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

�F�3�w�s�R�a�0�c�-�,�n�a�q�3 �N�3�j�s�R�a�G�c�. �c�@���U�3 ���,�\�n�C�c�C�j�C�R�N�. �c�n�a�8���,�3 �a�3�,�R�N�c�j�a�n�,�j�C�R�N�. �C�N�3�a�j�C���I �c�3�N�c�R�a�c�. �k�/ �c�G�3�j�,�@�C�N�<
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�+�n�a�q�3 �N�3�j�s�R�a�G�c �U�I���w ���N �C�L�U�R�a�j���N�j �a�R�I�3 �C�N �+���/ ���N�0 �R�8�A
�j�3�N �c�3�a�q�3 �8�R�a �,�R�N�q�3�w�C�N�< �0�3�c�C�<�N�c �)�+�R�R�N�c�.�S�O�f�e�d�K�R�a�3�j�R�N ��
�b���\�n�C�N�.�S�O�O�S�*�Y ���j �j�@�3 �c���L�3 �j�C�L�3�. �s�3�I�I�A�0�3�~�N�3�0 �,�n�a�q�3 �N�3�j�A
�s�R�a�G�c ���a�3 �n�c�3�0 �8�R�a ���n�j�R�L���j�C�, �C�N�8�3�a�3�N�,�3 �R�8 �n�N�0�3�a�I�w�C�N�< �c�n�a�A
�8���,�3�c �$�w �L�C�N�C�L�C�y�C�N�< �8���C�a�C�N�< �3�N�3�a�<�w �R�a �n�c�C�N�< �L�3�j�@�R�0�c �s�C�j�@
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�`�3�,�3�N�j �a�3�c�3���a�,�@ �C�N �c�G�3�j�,�@�A�$���c�3�0 �L�R�0�3�I�C�N�< ���N�0 �q�C�a�j�n���I
�a�3���I�C�j�w �U�a�R�0�n�,�3�0 �j�R�R�I�c ���N�0 �0�3�q�C�,�3�c �8�R�a �C�N�j�n�C�j�C�q�3 �0�3�c�C�<�N �R�8
�k�/ �,�n�a�q�3�c �V�7�C�<�Y�k�W�Y �i�@�3�c�3 �j�R�R�I�c ���N�0 �0�3�q�C�,�3�c ���j�j�3�L�U�j �j�R
�R�q�3�a�,�R�L�3 �c�R�L�3 �R�8 �j�@�3 �I�C�L�C�j���j�C�R�N�c �R�8 �j�@�3 �j�a���0�C�j�C�R�N���I �+���/
���U�U�a�R���,�@ �" �0�3�c�C�<�N�3�a�c �,���N �c�G�3�j�,�@ �,�n�a�q�3�c �0�C�a�3�,�j�I�w�. �3�C�j�@�3�a
�R�N �� �•���j �c�,�a�3�3�N �R�a �q�C�� �� �k�/ �C�N�j�3�a�8���,�3�Y ���I�j�@�R�n�<�@ �C�N�j�n�C�j�C�q�3�.
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�r�@�C�I�3 �j�@�3 �C�0�3�� �R�8 �c�3�N�c�R�a �c�@���U�3 �a�3�,�R�N�c�j�a�n�,�j�C�R�N �C�c �N�R�j �N�3�s�.
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�Ë �B�N�,�R�N�c�C�c�j�3�N�j �0���j���Y �B�N�j�3�a�c�3�,�j�C�N�< �,�n�a�q�3�c �R�8�j�3�N �U�a�R�q�C�0�3
�,�R�N�•�C�,�j�C�N�< �0���j���. �8�R�a �C�N�c�j���N�,�3 �j�s�R �0�C�{�3�a�3�N�j �N�R�a�L���I�c
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�N�R�C�c�w ���N�0 �N�3�3�0�c �j�R �$�3 �U�a�3�A�U�a�R�,�3�c�c�3�0 �U�a�C�R�a �j�R �a�3�,�R�N�A
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�Q�n�a ���U�U�a�R���,�@ �0�C�{�3�a�c �8�a�R�L �c�j���N�0���a�0 �,�n�a�q�3 ���,�\�n�C�c�C�j�C�R�N ���N�0
�a�3�,�R�N�c�j�a�n�,�j�C�R�N �L�3�j�@�R�0�c �C�N �j�@�3 �8���,�j �j�@���j �s�3 �8�R�a�L�n�I���j�3 ���I�I
���I�<�R�a�C�j�@�L�c �C�N �j�3�a�L�c �R�8 �R�a�C�3�N�j���j�C�R�N�c�Y �i�@�C�c �s���w�. �s�3 �,���N
�I�3�q�3�a���<�3 �,�R�N�c�C�c�j�3�N�,�w �R�8 �a�3�,�R�N�c�j�a�n�,�j�3�0 �,�n�a�q�3�c �s�C�j�@ �a�3�c�U�3�,�j
�j�R �n�c�3�a�A�0�3�~�N�3�0 �j�R�U�R�I�R�<�C�,���I �,�R�N�c�j�a���C�N�j�c�Y �#�w �s�R�a�G�C�N�< �0�C�A
�a�3�,�j�I�w �s�C�j�@ �R�a�C�3�N�j���j�C�R�N�c�. �R�n�a �8�a���L�3�s�R�a�G �a�R�$�n�c�j�I�w �a�3�c�R�I�q�3�c
���I�I ���$�R�q�3 �,�@���I�I�3�N�<�3�c �C�N �j�s�R �c�j�3�U�c�Y �r�3 �~�a�c�j �~�I�j�3�a �j�@�3 ���,�\�n�C�A
�c�C�j�C�R�N �N�R�C�c�3 �$�w �,�R�L�$�C�N�C�N�< �U�a�3�A�~�I�j�3�a�C�N�< �R�8 �j�@�3 �a���s �R�a�C�3�N�j���A

�T�a�3�U�a�C�N�j �c�n�$�L�C�j�j�3�0 �j�R �+�R�L�U�n�j�3�a�c �� �;�a���U�@�C�,�c �K���w �S�O�. �l�z�S�e



�j�C�R�N�c �C�N �j�@�3 �\�n���j�3�a�N�C�R�N �c�U���,�3 �s�C�j�@ �� �c�U�I�C�N�3�A�$���c�3�0 �c�L�R�R�j�@�A
�C�N�< �C�N �j�@�3 �<�a�R�n�U �R�8 �a�R�j���j�C�R�N�c �V�b�3�,�Y�:�W�Y �r�3 �j�@�3�N �C�N�j�a�R�0�n�,�3 ��
�,�n�a�q�3�A�$���c�3�0 �T�R�C�c�c�R�N �a�3�,�R�N�c�j�a�n�,�j�C�R�N �L�3�j�@�R�0�. �s�@�C�,�@ �j�a���N�c�A
�8�R�a�L�c �j�@�3 �U�a�3�A�~�I�j�3�a�3�0 �R�a�C�3�N�j���j�C�R�N �c���L�U�I�3�c �C�N�j�R �� �c�L�R�R�j�@
���N�0 �,�R�N�c�C�c�j�3�N�j �,�n�a�q�3 �N�3�j�s�R�a�G �$�w �c���j�C�c�8�w�C�N�< �C�N �U���a�j�C�,�n�I���a
�j�@�3 �n�c�3�a ���N�N�R�j���j�3�0 �j�R�U�R�I�R�<�C�,���I �,�R�N�c�j�a���C�N�j�c �V�b�3�,�Y�9�W�Y �i�R �3�N�A
���$�I�3 �� �j�@�R�a�R�n�<�@ �3�q���I�n���j�C�R�N ���N�0 �,�R�L�U���a�C�c�R�N �s�C�j�@ �a�3�c�U�3�,�j
�j�R �<�a�R�n�N�0 �j�a�n�j�@ �0���j�� �V�b�3�,�Y�f�W�. �s�3 �n�c�3 �j�s�R �U�@�w�c�C�,���I �R�$�E�3�,�j�c
�8���$�a�C�,���j�3�0 �8�a�R�L �0�C�<�C�j���I �L�R�0�3�I�c�- �j�@�3 �ã�Ô�ã�Ô���è �V�7�C�<�Y�S�W ���N�0 �j�@�3
�«�ñ�é�¶ �V�7�C�<�Y�S�9�W�Y

�i�R �0�3�L�R�N�c�j�a���j�3 �R�n�a �8�a���L�3�s�R�a�G�. �s�3 �n�c�3 ���0�w�N���L�C�, ���,�A
�\�n�C�c�C�j�C�R�N�c�3�j�n�U�. �s�@�3�a�3 �s�3 �c�n�U�U�R�c�3 �j�@�3 �0���j�� �C�c �L�3���c�n�a�3�0 �$�w
�� �c�C�N�<�I�3 �L�R�q�C�N�< �N�R�0�3 �R�8 �c�3�N�c�R�a�c�Y �r�3 �j�3�c�j ���N�0 �,�R�L�U���a�3 �j�s�R
�j�w�U�3�c �R�8 �0�3�q�C�,�3�c�- �� �c�j���N�0���a�0 �c�L���a�j�U�@�R�N�3�. ���N�0 �� �,�n�c�j�R�L�A
�L���0�3 �U�a�R�j�R�j�w�U�3 �8�R�a �L�3���c�n�a�C�N�< �R�a�C�3�N�j���j�C�R�N�c ���N�0 �0�C�c�j���N�,�3�c
�V�7�C�<�Y�S�z�W�Y �M�3�q�3�a�j�@�3�I�3�c�c�. �j�@�3 ���I�<�R�a�C�j�@�L�c �U�a�3�c�3�N�j�3�0 �C�N �j�@�C�c
�U���U�3�a ���a�3 �N�R�j �I�C�L�C�j�3�0 �j�R �j�@�3�c�3 �0�3�q�C�,�3�c�d �j�@�3�w ���a�3 ���I�c�R ���U�A
�U�I�C�,���$�I�3 �C�N ���c�j���j�C�, ���,�\�n�C�c�C�j�C�R�N�c�3�j�n�U�. �c�n�,�@ ���c �� �<�a�C�0�g�L�3�c�@
�R�8 �c�3�N�c�R�a�c �)�b���<�n�C�N�A�b�U�a�w�N�c�G�C �3�j ���I�Y�.�l�z�S�:�d�b�U�a�w�N�c�G�C�.�l�z�z�e�* �R�a
�C�N�c�j�a�n�L�3�N�j�3�0 �L���j�3�a�C���I�c �)�?�3�a�L���N�C�c �3�j ���I�Y�.�l�z�S�f�*�Y

�i�@�3 �U�a�C�L���a�w ���U�U�I�C�,���j�C�R�N �R�8 �j�@�3 �U�a�3�c�3�N�j�3�0 �8�a���L�3�s�R�a�G
�C�c �a�3�,�R�N�c�j�a�n�,�j�C�R�N �R�8 �3�u�C�c�j�C�N�< �c�@���U�3�c�Y �Q�n�a �c�3�j�n�U �U�a�R�q�C�0�3�c ��
�q���I�n���$�I�3 ���I�j�3�a�N���j�C�q�3 �j�R �j�a���0�C�j�C�R�N���I �c�@���U�3 ���,�\�n�C�c�C�j�C�R�N �L�3�j�@�A
�R�0�c �V�k�/ �c�,���N�N�3�a�c�. �0�3�U�j�@ �C�L���<�3�c�W�Y �m�N�I�C�G�3 �L�R�c�j �k�/ �c�,���N�A
�N�3�a�c�. �s�@�C�,�@ �R�8�j�3�N �n�c�3 �,���L�3�a���c ���N�0 �I���c�3�a�c�. �C�N�3�a�j�C���I �c�3�N�c�R�a�c
���a�3 �C�N�0�3�U�3�N�0�3�N�j �8�a�R�L �I�C�<�@�j �,�R�N�0�C�j�C�R�N�c�. �L���j�3�a�C���I���c �R�U�j�C�,���I
�U�a�R�U�3�a�j�C�3�c ���N�0 �c�,���I�3 �R�8 �j�@�3 �c�,���N�N�3�0 �R�$�E�3�,�j�Y �i�@�3�w �a�3�N�0�3�a
�j�@�3 ���,�\�n�C�c�C�j�C�R�N �U�R�c�c�C�$�I�3 �R�n�j�0�R�R�a�c �R�a �n�N�0�3�a�<�a�R�n�N�0�. ���N�0
�,���N ���I�c�R �$�3 �n�c�3�0 �8�R�a �I���a�<�3 ���N�0�g�R�a �L�R�q�C�N�< �R�$�E�3�,�j�c�d �C�L���<�A
�C�N�3 ���,�\�n�C�c�C�j�C�R�N �R�8 �n�N�0�3�a�<�a�R�n�N�0 �U�C�U�3�c �)�b���<�n�C�N�A�b�U�a�w�N�c�G�C
�3�j ���I�Y�.�l�z�S�f�*�. �R�a ���N �C�N�c�j�a�n�L�3�N�j�3�0 �c���C�I �L�R�q�C�N�< �C�N �j�@�3 �s�C�N�0
�V�7�C�<�Y�l�z�W�Y �T�R�c�c�C�$�I�3 ���U�U�I�C�,���j�C�R�N�c �C�N�,�I�n�0�3 �c�L���a�j �L���j�3�a�C���I�c
���N�0 �c�j�a�n�,�j�n�a���I �@�3���I�j�@ �L�R�N�C�j�R�a�C�N�<�Y

�� �L���E�R�a ���0�q���N�j���<�3 �R�8 �R�n�a ���U�U�a�R���,�@ �C�c �C�j�c �<�3�N�3�a���I�C�j�w�Y
�M�R �c�U�3�,�C���I �0�3�q�C�,�3 �C�c �a�3�\�n�C�a�3�0 �8�R�a �0���j�� ���,�\�n�C�c�C�j�C�R�N�d �C�N �8���,�j�.
���N�w �c�3�N�c�R�a�A�C�N�c�j�a�n�L�3�N�j�3�0 �0�3�q�C�,�3 �,�R�n�I�0 �$�3 �n�c�3�0 �8�R�a �j�@�3
�j���c�G�. �j�@�n�c �L���G�C�N�< �k�/ ���,�\�n�C�c�C�j�C�R�N ���,�,�3�c�c�C�$�I�3 �j�R �3�q�3�a�w�R�N�3
�s�C�j�@ ���N �R�a�0�C�N���a�w �c�L���a�j�U�@�R�N�3�Y �2�q�3�N �j�@�R�n�<�@ �R�a�C�<�C�N���I�I�w
�0�3�c�C�<�N�3�0 �8�R�a �a�3�,�R�N�c�j�a�n�,�j�C�R�N�. �R�n�a �8�a���L�3�s�R�a�G �,���N ���I�c�R �$�3
�n�c�3�0 �8�R�a �0�3�c�C�<�N �$�w ���c�G�3�j�,�@�C�N�<�� �N�3�s �c�@���U�3�c �8�a�R�L �c�,�a���j�,�@
�V�7�C�<�Y�l�W�Y

�7�C�<�n�a�3 �l�- �i�@�3 �è�����Ñ���ñ�ñ�è �N�3�j�s�R�a�G �,�a�3���j�3�0 �8�a�R�L �c�,�a���j�,�@ �3�N�j�C�a�3�I�w �s�C�j�@ ��
�c�L���a�j�U�@�R�N�3�Y �+�n�a�q�3 �I�3�N�<�j�@�c �s�3�a�3 �3�c�j�C�L���j�3�0 �8�a�R�L ���,�\�n�C�c�C�j�C�R�N �j�C�L�3�Y �i�@�3
�c�n�a�8���,�C�N�< �s���c �,�R�L�U�n�j�3�0 �n�c�C�N�< �j�@�3 �L�3�j�@�R�0 �R�8�b�j���N�G�R �3�j ���I�Y�)�l�z�S�f�* �s�C�j�@
�c�R�8�j �U�R�c�C�j�C�R�N���I �,�R�N�c�j�a���C�N�j�c�Y

�7�C�<�n�a�3 �k�- �`�3�,�3�N�j �,�n�a�q�3 ���,�\�n�C�c�C�j�C�R�N �0�3�q�C�,�3�c �j�@���j �n�c�3 �C�N�3�a�j�C���I �c�3�N�c�R�a�c�Y �H�3�8�j
�j�R �a�C�<�@�j�- �i�C�I�j �#�a�n�c�@ �)�;�R�R�<�I�3�*�. �b�L���a�j�T�3�N �)�K�C�I�R�c�3�q�C�, �3�j ���I�Y�.�l�z�S�f�* ���N�0 �z�S
�)�B�N�c�j�a�n�K�K�3�N�j�c�.�l�z�S�e�*�Y

�l�Y �`�3�I���j�3�0 �s�R�a�G

�b�@���U�3 �8�a�R�L �,�n�a�q�3�c�Y�i�@�3 �U�a�R�$�I�3�L �R�8 �<�3�N�3�a���j�C�N�< �c�@���U�3�c
�8�a�R�L �,�R�I�I�3�,�j�C�R�N�c �R�8 �,�n�a�q�3�c �@���c �$�3�3�N �s�3�I�I �c�j�n�0�C�3�0 �C�N �+���;�/
�V�+�R�L�U�n�j�3�a ���C�0�3�0 �;�3�R�L�3�j�a�C�, �/�3�c�C�<�N�W ���N�0 ���I�I �c�j���N�0���a�0
�j�3�,�@�N�C�\�n�3�c �,���N �$�3 �8�R�n�N�0 �C�N�7���a�C�N�)�l�z�z�l�*�Y �B�N �j�@�3 �a�3�,�3�N�j
�w�3���a�c�. �j�@�3 �C�N�j�3�a�3�c�j �C�N �j�@�C�c �U�a�R�$�I�3�L �s���c �a�3�A�C�<�N�C�j�3�0 �0�n�3 �j�R
�C�j�c ���U�U�I�C�,���j�C�R�N�c �C�N �c�G�3�j�,�@�A�$���c�3�0 �L�R�0�3�I�C�N�< �)���N�0�a�3�s�c �3�j ���I�Y�.
�l�z�S�S�d�#���3 �3�j ���I�Y�.�l�z�z�4�d�B�<���a���c�@�C �3�j ���I�Y�.�S�O�O�O�d�M�3���I�3�N �3�j ���I�Y�.
�l�z�z�e�d�t�n �3�j ���I�Y�.�l�z�S�:�* ���N�0 �C�N �q�C�a�j�n���I �a�3���I�C�j�w �V�p�`�W �c�w�c�j�3�L�c
�)�;�R�R�<�I�3�*�Y �B�N�c�U�C�a�3�0 �$�w �w�3���a�c �R�8 �a�3�c�3���a�,�@ �C�N �+���;�/�. �j�@�3�c�n�a�A
�8���,�3 �8�a�R�L �,�n�a�q�3�c�U���a���0�C�<�L �C�c �C�N�q���I�n���$�I�3 �8�R�a �c�@���U�3 �0�3�c�C�<�N �C�N
�L�R�0�3�a�N �c�G�3�j�,�@�C�N�< ���N�0 �p�` �c�w�c�j�3�L�c�Y�`�3�,�3�N�j�I�w�.���a�R�a�� �3�j ���I�Y
�)�l�z�S�e�* �@���q�3 �c�j�n�0�C�3�0 �C�c�c�n�3�c �s�C�j�@ ���,�,�n�a���j�3 �0�3�c�C�<�N �R�8 �c�@���U�3�c
�C�N �j�@�3 �3�u�C�c�j�C�N�< �p�` �c�w�c�j�3�L�c�Y �i�@�3�C�a �c�j�n�0�w �c�n�<�<�3�c�j�c �j�@���j
�n�c�3�a�c �c�j�a�n�<�<�I�3 �3�q�3�N �s�C�j�@ �c�C�L�U�I�3 �j���c�G�c �V�0�a���s�C�N�< �� �,�I�R�c�3�0
�,�C�a�,�I�3�W �s�@�3�N �c�G�3�j�,�@�C�N�< �C�N �j�@�a�3�3 �0�C�L�3�N�c�C�R�N�c�Y �� �c�w�c�j�3�L �I�C�G�3
�R�n�a�c �,���N �@�3�I�U �C�N �c�R�I�q�C�N�< �c�n�,�@ ���,�,�n�a���,�w ���N�0 �,�R�N�c�C�c�j�3�N�,�w �C�c�A
�c�n�3�c�Y

���I�j�@�R�n�<�@ �3�\�n���I�I�w �C�L�U�R�a�j���N�j�. �j�@�3 �U�a�R�$�I�3�L �R�8�a�3�,�R�N�A
�c�j�a�n�,�j�C�R�N�R�8 �3�u�C�c�j�C�N�< �U�@�w�c�C�,���I �c�@���U�3�c �8�a�R�L �� �,�R�I�I�3�,�j�C�R�N �R�8
�,�n�a�q�3�c �a�3�,�3�C�q�3�0 �I�3�c�c ���j�j�3�N�j�C�R�N�Y �k�/ �c�,���N�N�3�a�c �n�c�n���I�I�w �U�a�R�A
�q�C�0�3 �I���a�<�3 ���L�R�n�N�j�c �R�8 �0���j�� ���N�0 �j�3�N�0 �j�R �C�<�N�R�a�3 �C�N�j�a�C�N�c�C�,
�c�j�a�n�,�j�n�a�3 �R�8 �j�@�3 �c�,���N�N�3�0 �c�@���U�3�Y ���I�j�3�a�N���j�C�q�3�I�w�. �R�$�E�3�,�j�c �,���N
�$�3 �0�3�~�N�3�0 �$�w �j�@�3�C�a �,�@���a���,�j�3�a�C�c�j�C�, �,�n�a�q�3�c ���c �R�8�j�3�N �0�R�N�3 �C�N
�U�3�a�,�3�U�j�C�R�N ���N�0 �c�G�3�j�,�@�A�$���c�3�0 �L�R�0�3�I�C�N�<�Y�+���R �3�j ���I�Y�)�l�z�S�f�*
�0�3�j�3�,�j �,�@���a���,�j�3�a�C�c�j�C�, �,�n�a�q�3�c �C�N �N�R�C�c�w �U�R�C�N�j �,�I�R�n�0�c�. �j�@�3�N �n�c�3
�j�@�3�c�3 �,�n�a�q�3�c �8�R�a �c�n�a�8���,�3 �a�3�,�R�N�c�j�a�n�,�j�C�R�N�Y �i�@�3 �n�c�3 �R�8 �C�N�3�a�j�C���I
�L�3���c�n�a�3�L�3�N�j �n�N�C�j�c �V�B�K�m�c�W �8�R�a �c�@���U�3 ���,�\�n�C�c�C�j�C�R�N �L�C�<�@�j
�U�a�R�q�C�0�3 �� �<�R�R�0 ���I�j�3�a�N���j�C�q�3 �C�N �c�C�j�n���j�C�R�N�c �8�R�a �s�@�C�,�@ �j�@�3 �R�U�j�C�A
�,���I �L�3�j�@�R�0�c �0�R �N�R�j �w�C�3�I�0 �U�a�R�U�3�a �a�3�c�n�I�j�c�. �U�R�c�C�j�C�R�N�C�N�< �c�3�N�A
�c�R�a�c ���I�R�N�< �R�$�E�3�,�j���c �,�@���a���,�j�3�a�C�c�j�C�, �,�n�a�q�3�c�Y�K�C�I�R�c�3�q�C�, �3�j ���I�Y
�)�l�z�S�f�* �C�N�j�a�R�0�n�,�3�0 �b�L���a�j�T�3�N�. �� �I�R�s�A�,�R�c�j �c�w�c�j�3�L �8�R�a �,���U�j�n�a�A
�C�N�< �k�/ �,�n�a�q�3�c�. �s�@�C�,�@ �,�R�L�$�C�N�3�c ���N �B�K�m �s�C�j�@ �� �c�j�3�a�3�R �,���L�A
�3�a�� �V�7�C�<�Y�k�L�C�0�0�I�3�W�Y �#�w �,�R�L�$�C�N�C�N�< �� �c�j�3�a�3�R �,���L�3�a�� �s�C�j�@
�� �c�3�N�c�R�a �n�N�C�j�. �j�@�3�C�a �c�w�c�j�3�L �C�c �� �L�C�u�j�n�a�3 �R�8 �j�a���0�C�j�C�R�N���I �k�/
�c�,���N�N�3�a�c ���N�0 �R�n�a �c�@���U�3 �8�a�R�L �c�3�N�c�R�a�c �c�3�j�n�U�Y �?�R�s�3�q�3�a�.
�b�L���a�j�T�3�N���c �c�3�N�c�R�a�c �R�N�I�w �c�3�a�q�3 �8�R�a �0�3�j�3�a�L�C�N�C�N�< �0�3�q�C�,�3���c
�R�a�C�3�N�j���j�C�R�N �N�3�3�0�3�0 �8�R�a �3�c�j�C�L���j�C�N�< �a�3�I���j�C�q�3 �U�R�c�C�j�C�R�N �R�8 �j�@�3
�j�C�U �R�8 �j�@�3 �U�3�N�Y �K�n�,�@ �I�C�G�3 �j�a���0�C�j�C�R�N���I �U�R�C�N�j�A�,�I�R�n�0 �c�,���N�N�3�a�c�.
�j�@�3 �c�w�c�j�3�L �a�3�I�C�3�c �R�N �q�C�c�n���I �C�N�U�n�j �j�R �<�3�j �k�/ �U�R�c�C�j�C�R�N �R�8 �j�@�3
�0�3�q�C�,�3 �C�N �s�R�a�I�0 �c�U���,�3�d �j�@�C�c �I�C�L�C�j�c �c�C�y�3 �R�8 �j�@�3 �c�,���N�N�3�0 �R�$�A
�E�3�,�j�Y �� �a�3�,�3�N�j �3�u���L�U�I�3 �R�8 �,�n�a�q�3 ���,�\�n�C�c�C�j�C�R�N �0�3�q�C�,�3 �C�c �j�@�3
�,�R�L�L�3�a�,�C���I�I�w ���q���C�I���$�I�3 �z�S �)�B�N�c�j�a�n�K�K�3�N�j�c�.�l�z�S�e�*�. �� �0�C�L�3�N�A
�c�C�R�N�C�N�< �j�R�R�I �s�C�j�@ ���N �B�K�m ���N�0 �� �I���c�3�a �V�7�C�<�Y�k�a�C�<�@�j�W�Y ���I�A
�I�3�<�3�0�I�w�. �j�@�3 �0�3�q�C�,�3 �,���N �$�3 �n�c�3�0 �j�R �a�3�,�R�N�c�j�a�n�,�j �k�/ �,�n�a�q�3�c�d
�j�@�C�c �,�I���C�L �a�3�c�j�c �j�R �$�3 �q�3�a�C�~�3�0 �3�u�U�3�a�C�L�3�N�j���I�I�w�Y
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�7�C�<�n�a�3 �:�-�� �c�,�@�3�L���j�C�, �R�q�3�a�q�C�3�s �R�8 �R�n�a�c�@���U�3 �8�a�R�L �c�3�N�c�R�a�c�8�a���L�3�s�R�a�G�Y �7�C�a�c�j�. �j�@�3 �R�a�C�3�N�j���j�C�R�N�c ���N�0 �0�C�c�j���N�,�3�c ���,�\�n�C�a�3�0 �8�a�R�L �j�@�3 �U�@�w�c�C�,���I �c�n�a�8���,�3 ���a�3
�U�a�3�A�~�I�j�3�a�3�0 �V�b�3�,�Y�:�Y�l�W �n�c�C�N�< �3�|�,�C�3�N�j ���q�3�a���<�C�N�< �c�,�@�3�L�3�c �C�N �j�@�3 �\�n���j�3�a�N�C�R�N �c�U���,�3 �V�b�3�,�Y�:�Y�S�W�Y �b�3�,�R�N�0�. �j�@�3 �U�a�3�A�~�I�j�3�a�3�0 �0���j�� ���a�3 �c�L�R�R�j�@�3�0 �n�c�C�N�< �a�3�<�a�3�c�c�C�R�N
�R�N �j�@�3 �L���N�C�8�R�I�0 �R�8 �R�a�C�3�N�j���j�C�R�N �L���j�a�C�,�3�c �V�b�3�,�Y�:�Y�k�W �j�R �R�$�j���C�N �c�L�R�R�j�@�I�w �q���a�w�C�N�< �8�a���L�3�c �s�C�j�@ �,�R�N�c�C�c�j�3�N�j �N�R�a�L���I�c�Y �7�C�N���I�I�w�. �j�@�3 �U�R�c�C�j�C�R�N�c ���a�3 �a�3�,�R�N�c�j�a�n�,�j�3�0
�$�w �c�R�I�q�C�N�< �� �c�U���a�c�3 �I�C�N�3���a �T�R�C�c�c�R�N �c�w�c�j�3�L �8�R�a �j�@�3 �s�@�R�I�3 �N�3�j�s�R�a�G �V�b�3�,�Y�9�W�Y

�b�@���U�3 �8�a�R�L �c�3�N�c�R�a�c�Y�i�@�3 �n�c�3 �R�8 �c�3�N�c�R�a�c �8�R�a �c�@���U�3
���,�\�n�C�c�C�j�C�R�N �s���c �~�a�c�j �3�u�U�I�R�a�3�0 �$�w�b�U�a�w�N�c�G�C�)�l�z�z�e�*�Y �B�N�A
�c�j�3���0 �R�8 �L�3���c�n�a�C�N�< ���$�c�R�I�n�j�3 �U�R�c�C�j�C�R�N �R�8 �c�n�a�8���,�3 �U�R�C�N�j�c
�R�8 �j�@�3 �c�,���N�N�3�0 �R�$�E�3�,�j �C�N �j�@�3 �s�R�a�I�0 �c�U���,�3�. �j�@�3 �a�3�,�R�N�c�j�a�n�,�A
�j�C�R�N ���I�<�R�a�C�j�@�L�c �N�3�3�0 �j�R �$�3 �8�R�a�L�n�I���j�3�0 �C�N �j�3�a�L�c �R�8 �R�a�C�3�N�A
�j���j�C�R�N�c �U�a�R�q�C�0�3�0 �$�w �c�3�N�c�R�a�c�. ���N�0 �<�3�R�0�3�c�C�, �0�C�c�j���N�,�3�c �$�3�A
�j�s�3�3�N �U�R�C�N�j�c �R�8 �L�3���c�n�a�3�L�3�N�j�Y �+�n�a�q�3�c ���a�3 �a�3�U�a�3�c�3�N�j�3�0
�n�c�C�N�< �N���j�n�a���I �U���a���L�3�j�a�C�y���j�C�R�N ���N�0 �a�3�,�R�N�c�j�a�n�,�j�3�0 �q�C�� �N�n�A
�L�3�a�C�,���I �C�N�j�3�<�a���j�C�R�N�Y �b�n�a�8���,�3�c ���a�3 �0�3�~�N�3�0 �q�C�� �<�3�R�0�3�c�C�, �C�N�A
�j�3�a�U�R�I���j�C�R�N �)�b�U�a�w�N�c�G�C �3�j ���I�Y�. �l�z�z�4�* �R�a �n�c�C�N�< �U���a���I�I�3�I �a�C�$�A
�$�R�N�c �R�8 �c�3�N�c�R�a�c �)�b���<�n�C�N�A�b�U�a�w�N�c�G�C �3�j ���I�Y�.�l�z�S�:�*�Y�?�n���a�0 �3�j ���I�Y
�)�l�z�S�k�* �C�N�j�a�R�0�n�,�3�0 �L�3�j�@�R�0 �8�R�a �,�R�L�U�n�j�C�N�< �c�L�R�R�j�@ �U���j�,�@�3�c
�8�a�R�L �� �<�C�q�3�N �U�C�3�,�3�s�C�c�3 �<�3�R�0�3�c�C�, �$�R�n�N�0���a�w �,�n�a�q�3�Y�?�R�c�@�C
�� �b�@�C�N�R�0���)�l�z�z�4�* �a�3�,�R�N�c�j�a�n�,�j �j�@�3 �j���a�<�3�j �c�n�a�8���,�3 �n�c�C�N�< �j�s�R
�8���L�C�I�C�3�c �R�8 �c�3�N�c�R�a�c �U�I���,�3�0 �C�N �R�a�j�@�R�<�R�N���I �0�C�a�3�,�j�C�R�N�c�Y�?�3�a�A
�L���N�C�c �3�j ���I�Y�)�l�z�S�f�* �,�R�N�c�j�a�n�,�j �c�3�N�c�R�a�A�C�N�c�j�a�n�L�3�N�j�3�0 �8���$�a�C�,
���N�0 �,�R�L�U���a�3 �j�@�3 �a�3�,�R�N�c�j�a�n�,�j�C�R�N �a�3�c�n�I�j�c �s�C�j�@ �F�C�N�3�,�j �0���j���Y
���N�j�R�N�w�� �3�j ���I�Y�)�l�z�S�f�* �n�c�3 ���N ���a�a���w �R�8 �c�3�N�c�R�a�c �8�R�a �a�3���I�A�j�C�L�3
�j�a���,�G�C�N�< �R�8 �@�n�L���N �c�U�C�N�3�Y

���j�j�C�j�n�0�3 �3�c�j�C�L���j�C�R�N ���N�0 �~�I�j�3�a�C�N�<�Y���j�j�C�j�n�0�3 �,�R�N�j�a�R�I
�@���c �$�3�3�N �c�j�n�0�C�3�0 �3�u�j�3�N�c�C�q�3�I�w �C�N ���3�a�R�N���n�j�C�,�c �s�@�3�a�3 ���,�,�n�A
�a���j�3 ���I�<�R�a�C�j�@�L�c ���a�3 �C�N�0�C�c�U�3�N�c���$�I�3 �8�R�a �,�R�a�a�3�,�j �3�c�j�C�L���j�C�R�N
�R�8 �q�3�@�C�,�I�3���c �R�a�C�3�N�j���j�C�R�N �s�C�j�@ �a�3�c�U�3�,�j �j�R �,�3�I�3�c�j�C���I �R�$�E�3�,�j�c
�)�K���a�G�I�3�w �� �K�R�a�j���a�C�. �l�z�z�z�*�Y �M�R�C�c�3 �C�N �0���j�� �C�c �n�c�n���I�I�w �a�3�A
�0�n�,�3�0 �n�c�C�N�< �� �F���I�L���N �~�I�j�3�a �" �c�U�3�,�C�~�, ���U�U�a�R���,�@�3�c �0�3�A
�U�3�N�0 �R�N �j�@�3 �a�3�U�a�3�c�3�N�j���j�C�R�N �n�c�3�0 �8�R�a �R�a�C�3�N�j���j�C�R�N�c �)�+�a���c�A
�c�C�0�C�c �3�j ���I�Y�.�l�z�z�e�*�. �c�n�,�@ ���c �n�N�C�j �\�n���j�3�a�N�C�R�N�c�. �� �a�3�U�a�3�c�3�N�j���A
�j�C�R�N �s�3�I�I�A�G�N�R�s�N �C�N �j�@�3 �<�a���U�@�C�,�c �,�R�L�L�n�N�C�j�w �)�b�@�R�3�L���G�3�.
�S�O�4�9�*�Y�K���a�G�I�3�w �3�j ���I�Y�)�l�z�z�e�* �0�3�c�,�a�C�$�3 �� �,�I���c�c�C�,���I ���I�<�R�a�C�j�@�L
�8�R�a �,�R�L�U�n�j�C�N�< �L�3���N�c �C�N �j�@�3 �<�a�R�n�U �b�Q�V�k�W�Y ���q�3�a���<�3 �a�R�j���A
�j�C�R�N �C�c �0�3�~�N�3�0 ���c �j�@�3 �L�C�N�C�L�C�y�3�a �R�8 �s�3�C�<�@�j�3�0 �U�3�N���I�j�w �8�n�N�,�A
�j�C�R�N�. ���N�0 �j�@�3 �,�R�a�a�3�c�U�R�N�0�C�N�< �n�N�C�j �\�n���j�3�a�N�C�R�N �C�c �,�R�L�U�n�j�3�0
�3�|�,�C�3�N�j�I�w �q�C�� �3�C�<�3�N�0�3�,�R�L�U�R�c�C�j�C�R�N �R�8 �� �:�A�$�w�A�: �L���j�a�C�u�d �c�3�3
�b�3�,�Y�:�Y�S�8�R�a �L�R�a�3 �0�3�j���C�I�c�Y

���U���a�j �8�a�R�L �c�j���j�C�c�j�C�,���I ���U�U�a�R���,�@�3�c �c�n�,�@ ���c �F���I�L���N �~�I�A
�j�3�a�c�.�<�3�R�L�3�j�a�C�, �L�3�j�@�R�0�c�,���N �$�3 �n�c�3�0 �j�R �0�3�N�R�C�c�3 �R�a�C�3�N�j���A
�j�C�R�N�c�Y�b�@�R�3�L���G�3�)�S�O�4�9�* �C�N�j�a�R�0�n�,�3�0 �\�n���j�3�a�N�C�R�N �c�U�I�C�N�3�c �n�c�A
�C�N�< �c�U�@�3�a�C�,���I �#���y�C�3�a �,�n�a�q�3�c�d�M�C�3�I�c�R�N�)�l�z�z�:�* �I���j�3�a �3�u�j�3�N�0�3�0
�j�@�C�c ���I�<�R�a�C�j�@�L ���N�0 �C�N�j�a�R�0�n�,�3�0� � �\�n���j�3�a�N�C�R�N �c�U�I�C�N�3�c�Y ���I�A
�j�@�R�n�<�@ �c�U�I�C�N�3 �L�3�j�@�R�0�c �s�R�a�G �s�3�I�I �8�R�a �C�N�j�3�a�U�R�I���j�C�R�N �R�8 �a�R�A
�j���j�C�R�N�c �C�N �� �c�3�\�n�3�N�,�3 �R�8 �G�3�w�8�a���L�3�c�. �j�@�3 �#���y�C�3�a �a�3�U�a�3�c�3�N�j���A
�j�C�R�N �C�c �N�R�j �c�n�C�j���$�I�3 �8�R�a �~�I�j�3�a�C�N�< �N�R�C�c�w �R�a�C�3�N�j���j�C�R�N�c�Y �2�N�3�a�<�w�A
�L�C�N�C�L�C�y�C�N�< �c�U�I�C�N�3�c �8�R�a �0���j�� �C�N �2�n�,�I�C�0�3���N �c�U���,�3�c �@���q�3

�$�3�3�N �s�3�I�I�A�c�j�n�0�C�3�0�Y�`�3�C�N�c�,�@�)�S�O�f�e�* �C�N�j�a�R�0�n�,�3�0 �c�L�R�R�j�@�C�N�<
�c�U�I�C�N�3�c �j�@���j �L�C�N�C�L�C�y�3 �c�j�a�3�j�,�@�C�N�< ���N�0 �$�3�N�0�C�N�< �s�@�C�I�3 ���U�A
�U�a�R�u�C�L���j�C�N�< �<�C�q�3�N �0���j�� �C�N �� �2�n�,�I�C�0�3���N �c�U���,�3�Y�?�R�8�3�a ��
�T�R�j�j�L���N�N�)�l�z�z�:�* �0�3�c�,�a�C�$�3 �� �L�3�j�@�R�0 �8�R�a �,�R�L�U�n�j�C�N�< �c�n�,�@
�c�U�I�C�N�3�c �8�R�a �0���j�� �R�N �� �`�C�3�L���N�N�C���N �L���N�C�8�R�I�0M �Y �/���j�� ���a�3
�~�a�c�j �R�U�j�C�L�C�y�3�0 �C�N �j�@�3 ���L�$�C�3�N�j �V�2�n�,�I�C�0�3���N�W �c�U���,�3�. �j�@�3�N �U�a�R�A
�E�3�,�j�3�0 �R�N�j�RM �d �j�@�3�c�3 �j�s�R �c�j�3�U�c ���a�3 �a�3�U�3���j�3�0 �n�N�j�C�I �,�R�N�q�3�a�A
�<�3�N�,�3�Y ���N �3�\�n�C�q���I�3�N�j �a�3�c�n�I�j �,���N �$�3 �8�R�n�N�0 �$�w �R�U�j�C�L�C�y�C�N�<
�0���j�� �0�C�a�3�,�j�I�w �R�N �j�@�3 �L���N�C�8�R�I�0 �)�#�R�n�L���I �� ���$�c�C�I�.�l�z�S�S�*�Y �B�N
�j�@�C�c �c�3�N�c�3�. �,�I���c�c�C�,���I �c�U�I�C�N�3�c ���a�3 �R�$�j���C�N�3�0 �8�R�aM = Ed�Y �r�3
�n�c�3 �c�L�R�R�j�@�C�N�< �c�U�I�C�N�3�c �R�N �j�@�3 �L���N�C�8�R�I�0 �b�Q�V�k�W �j�R �~�I�j�3�a �a���s
�R�a�C�3�N�j���j�C�R�N �0���j�� �8�a�R�L �c�3�N�c�R�a�c �V�b�3�,�Y�:�Y�k�W�Y

�T�R�C�c�c�R�N �a�3�,�R�N�c�j�a�n�,�j�C�R�N�Y�T�R�C�c�c�R�N���c �3�\�n���j�C�R�N� � =
r � �p �R�8�j�3�N ���a�C�c�3�c �C�N �j�@�3 �,�R�N�j�3�u�j �R�8 �a�3�,�R�N�c�j�a�n�,�j�C�R�N �R�8 �c�@���U�3�c
�V�,�n�a�q�3�c ���N�0 �c�n�a�8���,�3�c�W�Y�F���y�@�0���N �3�j ���I�Y�)�l�z�z�f�* �a�3�c�R�I�q�3 �� �T�R�C�c�A
�c�R�N �U�a�R�$�I�3�L� � = r � �M�j�R �~�N�0 �j�@�3 �C�N�0�C�,���j�R�a �8�n�N�,�j�C�R�N� �.
�s�@�C�,�@ �C�L�U�I�C�,�C�j�I�w �0�3�~�N�3�c �j�@�3 �c�n�a�8���,�3�. �8�a�R�L �� �c���L�U�I�3 �R�8 �j�@�3
�c�n�a�8���,�3���c �R�a�C�3�N�j�3�0 �N�R�a�L���I �~�3�I�0�M�Y �i�@�C�c ���U�U�a�R���,�@ �C�c �� �c�j���j�3
�R�8 �j�@�3 ���a�j �L�3�j�@�R�0 �8�R�a �c�n�a�8���,�3 �a�3�,�R�N�c�j�a�n�,�j�C�R�N �8�a�R�L �n�N�R�a�A
�<���N�C�y�3�0 �U�R�C�N�j�c �,�I�R�n�0�c�Y �Q�n�a �a�3�,�R�N�c�j�a�n�,�j�C�R�N ���I�<�R�a�C�j�@�L �C�c
�C�N�c�U�C�a�3�0 �$�w �j�@�3 �s�R�a�G �R�8�+�a���N�3 �3�j ���I�Y�)�l�z�S�k�* �s�@�R �n�c�3 �j�@�3
�T�R�C�c�c�R�N �3�\�n���j�C�R�N� f = r � �i �j�R �a�3�j�a�C�3�q�3 �U�R�c�C�j�C�R�N�cf �R�8 ��
�,�I�R�c�3�0 �U�I���N���a �,�n�a�q�3 �8�a�R�L �C�j�c �j���N�<�3�N�j �~�3�I�0�i �0�n�a�C�N�< �C�c�R�A
�L�3�j�a�C�, �,�n�a�q���j�n�a�3 �•�R�s�Y �r�3 �3�u�j�3�N�0 �j�@�C�c ���U�U�a�R���,�@ �j�R �,�I�R�c�3�0
�,�n�a�q�3 �N�3�j�s�R�a�G�c �R�N �c�n�a�8���,�3�c�. ���N�0 �n�c�3 �C�j �j�R �a�3�,�R�N�c�j�a�n�,�j �U�R�A
�c�C�j�C�R�N�c �R�8 �j�@�3 �c�,���N�N�3�0 �,�n�a�q�3�c �V�b�3�,�Y�9�W�Y

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

�k



�k�Y �/�3�~�N�C�j�C�R�N�c ���N�0 �C�N�U�n�j �0���j��

�;�C�q�3�N �� �c�L�R�R�j�@ �,�R�N�N�3�,�j�3�0 �l�A�L���N�C�8�R�I�0 �c�n�a�8���,�3S � E3�.
�s�3 �,�R�N�c�C�0�3�a �� �,�R�I�I�3�,�j�C�R�N� �R�8G1 �c�L�R�R�j�@ �,�n�a�q�3�c �3�L�$�3�0�0�3�0
�R�NS �V� �C�c �j�@�3�a�3�8�R�a�3 �� �j�R�U�R�I�R�<�C�,���I �c�n�$�c�U���,�3 �R�8S�W�Y �+�n�a�q�3�c �C�N
� �0�C�q�C�0�3 �j�@�3 �c�n�a�8���,�3 �C�N�j�R �� �~�N�C�j�3 �N�n�L�$�3�a �R�8 �,�3�I�I�c �8�R�a�L�C�N�< ��
�j�s�R�A�0�C�L�3�N�c�C�R�N���I�,�3�I�I �,�R�L�U�I�3�uC = (V ;E;F ) �R�NS�. �,�R�N�c�C�c�j�A
�C�N�< �R�8 �N�R�0�3�cV �V�z�A�,�3�I�I�c�W�. �c�3�<�L�3�N�j�cE �V�S�A�,�3�I�I�c�W ���N�0 �,�w�,�I�3�cF
�V�l�A�,�3�I�I�c�W �)�#�3�a�$�3�a�C�,�@ �3�j ���I�Y�.�l�z�S�z�d�?���j�,�@�3�a�.�l�z�z�l�*�Y �K�R�a�3�R�q�3�a
�s�3 �c�n�U�U�R�c�3 �j�@�3 �,�3�I�I �,�R�L�U�I�3�u �C�c �,�R�N�N�3�,�j�3�0 ���N�0 �j�@�3 �,�w�,�I�3�c
���a�3 �,�R�N�j�a���,�j�C�$�I�3 �V�7�C�<�Y�9�W�Y �2���,�@ �,�n�a�q�3
 2 � �,���N �$�3 �j�@�R�n�<�@�j
�R�8 ���c ���U���j�@�C�NC�Y �r�3 �c���w �j�@���j �j�s�R �,�n�a�q�3�c �C�N�j�3�a�c�3�,�j ���j �� �N�R�0�3
� 2 V �C�8 �j�@�3�C�a �,�R�a�a�3�c�U�R�N�0�C�N�< �U���j�@�c �,�R�N�j���C�N� �Y

�/�3�N�R�j�3 �$�w�u: [0; L] ! E3 �j�@�3 �N���j�n�a���I �U���a���L�3�j�a�C�y���j�C�R�N
�R�8
 2 � �s�@�3�a�3L �C�c �j�@�3 �I�3�N�<�j�@ �R�8
 �Y �7�R�a �� �~�u�3�0 �U�R�C�N�j�u�R�N
�j�@�3 �,�n�a�q�3�. �j�@�3 �R�a�j�@�R�N�R�a�L���I �/���a�$�R�n�u �8�a���L�3D = ( �i ; �#; �M)
�C�c �0�3�~�N�3�0 ���c

�i = �u0; �M? T�uS; �#= �M� �i :

�?�3�a�3�.T�uS �0�3�N�R�j�3�c �j�@�3 �j�s�R�A�0�C�L�3�N�c�C�R�N���I �j���N�<�3�N�j �c�U���,�3 �R�8S
���j �j�@�3 �U�R�C�N�j�u2 S ���N�0�M�C�c �,�@�R�c�3�N ���c �j�@�3 �R�n�j�s���a�0 �c�n�a�8���,�3
�N�R�a�L���I�Y�r�3 �a�3�U�a�3�c�3�N�j �j�@�3 �/���a�$�R�n�u �8�a���L�3D ���c ���N �R�a�C�3�N�A
�j���j�C�R�N �L���j�a�C�u�� = [�i �# �M] 2 �b�Q�V�k�W�.�s�@�C�,�@ �C�c �� �L�3�L�$�3�a �R�8
�j�@�3 �c�U�3�,�C���I �R�a�j�@�R�<�R�N���I �<�a�R�n�U

�b�Q�V�k�W=
n
�� 2 R3� 3 : �� > �� = �B���N�0 �0�3�j(�� ) = 1

o
:

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

�� (�u)

�� j�M �� j�i
�7�C�<�n�a�3 �f�- �7�R�a �� �,�I�R�c�3�0 �N�3�j�s�R�a�G�. �j�@�3 �R�a�C�3�N�j���j�C�R�N �8�n�N�,�j�C�R�N�u7! �� (�u) �C�c�N�R�j
�,�R�N�j�C�N�n�R�n�c �" �j���N�<�3�N�j �q�3�,�j�R�a �C�c �0�C�{�3�a�3�N�j �8�R�a �3���,�@ �,�n�a�q�3 �U���c�c�C�N�< �j�@�a�R�n�<�@
���N �C�N�j�3�a�c�3�,�j�C�R�N�Y �M�R�j�3 �j�@���j �j�@�3 �U�a�R�E�3�,�j�C�R�N �R�N �j�@�3 �N�R�a�L���I �,�R�L�U�R�N�3�N�j�� j�M :
� ! S2 �V�;���n�c�c �L���U �R�8S �a�3�c�j�a�C�,�j�3�0 �j�R �,�n�a�q�3�c�W �C�c �,�I�R�c�3�0 ���c �j�@�3 �c�n�a�8���,�3
�N�R�a�L���I �q���a�C�3�c �c�L�R�R�j�@�I�w�Y

�i�@�3 �8�n�N�,�j�C�R�N�� : � ! �b�Q�V�k�W�. �s�@�C�,�@ ���c�c�R�,�C���j�3�c �3���,�@
�,�n�a�q�3 �U�R�C�N�j �j�R �C�j�c �/���a�$�R�n�u �8�a���L�3�. �C�c �N�R�j �,�R�N�j�C�N�n�R�n�c�Y �B�N�A
�0�3�3�0�. ���j �C�N�j�3�a�c�3�,�j�C�R�N�c �j�@�3 �j���N�<�3�N�j �q�3�,�j�R�a�i �0�C�{�3�a�c �8�R�a �3���,�@
���0�E���,�3�N�j �,�n�a�q�3 �V�7�C�<�Y�f�W�Y �M�R�j�3 �@�R�s�3�q�3�a �j�@���j �j�@�3 �U�a�R�E�3�,�j�C�R�N
�R�N �j�@�3 �N�R�a�L���I �,�R�L�U�R�N�3�N�j�� j�M �C�c �,�R�N�j�C�N�n�R�n�c ���N�0 �C�c �C�0�3�N�A
�j�C�,���I �j�R �j�@�3 �;���n�c�c �L���U �R�8S �a�3�c�j�a�C�,�j�3�0 �j�R �j�@�3 �,�n�a�q�3�c �C�N� �Y

�Q�n�a �<�R���I �C�c �j�R �a�3�j�a�C�3�q�3 �j�@�3 �n�N�G�N�R�s�N �U�R�c�C�j�C�R�N�c�u�U�a�R�A
�q�C�0�3�0 �� �c���L�U�I�3 �R�8 �R�a�C�3�N�j���j�C�R�N�c�� i = �� (�u(di)) �8�R�a �3���,�@
�,�n�a�q�3
 ���j �G�N�R�s�N �0�C�c�j���N�,�3�cdi 2 [0; L]�Y �r�3 �c�n�U�U�R�c�3 �j�@�3
�j�R�U�R�I�R�<�w �R�8 �j�@�3 �n�N�0�3�a�I�w�C�N�< �,�3�I�I �,�R�L�U�I�3�uC �C�c �G�N�R�s�N�Y�i�@�3
�L���C�N �c�j�3�U�c �R�8 �R�n�a ���I�<�R�a�C�j�@�L ���a�3 �c�@�R�s�N �C�N �7�C�<�Y�:�Y

�:�Y �7�C�I�j�3�a�C�N�< �R�a�C�3�N�j���j�C�R�N�c

�B�N �j�@�C�c �c�3�,�j�C�R�N�. �s�3 �0�3�c�,�a�C�$�3 �R�n�a ���U�U�a�R���,�@ �8�R�a �~�I�j�3�a�A
�C�N�< �a���s �R�a�C�3�N�j���j�C�R�N �0���j�� ���,�\�n�C�a�3�0 �n�c�C�N�< �C�N�3�a�j�C���I �c�3�N�c�R�a�c�Y
�b�3�N�c�R�a �N�R�C�c�3 ���N�0 �I�C�L�C�j�3�0 �c�,���N�N�C�N�< �U�a�3�,�C�c�C�R�N ���a�3 �j�@�3 �L���C�N
�U�a�R�$�I�3�L�c �j�@���j �U�a�3�q�3�N�j �n�c�C�N�< �a���s �R�a�C�3�N�j���j�C�R�N�c �C�N �j�@�3 �a�3�,�R�N�A
�c�j�a�n�,�j�C�R�N �R�8 �U�R�c�C�j�C�R�N�c�Y �#�w �,�R�N�c�3�\�n�3�N�,�3�. �j�@�3 ���,�\�n�C�a�3�0 �N�3�j�A
�s�R�a�G �R�8 �R�a�C�3�N�j���j�C�R�N�c �C�c �R�8�j�3�N�C�N�,�R�N�c�C�c�j�3�N�j�- ���j �C�N�j�3�a�c�3�,�j�C�R�N�c�.
�j�@�3 �N�R�a�L���I�c ���a�3 �0�C�{�3�a�3�N�j �8�R�a �3���,�@ �U���c�c�C�N�< �,�n�a�q�3 �V�7�C�<�Y�S�f�W�Y
�i�R �3�I�C�L�C�N���j�3 ���,�\�n�C�c�C�j�C�R�N �U�a�R�$�I�3�L�c�. �s�3 �n�c�3 �� �j�s�R�A�c�j�3�U �~�I�A
�j�3�a�C�N�< �U�a�R�,�3�c�c �" �c�3�3 �7�C�<�Y�e�Y �7�C�a�c�j�. �a���s �0���j�� ���a�3 �U�a�3�A�~�I�j�3�a�3�0
�n�c�C�N�< �0�C�c�j���N�,�3�A�s�3�C�<�@�j�3�0 �;���n�c�c�C���N �,�R�N�q�R�I�n�j�C�R�N �s�C�j�@ �~�u�3�0
�3�0�<�3 �I�3�N�<�j�@�Y �i�@�C�c �s���w�. �s�3 �R�$�j���C�N �n�N�C�8�R�a�L �c���L�U�I�C�N�< �R�8
�R�a�C�3�N�j���j�C�R�N�c �s�C�j�@ �a�3�c�U�3�,�j �j�R �,�n�a�q�3 �I�3�N�<�j�@�c�Y �b�3�,�R�N�0�. �j�@�3
�n�N�C�8�R�a�L �c���L�U�I�3�c ���a�3 �c�L�R�R�j�@�3�0 ���N�0 �L���0�3 �,�R�N�c�C�c�j�3�N�j �n�c�A
�C�N�< �a�3�<�a�3�c�c�C�R�N �R�N �j�@�3 �L���N�C�8�R�I�0 �b�Q�V�k�W�Y

�7�C�<�n�a�3 �e�- �i�s�R�A�c�j�3�U �~�I�j�3�a�C�N�< �R�8 ���,�\�n�C�a�3�0 �R�a�C�3�N�j���j�C�R�N�c �8�a�R�L �7�C�<�Y�S�. �@�3�a�3
�q�C�c�n���I�C�y�3�0 �n�c�C�N�< �j�@�3 �;���n�c�c �L���U�� j�M �V�c�n�a�8���,�3 �N�R�a�L���I�c �3�u�j�a���,�j�3�0 �8�a�R�L
�R�a�C�3�N�j���j�C�R�N�c �L���U�U�3�0 �j�R �j�@�3 �n�N�C�j �c�U�@�3�a�3�W�Y �H�3�8�j �j�R �a�C�<�@�j�- �a���s �0���j���. �U�a�3�A
�~�I�j�3�a�3�0 �0���j�� �V�b�3�,�Y�:�Y�l�W�. �~�I�j�3�a�3�0 �0���j�� �V�b�3�,�Y�:�Y�k�W�Y

�:�Y�S�Y ���q�3�a���<�C�N�< �R�a�C�3�N�j���j�C�R�N�c

�i�R �,�R�L�U�n�j�3 �V�s�3�C�<�@�j�3�0�W �L�3���N�c �C�N �j�@�3 �<�a�R�n�U �R�8 �a�R�j���A
�j�C�R�N�c�. �C�j �C�c �,�R�N�q�3�N�C�3�N�j �j�R �n�c�3 �j�@�3 �\�n���j�3�a�N�C�R�N �a�3�U�a�3�c�3�N�j���j�C�R�N
�)�K���a�G�I�3�w �� �K�R�a�j���a�C�.�l�z�z�z�*�Y �i�@�3 �a�R�j���j�C�R�N ���a�R�n�N�0 �j�@�3 �V�n�N�C�j�W
�2�n�I�3�a ���u�C�c�3�$�w �j�@�3 ���N�<�I�32� �C�c �<�C�q�3�N �$�w �j�@�3 �n�N�C�j �\�n���j�3�a�N�C�R�N

�\ = [�,�R�c� ; �3�c�C�N� ] 2 S3 � H;

�s�@�3�a�3S3 �0�3�N�R�j�3�c �j�@�3 �n�N�C�j �k�A�c�U�@�3�a�3 �C�N �j�@�3 �\�n���j�3�a�N�C�R�N
�c�U���,�3H t R 4�Y �r�3 �s�C�I�I �0�3�N�R�j�3 �$�w�� (�\) �j�@�3 �,�R�N�q�3�a�c�C�R�N
�$�3�j�s�3�3�N �j�@�3 �R�a�C�3�N�j���j�C�R�N �L���j�a�C�u�� ���N�0 �j�@�3 �n�N�C�j �\�n���j�3�a�N�C�R�N
�\ �V�c�3�3�b�@�R�3�L���G�3�)�S�O�4�9�* �8�R�a �0�3�j���C�I�c�W�Y

�;�C�q�3�N �� �c�3�j �R�8 �n�N�C�j �\�n���j�3�a�N�C�R�N�c�\ i 2 S3 �s�C�j�@ �s�3�C�<�@�j�cwi

�8�R�ai = 1 ; : : : ;N�. �j�@�3 ���q�3�a���<�3 �\�n���j�3�a�N�C�R�N��\ �C�c �0�3�~�N�3�0 �q�C�� �j�@�3
�8�R�I�I�R�s�C�N�< �L�C�N�C�L�C�y���j�C�R�N �U�a�R�$�I�3�L �)�K���a�G�I�3�w �3�j ���I�Y�.�l�z�z�e�*�-

��\ = ���a�< �L�C�N
�\2S3

NX

i=1

wi




 �� (�\) � �� (�\ i)



 2

�7
;

�s�@�3�a�3k� k�7 �C�c �j�@�3 �7�a�R�$�3�N�C�n�c �N�R�a�L�Y �i�@�C�c �C�c �3�\�n�C�q���I�3�N�j �j�R
�c�R�I�q�C�N�<

��\ = ���a�< �L���u
�\2S3

�\> �K�\ ;

�s�@�3�a�3 �j�@�34x4 �L���j�a�C�u�K �C�c �j�@�3�c�j�a�n�,�j�n�a�3 �j�3�N�c�R�a

�K =
NX

i=1

wi �\ i �\>
i :

�:



�i�@�3 �c�R�I�n�j�C�R�N �j�R �j�@�C�c �R�U�j�C�L�C�y���j�C�R�N �U�a�R�$�I�3�L �C�c �G�N�R�s�N �j�R �$�3
�j�@�3 �V�n�N�C�j�W �3�C�<�3�N�q�3�,�j�R�a��\ �R�8�K �,�R�a�a�3�c�U�R�N�0�C�N�< �j�R �j�@�3 �I���a�<�3�c�j
�3�C�<�3�N�q���I�n�3�Y �i�@�C�c �U�a�R�,�3�0�n�a�3 �C�c �G�N�R�s�N ���c �j�@�3 �\ �L�3�j�@�R�0�Y
�i�@�3 �\ �L�3�j�@�R�0 �C�c �,�R�L�U�n�j���j�C�R�N���I�I�w �3�|�,�C�3�N�j ���N�0 �N���j�n�a���I�I�w
�R�q�3�a�,�R�L�3�c �j�@�3 �8���,�j �j�@���j �n�N�C�j �\�n���j�3�a�N�C�R�N�cS3 ���a�3 �� �l�A�j�R�A�S
�,�R�q�3�a�C�N�< �R�8 �j�@�3 �a�R�j���j�C�R�N �<�a�R�n�U�- ���N�j�C�U�R�0���I �\�n���j�3�a�N�C�R�N�c�\
���N�0� �\ �a�3�U�a�3�c�3�N�j �j�@�3 �c���L�3 �a�R�j���j�C�R�N�Y �i�@�C�c �C�c �s�@�w �c�U�@�3�a�C�,���I
�I�C�N�3���a �C�N�j�3�a�U�R�I���j�C�R�N �)�b�I�3�a�U�.�b�@�R�3�L���G�3�.�S�O�4�9�* �C�c �N�R�j �c�n�C�j���$�I�3
�8�R�a ���q�3�a���<�C�N�< �\�n���j�3�a�N�C�R�N�c �" �,�@���N�<�C�N�< �j�@�3 �c�C�<�N �R�8 �� �\�n���j�3�a�A
�N�C�R�N �c�@�R�n�I�0 �N�R�j �,�@���N�<�3 �j�@�3 ���q�3�a���<�3�. �s�@�C�,�@ �C�c �N�R�j �j�@�3 �,���c�3
�8�R�a �b�I�3�a�U�Y

�:�Y�l�Y �T�a�3�A�~�I�j�3�a�C�N�< �q�C�� �;���n�c�c�C���N �,�R�N�q�R�I�n�j�C�R�N

�r�R�a�G�C�N�< �s�C�j�@ �R�a�C�3�N�j���j�C�R�N�c �s�@�C�,�@ ���a�3 �c���L�U�I�3�0 �n�N�C�A
�8�R�a�L�I�w �s�C�j�@ �a�3�c�U�3�,�j �j�R �<�3�R�0�3�c�C�, �0�C�c�j���N�,�3 �8���,�C�I�C�j���j�3�c �$�R�j�@
�j�@�3 �~�I�j�3�a�C�N�< �V�b�3�,�Y�:�Y�k�W ���N�0 �j�@�3 �a�3�,�R�N�c�j�a�n�,�j�C�R�N �R�8 �U�R�c�C�j�C�R�N�c
�V�b�3�,�Y�9�W �" �j�@�3 �n�N�C�8�R�a�L �c���L�U�I�C�N�< �C�c �,�R�N�q�3�N�C�3�N�j �8�R�a �0�C�c�A
�,�a�3�j�C�y���j�C�R�N �R�8 �0�C�{�3�a�3�N�j�C���I �R�U�3�a���j�R�a�c ���N�0 �C�N�j�3�a�<�a���I�c�Y �B�N �j�@�C�c
�c�3�,�j�C�R�N �s�3 �0�3�c�,�a�C�$�3 �j�@�3 �,�R�L�U�n�j���j�C�R�N �R�8 �c�n�,�@ �n�N�C�8�R�a�L �c���L�A
�U�I�C�N�< �8�a�R�L �a���s �R�a�C�3�N�j���j�C�R�N �L�3���c�n�a�3�c �C�N �j�@�3 �\�n���j�3�a�N�C�R�N
�c�U���,�3�Y

�#�3�8�R�a�3 �,�R�L�U�n�j�C�N�< �j�@�3 �n�N�C�8�R�a�L �c���L�U�I�C�N�<�. �s�3 �~�a�c�j �a�3�A
�L�R�q�3 �R�n�j�I�C�3�a�c ���N�0 �U�a�R�,�3�c�c �0�n�U�I�C�,���j�3 �L�3���c�n�a�3�c�Y �Q�n�j�I�C�3�a�c
���a�3 �a�3�L�R�q�3�0 �$�w �I�R�R�G�C�N�< ���j �j�@�3 �0�R�j �U�a�R�0�n�,�j�c �R�8 �\�n���j�3�a�N�C�R�N
�\ i �s�C�j�@ �C�j�c �C�L�L�3�0�C���j�3 �N�3�C�<�@�$�R�a�c�\ i� 1 ���N�0�\ i+1 �Y �B�8 �$�R�j�@ �0�R�j
�U�a�R�0�n�,�j�c ���a�3 �c�L���I�I�3�a �j�@���N �j�@�3 �c�U�3�,�C�~�3�0 �j�@�a�3�c�@�R�I�0� �. �j�@�3
���N�<�I�3�c �$�3�j�s�3�3�N�\ i ���N�0 �C�j�c �N�3�C�<�@�$�R�a�c ���a�3 �j�R�R �$�C�< ���N�0�\ i

�C�c �a�3�L�R�q�3�0�Y�7�R�a �j�@�3 �3�u���L�U�I�3�c �C�N �j�@�C�c �U���U�3�a�. �s�3 �n�c�3 �j�@�3
�j�@�a�3�c�@�R�I�0� = 0 :9�d �j�@�C�c �C�c �,�R�N�c�C�c�j�3�N�j �s�C�j�@ �j�@�3 ���c�c�n�L�U�j�C�R�N
�j�@���j �j�@�3 ���,�\�n�C�c�C�j�C�R�N �8�a�3�\�n�3�N�,�w �C�c �@�C�<�@ �3�N�R�n�<�@ ���N�0 �3���,�@
�j�s�R ���0�E���,�3�N�j �0���j�� �U�R�C�N�j�c ���a�3 �,�I�R�c�3 �C�N �j�@�3 �c�U���,�3 �R�8 �R�a�C�3�N�j���A
�j�C�R�N�c�Y �7�R�a �c�U���a�c�3�I�w �c���L�U�I�3�0 �N�3�j�s�R�a�G�c�. �� �c�L���I�I�3�a �j�@�a�3�c�@�R�I�0
�R�a ���N ���0���U�j�C�q�3 �c�,�@�3�L�3 �L�C�<�@�j �$�3 �L�R�a�3 �c�n�C�j���$�I�3�Y�/�n�U�I�C�,���j�3
�L�3���c�n�a�3�c�. �C�Y�3�Y �0�C�{�3�a�3�N�j �R�a�C�3�N�j���j�C�R�N�c �s�@�C�,�@ �,�R�a�a�3�c�U�R�N�0 �j�R
�j�@�3 �c���L�3 �,�n�a�q�3 �U�R�C�N�j�. ���a�3 ���q�3�a���<�3�0 �n�c�C�N�< �j�@�3 �\ �L�3�j�@�R�0
�0�3�c�,�a�C�$�3�0 �C�N �j�@�3 �U�a�3�q�C�R�n�c �c�3�,�j�C�R�N �V�s�C�j�@wi � 1�W�Y

�i�R �,�R�L�U�n�j�3 �n�N�C�8�R�a�L �c���L�U�I�C�N�< �8�a�R�L �n�N�C�\�n�3 �c���L�U�I�C�N�<
�V�N�R �R�n�j�I�C�3�a�c �R�a �0�n�U�I�C�,���j�3�c�W�. �s�3 �~�u �j�@�3 �3�0�<�3 �I�3�N�<�j�@h�~�u�3�0���N�0
�,�R�L�U�n�j�3 �n�N�C�8�R�a�L �0�C�c�j���N�,�3 �U���a���L�3�j�3�a�ctk �8�R�a �3���,�@ �,�n�a�q�3
 �-

tk =
kL
N

; k = 0 ; : : : ;N; tk � tk� 1 = h �V�S�W

�s�@�3�a�3L �C�c �j�@�3 �I�3�N�<�j�@ �R�8
 ���N�0N = �a�R�n�N�0(L/ h�~�u�3�0)�Y �7�R�a
�3���,�@tk�. �s�3 �,�R�L�U�n�j�3 �j�@�3 �,�R�a�a�3�c�U�R�N�0�C�N�< �R�a�C�3�N�j���j�C�R�N��\k �n�c�A
�C�N�< �,�R�N�q�R�I�n�j�C�R�N �s�C�j�@ �0�C�c�j���N�,�3 �s�3�C�<�@�j�C�N�< �V�7�C�<�Y�4�W�-

��\k = �L�3���N
�\ i2


( wk;i �\ i ) :

�?�3�a�3�. �L�3���N( ) �a�3�8�3�a�c �j�R �j�@�3 �\ �L�3�j�@�R�0 �0�3�c�,�a�C�$�3�0 �C�N �b�3�,�Y�:�Y�S�Y
�i�@�3 �;���n�c�c�C���N �s�3�C�<�@�j�c ���a�3 �,�R�L�U�n�j�3�0 ���c

wk;i = �3�u�U

2
66664�

1
2

 
tk � di

� h�~�u�3�0

!23
77775:

�i�@�3 �U���a���L�3�j�3�a� �,�R�N�j�a�R�I�c �j�@�3 �a���0�C�n�c �R�8 �,�R�N�q�R�I�n�j�C�R�N�d �C�N
�<�3�N�3�a���I �s�3 �n�c�3 �q���I�n�3�c �$�3�j�s�3�3�N �z�Y�l ���N�0 �z�Y�9�Y

�7�C�<�n�a�3 �4�- �b�,�@�3�L�� �R�8 �U�a�3�A�~�I�j�3�a�C�N�< �s�C�j�@� = 0 :2�Y �`���s �R�a�C�3�N�j���j�C�R�N�c �V�s�@�C�j�3�W
���a�3 �,�R�N�q�R�I�n�j�3�0 �s�C�j�@ �;���n�c�c�C���N �G�3�a�N�3�I �j�R �R�$�j���C�N �n�N�C�8�R�a�L �c���L�U�I�C�N�< �V�$�I�n�3�W�Y

�:�Y�k�Y �`�3�<�a�3�c�c�C�R�N �R�N �b�Q�V�k�W �s�C�j�@ �N�R�a�L���I �,�R�N�c�j�a���C�N�j�c

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

�Q�n�a �<�R���I �C�c �j�@�3�a�3�8�R�a�3 �j�R �,�R�L�U�n�j�3 �� �8�n�N�,�j�C�R�N �s�@�C�,�@ �C�c
���c �c�L�R�R�j�@ ���c �U�R�c�c�C�$�I�3 �s�@�C�I�3 �~�j�j�C�N�< �j�@�3 �c�3�j �R�8 �8�a���L�3�c ���N�0
�c���j�C�c�8�w�C�N�< �� �c�3�j �R�8 �,�R�N�c�C�c�j�3�N�,�w �,�R�N�c�j�a���C�N�j�c�Y�i�R �@���q�3 �� �~�I�A
�j�3�a�C�N�< �8�a���L�3�s�R�a�G �s�C�j�@ �n�N�C�~�3�0 �a�3�U�a�3�c�3�N�j���j�C�R�N�. �R�n�a �C�N�C�j�C���I
�C�0�3�� �s���c �j�R �n�c�3 �\�n���j�3�a�N�C�R�N �c�U�I�C�N�3�c �)�M�C�3�I�c�R�N�.�l�z�z�:�d�T���a�G ��
�`���q���N�C�.�S�O�O�e�d�b�@�R�3�L���G�3�.�S�O�4�9�*�Y �?�R�s�3�q�3�a�. �3�u�U�a�3�c�c�C�N�< �j�@�3
�,�R�N�c�C�c�j�3�N�,�w �,�R�N�c�j�a���C�N�j�c �0�C�a�3�,�j�I�w �C�N �j�@�3 �\�n���j�3�a�N�C�R�N �c�U���,�3
�<�C�q�3�c �N�R�N�I�C�N�3���a �3�\�n���j�C�R�N�c�d �R�N �j�@�3 �R�j�@�3�a �@���N�0�. �j�@�3�c�3 �,�R�N�A
�c�j�a���C�N�j�c ���a�3 �I�C�N�3���a �C�N �b�Q�V�k�W�Y�B�N�c�U�C�a�3�0 �$�w �c�U�I�C�N�3 �8�n�N�,�j�C�R�N�c�.
�s�@�C�,�@ �U�a�R�q�C�0�3 �c�L�R�R�j�@ �,�n�a�q�3�c �j�@���j �a�3���c�R�N���$�I�w �~�j �j�@�3 �C�N�U�n�j
�0���j�� �$�w �L�C�N�C�L�C�y�C�N�< �c�R�L�3 �3�N�3�a�<�w �8�n�N�,�j�C�R�N���I�. �s�3 �U�a�R�U�R�c�3
�C�N �j�@�3 �8�R�I�I�R�s�C�N�< �j�R �8�R�a�L�n�I���j�3 �~�I�j�3�a�C�N�< �R�8 �8�a���L�3�c �V�R�a�C�3�N�j���A
�j�C�R�N�c�W ���c �� �,�n�c�j�R�L�C�y�3�0 �3�N�3�a�<�w �L�C�N�C�L�C�y���j�C�R�N �U�a�R�$�I�3�L �R�N
�b�Q�V�k�W�Y

�`�3�,���I�I �j�@���j �� �c�U�I�C�N�3 �C�N �j�3�N�c�C�R�N�u(t) �C�N �j�@�3d�A�0�C�L�3�N�c�C�R�N���I
�2�n�,�I�C�0�3���N �c�U���,�3Ed �C�c �j�@�3 �L�C�N�C�L�C�y�3�a �R�8 �j�@�3 �3�N�3�a�<�w

�
Z tN

t0
k_�uk2 dt + �

Z tN

t0
k•�uk2 dt

�n�N�0�3�a �j�@�3 �C�N�j�3�a�U�R�I���j�C�R�N �,�R�N�c�j�a���C�N�j�c�u(ti) = �Ui 2 Ed: �i�@�3
�s�3�C�<�@�j�c� ���N�0� �,�R�N�j�a�R�I �c�j�a�3�j�,�@�C�N�< ���N�0 �$�3�N�0�C�N�< �R�8 �j�@�3
�c�U�I�C�N�3�. �a�3�c�U�3�,�j�C�q�3�I�w�Y �B�N�,�R�a�U�R�a���j�C�N�< �U�R�c�C�j�C�R�N���I �,�R�N�c�j�a���C�N�j�c
�0�C�a�3�,�j�I�w �C�N �j�@�3 �3�N�3�a�<�w

NX

i=0




 �u(ti) � �Ui




 2
+ �

Z tN

t0
k_�uk2 dt + �

Z tN

t0
k•�uk2 dt �V�l�W

�w�C�3�I�0�c �� �c�L�R�R�j�@�C�N�< �c�U�I�C�N�3�. �n�c�3�8�n�I �8�R�a �N�R�N�A�U���a���L�3�j�a�C�, �a�3�A
�<�a�3�c�c�C�R�N ���N�0 �0���j�� �~�I�j�3�a�C�N�< �C�N �2�n�,�I�C�0�3���N �c�U���,�3�c�Y

�b�L�R�R�j�@�C�N�< �c�U�I�C�N�3�c �@���q�3 �$�3�3�N �<�3�N�3�a���I�C�y�3�0 �8�R�a �0���j�� �R�N
�`�C�3�L���N�N�C���N �L���N�C�8�R�I�0�c�$�w �L���N�w ���n�j�@�R�a�c �)�#�R�n�L���I �� ���$�c�C�I�.
�l�z�S�S�d�#�a�n�N�N�3�j�j �� �+�a�R�n�,�@�.�S�O�O�:�d�?�R�8�3�a �� �T�R�j�j�L���N�N�.�l�z�z�:�*�Y

�9



�r�3 �s�C�I�I �N�R�s �n�c�3 �j�@�3 �L���N�C�8�R�I�0 �8�R�a�L�n�I���j�C�R�N �j�R �c�L�R�R�j�@ �0���j��
�C�N �j�@�3 �j�@�a�3�3�A�0�C�L�3�N�c�C�R�N���I �<�a�R�n�U �R�8 �a�R�j���j�C�R�N�c �s�@�C�,�@ �C�c �� �H�C�3
�<�a�R�n�U �s�C�j�@ �c�j�a�n�,�j�n�a�3 �R�8 �� �0�C�{�3�a�3�N�j�C���$�I�3 �L���N�C�8�R�I�0�Y

���N���I�R�<�C�,���I�I�w �j�R �2�n�,�I�C�0�3���N �c�U���,�3�c�. �� �c�L�R�R�j�@�C�N�< �c�U�I�C�N�3
�t (t) �8�R�a �R�a�C�3�N�j���j�C�R�N �0���j���� i 2 �b�Q�V�k�W �C�c �0�3�~�N�3�0 �$�w �L�C�N�C�L�C�y�A
�C�N�< �j�@�3 �,�R�c�j �8�n�N�,�j�C�R�N

NX

i=0

�0�C�c�j2 (�t (ti); �� i)+ �
Z tN

t0

D
_�t ; _�t

E
dt+ �

Z tN

t0

*
D2�t
dt2

;
D2�t
dt2

+
dt;

�s�@�3�a�3 �0�C�c�j(�; �) �C�c �j�@�3 �`�C�3�L���N�N�C���N �V�<�3�R�0�3�c�C�,�W �0�C�c�j���N�,�3 �R�N
�b�Q�V�k�W�.h�; �i �C�c �j�@�3 �`�C�3�L���N�N�C���N �L�3�j�a�C�,�._�t �C�c �j�@�3 �~�a�c�j �0�3�a�C�q���A
�j�C�q�3 ���N�0D2�t / dt2 �C�c �j�@�3 �c�3�,�R�N�0 �,�R�q���a�C���N�j �0�3�a�C�q���j�C�q�3 �R�8�t �Y
�r�3 �s�C�I�I �s�a�C�j�3�j�@�3 ���$�R�q�3 �,�R�c�j �8�n�N�,�j�C�R�N���c

�2(�t ) = �20(�t ) + � �21(�t ) + � �22(�t ):

�i�R �0�C�c�,�a�3�j�C�y�3 �j�@�C�c �U�a�R�$�I�3�L�. �j�@�3 �,�R�N�j�C�N�n�R�n�c �,�n�a�q�3

�t (t) : [0; L] ! �b�Q�V�k�W

�C�c �a�3�U�I���,�3�0 �$�w �j�@�3 �j�3�N�c�R�a


 = (�t (t0); : : : ;�t (tN)) = (�t 0; : : : ;�t N) 2 �b�Q�V�k�WN+1

�s�@�3�a�3tk �C�c �j�@�3 �n�N�C�8�R�a�L �U���a���L�3�j�a�C�y���j�C�R�N �0�3�~�N�3�0 �C�N �V�S�W�Y
�r�3 �n�c�3 �j�@�3 �L�3�j�@�R�0 �8�R�a �c�U�I�C�N�3 �~�j�j�C�N�< �R�N �L���N�C�8�R�I�0�c �R�8

�#�R�n�L���I �� ���$�c�C�I�)�l�z�S�S�*�Y �7�R�a �j�@�3 �c���G�3 �R�8 �,�R�L�U�I�3�j�3�N�3�c�c�. �s�3
�$�a�C�3�•�w �a�3�q�C�3�s �j�@�3 �L���C�N �C�0�3���c �@�3�a�3�Y �i�@�3 �0�C�{�3�a�3�N�j�C���I ���N�0
�C�N�j�3�<�a���I �R�U�3�a���j�R�a�c �C�N �V�l�W ���a�3 ���U�U�a�R�u�C�L���j�3�0 �q�C���<�3�R�L�3�j�a�C�,�~�A
�N�C�j�3 �0�C�{�3�a�3�N�,�3�c�Y �;�3�R�L�3�j�a�C�,���I�I�w�. �j�@�3 �0�C�{�3�a�3�N�,�3�# � �� �R�8
�j�s�R �U�R�C�N�j�c�� ; �# 2 Rn �C�N �j�@�3 �2�n�,�I�C�0�3���N �c�U���,�3 �C�c �j�@�3 �q�3�,�j�R�a
�c�j���a�j�C�N�< ���j�� ���N�0 �U�R�C�N�j�C�N�< �j�R�s���a�0�c�# �s�@�R�c�3 �I�3�N�<�j�@ �C�c �j�@�3
�0�C�c�j���N�,�3 �$�3�j�s�3�3�N�� ���N�0�#�Y �Q�N �L���N�C�8�R�I�0�c�. �j�@�3 �c���L�3 �N�R�A
�j�C�R�N �C�c �3�u�U�a�3�c�c�3�0 �n�c�C�N�< �j�@�3 �`�C�3�L���N�N�C���N �I�R�<���a�C�j�@�L�C�, �L���U
���c �I�R�<(�� > �#)�Y �M�R�j�3 �j�@���j �j�@�3 �I�R�<���a�C�j�@�L�C�, �L���U �C�c �j�@�3 �C�N�q�3�a�c�3
�R�8 �j�@�3 �3�u�U�R�N�3�N�j�C���I �L���U�. �s�@�C�,�@ �<�3�N�3�a���j�3�c �<�3�R�0�3�c�C�,�c�Y �7�R�a
�R�a�C�3�N�j���j�C�R�N �0���j���� i 2 �b�Q�V�k�W�. �j�@�3 �,�R�c�j �8�n�N�,�j�C�R�N �V�l�W �@���c �j�@�3
�8�R�I�I�R�s�C�N�< �8�R�a�L�-

NX

i=0




 �I�R�<(�t >
i �� i)




 2

�7
+

1
h

N� 1X

i=0




 �I�R�<(�t >
i �t i+1 )




 2

�7

+
1
h3

N� 1X

i=1




 �I�R�<(�t >
i �t i+1 ) + �I�R�<(�t >

i �t i� 1)



 2

�7
:

�r�3 �n�c�3 �j�@�3 �8�R�I�I�R�s�C�N�< �c�C�L�U�I�C�~�3�0 �,�R�c�j�c �)�#�R�n�L���I�.�l�z�S�k�*�-

�20(
 ) =
NX

i=0

k�t i � �� ik2
�7; �21(
 ) =

1
h

N� 1X

i=0




 �t i � �t i+1




 2

�7
;

�22(
 ) =
1
h3

N� 1X

i=1




 �c�G�3�s(�t >
i (�t i+1 + �t i� 1))




 2

�7
; �V�k�W

�s�@�3�a�3
 �C�c �j�@�3 �q�3�,�j�R�a �R�8 �n�N�G�N�R�s�N �R�a�C�3�N�j���j�C�R�N�c �V�0�C�c�,�a�3�j�3
�,�n�a�q�3�W�.h = ti � ti� 1 �C�c �j�@�3 �n�N�C�8�R�a�L �0�C�c�,�a�3�j�C�y���j�C�R�N �c�j�3�U�. ���N�0
�c�G�3�s(�K) = ( �K � �K> )/2 �Y �7�R�a �,�I�R�c�3�0 �,�n�a�q�3�c�. ���I�I �c�n�L�c �a�n�N
�8�a�R�L �z �j�RN �0�n�3 �j�R �U�3�a�C�R�0�C�,�C�j�w�Y

�H�3�j �n�c �a�3�,���I�I �@�R�s �j�@�3 �c�C�L�U�I�C�~�3�0 �3�N�3�a�<�w �C�c �R�$�j���C�N�3�0�Y
�i�@�3 �j�3�a�L�c �20; �21 �a�3�c�n�I�j �8�a�R�L �j�@�3 ���U�U�a�R�u�C�L���j�C�R�N �R�8 �j�@�3
�<�3�R�0�3�c�C�, �0�C�c�j���N�,�3 �R�N �b�Q�V�k�W �$�w �j�@�3 �,�@�R�a�0���I �0�C�c�j���N�,�3 �C�N �j�@�3
���L�$�C�3�N�j �c�U���,�3R3� 3�-

�0�C�c�j2 (�� ; �#) =



 �I�R�<(�� > �#)




 2

�7
t k�� � �#k2

�7:

�i�R �R�$�j���C�N �j�@�3 �c�C�L�U�I�C�~�3�0 �j�3�a�L �22�. �,�R�N�c�C�0�3�a �j�@�3 �L���U�# 7!
�� �I�R�<(�� > �#)�. �s�@�C�,�@ ���c�c�R�,�C���j�3�c �j�R�# 2 �b�Q�V�k�W �� �j���N�<�3�N�j �q�3�,�A
�j�R�a ���j�� 2 �b�Q�V�k�W�Y �� �c�C�L�C�I���a �q�3�,�j�R�a �C�c �R�$�j���C�N�3�0 �$�w �U�a�R�E�3�,�j�A
�C�N�< �j�@�3 �q�3�,�j�R�a�#� �� �8�a�R�L �j�@�3 ���L�$�C�3�N�j �c�U���,�3 �R�8R3� 3 �j�R �j�@�3
�j���N�<�3�N�j �c�U���,�3T�� �b�Q�V�k�W�Y �i�@�C�c �U�a�R�E�3�,�j�C�R�N �C�c �,�@���a���,�j�3�a�C�y�3�0
�$�w �j�@�3 �R�U�3�a���j�R�a�� �c�G�3�s(�� > �#)�Y �B�j �C�c �j�@�3�a�3�8�R�a�3 �,�R�N�q�3�N�C�3�N�j
�j�R ���U�U�a�R�u�C�L���j�3 �j�@�3 �I�R�< �R�U�3�a���j�R�a �$�w �j�@�3 �c�G�3�s �R�U�3�a���j�R�a�-

�I�R�<(�� ) t �c�G�3�s(�� ) :

�b�3�3 �j�@�3 �U���U�3�a �R�8�#�R�n�L���I�)�l�z�S�k�* �8�R�a ���N ���N���I�w�c�C�c ���N�0 �j�@�3 �3�a�A
�a�R�a �$�R�n�N�0�c �R�8 �j�@�3 �c�C�L�U�I�C�~�3�0 �,�R�c�j�Y

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

 2 � �Y �b�C�L�n�I�j���N�3�R�n�c�I�w �s�C�j�@ �a�3�<�a�3�c�c�C�R�N �R�N �b�Q�V�k�W�. �s�3 �c�R�I�q�3
�j�@�3 �,�R�N�c�C�c�j�3�N�,�w �,�R�N�c�j�a���C�N�j�c ���c �8�R�I�I�R�s�c�Y �H�3�j�t i ; ~�t j �$�3 �j�@�3
�I�R�,���I �8�a���L�3�c �R�8 �j�s�R �C�N�j�3�a�c�3�,�j�C�N�< �,�n�a�q�3�c ���j �j�@�3�C�a �,�R�L�L�R�N
�N�R�0�3� 2 V �Y �i�@�3�N �j�@�3 �j�s�R �8�a���L�3�c ���a�3 �,���I�I�3�0�,�R�N�c�C�c�j�3�N�j�. �C�8
�j�@�3 �8�a���L�3�t i = [�i i �#i �M] �C�c �R�$�j���C�N�3�0 �$�w �a�R�j���j�C�N�< �j�@�3 �8�a���L�3
~�t j =

h
~�i j ~�#j �M

i
���a�R�n�N�0 �j�@�3 �c�n�a�8���,�3 �N�R�a�L���I�M���j �j�@�3 �N�R�0�3

� �Y �/�3�N�R�j�3 �$�wN �j�@�3 �c�3�j �R�8 ���I�I �c�n�,�@ �U���C�a�c
�
�t i ; ~�t j

�
�Y �i�R �3�N�8�R�a�,�3

�,�R�N�c�C�c�j�3�N�,�w�. �s�3 ���0�0 �� �j�3�a�L �U�3�N���I�C�y�C�N�< �j�@�3 �0�C�{�3�a�3�N�,�3 �C�N
�U�a�R�E�3�,�j�C�R�N �R�N �j�@�3 �N�R�a�L���I �,�R�L�U�R�N�3�N�j

�2�M(� ) =
X

( �t i ;~�t j)2N




 �t i j�M � ~�t j j�M





2
: �V�:�W

�i�@�3 �~�N���I �3�N�3�a�<�w �@���c �j�@�3 �8�R�a�L

�2(� ) = � �2�M(� ) +
X


 2 �

�20 (
 ) + � �21 (
 ) + � �22 (
 ) �V�9�W

�s�@�3�a�3�; �; � � 0 ���a�3 �j�@�3 �s�3�C�<�@�j�c �,�R�N�j�a�R�I�I�C�N�< �,�R�N�c�C�c�j�3�N�,�w
�R�8 �c�n�a�8���,�3 �N�R�a�L���I�c�. �c�j�a�3�j�,�@�C�N�<�. ���N�0 �$�3�N�0�C�N�<�. �a�3�c�U�3�,�j�C�q�3�I�w
�V�7�C�<�Y�S�f�W�Y

�i�@�3 �3�N�3�a�<�w �2 �C�c �L�C�N�C�L�C�y�3�0 �n�c�C�N�< �j�@�3 �`�C�3�L���N�N�C���N
�j�a�n�c�j�A�a�3�<�C�R�N �V�`�i�`�W�. �� �<�3�N�3�a���I�C�y���j�C�R�N �R�8 �j�@�3 �,�I���c�c�C�,���I �j�a�n�c�j�A
�a�3�<�C�R�N �C�NRn �j�R �0�C�{�3�a�3�N�j�C���$�I�3 �L���N�C�8�R�I�0�c�d �c�3�3���$�c�C�I �3�j ���I�Y
�)�l�z�z�e�* �8�R�a �j�@�3 �0�3�c�,�a�C�U�j�C�R�N �R�8 �j�@�3 ���I�<�R�a�C�j�@�L ���N�0 �� �0�3�j���C�I�3�0
�,�R�N�q�3�a�<�3�N�,�3 ���N���I�w�c�C�c�Y �r�3 �n�c�3 �j�@�3 �`�i�` �C�L�U�I�3�L�3�N�j�3�0 �C�N
�j�@�3 � �̀Q�T�i�H�B�# �I�C�$�a���a�w �)�?�n���N�< �3�j ���I�Y�.�l�z�S�f�*�Y

�9�Y �T�R�C�c�c�R�N �N�3�j�s�R�a�G �a�3�,�R�N�c�j�a�n�,�j�C�R�N

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

�f



�7�C�<�n�a�3 �O�- �K���j�a�C�u �R�8 �j�@�3 �0�C�c�,�a�3�j�3 �T�R�C�c�c�R�N �c�w�c�j�3�L �V�f�W �8�R�a �� �,�R�N�3 �N�3�j�s�R�a�G
�s�C�j�@ �j�s�R �,�I�R�c�3�0 �,�n�a�q�3�c �V�$�I�n�3�W ���N�0 �j�@�a�3�3 �R�U�3�N �,�n�a�q�3�c �V�$�I���,�G�W�Y �/�R�j�c �C�N�A
�0�C�,���j�3 �N�R�N�A�y�3�a�R �,�R�3�|�,�C�3�N�j�c�Y �7�C�a�c�j �c�C�u �,�R�I�n�L�N�c �,�R�a�a�3�c�U�R�N�0 �j�R �N�3�j�s�R�a�G
�N�R�0�3�c�Y

�T�a�3�q�C�R�n�c ���U�U�a�R���,�@�3�c �j�a�3���j �3���,�@ �,�n�a�q�3 �C�N�0�C�q�C�0�n���I�I�w ���N�0
�3�L�U�I�R�w �q���a�C�R�n�c �@�3�n�a�C�c�j�C�,�c �j�R �<�I�n�3 �j�@�3 �,�n�a�q�3�c �j�R�<�3�j�@�3�a
�j�R �R�$�j���C�N �j�@�3 �,�R�a�a�3�,�j �j�R�U�R�I�R�<�w �)�?�3�a�L���N�C�c �3�j ���I�Y�. �l�z�S�f�d
�b�U�a�w�N�c�G�C�.�l�z�z�e�*�Y �i�@�C�c �U�a�R�,�3�c�c �C�c �I�C�L�C�j�3�0 �j�R �c�U�3�,�C�~�, �V�<�a�C�0�W
�j�R�U�R�I�R�<�C�3�c ���N�0 �R�8�j�3�N �a�3�\�n�C�a�3�c �L���N�n���I �,�R�a�a�3�,�j�C�R�N�c �j�R �R�$�A
�j���C�N �U�a�R�U�3�a �C�N�j�3�a�c�3�,�j�C�R�N�c�Y �Q�n�a ���U�U�a�R���,�@�. �R�N �j�@�3 �R�j�@�3�a
�@���N�0�. �N���j�n�a���I�I�w �c���j�C�c�~�3�c �j�R�U�R�I�R�<�C�,���I �,�R�N�c�j�a���C�N�j�c �$�w �,�R�N�A
�c�j�a�n�,�j�C�R�N�Y �B�N �j�@�C�c �c�3�,�j�C�R�N�. �s�3 �3�u�j�3�N�0 �j�@�3 �0�C�c�,�a�3�j�C�y���j�C�R�N �R�8
�j�@�3 �T�R�C�c�c�R�N �3�\�n���j�C�R�N �8�R�a �� �c�C�N�<�I�3 �,�I�R�c�3�0 �,�n�a�q�3 �0�3�c�,�a�C�$�3�0
�$�w�+�a���N�3 �3�j ���I�Y�)�l�z�S�k�* �j�R �,�n�a�q�3 �N�3�j�s�R�a�G�c �s�C�j�@ �j�@�3 �j�R�U�R�I�R�<�w
�R�8 �� �,�3�I�I �,�R�L�U�I�3�u ���c �0�3�~�N�3�0 �C�N �b�3�,�Y�k�Y

�B�8�u�C�c �j�@�3 �N���j�n�a���I �U���a���L�3�j�a�C�y���j�C�R�N �R�8 �j�@�3 �,�n�a�q�3
 �V�R�N�3�A
�0�C�L�3�N�c�C�R�N���I �`�C�3�L���N�N�C���N �L���N�C�8�R�I�0�W�. �j�@�3 �n�N�C�j �j���N�<�3�N�j �~�3�I�0
�i ���I�R�N�<
 �C�c �3�\�n���I �j�R �j�@�3 �<�a���0�C�3�N�j �R�8 �U�R�c�C�j�C�R�N�c

r �u= �i

�i�@�3 �q�3�,�j�R�a �~�3�I�0�i �C�c �<�3�N�3�a���I�I�w �N�R�j �C�N�j�3�<�a���$�I�3 �)�+�a���N�3 �3�j ���I�Y�.
�l�z�S�k�d�F���y�@�0���N �3�j ���I�Y�.�l�z�z�f�* ���N�0 �j�@�3 �c�R�I�n�j�C�R�N �N�3�3�0�c �j�R �$�3
�8�R�n�N�0 �C�N �j�@�3 �I�3���c�j�A�c�\�n���a�3�c �c�3�N�c�3�Y �i�R �j�@���j �3�N�0�. �j�@�3 �0�C�q�3�a�A
�<�3�N�,�3 �R�U�3�a���j�R�a �C�c ���U�U�I�C�3�0 �j�R �$�R�j�@ �c�C�0�3�c ���N�0�u�C�c �8�R�n�N�0 �$�w
�c�R�I�q�C�N�< �j�@�3 �T�R�C�c�c�R�N �3�\�n���j�C�R�N

� �u= r � �i �V�f�W

�2�q�3�N �j�@�R�n�<�@ �j�@�3 �,�n�a�q�3 �N�3�j�s�R�a�G� �C�c �N�R�j �� �`�C�3�L���N�A
�N�C���N �L���N�C�8�R�I�0�. �C�j �,���N �$�3 �q�C�3�s�3�0 ���c �� �,�R�I�I�3�,�j�C�R�N �R�8 �R�N�3�A
�0�C�L�3�N�c�C�R�N���I �`�C�3�L���N�N�C���N �L���N�C�8�R�I�0�c �,�R�N�c�j�a���C�N�3�0 ���j �C�N�j�3�a�A
�c�3�,�j�C�R�N�c�Y �i�@�C�c ���I�I�R�s�c �n�c �j�R ���U�U�I�w �j�@�3 ���$�R�q�3 �T�R�C�c�c�R�N �3�\�n���A
�j�C�R�N �j�R �a�3�j�a�C�3�q�3 �j�@�3 �N�3�j�s�R�a�G �8�a�R�L �I�R�,���I �R�a�C�3�N�j���j�C�R�N�c�Y �r�C�j�@
�j�@���j �C�N �L�C�N�0�. �s�3 �0�C�c�,�a�3�j�C�y�3 �j�@�3 �<�a���0�C�3�N�jr ���N�0 �j�@�3 �H���U�I���A
�,�C���N� �C�N�0�C�q�C�0�n���I�I�w �8�R�a �3���,�@ �,�n�a�q�3 ���N�0 �a�3�j�a�C�3�q�3 �j�@�3 �U�R�c�C�A
�j�C�R�N�c �$�w �c�R�I�q�C�N�< �� �c�C�N�<�I�3 �<�I�R�$���I �I�C�N�3���a �c�w�c�j�3�L�Y �i�@�3 �j�R�U�R�A
�I�R�<�C�,���I �,�R�N�c�j�a���C�N�j�c ���a�3 �3�N�8�R�a�,�3�0 �$�w �a�3�U�a�3�c�3�N�j�C�N�< �3���,�@ �N�R�0�3
���c �� �n�N�C�\�n�3 �U�R�C�N�j �C�N �j�@�3 �c�w�c�j�3�L �V�7�C�<�Y�O�W�Y

���8�j�3�a �j�@�3 �~�I�j�3�a�C�N�<�. �3���,�@ �,�n�a�q�3 �C�c �a�3�U�a�3�c�3�N�j�3�0 ���c �� �0�C�c�A
�,�a�3�j�3 �,�R�I�I�3�,�j�C�R�N �R�8 �n�N�G�N�R�s�N �U�R�C�N�j�c�ui = �u(ti) 2 E3; i =
0; : : : ;N; �s�C�j�@ �G�N�R�s�N �/���a�$�R�n�u �8�a���L�3�c�t i �Y �r�3 �s�C�I�I �0�3�N�R�j�3
�$�w�i i = �t i j�i �j�@�3 �V�n�N�C�j�W �j���N�<�3�N�j �3�u�j�a���,�j�3�0 �8�a�R�L�t i �Y�r�C�j�@
�n�N�C�8�R�a�L �U���a���L�3�j�a�C�y���j�C�R�Nh = ti � ti� 1�. �j�@�3 �0�C�{�3�a�3�N�j�C���I �R�U�A
�3�a���j�R�a�c ���a�3 �0�C�c�,�a�3�j�C�y�3�0 �q�C�� �~�N�C�j�3 �0�C�{�3�a�3�N�,�3�c �$�w

� �ui = 1/ h2 (�ui� 1 � 2�ui + �ui+1 ) ; r �i i = 1/ h(�i i � �i i� 1) :

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

1/ h(�u1 � �u0) = �i 0;

1/ h(�uN � �uN� 1) = �i N:

�i�@�3 �a�3�c�n�I�j�C�N�< �I�C�N�3���a �c�w�c�j�3�L �C�c �c�U���a�c�3 �s�C�j�@ ���j �L�R�c�j �j�@�a�3�3
�N�R�N�A�y�3�a�R �,�R�3�|�,�C�3�N�j�c �U�3�a �a�R�s �V�7�C�<�Y�O�W�Y �i�@���N�G�c �j�R �j�@�3 �a�3�A
�<�a�3�c�c�C�R�N �c�j�3�U �0�3�c�,�a�C�$�3�0 �C�N �b�3�,�Y�:�Y�k�. �j�@�3 �j���N�<�3�N�j �q�3�,�j�R�a�c �R�8
���I�I �,�n�a�q�3�c �L�3�3�j�C�N�< ���j �N�3�j�s�R�a�G �N�R�0�3 ���a�3 �,�R�U�I���N���a ���j �j�@���j
�N�R�0�3�Y �i�@�3�a�3�8�R�a�3 �j�@�3 ���$�R�q�3 �$�R�n�N�0���a�w �,�R�N�0�C�j�C�R�N�c �3�N�c�n�a�3
�j�@�3 �a�3�,�R�N�c�j�a�n�,�j�C�R�N �R�8 ��G1 �,�n�a�q�3 �N�3�j�s�R�a�G�Y �M�R�j�3 �j�@���j �j�@�3
�0�C�c�,�a�3�j�C�y���j�C�R�N �0�R�3�c �N�R�j �j���G�3 �C�N�j�R ���,�,�R�n�N�j �j�@�3 �8���,�j �j�@���jh =
ti � ti� 1 �C�c �j�@�3�<�3�R�0�3�c�C�,�0�C�c�j���N�,�3 ���I�R�N�< �j�@�3 �a�3�,�R�N�c�j�a�n�,�j�3�0 �,�n�a�q�3�.
�s�@�C�,�@ �0�C�{�3�a�c �8�a�R�L �j�@�3 �V�2�n�,�I�C�0�3���N�W �N�R�a�L� i = k�ui� 1 � �uik�Y
�B�N �<�3�N�3�a���I�. �j�@�C�c �C�c �N�R�j ���N �C�c�c�n�3�. ���c �j�@�3 �I�3���c�j�A�c�\�n���a�3�c �L�C�N�C�A
�L�C�y���j�C�R�N �R�8 �j�@�3 �T�R�C�c�c�R�N �3�N�3�a�<�w �0�C�c�j�a�C�$�n�j�3�c �j�@�3 �3�a�a�R�a �3�q�3�N�I�w�Y

�i i

�i i� 1

� i
h

�i�@�3 �3�n�,�I�C�0�3���N �0�C�c�j���N�,�3� i �,�R�n�I�0 �$�3 �3�c�j�C�A
�L���j�3�0 �8�a�R�L �j�@�3 �<�3�R�0�3�c�C�, �0�C�c�j���N�,�3h�. �8�R�a �C�N�A
�c�j���N�,�3 �$�w ���U�U�a�R�u�C�L���j�C�N�<� i �$�w �j�@�3 �,�@�R�a�0���I
�I�3�N�<�j�@ �R�8 �j�@�3 �,�C�a�,�n�I���a ���a�, �0�3�~�N�3�0 �$�w �j�@�3
�I�3�N�<�j�@h ���N�0 ���N�<�I�3 �$�3�j�s�3�3�N�i i� 1 ���N�0�i i

�V�c�3�3 �C�N�c�3�j�W�Y �i�@�C�c �3�c�j�C�L���j�C�R�N �,�R�L�3�c ���j ��
�U�a�C�,�3 �" �j�@�3 �L�R�0�C�~�3�0 �U���a���L�3�j�a�C�y���j�C�R�N �C�c �N�R
�I�R�N�<�3�a �n�N�C�8�R�a�L�Y �Q�n�a �3�u�U�3�a�C�L�3�N�j�c �@���q�3
�c�@�R�s�N �j�@���j �j�@�3 �3�a�a�R�aj� i � hj �C�c �<�3�N�3�a���I�I�w
�j�R�R �c�L���I�I �j�R �C�N�•�n�3�N�,�3 �j�@�3 �a�3�,�R�N�c�j�a�n�,�j�C�R�N�Y

�f�Y �2�q���I�n���j�C�R�N

�f�Y�S�Y �/���j�� ���,�\�n�C�c�C�j�C�R�N
�i�R ���,�\�n�C�a�3 �0���j�� �R�N �U�@�w�c�C�,���I �c�n�a�8���,�3�c�. �s�3 �n�c�3 �0�w�N���L�C�,

���,�\�n�C�c�C�j�C�R�N �c�3�j�n�U �" �j�@�3 �R�a�C�3�N�j���j�C�R�N�c ���a�3 �L�3���c�n�a�3�0 �n�c�C�N�<
�� �c�C�N�<�I�3 �B�K�m�. �s�@�C�,�@ �C�c �L�R�q�3�0 ���a�R�n�N�0 �R�N �j�@�3 �c�n�a�8���,�3 �$�w
�j�@�3 �n�c�3�a�Y �B�N �R�n�a �3�u�U�3�a�C�L�3�N�j�c �s�3 �n�c�3�0 �j�s�R �j�w�U�3�c �R�8 �0�3�A
�q�C�,�3�c�- �� �c�j���N�0���a�0 �c�L���a�j�U�@�R�N�3�. ���N�0 �� �,�n�c�j�R�L�A�L���0�3 �0�3�q�C�,�3�Y
�i�@�3�K�R�a�U�@�R�a�C�0�3�a�V�7�C�<�Y�S�z�W �C�c �� �s�C�a�3�I�3�c�c �L�R�n�c�3�A�I�C�G�3 �0�3�q�C�,�3
�8�R�a �L�3���c�n�a�C�N�< �I�R�,���I �R�a�C�3�N�j���j�C�R�N�. �,�R�N�j���C�N�C�N�< �� �c�C�N�<�I�3 �k���k�K
�c�3�N�c�R�a �V�� �j�a�C�A���u�C���I ���,�,�3�I�3�a�R�L�3�j�3�a ���N�0 �� �j�a�C�A���u�C���I �L���<�N�3�A
�j�R�L�3�j�3�a�W �s�C�j�@ ���N �C�N�,�a�3�L�3�N�j���I �s�@�3�3�I �8�R�a �j�a���,�G�C�N�< �0�C�c�j���N�,�3�Y
�B�j �C�c �� �U�a�R�j�R�j�w�U�3 �c�U�3�,�C�~�,���I�I�w �0�3�c�C�<�N�3�0 �8�R�a ���,�\�n�C�c�C�j�C�R�N �R�8
�,�n�a�q�3�c �R�N �c�n�a�8���,�3�c�Y

�S�l�,�L �e�,�L

r � = � 14�,�L
r+ = +9 �,�L

r � = � 9�,�L
r+ = +4 �,�L

�7�C�<�n�a�3 �S�z�- �H�3�8�j�- �j�@�3 �K�R�a�U�@�R�a�C�0�3�a ���N�0 �j�@�3 �s�C�a�3�I�3�c�c �G�3�w�U���0 �n�c�3�0 �8�R�a �L���a�G�A
�C�N�< �N�R�0�3�c �0�n�a�C�N�< ���,�\�n�C�c�C�j�C�R�N�Y �`�C�<�@�j�- �j�@�3 �c�,�@�3�L�� �c�@�R�s�c �I�C�L�C�j���j�C�R�N�c �R�8
�j�@�3 �0�3�q�C�,�3 �s�C�j�@ �a�3�c�U�3�,�j �j�R �a���0�C�n�c �R�8 �,�n�a�q���j�n�a�3 ���j �I�R�,���I�I�w �,�R�N�q�3�u �V�a�3�0�W ���N�0
�,�R�N�,���q�3 �V�$�I�n�3�W �c�n�a�8���,�3 �U�R�C�N�j�c�Y

�r�3 �n�c�3 �� �K���i�H���# �C�N�j�3�a�8���,�3 �j�R ���,�\�n�C�a�3 �0���j�� �s�C�j�@ �j�@�3
�K�R�a�U�@�R�a�C�0�3�a �V�7�C�<�Y�S�S�I�3�8�j�W�Y �T�a�C�R�a �j�R ���,�\�n�C�c�C�j�C�R�N�. �s�3 ���c�c�C�<�N
�� �n�N�C�\�n�3 �C�N�0�3�u �$�3�j�s�3�3�N0 ���N�0n � 1 �j�R �3���,�@ �R�8 �j�@�3n �N�3�j�A
�s�R�a�G �N�R�0�3�c�Y �i�@�3 ���,�\�n�C�c�C�j�C�R�N �C�c �,�R�N�j�a�R�I�I�3�0 �a�3�L�R�j�3�I�w �n�c�C�N�<

�e



�� �s�C�a�3�I�3�c�c �N�n�L�U���0 �V�7�C�<�Y�S�z�I�3�8�j�W�Y �r�@�3�N �c�j���a�j�C�N�< �� �N�3�s
�,�n�a�q�3�. �s�3 �~�a�c�j �C�N�0�C�,���j�3 �C�8 �j�@�3 �,�n�a�q�3 �C�c ���j �j�@�3 �$�R�n�N�0���a�w �R�a �C�N
�j�@�3 �C�N�j�3�a�C�R�a�Y �i�@�3�N�. �3�q�3�a�w �j�C�L�3 �j�@�3 �0�3�q�C�,�3 �U���c�c�3�c �j�@�a�R�n�<�@
�� �N�R�0�3�. �s�3 �a�3�,�R�a�0 �C�j�c �C�N�0�3�u�Y �b�3�3 �j�@�3 ���,�,�R�L�U���N�w�C�N�< �q�C�0�3�R
�8�R�a �j�@�3 ���,�\�n�C�c�C�j�C�R�N �c�3�j�n�U�Y

�7�C�<�n�a�3 �S�S�- �i�@�3 �0�3�q�C�,�3�c �n�c�3�0 �8�R�a �0���j�� ���,�\�n�C�c�C�j�C�R�N�Y �H�3�8�j�- �j�@�3 �K�R�a�U�@�R�a�C�0�3�a
�V�� �,�n�c�j�R�L�A�L���0�3 �0�3�q�C�,�3�W ���N�0 �� �c�,�a�3�3�N�c�@�R�j �R�8 �j�@�3 �K���i�H���# ���,�\�n�C�c�C�j�C�R�N �C�N�A
�j�3�a�8���,�3�Y �`�C�<�@�j�- �� �c�j���N�0���a�0 �c�L���a�j�U�@�R�N�3 ���N�0 �j�@�3 ���U�U�I�C�,���j�C�R�N �s�C�j�@ �� �c�C�L�U�I�3
���,�\�n�C�c�C�j�C�R�N �C�N�j�3�a�8���,�3�Y

�b�C�L�C�I���a�I�w�. �R�a�C�3�N�j���j�C�R�N �0���j�� �,���N �$�3 �L�3���c�n�a�3�0 �s�C�j�@ ��
�c�j���N�0���a�0�c�L���a�j�U�@�R�N�3�Y �B�N ���0�0�C�j�C�R�N �j�R ���,�,�3�I�3�a�R�L�3�j�3�a�c ���N�0
�L���<�N�3�j�R�L�3�j�3�a�c�. �c�L���a�j�U�@�R�N�3�c ���I�c�R �,�R�N�j���C�N �<�w�a�R�c�,�R�U�3�c�Y
�i�@�C�c �3�N���$�I�3�c �R�a�C�3�N�j���j�C�R�N ���,�\�n�C�c�C�j�C�R�N �j�@���j �C�c �L�R�a�3 �a�R�$�n�c�j
�j�R �L���<�N�3�j�C�, �U�3�a�j�n�a�$���j�C�R�N�c�Y �r�3 �n�c�3 �j�@�3 �c�j���j�3 �R�8 �j�@�3 ���a�j
�c�3�N�c�R�a �8�n�c�C�R�N ���I�<�R�a�C�j�@�L�c �j�R �a�R�$�n�c�j�I�w �3�c�j�C�L���j�3 �R�a�C�3�N�j���j�C�R�N
�8�a�R�L �c�3�N�c�R�a �L�3���c�n�a�3�L�3�N�j�c �)�K���0�<�s�C�,�G �3�j ���I�Y�.�l�z�S�S�d�T���,�@���.
�l�z�S�k�*�Y �?�R�s�3�q�3�a�. �L�3���c�n�a�C�N�< �0�C�c�j���N�,�3�c �s�C�j�@ �� �c�L���a�j�U�@�R�N�3
�C�c �0�C�|�,�n�I�j�Y �i�@�3 �;�T�b �C�c �N�R�j ���N �R�U�j�C�R�N �8�R�a �L�C�0�A�c�C�y�3�0 �R�$�E�3�,�j�c
�c�n�,�@ ���c �j�@�3 �ã�Ô�ã�Ô���è �V�7�C�<�Y�S�S�W �s�@�R�c�3 �$�R�n�N�0�C�N�< �$�R�u �@���c �0�C�A
�L�3�N�c�C�R�N�c1:00�L � 1:00�L � 0:25�L�Y �i�R �R�q�3�a�,�R�L�3 �j�@�C�c �I�C�L�C�j���A
�j�C�R�N�. �s�3 ���c�c�n�L�3 �j�@�3 �c�U�3�3�0 �R�8 ���,�\�n�C�c�C�j�C�R�N �C�c �,�R�N�c�j���N�j�. �j�@�3�N
�s�3 �U���a���L�3�j�a�C�y�3 �3���,�@ �,�n�a�q�3 �n�c�C�N�< ���,�\�n�C�c�C�j�C�R�N �j�C�L�3�c�j���L�U�c�Y
�Q�U�j�C�R�N���I�I�w�. �L���N�n���I �0�C�c�j���N�,�3 �L�3���c�n�a�3�L�3�N�j�c �,���N �$�3 �n�c�3�0
�j�R �C�N�,�a�3���c�3 �j�@�3 �U�a�3�,�C�c�C�R�N �R�8 �a�3�,�R�N�c�j�a�n�,�j�C�R�N�Y �r�3 �L�3���c�n�a�3
�j�@�3 �I�3�N�<�j�@Ls �8�R�a �3���,�@ �c�3�<�L�3�N�js �s�@�C�,�@ �C�c �j�@�3�N �n�c�3�0 �j�R
�j�a���N�c�8�R�a�L �j�@�3 �j�C�L�3 �U���a���L�3�j�3�at 2 [t�c�j���a�j; t�3�N�0] �C�N�j�R �j�@�3 �N���j�A
�n�a���I �U���a���L�3�j�3�ad 2 [0; Ls]�Y �B�N �j�@�C�c �,���c�3�. �s�3 �c�n�U�U�R�c�3 �j�@�3
�c�U�3�3�0 �R�8 ���,�\�n�C�c�C�j�C�R�N �C�c �,�R�N�c�j���N�j �8�R�a �3���,�@ �c�3�<�L�3�N�j�. �$�n�j �C�j
�0�R�3�c �N�R�j �N�3�3�0 �j�R �$�3 �,�R�N�c�j���N�j �j�@�a�R�n�<�@ �j�@�3 �s�@�R�I�3 ���,�\�n�C�c�C�A
�j�C�R�N �U�a�R�,�3�c�c�Y �B�N �U�a���,�j�C�,�3�. �j�@�3 �,�R�N�c�j���N�j�A�c�U�3�3�0�A�U�3�a�A�c�3�<�L�3�N�j
�,�R�N�c�j�a���C�N�j �C�c �L�n�,�@ �3���c�C�3�a �j�R �@���N�0�I�3 ���N�0 �j�@�3 �L���N�n���I �0�C�c�A
�j���N�,�3 �L�3���c�n�a�3�L�3�N�j �C�L�U�a�R�q�3�c �j�@�3 �a�3�,�R�N�c�j�a�n�,�j�C�R�N �V�7�C�<�Y�S�l�W�Y
�i�R ���,�\�n�C�a�3 �0���j�� �s�C�j�@ �� �c�L���a�j�U�@�R�N�3�. �s�3 �n�c�3 �� �I�C�<�@�j�s�3�C�<�@�j
�D���q�� ���U�U�I�C�,���j�C�R�N �V�7�C�<�Y�S�S�a�C�<�@�j�W�Y

�f�Y�l�Y �+�R�N�q�3�a�<�3�N�,�3 ���N�0 �3�a�a�R�a �R�8 �a�3�,�R�N�c�j�a�n�,�j�C�R�N
�r�3 �0�3�L�R�N�c�j�a���j�3 �j�@�3 �U�3�a�8�R�a�L���N�,�3 �R�8 �R�n�a �a�3�,�R�N�c�j�a�n�,�A

�j�C�R�N �8�a���L�3�s�R�a�G �R�N �c�w�N�j�@�3�j�C�, ���N�0 ���,�\�n�C�a�3�0 �0���j���Y

�Ë �r�3 �n�c�3 �c�w�N�j�@�3�j�C�, �0���j�� �3�u�j�a���,�j�3�0 �8�a�R�L �G�N�R�s�N �<�a�R�n�N�0
�j�a�n�j�@ �N�3�j�s�R�a�G�c �8�R�a �,�R�N�q�3�a�<�3�N�,�3 ���N���I�w�c�C�c �R�8 �j�@�3 �T�R�C�c�A
�c�R�N �N�3�j�s�R�a�G �a�3�,�R�N�c�j�a�n�,�j�C�R�N �V�7�C�<�Y�S�k�W�Y �i�@�3 �c�w�N�j�@�3�j�C�,
�0���j�� ���a�3 �N�R�j �,�R�a�a�n�U�j�3�0 �$�w �N�R�C�c�3 ���N�0 �j�@�3�a�3�8�R�a�3 �0�R �N�R�j
�N�3�3�0 �j�R �$�3 �~�I�j�3�a�3�0�Y

�Ë �/���j�� ���,�\�n�C�a�3�0 �8�a�R�L �G�N�R�s�N �c�n�a�8���,�3�c �c�3�a�q�3 �8�R�a �3�q���I�n�A
���j�C�N�< �j�@�3 �R�q�3�a���I�I �U�3�a�8�R�a�L���N�,�3 �R�8 �j�@�3 �8�a���L�3�s�R�a�G �R�N
�a�3���I�A�s�R�a�I�0 �3�u���L�U�I�3�c �V�7�C�<�Y�S�:���N�0�S�9�W�Y �K�R�a�3�R�q�3�a�.
�j�@�3�w �3�N���$�I�3 �\�n���N�j�C�j���j�C�q�3 �,�R�L�U���a�C�c�R�N �R�8 �j�@�3 �j�s�R ���,�A
�\�n�C�c�C�j�C�R�N �L�3�j�@�R�0�c�Y

Morphorider
distance param.

measured lengths

smartphone
time param.

measured lengths

smartphone
time param.

estimated lengths

emean = 1 : 15% emean = 0 : 78% emean = 2 : 11%

0%

4%

�7�C�<�n�a�3 �S�l�- �+�R�L�U���a�C�c�R�N �R�8 �j�@�a�3�3 ���,�\�n�C�c�C�j�C�R�N �c�3�j�n�U�c �8�R�a �j�@�3 �ã�Ô�ã�Ô���è�Y �i�R�U
�U�C�,�j�n�a�3�c �c�@�R�s �c�n�a�8���,�3�0 �N�3�j�s�R�a�G�c �a�3�N�0�3�a�3�0 �s�C�j�@ �a�3�•�3�,�j�C�R�N �I�C�N�3�c�d �$�R�j�j�R�L
�U�C�,�j�n�a�3�c �c�@�R�s �j�@�3 �3�a�a�R�a �R�8 �T�R�C�c�c�R�N �a�3�,�R�N�c�j�a�n�,�j�C�R�N �8�R�a �3���,�@ �N�3�j�s�R�a�G�Y �B�N
�j�@�3 �I�3�8�j �N�3�j�s�R�a�G�. �j�@�3 �R�a�C�3�N�j���j�C�R�N�c �s�3�a�3 ���,�\�n�C�a�3�0 �n�c�C�N�< �j�@�3 �K�R�a�U�@�R�a�C�0�3�a
���N�0 �U���a���L�3�j�a�C�y�3�0 �$�w �0�C�c�j���N�,�3�c�Y �B�N �L�C�0�0�I�3 ���N�0 �a�C�<�@�j �N�3�j�s�R�a�G�c�. �j�@�3 �R�a�C�A
�3�N�j���j�C�R�N�c �s�3�a�3 ���,�\�n�C�a�3�0 �s�C�j�@ �j�@�3 �c�L���a�j�U�@�R�N�3 ���N�0 �U���a���L�3�j�a�C�y�3�0 �$�w ���,�A
�\�n�C�c�C�j�C�R�N �j�C�L�3 �" �L�C�0�0�I�3 �N�3�j�s�R�a�G �n�c�3�c �L�3���c�n�a�3�0 �c�3�<�L�3�N�j �I�3�N�<�j�@�c�. �a�C�<�@�j
�N�3�j�s�R�a�G �n�c�3�c �j�C�L�3�A�3�c�j�C�L���j�3�0 �c�3�<�L�3�N�j �I�3�N�<�j�@�c�Y ���I�I �I�3�N�<�j�@�c ���a�3 �a�3�I���j�C�q�3
�j�R �j�@�3 �0�C���L�3�j�3�a �V�I�3�N�<�j�@ �R�8 �����#�# �0�C���<�R�N���I�W �R�8 �j�@�3 �<�a�R�n�N�0 �j�a�n�j�@ �c�n�a�8���,�3�Y

0%

1%

h = 6 :40% h = 3 :20% h = 1 :60% h = 0 :80%

0%

1%

h = 3 :20% h = 1 :60% h = 0 :80% h = 0 :40%

�7�C�<�n�a�3 �S�k�- ���ch ! 0�. �c�w�N�j�@�3�j�C�, �N�3�j�s�R�a�G�c �a�3�,�R�N�c�j�a�n�,�j�3�0 �$�w �c�R�I�q�C�N�< �j�@�3
�T�R�C�c�c�R�N �3�\�n���j�C�R�N �V�f�W �,�R�N�q�3�a�<�3 �j�R �j�@�3 �<�a�R�n�N�0 �j�a�n�j�@ �N�3�j�s�R�a�G �V�$�I���,�G�W�Y ���I�I
�I�3�N�<�j�@�c ���a�3 �a�3�I���j�C�q�3 �j�R �j�@�3 �0�C���L�3�j�3�a �V�I�3�N�<�j�@ �R�8 �����#�# �0�C���<�R�N���I�W �R�8 �j�@�3
�<�a�R�n�N�0 �j�a�n�j�@ �c�n�a�8���,�3 �V�R�a���N�<�3�W�Y

�i�@�3 �3�a�a�R�a �L�3�j�a�C�, ���c�c�R�,�C���j�3�0 �s�C�j�@ �3���,�@ �U�R�C�N�j�u�C�N �j�@�3 �a�3�A
�,�R�N�c�j�a�n�,�j�3�0 �N�3�j�s�R�a�G �C�c �0�3�~�N�3�0 ���c �j�@�3 �0�C�c�j���N�,�3 �$�3�j�s�3�3�N�u
���N�0 �C�j�c �,�I�R�c�3�c�j �U�R�C�N�j �R�N �j�@�3 �<�a�R�n�N�0 �j�a�n�j�@ �N�3�j�s�R�a�G �R�a �c�n�a�A
�8���,�3�Y �7�R�a �c�w�N�j�@�3�j�C�, �0���j���. �j�@�3 �,�I�R�c�3�c�j �U�R�C�N�j �C�c �8�R�n�N�0 �R�N �j�@�3
�<�a�R�n�N�0 �j�a�n�j�@ �N�3�j�s�R�a�G�Y �7�R�a �0���j�� ���,�\�n�C�a�3�0 �8�a�R�L �� �U�@�w�c�C�,���I
�c�n�a�8���,�3 �s�C�j�@ �� �G�N�R�s�N �0�C�<�C�j���I �L�R�0�3�I �V�ã�Ô�ã�Ô���è�. �«�ñ�é�¶�W�. �,�I�R�c�3�c�j
�U�R�C�N�j�c ���a�3 �C�N�c�j�3���0 �8�R�n�N�0 �R�N �j�@�3 �n�N�0�3�a�I�w�C�N�< �c�n�a�8���,�3 ���c �j�@�3
�<�a�R�n�N�0 �j�a�n�j�@ �N�3�j�s�R�a�G �C�c �N�R�j ���q���C�I���$�I�3�Y �M�R�j�3 �j�@���j �j�@�3 �0�C�A
�L�3�N�c�C�R�N�c �R�8 �j�@�3 �8���$�a�C�,���j�3�0 �c�n�a�8���,�3�c ���a�3 �S�Y�z�z�L� �S�Y�z�z�L�
�z�Y�l�9�L �V�ã�Ô�ã�Ô���è�W ���N�0 �S�Y�z�z�L� �S�Y�z�z�L� �l�Y�z�z�L �V�«�ñ�é�¶�W�Y �T�a�C�R�a �j�R
�3�a�a�R�a �,�R�L�U�n�j���j�C�R�N �j�@�3 ���,�\�n�C�a�3�0 �N�3�j�s�R�a�G �N�3�3�0�c �j�R �$�3 �a�3�<�A
�C�c�j�3�a�3�0 �j�R �j�@�3 �c�n�a�8���,�3�. �c�C�N�,�3 �j�@�3 �j�s�R �R�$�E�3�,�j�c �0�R �N�R�j �I�C�q�3 �C�N
�j�@�3 �c���L�3 �,�R�R�a�0�C�N���j�3 �c�w�c�j�3�L�c�Y �r�3 �n�c�3 �j�@�3 �B�+�T ���I�<�R�a�C�j�@�L
�)�#�3�c�I �� �K�,�F���w�.�S�O�O�l�* �8�R�a �j�@�3 �a�3�<�C�c�j�a���j�C�R�N�Y

�i�@�3 �,�R�N�q�3�a�<�3�N�,�3 �U�I�R�j �8�R�a �0�3�,�a�3���c�C�N�<h �C�c �c�@�R�s�N �C�N
�7�C�<�Y�S�e���N�0 �j�@�3 �,�R�a�a�3�c�U�R�N�0�C�N�< �N�n�L�3�a�C�,���I �0���j�� �C�c �<�C�q�3�N
�C�N �i���$�I�3�S�Y ���I�I �3�a�a�R�a�c ���a�3 �a�3�I���j�C�q�3 �j�R �j�@�3 �0�C���L�3�j�3�a �V�j�@�3
�I�3�N�<�j�@ �R�8 �����#�# �0�C���<�R�N���I�W �R�8 �j�@�3 �,�R�a�a�3�c�U�R�N�0�C�N�< �<�a�R�n�N�0
�j�a�n�j�@ �c�n�a�8���,�3�Y �7�R�a �c�w�N�j�@�3�j�C�, �0���j�� �V�ª�ñ�'�ã�. �ª���è�ÿ�-�«���ª�¶�W�. �j�@�3
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h = 6 : 40% h = 3 : 20% h = 1 : 60% h = 0 : 80% h = 0 : 40%
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�7�C�<�n�a�3 �S�:�- �`�3�,�R�N�c�j�a�n�,�j�C�R�N �3�a�a�R�a �8�R�a �j�@�3 �ã�Ô�ã�Ô���è �c�,���N�N�3�0 �s�C�j�@ �j�@�3 �K�R�a�A
�U�@�R�a�C�0�3�a �V�j�R�U�W ���N�0 �� �c�L���a�j�U�@�R�N�3 �V�$�R�j�j�R�L�W �8�R�a �0�3�,�a�3���c�C�N�<h�Y �7�R�a �~�I�j�3�a�C�N�<�.
�s�3 �n�c�3�0 �j�@�3 �s�3�C�<�@�j�c� = � = 1 �Y ���I�I �I�3�N�<�j�@�c ���a�3 �a�3�I���j�C�q�3 �j�R �j�@�3 �0�C���L�3�j�3�a
�V�I�3�N�<�j�@ �R�8 �����#�# �0�C���<�R�N���I�W �R�8 �j�@�3 �<�a�R�n�N�0 �j�a�n�j�@ �c�n�a�8���,�3�Y

h = 6 : 40% h = 3 : 20% h = 1 : 60% h = 0 : 80% h = 0 : 40% �tted surface

0%

2%

�7�C�<�n�a�3 �S�9�- �`�3�,�R�N�c�j�a�n�,�j�C�R�N �3�a�a�R�a �8�R�a �j�@�3 �«�ñ�é�¶ �c�,���N�N�3�0 �s�C�j�@ �j�@�3 �K�R�a�A
�U�@�R�a�C�0�3�a �8�R�a �0�3�,�a�3���c�C�N�<h�Y �7�R�a �~�I�j�3�a�C�N�<�. �s�3 �n�c�3�0 �j�@�3 �s�3�C�<�@�j�c� = � = 1 �Y
���I�I �I�3�N�<�j�@�c ���a�3 �a�3�I���j�C�q�3 �j�R �j�@�3 �0�C���L�3�j�3�a �V�I�3�N�<�j�@ �R�8 �����#�# �0�C���<�R�N���I�W �R�8 �j�@�3
�<�a�R�n�N�0 �j�a�n�j�@ �c�n�a�8���,�3�Y

�L�3���N �3�a�a�R�a ���U�U�a�R���,�@�3�c �y�3�a�R �8�R�a �0�3�,�a�3���c�C�N�<h �V�7�C�<�Y�S�k�W�Y
�7�R�a ���,�\�n�C�a�3�0 �N�3�j�s�R�a�G�c �R�N �j�@�3 �ã�Ô�ã�Ô���è�. �j�@�3 �L�3���N �3�a�a�R�a �C�c
���$�R�n�j1�X �n�c�C�N�< �L�3���c�n�a�3�0 �0�C�c�j���N�,�3�c �V�$�R�j�@ �0�3�q�C�,�3�c�W ���N�0
���a�R�n�N�02�X �n�c�C�N�< �j�C�L�3�A�3�c�j�C�L���j�3�0 �0�C�c�j���N�,�3�c �V�c�L���a�j�U�@�R�N�3�W�Y
�B�j �C�c �N�R�j �c�n�a�U�a�C�c�C�N�< �j�@���j �s�@�3�N �n�c�C�N�< �j�@�3 �L�3���c�n�a�3�0 �0�C�c�A
�j���N�,�3�c�. �j�@�3 �c�L���a�j�U�@�R�N�3 �3�a�a�R�a �0�3�,�a�3���c�3�c �8���c�j�3�a �j�@���N �j�@�3
�K�R�a�U�@�R�a�C�0�3�a �3�a�a�R�a�Y �Q�N�3 �,���N �8�n�a�j�@�3�a �R�$�c�3�a�q�3 �j�@���j �3�q�3�N
�j�@�R�n�<�@ �j�@�3 �c�L���a�j�U�@�R�N�3 �3�a�a�R�a �V�$�R�j�@ �L�3���N ���N�0 �L���u�W �C�c �$�C�<�A
�<�3�a �j�@���N �j�@�3 �K�R�a�U�@�R�a�C�0�3�a �3�a�a�R�a ���j �,�R���a�c�3�a �a�3�c�R�I�n�j�C�R�N�c�. �C�j
�$�3�,�R�L�3�c �c�L���I�I�3�a ���j �~�N�3�a �c�,���I�3�c�Y �r�3 �3�u�U�I���C�N �j�@�C�c �$�3�@���q�A
�C�R�a �$�w �j�@�3 �8���,�j �j�@���j �j�@�3 �0�C�c�j���N�,�3 �0���j�� ���a�3 �N�R�j �j�@�3 �c���L�3 �8�R�a
�j�@�3 �j�s�R �0�3�q�C�,�3�c�Y �7�R�a �j�@�3 �K�R�a�U�@�R�a�C�0�3�a �0���j���. �s�3 �@���q�3 �3�u���,�j
�,�R�a�a�3�c�U�R�N�0�3�N�,�3�c �$�3�j�s�3�3�N �0�C�c�j���N�,�3 ���N�0 �R�a�C�3�N�j���j�C�R�N �L�3���A
�c�n�a�3�L�3�N�j�c�d �8�R�a �j�@�3 �c�L���a�j�U�@�R�N�3 �0���j���. �R�N�I�w �j�@�3 �j�R�j���I �I�3�N�<�j�@
�R�8 �3���,�@ �c�3�<�L�3�N�j �C�c �G�N�R�s�N ���N�0 �j�@�3 �,�R�a�a�3�c�U�R�N�0�3�N�,�3�c ���a�3 �3�c�A
�j�C�L���j�3�0 �8�a�R�L ���,�\�n�C�c�C�j�C�R�N �j�C�L�3�Y �B�j �c�3�3�L�c �I�C�G�3 ���j �~�N�3�a �c�,���I�3�c�.
�j�@�3 �3�a�a�R�a �R�8 �j�@�C�c �3�c�j�C�L���j�C�R�N �C�c �$�3�j�j�3�a�A�0�C�c�j�a�C�$�n�j�3�0�. �s�@�C�,�@ �a�3�A
�c�n�I�j�c �C�N �� �a�3�,�R�N�c�j�a�n�,�j�C�R�N �s�C�j�@ �@�C�<�@�3�a �U�a�3�,�C�c�C�R�N�Y

�f�Y�k�Y �7�C�I�j�3�a�C�N�<

�i�@�3 �L���C�N �<�R���I �R�8 �j�@�3 �~�I�j�3�a�C�N�< ���I�<�R�a�C�j�@�L �0�3�c�,�a�C�$�3�0 �C�N
�b�3�,�Y�: �C�c �j�R �R�$�j���C�N �,�I�3���N ���N�0 �,�R�N�c�C�c�j�3�N�j �R�a�C�3�N�j���j�C�R�N�c �8�a�R�L
�a���s �c�3�N�c�R�a �L�3���c�n�a�3�c�Y �i�@�3 �s�3�C�<�@�j�c�; � �C�N �j�@�3 �~�I�j�3�a�C�N�< �3�N�A
�3�a�<�w �V�9�W �C�N�•�n�3�N�,�3 �j�@�3 �c�@���U�3 �R�8 �j�@�3 �a�3�,�R�N�c�j�a�n�,�j�3�0 �N�3�j�s�R�a�G
�C�N�0�C�a�3�,�j�I�w �$�w �,�R�N�j�a�R�I�I�C�N�< �c�j�a�3�j�,�@�C�N�< ���N�0 �$�3�N�0�C�N�< �R�8 �c�U�I�C�N�3�c
�R�N �j�@�3 �L���N�C�8�R�I�0 �b�Q�V�k�W �n�c�3�0 �8�R�a �R�a�C�3�N�j���j�C�R�N �c�L�R�R�j�@�C�N�<�Y �B�N
���I�I �3�u���L�U�I�3�c�. �s�3 �n�c�3 �j�@�3 �s�3�C�<�@�j� = �S�3�: �j�R �3�N�8�R�a�,�3 �j�@�3 �,�R�N�A
�c�C�c�j�3�N�,�w �R�8 �N�R�a�L���I�c�Y

�i�@�3 �C�N�•�n�3�N�,�3 �R�8� ���N�0� �R�N �j�@�3 �T�R�C�c�c�R�N�A�a�3�,�R�N�c�j�a�n�,�j�3�0
�U�R�c�C�j�C�R�N�c �C�c �,�R�L�U���a�3�0 �C�N �7�C�<�Y�S�4�Y �B�N�j�3�a�3�c�j�C�N�<�I�w�. �3�q�3�N
�j�@�R�n�<�@� ���N�0� �,�R�N�j�a�R�I �c�j�a�3�j�,�@�C�N�< ���N�0 �$�3�N�0�C�N�< �R�8�R�a�C�3�N�j���A
�j�C�R�N�c�t i �. �j�@�3�w ���I�c�R �c�3�3�L �j�R �,�R�N�j�a�R�I �c�j�a�3�j�,�@�C�N�< ���N�0 �$�3�N�0�C�N�<
�R�8 �a�3�,�R�N�c�j�a�n�,�j�3�0�U�R�c�C�j�C�R�N�c�ui �Y �i�@�3 �s�3�C�<�@�j�c �N�3�3�0 �j�R �$�3 �,�@�R�A

no �lter � = 10 � = 1 � = 100
� = 1000 � = 10000 � = 10000

�7�C�<�n�a�3 �S�f�- �� �«�Ñ�ž�Ô�� �a�3�,�R�N�c�j�a�n�,�j�3�0 �s�C�j�@ �0�C�{�3�a�3�N�j �c�3�j�c �R�8 �s�3�C�<�@�j�c�Y ���8�j�3�a
�j�@�3 �U�a�3�A�~�I�j�3�a�C�N�<�. �N�R�a�L���I�c ���j �N�R�0�3�c ���a�3 �N�R�j �,�R�L�U���j�C�$�I�3 �V�$�R�j�j�R�L �I�3�8�j�W�Y �i�@�3
�N�R�a�L���I �U�3�N���I�j�w �j�3�a�L �C�N �j�@�3 �~�I�j�3�a�C�N�< �3�N�3�a�<�w �3�N�c�n�a�3�c �j�@�3 �,�R�N�c�C�c�j�3�N�,�w �R�8
�j�@�3 �a�3�,�R�N�c�j�a�n�,�j�3�0 �N�3�j�s�R�a�G �V�$�R�j�j�R�L �a�C�<�@�j�W�Y

�c�3�N �,���a�3�8�n�I�I�w�. �R�j�@�3�a�s�C�c�3 �j�@�3 �N�3�j�s�R�a�G �L�C�<�@�j �3�N�0 �n�U �R�q�3�a�A
�~�I�j�3�a�3�0�d �c�3�3 �7�C�<�Y�S�4�s�@�3�a�3� = 100�Y

�f�Y�:�Y ���0�0�C�j�C�R�N���I �a�3�c�n�I�j�c

�i�R �8�n�a�j�@�3�a �C�I�I�n�c�j�a���j�3 �j�@�3 �$�3�N�3�~�j�c �R�8 �R�n�a �L�3�j�@�R�0�. �s�3
�,�R�L�U�n�j�3 �c�L�R�R�j�@ �c�n�a�8���,�3�c �j�@���j �~�j �N�R�j �R�N�I�w �j�@�3 �a�3�c�n�I�j�C�N�<
�N�3�j�s�R�a�G �R�8 �,�n�a�q�3�c �$�n�j ���I�c�R �j�@�3 �,�R�a�a�3�c�U�R�N�0�C�N�< �~�I�j�3�a�3�0 �c�n�a�A
�8���,�3 �N�R�a�L���I�c �n�c�C�N�< �j�@�3 ���I�<�R�a�C�j�@�L �R�8�b�j���N�G�R �3�j ���I�Y�)�l�z�S�f�*�Y
���I�I �R�j�@�3�a �~�j�j�C�N�< �j�3�,�@�N�C�\�n�3�c �j�@���j �j���G�3 �C�N�j�R ���,�,�R�n�N�j �j�@�3 �N�R�a�A
�L���I �q�3�,�j�R�a�c ���q���C�I���$�I�3 ���I�R�N�< �j�@�3 �,�n�a�q�3 �N�3�j�s�R�a�G �)�#�R�j�c�,�@ ��
�F�R�$�$�3�I�j�. �l�z�z�:�d�D���,�R�$�c�R�N �3�j ���I�Y�.�l�z�S�z�* �,�R�n�I�0 ���I�c�R �$�3 �n�c�3�0�Y
�7�C�<�Y�l�z�c�@�R�s�c �c�R�L�3 �R�8 �j�@�3 �a�3�,�R�N�c�j�a�n�,�j�3�0 �c�n�a�8���,�3�c�Y

�7�C�<�Y�S�f�c�@�R�s�c �c�n�a�8���,�3�c �C�N�j�3�a�U�R�I���j�C�N�< �j�@�3 �«�Ñ�ž�Ô�� �N�3�j�s�R�a�G
�~�I�j�3�a�3�0 �s�C�j�@ �q���a�C�R�n�c �c�3�j�c �R�8 �s�3�C�<�@�j�c�Y �B�j ���I�c�R �C�I�I�n�c�j�a���j�3�c
�j�@�3 �U�@�3�N�R�L�3�N�R�N �R�8 �C�N�,�R�N�c�C�c�j�3�N�j �R�a�C�3�N�j���j�C�R�N�c�- �U�a�3�A�~�I�j�3�a�3�0
�N�R�a�L���I�c �0�R �N�R�j ���<�a�3�3 ���j �C�N�j�3�a�c�3�,�j�C�R�N�c�. ���N�0 �N���C�q�3 ���q�3�a���<�C�N�<
�R�8 �3���,�@ �U���C�a �R�8 �,�R�N�•�C�,�j�C�N�< �N�R�a�L���I�c �a�3�c�n�I�j�c �C�N �� �c�@���U�3 �s�C�j�@
�U�R�R�a �~�0�3�I�C�j�w �j�R �j�@�3 �c�,���N�N�3�0 �R�$�E�3�,�j �V�7�C�<�Y�S�f�$�R�j�j�R�L �I�3�8�j�W�Y
�Q�n�a �a�3�<�a�3�c�c�C�R�N �~�I�j�3�a�C�N�< �j�3�,�@�N�C�\�n�3 �a�3�c�R�I�q�3�c �j�@�C�c �U�a�R�$�I�3�L
�s�@�C�I�3 �U�a�3�c�3�a�q�C�N�< �j�@�3 �n�N�0�3�a�I�w�C�N�< �<�3�R�L�3�j�a�w �V�7�C�<�Y�S�f�$�R�j�j�R�L
�a�C�<�@�j�W�Y �M�R�j�3 �@�R�s�3�q�3�a �j�@���j �c�n�a�8���,�3 �a�3�,�R�N�c�j�a�n�,�j�C�R�N �C�c �N�R�j �C�N
�j�@�3 �c�,�R�U�3 �R�8 �j�@�C�c �U���U�3�a�Y

�/�n�a�C�N�< ���,�\�n�C�c�C�j�C�R�N�. �s�3 �R�8�j�3�N �8���,�3�0 �j�@�3 �\�n�3�c�j�C�R�N �R�8
�s�@���j �,�n�a�q�3�c �j�R ���,�\�n�C�a�3 �C�N �R�a�0�3�a �j�R �L�C�N�C�L�C�y�3 �j�@�3 �3�a�a�R�a �R�8
�a�3�,�R�N�c�j�a�n�,�j�C�R�N �" �0�C�{�3�a�3�N�j �,�n�a�q�3 �N�3�j�s�R�a�G�c �R�N �j�@�3 �c���L�3 �c�n�a�A
�8���,�3 �R�8�j�3�N �U�a�R�0�n�,�3 �0�C�{�3�a�3�N�j �a�3�c�n�I�j�c�Y �7�C�<�Y�S�O�c�@�R�s�c �j�@�3 ���ñ�ñ�Å
�ª�ñ�, �a�3�,�R�N�c�j�a�n�,�j�3�0 �s�C�j�@ �c�3�q�3�N �0�C�{�3�a�3�N�j �c�3�j�c �R�8 �,�n�a�q�3�c�Y �i�@�3
�R�U�j�C�L���I �,�@�R�C�,�3 �R�8 �,�n�a�q�3�c �j�R �$�3 �c�,���N�N�3�0 �L�3�a�C�j�c �j�R �$�3 �C�N�q�3�c�A
�j�C�<���j�3�0 �8�n�j�@�3�a�. �$�n�j �<�R�3�c �$�3�w�R�N�0 �j�@�3 �c�,�R�U�3 �R�8 �j�@�3 �U���U�3�a�Y

�O
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�7�C�<�n�a�3 �S�e�- �`�3�,�R�N�c�j�a�n�,�j�C�R�N �3�a�a�R�a �s�C�j�@ �a�3�c�U�3�,�j �j�R �<�a�R�n�N�0 �j�a�n�j�@�Y ���$�c�,�C�c�A
�c���3 �C�c �c�j�3�U �c�C�y�3 �a�3�I���j�C�q�3 �j�R �R�$�E�3�,�j �c�C�y�3�Y �b�R�I�C�0 �I�C�N�3�c �a�3�U�a�3�c�3�N�j �L�3���N �3�a�a�R�a
�V�i���$�I�3�S�W�. �s�@�C�I�3 �0���c�@�3�0 �I�C�N�3�c �a�3�U�a�3�c�3�N�j �L���u�C�L���I �3�a�a�R�a�Y ���I�I �I�3�N�<�j�@�c ���a�3
�a�3�I���j�C�q�3 �j�R �j�@�3 �0�C���L�3�j�3�a �V�I�3�N�<�j�@ �R�8 �����#�# �0�C���<�R�N���I�W �R�8 �j�@�3 �<�a�R�n�N�0 �j�a�n�j�@
�c�n�a�8���,�3�Y

�0���j�� �c�R�n�a�,�3 �I�3�N�<�j�@�c �L�3���N �3�a�a�R�a �V�X�W
�@ �V�X�W �f�Y�: �k�Y�l �S�Y�f �z�Y�4 �z�Y�:

�ª�ñ�'�ã �c�w�N�j�@�Y �3�u���,�j�S�Y�S�S�z�Y�9�k�z�Y�l�: �z�Y�S�z �A
�ª���è�ÿ�- �c�w�N�j�@�Y �3�u���,�j�A �S�Y�f�z �z�Y�9�9�z�Y�S�O�z�Y�z�4
�«�ñ�é�¶ �L�a�C�0�3�a �L�3���c�n�a�3�0�z�Y�f�S �z�Y�:�O�z�Y�:�f �z�Y�:�9 �z�Y�:�9

�ã�Ô�ã�Ô���è �L�a�C�0�3�a �L�3���c�n�a�3�0�S�Y�k�f �S�Y�l�k �S�Y�S�O�S�Y�S�e�S�Y�S�9
�ã�Ô�ã�Ô���è �U�@�R�N�3 �L�3���c�n�a�3�0�S�Y�O�:�S�Y�k�4�z�Y�4�O�z�Y�4�S�z�Y�e�4
�ã�Ô�ã�Ô���è �U�@�R�N�3 �j�C�L�3�A�3�c�j�Y�A �S�Y�4�k�l�Y�z�S �l�Y�z�k �l�Y�S�S

�i���$�I�3 �S�- �K�3���N �0�C�c�j���N�,�3 �3�a�a�R�a �s�C�j�@ �a�3�c�U�3�,�j �j�R �<�a�R�n�N�0 �j�a�n�j�@�Y ���I�I �I�3�N�<�j�@�c
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