �+ �,�$�$�$�$

�#�#�#�#�+ �,�$�$ �#�#�+ �, �,�$�$ �#�#�+ �+ �,�$�$�$�$
�#�#�#�#�, �,�$�$ �#�#�, �,�$�$ �#�#�, �+ �+ �, �+ �,�$�$�$�$
�#�#�#�#�+ �+ �,�$�$ �#�#�, �,�$�$ �#�#�+ �+ �,�$�$�$�$
�#�#�#�#�+ �+ �+ �,�$�$ �#�#�+ �,�$�$ �#�#�+ �+ �,�$�$�$�$
�#�#�#�#�, �+ �,�$�$ �#�#�+ �,�$�$ �#�#�, �, �+ �, �+ �,�$�$�$�$
�#�#�#�#�+ �, �,�$�$ �#�#�+ �,�$�$ �#�#�+ �+ �+ �+ �+ �,�$�$�$�$
�#�#�#�#�, �, �,�$�$ �#�#�+ �,�$�$ �#�#�, �, �+ �+ �,�$�$�$�$�$�$�'

�r�c�d�^�c �n�c�j�r�n �o�c�\�o�5

68 = 0n + 68 �r�c�`�m�ǹ �d�n �b�m�`�\�o�`�m �o�c�\�i �j�i�`�'



�>�C�<�K�O�@�M �1�) �<�K�K�G�D�>�<�O�D�J�I�N �D�5 �K�P�M�@ �=�D�I�<�M�T �<�M�D�O�C�H�@�O�D�>�2�2

68 = 1n + 67 �r�c�`�m�ǹ �d�n �b�m�`�\�o�`�m �o�c�\�i �j�i�`�'

68 = 26 + 4�'

68 = 33 + 59�'

68 = 43 + 4�'

68 = 82 + 4�'

68 = 52 + 43�'

68 = 62 + 32�' �\�i�_

68 = 72 + 19�)

�R�` �^�\�i �_�`�{�i�` �o�c�` �`�s�k�j�i�`�i�o�d�\�o�d�j�i �m�`�g�\�o�d�j�i �d�i �o�`�m�h�n �j�a�g�j�bo�)

�#�_�`�{�i�` �`�s�ko �#λ �#�] �l �i�$ �#�g�j�bo �i �] �l �#�#�$�$�$�$�$

�R�` �^�\�i �p�n�`�`�s�ko �o�j �n�c�j�r �o�c�\�o �o�c�m�`�` �o�j �o�c�` �{�a�o�c �k�j�r�`�m �d�n243�5

�#�m�p�i∗ �#�l�$ �#�`�s�ko �#�#�, �,�$�$ �#�#�, �+ �,�$�$�l�$�$⇒ �#�#�, �, �+ �+ �, �, �, �,�$�$�)

�O�c�` �^�j�_�` �d�i �o�c�d�n �^�c�\�k�o�`�m �_�`�h�j�i�n�o�m�\�o�`�n �o�c�` �_�d�z�d�^�p�g�o�t �j�a �\�^�c�d�`�q�d�i�b �m�`�a�p�o�\�o�d�j�i�\�g

�^�j�h�k�g�`�o�`�i�`�n�n�' �`�q�`�i �a�j�m �m�`�g�\�o�d�q�`�g�t �n�d�h�k�g�` �m�`�g�\�o�d�j�i�n�) �=�j�p�i�_�d�i�b �o�c�` �n�d�u�`�n �j�a �o�`�m�h�n �d�n �\

�q�`�m�t �k�j�r�`�m�a�p�g �o�`�^�c�i�d�l�p�` �a�j�m �`�i�n�p�m�d�i�b �o�`�m�h�d�i�\�o�d�j�i�' �]�p�o �^�\�i �]�` �o�m�d�^�f�t �o�j �\�k�k�g�t�) �O�c�`

�_�`�{�i�d�o�d�j�i�n �d�i �o�c�d�n �^�c�\�k�o�`�m �r�`�m�` �_�`�m�d�q�`�_ �a�m�j�h �`�l�p�\�o�d�j�i�n �_�`�{�i�d�i�b �\�m�d�o�c�h�`�o�d�^ �j�k�`�m�\�o�j�m�n�'

�\�i�_ �a�m�j�h �o�c�` �_�`�n�d�b�i �j�a �c�\�m�_�r�\�m�` �c�\�g�a�(�\�_�_�`�m�n �\�i�_ �a�p�g�g�(�\�_�_�`�m�n�) �D�o �r�j�p�g�_ �c�\�q�` �]�`�`�i

�`�s�o�m�`�h�`�g�t �_�d�z�d�^�p�g�o �o�j �r�m�d�o�` �o�c�d�n �^�j�_�` �a�m�j�h �{�m�n�o �k�m�d�i�^�d�k�g�`�n�)



�K�\�m�o �D�D

�?�d�n�`�l�p�\�g�d�o�t �>�j�i�n�o�m�\�d�i�o�n

�2�3



�>�c�\�k�o�`�m �2

�O�`�^�c�i�d�l�p�`�n �D�5 �?�d�n�`�l�p�\�g�d�o�t
�>�j�i�n�o�m�\�d�i�o�n

�D�i �o�c�d�n �^�c�\�k�o�`�m �r�` �i�\�d�q�`�g�t �o�m�\�i�n�g�\�o�` �\ �N�^�c�`�h�` �k�m�j�b�m�\�h �o�j �h�d�i�d�F�\�i�m�`�i�' �\�i�_ �j�]�n�`�m�q�`

�o�c�\�o �o�c�` �h�d�i�d�F�\�i�m�`�i �m�`�g�\�o�d�j�i �`�s�c�d�]�d�o�n �p�i�_�`�n�d�m�\�]�g�` �]�`�c�\�q�d�j�m�) �O�c�d�n �]�`�c�\�q�d�j�m �d�n �_�p�` �o�j

�j�p�m �d�i�\�]�d�g�d�o�t �o�j �`�s�k�m�`�n�n �i�`�b�\�o�d�j�i �d�i �^�j�m�` �h�d�i�d�F�\�i�m�`�i�) �R�` �d�h�k�m�j�q�` �j�p�m �h�d�i�d�F�\�i�m�`�i

�m�`�g�\�o�d�j�i �o�c�m�j�p�b�c �o�c�` �p�n�` �j�a �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n�' �r�c�d�^�c �^�\�i �`�s�k�m�`�n�n �\ �g�d�h�d�o�`�_ �a�j�m�h

�j�a �i�`�b�\�o�d�j�i�)

�O�c�d�n �^�c�\�k�o�`�m �d�n �j�m�b�\�i�d�u�`�_ �\�n �a�j�g�g�j�r�n�) �D�i �n�`�^�o�d�j�i�2�)�,�r�` �o�m�\�i�n�g�\�o�` �o�c�` �N�^�c�`�h�`

�a�p�i�^�o�d�j�irember �d�i�o�j �o�c�` �h�d�i�d�F�\�i�m�`�i �m�`�g�\�o�d�j�irembero�) �D�i �n�`�^�o�d�j�i�2�)�-�r�` �j�]�n�`�m�q�`

�o�c�\�orembero �k�m�j�_�p�^�`�n �p�i�`�s�k�`�^�o�`�_ �\�i�n�r�`�m�n �o�c�\�o �_�j �i�j�o �^�j�m�m�`�n�k�j�i�_ �o�j �\�i�n�r�`�m�n �k�m�j�(

�_�p�^�`�_ �]�trember�) �D�i �n�`�^�o�d�j�i�2�)�.�r�` �n�c�j�r �o�c�\�o �o�c�` �p�i�`�s�k�`�^�o�`�_ �\�i�n�r�`�m�n �\�m�` �_�p�`

�o�j �j�p�m �a�\�d�g�p�m�` �o�j �o�m�\�i�n�g�\�o�` �d�h�k�g�d�^�d�o �o�`�n�o�n �d�i �o�c�`rember �a�p�i�^�o�d�j�i�) �N�`�^�o�d�j�i�2�)�/�d�i�o�m�j�(

�_�p�^�`�n �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n�' �r�c�d�^�c �\�g�g�j�r �p�n �o�j �`�s�k�m�`�n�n �\ �g�d�h�d�o�`�_ �a�j�m�h �j�a �i�`�b�\�o�d�j�i�)

�D�i �n�`�^�o�d�j�i�2�)�0�r�` �{�s �j�p�m �_�`�{�i�d�o�d�j�i �j�arembero �]�t �\�_�_�d�i�b �\ �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�'

�o�c�`�m�`�]�t �`�g�d�h�d�i�\�o�d�i�b �o�c�` �p�i�`�s�k�`�^�o�`�_ �\�i�n�r�`�m�n�) �A�d�i�\�g�g�t �d�i �n�`�^�o�d�j�i�2�)�1�r�` �k�j�d�i�o �j�p�o

�2�4



�>�C�<�K�O�@�M �2�) �O�@�>�C�I�D�L�P�@�N �D�5 �?�D�N�@�L�P�<�G�D�O�T �>�J�I�N�O�M�<�D�I�O�N�3�+

�n�`�q�`�m�\�g �_�d�n�\�_�q�\�i�o�\�b�`�n �j�a �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n�' �\�i�_ �_�d�n�^�p�n�n �r�c�`�i �o�c�`�n�` �^�j�i�n�o�m�\�d�i�o�n

�n�c�j�p�g�_ �]�` �p�n�`�_�)

�2�)�, �O�m�\�i�n�g�\�o�d�i�brember �d�i�o�j �h�d�i�d�F�\�i�m�`�i

�R�` �]�`�b�d�i �]�t �i�\�d�q�`�g�t �o�m�\�i�n�g�\�o�d�i�b �o�c�`rember �a�p�i�^�o�d�j�i �d�i�o�j �h�d�i�d�F�\�i�m�`�i�)rember

�o�\�f�`�n �o�r�j �\�m�b�p�h�`�i�o�n�5 �\ �n�t�h�]�j�g�s �\�i�_ �\ �g�d�n�o �j�a �n�t�h�]�j�g�n�g�n�' �\�i�_ �m�`�h�j�q�`�n �o�c�` �{�m�n�o

�j�^�^�p�m�m�`�i�^�` �j�a�s �a�m�j�h�g�n�)

�#rember �] �#�#�\ �] �^ �] �_�$�$�$⇒ �#�#�\ �^ �] �_�$�$

�#rember �_�#�#�\ �] � �̂$�$�$⇒ �#�#�\ �] � �̂$�$

�C�`�m�` �d�nrember

�#�_�`�{�i�` rember
�#λ �#�s �g�n�$

�#�^�j�i�_
�#�#�i�p�g�g�: �g�n�$�#�#�$�$�$
�#�#� �̀l�: �#� �̂\�m �g�n�$�s�$ �#� �̂_�m �g�n�$�$
�#�`�g�n�`�#� �̂j�i�n�#� �̂\�m �g�n�$ �#rember �s �#� �̂_�m �g�n�$�$�$�$�$�$�$

�O�j �o�m�\�i�n�g�\�o�`rember �d�i�o�j �o�c�` �h�d�i�d�F�\�i�m�`�i �m�`�g�\�o�d�j�irembero �r�` �\�_�_ �\ �o�c�d�m�_ �\�m�(

�b�p�h�`�i�o�j�p�o�' �^�c�\�i�b�`�^�j�i�_ �o�j�^�j�i�_e�' �\�i�_ �m�`�k�g�\�^�` �p�n�`�n �j�a�i�p�g�g�:�' � �̀l�:�' � �̂j�i�n�' � �̂\�m�' �\�i�_

� �̂_�m�r�d�o�c �^�\�g�g�n �o�j≡�) �R�` �\�g�n�j �p�i�i�`�n�o �o�c�` �m�`�^�p�m�n�d�q�` �^�\�g�g�' �p�n�d�i�b �\ �o�`�h�k�j�m�\�m�t �q�\�m�d�\�]�g�`

�m�`�n�o�j �c�j�g�_ �o�c�` �3�j�p�o�k�p�o�4 �q�\�g�p�` �j�a �o�c�` �m�`�^�p�m�n�d�q�` �^�\�g�g�)



�>�C�<�K�O�@�M �2�) �O�@�>�C�I�D�L�P�@�N �D�5 �?�D�N�@�L�P�<�G�D�O�T �>�J�I�N�O�M�<�D�I�O�N�3�,

�#�_�`�{�i�` rembero

�#λ �#�s �g�n �j�p�o�$
�#�^�j�i�_e

�#�#≡ �#�#�$�$�g�n�$ �#≡ �#�#�$�$�j�p�o�$�$
�#�#�`�s�d�n�o�#�\ �_�$

�#≡ �#�#�\ � �_�$�$�g�n�$
�#≡ �\ �s�$
�#≡ �_ �j�p�o�$�$�$

�#�#�`�s�d�n�o�#�\ �_ �m�`�n�$
�#≡ �#�#�\ � �_�$�$�g�n�$
�#≡ �#�#�\ � �m�`�n�$�$�j�p�o�$
�#rembero �s �_ �m�`�n�$�$�$�$�$�$

�2�)�- �O�c�` �O�m�j�p�]�g�` �r�d�o�crembero

�A�j�m �n�d�h�k�g�` �o�`�n�o�n�' �d�o �h�\�t �n�`�`�h �o�c�\�orembero �r�j�m�f�n �\�n �`�s�k�`�^�o�`�_�' �h�d�h�d�^�f�d�i�b �o�c�` �]�`�(

�c�\�q�d�j�m �j�arember�)

�#�m�p�i�, �#�l�$ �#rembero �] �#�#�\ �] �^ �] �_�$�$�l�$�$⇒ �#�#�#�#�\ �^ �] �_�$�$�$�$

�#�m�p�i�, �#�l�$ �#rembero �_�#�#�\ �] � �̂$�$�l�$�$⇒ �#�#�#�#�\ �] � �̂$�$�$�$

�C�j�r�`�q�`�m�' �r�` �i�j�o�d�^�` �\ �k�m�j�]�g�`�h �d�a �r�` �m�`�k�g�\�^�` �o�c�`�m�p�i�, �r�d�o�c�m�p�i∗�)

�#�m�p�i∗ �#�l�$ �#rembero �] �#�#�\ �] �^ �] �_�$�$�l�$�$⇒ �#�#�#�#�\ �^ �] �_�$�$ �#�#�\ �] �^ �_�$�$ �#�#�\ �] �^ �] �_�$�$�$�$

�I�j�r �o�c�`�m�` �\�m�` �h�p�g�o�d�k�g�` �\�i�n�r�`�m�n�) �O�c�` �{�m�n�o �\�i�n�r�`�m �d�n �`�s�k�`�^�o�`�_�' �]�p�o �d�i �o�c�` �n�`�^�j�i�_

�\�i�n�r�`�mrembero �m�`�h�j�q�`�n �o�c�` �n�`�^�j�i�_ �j�^�^�p�m�m�`�i�^�` �j�a�] �m�\�o�c�`�m �o�c�\�i �o�c�` �{�m�n�o �j�^�^�p�m�m�`�i�^�`�)

�O�c�` �g�\�n�o �\�i�n�r�`�m �d�n �`�q�`�i �r�j�m�n�`�.rembero �_�j�`�n �i�j�o �m�`�h�j�q�` �`�d�o�c�`�m�]�' �\�n �d�n �`�q�d�_�`�i�^�`�_

�]�t �o�c��̀m�p�i�`�s�k�m�`�n�n�d�j�i

�#�m�p�i∗ �#�l�$ �#rembero �] �#�#�]�$�$ �#�#�]�$�$�$�$⇒ �#�#�Z
0
�$�$



�>�C�<�K�O�@�M �2�) �O�@�>�C�I�D�L�P�@�N �D�5 �?�D�N�@�L�P�<�G�D�O�T �>�J�I�N�O�M�<�D�I�O�N�3�-

�2�)�. �M�`�^�j�i�n�d�_�`�m�d�i�brember

�R�c�`�m�` �_�d�_ �r�` �b�j �r�m�j�i�b�: �D�n �j�p�m �h�d�i�d�F�\�i�m�`�i �o�m�\�i�n�g�\�o�d�j�i �i�j�o �a�\�d�o�c�a�p�g �o�j �o�c�` �j�m�d�b�d�i�\�g

�N�^�c�`�h�` �k�m�j�b�m�\�h�:

�I�j�o �l�p�d�o�`�) �O�c�` �k�m�j�]�g�`�h �d�n �o�c�\�o�^�j�i�_ �o�m�d�`�n �d�o�n �^�g�\�p�n�`�n �d�i �j�m�_�`�m�' �n�o�j�k�k�d�i�b �\�o �o�c�`

�{�m�n�o �^�g�\�p�n�` �r�c�j�n�` �o�`�n�o �`�q�\�g�p�\�o�`�n �o�j �\ �o�m�p�` �q�\�g�p�`�' �r�c�d�g�`�^�j�i�_e �o�m�d�`�n �`�q�`�m�t �k�j�n�n�d�]�g�`

�^�g�\�p�n�`�) �=�p�o �d�n�i�1�o �o�c�`�m�` �j�i�g�t �j�i�`�^�j�i�_ �^�g�\�p�n�` �o�c�\�o �h�\�o�^�c�`�n �\�i�t �b�d�q�`�i �q�\�g�p�`�n �j�a�s�\�i�_

�g�n�: �<�^�o�p�\�g�g�t�' �i�j�)

�G�`�o �p�n �`�s�\�h�d�i�` �o�c�` �_�`�{�i�d�o�d�j�i �j�arember �j�i�^�` �\�b�\�d�i�)

�#�_�`�{�i�` rember
�#λ �#�s �g�n�$

�#�^�j�i�_
�#�#�i�p�g�g�: �g�n�$�#�#�$�$�$
�#�#� �̀l�: �#� �̂\�m �g�n�$�s�$ �#� �̂_�m �g�n�$�$
�#�`�g�n�`�#� �̂j�i�n�#� �̂\�m �g�n�$ �#rember �s �#� �̂_�m �g�n�$�$�$�$�$�$�$

�>�j�i�n�d�_�`�m �o�c�` �^�\�g�g �#rember �\ �#�#�\ �] � �̂$�$�$�) �>�g�`�\�m�g�t �o�c�`�i�p�g�g�:�o�`�n�o �f�`�`�k�n �o�c�` �{�m�n�o �^�g�\�p�n�`

�a�m�j�h �m�`�o�p�m�i�d�i�b �\�i �\�i�n�r�`�m�' �r�c�d�g�` �o�c�`� �̀l�: �o�`�n�o �\�g�g�j�r�n �o�c�` �n�`�^�j�i�_ �^�g�\�p�n�` �o�j �k�m�j�_�p�^�`

�\�i �\�i�n�r�`�m�) �=�p�o �o�c�` �o�`�n�o �j�a �o�c�` �{�i�\�g �^�g�\�p�n�`�' �o�c�` �3�\�g�r�\�t�n�(�o�m�p�`�4�`�g�n��̀f�`�t�r�j�m�_�' �d�n

�`�l�p�d�q�\�g�`�i�o �o�j �o�c�` �o�m�d�q�d�\�g���o�o�`�n�o�)

�#�_�`�{�i�` rember
�#λ �#�s �g�n�$

�#�^�j�i�_
�#�#�i�p�g�g�: �g�n�$�#�#�$�$�$
�#�#� �̀l�: �#� �̂\�m �g�n�$�s�$ �#� �̂_�m �g�n�$�$
�#���o�#� �̂j�i�n�#� �̂\�m �g�n�$ �#rember �s �#� �̂_�m �g�n�$�$�$�$�$�$�$
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�D�a �d�o �r�`�m�` �i�j�o �a�j�m �o�c�` �n�`�^�j�i�_ �^�g�\�p�n�`�' �o�c�` �o�c�d�m�_ �^�g�\�p�n�` �r�j�p�g�_ �k�m�j�_�p�^�` �\�i �\�i�n�r�`�m �a�j�m

�o�c�` �^�\�g�g �#rember �\ �#�#�\ �] � �̂$�$�$�) �D�i �a�\�^�o�' �d�a �r�` �n�r�\�k �o�c�` �g�\�n�o �o�r�j �^�g�\�p�n�`�n

�#�_�`�{�i�` rember
�#λ �#�s �g�n�$

�#�^�j�i�_
�#�#�i�p�g�g�: �g�n�$�#�#�$�$�$
�#���o�#� �̂j�i�n�#� �̂\�m �g�n�$ �#rember �s �#� �̂_�m �g�n�$�$�$�$
�#�#� �̀l�: �#� �̂\�m �g�n�$�s�$ �#� �̂_�m �g�n�$�$�$�$�$

�o�c�` �^�\�g�g �#rember �\ �#�#�\ �] � �̂$�$�$ �m�`�o�p�m�i�n�#�#�\ �] � �̂$�$�m�\�o�c�`�m �o�c�\�i�#�#�] � �̂$�$�)

�R�c�\�o �_�j�`�n �o�c�`�`�g�n��̀o�`�n�o �m�`�\�g�g�t �h�`�\�i �d�i �o�c�` �j�m�d�b�d�i�\�g �_�`�{�i�d�o�d�j�i �j�arember�: �D�o

�h�`�\�i�n �o�c�\�o �o�c�` �o�`�n�o�n �d�i �\�g�g �o�c�` �\�]�j�q�` �^�g�\�p�n�`�n �h�p�n�o �`�q�\�g�p�\�o�` �o�j���a�) �N�d�h�d�g�\�m �m�`�\�n�j�i�d�i�b

�c�j�g�_�n �a�j�m �o�c�`� �̀l�: �o�`�n�o �j�a �o�c�` �n�`�^�j�i�_ �^�g�\�p�n�`�.�o�c�` �o�`�n�o �d�h�k�g�d�`�n �o�c�\�o �o�c�`�i�p�g�g�:�o�`�n�o �d�i

�o�c�` �{�m�n�o �^�g�\�p�n�` �m�`�o�p�m�i�`�_���a�) �R�` �^�\�i �o�c�`�m�`�a�j�m�` �m�`�_�`�{�i�`rember �o�j �h�\�f�` �o�c�` �d�h�k�g�d�^�d�o

�o�`�n�o�n �`�s�k�g�d�^�d�o�)

�#�_�`�{�i�` rember
�#λ �#�s �g�n�$

�#�^�j�i�_
�#�#�i�p�g�g�: �g�n�$�#�#�$�$�$
�#�#�\�i�_ �#�i�j�o�#�i�p�g�g�: �g�n�$�$ �#� �̀l�: �#� �̂\�m �g�n�$�s�$�$
�#� �̂_�m �g�n�$�$

�#�#�\�i�_ �#�i�j�o�#�i�p�g�g�: �g�n�$�$ �#�i�j�o�#� �̀l�: �#� �̂\�m �g�n�$�s�$�$�$
�#� �̂j�i�n�#� �̂\�m �g�n�$ �#rember �s �#� �̂_�m �g�n�$�$�$�$�$�$�$

rember �i�j�r �k�m�j�_�p�^�`�n �o�c�` �n�\�h�` �\�i�n�r�`�m�n �i�j �h�\�o�o�`�m �c�j�r �r�` �m�`�j�m�_�`�m �o�c�` �^�g�\�p�n�`�n�6

�o�c�` �^�g�\�p�n�`�n �\�m�` �i�j�r�i�j�i�(�j�q�`�m�g�\�k�k�d�i�b�' �n�d�i�^�` �j�i�g�t �\ �n�d�i�b�g�` �^�g�\�p�n�` �^�\�i �k�m�j�_�p�^�` �\�i

�\�i�n�r�`�m �a�j�m �\�i�t �n�k�`�^�d�{�^ �^�\�g�g �o�jrember�,�)

�, �O�c�m�j�p�b�c�j�p�o �o�c�d�n �_�d�n�n�`�m�o�\�o�d�j�i �r�` �n�o�m�d�q�` �o�j �r�m�d�o�` �k�m�j�b�m�\�h�n �o�c�\�o �\�_�c�`�m�` �o�j �o�c�`�i�j�i�(�j�q�`�m�g�\�k�k�d�i�b
�k�m�d�i�^�d�k�g�`�' �o�j �\�q�j�d�_ �_�p�k�g�d�^�\�o�` �j�m �h�d�n�g�`�\�_�d�i�b �\�i�n�r�`�m�n�) �N�p�^�c �k�m�j�b�m�\�h�n �\�m�` �n�d�h�d�g�\�m �o�j �o�c�` �b�p�\�m�_�`�_
�^�j�h�h�\�i�_ �k�m�j�b�m�\�h�n �_�`�n�^�m�d�]�`�_ �d�i�?�d�e�f�n�o�m�\�#�,�4�2�0�' �,�4�4�2�$�)
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�#�_�`�{�i�` rember
�#λ �#�s �g�n�$

�#�^�j�i�_
�#�#�\�i�_ �#�i�j�o�#�i�p�g�g�: �g�n�$�$ �#�i�j�o�#� �̀l�: �#� �̂\�m �g�n�$�s�$�$�$
�#� �̂j�i�n�#� �̂\�m �g�n�$ �#rember �s �#� �̂_�m �g�n�$�$�$�$

�#�#�\�i�_ �#�i�j�o�#�i�p�g�g�: �g�n�$�$ �#� �̀l�: �#� �̂\�m �g�n�$�s�$�$
�#� �̂_�m �g�n�$�$

�#�#�i�p�g�g�: �g�n�$�#�#�$�$�$�$�$�$

�@�q�`�i �o�c�j�p�b�c �r�` �c�\�q�` �m�`�j�m�_�`�m�`�_ �o�c�`�^�j�i�_ �^�g�\�p�n�`�n�'rember �r�j�m�f�n �\�n �`�s�k�`�^�o�`�_�)

�#rember �\ �#�#�\ �] � �̂$�$�$⇒ �#�#�] � �̂$�$

�2�)�/ �?�d�n�`�l�p�\�g�d�o�t �>�j�i�n�o�m�\�d�i�o�n

�I�j�r �r�` �^�\�i �m�`�^�j�i�n�d�_�`�m �j�p�m �_�`�{�i�d�o�d�j�i �j�arembero�' �\�_�_�d�i�b �o�c�` �`�l�p�d�q�\�g�`�i�o �j�a �o�c�`

�`�s�k�g�d�^�d�o �o�`�n�o�n �o�j �h�\�f�` �j�p�m�^�j�i�_e �^�g�\�p�n�`�n �i�j�i�(�j�q�`�m�g�\�k�k�d�i�b�-�)

�P�i�a�j�m�o�p�i�\�o�`�g�t�' �r�` �_�j �i�j�o �c�\�q�` �\ �r�\�t �o�j �`�s�k�m�`�n�n �i�`�b�\�o�d�j�i �d�i �^�j�m�` �h�d�i�d�F�\�i�m�`�i�.�)

�C�j�r�`�q�`�m�' �r�` �_�j �i�j�o �i�`�`�_ �a�p�g�g �i�`�b�\�o�d�j�i �o�j �`�s�k�m�`�n�n �o�c�` �o�`�n�o �#�i�j�o�#�i�p�g�g�: �g�n�$�$�' �n�d�i�^�` �d�a�g�n

�d�n �i�j�o �i�p�g�g �d�o �h�p�n�o �]�` �\ �k�\�d�m�/�) �D�i �a�\�^�o�' �r�` �\�m�` �\�g�m�`�\�_�t �`�s�k�m�`�n�n�d�i�b �o�c�` �#�i�j�o�#�i�p�g�g�: �g�n�$�$

�o�`�n�o �d�h�k�g�d�^�d�o�g�t�' �o�c�m�j�p�b�c �o�c�` �p�i�d�{�^�\�o�d�j�i �#≡ �#�#�\ � �_�$�$�g�n�$ �o�c�\�o �\�k�k�`�\�m�n �d�i �o�c�` �g�\�n�o �o�r�j

�^�j�i�_e �^�g�\�p�n�`�n�)

�O�c�` �j�i�g�t �m�`�h�\�d�i�d�i�b �o�`�n�o �d�n �#�i�j�o�#� �̀l�: �#� �̂\�m �g�n�$�s�$�$ �d�i �o�c�` �g�\�n�o �^�g�\�p�n�`�) �C�j�r �h�d�b�c�o

�r�` �`�s�k�m�`�n�n �o�c�\�o �o�c�` �^�\�m �j�a�g�n�d�n �i�j�o�s�: �R�` �^�j�p�g�_ �\�o�o�`�h�k�o �o�j �p�i�d�a�t �o�c�` �^�\�m �j�a�g�n

�r�d�o�c �`�q�`�m�t �n�t�h�]�j�g �j�o�c�`�m �o�c�\�i�s�) �@�q�`�i �d�a�s �r�`�m�` �d�i�n�o�\�i�o�d�\�o�`�_�' �o�j �o�c�` �n�t�h�]�j�g�\ �a�j�m

�-�H�j�m�` �o�c�\�i �j�i�`�^�j�i�_e �^�g�\�p�n�` �h�\�t �n�p�^�^�`�`�_ �d�arembero �d�n �k�\�n�n�`�_ �a�m�`�n�c �q�\�m�d�\�]�g�`�n�) �C�j�r�`�q�`�m�' �j�i�g�t
�j�i�` �^�g�\�p�n�` �r�d�g�g �n�p�^�^�`�`�_ �d�a �o�c�` �{�m�n�o �o�r�j �\�m�b�p�h�`�i�o�n �o�jrembero �\�m�` �a�p�g�g�t �b�m�j�p�i�_�)

�. �O�c�` �d�h�k�p�m�` �j�k�`�m�\�o�j�m�n�^�j�i�_a �\�i�_ �^�j�i�_u �a�m�j�h �n�`�^�o�d�j�i�-�)�.�^�\�i �]�` �p�n�`�_ �o�j �`�s�k�m�`�n�n �3�i�`�b�\�o�d�j�i �\�n
�a�\�d�g�p�m�`�4�' �\�n �d�n �^�j�h�h�j�i�g�t �_�j�i�` �d�i �K�m�j�g�j�b �k�m�j�b�m�\�h�n�' �]�p�o �r�` �`�n�^�c�`�r �o�c�d�n �i�j�i�(�_�`�^�g�\�m�\�o�d�q�` �\�k�k�m�j�\�^�c�)

�/ �O�c�d�n �\�n�n�p�h�`�n�' �j�a �^�j�p�m�n�`�' �o�c�\�o �o�c�` �n�`�^�j�i�_ �\�m�b�p�h�`�i�o �o�jrembero �^�\�i �]�` �p�i�d�{�`�_ �r�d�o�c �\ �k�m�j�k�`�m
�g�d�n�o�) �K�\�n�n�d�i�b �d�i�0�\�n �o�c�`�g�n�\�m�b�p�h�`�i�o �h�\�f�`�n �i�j �h�j�m�` �n�`�i�n�` �a�j�mrembero �o�c�\�i �d�o �_�j�`�n �a�j�mrember�)
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�`�s�\�h�k�g�`�' �r�` �r�j�p�g�_ �c�\�q�` �o�j �p�i�d�a�t�s �r�d�o�c �`�q�`�m�t �n�t�h�]�j�g�j�o�c�`�m�o�c�\�i�\�' �j�a �r�c�d�^�c �o�c�`�m�`

�\�m�` �d�i�{�i�d�o�`�g�t �h�\�i�t�) �>�g�`�\�m�g�t �o�c�d�n �d�n �k�m�j�]�g�`�h�\�o�d�^�5 �`�i�p�h�`�m�\�o�d�i�b �\�i �d�i�{�i�d�o�` �_�j�h�\�d�i

�^�\�i �`�\�n�d�g�t �g�`�\�_ �o�j �_�d�q�`�m�b�`�i�o �]�`�c�\�q�d�j�m�0�)

�>�j�h�k�\�m�` �o�c�` �o�`�n�o�n �d�i �o�c�` �n�`�^�j�i�_ �\�i�_ �o�c�d�m�_rember �^�g�\�p�n�`�n�5 �#� �̀l�: �#� �̂\�m �g�n�$�s�$ �\�i�_

�#�i�j�o�#� �̀l�: �#� �̂\�m �g�n�$�s�$�$�) �R�` �p�n�` �#≡ �\ �s�$ �o�j �`�s�k�m�`�n�n �o�c�\�o �o�c�` �^�\�m �j�a�g�n�#�r�c�d�^�c �d�n�\�$

�d�n �`�l�p�\�g �o�j�s�) �R�c�\�o �r�` �i�`�`�_ �d�n �o�c�` �\�]�d�g�d�o�t �o�j �`�s�k�m�`�n�n �o�c�`�_�d�n� �̀l�p�\�g�d�o�t � �̂j�i�n�o�m�\�d�i�o�1

�#̸= �\ �s�$�2�' �r�c�d�^�c �\�n�n�`�m�o�n �o�c�\�o�\ �\�i�_ �s �\�m�` �i�j�o �`�l�p�\�g�' �\�i�_ �^�\�i �i�`�q�`�m �]�` �h�\�_�` �`�l�p�\�g

�o�c�m�j�p�b�c �p�i�d�{�^�\�o�d�j�i�)

�=�`�a�j�m�` �r�` �\�_�_ �\ �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o �o�jrembero�' �g�`�o �p�n �`�s�\�h�d�i�` �n�j�h�` �n�d�h�k�g�`

�p�n�`�n �j�a̸=�) �D�i �o�c�` �{�m�n�o �`�s�\�h�k�g�`�' �r�` �p�i�d�a�t�l �r�d�o�c�0�' �o�c�`�i �n�k�`�^�d�a�t �o�c�\�o�l �^�\�i �i�`�q�`�m �]�`

�0�) �<�n �`�s�k�`�^�o�`�_�' �o�c�` �^�\�g�g �o�j̸= �a�\�d�g�n�)

�#�m�p�i∗ �#�l�$ �#≡ �0�l�$ �#̸= �0�l�$�$⇒ �#�#�$�$

�D�a �r�` �n�r�\�k �o�c�` �b�j�\�g�n�' �o�c�` �k�m�j�b�m�\�h �]�`�c�\�q�`�n �o�c�` �n�\�h�`�)

�#�m�p�i∗ �#�l�$ �#̸= �0�l�$ �#≡ �0�l�$�$⇒ �#�#�$�$

̸= �^�\�i �o�\�f�` �\�m�]�d�o�m�\�m�t �`�s�k�m�`�n�n�d�j�i�n�' �\�n �n�c�j�r�i �d�i �o�c�` �i�`�s�o �o�r�j �`�s�\�h�k�g�`�n�)

�#�m�p�i∗ �#�l�$ �#̸= �#+ �- �.�$�0�$�$⇒ �#�#�$�$

�#�m�p�i∗ �#�l�$ �#̸= �#∗ �- �.�$�0�$�$⇒ �#�#�Z
0
�$�$

�0�D�o �d�n �k�j�n�n�d�]�g�` �o�j �`�i�p�h�`�m�\�o�` �n�j�h�` �d�i�{�i�d�o�` �_�j�h�\�d�i�n �p�n�d�i�b �\ �{�i�d�o�` �i�p�h�]�`�m �j�a �^�\�n�`�n�' �o�c�m�j�p�b�c �o�c�`
�p�n�` �j�a �^�g�`�q�`�m �_�\�o�\ �m�`�k�m�`�n�`�i�o�\�o�d�j�i�) �A�j�m �`�s�\�h�k�g�`�' �p�n�d�i�b �o�c�` �]�d�i�\�m�t �g�d�n�o �i�j�o�\�o�d�j�i �a�m�j�h �>�c�\�k�o�`�m�1�r�`
�^�\�i �`�s�k�m�`�n�n �o�c�\�o �\ �i�\�o�p�m�\�g �i�p�h�]�`�m�s�d�n �i�j�o�0�]�t �p�i�d�a�t�d�i�b�s�r�d�o�c �o�c�` �k�\�o�o�`�m�i�n�#�#�$�$�' �#�#�,�$�$�' �#�#�\ �,�$�$�' �#�#�+�\ �,�$�$�'
�#�#�, �, �,�$�$�' �\�i�_�#�#�\ �] �^ �_� �m�`�n�o�$�$�) �<�g�o�c�j�p�b�c �o�c�d�n �\�k�k�m�j�\�^�c �\�q�j�d�_�n �_�d�q�`�m�b�`�i�^�`�' �d�o �m�`�l�p�d�m�`�n �p�n �o�j �f�i�j�r �o�c�`
�_�j�h�\�d�i �\�i�_ �m�`�k�m�`�n�`�i�o�\�o�d�j�i �j�a�s�) �A�p�m�o�c�`�m�h�j�m�`�' �o�c�d�n �\�k�k�m�j�\�^�c �h�\�t �m�`�n�p�g�o �d�i �_�p�k�g�d�^�\�o�` �\�i�n�r�`�m�n �`�q�`�i
�a�j�m �k�m�j�b�m�\�h�n �o�c�\�o �\�_�c�`�m�` �o�j �o�c�` �i�j�i�(�j�q�`�m�g�\�k�k�d�i�b �k�m�d�i�^�d�k�g�`�' �r�c�d�^�c �^�\�i �]�` �\ �k�m�j�]�g�`�h �`�q�`�i �r�c�`�i
�`�i�p�h�`�m�\�o�d�i�b �{�i�d�o�` �_�j�h�\�d�i�n�)

�1�<�n �j�k�k�j�n�`�_ �o�j �\�i� �̀l�p�\�g�d�o�t � �̂j�i�n�o�m�\�d�i�o�' �n�p�^�c �\�n �#≡ �\ �s�$�) �?�d�n�`�l�p�\�g�d�o�t �d�n �\�g�n�j �f�i�j�r�i �\�n�_�d�n�p�i�d�{� �̂\�(
�o�d�j�i�)

�2�R�` �h�\�t �\�g�n�j �r�d�n�c �o�j �d�i�o�m�j�_�p�^�` �\�i �j�k�`�m�\�o�j�m̸=�(�i�j�(�^�c� �̀^�f�o�c�\�o �k�`�m�a�j�m�h�n�p�i�n�j�p�i�_�_�d�n�p�i�d�{�^�\�o�d�j�i�'
�o�j �\�q�j�d�_ �o�c�` �^�j�n�o �j�a �o�c�` �j�^�^�p�m�n �^�c�`�^�f�)
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�D�i �o�c�d�n�m�p�i∗ �`�s�k�m�`�n�n�d�j�i �r�` �\�n�n�`�m�o �o�c�\�o�l �^�\�i �i�`�q�`�m �]�`�0�j�m�1�) �R�` �`�s�k�m�`�n�n �o�c�`

�g�\�o�o�`�m �^�j�i�n�o�m�\�d�i�o �d�i�_�d�m�`�^�o�g�t�' �]�t �^�j�i�n�o�m�\�d�i�d�i�b�s�)

�#�m�p�i∗ �#�l�$
�#�`�s�d�n�o�#�s�$

�#̸= �0�l�$
�#≡ �s �l�$
�#̸= �1�s�$�$�$⇒

�#�#�#�#�#�#�#�#�Z
0

�5�#�#�#�#�i�`�q�`�m�(�`�l�p�\�g�#�#�#�#�#�#�#�#�Z
0
� �0�$�$�$�$�$�$�$�$ �#�#�#�#�#�#�#�#�Z

0
� �1�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$

�O�c�` �\�i�n�r�`�m �d�i�^�g�p�_�`�n �o�r�j �m�`�d�{�`�_ �^�j�i�n�o�m�\�d�i�o�n �d�i�_�d�^�\�o�d�i�b �o�c�\�o �o�c�` �j�p�o�k�p�o �q�\�m�d�\�]�g�` �#�l�$

�^�\�i �i�`�q�`�m �]�`�0�j�m�1�)

�>�j�i�n�d�_�`�m �o�c�d�n�m�p�i∗ �`�s�k�m�`�n�n�d�j�i�)

�#�m�p�i∗ �#�l�$
�#�`�s�d�n�o�#�t �u�$

�#̸= �#�#�t � �u�$�$�l�$�$�$⇒

�#�#�#�#�Z
0
�$�$�$�$

�D�o �h�\�t �n�`�`�h �o�c�\�o �o�c�` �^�j�i�n�o�m�\�d�i�o �j�i�l �n�c�j�p�g�_ �]�` �m�`�d�{�`�_�) �C�j�r�`�q�`�m�' �o�c�d�n �^�j�i�n�o�m�\�d�i�o

�^�\�i �j�i�g�t �]�` �q�d�j�g�\�o�`�_ �d�a�l �d�n �p�i�d�{�`�_ �r�d�o�c�#�#�t � �u�$�$�) �N�d�i�^�`�t �\�i�_ �u�\�m�` �i�j�o �m�`�d�{�`�_�' �o�c�`

�^�j�i�n�o�m�\�d�i�o �d�n �i�j�o�m�`�g�`�q�\�i�o�\�i�_ �d�n �o�c�`�m�`�a�j�m�` �i�j�o �m�`�d�{�`�_�)

�O�j �m�`�d�a�t �\ �^�j�i�n�o�m�\�d�i�o�' �r�` �h�p�n�o �m�`�d�a�t �\�g�g �j�a �o�c�` �q�\�m�d�\�]�g�`�n �d�i�q�j�g�q�`�_ �d�i �o�c�` �^�j�i�n�o�m�\�d�i�o�)

�#�m�p�i∗ �#�l�$
�#�`�s�d�n�o�#�s �t �u�$

�#̸= �#�#�t � �u�$�$�s�$
�#≡ �#�#�s �t �u�$�$�l�$�$�$⇒

�#�#�#�#�#�#�#�#�#�#�#�#�Z
0

�Z
1

�Z
2
�$�$�$�$�5�#�#�#�#�i�`�q�`�m�(�`�l�p�\�g�#�#�#�#�#�#�#�#�Z

0
�Z

1
� �Z

2
�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$

�O�c�` �^�j�i�n�o�m�\�d�i�o �d�n �`�\�n�d�`�m �o�j �d�i�o�`�m�k�m�`�o �d�a �r�` �m�`�h�`�h�]�`�m �o�c�\�o�#�#�i�`�q�`�m�(�`�l�p�\�g�#�#�#�#�Z
0

�Z
1
� �Z

2
�$�$�$�$�$�$

�d�n �`�l�p�d�q�\�g�`�i�o �o�j�#�#�i�`�q�`�m�(�`�l�p�\�g�#�#�#�#�Z
0
� �#�#�Z

1
� �Z

2
�$�$�$�$�$�$�$�$�)
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�C�`�m�` �d�n �\ �n�g�d�b�c�o�g�t �h�j�m�` �^�j�h�k�g�d�^�\�o�`�_ �`�s�\�h�k�g�` �j�a̸=�)

�#�m�p�i∗ �#�l�$
�#�`�s�d�n�o�#�s �t �u�$

�#≡ �#�#�t � �u�$�$�s�$
�#̸= �#�#�0� �1�$�$�s�$
�#≡ �0�t�$
�#≡ �#�#�s �t �u�$�$�l�$�$�$⇒

�#�#�#�#�#�#�#�#�#�#�#�#�#�#�#�#�0� �Z
0
�$�$�$�$�0�Z

0
�$�$�$�$�5�#�#�#�#�i�`�q�`�m�(�`�l�p�\�g�#�#�#�#�#�#�#�#�Z

0
� �1�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$

�C�`�m�` �d�n �o�c�` �n�\�h�` �k�m�j�b�m�\�h�' �]�p�o �r�d�o�c �#≡ �1�t�$ �d�i�n�o�`�\�_ �j�a �#≡ �0�t�$�)

�#�m�p�i∗ �#�l�$
�#�`�s�d�n�o�#�s �t �u�$

�#≡ �#�#�t � �u�$�$�s�$
�#̸= �#�#�0� �1�$�$�s�$
�#≡ �1�t�$
�#≡ �#�#�s �t �u�$�$�l�$�$�$⇒

�#�#�#�#�#�#�#�#�#�#�#�#�1� �Z
0
�$�$�$�$�1�Z

0
�$�$�$�$�$�$�$�$

�N�d�i�^�`�t �^�\�i�i�j�o �]��̀0�' �#̸= �#�#�0� �1�$�$�s�$ �^�\�i�i�j�o �]�` �q�d�j�g�\�o�`�_ �\�i�_ �d�n �o�c�`�m�`�a�j�m�` �_�d�n�^�\�m�_�`�_�)

�R�` �`�i�_ �o�c�d�n �n�`�^�o�d�j�i �r�d�o�c �\ �{�i�\�g �`�s�\�h�k�g�`�' �o�j �_�`�h�j�i�n�o�m�\�o�` �c�j�r �o�j �d�i�o�`�m�k�m�`�o �h�j�m�`

�^�j�h�k�g�d�^�\�o�`�_ �m�`�d�{�`�_ �^�j�i�n�o�m�\�d�i�o�n�)

�#�m�p�i∗ �#�l�$
�#�`�s�d�n�o�#�s �t �u�$

�#̸= �0�s�$
�#̸= �1�s�$
�#̸= �#�#�t �,�$�$ �#�#�- �u�$�$�$
�#≡ �#�#�s �t �u�$�$�l�$�$�$⇒

�#�#�#�#�#�#�#�#�#�#�#�#�Z
0

�Z
1

�Z
2
�$�$�$�$�5�#�#�#�#�i�`�q�`�m�(�`�l�p�\�g�#�#�#�#�#�#�#�#�Z

1
� �-�$�$�$�$ �#�#�#�#�Z

2
� �,�$�$�$�$�$�$�$�$ �#�#�#�#�#�#�#�#�Z

0
� �1�$�$�$�$�$�$�$�$ �#�#�#�#�#�#�#�#�Z

0
� �0�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$

�O�c�` �^�j�i�n�o�m�\�d�i�o�n�#�#�#�#�Z
0
� �1�$�$�$�$�\�i�_ �#�#�#�#�Z

0
� �0�$�$�$�$�\�m�` �d�i�_�`�k�`�i�_�`�i�o �j�a �`�\�^�c �j�o�c�`�m�' �\�i�_ �d�i�_�d�(

�^�\�o�` �o�c�\�o�s �^�\�i �i�`�q�`�m �]�`�0�j�m�1�) �C�j�r�`�q�`�m�'�#�#�#�#�Z
1
� �-�$�$ �#�#�Z

2
� �,�$�$�$�$�m�`�k�m�`�n�`�i�o�n �\�n�d�i�b�g�`

�^�j�i�n�o�m�\�d�i�o�' �d�i�_�d�^�\�o�d�i�b �o�c�\�o�t �^�\�i�i�j�o �]��̀- �d�a�u�d�n�,�3�)
�3�M�`�d�a�t�d�i�b �^�j�i�n�o�m�\�d�i�o�n �d�i �\ �a�m�d�`�i�_�g�t �h�\�i�i�`�m �d�n �i�j�i�(�o�m�d�q�d�\�g�' �\�n �r�` �r�d�g�g �n�`�` �d�i �>�c�\�k�o�`�m�3�)
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�2�)�0 �A�d�s�d�i�brembero

�I�j�r �o�c�\�o �r�` �p�i�_�`�m�n�o�\�i�_̸=�' �\�i�_ �c�j�r �o�j �d�i�o�`�m�k�m�`�o �m�`�d�{�`�_ �^�j�i�n�o�m�\�d�i�o�n�' �r�` �\�m�` �m�`�\�_�t

�o�j �\�_�_ �o�c�` �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o �#̸= �\ �s�$ �o�j �o�c�` �g�\�n�o �^�g�\�p�n�` �j�arembero�)

�#�_�`�{�i�` rembero

�#λ �#�s �g�n �j�p�o�$
�#�^�j�i�_e

�#�#≡ �#�#�$�$�g�n�$ �#≡ �#�#�$�$�j�p�o�$�$
�#�#�`�s�d�n�o�#�\ �_�$

�#≡ �#�#�\ � �_�$�$�g�n�$
�#≡ �\ �s�$
�#≡ �_ �j�p�o�$�$�$

�#�#�`�s�d�n�o�#�\ �_ �m�`�n�$
�#≡ �#�#�\ � �_�$�$�g�n�$
�#̸= �\ �s�$
�#≡ �#�#�\ � �m�`�n�$�$�j�p�o�$
�#rembero �s �_ �m�`�n�$�$�$�$�$�$

�D�a �r�` �m�`�(�m�p�i �o�c�` �k�m�j�b�m�\�h�n �a�m�j�h �n�`�^�o�d�j�i�2�)�-�r�` �n�`�` �o�c�\�orembero�1�n �]�`�c�\�q�d�j�m �d�n

�^�j�i�n�d�n�o�`�i�o �r�d�o�c �o�c�\�o �j�arember�)

�#�m�p�i∗ �#�l�$ �#rembero �] �#�#�\ �] �^ �] �_�$�$�l�$�$⇒ �#�#�#�#�\ �^ �] �_�$�$�$�$

�#�m�p�i∗ �#�l�$ �#rembero �] �#�#�]�$�$ �#�#�]�$�$�$�$⇒ �#�#�$�$

�J�a �^�j�p�m�n�`�'rembero �d�n �h�j�m�` �|�`�s�d�]�g�` �o�c�\�irember�)

�#�m�p�i∗ �#�l�$
�#�`�s�d�n�o�#�s �j�p�o�$

�#rembero �s �#�#�\ �] � �̂$�$�j�p�o�$
�#≡ �#�#�s �j�p�o�$�$�l�$�$�$⇒

�#�#�#�#�#�#�#�#�\ �#�#�#�#�] � �̂$�$�$�$�$�$�$�$
�#�#�#�#�] �#�#�#�#�\ � �̂$�$�$�$�$�$�$�$
�#�#�#�#�^�#�#�#�#�\ �]�$�$�$�$�$�$�$�$
�#�#�#�#�#�#�#�#�Z

0
�#�#�#�#�\ �] � �̂$�$�$�$�$�$�$�$�5�#�#�#�#�i�`�q�`�m�(�`�l�p�\�g�#�#�#�#�#�#�#�#�Z

0
� � �̂$�$�$�$�$�$�$�$ �#�#�#�#�#�#�#�#�Z

0
� �]�$�$�$�$�$�$�$�$ �#�#�#�#�#�#�#�#�Z

0
� �\�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$

�O�c�` �{�i�\�g �\�i�n�r�`�m �d�i�_�d�^�\�o�`�n �o�c�\�o �m�`�h�j�q�d�i�b �\ �n�t�h�]�j�g�s�a�m�j�h �o�c�` �g�d�n�o�#�#�\ �] � �̂$�$�m�`�n�p�g�o�n

�d�i �o�c�` �j�m�d�b�d�i�\�g �g�d�n�o�' �k�m�j�q�d�_�`�_ �o�c�\�o�s �d�n �i�j�o�\�' �]�' �j�m� �̂)
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�2�)�1 �G�d�h�d�o�\�o�d�j�i�n �j�a �?�d�n�`�l�p�\�g�d�o�t �>�j�i�n�o�m�\�d�i�o�n

�?�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n �\�_�_ �`�s�k�m�`�n�n�d�q�` �k�j�r�`�m �o�j �^�j�m�` �h�d�i�d�F�\�i�m�`�i�4�' �\�g�g�j�r�d�i�b �p�n �o�j

�`�s�k�m�`�n�n �\ �g�d�h�d�o�`�_ �a�j�m�h �j�a �i�`�b�\�o�d�j�i�) �C�j�r�`�q�`�m�' �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n �c�\�q�` �n�`�q�`�m�\�g

�g�d�h�d�o�\�o�d�j�i�n �\�i�_ �_�d�n�\�_�q�\�i�o�\�b�`�n�)

�A�d�m�n�o�' �o�c�`̸= �j�k�`�m�\�o�j�m �^�\�i �j�i�g�t �`�s�k�m�`�n�n �o�c�\�o �o�r�j �o�`�m�h�n �\�m�` �i�`�q�`�m �o�c�` �n�\�h�`�)

�O�c�d�n �d�n �h�p�^�c �h�j�m�` �g�d�h�d�o�`�_ �o�c�\�i �o�c�` �\�]�d�g�d�o�t �o�j �`�s�k�m�`�n�n �a�p�g�g �i�`�b�\�o�d�j�i�) �A�j�m �`�s�\�h�k�g�`�'

�^�j�i�n�d�_�`�m �o�c�` �o�`�n�o �#�\�i�_ �#�i�j�o�#�i�p�g�g�: �g�n�$�$ �#�i�j�o�#� �̀l�: �#� �̂\�m �g�n�$�s�$�$�$ �a�m�j�h �o�c�` �q�`�m�n�d�j�i �j�a

rember �d�i �n�`�^�o�d�j�i�2�)�.�) �=�t �_�` �H�j�m�b�\�i�1�n �g�\�r�' �o�c�d�n �o�`�n�o �d�n �g�j�b�d�^�\�g�g�t �`�l�p�d�q�\�g�`�i�o �o�j

�#�i�j�o�#�j�m�#�i�p�g�g�: �g�n�$ �#� �̀l�: �#� �̂\�m �g�n�$�s�$�$�$�) �R�` �^�\�i �p�n�` �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n �o�j �`�s�k�m�`�n�n

�o�c�` �{�m�n�o �q�`�m�n�d�j�i �j�a �o�c�` �o�`�n�o�' �]�p�o �i�j�o �o�c�` �n�`�^�j�i�_�)

�<�i�n�r�`�m�n �^�j�i�o�\�d�i�d�i�b �m�`�d�{�`�_ �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n �^�\�i �]�` �h�j�m�` �_�d�z�d�^�p�g�o �o�j �d�i�(

�o�`�m�k�m�`�o �o�c�\�i �\�i�n�r�`�m�n �r�d�o�c�j�p�o �^�j�i�n�o�m�\�d�i�o�n�) �<�g�n�j�' �d�o �d�n �i�j�o �\�g�r�\�t�n �j�]�q�d�j�p�n �r�c�t �\

�^�j�i�n�o�m�\�d�i�o �r�\�n�i�j�o�m�`�d�{�`�_ �#�r�c�`�o�c�`�m �d�o �r�\�n �i�j�o �m�`�g�`�q�\�i�o �j�m �^�j�p�g�_ �i�j�o �]�` �q�d�j�g�\�o�`�_�$�)

�?�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n �\�g�n�j �^�j�h�k�g�d�^�\�o�` �o�c�` �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �o�c�` �p�i�d�{�`�m�' �\�i�_

�`�n�k�`�^�d�\�g�g�t �o�c�` �m�`�d�{�`�m�) �?�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n �^�\�i �\�g�n�j �]�` �`�s�k�`�i�n�d�q�`�' �n�d�i�^�` �`�q�`�m�t

�^�j�i�n�o�m�\�d�i�o �h�p�n�o �]�` �^�c�`�^�f�`�_ �\�a�o�`�m �`�\�^�c �n�p�^�^�`�n�n�a�p�g �p�i�d�{�^�\�o�d�j�i�)

�=�`�^�\�p�n�` �j�a �o�c�`�n�` �_�d�n�\�_�q�\�i�o�\�b�`�n�' �d�o �d�n �k�m�`�a�`�m�\�]�g�` �o�j �p�n�`≡ �m�\�o�c�`�m �o�c�\�i̸= �r�c�`�i�(

�`�q�`�m �k�m�\�^�o�d�^�\�g�) �A�j�m �`�s�\�h�k�g�`�' �d�o �d�n �]�`�o�o�`�m �o�j �`�s�k�m�`�n�n �o�c�` �o�`�n�o �#�i�j�o�#�i�p�g�g�: �g�n�$�$ �\�n

�#≡ �#�#�\ � �_�$�$�g�n�$ �m�\�o�c�`�m �o�c�\�i �\�n �#̸= �#�#�$�$�g�n�$�)

�N�o�d�g�g�' �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n �\�_�_ �`�s�k�m�`�n�n�d�q�` �k�j�r�`�m �o�j �^�j�m�` �h�d�i�d�F�\�i�m�`�i�' �\�i�_ �\�m�`

�b�`�i�`�m�\�g�g�t �k�m�`�a�`�m�\�]�g�` �o�j �`�i�p�h�`�m�\�o�d�i�b �d�i�{�i�d�o�` �#�j�m �`�q�`�i �{�i�d�o�`�$ �_�j�h�\�d�i�n�)

�4�D�o �n�`�`�h�n �o�c�\�o �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n �r�`�m�` �k�m�`�n�`�i�o �d�i �\ �q�`�m�t �`�\�m�g�t �q�`�m�n�d�j�i �j�a �K�m�j�g�j�b �#�>�j�g�h�`�m�\�p�`�m
�\�i�_ �M�j�p�n�n�`�g�,�4�4�1�$�' �\�g�o�c�j�p�b�c �o�c�`�t �r�`�m�` �\�k�k�\�m�`�i�o�g�t �m�`�h�j�q�`�_ �\�a�o�`�m �n�`�q�`�m�\�g �t�`�\�m�n�) �K�m�j�g�j�b �D�D �#�>�j�g�h�`�m�(
�\�p�`�m�,�4�3�0�$ �m�`�d�i�o�m�j�_�p�^�`�_ �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n�' �r�c�d�^�c �\�m�` �i�j�r �n�o�\�i�_�\�m�_ �d�i �h�j�n�o �K�m�j�g�j�b �n�t�n�o�`�h�n�)



�>�c�\�k�o�`�m �3

�D�h�k�g�`�h�`�i�o�\�o�d�j�i �D�D�D�5 �?�d�n�`�l�p�\�g�d�o�t
�>�j�i�n�o�m�\�d�i�o�n

�D�i �o�c�d�n �^�c�\�k�o�`�m �r�` �d�h�k�g�`�h�`�i�o �o�c�`̸= �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o �j�k�`�m�\�o�j�m �_�`�n�^�m�d�]�`�_ �d�i

�>�c�\�k�o�`�m�2�) �R�` �d�h�k�g�`�h�`�i�o �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n �p�n�d�i�b �p�i�d�{�^�\�o�d�j�i�' �r�c�d�^�c �m�`�n�p�g�o�n

�d�i �m�`�h�\�m�f�\�]�g�t �^�j�i�^�d�n�` �\�i�_ �`�g�`�b�\�i�o �^�j�_�`�) �O�c�` �h�\�o�c�`�h�\�o�d�^�n �j�a �o�c�d�n �\�k�k�m�j�\�^�c �r�`�m�`

�_�`�n�^�m�d�]�`�_ �]�t�>�j�h�j�i �d�i �o�c�` �,�4�3�+�1�n�,�.�o�j �j�p�m �f�i�j�r�g�`�_�b�`�' �j�p�m �d�h�k�g�`�h�`�i�o�\�o�d�j�i �d�n �o�c�`

�{�m�n�o �o�j �p�n�` �o�c�d�n �o�`�^�c�i�d�l�p�`�' �a�j�m �r�c�d�^�c �o�m�d�\�i�b�p�g�\�m �n�p�]�n�o�d�o�p�o�d�j�i�n �#�n�`�^�o�d�j�i�.�)�,�$ �\�m�` �\

�k�`�m�a�`�^�o �h�\�o�^�c�) �R�` �\�g�n�j �k�m�`�n�`�i�o �\ �n�j�k�c�d�n�o�d�^�\�o�`�_ �m�`�d�{�`�m �o�c�\�o �m�`�h�j�q�`�n �d�m�m�`�g�`�q�\�i�o �\�i�_

�m�`�_�p�i�_�\�i�o �^�j�i�n�o�m�\�d�i�o�n�)

�O�c�d�n �^�c�\�k�o�`�m �d�n �j�m�b�\�i�d�u�`�_ �\�n �a�j�g�g�j�r�n�) �D�i �n�`�^�o�d�j�i�3�)�,�r�` �_�`�n�^�m�d�]�` �j�p�m �m�`�k�m�`�n�`�i�o�\�o�d�j�i

�j�a �o�c�` �^�j�i�n�o�m�\�d�i�o �n�o�j�m�`�' �r�c�d�^�c �d�n �k�\�n�n�`�_ �o�j �`�q�`�m�t �b�j�\�g �\�n �k�\�m�o �j�a �\�k�\�^�f�\�b�`�o�c�\�o �\�g�n�j

�^�j�i�o�\�d�i�n �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i�) �N�`�^�o�d�j�i�3�)�-�k�m�`�n�`�i�o�n �o�c�` �^�j�i�n�o�m�\�d�i�o �n�j�g�q�d�i�b �\�g�b�j�m�d�o�c�h�'

�r�c�d�^�c �d�n �]�\�n�`�_ �j�i �p�i�d�{�^�\�o�d�j�i�' �r�c�d�g�` �n�`�^�o�d�j�i�3�)�.�_�`�{�i�`�n �o�c�`̸= �\�i�_≡ �j�k�`�m�\�o�j�m�n �\�i�_

�m�`�g�\�o�`�_ �c�`�g�k�`�m�n�) �A�d�i�\�g�g�t �d�i �n�`�^�o�d�j�i�3�)�/�r�` �k�m�`�n�`�i�o �\ �n�j�k�c�d�n�o�d�^�\�o�`�_ �m�`�d�{�`�m �o�c�\�o �k�m�j�_�p�^�`�n

�c�p�h�\�i�(�a�m�d�`�i�_�g�t �m�`�k�m�`�n�`�i�o�\�o�d�j�i�n �j�a �^�j�i�n�o�m�\�d�i�o�n�)

�, �N�`��̀>�j�h�j�i �#�,�4�4�,�$ �\�i�_�>�j�h�j�i �\�i�_ �G�`�n�^�\�i�i�`�#�,�4�3�4�$�)

�4�+



�>�C�<�K�O�@�M �3�) �D�H�K�G�@�H�@�I�O�<�O�D�J�I �D�D�D�5 �?�D�N�@�L�P�<�G�D�O�T �>�J�I�N�O�M�<�D�I�O�N�4�,

�3�)�, �>�j�i�n�o�m�\�d�i�o�n�' �>�j�i�n�o�m�\�d�i�o �G�d�n�o�n�' �\�i�_ �K�\�^�f�\�b�`�n

�R�` �m�`�k�m�`�n�`�i�o �\ �^�j�i�n�o�m�\�d�i�o�^ �\�n �\ �g�d�n�o �j�a �k�\�d�m�n �\�n�n�j�^�d�\�o�d�i�b �q�\�m�d�\�]�g�`�n �r�d�o�c �o�`�m�h�n�) �A�j�m

�`�s�\�h�k�g�`�' �o�c�` �^�j�i�n�o�m�\�d�i�o �#̸= �0�s�$ �r�j�p�g�_ �]�` �m�`�k�m�`�n�`�i�o�`�_ �\�n�#�#�#�#�s � �0�$�$�$�$�' �r�c�d�g�` �o�c�` �^�j�i�(

�n�o�m�\�d�i�o �#̸= �#�#�0 �1�$�$ �#�#�t �u�$�$�$ �r�j�p�g�_ �]�` �m�`�k�m�`�n�`�i�o�`�_ �\�n�#�#�#�#�t � �0�$�$ �#�#�u� �1�$�$�$�$�) �D�i �a�\�^�o�' �j�p�m �m�`�k�(

�m�`�n�`�i�o�\�o�d�j�i �j�a �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n �d�n �d�_�`�i�o�d�^�\�g �o�j �j�p�m �m�`�k�m�`�n�`�i�o�\�o�d�j�i �j�a �n�p�]�n�o�d�(

�o�p�o�d�j�i�n�.�d�i�_�`�`�_�' �\ �^�j�i�n�o�m�\�d�i�o �^�\�i �]�` �q�d�`�r�`�_ �\�n �\ �h�d�i�d�(�n�p�]�n�o�d�o�p�o�d�j�i �o�c�\�o �d�i�_�d�^�\�o�`�n

�r�c�d�^�c �n�d�h�p�g�o�\�i�`�j�p�n �q�\�m�d�\�]�g�` �\�n�n�j�^�d�\�o�d�j�i�n �r�j�p�g�_ �q�d�j�g�\�o�` �o�c�` �^�j�i�n�o�m�\�d�i�o�)

�< �k�m�j�b�m�\�h �^�\�i �d�i�o�m�j�_�p�^�` �h�\�i�t �^�j�i�n�o�m�\�d�i�o�n�' �r�c�d�^�c �m�`�l�p�d�m�`�n �o�c�\�o �r�` �d�i�o�m�j�_�p�^�` �o�c�`

�i�j�o�d�j�i �j�a �\� �̂j�i�n�o�m�\�d�i�o �n�o�j�m�`�o�c�\�o �r�d�g�g �]�` �k�\�n�n�`�_ �o�j �`�q�`�m�t �b�j�\�g�' �\�g�j�i�b �r�d�o�c �o�c�` �n�p�]�n�o�d�o�p�(

�o�d�j�i�) �R�` �m�`�k�m�`�n�`�i�o �j�p�m �^�j�i�n�o�m�\�d�i�o �n�o�j�m�`� ∗̂ �\�n �\ �g�d�n�o �j�a �^�j�i�n�o�m�\�d�i�o�n �#�o�c�\�o �d�n�' �\ �g�d�n�o �j�a �n�p�]�(

�n�o�d�o�p�o�d�j�i�n�$�) �A�j�m �`�s�\�h�k�g�`�' �\�a�o�`�m �m�p�i�i�d�i�b �o�c�` �b�j�\�g �#�`�s�d�n�o�#�s �t �u�$ �#̸= �0�s�$ �#̸= �#�#�0 �1�$�$ �#�#�t �u�$�$�$�$

�o�c�` �^�j�i�n�o�m�\�d�i�o �n�o�j�m�` �r�j�p�g�_ �]�`�#�#�#�#�#�#�t � �0�$�$ �#�#�u� �1�$�$�$�$ �#�#�#�#�s � �0�$�$�$�$�$�$�)

�R�` �_�`�{�i� �̀`�h�k�o�t�(c∗ �o�j �]�` �o�c�` �`�h�k�o�t �g�d�n�o�5 �#�_�`�{�i�` �`�h�k�o�t�(c∗ �#�#�$�$�$�) �R�` �`�s�o�`�i�_� ∗̂

�p�n�d�i�b� �̂j�i�n�)

�R�` �h�p�n�o �k�\�n�n �o�c�` �^�j�i�n�o�m�\�d�i�o �n�o�j�m�` �o�j �`�q�`�m�t �b�j�\�g�) �R�` �^�j�p�g�_ �\�_�_ �\�i �`�s�o�m�\� ∗̂

�\�m�b�p�h�`�i�o �o�j �`�\�^�c �b�j�\�g�' �]�p�o �d�i�n�o�`�\�_ �r�` �k�\�n�n �\�m�j�p�i�_ �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i �\�i�_ �^�j�i�n�o�m�\�d�i�o

�n�o�j�m�` �\�n �\ �n�d�i�b�g�` �q�\�g�p�`�' �r�c�d�^�c �r�` �^�\�g�g �\�k�\�^�f�\�b�`�) �H�j�n�o �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m�n �e�p�n�o �k�\�n�n

�\�m�j�p�i�_ �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i�.�o�c�`�d�m �_�`�{�i�d�o�d�j�i�n �i�`�`�_ �i�j�o �^�c�\�i�b�`�) �R�` �j�i�g�t �i�`�`�_ �o�j �h�j�_�d�a�t

�b�j�\�g �^�j�i�n�o�m�p�^�o�j�m�n �o�c�\�o �`�s�o�`�i�_ �j�m �d�i�n�k�`�^�o �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i �#�n�p�^�c �\�n≡�$�) �#�R�` �r�d�g�g �p�n�`

�o�c�` �k�\�^�f�\�b�` �\�]�n�o�m�\�^�o�d�j�i �r�c�`�i�`�q�`�m �r�` �i�`�`�_ �o�j �k�\�n�n �\�m�j�p�i�_ �^�j�i�n�o�m�\�d�i�o �d�i�a�j�m�h�\�o�d�j�i�'

�n�p�^�c �\�n �o�c�` �a�m�`�n�c�i�`�n�n �^�j�i�n�o�m�\�d�i�o�n �j�a �i�j�h�d�i�\�g �g�j�b�d�^ �d�i �>�c�\�k�o�`�m�,�,�)�$



�>�C�<�K�O�@�M �3�) �D�H�K�G�@�H�@�I�O�<�O�D�J�I �D�D�D�5 �?�D�N�@�L�P�<�G�D�O�T �>�J�I�N�O�M�<�D�I�O�N�4�-

�C�`�m�` �\�m�` �j�p�m �k�\�^�f�\�b�` �^�j�i�n�o�m�p�^�o�j�m�n �\�i�_ �_�`�^�j�i�n�o�m�p�^�o�j�m�n�-�)

�#�_�`�{�i�` �h�\�f�`�(�\�#λ �#�n �∗̂�$ �#� �̂j�i�n �n �^∗�$�$�$
�#�_�`�{�i�` �n�(�j�a�#λ �#�\�$ �#� �̂\�m �\�$�$�$
�#�_�`�{�i�` c∗�(�j�a�#λ �#�\�$ �#� �̂_�m �\�$�$�$
�#�_�`�{�i�` �`�h�k�o�t�(�\�#�h�\�f�`�(�\ �`�h�k�o�t�(�n �`�h�k�o�t�(c∗�$�$

�3�)�- �N�j�g�q�d�i�b �?�d�n�`�l�p�\�g�d�o�t �>�j�i�n�o�m�\�d�i�o�n

�D�i �o�c�d�n �n�`�^�o�d�j�i �r�` �r�d�g�g �p�n�` �p�i�d�{�^�\�o�d�j�i �d�i �\ �^�g�`�q�`�m �r�\�t �o�j �n�j�g�q�` �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n

�\�a�o�`�m �\ �^�\�g�g �o�j̸= �j�m≡�' �\�i�_ �o�j �f�`�`�k �o�c�`�n�` �^�j�i�n�o�m�\�d�i�o�n �d�i �n�d�h�k�g�d�{�`�_ �a�j�m�h�) �A�d�m�n�o�' �j�]�n�`�m�q�`

�o�c�\�o �p�i�d�a�t�d�i�b �o�`�m�h�nt1 �\�i�_ t2 �d�i �\ �n�p�]�n�o�d�o�p�o�d�j�i�n�c�\�n �o�c�m�`�` �k�j�n�n�d�]�g�` �j�p�o�^�j�h�`�n�5

�,�) �p�i�d�{�^�\�o�d�j�i �^�\�i �a�\�d�g�' �d�i�_�d�^�\�o�d�i�b �o�c�`�m�` �d�n �i�j �`�s�o�`�i�n�d�j�i �o�j�n�o�c�\�o �r�d�g�g �h�\�f�`t1 �\�i�_

t2 �`�l�p�\�g�6

�-�) �p�i�d�{�^�\�o�d�j�i �^�\�i �n�p�^�^�`�`�_�r�d�o�c�j�p�o�`�s�o�`�i�_�d�i�b�n�.�o�c�d�n �d�h�k�g�d�`�n �o�c�\�ot1 �\�i�_ t2 �\�m�`

�\�g�m�`�\�_�t �`�l�p�\�g�6

�.�) �p�i�d�{�^�\�o�d�j�i �^�\�i �n�p�^�^�`�`�_�' �m�`�o�p�m�i�d�i�b �\�i �`�s�o�`�i�_�`�_ �n�p�]�n�o�d�o�p�o�d�j�i �^�j�i�o�\�d�i�d�i�b �i�`�r

�\�n�n�j�^�d�\�o�d�j�i�n�.�d�i �o�c�d�n �^�\�n�`�' �o�c�` �3�h�d�i�d�(�n�p�]�n�o�d�o�p�o�d�j�i�4ŝ �^�j�i�o�\�d�i�d�i�b �j�i�g�t �o�c�`�n�` �i�`�r

�\�n�n�j�^�d�\�o�d�j�i�n �m�`�k�m�`�n�`�i�o�n �o�c�` �h�j�n�o �b�`�i�`�m�\�g �n�p�]�n�o�d�o�p�o�d�j�i �o�c�\�o �h�\�f�`�nt1 �\�i�_ t2

�`�l�p�\�g�.�)
�-�O�c� �̀n�(�j�a�_�`�^�j�i�n�o�m�p�^�o�j�m�' �r�c�d�^�c �m�`�o�p�m�i�n �\ �k�\�^�f�\�b�`�1�n �n�p�]�n�o�d�o�p�o�d�j�i�' �d�n �\�g�g �r�` �i�`�`�_ �o�j �p�k�_�\�o�` �j�p�m

�_�`�{�i�d�o�d�j�i �j�a �o�c�` �d�h�k�p�m�` �j�k�`�m�\�o�j�m�k�m�j�e�`�^�o�)

�#�_�`�{�i�`�(�n�t�i�o�\�s �k�m�j�e�`�^�o
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �#�s . . .�$�b �b∗ . . .�$
�#λ�B �#�\�$

�#�g�`�o�#�#�n�#�n�(�j�a �\�$�$�$
�#�g�`�o�#�#�s �#�r�\�g�f∗ �s �n�$�$. . .�$

�#�#�`�s�d�n�o�#�$�b �b∗ . . .�$�\�$�$�$�$�$�$�$

�. �O�c�` �o�`�^�c�i�d�^�\�g �o�`�m�h �a�j�m �o�c�d�n �n�p�]�n�o�d�o�p�o�d�j�i �d�n �o�c�`�h�j�n�o �b�`�i�`�m�\�g �p�i�d�{�`�m�j�m�h�b�p�)



�>�C�<�K�O�@�M �3�) �D�H�K�G�@�H�@�I�O�<�O�D�J�I �D�D�D�5 �?�D�N�@�L�P�<�G�D�O�T �>�J�I�N�O�M�<�D�I�O�N�4�.

�I�j�r �g�`�o �p�n �^�j�i�n�d�_�`�m �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n�5 �d�i�n�o�`�\�_ �j�a �_�`�o�`�m�h�d�i�d�i�b �d�at1 �\�i�_ t2

�^�\�i �]�` �h�\�_�` �`�l�p�\�g�' �r�` �r�d�n�c �o�j �_�`�o�`�m�h�d�i�` �d�at1 �\�i�_ t2 �^�\�i �]�` �h�\�_��̀_�d�n� �̀l�p�\�g�r�d�o�c

�m�`�n�k�`�^�o �o�j�n�) �A�j�m�o�p�i�\�o�`�g�t�' �o�c�d�n �m�`�l�p�d�m�`�n �j�i�g�t �\ �n�g�d�b�c�o �^�c�\�i�b�` �d�i �k�`�m�n�k�`�^�o�d�q�`�) �R�` �p�i�d�a�t

t1 �\�i�_ t2 �r�d�o�c �m�`�n�k�`�^�o �o�j�n�' �]�p�o �r�` �d�i�o�`�m�k�m�`�o �m�`�n�p�g�o �j�a �o�c�` �p�i�d�{�^�\�o�d�j�i �_�d�z�`�m�`�i�o�g�t�5

�,�) �d�a �p�i�d�{�^�\�o�d�j�i �a�\�d�g�n�'t1 �\�i�_ t2 �^�\�i �i�`�q�`�m �]�` �h�\�_�` �`�l�p�\�g�' �\�i�_ �o�c�` �_�d�n�`�l�p�\�g�d�o�t

�^�j�i�n�o�m�\�d�i�o �^�\�i �i�`�q�`�m �]�` �q�d�j�g�\�o�`�_�.�o�c�`�m�`�a�j�m�`�' �r�` �^�\�i �o�c�m�j�r �o�c�` �^�j�i�n�o�m�\�d�i�o �\�r�\�t�6

�-�) �d�a �p�i�d�{�^�\�o�d�j�i �n�p�^�^�`�`�_�n�r�d�o�c�j�p�o�`�s�o�`�i�_�d�i�b�n�' �o�c�`�it1 �\�i�_t2 �\�m�` �\�g�m�`�\�_�t �`�l�p�\�g�.�o�c�`

�_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o �c�\�n �]�`�`�i �q�d�j�g�\�o�`�_�6

�.�) �d�a �p�i�d�{�^�\�o�d�j�i �n�p�^�^�`�`�_�n �\�i�_ �m�`�o�p�m�i�n �\�i �`�s�o�`�i�_�`�_ �n�p�]�n�o�d�o�p�o�d�j�i �^�j�i�o�\�d�i�d�i�b �i�`�r

�\�n�n�j�^�d�\�o�d�j�i�n�' �o�c�`�i �o�c�` �^�j�i�n�o�m�\�d�i�o �c�\�n �i�j�o �]�`�`�i �q�d�j�g�\�o�`�_�' �]�p�o �^�j�p�g�_ �n�o�d�g�g �]�`

�q�d�j�g�\�o�`�_ �o�c�m�j�p�b�c �a�p�o�p�m�` �^�\�g�g�n �o�j≡�.�d�i �o�c�d�n �^�\�n�`�' �o�c�` �3�h�d�i�d�(�n�p�]�n�o�d�o�p�o�d�j�i�4ŝ �o�c�\�o

�^�j�i�o�\�d�i�n �o�c�` �i�`�r �\�n�n�j�^�d�\�o�d�j�i�n �m�`�k�m�`�n�`�i�o�n �o�c�` �p�k�_�\�o�`�_ �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o �d�i

�n�d�h�k�g�d�{�`�_ �a�j�m�h�)

�< �a�`�r �`�s�\�h�k�g�`�n �n�c�j�p�g�_ �^�g�\�m�d�a�t �c�j�r �p�i�d�{�^�\�o�d�j�i �^�\�i �]�` �p�n�`�_ �o�j �n�j�g�q�` �_�d�n�`�l�p�\�g�d�o�t

�^�j�i�n�o�m�\�d�i�o�n�)

�,�) �M�p�i�i�d�i�b �o�c�` �b�j�\�g �#̸= �0 �1�$ �^�j�m�m�`�n�k�j�i�_�n �o�j �o�c�` �{�m�n�o �^�\�n�` �\�]�j�q�`�5�0�\�i�_ �1�a�\�d�g �o�j

�p�i�d�a�t �d�i �\�i�t �n�p�]�n�o�d�o�p�o�d�j�i�' �r�c�d�^�c �h�`�\�i�n �o�c�` �^�j�i�n�o�m�\�d�i�o �^�\�i �i�`�q�`�m �]�` �q�d�j�g�\�o�`�_�)

�O�c�`�m�`�a�j�m�` �#̸= �0 �1�$ �n�p�^�^�`�`�_�n�' �r�d�o�c�j�p�o �`�s�o�`�i�_�d�i�b �o�c�` �^�j�i�n�o�m�\�d�i�o �n�o�j�m�`�)

�-�) �O�c�` �b�j�\�g �#̸= �0 �0�$ �^�j�m�m�`�n�k�j�i�_�n �o�j �o�c�` �n�`�^�j�i�_ �^�\�n�` �\�]�j�q�`�5�0 �p�i�d�{�`�n �r�d�o�c �d�o�(

�n�`�g�a�' �r�d�o�c�j�p�o �`�s�o�`�i�_�d�i�b �o�c�` �^�p�m�m�`�i�o �n�p�]�n�o�d�o�p�o�d�j�i�' �r�c�d�^�c �h�`�\�i�n �o�c�` �_�d�n�`�l�p�\�g�d�o�t

�^�j�i�n�o�m�\�d�i�o �c�\�n �]�`�`�i �q�d�j�g�\�o�`�_�) �O�c�`�m�`�a�j�m�` �#̸= �0 �0�$ �a�\�d�g�n�)



�>�C�<�K�O�@�M �3�) �D�H�K�G�@�H�@�I�O�<�O�D�J�I �D�D�D�5 �?�D�N�@�L�P�<�G�D�O�T �>�J�I�N�O�M�<�D�I�O�N�4�/

�.�) �O�c�` �b�j�\�g �#̸= �#�#�0 �1�$�$ �#�#�s �t�$�$�$ �^�j�m�m�`�n�k�j�i�_�n �o�j �o�c�` �o�c�d�m�_ �^�\�n�` �\�]�j�q�`�5�#�#�0 �1�$�$�\�i�_�#�#�s �t�$�$

�p�i�d�a�t �d�i �o�c�` �`�h�k�o�t �n�p�]�n�o�d�o�p�o�d�j�i �#�g�`�o�1�n �n�\�t�$�' �m�`�n�p�g�o�d�i�b �d�i �\ �n�p�]�n�o�d�o�p�o�d�j�i �`�s�o�`�i�_�`�_

�r�d�o�c �o�c�` �\�n�n�j�^�d�\�o�d�j�i�n�#�#�s � �0�$�$�\�i�_ �#�#�t � �1�$�$�) �O�c�d�n �h�`�\�i�n �o�c�` �^�j�i�n�o�m�\�d�i�o �r�\�n �i�j�o

�q�d�j�g�\�o�`�_�' �]�p�o �^�j�p�g�_ �]�` �q�d�j�g�\�o�`�_ �d�i �o�c�` �a�p�o�p�m�` �#�d�a�s�d�n �p�i�d�{�`�_ �r�d�o�c�0�\�i�_ �t �r�d�o�c

�1�$�) �O�c�`�m�`�a�j�m�` �#̸= �#�#�0 �1�$�$ �#�#�s �t�$�$�$ �n�p�^�^�`�`�_�n�' �`�s�o�`�i�_�d�i�b �o�c�` �^�j�i�n�o�m�\�d�i�o �n�o�j�m�` �r�d�o�c

�o�c�` �n�d�h�k�g�d�{�`�_ �^�j�i�n�o�m�\�d�i�o�#�#�#�#�s � �0�$�$ �#�#�t � �1�$�$�$�$�)

�G�`�o �p�n �^�j�i�n�d�_�`�m �\ �{�i�\�g�' �h�j�m�` �^�j�h�k�g�d�^�\�o�`�_ �`�s�\�h�k�g�` �o�c�\�o �p�n�`�n �]�j�o�c̸= �\�i�_≡�)

�#�`�s�d�n�o�#�k �s �t�$
�#̸= �#�#�0 �1�$�$�k�$
�#≡ �#�#�s �t�$�$�k�$
�#≡ �0�s�$
�#≡ �2�t�$�$

�G�`�o �p�n �\�n�n�p�h�` �o�c�\�o �r�` �m�p�i �o�c�d�n �b�j�\�g �d�i �o�c�` �`�h�k�o�t �k�\�^�f�\�b�`�' �^�j�i�o�\�d�i�d�i�b �o�c�` �`�h�k�o�t

�n�p�]�n�o�d�o�p�o�d�j�i�n= �#�#�$�$�\�i�_ �o�c�` �`�h�k�o�t �^�j�i�n�o�m�\�d�i�o �n�o�j�m�`� ∗̂ = �#�#�$�$�) �A�d�m�n�o �r�` �m�p�i �o�c�` �b�j�\�g

�#̸= �#�#�0 �1�$�$�k�$�6�k�p�i�d�{�`�n �r�d�o�c�#�#�0 �1�$�$�d�i �o�c�` �`�h�k�o�t �n�p�]�n�o�d�o�p�o�d�j�i�' �`�s�o�`�i�_�d�i�b �o�c�` �n�p�]�n�o�d�o�p�(

�o�d�j�i �r�d�o�c �o�c�` �\�n�n�j�^�d�\�o�d�j�i�#�#�#�#�k � �#�#�0 �1�$�$�$�$�$�$�) �O�c�`�m�`�a�j�m�` �#̸= �#�#�0 �1�$�$�k�$ �n�p�^�^�`�`�_�n�' �m�`�o�p�m�i�d�i�b

�\ �k�\�^�f�\�b�` �r�d�o�c�n= �#�$ �\�i�_� ∗̂ = �#�#�#�#�#�#�k � �#�#�0 �1�$�$�$�$�$�$�$�$�)

�I�`�s�o �r�` �m�p�i �#≡ �#�#�s �t�$�$�k�$�6�k�p�i�d�{�`�n �r�d�o�c�#�#�s �t�$�$�d�i �o�c�` �`�h�k�o�t �n�p�]�n�o�d�o�p�o�d�j�i�' �m�`�o�p�m�i�(

�d�i�b �o�c�` �`�s�o�`�i�_�`�_ �n�p�]�n�o�d�o�p�o�d�j�i�n= �#�#�#�#�k � �#�#�s �t�$�$�$�$�$�$�) �=�p�o �\�a�o�`�m �o�c�` �n�p�^�^�`�n�n�a�p�g �p�i�d�{�^�\�o�d�j�i

�r�` �h�p�n�o �q�`�m�d�a�t �\�g�g �j�a �o�c�` �^�j�i�n�o�m�\�d�i�o�n �d�i �o�c�` �^�j�i�n�o�m�\�d�i�o �n�o�j�m�`�) �R�` �c�\�q�` �j�i�g�t �o�c�` �n�d�i�b�g�`

�^�j�i�n�o�m�\�d�i�o�#�#�#�#�k � �#�#�0 �1�$�$�$�$�$�$�' �r�c�d�^�c �r�` �q�`�m�d�a�t �]�t �p�i�d�a�t�d�i�b�k�\�i�_ �#�#�0 �1�$�$�d�i �o�c�` �i�`�r �n�p�]�n�o�d�(

�o�p�o�d�j�i�#�#�#�#�k � �#�#�s �t�$�$�$�$�$�$�) �O�c�d�n �p�i�d�{�^�\�o�d�j�i �n�p�^�^�`�`�_�n�' �`�s�o�`�i�_�d�i�b �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i �r�d�o�c �o�c�`

�\�n�n�j�^�d�\�o�d�j�i�n�#�#�s � �0�$�$�\�i�_ �#�#�t � �1�$�$�) �O�c�`�m�`�a�j�m�` �#≡ �#�#�s �t�$�$�k�$ �n�p�^�^�`�`�_�n�' �m�`�o�p�m�i�d�i�b �\ �i�`�r

�k�\�^�f�\�b�` �r�d�o�c�n= �#�#�#�#�k � �#�#�s �t�$�$�$�$�$�$�\�i�_ � ∗̂ = �#�#�#�#�#�#�s � �0�$�$ �#�#�t � �1�$�$�$�$�$�$�)
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�I�`�s�o �r�` �m�p�i �#≡ �0�s�$�6�s �p�i�d�{�`�n �r�d�o�c�0�d�i �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i�#�#�#�#�k � �#�#�s �t�$�$�$�$�$�$�' �m�`�o�p�m�i�(

�d�i�b �o�c�` �`�s�o�`�i�_�`�_ �n�p�]�n�o�d�o�p�o�d�j�i�n= �#�#�#�#�s � �0�$�$ �#�#�k � �#�#�s �t�$�$�$�$�$�$�) �N�d�i�^�` �o�c�` �p�i�d�{�^�\�o�d�j�i �r�\�n

�n�p�^�^�`�n�n�a�p�g�' �r�` �h�p�n�o �q�`�m�d�a�t �j�p�m �^�j�i�n�o�m�\�d�i�o�n�) �R�` �n�o�d�g�g �c�\�q�` �j�i�g�t �\ �n�d�i�b�g�` �^�j�i�n�o�m�\�d�i�o�'

�#�#�#�#�s � �0�$�$ �#�#�t � �1�$�$�$�$�' �r�c�d�^�c �r�` �q�`�m�d�a�t �]�t �n�d�h�p�g�o�\�i�`�j�p�n�g�t �p�i�d�a�t�d�i�b�s �r�d�o�c�0�\�i�_ �t �r�d�o�c

�1�d�i �o�c�` �i�`�r �n�p�]�n�o�d�o�p�o�d�j�i�n= �#�#�#�#�s � �0�$�$ �#�#�k � �#�#�s �t�$�$�$�$�$�$�) �O�c�d�n �p�i�d�{�^�\�o�d�j�i �n�p�^�^�`�`�_�n�' �`�s�(

�o�`�i�_�d�i�b�n�r�d�o�c �o�c�` �\�n�n�j�^�d�\�o�d�j�i�#�#�t � �1�$�$�) �O�c�`�m�`�a�j�m�` �#≡ �0�s�$ �n�p�^�^�`�`�_�n�' �m�`�o�p�m�i�d�i�b �\ �i�`�r

�k�\�^�f�\�b�` �r�d�o�c�n= �#�#�#�#�s � �0�$�$ �#�#�k � �#�#�s �t�$�$�$�$�$�$�\�i�_ � ∗̂ = �#�#�#�#�#�#�t � �1�$�$�$�$�$�$�)

�A�d�i�\�g�g�t �r�` �m�p�i �#≡ �2�t�$�6�t �p�i�d�{�`�n �r�d�o�c�2�d�i �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i�#�#�#�#�s � �0�$�$ �#�#�k � �#�#�s �t�$�$�$�$�$�$�'

�m�`�o�p�m�i�d�i�b �o�c�` �`�s�o�`�i�_�`�_ �n�p�]�n�o�d�o�p�o�d�j�i�n= �#�#�#�#�t � �2�$�$ �#�#�s � �0�$�$ �#�#�k � �#�#�s �t�$�$�$�$�$�$�) �R�` �o�c�`�i �^�c�`�^�f

�o�c�` �^�j�i�n�o�m�\�d�i�o�#�#�#�#�t � �1�$�$�$�$�]�t �p�i�d�a�t�d�i�b�t �\�i�_�1�d�i �o�c�` �i�`�r �n�p�]�n�o�d�o�p�o�d�j�i�6 �o�c�d�n �p�i�d�{�^�\�o�d�j�i

�a�\�d�g�n�' �d�i�_�d�^�\�o�d�i�b �o�c�\�o �o�c�` �^�j�i�n�o�m�\�d�i�o �^�\�i �i�`�q�`�m �]�` �q�d�j�g�\�o�`�_�' �\�i�_ �^�\�i �o�c�`�m�`�a�j�m�` �]�` �_�d�n�(

�^�\�m�_�`�_�) �O�c�` �b�j�\�g �#≡ �2�t�$ �n�p�^�^�`�`�_�n�' �\�n �_�j�`�n �o�c�` �`�i�o�d�m�`�`�s�d�n�o�' �m�`�o�p�m�i�d�i�b �o�c�` �k�\�^�f�\�b�`

�n= �#�#�#�#�t � �2�$�$ �#�#�s � �0�$�$ �#�#�k � �#�#�s �t�$�$�$�$�$�$�\�i�_ � ∗̂ = �#�$�)

�C�\�_ �r�` �m�`�k�g�\�^�`�_ �o�c�` �{�i�\�g �b�j�\�g �#≡ �2�t�$ �r�d�o�c �#≡ �1�t�$�'�t �\�i�_ �1�r�j�p�g�_ �c�\�q�` �n�p�^�(

�^�`�`�_�`�_ �r�d�o�c�j�p�o �`�s�o�`�i�_�d�i�b �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i�6 �o�c�` �^�j�i�n�o�m�\�d�i�o �r�j�p�g�_ �o�c�`�m�`�a�j�m�` �c�\�q�` �]�`�`�i

�q�d�j�g�\�o�`�_�' �\�i�_ �o�c�` �`�i�o�d�m�`�`�s�d�n�o�r�j�p�g�_ �a�\�d�g�)

�3�)�. �D�h�k�g�`�h�`�i�o�d�i�b̸= �\�i�_ ≡

�I�j�r �o�c�\�o �r�` �p�i�_�`�m�n�o�\�i�_ �c�j�r �o�j �n�j�g�q�` �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n �p�n�d�i�b �p�i�d�{�^�\�o�d�j�i�' �r�`

�\�m�` �m�`�\�_�t �o�j �_�`�{�i�`̸=�) ̸= �e�p�n�o �p�i�d�{�`�n �d�o�n �\�m�b�p�h�`�i�o�n �d�i �o�c�` �^�p�m�m�`�i�o �n�p�]�n�o�d�o�p�o�d�j�i�' �o�c�`�i

�k�\�n�n�`�n �o�c�` �m�`�n�p�g�o �j�a �o�c�` �p�i�d�{�^�\�o�d�j�i�' �\�g�j�i�b �r�d�o�c �j�m�d�b�d�i�\�g �k�\�^�f�\�b�`�' �o�j̸=�(�q�`�m�d�a�t�)
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�#�_�`�{�i�`�(�n�t�i�o�\�s̸=
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �p �q�$
�#λ�B �#�\�$

�#̸=�(�q�`�m�d�a�t�#�p�i�d�a�t �p �q�#�n�(�j�a �\�$�$�\�$�$�$�$�$

̸=�(�q�`�m�d�a�t�k�`�m�a�j�m�h�n �\ �^�\�n�` �\�i�\�g�t�n�d�n �j�i �o�c�` �m�`�n�p�g�o �j�a �o�c�` �p�i�d�{�^�\�o�d�j�i�'ŝ�' �\�n �_�`�n�^�m�d�]�`�_

�d�i �n�`�^�o�d�j�i�3�)�-�) �D�a �p�i�d�{�^�\�o�d�j�i �a�\�d�g�`�_�' �o�c�` �^�j�i�n�o�m�\�d�i�o �^�\�i�i�j�o �]�` �q�d�j�g�\�o�`�_�6 �o�c�`�m�`�a�j�m�`̸=

�n�p�^�^�`�`�_�n�' �\�i�_ �e�p�n�o �m�`�o�p�m�i�n �o�c�` �k�\�^�f�\�b�` �k�\�n�n�`�_ �o�j �d�o�) �N�d�i�^�` �r�` �\�m�` �p�n�d�i�b �o�m�d�\�i�b�p�g�\�m

�n�p�]�n�o�d�o�p�o�d�j�i�n�' �r�` �^�\�i �p�n�` �\ �n�d�i�b�g�`� �̀l�: �o�`�n�o �o�j �_�`�o�`�m�h�d�i�` �d�a �p�i�d�{�^�\�o�d�j�i �n�p�^�^�`�`�_�`�_

�r�d�o�c�j�p�o �`�s�o�`�i�_�d�i�b �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i �#�o�c�` �n�`�^�j�i�_�^�j�i�_ �^�g�\�p�n�`�$�6 �d�a �n�j�' �o�c�` �^�j�i�n�o�m�\�d�i�o

�c�\�n �]�`�`�i �q�d�j�g�\�o�`�_�' �\�i�_̸= �m�`�o�p�m�i�n �#�h�u�`�m�j�$ �o�j �d�i�_�d�^�\�o�` �a�\�d�g�p�m�`�) �J�o�c�`�m�r�d�n�`�' �p�i�d�{�^�\�o�d�j�i

�m�`�o�p�m�i�`�_ �\�i �`�s�o�`�i�_�`�_ �n�p�]�n�o�d�o�p�o�d�j�i�) �R�` �o�c�`�m�`�a�j�m�` �^�\�g�g �o�c�`�k�m�`�{�s�(�n�c�`�g�k�`�m �#�]�`�g�j�r�$�'

�r�c�d�^�c �m�`�o�p�m�i�n �\ �h�d�i�d�(�n�p�]�n�o�d�o�p�o�d�j�i�^ �^�j�i�o�\�d�i�d�i�b �j�i�g�t �o�c�` �i�`�r �\�n�n�j�^�d�\�o�d�j�i�n �\�_�_�`�_

�_�p�m�d�i�b �p�i�d�{�^�\�o�d�j�i�) �R�` �o�c�`�i �^�j�i�n�o�m�p�^�o �\ �i�`�r �k�\�^�f�\�b�` �^�j�i�o�\�d�i�d�i�b �]�j�o�c �o�c�` �`�s�o�`�i�_�`�_

�n�p�]�n�o�d�o�p�o�d�j�iŝ �\�i�_ �o�c�` �n�d�h�k�g�d�{�`�_ �^�j�i�n�o�m�\�d�i�o� �̂)

�#�_�`�{�i�` ̸=�(�q�`�m�d�a�t
�#λ �#̂s �\�$

�#�^�j�i�_
�#�#�i�j�oŝ�$ �#�p�i�d�o�\�$�$
�#�#� �̀l�: �#�n�(�j�a �\�$ŝ�$ �#�h�u�`�m�j�$�$
�#�`�g�n�`�#�g�`�o�#�#�^�#�k�m�`�{�s�(�nŝ �#�n�(�j�a �\�$�$�$�$

�#�p�i�d�o�#�h�\�f�`�(�\�#�n�(�j�a �\�$ �#� �̂j�i�n ��̂#c∗�(�j�a �\�$�$�$�$�$�$�$�$�$

�C�`�m�` �d�n�k�m�`�{�s�(�n�' �r�c�d�^�c �m�`�o�p�m�i�n �o�c�` �i�`�r �\�n�n�j�^�d�\�o�d�j�i�n �d�i�n�o�c�\�o �_�j �i�j�o �j�^�^�p�m �d�i �o�c�`

�j�g�_�`�m �n�p�]�n�o�d�o�p�o�d�j�i<�n�) �J�p�m �p�n�` �j�a �o�m�d�\�i�b�p�g�\�m �n�p�]�n�o�d�o�p�o�d�j�i�n �h�\�f�`�n �d�o �o�m�d�q�d�\�g �o�j �_�`�{�i�`

�k�m�`�{�s�(�n�' �n�d�i�^�` �o�c�` �i�`�r �n�p�]�n�o�d�o�p�o�d�j�i�n �\�g�r�\�t�n �a�j�m�h �\ �k�m�`�{�s �j�a�n�)
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�#�_�`�{�i�` �k�m�`�{�s�(�n
�#λ �#�n<�n�$

�#�^�j�i�_
�#�#� �̀l�: �n<�n�$�`�h�k�o�t�(�n�$
�#�`�g�n�`�#� �̂j�i�n�#� �̂\�m �n�$ �#�k�m�`�{�s�(�n�#� �̂_�m �n�$<�n�$�$�$�$�$�$

�R�` �^�\�i �i�j�r �_�`�{�i�≡̀�' �r�c�d�^�c �h�p�n�o �^�c�`�^�f �`�q�`�m�t �^�j�i�n�o�m�\�d�i�o �d�i �o�c�` �^�j�i�n�o�m�\�d�i�o �n�o�j�m�`

�\�a�o�`�m �\ �n�p�^�^�`�n�n�a�p�g �p�i�d�{�^�\�o�d�j�i�) �>�j�i�n�o�m�\�d�i�o �^�c�`�^�f�d�i�b �\�g�n�j �`�i�n�p�m�`�n �o�c�` �^�j�i�n�o�m�\�d�i�o�n �\�m�`

�f�`�k�o �d�i �n�d�h�k�g�d�{�`�_ �a�j�m�h�' �h�\�f�d�i�b �a�p�o�p�m�` �^�j�i�n�o�m�\�d�i�o �^�c�`�^�f�d�i�b �h�j�m�` �`�z�d�^�d�`�i�o�) �O�c�d�n

�n�d�h�k�g�d�{�`�_ �a�j�m�h �\�g�n�j �n�d�h�k�g�d�{�`�n �m�`�d�{�^�\�o�d�j�i�/�)

�#�_�`�{�i�`�(�n�t�i�o�\�s≡
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �p �q�$
�#λ�B �#�\�$

�#≡�(�q�`�m�d�a�t�#�p�i�d�a�t �p �q�#�n�(�j�a �\�$�$�\�$�$�$�$�$

≡�(�q�`�m�d�a�t�d�n �n�d�h�d�g�\�m �o�j�' �]�p�o �n�g�d�b�c�o�g�t �h�j�m�` �^�j�h�k�g�d�^�\�o�`�_ �o�c�\�i̸=�(�q�`�m�d�a�t�' �n�d�i�^�` �p�k�j�i

�n�p�^�^�`�n�n�a�p�g �p�i�d�{�^�\�o�d�j�i �r�` �i�`�`�_ �o�j �q�`�m�d�a�t �\�g�g �o�c�` �^�j�i�n�o�m�\�d�i�o�n �d�i� ∗̂�)

�#�_�`�{�i�` ≡�(�q�`�m�d�a�t
�#λ �#̂s �\�$

�#�^�j�i�_
�#�#�i�j�oŝ�$ �#�h�u�`�m�j�$�$
�#�#� �̀l�: �#�n�(�j�a �\�$ŝ�$ �#�p�i�d�o�\�$�$
�#�#�q�`�m�d�a�t�(�^∗ �#c∗�(�j�a �\�$�`�h�k�o�t�(c∗ ŝ�$
⇒ �#λ �#� ∗̂�$ �#�p�i�d�o�#�h�\�f�`�(�\ŝ � ∗̂�$�$�$�$

�#�`�g�n�`�#�h�u�`�m�j�$�$�$�$�$

�q�`�m�d�a�t�(�^∗ �q�`�m�d�{�`�n �\�g�g �o�c�` �^�j�i�n�o�m�\�d�i�o�n �d�i� ∗̂ �r�d�o�c �m�`�n�k�`�^�o �o�j �o�c�` �^�p�m�m�`�i�o �n�p�]�n�o�d�o�p�o�d�j�i

�n�' �\�^�^�p�h�p�g�\�o�d�i�b �o�c�` �q�`�m�d�{�`�_ �#�\�i�_ �n�d�h�k�g�d�{�`�_�$ �^�j�i�n�o�m�\�d�i�o�n �d�iĉ∗�) �q�`�m�d�a�t�(�^∗ �p�n�`�n�p�i�d�a�t∗

�/ �R�` �f�`�`�k �`�\�^�c �d�i�_�d�q�d�_�p�\�g �^�j�i�n�o�m�\�d�i�o �d�i �n�d�h�k�g�d�{�`�_ �a�j�m�h�) �C�j�r�`�q�`�m�' �o�c�` �^�j�i�n�o�m�\�d�i�o �n�o�j�m�` �d�o�n�`�g�a �d�n �i�j�o
�n�d�h�k�g�d�{�`�_�' �\�i�_ �h�\�t �^�j�i�o�\�d�i �m�`�_�p�i�_�\�i�o �^�j�i�n�o�m�\�d�i�o�n�) �?�`�o�`�m�h�d�i�d�i�b �d�a �\ �^�j�i�n�o�m�\�d�i�o �n�p�]�n�p�h�`�n �\�i�j�o�c�`�m
�d�n �`�s�k�`�i�n�d�q�`�' �n�j �r�` �j�i�g�t �m�`�h�j�q�` �m�`�_�p�i�_�\�i�o �^�j�i�n�o�m�\�d�i�o�n �\�o �m�`�d�{�^�\�o�d�j�i �o�d�h�`�)
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�#�]�`�g�j�r�$ �o�j �n�d�h�p�g�o�\�i�`�j�p�n�g�t �p�i�d�a�t �o�c�` �g�`�a�o�( �\�i�_ �m�d�b�c�o�(�c�\�i�_�(�n�d�_�`�n �j�a �\�g�g �o�c�` �\�n�n�j�^�d�\�o�d�j�i�n

�r�d�o�c�d�i �\ �b�d�q�`�i �^�j�i�n�o�m�\�d�i�o�)

�#�_�`�{�i�` �q�`�m�d�a�t�(�^∗

�#λ �#� ∗̂ ĉ∗ �n�$
�#�^�j�i�_

�#�#�i�p�g�g�: �^∗�$ĉ∗�$
�#�#�p�i�d�a�t∗ �#� �̂\�m �^∗�$�n�$
⇒ �#λ �#̂s�$

�#�^�j�i�_
�#�#� �̀l�: �n̂s�$���a�$
�#�`�g�n�`�#�g�`�o�#�#�^�#�k�m�`�{�s�(�nŝ �n�$�$�$

�#�q�`�m�d�a�t�(�^∗ �#� �̂_�m �^∗�$ �#� �̂j�i�n �^̂c∗�$�n�$�$�$�$�$�$
�#�`�g�n�`�#�q�`�m�d�a�t�(�^∗ �#� �̂_�m �^∗�$ĉ∗ �n�$�$�$�$�$

�#�_�`�{�i�` �p�i�d�a�t∗

�#λ �#�k∗ �n�$
�#�^�j�i�_

�#�#�i�p�g�g�: �k∗�$�n�$
�#�#�p�i�d�a�t�#�g�c�n�#� �̂\�m �k∗�$�$ �#�m�c�n�#� �̂\�m �k∗�$�$�n�$
⇒ �#λ �#�n�$ �#�p�i�d�a�t∗ �#� �̂_�m �k∗�$�n�$�$�$

�#�`�g�n�`���a�$�$�$�$

�A�j�m �^�j�h�k�g�`�o�`�i�`�n�n�' �c�`�m�` �d�n≡�(�i�j�(�^�c� �̀^�f�0�)

�#�_�`�{�i�`�(�n�t�i�o�\�s≡�(�i�j�(�^�c� �̀^�f
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �p �q�$
�#λ�B �#�\�$

�#≡�(�q�`�m�d�a�t�#�p�i�d�a�t�(�i�j�(�^�c� �̀^�f �p �q�#�n�(�j�a �\�$�$�\�$�$�$�$�$
�0�R�` �^�\�i �\�g�n�j �_�`�{�i�`̸=�(�i�j�(�^�c� �̀^�f�' �r�c�d�^�c �k�`�m�a�j�m�h�n�p�i�n�j�p�i�_ �_�d�n�p�i�d�{� �̂\�o�d�j�i�' �\�g�g�j�r�d�i�b �^�d�m�^�p�g�\�m �^�j�i�(

�n�o�m�\�d�i�o�n �n�p�^�c �\�n�#�#�#�#�s � �#�#�s�$�$�$�$�$�$�)

�#�_�`�{�i�`�(�n�t�i�o�\�s̸=�(�i�j�(�^�c� �̀^�f
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �p �q�$
�#λ�B �#�\�$

�#̸=�(�q�`�m�d�a�t�#�p�i�d�a�t�(�i�j�(�^�c� �̀^�f �p �q�#�n�(�j�a �\�$�$�\�$�$�$�$�$

�M�`�d�a�t�d�i�b �\ �^�d�m�^�p�g�\�m �^�j�i�n�o�m�\�d�i�o �d�i�o�m�j�_�p�^�`�_ �]�t̸=�(�i�j�(�^�c� �̀^�f�^�\�i �m�`�n�p�g�o �d�i �_�d�q�`�m�b�`�i�^�`�)
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�3�)�/ �M�`�d�{�^�\�o�d�j�i

�R�` �r�\�i�o �j�p�m �m�`�d�{�`�_ �^�j�i�n�o�m�\�d�i�o�n �o�j �]�` �\�n �^�j�i�^�d�n�` �\�i�_ �m�`�\�_�\�]�g�` �\�n �k�j�n�n�d�]�g�`�6 �r�` �o�c�`�m�`�(

�a�j�m�` �`�g�d�h�d�i�\�o�`�d�m�m�`�g�`�q�\�i�o�^�j�i�n�o�m�\�d�i�o�n�' �r�c�d�^�c �^�j�i�o�\�d�i �j�i�` �j�m �h�j�m�` �q�\�m�d�\�]�g�`�n �o�c�\�o �\�m�`

�i�j�o �o�c�`�h�n�`�g�q�`�n �m�`�d�{�`�_ �#�n�`�` �n�`�^�o�d�j�i�2�)�/�$�) �R�` �\�g�n�j �m�`�h�j�q�` �m�`�_�p�i�_�\�i�o �^�j�i�n�o�m�\�d�i�o�n �o�c�\�o

�\�m�` �n�p�]�n�p�h�`�_ �]�t �j�o�c�`�m �m�`�d�{�`�_ �^�j�i�n�o�m�\�d�i�o�n�) �J�p�m �n�p�]�n�p�h�k�o�d�j�i �^�c�`�^�f �p�n�`�n �p�i�d�{�^�\�o�d�j�i

�\�i�_ �d�n �k�j�o�`�i�o�d�\�g�g�t �`�s�k�`�i�n�d�q�`�' �n�j �r�` �k�`�m�a�j�m�h �o�c�d�n �^�c�`�^�f �j�i�g�t �_�p�m�d�i�b �m�`�d�{�^�\�o�d�j�i�)

�< �m�`�g�`�q�\�i�o �^�j�i�n�o�m�\�d�i�o �^�j�i�o�\�d�i�n �i�j �p�i�m�`�d�{�`�_ �q�\�m�d�\�]�g�`�n�)�k�p�m�d�a�t�o�\�f�`�n �o�c�` �^�j�i�n�o�m�\�d�i�o

�n�o�j�m�`� ∗̂ �\�i�_ �o�c�` �m�`�d�{�`�_ �i�\�h�` �n�p�]�n�o�d�o�p�o�d�j�i�m�#�n�`�^�o�d�j�i�.�)�-�$�' �\�i�_ �m�`�o�p�m�i�n �\ �^�j�i�n�o�m�\�d�i�o

�n�o�j�m�` �^�j�i�o�\�d�i�d�i�b �j�i�g�t �m�`�g�`�q�\�i�o �^�j�i�n�o�m�\�d�i�o�n�)

�#�_�`�{�i�` �k�p�m�d�a�t
�#λ �#� ∗̂ �m�$

�#�^�j�i�_
�#�#�i�p�g�g�: �^∗�$�`�h�k�o�t�(c∗�$
�#�#�\�i�t�q�\�m�:�#� �̂\�m �^∗�$�m�$
�#�k�p�m�d�a�t�#� �̂_�m �^∗�$�m�$�$

�#�`�g�n�`�#� �̂j�i�n�#� �̂\�m �^∗�$
�#�k�p�m�d�a�t�#� �̂_�m �^∗�$�m�$�$�$�$�$�$

�k�p�m�d�a�t�^�\�g�g�n�\�i�t�q�\�m�:�j�i �`�\�^�c �^�j�i�n�o�m�\�d�i�o�' �r�c�d�^�c �m�`�o�p�m�i�n���o�d�a �o�c�` �^�j�i�n�o�m�\�d�i�o �^�j�i�(

�o�\�d�i�n �\ �q�\�m�d�\�]�g�` �o�c�\�o �d�n �p�i�\�n�n�j�^�d�\�o�`�_ �d�i �o�c�` �m�`�d�{�`�_ �i�\�h�` �n�p�]�n�o�d�o�p�o�d�j�i�) �#�O�c�` �^�j�i�(

�n�o�m�\�d�i�o �n�o�j�m�` �d�n�r�\�g�f∗�`�_ �d�i �o�c�` �k�\�^�f�\�b�`�1�n �i�j�m�h�\�g �n�p�]�n�o�d�o�p�o�d�j�i �]�`�a�j�m�` �k�p�m�d�{�^�\�o�d�j�i�' �n�j

�o�c�\�o �q�\�m�d�\�]�g�`�n �\�n�n�j�^�d�\�o�`�_ �r�d�o�c �b�m�j�p�i�_ �o�`�m�h�n �_�j �i�j�o �\�z�`�^�o �k�p�m�d�{�^�\�o�d�j�i�)�$

�#�_�`�{�i�` �\�i�t�q�\�m�:
�#λ �#�q �m�$

�#�^�j�i�_
�#�#�q�\�m�:�q�$ �#�q�\�m�:�#�r�\�g�f �q �m�$�$�$
�#�#�k�\�d�m�: �q�$ �#�j�m�#�\�i�t�q�\�m�:�#� �̂\�m �q�$�m�$ �#�\�i�t�q�\�m�:�#� �̂_�m �q�$�m�$�$�$
�#�`�g�n�`���a�$�$�$�$
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�D�i �\�_�_�d�o�d�j�i �o�j �m�`�h�j�q�d�i�b �d�m�m�`�g�`�q�\�i�o �^�j�i�n�o�m�\�d�i�o�n�' �r�` �\�g�n�j �r�\�i�o �o�j �m�`�h�j�q�` �\�i�t �^�j�i�(

�n�o�m�\�d�i�o �o�c�\�o �d�n �n�p�]�n�p�h�`�_ �]�t �\�i�j�o�c�`�m �m�`�d�{�`�_ �^�j�i�n�o�m�\�d�i�o�) �A�j�m �`�s�\�h�k�g�`�' �\�a�o�`�m �m�p�i�(

�i�d�i�b �o�c�` �b�j�\�g �#�`�s�d�n�o�#�s �t�$ �#̸= �#�#�0 �1�$�$ �#�#�s �t�$�$�$ �#̸= �0�s�$�$ �o�c�` �^�j�i�n�o�m�\�d�i�o �n�o�j�m�` �r�d�g�g �]�`

�#�#�#�#�#�#�s � �0�$�$�$�$ �#�#�#�#�s � �0�$�$ �#�#�t � �1�$�$�$�$�$�$�) �<�g�o�c�j�p�b�c �o�c�` �d�i�_�d�q�d�_�p�\�g �^�j�i�n�o�m�\�d�i�o�n �\�m�` �n�d�h�k�g�d�{�`�_�'

�o�c�` �^�j�i�n�o�m�\�d�i�o�#�#�#�#�s � �0�$�$�$�$�n�p�]�n�p�h�`�n �o�c�` �^�j�i�n�o�m�\�d�i�o�#�#�#�#�s � �0�$�$ �#�#�t � �1�$�$�$�$�#�n�d�i�^�` �d�o �d�n �i�j�o

�k�j�n�n�d�]�g�` �o�j �q�d�j�g�\�o�` �o�c�` �g�\�o�o�`�m �^�j�i�n�o�m�\�d�i�o �r�d�o�c�j�p�o �\�g�n�j �q�d�j�g�\�o�d�i�b �o�c�` �a�j�m�h�`�m�$�)

�R�` �^�\�i �_�`�o�`�m�h�d�i�` �d�a �\ �^�j�i�n�o�m�\�d�i�o�^�d�n �n�p�]�n�p�h�`�_ �]�t �\�i�j�o�c�`�m �^�j�i�n�o�m�\�d�i�oĉ �o�c�m�j�p�b�c

�t�`�o �\�i�j�o�c�`�m �^�g�`�q�`�m �p�n�` �j�a �p�i�d�{�^�\�o�d�j�i�) �R�` �p�n�`�p�i�d�a�t∗ �o�j �k�`�m�a�j�m�h �n�d�h�p�g�o�\�i�`�j�p�n �p�i�d�(

�{�^�\�o�d�j�i �j�a �o�c�` �g�`�a�o�( �\�i�_ �m�d�b�c�o�(�c�\�i�_�(�n�d�_�`�n �j�a �\�g�g �o�c�` �\�n�n�j�^�d�\�o�d�j�i�n �d�iĉ�' �r�d�o�c �m�`�n�k�`�^�o

�o�j �o�c�` �3�n�p�]�n�o�d�o�p�o�d�j�i�4�^ �#�n�`�` �n�`�^�o�d�j�i�3�)�.�$�6 �d�a�p�i�d�a�t∗ �n�p�^�^�`�`�_�n �r�d�o�c�j�p�o �`�s�o�`�i�_�d�i�b �o�c�`

�n�p�]�n�o�d�o�p�o�d�j�i�' �o�c�`�i�^ �d�n �n�p�]�n�p�h�`�_ �]�tĉ�) �A�j�m �`�s�\�h�k�g�`�' �o�j �_�`�o�`�m�h�d�i�` �d�a �o�c�` �^�j�i�n�o�m�\�d�i�o

�^= �#�#�#�#�s � �0�$�$ �#�#�t � �1�$�$�$�$�d�n �n�p�]�n�p�h�`�_ �]�tĉ = �#�#�#�#�s � �0�$�$�$�$�' �r�` �p�i�d�a�t�s �\�i�_ �0�d�i �o�c�` �n�p�]�n�o�d�(

�o�p�o�d�j�i�#�#�#�#�s � �0�$�$ �#�#�t � �1�$�$�$�$�) �O�c�d�n �p�i�d�{�^�\�o�d�j�i �n�p�^�^�`�`�_�n �r�d�o�c�j�p�o �`�s�o�`�i�_�d�i�b� �̂5 �o�c�`�m�`�a�j�m�`�'

�#�#�#�#�s � �0�$�$ �#�#�t � �1�$�$�$�$�d�n �n�p�]�n�p�h�`�_ �]�t�#�#�#�#�s � �0�$�$�$�$�' �\�i�_ �^�\�i �]�` �_�d�n�^�\�m�_�`�_�)

�O�c� �̀n�p�]�n�p�h� �̀_�:�k�m�`�_�d�^�\�o�` �m�`�o�p�m�i�n���o�d�a �o�c�` �^�j�i�n�o�m�\�d�i�o�^ �d�n �n�p�]�n�p�h�`�_ �]�t �\�i�t

�^�j�i�n�o�m�\�d�i�o �d�i� ∗̂�)

�#�_�`�{�i�` �n�p�]�n�p�h� �̀_�:
�#λ �#�^ �∗̂�$

�#�\�i�_ �#�i�j�o�#�i�p�g�g�: �^∗�$�$
�#�j�m�#� �̀l�: �#�p�i�d�a�t∗ �#� �̂\�m �^∗�$� �̂$� �̂$

�#�n�p�]�n�p�h� �̀_�: �^�#� �̂_�m �^∗�$�$�$�$�$�$

�m�`�h�(�n�p�]�n�p�h� �̀_�o�\�f�`�n �\ �g�d�n�o �j�a�p�i�n� �̀`�i�^�j�i�n�o�m�\�d�i�o�n� ∗̂ �\�i�_ �k�m�`�q�d�j�p�n�g�t �n�`�`�i �^�j�i�(

�n�o�m�\�d�i�o�nĉ∗ �#�d�i�d�o�d�\�g�g�t �`�h�k�o�t�$�' �\�i�_ �m�`�o�p�m�i�n �\ �i�`�r �^�j�i�n�o�m�\�d�i�o �n�o�j�m�` �^�j�i�o�\�d�i�d�i�b �d�i�_�`�(
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�k�`�i�_�`�i�o �^�j�i�n�o�m�\�d�i�o�n�' �i�j�i�` �j�a �r�c�d�^�c �\�m�` �n�p�]�n�p�h�`�_ �]�t �\�i�t �j�o�c�`�m�) �<�n�m�`�h�(�n�p�]�n�p�h� �̀_

�^�_�m�n �_�j�r�i� ∗̂�' �d�o �^�c�`�^�f�n �d�a �o�c�` �^�\�m �j�a� ∗̂ �d�n �n�p�]�n�p�h�`�_ �]�t �\�i�t �j�a �o�c�` �j�o�c�`�m �^�j�i�n�o�m�\�d�i�o�n�'

�`�d�o�c�`�m �d�i �o�c�` �m�`�n�o �j�a �o�c�` �p�i�n�`�`�i �^�j�i�n�o�m�\�d�i�o�n �d�i� ∗̂�' �j�m �o�c�` �\�g�m�`�\�_�t �n�`�`�i �^�j�i�n�o�m�\�d�i�o�n

�\�^�^�p�h�p�g�\�o�`�_ �d�iĉ∗�) �D�a �n�j�' �o�c�` �^�\�m �j�a� ∗̂ �d�n �o�c�m�j�r�i �\�r�\�t�6 �j�o�c�`�m�r�d�n�`�' �d�o �d�n �\�_�_�`�_ �o�j �o�c�`

�g�d�n�o �j�a �\�g�m�`�\�_�t �n�`�`�i �^�j�i�n�o�m�\�d�i�o�n�)

�#�_�`�{�i�` �m�`�h�(�n�p�]�n�p�h� �̀_
�#λ �#� ∗̂ ĉ∗�$

�#�^�j�i�_
�#�#�i�p�g�g�: �^∗�$ĉ∗�$
�#�#�j�m�#�n�p�]�n�p�h� �̀_�:�#� �̂\�m �^∗�$ĉ∗�$ �#�n�p�]�n�p�h� �̀_�:�#� �̂\�m �^∗�$ �#� �̂_�m �^∗�$�$�$
�#�m�`�h�(�n�p�]�n�p�h� �̀_�#� �̂_�m �^∗�$ĉ∗�$�$

�#�`�g�n�`�#�m�`�h�(�n�p�]�n�p�h� �̀_�#� �̂_�m �^∗�$ �#� �̂j�i�n�#� �̂\�m �^∗�$ĉ∗�$�$�$�$�$�$

�C�`�m�` �d�n �o�c�` �p�k�_�\�o�`�_ �_�`�{�i�d�o�d�j�i �j�a�m�`�d�a�t�' �r�c�d�^�c�r�\�g�f∗�n �o�c�` �^�j�i�n�o�m�\�d�i�o �n�o�j�m�` �d�i �o�c�`

�k�\�^�f�\�b�`�1�n �n�p�]�n�o�d�o�p�o�d�j�i �]�`�a�j�m�` �^�\�g�g�d�i�b�k�p�m�d�a�t�\�i�_ �m�`�h�(�n�p�]�n�p�h� �̀_�) �m�`�d�a�t�m�`�o�p�m�i�n �j�i�g�t

�o�c�` �m�`�d�{�`�_ �q�\�g�p�` �d�a �o�c�`�m�` �\�m�` �i�j �m�`�g�`�q�\�i�o �^�j�i�n�o�m�\�d�i�o�n�6 �j�o�c�`�m�r�d�n�`�'�m�`�d�a�t�m�`�o�p�m�i�n �\ �g�d�n�o

�^�j�i�o�\�d�i�d�i�b �o�c�` �m�`�d�{�`�_ �q�\�g�p�`�' �a�j�g�g�j�r�`�_ �]�t �\ �o�\�b�b�`�_ �g�d�n�o �j�a �m�`�g�`�q�\�i�o�' �\�i�_ �d�i�_�`�k�`�i�_�`�i�o�'

�m�`�d�{�`�_ �^�j�i�n�o�m�\�d�i�o�n�)

�#�_�`�{�i�` �m�`�d�a�t
�#λ �#�q �\�$

�#�g�`�o�#�#�n�#�n�(�j�a �\�$�$�$
�#�g�`�o�#�#�q�#�r�\�g�f∗ �q �n�$�$

�#� ∗̂ �#�r�\�g�f∗ �#c∗�(�j�a �\�$�n�$�$�$
�#�g�`�o�#�#�m�#�m�`�d�a�t�(�n �q �`�h�k�o�t�(�n�$�$�$

�#�g�`�o�#�#�q�#�r�\�g�f∗ �q �m�$�$
�#� ∗̂ �#�r�\�g�f∗ �#�m�`�h�(�n�p�]�n�p�h� �̀_�#�k�p�m�d�a�t �^∗ �m�$�`�h�k�o�t�(c∗�$�m�$�$�$

�#�^�j�i�_
�#�#�i�p�g�g�: �^∗�$�q�$
�#�`�g�n�` �#�#�q�5�#�#�i�`�q�`�m�(�`�l�p�\�g� � ∗̂�$�$�$�$�$�$�$�$�$�$�$�$



�K�\�m�o �D�D�D

�I�j�h�d�i�\�g �G�j�b�d�^

�,�+�-



�>�c�\�k�o�`�m �4

�O�`�^�c�i�d�l�p�`�n �D�D�5 �I�j�h�d�i�\�g �G�j�b�d�^

�D�i �o�c�d�n �^�c�\�k�o�`�m �r�` �d�i�o�m�j�_�p�^�`α�F�\�i�m�`�i�' �r�c�d�^�c �`�s�o�`�i�_�n �^�j�m�` �h�d�i�d�F�\�i�m�`�i �r�d�o�c �j�k�`�m�(

�\�o�j�m�n �a�j�m�i�j�h�d�i�\�g �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b�) α�F�\�i�m�`�i �r�\�n �d�i�n�k�d�m�`�_ �]�tα�K�m�j�g�j�b �#�>�c�`�i�`�t

�-�+�+�/�\�6�>�c�`�i�`�t �\�i�_ �P�m�]�\�i�-�+�+�/�$ �\�i�_ �H�G�N�J�N �#�G�\�f�d�i �\�i�_ �K�d�o�o�n�-�+�+�3�$�' �\�i�_ �o�c�`�d�m �p�n�`

�j�a �i�j�h�d�i�\�g �g�j�b�d�^ �#�K�d�o�o�n�-�+�+�.�$ �o�j �n�j�g�q�` �\ �^�g�\�n�n �j�a �k�m�j�]�g�`�h�n �h�j�m�` �`�g�`�b�\�i�o�g�t �o�c�\�i �d�n

�k�j�n�n�d�]�g�` �r�d�o�c �^�j�i�q�`�i�o�d�j�i�\�g �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b�)

�G�d�f�ὰ�K�m�j�g�j�b �\�i�_ �H�G�N�J�N�'α�F�\�i�m�`�i �\�g�g�j�r�n �k�m�j�b�m�\�h�h�`�m�n �o�j �`�s�k�g�d�^�d�o�g�t �h�\�i�\�b�`

�q�\�m�d�\�]�g�` �i�\�h�`�n �\�i�_ �]�d�i�_�d�i�b�n�' �h�\�f�d�i�b �d�o �`�\�n�d�`�m �o�j �r�m�d�o�` �d�i�o�`�m�k�m�`�o�`�m�n�' �o�t�k�` �d�i�a�`�m�`�i�^�`�m�n�'

�\�i�_ �j�o�c�`�m �k�m�j�b�m�\�h�n �o�c�\�o �h�p�n�o �m�`�\�n�j�i �\�]�j�p�o �n�^�j�k�`�)α�F�\�i�m�`�i �\�g�n�j �`�\�n�`�n �o�c�` �]�p�m�_�`�i

�j�a �d�h�k�g�`�h�`�i�o�d�i�b �\ �g�\�i�b�p�\�b�` �a�m�j�h �d�o�n �n�o�m�p�^�o�p�m�\�g �j�k�`�m�\�o�d�j�i�\�g �n�`�h�\�i�o�d�^�n�' �n�d�i�^�` �o�c�`

�m�`�l�p�d�n�d�o�` �n�d�_�`�(�^�j�i�_�d�o�d�j�i�n �^�\�i �j�a�o�`�i �]�` �o�m�d�q�d�\�g�g�t �`�i�^�j�_�`�_ �d�i �i�j�h�d�i�\�g �g�j�b�d�^�)

�< �n�o�\�i�_�\�m�_ �^�g�\�n�n �j�a �n�p�^�c �n�d�_�` �^�j�i�_�d�o�d�j�i�n �d�n �o�j �n�o�\�o�` �o�c�\�o �\ �^�`�m�o�\�d�i �q�\�m�d�\�]�g�` �i�\�h�`

�^�\�i�i�j�o �j�^�^�p�m �a�m�`�` �d�i �\ �k�\�m�o�d�^�p�g�\�m �`�s�k�m�`�n�n�d�j�i�) �D�o �d�n �\ �n�d�h�k�g�` �h�\�o�o�`�m �o�j �^�c�`�^�f �a�j�m �a�m�`�`

�j�^�^�p�m�m�`�i�^�`�n �j�a �\ �q�\�m�d�\�]�g�` �i�\�h�` �d�i �\ �a�p�g�g�t�(�d�i�n�o�\�i�o�d�\�o�`�_ �o�`�m�h�' �]�p�o �d�i �\ �g�j�b�d�^ �k�m�j�b�m�\�h

�o�c�` �o�`�m�h �h�d�b�c�o �^�j�i�o�\�d�i �p�i�]�j�p�i�_ �g�j�b�d�^ �q�\�m�d�\�]�g�`�n�) �<�o �\ �g�\�o�`�m �k�j�d�i�o �d�i �o�c�` �k�m�j�b�m�\�h

�,�+�.



�>�C�<�K�O�@�M �4�) �O�@�>�C�I�D�L�P�@�N �D�D�5 �I�J�H�D�I�<�G �G�J�B�D�> �,�+�/

�o�c�j�n�` �q�\�m�d�\�]�g�`�n �h�d�b�c�o �]�` �d�i�n�o�\�i�o�d�\�o�`�_ �o�j �o�`�m�h�n �^�j�i�o�\�d�i�d�i�b �o�c�` �q�\�m�d�\�]�g�` �i�\�h�` �d�i

�l�p�`�n�o�d�j�i�) �<�g�n�j�' �r�c�`�i �o�c�` �r�m�d�o�`�m �j�a �n�`�h�\�i�o�d�^�n �`�h�k�g�j�t�n �o�c�` �`�l�p�\�g�d�o�t �n�t�h�]�j�g�' �r�c�\�o �o�c�`�t

�m�`�\�g�g�t �h�`�\�i �d�n �o�c�\�o �o�c�` �o�r�j �o�`�m�h�n �\�m�` �o�c�` �n�\�h�`�p�k �o�jα�(� �̀l�p�d�q�\�g�`�i� �̂`�' �\�n �d�i �o�c�` �q�\�m�d�\�]�g�`

�c�t�b�d�`�i�` �^�j�i�q�`�i�o�d�j�i �k�j�k�p�g�\�m�d�u�`�_ �]�t�=�\�m�`�i�_�m�`�b�o�#�,�4�3�/�$�) �<�n �a�p�i�^�o�d�j�i�\�g �k�m�j�b�m�\�h�h�`�m�n�'

�r�` �r�j�p�g�_ �i�`�q�`�m �l�p�d�]�]�g�` �r�d�o�c �o�c�` �n�o�\�o�`�h�`�i�o�5λx.x = λy.y�' �t�`�o �r�d�o�c�j�p�o �o�c�` �d�h�k�g�d�^�d�o

�\�n�n�p�h�k�o�d�j�i �o�c�\�o �j�i�` �^�\�i �m�`�i�\�h�` �q�\�m�d�\�]�g�`�n �p�n�d�i�bα�(�^�j�i�q�`�m�n�d�j�i�' �r�` �r�j�p�g�_ �c�\�q�` �o�j

�a�j�m�b�j �o�c�d�n �j�]�q�d�j�p�n �`�l�p�\�g�d�o�t�) �<�i�_ �\�b�\�d�i�' �d�a �`�d�o�c�`�m �`�s�k�m�`�n�n�d�j�i �^�j�i�o�\�d�i�n �\�i �p�i�]�j�p�i�_

�g�j�b�d�^ �q�\�m�d�\�]�g�`�' �d�o �d�n �d�h�k�j�n�n�d�]�g�` �o�j �k�`�m�a�j�m�h �\ �a�p�g�g �k�\�m�\�g�g�`�g �o�m�`�` �r�\�g�f �o�j �_�`�o�`�m�h�d�i�` �d�a �o�c�`

�o�r�j �`�s�k�m�`�n�n�d�j�i�n �\�m�`α�(�`�l�p�d�q�\�g�`�i�o�5 �\�o �g�`�\�n�o �k�\�m�o �j�a �o�c�` �o�m�`�` �r�\�g�f �h�p�n�o �]�` �_�`�a�`�m�m�`�_

�p�i�o�d�g �j�i�` �j�m �]�j�o�c �`�s�k�m�`�n�n�d�j�i�n �\�m�` �a�p�g�g�t �d�i�n�o�\�i�o�d�\�o�`�_�)

�O�c�d�n �^�c�\�k�o�`�m �d�n �j�m�b�\�i�d�u�`�_ �\�n �a�j�g�g�j�r�n�) �N�`�^�o�d�j�i�4�)�,�d�i�o�m�j�_�p�^�`�n �o�c�`α�F�\�i�m�`�i �j�k�`�m�\�(

�o�j�m�n�' �\�i�_ �k�m�j�q�d�_�`�n �o�m�d�q�d�\�g �`�s�\�h�k�g�`�n �j�a �o�c�`�d�m �p�n�`�) �N�`�^�o�d�j�i�4�)�-�k�m�j�q�d�_�`�n �\ �^�j�i�^�d�n�` �]�p�o

�p�n�`�a�p�gα�F�\�i�m�`�i �k�m�j�b�m�\�h �o�c�\�o �k�`�m�a�j�m�h�n �^�\�k�o�p�m�`�(�\�q�j�d�_�d�i�b �n�p�]�n�o�d�o�p�o�d�j�i�) �N�`�^�o�d�j�i�4�)�.

�k�m�`�n�`�i�o�n �\ �n�`�^�j�i�_α�F�\�i�m�`�i �k�m�j�b�m�\�h�5 �\ �o�t�k�` �d�i�a�`�m�`�i�^�`�m �a�j�m �\ �n�p�]�n�`�o �j�a �N�^�c�`�h�`�)

�4�)�, �D�i�o�m�j�_�p�^�o�d�j�i �o�jα�F�\�i�m�`�i

α�F�\�i�m�`�i �`�s�o�`�i�_�n �h�d�i�d�F�\�i�m�`�i �r�d�o�c �o�r�j �\�_�_�d�o�d�j�i�\�g �j�k�`�m�\�o�j�m�n�'�a�m�`�n�c�\�i�_ �� �#�`�i�o�`�m�`�_

�\�n�c�\�n�c�$�' �\�i�_ �j�i�` �o�`�m�h �^�j�i�n�o�m�p�^�o�j�m�'◃▹ �#�`�i�o�`�m�`�_ �\�n�o�d�`�$�)

�a�m�`�n�c�' �r�c�d�^�c �n�t�i�o�\�^�o�d�^�\�g�g�t �g�j�j�f�n �g�d�f�`�`�s�d�n�o�' �d�i�o�m�j�_�p�^�`�n �i�`�r�i�j�h�n�d�i�o�j �d�o�n �n�^�j�k�`�)

�#�I�j�h�n �\�m�` �\�g�n�j �^�\�g�g�`�_ �3�i�\�h�`�n�4 �j�m �3�\�o�j�h�n�4�' �j�q�`�m�g�j�\�_�`�_ �o�`�m�h�d�i�j�g�j�b�t �r�c�d�^�c �r�` �\�q�j�d�_�)�$

�>�j�i�^�`�k�o�p�\�g�g�t�' �\ �i�j�h �m�`�k�m�`�n�`�i�o�n �\ �q�\�m�d�\�]�g�` �i�\�h�`�,�6 �c�j�r�`�q�`�m�' �\ �i�j�h �]�`�c�\�q�`�n �h�j�m�` �g�d�f�`

�, �G�`�n�n �^�j�h�h�j�i�g�t�' �\ �i�j�h �h�\�t �m�`�k�m�`�n�`�i�o �\ �i�j�i�(�q�\�m�d�\�]�g�` �`�i�o�d�o�t�) �A�j�m �`�s�\�h�k�g�`�' �\ �i�j�h �h�\�t �m�`�k�m�`�n�`�i�o
�\ �^�c�\�i�i�`�g �i�\�h�` �d�i �o�c�`π�(�^�\�g�^�p�g�p�n�.�n�`�`�>�c�`�i�`�t�#�-�+�+�/�\�$ �a�j�m �_�`�o�\�d�g�n�)
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�\ �^�j�i�n�o�\�i�o �o�c�\�i �\ �q�\�m�d�\�]�g�`�' �n�d�i�^�` �d�o �j�i�g�t �p�i�d�{�`�n �r�d�o�c �d�o�n�`�g�a �j�m �r�d�o�c �\�i �p�i�\�n�n�j�^�d�\�o�`�_

�q�\�m�d�\�]�g�`�)

�#�m�p�i∗ �#�l�$ �#�a�m�`�n�c�#�\�$ �#≡ �\ �\�$�$�$⇒ �#�#�#�#�Z0 �$�$�$�$

�#�m�p�i∗ �#�l�$ �#�a�m�`�n�c�#�\�$ �#≡ �\ �0�$�$�$⇒ �#�#�#�#�$�$�$�$

�#�m�p�i∗ �#�l�$ �#�a�m�`�n�c�#�\ �]�$ �#≡ �\ �]�$�$�$⇒ �#�#�#�#�$�$�$�$

�#�m�p�i∗ �#�l�$ �#�a�m�`�n�c�#�]�$ �#≡ �] �l�$�$�$⇒ �#�#�#�#�\0 �$�$�$�$

�< �m�`�d�{�`�_ �i�j�h �d�n �n�p�]�n�^�m�d�k�o�`�_ �d�i �o�c�` �n�\�h�` �a�\�n�c�d�j�i �\�n �\ �m�`�d�{�`�_ �q�\�m�d�\�]�g�`�' �]�p�o�\ �d�n

�p�n�`�_ �d�i�n�o�`�\�_ �j�a �\�i �p�i�_�`�m�n�^�j�m�` �#�Z�$�.�c�`�i�^�` �o�c�`�#�#�#�#�\0 �$�$�$�$�d�i �o�c�` �{�i�\�g �`�s�\�h�k�g�` �\�]�j�q�`�)

�a�m�`�n�c�a�j�m�h�n �^�\�i �]�` �i�`�n�o�`�_�' �r�c�d�^�c �h�\�t �m�`�n�p�g�o �d�i �i�j�h�n �]�`�d�i�b �n�c�\�_�j�r�`�_�)

�#�m�p�i∗ �#�l�$
�#�`�s�d�n�o�#�s �t �u�$

�#�a�m�`�n�c�#�\�$
�#≡ �s �\�$
�#�a�m�`�n�c�#�\ �]�$

�#≡ �t �\�$
�#≡ �#�#�s �t �u �\ �]�$�$�l�$�$�$�$�$⇒

�#�#�#�#�#�#�#�#�\0 �\1 �Z0 �\1 �\2 �$�$�$�$�$�$�$�$

�C�`�m�`�\0 �' �\1 �' �\�i�_�\2 �m�`�k�m�`�n�`�i�o �_�d�z�`�m�`�i�o �i�j�h�n�' �r�c�d�^�c �r�d�g�g �i�j�o �p�i�d�a�t �r�d�o�c �`�\�^�c �j�o�c�`�m�)

◃▹ �d�n �\�o�`�m�h � �̂j�i�n�o�m�p�^�o�j�m�p�n�`�_ �o�j �g�d�h�d�o �o�c�` �n�^�j�k�` �j�a �\ �i�j�h �r�d�o�c�d�i �\ �o�`�m�h�)

�#�_�`�{�i�`�(�n�t�i�o�\�s◃▹
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �\ �o�$�#�#�o�d�`�\ �o�$�$�$�$�$

�O�`�m�h�n �^�j�i�n�o�m�p�^�o�`�_ �p�n�d�i�b◃▹ �\�m�` �^�\�g�g�`�_�]�d�i�_�`�m�n�) �D�i �o�c�` �o�`�m�h �^�m�`�\�o�`�_ �]�t �o�c�` �`�s�k�m�`�n�n�d�j�i

�#◃▹ �\ �o�$�' �\�g�g �j�^�^�p�m�m�`�i�^�`�n �j�a �o�c�` �i�j�h�\ �r�d�o�c�d�i �o�`�m�h�o�\�m�` �^�j�i�n�d�_�`�m�`�_ �]�j�p�i�_�) �R�` �m�`�a�`�m
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�o�j �o�c�` �o�`�m�h�o�\�n �o�c�`�]�j�_�t�j�a �#◃▹ �\ �o�$�' �\�i�_ �o�j �o�c�` �i�j�h�\ �\�n �]�`�d�i�b �d�i�]�d�i�_�d�i�b �k�j�n�d�o�d�j�i�)

�O�c� ◃̀▹ �^�j�i�n�o�m�p�^�o�j�m �_�j�`�n �i�j�o �^�m�`�\�o�` �i�j�h�n�6 �m�\�o�c�`�m�' �d�o �_�`�g�d�h�d�o�n �o�c�` �n�^�j�k�` �j�a �i�j�h�n�'

�\�g�m�`�\�_�t �d�i�o�m�j�_�p�^�`�_ �p�n�d�i�b�a�m�`�n�c�)

�A�j�m �`�s�\�h�k�g�`�' �^�j�i�n�d�_�`�m �o�c�d�n�m�p�i∗ �`�s�k�m�`�n�n�d�j�i�)

�#�m�p�i∗ �#�l�$
�#�a�m�`�n�c�#�\ �]�$

�#≡ �#◃▹ �\ �#�#�a�j�j�\ �. �]�$�$�$�l�$�$�$⇒

�#�#�#�#�#�#�#�#�o�d�` �\0 �#�#�#�#�a�j�j �\0 �. �\1 �$�$�$�$�$�$�$�$�$�$�$�$

�O�c�` �o�\�b�b�`�_ �g�d�n�o�#�#�#�#�o�d�` �\0 �#�#�#�#�a�j�j �\0 �. �\1 �$�$�$�$�$�$�$�$�d�n �o�c�` �m�`�d�{�`�_ �q�\�g�p�` �j�a �o�c�` �o�`�m�h �^�j�i�n�o�m�p�^�o�`�_

�p�n�d�i�b◃▹�) �#�O�c�` �o�\�b �i�\�h�`�o�d�`�d�n �\ �k�p�i�.�o�c�` �]�j�r�o�d�`◃▹ �d�n �o�c�` �3�o�d�` �o�c�\�o �]�d�i�_�n�)�4�$ �O�c�`

�i�j�h �r�c�j�n�` �m�`�d�{�`�_ �q�\�g�p�` �d�n�\0 �j�^�^�p�m�n �]�j�p�i�_ �r�d�o�c�d�i �o�c�` �o�`�m�h�#�#�#�#�o�d�` �\0 �#�#�#�#�a�j�j �\0 �. �\1 �$�$�$�$�$�$�$�$

�r�c�d�g�`�\1 �j�^�^�p�m�n �a�m�`�` �d�i �o�c�\�o �n�\�h�` �o�`�m�h�)

�� �d�i�o�m�j�_�p�^�`�n �\�a�m�`�n�c�i�`�n�n � �̂j�i�n�o�m�\�d�i�o�#�c�`�i�^�`�a�j�m�o�c �m�`�a�`�m�m�`�_ �o�j �\�n �n�d�h�k�g�t �\� �̂j�i�(

�n�o�m�\�d�i�o�$�) �O�c�` �`�s�k�m�`�n�n�d�j�i �#�� �\ �o�$ �\�n�n�`�m�o�n �o�c�\�o �o�c�` �i�j�h�\ �_�j�`�n�i�j�o�j�^�^�p�m �a�m�`�` �d�i �o�`�m�h

�o�.�d�a�\ �j�^�^�p�m�n �a�m�`�` �d�i�o�' �o�c�`�i �#�� �\ �o�$ �a�\�d�g�n�) �A�p�m�o�c�`�m�h�j�m�`�' �d�a�o�^�j�i�o�\�d�i�n �\�i �p�i�]�j�p�i�_

�q�\�m�d�\�]�g�`�s�' �\�i�_ �n�j�h�` �g�\�o�`�m �p�i�d�{�^�\�o�d�j�i �d�i�q�j�g�q�d�i�b�s �m�`�n�p�g�o�n �d�i�\ �j�^�^�p�m�m�d�i�b �a�m�`�` �d�i�o�'

�o�c�`�i �o�c�\�o �p�i�d�{�^�\�o�d�j�i �a�\�d�g�n�)

�#�m�p�i∗ �#�l�$ �#�a�m�`�n�c�#�\�$ �#≡ �#�#�. �\ ���o�$�$�l�$ �#�� �\ �l �$�$�$⇒ �#�#�#�#�$�$�$�$

�#�m�p�i∗ �#�l�$ �#�a�m�`�n�c�#�\�$ �#�� �\ �l �$ �#≡ �#�#�. �\ ���o�$�$�l�$�$�$⇒ �#�#�#�#�$�$�$�$

�#�m�p�i∗ �#�l�$ �#�a�m�`�n�c�#�\ �]�$ �#�� �\ �#◃▹ �] �\�$�$�$�$⇒ �#�#�#�#�$�$�$�$

�#�m�p�i∗ �#�l�$ �#�a�m�`�n�c�#�\�$ �#�� �\ �#◃▹ �\ �\�$�$�$�$⇒ �#�#�#�#�Z0 �$�$�$�$
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�#�m�p�i∗ �#�l�$
�#�`�s�d�n�o�#�s �t �u�$

�#�a�m�`�n�c�#�\�$
�#�� �\ �s�$
�#≡ �#�#�t �u�$�$�s�$
�#≡ �#�#�s �\�$�$�l�$�$�$�$⇒

�#�#�#�#�#�#�#�#�#�#�#�#�#�#�#�#�Z0 �Z1 �$�$�$�$�\0 �$�$�$�$�5�#�#�#�#�#�#�#�#�\0 � �Z0 �$�$�$�$ �#�#�#�#�\0 � �Z1 �$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$

�D�i �o�c�` �a�j�p�m�o�c �`�s�\�h�k�g�`�' �o�c�` �^�j�i�n�o�m�\�d�i�o �#�� �\ �#◃▹ �\ �\�$�$ �d�n �i�j�o �q�d�j�g�\�o�`�_ �]�`�^�\�p�n�`�\ �_�j�`�n

�i�j�o �j�^�^�p�m �a�m�`�` �d�i �#◃▹ �\ �\�$�) �D�i �o�c�` �{�i�\�g �`�s�\�h�k�g�`�' �o�c�` �k�\�m�o�d�\�g �d�i�n�o�\�i�o�d�\�o�d�j�i �j�a�s�^�\�p�n�`�n

�o�c�` �^�j�i�n�o�m�\�d�i�o �d�i�o�m�j�_�p�^�`�_ �]�t �#�� �\ �s�$ �o�j �]�` �3�k�p�n�c�`�_ �_�j�r�i�4 �j�i�o�j �o�c�` �p�i�]�j�p�i�_ �q�\�m�d�(

�\�]�g�`�n�t �\�i�_ �u�) �O�c�` �\�i�n�r�`�m �^�j�h�k�m�d�n�`�n �o�r�j �k�\�m�o�n�' �n�`�k�\�m�\�o�`�_ �]�t �\ �^�j�g�j�i �\�i�_ �`�i�^�g�j�n�`�_

�d�i �\�i �`�s�o�m�\ �n�`�o �j�a �k�\�m�`�i�o�c�`�n�`�n�5 �o�c�` �m�`�d�{�`�_ �q�\�g�p�` �j�a�#�#�#�#�t �u�$�$�\�$�$�\�i�_ �\ �g�d�n�o �j�a �m�`�d�{�`�_

�^�j�i�n�o�m�\�d�i�o�n �d�i�_�d�^�\�o�d�i�b �o�c�\�o�\ �^�\�i�i�j�o �j�^�^�p�m �a�m�`�` �d�i �`�d�o�c�`�m�t �j�m�u�)

�O�c�` �i�j�o�d�j�i �j�a �\ �^�j�i�n�o�m�\�d�i�o �d�n �k�m�j�h�d�i�`�i�o �d�i �o�c�` �n�o�\�i�_�\�m�_ �_�`�{�i�d�o�d�j�i �j�aα�(�`�l�p�d�q�\�g�`�i�^�`

�#�N�o�j�t�,�4�2�4�$�5

λa.M ≡α λb.�V�]�*�\�XM �r�c�`�m�`�] �_�j�`�n �i�j�o �j�^�^�p�m �a�m�`�` �d�i�H�)

�D�iα�F�\�i�m�`�i �o�c�d�n �^�j�i�n�o�m�\�d�i�o �d�n �`�s�k�m�`�n�n�`�_ �\�n �#�� �] �H�$�) �R�` �n�c�\�g�g �m�`�q�d�n�d�o �o�c�` �^�j�i�i�`�^�o�d�j�i

�]�`�o�r�`�`�i �^�j�i�n�o�m�\�d�i�o�n �\�i�_α�(�`�l�p�d�q�\�g�`�i�^�` �n�c�j�m�o�g�t�)

�R�` �i�j�r �`�s�o�`�i�_ �o�c�` �n�o�\�i�_�\�m�_ �i�j�o�d�j�i �j�a �p�i�d�{�^�\�o�d�j�i �o�j �o�c�\�o �j�a�i�j�h�d�i�\�g �p�i�d�{� �̂\�o�d�j�i

�#�P�m�]�\�i �`�o �\�g�)�-�+�+�/�$�' �r�c�d�^�c �`�l�p�\�o�`�nα�(�`�l�p�d�q�\�g�`�i�o �]�d�i�_�`�m�n�) �>�j�i�n�d�_�`�m �o�c�d�n�m�p�i∗ �`�s�(

�k�m�`�n�n�d�j�i�5 �#�m�p�i∗ �#�l�$ �#�a�m�`�n�c�#�\ �]�$ �#≡ �#◃▹ �\ �\�$ �#◃▹ �] �]�$�$�$�$⇒ �#�#�Z0 �$�$�) �<�g�o�c�j�p�b�c�\ �\�i�_ �]

�\�m�` �_�d�n�o�d�i�^�o �i�j�h�n�' �#≡ �#◃▹ �\ �\�$ �#◃▹ �] �]�$�$ �n�p�^�^�`�`�_�n�) �<�^�^�j�m�_�d�i�b �o�j �o�c�` �m�p�g�`�n �j�a �i�j�h�d�i�\�g

�p�i�d�{�^�\�o�d�j�i�' �o�c�` �]�d�i�_�`�m�n �#◃▹ �\ �\�$ �\�i�_ �#◃▹ �] �]�$ �m�`�k�m�`�n�`�i�o �o�c�` �n�\�h�` �o�`�m�h�' �\�i�_ �o�c�`�m�`�a�j�m�`

�p�i�d�a�t�)
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�O�c�` �m�`�\�_�`�m �h�\�t �n�p�n�k�`�^�o �o�c�\�o�' �\�n �d�i �o�c�` �_�`�{�i�d�o�d�j�i �j�aα�(�`�l�p�d�q�\�g�`�i�^�` �b�d�q�`�i �\�]�j�q�`�'

�i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i �p�n�`�n �n�p�]�n�o�d�o�p�o�d�j�i �o�j �`�l�p�\�o�` �]�d�i�_�`�m�n

�#◃▹ �\ �\�$≡α �#◃▹ �] �V�]�*�\�X�\�$

�c�j�r�`�q�`�m�' �o�c�d�n �d�n �i�j�o �o�c�` �^�\�n�`�)

�P�i�a�j�m�o�p�i�\�o�`�g�t�' �i�\�d�q�` �n�p�]�n�o�d�o�p�o�d�j�i �_�j�`�n �i�j�o �k�m�`�n�`�m�q�`α�(�`�l�p�d�q�\�g�`�i�^�` �j�a �o�`�m�h�n�' �\�n

�n�c�j�r�i �d�i �o�c�` �a�j�g�g�j�r�d�i�b �`�s�\�h�k�g�` �b�d�q�`�i �]�t�P�m�]�\�i �`�o �\�g�)�#�-�+�+�/�$�) �>�j�i�n�d�_�`�m �o�c�`α�(

�`�l�p�d�q�\�g�`�i�o �o�`�m�h�n �#◃▹ �\ �]�$ �\�i�_ �#◃▹ �^ �]�$�6 �m�`�k�g�\�^�d�i�b �\�g�g �a�m�`�` �j�^�^�p�m�m�`�i�^�`�n �j�a�] �r�d�o�c�\ �d�i

�]�j�o�c �o�`�m�h�n �t�d�`�g�_�n �#◃▹ �\ �\�$ �\�i�_ �#◃▹ �^ �\�$�' �r�c�d�^�c �\�m�` �i�j �g�j�i�b�`�mα�(�`�l�p�d�q�\�g�`�i�o�)

�M�\�o�c�`�m �o�c�\�i �p�n�d�i�b �^�\�k�o�p�m�`�(�\�q�j�d�_�d�i�b �n�p�]�n�o�d�o�p�o�d�j�i �o�j �\�_�_�m�`�n�n �o�c�d�n �k�m�j�]�g�`�h�' �i�j�h�(

�d�i�\�g �g�j�b�d�^ �p�n�`�n �o�c�` �n�d�h�k�g�` �\�i�_ �`�g�`�b�\�i�o �i�j�o�d�j�i �j�a �\�i�j�h �n�r�\�k�) �D�i�n�o�`�\�_ �j�a �k�`�m�a�j�m�h�d�i�b

�\ �p�i�d�(�_�d�m�`�^�o�d�j�i�\�g �n�p�]�n�o�d�o�p�o�d�j�i �j�a�\ �a�j�m�]�' �o�c�` �p�i�d�{�`�m �`�s�^�c�\�i�b�`�n �\�g�g �j�^�^�p�m�m�`�i�^�`�n �j�a�\

�\�i�_�] �r�d�o�c�d�i �\ �o�`�m�h�' �m�`�b�\�m�_�g�`�n�n �j�a �r�c�`�o�c�`�m �o�c�j�n�` �i�j�h�n �\�k�k�`�\�m �a�m�`�`�' �]�j�p�i�_�' �j�m �d�i �o�c�`

�]�d�i�_�d�i�b �k�j�n�d�o�d�j�i �j�a �\◃▹�(�^�j�i�n�o�m�p�^�o�`�_ �]�d�i�_�`�m�) �<�k�k�g�t�d�i�b �o�c�` �n�r�\�k�#�#�\ �]�$�$�o�j �#◃▹ �\ �]�$

�\�i�_ �#◃▹ �^ �]�$ �t�d�`�g�_�n �o�c�`α�(�`�l�p�d�q�\�g�`�i�o �o�`�m�h�n �#◃▹ �] �\�$ �\�i�_ �#◃▹ �^ �\�$�)

�R�c�`�i �p�i�d�a�t�d�i�b �#◃▹ �\ �\�$ �\�i�_ �#◃▹ �] �]�$ �d�i �o�c�`�m�p�i∗ �`�s�k�m�`�n�n�d�j�i �\�]�j�q�`�' �o�c�` �i�j�h�d�i�\�g

�p�i�d�{�`�m �{�m�n�o �^�m�`�\�o�`�n �o�c�` �n�r�\�k�#�#�\ �]�$�$�^�j�i�o�\�d�i�d�i�b �o�c�` �i�j�h�n �d�i �o�c�` �]�d�i�_�d�i�b �k�j�n�d�o�d�j�i�n �j�a

�o�c�` �o�r�j �o�`�m�h�n�) �O�c�` �p�i�d�{�`�m �o�c�`�i �\�k�k�g�d�`�n �o�c�d�n �n�r�\�k �o�j �#◃▹ �\ �\�$�' �t�d�`�g�_�d�i�b �#◃▹ �] �]�$ �#�j�m

�`�l�p�d�q�\�g�`�i�o�g�t�' �\�k�k�g�d�`�n �o�c�` �n�r�\�k �o�j �#◃▹ �] �]�$�' �t�d�`�g�_�d�i�b �#◃▹ �\ �\�$�$�) �J�]�q�d�j�p�n�g�t �#◃▹ �] �]�$ �p�i�d�(

�{�`�n �r�d�o�c �d�o�n�`�g�a�' �\�^�^�j�m�_�d�i�b �o�j �o�c�` �n�o�\�i�_�\�m�_ �m�p�g�`�n �j�a �p�i�d�{�^�\�o�d�j�i�' �\�i�_ �o�c�p�n �o�c�` �i�j�h�d�i�\�g

�p�i�d�{�^�\�o�d�j�i �n�p�^�^�`�`�_�n�)



�>�C�<�K�O�@�M �4�) �O�@�>�C�I�D�L�P�@�N �D�D�5 �I�J�H�D�I�<�G �G�J�B�D�> �,�+�4

�J�a �^�j�p�m�n�`�' �o�c�` �o�`�m�h�n �]�`�d�i�b �p�i�d�{�`�_ �h�d�b�c�o �^�j�i�o�\�d�i �p�i�]�j�p�i�_ �q�\�m�d�\�]�g�`�n�) �D�i �o�c�`

�n�d�h�k�g�` �`�s�\�h�k�g�`

�#�m�p�i∗ �#�l�$ �#�a�m�`�n�c�#�\ �]�$ �#≡ �#◃▹ �\ �l�$ �#◃▹ �] �]�$�$�$�$⇒ �#�#�#�#�\0 �$�$�$�$

�o�c�` �n�r�\�k�#�#�\ �]�$�$�^�\�i �]�` �\�k�k�g�d�`�_ �o�j �#◃▹ �] �]�$�' �t�d�`�g�_�d�i�b �#◃▹ �\ �\�$�) �O�c�` �o�`�m�h�n �#◃▹ �\ �\�$

�\�i�_ �#◃▹ �\ �l�$ �\�m�` �o�c�`�i �p�i�d�{�`�_�' �\�n�n�j�^�d�\�o�d�i�b�l �r�d�o�c�\�) �C�j�r�`�q�`�m�' �d�i �n�j�h�` �^�\�n�`�n �\ �n�r�\�k

�^�\�i�i�j�o �]�` �k�`�m�a�j�m�h�`�_ �p�i�o�d�g �\ �q�\�m�d�\�]�g�` �c�\�n �]�`�^�j�h�` �\�o �g�`�\�n�o �k�\�m�o�d�\�g�g�t �d�i�n�o�\�i�o�d�\�o�`�_�) �A�j�m

�`�s�\�h�k�g�`�' �d�i �o�c�` �{�m�n�o �^�\�g�g �o�j≡ �d�i

�#�m�p�i∗ �#�l�$
�#�a�m�`�n�c�#�\ �]�$

�#�`�s�d�n�o�#�s �t�$
�#≡ �#◃▹ �\ �#◃▹ �\ �s�$�$ �#◃▹ �\ �#◃▹ �] �t�$�$�$
�#≡ �#�#�s �t�$�$�l�$�$�$�$

�o�c�` �p�i�d�{�`�m �^�\�i�i�j�o �\�k�k�g�t �o�c�` �n�r�\�k�#�#�\ �]�$�$�o�j �`�d�o�c�`�m�s�j�m�t�' �n�d�i�^�` �o�c�`�t �\�m�` �]�j�o�c �p�i�]�j�p�i�_�)

�#�O�c�` �p�i�d�{�`�m �_�j�`�n �i�j�o �b�`�i�`�m�\�o�` �\ �n�r�\�k �a�j�m �o�c�` �j�p�o�`�m �]�d�i�_�`�m�n�' �n�d�i�^�` �o�c�`�t �c�\�q�` �o�c�` �n�\�h�`

�i�j�h �d�i �o�c�`�d�m �]�d�i�_�d�i�b �k�j�n�d�o�d�j�i�n�)�$

�I�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i �n�j�g�q�`�n �o�c�d�n �k�m�j�]�g�`�h �]�t �d�i�o�m�j�_�p�^�d�i�b �o�c�` �i�j�o�d�j�i �j�a �\�n�p�n�k�`�i�(

�n�d�j�i�' �r�c�d�^�c �d�n �\ �m�`�^�j�m�_ �j�a�_�`�g�\�t� �̀_ �n�r�\�k�n�o�c�\�o �h�\�t �]�` �\�k�k�g�d�`�_ �g�\�o�`�m�) �R�` �m�`�k�m�`�n�`�i�o �\

�n�p�n�k�`�i�n�d�j�i �p�n�d�i�b �o�c�`�n�p�n�k�_�\�o�\ �n�o�m�p�^�o�p�m�`�' �r�c�d�^�c �^�j�h�k�m�d�n�`�n �\ �g�d�n�o �j�a �n�p�n�k�`�i�_�`�_ �n�r�\�k�n

�\�i�_ �\ �q�\�m�d�\�]�g�`�)

�#�#�n�p�n�k�#�#�#�#an bn�$�$. . . �#�#a1 b1�$�$�$�$�s�$�$

�O�c�` �n�r�\�k�n �\�m�` �_�`�a�`�m�m�`�_ �p�i�o�d�g �o�c�` �q�\�m�d�\�]�g�`�s �d�n �d�i�n�o�\�i�o�d�\�o�`�_ �#�\�o �g�`�\�n�o �k�\�m�o�d�\�g�g�t�$�6 �\�o

�o�c�d�n �k�j�d�i�o �o�c�` �n�r�\�k�n �\�m�` �\�k�k�g�d�`�_ �o�j �o�c�` �d�i�n�o�\�i�o�d�\�o�`�_ �k�j�m�o�d�j�i �j�a �o�c�` �o�`�m�h �\�n�n�j�^�d�\�o�`�_



�>�C�<�K�O�@�M �4�) �O�@�>�C�I�D�L�P�@�N �D�D�5 �I�J�H�D�I�<�G �G�J�B�D�> �,�,�+

�r�d�o�c�s�) �N�r�\�k�n �\�m�` �\�k�k�g�d�`�_ �a�m�j�h �m�d�b�c�o �o�j �g�`�a�o�6 �o�c�\�o �d�n�' �o�c�` �m�`�n�p�g�o �j�a �\�k�k�g�t�d�i�b �o�c�` �n�r�\�k�n

�o�j �\ �o�`�m�h�o�^�\�i �]�` �_�`�o�`�m�h�d�i�`�_ �]�t �{�m�n�o �`�s�^�c�\�i�b�d�i�b �\�g�g �j�^�^�p�m�m�`�i�^�`�n �j�a �i�j�h�na1 �\�i�_

b1 �r�d�o�c�d�i�o�' �o�c�`�i �`�s�^�c�\�i�b�d�i�ba2 �\�i�_b2 �r�d�o�c�d�i �o�c�` �m�`�n�p�g�o�d�i�b �o�`�m�h�' �\�i�_ �^�j�i�o�d�i�p�d�i�b �d�i

�o�c�d�n �a�\�n�c�d�j�i �p�i�o�d�g �{�i�\�g�g�t �`�s�^�c�\�i�b�d�i�ban �r�d�o�cbn�)

�I�j�r �o�c�\�o �r�` �c�\�q�` �o�c�` �i�j�o�d�j�i �j�a �\ �n�p�n�k�`�i�n�d�j�i�' �r�` �^�\�i �_�`�{�i�` �`�l�p�\�g�d�o�t �j�i �]�d�i�_�`�m�n

�#�\�_�\�k�o�`�_ �a�m�j�h�P�m�]�\�i �`�o �\�g�)�-�+�+�/�$�5

�#◃▹ �\ �H�$ �\�i�_ �#◃▹ �] �I �$ �\�m�`α�(�`�l�p�d�q�\�g�`�i�o �d�a �\�i�_ �j�i�g�t �d�a�\ �\�i�_�] �\�m�` �o�c�` �n�\�h�`

�i�j�h �\�i�_ �H �d�nα�(�`�l�p�d�q�\�g�`�i�o �o�j�I �' �j�m �d�a�#�#�n�p�n�k�#�#�#�#�\ �]�$�$�$�$�H�$�$�d�nα�(�`�l�p�d�q�\�g�`�i�o

�o�j�I �\�i�_ �#�� �] �H �$�)

�O�c�` �n�d�_�` �^�j�i�_�d�o�d�j�i �#�� �] �H �$ �d�n �i�`�^�`�n�n�\�m�t�' �n�d�i�^�` �d�a�] �j�^�^�p�m�m�`�_ �a�m�`�` �d�i�H�' �o�c�`�i�] �r�j�p�g�_

�]�` �d�i�\�_�q�`�m�o�`�i�o�g�t �^�\�k�o�p�m�`�_ �#�\�i�_ �m�`�k�g�\�^�`�_ �r�d�o�c�\�$ �]�t �o�c�` �n�p�n�k�`�i�n�d�j�i�#�#�n�p�n�k�#�#�#�#�\ �]�$�$�$�$�H�$�$�)

�C�\�q�d�i�b �_�`�{�i�`�_ �`�l�p�\�g�d�o�t �j�i �]�d�i�_�`�m�n�' �r�` �^�\�i �`�s�\�h�d�i�` �o�c�` �m�`�n�p�g�o �j�a �o�c�` �k�m�`�q�d�j�p�n

�m�p�i∗ �`�s�k�m�`�n�n�d�j�i�)

�#�m�p�i∗ �#�l�$
�#�a�m�`�n�c�#�\ �]�$

�#�`�s�d�n�o�#�s �t�$
�#≡ �#◃▹ �\ �#◃▹ �\ �s�$�$ �#◃▹ �\ �#◃▹ �] �t�$�$�$
�#≡ �#�#�s �t�$�$�l�$�$�$�$⇒

�#�#�#�#�#�#�#�#�#�#�#�#�#�#�#�#�n�p�n�k�#�#�#�#�#�#�#�#�\0 �\1 �$�$�$�$�$�$�$�$�Z0 �$�$�$�$�Z0 �$�$�$�$�5�#�#�#�#�#�#�#�#�\0 � �Z0 �$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$

�O�c�` �{�m�n�o �^�\�g�g �o�j≡ �\�k�k�g�d�`�n �o�c�` �n�r�\�k�#�#�\ �]�$�$�o�j �o�c�` �p�i�]�j�p�i�_ �q�\�m�d�\�]�g�`�t�' �\�i�_ �o�c�`�i

�\�n�n�j�^�d�\�o�`�n �o�c�` �m�`�n�p�g�o�d�i�b �n�p�n�k�`�i�n�d�j�i�#�#�n�p�n�k�#�#�#�#�\ �]�$�$�$�$�t�$�$�r�d�o�c�s�) �J�a �^�j�p�m�n�`�' �o�c�` �p�i�d�{�`�m

�^�j�p�g�_ �c�\�q�` �\�k�k�g�d�`�_ �o�c�` �n�r�\�k �o�j�s�d�i�n�o�`�\�_ �j�a�t�' �m�`�n�p�g�o�d�i�b �d�i �\ �n�t�h�h�`�o�m�d�^ �\�i�n�r�`�m�) �O�c�`



�>�C�<�K�O�@�M �4�) �O�@�>�C�I�D�L�P�@�N �D�D�5 �I�J�H�D�I�<�G �G�J�B�D�> �,�,�,

�a�m�`�n�c�i�`�n�n �^�j�i�n�o�m�\�d�i�o �n�o�\�o�`�n �o�c�\�o �o�c�` �i�j�h�\ �^�\�i �i�`�q�`�m �j�^�^�p�m �a�m�`�` �r�d�o�c�d�i�t�' �\�n �m�`�l�p�d�m�`�_

�]�t �o�c�` �_�`�{�i�d�o�d�j�i �j�a �]�d�i�_�`�m �`�l�p�d�q�\�g�`�i�^�`�)

�C�`�m�` �d�n �\ �o�m�\�i�n�g�\�o�d�j�i �j�a �\ �l�p�d�u �k�m�`�n�`�i�o�`�_ �d�i�P�m�]�\�i �`�o �\�g�)�#�-�+�+�/�$�' �_�`�h�j�i�n�o�m�\�o�d�i�b

�n�j�h�` �j�a �o�c�` �{�i�`�m �k�j�d�i�o�n �j�a �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i�)

�#�m�p�i∗ �#�l�$
�#�a�m�`�n�c�#�\ �]�$

�#�`�s�d�n�o�#�s �t�$
�#�^�j�i�_e

�#�#≡ �#◃▹ �\ �#◃▹ �] �#�#�s �]�$�$�$�$ �#◃▹ �] �#◃▹ �\ �#�#�\ �s�$�$�$�$�$�$
�#�#≡ �#◃▹ �\ �#◃▹ �] �#�#�t �]�$�$�$�$ �#◃▹ �] �#◃▹ �\ �#�#�\ �s�$�$�$�$�$�$
�#�#≡ �#◃▹ �\ �#◃▹ �] �#�#�] �t�$�$�$�$ �#◃▹ �] �#◃▹ �\ �#�#�\ �s�$�$�$�$�$�$
�#�#≡ �#◃▹ �\ �#◃▹ �] �#�#�] �t�$�$�$�$ �#◃▹ �\ �#◃▹ �\ �#�#�\ �s�$�$�$�$�$�$�$

�#≡ �#�#�s �t�$�$�l�$�$�$�$⇒

�#�#�#�#�#�#�#�#�\0 �\1 �$�$�$�$
�#�#�#�#�Z0 �#�#�#�#�n�p�n�k�#�#�#�#�#�#�#�#�\0 �\1 �$�$�$�$�$�$�$�$�Z0 �$�$�$�$�$�$�$�$
�#�#�#�#�#�#�#�#�Z0 �#�#�#�#�n�p�n�k�#�#�#�#�#�#�#�#�\1 �\0 �$�$�$�$�$�$�$�$�Z0 �$�$�$�$�$�$�$�$�5�#�#�#�#�#�#�#�#�\1 � �Z0 �$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$

�O�c�` �{�m�n�o�^�j�i�_e �^�g�\�p�n�` �a�\�d�g�n�' �n�d�i�^�`�s �^�\�i�i�j�o �]�` �\�n�n�j�^�d�\�o�`�_ �r�d�o�c �]�j�o�c�\ �\�i�_ �]�) �O�c�`

�n�`�^�j�i�_ �^�g�\�p�n�` �n�p�^�^�`�`�_�n�' �\�n�n�j�^�d�\�o�d�i�b�s�r�d�o�c�\ �\�i�_ �t �r�d�o�c�]�) �O�c�` �o�c�d�m�_ �^�g�\�p�n�` �\�k�k�g�d�`�n

�o�c�` �n�r�\�k�#�#�\ �]�$�$�o�j �#◃▹ �\ �#�#�\ �s�$�$�$�' �t�d�`�g�_�d�i�b�#�#�o�d�`�] �#�#�] �#�#�n�p�n�k�#�#�#�#�\ �]�$�$�$�$�s�$�$�$�$�$�$�) �O�c�d�n �o�`�m�h �d�n

�o�c�`�i �p�i�d�{�`�_ �r�d�o�c �#◃▹ �] �#�#�] �t�$�$�$�' �\�n�n�j�^�d�\�o�d�i�b�t �r�d�o�c �o�c�` �n�p�n�k�`�i�n�d�j�i�#�#�n�p�n�k�#�#�#�#�] �\�$�$�$�$�s�$�$�)

�O�c�` �a�j�p�m�o�c �^�g�\�p�n�` �n�c�j�p�g�_ �g�j�j�f �a�\�h�d�g�d�\�m�.�d�o �d�n �n�d�h�d�g�\�m �o�j �o�c�` �k�m�`�q�d�j�p�n�m�p�i∗ �`�s�k�m�`�n�n�d�j�i�)

�R�` �^�\�i �d�i�o�`�m�k�m�`�o �o�c�` �n�p�^�^�`�n�n�a�p�g �p�i�d�{�^�\�o�d�j�i �j�a �]�d�i�_�`�m�n �#◃▹ �\ �\�$ �\�i�_ �#◃▹ �] �]�$ �\�n

�n�c�j�r�d�i�b �o�c�\�o �o�c�`λ�(�^�\�g�^�p�g�p�n �o�`�m�h�nλa.a �\�i�_λb.b �\�m�` �d�_�`�i�o�d�^�\�g�' �p�k �o�jα�(�`�l�p�d�q�\�g�`�i�^�`�)

�R�` �i�`�`�_ �i�j�o �m�`�n�o�m�d�^�o �j�p�m �d�i�o�`�m�k�m�`�o�\�o�d�j�i �o�jλ �o�`�m�h�n�' �c�j�r�`�q�`�m�' �n�d�i�^�` �j�o�c�`�m �n�^�j�k�d�i�b

�h�`�^�c�\�i�d�n�h�n �c�\�q�` �n�d�h�d�g�\�m �k�m�j�k�`�m�o�d�`�n�) �A�j�m �`�s�\�h�k�g�`�' �o�c�` �n�\�h�` �n�p�^�^�`�n�n�a�p�g �p�i�d�{�^�\�o�d�j�i

�\�g�n�j �n�c�j�r�n �o�c�\�o∀a.a �\�i�_∀b.b �\�m�` �`�l�p�d�q�\�g�`�i�o �d�i �{�m�n�o�(�j�m�_�`�m �g�j�b�d�^�' �\�i�_ �n�d�h�d�g�\�m�g�t�' �o�c�\�o

∃a.a �\�i�_∃b.b �\�m�` �`�l�p�d�q�\�g�`�i�o�)



�>�C�<�K�O�@�M �4�) �O�@�>�C�I�D�L�P�@�N �D�D�5 �I�J�H�D�I�<�G �G�J�B�D�> �,�,�-

�R�` �^�\�i �o�\�b �o�`�m�h�n �d�i �j�m�_�`�m �o�j �_�d�n�\�h�]�d�b�p�\�o�` �o�c�`�d�m �d�i�o�`�m�k�m�`�o�\�o�d�j�i�) �A�j�m �`�s�\�h�k�g�`�'

�o�c�d�n �k�m�j�b�m�\�h �n�c�j�r�n �o�c�\�oλa.λb.a �\�i�_λc.λd.c �\�m�` �`�l�p�d�q�\�g�`�i�o�)

�#�m�p�i∗ �#�l�$
�#�`�s�d�n�o�#�o �p�$

�#�a�m�`�n�c�#�\ �] �^ �_�$
�#≡ �#�#�g�\�h�#�#�o�d�`�\ �#�#�g�\�h�#�#�o�d�`�] �#�#�q�\�m�\�$�$�$�$�$�$�$�$�$�$�o�$
�#≡ �#�#�g�\�h�#�#�o�d�`�^�#�#�g�\�h�#�#�o�d�`�_�#�#�q�\�m� �̂$�$�$�$�$�$�$�$�$�$�p�$�$�$�$⇒

�#�#�#�#�Z0 �$�$�$�$

�J�a �^�j�p�m�n�`�' �i�j�o �\�g�gλ�(�^�\�g�^�p�g�p�n �o�`�m�h�n �\�m�` �`�l�p�d�q�\�g�`�i�o�)

�#�m�p�i∗ �#�l�$
�#�`�s�d�n�o�#�o �p�$

�#�a�m�`�n�c�#�\ �] �^ �_�$
�#≡ �#�#�g�\�h�#�#�o�d�`�\ �#�#�g�\�h�#�#�o�d�`�] �#�#�q�\�m�\�$�$�$�$�$�$�$�$�$�$�o�$
�#≡ �#�#�g�\�h�#�#�o�d�`�^�#�#�g�\�h�#�#�o�d�`�_�#�#�q�\�m�_�$�$�$�$�$�$�$�$�$�$�p�$�$�$�$⇒

�#�#�#�#�$�$�$�$

�C�`�m�` �#≡ �#�#�g�\�ht2�$�$ �#�#�g�\�hu2�$�$�$ �a�\�d�g�n�' �n�c�j�r�d�i�b �o�c�\�o �o�`�m�h�nλa.λb.a �\�i�_ λc.λd.d �\�m�` �i�j�o

α�(�`�l�p�d�q�\�g�`�i�o�)

�4�)�- �>�\�k�o�p�m�`�(�\�q�j�d�_�d�i�b �N�p�]�n�o�d�o�p�o�d�j�i

�R�` �i�j�r �^�j�i�n�d�_�`�m �\ �n�d�h�k�g�`�' �]�p�o �p�n�`�a�p�g�' �i�j�h�d�i�\�g �g�j�b�d�^ �k�m�j�b�m�\�h �\�_�\�k�o�`�_ �a�m�j�h�>�c�(

�`�i�`�t �\�i�_ �P�m�]�\�i�#�-�+�+�/�$ �o�c�\�o �k�`�m�a�j�m�h�n �^�\�k�o�p�m�`�(�\�q�j�d�_�d�i�b �n�p�]�n�o�d�o�p�o�d�j�i �#�o�c�\�o �d�n�'β�(

�n�p�]�n�o�d�o�p�o�d�j�i�$�)�n�p�]�n�oo �d�h�k�g�`�h�`�i�o�n �o�c�` �m�`�g�\�o�d�j�i �V�i�`�r�*�\�X�` = �j�p�o�r�c�`�m�`� �̀' �i�`�r�' �\�i�_�j�p�o

�\�m�` �o�\�b�b�`�_ �g�d�n�o�n �m�`�k�m�`�n�`�i�o�d�i�bλ�(�^�\�g�^�p�g�p�n �o�`�m�h�n�' �\�i�_ �r�c�`�m�`�\ �d�n �\ �i�j�h �m�`�k�m�`�n�`�i�o�d�i�b

�\ �q�\�m�d�\�]�g�` �i�\�h�`�) �#�R�` �m�`�a�`�m �o�c�` �d�i�o�`�m�`�n�o�`�_ �m�`�\�_�`�m �o�j�>�c�`�i�`�t �\�i�_ �P�m�]�\�i�a�j�m �\ �a�p�g�g

�_�`�n�^�m�d�k�o�d�j�i �j�a�n�p�]�n�oo�)�$



�>�C�<�K�O�@�M �4�) �O�@�>�C�I�D�L�P�@�N �D�D�5 �I�J�H�D�I�<�G �G�J�B�D�> �,�,�.

�#�_�`�{�i�` �n�p�]�n�oo

�#λ �#�` �i�`�r �\ �j�p�o�$
�#�h�\�o�^�ce �#�#�` �j�p�o�$�$

�#�#�#�#�#�q�\�m�\�$�$�i�`�r�$�$�$
�#�#�#�#�#�q�\�m�t�$�$ �#�#�q�\�m�t�$�$�$�$
�#�� �\ �t �$�$

�#�#�#�#�#�\�k�k�m�\�o�j�m �m�\�i�_�$�$ �#�#�\�k�krator�(res rand�(res�$�$�$�$
�#�n�p�]�n�oo �m�\�o�j�m �i�`�r �\rator�(res�$
�#�n�p�]�n�oo �m�\�i�_ �i�`�r �\rand�(res�$�$

�#�#�#�#�#�g�\�h�#�#�o�d�`�; �^ �]�j�_�t�$�$�$�$ �#�#�g�\�h�#�#�o�d�`�; �^body�(res�$�$�$�$�$�$
�#�� �^ �\�$
�#�� �^ �i�`�r �$
�#�n�p�]�n�oo �]�j�_�t �i�`�r �\body�(res�$�$�$�$�$

�O�c�` �{�m�n�o�n�p�]�n�oo �`�s�\�h�k�g�` �n�c�j�r�n �o�c�\�o[b/a]λa.ab ≡α λc.cb�)

�#�m�p�i∗ �#�l�$
�#�a�m�`�n�c�#�\ �]�$

�#�n�p�]�n�oo �#�#�g�\�h�#�#�o�d�`�\ �#�#�\�k�k�#�#�q�\�m�\�$�$ �#�#�q�\�m�]�$�$�$�$�$�$�$�$ �#�#�q�\�m�]�$�$�\ �l�$�$�$⇒

�#�#�#�#�#�#�#�#�g�\�h�#�#�#�#�o�d�` �\0 �#�#�#�#�\�k�k�#�#�#�#�q�\�m �\0 �$�$�$�$ �#�#�#�#�q�\�m �\1 �$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$

�I�\�d�q�` �n�p�]�n�o�d�o�p�o�d�j�i �r�j�p�g�_ �c�\�q�` �k�m�j�_�p�^�`�_λb.bb �d�i�n�o�`�\�_�)

�O�c�d�n �n�`�^�j�i�_ �`�s�\�h�k�g�` �n�c�j�r�n �o�c�\�o[a/b]λa.b ≡α λc.a�)

�#�m�p�i∗ �#�s�$
�#�a�m�`�n�c�#�\ �]�$

�#�n�p�]�n�oo �#�#�g�\�h�#�#�o�d�`�\ �#�#�q�\�m�]�$�$�$�$�$�$ �#�#�q�\�m�\�$�$�] �s�$�$�$⇒

�#�#�#�#�#�#�#�#�g�\�h�#�#�#�#�o�d�` �\0 �#�#�#�#�q�\�m �\1 �$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$

�I�\�d�q�` �n�p�]�n�o�d�o�p�o�d�j�i �r�j�p�g�_ �c�\�q�` �k�m�j�_�p�^�`�_λa.a�)
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�4�)�. �O�t�k�` �D�i�a�`�m�`�i�^�`�m

�G�`�o �p�n �^�j�i�n�d�_�`�m �\ �n�`�^�j�i�_ �i�j�i�(�o�m�d�q�d�\�gα�F�\�i�m�`�i �`�s�\�h�k�g�`�5 �\ �o�t�k�` �d�i�a�`�m�`�i�^�`�m �a�j�m �\ �n�p�]�n�`�o

�j�a �N�^�c�`�h�`�-�) �R�` �]�`�b�d�i �r�d�o�c �o�c�` �o�t�k�d�i�b �m�p�g�` �a�j�m �d�i�o�`�b�`�m �^�j�i�n�o�\�i�o�n�' �r�c�d�^�c �\�m�` �o�\�b�b�`�_

�r�d�o�c �o�c�` �n�t�h�]�j�g�d�i�o�^�)

�#�_�`�{�i�` �d�i�o�(�m�`�g
�#λ �#�b �`�s�k �o�$

�#�`�s�d�n�o�#�i �$
�#≡ �#�#�d�i�o�^�i �$�$�`�s�k�$
�#≡ �d�i�o�o�$�$�$�$

�O�c�⊢̀ �m�`�g�\�o�d�j�i�. �m�`�g�\�o�`�n �\�i �`�s�k�m�`�n�n�d�j�i�`�s�k�o�j �d�o�n �o�t�k�`�o�d�i �o�c�` �o�t�k�` �`�i�q�d�m�j�i�h�`�i�o�b�)

�#�_�`�{�i�` ⊢
�#λ �#�b �`�s�k �o�$

�#�^�j�i�_e

�#�#�d�i�o�(�m�`�g �b �`�s�k �o�$�$�$�$�$

�R�` �^�\�i �i�j�r �d�i�a�`�m �o�c�` �o�t�k�`�n �j�a �d�i�o�`�b�`�m �^�j�i�n�o�\�i�o�n�5 �#�m�p�i∗ �#�l�$ �#⊢ �#�#�$�$ �#�#�d�i�o�^ �0�$�$�l�$�$ �m�`�o�p�m�i�n

�#�#�d�i�o�$�$�)

�D�i�a�`�m�m�d�i�b �o�c�` �o�t�k�`�n �j�a �d�i�o�`�b�`�m �^�j�i�n�o�\�i�o�n �d�n �i�j�o �q�`�m�t �d�i�o�`�m�`�n�o�d�i�b�) �R�` �o�c�`�m�`�a�j�m�` �\�_�_

�o�t�k�d�i�b �m�p�g�`�n �a�j�m �q�\�m�d�\�]�g�`�n�'λ �`�s�k�m�`�n�n�d�j�i�n�' �\�i�_ �\�k�k�g�d�^�\�o�d�j�i�)

�#�_�`�{�i�` �q�\�m�(�m�`�g
�#λ �#�b �`�s�k �o�$

�#�`�s�d�n�o�#�s�$
�#≡ �#�#�q�\�m�s�$�$�`�s�k�$
�#�g�j�j�f�p�ko �s �o �b�$�$�$�$

�-�O�c�d�n �k�m�j�b�m�\�h �d�n �\�i �`�s�o�`�i�_�`�_ �\�i�_ �\�_�\�k�o�`�_ �q�`�m�n�d�j�i �j�a �o�c�` �d�i�a�`�m�`�i�^�`�m �a�j�m �o�c�` �n�d�h�k�g�t�(�o�t�k�`λ�(
�^�\�g�^�p�g�p�n �k�m�`�n�`�i�o�`�_ �d�i�>�c�`�i�`�t �\�i�_ �P�m�]�\�i�#�-�+�+�/�$�)

�.⊢ �d�n �`�i�o�`�m�`�_ �\�n���( �\�i�_ �d�n �k�m�j�i�j�p�i�^�`�_ �3�o�p�m�i�n�o�d�g�`�4�)
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�#�_�`�{�i�` �g�\�h�]�_�\�(�m�`�g
�#λ �#�b �`�s�k �o�$

�#�`�s�d�n�o�#�]�j�_�t �o�m�\�i�_ �o�]�j�_�t�$
�#�a�m�`�n�c�#�\�$

�#≡ �#�#�g�\�h�#�#◃▹ �\ �]�j�_�t�$�$�$�$�`�s�k�$
�#≡ �#�#→ �o�m�\�i�_ �o�]�j�_�t�$�$�o�$
�#⊢ �#�#�#�#�\ � �o�m�\�i�_�$�$� �b�$�$�]�j�_�t �o�]�j�_�t�$�$�$�$�$

�#�_�`�{�i�` �\�k�k�(�m�`�g
�#λ �#�b �`�s�k �o�$

�#�`�s�d�n�o�#�m�\�o�j�m �m�\�i�_ �o�m�\�i�_�$
�#≡ �#�#�\�k�k�m�\�o�j�m �m�\�i�_�$�$�`�s�k�$
�#⊢ �b �m�\�o�j�m�#�#→ �o�m�\�i�_ �o�$�$�$
�#⊢ �b �m�\�i�_ �o�m�\�i�_�$�$�$�$

�O�c��̀g�j�j�f�p�ko �c�`�g�k�`�m �m�`�g�\�o�d�j�i �{�i�_�n �o�c�` �o�t�k�`�o�s�\�n�n�j�^�d�\�o�`�_ �r�d�o�c �o�c�` �o�t�k�` �q�\�m�d�\�]�g�`�s�d�i

�o�c�` �^�p�m�m�`�i�o �o�t�k�` �`�i�q�d�m�j�i�h�`�i�o�b�)

�#�_�`�{�i�` �g�j�j�f�p�ko

�#λ �#�s �o�s �b�$
�#�`�s�d�n�o�#�\ �_�$

�#≡ �#�#�\ � �_�$�$�b�$
�#�^�j�i�_e

�#�#≡ �#�#�s � �o�s�$�$�\�$�$
�#�#�`�s�d�n�o�#̂x tx̂�$

�#≡ �#�#̂x � tx̂�$�$�\�$
�#�� �s x̂�$
�#�g�j�j�f�p�ko �s �o�s �_�$�$�$�$�$�$�$

�R�` �m�`�_�`�{�i�`⊢ �o�j �d�i�^�g�p�_�` �o�c�` �i�`�r �o�t�k�d�i�b �m�p�g�`�n�)

�#�_�`�{�i�` ⊢
�#λ �#�b �`�s�k �o�$

�#�^�j�i�_e

�#�#�q�\�m�(�m�`�g �b �`�s�k �o�$�$
�#�#�d�i�o�(�m�`�g �b �`�s�k �o�$�$
�#�#�g�\�h�]�_�\�(�m�`�g �b �`�s�k �o�$�$
�#�#�\�k�k�(�m�`�g �b �`�s�k �o�$�$�$�$�$
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�R�` �^�\�i �i�j�r �n�c�j�r �o�c�\�o �#λ �#�s�$ �#λ �#�t�$�s�$�$ �c�\�n �o�t�k�` �#α → �#β → α�$�$�)

�#�m�p�i∗ �#�l�$ �#⊢ �#�#�$�$�#�k�\�m�n�`�#�#λ �#�#�s�$�$ �#�#λ �#�#�t�$�$�s�$�$�$�$�$�l�$�$⇒ �#�#�#�#�#�#�#�#→ �Z
0

�#�#�#�#→ �Z
1

�Z
0
�$�$�$�$�$�$�$�$�$�$�$�$

�C�`�m�` �r�` �p�n�` �o�c�` �k�\�m�n�`�m �a�m�j�h �<�k�k�`�i�_�d�s�@�o�j �h�\�f�` �o�c�` �^�j�_�` �h�j�m�` �m�`�\�_�\�]�g�`�)

�O�c�` �i�`�s�o �`�s�\�h�k�g�` �n�c�j�r�n �o�c�\�o �n�`�g�a�(�\�k�k�g�d�^�\�o�d�j�i �_�j�`�n�i�1�o �o�t�k�` �^�c�`�^�f�' �n�d�i�^�` �o�c�` �i�j�h�(

�d�i�\�g �p�i�d�{�`�m �p�n�`�n �o�c�` �j�^�^�p�m�n �^�c�`�^�f �#�G�g�j�t�_�,�4�3�2�$�)

�#�m�p�i∗ �#�l�$ �#⊢ �#�#�$�$�#�k�\�m�n�`�#�#λ �#�#�s�$�$ �#�#�s �s�$�$�$�$�$�l�$�$⇒ �#�#�#�#�$�$�$�$

�O�c�d�n �`�s�\�h�k�g�` �d�n �h�j�m�` �d�i�o�`�m�`�n�o�d�i�b�' �n�d�i�^�` �d�o �n�`�\�m�^�c�`�n �a�j�m �`�s�k�m�`�n�n�d�j�i�n �o�c�\�o�d�i�c�\�]�d�o

�o�c�` �o�t�k�` �#→ �d�i�o �d�i�o�$�)

�#�m�p�i�0 �#�l�$ �#⊢ �#�#�$�$�l �#�#→ �d�i�o �d�i�o�$�$�$�$⇒

�#�#�#�#�#�#�#�#�g�\�h�#�#�#�#�o�d�` �\�)�+�#�#�#�#�d�i�o�^�Z
0
�$�$�$�$�$�$�$�$�$�$�$�$

�#�#�#�#�g�\�h�#�#�#�#�o�d�` �\�)�+�#�#�#�#�q�\�m �\�)�+�$�$�$�$�$�$�$�$�$�$�$�$
�#�#�#�#�g�\�h�#�#�#�#�o�d�` �\�)�+�#�#�#�#�\�k�k�#�#�#�#�g�\�h�#�#�#�#�o�d�` �\�)�,�#�#�#�#�d�i�o�^�Z

0
�$�$�$�$�$�$�$�$�$�$�$�$ �#�#�#�#�d�i�o�^�Z

1
�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$

�#�#�#�#�g�\�h�#�#�#�#�o�d�` �\�)�+�#�#�#�#�\�k�k�#�#�#�#�g�\�h�#�#�#�#�o�d�` �\�)�,�#�#�#�#�d�i�o�^�Z
0
�$�$�$�$�$�$�$�$�$�$�$�$ �#�#�#�#�q�\�m �\�)�+�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$

�#�#�#�#�\�k�k�#�#�#�#�g�\�h�#�#�#�#�o�d�` �\�)�+�#�#�#�#�q�\�m �\�)�+�$�$�$�$�$�$�$�$�$�$�$�$ �#�#�#�#�g�\�h�#�#�#�#�o�d�` �\�)�,�#�#�#�#�d�i�o�^�Z
0
�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$

�O�c�`�n�` �`�s�k�m�`�n�n�d�j�i�n �\�m�` �`�l�p�d�q�\�g�`�i�o �o�j �#�d�i �j�m�_�`�m�$

�#λ �#�s�$�i �$

�#λ �#�s�$�s�$

�#λ �#�s�$ �#�#λ �#�t�$�i �$�h �$�$

�#λ �#�s�$ �#�#λ �#�t�$�i �$�s�$�$

�#�#λ �#�s�$�s�$ �#λ �#�t�$�i �$�$

�r�c�`�m�`�i �\�i�_ �h �\�m�` �n�j�h�` �d�i�o�`�b�`�m �^�j�i�n�o�\�i�o�n�) �@�\�^�c �`�s�k�m�`�n�n�d�j�i �d�i�c�\�]�d�o�n �o�c�` �o�t�k�`

�#�d�i�o→ �d�i�o�$�' �\�g�o�c�j�p�b�c �o�c�` �k�m�d�i�^�d�k�\�g �o�t�k�` �j�a �o�c�` �`�s�k�m�`�n�n�d�j�i �d�n �`�d�o�c�`�m �#α → α�$ �#�a�j�m �o�c�`

�d�_�`�i�o�d�o�t �a�p�i�^�o�d�j�i�$ �j�m �#α → �d�i�o�$ �#�a�j�m �o�c�` �m�`�h�\�d�i�d�i�b �`�s�k�m�`�n�n�d�j�i�n�$�)
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�R�` �i�j�r �`�s�o�`�i�_ �o�c�` �g�\�i�b�p�\�b�` �`�q�`�i �a�p�m�o�c�`�m�' �\�_�_�d�i�b �]�j�j�g�`�\�i �^�j�i�n�o�\�i�o�n�'�u�`�m�j�:�'

�n�p�]�,�' �h�p�g�o�d�k�g�d�^�\�o�d�j�i�'�d�a�(�`�s�k�m�`�n�n�d�j�i�n�' �\�i�_ �\ �{�s�`�_�(�k�j�d�i�o �j�k�`�m�\�o�j�m �a�j�m �_�`�{�i�d�i�b �m�`�^�p�m�n�d�q�`

�a�p�i�^�o�d�j�i�n�)

�#�_�`�{�i�` �]�j�j�g�(�m�`�g
�#λ �#�b �`�s�k �o�$

�#�`�s�d�n�o�#�]�$
�#≡ �#�#�]�j�j�g��̂]�$�$�`�s�k�$
�#≡ �]�j�j�g�o�$�$�$�$

�#�_�`�{�i�` �u�`�m�j�:�(�m�`�g
�#λ �#�b �`�s�k �o�$

�#�`�s�d�n�o�#� �̀$
�#≡ �#�#�u�`�m�j�:� �̀$�$�`�s�k�$
�#≡ �]�j�j�g�o�$
�#⊢ �b � �̀d�i�o�$�$�$�$

�#�_�`�{�i�` �n�p�]�,�(�m�`�g
�#λ �#�b �`�s�k �o�$

�#�`�s�d�n�o�#� �̀$
�#≡ �#�#�n�p�]�,� �̀$�$�`�s�k�$
�#≡ �o�d�i�o�$
�#⊢ �b � �̀d�i�o�$�$�$�$

�#�_�`�{�i�` ∗�(�m�`�g
�#λ �#�b �`�s�k �o�$

�#�`�s�d�n�o�#e1 e2�$
�#≡ �#�#∗ e1 e2�$�$�`�s�k�$
�#≡ �o�d�i�o�$
�#⊢ �be1 �d�i�o�$
�#⊢ �be2 �d�i�o�$�$�$�$

�#�_�`�{�i�` �d�a�(�m�`�g
�#λ �#�b �`�s�k �o�$

�#�`�s�d�n�o�#�o�`�n�o � �̂j�i�n� �̀l �\�g�o�$
�#≡ �#�#�d�a�o�`�n�o � �̂j�i�n� �̀l �\�g�o�$�$�`�s�k�$
�#⊢ �b �o�`�n�o�]�j�j�g�$
�#⊢ �b � �̂j�i�n� �̀l �o�$
�#⊢ �b �\�g�o �o�$�$�$�$
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�#�_�`�{�i�` �{�s�(�m�`�g
�#λ �#�b �`�s�k �o�$

�#�`�s�d�n�o�#�m�\�i�_�$
�#≡ �#�#�{�s�m�\�i�_�$�$�`�s�k�$
�#⊢ �b �m�\�i�_�#�#→ �o �o�$�$�$�$�$�$

�R�` �m�`�_�`�{�i�`⊢ �j�i�` �g�\�n�o �o�d�h�`�)

�#�_�`�{�i�` ⊢
�#λ �#�b �`�s�k �o�$

�#�^�j�i�_e

�#�#�q�\�m�(�m�`�g �b �`�s�k �o�$�$
�#�#�d�i�o�(�m�`�g �b �`�s�k �o�$�$
�#�#�]�j�j�g�(�m�`�g �b �`�s�k �o�$�$
�#�#�u�`�m�j�:�(�m�`�g �b �`�s�k �o�$�$
�#�#�n�p�]�,�(�m�`�g �b �`�s�k �o�$�$
�#�#�{�s�(�m�`�g �b �`�s�k �o�$�$
�#�#∗�(�m�`�g �b �`�s�k �o�$�$
�#�#�g�\�h�]�_�\�(�m�`�g �b �`�s�k �o�$�$
�#�#�\�k�k�(�m�`�g �b �`�s�k �o�$�$
�#�#�d�a�(�m�`�g �b �`�s�k �o�$�$�$�$�$

�R�` �^�\�i �i�j�r �d�i�a�`�m �o�c�` �o�t�k�` �j�a �o�c�` �a�\�^�o�j�m�d�\�g �a�p�i�^�o�d�j�i�)

�#�m�p�i∗ �#�l�$
�#⊢ �#�$ �#�k�\�m�n�`�#�#�{�s�#λ �#!�$

�#λ �#�i�$
�#�d�a�#�u�`�m�j�: �i�$

�,
�#∗ �#! �#�n�p�]�, �i�$�$�i�$�$�$�$�$�0�$�$

�l�$�$⇒

�#�#�#�#�d�i�o�$�$�$�$

�R�` �^�\�i �\�g�n�j �b�`�i�`�m�\�o�` �k�\�d�m�n �j�a �`�s�k�m�`�n�n�d�j�i�n �\�i�_ �o�c�`�d�m �o�t�k�`�n�)

�#�m�p�i�,�. �#�l�$
�#�`�s�d�n�o�#�`�s�k �o�$

�#⊢ �#�#�$�$�`�s�k �o�$
�#≡ �#�#�`�s�k �o�$�$�l�$�$�$⇒
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�#�#�#�#�#�#�#�#�#�#�#�#�d�i�o�^�Z
0
�$�$�$�$�d�i�o�$�$�$�$

�#�#�#�#�#�#�#�#�]�j�j�g��̂Z
0
�$�$�$�$�]�j�j�g�$�$�$�$

�#�#�#�#�#�#�#�#�u�`�m�j�:�#�#�#�#�d�i�o�^�Z
0
�$�$�$�$�$�$�$�$�]�j�j�g�$�$�$�$

�#�#�#�#�#�#�#�#�n�p�]�,�#�#�#�#�d�i�o�^�Z
0
�$�$�$�$�$�$�$�$�d�i�o�$�$�$�$

�#�#�#�#�#�#�#�#�u�`�m�j�:�#�#�#�#�n�p�]�,�#�#�#�#�d�i�o�^�Z
0
�$�$�$�$�$�$�$�$�$�$�$�$�]�j�j�g�$�$�$�$

�#�#�#�#�#�#�#�#�n�p�]�,�#�#�#�#�n�p�]�,�#�#�#�#�d�i�o�^�Z
0
�$�$�$�$�$�$�$�$�$�$�$�$�d�i�o�$�$�$�$

�#�#�#�#�#�#�#�#�u�`�m�j�:�#�#�#�#�n�p�]�,�#�#�#�#�n�p�]�,�#�#�#�#�d�i�o�^�Z
0
�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�]�j�j�g�$�$�$�$

�#�#�#�#�#�#�#�#�n�p�]�,�#�#�#�#�n�p�]�,�#�#�#�#�n�p�]�,�#�#�#�#�d�i�o�^�Z
0
�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�d�i�o�$�$�$�$

�#�#�#�#�#�#�#�#�u�`�m�j�:�#�#�#�#�n�p�]�,�#�#�#�#�n�p�]�,�#�#�#�#�n�p�]�,�#�#�#�#�d�i�o�^�Z
0
�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�]�j�j�g�$�$�$�$

�#�#�#�#�#�#�#�#∗ �#�#�#�#�d�i�o�^�Z
0
�$�$�$�$ �#�#�#�#�d�i�o�^�Z

1
�$�$�$�$�$�$�$�$�d�i�o�$�$�$�$

�#�#�#�#�#�#�#�#�g�\�h�#�#�#�#�o�d�` �\�)�+�#�#�#�#�d�i�o�^�Z
0
�$�$�$�$�$�$�$�$�$�$�$�$ �#�#�#�#→ �Z

1
�d�i�o�$�$�$�$�$�$�$�$

�#�#�#�#�#�#�#�#�u�`�m�j�:�#�#�#�#∗ �#�#�#�#�d�i�o�^�Z
0
�$�$�$�$ �#�#�#�#�d�i�o�^�Z

1
�$�$�$�$�$�$�$�$�$�$�$�$�]�j�j�g�$�$�$�$

�#�#�#�#�#�#�#�#�g�\�h�#�#�#�#�o�d�` �\�)�+�#�#�#�#�q�\�m �\�)�+�$�$�$�$�$�$�$�$�$�$�$�$ �#�#�#�#→ �Z
0

�Z
0
�$�$�$�$�$�$�$�$�$�$�$�$

�A�j�m �`�s�\�h�k�g�`�' �o�c�` �g�\�n�o �\�i�n�r�`�m �n�c�j�r�n �o�c�\�o �o�c�` �d�_�`�i�o�d�o�t �a�p�i�^�o�d�j�i �c�\�n �o�t�k�` �#α → α�$�)

�O�c�d�n �`�i�_�n �o�c�` �d�i�o�m�j�_�p�^�o�d�j�i �o�jα�F�\�i�m�`�i�) �A�j�m �\�_�_�d�o�d�j�i�\�g �n�d�h�k�g�` �`�s�\�h�k�g�`�n �j�a �i�j�h�(

�d�i�\�g �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b�' �r�` �n�p�b�b�`�n�o�>�c�`�i�`�t �\�i�_ �P�m�]�\�i�#�-�+�+�3�$�'�>�c�`�i�`�t�#�-�+�+�/�\�$�'

�>�c�`�i�`�t �\�i�_ �P�m�]�\�i�#�-�+�+�/�$�'�P�m�]�\�i �`�o �\�g�)�#�-�+�+�/�$�' �\�i�_�G�\�f�d�i �\�i�_ �K�d�o�o�n�#�-�+�+�3�$�' �r�c�d�^�c

�\�m�` �\�g�n�j �`�s�^�`�g�g�`�i�o �^�c�j�d�^�`�n �a�j�m �p�i�_�`�m�n�o�\�i�_�d�i�b �o�c�` �o�c�`�j�m�t �j�a �i�j�h�d�i�\�g �g�j�b�d�^�)



�>�c�\�k�o�`�m �,�+

�<�k�k�g�d�^�\�o�d�j�i�n �D�D�5α�g�`�\�iTAP

�D�i �o�c�d�n �^�c�\�k�o�`�m �r�` �`�s�\�h�d�i�` �\ �n�`�^�j�i�_ �\�k�k�g�d�^�\�o�d�j�i �j�a �i�j�h�d�i�\�g �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b�'

�\ �_�`�^�g�\�m�\�o�d�q�` �o�c�`�j�m�`�h �k�m�j�q�`�m �a�j�m �{�m�n�o�(�j�m�_�`�m �^�g�\�n�n�d�^�\�g �g�j�b�d�^�) �R�` �^�\�g�g �o�c�d�n �k�m�j�q�`�m

α�g�`�\�iTAP �' �n�d�i�^�` �d�o �d�n �]�\�n�`�_ �j�i �o�c�`�g�`�\�iTAP �#�=�`�^�f�`�m�o �\�i�_ �K�j�n�`�b�b�\�,�4�4�0�$ �k�m�j�q�`�m �\�i�_

�r�m�d�o�o�`�i �d�iα�F�\�i�m�`�i�) �J�p�m �k�m�j�q�`�m �d�n �\ �m�`�g�\�o�d�j�i�' �r�d�o�c�j�p�o �h�j�_�` �m�`�n�o�m�d�^�o�d�j�i�n�6 �b�d�q�`�i �\

�g�j�b�d�^ �q�\�m�d�\�]�g�` �\�n �o�c�` �o�c�`�j�m�`�h �o�j �]�` �k�m�j�q�`�_�'α�g�`�\�iTAP �b�`�i�`�m�\�o�`�n�q�\�g�d�_ �o�c�`�j�m�`�h�n�)

�g�`�\�iTAP �d�n �\ �g�`�\�i �o�\�]�g�`�\�p�(�]�\�n�`�_ �o�c�`�j�m�`�h �k�m�j�q�`�m �a�j�m �{�m�n�o�(�j�m�_�`�m �g�j�b�d�^ �_�p�` �o�j�=�`�^�f�(

�`�m�o �\�i�_ �K�j�n�`�b�b�\�#�,�4�4�0�$�) �R�m�d�o�o�`�i �d�i �K�m�j�g�j�b�' �d�o �d�n �`�s�o�m�`�h�`�g�t �^�j�i�^�d�n�` �\�i�_ �d�n �^�\�k�\�]�g�` �j�a

�\ �c�d�b�c �m�\�o�` �j�a �d�i�a�`�m�`�i�^�`�)�g�`�\�iTAP �p�n�`�n �K�m�j�g�j�b�1�n �^�p�o �#���$ �d�i �o�c�m�`�` �j�a �d�o�n �{�q�` �^�g�\�p�n�`�n �d�i

�j�m�_�`�m �o�j �\�q�j�d�_ �i�j�i�_�`�o�`�m�h�d�i�d�n�h�' �\�i�_ �p�n�`�n�^�j�k�t�Z�o�`�m�h�*�-�o�j �h�\�f�` �^�j�k�d�`�n �j�a �p�i�d�q�`�m�n�\�g�g�t

�l�p�\�i�o�d�{�`�_ �a�j�m�h�p�g�\�n�) �<�g�o�c�j�p�b�c �=�`�^�f�`�m�o �\�i�_ �K�j�n�`�b�b�\ �o�\�f�` �\�_�q�\�i�o�\�b�` �j�a �K�m�j�g�j�b�1�n �p�i�d�(

�{�^�\�o�d�j�i �\�i�_ �]�\�^�f�o�m�\�^�f�d�i�b �a�`�\�o�p�m�`�n�' �o�c�`�d�m �p�n�` �j�a �o�c�` �d�h�k�p�m�` �^�p�o �\�i�_�^�j�k�t�Z�o�`�m�h�*�-

�h�\�f�`�n�g�`�\�iTAP �i�j�i�(�_�`�^�g�\�m�\�o�d�q�`�)

�D�i �o�c�d�n �^�c�\�k�o�`�m �r�` �o�m�\�i�n�g�\�o�`�g�`�\�iTAP �a�m�j�h �K�m�j�g�j�b �o�j �d�h�k�p�m�` �h�d�i�d�F�\�i�m�`�i�' �p�n�d�i�b

�h�\�o�^�ca �o�j �h�d�h�d�^ �K�m�j�g�j�b�1�n �^�p�o�' �\�i�_copy�(termo �o�j �h�d�h�d�^�^�j�k�t�Z�o�`�m�h�*�-�) �R�` �o�c�`�i

�,�-�+



�>�C�<�K�O�@�M �,�+�) �<�K�K�G�D�>�<�O�D�J�I�N �D�D�5α�G�@�<�ITAP �,�-�,

�n�c�j�r �c�j�r �o�j �`�g�d�h�d�i�\�o�` �o�c�`�n�` �d�h�k�p�m�` �j�k�`�m�\�o�j�m�n �a�m�j�h �j�p�m �o�m�\�i�n�g�\�o�d�j�i�) �O�j �`�g�d�h�d�i�\�o�`

�o�c�` �p�n�` �j�a�h�\�o�^�ca�' �r�` �d�i�o�m�j�_�p�^�` �\ �o�\�b�b�d�i�b �n�^�c�`�h�` �o�c�\�o �h�\�f�`�n �j�p�m �a�j�m�h�p�g�\�n �p�i�\�h�(

�]�d�b�p�j�p�n�) �O�j �`�g�d�h�d�i�\�o�` �o�c�` �p�n�` �j�acopy�(termo�' �r�` �p�n�` �n�p�]�n�o�d�o�p�o�d�j�i �d�i�n�o�`�\�_ �j�a �^�j�k�t�d�i�b

�o�`�m�h�n�) �P�i�d�q�`�m�n�\�g�g�t �l�p�\�i�o�d�{�`�_ �a�j�m�h�p�g�\�n �\�m�` �p�n�`�_ �\�n �o�`�h�k�g�\�o�`�n�' �m�\�o�c�`�m �o�c�\�i �d�i�n�o�\�i�(

�o�d�\�o�`�_ �_�d�m�`�^�o�g�t�6 �d�i�n�o�`�\�_ �j�a �m�`�k�m�`�n�`�i�o�d�i�b �p�i�d�q�`�m�n�\�g�g�t �l�p�\�i�o�d�{�`�_ �q�\�m�d�\�]�g�`�n �r�d�o�c �g�j�b�d�^

�q�\�m�d�\�]�g�`�n�' �r�` �p�n�` �o�c�` �i�j�h�n �j�a �i�j�h�d�i�\�g �g�j�b�d�^�) �R�` �o�c�`�i �p�n�` �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i �o�j

�r�m�d�o�` �\ �n�p�]�n�o�d�o�p�o�d�j�i �m�`�g�\�o�d�j�i �o�c�\�o �m�`�k�g�\�^�`�n �l�p�\�i�o�d�{�`�_ �q�\�m�d�\�]�g�`�n �r�d�o�c �g�j�b�d�^ �q�\�m�d�\�]�g�`�n�'

�g�`�\�q�d�i�b �o�c�` �j�m�d�b�d�i�\�g �o�`�h�k�g�\�o�` �p�i�o�j�p�^�c�`�_�)

�O�c�` �m�`�n�p�g�o�d�i�b �_�`�^�g�\�m�\�o�d�q�` �o�c�`�j�m�`�h �k�m�j�q�`�m �d�n �d�i�o�`�m�`�n�o�d�i�b �a�j�m �o�r�j �m�`�\�n�j�i�n�) �A�d�m�n�o�'

�]�`�^�\�p�n�` �j�a �o�c�` �o�`�^�c�i�d�l�p�` �p�n�`�_ �o�j �\�m�m�d�q�` �\�o �d�o�n �_�`�{�i�d�o�d�j�i�5 �r�` �p�n�` �_�`�^�g�\�m�\�o�d�q�` �n�p�]�n�o�d�(

�o�p�o�d�j�i �m�\�o�c�`�m �o�c�\�icopy�(termo�) �O�j �j�p�m �f�i�j�r�g�`�_�b�`�' �o�c�`�m�` �d�n �i�j �h�`�o�c�j�_ �a�j�m �^�j�k�t�d�i�b

�\�m�]�d�o�m�\�m�t �o�`�m�h�n �_�`�^�g�\�m�\�o�d�q�`�g�t�) �J�p�m �n�j�g�p�o�d�j�i �d�n �i�j�o �^�j�h�k�g�`�o�`�g�t �b�`�i�`�m�\�g �]�p�o �d�n �p�n�`�a�p�g

�r�c�`�i �\ �o�`�m�h �d�n �p�n�`�_ �\�n �\ �o�`�h�k�g�\�o�` �a�j�m �^�j�k�t�d�i�b�' �\�n �d�i �o�c�` �^�\�n�` �j�a�g�`�\�iTAP�) �N�`�^�j�i�_�'

�]�`�^�\�p�n�` �j�a �o�c�` �|�`�s�d�]�d�g�d�o�t �j�a �o�c�` �k�m�j�q�`�m �d�o�n�`�g�a�5α�g�`�\�iTAP �d�n �^�\�k�\�]�g�` �j�a �d�i�n�o�\�i�o�d�\�o�d�i�b

�i�j�i�(�b�m�j�p�i�_ �o�c�`�j�m�`�h�n �_�p�m�d�i�b �o�c�` �k�m�j�j�a �k�m�j�^�`�n�n�' �\�i�_ �\�^�^�`�k�o�n �i�j�i�(�b�m�j�p�i�_�k�m�j�j�a�n�' �\�n

�r�`�g�g�) �R�c�`�m�`�\�n�g�`�\�iTAP �d�n �a�p�g�g�t �\�p�o�j�h�\�o�`�_ �\�i�_ �`�d�o�c�`�m �n�p�^�^�`�`�_�n �j�m �a�\�d�g�n �o�j �k�m�j�q�`

�\ �b�d�q�`�i �o�c�`�j�m�`�h�'α�g�`�\�iTAP �^�\�i �\�^�^�`�k�o �b�p�d�_�\�i�^�` �a�m�j�h �o�c�` �p�n�`�m �d�i �o�c�` �a�j�m�h �j�a �\

�k�\�m�o�d�\�g�g�t�(�d�i�n�o�\�i�o�d�\�o�`�_ �k�m�j�j�a�' �m�`�b�\�m�_�g�`�n�n �j�a �r�c�`�o�c�`�m �o�c�` �o�c�`�j�m�`�h �d�n �b�m�j�p�i�_�)

�R�` �k�m�`�n�`�i�o �\�i �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�aα�g�`�\�iTAP �d�i �n�`�^�o�d�j�i�,�+�)�.�' �_�`�h�j�i�n�o�m�\�o�d�i�b �j�p�m

�o�`�^�c�i�d�l�p�` �a�j�m �`�g�d�h�d�i�\�o�d�i�b �^�p�o �\�i�_�^�j�k�t�Z�o�`�m�h�*�-�a�m�j�h�g�`�\�iTAP�) �J�p�m �d�h�k�g�`�h�`�i�o�\�o�d�j�i

�_�`�h�j�i�n�o�m�\�o�`�n �j�p�m �^�j�i�o�m�d�]�p�o�d�j�i�n�5 �{�m�n�o�' �d�o �d�g�g�p�n�o�m�\�o�`�n �\ �h�`�o�c�j�_ �a�j�m �`�g�d�h�d�i�\�o�d�i�b �^�j�h�(



�>�C�<�K�O�@�M �,�+�) �<�K�K�G�D�>�<�O�D�J�I�N �D�D�5α�G�@�<�ITAP �,�-�-

�h�j�i �d�h�k�p�m�` �j�k�`�m�\�o�j�m�n�' �\�i�_ �_�`�h�j�i�n�o�m�\�o�`�n �o�c�` �p�n�` �j�a �i�j�h�d�i�\�g �g�j�b�d�^ �a�j�m �m�`�k�m�`�n�`�i�o�d�i�b

�a�j�m�h�p�g�\�n �d�i �{�m�n�o�(�j�m�_�`�m �g�j�b�d�^�6 �n�`�^�j�i�_�' �d�o �n�c�j�r�n �o�c�\�o �o�c�` �o�\�]�g�`�\�p �k�m�j�^�`�n�n �^�\�i �]�` �m�`�k�m�`�(

�n�`�i�o�`�_ �\�n �\ �m�`�g�\�o�d�j�i �]�`�o�r�`�`�i �a�j�m�h�p�g�\�n �\�i�_ �o�c�`�d�m �o�\�]�g�`�\�p�s�6 �\�i�_ �o�c�d�m�_�' �d�o �_�`�h�j�i�n�o�m�\�o�`�n

�o�c�` �|�`�s�d�]�d�g�d�o�t �j�a �m�`�g�\�o�d�j�i�\�g �k�m�j�q�`�m�n �o�j �h�d�h�d�^ �o�c�` �a�p�g�g �n�k�`�^�o�m�p�h �j�a �o�c�`�j�m�`�h �k�m�j�q�`�m�n�'

�a�m�j�h �a�p�g�g�t �\�p�o�j�h�\�o�`�_ �o�j �a�p�g�g�t �_�`�k�`�i�_�`�i�o �j�i �o�c�` �p�n�`�m�)

�O�c�d�n �^�c�\�k�o�`�m �d�n �j�m�b�\�i�d�u�`�_ �\�n �a�j�g�g�j�r�n�) �D�i �n�`�^�o�d�j�i�,�+�)�,�r�` �_�`�n�^�m�d�]�` �o�c�` �^�j�i�^�`�k�o

�j�a �o�\�]�g�`�\�p �o�c�`�j�m�`�h �k�m�j�q�d�i�b�) �D�i �n�`�^�o�d�j�i�,�+�)�-�r�` �h�j�o�d�q�\�o�` �j�p�m �_�`�^�g�\�m�\�o�d�q�` �k�m�j�q�`�m �]�t

�`�s�\�h�d�i�d�i�b �d�o�n �_�`�^�g�\�m�\�o�d�q�` �k�m�j�k�`�m�o�d�`�n �\�i�_ �o�c�` �k�m�j�j�a�n �d�o �m�`�o�p�m�i�n�) �D�i �n�`�^�o�d�j�i�,�+�)�.�r�`

�k�m�`�n�`�i�o �o�c�` �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�aα�g�`�\�iTAP �' �\�i�_ �d�i �n�`�^�o�d�j�i�,�+�)�/�r�` �]�m�d�`�|�t �`�s�\�h�d�i�`

α�g�`�\�iTAP �1�n �k�`�m�a�j�m�h�\�i�^�`�) �A�\�h�d�g�d�\�m�d�o�t �r�d�o�c �o�\�]�g�`�\�p �o�c�`�j�m�`�h �k�m�j�q�d�i�b �r�j�p�g�_ �]�` �c�`�g�k�(

�a�p�g�6 �a�j�m �h�j�m�` �j�i �o�c�d�n �o�j�k�d�^�' �n�`�` �o�c�` �m�`�a�`�m�`�i�^�`�n �b�d�q�`�i �d�i �n�`�^�o�d�j�i�,�+�)�,�) �D�i �\�_�_�d�o�d�j�i�' �\

�m�`�\�_�d�i�b �f�i�j�r�g�`�_�b�` �j�a �K�m�j�g�j�b �r�j�p�g�_ �]�` �p�n�`�a�p�g�' �]�p�o �d�n �i�j�o �i�`�^�`�n�n�\�m�t�6 �a�j�m �m�`�\�_�`�m�n �p�i�(

�a�\�h�d�g�d�\�m �r�d�o�c �K�m�j�g�j�b�' �^�\�m�`�a�p�g�g�t �a�j�g�g�j�r�d�i�b �o�c�` �h�d�i�d�F�\�i�m�`�i �\�i�_α�F�\�i�m�`�i �^�j�_�` �n�c�j�p�g�_

�]�` �n�p�z�d�^�d�`�i�o �a�j�m �p�i�_�`�m�n�o�\�i�_�d�i�b �\�g�g �o�c�` �d�_�`�\�n �d�i �o�c�d�n �^�c�\�k�o�`�m�)

�,�+�)�, �O�\�]�g�`�\�p �O�c�`�j�m�`�h �K�m�j�q�d�i�b

�R�` �]�`�b�d�i �r�d�o�c �\�i �d�i�o�m�j�_�p�^�o�d�j�i �o�j �o�\�]�g�`�\�p �o�c�`�j�m�`�h �k�m�j�q�d�i�b �\�i�_ �d�o�n �d�h�k�g�`�h�`�i�o�\�o�d�j�i

�d�i�g�`�\�iTAP�)

�O�\�]�g�`�\�p �d�n �\ �h�`�o�c�j�_ �j�a �k�m�j�q�d�i�b �{�m�n�o�(�j�m�_�`�m �o�c�`�j�m�`�h�n �o�c�\�o �r�j�m�f�n �]�t �m�`�a�p�o�d�i�b

�o�c�` �o�c�`�j�m�`�h�1�n �i�`�b�\�o�d�j�i�) �D�i �j�p�m �_�`�n�^�m�d�k�o�d�j�i �r�` �\�n�n�p�h�` �]�\�n�d�^ �f�i�j�r�g�`�_�b�` �j�a �{�m�n�o�(

�j�m�_�`�m �g�j�b�d�^�6 �a�j�m �^�j�q�`�m�\�b�` �j�a �o�c�d�n �n�p�]�e�`�^�o �\�i�_ �\ �h�j�m�` �^�j�h�k�g�`�o�` �_�`�n�^�m�d�k�o�d�j�i �j�a �o�\�]�g�`�\�p

�k�m�j�q�d�i�b�' �n�`�`�A�d�o�o�d�i�b�#�,�4�4�1�$�) �A�j�m �n�d�h�k�g�d�^�d�o�t�' �r�` �^�j�i�n�d�_�`�m �j�i�g�t �a�j�m�h�p�g�\�n �d�i �N�f�j�g�`�h�d�u�`�_



�>�C�<�K�O�@�M �,�+�) �<�K�K�G�D�>�<�O�D�J�I�N �D�D�5α�G�@�<�ITAP �,�-�.

�i� �̀b�\�o�d�j�i �i�j�m�h�\�g �a�j�m�h�#�I�I�A�$�) �>�j�i�q�`�m�o�d�i�b �\ �a�j�m�h�p�g�\ �o�j �o�c�d�n �a�j�m�h �m�`�l�p�d�m�`�n �m�`�h�j�q�d�i�b

�`�s�d�n�o�`�i�o�d�\�g �l�p�\�i�o�d�{�`�m�n �o�c�m�j�p�b�c �N�f�j�g�`�h�d�u�\�o�d�j�i�' �m�`�_�p�^�d�i�b �g�j�b�d�^�\�g �^�j�i�i�`�^�o�d�q�`�n �n�j �o�c�\�o

�j�i�g�t∧�'∨�' �\�i�_¬ �m�`�h�\�d�i�' �\�i�_ �k�p�n�c�d�i�b �i�`�b�\�o�d�j�i�n �d�i�r�\�m�_ �p�i�o�d�g �o�c�`�t �\�m�` �\�k�k�g�d�`�_ �j�i�g�t

�o�j �g�d�o�`�m�\�g�n�.�n�`�` �n�`�^�o�d�j�i �. �j�a�=�`�^�f�`�m�o �\�i�_ �K�j�n�`�b�b�\�#�,�4�4�0�$ �a�j�m �_�`�o�\�d�g�n�)

�O�j �a�j�m�h �\ �o�\�]�g�`�\�p�' �\ �^�j�h�k�j�p�i�_ �a�j�m�h�p�g�\ �d�n �`�s�k�\�i�_�`�_ �d�i�o�j �]�m�\�i�^�c�`�n �m�`�^�p�m�n�d�q�`�g�t

�p�i�o�d�g �i�j �^�j�h�k�j�p�i�_ �a�j�m�h�p�g�\�n �m�`�h�\�d�i�) �O�c�` �g�`�\�q�`�n �j�a �o�c�d�n �o�m�`�` �n�o�m�p�^�o�p�m�` �\�m�` �m�`�a�`�m�m�`�_ �o�j

�\�n�g�d�o�`�m�\�g�n�) �g�`�\�iTAP �a�j�m�h�n �\�i�_ �`�s�k�\�i�_�n �o�c�` �o�\�]�g�`�\�p �\�^�^�j�m�_�d�i�b �o�j �o�c�` �a�j�g�g�j�r�d�i�b �m�p�g�`�n�)

�R�c�`�i �o�c�` �k�m�j�q�`�m �`�i�^�j�p�i�o�`�m�n �\ �^�j�i�e�p�i�^�o�d�j�ix ∧ y�' �d�o �`�s�k�\�i�_�n �]�j�o�cx �\�i�_ y �j�i �o�c�`

�n�\�h�` �]�m�\�i�^�c�) �R�c�`�i �o�c�` �k�m�j�q�`�m �`�i�^�j�p�i�o�`�m�n �\ �_�d�n�e�p�i�^�o�d�j�ix ∨ y�' �d�o �n�k�g�d�o�n �o�c�` �o�\�]�g�`�\�p

�\�i�_ �`�s�k�\�i�_�nx �\�i�_y �j�i �n�`�k�\�m�\�o�` �]�m�\�i�^�c�`�n�) �J�i�^�` �\ �a�j�m�h�p�g�\ �c�\�n �]�`�`�i �a�p�g�g�t �`�s�k�\�i�_�`�_

�d�i�o�j �\ �o�\�]�g�`�\�p�' �d�o �^�\�i �]�` �k�m�j�q�`�_ �p�i�n�\�o�d�n�{�\�]�g�` �d�a �j�i �`�\�^�c �]�m�\�i�^�c �j�a �o�c�` �o�\�]�g�`�\�p �o�c�`�m�`

�`�s�d�n�o �o�r�j �^�j�h�k�g�`�h�`�i�o�\�m�t �g�d�o�`�m�\�g�na �\�i�_¬a �#�`�\�^�c �]�m�\�i�^�c �d�n�^�g�j�n� �̀_�$�) �D�i �o�c�` �^�\�n�` �j�a

�k�m�j�k�j�n�d�o�d�j�i�\�g �g�j�b�d�^�' �n�t�i�o�\�^�o�d�^ �^�j�h�k�\�m�d�n�j�i �d�n �n�p�z�d�^�d�`�i�o �o�j �{�i�_ �^�j�h�k�g�`�h�`�i�o�\�m�t �g�d�o�`�m�\�g�n�6

�d�i �{�m�n�o�(�j�m�_�`�m �g�j�b�d�^�' �n�j�p�i�_ �p�i�d�{�^�\�o�d�j�i �h�p�n�o �]�` �p�n�`�_�) �< �^�g�j�n�`�_ �o�\�]�g�`�\�p �m�`�k�m�`�n�`�i�o�n �\

�k�m�j�j�a �o�c�\�o �o�c�` �j�m�d�b�d�i�\�g �a�j�m�h�p�g�\ �d�n �p�i�n�\�o�d�n�{�\�]�g�`�)

�O�c�` �\�_�_�d�o�d�j�i �j�a �p�i�d�q�`�m�n�\�g �l�p�\�i�o�d�{�`�m�n �h�\�f�`�n �o�c�` �`�s�k�\�i�n�d�j�i �k�m�j�^�`�n�n �h�j�m�` �^�j�h�k�g�d�(

�^�\�o�`�_�) �O�j �k�m�j�q�` �\ �p�i�d�q�`�m�n�\�g�g�t �l�p�\�i�o�d�{�`�_ �a�j�m�h�p�g�\∀x.M �' �g�`�\�iTAP �b�`�i�`�m�\�o�`�n �\ �g�j�b�d�^

�q�\�m�d�\�]�g�`v �\�i�_ �`�s�k�\�i�_�nM �' �m�`�k�g�\�^�d�i�b �\�g�g �j�^�^�p�m�m�`�i�^�`�n �j�ax �r�d�o�cv �#�d�)�`�)�' �d�o �`�s�k�\�i�_�n

M ′ �r�c�`�m�M̀ ′ = M [v/x]�$�) �D�a�g�`�\�iTAP �d�n �p�i�\�]�g�` �o�j �^�g�j�n�` �o�c�` �^�p�m�m�`�i�o �]�m�\�i�^�c �\�a�o�`�m �o�c�d�n

�`�s�k�\�i�n�d�j�i�' �d�o �c�\�n �o�c�` �j�k�o�d�j�i �j�a �b�`�i�`�m�\�o�d�i�b �\�i�j�o�c�`�m �g�j�b�d�^ �q�\�m�d�\�]�g�` �\�i�_ �`�s�k�\�i�_�d�i�b �o�c�`

�j�m�d�b�d�i�\�g �a�j�m�h�p�g�\ �\�b�\�d�i�) �R�c�`�i �o�c�` �k�m�j�q�`�m �`�s�k�\�i�_�n �o�c�` �p�i�d�q�`�m�n�\�g�g�t �l�p�\�i�o�d�{�`�_ �a�j�m�h�p�g�\
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∀x.F (x) ∧ (¬F (�\) ∨ ¬F (�]))�' �a�j�m �`�s�\�h�k�g�`�'∀x.F (x) �h�p�n�o �]�` �`�s�k�\�i�_�`�_ �o�r�d�^�`�' �n�d�i�^�`x

�^�\�i�i�j�o �]�` �d�i�n�o�\�i�o�d�\�o�`�_ �o�j �]�j�o�c�\ �\�i�_ �]�)

�,�+�)�- �D�i�o�m�j�_�p�^�d�i�bα�g�`�\�iTAP

�R�` �]�`�b�d�i �]�t �k�m�`�n�`�i�o�d�i�b �n�j�h�` �`�s�\�h�k�g�`�n �j�aα�g�`�\�iTAP �1�n �\�]�d�g�d�o�d�`�n�' �]�j�o�c �d�i �k�m�j�q�d�i�b

�b�m�j�p�i�_ �o�c�`�j�m�`�h�n �\�i�_ �d�i �b�`�i�`�m�\�o�d�i�b �o�c�`�j�m�`�h�n�) �R�` �\�g�n�j �`�s�k�g�j�m�` �o�c�` �k�m�j�j�a�n �b�`�i�`�m�\�o�`�_

�]�t α�g�`�\�iTAP �' �\�i�_ �n�c�j�r �c�j�r �k�\�n�n�d�i�b �k�\�m�o�d�\�g�g�t�(�d�i�n�o�\�i�o�d�\�o�`�_ �k�m�j�j�a�n �o�j �o�c�` �k�m�j�q�`�m �^�\�i

�b�m�`�\�o�g�t �d�h�k�m�j�q�` �d�o�n �k�`�m�a�j�m�h�\�i�^�`�)

�,�+�)�-�)�, �M�p�i�i�d�i�b �A�j�m�r�\�m�_�n

�=�j�o�c�g�`�\�iTAP �\�i�_α�g�`�\�iTAP �^�\�i �k�m�j�q�` �b�m�j�p�i�_ �o�c�`�j�m�`�h�n�6 �d�i �\�_�_�d�o�d�j�i�'α�g�`�\�iTAP �k�m�j�(

�_�p�^�`�n �\ �k�m�j�j�a�) �O�c�d�n �k�m�j�j�a �d�n �\ �g�d�n�o �m�`�k�m�`�n�`�i�o�d�i�b �o�c�` �n�o�`�k�n �o�\�f�`�i �o�j �]�p�d�g�_ �\ �^�g�j�n�`�_

�o�\�]�g�`�\�p �a�j�m �o�c�` �o�c�`�j�m�`�h�6�K�\�p�g�n�j�i�#�,�4�4�4�$ �c�\�n �n�c�j�r�i �o�c�\�o �o�m�\�i�n�g�\�o�d�j�i �o�j �\ �h�j�m�` �n�o�\�i�(

�_�\�m�_ �a�j�m�h�\�o �d�n �k�j�n�n�d�]�g�`�) �N�d�i�^�` �\ �^�g�j�n�`�_ �o�\�]�g�`�\�p �m�`�k�m�`�n�`�i�o�n �\�i �p�i�n�\�o�d�n�{�\�]�g�` �a�j�m�h�p�g�\�'

�n�p�^�c �\ �g�d�n�o �j�a �n�o�`�k�n �k�m�j�q�`�n �o�c�\�o �o�c�` �i�`�b�\�o�d�j�i �j�a �o�c�` �a�j�m�h�p�g�\ �d�n �q�\�g�d�_�) �D�a �o�c�` �g�d�n�o �j�a

�n�o�`�k�n �d�n �b�m�j�p�i�_�' �o�c�` �k�m�j�j�a �n�`�\�m�^�c �]�`�^�j�h�`�n �_�`�o�`�m�h�d�i�d�n�o�d�^�' �\�i�_α�g�`�\�iTAP �\�^�o�n �\�n �\

�k�m�j�j�a �^�c�`�^�f�`�m�)

�g�`�\�iTAP �`�i�^�j�_�`�n �{�m�n�o�(�j�m�_�`�m �a�j�m�h�p�g�\�n �p�n�d�i�b �K�m�j�g�j�b �o�`�m�h�n�) �A�j�m �`�s�\�h�k�g�`�' �o�c�`

�o�`�m�h�#�k�#�]�$�'�\�g�g�#�S�'�#�(�k�#�S�$�6�k�#�n�#�S�$�$�$�$�$�m�`�k�m�`�n�`�i�o�np(�]) ∧ ∀x.¬p(x) ∨ p(s(x))�) �D�i

�j�p�m �k�m�j�q�`�m�' �r�` �m�`�k�m�`�n�`�i�o �a�j�m�h�p�g�\�n �p�n�d�i�b �N�^�c�`�h�` �g�d�n�o�n �r�d�o�c �`�s�o�m�\ �o�\�b�n�5

�#�#�#�#�\�i�_�#�#�#�#�k�j�n�#�#�#�#�\�k�k �k�#�#�#�#�\�k�k �]�$�$�$�$�$�$�$�$�$�$�$�$ �#�#�#�#�a�j�m�\�g�g�#�#�#�#◃▹ �\ �#�#�#�#�j�m�#�#�#�#�i�`�b�#�#�#�#�\�k�k �k�#�#�#�#�q�\�m�\�$�$�$�$�$�$�$�$�$�$�$�$
�#�#�#�#�k�j�n�#�#�#�#�\�k�k �k�#�#�#�#�\�k�k �n�#�#�#�#�q�\�m�\�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$
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�>�j�i�n�d�_�`�m �K�`�g�g�`�o�d�`�m �K�m�j�]�g�`�h �,�3 �#�K�`�g�g�`�o�d�`�m�,�4�3�1�$�5∃y.∀x.F (y) ⇒ F (x)�) �O�j �k�m�j�q�`

�o�c�d�n �o�c�`�j�m�`�h �d�iα�g�`�\�iTAP �' �r�` �o�m�\�i�n�a�j�m�h �d�o �d�i�o�j �o�c�` �a�j�g�g�j�r�d�i�b�i� �̀b�\�o�d�j�i�j�a �o�c�` �I�I�A�5

�#�#�#�#�a�j�m�\�g�g�#�#�#�#◃▹ �\ �#�#�#�#�\�i�_�#�#�#�#�k�j�n�#�#�#�#�\�k�k �a�#�#�#�#�q�\�m�\�$�$�$�$�$�$�$�$�$�$�$�$ �#�#�#�#�i�`�b�#�#�#�#�\�k�k �a�#�#�#�#�\�k�kg1 �#�#�#�#�q�\�m�\�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$

�r�c�`�m�`�#�#�\�k�kg1 �#�#�q�\�m�\�$�$�$�$�m�`�k�m�`�n�`�i�o�n �o�c�` �\�k�k�g�d�^�\�o�d�j�i �j�a �\ �N�f�j�g�`�h �a�p�i�^�o�d�j�i �o�j �o�c�` �p�i�d�q�`�m�(

�n�\�g�g�t �l�p�\�i�o�d�{�`�_ �q�\�m�d�\�]�g�`a�) �K�\�n�n�d�i�b �o�c�d�n �a�j�m�h�p�g�\ �o�j �o�c�` �k�m�j�q�`�m�' �r�` �j�]�o�\�d�i �o�c�` �k�m�j�j�a

�#�#�p�i�d�q �^�j�i�e �n�\�q�`�a�h�g �n�\�q�`�a�h�g �p�i�d�q �^�j�i�e �^�g�j�n�`�$�$�) �O�c�d�n �k�m�j�j�a �g�d�n�o�n �o�c�` �n�o�`�k�n �o�c�` �k�m�j�q�`�m

�#�k�m�`�n�`�i�o�`�_ �d�i �n�`�^�o�d�j�i�,�+�)�.�)�.�$ �a�j�g�g�j�r�n �o�j �^�g�j�n�` �o�c�` �o�\�]�g�`�\�p�) �=�`�^�\�p�n�` �]�j�o�c �^�j�i�e�p�i�^�o�n �j�a

�o�c�` �a�j�m�h�p�g�\ �^�j�i�o�\�d�i �o�c�` �i�j�ha�' �r�` �h�p�n�o �`�s�k�\�i�_ �o�c�` �p�i�d�q�`�m�n�\�g�g�t �l�p�\�i�o�d�{�`�_ �a�j�m�h�p�g�\

�h�j�m�` �o�c�\�i �j�i�^�`�)

�K�\�m�o�d�\�g�g�t �d�i�n�o�\�i�o�d�\�o�d�i�b �o�c�` �k�m�j�j�a �c�`�g�k�nα�g�`�\�iTAP �k�m�j�q�` �o�c�`�j�m�`�h�n �r�d�o�c �n�d�h�d�g�\�m

�n�p�]�k�\�m�o�n�) �R�` �^�\�i �^�m�`�\�o�` �\ �i�j�i�(�b�m�j�p�i�_ �k�m�j�j�a �o�c�\�o �_�`�n�^�m�d�]�`�n �d�i �b�`�i�`�m�\�g �c�j�r �o�j �k�m�j�q�`

�o�c�` �n�p�]�k�\�m�o�n �\�i�_ �c�\�q�`α�g�`�\�iTAP �{�g�g �d�i �o�c�` �o�m�d�q�d�\�g �_�d�z�`�m�`�i�^�`�n�) �O�c�d�n �^�\�i �n�k�`�`�_ �p�k

�o�c�` �n�`�\�m�^�c �a�j�m �\ �k�m�j�j�a �^�j�i�n�d�_�`�m�\�]�g�t�) �=�t �d�i�n�k�`�^�o�d�i�b �o�c�` �i�`�b�\�o�`�_ �I�I�A �j�a �K�`�g�g�`�o�d�`�m

�K�m�j�]�g�`�h �-�,�' �a�j�m �`�s�\�h�k�g�`�' �r�` �^�\�i �n�`�` �o�c�\�o �o�c�`�m�` �\�m�` �\�o �g�`�\�n�o �o�r�j �k�j�m�o�d�j�i�n �j�a �o�c�`

�o�c�`�j�m�`�h �o�c�\�o �r�d�g�g �c�\�q�` �o�c�` �n�\�h�` �k�m�j�j�a�) �=�t �n�k�`�^�d�a�t�d�i�b �o�c�` �n�o�m�p�^�o�p�m�` �j�a �o�c�` �{�m�n�o �k�\�m�o

�j�a �o�c�` �k�m�j�j�a �\�i�_ �^�j�i�n�o�m�\�d�i�d�i�b �o�c�` �d�_�`�i�o�d�^�\�g �k�j�m�o�d�j�i�n �]�t �p�n�d�i�b �o�c�` �n�\�h�` �g�j�b�d�^ �q�\�m�d�\�]�g�`

�o�j �m�`�k�m�`�n�`�i�o �]�j�o�c�' �r�` �^�\�i �b�d�q�` �o�c�` �k�m�j�q�`�m �n�j�h�` �b�p�d�_�\�i�^�` �r�d�o�c�j�p�o �n�k�`�^�d�a�t�d�i�b �o�c�`

�r�c�j�g�` �k�m�j�j�a�) �R�` �k�\�n�n �o�c�` �a�j�g�g�j�r�d�i�b �i�j�i�(�b�m�j�p�i�_ �k�m�j�j�a �o�jα�g�`�\�iTAP �5

�#�#�#�#�^�j�i�e �p�i�d�q �n�k�g�d�o�#�#�#�#�^�j�i�e �n�\�q�`�a�h�g �n�\�q�`�a�h�g �^�j�i�e �n�k�g�d�o�s �s�$�$�$�$
�#�#�#�#�^�j�i�e �n�\�q�`�a�h�g �n�\�q�`�a�h�g �^�j�i�e �n�k�g�d�o�#�#�#�#�^�g�j�n�`�$�$�$�$ �#�#�#�#�n�\�q�`�a�h�g �n�k�g�d�o�t �t�$�$�$�$�$�$�$�$�$�$�$�$
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�J�i �j�p�m �o�`�n�o �h�\�^�c�d�i�`�' �j�p�m �k�m�j�q�`�m �n�j�g�q�`�n �o�c�` �j�m�d�b�d�i�\�g �k�m�j�]�g�`�h �r�d�o�c �i�j �c�`�g�k �d�i �1�3

�h�d�g�g�d�n�`�^�j�i�_�n �#�h�n�$�6 �b�d�q�`�i �o�c�` �f�i�j�r�g�`�_�b�` �o�c�\�o �o�c�` �g�\�o�`�m �k�\�m�o�n �j�a �o�c�` �k�m�j�j�a �r�d�g�g �]�`

�_�p�k�g�d�^�\�o�`�_�' �o�c�` �k�m�j�q�`�m �o�\�f�`�n �j�i�g�t �-�2 �h�n�) �O�c�d�n �o�`�^�c�i�d�l�p�` �\�g�n�j �t�d�`�g�_�n �d�h�k�m�j�q�`�h�`�i�o

�r�c�`�i �\�k�k�g�d�`�_ �o�j �K�`�g�g�`�o�d�`�m �K�m�j�]�g�`�h �/�.�5 �d�i�n�k�`�^�o�d�i�b �o�c�` �i�`�b�\�o�`�_ �I�I�A �j�a �o�c�` �a�j�m�h�p�g�\�'

�r�` �n�`�` �o�r�j �k�\�m�o�n �o�c�\�o �g�j�j�f �i�`�\�m�g�t �d�_�`�i�o�d�^�\�g�) �O�c�` �{�m�n�o �k�\�m�o �j�a �o�c�` �i�`�b�\�o�`�_ �I�I�A�.�o�c�`

�k�\�m�o �m�`�k�m�`�n�`�i�o�d�i�b �o�c�` �o�c�`�j�m�`�h �d�o�n�`�g�a�.�c�\�n �o�c�` �a�j�g�g�j�r�d�i�b �a�j�m�h�5

�#�#�#�#�\�i�_�#�#�#�#�j�m�#�#�#�#�\�i�_�#�#�#�#�i�`�b�#�#�#�#�\�k�k �L�#�#�#�#�\�k�kg4�$�$�$�$ �#�#�#�#�\�k�kg3�$�$�$�$�$�$�$�$�$�$�$�$
�#�#�#�#�k�j�n�#�#�#�#�\�k�k �L�#�#�#�#�\�k�kg3�$�$�$�$ �#�#�#�#�\�k�kg4�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$

�#�#�#�#�\�i�_�#�#�#�#�k�j�n�#�#�#�#�\�k�k �L�#�#�#�#�\�k�kg4�$�$�$�$ �#�#�#�#�\�k�kg3�$�$�$�$�$�$�$�$�$�$�$�$
�#�#�#�#�i�`�b�#�#�#�#�\�k�k �L�#�#�#�#�\�k�kg3�$�$�$�$ �#�#�#�#�\�k�kg4�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$�$. . .�$�$�$�$

�N�d�i�^�` �r�` �n�p�n�k�`�^�o �o�c�\�o �o�c�` �n�\�h�` �k�m�j�j�a �h�d�b�c�o �n�p�z�d�^�` �a�j�m �]�j�o�c �]�m�\�i�^�c�`�n �j�a �o�c�` �o�c�`�j�m�`�h�'

�r�` �b�d�q�` �o�c�` �k�m�j�q�`�m �o�c�` �k�\�m�o�d�\�g�g�t�(�d�i�n�o�\�i�o�d�\�o�`�_ �k�m�j�j�a�#�#�^�j�i�e �n�k�g�d�o�s �s�$�$�) �B�d�q�`�i �e�p�n�o �o�c�d�n

�n�h�\�g�g �\�h�j�p�i�o �j�a �c�`�g�k�'α�g�`�\�iTAP �k�m�j�q�`�n �o�c�` �o�c�`�j�m�`�h �d�i �2�-�+ �h�n�' �^�j�h�k�\�m�`�_ �o�j �,�)�0

�n�`�^�j�i�_�n �r�c�`�i �o�c�` �k�m�j�q�`�m �c�\�n �i�j �c�`�g�k �\�o �\�g�g�) �R�c�d�g�` �n�d�o�p�\�o�d�j�i�n �d�i �r�c�d�^�c �g�\�m�b�` �k�\�m�o�n

�j�a �\ �k�m�j�j�a �\�m�` �d�_�`�i�o�d�^�\�g �\�m�` �m�\�m�`�' �o�c�d�n �o�`�^�c�i�d�l�p�` �\�g�n�j �\�g�g�j�r�n �p�n �o�j �c�\�i�_�g�` �n�d�o�p�\�o�d�j�i�n

�d�i �r�c�d�^�c �_�d�z�`�m�`�i�o �k�\�m�o�n �j�a �\ �k�m�j�j�a �\�m�` �h�`�m�`�g�t �n�d�h�d�g�\�m �]�t �d�i�n�o�\�i�o�d�\�o�d�i�b �\�n �h�p�^�c �j�m �\�n

�g�d�o�o�g�` �j�a �o�c�` �k�m�j�j�a �\�n �i�`�^�`�n�n�\�m�t�)

�,�+�)�-�)�- �M�p�i�i�d�i�b �=�\�^�f�r�\�m�_�n

�P�i�g�d�f�`�g�`�\�iTAP�' α�g�`�\�iTAP �^�\�i �b�`�i�`�m�\�o�` �q�\�g�d�_ �o�c�`�j�m�`�h�n�) �N�j�h�` �d�i�o�`�m�k�m�`�o�\�o�d�j�i �j�a �o�c�`

�m�`�n�p�g�o�n �d�n �m�`�l�p�d�m�`�_ �n�d�i�^�` �o�c�` �o�c�`�j�m�`�h�n �b�`�i�`�m�\�o�`�_ �\�m�` �i�`�b�\�o�`�_ �a�j�m�h�p�g�\�n �d�i �I�I�A�)�, �D�i

�o�c�` �`�s�\�h�k�g�`

�, �O�c�` �a�p�g�g �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�aα�g�`�\�iTAP �d�i�^�g�p�_�`�n �\ �n�d�h�k�g�` �_�`�^�g�\�m�\�o�d�q�` �o�m�\�i�n�g�\�o�j�m �a�m�j�h �i�`�b�\�o�`�_
�I�I�A �o�j �\ �k�j�n�d�o�d�q�` �a�j�m�h�)
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�#�m�p�i�, �#�l�$ �#�`�s�d�n�o�#�s�$ �#proveo �l �#�#�$�$ �#�#�$�$ �#�#�$�$�s�$�$�$

⇒ �#�#�#�#�\�i�_�#�#�k�j�n�#�#�\�k�k�Z
0
�$�$�$�$ �#�#�i�`�b�#�#�\�k�k�Z

0
�$�$�$�$�$�$�$�$

�o�c�` �m�`�d�{�`�_ �g�j�b�d�^ �q�\�m�d�\�]�g�` �Z
0

�m�`�k�m�`�n�`�i�o�n �\�i�t �{�m�n�o�(�j�m�_�`�m �a�j�m�h�p�g�\p�' �\�i�_ �o�c�` �`�i�o�d�m�`

�\�i�n�r�`�m �m�`�k�m�`�n�`�i�o�n �o�c�` �a�j�m�h�p�g�\p ∧ ¬p�) �I�`�b�\�o�d�i�b �o�c�d�n �a�j�m�h�p�g�\ �t�d�`�g�_�n �o�c�` �j�m�d�b�d�i�\�g

�o�c�`�j�m�`�h�5¬p∨ p�' �j�m �o�c�` �g�\�r �j�a �`�s�^�g�p�_�`�_ �h�d�_�_�g�`�) �R�` �^�\�i �\�g�n�j �b�`�i�`�m�\�o�` �h�j�m�` �^�j�h�k�g�d�(

�^�\�o�`�_ �o�c�`�j�m�`�h�n�6 �c�`�m�` �r�` �p�n�` �o�c�` �3�b�`�i�`�m�\�o�` �\�i�_ �o�`�n�o�4 �d�_�d�j�h �o�j �{�i�_ �o�c�` �{�m�n�o �o�c�`�j�m�`�h

�h�\�o�^�c�d�i�b �o�c�` �i�`�b�\�o�`�_ �I�I�A �j�a �o�c�` �d�i�a�`�m�`�i�^�` �m�p�g�`�h�j�_�p�n �k�j�i�`�i�n�5

�#�m�p�i�, �#�l�$
�#�`�s�d�n�o�#�s�$

�#proveo �s �#�#�$�$ �#�#�$�$ �#�#�$�$�l�$
�#≡ �#�#�\�i�_�#�#�\�i�_�#�#�j�m�#�#�i�`�b�#�#�\�k�k �\�$�$�$�$ �#�#�k�j�n�#�#�\�k�k �]�$�$�$�$�$�$ �#�#�k�j�n�#�#�\�k�k �\�$�$�$�$�$�$ �#�#�i�`�b�#�#�\�k�k �]�$�$�$�$�$�$

�s�$�$�$

⇒ �#�#�#�#�^�j�i�e �^�j�i�e �n�k�g�d�o�#�#�n�\�q�`�a�h�g �^�g�j�n�`�$�$ �#�#�n�\�q�`�a�h�g �n�\�q�`�a�h�g �^�g�j�n�`�$�$�$�$�$�$

�O�c�d�n �k�m�j�^�`�n�n �o�\�f�`�n �\�]�j�p�o �0�)�, �n�`�^�j�i�_�n�6�h�j�_�p�n �k�j�i�`�i�n�d�n �o�c�` �,�2�.�m�_ �o�c�`�j�m�`�h �o�j �]�`

�b�`�i�`�m�\�o�`�_�' �\�i�_ �o�c�` �k�m�j�q�`�m �\�g�n�j �b�`�i�`�m�\�o�`�n �\ �k�m�j�j�a �j�a �d�o�n �q�\�g�d�_�d�o�t�) �R�c�`�i �o�c�d�n �k�m�j�j�a �d�n

�b�d�q�`�i �o�jα�g�`�\�iTAP �' �h�j�_�p�n �k�j�i�`�i�n�d�n �o�c�` �n�d�s�o�c �o�c�`�j�m�`�h �b�`�i�`�m�\�o�`�_�' �\�i�_ �o�c�` �k�m�j�^�`�n�n

�o�\�f�`�n �j�i�g�t �-�+ �h�n�)

�O�c�p�n �o�c�` �_�`�^�g�\�m�\�o�d�q�` �i�\�o�p�m�` �j�aα�g�`�\�iTAP �d�n �p�n�`�a�p�g �]�j�o�c �a�j�m �b�`�i�`�m�\�o�d�i�b �o�c�`�j�m�`�h�n

�\�i�_ �a�j�m �k�m�j�_�p�^�d�i�b �k�m�j�j�a�n�) �?�p�` �o�j �o�c�d�n �|�`�s�d�]�d�g�d�o�t�'α�g�`�\�iTAP �^�j�p�g�_ �]�`�^�j�h�` �o�c�` �^�j�m�` �j�a

�\ �g�\�m�b�`�m �k�m�j�j�a �n�t�n�o�`�h�) �<�p�o�j�h�\�o�`�_ �o�c�`�j�m�`�h �k�m�j�q�`�m�n �g�d�f�`�g�`�\�iTAP �\�m�` �g�d�h�d�o�`�_ �d�i �o�c�`

�^�j�h�k�g�`�s�d�o�t �j�a �o�c�` �k�m�j�]�g�`�h�n �o�c�`�t �^�\�i �n�j�g�q�`�' �]�p�o �b�d�q�`�i �o�c�` �\�]�d�g�d�o�t �o�j �\�^�^�`�k�o �\�n�n�d�n�o�\�i�^�`

�a�m�j�h �o�c�` �p�n�`�m�' �h�j�m�` �k�m�j�]�g�`�h�n �]�`�^�j�h�` �o�m�\�^�o�\�]�g�`�)
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�<�n �\�i �`�s�\�h�k�g�`�' �^�j�i�n�d�_�`�m �K�`�g�g�`�o�d�`�m �K�m�j�]�g�`�h �/�2�5 �N�^�c�p�]�`�m�o�1�n �N�o�`�\�h�m�j�g�g�`�m�) �O�c�d�n

�k�m�j�]�g�`�h �d�n �_�d�z�d�^�p�g�o �a�j�m �o�\�]�g�`�\�p�(�]�\�n�`�_ �k�m�j�q�`�m�n �g�d�f�`�g�`�\�iTAP �\�i�_α�g�`�\�iTAP �' �\�i�_ �i�`�d�o�c�`�m

�^�\�i �n�j�g�q�` �d�o �\�p�o�j�h�\�o�d�^�\�g�g�t �#�=�`�^�f�`�m�o �\�i�_ �K�j�n�`�b�b�\�,�4�4�0�$�) �B�d�q�`�i �n�j�h�` �c�`�g�k�' �c�j�r�`�q�`�m�'

α�g�`�\�iTAP �^�\�i �k�m�j�q�` �o�c�` �N�o�`�\�h�m�j�g�g�`�m�) �J�p�m �\�k�k�m�j�\�^�c �d�n �o�j �k�m�j�q�` �\ �n�`�m�d�`�n �j�a �n�h�\�g�g�`�m

�g�`�h�h�\�n �o�c�\�o �\�^�o �\�n �n�o�`�k�k�d�i�b �n�o�j�i�`�n �o�j�r�\�m�_ �o�c�` �{�i�\�g �o�c�`�j�m�`�h�6 �\�n �`�\�^�c �g�`�h�h�\ �d�n

�k�m�j�q�`�_�' �d�o �d�n �\�_�_�`�_ �\�n �\�i �\�n�n�p�h�k�o�d�j�i �d�i �k�m�j�q�d�i�b �o�c�` �m�`�h�\�d�i�d�i�b �j�i�`�n�) �O�c�` �k�m�j�j�a

�k�m�j�^�`�n�n �d�n �\�p�o�j�h�\�o�`�_�.�o�c�` �p�n�`�m �i�`�`�_ �j�i�g�t �n�k�`�^�d�a�t �r�c�d�^�c �g�`�h�h�\�n �o�j �k�m�j�q�` �\�i�_ �d�i

�r�c�\�o �j�m�_�`�m�) �P�n�d�i�b �o�c�d�n �n�o�m�\�o�`�b�t�'α�g�`�\�iTAP �k�m�j�q�`�n �o�c�` �N�o�`�\�h�m�j�g�g�`�m �d�i �\�]�j�p�o �{�q�`

�n�`�^�j�i�_�n�6 �o�c�` �k�m�j�j�a �m�`�l�p�d�m�`�n �o�r�`�i�o�t �g�`�h�h�\�n�)

α�g�`�\�iTAP �o�c�p�n �j�z�`�m�n �\�i �d�i�o�`�m�`�n�o�d�i�b �^�j�h�k�m�j�h�d�n�` �]�`�o�r�`�`�i �g�\�m�b�` �k�m�j�j�a �\�n�n�d�n�o�\�i�o�n

�\�i�_ �n�h�\�g�g�`�m �\�p�o�j�h�\�o�`�_ �k�m�j�q�`�m�n�) �D�o �\�^�c�d�`�q�`�n �n�j�h�` �j�a �o�c�` �^�\�k�\�]�d�g�d�o�d�`�n �j�a �\ �g�\�m�b�`�m

�n�t�n�o�`�h �r�c�d�g�` �h�\�d�i�o�\�d�i�d�i�b �o�c�` �g�`�\�i �_�`�_�p�^�o�d�j�i �k�c�d�g�j�n�j�k�c�t �d�i�o�m�j�_�p�^�`�_ �]�t�g�`�\�iTAP�)

�G�d�f�` �\�i �\�p�o�j�h�\�o�`�_ �k�m�j�q�`�m�' �d�o �d�n �^�\�k�\�]�g�` �j�a �k�m�j�q�d�i�b �n�d�h�k�g�` �o�c�`�j�m�`�h�n �r�d�o�c�j�p�o �p�n�`�m

�b�p�d�_�\�i�^�`�) �>�j�i�a�m�j�i�o�`�_ �r�d�o�c �\ �h�j�m�` �^�j�h�k�g�`�s �o�c�`�j�m�`�h�' �c�j�r�`�q�`�m�' �o�c�` �p�n�`�m �^�\�i �k�m�j�q�d�_�`

�\ �k�\�m�o�d�\�g�g�t�(�d�i�n�o�\�i�o�d�\�o�`�_ �k�m�j�j�a�6α�g�`�\�iTAP �^�\�i �o�c�`�i �^�c�`�^�f �o�c�` �k�m�j�j�a �\�i�_ �{�g�g �d�i �o�c�`

�o�m�d�q�d�\�g �k�\�m�o�n �o�c�` �p�n�`�m �c�\�n �g�`�a�o �j�p�o�) �=�`�^�\�p�n�`α�g�`�\�iTAP �d�n �_�`�^�g�\�m�\�o�d�q�`�' �o�c�` �p�n�`�m �h�\�t

�`�q�`�i �g�`�\�q�` �m�`�l�p�d�m�`�_ �\�s�d�j�h�n �j�p�o �j�a �o�c�` �o�c�`�j�m�`�h �o�j �]�` �k�m�j�q�`�_ �\�i�_ �c�\�q�` �o�c�` �n�t�n�o�`�h

�_�`�m�d�q�` �o�c�`�h�) �O�c�d�n �|�`�s�d�]�d�g�d�o�t �^�j�h�`�n �\�o �i�j �`�s�o�m�\ �^�j�n�o �o�j �o�c�` �p�n�`�m�.�o�c�` �k�m�j�q�`�m �m�`�h�\�d�i�n

�]�j�o�c �^�j�i�^�d�n�` �\�i�_ �m�`�\�n�j�i�\�]�g�t �`�z�d�^�d�`�i�o�)

�O�c�` �|�`�s�d�]�d�g�d�o�t �j�aα�g�`�\�iTAP �h�`�\�i�n �o�c�\�o �d�o �^�j�p�g�_ �]�` �h�\�_�` �d�i�o�`�m�\�^�o�d�q�` �o�c�m�j�p�b�c �o�c�`

�\�_�_�d�o�d�j�i �j�a �\ �m�`�\�_�(�`�q�\�g�(�k�m�d�i�o �g�j�j�k �\�i�_ �\ �n�d�h�k�g�` �k�m�j�j�a �o�m�\�i�n�g�\�o�j�m �]�`�o�r�`�`�iα�g�`�\�iTAP �1�n
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�k�m�j�j�a�n �\�i�_ �\ �h�j�m�` �c�p�h�\�i�(�m�`�\�_�\�]�g�` �a�j�m�h�\�o�) �N�d�i�^�` �o�c�` �k�m�j�j�a �b�d�q�`�i �o�jα�g�`�\�iTAP �h�\�t

�]�` �k�\�m�o�d�\�g�g�t �d�i�n�o�\�i�o�d�\�o�`�_�' �n�p�^�c �\�i �d�i�o�`�m�a�\�^�` �r�j�p�g�_ �\�g�g�j�r �o�c�` �p�n�`�m �o�j �^�j�i�q�`�i�d�`�i�o�g�t

�b�p�d�_�`α�g�`�\�iTAP �d�i �k�m�j�q�d�i�b �^�j�h�k�g�`�s �k�m�j�]�g�`�h�n�) �R�d�o�c �o�c�` �\�_�_�d�o�d�j�i �j�a �`�l�p�\�g�d�o�t �\�i�_

�o�c�` �\�]�d�g�d�o�t �o�j �k�`�m�a�j�m�h �n�d�i�b�g�` �]�`�o�\ �n�o�`�k�n�' �o�c�d�n �|�`�s�d�]�d�g�d�o�t �r�j�p�g�_ �]�`�^�j�h�` �h�j�m�` �d�i�o�`�m�`�n�o�(

�d�i�b�.�d�i �\�_�_�d�o�d�j�i �o�j �m�`�\�n�j�i�d�i�b �\�]�j�p�o �k�m�j�b�m�\�h�n �\�i�_ �k�m�j�q�d�i�b �k�m�j�k�`�m�o�d�`�n �\�]�j�p�o �o�c�`�h�'

α�g�`�\�iTAP �r�j�p�g�_ �d�i�n�o�\�i�o�d�\�o�` �i�j�i�(�b�m�j�p�i�_ �k�m�j�b�m�\�h�n �_�p�m�d�i�b �o�c�` �k�m�j�j�a �k�m�j�^�`�n�n�)

�,�+�)�. �D�h�k�g�`�h�`�i�o�\�o�d�j�i

�R�` �i�j�r �k�m�`�n�`�i�o �o�c�` �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�aα�g�`�\�iTAP �) �R�` �]�`�b�d�i �r�d�o�c �\ �o�m�\�i�n�g�\�o�d�j�i �j�a

�g�`�\�iTAP �a�m�j�h �K�m�j�g�j�b �d�i�o�jα�F�\�i�m�`�i�) �R�` �o�c�`�i �n�c�j�r �c�j�r �o�j �`�g�d�h�d�i�\�o�` �o�c�` �o�m�\�i�n�g�\�o�d�j�i�1�n

�d�h�k�p�m�` �a�`�\�o�p�m�`�n �o�c�m�j�p�b�c �\ �^�j�h�]�d�i�\�o�d�j�i �j�a �n�p�]�n�o�d�o�p�o�d�j�i �\�i�_ �o�\�b�b�d�i�b�)
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�d�n �i�j�i�(�b�m�j�p�i�_�' �o�c�`�i �o�c�` �k�m�j�q�`�m �h�p�n�o �b�`�i�`�m�\�o�` �p�i�d�l�p�` �i�\�h�`�n�) �D�a �o�c�` �a�j�m�h�p�g�\�_�j�`�n

�^�j�i�o�\�d�i �o�c�`�n�` �i�\�h�`�n�' �c�j�r�`�q�`�m�' �o�c�` �k�m�j�q�`�m �h�p�n�o�i�j�o�b�`�i�`�m�\�o�` �i�`�r �j�i�`�n�) �O�c�d�n �k�m�j�]�g�`�h

�^�\�i �]�` �n�j�g�q�`�_ �r�d�o�c �\ �_�`�^�g�\�m�\�o�d�q�` �k�m�`�k�m�j�^�`�n�n�j�m �o�c�\�o �`�s�k�`�^�o�n �\ �g�j�b�d�^�\�g �a�j�m�h�p�g�\�r�d�o�c�j�p�o

�i�\�h�`�n �\�i�_ �k�p�o�n �o�c�`�h �d�i �k�g�\�^�`�) �D�a �o�c�` �k�m�`�k�m�j�^�`�n�n�j�m �d�n �k�\�n�n�`�_ �\ �i�j�i�(�b�m�j�p�i�_ �a�j�m�h�p�g�\�'

�d�o �d�i�n�o�\�i�o�d�\�o�`�n �o�c�` �a�j�m�h�p�g�\ �o�j �o�c�` �^�j�m�m�`�^�o �a�j�m�h�) �O�c�` �m�`�l�p�d�m�`�h�`�i�o �j�a �\ �k�m�`�k�m�j�^�`�n�n�j�m�'

�c�j�r�`�q�`�m�' �h�`�\�i�n �o�c�` �k�m�j�q�`�m �d�o�n�`�g�a �d�n �i�j�o �_�`�^�g�\�m�\�o�d�q�`�)

�R�` �p�n�` �i�j�h�d�i�\�g �g�j�b�d�^ �o�j �n�j�g�q�` �o�c�`copy�(termo �k�m�j�]�g�`�h�) �I�j�h�d�i�\�g �g�j�b�d�^ �d�n �\ �b�j�j�_

�{�o �a�j�m �o�c�d�n �k�m�j�]�g�`�h�' �\�n �d�o �d�n �_�`�n�d�b�i�`�_ �o�j �c�\�i�_�g�` �o�c�` �^�j�h�k�g�`�s�d�o�d�`�n �j�a �_�`�\�g�d�i�b �r�d�o�c

�i�\�h�`�n �\�i�_ �]�d�i�_�`�m�n �_�`�^�g�\�m�\�o�d�q�`�g�t�) �N�d�i�^�` �i�j�h�n �m�`�k�m�`�n�`�i�o �p�i�d�l�p�` �i�\�h�`�n�' �r�` �\�^�c�d�`�q�`

�o�c�` �]�`�i�`�{�o�n �j�a �o�c�` �n�t�h�]�j�g �j�m �n�o�m�d�i�b �\�k�k�m�j�\�^�c �r�d�o�c�j�p�o �o�c�` �p�n�` �j�a �\ �k�m�`�k�m�j�^�`�n�n�j�m�) �R�`

�^�\�i �b�`�i�`�m�\�o�` �p�i�d�l�p�` �i�\�h�`�n �`�\�^�c �o�d�h�` �r�` �`�i�^�j�p�i�o�`�m �\ �p�i�d�q�`�m�n�\�g�g�t �l�p�\�i�o�d�{�`�_ �a�j�m�h�p�g�\�'
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�\�i�_ �p�n�` �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i �o�j �k�`�m�a�j�m�h �o�c�` �m�`�i�\�h�d�i�b �j�a �o�c�` �l�p�\�i�o�d�{�`�_ �q�\�m�d�\�]�g�`�) �D�a

�o�c�` �j�m�d�b�d�i�\�g �a�j�m�h�p�g�\ �d�n �p�i�d�i�n�o�\�i�o�d�\�o�`�_�' �j�p�m �i�`�r�g�t�(�b�`�i�`�m�\�o�`�_ �i�\�h�` �d�n �p�i�d�l�p�` �\�i�_ �d�n

�k�p�o �d�i �k�g�\�^�` �^�j�m�m�`�^�o�g�t�6 �r�` �i�j �g�j�i�b�`�m �i�`�`�_ �\ �k�m�`�k�m�j�^�`�n�n�j�m �o�j �k�`�m�a�j�m�h �o�c�d�n �a�p�i�^�o�d�j�i�)

�P�n�d�i�b �o�c�` �o�j�j�g�n �j�a �i�j�h�d�i�\�g �g�j�b�d�^�' �r�` �^�\�i �h�j�_�d�a�t �h�F�g�`�\�iTAP �o�j �m�`�k�m�`�n�`�i�o �p�i�d�q�`�m�(

�n�\�g�g�t �l�p�\�i�o�d�{�`�_ �q�\�m�d�\�]�g�`�n �p�n�d�i�b �i�j�h�n �\�i�_ �o�j �k�`�m�a�j�m�h �n�p�]�n�o�d�o�p�o�d�j�i �d�i�n�o�`�\�_ �j�a �^�j�k�t�d�i�b�)

�R�c�`�i �o�c�` �k�m�j�q�`�m �m�`�\�^�c�`�n �\ �g�d�o�`�m�\�g�' �c�j�r�`�q�`�m�' �d�o �h�p�n�o �m�`�k�g�\�^�` �`�\�^�c �i�j�h �r�d�o�c �\ �g�j�b�d�^

�q�\�m�d�\�]�g�`�' �n�j �o�c�\�o �p�i�d�{�^�\�o�d�j�i �h�\�t �n�p�^�^�`�n�n�a�p�g�g�t �^�j�h�k�\�m�` �g�d�o�`�m�\�g�n�) �O�j �\�^�^�j�h�k�g�d�n�c �o�c�d�n�'

�r�` �\�n�n�j�^�d�\�o�` �\ �g�j�b�d�^ �q�\�m�d�\�]�g�` �r�d�o�c �`�\�^�c �p�i�d�l�p�` �i�j�h�' �\�i�_ �m�`�k�g�\�^�` �`�q�`�m�t �i�j�h �r�d�o�c �d�o�n

�\�n�n�j�^�d�\�o�`�_ �q�\�m�d�\�]�g�` �]�`�a�j�m�` �^�j�h�k�\�m�d�i�b �g�d�o�`�m�\�g�n�) �O�c�`�n�` �q�\�m�d�\�]�g�`�n �\�m�` �b�`�i�`�m�\�o�`�_ �`�\�^�c

�o�d�h�` �o�c�` �k�m�j�q�`�m �`�s�k�\�i�_�n �\ �l�p�\�i�o�d�{�`�_ �a�j�m�h�p�g�\�)

�O�j �d�h�k�g�`�h�`�i�o �o�c�d�n �n�o�m�\�o�`�b�t�' �r�` �^�c�\�i�b�` �j�p�m �m�`�k�m�`�n�`�i�o�\�o�d�j�i �j�a �a�j�m�h�p�g�\�n �n�g�d�b�c�o�g�t�)

�D�i�n�o�`�\�_ �j�a �m�`�k�m�`�n�`�i�o�d�i�b∀x.F (x) �\�n�#�#�a�j�m�\�g�g�s�#�#�a�s�$�$�$�$�' �r�` �p�n�` �\ �i�j�h �r�m�\�k�k�`�_ �d�i �\

�q�\�m�o�\�b �o�j �m�`�k�m�`�n�`�i�o �\ �q�\�m�d�\�]�g�` �m�`�a�`�m�`�i�^�`�' �\�i�_ �o�c�` �o�`�m�h �^�j�i�n�o�m�p�^�o�j�m◃▹ �o�j �m�`�k�m�`�n�`�i�o

�o�c�∀̀ �]�d�i�_�`�m�5�#�#�a�j�m�\�g�g�#�#◃▹ �\ �#�#�a�#�#�q�\�m�\�$�$�$�$�$�$�$�$�' �r�c�`�m�`a �d�n �\ �i�j�h�) �O�c�`�q�\�m�o�\�b �\�g�g�j�r�n �p�n

�o�j �_�d�n�o�d�i�b�p�d�n�c �i�j�h�n �m�`�k�m�`�n�`�i�o�d�i�b �q�\�m�d�\�]�g�`�n �a�m�j�h �j�o�c�`�m �a�j�m�h�p�g�\�n�) �R�` �i�j�r �r�m�d�o�` �\

�m�`�g�\�o�d�j�isubst�(lito �o�j �k�`�m�a�j�m�h �n�p�]�n�o�d�o�p�o�d�j�i �j�a �g�j�b�d�^ �q�\�m�d�\�]�g�`�n �a�j�m �o�\�b�b�`�_ �i�j�h�n �d�i �\

�g�d�o�`�m�\�g�' �\�i�_ �r�` �h�j�_�d�a�t �o�c�` �g�d�o�`�m�\�g �^�\�n�` �j�aproveo �o�j �p�n�` �d�o�) �R�` �\�g�n�j �m�`�k�g�\�^�` �o�c�` �^�g�\�p�n�`

�c�\�i�_�g�d�i�b�a�j�m�\�g�g�a�j�m�h�p�g�\�n �\�i�_ �_�`�{�i�`�g�j�j�f�p�ko�) �O�c�` �o�r�j �^�g�\�p�n�`�n �j�a�g�j�j�f�p�ko �j�q�`�m�g�\�k�' �]�p�o

�n�d�i�^�` �`�\�^�c �h�\�k�k�d�i�b �d�i �o�c�` �`�i�q�d�m�j�i�h�`�i�o �d�n �a�m�j�h �\ �p�i�d�l�p�` �i�j�h �o�j �\ �g�j�b�d�^ �q�\�m�d�\�]�g�`�' �\

�k�\�m�o�d�^�p�g�\�m �i�j�h �r�d�g�g �i�`�q�`�m �\�k�k�`�\�m �o�r�d�^�`�)
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�R�` �k�m�`�n�`�i�o �o�c�` �^�c�\�i�b�`�n �i�`�`�_�`�_ �o�j �`�g�d�h�d�i�\�o�`copy�(termo �a�m�j�h �h�F�g�`�\�iTAP �d�i

�A�d�b�p�m�`�,�+�)�-�) �D�i�n�o�`�\�_ �j�a �^�j�k�t�d�i�b �o�c�` �]�j�_�t �j�a �`�\�^�c �p�i�d�q�`�m�n�\�g�g�t �l�p�\�i�o�d�{�`�_ �a�j�m�h�p�g�\�' �r�`

�b�`�i�`�m�\�o�` �\ �g�j�b�d�^ �q�\�m�d�\�]�g�`�s �\�i�_ �\�_�_ �\�i �\�n�n�j�^�d�\�o�d�j�i �]�`�o�r�`�`�i �o�c�` �i�j�h �m�`�k�m�`�n�`�i�o�d�i�b

�o�c�` �l�p�\�i�o�d�{�`�_ �q�\�m�d�\�]�g�` �\�i�_�s�o�j �o�c�` �^�p�m�m�`�i�o �`�i�q�d�m�j�i�h�`�i�o�) �R�c�`�i �r�` �k�m�`�k�\�m�` �o�j �^�g�j�n�`

�\ �]�m�\�i�^�c �j�a �o�c�` �o�\�]�g�`�\�p�' �r�` �^�\�g�gsubst�(lito�' �m�`�k�g�\�^�d�i�b �o�c�` �i�j�h�n �d�i �o�c�` �^�p�m�m�`�i�o �g�d�o�`�m�\�g

�r�d�o�c �o�c�`�d�m �\�n�n�j�^�d�\�o�`�_ �g�j�b�d�^ �q�\�m�d�\�]�g�`�n�)

�,©�#�#�#�a�j�m�\�g�g�#�#�o�d�`�; �\ �]�j�_�t�$�$�$�$
�#�`�s�d�n�o�#�sunexp1�$

�#appendo �p�i�`�s�k�#�#�a�h�g�$�$unexp1�$
�#proveo �]�j�_�tunexp1 �g�d�o�n

�#�#�#�#�\ � �s�$�$� �`�i�q�$�$�$�$�$

�-©�#�a�h�g
�#�`�s�d�n�o�#�g�d�o�$

�#subst�(lito �a�h�g �`�i�q �g�d�o�$
�#�^�j�i�_e

�#�#�h�\�o�^�ca �#�#�g�d�o �i� �̀b�$�$
�#�#�#�#�#�i�j�o�i� �̀b�$�$�i� �̀b�$�$�$
�#�#�#�g�d�o�#�#�i�j�o�g�d�o�$�$�$�$�$�$

�#membero �i� �̀b �g�d�o�n�$�$
�#�#�`�s�d�n�o�#�i�`�s�ounexp1�$

�#≡ �#�#�i�`�s�o� unexp1�$�$�p�i�`�s�k�$
�#proveo �i�`�s�ounexp1 �#�#�g�d�o� �g�d�o�n�$�$

�`�i�q�$�$�$�$�$�$

�#�_�`�{�i�` �g�j�j�f�p�ko

�#λ �#�\ �`�i�q �j�p�o�$
�#�h�\�o�^�ce �`�i�q

�#�#�#�#�#�\ � �j�p�o�$�$� �m�`�n�o�$�$�$
�#�#�#�{�m�n�o� �m�`�n�o�$�$
�#�g�j�j�f�p�ko �\ �m�`�n�o �j�p�o�$�$�$�$�$

�#�_�`�{�i�` subst�(lito

�#λ �#�a�h�g �`�i�q �j�p�o�$
�#�h�\�o�^�ca �#�#�a�h�g �j�p�o�$�$

�#�#�#�#�#�q�\�m�\�$�$�j�p�o�$�$
�#�g�j�j�f�p�ko �\ �`�i�q �j�p�o�$�$

�#�#�#�#�#e1 � e2�$�$ �#�#r1 � r2�$�$�$�$
�#subst�(lito e1 �`�i�qr1�$
�#subst�(lito e2 �`�i�qr2�$�$

�#�#�#�a�h�g �a�h�g�$�$�$�$�$�$

�A�d�b�p�m�` �,�+�)�-�5�>�c�\�i�b�`�n �o�j �h�F�g�`�\�iTAP �o�j �`�g�d�h�d�i�\�o�`copy�(termo

�O�c�` �j�m�d�b�d�i�\�g�^�j�k�t�Z�o�`�m�h�*�-�\�k�k�m�j�\�^�c �p�n�`�_ �]�t�g�`�\�iTAP �\�i�_ �h�F�g�`�\�iTAP �\�q�j�d�_�n �m�`�(

�k�g�\�^�d�i�b �a�m�`�` �q�\�m�d�\�]�g�`�n �]�t �^�j�k�t�d�i�b �o�c�` �g�d�n�o�#�#�s �]�j�_�t �a�m� �̀`�q�$�$�) �O�c�` �^�j�k�d�`�_ �q�`�m�n�d�j�i �d�n �p�i�d�{�`�_

�r�d�o�c �o�c�` �g�d�n�o�#�#x1 body1 �a�m� �̀`�q�$�$�' �n�j �o�c�\�o�j�i�g�t�o�c�` �q�\�m�d�\�]�g�`�s�r�d�g�g �]�` �m�`�k�g�\�^�`�_ �]�t �\ �i�`�r

�g�j�b�d�^ �q�\�m�d�\�]�g�`�.�o�c�` �a�m�`�` �q�\�m�d�\�]�g�`�n �r�d�g�g �]�` �^�j�k�d�`�_�' �]�p�o �o�c�j�n�` �^�j�k�d�`�n �r�d�g�g �]�` �p�i�d�{�`�_ �r�d�o�c

�o�c�` �j�m�d�b�d�i�\�g �q�\�m�d�\�]�g�`�n �\�a�o�`�m�r�\�m�_�n�) �N�d�i�^�` �j�p�m �n�p�]�n�o�d�o�p�o�d�j�i �n�o�m�\�o�`�b�t �_�j�`�n �i�j�o �\�z�`�^�o �a�m�`�`

�q�\�m�d�\�]�g�`�n�' �o�c�`�a�m� �̀`�q�\�m�b�p�h�`�i�o �d�n �i�j �g�j�i�b�`�m �i�`�`�_�`�_�' �\�i�_ �n�j �r�` �c�\�q�` �`�g�d�h�d�i�\�o�`�_ �d�o�)
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�,�+�)�.�)�. �@�g�d�h�d�i�\�o�d�i�b �h�\�o�^�ca

�=�j�o�cproveo �\�i�_ subst�(lito �p�n��̀h�\�o�^�ca �]�`�^�\�p�n�` �o�c�` �^�g�\�p�n�`�n �o�c�\�o �m�`�^�j�b�i�d�u�` �g�d�o�`�m�\�g�n

�j�q�`�m�g�\�k �r�d�o�c �o�c�` �j�o�c�`�m �^�g�\�p�n�`�n�) �O�j �n�j�g�q�` �o�c�d�n �k�m�j�]�g�`�h�' �r�` �c�\�q�` �_�`�n�d�b�i�`�_ �\ �o�\�b�b�d�i�b

�n�^�c�`�h�` �o�c�\�o �`�i�n�p�m�`�n �o�c�\�o �o�c�` �^�g�\�p�n�`�n �j�a �j�p�m �n�p�]�n�o�d�o�p�o�d�j�i �\�i�_proveo �m�`�g�\�o�d�j�i�n �_�j �i�j�o

�j�q�`�m�g�\�k�) �O�j �o�c�d�n �`�i�_�' �r�` �o�\�b �]�j�o�c �k�j�n�d�o�d�q�` �\�i�_ �i�`�b�\�o�d�q�` �g�d�o�`�m�\�g�n�' �\�k�k�g�d�^�\�o�d�j�i�n�' �\�i�_

�q�\�m�d�\�]�g�`�n�) �>�j�i�n�o�\�i�o�n �\�m�` �m�`�k�m�`�n�`�i�o�`�_ �]�t �\�k�k�g�d�^�\�o�d�j�i�n �j�a �u�`�m�j �\�m�b�p�h�`�i�o�n�) �J�p�m �k�m�j�q�`�m

�o�c�p�n �\�^�^�`�k�o�n �a�j�m�h�p�g�\�n �j�a �o�c�` �a�j�g�g�j�r�d�i�b �a�j�m�h�5

�A�h�g → (�\�i�_�A�h�g �A�h�g) | (�j�m�A�h�g �A�h�g) | (�a�j�m�\�g�g(◃▹ �I�j�h �A�h�g)) | �G�d�o
�G�d�o → (�k�j�n�O�`�m�h) | (�i�`�b�O�`�m�h)
�O�`�m�h→ (�q�\�m�I�j�h ) | (�\�k�k�N�t�h�]�j�g �O�`�m�h�%)

�O�c�d�n �n�^�c�`�h�` �c�\�n �]�`�`�i �^�c�j�n�`�i �^�\�m�`�a�p�g�g�t �o�j �\�g�g�j�r �p�i�d�{�^�\�o�d�j�i �o�j �^�j�h�k�\�m�` �g�d�o�`�m�(

�\�g�n�) �D�i �k�\�m�o�d�^�p�g�\�m�' �o�c�` �o�\�b�n �j�i �q�\�m�d�\�]�g�`�n�h�p�n�o�]�` �_�d�n�^�\�m�_�`�_ �]�`�a�j�m�` �g�d�o�`�m�\�g�n �\�m�` �^�j�h�(

�k�\�m�`�_�) �>�j�i�n�d�_�`�m �o�c�` �o�r�j �i�j�i�(�b�m�j�p�i�_ �g�d�o�`�m�\�g�n�#�#�i�j�o�#�#�a�s�$�$�$�$�\�i�_ �#�#�a�#�#�k�t�$�$�$�$�) �O�c�`�n�` �g�d�o�(

�`�m�\�g�n �\�m�` �^�j�h�k�g�`�h�`�i�o�\�m�t�5 �o�c�` �i�`�b�\�o�d�j�i �j�a �j�i�` �p�i�d�{�`�n �r�d�o�c �o�c�` �j�o�c�`�m�' �\�n�n�j�^�d�\�o�d�i�b

x �r�d�o�c�#�#�k�t�$�$�) �R�c�`�i �r�` �\�k�k�g�t �j�p�m �o�\�b�b�d�i�b �n�^�c�`�h�`�' �c�j�r�`�q�`�m�' �o�c�`�n�` �g�d�o�`�m�\�g�n �]�`�^�j�h�`

�#�#�i�`�b�#�#�\�k�k �a�#�#�q�\�m�s�$�$�$�$�$�$�\�i�_ �#�#�k�j�n�#�#�\�k�k �a�#�#�\�k�k �k�#�#�q�\�m�t�$�$�$�$�$�$�$�$�' �m�`�n�k�`�^�o�d�q�`�g�t�' �\�i�_ �\�m�` �i�j

�g�j�i�b�`�m �^�j�h�k�g�`�h�`�i�o�\�m�t�5 �o�c�`�d�m �n�p�]�`�s�k�m�`�n�n�d�j�i�n�#�#�q�\�m�s�$�$�\�i�_ �#�#�\�k�k �k�#�#�q�\�m�t�$�$�$�$�_�j �i�j�o

�p�i�d�a�t�) �O�j �\�q�j�d�_ �o�c�d�n �k�m�j�]�g�`�h�' �j�p�m �n�p�]�n�o�d�o�p�o�d�j�i �m�`�g�\�o�d�j�i �_�d�n�^�\�m�_�n �o�c�`�q�\�m�o�\�b �r�c�`�i �d�o

�m�`�k�g�\�^�`�n �i�j�h�n �r�d�o�c �g�j�b�d�^ �q�\�m�d�\�]�g�`�n�)
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�#�_�`�{�i�` proveo

�#λ �#�a�h�g �p�i�`�s�k �g�d�o�n �`�i�q �k�m�j�j�a�$
�#�h�\�o�^�ce �#�#�a�h�g �k�m�j�j�a�$�$

�#�#�#�#�#�\�i�_e1 e2�$�$ �#�#�^�j�i�e� �k�m�a�$�$�$�$
�#proveo e1 �#�#e2 � �p�i�`�s�k�$�$

�g�d�o�n �`�i�q �k�m�a�$�$
�#�#�#�#�#�j�me1 e2�$�$ �#�#�n�k�g�d�oprf1 prf2�$�$�$�$
�#proveo e1 �p�i�`�s�k �g�d�o�n �`�i�qprf1�$
�#proveo e2 �p�i�`�s�k �g�d�o�n �`�i�qprf2�$�$

�#�#�#�#�#�a�j�m�\�g�g�#�#�o�d�`�; �\ �]�j�_�t�$�$�$�$ �#�#�p�i�d�q� �k�m�a�$�$�$�$
�#�`�s�d�n�o�#�sunexp1�$

�#appendo �p�i�`�s�k�#�#�a�h�g�$�$unexp1�$
�#proveo �]�j�_�tunexp1 �g�d�o�n

�#�#�#�#�\ � �s�$�$� �`�i�q�$�$�k�m�a�$�$�$
�#�#�#�a�h�g �k�m�j�j�a�$�$
�#�`�s�d�n�o�#�g�d�o�$

�#subst�(lito �a�h�g �`�i�q �g�d�o�$
�#�^�j�i�_e

�#�#≡ �#�#�^�g�j�n�`�$�$�k�m�j�j�a�$
�#�h�\�o�^�ce �#�#�g�d�o �i� �̀b�$�$

�#�#�#�#�#�k�j�ntm�$�$ �#�#�i�`�btm�$�$�$�$�$
�#�#�#�#�#�i�`�btm�$�$ �#�#�k�j�ntm�$�$�$�$�$�$

�#membero �i� �̀b �g�d�o�n�$�$
�#�#�`�s�d�n�o�#�i�`�s�ounexp1 �k�m�a�$

�#≡ �#�#�i�`�s�o� unexp1�$�$�p�i�`�s�k�$
�#≡ �#�#�n�\�q�`�a�h�g� �k�m�a�$�$�k�m�j�j�a�$
�#proveo �i�`�s�ounexp1 �#�#�g�d�o� �g�d�o�n�$�$

�`�i�q �k�m�a�$�$�$�$�$�$�$�$�$

�#�_�`�{�i�` appendo

�#λe �#�g�n �n �j�p�o�$
�#�#�#�#�#�$�$�n �n�$�$�$
�#�#�#�#�#�\ � �_�$�$�n�#�#�\ � �m�$�$�$�$
�#appendo �_ �n �m�$�$�$�$

�#�_�`�{�i�` subst�(lito

�#λe �#�a�h�g �`�i�q �j�p�o�$
�#�#�#�#�#�k�j�n�g�$�$�`�i�q�#�#�k�j�n�m�$�$�$�$
�#subst�(termo �g �`�i�q �m�$�$

�#�#�#�#�#�i�`�b�g�$�$�`�i�q�#�#�i�`�b�m�$�$�$�$
�#subst�(termo �g �`�i�q �m�$�$�$�$

�#�_�`�{�i�` subst�(termo

�#λe �#�a�h�g �`�i�q �j�p�o�$
�#�#�#�#�#�q�\�m�\�$�$�`�i�q �j�p�o�$�$
�#�g�j�j�f�p�ko �\ �`�i�q �j�p�o�$�$

�#�#�#�#�#�\�k�k�a� �_�$�$�`�i�q�#�#�\�k�k�a� �m�$�$�$�$
�#subst�(term∗o �_ �`�i�q �m�$�$�$�$

�#�_�`�{�i�` subst�(term∗o

�#λe �#tm∗ �`�i�q �j�p�o�$
�#�#�#�#�#�$�$ �Z �#�#�$�$�$�$�$
�#�#�#�#�#e1 � e2�$�$�`�i�q�#�#r1 � r2�$�$�$�$
�#subst�(termo e1 �`�i�qr1�$
�#subst�(term∗o e2 �`�i�qr2�$�$�$�$

�#�_�`�{�i�` membero

�#λ �#�s �g�n�$
�#�`�s�d�n�o�#�\ �_�$

�#≡ �#�#�\ � �_�$�$�g�n�$
�#�^�j�i�_e

�#�#≡ �\ �s�$�$
�#�#membero �s �_�$�$�$�$�$�$

�A�d�b�p�m�` �,�+�)�.�5�A�d�i�\�g �_�`�{�i�d�o�d�j�i �j�aα�g�`�\�iTAP

�B�d�q�`�i �j�p�m �i�`�r �o�\�b�b�d�i�b �n�^�c�`�h�`�' �r�` �^�\�i �`�\�n�d�g�t �m�`�r�m�d�o�` �j�p�m �n�p�]�n�o�d�o�p�o�d�j�i �m�`�g�\�o�d�j�i

�r�d�o�c�j�p�o �o�c�` �p�n�` �j�a�h�\�o�^�ca�) �R�` �n�d�h�k�g�t �a�j�g�g�j�r �o�c�` �k�m�j�_�p�^�o�d�j�i �m�p�g�`�n �j�a �o�c�` �b�m�\�h�h�\�m�'

�_�`�{�i�d�i�b �\ �m�`�g�\�o�d�j�i �o�j �m�`�^�j�b�i�d�u�` �`�\�^�c�)
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�A�d�i�\�g�g�t�' �r�` �h�j�_�d�a�tproveo �o�j �o�\�f�` �\�_�q�\�i�o�\�b�` �j�a �o�c�` �n�\�h�` �o�\�b�n�) �R�` �\�g�n�j �\�_�_ �\

�k�m�j�j�a�\�m�b�p�h�`�i�o �o�jproveo�) �R�` �^�\�g�g �o�c�d�n �q�`�m�n�d�j�i �j�a �o�c�` �k�m�j�q�`�mα�g�`�\�iTAP �' �\�i�_ �k�m�`�n�`�i�o

�d�o�n �_�`�{�i�d�o�d�j�i �d�i �A�d�b�p�m�`�,�+�)�.�) �D�o �d�n �_�`�^�g�\�m�\�o�d�q�`�' �n�d�i�^�` �r�` �c�\�q�` �`�g�d�h�d�i�\�o�`�_ �o�c�` �p�n�` �j�a

copy�(termo �\�i�_ �`�q�`�m�t �p�n�` �j�a�h�\�o�^�ca�) �D�i �\�_�_�d�o�d�j�i �o�j �]�`�d�i�b �\ �n�j�p�i�_ �\�i�_ �^�j�h�k�g�`�o�`

�o�c�`�j�m�`�h �k�m�j�q�`�m �a�j�m �{�m�n�o�(�j�m�_�`�m �g�j�b�d�^�'α�g�`�\�iTAP �^�\�i �i�j�r �b�`�i�`�m�\�o�` �q�\�g�d�_ �{�m�n�o�(�j�m�_�`�m

�o�c�`�j�m�`�h�n�)

�,�+�)�/ �K�`�m�a�j�m�h�\�i�^�`

�G�d�f�` �o�c�` �j�m�d�b�d�i�\�g�g�`�\�iTAP�' α�g�`�\�iTAP �^�\�i �k�m�j�q�` �h�\�i�t �o�c�`�j�m�`�h�n �d�i �{�m�n�o�(�j�m�_�`�m �g�j�b�d�^�)

�=�`�^�\�p�n�` �d�o �d�n �_�`�^�g�\�m�\�o�d�q�`�'α�g�`�\�iTAP �d�n �b�`�i�`�m�\�g�g�t �n�g�j�r�`�m �\�o �k�m�j�q�d�i�b �b�m�j�p�i�_ �o�c�`�j�m�`�h�n

�o�c�\�i �h�F�g�`�\�iTAP�' �r�c�d�^�c �d�n �n�g�j�r�`�m �o�c�\�i �o�c�` �j�m�d�b�d�i�\�g�g�`�\�iTAP�) �A�d�b�p�m�`�,�+�)�/�k�m�`�n�`�i�o�n �\

�n�p�h�h�\�m�t �j�aα�g�`�\�iTAP �1�n �k�`�m�a�j�m�h�\�i�^�` �j�i �o�c�` �{�m�n�o �/�1 �j�a �K�`�g�g�`�o�d�`�m�1�n �2�0 �k�m�j�]�g�`�h�n �#�K�`�g�(

�g�`�o�d�`�m�,�4�3�1�$�' �n�c�j�r�d�i�b �d�o �o�j �]�` �m�j�p�b�c�g�t �o�r�d�^�` �\�n �n�g�j�r �\�n �h�F�g�`�\�iTAP�)

�O�c�`�n�` �k�`�m�a�j�m�h�\�i�^�` �i�p�h�]�`�m�n �n�p�b�b�`�n�o �o�c�\�o �r�c�d�g�` �o�c�`�m�` �d�n �\ �k�`�i�\�g�o�t �o�j �]�` �k�\�d�_

�a�j�m �_�`�^�g�\�m�\�o�d�q�`�i�`�n�n�' �d�o �d�n �i�j�o �n�j �n�`�q�`�m�` �\�n �o�j �^�m�d�k�k�g�` �o�c�` �k�m�j�q�`�m�) �O�c�` �\�_�q�\�i�o�\�b�`

�h�F�g�`�\�iTAP �`�i�e�j�t�n �j�q�`�m �o�c�` �j�m�d�b�d�i�\�g�g�`�\�iTAP �d�i �K�m�j�]�g�`�h �.�/ �d�n �_�p�` �o�jα�F�\�i�m�`�i�1�n �d�i�(

�o�`�m�g�`�\�q�d�i�b �n�`�\�m�^�c �n�o�m�\�o�`�b�t�6 �\�n �o�c�` �m�`�n�p�g�o �a�j�m �h�F�g�`�\�iTAP �n�c�j�r�n�' �o�c�` �j�m�d�b�d�i�\�g�g�`�\�iTAP �d�n

�a�\�n�o�`�m �o�c�\�iα�g�`�\�iTAP �a�j�m �\�i�t �b�d�q�`�i �n�`�\�m�^�c �n�o�m�\�o�`�b�t�)

�H�\�i�t �\�p�o�j�h�\�o�`�_ �k�m�j�q�`�m�n �i�j�r �p�n�` �o�c�` �O�K�O�K �k�m�j�]�g�`�h �g�d�]�m�\�m�t �#�N�p�o�^�g�d�z�` �\�i�_

�N�p�o�o�i�`�m�,�4�4�3�$ �o�j �\�n�n�`�n�n �k�`�m�a�j�m�h�\�i�^�`�) �@�q�`�i �o�c�j�p�b�c �d�o �d�n �a�\�n�o�`�m �o�c�\�iα�g�`�\�iTAP �'

�g�`�\�iTAP �n�j�g�q�`�n �a�`�r �j�a �o�c�` �O�K�O�K �k�m�j�]�g�`�h�n�) �O�c�` �K�`�g�g�`�o�d�`�m �K�m�j�]�g�`�h�n�' �j�i �o�c�` �j�o�c�`�m

�c�\�i�_�' �a�\�g�g �d�i�o�j �o�c�` �^�g�\�n�n �j�a �o�c�`�j�m�`�h�n�g�`�\�iTAP �r�\�n �_�`�n�d�b�i�`�_ �o�j �k�m�j�q�`�' �\�i�_ �n�j �r�` �a�`�`�g

�o�c�`�t �k�m�j�q�d�_�` �\ �]�`�o�o�`�m �n�`�o �j�a �o�`�n�o�n �a�j�m �o�c�` �^�j�h�k�\�m�d�n�j�i �]�`�o�r�`�`�i�g�`�\�iTAP �\�i�_α�g�`�\�iTAP �)
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�� �g�`�\�iTAP �h�F�g�`�\�iTAP α�g�`�\�iTAP
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�� �g�`�\�iTAP �h�F�g�`�\�iTAP α�g�`�\�iTAP
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�A�d�b�p�m�` �,�+�)�/�5�K�`�m�a�j�m�h�\�i�^�` �j�a�g�`�\�iTAP�' �h�F�g�`�\�iTAP�' �\�i�_α�g�`�\�iTAP �j�i �o�c�` �{�m�n�o �/�1
�K�`�g�g�`�o�d�`�m �K�m�j�]�g�`�h�n�) �<�g�g �o�d�h�`�n �\�m�` �d�i �h�d�g�g�d�n�`�^�j�i�_�n�' �\�q�`�m�\�b�`�_ �j�q�`�m �,�+�+ �o�m�d�\�g�n�) �<�g�g
�o�`�n�o�n �r�`�m�` �m�p�i �p�i�_�`�m �?�`�]�d�\�i �G�d�i�p�s �j�i �\�i �D�=�H �O�c�d�i�f�k�\�_ �S�/�+ �r�d�o�c �\ �,�)�,�B�C�u �D�i�o�`�g
�K�`�i�o�d�p�h�(�H �k�m�j�^�`�n�n�j�m �\�i�_ �2�1�3�H�= �M�<�H�)�g�`�\�iTAP �o�`�n�o�n �r�`�m�` �m�p�i �p�i�_�`�m �N�R�D�(�K�m�j�g�j�b
�0�)�1�)�0�0�6 �h�F�g�`�\�iTAP �\�i�_α�g�`�\�iTAP �o�`�n�o�n �r�`�m�` �m�p�i �p�i�_�`�m �D�f�\�m�p�n �N�^�c�`�h�` �+�)�+�)�.�&�)

�,�+�)�0 �<�k�k�g�d�^�\�]�d�g�d�o�t �j�a �O�c�`�n�` �O�`�^�c�i�d�l�p�`�n

�O�j �\�q�j�d�_ �o�c�` �p�n�` �j�acopy�(termo�' �r�` �c�\�q�` �m�`�k�m�`�n�`�i�o�`�_ �p�i�d�q�`�m�n�\�g�g�t �l�p�\�i�o�d�{�`�_ �q�\�m�d�(

�\�]�g�`�n �r�d�o�c �i�j�h�n �m�\�o�c�`�m �o�c�\�i �g�j�b�d�^ �q�\�m�d�\�]�g�`�n�' �\�g�g�j�r�d�i�b �p�n �o�j �k�`�m�a�j�m�h �n�p�]�n�o�d�o�p�o�d�j�i

�d�i�n�o�`�\�_ �j�a �^�j�k�t�d�i�b�) �O�j �`�g�d�h�d�i�\�o�`�h�\�o�^�ca�' �r�` �c�\�q�` �`�i�c�\�i�^�`�_ �o�c�` �o�\�b�b�d�i�b �n�^�c�`�h�` �a�j�m

�m�`�k�m�`�n�`�i�o�d�i�b �a�j�m�h�p�g�\�n�)



�>�C�<�K�O�@�M �,�+�) �<�K�K�G�D�>�<�O�D�J�I�N �D�D�5α�G�@�<�ITAP �,�.�4

�=�j�o�c �j�a �o�c�`�n�` �o�m�\�i�n�a�j�m�h�\�o�d�j�i�n �\�m�` �]�m�j�\�_�g�t �\�k�k�g�d�^�\�]�g�`�) �R�c�`�i�h�\�o�^�ca �d�n �p�n�`�_ �o�j

�c�\�i�_�g�` �j�q�`�m�g�\�k�k�d�i�b �^�g�\�p�n�`�n�' �\ �^�\�m�`�a�p�g�g�t �^�m�\�a�o�`�_ �o�\�b�b�d�i�b �n�^�c�`�h�` �^�\�i �j�a�o�`�i �]�` �p�n�`�_ �o�j

�`�g�d�h�d�i�\�o�` �j�q�`�m�g�\�k�k�d�i�b�) �R�c�`�i �o�`�m�h�n �h�p�n�o �]�` �^�j�k�d�`�_�' �n�p�]�n�o�d�o�p�o�d�j�i �^�\�i �j�a�o�`�i �]�` �p�n�`�_

�d�i�n�o�`�\�_ �j�acopy�(termo�.�d�i �o�c�` �^�\�n�` �j�aα�g�`�\�iTAP �' �r�` �p�n�` �\ �^�j�h�]�d�i�\�o�d�j�i �j�a �i�j�h�d�i�\�g

�p�i�d�{�^�\�o�d�j�i �\�i�_ �n�p�]�n�o�d�o�p�o�d�j�i�)



�>�c�\�k�o�`�m �,�,

�D�h�k�g�`�h�`�i�o�\�o�d�j�i �D�Q�5α�F�\�i�m�`�i

�D�i �o�c�d�n �^�c�\�k�o�`�m �r�` �k�m�`�n�`�i�o �o�r�j �d�h�k�g�`�h�`�i�o�\�o�d�j�i�n �j�aα�F�\�i�m�`�i �]�\�n�`�_ �j�i �o�r�j �d�h�k�g�`�h�`�i�(

�o�\�o�d�j�i�n �j�a �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i�5 �j�i�` �p�n�d�i�b �d�_�`�h�k�j�o�`�i�o �n�p�]�n�o�d�o�p�o�d�j�i�n�' �\�i�_ �j�i�` �p�n�d�i�b

�o�m�d�\�i�b�p�g�\�m �n�p�]�n�o�d�o�p�o�d�j�i�n�) �O�c�` �d�_�`�h�k�j�o�`�i�o �d�h�k�g�`�h�`�i�o�\�o�d�j�i �h�d�m�m�j�m�n �o�c�` �h�\�o�c�`�h�\�o�d�^�\�g

�_�`�n�^�m�d�k�o�d�j�i �j�a �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i �b�d�q�`�i �]�t�P�m�]�\�i �`�o �\�g�)�#�-�+�+�/�$�' �r�c�d�g�` �o�c�` �o�m�d�\�i�b�p�g�\�m

�d�h�k�g�`�h�`�i�o�\�o�d�j�i �d�n �h�j�m�` �`�z�d�^�d�`�i�o�)

�O�c�d�n �^�c�\�k�o�`�m �d�n �j�m�b�\�i�d�u�`�_ �\�n �a�j�g�g�j�r�n�) �D�i �n�`�^�o�d�j�i�,�,�)�,�r�` �k�m�`�n�`�i�o �j�p�m �d�h�k�g�`�h�`�i�(

�o�\�o�d�j�i �j�a �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i �p�n�d�i�b �d�_�`�h�k�j�o�`�i�o �n�p�]�n�o�d�o�p�o�d�j�i�n�) �D�i �n�`�^�o�d�j�i�,�,�)�-�r�`

�d�h�k�g�`�h�`�i�oα�F�\�i�m�`�i�1�n �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m�n�' �p�n�d�i�b �o�c�` �p�i�d�{�`�m �j�a �n�`�^�o�d�j�i�,�,�)�,�' �\�i�_ �d�i

�n�`�^�o�d�j�i�,�,�)�.�r�` �d�h�k�g�`�h�`�i�o �m�`�d�{�^�\�o�d�j�i�) �D�i �n�`�^�o�d�j�i�,�,�)�/�r�` �k�m�`�n�`�i�o �\ �n�`�^�j�i�_ �d�h�k�g�`�(

�h�`�i�o�\�o�d�j�i �j�a �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i�' �p�n�d�i�b �o�m�d�\�i�b�p�g�\�m �n�p�]�n�o�d�o�p�o�d�j�i�n�)

�,�,�)�, �I�j�h�d�i�\�g �P�i�d�{�^�\�o�d�j�i �r�d�o�c �D�_�`�h�k�j�o�`�i�o �N�p�]�n�o�d�o�p�o�d�j�i�n

�I�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i �j�^�^�p�m�n �d�i �o�r�j �_�d�n�o�d�i�^�o �k�c�\�n�`�n�5 �o�c�` �{�m�n�o �k�m�j�^�`�n�n�`�n �`�l�p�\�o�d�j�i�n�'

�r�c�d�g�` �o�c�` �n�`�^�j�i�_ �k�m�j�^�`�n�n�`�n �^�j�i�n�o�m�\�d�i�o�n�) �O�c�` �{�m�n�o �k�c�\�n�` �o�\�f�`�n �\ �n�`�o �j�a �`�l�p�\�o�d�j�i�n

ϵ �\�i�_ �o�m�\�i�n�a�j�m�h�n �d�o �d�i�o�j �\ �n�p�]�n�o�d�o�p�o�d�j�iσ �\�i�_ �\ �n�`�o �j�a �p�i�m�`�n�j�g�q�`�_ �^�j�i�n�o�m�\�d�i�o�nδ�)

�,�/�+



�>�C�<�K�O�@�M �,�,�) �D�H�K�G�@�H�@�I�O�<�O�D�J�I �D�Q�5α�F�<�I�M�@�I �,�/�,

�O�c�` �n�`�^�j�i�_ �k�c�\�n�` �^�j�h�]�d�i�`�n �o�c�` �p�i�m�`�n�j�g�q�`�_ �^�j�i�n�o�m�\�d�i�o�n �r�d�o�c �o�c�` �k�m�`�q�d�j�p�n�g�t �m�`�n�j�g�q�`�_

�^�j�i�n�o�m�\�d�i�o�n�' �r�c�d�^�c �c�\�q�` �]�j�o�c �]�`�`�i �]�m�j�p�b�c�o �p�k �o�j �_�\�o�` �p�n�d�i�b�\�k�k�g�t�(�n�p�]�n�o�) �O�c�`�i�' �o�c�`

�p�i�d�{�`�m �o�m�\�i�n�a�j�m�h�n �o�c�`�n�` �^�j�h�]�d�i�`�_ �^�j�i�n�o�m�\�d�i�o�n �d�i�o�j �\ �n�`�o �j�a �m�`�n�j�g�q�`�_ �^�j�i�n�o�m�\�d�i�o�n∇�'

�\�i�_ �m�`�o�p�m�i�n �o�c�` �g�d�n�o�#�#σ ∇�$�$�\�n �\ �k�\�^�f�\�b�`�)

�I�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i �p�n�`�n �n�`�q�`�m�\�g �_�\�o�\ �n�o�m�p�^�o�p�m�`�n�) �< �n�`�o �j�a �`�l�p�\�o�d�j�i�nϵ �d�n �m�`�k�m�`�(

�n�`�i�o�`�_ �\�n �\ �g�d�n�o �j�a �k�\�d�m�n �j�a �o�`�m�h�n�) �< �n�p�]�n�o�d�o�p�o�d�j�iσ �d�n �m�`�k�m�`�n�`�i�o�`�_ �\�n �\�i �\�n�n�j�^�d�\�o�d�j�i

�g�d�n�o �j�a �q�\�m�d�\�]�g�`�n �o�j �o�`�m�h�n�) �< �n�`�o �j�a �^�j�i�n�o�m�\�d�i�o�nδ �d�n �m�`�k�m�`�n�`�i�o�`�_ �\�n �\ �g�d�n�o �j�a �k�\�d�m�n

�\�n�n�j�^�d�\�o�d�i�b �i�j�h�n �o�j �o�`�m�h�n�6 �\∇ �d�n �\δ �d�i �r�c�d�^�c �\�g�g �o�`�m�h�n �\�m�` �p�i�]�j�p�i�_ �q�\�m�d�\�]�g�`�n�) �D�i

�\ �n�p�]�n�o�d�o�p�o�d�j�i�' �\ �q�\�m�d�\�]�g�` �h�\�t �c�\�q�` �\�o �h�j�n�o �j�i�` �\�n�n�j�^�d�\�o�d�j�i�) �D�i �\δ �#�\�i�_ �o�c�`�m�`�a�j�m�`

�d�i �\∇�$ �\ �i�j�h �h�\�t �c�\�q�` �h�p�g�o�d�k�g�` �\�n�n�j�^�d�\�o�d�j�i�n�)

�R�` �m�`�k�m�`�n�`�i�o �\ �q�\�m�d�\�]�g�` �\�n �\ �n�p�n�k�`�i�n�d�j�i �^�j�i�o�\�d�i�d�i�b �\�i �`�h�k�o�t �g�d�n�o �j�a �n�r�\�k�n�) �N�`�q�(

�`�m�\�g �a�p�i�^�o�d�j�i�n �m�`�^�j�i�n�o�m�p�^�o �n�p�n�k�`�i�n�d�j�i�n �o�c�\�o �m�`�k�m�`�n�`�i�o �q�\�m�d�\�]�g�`�n�) �C�j�r�`�q�`�m�' �j�p�m �d�h�(

�k�g�`�h�`�i�o�\�o�d�j�i �j�a �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i �\�n�n�p�h�`�n �o�c�\�o �q�\�m�d�\�]�g�`�n �^�\�i �]�` �^�j�h�k�\�m�`�_ �p�n�d�i�b

� �̀l�:�)

�D�i �j�m�_�`�m �o�j �`�i�n�p�m�` �o�c�\�o �\ �q�\�m�d�\�]�g�` �d�n �\�g�r�\�t�n� �̀l�: �o�j �d�o�n�`�g�a�' �m�`�b�\�m�_�g�`�n�n �j�a �c�j�r �h�\�i�t

�o�d�h�`�n �d�o �d�n �m�`�^�j�i�n�o�m�p�^�o�`�_�' �r�` �p�n�` �\�g�`�o�m�`�^�o�m�d�^�f�5 �\ �n�p�n�k�`�i�n�d�j�i �m�`�k�m�`�n�`�i�o�d�i�b �\ �q�\�m�d�\�]�g�`

�^�j�i�o�\�d�i�n �\ �k�m�j�^�`�_�p�m�` �j�a �u�`�m�j �\�m�b�p�h�`�i�o�n �#�\�o�c�p�i�f�$ �o�c�\�o�' �r�c�`�i �d�i�q�j�f�`�_�' �m�`�o�p�m�i�n �o�c�`

�n�p�n�k�`�i�n�d�j�i�' �o�c�p�n �h�\�d�i�o�\�d�i�d�i�b �o�c�` �_�`�n�d�m�`�_� �̀l�:�(�i�`�n�n �k�m�j�k�`�m�o�t�) �#�D�i �o�c�` �o�`�s�o �r�` �^�j�i�|�\�o�`

�q�\�m�d�\�]�g�`�n �r�d�o�c �o�c�`�d�m �\�n�n�j�^�d�\�o�`�_ �o�c�p�i�f�n�)�$

�#�_�`�{�i�` �q�\�m
�#λ �#�d�b�i�j�m�`�$

�#�g�`�o�m�`�^�#�#�n�#�g�d�n�o�n�p�n�k�#�#�$�$�#λ �#�$�n�$�$�$�$
�n�$�$�$



�>�C�<�K�O�@�M �,�,�) �D�H�K�G�@�H�@�I�O�<�O�D�J�I �D�Q�5α�F�<�I�M�@�I �,�/�-

�p�i�d�a�t�\�o�o�`�h�k�o�n �o�j �n�j�g�q�` �\ �n�`�o �j�a �`�l�p�\�o�d�j�i�nϵ �d�i �o�c�` �^�j�i�o�`�s�o �j�a �\ �k�\�^�f�\�b�`�#�#σ ∇�$�$�)

�p�i�d�a�t�\�k�k�g�d�`�nσ �o�jϵ�' �\�i�_ �o�c�`�i �^�\�g�g�n�\�k�k�g�t�(σ�(�m�p�g�`�n�j�i �o�c�` �m�`�n�p�g�o�d�i�b �n�`�o �j�a �`�l�p�\�o�d�j�i�n�)

�\�k�k�g�t�(σ�(�m�p�g�`�n�`�d�o�c�`�m �n�p�^�^�`�n�n�a�p�g�g�t �^�j�h�k�g�`�o�`�n �o�c�` �{�m�n�o �k�c�\�n�` �j�a �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i

�]�t �m�`�o�p�m�i�d�i�b �\ �i�`�rσ �\�i�_ δ�' �j�m �d�i�q�j�f�`�n �o�c�` �a�\�d�g�p�m�` �^�j�i�o�d�i�p�\�o�d�j�i�a�f�' �\ �e�p�h�k�(�j�p�o

�^�j�i�o�d�i�p�\�o�d�j�i �n�d�h�d�g�\�m �o�j �G�d�n�k�1�n� �̂\�o�^�c�#�N�o�`�`�g�` �E�m�)�,�4�4�+�$�)

�#�_�`�{�i�` �p�i�d�a�t
�#λ �#ϵ σ ∇ �a�f�$

�#�g�`�o�#�#ϵ �#�\�k�k�g�t�(�n�p�]�n�oσ ϵ�$�$�$
�#�h�q�(�g�`�o�#�#̂σ δ�$ �#�\�k�k�g�t�(σ�(�m�p�g�`�nϵ �a�f�$�$

�#�p�i�d�a�t�� δ �#� �̂j�h�k�j�n�`�(�n�p�]�n�oσ σ̂�$∇ �a�f�$�$�$�$�$

�h�q�(�g�`�o�' �_�`�{�i�`�_ �d�i �<�k�k�`�i�_�d�s�=�' �_�`�^�j�i�n�o�m�p�^�o�n �\ �g�d�n�o �j�a �q�\�g�p�`�n�)

�D�i �o�c�` �n�`�^�j�i�_ �k�c�\�n�` �j�a �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i�'�p�i�d�a�t�� �^�\�g�g�n�\�k�k�g�t�(�n�p�]�n�o�o�j �]�m�d�i�b∇

�\�i�_ δ �p�k �o�j �_�\�o�`�' �o�c�`�i �k�\�n�n�`�n �o�c�`�d�m �p�i�d�j�i �o�j�\�k�k�g�t�(∇�(�m�p�g�`�n�)

�#�_�`�{�i�` �p�i�d�a�t��
�#λ �#δ σ ∇ �a�f�$

�#�g�`�o�#�#δ �#�\�k�k�g�t�(�n�p�]�n�oσ δ�$�$
�#∇ �#�\�k�k�g�t�(�n�p�]�n�oσ ∇�$�$�$

�#�g�`�o�#�#δ �#δ�(�p�i�d�j�i∇ δ�$�$�$
�#�g�d�n�oσ �#�\�k�k�g�t�(∇�(�m�p�g�`�nδ �a�f�$�$�$�$�$�$

�\�k�k�g�t�(σ�(�m�p�g�`�n�d�n �\ �m�`�^�p�m�n�d�q�` �a�p�i�^�o�d�j�i �r�c�j�n�` �j�i�g�t �o�\�n�f �d�n �o�j �^�j�h�]�d�i�` �m�`�n�p�g�o�n �m�`�(

�o�p�m�i�`�_ �]�tσ�(�m�p�g�`�n�) σ�(�m�p�g�`�n�o�\�f�`�n �o�r�j �\�m�b�p�h�`�i�o�n�5 �\ �n�d�i�b�g�` �`�l�p�\�o�d�j�i �\�i�_ �o�c�` �m�`�n�o �j�a

�o�c�` �`�l�p�\�o�d�j�i�n�) �D�aσ�(�m�p�g�`�n�a�\�d�g�n�' �o�c�`�i�\�k�k�g�t�(σ�(�m�p�g�`�n�d�i�q�j�f�`�n�a�f�' �\�i�_ �o�c�` �m�`�n�p�g�o �j�a�p�i�d�a�t

�d�n���a�) �@�\�^�c �n�p�^�^�`�n�n�a�p�g �^�\�g�g �o�jσ�(�m�p�g�`�n�m�`�o�p�m�i�n �\ �i�`�r �n�`�o �j�a �`�l�p�\�o�d�j�i�nϵ�' �\ �i�`�r σ�' �\�i�_

�\ �n�`�o �j�a �#�p�i�m�`�n�j�g�q�`�_�$ �^�j�i�n�o�m�\�d�i�o�nδ�) �N�p�^�^�`�n�n�d�q�` �^�\�g�g�n �o�jσ�(�m�p�g�`�n�m�`�n�j�g�q�` �o�c�` �`�l�p�\�o�d�j�i�n

�d�iϵ �p�i�o�d�g �o�c�`�m�` �\�m�` �i�j �`�l�p�\�o�d�j�i�n �g�`�a�o�)
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�#�_�`�{�i�` �\�k�k�g�t�(σ�(�m�p�g�`�n
�#λ �#ϵ �a�f�$

�#�^�j�i�_
�#�#�i�p�g�g�:ϵ�$�#�#�`�h�k�o�t�(σ �`�h�k�o�t�(δ�$�$�$
�#�`�g�n�`
�#�g�`�o�#�#� �̀l�i �#� �̂\�mϵ�$�$ �#ϵ �#� �̂_�mϵ�$�$�$

�#�h�q�(�g�`�o�#�#ϵ σ δ�$ �#�j�m�#σ�(�m�p�g�`�n � �̀l�iϵ�$ �#�a�f�$�$�$
�#�h�q�(�g�`�o�#�#̂σ δ̂�$ �#�\�k�k�g�t�(σ�(�m�p�g�`�nϵ �a�f�$�$

�#�g�d�n�o�#� �̂j�h�k�j�n�`�(�n�p�]�n�oσ σ̂�$ �#δ�(�p�i�d�j�îδ δ�$�$�$�$�$�$�$�$�$

�\�k�k�g�t�(∇�(�m�p�g�`�n�d�n �n�d�h�d�g�\�m �o�j�\�k�k�g�t�(σ�(�m�p�g�`�n�' �]�p�o �o�\�f�`�n �^�j�i�n�o�m�\�d�i�o�n �d�i�n�o�`�\�_ �j�a �`�l�p�\�(

�o�d�j�i�n�' �\�i�_ �^�j�h�]�d�i�`�n �o�c�` �m�`�n�p�g�o�n �m�`�o�p�m�i�`�_ �]�t∇�(�m�p�g�`�n�)

�#�_�`�{�i�` �\�k�k�g�t�(∇�(�m�p�g�`�n
�#λ �#δ �a�f�$

�#�^�j�i�_
�#�#�i�p�g�g�:δ�$�`�h�k�o�t�(∇�$
�#�`�g�n�`
�#�g�`�o�#�#�^�#� �̂\�mδ�$�$ �#δ �#� �̂_�mδ�$�$�$

�#�h�q�(�g�`�o�#�#δ ∇�$ �#�j�m�#∇�(�m�p�g�`�n �^δ�$ �#�a�f�$�$�$
�#δ�(�p�i�d�j�i∇ �#�\�k�k�g�t�(∇�(�m�p�g�`�nδ �a�f�$�$�$�$�$�$�$�$

�`�h�k�o�t�(σ�' �`�h�k�o�t�(δ�' �\�i�_�`�h�k�o�t�(∇ �\�m�` �_�`�{�i�`�_ �d�i �n�`�^�o�d�j�i�,�,�)�-�)

�D�i �]�j�o�cσ�(�m�p�g�`�n�\�i�_∇�(�m�p�g�`�n�r�` �p�n��̀p�i�o�\�b�b� �̀_�:�o�j �_�d�n�o�d�i�b�p�d�n�c �p�i�o�\�b�b�`�_ �k�\�d�m�n �a�m�j�h

�n�k�`�^�d�\�g�g�t �o�\�b�b�`�_ �k�\�d�m�n �o�c�\�o �m�`�k�m�`�n�`�i�o �]�d�i�_�`�m�n�' �i�j�h�n�' �\�i�_ �n�p�n�k�`�i�n�d�j�i�n�)

�#�_�`�{�i�` �p�i�o�\�b�b� �̀_�:
�#λ �#�s�$

�#�i�j�o�#�h�`�h�q �s�#�#�o�d�` �i�j�h �n�p�n�k�$�$�$�$�$�$

�C�`�m�` �\�m�` �o�c�` �o�m�\�i�n�a�j�m�h�\�o�d�j�i �m�p�g�`�n �j�a �o�c�` �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i �\�g�b�j�m�d�o�c�h�' �_�`�m�d�q�`�_

�a�m�j�h �o�c�` �m�p�g�`�n �d�i�P�m�]�\�i �`�o �\�g�)�#�-�+�+�/�$�) �#σ�(�m�p�g�`�n�m�`�g�d�`�n �j�i�k�h�\�o�^�c�' �r�c�d�^�c �d�n �_�`�{�i�`�_

�d�i �<�k�k�`�i�_�d�s�=�)�$
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�#�_�`�{�i�` σ�(�m�p�g�`�n
�#λ �#� �̀l�i ϵ�$

�#�k�h�\�o�^�c� �̀l�i
�#�#�#�^ � ĉ�$�$
�#�b�p�\�m�_�#�i�j�o�#�k�\�d�m�: �^�$�$ �#� �̀l�p�\�g�: �^̂c�$�$
�#�#ϵ �`�h�k�o�t�(σ �`�h�k�o�t�(δ�$�$�$

�#�#�#�#�#�o�d�`�\ �o�$�$� �#�#�o�d�`â t̂�$�$�$�$
�#�b�p�\�m�_�#� �̀l�: �\ â�$�$
�#�#�#�#�#�#�o� t̂�$�$� ϵ�$�$�`�h�k�o�t�(σ �`�h�k�o�t�(δ�$�$�$

�#�#�#�#�#�o�d�`�\ �o�$�$� �#�#�o�d�`â t̂�$�$�$�$
�#�b�p�\�m�_�#�i�j�o�#� �̀l�: �\ â�$�$�$
�#�g�`�o�#�#̂u �#�\�k�k�g�t�(π �#�#�#�#�\ â�$�$�$�$t̂�$�$�$

�#�#�#�#�#�#�o� û�$�$� ϵ�$�$�`�h�k�o�t�(σ �#�#�#�#�\ � t̂�$�$�$�$�$�$�$�$
�#�#�#�#�#�i�j�h �Z�$�$� �#�#�i�j�h �Z�$�$�$�$
�#�b�p�\�m�_�#� �̀l�: �#� �̂\�m � �̀l�i�$ �#� �̂_�m � �̀l�i�$�$�$
�#�#ϵ �`�h�k�o�t�(σ �`�h�k�o�t�(δ�$�$�$

�#�#�#�#�#�n�p�n�kπ �s�$�$� �#�#�n�p�n�kπ̂ x̂�$�$�$�$
�#�b�p�\�m�_�#� �̀l�: �#�s�$ �#̂x�$�$�$
�#�g�`�o�#�#δ �#�h�\�k�#λ �#�\�$ �#� �̂j�i�n �\�#�s�$�$�$

�#�_�d�n�\�b�m� �̀`�h�`�i�o�(�n�`�oπ π̂�$�$�$�$
�#�#ϵ �`�h�k�o�t�(σ δ�$�$�$�$

�#�#�#�#�#�n�p�n�kπ �s�$�$� �o�$�$
�#�b�p�\�m�_�#�i�j�o�#�j� �̂^�p�m�n

√
�#�s�$�o�$�$�$

�#�g�`�o�#�#�s�#�s�$�$ �#�o�#�\�k�k�g�t�(π �#�m�`�q�`�m�n�`π�$�o�$�$�$
�#�g�`�o�#�#σ �#�#�#�#�s � �o�$�$�$�$�$�$

�#�g�d�n�o�#�\�k�k�g�t�(�n�p�]�n�oσ ϵ�$σ �`�h�k�o�t�(δ�$�$�$�$
�#�#�#�o� �#�#�n�p�n�kπ �s�$�$�$�$
�#�b�p�\�m�_�#�i�j�o�#�j� �̂^�p�m�n

√
�#�s�$�o�$�$�$

�#�g�`�o�#�#�s�#�s�$�$ �#�o�#�\�k�k�g�t�(π �#�m�`�q�`�m�n�`π�$�o�$�$�$
�#�g�`�o�#�#σ �#�#�#�#�s � �o�$�$�$�$�$�$

�#�g�d�n�o�#�\�k�k�g�t�(�n�p�]�n�oσ ϵ�$σ �`�h�k�o�t�(δ�$�$�$�$
�#�#�#�#�#t1 � t2�$�$� �#�#̂t1 � t̂2�$�$�$�$
�#�b�p�\�m�_�#�p�i�o�\�b�b� �̀_�:t1�$ �#�p�i�o�\�b�b� �̀_�:t̂1�$�$
�#�#�#�#�#�#t1 � t̂1�$�$ �#�#t2 � t̂2�$�$� ϵ�$�$�`�h�k�o�t�(σ �`�h�k�o�t�(δ�$�$�$

�#�`�g�n�`���a�$�$�$�$

�>�g�\�p�n�`�n �o�r�j �\�i�_ �o�c�m�`�` �d�iσ�(�m�p�g�`�n�d�h�k�g�`�h�`�i�oα�(�`�l�p�d�q�\�g�`�i�^�` �j�a �]�d�i�_�`�m�n�' �\�n �_�`�{�i�`�_

�d�i �n�`�^�o�d�j�i�4�)�,�j�a �>�c�\�k�o�`�m�4�) �>�g�\�p�n�` �{�q�` �p�i�d�{�`�n �o�r�j �n�p�n�k�`�i�n�d�j�i�n �o�c�\�o �c�\�q�` �o�c�` �n�\�h�`

�q�\�m�d�\�]�g�`�6 �d�i �o�c�d�n �^�\�n�`�'σ�(�m�p�g�`�n�^�m�`�\�o�`�n �\�n �h�\�i�t �i�`�r �a�m�`�n�c�i�`�n�n �^�j�i�n�o�m�\�d�i�o�n �\�n �o�c�`�m�` �\�m�`
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�i�j�h�n �d�i �o�c�`�_�d�n�\�b�m� �̀`�h�`�i�o �n�`�o�#�_�`�{�i�`�_ �]�`�g�j�r�$ �j�a �o�c�` �n�p�n�k�`�i�n�d�j�i�n�1 �n�r�\�k�n�) �>�g�\�p�n�`�n �n�d�s

�\�i�_ �n�`�q�`�i �\�m�` �n�d�h�d�g�\�m�5 �`�\�^�c �^�g�\�p�n�` �p�i�d�{�`�n �\ �n�p�n�k�`�i�n�d�j�i �^�j�i�o�\�d�i�d�i�b �\ �q�\�m�d�\�]�g�`�s �\�i�_

�\ �g�d�n�o �j�a �n�r�\�k�nπ �r�d�o�c �\ �o�`�m�h�o�)σ�(�m�p�g�`�n�^�m�`�\�o�`�n �\ �n�p�]�n�o�d�o�p�o�d�j�i �\�n�n�j�^�d�\�o�d�i�b�s�r�d�o�c �o�c�`

�m�`�n�p�g�o �j�a �\�k�k�g�t�d�i�b �o�c�` �n�r�\�k�n �d�iπ �o�j�o�d�i�m�`�q�`�m�n�` �j�m�_�`�m�' �r�d�o�c �o�c�` �i�`�r�`�n�o �n�r�\�k �d�iπ

�\�k�k�g�d�`�_ �{�m�n�o�) �O�c�d�n �n�p�]�n�o�d�o�p�o�d�j�i �d�n �\�k�k�g�d�`�_ �o�j �o�c�` �^�j�i�o�`�s�oϵ�)

�\�k�k�g�t�(π�' �]�`�g�j�r�' �\�k�k�g�d�`�n �\ �g�d�n�o �j�a �n�r�\�k�nπ �o�j �\ �o�`�m�h�q�)

�#�_�`�{�i�` �\�k�k�g�t�(π
�#λ �#π �q�$

�#�k�h�\�o�^�c�q
�#�^�#�b�p�\�m�_�#�i�j�o�#�k�\�d�m�: �^�$�$�$� �̂$
�#�#�#�o�d�`�\ �o�$�$
�#�g�`�o�#�#�\ �#�\�k�k�g�t�(π π �\�$�$

�#�o�#�\�k�k�g�t�(π π �o�$�$�$
�#�#�o�d�`�\ �o�$�$�$�$

�#�#�#�i�j�h �Z�$�$
�#�g�`�o�g�j�j�k�#�#�q �q�$ �#π π�$�$

�#�d�a�#�i�p�g�g�:π�$
�q
�#�\�k�k�g�t�(�n�r�\�k�#� �̂\�mπ�$ �#�g�j�j�k �q�#� �̂_�mπ�$�$�$�$�$�$

�#�#�#�n�p�n�kπ̂ �s�$�$
�#�g�`�o�#�#π �#�\�k�k�`�i�_π π̂�$�$�$

�#�d�a�#�i�p�g�g�:π�$
�#�s�$
�#�#�n�p�n�kπ �s�$�$�$�$�$

�#�#�#�\ � �_�$�$�#� �̂j�i�n�#�\�k�k�g�t�(π π �\�$ �#�\�k�k�g�t�(π π �_�$�$�$�$�$�$

�D�a�q�d�n �\ �i�j�h�' �o�c�`�iπ�1�n �n�r�\�k�n �\�m�` �\�k�k�g�d�`�_�' �r�d�o�c �o�c�` �j�g�_�`�n�o �n�r�\�k �\�k�k�g�d�`�_ �{�m�n�o�) �D�a�q�d�n

�\ �n�p�n�k�`�i�n�d�j�i �r�d�o�c �\ �g�d�n�o �j�a �n�r�\�k�nπ̂ �\�i�_ �q�\�m�d�\�]�g�`�s�' �o�c�`�i �o�c�` �n�r�\�k�n �d�iπ �\�m�` �\�_�_�`�_

�o�j �o�c�` �n�r�\�k�n �d�iπ̂�) �D�a �o�c�d�n �g�d�n�o �d�n �`�h�k�o�t�' �o�c�`�i�s�1�n �n�p�n�k�`�i�n�d�j�i �d�n �m�`�o�p�m�i�`�_�6 �j�o�c�`�m�r�d�n�`�'

�\ �i�`�r �n�p�n�k�`�i�n�d�j�i �d�n �^�m�`�\�o�`�_ �r�d�o�c �o�c�j�n�` �n�r�\�k�n�)
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�#�_�`�{�i�` �\�k�k�g�t�(�n�r�\�k
�#λ �#�n�r�\�k �\�$

�#�k�h�\�o�^�c�n�r�\�k
�#�#�#a1 a2�$�$
�#�^�j�i�_

�#�#� �̀l�: �\ a2�$a1�$
�#�#� �̀l�: �\ a1�$a2�$
�#�`�g�n�`�\�$�$�$�$�$�$

�O�c�∇̀�(�m�p�g�`�n�\�m�` �h�p�^�c �n�d�h�k�g�`�m �o�c�\�i �o�c�`σ�(�m�p�g�`�n�) �D�i �o�c�` �n�`�^�j�i�_ �^�g�\�p�n�`�' �o�c�` �i�j�h

â �d�i �o�c�` �]�d�i�_�d�i�b �k�j�n�d�o�d�j�i �j�a �o�c�` �]�d�i�_�`�m �d�n �o�c�` �n�\�h�` �\�n�\�' �n�j�\ �^�\�i �i�`�q�`�m �\�k�k�`�\�m �a�m�`�`

�d�i�o�) �D�i �o�c�` �{�a�o�c �^�g�\�p�n�`�' �o�c�` �g�d�n�o �j�a �n�r�\�k�nπ �d�i �o�c�` �n�p�n�k�`�i�n�d�j�i �\�m�` �\�k�k�g�d�`�_�' �d�i �m�`�q�`�m�n�`

�j�m�_�`�m�' �o�j �o�c�` �i�j�h�\�' �t�d�`�g�_�d�i�b �\�i�j�o�c�`�m �i�j�h�)∇�(�m�p�g�`�n�o�c�`�i �\�_�_�n �\ �i�`�r �^�j�i�n�o�m�\�d�i�o

�\�n�n�j�^�d�\�o�d�i�b �o�c�d�n �i�j�h �r�d�o�c �o�c�` �n�p�n�k�`�i�n�d�j�i�1�n �q�\�m�d�\�]�g�`�)

�#�_�`�{�i�` ∇�(�m�p�g�`�n
�#λ �#�_δ�$

�#�k�h�\�o�^�c�_
�#�#�#�\ � � �̂$�$
�#�b�p�\�m�_�#�i�j�o�#�k�\�d�m�: �^�$�$�$
�#�#δ �`�h�k�o�t�(∇�$�$�$

�#�#�#�\ � �#�#�o�d�`â �o�$�$�$�$
�#�b�p�\�m�_�#� �̀l�: â �\�$�$
�#�#δ �`�h�k�o�t�(∇�$�$�$

�#�#�#�\ � �#�#�o�d�`â �o�$�$�$�$
�#�b�p�\�m�_�#�i�j�o�#� �̀l�: â �\�$�$�$
�#�#�#�#�#�#�\ � �o�$�$� δ�$�$�`�h�k�o�t�(∇�$�$�$

�#�#�#�\ � �#�#�i�j�h �Z�$�$�$�$
�#�b�p�\�m�_�#�i�j�o�#� �̀l�: �\ �#� �̂_�m �_�$�$�$�$
�#�#δ �`�h�k�o�t�(∇�$�$�$

�#�#�#�\ � �#�#�n�p�n�kπ �s�$�$�$�$
�#�g�`�o�#�#�\ �#�\�k�k�g�t�(π �#�m�`�q�`�m�n�`π�$�\�$�$ �#�s �#�s�$�$�$

�#�#δ �#�#�#�#�\ � �s�$�$�$�$�$�$�$�$
�#�#�#�\ � �#�#t1 � t2�$�$�$�$
�#�b�p�\�m�_�#�p�i�o�\�b�b� �̀_�:t1�$�$
�#�#�#�#�#�#�\ � t1�$�$ �#�#�\ � t2�$�$� δ�$�$�`�h�k�o�t�(∇�$�$�$

�#�`�g�n�`���a�$�$�$�$
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�A�d�i�_�d�i�b �o�c�` �_�d�n�\�b�m�`�`�h�`�i�o �n�`�o �j�a �o�r�j �g�d�n�o�n �j�a �n�r�\�k�nπ �\�i�_ π̂ �m�`�l�p�d�m�`�n �a�j�m�h�d�i�b �\

�n�`�o �j�a �\�g�g �o�c�` �i�j�h�n �d�i �o�c�j�n�` �g�d�n�o�n�' �o�c�`�i �\�k�k�g�t�d�i�b �]�j�o�cπ �\�i�_ π̂ �o�j �`�\�^�c �i�j�h�\ �d�i

�o�c�d�n �n�`�o�) �D�a �#�\�k�k�g�t�(π π �\�$ �\�i�_ �#�\�k�k�g�t�(π π̂ �\�$ �k�m�j�_�p�^�` �_�d�z�`�m�`�i�o �i�j�h�n�' �o�c�`�i�\ �d�n �d�i �o�c�`

�_�d�n�\�b�m�`�`�h�`�i�o �n�`�o�) �#�{�g�o�`�m�\�i�_ �m�`�h�j�q�`�(�_�p�k�g�d� �̂\�o�`�n�\�m�` �_�`�{�i�`�_ �d�i �<�k�k�`�i�_�d�s�<�)�$

�#�_�`�{�i�` �_�d�n�\�b�m� �̀`�h�`�i�o�(�n�`�o
�#λ �#π π̂�$

�#�{�g�o�`�m
�#λ �#�\�$ �#�i�j�o�#� �̀l�: �#�\�k�k�g�t�(π π �\�$ �#�\�k�k�g�t�(π π̂ �\�$�$�$�$
�#�m�`�h�j�q�`�(�_�p�k�g�d� �̂\�o�`�n

�#�\�k�k�`�i�_�#�\�k�k�g�t �\�k�k�`�i�_π�$ �#�\�k�k�g�t �\�k�k�`�i�_π̂�$�$�$�$�$�$

�O�c��̀j� �̂^�p�m�n
√

�d�n �r�c�\�o �j�i�` �h�d�b�c�o �`�s�k�`�^�o�)

�#�_�`�{�i�` �j� �̂^�p�m�n
√

�#λ �#�s �q�$
�#�k�h�\�o�^�c�q

�#�^�#�b�p�\�m�_�#�i�j�o�#�k�\�d�m�: �^�$�$�$���a�$
�#�#�#�o�d�`�Z �o�$�$�#�j� �̂^�p�m�n

√
�s �o�$�$

�#�#�#�i�j�h �Z�$�$���a�$
�#�#�#�n�p�n�k�Z x̂�$�$�#� �̀l�: �#̂x�$�s�$�$
�#�#�#̂x � ŷ�$�$�#�j�m�#�j� �̂^�p�m�n

√
�s x̂�$ �#�j� �̂^�p�m�n

√
�s ŷ�$�$�$

�#�`�g�n�`���a�$�$�$�$

�,�,�)�,�)�, �D�_�`�h�k�j�o�`�i�o �N�p�]�n�o�d�o�p�o�d�j�i�n

� �̂j�h�k�j�n�`�(�n�p�]�n�o�1�n �_�`�{�i�d�o�d�j�i �d�n �o�\�f�`�i �a�m�j�h�G�g�j�t�_�#�,�4�3�2�$�) �D�o �o�\�f�`�n �o�r�j �n�p�]�n�o�d�o�p�o�d�j�i�nσ

�\�i�_τ �' �\�i�_ �^�j�i�n�o�m�p�^�o�n �\ �i�`�r �n�p�]�n�o�d�o�p�o�d�j�iσ̂ �d�i �r�c�d�^�c �`�\�^�c �\�n�n�j�^�d�\�o�d�j�i�#�#�s � �q�$�$�d�iσ �d�n

�m�`�k�g�\�^�`�_ �]�t�#�#�s � v̂�$�$�' �r�c�`�m�`v̂ �d�n �o�c�` �m�`�n�p�g�o �j�a �\�k�k�g�t�d�i�bτ �o�j�q�) �<�i�t �\�n�n�j�^�d�\�o�d�j�i �d�iτ

�r�c�j�n�` �q�\�m�d�\�]�g�` �c�\�n �\�i �\�n�n�j�^�d�\�o�d�j�i �d�iσ̂ �d�n �o�c�`�i �{�g�o�`�m�`�_ �a�m�j�hτ �) �<�g�n�j�' �\�i�t �\�n�n�j�^�d�\�o�d�j�i

�j�a �o�c�` �a�j�m�h�#�#�s � �s�$�$�d�n �{�g�o�`�m�`�_ �a�m�j�hσ̂�) �O�c�`�n�` �{�g�o�`�m�`�_ �n�p�]�n�o�d�o�p�o�d�j�i�n �\�m�` �o�c�`�i �\�k�k�`�i�_�`�_�)
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�#�_�`�{�i�` � �̂j�h�k�j�n�`�(�n�p�]�n�o
�#λ �#σ τ �$

�#�g�`�o�#�#̂σ �#�h�\�k
�#λ �#�\�$ �#� �̂j�i�n�#� �̂\�m �\�$ �#�\�k�k�g�t�(�n�p�]�n�oτ �#� �̂_�m �\�$�$�$�$
σ�$�$�$

�#�\�k�k�`�i�_
�#�{�g�o�`�m�#λ �#�\�$ �#�i�j�o�#�\�n�n�l�#� �̂\�m �\�$σ̂�$�$�$τ �$
�#�{�g�o�`�m�#λ �#�\�$ �#�i�j�o�#� �̀l�: �#� �̂\�m �\�$ �#� �̂_�m �\�$�$�$�$σ̂�$�$�$�$�$

�I�`�s�o �r�` �_�`�{�i�`�\�k�k�g�t�(�n�p�]�n�o�) �D�i �o�c�` �n�p�n�k�`�i�n�d�j�i �^�\�n�`�'�\�k�k�g�t�(�n�p�]�n�o�\�k�k�g�d�`�n �o�c�` �g�d�n�o

�j�a �n�r�\�k�nπ �o�j �\ �q�\�m�d�\�]�g�`�' �j�m �o�j �d�o�n �]�d�i�_�d�i�b�)

�#�_�`�{�i�` �\�k�k�g�t�(�n�p�]�n�o
�#λ �#σ �q�$

�#�k�h�\�o�^�c�q
�#�^�#�b�p�\�m�_�#�i�j�o�#�k�\�d�m�: �^�$�$�$� �̂$
�#�#�#�o�d�`�\ �o�$�$
�#�g�`�o�#�#�o�#�\�k�k�g�t�(�n�p�]�n�oσ �o�$�$�$

�#�#�o�d�`�\ �o�$�$�$�$
�#�#�#�i�j�h �Z�$�$�q�$
�#�#�#�n�p�n�kπ �s�$�$�#�\�k�k�g�t�(π π �#�b�`�o�#�s�$σ�$�$�$
�#�#�#�s � �t�$�$�#� �̂j�i�n�#�\�k�k�g�t�(�n�p�]�n�oσ �s�$ �#�\�k�k�g�t�(�n�p�]�n�oσ �t�$�$�$�$�$�$

�b�`�o�' �r�c�d�^�c �d�n �_�`�{�i�`�_ �d�i �<�k�k�`�i�_�d�s�<�' �{�i�_�n �o�c�` �]�d�i�_�d�i�b �j�a �\ �q�\�m�d�\�]�g�` �d�i �\ �n�p�]�n�o�d�o�p�o�d�j�i

�j�m �m�`�o�p�m�i�n �o�c�` �q�\�m�d�\�]�g�` �d�a �i�j �]�d�i�_�d�i�b �`�s�d�n�o�n�)

�,�,�)�,�)�- δ�(�p�i�d�j�i

�A�d�i�\�g�g�t �r�` �_�`�{�i�`δ�(�p�i�d�j�i�' �r�c�d�^�c �a�j�m�h�n �o�c�` �p�i�d�j�i �j�a �o�r�jδ�1�n�)

�#�_�`�{�i�` δ�(�p�i�d�j�i
�#λ �#δ δ̂�$

�#�k�h�\�o�^�cδ
�#�#�#�$�$δ̂�$
�#�#�#�_ � δ�$�$
�#�d�a�#�o�`�m�h�(�h�`�h�]�`�m�: �_δ̂�$

�#δ�(�p�i�d�j�iδ δ̂�$
�#� �̂j�i�n �_�#δ�(�p�i�d�j�iδ δ̂�$�$�$�$�$�$�$
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�#�_�`�{�i�` �o�`�m�h�(�h�`�h�]�`�m�:
�#λ �#�q �q∗�$

�#�k�h�\�o�^�c�q∗

�#�#�#�$�$���a�$
�#�#�#̂v � �q∗�$�$
�#�j�m�#�o�`�m�h�(� �̀l�p�\�g�:v̂ �q�$ �#�o�`�m�h�(�h�`�h�]�`�m�: �q �q∗�$�$�$�$�$�$

�#�_�`�{�i�` �o�`�m�h�(� �̀l�p�\�g�:
�#λ �#�p �q�$

�#�k�h�\�o�^�c �#�#�p �q�$�$
�#�#�#�^ ĉ�$�$�#�b�p�\�m�_�#�i�j�o�#�k�\�d�m�: �^�$�$ �#�i�j�o�#�k�\�d�m�:ĉ�$�$�$
�#� �̀l�p�\�g�: �^̂c�$�$

�#�#�#�#�#�o�d�`�\ �o�$�$ �#�#�o�d�`â t̂�$�$�$�$
�#�\�i�_ �#� �̀l�: �\ â�$ �#�o�`�m�h�(� �̀l�p�\�g�: �ot̂�$�$�$

�#�#�#�#�#�i�j�h �Z�$�$ �#�#�i�j�h �Z�$�$�$�$�#� �̀l�: �p �q�$�$
�#�#�#�#�#�n�p�n�kπ �s�$�$ �#�#�n�p�n�kπ̂ x̂�$�$�$�$
�#�\�i�_ �#� �̀l�: �#�s�$ �#̂x�$�$ �#�i�p�g�g�:�#�_�d�n�\�b�m� �̀`�h�`�i�o�(�n�`�oπ π̂�$�$�$�$

�#�#�#�#�#�s � �t�$�$ �#�#x̂ � ŷ�$�$�$�$
�#�\�i�_ �#�o�`�m�h�(� �̀l�p�\�g�: �sx̂�$ �#�o�`�m�h�(� �̀l�p�\�g�: �tŷ�$�$�$

�#�`�g�n�`���a�$�$�$�$

�M�`�^�\�g�g �o�c�\�oδ �_�`�i�j�o�`�n �\ �n�`�o �j�a �p�i�m�`�n�j�g�q�`�_ �^�j�i�n�o�m�\�d�i�o�n�' �r�c�`�m�` �\ �^�j�i�n�o�m�\�d�i�o �d�n �\

�k�\�d�m �j�a �\ �i�j�h�\ �\�i�_ �\ �o�`�m�h�o�) δ�(�p�i�d�j�i�p�n�`�n�o�`�m�h�(�h�`�h�]�`�m�:�' �r�c�d�^�c �p�n�`�n�o�`�m�h�(� �̀l�p�\�g�:

�r�c�`�i �^�j�h�k�\�m�d�i�b �o�r�j �^�j�i�n�o�m�\�d�i�o�n�) �O�c�` �_�`�{�i�d�o�d�j�i �j�a�o�`�m�h�(� �̀l�p�\�g�:�d�n �n�o�m�\�d�b�c�o�a�j�m�r�\�m�_

�`�s�^�`�k�o �r�c�`�i �^�j�h�k�\�m�d�i�b �o�r�j �n�p�n�k�`�i�n�d�j�i�n�' �d�i �r�c�d�^�c �^�\�n�` �o�c�`�d�m �q�\�m�d�\�]�g�`�n �h�p�n�o �]�` �o�c�`

�n�\�h�`�' �\�i�_ �o�c�` �_�d�n�\�b�m�`�`�h�`�i�o �n�`�o �j�a �o�c�`�d�m �g�d�n�o�n �j�a �n�r�\�k�n �h�p�n�o �]�` �`�h�k�o�t�)

�,�,�)�- �B�j�\�g �>�j�i�n�o�m�p�^�o�j�m�n

�D�i �o�c�` �^�j�m�` �h�d�i�d�F�\�i�m�`�i �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �>�c�\�k�o�`�m�.�' �\ �b�j�\�g �d�n �\ �a�p�i�^�o�d�j�i �o�c�\�o

�h�\�k�n �\ �n�p�]�n�o�d�o�p�o�d�j�i�n�o�j �\�i �j�m�_�`�m�`�_ �n�`�l�p�`�i�^�` �j�a �u�`�m�j �j�m �h�j�m�` �n�p�]�n�o�d�o�p�o�d�j�i�n �#�n�`�`

�n�`�^�o�d�j�i�.�)�.�$�) �D�iα�F�\�i�m�`�i�' �\ �b�j�\�g�b �d�n �\ �a�p�i�^�o�d�j�i �o�c�\�o �h�\�k�n �\ �k�\�^�f�\�b�`�k �o�j �\�i

�j�m�_�`�m�`�_ �n�`�l�p�`�i�^�`�k∞ �j�a �u�`�m�j �j�m �h�j�m�` �k�\�^�f�\�b�`�n�)
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�R�` �m�`�k�m�`�n�`�i�o �o�c�` �`�h�k�o�t �n�p�]�n�o�d�o�p�o�d�j�i�' �\�g�j�i�b �r�d�o�c �o�c�` �`�h�k�o�t �p�i�m�`�n�j�g�q�`�_ �\�i�_

�m�`�n�j�g�q�`�_ �^�j�i�n�o�m�\�d�i�o �n�`�o�n�' �\�n �o�c�` �`�h�k�o�t �g�d�n�o�)

�#�_�`�{�i�` �`�h�k�o�t�(σ �#�#�$�$�$ �#�_�`�{�i�` �`�h�k�o�t�(δ �#�#�$�$�$ �#�_�`�{�i�` �`�h�k�o�t�(∇ �#�#�$�$�$

≡ �\�i�_ �� �^�j�i�n�o�m�p�^�o �b�j�\�g�n �o�c�\�o �m�`�o�p�m�i �`�d�o�c�`�m �\ �n�d�i�b�g�`�o�j�i �n�o�m�`�\�h �j�m �\�i �`�h�k�o�t

�n�o�m�`�\�h�)

�#�_�`�{�i�`�(�n�t�i�o�\�s≡
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �p �q�$
�#�p�i�d�{�`�m �p�i�d�a�t�#�#�#�#�p � �q�$�$�$�$�$�$�$�$

�#�_�`�{�i�`�(�n�t�i�o�\�s��
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �\ �o�$
�#�p�i�d�{�`�m �p�i�d�a�t�� �#�#�#�#�\ � �o�$�$�$�$�$�$�$�$

�#�_�`�{�i�` �p�i�d�{�`�m
�#λ �#�a�i �n�`�o�$

�#λ�B �#�k�$
�#�h�q�(�g�`�o�#�#σ ∇�$�k�$

�#� �̂\�g�g�*� �̂^�#λ �#�a�f�$ �#�a�i �n�`�oσ ∇ �#λ �#�$ �#�a�f���a�$�$�$�$�$�$�$�$�$

�O�c�` �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m�a�m�`�n�c�d�n �d�_�`�i�o�d�^�\�g �o�j�`�s�d�n�o�' �`�s�^�`�k�o �o�c�\�o �d�o �g�`�s�d�^�\�g�g�t �]�d�i�_�n

�i�j�h�n �d�i�n�o�`�\�_ �j�a �q�\�m�d�\�]�g�`�n�)

�#�_�`�{�i�`�(�n�t�i�o�\�s �a�m�`�n�c
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �#�\ . . .�$g0 �b. . .�$
�#λ�B �#�k�$

�#�d�i�^
�#�g�`�o�#�#�\ �#�i�j�h �\�$�$. . .�$

�#�]�d�i�_∗ �#g0 �k�$�b. . .�$�$�$�$�$�$�$

�#�_�`�{�i�` �i�j�h
�#λ �#�\�$

�#�g�d�n�o�i�j�h �#�n�t�h�]�j�g��n�o�m�d�i�b �\�$�$�$�$
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�,�,�)�. �M�`�d�{�^�\�o�d�j�i

�<�n �_�`�n�^�m�d�]�`�_ �d�i �n�`�^�o�d�j�i�.�)�-�' �m�`�d�{� �̂\�o�d�j�i�d�n �o�c�` �k�m�j�^�`�n�n �j�a �o�p�m�i�d�i�b �\ �h�d�i�d�F�\�i�m�`�i �#�j�m

α�F�\�i�m�`�i�$ �q�\�g�p�` �d�i�o�j �\ �N�^�c�`�h�` �q�\�g�p�`�)

α�F�\�i�m�`�i�1�n �q�`�m�n�d�j�i �j�a�m�`�d�a�t�o�\�f�`�n �\ �q�\�m�d�\�]�g�`�s �\�i�_ �\ �k�\�^�f�\�b�`�k�' �\�i�_ �m�`�o�p�m�i�n �o�c�`

�q�\�g�p�` �\�n�n�j�^�d�\�o�`�_ �r�d�o�c�s�d�i�k�#�\�g�j�i�b �r�d�o�c �\�i�t �m�`�g�`�q�\�i�o �^�j�i�n�o�m�\�d�i�o�n�$�' �{�m�n�o �m�`�k�g�\�^�d�i�b �\�g�g

�q�\�m�d�\�]�g�`�n �\�i�_ �i�j�h�n �r�d�o�c �n�t�h�]�j�g�n �m�`�k�m�`�n�`�i�o�d�i�b �o�c�j�n�` �`�i�o�d�o�d�`�n�) �< �^�j�i�n�o�m�\�d�i�o�#�#�\ � �t�$�$

�d�n�m�`�g�`�q�\�i�o�d�a �]�j�o�c�\ �\�i�_ �t �\�k�k�`�\�m �d�i �o�c�` �q�\�g�p�` �\�n�n�j�^�d�\�o�`�_ �r�d�o�c�s�)

�O�c�` �{�m�n�o�^�j�i�_ �^�g�\�p�n�` �d�i �o�c�` �_�`�{�i�d�o�d�j�i �j�a�m�`�d�a�t�]�`�g�j�r �m�`�o�p�m�i�n �j�i�g�t �o�c�` �m�`�d�{�`�_

�q�\�g�p�` �\�n�n�j�^�d�\�o�`�_ �r�d�o�c�s�' �r�c�`�i �o�c�`�m�` �\�m�` �i�j �m�`�g�`�q�\�i�o �^�j�i�n�o�m�\�d�i�o�n�) �O�c�`�`�g�n��̀^�g�\�p�n�`

�m�`�o�p�m�i�n �]�j�o�c �o�c�` �m�`�d�{�`�_ �q�\�g�p�` �j�a�s�\�i�_ �o�c�` �m�`�d�{�`�_ �n�`�o �j�a �m�`�g�`�q�\�i�o �^�j�i�n�o�m�\�d�i�o�n�6 �r�` �c�\�q�`

�\�m�]�d�o�m�\�m�d�g�t �^�c�j�n�`�i �o�c�` �^�j�g�j�i �0�5�1 �o�j �n�`�k�\�m�\�o�` �o�c�` �m�`�d�{�`�_ �q�\�g�p�` �a�m�j�h �o�c�` �g�d�n�o �j�a �m�`�d�{�`�_

�^�j�i�n�o�m�\�d�i�o�n�)

�#�_�`�{�i�` �m�`�d�a�t
�#λ �#�s �k�$

�#�h�q�(�g�`�o�#�#σ ∇�$�k�$
�#�g�`�o∗ �#�#�q�#�b�`�o �sσ�$�$ �#�n�#�m�`�d�a�t�(�n �q�$�$ �#�q�#�r�\�g�f∗ �q �n�$�$�$

�#�g�`�o�#�#∇ �#�{�g�o�`�m�#λ �#�\�$ �#�\�i�_ �#�n�t�h�]�j�g�:�#� �̂\�m �\�$�$ �#�n�t�h�]�j�g�:�#� �̂_�m �\�$�$�$�$
�#�r�\�g�f∗ ∇ �n�$�$�$�$

�#�^�j�i�_
�#�#�i�p�g�g�:∇�$�q�$
�#�`�g�n�` �#�#�q�5∇�$�$�$�$�$�$�$�$�$

�m�`�d�a�t�(�n�d�n �o�c�` �c�`�\�m�o �j�a �o�c�` �m�`�d�{�`�m�)�m�`�d�a�t�(�n�o�\�f�`�n �\�i �\�m�]�d�o�m�\�m�t �q�\�g�p�`�q�' �\�i�_ �m�`�o�p�m�i�n

�\ �n�p�]�n�o�d�o�p�o�d�j�i �o�c�\�o �h�\�k�n �`�q�`�m�t �_�d�n�o�d�i�^�o �i�j�h �\�i�_ �q�\�m�d�\�]�g�` �d�i�q�o�j �\ �p�i�d�l�p�` �n�t�h�]�j�g�)

�O�c�` �o�m�d�^�f �o�j �h�\�d�i�o�\�d�i�d�i�b �g�`�a�o�(�o�j�(�m�d�b�c�o �j�m�_�`�m�d�i�b �j�a �o�c�` �n�p�]�n�^�m�d�k�o�n �j�i �o�c�`�n�` �n�t�h�]�j�g�n

�d�n �o�j �k�m�j�^�`�n�n�q�a�m�j�h �g�`�a�o �o�j �m�d�b�c�o�' �\�n �^�\�i �]�` �n�`�`�i �d�i �o�c�` �g�\�n�o�k�h�\�o�^�c�^�g�\�p�n�`�) �R�c�`�i
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�m�`�d�a�t�(�n�`�i�^�j�p�i�o�`�m�n �\ �i�j�h �j�m �q�\�m�d�\�]�g�`�' �d�o �_�`�o�`�m�h�d�i�`�n �d�a �r�` �\�g�m�`�\�_�t �c�\�q�` �\ �h�\�k�k�d�i�b �a�j�m

�o�c�\�o �`�i�o�d�o�t�) �D�a �i�j�o�'�m�`�d�a�t�(�n�`�s�o�`�i�_�n �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i �r�d�o�c �\�i �\�n�n�j�^�d�\�o�d�j�i �]�`�o�r�`�`�i �o�c�`

�i�j�h �j�m �q�\�m�d�\�]�g�` �\�i�_ �\ �i�`�r�' �\�k�k�m�j�k�m�d�\�o�`�g�t �n�p�]�n�^�m�d�k�o�`�_ �n�t�h�]�j�g�)

�#�_�`�{�i�` �m�`�d�a�t�(�n
�#�g�`�o�m�`�^

�#�#�m�(�n�#λ �#�q �n�$
�#�k�h�\�o�^�c�q

�#�^�#�b�p�\�m�_�#�i�j�o�#�k�\�d�m�: �^�$�$�$�n�$
�#�#�#�o�d�`�\ �o�$�$�#�m�(�n �o�#�m�(�n �\ �n�$�$�$
�#�#�#�i�j�h �i �$�$
�#�^�j�i�_

�#�#�\�n�n�l �q �n�$�n�$
�#�#�\�n�n�k �i�j�h�: �n�$
⇒ �#λ �#�k�$

�#�g�`�o�#�#�i �#�m�`�d�a�t�(�i�#� �̂_�m �k�$�$�$�$
�#� �̂j�i�n�#�#�q� �i �$�$�n�$�$�$�$

�#�`�g�n�`�#� �̂j�i�n�#�#�q� �\�)�+�$�$�n�$�$�$�$
�#�#�#�n�p�n�k�#�#�$�$ �Z�$�$
�#�^�j�i�_

�#�#�\�n�n�l �q �n�$�n�$
�#�#�\�n�n�k �q�\�m�: �n�$
⇒ �#λ �#�k�$

�#�g�`�o�#�#�i �#�m�`�d�a�t�(�i�#� �̂_�m �k�$�$�$�$
�#� �̂j�i�n�#�#�q� �i �$�$�n�$�$�$�$

�#�`�g�n�`�#� �̂j�i�n�#�#�q� �Z�Z�)�+�$�$�n�$�$�$�$
�#�#�#�n�p�n�kπ �s�$�$
�#�m�(�n�#�s�$ �#�m�(�nπ �n�$�$�$

�#�#�#�\ � �_�$�$�#�m�(�n �_�#�m�(�n �\ �n�$�$�$�$�$�$�$
�#λ �#�q�$

�#�m�(�n �q�#�#�$�$�$�$�$�$

�r�\�g�f∗ �\�k�k�g�d�`�n �\ �n�k�`�^�d�\�g �n�p�]�n�o�d�o�p�o�d�j�i�n�' �r�c�d�^�c �h�\�k�n �i�j�h�n �\�i�_ �q�\�m�d�\�]�g�`�n �o�j �n�t�h�]�j�g�n�'

�o�j �\�i �\�m�]�d�o�m�\�m�t �q�\�g�p�`�q�)
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�#�_�`�{�i�` �r�\�g�f∗

�#λ �#�q �n�$
�#�k�h�\�o�^�c�q

�#�^�#�b�p�\�m�_�#�i�j�o�#�k�\�d�m�: �^�$�$�$� �̂$
�#�#�#�o�d�`�\ �o�$�$�#�g�d�n�o�o�d�`�#�b�`�o �\ �n�$ �#�r�\�g�f∗ �o �n�$�$�$
�#�#�#�i�j�h �Z�$�$�#�b�`�o �q �n�$�$
�#�#�#�n�p�n�k�#�#�$�$ �Z�$�$�#�b�`�o �q �n�$�$
�#�#�#�n�p�n�kπ �s�$�$�#�g�d�n�o�n�p�n�k�#�r�\�g�f∗ π �n�$ �#�b�`�o�#�s�$�n�$�$�$
�#�#�#�\ � �_�$�$�#� �̂j�i�n�#�r�\�g�f∗ �\ �n�$ �#�r�\�g�f∗ �_ �n�$�$�$�$�$�$

�#�_�`�{�i�` �q�\�m�:
�#λ �#�s�$

�#�k�h�\�o�^�c�s
�#�#�#�n�p�n�k�#�#�$�$ �Z�$�$���o�$
�#�`�g�n�`���a�$�$�$�$

�#�_�`�{�i�` �i�j�h�:
�#λ �#�s�$

�#�k�h�\�o�^�c�s
�#�#�#�i�j�h �Z�$�$���o�$
�#�`�g�n�`���a�$�$�$�$

�m�`�d�a�t�(�i�m�`�o�p�m�i�n �\ �n�t�h�]�j�g �m�`�k�m�`�n�`�i�o�d�i�b �\�i �d�i�_�d�q�d�_�p�\�g �q�\�m�d�\�]�g�` �j�m �i�j�h�6 �o�c�d�n �n�t�h�]�j�g

�\�g�r�\�t�n �`�i�_�n �r�d�o�c �\ �k�`�m�d�j�_ �a�j�g�g�j�r�`�_ �]�t �\ �i�j�i�(�i�`�b�\�o�d�q�` �d�i�o�`�b�`�m�)

�#�_�`�{�i�` �m�`�d�a�t�(�i
�#λ �#�\�$

�#�g�`�o�#�#�n�o�m∗ �#�n�o�m�d�i�b��g�d�n�o�#�n�t�h�]�j�g��n�o�m�d�i�b �\�$�$�$�$
�#�g�`�o�#�#� ∗̂ �#�h�`�h�q�� \�)�n�o�m∗�$�$�$

�#�g�`�o�#�#�m�i�#�n�o�m�d�i�b��i�p�h�]�`�m�#�g�d�n�o��n�o�m�d�i�b�#� �̂_�m �^∗�$�$�$�$�$
�#�g�`�o�#�#�i�(�n�o�m�#�i�p�h�]�`�m��n�o�m�d�i�b�#+ �m�i�,�$�$�$�$

�#�n�o�m�d�i�b��n�t�h�]�j�g
�#�n�o�m�d�i�b�(�\�k�k�`�i�_

�#�n�o�m�d�i�b�#� �̂\�m �n�o�m∗�$�$���)�� �i�(�n�o�m�$�$�$�$�$�$�$�$
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�,�,�)�/ �I�j�h�d�i�\�g �P�i�d�{�^�\�o�d�j�i �r�d�o�c �O�m�d�\�i�b�p�g�\�m �N�p�]�n�o�d�o�p�o�d�j�i�n

�D�i �o�c�d�n �n�`�^�o�d�j�i �r�` �h�j�_�d�a�t �o�c�` �d�_�`�h�k�j�o�`�i�o �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i �d�h�k�g�`�h�`�i�o�\�o�d�j�i �o�j

�r�j�m�f �r�d�o�c �o�m�d�\�i�b�p�g�\�m �n�p�]�n�o�d�o�p�o�d�j�i�n�' �n�d�b�i�d�{�^�\�i�o�g�t �d�h�k�m�j�q�d�i�b �o�c�` �k�`�m�a�j�m�h�\�i�^�` �j�aα�F�\�i�(

�m�`�i�,�) �R�` �k�m�`�n�`�i�o �j�i�g�t �o�c�` �_�`�{�i�d�o�d�j�i�n �o�c�\�o �_�d�z�`�m �a�m�j�h �o�c�j�n�` �\�g�m�`�\�_�t �k�m�`�n�`�i�o�`�_�)

�G�d�f�` �o�c�` �^�j�m�` �h�d�i�d�F�\�i�m�`�i �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �>�c�\�k�o�`�m�.�' �j�p�m �o�m�d�\�i�b�p�g�\�m �p�i�d�{�`�m

�m�`�g�d�`�n �j�i �\�r�\�g�f�a�p�i�^�o�d�j�i �a�j�m �g�j�j�f�d�i�b �p�k �q�\�g�p�`�n �d�i �\ �o�m�d�\�i�b�p�g�\�m �n�p�]�n�o�d�o�p�o�d�j�i�) �O�c�`

�i�j�h�d�i�\�g�r�\�g�f�a�p�i�^�o�d�j�i �d�n �^�j�h�k�g�d�^�\�o�`�_ �]�t �o�c�` �i�`�`�_ �o�j �c�\�i�_�g�` �n�p�n�k�`�i�n�d�j�i�n �\�i�_ �k�`�m�(

�h�p�o�\�o�d�j�i�n�)

�#�_�`�{�i�` �r�\�g�f
�#λ �#�s �n�$

�#�g�`�o�g�j�j�k�#�#�s �s�$ �#π �#�#�$�$�$�$
�#�k�h�\�o�^�c�s

�#�#�#�n�p�n�kπ̂ �q�$�$
�#�g�`�o�#�#�q�#�\�n�n�l�#�q�$�n�$�$�$

�#�^�j�i�_
�#�q�#�g�j�j�k�#� �̂_�m �q�$ �#�\�k�k�`�i�_̂π π�$�$�$
�#�`�g�n�`�#�\�k�k�g�t�(π π �s�$�$�$�$�$

�#�`�g�n�`�#�\�k�k�g�t�(π π �s�$�$�$�$�$�$

�R�` �^�\�i �i�j�r �m�`�_�`�{�i�`�r�\�g�f∗ �d�i �o�`�m�h�n �j�a�r�\�g�f�)

�#�_�`�{�i�` �r�\�g�f∗

�#λ �#�q �n�$
�#�g�`�o�#�V�q�#�r�\�g�f �q �n�$�X�$

�#�k�h�\�o�^�c�q
�#�#�#�o�d�`�\ �o�$�$�#�g�d�n�o�o�d�`�\ �#�r�\�g�f∗ �o �n�$�$�$
�#�#�#�\ � �_�$�$�#�b�p�\�m�_�#�p�i�o�\�b�b� �̀_�: �\�$�$
�#� �̂j�i�n�#�r�\�g�f∗ �\ �n�$ �#�r�\�g�f∗ �_ �n�$�$�$

�#�`�g�n�`�q�$�$�$�$�$
�, �O�c�d�n �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �o�m�d�\�i�b�p�g�\�m �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i �d�n �_�p�` �o�j �E�j�n�`�k�c �I�`�\�m�) �M�\�h�\�i�\ �F�p�h�\�m

�c�\�n �d�h�k�g�`�h�`�i�o�`�_ �\ �n�j�h�`�r�c�\�o �a�\�n�o�`�m �o�m�d�\�i�b�p�g�\�m �p�i�d�{�`�m�6 �c�j�r�`�q�`�m�' �o�c�` �m�`�n�p�g�o�d�i�b �^�j�_�` �]�`�\�m�n �g�d�o�o�g�`
�m�`�n�`�h�]�g�\�i�^�` �o�j �o�c�` �d�_�`�h�k�j�o�`�i�o �\�g�b�j�m�d�o�c�h �j�a �#�P�m�]�\�i �`�o �\�g�)�-�+�+�/�$�)



�>�C�<�K�O�@�M �,�,�) �D�H�K�G�@�H�@�I�O�<�O�D�J�I �D�Q�5α�F�<�I�M�@�I �,�0�0

�p�i�d�a�t�i�j �g�j�i�b�`�m �p�n�`�n� �̂j�h�k�j�n�`�(�n�p�]�n�o�j�m�\�k�k�g�t�(�n�p�]�n�o�)

�#�_�`�{�i�` �p�i�d�a�t
�#λ �#ϵ σ ∇ �a�f�$

�#�h�q�(�g�`�o�#�#̂σ δ�$ �#�\�k�k�g�t�(σ�(�m�p�g�`�nϵ σ �a�f�$�$
�#�p�i�d�a�t�� δ σ̂ ∇ �a�f�$�$�$�$

�N�d�h�d�g�\�m�g�t�'�p�i�d�a�t�� �i�j �g�j�i�b�`�m �p�n�`�n�\�k�k�g�t�(�n�p�]�n�o�)

�#�_�`�{�i�` �p�i�d�a�t��
�#λ �#δ σ ∇ �a�f�$

�#�g�`�o�#�#δ �#δ�(�p�i�d�j�i∇ δ�$�$�$
�#�g�d�n�oσ �#�\�k�k�g�t�(∇�(�m�p�g�`�nδ σ �a�f�$�$�$�$�$

�\�k�k�g�t�(σ�(�m�p�g�`�n�i�j�r �o�\�f�`�nσ �\�n �\�i �\�_�_�d�o�d�j�i�\�g �\�m�b�p�h�`�i�o�' �r�c�d�^�c �d�o �k�\�n�n�`�n �o�jσ�(�m�p�g�`�n�6

�\�g�n�j�'�\�k�k�g�t�(σ�(�m�p�g�`�n�i�j �g�j�i�b�`�m �p�n�`�n� �̂j�h�k�j�n�`�(�n�p�]�n�o�)

�#�_�`�{�i�` �\�k�k�g�t�(σ�(�m�p�g�`�n
�#λ �#ϵ σ �a�f�$

�#�^�j�i�_
�#�#�i�p�g�g�:ϵ�$�#�#σ �`�h�k�o�t�(δ�$�$�$
�#�`�g�n�`
�#�g�`�o�#�#� �̀l�i �#� �̂\�mϵ�$�$ �#ϵ �#� �̂_�mϵ�$�$�$

�#�h�q�(�g�`�o�#�#ϵ σ δ�$ �#�j�m�#σ�(�m�p�g�`�n � �̀l�iσ ϵ�$ �#�a�f�$�$�$
�#�h�q�(�g�`�o�#�#̂σ δ̂�$ �#�\�k�k�g�t�(σ�(�m�p�g�`�nϵ σ �a�f�$�$

�#�g�d�n�oσ̂ �#δ�(�p�i�d�j�îδ δ�$�$�$�$�$�$�$�$�$

�\�k�k�g�t�(∇�(�m�p�g�`�n�\�g�n�j �o�\�f�`�nσ �\�n �\�i �\�_�_�d�o�d�j�i�\�g �\�m�b�p�h�`�i�o�' �r�c�d�^�c �d�o �k�\�n�n�`�n �o�j∇�(�m�p�g�`�n�)

�#�_�`�{�i�` �\�k�k�g�t�(∇�(�m�p�g�`�n
�#λ �#δ σ �a�f�$

�#�^�j�i�_
�#�#�i�p�g�g�:δ�$�`�h�k�o�t�(∇�$
�#�`�g�n�`
�#�g�`�o�#�#�^�#� �̂\�mδ�$�$ �#δ �#� �̂_�mδ�$�$�$

�#�h�q�(�g�`�o�#�#δ ∇�$ �#�j�m�#∇�(�m�p�g�`�n �^σ δ�$ �#�a�f�$�$�$
�#δ�(�p�i�d�j�i∇ �#�\�k�k�g�t�(∇�(�m�p�g�`�nδ σ �a�f�$�$�$�$�$�$�$�$
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σ�(�m�p�g�`�n�i�j �g�j�i�b�`�m �p�n�`�n�\�k�k�g�t�(�n�p�]�n�o�' �]�p�o �i�j�r �r�\�g�f�nϵ �d�iσ�' �r�c�d�^�c �d�n �k�\�n�n�`�_ �d�i �\�n

�\�i �\�_�_�d�o�d�j�i�\�g �\�m�b�p�h�`�i�o�)

�#�_�`�{�i�` σ�(�m�p�g�`�n
�#λ �#� �̀l�i σ ϵ�$

�#�g�`�o�#�#� �̀l�i �#� �̂j�i�n�#�r�\�g�f�#� �̂\�m � �̀l�i�$σ�$ �#�r�\�g�f�#� �̂_�m � �̀l�i�$σ�$�$�$�$
�#�k�h�\�o�^�c� �̀l�i

�#�#�#�^ � ĉ�$�$
�#�b�p�\�m�_�#�i�j�o�#�k�\�d�m�: �^�$�$ �#� �̀l�p�\�g�: �^̂c�$�$
�#�#ϵ σ �`�h�k�o�t�(δ�$�$�$

�#�#�#�#�#�o�d�`�\ �o�$�$� �#�#�o�d�`â t̂�$�$�$�$
�#�b�p�\�m�_�#� �̀l�: �\ â�$�$
�#�#�#�#�#�#�o� t̂�$�$� ϵ�$�$σ �`�h�k�o�t�(δ�$�$�$

�#�#�#�#�#�o�d�`�\ �o�$�$� �#�#�o�d�`â t̂�$�$�$�$
�#�b�p�\�m�_�#�i�j�o�#� �̀l�: �\ â�$�$�$
�#�g�`�o�#�#̂u �#�\�k�k�g�t�(π �#�#�#�#�\ â�$�$�$�$t̂�$�$�$

�#�#�#�#�#�#�o� û�$�$� ϵ�$�$σ �#�#�#�#�\ � t̂�$�$�$�$�$�$�$�$
�#�#�#�#�#�i�j�h �Z�$�$� �#�#�i�j�h �Z�$�$�$�$
�#�b�p�\�m�_�#� �̀l�: �#� �̂\�m � �̀l�i�$ �#� �̂_�m � �̀l�i�$�$�$
�#�#ϵ σ �`�h�k�o�t�(δ�$�$�$

�#�#�#�#�#�n�p�n�kπ �s�$�$� �#�#�n�p�n�kπ̂ x̂�$�$�$�$
�#�b�p�\�m�_�#� �̀l�: �#�s�$ �#̂x�$�$�$
�#�g�`�o�#�#δ �#�h�\�k�#λ �#�\�$ �#� �̂j�i�n �\�#�s�$�$�$

�#�_�d�n�\�b�m� �̀`�h�`�i�o�(�n�`�oπ π̂�$�$�$�$
�#�#ϵ σ δ�$�$�$�$

�#�#�#�#�#�n�p�n�kπ �s�$�$� �o�$�$
�#�b�p�\�m�_�#�i�j�o�#�j� �̂^�p�m�n

√
�#�s�$�o�$�$�$

�#�g�`�o�#�#σ �#�`�s�o�(�n�#�s�$ �#�\�k�k�g�t�(π �#�m�`�q�`�m�n�`π�$�o�$σ�$�$�$
�#�#ϵ σ �`�h�k�o�t�(δ�$�$�$�$

�#�#�#�o� �#�#�n�p�n�kπ �s�$�$�$�$
�#�b�p�\�m�_�#�i�j�o�#�j� �̂^�p�m�n

√
�#�s�$�o�$�$�$

�#�g�`�o�#�#σ �#�`�s�o�(�n�#�s�$ �#�\�k�k�g�t�(π �#�m�`�q�`�m�n�`π�$�o�$σ�$�$�$
�#�#ϵ σ �`�h�k�o�t�(δ�$�$�$�$

�#�#�#�#�#t1 � t2�$�$� �#�#̂t1 � t̂2�$�$�$�$
�#�b�p�\�m�_�#�p�i�o�\�b�b� �̀_�:t1�$ �#�p�i�o�\�b�b� �̀_�:t̂1�$�$
�#�#�#�#�#�#t1 � t̂1�$�$ �#�#t2 � t̂2�$�$� ϵ�$�$σ �`�h�k�o�t�(δ�$�$�$

�#�`�g�n�`���a�$�$�$�$�$
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∇�(�m�p�g�`�n�\�g�n�j �o�\�f�`�nσ �\�n �\�i �\�_�_�d�o�d�j�i�\�g �\�m�b�p�h�`�i�o�' �r�c�d�^�c �d�o �p�n�`�n �o�j �r�\�g�f�_�)

�#�_�`�{�i�` ∇�(�m�p�g�`�n
�#λ �#�_σ δ�$

�#�g�`�o�#�#�_�#� �̂j�i�n�#�r�\�g�f�#� �̂\�m �_�$σ�$ �#�r�\�g�f�#� �̂_�m �_�$σ�$�$�$�$
�#�k�h�\�o�^�c�_

�#�#�#�\ � � �̂$�$
�#�b�p�\�m�_�#�i�j�o�#�k�\�d�m�: �^�$�$�$
�#�#δ �`�h�k�o�t�(∇�$�$�$

�#�#�#�\ � �#�#�o�d�`â �o�$�$�$�$
�#�b�p�\�m�_�#� �̀l�: â �\�$�$
�#�#δ �`�h�k�o�t�(∇�$�$�$

�#�#�#�\ � �#�#�o�d�`â �o�$�$�$�$
�#�b�p�\�m�_�#�i�j�o�#� �̀l�: â �\�$�$�$
�#�#�#�#�#�#�\ � �o�$�$� δ�$�$�`�h�k�o�t�(∇�$�$�$

�#�#�#�\ � �#�#�i�j�h �Z�$�$�$�$
�#�b�p�\�m�_�#�i�j�o�#� �̀l�: �\ �#� �̂_�m �_�$�$�$�$
�#�#δ �`�h�k�o�t�(∇�$�$�$

�#�#�#�\ � �#�#�n�p�n�kπ �s�$�$�$�$
�#�g�`�o�#�#�\ �#�\�k�k�g�t�(π �#�m�`�q�`�m�n�`π�$�\�$�$ �#�s�#�s�$�$�$

�#�#δ �#�#�#�#�\ � �s�$�$�$�$�$�$�$�$
�#�#�#�\ � �#�#t1 � t2�$�$�$�$
�#�b�p�\�m�_�#�p�i�o�\�b�b� �̀_�:t1�$�$
�#�#�#�#�#�#�\ � t1�$�$ �#�#�\ � t2�$�$� δ�$�$�`�h�k�o�t�(∇�$�$�$

�#�`�g�n�`���a�$�$�$�$�$

�O�c�` �m�`�_�`�{�i�d�o�d�j�i �j�a�m�`�d�a�t�p�n�`�n �o�c�` �i�`�r�\�k�k�g�t�(�m�`�d�a�t�(�n�a�p�i�^�o�d�j�i �d�i �k�g�\�^�` �j�a �n�j�h�` �p�n�`�n

�j�a�r�\�g�f∗�)

�#�_�`�{�i�` �m�`�d�a�t
�#λ �#�s �k�$

�#�h�q�(�g�`�o�#�#σ ∇�$�k�$
�#�g�`�o∗ �#�#�q�#�r�\�g�f∗ �sσ�$�$ �#�n�#�m�`�d�a�t�(�n �q�$�$ �#�q�#�\�k�k�g�t�(�m�`�d�a�t�(�n �q �n�$�$�$

�#�g�`�o�#�#∇ �#�{�g�o�`�m�#λ �#�\�$ �#�\�i�_ �#�n�t�h�]�j�g�:�#� �̂\�m �\�$�$ �#�n�t�h�]�j�g�:�#� �̂_�m �\�$�$�$�$
�#�\�k�k�g�t�(�m�`�d�a�t�(�n∇ �n�$�$�$�$

�#�^�j�i�_
�#�#�i�p�g�g�:∇�$�q�$
�#�`�g�n�` �#�#�q�5∇�$�$�$�$�$�$�$�$�$
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�\�k�k�g�t�(�m�`�d�a�t�(�n�d�n �i�`�r�' �]�p�o �d�n �\�g�h�j�n�o �d�_�`�i�o�d�^�\�g �o�j �o�c�` �j�g�_ �_�`�{�i�d�o�d�j�i �j�a�r�\�g�f∗ �d�i

�n�`�^�o�d�j�i�,�,�)�.�)

�#�_�`�{�i�` �\�k�k�g�t�(�m�`�d�a�t�(�n
�#λ �#�q �n�$

�#�k�h�\�o�^�c�q
�#�^�#�b�p�\�m�_�#�i�j�o�#�k�\�d�m�: �^�$�$�$� �̂$
�#�#�#�o�d�`�\ �o�$�$�#�g�d�n�o�o�d�`�#�b�`�o �\ �n�$ �#�\�k�k�g�t�(�m�`�d�a�t�(�n �o �n�$�$�$
�#�#�#�i�j�h �Z�$�$�#�b�`�o �q �n�$�$
�#�#�#�n�p�n�k�#�#�$�$ �Z�$�$�#�b�`�o �q �n�$�$
�#�#�#�n�p�n�kπ �s�$�$
�#�g�d�n�o�n�p�n�k

�#�h�\�k�#λ �#�n�r�\�k�$
�#�k�h�\�o�^�c�n�r�\�k

�#�#�#�\ �]�$�$�#�g�d�n�o�#�b�`�o �\ �n�$ �#�b�`�o �] �n�$�$�$�$�$
π�$

�#�b�`�o�#�s�$�n�$�$�$
�#�#�#�\ � �_�$�$�#� �̂j�i�n�#�\�k�k�g�t�(�m�`�d�a�t�(�n �\ �n�$ �#�\�k�k�g�t�(�m�`�d�a�t�(�n �_ �n�$�$�$�$�$�$

�=�t �p�n�d�i�b �o�m�d�\�i�b�p�g�\�m �m�\�o�c�`�m �o�c�\�i �d�_�`�h�k�j�o�`�i�o �n�p�]�n�o�d�o�p�o�d�j�i�n�' �p�i�d�{�^�\�o�d�j�i �d�n �\�n �h�p�^�c

�\�n �o�`�i �o�d�h�`�n �a�\�n�o�`�m �\�i�_ �d�n �h�j�m�` �h�`�h�j�m�t �`�z�d�^�d�`�i�o�)

�<�i �d�h�k�j�m�o�\�i�o �g�d�h�d�o�\�o�d�j�i �j�a �]�j�o�c �o�c�` �o�m�d�\�i�b�p�g�\�m �\�i�_ �d�_�`�h�k�j�o�`�i�o �d�h�k�g�`�h�`�i�o�\�o�d�j�i�n

�d�n �o�c�\�o �i�`�d�o�c�`�m �^�p�m�m�`�i�o�g�t �n�p�k�k�j�m�o�n �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n�)
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�>�c�\�k�o�`�m �,�-

�O�`�^�c�i�d�l�p�`�n �D�D�D�5 �O�\�]�g�d�i�b

�O�c�d�n �^�c�\�k�o�`�m �d�i�o�m�j�_�p�^�`�n�o�\�]�g�d�i�b�' �\�i �`�s�o�`�i�n�d�j�i �j�a �h�`�h�j�d�u�\�o�d�j�i �o�j �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b�)

�R�` �k�m�`�n�`�i�o �\ �a�p�g�g �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �o�\�]�g�d�i�b �a�j�m �h�d�i�d�F�\�i�m�`�i �d�i �>�c�\�k�o�`�m�,�.�)

�O�c�d�n �^�c�\�k�o�`�m �d�n �j�m�b�\�i�d�u�`�_ �\�n �a�j�g�g�j�r�n�) �D�i �n�`�^�o�d�j�i�,�-�)�,�r�` �m�`�q�d�`�r �h�`�h�j�d�u�\�o�d�j�i

�\�n �p�n�`�_ �d�i �a�p�i�^�o�d�j�i�\�g �k�m�j�b�m�\�h�h�d�i�b�) �N�`�^�o�d�j�i�,�-�)�-�d�i�o�m�j�_�p�^�`�n �o�\�]�g�d�i�b�' �`�s�k�g�\�d�i�n �c�j�r

�o�\�]�g�d�i�b �_�d�z�`�m�n �a�m�j�h �h�`�h�j�d�u�\�o�d�j�i�' �\�i�_ �_�`�n�^�m�d�]�`�n �\ �a�`�r �j�a �o�c�` �h�\�i�t �\�k�k�g�d�^�\�o�d�j�i�n �j�a

�o�\�]�g�d�i�b�) �D�i �n�`�^�o�d�j�i�,�-�)�.�r�` �k�m�`�n�`�i�o �o�c�`�o�\�]�g�`�_�a�j�m�h�' �p�n�`�_ �o�j �^�m�`�\�o�` �o�\�]�g�`�_ �m�`�g�\�o�d�j�i�n�)

�D�i �n�`�^�o�d�j�i�,�-�)�/�r�` �`�s�\�h�d�i�` �n�`�q�`�m�\�g �`�s�\�h�k�g�`�n �j�a �o�\�]�g�`�_ �m�`�g�\�o�d�j�i�n�' �\�i�_ �d�i �n�`�^�o�d�j�i�,�-�)�0

�r�` �_�d�n�^�p�n�n �o�c�` �g�d�h�d�o�\�o�d�j�i�n �j�a �o�\�]�g�d�i�b�)

�,�-�)�, �H�`�h�j�d�u�\�o�d�j�i

�>�j�i�n�d�_�`�m �o�c�` �i�\�d�q�` �N�^�c�`�h�` �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �o�c�` �A�d�]�j�i�\�^�^�d �a�p�i�^�o�d�j�i�)

�,�1�+
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�#�_�`�{�i�` �{�]
�#λ �#�i �$

�#�^�j�i�_
�#�#= �+�i �$�+�$
�#�#= �, �i �$�,�$
�#�`�g�n�`�#+ �#�{�] �#− �i �,�$�$ �#�{�] �#− �i �-�$�$�$�$�$�$�$

�O�c�` �^�\�g�g �#�{�] �0�$ �m�`�n�p�g�o�n �d�i �^�\�g�g�n �o�j �#�{�] �/�$ �\�i�_ �#�{�] �.�$�6 �o�c�` �m�`�n�p�g�o�d�i�b �^�\�g�g �o�j �#�{�] �/�$ �\�g�n�j

�^�\�g�g�n �#�{�] �.�$�) �O�c�` �^�\�g�g �#�{�] �0�$ �o�c�`�m�`�a�j�m�` �m�`�n�p�g�o�n �d�i �o�r�j �^�\�g�g�n �o�j �#�{�] �.�$�' �o�c�` �n�`�^�j�i�_ �j�a

�r�c�d�^�c �k�`�m�a�j�m�h�n �_�p�k�g�d�^�\�o�` �r�j�m�f�) �N�d�h�d�g�\�m�g�t�' �#�{�] �0�$ �m�`�n�p�g�o�n �d�i �o�c�m�`�` �^�\�g�g�n �o�j �#�{�] �-�$�' �{�q�`

�^�\�g�g�n �o�j �#�{�] �,�$�' �\�i�_ �o�c�m�`�` �^�\�g�g�n �o�j �#�{�] �+�$�) �?�p�` �o�j �o�c�`�n�` �m�`�_�p�i�_�\�i�o �^�\�g�g�n�' �o�c�` �o�d�h�`

�^�j�h�k�g�`�s�d�o�t �j�a�{�] �d�n �`�s�k�j�i�`�i�o�d�\�g �d�in�)

�O�j �\�q�j�d�_ �o�c�d�n �_�p�k�g�d�^�\�o�` �r�j�m�f�' �r�` �^�j�p�g�_ �m�`�^�j�m�_ �`�\�^�c �_�d�n�o�d�i�^�o �^�\�g�g �o�j�{�] �d�i �\ �o�\�]�g�`�'

�\�g�j�i�b �r�d�o�c �o�c�` �\�i�n�r�`�m �m�`�o�p�m�i�`�_ �]�t �o�c�\�o �^�\�g�g�) �R�c�`�i�`�q�`�m �\ �_�p�k�g�d�^�\�o�` �^�\�g�g �o�j�{�] �d�n

�h�\�_�`�'�{�] �r�j�p�g�_ �m�`�o�p�m�i �o�c�` �\�i�n�r�`�m �n�o�j�m�`�_ �d�i �o�c�` �o�\�]�g�` �d�i�n�o�`�\�_ �j�a �m�`�^�j�h�k�p�o�d�i�b �o�c�`

�m�`�n�p�g�o�) �O�c�d�n �j�k�o�d�h�d�u�\�o�d�j�i �o�`�^�c�i�d�l�p�`�' �f�i�j�r�i �\�n�h�`�h�j�d�u�\�o�d�j�i�#�H�d�^�c�d�`�,�4�1�3�$�' �^�\�i

�m�`�n�p�g�o �d�i �\ �g�j�r�`�m �^�j�h�k�g�`�s�d�o�t �^�g�\�n�n �a�j�m �o�c�` �m�p�i�i�d�i�b �o�d�h�` �j�a �o�c�` �h�`�h�j�d�u�`�_ �a�p�i�^�o�d�j�i�)

�D�i�_�`�`�_�' �o�c�` �h�`�h�j�d�u�`�_ �q�`�m�n�d�j�i �j�a�{�] �m�p�i�n �d�i �g�d�i�`�\�m �m�\�o�c�`�m �o�c�\�i �`�s�k�j�i�`�i�o�d�\�g �o�d�h�`�)

�H�`�h�j�d�u�\�o�d�j�i �d�n �\ �^�j�h�h�j�i �o�`�^�c�i�d�l�p�` �d�i �a�p�i�^�o�d�j�i�\�g �k�m�j�b�m�\�h�h�d�i�b�' �n�d�i�^�` �d�o �j�a�o�`�i

�d�h�k�m�j�q�`�n �k�`�m�a�j�m�h�\�i�^�` �j�a �m�`�^�p�m�n�d�q�` �a�p�i�^�o�d�j�i�n�) �D�i �o�c�d�n �^�c�\�k�o�`�m �r�` �^�j�i�n�d�_�`�m �o�c�` �m�`�g�\�o�`�_

�o�`�^�c�i�d�l�p�` �j�a�o�\�]�g�d�i�b�' �r�c�d�^�c �b�`�i�`�m�\�g�d�u�`�n �h�`�h�j�d�u�\�o�d�j�i �o�j �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b�)
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�,�-�)�- �O�\�]�g�d�i�b

�O�\�]�g�d�i�b �d�n �\ �b�`�i�`�m�\�g�d�u�\�o�d�j�i �j�a �h�`�h�j�d�u�\�o�d�j�i�6 �o�\�]�g�d�i�b �\�g�g�j�r�n �\ �m�`�g�\�o�d�j�i �o�j �n�o�j�m�` �\�i�_

�m�`�p�n�` �d�o�n �k�m�`�q�d�j�p�n�g�t �^�j�h�k�p�o�`�_ �m�`�n�p�g�o�n�) �O�\�]�g�d�i�b �\ �m�`�g�\�o�d�j�i �d�n �h�j�m�` �^�j�h�k�g�d�^�\�o�`�_ �o�c�\�i

�h�`�h�j�d�u�d�i�b �\ �a�p�i�^�o�d�j�i�' �n�d�i�^�` �\ �m�`�g�\�o�d�j�i �m�`�o�p�m�i�n �\ �k�j�o�`�i�o�d�\�g�g�t �d�i�{�i�d�o�` �n�o�m�`�\�h �j�a �n�p�]�(

�n�o�d�o�p�o�d�j�i�n �m�\�o�c�`�m �o�c�\�i �\ �n�d�i�b�g�` �q�\�g�p�`�) �<�g�n�j�' �o�c�` �\�m�b�p�h�`�i�o�n �o�j �\ �o�\�]�g�`�_ �m�`�g�\�o�d�j�i �^�\�i

�^�j�i�o�\�d�i �p�i�\�n�n�j�^�d�\�o�`�_ �g�j�b�d�^ �q�\�m�d�\�]�g�`�n �j�m �k�\�m�o�d�\�g�g�t �d�i�n�o�\�i�o�d�\�o�`�_ �o�`�m�h�n�' �r�c�d�^�c �^�j�h�k�g�d�(

�^�\�o�`�n �_�`�o�`�m�h�d�i�d�i�b �r�c�`�o�c�`�m �\ �^�\�g�g �d�n �\ �q�\�m�d�\�i�o �j�a �\ �k�m�`�q�d�j�p�n�g�t �n�`�`�i �^�\�g�g�)

�O�\�]�g�d�i�b�' �g�d�f�` �h�`�h�j�d�u�\�o�d�j�i�' �^�\�i �m�`�n�p�g�o �d�i �_�m�\�h�\�o�d�^ �k�`�m�a�j�m�h�\�i�^�` �b�\�d�i�n �a�j�m �n�j�h�`

�k�m�j�b�m�\�h�n�) �A�j�m �`�s�\�h�k�g�`�' �^�j�h�]�d�i�d�i�b �o�\�]�g�d�i�b �r�d�o�c �K�m�j�g�j�b�1�n �?�`�{�i�d�o�` �>�g�\�p�n�` �B�m�\�h�(

�h�\�m�n �#�K�`�m�`�d�m�\ �\�i�_ �R�\�m�m�`�i�,�4�3�1�$ �h�\�f�`�n �d�o �o�m�d�q�d�\�g �o�j �r�m�d�o�` �`�z�d�^�d�`�i�o �m�`�^�p�m�n�d�q�` �_�`�n�^�`�i�o

�k�\�m�n�`�m�n �o�c�\�o �c�\�i�_�g�` �g�`�a�o�(�m�`�^�p�m�n�d�j�i�, �#�=�`�^�f�`�o �\�i�_ �N�j�h�j�b�t�d�-�+�+�3�$�.�o�c�`�n�` �k�\�m�n�`�m�n �\�m�`

�`�l�p�d�q�\�g�`�i�o �o�j �3�k�\�^�f�m�\�o�4 �k�\�m�n�d�i�b �#�A�j�m�_�-�+�+�-�$�) �O�\�]�g�d�i�b �d�n �\�g�n�j �p�n�`�a�p�g �a�j�m �r�m�d�o�d�i�b �k�m�j�(

�b�m�\�h�n �o�c�\�o �h�p�n�o �^�\�g�^�p�g�\�o�` �{�s�`�_ �k�j�d�i�o�n�' �n�p�^�c �\�n �\�]�n�o�m�\�^�o �d�i�o�`�m�k�m�`�o�`�m�n �\�i�_ �h�j�_�`�g

�^�c�`�^�f�`�m�n �#�R�\�m�m�`�i�,�4�4�-�6�B�p�j �\�i�_ �B�p�k�o�\�-�+�+�4�$�) �C�j�r�`�q�`�m�' �o�c�` �m�`�\�g �m�`�\�n�j�i �r�` �\�m�`

�d�i�o�`�m�`�n�o�`�_ �d�i �o�\�]�g�d�i�b �d�n �o�c�\�o �h�\�i�t �m�`�g�\�o�d�j�i�n �o�c�\�o �r�j�p�g�_ �j�o�c�`�m�r�d�n�` �_�d�q�`�m�b�` �o�`�m�h�d�i�\�o�`

�p�i�_�`�m �o�\�]�g�d�i�b�' �\�n �r�` �r�d�g�g �n�`�` �d�i �n�`�^�o�d�j�i�,�-�)�/�)

�<�i �`�s�^�`�g�g�`�i�o �d�i�o�m�j�_�p�^�o�d�j�i �o�j �o�\�]�g�d�i�b �\�i�_ �d�o�n �p�n�`�n �d�n �R�\�m�m�`�i�1�n �n�p�m�q�`�t �#�R�\�m�m�`�i

�,�4�4�-�$�)

�, �J�i�` �d�h�k�j�m�o�\�i�o �p�n�` �j�a �o�\�]�g�d�i�b �]�t �K�m�j�g�j�b �n�t�n�o�`�h�n �d�n �o�j �c�\�i�_�g�` �g�`�a�o�(�m�`�^�p�m�n�d�q�` �_�`�{�i�d�o�d�j�i�n �j�a �b�j�\�g�n�6
�_�p�` �o�j �K�m�j�g�j�b�1�n �d�i�^�j�h�k�g�`�o�` �_�`�k�o�c�(�{�m�n�o �n�`�\�m�^�c�' �^�\�g�g�n �o�j �g�`�a�o�(�m�`�^�p�m�n�d�q�` �b�j�\�g�n �j�a�o�`�i �_�d�q�`�m�b�`�) �N�d�i�^�`
�h�d�i�d�F�\�i�m�`�i �p�n�`�n �\ �^�j�h�k�g�`�o�` �n�`�\�m�^�c �n�o�m�\�o�`�b�t�' �c�\�i�_�g�d�i�b �g�`�a�o�(�m�`�^�p�m�n�d�j�i �d�n �i�j�o �\ �k�m�j�]�g�`�h�) �C�j�r�`�q�`�m�'
�r�` �r�d�g�g �n�`�` �d�i �n�`�^�o�d�j�i�,�-�)�/�o�c�\�o �o�c�`�m�` �\�m�` �j�o�c�`�m �k�m�j�b�m�\�h�n �r�` �r�\�i�o �o�j �r�m�d�o�` �o�c�\�o �o�`�m�h�d�i�\�o�` �p�i�_�`�m
�o�\�]�g�d�i�b �]�p�o �_�d�q�`�m�b�` �j�o�c�`�m�r�d�n�`�)
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�,�-�)�. �O�c�` �o�\�]�g�`�_ �A�j�m�h

�O�\�]�g�`�_ �m�`�g�\�o�d�j�i�n �\�m�` �^�j�i�n�o�m�p�^�o�`�_ �p�n�d�i�b �o�c�`�o�\�]�g�`�_�a�j�m�h�5

�#�o�\�]�g�`�_�#�s . . .�$�b �b∗ . . .�$

�A�j�m �`�s�\�h�k�g�`�'

�#�_�`�{�i�` �ao �#�o�\�]�g�`�_�#�u�$ �#≡ �u�0�$�$�$

�_�`�{�i�`�n �\ �o�j�k�(�g�`�q�`�g �o�\�]�g�`�_ �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m �i�\�h�`�_�ao�) �@�\�^�c �o�\�]�g�`�_ �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m

�c�\�n �d�o�n �j�r�i �g�j�^�\�g �o�\�]�g�`�' �r�c�d�^�c �^�\�i �]�` �b�\�m�]�\�b�` �^�j�g�g�`�^�o�`�_ �j�i�^�` �o�c�`�m�` �\�m�` �i�j �g�d�q�` �m�`�a�`�m�(

�`�i�^�`�n �o�j �o�c�` �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m�) �F�`�`�k �d�i �h�d�i�_ �o�c�\�o �o�c�` �o�\�]�g�` �d�n �\�n�n�j�^�d�\�o�`�_ �r�d�o�c �o�c�`

�b�j�\�g �^�j�i�n�o�m�p�^�o�j�m�' �i�j�o �o�c�` �b�j�\�g �m�`�o�p�m�i�`�_ �]�t �o�c�` �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m�)

�>�\�g�g�n �o�j �\ �o�\�]�g�`�_ �m�`�g�\�o�d�j�i �^�j�h�` �d�i �o�r�j �|�\�q�j�m�n�5 �h�\�n�o�`�m �^�\�g�g�n �\�i�_ �n�g�\�q�` �^�\�g�g�n�) �<

�h�\�n�o�`�m � �̂\�g�g�d�n �\ �^�\�g�g �o�j �\ �o�\�]�g�`�_ �m�`�g�\�o�d�j�i �r�c�j�n�` �\�m�b�p�h�`�i�o�n �\�m�` �i�j�o �#�t�`�o�$ �n�o�j�m�`�_ �d�i

�o�c�` �o�\�]�g�`�) �<�n�g�\�q�` � �̂\�g�g�d�n �\ �^�\�g�g �r�c�j�n�` �\�m�b�p�h�`�i�o�n �\�m�` �a�j�p�i�_ �d�i �o�c�` �o�\�]�g�`�6 �`�\�^�c �n�g�\�q�`

�^�\�g�g �d�n �\�q�\�m�d�\�i�o�j�a �n�j�h�` �h�\�n�o�`�m �^�\�g�g�)

�O�r�j �^�\�g�g�n �o�j �o�c�` �n�\�h�` �o�\�]�g�`�_ �m�`�g�\�o�d�j�i �\�m�` �q�\�m�d�\�i�o�n �j�a �`�\�^�c �j�o�c�`�m �d�a �o�c�`�d�m �\�m�b�p�(

�h�`�i�o�n �\�m�` �o�c�` �n�\�h�`�' �p�k �o�j �^�j�i�n�d�n�o�`�i�o �m�`�i�\�h�d�i�b �j�a �p�i�\�n�n�j�^�d�\�o�`�_ �g�j�b�d�^ �q�\�m�d�\�]�g�`�n�-�)

�A�j�m �`�s�\�h�k�g�`�' �^�j�i�n�d�_�`�m �o�c�` �^�\�g�g�n �#�h�p�go �t �u�0�$ �\�i�_ �#�h�p�go �r �r �s�$ �d�i �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i�n

�#�#�#�#�t � �u�$�$�$�$�\�i�_ �#�#�#�#�s� �0�$�$�$�$�' �m�`�n�k�`�^�o�d�q�`�g�t�) �O�\�f�d�i�b �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i�n �d�i�o�j �\�^�^�j�p�i�o�' �o�c�`�n�`

�^�\�g�g�n �\�m�` �`�l�p�d�q�\�g�`�i�o �o�j �#�h�p�go �u �u�0�$ �\�i�_ �#�h�p�go �r �r �0�$�' �r�c�d�^�c �\�m�` �q�\�m�d�\�i�o�n �j�a �`�\�^�c

�j�o�c�`�m�) �C�j�r�`�q�`�m�' �o�c�` �^�\�g�g�n �#�h�p�go �r �r �s�$ �\�i�_ �#�h�p�go �t �u �u�$ �\�m�` �q�\�m�d�\�i�o�n �j�i�g�t �d�a�r �d�n

�\�n�n�j�^�d�\�o�`�_ �r�d�o�c�s�' �\�i�_�t �d�n �\�n�n�j�^�d�\�o�`�_ �r�d�o�c�u�' �m�`�n�k�`�^�o�d�q�`�g�t�) �A�j�m �o�c�` �n�\�h�` �m�`�\�n�j�i�'

�-�D�i �j�o�c�`�m �r�j�m�_�n�' �o�c�` �o�r�j �g�d�n�o�n �j�a �\�m�b�p�h�`�i�o�n �o�j �o�c�` �m�`�g�\�o�d�j�i�' �r�c�`�i �m�`�d�{�`�_ �r�d�o�c �m�`�n�k�`�^�o �o�j �o�c�`�d�m
�3�^�p�m�m�`�i�o�4 �n�p�]�n�o�d�o�p�o�d�j�i�n�' �h�p�n�o �]�`� �̀l�p�\�g�:�)
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�#�h�p�go �r �0 �1�$ �\�i�_ �#�h�p�go �t �u�1�$ �\�m�` �q�\�m�d�\�i�o�n �j�i�g�t �d�a�u �d�n �\�n�n�j�^�d�\�o�`�_ �r�d�o�c �0 �d�i �o�c�`

�n�p�]�n�o�d�o�p�o�d�j�i �d�i �k�g�\�^�` �a�j�m �o�c�` �n�`�^�j�i�_ �^�\�g�g�)

�,�-�)�/ �O�\�]�g�d�i�b �@�s�\�h�k�g�`�n

�R�` �\�m�` �i�j�r �m�`�\�_�t �o�j �`�s�\�h�d�i�` �`�s�\�h�k�g�`�n �j�a �o�\�]�g�`�_ �m�`�g�\�o�d�j�i�n�) �O�c�` �^�\�i�j�i�d�^�\�g �`�s�\�h�k�g�`

�m�`�g�\�o�d�j�i�'�k�\�o�co�.�' �{�i�_�n �\�g�g �k�\�o�c�n �]�`�o�r�`�`�i �o�r�j �i�j�_�`�n �d�i �\ �_�d�m�`�^�o�`�_ �b�m�\�k�c�) �O�c�` �b�j�\�g

�#�k�\�o�co �s �t�$ �n�p�^�^�`�`�_�n �d�a �o�c�`�m�` �d�n �\ �_�d�m�`�^�o�`�_ �`�_�b�` �a�m�j�h�s �o�j�t�' �j�m �d�a �o�c�`�m�` �d�n �\�i �`�_�b�`

�a�m�j�h�s �o�j �n�j�h�` �i�j�_�`�u�\�i�_ �o�c�`�m�` �d�n �\ �k�\�o�c �a�m�j�h�u�o�j�t�)

�#�_�`�{�i�` �k�\�o�co

�#λ �#�s �t�$
�#�^�j�i�_e

�#�#�\�m�^o �s �t�$�$
�#�#�`�s�d�n�o�#�u�$

�#�\�m�^o �s �u�$
�#�k�\�o�co �u �t�$�$�$�$�$�$

�O�c�` �b�j�\�g �#�\�m�^o �s �t�$ �n�p�^�^�`�`�_�n �d�a �o�c�`�m�` �d�n �\ �_�d�m�`�^�o�`�_ �`�_�b�` �a�m�j�h �i�j�_�`�s �o�j �i�j�_��̀t�)

�#�_�`�{�i�` �\�m�^o

�#λ �#�s �t�$
�#�^�j�i�_e

�#�#≡ �\ �s�$ �#≡ �] �t�$�$
�#�#≡ �^�s�$ �#≡ �] �t�$�$
�#�#≡ �] �s�$ �#≡ �_�t�$�$�$�$�$

�O�c�d�n �_�`�{�i�d�o�d�j�i �j�a�\�m�^o �m�`�k�m�`�n�`�i�o�n �`�_�b�`�n �a�m�j�h�\ �o�j�]�' �^�o�j�]�' �\�i�_�] �o�j�_�)

�O�c�` �`�s�k�m�`�n�n�d�j�i �#�m�p�i∗ �#�l�$ �#�k�\�o�co �\ �l�$�$ �m�`�o�p�m�i�n�#�#�] �_�$�$�' �d�i�_�d�^�\�o�d�i�b �o�c�\�o �j�i�g�t �o�c�` �i�j�_�`�n

�] �\�i�_ �_�\�m�` �m�`�\�^�c�\�]�g�` �a�m�j�h�\�)
�. �O�c�` �k�\�o�c �`�s�\�h�k�g�`�n �d�i �o�c�d�n �n�`�^�o�d�j�i �\�m�` �o�\�f�`�i �a�m�j�h�R�\�m�m�`�i�#�,�4�4�-�$�)
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�I�j�r �g�`�o �p�n �m�`�_�`�{�i�`�\�m�^o �o�j �m�`�k�m�`�n�`�i�o �\ �_�d�z�`�m�`�i�o �n�`�o �j�a �_�d�m�`�^�o�`�_ �`�_�b�`�n�' �o�c�d�n �o�d�h�`

�r�d�o�c �\ �^�d�m�^�p�g�\�m�d�o�t �]�`�o�r�`�`�i �i�j�_�`�n�\ �\�i�_ �]�)

�#�_�`�{�i�` �\�m�^o

�#λ �#�s �t�$
�#�^�j�i�_e

�#�#≡ �\ �s�$ �#≡ �] �t�$�$
�#�#≡ �] �s�$ �#≡ �\ �t�$�$
�#�#≡ �] �s�$ �#≡ �_�t�$�$�$�$�$

�P�n�d�i�b �o�c�` �i�`�r �_�`�{�i�d�o�d�j�i �j�a�\�m�^o�' �o�c�` �`�s�k�m�`�n�n�d�j�i �#�m�p�i∗ �#�l�$ �#�k�\�o�co �\ �l�$�$ �i�j�r �_�d�q�`�m�b�`�n�)

�R�` �^�\�i �p�i�_�`�m�n�o�\�i�_ �o�c�` �^�\�p�n�` �j�a �o�c�d�n �_�d�q�`�m�b�`�i�^�` �d�a �r�` �m�`�k�g�\�^�`�m�p�i∗ �r�d�o�c�m�p�i�,�+�)

�#�m�p�i�,�+ �#�l�$ �#�k�\�o�co �\ �l�$�$⇒ �#�#�] �\ �_ �] �\ �_ �] �\ �_ �]�$�$

�=�`�^�\�p�n�` �j�a �o�c�` �^�d�m�^�p�g�\�m �k�\�o�c �]�`�o�r�`�`�i�\ �\�i�_ �]�' �#�k�\�o�co �\ �l�$ �f�`�`�k�n �{�i�_�d�i�b �g�j�i�b�`�m �\�i�_

�g�j�i�b�`�m �k�\�o�c�n �]�`�o�r�`�`�i�\ �\�i�_ �o�c�` �i�j�_�`�n�]�' �\�' �\�i�_�_�) �O�j �\�q�j�d�_ �o�c�d�n �k�m�j�]�g�`�h�' �r�` �^�\�i

�o�\�]�g�`�k�\�o�co�)

�#�_�`�{�i�` �k�\�o�co

�#�o�\�]�g�`�_�#�s �t�$
�#�^�j�i�_e

�#�#�\�m�^o �s �t�$�$
�#�#�`�s�d�n�o�#�u�$

�#�\�m�^o �s �u�$
�#�k�\�o�co �u �t�$�$�$�$�$�$

�#�m�p�i∗ �#�l�$ �#�k�\�o�co �\ �l�$�$ �o�c�`�i �^�j�i�q�`�m�b�`�n�' �m�`�o�p�m�i�d�i�b�#�#�] �\ �_�$�$�)
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�I�j�r �g�`�o �p�n �^�j�i�n�d�_�`�m �\ �h�p�o�p�\�g�g�t �m�`�^�p�m�n�d�q�` �k�m�j�b�m�\�h�)

�#�g�`�o�m�`�^�#�#�ao �#λ �#�s�$
�#�^�j�i�_e

�#�#≡ �+�s�$�$
�#�#�bo �s�$�$�$�$�$

�#�bo �#λ �#�s�$
�#�^�j�i�_e

�#�#≡ �, �s�$�$
�#�#�ao �s�$�$�$�$�$�$

�#�m�p�i∗ �#�l�$ �#�ao �l�$�$�$

�O�c�d�n �`�s�k�m�`�n�n�d�j�i �_�d�q�`�m�b�`�n�) �D�a �r�` �m�`�k�g�\�^�`�m�p�i∗ �r�d�o�c�m�p�i�,�+ �o�c�` �k�m�j�b�m�\�h �^�j�i�q�`�m�b�`�n �r�d�o�c

�o�c�` �q�\�g�p�`�#�#�+ �, �+ �, �+ �, �+ �, �+ �,�$�$�) �D�a �r�` �o�\�]�g�` �`�d�o�c�`�m�ao�' �bo�' �j�m �]�j�o�c�' �#�m�p�i∗ �#�l�$ �#�ao �l�$�$

�^�j�i�q�`�m�b�`�n �r�d�o�c �o�c�` �q�\�g�p�`�#�#�+ �,�$�$�)

�,�-�)�0 �G�d�h�d�o�\�o�d�j�i�n �j�a �O�\�]�g�d�i�b

�O�\�]�g�d�i�b �d�n �\ �m�`�h�\�m�f�\�]�g�t �p�n�`�a�p�g �\�_�_�d�o�d�j�i �o�j �h�d�i�d�F�\�i�m�`�i�' �\�i�_ �^�\�i �]�` �p�n�`�_ �o�j �d�h�(

�k�m�j�q�` �`�z�d�^�d�`�i�^�t �j�a �m�`�g�\�o�d�j�i�n �\�i�_ �#�n�j�h�`�o�d�h�`�n�$ �\�q�j�d�_ �_�d�q�`�m�b�`�i�^�`�) �P�i�a�j�m�o�p�i�\�o�`�g�t�'

�o�\�]�g�d�i�b �d�n �i�j�o �\ �k�\�i�\�^�`�\�) �D�i �a�\�^�o�' �o�\�]�g�d�i�b �^�\�i �]�` �o�m�d�q�d�\�g�g�t �_�`�a�`�\�o�`�_ �]�t �^�c�\�i�b�d�i�b

�j�i�` �j�m �h�j�m�` �\�m�b�p�h�`�i�o�n �d�i �`�\�^�c �^�\�g�g �o�j �\ �o�\�]�g�`�_ �m�`�g�\�o�d�j�i�) �A�j�m �`�s�\�h�k�g�`�' �^�j�i�n�d�_�`�m

�o�c�` �o�`�m�i�\�m�t �h�p�g�o�d�k�g�d�^�\�o�d�j�i �m�`�g�\�o�d�j�i�h�p�go �a�m�j�h �>�c�\�k�o�`�m�1�) �O�c�` �\�m�b�p�h�`�i�o�n �d�i �o�c�` �^�\�g�g

�#�h�p�go �#�#�, �, � �s�$�$�s�#�#�+ �+ �+ �,� �s�$�$�$�/ �\�g�g �n�c�\�m�` �o�c�` �q�\�m�d�\�]�g�`�s�) �O�c�` �m�`�n�p�g�o�d�i�b �b�j�\�g �n�p�^�^�`�`�_�n

�j�i�g�t �d�a �o�c�`�m�` �`�s�d�n�o�n �\ �i�j�i�(�i�`�b�\�o�d�q�` �d�i�o�`�b�`�mx �o�c�\�o �n�\�o�d�n�{�`�n(3 + 4x) · x = 8 + 16x�)

�h�p�go �`�i�p�h�`�m�\�o�`�n �\�g�g �i�j�i�(�i�`�b�\�o�d�q�` �d�i�o�`�b�`�m �q�\�g�p�`�n �a�j�m�s�p�i�o�d�g �d�o �{�i�_�n �j�i�` �o�c�\�o �n�\�o�d�n�{�`�n

�o�c�d�n �`�l�p�\�o�d�j�i�) �C�j�r�`�q�`�m�' �d�a �i�j �n�p�^�c�s �`�s�d�n�o�n �o�c�` �^�\�g�g �o�j�h�p�go �r�d�g�g �_�d�q�`�m�b�`�) �O�\�]�g�d�i�b

�r�d�g�g �i�j�o �c�`�g�k�' �n�d�i�^�` �o�c�` �q�\�g�p�` �j�a�s �f�`�`�k�n �^�c�\�i�b�d�i�b�)

�/ �O�c�d�n �`�s�\�h�k�g�` �d�n �_�p�` �o�j �J�g�`�b �F�d�n�`�g�t�j�q �#�k�`�m�n�j�i�\�g �^�j�h�h�p�i�d�^�\�o�d�j�i�$�)
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�<�i�j�o�c�`�m �_�d�n�\�_�q�\�i�o�\�b�` �j�a �o�\�]�g�d�i�b �d�n �o�c�\�o �d�o �^�\�i �b�m�`�\�o�g�t �d�i�^�m�`�\�n�` �o�c�` �h�`�h�j�m�t

�^�j�i�n�p�h�k�o�d�j�i �j�a �\ �k�m�j�b�m�\�h�) �O�c�d�n �d�n �\ �k�m�j�]�g�`�h �r�d�o�c �h�`�h�j�d�u�\�o�d�j�i �d�i �b�`�i�`�m�\�g�) �A�j�m

�`�s�\�h�k�g�`�' �^�j�i�n�d�_�`�m �o�c�` �o�\�d�g�(�m�`�^�p�m�n�d�q�` �\�^�^�p�h�p�g�\�o�j�m�(�k�\�n�n�d�i�b�(�n�o�t�g�` �N�^�c�`�h�` �_�`�{�i�d�o�d�j�i �j�a

�a�\�^�o�j�m�d�\�g�0�)

�#�_�`�{�i�` ���(�\�k�n
�#λ �#�i �\ �$

�#�^�j�i�_
�#�#�u�`�m�j�: �i�$�\�$
�#�`�g�n�`�#���(�\�k�n�#�n�p�]�, �i�$ �#∗ �i �\ �$�$�$�$�$�$

�J�o�c�`�m �o�c�\�i �o�c�` �n�k�\�^�` �p�n�`�_ �o�j �m�`�k�m�`�n�`�i�o �i�p�h�]�`�m�n�' �o�c�d�n �a�p�i�^�o�d�j�i �p�n�`�n �\ �]�j�p�i�_�`�_

�\�h�j�p�i�o �j�a �h�`�h�j�m�t�1�) �C�j�r�`�q�`�m�' �o�c�` �h�`�h�j�d�u�`�_ �q�`�m�n�d�j�i �j�a���(�\�k�n�p�n�`�n �\�i �p�i�]�j�p�i�_�`�_

�\�h�j�p�i�o �j�a �h�`�h�j�m�t �d�a�i �d�n �i�`�b�\�o�d�q�`�' �\�i�_ �j�o�c�`�m�r�d�n�` �p�n�`�n �\�i �\�h�j�p�i�o �j�a �h�`�h�j�m�t �g�d�i�`�\�m

�d�i�i �)

�>�c�\�k�o�`�m�,�. �k�m�`�n�`�i�o�n �\ �^�j�h�k�g�`�o�` �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �o�\�]�g�d�i�b �a�j�m �h�d�i�d�F�\�i�m�`�i�6 �o�c�d�n

�d�h�k�g�`�h�`�i�o�\�o�d�j�i �c�\�n �n�`�q�`�m�\�g �g�d�h�d�o�\�o�d�j�i�n�) �O�c�` �{�m�n�o �g�d�h�d�o�\�o�d�j�i �d�n �o�c�\�o �o�\�]�g�`�_ �m�`�g�\�o�d�j�i�n

�h�p�n�o �]�` �^�g�j�n�`�_�6 �\ �o�\�]�g�`�_ �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m �^�\�i�i�j�o �^�j�i�o�\�d�i �a�m�`�` �g�j�b�d�^ �q�\�m�d�\�]�g�`�n�' �n�d�i�^�`

�\�n�n�j�^�d�\�o�d�j�i�n �a�j�m �o�c�j�n�` �q�\�m�d�\�]�g�`�n �r�j�p�g�_ �]�` �o�c�m�j�r�i �\�r�\�t�) �O�c�d�n �d�n �\ �^�j�i�n�`�l�p�`�i�^�` �j�a �i�j�o

�n�o�j�m�d�i�b �`�i�o�d�m�` �n�p�]�n�o�d�o�p�o�d�j�i�n �d�i �\ �m�`�g�\�o�d�j�i�1�n �o�\�]�g�`�' �\�n �_�`�n�^�m�d�]�`�_ �d�i �n�`�^�o�d�j�i�,�.�)�,�)

�<�i�j�o�c�`�m �g�d�h�d�o�\�o�d�j�i �d�n �o�c�\�o �\�m�b�p�h�`�i�o�n �k�\�n�n�`�_ �o�j �o�\�]�g�`�_ �m�`�g�\�o�d�j�i�n �h�p�n�o �]�` �3�k�m�d�i�o�(

�\�]�g�`�4 �#�j�m �3�m�`�d�{�\�]�g�`�4�$ �q�\�g�p�`�n�) �A�j�m �`�s�\�h�k�g�`�' �o�\�]�g�`�_ �m�`�g�\�o�d�j�i�n �n�c�j�p�g�_ �i�`�q�`�m �]�` �k�\�n�n�`�_

�a�p�i�^�o�d�j�i�n�' �d�i�^�g�p�_�d�i�b �b�j�\�g�n�' �n�d�i�^�` �\�g�g �a�p�i�^�o�d�j�i�n �m�`�d�a�t �o�j �o�c�` �n�\�h�` �q�\�g�p�`�2�)

�0�O�c�` �^�\�g�g �#���(�\�k�n �i�,�$ �^�\�g�^�p�g�\�o�`�n �o�c�` �a�\�^�o�j�m�d�\�g �j�a�i �)
�1�N�^�c�`�h�` �d�h�k�g�`�h�`�i�o�\�o�d�j�i�n �\�m�` �m�`�l�p�d�m�`�_ �o�j �c�\�i�_�g�` �o�\�d�g �^�\�g�g�n �k�m�j�k�`�m�g�t�.�o�c�p�n���(�\�k�n�p�n�`�n �\ �^�j�i�n�o�\�i�o

�\�h�j�p�i�o �j�a �n�o�\�^�f �n�k�\�^�`
�2�K�p�m�` �m�`�g�\�o�d�j�i�n �n�c�j�p�g�_ �i�`�q�`�m �o�\�f�` �a�p�i�^�o�d�j�i�n �\�n �\�m�b�p�h�`�i�o�n �\�i�t�r�\�t�' �n�d�i�^�` �h�d�i�d�F�\�i�m�`�i �_�j�`�n
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�O�c�` �h�j�n�o �n�d�b�i�d�{�^�\�i�o �g�d�h�d�o�\�o�d�j�i �j�a �j�p�m �o�\�]�g�d�i�b �d�h�k�g�`�h�`�i�o�\�o�d�j�i �d�n �o�c�\�o �d�o �_�j�`�n

�i�j�o �^�p�m�m�`�i�o�g�t �n�p�k�k�j�m�o �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n�' �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i�' �j�m �a�m�`�n�c�i�`�n�n �^�j�i�(

�n�o�m�\�d�i�o�n�) �C�j�r �o�j �]�`�n�o �^�j�h�]�d�i�` �o�\�]�g�d�i�b �\�i�_ �^�j�i�n�o�m�\�d�i�o�n �d�n �\�i �j�k�`�i �m�`�n�`�\�m�^�c �k�m�j�]�(

�g�`�h �#�N�^�c�m�d�e�q�`�m�n �`�o �\�g�)�-�+�+�3�\�$�)

�i�j�o �n�p�k�k�j�m�o �c�d�b�c�`�m�(�j�m�_�`�m �p�i�d�{�^�\�o�d�j�i�' �\�i�_ �^�\�i�i�j�o �h�`�\�i�d�i�b�a�p�g�g�t �^�j�i�n�o�m�p�^�o �a�p�i�^�o�d�j�i�n �r�c�`�i �m�p�i�i�d�i�b
�]�\�^�f�r�\�m�_�n�)



�>�c�\�k�o�`�m �,�.

�D�h�k�g�`�h�`�i�o�\�o�d�j�i �Q�5 �O�\�]�g�d�i�b

�D�i �o�c�d�n �^�c�\�k�o�`�m �r�` �d�h�k�g�`�h�`�i�o �o�c�` �o�\�]�g�d�i�b �n�^�c�`�h�` �_�`�n�^�m�d�]�`�_ �d�i �>�c�\�k�o�`�m�,�-�) �J�p�m

�o�\�]�g�d�i�b �d�h�k�g�`�h�`�i�o�\�o�d�j�i �`�s�o�`�i�_�n �o�c�` �n�o�m�`�\�h�n�(�]�\�n�`�_ �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �h�d�i�d�F�\�i�m�`�i

�a�m�j�h �>�c�\�k�o�`�m�.�' �k�m�`�n�`�m�q�d�i�b �o�c�` �j�m�d�b�d�i�\�g �d�h�k�g�`�h�`�i�o�\�o�d�j�i�1�n �d�i�o�`�m�g�`�\�q�d�i�b �n�`�\�m�^�c �]�`�c�\�q�(

�d�j�m�)

�O�c�d�n �^�c�\�k�o�`�m �d�n �j�m�b�\�i�d�u�`�_ �\�n �a�j�g�g�j�r�n�) �D�i �n�`�^�o�d�j�i�,�.�)�,�r�` �_�`�n�^�m�d�]�` �o�c�` �^�j�m�` �_�\�o�\

�n�o�m�p�^�o�p�m�`�n �p�n�`�_ �d�i �o�c�` �d�h�k�g�`�h�`�i�o�\�o�d�j�i�) �N�`�^�o�d�j�i�,�.�)�-�b�d�q�`�n �\ �c�d�b�c�(�g�`�q�`�g �_�`�n�^�m�d�k�o�d�j�i

�j�a �o�c�` �o�\�]�g�d�i�b �\�g�b�j�m�d�o�c�h�) �D�i �n�`�^�o�d�j�i�,�.�)�.�r�` �d�i�o�m�j�_�p�^�` �\ �i�`�r �o�t�k�` �j�a�r�\�d�o�d�i�b�n�o�m�`�\�h�'

�r�c�d�^�c �m�`�l�p�d�m�`�n �`�s�o�`�i�_�d�i�b �]�j�o�c�^�\�n�`∞ �\�i�_ �o�c�` �j�k�`�m�\�o�j�m�n �o�c�\�o �p�n�` �d�o�5�o�\�f�`�' �]�d�i�_�' �\�i�_

�h�k�g�p�n�) �N�`�^�o�d�j�i�,�.�)�/�`�s�o�`�i�_�n �o�c�` �m�`�d�{�`�m �a�m�j�h �>�c�\�k�o�`�m�. �r�d�o�c �\ �i�`�r �a�p�i�^�o�d�j�i�m�`�d�a�t�(

�q�\�m�) �A�d�i�\�g�g�t �d�i �n�`�^�o�d�j�i�,�.�)�0�r�` �k�m�`�n�`�i�o �o�c�` �c�`�\�m�o �j�a �o�c�` �o�\�]�g�d�i�b �d�h�k�g�`�h�`�i�o�\�o�d�j�i�5 �o�c�`

�p�n�`�m�(�g�`�q�`�g�o�\�]�g�`�_�a�j�m�h�' �\�i�_ �o�c�`�h�\�n�o�`�m�\�i�_ �m�`�p�n�`�a�p�i�^�o�d�j�i�n �o�j �c�\�i�_�g�` �h�\�n�o�`�m �\�i�_

�n�g�\�q�` �^�\�g�g�n�' �m�`�n�k�`�^�o�d�q�`�g�t�)

�,�1�4
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�,�.�)�, �<�i�n�r�`�m �O�`�m�h�n�' �>�\�^�c�`�n�' �\�i�_ �N�p�n�k�`�i�_�`�_ �N�o�m�`�\�h�n

�G�d�f�` �\�i�t �b�j�\�g�' �\ �b�j�\�g �m�`�o�p�m�i�`�_ �]�t �\ �o�\�]�g�`�_ �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m �d�n �\ �a�p�i�^�o�d�j�i �h�\�k�k�d�i�b

�\ �n�p�]�n�o�d�o�p�o�d�j�i �o�j �\ �n�o�m�`�\�h �j�a �n�p�]�n�o�d�o�p�o�d�j�i�n�) �O�c�` �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m�1�n �o�\�]�g�` �_�j�`�n �i�j�o

�n�o�j�m�` �`�i�o�d�m�` �n�p�]�n�o�d�o�p�o�d�j�i�n�6 �m�\�o�c�`�m�' �o�c�` �o�\�]�g�` �n�o�j�m�`�n�\�i�n�r�`�m �o�`�m�h�n�) �<�i �\�i�n�r�`�m �o�`�m�h

�d�n �\ �g�d�n�o �j�a �o�c�` �\�m�b�p�h�`�i�o�n �a�m�j�h �\ �h�\�n�o�`�m �^�\�g�g�' �k�`�m�c�\�k�n �k�\�m�o�d�\�g�g�t �j�m �a�p�g�g�t �d�i�n�o�\�i�o�d�\�o�`�_

�\�n �\ �m�`�n�p�g�o �j�a �m�p�i�i�d�i�b �o�c�` �b�j�\�g�1�n �]�j�_�t�) �<� �̂\�^�c��̀\�n�n�j�^�d�\�o�`�n �`�\�^�c �h�\�n�o�`�m �^�\�g�g �r�d�o�c �\

�n�`�o �j�a �\�i�n�r�`�m �o�`�m�h�n�) �< �n�p�]�n�`�l�p�`�i�o �n�g�\�q�` �^�\�g�g �m�`�p�n�`�n �o�c�` �h�\�n�o�`�m �^�\�g�g�1�n �o�\�]�g�`�_ �\�i�n�r�`�m�n

�]�t �p�i�d�a�t�d�i�b �`�\�^�c �\�i�n�r�`�m �o�`�m�h �d�i �o�c�` �^�\�^�c�` �r�d�o�c �o�c�` �n�g�\�q�` �^�\�g�g�1�n �\�^�o�p�\�g �k�\�m�\�h�`�o�`�m�n�'

�k�m�j�_�p�^�d�i�b �\ �n�o�m�`�\�h �j�a �\�i�n�r�`�m �n�p�]�n�o�d�o�p�o�d�j�i�n�)

�O�c�`�m�` �h�\�t �]�` �h�p�g�o�d�k�g�` �n�g�\�q�` �^�\�g�g�n �\�n�n�j�^�d�\�o�`�_ �r�d�o�c �`�\�^�c �h�\�n�o�`�m �^�\�g�g�6 �`�\�^�c �n�g�\�q�`

�^�\�g�g �3�^�j�i�n�p�h�`�n�4�\�g�g�o�c�` �o�\�]�g�`�_ �\�i�n�r�`�m �o�`�m�h�n �d�i �o�c�` �^�\�^�c�`�) �@�q�\�g�p�\�o�d�j�i �j�a �o�c�` �h�\�n�o�`�m

�^�\�g�g �\�i�_ �d�o�n �n�g�\�q�` �^�\�g�g�n �\�m�` �d�i�o�`�m�g�`�\�q�`�_�.�n�g�\�q�` �^�\�g�g�n �h�\�t �n�o�\�m�o �^�j�i�n�p�h�d�i�b �\�i�n�r�`�m �o�`�m�h�n

�]�`�a�j�m�` �o�c�` �h�\�n�o�`�m �^�\�g�g �c�\�n �{�i�d�n�c�`�_ �k�m�j�_�p�^�d�i�b �o�c�`�h�) �R�c�`�i �\ �h�\�n�o�`�m �^�\�g�g �k�m�j�_�p�^�`�n

�i�`�r �\�i�n�r�`�m �o�`�m�h�n�' �o�c�` �^�j�i�n�p�h�k�o�d�j�i �j�a �o�c�`�n�` �\�i�n�r�`�m�n �]�t �\�n�n�j�^�d�\�o�`�_ �n�g�\�q�` �^�\�g�g�n �^�\�i

�m�`�n�p�g�o �d�i �i�`�r �h�\�n�o�`�m �j�m �n�g�\�q�` �^�\�g�g�n�) �O�c�` �\�g�b�j�m�d�o�c�h �m�`�\�^�c�`�n �\ �{�s�`�_ �k�j�d�i�o �r�c�`�i �\�g�g

�h�\�n�o�`�m �^�\�g�g�n �c�\�q�` �{�i�d�n�c�`�_ �k�m�j�_�p�^�d�i�b �\�i�n�r�`�m�n�' �\�i�_ �`�\�^�c �n�g�\�q�` �^�\�g�g �c�\�n �^�j�i�n�p�h�`�_

�`�q�`�m�t �\�i�n�r�`�m �o�`�m�h �k�m�j�_�p�^�`�_ �]�t �d�o�n �\�n�n�j�^�d�\�o�`�_ �h�\�n�o�`�m �^�\�g�g�)
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�O�j �p�i�_�`�m�n�o�\�i�_ �r�c�t �r�` �o�\�]�g�` �\�i�n�r�`�m �o�`�m�h�n �m�\�o�c�`�m �o�c�\�i �a�p�g�g �n�p�]�n�o�d�o�p�o�d�j�i�n�' �^�j�i�n�d�_�`�m

�o�c�d�n�m�p�i∗ �`�s�k�m�`�n�n�d�j�i�)

�#�g�`�o�#�#�a�#�o�\�]�g�`�_�#�u�$ �#≡ �u�1�$�$�$�$
�#�m�p�i∗ �#�l�$

�#�`�s�d�n�o�#�s �t�$
�#�^�j�i�_e

�#�#≡ �s �0�$ �#�a �t�$�$
�#�#�a �t�$�$�$

�#≡ �#�#�s �t�$�$�l�$�$�$�$

�D�h�\�b�d�i�` �o�c�\�o �o�c�` �{�m�n�o�^�j�i�_e �^�g�\�p�n�` �d�n �`�q�\�g�p�\�o�`�_ �^�j�h�k�g�`�o�`�g�t �]�`�a�j�m�` �o�c�` �n�`�^�j�i�_ �^�g�\�p�n�`�)

�R�c�`�i �o�c�` �h�\�n�o�`�m �^�\�g�g �#�a �t�$ �d�i �o�c�` �{�m�n�o �^�g�\�p�n�` �n�p�^�^�`�`�_�n�' �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i �r�d�g�g �]�`

�#�#�#�#�t � �1�$�$ �#�#�s � �0�$�$�$�$�) �D�a �r�` �r�`�m�` �o�j �o�\�]�g�` �o�c�` �a�p�g�g �n�p�]�n�o�d�o�p�o�d�j�i�' �d�i�^�g�p�_�d�i�b �o�c�` �\�n�n�j�^�d�\�o�d�j�i

�a�j�m�s�' �o�c�` �n�g�\�q�` �^�\�g�g �d�i �o�c�` �n�`�^�j�i�_ �^�g�\�p�n�` �r�j�p�g�_ �d�i�^�j�m�m�`�^�o�g�t �\�n�n�j�^�d�\�o�`�s �r�d�o�c �0�) �O�c�`

�m�p�i∗ �`�s�k�m�`�n�n�d�j�i �r�j�p�g�_ �o�c�`�m�`�a�j�m�` �m�`�o�p�m�i�#�#�#�#�0 �1�$�$ �#�#�0 �1�$�$�$�$�d�i�n�o�`�\�_ �j�a �o�c�` �^�j�m�m�`�^�o �\�i�n�r�`�m

�#�#�#�#�0 �1�$�$ �#�#�Z
0

�1�$�$�$�$�)

�N�d�i�^�` �o�c�` �o�\�]�g�` �m�`�^�j�m�_�n �\�i�n�r�`�m �o�`�m�h�n �m�\�o�c�`�m �o�c�\�i �`�i�o�d�m�` �n�p�]�n�o�d�o�p�o�d�j�i�n�' �\ �o�\�]�g�`�_

�b�j�\�g �^�j�i�n�o�m�p�^�o�j�m �h�p�n�o �]�` �^�g�j�n�`�_ �r�d�o�c �m�`�n�k�`�^�o �o�j �g�j�b�d�^ �q�\�m�d�\�]�g�`�n�6 �q�\�g�p�`�n �\�n�n�j�^�d�\�o�`�_

�r�d�o�c �a�m�`�` �g�j�b�d�^ �q�\�m�d�\�]�g�`�n �r�j�p�g�_ �]�` �a�j�m�b�j�o�o�`�i�) �A�j�m �`�s�\�h�k�g�`�' �o�c�`�m�p�i∗ �`�s�k�m�`�n�n�d�j�i

�#�m�p�i∗ �#�l�$
�#�`�s�d�n�o�#�s �t�$

�#�g�`�o�#�#�a�#λ �#�u�$ �#�`�s�d�n�o�#�$ �#≡ �s �0�$ �#≡ �u�1�$�$�$�$�$
�#�^�j�i�_e

�#�#�a �t�$ �#≡ �#�#�s �t�$�$�l�$�$
�#�#�a �t�$ �#≡ �#�#�s �t�$�$�l�$�$�$�$�$�$

�m�`�o�p�m�i�n�#�#�#�#�0 �1�$�$ �#�#�0 �1�$�$�$�$�' �\�n �`�s�k�`�^�o�`�_�) �C�j�r�`�q�`�m�' �d�a �r�` �r�`�m�` �o�j �o�\�]�g�`�a�]�t �m�`�k�g�\�^�d�i�b



�>�C�<�K�O�@�M �,�.�) �D�H�K�G�@�H�@�I�O�<�O�D�J�I �Q�5 �O�<�=�G�D�I�B �,�2�-

�#λ �#�u�$ �#�`�s�d�n�o�#�$ �#≡ �s �0�$ �#≡ �u�1�$�$�$ �r�d�o�c �#�o�\�]�g�`�_�#�u�$ �#�`�s�d�n�o�#�$ �#≡ �s �0�$ �#≡ �u�1�$�$�$�' �o�c�`

�m�p�i∗ �`�s�k�m�`�n�n�d�j�i �r�j�p�g�_ �d�i�n�o�`�\�_ �m�`�o�p�m�i�#�#�#�#�0 �1�$�$ �#�#�Z
0

�1�$�$�$�$�)

�@�\�^�c �o�\�]�g�`�_ �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m �c�\�n �d�o�n �j�r�i �g�j�^�\�g �o�\�]�g�` �m�`�k�m�`�n�`�i�o�`�_ �\�n �\ �g�d�n�o �j�a

�#�#�f�`�t � � �̂\�^�c�`�$�$�k�\�d�m�n�' �r�c�`�m�`�f�`�t �d�n �\ �g�d�n�o �j�a �m�`�d�{�`�_ �\�m�b�p�h�`�i�o�n �a�m�j�h �\ �h�\�n�o�`�m �^�\�g�g�' �\�i�_

�r�c�`�m�`� �̂\�^�c�`�^�j�i�o�\�d�i�n �o�c�` �n�`�o �j�a �\�i�n�r�`�m �o�`�m�h�n �a�j�m �o�c�\�o �h�\�n�o�`�m �^�\�g�g�)

�< �^�\�^�c�` �d�n �m�`�k�m�`�n�`�i�o�`�_ �\�n �\ �o�\�b�b�`�_ �q�`�^�o�j�m�' �\�i�_ �^�j�i�o�\�d�i�n �\ �g�d�n�o �j�a �o�\�]�g�`�_ �\�i�n�r�`�m

�o�`�m�h�n�) �@�\�^�c �h�\�n�o�`�m �^�\�g�g �d�n �\�n�n�j�^�d�\�o�`�_ �r�d�o�c �\ �n�d�i�b�g�` �^�\�^�c�`�)

�#�_�`�{�i�` �h�\�f�`�(� �̂\�^�c�`�#λ �#ansv∗�$ �#�q� �̀^�o�j�m�^�\�^�c�ànsv∗�$�$�$
�#�_�`�{�i�` cache�(ansv∗ �#λ �#� �̂$ �#�q� �̀^�o�j�m�(�m�`�a �^�,�$�$�$
�#�_�`�{�i�` � �̂\�^�c�`�(�\�i�n�q∗�(�n�`�o���#λ �#�^ �q�\�g�$ �#�q� �̀^�o�j�m�(�n�`�o�� �^�, �q�\�g�$�$�$

�@�\�^�c �n�g�\�q�` �^�\�g�g �d�n �\�n�n�j�^�d�\�o�`�_ �r�d�o�c �\ �n�d�i�b�g�`�n�p�n�k�`�i�_� �̀_ �n�o�m� �̀\�h�' �j�m�n�n�) �@�\�^�c �n�p�n�(

�k�`�i�_�`�_ �n�o�m�`�\�h �d�n �m�`�k�m�`�n�`�i�o�`�_ �\�n �\ �o�\�b�b�`�_ �q�`�^�o�j�m �^�j�i�o�\�d�i�d�i�b �\ �^�\�^�c�`�' �\ �g�d�n�o �j�a �o�\�]�g�`�_

�\�i�n�r�`�m �o�`�m�h�nansv∗�' �\�i�_ �\ �o�c�p�i�f �o�c�\�o �k�m�j�_�p�^�`�n �o�c�` �m�`�h�\�d�i�_�`�m �j�a �o�c�` �n�o�m�`�\�h �#�\�i�a�'

�\�n �_�`�n�^�m�d�]�`�_ �d�i �n�`�^�o�d�j�i�.�)�.�$�)

�#�_�`�{�i�` �h�\�f�`�(�n�n�#λ �#� �̂\�^�c�ànsv∗ �a�$ �#�q� �̀^�o�j�m�n�n� �̂\�^�c�ànsv∗ �a�$�$�$
�#�_�`�{�i�` �n�n�:�#λ �#�s�$ �#�\�i�_ �#�q� �̀^�o�j�m�: �s�$ �#� �̀l�: �#�q� �̀^�o�j�m�(�m�`�a �s�+�$�n�n�$�$�$�$
�#�_�`�{�i�` �n�n�(� �̂\�^�c�`�#λ �#�n�n�$ �#�q� �̀^�o�j�m�(�m�`�a �n�n�,�$�$�$
�#�_�`�{�i�` ss�(ansv∗ �#λ �#�n�n�$ �#�q� �̀^�o�j�m�(�m�`�a �n�n�-�$�$�$
�#�_�`�{�i�` �n�n�(�a�#λ �#�n�n�$ �#�q� �̀^�o�j�m�(�m�`�a �n�n�.�$�$�$

�O�c� ànsv∗ �g�d�n�o �d�i�_�d�^�\�o�`�n �r�c�d�^�c �j�a �o�c�` �h�\�n�o�`�m �^�\�g�g�1�n �\�i�n�r�`�m �o�`�m�h�n �o�c�` �n�p�n�k�`�i�_�`�_

�n�o�m�`�\�h �c�\�n �\�g�m�`�\�_�t �k�m�j�^�`�n�n�`�_�.ansv∗ �d�n �\�g�r�\�t�n �\ �n�p�z�d�s �j�a �o�c�` �g�d�n�o �d�i� �̂\�^�c�`�) �O�c�`�m�`

�h�\�t �]�` �h�\�i�t �n�p�n�k�`�i�_�`�_ �n�o�m�`�\�h�n �\�n�n�j�^�d�\�o�`�_ �r�d�o�c �\ �n�d�i�b�g�`� �̂\�^�c�`�.�`�\�^�c �j�a �o�c�`�n�`�n�n�1�n

�h�\�t �^�j�i�o�\�d�i �\ �_�d�z�`�m�`�i�oansv∗ �g�d�n�o�' �m�`�k�m�`�n�`�i�o�d�i�b �\ �_�d�z�`�m�`�i�o �3�\�g�m�`�\�_�t �n�`�`�i�4 �n�p�z�d�s �j�a

�\�i�n�r�`�m �o�`�m�h�n �a�m�j�h �o�c�` �^�\�^�c�`�)
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�O�c��̀n�n�(�m� �̀\�_�t�:�k�m�`�_�d�^�\�o�` �d�i�_�d�^�\�o�`�n �r�c�`�o�c�`�m �\ �n�p�n�k�`�i�_�`�_ �n�o�m�`�\�h�1�n �^�\�^�c�` �^�j�i�o�\�d�i�n

�i�`�r �\�i�n�r�`�m �o�`�m�h�n �i�j�o �t�`�o �^�j�i�n�p�h�`�_ �]�t �o�c�` �n�o�m�`�\�h�)

�#�_�`�{�i�` �n�n�(�m� �̀\�_�t�:�#λ �#�n�n�$ �#�i�j�o�#� �̀l�: �#cache�(ansv∗ �#�n�n�(� �̂\�^�c�` �n�n�$�$ �#ss�(ansv∗ �n�n�$�$�$�$�$

�,�.�)�- �O�c�` �O�\�]�g�d�i�b �<�g�b�j�m�d�o�c�h

�I�j�r �o�c�\�o �r�` �\�m�` �a�\�h�d�g�d�\�m �r�d�o�c �o�c�` �a�p�i�_�\�h�`�i�o�\�g �_�\�o�\ �n�o�m�p�^�o�p�m�`�n�' �r�` �^�\�i �`�s�\�h�d�i�` �d�i

�_�`�o�\�d�g �o�c�` �n�o�`�k�n �k�`�m�a�j�m�h�`�_ �r�c�`�i �\ �o�\�]�g�`�_ �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m �d�n �^�\�g�g�`�_�5

�,�) �O�c�` �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m �^�m�`�\�o�`�n �\ �g�d�n�o �j�a �o�c�` �\�m�b�p�h�`�i�o�n �k�\�n�n�`�_ �o�j �o�c�` �^�\�g�g�'�\�m�b�q�'

�o�c�`�i �m�`�o�p�m�i�n �\ �b�j�\�g�)

�-�) �R�c�`�i �k�\�n�n�`�_ �\ �n�p�]�n�o�d�o�p�o�d�j�i�n�' �o�c�` �b�j�\�g �m�`�d�{�`�n�\�m�b�q�d�i�n�' �k�m�j�_�p�^�d�i�b �\ �g�d�n�o�f�`�t

�j�a �m�`�d�{�`�_ �\�m�b�p�h�`�i�o�n�)

�.�) �O�c�` �b�j�\�g �p�n�`�n �o�c�` �m�`�d�{�`�_ �g�d�n�o �j�a �\�m�b�p�h�`�i�o�n �\�n �o�c�` �g�j�j�f�p�k �f�`�t �d�i �o�c�` �b�j�\�g

�^�j�i�n�o�m�p�^�o�j�m�1�n �g�j�^�\�g �o�\�]�g�`�' �r�c�d�^�c �d�n �\�i �\�n�n�j�^�d�\�o�d�j�i �g�d�n�o �j�a�#�#�f�`�t � � �̂\�^�c�`�$�$�k�\�d�m�n�)

�/�) �D�a �o�c�` �f�`�t �d�n �i�j�o �d�i �o�c�` �o�\�]�g�`�1�n �\�n�n�j�^�d�\�o�d�j�i �g�d�n�o �r�` �\�m�` �h�\�f�d�i�b �\ �i�`�r �h�\�n�o�`�m

�^�\�g�g�) �O�c�` �b�j�\�g �^�j�i�n�o�m�p�^�o�n �\ �i�`�r �^�\�^�c�` �^�j�i�o�\�d�i�d�i�b �o�c�` �`�h�k�o�t �g�d�n�o�) �O�c�` �b�j�\�g

�o�c�`�i �n�d�_�`�(�`�z�`�^�o�n �o�c�` �g�j�^�\�g �o�\�]�g�`�' �`�s�o�`�i�_�d�i�b �d�o �r�d�o�c �\ �k�\�d�m �^�j�i�o�\�d�i�d�i�b �o�c�` �i�`�r

�f�`�t �\�i�_ �^�\�^�c�`�) �I�`�s�o�' �\ �3�a�\�f�`�4 �n�p�]�b�j�\�g �d�n �\�_�_�`�_ �o�j �o�c�` �]�j�_�t �j�a �o�c�` �b�j�\�g�) �R�c�`�i

�k�\�n�n�`�_ �\ �n�p�]�n�o�d�o�p�o�d�j�i�' �o�c�d�n �3�a�\�f�`�4 �b�j�\�g �^�c�`�^�f�n �d�a �o�c�` �\�i�n�r�`�m �o�`�m�h �\�]�j�p�o �o�j �]�`

�^�\�^�c�`�_ �d�n �`�l�p�d�q�\�g�`�i�o �o�j �\�i �`�s�d�n�o�d�i�b �\�i�n�r�`�m �o�`�m�h �d�i �o�c�` �^�\�^�c�`�6 �d�a �n�j�' �o�c�` �a�\�f�` �b�j�\�g

�a�\�d�g�n�' �f�`�`�k�d�i�b �o�c�` �h�\�n�o�`�m �^�\�g�g �a�m�j�h �k�m�j�_�p�^�d�i�b �\ �_�p�k�g�d�^�\�o�` �\�i�n�r�`�m�) �J�o�c�`�m�r�d�n�`�'



�>�C�<�K�O�@�M �,�.�) �D�H�K�G�@�H�@�I�O�<�O�D�J�I �Q�5 �O�<�=�G�D�I�B �,�2�/

�o�c�` �a�\�f�` �b�j�\�g �`�s�o�`�i�_�n �o�c�` �^�\�^�c�` �r�d�o�c �o�c�` �i�`�r �\�i�n�r�`�m �o�`�m�h�' �o�c�`�i �m�`�o�p�m�i�n �o�c�`

�\�i�n�r�`�m �n�p�]�n�o�d�o�p�o�d�j�i �\�n �\ �n�d�i�b�g�`�o�j�i �n�o�m�`�\�h�,�)

�0�)�D�a�' �j�i �o�c�` �j�o�c�`�m �c�\�i�_�' �o�c�` �f�`�t �d�n �a�j�p�i�_ �d�i �o�c�` �o�\�]�g�`�1�n �\�n�n�j�^�d�\�o�d�j�i �g�d�n�o�' �r�` �\�m�`

�h�\�f�d�i�b �\ �n�g�\�q�` �^�\�g�g�) �D�i�n�o�`�\�_ �j�a �m�`�(�m�p�i�i�d�i�b �o�c�` �]�j�_�t �j�a �o�c�` �b�j�\�g�' �r�` �m�`�p�n�` �o�c�`

�o�\�]�g�`�_ �\�i�n�r�`�m�n �a�m�j�h �o�c�` �^�j�m�m�`�n�k�j�i�_�d�i�b �h�\�n�o�`�m �^�\�g�g�) �O�c�` �n�g�\�q�` �^�\�g�g �k�m�j�_�p�^�`�n �\

�n�o�m�`�\�h �j�a �\�i�n�r�`�m �n�p�]�n�o�d�o�p�o�d�j�i�n �]�t �p�i�d�a�t�d�i�b�' �d�i �o�c�` �^�p�m�m�`�i�o �n�p�]�n�o�d�o�p�o�d�j�i�'ansv∗

�r�d�o�c �`�\�^�c �^�\�^�c�`�_ �\�i�n�r�`�m �o�`�m�h�) �?�p�` �o�j �h�d�i�d�F�\�i�m�`�i�1�n �d�i�o�`�m�g�`�\�q�d�i�b �n�`�\�m�^�c�' �\

�h�\�n�o�`�m �^�\�g�g �h�\�t �i�j�o �k�m�j�_�p�^�` �\�g�g �j�a �d�o�n �\�i�n�r�`�m�n �d�h�h�`�_�d�\�o�`�g�t�) �O�c�`�m�`�a�j�m�`�' �o�c�`

�\�i�n�r�`�m �n�o�m�`�\�h �k�m�j�_�p�^�`�_ �]�t �\ �n�g�\�q�` �^�\�g�g �h�\�t �i�`�`�_ �o�j �n�p�n�k�`�i�_ �k�`�m�d�j�_�d�^�\�g�g�t�'

�3�\�r�\�f�`�i�d�i�b�4 �r�c�`�i �o�c�` �h�\�n�o�`�m �^�\�g�g �k�m�j�_�p�^�`�n �i�`�r �\�i�n�r�`�m �o�`�m�h�n �a�j�m �o�c�` �n�g�\�q�` �o�j

�^�j�i�n�p�h�`�)

�M�`�^�\�g�g �o�c�\�o �o�c�` �\�g�b�j�m�d�o�c�h �m�`�\�^�c�`�n �\ �{�s�`�_ �k�j�d�i�o �r�c�`�i �\�g�g �o�c�` �h�\�n�o�`�m �^�\�g�g�n �c�\�q�`

�{�i�d�n�c�`�_ �k�m�j�_�p�^�d�i�b �\�i�n�r�`�m�n�' �\�i�_ �`�\�^�c �n�g�\�q�` �^�\�g�g �c�\�n �^�j�i�n�p�h�`�_ �`�q�`�m�t �\�i�n�r�`�m �o�`�m�h

�k�m�j�_�p�^�`�_ �]�t �d�o�n �^�j�m�m�`�n�k�j�i�_�d�i�b �h�\�n�o�`�m �^�\�g�g�) �D�i �o�c�` �k�m�j�^�`�n�n �j�a �^�j�i�n�p�h�d�i�b �\ �^�\�^�c�`�_

�\�i�n�r�`�m �o�`�m�h�' �\ �n�g�\�q�` �^�\�g�g �h�d�b�c�o �h�\�f�` �\ �i�`�r �h�\�n�o�`�m �j�m �n�g�\�q�` �^�\�g�g�)

�,�.�)�. �R�\�d�o�d�i�b �N�o�m�`�\�h�n

�R�` �`�s�o�`�i�_ �o�c�`�\∞ �n�o�m�`�\�h �_�\�o�\�o�t�k�` �_�`�n�^�m�d�]�`�_ �d�i �n�`�^�o�d�j�i�.�)�.�r�d�o�c �\ �i�`�r �q�\�m�d�\�i�o�5 �\

�r�\�d�o�d�i�b�n�o�m�`�\�h�r �d�n �\ �i�j�i�(�`�h�k�o�t �k�m�j�k�`�m �g�d�n�o�#�#�n�n �n�n∗ . . .�$�$�j�a �n�p�n�k�`�i�_�`�_ �n�o�m�`�\�h�n�) �O�c�`

�r�\�d�o�d�i�b �n�o�m�`�\�h �_�\�o�\�o�t�k�` �\�g�g�j�r�n �p�n �o�j �`�s�k�m�`�n�n �\ �_�d�n�e�p�i�^�o�d�j�i �j�a �n�p�n�k�`�i�_�`�_ �n�o�m�`�\�h�n�6

�, �O�c�d�n �n�d�i�b�g�`�o�j�i �n�o�m�`�\�h �d�n �\�^�o�p�\�g�g�t �\�r�\�d�o�d�i�b �n�o�m� �̀\�h�' �_�`�n�^�m�d�]�`�_ �d�i �n�`�^�o�d�j�i�,�.�)�.�)
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�e�p�n�o �\�n �d�h�k�j�m�o�\�i�o�g�t�' �o�c�` �_�\�o�\�o�t�k�` �h�\�f�`�n �d�o �`�\�n�d�`�m �o�j �m�`�^�j�b�i�d�u�` �r�c�`�i �\ �{�s�`�_ �k�j�d�i�o

�c�\�n �]�`�`�i �m�`�\�^�c�`�_�' �\�n �_�`�n�^�m�d�]�`�_ �]�`�g�j�r�)

�#�_�`�{�i�` �r�: �#λ �#�s�$ �#�\�i�_ �#�k�\�d�m�: �s�$ �#�n�n�:�#� �̂\�m �s�$�$�$�$�$

�I�`�r �n�d�i�b�g�`�o�j�i �r�\�d�o�d�i�b �n�o�m�`�\�h�n �\�m�` �^�m�`�\�o�`�_ �d�i �o�c�`�m�`�p�n�`�a�p�i�^�o�d�j�i �_�`�n�^�m�d�]�`�_ �d�i �n�`�^�(

�o�d�j�i�,�.�)�0�) �O�c�` �j�i�g�t �r�\�t �o�j �^�m�`�\�o�` �\ �r�\�d�o�d�i�b �n�o�m�`�\�h �^�j�i�o�\�d�i�d�i�b �h�p�g�o�d�k�g�` �n�p�n�k�`�i�_�`�_

�n�o�m�`�\�h�n �d�n �o�c�m�j�p�b�c �_�d�n�e�p�i�^�o�d�j�i �#�n�`�` �o�c�` �_�`�{�i�d�o�d�j�i �j�a�h�k�g�p�n�]�`�g�j�r�$�)

�O�c�` �\�_�_�d�o�d�j�i �j�a �o�c�` �r�\�d�o�d�i�b �n�o�m�`�\�h �o�t�k�` �m�`�l�p�d�m�`�n �p�n �o�j �`�s�o�`�i�_ �o�c�` �_�`�{�i�d�o�d�j�i �j�a

�^�\�n�`∞ �a�m�j�h �n�`�^�o�d�j�i�.�)�.�r�d�o�c �\ �i�`�r�r �^�g�\�p�n�`�)

�#�_�`�{�i�`�(�n�t�i�o�\�s �^�\�n�`∞

�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$
�#�#�Z �` �#�#�$e0�$ �#�#f̂ �$e1�$ �#�#�r �$�`�r�$ �#�#â�$e2�$ �#�#�\ �a�$e3�$�$
�#�g�`�o�#�#�\∞ � �̀$�$

�#�^�j�i�_
�#�#�i�j�o �\∞ �$e0�$
�#�#�k�m�j� �̂ �̀_�p�m�`�: �\∞ �$ �#�g�`�o�#�#̂f �\∞ �$�$e1�$�$
�#�#�\�i�_ �#�k�\�d�m�: �\∞ �$ �#�k�m�j� �̂ �̀_�p�m�`�:�#� �̂_�m �\∞ �$�$�$
�#�g�`�o�#�#�\ �#� �̂\�m �\∞ �$�$ �#�a�#� �̂_�m �\∞ �$�$�$e3�$�$

�#�#�r�: �\∞ �$ �#�r�(�^�c� �̀^�f �\∞

�#λ �#̂f �$e1�$
�#λ �#�$ �#�g�`�o�#�#�r �\∞ �$�$�`�r�$�$�$�$

�#�`�g�n�`�#�g�`�o�#�#̂a �\∞ �$�$e2�$�$�$�$�$�$�$

�O�c�` �i�`�r �^�g�\�p�n�` �j�a�^�\�n�`∞ �`�s�k�\�i�_�n �d�i�o�j �\ �^�\�g�g �o�j�r�(�^�c� �̀^�f�' �r�c�d�^�c �o�\�f�`�n �\ �r�\�d�o�d�i�b

�n�o�m�`�\�h�r �' �\ �n�p�^�^�`�n�n �^�j�i�o�d�i�p�\�o�d�j�i�n�f�' �\�i�_ �\ �a�\�d�g�p�m�` �^�j�i�o�d�i�p�\�o�d�j�i�a�f�) �r�(�^�c� �̀^�f�k�g�\�t�n �\

�^�m�d�o�d�^�\�g �m�j�g�` �d�i �{�i�_�d�i�b �o�c�` �{�s�`�_ �k�j�d�i�o �j�a �\ �k�m�j�b�m�\�h�)

�r�(�^�c� �̀^�f�g�j�j�f�n �d�i�r �a�j�m �o�c�` �{�m�n�o �n�p�n�k�`�i�_�`�_ �n�o�m�`�\�h�n�n�r�c�j�n�` �^�\�^�c�` �^�j�i�o�\�d�i�n �i�`�r

�\�i�n�r�`�m �o�`�m�h�n�) �D�a �i�j�i�` �j�a �o�c�` �n�p�n�k�`�i�_�`�_ �n�o�m�`�\�h�n �^�j�i�o�\�d�i �p�i�n�`�`�i �\�i�n�r�`�m �o�`�m�h�n�'�r�(

�^�c� �̀^�f�d�i�q�j�f�`�n �o�c�` �a�\�d�g�p�m�` �^�j�i�o�d�i�p�\�o�d�j�i�) �J�o�c�`�m�r�d�n�`�'�n�f�d�n �k�\�n�n�`�_ �\�i�a�(�o�t�k�` �n�o�m�`�\�h
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�^�j�i�o�\�d�i�d�i�b �o�c�` �i�`�r �\�i�n�r�`�m�n �k�m�j�_�p�^�`�_ �]�t�n�n�' �d�i�o�`�m�g�`�\�q�`�_ �r�d�o�c �\�i�n�r�`�m�n �a�m�j�h �\ �i�`�r

�r�\�d�o�d�i�b �n�o�m�`�\�h �^�j�i�o�\�d�i�d�i�b �o�c�` �m�`�h�\�d�i�d�i�b �n�p�n�k�`�i�_�`�_ �n�o�m�`�\�h�n �d�i�r �)

�#�_�`�{�i�` �r�(�^�c� �̀^�f
�#λ �#�r �n�f �a�f�$

�#�g�`�o�g�j�j�k�#�#�r �r �$ �#�\ �#�#�$�$�$�$
�#�^�j�i�_

�#�#�i�p�g�g�: �r�$ �#�a�f�$�$
�#�#�n�n�(�m� �̀\�_�t�:�#� �̂\�m �r�$�$
�#�n�f�#λ�A �#�$

�#�g�`�o�#�#�a�#�n�n�(�a�#� �̂\�m �r�$�$�$
�#�r �#�\�k�k�`�i�_�#�m�`�q�`�m�n�` �\�$ �#� �̂_�m �r�$�$�$�$

�#�d�a�#�i�p�g�g�: �r�$ �#�a�$ �#�h�k�g�p�n�#�a�$ �#λ�A �#�$�r �$�$�$�$�$�$�$
�#�`�g�n�`�#�g�j�j�k�#� �̂_�m �r�$ �#� �̂j�i�n�#� �̂\�m �r�$�\�$�$�$�$�$�$�$

�O�c��̀r �^�\�n�` �j�a�^�\�n�`∞ �\�^�o�p�\�g�g�t �m�`�k�m�`�n�`�i�o�n�o�r�j�^�\�n�`�n�5 �d�i �o�c�` �{�m�n�o �^�\�n�`�' �o�c�` �r�\�d�o�d�i�b

�n�o�m�`�\�h �^�\�i �k�m�j�_�p�^�` �i�`�r �\�i�n�r�`�m�n�6 �d�i �o�c�` �n�`�^�j�i�_ �^�\�n�`�' �o�c�` �n�o�m�`�\�h �^�\�i�i�j�o �k�m�j�_�p�^�`

�i�`�r �\�i�n�r�`�m�n�' �\�g�o�c�j�p�b�c �d�o �h�\�t �]�` �\�]�g�` �o�j �d�i �o�c�` �a�p�o�p�m�`�)

�D�i �o�c�` �{�m�n�o �^�\�n�`�'�r �^�j�i�o�\�d�i�n �\ �n�p�n�k�`�i�_�`�_ �n�o�m�`�\�h�n�n�m�`�\�_�t �o�j �k�m�j�_�p�^�` �i�`�r �\�i�n�r�`�m�n�)

�r�(�^�c� �̀^�f�^�m�`�\�o�`�n �\ �i�`�r�a�(�o�t�k�` �n�o�m�`�\�h �`�i�^�\�k�n�p�g�\�o�d�i�b �o�c�` �\�i�n�r�`�m�n �a�m�j�h�n�n�' �\�g�j�i�b �r�d�o�c

�o�c�` �m�`�h�\�d�i�_�`�m �j�a �o�c�`�r �n�o�m�`�\�h �#�d�a �i�j�i�(�`�h�k�o�t�$�)�^�\�n�`∞ �o�c�`�i �k�m�j�^�`�n�n�`�n �o�c�d�n �n�o�m�`�\�h �\�n

�d�o �r�j�p�g�_ �\�i�t �j�o�c�`�m�a�5 �]�t �`�q�\�g�p�\�o�d�i�b �o�c�` �`�s�k�m�`�n�n�d�j�ie1 �d�i �\�i �`�s�o�`�i�_�`�_ �`�i�q�d�m�j�i�h�`�i�o

�d�i �r�c�d�^�ĉf �d�n �]�j�p�i�_ �o�j �o�c�` �i�`�r �n�o�m�`�\�h�) �O�j �n�`�` �o�c�d�n �h�j�m�` �^�g�`�\�m�g�t�' �o�c�d�i�f �j�a �o�c�`�n�f

�k�\�n�n�`�_ �o�j�r�(�^�c� �̀^�f�' �#λ �#̂f �$e1�$�' �\�n �o�c�` �`�l�p�d�q�\�g�`�i�o �#λ �#�\∞ �$ �#�g�`�o�#�#̂f �\∞ �$�$e1�$�$�' �r�c�d�^�c

�`�s�\�^�o�g�t �h�d�m�m�j�m�n �o�c�` �^�j�_�` �k�m�j�_�p�^�`�_ �d�i �o�c�`f̂ �^�\�n�` �j�a�^�\�n�`∞ �)

�D�i �o�c�` �n�`�^�j�i�_ �^�\�n�`�' �i�j�i�` �j�a �o�c�` �n�p�n�k�`�i�_�`�_ �n�o�m�`�\�h�n �d�i�r �^�\�i �k�m�j�_�p�^�` �i�`�r �\�i�n�r�`�m�n�)

�R�` �c�\�q�` �o�c�`�m�`�a�j�m�` �m�`�\�^�c�`�_ �\ �{�s�`�_ �k�j�d�i�o�' �\�o �g�`�\�n�o �o�`�h�k�j�m�\�m�d�g�t�6 �o�c�d�n �^�\�n�` �d�n �\�i�\�g�j�b�j�p�n

�o�j �o�c�` �#�$ �^�\�n�` �j�a�^�\�n�`∞ �) �P�i�g�d�f�` �d�i �o�c�` �#�$ �^�\�n�`�' �c�j�r�`�q�`�m�'�r �h�d�b�c�o �k�m�j�_�p�^�` �\�i�n�r�`�m�n
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�g�\�o�`�m�)�`�r �d�n �`�q�\�g�p�\�o�`�_ �d�i �\�i �`�s�o�`�i�_�`�_ �`�i�q�d�m�j�i�h�`�i�o �d�i �r�c�d�^�c�r �d�n �]�j�p�i�_ �o�j �o�c�`

�r�\�d�o�d�i�b �n�o�m�`�\�h�.�o�c�d�n �d�n �h�\�_�` �h�j�n�o �^�g�`�\�m �d�i �o�c�`�r �^�\�n�` �j�a�h�k�g�p�n�' �]�`�g�j�r�)

�N�d�i�^�` �r�` �c�\�q�` �\�_�_�`�_ �\ �^�g�\�p�n�` �o�j�^�\�n�`∞ �r�` �h�p�n�o �m�`�_�`�{�i�`�o�\�f�`�' �]�d�i�_�' �\�i�_�h�k�g�p�n�)

�O�c�`�n�` �a�p�i�^�o�d�j�i�n �_�d�z�`�m �a�m�j�h �o�c�`�d�m �_�`�{�i�d�o�d�j�i�n �d�i �n�`�^�o�d�j�i�.�)�.�j�i�g�t �d�i �o�c�` �\�_�_�d�o�d�j�i �j�a �o�c�`

�r �^�\�n�`�) �C�j�r�`�q�`�m�' �o�c�`�r �^�\�n�` �d�h�k�g�d�^�d�o�g�t �p�n�`�n �o�c�` �`�s�k�m�`�n�n�d�j�i �n�k�`�^�d�{�`�_ �a�j�m �o�c�`�a�^�\�n�`

�\�n �r�`�g�g�-�' �d�a�r �^�j�i�o�\�d�i�n �\ �n�p�n�k�`�i�_�`�_ �n�o�m�`�\�h �m�`�\�_�t �o�j �k�m�j�_�p�^�` �i�`�r �\�i�n�r�`�m�n�) �D�i �o�c�d�n

�`�q�`�i�o�' �\ �i�`�r�a�(�o�t�k�` �n�o�m�`�\�h �d�n �^�j�i�n�o�m�p�^�o�`�_ �o�c�\�o �^�j�i�o�\�d�i�n �i�j�o �j�i�g�t �o�c�`�n�` �i�`�r �\�i�n�r�`�m�n

�]�p�o �\�g�n�j �o�c�` �m�`�h�\�d�i�d�i�b �n�p�n�k�`�i�_�`�_ �n�o�m�`�\�h�n �d�i�r �6 �o�c�d�n �i�`�r �n�o�m�`�\�h �d�n �o�c�`�i �c�\�i�_�g�`�_ �]�t

�o�c��̀a�^�\�n�` �j�a�^�\�n�`∞ �)

�C�`�m�` �d�n �o�c�` �p�k�_�\�o�`�_ �_�`�{�i�d�o�d�j�i �j�a�o�\�f�`�)

�#�_�`�{�i�` �o�\�f�`
�#λ �#�i �a�$

�#�d�a�#�\�i�_ �i �#�u�`�m�j�: �i�$�$
�#�#�$�$
�#�^�\�n�`∞ �#�a�$

�#�#�$�#�#�$�$�$
�#�#�a�$ �#�o�\�f�` �i �a�$�$
�#�#�r �$�#�#�$�$�$
�#�#�\�$�\�$
�#�#�\ �a�$ �#� �̂j�i�n�#� �̂\�m �\�$ �#�o�\�f��̀#�\�i�_ �i �#− �i �,�$�$�a�$�$�$�$�$�$�$

�D�a�r �^�j�i�o�\�d�i�n �\ �n�p�n�k�`�i�_�`�_ �n�o�m�`�\�h �m�`�\�_�t �o�j �k�m�j�_�p�^�` �\ �i�`�r �n�o�m�`�\�h �j�a �\�i�n�r�`�m�n�' �o�c�d�n

�i�`�r �n�o�m�`�\�h �d�n �c�\�i�_�g�`�_ �]�t �o�c�`�a�^�\�n�` �j�a�^�\�n�`∞ �) �J�o�c�`�m�r�d�n�`�' �r�` �c�\�q�` �m�`�\�^�c�`�_ �\ �{�s�`�_

�k�j�d�i�o�.�o�c�`�m�`�a�j�m�`�'�o�\�f��̀m�`�o�p�m�i�n �o�c�` �`�h�k�o�t �g�d�n�o�)

�-�J�m �o�c�`̂f �^�\�n�`�' �d�i �o�c�` �_�`�{�i�d�o�d�j�i �j�a�h�k�g�p�n�)
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�C�`�m�` �d�n �o�c�` �p�k�_�\�o�`�_ �_�`�{�i�d�o�d�j�i �j�a�]�d�i�_�)

�#�_�`�{�i�` �]�d�i�_
�#λ �#�\∞ �b�$

�#�^�\�n�`∞ �\∞

�#�#�$ �#�h�u�`�m�j�$�$
�#�#�a�$ �#�d�i� �̂#�]�d�i�_�#�a�$�b�$�$�$
�#�#�r �$ �#�h�\�k�#λ �#�n�n�$

�#�h�\�f�`�(�n�n�#�n�n�(� �̂\�^�c�` �n�n�$ �#ss�(ansv∗ �n�n�$
�#λ�A �#�$ �#�]�d�i�_�#�#�n�n�(�a �n�n�$�$�b�$�$�$�$

�r �$�$
�#�#�\�$ �#�b �\�$�$
�#�#�\ �a�$ �#�h�k�g�p�n�#�b �\�$ �#λ�A �#�$ �#�]�d�i�_�#�a�$�b�$�$�$�$�$�$�$

�D�a�r �^�j�i�o�\�d�i�n �\ �n�p�n�k�`�i�_�`�_ �n�o�m�`�\�h �m�`�\�_�t �o�j �k�m�j�_�p�^�` �\ �i�`�r �n�o�m�`�\�h �j�a �\�i�n�r�`�m�n�' �o�c�d�n

�i�`�r �n�o�m�`�\�h �d�n �c�\�i�_�g�`�_ �]�t �o�c�`�a�^�\�n�` �j�a�^�\�n�`∞ �) �J�o�c�`�m�r�d�n�`�' �o�c�` �]�d�i�_�d�i�b �j�a �\�i�n�r�`�m

�n�p�]�n�o�d�o�p�o�d�j�i�n �o�j�b �h�p�n�o �]�` �_�`�g�\�t�`�_�' �]�`�^�\�p�n�` �o�c�` �n�o�m�`�\�h�n �d�i�r �\�m�` �\�g�g �n�p�n�k�`�i�_�`�_�)

�]�d�i�_�m�`�^�j�i�n�o�m�p�^�o�n �o�c�` �g�d�n�o�r �' �k�p�n�c�d�i�b �o�c�` �]�d�i�_ �j�k�`�m�\�o�d�j�i �d�i�o�j �`�\�^�c �m�`�]�p�d�g�o �n�p�n�k�`�i�_�`�_

�n�o�m�`�\�h�) �D�a �\ �n�o�m�`�\�h �d�n �\�r�\�f�`�i�`�_ �g�\�o�`�m�' �d�o �r�d�g�g �o�c�`�i �]�d�i�_ �d�o�n �i�`�r �\�i�n�r�`�m�n �o�j�b�)

�C�`�m�` �d�n �o�c�` �p�k�_�\�o�`�_ �_�`�{�i�d�o�d�j�i �j�a�h�k�g�p�n�)

�#�_�`�{�i�` �h�k�g�p�n
�#λ �#�\∞ �a�$

�#�^�\�n�`∞ �\∞

�#�#�$ �#�a�$�$
�#�#̂f �$ �#�d�i� �̂#�h�k�g�p�n�#�a�$f̂ �$�$�$
�#�#�r �$ �#λ�A �#�$ �#�g�`�o�#�#�\∞ �#�a�$�$�$

�#�d�a�#�r�: �\∞ �$
�#�\�k�k�`�i�_ �\∞ �r �$
�#�h�k�g�p�n �\∞ �#λ�A �#�$�r �$�$�$�$�$�$

�#�#�\�$ �#�^�c�j�d�^�`�\ �a�$�$
�#�#�\ f̂ �$ �#�^�c�j�d�^�`�\ �#λ�A �#�$ �#�h�k�g�p�n�#�a�$f̂ �$�$�$�$�$�$�$

�D�a�r �^�j�i�o�\�d�i�n �\ �n�p�n�k�`�i�_�`�_ �n�o�m�`�\�h �m�`�\�_�t �o�j �k�m�j�_�p�^�` �\ �i�`�r �n�o�m�`�\�h �j�a �\�i�n�r�`�m�n�' �o�c�d�n

�i�`�r �n�o�m�`�\�h �d�n �c�\�i�_�g�`�_ �]�t �o�c�`�a�^�\�n�` �j�a�^�\�n�`∞ �) �J�o�c�`�m�r�d�n�`�'�h�k�g�p�n�m�`�o�p�m�i�n �\ �i�`�r
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�a�(�o�t�k�` �n�o�m�`�\�h�) �D�a �o�c�` �n�`�^�j�i�_ �\�m�b�p�h�`�i�o �o�j�h�k�g�p�n�k�m�j�_�p�^�`�n �\ �r�\�d�o�d�i�b �n�o�m�`�\�hŵ�' �o�c�`�i

�h�k�g�p�n�\�k�k�`�i�_�n �o�c�` �g�d�n�o�nŵ �\�i�_ �r �' �^�m�`�\�o�d�i�b �\ �n�d�i�b�g�` �^�j�h�]�d�i�`�_ �r�\�d�o�d�i�b �n�o�m�`�\�h�) �D�a

�h�k�g�p�n�1�n �n�`�^�j�i�_ �\�m�b�p�h�`�i�o �k�m�j�_�p�^�`�n �\�i�\∞ �o�c�\�o �d�n�i�j�o�\ �r�\�d�o�d�i�b �n�o�m�`�\�h�' �o�c�`�i�r �d�n

�3�k�p�n�c�`�_�4 �o�j �o�c�` �]�\�^�f �j�a �o�c�` �i�`�r �n�o�m�`�\�h�) �<�^�^�p�h�p�g�\�o�d�i�b �\�g�g �n�p�n�k�`�i�_�`�_ �n�o�m�`�\�h�n �d�i

�\ �n�d�i�b�g�` �r�\�d�o�d�i�b �n�o�m�`�\�h �\�o �o�c�` �`�i�_ �j�a �\�i�a�(�o�t�k�` �n�o�m�`�\�h �\�g�g�j�r�n�r�(�^�c� �̀^�f�o�j �`�\�n�d�g�t

�_�`�o�`�m�h�d�i�` �d�a �\ �{�s�`�_ �k�j�d�i�o �c�\�n �]�`�`�i �m�`�\�^�c�`�_�)

�,�.�)�/ �@�s�o�`�i�_�d�i�b �\�i�_ �<�]�n�o�m�\�^�o�d�i�b �M�`�d�{�^�\�o�d�j�i

�O�j �\�q�j�d�_ �k�m�`�h�\�o�p�m�`�g�t �d�i�n�o�\�i�o�d�\�o�d�i�b �g�j�b�d�^ �q�\�m�d�\�]�g�`�n�' �o�c�`�h�\�n�o�`�m�\�i�_�m�`�p�n�`�k�m�j�^�`�_�p�m�`�n

�d�i �n�`�^�o�d�j�i�,�.�)�0�^�j�k�t �o�c�` �g�d�n�o�\�m�b�q�j�a �\�m�b�p�h�`�i�o�n �k�\�n�n�`�_ �o�j �o�c�` �o�\�]�g�`�_ �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m�)

�O�c�d�n �j�k�`�m�\�o�d�j�i �d�n �k�`�m�a�j�m�h�`�_ �]�t �o�c�`�m�`�d�a�t�(�q�\�m�a�p�i�^�o�d�j�i�' �r�c�d�^�c �d�n �n�d�h�d�g�\�m �d�i �n�k�d�m�d�o �o�j

�K�m�j�g�j�b�1�n�^�j�k�t�Z�o�`�m�h�*�-�' �]�p�o �d�n �d�h�k�g�`�h�`�i�o�`�_ �]�t �\ �a�p�i�^�o�d�j�i �m�\�o�c�`�m �o�c�\�i �\ �p�n�`�m�(�g�`�q�`�g

�b�j�\�g �^�j�i�n�o�m�p�^�o�j�m�)

�J�p�m �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a�m�`�d�a�t�(�q�\�m�d�n �d�_�`�i�o�d�^�\�g �o�j �o�c�\�o �j�a �o�c�`�m�`�d�a�t�a�p�i�^�o�d�j�i �a�m�j�h

�>�c�\�k�o�`�m�.�' �`�s�^�`�k�o �o�c�\�o �p�i�\�n�n�j�^�d�\�o�`�_ �q�\�m�d�\�]�g�`�n �\�m�` �^�j�i�n�d�n�o�`�i�o�g�t �m�`�k�g�\�^�`�_ �r�d�o�c �i�`�r�g�t

�^�m�`�\�o�`�_ �g�j�b�d�^ �q�\�m�d�\�]�g�`�n �m�\�o�c�`�m �o�c�\�i �r�d�o�c �n�t�h�]�j�g�n�) �R�` �o�c�`�m�`�a�j�m�` �\�]�n�o�m�\�^�o �o�c�` �m�`�d�{�^�\�(

�o�d�j�i �j�k�`�m�\�o�j�m�n�' �_�`�{�i�d�i�b �o�c�`�h �d�i �o�`�m�h�n �j�a �o�c�`�h�\�f�`�(�m�`�d�a�t�c�`�g�k�`�m�' �r�c�d�^�c �d�i �o�p�m�i �p�n�`�n

�\�i �\�]�n�o�m�\�^�o�`�_ �q�`�m�n�d�j�i �j�a�m�`�d�a�t�(�n�)

�#�_�`�{�i�` �h�\�f�`�(�m�`�d�a�t
�#λ �#�m�`�k�$

�#λ �#�q �n�$
�#�g�`�o�#�#�q�#�r�\�g�f∗ �q �n�$�$�$

�#�r�\�g�f∗ �q�#�m�`�d�a�t�(�n �m�`�k �q �`�h�k�o�t�(�n�$�$�$�$�$�$

�#�_�`�{�i�` �m�`�d�a�t�#�h�\�f�`�(�m�`�d�a�t �m�`�d�a�t�(�i�\�h�`�$�$
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�#�_�`�{�i�` �m�`�d�a�t�(�q�\�m�#�h�\�f�`�(�m�`�d�a�t �m�`�d�a�t�(�q�$�$

�#�_�`�{�i�` �m�`�d�a�t�(�q
�#λ �#�i �$

�#�q�\�m�i �$�$�$

�#�_�`�{�i�` �m�`�d�a�t�(�n
�#λ �#�m�`�k �q �n�$

�#�g�`�o�#�#�q�#�r�\�g�f �q �n�$�$�$
�#�^�j�i�_

�#�#�q�\�m�:�q�$ �#�`�s�o�(�n�(�i�j�(�^�c� �̀^�f �q�#�m�`�k�#�g�`�i�b�o�c �n�$�$�n�$�$
�#�#�k�\�d�m�: �q�$ �#�m�`�d�a�t�(�n �m�`�k�#� �̂_�m �q�$ �#�m�`�d�a�t�(�n �m�`�k�#� �̂\�m �q�$�n�$�$�$
�#�`�g�n�`�n�$�$�$�$�$

�,�.�)�0 �>�j�m�` �O�\�]�g�d�i�b �J�k�`�m�\�o�j�m�n

�R�` �\�m�` �i�j�r �m�`�\�_�t �o�j �_�`�{�i�` �o�c�` �^�j�m�` �o�\�]�g�d�i�b �j�k�`�m�\�o�j�m�n�) �O�c�`�o�\�]�g�`�_�p�n�`�m�(�g�`�q�`�g �a�j�m�h

�^�m�`�\�o�`�n �\ �o�\�]�g�`�_ �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m�' �^�j�h�k�g�`�o�` �r�d�o�c �\�i �`�h�k�o�t �g�j�^�\�g �\�n�n�j�^�d�\�o�d�j�i �g�d�n�o�o�\�]�g�`

�o�c�\�o �r�d�g�g �^�j�i�o�\�d�i�#�#�f�`�t � � �̂\�^�c�`�$�$�k�\�d�m�n�) �N�`�^�o�d�j�i�,�.�)�-�_�`�n�^�m�d�]�`�n �o�c�` �]�`�c�\�q�d�j�m �j�a �o�\�]�g�`�_

�b�j�\�g �^�j�i�n�o�m�p�^�o�j�m�n �\�o �\ �c�d�b�c �g�`�q�`�g�6 �h�j�n�o �j�a �o�c�` �d�i�o�`�m�`�n�o�d�i�b �r�j�m�f �d�n �k�`�m�a�j�m�h�`�_ �d�i �o�c�`

�h�\�n�o�`�m�\�i�_ �m�`�p�n�`�c�`�g�k�`�m�n�' �_�`�{�i�`�_ �]�`�g�j�r�)

�#�_�`�{�i�`�(�n�t�i�o�\�s �o�\�]�g�`�_
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �#�s . . .�$�b �b∗ . . .�$
�#�g�`�o�#�#�o�\�]�g�`�#�#�$�$�$�$

�#λ �#�s . . .�$
�#�g�`�o�#�#�\�m�b�q�#�g�d�n�o �s. . .�$�$�$

�#λ�B �#�n�$
�#�g�`�o�#�#�f�`�t �#�m�`�d�a�t �\�m�b�q �n�$�$�$

�#�^�j�i�_
�#�#�\�n�n�j�^ �f�`�t �o�\�]�g�`�$
⇒ �#λ �#�f�`�t�)� �̂\�^�c�`�$ �#�m�`�p�n�` �\�m�b�q�#� �̂_�m �f�`�t�)� �̂\�^�c�`�$�n�$�$�$

�#�`�g�n�`�#�g�`�o�#�#� �̂\�^�c�`�#�h�\�f�`�(� �̂\�^�c�`�#�#�$�$�$�$�$
�#�n�`�o���o�\�]�g�`�#� �̂j�i�n�#�#�f�`�t � � �̂\�^�c�`�$�$�o�\�]�g�`�$�$
�#�#�`�s�d�n�o�#�$�b �b∗ . . . �#�h�\�n�o�`�m �\�m�b�q � �̂\�^�c�`�$�$�n�$�$�$�$�$�$�$�$�$�$�$�$
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�O�c��̀h�\�n�o�`�m�a�p�i�^�o�d�j�i �d�n �d�i�q�j�f�`�_ �_�p�m�d�i�b �\ �h�\�n�o�`�m �^�\�g�g�' �\�i�_ �m�`�o�p�m�i�n �\ �3�a�\�f�`�4 �b�j�\�g

�m�p�i �\�o �o�c�` �`�i�_ �j�a �o�c�` �]�j�_�t �j�a �o�c�` �o�\�]�g�`�_ �b�j�\�g�) �O�c�d�n �a�\�f�` �b�j�\�g �^�c�`�^�f�n �d�a �o�c�` �\�i�n�r�`�m �o�`�m�h

�\�]�j�p�o �o�j �]�` �^�\�^�c�`�_ �d�n �`�l�p�d�q�\�g�`�i�o �o�j �\�i �\�i�n�r�`�m �o�`�m�h �\�g�m�`�\�_�t �d�i �o�c�` �^�\�^�c�`�) �D�a �n�j�' �o�c�`

�^�\�g�g �o�j �o�c�` �a�\�f�` �b�j�\�g �a�\�d�g�n�' �o�j �\�q�j�d�_ �k�m�j�_�p�^�d�i�b �\ �_�p�k�g�d�^�\�o�` �\�i�n�r�`�m�) �J�o�c�`�m�r�d�n�`�' �o�c�` �b�j�\�g

�n�p�^�^�`�`�_�n�' �^�\�^�c�d�i�b �o�c�` �i�`�r �\�i�n�r�`�m �o�`�m�h �]�`�a�j�m�` �m�`�o�p�m�i�d�i�b �o�c�` �\�i�n�r�`�m �n�p�]�n�o�d�o�p�o�d�j�i�)

�#�_�`�{�i�` �h�\�n�o�`�m
�#λ �#�\�m�b�q � �̂\�^�c�`�$

�#λ�B �#�n�$
�#�\�i�_

�#�a�j�m�(�\�g�g
�#λ �#�\�i�n�q�$ �#�i�j�o�#�\�g�k�c�\�(� �̀l�p�d�q�: �\�m�b�q �\�i�n�q �n�$�$�$
�#cache�(ansv∗ � �̂\�^�c�`�$�$

�#�]�`�b�d�i
�#� �̂\�^�c�`�(�\�i�n�q∗�(�n�`�o�� � �̂\�^�c�`�#� �̂j�i�n�#�m�`�d�a�t�(�q�\�m �\�m�b�q �n�$ �#cache�(ansv∗ � �̂\�^�c�`�$�$�$
�n�$�$�$�$�$

�\�g�k�c�\�(� �̀l�p�d�q�:�m�`�o�p�m�i�n �o�m�p�` �d�a�s�\�i�_ �t �m�`�k�m�`�n�`�i�o �o�c�` �n�\�h�` �o�`�m�h�' �h�j�_�p�g�j �^�j�i�n�d�n�o�`�i�o

�m�`�k�g�\�^�`�h�`�i�o �j�a �p�i�\�n�n�j�^�d�\�o�`�_ �g�j�b�d�^ �q�\�m�d�\�]�g�`�n�)

�#�_�`�{�i�` �\�g�k�c�\�(� �̀l�p�d�q�:
�#λ �#�s �t �n�$

�#� �̀l�p�\�g�:�#�m�`�d�a�t �s �n�$ �#�m�`�d�a�t �t �n�$�$�$�$

�m�`�p�n�`�^�j�i�n�o�m�p�^�o�n �\ �n�o�m�`�\�h �j�a �\�i�n�r�`�m �n�p�]�n�o�d�o�p�o�d�j�i�n �a�j�m �\ �n�g�\�q�` �^�\�g�g�' �p�n�d�i�b �o�c�`

�^�\�^�c�`�_ �\�i�n�r�`�m �o�`�m�h�n �a�m�j�h �o�c�` �^�j�m�m�`�n�k�j�i�_�d�i�b �h�\�n�o�`�m �^�\�g�g�) �G�d�f�`�r�(�^�c� �̀^�f�' �m�`�p�n�`�k�g�\�t�n

�\ �^�m�d�o�d�^�\�g �m�j�g�` �d�i �^�\�g�^�p�g�\�o�d�i�b �o�c�` �{�s�`�_ �k�j�d�i�o �j�a �\ �k�m�j�b�m�\�h�) �@�\�^�c �^�\�g�g �o�j�g�j�j�k�m�`�o�p�m�i�n

�\�i �#�#�\ � �a�$�$�(�o�t�k�` �n�o�m�`�\�h �p�i�o�d�g �\�g�g �o�c�` �\�i�n�r�`�m �o�`�m�h�n �d�i �o�c�` �^�\�^�c�` �c�\�q�` �]�`�`�i �^�j�i�n�p�h�`�_�)

�m�`�p�n�`�o�c�`�i �m�`�o�p�m�i�n �\ �r�\�d�o�d�i�b �n�o�m�`�\�h�. �`�i�^�\�k�n�p�g�\�o�d�i�b �\ �n�d�i�b�g�` �n�p�n�k�`�i�_�`�_ �n�o�m�`�\�h �r�c�j�n�`

�. �O�c�d�n �d�n �o�c�` �j�i�g�t �^�j�_�` �o�c�\�o �d�i�o�m�j�_�p�^�`�n �\ �i�`�r �r�\�d�o�d�i�b �n�o�m�`�\�h�' �\�n �j�k�k�j�n�`�_ �o�j �m�`�]�p�d�g�_�d�i�b �j�m �\�k�(
�k�`�i�_�d�i�b �`�s�d�n�o�d�i�b �r�\�d�o�d�i�b �n�o�m�`�\�h�n�)



�>�C�<�K�O�@�M �,�.�) �D�H�K�G�@�H�@�I�O�<�O�D�J�I �Q�5 �O�<�=�G�D�I�B �,�3�-

�a�^�\�g�g�n �o�c�` �j�p�o�`�m�{�s�g�j�j�k�' �^�j�i�n�p�h�d�i�b �\�i�t �\�i�n�r�`�m �o�`�m�h�n �k�m�j�_�p�^�`�_ �]�t �o�c�` �h�\�n�o�`�m �^�\�g�g

�r�c�d�g�` �o�c�` �n�o�m�`�\�h �r�\�n �n�p�n�k�`�i�_�`�_�) �D�i�q�j�f�d�i�b�a�m�`�n�o�\�m�o�n �o�c�` �n�`�\�m�^�c �a�j�m �\ �{�s�`�_ �k�j�d�i�o�6 �o�j

�\�q�j�d�_ �_�d�q�`�m�b�`�i�^�`�'�r�(�^�c� �̀^�f�_�j�`�n �i�j�o �d�i�q�j�f�` �o�c�`�a�j�a �\�i�t �n�p�n�k�`�i�_�`�_ �n�o�m�`�\�h �o�c�\�o �_�j�`�n

�i�j�o �^�j�i�o�\�d�i �p�i�n�`�`�i �\�i�n�r�`�m �o�`�m�h�n�)

�#�_�`�{�i�` �m�`�p�n�`
�#λ �#�\�m�b�q � �̂\�^�c�` �n�$

�#�g�`�o�{�s�#�#�n�o�\�m�o�#cache�(ansv∗ � �̂\�^�c�`�$�$ �#�`�i�_�#�#�$�$�$�$
�#�g�`�o�g�j�j�k�#�#ansv∗ �n�o�\�m�o�$�$

�#�d�a�#� �̀l�: ansv∗ �`�i�_�$
�#�g�d�n�o�#�h�\�f�`�(�n�n � �̂\�^�c�` �n�o�\�m�o�#λ�A �#�$ �#�{�s�#cache�(ansv∗ � �̂\�^�c�`�$�n�o�\�m�o�$�$�$�$
�#�^�c�j�d�^�`�#�n�p�]�p�i�d�a�t �\�m�b�q�#�m�`�d�a�t�(�q�\�m�#� �̂\�mansv∗�$�n�$�n�$

�#λ�A �#�$ �#�g�j�j�k�#� �̂_�mansv∗�$�$�$�$�$�$�$�$�$

�m�`�p�n�`�_�`�k�`�i�_�n �j�i�n�p�]�p�i�d�a�t�o�j �p�i�d�a�t �o�c�` �g�d�n�o �j�a �p�i�m�`�d�{�`�_ �\�m�b�p�h�`�i�o�n �d�i �o�c�` �n�g�\�q�`

�^�\�g�g �r�d�o�c �\ �^�j�k�t �j�a �`�\�^�c �^�\�^�c�`�_ �\�i�n�r�`�m �o�`�m�h�) �N�d�i�^�` �r�` �f�i�j�r �o�c�\�o �o�c�` �p�i�d�{�^�\�o�d�j�i �r�d�g�g

�n�p�^�^�`�`�_�' �o�c�` �_�`�{�i�d�o�d�j�i �j�a�n�p�]�p�i�d�a�t�d�n �n�c�j�m�o�`�m �\�i�_ �h�j�m�` �`�z�d�^�d�`�i�o �o�c�\�i �o�c�` �_�`�{�i�d�o�d�j�i

�j�a�p�i�d�a�t�a�m�j�h �>�c�\�k�o�`�m�.�)

�#�_�`�{�i�` �n�p�]�p�i�d�a�t
�#λ �#�\�m�b �\�i�n �n�$

�#�g�`�o�#�#�\�m�b�#�r�\�g�f �\�m�b �n�$�$�$
�#�^�j�i�_

�#�#� �̀l�: �\�m�b �\�i�n�$�n�$
�#�#�q�\�m�:�\�m�b�$ �#�`�s�o�(�n�(�i�j�(�^�c� �̀^�f �\�m�b �\�i�n �n�$�$
�#�#�k�\�d�m�: �\�m�b�$ �#�n�p�]�p�i�d�a�t�#� �̂_�m �\�m�b�$ �#� �̂_�m �\�i�n�$

�#�n�p�]�p�i�d�a�t�#� �̂\�m �\�m�b�$ �#� �̂\�m �\�i�n�$�n�$�$�$
�#�`�g�n�`�n�$�$�$�$�$

�O�c�` �^�j�_�` �d�i �o�c�d�n �^�c�\�k�o�`�m �d�n �n�c�j�m�o �]�p�o �`�s�o�m�`�h�`�g�t �n�p�]�o�g�`�) �O�c�d�n �n�p�]�o�g�`�o�t �d�n �_�p�` �o�j

�o�c�` �p�n�` �j�a �n�d�_�` �`�z�`�^�o�n�' �d�i�o�`�m�\�^�o�d�j�i �j�a �h�p�g�o�d�k�g�` �a�p�i�^�o�d�j�i�n �o�j �^�\�g�^�p�g�\�o�` �{�s�`�_ �k�j�d�i�o�n�'

�\�i�_ �d�i�o�m�j�_�p�^�o�d�j�i �j�a �o�c�` �n�p�n�k�`�i�_�`�_ �n�o�m�`�\�h �\�i�_ �r�\�d�o�d�i�b �n�o�m�`�\�h �_�\�o�\�o�t�k�`�n�) �P�i�_�`�m�(



�>�C�<�K�O�@�M �,�.�) �D�H�K�G�@�H�@�I�O�<�O�D�J�I �Q�5 �O�<�=�G�D�I�B �,�3�.

�n�o�\�i�_�d�i�b �c�j�r �o�c�` �h�\�i�d�k�p�g�\�o�d�j�i �j�a �r�\�d�o�d�i�b �n�o�m�`�\�h�n �]�t�h�k�g�p�n�h�\�f�`�n �o�c�` �_�`�{�i�d�o�d�j�i �j�a

�r�(�^�c� �̀^�f�k�j�n�n�d�]�g�` �d�n �`�n�k�`�^�d�\�g�g�t �n�p�]�o�g�`�) �O�j �a�p�g�g�t �\�k�k�m�`�^�d�\�o�` �o�c�d�n �g�\�n�o �k�j�d�i�o�' �o�c�` �m�`�\�_�`�m

�d�n �`�i�^�j�p�m�\�b�`�_ �o�j �h�j�_�d�a�t �o�c�` �d�h�k�g�`�h�`�i�o�\�o�d�j�i �]�t �m�`�k�g�\�^�d�i�b �\�g�g �p�n�`�n �j�a �r�\�d�o�d�i�b �n�o�m�`�\�h�n

�r�d�o�c �n�p�n�k�`�i�_�`�_ �n�o�m�`�\�h�n�' �\�i�_ �o�c�`�i �\�n�^�`�m�o�\�d�i �r�c�t �h�\�i�t �o�\�]�g�`�_ �k�m�j�b�m�\�h�n �_�d�q�`�m�b�` �\�n

�\ �m�`�n�p�g�o�)



�K�\�m�o �Q

�A�`�m�i�n

�,�3�/



�>�c�\�k�o�`�m �,�/

�O�`�^�c�i�d�l�p�`�n �D�Q�5 �A�`�m�i�n

�D�i �o�c�d�n �^�c�\�k�o�`�m �r�` �k�m�j�q�d�_�` �\ �]�j�o�o�j�h�(�\�q�j�d�_�d�i�b �b�`�i�`�m�\�g�d�u�\�o�d�j�i �j�a �^�j�m�` �h�d�i�d�F�\�i�m�`�i

�p�n�d�i�b�a�`�m�i�n�#�A�m�d�`�_�h�\�i �\�i�_ �R�d�n�`�,�4�3�,�$�' �\ �n�c�\�m�`�\�]�g�` �_�\�o�\ �n�o�m�p�^�o�p�m�` �_�`�n�d�b�i�`�_ �o�j �\�q�j�d�_

�_�d�q�`�m�b�`�i�^�`�)

�O�c�` �^�c�\�k�o�`�m �d�n �j�m�b�\�i�d�u�`�_ �\�n �a�j�g�g�j�r�n�) �N�`�^�o�d�j�i�,�/�)�,�d�i�o�m�j�_�p�^�`�n �o�c�` �a�`�m�i�n �_�\�o�\ �n�o�m�p�^�(

�o�p�m�` �\�i�_ �n�c�j�r�n �`�s�\�h�k�g�`�n �j�a �a�\�h�d�g�d�\�m �m�`�^�p�m�n�d�q�` �a�p�i�^�o�d�j�i�n �p�n�d�i�b �a�`�m�i�n�) �N�`�^�o�d�j�i�,�/�)�-

�_�`�n�^�m�d�]�`�n �o�c�` �k�m�j�h�j�o�d�j�i �\�g�b�j�m�d�o�c�h �#�A�m�d�`�_�h�\�i �\�i�_ �R�d�n�`�,�4�2�4�$ �o�c�\�o �^�c�\�m�\�^�o�`�m�d�u�`�n

�o�c�` �i�`�^�`�n�n�\�m�t �n�c�\�m�d�i�b �k�m�j�k�`�m�o�d�`�n �j�a �a�`�m�i�n�) �N�`�^�o�d�j�i�,�/�)�. �_�`�{�i�`�n �]�j�o�o�j�h�(�\�q�j�d�_�d�i�b

�g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m�n�' �^�j�m�m�`�n�k�j�i�_�d�i�b �o�j �^�j�m�` �h�d�i�d�F�\�i�m�`�i �r�d�o�c �i�j�i�(

�d�i�o�`�m�g�`�\�q�d�i�b �n�`�\�m�^�c�) �>�c�\�k�o�`�m�,�0�k�m�`�n�`�i�o�n �\ �^�j�h�k�g�`�o�`�n�c�\�g�g�j�r �`�h�]� �̀_�_�d�i�b�#�=�j�p�g�o�j�i

�`�o �\�g�)�,�4�4�-�$ �j�a �o�c�` �a�`�m�i�n �_�\�o�\ �n�o�m�p�^�o�p�m�` �\�i�_ �m�`�g�\�o�`�_ �j�k�`�m�\�o�j�m�n�)

�,�/�)�, �D�i�o�m�j�_�p�^�o�d�j�i �o�j �A�`�m�i�n

�A�`�m�i�n �\�m�` �^�j�i�n�o�m�p�^�o�`�_ �r�d�o�c� �̂j�i�n�\�i�_ �^�j�i�n⊥�' �j�m�d�b�d�i�\�g�g�t �^�\�g�g�`�_�a�m�j�i�n�#�A�m�d�`�_�h�\�i �\�i�_

�R�d�n�`�,�4�3�+�$�' �\�i�_ �\�^�^�`�n�n�`�_ �]�t� �̂\�m⊥ �\�i�_ � �̂_�m⊥�' �b�`�i�`�m�\�g�d�u�\�o�d�j�i�n �j�a� �̂\�m�\�i�_ � �̂_�m�' �m�`�n�k�`�^�(

�o�d�q�`�g�t�) �A�`�m�i�n �]�p�d�g�o �r�d�o�c�^�j�i�n⊥ �\�m�` �g�d�f�` �n�o�m�`�\�h�n �d�i �o�c�\�o �o�c�`�`�q�\�g�p�\�o�d�j�i�j�a �`�g�`�h�`�i�o�n �d�n

�,�3�0
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�_�`�g�\�t�`�_�' �k�`�m�h�d�o�o�d�i�b �p�i�]�j�p�i�_�`�_ �_�\�o�\ �n�o�m�p�^�o�p�m�`�n�) �D�i �^�j�i�o�m�\�n�o �o�j �n�o�m�`�\�h�n�' �o�c�`�j�m�_�`�m�(

�d�i�b�j�a �`�g�`�h�`�i�o�n �d�n �\�g�n�j �_�`�g�\�t�`�_�5 �^�j�i�q�`�m�b�`�i�o �q�\�g�p�`�n �a�j�m�h �o�c�` �k�m�`�{�s �d�i �n�j�h�` �p�i�n�k�`�^�d�{�`�_

�j�m�_�`�m�' �r�c�d�g�` �_�d�q�`�m�b�`�i�o �q�\�g�p�`�n �a�j�m�h �o�c�` �n�p�z�d�s�)

�R�` �]�`�b�d�i �r�d�o�c �n�`�q�`�m�\�g �`�s�\�h�k�g�`�n �o�c�\�o �d�g�g�p�n�o�m�\�o�` �o�c�` �k�m�j�k�`�m�o�d�`�n �j�a �a�`�m�i�n�' �n�c�j�r�(

�d�i�b �o�c�`�d�m �n�d�h�d�g�\�m�d�o�d�`�n �o�j �\�i�_ �_�d�z�`�m�`�i�^�`�n �a�m�j�h �o�m�\�_�d�o�d�j�i�\�g �g�d�n�o�n �\�i�_ �n�o�m�`�\�h�n�) �G�\�o�`�m�'

�r�` �d�i�^�g�p�_�` �`�s�\�h�k�g�`�n �o�c�\�o �n�c�j�r �o�c�\�o �\ �i�\�o�p�m�\�g �m�`�^�p�m�n�d�q�` �n�o�t�g�` �^�\�i �]�` �p�n�`�_ �r�c�`�i

�k�m�j�b�m�\�h�h�d�i�b �r�d�o�c �a�`�m�i�n �\�i�_ �k�j�d�i�o �j�p�o �o�c�` �\�_�q�\�i�o�\�b�`�n �a�`�m�i�n �\�z�j�m�_ �o�c�` �p�n�`�m�)

�,�/�)�,�)�, �O�r�j �N�d�h�k�g�` �K�m�j�b�m�\�h�n

�>�j�i�q�`�m�b�`�i�o �`�g�`�h�`�i�o�n �j�a �\ �a�`�m�i �a�j�m�h �d�o�n �k�m�`�{�s �d�i �n�j�h�` �p�i�n�k�`�^�d�{�`�_ �j�m�_�`�m�) �A�j�m �`�s�\�h�k�g�`�'

�`�q�\�g�p�\�o�d�i�b �o�c�` �`�s�k�m�`�n�n�d�j�i

�#�g�`�o�#�#�n�#�^�j�i�n⊥ �+�#�^�j�i�n⊥ �, �#�#�$�$�$�$�$�$
�#�_�d�n�k�g�\�t�#� �̂\�m⊥ �n�$�$ �#�_�d�n�k�g�\�t�#� �̂\�_�m⊥ �n�$�$ �#�_�d�n�k�g�\�t�#� �̂\�m⊥ �n�$�$�$

�k�m�d�i�o�n �`�d�o�c�`�m�+�,�+�j�m�,�+�,�' �_�`�h�j�i�n�o�m�\�o�d�i�b �o�c�\�o �o�c�` �j�m�_�`�m �j�a �q�\�g�p�`�n �r�d�o�c�d�i �\ �a�`�m�i �d�n �i�j�o

�n�k�`�^�d�{�`�_ �d�i �\�_�q�\�i�^�` �]�p�o �m�`�h�\�d�i�n �^�j�i�n�d�n�o�`�i�o �j�i�^�` �_�`�o�`�m�h�d�i�`�_�' �r�c�d�g�`

�#�g�`�o�#�#s1 �#�^�j�i�n⊥ �#! �1�$⊥�$�$ �#s2 �#�^�j�i�n⊥ ⊥ �#�^�j�i�n⊥ �#! �0�$⊥�$�$�$�$
�#� �̂j�i�n�#� �̂\�m⊥ s1�$ �#� �̂\�m⊥ s2�$�$�$

�m�`�o�p�m�i�n �#�2�-�+�)�,�-�+�$�' �_�`�h�j�i�n�o�m�\�o�d�i�b �o�c�\�o �\�^�^�`�n�n�d�i�b �\ �a�`�m�i �\�q�j�d�_�n �_�d�q�`�m�b�`�i�^�` �\�n �h�p�^�c

�\�n �k�j�n�n�d�]�g�`�) �#⊥ �d�n �\�i�t �`�s�k�m�`�n�n�d�j�i �r�c�j�n�` �`�q�\�g�p�\�o�d�j�i �_�d�q�`�m�b�`�n�)�$ �D�i �o�c�` �g�\�o�o�`�m �`�s�\�h�k�g�`�'

�`�\�^�c �a�`�m�i �^�j�i�o�\�d�i�n �j�i�g�t �j�i�` �^�j�i�q�`�m�b�`�i�o �q�\�g�p�`�6 �o�\�f�d�i�b �o�c�`� �̂_�m⊥ �j�as1 �j�m �o�c�`� �̂\�_�m⊥ �j�a

s2 �m�`�n�p�g�o�n �d�i �_�d�q�`�m�b�`�i�^�`�)



�>�C�<�K�O�@�M �,�/�) �O�@�>�C�I�D�L�P�@�N �D�Q�5 �A�@�M�I�N �,�3�2

�A�`�m�i�n �\�m�`�n�c�\�m� �̀\�]�g�`�_�\�o�\ �n�o�m�p�^�o�p�m�`�n�6 �n�c�\�m�d�i�b�' �^�j�h�]�d�i�`�_ �r�d�o�c �_�`�g�\�t�`�_ �j�m�_�`�m�d�i�b �j�a

�q�\�g�p�`�n�' �^�\�i �m�`�n�p�g�o �d�i �n�p�m�k�m�d�n�d�i�b �]�`�c�\�q�d�j�m�) �A�j�m �`�s�\�h�k�g�`�' �^�j�i�n�d�_�`�m �o�c�`�n�` �`�s�k�m�`�n�n�d�j�i�n�5

�#�g�`�o�#�#�] �#� �̂j�i�n�- �#�#�$�$�$�$�$
�#�g�`�o�#�#�\ �#� �̂j�i�n�, �]�$�$�$

�#�g�d�n�o�#� �̂\�m �\�$ �#� �̂\�_�m �\�$ �#� �̂\�m �]�$�$�$�$

�\�i�_

�#�g�`�o�#�#�] �#�^�j�i�n⊥ �- �#�#�$�$�$�$�$
�#�g�`�o�#�#�\ �#�^�j�i�n⊥ �, �]�$�$�$

�#�g�d�n�o�#� �̂\�m⊥ �\�$ �#� �̂\�_�m⊥ �\�$ �#� �̂\�m⊥ �]�$�$�$�$

�O�c�` �{�m�n�o �`�s�k�m�`�n�n�d�j�i �h�p�n�o �`�q�\�g�p�\�o�` �o�j �#�, �- �-�$�) �O�c�` �n�`�^�j�i�_ �`�s�k�m�`�n�n�d�j�i �h�\�t �\�g�n�j �m�`�o�p�m�i

�o�c�d�n �q�\�g�p�`�.�\�n �`�s�k�`�^�o�`�_�' �o�c�` �^�\�m �j�a�] �r�j�p�g�_ �o�c�`�i �]�` �`�l�p�\�g �o�j �o�c�` �^�\�_�m �j�a�\�) �O�c�`

�n�`�^�j�i�_ �`�s�k�m�`�n�n�d�j�i �h�d�b�c�o �d�i�n�o�`�\�_ �m�`�o�p�m�i �#�- �, �-�$ �c�j�r�`�q�`�m�6 �d�i �o�c�d�n �^�\�n�`�' �o�c�` �^�\�m �j�a�]

�r�j�p�g�_ �]�` �`�l�p�\�g �o�j �o�c�` �^�\�m �j�a�\ �m�\�o�c�`�m �o�c�\�i �o�j �d�o�n �^�\�_�m�) �N�`�^�o�d�j�i�,�/�)�-�_�d�n�^�p�n�n�`�n �n�c�\�m�d�i�b

�d�i �_�`�o�\�d�g�)

�,�/�)�,�)�- �M�`�^�p�m�n�d�j�i

�R�` �i�j�r �k�m�`�n�`�i�o �`�s�\�h�k�g�`�n �j�a �o�c�` �p�n�` �j�a �a�`�m�i�n �d�i �n�d�h�k�g�` �m�`�^�p�m�n�d�q�` �a�p�i�^�o�d�j�i�n�) �>�j�i�n�d�_�`�m

�o�c�` �_�`�{�i�d�o�d�j�i �j�a�d�i�o�n�(�a�m�j�h⊥
�,�)

�#�_�`�{�i�` �d�i�o�n�(�a�m�j�h⊥
�#λt �#�i �$

�#�^�j�i�n⊥ �i �#�d�i�o�n�(�a�m�j�h⊥ �#+ �i �,�$�$�$�$�$

�O�c�`�i �#� �̂\�_�_�m⊥ �#�d�i�o�n�(�a�m�j�h⊥ �+�$�$ �^�j�p�g�_ �m�`�o�p�m�i �\�i�t �i�j�i�(�i�`�b�\�o�d�q�` �d�i�o�`�b�`�m�' �r�c�`�m�`�\�n �\

�n�o�m�`�\�h �q�`�m�n�d�j�i �r�j�p�g�_ �m�`�o�p�m�i�-�)
�,λt �d�n �d�_�`�i�o�d�^�\�g �o�jλ�' �`�s�^�`�k�o �d�o �^�m�`�\�o�`�n �k�m�`�`�h�k�o�d�]�g�` �k�m�j�^�`�_�p�m�`�n�) �#�N�`�` �<�k�k�`�i�_�d�s�?�)�$
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�O�c�`�m�` �d�n �\ �o�d�b�c�o �m�`�g�\�o�d�j�i�n�c�d�k �]�`�o�r�`�`�i �a�`�m�i�n �\�i�_ �g�d�n�o�n�' �n�d�i�^�` �`�q�`�m�t �^�j�i�n �k�\�d�m �d�n �\

�a�`�m�i�) �O�c�` �`�h�k�o�t �a�`�m�i �d�n �\�g�n�j �m�`�k�m�`�n�`�i�o�`�_ �]�t�#�#�$�$�' �\�i�_ �#�k�\�d�m�:�#�^�j�i�n⊥ e1 e2�$�$ �m�`�o�p�m�i�n���o

�a�j�m �\�g�ge1 �\�i�_e2�) �<�a�o�`�m �m�`�k�g�\�^�d�i�b �o�c�` �g�d�n�o �^�j�i�n�o�m�p�^�o�j�m� �̂j�i�n�r�d�o�c �o�c�` �a�`�m�i �^�j�i�n�o�m�p�^�o�j�m

�^�j�i�n⊥�' �h�\�i�t �m�`�^�p�m�n�d�q�` �a�p�i�^�o�d�j�i�n �j�k�`�m�\�o�d�i�b �j�i �g�d�n�o�n �\�q�j�d�_ �_�d�q�`�m�b�`�i�^�`�) �A�j�m �`�s�\�h�k�g�`�'

�h�\�k⊥ �d�n �_�`�{�i�`�_ �]�t �m�`�k�g�\�^�d�i�b� �̂j�i�n�r�d�o�c�^�j�i�n⊥�' � �̂\�m�r�d�o�c� �̂\�m⊥�' �\�i�_� �̂_�m�r�d�o�c� �̂_�m⊥ �d�i

�o�c�` �_�`�{�i�d�o�d�j�i �j�a�h�\�k�' �\�i�_ �^�\�i �h�\�k �\ �a�p�i�^�o�d�j�i �j�q�`�m �\�i �p�i�]�j�p�i�_�`�_ �a�`�m�i�5 �o�c�` �q�\�g�p�`

�j�a �#� �̂\�_�_�m⊥ �#�h�\�k⊥ �\�_�_�,�#�d�i�o�n�(�a�m�j�h⊥ �+�$�$�$ �^�\�i �]�` �\�i�t �k�j�n�d�o�d�q�` �d�i�o�`�b�`�m�)

�A�`�m�i�n �r�j�m�f �`�n�k�`�^�d�\�g�g�t �r�`�g�g �r�d�o�c�\�i�i�d�c�d�g�\�o�j�m�n�) �O�m�p�` �q�\�g�p�`�n �\�m�` �\�i�i�d�c�d�g�\�o�j�m�n �a�j�m

�j�m⊥

�#�_�`�{�i�` �j�m⊥
�#λt �#�n�$

�#�^�j�i�_
�#�#�i�p�g�g�: �n�$���a�$
�#�#� �̂\�m⊥ �n�$ �#� �̂\�m⊥ �n�$�$
�#�`�g�n�`�#�j�m⊥ �#� �̂_�m⊥ �n�$�$�$�$�$�$

�r�c�d�^�c �n�`�\�m�^�c�`�n �d�i �\ �a�`�m�i �a�j�m �\ �o�m�p�` �^�j�i�q�`�m�b�`�i�o �q�\�g�p�` �\�i�_ �\�q�j�d�_�n �_�d�q�`�m�b�`�i�^�` �d�a �d�o �{�i�_�n

�j�i�`�5 �#�j�m⊥ �#�g�d�n�o⊥ ⊥ �#�j�_�_�:�,�$ �#! �0�$⊥ �#�j�_�_�:�+�$�$�$ �m�`�o�p�m�i�n �n�j�h�` �o�m�p�` �q�\�g�p�`�' �r�c�`�m�`�g�d�n�o⊥

�d�n �_�`�{�i�`�_ �\�n �a�j�g�g�j�r�n�)

�#�_�`�{�i�`�(�n�t�i�o�\�s �g�d�n�o⊥
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z�$�#�#�$�$�$
�#�#�Z �` �∗̀ . . .�$ �#�^�j�i�n⊥ �` �#�g�d�n�o⊥ � ∗̀ . . .�$�$�$�$�$
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�G�`�o �p�n �_�`�{�i�`�\�k�k�`�i�_⊥ �a�j�m �a�`�m�i�n�)

�#�_�`�{�i�` �\�k�k�`�i�_⊥
�#λt �#s1 s2�$

�#�^�j�i�_
�#�#�i�p�g�g�:s1�$s2�$
�#�`�g�n�`�#�^�j�i�n⊥ �#� �̂\�m⊥ s1�$ �#�\�k�k�`�i�_⊥ �#� �̂_�m⊥ s1�$s2�$�$�$�$�$�$

�O�j �j�]�n�`�m�q�` �o�c�` �]�`�c�\�q�d�j�m �j�a�\�k�k�`�i�_⊥�' �r�` �_�`�{�i��̀o�\�f�⊥̀ �r�c�j�n�` �{�m�n�o �\�m�b�p�h�`�i�o �d�n �`�d�o�c�`�m

���a�#�\�g�g �m�`�n�p�g�o�n�$ �j�mn > 0 �#�i�j �h�j�m�` �o�c�\�in �m�`�n�p�g�o�n�$�)

�#�_�`�{�i�` �o�\�f�⊥̀
�#λt �#�i �n�$

�#�^�j�i�_
�#�#�i�p�g�g�: �n�$�#�#�$�$�$
�#�`�g�n�`�#� �̂j�i�n�#� �̂\�m⊥ �n�$

�#�d�a�#�\�i�_ �i �#= �i �,�$�$�#�#�$�$�#�o�\�f�⊥̀ �#�\�i�_ �i �#− �i �,�$�$ �#� �̂_�m⊥ �n�$�$�$�$�$�$�$�$

�R�c�`�i �_�`�o�`�m�h�d�i�d�i�b �o�c�`n�o�c �q�\�g�p�`�' �d�o �d�n �i�`�^�`�n�n�\�m�t �o�j �\�q�j�d�_ �o�\�f�d�i�b �o�c�`� �̂_�m⊥ �\�a�o�`�m �o�c�`

n�o�c �q�\�g�p�` �d�n �_�`�o�`�m�h�d�i�`�_�' �n�d�i�^�` �d�o �d�n �o�c�\�o� �̂_�m⊥ �o�c�\�o �h�d�b�c�o �i�j�o �o�`�m�h�d�i�\�o�` �\�i�_ �r�`

�\�g�m�`�\�_�t �c�\�q�`n �m�`�n�p�g�o�n�)

�O�c�` �_�`�{�i�d�o�d�j�i �j�a�\�k�k�`�i�_⊥ �\�k�k�`�\�m�n �o�j �r�j�m�f �\�n �`�s�k�`�^�o�`�_�5

�#�o�\�f�⊥̀ �- �#�\�k�k�`�i�_⊥ �#�g�d�n�o⊥ �,�$ �#�g�d�n�o⊥ ⊥ �-�$�$�$⇒ �#�, �-�$�)

�H�j�q�d�i�b⊥ �a�m�j�h �o�c�` �n�`�^�j�i�_ �\�m�b�p�h�`�i�o �o�j �o�c�` �{�m�n�o�' �c�j�r�`�q�`�m�' �m�`�q�`�\�g�n �\ �k�m�j�]�g�`�h�5

�#�o�\�f�⊥̀ �- �#�\�k�k�`�i�_⊥ �#�g�d�n�o⊥ ⊥ �,�$ �#�g�d�n�o⊥ �-�$�$�$⇒ ⊥�)

�@�q�`�i �o�c�j�p�b�c �o�c�` �m�`�n�p�g�o �j�a �o�c�` �^�\�g�g �o�j�\�k�k�`�i�_⊥ �n�c�j�p�g�_ �^�j�i�o�\�d�i �o�r�j �^�j�i�q�`�m�b�`�i�o �`�g�(

�`�h�`�i�o�n�' �o�\�f�d�i�b �o�c�` �{�m�n�o �o�r�j �`�g�`�h�`�i�o�n �j�a �o�c�\�o �m�`�n�p�g�o �_�d�q�`�m�b�`�n�) �O�c�d�n �d�n �]�`�^�\�p�n�` �o�c�`

�_�`�{�i�d�o�d�j�i �j�a�\�k�k�`�i�_⊥ �m�`�l�p�d�m�`�n �o�c�\�os1 �]�` �^�j�h�k�g�`�o�`�g�t �`�s�c�\�p�n�o�`�_ �]�`�a�j�m�` �\�i�t �`�g�`�h�`�i�o�n
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�a�m�j�hs2 �^�\�i �\�k�k�`�\�m �d�i �o�c�` �m�`�n�p�g�o�) �D�a �j�i�` �j�a �o�c�` �`�g�`�h�`�i�o�n �j�as1 �d�n⊥�' �o�c�`�i �i�j �`�g�`�h�`�i�o

�a�m�j�hs2 �r�d�g�g �`�q�`�m �\�k�k�`�\�m�) �O�c�` �n�\�h�` �d�n �o�m�p�` �d�as1 �^�j�i�o�\�d�i�n �\�i �p�i�]�j�p�i�_�`�_ �i�p�h�]�`�m �j�a

�^�j�i�q�`�m�b�`�i�o �`�g�`�h�`�i�o�n�5 �n�d�i�^�`s1 �d�n �i�`�q�`�m �i�p�g�g�' �o�c�` �m�`�n�p�g�o �r�d�g�g �i�`�q�`�m �^�j�i�o�\�d�i �`�g�`�h�`�i�o�n

�a�m�j�hs2�) �R�d�o�c �o�c�` �_�`�{�i�d�o�d�j�i �j�a�h�k�g�p�n⊥ �d�i �N�`�^�o�d�j�i�,�/�)�.�)�,�' �d�o �]�`�^�j�h�`�n �^�g�`�\�m �o�c�\�o

�o�c�` �n�j�g�p�o�d�j�i �o�j �o�c�`�n�` �k�m�j�]�g�`�h�n �d�n �o�j �d�i�o�`�m�g�`�\�q�` �o�c�` �`�g�`�h�`�i�o�n �a�m�j�hs1 �\�i�_ s2 �d�i �o�c�`

�m�`�n�p�g�o�d�i�b �a�`�m�i �\�n �d�i �o�c�` �i�`�s�o �`�s�\�h�k�g�`�)

�A�p�i�^�o�d�j�i�\�g �k�m�j�b�m�\�h�n �j�a�o�`�i �n�c�\�m�` �m�\�o�c�`�m �o�c�\�i �^�j�k�t �_�\�o�\�' �\�i�_ �a�`�m�i�n �\�m�` �_�`�n�d�b�i�`�_ �o�j

�`�i�^�j�p�m�\�b�` �o�c�d�n �k�m�j�b�m�\�h�h�d�i�b �n�o�t�g�`�) �>�j�i�n�d�_�`�m �\ �k�m�j�^�`�_�p�m�` �o�j �^�j�h�k�p�o�` �o�c�` �>�\�m�o�`�n�d�\�i

�k�m�j�_�p�^�o �j�a �o�r�j �a�`�m�i�n�5

�#�_�`�{�i�` �>�\�m�o�`�n�d�\�i�(�k�m�j�_�p�^�o⊥
�#λt �#s1 s2�$

�#�^�j�i�_
�#�#�i�p�g�g�:s1�$�#�#�$�$�$
�#�`�g�n�`�#�h�k�g�p�n⊥ �#�h�\�k⊥ �#λt �#� �̀$ �#� �̂j�i�n�#� �̂\�m⊥ s1�$� �̀$�$s2�$

�#�>�\�m�o�`�n�d�\�i�(�k�m�j�_�p�^�o⊥ �#� �̂_�m⊥ s1�$s2�$�$�$�$�$�$

�#�o�\�f�⊥̀ �1�#�>�\�m�o�`�n�d�\�i�(�k�m�j�_�p�^�o⊥ �#�g�d�n�o⊥ ⊥ �\ �]�$ �#�g�d�n�o⊥ �s⊥ �t ⊥ �u�$�$�$

 �#�#�#�#�\ � �s�$�$ �#�#�\ � �t�$�$ �#�#�] � �s�$�$ �#�#�\ � �u�$�$ �#�#�] � �t�$�$ �#�#�] � �u�$�$�$�$

�r�c�`�m� ̀ �d�i�_�d�^�\�o�`�n�j�i�` �j�a �o�c�` �k�j�n�n�d�]�g�` �q�\�g�p�`�n�) �O�c�d�n �_�`�{�i�d�o�d�j�i �`�i�n�p�m�`�n �o�c�\�o �o�c�`

�m�`�n�p�g�o�d�i�b �a�`�m�i �n�c�\�m�`�n �`�g�`�h�`�i�o�n �r�d�o�c �o�c�` �a�`�m�i�n �k�\�n�n�`�_ �\�n �\�m�b�p�h�`�i�o�n�) �H�\�i�t �m�`�a�`�m�`�i�^�`�n

�o�j �\ �k�\�m�o�d�^�p�g�\�m �`�g�`�h�`�i�o �h�\�t �]�` �h�\�_�` �r�d�o�c�j�p�o �m�`�k�`�\�o�d�i�b �^�j�h�k�p�o�\�o�d�j�i�n�' �c�`�i�^�` �o�c�`

�`�s�k�m�`�n�n�d�j�i

�#�o�\�f�⊥̀ �- �#�>�\�m�o�`�n�d�\�i�(�k�m�j�_�p�^�o⊥ �#�g�d�n�o⊥ �#�]�`�b�d�i�#�_�d�n�k�g�\�t���o�$�0�$�$ �#�g�d�n�o⊥ �\ ⊥ �]�$�$�$ 

�#�#�#�#�0� �\�$�$ �#�#�0� �]�$�$�$�$



�>�C�<�K�O�@�M �,�/�) �O�@�>�C�I�D�L�P�@�N �D�Q�5 �A�@�M�I�N �,�4�,

�k�m�d�i�o�n���o�`�s�\�^�o�g�t �j�i� �̂`�) �#�O�c�`�m�` �\�m�` �h�j�m�` �`�s�\�h�k�g�`�n �j�a �o�c�` �p�n�` �j�a �a�`�m�i�n �d�i�E�j�c�i�n�j�i

�#�,�4�3�.�$�'�A�d�g�h�\�i �\�i�_ �A�m�d�`�_�h�\�i�#�,�4�3�/�$�' �\�i�_�E�`�n�^�c�f�`�#�,�4�4�0�$�)�$

�D�i �o�c�` �i�`�s�o �n�`�^�o�d�j�i �r�` �g�j�j�f �\�o �c�j�r �o�c�` �n�c�\�m�d�i�b �k�m�j�k�`�m�o�d�`�n �j�a �a�`�m�i�n �\�m�` �h�\�d�i�o�\�d�i�`�_

�\�g�j�i�b�n�d�_�` �]�j�o�o�j�h�(�\�q�j�d�_�\�i�^�`�)

�,�/�)�- �N�c�\�m�d�i�b �\�i�_ �K�m�j�h�j�o�d�j�i

�D�i �o�c�d�n �n�`�^�o�d�j�i�' �r�` �k�m�j�q�d�_�` �`�s�\�h�k�g�`�n �\�i�_ �\ �c�d�b�c�(�g�`�q�`�g �_�`�n�^�m�d�k�o�d�j�i �j�a �o�c�`�k�m�j�h�j�o�d�j�i

�\�g�b�j�m�d�o�c�h�j�a �A�m�d�`�_�h�\�i �\�i�_ �R�d�n�` �#�A�m�d�`�_�h�\�i �\�i�_ �R�d�n�`�,�4�2�4�$�) �O�c�` �q�\�g�p�`�n �d�i �\ �a�`�m�i

�\�m�` �^�j�h�k�p�o�`�_ �\�i�_�k�m�j�h�j�o� �̀_�\�^�m�j�n�n �o�c�` �a�`�m�i �r�c�d�g�` �`�i�n�p�m�d�i�b �o�c�\�o �o�c�` �^�j�m�m�`�^�o �q�\�g�p�`�n

�\�m�` �\�q�\�d�g�\�]�g�` �a�m�j�h �`�\�^�c �n�p�]�a�`�m�i�'⊥�1�n �\�m�` �\�q�j�d�_�`�_�' �\�i�_ �i�j�i�(⊥ �q�\�g�p�`�n �\�m�` �^�j�h�k�p�o�`�_

�j�i�g�t �j�i�^�`�) �A�`�m�i�n �c�\�q�` �n�o�m�p�^�o�p�m�`�' �\�i�_ �o�c�`�m�` �h�\�t �]�` �m�`�a�`�m�`�i�^�`�n �o�j �h�j�m�` �o�c�\�i �j�i�`

�n�p�]�a�`�m�i �j�a �\ �k�\�m�o�d�^�p�g�\�m �a�`�m�i�) �>�j�i�n�d�_�`�m �o�c�` �`�s�\�h�k�g�` �`�s�k�m�`�n�n�d�j�i

�#�g�`�o�#�#δ �#�^�j�i�n⊥ �#! �1�$�#�#�$�$�$�$�$
�#�g�`�o�#�#γ �#�^�j�i�n⊥ �#! �.�$δ�$�$�$

�#�g�`�o�#�#β �#�^�j�i�n⊥ �#! �0�$γ�$�$�$
�#�g�`�o�#�#α �#�^�j�i�n⊥ ⊥ β�$�$�$

�#�g�d�n�o�#�o�\�f�⊥̀ �. α�$ �#�o�\�f�⊥̀ �. β�$ �#�o�\�f�⊥̀ �- γ�$ �#�o�\�f�⊥̀ �, δ�$�$�$�$�$�$

 �#�#�#�#�1 �,�-�+ �2�-�+�$�$ �#�#�1 �,�-�+ �2�-�+�$�$ �#�#�1 �2�-�+�$�$ �#�#�2�-�+�$�$�$�$

�\�n�n�p�h�d�i�b�g�d�n�o�`�q�\�g�p�\�o�`�n �d�o�n �\�m�b�p�h�`�i�o�n �g�`�a�o�(�o�j�(�m�d�b�c�o�) �D�h�k�j�m�o�\�i�o�g�t�' �\�^�^�`�n�n�d�i�bδ �^�\�i�i�j�o

�m�`�o�m�d�`�q�` �q�\�g�p�`�n �d�i �o�c�` �k�m�`�{�s �j�a �o�c�` �`�i�^�g�j�n�d�i�b �a�`�m�iα�) �R�` �i�j�r �_�`�n�^�m�d�]�` �d�i �_�`�o�\�d�g

�c�j�r �o�c�` �m�`�n�p�g�o �j�a �#�o�\�f�⊥̀ �. α�$ �d�n �_�`�o�`�m�h�d�i�`�_ �\�g�j�i�b �r�d�o�c �o�c�` �i�`�^�`�n�n�\�m�t �^�c�\�i�b�`�n �o�j �o�c�`

�a�`�m�i �_�\�o�\ �n�o�m�p�^�o�p�m�` �_�p�m�d�i�b �o�c�d�n �k�m�j�^�`�n�n�) �R�c�`�i�`�q�`�m �r�` �`�i�^�j�p�i�o�`�m �\ �^�c�j�d�^�`�' �r�` �n�c�\�g�g

�\�n�n�p�h�` �\ �^�c�j�d�^�` �^�j�i�n�d�n�o�`�i�o �r�d�o�c �o�c�` �q�\�g�p�` �m�`�o�p�m�i�`�_ �d�i �o�c�` �`�s�\�h�k�g�`�)
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�?�p�m�d�i�b �o�c�` �{�m�n�o �\�^�^�`�n�n �j�aα �o�c�` �^�_�m�n �\�m�` �`�q�\�g�p�\�o�`�_�' �\�n �d�i�_�d�^�\�o�`�_ �]�t �o�c�` �\�m�m�j�r�n �d�i

�A�d�b�p�m�`�,�/�)�,�\�) �A�d�b�p�m�`�,�/�)�,�] �_�`�k�d�^�o�n �o�c�` �_�\�o�\ �n�o�m�p�^�o�p�m�` �\�a�o�`�m �#� �̂\�m⊥ α�$ �d�n �`�q�\�g�p�\�o�`�_�)

�R�` �\�n�n�p�h�` �o�c�\�o�' �j�a �o�c�` �k�j�n�n�d�]�g�` �q�\�g�p�`�n �a�j�m �#� �̂\�m⊥ α�$�' �i�\�h�`�g�t⊥ �#�r�c�d�^�c �d�n �i�`�q�`�m

�^�c�j�n�`�i�$�' �#! �0�$�' �#! �.�$�' �\�i�_ �#! �1�$�' �o�c�` �q�\�g�p�` �j�a �#! �.�$ �d�n �^�c�j�n�`�i �\�i�_ �k�m�j�h�j�o�`�_�) �N�d�i�^�` �o�c�`

�q�\�g�p�` �j�a �#! �.�$ �h�d�b�c�o �]�` �\ �q�\�g�p�` �a�j�m �#� �̂\�m⊥ β�$ �\�i�_ �#� �̂\�m⊥ γ�$�' �r�` �m�`�k�g�\�^�` �o�c�` �^�\�m�n �j�a

�\�g�g �o�c�m�`�` �k�\�d�m�n �r�d�o�c �o�c�` �q�\�g�p�` �j�a �#! �.�$�' �r�c�d�^�c �d�n�1�) �R�` �m�`�k�g�\�^�` �o�c�` �^�_�m�n �j�aα �\�i�_ β

�r�d�o�c �i�`�r �a�m�j�i�n �k�\�d�m�n �^�j�i�o�\�d�i�d�i�b⊥ �\�i�_ �#! �0�$�' �r�c�d�^�c �r�`�m�` �i�j�o �^�c�j�n�`�i�) �O�c�` �i�`�r �a�m�j�i�n

�k�\�d�m�n �\�m�` �g�d�i�f�`�_ �o�j�b�`�o�c�`�m�' �\�i�_ �g�d�i�f�`�_ �\�o �o�c�` �`�i�_ �o�j �o�c�` �j�g�_ �^�_�m �j�aγ�) �O�c�p�nα�' β�' �\�i�_

γ �]�`�^�j�h�` �\ �a�`�m�i �r�d�o�c�1�d�i �o�c�` �^�\�m �\�i�_ �\ �a�`�m�i �j�a �o�c�` �m�`�n�o �j�a �o�c�`�d�m �j�m�d�b�d�i�\�g �k�j�n�n�d�]�g�`

�q�\�g�p�`�n �d�i �o�c�`�d�m �^�_�m�n�) �<�n �\ �m�`�n�p�g�o �j�a �o�c�` �k�m�j�h�j�o�d�j�i�'α�' β�' �\�i�_γ �]�`�^�j�h�` �^�j�i�n �k�\�d�m�n�'

�m�`�k�m�`�n�`�i�o�`�_ �d�i �o�c�` �{�b�p�m�`�n �]�t �m�`�^�o�\�i�b�g�`�n�)

�A�d�b�p�m�`�,�/�)�,�^ �_�`�k�d�^�o�n �o�c�` �_�\�o�\ �n�o�m�p�^�o�p�m�` �\�a�o�`�m �#� �̂\�_�m⊥ α�$ �d�n �`�q�\�g�p�\�o�`�_�) �O�c�d�n �o�d�h�`�'

�#! �0�$ �d�n �^�c�j�n�`�i �a�m�j�h⊥�' �#! �0�$�' �\�i�_ �#! �1�$�) �N�d�i�^�` �o�c�` �q�\�g�p�` �j�a �#! �0�$ �d�n �\�g�n�j �\ �k�j�n�n�d�]�g�`

�q�\�g�p�` �a�j�m �#� �̂\�_�m⊥ β�$�' �r�` �m�`�k�g�\�^�` �o�c�` �^�\�_�m�n �j�a �]�j�o�cα �\�i�_ β �r�d�o�c �o�c�` �q�\�g�p�` �j�a �#! �0�$�'

�r�c�d�^�c �d�n�,�-�+�' �\�i�_ �m�`�k�g�\�^�` �o�c�` �^�_�_�m �j�aα �r�d�o�c �\ �a�m�j�i�n �k�\�d�m �^�j�i�o�\�d�i�d�i�b �o�c�`⊥ �o�c�\�o

�r�\�n �i�j�o �^�c�j�n�`�i �\�i�_ �\ �k�j�d�i�o�`�m �o�jδ�) �O�c�` �^�_�_�m �j�aβ �k�j�d�i�o�n �o�jδ�6 �i�j �i�`�r �a�`�m�i �r�d�o�c

�m�`�h�\�d�i�d�i�b �k�j�n�n�d�]�g�` �q�\�g�p�`�n �d�n �i�`�`�_�`�_ �]�`�^�\�p�n�` �o�c�` �q�\�g�p�` �^�c�j�n�`�i �a�j�m �#� �̂\�_�m⊥ β�$ �r�\�n �o�c�`

�{�m�n�o �q�\�g�p�` �\�q�\�d�g�\�]�g�`�) �<�n �]�`�a�j�m�`�' �o�c�` �k�\�d�m�n �^�j�i�o�\�d�i�d�i�b �q�\�g�p�`�n �]�`�^�j�h�` �^�j�i�n �k�\�d�m�n�)
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�A�d�b�p�m�` �,�/�)�,�5�A�`�m�iα �d�h�h�`�_�d�\�o�`�g�t �\�a�o�`�m �`�q�\�g�p�\�o�d�j�i �j�a �^�_�m�n�' �]�p�o �]�`�a�j�m�` �\�i�t �^�\�m�n �c�\�q�`
�{�i�d�n�c�`�_ �`�q�\�g�p�\�o�d�j�i �#�\�$ �\�i�_ �\�a�o�`�m �o�c�` �q�\�g�p�`�n�'6 �#�]�$�'120 �#�^�$�' �\�i�_720 �#�_�$ �c�\�q�` �]�`�`�i
�k�m�j�h�j�o�`�_�)

�A�d�b�p�m�`�,�/�)�,�_ �_�`�k�d�^�o�n �o�c�` �_�\�o�\ �n�o�m�p�^�o�p�m�` �\�a�o�`�m �#� �̂\�_�_�m⊥ α�$ �d�n �`�q�\�g�p�\�o�`�_�) �J�a⊥ �\�i�_

�#! �1�$�' �d�o �^�j�h�`�n �\�n �i�j �n�p�m�k�m�d�n�` �o�c�\�o �#! �1�$ �d�n �^�c�j�n�`�i�) �N�d�i�^�` �o�c�` �q�\�g�p�` �j�a �#! �1�$�' �r�c�d�^�c �d�n

�2�-�+�' �d�n �\�g�n�j �\ �k�j�n�n�d�]�g�` �q�\�g�p�` �a�j�m �#� �̂\�m⊥ δ�$ �#�\�i�_ �d�i �a�\�^�o �o�c�` �j�i�g�t �j�i�`�$�' �r�` �p�k�_�\�o�` �o�c�`

�^�\�m �j�aδ �\�i�_ �o�c�` �^�\�m �j�a �o�c�` �^�_�_�m �j�aα �r�d�o�c�2�-�+�) �O�c�` �^�_�m �j�aδ �m�`�h�\�d�i�n �\�n �o�c�` �`�h�k�o�t

�g�d�n�o�' �\�i�_ �o�c�` �^�_�m �j�a �o�c�` �^�_�_�m �j�aα �]�`�^�j�h�`�n �\ �i�`�r �a�m�j�i�n �k�\�d�m �^�j�i�o�\�d�i�d�i�b⊥�) �O�c�` �^�_�m �j�a

�o�c�` �i�`�r �a�m�j�i�n �k�\�d�m �d�n �o�c�` �`�h�k�o�t �g�d�n�o �^�j�k�d�`�_ �a�m�j�h �o�c�` �^�_�m �j�aδ�) �O�c�` �m�`�h�\�d�i�d�i�b �q�\�g�p�`�n

�\�m�` �j�]�q�d�j�p�n �b�d�q�`�i �o�c�` �{�i�\�g �n�o�\�o�` �j�a �o�c�` �_�\�o�\ �n�o�m�p�^�o�p�m�`�) �I�j �a�p�m�o�c�`�m �h�\�i�d�k�p�g�\�o�d�j�i �j�a

�o�c�` �_�\�o�\ �n�o�m�p�^�o�p�m�` �d�n �i�`�^�`�n�n�\�m�t �o�j �`�q�\�g�p�\�o�` �o�c�` �o�c�m�`�` �m�`�h�\�d�i�d�i�b �^�\�g�g�n �o�j�o�\�f�⊥̀�)



�>�C�<�K�O�@�M �,�/�) �O�@�>�C�I�D�L�P�@�N �D�Q�5 �A�@�M�I�N �,�4�/

�D�i �A�d�b�p�m�`�,�/�)�,�_ �`�\�^�c �j�a �o�c�` �a�`�m�i�nα�' β�' γ�' �\�i�_δ �^�j�i�o�\�d�i�n �n�j�h�` �k�`�m�h�p�o�\�o�d�j�i �j�a

�d�o�n �j�m�d�b�d�i�\�g �k�j�n�n�d�]�g�` �q�\�g�p�`�n�' �\�i�_⊥ �c�\�n �]�`�`�i �k�p�n�c�`�_ �o�j �o�c�` �`�i�_ �j�aα�) �A�p�m�o�c�`�m�h�j�m�`�'

�d�a �o�c�`�m�` �\�m�` �i�j �n�c�\�m�`�_ �m�`�a�`�m�`�i�^�`�n �o�jβ�' γ�' �\�i�_δ�' �o�c�` �i�p�h�]�`�m �j�a �\�^�^�`�n�n�d�]�g�` �k�\�d�m�n �d�n

�g�d�i�`�\�m �d�i �o�c�` �g�`�i�b�o�c �j�a �o�c�` �a�`�m�i�) �D�a �o�c�`�m�` �\�m�` �m�`�a�`�m�`�i�^�`�n �o�j �n�p�]�a�`�m�i�n�' �a�j�m �\ �a�`�m�i �j�a �n�d�u�`

n�' �o�c�` �r�j�m�n�o �^�\�n�` �d�n(n2 + n)/2�) �=�p�o�' �\�n �o�c�`�n�` �n�c�\�m�`�_ �m�`�a�`�m�`�i�^�`�n �q�\�i�d�n�c�' �n�j �_�j �o�c�`

�\�_�_�d�o�d�j�i�\�g �^�j�i�n �k�\�d�m�n�)

�D�a�g�d�n�o�`�q�\�g�p�\�o�`�_ �a�m�j�h �m�d�b�c�o�(�o�j�(�g�`�a�o �d�i�n�o�`�\�_ �j�a �`�q�\�g�p�\�o�d�i�b �a�m�j�h �g�`�a�o�(�o�j�(�m�d�b�c�o�' �o�c�`

�`�s�\�h�k�g�` �`�s�k�m�`�n�n�d�j�i �r�j�p�g�_ �m�`�o�p�m�i�#�#�#�#�2�-�+ �1 �,�-�+�$�$ �#�#�2�-�+ �1 �,�-�+�$�$ �#�#�2�-�+ �1�$�$ �#�#�2�-�+�$�$�$�$�) �@�\�^�c

�g�d�n�o �r�j�p�g�_ �]�` �d�i�_�`�k�`�i�_�`�i�o �j�a �o�c�` �j�o�c�`�m�n �\�i�_ �o�c�` �g�\�n�o �k�\�d�m �j�aα �r�j�p�g�_ �]�` �\ �a�m�j�i�n �k�\�d�m

�r�d�o�c⊥ �d�i �o�c�` �^�\�m �\�i�_ �o�c�` �`�h�k�o�t �g�d�n�o �d�i �o�c�` �^�_�m�) �O�c�d�n �_�`�h�j�i�n�o�m�\�o�`�n �o�c�\�o �d�a �o�c�`�m�`

�d�n �n�c�\�m�d�i�b �j�a �o�c�`�n�` �g�d�n�o�n�' �o�c�` �g�d�n�o�n �^�j�i�o�\�d�i �a�j�p�m �k�\�d�m�n�' �o�c�m�`�` �k�\�d�m�n�' �o�r�j �k�\�d�m�n�' �\�i�_ �j�i�`

�k�\�d�m�' �m�`�n�k�`�^�o�d�q�`�g�t�) �D�a �o�c�` �`�s�\�h�k�g�` �`�s�k�m�`�n�n�d�j�i �e�p�n�o �m�`�o�p�m�i�`�_α�' �o�c�`�i �j�i�g�t �a�j�p�m �k�\�d�m�n

�r�j�p�g�_ �]�` �\�^�^�`�n�n�d�]�g�`�)

�O�c�` �`�s�\�h�k�g�` �k�m�`�n�`�i�o�`�_ �d�i �o�c�d�n �n�`�^�o�d�j�i �k�m�j�q�d�_�`�n �\ �_�d�m�`�^�o �q�d�`�r �j�a �k�m�j�h�j�o�d�j�i�) �R�c�`�i

�\ �a�`�m�i �d�n �\�^�^�`�n�n�`�_ �]�t �h�p�g�o�d�k�g�` �^�j�h�k�p�o�\�o�d�j�i�n�' �o�c�` �k�m�j�h�j�o�d�j�i �\�g�b�j�m�d�o�c�h �h�p�n�o �]�` �\�]�g�`

�o�j �c�\�i�_�g�` �q�\�m�d�j�p�n �d�n�n�p�`�n �n�p�^�c �\�n �h�p�g�o�d�k�g�` �q�\�g�p�`�n �]�`�^�j�h�d�i�b �\�q�\�d�g�\�]�g�` �a�j�m �k�m�j�h�j�o�d�j�i

�\�o �j�i�^�`�) �O�c�` �^�j�_�` �k�m�`�n�`�i�o�`�_ �d�i �>�c�\�k�o�`�m�,�0�c�\�i�_�g�`�n �o�c�`�n�` �_�`�o�\�d�g�n�)

�R�` �\�m�` �i�j�r �m�`�\�_�t �o�j �^�j�i�n�d�_�`�m �\ �a�`�m�i�n�(�]�\�n�`�_ �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �h�d�i�d�F�\�i�m�`�i�)

�,�/�)�. �A�`�m�i�n�(�]�\�n�`�_ �h�d�i�d�F�\�i�m�`�i

�D�i �o�c�d�n �n�`�^�o�d�j�i �r�` �_�`�n�^�m�d�]�` �\ �n�d�h�k�g�` �]�j�o�o�j�h�(�\�q�j�d�_�d�i�b �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b �g�\�i�b�p�\�b�`�'

�r�c�d�^�c �^�j�m�m�`�n�k�j�i�_�n �o�j �^�j�m�` �h�d�i�d�F�\�i�m�`�i �r�d�o�c �i�j�i�(�d�i�o�`�m�g�`�\�q�d�i�b �n�`�\�m�^�c�) �R�` �]�`�b�d�i �]�t
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�_�`�n�^�m�d�]�d�i�b �\�i�_ �d�h�k�g�`�h�`�i�o�d�i�b �j�k�`�m�\�o�j�m�n�h�k�g�p�n⊥ �\�i�_ �]�d�i�_⊥ �j�q�`�m �a�`�m�i�n�' �\�i�_ �b�j �j�i

�o�j �d�h�k�g�`�h�`�i�o �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m�n �d�i �o�`�m�h�n �j�a �o�c�`�n�` �j�k�`�m�\�o�j�m�n�) �O�c�` �a�`�m�i�(�]�\�n�`�_ �b�j�\�g

�^�j�i�n�o�m�p�^�o�j�m�n �\�m�` �n�c�j�r�i �o�j �]�` �h�j�m�` �b�`�i�`�m�\�g �o�c�\�i �o�c�` �n�o�\�i�_�\�m�_ �n�o�m�`�\�h�(�]�\�n�`�_ �j�i�`�n

�k�m�`�n�`�i�o�`�_ �d�i �>�c�\�k�o�`�m�.�-�)

�,�/�)�.�)�, �h�k�g�p�n⊥ �\�i�_ �]�d�i�_⊥

�N�d�i�^�` �r�` �\�m�` �_�`�q�`�g�j�k�d�i�b �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m�n �d�i �N�^�c�`�h�`�' �\ �^�\�g�g�(�]�t�(�q�\�g�p�` �g�\�i�b�p�\�b�`�' �r�`

�h�\�f�` �h�k�g�p�n⊥ �d�o�n�`�g�a �g�\�u�t �o�j �\�q�j�d�_ �_�d�q�`�m�b�d�i�b �r�c�`�i �j�i�` �j�m �h�j�m�` �j�a �d�o�n �\�m�b�p�h�`�i�o�n

�_�d�q�`�m�b�`�) �O�c�d�n �d�n �\�^�^�j�h�k�g�d�n�c�`�_ �]�t �_�`�{�i�d�i�b�h�k�g�p�n⊥ �\�n �\ �h�\�^�m�j �o�c�\�o �r�m�\�k�n �d�o�n �o�r�j

�\�m�b�p�h�`�i�o�n �d�i�g�d�n�o⊥ �]�`�a�j�m�` �k�\�n�n�d�i�b �o�c�`�h �o�j�h�k�g�p�n�(�\�p�s⊥�) �D�i �\�_�_�d�o�d�j�i�'�h�k�g�p�n⊥ �h�p�n�o

�d�i�o�`�m�g�`�\�q�` �`�g�`�h�`�i�o�n �a�m�j�h �]�j�o�c �j�a �d�o�n �\�m�b�p�h�`�i�o�n �n�j �o�c�\�o �\ �a�`�m�i �j�a �p�i�]�j�p�i�_�`�_ �g�`�i�b�o�c

�d�i �o�c�` �{�m�n�o �\�m�b�p�h�`�i�o �r�d�g�g �i�j�o �^�\�p�n�` �o�c�` �n�`�^�j�i�_ �\�m�b�p�h�`�i�o �o�j �]�` �d�b�i�j�m�`�_�)

�#�_�`�{�i�`�(�n�t�i�o�\�s �h�k�g�p�n⊥
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z s1 s2�$ �#�h�k�g�p�n�(�\�p�s⊥ �#�g�d�n�o⊥ s1 s2�$�$�$�$�$

�#�_�`�{�i�` �h�k�g�p�n�(�\�p�s⊥
�#λt �#�k�$

�#�^�j�i�_
�#�#�i�p�g�g�:�#� �̂\�m⊥ �k�$�$ �#� �̂\�_�m⊥ �k�$�$
�#�`�g�n�`�#�^�j�i�n⊥ �#� �̂\�\�m⊥ �k�$

�#�h�k�g�p�n⊥ �#� �̂\�_�m⊥ �k�$ �#� �̂_�\�m⊥ �k�$�$�$�$�$�$�$

�#�_�`�{�i�` �]�d�i�_⊥
�#λt �#�n �a�$

�#�^�j�i�_
�#�#�i�p�g�g�: �n�$�#�#�$�$�$
�#�`�g�n�`�#�h�k�g�p�n⊥ �#�a�#� �̂\�m⊥ �n�$�$ �#�]�d�i�_⊥ �#� �̂_�m⊥ �n�$�a�$�$�$�$�$�$

�-�N�`��̀R�\�i�_ �\�i�_ �Q�\�d�g�g�\�i�^�j�p�m�o�#�-�+�+�/�$ �a�j�m �\ �c�d�n�o�j�m�d�^�\�g �\�^�^�j�p�i�o �j�a �g�j�b�d�^ �^�j�h�]�d�i�\�o�j�m�n�)
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�]�d�i�_⊥ �\�q�j�d�_�n �o�c�` �n�\�h�` �o�t�k�`�n �j�a �_�d�q�`�m�b�`�i�^�` �\�n�h�\�k⊥ �_�`�n�^�m�d�]�`�_ �d�i �N�`�^�o�d�j�i�,�/�)�,�)�-�]�p�o

�p�n�`�n�h�k�g�p�n⊥ �o�j �h�`�m�b�` �o�c�` �m�`�n�p�g�o�n �j�a �o�c�` �^�\�g�g�n �o�j�a�) �O�c�p�n�' �#�]�d�i�_⊥ �#�d�i�o�n�(�a�m�j�h⊥ �+�$�d�i�o�n�(�a�m�j�h⊥�$

�d�n �\�i �p�i�]�j�p�i�_�`�_ �a�`�m�i �j�a �d�i�o�`�b�`�m�n�6 �a�j�m �`�q�`�m�t �#�i�j�i�i�`�b�\�o�d�q�`�$ �d�i�o�`�b�`�mn�' �d�o �^�j�i�o�\�d�i�n �o�c�`

�d�i�o�`�b�`�m�n �n�o�\�m�o�d�i�b �a�m�j�hn �\�i�_ �o�c�`�m�`�a�j�m�` �`�q�`�m�t �i�j�i�i�`�b�\�o�d�q�` �d�i�o�`�b�`�mn �d�n �^�j�i�o�\�d�i�`�_n+1

�o�d�h�`�n�) �O�c�` �d�i�o�`�m�g�`�\�q�d�i�b �g�`�\�_�n �o�j �_�p�k�g�d�^�\�o�`�n �d�i �o�c�` �a�j�g�g�j�r�d�i�b �`�s�\�h�k�g�`�5

�#�o�\�f�⊥̀ �,�. �#�]�d�i�_⊥ �#�d�i�o�n�(�a�m�j�h⊥ �+�$�d�i�o�n�(�a�m�j�h⊥�$�$ �#�#�+ �, �- �, �. �/ �0 �1 �2 �3 �4 �- �,�+�$�$�)

�O�c�` �\�_�_�d�o�d�j�i �j�a�p�i�d�o⊥ �\�i�_ �h�u�`�m�j⊥ �m�j�p�i�_�n �j�p�o �o�c�` �n�`�o �j�a �j�k�`�m�\�o�j�m�n �r�` �i�`�`�_ �o�j

�d�h�k�g�`�h�`�i�o �\ �h�d�i�d�h�\�g �h�d�i�d�F�\�i�m�`�i�(�g�d�f�` �g�\�i�b�p�\�b�`�)

�#�_�`�{�i�` �p�i�d�o⊥ �#λt �#�n�$ �#� �̂j�i�n �n�#�#�$�$�$�$�$

�#�_�`�{�i�` �h�u�`�m�j⊥ �#λt �#�$�#�#�$�$�$�$

�P�n�d�i�b �o�c�`�n�` �_�`�{�i�d�o�d�j�i�n�' �r�` �^�\�i �m�p�i �k�m�j�b�m�\�h�n �o�c�\�o �m�`�l�p�d�m�` �h�p�g�o�d�k�g�` �p�i�]�j�p�i�_�`�_ �a�`�m�i�n�'

�n�p�^�c �\�n �o�c�d�n �k�m�j�b�m�\�h �d�i�n�k�d�m�`�_ �]�t �N�`�m�`�n �\�i�_ �N�k�d�q�`�t �#�N�k�d�q�`�t �\�i�_ �N�`�m�`�n�-�+�+�.�$ �o�c�\�o

�n�`�\�m�^�c�`�n �a�j�m �\ �k�\�d�ma �\�i�_ b �j�a �_�d�q�d�n�j�m�n �j�a9 �]�t �`�i�p�h�`�m�\�o�d�i�b �o�c�` �d�i�o�`�b�`�m�n �a�m�j�h2 �d�i �\

�a�`�m�i �j�a �k�j�n�n�d�]�g�` �q�\�g�p�`�n �a�j�ma �\�i�_ �n�d�h�d�g�\�m�g�t �a�j�mb�5

�#� �̂\�m⊥ �#�]�d�i�_⊥ �#�d�i�o�n�(�a�m�j�h⊥ �-�$
�#λt �#�\�$

�#�]�d�i�_⊥ �#�d�i�o�n�(�a�m�j�h⊥ �-�$
�#λt �#�]�$

�#�d�a�#= �#∗ �\ �]�$�4�$ �#�p�i�d�o⊥ �#�g�d�n�o �\ �]�$�$ �#�h�u�`�m�j⊥�$�$�$�$�$�$�$

⇒ �#�#�. �.�$�$�)

�P�n�d�i�b �n�o�m�`�\�h�n �d�i�n�o�`�\�_ �j�a �a�`�m�i�n �d�i �o�c�d�n �`�s�\�h�k�g�`�' �r�c�d�^�c �r�j�p�g�_ �]�` �g�d�f�` �i�`�n�o�d�i�b �3�a�j�m�4

�g�j�j�k�n�' �r�j�p�g�_ �m�`�n�p�g�o �d�i �_�d�q�`�m�b�`�i�^�` �n�d�i�^�`2 �_�j�`�n �i�j�o �`�q�`�i�g�t �_�d�q�d�_�`9�)
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�,�/�)�.�)�- �B�j�\�g �>�j�i�n�o�m�p�^�o�j�m�n

�R�` �\�m�` �i�j�r �m�`�\�_�t �o�j �_�`�{�i�` �o�c�m�`�` �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m�n�5≡⊥�' �r�c�d�^�c �p�i�d�{�`�n �o�`�m�h�n�6�_�d�n�e⊥�'

�r�c�d�^�c �k�`�m�a�j�m�h�n �_�d�n�e�p�i�^�o�d�j�i �j�q�`�m �b�j�\�g�n�6 �\�i�_�^�j�i�e⊥�' �r�c�d�^�c �k�`�m�a�j�m�h�n �^�j�i�e�p�i�^�o�d�j�i �j�q�`�m

�b�j�\�g�n�.�) �O�c�`�n�` �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m�n �\�m�` �m�`�l�p�d�m�`�_ �o�j �o�`�m�h�d�i�\�o�`�' �\�i�_ �o�c�`�t �\�g�r�\�t�n �m�`�o�p�m�i

�\ �b�j�\�g�) �<�b�j�\�g�d�n �\ �k�m�j�^�`�_�p�m�` �o�c�\�o �o�\�f�`�n �\ �n�p�]�n�o�d�o�p�o�d�j�i �\�i�_ �m�`�o�p�m�i�n �\ �a�`�m�i �j�a �n�p�]�n�o�d�(

�o�p�o�d�j�i�n �#�m�\�o�c�`�m �o�c�\�i �\ �n�o�m�`�\�h �j�a �n�p�]�n�o�d�o�p�o�d�j�i�n�' �\�n �d�i �>�c�\�k�o�`�m�.�$�)

�#�_�`�{�i�`�(�n�t�i�o�\�s≡⊥
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �p �q�$
�#λt �#�n�$

�#�g�`�o�#�#�n�#�p�i�d�a�t �p �q �n�$�$�$
�#�d�a�#�i�j�o �n�$ �#�h�u�`�m�j⊥�$ �#�p�i�d�o⊥ �n�$�$�$�$�$�$�$

�#�_�`�{�i�`�(�n�t�i�o�\�s �_�d�n�e⊥
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z g1 g2�$ �#λt �#�n�$ �#�h�k�g�p�n⊥ �#g1 �n�$ �#g2 �n�$�$�$�$�$�$

�#�_�`�{�i�`�(�n�t�i�o�\�s �^�j�i�e⊥
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z g1 g2�$ �#λt �#�n�$ �#�]�d�i�_⊥ �#g1 �n�$g2�$�$�$�$�$

�< �g�j�b�d�^ �k�m�j�b�m�\�h �`�q�\�g�p�\�o�`�n �o�j �\ �b�j�\�g�6 �o�j �j�]�o�\�d�i �\�i�n�r�`�m�n�' �o�c�d�n �b�j�\�g �d�n �\�k�k�g�d�`�_ �o�j

�o�c�` �`�h�k�o�t �n�p�]�n�o�d�o�p�o�d�j�i�) �O�c�` �m�`�n�p�g�o �d�n �\ �a�`�m�i �j�a �n�p�]�n�o�d�o�p�o�d�j�i�n �m�`�k�m�`�n�`�i�o�d�i�b �\�i�n�r�`�m�n�)

�R�` �_�`�{�i� �̀m�p�i⊥ �d�i �o�`�m�h�n �j�a�o�\�f�⊥̀�' �_�`�n�^�m�d�]�`�_ �d�i �N�`�^�o�d�j�i�,�/�)�,�)�-�' �o�j �j�]�o�\�d�i �\ �g�d�n�o �j�a

�\�i�n�r�`�m�n �a�m�j�h �o�c�` �a�`�m�i �j�a �n�p�]�n�o�d�o�p�o�d�j�i�n

�#�_�`�{�i�` �m�p�i⊥
�#λt �#�i �b�$

�#�o�\�f�⊥̀ �i �#�b �`�h�k�o�t�(�n�$�$�$�$

�r�c�`�m�`�i �d�n �\ �i�j�i�(�i�`�b�\�o�d�q�` �d�i�o�`�b�`�m �#�j�m���a�$ �\�i�_�b�d�n �\ �b�j�\�g�)
�. �_�d�n�e⊥ �d�n �e�p�n�o �\ �n�d�h�k�g�d�{�`�_ �q�`�m�n�d�j�i �j�a�^�j�i�_e�' �r�c�d�g�`�^�j�i�e⊥ �d�n �e�p�n�o �\ �n�d�h�k�g�d�{�`�_ �q�`�m�n�d�j�i �j�a�`�s�d�n�o�)
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�B�d�q�`�i �o�r�j �g�j�b�d�^ �q�\�m�d�\�]�g�`�n�s�\�i�_�t�' �c�`�m�` �\�m�` �n�j�h�` �n�d�h�k�g�` �g�j�b�d�^ �k�m�j�b�m�\�h�n �o�c�\�o �k�m�j�(

�_�p�^�` �o�c�` �n�\�h�` �\�i�n�r�`�m�n �p�n�d�i�b �]�j�o�c �a�`�m�i�(�]�\�n�`�_ �\�i�_ �n�o�m�`�\�h�(�]�\�n�`�_ �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m�n�)

�#�m�p�i⊥ ���a�#≡⊥ �, �s�$�$⇒ �#�#{x/1}�$�$

�#�m�p�i⊥ �, �#�^�j�i�e⊥ �#≡⊥ �t �.�$ �#≡⊥ �s �t�$�$�$⇒ �#�#{x/3, y/3}�$�$

�#�m�p�i⊥ �, �#�_�d�n�e⊥ �#≡⊥ �s �t�$ �#≡⊥ �t �.�$�$�$⇒ �#�#{x/y}�$�$

�#�m�p�i⊥ �0�#�_�d�n�e⊥ �#≡⊥ �s �t�$ �#≡⊥ �t �.�$�$�$⇒ �#�#{x/y} {y/3}�$�$

�#�m�p�i⊥ �, �#�^�j�i�e⊥ �#≡⊥ �s �0�$ �#�^�j�i�e⊥ �#≡⊥ �s �t�$ �#≡⊥ �t �/�$�$�$�$⇒ �#�#�$�$

�#�m�p�i⊥ ���a�#�^�j�i�e⊥ �#≡⊥ �s �0�$ �#�_�d�n�e⊥ �#≡⊥ �s �0�$ �#≡⊥ �s �1�$�$�$�$⇒ �#�#{x/5}�$�$

�D�o �d�n �i�j�o �_�d�z�d�^�p�g�o�' �c�j�r�`�q�`�m�' �o�j �{�i�_ �`�s�\�h�k�g�`�n �j�a �g�j�b�d�^ �k�m�j�b�m�\�h�n �o�c�\�o �_�d�q�`�m�b�` �r�c�`�i

�p�n�d�i�b �n�o�m�`�\�h�(�]�\�n�`�_ �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m�n �]�p�o �^�j�i�q�`�m�b�` �p�n�d�i�b �a�`�m�i�(�]�\�n�`�_ �^�j�i�n�o�m�p�^�o�j�m�n�5

�#�m�p�i⊥ �, �#�_�d�n�e⊥ ⊥ �#≡⊥ �s �.�$�$�$⇒ �#�#{x/3}�$�$

�#�m�p�i⊥ �, �#�_�d�n�e⊥ �#≡⊥ ⊥ �s�$ �#≡⊥ �s �0�$�$�$⇒ �#�#{x/5}�$�$

�\�i�_ �b�d�q�`�i �d�_�`�h�k�j�o�`�i�o �n�p�]�n�o�d�o�p�o�d�j�i�n �#�G�g�j�t�_�,�4�3�2�$�' �o�c�` �a�`�m�i�(�]�\�n�`�_ �j�k�`�m�\�o�j�m�n �^�\�i �`�q�`�i

�\�q�j�d�_ �n�j�h�` �^�d�m�^�p�g�\�m�d�o�t�(�]�\�n�`�_ �_�d�q�`�m�b�`�i�^�` �r�d�o�c�j�p�o �o�c�` �j�^�^�p�m�n�(�^�c�`�^�f�' �r�c�d�g�` �n�o�m�`�\�h�(

�]�\�n�`�_ �j�k�`�m�\�o�j�m�n �^�\�i�i�j�o�5

�#�m�p�i⊥ �, �#�_�d�n�e⊥ �#≡⊥ �#�g�d�n�o �s�$�s�$ �#≡⊥ �s �1�$�$�$⇒ �#�#{x/6}�$�$

�O�c�`�m�` �\�m�` �a�p�i�^�o�d�j�i�n �o�c�\�o �m�`�k�m�`�n�`�i�o �m�`�g�\�o�d�j�i�n�) �O�c�` �m�`�g�\�o�d�j�i�\�g�r�\�t�n�(�{�q�`⊥ �\�n�n�j�^�d�\�o�`�n

�0 �r�d�o�c �d�o�n �\�m�b�p�h�`�i�o �\�i �p�i�]�j�p�i�_�`�_ �i�p�h�]�`�m �j�a �o�d�h�`�n�5

�#�_�`�{�i�` �\�g�r�\�t�n�(�{�q�`⊥
�#λt �#�s�$

�#�_�d�n�e⊥ �#�\�g�r�\�t�n�(�{�q�`⊥ �s�$ �#≡⊥ �s �0�$�$�$�$
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�=�`�^�\�p�n�` �]�j�o�c �n�o�m�`�\�h �\�i�_ �a�`�m�i �^�j�i�n�o�m�p�^�o�j�m�n �_�j �i�j�o �`�q�\�g�p�\�o�` �o�c�`�d�m �\�m�b�p�h�`�i�o�n�' �r�`

�h�\�t �n�\�a�`�g�t �`�q�\�g�p�\�o�` �o�c�` �b�j�\�g �#�\�g�r�\�t�n�(�{�q�`⊥ �s�$�' �j�]�o�\�d�i�d�i�b �\�i �p�i�]�j�p�i�_�`�_ �^�j�g�g�`�^�o�d�j�i �j�a

�\�i�n�r�`�m�n�) �P�n�d�i�b�m�p�i⊥�' �r�` �^�\�i �\�n�f �a�j�m �\ �{�i�d�o�` �i�p�h�]�`�m �j�a �o�c�`�n�` �\�i�n�r�`�m�n�) �=�`�^�\�p�n�` �o�c�`

�j�m�_�`�m�d�i�b �j�a �n�o�m�`�\�h�n �d�n �_�`�o�`�m�h�d�i�`�_ �\�o �^�j�i�n�o�m�p�^�o�d�j�i �o�d�h�`�' �c�j�r�`�q�`�m�' �o�c�` �n�o�m�`�\�h�(�]�\�n�`�_

�j�k�`�m�\�o�j�m�n �^�\�i�i�j�o �`�q�`�i �_�`�o�`�m�h�d�i�` �o�c�` �{�m�n�o �\�i�n�r�`�m �d�i �o�c�\�o �^�j�g�g�`�^�o�d�j�i�) �O�c�d�n �d�n �]�`�^�\�p�n�`

�o�c�` �_�`�{�i�d�o�d�j�i �j�a�\�g�r�\�t�n�(�{�q�`⊥ �d�n �g�`�a�o �m�`�^�p�m�n�d�q�`�) �O�c�` �a�`�m�i�(�]�\�n�`�_ �j�k�`�m�\�o�j�m�n�' �c�j�r�`�q�`�m�'

�^�j�h�k�p�o�` �\�n �h�\�i�t �\�i�n�r�`�m�n �\�n �_�`�n�d�m�`�_�5

�#�m�p�i⊥ �/ �#�\�g�r�\�t�n�(�{�q�`⊥ �s�$�$⇒ �#�#{x/5} {x/5} {x/5} {x/5}�$�$�)



�>�c�\�k�o�`�m �,�0

�D�h�k�g�`�h�`�i�o�\�o�d�j�i �Q�D�5 �A�`�m�i�n

�D�i �o�c�d�n �^�c�\�k�o�`�m �r�` �k�m�`�n�`�i�o �\ �^�j�h�k�g�`�o�`�' �k�j�m�o�\�]�g�`�'R6RS �^�j�h�k�g�d�\�i�o �#�N�k�`�m�]�`�m �`�o �\�g�)

�-�+�+�2�$ �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �a�`�m�i�n�,�) �R�` �]�`�b�d�i �r�d�o�c �\ �_�`�n�^�m�d�k�o�d�j�i �j�a�`�i�b�d�i�`�n�#�C�\�t�i�`�n

�\�i�_ �A�m�d�`�_�h�\�i�,�4�3�2�$�' �r�c�d�^�c �r�` �p�n�` �o�j �c�\�i�_�g�` �n�p�n�k�`�i�_�`�_�' �k�m�`�`�h�k�o�d�]�g�` �^�j�h�k�p�o�\�o�d�j�i�n�)

�R�` �o�c�`�i �_�`�n�^�m�d�]�` �\�i�_ �d�h�k�g�`�h�`�i�o �a�m�j�i�n �k�\�d�m�n�' �o�c�` �]�p�d�g�_�d�i�b �]�g�j�^�f�n �j�a �a�`�m�i�n�) �I�`�s�o �r�`

�k�m�`�n�`�i�o� �̂\�m⊥ �\�i�_ � �̂_�m⊥�' �r�c�d�^�c �r�j�m�f �j�i �]�j�o�c �a�m�j�i�n �k�\�d�m�n �\�i�_ �^�j�i�n �k�\�d�m�n�) �O�\�f�d�i�b �o�c�`

� �̂\�m⊥ �j�a �\ �a�m�j�i�n �k�\�d�m �d�i�q�j�g�q�`�n �^�c�j�j�n�d�i�b �j�i�` �j�a �o�c�` �k�j�n�n�d�]�g�` �q�\�g�p�`�n �d�i �o�c�` �a�`�m�i �\�i�_

�k�m�j�h�j�o�d�i�b �o�c�` �^�c�j�n�`�i �q�\�g�p�`�) �O�\�f�d�i�b �o�c�`� �̂_�m⊥ �j�a �\ �a�m�j�i�n �k�\�d�m �`�i�n�p�m�`�n �o�c�` �{�m�n�o �q�\�g�p�`

�d�i �o�c�` �k�\�d�m �d�n �_�`�o�`�m�h�d�i�`�_ �\�i�_ �m�`�o�p�m�i�n �o�c�` �m�`�n�o �j�a �o�c�` �a�`�m�i�) �O�\�f�d�i�b �o�c�`� �̂\�m⊥ �#� �̂_�m⊥�$

�j�a �\ �^�j�i�n �k�\�d�m �d�n �o�c�` �n�\�h�` �\�n �o�\�f�d�i�b �d�o�n� �̂\�m�#� �̂_�m�$�)

�,�0�)�, �@�i�b�d�i�`�n

�<�i �`�i�b�d�i�` �d�n �\ �k�m�j�^�`�_�p�m�` �o�c�\�o �^�j�h�k�p�o�`�n �\ �_�`�g�\�t�`�_ �q�\�g�p�` �d�i �n�o�`�k�n�-�) �O�j �_�`�h�j�i�n�o�m�\�o�`

�o�c�` �p�n�` �j�a �`�i�b�d�i�`�n�' �^�j�i�n�d�_�`�m �o�c�` �k�m�j�^�`�_�p�m�`

�, �O�c�` �a�`�m�i�n �g�d�]�m�\�m�t �d�n �\�q�\�d�g�\�]�g�` �\�o�c�o�o�k�5�*�*�r�r�r�)�^�n�)�d�i�_�d�\�i�\�)�`�_�p�*�y�r�`�]�t�m�_�*�a�`�m�i�n�)�c�o�h�g
�-�N�`�` �<�k�k�`�i�_�d�s�? �a�j�m �j�p�m �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �i�`�n�o�\�]�g�` �`�i�b�d�i�`�n�)

�-�+�+
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�#�_�`�{�i�` �r�\�d�o
�#λt �#�i �$

�#�^�j�i�_
�#�#�u�`�m�j�: �i�$�_�j�i��̀$
�#�`�g�n�`�#�r�\�d�o�#− �i �,�$�$�$�$�$�$

�O�j �^�m�`�\�o�` �\�i �`�i�b�d�i�`�` �o�j �_�`�g�\�t �\ �^�\�g�g �o�j �#�r�\�d�o�-�+�$�' �r�` �r�m�d�o�`

�#�_�`�{�i�` �` �#�`�i�b�d�i� �̀#�r�\�d�o�-�+�$�$�$

�O�j �k�\�m�o�d�\�g�g�t �^�j�h�k�p�o�` �#�r�\�d�o�-�+�$�' �r�` �^�\�g�g�` �r�d�o�c �\ �i�p�h�]�`�m �j�a�o�d�^�f�n�5 �#�` �0�$�' �r�c�d�^�c

�m�`�o�p�m�i�n �`�d�o�c�`�m �\ �k�\�d�m �r�d�o�c �a�\�g�n�` �d�i �o�c�` �^�\�m �\�i�_ �\ �i�`�r �\�_�q�\�i�^�`�_ �`�i�b�d�i�` �#�j�i�` �\�_�q�\�i�^�`�_

�0 �o�d�^�f�n�$ �d�i �o�c�` �^�_�m �j�m �\ �k�\�d�m �r�d�o�c �p�i�p�n�`�_ �o�d�^�f�n �#�\�g�r�\�t�n �o�m�p�`�$ �d�i �o�c�` �^�\�m �\�i�_ �o�c�` �q�\�g�p�`

�j�a �o�c�` �^�j�h�k�p�o�\�o�d�j�i �#�c�`�m�`�_�j�i��̀$ �d�i �o�c�` �^�_�m�) �D�i �j�p�m �`�h�]�`�_�_�d�i�b �j�a �`�i�b�d�i�`�n�' �\ �o�d�^�f �d�n

�n�k�`�i�o �j�i �`�\�^�c �^�\�g�g �o�j �\ �k�m�j�^�`�_�p�m�` �_�`�{�i�`�_ �r�d�o�cλt�) �>�j�i�n�d�_�`�m

�#�g�`�o�g�j�j�k�#�#�k�#�` �0�$�$�$
�#� �̂j�i�n�#� �̂\�m �k�$ �#�d�a�#� �̂\�m �k�$ �#�g�d�n�o�#� �̂_�m �k�$�$ �#�g�j�j�k�#�#� �̂_�m �k�$�0�$�$�$�$�$

⇒ �#�#���a���a���a���a �/ �_�j�i�`�$�$�)

�D�i �o�c�d�n �`�s�\�h�k�g�`�' �#�r�\�d�o�-�+�$ �^�\�g�g�n�r�\�d�o�\ �o�j�o�\�g �j�a21 �o�d�h�`�n �#�d�i�^�g�p�_�d�i�b �o�c�` �d�i�d�o�d�\�g �^�\�g�g�$�'

�n�j �j�i �o�c�` �{�a�o�c �`�i�b�d�i�` �d�i�q�j�^�\�o�d�j�i�' �d�o �o�`�m�h�d�i�\�o�`�n �r�d�o�c �/ �p�i�p�n�`�_ �o�d�^�f�n�)

�O�c�` �_�`�g�\�t�`�_ �^�j�h�k�p�o�\�o�d�j�i �d�i �\�i �`�i�b�d�i�` �h�\�t �d�i�q�j�g�q�` �^�m�`�\�o�d�i�b �\�i�_ �^�\�g�g�d�i�b �h�j�m�`

�`�i�b�d�i�`�n�) �R�c�`�i �\�i�`�n�o� �̀_ �`�i�b�d�i�`�#�C�d�`�] �`�o �\�g�)�,�4�4�/�$ �^�j�i�n�p�h�`�n �\ �o�d�^�f�' �`�q�`�m�t �a�m�j�i�n�(

�`�i�^�g�j�n�d�i�b �`�i�b�d�i�` �\�g�n�j �^�j�i�n�p�h�`�n �\ �o�d�^�f�) �O�j �n�`�` �o�c�d�n�' �r�` �_�`�{�i�`�^�c�j�j�n�⊥̀ �p�n�d�i�b �`�i�b�d�i�`�n�5
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�#�_�`�{�i�`�(�n�t�i�o�\�s �^�c�j�j�n�`⊥
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �`�s�k1 �`�s�k2�$ �#�^�c�j�j�n�`�(�\�p�s⊥ �#�`�i�b�d�i� �̀`�s�k1�$ �#�`�i�b�d�i� �̀`�s�k2�$�$�$�$�$

�#�_�`�{�i�` �^�c�j�j�n�`�(�\�p�s⊥
�#λt �#e1 e2�$

�#�g�`�o�#�#�k�#e1 �,�$�$�$
�#�d�a�#� �̂\�m �k�$ �#� �̂_�m �k�$ �#�^�c�j�j�n�`�(�\�p�s⊥ e2 �#� �̂_�m �k�$�$�$�$�$�$

�I�`�n�o�`�_ �^�\�g�g�n �o�j�^�c�j�j�n�⊥̀�' �a�j�m �`�s�\�h�k�g�` �#�^�c�j�j�n�⊥̀ v1 �#�^�c�j�j�n�⊥̀ v2 v3�$�$�' �m�`�g�t �j�i �i�`�n�o�\�]�g�`

�`�i�b�d�i�`�n�) �O�c�d�n �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a�^�c�j�j�n�⊥̀ �d�n �a�\�d�m �]�`�^�\�p�n�` �j�p�m �`�h�]�`�_�_�d�i�b �j�a �i�`�n�o�`�_

�`�i�b�d�i�`�n �d�n �a�\�d�m�5 �`�q�`�m�t �o�d�^�f �b�d�q�`�i �o�j �o�c�` �n�`�^�j�i�_ �`�i�b�d�i�` �d�i �o�c�` �j�p�o�`�m �^�\�g�g �o�j�^�c�j�j�n�`�(�\�p�s⊥

�d�n �k�\�n�n�`�_ �j�i �o�j �`�s�\�^�o�g�t �j�i�` �j�a �o�c�` �`�i�b�d�i�`�n�' �\�g�o�`�m�i�\�o�d�i�b �]�`�o�r�`�`�i �o�c�` �`�i�b�d�i�`�n �a�j�mv2

�\�i�_v3�' �d�i �o�c�` �d�i�i�`�m �^�\�g�g �o�j�^�c�j�j�n�`�(�\�p�s⊥�)

�,�0�)�- �O�c�` �A�`�m�i�n �?�\�o�\ �O�t�k�`

�R�` �m�`�k�m�`�n�`�i�o �\ �a�m�j�i�n �k�\�d�m �]�t �\ �^�j�i�n �k�\�d�m �o�c�\�o �^�j�i�o�\�d�i�n �\�o �g�`�\�n�o �j�i�` �o�\�b�b�`�_ �`�i�b�d�i�`

�#�o�`�$�) �@�i�b�d�i�`�n �\�m�` �o�\�b�b�`�_ �r�d�o�c �`�d�o�c�`�m�G�r�c�`�i �g�j�^�f�`�_ �#�]�`�d�i�b �\�_�q�\�i�^�`�_ �]�t �\�i�j�o�c�`�m

�^�j�h�k�p�o�\�o�d�j�i�$ �j�m�P �r�c�`�i �p�i�g�j�^�f�`�_ �#�m�p�i�i�\�]�g�`�$�) �R�` �_�d�n�o�d�i�b�p�d�n�c �]�`�o�r�`�`�i �g�j�^�f�`�_ �\�i�_

�p�i�g�j�^�f�`�_ �`�i�b�d�i�`�n �]�`�^�\�p�n�` �o�c�`� �̂\�m⊥ �j�a �\ �a�`�m�i �h�\�t �]�` �m�`�l�p�`�n�o�`�_ �h�j�m�` �o�c�\�i �j�i�^�`

�n�d�h�p�g�o�\�i�`�j�p�n�g�t�) �O�c�p�n�' �o�j �h�\�i�\�b�` �`�z�`�^�o�n�' �o�c�` �g�j�^�f�n �k�m�`�q�`�i�o �o�c�` �n�\�h�` �`�i�b�d�i�` �a�m�j�h

�]�`�d�i�b �\�_�q�\�i�^�`�_ �d�i �h�j�m�` �o�c�\�i �j�i�` �^�j�h�k�p�o�\�o�d�j�i�.�)

�R�` �_�`�{�i�` �n�d�h�k�g�` �k�m�`�_�d�^�\�o�`�n�Ga�:�' �Pa�:�' �Gd�:�' �\�i�_�Pd�: �a�j�m �o�`�n�o�d�i�b �r�c�`�o�c�`�m �j�i�` �n�d�_�`

�j�a �\ �a�m�j�i�n �k�\�d�m �^�j�i�o�\�d�i�n �\ �g�j�^�f�`�_ �j�m �p�i�g�j�^�f�`�_ �`�i�b�d�i�`�)

�. �< �g�j�^�f �^�m�`�\�o�`�n �\ �g�j�^�\�g�d�u�`�_ �^�m�d�o�d�^�\�g �m�`�b�d�j�i �o�c�\�o �^�j�m�m�`�n�k�j�i�_�n �o�j �o�c�` �d�i�o�`�i�_�`�_ �p�n�` �j�a�n�o�d�i�b�(
�p�i�g�`�n�n�#�A�m�d�`�_�h�\�i �\�i�_ �R�d�n�`�,�4�2�3�$�)
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�#�_�`�{�i�` �`�i�b�d�i�`�(�o�\�b�(� �̂j�h�k�\�m�`
�#λ �#�b�`�o�(�o�` �o�\�b�$

�#λ �#�l�$
�#�\�i�_ �#�k�\�d�m�: �l�$ �#�k�\�d�m�:�#�b�`�o�(�o�` �l�$�$ �#� �̀l�: �#� �̂\�m�#�b�`�o�(�o�` �l�$�$�o�\�b�$�$�$�$�$

�#�_�`�{�i�` �Ga�: �#�`�i�b�d�i�`�(�o�\�b�(� �̂j�h�k�\�m�` � �̂\�m�G�$�$
�#�_�`�{�i�` �Pa�: �#�`�i�b�d�i�`�(�o�\�b�(� �̂j�h�k�\�m�` � �̂\�m�P�$�$
�#�_�`�{�i�` �Gd�: �#�`�i�b�d�i�`�(�o�\�b�(� �̂j�h�k�\�m�` � �̂_�m�G�$�$
�#�_�`�{�i�` �Pd�: �#�`�i�b�d�i�`�(�o�\�b�(� �̂j�h�k�\�m�` � �̂_�m�P�$�$

�O�c�` �k�m�j�^�`�_�p�m�`� �̂j�\�sd �#� �̂j�\�sa�$ �o�\�f�`�n �\ �a�m�j�i�n �k�\�d�m �r�d�o�c �\�i �p�i�g�j�^�f�`�_ �o�\�b�b�`�_ �`�i�(

�b�d�i�` �d�i �o�c�` �^�_�m �#�^�\�m�$ �\�i�_ �g�j�^�f�n �\�i�_ �\�_�q�\�i�^�`�n �o�c�` �o�\�b�b�`�_ �`�i�b�d�i�` �]�t�i�n�o�`�k�n�o�d�^�f�n�) �D�a

� �̂j�\�s�d�i�b �#�A�m�d�`�_�h�\�i �\�i�_ �R�d�n�`�,�4�2�4�$ �o�c�` �`�i�b�d�i�` �_�j�`�n �i�j�o �{�i�d�n�c�' �o�c�` �o�\�b�b�`�_ �`�i�b�d�i�` �d�n

�p�i�g�j�^�f�`�_ �\�i�_ �p�k�_�\�o�`�_ �r�d�o�c �o�c�` �\�_�q�\�i�^�`�_ �`�i�b�d�i�`�) �D�a� �̂j�\�s�d�i�b �o�c�` �`�i�b�d�i�` �{�i�d�n�c�`�n �r�d�o�c

�q�\�g�p�`�q�' �o�c�`�i�q�]�`�^�j�h�`�n �o�c�` �a�m�j�i�n �k�\�d�m�1�n �^�_�m �#�^�\�m�$�) �D�i �\�_�_�d�o�d�j�i�' �o�c�` �o�\�b�b�`�_ �`�i�b�d�i�`

�r�d�g�g �]�` �p�k�_�\�o�`�_ �r�d�o�c �\�i �p�i�g�j�^�f�`�_ �_�p�h�h�t �`�i�b�d�i�` �o�c�\�o �m�`�o�p�m�i�n�q�) �R�` �_�j �o�c�d�n �]�`�^�\�p�n�`

�o�c�` �^�_�m�n �j�a �h�p�g�o�d�k�g�` �a�m�j�i�n �k�\�d�m�n �h�\�t �n�c�\�m�` �\ �n�d�i�b�g�` �`�i�b�d�i�`�' �\�n �r�d�g�g �]�` �`�s�k�g�\�d�i�`�_ �\�o

�o�c�` �`�i�_ �j�a �o�c�d�n �n�`�^�o�d�j�i�) �<�g�o�c�j�p�b�c �o�c�` �^�\�m�n �j�a �a�m�j�i�n �k�\�d�m�n �i�`�q�`�m �n�c�\�m�` �`�i�b�d�i�`�n�' �r�` �_�j

�o�c�` �n�\�h�` �a�j�m �o�c�` �^�\�m�n�)

�#�_�`�{�i�` � �̂j�\�s�`�m
�#λ �#�b�`�o�(�o�` �n�`�o�(�q�\�g���$

�#λ �#�l�$
�#�g�`�o�#�#�o� �̀#�b�`�o�(�o�` �l�$�$�$

�#�n�`�o�(� �̂\�m�� �o�`�G�$
�#�g�`�o�#�#�k�#� �̂j�\�s�#� �̂_�m �o�`�$�$�$�$

�#�g�`�o�#�#�] �#� �̂\�m �k�$�$ �#�q�#� �̂_�m �k�$�$�$
�#�r�c�`�i �] �#�n�`�o�(�q�\�g�� �l �q�$�$
�#�m�`�k�g�\� �̂`�� �o�`�P�#�d�a�] �#�`�i�b�d�i� �̀q�$�q�$�$�$�$�$�$�$�$

�#�_�`�{�i�` � �̂j�\�s�#λ �#� �̀$ �#�` �i�n�o�`�k�n�$�$�$
�#�_�`�{�i�` � �̂j�\�sa �#� �̂j�\�s�`�m � �̂\�m �n�`�o�(� �̂\�m���$�$
�#�_�`�{�i�` � �̂j�\�sd �#� �̂j�\�s�`�m � �̂_�m �n�`�o�(� �̂_�m���$�$



�>�C�<�K�O�@�M �,�0�) �D�H�K�G�@�H�@�I�O�<�O�D�J�I �Q�D�5 �A�@�M�I�N �-�+�/

�#�_�`�{�i�` �m�`�k�g�\� �̂`��
�#λ �#�k �\ �_�$

�#�n�`�o�(� �̂\�m�� �k �\�$
�#�n�`�o�(� �̂_�m�� �k �_�$�$�$

�I�j�r �r�` �k�m�`�n�`�i�o �o�c�` �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �o�c�` �a�`�m�i �j�k�`�m�\�o�j�m�n�)

�,�0�)�. �^�j�i�n⊥�' � �̂\�m⊥�' �\�i�_ � �̂_�m⊥

�^�j�i�n⊥ �^�j�i�n�o�m�p�^�o�n �\ �a�m�j�i�n �k�\�d�m �]�t �k�g�\�^�d�i�b �p�i�g�j�^�f�`�_ �`�i�b�d�i�`�n �j�a �d�o�n �p�i�`�q�\�g�p�\�o�`�_ �j�k�`�m�\�i�_�n

�d�i �\ �^�j�i�n �k�\�d�m�)

�#�_�`�{�i�`�(�n�t�i�o�\�s �^�j�i�n⊥
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �\ �_�$ �#� �̂j�i�n�#� �̂j�i�n�P�#�`�i�b�d�i� �̀\�$�$ �#� �̂j�i�n�P�#�`�i�b�d�i� �̀_�$�$�$�$�$�$

�R�c�`�i �o�c��̀ �̂\�m⊥ �#�_�`�{�i�d�o�d�j�i �]�`�g�j�r�$�' �r�c�d�^�c �d�n �_�`�{�i�`�_ �j�i�g�t �a�j�m �a�`�m�i�n�' �d�n �m�`�l�p�`�n�o�`�_�'

�k�\�m�\�g�g�`�g �`�q�\�g�p�\�o�d�j�i �j�a �o�c�` �k�j�n�n�d�]�g�` �q�\�g�p�`�n �d�n �\�^�^�j�h�k�g�d�n�c�`�_ �]�t �\ �m�j�p�i�_�(�m�j�]�d�i �m�\�^�` �j�a

�o�c�` �`�i�b�d�i�`�n �d�i �o�c�` �a�`�m�i�) �?�p�m�d�i�b �d�o�n �o�p�m�i�' �`�\�^�c �`�i�b�d�i�` �d�n �\�_�q�\�i�^�`�_ �\ �{�s�`�_�' �\�m�]�d�o�m�\�m�t

�i�p�h�]�`�m �j�a �o�d�^�f�n �p�i�o�d�g �\ �q�\�g�p�` �d�n �k�m�j�_�p�^�`�_�) �O�c�` �m�\�^�` �d�n �\�^�^�j�h�k�g�d�n�c�`�_ �]�t �o�r�j �h�p�o�p�\�g�g�t

�m�`�^�p�m�n�d�q�` �a�p�i�^�o�d�j�i�n�5�m�\� �̂`a�' �r�c�d�^�c �r�j�m�f�n �j�i �o�c�` �k�j�n�n�d�]�g�` �q�\�g�p�`�n �j�a �o�c�` �a�`�m�i�' �\�i�_�m�\� �̂`d�'

�r�c�d�^�c �h�j�q�`�n �j�i�o�j �o�c�` �i�`�s�o �a�m�j�i�n �k�\�d�m �]�t �`�d�o�c�`�m �a�j�g�g�j�r�d�i�b �o�c�` �^�_�m �j�a �o�c�` �^�p�m�m�`�i�o �a�m�j�i�n

�k�\�d�m �j�m �n�o�\�m�o�d�i�b �\�b�\�d�i �\�o �o�c�` �]�`�b�d�i�i�d�i�b�)
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�#�_�`�{�i�` � �̂\�m⊥
�#λt �#�k�$

�#�g�`�o�m�`�^�#�#�m�\� �̂`a

�#λt �#�l�$
�#�^�j�i�_

�#�#�Ga�: �l�$ �#�r�\�d�o �i�n�o�`�k�n�$ �#�m�\� �̂`d �l�$�$
�#�#�Pa�: �l�$ �#� �̂j�\�sa �l�$ �#�m�\� �̂`d �l�$�$
�#�#�i�j�o�#�k�\�d�m�: �l�$�$ �#�m�\� �̂`a �k�$�$
�#�`�g�n�`�#�k�m�j�h�j�o�` �k�$ �#� �̂\�m �k�$�$�$�$�$

�#�m�\� �̂`d

�#λt �#�l�$
�#�^�j�i�_

�#�#�Gd�: �l�$ �#�m�\� �̂`a �k�$�$
�#�#�Pd�: �l�$ �#� �̂j�\�sd �l�$ �#�m�\� �̂`a �k�$�$
�#�`�g�n�`�#�m�\� �̂`a �#� �̂_�m �l�$�$�$�$�$�$�$

�#�m�\� �̂`a �k�$�$�$�$

�m�\� �̂`a �_�d�n�k�\�o�^�c�`�n �j�i �o�c�` �^�p�m�m�`�i�o �k�\�d�m �j�m �q�\�g�p�`�l�) �R�c�`�i �o�c�` �^�\�m �j�a�l �d�n �\ �g�j�^�f�`�_ �`�i�b�d�i�`�'

�m�\� �̂`a �r�\�d�o�n �a�j�m �d�o �o�j �]�`�^�j�h�` �p�i�g�j�^�f�`�_ �]�t �r�\�d�o�d�i�b�i�n�o�`�k�n�o�d�^�f�n �\�i�_ �o�c�`�i �^�\�g�g�d�i�b�m�\� �̂`d�)

�O�c�` �^�\�g�g �o�j�r�\�d�o�d�n �m�`�l�p�d�m�`�_ �o�j �\�g�g�j�r�m�\� �̂`a �o�j �]�` �k�m�`�`�h�k�o�`�_ �\�o �o�c�d�n �k�j�d�i�o�' �n�j �o�c�` �j�r�i�`�m

�j�a �o�c�` �g�j�^�f �_�j�`�n �i�j�o �n�o�\�m�q�`�) �R�c�`�i �o�c�` �^�\�m �d�n �\�i �p�i�g�j�^�f�`�_ �`�i�b�d�i�`�'�m�\� �̂`a �\�_�q�\�i�^�`�n

�o�c�` �p�i�g�j�^�f�`�_ �`�i�b�d�i�`�i�n�o�`�k�n�o�d�^�f�n�' �o�c�`�i �^�j�i�o�d�i�p�`�n �o�c�` �m�\�^�` �]�t �^�\�g�g�d�i�b�m�\� �̂`d�) �R�c�`�i�l

�d�n �i�j�o �\ �k�\�d�m�'�m�\� �̂`a �n�d�h�k�g�t �n�o�\�m�o�n �o�c�` �m�\�^�` �\�b�\�d�i �a�m�j�h �o�c�` �]�`�b�d�i�i�d�i�b�) �O�c�d�n �c�\�k�k�`�i�n

�r�c�`�i �m�\�^�d�i�b �j�q�`�m �\ �{�i�d�o�` �a�`�m�i �\�i�_ �`�h�`�m�b�`�n �a�m�j�h �o�c�`�`�g�n�`�^�g�\�p�n�` �j�a�m�\� �̂`d�) �R�c�`�i �o�c�`

�^�\�m �^�j�i�o�\�d�i�n �\ �q�\�g�p�`�' �r�` �^�\�g�g�k�m�j�h�j�o�`�r�c�d�^�c �`�i�n�p�m�`�n �\ �q�\�g�p�` �d�n �k�m�j�h�j�o�`�_ �o�j �o�c�` �^�\�m

�j�a�k�' �o�c�`�i �m�`�o�p�m�i �o�c�\�o �q�\�g�p�`�)

�J�i�` �n�p�]�o�g�`�o�t �j�a �o�c�` �_�`�{�i�d�o�d�j�i �j�a�m�\� �̂`a �d�n �o�c�\�o �\�a�o�`�m �^�j�\�s�d�i�b �\�i �`�i�b�d�i�` �d�o �_�j�`�n �i�j�o

�^�c�`�^�f �d�a �o�c�` �^�j�\�s�d�i�b �c�\�n �g�`�_ �o�j �^�j�h�k�g�`�o�d�j�i�) �D�a �d�o �c�\�n�' �o�c�` �q�\�g�p�` �r�d�g�g �]�` �k�d�^�f�`�_ �p�k �o�c�`

�i�`�s�o �o�d�h�` �o�c�` �m�\�^�` �^�j�h�`�n �\�m�j�p�i�_�' �d�a �i�`�^�`�n�n�\�m�t�) �>�\�g�g�d�i�b�k�m�j�h�j�o�`�d�h�h�`�_�d�\�o�`�g�t �r�j�p�g�_

�]�` �d�i�^�j�m�m�`�^�o �]�`�^�\�p�n�` �\�i �`�i�b�d�i�` �h�\�t �]�` �k�m�`�`�h�k�o�`�_ �r�c�d�g�` �\�_�q�\�i�^�d�i�b�' �\�o �r�c�d�^�c �k�j�d�i�o
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�k�m�j�h�j�o�d�j�i �a�m�j�h�k�h�\�t �]�` �k�`�m�a�j�m�h�`�_ �]�t �\�i�j�o�c�`�m �^�j�h�k�p�o�\�o�d�j�i �r�d�o�c �\ �_�d�z�`�m�`�i�o �q�\�g�p�`

�a�j�m �o�c�` �^�\�m �j�a�k�)

�m�\� �̂`d �\�g�n�j �_�d�n�k�\�o�^�c�`�n �j�i�l�' �o�c�d�n �o�d�h�` �`�s�\�h�d�i�d�i�b �d�o�n �^�_�m�) �R�c�`�i �o�c�` �^�_�m �j�a�l �d�n

�\ �g�j�^�f�`�_ �`�i�b�d�i�`�'�m�\� �̂`d�' �]�`�d�i�b �p�i�\�]�g�` �o�j �k�m�j�^�`�`�_ �a�p�m�o�c�`�m �_�j�r�i �o�c�` �a�`�m�i�' �m�`�n�o�\�m�o�n �o�c�`

�m�\�^�` �]�t �^�\�g�g�d�i�b�m�\� �̂`a �j�i �k�) �R�c�`�i �o�c�` �^�_�m �j�a�l �^�j�i�o�\�d�i�n �\�i �p�i�g�j�^�f�`�_ �`�i�b�d�i�`�'�m�\� �̂`d

�\�_�q�\�i�^�`�n �o�c�` �`�i�b�d�i�`�i�n�o�`�k�n�o�d�^�f�n �\�n �d�i�m�\� �̂`a�' �\�i�_ �o�c�`�i �m�`�n�o�\�m�o�n �o�c�` �m�\�^�`�) �D�a �o�c�\�o

�`�i�b�d�i�` �{�i�d�n�c�`�n �r�d�o�c �\ �i�`�r �a�m�j�i�n �k�\�d�m�' �o�c�` �i�`�r �k�\�d�m �r�d�g�g �o�c�`�i �]�` �^�j�h�k�`�o�d�i�b �d�i �o�c�`

�m�\�^�` �\�i�_ �r�d�g�g �]�` �`�s�\�h�d�i�`�_ �i�`�s�o �o�d�h�` �\�m�j�p�i�_�) �R�c�`�i �o�c�` �^�_�m �j�a�l �d�n �\ �q�\�g�p�`�' �p�n�p�\�g�g�t

�\ �a�`�m�i�'�m�\� �̂`d �^�j�i�o�d�i�p�`�n �o�c�` �m�\�^�` �]�t �k�\�n�n�d�i�b �d�o �o�j�m�\� �̂`a�6 �d�a �\ �i�j�i�(�k�\�d�m �q�\�g�p�` �d�n �\�o �o�c�`

�`�i�_ �j�a �\ �a�`�m�i�' �d�o �r�d�g�g �]�` �k�d�^�f�`�_ �p�k �]�t �o�c�` �o�c�d�m�_ �^�g�\�p�n�` �d�i�m�\� �̂`a�)

� �̂\�m⊥ �\�q�j�d�_�n �n�o�\�m�q�\�o�d�j�i �]�t �m�p�i�i�d�i�b �`�\�^�c �`�i�b�d�i�` �d�i �\ �n�p�]�a�`�m�i �a�j�m �o�c�` �n�\�h�` �i�p�h�]�`�m

�j�a �o�d�^�f�n�) �?�p�m�d�i�b �\ �m�\�^�`�' �\ �n�p�]�a�`�m�i �j�a �o�c�` �a�`�m�i �d�i �l�p�`�n�o�d�j�i �d�n �d�i �\ �a�\�d�m �n�o�\�o�`�5 �a�j�m �n�j�h�`

�#�k�j�o�`�i�o�d�\�g�g�t �`�h�k�o�t�$ �k�m�`�{�s �j�a �o�c�` �n�p�]�a�`�m�i �o�c�`�m�` �\�m�` �i�j �`�i�b�d�i�`�n �d�i �o�c�` �^�_�m�n�' �n�j �`�\�^�c

�k�j�o�`�i�o�d�\�g �q�\�g�p�` �d�i �\ �a�\�d�m �n�p�]�a�`�m�i �d�n �^�j�i�n�d�_�`�m�`�_ �`�l�p�\�g�g�t�) �R�c�`�i �o�c�d�n �a�\�d�m �n�p�]�a�`�m�i �d�n �i�j�o

�o�c�` �`�i�o�d�m�` �a�`�m�i�' �o�c�` �m�\�^�` �_�`�q�j�o�`�n �o�c�` �n�\�h�` �i�p�h�]�`�m �j�a �o�d�^�f�n �o�j �g�`�i�b�o�c�`�i�d�i�b �o�c�` �a�\�d�m

�n�p�]�a�`�m�i �\�n �d�o �_�j�`�n �o�j �`�\�^�c �`�g�`�h�`�i�o �j�a �o�c�\�o �n�p�]�a�`�m�i�) �N�d�i�^�` �^�_�m �`�i�b�d�i�`�n �j�a�o�`�i �`�q�\�g�p�\�o�`

�o�j �k�\�d�m�n �l�p�d�^�f�g�t�' �o�c�` �`�i�o�d�m�` �a�`�m�i �p�n�p�\�g�g�t �]�`�^�j�h�`�n �a�\�d�m �d�i �\ �i�p�h�]�`�m �j�a �m�\�^�`�n �`�l�p�\�g �o�j

�o�c�` �g�`�i�b�o�c �j�a �o�c�` �a�`�m�i�) �R�c�`�i �^�_�m �`�i�b�d�i�`�n �_�j �i�j�o �{�i�d�n�c �l�p�d�^�f�g�t�' �c�j�r�`�q�`�m�' �o�c�` �k�m�j�^�`�n�n

�j�a �h�\�f�d�i�b �o�c�` �`�i�o�d�m�` �a�`�m�i �a�\�d�m �^�\�i �o�\�f�` �h�p�^�c �g�j�i�b�`�m�' �`�n�k�`�^�d�\�g�g�t �a�j�m �g�j�i�b �a�`�m�i�n�) �O�c�`

�^�j�n�o �j�a �{�i�_�d�i�b �o�c�` �q�\�g�p�` �j�a �\�i �`�g�`�h�`�i�o �j�^�^�p�m�m�d�i�b �i�`�\�m �o�c�` �`�i�_ �j�a �n�p�^�c �\ �a�`�m�i �^�\�i �]�`

�h�p�^�c �b�m�`�\�o�`�m �o�c�\�i �o�c�` �^�j�n�o �a�j�m �\�i �`�g�`�h�`�i�o �i�`�\�m �o�c�` �]�`�b�d�i�i�d�i�b�)
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�N�o�\�m�o�d�i�b �a�m�j�h�k�' �k�m�j�h�j�o�`�#�_�`�{�i�d�o�d�j�i �]�`�g�j�r�$ �{�i�_�n �o�c�` �{�m�n�o �k�\�d�m�m�r�c�j�n�` �^�\�m

�^�j�i�o�\�d�i�n �\ �^�j�i�q�`�m�b�`�i�o �q�\�g�p�`�' �\�i�_ �k�m�j�k�\�b�\�o�`�n �o�c�\�o �q�\�g�p�` �]�\�^�f �o�j�k�) �@�\�^�c �a�m�j�i�n �k�\�d�m

�d�i �o�c�d�n �^�c�\�d�i �#�`�s�^�g�p�_�d�i�b�m�$ �d�n �o�m�\�i�n�a�j�m�h�`�_ �d�i�o�j �\ �^�j�i�n �k�\�d�m �r�c�j�n�` �^�\�m �d�n �o�c�` �^�j�i�q�`�m�b�`�i�o

�q�\�g�p�`�) �O�c�`�n�` �i�`�r �a�m�j�i�n �k�\�d�m�n �\�m�` �^�j�i�i�`�^�o�`�_ �\�n �\ �a�`�m�i �\�i�_ �o�c�` �g�\�n�o �j�i�` �n�c�\�m�`�n�m�1�n

�^�_�m�) �R�c�`�i�k�m�j�h�j�o�`�d�n �^�\�g�g�`�_ �a�m�j�h�m�\� �̂`a�' �r�` �f�i�j�r �o�c�\�o�l�1�n �^�\�m �d�n �\ �q�\�g�p�` �]�p�o �r�`

�_�j�i�1�o �f�i�j�r �a�j�m �^�`�m�o�\�d�i �o�c�\�o �o�c�`�m�` �d�n �i�j �j�o�c�`�m �k�\�d�m�' �n�\�t�m�' �d�i �o�c�` �^�c�\�d�i �a�m�j�h�k �o�j�l�)

�O�c�p�n�' �r�` �h�p�n�o �n�`�\�m�^�c �a�m�j�h�k�r�d�o�c�j�p�o �k�m�`�`�h�k�o�d�j�i �o�j �{�i�_ �o�c�` �^�g�j�n�`�n�o �q�\�g�p�` �o�j�k�) �O�c�d�n

�n�d�o�p�\�o�d�j�i �^�\�i �\�m�d�n�` �r�c�`�i �o�c�`�m�` �\�m�` �o�r�j �^�\�g�g�n �o�j� �̂\�m⊥ �j�i �o�c�` �n�\�h�` �a�`�m�i �^�j�h�k�`�o�d�i�b�5

�#�g�`�o�#�#α �#�g�d�n�o⊥ �#! �0�$ �#! �1�$�$�$�$
�#� �̂\�m⊥ �#�g�d�n�o⊥ ⊥ �#� �̂\�m⊥ α�$⊥ �#� �̂\�m⊥ α�$⊥�$�$�$

�D�a �\ �^�\�g�g �o�j�m�\� �̂`a �{�i�_�n �o�c�` �q�\�g�p�`�2�-�+�\�i�_ �o�m�d�`�n �o�j �k�m�j�h�j�o�` �d�o�' �]�p�o �o�c�` �q�\�g�p�`�,�-�+�c�\�n

�\�g�m�`�\�_�t �]�`�`�i �k�m�j�h�j�o�`�_�' �r�` �_�j�i�1�o �r�\�i�o �o�j �^�c�\�i�b�` �o�c�` �^�\�m �j�aα�) �D�i�n�o�`�\�_�' �o�c�` �^�\�g�g �o�j

�k�m�j�h�j�o�`�r�c�`�i �2�-�+�d�n �a�j�p�i�_ �r�d�g�g �{�i�_ �o�c�`�,�-�+�{�m�n�o �\�i�_ �n�o�j�k�)

�#�_�`�{�i�`�(�n�t�i�o�\�s �g�`�ot

�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$
�#�#�Z �#�#�s ��̀$. . .�$b0 �] . . .�$ �#�#λt �#�s . . .�$b0 �] . . .�$�` . . .�$�$�$�$

�#�_�`�{�i�` �k�m�j�h�j�o�`
�#λt �#�k�$

�#�^�j�i�_
�#�#�Ga�: �k�$ �#�r�\�d�o �i�n�o�`�k�n�$ �#�k�m�j�h�j�o�` �k�$�$
�#�#�Pa�: �k�$
�#�n�`�o�(� �̂\�m���#� �̂\�m �k�$�G�$
�#�g�`�ot �#�#�o� �̀#� �̂\�m �k�$�$�$

�#�g�`�ot �#�#�m�#�k�m�j�h�j�o�`�#� �̂_�m �k�$�$�$�$
�#�m�`�k�g�\� �̂`�� �k�#� �̂\�m �m�$ �#� �̂j�i�n �o�`�#� �̂_�m �m�$�$�$
�#�n�`�o�(� �̂\�m�� �o�`�P�$
�k�$�$�$

�#�`�g�n�`�k�$�$�$�$
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�O�c��̀ �̂_�m⊥ �j�a �\ �a�`�m�i �#�_�`�{�i�d�o�d�j�i �]�`�g�j�r�$ �^�\�i�i�j�o �]�` �_�`�o�`�m�h�d�i�`�_ �p�i�o�d�g �o�c�` �a�`�m�i�1�n� �̂\�m⊥

�c�\�n �]�`�`�i �_�`�o�`�m�h�d�i�`�_�) �J�i�^�` �o�c�` �^�\�m �c�\�n �]�`�`�i �_�`�o�`�m�h�d�i�`�_�' �o�c�`�m�` �d�n �i�j �g�j�i�b�`�m �k�\�m�\�g�g�`�g

�^�j�h�k�`�o�d�o�d�j�i �]�`�o�r�`�`�i �k�j�o�`�i�o�d�\�g �^�_�m�n�) �O�c�p�n�' �r�` �^�\�i �p�n�`� �̂_�ms�' �r�c�d�^�c �o�\�f�`�n �o�c�` �^�_�m �j�a

�\ �n�o�m�`�\�h�) �O�c�`�i�' �n�d�i�^�`�k�1�n �^�\�m �c�\�n �]�`�`�i �_�`�o�`�m�h�d�i�`�_�'�k �c�\�n �o�c�`�m�`�a�j�m�` �]�`�^�j�h�` �\ �^�j�i�n

�k�\�d�m�' �n�j� �̂_�m⊥ �m�`�o�p�m�i�n �o�c�` �q�\�g�p�` �d�i�k�1�n �^�_�m�) �#� �̂\�ms�1�n �_�`�{�i�d�o�d�j�i �a�j�g�g�j�r�n �]�t �m�`�k�g�\�^�d�i�b

�\�g�g�_�n �]�t�\�n�)�^�j�i�ns �d�n �o�c�` �n�\�h�` �\�n�^�j�i�n⊥�' �\�i�_ �o�c�` �_�`�{�i�d�o�d�j�i�n �j�a �o�c�` �j�o�c�`�m �n�o�m�`�\�h

�j�k�`�m�\�o�j�m�n �a�j�g�g�j�r �o�c�` �_�`�{�i�d�o�d�j�i�n �r�d�o�c �j�k�`�m�\�o�j�m�nf⊥ �m�`�k�g�\�^�`�_ �]�tfs�)�$

�#�_�`�{�i�` � �̂_�m⊥ �#λt �#�k�$ �#� �̂\�m⊥ �k�$ �#� �̂_�ms �k�$�$�$

�#�_�`�{�i�` � �̂_�ms

�#λt �#�k�$
�#�^�j�i�_

�#�#�Gd�: �k�$ �#�r�\�d�o �i�n�o�`�k�n�$ �#� �̂_�ms �k�$�$
�#�#�Pd�: �k�$ �#� �̂j�\�sd �k�$ �#� �̂_�ms �k�$�$
�#�`�g�n�`�#� �̂_�m �k�$�$�$�$�$

�D�a �o�c�` �`�i�b�d�i�` �]�`�d�i�b �\�_�q�\�i�^�`�_ �]�t� �̂_�ms �^�j�h�k�g�`�o�`�n�'� �̂_�ms �d�i�_�d�^�\�o�`�n �o�c�\�o� �̂j�\�sd �n�c�j�p�g�_

�m�`�k�g�\�^�` �o�c�` �o�\�b�b�`�_ �`�i�b�d�i�` �d�i�k �]�t �o�c�` �^�j�h�k�p�o�`�_ �q�\�g�p�`�) �C�j�r�`�q�`�m�'�m�\� �̂`d �\�i�_ � �̂_�m⊥

�\�m�` �m�`�l�p�d�m�`�_ �i�j�o �j�i�g�t �o�j �p�k�_�\�o�` �o�c�` �a�m�j�i�n �k�\�d�m �r�d�o�c �o�c�` �^�\�g�^�p�g�\�o�`�_ �q�\�g�p�`�' �]�p�o �\�g�n�j

�o�j �p�k�_�\�o�` �o�c�` �o�\�b�b�`�_ �`�i�b�d�i�` �]�`�^�\�p�n�` �o�c�`�m�` �h�d�b�c�o �]�` �\ �a�`�m�i �j�o�c�`�m �o�c�\�i�k �n�c�\�m�d�i�b

�o�c�d�n �`�i�b�d�i�`�) �>�j�i�n�d�_�`�m �o�c�` �a�j�g�g�j�r�d�i�b �`�s�k�m�`�n�n�d�j�i �r�c�`�m�` �r�` �\�n�n�p�h�`�g�d�n�o�`�q�\�g�p�\�o�`�n �d�o�n

�\�m�b�p�h�`�i�o�n �a�m�j�h �g�`�a�o �o�j �m�d�b�c�o�)

�#�g�`�o�#�#β �#�^�j�i�n⊥ �, �#�d�i�o�n�(�a�m�j�h⊥ �-�$�$�$�$
�#�g�`�o�#�#α �#�^�j�i�n⊥ ⊥ β�$�$�$

�#�g�d�n�o�#� �̂\�m⊥ α�$ �#� �̂\�_�m⊥ β�$ �#� �̂\�_�m⊥ α�$�$�$�$

 �#�#�, �- �-�$�$
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�A�d�b�p�m�`�,�0�)�,�n�c�j�r�n �o�c�` �_�\�o�\ �n�o�m�p�^�o�p�m�`�n �d�i�q�j�g�q�`�_ �d�i �`�q�\�g�p�\�o�d�i�b �o�c�` �`�s�k�m�`�n�n�d�j�i�)

�#�\�$

α

⊥ β

�#�]�$

α

⊥

β
�,

ι2

�#�^�$

α

�,

⊥

β
�,

ι2

�#�_�$

α

�,

⊥ γ

β

�,

γ
�-

ι3

�#�`�$

α

�,

�-

⊥

β

�,

γ
�-

ι3

�A�d�b�p�m�` �,�0�)�,�5�A�`�m�iα �\�a�o�`�m �^�j�i�n�o�m�p�^�o�d�j�i �#�\�$�6 �\�a�o�`�mβ �d�i �o�c�` �^�_�m �j�aα �c�\�n �]�`�`�i �`�q�\�g�p�\�o�`�_
�#�]�$�6 �\�a�o�`�m1 �a�m�j�h �o�c�` �^�\�m �j�aβ �c�\�n �]�`�`�i �k�m�j�h�j�o�`�_ �o�j �o�c�` �^�\�m �j�aα�' �m�`�n�p�g�o�d�i�b �d�i �\
�n�c�\�m�`�_ �o�\�b�b�`�_ �`�i�b�d�i�` �#�^�$�6 �\�a�o�`�m �o�c�` �n�c�\�m�`�_ �`�i�b�d�i�` �d�n �m�p�i�' �r�c�d�g�` �`�q�\�g�p�\�o�d�i�b �#� �̂\�_�m⊥ β�$�'
�o�j �k�m�j�_�p�^�` �\ �a�`�m�iγ �#�_�$�6 �\�a�o�`�m2 �a�m�j�h �o�c�` �^�\�m �j�aγ �c�\�n �]�`�`�i �k�m�j�h�j�o�`�_ �o�j �o�c�` �^�\�_�m �j�a
α �#�`�$�)

�A�d�b�p�m�`�,�0�)�,�\ �n�c�j�r�nα �d�h�h�`�_�d�\�o�`�g�t �\�a�o�`�m �d�o �c�\�n �]�`�`�i �^�j�i�n�o�m�p�^�o�`�_�' �r�d�o�c �`�i�b�d�i�`�n �_�`�g�\�t�(

�d�i�b �`�q�\�g�p�\�o�d�j�i �j�a⊥ �\�i�_β�) �D�i �`�q�\�g�p�\�o�d�i�b �#� �̂\�m⊥ α�$�' �o�c�` �`�i�b�d�i�` �a�j�mβ �{�i�d�n�c�`�n�' �m�`�n�p�g�o�d�i�b

�d�i �A�d�b�p�m�`�,�0�)�,�]�) β �^�\�i �i�j�r �k�\�m�o�d�^�d�k�\�o�` �d�i �o�c�` �m�\�^�` �a�j�m �#� �̂\�m⊥ α�$�) �N�p�k�k�j�n�` �o�c�` �q�\�g�p�`

�, �a�j�p�i�_ �d�i �o�c�` �^�\�m �j�aβ �d�n �^�c�j�n�`�i �\�i�_ �k�m�j�h�j�o�`�_�) �O�c�` �m�`�n�p�g�o �d�n �A�d�b�p�m�`�,�0�)�,�^�' �d�i �r�c�d�^�c

�o�c�` �`�i�b�d�i�` �_�`�g�\�t�d�i�b �#�d�i�o�n�(�a�m�j�h⊥ �-�$ �d�n �n�c�\�m�`�_ �]�t �]�j�o�cβ �\�i�_ �o�c�` �^�_�m �j�aα�) �#� �̂\�_�m⊥

β�$ �a�j�m�^�`�n �^�\�g�^�p�g�\�o�d�j�i �j�a �#�d�i�o�n�(�a�m�j�h⊥ �-�$�' �r�c�d�^�c �m�`�n�p�g�o�n �d�i �\ �a�`�m�i�'γ�' �r�c�j�n�` �{�m�n�o �q�\�g�p�`

�#�d�i �o�c�d�n �`�s�\�h�k�g�`�$ �d�n�-�) �A�d�b�p�m�`�,�0�)�,�_ �i�j�r �n�c�j�r�n �r�c�t� �̂j�\�sd �p�k�_�\�o�`�n �o�c�` �^�p�m�m�`�i�o �k�\�d�m

�#β�$ �\�i�_ �^�m�`�\�o�`�n �\ �i�`�r �_�p�h�h�t �`�i�b�d�i�` �r�d�o�c �o�c�` �^�\�g�^�p�g�\�o�`�_ �q�\�g�p�` �#γ�$�5 �o�c�` �^�_�_�m �j�aα

�i�`�`�_�n �o�c�` �i�`�r �`�i�b�d�i�` �o�j �\�q�j�d�_ �m�`�^�\�g�^�p�g�\�o�d�j�i �j�a �#�d�i�o�n�(�a�m�j�h⊥ �-�$�) �D�i �A�d�b�p�m�`�,�0�)�,�` �r�c�`�i
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�#� �̂\�_�m⊥ α�$ �d�n �`�q�\�g�p�\�o�`�_�' �o�c�` �q�\�g�p�`�-�' �^�\�g�^�p�g�\�o�`�_ �\�g�m�`�\�_�t �]�t �#� �̂\�_�m⊥ β�$�' �d�n �k�m�j�h�j�o�`�_

�\�i�_ �o�c�` �`�i�b�d�i�` �_�`�g�\�t�d�i�b �#�d�i�o�n�(�a�m�j�h⊥ �.�$ �d�n �n�c�\�m�`�_ �]�t �]�j�o�cα �\�i�_β�)



�K�\�m�o �Q�D

�>�j�i�o�`�s�o �\�i�_ �>�j�i�^�g�p�n�d�j�i�n

�-�,�,



�>�c�\�k�o�`�m �,�1

�M�`�g�\�o�`�_ �R�j�m�f

�O�c�d�n �^�c�\�k�o�`�m �_�`�n�^�m�d�]�`�n �n�j�h�` �j�a �o�c�` �r�j�m�f �]�t �j�o�c�`�m �m�`�n�`�\�m�^�c�`�m�n �o�c�\�o �d�n �m�`�g�\�o�`�_ �o�j �o�c�`

�m�`�n�`�\�m�^�c �k�m�`�n�`�i�o�`�_ �d�i �o�c�d�n �_�d�n�n�`�m�o�\�o�d�j�i�)

�G�g�j�t�_�#�,�4�3�2�$ �d�n �o�c�` �n�o�\�i�_�\�m�_ �r�j�m�f �j�i �o�c�` �o�c�`�j�m�`�o�d�^�\�g �a�j�p�i�_�\�o�d�j�i�n �j�a �g�j�b�d�^ �k�m�j�(

�b�m�\�h�h�d�i�b�6�?�j�`�o�n�#�,�4�4�/�$ �c�\�n �r�m�d�o�o�`�i �\ �h�j�m�` �m�`�^�`�i�o �d�i�o�m�j�_�p�^�o�d�j�i �o�j �o�c�` �o�c�`�j�m�t �j�a

�g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b�)

�O�c�` �h�j�n�o �k�j�k�p�g�\�m �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b �g�\�i�b�p�\�b�` �d�n �K�m�j�g�j�b �#�D�i�o�g�) �J�m�b�\�i�d�u�\�o�d�j�i �a�j�m

�N�o�\�i�_�\�m�_�d�u�\�o�d�j�i�,�4�4�0�' �-�+�+�+�$�)�>�g�j�^�f�n�d�i �\�i�_ �H�`�g�g�d�n�c�#�-�+�+�.�$ �c�\�q�` �r�m�d�o�o�`�i �j�i�` �j�a �o�c�`

�h�j�n�o �k�j�k�p�g�\�m �d�i�o�m�j�_�p�^�o�d�j�i�n �o�j �o�c�` �g�\�i�b�p�\�b�`�) �K�m�j�g�j�b �r�\�n �_�`�n�d�b�i�`�_ �]�t �>�j�g�h�`�m�\�p�`�m

�#�>�j�g�h�`�m�\�p�`�m�,�4�3�0�' �,�4�4�+�$�6�>�j�g�h�`�m�\�p�`�m �\�i�_ �M�j�p�n�n�`�g�#�,�4�4�1�$ �_�`�n�^�m�d�]�` �o�c�` �`�\�m�g�t �c�d�n�o�j�m�t

�j�a �K�m�j�g�j�b�)

�H�j�n�o �h�j�_�`�m�i �d�h�k�g�`�h�`�i�o�\�o�d�j�i�n �j�a �K�m�j�g�j�b �\�m�` �]�\�n�`�_ �j�i �o�c�` �R�\�m�m�`�i �<�]�n�o�m�\�^�o

�H�\�^�c�d�i�` �#�R�<�H�$ �#�R�\�m�m�`�i�,�4�3�.�$�6�<�Í�o�(�F�\�^�d�#�,�4�4�,�$ �k�m�`�n�`�i�o�n �\ �o�p�o�j�m�d�\�g �m�`�^�j�i�n�o�m�p�^�o�d�j�i

�j�a �o�c�` �R�<�H�)�Q�\�i �M�j�t�#�,�4�4�/�$ �_�`�n�^�m�d�]�`�n �d�i �_�`�o�\�d�g �o�c�` �{�m�n�o �_�`�^�\�_�` �j�a �n�`�l�p�`�i�o�d�\�g �K�m�j�g�j�b

�d�h�k�g�`�h�`�i�o�\�o�d�j�i �o�`�^�c�i�d�l�p�`�n �\�a�o�`�m �o�c�` �d�i�q�`�i�o�d�j�i �j�a �o�c�` �R�<�H�)

�-�,�-
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�<�k�o�c�\�n �\�_�q�j�^�\�o�`�_ �p�n�d�i�b �K�m�j�g�j�b �a�j�m �_�`�^�g�\�m�\�o�d�q�` �k�m�j�b�m�\�h�h�d�i�b �#�,�4�4�.�$�6 �p�i�a�j�m�o�p�(

�i�\�o�`�g�t�' �K�m�j�g�j�b�1�n �_�`�n�d�b�i �\�i�_ �d�h�k�g�`�h�`�i�o�\�o�d�j�i �`�i�^�j�p�m�\�b�`�n �o�c�` �p�n�` �j�a �^�p�o �\�i�_ �j�o�c�`�m

�i�j�i�(�g�j�b�d�^�\�g �a�`�\�o�p�m�`�n�) �A�j�m �`�s�\�h�k�g�`�'�I�\�d�n�c�#�,�4�4�0�$ �\�m�b�p�`�n �o�c�\�o �K�m�j�g�j�b �k�m�j�b�m�\�h�h�d�i�b

�r�d�o�c�j�p�o �^�p�o �d�n �d�h�k�m�\�^�o�d�^�\�g�)

�O�c�`�m�` �d�n �\ �g�j�i�b �o�m�\�_�d�o�d�j�i �j�a �`�h�]�`�_�_�d�i�b �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b �j�k�`�m�\�o�j�m�n �d�i �N�^�c�`�h�`

�#�M�p�a �\�i�_ �R�`�d�n�`�,�4�4�+�6�N�d�o�\�m�\�h�,�4�4�.�6�A�`�g�g�`�d�n�`�i�,�4�3�0�6�<�]�`�g�n�j�i �\�i�_ �N�p�n�n�h�\�i�,�4�4�1�6

�=�j�i�u�j�i �,�4�4�+�6�C�\�t�i�`�n�,�4�3�2�$�) �H�j�n�o �j�a �o�c�d�n �r�j�m�f �r�\�n �_�j�i�` �_�p�m�d�i�b �o�c�` �h�d�_�(�,�4�3�+�1�n �o�j

�`�\�m�g�t�(�,�4�4�+�1�n�' �\�i�_ �h�j�n�o �j�a �o�c�`�n�` �`�h�]�`�_�_�d�i�b�n �^�\�i �]�` �n�`�`�i �\�n �\�o�o�`�h�k�o�n �o�j �^�j�h�]�d�i�`

�K�m�j�g�j�b�1�n �p�i�d�{�^�\�o�d�j�i �\�i�_ �]�\�^�f�o�m�\�^�f�d�i�b �n�`�\�m�^�c �r�d�o�c �N�^�c�`�h�`�1�n �g�`�s�d�^�\�g �n�^�j�k�` �\�i�_ �{�m�n�o�(

�^�g�\�n�n �a�p�i�^�o�d�j�i�n�) �N�d�h�d�g�\�m�g�t�' �o�c�`�m�` �c�\�q�` �]�`�`�i �\�o�o�`�h�k�o�n �o�j �`�h�]�`�_ �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b �d�i

�j�o�c�`�m �a�p�i�^�o�d�j�i�\�g �g�\�i�b�p�\�b�`�n�' �n�p�^�c �\�n �G�d�n�k �#�M�j�]�d�i�n�j�i �\�i�_ �N�d�]�`�m�o�,�4�3�-�6�>�\�o�o�\�i�`�j �\�i�_

�G�j�d�\�,�4�3�3�6�I�\�t�\�f �,�4�3�4�6�F�j�h�j�m�j�r�n�f�d�,�4�2�4�6�F�\�c�i �\�i�_ �>�\�m�g�n�n�j�i�,�4�3�/�$ �\�i�_ �C�\�n�f�`�g�g

�#�N�k�d�q�`�t �\�i�_ �N�`�m�`�n�,�4�4�4�6�N�`�m�`�n �\�i�_ �N�k�d�q�`�t�-�+�+�+�6�N�k�d�q�`�t �\�i�_ �N�`�m�`�n�-�+�+�.�6�>�g�\�`�n�n�`�i

�\�i�_ �G�e�p�i�b�g�Ô�a�-�+�+�+�6�O�j�_�j�m�\�i �\�i�_ �K�\�k�\�n�k�t�m�j�p�-�+�+�+�$�) �C�j�r�`�q�`�m�' �o�c�` �`�s�o�`�i�o �o�j �r�c�d�^�c

�o�c�`�n�` �g�\�i�b�p�\�b�`�n �o�m�p�g�t �d�i�o�`�b�m�\�o�` �a�p�i�^�o�d�j�i�\�g �k�m�j�b�m�\�h�h�d�i�b �\�i�_ �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b �d�n

�_�`�]�\�o�\�]�g�`�6 �\�n �r�d�o�c �h�d�i�d�F�\�i�m�`�i�' �o�c�`�n�` �`�h�]�`�_�_�d�i�b�n �\�m�` �i�j�o �a�p�i�^�o�d�j�i�\�g �g�j�b�d�^ �k�m�j�b�m�\�h�(

�h�d�i�b �g�\�i�b�p�\�b�`�n �d�i �o�c�` �h�j�_�`�m�i �n�`�i�n�`�6 �o�c�`�t �_�j �i�j�o �k�m�j�q�d�_�` �c�d�b�c�`�m�(�j�m�_�`�m �p�i�d�{�^�\�o�d�j�i �j�m

�c�d�b�c�`�m�(�j�m�_�`�m �k�\�o�o�`�m�i �h�\�o�^�c�d�i�b�' �\�n �d�iλ�K�m�j�g�j�b �#�I�\�_�\�o�c�p�m �\�i�_ �H�d�g�g�`�m�,�4�3�3�6�I�\�_�\�o�c�p�m

�-�+�+�,�$�' �i�j�m �_�j �o�c�`�t �p�n�` �i�\�m�m�j�r�d�i�b �j�m �m�`�n�d�_�p�\�o�d�j�i�)

�O�r�j �h�j�_�`�m�i �g�\�i�b�p�\�b�`�n �o�c�\�o �^�j�h�]�d�i�` �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b �r�d�o�c �a�p�i�^�o�d�j�i�\�g �k�m�j�(

�b�m�\�h�h�d�i�b �\�m�` �H�`�m�^�p�m�t �#�N�j�h�j�b�t�d �`�o �\�g�)�,�4�4�0�$ �\�i�_ �>�p�m�m�t �#�C�\�i�p�n �`�o �\�g�)�,�4�4�0�$�) �O�c�`

�n�t�i�o�\�s �\�i�_ �o�t�k�` �n�t�n�o�`�h�n �j�a �]�j�o�c �g�\�i�b�p�\�b�`�n �\�m�` �d�i�n�k�d�m�`�_ �]�t �C�\�n�f�`�g�g�)
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�O�c�` �H�`�m�^�p�m�t �^�j�h�k�d�g�`�m �p�n�`�n �k�m�j�b�m�\�h�h�`�m�(�n�p�k�k�g�d�`�_ �o�t�k�`�' �h�j�_�`�' �\�i�_ �_�`�o�`�m�h�d�i�d�n�h

�\�i�i�j�o�\�o�d�j�i�n �o�j �^�j�h�k�d�g�` �`�\�^�c �b�j�\�g �d�i�o�j �h�p�g�o�d�k�g�` �a�p�i�^�o�d�j�i�n�) �o�c�d�n �m�`�n�p�g�o�n �d�i �q�`�m�t �`�z�d�^�d�`�i�o

�^�j�_�`�' �r�c�d�^�c �d�n �`�n�n�`�i�o�d�\�g �o�j �o�c�` �H�`�m�^�p�m�t �o�`�\�h�1�n �j�]�e�`�^�o�d�q�` �j�a �a�\�^�d�g�d�o�\�o�d�i�b �_�`�^�g�\�m�\�o�d�q�`

�k�m�j�b�m�\�h�h�d�i�b �3�d�i�(�o�c�`�(�g�\�m�b�`�4�) �P�i�a�j�m�o�p�i�\�o�`�g�t�' �o�c�d�n �`�h�k�c�\�n�d�n �j�i �o�c�` �`�z�d�^�d�`�i�^�t �^�j�h�`�n �\�o

�o�c�` �`�s�k�`�i�n�` �j�a �m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�h�d�i�b�.�a�j�m�^�d�i�b�' �j�m �`�q�`�i �k�`�m�h�d�o�o�d�i�b�' �\ �k�m�j�b�m�\�h�h�`�m

�o�j �`�s�k�g�d�^�d�o�g�t �n�k�`�^�d�a�t �\�i �\�m�b�p�h�`�i�o�1�n �h�j�_�` �\�n �3�d�i�k�p�o�4 �j�m �3�j�p�o�k�p�o�4 �d�n �o�c�` �\�i�o�d�o�c�`�n�d�n �j�a

�m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�h�d�i�b�)

�O�c�` �>�p�m�m�t �g�\�i�b�p�\�b�` �o�\�f�`�n �\ �_�d�z�`�m�`�i�o �\�k�k�m�j�\�^�c�' �d�i�o�`�b�m�\�o�d�i�b �a�p�i�^�o�d�j�i�\�g �\�i�_ �g�j�b�d�^

�k�m�j�b�m�\�h�h�d�i�b �o�c�m�j�p�b�c �o�c�` �n�d�i�b�g�` �d�h�k�g�`�h�`�i�o�\�o�d�j�i �n�o�m�\�o�`�b�t �j�a �i�\�m�m�j�r�d�i�b �#�<�i�o�j�t �`�o �\�g�)

�-�+�+�,�$�6 �o�c�\�o �d�n�' �g�\�u�t �o�`�m�h �m�`�r�m�d�o�d�i�b�' �r�d�o�c �o�c�` �\�]�d�g�d�o�t �o�j �d�i�n�o�\�i�o�d�\�o�` �g�j�b�d�^ �q�\�m�d�\�]�g�`�n�)

�>�p�m�m�t �\�g�n�j �n�p�k�k�j�m�o�n �m�`�n�d�_�p�\�o�d�j�i�' �r�c�d�^�c �\�g�g�j�r�n �\ �b�j�\�g �o�j �n�p�n�k�`�i�_ �d�a �d�o�n �\�m�b�p�h�`�i�o�n

�\�m�` �i�j�o �n�p�z�d�^�d�`�i�o�g�t �d�i�n�o�\�i�o�d�\�o�`�_�) �A�j�m �`�s�\�h�k�g�`�' �\ �b�j�\�g �o�c�\�o �k�`�m�a�j�m�h�n �\�_�_�d�o�d�j�i �h�d�b�c�o

�n�p�n�k�`�i�_ �d�a �d�o�n �{�m�n�o �o�r�j �\�m�b�p�h�`�i�o�n �\�m�` �i�j�o �b�m�j�p�i�_�) �R�c�d�g�` �m�`�n�d�_�p�\�o�d�j�i �d�n �\ �p�n�`�a�p�g

�g�\�i�b�p�\�b�` �a�`�\�o�p�m�`�' �d�o �d�i�c�d�]�d�o�n �m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�h�d�i�b �n�d�i�^�` �o�c�` �k�m�j�b�m�\�h �r�d�g�g �_�d�q�`�m�b�`

�d�a �o�c�` �\�m�b�p�h�`�i�o�n �i�`�q�`�m �]�`�^�j�h�` �d�i�n�o�\�i�o�d�\�o�`�_�)

�h�d�i�d�F�\�i�m�`�i �d�n �o�c�` �_�`�n�^�`�i�_�\�i�o �j�a �F�\�i�m�`�i �#�A�m�d�`�_�h�\�i �\�i�_ �F�d�n�`�g�t�j�q�-�+�+�0�$�' �\�i�j�o�c�`�m

�`�h�]�`�_�_�d�i�b �j�a �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b �d�i �N�^�c�`�h�`�) �F�\�i�m�`�i �d�n �^�g�j�n�`�m �d�i �n�k�d�m�d�o �o�j �K�m�j�g�j�b

�o�c�\�i �d�n �h�d�i�d�F�\�i�m�`�i�) �K�c�d�g�j�n�j�k�c�d�^�\�g�g�t�' �F�\�i�m�`�i �r�\�n �_�`�n�d�b�i�`�_ �a�j�m �`�z�d�^�d�`�i�^�t �m�\�o�c�`�m

�o�c�\�i �a�j�m �m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�h�d�i�b�) �F�\�i�m�`�i �n�p�k�k�j�m�o�n �i�`�d�o�c�`�m �i�j�h�d�i�\�g �g�j�b�d�^�' �_�d�n�`�l�p�\�g�(

�d�o�t �^�j�i�n�o�m�\�d�i�o�n�' �i�j�m �o�\�]�g�d�i�b�) �F�\�i�m�`�i �\�g�g�j�r�n �k�m�j�b�m�\�h�h�`�m�n �o�j �`�\�n�d�g�t �`�s�o�`�i�_ �`�s�d�n�o�d�i�b

�m�`�g�\�o�d�j�i�n�,�)
�, �O�c�d�n �^�\�i �]�` �_�j�i�` �d�i �h�d�i�d�F�\�i�m�`�i �\�n �r�`�g�g�' �o�c�m�j�p�b�c �o�c�` �o�`�^�c�i�d�l�p�` �j�a �a�p�i�^�o�d�j�i �`�s�o�`�i�n�d�j�i�) �C�j�r�`�q�`�m�'

�F�\�i�m�`�i �k�m�j�q�d�_�`�n �\�i �`�s�k�g�d�^�d�o �a�j�m�h �a�j�m �`�s�o�`�i�_�d�i�b �\ �m�`�g�\�o�d�j�i�)
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�N�j�f�p�u�\ �F�\�i�m�`�i �d�n �\ �h�d�i�d�h�\�g �`�h�]�`�_�_�d�i�b �j�a �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b �d�i �N�^�c�`�h�`�6 �d�o �d�n

�`�n�n�`�i�o�d�\�g�g�t �\ �n�o�m�d�k�k�`�_ �_�j�r�i �q�`�m�n�d�j�i �j�a �o�c�` �^�j�m�` �h�d�i�d�F�\�i�m�`�i �d�h�k�g�`�h�`�i�o�\�o�d�j�i �a�m�j�h

�>�c�\�k�o�`�m�.�-�)

�,�1�)�, �K�p�m�`�g�t �M�`�g�\�o�d�j�i�\�g �<�m�d�o�c�h�`�o�d�^

�>�c�\�k�o�`�m�1�k�m�`�n�`�i�o�n �\ �k�p�m�`�g�t �m�`�g�\�o�d�j�i�\�g �]�d�i�\�m�t �\�m�d�o�c�h�`�o�d�^ �n�t�n�o�`�h�)

�R�` �{�m�n�o �k�m�`�n�`�i�o�`�_ �\�m�d�o�c�h�`�o�d�^ �k�m�`�_�d�^�\�o�`�n �j�q�`�m �]�d�i�\�m�t �i�\�o�p�m�\�g �i�p�h�]�`�m�n �#�d�i�^�g�p�_�d�i�b

�_�d�q�d�n�d�j�i �\�i�_ �g�j�b�\�m�d�o�c�h�$ �d�i �\ �]�j�j�f �#�A�m�d�`�_�h�\�i �`�o �\�g�)�-�+�+�0�$�) �O�c�\�o �k�m�`�n�`�i�o�\�o�d�j�i �c�\�_ �i�j

�_�`�o�\�d�g�`�_ �`�s�k�g�\�i�\�o�d�j�i�n�' �k�m�j�j�a�n�' �j�m �a�j�m�h�\�g �\�i�\�g�t�n�d�n�6 �o�c�d�n �r�\�n �o�c�` �a�j�^�p�n �j�a �\ �g�\�o�`�m �k�\�k�`�m

�#�F�d�n�`�g�t�j�q �`�o �\�g�)�-�+�+�3�$ �o�c�\�o �k�m�`�n�`�i�o�`�_ �o�c�` �\�m�d�o�c�h�`�o�d�^ �m�`�g�\�o�d�j�i�n �d�i �K�m�j�g�j�b �m�\�o�c�`�m �o�c�\�i

�h�d�i�d�F�\�i�m�`�i�) �< �g�`�i�b�o�c�d�`�m�' �p�i�k�p�]�g�d�n�c�`�_ �q�`�m�n�d�j�i �j�a �o�c�d�n �k�\�k�`�m�. �d�i�^�g�p�_�`�n �\�k�k�`�i�_�d�^�`�n

�^�j�i�o�\�d�i�d�i�b �\�_�_�d�o�d�j�i�\�g �k�m�j�j�a�n�)

�=�m�\�½�`�g�' �A�d�n�^�c�`�m�' �\�i�_ �C�p�^�c�1�n �k�\�k�`�m �#�-�+�+�2�$ �\�k�k�`�\�m�n �o�j �]�` �o�c�` �j�i�g�t �k�m�`�q�d�j�p�n �_�`�(

�n�^�m�d�k�o�d�j�i �j�a �_�`�^�g�\�m�\�o�d�q�` �\�m�d�o�c�h�`�o�d�^�) �D�o �d�n �\ �k�m�\�^�o�d�^�\�g �k�\�k�`�m�' �]�\�n�`�_ �j�i �o�c�` �a�p�i�^�o�d�j�i�\�g

�g�j�b�d�^ �g�\�i�b�p�\�b�` �>�p�m�m�t�) �D�o �\�m�b�p�`�n �a�j�m �_�`�^�g�\�m�d�i�b �i�p�h�]�`�m�n �\�i�_ �o�c�`�d�m �j�k�`�m�\�o�d�j�i�n �d�i �o�c�`

�g�\�i�b�p�\�b�` �d�o�n�`�g�a�' �m�\�o�c�`�m �o�c�\�i �p�n�d�i�b �`�s�o�`�m�i�\�g �i�p�h�`�m�d�^ �_�\�o�\ �o�t�k�`�n �\�i�_ �j�k�`�m�\�o�d�j�i�n�) �D�o

�\�g�n�j �p�n�`�n �\ �g�d�o�o�g�`�(�`�i�_�d�\�i �]�d�i�\�m�t �`�i�^�j�_�d�i�b �j�a �k�j�n�d�o�d�q�` �d�i�o�`�b�`�m�n �#�g�\�o�`�m �`�s�o�`�i�_�`�_ �o�j �n�d�b�i�`�_

�d�i�o�`�b�`�m�n�$�)

�R�c�`�m�`�\�n �j�p�m �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �\�m�d�o�c�h�`�o�d�^ �p�n�`�n �\ �k�p�m�` �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b �g�\�i�(

�b�p�\�b�`�' �=�m�\�½�`�g�' �A�d�n�^�c�`�m�' �\�i�_ �C�p�^�c �p�n�` �\ �i�j�i�(�n�o�m�d�^�o �a�p�i�^�o�d�j�i�\�g�(�g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b

�g�\�i�b�p�\�b�`�) �O�c�`�m�`�a�j�m�`�' �j�p�m �d�h�k�g�`�h�`�i�o�\�o�d�j�i�n �p�n�` �r�d�g�_�g�t �_�d�z�`�m�`�i�o �n�o�m�\�o�`�b�d�`�n �\�i�_ �\�m�`

�i�j�o �_�d�m�`�^�o�g�t �^�j�h�k�\�m�\�]�g�`�) �<�g�n�j�' �r�` �d�h�k�g�`�h�`�i�o �o�c�` �g�j�b�\�m�d�o�c�h �m�`�g�\�o�d�j�i�)

�-�A�j�m �`�s�\�h�k�g�`�' �N�j�f�p�u�\ �F�\�i�m�`�i �_�j�`�n �i�j�o �d�i�^�g�p�_�` �\ �m�`�d�{�`�m�)
�. �c�o�o�k�5�*�*�j�f�h�d�e�)�j�m�b�*�a�o�k�*�K�m�j�g�j�b�*�<�m�d�o�c�h�*�\�m�d�o�c�h�)�k�_�a
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�=�m�\�½�`�g�' �A�d�n�^�c�`�m�' �\�i�_ �C�p�^�c �g�`�\�q�` �d�o �o�j �a�p�o�p�m�` �r�j�m�f �o�j �k�m�j�q�` �o�`�m�h�d�i�\�o�d�j�i �j�a �o�c�`�d�m

�k�m�`�_�d�^�\�o�`�n�) �D�i �^�j�i�o�m�\�n�o�' �r�` �c�\�q�` �a�j�m�h�p�g�\�o�`�_ �\�i�_ �k�m�j�q�`�_ �_�`�^�d�_�\�]�d�g�d�o�t �j�a �j�p�m �k�m�`�_�d�^�\�o�`�n

�p�i�_�`�m �d�i�o�`�m�g�`�\�q�d�i�b �n�`�\�m�^�c �#�\�n �p�n�`�_ �d�i �h�d�i�d�F�\�i�m�`�i�$ �\�i�_ �_�`�k�o�c�(�{�m�n�o �n�`�\�m�^�c �#�p�n�`�_ �d�i

�K�m�j�g�j�b�$�)

�J�p�m �\�k�k�m�j�\�^�c �d�n �h�d�i�d�h�\�g�d�n�o �\�i�_ �k�p�m�`�6 �o�c�`�m�`�a�j�m�`�' �d�o�n �h�`�o�c�j�_�j�g�j�b�t �^�\�i �]�` �p�n�`�_ �d�i

�j�o�c�`�m �g�j�b�d�^ �n�t�n�o�`�h�n�.�n�k�`�^�d�{�^�\�g�g�t�' �C�\�n�f�`�g�g�1�n �o�t�k�` �^�g�\�n�n�`�n�) �C�\�g�g�b�m�`�i �#�-�+�+�,�$ �{�m�n�o �d�h�k�g�`�(

�h�`�i�o�`�_ �#�p�i�\�m�t�$ �\�m�d�o�c�h�`�o�d�^ �d�i �n�p�^�c �\ �n�t�n�o�`�h�' �]�p�o �r�d�o�c �m�`�n�o�m�d�^�o�`�_ �h�j�_�`�n�) �F�d�n�`�g�t�j�q

�#�-�+�+�0�' �†�1�$ �o�m�`�\�o�n �_�`�^�d�h�\�g �\�_�_�d�o�d�j�i �h�j�m�` �m�`�g�\�o�d�j�i�\�g�g�t�) �F�d�n�`�g�t�j�q �\�i�_ �N�c�\�i �#�-�+�+�2�$ �{�m�n�o

�_�`�h�j�i�n�o�m�\�o�`�_ �\�g�g�(�h�j�_�` �\�m�d�o�c�h�`�o�d�^ �m�`�g�\�o�d�j�i�n �a�j�m �\�m�]�d�o�m�\�m�t �]�d�i�\�m�t �i�p�h�`�m�\�g�n�' �o�j �m�`�k�m�`�(

�n�`�i�o �i�p�h�`�m�d�^�\�g �`�l�p�\�g�d�o�t �\�i�_ �d�i�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n �d�i �o�c�` �o�t�k�` �n�t�n�o�`�h�) �O�c�`�d�m �o�t�k�`�(

�g�`�q�`�g �_�`�^�g�\�m�\�o�d�q�` �\�m�d�o�c�h�`�o�d�^ �g�d�]�m�\�m�t �`�i�\�]�g�`�n �m�`�n�j�p�m�^�`�(�\�r�\�m�` �k�m�j�b�m�\�h�h�d�i�b �d�i �C�\�n�f�`�g�g

�r�d�o�c �`�s�k�m�`�n�n�d�q�` �n�o�\�o�d�^ �b�p�\�m�\�i�o�`�`�n�)

�,�1�)�- α�F�\�i�m�`�i

α�F�\�i�m�`�i�' �k�m�`�n�`�i�o�`�_ �d�i �>�c�\�k�o�`�m�n�4�\�i�_�,�,�' �d�n �\ �i�j�h�d�i�\�g �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b �g�\�i�b�p�\�b�`�6

�d�o �r�\�n �]�\�n�`�_ �j�i �]�j�o�c �h�d�i�d�F�\�i�m�`�i �\�i�_α�K�m�j�g�j�b �#�>�c�`�i�`�t�-�+�+�/�\�6�>�c�`�i�`�t �\�i�_ �P�m�]�\�i

�-�+�+�/�$�)

�@�\�m�g�t �q�`�m�n�d�j�i�n �j�aα�K�m�j�g�j�b �d�h�k�g�`�h�`�i�o�`�_ �`�l�p�d�q�\�m�d�\�i�o �p�i�d�{�^�\�o�d�j�i �#�>�c�`�i�`�t�-�+�+�0�$�'

�r�c�d�^�c �\�g�g�j�r�n �o�c�` �k�`�m�h�p�o�\�o�d�j�i�n �\�n�n�j�^�d�\�o�`�_ �r�d�o�c �n�p�n�k�`�i�n�d�j�i�n �o�j �^�j�i�o�\�d�i �g�j�b�d�^ �q�\�m�d�(

�\�]�g�`�n�) �O�c�` �`�s�k�`�i�n�` �j�a �`�l�p�d�q�\�m�d�\�i�o �p�i�d�{�^�\�o�d�j�i �#�>�c�`�i�`�t�-�+�+�/�]�$ �g�`�_�P�m�]�\�i �\�i�_ �>�c�(

�`�i�`�t �o�j �m�`�k�g�\�^�` �a�p�g�g �`�l�p�d�q�\�m�d�\�i�o �p�i�d�{�^�\�o�d�j�i �r�d�o�c �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i �#�P�m�]�\�i �\�i�_

�>�c�`�i�`�t�-�+�+�0�$�)�>�c�`�i�`�t�1�n �_�d�n�n�`�m�o�\�o�d�j�i �k�m�`�n�`�i�o�n �i�p�h�`�m�j�p�n �`�s�\�h�k�g�`�n �j�a �i�j�h�d�i�\�g �g�j�b�d�^

�k�m�j�b�m�\�h�h�d�i�b �d�iα�K�m�j�g�j�b �#�>�c�`�i�`�t�-�+�+�/�\�$�)
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�H�G�N�J�N �#�G�\�f�d�i �\�i�_ �K�d�o�o�n�-�+�+�3�$ �d�n �\�i�j�o�c�`�m �i�j�h�d�i�\�g �g�j�b�d�^ �g�\�i�b�p�\�b�`�' �_�`�n�d�b�i�`�_ �a�j�m

�`�\�n�d�g�t �`�s�k�m�`�n�n�d�i�b �o�c�` �m�p�g�`�n �\�i�_ �n�d�_�`�(�^�j�i�_�d�o�d�j�i�n �j�a �N�o�m�p�^�o�p�m�`�_ �J�k�`�m�\�o�d�j�i�\�g �N�`�h�\�i�o�d�^�n

�#�K�g�j�o�f�d�i�-�+�+�/�$�) �H�G�N�J�N �p�n�`�n �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i�' �\�i�_ �d�i�o�m�j�_�p�^�`�n�i�\�h�` � �̂j�i�n�o�m�\�d�i�o�n�'

�r�c�d�^�c �\�m�` �`�n�n�`�i�o�d�\�g�g�t �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n �m�`�n�o�m�d�^�o�`�_ �o�j �i�j�h�n �#�j�m �o�j �n�p�n�k�`�i�n�d�j�i�n

�o�c�\�o �r�d�g�g �]�`�^�j�h�` �i�j�h�n�$�)

�I�j�h�d�i�\�g �g�j�b�d�^ �r�\�n �d�i�o�m�j�_�p�^�`�_ �]�t�K�d�o�o�n�#�-�+�+�.�$�) �I�j�h�d�i�\�g �a�p�i�^�o�d�j�i�\�g �g�\�i�b�p�\�b�`�n

�d�i�^�g�p�_�` �A�m�`�n�c�H�G �#�N�c�d�i�r�`�g�g �`�o �\�g�)�-�+�+�.�$�' �A�m�`�n�c �J�1�>�\�h�g �#�N�c�d�i�r�`�g�g�-�+�+�1�$�' �\�i�_ �>α�h�g

�#�K�j�o�o�d�`�m�-�+�+�1�$�)

�O�c�` �{�m�n�o �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i �\�g�b�j�m�d�o�c�h �r�\�n �k�m�`�n�`�i�o�`�_ �\�i�_ �k�m�j�q�`�_ �^�j�m�m�`�^�o �]�t

�P�m�]�\�i �`�o �\�g�)�#�-�+�+�/�$�6 �o�c�` �\�g�b�j�m�d�o�c�h �r�\�n �_�`�n�^�m�d�]�`�_ �p�n�d�i�b �d�_�`�h�k�j�o�`�i�o �n�p�]�n�o�d�o�p�o�d�j�i�n�)

�< �i�\�d�q�` �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �o�c�`�P�m�]�\�i �`�o �\�g�)�\�g�b�j�m�d�o�c�h �c�\�n �`�s�k�j�i�`�i�o�d�\�g �o�d�h�`

�^�j�h�k�g�`�s�d�o�t�6 �c�j�r�`�q�`�m�' �]�t �m�`�k�m�`�n�`�i�o�d�i�b �i�j�h�d�i�\�g �o�`�m�h�n �\�n �b�m�\�k�c�n�' �\�i�_ �]�t �g�\�u�d�g�t �k�p�n�c�d�i�b

�d�i �n�r�\�k�n�' �d�o �d�n �k�j�n�n�d�]�g�` �o�j �d�h�k�g�`�h�`�i�o �\ �k�j�g�t�i�j�h�d�\�g�(�o�d�h�` �q�`�m�n�d�j�i �j�a �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i

�#�>�\�g�q�Æ�n �\�i�_ �A�`�m�i�¿�i�_�`�u�-�+�+�3�6�>�\�g�q�Æ�n �\�i�_ �A�`�m�i�¿�i�_�`�u�-�+�+�2�$�)

�H�j�m�` �m�`�^�`�i�o�g�t�'�?�j�r�`�f �`�o �\�g�)�#�-�+�+�4�$ �k�m�`�n�`�i�o�`�_ �\ �q�\�m�d�\�i�o �j�a �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i �p�n�(

�d�i�b �3�k�`�m�h�d�n�n�d�q�`�4 �i�j�h�d�i�\�g �o�`�m�h�n�' �r�c�d�^�c �_�j �i�j�o �m�`�l�p�d�m�` �`�s�k�g�d�^�d�o �a�m�`�n�c�i�`�n�n �^�j�i�n�o�m�\�d�i�o�n�)

�O�j �j�p�m �f�i�j�r�g�`�_�b�`�' �o�c�`�m�` �\�m�` �i�j �k�m�j�b�m�\�h�h�d�i�b �g�\�i�b�p�\�b�`�n �o�c�\�o �^�p�m�m�`�i�o�g�t �n�p�k�k�j�m�o �k�`�m�(

�h�d�n�n�d�q�` �i�j�h�d�i�\�g �o�`�m�h�n�)

�,�1�)�. α�g�`�\�iTAP

�O�c�ὰ�g�`�\�iTAP �m�`�g�\�o�d�j�i�\�g �o�c�`�j�m�`�h �k�m�j�q�`�m �k�m�`�n�`�i�o�`�_ �d�i �>�c�\�k�o�`�m�,�+�d�n �]�\�n�`�_ �j�i�g�`�\�iTAP�'

�\ �g�`�\�i �o�\�]�g�`�\�p�(�]�\�n�`�_ �k�m�j�q�`�m �a�j�m �{�m�n�o�(�j�m�_�`�m �g�j�b�d�^ �_�p�` �o�j�=�`�^�f�`�m�o �\�i�_ �K�j�n�`�b�b�\�#�,�4�4�0�$�)
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�O�c�m�j�p�b�c �c�d�n �d�i�o�`�b�m�\�o�d�j�i �j�a�g�`�\�iTAP �r�d�o�c �o�c�` �D�n�\�]�`�g�g�` �o�c�`�j�m�`�h �k�m�j�q�`�m�'�K�\�p�g�n�j�i

�#�,�4�4�4�$ �n�c�j�r�n �o�c�\�o �d�o �d�n �k�j�n�n�d�]�g�` �o�j �h�j�_�d�a�t�g�`�\�iTAP �o�j �k�m�j�_�p�^�` �\ �g�d�n�o �j�a �D�n�\�]�`�g�g�` �o�\�^�o�d�^�n

�m�`�k�m�`�n�`�i�o�d�i�b �\ �k�m�j�j�a�) �O�c�d�n �\�k�k�m�j�\�^�c �^�j�p�g�_ �]�` �m�`�q�`�m�n�`�_ �o�j �k�m�j�_�p�^�` �\ �k�m�j�j�a �o�m�\�i�n�g�\�o�j�m

�a�m�j�h �D�n�\�]�`�g�g�` �k�m�j�j�a�n �o�jα�g�`�\�iTAP �k�m�j�j�a�n�' �\�g�g�j�r�d�i�bα�g�`�\�iTAP �o�j �]�`�^�j�h�` �d�i�o�`�m�\�^�o�d�q�`

�\�n �_�d�n�^�p�n�n�`�_ �d�i �n�`�^�o�d�j�i�,�+�)�-�)�-�)

�O�c� �̀g�`�\�iTAP �A�m�`�l�p�`�i�o�g�t �<�n�f�`�_ �L�p�`�n�o�d�j�i�n �#�=�`�^�f�`�m�o �\�i�_ �K�j�n�`�b�b�\�$ �n�o�\�o�`�n �o�c�\�o

�g�`�\�iTAP �h�d�b�c�o �]�` �h�\�_�` �_�`�^�g�\�m�\�o�d�q�` �o�c�m�j�p�b�c �o�c�` �`�g�d�h�d�i�\�o�d�j�i �j�a �K�m�j�g�j�b�1�n �^�p�o�n �]�p�o

�_�j�`�n �i�j�o �\�_�_�m�`�n�n �o�c�` �k�m�j�]�g�`�h �j�a�^�j�k�t�Z�o�`�m�h�*�-�j�m �n�k�`�^�d�a�t �c�j�r �o�c�` �^�p�o�n �h�d�b�c�o �]�` �`�g�d�h�(

�d�i�\�o�`�_�) �J�o�c�`�m �k�m�j�q�`�m�n �r�m�d�o�o�`�i �d�i �K�m�j�g�j�b �d�i�^�g�p�_�` �o�c�j�n�` �j�a�H�\�i�o�c�`�t �\�i�_ �=�m�t�#�,�4�3�3�$

�\�i�_ �N�o�d�^�f�`�g�#�,�4�3�3�$�' �]�p�o �`�\�^�c �p�n�`�n �n�j�h�` �d�h�k�p�m�` �a�`�\�o�p�m�` �\�i�_ �d�n �o�c�p�n �i�j�o �_�`�^�g�\�m�\�o�d�q�`�)

�>�c�m�d�n�o�d�\�i�n�`�i�#�,�4�4�3�$ �p�n�`�n �^�j�i�n�o�m�\�d�i�o �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b �\�i�_ �h�`�o�\�q�\�m�d�\�]�g�`�n �#�n�d�h�(

�d�g�\�m �o�j �i�j�h�d�i�\�g �g�j�b�d�^�1�n �i�\�h�`�n�$ �o�j �]�p�d�g�_ �\ �_�`�^�g�\�m�\�o�d�q�` �d�i�o�`�m�k�m�`�o�`�m �]�\�n�`�_ �j�i �F�j�r�\�g�n�f�d�1�n

�i�j�i�(�_�`�^�g�\�m�\�o�d�q�`�_�`�h�j�i�n�o�m�\�o�`�k�m�`�_�d�^�\�o�` �#�F�j�r�\�g�n�f�d�,�4�2�4�$�) �O�c�d�n �\�k�k�m�j�\�^�c �d�n �n�d�h�d�g�\�m

�o�j �j�p�m�n�' �]�p�o �o�c�` �K�m�j�g�j�b�(�g�d�f�` �g�\�i�b�p�\�b�` �d�n �i�j�o �^�j�h�k�g�d�^�\�o�`�_ �]�t �o�c�` �k�m�`�n�`�i�^�` �j�a �]�d�i�_�`�m�n�)

�C�d�b�c�`�m�(�j�m�_�`�m �\�]�n�o�m�\�^�o �n�t�i�o�\�s �#�C�J�<�N�$�' �k�m�`�n�`�i�o�`�_ �d�i�K�a�`�i�i�d�i�b �\�i�_ �@�g�g�d�j�o�#�,�4�3�3�$�'

�^�\�i �]�` �p�n�`�_ �d�i�n�o�`�\�_ �j�a �i�j�h�d�i�\�g �g�j�b�d�^ �o�j �k�`�m�a�j�m�h �n�p�]�n�o�d�o�p�o�d�j�i �j�i �l�p�\�i�o�d�{�`�_ �a�j�m�h�p�g�\�n�)

�A�`�g�o�t �\�i�_ �H�d�g�g�`�m�#�,�4�3�3�$ �r�`�m�` �\�h�j�i�b �o�c�` �{�m�n�o �o�j �_�`�q�`�g�j�k �\ �o�c�`�j�m�`�h �k�m�j�q�`�m �p�n�d�i�b

�C�J�<�N �o�j �m�`�k�m�`�n�`�i�o �a�j�m�h�p�g�\�n�6�K�a�`�i�i�d�i�b �\�i�_ �N�^�c�p�m�h�\�i�i�#�,�4�4�4�$ �\�g�n�j �p�n�` �\ �C�J�<�N

�`�i�^�j�_�d�i�b �a�j�m �a�j�m�h�p�g�\�n�)

�F�d�n�`�g�t�j�q �p�n�`�n �\ �C�J�<�N �`�i�^�j�_�d�i�b �a�j�m �p�i�d�q�`�m�n�\�g�g�t �l�p�\�i�o�d�{�`�_ �a�j�m�h�p�g�\�n �d�i �c�d�n �j�m�d�b�d�i�\�g

�o�m�\�i�n�g�\�o�d�j�i �j�a�g�`�\�iTAP �d�i�o�j �h�d�i�d�F�\�i�m�`�i �#�A�m�d�`�_�h�\�i �\�i�_ �F�d�n�`�g�t�j�q�-�+�+�0�$�) �N�d�i�^�` �h�d�(



�>�C�<�K�O�@�M �,�1�) �M�@�G�<�O�@�? �R�J�M�F �-�,�4

�i�d�F�\�i�m�`�i �_�j�`�n �i�j�o �d�h�k�g�`�h�`�i�o �c�d�b�c�`�m�(�j�m�_�`�m �p�i�d�{�^�\�o�d�j�i�' �o�c�` �k�m�j�q�`�m �^�\�i�i�j�o �b�`�i�`�m�\�o�`

�o�c�`�j�m�`�h�n�)

�G�d�n�d�o�n�\�1�nλ�g�`�\�iTAP �#�-�+�+�.�$ �d�n �\ �k�m�j�q�`�m �r�m�d�o�o�`�i �d�iλ�K�m�j�g�j�b �o�c�\�o �\�_�_�m�`�n�n�`�n �o�c�` �k�m�j�]�(

�g�`�h �j�a�^�j�k�t�Z�o�`�m�h�*�-�p�n�d�i�b �C�J�<�N�' �\�i�_ �d�n �k�`�m�c�\�k�n �^�g�j�n�`�n�o �o�j �j�p�m �j�r�i �r�j�m�f�) �G�d�f�`

α�g�`�\�iTAP �' λ�g�`�\�iTAP �m�`�k�g�\�^�`�n �p�i�d�q�`�m�n�\�g�g�t �l�p�\�i�o�d�{�`�_ �q�\�m�d�\�]�g�`�n �r�d�o�c �g�j�b�d�^ �q�\�m�d�\�]�g�`�n

�p�n�d�i�b �n�p�]�n�o�d�o�p�o�d�j�i�) �C�j�r�`�q�`�m�'λ�g�`�\�iTAP �d�n �i�j�o �_�`�^�g�\�m�\�o�d�q�`�' �n�d�i�^�` �d�o �^�j�i�o�\�d�i�n �^�p�o�n�)

�@�q�`�i �d�a �r�` �p�n�` �j�p�m �o�`�^�c�i�d�l�p�`�n �o�j �m�`�h�j�q�` �o�c�` �^�p�o�n �a�m�j�hλ�g�`�\�iTAP�' �o�c�` �k�m�j�q�`�m �_�j�`�n

�i�j�o �b�`�i�`�m�\�o�` �o�c�`�j�m�`�h�n�' �n�d�i�^�`λ�K�m�j�g�j�b �p�n�`�n �\ �_�`�k�o�c�(�{�m�n�o �n�`�\�m�^�c �n�o�m�\�o�`�b�t�) �B�`�i�`�m�\�o�d�i�b

�o�c�`�j�m�`�h�n �m�`�l�p�d�m�`�n �o�c�` �\�_�_�d�o�d�j�i �j�a �\ �o�\�b�b�d�i�b �n�^�c�`�h�` �\�i�_ �d�o�`�m�\�o�d�q�` �_�`�`�k�`�i�d�i�b �j�i�`�q�`�m�t

�^�g�\�p�n�`�j�a �o�c�` �k�m�j�b�m�\�h�) �@�q�`�i �r�d�o�c �o�c�`�n�` �\�_�_�d�o�d�j�i�n�' �c�j�r�`�q�`�m�'λ�g�`�\�iTAP �j�a�o�`�i �b�`�i�`�m�(

�\�o�`�n �o�c�`�j�m�`�h�n �o�c�\�o �_�j �i�j�o �c�\�q�` �o�c�` �k�m�j�k�`�m �C�J�<�N �`�i�^�j�_�d�i�b�' �n�d�i�^�` �o�c�\�o �`�i�^�j�_�d�i�b �d�n

�i�j�o �n�k�`�^�d�{�`�_ �d�i �o�c�` �k�m�j�q�`�m�)

�,�1�)�/ �O�\�]�g�d�i�b

�O�\�]�g�d�i�b �d�n �`�n�n�`�i�o�d�\�g�g�t �\�i �`�z�d�^�d�`�i�o �r�\�t �o�j �{�i�_ �{�s�`�_ �k�j�d�i�o�n�) �O�\�]�g�d�i�b �^�\�i �]�` �p�n�`�_ �o�j

�d�h�k�g�`�h�`�i�o �h�j�_�`�g �^�c�`�^�f�`�m�n�' �\�]�n�o�m�\�^�o �d�i�o�`�m�k�m�`�o�`�m�n�' �_�`�_�p�^�o�d�q�` �_�\�o�\�]�\�n�`�n�' �\�i�_ �j�o�c�`�m

�p�n�`�a�p�g �k�m�j�b�m�\�h�n �o�c�\�o �h�p�n�o �^�\�g�^�p�g�\�o�` �{�s�`�_ �k�j�d�i�o�n �#�B�p�j �\�i�_ �B�p�k�o�\�-�+�+�4�6�R�\�m�m�`�i

�,�4�4�-�$�)

�H�\�i�t �K�m�j�g�j�b �d�h�k�g�`�h�`�i�o�\�o�d�j�i�n �n�p�k�k�j�m�o �n�j�h�` �a�j�m�h �j�a �o�\�]�g�d�i�b�) �S�N�= �K�m�j�g�j�b �#�N�\�b�j�(

�i�\�n �`�o �\�g�)�,�4�4�/�$�' �r�c�d�^�c �p�n�`�n �N�G�B �M�`�n�j�g�p�o�d�j�i �#�>�c�`�i �\�i�_ �R�\�m�m�`�i�,�4�4�1�$ �\�i�_ �o�c�` �N�G�B�(

�R�<�H �\�]�n�o�m�\�^�o �h�\�^�c�d�i�` �#�N�\�b�j�i�\�n �\�i�_ �N�r�d�a�o�,�4�4�3�$�' �m�`�h�\�d�i�n �o�c�` �n�o�\�i�_�\�m�_ �o�`�n�o�]�`�_

�a�j�m �\�_�q�\�i�^�`�_ �o�\�]�g�d�i�b �d�h�k�g�`�h�`�i�o�\�o�d�j�i�) �J�p�m �d�h�k�g�`�h�`�i�o�\�o�d�j�i �r�\�n �j�m�d�b�d�i�\�g�g�t �d�i�n�k�d�m�`�_



�>�C�<�K�O�@�M �,�1�) �M�@�G�<�O�@�? �R�J�M�F �-�-�+

�]�t �o�c�` �?�t�i�\�h�d�^ �M�`�j�m�_�`�m�d�i�b �j�a �<�g�o�`�m�i�\�o�d�q�`�n �#�?�M�<�$ �\�k�k�m�j�\�^�c �o�j �o�\�]�g�d�i�b �#�B�p�j �\�i�_

�B�p�k�o�\�-�+�+�4�' �-�+�+�,�$�)

�,�1�)�0 �A�`�m�i�n

�>�c�\�k�o�`�m�,�/ �_�`�n�^�m�d�]�`�n �a�`�m�i�n�' �\ �n�c�\�m�`�\�]�g�`�' �]�j�o�o�j�h�(�\�q�j�d�_�d�i�b �_�\�o�\ �n�o�m�p�^�o�p�m�` �d�i�q�`�i�o�`�_

�]�t �A�m�d�`�_�h�\�i �\�i�_ �R�d�n�`�#�,�4�3�,�$�) �>�c�\�k�o�`�m�,�0�k�m�`�n�`�i�o�n �j�p�m �n�c�\�g�g�j�r �`�h�]�`�_�_�d�i�b �j�a �a�`�m�i�n

�d�i �N�^�c�`�h�`�)

�K�m�`�q�d�j�p�n �d�h�k�g�`�h�`�i�o�\�o�d�j�i�n �j�a �a�`�m�i�n �c�\�q�` �]�`�`�i �a�j�m �\ �^�\�g�g�(�]�t�(�i�`�`�_ �g�\�i�b�p�\�b�`�) �O�c�`

�r�j�m�f �j�a�A�m�d�`�_�h�\�i �\�i�_ �R�d�n�`�#�,�4�2�4�' �,�4�3�+�' �,�4�3�,�$ �k�m�`�n�p�h�`�n �\ �_�`�`�k �`�h�]�`�_�_�d�i�b �r�c�`�m�`�\�n

�j�p�m �\�k�k�m�j�\�^�c �d�n �\ �n�c�\�g�g�j�r �`�h�]�`�_�_�d�i�b�) �O�c�` �a�p�i�^�o�d�j�i� �̂j�\�s�d�n �o�\�f�`�i �a�m�j�h �o�c�`�d�m �^�j�i�(

�^�`�k�o�p�\�g�d�u�\�o�d�j�i �#�A�m�d�`�_�h�\�i �\�i�_ �R�d�n�`�,�4�2�4�$�5

�>�J�<�S �d�n �\ �a�p�i�^�o�d�j�i �r�c�d�^�c �o�\�f�`�n �\ �n�p�n�k�`�i�n�d�j�i �\�n �\�i �\�m�b�p�h�`�i�o �\�i�_ �m�`�o�p�m�i�n

�\ �{�`�g�_ �\�n �\ �q�\�g�p�`�6 �o�c�\�o �{�`�g�_ �h�\�t �c�\�q�` �d�o�n�`�s�d�n�o�n�]�d�o�o�m�p�`�\�i�_ �d�o�n �k�j�d�i�o�`�m

�m�`�a�`�m�m�d�i�b �o�j �d�o�n�`�s�d�n�o�`�i�o �q�\�g�p�`�' �j�m �d�o �h�\�t �c�\�q�` �d�o�n�`�s�d�n�o�n�]�d�o �a�\�g�n�` �\�i�_ �d�o�n

�k�j�d�i�o�`�m �m�`�a�`�m�m�d�i�b �o�j �\�i�j�o�c�`�m �n�p�n�k�`�i�n�d�j�i�)

�O�c�p�n�' �`�i�b�d�i�`�n �\�m�` �\ �p�n�`�m�(�g�`�q�`�g�' �{�m�n�o�(�^�g�\�n�n �h�\�i�d�a�`�n�o�\�o�d�j�i �j�a �n�p�n�k�`�i�n�d�j�i�n �r�c�`�m�`�o�m�p�`

�\�]�j�q�` �^�j�m�m�`�n�k�j�i�_�n �o�j �o�c�` �p�i�p�n�`�_ �o�d�^�f�n�)�E�j�c�i�n�j�i�1�n �h�\�n�o�`�m�1�n �o�c�`�n�d�n �#�,�4�2�2�$ �p�i�_�`�m

�A�m�d�`�_�h�\�i�1�n �_�d�m�`�^�o�d�j�i �k�m�`�n�`�i�o�n �\ �_�`�`�k �`�h�]�`�_�_�d�i�b �d�i �K�\�n�^�\�g �a�j�m �\ �g�\�u�t �a�`�m�i�n �g�\�i�b�p�\�b�`�)

�N�p�]�n�`�l�p�`�i�o�g�t�' �E�j�c�i�n�j�i �\�i�_ �c�d�n �_�j�^�o�j�m�\�g �n�o�p�_�`�i�o �E�`�n�^�c�f�` �d�h�k�g�`�h�`�i�o�`�_ �\ �n�`�m�d�`�n �j�a

�i�\�o�d�q�` �> �n�t�h�]�j�g�d�^ �h�p�g�o�d�k�m�j�^�`�n�n�d�i�b �n�t�n�o�`�h�n �]�\�n�`�_ �j�i �o�c�` �A�m�d�`�_�h�\�i �\�i�_ �R�d�n�` �h�j�_�`�g�)

�O�c�d�n �n�`�m�d�`�n �^�p�g�h�d�i�\�o�`�_ �r�d�o�c �o�c�` �k�\�m�\�g�g�`�g �d�h�k�g�`�h�`�i�o�\�o�d�j�i �E�`�n�^�c�f�` �_�`�n�^�m�d�]�`�n �d�i �c�d�n �_�d�n�(



�>�C�<�K�O�@�M �,�1�) �M�@�G�<�O�@�? �R�J�M�F �-�-�,

�n�`�m�o�\�o�d�j�i �#�E�`�n�^�c�f�`�,�4�4�0�$�) �D�i �o�c�`�d�m�?�\�d�n�t�g�\�i�b�p�\�b�`�' �a�`�m�i�n �\�m�` �o�c�` �h�`�\�i�n �j�a �`�s�k�m�`�n�n�d�i�b

�`�s�k�g�d�^�d�o �^�j�i�^�p�m�m�`�i�^�t �#�E�j�c�i�n�j�i�,�4�3�.�$�)



�>�c�\�k�o�`�m �,�2

�A�p�o�p�m�` �R�j�m�f

�D�i �o�c�d�n �^�c�\�k�o�`�m �r�` �k�m�j�k�j�n�` �a�p�o�p�m�` �r�j�m�f �m�`�g�\�o�`�_ �o�j �h�d�i�d�F�\�i�m�`�i�' �\�i�_ �o�j �m�`�g�\�o�d�j�i�\�g

�k�m�j�b�m�\�h�h�d�i�b �d�i �b�`�i�`�m�\�g�)

�O�c�d�n �^�c�\�k�o�`�m �d�n �j�m�b�\�i�d�u�`�_ �\�n �a�j�g�g�j�r�n�) �D�i �n�`�^�o�d�j�i�,�2�)�,�r�` �_�d�n�^�p�n�n �c�j�r �j�p�m �r�j�m�f

�j�i �h�d�i�d�F�\�i�m�`�i �h�d�b�c�o �]�` �a�j�m�h�\�g�d�u�`�_�) �N�`�^�o�d�j�i�,�2�)�-�k�m�`�n�`�i�o�n �k�j�n�n�d�]�g�` �d�h�k�m�j�q�`�h�`�i�o�n

�o�j �o�c�` �`�s�d�n�o�d�i�b �h�d�i�d�F�\�i�m�`�i �d�h�k�g�`�h�`�i�o�\�o�d�j�i�' �r�c�d�g�` �n�`�^�o�d�j�i�,�2�)�.�n�p�b�b�`�n�o�n �c�j�r �o�c�`

�h�d�i�d�F�\�i�m�`�i �g�\�i�b�p�\�b�` �h�d�b�c�o �]�` �`�s�o�`�i�_�`�_�) �N�`�^�o�d�j�i�,�2�)�/�^�j�i�n�d�_�`�m�n �a�p�o�p�m�` �r�j�m�f �j�i

�m�`�g�\�o�d�j�i�\�g �d�_�d�j�h�n�' �r�c�d�g�` �n�`�^�o�d�j�i�,�2�)�0�k�m�j�k�j�n�`�n �a�p�o�p�m�` �\�k�k�g�d�^�\�o�d�j�i�n �j�a �h�d�i�d�F�\�i�m�`�i�)

�A�d�i�\�g�g�t�' �d�i �n�`�^�o�d�j�i�,�2�)�1�r�` �k�m�j�k�j�n�` �o�j�j�g�n �o�c�\�o �h�d�b�c�o �`�\�n�` �o�c�` �]�p�m�_�`�i �j�i �m�`�g�\�o�d�j�i�\�g

�k�m�j�b�m�\�h�h�`�m�n�)

�,�2�)�, �A�j�m�h�\�g�d�u�\�o�d�j�i

�A�m�j�h �\ �a�j�m�h�\�g�d�u�\�o�d�j�i �n�o�\�i�_�k�j�d�i�o�' �o�c�` �h�j�n�o �d�h�k�j�m�o�\�i�o �a�p�o�p�m�` �r�j�m�f �d�n �o�j �^�m�`�\�o�` �\

�a�j�m�h�\�g �n�`�h�\�i�o�d�^�n �a�j�m �h�d�i�d�F�\�i�m�`�i�) �K�`�m�c�\�k�n �o�c�` �n�d�h�k�g�`�n�o �\�k�k�m�j�\�^�c �r�j�p�g�_ �]�` �o�j �n�o�\�m�o

�a�m�j�h �o�c�` �j�k�`�m�\�o�d�j�i�\�g �n�`�h�\�i�o�d�^�n �j�a �o�c�` �i�j�h�d�i�\�g �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b �g�\�i�b�p�\�b�` �H�G�N�J�N�'

�\�n �_�`�n�^�m�d�]�`�_ �d�i�G�\�f�d�i �\�i�_ �K�d�o�o�n�#�-�+�+�3�$�) �J�a �^�j�p�m�n�`�' �h�d�i�d�F�\�i�m�`�i�1�n �n�`�h�\�i�o�d�^�n �r�j�p�g�_

�-�-�-



�>�C�<�K�O�@�M �,�2�) �A�P�O�P�M�@ �R�J�M�F �-�-�.

�]�`�^�j�h�` �h�j�m�` �^�j�h�k�g�`�s �d�a �o�c�` �g�\�i�b�p�\�b�` �`�s�o�`�i�n�d�j�i�n �k�m�j�k�j�n�`�_ �d�i �n�`�^�o�d�j�i�,�2�)�.�r�`�m�`

�\�_�_�`�_�) �D�i�_�`�`�_�' �d�o �d�n �o�c�` �d�i�o�`�m�\�^�o�d�j�i �]�`�o�r�`�`�i �_�d�z�`�m�`�i�o �g�\�i�b�p�\�b�` �a�`�\�o�p�m�`�n �#�i�j�h�d�i�\�g

�p�i�d�{�^�\�o�d�j�i �\�i�_ �^�j�i�n�o�m�\�d�i�o �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b�' �a�j�m �`�s�\�h�k�g�`�$ �o�c�\�o �r�d�g�g �h�\�f�` �`�s�o�`�i�_�d�i�b

�h�d�i�d�F�\�i�m�`�i �^�c�\�g�g�`�i�b�d�i�b�)

�O�c�` �^�j�m�` �h�d�i�d�F�\�i�m�`�i �d�h�k�g�`�h�`�i�o�\�o�d�j�i �k�m�`�n�`�i�o�`�_ �d�i �>�c�\�k�o�`�m�. �p�n�`�n �\ �n�o�m�`�\�h�(

�]�\�n�`�_ �d�i�o�`�m�g�`�\�q�d�i�b �n�`�\�m�^�c �n�o�m�\�o�`�b�t�) �O�c�` �p�n�` �j�a�d�i��̂n �#�o�c�p�i�f�n�$ �o�j �a�j�m�^�` �d�i�o�`�m�g�`�\�q�d�i�b

�h�\�f�`�n �d�o �_�d�z�d�^�p�g�o �o�j �`�s�\�^�o�g�t �^�c�\�m�\�^�o�`�m�d�u�` �o�c�` �n�`�\�m�^�c �]�`�c�\�q�d�j�m�' �\�i�_ �o�c�`�m�`�a�j�m�` �o�c�` �j�m�_�`�m

�d�i �r�c�d�^�c �h�d�i�d�F�\�i�m�`�i �k�m�j�_�p�^�`�n �\�i�n�r�`�m�n�) �D�o �r�j�p�g�_ �]�` �]�j�o�c �d�i�o�`�m�`�n�o�d�i�b �\�i�_ �p�n�`�a�p�g �o�j

�h�\�o�c�`�h�\�o�d�^�\�g�g�t �_�`�n�^�m�d�]�` �o�c�d�n �d�i�o�`�m�g�`�\�q�d�i�b �]�`�c�\�q�d�j�m �#�n�`�` �n�`�^�o�d�j�i�,�2�)�-�$�)

�D�i �>�c�\�k�o�`�m�,�+�r�` �m�`�k�g�\�^�`�_�g�`�\�iTAP�1�n �p�n�` �j�a �K�m�j�g�j�b�1�n�^�j�k�t�Z�o�`�m�h�*�-�r�d�o�c �\ �k�p�m�`�g�t

�_�`�^�g�\�m�\�o�d�q�` �^�j�h�]�d�i�\�o�d�j�i �j�a �o�\�b�b�d�i�b �\�i�_ �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i�6 �o�c�d�n �o�`�^�c�i�d�l�p�` �r�\�n �f�`�t

�o�j �h�\�f�d�i�bα�g�`�\�iTAP �k�p�m�`�g�t �m�`�g�\�o�d�j�i�\�g�) �P�i�a�j�m�o�p�i�\�o�`�g�t�' �o�c�d�n �\�k�k�m�j�\�^�c �^�\�i �j�i�g�t �]�`

�p�n�`�_ �r�c�`�i �o�c�` �k�m�j�b�m�\�h�h�`�m �f�i�j�r�n �o�c�` �n�o�m�p�^�o�p�m�` �j�a �o�c�` �o�`�m�h�n �o�j �]�` �^�j�k�d�`�_�) �D�o �r�j�p�g�_

�]�` �p�n�`�a�p�g �o�j �a�j�m�h�\�g�d�u�` �o�c�d�n �o�`�^�c�i�d�l�p�`�' �o�j �]�`�o�o�`�m �p�i�_�`�m�n�o�\�i�_ �d�o�n �\�k�k�g�d�^�\�]�d�g�d�o�t �\�i�_

�g�d�h�d�o�\�o�d�j�i�n�)

�O�c�` �m�`�g�\�o�d�j�i�\�g �\�m�d�o�c�h�`�o�d�^ �n�t�n�o�`�h �k�m�`�n�`�i�o�`�_ �d�i �>�c�\�k�o�`�m�1�p�n�`�n �]�j�p�i�_�n �j�i �o�`�m�h

�n�d�u�`�n �o�j �k�m�j�q�d�_�` �n�o�m�j�i�b �o�`�m�h�d�i�\�o�d�j�i �b�p�\�m�\�i�o�`�`�n �a�j�m �\�m�d�o�c�h�`�o�d�^ �m�`�g�\�o�d�j�i�n�,�) �< �n�t�n�(

�o�`�h�\�o�d�^ �\�k�k�m�j�\�^�c �o�j �_�`�m�d�q�d�i�b �n�p�^�c �]�j�p�i�_�n �j�i �o�`�m�h �n�d�u�`�n �r�j�p�g�_ �]�` �q�`�m�t �c�`�g�k�a�p�g �a�j�m

�m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�h�`�m�n�) �J�a �^�j�p�m�n�`�' �B�Ô�_�`�g �\�i�_ �O�p�m�d�i�b �n�c�j�r�`�_ �o�c�\�o �d�o �d�n �d�h�k�j�n�n�d�]�g�` �o�j

�b�p�\�m�\�i�o�`�` �o�`�m�h�d�i�\�o�d�j�i �a�j�m �\�g�g �b�j�\�g�n �r�` �h�d�b�c�o �r�d�n�c �o�j �r�m�d�o�`�' �n�j �d�i �b�`�i�`�m�\�g �r�` �r�d�g�g �i�j�o

�, �<�o �g�`�\�n�o�' �a�j�m �n�d�i�b�g�` �\�m�d�o�c�h�`�o�d�^ �m�`�g�\�o�d�j�i�n �r�c�j�n�` �\�m�b�p�h�`�i�o�n �_�j �i�j�o �n�c�\�m�` �p�i�\�n�n�j�^�d�\�o�`�_ �g�j�b�d�^
�q�\�m�d�\�]�g�`�n�)
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�]�` �\�]�g�` �o�j �\�^�c�d�`�q�` �{�i�d�o�` �a�\�d�g�p�m�` �o�c�m�j�p�b�c �]�j�p�i�_�n�' �j�m �\�i�t �j�o�c�`�m �o�`�^�c�i�d�l�p�`�-�) �C�j�r�`�q�`�m�'

�`�q�`�i �r�c�`�i �n�p�^�c �]�j�p�i�_�n �`�s�d�n�o�' �d�o �h�\�t �]�` �_�d�z�d�^�p�g�o �o�j �`�s�k�m�`�n�n �o�c�`�h �d�i �h�d�i�d�F�\�i�m�`�i�)

�D�i�_�`�`�_�' �k�j�j�m�g�t �`�s�k�m�`�n�n�`�_ �]�j�p�i�_�n �h�\�t �o�c�`�h�n�`�g�q�`�n �^�\�p�n�` �_�d�q�`�m�b�`�i�^�`�.�a�j�m �`�s�\�h�k�g�`�'

�]�t �\�o�o�`�h�k�o�d�i�b �o�j �`�\�b�`�m�g�t �_�`�o�`�m�h�d�i�` �o�c�` �g�`�i�b�o�c �j�a �\�i �p�i�d�i�n�o�\�i�o�d�\�o�`�_ �#�\�i�_ �o�c�`�m�`�a�j�m�`

�p�i�]�j�p�i�_�`�_�$ �g�d�n�o�.�) �< �n�t�n�o�`�h�\�o�d�^ �\�k�k�m�j�\�^�c �o�j �`�s�k�m�`�n�n�d�i�b �]�j�p�i�_�n �\�g�m�`�\�_�t �_�`�m�d�q�`�_ �]�t

�o�c�` �k�m�j�b�m�\�h�h�`�m �r�j�p�g�_ �]�` �h�j�n�o �p�n�`�a�p�g�)

�N�`�^�o�d�j�i�,�,�)�/�k�m�`�n�`�i�o�n �\ �N�^�c�`�h�` �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �\ �i�j�h�d�i�\�g �p�i�d�{�`�m �o�c�\�o �p�n�`�n

�o�m�d�\�i�b�p�g�\�m �n�p�]�n�o�d�o�p�o�d�j�i�n�) �O�c�d�n �\�g�b�j�m�d�o�c�h �n�c�j�p�g�_ �]�` �a�j�m�h�\�g�d�u�`�_ �\�i�_ �k�m�j�q�`�_ �^�j�m�m�`�^�o�'

�n�d�h�d�g�\�m �o�j �o�c�` �k�m�`�n�`�i�o�\�o�d�j�i �j�a �#�d�_�`�h�k�j�o�`�i�o�$ �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i �d�i�P�m�]�\�i �`�o �\�g�)

�#�-�+�+�/�$�)

�C�`�m�h�\�i �\�i�_ �R�\�i�_�#�-�+�+�3�$ �p�n�` �i�j�h�d�i�\�g �g�j�b�d�^ �o�j �_�`�n�^�m�d�]�` �\�i �d�_�`�\�g�d�u�`�_ �q�`�m�n�d�j�i �j�a

�N�^�c�`�h�`�1�n�n�t�i�o�\�s�(�m�p�g�`�n�c�t�b�d�`�i�d�^ �h�\�^�m�j �n�t�n�o�`�h�) �D�o �r�j�p�g�_ �]�` �d�i�o�`�m�`�n�o�d�i�b �o�j �`�s�o�`�i�_

�o�c�d�n �r�j�m�f �o�j �o�c�` �a�p�g�g�n�t�i�o�\�s�(�m�p�g�`�n�n�t�n�o�`�h�' �k�`�m�c�\�k�n �]�t �d�h�k�g�`�h�`�i�o�d�i�b �o�c�` �h�\�^�m�j

�n�t�n�o�`�h �\�n �\�iα�F�\�i�m�`�i �m�`�g�\�o�d�j�i�)

�< �h�j�m�` �n�k�`�^�p�g�\�o�d�q�` �\�m�`�\ �j�a �a�p�o�p�m�` �r�j�m�f �d�n �o�c�` �^�j�i�i�`�^�o�d�j�i �]�`�o�r�`�`�i �o�c�` �q�\�m�d�j�p�n

�^�\�p�n�`�n �j�a �_�d�q�`�m�b�`�i�^�` �_�`�n�^�m�d�]�`�_ �d�i �>�c�\�k�o�`�m�0�) �<�n �_�d�n�^�p�n�n�`�_ �d�i �o�c�` �^�j�i�^�g�p�n�d�j�i �j�a �o�c�d�n

�_�d�n�n�`�m�o�\�o�d�j�i�' �o�c�`�m�` �h�\�t �]�` �\ �_�`�`�k �^�j�i�i�`�^�o�d�j�i �]�`�o�r�`�`�i �o�c�`�n�` �^�\�p�n�`�n �j�a �_�d�q�`�m�b�`�i�^�`�'

�\�i�_ �]�`�o�r�`�`�i �o�c�` �o�`�^�c�i�d�l�p�`�n �a�j�m �\�q�j�d�_�d�i�b �o�c�`�h�) �N�d�i�^�` �_�d�q�`�m�b�`�i�^�` �d�n �\�i �`�z�`�^�o�' �h�j�i�(

�\�_�n �#�H�j�b�b�d�,�4�4�,�$ �j�m �\�m�m�j�r�n �#�C�p�b�c�`�n�,�4�4�3�$ �h�\�t �k�m�j�q�d�_�` �o�c�` �]�`�n�o �a�m�\�h�`�r�j�m�f �a�j�m

�`�s�k�g�j�m�d�i�b �o�c�`�n�` �d�_�`�\�n�)

�-�A�j�m �`�s�\�h�k�g�`�' �o�c�` �n�o�m�j�i�b �o�`�m�h�d�i�\�o�d�j�i �b�p�\�m�\�i�o�`�`�n �a�j�m �j�p�m �\�m�d�o�c�h�`�o�d�^ �n�t�n�o�`�h �_�j �i�j�o �c�j�g�_ �a�j�m
�^�j�i�e�p�i�^�o�d�j�i �j�a �\�_�_�d�o�d�j�i �\�i�_ �h�p�g�o�d�k�g�d�^�\�o�d�j�i �b�j�\�g�n�)

�. �N�`�` �>�c�\�k�o�`�m�0�a�j�m �h�j�m�` �j�i �o�c�` �_�d�z�d�^�p�g�o�t �j�a �`�s�k�m�`�n�n�d�i�b �]�j�p�i�_�n �j�i �o�`�m�h �n�d�u�`�n�)
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�,�2�)�- �D�h�k�g�`�h�`�i�o�\�o�d�j�i

�O�c�` �^�j�m�` �h�d�i�d�F�\�i�m�`�i �d�h�k�g�`�h�`�i�o�\�o�d�j�i �k�m�`�n�`�i�o�`�_ �d�i �>�c�\�k�o�`�m�. �p�n�`�n �n�o�m�`�\�h�n �o�j �d�h�(

�k�g�`�h�`�i�o �]�\�^�f�o�m�\�^�f�d�i�b �n�`�\�m�^�c�/�) �<�n �_�`�n�^�m�d�]�`�_ �d�i�R�\�i�_ �\�i�_ �Q�\�d�g�g�\�i�^�j�p�m�o�#�-�+�+�/�$�' �j�p�m

�p�n�` �j�a �n�o�m�`�\�h�n �^�j�p�g�_ �]�` �h�j�_�`�g�g�`�_ �p�n�d�i�b �`�s�k�g�d�^�d�o �n�p�^�^�`�n�n �\�i�_ �a�\�d�g�p�m�` �^�j�i�o�d�i�p�\�o�d�j�i�n�)

�R�c�`�i �`�s�o�`�i�_�d�i�b �o�c�` �h�d�i�d�F�\�i�m�`�i �g�\�i�b�p�\�b�`�' �d�o �d�n �n�j�h�`�o�d�h�`�n �h�j�m�` �^�j�i�q�`�i�d�`�i�o �o�j �p�n�`

�o�c�d�n �o�r�j�(�^�j�i�o�d�i�p�\�o�d�j�i �h�j�_�`�g �j�a �]�\�^�f�o�m�\�^�f�d�i�b�.�a�j�m �`�s�\�h�k�g�`�' �o�c�` �{�m�n�o �d�h�k�g�`�h�`�i�o�\�o�d�j�i

�j�a �o�\�]�g�d�i�b �a�j�m �h�d�i�d�F�\�i�m�`�i �p�n�`�_ �^�j�i�o�d�i�p�\�o�d�j�i�n �m�\�o�c�`�m �o�c�\�i �n�o�m�`�\�h�n�)

�O�c�` �n�o�m�`�\�h�n �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �h�d�i�d�F�\�i�m�`�i �h�\�f�`�n �g�d�]�`�m�\�g �p�n�` �j�a�d�i��̂n �#�o�c�p�i�f�n�$

�o�j �a�j�m�^�` �d�i�o�`�m�g�`�\�q�d�i�b �d�i �o�c�` �n�`�\�m�^�c�) �P�i�a�j�m�o�p�i�\�o�`�g�t�' �d�o �d�n �_�d�z�d�^�p�g�o �o�j �`�s�\�^�o�g�t �m�`�k�g�d�(

�^�\�o�` �o�c�d�n �d�i�o�`�m�g�`�\�q�d�i�b �n�`�\�m�^�c �]�`�c�\�q�d�j�m �d�i �o�c�` �o�r�j�(�^�j�i�o�d�i�p�\�o�d�j�i �h�j�_�`�g�) �<�n �\ �m�`�n�p�g�o�'

�^�j�i�o�d�i�p�\�o�d�j�i�(�]�\�n�`�_ �d�h�k�g�`�h�`�i�o�\�o�d�j�i�n �j�a �h�d�i�d�F�\�i�m�`�i �h�\�t �k�m�j�_�p�^�` �\�i�n�r�`�m�n �d�i �\ �_�d�a�(

�a�`�m�`�i�o �j�m�_�`�m �o�c�\�i �n�o�m�`�\�h�(�]�\�n�`�_ �d�h�k�g�`�h�`�i�o�\�o�d�j�i�n�' �r�c�d�^�c �h�\�f�`�n �d�o �_�d�z�d�^�p�g�o �o�j �o�`�n�o�'

�]�`�i�^�c�h�\�m�f�' �j�m �j�o�c�`�m�r�d�n�` �^�j�h�k�\�m�` �_�d�z�`�m�`�i�o �d�h�k�g�`�h�`�i�o�\�o�d�j�i�n�) �D�o �o�c�`�m�`�a�j�m�` �r�j�p�g�_ �]�`

�`�s�o�m�`�h�`�g�t �^�j�i�q�`�i�d�`�i�o �o�j �c�\�q�` �\ �^�j�i�o�d�i�p�\�o�d�j�i�(�]�\�n�`�_ �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �h�d�i�d�F�\�i�m�`�i

�o�c�\�o �`�s�\�^�o�g�t �h�d�m�m�j�m�n �o�c�` �n�`�\�m�^�c �]�`�c�\�q�d�j�m �j�a �o�c�` �n�o�m�`�\�h�n�(�]�\�n�`�_ �d�h�k�g�`�h�`�i�o�\�o�d�j�i �a�m�j�h

�>�c�\�k�o�`�m�.�) �O�c�d�n �h�\�t �m�`�l�p�d�m�` �\ �a�j�m�h�\�g �^�c�\�m�\�^�o�`�m�d�u�\�o�d�j�i �j�a �o�c�` �n�o�m�`�\�h�(�]�\�n�`�_ �n�`�\�m�^�c

�n�o�m�\�o�`�b�t�' �\�n �_�d�n�^�p�n�n�`�_ �d�i �n�`�^�o�d�j�i�,�2�)�,�)

�R�` �^�p�m�m�`�i�o�g�t �p�n�` �\�n�n�j�^�d�\�o�d�j�i �g�d�n�o�n �o�j �m�`�k�m�`�n�`�i�o �n�p�]�n�o�d�o�p�o�d�j�i�n�6 �r�` �h�\�t �r�d�n�c �o�j

�^�j�i�n�d�_�`�m �j�o�c�`�m �k�p�m�`�g�t �a�p�i�^�o�d�j�i�\�g �m�`�k�m�`�n�`�i�o�\�o�d�j�i�n �j�a �n�p�]�n�o�d�o�p�o�d�j�i�n �o�c�\�o �r�j�p�g�_ �h�\�f�`

�q�\�m�d�\�]�g�` �g�j�j�f�p�k �g�`�n�n �`�s�k�`�i�n�d�q�`�) �A�j�m �`�s�\�h�k�g�`�' �<�]�_�p�g�\�u�d�u �B�c�p�g�j�p�h �k�m�`�q�d�j�p�n�g�t �d�h�k�g�`�(

�/ �<�g�o�c�j�p�b�c �j�i�` �^�j�p�g�_ �\�m�b�p�` �o�c�\�o �o�c�` �n�o�m�`�\�h�(�]�\�n�`�_ �d�h�k�g�`�h�`�i�o�\�o�d�j�i �k�`�m�a�j�m�h�n �]�\�^�f�o�m�\�^�f�d�i�b �n�`�\�m�^�c
�r�d�o�c�j�p�o �\�^�o�p�\�g�g�t �]�\�^�f�o�m�\�^�f�d�i�b�)
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�h�`�i�o�`�_ �\ �o�m�d�`�(�]�\�n�`�_ �m�`�k�m�`�n�`�i�o�\�o�d�j�i �j�a �n�p�]�n�o�d�o�p�o�d�j�i�n �o�c�\�o �k�`�m�a�j�m�h�n �\�o �g�`�\�n�o �\�n �r�`�g�g �\�n

�o�c�` �a�\�n�o�`�n�o �r�\�g�f�(�]�\�n�`�_ �\�g�b�j�m�d�o�c�h �k�m�`�n�`�i�o�`�_ �d�i �>�c�\�k�o�`�m�/�) �P�n�d�i�b �\ �o�m�d�`�(�]�\�n�`�_ �m�`�k�m�`�(

�n�`�i�o�\�o�d�j�i �j�a �n�p�]�n�o�d�o�p�o�d�j�i�n �h�\�t �h�`�\�i �b�d�q�d�i�b �p�k �j�i �o�c�` �^�g�`�q�`�m �h�`�o�c�j�_ �j�a �d�h�k�g�`�h�`�i�o�d�i�b

�_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n �_�`�n�^�m�d�]�`�_ �d�i �>�c�\�k�o�`�m�3�)

�M�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�h�d�i�b �d�n �d�i�c�`�m�`�i�o�g�t �k�\�m�\�g�g�`�g�d�u�\�]�g�`�) �D�i �a�\�^�o�' �r�` �c�\�q�` �\�g�m�`�\�_�t

�d�h�k�g�`�h�`�i�o�`�_ �o�r�j �k�\�m�\�g�g�`�g �q�`�m�n�d�j�i�n �j�a �h�d�i�d�F�\�i�m�`�i�5 �j�i�` �r�m�d�o�o�`�i �d�i �N�^�c�`�h�` �\�i�_ �j�i�`

�d�i �@�m�g�\�i�b �#�<�m�h�n�o�m�j�i�b�-�+�+�.�$�) �C�j�r�`�q�`�m�' �i�`�d�o�c�`�m �k�\�m�\�g�g�`�g �d�h�k�g�`�h�`�i�o�\�o�d�j�i �m�p�i�n �\�n

�l�p�d�^�f�g�t �\�n �o�c�` �n�`�l�p�`�i�o�d�\�g �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �h�d�i�d�F�\�i�m�`�i �k�m�`�n�`�i�o�`�_ �d�i �>�c�\�k�o�`�m�.�)

�J�i�` �_�d�z�d�^�p�g�o�t �d�i �h�\�f�d�i�b �\ �k�\�m�\�g�g�`�g �d�h�k�g�`�h�`�i�o�\�o�d�j�i �m�p�i �`�z�d�^�d�`�i�o�g�t �d�n �o�c�\�o �h�d�i�d�F�\�i�m�`�i

�n�p�z�`�m�n �a�m�j�h �\�i �3�`�h�]�\�m�m�\�n�n�h�`�i�o �j�a �k�\�m�\�g�g�`�g�d�n�h�4�) �A�j�m �`�s�\�h�k�g�`�' �\ �m�`�^�p�m�n�d�q�` �b�j�\�g �h�d�b�c�o

�^�j�i�o�\�d�i �\�^�j�i�_e �r�c�j�n�` �{�m�n�o �^�g�\�p�n�` �^�j�i�o�\�d�i�n �\ �n�d�i�b�g�` �p�i�d�{�^�\�o�d�j�i�) �O�c�` �j�q�`�m�c�`�\�_ �j�a

�n�`�i�_�d�i�b �o�c�d�n �n�d�i�b�g�` �p�i�d�{�^�\�o�d�j�i �o�j �\ �i�`�r �^�j�m�` �j�m �k�m�j�^�`�n�n�j�m �h�\�t �]�` �h�j�m�` �`�s�k�`�i�n�d�q�`

�o�c�\�i �e�p�n�o �k�`�m�a�j�m�h�d�i�b �o�c�` �p�i�d�{�^�\�o�d�j�i�) �>�d�\�j �K�m�j�g�j�b �n�j�g�q�`�n �o�c�d�n �k�m�j�]�g�`�h �]�t �k�`�m�a�j�m�h�d�i�b

�\ �3�b�m�\�i�p�g�\�m�d�o�t �\�i�\�g�t�n�d�n�4 �o�j �_�`�o�`�m�h�d�i�` �r�c�d�^�c �k�\�m�o�n �j�a �\ �k�m�j�b�m�\�h �k�`�m�a�j�m�h �`�i�j�p�b�c

�^�j�h�k�p�o�\�o�d�j�i �o�j �j�z�n�`�o �o�c�` �j�q�`�m�c�`�\�_ �j�a �k�\�m�\�g�g�`�g�d�u�\�o�d�j�i �#�?�`�]�m�\�t �`�o �\�g�)�,�4�4�+�6�G�j�k�`�u

�`�o �\�g�)�,�4�4�1�$�)

�J�p�m �k�p�m�`�g�t �a�p�i�^�o�d�j�i�\�g �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �h�d�i�d�F�\�i�m�`�i �\�g�n�j �d�h�k�g�d�`�n �\ �_�d�z�`�m�`�i�o �n�`�o

�j�a �_�`�n�d�b�i �^�c�j�d�^�`�n �o�c�\�i �r�j�p�g�_ �]�` �h�\�_�` �r�c�`�i �k�\�m�\�g�g�`�g�d�u�d�i�b �\ �K�m�j�g�j�b �d�h�k�g�`�h�`�i�o�\�o�d�j�i

�]�\�n�`�_ �j�i �o�c�` �R�\�m�m�`�i �<�]�n�o�m�\�^�o �H�\�^�c�d�i�`�) �D�i �k�\�m�o�d�^�p�g�\�m�' �j�p�m �n�o�m�`�\�h�(�]�\�n�`�_ �n�`�\�m�^�c �d�h�(

�k�g�`�h�`�i�o�\�o�d�j�i�' �^�j�h�]�d�i�`�_ �r�d�o�c �j�p�m �a�p�i�^�o�d�j�i�\�g �m�`�k�m�`�n�`�i�o�\�o�d�j�i �j�a �n�p�]�n�o�d�o�p�o�d�j�i�n�0�' �h�`�\�i�n

�0�B�p�k�o�\ �\�i�_ �E�\�t�\�m�\�h�\�i�#�,�4�4�.�$ �c�\�q�` �`�s�k�g�j�m�`�_ �o�c�` �o�m�\�_�`�j�z�n �j�a �_�d�z�`�m�`�i�o �`�i�q�d�m�j�i�h�`�i�o �m�`�k�m�`�n�`�i�o�\�(
�o�d�j�i�n �d�i �o�c�` �^�j�i�o�`�s�o �j�a �k�\�m�\�g�g�`�g �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b�)
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�o�c�\�o �_�d�n�e�p�i�^�o�d�j�i �d�n �o�m�p�g�t �k�\�m�\�g�g�`�g�5 �a�\�d�g�p�m�` �j�a �j�i�` �_�d�n�e�p�i�^�o �_�j�`�n �i�j�o �m�`�l�p�d�m�` �^�j�h�h�p�i�d�(

�^�\�o�d�j�i �r�d�o�c �j�o�c�`�m �_�d�n�e�p�i�^�o�n�)

�M�`�d�{�^�\�o�d�j�i �j�a �i�j�h�d�i�\�g �o�`�m�h�n �d�n �\�i�j�o�c�`�m �\�m�`�\ �a�j�m �a�p�o�p�m�` �r�j�m�f�) �O�c�` �^�j�m�`�(�h�d�i�d�F�\�i�m�`�i

�m�`�d�{�`�m �k�m�`�n�`�i�o�`�_ �d�i �>�c�\�k�o�`�m�. �`�i�a�j�m�^�`�n �n�`�q�`�m�\�g �d�h�k�j�m�o�\�i�o �d�i�q�\�m�d�\�i�o�n�5 �n�r�\�k�k�d�i�b �\�_�e�\�(

�^�`�i�o �^�\�g�g�n �o�j≡�' �n�r�\�k�k�d�i�b �\�m�b�p�h�`�i�o�n �r�d�o�c�d�i �\ �n�d�i�b�g�` �^�\�g�g �o�j≡�' �j�m �m�`�j�m�_�`�m�d�i�b �i�`�n�o�`�_

�`�s�d�n�o�^�g�\�p�n�`�n�1 �^�\�i�i�j�o �\�z�`�^�o �m�`�d�{�`�_ �\�i�n�r�`�m�n�) �R�` �r�j�p�g�_ �g�d�f�`α�F�\�i�m�`�i �o�j �`�i�n�p�m�` �n�d�h�d�(

�g�\�m �d�i�q�\�m�d�\�i�o�n�6 �c�j�r�`�q�`�m�' �m�`�d�{�^�\�o�d�j�i �d�iα�F�\�i�m�`�i �d�n �h�j�m�` �^�j�h�k�g�d�^�\�o�`�_�' �n�d�i�^�` �`�\�^�c �o�`�m�h

�^�j�i�o�\�d�i�d�i�b �\◃▹ �i�j�r �m�`�k�m�`�n�`�i�o�n �\�i �d�i�{�i�d�o�` �`�l�p�d�q�\�g�`�i�^�` �^�g�\�n�n �j�aα�(�`�l�p�d�q�\�g�`�i�o �o�`�m�h�n�)

�<�_�_�d�o�d�j�i�\�g�g�t�' �r�` �_�j �i�j�o �c�\�q�` �\ �^�\�i�j�i�d�^�\�g �m�`�k�m�`�n�`�i�o�\�o�d�j�i �a�j�m �k�`�m�h�p�o�\�o�d�j�i�n �\�n�n�j�^�d�\�o�`�_

�r�d�o�c �n�p�n�k�`�i�n�d�j�i�n�) �A�d�i�\�g�g�t�' �m�`�d�{�^�\�o�d�j�i �h�p�n�o �\�g�n�j �c�\�i�_�g�` �a�m�`�n�c�i�`�n�n �^�j�i�n�o�m�\�d�i�o�n�)

�h�d�i�d�F�\�i�m�`�i �p�n�`�n �\ �^�j�h�k�g�`�o�` �d�i�o�`�m�g�`�\�q�d�i�b �n�`�\�m�^�c �n�o�m�\�o�`�b�t�' �r�c�d�^�c �`�i�n�p�m�`�n �_�d�n�e�p�i�^�(

�o�d�j�i �#�^�j�i�_e�$ �d�n �^�j�h�h�p�o�\�o�d�q�`�.�n�r�\�k�k�d�i�b �o�c�` �j�m�_�`�m �j�a�^�j�i�_e �^�g�\�p�n�`�n �^�\�i �\�z�`�^�o �o�c�`

�j�m�_�`�m �d�i �r�c�d�^�c �\�i�n�r�`�m�n �\�m�` �m�`�o�p�m�i�`�_�' �]�p�o �^�\�i�i�j�o �\�z�`�^�o �r�c�`�o�c�`�m �\ �b�j�\�g �_�d�q�`�m�b�`�n�) �D�i

�^�j�i�o�m�\�n�o�' �h�d�i�d�F�\�i�m�`�i�1�n �^�j�i�e�p�i�^�o�d�j�i �j�k�`�m�\�o�j�m�n �#�`�s�d�n�o�\�i�_ �a�m�`�n�c�$ �\�m�` �i�j�o �^�j�h�h�p�(

�o�\�o�d�q�`�.�n�r�\�k�k�d�i�b �^�j�i�e�p�i�^�o�n �^�\�i �^�\�p�n�` �\ �b�j�\�g �o�c�\�o �k�m�`�q�d�j�p�n�g�t �a�\�d�g�`�_ �{�i�d�o�`�g�t �o�j �i�j�r

�_�d�q�`�m�b�`�) �D�o �d�n �`�\�n�t �o�j �n�`�` �o�c�\�o �^�j�h�h�p�o�\�o�d�q�` �^�j�i�e�p�i�^�o�d�j�i �^�\�i �]�` �d�h�k�g�`�h�`�i�o�`�_�5 �e�p�n�o

�m�p�i �d�i �k�\�m�\�g�g�`�g �`�q�`�m�t �k�j�n�n�d�]�g�` �j�m�_�`�m�d�i�b �j�a �^�j�i�e�p�i�^�o�n�) �P�i�a�j�m�o�p�i�\�o�`�g�t�' �o�c�d�n �n�d�h�k�g�d�n�o�d�^

�\�k�k�m�j�\�^�c �d�n �a�\�m �o�j�j �`�s�k�`�i�n�d�q�` �o�j �]�` �p�n�`�_ �d�i �k�m�\�^�o�d�^�`�) �C�j�r�`�q�`�m�' �d�o �h�\�t �]�` �k�j�n�n�d�]�g�` �o�j

�h�j�m�` �`�z�d�^�d�`�i�o�g�t �d�h�k�g�`�h�`�i�o �^�j�h�h�p�o�\�o�d�q�` �^�j�i�e�p�i�^�o�d�j�i �]�t �d�i�o�`�m�g�`�\�q�d�i�b �o�c�` �`�q�\�g�p�\�o�d�j�i

�j�a �^�j�i�e�p�i�^�o�n�' �\�i�_ �\�g�g�j�r�d�i�b �`�\�^�c �^�j�i�e�p�i�^�o �o�j �k�\�m�o�d�\�g�g�t �`�s�o�`�i�_ �o�c�` �n�p�]�n�o�d�o�p�o�d�j�i�) �O�c�d�n

�1�<�n�n�p�h�d�i�b �o�c�d�n �d�n �_�j�i�` �r�d�o�c�j�p�o �d�i�\�_�q�`�m�o�`�i�o�g�t �n�c�\�_�j�r�d�i�b �q�\�m�d�\�]�g�`�n�' �j�m �g�`�\�q�d�i�b �k�m�`�q�d�j�p�n�g�t �]�j�p�i�_
�q�\�m�d�\�]�g�`�n �p�i�]�j�p�i�_�)
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�r�j�p�g�_ �\�g�g�j�r �^�j�i�e�p�i�^�o�n �o�j �^�j�h�h�p�i�d�^�\�o�` �r�d�o�c �`�\�^�c �j�o�c�`�m �]�t �`�s�o�`�i�_�d�i�b �o�c�` �n�p�]�n�o�d�o�p�(

�o�d�j�i�' �o�c�`�m�`�]�t �\�g�g�j�r�d�i�b �o�c�` �^�j�i�e�p�i�^�o�d�j�i �o�j �3�a�\�d�g �a�\�n�o�4�' �\�i�_ �\�q�j�d�_�d�i�b �o�c�` �_�p�k�g�d�^�\�o�d�j�i

�j�a �r�j�m�f �d�i�c�`�m�`�i�o �d�i �o�c�` �i�\�d�q�` �\�k�k�m�j�\�^�c �_�`�n�^�m�d�]�`�_ �\�]�j�q�`�) �D�o �d�n �i�j�o �^�g�`�\�m �r�c�`�o�c�`�m �o�c�d�n

�\�k�k�m�j�\�^�c �d�n �`�z�d�^�d�`�i�o �`�i�j�p�b�c �o�j �]�` �p�n�`�_ �o�c�m�j�p�b�c�j�p�o �\�i �`�i�o�d�m�` �k�m�j�b�m�\�h�6 �o�c�` �k�m�j�b�m�\�h�(

�h�`�m �h�\�t �i�`�`�_ �o�j �m�`�n�o�m�d�^�o �p�n�` �j�a �^�j�h�h�p�o�\�o�d�q�` �^�j�i�e�p�i�^�o�d�j�i �o�j �^�j�i�e�p�i�^�o�d�j�i�n �^�j�i�o�\�d�i�d�i�b

�h�p�g�o�d�k�g�` �m�`�^�p�m�n�d�q�` �b�j�\�g�n�)

�<�g�o�`�m�i�\�o�d�q�`�g�t�' �d�o �h�\�t �]�` �k�j�n�n�d�]�g�` �o�j�n�d�h�p�g�\�o�`�^�j�h�h�p�o�\�o�d�q�` �^�j�i�e�p�i�^�o�d�j�i �p�n�d�i�b �\

�^�j�h�]�d�i�\�o�d�j�i �j�a �^�j�i�o�d�i�p�\�o�d�j�i�n�' �d�i�o�`�m�g�`�\�q�d�i�b �n�`�\�m�^�c�' �\�i�_ �o�\�]�g�d�i�b�) �O�c�d�n �\�k�k�m�j�\�^�c �r�j�p�g�_

�j�i�g�t �]�` �\ �n�d�h�p�g�\�o�d�j�i �j�a �o�m�p�` �^�j�h�h�p�o�\�o�d�q�` �^�j�i�e�p�i�^�o�d�j�i �]�`�^�\�p�n�` �o�\�]�g�d�i�b �d�n �_�`�a�`�\�o�`�_ �d�a

�\�i �\�m�b�p�h�`�i�o �^�c�\�i�b�`�n �r�d�o�c �`�\�^�c �m�`�^�p�m�n�d�q�` �^�\�g�g�)

�O�c�` �^�j�m�` �h�d�i�d�F�\�i�m�`�i �d�h�k�g�`�h�`�i�o�\�o�d�j�i �k�m�`�n�`�i�o�`�_ �d�i �>�c�\�k�o�`�m�. �d�n �\�i �`�h�]�`�_�_�d�i�b

�d�i �N�^�c�`�h�`�' �p�n�d�i�b �\ �^�j�h�]�d�i�\�o�d�j�i �j�a �k�m�j�^�`�_�p�m�`�n �\�i�_ �c�t�b�d�`�i�d�^ �h�\�^�m�j�n�) �<�g�o�c�j�p�b�c �o�c�d�n

�`�h�]�`�_�_�d�i�b �\�g�g�j�r�n �p�n �o�j �`�\�n�d�g�t �]�`�i�`�{�o �a�m�j�h �o�c�` �j�k�o�d�h�d�u�\�o�d�j�i�n �k�m�j�q�d�_�`�_ �]�t �\ �c�j�n�o

�N�^�c�`�h�` �d�h�k�g�`�h�`�i�o�\�o�d�j�i�' �r�` �g�j�n�` �o�c�` �\�]�d�g�d�o�t �o�j �\�i�\�g�t�u�` �j�m �o�m�\�i�n�a�j�m�h �`�i�o�d�m�` �h�d�i�d�(

�F�\�i�m�`�i �k�m�j�b�m�\�h�n�) �< �h�d�i�d�F�\�i�m�`�i �^�j�h�k�d�g�`�m �r�j�p�g�_ �\�g�g�j�r �p�n �o�j �k�`�m�a�j�m�h �h�j�m�` �n�j�k�c�d�n�(

�o�d�^�\�o�`�_ �k�m�j�b�m�\�h �\�i�\�g�t�n�`�n�) �A�d�i�\�g�g�t�' �\ �h�d�i�d�F�\�i�m�`�i �d�i�o�`�m�k�m�`�o�`�m�2 �j�m �\�]�n�o�m�\�^�o �h�\�^�c�d�i�`

�r�j�p�g�_ �]�` �p�n�`�a�p�g �a�m�j�h �]�j�o�c �\�i �d�h�k�g�`�h�`�i�o�\�o�d�j�i �\�i�_ �a�j�m�h�\�g�d�u�\�o�d�j�i �n�o�\�i�_�k�j�d�i�o�)

�,�2�)�. �G�\�i�b�p�\�b�` �@�s�o�`�i�n�d�j�i�n

α�F�\�i�m�`�i�1�n �n�p�k�k�j�m�o �a�j�m �i�j�h�d�i�\�g �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b �^�j�p�g�_ �]�` �`�s�o�`�i�_�`�_ �d�i �n�`�q�`�m�\�g

�r�\�t�n�) �K�`�m�c�\�k�n �o�c�` �n�d�h�k�g�`�n�o �`�s�o�`�i�n�d�j�i �r�j�p�g�_ �]�` �o�j �\�_�_ �H�G�N�J�N�1�n �i�\�h�` �d�i�`�l�p�\�g�(

�2�D�i �o�c�` �g�j�i�b �o�m�\�_�d�o�d�j�i �j�a �r�m�d�o�d�i�b �h�`�o�\�(�^�d�m�^�p�g�\�m �N�^�c�`�h�` �d�i�o�`�m�k�m�`�o�`�m�n�' �\ �h�`�o�\�(�^�d�m�^�p�g�\�m �h�d�i�d�F�\�i�m�`�i
�d�i�o�`�m�k�m�`�o�`�m �r�j�p�g�_ �]�` �`�n�k�`�^�d�\�g�g�t �n�\�o�d�n�a�t�d�i�b�)
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�d�o�t �^�j�i�n�o�m�\�d�i�o �#�G�\�f�d�i �\�i�_ �K�d�o�o�n�-�+�+�3�$�' �r�c�d�^�c �d�n �`�n�n�`�i�o�d�\�g�g�t �\ �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o

�g�d�h�d�o�`�_ �o�j �i�j�h�n �#�\�i�_ �o�j �n�p�n�k�`�i�n�d�j�i�n �o�c�\�o �r�d�g�g �]�`�^�j�h�` �i�j�h�n�$�) �< �h�j�m�` �\�h�]�d�o�d�j�p�n

�`�s�o�`�i�n�d�j�i �r�j�p�g�_ �]�` �o�j �\�_�_ �a�p�g�g �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n �o�jα�F�\�i�m�`�i�) �J�i�` �h�d�b�c�o �\�g�n�j

�d�h�k�g�`�h�`�i�o �`�l�p�d�q�\�m�d�\�i�o �p�i�d�{�^�\�o�d�j�i �#�>�c�`�i�`�t�-�+�+�0�$�' �r�c�d�^�c �`�s�o�`�i�_�n �i�j�h�d�i�\�g �p�i�d�{�^�\�(

�o�d�j�i �r�d�o�c �o�c�` �\�]�d�g�d�o�t �o�j �d�i�^�g�p�_�` �g�j�b�d�^ �q�\�m�d�\�]�g�`�n �d�i �k�`�m�h�p�o�\�o�d�j�i�n�6 �c�j�r�`�q�`�m�' �o�c�` �`�s�k�`�i�n�`

�j�a �`�l�p�d�q�\�m�d�\�i�o �p�i�d�{�^�\�o�d�j�i �#�>�c�`�i�`�t�-�+�+�/�]�$ �g�d�h�d�o�n �d�o�n �\�k�k�`�\�g�3�) �?�j�r�`�f �`�o �\�g�)�#�-�+�+�4�$ �m�`�(

�^�`�i�o�g�t �k�m�`�n�`�i�o�`�_ �\ �q�\�m�d�\�i�o �j�a �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i �p�n�d�i�b �3�k�`�m�h�d�n�n�d�q�`�4 �i�j�h�d�i�\�g �o�`�m�h�n�'

�r�c�d�^�c �_�j �i�j�o �m�`�l�p�d�m�` �`�s�k�g�d�^�d�o �a�m�`�n�c�i�`�n�n �^�j�i�n�o�m�\�d�i�o�n�6 �k�`�m�h�d�n�n�d�q�` �i�j�h�d�i�\�g �o�`�m�h�n �h�d�b�c�o

�n�d�h�k�g�d�a�t �m�`�d�{�^�\�o�d�j�i �j�aα�F�\�i�m�`�i �\�i�n�r�`�m�n�)

�J�p�m �o�\�]�g�d�i�b �d�h�k�g�`�h�`�i�o�\�o�d�j�i �_�j�`�n �i�j�o �^�p�m�m�`�i�o�g�t �r�j�m�f �r�d�o�c �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n

�j�m �a�m�`�n�c�i�`�n�n �^�j�i�n�o�m�\�d�i�o�n�) �D�o �r�j�p�g�_ �]�` �q�`�m�t �p�n�`�a�p�g �o�j �`�s�o�`�i�_ �o�\�]�g�d�i�b �o�j �r�j�m�f �r�d�o�c �o�c�`�n�`

�^�j�i�n�o�m�\�d�i�o�n�) �<�g�o�`�m�i�\�o�d�q�`�g�t�' �d�o �h�\�t �]�` �k�j�n�n�d�]�g�` �o�j �\�_�_ �o�\�]�g�d�i�b �o�jα�F�\�i�m�`�i �]�t �p�n�d�i�b

�k�`�m�h�d�n�n�d�q�` �i�j�h�d�i�\�g �o�`�m�h�n�' �r�c�d�^�c �_�j �i�j�o �m�`�l�p�d�m�` �a�m�`�n�c�i�`�n�n �^�j�i�n�o�m�\�d�i�o�n�)

�B�p�k�o�\ �`�o �\�g�)�#�-�+�+�2�$ �c�\�q�` �d�h�k�g�`�h�`�i�o�`�_ �\ �^�j�d�i�_�p�^�o�d�q�` �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b �g�\�i�b�p�\�b�`

�o�c�\�o �^�\�i �`�s�k�m�`�n�n �d�i�{�i�d�o�` �n�o�m�`�\�h�n �p�n�d�i�b �^�j�d�i�_�p�^�o�d�q�` �_�`�{�i�d�o�d�j�i�n �j�a �b�j�\�g�n�) �O�c�` �c�`�\�m�o

�j�a �o�c�`�d�m �n�t�n�o�`�h �d�n �\�i �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �o�\�]�g�d�i�b�' �d�i �r�c�d�^�c �p�i�d�{�^�\�o�d�j�i �m�\�o�c�`�m �o�c�\�i

�m�`�d�{�^�\�o�d�j�i �d�n �p�n�`�_ �o�j �_�`�o�`�m�h�d�i�` �r�c�`�o�c�`�m �\ �^�\�g�g �d�n �\ �q�\�m�d�\�i�o �j�a �\�i �\�g�m�`�\�_�t �o�\�]�g�`�_ �^�\�g�g�)

�D�o �n�c�j�p�g�_ �]�` �n�o�m�\�d�b�c�o�a�j�m�r�\�m�_ �o�j �\�_�_ �^�j�d�i�_�p�^�o�d�q�` �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b �o�j �h�d�i�d�F�\�i�m�`�i�'

�n�d�i�^�` �r�` �c�\�q�` �\�g�m�`�\�_�t �d�h�k�g�`�h�`�i�o�`�_ �o�\�]�g�d�i�b�) �<�g�n�j�' �d�o �r�j�p�g�_ �]�` �d�i�o�`�m�`�n�o�d�i�b �o�j �d�i�q�`�n�(

�o�d�b�\�o�` �d�a �j�o�c�`�m �i�j�o�d�j�i�n �j�a �q�\�m�d�\�i�o �^�\�g�g�n �h�\�f�` �n�`�i�n�`�.�a�j�m �`�s�\�h�k�g�`�' �r�c�\�o �d�a �r�` �p�n�`�_

�3�<�g�o�c�j�p�b�c�P�m�]�\�i �\�i�_ �>�c�`�i�`�t�#�-�+�+�0�$ �n�c�j�r �o�c�\�o �d�o �d�n �j�a�o�`�i �k�j�n�n�d�]�g�` �o�j �\�q�j�d�_ �a�p�g�g �`�l�p�d�q�\�m�d�\�i�o
�p�i�d�{�^�\�o�d�j�i �d�i �m�`�\�g �k�m�j�b�m�\�h�n�)
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�n�p�]�n�p�h�k�o�d�j�i �d�i�n�o�`�\�_ �j�a �m�`�d�{�^�\�o�d�j�i �j�m �p�i�d�{�^�\�o�d�j�i�: �R�j�p�g�_ �r�` �b�`�o �\ �_�d�z�`�m�`�i�o �o�t�k�`

�j�a �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b�: �A�d�i�\�g�g�t�' �o�c�` �n�o�m�`�\�h�n �o�c�\�o �^�\�i �]�` �^�m�`�\�o�`�_ �p�n�d�i�b �o�c�` �n�t�n�o�`�h

�j�a�B�p�k�o�\ �`�o �\�g�)�h�p�n�o �c�\�q�` �\ �m�`�b�p�g�\�m �n�o�m�p�^�o�p�m�`�.�a�j�m �`�s�\�h�k�g�`�' �o�c�`�d�m �n�t�n�o�`�h �^�\�i�i�j�o

�m�`�k�m�`�n�`�i�o �\ �n�o�m�`�\�h �j�a �\�g�g �o�c�` �k�m�d�h�` �i�p�h�]�`�m�n�) �C�j�r �h�d�b�c�o �h�j�m�` �n�j�k�c�d�n�o�d�^�\�o�`�_ �n�o�m�`�\�h�n

�]�` �`�s�k�m�`�n�n�`�_�:

�J�i�` �\�g�o�`�m�i�\�o�d�q�` �o�j �m�`�l�p�d�m�d�i�b �o�c�` �j�^�^�p�m�n �^�c�`�^�f �a�j�m �n�j�p�i�_ �p�i�d�{�^�\�o�d�j�i �d�n �o�j �\�g�g�j�r

�d�i�{�i�d�o�` �o�`�m�h�n�' �\�n �d�i �K�m�j�g�j�b �D�D�) �O�c�d�n �r�j�p�g�_ �m�`�l�p�d�m�` �^�c�\�i�b�d�i�b �o�c�` �m�`�d�{�`�m �o�j �k�m�d�i�o

�^�d�m�^�p�g�\�m �o�`�m�h�n�) �R�` �r�j�p�g�_ �\�g�n�j �r�\�i�o �j�p�m �^�j�m�` �g�\�i�b�p�\�b�` �a�j�m�h�n�' �n�p�^�c �\�n �_�d�n�`�l�p�\�g�d�o�t

�^�j�i�n�o�m�\�d�i�o�n�' �o�j �c�\�i�_�g�` �d�i�{�i�d�o�` �o�`�m�h�n�4�)

�<�i �`�s�o�m�`�h�`�g�t �p�n�`�a�p�g �`�s�o�`�i�n�d�j�i �o�j �h�d�i�d�F�\�i�m�`�i �r�j�p�g�_ �]�` �o�c�` �\�_�_�d�o�d�j�i �j�a �^�j�i�n�o�m�\�d�i�o

�g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b�' �j�m �>�G�K �#�E�\�z�\�m �\�i�_ �H�\�c�`�m�,�4�4�/�$�,�+�) �O�c�` �i�j�o�\�o�d�j�i �0�>�G�K�#�S�$�1

�m�`�a�`�m�n �o�j �^�j�i�n�o�m�\�d�i�o �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b �j�q�`�m �n�j�h�` �_�j�h�\�d�i �0�S�1�6 �^�j�h�h�j�i �_�j�h�\�d�i�n

�d�i�^�g�p�_�` �o�c�` �d�i�o�`�b�`�m�n �#�>�G�K�#�U�$�$�' �m�\�o�d�j�i�\�g �i�p�h�]�`�m�n �#�>�G�K�#�L�$�$�' �m�`�\�g �i�p�h�]�`�m�n �#�>�G�K�#�M�$�$�'

�\�i�_ �{�i�d�o�` �_�j�h�\�d�i�n �#�>�G�K�#�A�?�$�$�) �H�j�n�o �p�n�`�a�p�g �a�j�m �`�s�d�n�o�d�i�b �\�k�k�g�d�^�\�o�d�j�i�n �j�a �h�d�i�d�F�\�i�m�`�i

�r�j�p�g�_ �]�` �>�G�K�#�A�?�$ �\�i�_ �>�G�K�#�U�$�' �r�c�d�^�c �r�j�p�g�_ �\�g�g�j�r �p�n �o�j �_�`�^�g�\�m�\�o�d�q�`�g�t �`�s�k�m�`�n�n

�\�m�d�o�c�h�`�o�d�^ �d�i �\ �h�j�m�` �`�z�d�^�d�`�i�o �h�\�i�i�`�m �o�c�\�i �o�c�` �\�m�d�o�c�h�`�o�d�^ �n�t�n�o�`�h �j�a �>�c�\�k�o�`�m�1�,�,�)

�h�d�i�d�F�\�i�m�`�i�' �g�d�f�` �N�^�c�`�h�`�' �d�n �_�t�i�\�h�d�^�\�g�g�t�(�o�t�k�`�_�)�N�d�`�f �\�i�_ �O�\�c�\�#�-�+�+�1�$ �n�c�j�r �c�j�r

�4�N�R�D �K�m�j�g�j�b �#�R�d�`�g�`�h�\�f�`�m�-�+�+�.�$ �d�i�^�g�p�_�`�n �h�\�i�t �k�m�`�_�d�^�\�o�`�n �o�c�\�o �r�j�m�f �j�i �d�i�{�i�d�o�` �o�`�m�h�n�' �\�i�_
�h�d�b�c�o �n�`�m�q�` �\�n �\�i �d�i�n�k�d�m�\�o�d�j�i�)

�,�+�<�^�o�p�\�g�g�t�' �h�d�i�d�F�\�i�m�`�i �\�i�_α�F�\�i�m�`�i �\�g�m�`�\�_�t �n�p�k�k�j�m�o �n�`�q�`�m�\�g �o�t�k�`�n �j�a �^�j�i�n�o�m�\�d�i�o�n�5 �p�i�d�{�^�\�o�d�j�i
�#≡�$ �\�i�_ �_�d�n�(�p�i�d�{�^�\�o�d�j�i �#̸=�$ �^�j�i�n�o�m�\�d�i�o�n�' �\�i�_ �o�c�` �a�m�`�n�c�i�`�n�n �^�j�i�n�o�m�\�d�i�o�n �j�a �i�j�h�d�i�\�g �g�j�b�d�^�) �C�j�r�`�q�`�m�'
�o�c�`�m�` �\�m�` �h�\�i�t �j�o�c�`�m �o�t�k�`�n �j�a �^�j�i�n�o�m�\�d�i�o�n �r�` �h�d�b�c�o �r�\�i�o �o�j �\�_�_�)

�,�, �O�c�` �_�`�^�g�\�m�\�o�d�q�` �\�m�d�o�c�h�`�o�d�^ �n�t�n�o�`�h �j�a �>�c�\�k�o�`�m�1 �c�\�n �n�`�q�`�m�\�g �\�_�q�\�i�o�\�b�`�n �j�q�`�m �o�c�` �^�j�i�n�o�m�\�d�i�o
�\�k�k�m�j�\�^�c�' �c�j�r�`�q�`�m�) �<�n �j�k�k�j�n�`�_ �o�j �>�G�K�#�A�?�$�' �j�p�m �n�t�n�o�`�h �r�j�m�f�n �j�i �i�p�h�]�`�m�n �j�a �\�m�]�d�o�m�\�m�t �n�d�u�`�)
�J�p�m �n�t�n�o�`�h �d�n �\�g�n�j �d�h�k�g�`�h�`�i�o�`�_ �`�i�o�d�m�`�g�t �\�o �o�c�` �p�n�`�m�(�g�`�q�`�g �g�\�i�b�p�\�b�`�' �r�d�o�c�j�p�o �\�i�t �^�j�i�n�o�m�\�d�i�o�n �j�o�c�`�m
�o�c�\�i �p�i�d�{�^�\�o�d�j�i�' �r�c�d�g�` �\�_�_�d�i�b �>�G�K�#�A�?�$ �j�m �>�G�K�#�U�$ �m�`�l�p�d�m�`�n �n�d�b�i�d�{�^�\�i�o �^�c�\�i�b�`�n �o�j �o�c�` �p�i�_�`�m�g�t�d�i�b
�d�h�k�g�`�h�`�i�o�\�o�d�j�i�' �\�i�_ �h�\�t �d�i�o�`�m�\�^�o �d�i �p�i�_�`�n�d�m�\�]�g�` �r�\�t�n �r�d�o�c �j�o�c�`�m �g�\�i�b�p�\�b�` �a�`�\�o�p�m�`�n�)



�>�C�<�K�O�@�M �,�2�) �A�P�O�P�M�@ �R�J�M�F �-�.�,

�b�m�\�_�p�\�g �o�t�k�d�i�b�^�\�i �]�` �p�n�`�_ �o�j �\�_�_ �\ �n�j�k�c�d�n�o�d�^�\�o�`�_ �o�t�k�` �n�t�n�o�`�h �o�j �\ �_�t�i�\�h�d�^�\�g�g�t

�o�t�k�`�_ �g�\�i�b�p�\�b�`�' �r�d�o�c�j�p�o �b�d�q�d�i�b �p�k �o�c�` �|�`�s�d�]�d�g�d�o�t �j�a �_�t�i�\�h�d�^ �o�t�k�d�i�b�,�-�) �D�o �r�j�p�g�_

�]�` �d�i�o�`�m�`�n�o�d�i�b �o�j �\�k�k�g�t �o�c�d�n �o�t�k�d�i�b �n�^�c�`�h�` �o�j �h�d�i�d�F�\�i�m�`�i�' �n�d�i�^�` �n�p�k�k�j�m�o�d�i�b �g�j�b�d�^

�q�\�m�d�\�]�g�`�n �\�i�_ �^�j�i�n�o�m�\�d�i�o�n �h�\�t �m�`�l�p�d�m�` �`�s�o�`�i�_�d�i�b �o�c�` �i�j�o�d�j�i�n �j�a �b�m�\�_�p�\�g �o�t�k�d�i�b�)

�M�`�g�\�o�d�j�i�\�g �b�j�\�g�n �j�a�o�`�i �\�k�k�`�i�_ �o�r�j �g�d�n�o�n�6 �d�a �o�c�` �{�m�n�o �g�d�n�o �d�n �\�i �p�i�d�i�n�o�\�i�o�d�\�o�`�_ �g�j�b�d�^

�q�\�m�d�\�]�g�`�' �o�c�d�n �m�`�n�p�g�o�n �d�i �d�i�{�i�d�o�`�g�t �h�\�i�t �\�i�n�r�`�m�n�' �r�c�d�^�c �^�\�i �`�\�n�d�g�t �g�`�\�_ �o�j �_�d�q�`�m�b�`�i�^�`�)

�D�o �h�\�t �]�` �k�j�n�n�d�]�g�` �o�j �^�m�`�\�o�` �\�i�\�k�k�`�i�_�^�j�i�n�o�m�\�d�i�o �o�c�\�o �m�`�k�m�`�n�`�i�o�n �o�c�` �_�`�g�\�t�`�_ �\�k�(

�k�`�i�_�d�i�b �j�a �o�r�j �g�d�n�o�n�' �\�i�_ �\�q�j�d�_�n �`�i�p�h�`�m�\�o�d�i�b �d�i�{�i�d�o�`�g�t �h�\�i�t �\�k�k�`�i�_�`�_ �g�d�n�o�n�)

�<�i�j�o�c�`�m �g�d�i�` �j�a �a�p�o�p�m�` �r�j�m�f �r�j�p�g�_ �]�` �o�j �d�h�k�g�`�h�`�i�o �i�j�i�(�n�o�\�i�_�\�m�_ �g�j�b�d�^�n �a�j�m �m�`�g�\�(

�o�d�j�i�\�g �k�m�j�b�m�\�h�h�d�i�b�' �n�p�^�c �\�n �o�`�h�k�j�m�\�g �g�j�b�d�^�' �g�d�i�`�\�m �g�j�b�d�^�' �\�i�_ �h�j�_�\�g �g�j�b�d�^�) �J�a �^�j�p�m�n�`�'

�n�p�k�k�j�m�o�d�i�b �\�i�t �j�a �o�c�`�n�` �g�j�b�d�^�n �r�j�p�g�_ �m�`�l�p�d�m�` �n�d�b�i�d�{�^�\�i�o �^�c�\�i�b�`�n �o�j �h�d�i�d�F�\�i�m�`�i�' �\�i�_

�r�j�p�g�_ �m�`�l�p�d�m�` �^�\�m�`�a�p�g �^�j�i�n�d�_�`�m�\�o�d�j�i �j�a �c�j�r �q�\�m�d�j�p�n �g�\�i�b�p�\�b�` �`�s�o�`�i�n�d�j�i�n �r�j�p�g�_ �d�i�o�`�m�(

�\�^�o �r�d�o�c �o�c�` �i�`�r �g�j�b�d�^�)

�H�j�_�`�m�i �a�p�i�^�o�d�j�i�\�g �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b �g�\�i�b�p�\�b�`�n �g�d�f�` �>�p�m�m�t �\�m�` �]�\�n�`�_ �j�i �i�\�m�(

�m�j�r�d�i�b �#�<�i�o�j�t �`�o �\�g�)�-�+�+�,�$�' �r�c�d�^�c �^�j�h�]�d�i�`�n �o�`�m�h �m�`�r�m�d�o�d�i�b �r�d�o�c �o�c�` �\�]�d�g�d�o�t �o�j �d�i�(

�n�o�\�i�o�d�\�o�` �g�j�b�d�^ �q�\�m�d�\�]�g�`�n�) �D�o �r�j�p�g�_ �]�` �d�i�o�`�m�`�n�o�d�i�b �o�j �d�h�k�g�`�h�`�i�o �\ �g�\�i�b�p�\�b�` �]�\�n�`�_

�j�i �i�j�h�d�i�\�g�i�\�m�m�j�r�d�i�b�.�o�c�\�o �d�n�' �i�\�m�m�j�r�d�i�b �]�\�n�`�_ �j�i �i�j�h�d�i�\�g �m�`�r�m�d�o�d�i�b �#�A�`�m�i�¿�i�_�`�u

�\�i�_ �B�\�]�]�\�t�-�+�+�2�$�) �O�c�d�n �r�j�p�g�_ �\�g�g�j�r �\ �n�d�i�b�g�` �d�h�k�g�`�h�`�i�o�\�o�d�j�i �o�j �`�s�k�m�`�n�n �i�j�h�d�i�\�g

�a�p�i�^�o�d�j�i�\�g �k�m�j�b�m�\�h�h�d�i�b �#�\�n �d�i �A�m�`�n�c�H�G �#�N�c�d�i�r�`�g�g �`�o �\�g�)�-�+�+�.�$ �j�m �>α�h�g �#�K�j�o�o�d�`�m

�-�+�+�1�$�$�' �i�j�h�d�i�\�g �g�j�b�d�^ �k�m�j�b�m�\�h�h�d�i�b �#�\�n �d�iα�K�m�j�g�j�b �#�>�c�`�i�`�t �\�i�_ �P�m�]�\�i�-�+�+�/�$�' �H�G�(

�,�- �O�c�`�m�` �c�\�n �\�g�n�j �]�`�`�i �m�`�^�`�i�o �r�j�m�f �j�i �\�_�_�d�i�b �n�j�h�`�o�c�d�i�b �g�d�f�` �b�m�\�_�p�\�g �o�t�k�d�i�b �o�j �K�m�j�g�j�b �#�n�`�` �#�N�^�c�m�d�(
�e�q�`�m�n �`�o �\�g�)�-�+�+�3�]�$�' �\�g�o�c�j�p�b�c �d�o �d�n �p�i�^�g�`�\�m �r�c�`�o�c�`�m �o�c�`�n�` �m�`�n�`�\�m�^�c�`�m�n �\�m�` �\�r�\�m�` �j�a �o�c�` �N�^�c�`�h�` �^�j�h�(
�h�p�i�d�o�t�1�n �r�j�m�f �j�i �b�m�\�_�p�\�g �o�t�k�d�i�b �\�i�_ �n�j�a�o �o�t�k�d�i�b �#�>�\�m�o�r�m�d�b�c�o �\�i�_ �A�\�b�\�i�,�4�4�,�$�)



�>�C�<�K�O�@�M �,�2�) �A�P�O�P�M�@ �R�J�M�F �-�.�-

�N�J�N �#�G�\�f�d�i �\�i�_ �K�d�o�o�n�-�+�+�3�$�' �j�mα�F�\�i�m�`�i�$�' �c�t�b�d�`�i�d�^ �h�\�^�m�j�n �#�\�n �d�i �N�^�c�`�h�`�,�.�$�' �\�i�_

�i�j�h�d�i�\�g �o�`�m�h �m�`�r�m�d�o�d�i�b �#�\�n �d�i �H�\�p�_�` �#�>�g�\�q�`�g �`�o �\�g�)�-�+�+�.�$�' �N�o�m�\�o�`�b�j �#�Q�d�n�n�`�m�-�+�+�,�$�'

�j�m �K�G�O �M�`�_�`�s �#�H�\�o�o�c�`�r�n �`�o �\�g�)�-�+�+�/�$�' �]�p�o �r�d�o�c �o�c�` �\�_�_�d�o�d�j�i �j�a �i�j�h�d�i�\�g �g�j�b�d�^�$�)

�G�d�f�` �H�G�N�J�N �\�i�_α�K�m�j�g�j�b�'α�F�\�i�m�`�i �d�n �r�`�g�g �n�p�d�o�`�_ �a�j�m �`�s�k�m�`�n�n�d�i�b �o�c�` �m�p�g�`�n �\�i�_

�n�d�_�`�(�^�j�i�_�d�o�d�j�i�n �j�a �N�o�m�p�^�o�p�m�\�g �J�k�`�m�\�o�d�j�i�\�g �N�`�h�\�i�o�d�^�n �#�N�J�N�$ �#�K�g�j�o�f�d�i�-�+�+�/�$�) �D�o �r�j�p�g�_

�]�` �d�i�a�j�m�h�\�o�d�q�` �o�j �`�s�k�g�j�m�` �r�c�d�^�c �N�J�N �m�p�g�`�n �j�m �n�d�_�`�(�^�j�i�_�d�o�d�j�i�n� �̂\�i�i�j�o�]�` �`�\�n�d�g�t �`�s�(

�k�m�`�n�n�`�_ �d�iα�F�\�i�m�`�i�6 �n�p�^�c �\�i �`�s�`�m�^�d�n�` �r�j�p�g�_ �g�d�f�`�g�t �m�`�n�p�g�o �d�i �i�`�r �^�j�i�n�o�m�\�d�i�o�n �\�i�_

�j�o�c�`�m �g�\�i�b�p�\�b�` �`�s�o�`�i�n�d�j�i�n�) �N�d�h�d�g�\�m�g�t�' �d�o �r�j�p�g�_ �]�` �d�i�a�j�m�h�\�o�d�q�` �o�j �d�i�q�`�n�o�d�b�\�o�` �r�c�d�^�c

�N�^�c�`�h�`�' �K�m�j�g�j�b�' �\�i�_ �>�p�m�m�t �k�m�j�b�m�\�h�n �r�` �^�\�i�i�j�o �n�\�o�d�n�a�\�^�o�j�m�d�g�t �`�s�k�m�`�n�n �d�i �\ �k�p�m�`�g�t

�m�`�g�\�o�d�j�i�\�g �h�\�i�i�`�m�)

�K�`�m�c�\�k�n �o�c�` �b�m�`�\�o�`�n�o �^�c�\�g�g�`�i�b�` �d�i �`�s�o�`�i�_�d�i�b �h�d�i�d�F�\�i�m�`�i �d�n �o�j �^�j�h�]�d�i�` �\�g�g �j�a �o�c�`�n�`

�g�\�i�b�p�\�b�` �a�`�\�o�p�m�`�n �d�i �\ �h�`�\�i�d�i�b�a�p�g �r�\�t�) �>�d�\�j �K�m�j�g�j�b �\�o�o�`�h�k�o�n �o�j �^�j�i�o�m�j�g �d�i�o�`�m�\�^�o�d�j�i�n

�]�`�o�r�`�`�i �g�\�i�b�p�\�b�` �a�`�\�o�p�m�`�n �o�c�m�j�p�b�c �\ �h�j�_�p�g�` �n�t�n�o�`�h �#�B�m�\�n �\�i�_ �C�`�m�h�`�i�`�b�d�g�_�j�,�4�4�4�$�)

�O�c�` �\�_�_�d�o�d�j�i �j�a �g�d�]�m�\�m�d�`�n �o�j �o�c�`R6RS �N�^�c�`�h�` �n�o�\�i�_�\�m�_ �#�N�k�`�m�]�`�m �`�o �\�g�)�-�+�+�2�$ �n�c�j�p�g�_

�\�g�g�j�r �p�n �o�j �_�j �o�c�` �n�\�h�`�) �C�j�r�`�q�`�m�' �\ �h�j�m�` �n�j�k�c�d�n�o�d�^�\�o�`�_ �\�k�k�m�j�\�^�c �]�\�n�`�_ �j�i �h�j�i�(

�\�_�n �\�i�_ �h�j�i�\�_ �o�m�\�i�n�a�j�m�h�`�m�n �h�\�t �]�`�o�o�`�m �^�j�i�o�m�j�g �o�c�` �d�i�o�`�m�\�^�o�d�j�i �]�`�o�r�`�`�i �g�\�i�b�p�\�b�`

�a�`�\�o�p�m�`�n�)

�,�2�)�/ �D�_�d�j�h�n

�J�f�\�n�\�f�d�#�,�4�4�4�$ �c�\�n �d�i�q�`�n�o�d�b�\�o�`�_ �o�c�` �p�n�` �j�a �k�p�m�`�g�t �a�p�i�^�o�d�j�i�\�g �_�\�o�\ �n�o�m�p�^�o�p�m�`�n�' �h�\�i�t

�j�a �r�c�d�^�c �\�m�` �^�j�h�k�\�m�\�]�g�` �d�i �`�z�d�^�d�`�i�^�t �o�j �d�h�k�`�m�\�o�d�q�` �_�\�o�\ �n�o�m�p�^�o�p�m�`�n�,�/�) �@�q�`�i �h�j�m�`

�,�. �C�`�m�h�\�i �\�i�_ �R�\�i�_�#�-�+�+�3�$ �_�`�n�^�m�d�]�` �\ �n�d�h�k�g�d�{�`�_ �q�`�m�n�d�j�i �j�a �N�^�c�`�h�`�1�n�n�t�i�o�\�s�(�m�p�g�`�n�h�\�^�m�j �n�t�n�o�`�h
�p�n�d�i�b �i�j�h�d�i�\�g �g�j�b�d�^�)

�,�/ �D�i�_�`�`�_�' �p�n�`�n �j�a �k�p�m�`�g�t �a�p�i�^�o�d�j�i�\�g �_�\�o�\ �n�o�m�p�^�o�p�m�`�n �^�\�i �]�` �`�q�`�i �h�j�m�` �`�z�d�^�d�`�i�o �o�c�\�i �p�n�`�n �j�a �d�h�(
�k�`�m�\�o�d�q�` �_�\�o�\ �n�o�m�p�^�o�p�m�`�n�' �_�p�` �o�j �n�c�\�m�d�i�b�)



�>�C�<�K�O�@�M �,�2�) �A�P�O�P�M�@ �R�J�M�F �-�.�.

�n�j �o�c�\�i �d�i �a�p�i�^�o�d�j�i�\�g �k�m�j�b�m�\�h�h�d�i�b�' �_�\�o�\ �m�`�k�m�`�n�`�i�o�\�o�d�j�i �d�n �`�n�n�`�i�o�d�\�g �o�j �m�`�g�\�o�d�j�i�\�g

�k�m�j�b�m�\�h�h�d�i�b�) �O�c�`�m�`�a�j�m�`�' �d�o �r�j�p�g�_ �]�` �d�i�o�`�m�`�n�o�d�i�b �\�i�_ �p�n�`�a�p�g �o�j �d�i�q�`�n�o�d�b�\�o�` �o�c�` �p�n�`

�j�a�k�p�m�`�g�t �m�`�g�\�o�d�j�i�\�g�_�\�o�\ �n�o�m�p�^�o�p�m�`�n�.�o�c�\�o �d�n�' �_�\�o�\ �n�o�m�p�^�o�p�m�`�n �\�i�_ �_�\�o�\ �m�`�k�m�`�n�`�i�o�\�(

�o�d�j�i�n �o�c�\�o �\�m�` �`�n�k�`�^�d�\�g�g�t �r�`�g�g�(�n�p�d�o�`�_ �a�j�m �m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�h�d�i�b�) �N�j�h�` �j�a �o�c�`�n�` �_�\�o�\

�n�o�m�p�^�o�p�m�`�n �h�d�b�c�o �o�\�f�` �\�_�q�\�i�o�\�b�` �j�a �m�`�g�\�o�d�j�i�\�g �g�\�i�b�p�\�b�` �a�`�\�o�p�m�`�n �n�p�^�c �\�n �i�j�h�d�i�\�g

�p�i�d�{�^�\�o�d�j�i �j�m �^�j�i�n�o�m�\�d�i�o�n�)

�<�g�n�j�' �\�n �h�`�i�o�d�j�i�`�_ �d�i �n�`�^�o�d�j�i�,�2�)�,�' �d�o �r�j�p�g�_ �]�` �p�n�`�a�p�g �o�j �a�j�m�h�\�g�d�u�` �j�p�m �^�j�h�]�d�(

�i�\�o�d�j�i �j�a �o�\�b�b�d�i�b �\�i�_ �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i �o�j �`�h�p�g�\�o�` �K�m�j�g�j�b�1�n�^�j�k�t�Z�o�`�m�h�*�-�d�i �\

�k�p�m�`�g�t �_�`�^�g�\�m�\�o�d�q�` �h�\�i�i�`�m�)

�,�2�)�0 �<�k�k�g�d�^�\�o�d�j�i�n

�D�o �n�c�j�p�g�_ �]�` �m�`�g�\�o�d�q�`�g�t �`�\�n�t �o�j �`�s�o�`�i�_ �o�c�` �\�m�d�o�c�h�`�o�d�^ �n�t�n�o�`�h �j�a �>�c�\�k�o�`�m�1�o�j �c�\�i�(

�_�g�` �m�\�o�d�j�i�\�g �i�p�h�]�`�m�n�) �K�m�j�]�\�]�g�t �o�c�` �h�j�n�o �_�d�z�d�^�p�g�o �k�\�m�o �j�a �o�c�d�n �`�s�`�m�^�d�n�` �r�j�p�g�_ �]�`

�h�\�d�i�o�\�d�i�d�i�b �a�m�\�^�o�d�j�i�n �d�i �n�d�h�k�g�d�{�`�_ �a�j�m�h�)

�<�i �d�i�o�`�m�`�n�o�d�i�b �`�s�o�`�i�n�d�j�i �o�j �o�c�` �o�t�k�` �d�i�a�`�m�`�i�^�`�m �d�i �n�`�^�o�d�j�i�4�)�.�r�j�p�g�_ �]�` �o�j �n�p�k�k�j�m�o

�k�j�g�t�h�j�m�k�c�d�^�(�g�`�o�#�K�d�`�m�^�`�-�+�+�-�$�) �<�o �\ �h�d�i�d�h�p�h�' �o�c�d�n �r�j�p�g�_ �m�`�l�p�d�m�` �\ �_�`�^�g�\�m�\�o�d�q�`

�r�\�t �o�j �k�`�m�a�j�m�h �\ �^�j�h�]�d�i�\�o�d�j�i �j�a �n�p�]�n�o�d�o�p�o�d�j�i �\�i�_ �o�`�m�h �^�j�k�t�d�i�b�) �J�a �^�j�p�m�n�`�' �o�c�`

�d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�aα�g�`�\�iTAP �d�i �>�c�\�k�o�`�m�,�+�\�g�n�j �p�n�`�n �o�c�`�n�` �o�`�^�c�i�d�l�p�`�n�) �C�j�r�`�q�`�m�'

�o�c�`�m�` �h�\�t �]�` �`�i�j�p�b�c �_�d�z�`�m�`�i�^�`�n �]�`�o�r�`�`�iα�g�`�\�iTAP �\�i�_ �o�c�` �o�t�k�` �d�i�a�`�m�`�i�^�`�m �o�j �h�\�f�`

�\�k�k�g�t�d�i�b �o�c�`�n�` �o�`�^�c�i�d�l�p�`�n �_�d�z�d�^�p�g�o �j�m �d�h�k�j�n�n�d�]�g�`�) �D�a �n�j�' �\ �i�`�r �o�t�k�` �j�a �^�j�i�n�o�m�\�d�i�o

�h�\�t �]�` �^�\�g�g�`�_ �a�j�m�)
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�<�n �_�`�n�^�m�d�]�`�_ �d�i �>�c�\�k�o�`�m�,�+�' �o�c�ὰ�g�`�\�iTAP �o�c�`�j�m�`�h �k�m�j�q�`�m �\�g�g�j�r�n �\ �p�n�`�m �o�j �b�p�d�_�`

�o�c�` �k�m�j�j�a �n�`�\�m�^�c �]�t �k�\�m�o�d�\�g�g�t �d�i�n�o�\�i�o�d�\�o�d�i�b �o�c�` �k�m�j�q�`�m�1�n �k�m�j�j�a�(�o�m�`�` �\�m�b�p�h�`�i�o�) �D�o

�n�c�j�p�g�_ �]�` �k�j�n�n�d�]�g�` �o�j �`�s�o�`�i�_α�g�`�\�iTAP �' �h�\�f�d�i�b �d�o �\�^�o �\�n �\ �m�p�_�d�h�`�i�o�\�m�t �d�i�o�`�m�\�^�o�d�q�`

�k�m�j�j�a �\�n�n�d�n�o�\�i�o�) �O�c�d�n �r�j�p�g�_ �a�p�m�o�c�`�m �_�`�h�j�i�n�o�m�\�o�` �o�c�` �|�`�s�d�]�d�g�d�o�t �j�a �m�`�g�\�o�d�j�i�\�g �k�m�j�(

�b�m�\�h�h�d�i�b�6 �h�j�m�` �d�h�k�j�m�o�\�i�o�g�t�' �^�m�`�\�o�d�i�b �n�p�^�c �\ �o�j�j�g �h�d�b�c�o �m�`�l�p�d�m�` �i�`�r �o�`�^�c�i�d�l�p�`�n

�o�c�\�o �r�j�p�g�_ �]�` �p�n�`�a�p�g �a�j�m �r�m�d�o�d�i�b �m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�n �d�i �b�`�i�`�m�\�g�)

�,�2�)�1 �O�j�j�g�n

�<�n �h�`�i�o�d�j�i�`�_ �d�i �n�`�^�o�d�j�i�,�2�)�,�' �d�i�o�`�b�m�\�o�d�i�b �]�j�p�i�_�n �j�i �o�`�m�h �n�d�u�` �d�i�o�j �\�i �`�s�d�n�o�d�i�b

�m�`�g�\�o�d�j�i �^�\�i �]�` �_�d�z�d�^�p�g�o�) �< �o�j�j�g �o�c�\�o �^�j�p�g�_ �o�\�f�` �\ �m�`�g�\�o�d�j�i�' �\�g�j�i�b �r�d�o�c �\ �n�k�`�^�d�{�^�\�o�d�j�i

�j�a �]�j�p�i�_�n �j�i �o�c�` �\�m�b�p�h�`�i�o �n�d�u�`�n�' �\�i�_ �n�t�i�o�c�`�n�d�u�` �\ �i�`�r �m�`�g�\�o�d�j�i �o�c�\�o �d�i�^�j�m�k�j�m�\�o�`�n

�o�c�j�n�` �]�j�p�i�_�n �r�j�p�g�_ �]�` �`�s�o�m�`�h�`�g�t �c�`�g�k�a�p�g�)

�< �o�j�j�g �o�j �\�p�o�j�h�\�o�d�^�\�g�g�t �o�m�\�i�n�g�\�o�` �N�^�c�`�h�` �k�m�j�b�m�\�h�n �o�j �h�d�i�d�F�\�i�m�`�i �r�j�p�g�_ �\�g�n�j

�]�` �c�\�i�_�t�) �D�_�`�\�g�g�t�' �o�c�d�n �o�j�j�g �r�j�p�g�_ �b�`�i�`�m�\�o�` �k�p�m�`�g�t �m�`�g�\�o�d�j�i�\�g �h�d�i�d�F�\�i�m�`�i �^�j�_�` �\�_�(

�c�`�m�d�i�b �o�j �o�c�` �i�j�i�(�j�q�`�m�g�\�k�k�d�i�b �k�m�d�i�^�d�k�g�` �#�n�`�` �n�`�^�o�d�j�i�2�)�.�$�) �O�c�d�n �h�\�t �]�` �k�j�n�n�d�]�g�`�' �\�o

�g�`�\�n�o �a�j�m �h�\�i�t �n�d�h�k�g�` �N�^�c�`�h�` �a�p�i�^�o�d�j�i�n�' �d�a �o�c�` �k�m�j�b�m�\�h�h�`�m �r�`�m�` �o�j �c�`�g�k �o�c�` �o�j�j�g

�]�t �n�k�`�^�d�a�t�d�i�b �c�j�r �o�j �m�`�k�m�`�n�`�i�o �o�`�m�h�n�' �\�g�j�i�b �r�d�o�c �\�i �\�k�k�m�j�k�m�d�\�o�` �o�\�b�b�d�i�b �n�^�c�`�h�`�)

�C�j�r�`�q�`�m�' �_�`�m�d�q�d�i�b �h�d�i�d�F�\�i�m�`�i �m�`�g�\�o�d�j�i�n �a�m�j�h �N�^�c�`�h�` �a�p�i�^�o�d�j�i�n �d�n �i�j�o �o�c�` �m�`�\�g �_�d�z�d�(

�^�p�g�o�g�t�.�m�\�o�c�`�m�' �`�i�n�p�m�d�i�b �{�i�d�o�` �a�\�d�g�p�m�` �a�j�m �\ �r�d�_�` �q�\�m�d�`�o�t �j�a �\�m�b�p�h�`�i�o�n �d�n �r�c�\�o �h�\�f�`�n

�m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�h�d�i�b �n�j �_�d�z�d�^�p�g�o�)

�< �K�m�j�g�j�b�(�o�j�(�N�^�c�`�h�` �o�m�\�i�n�g�\�o�j�m �r�j�p�g�_ �\�g�n�j �]�` �p�n�`�a�p�g�) �O�m�\�i�n�g�\�o�d�i�b �k�p�m�` �K�m�j�g�j�b

�k�m�j�b�m�\�h�n �d�i�o�j �h�d�i�d�F�\�i�m�`�i �n�c�j�p�g�_ �]�` �q�`�m�t �`�\�n�t�' �`�n�k�`�^�d�\�g�g�t �n�d�i�^�` �o�c�`λe �k�\�o�o�`�m�i�(

�h�\�o�^�c�d�i�b �h�\�^�m�j �d�n �n�d�h�d�g�\�m �o�j �K�m�j�g�j�b�1�n �k�\�o�o�`�m�i �h�\�o�^�c�d�i�b �n�t�i�o�\�s�)
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�>�j�i�^�g�p�n�d�j�i�n

�O�c�d�n �_�d�n�n�`�m�o�\�o�d�j�i �k�m�`�n�`�i�o�n �o�c�` �a�j�g�g�j�r�d�i�b �c�d�b�c�(�g�`�q�`�g �^�j�i�o�m�d�]�p�o�d�j�i�n�5

�,�) �< �^�j�g�g�`�^�o�d�j�i �j�a �d�_�d�j�h�n�' �o�`�^�c�i�d�l�p�`�n�' �\�i�_ �g�\�i�b�p�\�b�` �^�j�i�n�o�m�p�^�o�n �a�j�m �m�`�g�\�o�d�j�i�\�g �k�m�j�(

�b�m�\�h�h�d�i�b�' �d�i�^�g�p�_�d�i�b �`�s�\�h�k�g�`�n �j�a �o�c�`�d�m �p�n�`�' �\�i�_ �\ �_�d�n�^�p�n�n�d�j�i �j�a �`�\�^�c �o�`�^�c�i�d�l�p�`

�\�i�_ �r�c�`�i �d�o �n�c�j�p�g�_ �j�m �n�c�j�p�g�_ �i�j�o �]�` �p�n�`�_�)

�-�) �Q�\�m�d�j�p�n �d�h�k�g�`�h�`�i�o�\�o�d�j�i�n �j�a �^�j�m�` �h�d�i�d�F�\�i�m�`�i �\�i�_ �d�o�n �q�\�m�d�\�i�o�n�' �r�c�d�^�c �p�o�d�g�d�u�`

�o�c�` �a�p�g�g �k�j�r�`�m �j�a �N�^�c�`�h�`�' �\�m�` �^�j�i�^�d�n�` �\�i�_ �`�\�n�d�g�t �`�s�o�`�i�n�d�]�g�`�' �\�g�g�j�r �n�c�\�m�d�i�b �j�a

�n�p�]�n�o�d�o�p�o�d�j�i�n�' �\�i�_ �k�m�j�q�d�_�` �]�\�^�f�o�m�\�^�f�d�i�b �3�a�j�m �a�m�`�`�4�)

�.�) �< �q�\�m�d�`�o�t �j�a �k�m�j�b�m�\�h�n �_�`�h�j�i�n�o�m�\�o�d�i�b �o�c�` �k�j�r�`�m �j�a �m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�h�d�i�b�)

�/�) �< �^�g�`�\�m �k�c�d�g�j�n�j�k�c�d�^�\�g �a�m�\�h�`�r�j�m�f �a�j�m �o�c�` �k�m�\�^�o�d�^�d�i�b �m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�h�`�m�)

�H�j�m�` �n�k�`�^�d�{�^�\�g�g�t�' �o�c�d�n �_�d�n�n�`�m�o�\�o�d�j�i �k�m�`�n�`�i�o�n�5

�,�) �< �i�j�q�`�g �^�j�i�n�o�m�\�d�i�o�(�a�m�`�` �]�d�i�\�m�t �\�m�d�o�c�h�`�o�d�^ �n�t�n�o�`�h �r�d�o�c �n�o�m�j�i�b �o�`�m�h�d�i�\�o�d�j�i �b�p�\�m�(

�\�i�o�`�`�n�)

�-�.�0
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�-�) �< �i�j�q�`�g �o�`�^�c�i�d�l�p�` �a�j�m �`�g�d�h�d�i�\�o�d�i�b �p�n�`�n �j�a�^�j�k�t�Z�o�`�m�h�*�-�' �p�n�d�i�b �i�j�h�d�i�\�g �g�j�b�d�^

�\�i�_ �o�\�b�b�d�i�b�)

�.�) �< �i�j�q�`�g �\�i�_ �`�s�o�m�`�h�`�g�t �|�`�s�d�]�g�` �g�`�\�i �o�\�]�g�`�\�p �o�c�`�j�m�`�h �k�m�j�q�`�m �o�c�\�o �\�^�o�n �\�n �\

�k�m�j�j�a �b�`�i�`�m�\�o�j�m�' �o�c�`�j�m�`�h �b�`�i�`�m�\�o�j�m�' �\�i�_ �`�q�`�i �\ �n�d�h�k�g�` �k�m�j�j�a �\�n�n�d�n�o�\�i�o�)

�/�) �O�c�` �{�m�n�o �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �i�j�h�d�i�\�g �p�i�d�{�^�\�o�d�j�i �p�n�d�i�b �o�m�d�\�i�b�p�g�\�m �n�p�]�n�o�d�o�p�o�d�j�i�n�'

�r�c�d�^�c �d�n �h�p�^�c �a�\�n�o�`�m �o�c�\�i �\ �i�\�d�q�` �d�h�k�g�`�h�`�i�o�\�o�d�j�i �o�c�\�o �a�j�g�g�j�r�n �o�c�` �a�j�m�h�\�g

�n�k�`�^�d�{�^�\�o�d�j�i �]�t �p�n�d�i�b �d�_�`�h�k�j�o�`�i�o �n�p�]�n�o�d�o�p�o�d�j�i�n�)

�0�)�<�i �`�g�`�b�\�i�o�' �n�o�m�`�\�h�n�(�]�\�n�`�_ �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�a �o�\�]�g�d�i�b�' �_�`�h�j�i�n�o�m�\�o�d�i�b �o�c�` �\�_�(

�q�\�i�o�\�b�` �j�a �`�h�]�`�_�_�d�i�b �h�d�i�d�F�\�i�m�`�i �d�i �\ �g�\�i�b�p�\�b�` �r�d�o�c �c�d�b�c�`�m�(�j�m�_�`�m �a�p�i�^�o�d�j�i�n�)

�1�)�< �i�j�q�`�g�r�\�g�f�(�]�\�n�`�_ �\�g�b�j�m�d�o�c�h �a�j�m �q�\�m�d�\�]�g�` �g�j�j�f�p�k �d�i �o�m�d�\�i�b�p�g�\�m �n�p�]�n�o�d�o�p�o�d�j�i�n�'

�r�c�d�^�c �d�n �\�h�`�i�\�]�g�` �o�j �\ �q�\�m�d�`�o�t �j�a �j�k�o�d�h�d�u�\�o�d�j�i�n�)

�2�)�< �i�j�q�`�g �\�k�k�m�j�\�^�c �o�j �`�s�k�m�`�n�n�d�j�i�(�g�`�q�`�g �_�d�q�`�m�b�`�i�^�` �\�q�j�d�_�\�i�^�` �p�n�d�i�b �a�`�m�i�n�' �d�i�^�g�p�_�(

�d�i�b �o�c�` �{�m�n�o �n�c�\�g�g�j�r �`�h�]�`�_�_�d�i�b �j�a �a�`�m�i�n�)

�O�c�` �m�`�n�p�g�o �j�a �o�c�`�n�` �^�j�i�o�m�d�]�p�o�d�j�i�n �d�n �\ �n�`�o �j�a �o�j�j�g�n �\�i�_ �o�`�^�c�i�d�l�p�`�n �a�j�m �m�`�g�\�o�d�j�i�\�g

�k�m�j�b�m�\�h�h�d�i�b�' �\�i�_ �`�s�\�h�k�g�` �\�k�k�g�d�^�\�o�d�j�i�n �d�i�a�j�m�h�d�i�b �o�c�` �p�n�` �j�a �o�c�`�n�` �o�`�^�c�i�d�l�p�`�n�)

�<�n �n�o�\�o�`�_ �d�i �o�c�` �d�i�o�m�j�_�p�^�o�d�j�i�' �o�c�` �o�c�`�n�d�n �j�a �o�c�d�n �_�d�n�n�`�m�o�\�o�d�j�i �d�n �o�c�\�o �h�d�i�d�F�\�i�m�`�i

�n�p�k�k�j�m�o�n �\ �q�\�m�d�`�o�t �j�a �m�`�g�\�o�d�j�i�\�g �d�_�d�j�h�n �\�i�_ �o�`�^�c�i�d�l�p�`�n�' �h�\�f�d�i�b �d�o �a�`�\�n�d�]�g�` �\�i�_ �p�n�`�(

�a�p�g �o�j �r�m�d�o�` �d�i�o�`�m�`�n�o�d�i�b �k�m�j�b�m�\�h�n �\�n �m�`�g�\�o�d�j�i�n�) �O�c�` �o�`�^�c�i�d�l�p�` �\�i�_ �d�h�k�g�`�h�`�i�o�\�o�d�j�i

�^�c�\�k�o�`�m�n �n�c�j�p�g�_ �`�n�o�\�]�g�d�n�c �o�c�\�o �h�d�i�d�F�\�i�m�`�i �n�p�k�k�j�m�o�n �\ �q�\�m�d�`�o�t �j�a �m�`�g�\�o�d�j�i�\�g �d�_�d�j�h�n
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�\�i�_ �o�`�^�c�i�d�l�p�`�n�) �O�c�` �\�k�k�g�d�^�\�o�d�j�i �^�c�\�k�o�`�m�n �n�c�j�p�g�_ �`�n�o�\�]�g�d�n�c �o�c�\�o �d�o �d�n �a�`�\�n�d�]�g�` �\�i�_

�p�n�`�a�p�g �o�j �r�m�d�o�` �d�i�o�`�m�`�n�o�d�i�b �k�m�j�b�m�\�h�n �\�n �m�`�g�\�o�d�j�i�n �d�i �h�d�i�d�F�\�i�m�`�i�' �p�n�d�i�b �o�c�`�n�` �d�_�d�j�h�n

�\�i�_ �o�`�^�c�i�d�l�p�`�n�)

�< �^�j�h�h�j�i �o�c�`�h�` �o�c�m�j�p�b�c�j�p�o �o�c�d�n �_�d�n�n�`�m�o�\�o�d�j�i �d�n �_�d�q�`�m�b�`�i�^�`�' �\�i�_ �c�j�r �o�j �\�q�j�d�_ �d�o�)

�D�i�_�`�`�_�' �\�i �\�g�o�`�m�i�\�o�d�q�` �o�d�o�g�` �a�j�m �o�c�d�n �_�d�n�n�`�m�o�\�o�d�j�i �^�j�p�g�_ �]�`�' �3�M�`�g�\�o�d�j�i�\�g �K�m�j�b�m�\�h�h�d�i�b

�d�i �h�d�i�d�F�\�i�m�`�i�5 �O�\�h�d�i�b⊥�)�4�, �<�n �r�` �n�\�r �d�i �>�c�\�k�o�`�m�0�' �o�c�`�m�` �\�m�` �h�\�i�t �^�\�p�n�`�n

�j�a �_�d�q�`�m�b�`�i�o �]�`�c�\�q�d�j�m�' �\�i�_ �_�d�z�`�m�`�i�o �o�`�^�c�i�d�l�p�`�n �\�m�` �m�`�l�p�d�m�`�_ �o�j �o�\�h�` �`�\�^�c �o�t�k�` �j�a

�_�d�q�`�m�b�`�i�^�`�) �N�j�h�` �j�a �o�c�`�n�` �o�`�^�c�i�d�l�p�`�n �h�`�m�`�g�t �m�`�l�p�d�m�` �k�m�j�b�m�\�h�h�`�m �d�i�b�`�i�p�d�o�t�' �n�p�^�c �\�n

�o�c�` �_�\�o�\ �m�`�k�m�`�n�`�i�o�\�o�d�j�i �\�i�_ �]�j�p�i�_�n �j�i �o�`�m�h �n�d�u�` �p�n�`�_ �d�i �o�c�` �\�m�d�o�c�h�`�o�d�^ �n�t�n�o�`�h �j�a

�>�c�\�k�o�`�m�1�) �J�o�c�`�m �o�`�^�c�i�d�l�p�`�n�' �n�p�^�c �\�n �_�d�n�`�l�p�\�g�d�o�t �^�j�i�n�o�m�\�d�i�o�n �\�i�_ �o�\�]�g�d�i�b�' �m�`�l�p�d�m�`

�d�h�k�g�`�h�`�i�o�\�o�d�j�i�(�g�`�q�`�g �n�p�k�k�j�m�o�)

�B�Ô�_�`�g �\�i�_ �O�p�m�d�i�b �n�c�j�r�`�_ �o�c�\�o �d�o �d�n �d�h�k�j�n�n�d�]�g�` �o�j �b�p�\�m�\�i�o�`�` �o�`�m�h�d�i�\�o�d�j�i �a�j�m �`�q�`�m�t

�b�j�\�g �r�` �h�d�b�c�o �r�d�n�c �o�j �r�m�d�o�`�) �C�j�r�`�q�`�m�' �o�c�d�n �_�j�`�n �i�j�o �h�`�\�i �o�c�\�o �r�` �n�c�j�p�g�_ �b�d�q�` �p�k �o�c�`

�{�b�c�o�) �M�\�o�c�`�m�' �d�o �h�`�\�i�n �o�c�\�o �r�` �h�p�n�o �]�` �r�d�g�g�d�i�b �o�j �o�c�j�p�b�c�o�a�p�g�g�t �`�h�k�g�j�t �\ �q�\�m�d�`�o�t

�j�a �o�`�^�c�i�d�l�p�`�n �r�c�`�i �r�m�d�o�d�i�b �j�p�m �m�`�g�\�o�d�j�i�n�.�\�n �\ �m�`�n�p�g�o�' �r�` �^�\�i �r�m�d�o�` �n�p�m�k�m�d�n�d�i�b�g�t

�n�j�k�c�d�n�o�d�^�\�o�`�_ �k�m�j�b�m�\�h�n �o�c�\�o �`�s�c�d�]�d�o �{�i�d�o�` �a�\�d�g�p�m�`�' �n�p�^�c �\�n �j�p�m �_�`�^�g�\�m�\�o�d�q�` �\�m�d�o�c�h�`�o�d�^

�n�t�n�o�`�h�) �D�o �\�g�n�j �h�`�\�i�n �r�` �h�p�n�o �]�` �^�m�`�\�o�d�q�`�' �\�i�_ �r�d�g�g�d�i�b �o�j �d�i�q�`�i�o �i�`�r �_�`�^�g�\�m�\�o�d�q�`

�o�`�^�c�i�d�l�p�`�n �r�c�`�i �i�`�^�`�n�n�\�m�t�.�k�`�m�c�\�k�n �\ �i�`�r �o�t�k�` �j�a �^�j�i�n�o�m�\�d�i�o �j�m �\ �^�g�`�q�`�m �p�n�` �j�a

�i�j�h�d�i�\�g �g�j�b�d�^�' �a�j�m �`�s�\�h�k�g�`�-�)

�, �R�d�o�c �\�k�j�g�j�b�d�`�n �o�j �J�g�d�i �N�c�d�q�`�m�n�)
�-�R�` �^�\�i �_�m�\�r �d�i�n�k�d�m�\�o�d�j�i �\�i�_ �`�i�^�j�p�m�\�b�`�h�`�i�o �a�m�j�h �r�j�m�f �o�c�\�o �c�\�n �]�`�`�i �_�j�i�` �j�i �I�K�(�^�j�h�k�g�`�o�`

�\�i�_ �I�K�(�c�\�m�_ �k�m�j�]�g�`�h�n�) �F�i�j�r�d�i�b �o�c�\�o �\ �k�m�j�]�g�`�h �d�n �I�K �c�\�m�_ �d�n �i�j�o �o�c�` �`�i�_ �j�a �o�c�` �n�o�j�m�t�' �]�p�o �m�\�o�c�`�m
�o�c�` �]�`�b�d�i�i�d�i�b�) �N�k�`�^�d�\�g �^�\�n�`�n �j�a �o�c�` �b�`�i�`�m�\�g �k�m�j�]�g�`�h �h�\�t �]�` �^�j�h�k�p�o�\�o�d�j�i�\�g�g�t �o�m�\�^�o�\�]�g�`�' �r�c�d�g�`
�k�m�j�]�\�]�d�g�d�n�o�d�^ �j�m �\�k�k�m�j�s�d�h�\�o�d�j�i �\�g�b�j�m�d�o�c�h�n �h�\�t �k�m�j�q�` �p�n�`�a�p�g �d�i �o�c�` �b�`�i�`�m�\�g �^�\�n�`�) �#�< �b�j�j�_ �`�s�\�h�k�g�`
�d�n �k�m�j�]�\�]�d�g�d�n�o�d�^ �k�m�d�h�\�g�d�o�t �o�`�n�o�d�i�b�' �p�n�`�_ �d�i �^�m�t�k�o�j�b�m�\�k�c�t �a�j�m �_�`�^�\�_�`�n�) �<�g�o�c�j�p�b�c�<�b�m�\�r�\�g �`�o �\�g�)�#�-�+�+�-�$
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�J�a �^�j�p�m�n�`�' �i�j �j�i�` �d�n �a�j�m�^�d�i�b �p�n �o�j �k�m�j�b�m�\�h �m�`�g�\�o�d�j�i�\�g�g�t�) �<�a�o�`�m �o�m�t�d�i�b �o�j �r�m�\�i�b�g�`

�\ �a�`�r �m�`�^�\�g�^�d�o�m�\�i�o �m�`�g�\�o�d�j�i�n �d�i�o�j �o�`�m�h�d�i�\�o�d�j�i�' �r�` �h�\�t �]�` �o�`�h�k�o�`�_ �o�j �\�]�\�i�_�j�i �o�c�`

�m�`�g�\�o�d�j�i�\�g �k�\�m�\�_�d�b�h�' �\�i�_ �p�n�` �h�d�i�d�F�\�i�m�`�i�1�n �d�h�k�p�m�` �a�`�\�o�p�m�`�n �g�d�f�`�^�j�i�_a �\�i�_�k�m�j�e�`�^�o�)

�R�` �h�d�b�c�o �o�c�`�i �q�d�`�r �h�d�i�d�F�\�i�m�`�i �\�n �h�`�m�`�g�t �\ �3�^�g�`�\�i�`�m�4�' �g�`�s�d�^�\�g�g�t �n�^�j�k�`�_ �q�`�m�n�d�j�i �j�a

�K�m�j�g�j�b�' �r�d�o�c �N�(�`�s�k�m�`�n�n�d�j�i �n�t�i�o�\�s �\�i�_ �c�d�b�c�`�m�(�j�m�_�`�m �a�p�i�^�o�d�j�i�n�) �C�j�r�`�q�`�m �o�`�h�k�o�d�i�b

�o�c�d�n �h�\�t �]�`�' �r�` �g�j�n�` �h�j�m�` �o�c�\�i �o�c�` �|�`�s�d�]�d�g�d�o�t �j�a �k�m�j�b�m�\�h�n �j�i�^�` �r�` �\�]�\�i�_�j�i �o�c�`

�m�`�g�\�o�d�j�i�\�g �\�k�k�m�j�\�^�c�5 �r�` �g�j�n�` �o�c�` �i�`�`�_ �o�j �^�j�i�n�o�m�p�^�o �^�m�`�\�o�d�q�` �n�j�g�p�o�d�j�i�n �o�j �_�d�z�d�^�p�g�o �t�`�o

�`�\�n�d�g�t �_�`�n�^�m�d�]�\�]�g�` �k�m�j�]�g�`�h�n�' �n�p�^�c �\�n �o�c�`rembero �k�m�j�]�g�`�h �d�i �>�c�\�k�o�`�m�2�)

�O�c�` �_�d�z�d�^�p�g�o�d�`�n �j�a �m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�h�d�i�b �n�c�j�p�g�_ �]�` �`�h�]�m�\�^�`�_�' �i�j�o �\�q�j�d�_�`�_�) �O�c�`

�c�d�n�o�j�m�t �j�a �C�\�n�f�`�g�g �c�\�n �_�`�h�j�i�n�o�m�\�o�`�_ �o�c�\�o �\ �^�j�h�h�d�o�h�`�i�o �o�j �k�p�m�d�o�t�' �\�i�_ �o�c�` �n�`�q�`�m�`

�_�`�n�d�b�i �^�j�i�n�o�m�\�d�i�o�n �o�c�d�n �^�j�h�h�d�o�h�`�i�o �d�h�k�g�d�`�n�' �g�`�\�_�n �o�j �\ �a�`�m�o�d�g�` �\�i�_ �`�s�^�d�o�d�i�b �_�`�n�d�b�i

�n�k�\�^�`�) �A�m�j�h �o�c�d�n �k�`�m�n�k�`�^�o�d�q�`�' �o�c�` �m�`�g�\�o�d�j�i�n�c�d�k �]�`�o�r�`�`�i �h�d�i�d�F�\�i�m�`�i �\�i�_ �K�m�j�g�j�b �d�n

�\�i�\�g�j�b�j�p�n �o�j �o�c�` �m�`�g�\�o�d�j�i�n�c�d�k �]�`�o�r�`�`�i �C�\�n�f�`�g�g �\�i�_ �N�^�c�`�h�`�) �K�m�j�g�j�b �\�i�_ �N�^�c�`�h�`

�\�g�g�j�r�' �\�i�_ �`�q�`�i �`�i�^�j�p�m�\�b�`�' �\ �k�p�m�` �n�o�t�g�` �j�a �k�m�j�b�m�\�h�h�d�i�b�' �]�p�o �_�j �i�j�o �m�`�l�p�d�m�` �d�o�6 �d�i �\

�k�d�i�^�c�' �o�c�` �k�m�j�b�m�\�h�h�`�m �^�\�i �\�g�r�\�t�n �p�n�` �o�c�` �3�`�n�^�\�k�` �c�\�o�^�c�4 �j�a �\�i �d�h�k�p�m�` �j�k�`�m�\�o�j�m�' �]�`

�d�o �^�p�o�'�n�`�o���' �j�m �\ �c�j�n�o �j�a �j�o�c�`�m �^�j�i�q�`�i�d�`�i�o �\�]�j�h�d�i�\�o�d�j�i�n�' �o�j �g�`�\�q�` �o�c�` �g�\�i�_ �j�a �k�p�m�d�o�t�)

�h�d�i�d�F�\�i�m�`�i �\�i�_ �C�\�n�f�`�g�g �`�s�k�g�j�m�` �r�c�\�o �d�n �k�j�n�n�d�]�g�` �r�c�`�i �o�c�` �`�n�^�\�k�` �c�\�o�^�c �d�n �r�`�g�_�`�_

�n�c�p�o�) �C�\�n�f�`�g�g �k�m�j�b�m�\�h�h�`�m�n �c�\�q�` �g�`�\�m�i�`�_�' �\�i�_ �\�m�` �n�o�d�g�g �g�`�\�m�i�d�i�b�' �o�j �\�q�j�d�_ �`�s�k�g�d�^�d�o

�`�z�`�^�o�n �]�t �p�n�d�i�b �\�i �`�q�`�m�(�`�s�k�\�i�_�d�i�b �^�j�g�g�`�^�o�d�j�i �j�a �h�j�i�\�_�n�6 �h�d�i�d�F�\�i�m�`�i �k�m�j�b�m�\�h�h�`�m�n

�m�`�^�`�i�o�g�t �n�c�j�r�`�_ �o�c�\�o �k�m�d�h�\�g�d�o�t �o�`�n�o�d�i�b �^�\�i �]�` �k�`�m�a�j�m�h�`�_ �_�`�o�`�m�h�d�i�d�n�o�d�^�\�g�g�t �d�i �k�j�g�t�i�j�h�d�\�g �o�d�h�`�' �o�c�`
�k�j�o�`�i�o�d�\�g�g�t �a�\�g�g�d�]�g�` �k�m�j�]�\�]�d�g�d�n�o�d�^ �\�k�k�m�j�\�^�c �d�n �n�o�d�g�g �p�n�`�_ �d�n �k�m�\�^�o�d�^�`�' �n�d�i�^�` �d�o �d�n �h�j�m�` �`�z�d�^�d�`�i�o�)�$ �<
�m�`�n�`�\�m�^�c�`�m �d�i �o�c�d�n �\�m�`�\ �h�p�n�o �]�` �r�d�g�g�d�i�b �o�j �h�\�n�o�`�m �\�i�_ �\�k�k�g�t �\ �q�\�m�d�`�o�t �j�a �o�`�^�c�i�d�l�p�`�n �o�j �^�j�i�n�o�m�p�^�o
�o�m�\�^�o�\�]�g�` �q�\�m�d�\�i�o�n �j�a �o�c�`�n�` �k�m�j�]�g�`�h�n�) �N�d�h�d�g�\�m�g�t�' �\ �m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�h�`�m �h�p�n�o �]�` �r�d�g�g�d�i�b �o�j �h�\�n�o�`�m
�\�i�_ �\�k�k�g�t �\ �q�\�m�d�`�o�t �j�a �o�`�^�c�i�d�l�p�`�n �d�i �j�m�_�`�m �o�j �^�j�i�n�o�m�p�^�o �\ �m�`�g�\�o�d�j�i �o�c�\�o �a�\�d�g�n �{�i�d�o�`�g�t�) �O�c�d�n �j�a�o�`�i
�d�i�q�j�g�q�`�n �o�m�t�d�i�b �o�j �{�i�_ �\�k�k�m�j�s�d�h�\�o�d�j�i�n �j�a �g�j�b�d�^�\�g �i�`�b�\�o�d�j�i �#�n�p�^�c �\�n �q�\�m�d�j�p�n �o�t�k�`�n �j�a �^�j�i�n�o�m�\�d�i�o�n�$�)



�>�C�<�K�O�@�M �,�3�) �>�J�I�>�G�P�N�D�J�I�N �-�.�4

�\�m�` �g�`�\�m�i�d�i�b �o�j �\�q�j�d�_ �_�d�q�`�m�b�`�i�^�` �]�t �p�n�d�i�b �\�i �`�q�`�m�(�`�s�k�\�i�_�d�i�b �^�j�g�g�`�^�o�d�j�i �j�a �_�`�^�g�\�m�\�o�d�q�`

�o�`�^�c�i�d�l�p�`�n�' �h�\�i�t �j�a �r�c�d�^�c �`�s�k�m�`�n�n �g�d�h�d�o�`�_ �a�j�m�h�n �j�a �i�`�b�\�o�d�j�i �d�i �\ �]�j�o�o�j�h�(�\�q�j�d�_�d�i�b

�h�\�i�i�`�m�) �C�\�n�f�`�g�g �\�i�_ �h�d�i�d�F�\�i�m�`�i �n�c�j�r �o�c�\�o�' �n�j�h�`�o�d�h�`�n�' �k�\�d�i�o�d�i�b �t�j�p�m�n�`�g�a �d�i�o�j �\

�^�j�m�i�`�m �^�\�i �]�` �g�d�]�`�m�\�o�d�i�b�.�)

�< �{�i�\�g�' �q�`�m�t �n�k�`�^�p�g�\�o�d�q�` �j�]�n�`�m�q�\�o�d�j�i�5 �d�o �h�\�t �]�` �k�j�n�n�d�]�g�` �o�j �k�p�n�c �o�c�` �\�i�\�g�j�b�t

�]�`�o�r�`�`�i �h�j�i�\�_�n �\�i�_ �o�`�^�c�i�d�l�p�`�n �a�j�m �]�j�o�o�j�h �\�q�j�d�_�\�i�^�` �a�p�m�o�c�`�m�) �=�`�a�j�m�` �H�j�b�b�d�1�n �r�j�m�f

�j�i �h�j�i�\�_�n �#�H�j�b�b�d�,�4�4�,�$�' �o�c�` �m�`�g�\�o�d�j�i�n�c�d�k �]�`�o�r�`�`�i �_�d�z�`�m�`�i�o �o�t�k�`�n �j�a �`�z�`�^�o�n �r�\�n �i�j�o

�p�i�_�`�m�n�o�j�j�_�.�n�d�b�i�\�g�d�i�b �\�i �`�m�m�j�m�' �k�m�d�i�o�d�i�b �\ �h�`�n�n�\�b�`�' �\�i�_ �^�c�\�i�b�d�i�b �\ �q�\�m�d�\�]�g�`�1�n �q�\�g�p�`

�d�i �h�`�h�j�m�t �n�`�`�h�`�_ �g�d�f�` �q�`�m�t �_�d�z�`�m�`�i�o �j�k�`�m�\�o�d�j�i�n�) �H�j�b�b�d �n�c�j�r�`�_ �c�j�r �o�c�`�n�` �\�k�k�\�m�(

�`�i�o�g�t �p�i�m�`�g�\�o�`�_ �`�z�`�^�o�n �^�j�p�g�_ �]�` �`�i�^�\�k�n�p�g�\�o�`�_ �p�n�d�i�b �h�j�i�\�_�n�' �k�m�j�q�d�_�d�i�b �\ �^�j�h�h�j�i

�a�m�\�h�`�r�j�m�f �a�j�m �\ �r�d�_�` �q�\�m�d�`�o�t �j�a �`�z�`�^�o�n�) �>�j�p�g�_ �d�o �]�` �o�c�\�o �o�c�` �q�\�m�d�j�p�n �o�t�k�`�n �j�a �_�d�(

�q�`�m�b�`�i�^�` �_�`�n�^�m�d�]�`�_ �d�i �>�c�\�k�o�`�m�0�\�m�` �\�g�n�j �m�`�g�\�o�`�_�' �d�i �\ �_�`�`�k �\�i�_ �a�p�i�_�\�h�`�i�o�\�g �r�\�t�:

�. �K�m�`�n�d�_�`�i�o �E�j�c�i �A�) �F�`�i�i�`�_�t �`�s�k�m�`�n�n�`�_ �o�c�d�n �d�_�`�\ �]�`�n�o�' �d�i �c�d�n �m�`�h�\�m�f�n �\�o �o�c�` �_�`�_�d�^�\�o�d�j�i �j�a �o�c�`
�<�`�m�j�n�k�\�^�` �H�`�_�d�^�\�g �C�`�\�g�o�c �>�`�i�o�`�m�' �o�c�` �_�\�t �]�`�a�j�m�` �c�` �r�\�n �\�n�n�\�n�n�d�i�\�o�`�_�)

�R�` �c�\�q�` �\ �g�j�i�b �r�\�t �o�j �b�j�) �H�\�i�t �r�`�`�f�n �\�i�_ �h�j�i�o�c�n �\�i�_ �t�`�\�m�n �j�a �g�j�i�b�' �o�`�_�d�j�p�n
�r�j�m�f �g�d�` �\�c�`�\�_�) �O�c�`�m�` �r�d�g�g �]�` �n�`�o�]�\�^�f�n �\�i�_ �a�m�p�n�o�m�\�o�d�j�i�n �\�i�_ �_�d�n�\�k�k�j�d�i�o�h�`�i�o�n�) �O�c�`�m�`
�r�d�g�g �]�`�' �\�n �o�c�`�m�` �\�g�r�\�t�n �\�m�`�'. . .�o�`�h�k�o�\�o�d�j�i�n �o�j �_�j �n�j�h�`�o�c�d�i�b �`�g�n�` �o�c�\�o �d�n �k�`�m�c�\�k�n �`�\�n�d�`�m�)
�=�p�o �o�c�d�n �m�`�n�`�\�m�^�c �c�`�m�` �h�p�n�o �b�j �j�i�) �O�c�d�n �n�k�\�^�` �`�z�j�m�o �h�p�n�o �b�j �j�i�). . . �O�c�\�o �h�p�^�c �r�`
�^�\�i �n�\�t �r�d�o�c �^�j�i�{�_�`�i�^�` �\�i�_ �^�j�i�q�d�^�o�d�j�i�)

�A�m�\�i�f �J�1�>�j�i�i�j�m�' �o�c�` �D�m�d�n�c �r�m�d�o�`�m�' �o�`�g�g�n �d�i �j�i�` �j�a �c�d�n �]�j�j�f�n �c�j�r�' �\�n �\ �]�j�t�' �c�` �\�i�_
�c�d�n �a�m�d�`�i�_�n �r�j�p�g�_ �h�\�f�` �o�c�`�d�m �r�\�t �\�^�m�j�n�n �o�c�` �^�j�p�i�o�m�t�n�d�_�`�' �\�i�_ �r�c�`�i �o�c�`�t �^�\�h�` �o�j �\�i
�j�m�^�c�\�m�_ �r�\�g�g �o�c�\�o �n�`�`�h�`�_ �o�j�j �c�d�b�c �\�i�_ �o�j�j �_�j�p�]�o�a�p�g �o�j �o�m�t �\�i�_ �o�j�j �_�d�z�d�^�p�g�o �o�j �k�`�m�h�d�o
�o�c�`�d�m �q�j�t�\�b�` �o�j �^�j�i�o�d�i�p�`�' �o�c�`�t �o�j�j�f �j�z �o�c�`�d�m �c�\�o�n �\�i�_ �o�j�n�n�`�_ �o�c�`�h �j�q�`�m �o�c�` �r�\�g�g�.�\�i�_
�o�c�`�i �o�c�`�t �c�\�_ �i�j �^�c�j�d�^�` �]�p�o �o�j �a�j�g�g�j�r �o�c�`�h�)

�O�c�d�n �I�\�o�d�j�i �c�\�n �o�j�n�n�`�_ �d�o�n �^�\�k �j�q�`�m �o�c�` �r�\�g�g �j�a �n�k�\�^�`�' �\�i�_ �r�` �c�\�q�` �i�j �^�c�j�d�^�` �]�p�o
�o�j �a�j�g�g�j�r �d�o�) �R�c�\�o�`�q�`�m �o�c�` �_�d�z�d�^�p�g�o�d�`�n�' �o�c�`�t �r�d�g�g �]�` �j�q�`�m�^�j�h�`�) �R�c�\�o�`�q�`�m �o�c�` �c�\�u�\�m�_�n�'
�o�c�`�t �h�p�n�o �]�` �b�p�\�m�_�`�_ �\�b�\�d�i�n�o�) �R�d�o�c �o�c�`. . .�c�`�g�k �\�i�_ �n�p�k�k�j�m�o �j�a �\�g�g �<�h�`�m�d�^�\�i�n�' �r�` �r�d�g�g
�^�g�d�h�] �o�c�d�n �r�\�g�g �r�d�o�c �n�\�a�`�o�t �\�i�_ �r�d�o�c �n�k�`�`�_�.�\�i�_ �r�` �n�c�\�g�g �o�c�`�i �`�s�k�g�j�m�` �o�c�` �r�j�i�_�`�m�n
�j�i �o�c�` �j�o�c�`�m �n�d�_�`�)

�M�`�h�\�m�f�n �\�o �o�c�` �?�`�_�d�^�\�o�d�j�i �j�a �o�c�` �<�`�m�j�n�k�\�^�` �H�`�_�d�^�\�g �C�`�\�g�o�c �>�`�i�o�`�m
�K�m�`�n�d�_�`�i�o �E�j�c�i �A�) �F�`�i�i�`�_�t
�N�\�i �<�i�o�j�i�d�j�' �O�`�s�\�n
�I�j�q�`�h�]�`�m �-�,�' �,�4�1�.



�>�C�<�K�O�@�M �,�3�) �>�J�I�>�G�P�N�D�J�I�N �-�/�+

�D�i�_�`�`�_�' �_�d�q�`�m�b�`�i�^�` �d�o�n�`�g�a �d�n �\�i �`�z�`�^�o�) �A�m�j�h �o�c�` �h�j�i�\�_�d�^ �q�d�`�r�k�j�d�i�o�' �_�d�q�`�m�b�`�i�^�` �d�n

�`�l�p�d�q�\�g�`�i�o �o�j �\�i �`�m�m�j�m�' �r�c�d�g�` �a�m�j�h �o�c�` �m�`�g�\�o�d�j�i�\�g �k�m�j�b�m�\�h�h�d�i�b �q�d�`�r�k�j�d�i�o�' �_�d�q�`�m�b�`�i�^�`

�d�n �`�l�p�d�q�\�g�`�i�o �o�j �a�\�d�g�p�m�`�6 �d�n �o�c�`�m�` �\ �_�`�`�k�`�m �^�j�i�i�`�^�o�d�j�i�:



�<�k�k�`�i�_�d�s �<

�A�\�h�d�g�d�\�m �C�`�g�k�`�m�n

�O�c�` �\�p�s�d�g�d�\�m�d�`�n �]�`�g�j�r �\�m�` �p�n�`�_ �d�i �o�c�` �d�h�k�g�`�h�`�i�o�\�o�d�j�i �j�aα�F�\�i�m�`�i �d�i �>�c�\�k�o�`�m�,�,�)

�#�_�`�{�i�` �b�`�o
�#λ �#�s �n�$

�#�^�j�i�_
�#�#�\�n�n�l �s �n�$⇒ � �̂_�m�$
�#�`�g�n�`�s�$�$�$�$

�#�_�`�{�i�` �\�n�n�k
�#λ �#�k �n�$

�#�^�j�i�_
�#�#�i�p�g�g�: �n�$���a�$
�#�#�k�#� �̂\�m�#� �̂\�m �n�$�$�$ �#� �̂\�m �n�$�$
�#�`�g�n�`�#�\�n�n�k �k�#� �̂_�m �n�$�$�$�$�$�$

�#�_�`�{�i�` �{�g�o�`�m
�#λ �#�k �n�$

�#�^�j�i�_
�#�#�i�p�g�g�: �n�$�#�#�$�$�$
�#�#�k�#� �̂\�m �n�$�$ �#� �̂j�i�n�#� �̂\�m �n�$ �#�{�g�o�`�m �k�#� �̂_�m �n�$�$�$�$
�#�`�g�n�`�#�{�g�o�`�m �k�#� �̂_�m �n�$�$�$�$�$�$

�#�_�`�{�i�` �m�`�h�j�q�`�(�_�p�k�g�d� �̂\�o�`�n
�#λ �#�n�$

�#�^�j�i�_
�#�#�i�p�g�g�: �n�$�#�#�$�$�$
�#�#�h�`�h�l �#� �̂\�m �n�$ �#� �̂_�m �n�$�$ �#�m�`�h�j�q�`�(�_�p�k�g�d� �̂\�o�`�n�#� �̂_�m �n�$�$�$
�#�`�g�n�`�#� �̂j�i�n�#� �̂\�m �n�$ �#�m�`�h�j�q�`�(�_�p�k�g�d� �̂\�o�`�n�#� �̂_�m �n�$�$�$�$�$�$�$

�-�/�,



�<�k�k�`�i�_�d�s �=

�k�h�\�o�^�c

�D�i �o�c�d�n �\�k�k�`�i�_�d�s �r�` �_�`�n�^�m�d�]�`�k�h�\�o�^�c�' �\ �n�d�h�k�g�` �k�\�o�o�`�m�i �h�\�o�^�c�`�m �r�m�d�o�o�`�i �]�t �J�g�`�b

�F�d�n�`�g�t�j�q�) �G�`�o �p�n �{�m�n�o �^�j�i�n�d�_�`�m �\ �n�d�h�k�g�` �`�s�\�h�k�g�` �j�a�k�h�\�o�^�c�)

�#�_�`�{�i�` �c
�#λ �#�s �t�$

�#�k�h�\�o�^�c �#�#�s � �t�$�$
�#�#�#�\ � �]�$�$�#�b�p�\�m�_�#�i�p�h�]�`�m�: �\�$ �#�i�p�h�]�`�m�: �]�$�$ �#+ �\ �]�$�$
�#�#�#�Z� � �̂$�$�#�b�p�\�m�_�#�i�p�h�]�`�m�: �^�$�$ �#∗ �^ ��̂$�$
�#�`�g�n�`�#∗ �s �s�$�$�$�$�$

�#�g�d�n�o�#�c �, �-�$ �#�c �r �0�$ �#�c �1 �r�$�$⇒ �#�#�. �-�0 �.�1�$�$

�D�i �o�c�d�n �`�s�\�h�k�g�`�' �\ �_�j�o�o�`�_ �k�\�d�m �d�n �h�\�o�^�c�`�_ �\�b�\�d�i�n�o �o�c�m�`�` �_�d�z�`�m�`�i�o �f�d�i�_�n �j�a �k�\�o�o�`�m�i�n�)

�D�i �o�c�` �{�m�n�o �k�\�o�o�`�m�i�' �o�c�` �q�\�g�p�` �j�a�s �d�n �g�`�s�d�^�\�g�g�t �]�j�p�i�_ �o�j�\ �\�i�_ �o�c�` �q�\�g�p�` �j�a�t

�d�n �g�`�s�d�^�\�g�g�t �]�j�p�i�_ �o�j�]�) �=�`�a�j�m�` �o�c�` �k�\�o�o�`�m�i �h�\�o�^�c �n�p�^�^�`�`�_�n�' �c�j�r�`�q�`�m�' �\�i �j�k�o�d�j�i�\�g

�b�p�\�m�_ �d�n �m�p�i �r�d�o�c�d�i �o�c�` �n�^�j�k�` �j�a�\ �\�i�_ �]�) �O�c�` �b�p�\�m�_ �n�p�^�^�`�`�_�n �j�i�g�t �d�a�s �\�i�_ �t �\�m�`

�i�p�h�]�`�m�n�6 �d�a �n�j�' �o�c�`�i �o�c�` �n�p�h �j�a�s �\�i�_ �t �d�n �m�`�o�p�m�i�`�_�)

�O�c�` �n�`�^�j�i�_ �k�\�o�o�`�m�i �h�\�o�^�c�`�n �\�b�\�d�i�n�o �\ �k�\�d�m�' �k�m�j�q�d�_�`�_ �o�c�\�o �o�c�` �j�k�o�d�j�i�\�g �b�p�\�m�_

�n�p�^�^�`�`�_�n�) �D�a �n�j�' �o�c�` �q�\�g�p�` �j�a�t �d�n �g�`�s�d�^�\�g�g�t �]�j�p�i�_ �o�j� �̂' �\�i�_ �o�c�` �n�l�p�\�m�` �j�a�t �d�n �m�`�o�p�m�i�`�_�)

�-�/�-
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�D�a �o�c�` �n�`�^�j�i�_ �k�\�o�o�`�m�i �a�\�d�g�n �o�j �h�\�o�^�c �\�b�\�d�i�n�o�#�#�s � �t�$�$�' �]�`�^�\�p�n�`�t �d�n �i�j�o �\ �i�p�h�]�`�m�'

�o�c�`�i �o�c�` �o�c�d�m�_ �\�i�_ �{�i�\�g �^�g�\�p�n�` �d�n �o�m�d�`�_�) �<�i�`�g�n�`�k�\�o�o�`�m�i �h�\�o�^�c�`�n �\�b�\�d�i�n�o�\�i�t �q�\�g�p�`�'

�\�i�_ �i�`�q�`�m �d�i�^�g�p�_�`�n �\ �b�p�\�m�_�) �D�i �o�c�d�n �^�\�n�`�' �o�c�` �^�g�\�p�n�` �m�`�o�p�m�i�n �o�c�` �n�l�p�\�m�` �j�a�s�' �r�c�d�^�c

�h�p�n�o �]�` �\ �i�p�h�]�`�m �d�i �j�m�_�`�m �o�j �\�q�j�d�_ �\�i �`�m�m�j�m �\�o �m�p�i�o�d�h�`�)

�=�`�g�j�r �d�n �o�c�` �_�`�{�i�d�o�d�j�i �j�a�k�h�\�o�^�c�' �r�c�d�^�c �d�n �d�h�k�g�`�h�`�i�o�`�_ �p�n�d�i�b �^�j�i�o�d�i�p�\�o�d�j�i�(

�k�\�n�n�d�i�b�(�n�o�t�g�` �h�\�^�m�j�n �#�C�d�g�n�_�\�g�` �\�i�_ �A�m�d�`�_�h�\�i�-�+�+�+�$�)

�#�_�`�{�i�`�(�n�t�i�o�\�s �k�h�\�o�^�c
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�`�g�n�` �b�p�\�m�_�$

�#�#�Z �#�j�k �\�m�b. . .�$�^�n. . .�$
�#�g�`�o�#�#�q�#�j�k �\�m�b. . .�$�$�$

�#�k�h�\�o�^�c�q �^�n. . .�$�$�$
�#�#�Z �q�$ �#�d�a���a���a�$�$
�#�#�Z �q�#�`�g�n�è0 �` . . .�$�$ �#�]�`�b�d�ie0 �` . . .�$�$
�#�#�Z �q�#�k�\�o�#�b�p�\�m�_�b. . .�$e0 �` . . .�$�^�n. . .�$
�#�g�`�o�#�#�a�f�#λ �#�$ �#�k�h�\�o�^�c�q �^�n. . .�$�$�$�$

�#�k�k�\�o�q �k�\�o
�#�d�a�#�\�i�_ �b. . .�$ �#�]�`�b�d�ie0 �` . . .�$ �#�a�f�$�$
�#�a�f�$�$�$�$

�#�#�Z �q�#�k�\�oe0 �` . . .�$�^�n. . .�$
�#�g�`�o�#�#�a�f�#λ �#�$ �#�k�h�\�o�^�c�q �^�n. . .�$�$�$�$

�#�k�k�\�o�q �k�\�o�#�]�`�b�d�ie0 �` . . .�$ �#�a�f�$�$�$�$�$�$

�#�_�`�{�i�`�(�n�t�i�o�\�s �k�k�\�o
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�Z �l�p�j�o�` �p�i�l�p�j�o�`�$

�#�#�Z �q�Z �f�o �f�a�$�f�o�$
�#�#�Z �q�#�$�f�o �f�a�$ �#�d�a�#�i�p�g�g�: �q�$�f�o �f�a�$�$
�#�#�Z �q�#�l�p�j�o�`lit�$�f�o �f�a�$
�#�d�a�#� �̀l�p�\�g�: �q�#�l�p�j�o�`lit�$�$�f�o �f�a�$�$

�#�#�Z �q�#�p�i�l�p�j�o�` �q�\�m�$�f�o �f�a�$ �#�g�`�o�#�#�q�\�m�q�$�$�f�o�$�$
�#�#�Z �q�#�s�)�t�$�f�o �f�a�$
�#�d�a�#�k�\�d�m�: �q�$

�#�g�`�o�#�#�q�s�#� �̂\�m �q�$�$ �#�q�t�#� �̂_�m �q�$�$�$
�#�k�k�\�o�q�s �s�#�k�k�\�o�q�t �t �f�o �f�a�$�f�a�$�$

�f�a�$�$
�#�#�Z �q �g�d�o �f�o �f�a�$ �#�d�a�#� �̀l�p�\�g�: �q�#�l�p�j�o�`lit�$�$�f�o �f�a�$�$�$�$
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�O�c�` �{�m�n�o �^�g�\�p�n�` �`�i�n�p�m�`�n �o�c�\�o �o�c�` �`�s�k�m�`�n�n�d�j�i �r�c�j�n�` �q�\�g�p�` �d�n �o�j �]�`�k�h�\�o�^�c�`�_

�\�b�\�d�i�n�o �d�n �`�q�\�g�p�\�o�`�_ �j�i�g�t �j�i�^�`�) �O�c�` �n�`�^�j�i�_ �^�g�\�p�n�` �m�`�o�p�m�i�n �\�i �p�i�n�k�`�^�d�{�`�_ �q�\�g�p�` �d�a �i�j

�j�o�c�`�m �^�g�\�p�n�` �h�\�o�^�c�`�n�)

�O�c�` �m�`�h�\�d�i�d�i�b �^�g�\�p�n�`�n �m�`�k�m�`�n�`�i�o �o�c�` �o�c�m�`�` �o�t�k�`�n �j�a �k�\�o�o�`�m�i�n �n�p�k�k�j�m�o�`�_ �]�t�k�h�\�o�^�c�)

�O�c�` �{�m�n�o �d�n �o�c�` �o�m�d�q�d�\�g�`�g�n��̀^�g�\�p�n�`�' �r�c�d�^�c �h�\�o�^�c�`�n �\�b�\�d�i�n�o �\�i�t �_�\�o�p�h�' �\�i�_ �r�c�d�^�c

�]�`�c�\�q�`�n �d�_�`�i�o�d�^�\�g�g�t �o�j �\�i�`�g�n�`�^�g�\�p�n�` �d�i �\�^�j�i�_ �`�s�k�m�`�n�n�d�j�i�) �O�c�` �j�o�c�`�m �o�r�j �^�g�\�p�n�`�n

�\�m�` �d�_�`�i�o�d�^�\�g�' �`�s�^�`�k�o �o�c�\�o �o�c�` �{�m�n�o �j�i�` �d�i�^�g�p�_�`�n �\ �b�p�\�m�_ �^�j�i�o�\�d�i�d�i�b �j�i�` �j�m �h�j�m�`

�`�s�k�m�`�n�n�d�j�i�n�.�d�a �o�c�` �_�\�o�p�h �h�\�o�^�c�`�n �\�b�\�d�i�n�o �o�c�` �k�\�o�o�`�m�i�' �o�c�` �b�p�\�m�_ �`�s�k�m�`�n�n�d�j�i�n �\�m�`

�`�q�\�g�p�\�o�`�_ �d�i �g�`�a�o�(�o�j�(�m�d�b�c�o �j�m�_�`�m�) �D�a �\ �b�p�\�m�_ �`�s�k�m�`�n�n�d�j�i �`�q�\�g�p�\�o�`�n �o�j���a�' �o�c�`�i �d�o �d�n �\�n

�d�a �o�c�` �_�\�o�p�h �c�\�_ �a�\�d�g�`�_ �o�j �h�\�o�^�c �\�b�\�d�i�n�o �o�c�` �k�\�o�o�`�m�i�5 �o�c�` �m�`�h�\�d�i�d�i�b �b�p�\�m�_ �`�s�k�m�`�n�(

�n�d�j�i�n �\�m�` �d�b�i�j�m�`�_�' �\�i�_ �o�c�` �i�`�s�o �^�g�\�p�n�` �d�n �o�m�d�`�_�) �O�c�` �`�s�k�m�`�n�n�d�j�i �#�a�f�$ �d�n �`�q�\�g�p�\�o�`�_ �d�a

�o�c�` �k�\�o�o�`�m�i �d�o �d�n �\�n�n�j�^�d�\�o�`�_ �r�d�o�c �a�\�d�g�n �o�j �h�\�o�^�c�' �j�m �d�a �o�c�` �k�\�o�o�`�m�i �h�\�o�^�c�`�n �]�p�o �o�c�`

�b�p�\�m�_ �a�\�d�g�n�)

�k�k�\�o�_�j�`�n �o�c�` �\�^�o�p�\�g �k�\�o�o�`�m�i �h�\�o�^�c�d�i�b �j�q�`�m �^�j�i�n�o�\�i�o�n �\�i�_ �k�\�d�m�n�) �O�c�` �r�d�g�_�(

�^�\�m�_ �k�\�o�o�`�m�i�Z �h�\�o�^�c�`�n �\�b�\�d�i�n�o�\�i�t �q�\�g�p�`�,�6 �o�c�` �n�`�^�j�i�_ �k�\�o�o�`�m�i �h�\�o�^�c�`�n �\�b�\�d�i�n�o

�o�c�` �`�h�k�o�t �g�d�n�o�6 �o�c�` �o�c�d�m�_ �k�\�o�o�`�m�i �h�\�o�^�c�`�n �\�b�\�d�i�n�o �\ �l�p�j�o�`�_ �q�\�g�p�`�6 �\�i�_ �o�c�` �a�j�p�m�o�c

�k�\�o�o�`�m�i �h�\�o�^�c�`�n �\�b�\�d�i�n�o�\�i�t �q�\�g�p�`�' �\�i�_ �]�d�i�_�n �o�c�\�o �q�\�g�p�` �o�j �\ �g�`�s�d�^�\�g �q�\�m�d�\�]�g�` �r�d�o�c

�o�c�` �n�k�`�^�d�{�`�_ �d�_�`�i�o�d�{�`�m �i�\�h�`�) �O�c�` �{�a�o�c �k�\�o�o�`�m�i �h�\�o�^�c�`�n �\�b�\�d�i�n�o �\ �k�\�d�m�' �o�`�\�m�n �d�o

�\�k�\�m�o�' �\�i�_ �m�`�^�p�m�n�d�q�`�g�t �h�\�o�^�c�`�n �o�c�`� �̂\�m�j�a �o�c�` �q�\�g�p�` �\�b�\�d�i�n�o �o�c�`� �̂\�m�j�a �o�c�` �k�\�o�o�`�m�i�)

�D�a �o�c�\�o �n�p�^�^�`�`�_�n�' �o�c�`� �̂_�m�j�a �o�c�` �q�\�g�p�` �d�n �m�`�^�p�m�n�d�q�`�g�t �h�\�o�^�c�`�_ �\�b�\�d�i�n�o �o�c�`� �̂_�m�j�a �o�c�`

�, �O�c��̀k�h�\�o�^�c�k�m�`�n�`�i�o�`�_ �d�i �#�=�t�m�_ �\�i�_ �A�m�d�`�_�h�\�i�-�+�+�2�$ �p�n�`�n �\ �n�d�i�b�g�` �p�i�_�`�m�n�^�j�m�` �#�Z�$ �\�n �o�c�` �r�d�g�_�(
�^�\�m�_ �k�\�o�o�`�m�i�) �C�`�m�` �r�` �p�n�` �\ �_�j�p�]�g�` �p�i�_�`�m�n�^�j�m�` �#�Z�Z�$ �a�j�m �^�j�h�k�\�o�d�]�d�g�d�o�t �r�d�o�cR6RS�)
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�k�\�o�o�`�m�i�) �#�R�` �p�n�`�g�`�o�o�j �\�q�j�d�_ �]�p�d�g�_�d�i�b �g�j�i�b� �̂\�m�*� �̂_�m�^�c�\�d�i�n�)�$ �O�c�` �g�\�n�o �k�\�o�o�`�m�i

�h�\�o�^�c�`�n �\�b�\�d�i�n�o �^�j�i�n�o�\�i�o�n�' �d�i�^�g�p�_�d�i�b �n�t�h�]�j�g�n�)

�C�`�m�` �d�n �o�c�` �_�`�{�i�d�o�d�j�i �j�a�c �\�a�o�`�m �`�s�k�\�i�n�d�j�i�)

�#�_�`�{�i�` �c
�#λ �#�s �t�$

�#�g�`�o�#�#�q�#�#�s � �t�$�$�$�$
�#�g�`�o�#�#�a�f�#λ �#�$

�#�g�`�o�#�#�a�f�#λ �#�$ �#∗ �s �s�$�$�$�$
�#�d�a�#�k�\�d�m�: �q�$

�#�g�`�o�#�#�q�s�#� �̂\�m �q�$�$ �#�q�t�#� �̂_�m �q�$�$�$
�#�g�`�o�#�#�^ �q�t�$�$

�#�d�a�#�i�p�h�]�`�m�: �^�$ �#∗ �^ ��̂$ �#�a�f�$�$�$�$
�#�a�f�$�$�$�$�$�$

�#�d�a�#�k�\�d�m�: �q�$
�#�g�`�o�#�#�q�s�#� �̂\�m �q�$�$ �#�q�t�#� �̂_�m �q�$�$�$

�#�g�`�o�#�#�\ �q�s�$�$
�#�g�`�o�#�#�] �q�t�$�$

�#�d�a�#�\�i�_ �#�i�p�h�]�`�m�: �\�$ �#�i�p�h�]�`�m�: �]�$�$
�#+ �\ �]�$
�#�a�f�$�$�$�$�$

�#�a�f�$�$�$�$�$�$

�O�c�`�m�` �\�m�` �a�j�p�m �f�d�i�_�n �j�a �d�h�k�m�j�q�`�h�`�i�o�n �o�c�\�o �n�c�j�p�g�_ �]�` �m�`�n�j�g�q�`�_ �]�t �o�c�` �^�j�h�k�d�g�`�m�)

�A�d�m�n�o�'�q�s�d�n �i�j�o �p�n�`�_ �d�i �o�c�` �o�j�k �_�`�{�i�d�o�d�j�i �j�a�a�f�' �n�j �d�o �n�c�j�p�g�_ �i�j�o �b�`�o �\ �]�d�i�_�d�i�b�) �N�`�^�j�i�_�'

�o�c�` �]�d�i�_�d�i�b �o�j�\ �\�i�_ �] �n�c�j�p�g�_ �]�` �k�\�m�\�g�g�`�g�g�`�o�]�d�i�_�d�i�b�n�) �O�c�d�m�_�' �r�c�`�m�`�^ �d�n �]�j�p�i�_�'

�^�j�p�g�_ �c�\�q�` �]�`�`�i �r�c�`�m�`�q�t�d�n �]�j�p�i�_�' �\�i�_ �r�c�`�m�`�\ �\�i�_ �] �\�m�` �]�j�p�i�_�' �^�j�p�g�_ �c�\�q�` �]�`�`�i

�r�c�`�m�`�q�s�\�i�_ �q�t�\�m�` �]�j�p�i�_�' �m�`�n�k�`�^�o�d�q�`�g�t�) �A�j�p�m�o�c�' �o�c�p�i�f �^�m�`�\�o�d�j�i �d�n �p�i�i�`�^�`�n�n�\�m�t

�r�c�`�m�` �i�j �b�p�\�m�_ �d�n �k�m�`�n�`�i�o�)
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�O�c��̀h�q�(�g�`�o�h�\�^�m�j �p�n�`�_ �d�i �>�c�\�k�o�`�m�,�, �^�\�i �]�` �_�`�{�i�`�_ �p�n�d�i�b�k�h�\�o�^�c�)

�#�_�`�{�i�`�(�n�t�i�o�\�s �h�q�(�g�`�o
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$

�#�#�Z �#�#�s . . .�$� �̀$b0 �] . . .�$ �#�k�h�\�o�^�c�` �#�#�s . . .�$b0 �] . . .�$�$�$�$�$

�#�h�q�(�g�`�o�#�#�s �t �u�$ �#�g�d�n�o�, �- �.�$�$ �#+ �s �t �u�$�$⇒ �1



�<�k�k�`�i�_�d�s �>

�h�\�o�^�ce �\�i�_ λe

�D�i �o�c�d�n �\�k�k�`�i�_�d�s �r�` �_�`�n�^�m�d�]�`�h�\�o�^�ce �\�i�_ λe�' �k�\�o�o�`�m�i�(�h�\�o�^�c�d�i�b �h�\�^�m�j�n �a�j�m �r�m�d�o�(

�d�i�b �^�j�i�^�d�n�` �h�d�i�d�F�\�i�m�`�i �k�m�j�b�m�\�h�n�) �O�c�`�n�` �h�\�^�m�j�n �r�`�m�` �_�`�n�d�b�i�`�_ �]�t �R�d�g�g �=�t�m�_ �\�i�_

�d�h�k�g�`�h�`�i�o�`�_ �]�t �M�\�h�\�i�\ �F�p�h�\�m �r�d�o�c �o�c�` �c�`�g�k �j�a �?�\�i �A�m�d�`�_�h�\�i�)

�O�j �d�g�g�p�n�o�m�\�o�` �o�c�` �p�n�` �j�a�h�\�o�^�ce �\�i�_λe �r�` �r�d�g�g �m�`�r�m�d�o�` �o�c�` �`�s�k�g�d�^�d�o �_�`�{�i�d�o�d�j�i �j�a

appendo�' �r�c�d�^�c �p�n�`�n �o�c�` �^�j�m�` �h�d�i�d�F�\�i�m�`�i �j�k�`�m�\�o�j�m�n≡�' �^�j�i�_e�' �\�i�_�`�s�d�n�o�)

�#�_�`�{�i�` appendo

�#λ �#�g �n �j�p�o�$
�#�^�j�i�_e

�#�#≡ �#�#�$�$�g�$ �#≡ �n �j�p�o�$�$
�#�#�`�s�d�n�o�#�\ �_ �m�`�n�$

�#≡ �#�#�\ � �_�$�$�g�$
�#≡ �#�#�\ � �m�`�n�$�$�j�p�o�$
�#appendo �_ �n �m�`�n�$�$�$�$�$�$

�R�` �^�\�i �n�c�j�m�o�`�i �o�c�`appendo �_�`�{�i�d�o�d�j�i �p�n�d�i�b�h�\�o�^�ce�) �h�\�o�^�ce �m�`�n�`�h�]�g�`�n�k�h�\�o�^�c

�#�<�k�k�`�i�_�d�s�=�$ �n�t�i�o�\�^�o�d�^�\�g�g�t�' �]�p�o �p�n�`�n �p�i�d�{�^�\�o�d�j�i �m�\�o�c�`�m �o�c�\�i �p�i�d�(�_�d�m�`�^�o�d�j�i�\�g �k�\�o�o�`�m�i

�h�\�o�^�c�d�i�b�)�h�\�o�^�ce �`�s�k�\�i�_�n �d�i�o�j �\�^�j�i�_e�6 �`�\�^�c�h�\�o�^�ce �^�g�\�p�n�` �]�`�^�j�h�`�n �\

�-�/�2



�<�K�K�@�I�?�D�S �>�)�H�<�O�>�CE �<�I�? λE �-�/�3

�^�j�i�_e �^�g�\�p�n�`�,�) �<�n �r�d�o�c�k�h�\�o�^�c�o�c�` �{�m�n�o �`�s�k�m�`�n�n�d�j�i �d�i �`�\�^�c �^�g�\�p�n�` �d�n �\�i �d�h�k�g�d�^�d�o�g�t

�l�p�\�n�d�l�p�j�o�`�_ �k�\�o�o�`�m�i�) �P�i�l�p�j�o�`�_ �d�_�`�i�o�d�{�`�m�n �d�i �\ �k�\�o�o�`�m�i �\�m�` �d�i�o�m�j�_�p�^�`�_ �\�n �p�i�\�n�n�j�^�d�(

�\�o�`�_ �g�j�b�d�^ �q�\�m�d�\�]�g�`�n �r�c�j�n�` �n�^�j�k�` �d�n �g�d�h�d�o�`�_ �o�j �o�c�` �k�\�o�o�`�m�i �\�i�_ �b�j�\�g�n �d�i �o�c�\�o �^�g�\�p�n�`�)

�C�`�m�` �d�nappendo �_�`�{�i�`�_ �r�d�o�c�h�\�o�^�ce�)

�#�_�`�{�i�` appendo

�#λ �#�g �n �j�p�o�$
�#�h�\�o�^�ce �#�#�g �n �j�p�o�$�$

�#�#�#�#�#�$�$�n �n�$�$�$
�#�#�#�#�#�\ � �_�$�$�n�#�#�\ � �m�`�n�$�$�$�$�#appendo �_ �n �m�`�n�$�$�$�$�$

�O�c�` �k�\�o�o�`�m�i �d�i �o�c�` �{�m�n�o �^�g�\�p�n�` �\�o�o�`�h�k�o�n �o�j �p�i�d�a�t �o�c�` �{�m�n�o �\�m�b�p�h�`�i�o �j�aappendo �r�d�o�c

�o�c�` �`�h�k�o�t �g�d�n�o�' �r�c�d�g�` �\�g�n�j �p�i�d�a�t�d�i�bappendo�1�n �n�`�^�j�i�_ �\�i�_ �o�c�d�m�_ �\�m�b�p�h�`�i�o�n�) �O�c�`

�n�\�h�` �p�i�l�p�j�o�`�_ �d�_�`�i�o�d�{�`�m �^�\�i �\�k�k�`�\�m �h�j�m�` �o�c�\�i �j�i�^�` �d�i �\�h�\�o�^�ce �k�\�o�o�`�m�i�6 �o�c�d�n �d�n

�i�j�o �\�g�g�j�r�`�_ �d�i�k�h�\�o�^�c�)

�R�` �^�\�i �h�\�f� àppendo �`�q�`�i �n�c�j�m�o�`�m �]�t �p�n�d�i�bλe�)λe �e�p�n�o �`�s�k�\�i�_�n �d�i�o�j �\λ �r�m�\�k�k�`�_

�\�m�j�p�i�_ �\�h�\�o�^�ce�.�o�c�`�h�\�o�^�ce �h�\�o�^�c�`�n �\�b�\�d�i�n�o �o�c�`λ�1�n �\�m�b�p�h�`�i�o �g�d�n�o�-�)

�#�_�`�{�i�` appendo

�#λe �#�g �n �j�p�o�$
�#�#�#�#�#�$�$�n �n�$�$�$
�#�#�#�#�#�\ � �_�$�$�n�#�#�\ � �m�`�n�$�$�$�$�#appendo �_ �n �m�`�n�$�$�$�$

�O�c�` �_�j�p�]�g�`�(�p�i�_�`�m�n�^�j�m�` �n�t�h�]�j�g�Z �m�`�k�m�`�n�`�i�o�n �\ �k�\�o�o�`�m�i �r�d�g�_�^�\�m�_ �o�c�\�o �h�\�o�^�c�`�n

�\�i�t �q�\�g�p�` �r�d�o�c�j�p�o �]�d�i�_�d�i�b �d�o �o�j �\ �q�\�m�d�\�]�g�`�) �A�j�m �`�s�\�h�k�g�`�' �o�c�` �k�\�o�o�`�m�i �d�ipairo

�, �O�c� �̀h�\�o�^�ca �\�i�_ �h�\�o�^�cu �a�j�m�h�n �\�m�` �d�_�`�i�o�d�^�\�g �o�j�h�\�o�^�ce�' �`�s�^�`�k�o �o�c�`�t �`�s�k�\�i�_ �d�i�o�j �p�n�`�n �j�a
�^�j�i�_a �\�i�_ �^�j�i�_u�' �m�`�n�k�`�^�o�d�q�`�g�t�)

�-�O�c�λ̀a �\�i�_λu �a�j�m�h�n �\�m�` �d�_�`�i�o�d�^�\�g �o�jλe�' �`�s�^�`�k�o �o�c�`�t �`�s�k�\�i�_ �d�i�o�j �p�n�`�n �j�a�h�\�o�^�ca �\�i�_ �h�\�o�^�cu�'
�m�`�n�k�`�^�o�d�q�`�g�t�)
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�#�_�`�{�i�` pairo

�#λe �#�s�$
�#�#�#�#�#�Z� �Z�$�$�$�$�$�$�$

�h�\�o�^�c�`�n �\�i�t �k�\�d�m�' �m�`�b�\�m�_�g�`�n�n �j�a �o�c�` �q�\�g�p�`�n �j�a �d�o�n �^�\�m �\�i�_ �^�_�m�)

λe �\�i�_ �h�\�o�^�ce �\�g�n�j �n�p�k�k�j�m�o �i�j�h�d�i�\�g �g�j�b�d�^ �#�n�`�` �>�c�\�k�o�`�m�4�$�) �E�p�n�o �\�n �p�i�l�p�j�o�`�_

�d�_�`�i�o�d�{�`�m�n �d�i �\ �k�\�o�o�`�m�i �\�m�` �d�i�o�m�j�_�p�^�`�_ �\�n �p�i�\�n�n�j�^�d�\�o�`�_ �g�j�b�d�^ �q�\�m�d�\�]�g�`�n�' �p�n�d�i�b �p�i�l�p�j�o�`

�n�k�g�d�^�d�i�b �d�i �\ �k�\�o�o�`�m�i �d�i�o�m�j�_�p�^�`�n �\ �a�m�`�n�c �i�j�h �r�c�j�n�` �n�^�j�k�` �d�n �g�d�h�d�o�`�_ �o�j �o�c�` �k�\�o�o�`�m�i

�\�i�_ �b�j�\�g�n �d�i �o�c�\�o �^�g�\�p�n�`�) �A�j�m �`�s�\�h�k�g�`�' �o�c�` �b�j�\�g �^�j�i�n�o�m�p�^�o�j�m

�#�_�`�{�i�` �a�j�j
�#λ �#�o�$

�#�a�m�`�n�c�#�\ �]�$
�#�`�s�d�n�o�#�s �t�$

�#�^�j�i�_e

�#�#≡ �#◃▹ �\ �#◃▹ �] �#�#�s �]�$�$�$�$�o�$�$
�#�#≡ �#◃▹ �\ �#◃▹ �] �#�#�t �]�$�$�$�$�o�$�$
�#�#≡ �#◃▹ �\ �#◃▹ �] �#�#�] �t�$�$�$�$�o�$�$
�#�#≡ �#◃▹ �\ �#◃▹ �] �#�#�] �t�$�$�$�$�o�$�$�$�$�$�$�$

�^�\�i �]�` �m�`�(�r�m�d�o�o�`�i �\�n

�#�_�`�{�i�` �a�j�j
�#λe �#�o�$

�#�#�#�o�d�`�; �\ �#�#�o�d�`�; �] �#�#�s�; �]�$�$�$�$�$�$�$
�#�#�#�o�d�`�; �\ �#�#�o�d�`�; �] �#�#�t �; �]�$�$�$�$�$�$�$
�#�#�#�o�d�`�; �\ �#�#�o�d�`�; �] �#�#�; �] �t�$�$�$�$�$�$�$
�#�#�#�o�d�`�; �\ �#�#�o�d�`�; �] �#�#�; �] �t�$�$�$�$�$�$�$�$�$

�r�c�`�m�`�o�d�`�d�n �o�c�` �o�\�b �m�`�o�p�m�i�`�_ �]�t �o�c�`◃▹ �^�j�i�n�o�m�p�^�o�j�m�.�)

�. �P�i�a�j�m�o�p�i�\�o�`�g�t�' �o�c�d�n �`�s�k�g�d�^�d�o �k�\�o�o�`�m�i �h�\�o�^�c�d�i�b �]�m�`�\�f�n �o�c�` �\�]�n�o�m�\�^�o�d�j�i �j�a �o�c�`◃▹ �^�j�i�n�o�m�p�^�o�j�m�)
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�C�`�m�` �d�n �o�c�` �_�`�{�i�d�o�d�j�i �j�aλe�' �\�i�_ �d�o�n �d�h�k�p�m�` �q�\�m�d�\�i�o�nλa �\�i�_λu�)

�#�_�`�{�i�`�(�n�t�i�o�\�sλe

�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$
�#�#�Z �#�s . . .�$�^ �∗̂ . . .�$
�#λ �#�s . . .�$ �#�h�\�o�^�ce �#�l�p�\�n�d�l�p�j�o�`�#�p�i�l�p�j�o�`�s�$. . .�$ �#�^ �∗̂ . . .�$ �#�$�$�$�$�$�$

�#�_�`�{�i�`�(�n�t�i�o�\�sλa

�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$
�#�#�Z �#�s . . .�$�^ �∗̂ . . .�$
�#λ �#�s . . .�$ �#�h�\�o�^�ca �#�l�p�\�n�d�l�p�j�o�`�#�p�i�l�p�j�o�`�s�$. . .�$ �#�^ �∗̂ . . .�$ �#�$�$�$�$�$�$

�#�_�`�{�i�`�(�n�t�i�o�\�sλu

�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$
�#�#�Z �#�s . . .�$�^ �∗̂ . . .�$
�#λ �#�s . . .�$ �#�h�\�o�^�cu �#�l�p�\�n�d�l�p�j�o�`�#�p�i�l�p�j�o�`�s�$. . .�$ �#�^ �∗̂ . . .�$ �#�$�$�$�$�$�$

�C�`�m�` �d�n �o�c�` �_�`�{�i�d�o�d�j�i �j�a�h�\�o�^�ce�' �\�i�_ �d�o�n �d�h�k�p�m�` �q�\�m�d�\�i�o�n�h�\�o�^�ca �\�i�_ �h�\�o�^�cu�)

�#�_�`�{�i�`�(�n�t�i�o�\�s �`�s�d�n�o∗

�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$
�#�#�Z �#�s . . .�$g0 �b. . .�$
�#λ�B �#�\�$

�#�d�i�^
�#�g�`�o∗ �#�#�s�#�q�\�m�s�$�$. . .�$

�#�]�d�i�_∗ �#g0 �\�$�b. . .�$�$�$�$�$�$�$

�#�_�`�{�i�`�(�n�t�i�o�\�s �a�m�`�n�c∗

�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$
�#�#�Z �#�s . . .�$g0 �b. . .�$
�#λ�B �#�\�$

�#�d�i�^
�#�g�`�o∗ �#�#�s�#�i�j�h �s�$�$. . .�$

�#�]�d�i�_∗ �#g0 �\�$�b. . .�$�$�$�$�$�$�$

�#�_�`�{�i�`�(�n�t�i�o�\�s �h�\�o�^�ce

�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$
�#�#�Z �#�a �s. . .�$�b∗ �)�^�n�$
�#�g�`�o�#�#�q�#�a �s. . .�$�$�$ �#�h�\�o�^�ce �q �b∗ �)�^�n�$�$�$

�#�#�Z �q �b∗ �)�^�n�$ �#�h�k�\�o �^�j�i�_e �q�#�b∗ �)�^�n�$ �#�$�$�$�$�$
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�#�_�`�{�i�`�(�n�t�i�o�\�s �h�\�o�^�ca

�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$
�#�#�Z �#�a �s. . .�$�b∗ �)�^�n�$
�#�g�`�o�#�#�q�#�a �s. . .�$�$�$ �#�h�\�o�^�ca �q �b∗ �)�^�n�$�$�$

�#�#�Z �q �b∗ �)�^�n�$ �#�h�k�\�o �^�j�i�_a �q�#�b∗ �)�^�n�$ �#�$�$�$�$�$

�#�_�`�{�i�`�(�n�t�i�o�\�s �h�\�o�^�cu

�#�n�t�i�o�\�s�(�m�p�g�`�n�#�$
�#�#�Z �#�a �s. . .�$�b∗ �)�^�n�$
�#�g�`�o�#�#�q�#�a �s. . .�$�$�$ �#�h�\�o�^�cu �q �b∗ �)�^�n�$�$�$

�#�#�Z �q �b∗ �)�^�n�$ �#�h�k�\�o �^�j�i�_u �q�#�b∗ �)�^�n�$ �#�$�$�$�$�$

�#�_�`�{�i�`�(�n�t�i�o�\�s �h�k�\�o
�#�n�t�i�o�\�s�(�m�p�g�`�n�#�Z �l�p�j�o�` �p�i�l�p�j�o�` �p�i�l�p�j�o�`�(�n�k�g�d�^�d�i�b�`�s�k�\�i�_ � �̂j�i�n�$

�#�#�Z � �̂j �q�#�$ �#�g. . .�$�$ �#� �̂j �g. . .�$�$
�#�#�Z � �̂j �q�#�k�\�o�$�s�n �\�n�#�#�b. . .�$ �)�^�n�$ �#�g. . .�$�$
�#�h�k�\�o� �̂j �q �^�n�#�g. . . �#�#�a�m�`�n�c∗ �\�n�#�`�s�d�n�o∗ �s�n�#≡ �k�\�o�q�$�b. . .�$�$�$�$�$�$

�#�#�Z � �̂j �q�#�#�Z g0 �b. . .�$ �)�^�n�$ �#�g. . .�$�$
�#�h�k�\�o� �̂j �q �^�n�#�g. . . �#�#�`�s�d�n�o�#�$g0 �b. . .�$�$�$�$�$

�#�#�Z � �̂j �q�#�#�#�p�i�l�p�j�o�`�t�$g0 �b. . .�$ �)�^�n�$ �#�g. . .�$�$
�#�h�k�\�o� �̂j �q �^�n�#�g. . . �#�#�`�s�d�n�o�#�t�$ �#≡ �t �q�$g0 �b. . .�$�$�$�$�$

�#�#�Z � �̂j �q�#�#�#�p�i�l�p�j�o�`�(�n�k�g�d�^�d�i�b�]�$g0 �b. . .�$ �)�^�n�$ �#�g. . .�$�$
�#�h�k�\�o� �̂j �q �^�n�#�g. . . �#�#�a�m�`�n�c�#�]�$g0 �b. . .�$�$�$�$�$

�#�#�Z � �̂j �q�#�#�k�\�o �b. . .�$ �)�^�n�$�g�n�$
�#�h�k�\�o� �̂j �q�#�k�\�o �`�s�k�\�i�_�$ �#�$ �#�$ �#�#�b. . .�$ �)�^�n�$�g�n�$�$

�#�#�Z � �̂j �q�#�Z �`�s�k�\�i�_�)�f�$ �#�s . . .�$�\�n �^�n �g�n�$
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