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�:�L�W�K �W�K�H �R�E�M�H�F�W�L�Y�H �R�I �D�F�T�X�L�U�L�Q�J �H�[�S�H�U�L�P�H�Q�W�D�O �G�D�W�D�� �D�Q �H�[�S�H�U�L�P�H�Q�W�D�O �V�H�W�X�S �I�R�U �P�H�D�V�X�U�L�Q�J �N�L�W�H
�S�H�U�I�R�U�P�D�Q�F�H�V �R�Q�V�K�R�U�H �D�Q�G �R�Q�E�R�D�U�G �L�V �G�H�Y�H�O�R�S�H�G�� �7�Z�R �H�[�S�H�U�L�P�H�Q�W�D�O �F�D�P�S�D�L�J�Q�V �D�U�H �F�D�U�U�L�H�G
�R�X�W�� �W�K�H �I�L�U�V�W �R�Q�H �K�H�O�G �R�Q�V�K�R�U�H �L�Q �-�X�Q�H ���������� �D�Q�G �W�K�H �V�H�F�R�Q�G �K�H�O�G �R�Q�E�R�D�U�G �L�Q �$�S�U�L�O �������� �R�Q
�D �G�H�G�L�F�D�W�H�G �����P�H�W�H�U���O�R�Q�J �E�R�D�W�� �$�I�W�H�U �D �S�U�H�V�H�Q�W�D�W�L�R�Q �R�I �W�K�H �H�[�S�H�U�L�P�H�Q�W�D�O �V�H�W���X�S�� �Z�H �I�R�F�X�V �R�Q
�W�K�H �H�[�S�O�R�L�W�D�W�L�R�Q �R�I �W�K�H �R�Q�V�K�R�U�H �U�H�V�X�O�W�V �I�U�R�P �-�X�Q�H ���������� �0�D�Q�\ �I�L�J�X�U�H���R�I���H�L�J�K�W �W�U�D�M�H�F�W�R�U�L�H�V �D�U�H
�U�H�F�R�U�G�H�G �G�X�U�L�Q�J �W�K�L�V �F�D�P�S�D�L�J�Q�� �D�Q�G �D �S�R�V�W �S�U�R�F�H�V�V�L�Q�J �L�Q�F�O�X�G�L�Q�J �S�K�D�V�H �D�Y�H�U�D�J�L�Q�J �L�V �G�H�Y�H�O��
�R�S�H�G �L�Q �R�U�G�H�U �W�R �F�R�P�S�X�W�H �O�L�I�W �F�R�H�I�I�L�F�L�H�Q�W �D�Q�G �O�L�I�W �W�R �G�U�D�J �U�D�W�L�R �R�I �W�K�H �N�L�W�H�� �2�Q�H �R�I �W�K�H �R�E�M�H�F�W�L�Y�H�V �L�V
�W�R �H�[�S�H�U�L�P�H�Q�W�D�O�O�\ �E�H�Q�F�K�P�D�U�N �D�Y�H�U�D�J�H �N�L�W�H �S�H�U�I�R�U�P�D�Q�F�H�V �S�U�H�G�L�F�W�H�G �E�\ �P�R�G�H�O�L�Q�J �D�S�S�U�R�D�F�K�H�V��
�D�Q�G �W�R �U�H�I�L�Q�H �W�K�H �H�Y�R�O�X�W�L�R�Q �R�I �N�L�W�H �D�H�U�R�G�\�Q�D�P�L�F �S�D�U�D�P�H�W�H�U�V �D�O�R�Q�J �D �I�L�J�X�U�H���R�I���H�L�J�K�W �W�U�D�M�H�F�W�R�U�\��
�,�Q�G�H�H�G�� �W�K�H�V�H �Y�D�U�L�D�W�L�R�Q�V �D�U�H �Q�R�W �W�D�N�H�Q �L�Q�W�R �D�F�F�R�X�Q�W �Z�L�W�K �W�K�H �]�H�U�R���P�D�V�V �P�R�G�H�O �G�H�Y�H�O�R�S�H�G �E�\
�'�D�G�G���������� �� �R�U�/�H�O�R�X�S �H�W �D�O������������ ���� �+�R�Z�H�Y�H�U�� �U�H�J�D�U�G�L�Q�J �W�K�H �G�H�I�R�U�P�D�W�L�R�Q �R�I �W�K�H �V�W�U�X�F�W�X�U�H �R�I
�W�K�H �N�L�W�H �G�X�U�L�Q�J �D �W�X�U�Q �L�W �L�V �Y�H�U�\ �S�U�R�E�D�E�O�H �W�R �J�H�W �D �Y�D�U�L�D�W�L�R�Q �R�I �W�K�H�V�H �D�H�U�R�G�\�Q�D�P�L�F �S�D�U�D�P�H�W�H�U�V��
�Z�L�W�K �U�H�V�S�H�F�W �W�R �W�K�H �W�X�U�Q �U�D�W�H �R�I �W�K�H �N�L�W�H �I�R�U �H�[�D�P�S�O�H�� �7�R �W�K�H �T�X�H�V�W�L�R�Q �R�I �W�K�H �E�H�V�W �V�W�U�D�W�H�J�\
�U�H�T�X�L�U�H�G �W�R �D�F�K�L�H�Y�H �W�K�L�V �R�E�M�H�F�W�L�Y�H�� �W�K�H �D�Q�V�Z�H�U �R�I �D�Q �H�[�S�H�U�L�P�H�Q�W�D�O �Z�R�U�N �F�D�U�U�L�H�G �R�X�W �R�Q�V�K�R�U�H
�E�H�F�D�P�H �U�D�S�L�G�O�\ �R�E�Y�L�R�X�V�� �,�Q�G�H�H�G�� �N�L�W�H �S�H�U�I�R�U�P�D�Q�F�H �D�V�V�H�V�V�P�H�Q�W�V �F�D�Q �E�H �G�L�V�F�R�Q�Q�H�F�W�H�G �I�U�R�P
�E�R�D�W �P�R�W�L�R�Q�V�� �Z�K�L�F�K �L�V �X�V�H�I�X�O �W�R �V�W�D�\ �I�R�F�X�V�H�G �R�Q �W�K�H �N�L�W�H �P�R�G�H�O�L�Q�J �L�W�V�H�O�I�� �0�R�U�H�R�Y�H�U�� �R�Q�V�K�R�U�H
�H�[�S�H�U�L�P�H�Q�W�V �D�U�H �H�D�V�L�H�U �W�R �D�F�K�L�H�Y�H�� �Z�L�W�K �O�H�V�V �F�R�Q�V�L�G�H�U�D�W�L�R�Q �D�E�R�X�W �V�H�D�Z�D�W�H�U �U�R�E�X�V�W�Q�H�V�V �R�I �W�K�H
�H�[�S�H�U�L�P�H�Q�W�D�O �V�H�W���X�S�� �D�Q�G �O�H�V�V �K�X�P�D�Q �D�Q�G �P�D�W�H�U�L�D�O �U�H�V�R�X�U�F�H�V �U�H�T�X�L�U�H�G��
�)�L�U�V�W�� �D�I�W�H�U �D �V�K�R�U�W �S�U�H�V�H�Q�W�D�W�L�R�Q �R�I �W�K�H �U�H�I�H�U�H�Q�F�H �I�U�D�P�H�V�� �W�K�H �S�D�S�H�U �G�H�V�F�U�L�E�H�V �W�K�H �H�[�S�H�U�L�P�H�Q�W�D�O
�V�H�W���X�S �D�Q�G �L�W�V �V�H�Q�V�R�U�V�� �6�H�F�R�Q�G�O�\�� �W�K�H �P�H�W�K�R�G�R�O�R�J�\ �W�R �G�R �W�K�H �S�R�V�W���S�U�R�F�H�V�V�L�Q�J �L�V �S�U�H�V�H�Q�W�H�G��
�7�K�H �S�K�D�V�H �D�Y�H�U�D�J�L�Q�J �P�H�W�K�R�G �X�V�H�G �K�H�U�H �L�V �G�H�V�F�U�L�E�H�G�� �,�Q �R�X�U �F�D�V�H�� �D�V �W�K�H �P�H�D�V�X�U�H�P�H�Q�W
�P�H�W�K�R�G �R�I �W�K�H �D�H�U�R�G�\�Q�D�P�L�F �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �L�V �Q�R�W �G�L�U�H�F�W�� �Z�H �Q�H�H�G �W�R �J�R �W�K�U�R�X�J�K �D �P�R�G�H�O�L�Q�J��
�7�K�H �F�O�D�V�V�L�F�D�O �]�H�U�R���P�D�V�V �P�R�G�H�O �D�Q�G �W�K�H �S�R�L�Q�W �P�D�V�V �P�R�G�H�O �D�U�H �X�V�H�G �K�H�U�H �W�R �D�V�V�H�V�V �W�K�H �L�P��
�S�R�U�W�D�Q�F�H �R�I �L�Q�H�U�W�L�D �H�I�I�H�F�W�V�� �7�K�L�U�G�O�\�� �W�K�H �P�D�L�Q �U�H�V�X�O�W�V �D�U�H �G�H�V�F�U�L�E�H�G�� �7�K�H �H�[�S�H�U�L�P�H�Q�W�V �P�D�W�U�L�[
���7�D�E���� �L�Q �V�H�F�W�L�R�Q���� �V�K�R�Z�V �W�K�H �H�[�S�H�U�L�P�H�Q�W�V �W�K�D�W �D�U�H �H�I�I�H�F�W�L�Y�H�O�\ �F�D�U�U�L�H�G �R�X�W�� �7�K�H �P�D�L�Q �H�Q��
�W�U�L�H�V �D�U�H �W�K�H �W�H�W�K�H�U �O�H�Q�J�W�K �D�Q�G �W�U�L�P �R�I �W�K�H �N�L�W�H�� �'�L�U�H�F�W �R�X�W�S�X�W�V �D�U�H �W�K�H �I�R�U�F�H �P�H�D�V�X�U�H�G �D�Q�G �L�W�V
�I�O�X�F�W�X�D�W�L�R�Q �G�X�U�L�Q�J �D �I�L�J�X�U�H���R�I���H�L�J�K�W �I�O�L�J�K �D�V �Z�H�O�O �D�V �W�K�H �O�R�D�G �U�D�W�L�R �E�H�W�Z�H�H�Q �W�K�H �I�U�R�Q�W �D�Q�G �W�K�H
�E�D�F�N �W�H�W�K�H�U�V�� �6�R�P�H �L�Q�W�H�U�H�V�W�L�Q�J �X�Q�H�[�S�H�F�W�H�G �U�H�V�X�O�W�V �D�U�H �S�U�H�V�H�Q�W�H�G �O�L�N�H �E�X�F�N�O�L�Q�J �S�K�H�Q�R�P�H�Q�R�Q
�D�Q�G �Z�H �Z�L�O�O �K�L�J�K�O�L�J�K�W �L�P�S�D�F�W �R�Q �F�R�Q�W�U�R�O�O�D�E�L�O�L�W�\�� �)�L�Q�D�O�O�\ �W�K�H �H�Y�R�O�X�W�L�R�Q �R�I �D�H�U�R�G�\�Q�D�P�L�F �F�K�D�U�D�F��
�W�H�U�L�V�W�L�F�V �D�O�O �D�O�R�Q�J �W�K�H �D �I�L�J�X�U�H���R�I���H�L�J�K�W �W�U�D�M�H�F�W�R�U�\ �L�V �V�K�R�Z�Q �D�Q�G�� �D�V �D �I�L�U�V�W �D�W�W�H�P�S�W�� �O�L�Q�H�D�U �O�D�Z�V
�Z�L�W�K �U�H�V�S�H�F�W �W�R �W�K�H �W�X�U�Q�L�Q�J �U�D�W�H �D�U�H �S�U�R�S�R�V�H�G�� �$�W �W�K�H �H�Q�G �W�K�H �U�H�V�X�O�W�V �D�U�H �G�L�V�F�X�V�V�H�G �E�H�I�R�U�H
�F�R�Q�F�O�X�G�L�Q�J��

�� �5�(�)�(�5�(�1�&�( �)�5�$�0�(�6

�7�K�H �U�H�I�H�U�H�Q�F�H �I�U�D�P�H�V �X�V�H�G �L�Q �W�K�L�V �V�W�X�G�\ �D�U�H �L�Q�W�U�R�G�X�F�H�G �E�H�O�R�Z �D�Q�G �G�H�W�D�L�O�H�G �Z�L�W�K �G�U�D�Z�L�Q�J�V �L�Q
�W�K�H �I�R�O�O�R�Z�L�Q�J �V�H�F�W�L�R�Q�V�� �7�K�H�\ �D�U�H �L�Q �F�R�Q�I�R�U�P�L�W�\ �Z�L�W�K �W�K�H �,�7�7�& �U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V �R�I�I �W�K�H�,�7�7�&
�4�X�D�O�L�W�\ �*�U�R�X�S���������� �� �D�Q�G �G�L�U�H�F�W�O�\ �L�Q �D�F�F�R�U�G�D�Q�F�H �Z�L�W�K �V�W�D�Q�G�D�U�G�,�6�2 �������������������������� ���� �7�K�H�\

��



�D�U�H �L�G�H�Q�W�L�I�L�H�G �Z�L�W�K �R�Q�H �R�U �W�Z�R �O�H�W�W�H�U�V�� �S�U�L�Q�W�H�G �L�Q �V�X�E�V�F�U�L�S�W �X�Q�G�H�U �W�K�H �Q�R�U�P�D�O�L�]�H�G �Y�H�F�W�R�U�V(x; y; z)
�I�R�U�P�L�Q�J �W�K�H �D�[�L�V �V�\�V�W�H�P�� �:�K�H�Q �W�K�H �F�R�Q�V�L�G�H�U�H�G �U�H�I�H�U�H�Q�F�H �I�U�D�P�H �Q�H�H�G�V �W�R �E�H �V�S�H�F�L�I�L�H�G�� �W�K�L�V
�R�Q�H �L�V �W�K�H�Q �S�U�L�Q�W�H�G �X�Q�G�H�U �S�D�U�H�Q�W�K�H�V�L�V �L�Q �V�X�S�H�U�V�F�U�L�S�W �D�E�R�Y�H �W�K�H �Y�D�U�L�D�E�O�H�� �I�R�U �H�[�D�P�S�O�H�� �L�I �W�K�H
�Y�H�F�W�R�UAb �L�V �H�[�S�U�H�V�V�H�G �L�Q �W�K�H �U�H�I�H�U�H�Q�F�H �I�U�D�P�HRref �� �L�W �Z�L�O�O �E�H �G�H�Q�R�W�H�G �D�VA (ref )

b �� �,�Q �W�K�H �I�R�O�O�R�Z�L�Q�J
�6�H�F�W�L�R�Q�� �³�E�R�G�\�´ �V�W�D�Q�G�V �I�R�U �W�K�H �J�U�R�X�Q�G �V�W�D�W�L�R�Q �X�V�H�G �R�Q�V�K�R�U�H��

�1�R�U�W�K �(�D�V�W �'�R�Z�Q ���1�(�'�� �5�H�I�H�U�H�Q�F�H �)�U�D�P�H

�7�K�H �H�D�U�W�K���I�L�[�H�G �U�H�I�H�U�H�Q�F�H �I�U�D�P�H �X�V�H�G �L�Q �W�K�L�V �V�W�X�G�\ �L�V �W�K�H �1�R�U�W�K �(�D�V�W �'�R�Z�Q �D�[�L�V �V�\�V�W�H�P�� �,�W �L�V
�G�H�Q�R�W�H�GRned�� �D�Q�G �G�H�I�L�Q�H�G �Z�L�W�K �W�K�Hx���D�[�L�V �S�R�L�Q�W�L�Q�J �Q�R�U�W�K�� �W�K�Hy���D�[�L�V �S�R�L�Q�W�L�Q�J �W�R �W�K�H �H�D�V�W �D�Q�G
�W�K�Hz���D�[�L�V �S�R�L�Q�W�L�Q�J �W�R�Z�D�U�G�V �W�K�H �F�H�Q�W�H�U �R�I �W�K�H �S�O�D�Q�H�W��

�+�H�D�G�L�Q�J �5�H�I�H�U�H�Q�F�H �)�U�D�P�H

�7�K�H �K�H�D�G�L�Q�J �U�H�I�H�U�H�Q�F�H �I�U�D�P�HR �L�V �E�D�V�H�G �R�Q �W�K�H �K�H�D�G�L�Q�J �D�Q�J�O�H �R�I �W�K�H �E�R�G�\ �U�H�O�D�W�L�Y�H�O�\ �W�R
�W�K�H �W�U�X�H �Q�R�U�W�K �G�L�U�H�F�W�L�R�Q�� �,�W �L�V �W�K�H �U�H�V�X�O�W �R�I �D �U�R�W�D�W�L�R�Q �D�E�R�X�Wzned �R�I �D�Q�J�O�H �D�S�S�O�L�H�G �W�R �I�U�D�P�H
Rned�� �Z�K�H�U�H �L�V �W�K�H �I�L�U�V�W �R�I �W�K�H �W�K�U�H�H �(�X�O�H�U �D�Q�J�O�H�V��

�6�K�L�S �5�H�I�H�U�H�Q�F�H �)�U�D�P�H

�7�K�H �V�K�L�S �U�H�I�H�U�H�Q�F�H �I�U�D�P�H �L�V �U�L�J�L�G�O�\ �I�L�[�H�G �W�R �W�K�H �E�R�G�\�� �D�Q�G �L�V �W�K�H �U�H�V�X�O�W �R�I �W�K�H �W�Z�R �R�W�K�H�U �U�R�W�D�W�L�R�Q�V
�U�H�P�D�L�Q�L�Q�J �I�U�R�P �W�K�H �W�Z�R �R�W�K�H�U �(�X�O�H�U �D�Q�J�O�H�V�� �W�K�H �S�L�W�F�K� s �D�Q�G �W�K�H �U�R�O�O� s�� �$�W �I�L�U�V�W�� �D �U�R�W�D�W�L�R�Q �D�E�R�X�W
y

 
�R�I �D�Q �D�Q�J�O�H� s �L�V �D�S�S�O�L�H�G�� �I�R�O�O�R�Z�H�G �E�\ �D �U�R�W�D�W�L�R�Q �D�E�R�X�Wxs �R�I �D�Q �D�Q�J�O�H� s��
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�U�H�S�U�R�G�X�F�L�E�L�O�L�W�\�� �7�K�L�V �D�X�W�R�S�L�O�R�W �L�V �P�D�L�Q�O�\ �E�D�V�H�G �R�Q �)�D�J�L�D�Q�R �Z�R�U�N ���)�D�J�L�D�Q�R �H�W �D�O������������ ���� �7�R �J�H�W
�D �S�U�R�S�H�U �I�X�Q�F�W�L�R�Q�L�Q�J �R�I �W�K�H �D�X�W�R�S�L�O�R�W�� �W�K�H �N�L�W�H �S�R�V�L�W�L�R�Q �L�Q �W�K�H �Z�L�Q�G �Z�L�Q�G�R�Z �K�D�V �W�R �E�H �N�Q�R�Z�Q �D�W
�D�Q�\ �W�L�P�H �W�R �H�Q�V�X�U�H �D �I�H�H�G�E�D�F�N �W�R �W�K�H �F�R�Q�W�U�R�O�O�H�U�� �0�R�U�H �V�S�H�F�L�I�L�F�D�O�O�\�� �P�R�W�L�R�Q �R�I �W�K�H �N�L�W�H �K�D�V �W�R
�E�H �N�Q�R�Z�Q�� �E�H�F�D�X�V�H �W�K�H �N�L�W�H �L�V �X�Q�G�H�U�J�R�L�Q�J �G�\�Q�D�P�L�F �I�O�L�J�K�W�� �7�K�D�W �P�H�D�Q�V �W�K�D�W �W�K�H �N�L�W�H �S�R�V�L�W�L�R�Q
�G�D�W�D �V�K�D�O�O �E�H �Q�R�W �W�R�R �Q�R�L�V�\ �W�R �D�O�O�R�Z �W�K�H �F�R�P�S�X�W�D�W�L�R�Q �R�I �W�K�H �I�L�U�V�W �R�U�G�H�U �W�L�P�H �G�H�U�L�Y�D�W�L�Y�H �S�U�R�F�H�V�V
�O�H�D�G�L�Q�J �W�R �W�K�H �Y�H�O�R�F�L�W�\ ���(�T������ ���� �,�Q �R�X�U �F�D�V�H�� �W�K�H �N�L�W�H �S�R�V�L�W�L�R�Q �L�V �R�E�W�D�L�Q�H�G �W�K�D�Q�N�V �W�R �W�K�H ���' �O�R�D�G
�F�H�O�O�� �D�V�V�X�P�L�Q�J �W�K�D�W �W�K�H �I�U�R�Q�W �W�H�W�K�H�U�V �D�U�H �V�W�U�D�L�J�K�W�� �D�Q�G �W�K�H�L�U �O�H�Q�J�W�K�V �E�H�L�Q�J �F�D�U�H�I�X�O�O�\ �P�H�D�V�X�U�H�G��
�$�F�F�R�U�G�L�Q�J �W�R �D �Y�H�U�L�I�L�F�D�W�L�R�Q �Y�L�D �D �F�D�W�H�Q�D�U�\ �P�H�W�K�R�G �L�Q�F�O�X�G�L�Q�J �D�H�U�R�G�\�Q�D�P�L�F �G�U�D�J �D�Q�G �Z�H�L�J�K�W��
�W�K�L�V �D�V�V�X�P�S�W�L�R�Q �V�H�H�P�V �U�H�D�V�R�Q�D�E�O�H�� �D�V �L�W �V�K�R�X�O�G �Q�R�W �F�D�X�V�H �D�Q �H�U�U�R�U �L�Q �S�R�V�L�W�L�R�Q �R�I �P�R�U�H �W�K�D�Q
���ƒ �I�R�U �W�K�H �U�H�I�H�U�H�Q�F�H �F�D�V�H �S�U�H�V�H�Q�W�H�G �L�Q �W�K�H �U�H�V�W �R�I �W�K�H �S�D�S�H�U�� �7�R �U�H�G�X�F�H �Q�R�L�V�H �O�H�Y�H�O �R�Q �S�R�V�L�W�L�R�Q
�G�D�W�D�� �O�R�D�G �F�H�O�O �D�F�T�X�L�V�L�W�L�R�Q �L�V �G�R�Q�H �D�W ���� �N�+�]�� �D�Q�G �W�K�H�Q �W�K�H �V�L�J�Q�D�O �L�V �D�Y�H�U�D�J�H�G �D�W �D �I�U�H�T�X�H�Q�F�\
�R�I ������ �+�]�� �$�I�W�H�U �W�K�H �G�H�U�L�Y�D�W�L�Y�H �S�U�R�F�H�V�V�� �W�K�H �G�H�U�L�Y�D�W�L�Y�H �V�L�J�Q�D�O �L�V �I�L�O�W�H�U�H�G �Z�L�W�K �D ���� �P�V �U�X�Q�Q�L�Q�J
�D�Y�H�U�D�J�H �I�L�O�W�H�U��
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�Y�D�U�L�D�E�O�H �S�D�U�W �R�I �W�K�H �O�H�Q�J�W�K �R�I �W�K�H �E�D�F�N �W�H�W�K�H�U�V�� �Z�K�L�F�K �D�F�F�R�X�Q�W�V �I�R�U �W�K�H �S�R�V�L�W�L�R�Q �R�I �D�F�W�X�D�W�R�U�V
� 1 �D�Q�G� 2�� �7�K�H �Z�L�Q�G �G�D�W�D �D�U�H �P�H�D�V�X�U�H�G �I�U�R�P �W�K�U�H�H �G�L�I�I�H�U�H�Q�W �G�H�Y�L�F�H�V�� �S�U�H�V�H�Q�W�H�G �L�Q �)�L�J������
�+�R�Z�H�Y�H�U�� �W�K�H �&�9�� �D�Q�H�P�R�P�H�W�H�U �X�V�H�G �I�R�U �I�O�L�J�K�W �F�R�Q�W�U�R�O �S�X�U�S�R�V�H �Z�D�V �R�Q�O�\ �D�W �D�Q �D�O�W�L�W�X�G�H �R�I ��
�P �D�Q�G �Z�D�V �W�K�H�U�H�I�R�U�H �Y�H�U�\ �G�L�V�W�X�U�E�H�G �E�\ �J�U�R�X�Q�G �S�U�R�[�L�P�L�W�\�� �Z�K�L�F�K �F�R�X�O�G �D�F�F�R�X�Q�W �I�R�U �G�L�I�I�L�F�X�O�W�L�H�V
�L�Q �R�E�W�D�L�Q�L�Q�J �V�\�P�P�H�W�U�L�F�D�O �W�U�D�M�H�F�W�R�U�L�H�V�� �0�R�U�H�R�Y�H�U�� �D �G�D�P�D�J�H �R�I �W�K�H �G�H�Y�L�F�H �K�D�V �E�H�H�Q �I�R�X�Q�G
�D�W �W�K�H �H�Q�G �R�I �W�K�H �I�L�H�O�G�Z�R�U�N �O�H�D�G�L�Q�J �W�R �D �I�D�O�V�H �Z�L�Q�G �G�L�U�H�F�W�L�R�Q �R�X�W�S�X�W�W�H�G �E�\ �W�K�H �V�H�Q�V�R�U�� �7�K�X�V��
�G�D�W�D �I�U�R�P �W�K�L�V �G�H�Y�L�F�H �D�U�H �Q�R�W �W�D�N�H�Q �L�Q�W�R �D�F�F�R�X�Q�W �L�Q �W�K�H �I�R�O�O�R�Z�L�Q�J �Z�R�U�N�� �7�K�H �W�Z�R �R�W�K�H�U �Z�L�Q�G
�P�H�D�V�X�U�H�P�H�Q�W�V �F�R�P�H �I�U�R�P �W�K�H �6�2�'�$�5 �D�Q�G �W�K�H �0�(�7�(�.�� �E�X�W �W�K�H �V�H�F�R�Q�G �R�Q�H �Z�D�V �R�Q�O�\ �L�Q �S�O�D�F�H
�W�K�H �O�D�V�W �W�Z�R �G�D�\�V�� �)�L�J���� �V�K�R�Z�V �V�R�P�H �U�H�V�X�O�W�V �I�U�R�P �W�K�H �6�2�'�$�5 �S�U�R�I�L�O�H�U�� �7�K�H�V�H �G�D�W�D �D�O�O�R�Z
�K�D�Y�L�Q�J �W�K�H �Z�L�Q�G �V�S�H�H�G �D�Q�G �G�L�U�H�F�W�L�R�Q �I�U�R�P ���� �P �W�R ������ �P �Z�L�W�K �D �� �P �U�H�V�R�O�X�W�L�R�Q�� �7�K�X�V�� �Z�H �F�D�Q
�L�Q�W�H�U�S�R�O�D�W�H �W�K�H �Z�L�Q�G �V�S�H�H�G �D�Q�G �G�L�U�H�F�W�L�R�Q �D�W �N�L�W�H �D�O�W�L�W�X�G�H�� �$ �F�R�P�S�D�U�L�V�R�Q �V�K�R�Z�V �G�L�V�F�U�H�S�D�Q�F�L�H�V
�D�E�R�X�W ������ �E�H�W�Z�H�H�Q �W�K�H �V�W�D�Q�G�D�U�G �,�7�7�& �S�U�R�I�L�O�H �D�Q�G �W�K�H �P�H�D�V�X�U�H�P�H�Q�W�V �E�H�W�Z�H�H�Q ���� �P �D�Q�G
������ �P�� �7�K�L�V �H�[�K�L�E�L�W�V �W�K�H �Q�H�F�H�V�V�L�W�\ �R�I �V�X�F�K �D �G�H�Y�L�F�H �I�R�U �U�H�O�L�D�E�O�H �H�V�W�L�P�D�W�L�R�Q �R�I �Z�L�Q�G �D�W �N�L�W�H
�D�O�W�L�W�X�G�H�� �7�K�H �U�H�V�X�O�W�V �V�K�R�Z �D �V�L�J�Q�L�I�L�F�D�Q�W �Y�H�U�W�L�F�D�O �F�R�P�S�R�Q�H�Q�W �R�I �W�K�H �Y�H�O�R�F�L�W�\ �W�K�D�W �G�L�U�H�F�W�O�\ �D�I�I�H�F�W
�W�K�H �R�U�L�H�Q�W�D�W�L�R�Q �R�I �W�K�H �Z�L�Q�G �Z�L�Q�G�R�Z�� �7�K�L�V �P�X�V�W �E�H �W�D�N�H�Q �L�Q�W�R �D�F�F�R�X�Q�W �I�R�U �D �F�R�U�U�H�F�W �D�V�V�H�V�V�P�H�Q�W
�R�I �W�K�H �D�H�U�R�G�\�Q�D�P�L�F �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �H�V�S�H�F�L�D�O�O�\ �W�K�H �O�L�I�W �W�R �G�U�D�J �U�D�W�L�R�� �6�R�P�H �Y�L�G�H�R�V �D�Q�G �S�L�F�W�X�U�H�V
�Z�H�U�H �D�O�V�R �U�H�F�R�U�G�H�G �X�V�L�Q�J �F�D�P�H�U�D �V�X�F�K �D�V �*�R�3�U�R�� �U�H�I�O�H�[ �R�U �K�\�E�U�L�G �F�D�P�H�U�D�� �)�L�I�W�H�H�Q �G�D�\�V �R�I
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�R�I �W�K�H �6�2�'�$�5 �Z�L�Q�G �P�H�D�V�X�U�H�P�H�Q�W�V��
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�R�W�K�H�U�Z�L�V�H �Q�R�W�H�G�� �$�O�O �Y�H�O�R�F�L�W�L�H�V �D�U�H �J�L�Y�H�Q �Z�L�W�K �U�H�V�S�H�F�W �W�R �W�K�H �(�D�U�W�K�� �$�W �I�L�U�V�W�� �I�R�U�F�H�V �L�Q�W�R �I�U�R�Q�W
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F f = M
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F (s)
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�7�K�H�Q�� �I�R�U�F�H�V �L�Q�W�R �E�D�F�N �W�H�W�K�H�U�V �D�U�H �D�G�G�H�G �W�R �W�K�H �I�U�R�Q�W �I�R�U�F�H �W�H�W�K�H�U �Y�H�F�W�R�U�� �W�R �F�U�H�D�W�H �W�K�H �W�R�W�D�O
�N�L�W�H �I�R�U�F�H �Y�H�F�W�R�UF k;A �D�W �N�L�W�H �D�W�W�D�F�K�P�H�Q�W �S�R�L�Q�WA �R�Q �W�K�H �J�U�R�X�Q�G �V�W�D�W�L�R�Q ��

F k;A =
F f

kF f k
(kF f k+ Fbl + Fbr) ������

�:�L�W�K �W�K�H �K�\�S�R�W�K�H�V�L�V �R�I �S�H�U�I�H�F�W�O�\ �V�W�U�D�L�J�K�W �W�H�W�K�H�U�V �Z�L�W�K �F�R�Q�V�W�D�Q�W �O�H�Q�J�W�K�VL t �� �W�K�H �W�R�W�D�O �N�L�W�H �I�R�U�F�H
�Y�H�F�W�R�U �D�W �D�W�W�D�F�K�P�H�Q�W �S�R�L�Q�W �R�Q �W�K�H �J�U�R�X�Q�G �V�W�D�W�L�R�Q �L�V �H�T�X�D�O �W�R �W�K�H �R�S�S�R�V�L�W�H �R�I �W�K�H �I�R�U�F�HF k

�J�H�Q�H�U�D�W�H�G �E�\ �W�K�H �W�H�W�K�H�U�V �R�Q �W�K�H �N�L�W�H �D�W �N�L�W�H �S�R�V�L�W�L�R�Q ��

F k = � F k;A ������
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�S�U�R�I�L�O�H ���F�� �P�H�D�V�X�U�H�G �E�\ �W�K�H �6�2�'�$�5 �G�X�U�L�Q�J �W�K�H ���W�K �R�I �-�X�O�\ �E�H�W�Z�H�H�Q ���������� �D�Q�G ���������� �8�7�& ���W�L�P�H
�R�I �H�D�F�K �S�U�R�I�L�O�H �G�H�S�H�Q�G�V �R�Q �F�R�O�R�U�� �D�Q�G �L�V �G�H�Q�R�W�H�G �E�\ �W�K�H �F�R�O�R�U�E�D�U���� �7�K�H �P�D�J�H�Q�W�D �O�L�Q�H �R�Q �S�O�R�W
���D�� �G�H�Q�R�W�H�V �W�K�H �,�7�7�& �S�U�R�I�L�O�H�� �F�D�O�F�X�O�D�W�H�G �I�U�R�P �W�K�H �D�Y�H�U�D�J�H �Z�L�Q�G �P�H�D�V�X�U�H�G �D�W ���� �P �G�X�U�L�Q�J �W�K�H
�S�H�U�L�R�G��
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A
���E�� �3�R�L�Q�W���P�D�V�V �P�R�G�H�O

�)�L�J�X�U�H ���� �)�R�U�F�H �G�L�D�J�U�D�P�V �R�I �W�K�H �]�H�U�R���P�D�V�V �P�R�G�H�O ���D�� �D�Q�G �W�K�H �S�R�L�Q�W���P�D�V�V �P�R�G�H�O ���E���� �U�H�V�S�H�F��
�W�L�Y�H�O�\ �G�H�I�L�Q�H�G �E�\ �(�T���� �D�Q�G �(�T������ �)�R�U �W�K�H �V�L�P�S�O�L�F�L�W�\ �R�I �W�K�H �G�L�D�J�U�D�P�V�� �N�L�W�H �I�R�U�F�H�� �N�L�W�H �Y�H�O�R�F�L�W�\
�Y�H�F�W�R�U�� �Z�L�Q�G �Y�H�O�R�F�L�W�\ �Y�H�F�W�R�U �D�Q�G �N�L�W�H �Z�H�L�J�K�W �Y�H�F�W�R�U �D�U�H �G�U�D�Z�Q �L�Q �W�K�H �V�D�P�H �S�O�D�Q�H�� �K�R�Z�H�Y�H�U �W�K�L�V
�L�V �D �S�D�U�W�L�F�X�O�D�U �F�D�V�H��

P k =
F f

kF f k
L t ������

V k =
dPk

dt
������

�:�L�W�K �W�K�H �K�\�S�R�W�K�H�V�L�V �R�I �W�K�H �]�H�U�R���P�D�V�V �P�R�G�H�O�� �W�K�H �D�H�U�R�G�\�Q�D�P�L�F �I�R�U�F�HF a �J�H�Q�H�U�D�W�H�G �E�\ �W�K�H
�N�L�W�H �L�V �G�L�U�H�F�W�O�\ �H�T�X�D�O �W�R �W�K�H �R�S�S�R�V�L�W�H �R�I �W�K�H �I�R�U�F�H �J�H�Q�H�U�D�W�H�G �E�\ �W�K�H �N�L�W�H �R�Q �W�K�H �W�H�W�K�H�U�V �D�W �N�L�W�H
�S�R�V�L�W�L�R�Q��

F a = � F k ������

�7�K�H �I�R�U�F�H �G�L�D�J�U�D�P �S�U�H�V�H�Q�W�L�Q�J �W�K�H �]�H�U�R���P�D�V�V �P�R�G�H�O �L�V �J�L�Y�H�Q �L�Q �)�L�J�����D�� �+�R�Z�H�Y�H�U�� �D �V�H�F�R�Q�G
�P�R�G�H�O �F�D�Q �E�H �D�O�V�R �X�V�H�G�� �W�K�H �V�R���F�D�O�O�H�G �S�R�L�Q�W���P�D�V�V �P�R�G�H�O�� �,�Q �W�K�L�V �F�D�V�H�� �W�K�H �Z�H�L�J�K�W �R�I �W�K�H �N�L�W�H
p

k
�D�Q�G �L�Q�H�U�W�L�D�O �I�R�U�F�H�V �D�U�H �W�D�N�H�Q �L�Q�W�R �D�F�F�R�X�Q�W�� �,�P�S�D�F�W�V �R�Q �P�R�G�H�O �F�K�R�L�F�H �Z�L�O�O �E�H �G�L�V�F�X�V�V�H�G �L�Q

�6�H�F�W�L�R�Q���� �7�K�H �I�R�U�F�H �G�L�D�J�U�D�P �S�U�H�V�H�Q�W�L�Q�J �W�K�H �S�R�L�Q�W���P�D�V�V �P�R�G�H�O �L�V �J�L�Y�H�Q �L�Q �)�L�J�����E��

F a = m� k � F k � p
k

������

�:�K�H�U�H� k �L�V �W�K�H �N�L�W�H �D�F�F�H�O�H�U�D�W�L�R�Q �Y�H�F�W�R�U�� �R�E�W�D�L�Q�H�G �I�U�R�P �W�L�P�H �G�H�U�L�Y�D�W�L�Y�H �R�I �N�L�W�H �V�S�H�H�G �Y�H�F�W�R�U
V k ���(�T�������� �D�Q�Gm �L�V �W�K�H �P�D�V�V �R�I �W�K�H �N�L�W�H��

� k =
dVk

dt
������

�,�Q �W�K�H �F�X�U�U�H�Q�W �F�D�V�H �R�I �R�Q�V�K�R�U�H �P�H�D�V�X�U�H�P�H�Q�W�V �Z�L�W�K �D �I�L�[�H�G �J�U�R�X�Q�G �V�W�D�W�L�R�Q �Z�L�W�K�R�X�W �Y�H�O�R�F�L�W�\�� �W�K�H
�U�H�O�D�W�L�Y�H �Z�L�Q�G �Y�H�F�W�R�UV W R �L�V �H�T�X�D�O �W�R �W�K�H �W�U�X�H �Z�L�Q�G �Y�H�F�W�R�UV W T �� �D�Q�G �F�D�Q �E�H �J�H�W �E�\ �D�Q �D�[�L�V��
�V�\�V�W�H�P �F�K�D�Q�J�H �I�U�R�P �W�K�H �R�Q�V�K�R�U�H �Z�L�Q�G �P�H�D�V�X�U�H�P�H�Q�W �U�H�I�H�U�H�Q�F�H �I�U�D�P�HRws �W�R �W�K�H �K�H�D�G�L�Q�J
�U�H�I�H�U�H�Q�F�H �I�U�D�P�HR �� �,�Q �R�X�U �F�D�V�H�� �I�R�U �D�O�O �Z�L�Q�G �P�H�D�V�X�U�H�P�H�Q�W �G�H�Y�L�F�H�V��zws���D�[�L�V �R�IRws �U�H�I�H�U�H�Q�F�H
�I�U�D�P�H �Z�D�V �F�R�L�Q�F�L�G�H�Q�W �Z�L�W�K �W�K�H �Y�H�U�W�L�F�D�O�� �P�H�D�Q�L�Q�J �W�K�D�W� ws �D�Q�G� ws �H�T�X�D�O�V0:

����



V W T = V W R = ( M
 ws

M
� ws

M
� ws

)V (ws)
W M ��������

�.�Q�R�Z�L�Q�J �W�K�H �W�U�X�H �Z�L�Q�G �V�S�H�H�G �D�Q�G �W�K�H �N�L�W�H �Y�H�O�R�F�L�W�\�� �W�K�H �D�S�S�D�U�H�Q�W �Z�L�Q�G �R�Q �W�K�H �N�L�W�HV a �F�D�Q �E�H
�F�R�P�S�X�W�H�G �D�V �I�R�O�O�R�Z�V��

V a = V W T � V k = V W T �
dPk

dt
��������

�7�K�L�V �D�S�S�D�U�H�Q�W �Z�L�Q�G �Y�H�F�W�R�U �D�O�O�R�Z�V �W�R �G�H�I�L�Q�H �W�K�H �D�H�U�R�G�\�Q�D�P�L�F �U�H�I�H�U�H�Q�F�H �I�U�D�P�HRa�� �D�V �G�H�W�D�L�O�H�G
�L�Q �6�H�F�W�L�R�Q���� �'�U�D�J �Y�H�F�W�R�UD �F�D�Q �E�H �J�H�W �E�\ �S�U�R�M�H�F�W�L�Q�JF a �R�Qxa �D�Q�G �O�L�I�W �Y�H�F�W�R�UL �L�V �W�K�H�Q �W�K�H
�G�L�I�I�H�U�H�Q�F�H �E�H�W�Z�H�H�QF a �D�Q�GD��

D = ( F a � xa)xa ��������

L = F a � D ��������

�7�K�H �O�L�I�W �W�R �G�U�D�J �U�D�W�L�Rf �L�V �W�K�H�Q �R�E�W�D�L�Q�H�G �E�\ �F�R�P�S�X�W�L�Q�J �W�K�H �U�D�W�L�R �R�I �W�K�H �Q�R�U�P �R�I �W�K�H �O�L�I�W �D�Q�G �G�U�D�J
�Y�H�F�W�R�U��

f =
L
D

=
kLk
kDk

��������

�)�L�Q�D�O�O�\ �W�K�H �O�L�I�W �F�R�H�I�I�L�F�L�H�Q�WCl �L�V �D�O�V�R �J�H�W�� �Z�L�W�KAk �W�K�H �N�L�W�H �D�U�H�D�� �D�Q�G� �W�K�H �G�H�Q�V�L�W�\ �R�I �W�K�H �D�L�U��

Cl =
kLk

1
2 �A kV 2

a
��������

������ �7�L�P�H �G�H�U�L�Y�D�W�L�Y�H �R�I �H�[�S�H�U�L�P�H�Q�W�D�O �G�D�W�D

�7�R �F�R�P�S�X�W�HV k �D�Q�G� k �� �W�L�P�H �G�H�U�L�Y�D�W�L�Y�H �L�V �Q�H�F�H�V�V�D�U�\�� �$ �V�L�P�S�O�H �F�H�Q�W�H�U�H�G �V�H�F�R�Q�G���R�U�G�H�U �V�F�K�H�P�H
�L�V �X�V�H�G�� �D�V �I�R�O�O�R�Z�L�Q�J�� �Z�K�H�U�HX �G�H�Q�R�W�H�V �D �J�L�Y�H�Q �V�L�J�Q�D�O �V�D�P�S�O�H�G �Z�L�W�K �D� t �W�L�P�H �V�W�H�S��

dX
dt

(t) =
X (t + � t) � X (t � � t)

2� t
��������

�+�R�Z�H�Y�H�U �Z�L�W�K �H�[�S�H�U�L�P�H�Q�W�D�O �G�D�W�D�� �D�Q�G �S�D�U�W�L�F�X�O�D�U�O�\ �X�V�L�Q�J �G�L�U�H�F�W�O�\ �W�K�H �V�D�P�S�O�L�Q�J �S�H�U�L�R�G�� �W�K�L�V
�S�U�R�F�H�V�V �J�H�Q�H�U�D�W�H�V �D �Q�R�L�V�H �P�R�U�H �R�U �O�H�V�V �L�P�S�R�U�W�D�Q�W �G�H�S�H�Q�G�L�Q�J �R�Q �W�K�H �T�X�D�O�L�W�\ �R�I �W�K�H �L�Q�L�W�L�D�O
�V�L�J�Q�D�O�� �7�K�X�V �D �I�L�O�W�H�U�L�Q�J �V�W�H�S �Q�H�H�G�V �W�R �E�H �D�G�G�H�G �W�R �J�H�W �U�H�O�H�Y�D�Q�W �U�H�V�X�O�W�V�� �$ �]�H�U�R���S�K�D�V�H �G�L�J�L�W�D�O
�I�L�O�W�H�U �E�X�L�O�W �I�U�R�P �0�$�7�/�$�% �G�H�G�L�F�D�W�H�G �W�R�R�O�V �L�V �W�K�H�Q �D�S�S�O�L�H�G��

������ �:�L�Q�G �H�V�W�L�P�D�W�L�R�Q �D�W �N�L�W�H �S�R�V�L�W�L�R�Q

�$�V �G�H�W�D�L�O�H�G �E�H�I�R�U�H�� �W�K�H �Z�L�Q�G �D�W �N�L�W�H �D�O�W�L�W�X�G�H �F�D�Q �E�H �H�V�W�L�P�D�W�H�G �E�\ �W�Z�R �P�H�D�Q�V�� �W�K�H �Z�L�Q�G �P�H�D��
�V�X�U�H�P�H�Q�W �G�R�Q�H �E�\ �W�K�H �0�(�7�(�. �V�H�Q�V�R�U�� �D�W �K�L�J�K �I�U�H�T�X�H�Q�F�\ �D�W �� �P �D�E�R�Y�H �W�K�H �V�X�U�I�D�F�H ���Z�K�H�Q
�D�Y�D�L�O�D�E�O�H�� �R�U �W�K�H �Z�L�Q�G �S�U�R�I�L�O�H �J�L�Y�H�Q �E�\ �W�K�H �6�2�'�$�5�� �E�X�W �D�W �O�R�Z �I�U�H�T�X�H�Q�F�\ ���R�Q�O�\ �� �P�L�Q �P�H�D�Q�V
�D�Q�G �V�W�D�Q�G�D�U�G �G�H�Y�L�D�W�L�R�Q�V �D�U�H �D�Y�D�L�O�D�E�O�H���� �7�K�H�V�H �W�Z�R �Z�L�Q�G �V�R�X�U�F�H�V �K�D�Y�H �E�H�H�Q �X�V�H�G �W�R �F�R�P�S�X�W�H
�W�K�H �S�R�V�W �S�U�R�F�H�V�V�L�Q�J�� �D�Q�G �G�L�I�I�H�U�H�Q�F�H�V �L�Q�G�X�F�H�G �L�Q �W�K�H �U�H�V�X�O�W�V �D�U�H �G�L�V�F�X�V�V�H�G �L�Q �6�H�F�W�L�R�Q�� ���V�H�H
�)�L�J������ �D �I�R�U �H�[�D�P�S�O�H���� �)�R�U �W�K�H �0�(�7�(�. �F�D�V�H�� �W�K�H �Z�L�Q�G �D�W �P�H�D�V�X�U�H�P�H�Q�W �S�R�L�Q�W �L�V �F�R�Q�V�L�G�H�U�H�G
�D�V �E�H�L�Q�J �H�T�X�D�O �W�R �W�K�H �Z�L�Q�G �D�W �N�L�W�H �D�O�W�L�W�X�G�H�� �,�Q �W�K�H �F�D�V�H �R�I �W�K�H �6�2�'�$�5�� �Z�L�Q�G �D�W �N�L�W�H �D�O�W�L�W�X�G�H �L�V
�O�L�Q�H�D�U�O�\ �L�Q�W�H�U�S�R�O�D�W�H�G �L�Q �W�L�P�H �D�Q�G �V�S�D�F�H �I�U�R�P �G�D�W�D �S�U�R�Y�L�G�H�G �E�\ �W�K�H �6�2�'�$�5��

����



������ �3�K�D�V�H �D�Y�H�U�D�J�L�Q�J

�7�K�H �D�X�W�R�S�L�O�R�W �G�H�V�F�U�L�E�H�G �L�Q �6�X�E�V�H�F�W�L�R�Q�����������L�V �D�E�O�H �W�R �S�H�U�I�R�U�P �U�H�S�H�D�W�D�E�O�H �����S�D�W�W�H�U�Q �W�U�D�M�H�F�W�R��
�U�L�H�V�� �1�H�Y�H�U�W�K�H�O�H�V�V�� �G�X�H �W�R �W�K�H �Y�D�U�L�D�E�L�O�L�W�\ �R�I �W�K�H �E�R�X�Q�G�D�U�\ �F�R�Q�G�L�W�L�R�Q�V �R�I �V�X�F�K �I�X�O�O �V�F�D�O�H �R�X�W�G�R�R�U
�H�[�S�H�U�L�P�H�Q�W�V�� �V�P�D�O�O �Y�D�U�L�D�W�L�R�Q�V �D�U�R�X�Q�G �D �P�H�D�Q �S�H�U�L�R�G�L�F �W�U�D�M�H�F�W�R�U�\ �D�U�H �R�E�V�H�U�Y�H�G �G�X�U�L�Q�J �P�H�D��
�V�X�U�H�P�H�Q�W�V �R�I �V�H�Y�H�U�D�O �P�L�Q�X�W�H�V�� �7�K�H�U�H�I�R�U�H�� �I�R�U �W�K�H �D�Q�D�O�\�V�L�V �R�I �H�D�F�K �U�X�Q�V�� �D �F�R�Q�G�L�W�L�R�Q�D�O �S�K�D�V�H
�D�Y�H�U�D�J�L�Q�J �S�U�R�F�H�G�X�U�H �R�I �W�K�H �U�H�F�R�U�G�H�G �G�D�W�D �L�V �D�S�S�O�L�H�G �L�Q �R�U�G�H�U �W�R �G�H�W�H�U�P�L�Q�H �W�K�H �P�H�D�Q �W�U�D�M�H�F�W�R�U�\
�D�Q�G �D�O�O �W�K�H �D�V�V�R�F�L�D�W�H�G �W�L�P�H �V�D�P�S�O�H�G �D�Y�H�U�D�J�H �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �D�O�R�Q�J �L�W ���H�Q�Y�L�U�R�Q�P�H�Q�W�D�O �F�R�Q�G�L��
�W�L�R�Q�� �N�L�W�H �F�R�Q�W�U�R�O �S�D�U�D�P�H�W�H�U�V �D�Q�G �W�H�Q�V�L�R�Q�V �R�I �W�K�H �W�H�W�K�H�U�V���� �E�X�W �D�O�V�R �W�K�H�L�U �V�W�D�Q�G�D�U�G �G�H�Y�L�D�W�L�R�Q�V��
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�V�L�J�Q�D�O �L�V �F�K�H�F�N�H�G�� �D�Q�G �S�D�U�W�L�F�X�O�D�U�O�\ �W�K�H �6�2�'�$�5 �V�L�J�Q�D�O�V�� �,�Q�G�H�H�G�� �V�R�P�H �S�D�U�W�V �R�I �W�K�H �6�2�'�$�5
�V�L�J�Q�D�O�V �F�D�Q �E�H �P�L�V�V�L�Q�J�� �D�Q�G �U�H�S�O�D�F�H�G �E�\ �1�D�1�V ���1�R�W �D �1�X�P�E�H�U�� �Q�X�P�H�U�L�F �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q �R�I
�X�Q�G�H�I�L�Q�H�G �Y�D�O�X�H���� �7�K�X�V �D�Q �D�G�G�L�W�L�R�Q�D�O �O�L�P�L�W�D�W�L�R�Q �K�D�V �E�H�H�Q �L�Q�W�U�R�G�X�F�H�G �W�R �G�L�V�F�D�U�G �D�O�O �S�D�W�W�H�U�Q�V
�Z�L�W�K �P�R�U�H �W�K�D�Q ���� �R�I �1�D�1 �L�Q �W�K�H �6�2�'�$�5 �V�L�J�Q�D�O�V��
�,�I �W�K�H �F�R�Q�G�L�W�L�R�Q�D�O �F�U�L�W�H�U�L�R�Q �R�S�W�L�R�Q �L�V �V�H�O�H�F�W�H�G�� �W�K�H �F�K�R�L�F�H �R�I �W�K�H �U�H�I�H�U�H�Q�F�H �S�D�W�W�H�U�Q �L�V �L�P�S�R�U�W�D�Q�W
�D�Q�G �Q�H�H�G�V �W�R �E�H �G�H�W�D�L�O�H�G�� �,�Q �W�K�H �F�D�V�H �R�I �D �S�H�U�I�H�F�W �S�H�U�L�R�G�L�F �V�L�J�Q�D�O�� �W�K�L�V �F�K�R�L�F�H �Z�L�O�O �K�D�Y�H �Q�R
�H�I�I�H�F�W�� �+�R�Z�H�Y�H�U �W�K�H �G�H�W�H�F�W�L�R�Q �V�L�J�Q�D�O �L�V �U�D�W�K�H�U �S�V�H�X�G�R �S�H�U�L�R�G�L�F �Z�L�W�K �D �I�H�Z �H�[�W�U�H�P�H �H�Y�H�Q�W�V��
�7�K�H�U�H�I�R�U�H �D �U�D�Q�G�R�P �F�K�R�L�F�H �K�D�Y�H �W�R �E�H �D�Y�R�L�G�H�G�� �E�H�F�D�X�V�H �W�K�H �U�H�I�H�U�H�Q�F�H �S�D�W�W�H�U�Q �F�R�X�O�G �E�H �W�K�H�Q
�D�Q �H�[�W�U�H�P�H �R�Q�H�� �D�Q�G �W�K�H �F�U�R�V�V �F�R�U�U�H�O�D�W�L�R�Q �P�D�\ �G�L�V�F�D�U�G �W�K�H �P�D�M�R�U�L�W�\ �R�I �D�O�O �R�W�K�H�U �S�D�W�W�H�U�Q�V�� �7�K�H
�R�S�W�L�R�Q �Z�K�L�F�K �Z�D�V �I�L�Q�D�O�O�\ �F�K�R�V�H�Q �L�V �W�R �P�D�Q�X�D�O�O�\ �V�H�O�H�F�W �D �S�D�W�W�H�U�Q �W�K�D�W �V�H�H�P�V �W�R �E�H �F�H�Q�W�H�U�H�G
�L�Q �U�H�O�D�W�L�R�Q �W�R �W�K�H �R�W�K�H�U�V�� �$�Q �H�[�D�P�S�O�H �R�I �W�K�H �H�I�I�H�F�W �R�I �W�K�H �S�K�D�V�H �D�Y�H�U�D�J�L�Q�J �S�U�R�F�H�V�V �L�V �J�L�Y�H�Q
�L�Q �)�L�J�����D�� �Z�L�W�K �D�O�O �W�K�H �S�D�W�W�H�U�Q�V �R�I �W�K�H �U�X�Q�V �V�X�S�H�U�L�P�S�R�V�H�G �R�Q �W�K�H �V�D�P�H �S�O�R�W�� �I�R�U �W�K�Hy���D�[�L�V
�F�R�P�S�R�Q�H�Q�W �R�IF f �� �7�K�H �U�H�V�X�O�W �R�I �W�K�H �P�H�W�K�R�G �D�S�S�O�L�H�G �R�Q �N�L�W�H �S�R�V�L�W�L�R�Q �L�V �V�K�R�Z�Q �L�Q �)�L�J�����E��
�+�R�Z�H�Y�H�U�� �L�Q �F�D�V�H �R�I �D �J�R�R�G �U�H�S�H�D�W�D�E�L�O�L�W�\�� �D�S�S�O�\�L�Q�J �V�X�F�K �D �F�U�L�W�H�U�L�D �G�R�H�V �Q�R�W �J�L�Y�H �E�H�W�W�H�U �U�H�V�X�O�W�V
�L�Q �W�H�U�P�V �R�I �V�W�D�Q�G�D�U�G �G�H�Y�L�D�W�L�R�Q�� �)�X�U�W�K�H�U�P�R�U�H�� �W�K�H �D�S�S�O�L�F�D�W�L�R�Q �R�I �V�X�F�K �D �G�L�V�F�D�U�G �F�U�L�W�H�U�L�D �L�V
�T�X�H�V�W�L�R�Q�D�E�O�H�� �H�V�S�H�F�L�D�O�O�\ �L�I �R�Q�H �Z�L�V�K�H�V �W�R �F�D�U�U�\ �R�X�W �D �V�W�D�W�L�V�W�L�F�D�O �D�Q�D�O�\�V�L�V �W�K�H�U�H�D�I�W�H�U�� �7�K�X�V�� �W�K�L�V
�F�U�L�W�H�U�L�R�Q �Z�D�V �Q�R�W �X�V�H�G �L�Q �W�K�H �S�U�H�V�H�Q�W�H�G �U�H�V�X�O�W�V �I�R�U �W�K�H �U�H�I�H�U�H�Q�F�H �F�D�V�H �R�I �W�D�E������
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�7�K�H �S�K�D�V�H �D�Y�H�U�D�J�L�Q�J �S�U�R�F�H�G�X�U�H �K�D�V �E�H�H�Q �D�S�S�O�L�H�G �W�R �D�O�O �G�D�W�D �U�H�F�R�U�G�H�G �D�Q�G �L�G�H�Q�W�L�I�L�H�G �D�V �E�H�L�Q�J
�S�R�W�H�Q�W�L�D�O�O�\ �U�H�O�H�Y�D�Q�W�� �O�H�D�G�L�Q�J �W�R �D �V�H�W �D ���� �F�D�V�H�V�� �S�O�X�V �V�R�P�H �V�S�H�F�L�I�L�F �F�D�V�H�V�� �7�K�H�U�H�I�R�U�H�� �H�D�F�K
�U�X�Q �O�H�D�G�V �W�R �R�Q�H �D�Y�H�U�D�J�H �����S�D�W�W�H�U�Q �W�U�D�M�H�F�W�R�U�\�� �$�O�O �W�K�H�V�H �U�X�Q�V �Z�H�U�H �G�R�Q�H �Z�L�W�K �W�K�H �&�D�E�U�L�Q�K�D
�N�L�W�H�� �E�X�W �W�K�U�H�H �G�L�I�I�H�U�H�Q�W �W�H�W�K�H�U �O�H�Q�J�W�K�V �Z�H�U�H �X�V�H�G�� �*�O�R�E�D�O �D�Y�H�U�D�J�H �G�D�W�D �I�R�U �W�K�H�V�H �U�X�Q�V �D�U�H
�J�L�Y�H�Q �L�Q �W�K�H �7�D�E������ �7�K�H�V�H �U�H�V�X�O�W�V �D�U�H �D�Q�D�O�\�]�H�G �L�Q �W�K�H �I�R�O�O�R�Z�L�Q�J �6�X�E�V�H�F�W�L�R�Q�V �D�O�R�Q�J �V�H�Y�H�U�D�O
�P�D�L�Q �O�L�Q�H�V�� �:�K�H�Q �D �V�S�H�F�L�I�L�F �S�O�R�W �Q�H�H�G�V �W�R �E�H �V�K�R�Z�Q �W�R �L�O�O�X�V�W�U�D�W�H �D �I�D�F�W �U�H�O�D�W�L�Y�H�O�\ �F�R�P�P�R�Q �I�R�U
�D�O�O �F�D�V�H�V�� �D �U�H�I�H�U�H�Q�F�H �F�D�V�H �L�V �W�K�H�Q �X�V�H�G�� �Z�K�L�F�K �L�V �F�R�O�R�U�H�G �L�Q �E�O�X�H �L�Q �7�D�E������ �,�Q �W�K�H �I�R�O�O�R�Z�L�Q�J��
�D�Q �R�Y�H�U���U�L�J�K�W���D�U�U�R�Z�H�G �T�X�D�Q�W�L�W�\ �G�H�Q�R�W�H�V �D �W�L�P�H �V�H�U�L�H�V�� �D�Q�G �W�K�H �D�V�V�R�F�L�D�W�H�G �W�L�P�H �O�L�Q�H �L�V �W�K�H �R�Q�H
�U�H�O�D�W�H�G �W�R �W�K�H �U�H�V�X�O�W �R�I �W�K�H �S�K�D�V�H �D�Y�H�U�D�J�L�Q�J �P�H�W�K�R�G�� �7�K�H �O�H�W�W�H�U� �G�H�Q�R�W�H�V �W�K�H �D�Y�H�U�D�J�H �Y�D�O�X�H
�R�I �D �W�L�P�H �V�H�U�L�H�V��
�7�R �F�R�P�S�D�U�H �H�D�V�L�O�\ �D �F�D�V�H �W�R �D�Q�R�W�K�H�U�� �W�K�H �N�L�W�H �I�R�U�F�H �F�R�H�I�I�L�F�L�H�Q�WCk �L�V �F�R�P�S�X�W�H�G�� �I�U�R�P �W�K�H
�D�Y�H�U�D�J�H �Y�D�O�X�H �R�I �H�D�F�K �F�D�V�H��
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�7�K�H �E�D�F�N �W�H�W�K�H�U �U�D�W�L�Rrb �U�H�S�U�H�V�H�Q�W�V �W�K�H �S�D�U�W �R�I �W�K�H �I�R�U�F�H �V�X�S�S�R�U�W�H�G �E�\ �E�D�F�N �W�H�W�K�H�U�V�� �7�K�H �Y�D�O�X�H
�J�L�Y�H�Q �L�Q �7�D�E���� �L�V �W�K�H �D�Y�H�U�D�J�H �Y�D�O�X�H� �! r b

�R�Y�H�U �D �S�D�W�W�H�U�Q��

����
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�)�L�J�X�U�H ���� �3�O�R�W ���D�� �V�K�R�Z�V �D�O�O �W�K�H �S�D�W�W�H�U�Q�V �R�I �R�Q�H �R�I �W�K�H �U�X�Q�V �L�Q �7�D�E�� ���� �Z�L�W�K �F�R�O�R�U�H�G �L�Q �E�O�X�H
�W�K�H �U�H�I�H�U�H�Q�F�H �R�Q�H�� �L�Q �U�H�G �W�K�H �S�D�W�W�H�U�Q�V �W�K�D�W �F�R�P�S�O�\ �W�K�H �F�U�R�V�V �F�R�U�U�H�O�D�W�L�R�Q �F�U�L�W�H�U�L�D�� �L�Q �J�U�D�\ �W�K�R�V�H
�Z�K�L�F�K �G�L�G �Q�R�W�� �D�Q�G �L�Q �J�U�H�H�Q �W�K�H �U�H�V�X�O�W�L�Q�J �S�D�W�W�H�U�Q �D�I�W�H�U �W�K�H �S�K�D�V�H �D�Y�H�U�D�J�L�Q�J�� �3�O�R�W ���E�� �V�K�R�Z�V
�D�O�O �W�K�H �S�R�V�L�W�L�R�Q�V �R�I �W�K�H �N�L�W�H �G�X�U�L�Q�J �W�K�H �U�X�Q �Z�L�W�K �W�K�H �V�D�P�H �F�R�O�R�U �F�R�G�H�� �D�Q�G �W�K�H �D�Y�H�U�D�J�H �W�U�D�F�N
�U�H�V�X�O�W�L�Q�J �I�U�R�P �W�K�H �S�K�D�V�H �D�Y�H�U�D�J�L�Q�J �S�U�R�F�H�V�V �L�Q �J�U�H�H�Q ���L�Q �W�K�H �W�U�X�H �Z�L�Q�G �U�H�I�H�U�H�Q�F�H �I�U�D�P�H����

rb =
Fbl + Fbr

Fk
��������

�7�K�H �D�P�S�O�L�W�X�G�H �U�D�W�L�Rra �L�V �W�K�H �D�P�S�O�L�W�X�G�H �R�I �I�R�U�F�H �D�O�R�Q�J �W�K�H �W�U�D�M�H�F�W�R�U�\��

ra =
max(

�!
Fk) � min(

�!
Fk)
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=
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�7�K�H �W�U�D�M�H�F�W�R�U�\ �Z�L�G�W�K4 traj �L�V �W�K�H �D�]�L�P�X�W�K �D�P�S�O�L�W�X�G�H �R�I �W�K�H �W�U�D�M�H�F�W�R�U�\�� �J�L�Y�H�Q �L�Q �P�H�W�H�U�� �D�Q�G
�F�D�O�F�X�O�D�W�H�G �D�V �I�R�O�O�R�Z�V��

4 traj = L t 4
��!
P (8)

k;1 ��������

�,�Q �R�U�G�H�U �W�R �V�H�O�H�F�W �W�K�H �U�H�I�H�U�H�Q�F�H �F�D�V�H �Z�H �X�V�H�G �D �F�U�L�W�H�U�L�R�Q �W�R �F�K�R�R�V�H �W�K�H �U�X�Q �Z�K�L�F�K �S�U�H�V�H�Q�W
�W�K�H �E�H�V�W �V�\�P�P�H�W�U�\�� �7�K�H �W�U�D�M�H�F�W�R�U�\ �L�V �V�D�L�G �V�\�P�P�H�W�U�L�F�D�O �L�I �W�K�H �S�K�D�V�H �D�Y�H�U�D�J�H �R�I �W�K�H �S�R�V�L�W�L�R�Q
�R�I �W�K�H �N�L�W�H��P k �� �L�V �V�\�P�P�H�W�U�L�F�D�O �U�H�O�D�W�H�G �W�R �L�W�V �³�S�U�L�Q�F�L�S�D�O �S�O�D�Q�H�´�� �7�K�H �S�U�L�Q�F�L�S�D�O �S�O�D�Q�H �L�V �G�H�I�L�Q�H�G
�D�V �W�K�H �S�O�D�Q �F�R�Q�W�D�L�Q�L�Q�J �W�K�H �F�H�Q�W�H�U �R�I �J�U�D�Y�L�W�\ �R�I �W�K�H �W�U�D�M�H�F�W�R�U�\��P k;G �� �D�Q�G �E�H�L�Q�J �R�U�W�K�R�J�R�Q�D�O �W�R
U�;max �� �W�K�H �X�Q�L�W �Y�H�F�W�R�U �R�I �W�K�H �D�[�L�V �D�F�F�R�U�G�L�Q�J �W�R �Z�K�L�F�K �W�K�H �G�L�V�S�H�U�V�L�R�Q �R�IP k �L�V �P�L�Q�L�P�D�O�� �8�Q�L�W
�Y�H�F�W�R�U�� �Z�K�L�F�K �L�V �G�H�W�H�U�P�L�Q�H�G �E�\ �W�K�H �3�U�L�Q�F�L�S�D�O �&�R�P�S�R�Q�H�Q�W �$�Q�D�O�\�V�L�V ���3�&�$�� �S�U�H�V�H�Q�W�H�G �S�U�H�Y�L�R�X�V�O�\
�L�Q �6�X�E�V�H�F�W�L�R�Q�������� �,�W �L�V �W�K�H�Q �S�R�V�V�L�E�O�H �W�R �X�V�H �W�K�H �I�R�O�O�R�Z�L�Q�J �Q�R�U�P�D�O�L�]�H�G �V�F�D�O�D�U �D�V �D �V�\�P�P�H�W�U�L�F�D�O
�F�U�L�W�H�U�L�R�Q��

Straj =

� P=2
0

h
(P k;c(t) + Pk;c(t + P=2)) � U�;max

i 2
dt

� P
0 P k;c(t)2dt

; ��������

�Z�K�H�U�HP �L�V �W�K�H �S�V�H�X�G�R���S�H�U�L�R�G �R�I �W�K�H �W�U�D�M�H�F�W�R�U�\ �D�Q�GP k;c(t) = P k � P k;G �L�V �W�K�H �S�R�V�L�W�L�R�Q �Y�H�F�W�R�U �R�I
�W�K�H �N�L�W�H �U�H�O�D�W�H�G �W�R �W�K�H �F�H�Q�W�H�U �R�I �J�U�D�Y�L�W�\ �R�I �W�K�H �W�U�D�M�H�F�W�R�U�\�� �)�R�U �D �S�H�U�I�H�F�W�O�\ �V�\�P�P�H�W�U�L�F�D�O �W�U�D�M�H�F�W�R�U�\��
�Z�H �K�D�Y�HStraj = 0 �D�Q�GStraj �L�V �J�U�R�Z�L�Q�J �Z�L�W�K �W�K�H �D�V�V�\�P�P�H�W�U�\ �R�I �W�K�H �W�U�D�M�H�F�W�R�U�\��
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�7�D�E�O�H ���� �6�X�P�P�D�U�\ �W�D�E�O�H �R�I �D�Y�H�U�D�J�H �U�H�V�X�O�W�V �I�R�U �W�K�H ���� �U�X�Q�V �V�W�X�G�L�H�G�� �7�K�H �E�O�X�H �U�R�Z �G�H�Q�R�W�H�V
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�S�U�H�F�L�V�H�O�\�� �0�R�U�H�R�Y�H�U�� �W�K�L�V �O�H�D�G�H�U �O�L�Q�H �Z�D�V �U�H�S�O�D�F�H�G �V�H�Y�H�U�D�O �W�L�P�H�V �G�X�H �W�R �L�P�S�R�U�W�D�Q�W �I�U�L�F�W�L�R�Q
�D�W �D�W�W�D�F�K�P�H�Q�W �S�R�L�Q�W�� �7�K�X�V �W�U�L�P �Y�D�O�X�H�V �F�D�Q�Q�R�W �E�H �F�R�P�S�D�U�H�G �I�U�R�P �R�Q�H �G�D�\ �W�R �D�Q�R�W�K�H�U�� �7�K�L�V
�H�Q�W�D�L�O�V �W�K�D�W �N�L�W�H�V �Z�H�U�H �Q�R�W �U�L�J�R�U�R�X�V�O�\ �V�H�W �L�Q �W�K�H �V�D�P�H �Z�D�\ �D�O�O �W�K�H �W�L�P�H�� �D�Q�G �W�K�H�U�H�I�R�U�H �D�E�V�R�O�X�W�H
�S�H�U�I�R�U�P�D�Q�F�H�V �F�D�Q�Q�R�W �E�H �U�H�D�O�O�\ �F�R�P�S�D�U�H�G��
�+�R�Z�H�Y�H�U �D �U�H�F�R�U�G �Z�D�V �V�S�H�F�L�I�L�F�D�O�O�\ �G�R�Q�H �W�R �D�Q�D�O�\�]�H �W�K�H �H�I�I�H�F�W �R�I �W�K�H �W�U�L�P �R�Q �N�L�W�H �S�H�U�I�R�U�P�D�Q�F�H�V��
�7�K�X�V �G�X�U�L�Q�J �D �U�X�Q�� �Z�L�W�K �Q�R �F�K�D�Q�J�H �R�I �D�Q�\ �R�W�K�H�U �S�D�U�D�P�H�W�H�U�V�� �W�K�U�H�H �W�U�L�P �Y�D�O�X�H�V �Z�H�U�H �W�H�V�W�H�G
�G�X�U�L�Q�J �D �I�H�Z �P�L�Q�X�W�H�V�� �$�Y�H�U�D�J�H �U�H�V�X�O�W�V �D�U�H �J�L�Y�H�Q �L�Q �7�D�E������ �D�Q�G �W�K�H�V�H �W�U�L�P �Y�D�O�X�H�V �D�U�H �H�[�S�U�H�V�V�H�G
�U�H�O�D�W�L�Y�H�O�\ �W�R �W�K�H �I�L�U�V�W �R�Q�H�� �7�K�L�V �P�H�D�V�X�U�H�P�H�Q�W �Z�D�V �G�R�Q�H �Z�L�W�K �W�K�H �1�R�U�W�K �N�L�W�H �U�L�J�J�H�G �Z�L�W�K ���� �P
�W�H�W�K�H�U�V��
�'�L�I�I�H�U�H�Q�F�H�V �E�H�W�Z�H�H�Q �W�K�H �F�D�V�H �� �D�Q�G �� �D�U�H �V�L�J�Q�L�I�L�F�D�Q�W�� �X�Q�G�H�U �V�L�P�L�O�D�U �F�R�Q�G�L�W�L�R�Q�V ���R�Q�O�\ �������� �L�Q
�G�L�I�I�H�U�H�Q�F�H �R�Q �Z�L�Q�G�� �Z�H �P�H�D�V�X�U�H�G �P�R�U�H �W�K�D�Q �������� �L�Q �P�H�D�Q �O�R�D�G �D�Q�G ���� �L�Q �O�R�D�G �F�R�H�I�I�L�F�L�H�Q�W
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�&�N�� �E�X�W �W�U�L�P �G�L�I�I�H�U�H�Q�F�H �L�V �R�Q�O�\ �� �F�P�� �D�Q�G �F�D�V�H �� �G�H�D�O�V �Z�L�W�K �D �W�L�P�H �Z�L�Q�G�R�Zt r �� �W�L�P�H�V �V�K�R�U�W�H�U��
�+�R�Z�H�Y�H�U �W�K�H �F�R�P�S�D�U�L�V�R�Q �E�H�W�Z�H�H�Q �F�D�V�H �� �D�Q�G �F�D�V�H �� �L�V �P�R�U�H �D�S�S�U�R�S�U�L�D�W�H ���V�L�P�L�O�D�U �S�H�U�L�R�G
�O�H�Q�J�W�K���� �7�K�H�U�H�I�R�U�H�� �D �W�U�L�P �U�H�G�X�F�W�L�R�Q �R�I �� �F�P �O�H�D�G�V �W�R �D�Q �L�Q�F�U�H�D�V�H �R�I �N�L�W�H �I�R�U�F�H �D�E�R�X�W �������� �2�Q
�W�K�H �V�D�P�H �W�L�P�H �W�K�H �E�D�F�N �W�H�W�K�H�U �I�R�U�F�H �U�D�W�L�R �J�R�H�V �I�U�R�P ������ �W�R ��������

������ �$�S�S�D�U�H�Q�W �Z�L�Q�G �Y�H�U�V�X�V �W�U�X�H �Z�L�Q�G �V�S�H�H�G

�:�K�H�Q �W�K�H �N�L�W�H �L�V �I�O�\�L�Q�J �L�Q �G�\�Q�D�P�L�F �P�R�G�H �Z�L�W�KkV kk�!�� ���L���H�� �Q�R�W �L�Q �V�W�D�W�L�F �P�R�G�H���� �P�R�V�W �R�I �W�K�H
�W�L�P�H�� �W�K�H �N�L�W�H �Y�H�O�R�F�L�W�\ �L�Q�F�U�H�D�V�H�V �W�K�H �D�S�S�D�U�H�Q�W �Z�L�Q�G �V�H�H�Q �E�\ �W�K�H �N�L�W�H�� �$�Q�G �W�K�L�V �L�V �R�Q�H �R�I �W�K�H
�P�D�M�R�U �D�G�Y�D�Q�W�D�J�H�V �R�I �N�L�W�H�V �L�Q �F�R�P�S�D�U�L�V�R�Q �Z�L�W�K �F�O�D�V�V�L�F �V�D�L�O�V�� �Z�K�L�F�K �D�U�H �I�L�[�H�G �W�R �W�K�H �E�R�D�W�� �7�K�X�V��
�L�W �L�V �L�Q�W�H�U�H�V�W�L�Q�J �W�R �D�Q�D�O�\�]�H �W�K�H �I�D�F�W�R�U �E�H�W�Z�H�H�Q �W�K�H �U�H�O�D�W�L�Y�H �Z�L�Q�G �V�S�H�H�G�� �H�T�X�D�O�V �L�Q �W�K�H �F�X�U�U�H�Q�W
�I�L�H�O�G�Z�R�U�N �W�R �W�K�H �W�U�X�H �Z�L�Q�G �V�S�H�H�G�� �Z�L�W�K �W�K�H �D�S�S�D�U�H�Q�W �Z�L�Q�G�� �7�K�H�U�H�I�R�U�H�� �W�K�L�V �D�Y�H�U�D�J�H �I�D�F�W�R�U
�Z�D�V �F�R�P�S�X�W�H�G �I�R�U �H�D�F�K �R�I �W�K�H ���� �F�D�V�H�V �S�U�H�V�H�Q�W�H�G �L�Q �7�D�E������ �D�Q�G �W�K�H�Q �D�Y�H�U�D�J�H�G �D�J�D�L�Q �I�R�U �D�O�O
�F�D�V�H�V�� �)�L�Q�D�O�O�\�� �W�K�H �D�Y�H�U�D�J�H �I�D�F�W�R�U �L�V �������� �%�H�F�D�X�V�H �I�R�U�F�H�V �D�U�H �U�H�O�D�W�H�G �W�R �W�K�H �V�T�X�D�U�H �R�I �W�K�H
�D�S�S�D�U�H�Q�W �Z�L�Q�G �V�S�H�H�G�� �W�K�L�V �Y�D�O�X�H �V�K�R�Z�V �W�K�D�W �N�L�W�H�V �X�V�H�G �L�Q �R�X�U �V�W�X�G�\ �D�U�H �D�O�P�R�V�W ���� �W�L�P�H�V �P�R�U�H
�S�R�Z�H�U�I�X�O �W�K�D�Q �D �F�O�D�V�V�L�F �V�D�L�O �Z�L�W�K �W�K�H �V�D�P�H �V�L�]�H�� �%�X�W �W�K�L�V �L�V �R�Q�O�\ �W�U�X�H �Z�K�H�Q �W�K�H �N�L�W�H �L�V �R�S�H�U�D�W�H�G
�L�Q �G�\�Q�D�P�L�F �I�O�L�J�K�W�� �,�Q �V�W�D�W�L�F �I�O�L�J�K�W�� �W�K�H �D�S�S�D�U�H�Q�W �Z�L�Q�G �L�V �H�T�X�D�O �W�R �W�K�H �W�U�X�H �Z�L�Q�G�� �D�Q�G �N�L�W�H�V �L�Q �W�K�L�V
�F�D�V�H �D�U�H �H�T�X�L�Y�D�O�H�Q�W �W�R �V�D�L�O�V��

������ �.�L�W�H �P�R�G�H�O �L�P�S�D�F�W �R�Q �S�R�V�W �S�U�R�F�H�V�V�L�Q�J

���D�� ���E��

�)�L�J�X�U�H ������ �&�R�P�S�D�U�L�V�R�Q �E�H�W�Z�H�H�Q �W�K�H �W�R�W�D�O �N�L�W�H �I�R�U�F�H �D�Q�G �L�Q�H�U�W�L�D�O �I�R�U�F�H�V �L�Q�F�O�X�G�L�Q�J �Z�H�L�J�K�W�� �G�X�U�L�Q�J
�W�K�H �U�H�I�H�U�H�Q�F�H �F�D�V�H ���7�D�E�������� �3�O�R�W ���D�� �G�H�D�O�V �Z�L�W�K �W�K�H �Q�R�U�P �R�I �W�K�H�V�H �I�R�U�F�H�V�� �Z�K�H�U�H�D�V �S�O�R�W ���E�� �L�V
�D �I�R�F�X�V �R�Q �W�K�H �S�U�R�M�H�F�W�L�R�Q �R�I �W�K�H�V�H �I�R�U�F�H�V �R�Q �W�K�H �D�S�S�D�U�H�Q�W �Z�L�Q�G �D�[�L�V��
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�7�Z�R �G�L�I�I�H�U�H�Q�W �P�R�G�H�O�V �K�D�Y�H �E�H�H�Q �S�U�H�V�H�Q�W�H�G �L�Q �(�T���� �D�Q�G �(�T���� �W�R �H�V�W�L�P�D�W�H �W�K�H �D�H�U�R�G�\�Q�D�P�L�F
�I�R�U�F�H �R�I �W�K�H �N�L�W�H�� �7�K�H �I�L�U�V�W �R�Q�H �L�V �W�K�H �]�H�U�R���P�D�V�V �P�R�G�H�O �D�V�V�X�P�L�Q�J �W�K�H �N�L�W�H �K�D�V �Q�R �P�D�V�V �D�Q�G
�W�K�H�Q �Q�R �L�Q�H�U�W�L�D�O �H�I�I�H�F�W �H�[�L�V�W�V�� �7�K�H �V�H�F�R�Q�G �P�R�G�H�O �L�V �W�K�H �S�R�L�Q�W���P�D�V�V �P�R�G�H�O�� �D�V�V�X�P�L�Q�J �W�K�H �N�L�W�H
�P�D�V�V �L�V �F�R�Q�F�H�Q�W�U�D�W�H�G �D�W �S�R�L�Q�WK �� �7�K�L�V �H�Q�W�D�L�O�V �W�K�H �D�S�S�D�U�L�W�L�R�Q �R�I �L�Q�H�U�W�L�D�O �I�R�U�F�H�V �D�Q�G �Z�H�L�J�K�W��
�,�Q �)�L�J������ �D�� �W�K�H �W�R�W�D�O �N�L�W�H �I�R�U�F�H �L�V �S�O�R�W�W�H�G �Z�L�W�K �W�K�H �F�D�O�F�X�O�D�W�H�G �L�Q�H�U�W�L�D�O �H�I�I�H�F�W�� �:�H �V�H�W �W�K�H �P�D�V�V
�R�I �W�K�H �N�L�W�H �W�R �� �N�J �I�R�U �W�K�L�V �F�D�O�F�X�O�D�W�L�R�Q�� �7�K�H �U�D�W�L�R �E�H�W�Z�H�H�Q �W�K�H�V�H �W�Z�R �Y�D�O�X�H�V �L�V �S�U�L�Q�W�H�G �R�Q �W�K�H
�U�L�J�K�W �D�[�L�V�� �(�Y�H�Q �L�I �W�K�H �L�Q�H�U�W�L�D�O �H�I�I�H�F�W �U�H�P�D�L�Q�V �O�R�Z�� �W�K�H�\ �F�D�Q �U�H�D�F�K �Q�R�Q�H�W�K�H�O�H�V�V ������ �R�I �W�K�H �N�L�W�H
�I�R�U�F�H �Y�D�O�X�H�� �:�K�H�Q �S�U�R�M�H�F�W�H�G �R�Q �W�K�H �Z�L�Q�G �D�S�S�D�U�H�Q�W �D�[�L�Vxa �D�V �V�K�R�Z�Q �L�Q �S�D�U�W ���E�� �R�I �)�L�J������ �� �W�K�H
�L�Q�H�U�W�L�D�O �H�I�I�H�F�W �D�P�R�X�Q�W�V �D�V �P�X�F�K �D�V ������ �R�I �W�K�H �W�R�W�D�O �N�L�W�H �I�R�U�F�H �S�U�R�M�H�F�W�H�G �R�Qxa���D�[�L�V�� �L�Q �R�W�K�H�U
�Z�R�U�G�V�� �W�K�H �G�U�D�J �R�I �W�K�H �]�H�U�R���P�D�V�V �P�R�G�H�O�� �7�K�H�U�H�I�R�U�H�� �W�K�H �F�K�R�L�F�H �R�I �W�K�H �P�R�G�H�O �Z�L�O�O �S�D�U�W�L�F�X�O�D�U�O�\
�D�I�I�H�F�W �W�K�H �G�U�D�J �F�D�O�F�X�O�D�W�L�R�Q�� �D�Q�G �V�R �W�K�H �O�L�I�W �W�R �G�U�D�J �U�D�W�L�R �U�H�V�X�O�W�� �7�K�L�V �Z�L�O�O �E�H �F�R�Q�I�L�U�P�H�G �E�\ �W�K�H
�F�R�P�S�X�W�D�W�L�R�Q �R�I �W�K�H �O�L�I�W �W�R �G�U�D�J �U�D�W�L�R �D�Q�G �W�K�H �O�L�I�W �F�R�H�I�I�L�F�L�H�Q�W �Z�L�W�K �R�Q�H �R�I �W�K�H �W�Z�R �P�R�G�H�O�V �L�Q �W�K�H
�W�Z�R �I�R�O�O�R�Z�L�Q�J �6�X�E�V�H�F�W�L�R�Q�V��

������ �/�L�I�W �W�R �G�U�D�J �U�D�W�L�R

�7�K�H �O�L�I�W �W�R �G�U�D�J �U�D�W�L�R �K�D�V �E�H�H�Q �F�R�P�S�X�W�H�G �X�V�L�Q�J �(�T������ �� �D�Q�G �W�K�H �W�L�P�H �H�Y�R�O�X�W�L�R�Q �R�I �O�L�I�W �W�R �G�U�D�J
�Y�D�O�X�H �D�O�R�Q�J �W�K�H �W�U�D�M�H�F�W�R�U�\ �R�I �W�K�H �N�L�W�H �G�X�U�L�Q�J �W�K�H �U�H�I�H�U�H�Q�F�H �F�D�V�H �L�V �J�L�Y�H�Q �L�Q �)�L�J������ �D�� �7�K�U�H�H
�O�L�Q�H�V �D�U�H �S�O�R�W�W�H�G�� �7�K�H �E�O�X�H �R�Q�H �L�V �W�K�H �O�L�I�W �W�R �G�U�D�J �U�D�W�L�R �F�D�O�F�X�O�D�W�H�G �I�U�R�P �Z�L�Q�G �G�D�W�D �F�R�P�L�Q�J �I�U�R�P
�W�K�H �6�2�'�$�5 �D�Q�G �X�V�L�Q�J �W�K�H �]�H�U�R���P�D�V�V �P�R�G�H�O�� �7�K�H �R�U�D�Q�J�H �R�Q�H �X�V�H�V �D�O�V�R �6�2�'�$�5 �G�D�W�D�� �E�X�W
�Z�L�W�K �W�K�H �S�R�L�Q�W �P�D�V�V �P�R�G�H�O�� �)�L�Q�D�O�O�\ �W�K�H �\�H�O�O�R�Z �R�Q�H �L�V �E�D�V�H�G �R�Q �0�(�7�(�. �Z�L�Q�G �G�D�W�D �Z�L�W�K �W�K�H
�]�H�U�R���P�D�V�V �P�R�G�H�O�� �$�Q �L�P�S�R�U�W�D�Q�W �G�L�I�I�H�U�H�Q�F�H �L�V �R�E�V�H�U�Y�H�G �E�H�W�Z�H�H�Q �W�K�H �O�D�V�W �O�L�Q�H ���0�(�7�(�. �G�D�W�D ��
�\�H�O�O�R�Z �O�L�Q�H�� �D�Q�G �W�K�H �W�Z�R �R�W�K�H�U�V ���6�2�'�$�5 �G�D�W�D �� �E�O�X�H���R�U�D�Q�J�H �O�L�Q�H���� �7�K�L�V �F�D�Q �E�H �H�D�V�L�O�\ �H�[�S�O�D�L�Q�H�G
�U�H�J�D�U�G�L�Q�J �D�Y�H�U�D�J�H �Z�L�Q�G �V�S�H�H�G �J�L�Y�H�Q �E�\ �W�K�H �W�Z�R �G�L�I�I�H�U�H�Q�W �G�H�Y�L�F�H�V�� �W�K�X�V �W�K�H �Z�L�Q�G �P�H�D�V�X�U�H�G
�E�\ �W�K�H �6�2�'�$�5 �D�W �N�L�W�H �D�O�W�L�W�X�G�H �L�V �D�E�R�X�W ������ �P���V �Z�K�H�U�H�D�V �W�K�H �Z�L�Q�G �P�H�D�V�X�U�H�G �D�W �W�K�H �W�L�P�H �E�\
�W�K�H �0�(�7�(�. �V�H�Q�V�R�U �Z�L�W�K �Q�R �S�U�R�I�L�O�H �F�R�P�S�H�Q�V�D�W�L�R�Q �Z�D�V ������ �P���V�� �7�K�L�V �V�K�R�Z�V �K�R�Z �L�P�S�R�U�W�D�Q�W �L�W
�L�V �W�R �N�Q�R�Z �D�V �Z�H�O�O �D�V �S�R�V�V�L�E�O�H �W�K�H �Z�L�Q�G �D�W �N�L�W�H �D�O�W�L�W�X�G�H �I�R�U �S�R�V�W���S�U�R�F�H�V�V�L�Q�J �O�L�I�W �W�R �G�U�D�J �U�D�W�L�R��
�7�K�H �D�Y�H�U�D�J�H �Y�D�O�X�H �R�I �W�K�H �O�L�I�W �W�R �G�U�D�J �U�D�W�L�R �F�R�P�S�X�W�H�G �Z�L�W�K �W�K�H �S�R�L�Q�W �P�D�V�V �P�R�G�H�O �L�V �������� �3�O�R�W ���E��
�R�I �)�L�J������ �V�K�R�Z�V �W�K�H �V�D�P�H �O�L�I�W �W�R �G�U�D�J �G�D�W�D�� �E�X�W �S�O�R�W�W�H�G �L�Q �U�H�O�D�W�L�R�Q �W�R �W�K�H �U�R�W�D�W�L�R�Q �V�S�H�H�G �R�I �W�K�H
�Y�H�O�R�F�L�W�\ �Y�H�F�W�R�U �R�I �W�K�H �N�L�W�HV k �D�U�R�X�Q�G �W�H�W�K�H�U�V �D�[�L�V�� �$�F�F�R�U�G�L�Q�J �W�R �Z�K�D�W �Z�D�V �G�L�V�F�X�V�V�H�G �E�H�I�R�U�H��
�W�K�H �O�L�Q�H �Z�L�W�K �0�(�7�(�. �G�D�W�D �L�V �Q�R�W �S�O�R�W�W�H�G��
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�)�L�J�X�U�H ������ �(�Y�R�O�X�W�L�R�Q �R�I �W�K�H �O�L�I�W �W�R �G�U�D�J �U�D�W�L�R �D�O�R�Q�J �W�K�H �W�U�D�M�H�F�W�R�U�\�� �I�R�U �W�K�H �U�H�I�H�U�H�Q�F�H �F�D�V�H ���7�D�E��������
�3�O�R�W ���D�� �J�L�Y�H�V �W�K�H �W�L�P�H �H�Y�R�O�X�W�L�R�Q�� �D�Q�G �S�O�R�W ���E�� �J�L�Y�H�V �W�K�H �H�Y�R�O�X�W�L�R�Q �R�I �W�K�H �U�D�W�L�R �D�F�F�R�U�G�L�Q�J �W�R �W�K�H
�U�R�W�D�W�L�R�Q �V�S�H�H�G �R�I �W�K�H �N�L�W�H �Y�H�O�R�F�L�W�\ �Y�H�F�W�R�U �D�U�R�X�Q�G �W�K�H �W�H�W�K�H�U �D�[�L�V��
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�7�K�H �O�L�I�W �F�R�H�I�I�L�F�L�H�Q�W �R�I �W�K�H �N�L�W�H �F�R�P�S�X�W�H�G �X�V�L�Q�J �(�T������ �K�D�V �E�H�H�Q �S�U�R�F�H�V�V�H�G �L�Q �W�K�H �V�D�P�H �Z�D�\
�D�V �I�R�U �W�K�H �O�L�I�W �W�R �G�U�D�J �U�D�W�L�R�� �7�K�X�V�� �W�L�P�H �H�Y�R�O�X�W�L�R�Q �R�I �O�L�I�W �F�R�H�I�I�L�F�L�H�Q�W �L�V �J�L�Y�H�Q �L�Q �)�L�J������ �D�� �D�Q�G
�W�K�H �H�Y�R�O�X�W�L�R�Q �U�H�O�D�W�H�G �W�R_ �L�V �J�L�Y�H�Q �L�Q �S�O�R�W ���E���� �,�W �L�V �L�Q�W�H�U�H�V�W�L�Q�J �W�R �Q�R�W�L�F�H �W�K�D�W �W�U�X�H �Z�L�Q�G �V�S�H�H�G
�Y�D�O�X�H �K�D�V �O�H�V�V �L�Q�I�O�X�H�Q�F�H �I�R�U �O�L�I�W �F�R�H�I�I�L�F�L�H�Q�W �F�R�P�S�X�W�D�W�L�R�Q �W�K�D�Q �I�R�U �W�K�H �O�L�I�W �W�R �G�U�D�J �U�D�W�L�R�� �,�Q�G�H�H�G��
�G�L�I�I�H�U�H�Q�F�H �E�H�W�Z�H�H�Q �U�H�V�X�O�W�V �Z�L�W�K �0�(�7�(�. �G�D�W�D �D�Q�G �6�2�'�$�5 �G�D�W�D �L�V �O�R�Z�H�U�� �,�Q�G�H�H�G�� �W�K�H �W�U�X�H �Z�L�Q�G
�K�D�V �P�X�F�K �H�I�I�H�F�W �R�Q �W�K�H �O�L�I�W �W�R �G�U�D�J �U�D�W�L�R �E�H�F�D�X�V�H �L�W �W�L�O�W�V �W�K�H �D�H�U�R�G�\�Q�D�P�L�F �U�H�I�H�U�H�Q�F�H �I�U�D�P�H�� �$�V
�I�R�U �W�K�H �O�L�I�W �W�R �G�U�D�J �U�D�W�L�R�� �W�K�H �O�L�I�W �F�R�H�I�I�L�F�L�H�Q�W �L�V �J�H�W�W�L�Q�J �O�R�Z�H�U �D�W �K�L�J�K �W�X�U�Q �U�D�W�H�� �S�R�V�L�W�L�Y�H �R�U �Q�H�J�D�W�L�Y�H��
�7�K�H �D�Y�H�U�D�J�H �Y�D�O�X�H �R�I �W�K�H �O�L�I�W �F�R�H�I�I�L�F�L�H�Q�W �I�R�U �W�K�H �Z�K�R�O�H �S�H�U�L�R�G �L�V ��������
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�)�L�J�X�U�H ������ �(�Y�R�O�X�W�L�R�Q �R�I �W�K�H �O�L�I�W �F�R�H�I�I�L�F�L�H�Q�W �D�O�R�Q�J �W�K�H �W�U�D�M�H�F�W�R�U�\�� �I�R�U �W�K�H �U�H�I�H�U�H�Q�F�H �F�D�V�H ���7�D�E��������
�3�O�R�W ���D�� �J�L�Y�H�V �W�K�H �W�L�P�H �H�Y�R�O�X�W�L�R�Q�� �D�Q�G �S�O�R�W ���E�� �J�L�Y�H�V �W�K�H �H�Y�R�O�X�W�L�R�Q �R�I �W�K�H �F�R�H�I�I�L�F�L�H�Q�W �D�F�F�R�U�G�L�Q�J
�W�R �W�K�H �U�R�W�D�W�L�R�Q �V�S�H�H�G_ �R�I �W�K�H �N�L�W�H �Y�H�O�R�F�L�W�\ �Y�H�F�W�R�U �D�U�R�X�Q�G �W�K�H �W�H�W�K�H�U �D�[�L�V��

������ �:�L�Q�G �Y�D�U�L�D�E�L�O�L�W�\ �L�P�S�D�F�W

�7�K�H �6�2�'�$�5 �X�V�H�G �J�L�Y�H �D �P�H�D�V�X�U�H�P�H�Q�W �R�I �W�K�H �D�Y�H�U�D�J�H�G �Z�L�Q�G �D�V �D �I�X�Q�F�W�L�R�Q �R�I �D�O�W�L�W�X�G�H �R�Q
�D �I�L�Y�H���P�L�Q�X�W�H �L�Q�W�H�U�Y�D�O �E�D�V�L�V�� �7�K�H �W�U�X�H �Z�L�Q�G �Y�D�U�L�D�E�L�O�L�W�\ �L�V �W�K�H�U�H�I�R�U�H �Q�R�W �L�Q�F�O�X�G�H�G �L�Q �W�K�H �S�K�D�V�H
�D�Y�H�U�D�J�L�Q�J �S�U�R�F�H�V�V ���W�K�H �N�L�W�H �W�U�D�M�H�F�W�R�U�\ �K�D�G �D �S�V�H�X�G�R���S�H�U�L�R�G �R�I �D�S�S�U�R�[�L�P�D�W�H�O�\ �� �V �L�Q �W�K�H �U�H�I�H�U��
�H�Q�F�H �F�D�V�H �V�K�R�Z�Q �L�Q �7�D�E�� ������ �+�R�Z�H�Y�H�U�� �W�K�H �6�2�'�$�5 �P�H�D�V�X�U�H�V �D�O�V�R �W�K�H �V�W�D�Q�G�D�U�G �G�H�Y�L�D�W�L�R�Q �R�I
�W�K�H �G�L�I�I�H�U�H�Q�W �F�R�P�S�R�Q�H�Q�W�V �R�I �W�K�H �W�U�X�H �Z�L�Q�G�� �%�D�V�H�G �R�Q �W�K�L�V �L�W �L�V �S�R�V�V�L�E�O�H �W�R �F�R�P�S�X�W�H �D �S�R�V�W�H�U�L�R�U�L
�W�K�H �L�P�S�D�F�W �W�K�H �W�U�X�H �Z�L�Q�G �Y�D�U�L�D�E�L�O�L�W�\ �Z�R�X�O�G �K�D�Y�H �R�Q �W�K�H �S�U�H�V�H�Q�W�H�G �U�H�V�X�O�W�V�� �)�R�U �W�K�L�V �S�X�U�S�R�V�H�� �D
�V�L�P�S�O�H �0�R�Q�W�H �&�D�U�O�R �P�H�W�K�R�G �Z�D�V �X�V�H�G �W�R �U�H�S�U�R�G�X�F�H �W�K�H �D�Y�H�U�D�J�H�G �S�K�D�V�H �P�H�W�K�R�G �E�\ �D�G�G�L�Q�J
�D �*�D�X�V�V�L�D�Q �Q�R�L�V�H �R�Q �W�K�H �W�K�U�H�H �F�R�P�S�R�Q�H�Q�W�V �R�I �W�K�H �P�H�D�V�X�U�H�G �W�U�X�H �Z�L�Q�G�� �7�K�H �Y�D�U�L�D�W�L�R�Q�V �R�I
�W�K�H�V�H �W�K�U�H�H �F�R�P�S�R�Q�H�Q�W�V �D�U�H �V�X�S�S�R�V�H�G �W�R �E�H �L�Q�G�H�S�H�Q�G�H�Q�W �R�I �H�D�F�K �R�W�K�H�U�� �7�K�H �0�R�Q�W�H �&�D�U�O�R
�V�F�K�H�P�H �L�V �U�H�S�H�D�W�H�G �X�Q�W�L�O �D �V�D�W�L�V�I�D�F�W�R�U�\ �V�W�D�W�L�V�W�L�F �L�V �U�H�D�F�K�H�G �I�R�U �W�K�H �F�R�P�S�X�W�D�W�L�R�Q �R�I �W�K�H �D�Y�H�U�D�J�H
�Y�D�O�X�H �D�Q�G �W�K�H �V�W�D�Q�G�D�U�G �G�H�Y�L�D�W�L�R�Q�� �5�H�V�X�O�W�V �R�E�W�D�L�Q�H�G �D�U�H �S�U�H�V�H�Q�W�H�G �L�Q �)�L�J������ �� �7�K�H �L�P�S�D�F�W �R�I
�W�U�X�H �Z�L�Q�G �Y�D�U�L�D�E�L�O�L�W�\ �R�Q �W�K�H �O�L�I�W �F�R�H�I�I�L�F�L�H�Q�W �L�V �Z�H�D�N �D�Q�G �F�D�Q �W�K�H�U�H�I�R�U�H �E�H �Q�H�J�O�H�F�W�H�G �R�Q�F�H �W�K�H
�U�H�S�H�D�W�D�E�L�O�L�W�\ �L�V �J�R�R�G �H�Q�R�X�J�K �D�V �I�R�U �W�K�H �U�H�I�H�U�H�Q�F�H �F�D�V�H �I�R�U �L�Q�V�W�D�Q�F�H�� �7�K�H �L�P�S�D�F�W �R�I �W�U�X�H �Z�L�Q�G
�Y�D�U�L�D�E�L�O�L�W�\ �R�Q �W�K�H �O�L�I�W �W�R �G�U�D�J �U�D�W�L�R �L�V �P�R�U�H �L�P�S�R�U�W�D�Q�W �E�X�W �U�H�P�D�L�Q�V �P�R�G�H�U�D�W�H ���V�O�L�J�K�W �L�Q�F�U�H�D�V�H
�R�I �W�K�H �D�Y�H�U�D�J�H �Y�D�O�X�H �R�I �D�E�R�X�W �������� �Z�L�W�K �D �V�W�D�Q�G�D�U�G �G�H�Y�L�D�W�L�R�Q �G�R�X�E�O�H�G �E�\ �U�H�D�F�K�L�Q�J �D�S�S�U�R�[�L��
�P�D�W�H�O�\ ��������
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�7�K�H �O�L�I�W �W�R �G�U�D�J �U�D�W�L�R �D�Q�G �W�K�H �O�L�I�W �F�R�H�I�I�L�F�L�H�Q�W �S�O�R�W�W�H�G �L�Q �)�L�J������ �D�Q�G���� �D�U�H �W�K�H �U�H�V�X�O�W �R�I �W�K�H �S�K�D�V�H
�D�Y�H�U�D�J�L�Q�J �P�H�W�K�R�G�� �O�H�D�G�L�Q�J �W�R �G�D�W�D �F�R�P�L�Q�J �I�U�R�P ���� �����S�D�W�W�H�U�Q�V ���U�H�J�D�U�G�L�Q�J �W�K�H �U�H�I�H�U�H�Q�F�H �F�D�V�H
�R�I �7�D�E������ �D�Q�G �D�Y�H�U�D�J�H�G �W�R �J�H�W �R�Q�O�\ �R�Q�H �S�D�W�W�H�U�Q�� �7�K�H�U�H�I�R�U�H �W�K�H �R�E�V�H�U�Y�H�G �Y�D�U�L�D�W�L�R�Q�V �K�D�Y�H �D
�S�K�\�V�L�F�D�O �V�L�J�Q�L�I�L�F�D�W�L�R�Q�� �7�K�H �V�W�D�Q�G�D�U�G �G�H�Y�L�D�W�L�R�Q �I�U�R�P �W�K�H �S�K�D�V�H �D�Y�H�U�D�J�L�Q�J �P�H�W�K�R�G �J�L�Y�H�V �D�Q
�L�O�O�X�V�W�U�D�W�L�R�Q �R�I �W�K�H �X�Q�F�H�U�W�D�L�Q�W�\ �L�Q �)�L�J������ �D�V �D�Q �H�[�D�P�S�O�H�� �1�H�Y�H�U�W�K�H�O�H�V�V�� �E�H�W�W�H�U �U�H�V�X�O�W�V �F�R�X�O�G �E�H
�H�[�S�H�F�W�H�G �L�Q �W�K�H �I�X�W�X�U�H�� �Z�L�W�K �D �Q�H�Z �V�H�W �R�I �G�D�W�D�� �$ �V�\�V�W�H�P�D�W�L�F �Y�D�U�L�D�W�L�R�Q �R�I �N�L�W�H �V�S�H�F�L�I�L�F�D�W�L�R�Q�V
�F�R�X�O�G �E�H �K�L�J�K�O�L�J�K�W�H�G�� �Z�L�W�K �U�H�V�S�H�F�W �W�R �W�K�H �U�R�W�D�W�L�R�Q �U�D�W�H �R�I �W�K�H �Y�H�O�R�F�L�W�\ �Y�H�F�W�R�U �R�I �W�K�H �N�L�W�H �D�U�R�X�Q�G
�W�H�W�K�H�U �D�[�L�V�� �R�U �Z�L�W�K �U�H�V�S�H�F�W �W�R �R�W�K�H�U �T�X�D�Q�W�L�W�L�H�V��
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�D �S�R�V�W�H�U�L�R�U�L �V�L�P�X�O�D�W�L�R�Q�� �V�W�D�Q�G�D�U�G �G�H�Y�L�D�W�L�R�Q �V�D�P�H �D�V �W�K�H �R�Q�H �P�H�D�V�X�U�H�G �E�\ �W�K�H �6�2�'�$�5�� �/�L�J�K�W
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�&�R�Q�V�H�T�X�H�Q�W�O�\�� �W�K�H�V�H �I�X�W�X�U�H �Z�R�U�N�V �V�K�R�X�O�G �K�D�Y�H �W�R �I�R�F�X�V �R�Q �V�H�Y�H�U�D�O �S�R�L�Q�W�V�� �$�W �I�L�U�V�W �W�K�H �V�\�P�P�H��
�W�U�\ �L�V�V�X�H�V �K�D�Y�H �W�R �E�H �F�R�Q�V�L�G�H�U�H�G �F�D�U�H�I�X�O�O�\�� �Z�L�W�K �D �U�L�J�R�U�R�X�V �Y�H�U�L�I�L�F�D�W�L�R�Q �R�I �D�O�O �H�O�H�P�H�Q�W�V �W�K�D�W �F�D�Q
�O�H�D�G �W�R �S�R�W�H�Q�W�L�D�O �V�\�P�P�H�W�U�\ �L�V�V�X�H�� �)�R�U �H�[�D�P�S�O�H �W�H�W�K�H�U �O�H�Q�J�W�K�V �V�K�R�X�O�G �E�H �F�D�U�H�I�X�O�O�\ �F�K�H�F�N�H�G��
�D�Q�G �S�D�U�W�L�F�X�O�D�U�O�\ �W�K�H �O�H�Q�J�W�K�V �R�I �O�H�I�W �D�Q�G �U�L�J�K�W �W�H�W�K�H�U�V�� �7�K�H�V�H �P�H�D�V�X�U�H�P�H�Q�W�V �P�X�V�W �E�H �F�D�U�U�L�H�G
�R�X�W �D�W �Y�D�U�L�R�X�V �O�R�D�G�V�� �)�R�U �W�K�D�W�� �W�K�H �W�Z�R �W�H�W�K�H�U�V �D�U�H �I�L�[�H�G �R�Q �R�Q�H �V�L�G�H�� �D�Q�G �W�K�H �R�W�K�H�U �V�L�G�H�V �R�I
�W�K�H �W�Z�R �W�H�W�K�H�U�V �D�U�H �O�L�Q�N�H�G �X�V�L�Q�J �D �O�H�D�G�H�U �O�L�Q�H�� �7�K�L�V �O�H�D�G�H�U �O�L�Q�H �J�R�H�V �W�K�U�R�X�J�K �D �U�H�W�X�U�Q �S�X�O�O�H�\��
�D�Q�G �D �O�R�D�G �L�V �D�S�S�O�L�H�G �W�R �W�K�H �S�X�O�O�H�\�� �7�K�H�U�H�I�R�U�H�� �W�K�H �O�R�D�G �L�V �H�T�X�D�O�O�\ �V�S�O�L�W �E�H�W�Z�H�H�Q �W�K�H �W�Z�R �W�H�W�K��
�H�U�V�� �:�K�H�Q �W�K�H �D�S�S�O�L�H�G �O�R�D�G �U�L�V�H�V�� �W�K�H �O�H�Q�J�W�K �G�L�I�I�H�U�H�Q�F�H �V�K�R�X�O�G �Q�R�W �F�K�D�Q�J�H �L�I �W�K�H �W�Z�R �W�H�W�K�H�U�V
�K�D�Y�H �H�[�S�H�U�L�H�Q�F�H�G �W�K�H �V�D�P�H �K�L�V�W�R�U�\�� �+�R�Z�H�Y�H�U�� �Z�K�H�Q �R�S�H�U�D�W�L�Q�J �W�K�H �N�L�W�H�� �G�X�U�L�Q�J �D �K�D�U�G �W�X�U�Q �R�U
�G�X�U�L�Q�J �D �F�U�D�V�K�� �D �W�H�W�K�H�U �F�R�X�O�G �E�H �V�O�L�J�K�W�O�\ �G�D�P�D�J�H�G�� �D�Q�G �W�K�H�Q �W�K�H �H�O�R�Q�J�D�W�L�R�Q �X�Q�G�H�U �O�R�D�G �F�D�Q
�E�H �G�L�I�I�H�U�H�Q�W �I�U�R�P �R�Q�H �W�R �D�Q�R�W�K�H�U �W�H�W�K�H�U�� �7�R �L�G�H�Q�W�L�I�\ �V�\�P�P�H�W�U�\ �L�V�V�X�H�V �W�K�H �G�D�W�D �S�R�V�W �S�U�R�F�H�V�V�L�Q�J
�V�K�R�X�O�G �E�H �G�R�Q�H �T�X�L�F�N�O�\��
�6�H�F�R�Q�G�O�\�� �Q�H�Z �V�H�Q�V�R�U�V �F�R�X�O�G �E�H �D�G�G�H�G �W�R �E�U�L�Q�J �P�R�U�H �L�Q�I�R�U�P�D�W�L�R�Q �D�E�R�X�W �W�K�H �N�L�W�H �S�R�V�L�W�L�R�Q
�D�Q�G �N�L�W�H �D�W�W�L�W�X�G�H�V�� �)�R�U �H�[�D�P�S�O�H�� �,�0�8�V �F�R�X�O�G �E�H �H�P�E�H�G�G�H�G �R�Q �W�K�H �N�L�W�H �D�J�D�L�Q�� �E�X�W �R�Q�O�\ �I�R�U
�H�V�W�L�P�D�W�L�Q�J �W�K�H �\�D�Z �D�Q�J�O�H �R�I �W�K�H �N�L�W�H�� �D�Q�G �W�R �F�R�P�S�D�U�H �W�K�L�V �Y�D�O�X�H �W�R �W�K�H �D�Q�J�O�H �U�H�O�D�W�H�G �W�R
�W�K�H �Y�H�O�R�F�L�W�\ �Y�H�F�W�R�U�� �7�K�H �\�D�Z �D�Q�J�O�H �R�I �W�K�H �N�L�W�H �F�R�X�O�G �D�O�V�R �E�H �R�E�W�D�L�Q�H�G �X�V�L�Q�J �Y�L�G�H�R �W�R�R�O�V�� �E�\
�I�L�O�P�L�Q�J �W�K�H �N�L�W�H �I�U�R�P �W�K�H �J�U�R�X�Q�G�� �D�Q�G �S�H�U�I�R�U�P�L�Q�J �D�Q �L�P�D�J�H �D�Q�D�O�\�V�L�V�� �7�K�L�V �V�R�O�X�W�L�R�Q �F�R�X�O�G �D�O�V�R
�O�H�D�G �W�R �D �P�H�D�V�X�U�H�P�H�Q�W �R�I �W�K�H �I�O�\�L�Q�J �V�K�D�S�H�� �L�I �V�H�Y�H�U�D�O �F�D�P�H�U�D �D�U�H �X�V�H�G�� �D�V�V�R�F�L�D�W�H�G �Z�L�W�K �D
�S�K�R�W�R�J�U�D�P�P�H�W�U�\ �S�R�V�W �S�U�R�F�H�V�V�L�Q�J�� �7�K�L�V �S�R�V�V�L�E�L�O�L�W�\�� �D�O�U�H�D�G�\ �W�H�V�W�H�G �E�\�,�Q�I�D�Q�]�R�Q���������� �� �Z�L�W�K
�O�L�P�L�W�H�G �U�H�V�X�O�W�V�� �F�D�Q �S�U�R�E�D�E�O�\ �E�H �L�P�S�U�R�Y�H�G �Z�L�W�K �E�H�W�W�H�U �F�D�P�H�U�D�V�� �0�X�F�K �P�R�U�H �F�R�X�O�G �D�O�V�R �E�H
�G�R�Q�H �U�H�J�D�U�G�L�Q�J �H�P�E�H�G�G�H�G �F�D�P�H�U�D�V�� �W�R �J�H�W �D �I�L�Q�H�V�W �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �R�I �S�K�H�Q�R�P�H�Q�R�Q �R�F�F�X�U�U�L�Q�J
�G�X�U�L�Q�J �W�X�U�Q�V�� �)�R�U �H�[�D�P�S�O�H�� �\�D�U�Q �W�H�O�O���W�D�O�H�V �F�R�X�O�G �E�H �V�W�X�F�N �R�Q �W�K�H �N�L�W�H�� �D�Q�G �I�L�O�P�H�G �E�\ �D �F�D�P�H�U�D��
�7�K�X�V�� �V�H�S�D�U�D�W�H�G �I�O�R�Z�V �F�R�X�O�G �E�H �R�E�V�H�U�Y�H�G �D�W �V�R�P�H �O�R�F�D�W�L�R�Q�V�� �D�V �L�W �F�D�Q �E�H �G�R�Q�H �I�R�U �W�K�H �D�Q�D�O�\�V�L�V
�R�I �D �V�W�D�O�O �R�F�F�X�U�U�L�Q�J �R�Q �W�K�H �Z�L�Q�J �R�I �D�Q �D�L�U�S�O�D�Q�H�� ��
�7�K�L�U�G�O�\�� �D �V�L�P�S�O�H �D�H�U�R�G�\�Q�D�P�L�F �P�R�G�H�O�L�Q�J �R�I �W�K�H �N�L�W�H �F�R�X�O�G �E�H �D�F�K�L�H�Y�H�G�� �E�D�V�H�G �I�R�U �H�[�D�P�S�O�H �R�Q �D
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�Q�R�Q���O�L�Q�H�D�U �O�L�I�W�L�Q�J �O�L�Q�H �P�H�W�K�R�G ���/�H�O�R�X�S �H�W �D�O������������ ���� ���'�X�S�R�U�W �H�W �D�O������������ ���� �W�R �I�R�U�H�V�H�H �N�L�W�H �V�S�H�F�V
�G�X�U�L�Q�J �W�X�U�Q�V�� �D�Q�G �W�K�H�Q �S�U�R�Y�L�G�H �D �J�X�L�G�D�Q�F�H �R�Q �W�K�H �H�[�S�H�F�W�H�G �Y�D�U�L�D�W�L�R�Q�V �R�I �W�K�H �D�H�U�R�G�\�Q�D�P�L�F
�S�D�U�D�P�H�W�H�U�V �R�I �W�K�H �N�L�W�H��
�7�K�H �O�L�I�W �W�R �G�U�D�J �U�D�W�L�R �D�Q�G �W�K�H �O�L�I�W �F�R�H�I�I�L�F�L�H�Q�W �Y�D�U�L�D�W�L�R�Q�V �D�O�R�Q�J �D�Q �����S�D�W�W�H�U�Q �W�U�D�M�H�F�W�R�U�\ �D�U�H �Q�R�W
�E�U�R�X�J�K�W �R�X�W �L�Q �D �S�H�U�I�H�F�W �F�R�Q�F�O�X�V�L�Y�H �Z�D�\ �E�\ �W�K�H �S�U�H�V�H�Q�W �P�H�D�V�X�U�H�P�H�Q�W�V�� �+�R�Z�H�Y�H�U�� �W�K�H�V�H
�Y�D�U�L�D�W�L�R�Q�V �H�[�L�V�W�� �D�Q�G �O�H�D�G �F�R�Q�V�H�T�X�H�Q�W�O�\ �W�R �O�D�U�J�H�U �D�P�S�O�L�W�X�G�H�V �R�I �I�R�U�F�H�V �W�K�D�Q �W�K�H �R�Q�H�V �S�U�H�G�L�F�W�H�G
�E�\ �W�K�H �]�H�U�R���P�D�V�V �P�R�G�H�O�� �7�K�H�V�H �D�P�S�O�L�W�X�G�H�V �K�D�Y�H �W�R �E�H �F�R�Q�V�L�G�H�U�H�G�� �L�Q�G�H�H�G�� �W�K�H�\ �F�D�Q �E�H
�G�H�W�U�L�P�H�Q�W�D�O �W�R �E�R�D�W �V�W�D�E�L�O�L�W�\�� �D�F�W�X�D�W�R�U �S�R�Z�H�U �R�U �P�D�W�H�U�L�D�O �Z�H�D�U �L�I �W�K�H�\ �D�U�H �Q�R�W �W�D�N�H�Q �D�F�F�R�X�Q�W��
�7�K�H�U�H�I�R�U�H �L�W �K�D�V �E�H�H�Q �G�H�F�L�G�H�G �W�R �S�U�R�S�R�V�H �D�Q �H�Y�R�O�X�W�L�R�Q �O�D�Z �E�D�V�H�G �R�Q �W�K�H �D�Y�H�U�D�J�H �R�I �W�K�H
�U�H�I�H�U�H�Q�F�H �F�D�V�H ���E�O�X�H �U�R�Z �L�Q �7�D�E������ �D�Q�G �R�Q �W�Z�R �R�W�K�H�U �V�L�P�L�O�D�U �F�D�V�H�V ���&�����B�� �D�Q�G �&�����B�� �L�Q
�7�D�E�������� �,�Q �W�K�L�V �Z�D�\�� �P�R�G�H�O�L�Q�J �R�I �N�L�W�H �D�Q�G �P�R�G�H�O�L�Q�J �R�I �E�R�D�W�V �W�R�Z�H�G �E�\ �N�L�W�H �F�R�X�O�G �L�Q�W�H�J�U�D�W�H
�W�K�H�V�H �Y�D�U�L�D�W�L�R�Q�V�� �D�Q�G �W�K�H�V�H �O�D�Z�V �Z�L�O�O �E�H �X�S�G�D�W�H�G �Z�K�H�Q �I�X�U�W�K�H�U �Z�R�U�N�V �O�H�D�G �W�R �U�H�V�X�O�W�V �Z�L�W�K
�E�H�W�W�H�U �D�F�F�X�U�D�F�\�� �7�R �J�H�W �U�L�G �R�I �W�K�H �V�\�P�P�H�W�U�\ �L�V�V�X�H�� �G�D�W�D �R�Y�H�U �W�K�H �����S�D�W�W�H�U�Q �W�U�D�M�H�F�W�R�U�\ �K�D�Y�H
�E�H�H�Q �S�U�R�F�H�V�V�H�G �L�Q �R�U�G�H�U �W�R �P�D�N�H �W�K�H�P �V�\�P�P�H�W�U�L�F�D�O�� �)�R�U �W�K�L�V �S�X�U�S�R�V�H�� �H�D�F�K �V�L�J�Q�D�O ���O�L�I�W �W�R
�G�U�D�J �U�D�W�L�Rf �D�Q�G �O�L�I�W �F�R�H�I�I�L�F�L�H�Q�WCl �� �K�D�V �E�H�H�Q �F�X�W �L�Q�W�R �W�Z�R �S�L�H�F�H�V �R�I �H�T�X�D�O �O�H�Q�J�W�K�� �D�Q�G �W�K�H�V�H �W�Z�R
�S�L�H�F�H�V �K�D�Y�H �W�K�H�Q �E�H�H�Q �D�Y�H�U�D�J�H�G�� �7�K�L�V �L�V �R�Q�O�\ �S�R�V�V�L�E�O�H �E�H�F�D�X�V�H �W�K�H �P�L�G�G�O�H �R�I �W�K�H �����S�D�W�W�H�U�Q
�F�R�U�U�H�V�S�R�Q�G�V �W�R �W�K�H �P�L�G�G�O�H �R�I �W�K�H �W�L�P�H���V�H�U�L�H�V�� �7�K�X�V�� �I�R�U �D �V�L�J�Q�D�OS �G�H�I�L�Q�H�G �I�R�Ut 2 J0; taK�� �W�K�H
�V�\�P�P�H�W�U�L�F�D�O �V�L�J�Q�D�OSsym �L�V��

Ssym (t) =

(
S(t)+ S(t+ t a

2 )
2 t 2 J0; ta

2 K
S(t � t a

2 )+ S(t )
2 t 2Kta

2 ; taK
��������

�5�H�V�X�O�W�V �R�I �W�K�L�V �S�U�R�F�H�V�V �D�U�H �J�L�Y�H�Q �L�Q �)�L�J������ �� �2�Q�O�\ �S�R�V�L�W�L�Y�H �U�R�W�D�W�L�R�Q �U�D�W�H�V �D�U�H �S�O�R�W�W�H�G�� �E�H�F�D�X�V�H
�W�K�H �V�L�J�Q�D�O �L�V �Q�R�Z �V�\�P�P�H�W�U�L�F�D�O �D�E�R�X�W �W�K�H �D�[�L�V �G�H�I�L�Q�H�G �E�\_ = 0 �U�D�G���V�� �7�K�L�V �O�H�D�G�V �W�R �W�K�H
�I�R�O�O�R�Z�L�Q�J �O�L�Q�H�D�U �O�D�Z�V��

f = 4:83� 0:16j _ j ��������

Cl = 0:87� 0:05j _ j ��������

�7�K�H �V�\�P�P�H�W�U�L�F�D�O �G�D�W�D �V�H�W �X�V�H�G �I�R�U �S�U�R�S�R�V�L�Q�J �W�K�H�V�H �O�D�Z�V �L�V �D�O�V�R �X�V�H�G �E�\�%�L�J�L �H�W �D�O������������ ���� �,�Q
�W�K�L�V �Z�R�U�N�� �O�L�Q�H�D�U �O�D�Z�V �D�U�H �D�O�V�R �S�U�R�S�R�V�H�G�� �E�X�W �W�K�H �S�D�U�D�P�H�W�H�U�V �D�U�H �R�E�W�D�L�Q�H�G �L�Q �D �G�L�I�I�H�U�H�Q�W �Z�D�\��
�W�K�H �H�[�S�H�U�L�P�H�Q�W�D�O �G�D�W�D �D�U�H �F�R�P�S�D�U�H�G �Z�L�W�K �]�H�U�R���P�D�V�V �P�R�G�H�O �U�H�V�X�O�W�V�� �D�Q�G �W�K�H �S�D�U�D�P�H�W�H�U�V �D�U�H
�D�G�M�X�V�W�H�G �W�R �J�H�W �W�K�H �E�H�V�W �I�L�W �S�R�V�V�L�E�O�H�� �7�K�H �S�D�U�D�P�H�W�H�U �Y�D�O�X�H�V �R�E�W�D�L�Q�H�G �D�U�H �F�O�R�V�H �E�X�W �Q�R �H�T�X�D�O��
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