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�$�F�N�Q�R�Z�O�H�G�J�H�P�H�Q�W�V

�'�H�D�U �M�X�U�\ �P�H�P�E�H�U�V��

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

�K�H�O�S�H�G �P�H �G�L�J �G�H�H�S�H�U �L�Q�W�R �P�\ �D�U�J�X�P�H�Q�W�V�� �D�Q�G �– �H�Q�M�R�\�H�G �R�X�U �G�L�V�F�X�V�V�L�R�Q �G�X�U�L�Q�J �P�\ �3�K�' �G�H�I�H�Q�V�H��

�'�H�D�U �-�D�Y�L�H�U��

�– �Z�D�Q�W �W�R �W�K�D�Q�N �\�R�X �I�R�U �\�R�X�U �W�U�X�V�W �L�Q �P�\ �D�E�L�O�L�W�L�H�V �D�Q�G �I�R�U �K�H�O�S�L�Q�J �P�H �W�R �J�U�R�Z �D�V �D �U�H�V�H�D�U�F�K�H�U �D�Q�G �D�V �D �K�X�P�D�Q�� �6�L�Q�F�H

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

�F�D�U�H�G �D�E�R�X�W �\�R�X�U �W�H�D�P�� �D�Q�G �W�K�D�Q�N�I�X�O�O�\ �– �P�D�G�H �W�K�H �U�L�J�K�W �F�K�R�L�F�H��

�'�H�D�U �6�D�Q�W�L�D�J�R��

�– �Z�D�Q�W �W�R �W�K�D�Q�N �\�R�X �I�R�U �W�H�D�F�K�L�Q�J �P�H �V�R �P�X�F�K �W�K�D�W �P�\ �K�H�D�G �Z�R�X�O�G �D�O�P�R�V�W �H�[�S�O�R�G�H �L�Q �W�K�H �H�[�S�H�U�L�P�H�Q�W�D�O �U�R�R�P�V �D�U�R�X�Q�G

�����K������ �– �Z�R�X�O�G�Q���W �K�D�Y�H �D�F�F�R�P�S�O�L�V�K�H�G �W�K�L�V �W�K�H�V�L�V �Z�L�W�K�R�X�W �\�R�X�U �F�R�Q�V�W�D�Q�W �V�X�S�S�R�U�W�� �\�R�X�U �P�D�L�Q�W�H�Q�D�Q�F�H �R�I �W�K�H �V�\�V�W�H�P�V��

�\�R�X�U �<�%�&�2 �V�D�P�S�O�H�V�� �D�Q�G �W�K�H �F�U�L�Q�J�H �M�R�N�H�V��

�'�H�D�U �/�X�F�D��

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

�'�H�D�U �F�R�O�O�H�D�J�X�H�V��

�– �Z�D�Q�W �W�R �W�K�D�Q�N �\�R�X �I�R�U �P�D�N�L�Q�J �W�K�L�V �M�R�X�U�Q�H�\ �D�V �I�U�X�L�W�I�X�O �D�Q�G �H�Q�M�R�\�D�E�O�H �D�V �L�W �Z�D�V�� �)�R�U �D�O�O �W�K�H �V�D�P�S�O�H�V�� �W�L�S�V �D�Q�G �W�U�D�L�Q��

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

�7�R �W�K�H �O�R�Y�H �R�I �P�\ �O�L�I�H�� �'�L�P�D��

�– �Z�D�Q�W �W�R �W�K�D�Q�N �\�R�X �I�R�U �H�Y�H�U�\�W�K�L�Q�J�� �– �Z�R�X�O�G�Q���W �E�H �K�H�U�H �W�R�G�D�\ �Z�L�W�K�R�X�W �\�R�X�� �<�R�X �Z�H�U�H �W�K�H�U�H �L�Q �W�K�H �J�R�R�G �D�Q�G �W�K�H �E�D�G��

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

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

�<�R�X �N�H�S�W �S�X�V�K�L�Q�J �P�H �W�R �E�H�F�R�P�H �W�K�H �E�H�V�W �Y�H�U�V�L�R�Q �R�I �P�\�V�H�O�I�� �– �O�R�Y�H �\�R�X �Z�L�W�K �D�O�O �R�I �P�\ �K�H�D�U�W��

�7�R �P�\ �G�H�D�U�H�V�W �I�U�L�H�Q�G�V��

�0�\ �I�U�L�H�Q�G�V �I�U�R�P �F�K�L�O�G�K�R�R�G�� �V�F�K�R�R�O�� �X�Q�L�Y�H�U�V�L�W�L�H�V�� �O�D�E�R�U�D�W�R�U�L�H�V�� �&�–�8�3�� �F�O�X�E�V��

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

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

�7�R �P�\ �O�D�U�J�H�U �I�D�P�L�O�\��

�– �Z�D�Q�W �W�R �W�K�D�Q�N �\�R�X �D�O�O �I�R�U �W�K�H �O�R�Y�H�O�\ �K�R�O�L�G�D�\�V �Z�H �V�S�H�Q�W�� �W�K�H �O�R�Q�J �Q�L�J�K�W�V �Z�H �G�L�V�F�X�V�V�H�G �W�K�U�R�X�J�K�� �D�Q�G �I�R�U �\�R�X�U �S�U�L�G�H �L�Q

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

�$�Q�G �W�R �W�K�H �V�R�X�O�V �W�K�D�W �– �O�R�V�W��

�– �Z�D�Q�W �W�R �W�K�D�Q�N �\�R�X �I�R�U �K�D�Y�L�Q�J �W�D�N�H�Q �S�D�U�W �R�I �P�\ �O�L�I�H �D�Q�G �M�R�X�U�Q�H�\�� �0�D�\ �\�R�X �U�H�V�W �L�Q �S�H�D�F�H�� �8�Q�W�L�O �Z�H �P�H�H�W �D�J�D�L�Q��
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�7 �S�K�D�V�H �G�L�D�J�U�D�P ���V�H�H�4�J�X�U�H �������D���� �$�G�G�L�W�L�R�Q�D�O �I�D�F�W�R�U�V �F�D�Q �E�H �P�D�W�H�U�L�D�O �G�H�S�H�Q�G�H�Q�W�� �L�Q�F�O�X�G�L�Q�J �F�U�\�V�W�D�O�O�R�J�U�D�S�K�L�F �V�W�U�X�F�W�X�U�H��

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

�������������� �=�H�U�R �H�O�H�F�W�U�L�F�D�O �U�H�V�L�V�W�L�Y�L�W�\ �D�Q�G �W�K�H �0�H�L�V�V�Q�H�U �H�•�H�F�W

�%�H�O�R�Z �W�K�H �F�U�L�W�L�F�D�O �W�H�P�S�H�U�D�W�X�U�HTc�� �W�K�H �G�F �U�H�V�L�V�W�L�Y�L�W�\ �R�I �D �V�X�S�H�U�F�R�Q�G�X�F�W�R�U �I�D�O�O�V �W�R �S�U�D�F�W�L�F�D�O�O�\ �]�H�U�R �2�K�P�V �D�V �V�K�R�Z�Q

�L�Q�4�J�X�U�H �������E�� �D�Q�G �K�D�V �E�H�H�Q �Y�H�U�L�4�H�G �G�R�Z�Q �W�R� 10� 23 
 � �P �L�Q �K�L�J�K���S�U�H�F�L�V�L�R�Q �P�H�D�V�X�U�H�P�H�Q�W�V �>�������@�� �7�K�L�V �G�L�V�V�L�S�D�W�L�R�Q��

�O�H�V�V �W�U�D�Q�V�S�R�U�W �L�V �H�V�V�H�Q�W�L�D�O �I�R�U �K�L�J�K���4 �U�H�V�R�Q�D�W�R�U�V�� �O�R�Z���O�R�V�V �W�U�D�Q�V�P�L�V�V�L�R�Q �O�L�Q�H�V�� �D�Q�G �O�D�U�J�H���V�F�D�O�H �D�S�S�O�L�F�D�W�L�R�Q�V �V�X�F�K �D�V

�V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �S�R�Z�H�U �V�\�V�W�H�P�V �D�Q�G �P�D�J�Q�H�W�L�F �O�H�Y�L�W�D�W�L�R�Q �W�U�D�Q�V�S�R�U�W �>���@��

���D�� ���E�� ���F��

�)�L�J�X�U�H �������� ���D�� �+���-���7 �S�K�D�V�H �G�L�D�J�U�D�P �V�K�R�Z�L�Q�J �W�K�H �W�K�U�H�H �F�U�L�W�L�F�D�O �S�D�U�D�P�H�W�H�U�V �G�H�4�Q�L�Q�J �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�W�D�W�H�� �P�D�J��
�Q�H�W�L�F �4�H�O�G ��H c���� �F�X�U�U�H�Q�W �G�H�Q�V�L�W�\ ��Jc���� �D�Q�G �W�H�P�S�H�U�D�W�X�U�H ��Tc���� ���E�� �7�\�S�L�F�D�O �5 �Y�V �7 ���Q�R�U�P�D�O�L�]�H�G �W�H�P�S�H�U�D�W�X�U�HT/ Tc�� �S�O�R�W �R�I
�D �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�� �I�R�F�X�V�L�Q�J �R�Q �W�K�H �W�H�P�S�H�U�D�W�X�U�H �U�D�Q�J�H �D�W �Z�K�L�F�K �W�K�H �Q�R�U�P�D�O���V�X�S�H�U�F�R�Q�G�X�F�W�R�U �W�U�D�Q�V�L�W�L�R�Q �R�F�F�X�U�V��Tc �L�V
�L�Q�G�L�F�D�W�H�G �Z�L�W�K �D �U�H�G �G�R�W�W�H�G �Y�H�U�W�L�F�D�O �O�L�Q�H�� ���F�� �*�U�D�S�K �R�I �D �W�\�S�L�F�D�O �W�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�H �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �J�D�S
� ��

��



�:�K�H�Q �F�R�R�O�H�G �W�K�U�R�X�J�KTc �L�Q �D�Q �H�[�W�H�U�Q�D�O �P�D�J�Q�H�W�L�F �4�H�O�G�� �D �V�X�S�H�U�F�R�Q�G�X�F�W�R�U �H�[�S�H�O�V �P�D�J�Q�H�W�L�F �5�X�[ �I�U�R�P �L�W�V �E�X�O�N��

�H�V�W�D�E�O�L�V�K�L�Q�J �V�X�U�I�D�F�H �V�F�U�H�H�Q�L�Q�J �F�X�U�U�H�Q�W�V �W�K�D�W �F�U�H�D�W�H �S�H�U�I�H�F�W �G�L�D�P�D�J�Q�H�W�L�V�P ��� = � 1���� �7�K�L�V �W�K�H�U�P�R�G�\�Q�D�P�L�F �H�•�H�F�W��

�G�L�V�W�L�Q�F�W �I�U�R�P �P�H�U�H �S�H�U�I�H�F�W �F�R�Q�G�X�F�W�L�Y�L�W�\�� �L�V �T�X�D�Q�W�L�W�D�W�L�Y�H�O�\ �G�H�V�F�U�L�E�H�G �E�\ �W�K�H �/�R�Q�G�R�Q �H�T�X�D�W�L�R�Q�V �>�������� �@��

r � �Ms = �
nse2

m
�%; �( =

m
nse2

@�Ms
@t

����������

�Z�K�H�U�Hns �L�V �W�K�H �&�R�R�S�H�U���S�D�L�U �G�H�Q�V�L�W�\��e �L�V �W�K�H �H�O�H�F�W�U�R�Q �F�K�D�U�J�H�� �D�Q�Gm �L�V �W�K�H �H�O�H�F�W�U�R�Q �P�D�V�V�� �)�U�R�P �W�K�H �/�R�Q�G�R�Q �H�T�X�D��

�W�L�R�Q�V �Z�H �F�D�Q �G�H�4�Q�H �W�K�H �/�R�Q�G�R�Q �S�H�Q�H�W�U�D�W�L�R�Q �G�H�S�W�K� L =
p

m/( � 0nse2)�� �W�K�H �F�K�D�U�D�F�W�H�U�L�V�W�L�F �V�F�D�O�H �R�Y�H�U �Z�K�L�F�K �P�D�J�Q�H�W�L�F

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

�H�U�L�Q�J �V�X�S�H�U�F�R�Q�G�X�F�W�R�U���I�H�U�U�R�P�D�J�Q�H�W �L�Q�W�H�U�I�D�F�H�V �V�W�X�G�L�H�G �L�Q �W�K�L�V �W�K�H�V�L�V�� �–�Q �S�D�U�W�L�F�X�O�D�U��� L �F�R�Q�W�U�R�O�V �K�R�Z �P�D�J�Q�H�W�L�F �4�H�O�G�V

�D�U�H �V�F�U�H�H�Q�H�G �L�Q�V�L�G�H �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �O�D�\�H�U�� �Z�K�L�O�H �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �F�R�K�H�U�H�Q�F�H �O�H�Q�J�W�K �J�R�Y�H�U�Q�V �K�R�Z �V�X�S�H�U�F�R�Q��

�G�X�F�W�L�Q�J �F�R�U�U�H�O�D�W�L�R�Q�V �D�U�H �P�R�G�L�4�H�G �Q�H�D�U �W�K�H �L�Q�W�H�U�I�D�F�H��

�������������� �(�Q�H�U�J�\ �J�D�S �D�Q�G �T�X�D�V�L�S�D�U�W�L�F�O�H�V

�7�K�H �P�L�F�U�R�V�F�R�S�L�F �I�R�X�Q�G�D�W�L�R�Q �R�I �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\�� �H�[�S�O�D�L�Q�H�G �E�\ �%�D�U�G�H�H�Q���&�R�R�S�H�U���6�F�K�U�L�H�•�H�U ���%�&�6�� �W�K�H�R�U�\�� �U�H�Y�H�D�O�H�G

�W�K�D�W �H�O�H�F�W�U�R�Q�V �I�R�U�P �E�R�X�Q�G �&�R�R�S�H�U �S�D�L�U�V �W�K�D�W �F�R�Q�G�H�Q�V�H �L�Q�W�R �D �P�D�F�U�R�V�F�R�S�L�F �T�X�D�Q�W�X�P �V�W�D�W�H �>���� ������ �@�� �7�K�L�V �F�U�H�D�W�H�V �D

�F�K�D�U�D�F�W�H�U�L�V�W�L�F �H�Q�H�U�J�\ �J�D�S� �L�Q �W�K�H �H�O�H�F�W�U�R�Q�L�F �G�H�Q�V�L�W�\ �R�I �V�W�D�W�H�V�� �Z�L�W�K �W�K�H �X�Q�L�Y�H�U�V�D�O �%�&�6 �U�H�O�D�W�L�R�Q�V�K�L�S �D�W �]�H�U�R �W�H�P�S�H�U�D��

�W�X�U�H��

�(0) � 1:76� kB Tc ����������

�7�K�H �W�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�H �Q�H�D�UTc �I�R�O�O�R�Z�V��

�( T) = �(0) � �W�D�Q�K

"

1:74�

r
Tc

T
� 1

#

����������

�Z�K�H�U�H�( T) �L�V �W�K�H �H�Q�H�U�J�\ �J�D�S �D�W �W�H�P�S�H�U�D�W�X�U�HT �� �(0) �L�V �W�K�H �H�Q�H�U�J�\ �J�D�S �D�W �D�E�V�R�O�X�W�H �]�H�U�R ��T = 0 �.�� �D�Q�GTc �L�V �W�K�H

�F�U�L�W�L�F�D�O �W�H�P�S�H�U�D�W�X�U�H �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U �>�������� �@�� �7�K�L�V �H�[�S�U�H�V�V�L�R�Q�� �V�F�K�H�P�D�W�L�F�D�O�O�\ �W�U�D�F�H�G �L�Q�4�J�X�U�H �������F�� �L�V �Y�D�O�L�G �I�R�U

�W�H�P�S�H�U�D�W�X�U�H�V �E�H�O�R�Z �W�K�H �F�U�L�W�L�F�D�O �W�H�P�S�H�U�D�W�X�U�H ��T < T c���� �$�WT = Tc�� �W�K�H �H�Q�H�U�J�\ �J�D�S �Y�D�Q�L�V�K�H�V ���( Tc) = 0 ����

�7�K�H�U�P�D�O�O�\ �H�[�F�L�W�H�G �T�X�D�V�L�S�D�U�W�L�F�O�H�V �D�E�R�Y�H �W�K�L�V �J�D�S �V�H�W �I�X�Q�G�D�P�H�Q�W�D�O �Q�R�L�V�H �5�R�R�U�V �I�R�U �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �G�H�W�H�F�W�R�U�V �>���� ������ �@

�D�Q�G �L�Q�5�X�H�Q�F�H �W�K�H �V�S�L�Q �W�U�D�Q�V�S�R�U�W �S�U�R�S�H�U�W�L�H�V �>���� �@ �F�H�Q�W�U�D�O �W�R �W�K�L�V �W�K�H�V�L�V��

�7�K�H �*�L�Q�]�E�X�U�J���/�D�Q�G�D�X �F�R�K�H�U�H�Q�F�H �O�H�Q�J�W�K� =
q

�qh2/(2 m� j� j) �L�V �W�K�H �O�H�Q�J�W�K �V�F�D�O�H �R�I �V�S�D�W�L�D�O �Y�D�U�L�D�W�L�R�Q�V �R�I �W�K�H �R�U��

�G�H�U �S�D�U�D�P�H�W�H�U ���R�U �Z�D�Y�H �I�X�Q�F�W�L�R�Q�� �>���� ���@�� �(�Y�H�Q �W�K�R�X�J�K �W�K�H �F�R�K�H�U�H�Q�F�H �O�H�Q�J�W�K �L�Q �D�G�M�D�F�H�Q�W �P�D�W�H�U�L�D�O�V �G�H�W�H�U�P�L�Q�H�V �W�K�H

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

�G�X�F�W�R�U���I�H�U�U�R�P�D�J�Q�H�W �L�Q�W�H�U�I�D�F�H�V �V�W�X�G�L�H�G �K�H�U�H�� �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �F�R�K�H�U�H�Q�F�H �O�H�Q�J�W�K �W�R�J�H�W�K�H�U �Z�L�W�K �W�K�H �S�H�Q�H�W�U�D�W�L�R�Q

��



�G�H�S�W�K �S�O�D�\ �D �U�R�O�H �R�Q �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U �V�L�G�H ���L�Q�Y�H�U�V�H �S�U�R�[�L�P�L�W�\���� �–�Q �W�K�H �F�O�H�D�Q �O�L�P�L�W�� �W�K�H �L�Q�W�U�L�Q�V�L�F �F�R�K�H�U�H�Q�F�H �O�H�Q�J�W�K��

� 0 =
�qhvF

� �(0)
����������

�Z�K�H�U�H �qh = h/2 � �L�V �W�K�H �U�H�G�X�F�H�G �3�O�D�Q�F�N �F�R�Q�V�W�D�Q�W��vF �L�V �W�K�H �)�H�U�P�L �Y�H�O�R�F�L�W�\�� �D�Q�G�(0) �L�V �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �H�Q�H�U�J�\

�J�D�S �D�W �]�H�U�R �W�H�P�S�H�U�D�W�X�U�H �>���@�� �–�Q �U�H�D�O �P�D�W�H�U�L�D�O�V�� �G�L�V�R�U�G�H�U �V�L�J�Q�L�4�F�D�Q�W�O�\ �U�H�G�X�F�H�V �W�K�H �F�R�K�H�U�H�Q�F�H �O�H�Q�J�W�K�� �–�Q �W�K�H �G�L�U�W�\

�O�L�P�L�W�� �Z�K�H�U�H �W�K�H �H�O�H�F�W�U�R�Q �P�H�D�Q �I�U�H�H �S�D�W�K` �L�V �P�X�F�K �V�K�R�U�W�H�U �W�K�D�Q �W�K�H �F�O�H�D�Q �F�R�K�H�U�H�Q�F�H �O�H�Q�J�W�K ��` � � 0���� �W�K�H �H�•�H�F�W�L�Y�H

�F�R�K�H�U�H�Q�F�H �O�H�Q�J�W�K �E�H�F�R�P�H�V� �H�I�I�
p

� 0` �>���@�� �)�R�U �G�L�U�W�\ �W�K�L�Q �4�O�P�V��� �L�V �W�\�S�L�F�D�O�O�\ �R�I �W�K�H �R�U�G�H�U� 10�Q�P��

�7�K�H �P�D�F�U�R�V�F�R�S�L�F �T�X�D�Q�W�X�P �F�R�K�H�U�H�Q�F�H �R�I �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\ �P�D�Q�L�I�H�V�W�V �L�Q �W�K�H �T�X�D�Q�W�L�]�D�W�L�R�Q �R�I �P�D�J�Q�H�W�L�F �5�X�[ �W�K�U�R�X�J�K

�V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �O�R�R�S�V �L�Q �X�Q�L�W�V �R�I� 0 = h/2 e � 2:07 � 10� 15 �:�E�� �7�K�L�V �I�X�Q�G�D�P�H�Q�W�D�O �T�X�D�Q�W�X�P �H�•�H�F�W�� �F�R�Q�4�U�P�H�G �E�\

�'�H�D�Y�H�U���)�D�L�U�E�D�Q�N �D�Q�G �'�R�O�O���1�¦�E�D�X�H�U �H�[�S�H�U�L�P�H�Q�W�V �>���� ������ �@�� �G�L�U�H�F�W�O�\ �G�H�P�R�Q�V�W�U�D�W�H�V �&�R�R�S�H�U �S�D�L�U �I�R�U�P�D�W�L�R�Q �D�Q�G �S�U�R�Y�L�G�H�V

�W�K�H �E�D�V�L�V �I�R�U �6�4�8�–�' �P�D�J�Q�H�W�R�P�H�W�U�\��

�������������� �7�\�S�H �– �Y�H�U�V�X�V �7�\�S�H �–�– �E�H�K�D�Y�L�R�U

�7�K�H �U�D�W�L�R� = � L / � �E�H�W�Z�H�H�Q �W�K�H �S�H�Q�H�W�U�D�W�L�R�Q �G�H�S�W�K� L �D�Q�G �*�L�Q�]�E�X�U�J���/�D�Q�G�D�X �F�R�K�H�U�H�Q�F�H �O�H�Q�J�W�K� �J�R�Y�H�U�Q�V �W�K�H �P�D�J��

�Q�H�W�L�F �U�H�V�S�R�Q�V�H �R�I �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�V �>���@�� �0�D�W�H�U�L�D�O�V �Z�L�W�K� < 1/
p

2 ���W�\�S�H �–�� �H�[�S�H�O �5�X�[ �F�R�P�S�O�H�W�H�O�\ �X�S �W�R �W�K�H �W�K�H�U�P�R�G�\��

�Q�D�P�L�F �F�U�L�W�L�F�D�O �4�H�O�GH c ���V�H�H�4�J�X�U�H �������D���� �Z�K�H�U�H�D�V �W�K�R�V�H �Z�L�W�K� > 1/
p

2 ���W�\�S�H �–�–�� �H�Q�W�H�U �D �P�L�[�H�G �V�W�D�W�H �E�H�W�Z�H�H�QH c1 �D�Q�G

H c2 ���V�H�H�4�J�X�U�H �������E�� �Z�K�H�U�H �T�X�D�Q�W�L�]�H�G �Y�R�U�W�L�F�H�V �F�D�U�U�\�L�Q�J� 0 �D�U�U�D�Q�J�H �L�Q�W�R �W�K�H �$�E�U�L�N�R�V�R�Y �O�D�W�W�L�F�H �>�������� �@��

�7�\�S�H �– �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�V ���V�R�P�H �E�X�O�N �S�X�U�H �P�H�W�D�O�V �O�L�N�H �+�J�� �3�E�� �$�O�� �H�[�K�L�E�L�W �F�R�P�S�O�H�W�H �5�X�[ �H�[�S�X�O�V�L�R�Q ���S�H�U�I�H�F�W �0�H�L�V�V�Q�H�U

�H�•�H�F�W�� �E�H�O�R�ZH c �>���� ���� �@�� �Z�K�L�O�H �W�\�S�H �–�– �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�V ���S�X�U�H �P�H�W�D�O�V �L�Q �W�K�L�Q �4�O�P �I�R�U�P�� �D�O�O�R�\�V�� �F�R�P�S�R�X�Q�G�V�� �K�L�J�K��Tc

�P�D�W�H�U�L�D�O�V�� �D�O�O�R�Z �S�D�U�W�L�D�O �5�X�[ �S�H�Q�H�W�U�D�W�L�R�Q �W�K�U�R�X�J�K �T�X�D�Q�W�L�]�H�G �Y�R�U�W�L�F�H�V �E�H�W�Z�H�H�QH c1 �D�Q�GH c2 �>�������� �@�� �7�K�H �V�K�R�U�W�H�U �F�R�K�H�U��

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

�4�H�O�G�V �H�V�V�H�Q�W�L�D�O �I�R�U �K�L�J�K���4�H�O�G �D�S�S�O�L�F�D�W�L�R�Q�V �>�������� �@��

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

�–�– �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�V �L�Q�W�U�R�G�X�F�H�V �F�R�P�S�O�H�[ �S�K�H�Q�R�P�H�Q�D �L�Q�F�O�X�G�L�Q�J �Y�R�U�W�H�[ �O�D�W�W�L�F�H �P�H�O�W�L�Q�J�� �S�L�Q�Q�L�Q�J �G�\�Q�D�P�L�F�V�� �D�Q�G �5�X�[���5�R�Z

�U�H�V�L�V�W�D�Q�F�H �W�K�D�W �D�U�H �U�H�O�H�Y�D�Q�W �I�R�U �E�R�W�K �I�X�Q�G�D�P�H�Q�W�D�O �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �D�Q�G �W�H�F�K�Q�R�O�R�J�L�F�D�O �D�S�S�O�L�F�D�W�L�R�Q�V �>���� �@�� �(�Q�J�L�Q�H�H�U�L�Q�J

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

�R�S�L�Q�J �K�L�J�K���S�H�U�I�R�U�P�D�Q�F�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �P�D�W�H�U�L�D�O�V �I�R�U �D�S�S�O�L�F�D�W�L�R�Q�V �U�D�Q�J�L�Q�J �I�U�R�P �T�X�D�Q�W�X�P �G�H�Y�L�F�H�V �W�R �K�L�J�K���4�H�O�G

�P�D�J�Q�H�W�V �>���� ������ �@��

�������������� �$�Q�G�U�H�H�Y �U�H�5�H�F�W�L�R�Q �D�Q�G �W�K�H �-�R�V�H�S�K�V�R�Q �H�•�H�F�W

�:�K�H�Q �D�Q �H�O�H�F�W�U�R�Q �Z�L�W�K �H�Q�H�U�J�\jE j < � �L�Q �D �Q�R�U�P�D�O �P�H�W�D�O �D�S�S�U�R�D�F�K�H�V �D �V�X�S�H�U�F�R�Q�G�X�F�W�R�U �L�Q�W�H�U�I�D�F�H�� �V�L�Q�J�O�H���S�D�U�W�L�F�O�H

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

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

����
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�)�L�J�X�U�H �������� ���D�� �7�\�S�H �– �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�V �S�U�H�V�H�Q�W �D �V�L�Q�J�O�H �4�H�O�G �W�U�D�Q�V�L�W�L�R�Q �E�D�U�U�L�H�U �L�Q�W�R �W�K�H �Q�R�U�P�D�O �P�H�W�D�O �V�W�D�W�H�� �Z�K�L�O�H ���E��
�W�\�S�H �–�– �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�V �H�[�K�L�E�L�W �W�Z�R �F�U�L�W�L�F�D�O �4�H�O�G�VBc1 �D�Q�GBc2�� �G�H�O�L�P�L�W�L�Q�J �W�K�H �0�H�L�V�V�Q�H�U �V�W�D�W�H ���I�X�O�O �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\��
�D�Q�G �P�L�[�H�G �Y�R�U�W�H�[ �V�W�D�W�H�� �U�H�V�S�H�F�W�L�Y�H�O�\�� �)�L�J�X�U�H�V ���D�� �D�Q�G ���E�� �D�G�D�S�W�H�G �I�U�R�P �;�� �3�D�O�H�U�P�R �W�K�H�V�L�V �P�D�Q�X�V�F�U�L�S�W ������������ �>���� �@��

�D �K�R�O�H �W�K�D�W �L�V �U�H�5�H�F�W�H�G �I�U�R�P �W�K�H �L�Q�W�H�U�I�D�F�H ���V�H�H�4�J�X�U�H �������D���� �7�K�L�V �W�Z�R���S�D�U�W�L�F�O�H �S�U�R�F�H�V�V�� �4�U�V�W �G�H�V�F�U�L�E�H�G �E�\ �$�Q�G�U�H�H�Y

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

�F�R�X�S�O�L�Q�J �E�H�W�Z�H�H�Q �W�K�H �H�[�F�L�W�D�W�L�R�Q�V �L�Q �W�K�H �Q�R�U�P�D�O �P�H�W�D�O �D�Q�G �W�K�H �S�D�L�U�L�Q�J �D�P�S�O�L�W�X�G�H �L�Q �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�� �$�Q�G�U�H�H�Y

�U�H�5�H�F�W�L�R�Q �L�V �F�H�Q�W�U�D�O �W�R �O�D�W�H�U �F�K�D�S�W�H�U�V�� �Z�K�H�U�H �Z�H �T�X�D�Q�W�L�I�\ �V�S�L�Q���P�L�[�L�Q�J���F�R�Q�G�X�F�W�D�Q�F�H �D�Q�G �S�U�R�E�H �W�K�H �H�P�H�U�J�H�Q�F�H �R�I �R�G�G��

�I�U�H�T�X�H�Q�F�\ �W�U�L�S�O�H�W �F�R�P�S�R�Q�H�Q�W�V �D�W �H�Q�J�L�Q�H�H�U�H�G �<�%�&�2���/�6�0�2 �L�Q�W�H�U�I�D�F�H�V�� �7�K�H �S�U�H�V�H�Q�F�H �R�I �]�H�U�R���H�Q�H�U�J�\ �$�Q�G�U�H�H�Y �E�R�X�Q�G

�V�W�D�W�H�V �L�Q �W�K�Hd���Z�D�Y�H �F�X�S�U�D�W�H �I�X�U�W�K�H�U �P�R�G�L�4�H�V �W�K�H �V�S�L�Q �V�L�Q�N�L�Q�J �F�D�S�D�F�L�W�\ �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�� �H�Q�D�E�O�L�Q�J �W�K�H �V�X�S�H�U�F�R�Q��

�G�X�F�W�R�U �W�R �D�E�V�R�U�E �P�R�U�H �V�S�L�Q�V�� �$�G�G�L�W�L�R�Q�D�O�O�\�� �Z�K�H�Q �W�Z�R �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�V �D�U�H �V�H�S�D�U�D�W�H�G �E�\ �D �W�K�L�Q �E�D�U�U�L�H�U�� �&�R�R�S�H�U �S�D�L�U�V

�F�D�Q �H�L�W�K�H�U �W�X�Q�Q�H�O �F�R�K�H�U�H�Q�W�O�\ �L�I �W�K�H �E�D�U�U�L�H�U �L�V �L�Q�V�X�O�D�W�L�Q�J ���6���–���6�� �M�X�Q�F�W�L�R�Q�V�� �R�U �V�X�F�K �D �W�U�D�Q�V�I�H�U ���-�R�V�H�S�K�V�R�Q �&�R�X�S�O�L�Q�J�� �L�V �P�H��

�G�L�D�W�H�G �E�\ �$�Q�G�U�H�H�Y �S�D�L�U�V �L�Q �6���)���6 ���I�H�U�U�R�P�D�J�Q�H�W�L�F �E�D�U�U�L�H�U�� �D�Q�G �6���1���6 ���Q�R�U�P�D�O �P�H�W�D�O �E�D�U�U�L�H�U�� �M�X�Q�F�W�L�R�Q�V ���V�H�H�4�J�X�U�H �������E����

�7�K�L�V �&�R�R�S�H�U �S�D�L�U�V �W�U�D�Q�V�I�H�U �V�X�S�S�R�U�W�V �D �V�X�S�H�U�F�X�U�U�H�Q�WI s = I c �V�L�Q� �Z�K�H�U�H� �L�V �W�K�H �S�K�D�V�H �G�L�•�H�U�H�Q�F�H �>���� �@�� �7�K�L�V �L�V �F�D�O�O�H�G

�W�K�H �-�R�V�H�S�K�V�R�Q �H�•�H�F�W�� �D�Q�G �L�W �X�Q�G�H�U�S�L�Q�V �Q�X�P�H�U�R�X�V �T�X�D�Q�W�X�P �G�H�Y�L�F�H�V �L�Q�F�O�X�G�L�Q�J �6�4�8�–�'�V �>���� �@�� �:�K�L�O�H �6���)���6 �-�R�V�H�S�K�V�R�Q

�M�X�Q�F�W�L�R�Q�V �D�U�H �Q�R�W �G�L�U�H�F�W�O�\ �V�W�X�G�L�H�G �L�Q �W�K�L�V �W�K�H�V�L�V�� �S�U�R�[�L�P�L�W�\ �H�•�H�F�W�V �F�R�X�O�G �E�H �S�U�H�V�H�Q�W �L�Q �R�X�U �6���) �E�L�O�D�\�H�U�V�� �6�X�E�V�H�T�X�H�Q�W�O�\��

�W�K�H �G�H�H�S�H�U �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �R�I �6���) �E�L�O�D�\�H�U�V �W�K�D�W �Z�H �V�H�H�N �L�Q �W�K�L�V �Z�R�U�N �F�D�Q �E�H �W�U�D�Q�V�S�R�V�H�G �I�R�U �D �E�H�W�W�H�U �W�X�Q�L�Q�J �R�I �6���)���6

�M�X�Q�F�W�L�R�Q�V��

���������� �/�R�Z���7�F �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�V�� �F�R�Q�Y�H�Q�W�L�R�Q�D�O �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\

�&�R�Q�Y�H�Q�W�L�R�Q�D�O �O�R�Z���W�H�P�S�H�U�D�W�X�U�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�V�� �G�L�V�F�R�Y�H�U�H�G �L�Q �W�K�H �H�D�U�O�\ �����W�K�F�H�Q�W�X�U�\ �D�Q�G �W�K�H�R�U�H�W�L�F�D�O�O�\ �H�[�S�O�D�L�Q�H�G �E�\

�%�&�6 �W�K�H�R�U�\�� �R�S�H�U�D�W�H �D�W �W�H�P�S�H�U�D�W�X�U�H�V �W�\�S�L�F�D�O�O�\ �R�I �D �I�H�Z �W�H�Q�V �R�I �N�H�O�Y�L�Q�V �D�W �P�R�V�W �D�Q�G �H�[�K�L�E�L�W �V���Z�D�Y�H �S�D�L�U�L�Q�J �V�\�P�P�H�W�U�\��

����
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�)�L�J�X�U�H �������� ���D�� �:�K�H�Q �D �F�R�Q�G�X�F�W�L�R�Q �H�O�H�F�W�U�R�Q ���H�� �L�Q �W�K�H �Q�R�U�P�D�O �P�H�W�D�O �D�S�S�U�R�D�F�K�H�V �W�K�H �L�Q�W�H�U�I�D�F�H �Z�L�W�K �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U
�E�H�O�R�Z �W�K�H �J�D�S �O�H�Y�H�O ��� ���� �L�W �F�D�Q �E�\�S�D�V�V �W�K�L�V �L�Q�W�H�U�I�D�F�H �D�O�R�Q�J�V�L�G�H �D �Y�D�O�H�Q�F�H �H�O�H�F�W�U�R�Q�� �I�R�U�P�L�Q�J �D �&�R�R�S�H�U �S�D�L�U �D�W �W�K�H �)�H�U�P�L
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�F�K�D�U�D�F�W�H�U �W�K�U�R�X�J�K �V�S�L�Q���G�H�S�H�Q�G�H�Q�W �V�S�D�W�L�D�O �Z�D�Y�H�I�X�Q�F�W�L�R�Q�V �>���� �� ���� �@�� �:�K�H�Q �H�O�H�F�W�U�R�Q�V �R�Q �Q�H�L�J�K�E�R�U�L�Q�J �D�W�R�P�V �L�Q�W�H�U�D�F�W��

�W�K�H�L�U �Z�D�Y�H�I�X�Q�F�W�L�R�Q�V �R�Y�H�U�O�D�S�� �F�U�H�D�W�L�Q�J �D�Q �H�Q�H�U�J�\ �G�L�•�H�U�H�Q�F�H �E�H�W�Z�H�H�Q �F�R�Q�4�J�X�U�D�W�L�R�Q�V �Z�L�W�K �S�D�U�D�O�O�H�O �Y�H�U�V�X�V �D�Q�W�L�S�D�U�D�O�O�H�O

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

�L�Q�W�H�J�U�D�O �>���� ������ �@�� �7�K�L�V �H�[�F�K�D�Q�J�H �L�Q�W�H�U�D�F�W�L�R�Q �F�D�Q �E�H �I�R�U�P�D�O�L�]�H�G �W�K�U�R�X�J�K �W�K�H �+�H�L�V�H�Q�E�H�U�J �P�R�G�H�O��

H = �
X

i;j

J ij ~Si � ~Sj ; ����������

�Z�K�H�U�HJ ij �L�V �W�K�H �H�[�F�K�D�Q�J�H �F�R�Q�V�W�D�Q�W �E�H�W�Z�H�H�Q �V�S�L�Q�V~Si �D�Q�G~Sj �D�W �O�D�W�W�L�F�H �V�L�W�H�Vi �D�Q�Gj �� �U�H�V�S�H�F�W�L�Y�H�O�\�� �:�K�H�QJ ij > 0�� �S�D�U�D�O�O�H�O

�V�S�L�Q �D�O�L�J�Q�P�H�Q�W �L�V �I�D�Y�R�U�H�G ���I�H�U�U�R�P�D�J�Q�H�W�L�V�P���� �Z�K�L�O�HJ ij < 0 �S�U�R�P�R�W�H�V �D�Q�W�L�S�D�U�D�O�O�H�O �D�O�L�J�Q�P�H�Q�W ���D�Q�W�L�I�H�U�U�R�P�D�J�Q�H�W�L�V�P�� �>���� �@��

�7�K�H �V�W�U�H�Q�J�W�K �D�Q�G �V�L�J�Q �R�IJ ij �G�H�S�H�Q�G �V�H�Q�V�L�W�L�Y�H�O�\ �R�Q �L�Q�W�H�U�D�W�R�P�L�F �G�L�V�W�D�Q�F�H�V �D�Q�G �R�U�E�L�W�D�O �V�\�P�P�H�W�U�L�H�V�� �Z�K�L�F�K �H�[�S�O�D�L�Q�V �Z�K�\

�R�Q�O�\ �V�S�H�F�L�4�F �H�O�H�P�H�Q�W�V �D�Q�G �F�R�P�S�R�X�Q�G�V �H�[�K�L�E�L�W �O�R�Q�J���U�D�Q�J�H �P�D�J�Q�H�W�L�F �R�U�G�H�U�L�Q�J��

�–�Q �P�H�W�D�O�V�� �I�H�U�U�R�P�D�J�Q�H�W�L�V�P �F�D�Q �D�O�W�H�U�Q�D�W�L�Y�H�O�\ �E�H �X�Q�G�H�U�V�W�R�R�G �Z�L�W�K�L�Q �E�D�Q�G �W�K�H�R�U�\ �>���� �@�� �Z�K�H�U�H �V�S�L�Q���V�S�O�L�W �E�D�Q�G�V �F�U�H�D�W�H

�D�Q �L�P�E�D�O�D�Q�F�H �E�H�W�Z�H�H�Q �P�D�M�R�U�L�W�\�� �D�Q�G �P�L�Q�R�U�L�W�\���V�S�L�Q �S�R�S�X�O�D�W�L�R�Q�V�� �7�K�H �6�W�R�Q�H�U �F�U�L�W�H�U�L�R�QI � D (EF ) > 1 ���V�H�H�4�J�X�U�H �������D��

�G�H�W�H�U�P�L�Q�H�V �Z�K�H�W�K�H�U �W�K�L�V �V�S�R�Q�W�D�Q�H�R�X�V �V�S�L�Q �V�S�O�L�W�W�L�Q�J �R�F�F�X�U�V�� �Z�K�H�U�HI �U�H�S�U�H�V�H�Q�W�V �W�K�H �H�•�H�F�W�L�Y�H �H�[�F�K�D�Q�J�H �L�Q�W�H�U�D�F�W�L�R�Q

�V�W�U�H�Q�J�W�K �D�Q�GD(EF ) �W�K�H �G�H�Q�V�L�W�\ �R�I �V�W�D�W�H�V �D�W �W�K�H �)�H�U�P�L �O�H�Y�H�O �>���� �@�� �7�K�L�V �F�U�L�W�H�U�L�R�Q �U�D�W�L�R�Q�D�O�L�]�H�V �Z�K�\ �R�Q�O�\ �V�S�H�F�L�4�F �W�U�D�Q�V�L�W�L�R�Q

�P�H�W�D�O�V ���)�H�� �&�R�� �1�L�� �D�Q�G �W�K�H�L�U �D�O�O�R�\�V �W�\�S�L�F�D�O�O�\ �H�[�K�L�E�L�W �I�H�U�U�R�P�D�J�Q�H�W�L�V�P�� �D�V �W�K�H�V�H �H�O�H�P�H�Q�W�V �F�R�P�E�L�Q�H �V�W�U�R�Q�J �H�[�F�K�D�Q�J�H

�L�Q�W�H�U�D�F�W�L�R�Q�V �Z�L�W�K �K�L�J�KD(EF ) �D�U�L�V�L�Q�J �I�U�R�P �S�D�U�W�L�D�O�O�\ �4�O�O�H�G3d �E�D�Q�G�V��

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

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

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

�P�D�J�Q�H�W�R�V�W�D�W�L�F �H�Q�H�U�J�\ ���I�D�Y�R�U�L�Q�J �5�X�[ �F�O�R�V�X�U�H���� �D�Q�G �D�Q�L�V�R�W�U�R�S�\ �H�Q�H�U�J�\ ���I�D�Y�R�U�L�Q�J �D�O�L�J�Q�P�H�Q�W �D�O�R�Q�J �V�S�H�F�L�4�F �F�U�\�V�W�D�O�O�L�Q�H �R�U

�V�K�D�S�H���G�H�4�Q�H�G �D�[�H�V�� �>���� ������ �@�� �)�R�U �W�K�H �I�H�U�U�R�P�D�J�Q�H�W�L�F �U�H�V�R�Q�D�Q�F�H �H�[�S�H�U�L�P�H�Q�W�V �F�H�Q�W�U�D�O �W�R �W�K�L�V �W�K�H�V�L�V�� �W�K�H �H�[�W�H�U�Q�D�O �4�H�O�G�V

�D�U�H �W�\�S�L�F�D�O�O�\ �O�D�U�J�H �H�Q�R�X�J�K �W�R �V�D�W�X�U�D�W�H �W�K�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q �D�Q�G �G�U�L�Y�H �W�K�H �V�\�V�W�H�P �L�Q�W�R �D�Q �H�•�H�F�W�L�Y�H�O�\ �V�L�Q�J�O�H���G�R�P�D�L�Q �V�W�D�W�H��

�D�O�L�J�Q�L�Q�J �W�K�H �P�D�F�U�R�V�F�R�S�L�F �P�D�J�Q�H�W�L�]�D�W�L�R�Q �D�O�R�Q�J �W�K�H �D�S�S�O�L�H�G �4�H�O�G �D�Q�G �V�X�S�S�U�H�V�V�L�Q�J �G�R�P�D�L�Q���U�H�O�D�W�H�G �F�R�P�S�O�L�F�D�W�L�R�Q�V��

���������� �0�D�J�Q�H�W�L�F �D�Q�L�V�R�W�U�R�S�\

�0�D�J�Q�H�W�L�F �D�Q�L�V�R�W�U�R�S�\�� �W�K�H �G�L�U�H�F�W�L�R�Q�D�O �G�H�S�H�Q�G�H�Q�F�H �R�I �D �P�D�W�H�U�L�D�O���V �P�D�J�Q�H�W�L�F �S�U�R�S�H�U�W�L�H�V �>���� ������ �@�� �L�V �H�V�V�H�Q�W�L�D�O �I�R�U �X�Q�G�H�U��

�V�W�D�Q�G�L�Q�J �W�K�H �W�K�L�Q���4�O�P �I�H�U�U�R�P�D�J�Q�H�W�V �X�V�H�G �L�Q �W�K�L�V �W�K�H�V�L�V�� �6�H�Y�H�U�D�O �P�H�F�K�D�Q�L�V�P�V �F�R�Q�W�U�L�E�X�W�H��

����



���D�� ���E��

�)�L�J�X�U�H �������� ���D�� �–�O�O�X�V�W�U�D�W�L�R�Q �R�I �W�K�H �6�W�R�Q�H�U �F�U�L�W�H�U�L�R�Q�� �W�K�H �S�U�R�G�X�F�W �R�I �W�K�H �H�[�F�K�D�Q�J�H �L�Q�W�H�U�D�F�W�L�R�Q �S�D�U�D�P�H�W�H�UI ���W�R�S �J�U�D�S�K��
�D�Q�G �W�K�H �G�H�Q�V�L�W�\ �R�I �V�W�D�W�H�V �D�W �W�K�H �)�H�U�P�L �O�H�Y�H�OD(EF ) �R�I �P�H�W�D�O�O�L�F �H�O�H�P�H�Q�W�V ���P�L�G�G�O�H �J�U�D�S�K�� �\�L�H�O�G�V �W�K�H �6�W�R�Q�H�U �I�D�F�W�R�UID (EF )
���E�R�W�W�R�P �J�U�D�S�K���� �2�Q�O�\ �W�K�H3d �W�U�D�Q�V�L�W�L�R�Q �P�H�W�D�O�V �V�D�W�L�V�I�\ID (EF ) > 1 �D�Q�G �E�H�F�R�P�H �I�H�U�U�R�P�D�J�Q�H�W�L�F�� �)�L�J�X�U�H ���D�� �D�G�D�S�W�H�G
�I�U�R�P �+�� �–�E�D�F�K �D�Q�G �+�� �/�¾�W�K ������������ �>���� �@�� ���E�� �5�H�S�U�H�V�H�Q�W�D�W�L�R�Q �R�I �W�K�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q �G�L�U�H�F�W�L�R�Q �F�R�R�U�G�L�Q�D�W�H�V �L�Q �D �W�K�L�Q �4�O�P��
�L�Q �W�K�H �J�H�Q�H�U�D�O �F�D�V�H �W�K�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q �F�D�Q �K�D�Y�H �D�Q �R�X�W���R�I���S�O�D�Q�H �F�R�P�S�R�Q�H�Q�W�� �I�R�U�P�L�Q�J �D�Q �D�Q�J�O�H� �Z�L�W�K �W�K�Hz���D�[�L�V �D�Q�G
�D�Q �L�Q���S�O�D�Q�H �D�]�L�P�X�W�K�D�O �D�Q�J�O�H� �P�H�D�V�X�U�H�G �I�U�R�P �W�K�Hx ���D�[�L�V��

���� �P�D�J�Q�H�W�R�F�U�\�V�W�D�O�O�L�Q�H �D�Q�L�V�R�W�U�R�S�\ �D�U�L�V�L�Q�J �I�U�R�P �V�S�L�Q���R�U�E�L�W �F�R�X�S�O�L�Q�J �W�K�D�W �W�L�H�V �V�S�L�Q �R�U�L�H�Q�W�D�W�L�R�Q �W�R �V�S�H�F�L�4�F �F�U�\�V�W�D�O�O�R��

�J�U�D�S�K�L�F �D�[�H�V��

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

���� �V�X�U�I�D�F�H �D�Q�G �L�Q�W�H�U�I�D�F�H �D�Q�L�V�R�W�U�R�S�\�� �U�H�O�H�Y�D�Q�W �L�Q �X�O�W�U�D�W�K�L�Q �4�O�P�V �Z�K�H�U�H �E�U�R�N�H�Q �V�\�P�P�H�W�U�\ �S�U�R�G�X�F�H�V �D�G�G�L�W�L�R�Q�D�O �S�U�H��

�I�H�U�U�H�G �G�L�U�H�F�W�L�R�Q�V��

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

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

E �D�Q�L�V= E �P�F+ E �V�K�D�S�H+ E �V�X�U�I�D�F�H+ E �V�W�U�D�L�Q: ����������

�)�R�U �W�K�H �I�H�U�U�R�P�D�J�Q�H�W�L�F �W�K�L�Q �4�O�P�V �V�W�X�G�L�H�G �L�Q �W�K�L�V �W�K�H�V�L�V ���W�K�L�F�N�Q�H�V�Vt > 2 �Q�P���� �V�K�D�S�H �D�Q�L�V�R�W�U�R�S�\ �G�R�P�L�Q�D�W�H�V �D�Q�G

�H�Q�I�R�U�F�H�V �L�Q���S�O�D�Q�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q�� �)�R�U �D�Q �H�[�W�H�Q�G�H�G �W�K�L�Q �4�O�P�� �W�K�H �V�K�D�S�H �D�Q�L�V�R�W�U�R�S�\ �H�Q�H�U�J�\ �L�V

E �V�K�D�S�H=
1
2

� 0M 2
s �F�R�V2 �; ����������

����



�Z�K�H�U�H� �L�V �W�K�H �D�Q�J�O�H �E�H�W�Z�H�H�Q �W�K�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q �D�Q�G �W�K�H �4�O�P �S�O�D�Q�H ���V�H�H�4�J�X�U�H �������E���� �D�Q�GM s �L�V �W�K�H �V�D�W�X�U�D�W�L�R�Q �P�D�J��

�Q�H�W�L�]�D�W�L�R�Q�� �7�K�L�V �J�L�Y�H�V �U�L�V�H �W�R �D�Q �H�•�H�F�W�L�Y�H �R�X�W���R�I���S�O�D�Q�H �G�H�P�D�J�Q�H�W�L�]�L�Q�J �4�H�O�G

H �G�H�P�D�J= Nz M s � M s; ����������

�V�L�Q�F�HNz � 1 �I�R�U �W�K�L�Q �4�O�P�V�� �7�K�L�V �4�H�O�G �L�V �W�\�S�L�F�D�O�O�\ �R�Q �W�K�H �R�U�G�H�U �R�I� 0:5 �7 �W�R1 �7 �I�R�U �W�K�H �P�D�W�H�U�L�D�O�V �X�V�H�G �L�Q �W�K�L�V �W�K�H�V�L�V��

�D�Q�G �W�K�H�U�H�I�R�U�H �R�Y�H�U�Z�K�H�O�P�V �L�Q�W�H�U�I�D�F�H �D�Q�L�V�R�W�U�R�S�\ �W�H�U�P�VK s/ t �I�R�Ut > 2 �Q�P�� �6�W�U�D�L�Q �H�•�H�F�W�V �D�U�H �U�H�O�H�Y�D�Q�W �R�Q�O�\ �I�R�U �H�S�L�W�D�[�L�D�O
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�L�V �D�F�F�R�P�S�D�Q�L�H�G �E�\ �D �Q�H�W �F�K�D�U�J�H �5�R�Z�� �L�W �L�V �X�V�H�I�X�O �W�R �G�L�V�W�L�Q�J�X�L�V�K �W�K�H �I�R�O�O�R�Z�L�Q�J �O�L�P�L�W�L�Q�J �F�D�V�H�V��

���� �8�Q�S�R�O�D�U�L�]�H�G �F�K�D�U�J�H �F�X�U�U�H�Q�W���7�K�L�V �L�V �W�K�H �W�\�S�H �R�I �F�X�U�U�H�Q�W �X�V�H�G �L�Q �F�R�Q�Y�H�Q�W�L�R�Q�D�O �H�O�H�F�W�U�R�Q�L�F�V�� �Z�L�W�K �Q�R �Q�H�W �V�S�L�Q

�S�R�O�D�U�L�]�D�W�L�R�Q ��P � 0���� �:�H �G�U�L�Y�H �V�X�F�K �F�X�U�U�H�Q�W�V �W�R �P�H�D�V�X�U�HR(T) �F�X�U�Y�H�V �R�I �R�X�U �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�V �D�Q�G �W�R �G�H�W�H�F�W

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

���� �6�S�L�Q���S�R�O�D�U�L�]�H�G �F�K�D�U�J�H �F�X�U�U�H�Q�W���+�H�U�H �D �4�Q�L�W�H �F�K�D�U�J�H �F�X�U�U�H�Q�WJc �L�V �D�F�F�R�P�S�D�Q�L�H�G �E�\ �D �Q�H�W �V�S�L�Q �S�R�O�D�U�L�]�D�W�L�R�Q

0 < P < 1�� �6�X�F�K �F�X�U�U�H�Q�W�V �D�U�L�V�H�� �I�R�U �L�Q�V�W�D�Q�F�H�� �Z�K�H�Q �D �F�K�D�U�J�H �F�X�U�U�H�Q�W �5�R�Z�V �W�K�U�R�X�J�K �D �I�H�U�U�R�P�D�J�Q�H�W�� �W�K�H �V�S�L�Q��

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

�D �V�S�L�Q���S�R�O�D�U�L�]�H�G �F�K�D�U�J�H �F�X�U�U�H�Q�W�� �:�H �G�R �Q�R�W �L�Q�W�H�Q�W�L�R�Q�D�O�O�\ �J�H�Q�H�U�D�W�H �R�U �G�H�W�H�F�W �W�K�L�V �W�\�S�H �R�I �F�X�U�U�H�Q�W �L�Q �W�K�H �S�U�H�V�H�Q�W

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

���� �1�H�D�U�O�\ �I�X�O�O�\ �V�S�L�Q���S�R�O�D�U�L�]�H�G �F�K�D�U�J�H �F�X�U�U�H�Q�W���7�K�L�V �L�V �D �V�S�H�F�L�D�O �F�D�V�H �R�I �D �V�S�L�Q���S�R�O�D�U�L�]�H�G �F�K�D�U�J�H �F�X�U�U�H�Q�W �Z�L�W�K

�S�R�O�D�U�L�]�D�W�L�R�QP ! 1�� �L�G�H�D�O�O�\ �U�H�D�O�L�]�H�G �L�Q �K�D�O�I���P�H�W�D�O�O�L�F �I�H�U�U�R�P�D�J�Q�H�W�V �Z�K�H�U�H �R�Q�O�\ �R�Q�H �V�S�L�Q �F�K�D�Q�Q�H�O �F�R�Q�W�U�L�E�X�W�H�V

�D�W �W�K�H �)�H�U�P�L �O�H�Y�H�O�� �–�Q �W�K�L�V �L�G�H�D�O�L�]�H�G �O�L�P�L�W�� �D �F�K�D�U�J�H �F�X�U�U�H�Q�W �F�R�U�U�H�V�S�R�Q�G�V �D�O�P�R�V�W �H�Q�W�L�U�H�O�\ �W�R �D �5�R�Z �R�I �R�Q�H �V�S�L�Q

�V�S�H�F�L�H�V��

���� �3�X�U�H �V�S�L�Q �F�X�U�U�H�Q�W���$ �S�X�U�H �V�S�L�Q �F�X�U�U�H�Q�W �F�R�U�U�H�V�S�R�Q�G�V �W�R �D �Q�H�W �5�R�Z �R�I �V�S�L�Q �D�Q�J�X�O�D�U �P�R�P�H�Q�W�X�P �Z�L�W�K�R�X�W �D�Q

�D�F�F�R�P�S�D�Q�\�L�Q�J �Q�H�W �F�K�D�U�J�H �F�X�U�U�H�Q�W�� �–�W �F�D�Q �E�H �Y�L�H�Z�H�G �D�V �H�T�X�D�O �D�Q�G �R�S�S�R�V�L�W�H �5�R�Z�V �R�I �V�S�L�Q���X�S �D�Q�G �V�S�L�Q���G�R�Z�Q

����



�F�D�U�U�L�H�U�V�� �O�H�D�G�L�Q�J �W�RJc = 0 �E�X�WJs 6= 0 �� �–�Q �R�X�U �V�S�L�Q���S�X�P�S�L�Q�J �H�[�S�H�U�L�P�H�Q�W�V�� �Z�H �J�H�Q�H�U�D�W�H �V�X�F�K �S�X�U�H �V�S�L�Q �F�X�U�U�H�Q�W�V

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

�D�V �G�U�L�Y�H�Q �E�\ �W�K�H �)�0�5���G�U�L�Y�H�Q �P�D�J�Q�H�W�L�]�D�W�L�R�Q �S�U�H�F�H�V�V�L�R�Q �G�H�V�F�U�L�E�H�G �L�Q�6�H�F�W�L�R�Q ������������

���������� �6�S�L�Q �W�U�D�Q�V�S�R�U�W �D�F�U�R�V�V �L�Q�W�H�U�I�D�F�H�V

�7�K�H �H�]�F�L�H�Q�F�\ �R�I �V�S�L�Q �W�U�D�Q�V�S�R�U�W �D�F�U�R�V�V �L�Q�W�H�U�I�D�F�H�V �G�H�S�H�Q�G�V �F�U�L�W�L�F�D�O�O�\ �R�Q �L�Q�W�H�U�I�D�F�L�D�O �S�U�R�S�H�U�W�L�H�V �W�K�D�W �F�R�Q�W�U�R�O �K�R�Z �W�U�D�Q�V��

�Y�H�U�V�H �V�S�L�Q �F�X�U�U�H�Q�W�V �D�U�H �D�E�V�R�U�E�H�G�� �U�H�5�H�F�W�H�G�� �R�U �G�H�S�K�D�V�H�G�� �–�Q �W�K�H �F�R�Q�W�H�[�W �R�I �V�S�L�Q �S�X�P�S�L�Q�J �D�Q�G �V�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U��

�V�L�R�Q�� �W�K�U�H�H �L�Q�J�U�H�G�L�H�Q�W�V �D�U�H �S�D�U�W�L�F�X�O�D�U�O�\ �U�H�O�H�Y�D�Q�W�� �W�K�H �V�S�L�Q���P�L�[�L�Q�J���F�R�Q�G�X�F�W�D�Q�F�H�� �W�K�H �H�•�H�F�W�L�Y�H �V�S�L�Q �W�U�D�Q�V�S�D�U�H�Q�F�\�� �D�Q�G

�W�K�H �V�W�U�X�F�W�X�U�D�O���F�U�\�V�W�D�O�O�R�J�U�D�S�K�L�F �T�X�D�O�L�W�\ �R�I �W�K�H �L�Q�W�H�U�I�D�F�H��

�������������� �6�S�L�Q���P�L�[�L�Q�J���F�R�Q�G�X�F�W�D�Q�F�H

�7�K�H �V�S�L�Q���P�L�[�L�Q�J���F�R�Q�G�X�F�W�D�Q�F�Hg"# �T�X�D�Q�W�L�4�H�V �W�K�H �H�]�F�L�H�Q�F�\ �Z�L�W�K �Z�K�L�F�K �D�Q �L�Q�W�H�U�I�D�F�H �D�E�V�R�U�E�V �W�U�D�Q�V�Y�H�U�V�H �V�S�L�Q �F�X�U�U�H�Q�W��

�–�Q �W�K�H �V�L�P�S�O�H�V�W �S�L�F�W�X�U�H �R�I �D �F�O�H�D�Q�� �E�D�O�O�L�V�W�L�F �L�Q�W�H�U�I�D�F�H�� �L�W �F�D�Q �E�H �H�V�W�L�P�D�W�H�G �I�U�R�P �W�K�H �6�K�D�U�Y�L�Q �F�R�Q�G�X�F�W�D�Q�F�H �D�V

g"# �
k2

F A
4�

; ������������

�Z�K�H�U�HkF �L�V �W�K�H �)�H�U�P�L �Z�D�Y�H�Y�H�F�W�R�U �D�Q�GA �L�V �W�K�H �L�Q�W�H�U�I�D�F�H �D�U�H�D�� �7�K�L�V �H�[�S�U�H�V�V�L�R�Q �U�H�S�U�H�V�H�Q�W�V �D�Q �X�S�S�H�U �E�R�X�Q�G �F�R�U�U�H��

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

�E�\ �W�K�H �L�Q�W�H�U�I�D�F�L�D�O �D�U�H�D �D�Q�G �)�H�U�P�L �V�X�U�I�D�F�H �D�U�H �D�Y�D�L�O�D�E�O�H �I�R�U �W�U�D�Q�V�S�R�U�W�� �5�H�D�O �P�H�W�D�O�O�L�F �L�Q�W�H�U�I�D�F�H�V �W�\�S�L�F�D�O�O�\ �H�[�K�L�E�L�W �U�H�G�X�F�H�G

�H�•�H�F�W�L�Y�H �V�S�L�Q���P�L�[�L�Q�J���F�R�Q�G�X�F�W�D�Q�F�H �G�X�H �W�R �V�S�L�Q���G�H�S�H�Q�G�H�Q�W �U�H�5�H�F�W�L�R�Q�� �L�Q�W�H�U�I�D�F�L�D�O �G�L�V�R�U�G�H�U�� �F�K�H�P�L�F�D�O �L�Q�W�H�U�P�L�[�L�Q�J�� �D�Q�G

�V�S�L�Q���R�U�E�L�W���L�Q�G�X�F�H�G �G�H�S�K�D�V�L�Q�J �>������ �@��

�������������� �–�Q�W�H�U�I�D�F�H �W�U�D�Q�V�S�D�U�H�Q�F�\ �D�Q�G �V�S�L�Q �P�H�P�R�U�\ �O�R�V�V

�7�K�H �L�Q�W�H�U�I�D�F�H �W�U�D�Q�V�S�D�U�H�Q�F�\ �I�R�U �V�S�L�Q �W�U�D�Q�V�S�R�U�W �F�D�Q �G�L�•�H�U �V�L�J�Q�L�4�F�D�Q�W�O�\ �I�U�R�P �L�W�V �F�K�D�U�J�H �W�U�D�Q�V�S�D�U�H�Q�F�\ �E�H�F�D�X�V�H �V�S�L�Q �F�X�U��

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

�W�U�D�Q�V�S�D�U�H�Q�F�\ �L�Q �D�Q �)���1 �E�L�O�D�\�H�U �L�V

Ts =
1

1 + r b/ r N
; ������������

�Z�K�H�U�Hr b �L�V �W�K�H �L�Q�W�H�U�I�D�F�L�D�O �V�S�L�Q �U�H�V�L�V�W�D�Q�F�H �D�Q�GrN �L�V �W�K�H �V�S�L�Q �U�H�V�L�V�W�D�Q�F�H �R�I �W�K�H �D�G�M�D�F�H�Q�W �Q�R�Q���P�D�J�Q�H�W�L�F �O�D�\�H�U�� �W�\�S�L�F�D�O�O�\

�Z�U�L�W�W�H�Q �D�Vr N = � N /( � N A) �Z�L�W�K� N �W�K�H �V�S�L�Q �G�L�•�X�V�L�R�Q �O�H�Q�J�W�K �D�Q�G� N �W�K�H �F�R�Q�G�X�F�W�L�Y�L�W�\ �R�I �W�K�H �Q�R�U�P�D�O �P�H�W�D�O�� �$ �4�Q�L�W�H

r b �U�H�G�X�F�H�V �W�K�H �I�U�D�F�W�L�R�Q �R�I �V�S�L�Q �F�X�U�U�H�Q�W �W�K�D�W �F�D�Q �E�H �W�U�D�Q�V�P�L�W�W�H�G �D�F�U�R�V�V �W�K�H �L�Q�W�H�U�I�D�F�H��

�6�S�L�Q �P�H�P�R�U�\ �O�R�V�V ���6�0�/�� �D�W �L�Q�W�H�U�I�D�F�H�V�� �T�X�D�Q�W�L�4�H�G �E�\ �D �S�D�U�D�P�H�W�H�U� �� �G�H�V�F�U�L�E�H�V �W�K�H �O�R�V�V �R�I �V�S�L�Q �D�Q�J�X�O�D�U �P�R�P�H�Q�W�X�P

�G�X�H �W�R �V�S�L�Q���5�L�S �S�U�R�F�H�V�V�H�V �L�Q �W�K�H �L�P�P�H�G�L�D�W�H �Y�L�F�L�Q�L�W�\ �R�I �W�K�H �L�Q�W�H�U�I�D�F�H�� �0�L�F�U�R�V�F�R�S�L�F�D�O�O�\�� �W�K�H�V�H �S�U�R�F�H�V�V�H�V �D�U�H �G�U�L�Y�H�Q �E�\

�L�Q�W�H�U�I�D�F�L�D�O �V�S�L�Q���R�U�E�L�W �F�R�X�S�O�L�Q�J �>������ �@ �D�Q�G �D�U�H �F�O�R�V�H�O�\ �U�H�O�D�W�H�G �W�R �W�K�H �(�O�O�L�R�W�W���<�D�I�H�W �P�H�F�K�D�Q�L�V�P�V �R�I �V�S�L�Q �U�H�O�D�[�D�W�L�R�Q �>������ ��
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�L�F�D�O�O�\ �U�H�O�\ �R�Q �F�R�P�E�L�Q�H�G �V�S�L�Q���S�X�P�S�L�Q�J�� �L�Q�Y�H�U�V�H �V�S�L�Q �+�D�O�O�� �D�Q�G �V�S�L�Q �+�D�O�O �P�D�J�Q�H�W�R�U�H�V�L�V�W�D�Q�F�H �P�H�D�V�X�U�H�P�H�Q�W�V �>������ �������� ��

������ �������� �@��
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�I�U�H�T�X�H�Q�F�\ �H�T�X�D�O���V�S�L�Q �F�R�U�U�H�O�D�W�L�R�Q�V �W�K�D�W �D�U�H �U�R�E�X�V�W �D�J�D�L�Q�V�W �L�Q�W�H�U�Q�D�O �H�[�F�K�D�Q�J�H �4�H�O�G�V �D�Q�G �V�H�Q�V�L�W�L�Y�H �W�R �L�Q�W�H�U�I�D�F�H �R�U�L�H�Q�W�D��

�W�L�R�Q��

�5�H�F�H�Q�W �H�[�S�H�U�L�P�H�Q�W�D�O �Z�R�U�N �R�Q �6���) �E�L�O�D�\�H�U�V �K�D�V �U�H�S�R�U�W�H�G �E�R�W�K �V�X�S�S�U�H�V�V�L�R�Q �D�Q�G �H�Q�K�D�Q�F�H�P�H�Q�W �R�I �V�S�L�Q �S�X�P�S�L�Q�J �E�H��

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

�U�H�5�H�F�W �W�K�H �F�R�P�S�H�W�L�W�L�R�Q �E�H�W�Z�H�H�Q �U�H�G�X�F�H�G �T�X�D�V�L�S�D�U�W�L�F�O�H �'�2�6�� �P�R�G�L�4�H�G �$�Q�G�U�H�H�Y �U�H�5�H�F�W�L�R�Q�� �V�S�L�Q���P�H�P�R�U�\ �O�R�V�V�� �D�Q�G

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

�P�H�Q�W �D�F�U�R�V�VTc �W�K�H�U�H�I�R�U�H �V�H�U�Y�H�V �D�V �D �V�H�Q�V�L�W�L�Y�H �V�S�H�F�W�U�R�V�F�R�S�L�F �S�U�R�E�H �R�I �K�R�Z �&�R�R�S�H�U �S�D�L�U�L�Q�J �P�R�G�L�4�H�V �L�Q�W�H�U�I�D�F�L�D�O �V�S�L�Q

�W�U�D�Q�V�S�R�U�W �D�Q�G �K�R�Z �X�Q�F�R�Q�Y�H�Q�W�L�R�Q�D�O �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �F�R�U�U�H�O�D�W�L�R�Q�V �F�R�Q�W�U�L�E�X�W�H �W�R �V�S�L�Q���F�X�U�U�H�Q�W �S�U�R�S�D�J�D�W�L�R�Q �L�Q �K�\�E�U�L�G

�T�X�D�Q�W�X�P �G�H�Y�L�F�H�V��

����



���������� �6�S�L�Q �W�U�L�S�O�H�W �J�H�Q�H�U�D�W�L�R�Q

�6�S�L�Q���W�U�L�S�O�H�W �&�R�R�S�H�U �S�D�L�U�V �D�U�H �W�Z�R���H�O�H�F�W�U�R�Q �V�W�D�W�H�V �Z�L�W�K �W�R�W�D�O �V�S�L�QS = 1 �� �F�R�P�S�U�L�V�L�Q�J �W�K�U�H�H �V�S�L�Q �S�U�R�M�H�F�W�L�R�Q�Vm = 1 ; 0; � 1

�F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R �W�K�H �V�S�L�Q �F�R�Q�4�J�X�U�D�W�L�R�Q�Vj""i ��(j"#i + j#"i )/
p

2�� �D�Q�Gj##i �� �U�H�V�S�H�F�W�L�Y�H�O�\�� �–�Q �F�R�Q�W�U�D�V�W�� �W�K�H �F�R�Q�Y�H�Q�W�L�R�Q�D�O

�V�S�L�Q���V�L�Q�J�O�H�W �V�W�D�W�H �K�D�V �W�R�W�D�O �V�S�L�QS = 0 �D�Q�G �Y�D�Q�L�V�K�L�Q�J �V�S�L�Q �S�U�R�M�H�F�W�L�R�Q�� �7�K�H �J�H�Q�H�U�D�W�L�R�Q �R�I �V�S�L�Q���W�U�L�S�O�H�W �F�R�U�U�H�O�D�W�L�R�Q�V �I�U�R�P

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

���� �� ������ �� ������ �@�� �7�U�L�S�O�H�W �F�R�U�U�H�O�D�W�L�R�Q�V �K�D�Y�H �D�O�V�R �E�H�H�Q �F�R�Q�V�L�G�H�U�H�G �I�R�Ud���Z�D�Y�H �6���) �L�Q�W�H�U�I�D�F�H�V �>������ �� ������ �@ �D�Q�G �K�D�Y�H �E�H�H�Q

�H�Y�L�G�H�Q�F�H�G �H�[�S�H�U�L�P�H�Q�W�D�O�O�\ �D�W �/�6�0�2���<�%�&�2 �L�Q�W�H�U�I�D�F�H�V �E�\ �'�� �6�� �0�D�Q�]�D�Q�R�H�W �D�O�������������� �>������ �@�� �)�R�O�O�R�Z�L�Q�J �W�K�H �G�H�V�F�U�L�S�W�L�R�Q

�E�\ �/�L�Q�G�H�U �D�Q�G �5�R�E�L�Q�V�R�Q �>���� �@�� �W�K�H �F�R�Q�Y�H�U�V�L�R�Q �R�I �V�L�Q�J�O�H�W�V �L�Q�W�R �W�U�L�S�O�H�W�V �D�W �D�Q �6���) �L�Q�W�H�U�I�D�F�H �L�V �F�R�Q�Y�H�Q�L�H�Q�W�O�\ �X�Q�G�H�U�V�W�R�R�G

�L�Q �W�H�U�P�V �R�I �W�Z�R �V�X�F�F�H�V�V�L�Y�H �P�H�F�K�D�Q�L�V�P�V�� �V�S�L�Q���P�L�[�L�Q�J �D�Q�G �V�S�L�Q���U�R�W�D�W�L�R�Q ���V�H�H�)�L�J�� ������������

�:�H �4�U�V�W �Z�U�L�W�H �W�K�H �Z�D�Y�H�I�X�Q�F�W�L�R�Q �R�I �D �V�S�L�Q���V�L�Q�J�O�H�W �&�R�R�S�H�U �S�D�L�U �D�V ���V�H�H �S�D�Q�H�O�V ���D�� �D�Q�G ���E�� �R�I�)�L�J�� ����������

 0 =
1

p
2

�
j" ; kij# ; � ki � j# ; kij" ; � ki

�
; ������������

�Z�K�H�U�Hk �D�Q�G� k �G�H�Q�R�W�H �R�S�S�R�V�L�W�H �P�R�P�H�Q�W�D�� �$�W �D �V�S�L�Q���D�F�W�L�Y�H �6���) �L�Q�W�H�U�I�D�F�H�� �W�K�H �H�[�F�K�D�Q�J�H �4�H�O�G �D�V�V�R�F�L�D�W�H�G �Z�L�W�K �W�K�H �I�H�U��

�U�R�P�D�J�Q�H�W �L�Q�G�X�F�H�V �V�S�L�Q���G�H�S�H�Q�G�H�Q�W �S�K�D�V�H �V�K�L�I�W�V �I�R�U �H�O�H�F�W�U�R�Q�V �U�H�5�H�F�W�H�G �E�D�F�N �L�Q�W�R �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�� �:�K�H�Q �V�L�Q�J�O�H�W

�S�D�L�U�V �U�H�D�F�K �W�K�L�V �L�Q�W�H�U�I�D�F�H�� �W�K�H �V�S�L�Q���G�H�S�H�Q�G�H�Q�W �V�F�D�W�W�H�U�L�Q�J �F�D�Q �E�H �Z�U�L�W�W�H�Q �D�V

j" ; ki ! ei� " j" ; � ki ; j#; ki ! ei� # j#; � ki ; ������������

�Z�K�H�U�H� " �D�Q�G� # �D�U�H �V�S�L�Q���G�H�S�H�Q�G�H�Q�W �S�K�D�V�H�V �J�H�Q�H�U�D�W�H�G �E�\ �W�K�H �H�•�H�F�W�L�Y�H �=�H�H�P�D�Q �4�H�O�G �D�W �W�K�H �L�Q�W�H�U�I�D�F�H ���V�H�H �S�D�Q�H�O ���F��

�R�I�)�L�J�� ������������ �$�S�S�O�\�L�Q�J �W�K�L�V �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �W�R 0 �S�U�R�G�X�F�H�V �D �Q�H�Z �V�W�D�W�H ���P�L�[�H�G��
0 �W�K�D�W �F�D�Q �E�H �Z�U�L�W�W�H�Q �D�V �D �V�X�S�H�U�S�R�V�L�W�L�R�Q

�R�I �W�K�H �R�U�L�J�L�Q�D�O �V�L�Q�J�O�H�W �D�Q�G �D�QSz = 0 �W�U�L�S�O�H�W �F�R�P�S�R�Q�H�Q�W��

 �V�K�R�U�W=
1

p
2

�
j" ; kij# ; � ki + j#; kij" ; � ki

�
; ������������

�Z�K�L�F�K �K�D�V �]�H�U�R �V�S�L�Q �S�U�R�M�H�F�W�L�R�Q �D�O�R�Q�J �W�K�H �T�X�D�Q�W�L�]�D�W�L�R�Q �D�[�L�V �G�H�4�Q�H�G �E�\ �W�K�H �H�[�F�K�D�Q�J�H �4�H�O�G ��Sz = 0 ���� �7�K�L�V �J�H�Q�H�U�D�W�L�R�Q

�R�I �D�QSz = 0 �W�U�L�S�O�H�W �F�R�P�S�R�Q�H�Q�W �I�U�R�P �D �V�L�Q�J�O�H�W �G�X�H �W�R �V�S�L�Q���G�H�S�H�Q�G�H�Q�W �S�K�D�V�H �V�K�L�I�W�V �L�V �U�H�I�H�U�U�H�G �W�R �D�V �V�S�L�Q���P�L�[�L�Q�J �>���� �@��

�7�K�H �U�H�P�D�L�Q�L�Q�J �W�U�L�S�O�H�W �F�R�P�S�R�Q�H�Q�W�V �Z�L�W�K �V�S�L�Q �S�U�R�M�H�F�W�L�R�Q�VSz = � 1 �D�U�H �J�L�Y�H�Q �E�\

 (+)
�O�R�Q�J= j" ; kij" ; � ki ;  ( � )

�O�R�Q�J= j#; kij# ; � ki ; ������������

�Z�K�L�F�K �F�R�U�U�H�V�S�R�Q�G �W�R �H�T�X�D�O���V�S�L�Q �S�D�L�U�V�� �–�Q �D �I�H�U�U�R�P�D�J�Q�H�W�� �W�K�H�V�H �H�T�X�D�O���V�S�L�Q �W�U�L�S�O�H�W �F�R�P�S�R�Q�H�Q�W�V �D�U�H �Q�R�W �G�H�S�K�D�V�H�G �E�\

�W�K�H �H�[�F�K�D�Q�J�H �4�H�O�G �D�Q�G �F�D�Q �W�K�H�U�H�I�R�U�H �S�U�R�S�D�J�D�W�H �R�Y�H�U �G�L�V�W�D�Q�F�H�V �F�R�P�S�D�U�D�E�O�H �W�R �W�K�H �Q�R�U�P�D�O���P�H�W�D�O �V�S�L�Q �G�L�•�X�V�L�R�Q �O�H�Q�J�W�K��

�7�K�H�\ �D�U�H �W�K�H�U�H�I�R�U�H �U�H�I�H�U�U�H�G �W�R �D�V �O�R�Q�J���U�D�Q�J�H �W�U�L�S�O�H�W�V�� �L�Q �F�R�Q�W�U�D�V�W �W�R �W�K�H �V�K�R�U�W���U�D�Q�J�HSz = 0 �W�U�L�S�O�H�W�V �D�Q�G �V�L�Q�J�O�H�W�V�� �Z�K�L�F�K

����



�)�L�J�X�U�H ���������� ���D�� �6�F�K�H�P�D�W�L�F �L�O�O�X�V�W�U�D�W�L�R�Q �R�I �K�R�Z �D �V�L�Q�J�O�H�W �&�R�R�S�H�U �S�D�L�U �F�D�Q �E�H �F�R�Q�Y�H�U�W�H�G �L�Q�W�R �D �W�U�L�S�O�H�W �V�W�D�W�H �W�K�U�R�X�J�K
�V�X�F�F�H�V�V�L�Y�H �V�S�L�Q���P�L�[�L�Q�J �D�Q�G �V�S�L�Q���U�R�W�D�W�L�R�Q�� ���E�� �6�X�S�H�U�F�R�Q�G�X�F�W�R�U ���O�H�I�W�� �� �I�H�U�U�R�P�D�J�Q�H�W ���U�L�J�K�W�� �L�Q�W�H�U�I�D�F�H �Z�K�H�U�H �V�S�L�Q���W�U�L�S�O�H�W
�J�H�Q�H�U�D�W�L�R�Q �R�F�F�X�U�V�� �V�S�L�Q���P�L�[�L�Q�J �F�U�H�D�W�H�VSz = 0 �W�U�L�S�O�H�W�V �D�W �W�K�H �V�S�L�Q���D�F�W�L�Y�H �E�R�X�Q�G�D�U�\�� �Z�K�L�O�H �Q�R�Q���F�R�O�O�L�Q�H�D�U �P�D�J�Q�H�W�L�]�D�W�L�R�Q
�I�X�U�W�K�H�U �D�Z�D�\ �J�H�Q�H�U�D�W�H�VSz = � 1 �H�T�X�D�O���V�S�L�Q �W�U�L�S�O�H�W�V�� ���F�� �6�S�L�Q �V�S�O�L�W�W�L�Q�J �R�I �W�K�H �H�O�H�F�W�U�R�Q�L�F �E�D�Q�G�V �G�X�H �W�R �D�Q �L�Q�W�H�U�Q�D�O �R�U
�H�[�W�H�U�Q�D�O �P�D�J�Q�H�W�L�F �4�H�O�G ���=�H�H�P�D�Q �V�S�O�L�W�W�L�Q�J���� �Z�K�L�F�K �X�Q�G�H�U�O�L�H�V �W�K�H �V�S�L�Q���G�H�S�H�Q�G�H�Q�W �S�K�D�V�H�V �U�H�V�S�R�Q�V�L�E�O�H �I�R�U �V�S�L�Q���P�L�[�L�Q�J��
�)�L�J�X�U�H �D�G�D�S�W�H�G �I�U�R�P �-�� �/�L�Q�G�H�U �D�Q�G �-�� �:�� �$�� �5�R�E�L�Q�V�R�Q �>���� �@��

�D�U�H �U�D�S�L�G�O�\ �V�X�S�S�U�H�V�V�H�G �E�\ �W�K�H �H�[�F�K�D�Q�J�H �V�S�O�L�W�W�L�Q�J �>���� ������ �@��

�7�R �F�R�Q�Y�H�U�W �W�K�HSz = 0 �W�U�L�S�O�H�W �F�R�P�S�R�Q�H�Q�W �J�H�Q�H�U�D�W�H�G �E�\ �V�S�L�Q���P�L�[�L�Q�J �L�Q�W�R �W�K�H �O�R�Q�J���U�D�Q�J�HSz = � 1 �F�R�P�S�R�Q�H�Q�W�V��

�D �U�R�W�D�W�L�R�Q �R�I �W�K�H �V�S�L�Q �T�X�D�Q�W�L�]�D�W�L�R�Q �D�[�L�V �L�V �U�H�T�X�L�U�H�G�� �7�K�L�V �V�S�L�Q���U�R�W�D�W�L�R�Q �D�U�L�V�H�V �Z�K�H�Q �W�K�H �O�R�F�D�O �P�D�J�Q�H�W�L�]�D�W�L�R�Q �G�L�U�H�F��

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

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

�R�I�)�L�J�� ������������ �–�Q �D �U�H�J�L�R�Q �Z�K�H�U�H �W�K�H �O�R�F�D�O �P�D�J�Q�H�W�L�]�D�W�L�R�Q �L�V �W�L�O�W�H�G �U�H�O�D�W�L�Y�H �W�R �W�K�H �R�U�L�J�L�Q�D�O �T�X�D�Q�W�L�]�D�W�L�R�Q �D�[�L�V�� �W�K�HSz = 0

�W�U�L�S�O�H�W �F�R�P�S�R�Q�H�Q�W �L�Q �W�K�H �R�U�L�J�L�Q�D�O �I�U�D�P�H �G�H�F�R�P�S�R�V�H�V �L�Q�W�R �D �V�X�S�H�U�S�R�V�L�W�L�R�Q �R�ISz = 0 �D�Q�GSz = � 1 �F�R�P�S�R�Q�H�Q�W�V �L�Q �W�K�H

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

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

���������� �6�S�L�Q���W�U�D�Q�V�S�R�U�W �U�H�O�D�W�H�G �H�•�H�F�W�V

�–�Q �W�K�L�Q���4�O�P �K�H�W�H�U�R�V�W�U�X�F�W�X�U�H�V�� �W�K�H �U�H�G�X�F�H�G �G�L�P�H�Q�V�L�R�Q�D�O�L�W�\ �D�Q�G �V�W�U�R�Q�J �L�Q�5�X�H�Q�F�H �R�I �L�Q�W�H�U�I�D�F�H�V �J�H�Q�H�U�D�W�H �D �Y�D�U�L�H�W�\ �R�I

�P�D�J�Q�H�W�R�W�U�D�Q�V�S�R�U�W �S�K�H�Q�R�P�H�Q�D �W�K�D�W �F�D�Q �E�R�W�K �F�R�P�S�O�L�F�D�W�H �D�Q�G �H�Q�U�L�F�K �W�K�H �L�Q�W�H�U�S�U�H�W�D�W�L�R�Q �R�I �V�S�L�Q���G�\�Q�D�P�L�F�V �H�[�S�H�U�L��

�P�H�Q�W�V�� �7�K�H�V�H �H�•�H�F�W�V �E�H�F�R�P�H �S�D�U�W�L�F�X�O�D�U�O�\ �L�P�S�R�U�W�D�Q�W �Z�K�H�Q �4�O�P �W�K�L�F�N�Q�H�V�V�H�V �D�S�S�U�R�D�F�K �F�K�D�U�D�F�W�H�U�L�V�W�L�F �O�H�Q�J�W�K �V�F�D�O�H�V

�V�X�F�K �D�V �W�K�H �V�S�L�Q �G�L�•�X�V�L�R�Q �O�H�Q�J�W�K�� �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �F�R�K�H�U�H�Q�F�H �O�H�Q�J�W�K�� �R�U �P�H�D�Q �I�U�H�H �S�D�W�K�� �–�Q �P�D�J�Q�H�W�L�F �K�H�W�H�U�R�V�W�U�X�F��

�W�X�U�H�V�� �V�S�L�Q �D�Q�G �F�K�D�U�J�H �G�H�J�U�H�H�V �R�I �I�U�H�H�G�R�P �D�U�H �F�R�X�S�O�H�G �W�K�U�R�X�J�K �Y�D�U�L�R�X�V �+�D�O�O �D�Q�G �P�D�J�Q�H�W�R�U�H�V�L�V�W�D�Q�F�H �H�•�H�F�W�V�� �Z�K�L�F�K

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

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

�V�L�J�Q�D�O�V �I�U�R�P �U�H�F�W�L�4�F�D�W�L�R�Q �R�U �W�K�H�U�P�R�H�O�H�F�W�U�L�F �D�U�W�L�I�D�F�W�V�� �–�Q �W�K�H �F�R�Q�W�H�[�W �R�I �W�K�L�V �Z�R�U�N�� �W�K�H �P�R�V�W �U�H�O�H�Y�D�Q�W �P�H�F�K�D�Q�L�V�P�V �D�U�H��

����



���� �+�D�O�O���W�\�S�H �H�•�H�F�W�V��

���D���2�U�G�L�Q�D�U�\ �+�D�O�O �H�•�H�F�W ���2�+�(����

���E���3�O�D�Q�D�U �+�D�O�O �H�•�H�F�W ���3�+�(����

���F���$�Q�R�P�D�O�R�X�V �+�D�O�O �H�•�H�F�W ���$�+�(����

���G���–�Q�Y�H�U�V�H �V�S�L�Q �+�D�O�O �H�•�H�F�W ���–�6�+�(����

���� �0�D�J�Q�H�W�R�U�H�V�L�V�W�D�Q�F�H �H�•�H�F�W�V��

���D���$�Q�L�V�R�W�U�R�S�L�F �P�D�J�Q�H�W�R�U�H�V�L�V�W�D�Q�F�H ���$�0�5����

���E���2�U�G�L�Q�D�U�\ �P�D�J�Q�H�W�R�U�H�V�L�V�W�D�Q�F�H ���2�0�5�� �W�\�S�L�F�D�O�O�\ �Q�H�J�O�L�J�L�E�O�H �L�Q �R�X�U �J�H�R�P�H�W�U�\����

�%�\ �F�R�Q�W�U�D�V�W�� �J�L�D�Q�W �P�D�J�Q�H�W�R�U�H�V�L�V�W�D�Q�F�H ���*�0�5���� �W�X�Q�Q�H�O�L�Q�J �P�D�J�Q�H�W�R�U�H�V�L�V�W�D�Q�F�H ���7�0�5���� �D�Q�G �F�R�O�R�V�V�D�O �P�D�J�Q�H�W�R�U�H�V�L�V�W�D�Q�F�H

���&�0�5�� �U�H�T�X�L�U�H �H�L�W�K�H�U �P�X�O�W�L�O�D�\�H�U �V�S�L�Q���Y�D�O�Y�H �V�W�U�X�F�W�X�U�H�V �R�U �Y�H�U�\ �O�D�U�J�H �P�D�J�Q�H�W�L�F �4�H�O�G�V �D�Q�G �D�U�H �Q�R�W �U�H�O�H�Y�D�Q�W �I�R�U �R�X�U �V�D�P��

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

�D�Q�G �Q�R�W �D�V �G�\�Q�D�P�L�F �V�L�J�Q�D�O�V �D�W �W�K�H �)�0�5 �I�U�H�T�X�H�Q�F�\��

�)�L�Q�D�O�O�\�� �W�K�H�U�P�D�O �V�S�L�Q �H�•�H�F�W�V �V�X�F�K �D�V �W�K�H �O�R�Q�J�L�W�X�G�L�Q�D�O �V�S�L�Q �6�H�H�E�H�F�N �H�•�H�F�W ���/�6�6�(�� �F�D�Q�� �L�Q �S�U�L�Q�F�L�S�O�H�� �J�H�Q�H�U�D�W�H �V�S�L�Q

�F�X�U�U�H�Q�W�V �G�U�L�Y�H�Q �E�\ �W�H�P�S�H�U�D�W�X�U�H �J�U�D�G�L�H�Q�W�V �D�F�U�R�V�V �W�K�L�Q �4�O�P�V�� �–�Q �R�X�U �H�[�S�H�U�L�P�H�Q�W�V�� �K�R�Z�H�Y�H�U�� �Z�H �G�R �Q�R�W �L�P�S�R�V�H �F�R�Q��

�W�U�R�O�O�H�G �W�K�H�U�P�D�O �J�U�D�G�L�H�Q�W�V �D�F�U�R�V�V �W�K�H �K�H�W�H�U�R�V�W�U�X�F�W�X�U�H�� �D�Q�G �D�Q�\ �O�D�V�H�U�� �R�U �P�L�F�U�R�Z�D�Y�H���L�Q�G�X�F�H�G �K�H�D�W�L�Q�J �S�U�R�G�X�F�H�V �R�Q�O�\

�Z�H�D�N�� �Q�H�D�U�O�\ �X�Q�L�I�R�U�P �W�H�P�S�H�U�D�W�X�U�H �F�K�D�Q�J�H�V�� �/�6�6�( �F�R�Q�W�U�L�E�X�W�L�R�Q�V �D�U�H �W�K�H�U�H�I�R�U�H �H�[�S�H�F�W�H�G �W�R �E�H �Q�H�J�O�L�J�L�E�O�H �F�R�P�S�D�U�H�G

�W�R �W�K�H �G�R�P�L�Q�D�Q�W �V�S�L�Q���S�X�P�S�L�Q�J �D�Q�G �P�D�J�Q�H�W�R�U�H�V�L�V�W�L�Y�H �H�•�H�F�W�V��

�������������� �2�U�G�L�Q�D�U�\ �+�D�O�O �H�•�H�F�W ���2�+�(��

�–�Q �W�K�H �S�U�H�V�H�Q�F�H �R�I �D �P�D�J�Q�H�W�L�F �4�H�O�G�%�S�H�U�S�H�Q�G�L�F�X�O�D�U �W�R �W�K�H �F�X�U�U�H�Q�W �5�R�Z�� �F�K�D�U�J�H �F�D�U�U�L�H�U�V �H�[�S�H�U�L�H�Q�F�H �W�K�H �/�R�U�H�Q�W�]

�I�R�U�F�H �D�Q�G �D�F�F�X�P�X�O�D�W�H �R�Q �R�Q�H �V�L�G�H �R�I �W�K�H �F�R�Q�G�X�F�W�R�U�� �J�H�Q�H�U�D�W�L�Q�J �D �W�U�D�Q�V�Y�H�U�V�H �+�D�O�O �Y�R�O�W�D�J�H�� �)�R�U �D �W�K�L�Q �4�O�P �Z�L�W�K �D

�S�H�U�S�H�Q�G�L�F�X�O�D�U �4�H�O�G �F�R�P�S�R�Q�H�Q�WB? �� �W�K�H �R�U�G�L�Q�D�U�\ �+�D�O�O �Y�R�O�W�D�J�H �F�D�Q �E�H �Z�U�L�W�W�H�Q �D�V

V�2�+�( = RH IB ? ; ������������

�Z�K�H�U�HRH = 1/( ne) �L�V �W�K�H �+�D�O�O �F�R�H�]�F�L�H�Q�W��n �W�K�H �F�D�U�U�L�H�U �G�H�Q�V�L�W�\��e �W�K�H �H�O�H�P�H�Q�W�D�U�\ �F�K�D�U�J�H�� �D�Q�GI �W�K�H �O�R�Q�J�L�W�X�G�L�Q�D�O

�F�X�U�U�H�Q�W �>���� �@�� �–�Q �W�K�L�Q �4�O�P�V��RH �F�D�Q �E�H �P�L�O�G�O�\ �P�R�G�L�4�H�G �E�\ �L�Q�W�H�U�I�D�F�H �V�F�D�W�W�H�U�L�Q�J �D�Q�G �P�X�O�W�L���E�D�Q�G �H�•�H�F�W�V�� �–�Q �R�X�U �L�Q��

�S�O�D�Q�H �)�0�5 �J�H�R�P�H�W�U�L�H�V�� �W�K�H �D�S�S�O�L�H�G �P�D�J�Q�H�W�L�F �4�H�O�G �O�L�H�V �H�V�V�H�Q�W�L�D�O�O�\ �L�Q �W�K�H �4�O�P �S�O�D�Q�H�� �V�RB? � 0 �D�Q�G �W�K�H �R�U�G�L�Q�D�U�\ �+�D�O�O

�F�R�Q�W�U�L�E�X�W�L�R�Q �L�V �Q�H�J�O�L�J�L�E�O�H��

����



�������������� �3�O�D�Q�D�U �+�D�O�O �H�•�H�F�W ���3�+�(��

�7�K�H �S�O�D�Q�D�U �+�D�O�O �H�•�H�F�W ���3�+�(�� �L�V �D �P�D�J�Q�H�W�R�W�U�D�Q�V�S�R�U�W �S�K�H�Q�R�P�H�Q�R�Q �D�U�L�V�L�Q�J �I�U�R�P �D�Q�L�V�R�W�U�R�S�L�F �V�F�D�W�W�H�U�L�Q�J �R�I �F�K�D�U�J�H �F�D�U�U�L�H�U�V

�L�Q �I�H�U�U�R�P�D�J�Q�H�W�V�� �8�Q�O�L�N�H �W�K�H �R�U�G�L�Q�D�U�\ �+�D�O�O �H�•�H�F�W�� �Z�K�L�F�K �U�H�T�X�L�U�H�V �D �S�H�U�S�H�Q�G�L�F�X�O�D�U �P�D�J�Q�H�W�L�F �4�H�O�G �D�Q�G �J�H�Q�H�U�D�W�H�V �D

�Y�R�O�W�D�J�H �R�X�W �R�I �W�K�H �4�O�P �S�O�D�Q�H�� �W�K�H �3�+�( �S�U�R�G�X�F�H�V �D�Q �L�Q���S�O�D�Q�H �W�U�D�Q�V�Y�H�U�V�H �Y�R�O�W�D�J�H �W�K�D�W �G�H�S�H�Q�G�V �R�Q �W�K�H �D�Q�J�O�H �E�H�W�Z�H�H�Q

�W�K�H �F�X�U�U�H�Q�W �G�L�U�H�F�W�L�R�Q �D�Q�G �W�K�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q �Y�H�F�W�R�U �>������ �������� �@��

�–�Q �I�H�U�U�R�P�D�J�Q�H�W�L�F �W�K�L�Q �4�O�P�V�� �W�K�H �3�+�( �L�V �H�[�S�U�H�V�V�H�G �L�Q �W�H�U�P�V �R�I �W�K�H �D�Q�L�V�R�W�U�R�S�L�F �U�H�V�L�V�W�L�Y�L�W�L�H�V� k �D�Q�G� ? �I�R�U �F�X�U�U�H�Q�W

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

� xy =
1
2

(� k � � ? ) �V�L�Q(2� ); ������������

�Z�K�H�U�H� �L�V �W�K�H �D�Q�J�O�H �E�H�W�Z�H�H�Q �F�X�U�U�H�Q�W �D�Q�G �P�D�J�Q�H�W�L�]�D�W�L�R�Q�� �7�K�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J �S�O�D�Q�D�U �+�D�O�O �U�H�V�L�V�W�D�Q�F�H �P�H�D�V�X�U�H�G �E�H��

�W�Z�H�H�Q �W�U�D�Q�V�Y�H�U�V�H �Y�R�O�W�D�J�H �F�R�Q�W�D�F�W�V �F�D�Q �E�H �Z�U�L�W�W�H�Q �D�V

R�3�+�(=
1
2

(Rk � R? ) �V�L�Q(2� ) =
1
2

� R �V�L�Q(2� ); ������������

�Z�L�W�K� R = Rk � R? �� �7�K�H �D�V�V�R�F�L�D�W�H�G �Y�R�O�W�D�J�H �U�H�D�G�VV�3�+�(= I R �3�+�(��

�–�Q �)�0�5���E�D�V�H�G �P�H�D�V�X�U�H�P�H�Q�W�V�� �W�K�H �S�U�H�F�H�V�V�L�Q�J �P�D�J�Q�H�W�L�]�D�W�L�R�Q�0 (t) �O�H�D�G�V �W�R �D �W�L�P�H���G�H�S�H�Q�G�H�Q�W �D�Q�J�O�H� (t)�� �D�Q�G �W�K�H�U�H��

�I�R�U�H �W�R �D�Q �R�V�F�L�O�O�D�W�L�Q�J �S�O�D�Q�D�U �+�D�O�O �U�H�V�L�V�W�D�Q�F�H�� �:�K�H�Q �F�R�P�E�L�Q�H�G �Z�L�W�K �P�L�F�U�R�Z�D�Y�H �F�X�U�U�H�Q�W�V �L�Q�G�X�F�H�G �L�Q �W�K�H �V�D�P�S�O�H�� �W�K�L�V

�F�D�Q �J�L�Y�H �U�L�V�H �W�R �U�H�F�W�L�4�H�G �'�& �Y�R�O�W�D�J�H�V �W�K�D�W �P�L�P�L�F �J�H�Q�X�L�Q�H �V�S�L�Q���S�X�P�S�L�Q�J �V�L�J�Q�D�O�V �>������ �@�� �7�K�H �F�K�D�U�D�F�W�H�U�L�V�W�L�F �V�L�Q(2� ) �D�Q��

�J�X�O�D�U �G�H�S�H�Q�G�H�Q�F�H �R�I �W�K�H �3�+�( �S�U�R�Y�L�G�H�V �D�Q �L�P�S�R�U�W�D�Q�W �G�L�D�J�Q�R�V�W�L�F �W�R�R�O �W�R �V�H�S�D�U�D�W�H �V�X�F�K �V�S�L�Q���U�H�F�W�L�4�F�D�W�L�R�Q �D�U�W�L�I�D�F�W�V �I�U�R�P

�W�U�X�H �V�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q �V�L�J�Q�D�O�V��

�������������� �$�Q�R�P�D�O�R�X�V �+�D�O�O �H�•�H�F�W ���$�+�(��

�–�Q �I�H�U�U�R�P�D�J�Q�H�W�L�F �F�R�Q�G�X�F�W�R�U�V�� �W�K�H �D�Q�R�P�D�O�R�X�V �+�D�O�O �H�•�H�F�W �J�H�Q�H�U�D�W�H�V �D �W�U�D�Q�V�Y�H�U�V�H �Y�R�O�W�D�J�H �W�K�D�W �L�V �S�U�R�S�R�U�W�L�R�Q�D�O �W�R �W�K�H

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

� xy = R0Bz + RsM z ; ������������

�Z�K�H�U�HR0 �L�V �W�K�H �R�U�G�L�Q�D�U�\ �+�D�O�O �F�R�H�]�F�L�H�Q�W��Rs �W�K�H �D�Q�R�P�D�O�R�X�V �+�D�O�O �F�R�H�]�F�L�H�Q�W��Bz �W�K�H �S�H�U�S�H�Q�G�L�F�X�O�D�U �P�D�J�Q�H�W�L�F �4�H�O�G

�F�R�P�S�R�Q�H�Q�W�� �D�Q�GM z �W�K�H �S�H�U�S�H�Q�G�L�F�X�O�D�U �P�D�J�Q�H�W�L�]�D�W�L�R�Q �F�R�P�S�R�Q�H�Q�W �>������ �@�� �0�L�F�U�R�V�F�R�S�L�F�D�O�O�\�� �W�K�H �$�+�( �D�U�L�V�H�V �I�U�R�P �E�R�W�K

�L�Q�W�U�L�Q�V�L�F �F�R�Q�W�U�L�E�X�W�L�R�Q�V �U�H�O�D�W�H�G �W�R �W�K�H �%�H�U�U�\ �F�X�U�Y�D�W�X�U�H �R�I �W�K�H �H�O�H�F�W�U�R�Q�L�F �E�D�Q�G�V ���D�Q�R�P�D�O�R�X�V �Y�H�O�R�F�L�W�\ �R�I �H�O�H�F�W�U�R�Q�V�� �D�Q�G

�H�[�W�U�L�Q�V�L�F �F�R�Q�W�U�L�E�X�W�L�R�Q�V �I�U�R�P �V�N�H�Z �V�F�D�W�W�H�U�L�Q�J �D�Q�G �V�L�G�H���M�X�P�S �S�U�R�F�H�V�V�H�V��

�–�Q �W�K�H �S�U�H�V�H�Q�W �Z�R�U�N�� �W�K�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q �L�V �R�U�L�H�Q�W�H�G �H�V�V�H�Q�W�L�D�O�O�\ �L�Q �W�K�H �4�O�P �S�O�D�Q�H �G�X�U�L�Q�J �)�0�5�� �V�R �W�K�D�WM z � 0 �D�Q�G

�D�Q�\ �$�+�( �F�R�Q�W�U�L�E�X�W�L�R�Q �W�R �W�K�H �P�H�D�V�X�U�H�G �Y�R�O�W�D�J�H�V �L�V �V�W�U�R�Q�J�O�\ �V�X�S�S�U�H�V�V�H�G�� �:�H �W�K�H�U�H�I�R�U�H �G�R �Q�R�W �H�[�S�H�F�W �W�K�H �$�+�( �W�R �S�O�D�\

����



�D �V�L�J�Q�L�4�F�D�Q�W �U�R�O�H �L�Q �R�X�U �V�L�J�Q�D�O �J�H�Q�H�U�D�W�L�R�Q�� �D�O�W�K�R�X�J�K �L�W �F�D�Q �E�H �U�H�O�H�Y�D�Q�W �L�Q �J�H�R�P�H�W�U�L�H�V �Z�L�W�K �D �V�L�J�Q�L�4�F�D�Q�W �S�H�U�S�H�Q�G�L�F�X�O�D�U

�P�D�J�Q�H�W�L�]�D�W�L�R�Q �F�R�P�S�R�Q�H�Q�W��

�������������� �6�S�L�Q �+�D�O�O �H�•�H�F�W ���6�+�(�� �D�Q�G �L�Q�Y�H�U�V�H �V�S�L�Q �+�D�O�O �H�•�H�F�W ���–�6�+�(��

�7�K�H �V�S�L�Q �+�D�O�O �H�•�H�F�W ���6�+�(�� �D�Q�G �L�W�V �U�H�F�L�S�U�R�F�D�O �F�R�X�Q�W�H�U�S�D�U�W�� �W�K�H �L�Q�Y�H�U�V�H �V�S�L�Q �+�D�O�O �H�•�H�F�W ���–�6�+�(���� �G�H�V�F�U�L�E�H �W�K�H �P�X�W�X�D�O �F�R�Q��

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

�S�O�D�\ �D �F�H�Q�W�U�D�O �U�R�O�H �L�Q �V�S�L�Q�W�U�R�Q�L�F�V �D�Q�G �S�U�R�Y�L�G�H �F�R�P�S�O�H�P�H�Q�W�D�U�\ �P�H�D�Q�V �W�R �J�H�Q�H�U�D�W�H �D�Q�G �G�H�W�H�F�W �S�X�U�H �V�S�L�Q �F�X�U�U�H�Q�W�V �L�Q

�W�K�L�Q���4�O�P �K�H�W�H�U�R�V�W�U�X�F�W�X�U�H�V��

�–�Q �W�K�H �G�L�U�H�F�W �V�S�L�Q �+�D�O�O �H�•�H�F�W ���6�+�(�� �G�H�S�L�F�W�H�G �L�Q�4�J�X�U�H ���������D�� �D �O�R�Q�J�L�W�X�G�L�Q�D�O �F�K�D�U�J�H �F�X�U�U�H�Q�W �G�H�Q�V�L�W�\�-c �5�R�Z�L�Q�J �W�K�U�R�X�J�K

�D �P�D�W�H�U�L�D�O �Z�L�W�K �V�W�U�R�Q�J �V�S�L�Q���R�U�E�L�W �F�R�X�S�O�L�Q�J �J�L�Y�H�V �U�L�V�H �W�R �D �W�U�D�Q�V�Y�H�U�V�H �V�S�L�Q �F�X�U�U�H�Q�W �G�H�Q�V�L�W�\�-s �>������ �@��

�-s = � � �6�+
�qh
2e

�-c[�L� � ]; ������������

�Z�K�H�U�H� �6�+�L�V �W�K�H �V�S�L�Q �+�D�O�O �D�Q�J�O�H���L�L�V �W�K�H �Y�H�F�W�R�U �R�I �W�K�H �G�L�U�H�F�W�L�R�Q �R�I �W�K�H �L�Q�L�W�L�D�O �F�X�U�U�H�Q�W ���-c �L�Q �W�K�L�V �F�D�V�H�� �D�Q�G� �L�V �W�K�H �V�S�L�Q

�S�R�O�D�U�L�]�D�W�L�R�Q �Y�H�F�W�R�U��

�7�K�H �U�H�F�L�S�U�R�F�D�O �S�U�R�F�H�V�V�� �W�K�H �L�Q�Y�H�U�V�H �V�S�L�Q �+�D�O�O �H�•�H�F�W ���–�6�+�(���� �F�R�Q�Y�H�U�W�V �D �S�X�U�H �V�S�L�Q �F�X�U�U�H�Q�W�-s �Z�L�W�K �V�S�L�Q �S�R�O�D�U�L�]�D�W�L�R�Q

� �L�Q�W�R �D �W�U�D�Q�V�Y�H�U�V�H �F�K�D�U�J�H �F�X�U�U�H�Q�W �>������ �@��

�-c = � � �6�+
2e
�qh

�-s[�L� � ]: ������������

�–�Q �W�K�H �V�S�L�Q �S�X�P�S�L�Q�J �J�H�R�P�H�W�U�\ �X�V�H�G �L�Q �W�K�L�V �Z�R�U�N�� �W�K�H �L�Q�M�H�F�W�H�G �V�S�L�Q �F�X�U�U�H�Q�W �5�R�Z�V �D�O�R�Q�J �W�K�H �4�O�P �Q�R�U�P�D�O ��z���G�L�U�H�F�W�L�R�Q����

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

�F�X�U�U�H�Q�W �R�U�W�K�R�J�R�Q�D�O �W�R �W�K�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q�� �S�U�R�G�X�F�L�Q�J �W�K�H �Y�R�O�W�D�J�H �Z�H �G�H�W�H�F�W��

���D�� ���E��

�)�L�J�X�U�H ���������� ���D�� �6�S�L�Q �+�D�O�O �H�•�H�F�W ���6�+�(���� �D�Q �L�Q���S�O�D�Q�H �F�K�D�U�J�H �F�X�U�U�H�Q�W �S�U�R�G�X�F�H�V �D �W�U�D�Q�V�Y�H�U�V�H �V�S�L�Q �F�X�U�U�H�Q�W �Z�L�W�K �V�S�L�Q �S�R�O�D�U��
�L�]�D�W�L�R�Q� �4�[�H�G �E�\ �V�S�L�Q���R�U�E�L�W �F�R�X�S�O�L�Q�J�� ���E�� �–�Q�Y�H�U�V�H �V�S�L�Q �+�D�O�O �H�•�H�F�W ���–�6�+�(���� �D �V�S�L�Q �F�X�U�U�H�Q�W �Z�L�W�K �S�R�O�D�U�L�]�D�W�L�R�Q� �J�H�Q�H�U�D�W�H�V
�D �W�U�D�Q�V�Y�H�U�V�H �F�K�D�U�J�H �F�X�U�U�H�Q�W�� �H�Q�D�E�O�L�Q�J �H�O�H�F�W�U�L�F�D�O �G�H�W�H�F�W�L�R�Q �R�I �V�S�L�Q �S�X�P�S�L�Q�J��

����



�7�K�H �P�D�J�Q�L�W�X�G�H �D�Q�G �V�L�J�Q �R�I �W�K�H �V�S�L�Q �+�D�O�O �D�Q�J�O�H �G�H�S�H�Q�G �V�W�U�R�Q�J�O�\ �R�Q �E�D�Q�G �V�W�U�X�F�W�X�U�H �D�Q�G �R�Q �Z�K�H�W�K�H�U �W�K�H �6�+�( �L�V �G�R�P��

�L�Q�D�W�H�G �E�\ �L�Q�W�U�L�Q�V�L�F �R�U �H�[�W�U�L�Q�V�L�F �V�F�D�W�W�H�U�L�Q�J �P�H�F�K�D�Q�L�V�P�V �>������ �@�� �5�H�S�R�U�W�H�G �U�R�R�P���W�H�P�S�H�U�D�W�X�U�H �Y�D�O�X�H�V �I�R�U �K�H�D�Y�\ �P�H�W�D�O�V

�V�S�D�Q �D �E�U�R�D�G �U�D�Q�J�H�� �U�H�S�U�H�V�H�Q�W�D�W�L�Y�H �Y�D�O�X�H�V �I�U�R�P �W�U�D�Q�V�S�R�U�W �D�Q�G �V�S�L�Q���W�R�U�T�X�H �P�H�D�V�X�U�H�P�H�Q�W�V �L�Q�F�O�X�G�H� �6�+ � 0:05 �W�R0:1

�I�R�U �3�W��� �6�+ � � 0:05 �W�R� 0:12 �I�R�U �7�D�� �D�Q�G� �6�+ � � 0:3 �I�R�U �K�L�J�K���U�H�V�L�V�W�L�Y�L�W�\� ���:�� �Z�K�L�O�H �$�X �W�\�S�L�F�D�O�O�\ �V�K�R�Z�V� �6�+ �L�Q �W�K�H

0:02 �W�R0:1 �U�D�Q�J�H �G�H�S�H�Q�G�L�Q�J �R�Q �W�K�L�F�N�Q�H�V�V �D�Q�G �L�P�S�X�U�L�W�\ �V�F�D�W�W�H�U�L�Q�J �>������ �������� �������� �������� �@�� �–�Q �W�K�L�V �W�K�H�V�L�V�� �W�K�H �–�6�+�( �S�U�R��

�Y�L�G�H�V �W�K�H �S�U�L�P�D�U�\ �H�O�H�F�W�U�L�F�D�O �G�H�W�H�F�W�L�R�Q �P�H�F�K�D�Q�L�V�P �I�R�U �V�S�L�Q �S�X�P�S�L�Q�J �L�Q �6���) �D�Q�G �)���1 �E�L�O�D�\�H�U�V��

�������������� �$�Q�L�V�R�W�U�R�S�L�F �P�D�J�Q�H�W�R�U�H�V�L�V�W�D�Q�F�H ���$�0�5��

�$�Q�L�V�R�W�U�R�S�L�F �P�D�J�Q�H�W�R�U�H�V�L�V�W�D�Q�F�H ���$�0�5�� �U�H�I�H�U�V �W�R �W�K�H �G�H�S�H�Q�G�H�Q�F�H �R�I �W�K�H �H�O�H�F�W�U�L�F�D�O �U�H�V�L�V�W�D�Q�F�H �R�I �D �I�H�U�U�R�P�D�J�Q�H�W �R�Q �W�K�H

�D�Q�J�O�H �E�H�W�Z�H�H�Q �W�K�H �F�X�U�U�H�Q�W �G�L�U�H�F�W�L�R�Q �D�Q�G �W�K�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q�� �)�L�U�V�W �R�E�V�H�U�Y�H�G �E�\ �:�� �7�K�R�P�V�R�Q �L�Q �������� �>������ �@�� �L�W �D�U�L�V�H�V

�I�U�R�P �D�Q�L�V�R�W�U�R�S�\ �L�Q �W�K�H �V�F�D�W�W�H�U�L�Q�J �U�D�W�H �R�I �F�R�Q�G�X�F�W�L�R�Q �H�O�H�F�W�U�R�Q�V �L�Q�G�X�F�H�G �E�\ �V�S�L�Q���R�U�E�L�W �F�R�X�S�O�L�Q�J �>������ �������� �@�� �–�W���V �D�Q�J�X�O�D�U

�G�H�S�H�Q�G�H�Q�F�H �F�D�Q �E�H �H�[�S�U�H�V�V�H�G �D�V �>������ �@��

R�$�0�5 = R(0) � (Rk � R? ) �V�L�Q2(� ) = R(0) � � R �V�L�Q2(� ) ������������

�Z�K�H�U�HRk ��R? �� �L�V �W�K�H �U�H�V�L�V�W�D�Q�F�H �I�R�U �D �F�X�U�U�H�Q�W �S�D�U�D�O�O�H�O ���S�H�U�S�H�Q�G�L�F�X�O�D�U�� �W�R �W�K�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q��

�$�0�5 �L�V �G�L�U�H�F�W�O�\ �U�H�O�D�W�H�G �W�R �W�K�H �S�O�D�Q�D�U �+�D�O�O �H�•�H�F�W ���3�+�(���� �W�K�H �O�R�Q�J�L�W�X�G�L�Q�D�O �$�0�5 �F�R�U�U�H�V�S�R�Q�G�V �W�R �W�K�H �G�L�D�J�R�Q�D�O �F�R�P�S�R��

�Q�H�Q�W �R�I �W�K�H �U�H�V�L�V�W�L�Y�L�W�\ �W�H�Q�V�R�U�� �Z�K�H�U�H�D�V �W�K�H �3�+�( �D�U�L�V�H�V �I�U�R�P �W�K�H �R�•���G�L�D�J�R�Q�D�O �F�R�P�S�R�Q�H�Q�W�� �\�L�H�O�G�L�Q�J �W�K�H �F�K�D�U�D�F�W�H�U�L�V�W�L�F

�V�L�Q(2� ) �G�H�S�H�Q�G�H�Q�F�H�� �%�R�W�K �H�•�H�F�W�V �S�O�D�\ �L�P�S�R�U�W�D�Q�W �U�R�O�H�V �L�Q �H�O�H�F�W�U�L�F�D�O�O�\ �G�H�W�H�F�W�H�G �)�0�5 �H�[�S�H�U�L�P�H�Q�W�V�� �–�Q �R�X�U �)�0�5 �J�H��

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

�W�K�H�U�H�I�R�U�H �D�Q �R�V�F�L�O�O�D�W�R�U�\ �U�H�V�L�V�W�D�Q�F�H�� �:�K�H�Q �W�K�L�V �W�L�P�H���Y�D�U�\�L�Q�J �$�0�5 �P�L�[�H�V �Z�L�W�K �P�L�F�U�R�Z�D�Y�H �F�X�U�U�H�Q�W�V �L�Q�G�X�F�H�G �L�Q �W�K�H �V�D�P��

�S�O�H�� �L�W �J�H�Q�H�U�D�W�H�V �U�H�F�W�L�4�H�G �'�& �Y�R�O�W�D�J�H�V�� �7�K�L�V �$�0�5 �V�S�L�Q �U�H�F�W�L�4�F�D�W�L�R�Q �L�V �R�I�W�H�Q �W�K�H �G�R�P�L�Q�D�Q�W �V�S�X�U�L�R�X�V �F�R�Q�W�U�L�E�X�W�L�R�Q �L�Q

�)�0�5 �G�H�W�H�F�W�L�R�Q �V�F�K�H�P�H�V �>������ �@ �D�Q�G �P�X�V�W �E�H �G�L�V�H�Q�W�D�Q�J�O�H�G �F�D�U�H�I�X�O�O�\ �I�U�R�P �J�H�Q�X�L�Q�H �V�S�L�Q���S�X�P�S�L�Q�J���L�Q�G�X�F�H�G �–�6�+�( �V�L�J�Q�D�O�V

�W�K�U�R�X�J�K �D�Q�J�X�O�D�U�� �4�H�O�G���V�\�P�P�H�W�U�\�� �D�Q�G �I�U�H�T�X�H�Q�F�\ �D�Q�D�O�\�V�H�V��

���������� �6�S�L�Q �U�H�F�W�L�4�F�D�W�L�R�Q �H�•�H�F�W�V�� �D �V�S�X�U�L�R�X�V �F�R�Q�W�U�L�E�X�W�L�R�Q

�–�Q �H�O�H�F�W�U�L�F�D�O�O�\ �G�H�W�H�F�W�H�G �I�H�U�U�R�P�D�J�Q�H�W�L�F �U�H�V�R�Q�D�Q�F�H ���)�0�5�� �H�[�S�H�U�L�P�H�Q�W�V�� �W�K�H �Y�R�O�W�D�J�H�V �P�H�D�V�X�U�H�G �D�W �W�K�H �V�D�P�S�O�H �F�R�Q�W�D�F�W�V

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

�E�\ �V�S�L�Q �S�X�P�S�L�Q�J �D�Q�G �G�H�W�H�F�W�H�G �W�K�U�R�X�J�K �W�K�H �L�Q�Y�H�U�V�H �V�S�L�Q �+�D�O�O �H�•�H�F�W ���–�6�+�(���� �D�Q�G ���L�L�� �U�H�F�W�L�4�F�D�W�L�R�Q �Y�R�O�W�D�J�H�V �S�U�R�G�X�F�H�G

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

�F�O�D�V�V �R�I �V�S�L�Q �U�H�F�W�L�4�F�D�W�L�R�Q �H�•�H�F�W�V �D�Q�G �P�D�\ �P�L�P�L�F �R�U �R�E�V�F�X�U�H �W�U�X�H �V�S�L�Q���S�X�P�S�L�Q�J �V�L�J�Q�D�O�V �L�I �Q�R�W �F�D�U�H�I�X�O�O�\ �F�R�Q�W�U�R�O�O�H�G �>������ ��

������ �@��

�6�S�L�Q �U�H�F�W�L�4�F�D�W�L�R�Q �D�U�L�V�H�V �I�U�R�P �W�K�H �Q�R�Q�O�L�Q�H�D�U �P�L�[�L�Q�J �E�H�W�Z�H�H�Q �W�K�H �U�D�G�L�R���I�U�H�T�X�H�Q�F�\ �F�X�U�U�H�Q�W �G�H�Q�V�L�W�\j �U�I(t) �L�Q�G�X�F�H�G �E�\

�W�K�H �P�L�F�U�R�Z�D�Y�H �H�O�H�F�W�U�L�F �4�H�O�G �D�Q�G �W�K�H �W�L�P�H���G�H�S�H�Q�G�H�Q�W �U�H�V�L�V�W�D�Q�F�HR(t) �R�I �W�K�H �I�H�U�U�R�P�D�J�Q�H�W�� �'�X�U�L�Q�J �)�0�5�� �W�K�H �S�U�H�F�H�V�V�L�Q�J

����



�P�D�J�Q�H�W�L�]�D�W�L�R�Q �P�R�G�X�O�D�W�H�V �W�K�H �U�H�V�L�V�W�D�Q�F�H �W�K�U�R�X�J�K �P�H�F�K�D�Q�L�V�P�V �V�X�F�K �D�V �D�Q�L�V�R�W�U�R�S�L�F �P�D�J�Q�H�W�R�U�H�V�L�V�W�D�Q�F�H ���$�0�5�� �D�Q�G �W�K�H

�S�O�D�Q�D�U �+�D�O�O �H�•�H�F�W ���3�+�(���� �7�K�L�V �O�H�D�G�V �W�R �D�Q �R�V�F�L�O�O�D�W�L�Q�J �U�H�V�L�V�W�D�Q�F�H �D�W �W�K�H �V�D�P�H �I�U�H�T�X�H�Q�F�\ �D�V �W�K�H �P�L�F�U�R�Z�D�Y�H �G�U�L�Y�H�� �Z�K�L�F�K

�P�L�[�H�V �Z�L�W�Kj �U�I(t) �W�R �J�H�Q�H�U�D�W�H �D �'�& �F�R�P�S�R�Q�H�Q�W��

V�G�F= hj �U�I(t) R(t)i ; ������������

�Z�K�H�U�Hh�i �G�H�Q�R�W�H�V �W�K�H �W�L�P�H �D�Y�H�U�D�J�H �R�Y�H�U �R�Q�H �U�I �F�\�F�O�H �>������ �@�� �'�L�•�H�U�H�Q�W �P�D�J�Q�H�W�R�U�H�V�L�V�W�L�Y�H �P�H�F�K�D�Q�L�V�P�V �F�R�Q�W�U�L�E�X�W�H �W�R

�V�S�L�Q �U�H�F�W�L�4�F�D�W�L�R�Q�� �$�0�5 �J�H�Q�H�U�D�W�H�V �D �O�R�Q�J�L�W�X�G�L�Q�D�O �U�H�V�L�V�W�D�Q�F�H �P�R�G�X�O�D�W�L�R�Q �S�U�R�S�R�U�W�L�R�Q�D�O �W�R �F�R�V(2� )�� �Z�K�H�U�H� �L�V �W�K�H �D�Q�J�O�H

�E�H�W�Z�H�H�Q �F�X�U�U�H�Q�W �D�Q�G �P�D�J�Q�H�W�L�]�D�W�L�R�Q�� �Z�K�L�O�H �3�+�( �S�U�R�G�X�F�H�V �D�Q �L�Q���S�O�D�Q�H �W�U�D�Q�V�Y�H�U�V�H �Y�R�O�W�D�J�H �S�U�R�S�R�U�W�L�R�Q�D�O �W�R �V�L�Q(2� )��

�8�Q�G�H�U �)�0�5 �H�[�F�L�W�D�W�L�R�Q�� �W�K�H�V�H �D�Q�J�X�O�D�U �G�H�S�H�Q�G�H�Q�F�L�H�V �W�U�D�Q�V�O�D�W�H �L�Q�W�R �V�\�P�P�H�W�U�\ �4�Q�J�H�U�S�U�L�Q�W�V �W�K�D�W �G�L�•�H�U �I�U�R�P �W�K�H �–�6�+�(

�V�L�J�Q�D�O�� �Z�K�L�F�K �L�V �R�G�G �X�Q�G�H�U �P�D�J�Q�H�W�L�]�D�W�L�R�Q �U�H�Y�H�U�V�D�O �D�Q�G �G�H�S�H�Q�G�V �R�Q �W�K�H �F�U�R�V�V �S�U�R�G�X�F�W�Ms � � �� �&�R�Q�V�H�T�X�H�Q�W�O�\�� �D�Q�J�X�O�D�U

�V�F�D�Q�V �S�U�R�Y�L�G�H �D �S�R�Z�H�U�I�X�O �P�H�W�K�R�G �W�R �G�L�V�W�L�Q�J�X�L�V�K �U�H�F�W�L�4�H�G �Y�R�O�W�D�J�H�V �I�U�R�P �–�6�+�( �F�R�Q�W�U�L�E�X�W�L�R�Q�V��

�–�Q �W�K�L�V �W�K�H�V�L�V�� �Z�H �F�D�U�H�I�X�O�O�\ �H�[�S�O�R�L�W �P�H�D�V�X�U�H�P�H�Q�W �V�\�P�P�H�W�U�L�H�V �W�R �V�H�S�D�U�D�W�H �J�H�Q�X�L�Q�H �–�6�+�( �Y�R�O�W�D�J�H�V �J�H�Q�H�U�D�W�H�G �E�\

�V�S�L�Q �S�X�P�S�L�Q�J �I�U�R�P �V�S�X�U�L�R�X�V �U�H�F�W�L�4�F�D�W�L�R�Q �E�D�F�N�J�U�R�X�Q�G�V�� �7�K�H �P�H�W�K�R�G�V �X�V�H�G �W�R �G�L�V�H�Q�W�D�Q�J�O�H �W�K�H�V�H �P�H�F�K�D�Q�L�V�P�V �D�U�H �G�H��

�W�D�L�O�H�G �L�Q �W�K�H �H�[�S�H�U�L�P�H�Q�W�D�O �F�K�D�S�W�H�U�V�� �Z�L�W�K �S�D�U�W�L�F�X�O�D�U �D�W�W�H�Q�W�L�R�Q �S�D�L�G �W�R �W�K�H �F�K�D�U�D�F�W�H�U�L�V�W�L�F �V�\�P�P�H�W�U�L�F �D�Q�G �D�Q�W�L�V�\�P�P�H�W�U�L�F

�/�R�U�H�Q�W�]�L�D�Q �F�R�P�S�R�Q�H�Q�W�V �D�U�L�V�L�Q�J �I�U�R�P �U�H�F�W�L�4�F�D�W�L�R�Q �>������ �������� �@��

���������� �(�O�H�F�W�U�L�F�D�O �D�Q�G �R�S�W�L�F�D�O �S�U�R�E�L�Q�J �P�H�W�K�R�G�V

�3�U�R�E�L�Q�J �V�S�L�Q �S�X�P�S�L�Q�J �D�Q�G �V�S�L�Q �W�U�D�Q�V�S�R�U�W �L�Q �V�X�S�H�U�F�R�Q�G�X�F�W�R�U���I�H�U�U�R�P�D�J�Q�H�W �K�H�W�H�U�R�V�W�U�X�F�W�X�U�H�V �U�H�T�X�L�U�H�V �P�H�D�V�X�U�H�P�H�Q�W

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

�W�K�L�V �W�K�H�V�L�V�� �W�Z�R �F�R�P�S�O�H�P�H�Q�W�D�U�\ �D�S�S�U�R�D�F�K�H�V �D�U�H �H�P�S�O�R�\�H�G�� �P�L�F�U�R�Z�D�Y�H���I�U�H�T�X�H�Q�F�\ �I�H�U�U�R�P�D�J�Q�H�W�L�F �U�H�V�R�Q�D�Q�F�H ���)�0�5��

�I�R�U �V�W�H�D�G�\���V�W�D�W�H �*�+�] �P�D�J�Q�H�W�L�]�D�W�L�R�Q �G�\�Q�D�P�L�F�V�� �D�Q�G �X�O�W�U�D�I�D�V�W �W�H�U�D�K�H�U�W�] �V�S�H�F�W�U�R�V�F�R�S�\ �I�R�U �V�X�E���S�L�F�R�V�H�F�R�Q�G �V�S�L�Q �D�Q�G

�F�K�D�U�J�H �G�\�Q�D�P�L�F�V��

�2�X�U �P�H�W�K�R�G�R�O�R�J�\ �V�S�D�Q�V �W�Z�R �H�[�F�L�W�D�W�L�R�Q���G�H�W�H�F�W�L�R�Q �U�H�J�L�P�H�V��

���� �0�L�F�U�R�Z�D�Y�H ���*�+�]�� �H�[�F�L�W�D�W�L�R�Q�� �I�H�U�U�R�P�D�J�Q�H�W�L�F �U�H�V�R�Q�D�Q�F�H

�� �%�U�R�D�G�E�D�Q�G �)�0�5 �G�H�W�H�F�W�H�G �W�K�U�R�X�J�K �P�L�F�U�R�Z�D�Y�H �W�U�D�Q�V�P�L�V�V�L�R�Q �L�Q �D �F�R�S�O�D�Q�D�U �Z�D�Y�H�J�X�L�G�H�� �S�U�R�Y�L�G�L�Q�J �U�H�V�R�Q�D�Q�F�H

�4�H�O�G�V�� �O�L�Q�H�Z�L�G�W�K�V�� �H�•�H�F�W�L�Y�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q�� �D�Q�G �*�L�O�E�H�U�W �G�D�P�S�L�Q�J��

�� �(�O�H�F�W�U�L�F�D�O �G�H�W�H�F�W�L�R�Q �R�I �V�S�L�Q �S�X�P�S�L�Q�J �Y�L�D �V�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q ���L�Q�Y�H�U�V�H �V�S�L�Q �+�D�O�O �H�•�H�F�W �D�Q�G �U�H�O�D�W�H�G

�P�H�F�K�D�Q�L�V�P�V���� �H�Q�D�E�O�L�Q�J �G�L�U�H�F�W �T�X�D�Q�W�L�4�F�D�W�L�R�Q �R�I �W�K�H �V�S�L�Q �F�X�U�U�H�Q�W �L�Q�M�H�F�W�H�G �L�Q�W�R �W�K�H �D�G�M�D�F�H�Q�W �V�X�S�H�U�F�R�Q�G�X�F�W��

�L�Q�J �R�U �P�H�W�D�O�O�L�F �O�D�\�H�U��

���� �8�O�W�U�D�I�D�V�W �–�5 ���3�+�]�� �H�[�F�L�W�D�W�L�R�Q �D�Q�G �W�H�U�D�K�H�U�W�] ���7�+�]�� �V�S�H�F�W�U�R�V�F�R�S�\

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

����



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

�G�L�D�W�L�R�Q��

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

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

������������ �6�S�L�Q�W�U�R�Q�L�F �W�H�U�D�K�H�U�W�] �H�P�L�V�V�L�R�Q

�7�K�H �W�H�U�D�K�H�U�W�] �I�U�H�T�X�H�Q�F�\ �U�D�Q�J�H ��0:1 �7�+�] �W�R30�7�+�]�� �R�F�F�X�S�L�H�V �W�K�H �E�R�X�Q�G�D�U�\ �E�H�W�Z�H�H�Q �H�O�H�F�W�U�R�Q�L�F�V �D�Q�G �S�K�R�W�R�Q�L�F�V�� �Z�K�H�U�H
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�S�U�R�S�H�U�W�L�H�V �D�Q�G �D�V �D�Q �H�[�F�L�W�D�W�L�R�Q �P�H�W�K�R�G �I�R�U �V�S�L�Q �S�X�P�S�L�Q�J �V�W�X�G�L�H�V�� �:�H �S�D�\ �S�D�U�W�L�F�X�O�D�U �D�W�W�H�Q�W�L�R�Q �W�R �K�R�Z �W�K�H �F�R�X�S�O�L�Q�J

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

�V�S�L�Q �+�D�O�O �H�•�H�F�W�� �E�\ �H�Q�K�D�Q�F�L�Q�J �W�K�H �P�H�D�V�X�U�D�E�O�H �R�S�H�Q���F�L�U�F�X�L�W �Y�R�O�W�D�J�H �W�K�U�R�X�J�K �W�K�H �F�R�Q�4�Q�H�P�H�Q�W �R�I �F�X�U�U�H�Q�W �S�D�W�K�V �D�Q�G

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

�L�Q�V�L�J�K�W �L�Q�W�R �X�O�W�U�D�I�D�V�W �V�S�L�Q �G�\�Q�D�P�L�F�V�� �:�H �I�R�O�O�R�Z�H�G �V�S�H�F�L�4�F �S�U�R�W�R�F�R�O�V �I�R�U �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�S�L�Q�W�U�R�Q�L�F �H�P�L�W�W�H�U�V ���6�7�(����

����



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

�F�U�\�R�V�W�D�W �L�Q �R�U�G�H�U �W�R �S�U�R�E�H �W�K�H �H�•�H�F�W �R�I �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\ �R�Q �W�K�H �7�+�] �V�S�H�F�W�U�X�P �R�I �W�K�H �6�7�(��

������ �&�R�Q�W�H�[�W�� �V�D�P�S�O�H �G�H�V�L�J�Q �I�R�U �6�X�S�H�U�F�R�Q�G�X�F�W�R�U���)�H�U�U�R�P�D�J�Q�H�W �V�W�X�G�L�H�V

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

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

�Q�L�T�X�H�V�� �8�Q�O�L�N�H �F�R�Q�Y�H�Q�W�L�R�Q�D�O �P�X�O�W�L�O�D�\�H�U�V�� �Z�K�H�U�H �L�Q�G�L�Y�L�G�X�D�O �O�D�\�H�U �S�U�R�S�H�U�W�L�H�V �F�D�Q �R�I�W�H�Q �E�H �R�S�W�L�P�L�]�H�G �L�Q �L�V�R�O�D�W�L�R�Q�� �6���)

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

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

���������� �7�K�L�F�N�Q�H�V�V �R�S�W�L�P�L�]�D�W�L�R�Q �I�R�U �L�Q�W�H�U�I�D�F�L�D�O �H�•�H�F�W�V

�2�Q �R�Q�H �K�D�Q�G�� �W�K�H �I�H�U�U�R�P�D�J�Q�H�W�L�F �O�D�\�H�U �W�K�L�F�N�Q�H�V�VtF �P�X�V�W �V�D�W�L�V�I�\tF > � F �W�R �P�D�L�Q�W�D�L�Q �Z�H�O�O���G�H�4�Q�H�G �P�D�J�Q�H�W�L�F �S�U�R�S��

�H�U�W�L�H�V�� �Z�K�H�U�H� F =
p

DF / hex �L�V �W�K�H �P�D�J�Q�H�W�L�F �F�R�K�H�U�H�Q�F�H �O�H�Q�J�W�K�� �+�H�U�H��DF �L�V �W�K�H �G�L�•�X�V�L�R�Q �F�R�Q�V�W�D�Q�W �D�Q�Ghex �L�V

�W�K�H �H�[�F�K�D�Q�J�H �4�H�O�G �H�Q�H�U�J�\ �>���@�� �$�W �W�K�H �V�D�P�H �W�L�P�H��tF �V�K�R�X�O�G �E�H �F�R�P�S�D�U�D�E�O�H �W�R �W�K�H �V�S�L�Q �G�L�•�X�V�L�R�Q �O�H�Q�J�W�K� sf �W�R �H�Q��

�D�E�O�H �D �G�H�W�H�F�W�D�E�O�H �V�S�L�Q �S�X�P�S�L�Q�J �D�F�U�R�V�V �W�K�H �L�Q�W�H�U�I�D�F�H �>������ �@�� �)�R�U �4�O�P�V �F�R�P�S�D�U�D�E�O�H �W�R �R�X�U �K�L�J�K���T�X�D�O�L�W�\ �/�6�0�2 �4�O�P�V

���/�D1� x �6�Ux �0�Q�23 �H�S�L�W�D�[�L�D�O �D�Q�G �R�S�W�L�P�D�O�O�\ �G�R�S�H�G �Z�L�W�Kx � 0:3���� �Z�H �W�\�S�L�F�D�O�O�\ �4�Q�G� F � 10�Q�P �W�R50�Q�P �G�H�V�S�L�W�H �K�D�Y�L�Q�J

� sf � �D �I�H�Z �Q�P �L�Q �W�K�H �O�L�W�H�U�D�W�X�U�H �>������ �������� �������� �������� �@�� �7�K�L�V �V�X�J�J�H�V�W�V �R�S�W�L�P�D�O �W�K�L�F�N�Q�H�V�V�H�V �L�Q �W�K�H10�Q�P �W�R50�Q�P �U�D�Q�J�H��

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

�V�W�U�X�F�W�X�U�H�� �Z�K�L�O�H �P�D�L�Q�W�D�L�Q�L�Q�J �W�K�H �F�R�X�S�O�L�Q�J �W�R �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �O�D�\�H�U �D�Q�G �U�H�O�L�D�E�O�H �V�S�L�Q �S�X�P�S�L�Q�J�� �:�L�W�K �P�H�W�D�O�O�L�F

�I�H�U�U�R�P�D�J�Q�H�W�V �O�L�N�H �3�H�U�P�D�O�O�R�\ �R�U �&�R�)�H�%�� �W�K�H �O�R�Q�J�H�U �V�S�L�Q �G�L�•�X�V�L�R�Q �O�H�Q�J�W�K�V ��� sf � 5 �Q�P �W�R15�Q�P �>������ �������� �������� �������� �@��

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

�V�D�P�S�O�H�V �W�K�D�W �V�W�L�O�O �J�L�Y�H �J�R�R�G �G�\�Q�D�P�L�F �S�U�R�S�H�U�W�L�H�V�� �3�\ �D�W15�Q�P �I�R�U �R�S�W�L�P�D�O �G�D�P�S�L�Q�J �S�D�U�D�P�H�W�H�U�V ���W�K�L�F�N�H�U �4�O�P�V �K�D�Y�H

�O�R�Z�H�U �D�Q�G �P�R�Q�R�W�R�Q�H �G�D�P�S�L�Q�J �>������ �@ �E�X�W �W�K�H �V�S�L�Q �S�X�P�S�L�Q�J �F�R�Q�W�U�L�E�X�W�L�R�Q �W�R �W�K�H �G�D�P�S�L�Q�J �Z�R�X�O�G �E�H �O�R�Z�H�U�� �D�Q�G �&�R�)�H�%

�D�W2 �Q�P �W�R20�Q�P �I�R�U �R�S�W�L�P�D�O �7�+�] �W�U�D�Q�V�P�L�V�V�L�R�Q �>������ �@ �Z�K�L�O�H �P�D�L�Q�W�D�L�Q�L�Q�J �U�R�E�X�V�W �P�D�J�Q�H�W�L�F �S�U�R�S�H�U�W�L�H�V �>������ �������� �������� �@��

�2�Q �W�K�H �R�W�K�H�U �K�D�Q�G�� �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �O�D�\�H�U �W�K�L�F�N�Q�H�V�VtS �I�D�F�H�V �L�W�V �R�Z�Q �F�R�Q�V�W�U�D�L�Q�W�V�� �–�W �P�X�V�W �H�[�F�H�H�G �W�K�H �V�X�S�H�U�F�R�Q��

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

�G�H�W�H�F�W�D�E�O�H �S�U�R�[�L�P�L�W�\ �H�•�H�F�W�V �D�W �W�K�H �E�X�U�L�H�G �6���) �L�Q�W�H�U�I�D�F�H�� �)�R�U �R�S�W�L�P�D�O�O�\ �G�R�S�H�G �<�%�&�2 ���<�%�D2�&�X3�27� � �Z�L�W�K� � 0���� �W�K�H

�V�K�R�U�W �F�R�K�H�U�H�Q�F�H �O�H�Q�J�W�K �L�Q �W�K�H(ab)���S�O�D�Q�H ��� ab � 1:5 �Q�P�� �D�Q�G �D�O�R�Q�J �W�K�Hc���D�[�L�V ��� c � 0:3 �Q�P�� �>������ �@�� �U�H�T�X�L�U�H�V �R�Q�O�\ �D

�I�H�Z �Q�D�Q�R�P�H�W�H�U�V �R�I �W�K�L�F�N�Q�H�V�V�� �–�Q �S�U�D�F�W�L�F�H�� �Z�H �Q�H�H�G �D�W �O�H�D�V�W10�Q�P �I�R�U �E�X�O�N���O�L�N�H �E�H�K�D�Y�L�R�U�� �D�F�F�R�X�Q�W�L�Q�J �I�R�U �U�H�D�O �J�U�R�Z�W�K

�L�P�S�H�U�I�H�F�W�L�R�Q�V �L�Q �H�S�L�W�D�[�L�D�O �4�O�P�V�� �W�K�L�V �Y�D�O�X�H �J�U�R�Z�V �E�L�J�J�H�U �I�R�U �S�R�O�\�F�U�\�V�W�D�O�O�L�Q�H �<�%�&�2 �4�O�P�V�� �Z�K�H�U�H �G�R�P�D�L�Q �E�R�X�Q�G�D�U�L�H�V

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

�V�D�P�S�O�H�� �5�H�I�H�U�H�Q�F�H �<�%�&�2 �4�O�P�V �R�ItS � 5 �Q�P �V�K�R�Z�H�G �W�R �E�H �Q�R�Q���V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J�� �–�Q�Y�H�U�V�H�O�\�� �W�K�L�F�N�Q�H�V�V�H�V �H�[�F�H�H�G�L�Q�J

����



100�Q�P �P�D�\ �Z�H�D�N�H�Q �S�U�R�[�L�P�L�W�\ �H�•�H�F�W�V �H�Q�R�X�J�K �W�R �K�L�Q�G�H�U �L�Q�W�H�U�I�D�F�L�D�O �V�S�L�Q �W�U�D�Q�V�S�R�U�W �S�K�H�Q�R�P�H�Q�D�� �7�K�L�V �L�V �Z�K�\ �Z�H �N�H�S�W

�R�X�U �H�S�L�W�D�[�L�D�O �<�%�&�2 �4�O�P�V �L�Q �W�K�H �U�D�Q�J�HtS � 10�Q�P �W�R50�Q�P�� �$�V �I�R�U �F�R�Q�Y�H�Q�W�L�R�Q�D�O �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�V �O�L�N�H �0�R�6�L�� �W�K�H�\

�K�D�Y�H �O�R�Q�J�H�U �F�R�K�H�U�H�Q�F�H �O�H�Q�J�W�K�V ��� S � 5 �Q�P �W�R10�Q�P �>������ �@���� �J�L�Y�L�Q�J �X�V �P�R�U�H �5�H�[�L�E�L�O�L�W�\ �L�Q �W�K�L�F�N�Q�H�V�V �V�H�O�H�F�W�L�R�Q�� �/�D�\�H�U�V �R�I

15�Q�P �W�R100�Q�P �H�Q�V�X�U�H �U�R�E�X�V�W �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �S�U�R�S�H�U�W�L�H�V �Z�K�L�O�H �P�D�L�Q�W�D�L�Q�L�Q�J �V�H�Q�V�L�W�L�Y�L�W�\ �W�R �L�Q�W�H�U�I�D�F�L�D�O �H�•�H�F�W�V �W�K�U�R�X�J�K

�P�R�G�L�4�F�D�W�L�R�Q�V �W�R �W�K�H �L�Q�W�H�U�I�D�F�L�D�O �G�H�Q�V�L�W�\ �R�I �V�W�D�W�H�V�� �D�Q�G �D�O�O�R�Z�L�Q�J �I�R�U �D �W�K�L�F�N�Q�H�V�V���G�H�S�H�Q�G�H�Q�W �V�W�X�G�\ �R�I �V�S�L�Q �G�\�Q�D�P�L�F�V �L�Q

�W�K�L�V �V�X�S�H�U�F�R�Q�G�X�F�W�R�U��
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�V�W�U�D�W�H �K�H�D�W�L�Q�J �H�Y�H�Q �Z�L�W�K�R�X�W �D�F�W�L�Y�H �K�H�D�W�L�Q�J �G�X�H �W�R �W�K�H �3�/�' �S�O�X�P�H�� �V�S�X�W�W�H�U�L�Q�J �F�D�Q �E�H �S�H�U�I�R�U�P�H�G �D�W �V�X�E�V�W�U�D�W�H �W�H�P�S�H�U��

�D�W�X�U�H�V �U�D�Q�J�L�Q�J �I�U�R�P �U�R�R�P �W�H�P�S�H�U�D�W�X�U�H �W�R �V�H�Y�H�U�D�O �K�X�Q�G�U�H�G �G�H�J�U�H�H�V �&�H�O�V�L�X�V�� �P�D�N�L�Q�J �L�W �L�G�H�D�O �I�R�U �V�H�T�X�H�Q�W�L�D�O �S�U�R�F�H�V�V�L�Q�J

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

����



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

�H�[�F�H�V�V�L�Y�H �K�H�D�W�L�Q�J �F�R�X�O�G �D�O�W�H�U �R�[�\�J�H�Q �V�W�R�L�F�K�L�R�P�H�W�U�\ �R�U �L�Q�G�X�F�H �X�Q�Z�D�Q�W�H�G �L�Q�W�H�U�G�L�•�X�V�L�R�Q��

�7�K�H �W�H�F�K�Q�L�T�X�H �D�O�V�R �S�U�R�Y�L�G�H�V �J�R�R�G �F�R�Q�W�U�R�O �R�Y�H�U �4�O�P �F�R�P�S�R�V�L�W�L�R�Q �W�K�U�R�X�J�K �W�K�H �X�V�H �R�I �P�X�O�W�L�S�O�H �F�D�W�K�R�G�H �V�\�V�W�H�P�V�� �H�Q��

�D�E�O�L�Q�J �F�R���V�S�X�W�W�H�U�L�Q�J �I�U�R�P �G�L�•�H�U�H�Q�W �W�D�U�J�H�W�V �W�R �F�U�H�D�W�H �P�X�O�W�L�O�D�\�H�U�V �Z�L�W�K �S�U�H�F�L�V�H�O�\ �F�R�Q�W�U�R�O�O�H�G �V�W�R�L�F�K�L�R�P�H�W�U�\ �>������ �@�� �3�R�Z�H�U

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

�D�O�O�R�Z�L�Q�J �W�D�L�O�R�U�H�G �J�U�R�Z�W�K �F�R�Q�G�L�W�L�R�Q�V �W�K�D�W �P�D�[�L�P�L�]�H �4�O�P �T�X�D�O�L�W�\ �Z�K�L�O�H �P�D�L�Q�W�D�L�Q�L�Q�J �W�K�H �G�H�V�L�U�H�G �P�D�J�Q�H�W�L�F�� �H�O�H�F�W�U�L�F�D�O�� �R�U

�V�W�U�X�F�W�X�U�D�O �S�U�R�S�H�U�W�L�H�V�� �)�R�U �I�H�U�U�R�P�D�J�Q�H�W�L�F �P�D�W�H�U�L�D�O�V �X�V�H�G �L�Q �V�S�L�Q�W�U�R�Q�L�F �D�S�S�O�L�F�D�W�L�R�Q�V�� �V�X�F�K �D�V �3�H�U�P�D�O�O�R�\ ���1�L80�)�H20�� �R�U

�&�R�)�H�% ���F�R�E�D�O�W���L�U�R�Q���E�R�U�R�Q�� �D�O�O�R�\�V�� �V�S�X�W�W�H�U�L�Q�J �H�Q�D�E�O�H�V �W�K�H �I�R�U�P�D�W�L�R�Q �R�I �V�P�R�R�W�K�� �X�Q�L�I�R�U�P �4�O�P�V �Z�L�W�K �Z�H�O�O���F�R�Q�W�U�R�O�O�H�G

�P�D�J�Q�H�W�L�F �D�Q�L�V�R�W�U�R�S�\ �D�Q�G �O�R�Z �F�R�H�U�F�L�Y�L�W�\ �H�V�V�H�Q�W�L�D�O �I�R�U �V�S�L�Q �W�U�D�Q�V�S�R�U�W �V�W�X�G�L�H�V�� �%�H�V�L�G�H�V �J�U�R�Z�L�Q�J �3�\ �D�Q�G �&�R�)�H�% �I�H�U�U�R��

�P�D�J�Q�H�W�V�� �Z�H �X�V�H �W�K�H �'�& �P�D�J�Q�H�W�U�R�Q �V�S�X�W�W�H�U�L�Q�J �D�S�S�D�U�D�W�X�V �V�K�R�Z�Q �L�Q�4�J�X�U�H �������D�W�R �J�U�R�Z �W�K�H �0�R�6�L �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�� �$�O

�I�R�U �F�D�S�S�L�Q�J �V�D�P�S�O�H�V�� �7�L �D�Q�G �$�X �I�R�U �F�R�Q�W�D�F�W �S�D�G�V��

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

�L�Q�J�� �E�X�W �E�H�I�R�U�H �W�K�H �L�Q�M�H�F�W�L�R�Q �R�I �D�Q �$�U �D�W�P�R�V�S�K�H�U�H�� �E�H�O�R�Z �3base = 10 � 8�W�R�U�U� 10� 8�P�E�D�U�� �H�Q�V�X�U�L�Q�J �P�L�Q�L�P�D�O �F�R�Q�W�D�P��

�L�Q�D�W�L�R�Q �I�U�R�P �U�H�V�L�G�X�D�O �J�D�V�H�V �W�K�D�W �F�R�X�O�G �G�H�J�U�D�G�H �4�O�P �S�U�R�S�H�U�W�L�H�V �>������ �@�� �'�X�U�L�Q�J �G�H�S�R�V�L�W�L�R�Q�� �Z�R�U�N�L�Q�J �J�D�V �S�U�H�V�V�X�U�H�V �R�I

1��10 �P�W�R�U�U �S�U�R�Y�L�G�H �R�S�W�L�P�D�O �F�R�Q�G�L�W�L�R�Q�V �I�R�U �V�W�D�E�O�H �S�O�D�V�P�D �I�R�U�P�D�W�L�R�Q �Z�K�L�O�H �P�D�L�Q�W�D�L�Q�L�Q�J �D�G�H�T�X�D�W�H �P�H�D�Q �I�U�H�H �S�D�W�K�V �I�R�U

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

�G�H�S�R�V�L�W�L�R�Q �F�R�Q�G�L�W�L�R�Q�V �W�K�D�W �P�L�Q�L�P�L�]�H �L�Q�W�H�U�I�D�F�H �G�D�P�D�J�H �Z�K�L�O�H �V�W�L�O�O �S�U�R�Y�L�G�L�Q�J �V�X�]�F�L�H�Q�W �V�X�U�I�D�F�H �P�R�E�L�O�L�W�\ �I�R�U �V�P�R�R�W�K �4�O�P

�J�U�R�Z�W�K �>������ �������� �@��

������ �6�D�P�S�O�H �S�D�W�W�H�U�Q�L�Q�J

�3�D�W�W�H�U�Q�L�Q�J �F�R�Q�V�L�V�W�V �R�Q �X�V�L�Q�J �S�K�\�V�L�F�D�O �R�U �R�S�W�L�F�D�O �P�D�V�N�V �W�R �S�U�R�M�H�F�W ���' �G�H�V�L�J�Q�V �R�Q�W�R �W�K�H �V�D�P�S�O�H �V�X�U�I�D�F�H�� �W�K�D�W �L�V �E�H�I�R�U�H

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

�O�D�\�H�U�V�� �7�K�L�V �S�U�R�F�H�V�V �D�O�O�R�Z�V �D ���' �I�D�F�H�W�L�Q�J �D�O�R�Q�J �W�K�H �V�D�P�S�O�H �V�X�U�I�D�F�H�� �E�X�W �D�O�V�R �D ���' �F�R�Q�W�U�R�O �R�I �W�K�H �V�W�D�F�N�L�Q�J �V�H�T�X�H�Q�F�H �L�Q

�G�L�•�H�U�H�Q�W �U�H�J�L�R�Q�V �R�I �W�K�H �V�D�P�S�O�H�� �3�D�W�W�H�U�Q�L�Q�J �R�I �6���) �K�H�W�H�U�R�V�W�U�X�F�W�X�U�H�V �U�H�T�X�L�U�H�V �S�U�R�F�H�V�V�H�V �W�K�D�W �S�U�H�V�H�U�Y�H �E�R�W�K �P�D�J�Q�H�W�L�F

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

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

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

�<�–�*���0�R�6�L �E�L�O�D�\�H�U �X�V�L�Q�J �P�X�O�W�L�S�O�H �R�I �W�K�H �W�H�F�K�Q�L�T�X�H�V �G�H�V�F�U�L�E�H�G �E�H�O�R�Z��

���������� �8�9 �S�K�R�W�R�O�L�W�K�R�J�U�D�S�K�\

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

�D�Q�G �W�K�H �F�K�H�P�L�F�D�O �V�H�Q�V�L�W�L�Y�L�W�\ �R�I �P�D�J�Q�H�W�L�F �L�Q�W�H�U�I�D�F�H�V�� �3�U�R�F�H�V�V �W�H�P�S�H�U�D�W�X�U�H�V �D�U�H �O�L�P�L�W�H�G �W�R �S�U�H�Y�H�Q�W �R�[�\�J�H�Q �U�H�G�L�V�W�U�L��

����



�)�L�J�X�U�H �������� �7�K�H �G�L�•�H�U�H�Q�W �S�D�W�W�H�U�Q�L�Q�J �V�W�H�S�V �R�I �W�K�H �<�–�*���0�R�6�L �E�L�O�D�\�H�U�V�� �Z�H �4�U�V�W �S�H�U�I�R�U�P �D �S�K�R�W�R�O�L�W�K�R�J�U�D�S�K�\ �Z�L�W�K �D�Q
�R�S�W�L�F�D�O �P�D�V�N �W�R �O�H�D�Y�H �R�X�W �D �S�U�R�W�H�F�W�L�Y�H �U�H�V�L�Q �R�I �W�K�H �S�D�W�W�H�U�Q �W�R �S�U�H�V�H�U�Y�H�� �7�K�H�Q �Z�H �G�U�\ �H�W�F�K �W�K�H �V�D�P�S�O�H �I�U�R�P �W�K�H
�E�L�O�D�\�H�U���V �V�L�G�H�� �O�H�D�Y�L�Q�J �W�K�H �G�H�V�L�U�H�G �S�D�W�W�H�U�Q �E�H�K�L�Q�G�� �$ �V�H�F�R�Q�G �V�W�H�S �R�I �O�L�W�K�R�J�U�D�S�K�\ �L�V �X�V�H�G �W�R �O�H�D�Y�H �K�R�O�H�V �L�Q �W�K�H �U�H�V�L�Q �D�W
�W�K�H �F�R�Q�W�D�F�W �S�D�G�V �S�R�V�L�W�L�R�Q�� �I�R�O�O�R�Z�H�G �E�\ �D �$�X �V�S�X�W�W�H�U�L�Q�J�� �%�\ �F�O�H�D�Q�L�Q�J �R�X�W �W�K�H �U�H�P�D�L�Q�L�Q�J �U�H�V�L�Q ���O�L�I�W�R�•���� �Z�H �D�U�H �O�H�I�W �Z�L�W�K
�$�X �F�R�Q�W�D�F�W �S�D�G�V��

�E�X�W�L�R�Q �L�Q �<�%�&�2 �R�U �L�W�V �G�H�S�O�H�W�L�R�Q �I�U�R�P �<�%�&�2�� �W�K�D�W �F�R�X�O�G �V�X�S�S�U�H�V�V �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �S�U�R�S�H�U�W�L�H�V �>������ �@�� �Z�K�L�O�H �F�K�H�P�L�F�D�O

�H�[�S�R�V�X�U�H �P�X�V�W �D�Y�R�L�G �F�R�U�U�R�V�L�R�Q �R�I �P�H�W�D�O�O�L�F �I�H�U�U�R�P�D�J�Q�H�W�L�F �O�D�\�H�U�V�� �:�H �S�U�R�F�H�H�G �L�Q �V�W�H�S�V�� �4�U�V�W �Z�H �F�O�H�D�Q �W�K�H �V�D�P�S�O�H

�V�X�U�I�D�F�H�� �W�K�H�Q �Z�H �D�S�S�O�\ �D �S�K�R�W�R �U�H�V�L�V�W�� �I�R�O�O�R�Z�H�G �E�\ �W�K�H �U�H�V�L�V�W �E�D�N�L�Q�J �D�Q�G �8�9 �O�L�W�K�R�J�U�D�S�K�\ �V�W�H�S�V�� �D�Q�G �4�Q�D�O�O�\ �U�H�P�R�Y�L�Q�J

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

�������������� �6�D�P�S�O�H �F�O�H�D�Q�L�Q�J

�6�D�P�S�O�H �F�O�H�D�Q�L�Q�J �S�U�R�W�R�F�R�O�V �K�D�Y�H �W�R �E�H �J�H�Q�W�O�H �W�R �U�H�P�R�Y�H �F�R�Q�W�D�P�L�Q�D�W�L�R�Q �Z�L�W�K�R�X�W �G�D�P�D�J�L�Q�J �V�H�Q�V�L�W�L�Y�H �L�Q�W�H�U�I�D�F�H�V�� �$�F�H��
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�L�Q�4�J�X�U�H ���������E�W�K�H �U�H�V�L�V�W�D�Q�F�HR �L�Q �W�K�H �O�R�J �V�F�D�O�H �D�V �D �I�X�Q�F�W�L�R�Q �R�I �W�H�P�S�H�U�D�W�X�U�HT �D�V �Z�H�O�O �D�V �D �O�L�Q�H�D�U �4�W �W�R �W�K�H �U�H�V�L�V�W�D�Q�F�H
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�W�U�D�Q�V�L�W�L�R�Q �L�V �Q�R�W �L�Q�V�W�D�Q�W�D�Q�H�R�X�V �L�Q �W�H�P�S�H�U�D�W�X�U�H�� �E�X�W �G�U�D�J�V �D�O�R�Q�J �D �F�H�U�W�D�L�Q �U�D�Q�J�H� Tc�� �W�K�D�W �Z�H �G�H�4�Q�H �D�V �W�K�H �G�L�•�H�U�H�Q�F�H

�E�H�W�Z�H�H�QTc �D�Q�GT0 = 82:69�.�� �W�K�H �W�H�P�S�H�U�D�W�X�U�H �D�W �Z�K�L�F�K �U�H�V�L�V�W�D�Q�F�H �G�U�R�S�V �W�R �S�U�D�F�W�L�F�D�O�O�\ �]�H�U�R��� Tc = Tc � T0�� �–�Q �W�K�H

�V�D�P�H �H�[�D�P�S�O�H �L�Q�4�J�X�U�H ���������E��� Tc = 3 :31�.�� DeltaT �L�V �W�K�H �U�H�V�X�O�W �R�I �W�K�H �Y�D�U�L�D�W�L�R�Q�V �L�Q �W�K�H �H�[�D�F�W �Y�D�O�X�H �R�ITc �L�Q �G�L�•�H�U�H�Q�W
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�)�L�J�X�U�H ���������� ���D�� �'�L�D�J�U�D�P �R�I �D �V�D�P�S�O�H �F�R�Q�Q�H�F�W�H�G �L�Q �W�K�H �I�R�X�U���S�U�R�E�H �F�R�Q�4�J�X�U�D�W�L�R�Q �I�R�U �P�H�D�V�X�U�L�Q�J �5���7���� �7�K�H �F�X�U�U�H�Q�W
�L�V �D�S�S�O�L�H�G �R�Q �R�Q�H �V�L�G�H �R�I �W�K�H �V�D�P�S�O�H �D�Q�G �W�K�H �Y�R�O�W�D�J�H �L�V �P�H�D�V�X�U�H�G �L�Q �D �S�D�U�D�O�O�H�O �F�R�Q�4�J�X�U�D�W�L�R�Q �L�Q �D �I�X�U�W�K�H�U �U�H�J�L�R�Q
�R�I �W�K�H �V�D�P�S�O�H�� �D�O�O�R�Z�L�Q�J �W�R �L�V�R�O�D�W�H �W�K�H �V�D�P�S�O�H �U�H�V�L�V�W�D�Q�F�H �I�U�R�P �F�R�Q�W�D�F�W �U�H�V�L�V�W�D�Q�F�H�� ���E�� �7�\�S�L�F�D�OR(T) �P�H�D�V�X�U�H�P�H�Q�W
�H�Q�F�R�X�Q�W�H�U�H�G �L�Q �W�K�L�V �3�K�' �W�K�H�V�L�V�� �–�W �F�R�U�U�H�V�S�R�Q�G�V �W�R �D �S�D�W�W�H�U�Q�H�G �V�D�P�S�O�H �R�I �<�%�&�2 �R�Q �6�D�S�S�K�L�U�H��Tc �L�V �P�D�U�N�H�G �Z�L�W�K �W�K�H
�U�H�G �G�D�V�K�H�G �Y�H�U�W�L�F�D�O �O�L�Q�H ���D�W �W�K�H �R�Q�V�H�W �R�I �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\���� �Z�K�L�O�H �W�K�H �]�H�U�R���U�H�V�L�V�W�D�Q�F�H �W�H�P�S�H�U�D�W�X�U�HT0 �L�V �G�H�4�Q�H�G �E�\
�W�K�H �E�O�X�H �G�D�V�K�H�G �Y�H�U�W�L�F�D�O �O�L�Q�H�� �$ �O�L�Q�H�D�U �4�W ���L�Q �J�U�H�H�Q�� �R�U �W�K�H �Q�R�U�P�D�O �V�W�D�W�H �Y�D�U�L�D�W�L�R�Q �R�I �W�K�H �U�H�V�L�V�W�D�Q�F�H �K�H�O�S�V �S�U�R�S�H�U�O�\
�G�H�4�Q�HTc��

������ �0�D�J�Q�H�W�L�F �F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q

�0�D�J�Q�H�W�L�F �F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q �R�I �6���) �K�H�W�H�U�R�V�W�U�X�F�W�X�U�H�V �U�H�T�X�L�U�H�V �W�H�F�K�Q�L�T�X�H�V �D�E�O�H �W�R �R�S�H�U�D�W�H �L�Q �D �F�U�\�R�V�W�D�W �H�Q�Y�L�U�R�Q�P�H�Q�W

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

�G�L�V�W�L�Q�J�X�L�V�K �E�H�W�Z�H�H�Q �E�X�O�N �P�D�J�Q�H�W�L�F �E�H�K�D�Y�L�R�U �D�Q�G �L�Q�W�H�U�I�D�F�H���V�S�H�F�L�4�F �H�•�H�F�W�V �W�K�D�W �V�L�J�Q�D�O �S�U�R�[�L�P�L�W�\ �F�R�X�S�O�L�Q�J �V�W�U�H�Q�J�W�K��

���������� �6�4�8�–�' �P�D�J�Q�H�W�R�P�H�W�U�\

�6�4�8�–�' ���6�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �4�8�D�Q�W�X�P �–�Q�W�H�U�I�H�U�H�Q�F�H �'�H�Y�L�F�H�� �P�D�J�Q�H�W�R�P�H�W�U�\ �U�H�S�U�H�V�H�Q�W�V �R�Q�H �R�I �W�K�H �P�R�V�W �V�H�Q�V�L�W�L�Y�H �W�H�F�K��

�Q�L�T�X�H�V �D�Y�D�L�O�D�E�O�H �I�R�U �P�H�D�V�X�U�L�Q�J �P�D�J�Q�H�W�L�F �P�R�P�H�Q�W�V�� �F�D�S�D�E�O�H �R�I �G�H�W�H�F�W�L�Q�J �P�D�J�Q�H�W�L�F �4�H�O�G�V �D�V �V�P�D�O�O �D�V10� 18 �7 �L�Q �V�S�H��

�F�L�D�O�L�]�H�G �F�R�Q�4�J�X�U�D�W�L�R�Q�V �>���� �������� �@�� �7�K�L�V �H�[�W�U�D�R�U�G�L�Q�D�U�\ �V�H�Q�V�L�W�L�Y�L�W�\ �P�D�N�H�V �6�4�8�–�' �P�D�J�Q�H�W�R�P�H�W�U�\ �L�Q�G�L�V�S�H�Q�V�D�E�O�H �I�R�U �V�W�X�G�\��

�L�Q�J �W�K�H �V�X�E�W�O�H �P�D�J�Q�H�W�L�F �S�U�R�S�H�U�W�\ �P�R�G�L�4�F�D�W�L�R�Q�V �W�K�D�W �D�U�L�V�H �I�U�R�P �S�U�R�[�L�P�L�W�\ �H�•�H�F�W�V �L�Q �6���) �K�H�W�H�U�R�V�W�U�X�F�W�X�U�H�V�� �Z�K�H�U�H �W�K�H

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

�7�K�H �I�X�Q�G�D�P�H�Q�W�D�O �R�S�H�U�D�W�L�Q�J �S�U�L�Q�F�L�S�O�H �R�I �D �6�4�8�–�' �H�[�S�O�R�L�W�V �W�K�H �P�D�F�U�R�V�F�R�S�L�F �T�X�D�Q�W�X�P �F�R�K�H�U�H�Q�F�H �R�I �V�X�S�H�U�F�R�Q�G�X�F�W��

�L�Q�J �F�L�U�F�X�L�W�V �F�R�P�E�L�Q�H�G �Z�L�W�K �W�K�H �T�X�D�Q�W�L�]�D�W�L�R�Q �R�I �P�D�J�Q�H�W�L�F �5�X�[�� �$ �6�4�8�–�' �F�R�Q�V�L�V�W�V �R�I �D �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �O�R�R�S �L�Q�W�H�U�U�X�S�W�H�G

�E�\ �R�Q�H ���U�I �6�4�8�–�'�� �R�U �W�Z�R ���'�& �6�4�8�–�' �D�V �L�Q�4�J�X�U�H ���������D�� �-�R�V�H�S�K�V�R�Q �M�X�Q�F�W�L�R�Q�V�� �F�U�H�D�W�L�Q�J �D �G�H�Y�L�F�H �Z�K�R�V�H �H�O�H�F�W�U�L�F�D�O �S�U�R�S��

�H�U�W�L�H�V �G�H�S�H�Q�G �S�H�U�L�R�G�L�F�D�O�O�\ �R�Q �W�K�H �P�D�J�Q�H�W�L�F �5�X�[ �W�K�U�H�D�G�L�Q�J �W�K�H �O�R�R�S �>���� �@�� �:�K�H�Q �P�D�J�Q�H�W�L�F �5�X�[ �F�K�D�Q�J�H�V �E�\ �R�Q�H �5�X�[
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�T�X�D�Q�W�X�P� 0 = h/2 e = 2 :07 � 10� 15 �:�E�� �W�K�H �6�4�8�–�' �U�H�W�X�U�Q�V �W�R �D�Q �H�T�X�L�Y�D�O�H�Q�W �T�X�D�Q�W�X�P �V�W�D�W�H�� �F�U�H�D�W�L�Q�J �S�H�U�L�R�G�L�F �R�V�F�L�O��

�O�D�W�L�R�Q�V �L�Q �L�W�V �Y�R�O�W�D�J�H���F�X�U�U�H�Q�W �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V��

�)�R�U �S�U�D�F�W�L�F�D�O �P�D�J�Q�H�W�R�P�H�W�U�\�� �W�K�H �V�D�P�S�O�H �L�V �S�R�V�L�W�L�R�Q�H�G �Z�L�W�K�L�Q �R�U �Q�H�D�U �S�L�F�N�X�S �F�R�L�O�V �W�K�D�W �F�R�X�S�O�H �P�D�J�Q�H�W�L�F �5�X�[

�F�K�D�Q�J�H�V �W�R �W�K�H �6�4�8�–�' �V�H�Q�V�R�U�� �:�K�H�Q �D �P�D�J�Q�H�W�L�F �P�R�P�H�Q�W �P�R�Y�H�V �R�U �F�K�D�Q�J�H�V �R�U�L�H�Q�W�D�W�L�R�Q�� �L�W �L�Q�G�X�F�H�V �5�X�[ �F�K�D�Q�J�H�V

�L�Q �W�K�H �S�L�F�N�X�S �F�R�L�O�V �W�K�D�W �D�U�H �W�U�D�Q�V�P�L�W�W�H�G �W�R �W�K�H �6�4�8�–�' �W�K�U�R�X�J�K �D �5�X�[ �W�U�D�Q�V�I�R�U�P�H�U �F�L�U�F�X�L�W �>������ �������� �@�� �7�K�H �6�4�8�–�' �R�S�H�U��

�D�W�H�V �D�V �D�Q �H�[�W�U�H�P�H�O�\ �V�H�Q�V�L�W�L�Y�H �5�X�[���W�R���Y�R�O�W�D�J�H �F�R�Q�Y�H�U�W�H�U�� �Z�L�W�K �W�K�H �E�H�V�W �U�H�F�R�U�G�H�G �5�X�[ �V�H�Q�V�L�W�L�Y�L�W�L�H�V �R�I� 1� 10� 6� 0/
p

�+�]

�H�Q�D�E�O�L�Q�J �G�H�W�H�F�W�L�R�Q �R�I �P�R�P�H�Q�W �F�K�D�Q�J�H�V �D�V �V�P�D�O�O �D�V10� 11 �H�P�X �L�Q �Z�H�O�O���G�H�V�L�J�Q�H�G �V�\�V�W�H�P�V �>������ �������� �@��

�–�Q �W�K�L�V �Z�R�U�N�� �Z�H �X�V�H�G �W�K�H �6�4�8�–�' �W�R �P�D�L�Q�O�\ �F�K�D�U�D�F�W�H�U�L�]�H �W�K�H �0�D�J�Q�H�W�L�]�D�W�L�R�Q �D�V �D �I�X�Q�F�W�L�R�Q �R�I �D�S�S�O�L�H�G �4�H�O�G �D�W �G�L�I��

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

�4�H�O�G�� �$�S�S�O�L�H�G �4�H�O�G �V�W�U�H�Q�J�W�K�V �R�I100�� �W�R5000�� �S�U�R�Y�L�G�H �V�X�]�F�L�H�Q�W �P�D�J�Q�H�W�L�F �D�O�L�J�Q�P�H�Q�W �I�R�U �W�K�H �V�R�I�W �P�D�W�H�U�L�D�O�V �X�V�H�G

�L�Q �W�K�L�V �3�K�' �Z�K�L�O�H �U�H�P�D�L�Q�L�Q�J �P�X�F�K �V�P�D�O�O�H�U �W�K�D�Q �W�K�H �F�U�L�W�L�F�D�O �4�H�O�GH c2 �D�E�R�Y�H �Z�K�L�F�K �Z�H �Z�R�X�O�G �Z�L�W�Q�H�V�V �V�X�S�S�U�H�V�V�H�G

�V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �S�U�R�S�H�U�W�L�H�V��
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�)�L�J�X�U�H ���������� ���D�� �'�& �6�4�8�–�' �Z�L�W�K �� �-�R�V�H�S�K�V�R�Q �M�X�Q�F�W�L�R�Q�V �P�D�U�N�H�G �L�Q �J�U�D�\�� �:�K�H�Q �D �F�X�U�U�H�Q�W �L�V �D�S�S�O�L�H�G �W�K�U�R�X�J�K �W�K�H �O�R�R�S��
�L�W �L�V �G�L�Y�L�G�H�G �H�T�X�D�O�O�\ �E�H�W�Z�H�H�Q �E�R�W�K �L�G�H�Q�W�L�F�D�O �V�H�F�W�L�R�Q�V�� �7�K�H �S�U�H�V�H�Q�F�H �R�I �D �P�D�J�Q�H�W�L�F �5�X�[ �W�K�U�H�D�G�L�Q�J �W�K�H �O�R�R�S �G�U�L�Y�H�V �D
�V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �F�X�U�U�H�Q�W �\�L�H�O�G�L�Q�J �D �4�H�O�G �L�Q �W�K�H �R�S�S�R�V�L�W�H �G�L�U�H�F�W�L�R�Q�� �F�U�H�D�W�L�Q�J �D �E�L�D�V �R�I �F�X�U�U�H�Q�W �L�Q �W�K�H �O�R�R�S �D�Q�G �P�H�D�V�X�U��
�D�E�O�H �Y�R�O�W�D�J�H �G�U�R�S�� ���E�� �7�\�S�L�F�D�O �K�\�V�W�H�U�H�V�L�V �O�R�R�S �R�I �D �I�H�U�U�R�P�D�J�Q�H�W �O�D�\�H�U �Z�L�W�K �W�K�H �G�L�•�H�U�H�Q�W �S�D�U�D�P�H�W�H�U�V �R�Q�H �F�D�Q �H�[�W�U�D�F�W
�I�U�R�P �L�W�� �V�D�W�X�U�D�W�L�R�Q �P�D�J�Q�H�W�L�]�D�W�L�R�QM s �� �U�H�P�D�Q�H�Q�W �P�D�J�Q�H�W�L�]�D�W�L�R�QM r �� �F�R�H�U�F�L�Y�H �4�H�O�GH c�� �7�K�H �S�X�U�S�O�H �F�X�U�Y�H �L�V �W�K�H �L�Q�L�W�L�D�O
�P�D�J�Q�H�W�L�]�D�W�L�R�Q �F�X�U�Y�H ���X�S �W�R �V�D�W�X�U�D�W�L�R�Q����

�7�K�L�V �L�V �Q�R�W �W�R �E�H �F�R�Q�I�X�V�H�G �Z�L�W�K �W�K�H �=�H�U�R���4�H�O�G �F�R�R�O�L�Q�J �S�U�R�F�H�V�V�� �=�H�U�R���4�H�O�G���F�R�R�O�L�Q�J ���=�)�&�� �D�Q�G �4�H�O�G���F�R�R�O�L�Q�J ���)�&�� �S�U�R�W�R��

�F�R�O�V �S�U�R�Y�L�G�H �F�R�P�S�O�H�P�H�Q�W�D�U�\ �L�Q�I�R�U�P�D�W�L�R�Q �D�E�R�X�W �P�D�J�Q�H�W�L�F �V�W�D�W�H �H�Y�R�O�X�W�L�R�Q �W�K�U�R�X�J�K �S�K�D�V�H �W�U�D�Q�V�L�W�L�R�Q�V�� �–�Q �=�)�& �P�H�D�V�X�U�H��

�P�H�Q�W�V�� �W�K�H �V�D�P�S�O�H �L�V �F�R�R�O�H�G �L�Q �]�H�U�R �D�S�S�O�L�H�G �4�H�O�G�� �W�K�H�Q �D �V�P�D�O�O �P�H�D�V�X�U�L�Q�J �4�H�O�G �L�V �D�S�S�O�L�H�G �D�W �W�K�H �W�D�U�J�H�W �W�H�P�S�H�U�D�W�X�U�H

�D�Q�G �W�K�H �P�R�P�H�Q�W �L�V �U�H�F�R�U�G�H�G �G�X�U�L�Q�J �V�X�E�V�H�T�X�H�Q�W �Z�D�U�P�L�Q�J�� �)�& �P�H�D�V�X�U�H�P�H�Q�W�V �D�S�S�O�\ �W�K�H �P�H�D�V�X�U�L�Q�J �4�H�O�G �G�X�U�L�Q�J �W�K�H

�F�R�R�O�L�Q�J �S�U�R�F�H�V�V�� �P�D�L�Q�W�D�L�Q�L�Q�J �W�K�H �P�D�J�Q�H�W�L�F �V�W�D�W�H �W�K�U�R�X�J�K�R�X�W �W�K�H �W�H�P�S�H�U�D�W�X�U�H �U�D�Q�J�H��

�6�X�E�V�W�U�D�W�H �E�D�F�N�J�U�R�X�Q�G �P�H�D�V�X�U�H�P�H�Q�W�V �X�V�L�Q�J �L�G�H�Q�W�L�F�D�O�O�\ �S�U�H�S�D�U�H�G �V�X�E�V�W�U�D�W�H�V �Z�L�W�K�R�X�W �G�H�S�R�V�L�W�H�G �4�O�P�V �S�U�R�Y�L�G�H �H�V��

�V�H�Q�W�L�D�O �E�D�V�H�O�L�Q�H �F�R�U�U�H�F�W�L�R�Q�V�� �–�Q �V�R�P�H �F�D�V�H�V�� �W�K�H �V�X�E�V�W�U�D�W�H���V �G�L�D�P�D�J�Q�H�W�L�F �F�R�Q�W�U�L�E�X�W�L�R�Q�V �F�D�Q �E�H �V�X�E�V�W�D�Q�W�L�D�O�� �S�D�U�W�L�F�X�O�D�U�O�\

�I�R�U �R�[�L�G�H �V�X�E�V�W�U�D�W�H�V �O�L�N�H �6�7�2 �R�U �1�*�2�� �D�Q�G �P�D�\ �V�K�R�Z �W�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�H �W�K�D�W �F�R�X�O�G �E�H �F�R�Q�I�X�V�H�G �Z�L�W�K �S�U�R�[�L�P��

����



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

�F�R�Q�V�L�G�H�U�H�G�� �S�D�U�W�L�F�X�O�D�U�O�\ �E�H�O�R�ZTc �Z�K�H�U�H �W�K�H �0�H�L�V�V�Q�H�U �H�•�H�F�W �F�U�H�D�W�H�V �V�X�E�V�W�D�Q�W�L�D�O �G�L�D�P�D�J�Q�H�W�L�F �V�L�J�Q�D�O�V�� �)�R�U �W�K�L�Q �4�O�P�V��

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

�V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �R�U�G�H�U �S�D�U�D�P�H�W�H�U�� �S�U�R�Y�L�G�L�Q�J �Y�H�U�L�4�F�D�W�L�R�Q �R�I �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �T�X�D�O�L�W�\ �Z�K�L�O�H �U�H�T�X�L�U�L�Q�J �V�X�E�W�U�D�F�W�L�R�Q �I�R�U

�D�Q�D�O�\�V�L�V �R�I �I�H�U�U�R�P�D�J�Q�H�W�L�F �O�D�\�H�U �S�U�R�S�H�U�W�L�H�V�� �)�R�U �W�K�H �V�L�P�S�O�H �H�[�W�U�D�F�W�L�R�Q �R�I �P�D�J�Q�H�W�L�F �S�U�R�S�H�U�W�L�H�V �I�U�R�P �V�L�Q�J�O�H �L�Q�W�H�Q�V�H �K�\�V��

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

�S�U�H�O�L�P�L�Q�D�U�\ �P�H�D�V�X�U�H�P�H�Q�W �R�Q �D �O�R�Q�H���V�X�E�V�W�U�D�W�H�� �6�X�F�K �S�U�R�S�H�U�W�L�H�V �D�U�H �V�K�R�Z�Q �L�Q�4�J�X�U�H ���������E�L�Q�F�O�X�G�H��

�� �W�K�H �V�D�W�X�U�D�W�L�R�Q �P�D�J�Q�H�W�L�]�D�W�L�R�QM s �W�K�D�W �W�K�H �V�D�P�S�O�H �F�D�Q�Q�R�W �J�R �S�D�V�W

�� �W�K�H �U�H�P�D�Q�H�Q�W �P�D�J�Q�H�W�L�]�D�W�L�R�QM r �W�K�D�W �U�H�P�D�L�Q�V �D�W �]�H�U�R �4�H�O�G �D�I�W�H�U �D �4�U�V�W �P�D�J�Q�H�W�L�]�D�W�L�R�Q �R�I �W�K�H �V�D�P�S�O�H

�� �W�K�H �F�R�H�U�F�L�Y�H �4�H�O�GH c �D�W �Z�K�L�F�K �W�K�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q �V�Z�L�W�F�K�H�V �V�L�J�Q�V

���������� �)�H�U�U�R�P�D�J�Q�H�W�L�F �5�H�V�R�Q�D�Q�F�H

�)�0�5 �U�H�S�U�H�V�H�Q�W�V �W�K�H �S�U�L�P�D�U�\ �H�[�S�H�U�L�P�H�Q�W�D�O �S�U�R�E�H �R�I �W�K�L�V �W�K�H�V�L�V�� �S�U�R�Y�L�G�L�Q�J �G�L�U�H�F�W �D�F�F�H�V�V �W�R �P�D�J�Q�H�W�L�]�D�W�L�R�Q �G�\�Q�D�P�L�F�V

�D�Q�G �W�K�H�L�U �P�R�G�L�4�F�D�W�L�R�Q �W�K�U�R�X�J�K �F�R�X�S�O�L�Q�J �Z�L�W�K �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �O�D�\�H�U�V�� �7�K�H �W�H�F�K�Q�L�T�X�H �U�H�T�X�L�U�H�V �D�G�D�S�W�D�W�L�R�Q �I�R�U �F�U�\�R��

�J�H�Q�L�F �R�S�H�U�D�W�L�R�Q �Z�K�L�O�H �P�D�L�Q�W�D�L�Q�L�Q�J �W�K�H �V�H�Q�V�L�W�L�Y�L�W�\ �Q�H�H�G�H�G �W�R �G�H�W�H�F�W �V�P�D�O�O �G�D�P�S�L�Q�J �F�K�D�Q�J�H�V �W�K�D�W �V�L�J�Q�D�O �V�S�L�Q �S�X�P�S�L�Q�J

�H�]�F�L�H�Q�F�\ �P�R�G�L�4�F�D�W�L�R�Q�V��

�������������� �)�0�5 �L�Q�V�W�U�X�P�H�Q�W�D�W�L�R�Q

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

�D�Q�G �K�L�J�K���4�H�O�G �P�D�J�Q�H�W�V�� �7�K�H �H�[�F�L�W�D�W�L�R�Q �P�H�F�K�D�Q�L�V�P �Q�H�H�G�H�G �I�R�U �)�0�5 �L�V �D �F�R�X�S�O�L�Q�J �R�I �D �'�& �4�H�O�GHDC �W�R �I�X�O�O�\ �P�D�J�Q�H��

�W�L�]�H �W�K�H �V�D�P�S�O�H ���L�Q �W�K�H �S�O�D�Q�H �L�Q �R�X�U �F�D�V�H�� �L�Q �D �P�R�Q�R���G�R�P�D�L�Q �Z�K�L�O�H �D�S�S�O�\�L�Q�J �D �W�U�D�Q�V�Y�H�U�V�H �U�I �4�H�O�Ghrf �W�R �H�[�F�L�W�H �W�K�H

�P�D�J�Q�H�W�L�]�D�W�L�R�Q �R�X�W �R�I �H�T�X�L�O�L�E�U�L�X�P�� �5�H�V�R�Q�D�Q�F�H �L�V �D�F�K�L�H�Y�H�G �R�Q�F�H �W�K�H �I�U�H�T�X�H�Q�F�\ �R�I �W�K�H �D�S�S�O�L�H�G �U�I �4�H�O�G �P�D�W�F�K�H�V �W�K�H �Q�D�W��

�X�U�D�O �S�U�H�F�H�V�V�L�R�Q�D�O �I�U�H�T�X�H�Q�F�\ �R�I �W�K�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q �D�W �D �J�L�Y�H�Q �H�•�H�F�W�L�Y�H �4�H�O�G�� �R�U �L�Q�Y�H�U�V�H�O�\ �Z�K�H�Q �W�K�H �H�•�H�F�W�L�Y�H �P�D�J�Q�H�W�L�F

�4�H�O�G �D�S�S�O�L�H�G �F�U�R�V�V�H�V �W�K�H �U�H�V�R�Q�D�Q�F�H �4�H�O�G �I�R�U �D �J�L�Y�H�Q �U�I �I�U�H�T�X�H�Q�F�\�� �7�K�H �O�D�W�W�H�U �F�R�Q�4�J�X�U�D�W�L�R�Q �L�V �W�K�H �R�Q�H �Z�H �I�R�O�O�R�Z�H�G

���F�D�O�O�H�G �4�H�O�G �V�Z�H�H�S �)�0�5�� �>������ �� ������ �@�� �7�K�L�V �K�D�V �W�R �E�H �G�R�Q�H �I�R�U �P�D�Q�\ �I�U�H�T�X�H�Q�F�L�H�V ���E�U�R�D�G�E�D�Q�G�� �D�Q�G �L�Q �D �F�U�\�R�V�W�D�W �L�Q

�R�U�G�H�U �W�R �J�R �G�R�Z�Q �L�Q �W�H�P�S�H�U�D�W�X�U�H�� �$ �G�L�D�J�U�D�P �R�I �W�K�H �V�H�W�X�S �L�Q �W�U�D�Q�V�P�L�V�V�L�R�Q �P�R�G�H �Z�L�W�K �4�H�O�G �P�R�G�X�O�D�W�L�R�Q �L�V �V�K�R�Z�Q

�L�Q�4�J�X�U�H ���������D�� �Z�L�W�K �W�K�H �G�L�•�H�U�H�Q�W �F�R�P�S�R�Q�H�Q�W�V �G�H�V�F�U�L�E�H�G �E�H�O�R�Z�� �2�Q�H �R�I �W�K�H �F�U�\�R�V�W�D�W�V �4�W�W�H�G �I�R�U �)�0�5 �L�V �D�O�V�R �V�K�R�Z�Q

�L�Q�4�J�X�U�H ���������E�I�R�U �Y�L�V�X�D�O �U�H�I�H�U�H�Q�F�H�� �E�X�W �Q�R�W �D�O�O �W�K�H �H�T�X�L�S�P�H�Q�W �F�R�X�O�G �E�H �J�D�W�K�H�U�H�G �L�Q �W�K�L�V �S�L�F�W�X�U�H��

�:�H �G�H�W�H�F�W �W�K�H �)�0�5 �D�E�V�R�U�S�W�L�R�Q �X�V�L�Q�J �S�K�D�V�H���V�H�Q�V�L�W�L�Y�H �G�H�W�H�F�W�L�R�Q �U�H�I�H�U�H�Q�F�H�G �W�R �D �V�P�D�O�O �T�X�D�V�L���V�L�Q�X�V�R�L�G�D�O �P�R�G�X�O�D�W�L�R�Q

hm �F�R�V(! m t) �D�S�S�O�L�H�G �W�R �W�K�H �V�W�D�W�L�F �4�H�O�GH �� �–�Q �W�K�H �4�H�O�G���V�Z�H�H�S �F�R�Q�4�J�X�U�D�W�L�R�Q�� �W�K�H �D�E�V�R�U�E�H�G �S�R�Z�H�U ���R�U �W�U�D�Q�V�P�L�W�W�H�G

�P�L�F�U�R�Z�D�Y�H �D�P�S�O�L�W�X�G�H�� �L�V �D �V�P�R�R�W�K �I�X�Q�F�W�L�R�QP(H ) �Z�L�W�K �D �U�H�V�R�Q�D�Q�F�H �D�WH = H r �� �:�L�W�K �4�H�O�G �P�R�G�X�O�D�W�L�R�Q��

P(H + hm �F�R�V! m t) � P(H ) +
dP
dH

hm �F�R�V! m t +
1
2

d2P
dH 2 h2

m �F�R�V2 ! m t + � � � ; ����������

����



���D�� ���E��

���F�� ���G��

�)�L�J�X�U�H ���������� ���D�� �5�H�S�U�H�V�H�Q�W�D�W�L�Y�H �G�L�D�J�U�D�P �R�I �W�K�H �)�0�5 �V�H�W�X�S�� �H�O�H�F�W�U�R�P�D�J�Q�H�W�V �D�S�S�O�\ �D �'�& �4�H�O�G�� �P�R�G�X�O�D�W�H�G �X�V�L�Q�J
�+�H�O�P�K�R�O�W�] �F�R�L�O�V ���Z�L�W�K �D�Q �D�F �V�R�X�U�F�H�� �D�W �W�K�H�L�U �H�[�W�U�H�P�L�W�\�� �7�K�H �F�R�S�O�D�Q�D�U �Z�D�Y�H�J�X�L�G�H �K�R�X�V�H�V �W�K�H �V�D�P�S�O�H �D�Q�G �L�V �I�H�G �Z�L�W�K �D�Q
�U�I �F�X�U�U�H�Q�W �I�U�R�P �W�K�H �U�I �V�R�X�U�F�H �R�Q �R�Q�H �H�Q�G�� �D�Q�G �W�U�D�Q�V�P�L�W�V �W�K�L�V �F�X�U�U�H�Q�W �W�K�U�R�X�J�K �D �4�O�W�H�U �G�L�R�G�H �W�R �W�K�H �O�R�F�N���L�Q �I�R�U �G�H�W�H�F�W�L�R�Q��
�7�K�H �G�L�D�J�U�D�P �L�Q ���D�� �L�V �L�Q�V�S�L�U�H�G �I�U�R�P �>������ �������� �������� �@�� ���F�� �R�•�H�U�V �D �F�O�R�V�H�X�S �R�Q �W�K�H �V�D�P�S�O�H �P�R�X�Q�W�L�Q�J �V�F�K�H�P�H ���5�L�S���F�K�L�S��
�R�Q �W�K�H �&�3�:�� �Z�L�W�K �D�Q �H�[�D�P�S�O�H �V�W�D�F�N �R�I �<�%�&�2���/�6�0�2�����1�*�2�� �7�K�H �P�D�L�Q �F�R�Q�Q�H�F�W�L�R�Q�V �W�R �W�K�H �&�3�: �D�U�H �P�H�Q�W�L�R�Q�H�G�� ���E��
�(�[�D�P�S�O�H �R�I �D�Q �)�0�5 �V�H�W�X�S �Z�H �X�V�H�G ���L�Q �D �F�U�\�R�V�W�D�W�� �Z�K�H�U�H �R�Q�O�\ �W�K�H �H�O�H�F�W�U�R�P�D�J�Q�H�W�V �F�D�Q �E�H �V�H�H�Q �D�V �Z�H�O�O �D�V �W�K�H �H�[�W�H�U�Q�D�O
�F�R�Q�Q�H�F�W�L�R�Q�V �R�Q �W�K�H �V�D�P�S�O�H �W�U�D�Q�V�I�H�U �U�R�G�� ���G�� �3�K�R�W�R �R�I �W�K�H �&�3�: �P�R�X�Q�W�H�G �R�Q �W�K�H �W�U�D�Q�V�I�H�U �U�R�G �Z�K�H�U�H �W�K�H �V�D�P�S�O�H �L�V �K�L�G��
�G�H�Q �R�Q �W�K�H �R�W�K�H�U �V�L�G�H�� �7�K�L�V �&�3�: �K�D�V �K�R�O�H�V �L�Q �L�W �I�R�U �Z�L�U�H �E�R�Q�G�L�Q�J �W�K�H �V�D�P�S�O�H �L�Q �R�U�G�H�U �W�R �S�H�U�I�R�U�P �5���7�� �P�H�D�V�X�U�H�P�H�Q�W�V
�D�V �Z�H�O�O �D�V �W�K�H �V�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q �F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q �R�Q �S�D�W�W�H�U�Q�H�G �V�D�P�S�O�H�V��

�Y�D�O�L�G �I�R�Uhm � � H �� �–�Q �R�X�U �F�D�V�H��(hm )rms � 0:1 �P�7�� �0�X�O�W�L�S�O�L�F�D�W�L�R�Q �E�\ �W�K�H �O�R�F�N���L�Q �U�H�I�H�U�H�Q�F�H �F�R�V! m t �D�Q�G �O�R�Z���S�D�V�V

�4�O�W�H�U�L�Q�J �L�V�R�O�D�W�H �W�K�H �4�U�V�W �K�D�U�P�R�Q�L�F ����f �� �F�R�P�S�R�Q�H�Q�W��

P1f (H ) =
hm

2
dP
dH

+ O(h3
m ); ����������

�V�R �W�K�D�W �W�K�H �U�H�F�R�U�G�H�G �V�L�J�Q�D�O �L�V �S�U�R�S�R�U�W�L�R�Q�D�O �W�RdP/ dH �� �+�H�Q�F�H�� �Z�K�H�QP(H ) �K�D�V �D �/�R�U�H�Q�W�]�L�D�Q �U�H�V�R�Q�D�Q�F�H�� �W�K�H �P�H�D��

�V�X�U�H�G �O�L�Q�H�V�K�D�S�H �L�V �L�W�V �4�H�O�G �G�H�U�L�Y�D�W�L�Y�H ���V�H�H�(�T�� ���������������� �7�K�L�V �I�U�H�T�X�H�Q�F�\���G�R�P�D�L�Q �Y�L�H�Z �R�I �S�K�D�V�H���V�H�Q�V�L�W�L�Y�H �G�H�W�H�F�W�L�R�Q �D�Q�G

�E�D�Q�G�Z�L�G�W�K �Q�D�U�U�R�Z�L�Q�J �I�R�O�O�R�Z�V �W�K�H �V�W�D�Q�G�D�U�G �O�R�F�N���L�Q �D�Q�D�O�\�V�H�V �L�Q �W�K�H �O�L�W�H�U�D�W�X�U�H �>������ �@��

����



�7�R �W�K�L�V �H�Q�G�� �D�Q �5�) �V�R�X�U�F�H �Z�D�V �X�V�H�G �D�V �W�K�H �H�[�F�L�W�D�W�L�R�Q �P�H�G�L�X�P ���V�H�H�4�J�X�U�H ���������D���� �D�E�O�H �W�R �R�S�H�U�D�W�H �I�U�R�P1 �*�+�] �W�R40�*�+�]��

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

�)�0�5 �U�H�V�R�Q�D�Q�F�H �U�D�Q�J�H �I�R�U �W�K�L�Q �4�O�P�V �L�Q �P�R�G�H�U�D�W�H �P�D�J�Q�H�W�L�F �4�H�O�G�V �Z�K�L�O�H �S�U�R�Y�L�G�L�Q�J �V�X�]�F�L�H�Q�W �E�D�Q�G�Z�L�G�W�K �I�R�U �V�\�V�W�H�P�D�W�L�F

�O�L�Q�H�Z�L�G�W�K �V�W�X�G�L�H�V�� �0�L�F�U�R�Z�D�Y�H �S�R�Z�H�U �R�S�W�L�P�L�]�D�W�L�R�Q �E�D�O�D�Q�F�H�V �V�L�J�Q�D�O���W�R���Q�R�L�V�H �U�H�T�X�L�U�H�P�H�Q�W�V �D�J�D�L�Q�V�W �Q�R�Q�O�L�Q�H�D�U �H�•�H�F�W�V

�W�K�D�W �F�R�X�O�G �F�R�P�S�O�L�F�D�W�H �L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�� �3�R�Z�H�U �O�H�Y�H�O�V �R�I10 �W�R21 �G�%�P �S�U�R�Y�L�G�H �D�G�H�T�X�D�W�H �V�L�J�Q�D�O �D�P�S�O�L�W�X�G�H �R�I �D�U�R�X�Q�G

0:1 �P�7 �W�R1 �P�7 �Z�K�L�O�H �H�Q�V�X�U�L�Q�J �O�L�Q�H�D�U �U�H�V�S�R�Q�V�H �W�K�U�R�X�J�K�R�X�W �W�K�H �P�H�D�V�X�U�H�P�H�Q�W �U�D�Q�J�H�� �3�R�Z�H�U���G�H�S�H�Q�G�H�Q�W �V�W�X�G�L�H�V �D�U�H

�G�R�Q�H �W�R �Y�H�U�L�I�\ �O�L�Q�H�D�U �U�H�J�L�P�H �R�S�H�U�D�W�L�R�Q �D�Q�G �L�G�H�Q�W�L�I�\ �S�R�W�H�Q�W�L�D�O �K�H�D�W�L�Q�J �H�•�H�F�W�V��

�–�Q�V�L�G�H �W�K�H �F�U�\�R�V�W�D�W�� �W�K�H �V�D�P�S�O�H �L�V �P�R�X�Q�W�H�G �R�Q �F�R�S�O�D�Q�D�U �Z�D�Y�H�J�X�L�G�H ���&�3�:�� �W�U�D�Q�V�P�L�V�V�L�R�Q �O�L�Q�H�V ���V�H�H�4�J�X�U�H ���������D�� �Z�L�W�K

�F�K�D�U�D�F�W�H�U�L�V�W�L�F �L�P�S�H�G�D�Q�F�H �R�I50 
 �R�S�W�L�P�L�]�H�G �I�R�U �E�U�R�D�G�E�D�Q�G �R�S�H�U�D�W�L�R�Q �D�Q�G �V�W�D�E�O�H �F�R�X�S�O�L�Q�J �W�K�U�R�X�J�K�R�X�W �W�H�P�S�H�U�D�W�X�U�H

�U�D�Q�J�H�� �2�Q �W�K�H �&�3�:�� �W�K�H �V�D�P�S�O�H �L�V �P�R�X�Q�W�H�G �X�S�V�L�G�H �G�R�Z�Q �L�Q �Z�K�D�W �Z�H �F�R�P�P�R�Q�O�\ �F�D�O�O �D ���5�L�S���F�K�L�S�� �F�R�Q�4�J�X�U�D�W�L�R�Q �D�V

�V�H�H�Q �L�Q �W�K�H �F�O�R�V�H�X�S �G�L�D�J�U�D�P �L�Q�4�J�X�U�H ���������F���W�K�H �S�K�R�W�R �R�I �W�K�H �&�3�: �F�R�Q�Q�H�F�W�H�G �D�W �W�K�H �H�Q�G �R�I �W�K�H �F�U�\�R�V�W�D�W �W�U�D�Q�V�I�H�U �U�R�G

�L�V �V�K�R�Z�Q �L�Q�4�J�X�U�H ���������G���� �7�K�H �V�D�P�S�O�H �F�D�Q �H�L�W�K�H�U �E�H �P�R�X�Q�W�H�G �X�V�L�Q�J �*�( �Y�D�U�Q�L�V�K �W�R �V�W�L�F�N �L�W �R�Q�W�R �W�K�H �&�3�: �D�Q�G �H�Q�V�X�U�H

�J�R�R�G �W�K�H�U�P�D�O �F�R�Q�W�D�F�W�� �R�U �X�V�L�Q�J �.�D�S�W�R�Q �W�D�S�H �Z�K�L�F�K �L�V �O�H�V�V �L�Q�W�U�X�V�L�Y�H �W�K�D�Q �W�K�H�F�D�U�F�L�Q�R�J�H�Q�L�F�Y�D�U�Q�L�V�K�� �R�U �H�Y�H�Q �X�V�L�Q�J ���'

�S�U�L�Q�W�H�G �S�O�D�V�W�L�F �E�D�U�V �Z�L�W�K �F�O�D�P�S�V �W�R �K�R�O�G �R�Q�W�R �W�K�H �&�3�:�� �Z�K�L�F�K �Z�D�V �W�K�H �O�H�D�V�W �U�H�O�L�D�E�O�H �P�H�W�K�R�G ���W�K�H �S�O�D�V�W�L�F �E�U�R�N�H �G�X�U�L�Q�J

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

�7�K�H �D�E�V�R�U�S�W�L�R�Q �V�L�J�Q�D�O �R�I �)�0�5 �L�V �G�H�W�H�F�W�H�G �X�V�L�Q�J �D �O�R�F�N���L�Q �P�H�W�K�R�G ���V�H�H�4�J�X�U�H ���������D���� �E�\ �P�R�G�X�O�D�W�L�Q�J �W�K�H �'�& �4�H�O�G

�X�V�L�Q�J �+�H�O�P�K�R�O�W�] �F�R�L�O�V �Z�U�D�S�S�H�G �D�U�R�X�Q�G �W�K�H �H�[�W�U�H�P�L�W�L�H�V �R�I �W�K�H �S�R�O�H �J�D�S �R�I �W�K�H �H�O�H�F�W�U�R�P�D�J�Q�H�W ���V�H�H�4�J�X�U�H ���������D���� �7�K�H

�O�R�F�N���L�Q �G�H�S�L�F�W�V �W�K�H �F�K�R�S�S�L�Q�J �I�U�H�T�X�H�Q�F�\ �R�I �W�K�H �4�H�O�G �P�R�G�X�O�D�W�L�R�Q�� �W�\�S�L�F�D�O�O�\13�+�] �W�R177�+�] �Z�K�L�F�K �S�U�R�Y�L�G�H�V �R�S�W�L�P�D�O �Q�R�L�V�H

�U�H�M�H�F�W�L�R�Q �Z�K�L�O�H �P�D�L�Q�W�D�L�Q�L�Q�J �D�G�H�T�X�D�W�H �E�D�Q�G�Z�L�G�W�K �I�R�U �V�L�J�Q�D�O �G�H�W�H�F�W�L�R�Q�� �&�K�R�S�S�L�Q�J �I�U�H�T�X�H�Q�F�L�H�V �P�X�V�W �D�Y�R�L�G �P�H�F�K�D�Q�L�F�D�O

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

�F�K�R�S�S�L�Q�J �W�K�H �U�I �4�H�O�G �F�R�P�L�Q�J �R�X�W �R�I �W�K�H �U�I �V�R�X�U�F�H �L�W�V�H�O�I�� �E�X�W �W�K�L�V �L�V �G�R�Q�H �D�W �K�L�J�K�H�U �I�U�H�T�X�H�Q�F�L�H�V �W�K�D�Q �4�H�O�G �P�R�G�X�O�D�W�L�R�Q��

�L�Q �W�K�H �U�D�Q�J�H200�+�] �W�R3000�+�]�� �7�K�H �V�L�J�Q�D�O �I�H�G �L�Q�W�R �W�K�H �O�R�F�N���L�Q �F�D�Q �V�R�P�H�W�L�P�H�V �E�H �U�R�X�W�H�G �W�K�U�R�X�J�K �D �S�U�H���D�P�S�O�L�4�H�U �4�U�V�W��

�Z�L�W�K �D�P�S�O�L�4�F�D�W�L�R�Q�V �R�I �X�S �W�R ������ �W�L�P�H�V�� �D�V�V�X�P�L�Q�J �W�K�H �V�L�J�Q�D�O���W�R���Q�R�L�V�H �U�D�W�L�R �L�V �R�S�W�L�P�L�]�H�G �W�R �E�H �D�E�O�H �W�R �V�H�H �D�Q�\ �V�L�J�Q�D�O �L�Q

�W�K�H �4�U�V�W �S�O�D�F�H ���W�K�H �E�H�V�W �Z�H �F�D�Q �D�F�K�L�H�Y�H �L�V �W�\�S�L�F�D�O�O�\ �D �Q�R�L�V�H �R�I ������ �Q�9 �I�R�U �V�L�J�Q�D�O�V �G�R�Z�Q �W�R �D �I�H�Z �W�H�Q�V �R�I �Q�9����

�7�H�P�S�H�U�D�W�X�U�H �F�R�Q�W�U�R�O �I�U�R�P300�. �W�R4 �. �Z�L�W�K �V�W�D�E�L�O�L�W�\ �K�L�J�K�H�U �W�K�D�Q� 0:1 �. �H�Q�D�E�O�H�V �S�U�H�F�L�V�H �W�U�D�F�N�L�Q�J �R�I �S�U�R�S�H�U�W�\ �H�Y�R��

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

�L�Q �W�K�H �F�U�\�R�V�W�D�W �V�H�F�W�L�R�Q�� �W�R �P�D�L�Q�W�D�L�Q �V�W�D�E�L�O�L�W�\ �G�X�U�L�Q�J �U�D�S�L�G �S�U�R�S�H�U�W�\ �F�K�D�Q�J�H�V �Q�H�D�U �W�U�D�Q�V�L�W�L�R�Q �W�H�P�S�H�U�D�W�X�U�H�V�� �0�D�J�Q�H�W�L�F

�4�H�O�G �F�D�S�D�E�L�O�L�W�L�H�V �X�S �W�R2 �7 �I�U�R�P �H�O�H�F�W�U�R�P�D�J�Q�H�W�V �R�U5 �7 ���D�Q�G �K�L�J�K�H�U�� �I�U�R�P �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �P�D�J�Q�H�W�V �J�L�Y�H�V �X�V �D�F�F�H�V�V

�W�R �W�K�H �)�0�5 �U�H�V�R�Q�D�Q�F�H �S�H�D�N�V �D�W �K�L�J�K�H�V�W �I�U�H�T�X�H�Q�F�L�H�V�� �)�L�H�O�G �V�Z�H�H�S �U�D�W�H�V �R�I1 �2�H/ �V �W�R50�2�H/ �V �R�S�W�L�P�L�]�H �P�H�D�V�X�U�H�P�H�Q�W

�V�S�H�H�G �D�J�D�L�Q�V�W �4�H�O�G �V�W�D�E�L�O�L�W�\ �U�H�T�X�L�U�H�P�H�Q�W�V��

�������������� �6�L�J�Q�D�O���W�R���Q�R�L�V�H �R�S�W�L�P�L�]�D�W�L�R�Q

�2�S�W�L�P�L�]�L�Q�J �W�K�H �V�L�J�Q�D�O���W�R���Q�R�L�V�H �U�D�W�L�R �L�V �H�V�V�H�Q�W�L�D�O �L�Q �D�Q�\ �P�H�D�V�X�U�H�P�H�Q�W �R�I �V�R�U�W�� �D�Q�G �L�G�H�Q�W�L�I�\�L�Q�J �V�R�X�U�F�H�V �R�I �Q�R�L�V�H �D�Q�G

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

����



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

�U�D�Q�J�H�� �P�D�N�L�Q�J �L�W �K�D�U�G �W�R �L�V�R�O�D�W�H �U�H�D�O �V�L�J�Q�D�O�V��

�:�H �D�O�Z�D�\�V �V�W�D�U�W �E�\ �J�U�R�X�Q�G�L�Q�J �W�K�H �H�T�X�L�S�P�H�Q�W �L�Q �X�V�H �W�R �D �F�R�P�P�R�Q �J�U�R�X�Q�G�� �X�V�X�D�O�O�\ �F�R�Q�Q�H�F�W�H�G �W�R �W�K�H �P�H�D�V�X�U�H��

�P�H�Q�W �U�D�F�N�� �7�K�L�V �L�V �X�V�H�I�X�O �W�R �G�L�•�X�V�H �D�F�F�X�P�X�O�D�W�H�G �F�K�D�U�J�H�V �D�Q�G �W�R �E�H �D�E�O�H �W�R �U�X�Q �J�U�R�X�Q�G�H�G �P�H�D�V�X�U�H�P�H�Q�W�V�� �Q�H�H�G�H�G

�W�R �L�V�R�O�D�W�H �W�K�H �P�H�D�V�X�U�H�P�H�Q�W �F�L�U�F�X�L�W�� �(�O�H�F�W�U�R�P�D�J�Q�H�W�L�F �L�Q�W�H�U�I�H�U�H�Q�F�H ���(�0�–�� �V�K�L�H�O�G�L�Q�J �S�U�H�Y�H�Q�W�V �S�L�F�N�X�S �R�I �H�[�W�H�U�Q�D�O �V�L�J�Q�D�O�V
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�V�W�U�D�W�L�Q�J �H�]�F�L�H�Q�W �V�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q�� �6�W�U�L�N�L�Q�J�O�\�� �Z�H �R�E�V�H�U�Y�H�G �D �J�L�D�Q�W �H�Q�K�D�Q�F�H�P�H�Q�W �R�I �W�K�H �V�L�J�Q�D�O �D�F�U�R�V�V �W�K�H

�W�U�D�Q�V�L�W�L�R�Q �L�Q�W�R �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�W�D�W�H�� �:�H �F�R�O�O�D�E�R�U�D�W�H�G �Z�L�W�K �W�K�H �W�H�D�P �R�I �$�� �%�X�]�G�L�Q �W�R �S�U�R�S�R�V�H �D�Q �H�[�S�O�D�Q�D�W�L�R�Q
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�Z�H �4�U�V�W �Q�H�H�G �I�H�U�U�R�P�D�J�Q�H�W�V �Z�L�W�K �D �O�R�Z �G�D�P�S�L�Q�J �S�D�U�D�P�H�W�H�U �D�Q�G �O�L�W�W�O�H �W�R �Q�R �U�H�F�W�L�4�F�D�W�L�R�Q �H�•�H�F�W�V �W�K�D�W �F�R�X�O�G �S�R�W�H�Q�W�L�D�O�O�\

�K�L�Q�G�H�U �W�K�H �H�•�H�F�W�V �Z�H���U�H �S�U�R�E�L�Q�J�� �–�Q �D�G�G�L�W�L�R�Q�� �W�K�H �P�D�W�H�U�L�D�O�V �K�D�Y�H �W�R �E�H �F�R�P�E�L�Q�H�G �L�Q �K�H�W�H�U�R�V�W�U�X�F�W�X�U�H�V �Z�L�W�K �J�R�R�G �L�Q��

�W�H�U�I�D�F�L�D�O �T�X�D�O�L�W�\ �W�R �U�H�G�X�F�H �W�K�H �L�Q�W�H�U�I�D�F�L�D�O �V�S�L�Q���5�L�S �S�U�R�E�D�E�L�O�L�W�\�� �$�Q�G �O�D�V�W�O�\�� �Z�H �V�H�W �W�K�H �F�K�D�O�O�H�Q�J�H �R�I �V�W�X�G�\�L�Q�J �P�D�W�H�U�L�D�O�V

�W�K�D�W �Z�H�U�H �Q�R�W �V�W�X�G�L�H�G �L�Q �W�K�L�V �F�R�Q�W�H�[�W �S�U�H�Y�L�R�X�V�O�\�� �L�Q �S�D�U�W�L�F�X�O�D�U �K�L�J�K���W�H�P�S�H�U�D�W�X�U�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�V��
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�V�S�L�Q �6�H�H�E�H�F�N �V�L�J�Q�D�O �L�V �V�L�J�Q�L�4�F�D�Q�W�O�\ �V�X�S�S�U�H�V�V�H�G �I�R�U �W�K�L�Q �<�–�* �4�O�P�V �F�R�P�S�D�U�H�G �W�R �V�S�L�Q �S�X�P�S�L�Q�J �F�R�Q�W�U�L�E�X�W�L�R�Q�V ���H�V�S�H�F�L�D�O�O�\

�E�H�O�R�Z100�Q�P �R�I �<�–�* �Z�K�H�U�H �P�D�J�Q�R�Q�V �Z�L�W�K �O�R�Q�J �S�U�R�S�D�J�D�W�L�R�Q �O�H�Q�J�W�K�V �D�U�H �V�X�S�S�U�H�V�V�H�G���� �D�Q�G �S�D�U�W�L�F�X�O�D�U�O�\ �D�W �O�R�Z �W�H�P��

�S�H�U�D�W�X�U�H�V �Z�L�W�K �J�R�R�G �W�K�H�U�P�D�O �F�R�Q�W�D�F�W�� �7�K�L�V �M�X�V�W�L�4�H�V �L�J�Q�R�U�L�Q�J �V�S�L�Q �6�H�H�E�H�F�N���U�H�O�D�W�H�G �U�H�F�W�L�4�F�D�W�L�R�Q �H�•�H�F�W�V �L�Q �W�K�H �V�\�V�W�H�P

�F�R�Q�W�D�L�Q�L�Q�J �<�–�*�� �%�X�W �W�K�H �F�K�R�L�F�H �R�I �<�–�* �F�D�P�H �D�W �L�W�V �R�Z�Q �F�R�V�W�� �<�–�* �J�U�R�Z�V �H�S�L�W�D�[�L�D�O�O�\�� �D�V �G�H�W�D�L�O�H�G �L�Q�6�H�F�W�L�R�Q �����������D�Q�G �L�Q

�U�H�S�R�U�W�V �R�Q �K�L�J�K���T�X�D�O�L�W�\ �J�D�U�Q�H�W �W�K�L�Q �4�O�P�V �>���� �������� �@�� �R�S�W�L�P�D�O�O�\ �R�Q �*�*�* �V�X�E�V�W�U�D�W�H�V �Z�K�L�F�K �S�U�R�Y�L�G�H�V �J�R�R�G �O�D�W�W�L�F�H �P�D�W�F�K�L�Q�J

�D�Q�G �P�L�Q�L�P�D�O �V�W�U�D�L�Q �>������ �@�� �7�K�L�V �P�H�D�Q�W �W�K�D�W �W�K�Hs���Z�D�Y�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U �Z�H �F�R�X�O�G �H�P�S�O�R�\ �H�L�W�K�H�U �K�D�G �W�R �J�U�R�Z �H�S�L�W�D�[�L��

�D�O�O�\ �R�Q �<�–�*�� �R�U �K�D�G �W�R �S�U�H�V�H�Q�W �V�R�O�L�G �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �S�U�R�S�H�U�W�L�H�V �U�H�J�D�U�G�O�H�V�V �R�I �L�W�V �F�U�\�V�W�D�O�O�L�Q�H �T�X�D�O�L�W�\�� �Z�H �F�K�R�V�H �0�R�6�L

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

�V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\ �>������ �@��

�7�K�H �V�D�P�H �J�U�R�Z�W�K �O�L�P�L�W�D�W�L�R�Q�V �K�R�O�G �W�U�X�H �I�R�U �W�K�H �<�%�&�2���3�\ �E�L�O�D�\�H�U�� �E�X�W �L�Q �W�K�L�V �F�D�V�H �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U �L�V �W�K�H �P�D�W�H�U�L�D�O

�U�H�T�X�L�U�H�G �W�R �J�U�R�Z �H�S�L�W�D�[�L�D�O�O�\ �R�Q �1�*�2 ���D�P�R�Q�J �R�W�K�H�U �S�R�V�V�L�E�O�H �V�X�E�V�W�U�D�W�H�V���� �D�V �G�H�W�D�L�O�H�G �L�Q�6�H�F�W�L�R�Q ������������ �D�Q�G �3�\ �Z�D�V �W�K�H

�I�H�U�U�R�P�D�J�Q�H�W �Z�H �F�K�R�V�H �E�H�F�D�X�V�H �L�W �L�V �S�R�O�\�F�U�\�V�W�D�O�O�L�Q�H �D�Q�G �F�D�Q �J�U�R�Z �E�\ �V�S�X�W�W�H�U�L�Q�J �D�W �U�R�R�P �W�H�P�S�H�U�D�W�X�U�H�� �$�O�W�K�R�X�J�K �<�–�*

�Z�R�X�O�G �K�D�Y�H �E�H�H�Q �W�K�H �Q�D�W�X�U�D�O �I�H�U�U�L�P�D�J�Q�H�W�L�F �S�D�U�W�Q�H�U �W�R �F�R�P�S�D�U�H �G�L�U�H�F�W�O�\ �<�–�*���0�R�6�L �W�R �<�–�*���<�%�&�2�� �W�K�H �V�X�E�V�W�D�Q�W�L�D�O �O�D�W�W�L�F�H

�P�L�V�P�D�W�F�K �E�H�W�Z�H�H�Q �J�D�U�Q�H�W �I�H�U�U�L�P�D�J�Q�H�W�V �D�Q�G �F�X�S�U�D�W�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�V �P�D�G�H �W�K�L�V �F�R�P�S�D�U�L�V�R�Q �G�L�]�F�X�O�W �>������ �������� �@�� �7�R

�D�Y�R�L�G �W�K�H�V�H �V�W�U�X�F�W�X�U�D�O �L�Q�F�R�P�S�D�W�L�E�L�O�L�W�L�H�V�� �Z�H �L�Q�V�W�H�D�G �F�K�R�V�H �3�\�� �Z�K�L�F�K �V�W�L�O�O �R�•�H�U�V �D �O�R�Z �*�L�O�E�H�U�W �G�D�P�S�L�Q�J �S�D�U�D�P�H�W�H�U��

�F�R�P�S�D�U�D�E�O�H �W�R �W�K�D�W �R�I �<�–�* ��� 10� 4���� �D�V �G�L�V�F�X�V�V�H�G �L�Q�6�H�F�W�L�R�Q ������������ �$�V �I�R�U �W�K�H �W�K�H�U�P�D�O �J�U�D�G�L�H�Q�W�V �L�Q �<�%�&�2���3�\�� �W�K�H�\ �D�U�H
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�H�[�S�H�F�W�H�G �W�R �E�H �Q�H�J�O�L�J�L�E�O�H �D�V �U�H�S�R�U�W�H�G �E�\ �3�� �1�R�­�O�H�W �D�O�������������� �>������ �@ �L�Q �3�\���3�W �F�R�Q�G�X�F�W�L�Y�H �E�L�O�D�\�H�U�V��

���D�� ���E��

�)�L�J�X�U�H �������� ���D�� �;�5�' �G�L�•�U�D�F�W�L�R�Q �R�I �<�–�* �R�Q �*�*�*(111)�� �V�K�R�Z�F�D�V�L�Q�J �W�K�H(444) �G�L�•�U�D�F�W�L�R�Q �S�H�D�N�� ���E�� �;�5�5 �R�I �W�K�H �V�D�P�H �<�–�*
�O�D�\�H�U�� �Z�L�W�K �W�K�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J �4�W �W�R �W�K�H �/�D�X�H �R�V�F�L�O�O�D�W�L�R�Q�V �I�U�R�P �Z�K�L�F�K �Z�H �F�R�X�O�G �H�[�W�U�D�F�W �D�Q �H�V�W�L�P�D�W�H �R�I �<�–�* �W�K�L�F�N�Q�H�V�V
dY IG = 51:6�Q�P��

������ �6�D�P�S�O�H�V �S�U�H�S�D�U�D�W�L�R�Q

�:�H �G�H�S�R�V�L�W�H�G �<�–�* �D�Q�G �<�%�&�2 �R�Q �*�*�*(111) �D�Q�G �1�*�2(110) �V�X�E�V�W�U�D�W�H�V�� �U�H�V�S�H�F�W�L�Y�H�O�\�� �X�V�L�Q�J �3�/�' �X�Q�G�H�U �W�K�H �J�U�R�Z�W�K

�F�R�Q�G�L�W�L�R�Q�V �P�H�Q�W�L�R�Q�H�G �L�Q�6�H�F�W�L�R�Q ������������ �7�K�H �<�–�* �V�D�P�S�O�H�V �D�U�H �V�W�D�W�H���R�I���W�K�H���D�U�W�� �S�U�R�Y�L�G�H�G �E�\ �R�X�U �F�R�O�O�D�E�R�U�D�W�R�U �0�D�G�M�L�G

�$�Q�D�Q�H �>���� �@�� �)�R�U �0�R�6�L�� �;�5�5 �V�S�H�F�W�U�D �U�H�Y�H�D�O�H�G �W�K�L�F�N�Q�H�V�V�H�V �R�IdY IG = 51:6�Q�P ���V�H�H�4�J�X�U�H �������E�� �D�Q�GdY BCO = 50 �Q�P �D�V

�L�Q�W�H�Q�G�H�G �G�X�U�L�Q�J �W�K�H �J�U�R�Z�W�K�� �D�Q�G �;�5�' �V�S�H�F�W�U�D ���V�H�H�4�J�X�U�H �������D�I�R�U �<�–�*���*�*�*�� �F�R�Q�4�U�P�H�G �W�K�H �H�S�L�W�D�[�L�D�O �J�U�R�Z�W�K �R�I �E�R�W�K

�P�D�W�H�U�L�D�O�V �R�Q �W�K�H�L�U �U�H�V�S�H�F�W�L�Y�H �V�X�E�V�W�U�D�W�H�V�� �7�K�H �V�W�U�X�F�W�X�U�D�O �S�U�R�S�H�U�W�L�H�V �R�I �<�%�&�2 �D�U�H �H�[�W�H�Q�V�L�Y�H�O�\ �G�L�V�F�X�V�V�H�G �L�Q�F�K�D�S�W�H�U�V ������

�D�Q�G���� �:�H �W�K�H�Q �W�U�D�Q�V�I�H�U�U�H�G �E�R�W�K �V�D�P�S�O�H�V �W�R �W�K�H �V�S�X�W�W�H�U�L�Q�J �D�S�S�D�U�D�W�X�V �I�R�U �W�K�H �H�[���V�L�W�X �E�L�O�D�\�H�U �4�Q�D�O�L�]�D�W�L�R�Q�� �2�Q �<�%�&�2�� �Z�H

�G�H�S�R�V�L�W�H�GdP y = 15 �Q�P �F�D�S�S�H�G �Z�L�W�K �D �W�K�L�Q �$�O �O�D�\�H�U ��dAl = 3 �Q�P�� �W�R �D�Y�R�L�G �R�[�L�G�D�W�L�R�Q �R�I �3�\ �>������ �@�� �2�Q �<�–�*�� �Z�H �G�H�S�R�V�L�W�H�G

�V�H�Y�H�U�D�O �W�K�L�F�N�Q�H�V�V�H�V �R�I �0�R�6�LdMoSi = 20; 40; 50; 70; 130; 170�Q�P �R�Q �Q�R�P�L�Q�D�O�O�\ �L�G�H�Q�W�L�F�D�O �<�–�* �V�D�P�S�O�H�V ��dY IG � 50�Q�P���� �Q�R

�F�D�S �L�V �Q�H�H�G�H�G �W�R �S�U�R�W�H�F�W �0�R�6�L�� �7�K�H �U�H�V�X�O�W�L�Q�J �V�W�D�F�N�V �E�H�F�R�P�H�� �*�*�*�����<�–�*���0�R�6�L �D�Q�G �1�*�2�����<�%�&�2���3�\���$�O�� �7�K�H �W�K�L�F�N�Q�H�V�V�H�V

�R�I �<�–�* �D�WdY IG = 51:6�Q�P �D�Q�G �3�\ �D�WdP y = 15 �Q�P �D�U�H �R�S�W�L�P�D�O �I�R�U �E�R�W�K �V�S�L�Q �F�X�U�U�H�Q�W �J�H�Q�H�U�D�W�L�R�Q �D�Q�G �F�K�D�U�J�H �F�X�U�U�H�Q�W

�G�H�W�H�F�W�L�R�Q �W�K�U�R�X�J�K �–�6�+�( �>������ �������� �@�� �D�O�O �Z�K�L�O�H �P�D�L�Q�W�D�L�Q�L�Q�J �G�H�V�L�U�D�E�O�H �S�U�R�S�H�U�W�L�H�V �O�L�N�H �D �O�R�Z �G�D�P�S�L�Q�J �S�D�U�D�P�H�W�H�U�� �O�L�Q�H�D�U

�O�L�Q�H�Z�L�G�W�K �E�H�K�D�Y�L�R�U�� �D�Q�G �K�L�J�K �V�S�L�Q �F�X�U�U�H�Q�W �J�H�Q�H�U�D�W�L�R�Q��

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

�Z�H �S�D�W�W�H�U�Q�H�G �E�R�W�K �V�D�P�S�O�H�V �Z�L�W�K �G�L�•�H�U�H�Q�W �P�D�V�N�V ���V�H�H�6�H�F�W�L�R�Q ���������� �E�X�W �V�L�P�L�O�D�U �S�D�W�W�H�U�Q�L�Q�J �V�W�H�S�V �V�K�R�Z�Q �I�R�U �<�–�*���0�R�6�L

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

�S�R�L�Q�W�V �D�W �H�D�F�K �H�[�W�U�H�P�L�W�\ �R�I �W�K�H �W�U�D�Q�V�Y�H�U�V�H �Y�R�O�W�D�J�H �E�U�L�G�J�H�� �–�Q �E�R�W�K �V�\�V�W�H�P�V�� �Z�H �H�Q�G�H�G �W�K�H �I�D�E�U�L�F�D�W�L�R�Q �S�U�R�F�H�V�V �E�\
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�)�L�J�X�U�H �������� �7�K�H �G�L�•�H�U�H�Q�W �S�D�W�W�H�U�Q�L�Q�J �V�W�H�S�V �R�I �W�K�H �<�–�*���0�R�6�L �E�L�O�D�\�H�U�V�� �Z�H �4�U�V�W �S�H�U�I�R�U�P �D �S�K�R�W�R�O�L�W�K�R�J�U�D�S�K�\ �Z�L�W�K �D�Q
�R�S�W�L�F�D�O �P�D�V�N �W�R �O�H�D�Y�H �R�X�W �D �S�U�R�W�H�F�W�L�Y�H �U�H�V�L�Q �R�I �W�K�H �S�D�W�W�H�U�Q �W�R �S�U�H�V�H�U�Y�H�� �7�K�H�Q �Z�H �G�U�\ �H�W�F�K �W�K�H �V�D�P�S�O�H �I�U�R�P �W�K�H
�E�L�O�D�\�H�U���V �V�L�G�H �X�V�L�Q�J �–�%�( ���L�R�Q �E�H�D�P �H�W�F�K�L�Q�J���� �O�H�D�Y�L�Q�J �W�K�H �G�H�V�L�U�H�G �S�D�W�W�H�U�Q �E�H�K�L�Q�G�� �$ �V�H�F�R�Q�G �V�W�H�S �R�I �O�L�W�K�R�J�U�D�S�K�\ �L�V �X�V�H�G
�W�R �O�H�D�Y�H �K�R�O�H�V �L�Q �W�K�H �U�H�V�L�Q �D�W �W�K�H �F�R�Q�W�D�F�W �S�D�G�V �S�R�V�L�W�L�R�Q�� �I�R�O�O�R�Z�H�G �E�\ �D �$�X �V�S�X�W�W�H�U�L�Q�J�� �%�\ �F�O�H�D�Q�L�Q�J �R�X�W �W�K�H �U�H�P�D�L�Q�L�Q�J
�U�H�V�L�Q ���O�L�I�W�R�•���� �Z�H �D�U�H �O�H�I�W �Z�L�W�K �$�X �F�R�Q�W�D�F�W �S�D�G�V��

�V�S�X�W�W�H�U�L�Q�J �D �$�X �S�D�G �R�Q �H�D�F�K �F�R�Q�W�D�F�W �S�D�G�� �G�H�4�Q�L�Q�J �L�W �W�K�U�R�X�J�K �O�L�I�W�R�•�� �I�R�U �H�D�V�L�H�U �Z�L�U�H �E�R�Q�G�L�Q�J �D�Q�G �D �E�H�W�W�H�U �H�O�H�F�W�U�L�F�D�O
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3
� 0

f
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�W�U�D�Q�V�O�D�W�H�V �L�Q�W�R �D �G�U�R�S �L�Q �W�K�H �*�L�O�E�H�U�W �G�D�P�S�L�Q�J �S�D�U�D�P�H�W�H�U� �D�F�U�R�V�V �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q�� �D�V �V�H�H�Q �E�\ �W�K�H

�V�O�R�S�H �G�U�R�S �R�I �W�K�H �O�L�Q�H�D�U �4�W�V �L�Q�4�J�X�U�H �������E�� �Z�K�H�U�H �Z�H �S�O�R�W� H �S�S�D�E�R�Y�H �D�Q�G �E�H�O�R�ZTc�� �D�W6:1 �. �D�Q�G5:7 �. �U�H�V�S�H�F�W�L�Y�H�O�\��

�%�\ �4�W�W�L�Q�J� H �S�S(f ) �I�R�U �H�D�F�K �W�H�P�S�H�U�D�W�X�U�H�� �Z�H �F�D�Q �U�H�W�U�L�H�Y�H� (T) �D�Q�G� H0(T)�� �–�Q�4�J�X�U�H �������D�� �W�K�H �W�H�P�S�H�U�D�W�X�U�H

�G�H�S�H�Q�G�H�Q�F�H �R�I� �V�K�R�Z�V �W�K�D�W �I�R�U �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �E�L�O�D�\�H�U ���U�H�G �W�U�L�D�Q�J�O�H�V����� �G�U�R�S�V �D�WTc�� �Z�K�L�O�H �W�K�H �U�H�I�H�U�H�Q�F�H �E�D�U�H��

�<�–�* �4�O�P ���E�O�D�F�N �G�L�V�F�V�� �G�L�V�S�O�D�\�V �D �P�R�Q�R�W�R�Q�L�F �W�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�H�� �7�K�H �E�O�X�H �F�X�U�Y�H ���U�L�J�K�W �D�[�L�V�� �V�K�R�Z�V �W�K�HR(T) �R�I

�W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H�� �F�R�Q�4�U�P�L�Q�J �W�K�D�W �W�K�H �G�D�P�S�L�Q�J �U�H�G�X�F�W�L�R�Q �F�R�L�Q�F�L�G�H�V �Z�L�W�K �W�K�H �R�Q�V�H�W �R�I �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\��

�-�X�V�W �E�H�O�R�ZTc�� � �L�Q�F�U�H�D�V�H�V �I�R�U �E�R�W�K �V�D�P�S�O�H�V�� �Z�K�L�F�K �L�V �D�W�W�U�L�E�X�W�H�G �W�R �W�K�H �L�Q�W�U�L�Q�V�L�F �W�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�H �R�I �<�–�*��

�L�Q�G�H�S�H�Q�G�H�Q�W �I�U�R�P �W�K�H �L�Q�5�X�H�Q�F�H �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U��

����



���D�� ���E��

�)�L�J�X�U�H �������� �7�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�H �R�I �P�D�J�Q�H�W�L�]�D�W�L�R�Q �G�\�Q�D�P�L�F�V �S�D�U�D�P�H�W�H�U�V �I�R�U �W�K�H �<�–�*/ �0�R�6�L(70 �Q�P) �E�L�O�D�\�H�U ���U�H�G
�W�U�L�D�Q�J�O�H�V���� �D�V �Z�H�O�O �D�V �D �U�H�I�H�U�H�Q�F�H �<�–�*���R�Q�O�\ �4�O�P ���E�O�D�F�N �G�L�V�F�V���� ���D�� �*�L�O�E�H�U�W �G�D�P�S�L�Q�J �S�D�U�D�P�H�W�H�U� �H�[�W�U�D�F�W�H�G �I�U�R�P �O�L�Q�H�D�U
�O�L�Q�H�Z�L�G�W�K �4�W�V�� ���E�� �–�Q�K�R�P�R�J�H�Q�H�R�X�V �E�U�R�D�G�H�Q�L�Q�J� H0 �Y�H�U�V�X�V �W�H�P�S�H�U�D�W�X�U�H��

�)�L�J�X�U�H �������� �(�•�H�F�W�L�Y�H �V�S�L�Q���P�L�[�L�Q�J �F�R�Q�G�X�F�W�D�Q�F�Hg"#
�H�I�I�D�W �W�K�H �<�–�*���0�R�6�L �L�Q�W�H�U�I�D�F�H�� �H�[�W�U�D�F�W�H�G �I�U�R�P �W�K�H �W�H�P�S�H�U�D�W�X�U�H��

�G�H�S�H�Q�G�H�Q�W �*�L�O�E�H�U�W �G�D�P�S�L�Q�J �R�I �W�Z�R �G�L�•�H�U�H�Q�W �V�D�P�S�O�H �V�H�W�V�� �Z�L�W�K �����Q�P ���J�U�H�H�Q �U�L�J�K�W���S�R�L�Q�W�L�Q�J���W�U�L�D�Q�J�O�H�V�� �D�Q�G �����Q�P ���U�H�G
�U�L�J�K�W���S�R�L�Q�W�L�Q�J���W�U�L�D�Q�J�O�H�V�� �R�I �0�R�6�L�� �7�K�H �L�Q�V�H�W �V�K�R�Z�VR(T) �P�H�D�V�X�U�H�P�H�Q�W�V �R�I �E�R�W�K �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H�V��

�7�K�H �L�Q�K�R�P�R�J�H�Q�H�R�X�V �E�U�R�D�G�H�Q�L�Q�J� H0(T)�� �V�K�R�Z�Q �L�Q�4�J�X�U�H �������E�� �H�[�K�L�E�L�W�V �D �V�L�P�X�O�W�D�Q�H�R�X�V �M�X�P�S �D�WTc �R�Q�O�\ �I�R�U

�W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H�� �&�K�D�Q�J�H�V �L�Q� H0 �D�U�H �F�R�P�P�R�Q�O�\ �D�V�V�R�F�L�D�W�H�G �Z�L�W�K �V�S�D�W�L�D�O �Y�D�U�L�D�W�L�R�Q�V �R�I �W�K�H �O�R�F�D�O �U�H�V�R��

�Q�D�Q�F�H �4�H�O�G �S�U�R�G�X�F�H�G �E�\ �V�W�D�W�L�F �G�L�V�R�U�G�H�U �D�Q�G �W�Z�R���P�D�J�Q�R�Q �V�F�D�W�W�H�U�L�Q�J �I�U�R�P �G�H�I�H�F�W�V �R�U �U�R�X�J�K�Q�H�V�V�� �Z�K�L�F�K �E�U�R�D�G�H�Q �W�K�H

�O�L�Q�H�Z�L�G�W�K �H�[�W�U�L�Q�V�L�F�D�O�O�\ �>������ �������� �@�� �–�Q �R�X�U �F�D�V�H�� �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U �V�F�U�H�H�Q�L�Q�J �R�I �W�K�H �V�W�U�D�\ �4�H�O�G�V �Q�H�D�U �W�K�H �V�D�P�S�O�H �H�G�J�H�V

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

����



�V�W�D�W�H��

�6�X�E�V�H�T�X�H�Q�W�O�\�� �Z�H �V�K�R�Z �L�Q�)�L�J�� �������W�K�H �H�•�H�F�W�L�Y�H �V�S�L�Q���P�L�[�L�Q�J �F�R�Q�G�X�F�W�D�Q�F�Hg"#
�H�I�I/ � Y IG / MoSi � � Y IG ���V�H�H�(�T�� ����������������

�I�R�U �W�Z�R �G�L�•�H�U�H�Q�W �V�D�P�S�O�H �V�H�W�V ���Z�L�W�K �����Q�P �D�Q�G �����Q�P �R�I �0�R�6�L����g"#
�H�I�I�L�V�R�O�D�W�H�V �W�K�H �V�S�L�Q �S�X�P�S�L�Q�J �F�R�Q�W�U�L�E�X�W�L�R�Q �I�U�R�P

�W�K�H �E�D�U�H �I�H�U�U�R�P�D�J�Q�H�W�L�F �4�O�P�� �:�H �F�D�Q �V�H�H �W�K�D�Wg"#
�H�I�I�U�H�P�D�L�Q�V �Q�H�D�U�O�\ �F�R�Q�V�W�D�Q�W �L�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H �E�X�W �G�U�R�S�V �D�E�U�X�S�W�O�\

�D�F�U�R�V�V �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q �W�H�P�S�H�U�D�W�X�U�H �R�I �0�R�6�L�� �7�K�L�V �G�U�R�S �L�V �W�K�H �G�L�U�H�F�W �V�L�J�Q�D�W�X�U�H �R�I �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\

�V�X�S�S�U�H�V�V�L�Q�J �W�K�H �V�S�L�Q���F�X�U�U�H�Q�W �D�E�V�R�U�S�W�L�R�Q �F�K�D�Q�Q�H�O�V �D�Y�D�L�O�D�E�O�H �L�Q �0�R�6�L�� �F�R�Q�V�L�V�W�H�Q�W �Z�L�W�K �W�K�H �U�H�G�X�F�H�G �H�O�H�F�W�U�R�Q �G�H�Q�V�L�W�\ �R�I

�V�W�D�W�H�V �D�W �W�K�H �)�H�U�P�L �O�H�Y�H�O �E�H�O�R�ZTc �G�X�H �W�R �W�K�H �R�S�H�Q�L�Q�J �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �J�D�S �>������ �������� �������� �@��

������ �)�H�U�U�R�P�D�J�Q�H�W�L�F �5�H�V�R�Q�D�Q�F�H �L�Q �W�K�H �<�%�&�2���3�\ �E�L�O�D�\�H�U

���������� �1�R�U�P�D�O �V�W�D�W�H �F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q

�$�Q�D�O�R�J�R�X�V �E�U�R�D�G�E�D�Q�G �)�0�5 �P�H�D�V�X�U�H�P�H�Q�W�V �Z�H�U�H �S�H�U�I�R�U�P�H�G �R�Q �W�K�H �I�X�O�O���4�O�P �<�%�&�2��50�Q�P�����3�\��15�Q�P�� �E�L�O�D�\�H�U �W�R �S�U�R�E�H

�K�R�Z �D �K�L�J�K��Tc d���Z�D�Y�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U �L�Q�5�X�H�Q�F�H�V �W�K�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q �G�\�Q�D�P�L�F�V �L�Q �D �P�H�W�D�O�O�L�F �I�H�U�U�R�P�D�J�Q�H�W�� �7�K�H �<�%�&�2���3�\

�E�L�O�D�\�H�U �Z�D�V �4�U�V�W �F�K�D�U�D�F�W�H�U�L�]�H�G �L�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H �R�I �<�%�&�2�� �M�X�V�W �O�L�N�H �Z�H �G�L�G �I�R�U �<�–�*���0�R�6�L�� �W�R �G�H�W�H�U�P�L�Q�H �W�K�H �L�Q�W�U�L�Q�V�L�F

�P�D�J�Q�H�W�L�F �S�D�U�D�P�H�W�H�U�V �R�I �W�K�H �<�%�&�2���3�\ �E�L�O�D�\�H�U �E�H�I�R�U�H �H�[�D�P�L�Q�L�Q�J �L�W�V �L�Q�W�H�U�D�F�W�L�R�Q �Z�L�W�K �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�W�D�W�H��

�5�H�S�U�H�V�H�Q�W�D�W�L�Y�H �G�H�U�L�Y�D�W�L�Y�H �)�0�5 �V�S�H�F�W�U�D �D�U�H �V�K�R�Z�Q �L�Q�4�J�X�U�H�V �������D�D�Q�G�������E�� �U�H�F�R�U�G�H�G �D�W �V�H�Y�H�U�D�O �H�[�F�L�W�D�W�L�R�Q �I�U�H�T�X�H�Q��

�F�L�H�V �X�V�L�Q�J �P�L�F�U�R�Z�D�Y�H�V �R�I �D �S�R�Z�H�UP = 18 �G�%�P�� �D�WT = 140 �.�� �Z�H�O�O �D�E�R�Y�H �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q �R�I �<�%�&�2

��Tc � 85�.���� �7�K�H �U�H�G �V�R�O�L�G �F�X�U�Y�H �L�Q�4�J�X�U�H �������D�F�R�U�U�H�V�S�R�Q�G�V �W�R �/�R�U�H�Q�W�]�L�D�Q �4�W �I�U�R�P �Z�K�L�F�KH �U�D�Q�G �W�K�H �S�H�D�N���W�R���S�H�D�N

�O�L�Q�H�Z�L�G�W�K� H �S�S�D�U�H �H�[�W�U�D�F�W�H�G �I�R�U �H�D�F�K �P�H�D�V�X�U�H�P�H�Q�W�� �7�K�H �U�H�V�R�Q�D�Q�F�H �4�H�O�GH �U�V�K�L�I�W�V �W�R �K�L�J�K�H�U �Y�D�O�X�H�V �D�V �W�K�H �H�[�F�L��

�W�D�W�L�R�Q �I�U�H�T�X�H�Q�F�\ �L�Q�F�U�H�D�V�H�V�� �Z�K�L�O�H �W�K�H �G�H�U�L�Y�D�W�L�Y�H �O�L�Q�H�V�K�D�S�H �L�V �S�U�H�V�H�U�Y�H�G�� �)�L�W�V �Z�H�U�H �S�H�U�I�R�U�P�H�G �X�V�L�Q�J �W�K�H �'�\�V�R�Q�L�D�Q

�H�[�S�U�H�V�V�L�R�Q �L�Q�W�U�R�G�X�F�H�G �L�Q�(�T�� �������������� �Z�L�W�K �D �Q�H�J�O�L�J�L�E�O�H �G�L�V�S�H�U�V�L�Y�H �F�R�P�S�R�Q�H�Q�W�� �F�R�Q�V�L�V�W�H�Q�W �Z�L�W�K �S�U�H�Y�L�R�X�V �U�H�S�R�U�W�V �R�Q

�3�\���E�D�V�H�G �V�\�V�W�H�P�V �>���������� �@��

�7�K�Hf (H �U) �G�H�S�H�Q�G�H�Q�F�H�� �S�O�R�W�W�H�G �L�Q�4�J�X�U�H �������F�� �L�V �4�W�W�H�G �W�R �W�K�H �L�Q���S�O�D�Q�H �.�L�W�W�H�O �U�H�O�D�W�L�R�Q ���V�H�H�(�T�� ���������������� �\�L�H�O�G�L�Q�J �D�Q

�H�•�H�F�W�L�Y�H �P�D�J�Q�H�W�L�]�D�W�L�R�QM �H�I�I= 902:6 �N�$/ �P�� �D�Q�G �D�Q �L�Q���S�O�D�Q�H �D�Q�L�V�R�W�U�R�S�\ �4�H�O�GH �N� 0:6 �P�7 �I�R�U �W�K�H �3�\ �O�D�\�H�U�� �7�K�H �Y�D�O�X�H�V

�R�E�W�D�L�Q�H�G �D�U�H �F�R�Q�V�L�V�W�H�Q�W �Z�L�W�K �O�L�W�H�U�D�W�X�U�H �I�R�U �K�L�J�K���T�X�D�O�L�W�\ �3�\ �W�K�L�Q �4�O�P�V �R�I �F�R�P�S�D�U�D�E�O�H �W�K�L�F�N�Q�H�V�V �>������ �������� �@��

�7�K�H �I�U�H�T�X�H�Q�F�\ �G�H�S�H�Q�G�H�Q�F�H �R�I� H �S�S�� �V�K�R�Z�Q �L�Q�4�J�X�U�H �������G�� �I�R�O�O�R�Z�V �D �O�L�Q�H�D�U �W�U�H�Q�G �I�U�R�P �Z�K�L�F�K �W�K�H �L�Q�K�R�P�R�J�H�Q�H�R�X�V

�E�U�R�D�G�H�Q�L�Q�J� H0 = 1 :3 �2�H �D�Q�G �W�K�H �*�L�O�E�H�U�W �G�D�P�S�L�Q�J �S�D�U�D�P�H�W�H�U� = 6 :6� 10� 3 �D�U�H �H�[�W�U�D�F�W�H�G�� �7�K�H �R�E�W�D�L�Q�H�G� �L�V �Q�H�D�U�O�\

�W�Z�L�F�H �W�K�H �Y�D�O�X�H �W�\�S�L�F�D�O�O�\ �U�H�S�R�U�W�H�G �I�R�U �3�\ �4�O�P�V �R�I �F�R�P�S�D�U�D�E�O�H �W�K�L�F�N�Q�H�V�V �>������ �@�� �7�K�L�V �H�Q�K�D�Q�F�H�P�H�Q�W �L�Q�G�L�F�D�W�H�V �W�K�D�W�� �D�O��

�U�H�D�G�\ �L�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H �R�I �<�%�&�2�� �D�G�G�L�W�L�R�Q�D�O �V�S�L�Q �D�Q�J�X�O�D�U �P�R�P�H�Q�W�X�P �L�V �G�L�V�V�L�S�D�W�H�G �W�K�U�R�X�J�K �V�S�L�Q �S�X�P�S�L�Q�J �D�F�U�R�V�V �W�K�H

�<�%�&�2���3�\ �L�Q�W�H�U�I�D�F�H�� �7�K�L�V �H�V�W�D�E�O�L�V�K�H�V �D �F�O�H�D�U �E�D�V�H�O�L�Q�H �D�J�D�L�Q�V�W �Z�K�L�F�K �W�K�H �P�R�G�L�4�F�D�W�L�R�Q�V �L�Q�G�X�F�H�G �E�\ �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\

�F�D�Q �E�H �D�V�V�H�V�V�H�G��

����



���D�� ���E��

���F�� ���G��

�)�L�J�X�U�H �������� �1�R�U�P�D�O���V�W�D�W�H �I�H�U�U�R�P�D�J�Q�H�W�L�F �U�H�V�R�Q�D�Q�F�H �F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q �R�I �W�K�H �<�%�&�2/ �3�\ �E�L�O�D�\�H�U�� ���D�� �'�H�U�L�Y�D�W�L�Y�H �)�0�5 �V�S�H�F��
�W�U�X�P �D�W �����*�+�] �Z�L�W�K �D �/�R�U�H�Q�W�]�L�D�Q �G�H�U�L�Y�D�W�L�Y�H �4�W�� ���E�� �'�H�U�L�Y�D�W�L�Y�H �)�0�5 �V�S�H�F�W�U�D �U�H�F�R�U�G�H�G �I�R�U �V�H�Y�H�U�D�Ohrf �I�U�H�T�X�H�Q�F�L�H�V �D�W
140�.�� �K�H�Q�F�H �L�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H �R�I �<�%�&�2 ��Tc � 85�.���� �L�O�O�X�V�W�U�D�W�L�Q�J �/�R�U�H�Q�W�]�L�D�Q �O�L�Q�H�V�K�D�S�H�V �D�Q�G �I�U�H�T�X�H�Q�F�\���G�H�S�H�Q�G�H�Q�W
�U�H�V�R�Q�D�Q�F�H �4�H�O�G�V�� ���F�� �5�H�V�R�Q�D�Q�F�H �I�U�H�T�X�H�Q�F�\ �Y�H�U�V�X�V �U�H�V�R�Q�D�Q�F�H �4�H�O�G ���E�O�D�F�N �G�L�V�F�V���� �Z�L�W�K �D �.�L�W�W�H�O �4�W ���U�H�G �F�X�U�Y�H���� ���G�� �3�H�D�N��
�W�R���S�H�D�N �O�L�Q�H�Z�L�G�W�K �Y�H�U�V�X�V �I�U�H�T�X�H�Q�F�\ ���E�O�D�F�N �G�L�V�F�V���� �Z�L�W�K �D �O�L�Q�H�D�U �4�W ���U�H�G �O�L�Q�H����

���������� �'�D�P�S�L�Q�J �G�U�R�S �L�Q �<�%�&�2���3�\

�:�H �U�H�V�X�P�H�� �L�Q �W�K�H �I�R�O�O�R�Z�L�Q�J�� �W�K�H �W�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�W �P�H�D�V�X�U�H�P�H�Q�W�V �S�H�U�I�R�U�P�H�G �L�Q �D �S�U�H�Y�L�R�X�V �V�W�X�G�\ �Z�L�W�K�L�Q �R�X�U

�J�U�R�X�S �E�\ �6�� �-�� �&�D�U�U�H�L�U�D�H�W �D�O�������������� �>���@�� �7�K�H �U�H�V�X�O�W�V �D�Q�G �F�R�Q�F�O�X�V�L�R�Q�V �R�I �W�K�D�W �V�W�X�G�\ �Z�L�O�O �V�H�U�Y�H �X�V �O�D�W�H�U �R�Q �L�Q �W�K�H �Q�H�Z

�V�W�X�G�\ �R�Q �V�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q �Z�H �S�H�U�I�R�U�P�H�G �R�Q �<�%�&�2���3�\ �E�L�O�D�\�H�U�V�� �6�� �-�� �&�D�U�U�H�L�U�D�H�W �D�O���L�Q�Y�H�V�W�L�J�D�W�H�G �E�L�O�D�\�H�U�V

�R�I �<�%�&�2���3�\ �J�U�R�Z�Q �R�Q �1�*�2 �D�Q�G �6�7�2 �V�X�E�V�W�U�D�W�H�V �D�Q�G �G�L�V�W�L�Q�J�X�L�V�K�H�G �G�L�•�H�U�H�Q�W �P�D�J�Q�H�W�L�F �G�\�Q�D�P�L�F�V �S�U�R�S�H�U�W�L�H�V�� �7�K�L�V

�V�W�H�P�P�H�G �I�U�R�P �W�K�H �L�Q�W�H�U�I�D�F�L�D�O �S�U�R�S�H�U�W�L�H�V �R�I �<�%�&�2 �L�P�S�R�V�H�G �E�\ �W�K�H �J�U�R�Z�W�K �F�R�Q�G�L�W�L�R�Q�V�� �D�Q�G �W�K�H �V�X�E�V�H�T�X�H�Q�W �F�K�D�Q�J�H�V

�L�Q �W�K�H �L�Q�W�H�U�I�D�F�L�D�O �V�S�L�Q �S�X�P�S�L�Q�J �H�]�F�L�H�Q�F�\ �F�K�D�Q�Q�H�O�V�� �'�H�V�S�L�W�H �R�X�U �I�R�F�X�V �R�Q �<�%�&�2 �J�U�R�Z�Q �R�Q �1�*�2�� �L�W���V �L�Q�W�H�U�H�V�W�L�Q�J �W�R

�H�[�D�P�L�Q�H �W�K�H �I�X�O�O �U�H�V�X�O�W�V �S�U�H�V�H�Q�W�H�G �E�\ �6�� �-�� �&�D�U�U�H�L�U�D�H�W �D�O���� �Z�K�R �V�K�R�Z �S�U�R�R�I �W�K�D�W �G�L�•�H�U�H�Q�W �G�D�P�S�L�Q�J �E�H�K�D�Y�L�R�U�V �F�D�Q �E�H

����



�D�W�W�D�L�Q�H�G �Z�L�W�K �G�L�•�H�U�H�Q�W �L�Q�W�H�U�I�D�F�H �F�R�Q�4�J�X�U�D�W�L�R�Q�V�� �8�O�W�L�P�D�W�H�O�\�� �R�X�U �F�K�R�L�F�H �W�R �S�U�R�F�H�H�G �Z�L�W�K �1�*�2 �D�V �W�K�H �V�X�E�V�W�U�D�W�H �Z�D�V

�E�D�V�H�G �R�Q �W�K�H�L�U �U�H�V�X�O�W�V�� �Z�K�H�U�H �1�*�2���J�U�R�Z�Q �V�D�P�S�O�H�V �H�[�K�L�E�L�W�H�G �U�L�F�K�H�U �H�•�H�F�W�V �D�V �G�H�W�D�L�O�H�G �E�H�O�R�Z��

���D�� ���E��

���F�� ���G��

�)�L�J�X�U�H �������� �7�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�H �R�I �P�D�J�Q�H�W�L�]�D�W�L�R�Q �G�\�Q�D�P�L�F�V �S�D�U�D�P�H�W�H�U�V �L�Q �W�K�H �<�%�&�2���3�\ �E�L�O�D�\�H�U�� �7�H�P�S�H�U�D�W�X�U�H
�G�H�S�H�Q�G�H�Q�F�H �R�I ���D�� �G�D�P�S�L�Q�J� �D�Q�G ���F�� �L�Q�K�R�P�R�J�H�Q�H�R�X�V �E�U�R�D�G�H�Q�L�Q�J� H0 �R�I �6���$�X���) ���U�H�G �G�L�V�F�V�� �D�Q�G �U�H�I�H�U�H�Q�F�H �$�X���)
�O�D�\�H�U�V ���E�O�D�F�N �W�U�L�D�Q�J�O�H�V�� �J�U�R�Z�Q �R�Q �6�7�2�� ���E�� �D�Q�G ���G�� �V�K�R�Z� (T) �D�Q�G� H0(T) �I�R�U �6���) ���U�H�G �G�L�V�F�V�� �D�Q�G �U�H�I�H�U�H�Q�F�H �) �O�D�\�H�U�V
���E�O�D�F�N �W�U�L�D�Q�J�O�H�V�� �J�U�R�Z�Q �R�Q �1�*�2�� �7�K�H �U�H�G �G�D�V�K�H�G �F�X�U�Y�H �L�Q ���E�� �L�V �D �J�X�L�G�H �W�R �W�K�H �H�\�H�� �–�Q �D�G�G�L�W�L�R�Q�� ���D�� �D�Q�G ���E�� �V�K�R�Z �D
�G�L�D�J�U�D�P �R�I �W�K�H �<�%�&�2 �V�X�U�I�D�F�H �I�H�D�W�X�U�H�V�� �Z�L�W�K �D �5�D�W �V�X�U�I�D�F�H �R�Q �6�7�2(001) �D�Q�G �F�U�\�V�W�D�O�O�L�W�H�V���U�L�F�K �V�X�U�I�D�F�H �R�Q �1�*�2(001)��
�)�L�J�X�U�H�V �D�U�H �D�G�D�S�W�H�G �I�U�R�P �6�� �-�� �&�D�U�U�H�L�U�D�H�W �D�O�������������� �>���@��

�7�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�H �R�I �W�K�H �G�D�P�S�L�Q�J� �D�Q�G �W�K�H �L�Q�K�R�P�R�J�H�Q�H�R�X�V �E�U�R�D�G�H�Q�L�Q�J� H0 �I�R�U �6�7�2�����<�%�&�2���3�\ �D�Q�G

�1�*�2�����<�%�&�2���3�\ ���D�V �Z�H�O�O �D�V �U�H�I�H�U�H�Q�F�H �1�*�2�����3�\ �V�D�P�S�O�H�V�� �D�U�H �S�O�R�W�W�H�G �L�Q�)�L�J�� �������� �7�K�H �P�D�L�Q �S�D�Q�H�O �R�I�4�J�X�U�H �������D�V�K�R�Z�V

�W�K�H� (T) �G�H�S�H�Q�G�H�Q�F�H �I�R�U �D�Q �6�7�2�����<�%�&�2���$�X���3�\ �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H ���U�H�G �G�L�V�F�V�� �D�Q�G �D �6�7�2�����$�X���3�\ �U�H�I�H�U�H�Q�F�H

�V�D�P�S�O�H ���E�O�D�F�N �W�U�L�D�Q�J�O�H�V���� �:�H �F�D�Q �V�H�H �W�K�D�W �W�K�H �G�D�P�S�L�Q�J �S�D�U�D�P�H�W�H�U �K�D�V �D �V�L�P�L�O�D�U �W�U�H�Q�G �I�R�U �E�R�W�K �V�D�P�S�O�H�V �D�E�R�Y�HTc��

����



�E�X�W �R�Q�O�\ �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �E�L�O�D�\�H�U �H�[�K�L�E�L�W�V �D �G�U�R�S �L�Q �W�K�H �G�D�P�S�L�Q�J ���D�E�R�X�W ������ �G�U�R�S�� �D�WTc �Z�K�L�F�K �W�K�H�Q �E�H�F�R�P�H�V

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

�W�K�H �L�Q�V�H�W �R�I �W�K�H �4�J�X�U�H�� �L�Q�G�L�F�D�W�L�Q�J �J�R�R�G �F�R�X�S�O�L�Q�J �E�H�W�Z�H�H�Q �3�\ �D�Q�G �<�%�&�2 �D�W �W�K�H �L�Q�W�H�U�I�D�F�H�� �L�Q�G�H�S�H�Q�G�H�Q�W�O�\ �I�U�R�P �S�R�V�V�L�E�O�H

�R�[�L�G�D�W�L�R�Q �R�I �3�\ �D�W �W�K�H �L�Q�W�H�U�I�D�F�H �L�Q �W�K�H �D�E�V�H�Q�F�H �R�I �W�K�H �$�X �L�Q�W�H�U�O�D�\�H�U�� �0�H�D�Q�Z�K�L�O�H�� �W�K�H �L�Q�K�R�P�R�J�H�Q�H�R�X�V �E�U�R�D�G�H�Q�L�Q�J� H0

���V�H�H�4�J�X�U�H �������F�� �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H �G�R�H�V�Q���W �G�L�V�S�O�D�\ �D�Q�\ �G�H�Y�L�D�W�L�R�Q �F�R�P�S�D�U�H�G �W�R �W�K�H �U�H�I�H�U�H�Q�F�H �V�D�P�S�O�H��

�7�K�L�V �L�Q�G�L�F�D�W�H�V �W�K�D�W �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U �G�R�H�V�Q���W �L�Q�5�X�H�Q�F�H �W�K�H �P�D�J�Q�H�W�L�F �L�Q�K�R�P�R�J�H�Q�H�L�W�L�H�V �L�Q �3�\��

�6�L�P�L�O�D�U�O�\ �W�R �Z�K�D�W �Z�H �R�E�V�H�U�Y�H �I�R�U �V�D�P�S�O�H�V �J�U�R�Z�Q �R�Q �6�7�2�� �D �G�D�P�S�L�Q�J �G�U�R�S �L�V �H�Y�L�G�H�Q�F�H�G �I�R�U �1�*�2�����<�%�&�2���3�\ �V�D�P�S�O�H�V

���V�H�H�4�J�X�U�H �������E���� �E�X�W �L�Q �W�K�L�V �F�D�V�H� �U�H���U�L�V�H�V �E�H�O�R�ZTc �L�Q�V�W�H�D�G �R�I �V�W�D�\�L�Q�J �F�R�Q�V�W�D�Q�W �O�L�N�H �L�Q �W�K�H �6�7�2 �F�D�V�H�� �$ �V�W�D�U�N �G�L�•�H�U�H�Q�F�H

�Z�L�W�K �W�K�H �1�*�2���J�U�R�Z�Q �V�D�P�S�O�H�V �L�V �W�K�D�W �W�K�H �6�7�2�����<�%�&�2���3�\ �V�D�P�S�O�H�V �H�[�K�L�E�L�W �D �P�X�F�K �K�L�J�K�H�U �L�Q�F�U�H�D�V�H �L�Q �W�K�H �G�D�P�S�L�Q�J

�F�R�P�S�D�U�H�G �W�R �W�K�H�L�U �U�H�I�H�U�H�Q�F�H �V�D�P�S�O�H�V �L�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H�� �$�V �I�R�U� H0 ���V�H�H�4�J�X�U�H �������G���� �Q�R �G�H�Y�L�D�W�L�R�Q �E�H�W�Z�H�H�Q �W�K�H

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

�W�K�H �V�D�P�H �W�U�H�Q�G�� �H�Y�H�Q �E�H�O�R�ZTc�� �D�Q�G �R�Q�O�\ �G�H�Y�L�D�W�H �E�H�O�R�Z50�.�� �7�K�L�V �P�L�J�K�W �E�H �O�L�Q�N�H�G �W�R �W�K�H �L�Q�W�H�U�I�D�F�H �T�X�D�O�L�W�\ �E�H�W�Z�H�H�Q

�<�%�&�2 �D�Q�G �3�\�� �L�Q�W�U�R�G�X�F�L�Q�J �D �K�L�J�K�H�U �V�W�U�X�F�W�X�U�D�O �L�Q�K�R�P�R�J�H�Q�H�L�W�\ �L�Q �3�\��

���D�� ���E�� ���F��

�)�L�J�X�U�H �������� �$�)�0 �V�F�D�Q�V �R�I �<�%�&�2 �4�O�P�V �J�U�R�Z�Q �R�Q ���D�� �1�*�2(110) �D�Q�G ���E�� �6�7�2(001)�� ���F�� �7�K�H �S�U�R�4�O�H �O�L�Q�H�V �P�D�U�N�H�G �L�Q �J�U�H�H�Q
�L�Q ���D�� �D�Q�G ���E�� �D�U�H �S�O�R�W�W�H�G �L�Q �E�O�D�F�N �D�Q�G �U�H�G�� �U�H�V�S�H�F�W�L�Y�H�O�\�� �)�L�J�X�U�H�V �D�U�H �D�G�D�S�W�H�G �I�U�R�P �6�� �-�� �&�D�U�U�H�L�U�D�H�W �D�O�������������� �>���@��

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

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

�R�Q�O�\ �I�R�U �W�K�H �1�*�2���E�D�V�H�G �V�D�P�S�O�H�V �D�W �O�R�Z �W�H�P�S�H�U�D�W�X�U�H �L�V �F�R�Q�V�L�V�W�H�Q�W �Z�L�W�K �W�K�H �$�)�0 �W�R�S�R�J�U�D�S�K�\ �V�F�D�Q�V �U�H�S�R�U�W�H�G �E�\ �6�� �-��

�&�D�U�U�H�L�U�D�H�W �D�O�������������� �>���@�� �V�K�R�Z�Q �L�Q�4�J�X�U�H�V �������D�D�Q�G�������E�I�R�U �1�*�2�����<�%�&�2 �D�Q�G �6�7�2�����<�%�&�2�� �U�H�V�S�H�F�W�L�Y�H�O�\�� �7�K�H�V�H �$�)�0

�V�F�D�Q�V �V�K�R�Z �W�K�D�W �<�%�&�2���R�Q�O�\ �4�O�P�V �J�U�R�Z�Q �R�Q �1�*�2 �G�L�V�S�O�D�\ �D �K�L�J�K �G�H�Q�V�L�W�\ �R�I� 50�Q�P���K�L�J�K �F�U�\�V�W�D�O�O�L�W�H�V �R�Q �W�R�S �R�I �D�Q

�R�W�K�H�U�Z�L�V�H �5�D�W �E�D�F�N�J�U�R�X�Q�G�� �6�X�F�K �I�D�F�H�W�L�Q�J �H�[�S�R�V�H�V �D�G�G�L�W�L�R�Q�D�O �F�U�\�V�W�D�O�O�R�J�U�D�S�K�L�F �R�U�L�H�Q�W�D�W�L�R�Q�V�� �H�Q�D�E�O�L�Q�J �V�S�L�Q �L�Q�M�H�F�W�L�R�Q

�D�O�R�Q�J �Q�R�W �R�Q�O�\ �W�K�Hc���D�[�L�V �E�X�W �D�O�V�R �W�K�H(ab)���S�O�D�Q�H�� �7�K�L�V �P�L�[�H�G �L�Q�M�H�F�W�L�R�Q �S�D�W�K �L�V �N�Q�R�Z�Q �W�R �I�D�F�L�O�L�W�D�W�H �W�K�H �I�R�U�P�D�W�L�R�Q

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

�E�H�O�R�ZTc �>������ �������� �@�� �Z�K�L�F�K �Z�R�X�O�G �H�[�S�O�D�L�Q �W�K�H �G�D�P�S�L�Q�J �L�Q�F�U�H�D�V�H �E�H�O�R�ZTc �D�V �D�U�J�X�H�G �L�Q �W�K�H �I�R�O�O�R�Z�L�Q�J �V�H�F�W�L�R�Q��

�7�D�N�H�Q �W�R�J�H�W�K�H�U�� �W�K�H�V�H �U�H�V�X�O�W�V �G�H�P�R�Q�V�W�U�D�W�H �W�K�D�W �Z�K�L�O�H �6�7�2�����<�%�&�2���3�\ �E�L�O�D�\�H�U�V �E�H�K�D�Y�H �V�L�P�L�O�D�U�O�\ �W�R �W�K�H �<�–�*���0�R�6�L

����



�U�H�I�H�U�H�Q�F�H �V�\�V�W�H�P�� �Z�L�W�K �D �G�D�P�S�L�Q�J �G�U�R�S �I�R�O�O�R�Z�H�G �E�\ �D �V�D�W�X�U�D�W�L�R�Q�� �1�*�2�����<�%�&�2���3�\ �E�L�O�D�\�H�U�V �H�[�K�L�E�L�W �D �P�R�U�H �F�R�P�S�O�H�[

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

������ �'�L�V�F�X�V�V�L�R�Q �R�I �W�K�H �)�0�5 �U�H�V�X�O�W�V �L�Q �E�R�W�K �V�\�V�W�H�P�V

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

���<�–�*���0�R�6�L���� �Z�K�L�F�K �K�D�V �E�H�H�Q �X�Q�G�H�U�V�W�R�R�G �S�U�H�Y�L�R�X�V�O�\ �L�Q �V�L�P�L�O�D�U �V�\�V�W�H�P�V�� �7�K�H �G�D�P�S�L�Q�J �G�U�R�S �F�R�U�U�H�V�S�R�Q�G�V �W�R �W�K�H �I�R�O�O�R�Z��

�L�Q�J�� �D�W �W�K�H �R�Q�V�H�W �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�W�D�W�H�� �W�K�H �R�S�H�Q�L�Q�J �R�I �W�K�H �L�V�R�W�U�R�S�L�Fs���Z�D�Y�H �J�D�S �V�X�S�S�U�H�V�V�H�V �W�K�H �T�X�D�V�L�S�D�U�W�L�F�O�H

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

�V�S�L�Q �W�U�D�Q�V�I�H�U�� �7�K�L�V �U�H�G�X�F�W�L�R�Q �L�Q �W�K�H �D�Y�D�L�O�D�E�O�H �H�O�H�F�W�U�R�Q�L�F �V�W�D�W�H�V �O�R�Z�H�U�V �W�K�H �H�•�H�F�W�L�Y�H �V�S�L�Q���P�L�[�L�Q�J �F�R�Q�G�X�F�W�D�Q�F�Hg"#
�H�I�I�D�Q�G��

�F�R�Q�V�H�T�X�H�Q�W�O�\�� �W�K�H �P�H�D�V�X�U�H�G �*�L�O�E�H�U�W �G�D�P�S�L�Q�J �>������ �������� �������� �@�� �$�V �Z�H �J�R �I�X�U�W�K�H�U �G�R�Z�Q �L�Q �W�H�P�S�H�U�D�W�X�U�H�� �W�K�H �G�H�Q�V�L�W�\

�R�I �V�W�D�W�H�V �D�W �W�K�H �)�H�U�P�L �O�H�Y�H�O �Y�D�Q�L�V�K�H�V �L�Q�F�U�H�D�V�L�Q�J�O�\�� �W�K�H�U�H�I�R�U�H �L�Q�F�U�H�D�V�L�Q�J �W�K�H �H�Q�H�U�J�\ �O�H�Y�H�O �R�I �W�K�H �T�X�D�V�L�S�D�U�W�L�F�O�H�V �W�K�D�W

�Z�R�X�O�G �Q�H�H�G �W�R �E�H �H�[�F�L�W�H�G�� �Z�K�L�F�K �O�R�Z�H�U�V �W�K�H �V�S�L�Q �S�X�P�S�L�Q�J �H�]�F�L�H�Q�F�\ �H�Y�H�Q �P�R�U�H�� �D�Q�G �Z�L�W�K �L�W �W�K�H �G�D�P�S�L�Q�J� �� �$�W �W�K�H

�W�H�P�S�H�U�D�W�X�U�H �Z�K�H�U�H �Q�R �P�R�U�H �T�X�D�V�L�S�D�U�W�L�F�O�H�V �F�D�Q �E�H �H�[�F�L�W�H�G �L�Q �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�� �W�K�H �G�D�P�S�L�Q�J �G�U�R�S �K�D�O�W�V �D�Q�G �W�K�H

�V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H �H�Y�R�O�Y�H�V �O�L�N�H �W�K�H �U�H�I�H�U�H�Q�F�H �E�D�U�H �I�H�U�U�R�P�D�J�Q�H�W�� �6�X�F�K �D �E�H�K�D�Y�L�R�U �L�V �F�R�Q�V�L�V�W�H�Q�W �Z�L�W�K �H�[�S�H�U�L�P�H�Q��

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

�R�Q �<�–�*���0�R�6�L �Z�R�X�O�G �4�W �W�K�H �F�X�U�U�H�Q�W �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �R�I �V�S�L�Q �S�X�P�S�L�Q�J �L�Qs���Z�D�Y�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�V��

�)�L�J�X�U�H ���������� �–�Q�F�O�L�Q�H�G �Y�L�H�Z �R�I �W�K�H �Q�R�G�D�O �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �J�D�S �R�I �<�%�&�2 �J�U�R�Z�Q �L�Q �W�K�Hc���D�[�L�V �R�U�L�H�Q�W�D�W�L�R�Q��� g �L�V �G�H�4�Q�H�G
�L�Q �W�K�H �E�D�V�D�O(ab)���S�O�D�Q�H �D�V �W�K�H �D�Q�J�O�H �E�H�W�Z�H�H�Q �W�K�Hx ���D�[�L�V �D�Q�G �W�K�H �F�X�U�U�H�Q�W �G�L�U�H�F�W�L�R�Q�� �G�U�D�Z�Q �K�H�U�H �I�R�U �W�K�H �4�U�V�W �Q�R�G�D�O �D�[�L�V
�Z�L�W�K� g = � /4 �>������ �@��

�:�K�H�Q �L�W �F�R�P�H�V �W�R �<�%�&�2���3�\�� �W�K�H �$�)�0 �S�U�R�4�O�H�V �D�Q�G �W�K�H �O�D�W�H�U�D�O �F�R�Q�G�X�F�W�L�Y�L�W�\ �R�I �<�%�&�2 �Z�H�U�H �N�H�\ �W�R �X�Q�G�H�U�V�W�D�Q�G�L�Q�J

�W�K�H �P�H�D�V�X�U�H�P�H�Q�W�V �F�R�Q�G�X�F�W�H�G �E�\ �6�� �-�� �&�D�U�U�H�L�U�D�H�W �D�O�������������� �>���@�� �–�Q �W�K�H �I�R�O�O�R�Z�L�Q�J��� g �G�H�Q�R�W�H�V �W�K�H �F�U�\�V�W�D�O�O�R�J�U�D�S�K�L�F

�R�U�L�H�Q�W�D�W�L�R�Q �R�I �W�K�H �<�%�&�2 �R�U�G�H�U �S�D�U�D�P�H�W�H�U �U�H�O�D�W�L�Y�H �W�R �W�K�H(ab)���S�O�D�Q�H ���V�H�H�)�L�J�� ������������ �Z�L�W�K� g = 0 �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R

x ���D�[�L�V �L�Q�M�H�F�W�L�R�Q ���H�T�X�L�Y�D�O�H�Q�W �W�R �W�K�H� g = � /2 y���D�[�L�V �L�Q�M�H�F�W�L�R�Q�� �D�Q�G� g = � /4 �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R �L�Q�M�H�F�W�L�R�Q �D�O�R�Q�J �W�K�H �>110�@

������



�G�L�U�H�F�W�L�R�Q �L�Q �W�K�H(ab)���S�O�D�Q�H �Z�K�L�F�K �L�V �D �Q�R�G�D�O �G�L�U�H�F�W�L�R�Q �>������ �������� �������� �������� �������� �@�� �$�G�G�L�W�L�R�Q�D�O�O�\�� �D �F�X�U�U�H�Q�W �L�Q�M�H�F�W�H�G �D�O�R�Q�J

�W�K�Hc���D�[�L�V �U�H�V�H�P�E�O�H�V �W�K�H� g = 0 �F�D�V�H �Z�K�L�F�K �L�V �Z�K�\ �Z�H �Z�L�O�O �U�H�I�H�U �W�R �W�K�H� g = 0 �G�L�U�H�F�W�L�R�Q �P�D�L�Q�O�\ �D�V �D�Q �L�Q�M�H�F�W�L�R�Q �L�Qc���D�[�L�V

�R�U�L�H�Q�W�D�W�L�R�Q �L�Q �W�K�H �I�R�O�O�R�Z�L�Q�J �I�R�U �W�K�H �S�X�U�S�R�V�H�V �R�I �W�K�H �G�L�V�F�X�V�V�L�R�Q��

�)�L�J�X�U�H ���������� �&�D�O�F�X�O�D�W�H�G �W�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�H �R�I �W�K�H �*�L�O�E�H�U�W �G�D�P�S�L�Q�J �G�X�U�L�Q�J �V�S�L�Q �S�X�P�S�L�Q�J ���L�� �D�O�R�Q�J �W�K�H� g = 0
�R�U� g = � /4 �G�L�U�H�F�W�L�R�Q�V�� �R�U ���L�L�� �D �P�L�[ �R�I �E�R�W�K �Z�L�W�K�L�Q �D �U�D�W�L�R �R�I ��10���� 90���� �L�Q ��� g = � /4 ��� g = 0 ����

�)�L�U�V�W�� �I�R�U �V�D�P�S�O�H�V �J�U�R�Z�Q �R�Q �1�*�2(001)�� �<�%�&�2 �F�U�\�V�W�D�O�O�L�W�H�V �F�R�Y�H�U �D�U�R�X�Q�G1 �� �R�I �W�K�H �W�R�W�D�O �V�X�U�I�D�F�H ���V�H�H�4�J�X�U�H �������D����

�6�S�L�Q �F�X�U�U�H�Q�W�V �F�D�Q �W�K�H�Q �E�H �L�Q�M�H�F�W�H�G �H�L�W�K�H�U �L�Q�W�R �W�K�H �W�R�S �I�D�F�H�W �R�I �<�%�&�2(001) �Z�K�L�F�K �L�V �W�K�Hc���D�[�L�V �G�L�U�H�F�W�L�R�Q ��� g = 0 �G�L�U�H�F��

�W�L�R�Q�� �R�U �E�H �L�Q�M�H�F�W�H�G �D�O�R�Q�J �W�K�H(ab)���S�O�D�Q�H ���V�S�H�F�L�4�F�D�O�O�\� g = � /4 ���� �Q�R�Z �D�F�F�H�V�V�L�E�O�H �W�K�U�R�X�J�K �W�K�H �V�L�G�H�V �R�I �W�K�H �F�U�\�V�W�D�O�O�L�W�H�V��

�6�H�F�R�Q�G��� g = � /4 �L�V� 10 �W�L�P�H�V �P�R�U�H �F�R�Q�G�X�F�W�L�Y�H �W�K�D�Q� g = 0 �>������ �������� �������� �@�� �7�K�H �W�K�L�U�G �D�Q�G �4�Q�D�O �K�L�Q�W �F�D�P�H �I�U�R�P
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�R�I �G�L�V�W�D�Q�F�H �E�H�W�Z�H�H�Q �W�K�H �F�R�Q�W�D�F�W �D�Q�G �W�K�H �I�H�U�U�R�P�D�J�Q�H�W�L�F �F�R�U�H�� �F�R�Q�V�H�T�X�H�Q�W�O�\�� �Z�H �U�H�S�R�U�W �<�%�&�2���3�\ �G�D�W�D �W�D�N�H�Q �D�W �W�K�H

300�w�P �F�R�Q�W�D�F�W �H�[�F�O�X�V�L�Y�H�O�\�� �I�R�U �Z�K�L�F�K �Z�H �K�D�Y�H �W�K�H �P�R�V�W �H�[�W�H�Q�V�L�Y�H �G�D�W�D�V�H�W�V��
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�)�L�J�X�U�H ���������� �6�D�P�S�O�H �P�R�X�Q�W�L�Q�J �I�R�U �V�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q �H�[�S�H�U�L�P�H�Q�W�V�� ���D�� �&�O�R�V�H�X�S �R�Q �W�K�H �F�R�Q�4�J�X�U�D�W�L�R�Q �R�I �D
�S�D�W�W�H�U�Q�H�G �<�–�*���0�R�6�L �V�D�P�S�O�H ���L�Q �E�O�X�H�� �P�R�X�Q�W�H�G �I�D�F�H���G�R�Z�Q �R�Q�W�R �D �&�3�: ���L�Q �J�U�H�H�Q���� �4�W�W�H�G �Z�L�W�K �K�R�O�H�V ���O�H�I�W �D�Q�G �U�L�J�K�W
�Z�K�L�W�H �J�D�S�V�� �W�R �E�R�Q�G �W�K�H �F�R�Q�W�D�F�W �S�D�G�V �R�I �<�–�*���0�R�6�L �R�Q �W�K�H �R�W�K�H�U �V�L�G�H �R�I �W�K�H �&�3�:�� �7�K�H �<�–�*���0�R�6�L �E�L�O�D�\�H�U �L�V �S�D�W�W�H�U�Q�H�G
�L�Q�W�R �D �+�D�O�O���E�D�U���O�L�N�H ���E�U�L�G�J�H�� �Z�L�W�K �U�R�X�Q�G �F�R�Q�W�D�F�W �S�D�G�V �D�W �E�R�W�K �H�[�W�U�H�P�L�W�L�H�V�� �7�K�H �G�L�U�H�F�W�L�R�Q�V �R�I �W�K�H �G�F �4�H�O�GH �G�F�D�Q�G �W�K�H
�U�I �F�X�U�U�H�Q�W �L�Q �W�K�H �&�3�: ���Z�K�L�F�K �J�H�Q�H�U�D�W�H�V �W�K�H �L�Q���S�O�D�Q�H �U�I �P�D�J�Q�H�W�L�F �4�H�O�G�� �D�U�H �L�Q�G�L�F�D�W�H�G�� ���E�� �2�S�W�L�F�D�O �P�L�F�U�R�V�F�R�S�H �S�K�R�W�R
�R�I �D �O�L�W�K�R�J�U�D�S�K�L�F�D�O�O�\ �G�H�4�Q�H�G �<�%�&�2���3�\ �E�L�O�D�\�H�U �D�I�W�H�U �L�R�Q���E�H�D�P �H�W�F�K�L�Q�J�� �V�K�R�Z�L�Q�J �W�K�H �<�%�&�2���3�\ �E�U�L�G�J�H �D�Q�G �F�R�Q�W�D�F�W �S�D�G�V
�X�V�H�G �I�R�U �P�H�D�V�X�U�L�Q�J �W�K�H �W�U�D�Q�V�Y�H�U�V�H �Y�R�O�W�D�J�H�V �D�W �G�L�•�H�U�H�Q�W �G�L�V�W�D�Q�F�H�V �I�U�R�P �W�K�H �H�[�F�L�W�H�G �I�H�U�U�R�P�D�J�Q�H�W�L�F ���F�R�U�H���� �:�H �S�R�L�Q�W
�R�X�W �W�K�H �G�L�V�W�D�Q�F�H �W�R �W�K�H �W�K�L�U�G �F�R�Q�W�D�F�W �S�R�L�Q�W �D�W300�w�P�� �D�Q�G �W�K�H �U�H�G �E�R�[ �V�K�R�Z�V �D �]�R�R�P �L�Q �R�Q �W�K�H �H�T�X�L�Y�D�O�H�Q�W300�w�P��
�I�D�U �F�R�Q�W�D�F�W �R�Q �W�K�H �R�W�K�H�U �V�L�G�H �R�I �W�K�H �3�\ �F�R�U�H�� �7�K�H �F�R�Q�W�D�F�W �S�R�L�Q�W �W�R �W�K�H �E�U�L�G�J�H �V�H�H�Q �L�Q �W�K�H �U�H�G �E�R�[ �H�Q�F�R�P�S�D�V�V�H�V �W�K�H
�V�P�D�O�O�H�V�W �I�H�D�W�X�U�H �R�I �W�K�H �G�H�V�L�J�Q �R�Q�O�\7 �w�P �Z�L�G�H�� �<�H�O�O�R�Z �U�H�F�W�D�Q�J�O�H�V �L�O�O�X�V�W�U�D�W�H �W�K�H �$�X �F�R�Q�W�D�F�W �S�D�G�V �D�G�G�H�G �O�D�W�H�U �W�K�U�R�X�J�K
�O�L�I�W�R�• �E�X�W �Q�R�W �V�H�H�Q �\�H�W �D�W �W�K�L�V �V�W�D�J�H��

������ �6�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q �L�Q �W�K�H �<�–�*���0�R�6�L �E�L�O�D�\�H�U

���������� �*�H�Q�H�U�D�O �S�K�H�Q�R�P�H�Q�R�O�R�J�\

�:�H �G�H�W�H�F�W �W�K�H �W�U�D�Q�V�Y�H�U�V�H �V�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q �L�Q �W�K�H �<�–�*���0�R�6�L �E�L�O�D�\�H�U �L�Q �D �F�R�Q�4�J�X�U�D�W�L�R�Q �D�L�P�H�G �W�R �S�U�R�E�H �W�K�H

�L�Q�Y�H�U�V�H �V�S�L�Q �+�D�O�O �H�•�H�F�W ���–�6�+�(�� �L�Q �W�K�H �0�R�6�L �O�D�\�H�U�� �<�–�*���V �L�Q�V�X�O�D�W�L�Q�J �Q�D�W�X�U�H �V�X�S�S�U�H�V�V�H�V �H�O�H�F�W�U�L�F�D�O �U�H�F�W�L�4�F�D�W�L�R�Q �O�L�Q�N�H�G �W�R

�P�D�J�Q�H�W�L�]�D�W�L�R�Q �G�\�Q�D�P�L�F�V ���V�H�H�6�H�F�W�L�R�Q ���������� �D�V �Q�R �H�O�H�F�W�U�L�F�D�O �F�X�U�U�H�Q�W�V �F�D�Q �5�R�Z �W�K�U�R�X�J�K �<�–�* �>���� �������� �������� �������� �������� �@�� �–�Q

�W�K�H�V�H �P�H�D�V�X�U�H�P�H�Q�W�V�� �L�Q�V�W�H�D�G �R�I �4�H�O�G���P�R�G�X�O�D�W�L�R�Q �O�L�N�H �L�Q �)�0�5�� �Z�H �G�R �U�I �I�U�H�T�X�H�Q�F�\���P�R�G�X�O�D�W�L�R�Q�� �$�W �D �4�[�H�G �P�L�F�U�R�Z�D�Y�H

�I�U�H�T�X�H�Q�F�\�� �Z�H �V�Z�H�H�S �W�K�H �G�F �P�D�J�Q�H�W�L�F �4�H�O�GH �G�F�D�Q�G �G�L�U�H�F�W�O�\ �U�H�F�R�U�G �W�K�H �G�F �Y�R�O�W�D�J�HV(H ) �D�F�U�R�V�V �W�K�H �0�R�6�L �V�W�U�L�S �X�Q�G�H�U
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�)�L�J�X�U�H ���������� �)�U�H�T�X�H�Q�F�\ �G�H�S�H�Q�G�H�Q�F�H �R�I �Y�R�O�W�D�J�H �P�H�D�V�X�U�H�P�H�Q�W�V �I�R�U �D �<�–�*���0�R�6�L��50�Q�P�� �E�L�O�D�\�H�U �D�W �U�R�R�P �W�H�P�S�H�U�D�W�X�U�H��
� V �G�H�4�Q�H�V �W�K�H �D�P�S�O�L�W�X�G�H �R�I �W�K�H �V�S�H�F�W�U�X�P �D�W6 �*�+�] �D�V �D�Q �H�[�D�P�S�O�H��

�0�H�D�V�X�U�H�P�H�Q�W�V �Z�H�U�H �S�H�U�I�R�U�P�H�G �I�R�U �E�R�W�K �S�R�O�D�U�L�W�L�H�V �R�IH �G�F�I�R�U �S�D�U�L�W�\ �F�K�H�F�N ���V�H�H�4�J�X�U�H ���������F���� �–�Q �I�D�F�W�� �–�6�+�( �Y�R�O�W�D�J�H�V

�H�[�K�L�E�L�W �D�Q �R�G�G �S�D�U�L�W�\ �X�Q�G�H�U �4�H�O�G �U�H�Y�H�U�V�D�OH �G�F! � H �G�F�� �V�H�H�Q �L�Q �W�K�H �–�6�+�( �Y�R�O�W�D�J�H �G�H�4�Q�L�W�L�R�Q�9ISHE / � �6�+�-s � � �D�V �W�K�H

�F�U�R�V�V �S�U�R�G�X�F�W �R�I �V�S�L�Q �S�R�O�D�U�L�]�D�W�L�R�Q� ���G�L�F�W�D�W�H�G �E�\H �G�F�� �D�Q�G �W�K�H �L�Q�M�H�F�W�H�G �V�S�L�Q �F�X�U�U�H�Q�W�-s �>������ �������� �@��

�8�Q�O�L�N�H �)�0�5 �Z�K�H�U�H �Z�H �P�H�D�V�X�U�H �W�K�H �U�H�V�R�Q�D�Q�F�H �D�W �P�D�Q�\ �I�U�H�T�X�H�Q�F�L�H�V �I�R�U �H�D�F�K �W�H�P�S�H�U�D�W�X�U�H �W�R �H�[�W�U�D�F�W� Hpp(f ) �D�Q�G

H r (f ) �W�R �E�X�L�O�G �W�K�H �D�Q�D�O�\�V�L�V �X�S�R�Q �W�K�H�L�U �4�W�V�� �K�H�U�H �Z�H �D�U�H �S�U�R�E�L�Q�J �W�K�H �F�R�Q�Y�H�U�V�L�R�Q �H�]�F�L�H�Q�F�\ �E�\ �D�V�V�H�V�V�L�Q�J �W�K�H �D�P�S�O�L�W�X�G�H

�R�I �W�K�H �P�H�D�V�X�U�H�G �Y�R�O�W�D�J�H�� �G�H�4�Q�H�G �D�V� V �L�Q�)�L�J�� ���������� �)�R�U �W�K�D�W �U�H�D�V�R�Q�� �Z�H �I�R�F�X�V �R�Q �D �V�L�Q�J�O�H �I�U�H�T�X�H�Q�F�\ �I�R�U �W�K�H �I�R�O�O�R�Z��

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

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

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

�Q�D�Q�F�H �R�I �W�K�H �<�–�*�� �Z�K�L�F�K �F�D�Q �U�H�G�X�F�H �W�K�H �V�L�J�Q�D�O �D�W �O�H�D�V�W �R�Q�H �R�U�G�H�U �R�I �P�D�J�Q�L�W�X�G�H �Z�L�W�K �U�H�V�S�H�F�W �W�R �W�K�H �U�R�R�P �W�H�P�S�H�U�D�W�X�U�H

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

�&�3�: �Z�L�W�K �D �P�X�F�K �E�H�W�W�H�U �U�H�V�S�R�Q�V�H �D�W �K�L�J�K�H�U �I�U�H�T�X�H�Q�F�L�H�V��

�5�H�S�U�H�V�H�Q�W�D�W�L�Y�H �V�S�H�F�W�U�D �D�Wf = 6 �*�+�] �I�U�R�PT = 4 :1 �. �W�R2:9 �. �D�U�H �F�R�P�S�L�O�H�G �L�Q�4�J�X�U�H ���������D�� �Z�K�H�U�HTc � 3 �.�� �$�V

�W�K�H �V�D�P�S�O�H �L�V �F�R�R�O�H�G �L�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H��� V �L�Q�F�U�H�D�V�H�V �V�O�L�J�K�W�O�\�� �I�R�O�O�R�Z�H�G �E�\ �D �V�K�D�U�S �S�H�D�N �M�X�V�W �E�H�O�R�ZTc �D�Q�G �D �U�D�S�L�G

�D�P�S�O�L�W�X�G�H �V�X�S�S�U�H�V�V�L�R�Q �E�H�O�R�Z�� �%�H�O�R�Z2:9 �.�� �Z�H �G�H�W�H�F�W �Q�R �V�L�J�Q�D�O �Z�L�W�K�L�Q �R�X�U �Q�R�L�V�H �5�R�R�U�� �:�H �H�P�S�K�D�V�L�]�H �W�K�D�W �W�K�H �O�D�U�J�H

�H�Q�K�D�Q�F�H�P�H�Q�W �D�U�R�X�Q�GTc �L�V �V�W�L�O�O�R�G�G�X�Q�G�H�U �4�H�O�G �U�H�Y�H�U�V�D�O�� �F�R�Q�V�L�V�W�H�Q�W �Z�L�W�K �W�K�H �S�D�U�L�W�\ �R�I �–�6�+�(���W�\�S�H �V�L�J�Q�D�O�V �>������ �� ������ ��
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�)�L�J�X�U�H ���������� ���D�� �7�H�P�S�H�U�D�W�X�U�H���G�H�S�H�Q�G�H�Q�W �Y�R�O�W�D�J�H �V�S�H�F�W�U�D �V�K�R�Z�L�Q�J �D�Q �H�Q�K�D�Q�F�H�P�H�Q�W �D�F�U�R�V�V �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q��
�V�L�W�L�R�Q �I�R�U �W�K�H �<�–�*���0�R�6�L��50�Q�P�� �E�L�O�D�\�H�U�� ���E�� �=�R�R�P���L�Q �R�X�W�V�L�G�H �W�K�H �S�H�D�N �U�H�J�L�R�Q �F�R�P�S�D�U�L�Q�J4:1 �. �D�Q�G2:9 �. �Y�R�O�W�D�J�H�V �F�X�U�Y�H�V��
�L�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H �D�Q�G �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�W�D�W�H�� �U�H�V�S�H�F�W�L�Y�H�O�\��� V �L�V �G�H�4�Q�H�G �D�V �W�K�H �D�P�S�O�L�W�X�G�H �R�I �W�K�H �Y�R�O�W�D�J�H �V�S�H�F�W�U�D��
���F�� �9�R�O�W�D�J�H �V�S�H�F�W�U�D �D�W3:05�. ��� Tc�� �I�R�U �S�R�V�L�W�L�Y�H �D�Q�G �Q�H�J�D�W�L�Y�H �D�S�S�O�L�H�G �4�H�O�G�V�� �H�[�K�L�E�L�W�L�Q�J �D�Q�R�G�G�S�D�U�L�W�\ �X�Q�G�H�U �P�D�J�Q�H�W�L�F
�4�H�O�G �U�H�Y�H�U�V�D�O��

������ �@�� �$�Q �L�Q�W�H�U�S�U�H�W�D�W�L�R�Q �R�I �W�K�H �Y�R�O�W�D�J�H �S�H�D�N �L�V �G�L�V�F�X�V�V�H�G �L�Q�6�H�F�W�L�R�Q ����������

�%�\ �H�[�W�U�D�F�W�L�Q�J �D�O�O �W�K�H� V �Y�D�O�X�H�V �D�W �G�L�•�H�U�H�Q�W �W�H�P�S�H�U�D�W�X�U�H�V �I�R�U �W�K�H50�Q�P���0�R�6�L �V�D�P�S�O�H�� �Z�H �F�R�X�O�G �S�O�R�W� V (T) �L�Q

�W�K�H �P�D�L�Q �S�D�Q�H�O �R�I�)�L�J�� ���������L�Q �D �O�L�Q�H�D�U �V�F�D�O�H�� �W�R �Z�K�L�F�K �Z�H �V�X�S�H�U�L�P�S�R�V�H�GR(T) �R�Q�W�R �W�K�H �U�L�J�K�W �D�[�L�V �I�U�R�P �Z�K�L�F�K �Z�H �F�D�Q

�H�[�W�U�D�F�WTc = 3 �.�� �7�K�H �L�Q�V�H�W �R�I �W�K�H �4�J�X�U�H �G�H�S�L�F�W�V� V (T) �L�Q �O�R�J���O�R�J �V�F�D�O�H �I�U�R�P �U�R�R�P �W�H�P�S�H�U�D�W�X�U�H �G�R�Z�Q �W�R2:9 �.�� �7�K�L�V

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

�Y�R�O�W�D�J�H�V �D�O�P�R�V�W �W�Z�R �R�U�G�H�U�V �R�I �P�D�J�Q�L�W�X�G�H �K�L�J�K�H�U �W�K�D�Q �P�H�D�V�X�U�H�G �L�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H �M�X�V�W �D�E�R�Y�HTc �D�Q�G �D�U�R�X�Q�G20��

�K�L�J�K�H�U �W�K�D�Q �W�K�R�V�H �P�H�D�V�X�U�H�G �D�W �U�R�R�P �W�H�P�S�H�U�D�W�X�U�H��

�:�H �D�G�G�L�W�L�R�Q�D�O�O�\ �G�L�G �D�Q �5�) �S�R�Z�H�U �V�Z�H�H�S �R�I� V �L�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H�� �V�K�R�Z�Q �L�Q�)�L�J�� ���������I�R�U �W�K�H �<�–�*���0�R�6�L��50�Q�P��

�E�L�O�D�\�H�U�� �D�W �U�R�R�P �W�H�P�S�H�U�D�W�X�U�H �D�Q�G �D�W5:5 �. ���V�W�L�O�O �L�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H���� �7�K�H �O�L�Q�H�D�U �G�H�S�H�Q�G�H�Q�F�H �D�W �E�R�W�K �W�H�P�S�H�U�D�W�X�U�H�V

�F�R�Q�4�U�P�V �W�K�D�W �W�K�H �V�S�L�Q �S�X�P�S�L�Q�J �L�V �R�S�H�U�D�W�L�Q�J �L�Q �W�K�H �O�L�Q�H�D�U �U�H�J�L�P�H�� �Z�K�L�F�K �D�O�O�R�Z�V �I�R�U �D �G�L�U�H�F�W �F�R�P�S�D�U�L�V�R�Q �R�I �Y�R�O�W�D�J�H�V

�P�H�D�V�X�U�H�G �D�W �G�L�•�H�U�H�Q�W �S�R�Z�H�U �O�H�Y�H�O�V �E�\ �Q�R�U�P�D�O�L�]�L�Q�J �Z�L�W�K �5�) �S�R�Z�H�U �Z�K�L�F�K �Z�D�V �F�R�Q�V�W�D�Q�W �W�K�U�R�X�J�K�R�X�W �D�O�O �P�H�D�V�X�U�H�P�H�Q�W�V

������



�)�L�J�X�U�H ���������� �7�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�H �R�I� V �H�[�W�U�D�F�W�H�G �I�U�R�P �W�K�H �V�S�H�F�W�U�D �R�I �W�K�H �<�–�*���0�R�6�L��50�Q�P�� �E�L�O�D�\�H�U�� �Z�L�W�K �D �V�K�D�U�S
�L�Q�F�U�H�D�V�H �M�X�V�W �E�H�O�R�ZTc�� �W�K�H �E�O�D�F�N �G�L�V�F�V �D�Q�G �W�K�H �\�H�O�O�R�Z �V�W�D�U�V �F�R�U�U�H�V�S�R�Q�G �W�R �G�L�•�H�U�H�Q�W �G�D�\�V �R�I �P�H�D�V�X�U�H�P�H�Q�W ���G�L�•�H�U�H�Q�W
�F�R�R�O�L�Q�J �F�\�F�O�H�V�� �L�Q �R�W�K�H�U�Z�L�V�H �L�G�H�Q�W�L�F�D�O �H�[�S�H�U�L�P�H�Q�W�D�O �F�R�Q�G�L�W�L�R�Q�V�� �7�K�H �U�H�G �F�X�U�Y�H �L�V �W�K�H �U�H�V�L�V�W�D�Q�F�H �R�Y�H�U �W�H�P�S�H�U�D�W�X�U�H �R�I
�W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �E�L�O�D�\�H�U �S�O�R�W�W�H�G �W�R �W�K�H �U�L�J�K�W �D�[�L�V�� �V�K�R�Z�L�Q�JTc = 3 �.��

�)�L�J�X�U�H ���������� �5�) �3�R�Z�H�U �G�H�S�H�Q�G�H�Q�F�H �R�I �W�K�H �Y�R�O�W�D�J�H �D�P�S�O�L�W�X�G�H� V �I�R�U �W�K�H50�Q�P���0�R�6�L �V�D�P�S�O�H�� �D�W �U�R�R�P �W�H�P�S�H�U�D�W�X�U�H
�D�Q�G �D�W5:5 �.��

�S�U�H�V�H�Q�W�H�G �I�R�U �W�K�H �<�–�*���0�R�6�L��50�Q�P�� �E�L�O�D�\�H�U��

�6�L�P�L�O�D�U�O�\ �W�R �W�K�H50�Q�P���0�R�6�L �V�D�P�S�O�H�� �Z�H �P�H�D�V�X�U�H�G �D �V�H�U�L�H�V �R�I �Y�R�O�W�D�J�H �S�O�R�W�V �D�V �D �I�X�Q�F�W�L�R�Q �R�I �4�H�O�G �I�R�U �D40�Q�P���0�R�6�L

�V�D�P�S�O�H�� �D�W5 �*�+�]�� �:�H �S�H�U�I�R�U�P�H�G �W�H�P�S�H�U�D�W�X�U�H �V�Z�H�H�S�V �G�R�Z�Q �W�R4:5 �.�� �J�R�L�Q�J �W�K�U�R�X�J�KT�F= 5 :2 �.�� �%�R�W�K �V�D�P�S�O�H�V �V�K�D�U�H

������



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

�$ �N�H�\ �G�L�•�H�U�H�Q�F�H �L�V �W�K�D�W �W�K�H �5���7�� �P�H�D�V�X�U�H�P�H�Q�W �V�K�R�Z�H�G �D �Z�L�G�H�U �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q�� �E�H�W�Z�H�H�Q5:2 �. �D�Q�G

4:6 �.�� �F�R�P�S�D�U�H�G �W�R �W�K�H0:1 �. �Z�L�Q�G�R�Z �L�Q �W�K�H50�Q�P���0�R�6�L �E�L�O�D�\�H�U�� �7�K�H �O�D�U�J�H�U �W�U�D�Q�V�L�W�L�R�Q �Z�L�G�W�K �L�V �X�V�X�D�O�O�\ �D�Q �L�Q�G�L�F�D�W�L�R�Q �R�I

�D �O�R�Z�H�U �T�X�D�O�L�W�\ �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�� �E�X�W �L�Q �W�K�L�V �F�D�V�H �L�W �Z�D�V �E�H�Q�H�4�F�L�D�O �E�\ �D�O�O�R�Z�L�Q�J �X�V �W�R �U�H�V�R�O�Y�H �W�K�H �G�H�S�H�Q�G�H�Q�F�H �D�F�U�R�V�V �W�K�H

�W�U�D�Q�V�L�W�L�R�Q �Z�L�W�K �P�R�U�H �G�D�W�D �S�R�L�Q�W�V�� �$�Q�R�W�K�H�U �G�L�•�H�U�H�Q�F�H �L�V �W�K�H �O�R�Z�H�U� V �Y�D�O�X�H�V �I�R�U �W�K�H40�Q�P���0�R�6�L �E�L�O�D�\�H�U�� �7�K�H �S�D�U�L�W�\

�F�K�H�F�N �L�V �S�H�U�I�R�U�P�H�G �V�\�V�W�H�P�D�W�L�F�D�O�O�\�� �D�V �V�H�H�Q �L�Q�4�J�X�U�H ���������E�V�K�R�Z�L�Q�J �W�K�H �Y�R�O�W�D�J�H �V�S�H�F�W�U�D �D�W �S�R�V�L�W�L�Y�H �D�Q�G �Q�H�J�D�W�L�Y�H �4�H�O�G�V

�D�W5:16�.��

�$�G�G�L�W�L�R�Q�D�O�O�\�� �W�K�H� V �S�H�D�N �E�H�K�D�Y�L�R�U �L�V �V�H�H�Q �L�Q �W�K�H �U�D�Z �G�D�W�D �S�O�R�W�W�H�G �L�Q�4�J�X�U�H ���������D�� �–�Q�4�J�X�U�H ���������F�� �Z�H �S�O�R�W �W�K�H

�Y�R�O�W�D�J�H �D�P�S�O�L�W�X�G�H���V �W�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�H� V (T) �Z�L�W�K �D �O�R�J �V�F�D�O�H �L�Q �W�K�Hy���D�[�L�V�� �7�K�H �F�R�O�R�U �R�I �W�K�H �L�Q�G�L�Y�L�G�X�D�O �G�D�W�D

�S�R�L�Q�W�V �P�D�W�F�K�H�V �W�K�H�L�U �F�R�U�U�H�V�S�R�Q�G�L�Q�J �Y�R�O�W�D�J�H �P�H�D�V�X�U�H�P�H�Q�W�V �V�K�R�Z�Q �L�Q�4�J�X�U�H ���������D�� �:�H �F�D�Q �V�H�H �W�K�D�W �W�K�H� V �S�H�D�N �R�F��

�F�X�U�V �D�F�U�R�V�V �W�K�H �Q�R�U�P�D�O���V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q�� �D�Q�G �L�W �L�V �R�I �F�R�P�S�D�U�D�E�O�H �K�H�L�J�K�W �Z�L�W�K �U�H�V�S�H�F�W �W�R �W�K�H50�Q�P �V�D�P�S�O�H���V

�S�H�D�N�� �:�H �F�D�Q �G�H�4�Q�H� VP eak �D�V �W�K�H �P�D�[�L�P�X�P �D�P�S�O�L�W�X�G�H �U�H�D�F�K�H�G �E�\� V �D�F�U�R�V�V �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q�� �D�Q�G

� Vnormal �D�V �W�K�H �D�P�S�O�L�W�X�G�H �O�H�Y�H�O �L�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H �M�X�V�W �D�E�R�Y�HTc��

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

�7�R �D�V�V�H�V�V �K�R�Z �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U���V �W�K�L�F�N�Q�H�V�V �J�R�Y�H�U�Q�V �W�K�H �F�R�Q�Y�H�U�V�L�R�Q �H�]�F�L�H�Q�F�\�� �Z�H �I�D�E�U�L�F�D�W�H�G �D �V�H�U�L�H�V �R�I �<�–�*���0�R�6�L

�E�L�O�D�\�H�U�V �Z�L�W�K �Q�R�P�L�Q�D�O�O�\ �L�G�H�Q�W�L�F�D�O �<�–�* �4�O�P�Vd�<�–�*� 50�Q�P �D�Q�G �Y�D�U�\�L�Q�J �0�R�6�L �W�K�L�F�N�Q�H�V�V �X�Q�W�L�O �Z�H �K�D�G �D �V�H�U�L�H�V �Z�L�W�KdN =

d�0�R�6�L= 20; 40; 50; 70; 130; 170�Q�P�� �W�K�H�Q �Z�H �D�S�S�O�L�H�G �W�K�H �V�D�P�H �P�H�D�V�X�U�H�P�H�Q�W �S�U�R�W�R�F�R�O �X�V�H�G �I�R�U �W�K�H50�Q�P�� �D�Q�G40�Q�P��

�0�R�6�L �G�H�Y�L�F�H�V��

�9�R�O�W�D�J�H �V�S�H�F�W�U�D �Z�H�U�H �D�F�T�X�L�U�H�G �X�V�L�Q�J �I�U�H�T�X�H�Q�F�\ �P�R�G�X�O�D�W�L�R�Q�� �D�Q�G �W�K�H �Y�R�O�W�D�J�H �D�P�S�O�L�W�X�G�H�V� V �D�U�H �H�[�W�U�D�F�W�H�G �D�V �D

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

Tc�� �D�V �G�H�4�Q�H�G �L�Q�4�J�X�U�H ���������F�� �7�K�L�V �Q�R�U�P�D�O�L�]�H�G �G�H�S�H�Q�G�H�Q�F�H �L�V �S�O�R�W�W�H�G �I�R�Ud�0�R�6�L= 20; 40; 50; 130�Q�P �L�Q �D �O�R�J �V�F�D�O�H

�L�Q�)�L�J�� �����������D�� �W�R ���G�� �U�H�V�S�H�F�W�L�Y�H�O�\ �I�R�U �H�D�F�K �W�K�L�F�N�Q�H�V�V�� �:�H �F�D�Q �V�H�H �W�K�D�W �D�O�O �E�L�O�D�\�H�U�V �H�[�F�H�S�W �I�R�Ud�0�R�6�L= 130�Q�P �V�K�R�Z �D

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

�I�X�Q�F�W�L�R�Q �R�Id�0�R�6�L�>������ �@�� �0�H�D�Q�Z�K�L�O�H�� �W�K�H �L�Q�V�H�W �L�Q�)�L�J�� �����������F�� �G�H�S�L�F�W�V �W�K�H �U�D�W�L�R� V�3�H�D�N/� V�Q�R�U�P�D�O�Y�H�U�V�X�Vd�0�R�6�L�� �D�Q�G �D�O�O�R�Z�V

�X�V �W�R �T�X�D�Q�W�L�I�\ �W�K�H �S�H�D�N �G�H�S�H�Q�G�H�Q�F�H �R�Q �W�K�H �0�R�6�L �W�K�L�F�N�Q�H�V�V�� �Z�K�H�U�H �Z�H �V�H�H �D �P�D�[�L�P�X�P �R�I �W�K�H �S�H�D�N �I�R�Ud�0�R�6�L= 50 �Q�P��

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

�U�H�V�L�V�W�L�Y�L�W�\ �Y�D�U�L�D�W�L�R�Q�V �G�L�V�F�X�V�V�H�G �L�Q�6�H�F�W�L�R�Q �������� �7�K�L�V �L�V �W�R�X�F�K�H�G �R�Q �L�Q �D�Q�R�W�K�H�U �F�R�Q�W�H�[�W �D�J�D�L�Q �E�\ �W�K�H �H�Q�G �R�I �W�K�L�V �V�H�F�W�L�R�Q��

�$ �F�R�P�S�O�H�P�H�Q�W�D�U�\ �Y�L�H�Z �L�V �J�L�Y�H�Q �L�Q�4�J�X�U�H ���������D�� �Z�K�H�U�H �Z�H �F�R�P�S�D�U�H� V �Y�H�U�V�X�V �W�K�L�F�N�Q�H�V�V �D�W �W�K�U�H�H �W�H�P�S�H�U�D�W�X�U�H�V

�G�H�4�Q�H�G �Z�L�W�K �P�D�U�N�H�U�V �L�Q �D �O�R�J���O�R�J �V�F�D�O�H �L�Q�4�J�X�U�H ���������E�I�U�R�P �U�L�J�K�W �W�R �O�H�I�W��� V�5�7�D�W �U�R�R�P �W�H�P�S�H�U�D�W�X�U�H ���E�O�D�F�N����� V�Q�R�U�P�D�O

���U�H�G���� �D�Q�G� V�3�H�D�N���J�U�H�H�Q����� V�5�7�D�Q�G� V�Q�R�U�P�D�O�� �E�R�W�K �L�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H�� �H�[�K�L�E�L�W �D�Q �D�O�P�R�V�W �O�L�Q�H�D�U �E�H�K�D�Y�L�R�U �L�Q �W�K�H �O�R�J���O�R�J

�V�F�D�O�H�� �0�H�D�Q�Z�K�L�O�H��� V�3�H�D�N�L�V �L�Q �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�W�D�W�H �D�Q�G �J�U�R�Z�V �E�H�W�Z�H�H�Q20�Q�P �W�R50�Q�P�� �U�H�D�F�K�H�V �D �P�D�[�L�P�X�P

�D�W50�Q�P�� �W�K�H�Q �G�H�F�U�H�D�V�H�V �I�R�U �W�K�L�F�N�H�U �4�O�P�V �D�Q�G �Y�D�Q�L�V�K�H�V �E�\130�Q�P�� �$�Q �L�Q�W�U�L�J�X�L�Q�J �R�E�V�H�U�Y�D�W�L�R�Q �L�V �W�K�D�W� VP eak �J�U�R�Z�V
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���E��

���F��

�)�L�J�X�U�H ���������� ���D�� �7�H�P�S�H�U�D�W�X�U�H���G�H�S�H�Q�G�H�Q�W �Y�R�O�W�D�J�H �V�S�H�F�W�U�D �V�K�R�Z�L�Q�J �D �S�H�D�N �H�Q�K�D�Q�F�H�P�H�Q�W �D�F�U�R�V�V �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J
�W�U�D�Q�V�L�W�L�R�Q�� ���E��� V �S�D�U�L�W�\ �F�K�H�F�N �X�Q�G�H�U �P�D�J�Q�H�W�L�F �4�H�O�G �U�H�Y�H�U�V�D�O�� ���F�� �/�R�J���V�F�D�O�H �W�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�H �R�I �W�K�H� V
�H�[�W�U�D�F�W�H�G �I�U�R�P �W�K�H �V�S�H�F�W�U�D �L�Q ���D���� �Z�L�W�K �D �V�K�D�U�S �L�Q�F�U�H�D�V�H �M�X�V�W �E�H�O�R�ZTc = 5 :2�.�� �W�K�H �G�D�W�D �V�H�W �L�V �F�R�O�R�U�H�G �L�Q �D�F�F�R�U�G�D�Q�F�H
�Z�L�W�K �W�K�H�L�U �Y�R�O�W�D�J�H �V�S�H�F�W�U�D �S�O�R�W�W�H�G �L�Q ���D���� �:�H �G�H�4�Q�H� V�3�H�D�N�D�V �W�K�H �P�D�[�L�P�X�P �D�P�S�O�L�W�X�G�H �U�H�D�F�K�H�G �E�\� V �D�F�U�R�V�V �W�K�H
�V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q�� �D�Q�G� V�Q�R�U�P�D�O�D�V �W�K�H �D�P�S�O�L�W�X�G�H �O�H�Y�H�O �L�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H �M�X�V�W �D�E�R�Y�HTc�� �7�K�H �E�O�X�H �S�O�R�W �L�V
�W�K�H �U�H�V�L�V�W�D�Q�F�H �R�Y�H�U �W�H�P�S�H�U�D�W�X�U�H �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �E�L�O�D�\�H�U �S�O�R�W�W�H�G �W�R �W�K�H �U�L�J�K�W �D�[�L�V��

�O�D�U�J�H�U �D�W �L�W�V �P�D�[�L�P�X�P ���D�W50�Q�P�� �W�K�D�Q� V�5�7��

�–�Q �D�Q �D�W�W�H�P�S�W �W�R �X�Q�G�H�U�V�W�D�Q�G �W�K�H �W�K�L�F�N�Q�H�V�V �G�H�S�H�Q�G�H�Q�F�H �R�I� V �� �Z�H �E�D�V�H�G �R�X�U �4�U�V�W �D�V�V�X�P�S�W�L�R�Q �R�Q �W�K�H �–�6�+�(���O�L�N�H �S�D�U��

�L�W�\ �R�I �W�K�H �P�H�D�V�X�U�H�G �Y�R�O�W�D�J�H�V�� �:�L�W�K �W�K�L�V�� �Z�H �X�V�H�G �W�K�H �W�K�H�R�U�\ �I�R�U �W�K�L�F�N�Q�H�V�V �W�U�H�Q�G�V �L�Q �G�L�•�X�V�L�Y�H �V�S�L�Q �+�D�O�O �G�H�W�H�F�W�R�U�V �>������ �@

I �–�6�+�((dN ) = � �–�6�+�(w (
�qh
2e

) � �V�I�W�D�Q�K

�
dN

2� �V�I

�
j 0

s ����������

�Z�K�L�F�K �L�V �W�K�H �J�H�Q�H�U�D�W�H�G �F�X�U�U�H�Q�W �L�Q �0�R�6�L��I = V / R ���Y�D�O�L�G �E�H�F�D�X�V�H �W�K�H �L�Q�V�X�O�D�W�L�Q�J �<�–�* �L�V �H�O�H�F�W�U�L�F�D�O�O�\ �V�K�R�U�W�H�G �E�\ �0�R�6�L����

�D�Q�G �I�R�O�O�R�Z�V �I�U�R�P �V�S�L�Q �G�L�•�X�V�L�R�Q �Z�L�W�K �L�Q�W�H�U�I�D�F�L�D�O �V�S�L�Q �L�Q�M�H�F�W�L�R�Q �D�Q�G �E�X�O�N �–�6�+�( �F�R�Q�Y�H�U�V�L�R�Q �>������ �@�� �Z�K�H�U�H� �6�+ �L�V �W�K�H �V�S�L�Q

�+�D�O�O �D�Q�J�O�H �R�I �W�K�H �P�H�W�D�O��w = 100 � �P �W�K�H �Z�L�G�W�K �R�I �W�K�H �P�H�W�D�O �E�U�L�G�J�H �D�Q�G� �V�I�L�W�V �V�S�L�Q �G�L�•�X�V�L�R�Q �O�H�Q�J�W�K�� �:�H �H�P�S�K�D�V�L�]�H

�W�K�D�W�(�T�� �����������V�W�U�L�F�W�O�\ �D�S�S�O�L�H�V �W�R �Q�R�U�P�D�O �P�H�W�D�O�V �D�Q�G �V�K�R�X�O�G �E�H �X�V�H�G �K�H�U�H �D�V �D �J�X�L�G�H �R�Q�O�\�� �H�[�F�O�X�V�L�Y�H�O�\ �L�Q �W�K�H �Q�R�U�P�D�O

������



�)�L�J�X�U�H ���������� �1�R�U�P�D�O�L�]�H�G �Y�R�O�W�D�J�H �D�P�S�O�L�W�X�G�H� V /� V�Q�R�U�P�D�O�D�V �D �I�X�Q�F�W�L�R�Q �R�I �W�H�P�S�H�U�D�W�X�U�H �I�R�U �W�K�H �V�D�P�S�O�H�V �R�I �G�L�•�H�U�H�Q�W
�0�R�6�L �W�K�L�F�N�Q�H�V�V�H�Vd�0�R�6�L= 20; 40; 50; 130�Q�P �L�Q ���D�� �W�R ���G�� �U�H�V�S�H�F�W�L�Y�H�O�\�� �$ �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q �R�I �H�D�F�K �V�D�P�S�O�H �V�W�D�F�N �L�V �D�O�V�R
�L�Q�F�O�X�G�H�G �W�R �V�K�R�Z �W�K�H �W�K�L�F�N�Q�H�V�V �G�L�•�H�U�H�Q�F�H ���Q�R�W �W�R �V�F�D�O�H���� �7�K�H �G�D�V�K�H�G �O�L�Q�H�V �L�Q �H�D�F�K �J�U�D�S�K �D�U�H �D �J�X�L�G�H �W�R �W�K�H �H�\�H��
�7�K�H �L�Q�V�H�W �L�Q ���F�� �S�O�R�W�V �W�K�H �0�R�6�L���W�K�L�F�N�Q�H�V�V �G�H�S�H�Q�G�H�Q�F�H �R�I �W�K�H �U�D�W�L�R �R�I� V�3�H�D�N�W�R� V�Q�R�U�P�D�O�� �E�R�W�K �S�U�H�Y�L�R�X�V�O�\ �G�H�4�Q�H�G
�L�Q�4�J�X�U�H ���������F��

�V�W�D�W�H��

�7�R �V�W�X�G�\ �W�K�H �F�X�U�U�H�Q�W �G�H�S�H�Q�G�H�Q�F�H �R�Q �W�K�H �W�K�L�F�N�Q�H�V�V�� �Z�H �F�D�Q �I�R�F�X�V �R�Q �W�K�Htanh �W�H�U�P �Z�K�L�F�K �F�R�Q�W�D�L�Q�V �W�K�H �W�K�L�F�N�Q�H�V�V

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

�G�H�Q�F�H �R�Q �W�K�H �0�R�6�L �4�O�P �W�K�L�F�N�Q�H�V�V �L�Q�4�J�X�U�H ���������E�G�R�H�V�Q���W �I�R�O�O�R�Z �W�K�Htanh �O�L�Q�H�V�K�D�S�H�� �7�K�L�V �G�H�Y�L�D�W�L�R�Q �V�W�H�P�V �I�U�R�P �W�K�H

�K�L�J�K �W�K�L�F�N�Q�H�V�V �G�H�S�H�Q�G�H�Q�F�H �R�I �W�K�H �U�H�V�L�V�W�L�Y�L�W�\ �R�I �W�K�H �V�D�P�S�O�H�V �D�V �V�K�R�Z�Q �L�Q�4�J�X�U�H ���������D�� �W�K�D�W �O�H�D�G�V �W�R �D �G�H�Y�L�D�W�L�R�Q �I�U�R�P

�W�K�H �–�6�+�( �I�R�U�P�D�O�L�V�P �L�Q�(�T�� ������������ �Z�K�L�F�K �L�V �R�Q�O�\ �Y�D�O�L�G �I�R�U �D �W�K�L�F�N�Q�H�V�V���L�Q�G�H�S�H�Q�G�H�Q�W �U�H�V�L�V�W�L�Y�L�W�\��

�7�R �S�O�D�F�H �W�K�H�V�H �U�H�V�X�O�W�V �L�Q �W�K�H �E�U�R�D�G�H�U �F�R�Q�W�H�[�W �R�I �R�X�U �V�W�X�G�\�� �Z�H �F�R�P�S�D�U�H �W�K�H�P �Z�L�W�K �W�K�H �G�D�P�S�L�Q�J �D�Q�D�O�\�V�L�V �L�Q�6�H�F��

�W�L�R�Q ������������ �:�H �K�D�G �F�R�Q�F�O�X�G�H�G �W�K�D�W �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\ �L�P�S�H�G�H�V �W�K�H �H�•�H�F�W�L�Y�H �V�S�L�Q �S�X�P�S�L�Q�J �L�Q �0�R�6�L �E�H�O�R�ZTc�� �7�K�H

�G�D�P�S�L�Q�J �U�H�G�X�F�W�L�R�Q �U�H�5�H�F�W�V �D �V�X�S�S�U�H�V�V�H�G �V�S�L�Q �D�Q�J�X�O�D�U �P�R�P�H�Q�W�X�P �W�U�D�Q�V�I�H�U �L�Q�W�R �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �G�H�Q�V�L�W�\ �R�I

�V�W�D�W�H�V�� �&�R�Q�W�U�D�U�L�O�\�� �W�K�H �H�Q�K�D�Q�F�H�P�H�Q�W �R�I �W�K�H �V�L�J�Q�D�O �L�Q �W�K�H �H�O�H�F�W�U�L�F�D�O �G�H�W�H�F�W�L�R�Q �H�[�S�H�U�L�P�H�Q�W�V�� �L�I �L�Q�W�H�U�S�U�H�W�H�G �L�Q �W�H�U�P�V �R�I
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���D�� ���E��

�)�L�J�X�U�H ���������� ���D�� �9�R�O�W�D�J�H �D�P�S�O�L�W�X�G�H� V �D�V �D �I�X�Q�F�W�L�R�Q �R�I �W�K�H �V�D�P�S�O�H �W�K�L�F�N�Q�H�V�V�� �D�W �W�K�U�H�H �G�L�•�H�U�H�Q�W �W�H�P�S�H�U�D�W�X�U�H �V�S�R�W�V
�L�Q�G�L�F�D�W�H�G �L�Q ���E�� �Z�K�H�U�H �Z�H �V�K�R�Z �W�K�H �I�X�O�O �W�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�H �V�K�R�Z�Q �I�R�Ud�0�R�6�L= 40 �Q�P�� �7�K�H�V�H �V�S�R�W�V �D�U�H�� �U�R�R�P
�W�H�P�S�H�U�D�W�X�U�H ���E�O�D�F�N����� V�Q�R�U�P�D�O���U�H�G���� �D�Q�G� V�3�H�D�N���J�U�H�H�Q�� ���W�K�H �O�D�V�W �W�Z�R �G�H�4�Q�H�G �L�Q�4�J�X�U�H ���������F����

���D�� ���E��

�)�L�J�X�U�H ���������� ���D�� �1�R�U�P�D�O���V�W�D�W�H �U�H�V�L�V�W�L�Y�L�W�\ �D�V �D �I�X�Q�F�W�L�R�Q �R�I �W�K�H �0�R�6�L �4�O�P �W�K�L�F�N�Q�H�V�V�� ���E�� �7�K�L�F�N�Q�H�V�V �G�H�S�H�Q�G�H�Q�F�H �R�II = V / R
�F�R�P�S�D�U�H�G �W�R �W�K�Htanh �I�X�Q�F�W�L�R�Q �S�U�H�V�H�Q�W �L�Q �W�K�H �H�[�S�U�H�V�V�L�R�Q �R�II �–�6�+�((dN )��

�–�6�+�(�� �V�X�J�J�H�V�W �W�K�D�W �W�K�H�U�H �L�V �D �V�S�L�Q �F�X�U�U�H�Q�W �L�Q�W�R �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U �W�K�D�W �L�V �F�R�Q�Y�H�U�W�H�G �L�Q�W�R �D �F�K�D�U�J�H �F�X�U�U�H�Q�W�� �D�V �V�H�H�Q

�W�K�U�R�X�J�K �W�K�H �H�[�S�U�H�V�V�L�R�Q�9ISHE / � �6�+�-s � � �� �1�R�W �R�Q�O�\ �G�R�H�V �W�K�H �G�H�W�H�F�W�H�G �Y�R�O�W�D�J�H �H�Q�K�D�Q�F�H �D�F�U�R�V�V �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W��

�L�Q�J �W�U�D�Q�V�L�W�L�R�Q�� �L�W �D�O�V�R �V�K�R�Z�V �D �S�H�D�N �X�S �W�R� 2 �R�U�G�H�U�V �R�I �P�D�J�Q�L�W�X�G�H �K�L�J�K�H�U �W�K�D�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H�� �7�R �D�F�F�R�X�Q�W �I�R�U �W�K�L�V

�S�H�D�N��� �6�+ �Z�R�X�O�G �K�D�Y�H �W�R �E�H�F�R�P�H �P�R�U�H �W�K�D�Q� 100 �E�L�J�J�H�U �D�F�U�R�V�V �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q �F�R�P�S�D�U�H�G �W�R �W�K�H

�Q�R�U�P�D�O �V�W�D�W�H�� �Z�K�L�F�K �L�V �X�Q�U�H�D�V�R�Q�D�E�O�H �J�L�Y�H�Q �W�K�D�W� �6�+�L�V �D�Q �L�Q�W�U�L�Q�V�L�F �S�U�R�S�H�U�W�\ �W�R �W�K�H �P�D�W�H�U�L�D�O�� �%�\ �W�K�H �H�Q�G �R�I �W�K�H �F�K�D�S�W�H�U

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

������



�G�L�R�G�H �H�•�H�F�W�� �Z�K�H�U�H �W�K�H �U�H�F�W�L�4�F�D�W�L�R�Q �R�I �D �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �F�X�U�U�H�Q�W �O�H�D�G�V �W�R �D �T�X�D�V�L�S�D�U�W�L�F�O�H���P�H�G�L�D�W�H�G �Q�R�U�P�D�O �F�X�U�U�H�Q�W

�W�K�D�W �Z�H �D�F�W�X�D�O�O�\ �P�H�D�V�X�U�H �K�H�U�H��

������ �6�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q �L�Q �W�K�H �<�%�&�2���3�\ �E�L�O�D�\�H�U

���������� �1�R�U�P�D�O �V�W�D�W�H �F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q

�:�H �L�Q�Y�H�V�W�L�J�D�W�H �V�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q �L�Q �W�K�H �<�%�&�2���3�\ �E�L�O�D�\�H�U �X�V�L�Q�J �W�K�H �O�L�W�K�R�J�U�D�S�K�L�F�D�O�O�\ �G�H�4�Q�H�G �J�H�R�P�H�W�U�\ �U�H��

�P�L�Q�G�H�G �L�Q �W�K�H �L�Q�V�H�W �R�I�4�J�X�U�H ���������D�� �9�R�O�W�D�J�H�V �Z�H�U�H �F�R�O�O�H�F�W�H�G �D�W �W�K�H300�w�P �F�R�Q�W�D�F�W �I�U�R�P �W�K�H �3�\ �U�H�F�W�D�Q�J�X�O�D�U �L�Q �W�K�H

�F�H�Q�W�H�U �D�V �U�H�P�L�Q�G�H�G �L�Q�)�L�J�� ���������� �7�K�H �V�D�P�S�O�H �L�V �P�R�X�Q�W�H�G �I�D�F�H �G�R�Z�Q �R�Q �D �&�3�: �V�R �W�K�D�W �W�K�H �L�Q���S�O�D�Q�H �U�I �P�D�J�Q�H�W�L�F �4�H�O�G

�H�[�F�L�W�H�V �)�0�5 �L�Q �3�\ �Z�K�L�O�H �D �W�U�D�Q�V�Y�H�U�V�H �G�F �Y�R�O�W�D�J�H �L�V �U�H�F�R�U�G�H�G �D�O�R�Q�J �W�K�H �<�%�&�2���3�\ �E�U�L�G�J�H�� �D�V �H�V�W�D�E�O�L�V�K�H�G �L�Q �R�X�U �<�–�*���0�R�6�L

�P�H�D�V�X�U�H�P�H�Q�W�V �D�Q�G �L�Q �V�W�D�Q�G�D�U�G �–�6�+�( �G�H�W�H�F�W�L�R�Q �S�U�R�W�R�F�R�O�V �>������ �������� �������� �@��

�:�H �4�U�V�W �V�W�X�G�L�H�G �W�K�H �Q�R�U�P�D�O �V�W�D�W�H �E�\ �V�Z�H�H�S�L�Q�J �W�K�H �P�D�J�Q�H�W�L�F �4�H�O�G �D�W �4�[�H�G �P�L�F�U�R�Z�D�Y�H �I�U�H�T�X�H�Q�F�L�H�V �X�S �W�R11�*�+�]

�D�Q�G �D�W �E�R�W�K �4�H�O�G �S�R�O�D�U�L�W�L�H�V�� �D �U�H�S�U�H�V�H�Q�W�D�W�L�Y�H �G�D�W�D�V�H�W �D�W �U�R�R�P �W�H�P�S�H�U�D�W�X�U�H �L�V �V�K�R�Z�Q �L�Q�4�J�X�U�H ���������D�� �7�Z�R �U�R�E�X�V�W

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

�R�I �W�K�H �D�S�S�O�L�H�G �4�H�O�G�� �7�K�L�V �L�V �H�[�S�H�F�W�H�G �I�R�U �P�H�W�D�O�O�L�F �I�H�U�U�R�P�D�J�Q�H�W�V�� �Z�K�H�U�H �W�K�H �P�H�D�V�X�U�H�G �G�F �Y�R�O�W�D�J�H �J�H�Q�H�U�L�F�D�O�O�\ �F�R�Q�W�D�L�Q�V

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

�V�S�L�Q���U�H�F�W�L�4�F�D�W�L�R�Q �F�R�Q�W�U�L�E�X�W�L�R�Q �Z�L�W�K�L�Q �W�K�H �I�H�U�U�R�P�D�J�Q�H�W �G�X�H �W�R �D�Q�L�V�R�W�U�R�S�L�F �P�D�J�Q�H�W�R�U�H�V�L�V�W�D�Q�F�H �R�U �S�O�D�Q�D�U �+�D�O�O �H�•�H�F�W

�P�L�[�L�Q�J �Z�L�W�K �W�K�H �U�I �F�X�U�U�H�Q�W �>������ �������� �@�� �–�Q �W�K�L�V �V�H�F�W�L�R�Q�� �Z�H �Z�L�O�O �G�L�V�H�Q�W�D�Q�J�O�H �E�R�W�K �F�R�Q�W�U�L�E�X�W�L�R�Q�V �W�K�D�Q�N�V �W�R �W�K�H�L�U �S�D�U�L�W�\ �D�V

�D �I�X�Q�F�W�L�R�Q �R�I �D�S�S�O�L�H�G �4�H�O�G�� �Z�K�H�U�H �R�Q�H �L�V�R�G�G�D�Q�G �W�K�H �V�H�F�R�Q�G �L�V�H�Y�H�Q�Z�L�W�K �U�H�V�S�H�F�W �W�R �W�K�H �4�H�O�G��

�)�L�J�X�U�H ���������� �5�H�P�L�Q�G�H�U �R�I �W�K�H �G�H�V�L�J�Q �R�I �W�K�H �<�%�&�2���3�\ �V�D�P�S�O�H �Z�L�W�K �D �F�O�R�V�H�X�S �R�Q �W�K�H �F�R�Q�W�D�F�W300� �P �D�Z�D�\ �I�U�R�P �W�K�H
�H�[�F�L�W�H�G �3�\ �L�Q �W�K�H �F�H�Q�W�H�U��

������



�*�X�L�G�H�G �E�\ �W�K�L�V �4�U�V�W �F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q�� �Z�H �V�H�O�H�F�W�H�G5 �*�+�]�� �L�V�R�O�D�W�H�G �L�Q�4�J�X�U�H ���������E�� �D�V �W�K�H �Z�R�U�N�L�Q�J �I�U�H�T�X�H�Q�F�\ �I�R�U

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

�L�V �R�G�G �Z�L�W�K �U�H�V�S�H�F�W �W�R �W�K�H �D�S�S�O�L�H�G �4�H�O�G ��V(+ H ) = � 1 � V (� H )����

�+�L�J�K�H�U �I�U�H�T�X�H�Q�F�L�H�V �V�K�R�Z �V�L�P�L�O�D�U �I�H�D�W�X�U�H�V �W�R5 �*�+�] �E�X�W �E�H�F�R�P�H �Q�R�L�V�L�H�U �D�W �O�R�Z�H�U �W�H�P�S�H�U�D�W�X�U�H�V �R�U �V�L�P�S�O�\ �K�D�Y�H �D

�O�R�Z�H�U �D�P�S�O�L�W�X�G�H ���D�E�R�Y�H7 �*�+�]���� �7�K�H �O�D�W�W�H�U �U�H�D�V�R�Q �V�W�H�P�V �I�U�R�P �W�K�H �I�U�H�T�X�H�Q�F�\ �G�H�S�H�Q�G�H�Q�W �U�I �R�X�W�S�X�W �R�I �W�K�H �F�R�S�O�D�Q�D�U

�Z�D�Y�H�J�X�L�G�H �I�R�U �D �F�R�Q�V�W�D�Q�W �L�Q�S�X�W �S�R�Z�H�U�� �&�K�D�Q�J�L�Q�J �W�K�H �&�3�: �F�R�X�O�G �K�H�O�S �H�[�F�L�W�H �K�L�J�K�H�U �I�U�H�T�X�H�Q�F�L�H�V �P�R�U�H �H�]�F�L�H�Q�W�O�\��

���D�� ���E��

�)�L�J�X�U�H ���������� �6�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q �V�S�H�F�W�U�D �L�Q �W�K�H �<�%�&�2/ �3�\ �E�L�O�D�\�H�U �D�W �V�H�O�H�F�W�H�G �W�H�P�S�H�U�D�W�X�U�H�V�� ���D�� �9�R�O�W�D�J�H �V�S�H�F�W�U�D
�P�H�D�V�X�U�H�G �D�W �U�R�R�P �W�H�P�S�H�U�D�W�X�U�H �D�W �G�L�•�H�U�H�Q�W �I�U�H�T�X�H�Q�F�L�H�V�� ���E�� �9�R�O�W�D�J�H �V�S�H�F�W�U�D �P�H�D�V�X�U�H�G �D�W ���*�+�] �D�Q�G83�. ���Z�L�W�K�L�Q �W�K�H
�<�%�&�2 �W�U�D�Q�V�L�W�L�R�Q�� �I�R�U �Q�H�J�D�W�L�Y�H �D�Q�G �S�R�V�W�L�Y�H �4�H�O�G�V��

�(�V�V�H�Q�W�L�D�O�O�\�� �W�K�H �Q�R�U�P�D�O���V�W�D�W�H �E�D�V�H�O�L�Q�H �L�Q �<�%�&�2���3�\ �L�V �F�K�D�U�D�F�W�H�U�L�]�H�G �E�\ �I�U�H�T�X�H�Q�F�\�� �D�Q�G �4�H�O�G���S�R�O�D�U�L�W�\���G�H�S�H�Q�G�H�Q�W

�O�L�Q�H�V�K�D�S�H�V�� �F�R�Q�V�L�V�W�H�Q�W �Z�L�W�K �W�K�H �F�R�H�[�L�V�W�H�Q�F�H �R�I �–�6�+�( �L�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H �R�I �<�%�&�2 �D�Q�G �V�S�L�Q���U�H�F�W�L�4�F�D�W�L�R�Q �Z�L�W�K�L�Q �3�\��

�(�V�W�D�E�O�L�V�K�L�Q�J �W�K�L�V �E�D�V�H�O�L�Q�H �L�V �Q�H�F�H�V�V�D�U�\ �I�R�U �W�K�H �D�Q�D�O�\�V�L�V �E�H�O�R�Z�� �Z�K�H�U�H �Z�H �H�[�S�O�R�L�W �4�H�O�G���S�D�U�L�W�\ �W�R �G�H�F�R�P�S�R�V�H �W�K�H �V�L�J�Q�D�O�V

�L�Q�W�R �R�G�G �D�Q�G �H�Y�H�Q �S�D�U�W�V �D�Q�G �W�K�H�Q �I�R�O�O�R�Z �W�K�H�L�U �W�H�P�S�H�U�D�W�X�U�H �H�Y�R�O�X�W�L�R�Q �W�K�U�R�X�J�K �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q �>������ ��

������ �@��

���������� �6�H�S�D�U�D�W�L�R�Q �R�I�2�G�G�D�Q�G�(�Y�H�Q�F�R�Q�W�U�L�E�X�W�L�R�Q�V

�)�0�5���L�Q�G�X�F�H�G �H�O�H�F�W�U�L�F�D�O �V�L�J�Q�D�O�V �L�Q �P�H�W�D�O�O�L�F �I�H�U�U�R�P�D�J�Q�H�W���Q�R�U�P�D�O �P�H�W�D�O �L�Q�W�H�U�I�D�F�H�V �P�L�[�H�V �W�Z�R �P�H�F�K�D�Q�L�V�P�V�� �D�Q �L�Q�Y�H�U�V�H

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

�V�L�R�Q�� �D�Q�G �D �V�S�L�Q���U�H�F�W�L�4�F�D�W�L�R�Q �Y�R�O�W�D�J�H �S�U�R�G�X�F�H�G �L�Q�V�L�G�H �W�K�H �I�H�U�U�R�P�D�J�Q�H�W �E�\ �D�Q�L�V�R�W�U�R�S�L�F �P�D�J�Q�H�W�R�U�H�V�L�V�W�D�Q�F�H �R�U �S�O�D�Q�D�U

�+�D�O�O �F�R�X�S�O�L�Q�J �W�R �W�K�H �U�I �F�X�U�U�H�Q�W �>������ �� ������ �� ������ �@�� �6�H�S�D�U�D�W�L�Q�J �E�R�W�K �F�R�Q�W�U�L�E�X�W�L�R�Q�V �U�H�T�X�L�U�H�V �D�Q�J�O�H �G�H�S�H�Q�G�H�Q�W �P�H�D�V�X�U�H��

�P�H�Q�W�V �D�V �W�K�H�\ �W�U�D�Q�V�I�R�U�P �G�L�•�H�U�H�Q�W�O�\ �X�Q�G�H�U �P�D�J�Q�H�W�L�F �4�H�O�G �U�H�Y�H�U�V�D�O �>������ �������� �@�� �R�U �H�O�L�P�L�Q�D�W�L�R�Q �R�I �U�H�V�L�V�W�L�Y�H �U�H�F�W�L�4�F�D�W�L�R�Q

�S�D�W�K�V �>������ �@��

������



�)�L�J�X�U�H ���������� �8�Q�G�H�U �W�K�H �H�•�H�F�W �R�I �D�Q �H�[�W�H�U�Q�D�O �'�& �4�H�O�GHDC �� �W�K�H �P�D�J�Q�H�W�L�]�D�W�L�R�QM �L�V �U�R�W�D�W�H�G �D�W �D�Q �D�Q�J�O�H� M �Z�L�W�K �U�H�V�S�H�F�W
�W�R �W�K�H �F�R�Q�Y�H�U�W�H�G �F�X�U�U�H�Q�WI �� �–�Q �W�K�H �V�S�L�Q �S�X�P�S�L�Q�J �H�[�S�H�U�L�P�H�Q�W��M �L�V �D�O�L�J�Q�H�G �Z�L�W�KHDC �W�K�H�U�H�I�R�U�H� M = � 90� ��

�–�Q �R�X�U �W�U�D�Q�V�Y�H�U�V�H �J�H�R�P�H�W�U�\�� �W�K�H �G�R�P�L�Q�D�Q�W �U�H�F�W�L�4�F�D�W�L�R�Q �W�H�U�P�V�� �L�Q�F�O�X�G�H ���L�Q �R�U�G�H�U �R�I �H�[�S�H�F�W�H�G �G�R�P�L�Q�D�Q�F�H�� �>������ ��

������ �@��

�� �7�K�H �3�O�D�Q�D�U �+�D�O�O �(�•�H�F�W ���3�+�(�� �Z�K�H�U�H �W�K�H �U�H�F�W�L�4�H�G �U�H�V�L�V�W�D�Q�F�H �L�V �H�[�S�U�H�V�V�H�G �D�VR�3�+�( = 1
2 (Rk � R? ) �V�L�Q(2� M ) =

1
2 � R �V�L�Q(2� M ) ���V�H�H�(�T�� ��������������

�� �$�Q�L�V�R�W�U�R�S�L�F �0�D�J�Q�H�W�R�U�H�V�L�V�W�D�Q�F�H ���$�0�5���� �Z�K�H�U�H �W�K�H �U�H�F�W�L�4�H�G �U�H�V�L�V�W�D�Q�F�H �L�V �H�[�S�U�H�V�V�H�G �D�VR�3�+�( = R(0) � (Rk �

R? ) �V�L�Q2(� M ) = R(0) � � R �V�L�Q2(� M ) ���V�H�H�(�T�� ��������������

�Z�K�H�U�H� M �L�V �G�H�4�Q�H�G �D�V �W�K�H �D�Q�J�O�H �E�H�W�Z�H�H�Q �W�K�H �F�X�U�U�H�Q�W �D�Q�G �W�K�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q �G�L�U�H�F�W�L�R�Q�V �D�V �G�H�S�L�F�W�H�G �L�Q�)�L�J�� ���������� �–�Q

�R�X�U �V�S�L�Q �S�X�P�S�L�Q�J �F�R�Q�4�J�X�U�D�W�L�R�Q�� �W�K�H �G�L�U�H�F�W�L�R�Q �R�IM �L�V �V�H�W �E�\ �W�K�H �H�[�W�H�U�Q�D�O �D�S�S�O�L�H�G �4�H�O�G�� �L�Q �W�K�H �S�O�D�Q�H �R�I �W�K�H �V�D�P�S�O�H��

�W�K�X�V �D�O�Z�D�\�V �S�H�U�S�H�Q�G�L�F�X�O�D�U �W�R �W�K�H �W�U�D�Q�V�Y�H�U�V�H �F�R�Q�Y�H�U�W�H�G �F�X�U�U�H�Q�W�� �7�K�L�V �V�H�W�V� M = 90 � �I�R�U �S�R�V�L�W�L�Y�H �4�H�O�G�V �D�Q�G� M =

� 90� �I�R�U �Q�H�J�D�W�L�Y�H �4�H�O�G�V�� �7�K�R�X�J�K�� �L�Q �W�K�H �H�[�S�U�H�V�V�L�R�Q �R�I �3�+�(�� �V�L�Q(2� M ) = �V�L�Q
�
2 � (� 90� )

�
= �V�L�Q(� 180� ) = 0 �� �Z�K�L�F�K

�P�H�D�Q�V �W�K�H �F�R�Q�W�U�L�E�X�W�H�G �Y�R�O�W�D�J�H �I�U�R�P �W�K�H �3�+�( �W�H�U�P �L�V �]�H�U�R�� �$�V �I�R�U �$�0�5�� �V�L�Q2(� M ) = �V�L�Q2(� 90� ) = ( � 1)2 = 1 �� �Z�K�L�F�K

�P�H�D�Q�V �W�K�H �U�H�V�L�V�W�D�Q�F�H �G�R�H�V �Q�R�W �F�K�D�Q�J�H �Z�L�W�K �W�K�H �4�H�O�G �U�H�Y�H�U�V�D�O�� �:�H �F�D�Q �F�D�O�O �L�W ���H�Y�H�Q�� �D�V �D �I�X�Q�F�W�L�R�Q �R�I �W�K�H �D�S�S�O�L�H�G �4�H�O�G��

�0�H�D�Q�Z�K�L�O�H�� �D�Q �–�6�+�( �Y�R�O�W�D�J�H �G�H�S�H�Q�G�V �R�Q �W�K�H �F�U�R�V�V �S�U�R�G�X�F�W �E�H�W�Z�H�H�Q �W�K�H �F�X�U�U�H�Q�W �D�Q�G �W�K�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q �S�R�O�D�U�L�]�D�W�L�R�Q

�-c = � � �6�+
2e
�qh �-s[�L� � ] ���V�H�H�(�T�� ���������������� �G�L�F�W�D�W�H�G �E�\ �W�K�H �D�S�S�O�L�H�G �4�H�O�G �L�Q �V�S�L�Q �S�X�P�S�L�Q�J�� �Z�K�L�F�K �P�H�D�Q�V �L�W���V ���R�G�G�� �Z�L�W�K �W�K�H

�D�S�S�O�L�H�G �4�H�O�G�� �:�H �W�K�H�U�H�I�R�U�H �V�H�S�D�U�D�W�H �W�K�H �U�D�Z �G�D�W�D �W�U�D�F�H�V �L�Q�W�R �W�K�H�L�U�R�G�G�D�Q�G�H�Y�H�Q�S�D�U�W�V �E�H�I�R�U�H �D�Q�\ �D�P�S�O�L�W�X�G�H �D�Q�D�O�\�V�L�V��

�7�R �L�P�S�O�H�P�H�Q�W �W�K�L�V �V�H�S�D�U�D�W�L�R�Q�� �Z�H �U�H�F�R�U�G �4�H�O�G �V�Z�H�H�S�V �D�W �L�G�H�Q�W�L�F�D�O �F�R�Q�G�L�W�L�R�Q�V �I�R�U �E�R�W�K �S�R�O�D�U�L�W�L�H�V��+ H �D�Q�G� H ��

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

V�R�G�G(H ) =
V (+ H ) � V (� H )

2
; V�H�Y�H�Q(H ) =

V (+ H ) + V(� H )
2

; ����������

�Z�K�H�U�HV(� H ) �G�H�Q�R�W�H �W�K�H �P�H�D�V�X�U�H�G �Y�R�O�W�D�J�H�V �I�R�U �W�K�H� H �F�R�Q�4�J�X�U�D�W�L�R�Q�V�� �%�\ �F�R�Q�V�W�U�X�F�W�L�R�Q��V�R�G�G(H ) �U�H�Y�H�U�V�H�V �V�L�J�Q

�X�Q�G�H�U �4�H�O�G �U�H�Y�H�U�V�D�OH 7! � H �D�Q�GV�H�Y�H�Q(H ) �G�R�H�V �Q�R�W��

�$ �4�H�O�G �R�•�V�H�W �D�U�R�X�Q�G0 �F�D�Q �S�U�R�Y�H �S�U�R�E�O�H�P�D�W�L�F �G�X�U�L�Q�J �W�K�H �F�R�P�S�X�W�D�W�L�R�Q �R�IV�R�G�G�D�Q�GV�H�Y�H�Q�E�\ �G�H�I�R�U�P�L�Q�J �W�K�H�L�U �U�H�D�O

�O�L�Q�H�V�K�D�S�H�� �7�R �G�H�4�Q�H �W�K�H �R�•�V�H�W �4�H�O�GH �R�I�I�� �Z�H �K�D�G �W�R �4�Q�G �D �F�H�U�W�D�L�Q �F�U�L�W�H�U�L�R�Q �I�R�U �W�K�H ���U�H�D�O�� �]�H�U�R �4�H�O�G�� �7�K�H �4�U�V�W �P�H�W�K�R�G

������



���D�� ���E��

���F�� ���G��

�)�L�J�X�U�H ���������� ���D�� �9�R�O�W�D�J�H �P�H�D�V�X�U�H�P�H�Q�W �D�W83�. �D�Q�G5�*�+�]�� ���E�� �=�R�R�P���L�Q �R�Q ���D�� �D�U�R�X�Q�G0 �4�H�O�G�� �Z�L�W�K �D�Q �L�Q�G�L�F�D�W�R�U �D�W �W�K�H
�L�Q�5�H�F�W�L�R�Q �S�R�L�Q�W �D�W� 0:3�P�7�� ���F�� �7�K�H �G�H�S�H�Q�G�H�Q�F�H �R�I �W�K�H �P�H�D�V�X�U�H�G �4�H�O�GH �P�H�D�V�X�U�H�G�D�Q�G �W�K�H �R�U�L�J�L�Q�D�O�O�\ �V�H�W �4�H�O�GH �P�H�D�V�X�U�H�G

�Z�L�W�K �D �O�L�Q�H�D�U �4�W�� ���G�� �=�R�R�P���L�Q �R�Q ���F�� �D�U�R�X�Q�G0 �4�H�O�G�� �Z�L�W�K �D�Q �L�Q�G�L�F�D�W�R�U �D�W� 0:16�P�7 �Z�K�L�F�K �L�V �W�K�H �L�Q�W�H�U�V�H�F�W �E�H�W�Z�H�H�Q �W�K�H
�O�L�Q�H�D�U �4�W �D�Q�GH �P�H�D�V�X�U�H�G�I�R�U �]�H�U�R �P�H�D�V�X�U�H�G �4�H�O�G��

�Z�D�V �W�R �O�R�R�N �D�W �D �F�K�D�Q�J�H �R�I �W�U�H�Q�G �L�Q �W�K�H �Y�R�O�W�D�J�H �P�H�D�V�X�U�H�P�H�Q�W �D�U�R�X�Q�G �]�H�U�R �4�H�O�G�� �)�R�U �W�K�D�W�� �Z�H �S�O�R�W �L�Q�4�J�X�U�H ���������D

�D�J�D�L�Q �W�K�H �H�[�D�P�S�O�H �R�I �D �4�H�O�G �V�Z�H�H�S �D�W83�. �D�Q�G5�*�+�] �D�O�R�Q�J�V�L�G�H �D �]�R�R�P���L�Q �R�Q �L�W �D�U�R�X�Q�G0�P�7 �L�Q�4�J�X�U�H ���������E�� �:�H �F�D�Q

�Q�R�W�L�F�H �W�K�D�W �W�K�H �Y�R�O�W�D�J�H �D�W �W�K�H �Q�R�L�V�H �O�H�Y�H�O �R�V�F�L�O�O�D�W�H�V �D�U�R�X�Q�G0�9 �E�X�W �V�K�R�Z�V �D�Q �L�Q�5�H�F�W�L�R�Q �S�R�L�Q�W �D�W� 0:3�P�7�� �Z�K�L�F�K �Z�D�V

�F�R�Q�V�L�V�W�H�Q�W �I�R�U �D�O�O �4�H�O�G �V�Z�H�H�S�V�� �:�H �F�R�X�O�G �W�K�H�U�H�I�R�U�H �W�D�N�HH �R�I�I= � 0:3�P�7 �X�Q�G�H�U �W�K�L�V �4�U�V�W �F�U�L�W�H�U�L�R�Q�� �$ �V�H�F�R�Q�G �F�U�L�W�H�U�L�R�Q

�F�R�X�O�G �E�H �E�D�V�H�G �R�Q �W�K�H �G�H�S�H�Q�G�H�Q�F�H �E�H�W�Z�H�H�Q �W�K�H �P�H�D�V�X�U�H�G �D�S�S�O�L�H�G �4�H�O�GH �P�H�D�V�X�U�H�G�D�Q�G �W�K�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J �V�H�W�W�L�Q�J �R�I

�W�K�H �4�H�O�GH �V�H�W�� �Z�K�L�F�K �U�H�5�H�F�W�V �V�K�L�I�W�V �L�Q �4�H�O�G �F�D�O�L�E�U�D�W�L�R�Q�� �7�K�L�V �G�H�S�H�Q�G�H�Q�F�H �L�V �S�O�R�W�W�H�G �L�Q�4�J�X�U�H ���������F�� �:�H �F�D�Q �4�W �L�W �W�R �D

�O�L�Q�H�D�U �I�X�Q�F�W�L�R�Q �D�Q�G �G�H�4�Q�HH �R�I�I�D�V �W�K�H �V�H�W �4�H�O�G���L�Q�W�H�U�V�H�F�W �Z�L�W�K �W�K�H �O�L�Q�H�D�U �4�W�� �8�Q�G�H�U �W�K�L�V �F�U�L�W�H�U�L�R�Q��H �R�I�I= � 0:16�P�7 �D�V

�V�H�H�Q �L�Q �W�K�H �]�R�R�P���L�Q �D�U�R�X�Q�G0 �L�Q�4�J�X�U�H ���������G�� �$ �G�L�V�F�U�H�S�D�Q�F�\ �L�Q �W�K�H �H�V�W�L�P�D�W�L�R�Q �R�IH �R�I�I�L�V �K�H�Q�F�H �R�E�V�H�U�Y�H�G �E�H�W�Z�H�H�Q

������



�E�R�W�K �F�U�L�W�H�U�L�D�� �E�X�W �D�W �O�H�D�V�W �Z�H �J�R�W �D �4�U�V�W �H�V�W�L�P�D�W�L�R�Q �R�I �W�K�H �R�U�G�H�U �R�I �P�D�J�Q�L�W�X�G�H �R�IH �R�I�I��

���D�� ���E��

���F�� ���G��

�)�L�J�X�U�H ���������� �6�H�U�L�H�V �R�I ���D���R�G�G�D�Q�G ���E���H�Y�H�Q�Y�R�O�W�D�J�H �F�D�O�F�X�O�D�W�L�R�Q�V �I�R�U �G�L�•�H�U�H�Q�W �Y�D�O�X�H�V �R�IH �R�I�I�� �Y�H�U�W�L�F�D�O�O�\ �V�K�L�I�W�H�G �I�R�U �F�O�D�U�L�W�\��
�–�Q ���F�� �D�Q�G ���G���� �Z�H �S�O�R�W �W�K�H ���F���R�G�G�D�Q�G ���G���H�Y�H�Q�S�D�U�W�V �R�I �W�K�H ��5 �*�+�]��83�.�� �V�S�H�F�W�U�X�P �I�R�U �W�K�H �F�K�R�V�H�QH �R�I�I= � 0:2�P�7��

�%�R�W�K �H�V�W�L�P�D�W�H�V �D�U�H �R�I �W�K�H �R�U�G�H�U �R�I� 0:1 �P�7�� �)�R�O�O�R�Z�L�Q�J �W�K�L�V�� �Z�H �F�R�P�S�X�W�H�GV�R�G�G�D�Q�GV�H�Y�H�Q�R�I �W�K�H �H�[�D�P�S�O�H �L�Q�4�J��

�X�U�H ���������D�I�R�U �D �V�H�U�L�H�V �R�IH �R�I�I�Y�D�O�X�H�V �E�H�W�Z�H�H�Q� 2 �P�7 �D�Q�G2 �P�7�� �D�V �S�O�R�W�W�H�G �L�Q�4�J�X�U�H�V ���������D�D�Q�G���������E�Z�L�W�K �D �Y�H�U�W�L�F�D�O

�V�K�L�I�W �I�R�U �F�O�D�U�L�W�\�� �:�H �F�D�Q �L�P�P�H�G�L�D�W�H�O�\ �Q�R�W�L�F�H �W�K�D�W �I�R�U �W�K�H �S�R�V�L�W�L�Y�H �Y�D�O�X�H�V �R�IH �R�I�I��V�R�G�G�V�K�R�Z�V �D �G�R�X�E�O�H �S�H�D�N �Z�K�L�F�K �L�V

�D �I�H�D�W�X�U�H �W�K�D�W �Z�D�V �Q�R�W �L�Q �W�K�H �R�U�L�J�L�Q�D�O �V�S�H�F�W�U�D�� �D�Q�GV�H�Y�H�Q�V�K�R�Z�V �D �V�L�Q�J�O�H �S�H�D�N �W�K�D�W �L�V �V�P�H�D�U�H�G �Z�L�W�K �4�H�O�G�� �E�H�K�D�Y�L�Q�J

�O�L�N�H �W�Z�R �S�H�D�N�V �R�I �R�S�S�R�V�L�W�H �V�L�J�Q�V�� �$�V �Z�H �J�R �G�R�Z�Q �L�QH �R�I�I��V�R�G�G�W�X�U�Q�V �L�Q�W�R �D �V�L�Q�J�O�H �U�H�V�R�Q�D�Q�F�H �S�H�D�N �D�Q�GV�H�Y�H�Q�I�D�G�H�V

�D�Z�D�\�� �7�K�H �G�R�X�E�O�H���S�H�D�N�V �H�P�H�U�J�H �D�J�D�L�Q �D�V �Z�H �J�R �G�R�Z�Q �I�X�U�W�K�H�U �L�QH �R�I�I�W�R �W�K�H �Q�H�J�D�W�L�Y�H �4�H�O�G�V�� �*�L�Y�H�Q �W�K�D�W �W�K�H �R�U�L�J�L�Q�D�O

�4�H�O�G �V�Z�H�H�S �L�Q�4�J�X�U�H ���������D�V�K�R�Z�H�G �D �V�L�Q�J�O�H �U�H�V�R�Q�D�Q�F�H �S�H�D�N �D�W �S�R�V�L�W�L�Y�H �D�Q�G �D�W �Q�H�J�D�W�L�Y�H �4�H�O�G�V�� �W�K�L�V �I�H�D�W�X�U�H �K�D�G �W�R �E�H

�F�R�Q�V�L�V�W�H�Q�W �Z�L�W�KV�R�G�G�D�Q�GV�H�Y�H�Q�� �7�K�L�V �Z�D�V �W�K�H �4�Q�D�O �F�U�L�W�H�U�L�R�Q �R�Q �Z�K�L�F�K �Z�H �E�D�V�H�G �R�X�U �F�K�R�L�F�H �R�IH �R�I�I= � 0:2�P�7�� �I�R�U �Z�K�L�F�K

�Z�H �V�K�R�Z �W�K�H �U�H�V�X�O�W�L�Q�J�R�G�G�D�Q�G�H�Y�H�Q�Y�R�O�W�D�J�H�V �L�Q�4�J�X�U�H�V ���������F�D�Q�G���������G�U�H�V�S�H�F�W�L�Y�H�O�\�� �7�K�L�V �\�L�H�O�G�H�G �D �V�L�Q�J�O�H �S�H�D�N �I�R�U

������



�H�D�F�K �F�R�P�S�R�Q�H�Q�W�� �–�Q �I�D�F�W�� �L�Q �W�K�L�V �F�D�V�H�� �W�K�H �Y�R�O�W�D�J�H �L�V �F�R�P�S�O�H�W�H�O�\�R�G�G�Z�K�L�O�H �W�K�H�H�Y�H�Q�F�R�P�S�R�Q�H�Q�W �I�D�G�H�V �D�Z�D�\��

���������� �3�H�D�N �L�Q �W�K�H �P�H�D�V�X�U�H�G �Y�R�O�W�D�J�H

�:�H �Q�R�Z �H�[�D�P�L�Q�H �W�K�H �W�H�P�S�H�U�D�W�X�U�H �H�Y�R�O�X�W�L�R�Q �R�I �W�K�H �H�O�H�F�W�U�L�F�D�O�O�\ �G�H�W�H�F�W�H�G �V�L�J�Q�D�O �D�I�W�H�U �W�K�H �S�D�U�L�W�\ �G�H�F�R�P�S�R�V�L�W�L�R�Q�� �)�R�U

�H�D�F�K �W�H�P�S�H�U�D�W�X�U�H �V�K�R�Z�Q �L�Q�4�J�X�U�H ���������D�� �W�K�H �V�S�H�F�W�U�D �D�F�T�X�L�U�H�G �D�W �R�S�S�R�V�L�W�H �4�H�O�G �S�R�O�D�U�L�W�L�H�V �D�U�H �F�R�P�E�L�Q�H�G �W�R �I�R�U�P

V�R�G�G(H ) �D�Q�GV�H�Y�H�Q(H ) �D�Q�G �S�O�R�W�W�H�G �L�Q�4�J�X�U�H ���������D�D�Q�G�4�J�X�U�H ���������E�� �U�H�V�S�H�F�W�L�Y�H�O�\��

���D�� ���E��

�)�L�J�X�U�H ���������� ���D�� �7�H�P�S�H�U�D�W�X�U�H���G�H�S�H�Q�G�H�Q�W �V�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q �V�S�H�F�W�U�D �L�Q �W�K�H �<�%�&�2/ �3�\ �E�L�O�D�\�H�U�� �I�R�U �S�R�V�L�W�L�Y�H �D�Q�G
�Q�H�J�D�W�L�Y�H �4�H�O�G�V�� �:�H �S�O�R�W �W�K�H �J�U�D�S�K�V �I�U�R�P �W�R�S �W�R �E�R�W�W�R�P �L�Q �G�H�V�F�H�Q�G�L�Q�J �W�H�P�S�H�U�D�W�X�U�H �R�U�G�H�U�� ���E�� �7�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q��
�G�H�Q�F�H �R�I �W�K�H �U�H�V�L�V�W�D�Q�F�H �L�Q �O�R�J �V�F�D�O�H �I�R�U �W�K�H �V�D�P�H �<�%�&�2/ �3�\ �E�L�O�D�\�H�U��

�–�Q�4�J�X�U�H ���������E�� �Z�H �L�G�H�Q�W�L�I�\Tc = 85 �.�� �–�Q�4�J�X�U�H ���������D�� �E�H�W�Z�H�H�Q250�. �D�Q�G90�. ���L�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H���� �W�K�H �U�D�Z �G�D�W�D

�H�[�K�L�E�L�W�V �D�Q �D�P�S�O�L�W�X�G�H �W�K�D�W �L�V �D�O�P�R�V�W �F�R�Q�V�W�D�Q�W �D�F�U�R�V�V �D�O�O �W�H�P�S�H�U�D�W�X�U�H�V�� �$�F�U�R�V�VTc�� �W�K�H �Y�R�O�W�D�J�H �D�P�S�O�L�W�X�G�H �L�Q�F�U�H�D�V�H�V

�D�W �S�R�V�L�W�L�Y�H �D�Q�G �Q�H�J�D�W�L�Y�H �4�H�O�G�V�� �$ �P�D�[�L�P�X�P �L�Q �W�K�H �D�P�S�O�L�W�X�G�H �L�V �R�E�V�H�U�Y�H�G �M�X�V�W �E�H�O�R�ZTc ���L�Q �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J

�V�W�D�W�H���� �)�L�Q�D�O�O�\�� �D�V �Z�H �J�R �W�R �O�R�Z�H�U �W�H�P�S�H�U�D�W�X�U�H�V�� �W�K�H �Y�R�O�W�D�J�H �I�D�G�H�V �D�Q�G �L�V �F�R�P�S�O�H�W�H�O�\ �O�R�V�W �E�H�O�R�Z69�.�� �&�R�Q�V�H�T�X�H�Q�W�O�\��

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

�S�H�D�N �Z�H �K�D�G �R�E�V�H�U�Y�H�G �L�Q �W�K�Hs���Z�D�Y�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U �F�D�V�H ���<�–�*���0�R�6�L����

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

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

�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q �R�I �<�%�&�2�� �W�K�H�Q �G�H�F�U�H�D�V�H�V �J�U�D�G�X�D�O�O�\ �Z�K�H�Q �F�R�R�O�L�Q�J �G�R�Z�Q �I�X�U�W�K�H�U �E�H�O�R�ZTc�� �–�Q �F�R�Q�W�U�D�V�W�� �W�K�H�H�Y�H�Q

�F�K�D�Q�Q�H�O �V�K�R�Z�V �Q�R �V�K�D�U�S �P�D�[�L�P�X�P�� �L�W�V �D�P�S�O�L�W�X�G�H �G�U�R�S�V �V�K�D�U�S�O�\ �D�F�U�R�V�V �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q��

������
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�)�L�J�X�U�H ���������� �7�H�P�S�H�U�D�W�X�U�H �H�Y�R�O�X�W�L�R�Q �R�I �W�K�H ���D���R�G�G�D�Q�G ���E���H�Y�H�Q�F�R�P�S�R�Q�H�Q�W�V �R�I �W�K�H �V�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q �V�L�J�Q�D�O
�L�Q �W�K�H �<�%�&�2/ �3�\ �E�L�O�D�\�H�U�� �7�K�H �W�H�P�S�H�U�D�W�X�U�H �J�R�H�V �G�R�Z�Q �D�V �Z�H �V�Z�H�H�S �W�K�H �J�U�D�S�K�V �I�U�R�P �W�R�S �W�R �E�R�W�W�R�P��

�)�L�J�X�U�H ���������� �9�R�O�W�D�J�H �D�P�S�O�L�W�X�G�H� V �R�I �W�K�H �V�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q �Y�R�O�W�D�J�H �L�Q �W�K�H �<�%�&�2/ �3�\ �E�L�O�D�\�H�U �L�Q �O�R�J �V�F�D�O�H �D�V �D
�I�X�Q�F�W�L�R�Q �R�I �W�H�P�S�H�U�D�W�X�U�H�� �I�R�U �E�R�W�K �W�K�H�R�G�G���U�H�G �W�U�L�D�Q�J�O�H�V�� �D�Q�G �W�K�H�H�Y�H�Q���E�O�D�F�N �G�L�V�F�V�� �F�R�Q�W�U�L�E�X�W�L�R�Q�V�� �7�K�H �G�R�W�W�H�G �O�L�Q�H�V
�D�U�H �J�X�L�G�H �W�R �W�K�H �H�\�H�� �:�H �V�X�S�H�U�L�P�S�R�V�H �W�K�H �5���7�� �P�H�D�V�X�U�H�P�H�Q�W �R�I �W�K�L�V �V�D�P�S�O�H �W�R �W�K�H �U�L�J�K�Wy���D�[�L�V ���E�O�X�H����

������



�)�U�R�P�4�J�X�U�H�V ���������D�D�Q�G���������E�� �Z�H �H�[�W�U�D�F�W �W�K�H �D�P�S�O�L�W�X�G�H�V� Vodd �D�Q�G� Veven �R�I �W�K�H �Y�R�O�W�D�J�H�V �R�I �W�K�H�R�G�G�D�Q�G�H�Y�H�Q

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

�W�K�H �5���7�� �P�H�D�V�X�U�H�P�H�Q�W �R�I �W�K�H �V�D�P�S�O�H �E�H�W�Z�H�H�Q60�. �D�Q�G150�.�� �+�H�U�H �Z�H �F�D�Q �F�O�H�D�U�O�\ �R�E�V�H�U�Y�H �D�Q �H�[�S�R�Q�H�Q�W�L�D�O �S�H�D�N �R�I

�W�K�H�R�G�G�S�D�U�W �M�X�V�W �E�H�O�R�ZTc �I�R�O�O�R�Z�H�G �E�\ �D �J�U�D�G�X�D�O �G�H�V�F�H�Q�W �G�R�Z�Q �W�R69�. �Z�K�H�U�H �Z�H �O�R�V�H �W�K�H �V�L�J�Q�D�O�� �0�H�D�Q�Z�K�L�O�H�� �Z�H

�F�R�Q�4�U�P �W�K�D�W �W�K�H�H�Y�H�Q�S�D�U�W �V�W�D�\�V �D�O�P�R�V�W �F�R�Q�V�W�D�Q�W �L�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H �W�K�H�Q �G�U�R�S�V �D�Q�G �T�X�L�F�N�O�\ �Y�D�Q�L�V�K�H�V �D�F�U�R�V�V �W�K�H

�V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q�� �7�K�H�R�G�G�S�D�U�W �L�V �W�K�H �R�Q�H �W�K�D�W �V�K�R�Z�V �D �V�L�P�L�O�D�U �E�H�K�D�Y�L�R�U �W�R �Z�K�D�W �Z�H �V�D�Z �L�Q �W�K�H �<�–�*���0�R�6�L

�E�L�O�D�\�H�U�� �Z�K�L�O�H �W�K�H�H�Y�H�Q�S�D�U�W �F�D�Q �E�H �D�W�W�U�L�E�X�W�H�G �W�R �W�K�H �V�S�X�U�L�R�X�V �U�H�F�W�L�4�F�D�W�L�R�Q �L�Q �3�\�� �&�R�Q�V�L�V�W�H�Q�W�O�\�� �L�W �G�L�V�D�S�S�H�D�U�V �U�D�S�L�G�O�\ �L�Q

�W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�W�D�W�H �Z�K�H�Q �W�K�H �3�\ �O�D�\�H�U �L�V �V�K�X�Q�W�H�G �E�\ �W�K�H �<�%�&�2 �R�Q�H�� �:�H �R�U�L�J�L�Q�D�O�O�\ �D�V�V�R�F�L�D�W�H�G �W�K�H�R�G�G�Y�R�O�W�D�J�H�V

�W�R �–�6�+�( �D�V �D �4�U�V�W �K�\�S�R�W�K�H�V�L�V�� �V�R�P�H�W�K�L�Q�J �Z�H �K�D�G �W�R �F�K�D�O�O�H�Q�J�H �Z�K�H�Q �O�R�R�N�L�Q�J �D�W �W�K�H �G�D�W�D �D�V �D �Z�K�R�O�H �L�Q �W�K�H �I�R�O�O�R�Z�L�Q�J

���V�H�H�6�H�F�W�L�R�Q ������������

�������� �'�L�V�F�X�V�V�L�R�Q �� �Z�K�\ �W�K�H �G�D�P�S�L�Q�J �G�H�F�U�H�D�V�H�G �Z�K�L�O�H �W�K�H �V�S�L�Q���W�R���F�K�D�U�J�H

�F�R�Q�Y�H�U�V�L�R�Q �L�Q�F�U�H�D�V�H�G �L�Q �E�R�W�K �V�\�V�W�H�P�V �"

�7�K�H �V�L�P�X�O�W�D�Q�H�R�X�V �R�E�V�H�U�Y�D�W�L�R�Q �R�I �D �G�D�P�S�L�Q�J �U�H�G�X�F�W�L�R�Q �D�Q�G �D�Q �H�Q�K�D�Q�F�H�P�H�Q�W �R�I �W�K�H �Y�R�O�W�D�J�H �V�L�J�Q�D�O �L�Q �<�–�*���0�R�6�L �D�Q�G

�<�%�&�2���3�\ �E�L�O�D�\�H�U�V �D�F�U�R�V�V �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q�� �U�H�V�X�P�H�G �E�U�L�H�5�\ �L�Q�)�L�J�� ���������� �U�D�L�V�H�V �D�Q �D�S�S�D�U�H�Q�W �S�D�U�D�G�R�[�� �2�Q

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

�H�•�H�F�W�L�Y�H �V�S�L�Q���P�L�[�L�Q�J �F�R�Q�G�X�F�W�D�Q�F�Hg"#
�H�I�I�E�H�O�R�ZTc�� �F�R�Q�V�L�V�W�H�Q�W �Z�L�W�K �W�K�H �R�S�H�Q�L�Q�J �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �J�D�S �W�K�D�W �U�H�G�X�F�H�V

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

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

�W�K�D�W �W�K�H �V�S�L�Q �F�X�U�U�H�Q�W �L�Q�W�R �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U �L�V �V�X�S�S�U�H�V�V�H�G �D�F�U�R�V�V �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q�� �2�Q �W�K�H �R�W�K�H�U

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

�D�Q �H�Q�K�D�Q�F�H�G �V�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q �>������ �@�� �$ �V�L�P�S�O�H �L�Q�W�H�U�S�U�H�W�D�W�L�R�Q �E�D�V�H�G �R�Q �W�K�H �L�Q�Y�H�U�V�H �V�S�L�Q �+�D�O�O �H�•�H�F�W ���–�6�+�(��

�Z�K�H�U�H�9ISHE / � �6�+�-s � � �Z�R�X�O�G �U�H�T�X�L�U�H �D �G�U�D�P�D�W�L�F �H�Q�K�D�Q�F�H�P�H�Q�W �R�I �W�K�H �V�S�L�Q �+�D�O�O �D�Q�J�O�H� �6�+�W�R �F�R�X�Q�W�H�U�E�D�O�D�Q�F�H �W�K�H

�V�X�S�S�U�H�V�V�H�G �V�S�L�Q �F�X�U�U�H�Q�W�� �6�L�Q�F�H� �6�+ �L�V �V�H�W �S�U�L�P�D�U�L�O�\ �E�\ �L�Q�W�U�L�Q�V�L�F �V�S�L�Q���R�U�E�L�W �F�R�X�S�O�L�Q�J�� �L�W�V �D�E�U�X�S�W �D�P�S�O�L�4�F�D�W�L�R�Q �D�WTc �L�V

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

�D�O�W�H�U�Q�D�W�L�Y�H �H�[�S�O�D�Q�D�W�L�R�Q��

�5�H�F�H�Q�W �W�K�H�R�U�H�W�L�F�D�O �Z�R�U�N �E�\ �R�X�U �F�R�O�O�D�E�R�U�D�W�R�U�V �3�O�D�V�W�R�Y�H�W�V �D�Q�G �%�X�]�G�L�Q �>������ �� ������ �@ �S�U�R�Y�L�G�H�V �V�X�F�K �D �I�U�D�P�H�Z�R�U�N�� �W�D�L��

�O�R�U�H�G �W�R �W�K�H �6���) ���R�U �)���6�� �J�H�R�P�H�W�U�L�H�V �L�Q �<�%�&�2���3�\ �D�Q�G �<�–�*���0�R�6�L�� �7�K�H�\ �S�U�R�S�R�V�H �W�K�D�W �W�K�H �Y�R�O�W�D�J�H �S�H�D�N �G�R�H�V �Q�R�W �V�W�H�P �I�U�R�P

�–�6�+�( �E�X�W �U�D�W�K�H�U �I�U�R�P �D �S�K�R�W�R�J�D�O�Y�D�Q�L�F �U�H�F�W�L�4�F�D�W�L�R�Q �P�H�F�K�D�Q�L�V�P �L�Q�W�U�L�Q�V�L�F �W�R �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�W�D�W�H�� �6�X�S�H�U�F�X�U�U�H�Q�W

�U�H�F�W�L�4�F�D�W�L�R�Q ���D�S�S�H�D�U�D�Q�F�H �R�I �D �G�F �F�R�P�S�R�Q�H�Q�W�� �F�D�Q �E�H �H�[�S�O�D�L�Q�H�G �L�Q �W�H�U�P�V �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �G�L�R�G�H �H�•�H�F�W �>������ �@��

�W�K�H �H�[�L�V�W�H�Q�F�H �R�I �Z�K�L�F�K �K�D�V �E�H�H�Q �W�K�H�R�U�H�W�L�F�D�O�O�\ �S�U�H�G�L�F�W�H�G �I�R�U �6���) �E�L�O�D�\�H�U�V �>������ �������� �������� �������� �������� �@ �D�Q�G �R�E�V�H�U�Y�H�G �H�[��

�S�H�U�L�P�H�Q�W�D�O�O�\ �>������ �� ������ �� ������ �� ������ �@�� �–�Q �H�V�V�H�Q�F�H�� �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �G�L�R�G�H �H�•�H�F�W ���6�'�(�� �U�H�I�H�U�V �W�R �W�K�H �Q�R�Q�U�H�F�L�S�U�R�F�D�O

������



���D�� ���E��

���F�� ���G��

�)�L�J�X�U�H ���������� �5�H�P�L�Q�G�H�U �R�I ���D���E��� (T) �D�Q�G ���F���G��� V (T) �R�I �<�–�*���0�R�6�L �D�Q�G �<�%�&�2���3�\ �U�H�V�S�H�F�W�L�Y�H�O�\��

�W�U�D�Q�V�S�R�U�W �R�I �V�X�S�H�U�F�X�U�U�H�Q�W�� �Z�K�H�U�H �D �-�R�V�H�S�K�V�R�Q �M�X�Q�F�W�L�R�Q �R�U �D �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �G�H�Y�L�F�H �F�D�U�U�L�H�V �D �4�Q�L�W�H �F�U�L�W�L�F�D�O �F�X�U�U�H�Q�W

I +
c �L�Q �R�Q�H �G�L�U�H�F�W�L�R�Q �E�X�W �D �G�L�•�H�U�H�Q�W ���R�I�W�H�Q �V�W�U�R�Q�J�O�\ �V�X�S�S�U�H�V�V�H�G�� �F�U�L�W�L�F�D�O �F�X�U�U�H�Q�WI �

c �L�Q �W�K�H �R�S�S�R�V�L�W�H �G�L�U�H�F�W�L�R�Q�� �–�Q �W�K�H

�P�R�V�W �H�[�W�U�H�P�H �F�D�V�H�� �W�K�H �V�\�V�W�H�P �V�X�S�S�R�U�W�V �G�L�V�V�L�S�D�W�L�R�Q�O�H�V�V �F�X�U�U�H�Q�W �R�Q�O�\ �I�R�U �R�Q�H �S�R�O�D�U�L�W�\�� �H�•�H�F�W�L�Y�H�O�\ �U�H�D�O�L�]�L�Q�J �D ���V�X�S�H�U��

�F�R�Q�G�X�F�W�L�Q�J �G�L�R�G�H���� �–�Q �F�R�Q�W�U�D�V�W �W�R �W�K�H �F�R�Q�Y�H�Q�W�L�R�Q�D�O �-�R�V�H�S�K�V�R�Q �H�•�H�F�W�� �Z�K�L�F�K �L�V �V�\�P�P�H�W�U�L�F �X�Q�G�H�U �F�X�U�U�H�Q�W �U�H�Y�H�U�V�D�O�� �W�K�H

�6�'�( �H�P�H�U�J�H�V �Z�K�H�Q �L�Q�Y�H�U�V�L�R�Q �V�\�P�P�H�W�U�\ �L�V �E�U�R�N�H�Q �D�Q�G�� �L�Q �P�R�V�W �U�H�D�O�L�]�D�W�L�R�Q�V �U�H�O�H�Y�D�Q�W �V�R �I�D�U�� �W�L�P�H���U�H�Y�H�U�V�D�O �V�\�P�P�H�W�U�\ �L�V

�D�O�V�R �E�U�R�N�H�Q �E�\ �P�D�J�Q�H�W�L�F �4�H�O�G�V �R�U �H�[�F�K�D�Q�J�H �4�H�O�G�V �>������ �������� �������� �������� �������� �@�� �7�K�H �P�L�F�U�R�V�F�R�S�L�F �R�U�L�J�L�Q �R�I �W�K�L�V �H�•�H�F�W �O�L�H�V �L�Q

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

�–�Q �W�K�L�V �F�R�Q�W�H�[�W�� �D�V �V�K�R�Z�Q �L�Q�)�L�J�� ���������� �V�S�L�Q �S�X�P�S�L�Q�J �D�W �U�H�V�R�Q�D�Q�F�H �J�H�Q�H�U�D�W�H�V �D�Q �L�Q�W�H�U�I�D�F�L�D�O �V�S�L�Q���V�S�O�L�W�W�L�Q�J �4�H�O�G�K�� �D�Q�G

�D�O�V�R �L�Q�G�X�F�H�V �5�D�V�K�E�D �V�S�L�Q���R�U�E�L�W �F�R�X�S�O�L�Q�J ���5�6�2�&�� �R�I �V�W�U�H�Q�J�W�K� R �F�K�D�U�D�F�W�H�U�L�]�H�G �E�\ �W�K�H �Y�H�F�W�R�U�QR �D�O�R�Q�J �W�K�H �V�S�L�Q �S�X�P�S�L�Q�J

�G�L�U�H�F�W�L�R�Q�� �7�K�H �L�Q�G�X�F�H�G �4�H�O�G�V �F�D�Q �E�H �U�H�J�D�U�G�H�G �D�V �V�S�D�W�L�D�O�O�\ �X�Q�L�I�R�U�P �R�Q �W�K�H �V�F�D�O�H �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �F�R�K�H�U�H�Q�F�H

�O�H�Q�J�W�K��� (T) = � (0)/
p

1 � T/ Tc �>������ �@�� �–�Q �W�K�H �I�R�O�O�R�Z�L�Q�J�� �Z�H �Q�H�J�O�H�F�W �W�K�H �L�Q�Y�H�U�V�H �S�U�R�[�L�P�L�W�\ �H�•�H�F�W �D�Q�G �D�V�V�X�P�H �W�K�D�W

������



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

�V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �S�K�D�V�H���� �G�H�V�F�U�L�E�H�G �E�\ �D �V�S�D�W�L�D�O�O�\ �P�R�G�X�O�D�W�H�G �R�U�G�H�U �S�D�U�D�P�H�W�H�U	( �U) = 	 0ei �T� �U/ �qh �� �7�K�L�V �F�D�Q �E�H �F�D�S�W�X�U�H�G

�E�\ �W�K�H �I�R�O�O�R�Z�L�Q�J �H�[�S�D�Q�V�L�R�Q �R�I �W�K�H �I�U�H�H �H�Q�H�U�J�\ �G�H�Q�V�L�W�\ �>������ �������� �������� �@��

FS (�T) =
�

a0 + a1[�QR � �K] � �T+ a2q2 + a3[�QR � �K] � �T3 + O(q4)
�

j	 j2; ����������

�Z�K�H�U�H�T�L�V �W�K�H �F�R�Q�G�H�Q�V�D�W�H �P�R�P�H�Q�W�X�P���QR �W�K�H �5�D�V�K�E�D �Y�H�F�W�R�U�� �D�Q�G �W�K�H �F�R�H�]�F�L�H�Q�W�Vai �D�U�H �P�D�W�H�U�L�D�O���G�H�S�H�Q�G�H�Q�W �S�D��

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

�Ms = 2e
�F S

� �T
= 2ej	 j2

�
a1[�QR � �K] + 2a2�T+ 3a3[�QR � �K]q2

�
: ����������

�)�R�U �D�Q �U�I �4�H�O�G �G�H�V�F�U�L�E�H�G �E�\ �Y�H�F�W�R�U �S�R�W�H�Q�W�L�D�O�$(t)�� �W�K�H �F�R�Q�G�H�Q�V�D�W�H �P�R�P�H�Q�W�X�P �L�V�T = r � + � 0
2� �$(t)�� �Z�K�H�U�H� �L�V

�W�K�H �R�U�G�H�U �S�D�U�D�P�H�W�H�U �S�K�D�V�H�� �$�G�G�L�W�L�R�Q�D�O�O�\�� �W�K�H �K�H�O�L�F�D�O �V�W�D�W�H �L�V �H�P�E�H�G�G�H�G �L�Q �W�K�H �R�G�G �W�H�U�P�Va1;3 / � R �� �7�L�P�H���D�Y�H�U�D�J�L�Q�J

�W�K�H�V�H �R�G�G �W�H�U�P�V �F�R�Q�V�H�U�Y�H�V �R�Q�O�\ �W�K�H �F�X�E�L�F �W�H�U�P �Z�K�L�F�K �\�L�H�O�G�V �D �4�Q�L�W�H �G�F �F�R�Q�W�U�L�E�X�W�L�R�Q��

j s
dc / a3 [�QR � �K] A(t)2; ����������

�Z�K�L�F�K �U�H�S�U�R�G�X�F�H�V �W�K�H �S�K�H�Q�R�P�H�Q�R�O�R�J�\ �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �G�L�R�G�H �H�•�H�F�W��A(t)2 �G�H�Q�R�W�H�V �W�K�H �W�L�P�H���D�Y�H�U�D�J�H�G �V�T�X�D�U�H

�R�I �W�K�H �U�I �Y�H�F�W�R�U �S�R�W�H�Q�W�L�D�O�� �7�K�H �G�H�W�D�L�O�H�G �G�H�U�L�Y�D�W�L�R�Q �I�U�R�P �W�K�H �S�K�H�Q�R�P�H�Q�R�O�R�J�L�F�D�O �P�R�G�H�O �L�V �S�U�R�Y�L�G�H�G �L�Q �>������ �@��

�)�L�J�X�U�H ���������� �6���) �E�L�O�D�\�H�U �D�W �I�H�U�U�R�P�D�J�Q�H�W�L�F �U�H�V�R�Q�D�Q�F�H�� �$�Q �U�I �Z�D�Y�H �R�I �Y�H�F�W�R�U �S�R�O�D�U�L�]�H�G �W�K�Hxy ���S�O�D�Q�H�� �Z�L�W�K �D �S�R�W�H�Q�W�L�D�O
�$(t)�� �V�K�L�Q�H�V �D�W �W�K�H �E�L�O�D�\�H�U�� �7�K�H �) �O�D�\�H�U �K�D�V �S�O�D�\�V �D �G�R�X�E�O�H �U�R�O�H�� �L�W �L�Q�M�H�F�W�V �D �S�X�U�H���V�S�L�Q �F�X�U�U�H�Q�W �L�Q�W�R �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U �6
�O�D�\�H�U �Y�L�D �V�S�L�Q �S�X�P�S�L�Q�J�� �W�K�H�U�H�I�R�U�H �L�Q�G�X�F�L�Q�J �D �V�S�L�Q �V�S�O�L�W�W�L�Q�J �4�H�O�Gh�� �D�Q�G �F�U�H�D�W�H�V �W�K�H �5�D�V�K�E�D���6�2�& �D�W �W�K�H �L�Q�W�H�U�I�D�F�H �L�Q �W�K�H
�G�L�U�H�F�W�L�R�QnR �� �–�Q �6�� �W�K�H �S�K�R�W�R�J�D�O�Y�D�Q�L�F �H�•�H�F�W �U�H�F�W�L�4�H�V �W�K�Hj s

dc �V�X�S�H�U�F�X�U�U�H�Q�W �H�[�F�L�W�H�G �E�\ �W�K�H �U�I �4�H�O�G�� �H�•�H�F�W�L�Y�H�O�\ �F�U�H�D�W�L�Q�J
�D�Q �R�S�S�R�V�L�Q�J �Q�R�U�P�D�O �F�X�U�U�H�Q�W �R�I �T�X�D�V�L�S�D�U�W�L�F�O�H�Vj n

dc �� �)�L�J�X�U�H �F�R�X�U�W�H�V�\ �R�I �9�� �3�O�D�V�W�R�Y�H�W�V �D�Q�G �$�� �%�X�]�G�L�Q��

�<�H�W �L�Q �R�X�U �H�[�S�H�U�L�P�H�Q�W�V�� �L�W���V �Q�R�W �W�K�H �L�Q�G�X�F�H�G �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �F�X�U�U�H�Q�W �W�K�D�W �Z�H �D�U�H �D�E�O�H �W�R �P�H�D�V�X�U�H�� �E�X�W �L�W�V �Q�R�U�P�D�O

�F�X�U�U�H�Q�W �U�H�F�W�L�4�F�D�W�L�R�Qj n
dc �� �–�Q �I�D�F�W�� �W�K�H �D�S�S�O�L�H�G �U�I �U�D�G�L�D�W�L�R�Q �D�F�W�V �R�Q �W�K�H �6���) �E�L�O�D�\�H�U �L�Q �W�Z�R �G�L�V�W�L�Q�F�W �Z�D�\�V�� �)�L�U�V�W�� �L�W �G�U�L�Y�H�V

������



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

�J�H�Q�H�U�D�W�L�Q�J �D�Q �H�•�H�F�W�L�Y�H �V�S�L�Q���V�S�O�L�W�W�L�Q�J �4�H�O�G�K�� �D�V �G�H�V�F�U�L�E�H�G �D�E�R�Y�H�� �7�K�H �P�D�J�Q�L�W�X�G�H �R�I�K �L�V �P�D�[�L�P�L�]�H�G �X�Q�G�H�U �)�0�5

�F�R�Q�G�L�W�L�R�Q�V�� �D�Q�G �L�W�V �V�S�D�W�L�D�O �H�[�W�H�Q�W �Z�L�W�K�L�Q �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U �L�V �F�R�Q�W�U�R�O�O�H�G �E�\ �W�K�H �F�R�K�H�U�H�Q�F�H �O�H�Q�J�W�K� (T)�� �&�O�R�V�H �W�R

�W�K�H �F�U�L�W�L�F�D�O �W�H�P�S�H�U�D�W�X�U�HTc��� (T) �F�D�Q �H�[�F�H�H�G �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U �W�K�L�F�N�Q�H�V�V ��� (T) = � (0)/
p

1 � T/ Tc �G�L�Y�H�U�J�H�V �D�WTc����

�I�D�Y�R�U�L�Q�J �W�K�H �I�R�U�P�D�W�L�R�Q �R�I �W�K�H �K�H�O�L�F�D�O �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�W�D�W�H �I�R�U! � ! �)�0�5 �D�Q�GT � Tc�� �6�H�F�R�Q�G�� �W�K�H �V�D�P�H �U�I �4�H�O�G �H�[�F�L�W�H�V

�D �V�X�S�H�U�F�X�U�U�H�Q�W �L�Q �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �O�D�\�H�U�� �Z�K�L�F�K �L�V �S�D�U�W�L�D�O�O�\ �U�H�F�W�L�4�H�G �G�X�H �W�R �W�K�H �S�U�R�S�H�U�W�L�H�V �R�I �W�K�H �K�H�O�L�F�D�O �S�K�D�V�H�� �7�K�H

�U�H�V�X�O�W�L�Q�J �G�F �F�R�P�S�R�Q�H�Q�W �R�I �W�K�H �V�X�S�H�U�F�X�U�U�H�Q�W��j s
dc �� �G�H�S�H�Q�G�V �R�Q �E�R�W�K �W�K�H �5�D�V�K�E�D �V�S�L�Q���R�U�E�L�W �F�R�X�S�O�L�Q�J �V�W�U�H�Q�J�W�K� R �D�Q�G

�W�K�H �V�S�L�Q���V�S�O�L�W�W�L�Q�J �4�H�O�G�K���V�H�H�(�T�� �������������� �%�H�F�D�X�V�H �W�K�H �W�R�W�D�O �L�Q���S�O�D�Q�H �G�F �F�X�U�U�H�Q�W �P�X�V�W �Y�D�Q�L�V�K ���Z�H �H�•�H�F�W�L�Y�H�O�\ �K�D�Y�H �D �F�O�R�V�H�G

�O�R�R�S���� �W�K�L�V �V�X�S�H�U�F�X�U�U�H�Q�Wj s
dc �L�V �F�R�P�S�H�Q�V�D�W�H�G �E�\ �D �T�X�D�V�L�S�D�U�W�L�F�O�H �F�R�X�Q�W�H�U�5�R�Zj n

dc �W�R �U�H�F�W�L�I�\ �L�W�� �7�K�H �E�D�F�N�5�R�Z �S�U�R�G�X�F�H�V �D

�P�H�D�V�X�U�D�E�O�H �G�F �Y�R�O�W�D�J�HVdc(T)�� �Z�K�L�F�K �H�[�K�L�E�L�W�V �D �S�H�D�N �Q�H�D�UTc�� �&�U�X�F�L�D�O�O�\�� �W�K�L�V �U�H�F�W�L�4�F�D�W�L�R�Q �S�U�R�F�H�V�V �G�R�H�V �Q�R�W �U�H�O�\ �R�Q �W�K�H

�L�Q�Y�H�U�V�H �V�S�L�Q �+�D�O�O �H�•�H�F�W ���–�6�+�(�� �D�Q�G �P�X�V�W �E�H �W�U�H�D�W�H�G �D�V �D�Q �L�Q�G�H�S�H�Q�G�H�Q�W �F�R�Q�W�U�L�E�X�W�L�R�Q�� �7�K�H �Q�H�W �T�X�D�V�L�S�D�U�W�L�F�O�H �F�X�U�U�H�Q�W

�W�K�X�V �W�D�N�H�V �W�K�H �I�R�U�Pj n
dc + j �–�6�+�(�� �:�L�W�K �W�K�H �U�H�G�X�F�W�L�R�Q �R�I �–�6�+�(�� �D�V �L�Q�G�L�F�D�W�H�G �E�\ �W�K�H �G�D�P�S�L�Q�J �G�U�R�S �V�H�H�Q �L�Q �W�K�H �)�0�5 �G�D�W�D��

�W�K�H �P�H�D�V�X�U�H�G �Y�R�O�W�D�J�H �R�U�L�J�L�Q�D�W�H�V �S�X�U�H�O�\ �I�U�R�P �W�K�H �L�Q�W�U�L�Q�V�L�F �G�L�R�G�H �H�•�H�F�W �>������ �������� �@��

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

�F�R�Q�G�X�F�W�L�Q�J �G�L�R�G�H �H�•�H�F�W �D�Q�G �D �P�D�J�Q�H�W�R�H�O�H�F�W�U�L�F �F�R�X�S�O�L�Q�J �E�H�W�Z�H�H�Q �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �F�X�U�U�H�Q�W�V �D�Q�G �W�K�H �I�H�U�U�R�P�D�J�Q�H�W���V

�P�D�J�Q�H�W�L�]�D�W�L�R�Q�� �:�L�W�K�L�Q �W�K�L�V �I�U�D�P�H�Z�R�U�N�� �W�K�H �Y�R�O�W�D�J�H �S�H�D�N �R�E�V�H�U�Y�H�G �L�Q �R�X�U �6���) �E�L�O�D�\�H�U�V �L�V �Q�D�W�X�U�D�O�O�\ �H�[�S�O�D�L�Q�H�G �E�\ �W�K�H

�L�Q�W�U�L�Q�V�L�F �G�L�R�G�H �H�•�H�F�W�� �Z�K�L�O�H �W�K�H �F�R�Q�F�X�U�U�H�Q�W �G�D�P�S�L�Q�J �U�H�G�X�F�W�L�R�Q �U�H�P�D�L�Q�V �W�K�H �4�Q�J�H�U�S�U�L�Q�W �R�I �V�X�S�S�U�H�V�V�H�G �V�S�L�Q �S�X�P�S�L�Q�J

�L�Q�W�R �W�K�H �J�D�S�S�H�G �T�X�D�V�L�S�D�U�W�L�F�O�H �V�S�H�F�W�U�X�P�� �7�K�H �D�S�S�D�U�H�Q�W �G�L�V�F�U�H�S�D�Q�F�\ �E�H�W�Z�H�H�Q �W�K�H �W�Z�R �S�U�R�E�H�V �W�K�H�U�H�I�R�U�H �4�Q�G�V �U�H�V�R�O�X��

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

�W�U�D�Q�V�I�H�U �L�Q�W�R �T�X�D�V�L�S�D�U�W�L�F�O�H�V�� �W�K�H �O�D�W�W�H�U �R�U�L�J�L�Q�D�W�L�Q�J �I�U�R�P �U�H�F�W�L�4�F�D�W�L�R�Q �L�Q �W�K�H �K�H�O�L�F�D�O �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �F�R�Q�G�H�Q�V�D�W�H��

�/�R�R�N�L�Q�J �E�D�F�N �D�W �W�K�H�R�G�G�Y�R�O�W�D�J�H �G�H�S�H�Q�G�H�Q�F�H �L�Q�4�J�X�U�H ���������G�� �Z�H �F�D�Q �Q�R�Z �H�[�S�O�D�L�Q �L�W�V �G�H�S�H�Q�G�H�Q�F�H �D�V �I�R�O�O�R�Z�V�� �D

�U�R�X�J�K�O�\ �F�R�Q�V�W�D�Q�W� V�–�6�+�(�L�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H�� �I�R�O�O�R�Z�H�G �E�\ �D �S�H�D�N �L�Q� V�K�H�O�L�F�D�O�D�W �W�K�H �R�Q�V�H�W �R�I �W�K�H �W�U�D�Q�V�L�W�L�R�Q �L�Q�W�R �W�K�H

�V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�W�D�W�H�� �%�\ �W�K�H �W�L�P�H �Z�H �U�H�D�F�KTc�� � V�–�6�+�(= 0 �� �\�H�W� V�K�H�O�L�F�D�O6= 0 �E�X�W �Y�D�Q�L�V�K�H�V �J�U�D�G�X�D�O�O�\ �E�H�F�D�X�V�H

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

�W�H�P�S�H�U�D�W�X�U�H�V��

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

�L�P�H�Q�W�V �>������ �������� �������� �������� �@�� �2�X�U �U�H�V�X�O�W�V �D�U�H �D�O�V�R �L�Q�W�H�U�H�V�W�L�Q�J �E�H�F�D�X�V�H �W�K�H�\ �V�K�R�Z �R�Q�H �R�I �W�K�H �K�L�J�K�H�V�W �V�S�L�Q���W�R���F�K�D�U�J�H

�F�R�Q�Y�H�U�V�L�R�Q �H�]�F�L�H�Q�F�L�H�V�� �–�W �Z�R�X�O�G �E�H �Q�R�Z �L�Q�W�H�U�H�V�W�L�Q�J �W�R �L�Q�Y�H�V�W�L�J�D�W�H �W�K�H �U�H�F�L�S�U�R�F�D�O �H�•�H�F�W�� �W�K�D�W �L�V�� �W�K�H �J�H�Q�H�U�D�W�L�R�Q �R�I �V�S�L�Q

�D�F�F�X�P�X�O�D�W�L�R�Q �E�\ �D �V�X�S�H�U�F�X�U�U�H�Q�W��

�������� �&�R�Q�F�O�X�V�L�R�Q

�:�H �K�D�Y�H �V�K�R�Z�Q �W�K�D�W �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q �H�[�H�U�W�V �D �G�L�U�H�F�W �L�Q�5�X�H�Q�F�H �R�Q �P�D�J�Q�H�W�L�]�D�W�L�R�Q �G�\�Q�D�P�L�F�V �D�Q�G �V�S�L�Q���W�R��

�F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q �L�Q �E�R�W�K �<�–�*���0�R�6�L �D�Q�G �<�%�&�2���3�\ �E�L�O�D�\�H�U�V�� �–�Q �<�–�*���0�R�6�L�� �W�K�H �R�E�V�H�U�Y�H�G �U�H�G�X�F�W�L�R�Q �R�I �*�L�O�E�H�U�W �G�D�P�S�L�Q�J

������



�D�Q�G �H�•�H�F�W�L�Y�H �V�S�L�Q���P�L�[�L�Q�J �F�R�Q�G�X�F�W�D�Q�F�H �D�F�U�R�V�VTc �U�H�5�H�F�W �W�K�H �V�X�S�S�U�H�V�V�L�R�Q �R�I �V�S�L�Q���F�X�U�U�H�Q�W �D�E�V�R�U�S�W�L�R�Q �L�Q �W�K�H �V�X�S�H�U��

�F�R�Q�G�X�F�W�L�Q�J �V�W�D�W�H�� �F�R�Q�V�L�V�W�H�Q�W �Z�L�W�Ks���Z�D�Y�H �%�&�6 �S�K�H�Q�R�P�H�Q�R�O�R�J�\ �>������ �� ������ �� ������ �@�� �–�Q �<�%�&�2���3�\�� �W�K�H �L�Q�W�H�U�S�O�D�\ �E�H�W�Z�H�H�Q

�L�Q�W�H�U�I�D�F�L�D�O �U�R�X�J�K�Q�H�V�V��d���Z�D�Y�H �J�D�S �D�Q�L�V�R�W�U�R�S�\�� �D�Q�G �P�L�[�H�G �V�S�L�Q �L�Q�M�H�F�W�L�R�Q �G�L�U�H�F�W�L�R�Q�V �O�H�D�G�V �W�R �D�G�G�L�W�L�R�Q�D�O �G�L�V�V�L�S�D�W�L�R�Q

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

�F�R�Q�Y�H�U�V�L�R�Q �P�H�D�V�X�U�H�P�H�Q�W�V �F�R�P�S�O�H�P�H�Q�W �W�K�H�V�H �4�Q�G�L�Q�J�V�� �G�H�P�R�Q�V�W�U�D�W�L�Q�J �W�K�D�W �Z�K�L�O�H �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �J�D�S �U�H�G�X�F�H�V

�V�S�L�Q �S�X�P�S�L�Q�J �H�]�F�L�H�Q�F�\�� �H�Q�K�D�Q�F�H�G �F�R�Q�Y�H�U�V�L�R�Q �V�L�J�Q�D�O�V �F�D�Q �V�W�L�O�O �E�H �G�H�W�H�F�W�H�G�� �Z�K�L�F�K �Z�H �H�[�S�O�D�L�Q �W�K�U�R�X�J�K �W�K�H �S�K�R�W�R�J�D�O��

�Y�D�Q�L�F �U�H�F�W�L�4�F�D�W�L�R�Q �P�H�F�K�D�Q�L�V�P �L�Q�W�U�L�Q�V�L�F �W�R �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�W�D�W�H�� �&�U�X�F�L�D�O�O�\�� �W�K�H �Y�R�O�W�D�J�H �S�H�D�N �E�H�K�D�Y�L�R�U �E�H�O�R�ZTc

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

�Q�R�G�D�O �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�V�� �S�U�R�Y�L�G�H�V �Q�H�Z �L�Q�V�L�J�K�W�V �L�Q�W�R �K�R�Z �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\ �U�H�V�K�D�S�H�V �G�\�Q�D�P�L�F �V�S�L�Q �W�U�D�Q�V�S�R�U�W �D�F�U�R�V�V

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

�D�F�F�X�P�X�O�D�W�L�R�Q �E�\ �D �V�X�S�H�U�F�X�U�U�H�Q�W��

������



�&�K�D�S�W�H�U ��

�0�D�J�Q�H�W�L�]�D�W�L�R�Q �'�\�Q�D�P�L�F�V �L�Q �(�S�L�W�D�[�L�D�O

�/�6�0�2���<�%�&�2 �%�L�O�D�\�H�U�V

������ �$�E�V�W�U�D�F�W

�–�Q �W�K�L�V �F�K�D�S�W�H�U�� �Z�H �H�[�W�H�Q�G �R�X�U �)�0�5 �V�W�X�G�\ �R�I �<�%�&�2���E�D�V�H�G �6���) �E�L�O�D�\�H�U�V�� �E�\ �X�V�L�Q�J �W�K�H �K�D�O�I���P�H�W�D�O�O�L�F �I�H�U�U�R�P�D�J�Q�H�W �/�6�0�2

�D�O�O�R�Z�L�Q�J �I�R�U �W�K�H �L�Q�M�H�F�W�L�R�Q �R�I �R�Q�H �V�S�L�Q �S�R�S�X�O�D�W�L�R�Q�� �–�Q �F�R�Q�W�U�D�V�W �W�R �W�K�H �S�U�H�Y�L�R�X�V �F�K�D�S�W�H�U �Z�K�H�U�H �Z�H �D�Q�D�O�\�]�H�G �V�D�P�S�O�H�V

�Z�L�W�K �S�R�O�\�F�U�\�V�W�D�O�O�L�Q�H �3�\ �J�U�R�Z�Q �H�[���V�L�W�X �R�Q �<�%�&�2�� �L�Q �W�K�L�V �F�K�D�S�W�H�U �Z�H �V�Z�L�W�F�K�H�G �W�R �J�U�R�Z �<�%�&�2���/�6�0�2 �E�L�O�D�\�H�U�V �H�S�L�W�D�[�L�D�O�O�\

�D�Q�G �L�Q���V�L�W�X �E�\ �3�/�'�� �:�H �X�V�H�G �1�*�2(110) �D�Q�G �1�*�2(100) �V�X�E�V�W�U�D�W�H�V�� �H�D�F�K �\�L�H�O�G�L�Q�J �D �G�L�•�H�U�H�Q�W �F�U�\�V�W�D�O �R�U�L�H�Q�W�D�W�L�R�Q �R�I �<�%�&�2

�D�Q�G �/�6�0�2�� �D�Q�G �V�X�E�V�H�T�X�H�Q�W�O�\ �G�L�•�H�U�H�Q�W �L�Q�W�H�U�I�D�F�L�D�O �S�U�R�S�H�U�W�L�H�V�� �;�5�' �D�Q�G �6�7�(�0 �V�F�D�Q�V �F�R�Q�4�U�P�H�G �W�K�H �H�S�L�W�D�[�L�D�O �J�U�R�Z�W�K

�D�V �Z�H�O�O �D�V �D�W�R�P�L�F�D�O�O�\ �D�E�U�X�S�W �L�Q�W�H�U�I�D�F�H�V�� �D�Q�GR(T) �P�H�D�V�X�U�H�P�H�Q�W�V �Y�D�O�L�G�D�W�H�G �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\ �L�Q �W�K�L�F�N �<�%�&�2 �O�D�\�H�U�V

�Z�K�L�O�H �W�K�L�Q �<�%�&�2 �U�H�P�D�L�Q�H�G �Q�R�U�P�D�O �I�R�U �U�H�I�H�U�H�Q�F�H �V�D�P�S�O�H�V�� �'�\�V�R�Q�L�D�Q �4�W�V �R�I �)�0�5 �P�H�D�V�X�U�H�P�H�Q�W�V �\�L�H�O�G �O�L�Q�H�D�U� Hpp(f )

�U�H�O�D�W�L�R�Q�V �Z�L�W�K �O�R�Z �G�L�V�S�H�U�V�L�R�Q�� �H�Q�D�E�O�L�Q�J �U�H�O�L�D�E�O�H �H�[�W�U�D�F�W�L�R�Q �R�I� �D�Q�G� H0�� �Z�K�L�O�H �.�L�W�W�H�O �4�W�V �\�L�H�O�GM �H�I�I�D�Q�GHa ��

�2�Q �1�*�2(110)�� �Z�K�H�U�H �<�%�&�2 �J�U�R�Z�V �D�O�R�Q�J �W�K�Hc���D�[�L�V �R�U�L�H�Q�W�D�W�L�R�Q�� �W�K�U�H�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �E�L�O�D�\�H�U�V �G�L�V�S�O�D�\ �D �U�R�E�X�V�W

�L�Q�F�U�H�D�V�H �L�Q �W�K�H �*�L�O�E�H�U�W �G�D�P�S�L�Q�J� �S�U�H�F�L�V�H�O�\ �E�H�O�R�ZTc�� �I�R�O�O�R�Z�H�G �E�\ �D �O�R�Z���W�H�P�S�H�U�D�W�X�U�H �S�H�D�N �Q�H�D�U� 50�.�� �D�I�W�H�U �Z�K�L�F�K

� �G�U�R�S�V �J�U�D�G�X�D�O�O�\�� �7�K�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J �V�S�L�Q �S�X�P�S�L�Q�J �F�R�Q�W�U�L�E�X�W�L�R�Q� �V�S= � �/�6�0�2/ �<�%�&�2� � �/�6�0�2 �U�L�V�H�V �V�K�D�U�S�O�\ �D�WTc �I�R�U �D�O�O

�W�K�L�F�N�Q�H�V�V�H�V�� �:�H �D�V�V�H�V�V�H�G �S�R�V�V�L�E�O�H �P�L�F�U�R�V�F�R�S�L�F �V�S�L�Q���V�L�Q�N �F�K�D�Q�Q�H�O�V�� �$ �T�X�D�V�L�S�D�U�W�L�F�O�H���G�R�P�L�Q�D�W�H�G �P�H�F�K�D�Q�L�V�P �Z�R�X�O�G

�U�H�G�X�F�H �V�S�L�Q �D�E�V�R�U�S�W�L�R�Q �X�S�R�Q �F�R�R�O�L�Q�J �E�H�O�R�ZTc�� �Z�K�L�F�K �F�R�Q�W�U�D�G�L�F�W�V �R�X�U �G�D�P�S�L�Q�J �G�D�W�D �>���������� �������� �@�� �6�X�U�I�D�F�H �$�Q�G�U�H�H�Y

�E�R�X�Q�G �V�W�D�W�H�V �Z�R�X�O�G �U�H�T�X�L�U�H �L�Q�M�H�F�W�L�R�Q �S�D�W�K�V �L�Q �W�K�H �D�Q�L�V�R�W�U�R�S�L�F(ab)���S�O�D�Q�H �R�I �<�%�&�2�� �Z�K�L�F�K �D�U�H �Q�R�W �V�X�S�S�R�U�W�H�G �E�\ �R�X�Uc��

�D�[�L�V �H�S�L�W�D�[�\�� �V�P�R�R�W�K �P�R�U�S�K�R�O�R�J�\�� �D�Q�G �W�K�H �P�H�D�V�X�U�H�G �W�H�P�S�H�U�D�W�X�U�H �W�U�H�Q�G�V �>���@�� �2�W�K�H�U �L�Q�W�H�U�I�D�F�H���E�R�X�Q�G �T�X�D�V�L���S�D�U�W�L�F�O�H�V

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

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

�H�T�X�D�O���V�S�L�Q �W�U�L�S�O�H�W �S�D�L�U�V �J�H�Q�H�U�D�W�H�G �D�W �W�K�H �L�Q�W�H�U�I�D�F�H�� �Z�K�L�F�K �Q�D�W�X�U�D�O�O�\ �D�F�F�R�X�Q�W�V �I�R�U �W�K�H �P�R�Q�R�W�R�Q�L�F �H�Q�K�D�Q�F�H�P�H�Q�W �R�I�

������



�E�H�O�R�ZTc �D�Q�G �K�D�V �E�H�H�Q �H�Y�L�G�H�Q�F�H�G �S�U�H�Y�L�R�X�V�O�\ �D�Wc���D�[�L�V���<�%�&�2���/�6�0�2 �L�Q�W�H�U�I�D�F�H�V �>������ �@��

�(�[�S�O�R�U�D�W�R�U�\ �J�U�R�Z�W�K �R�Q �1�*�2(100) �O�H�D�G�V �W�R(110)���R�U�L�H�Q�W�H�G �<�%�&�2�� �Z�K�L�F�K �D�O�O�R�Z�V �I�R�U �W�K�H �H�[�S�R�V�X�U�H �R�I �W�K�H(ab)���S�O�D�Q�H �R�I

�<�%�&�2 �W�R �W�K�H �L�Q�W�H�U�I�D�F�H�� �7�K�H �U�H�V�X�O�W�L�Q�J� (T) �E�H�K�D�Y�L�R�U �V�K�R�Z�V �D �G�U�R�S �M�X�V�W �E�H�O�R�ZTc �I�R�O�O�R�Z�H�G �E�\ �D�Q �L�Q�F�U�H�D�V�H�� �U�H�P�L�Q�L�V�F�H�Q�W

�R�I �D �W�Z�R���F�K�D�Q�Q�H�O �L�Q�M�H�F�W�L�R�Q �W�K�U�R�X�J�K �T�X�D�V�L�S�D�U�W�L�F�O�H�V �D�Q�G �$�Q�G�U�H�H�Y �E�R�X�Q�G �V�W�D�W�H�V �D�V �G�L�V�F�X�V�V�H�G �I�R�U �<�%�&�2���3�\ �L�Q�F�K�D�S�W�H�U ���>���@��

�$�G�G�L�W�L�R�Q�D�O �F�R�Q�W�U�R�O�O�H�G �V�D�P�S�O�H�V �D�Q�G �L�Q���S�O�D�Q�H �D�Q�J�O�H���G�H�S�H�Q�G�H�Q�W �)�0�5 �D�U�H �Q�H�H�G�H�G �W�R �F�R�P�S�O�H�W�H �W�K�H �V�W�X�G�\ �R�Q �1�*�2(100)��

�E�D�V�H�G �V�D�P�S�O�H�V��

������ �0�D�W�H�U�L�D�O�V �F�K�R�L�F�H

�%�X�L�O�G�L�Q�J �R�Q �W�K�H �V�W�X�G�\ �F�R�P�S�D�U�L�Q�J �W�K�H �H�•�H�F�W �R�I �V�S�L�Q �S�X�P�S�L�Q�J �R�Q�W�Rs���Z�D�Y�H �D�Q�Gd���Z�D�Y�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�V �L�Q�F�K�D�S�W�H�U ����

�Z�H �L�Q�W�H�Q�G�H�G �W�R �S�X�V�K �I�X�U�W�K�H�U �R�X�U �V�W�X�G�\ �R�Q �W�K�Hd���Z�D�Y�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�� �<�%�&�2�� �Z�L�W�K �D �G�L�•�H�U�H�Q�W �I�H�U�U�R�P�D�J�Q�H�W �Z�K�L�F�K

�L�V �D �K�D�O�I���P�H�W�D�O ���/�6�0�2���� �7�K�H �K�D�O�I���P�H�W�D�O�O�L�F �Q�D�W�X�U�H �R�I �/�6�0�2 �O�H�D�G�V �W�R100�� �V�S�L�Q �S�R�O�D�U�L�]�D�W�L�R�Q�� �F�R�P�S�D�U�H�G �W�R �W�K�H �O�R�Z�H�U

�V�S�L�Q �S�R�O�D�U�L�]�D�W�L�R�Q �R�I �3�\ �D�Q�G �<�–�* �X�V�H�G �S�U�H�Y�L�R�X�V�O�\�� �$�G�G�L�W�L�R�Q�D�O�O�\ �D�Q�G �L�P�S�R�U�W�D�Q�W�O�\�� �/�6�0�2 �K�D�V �E�H�H�Q �V�K�R�Z�Q �W�R �K�R�V�W �V�S�L�Q��

�W�U�L�S�O�H�W�V �Z�K�H�Q �L�Q�W�H�U�I�D�F�H�G �Z�L�W�K �<�%�&�2 �L�Q �W�K�Hc���D�[�L�V �R�U�L�H�Q�W�D�W�L�R�Q �>������ �@�� �Z�K�L�F�K �R�•�H�U�V �D �Q�H�Z �V�S�L�Q���V�L�Q�N�L�Q�J �F�K�D�Q�Q�H�O �L�Q�W�R �<�%�&�2��

�$�G�G�L�W�L�R�Q�D�O �D�G�Y�D�Q�W�D�J�H�V �R�I �W�K�L�V �V�\�V�W�H�P �L�V �W�K�H �D�E�L�O�L�W�\ �W�R �F�R�Q�W�U�R�O �S�U�H�F�L�V�H�O�\ �W�K�H �L�Q�W�H�U�I�D�F�H �W�K�U�R�X�J�K �L�Q���V�L�W�X �3�/�' �J�U�R�Z�W�K �D�Q�G

�W�K�H �J�R�R�G �O�D�W�W�L�F�H �P�D�W�F�K�L�Q�J �R�I �/�6�0�2 �D�Q�G �<�%�&�2 �>���� �� ������ �@�� �:�H �K�D�G �G�L�V�F�X�V�V�H�G �W�K�H �P�D�W�F�K�L�Q�J �R�I �<�%�&�2 �D�Q�G �/�6�0�2 �L�Q

�P�R�U�H �G�H�W�D�L�O �L�Q�6�H�F�W�L�R�Q ������������ �Z�K�H�U�H �Z�H �D�O�V�R �F�R�Y�H�U�H�G �W�K�H �F�K�R�L�F�H �R�I �1�*�2 �D�V �W�K�H �V�X�E�V�W�U�D�W�H�� �7�K�H �U�H�D�V�R�Q�V �I�R�U �W�K�L�V �F�K�R�L�F�H

�E�R�L�O �G�R�Z�Q �W�R �W�K�H �J�R�R�G �O�D�W�W�L�F�H �P�D�W�F�K�L�Q�J �R�I �1�*�2 �Z�L�W�K �E�R�W�K �/�6�0�2 �D�Q�G �<�%�&�2 �>������ �@�� �D�Q�G �W�K�H �O�R�Z �G�L�H�O�H�F�W�U�L�F �F�R�Q�V�W�D�Q�W

� NGO �Z�K�L�F�K �U�H�G�X�F�H�V �L�W�V �U�I �D�E�V�R�U�S�W�L�R�Q �P�D�N�L�Q�J �L�W �D �G�H�V�L�U�D�E�O�H �V�X�E�V�W�U�D�W�H �I�R�U �)�0�5 �H�[�S�H�U�L�P�H�Q�W�V �>������ �� ������ �@�� �:�H �4�U�V�W

�F�K�R�V�H �W�K�H(110)���R�U�L�H�Q�W�H�G �1�*�2 �V�X�E�V�W�U�D�W�H �L�Q �R�U�G�H�U �W�R �J�U�R�Zc���D�[�L�V �<�%�&�2 �>������ �@�� �Z�K�L�F�K �L�V �W�K�H �V�W�D�Q�G�D�U�G �R�U�L�H�Q�W�D�W�L�R�Q�� �7�K�H

�R�U�W�K�R�U�K�R�P�E�L�F �O�D�W�W�L�F�H �R�I �/�6�0�2 �F�D�Q �E�H �D�O�W�H�U�Q�D�W�L�Y�H�O�\ �G�H�4�Q�H�G �D�V �D�Q �H�T�X�L�Y�D�O�H�Q�W �S�V�H�X�G�R���F�X�E�L�F �V�W�U�X�F�W�X�U�H�� �Z�K�L�F�K �K�H�O�S�V �I�R�U

�D �F�O�H�D�U �L�O�O�X�V�W�U�D�W�L�R�Q �R�I �W�K�H �H�S�L�W�D�[�L�D�O �J�U�R�Z�W�K �Z�L�W�K �<�%�&�2���V �S�H�U�R�Y�V�N�L�W�H �V�W�U�X�F�W�X�U�H�� �D�V �V�K�R�Z�Q �L�Q�4�J�X�U�H �������D�I�R�U �1�*�2(110)��

�E�D�V�H�G �V�D�P�S�O�H�V ���Q�R�W �W�R �V�F�D�O�H���� �7�K�H �F�D�V�H �R�I �1�*�2(100) �Z�L�O�O �E�H �G�L�V�F�X�V�V�H�G �O�D�W�H�U �R�Q �L�Q�6�H�F�W�L�R�Q ��������

������ �6�D�P�S�O�H�V �S�U�H�S�D�U�D�W�L�R�Q

�:�H �J�U�R�Z �W�K�H �/�6�0�2���<�%�&�2 �E�L�O�D�\�H�U�V �L�Q �S�D�L�U�V �R�I �V�D�P�S�O�H�V�� �Z�L�W�K �D �Q�R�P�L�Q�D�O�O�\ �L�G�H�Q�W�L�F�D�O �/�6�0�2 �O�D�\�H�U �D�Q�G �Z�L�W�K �R�Q�H �G�L�•�H�U�H�Q�F�H��

�W�K�H �4�U�V�W �V�D�P�S�O�H �K�D�V �D �U�D�W�K�H�U �W�K�L�F�N �<�%�&�2 �W�R �P�D�N�H �V�X�U�H �L�W �L�V �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J�� �D�Q�G �W�K�H �V�H�F�R�Q�G �K�D�V �D�Q �X�O�W�U�D���W�K�L�Q �<�%�&�2

���W�\�S�L�F�D�O�O�\� 5 �Q�P�� �W�R �H�Q�V�X�U�H �W�K�H �D�E�V�H�Q�F�H �R�I �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\ �L�Q �W�K�L�V �V�D�P�S�O�H�� �7�K�H �I�R�U�P�H�U �L�V �W�K�H �V�D�P�S�O�H �R�I �L�Q�W�H�U�H�V�W
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�=���F�R�Q�W�U�D�V�W�� �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R �D �G�R�X�E�O�H �O�D�\�H�U �R�I �K�H�D�Y�\ �F�D�W�L�R�Q�V ���%�D�2 �R�U �/�D�6�U�2�� �L�Q�V�H�U�W�H�G �D�W �W�K�H �E�R�X�Q�G�D�U�\�� �(�Q�K�D�Q�F�H�G

�=���F�R�Q�W�U�D�V�W �D�W �W�K�L�V �O�R�F�D�W�L�R�Q �F�R�Q�4�U�P�V �W�K�H �S�U�H�V�H�Q�F�H �R�I �D�G�G�L�W�L�R�Q�D�O �%�D2+ ���/�D3+ �F�R�O�X�P�Q�V �U�H�O�D�W�L�Y�H �W�R �W�K�H �V�X�U�U�R�X�Q�G�L�Q�J �<�%�&�2

�P�D�W�U�L�[�� �6�X�F�K �D�Q�R�P�D�O�R�X�V �V�W�D�F�N�L�Q�J �R�U�L�J�L�Q�D�W�H�V �I�U�R�P �W�K�H �0�Q�22���W�H�U�P�L�Q�D�W�H�G �/�6�0�2 �V�X�U�I�D�F�H �L�Q�W�H�U�I�D�F�L�Q�J �Z�L�W�K �W�K�H �%�D�2 �W�H�U��

�P�L�Q�D�W�L�R�Q �R�I �<�%�&�2 �>������ �������� �@��

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

�)�L�J�X�U�H ��������R(T) �P�H�D�V�X�U�H�P�H�Q�W �R�I �W�K�H �E�L�O�D�\�H�U�V �J�U�R�Z�Q �R�Q �1�*�2(110)�� �/�6�0�2(47 �Q�P)/ �<�%�&�2(20 �Q�P) �L�Q �U�H�G �D�Q�G
�/�6�0�2(47 �Q�P)/ �<�%�&�2(5 �Q�P) �L�Q �E�O�D�F�N��Tc = 75 �. �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H �L�V �P�D�U�N�H�G �Z�L�W�K �D �Y�H�U�W�L�F�D�O �J�U�D�\ �G�D�V�K�H�G
�O�L�Q�H��

�$�I�W�H�U �W�K�H �V�W�U�X�F�W�X�U�D�O �F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q �R�Q �W�K�H �/�6�0�2(47 �Q�P)/ �<�%�&�2(20 �Q�P) �D�Q�G �/�6�0�2(47 �Q�P)/ �<�%�&�2(5 �Q�P) �V�D�P��

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

�W�H�P�S�H�U�D�W�X�U�H�� �)�R�U �W�K�H �V�H�F�R�Q�G �V�D�P�S�O�H�� �W�K�H �J�U�R�Z�W�K �R�I �D �Q�R�Q���V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J5 �Q�P �<�%�&�2 �O�D�\�H�U ���D�V �G�L�V�F�X�V�V�H�G �L�Q�6�H�F��

�W�L�R�Q ������������ �L�V �H�[�S�H�F�W�H�G �W�R �U�H�S�U�R�G�X�F�H �W�K�H �F�K�H�P�L�F�D�O�� �P�D�J�Q�H�W�L�F �D�Q�G �P�R�U�S�K�R�O�R�J�L�F�D�O �S�U�R�S�H�U�W�L�H�V �R�I �W�K�H �/�6�0�2���<�%�&�2 �L�Q�W�H�U��

�I�D�F�H�� �W�R �X�V�H �L�W �D�V �D �U�H�I�H�U�H�Q�F�H �V�D�P�S�O�H �L�Q �)�0�5 �H�[�S�H�U�L�P�H�Q�W�V��

R(T) �P�H�D�V�X�U�H�P�H�Q�W�V �D�U�H �V�K�R�Z�Q �L�Q�)�L�J�� �������� �:�H �F�D�Q �H�[�W�U�D�F�WTc = 75 �. �I�R�U �W�K�H �4�U�V�W �V�D�P�S�O�H ��20�Q�P �R�I �<�%�&�2�� �Z�K�L�O�H �Q�R

�V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q �F�D�Q �E�H �U�H�V�R�O�Y�H�G �I�R�U �W�K�H �V�H�F�R�Q�G �R�Q�H ��5 �Q�P �R�I �<�%�&�2���� �H�Q�V�X�U�L�Q�J �L�W�V �Q�R�Q���V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J

������



�F�K�D�U�D�F�W�H�U��

���D�� ���E��

���F�� ���G��

�)�L�J�X�U�H �������� ���D�� �=�)�& �P�H�D�V�X�U�H�P�H�Q�W �R�I �W�K�H �/�6�0�2(47 �Q�P)/ �<�%�&�2(20 �Q�P) �V�D�P�S�O�H �X�V�L�Q�J �D �6�4�8�–�'�� �F�D�O�L�E�U�D�W�H�G �X�V�L�Q�J �D10�2�H
�P�D�J�Q�H�W�L�F �4�H�O�G�� �6�4�8�–�' �P�H�D�V�X�U�H�P�H�Q�W�V �R�I �W�K�H �L�Q���S�O�D�Q�H �K�\�V�W�H�U�H�V�L�V �R�I �W�K�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q �Y�H�U�V�X�V �D�Q �H�[�W�H�U�Q�D�O �D�S�S�O�L�H�G
�4�H�O�G �I�R�U �W�K�H �V�D�P�H �V�D�P�S�O�H �D�U�H �V�K�R�Z�Q �D�W ���E��100�.�� ���F��70�. �D�Q�G ���G��40�.��

�5�H�J�D�U�G�L�Q�J �W�K�H �P�D�J�Q�H�W�L�F �S�U�R�S�H�U�W�L�H�V �R�I �/�6�0�2�� �Z�H �V�K�R�Z�� �L�Q�4�J�X�U�H �������D��M (T) �P�H�D�V�X�U�H�G �L�Q �D �]�H�U�R���4�H�O�G �F�R�R�O�L�Q�J ���=�)�&��

�R�I �/�6�0�2(47 �Q�P)/ �<�%�&�2(5 �Q�P) �X�V�L�Q�J �D1 �P�7 �P�D�J�Q�H�W�L�F �4�H�O�G �L�Q �D �6�4�8�–�' �P�D�J�Q�H�W�R�P�H�W�H�U�� �)�L�U�V�W �Z�H �K�H�D�W�H�G �W�K�H �V�D�P�S�O�H

�D�E�R�Y�H �W�K�H �&�X�U�L�H �W�H�P�S�H�U�D�W�X�U�H �R�I �/�6�0�2�� �Z�K�L�F�K �L�V �W�\�S�L�F�D�O�O�\ �D�U�R�X�Q�G350�. �I�R�U �W�K�L�Q �4�O�P �/�6�0�2 �>������ �������� �������� �@�� �W�K�H�Q �Z�H

�U�D�Q �W�K�H �=�)�& �P�H�D�V�X�U�H�P�H�Q�W �Z�K�L�F�K �V�K�R�Z�V �W�K�H �R�Q�V�H�W �R�I �W�K�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q �V�W�D�U�W�L�Q�J �D�WT�&�X�U�L�H= 350 �.�� �7�K�H �W�H�P�S�H�U�D�W�X�U�H

�G�H�S�H�Q�G�H�Q�F�H �R�I �W�K�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q �F�O�R�V�H �W�R �U�H�P�D�Q�H�Q�F�H �J�L�Y�H�V �Y�D�O�X�D�E�O�H �L�Q�I�R�U�P�D�W�L�R�Q �R�Q �F�R�H�U�F�L�Y�H �4�H�O�G �F�K�D�Q�J�H�V�� �Z�K�L�F�K

�P�D�\ �E�H �G�U�L�Y�H�Q �E�\ �P�D�J�Q�H�W�L�F �S�K�D�V�H �W�U�D�Q�V�L�W�L�R�Q�V�� �D�Q�L�V�R�W�U�R�S�\ �F�K�D�Q�J�H�V�� �P�R�G�L�4�F�D�W�L�R�Q�V �L�Q �W�K�H �G�R�P�D�L�Q �Z�D�O�O �G�\�Q�D�P�L�F�V �R�U

�H�Y�H�Q �L�Q�W�H�U�I�D�F�L�D�O �R�U �V�X�U�I�D�F�H �H�•�H�F�W�V �>���� ������ �������� �@�� �7�K�H �O�D�W�W�H�U �L�V �S�D�U�W�L�F�X�O�D�U�O�\ �L�P�S�R�U�W�D�Q�W �I�R�U �/�6�0�2 �G�X�H �W�R �W�K�H �H�[�L�V�W�H�Q�F�H �R�I

�L�Q�W�H�U�I�D�F�L�D�O �G�H�D�G �O�D�\�H�U�V �L�Q �W�K�L�Q �4�O�P�V�� �Z�L�W�K �G�L�V�W�L�Q�F�W �P�D�J�Q�H�W�L�F �S�U�R�S�H�U�W�L�H�V �I�U�R�P �W�K�H �U�H�V�W �R�I �W�K�H �4�O�P �>������ �������� �������� �@�� �7�K�H

������



�P�D�J�Q�H�W�L�]�D�W�L�R�Q �L�Q�F�U�H�D�V�H�V �I�R�U �O�R�Z�H�U �W�H�P�S�H�U�D�W�X�U�H�V �D�Q�G �S�U�H�V�H�Q�W�V �D �S�H�D�N �D�W� 30�.��

�$�G�G�L�W�L�R�Q�D�O�O�\�� �Z�H �P�H�D�V�X�U�H�G �W�K�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q �K�\�V�W�H�U�H�V�L�V �Y�H�U�V�X�V �W�K�H �H�[�W�H�U�Q�D�O �D�S�S�O�L�H�G �4�H�O�G �I�R�U

�W�K�H �/�6�0�2(47 �Q�P)/ �<�%�&�2(20 �Q�P) �E�L�O�D�\�H�U�� �X�V�L�Q�J �W�K�H �6�4�8�–�' �D�W �G�L�•�H�U�H�Q�W �W�H�P�S�H�U�D�W�X�U�H�V�� �–�Q���S�O�D�Q�H �6�4�8�–�' �P�H�D�V�X�U�H�P�H�Q�W�V

�D�U�H �V�K�R�Z�Q �L�Q�4�J�X�U�H�V �������E�W�R�������G�D�W100�.��70�. �D�Q�G40�. �U�H�V�S�H�F�W�L�Y�H�O�\�� �:�H �F�D�Q �V�H�H �W�K�D�W �/�6�0�2 �L�V �U�D�W�K�H�U �V�R�I�W �L�Q���S�O�D�Q�H

�Z�L�W�K �D �O�R�Z �U�H�P�D�Q�H�Q�F�H �W�K�D�W �J�U�R�Z�V �Z�L�W�K �W�H�P�S�H�U�D�W�X�U�H�� �7�K�H �F�R�H�U�F�L�Y�H �4�H�O�GH c �J�R�H�V �I�U�R�P2 �P�7 �D�W100�. �W�R12�P�7 �D�W40�.��

�Z�K�L�O�H �W�K�H �V�D�W�X�U�D�W�L�R�Q �4�H�O�G �U�H�P�D�L�Q�V �D�W� 100�P�7�� �&�R�Q�V�H�T�X�H�Q�W�O�\�� �W�R �H�Q�V�X�U�H �W�K�D�W �W�K�H �V�D�P�S�O�H �L�V �I�X�O�O�\ �P�D�J�Q�H�W�L�]�H�G �L�Q���S�O�D�Q�H

�G�X�U�L�Q�J �)�0�5�� �Z�H �V�\�V�W�H�P�D�W�L�F�D�O�O�\ �D�S�S�O�\ �4�H�O�G�V �K�L�J�K�H�U �W�K�D�Q100�P�7��

�7�K�H �V�D�W�X�U�D�W�L�R�Q �P�D�J�Q�H�W�L�]�D�W�L�R�Q �Y�D�U�L�H�V �E�H�W�Z�H�H�QM S � 476�N�$/ �P �D�Q�GM S � 485�N�$/ �P�� �7�K�H�V�H �Y�D�O�X�H�V �D�U�H �F�R�P�S�D�U�D��

�E�O�H �L�Q �P�D�J�Q�L�W�X�G�H �D�Q�G �W�U�H�Q�G �W�R �S�U�H�Y�L�R�X�V �U�H�S�R�U�W�V �R�Q �/�6�0�2 �J�U�R�Z�Q �R�Q �1�*�2 �>������ �@�� �7�K�H�\ �U�H�P�D�L�Q �E�H�O�R�Z �E�X�O�N���O�L�N�H �P�D�J��

�Q�H�W�L�]�D�W�L�R�Q �W�\�S�L�F�D�O�O�\ �R�E�V�H�U�Y�H�G �I�R�U �R�S�W�L�P�L�]�H�G �/�6�0�2 �R�Q �6�7�2 �V�X�E�V�W�U�D�W�H�V�� �U�D�Q�J�L�Q�J �I�U�R�P� 547�N�$/ �P �W�R630�N�$/ �P �>������ ��

������ �@��

�9�� �+�D�V�S�R�W�H�W �D�O�������������� �>������ �@ �U�H�S�R�U�W�H�G �R�Q �W�K�H �W�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�H �R�I �W�K�H �)�0�5 ���G�\�Q�D�P�L�F�� �D�Q�G �V�W�D�W�L�F �P�D�J�Q�H�W�L�F

�S�D�U�D�P�H�W�H�U�V �R�I �W�K�L�Q �/�6�0�2 �W�K�L�F�N�Q�H�V�V�H�V�� �S�U�H�V�H�Q�W�L�Q�J �H�Y�L�G�H�Q�F�H �R�I �D �W�K�L�Q �L�Q�V�X�O�D�W�L�Q�J �D�Q�G �P�D�J�Q�H�W�L�F�D�O�O�\ �D�F�W�L�Y�H �G�H�D�G �O�D�\�H�U��

�X�V�X�D�O�O�\ �S�U�H�V�H�Q�W �D�W �W�K�H �L�Q�W�H�U�I�D�F�H�V �D�Q�G �V�X�U�I�D�F�H�V �R�I �/�6�0�2 �>������ �������� �@�� �'�X�H �W�R �W�K�H �S�U�H�V�H�Q�F�H �R�I �W�K�L�V �L�Q�V�X�O�D�W�L�Q�J �G�H�D�G �O�D�\�H�U��

�Z�K�L�F�K �L�V �P�D�J�Q�H�W�L�F�D�O�O�\ �G�H�J�U�D�G�H�G�� �/�6�0�2 �V�D�P�S�O�H�V �H�[�K�L�E�L�W �F�K�D�Q�J�H�V �L�Q �W�K�H�L�U �P�D�J�Q�H�W�L�F �S�U�R�S�H�U�W�L�H�V �D�U�R�X�Q�G� 30�. �>������ �@��

�7�K�L�V �L�Q�W�H�U�I�D�F�L�D�O �G�H�D�G �O�D�\�H�U �L�V �X�V�X�D�O�O�\ �W�K�H �U�H�V�X�O�W �R�I �V�W�U�D�L�Q�� �D�Q�G �R�[�\�J�H�Q���U�H�O�D�W�H�G �H�•�H�F�W�V �D�W �W�K�H �L�Q�W�H�U�I�D�F�H �>������ �������� �@�� �7�K�H

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

�R�E�V�H�U�Y�H �I�R�U �R�X�U �1�*�2���J�U�R�Z�Q �4�O�P �Z�K�H�Q �F�R�P�S�D�U�H�G �W�R �S�U�H�Y�L�R�X�V �U�H�S�R�U�W�V �R�Q �R�W�K�H�U �V�X�E�V�W�U�D�W�H�V �>������ �������� �@�� �–�W �F�R�X�O�G �D�O�V�R

�H�[�S�O�D�L�Q �W�K�H �S�H�D�N �L�Q �P�D�J�Q�H�W�L�]�D�W�L�R�Q �W�K�D�W �Z�H �V�H�H �G�X�U�L�Q�J �W�K�H �=�)�& �P�H�D�V�X�U�H�P�H�Q�W �D�U�R�X�Q�G� 30�.�� �E�H�O�R�Z �Z�K�L�F�K �W�K�H �P�D�J�Q�H�W�L�F

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

������ �)�0�5 �R�I �/�6�0�2 �R�Q �1�*�2����������

���������� �1�R�U�P�D�O �V�W�D�W�H �S�D�U�D�P�H�W�H�U�V �H�[�W�U�D�F�W�L�R�Q

�:�H �E�H�J�L�Q �W�K�H �I�H�U�U�R�P�D�J�Q�H�W�L�F �U�H�V�R�Q�D�Q�F�H ���)�0�5�� �F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q �R�I �W�K�H �W�Z�R �V�D�P�S�O�H�V �L�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H�� �L�Q �R�U�G�H�U �W�R

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

�E�U�R�D�G�E�D�Q�G �)�0�5 �R�Q �D �F�R�S�O�D�Q�D�U �Z�D�Y�H�J�X�L�G�H �D�V �G�H�V�F�U�L�E�H�G �E�H�I�R�U�H�� �O�L�N�H �L�Q�6�H�F�W�L�R�Q�V �����������D�Q�G������������

�)�L�J�X�U�H �������D�V�K�R�Z�V �D �W�\�S�L�F�D�O �)�0�5 �P�H�D�V�X�U�H�P�H�Q�W �D�W80�. �I�R�U �D�Q �U�I �I�U�H�T�X�H�Q�F�\f = 40 �*�+�]�� �4�W �W�R �W�K�H �'�\�V�R�Q�L�D�Q �O�L�Q�H�V�K�D�S�H

���V�H�H�(�T�� �������������� �I�U�R�P �Z�K�L�F�K �Z�H �F�D�Q �H�[�W�U�D�F�W �W�K�H �S�H�D�N���W�R���S�H�D�N �O�L�Q�H�Z�L�G�W�K� Hpp �D�Q�G �W�K�H �U�H�V�R�Q�D�Q�F�H �4�H�O�GH r �� �)�L�J�X�U�H �������E

�V�K�R�Z�V �D �V�L�P�L�O�D�U �P�H�D�V�X�U�H�P�H�Q�W �I�R�U �G�L�•�H�U�H�Q�W �U�I �I�U�H�T�X�H�Q�F�L�H�V �X�S �W�R40�*�+�]�� �)�R�U �W�K�H �O�R�Z�H�V�W �I�U�H�T�X�H�Q�F�L�H�V �W�K�D�W �Z�H �F�R�X�O�G

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

�W�L�R�Q �4�H�O�GH s = 100 �P�7 �H�[�W�U�D�F�W�H�G �I�U�R�P �W�K�H �6�4�8�–�' �P�H�D�V�X�U�H�P�H�Q�W�V �D�V �D �O�R�Z�H�U �4�H�O�G �O�L�P�L�W�� �:�H �P�D�Q�D�J�H�G �W�R �P�H�D�V�X�U�H

�)�0�5 �P�H�D�V�X�U�H�P�H�Q�W�V �W�K�D�W �D�U�H �Z�H�O�O �G�H�V�F�U�L�E�H�G �E�\ �W�K�H �'�\�V�R�Q�L�D�Q �O�L�Q�H�V�K�D�S�H �D�Q�G �I�R�U �D �O�D�U�J�H �V�S�H�F�W�U�X�P�� �Z�K�L�F�K �V�X�J�J�H�V�W�V �D

������



���D�� ���E��

���F�� ���G��

�)�L�J�X�U�H �������� �)�0�5 �F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q �R�I47�Q�P �R�I �/�6�0�2 �D�W80�.�� ���D�� �7�\�S�L�F�D�O �)�0�5 �P�H�D�V�X�U�H�P�H�Q�W �D�Wf = 40 �*�+�] �Z�L�W�K �D
�'�\�V�R�Q�L�D�Q �4�W �W�R �H�[�W�U�D�F�W� Hpp ���J�U�H�H�Q�� �D�Q�GH r ���E�O�X�H���� ���E�� �6�L�P�L�O�D�U �P�H�D�V�X�U�H�P�H�Q�W�V �W�R ���D�� �E�X�W �I�R�U �D �V�H�U�L�H�V �R�I �U�I �I�U�H�T�X�H�Q�F�L�H�V
�E�H�W�Z�H�H�Qf = 10 �*�+�] �D�Q�G40�*�+�]�� ���F�� �7�K�H �O�L�Q�H�D�U �4�W ���U�H�G �O�L�Q�H�� �R�I �W�K�H� Hpp(f ) �G�H�S�H�Q�G�H�Q�F�H ���E�O�X�H �E�D�O�O�V�� �Z�L�W�K �D �O�L�Q�H�D�U �4�W
�L�Q �U�H�G�� ���G�� �7�K�H �.�L�W�W�H�O �4�W ���U�H�G �F�X�U�Y�H�� �R�I �W�K�Hf (H r ) �G�H�S�H�Q�G�H�Q�F�H ���J�U�H�H�Q �E�D�O�O�V�� �Z�L�W�K �D �.�L�W�W�H�O �4�W �L�Q �U�H�G��

�K�L�J�K �K�R�P�R�J�H�Q�H�L�W�\ �L�Q �R�X�U �/�6�0�2 �4�O�P�V�� �(�Y�H�Q �P�R�G�H�V�W �P�D�J�Q�H�W�L�F �L�Q�K�R�P�R�J�H�Q�H�L�W�\ �L�Q �)�0�5 �F�D�Q �E�U�R�D�G�H�Q �W�K�H �U�H�V�R�Q�D�Q�F�H �R�U

�S�U�R�G�X�F�H �P�X�O�W�L�S�O�H �S�H�D�N�V�� �Z�K�L�F�K �P�D�N�H�V �D �U�H�O�L�D�E�O�H �H�[�W�U�D�F�W�L�R�Q �R�I� Hpp �O�H�V�V �V�W�U�D�L�J�K�W�I�R�U�Z�D�U�G �>������ �@��

�7�K�H� Hpp(f ) �G�H�S�H�Q�G�H�Q�F�H �L�V �V�K�R�Z�Q �L�Q�4�J�X�U�H �������F�� �$ �O�L�Q�H�D�U �4�W �R�I �W�K�H �G�D�W�D �W�R �W�K�H �H�[�S�U�H�V�V�L�R�Q� Hpp = � H0 + 4��p
3
� 0

f

���V�H�H�(�T�� �������������� �D�O�O�R�Z�V �I�R�U �W�K�H �H�[�W�U�D�F�W�L�R�Q �R�I �W�K�H �*�L�O�E�H�U�W �G�D�P�S�L�Q�J� �I�U�R�P �W�K�H �V�O�R�S�H �D�Q�G �W�K�H �L�Q�K�R�P�R�J�H�Q�H�R�X�V �E�U�R�D�G�H�Q�L�Q�J

� H0 �I�U�R�P �W�K�H �L�Q�W�H�U�F�H�S�W�� �:�H �J�H�W �D�W80�. �I�R�U �H�[�D�P�S�O�H��� � 0:9 � 10� 3 �D�Q�G� H0 � 6:7�P�7�� �Z�K�L�F�K �D�U�H �F�R�P�S�D�U�D�E�O�H �W�R

�S�U�H�Y�L�R�X�V �Y�D�O�X�H�V �U�H�S�R�U�W�H�G �I�R�U �/�6�0�2 �W�K�L�Q �4�O�P�V �>������ �������� �@��

�)�L�J�X�U�H �������G�V�K�R�Z�V �W�K�HH r (f ) �G�H�S�H�Q�G�H�Q�F�H �4�W�W�H�G �W�R �W�K�H �.�L�W�W�H�O �U�H�O�D�W�L�R�Q

������



f �U�H�V=



2�

p
(H �U+ H �$)(H �U+ H �$ + 4 �M �H�I�I) ���V�H�H�(�T�� ���������������� �:�H �H�[�W�U�D�F�W �D�W80�. �I�R�U �H�[�D�P�S�O�H�� �W�K�H �H�•�H�F�W�L�Y�H �P�D�J�Q�H�W�L��

�]�D�W�L�R�QM �H�I�I= 322:1 �N�$/ �P �D�Q�G �W�K�H �D�Q�L�V�R�W�U�R�S�\ �4�H�O�GHA = � 49:1 �P�7��M �H�I�I�L�V �H�[�S�H�F�W�H�G�O�\ �O�R�Z�H�U �W�K�D�QM S �H�[�W�U�D�F�W�H�G �I�U�R�P

�W�K�H �6�4�8�–�' �P�H�D�V�X�U�H�P�H�Q�W�V�� �E�H�F�D�X�V�H �L�W �W�D�N�H�V �L�Q�W�R �D�F�F�R�X�Q�W �W�K�H �V�K�D�S�H �D�Q�L�V�R�W�U�R�S�\��

���������� �7�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�H �R�I �)�0�5 �S�D�U�D�P�H�W�H�U�V

�:�H �U�H�S�H�D�W �W�K�H �S�U�H�Y�L�R�X�V �S�U�R�F�H�G�X�U�H �I�R�U �D �V�H�U�L�H�V �R�I �W�H�P�S�H�U�D�W�X�U�H�V �I�U�R�P150�. ���I�D�U �D�E�R�Y�HTc = 75 �.�� �G�R�Z�Q �W�R25�. ���I�D�U

�E�H�O�R�ZTc�����)�L�J�X�U�H �������V�K�R�Z�V �W�K�H �O�L�Q�H�D�U �4�W �R�I� Hpp �I�R�U �D �I�H�Z �V�H�O�H�F�W �W�H�P�S�H�U�D�W�X�U�H�V�� �:�H �Q�R�W�L�F�H �F�K�D�Q�J�H�V �L�Q �V�O�R�S�H �D�Q�G

�L�Q�W�H�U�F�H�S�W�� �E�X�W �H�V�S�H�F�L�D�O�O�\ �D�Q �L�Q�F�U�H�D�V�H �L�Q �G�L�V�S�H�U�V�L�R�Q �D�V �Z�H �J�R �G�R�Z�Q �L�Q �W�H�P�S�H�U�D�W�X�U�H��

�–�Q�4�J�X�U�H �������D�� �Z�H �S�O�R�W �W�K�H �W�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�H �R�I� Hpp �I�R�U �D �V�H�O�H�F�W�L�R�Q �R�I �O�R�Z �D�Q�G �K�L�J�K �U�I �I�U�H�T�X�H�Q�F�L�H�V �I�R�U �W�K�H

�V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H�� �:�H �V�H�H �W�K�D�W �I�R�U �D�O�O �I�U�H�T�X�H�Q�F�L�H�V�� �W�K�H �O�L�Q�H�Z�L�G�W�K �L�Q�F�U�H�D�V�H�V �P�R�Q�R�W�R�Q�L�F�D�O�O�\ �I�R�U �W�K�H �Z�K�R�O�H �W�H�P��

�S�H�U�D�W�X�U�H �U�D�Q�J�H �Z�L�W�K �G�H�F�U�H�D�V�L�Q�J �W�H�P�S�H�U�D�W�X�U�H�� �%�H�O�R�ZTc = 75 �.�� �W�K�H �O�R�Z�H�V�W �I�U�H�T�X�H�Q�F�L�H�V �D�Q�G �X�S �W�R26�*�+�] �S�U�H�V�H�U�Y�H �W�K�H

�V�D�P�H �W�U�H�Q�G �V�H�H�Q �D�E�R�Y�HTc�� �+�R�Z�H�Y�H�U�� �I�R�U �K�L�J�K�H�U �I�U�H�T�X�H�Q�F�L�H�V �Z�H �R�E�V�H�U�Y�H �D�Q �D�G�G�L�W�L�R�Q�D�O �F�R�Q�W�U�L�E�X�W�L�R�Q �W�R �W�K�H �O�L�Q�H�Z�L�G�W�K

�E�U�R�D�G�H�Q�L�Q�J�� �Z�K�L�F�K �V�W�D�U�W�V �D�WTc �D�Q�G �L�Q�F�U�H�D�V�H�V �D�W �O�R�Z�H�U �W�H�P�S�H�U�D�W�X�U�H�� �7�K�L�V �H�[�W�U�D �F�R�Q�W�U�L�E�X�W�L�R�Q �D�O�V�R �E�H�F�R�P�H�V �P�R�U�H

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

�Z�K�L�F�K �L�V �I�U�H�T�X�H�Q�F�\ �G�H�S�H�Q�G�H�Q�W �D�Q�G �D�S�S�H�D�U�V �D�W �W�K�H �R�Q�V�H�W �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q��

�7�K�H �E�H�K�D�Y�L�R�U �R�I� Hpp �L�Q�5�X�H�Q�F�H�V �W�K�H �G�D�P�S�L�Q�J �S�D�U�D�P�H�W�H�U �G�L�U�H�F�W�O�\�� �–�Q�4�J�X�U�H �������E�� �Z�H �S�O�R�W� (T) �I�R�U �W�K�H �V�X�S�H�U��

�F�R�Q�G�X�F�W�L�Q�J ���U�H�G �W�U�L�D�Q�J�O�H�V�� �D�Q�G �U�H�I�H�U�H�Q�F�H ���E�O�D�F�N �G�L�V�F�V�� �V�D�P�S�O�H�V�� �2�Q �R�Q�H �K�D�Q�G�� �W�K�H �G�D�P�S�L�Q�J �R�I �W�K�H �U�H�I�H�U�H�Q�F�H �V�D�P�S�O�H

�G�U�R�S�V �V�O�R�Z�O�\ �I�U�R�P1:825� 10� 3 �D�W140�. �W�R1:456� 10� 3 �D�W95�.�� �D�Q�G �W�K�H�Q �V�W�D�\�V �D�O�P�R�V�W �F�R�Q�V�W�D�Q�W �G�R�Z�Q �W�R25�.�� �2�Q

�W�K�H �R�W�K�H�U �K�D�Q�G�� �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H �H�[�K�L�E�L�W�V �D �V�O�R�Z�O�\ �G�H�F�U�H�D�V�L�Q�J �G�D�P�S�L�Q�J �L�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H�� �W�K�D�W �D�E�U�X�S�W�O�\

�L�Q�F�U�H�D�V�H�V �E�H�O�R�ZTc �X�Q�W�L�O �L�W �D�O�P�R�V�W �G�R�X�E�O�H�V �D�W �D�U�R�X�Q�G50�.�� �W�K�H �W�H�P�S�H�U�D�W�X�U�H �E�H�O�R�Z �Z�K�L�F�K� �G�H�F�U�H�D�V�H�V �Y�H�U�\ �Z�H�D�N�O�\

�G�R�Z�Q �W�R �W�K�H �O�R�Z�H�V�W �P�H�D�V�X�U�H�G �W�H�P�S�H�U�D�W�X�U�H �R�I25�.��

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

�)�0�5 �S�D�U�D�P�H�W�H�U�V�� �G�H�S�H�Q�G�H�Q�F�H���)�L�J�X�U�H �������V�K�R�Z�V �W�K�HM �H�I�I(T) �G�H�S�H�Q�G�H�Q�F�H �I�R�U �E�R�W�K �V�D�P�S�O�H�V�� �Z�K�L�F�K �H�[�K�L�E�L�W �W�K�H �V�D�P�H

�E�H�K�D�Y�L�R�U �R�Y�H�U �W�K�H �I�X�O�O �W�H�P�S�H�U�D�W�X�U�H �U�D�Q�J�H�� �–�Q �D�G�G�L�W�L�R�Q�� �W�K�H �D�P�S�O�L�W�X�G�H �R�IM �H�I�I�L�V �D�O�P�R�V�W �W�K�H �V�D�P�H �I�R�U �E�R�W�K �V�D�P�S�O�H�V��

�E�H�L�Q�J �R�Q�O�\ �Y�H�U�\ �V�O�L�J�K�W�O�\ �K�L�J�K�H�U �I�R�U �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H�� �7�K�L�V �L�Q�G�L�F�D�W�H�V �W�K�D�W �W�K�H �J�U�R�Z�W�K �R�I �D �W�K�L�F�N�H�U �<�%�&�2 �O�D�\�H�U��

�G�R�H�V �Q�R�W �V�L�J�Q�L�4�F�D�Q�W�O�\ �D�O�W�H�U �W�K�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q �R�I �W�K�H �/�6�0�2 �O�D�\�H�U�� �H�Y�H�Q �L�Q �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�W�D�W�H��M S �Y�D�O�X�H�V �D�E�R�Y�H

�D�Q�G �E�H�O�R�ZTc �D�U�H �H�[�W�U�D�F�W�H�G �I�U�R�P �W�K�H �6�4�8�–�' �P�H�D�V�X�U�H�P�H�Q�W�V �V�K�R�Z�Q �L�Q�)�L�J�� �������D�Q�G �D�U�H �D�O�V�R �V�K�R�Z�Q �L�Q�)�L�J�� �������� �O�L�Q�N�H�G

�W�R �W�K�H �U�L�J�K�Wy���D�[�L�V �L�Q �J�U�H�H�Q��M S �L�V �V�\�V�W�H�P�D�W�L�F�D�O�O�\ �K�L�J�K�H�U �W�K�D�QM �H�I�I�D�Q�G �I�R�O�O�R�Z�V �D �V�L�P�L�O�D�U �W�U�H�Q�G�� �D�V �H�[�S�H�F�W�H�G �G�X�H �W�R �W�K�H

�G�H�P�D�J�Q�H�W�L�]�L�Q�J �4�H�O�G��

�:�H �W�K�H�Q �S�O�R�W� H0(T) �L�Q�4�J�X�U�H �������D�I�R�U �E�R�W�K �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J ���U�H�G �W�U�L�D�Q�J�O�H�V�� �D�Q�G �U�H�I�H�U�H�Q�F�H ���E�O�D�F�N �G�L�V�F�V��

�V�D�P�S�O�H�V�� �7�K�H �E�H�K�D�Y�L�R�U �R�I �E�R�W�K �V�D�P�S�O�H�V �L�V �T�X�D�O�L�W�D�W�L�Y�H�O�\ �V�L�P�L�O�D�U�� �6�S�H�F�L�4�F�D�O�O�\�� �D�Q�G �P�R�V�W �L�P�S�R�U�W�D�Q�W�O�\�� �Q�R �F�K�D�Q�J�H �L�Q

�W�U�H�Q�G �F�D�Q �E�H �G�L�U�H�F�W�O�\ �O�L�Q�N�H�G �W�R �W�K�H �R�Q�V�H�W �R�I �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\ �D�WTc�� � H0(T) �L�V �V�\�V�W�H�P�D�W�L�F�D�O�O�\ �V�O�L�J�K�W�O�\ �K�L�J�K�H�U �I�R�U �W�K�H

�/�6�0�2(47 �Q�P)/ �<�%�&�2(20 �Q�P) �V�D�P�S�O�H �F�R�P�S�D�U�H�G �W�R �W�K�H �/�6�0�2(47 �Q�P)/ �<�%�&�2(5 �Q�P) �U�H�I�H�U�H�Q�F�H �E�L�O�D�\�H�U�� �6�X�F�K �D �V�P�D�O�O

������



���D�� ���E��

���F�� ���G��

���H�� ���I��

�)�L�J�X�U�H ��������� Hpp(f ) �G�D�W�D �D�Q�G �4�W�V �D�W ���D��100�.�� ���E��83�.�� ���F��73�.�� ���G��55�.�� ���H��45�. �D�Q�G ���I��15�.��

�G�L�•�H�U�H�Q�F�H �F�R�X�O�G �E�H �G�X�H �W�R �D �J�U�D�G�L�H�Q�W �L�Q �V�W�U�D�L�Q �R�I �W�K�H �/�6�0�2 �O�D�\�H�U �D�O�R�Q�J �W�K�H �J�U�R�Z�W�K �G�L�U�H�F�W�L�R�Q�� �G�X�H �W�R �W�K�H �W�K�L�F�N�H�U

�<�%�&�2 �>������ �@�� �R�U �L�W �F�R�X�O�G �E�H �M�X�V�W �G�X�H �W�R �V�P�D�O�O �V�D�P�S�O�H���W�R���V�D�P�S�O�H �Y�D�U�L�D�W�L�R�Q�V �R�I �W�K�H �K�R�P�R�J�H�Q�H�L�W�\��

�–�Q�4�J�X�U�H �������E�Z�H �S�O�R�W �W�K�H �D�Q�L�V�R�W�U�R�S�\ �4�H�O�GHa(T) �W�K�D�W �Z�H �H�[�W�U�D�F�W�H�G �I�U�R�P �W�K�H �.�L�W�W�H�O �4�W�V�� �%�R�W�K �V�D�P�S�O�H�V �I�R�O�O�R�Z �W�K�H

�V�D�P�H �W�U�H�Q�G �D�F�U�R�V�V �W�K�H �I�X�O�O �W�H�P�S�H�U�D�W�X�U�H �U�D�Q�J�H�� �Z�K�H�U�HHa �G�H�F�U�H�D�V�H�V ���E�X�WjHa j �L�Q�F�U�H�D�V�H�V�� �I�R�U �G�H�F�U�H�D�V�L�Q�J �W�H�P�S�H�U�D�W�X�U�H��

�G�R�Z�Q �W�R50�. �Z�K�H�U�H �Z�H �V�H�H �D�QHa �L�Q�F�U�H�D�V�H �I�R�U �E�R�W�K �V�D�P�S�O�H�V�� �7�K�H �F�K�D�Q�J�H �L�Q �E�H�K�D�Y�L�R�U �V�H�H�Q �L�Q �E�R�W�KHa(T) �D�Q�G� H0(T)��
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���D�� ���E��

�)�L�J�X�U�H �������� ���D��� Hpp(T) �I�R�U �D �V�H�U�L�H�V �R�I �I�U�H�T�X�H�Q�F�L�H�V �E�H�W�Z�H�H�Q10�*�+�] �D�Q�G40�*�+�]�� ���E��� (T) �I�R�U �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J
�V�D�P�S�O�H ���U�H�G �W�U�L�D�Q�J�O�H�V�� �D�Q�G �L�W�V �U�H�I�H�U�H�Q�F�H ���E�O�D�F�N �G�L�V�F�V����

�)�L�J�X�U�H ��������M �H�I�I(T) �I�R�U �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H ���U�H�G �W�U�L�D�Q�J�O�H�V�� �D�Q�G �L�W�V �U�H�I�H�U�H�Q�F�H ���E�O�D�F�N �G�L�V�F�V�� �R�Q�W�R �W�K�H �O�H�I�W �D�[�L�V��
�7�R �W�K�H �U�L�J�K�W �D�[�L�V ���J�U�H�H�Q���� �Z�H �S�O�R�WM s(T) �I�R�U �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H�� �D�E�R�Y�H�� �F�O�R�V�H �W�R �D�Q�G �E�H�O�R�ZTc�� �D�V �H�[�W�U�D�F�W�H�G
�I�U�R�P �W�K�H �6�4�8�–�' �P�H�D�V�X�U�H�P�H�Q�W�V �L�Q�)�L�J�� ��������

�F�R�Q�V�L�V�W�H�Q�W�O�\ �I�R�U �E�R�W�K �V�D�P�S�O�H�V �E�H�O�R�Z50�.�� �V�X�J�J�H�V�W�V �D�Q �L�Q�W�U�L�Q�V�L�F �H�•�H�F�W �O�L�Q�N�H�G �W�R �/�6�0�2�� �D�Q�G �L�V �L�Q�G�H�S�H�Q�G�H�Q�W �I�U�R�P �W�K�H

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

�O�D�\�H�U �R�I �/�6�0�2 �G�X�U�L�Q�J �L�W�V �J�U�R�Z�W�K�� �D�W �L�W�V �L�Q�W�H�U�I�D�F�H �Z�L�W�K �W�K�H �1�*�2 �V�X�E�V�W�U�D�W�H�� �7�K�L�V �Z�D�V �V�H�H�Q �Z�L�W�K �/�6�$�7���J�U�R�Z�Q �/�6�0�2 �E�\

�9�� �+�D�V�S�R�W�H�W �D�O�������������� �>������ �@ �D�V �G�H�V�F�U�L�E�H�G �S�U�H�Y�L�R�X�V�O�\�� �7�K�L�V �G�H�D�G �O�D�\�H�U �L�V �H�L�W�K�H�U �D�Q �L�Q�V�X�O�D�W�L�Q�J �O�D�\�H�U �>������ �@ �R�U �D �O�D�\�H�U

�Z�L�W�K �S�K�D�V�H �V�H�S�D�U�D�W�L�R�Q �>������ �������� �@ �D�Q�G �Z�L�W�K �S�R�R�U �P�D�J�Q�H�W�L�F �S�U�R�S�H�U�W�L�H�V�� �7�K�H �V�S�L�Q�V �L�Q�V�L�G�H �W�K�L�V �O�D�\�H�U �Z�R�X�O�G �E�H �F�D�Q�W�H�G �R�U

������
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�)�L�J�X�U�H �������� �7�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�H �I�R�U �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H ���U�H�G �W�U�L�D�Q�J�O�H�V�� �D�Q�G �L�W�V �U�H�I�H�U�H�Q�F�H ���E�O�D�F�N �G�L�V�F�V��
�R�I ���D��� H0 �D�Q�G ���E��Ha ��

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

�D�Q�G �V�S�D�W�L�D�O�O�\�� �%�H�O�R�Z50�.�� �D�Q �D�G�G�L�W�L�R�Q�D�O �D�Q�L�V�R�W�U�R�S�\ �F�R�Q�W�U�L�E�X�W�L�R�Q �L�V �F�D�X�V�H�G �E�\ �W�K�H �F�R�X�S�O�L�Q�J �R�I �W�K�H �I�H�U�U�R�P�D�J�Q�H�W�L�F �O�D�\�H�U

�Z�L�W�K �W�K�H �L�Q�V�X�O�D�W�L�Q�J �G�H�D�G �O�D�\�H�U�� �O�H�D�G�L�Q�J �W�R �S�L�Q�Q�L�Q�J �Z�L�W�K �X�Q�F�R�P�S�H�Q�V�D�W�H�G �V�S�L�Q�V �>������ �@��

�–�Q �V�X�P�P�D�U�\�� �W�K�H �S�U�H�V�H�Q�F�H �R�I �D �W�K�L�Q�Q�H�U ���Q�R�Q���V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J�� �R�U �W�K�L�F�N�H�U ���V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J�� �<�%�&�2 �O�D�\�H�U�V �O�H�D�Y�H

�H�V�V�H�Q�W�L�D�O�O�\ �X�Q�D�•�H�F�W�H�G �P�R�V�W �R�I �W�K�H �S�D�U�D�P�H�W�H�U�V �U�H�O�D�W�H�G �W�R �W�K�H �)�0�5 �P�H�D�V�X�U�H�P�H�Q�W�V�� �2�Q�O�\ �W�K�H �G�D�P�S�L�Q�J �S�D�U�D�P�H�W�H�U

�G�U�D�P�D�W�L�F�D�O�O�\ �F�K�D�Q�J�H�V�� �D�Q�G �S�D�U�W�L�F�X�O�D�U�O�\ �V�K�R�Z�V �D �V�W�U�R�Q�J �H�Q�K�D�Q�F�H�P�H�Q�W �E�H�O�R�Z �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q��

������ �/�6�0�2���W�K�L�F�N�Q�H�V�V �G�H�S�H�Q�G�H�Q�F�H �R�I �W�K�H �G�D�P�S�L�Q�J �L�Q�F�U�H�D�V�H

�–�Q �R�U�G�H�U �W�R �Y�H�U�L�I�\ �W�K�H �W�U�H�Q�G�V �V�H�H�Q �I�R�U �W�K�H �4�U�V�W �/�6�0�2���<�%�&�2 �V�D�P�S�O�H �D�Q�G �L�W�V �Q�R�Q���V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �U�H�I�H�U�H�Q�F�H�� �Z�H �J�U�H�Z

�P�R�U�H �V�D�P�S�O�H �S�D�L�U�V �I�R�U �F�R�P�S�D�U�L�V�R�Q�� �:�H �G�L�V�F�X�V�V �K�H�U�H �� �S�D�L�U�V �R�I �H�S�L�W�D�[�L�D�O �E�L�O�D�\�H�U�V �J�U�R�Z�Q �R�Q �1�*�2(100) �I�R�U �E�R�W�K �/�6�0�2

�D�Q�G �<�%�&�2��

�� �3�D�L�U �� �L�V �W�K�H �S�D�L�U �Z�H �G�L�V�F�X�V�V�H�G �V�R �I�D�U�� �D �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �/�6�0�2(47 �Q�P)/ �<�%�&�2(20 �Q�P) �E�L�O�D�\�H�U �Y�H�U�V�X�V �D �U�H�I�H�U�H�Q�F�H

�/�6�0�2(47 �Q�P)/ �<�%�&�2(5 �Q�P) �V�D�P�S�O�H��

�� �3�D�L�U �� �K�D�V17�Q�P �R�I �/�6�0�2

�� �3�D�L�U �� �K�D�V13:8 �Q�P �R�I �/�6�0�2

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

�V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H�V �R�I �W�K�H �W�K�U�H�H �S�D�L�U�V�� �:�H �U�H�P�L�Q�G �W�K�D�WTc �L�V �G�H�4�Q�H�G �D�W �W�K�H �R�Q�V�H�W �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J

������



�)�L�J�X�U�H ����������R(T) �I�U�R�P �����S�U�R�E�H �W�U�D�Q�V�S�R�U�W �P�H�D�V�X�U�H�P�H�Q�W�V �I�R�U �W�K�H �V�D�P�S�O�H�V �J�U�R�Z�Q �R�Q �1�*�2(110)��

�W�U�D�Q�V�L�W�L�R�Q�� �D�Q�G �Z�H �F�D�Q �H�[�W�U�D�F�WTc = 75 �. �I�R�U �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H �R�I �S�D�L�U �� �Z�H �K�D�G �G�L�V�F�X�V�V�H�G �D�O�U�H�D�G�\��Tc =

79:5 �. �I�R�U �W�K�D�W �R�I �S�D�L�U �� �D�Q�GTc = 82 �. �I�R�U �W�K�H �R�Q�H �R�I �S�D�L�U ���� �)�R�U �V�D�P�S�O�H�V ���� �D�Q�G ���� �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q �L�V

�Q�R�W �V�K�D�U�S�� �D�Q�G �S�U�H�V�H�Q�W�V ���S�H�D�N�V�� �H�L�W�K�H�U �D�W �W�K�H �R�Q�V�H�W �R�U �D�F�U�R�V�V �W�K�H �4�Q�D�O �V�W�H�S�V �R�I �W�K�H �U�H�V�L�V�W�L�Y�H �W�U�D�Q�V�L�W�L�R�Q�� �7�K�L�V �E�H�K�D�Y�L�R�U

�L�V �W�\�S�L�F�D�O �R�I �4�O�P�V �W�K�D�W �S�U�H�V�H�Q�W �L�Q���S�O�D�Q�H �L�Q�K�R�P�R�J�H�Q�H�L�W�L�H�V �R�ITc�� �Z�K�L�F�K �K�H�U�H �D�U�H �H�[�S�H�F�W�H�G �H�V�S�H�F�L�D�O�O�\ �R�Y�H�U �W�K�H �S�H�U�L�P�H�W�H�U

�R�I �W�K�H5 �P�P �[ 5 �P�P �4�O�P�V�� �–�Q �W�K�H �D�E�V�H�Q�F�H �R�I �D �O�L�W�K�R�J�U�D�S�K�H�G �W�U�D�Q�V�S�R�U�W �E�U�L�G�J�H�� �Z�K�L�F�K �L�V �W�K�H �F�D�V�H �L�Q �W�K�H�V�H �V�D�P�S�O�H�V��

�W�K�H �U�H�V�L�V�W�D�Q�F�H �P�H�D�V�X�U�H�P�H�Q�W �L�V �H�[�W�U�H�P�H�O�\ �V�H�Q�V�L�W�L�Y�H �W�R �W�K�R�V�H �L�Q�K�R�P�R�J�H�Q�H�L�W�L�H�V�� �G�X�H �W�R �F�X�U�U�H�Q�W �U�H�G�L�V�W�U�L�E�X�W�L�R�Q �H�•�H�F�W�V

�D�F�U�R�V�V �W�K�H �U�H�V�L�V�W�L�Y�H �W�U�D�Q�V�L�W�L�R�Q�� �+�R�Z�H�Y�H�U�� �W�K�H �)�0�5 �H�[�S�H�U�L�P�H�Q�W �L�V �H�[�S�H�F�W�H�G�O�\ �O�H�V�V �V�H�Q�V�L�W�L�Y�H�� �7�K�H �L�Q�K�R�P�R�J�H�Q�H�R�X�VTc �Z�L�O�O

�U�H�V�X�O�W �L�Q �W�K�H �F�R�H�[�L�V�W�H�Q�F�H �R�I �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �D�Q�G �Q�R�U�P�D�O �U�H�J�L�R�Q�V �G�L�V�W�U�L�E�X�W�H�G �L�Q���S�O�D�Q�H �D�F�U�R�V�V �W�K�H �W�U�D�Q�V�L�W�L�R�Q�� �%�H�F�D�X�V�H

�V�S�L�Q �S�X�P�S�L�Q�J �R�F�F�X�U�V �L�Q �W�K�H �G�L�U�H�F�W�L�R�Q �S�H�U�S�H�Q�G�L�F�X�O�D�U �W�R �W�K�H �L�Q�W�H�U�I�D�F�H�� �W�K�H �)�0�5 �P�H�D�V�X�U�H�P�H�Q�W �J�L�Y�H�V �D �Z�H�L�J�K�W�H�G �D�Y�H�U�D�J�H

�R�I �S�X�P�S�L�Q�J �L�Q�W�R �Q�R�U�P�D�O �D�Q�G �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �U�H�J�L�R�Q�V �F�R�H�[�L�V�W�L�Q�J �D�F�U�R�V�V �W�K�H �W�U�D�Q�V�L�W�L�R�Q�� �:�H �F�R�Q�V�H�T�X�H�Q�W�O�\ �D�Q�W�L�F�L�S�D�W�H

�W�K�D�W �W�K�L�V �L�Q�K�R�P�R�J�H�Q�H�L�W�\ �L�V �V�L�P�S�O�\ �J�R�L�Q�J �W�R �V�P�R�R�W�K �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �U�H�V�S�R�Q�V�H �Z�L�W�K�R�X�W �F�K�D�Q�J�L�Q�J �L�W�V �T�X�D�O�L�W�D�W�L�Y�H

�I�H�D�W�X�U�H�V��

�:�H �S�H�U�I�R�U�P �)�0�5 �P�H�D�V�X�U�H�P�H�Q�W�V �I�R�U �W�K�H �S�D�L�U�V �R�I �V�D�P�S�O�H�V�� �Z�L�W�K �W�K�H �V�D�P�H �S�U�R�F�H�G�X�U�H �G�H�V�F�U�L�E�H�G �V�R �I�D�U �L�Q �W�K�H �F�K�D�S��

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

�Q�H�W�L�]�D�W�L�R�Q �U�H�O�D�[�D�W�L�R�Q �F�D�Q �E�H �F�O�D�V�V�L�4�H�G �D�V �L�Q�W�U�L�Q�V�L�F �P�H�F�K�D�Q�L�V�P�V� �L�Q�W�� �U�H�O�D�W�H�G �W�R �W�K�H �E�D�Q�G �V�W�U�X�F�W�X�U�H �R�I �W�K�H �P�D�W�H�U�L�D�O

�D�Q�G �F�K�H�P�L�F�D�O �F�R�P�S�R�V�L�W�L�R�Q�� �D�Q�G �W�K�H �H�[�W�U�L�Q�V�L�F �P�H�F�K�D�Q�L�V�P�V� �H�[�W�� �U�H�O�D�W�H�G �W�R �V�W�U�X�F�W�X�U�D�O �R�U �P�R�U�S�K�R�O�R�J�L�F�D�O �G�H�I�H�F�W�V �D�Q�G �W�R

�W�K�H �H�[�F�K�D�Q�J�H �R�I �V�S�L�Q �D�Q�J�X�O�D�U �P�R�P�H�Q�W�X�P �Z�L�W�K �D�G�M�D�F�H�Q�W �O�D�\�H�U�V ���V�S�L�Q �S�X�P�S�L�Q�J���� �$�P�R�Q�J �W�K�H �4�U�V�W �J�U�R�X�S �Z�H �D�V�F�U�L�E�H �W�K�H

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

������



�)�L�J�X�U�H ���������� �7�K�H �W�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�H �R�I �W�K�H �G�D�P�S�L�Q�J �S�D�U�D�P�H�W�H�U �L�Q �S�D�Q�H�O�V ���D���� ���F�� �D�Q�G ���H�� �F�R�U�U�H�V�S�R�Q�G �W�R �W�K�H
�U�H�I�H�U�H�Q�F�H �E�D�U�H �I�H�U�U�R�P�D�J�Q�H�W�L�F �4�O�P�V �Z�K�L�O�H �W�K�R�V�H �L�Q ���E���� ���G�� �D�Q�G ���I�� �F�R�U�U�H�V�S�R�Q�G �W�R �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �E�L�O�D�\�H�U�V�� �E�R�W�K
�D�U�H �I�R�U �S�D�L�U�V ���� �� �D�Q�G �� �U�H�V�S�H�F�W�L�Y�H�O�\�� ���J���� ���K�� �D�Q�G ���L�� �F�R�U�U�H�V�S�R�Q�G �W�R �W�K�H �V�S�L�Q �S�X�P�S�L�Q�J �G�D�P�S�L�Q�J �F�R�Q�W�U�L�E�X�W�L�R�Q� �V�S=
� �/�6�0�2/ �<�%�&�2� � �/�6�0�2 �R�I �S�D�L�U�V ���� �� �D�Q�G �� �U�H�V�S�H�F�W�L�Y�H�O�\�� �Z�L�W�K �W�K�HR(T) �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H�V �S�O�R�W�W�H�G �W�R �W�K�H
�U�L�J�K�W �D�[�L�V �L�Q �J�U�D�\��

�Q�R�Q���O�L�Q�H�D�U �P�H�F�K�D�Q�L�V�P�V �O�L�N�H �W�Z�R���P�D�J�Q�R�Q �V�F�D�W�W�H�U�L�Q�J �R�U �L�P�S�X�U�L�W�\ �V�F�D�W�W�H�U�L�Q�J�� �Z�K�L�F�K �W�\�S�L�F�D�O�O�\ �L�Q�W�U�R�G�X�F�H �D �Q�R�Q���O�L�Q�H�D�U �G�H��

�S�H�Q�G�H�Q�F�H �R�I �W�K�H �O�L�Q�H�Z�L�G�W�K �Z�L�W�K �W�K�H �I�U�H�T�X�H�Q�F�\ �>������ �@�� �:�H �F�D�Q �V�D�I�H�O�\ �D�V�V�X�P�H �W�K�D�W �W�K�H �L�Q�W�U�L�Q�V�L�F �G�D�P�S�L�Q�J �F�R�Q�W�U�L�E�X�W�L�R�Q �L�V

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

�L�G�H�Q�W�L�F�D�O �/�6�0�2 �O�D�\�H�U�� �:�H �Q�R�W�H �W�K�D�W� H �S�S(f ) �U�H�P�D�L�Q�V �V�W�U�L�F�W�O�\ �O�L�Q�H�D�U �I�R�U �D�O�O �W�H�P�S�H�U�D�W�X�U�H�V ���V�H�H�)�L�J�� ���������� �L�Q�G�L�F�D�W�L�Q�J �W�K�D�W

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

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

�P�D�O �V�W�D�W�H �G�X�H �W�R �W�K�H �G�L�•�H�U�H�Q�W �W�K�L�F�N�Q�H�V�V �L�Q �<�%�&�2�� �E�X�W �W�K�H �E�H�K�D�Y�L�R�U �Z�L�O�O �G�H�4�Q�L�W�H�O�\ �E�H �G�L�•�H�U�H�Q�W �L�Q �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J

�V�W�D�W�H �R�I �W�K�H �W�K�L�F�N �<�%�&�2 �V�D�P�S�O�H ���E�H�O�R�ZTc�� �G�X�H �W�R �W�K�H �H�[�S�H�F�W�H�G�O�\ �G�L�•�H�U�H�Q�W �V�S�L�Q �S�X�P�S�L�Q�J �P�H�F�K�D�Q�L�V�P�V �L�Q �W�K�L�V �S�K�D�V�H��

�:�H �W�K�H�U�H�I�R�U�H �X�V�H� �'�L�I�I= � �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H� � �Q�R�U�P�D�O �V�D�P�S�O�H�� �W�R �K�L�J�K�O�L�J�K�W �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\���L�Q�G�X�F�H�G �F�K�D�Q�J�H �R�I �W�K�H

�G�D�P�S�L�Q�J��

������



�7�K�H �U�H�V�X�O�W�L�Q�J �W�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�L�H�V �R�I �W�K�H �G�D�P�S�L�Q�J �S�D�U�D�P�H�W�H�U �D�V �Z�H�O�O �D�V �W�K�H �G�D�P�S�L�Q�J �G�L�•�H�U�H�Q�F�H� �'�L�I�I�D�U�H

�S�O�R�W�W�H�G �L�Q �W�K�H �G�L�•�H�U�H�Q�W �S�D�Q�H�O�V �R�I�)�L�J�� ���������� �:�H �4�U�V�W �F�R�P�S�D�U�H �W�K�H �G�L�•�H�U�H�Q�W �U�H�I�H�U�H�Q�F�H �V�D�P�S�O�H�V �L�Q �S�D�Q�H�O�V ���D���� ���F�� �D�Q�G ���H��

�L�Q �U�H�V�S�H�F�W�L�Y�H�O�\ �G�H�F�U�H�D�V�L�Q�J �/�6�0�2 �W�K�L�F�N�Q�H�V�V�� �D�W47�Q�P�� �W�K�H �G�D�P�S�L�Q�J �G�U�R�S�V �Y�H�U�\ �V�O�L�J�K�W�O�\ �I�R�U �G�H�F�U�H�D�V�L�Q�J �W�H�P�S�H�U�D�W�X�U�H�V

�D�Q�G �U�H�P�D�L�Q�V �P�R�Q�R�W�R�Q�R�X�V�� �Z�K�L�O�H �I�R�U �W�K�L�Q�Q�H�U �/�6�0�2�� �W�K�H �G�D�P�S�L�Q�J �L�Q�F�U�H�D�V�H�V �I�R�U �G�H�F�U�H�D�V�L�Q�J �W�H�P�S�H�U�D�W�X�U�H�V�� �)�R�U17�Q�P��

�W�K�H �G�D�P�S�L�Q�J �V�K�R�Z�V �D �P�D�[�L�P�X�P �D�W� 30�. �I�R�O�O�R�Z�H�G �E�\ �D �J�U�D�G�X�D�O �G�U�R�S�� �Z�K�L�O�H �I�R�U13:8 �Q�P �L�W �H�[�K�L�E�L�W�V �D �V�L�P�L�O�D�U �E�X�W

�V�K�D�U�S�H�U �S�H�D�N �D�W� 30�.�� �7�K�L�V �/�6�0�2���W�K�L�F�N�Q�H�V�V���G�H�S�H�Q�G�H�Q�W �E�H�K�D�Y�L�R�U �K�D�V �E�H�H�Q �U�H�S�R�U�W�H�G �E�\ �9�� �+�D�V�S�R�W�H�W �D�O�������������� �>������ �@��

�W�K�H �S�U�H�V�H�Q�F�H �R�I �D �P�D�J�Q�H�W�L�F�D�O�O�\ �D�F�W�L�Y�H �G�H�D�G �O�D�\�H�U �D�W �W�K�H �L�Q�W�H�U�I�D�F�H�V �R�I �/�6�0�2 �F�K�D�Q�J�H�V �L�W�V �)�0�5 �U�H�V�S�R�Q�V�H�� �7�K�H �G�H�D�G

�O�D�\�H�U�� �E�H�L�Q�J �L�Q�V�X�O�D�W�L�Q�J�� �K�D�V �D �V�K�R�U�W�H�U �V�S�L�Q���U�H�O�D�[�D�W�L�R�Q �W�L�P�H�� �D�Q�G �F�R�X�S�O�H�V �W�R �W�K�H �P�H�W�D�O�O�L�F �I�H�U�U�R�P�D�J�Q�H�W�L�F �S�D�U�W �R�I �/�6�0�2��

�W�K�X�V �D�F�W�L�Q�J �D�V �D�Q �H�[�W�U�D �V�S�L�Q �V�L�Q�N�� �)�R�U �W�K�L�Q�Q�H�U �/�6�0�2 �4�O�P�V�� �W�K�H �H�•�H�F�W �R�I �W�K�H �G�H�D�G �O�D�\�H�U �E�H�F�R�P�H�V �P�R�U�H �S�U�R�P�L�Q�H�Q�W��

�D�Q�G �W�U�D�Q�V�O�D�W�H�V �L�Q �D�Q �H�Q�K�D�Q�F�H�P�H�Q�W �R�I �W�K�H �G�D�P�S�L�Q�J �R�I �W�K�H �I�H�U�U�R�P�D�J�Q�H�W�L�F �S�R�U�W�L�R�Q �R�I �W�K�H �4�O�P �F�R�X�S�O�H�G �W�R �L�W�� �X�S �W�R �D

�P�D�[�L�P�X�P �D�W� 30�.�� �7�K�H �V�S�L�Q �5�X�F�W�X�D�W�L�R�Q�V �R�I �W�K�H �G�H�D�G �O�D�\�H�U �W�H�Q�G �W�R �I�U�H�H�]�H �E�H�O�R�Z� 30�. �>������ �������� �@�� �L�P�S�H�G�L�Q�J �W�K�H

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

�$�V �I�R�U �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H�V�� �Z�H �S�O�R�W �W�K�H�L�U �G�D�P�S�L�Q�J �L�Q �S�D�Q�H�O�V ���E���� ���G�� �D�Q�G ���I�� �R�I�)�L�J�� ���������L�Q �G�H�F�U�H�D�V�L�Q�J

�/�6�0�2 �W�K�L�F�N�Q�H�V�V �U�H�V�S�H�F�W�L�Y�H�O�\�� �7�K�H�L�U �G�D�P�S�L�Q�J �V�K�D�U�H�V �V�L�P�L�O�D�U �W�U�H�Q�G�V �W�R �W�K�H�L�U �U�H�I�H�U�H�Q�F�H �E�L�O�D�\�H�U�V �I�R�U �D �V�L�P�L�O�D�U �/�6�0�2
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�R�I �H�[�W�U�L�Q�V�L�F �H�•�H�F�W�V �O�L�N�H �S�U�R�[�L�P�L�W�\ �H�•�H�F�W�V �R�U �O�R�F�D�O �G�H�I�H�F�W�V�� �)�R�U �H�[�D�P�S�O�H��d���Z�D�Y�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�V �O�L�N�H �<�%�&�2 �>������ �@
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�W�K�H �V�S�L�Q �S�X�P�S�L�Q�J �L�Q�W�R �W�K�H(ab)���S�O�D�Q�H �R�I �<�%�&�2�� �7�K�D�Q�N�V �W�R �W�K�H �$�Q�G�U�H�H�Y �E�R�X�Q�G �V�W�D�W�H�V �S�U�H�V�H�Q�W �Z�L�W�K�L�Q �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W��
�L�Q�J �J�D�S �L�Q �W�K�H(ab)���S�O�D�Q�H�� �V�S�L�Q�V �F�D�Q �V�W�L�O�O �E�H �L�Q�M�H�F�W�H�G �L�Q�W�R �<�%�&�2�� �F�D�X�V�L�Q�J �W�K�H �G�D�P�S�L�Q�J �W�R �U�L�V�H �D�I�W�H�U �D �4�U�V�W �G�U�R�S �E�H�O�R�Z
Tc�� �7�K�H �S�O�R�W �L�Q ���E�� �L�V �G�L�V�F�X�V�V�H�G �L�Q�F�K�D�S�W�H�U ���D�Q�G �L�V �D�G�D�S�W�H�G �I�U�R�P �6�� �-�� �&�D�U�U�H�L�U�D�H�W �D�O�������������� �>���@��

�S�U�H�V�H�Q�W �D�Q �D�Q�L�V�R�W�U�R�S�L�F �J�D�S ���V�H�H�4�J�X�U�H ���������D�� �W�K�D�W �F�D�Q �U�H�V�X�O�W �L�Q �W�K�H �S�U�H�V�H�Q�F�H �R�I �V�X�U�I�D�F�H �$�%�6�� �Z�K�L�F�K �F�R�X�O�G �F�R�Q�W�U�L�E�X�W�H

�W�R �V�S�L�Q �W�U�D�Q�V�S�R�U�W �L�Q�W�R �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�� �)�R�U �W�K�L�V�� �W�K�Hab���S�O�D�Q�H �R�I �<�%�&�2 �Q�H�H�G�V �W�R �E�H �H�[�S�R�V�H�G �W�R �W�K�H �L�Q�W�H�U�I�D�F�H��

�–�Q �W�K�L�V �F�D�V�H�� �W�K�H �$�%�6 �Z�R�X�O�G �V�L�J�Q�L�4�F�D�Q�W�O�\ �H�Q�K�D�Q�F�H �W�K�H �G�D�P�S�L�Q�J �F�R�Q�W�U�L�E�X�W�L�R�Q �I�D�U �E�H�O�R�ZTc�� �–�Q �D �U�H�F�H�Q�W �U�H�S�R�U�W�� �6�� �-��

�&�D�U�U�H�L�U�D�H�W �D�O�������������� �>���@ �K�D�Y�H �H�Y�L�G�H�Q�F�H�G �W�K�L�V �S�K�H�Q�R�P�H�Q�R�Q �W�K�U�R�X�J�K �V�S�L�Q �S�X�P�S�L�Q�J �H�[�S�H�U�L�P�H�Q�W�V �R�Q �<�%�&�2���3�\�� �Z�K�H�U�H

�W�K�H �S�U�H�V�H�Q�F�H �R�I �<�%�&�2 �F�U�\�V�W�D�O�O�L�W�H�V ���R�X�W�J�U�R�Z�W�K�V�� �D�W �W�K�H �V�X�U�I�D�F�H �D�O�O�R�Z�H�G �W�K�H �L�Q�M�H�F�W�L�R�Q �R�I �V�S�L�Q �F�X�U�U�H�Q�W�V �D�O�R�Q�J �W�K�H(ab)��

�S�O�D�Q�H�� �$ �V�X�E�V�H�T�X�H�Q�W �G�D�P�S�L�Q�J �H�Q�K�D�Q�F�H�P�H�Q�W �Z�D�V �H�Y�L�G�H�Q�F�H�G �D�V �V�H�H�Q �L�Q�4�J�X�U�H ���������E�� �W�K�H �G�D�P�S�L�Q�J �G�U�R�S�V �4�U�V�W �D�W

Tc �G�X�H �W�R �W�K�H �R�S�H�Q�L�Q�J �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �J�D�S �Z�K�L�F�K �K�L�Q�G�H�U�V �W�K�H �F�R�Q�Y�H�Q�W�L�R�Q�D�O �T�X�D�V�L�S�D�U�W�L�F�O�H �L�Q�M�H�F�W�L�R�Q �F�K�D�Q�Q�H�O��

�E�H�I�R�U�H �R�E�V�H�U�Y�L�Q�J �D �G�D�P�S�L�Q�J �L�Q�F�U�H�D�V�H �I�D�F�L�O�L�W�D�W�H�G �E�\ �W�K�H �$�%�6 �Z�K�L�F�K �U�L�V�H �L�Q �G�H�Q�V�L�W�\ �D�V �Z�H �J�R �G�R�Z�Q �L�Q �W�H�P�S�H�U�D�W�X�U�H�� �<�H�W��

�L�Q �R�X�U �/�6�0�2���<�%�&�2 �4�O�P�V�� �W�K�L�V �E�H�K�D�Y�L�R�U �L�V �Q�R�W �R�E�V�H�U�Y�H�G�� �2�Q �W�K�H �F�R�Q�W�U�D�U�\�� �W�K�H �G�D�P�S�L�Q�J �L�V �H�Q�K�D�Q�F�H�G �G�L�U�H�F�W�O�\ �E�H�O�R�Z

Tc �D�Q�G �L�W �R�Q�O�\ �G�H�F�U�H�D�V�H�V �D�W �O�R�Z�H�U �W�H�P�S�H�U�D�W�X�U�H ���V�H�H�4�J�X�U�H ���������E���� �Z�K�L�F�K �L�V �M�X�V�W �W�K�H �R�S�S�R�V�L�W�H �R�I �Z�K�D�W �L�V �R�E�V�H�U�Y�H�G

�L�Q�4�J�X�U�H ���������E�� �7�K�L�V �L�V �D�F�W�X�D�O�O�\ �D�V �R�Q�H �H�[�S�H�F�W�V �F�R�Q�V�L�G�H�U�L�Q�J �W�K�D�W �W�K�H �/�6�0�2���<�%�&�2 �4�O�P�V �D�U�H �J�U�R�Z�Q �L�Q �W�K�Hc���G�L�U�H�F�W�L�R�Q

�D�Q�G �S�U�H�V�H�Q�W �D�Q �D�W�R�P�L�F�D�O�O�\ �D�E�U�X�S�W �L�Q�W�H�U�I�D�F�H �D�V �V�H�H�Q �E�\ �W�K�H �6�7�(�0 �L�P�D�J�H�V �Z�H �K�D�G �G�L�V�F�X�V�V�H�G �L�Q�)�L�J�� �������� �7�K�L�V �P�H�D�Q�V �W�K�D�W

�W�K�H �V�S�L�Q �L�Q�M�H�F�W�L�R�Q �R�F�F�X�U�V �V�W�U�L�F�W�O�\ �D�O�R�Q�J �W�K�Hc���D�[�L�V �D�Q�G �Q�R �$�Q�G�U�H�H�Y �E�R�X�Q�G �V�W�D�W�H�V �R�I �W�K�L�V �W�\�S�H �D�U�H �H�[�S�H�F�W�H�G �W�R �R�F�F�X�U �D�W

�W�K�H �L�Q�W�H�U�I�D�F�H�� �7�K�H�V�H �D�U�J�X�P�H�Q�W�V �U�X�O�H �R�X�W �W�K�H �L�Q�M�H�F�W�L�R�Q �R�I �$�%�6 �W�K�U�R�X�J�K �W�K�H �D�Q�L�V�R�W�U�R�S�L�F �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �J�D�S �L�Q �<�%�&�2���V

ab���S�O�D�Q�H �D�V �D �P�H�D�Q �W�R �H�[�S�O�D�L�Q �R�X�W �U�H�V�X�O�W�V��

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

�V�X�U�I�D�F�H �$�Q�G�U�H�H�Y �E�R�X�Q�G �V�W�D�W�H�V ���F�D�O�O�H�G �T�X�D�V�L�S�D�U�W�L�F�O�H �E�R�X�Q�G �V�W�D�W�H�V �E�\ �0�� �6�L�O�D�H�Y�� �G�X�H �W�R �W�K�H �V�X�S�S�U�H�V�V�L�R�Q �R�I �W�K�H �S�D�L�U�L�Q�J
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�I�R�U �G�L�•�H�U�H�Q�W �Q�R�U�P�D�O���O�D�\�H�U �W�K�L�F�N�Q�H�V�V�H�V��dN / � 0 = 0 :8 ���E�O�X�H����0:2 ���U�H�G�� �D�Q�G0 ���R�U�D�Q�J�H���� �7�K�H �S�O�R�W �L�V �D�G�D�S�W�H�G �I�U�R�P �0�� �6�L�O�D�H�Y
������������ �>������ �@�� ���E�� �3�D�Q�H�O�V ���L���� ���L�L�� �D�Q�G ���L�L�L�� �D�U�H �L�Q �G�H�F�U�H�D�V�L�Q�J �/�6�0�2 �W�K�L�F�N�Q�H�V�V �I�R�U� �'�L�I�I= � �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H� � �Q�R�U�P�D�O �V�D�P�S�O�H

�R�I �R�X�U �W�K�U�H�H �S�D�L�U�V �R�I �/�6�0�2���<�%�&�2 �V�D�P�S�O�H�V��Tc �L�V �P�D�U�N�H�G �Z�L�W�K �D �J�U�D�\ �Y�H�U�W�L�F�D�O �G�D�V�K�H�G �O�L�Q�H �I�R�U �H�D�F�K �S�D�L�U��

�Z�L�W�K�L�Q �D�Q �L�Q�W�H�U�I�D�F�L�D�O �O�D�\�H�U �W�K�D�W �E�H�K�D�Y�H�V �O�L�N�H �D �Q�R�U�P�D�O �P�H�W�D�O �>������ �@�� �$�V �D �U�H�V�X�O�W�� �W�K�H �G�D�P�S�L�Q�J �Z�R�X�O�G �L�Q�F�U�H�D�V�H �E�H�O�R�ZTc��

�S�U�H�V�H�Q�W�L�Q�J �D �S�H�D�N �D�V �V�K�R�Z�Q �L�Q�4�J�X�U�H ���������D�� �Z�K�L�F�K �U�H�V�H�P�E�O�H�V �R�X�U �G�D�W�D �Y�H�U�\ �F�O�R�V�H�O�\�� �(�Y�H�Q �W�K�R�X�J�K �0�� �6�L�O�D�H�Y ������������ �>������ �@

�F�R�Q�V�L�G�H�U�V �D �I�H�U�U�R�P�D�J�Q�H�W�L�F �L�Q�V�X�O�D�W�R�U �>������ �@ �L�Q �W�K�H �V�W�X�G�L�H�G �V�W�U�X�F�W�X�U�H�� �/�6�0�2 �Z�R�X�O�G �T�X�D�O�L�W�D�W�L�Y�H�O�\ �E�H�K�D�Y�H �L�Q �D �V�L�P�L�O�D�U

�P�D�Q�Q�H�U �L�Q �W�K�H �F�R�Q�W�H�[�W �R�I �V�S�L�Q �S�X�P�S�L�Q�J�� �W�K�H �K�D�O�I���P�H�W�D�O �/�6�0�2 �K�D�V �D100�� �S�R�O�D�U�L�]�D�W�L�R�Q �D�W �W�K�H �)�H�U�P�L �O�H�Y�H�O�� �P�D�N�L�Q�J �L�W

�L�Q�V�X�O�D�W�L�Q�J �W�R �&�R�R�S�H�U �S�D�L�U�V �E�L�Q�G�L�Q�J �� �H�O�H�F�W�U�R�Q�V �R�I �R�S�S�R�V�L�W�H �V�S�L�Q�V�� �$�G�G�L�W�L�R�Q�D�O�O�\�� �0�� �6�L�O�D�H�Y ������������ �>������ �@ �D�U�J�X�H�V �W�K�D�W �K�L�V

�I�R�U�P�D�O�L�V�P �F�D�Q �E�H �H�[�W�H�Q�G�H�G �L�Q�W�R �F�R�Q�G�X�F�W�L�Q�J �I�H�U�U�R�P�D�J�Q�H�W�V �D�Q�G �L�V �Q�R�W �O�L�P�L�W�H�G �W�R �L�Q�V�X�O�D�W�R�U�V�� �:�L�W�K�L�Q �W�K�H �V�F�R�S�H �R�I �R�X�U

�Z�R�U�N�� �Z�H �F�R�X�O�G �Q�R�W �H�[�S�H�U�L�P�H�Q�W�D�O�O�\ �Y�H�U�L�I�\ �L�I �V�X�F�K �D �Q�R�U�P�D�O �P�H�W�D�O �O�D�\�H�U �L�V �S�U�H�V�H�Q�W �D�W �W�K�H �L�Q�W�H�U�I�D�F�H �R�I �W�K�H �/�6�0�2���<�%�&�2

�E�L�O�D�\�H�U�� �+�R�Z�H�Y�H�U�� �L�W �L�V �N�Q�R�Z�Q �W�K�D�W �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �S�U�R�[�L�P�L�W�\ �H�•�H�F�W �H�[�L�V�W�V �L�Q �W�K�L�V �L�Q�W�H�U�I�D�F�H�� �D�Q�G �W�K�D�W �D �G�H�S�U�H�V�V�L�R�Q

�R�I �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �S�U�R�S�H�U�W�L�H�V �L�V �H�[�S�H�F�W�H�G �I�R�U �D �I�H�Z �O�D�\�H�U �R�I �<�%�&�2 �L�Q �F�R�Q�W�D�F�W �Z�L�W�K �W�K�H �K�D�O�I���P�H�W�D�O �>������ �@�� �7�K�X�V�� �L�W �L�V

�S�O�D�X�V�L�E�O�H �W�K�D�W �W�K�H �V�L�W�X�D�W�L�R�Q �F�R�Q�V�L�G�H�U�H�G �E�\ �0�� �6�L�O�D�H�Y ������������ �>������ �@ �D�Q�G �L�Q �F�R�Q�V�H�T�X�H�Q�F�H �W�K�D�W �W�K�H �$�Q�G�U�H�H�Y �E�R�Q�G �V�W�D�W�H�V

�G�X�H �W�R �G�H�S�U�H�V�V�H�G �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\ �D�W �W�K�H �/�6�0�2���<�%�&�2 �L�Q�W�H�U�I�D�F�H �U�H�V�X�O�W �L�Q �W�K�H �E�H�K�D�Y�L�R�U �H�[�S�H�U�L�P�H�Q�W�D�O�O�\ �R�E�V�H�U�Y�H�G

�L�Q�4�J�X�U�H ���������E��
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�R�S�H�Q�V �D�G�G�L�W�L�R�Q�D�O �V�S�L�Q���U�H�O�D�[�D�W�L�R�Q �S�D�W�K�Z�D�\�V�� �D�Q�G �W�K�H�U�H�E�\ �P�R�G�L�4�H�V �W�K�H �H�•�H�F�W�L�Y�H �G�D�P�S�L�Q�J �P�H�D�V�X�U�H�G �E�\ �)�0�5��

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

�Q�H�O�V�� �$�Q�G�U�H�H�Y �E�R�X�Q�G �V�W�D�W�H�V �D�Q�G �V�S�L�Q �W�U�L�S�O�H�W �&�R�R�S�H�U �3�D�L�U�V�� �E�R�W�K �S�U�R�E�D�E�O�\ �I�D�F�L�O�L�W�D�W�H�G �E�\ �R�Q�H �V�F�H�Q�D�U�L�R�� �E�H�L�Q�J �W�K�H �S�U�R�[��

�L�P�L�W�\ �H�•�H�F�W ���R�U �L�W�V �L�Q�Y�H�U�V�H���� �)�X�U�W�K�H�U �W�K�H�R�U�H�W�L�F�D�O �Z�R�U�N�V �D�U�H �W�K�H�Q �Q�H�H�G�H�G �W�R �P�L�[ �E�R�W�K �P�H�F�K�D�Q�L�V�P�V �L�Q �R�Q�H �I�U�D�P�H�Z�R�U�N

�Z�K�L�F�K �F�R�X�O�G �H�[�S�O�D�L�Q �W�K�H �U�H�V�X�O�W�V �Z�H �U�H�S�R�U�W �L�Q �W�K�L�V �Z�R�U�N��

������



������ �)�X�U�W�K�H�U �L�Q�W�H�U�I�D�F�H �H�Q�J�L�Q�H�H�U�L�Q�J�� �D �W�H�V�W �R�Q �1�*�2����������

���������� �0�R�W�L�Y�D�W�L�R�Q �D�Q�G �V�W�U�X�F�W�X�U�D�O �F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q

�:�H �V�R�X�J�K�W �R�X�W �W�R �O�H�Y�H�U�D�J�H �W�K�H �L�Q�V�L�J�K�W�V �W�K�D�W �Z�H �J�D�W�K�H�U�H�G �Z�L�W�K �R�X�U �V�W�X�G�\ �R�Q �/�6�0�2���<�%�&�2 �E�L�O�D�\�H�U�V �J�U�R�Z�Q �R�Q �W�K�H

�1�*�2(110) �V�X�E�V�W�U�D�W�H�� �Z�K�H�U�H �<�%�&�2 �L�V �J�U�R�Z�Q �D�O�R�Q�J �W�K�Hc���D�[�L�V �G�L�U�H�F�W�L�R�Q�� �2�Q�H �S�R�V�V�L�E�L�O�L�W�\ �W�R �I�X�U�W�K�H�U �S�X�V�K �W�K�H �V�W�X�G�\ �Z�D�V

�W�R �D�O�W�H�U �W�K�H �/�6�0�2���<�%�&�2 �L�Q�W�H�U�I�D�F�H �L�Q �R�U�G�H�U �W�R �D�O�O�R�Z �I�R�U �W�K�H �L�Q�W�H�U�S�O�D�\ �R�I �W�K�H �G�L�•�H�U�H�Q�W �V�S�L�Q �L�Q�M�H�F�W�L�R�Q �F�K�D�Q�Q�H�O�V �G�L�V�F�X�V�V�H�G

�L�Q�6�H�F�W�L�R�Q �������� �:�H �G�H�F�L�G�H�G �W�R �D�F�K�L�H�Y�H �W�K�L�V �E�\ �F�K�D�Q�J�L�Q�J �W�K�H �1�*�2 �V�X�E�V�W�U�D�W�H���V �F�U�\�V�W�D�O�O�R�J�U�D�S�K�L�F �R�U�L�H�Q�W�D�W�L�R�Q�� �Z�K�L�F�K �Z�R�X�O�G

�L�Q �W�X�U�Q �D�O�W�H�U �W�K�H �H�S�L�W�D�[�L�D�O �J�U�R�Z�W�K �R�I �E�R�W�K �/�6�0�2 �D�Q�G �<�%�&�2 �R�Q �W�R�S�� �Z�L�W�K�R�X�W �W�K�H �Q�H�H�G �I�R�U �D�G�G�L�W�L�R�Q�D�O �J�U�R�Z�W�K �R�U �S�D�W�W�H�U�Q��

�L�Q�J �V�W�H�S�V�� �)�R�U �W�K�D�W�� �Z�H �J�U�H�Z �D �S�D�L�U �R�I �V�D�P�S�O�H�V �R�Q �1�*�2(100)�� �R�Q�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �/�6�0�2(47 �Q�P)/ �<�%�&�2(20 �Q�P) �D�Q�G

�W�K�H �R�W�K�H�U �/�6�0�2(47 �Q�P)/ �<�%�&�2(5 �Q�P) �D�V �D �U�H�I�H�U�H�Q�F�H��

�&�R�P�S�D�U�H�G �W�R �W�K�H �J�U�R�Z�W�K �R�I �W�K�H �E�L�O�D�\�H�U �R�Q �1�*�2(110) ���R�U �1�*�2(001)�� �U�H�P�L�Q�G�H�G �L�Q�4�J�X�U�H ���������D�� �W�K�H �/�6�0�2 �S�V�H�X�G�R��

�F�X�E�H �X�Q�L�W �F�H�O�O �L�V �U�R�W�D�W�H�G45� �R�X�W �R�I �W�K�H �S�O�D�Q�H �R�Q �1�*�2(100) �D�V �V�H�H�Q �L�Q�4�J�X�U�H ���������E�� �H�•�H�F�W�L�Y�H�O�\ �J�U�R�Z�L�Q�J �/�6�0�2 �L�Q �W�K�H

(110) �R�U�L�H�Q�W�D�W�L�R�Q�� �–�Q �W�K�L�V �F�D�V�H�� �<�%�&�2 �L�V �D�O�V�R �J�U�R�Z�Q �H�S�L�W�D�[�L�D�O�O�\ �R�Q �/�6�0�2 �D�Q�G �K�D�V �D �J�R�R�G �O�D�W�W�L�F�H �P�D�W�F�K�L�Q�J �D�O�R�Q�J �W�Z�R

�R�U�L�H�Q�W�D�W�L�R�Q��

�� �(�L�W�K�H�U �W�K�H(ac)���S�O�D�Q�H�� �U�R�W�D�W�L�Q�J �W�K�H �<�%�&�2 �X�Q�L�W �F�H�O�O �W�R �V�L�W �R�Q �L�W�V �O�R�Q�J�H�U �V�L�G�H�� �H�•�H�F�W�L�Y�H�O�\ �J�U�R�Z�L�Q�J �L�Q(110) �R�U�L�H�Q�W�D�W�L�R�Q��

�D�V �V�K�R�Z�Q �L�Q �W�K�H �O�H�I�W �S�D�Q�H�O �R�I�4�J�X�U�H ���������E��

�� �2�U �W�K�H(ab)���S�O�D�Q�H�� �L�Q�F�O�L�Q�L�Q�J �W�K�H �O�R�Q�Jc���D�[�L�V �R�I �W�K�H �<�%�&�2 �X�Q�L�W �F�H�O�O �E�\45� �� �H�•�H�F�W�L�Y�H�O�\ �J�U�R�Z�L�Q�J �L�Q(103) �R�U�L�H�Q�W�D�W�L�R�Q��

�D�V �V�K�R�Z�Q �L�Q �W�K�H �U�L�J�K�W �S�D�Q�H�O �R�I�4�J�X�U�H ���������E��

���D�� ���E��

�)�L�J�X�U�H ���������� �&�R�P�S�D�U�L�V�R�Q �R�I �W�K�H �O�D�W�W�L�F�H �V�W�D�F�N�L�Q�J �R�I �/�6�0�2 �D�Q�G �<�%�&�2 �J�U�R�Z�Q �H�S�L�W�D�[�L�D�O�O�\ �R�Q ���D�� �1�*�2(110) �D�Q�G ���E��
�1�*�2(100)��

�7�K�L�V �L�V �Z�K�\ �Z�H �Z�R�X�O�G �J�H�W �D �P�L�[ �R�I �<�%�&�2(110) �D�Q�G �<�%�&�2(103)�� �W�K�D�W �E�R�W�K �V�K�D�U�H �W�K�H �V�D�P�H �S�H�D�N�V �G�X�U�L�Q�J �;�5�' �F�K�D�U��

�D�F�W�H�U�L�]�D�W�L�R�Q �D�V �V�K�R�Z�Q �L�Q�4�J�X�U�H ���������D�� �Z�K�L�F�K �F�R�Q�4�U�P�V �W�K�H �H�S�L�W�D�[�L�D�O �J�U�R�Z�W�K �R�I �<�%�&�2 �R�Q �/�6�0�2 �R�Q �W�R�S �R�I �W�K�H �1�*�2(100)

������



���D�� ���E��

�)�L�J�X�U�H ���������� ���D�� �;�5�' �F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q �R�I �W�K�H �1�*�2(100)�����/�6�0�2���<�%�&�2 �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H�� �V�K�R�Z�F�D�V�L�Q�J �W�K�H
�<�%�&�2(110) �D�Q�G �<�%�&�2(103) �%�U�D�J�J �S�H�D�N�V�� ���E��5 � 5 � �P2 �$�)�0 �V�F�D�Q �R�I �W�K�H �U�H�I�H�U�H�Q�F�H �V�D�P�S�O�H �J�U�R�Z�Q �R�Q �1�*�2(100)��

�V�X�E�V�W�U�D�W�H��

�:�H �D�G�G�L�W�L�R�Q�D�O�O�\ �W�R�R�N �$�)�0 �V�F�D�Q�V �R�I �W�K�H �V�X�U�I�D�F�H �R�I �W�K�H �U�H�I�H�U�H�Q�F�H �V�D�P�S�O�H�� �V�K�R�Z�Q �L�Q�4�J�X�U�H ���������E�� �7�K�H �V�D�P�S�O�H

�V�X�U�I�D�F�H �V�K�R�Z�V �Q�R �F�U�\�V�W�D�O�O�L�W�H�V �Z�L�W�K �D�Qrms = 1 :49�Q�P� 3� rms �1�*�2( ������ ) �� �Z�K�L�F�K �L�Q�G�L�F�D�W�H�V �D �U�R�X�J�K�H�U �V�X�U�I�D�F�H �F�R�P�S�D�U�H�G

�W�R �1�*�2(110)���J�U�R�Z�Q �V�D�P�S�O�H�V�� �E�X�W �V�W�L�O�O �D �V�P�R�R�W�K �V�X�U�I�D�F�H��

�)�L�J�X�U�H ���������� �&�U�R�V�V �V�H�F�W�L�R�Q�D�O �+�$�$�'�)���6�7�(�0 �L�P�D�J�H �R�I �D�Q �/�6�0�2���<�%�&�2 �L�Q�W�H�U�I�D�F�H �I�R�U �W�K�H �V�D�P�S�O�H �J�U�R�Z�Q �R�Q �1�*�2(100)��

������



�–�Q �R�U�G�H�U �W�R �D�F�F�H�V�V �W�K�H �/�6�0�2���<�%�&�2 �L�Q�W�H�U�I�D�F�H�� �W�K�H �D�W�R�P�L�F �U�H�V�R�O�X�W�L�R�Q �+�$�$�'�)���6�7�(�0 �L�P�D�J�H �L�Q�)�L�J�� ���������L�V �W�D�N�H�Q �I�R�U

�D �F�U�R�V�V���V�H�F�W�L�R�Q�D�O �F�X�W �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �/�6�0�2(47 �Q�P)/ �<�%�&�2(20 �Q�P) �E�L�O�D�\�H�U �R�Q �1�*�2(100)�� �7�K�H �+�$�$�'�)���6�7�(�0

�L�P�D�J�H �U�H�Y�H�D�O�V �D�Q �D�W�R�P�L�F�D�O�O�\ �D�E�U�X�S�W �L�Q�W�H�U�I�D�F�H �W�K�D�W �F�R�Q�4�U�P�V �W�K�H �K�L�J�K �F�U�\�V�W�D�O�O�L�Q�H �T�X�D�O�L�W�\ �R�I �W�K�H �4�O�P�V �D�V �Z�H�O�O �D�V �W�K�H

�F�O�H�D�Q �L�Q�W�H�U�I�D�F�H �E�H�W�Z�H�H�Q �<�%�&�2 �D�Q�G �/�6�0�2�� �:�H �F�D�Q �D�O�V�R �Q�R�W�H �W�K�D�W �<�%�&�2 �L�V �J�U�R�Z�Q �D�O�R�Q�J �W�K�H(103) �G�L�U�H�F�W�L�R�Q �H�[�F�O�X�V�L�Y�H�O�\

�D�V �W�K�H �X�Q�L�W �F�H�O�O �R�I �<�%�&�2 �L�V �U�R�W�D�W�H�G45� �I�U�R�P �W�K�H �Y�H�U�W�L�F�D�O��

���������� �(�O�H�F�W�U�L�F�D�O �D�Q�G �P�D�J�Q�H�W�L�F �F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q

�$�I�W�H�U �F�R�Q�4�U�P�L�Q�J �W�K�H �J�R�R�G �V�W�U�X�F�W�X�U�D�O �T�X�D�O�L�W�\ �R�I �R�X�U �V�D�P�S�O�H�V �R�Q �1�*�2(100)�� �Z�H �K�D�G �W�R �Y�H�U�L�I�\ �W�K�H�L�U �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J

�Q�D�W�X�U�H �D�V �Z�H�O�O �D�V �W�K�H�L�U �L�Q���S�O�D�Q�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q�� �E�H�I�R�U�H �S�U�R�F�H�H�G�L�Q�J �W�R �)�0�5 �P�H�D�V�X�U�H�P�H�Q�W�V��

�)�L�J�X�U�H ����������R(T) �P�H�D�V�X�U�H�P�H�Q�W �R�I �W�K�H �E�L�O�D�\�H�U�V �J�U�R�Z�Q �R�Q �1�*�2(100)�� �/�6�0�2(47 �Q�P)/ �<�%�&�2(20 �Q�P) �L�Q �U�H�G �D�Q�G
�/�6�0�2(47 �Q�P)/ �<�%�&�2(5 �Q�P) �L�Q �E�O�D�F�N��Tc = 75 �. �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H �L�V �P�D�U�N�H�G �Z�L�W�K �D �Y�H�U�W�L�F�D�O �J�U�D�\ �G�D�V�K�H�G
�O�L�Q�H��

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

�S�O�H�V�� �V�K�R�Z�Q �L�Q�)�L�J�� ���������L�Q �O�R�J���V�F�D�O�H�� �:�H �H�[�W�U�D�F�WTc = 75:5 �. �I�R�U �W�K�H �/�6�0�2(47 �Q�P)/ �<�%�&�2(20 �Q�P) �E�L�O�D�\�H�U �Z�K�L�O�H �W�K�H

�U�H�I�H�U�H�Q�F�H �V�D�P�S�O�H �V�K�R�Z�V �Q�R �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q �D�V �H�[�S�H�F�W�H�G��

�$ �6�4�8�–�' �P�H�D�V�X�U�H�P�H�Q�W �D�W100�. �R�I �W�K�H �L�Q���S�O�D�Q�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q �I�R�U �W�K�H �1�*�2(100)// �/�6�0�2(47 �Q�P)/ �<�%�&�2(20 �Q�P)

�E�L�O�D�\�H�U �L�V �V�K�R�Z�Q �L�Q�4�J�X�U�H ���������D�� �L�Q �G�L�U�H�F�W �F�R�P�S�D�U�L�V�R�Q �Z�L�W�K �W�K�H �V�D�P�H �P�H�D�V�X�U�H�P�H�Q�W �R�I �W�K�H �S�U�H�Y�L�R�X�V�O�\ �G�L�V�F�X�V�V�H�G �V�W�D�F�N

�R�Q �1�*�2(110)�� �:�H �F�D�Q �V�H�H �W�K�D�W �E�R�W�K �V�D�P�S�O�H�V �H�[�K�L�E�L�W �W�K�H �V�D�P�H �V�D�W�X�U�D�W�L�R�Q �P�D�J�Q�H�W�L�]�D�W�L�R�QM S � 479�N�$/ �P �D�V �H�[�S�H�F�W�H�G

�I�R�U �W�K�L�V �W�K�L�F�N�Q�H�V�V �R�I �/�6�0�2 �>������ �@�� �W�K�R�X�J�K �W�K�H �1�*�2(100)���J�U�R�Z�Q �E�L�O�D�\�H�U �V�K�R�Z�V �D �V�D�W�X�U�D�W�L�R�Q �4�H�O�G �R�IHS = 0 :4 �P�7��

�I�R�X�U �W�L�P�H�V �K�L�J�K�H�U �W�K�D�Q �I�R�U �W�K�H �V�D�P�S�O�H �R�Q �1�*�2(110)�� �7�K�L�V �G�L�•�H�U�H�Q�F�H �L�Q �V�D�W�X�U�D�W�L�R�Q �4�H�O�G�V �F�D�Q �E�H �W�U�D�F�H�G �E�D�F�N �W�R �W�K�H

�P�D�J�Q�H�W�R�F�U�\�V�W�D�O�O�L�Q�H �D�Q�L�V�R�W�U�R�S�\ �L�Q �/�6�0�2�� �W�K�D�W �L�V �O�R�Z�H�V�W �D�O�R�Q�J �W�K�H �R�U�L�H�Q�W�D�W�L�R�Q(111) �R�I �/�6�0�2 �Z�K�L�F�K �L�V �W�K�H �G�L�D�J�R�Q�D�O �R�I

�W�K�H �S�V�H�X�G�R�F�X�E�L�F �V�W�U�X�F�W�X�U�H �R�I �/�6�0�2�� �:�L�W�K�L�Q �D �I�D�F�H �R�I �W�K�H �/�6�0�2 �F�X�E�H�� �W�K�L�V �D�Q�L�V�R�W�U�R�S�\ �L�V �O�R�Z�H�V�W �D�O�R�Q�J �W�K�H �G�L�D�J�R�Q�D�O�V

�W�K�H�U�H�I�R�U�H �D�O�R�Q�J �W�K�H(110) �R�U�L�H�Q�W�D�W�L�R�Q �R�I �/�6�0�2 �>������ �@�� �2�Q �1�*�2(110) �Z�K�H�U�H �/�6�0�2 �L�V �J�U�R�Z�Q �D�O�R�Q�J �W�K�H(001) �G�L�U�H�F�W�L�R�Q��

������



�6�4�8�–�' �P�H�D�V�X�U�H�P�H�Q�W�V �L�Q���S�O�D�Q�H �D�U�H �H�T�X�L�Y�D�O�H�Q�W �D�O�R�Q�J �S�H�U�S�H�Q�G�L�F�X�O�D�U �G�L�U�H�F�W�L�R�Q�V ���D�O�R�Q�J �H�L�W�K�H�U �F�X�W �G�L�U�H�F�W�L�R�Q �R�I �W�K�H �1�*�2

�V�X�E�V�W�U�D�W�H �V�T�X�D�U�H�� �Z�K�L�F�K �F�R�L�Q�F�L�G�H �Z�L�W�K �W�K�H �G�L�D�J�R�Q�D�O�V �R�I �/�6�0�2 �L�Q �W�K�H(ab)���S�O�D�Q�H�� �2�Q �1�*�2(100)�� �W�K�H45� �W�L�O�W �L�Q �W�K�H �/�6�0�2

�V�W�U�X�F�W�X�U�H �O�H�D�G�V �W�R �D �K�L�J�K�H�U �D�Q�L�V�R�W�U�R�S�\ �L�Q���S�O�D�Q�H �F�R�P�S�D�U�H�G �W�R �W�K�H �F�D�V�H �1�*�2(110)���J�U�R�Z�Q �V�D�P�S�O�H�V�� �F�R�Q�W�U�L�E�X�W�L�Q�J �W�R �D

�K�L�J�K�H�U �V�D�W�X�U�D�W�L�R�Q �4�H�O�G�� �3�R�W�H�Q�W�L�D�O�O�\ �D�G�G�L�W�L�R�Q�D�O �V�W�U�D�L�Q �R�Q �/�6�0�2 �R�Q �1�*�2(100) �F�R�X�O�G �D�O�V�R �U�H�L�Q�I�R�U�F�H �W�K�H �L�Q���S�O�D�Q�H �X�Q�L�D�[�L�D�O

�D�Q�L�V�R�W�U�R�S�\ �W�H�U�P �>������ �@��

���������� �0�D�J�Q�H�W�L�]�D�W�L�R�Q �G�\�Q�D�P�L�F�V �R�I �/�6�0�2 �R�Q �1�*�2����������

�$�V �L�W �K�D�V �E�H�F�R�P�H �V�W�D�Q�G�D�U�G �I�R�U �D�O�O �V�D�P�S�O�H�V�� �Z�H �4�U�V�W �S�H�U�I�R�U�P�H�G �)�0�5 �P�H�D�V�X�U�H�P�H�Q�W�V �L�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H �I�R�U �D ���Q�R�U�P�D�O��

�U�H�I�H�U�H�Q�F�H �R�I �W�K�H �H�[�W�U�D�F�W�H�G �S�D�U�D�P�H�W�H�U�V�� �E�H�I�R�U�H �P�H�D�V�X�U�L�Q�J �W�K�H �I�X�O�O �W�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�H��

�)�L�J�X�U�H ���������E�V�K�R�Z�V �D �V�H�U�L�H�V �R�I �)�0�5 �P�H�D�V�X�U�H�P�H�Q�W�V �R�I �W�K�H �1�*�2(100)// �/�6�0�2(47 �Q�P)/ �<�%�&�2(20 �Q�P) �E�L�O�D�\�H�U �I�R�U

�G�L�•�H�U�H�Q�W �U�I �I�U�H�T�X�H�Q�F�L�H�V �L�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H �D�W80�. �D�V �D�Q �H�[�D�P�S�O�H�� �D�E�R�Y�HTc = 75:5 �.�� �7�K�H �)�0�5 �P�H�D�V�X�U�H�P�H�Q�W�V �D�U�H

�4�W�W�H�G �Z�L�W�K �D �'�\�V�R�Q�L�D�Q �I�X�Q�F�W�L�R�Q�� �I�U�R�P �Z�K�L�F�K �Z�H �H�[�W�U�D�F�W �W�K�H �S�H�D�N���W�R���S�H�D�N �O�L�Q�H�Z�L�G�W�K� Hpp �D�Q�G �W�K�H �U�H�V�R�Q�D�Q�F�H �4�H�O�GH r

�D�W �H�D�F�K �I�U�H�T�X�H�Q�F�\���)�L�J�X�U�H ���������F�F�R�P�S�D�U�H�V �W�K�H �O�L�Q�H�D�U �4�W �R�I� Hpp(f ) �E�H�W�Z�H�H�Q �W�K�H �1�*�2(100)�� �D�Q�G �1�*�2(110)���J�U�R�Z�Q

�V�D�P�S�O�H�V�� �:�H �S�R�L�Q�W �R�X�W �W�Z�R �I�H�D�W�X�U�H�V�� �W�K�H �K�L�J�K�H�U �G�L�V�S�H�U�V�L�R�Q �R�I �W�K�H� Hpp(f ) �G�D�W�D �D�V �Z�H�O�O �D�V �W�K�H �K�L�J�K�H�U �*�L�O�E�H�U�W �G�D�P�S�L�Q�J

�S�D�U�D�P�H�W�H�U �R�Q �1�*�2(100) ��� �1�*�2(100) � 2:27� 10� 3�� �F�R�P�S�D�U�H�G �W�R �1�*�2(110) ��� �1�*�2(110) � 0:9� 10� 3���� �7�K�H �O�D�W�W�H�U �I�H�D�W�X�U�H

�F�R�X�O�G �E�H �G�X�H �W�R �D �V�W�U�R�Q�J�H�U �V�S�L�Q �S�X�P�S�L�Q�J �F�X�U�U�H�Q�W �U�H�D�F�K�L�Q�J �<�%�&�2 �E�H�F�D�X�V�H �W�K�H ��ab�����S�O�D�Q�H �R�I �<�%�&�2�� �Q�R�Z �D�F�F�H�V�V�L�E�O�H�� �K�D�V

�P�X�F�K �K�L�J�K�H�U �H�O�H�F�W�U�R�Q�L�F �G�H�Q�V�L�W�\ �L�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H �F�R�P�S�D�U�H�G �W�R �W�K�Hc���D�[�L�V �>������ �������� �������� �@�� �S�U�R�Y�R�N�L�Q�J �D �E�H�W�W�H�U �V�S�L�Q

�V�L�Q�N�L�Q�J �H�]�F�L�H�Q�F�\ �R�Q �1�*�2(100) �Z�K�L�F�K �W�U�D�Q�V�O�D�W�H�V �L�Q�W�R �D �K�L�J�K�H�U �G�D�P�S�L�Q�J�� �0�H�D�Q�Z�K�L�O�H�� �Z�H �S�O�R�W �L�Q�4�J�X�U�H ���������G�W�K�H �.�L�W�W�H�O

�4�W�V �R�I �W�K�HH r (f ) �G�D�W�D �I�R�U �E�R�W�K �V�D�P�S�O�H�V�� �:�H �F�K�H�F�N �W�K�H �L�Q���S�O�D�Q�H �D�Q�L�V�R�W�U�R�S�\ �4�H�O�G �H�V�W�L�P�D�W�H�G �W�K�U�R�X�J�K �W�K�L�V �4�W ���R�E�W�D�L�Q�H�G

�E�\ �W�K�Hx ���D�[�L�V �L�Q�W�H�U�F�H�S�W �R�I �W�K�H �4�W���� �Z�K�L�F�K �W�X�U�Q�V �R�X�W �W�R �E�H �K�L�J�K�H�U �I�R�U �1�*�2(100) ���D�W257:6 �P�7�� �R�Q �Z�K�L�F�K �J�U�R�Z�V �/�6�0�2(110)

�F�R�P�S�D�U�H�G �W�R �1�*�2(110) ���D�W49:1 �P�7�� �Z�L�W�K �/�6�0�2(001)�� �W�K�L�V �L�V �F�R�P�S�D�W�L�E�O�H �Z�L�W�K �W�K�H �6�4�8�–�' �P�H�D�V�X�U�H�P�H�Q�W�V �V�K�R�Z�L�Q�J �D

�K�L�J�K�H�U �V�D�W�X�U�D�W�L�R�Q �4�H�O�G �R�Q �1�*�2(100)��

�)�L�Q�D�O�O�\�� �Z�H �S�H�U�I�R�U�P�H�G �W�K�H �V�D�P�H �S�U�R�F�H�G�X�U�H �I�R�U �D �V�H�U�L�H�V �R�I �W�H�P�S�H�U�D�W�X�U�H�V �D�E�R�Y�H �D�Q�G �E�H�O�R�ZTc�� �E�H�W�Z�H�H�Q150�. �D�Q�G

40�. ���G�R�Z�Q �W�R20�. �I�R�U �W�K�H �U�H�I�H�U�H�Q�F�H �V�D�P�S�O�H���� �:�H �S�O�R�W� (T) �D�Q�G� H0(T) �L�Q�4�J�X�U�H�V ���������D�D�Q�G���������E�U�H�V�S�H�F�W�L�Y�H�O�\��� (T)

�R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H �I�R�O�O�R�Z�V �W�K�H �E�H�K�D�Y�L�R�U �R�I �W�K�H �U�H�I�H�U�H�Q�F�H �V�D�P�S�O�H �D�E�R�Y�HTc�� �W�K�H�Q �H�[�S�H�U�L�H�Q�F�H�V �D �G�U�R�S

�D�WTc�� �Q�R�W �V�H�H�Q �I�R�U �W�K�H �U�H�I�H�U�H�Q�F�H �V�D�P�S�O�H �Z�K�L�F�K �K�R�O�G�V �D �P�R�Q�R�W�R�Q�R�X�V �W�U�H�Q�G �G�R�Z�Q �W�R20�.�� �$�V �Z�H �J�R �I�X�U�W�K�H�U �E�H�O�R�Z

Tc�� �W�K�H �G�D�P�S�L�Q�J �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �E�L�O�D�\�H�U �L�Q�F�U�H�D�V�H�V �D�Q�G �V�K�R�Z�V �D �S�H�D�N �D�W� 50�. �E�H�I�R�U�H �I�D�O�O�L�Q�J �E�D�F�N �G�R�Z�Q

�V�K�D�U�S�O�\�� �0�H�D�Q�Z�K�L�O�H��� H0(T) �V�K�R�Z�V �Q�R �F�K�D�Q�J�H �L�Q �E�H�K�D�Y�L�R�U �D�F�U�R�V�VTc �I�R�U �H�L�W�K�H�U �V�D�P�S�O�H�� �D�Q�G �I�R�O�O�R�Z�V �W�K�H �V�D�P�H �V�W�H�D�G�\

�L�Q�F�U�H�P�H�Q�W �I�R�U �E�R�W�K �V�D�P�S�O�H�V�� �H�[�F�H�S�W �I�R�U �D �V�K�D�U�S �L�Q�F�U�H�D�V�H �L�Q� H0 �I�R�U �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H �D�W� 50�. �I�D�U �I�U�R�P

Tc��

�%�\ �I�R�O�O�R�Z�L�Q�J �W�K�H �V�D�P�H �O�R�J�L�F �Z�H �X�V�H�G �Z�K�H�Q �D�Q�D�O�\�]�L�Q�J� (T) �G�D�W�D �I�R�U �W�K�H �V�D�P�S�O�H�V �J�U�R�Z�Q �R�Q �1�*�2(110) ���V�H�H�6�H�F��

�W�L�R�Q ���������� �Z�H �Z�R�X�O�G �D�V�V�X�P�H �W�K�D�W �R�Q �1�*�2(100)�� �W�K�H �V�S�L�Q�V �F�D�Q �Q�R�Z �E�H �L�Q�M�H�F�W�H�G �L�Q�W�R �W�K�H(ab)���S�O�D�Q�H �R�I �<�%�&�2�� �D�O�O�R�Z�L�Q�J

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

������



���D�� ���E��

���F�� ���G��

�)�L�J�X�U�H ���������� ���D�� �–�Q���S�O�D�Q�H �6�4�8�–�' �P�H�D�V�X�U�H�P�H�Q�W�V �R�I47�Q�P �R�Q �1�*�2(110) ���E�O�D�F�N�� �D�Q�G �1�*�2(100) ���U�H�G���� ���E���� ���F�� �D�Q�G ���G��
�V�K�R�Z �W�K�H �)�0�5 �F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q �D�W80�. �R�I �W�K�H �V�D�P�S�O�H �J�U�R�Z�Q �R�Q �1�*�2(100) �� ���E�� �7�\�S�L�F�D�O �)�0�5 �P�H�D�V�X�U�H�P�H�Q�W�V �I�R�U �D
�V�H�U�L�H�V �R�I �U�I �I�U�H�T�X�H�Q�F�L�H�V �E�H�W�Z�H�H�Qf = 8 �*�+�] �D�Q�G40�*�+�]�� ���G�� �7�K�H� Hpp(f ) �G�H�S�H�Q�G�H�Q�F�H �R�Q �1�*�2(100) ���E�O�X�H �E�D�O�O�V��
�F�R�P�S�D�U�H�G �W�R �1�*�2(110) ���E�O�D�F�N �E�D�O�O�V���� �Z�L�W�K �O�L�Q�H�D�U �4�W�V �L�Q �U�H�G �D�Q�G �\�H�O�O�R�Z �U�H�V�S�H�F�W�L�Y�H�O�\�� ���G�� �7�K�H �.�L�W�W�H�O �4�W ���U�H�G �F�X�U�Y�H�� �R�I �W�K�H
f (H r ) �G�H�S�H�Q�G�H�Q�F�H �R�Q �1�*�2(100) ���J�U�H�H�Q �E�D�O�O�V�� �F�R�P�S�D�U�H�G �W�R �1�*�2(110) ���E�O�D�F�N �E�D�O�O�V���� �Z�L�W�K �.�L�W�W�H�O �4�W�V �L�Q �U�H�G �D�Q�G �\�H�O�O�R�Z
�U�H�V�S�H�F�W�L�Y�H�O�\��

�R�I �<�%�&�2 �L�Q(ab)���S�O�D�Q�H�� �7�K�H �G�D�P�S�L�Q�J �G�U�R�S �I�R�U �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H �D�WTc �Z�R�X�O�G �W�K�H�Q �E�H �W�K�H �U�H�V�X�O�W �R�I �W�K�H

�R�S�H�Q�L�Q�J �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �J�D�S�� �L�P�S�H�G�L�Q�J �Q�R�Q���H�T�X�L�O�L�E�U�L�X�P �T�X�D�V�L�S�D�U�W�L�F�O�H�V �I�U�R�P �E�H�L�Q�J �L�Q�M�H�F�W�H�G �L�Q�W�R �<�%�&�2 �>������ ��

������ �@�� �7�K�H �V�X�E�V�H�T�X�H�Q�W �U�L�V�H �L�Q �G�D�P�S�L�Q�J �F�R�X�O�G �W�K�H�Q �E�H �P�H�G�L�D�W�H�G �E�\ �H�L�W�K�H�U �$�%�6 �>���@ �R�U �V�S�L�Q �W�U�L�S�O�H�W�V �Z�K�L�F�K �D�O�O�R�Z �I�R�U �Q�H�Z

�V�S�L�Q �V�L�Q�N�L�Q�J �F�K�D�Q�Q�H�O�V �L�Q�W�R �<�%�&�2�� �%�X�W �V�S�L�Q �W�U�L�S�O�H�W�V �K�D�Y�H �E�H�H�Q �H�Y�L�G�H�Q�F�H�G �V�R �I�D�U �I�R�Uc���D�[�L�V �<�%�&�2 �R�Q�O�\ �>������ �@�� �D�Q�G �D�U�H �O�H�V�V

�O�L�N�H�O�\ �W�R �R�F�F�X�U �L�Q �W�K�H(110) �R�U�L�H�Q�W�D�W�L�R�Q ���R�Q �1�*�2(100)���� �–�Q �H�V�V�H�Q�F�H�� �R�X�U �G�D�W�D �G�R�Z�Q �W�R50�. �U�H�V�H�P�E�O�H�V �F�O�R�V�H�O�\ �W�K�D�W �R�I �6��

�-�� �&�D�U�U�H�L�U�D�H�W �D�O�������������� �>���@ ���V�H�H�4�J�X�U�H ���������E�� �Z�K�H�U�H �$�%�6 �Z�H�U�H �D�U�J�X�H�G �W�R �E�H �E�H�K�L�Q�G �W�K�H �G�D�P�S�L�Q�J �L�Q�F�U�H�D�V�H�� �%�H�O�R�Z50�.��

������



���D�� ���E��

�)�L�J�X�U�H ���������� �7�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�H �I�R�U �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H ���U�H�G �W�U�L�D�Q�J�O�H�V�� �D�Q�G �L�W�V �U�H�I�H�U�H�Q�F�H ���E�O�D�F�N �G�L�V�F�V��
�R�I ���D��� �D�Q�G ���E��� H0��

�W�K�H �G�U�R�S �L�Q �W�K�H �G�D�P�S�L�Q�J �R�I �R�X�U �/�6�0�2���<�%�&�2 �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �E�L�O�D�\�H�U �L�V �D �Q�H�Z �I�H�D�W�X�U�H �W�K�D�W �Z�D�V �Q�R�W �R�E�V�H�U�Y�H�G �E�\ �6�� �-��

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

�W�K�H �K�L�J�K�H�V�W �E�H�O�R�Z50�.�� �Z�H �F�D�Q�Q�R�W �F�R�P�P�H�Q�W �I�X�U�W�K�H�U �E�H�I�R�U�H �G�R�L�Q�J �P�R�U�H �H�[�S�H�U�L�P�H�Q�W�V��

�(�Y�H�Q �W�K�R�X�J�K �W�K�L�V �G�D�W�D �L�V �S�U�H�O�L�P�L�Q�D�U�\ �D�Q�G �W�D�N�H�V �L�Q�W�R �D�F�F�R�X�Q�W �R�Q�O�\ �R�Q�H �V�D�P�S�O�H�� �Z�H �H�[�S�H�F�W �W�K�H �V�S�L�Q �S�X�P�S�L�Q�J �L�Q

�1�*�2(100)���J�U�R�Z�Q �V�D�P�S�O�H�V �W�R �E�H �P�H�G�L�D�W�H�G �E�\ �Q�R�Q���H�T�X�L�O�L�E�U�L�X�P �T�X�D�V�L�S�D�U�W�L�F�O�H�V �D�Q�G �$�%�6�� �7�K�L�V �U�H�P�D�L�Q�V �W�R �E�H �F�R�Q�4�U�P�H�G

�Z�L�W�K �P�R�U�H �V�D�P�S�O�H�V �L�Q �W�K�H �I�X�W�X�U�H��

������ �&�R�Q�F�O�X�V�L�R�Q

�–�Q �W�K�L�V �F�K�D�S�W�H�U�� �Z�H �H�[�S�O�R�U�H�G �D �U�H�S�U�R�G�X�F�L�E�O�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\���G�U�L�Y�H�Q �H�Q�K�D�Q�F�H�P�H�Q�W �R�I �G�D�P�S�L�Q�J �L�Q �/�6�0�2/ �<�%�&�2 �E�L��

�O�D�\�H�U�V �J�U�R�Z�Q �R�Q �1�*�2(110)�� �7�R �L�V�R�O�D�W�H �W�K�L�V �H�•�H�F�W�� �Z�H �K�D�G �W�R �W�D�N�H �L�Q�W�R �D�F�F�R�X�Q�W �L�Q�W�U�L�Q�V�L�F �/�6�0�2 �G�D�P�S�L�Q�J �W�U�H�Q�G�V �W�K�D�W

�K�D�Y�H �E�H�H�Q �S�U�H�Y�L�R�X�V�O�\ �U�H�S�R�U�W�H�G �R�Q �E�\ �9�� �+�D�V�S�R�W�H�W �D�O�������������� �>������ �@�� �Z�K�H�U�H �W�K�H �S�U�H�V�H�Q�F�H �R�I �D �P�D�J�Q�H�W�L�F�D�O�O�\ �D�F�W�L�Y�H �G�H�D�G

�O�D�\�H�U �D�W �W�K�H �L�Q�W�H�U�I�D�F�H�V �R�I �/�6�0�2 �D�O�W�H�U�V �W�K�H �D�Q�L�V�R�W�U�R�S�\ �D�Q�G �G�D�P�S�L�Q�J �W�U�H�Q�G�V �D�V �D �I�X�Q�F�W�L�R�Q �R�I �W�H�P�S�H�U�D�W�X�U�H �D�Q�G �/�6�0�2��

�W�K�L�F�N�Q�H�V�V�� �0�H�D�Q�Z�K�L�O�H�� �W�K�H �H�Q�K�D�Q�F�H�P�H�Q�W �R�I �W�K�H �G�D�P�S�L�Q�J �D�W �W�K�H �R�Q�V�H�W �R�I �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\�� �I�R�O�O�R�Z�H�G �E�\ �D �G�U�R�S �I�D�U

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

�I�U�D�P�H�Z�R�U�N ���H�[�F�L�W�H�G �T�X�D�V�L�S�D�U�W�L�F�O�H�V���� �–�Q�V�W�H�D�G�� �$�Q�G�U�H�H�Y �E�R�X�Q�G �V�W�D�W�H�V �D�Q�G �H�T�X�D�O���V�S�L�Q �W�U�L�S�O�H�W�V �H�P�H�U�J�H �D�V �W�Z�R �S�R�V�V�L�E�O�H

�F�K�D�Q�Q�H�O�V �W�R �D�F�F�R�X�Q�W �I�R�U �W�K�H �G�D�P�S�L�Q�J �Y�D�U�L�D�W�L�R�Q�V�� �E�D�F�N�H�G �E�\ �W�K�H�R�U�H�W�L�F�D�O �V�W�X�G�L�H�V �>������ �������� �@ �D�Q�G �S�U�H�Y�L�R�X�V �H�[�S�H�U�L�P�H�Q�W�D�O

�U�H�S�R�U�W�V �>������ �� ������ �� ������ �@�� �)�X�U�W�K�H�U �W�K�H�R�U�H�W�L�F�D�O �Z�R�U�N�V �D�U�H �Q�H�Y�H�U�W�K�H�O�H�V�V �Q�H�H�G�H�G �W�R �P�H�U�J�H �E�R�W�K �P�H�F�K�D�Q�L�V�P�V �L�Q�W�R �R�Q�H

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

�$�Q �D�G�G�L�W�L�R�Q�D�O �V�W�X�G�\ �R�Q �1�*�2(100) �V�K�R�Z�H�G �D �G�U�R�S �L�Q �W�K�H �G�D�P�S�L�Q�J �E�H�O�R�ZTc�� �I�R�O�O�R�Z�H�G �E�\ �D�Q �L�Q�F�U�H�D�V�H�� �Z�K�L�F�K �L�V

������



�W�K�H �V�L�J�Q�D�W�X�U�H �R�I �D�Q �$�%�6 �P�H�G�L�D�W�H�G �V�S�L�Q �V�L�Q�N�L�Q�J �>���@�� �7�K�L�V �S�R�L�Q�W�V �D�W �W�K�H �S�R�V�V�L�E�L�O�L�W�\ �R�I �X�V�L�Q�J �H�S�L�W�D�[�\ �D�Q�G �D�Q�L�V�R�W�U�R�S�\

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

�U�H�V�X�O�W�V�� �Z�H �V�W�L�O�O �Q�H�H�G �W�R �U�H�S�O�L�F�D�W�H �W�K�H�P �L�Q �Q�H�Z �V�D�P�S�O�H�V�� �Z�K�L�O�H �Z�H�� �U�H�4�Q�H �J�U�R�Z�W�K �R�Q �1�*�2(100)�� �S�H�U�I�R�U�P �U�H�F�L�S�U�R�F�D�O

�V�S�D�F�H�P�D�S�V �W�R �D�V�V�H�V�V �W�K�H �V�W�U�D�L�Q �R�Q �/�6�0�2 �L�Q �W�K�L�V �F�R�Q�4�J�X�U�D�W�L�R�Q�� �D�Q�G �D�G�G �D�Q�J�X�O�D�U���U�H�V�R�O�Y�H�G �)�0�5 �D�F�U�R�V�VTc��

�–�W �Z�R�X�O�G �E�H �H�T�X�D�O�O�\ �L�Q�W�H�U�H�V�W�L�Q�J �W�R �S�D�W�W�H�U�Q �/�6�0�2���<�%�&�2 �G�H�Y�L�F�H�V �I�R�U �W�U�D�Q�V�Y�H�U�V�H �V�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q�� �V�L�P�L�O�D�U�O�\

�W�R �Z�K�D�W �Z�H �G�L�G �L�Q�F�K�D�S�W�H�U ���� �W�R �S�U�R�E�H �W�K�H �V�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q �H�]�F�L�H�Q�F�\ �D�Q�G �F�R�U�U�H�O�D�W�H �G�D�P�S�L�Q�J �F�K�D�Q�J�H�V �Z�L�W�K

�L�Q�W�H�U�I�D�F�L�D�O �V�S�L�Q �F�X�U�U�H�Q�W�V��

������



������



�&�K�D�S�W�H�U ��

�$ �6�W�X�G�\ �L�Q �3�U�R�J�U�H�V�V �� �7�+�] �H�P�L�V�V�L�R�Q �I�U�R�P �D

�<�%�&�2���6�7�( �6�W�D�F�N

������ �$�E�V�W�U�D�F�W

�:�H �G�H�V�L�J�Q �D�Q�G �D�V�V�H�V�V �D �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�S�L�Q�W�U�R�Q�L�F �W�H�U�D�K�H�U�W�] �H�P�L�W�W�H�U �E�D�V�H�G �R�Q

�0�J�2// �<�%�&�2(t �<�%�&�2)/ �3�W(3��4 �Q�P)/ �&�R�)�H�%(t �&�R�)�H�%)/ �$�O(3 �Q�P);

�D�L�P�L�Q�J �W�R �S�U�R�E�H �K�R�Z �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �S�U�R�[�L�P�L�W�\ �L�Q �3�W �P�R�G�L�4�H�V �X�O�W�U�D�I�D�V�W �V�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q�� �'�R�X�E�O�H���V�L�G�H��

�S�R�O�L�V�K�H�G �0�J�2 �H�Q�D�E�O�H�V �O�R�Z���O�R�V�V �7�+�] �W�U�D�Q�V�P�L�V�V�L�R�Q�� �Z�K�L�O�H �L�Q���V�L�W�X �3�/�' �J�U�R�Z�W�K �R�I �<�%�&�2���3�W �S�U�R�W�H�F�W�V �<�%�&�2 �I�U�R�P �G�H��

�R�[�L�G�D�W�L�R�Q�� �D�Q�G �D�Q �$�O �F�D�S �I�R�U �W�K�H �I�X�O�O �V�W�D�F�N �V�K�L�H�O�G�V �D�J�D�L�Q�V�W �O�D�V�H�U���L�Q�G�X�F�H�G �G�H�J�U�D�G�D�W�L�R�Q�� �$�I�W�H�U �Q�R�W�L�F�L�Q�J �D �G�H�J�U�D�G�D�W�L�R�Q �R�I

�W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q �R�I �<�%�&�2 �L�Q �W�K�H �4�U�V�W �V�D�P�S�O�H �E�D�W�F�K�H�V �Z�L�W�Kt �3�W= 2 �Q�P�� �Z�H �S�H�U�I�R�U�P�H�G �<�%�&�2���W�K�L�F�N�Q�H�V�V

�V�H�U�L�H�V �Z�K�L�F�K �F�R�Q�Y�H�U�J�H�G �R�Q�W�Rt �<�%�&�2& 50�Q�P �I�R�Uc���D�[�L�V �<�%�&�2 �Z�L�W�K �P�L�Q�L�P�D�O �V�X�U�I�D�F�H �W�H�[�W�X�U�H�V �D�Q�G �Q�D�U�U�R�Z �V�X�S�H�U�F�R�Q��

�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q�V�� �7�K�H �U�H�P�D�L�Q�L�Q�J �U�R�X�J�K�Q�H�V�V �R�I �W�K�H �<�%�&�2 �V�X�U�I�D�F�H �L�V �F�R�P�S�H�Q�V�D�W�H�G �E�\ �D�Q �X�Q�X�V�X�D�O�O�\ �W�K�L�F�N�H�Q�H�G �3�W

�O�D�\�H�U �L�Q �W�K�H �U�D�Q�J�Ht �3�W� 3��4 �Q�P�� �–�Q �R�X�U �G�H�Y�L�F�H�V �D �W�K�L�Q�Q�H�U �&�R�)�H�% �O�D�\�H�U ��t �&�R�)�H�%= 2 �Q�P�� �\�L�H�O�G�V �V�W�U�R�Q�J�H�U �7�+�] �H�P�L�V�V�L�R�Q

�W�K�D�Q �D �W�K�L�F�N�H�Ut �&�R�)�H�%= 20 �Q�P�� �F�R�Q�V�L�V�W�H�Q�W �Z�L�W�K �P�R�U�H �H�]�F�L�H�Q�W �L�Q�W�H�U�I�D�F�L�D�O �V�S�L�Q���F�X�U�U�H�Q�W �L�Q�M�H�F�W�L�R�Q �L�Q �W�K�H �W�K�L�Q���4�O�P �O�L�P�L�W��

�Z�K�L�O�H �W�K�H20�Q�P �&�R�)�H�% �R�•�H�U�V �D �E�H�W�W�H�U �S�U�R�W�H�F�W�L�R�Q �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�W�D�W�H �I�U�R�P �W�K�H �–�5 �O�D�V�H�U�� �6�4�8�–�' �D�Q�G �E�U�R�D�G��

�E�D�Q�G �)�0�5 �F�R�Q�4�U�P �L�Q���S�O�D�Q�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q�� �O�R�Z �D�Q�L�V�R�W�U�R�S�\�� �D�Q�G �O�R�Z �G�D�P�S�L�Q�J�� �F�R�Q�V�L�V�W�H�Q�W �Z�L�W�K �K�L�J�K���T�X�D�O�L�W�\ �&�R�)�H�%��

�Z�L�W�K �L�Q�G�L�F�D�W�L�R�Q�V �R�I �D�Q �D�G�G�L�W�L�R�Q�D�O �G�D�P�S�L�Q�J �F�R�Q�W�U�L�E�X�W�L�R�Q �Z�K�H�Q �<�%�&�2 �L�V �S�U�H�V�H�Q�W �G�X�H �W�R �V�S�L�Q �S�X�P�S�L�Q�J�� �7�+�]���7�'�6 �H�P�L�V��

�V�L�R�Q �L�Q �W�U�D�Q�V�P�L�V�V�L�R�Q �V�K�R�Z�V �W�K�D�W �W�K�H �U�H�I�H�U�H�Q�F�H �3�W���&�R�)�H�% �E�L�O�D�\�H�U �H�P�L�W�V �P�R�U�H �V�W�U�R�Q�J�O�\ �R�Y�H�U�D�O�O�� �\�H�W �W�K�H �<�%�&�2���E�D�V�H�G

�V�W�D�F�N �H�[�K�L�E�L�W�V �D �W�H�P�S�H�U�D�W�X�U�H���G�H�S�H�Q�G�H�Q�W �V�X�S�S�U�H�V�V�L�R�Q �R�I �7�+�] �H�P�L�V�V�L�R�Q �W�K�D�W �G�U�R�S�V �V�P�R�R�W�K�O�\ �D�F�U�R�V�VTc �W�K�H�Q �E�H�F�R�P�H�V

�F�R�Q�V�W�D�Q�W �Q�H�D�U0:7Tc�� �Z�L�W�K �W�K�H �V�W�U�R�Q�J�H�V�W �H�•�H�F�W �D�W �O�R�Z �I�U�H�T�X�H�Q�F�L�H�V�� �:�H �L�Q�W�H�U�S�U�H�W �W�K�H�V�H �W�U�H�Q�G�V �D�V �D�Q �L�Q�W�H�U�S�O�D�\ �R�I �V�X��

������



�S�H�U�F�R�Q�G�X�F�W�L�Q�J �H�O�H�F�W�U�R�G�\�Q�D�P�L�F�V �D�Q�G �L�Q�W�H�U�I�D�F�L�D�O �V�S�L�Q �W�U�D�Q�V�S�R�U�W�� �D�Q�G �Z�H �V�H�W �Q�H�[�W �V�W�H�S�V ���U�H�5�H�F�W�L�R�Q���J�H�R�P�H�W�U�\ �H�P�L�V�V�L�R�Q��

�W�U�D�Q�V�I�H�U���P�D�W�U�L�[ �P�R�G�H�O�L�Q�J�� �W�H�P�S�H�U�D�W�X�U�H���G�H�S�H�Q�G�H�Q�W �)�0�5�� �W�R �G�L�V�H�Q�W�D�Q�J�O�H �H�P�L�V�V�L�R�Q �D�Q�G �D�E�V�R�U�S�W�L�R�Q�� �D�Q�G �W�R �T�X�D�Q�W�L�I�\

�D�Q�\ �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\���L�Q�G�X�F�H�G �P�R�G�L�4�F�D�W�L�R�Q �R�I �W�K�H �V�S�L�Q�W�U�R�Q�L�F �V�R�X�U�F�H�� �Z�K�H�W�K�H�U �W�K�D�W �L�V �L�Q �W�K�H �*�+�] �R�U �W�K�H �7�+�] �U�D�Q�J�H��

������ �0�R�W�L�Y�D�W�L�R�Q

�–�Q �W�K�L�V �F�K�D�S�W�H�U�� �Z�H �H�[�W�H�Q�G �R�X�U �L�Q�Y�H�V�W�L�J�D�W�L�R�Q �R�I �V�S�L�Q �W�U�D�Q�V�S�R�U�W �L�Q �K�\�E�U�L�G �V�W�U�X�F�W�X�U�H�V �I�U�R�P �W�K�H �*�+�] �U�H�J�L�P�H �R�I �I�H�U�U�R�P�D�J��

�Q�H�W�L�F �U�H�V�R�Q�D�Q�F�H ���)�0�5�� �W�R �W�K�H �V�X�E���S�L�F�R�V�H�F�R�Q�G �G�\�Q�D�P�L�F�V �S�U�R�E�H�G �E�\ �V�S�L�Q�W�U�R�Q�L�F �W�H�U�D�K�H�U�W�] �H�P�L�W�W�H�U�V ���6�7�(���� �&�R�Q�Y�H�Q�W�L�R�Q�D�O

�6�7�(�V �D�U�H �E�D�V�H�G �R�Q �P�H�W�D�O�O�L�F �E�L�O�D�\�H�U�V �R�U �W�U�L�O�D�\�H�U�V�� �W�\�S�L�F�D�O�O�\ �D �I�H�U�U�R�P�D�J�Q�H�W ���)�� �L�Q �F�R�Q�W�D�F�W �Z�L�W�K �D �K�H�D�Y�\ �P�H�W�D�O ���+�0���� �$

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

�W�U�R�Q�V �L�Q�W�R �W�K�H �+�0�� �7�K�L�V �J�H�Q�H�U�D�W�H�V �D �V�X�E���S�L�F�R�V�H�F�R�Q�G �V�S�L�Q �F�X�U�U�H�Q�W �G�H�Q�V�L�W�\�-s �Z�K�L�F�K �L�V �F�R�Q�Y�H�U�W�H�G �L�Q�W�R �D �W�U�D�Q�V�Y�H�U�V�H

�F�K�D�U�J�H �F�X�U�U�H�Q�W �G�H�Q�V�L�W�\�-c �E�\ �W�K�H �L�Q�Y�H�U�V�H �V�S�L�Q �+�D�O�O �H�•�H�F�W ���–�6�+�(���� �7�K�H �U�H�V�X�O�W�L�Q�J �I�H�P�W�R�V�H�F�R�Q�G �F�K�D�U�J�H���F�X�U�U�H�Q�W �S�X�O�V�H �D�F�W�V

�D�V �D �P�L�F�U�R�V�F�R�S�L�F �D�Q�W�H�Q�Q�D �D�Q�G �U�D�G�L�D�W�H�V �D �E�U�R�D�G�E�D�Q�G �W�H�U�D�K�H�U�W�] �S�X�O�V�H �L�Q�W�R �I�U�H�H �V�S�D�F�H�� �2�S�W�L�P�L�]�H�G �W�U�L�O�D�\�H�U�V �V�X�F�K �D�V

�:���&�R�)�H�%���3�W �K�D�Y�H �H�P�H�U�J�H�G �D�V �E�H�Q�F�K�P�D�U�N �6�7�( �V�W�D�F�N�V�� �F�R�P�E�L�Q�L�Q�J �D �O�D�U�J�H �V�S�L�Q �+�D�O�O �D�Q�J�O�H �Z�L�W�K �H�]�F�L�H�Q�W �V�S�L�Q �L�Q�M�H�F�W�L�R�Q

�D�Q�G �W�U�D�Q�V�P�L�V�V�L�R�Q �>������ �������� �������� �������� �������� �@��

�)�L�J�X�U�H �������� �3�W���&�R �E�L�O�D�\�H�U �X�V�H�G �I�R�U �V�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q �R�Q �W�Z�R �G�L�•�H�U�H�Q�W �W�L�P�H �V�F�D�O�H�V�� ���$�� �8�O�W�U�D�I�D�V�W �O�D�V�H�U �H�[�F�L�W�D�W�L�R�Q

�L�Q �D �V�S�L�Q�W�U�R�Q�L�F �W�H�U�D�K�H�U�W�] �H�P�L�W�W�H�U �S�U�R�E�H�V �W�K�H �D�Y�H�U�D�J�H �L�Q�W�H�U�I�D�F�L�D�O �V�S�L�Q �F�R�Q�G�X�F�W�D�Q�F�Hg" + g#

2 �W�K�U�R�X�J�K �W�K�H �H�P�L�W�W�H�G �7�+�]

�4�H�O�G�� ���%�� �)�H�U�U�R�P�D�J�Q�H�W�L�F �U�H�V�R�Q�D�Q�F�H �V�S�L�Q �S�X�P�S�L�Q�J �S�U�R�E�H�V �W�K�H �H�•�H�F�W�L�Y�H �V�S�L�Q���P�L�[�L�Q�J �F�R�Q�G�X�F�W�D�Q�F�Hg"#
�H�I�I�W�K�U�R�X�J�K �W�K�H

�H�Q�K�D�Q�F�H�P�H�Q�W �R�I �W�K�H �*�L�O�E�H�U�W �G�D�P�S�L�Q�J� � = g� B
4�Md �&�R

g"#
�H�I�I�� �$�G�D�S�W�H�G �I�U�R�P �-�� �+�D�Z�H�F�N�H�U�H�W �D�O�������������� �>������ �@��

�$�V �K�L�J�K�O�L�J�K�W�H�G �L�Q�)�L�J�� �������� �6�7�( �H�[�S�H�U�L�P�H�Q�W�V �D�Q�G �)�0�5 �V�S�L�Q �S�X�P�S�L�Q�J �S�U�R�E�H �W�Z�R �F�R�P�S�O�H�P�H�Q�W�D�U�\ �D�V�S�H�F�W�V �R�I �W�K�H �V�D�P�H

������



�)���+�0 �L�Q�W�H�U�I�D�F�H�� �2�Q �X�O�W�U�D�I�D�V�W �W�L�P�H �V�F�D�O�H�V�� �7�+�] �H�P�L�V�V�L�R�Q �L�V �J�R�Y�H�U�Q�H�G �E�\ �W�K�H �D�Y�H�U�D�J�H �V�S�L�Q �F�R�Q�G�X�F�W�D�Q�F�H(g" + g#)/2

�W�K�D�W �F�R�Q�W�U�R�O�V �W�K�H �H�]�F�L�H�Q�F�\ �Z�L�W�K �Z�K�L�F�K �K�R�W �H�O�H�F�W�U�R�Q�V �W�U�D�Q�V�P�L�W �V�S�L�Q �D�F�U�R�V�V �W�K�H �L�Q�W�H�U�I�D�F�H�� �2�Q �O�R�Q�J�H�U �W�L�P�H �V�F�D�O�H�V�� �)�0�5

�S�U�R�E�H�V �W�K�H �V�S�L�Q���P�L�[�L�Q�J �F�R�Q�G�X�F�W�D�Q�F�Hg"#
�H�I�I�W�K�U�R�X�J�K �W�K�H �D�G�G�L�W�L�R�Q�D�O �G�D�P�S�L�Q�J� � �L�Q�G�X�F�H�G �E�\ �V�S�L�Q �S�X�P�S�L�Q�J �L�Q�W�R �W�K�H

�+�0 �>������ �@�� �–�Q �S�U�H�Y�L�R�X�V �F�K�D�S�W�H�U�V�� �Z�H �F�R�Q�F�O�X�G�H�G �W�K�D�W �6���) �E�L�O�D�\�H�U�V �E�D�V�H�G �R�Q �0�R�6�L �D�Q�G �<�%�&�2 �H�[�K�L�E�L�W �F�O�H�D�U �V�S�L�Q���W�R���F�K�D�U�J�H

�F�R�Q�Y�H�U�V�L�R�Q �V�L�J�Q�D�O�V �W�K�D�W �D�U�H �V�W�U�R�Q�J�O�\ �P�R�G�L�4�H�G �D�F�U�R�V�V �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q�� �W�K�H �O�D�U�J�H �H�Q�K�D�Q�F�H�P�H�Q�W �R�I �W�K�H

�W�U�D�Q�V�Y�H�U�V�H �Y�R�O�W�D�J�H�V �R�E�V�H�U�Y�H�G �L�Q�F�K�D�S�W�H�U ���Z�D�V �L�Q�W�H�U�S�U�H�W�H�G �D�V �D �F�U�R�V�V�R�Y�H�U �I�U�R�P �D �Q�R�U�P�D�O���V�W�D�W�H �–�6�+�( �U�H�V�S�R�Q�V�H �W�R

�D �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �U�H�F�W�L�4�F�D�W�L�R�Q �P�H�F�K�D�Q�L�V�P �D�V�V�R�F�L�D�W�H�G �Z�L�W�K �D �K�H�O�L�F�D�O �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�W�D�W�H�� �7�K�L�V �S�U�R�Y�L�G�H�G �G�L�U�H�F�W

�H�Y�L�G�H�Q�F�H �W�K�D�W �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �S�U�R�[�L�P�L�W�\ �F�D�Q �T�X�D�O�L�W�D�W�L�Y�H�O�\ �F�K�D�Q�J�H �W�K�H �Q�D�W�X�U�H �R�I �V�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q �D�W �D�Q �6���)

�L�Q�W�H�U�I�D�F�H�� �7�K�H �Q�D�W�X�U�D�O �T�X�H�V�W�L�R�Q �W�K�D�W �I�R�O�O�R�Z�V �L�V �Z�K�H�W�K�H�U �W�K�L�V �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q �F�D�Q �D�O�V�R

�D�•�H�F�W �7�+�] �H�P�L�V�V�L�R�Q �L�Q �D �S�U�R�[�L�P�L�]�H�G �V�S�L�Q�W�U�R�Q�L�F �H�P�L�W�W�H�U�� �Z�K�H�U�H �W�K�H �K�H�D�Y�\ �P�H�W�D�O �O�D�\�H�U �R�I �D �V�W�D�Q�G�D�U�G �6�7�( �L�V �E�U�R�X�J�K�W

�L�Q�W�R �S�U�R�[�L�P�L�W�\ �Z�L�W�K �D �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�� �–�Q �R�W�K�H�U �Z�R�U�G�V�� �F�D�Q �Z�H �X�V�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �S�U�R�[�L�P�L�W�\ �L�Q �W�K�H �+�0 �W�R �W�X�Q�H �W�K�H

�X�O�W�U�D�I�D�V�W �F�K�D�U�J�H���F�X�U�U�H�Q�W �S�X�O�V�H �D�Q�G�� �F�R�Q�V�H�T�X�H�Q�W�O�\�� �W�K�H �H�P�L�W�W�H�G �7�+�] �4�H�O�G�"

�7�R �D�G�G�U�H�V�V �W�K�L�V �T�X�H�V�W�L�R�Q�� �Z�H �G�H�V�L�J�Q�H�G �D�Q �6���+�0���) �V�W�U�X�F�W�X�U�H �L�Q �Z�K�L�F�K �W�K�H �+�0���) �S�D�U�W �L�V �D �F�R�Q�Y�H�Q�W�L�R�Q�D�O �6�7�( �H�P�L�W�W�H�U��

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

�U�H�F�H�Q�W�O�\ �D�W�W�U�D�F�W�H�G �F�R�Q�V�L�G�H�U�D�E�O�H �D�W�W�H�Q�W�L�R�Q �I�R�U �6�7�( �D�S�S�O�L�F�D�W�L�R�Q�V�� �Z�K�H�U�H �&�R�)�H�% �F�R�P�E�L�Q�H�G �Z�L�W�K �3�W �R�U �R�W�K�H�U �K�H�D�Y�\ �P�H�W�D�O�V

�\�L�H�O�G�V �V�R�P�H �R�I �W�K�H �K�L�J�K�H�V�W �U�H�S�R�U�W�H�G �7�+�] �H�P�L�V�V�L�R�Q �H�]�F�L�H�Q�F�L�H�V �>������ �������� �������� �������� �������� �@�� �$�V �I�R�U �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U��

�Z�H �I�R�F�X�V �R�Q �<�%�&�2 �L�Q �R�U�G�H�U �W�R �L�Q�W�U�R�G�X�F�Hd���Z�D�Y�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\ �L�Q�W�R �V�X�F�K �6�7�( �V�W�U�X�F�W�X�U�H�V �Z�K�L�O�H �E�H�Q�H�4�W�L�Q�J �I�U�R�P

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

�L�Q�W�H�Q�V�H �I�H�P�W�R�V�H�F�R�Q�G �O�D�V�H�U �H�[�F�L�W�D�W�L�R�Q�� �Z�K�H�U�H �D �U�R�E�X�V�W �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�W�D�W�H �L�V �U�H�T�X�L�U�H�G �W�R �Z�L�W�K�V�W�D�Q�G �V�L�J�Q�L�4�F�D�Q�W

�R�S�W�L�F�D�O �K�H�D�W�L�Q�J �D�Q�G �Q�R�Q���H�T�X�L�O�L�E�U�L�X�P �T�X�D�V�L�S�D�U�W�L�F�O�H �J�H�Q�H�U�D�W�L�R�Q�� �&�R�Q�V�H�T�X�H�Q�W�O�\�� �W�K�H �V�W�D�F�N �Z�H �L�Q�Y�H�V�W�L�J�D�W�H �L�Q �W�K�L�V �F�K�D�S�W�H�U
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�I�R�U �W�K�H �V�W�D�F�N�� �D�Q�G �Z�H �D�G�G�H�G �D �W�K�L�Q �$�O �F�D�S �L�Q�V�W�H�D�G�� �$�O �L�Q �F�R�Q�W�D�F�W �Z�L�W�K �D�L�U �V�H�O�I���R�[�L�G�L�]�H�V �W�K�H �W�R�S2 �Q�P �L�Q�W�R �D �F�R�P�S�D�F�W

�$�O�2x �W�K�D�W �S�D�V�V�L�Y�D�W�H�V �W�K�H �X�Q�G�H�U�O�\�L�Q�J �I�H�U�U�R�P�D�J�Q�H�W �D�J�D�L�Q�V�W �D�P�E�L�H�Q�W �D�Q�G �S�U�R�F�H�V�V���L�Q�G�X�F�H�G �R�[�L�G�D�W�L�R�Q�� �Z�K�L�O�H �S�U�H�V�H�U�Y�L�Q�J

�D �Z�H�O�O���G�H�4�Q�H�G �L�Q�W�H�U�I�D�F�L�D�O �F�K�H�P�L�V�W�U�\�� �2�Q �&�R���E�D�V�H�G �X�O�W�U�D�W�K�L�Q �4�O�P�V�� �;�3�6 �V�K�R�Z�V �W�K�D�W3 �Q�P �W�R4 �Q�P �$�O �L�V �D�P�R�Q�J �W�K�H �P�R�V�W

�H�•�H�F�W�L�Y�H �U�R�R�P���W�H�P�S�H�U�D�W�X�U�H �R�[�L�G�D�W�L�R�Q �E�D�U�U�L�H�U�V�� �P�D�U�N�H�G�O�\ �G�H�O�D�\�L�Q�J �&�R�2 �I�R�U�P�D�W�L�R�Q �F�R�P�S�D�U�H�G �Z�L�W�K �$�X �R�U �&�X �>������ �@��

�2�X�U �Z�R�U�N�L�Q�J �V�W�D�F�N �L�V �W�K�H�U�H�I�R�U�H �0�J�2// �<�%�&�2(t �<�%�&�2)/ �3�W(3��4 �Q�P)/ �&�R�)�H�%(t �&�R�)�H�%)/ �$�O(3 �Q�P)�� �:�H �J�U�R�Z �<�%�&�2 �D�Q�G �3�W

�L�Q���V�L�W�X �E�\ �3�/�'�� �I�R�O�O�R�Z�H�G �E�\ �D�Q �H�[���V�L�W�X �G�H�S�R�V�L�W�L�R�Q �R�I �&�R�)�H�% �D�Q�G �$�O �E�\ �V�S�X�W�W�H�U�L�Q�J�� �3�W �K�D�G �Q�H�Y�H�U�W�K�H�O�H�V�V �E�H�H�Q �V�S�X�W�W�H�U�H�G

�I�R�U �W�K�H �4�U�V�W �I�H�Z �V�D�P�S�O�H�V �Z�H �K�D�G �S�U�H�S�D�U�H�G�� �E�X�W �Z�H �V�Z�L�W�F�K�H�G �W�R �L�Q���V�L�W�X �3�/�' �G�H�S�R�V�L�W�L�R�Q �W�R �D�Y�R�L�G �W�K�H �G�H�J�U�D�G�D�W�L�R�Q �R�I

�<�%�&�2 �D�W �W�K�H �L�Q�W�H�U�I�D�F�H��

������ �0�D�J�Q�H�W�L�F �D�Q�G �V�W�U�X�F�W�X�U�D�O �F�K�D�U�D�F�W�H�U�L�]�D�W�L�R�Q �� �)�L�U�V�W �W�K�L�F�N�Q�H�V�V �R�S�W�L�P�L�]�D��

�W�L�R�Q

�$�I�W�H�U �W�K�H �P�D�W�H�U�L�D�O �G�H�S�R�V�L�W�L�R�Q�� �Z�H �F�K�D�U�D�F�W�H�U�L�]�H�G �W�K�H �V�D�P�S�O�H�V�� �V�W�U�X�F�W�X�U�D�O �T�X�D�O�L�W�\ �X�V�L�Q�J �$�)�0 �D�Q�G �;�5�'�� �W�K�H�L�U �V�X�S�H�U�F�R�Q��

�G�X�F�W�L�Q�J �Q�D�W�X�U�H �X�V�L�Q�J �����S�U�R�E�H �W�U�D�Q�V�S�R�U�W �P�H�D�V�X�U�H�P�H�Q�W�V�� �D�Q�G �W�K�H�L�U �V�W�D�W�L�F �P�D�J�Q�H�W�L�F �S�U�R�S�H�U�W�L�H�V �W�K�U�R�X�J�K �6�4�8�–�' �P�D�J�Q�H��

�W�R�P�H�W�U�\�� �)�R�U �W�K�H �4�U�V�W �I�H�Z �V�D�P�S�O�H�V�� �Z�H �K�D�G �W�R �W�X�Q�H �W�K�H �O�D�\�H�U�V �W�K�L�F�N�Q�H�V�V �D�Q�G �W�K�H�L�U �G�H�S�R�V�L�W�L�R�Q �W�H�F�K�Q�L�T�X�H��

���������� �6�4�8�–�' �P�D�J�Q�H�W�R�P�H�W�U�\ �R�I �&�R�)�H�%

�:�H �P�H�D�V�X�U�H�G �W�K�H �V�W�D�W�L�F �P�D�J�Q�H�W�L�]�D�W�L�R�Q �4�H�O�G���K�\�V�W�H�U�H�V�L�V �O�R�R�S�V �X�V�L�Q�J �D �6�4�8�–�' �R�Q �V�D�P�S�O�H�V �Z�L�W�K ���Q�P �R�I �&�R�)�H�% �W�R �P�D�N�H

�V�X�U�H �W�K�H �&�R�)�H�% �O�D�\�H�U �L�V �P�D�J�Q�H�W�L�]�H�G �L�Q �W�K�H �V�D�P�S�O�H �S�O�D�Q�H���)�L�J�X�U�H �������D�V�K�R�Z�V �R�X�W���R�I���S�O�D�Q�H �6�4�8�–�' �P�H�D�V�X�U�H�P�H�Q�W�V �I�R�U

T = 300; 100; 30�.�� �L�Q�G�L�F�D�W�L�Q�J �D �K�D�U�G���P�D�J�Q�H�W���O�L�N�H �E�H�K�D�Y�L�R�U �Z�L�W�KHS = 1 :5 �7 �D�F�U�R�V�V �W�K�H �W�H�P�S�H�U�D�W�X�U�H �U�D�Q�J�H�� �–�Q���S�O�D�Q�H

�P�H�D�V�X�U�H�P�H�Q�W�V �V�K�R�Z�Q �L�Q�4�J�X�U�H �������E�S�U�H�V�H�Q�W �D �O�R�Z �V�D�W�X�U�D�W�L�R�Q �4�H�O�GHS = 20 �P�7 �D�Q�G �O�R�Z �F�R�H�U�F�L�Y�H �4�H�O�G �R�I �D �I�H�Z �P�7 �I�R�U

�W�K�H �I�X�O�O �W�H�P�S�H�U�D�W�X�U�H �U�D�Q�J�H�� �F�R�Q�4�U�P�L�Q�J �W�K�H �L�Q���S�O�D�Q�H �L�V �D�Q �H�D�V�\ �S�O�D�Q�H�� �7�K�L�V �V�K�R�Z�V �W�K�D�W �)�0�5 �F�D�Q �E�H �U�H�O�L�D�E�O�\ �S�H�U�I�R�U�P�H�G

�L�Q���S�O�D�Q�H �R�Q �&�R�)�H�% �4�O�P�V �G�R�Z�Q �W�R2 �Q�P�� �)�R�U �W�K�L�F�N�H�U �4�O�P�V�� �W�K�H �P�D�J�Q�H�W�L�]�D�W�L�R�Q �R�U�L�H�Q�W�D�W�L�R�Q �L�V �D�O�Z�D�\�V �L�Q���S�O�D�Q�H �>������ �@��

���������� �'�H�J�U�D�G�D�W�L�R�Q �R�I �<�%�&�2 �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\

�:�K�H�Q �Z�H �V�W�D�U�W�H�G �W�K�H �7�+�] �H�P�L�V�V�L�R�Q �P�H�D�V�X�U�H�P�H�Q�W�V �R�I �R�X�U �V�W�D�F�N�� �Z�H �H�Q�F�R�X�Q�W�H�U�H�G �D �Q�X�P�E�H�U �R�I �L�V�V�X�H�V�� �7�K�H �4�U�V�W �L�V�V�X�H

�Z�H �I�D�F�H�G �Z�D�V �D �G�H�J�U�D�G�D�W�L�R�Q �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �S�U�R�S�H�U�W�L�H�V �R�I �<�%�&�2 �D�I�W�H�U �D �I�H�Z �K�R�X�U�V �R�I �P�H�D�V�X�U�H�P�H�Q�W �L�Q �7�+�]��

������



���D�� ���E��

�)�L�J�X�U�H �������� �0�D�J�Q�H�W�L�]�D�W�L�R�Q �K�\�V�W�H�U�H�V�L�V �O�R�R�S�V �I�R�U2 �Q�P �R�I �&�R�)�H�% ���D�� �R�X�W���R�I���S�O�D�Q�H �D�Q�G ���E�� �L�Q���S�O�D�Q�H��

�7�'�6 �H�P�L�V�V�L�R�Q�� �7�K�H �V�L�J�Q�D�W�X�U�H �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q �L�Q �7�+�] �H�P�L�V�V�L�R�Q �D�Q�G �W�U�D�Q�V�P�L�V�V�L�R�Q�� �W�R �E�H �G�L�V�F�X�V�V�H�G

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

���D�� ���E��

�)�L�J�X�U�H ��������R(T) �������S�U�R�E�H �W�U�D�Q�V�S�R�U�W�� �P�H�D�V�X�U�H�P�H�Q�W�V�� ���D��R(T) �R�I40�Q�P �R�I �<�%�&�2 �E�H�I�R�U�H ���U�H�G�� �D�Q�G �D�I�W�H�U ���E�O�D�F�N�� �W�K�H
�G�H�S�R�V�L�W�L�R�Q �R�I2 �Q�P �R�I �3�W�� ���E��R(T) �R�I �<�%�&�2��40�Q�P�����3�W��2 �Q�P�� �E�H�I�R�U�H ���E�O�D�F�N�� �D�Q�G �D�I�W�H�U ���U�H�G�� �W�K�H �G�H�S�R�V�L�W�L�R�Q �R�I20�Q�P �R�I
�&�R�)�H�%�� �D�V �Z�H�O�O �D�V �D�I�W�H�U �7�+�] �H�P�L�V�V�L�R�Q ���J�U�H�H�Q�� �I�U�R�P �W�K�H �I�X�O�O �V�W�D�F�N��

�–�Q�Y�H�V�W�L�J�D�W�H �W�K�L�V �E�H�K�D�Y�L�R�U�� �Z�H �S�O�R�W �L�Q�4�J�X�U�H �������D�W�K�HR(T) �I�R�U �D40�Q�P �<�%�&�2 �4�O�P �E�H�I�R�U�H �D�Q�G �D�I�W�H�U �G�H�S�R�V�L�W�L�Q�J2 �Q�P

�R�I �3�W�� �:�H �G�H�4�Q�HTc �D�W �W�K�H �R�Q�V�H�W �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q ���V�H�H�6�H�F�W�L�R�Q �������������� �7�K�H �V�D�P�S�O�H �V�K�R�Z�V �D �V�O�L�J�K�W

�G�U�R�S �R�ITc �I�U�R�P78�. �W�R74�. �D�I�W�H�U �3�W �G�H�S�R�V�L�W�L�R�Q�� �D�Q�G �L�W �E�H�F�D�P�H �L�Q�V�X�O�D�W�L�Q�J �D�I�W�H�U �W�K�H �V�X�E�V�H�T�X�H�Q�W �7�+�]���7�'�6 �W�U�D�Q�V�P�L�V��

�V�L�R�Q �U�X�Q�V�� �:�H �W�K�H�Q �J�U�H�Z �D �Q�H�Z �0�J�2�����<�%�&�2��40�Q�P�����3�W��2 �Q�P�� �V�D�P�S�O�H �W�R �W�H�V�W �W�K�H �H�•�H�F�W �R�I �D�G�G�L�Q�J �&�R�)�H�%���)�L�J�X�U�H �������E

�V�K�R�Z�VR(T) �E�H�I�R�U�H �D�Q�G �D�I�W�H�U �&�R�)�H�%���$�O �G�H�S�R�V�L�W�L�R�Q �D�Q�G �D�I�W�H�U �7�+�]���7�'�6��Tc = 80 �. ���D�W �W�K�H �R�Q�V�H�W �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J

������



�W�U�D�Q�V�L�W�L�R�Q�� �D�Q�GT0 = 64 �. ���D�W �]�H�U�R �U�H�V�L�V�W�D�Q�F�H�� �V�H�H�6�H�F�W�L�R�Q ������������ �U�H�P�D�L�Q �X�Q�F�K�D�Q�J�H�G �D�I�W�H�U �&�R�)�H�%���$�O �G�H�S�R�V�L�W�L�R�Q�� �$�I��

�W�H�U �7�+�]���7�'�6 ���H�P�L�V�V�L�R�Q �D�Q�G �W�U�D�Q�V�P�L�V�V�L�R�Q����Tc �G�H�F�U�H�D�V�H�V �R�Q�O�\ �W�R76�.�� �E�X�WT0 �G�U�R�S�V �W�R21:87�.�� �Z�L�G�H�Q�L�Q�J �W�K�H �W�U�D�Q�V�L�W�L�R�Q

�Z�L�G�W�K�� �L�Q�G�L�F�D�W�L�Q�J �D �P�X�F�K �P�R�U�H �G�H�J�U�D�G�H�G �<�%�&�2�� �7�K�H�V�H �R�E�V�H�U�Y�D�W�L�R�Q�V �F�R�X�O�G �E�H �W�K�H �U�H�V�X�O�W �R�I �R�[�\�J�H�Q �U�H�G�L�V�W�U�L�E�X�W�L�R�Q �X�Q��

�G�H�U �R�S�W�L�F�D�O �H�[�F�L�W�D�W�L�R�Q �D�Q�G �O�R�F�D�O �K�H�D�W�L�Q�J�� �L�Q�W�H�Q�V�H �O�D�V�H�U �L�O�O�X�P�L�Q�D�W�L�R�Q �F�D�Q �G�U�L�Y�H �R�[�\�J�H�Q �R�X�W �R�I �<�%�&�2 �D�Q�G �P�R�G�L�I�\ �F�K�D�L�Q

�R�[�\�J�H�Q �R�U�G�H�U �>������ �������� �@�� �Z�K�L�O�H �R�[�\�J�H�Q �G�L�•�X�V�L�R�Q �L�Q �<�%�&�2 �D�F�F�H�O�H�U�D�W�H�V �X�Q�G�H�U �W�K�H�U�P�D�O �O�R�D�G �D�Q�G �O�H�D�G�V �W�R �P�H�D�V�X�U�D�E�O�H

�V�W�R�L�F�K�L�R�P�H�W�U�\ �F�K�D�Q�J�H�V �D�Q�G �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J���W�U�D�Q�V�L�W�L�R�Q �V�K�L�I�W�V �>������ �@�� �–�Q �D�G�G�L�W�L�R�Q�� �F�K�H�P�L�F�D�O�O�\ �G�U�L�Y�H�Q �L�Q�W�H�U�I�D�F�L�D�O �U�H�G�R�[

�Z�L�W�K �D �P�H�W�D�O�O�L�F �R�Y�H�U�O�D�\�H�U �F�D�Q �S�X�P�S �R�[�\�J�H�Q �I�U�R�P �<�%�&�2 �L�Q�W�R �W�K�H �D�G�M�D�F�H�Q�W �P�H�W�D�O�� �W�K�H�U�H�E�\ �W�X�Q�L�Q�JTc �>������ �@�� �7�K�L�V �O�D�V�W

�P�H�F�K�D�Q�L�V�P �L�V �Q�R�W �V�X�S�S�R�V�H�G �W�R �R�F�F�X�U �R�Q �Z�K�H�Q �3�W �L�V �W�K�H �<�%�&�2���V �F�D�S�� �D�V �G�L�V�F�X�V�V�H�G �H�D�U�O�L�H�U�� �L�Q �W�K�H �F�R�Q�G�L�W�L�R�Q �W�K�D�W �3�W

�F�R�Y�H�U�V �W�K�H �I�X�O�O �<�%�&�2 �V�X�U�I�D�F�H�� �$�O�W�R�J�H�W�K�H�U�� �W�K�H �G�D�W�D �V�R �I�D�U �L�Q�G�L�F�D�W�H�V �W�K�D�W �W�K�H �6�7�( �G�H�S�R�V�L�W�L�R�Q �L�W�V�H�O�I ���3�W���&�R�)�H�%���$�O�� �G�R�H�V

�Q�R�W �P�D�U�N�H�G�O�\ �D�O�W�H�U �<�%�&�2�� �Z�K�H�U�H�D�V �S�U�R�O�R�Q�J�H�G �–�5 �R�S�H�U�D�W�L�R�Q �I�D�F�L�O�L�W�D�W�H�V �R�[�\�J�H�Q �G�L�V�R�U�G�H�U �D�Q�G �P�L�J�U�D�W�L�R�Q �R�X�W �R�I �W�K�H �4�O�P��

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

���������� �<�%�&�2 �D�Q�G �3�W �W�K�L�F�N�Q�H�V�V �R�S�W�L�P�L�]�D�W�L�R�Q

�7�R �W�D�F�N�O�H �W�K�H �<�%�&�2 �G�H�J�U�D�G�D�W�L�R�Q �L�V�V�X�H�� �Z�H �O�R�R�N�H�G �L�Q�W�R �W�K�H �V�W�U�X�F�W�X�U�D�O �T�X�D�O�L�W�\ �R�I �R�X�U �<�%�&�2 �4�O�P�V �W�K�U�R�X�J�K �;�5�' �D�Q�G �$�)�0��

�D�V �Z�H�O�O �D�V �W�U�D�Q�V�S�R�U�WR(T) �P�H�D�V�X�U�H�P�H�Q�W�V��

�)�L�J�X�U�H �������� �9�H�U�W�L�F�D�O�O�\ �V�K�L�I�W�H�G �;�5�' �V�S�H�F�W�U�D �R�I �4�Y�H �<�%�&�2 �4�O�P�V �Z�L�W�K
t �<�%�&�2= 15; 25; 50; 75; 100�Q�P�� �7�K�H �<�%�&�2(001) ���L�Q �E�O�D�F�N�� �D�Q�G �<�%�&�2(103) ���L�Q �J�U�H�H�Q�� �S�H�D�N�V �D�U�H �L�Q�G�L�F�D�W�H�G�� �D�V �Z�H�O�O
�D�V �W�K�H �V�X�E�V�W�U�D�W�H �S�H�D�N�V ���D�V ���6������

������



�)�L�J�X�U�H �������V�K�R�Z�V �W�K�H �;�5�' �S�D�W�W�H�U�Q�V �I�R�U �D �V�H�U�L�H�V �R�I �4�Y�H �V�D�P�S�O�H�V �Z�L�W�K �G�L�•�H�U�H�Q�W �<�%�&�2 �W�K�L�F�N�Q�H�V�V�H�V��tY BCO = 15; 25; 50; 75; 100�Q�P��

�:�H �V�H�H �W�K�D�W �I�R�U �W�K�H �O�R�Z�H�V�W �<�%�&�2 �W�K�L�F�N�Q�H�V�V�� �<�%�&�2 �J�U�R�Z�V �L�Q �D �P�L�[�H�G �V�W�D�W�H �R�I �<�%�&�2(001) �D�Q�G �<�%�&�2(103)�� �$�G�G�L�W�L�R�Q�D�O�O�\��

�V�W�D�U�W�L�Q�J �Z�L�W�Kt �<�%�&�2= 50 �Q�P�� �R�Q�O�\ �<�%�&�2(001) �S�H�D�N�V �F�D�Q �E�H �U�H�V�R�O�Y�H�G�� �L�Q�G�L�F�D�W�L�Q�J �W�K�D�W �W�K�H �<�%�&�2 �F�U�\�V�W�D�O �V�W�U�X�F�W�X�U�H �L�V

�P�R�Q�R�F�U�\�V�W�D�O�O�L�Q�H �Z�L�W�Kc���D�[�L�V �R�U�L�H�Q�W�D�W�L�R�Q��

���D�� ���E��

���F�� ���G��

�)�L�J�X�U�H �������� ���D�� �U�P�V �R�I �W�K�H �V�X�U�I�D�F�H �U�R�X�J�K�Q�H�V�V �R�I �<�%�&�2 �W�K�L�Q �4�O�P�V �R�I �G�L�•�H�U�H�Q�W �W�K�L�F�N�Q�H�V�V�H�V�� �7�K�H �K�R�U�L�]�R�Q�W�D�O �G�D�V�K�H�G �O�L�Q�H
�L�Q�G�L�F�D�W�H�V �W�K�H4 �Q�P �X�S�S�H�U �O�L�P�L�W �P�D�U�N�� ���E�� �7�K�H �P�H�D�Q �D�U�H�D �S�H�U�F�H�Q�W�D�J�H �R�I �S�D�U�W�L�F�O�H�V �K�L�J�K�H�U �W�K�D�Q4 �Q�P �D�Q�G �K�R�O�H�V �G�H�H�S�H�U
�W�K�D�Q4 �Q�P�� �3�D�U�W�L�F�O�H�V �D�U�H �K�L�J�K�O�L�J�K�W�H�G �L�Q �J�U�H�H�Q �L�Q ���F�� �Z�K�L�O�H �K�R�O�H�V �D�U�H �K�L�J�K�O�L�J�K�W�H�G �L�Q �Z�K�L�W�H �L�Q ���G����

�$�V �I�R�U �W�K�H �V�X�U�I�D�F�H �T�X�D�O�L�W�\ �R�I �W�K�H �<�%�&�2 �4�O�P�V���4�J�X�U�H �������D�V�K�R�Z�V �W�K�H �W�K�L�F�N�Q�H�V�V �G�H�S�H�Q�G�H�Q�F�H �R�I �W�K�H �V�X�U�I�D�F�H �U�P�V

�H�[�W�U�D�F�W�H�G �I�U�R�P �$�)�0 �V�F�D�Q�V�� �:�H �F�D�Q �V�H�H �W�K�D�W �D�O�O �V�D�P�S�O�H�V �K�D�Y�H �D�Q �U�P�V �E�H�W�Z�H�H�Q3 �Q�P �W�R4 �Q�P�� �Z�K�L�F�K �L�V �Z�K�\ �Z�H �P�D�U�N

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

�W�R �W�D�N�H �L�Q�W�R �D�F�F�R�X�Q�W �W�K�H �S�D�U�W�L�F�O�H�V�� �D�Q�G �K�R�O�H�V�� �G�L�V�W�U�L�E�X�W�L�R�Q �R�Q �W�K�H �<�%�&�2 �V�X�U�I�D�F�H�� �S�D�U�W�L�F�X�O�D�U�O�\ �S�D�U�W�L�F�O�H�V �W�K�L�F�N�H�U �W�K�D�Q �W�K�H

4 �Q�P �X�S�S�H�U �E�R�X�Q�G �Z�H �K�D�G �G�H�4�Q�H�G�� �D�Q�G �K�R�O�H�V �G�H�H�S�H�U �W�K�D�Q4 �Q�P�� �6�X�F�K �S�D�U�W�L�F�O�H�V �D�Q�G �K�R�O�H�V �D�U�H �K�L�J�K�O�L�J�K�W�H�G �R�Q �$�)�0

�V�F�D�Q�V �V�K�R�Z�Q �L�Q�4�J�X�U�H�V �������F�D�Q�G�������G�U�H�V�S�H�F�W�L�Y�H�O�\�� �–�Q�4�J�X�U�H �������E�� �Z�H �F�D�Q �V�H�H �W�K�H �P�H�D�Q �D�U�H�D ���S�H�U�F�H�Q�W�D�J�H�� �R�F�F�X�S�L�H�G

������



�E�\ �E�R�W�K �W�K�H �S�D�U�W�L�F�O�H�V �D�Q�G �K�R�O�H�V �I�R�U �D�O�O �<�%�&�2 �4�O�P�V�� �O�R�Z�H�U �W�K�D�Q1:4 �� �I�R�U �D�O�O �V�D�P�S�O�H�V�� �D�Q�G �L�W �J�R�H�V �G�R�Z�Q �I�R�U �L�Q�F�U�H�D�V�L�Q�J�O�\

�W�K�L�F�N�H�U �<�%�&�2 �4�O�P�V��t �<�%�&�2= 75 �Q�P �R�•�H�U�V �W�K�H �O�R�Z�H�V�W �R�Y�H�U�D�O�O �G�L�V�W�U�L�E�X�W�L�R�Q �R�I �W�K�H�V�H �V�X�U�I�D�F�H �L�P�S�H�U�I�H�F�W�L�R�Q�V�� �G�H�V�S�L�W�H

�K�D�Y�L�Q�J �W�K�H �K�L�J�K�H�V�W �U�P�V��

���D�� ���E��

�)�L�J�X�U�H �������� ���D��R(T) �R�I �<�%�&�2 �W�K�L�Q �4�O�P�V �R�I �G�L�•�H�U�H�Q�W �W�K�L�F�N�Q�H�V�V�H�V�� ���E��Tc �D�Q�GT0 �Y�H�U�V�X�V �4�O�P �W�K�L�F�N�Q�H�V�V��

�7�K�H�Q �Z�H �P�H�D�V�X�U�H�GR(T) �R�I �D�O�O �V�D�P�S�O�H�V�� �S�O�R�W�W�H�G �L�Q�4�J�X�U�H �������D�� �)�U�R�P �W�K�H�V�H �P�H�D�V�X�U�H�P�H�Q�W�V�� �Z�H �F�D�Q �H�[�W�U�D�F�W �W�K�H

�P�D�L�Q �I�H�D�W�X�U�H�V �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q��Tc �D�Q�GT0�� �Z�K�L�F�K �Z�H �S�O�R�W �L�Q�4�J�X�U�H �������E�� �(�Y�H�Q �W�K�R�X�J�K �D�O�O �V�D�P�S�O�H�V

�S�U�H�V�H�Q�W �D �K�L�J�KTc �D�W �D�U�R�X�Q�G87�.�� �4�O�P�V �E�H�O�R�Z50�Q�P �K�D�Y�H �D �O�D�U�J�H �W�U�D�Q�V�L�W�L�R�Q �Z�L�Q�G�R�Z �D�Q�G �D �Y�H�U�\ �O�R�ZT0�� �$ �O�D�U�J�H�U

�W�U�D�Q�V�L�W�L�R�Q �Z�L�Q�G�R�Z �P�H�D�Q�V �W�K�D�W �W�K�H �V�D�P�S�O�H�V �D�U�H �O�H�V�V �K�R�P�R�J�H�Q�H�R�X�V�� �Z�K�L�F�K �L�V �D�O�V�R �E�D�F�N�H�G �E�\ �W�K�H �J�U�D�Q�X�O�D�U�L�W�\ �R�I �<�%�&�2

�W�K�U�R�X�J�K �S�D�U�W�L�F�O�H�V �D�Q�G �K�R�O�H�V �H�Y�L�G�H�Q�F�H�G �E�\ �W�K�H �$�)�0 �P�H�D�V�X�U�H�P�H�Q�W�V�� �–�Q �W�K�L�V �F�D�V�H�� �Z�H �K�D�Y�H �D �O�R�Z�H�U �S�U�R�E�D�E�L�O�L�W�\ �R�I �4�Q�G�L�Q�J

�D �V�S�R�W �R�I �W�K�H �<�%�&�2 �4�O�P �W�K�D�W �L�V �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J�� �7�K�L�V �L�V �S�D�U�W�L�F�X�O�D�U�O�\ �S�U�R�E�O�H�P�D�W�L�F �L�Q �D �7�+�]���7�'�6 �H�[�S�H�U�L�P�H�Q�W�� �Z�K�H�U�H �W�K�H

�–�5 �S�X�P�S �O�D�V�H�U �K�D�V �D �O�L�P�L�W�H�G �V�S�R�W �V�L�]�H �G�L�D�P�H�W�H�U �R�Iw0 � 100� �P ���V�H�H�6�H�F�W�L�R�Q ������������ �R�Q �W�K�H5 � 5 � �P2 �V�D�P�S�O�H �V�X�U�I�D�F�H��

�&�R�Q�V�H�T�X�H�Q�W�O�\�� �<�%�&�2 �W�K�L�F�N�Q�H�V�V �R�I �R�X�U �V�D�P�S�O�H�V �K�D�G �W�R �E�H �K�L�J�K�H�U �W�K�D�Q50�Q�P�� �7�K�L�V �F�U�L�W�H�U�L�R�Q �L�V �F�R�Q�V�L�V�W�H�Q�W �Z�L�W�K �W�K�H

�F�U�L�W�H�U�L�D �R�I �O�R�Z �U�P�V�� �O�R�Z �V�X�U�I�D�F�H �S�D�U�W�L�F�O�H�V���K�R�O�H�V �G�H�Q�V�L�W�\ �D�Q�G �P�R�Q�R�F�U�\�V�W�D�O�O�L�Q�H �<�%�&�2(001)�� �Z�K�L�F�K �D�U�H �P�H�W �E�\ �V�D�P�S�O�H�V

�Z�L�W�K �<�%�&�2 �W�K�L�F�N�H�U �W�K�D�Q50�Q�P ���Z�L�W�K �W�K�H �H�[�F�H�S�W�L�R�Q �R�I �D �K�L�J�K �U�P�V �I�R�U �W�K�H �V�D�P�S�O�H �Z�L�W�Kt �<�%�&�2= 75 �Q�P����

�*�X�L�G�H�G �E�\ �;�5�'���$�)�0 �D�Q�GR(T) �R�Q �W�K�H �W�K�L�F�N�Q�H�V�V �V�H�U�L�H�V�� �Z�H �F�R�X�O�G �F�R�Q�V�R�O�L�G�D�W�H �R�X�U �H�[�S�O�D�Q�D�W�L�R�Q �I�R�U �W�K�H �<�%�&�2 �4�O�P�V

�E�H�F�D�X�V�H �R�I �R�[�\�J�H�Q �G�H�S�O�H�W�L�R�Q�� �S�U�R�E�D�E�O�\ �L�Q�W�R �W�K�H �Y�D�F�X�X�P ���I�R�U �V�D�P�S�O�H�V �Z�L�W�K�R�X�W �&�R�)�H�%�� �R�U �L�Q�W�R �&�R�)�H�%�� �S�U�R�P�R�W�H�G �E�\ �D

�E�D�G�O�\ �F�R�D�W�H�G �<�%�&�2 �V�X�U�I�D�F�H �Z�K�H�Q �X�V�L�Q�J �R�Q�O�\2 �Q�P �R�I �3�W�� �$�V �D �U�H�V�X�O�W�� �Z�H �D�L�P�H�G �I�R�U �D �3�W �F�D�S �W�K�D�W �L�V �W�K�L�F�N �H�Q�R�X�J�K �W�R �I�R�U�P

�D �F�R�Q�W�L�Q�X�R�X�V �E�D�U�U�L�H�U �E�H�W�Z�H�H�Q �<�%�&�2 �D�Q�G �&�R�)�H�%�� �\�H�W �W�K�L�Q �H�Q�R�X�J�K �Q�R�W �W�R �T�X�H�Q�F�K �V�S�L�Q�W�U�R�Q�L�F �7�+�] �H�P�L�V�V�L�R�Q�� �–�Q �V�S�L�Q�W�U�R�Q�L�F

�7�+�] �H�P�L�W�W�H�U�V�� �W�K�H �7�+�] �4�H�O�G �S�H�D�N�V �I�R�U �3�W �W�K�L�F�N�Q�H�V�V�H�V �R�I �R�Q�O�\ �D �I�H�Z �Q�D�Q�R�P�H�W�H�U�V �D�Q�G �W�K�H�Q �G�U�R�S�V �D�V �3�W �J�H�W�V �W�K�L�F�N�H�U �G�X�H

�W�R �D�G�G�H�G �–�5 �D�Q�G �7�+�] �D�E�V�R�U�S�W�L�R�Q�� �D�Q�G �G�X�H �W�R �V�S�L�Q���G�L�•�X�V�L�R�Q �F�R�Q�V�W�U�D�L�Q�W�V�� �(�[�S�H�U�L�P�H�Q�W�V �R�Q �)�H���3�W �V�K�R�Z �D�Q �R�S�W�L�P�D�O �3�W

�Q�H�D�U2 �Q�P �W�R3 �Q�P �Z�L�W�K �D �U�D�S�L�G �G�H�F�U�H�D�V�H �E�H�\�R�Q�G �W�K�D�W �>������ �@�� �Z�K�L�O�H �R�W�K�H�U �J�U�R�X�S�V �U�H�S�R�U�W �D�Q �R�S�W�L�P�X�P �Q�H�D�U2 �Q�P �W�R4 �Q�P

������



�L�Q �I�R�U �&�R�)�H�%���3�W �>������ �������� �������� �@�� �F�R�P�S�O�H�P�H�Q�W�D�U�\ �W�K�L�F�N�Q�H�V�V �V�F�D�Q�V �L�Q �&�R���3�W �4�Q�G �W�K�H �7�+�] �V�L�J�Q�D�O �V�D�W�X�U�D�W�H�V �D�E�R�Y�H3 �Q�P

�3�W�� �F�R�Q�V�L�V�W�H�Q�W �Z�L�W�K �W�K�H �V�K�R�U�W �V�S�L�Q���G�L�•�X�V�L�R�Q �O�H�Q�J�W�K �L�Q �3�W �>������ �@�� �%�D�V�L�F�D�O�O�\�� �W�K�H �K�H�D�Y�\���P�H�W�D�O�O�L�F �O�D�\�H�U���V �W�K�L�F�N�Q�H�V�V �L�V �F�K�R�V�H�Q

�Q�H�D�U �L�W�V �V�S�L�Q �G�L�•�X�V�L�R�Q �O�H�Q�J�W�K �W�R �P�D�[�L�P�L�]�H� �6�+���P�H�G�L�D�W�H�G �F�R�Q�Y�H�U�V�L�R�Q �Z�K�L�O�H �D�Y�R�L�G�L�Q�J �X�Q�Q�H�F�H�V�V�D�U�\ �R�S�W�L�F�D�O �O�R�V�V �>������ ��

������ �@�� �2�Q �W�K�L�V �E�D�V�L�V �Z�H �V�H�W �D�Q �X�S�S�H�U �E�R�X�Q�G �R�I �D�E�R�X�W3 �Q�P �W�R4 �Q�P �I�R�U �3�W�� �W�K�L�F�N�H�U �F�D�S�V �U�D�S�L�G�O�\ �D�W�W�H�Q�X�D�W�H �W�K�H �S�X�P�S

�D�Q�G �W�K�H �H�P�L�W�W�H�G �7�+�]�� �P�D�N�L�Q�J �L�W �L�P�S�U�D�F�W�L�F�D�O �W�R �G�H�W�H�F�W �W�K�H �&�R�)�H�%���G�U�L�Y�H�Q �V�L�J�Q�D�O �W�K�U�R�X�J�K �3�W�� �Z�K�L�O�H �W�K�L�Q�Q�H�U �F�D�S�V �Z�R�X�O�G�Q���W

�S�U�R�S�H�U�O�\ �F�R�D�W �<�%�&�2 �H�V�S�H�F�L�D�O�O�\ �I�R�U �4�O�P�V �W�K�L�F�N�H�U �W�K�D�Q50�Q�P �Q�H�H�G�H�G �I�R�U �W�K�H�L�U �V�X�S�H�U�L�R�U �V�W�U�X�F�W�X�U�D�O �D�Q�G �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J

�S�U�R�S�H�U�W�L�H�V��

������ �)�0�5 �R�Q �V�S�L�Q�W�U�R�Q�L�F �W�H�U�D�K�H�U�W�] �H�P�L�W�W�H�U�V

�%�H�I�R�U�H �S�U�R�F�H�H�G�L�Q�J �Z�L�W�K �7�+�] �H�P�L�V�V�L�R�Q �P�H�D�V�X�U�H�P�H�Q�W�V �R�Q �R�X�U �V�D�P�S�O�H�V�� �Z�H �F�K�D�U�D�F�W�H�U�L�]�H�G �W�K�H�L�U �*�+�]���U�D�Q�J�H �U�H�V�S�R�Q�V�H

�W�K�U�R�X�J�K �)�0�5�� �:�H �S�U�R�F�H�H�G �Z�L�W�K �W�K�U�H�H �V�D�P�S�O�H�V��

�� �3�W��2 �Q�P�����&�R�)�H�%��2 �Q�P�����$�O��3 �Q�P�� �U�H�S�U�H�V�H�Q�W�H�G �L�Q�4�J�X�U�H �������D

�� �3�W��2 �Q�P�����&�R�)�H�%��20�Q�P�����$�O��3 �Q�P�� �U�H�S�U�H�V�H�Q�W�H�G �L�Q�4�J�X�U�H �������E

�� �<�%�&�2��20�Q�P�����3�W��2 �Q�P�����&�R�)�H�%��20�Q�P�����$�O��3 �Q�P�� �U�H�S�U�H�V�H�Q�W�H�G �L�Q�4�J�X�U�H �������F

���D�� ���E�� ���F��

�)�L�J�X�U�H �������� �7�K�U�H�H �V�D�P�S�O�H�V �R�I �6�7�(�� ���D�� �Z�L�W�K2 �Q�P �R�I �&�R�)�H�%�� �D�Q�G ���E���F��20�Q�P �R�I �&�R�)�H�%�� �6�D�P�S�O�H ���F�� �$�O�V�R �K�D�V �D20�Q�P �<�%�&�2
�O�D�\�H�U �D�W �W�K�H �E�R�W�W�R�P��

�:�H �S�O�R�W �W�K�H �W�\�S�L�F�D�O �)�0�5 �V�S�H�F�W�U�D �D�W �U�R�R�P �W�H�P�S�H�U�D�W�X�U�H �I�R�U �D �V�H�U�L�H�V �R�I �I�U�H�T�X�H�Q�F�L�H�V �X�S �W�R20�*�+�] �I�R�U �W�K�H �W�K�U�H�H �V�D�P��

�S�O�H�V �L�Q�4�J�X�U�H�V �������D�W�R�������F�U�H�V�S�H�F�W�L�Y�H�O�\�� �%�\ �4�W�W�L�Q�J �H�D�F�K �)�0�5 �V�S�H�F�W�U�X�P �X�V�L�Q�J �D �'�\�V�R�Q�L�D�Q �I�X�Q�F�W�L�R�Q ���V�H�H�(�T�� ���������������� �Z�H

�F�D�Q �H�[�W�U�D�F�W �W�K�H �S�H�D�N���W�R���S�H�D�N �O�L�Q�H�Z�L�G�W�K� Hpp �D�Q�G �U�H�V�R�Q�D�Q�F�H �4�H�O�GH r �� �:�H �S�O�R�W �W�K�H �I�U�H�T�X�H�Q�F�\ �G�H�S�H�Q�G�H�Q�F�H �R�I� Hpp

�D�Q�GH r �� �W�K�H�Q �4�W �W�K�H�P �Z�L�W�K �D �O�L�Q�H�D�U �4�W� Hpp = � H0+ 4��p
3
� 0

f ���V�H�H�(�T�� �������������� �D�Q�G �D �.�L�W�W�H�O �4�Wf �U�H�V=



2�

p
(H �U+ H �$)(H �U+ H �$ + 4 �M �H�•)

���V�H�H�(�T�� ���������������� �U�H�V�S�H�F�W�L�Y�H�O�\�� �:�H �F�D�Q �W�K�H�U�H�I�R�U�H �F�R�P�S�D�U�H �W�K�H �U�H�I�H�U�H�Q�F�H �V�D�P�S�O�H�V �Z�L�W�K �G�L�•�H�U�H�Q�W �&�R�)�H�% �W�K�L�F�N�Q�H�V�V�H�V �R�I

2 �D�Q�G20�Q�P�� �D�Q�G �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H �Z�L�W�K �L�W�V �U�H�I�H�U�H�Q�F�H �V�D�P�S�O�H ���E�R�W�K �K�D�Y�L�Q�J20�Q�P �R�I �&�R�)�H�%����

�)�L�J�X�U�H ���������D�V�K�R�Z�V �W�K�H �.�L�W�W�H�O �4�W �R�IH r (f ) �F�R�P�S�D�U�L�Q�J2 �D�Q�G20�Q�P �R�I �&�R�)�H�% �D�W �U�R�R�P �W�H�P�S�H�U�D�W�X�U�H�� �:�H �H�[�W�U�D�F�W

��M ef f (2 �Q�P) � 692:88�N�$/ �P �� HA (2 �Q�P) � � 10:1 �P�7�� �D�Q�G ��M ef f (20 �Q�P) � 1183:72�N�$/ �P �� HA (20 �Q�P) � � 9:4 �P�7���� �E�R�W�K

������



���D�� ���E��

���F��

�)�L�J�X�U�H �������� �5�R�R�P �W�H�P�S�H�U�D�W�X�U�H �)�0�5 �V�S�H�F�W�U�D �R�I �W�K�U�H�H �V�D�P�S�O�H�V �R�I �6�7�(�� ���D�� �Z�L�W�K2 �Q�P �R�I �&�R�)�H�%�� �D�Q�G ���E���F��20�Q�P �R�I �&�R�)�H�%��
�6�D�P�S�O�H ���F�� �$�O�V�R �K�D�V �D20�Q�P �<�%�&�2 �O�D�\�H�U �D�W �W�K�H �E�R�W�W�R�P��

�F�R�P�S�D�U�D�E�O�H �W�R �S�U�H�Y�L�R�X�V�O�\ �U�H�S�R�U�W�H�G �Y�D�O�X�H�V �I�R�U �V�S�X�W�W�H�U�H�G �&�R�)�H�% �4�O�P�V �>������ �@�� �7�K�H �O�L�Q�H�D�U �4�W�V �L�Q�4�J�X�U�H ���������E�S�U�R�Y�L�G�H

��� (2 �Q�P) � 14:75 � 10� 3 ��H0(2 �Q�P) � 1:8 �P�7�� �D�Q�G ��� (20 �Q�P) � 2:04 � 10� 3 ��H0(20 �Q�P) � 4:3 �P�7���� �D�O�V�R �F�R�P�S�D�U�D�E�O�H �W�R

�S�U�H�Y�L�R�X�V�O�\ �U�H�S�R�U�W�H�G �Y�D�O�X�H�V �I�R�U �V�S�X�W�W�H�U�H�G �&�R�)�H�% �4�O�P�V �>������ �@�� �7�K�L�V �F�R�Q�4�U�P�V �W�K�H �K�L�J�K �T�X�D�O�L�W�\ �R�I �R�X�U �4�O�P�V�� �D�O�O �P�D�J�Q�H�W�L�]�H�G

�L�Q���S�O�D�Q�H �Z�L�W�K �O�R�Z �D�Q�L�V�R�W�U�R�S�\ ���O�R�ZHA �� �D�Q�G �O�R�Z �G�D�P�S�L�Q�J��

�$ �V�L�P�L�O�D�U �F�R�P�S�D�U�L�V�R�Q �F�D�Q �E�H �G�U�D�Z�Q �I�R�U �W�K�H20�Q�P �&�R�)�H�% �V�D�P�S�O�H �Z�L�W�K �D�Q�G �Z�L�W�K�R�X�W �<�%�&�2���)�L�J�X�U�H ���������D�V�K�R�Z�V

�W�K�H �.�L�W�W�H�O �4�W�V �\�L�H�O�G�L�Q�J ��M ef f (Y BCO ) � 1162:53�N�$/ �P ��HA (Y BCO ) � � 0:8 �P�7�� �D�Q�G�4�J�X�U�H ���������E�S�U�R�Y�L�G�H�V ��� (Y BCO ) �

5:84 � 10� 3 ��H0(Y BCO ) � 3:3 �P�7���� �7�K�H �L�Q�F�U�H�D�V�H �L�Q �G�D�P�S�L�Q�J �F�R�P�S�D�U�H�G �W�R �W�K�H �U�H�I�H�U�H�Q�F�H �V�D�P�S�O�H �F�R�X�O�G �E�H �H�[�S�O�D�L�Q�H�G

�E�\ �V�S�L�Q �S�X�P�S�L�Q�J �L�Q�W�R �W�K�H �D�G�G�L�W�L�R�Q�D�O �<�%�&�2 �O�D�\�H�U�� �<�%�&�2 �W�K�X�V �D�F�W�V �D�V �D �V�S�L�Q �V�L�Q�N�� �F�R�Q�W�U�L�E�X�W�L�Q�J �W�R �W�K�H �H�Q�K�D�Q�F�H�P�H�Q�W �R�I

�W�K�H �G�D�P�S�L�Q�J��

�–�Q �D�G�G�L�W�L�R�Q�D�O �P�H�D�V�X�U�H�P�H�Q�W�V �W�R �F�R�P�H �L�Q �W�K�H �I�X�W�X�U�H�� �Z�H �Z�L�O�O �V�W�L�O�O �K�D�Y�H �W�R �F�K�H�F�N �D�O�O �W�K�H �D�I�R�U�H�P�H�Q�W�L�R�Q�H�G �P�D�J�Q�H�W�L�F

�S�U�R�S�H�U�W�L�H�V �R�I �R�X�U �4�Q�D�O �4�O�P�V �Z�L�W�K �W�K�H �4�Q�D�O �F�K�R�V�H�Q �O�D�\�H�U �W�K�L�F�N�Q�H�V�V�H�V�� �D�Q�G �D�V �D �I�X�Q�F�W�L�R�Q �R�I �W�H�P�S�H�U�D�W�X�U�H�� �7�K�L�V �L�V �E�H�F�D�X�V�H

�Z�H �F�K�D�Q�J�H�G �W�K�H �3�W �D�Q�G �<�%�&�2 �W�K�L�F�N�Q�H�V�V�H�V �D�I�W�H�U �W�K�H �S�U�H�V�H�Q�W�H�G �)�0�5 �P�H�D�V�X�U�H�P�H�Q�W�V��

������



���D�� ���E��

�)�L�J�X�U�H ���������� ���D�� �.�L�W�W�H�O �4�W �I�R�UH r (f ) �D�Q�G ���E�� �O�L�Q�H�D�U �4�W �I�R�U� Hpp(f )�� �F�R�P�S�D�U�L�Q�J2 �D�Q�G20�Q�P �R�I �&�R�)�H�%��

���D�� ���E��

�)�L�J�X�U�H ���������� ���D�� �.�L�W�W�H�O �4�W �I�R�UH r (f ) �D�Q�G ���E�� �O�L�Q�H�D�U �4�W �I�R�U� Hpp(f )�� �F�R�P�S�D�U�L�Q�J20�Q�P �R�I �&�R�)�H�% �Z�L�W�K �D�Q�G �Z�L�W�K�R�X�W
�<�%�&�2��20�Q�P����

������ �7�+�]���7�'�6 �� �W�U�D�Q�V�P�L�V�V�L�R�Q �D�Q�G �6�7�(���H�P�L�V�V�L�R�Q

���������� �5�H�P�L�Q�G�H�U �R�I �W�K�H �H�[�S�H�U�L�P�H�Q�W�D�O �V�H�W�X�S�V

�7�K�L�V �V�X�E�V�H�F�W�L�R�Q �L�V �D �U�H�P�L�Q�G�H�U �R�I �W�K�H �7�+�] �W�U�D�Q�V�P�L�V�V�L�R�Q �D�Q�G �H�P�L�V�V�L�R�Q �V�H�W�X�S�V �W�K�D�W �Z�H �X�V�H�G �D�Q�G �Z�K�L�F�K �Z�H �K�D�G �G�L�V�F�X�V�V�H�G

�L�Q�6�H�F�W�L�R�Q ������������

�7�K�H �V�H�W�X�S �L�Q�)�L�J�� ���������L�V �D �V�W�D�Q�G�D�U�G �7�+�] �W�L�P�H���G�R�P�D�L�Q �V�S�H�F�W�U�R�P�H�W�H�U �R�S�H�U�D�W�H�G �L�Q �W�U�D�Q�V�P�L�V�V�L�R�Q�� �$�Q800�Q�P ���Z�D�Y�H��

������



�)�L�J�X�U�H ���������� �'�L�D�J�U�D�P �R�I �R�X�U �7�+�]���7�'�6 �W�U�D�Q�V�P�L�V�V�L�R�Q �V�H�W�X�S�� �)�L�J�X�U�H �F�R�X�U�W�H�V�\ �R�I �7�L�Q�J�Z�H�Q �*�X�R��

�O�H�Q�J�W�K����50�I�V ���S�X�O�V�H �G�X�U�D�W�L�R�Q����80�0�+�] ���U�H�S�H�W�L�W�L�R�Q �U�D�W�H�� �7�L���V�D�S�S�K�L�U�H �R�V�F�L�O�O�D�W�R�U �L�V �V�S�O�L�W �L�Q�W�R �D �V�W�U�R�Q�J �S�X�P�S �D�U�P �D�Q�G �D

�Z�H�D�N �S�U�R�E�H �D�U�P�� �7�K�H �S�X�P�S ��� 110�P�:�� �L�O�O�X�P�L�Q�D�W�H�V �D �S�K�R�W�R�F�R�Q�G�X�F�W�L�Y�H �D�Q�W�H�Q�Q�D �H�P�L�W�W�H�U �W�K�D�W �L�V �'�&���E�L�D�V�H�G �D�W10�9

�D�Q�G �P�R�G�X�O�D�W�H�G �D�W10�N�+�] �I�R�U �O�R�F�N���L�Q �G�H�W�H�F�W�L�R�Q�� �J�H�Q�H�U�D�W�L�Q�J �D �S�X�O�V�H�G �7�+�] �E�H�D�P�� �)�R�X�U �J�R�O�G �R�•���D�[�L�V �S�D�U�D�E�R�O�L�F �P�L�U�U�R�U�V

�U�H�O�D�\ �W�K�H �7�+�]�� �W�K�H �4�U�V�W �S�D�L�U �F�R�O�O�L�P�D�W�H�V �D�Q�G �I�R�F�X�V�H�V �L�W �R�Q�W�R �W�K�H �V�D�P�S�O�H�� �Z�K�L�F�K �L�V �P�R�X�Q�W�H�G �D�W �W�K�H�L�U �F�R�P�P�R�Q �I�R�F�X�V��

�W�K�H �V�H�F�R�Q�G �S�D�L�U �F�R�O�O�H�F�W�V �W�K�H �W�U�D�Q�V�P�L�W�W�H�G �E�H�D�P �D�Q�G �L�P�D�J�H�V �L�W �R�Q�W�R �D1 �P�P �=�Q�7�H �H�O�H�F�W�U�R���R�S�W�L�F �F�U�\�V�W�D�O�� �7�K�H800�Q�P

�S�U�R�E�H �D�U�P ��� 10�P�:�� �L�V �U�R�X�W�H�G �W�K�U�R�X�J�K �D �P�H�F�K�D�Q�L�F�D�O �G�H�O�D�\ �O�L�Q�H �D�Q�G �F�R���S�U�R�S�D�J�D�W�H�V �Z�L�W�K �W�K�H �7�+�] �L�Q�V�L�G�H �W�K�H �=�Q�7�H�� �7�K�H

�L�Q�V�W�D�Q�W�D�Q�H�R�X�V �7�+�] �H�O�H�F�W�U�L�F �4�H�O�G �L�Q�G�X�F�H�V �D �3�R�F�N�H�O�V �E�L�U�H�I�U�L�Q�J�H�Q�F�H �W�K�D�W �U�R�W�D�W�H�V �W�K�H �S�U�R�E�H �S�R�O�D�U�L�]�D�W�L�R�Q�� �$ �T�X�D�U�W�H�U���Z�D�Y�H

�S�O�D�W�H �D�Q�G �E�D�O�D�Q�F�H�G �S�K�R�W�R�G�L�R�G�H�V ���O�D�E�H�O�H�G �D�V ���E�D�O�D�Q�F�H�G �G�H�W�H�F�W�L�R�Q���� �F�R�Q�Y�H�U�W �W�K�L�V �U�R�W�D�W�L�R�Q �L�Q�W�R �D �G�L�•�H�U�H�Q�W�L�D�O �V�L�J�Q�D�O �W�K�D�W

�L�V �G�H�P�R�G�X�O�D�W�H�G �E�\ �W�K�H �O�R�F�N���L�Q �U�H�I�H�U�H�Q�F�H�G �W�R �W�K�H �H�P�L�W�W�H�U �P�R�G�X�O�D�W�L�R�Q �>������ �@�� �6�F�D�Q�Q�L�Q�J �W�K�H �S�U�R�E�H �G�H�O�D�\� �\�L�H�O�G�V �W�K�H

�Z�D�Y�H�I�R�U�PE �7�+�](t) �R�I �W�K�H �H�O�H�F�W�U�L�F �4�H�O�G �R�I �W�K�H �7�+�] �S�X�O�V�H�� �)�R�X�U�L�H�U �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q �S�U�R�Y�L�G�H�V �D�P�S�O�L�W�X�G�H �D�Q�G �S�K�D�V�H �V�S�H�F��

�W�U�D�� �$�O�W�H�U�Q�D�W�L�Q�J �P�H�D�V�X�U�H�P�H�Q�W�V �Z�L�W�K �W�K�H �R�S�H�Q �D�S�H�U�W�X�U�H ���G�H�W�H�F�W�L�R�Q �Z�L�W�K �Q�R �V�D�P�S�O�H �D�W �W�K�H �I�R�F�X�V�� �D�Q�G �Z�L�W�K �W�K�H �V�D�P�S�O�H

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

�7�K�H �H�[�S�H�U�L�P�H�Q�W �L�Q�)�L�J�� ���������L�P�S�O�H�P�H�Q�W�V �V�S�L�Q�W�U�R�Q�L�F �7�+�] �H�P�L�V�V�L�R�Q �L�Q �W�U�D�Q�V�P�L�V�V�L�R�Q �X�V�L�Q�J �W�K�H �V�D�P�H �I�H�P�W�R�V�H�F�R�Q�G

�O�D�V�H�U �D�Q�G �H�O�H�F�W�U�R���R�S�W�L�F�D�O ���(�2�� �V�D�P�S�O�L�Q�J �F�K�D�L�Q �D�V �L�Q�)�L�J�� ���������� �E�X�W �Z�L�W�K �W�K�H �V�D�P�S�O�H �L�W�V�H�O�I �D�F�W�L�Q�J �D�V �W�K�H �7�+�] �V�R�X�U�F�H�� �)�R�U

�P�D�J�Q�H�W�L�F �F�R�Q�W�U�R�O �R�I �W�K�H �V�S�L�Q�W�U�R�Q�L�F �H�P�L�W�W�H�U�� �D�Q �L�Q���S�O�D�Q�H �4�H�O�G �L�V �D�S�S�O�L�H�G �D�W �W�K�H �V�D�P�S�O�H �S�R�V�L�W�L�R�Q �X�V�L�Q�J �V�P�D�O�O �S�H�U�P�D�Q�H�Q�W

�P�D�J�Q�H�W�V ���Q�R�W �V�K�R�Z�Q �I�R�U �V�L�P�S�O�L�F�L�W�\���� �Z�L�W�K �W�K�H �4�H�O�G �G�L�U�H�F�W�L�R�Q �G�H�4�Q�L�Q�J �W�K�H �S�R�O�D�U�L�W�\ �R�I �W�K�H �H�P�L�W�W�H�G �7�+�] �W�U�D�Q�V�L�H�Q�W�� �7�K�H

800�Q�P��50�I�V��80�0�+�] �7�L���V�D�S�S�K�L�U�H �R�V�F�L�O�O�D�W�R�U �L�V �V�S�O�L�W �L�Q�W�R �D �V�W�U�R�Q�J �S�X�P�S �D�U�P �D�Q�G �D �Z�H�D�N �S�U�R�E�H �D�U�P�� �7�K�H �S�X�P�S �L�V

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

�Z�L�W�K �D �*�D�X�V�V�L�D�Q �V�S�R�W �G�L�D�P�H�W�H�U �R�I �R�U�G�H�Uw0 � 100� �P�� �\�L�H�O�G�L�Q�J �D �V�W�D�Q�G�D�U�G �5�X�H�Q�F�H �R�IF � 0:48� �-/ �F�P2�� �$ �S�D�L�U �R�I

�R�•���D�[�L�V �S�D�U�D�E�R�O�L�F �P�L�U�U�R�U�V �F�R�O�O�H�F�W�V �D�Q�G �F�R�O�O�L�P�D�W�H�V �W�K�H �I�R�U�Z�D�U�G���H�P�L�W�W�H�G �7�+�] �S�X�O�V�H �I�U�R�P �W�K�H �V�D�P�S�O�H �D�Q�G �U�H�I�R�F�X�V�H�V �L�W
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�R�Q�W�R �D1 �P�P �=�Q�7�H �H�O�H�F�W�U�R���R�S�W�L�F �F�U�\�V�W�D�O�� �7�R �S�U�H�Y�H�Q�W �V�F�D�W�W�H�U�H�G800�Q�P �O�L�J�K�W �I�U�R�P �U�H�D�F�K�L�Q�J �W�K�H �(�2 �F�U�\�V�W�D�O�� �W�K�H �R�S�W�L�F�D�O

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

�U�H�V�L�V�W�L�Y�L�W�\ �6�L �S�O�D�W�H�V �L�Q �R�X�U �F�D�V�H�� �7�K�H �E�D�O�D�Q�F�H�G �G�H�W�H�F�W�L�R�Q �V�F�K�H�P�H �L�V �V�L�P�L�O�D�U �W�R �W�K�D�W �G�H�V�F�U�L�E�H�G �I�R�U �7�+�] �W�U�D�Q�V�P�L�V�V�L�R�Q

�H�[�S�H�U�L�P�H�Q�W�V��

���������� �)�L�Q�D�O �V�W�D�F�N �W�K�L�F�N�Q�H�V�V �U�D�W�L�R�Q�D�O

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

�0�J�2// �<�%�&�2(t �<�%�&�2)/ �3�W(4 �Q�P)/ �&�R�)�H�%(t �&�R�)�H�%)/ �$�O(3 �Q�P);

�Z�L�W�Kt �<�%�&�2& 50�Q�P �W�R �H�Q�V�X�U�H �E�X�O�N���O�L�N�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �S�U�R�S�H�U�W�L�H�V �D�Q�G �V�P�R�R�W�K �L�Q�W�H�U�I�D�F�H�V �W�R �W�K�H �P�H�W�D�O�O�L�F �R�Y�H�U�O�D�\�H�U��

�%�X�W �W�K�H �F�K�R�L�F�H �R�It �&�R�)�H�%�L�V �Q�R�W �V�W�U�D�L�J�K�W�I�R�U�Z�D�U�G�� �7�K�H3 �Q�P �$�O �F�D�S �S�D�U�W�L�D�O�O�\ �R�[�L�G�L�]�H�V �W�R �$�O�2x �S�U�L�R�U �W�R �R�S�W�L�F�D�O �P�H�D�V�X�U�H��

�P�H�Q�W�V�� �Z�K�L�F�K �S�D�V�V�L�Y�D�W�H�V �&�R�)�H�% �Z�K�L�O�H �U�H�P�D�L�Q�L�Q�J �W�U�D�Q�V�S�D�U�H�Q�W �D�W800�Q�P �>������ �@�� �8�Q�G�H�U800�Q�P��50�I�V �H�[�F�L�W�D�W�L�R�Q�� �Q�H�D�U���–�5

�D�E�V�R�U�S�W�L�R�Q �L�Q �D �F�X�S�U�D�W�H �F�U�H�D�W�H�V �T�X�D�V�L�S�D�U�W�L�F�O�H�V �D�Q�G �W�U�D�Q�V�L�H�Q�W�O�\ �V�X�S�S�U�H�V�V�H�V �W�K�H �R�U�G�H�U �S�D�U�D�P�H�W�H�U �E�H�O�R�ZTc �>������ �������� �@��

�%�X�W �R�X�U �G�H�V�L�J�Q �P�L�Q�L�P�L�]�H�V �G�L�U�H�F�W �R�S�W�L�F�D�O �D�F�F�H�V�V �W�R �<�%�&�2 �E�\ �S�O�D�F�L�Q�J �W�K�H �P�H�W�D�O�O�L�F �V�W�D�F�N �R�Q �W�R�S �D�Q�G �X�V�L�Q�J �W�K�H �$�O�2x �F�D�S��

�7�K�L�V �U�H�G�X�F�H�V �W�K�H �U�L�V�N �W�K�D�W �S�X�P�S �O�L�J�K�W �U�H�D�F�K�L�Q�J �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U �F�R�P�S�O�L�F�D�W�H�V �W�K�H �L�Q�W�H�U�S�U�H�W�D�W�L�R�Q �R�I �7�+�] �H�P�L�V�V�L�R�Q

�Q�H�D�UTc��

�–�Q �I�D�F�W�� �I�R�U �V�S�L�Q�W�U�R�Q�L�F �7�+�] �H�P�L�W�W�H�U�V�� �W�K�H �H�P�L�W�W�H�G �4�H�O�G �W�U�D�F�N�V �W�K�H �L�Q�W�H�U�I�D�F�L�D�O �F�K�D�U�J�H �E�X�U�V�W �S�U�R�G�X�F�H�G �E�\ �W�K�H �V�S�L�Q �+�D�O�O

�F�R�Q�Y�H�U�V�L�R�Q �L�Q �3�W�� �Z�K�L�F�K �L�Q �W�X�U�Q �G�H�S�H�Q�G�V �R�Q �W�K�H �V�S�L�Q �F�X�U�U�H�Q�W �D�U�U�L�Y�L�Q�J �D�W �W�K�H �&�R�)�H�%/ �3�W �L�Q�W�H�U�I�D�F�H �R�Q �V�X�E���S�V �W�L�P�H�V�F�D�O�H�V �>������ �@��

�7�K�L�F�N�Q�H�V�V���V�H�U�L�H�V �H�[�S�H�U�L�P�H�Q�W�V �D�Q�G �W�U�D�Q�V�S�R�U�W �P�R�G�H�O�V �F�R�Q�V�L�V�W�H�Q�W�O�\ �V�K�R�Z �D �P�D�[�L�P�X�P �7�+�] �D�P�S�O�L�W�X�G�H �I�R�Ut �) � 1:5 �Q�P �W�R
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�W�K�H �$�O �F�D�S �W�R �W�K�H �U�L�J�K�W �R�I �W�K�H �4�J�X�U�H���� �$�Q �X�O�W�U�D�I�D�V�W �V�S�L�Q �F�X�U�U�H�Q�WJs �L�V �H�[�F�L�W�H�G �L�Q �W�K�H �&�R�)�H�% �O�D�\�H�U�� �D�Q�G �J�H�W�V �E�D�O�O�L�V�W�L�F�D�O�O�\
�L�Q�M�H�F�W�H�G �L�Q�W�R �3�W�� �Z�K�H�U�H �–�6�+�( �P�H�F�K�D�Q�L�V�P�V �W�X�U�QJs �L�Q�W�R �D �W�U�D�Q�V�L�H�Q�W �F�K�D�U�J�H �F�X�U�U�H�Q�WJc�� �7�K�H �D�F�F�H�O�H�U�D�W�L�R�Q �R�I �F�K�D�U�J�H�V
�L�Q �3�W �L�Q�G�X�F�H�V �W�K�H �J�H�Q�H�U�D�W�L�R�Q �R�I �D �7�+�] �S�X�O�V�H�� �I�R�U �Z�K�L�F�K �Z�H �P�H�D�V�X�U�H �W�K�H �W�U�D�Q�V�P�L�W�W�H�G �F�R�P�S�R�Q�H�Q�W �W�K�U�R�X�J�K �W�K�H �0�J�2
�V�X�E�V�W�U�D�W�H ���W�R �W�K�H �O�H�I�W �R�I �W�K�H �4�J�X�U�H����

2:5 �Q�P �L�Q �&�R�� �R�U �&�R�)�H�%���E�D�V�H�G �V�W�D�F�N�V�� �I�R�O�O�R�Z�H�G �E�\ �D �P�R�Q�R�W�R�Q�L�F �G�H�F�U�H�D�V�H �I�R�U �W�K�L�F�N�H�U �)�0�V �E�H�F�D�X�V�H �V�S�L�Q �J�H�Q�H�U�D�W�L�R�Q

�L�Q �W�K�H�V�H �W�K�L�F�N�H�U �)�0�V �R�F�F�X�U�V �I�D�U�W�K�H�U �I�U�R�P �W�K�H �L�Q�W�H�U�I�D�F�H �D�Q�G �L�V �D�W�W�H�Q�X�D�W�H�G �E�H�I�R�U�H �W�U�D�Q�V�P�L�V�V�L�R�Q �>������ �������� �������� �@�� �7�K�X�V��

t �&�R�)�H�%� 2 �Q�P �L�V �Q�R�W �D �F�R�Q�Y�H�Q�W�L�R�Q �E�R�U�U�R�Z�H�G �R�Q�O�\ �I�U�R�P �:���&�R�)�H�%���3�W�� �L�W �L�V �W�K�H �W�U�D�Q�V�S�R�U�W �R�S�W�L�P�X�P �I�R�U �L�Q�W�H�U�I�D�F�L�D�O �V�S�L�Q

�L�Q�M�H�F�W�L�R�Q �L�Q �P�D�Q�\ �)���1 �S�D�L�U�V �>������ �@��

�<�H�W�� �L�Q �R�X�U �V�W�D�F�N�� �Z�H �L�Q�F�U�H�D�V�H�Gt �&�R�)�H�%�X�S �W�R20�Q�P �W�R �L�Q�F�U�H�D�V�H �W�K�H �S�X�P�S �D�E�V�R�U�S�W�L�R�Q �D�E�R�Y�H �W�K�H �3�W �O�D�\�H�U �D�Q�G �W�R

�I�X�U�W�K�H�U �V�K�L�H�O�G �<�%�&�2�� �7�K�L�V �F�K�R�L�F�H �G�R�H�V �Q�R�W �N�L�O�O �7�+�] �H�P�L�V�V�L�R�Q�� �E�X�W �L�W �P�R�Y�H�V �W�K�H �G�H�Y�L�F�H �D�Z�D�\ �I�U�R�P �W�K�H �W�U�D�Q�V�S�R�U�W �R�S�W�L�P�X�P

�D�Q�G �W�\�S�L�F�D�O�O�\ �U�H�G�X�F�H�V �W�K�H �H�P�L�W�W�H�G �4�H�O�G �F�R�P�S�D�U�H�G �W�Rt �&�R�)�H�%� 2 �Q�P �>������ �������� �������� �@�� �7�R �D�U�J�X�P�H�Q�W �W�K�L�V �F�K�R�L�F�H�� �Z�H �F�D�Q

�H�[�D�P�L�Q�H �W�K�H �H�[�D�P�S�O�H �R�I �W�K�H �:��2 �Q�P�����&�R�)�H�%��2 �Q�P�����3�W��2 �Q�P�� �W�U�L�O�D�\�H�U �Z�K�L�F�K �D�E�V�R�U�E�V �X�S �W�R50�� �R�I �W�K�H �L�Q�F�L�G�H�Q�W �–�5 �S�X�P�S

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

�O�H�D�G�L�Q�J �W�R �D6 �Q�P �W�U�L�O�D�\�H�U �>������ �@�� �$�G�Y�H�U�V�H�O�\�� �W�K�H �–�5 �W�U�D�Q�V�P�L�V�V�L�R�Q �I�D�O�O�V �H�[�S�R�Q�H�Q�W�L�D�O�O�\ �I�R�U �W�K�L�F�N�H�U �O�D�\�H�U�V �X�Q�W�L�O �I�D�G�L�Q�J �D�Z�D�\

�D�W �D�U�R�X�Q�G20�Q�P �R�I �W�R�W�D�O �P�H�W�D�O�O�L�F �W�K�L�F�N�Q�H�V�V �>������ �@�� �7�K�L�V �L�V �F�R�P�S�D�W�L�E�O�H �Z�L�W�K �W�K�H800�Q�P �–�5 �S�H�Q�H�W�U�D�W�L�R�Q �G�H�S�W�K �I�R�U �&�R�)�H�%��

�D�W� 17�Q�P �W�R21�Q�P �>������ �������� �@ ���I�R�U �3�W �L�W �L�V� 8 �Q�P �W�R13�Q�P �>������ �������� �@���� �:�K�L�O�H �L�Q �R�X�U �V�W�D�F�N �Z�H �V�H�H�N �W�R �S�U�R�W�H�F�W �<�%�&�2 �I�U�R�P

�W�K�H �&�R�R�S�H�U���S�D�L�U �E�U�H�D�N�L�Q�J �E�\ �–�5 �O�D�V�H�U �D�Q�G �K�R�W �H�O�H�F�W�U�R�Q�V�� �Z�H �D�O�V�R �Q�H�H�G �D �V�L�P�L�O�D�U �S�U�R�W�H�F�W�L�R�Q �I�R�U �3�W �L�Q �F�D�V�H �R�I �S�U�R�[�L�P�L�W�\

�H�•�H�F�W�V �Z�L�W�K �<�%�&�2�� �*�L�Y�H�Q �D�O�O �W�K�H �I�R�U�Z�D�U�G�H�G �U�H�D�V�R�Q�V�� �Z�H �V�H�W�W�O�H �R�Qt �&�R�)�H�%= 20 �Q�P �W�R �D�O�O�R�Z �I�R�U �D �I�X�O�O �U�H�5�H�F�W�L�R�Q �R�I �W�K�H

�U�H�P�D�L�Q�L�Q�J �–�5 �O�D�V�H�U �S�R�Z�H�U �D�O�O �Z�K�L�O�H �W�K�H�U�P�D�O�L�]�H�G �H�O�H�F�W�U�R�Q�V �F�D�Q �E�H �H�[�F�L�W�H�G �Q�H�D�U�E�\ �W�K�H �3�W���&�R�)�H�% �L�Q�W�H�U�I�D�F�H�� �D�O�O�R�Z�L�Q�J �I�R�U

�W�K�H �V�S�L�Q �L�Q�M�H�F�W�L�R�Q �O�H�D�G�L�Q�J �W�R �W�K�H �W�U�D�Q�V�L�H�Q�W �F�K�D�U�J�H �F�X�U�U�H�Q�W �D�Q�G �H�Y�H�Q�W�X�D�O�O�\ �W�K�H �7�+�] �H�P�L�V�V�L�R�Q �L�Q �3�W �>������ �@��

���������� �7�U�D�Q�V�P�L�V�V�L�R�Q �Y�V �(�P�L�V�V�L�R�Q

�)�L�J�X�U�H�V ���������D�W�R���������F�V�K�R�Z �W�K�H �W�L�P�H���G�R�P�D�L�Q �7�+�] �Z�D�Y�H�I�R�U�P �D�W150�.��70�. �D�Q�G30�.�� �U�H�V�S�H�F�W�L�Y�H�O�\�� �H�P�L�W�W�H�G �I�U�R�P �W�K�H

�<�%�&�2���3�W���&�R�)�H�% ���<�%�&�2���6�7�(�� �V�W�D�F�N �D�V �Z�H�O�O �D�V �W�K�H �U�H�I�H�U�H�Q�F�H �H�P�L�W�W�H�U �3�W���&�R�)�H�%�� �:�H �W�D�N�Ht �&�R�)�H�%= 20 �Q�P�� �7�K�H �V�X�S�H�U��

�F�R�Q�G�X�F�W�L�Q�J �F�U�L�W�L�F�D�O �W�H�P�S�H�U�D�W�X�U�H �R�I �<�%�&�2 �V�D�P�S�O�H �Z�D�V �L�G�H�Q�W�L�4�H�G �D�WTc = 87:87�. �E�\ �W�U�D�Q�V�S�R�U�W �P�H�D�V�X�U�H�P�H�Q�W�V ���V�H�H�4�J��

�X�U�H �������E���� �)�R�U �W�K�H �I�X�O�O �W�H�P�S�H�U�D�W�X�U�H �U�D�Q�J�H�� �Z�H �F�D�Q �V�H�H �W�K�D�W �W�K�H �3�W���&�R�)�H�% �E�L�O�D�\�H�U �K�D�V �D �K�L�J�K�H�U �S�H�D�N �H�O�H�F�W�U�L�F �4�H�O�GE �P�D�[

������



�D�V �V�K�R�Z�Q �L�Q�4�J�X�U�H ���������D�� �D�Q�G �D�G�G�L�W�L�R�Q�D�O�O�\�� �Z�H �G�R�Q���W �R�E�V�H�U�Y�H �D�Q �D�E�U�X�S�W �V�K�L�I�W �L�Q �S�X�O�V�H �V�K�D�S�H �R�U �D�U�U�L�Y�D�O �W�L�P�H ���D�W1:5 �S�V

�L�Q �W�K�L�V �F�D�V�H�� �I�R�U �H�L�W�K�H�U �V�D�P�S�O�H��

���D�� ���E�� ���F��

���G�� ���H�� ���I��

�)�L�J�X�U�H ���������� ���D���E���F�� �(�P�L�W�W�H�G �7�+�] �Z�D�Y�H�I�R�U�P�V �D�Q�G ���G���H���I�� �F�R�U�U�H�V�S�R�Q�G�L�Q�J �)�)�7 �W�U�D�F�H�V�� �D�W150�.��70�. �D�Q�G30�.�� �U�H�V�S�H�F�W�L�Y�H�O�\��
�5�H�G �W�U�D�F�H�V �F�R�U�U�H�V�S�R�Q�G �W�R �<�%�&�2���3�W���&�R�)�H�% �D�Q�G �E�O�D�F�N �W�U�D�F�H�V �F�R�U�U�H�V�S�R�Q�G �W�R �3�W���&�R�)�H�%��E �P�D�[�L�V �G�H�4�Q�H�G �L�Q �S�D�Q�H�O ���D����

�7�R �D�Q�D�O�\�V�H �W�K�H �V�S�H�F�W�U�D�O �F�R�Q�W�H�Q�W �R�I �W�K�H �H�P�L�W�W�H�G �7�+�] �S�X�O�V�H�V�� �Z�H �S�H�U�I�R�U�P �D �I�D�V�W �)�R�X�U�L�H�U �W�U�D�Q�V�I�R�U�P ���)�)�7�� �R�I �W�K�H �W�L�P�H��

�G�R�P�D�L�Q �4�H�O�G�V�� �7�K�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J �D�P�S�O�L�W�X�G�H �V�S�H�F�W�U�D �D�W150�.�� 70�. �D�Q�G30�. �D�U�H �S�O�R�W�W�H�G �L�Q�4�J�X�U�H�V ���������G�W�R���������I��

�)�R�U �W�K�H �T�X�D�Q�W�L�W�D�W�L�Y�H �F�R�P�S�D�U�L�V�R�Q�� �Z�H �U�H�V�W�U�L�F�W �W�K�H �G�L�V�F�X�V�V�L�R�Q �W�R �I�U�H�T�X�H�Q�F�L�H�V �D�E�R�Y�H1 �7�+�]�� �Z�K�H�U�H �W�K�H �H�O�H�F�W�U�R���R�S�W�L�F ���(�2��

�U�H�V�S�R�Q�V�H �R�I �R�X�U1 �P�P �=�Q�7�H �G�H�W�H�F�W�L�R�Q �F�U�\�V�W�D�O �X�Q�G�H�U800�Q�P �S�U�R�E�L�Q�J �L�V �Z�H�O�O �F�K�D�U�D�F�W�H�U�L�]�H�G �D�Q�G �H�V�V�H�Q�W�L�D�O�O�\ �V�P�R�R�W�K �>������ ��

������ �@�� �$�W �O�R�Z�H�U �I�U�H�T�X�H�Q�F�L�H�V�� �W�K�H �4�Q�L�W�H �V�F�D�Q �Z�L�Q�G�R�Z�� �U�H�V�L�G�X�D�O �E�D�V�H�O�L�Q�H �G�U�L�I�W�V �D�Q�G �W�K�H �F�R�Q�Y�R�O�X�W�L�R�Q �Z�L�W�K �W�K�H �(�2 �U�H�V�S�R�Q�V�H

�I�X�Q�F�W�L�R�Q �O�H�D�G �W�R �O�D�U�J�H �X�Q�F�H�U�W�D�L�Q�W�L�H�V �L�Q �W�K�H �G�H�F�R�Q�Y�R�O�X�W�H�G �D�P�S�O�L�W�X�G�H�V �D�Q�G �S�K�D�V�H�V�� �V�R �Z�H �G�R �Q�R�W �H�[�W�U�D�F�W �T�X�D�Q�W�L�W�D�W�L�Y�H

�W�U�H�Q�G�V �I�U�R�P �W�K�L�V �U�D�Q�J�H �>������ �@��

�%�R�W�K �H�P�L�W�W�L�Q�J �V�W�U�X�F�W�X�U�H�V �H�[�K�L�E�L�W �D �V�L�P�L�O�D�U �X�V�D�E�O�H �V�S�H�F�W�U�D�O �E�D�Q�G�Z�L�G�W�K�� �Z�K�L�O�H �W�K�H �E�D�U�H �V�S�L�Q�W�U�R�Q�L�F �H�P�L�W�W�H�U �V�\�V�W�H�P�D�W��

�L�F�D�O�O�\ �V�K�R�Z�V �D �K�L�J�K�H�U �V�S�H�F�W�U�D�O �D�P�S�O�L�W�X�G�H
�
�E (f )

�
� �R�Y�H�U �W�K�H �Z�K�R�O�H1 �7�+�] �W�R3 �7�+�] �U�D�Q�J�H�� �7�K�H �D�S�S�D�U�H�Q�W �K�L�J�K���I�U�H�T�X�H�Q�F�\

�U�R�O�O���R�• �D�U�R�X�Q�G� 3 �7�+�] �L�V �F�R�Q�V�L�V�W�H�Q�W �Z�L�W�K �W�K�H �Z�H�O�O���N�Q�R�Z�Q �O�L�P�L�W�D�W�L�R�Q�V �R�I �(�2 �V�D�P�S�O�L�Q�J �L�Q �D1 �P�P �=�Q�7�H �F�U�\�V�W�D�O �D�W800�Q�P

�W�K�U�R�X�J�K �S�K�D�V�H���P�D�W�F�K�L�Q�J �D�Q�G �S�K�R�Q�R�Q���S�R�O�D�U�L�W�R�Q �H�[�F�L�W�D�W�L�R�Q�V �>������ �� ������ �� ������ �@�� �:�H �W�K�H�U�H�I�R�U�H �D�W�W�U�L�E�X�W�H �W�K�L�V �F�X�W�R�• �S�U�L��

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

�7�R �F�R�P�S�D�U�H �W�K�H �4�H�O�G �D�P�S�O�L�W�X�G�H �Y�D�U�L�D�W�L�R�Q�V �R�Y�H�U �W�K�H �I�X�O�O �V�S�H�F�W�U�D�O �U�D�Q�J�H�� �Z�H �F�D�Q �G�L�Y�L�G�H �W�K�H �U�H�V�X�O�W�L�Q�J �)�)�7 �R�I �E�R�W�K

�V�D�P�S�O�H�V�� �Z�K�L�F�K �\�L�H�O�G�V �D �U�D�W�L�R �R�I �H�P�L�V�V�L�R�Q ���S�R�Z�H�U �U�D�W�L�R���� �G�H�4�Q�H�G �D�VjE j �<�%�&�2/ �6�7�(/ jE j �6�7�(�Z�K�H�U�HjE j �L�V �W�K�H �4�H�O�G �D�P�S�O�L�W�X�G�H��

������



�)�L�J�X�U�H ���������� �5�D�W�L�R �R�I �H�P�L�V�V�L�R�Q �D�W �W�K�H �W�H�P�S�H�U�D�W�X�U�H�V �H�[�S�O�R�U�H�G �L�Q�)�L�J�� ��������

�7�K�L�V �U�D�W�L�R �D�O�O�R�Z�V �I�R�U �D �Q�R�U�P�D�O�L�]�D�W�L�R�Q �R�I �W�K�H �<�%�&�2���6�7�( �H�P�L�V�V�L�R�Q�� �L�Q �R�U�G�H�U �W�R �L�V�R�O�D�W�H �W�K�H �H�•�H�F�W �R�I �W�K�H �<�%�&�2 �O�D�\�H�U���V

�S�U�H�V�H�Q�F�H �L�Q �W�K�H �H�P�L�V�V�L�R�Q �V�S�H�F�W�U�X�P���)�L�J�X�U�H ���������V�K�R�Z�V �D�Q �H�[�D�P�S�O�H �R�I �W�K�L�V �U�D�W�L�R �I�R�U �W�K�H �W�H�P�S�H�U�D�W�X�U�H�V �H�[�S�O�R�U�H�G �V�R �I�D�U��

�:�H �F�D�Q �V�H�H �W�K�D�W �D�V �Z�H �J�R �G�R�Z�Q �L�Q �W�H�P�S�H�U�D�W�X�U�H�� �W�K�H �U�D�W�L�R �R�I �H�P�L�V�V�L�R�Q �G�U�R�S�V�� �%�H�O�R�ZTc�� �W�K�L�V �U�D�W�L�R �E�H�F�R�P�H�V �V�W�U�R�Q�J�O�\

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

���D�� ���E��

�)�L�J�X�U�H ���������� ���D�� �5�D�W�L�R �R�I �H�P�L�V�V�L�R�Q �I�R�U �D�O�O �P�H�D�V�X�U�H�G �W�H�P�S�H�U�D�W�X�U�H�V �E�H�O�R�Z100�. �G�R�Z�Q �W�R5 �.�� ���E�� �7�U�D�Q�V�P�L�W�W�D�Q�F�H �R�I �W�K�H
�V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H �I�R�U �W�K�H �V�D�P�H �W�H�P�S�H�U�D�W�X�U�H �U�D�Q�J�H��

�–�Q �I�D�F�W�� �E�\ �W�D�N�L�Q�J �W�K�H �U�D�W�L�R �R�I �H�P�L�V�V�L�R�Q �I�R�U �D�O�O �P�H�D�V�X�U�H�G �W�H�P�S�H�U�D�W�X�U�H�V �G�R�Z�Q �W�R5 �. �D�V �V�K�R�Z�Q �L�Q�4�J�X�U�H ���������D�� �Z�H

������



�F�D�Q �V�H�H �W�K�D�W �W�K�H �D�P�S�O�L�W�X�G�H �G�U�R�S �L�V �J�U�D�G�X�D�O �I�R�U �D�O�O �I�U�H�T�X�H�Q�F�L�H�V �G�R�Z�Q �W�R70�.�� �%�H�O�R�Z70�.�� �Z�H �R�Q�O�\ �V�H�H �D�Q �D�E�U�X�S�W �G�U�R�S��

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

�G�U�R�S�V �O�L�Q�H�D�U�O�\ �I�R�U �K�L�J�K�H�U �I�U�H�T�X�H�Q�F�L�H�V��

�0�H�D�Q�Z�K�L�O�H�� �Z�H �P�H�D�V�X�U�H�G �W�K�H �W�U�D�Q�V�P�L�V�V�L�R�Q �R�I �7�+�] �S�X�O�V�H�V �W�K�U�R�X�J�K �<�%�&�2���6�7�( �R�Y�H�U �W�K�H �V�D�P�H �W�H�P�S�H�U�D�W�X�U�H �U�D�Q�J�H��

�:�H �V�K�R�Z �L�Q�4�J�X�U�H ���������E�W�K�D�W�� �D�V �W�K�H �W�U�D�Q�V�L�W�L�R�Q �W�H�P�S�H�U�D�W�X�U�H �L�V �F�U�R�V�V�H�G�� �W�K�H �7�+�] �W�U�D�Q�V�P�L�V�V�L�R�Q �D�P�S�O�L�W�X�G�H �G�U�R�S�V�� �S�D�U��

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

�R�I �W�K�H �7�+�] �W�U�D�Q�V�P�L�W�W�D�Q�F�H �E�H�O�R�ZTc �D�U�H �F�R�Q�V�L�V�W�H�Q�W �Z�L�W�K �W�K�H �H�[�S�H�F�W�H�G �H�O�H�F�W�U�R�G�\�Q�D�P�L�F �U�H�V�S�R�Q�V�H �R�I �D �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J

�<�%�&�2 �4�O�P �Z�K�H�U�H �W�K�H �J�U�R�Z�W�K �R�I �W�K�H �V�X�S�H�U�5�X�L�G �G�H�Q�V�L�W�\ �H�Q�K�D�Q�F�H�V �W�K�H �L�Q�G�X�F�W�L�Y�H �V�F�U�H�H�Q�L�Q�J �D�Q�G �S�U�H�G�R�P�L�Q�D�Q�W�O�\ �D�•�H�F�W�V

�W�K�H �O�R�Z�H�V�W���I�U�H�T�X�H�Q�F�\ �F�R�P�S�R�Q�H�Q�W�V �R�I �W�K�H �W�U�D�Q�V�P�L�W�W�H�G �4�H�O�G �>������ �������� �������� �������� �������� �������� �@�� �7�K�H �T�X�D�O�L�W�D�W�L�Y�H �V�L�P�L�O�D�U�L�W�\ �R�I

�W�K�L�V �E�H�K�D�Y�L�R�U �W�R �W�K�D�W �R�E�V�H�U�Y�H�G �L�Q �W�K�H �H�P�L�V�V�L�R�Q �U�D�W�L�R �R�I�4�J�X�U�H ���������D�L�Q�G�L�F�D�W�H�V �W�K�D�W �W�K�H �O�D�W�W�H�U �L�V �V�W�U�R�Q�J�O�\ �D�•�H�F�W�H�G �E�\ �W�K�H

�U�H�G�X�F�H�G �W�U�D�Q�V�P�L�V�V�L�R�Q �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �<�%�&�2 �O�D�\�H�U�� �7�K�L�V �Z�R�X�O�G �E�H �D �S�X�U�H�O�\ �R�S�W�L�F�D�O �H�•�H�F�W �W�K�D�W �F�R�X�O�G �E�H �D�G�G�H�G

�W�R �E�\ �D �S�R�V�V�L�E�O�H �S�U�R�[�L�P�L�W�\ �H�•�H�F�W �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �F�X�U�U�H�Q�W�V �L�Q �W�K�H �3�W �O�D�\�H�U�� �'�H�V�S�L�W�H �W�K�H �T�X�D�O�L�W�D�W�L�Y�H �D�J�U�H�H�P�H�Q�W��

�Q�R�W�H �V�R�P�H �G�L�•�H�U�H�Q�F�H�V �L�Q �W�K�H �W�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�H �R�I �H�P�L�V�V�L�R�Q �U�D�W�L�R�V �D�Q�G �W�U�D�Q�V�P�L�V�V�L�R�Q �V�S�H�F�W�U�D�� �–�Q�G�H�H�G�� �W�K�H

�G�U�R�S �R�I �H�P�L�V�V�L�R�Q �U�D�W�L�R �L�V �P�R�U�H �D�F�F�H�Q�W�X�D�W�H�G �E�H�W�Z�H�H�Q70 �D�Q�G60�. �F�R�P�S�D�U�H�G �W�R �W�K�H �W�U�D�Q�V�P�L�V�V�L�R�Q �F�X�U�Y�H�V��

���D�� ���E��

�)�L�J�X�U�H ���������� ���D�� �$�Y�H�U�D�J�H �U�D�W�L�R �R�I �H�P�L�V�V�L�R�Q �I�R�U �D�O�O �P�H�D�V�X�U�H�G �W�H�P�S�H�U�D�W�X�U�H�V �E�H�O�R�Z100�. �G�R�Z�Q �W�R5 �.�� ���E�� �$�Y�H�U�D�J�H
�W�U�D�Q�V�P�L�W�W�D�Q�F�H �R�I �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�D�P�S�O�H �I�R�U �W�K�H �V�D�P�H �W�H�P�S�H�U�D�W�X�U�H �U�D�Q�J�H��Tc = 87:87�. �L�V �P�D�U�N�H�G �Z�L�W�K �D �J�U�D�\
�G�D�V�K�H�G �O�L�Q�H �R�Q �E�R�W�K �S�O�R�W�V��

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

�W�U�D�Q�V�P�L�W�W�D�Q�F�H�� �S�O�R�W�W�H�G �L�Q�4�J�X�U�H�V ���������D�D�Q�G���������E�� �U�H�V�S�H�F�W�L�Y�H�O�\�� �:�H �D�O�V�R �L�Q�G�L�F�D�W�H �W�K�H �W�U�D�Q�V�S�R�U�W���P�H�D�V�X�U�H�GTc = 87:87�.

�R�Q �E�R�W�K �4�J�X�U�H�V�� �:�H �F�D�Q �V�H�H �W�K�D�W �W�K�H �D�Y�H�U�D�J�H �R�I �H�P�L�V�V�L�R�Q �U�D�W�L�R �G�U�R�S�V �D�E�U�X�S�W�O�\ �E�H�O�R�Z70�. �D�Q�G �K�D�V �D�O�U�H�D�G�\ �V�W�D�E�L�O�L�]�H�G

�W�R �L�W�V �O�R�Z�H�V�W �Y�D�O�X�H �I�R�UT = 60K �� �2�Q �W�K�H �R�W�K�H�U �K�D�Q�G�� �W�K�H �D�Y�H�U�D�J�H �R�I �W�U�D�Q�V�P�L�V�V�L�R�Q �G�L�V�S�O�D�\�V �D �P�R�U�H �J�U�D�G�X�D�O �G�U�R�S �I�R�U

�7 �E�H�O�R�Z70�.�� �6�X�F�K �V�X�E�W�O�H �G�L�•�H�U�H�Q�F�H�V �P�D�\ �L�Q�G�H�H�G �U�H�Y�H�D�O �W�K�H �S�U�H�V�H�Q�F�H �R�I �D �S�U�R�[�L�P�L�W�\ �H�•�H�F�W �W�K�D�W �F�R�X�O�G �P�R�G�L�I�\ �W�K�H

�H�]�F�L�H�Q�F�\ �R�I �–�6�+�( �L�Q �3�W��

������



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

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

�P�R�U�H �L�Q���G�H�S�W�K �D�Q�D�O�\�V�L�V �L�V �U�H�T�X�L�U�H�G �W�K�D�W �P�D�N�H�V �X�V�H �R�I �W�U�D�Q�V�I�H�U���P�D�W�U�L�[ �P�H�W�K�R�G�V �W�R �D�F�F�X�U�D�W�H�O�\ �V�L�P�X�O�D�W�H �W�K�H �H�[�S�H�F�W�H�G

�W�U�D�Q�V�P�L�V�V�L�R�Q �O�R�V�V�H�V �L�Q �D�Q �D�F�W�L�Y�H�O�\ �H�P�L�W�W�L�Q�J �P�X�O�W�L�O�D�\�H�U��

������ �&�R�Q�F�O�X�V�L�R�Q

�–�Q �F�R�Q�F�O�X�V�L�R�Q�� �Z�H �R�S�W�L�P�L�]�H�G �D�Q�G �F�K�D�U�D�F�W�H�U�L�]�H�G �W�K�H �V�W�U�X�F�W�X�U�D�O �S�U�R�S�H�U�W�L�H�V�� �K�\�V�W�H�U�H�V�L�V �O�R�R�S�V �D�Q�G �)�0�5 �U�H�V�S�R�Q�V�H �R�I

�<�%�&�2���6�7�( �V�W�D�F�N�V �D�Q�G �U�H�I�H�U�H�Q�F�H �V�D�P�S�O�H�V�� �:�H �X�V�H�G �W�K�H �L�Q�V�L�J�K�W�V �I�U�R�P �W�K�L�V �S�U�L�P�D�U�\ �D�Q�D�O�\�V�L�V �W�R �R�S�W�L�P�L�]�H �W�K�H �<�%�&�2���6�7�(

�V�W�D�F�N�V �I�R�U �W�K�H �J�H�Q�H�U�D�W�L�R�Q �R�I �7�+�] �S�X�O�V�H�V �Z�K�H�Q �S�X�P�S�H�G �E�\ �D�Q800�Q�P �–�5 �S�X�P�S�� �D�Q�G �P�H�D�V�X�U�H�G �S�U�R�P�L�V�L�Q�J �S�U�H�O�L�P�L�Q�D�U�\

�7�+�] �H�P�L�V�V�L�R�Q �I�U�R�P �W�K�H �V�W�D�F�N

�0�J�2// �<�%�&�2(75 �Q�P)/ �3�W(4 �Q�P)/ �&�R�)�H�%(20 �Q�P)/ �$�O(3 �Q�P);

�W�K�D�W �P�L�J�K�W �L�Q�G�L�F�D�W�H �D �P�R�G�L�4�F�D�W�L�R�Q �R�I �W�K�H �7�+�] �H�P�L�V�V�L�R�Q �E�H�O�R�Z �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q �W�H�P�S�H�U�D�W�X�U�HTc�� �)�X�U�W�K�H�U

�P�H�D�V�X�U�H�P�H�Q�W�V �D�Q�G �D �G�H�H�S�H�U �D�Q�D�O�\�V�L�V �D�U�H �V�W�L�O�O �U�H�T�X�L�U�H�G �W�R �Y�H�U�L�I�\ �R�X�U �S�U�H�O�L�P�L�Q�D�U�\ �U�H�V�X�O�W�V �D�Q�G �H�[�S�O�D�L�Q �W�K�H �P�H�F�K�D�Q�L�V�P�V

�E�H�K�L�Q�G �R�X�U �U�H�V�X�O�W�V�� �7�K�H�V�H �Z�L�O�O �E�H �F�D�U�U�L�H�G �R�X�W �D�V �R�Q�H �S�D�U�W �R�I �W�K�H �3�K�' �W�K�H�V�L�V �R�I �R�X�U �F�R�O�O�D�E�R�U�D�W�R�U �7�L�Q�J�Z�H�Q �*�X�R �X�Q�G�H�U

�W�K�H �V�X�S�H�U�Y�L�V�L�R�Q �R�I �/�X�F�D �3�H�U�I�H�W�W�L �D�Q�G �<�D�Q�L�V �/�D�S�O�D�F�H�� �–�W �L�Q�F�O�X�G�H�V �E�X�W �L�V �Q�R�W �O�L�P�L�W�H�G �W�R��

�� �7�+�] �H�P�L�V�V�L�R�Q �P�H�D�V�X�U�H�P�H�Q�W�V �L�Q �D �U�H�5�H�F�W�L�R�Q �V�H�W�X�S �W�R �D�Y�R�L�G �L�Q�M�H�F�W�L�Q�J �W�K�H �7�+�] �S�X�O�V�H�V �W�K�U�R�X�J�K �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W��

�L�Q�J �<�%�&�2 �G�L�U�H�F�W�O�\��

�� �7�U�D�Q�V�I�H�U���P�D�W�U�L�[ �V�L�P�X�O�D�W�L�R�Q�V �W�R �X�Q�U�D�Y�H�O �H�P�L�V�V�L�R�Q �D�Q�G �W�U�D�Q�V�P�L�V�V�L�R�Q �F�R�P�S�R�Q�H�Q�W�V �D�Q�G �W�K�H �H�•�H�F�W �R�I �W�K�H �S�U�H�V�H�Q�F�H

�R�I �<�%�&�2��

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

�W�K�H �–�6�+�( ���L�Q�Y�H�U�V�H �V�S�L�Q �+�D�O�O �H�•�H�F�W�� �L�Q �W�K�H �Q�R�U�P�D�O �V�W�D�W�H�� �L�W �F�R�X�O�G �E�H �L�Q�W�H�U�H�V�W�L�Q�J �W�R �S�D�W�W�H�U�Q �W�K�H�V�H �V�W�D�F�N�V �O�L�N�H �Z�H �G�L�G

�I�R�U �<�%�&�2���3�\ �D�Q�G �<�–�*���0�R�6�L �E�L�O�D�\�H�U�V �I�R�U �V�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q �H�[�S�H�U�L�P�H�Q�W�V�� �7�K�L�V �F�R�X�O�G �S�U�R�Y�L�G�H �L�Q�V�L�J�K�W�V �L�Q�W�R �W�K�H

�P�H�F�K�D�Q�L�V�P�V �D�W �S�O�D�\ �L�Q �W�K�H �&�R�)�H�% �D�Q�G �3�W �O�D�\�H�U�V�� �L�Q�F�O�X�G�L�Q�J �M�X�V�W �E�H�O�R�ZTc�� �W�K�X�V �G�H�H�S�H�Q�L�Q�J �R�X�U �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �R�I �7�+�]

�H�P�L�V�V�L�R�Q �I�U�R�P �W�K�H �<�%�&�2���6�7�( �V�W�D�F�N��
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�&�K�D�S�W�H�U ��

�*�H�Q�H�U�D�O �F�R�Q�F�O�X�V�L�R�Q�V �D�Q�G �E�H�\�R�Q�G

�&�R�Q�F�O�X�V�L�R�Q�V

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

�L�Q�W�H�U�I�D�F�L�D�O �V�S�L�Q �W�U�D�Q�V�S�R�U�W �L�Q �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �K�H�W�H�U�R�V�W�U�X�F�W�X�U�H�V�� �W�R �D �V�H�W �R�I �H�[�S�H�U�L�P�H�Q�W�V �W�K�D�W �L�V�R�O�D�W�H �D�Q�G �F�R�P�S�D�U�H

�G�L�•�H�U�H�Q�W �P�L�F�U�R�V�F�R�S�L�F �F�K�D�Q�Q�H�O�V�� �–�Q�&�K�D�S�W�H�U ���� �Z�H �D�V�V�H�P�E�O�H�G �W�K�H �V�W�D�W�H���R�I���W�K�H���D�U�W �I�U�D�P�H�Z�R�U�N �U�H�T�X�L�U�H�G �W�R �W�U�H�D�W �I�H�U��

�U�R�P�D�J�Q�H�W�L�F �U�H�V�R�Q�D�Q�F�H ���)�0�5�� �D�V �D �V�S�L�Q���F�X�U�U�H�Q�W �V�R�X�U�F�H �D�Q�G �W�R �D�Q�D�O�\�]�H �K�R�Z �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\ �U�H�V�K�D�S�H�V �E�R�W�K �V�S�L�Q

�D�E�V�R�U�S�W�L�R�Q �D�Q�G �V�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q �D�W �6���) �L�Q�W�H�U�I�D�F�H�V�� �L�Q�F�O�X�G�L�Q�J �W�K�H �V�S�H�F�L�4�F�L�W�L�H�V �E�U�R�X�J�K�W �E�\ �Dd���Z�D�Y�H �R�U�G�H�U

�S�D�U�D�P�H�W�H�U ���D�Q�L�V�R�W�U�R�S�L�F �J�D�S�� �V�X�U�I�D�F�H �E�R�X�Q�G �V�W�D�W�H�V�� �D�Q�G �E�\ �V�S�L�Q���D�F�W�L�Y�H �L�Q�W�H�U�I�D�F�H�V ���V�S�L�Q �P�L�[�L�Q�J �D�Q�G �W�U�L�S�O�H�W �F�R�Q�Y�H�U�V�L�R�Q����
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�D �S�O�D�X�V�L�E�O�H �F�R�Q�W�U�L�E�X�W�L�R�Q�� �$ �4�Q�D�O �L�Q�W�H�U�S�U�H�W�D�W�L�R�Q �W�K�D�W �P�D�W�F�K�H�V �R�X�U �G�D�W�D �L�V �W�K�H �H�P�H�U�J�H�Q�F�H �R�I �H�T�X�D�O���V�S�L�Q �W�U�L�S�O�H�W �F�R�U�U�H�O�D��

�W�L�R�Q�V �D�W �W�K�H �/�6�0�2���<�%�&�2 �L�Q�W�H�U�I�D�F�H�� �%�H�F�D�X�V�H �/�6�0�2 �L�V �K�D�O�I���P�H�W�D�O�O�L�F�� �V�X�F�K �W�U�L�S�O�H�W �F�K�D�Q�Q�H�O�V �D�U�H �S�D�U�W�L�F�X�O�D�U�O�\ �U�H�O�H�Y�D�Q�W�� �W�K�H�\

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

�P�D�N�H �W�K�H �L�Q�W�H�U�I�D�F�H �P�R�U�H �H�]�F�L�H�Q�W �D�W �D�E�V�R�U�E�L�Q�J �D�Q�J�X�O�D�U �P�R�P�H�Q�W�X�P �E�H�O�R�ZTc�� �–�Q �W�K�H �F�K�D�S�W�H�U�� �Z�H �W�K�H�U�H�I�R�U�H �I�U�D�P�H

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

�V�W�D�W�H�� �Z�L�W�K �W�Z�R �S�U�L�P�H �F�D�Q�G�L�G�D�W�H�V��

�7�K�H �F�K�D�S�W�H�U �D�O�V�R �L�Q�F�O�X�G�H�V �D�Q �H�[�S�O�R�U�D�W�R�U�\ �V�W�X�G�\ �R�Q �1�*�2������������ �Z�K�H�U�H �W�K�H �J�U�R�Z�W�K �R�U�L�H�Q�W�D�W�L�R�Q �F�K�D�Q�J�H�V �D�Q�G �P�D�\ �H�[�S�R�V�H

�W�K�H(ab)���S�O�D�Q�H �R�I �<�%�&�2 �P�R�U�H �G�L�U�H�F�W�O�\ �W�R �W�K�H �L�Q�W�H�U�I�D�F�H�� �7�K�H�U�H�� �W�K�H �G�D�P�S�L�Q�J �V�K�R�Z�V �D �G�L�•�H�U�H�Q�W �S�D�W�W�H�U�Q�� �D �G�U�R�S �M�X�V�W �E�H��

�O�R�ZTc �I�R�O�O�R�Z�H�G �E�\ �D�Q �L�Q�F�U�H�D�V�H�� �7�K�L�V �U�H�V�H�P�E�O�H�V �W�K�H �W�Z�R���F�K�D�Q�Q�H�O �S�K�H�Q�R�P�H�Q�R�O�R�J�\ �G�L�V�F�X�V�V�H�G �I�R�U �<�%�&�2���3�\�� �Z�K�H�U�H

�F�R�Q�Y�H�Q�W�L�R�Q�D�O �T�X�D�V�L�S�D�U�W�L�F�O�H �V�X�S�S�U�H�V�V�L�R�Q �D�Q�G �P�R�U�H �V�S�H�F�L�4�Fd���Z�D�Y�H �L�Q�W�H�U�I�D�F�L�D�O �V�W�D�W�H�V �P�D�\ �F�R�H�[�L�V�W�� �$�O�W�K�R�X�J�K �W�K�L�V �S�D�U�W

�R�I �W�K�H �Z�R�U�N �L�V �Q�R�W �\�H�W �F�R�P�S�O�H�W�H�� �L�W �V�H�U�Y�H�V �D�Q �L�P�S�R�U�W�D�Q�W �S�X�U�S�R�V�H �L�Q �W�K�H �P�D�Q�X�V�F�U�L�S�W�� �L�W �V�K�R�Z�V �W�K�D�W �W�K�H �R�U�L�H�Q�W�D�W�L�R�Q �R�I

�<�%�&�2 �L�V �Q�R�W �D �V�H�F�R�Q�G�D�U�\ �G�H�W�D�L�O �E�X�W �D �F�R�Q�W�U�R�O �S�D�U�D�P�H�W�H�U �W�K�D�W �F�K�D�Q�J�H�V �Z�K�L�F�K �P�L�F�U�R�V�F�R�S�L�F �F�K�D�Q�Q�H�O�V �D�U�H �D�F�F�H�V�V�L�E�O�H�� �$

�U�H�D�G�H�U �L�Q�W�H�U�H�V�W�H�G �L�Q �L�Q�W�H�U�I�D�F�H �H�Q�J�L�Q�H�H�U�L�Q�J �Z�L�O�O �4�Q�G �K�H�U�H �D �F�O�H�D�U �L�Q�G�L�F�D�W�L�R�Q �W�K�D�W �<�%�&�2���) �L�V �Q�R�W �R�Q�H �V�\�V�W�H�P �E�X�W �D �I�D�P�L�O�\

�R�I �U�H�J�L�P�H�V �G�H�4�Q�H�G �E�\ �R�U�L�H�Q�W�D�W�L�R�Q�� �P�R�U�S�K�R�O�R�J�\�� �D�Q�G �L�Q�W�H�U�I�D�F�L�D�O �V�K�D�U�S�Q�H�V�V��

�$�I�W�H�U �H�V�W�D�E�O�L�V�K�L�Q�J �W�K�L�V �*�+�]���V�F�D�O�H �S�L�F�W�X�U�H�� �W�K�H �W�K�H�V�L�V �R�S�H�Q�V �D �P�R�U�H �H�[�S�O�R�U�D�W�R�U�\ �E�X�W �I�R�U�Z�D�U�G���O�R�R�N�L�Q�J �G�L�U�H�F�W�L�R�Q �E�\

�P�R�Y�L�Q�J �W�R �X�O�W�U�D�I�D�V�W �V�S�L�Q�W�U�R�Q�L�F�V�� �7�K�H �4�Q�D�O �H�[�S�H�U�L�P�H�Q�W�D�O �F�K�D�S�W�H�U �V�W�X�G�L�H�V �D �<�%�&�2���E�D�V�H�G �V�S�L�Q�W�U�R�Q�L�F �W�H�U�D�K�H�U�W�] �H�P�L�W�W�H�U��

�7�K�H �P�R�W�L�Y�D�W�L�R�Q �L�V �Q�D�W�X�U�D�O�� �L�I �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\ �F�D�Q �T�X�D�O�L�W�D�W�L�Y�H�O�\ �U�H�V�K�D�S�H �G�F �V�S�L�Q���W�R���F�K�D�U�J�H �F�R�Q�Y�H�U�V�L�R�Q �X�Q�G�H�U �)�0�5�� �L�W

�P�D�\ �D�O�V�R �P�R�G�L�I�\ �V�X�E���S�L�F�R�V�H�F�R�Q�G �V�S�L�Q���F�X�U�U�H�Q�W �F�R�Q�Y�H�U�V�L�R�Q �L�Q �D �7�+�] �H�P�L�W�W�H�U�� �V�S�L�Q�W�U�R�Q�L�F �W�H�U�D�K�H�U�W�] �H�P�L�W�W�H�U ���6�7�(���� �7�K�H �F�K�R��

�V�H�Q �D�U�F�K�L�W�H�F�W�X�U�H �L�V �Q�R�W �D �F�R�Q�Y�H�Q�W�L�R�Q�D�O �P�H�W�D�O�O�L�F �H�P�L�W�W�H�U �F�R�S�L�H�G �G�L�U�H�F�W�O�\ �I�U�R�P �W�K�H �O�L�W�H�U�D�W�X�U�H�� �–�W �L�V �D �G�H�O�L�E�H�U�D�W�H�O�\ �P�R�G�L�4�H�G

�V�W�D�F�N �L�Q �Z�K�L�F�K �<�%�&�2 �L�V �S�O�D�F�H�G �X�Q�G�H�U�Q�H�D�W�K �3�W���&�R�)�H�% �V�R �W�K�D�W �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �S�U�R�[�L�P�L�W�\ �F�D�Q �D�F�W �R�Q �W�K�H �K�H�D�Y�\���P�H�W�D�O

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

�R�S�W�L�P�L�]�D�W�L�R�Q�� �D�Q�G �D �O�D�U�J�H �S�D�U�W �R�I �W�K�H �F�K�D�S�W�H�U �H�[�S�O�D�L�Q�V �W�K�R�V�H �S�U�D�F�W�L�F�D�O �F�K�R�L�F�H�V�� �W�K�H �X�V�H �R�I �G�R�X�E�O�H���V�L�G�H���S�R�O�L�V�K�H�G �0�J�2

�I�R�U �7�+�] �W�U�D�Q�V�P�L�V�V�L�R�Q�� �W�K�H �P�R�Y�H �I�U�R�P �V�S�X�W�W�H�U�H�G �W�R �L�Q���V�L�W�X �3�/�'���J�U�R�Z�Q �3�W �W�R �S�U�R�W�H�F�W �<�%�&�2�� �W�K�H �Q�H�H�G �W�R �L�Q�F�U�H�D�V�H �<�%�&�2

�W�K�L�F�N�Q�H�V�V �W�R �P�D�L�Q�W�D�L�Q �J�R�R�G �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\�� �D�Q�G �W�K�H �V�H�O�H�F�W�L�R�Q �R�I �3�W �D�Q�G �$�O �W�R �D�Y�R�L�G �R�[�\�J�H�Q���U�H�O�D�W�H�G �G�H�J�U�D�G�D�W�L�R�Q

�W�K�D�W �Z�R�X�O�G �K�D�Y�H �E�H�H�Q �P�R�U�H �V�H�Y�H�U�H �Z�L�W�K �:���E�D�V�H�G �G�H�V�L�J�Q�V��

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

�4�Q�D�O �L�Q�W�H�U�S�U�H�W�H�G �U�H�V�X�O�W�� �E�H�F�D�X�V�H �L�W �G�R�F�X�P�H�Q�W�V �W�K�H �D�F�W�X�D�O �F�R�Q�V�W�U�D�L�Q�W�V �R�I �L�Q�W�H�J�U�D�W�L�Q�J �D �F�X�S�U�D�W�H �L�Q�W�R �D�Q �X�O�W�U�D�I�D�V�W �P�X�O��

�W�L�O�D�\�H�U �G�H�Y�L�F�H�� �7�K�H �W�K�H�V�L�V �P�D�N�H�V �F�O�H�D�U �W�K�D�W �W�K�H �F�K�D�O�O�H�Q�J�H �L�V �Q�R�W �R�Q�O�\ �F�R�Q�F�H�S�W�X�D�O�� �<�%�&�2 �L�V �F�K�H�P�L�F�D�O�O�\ �V�H�Q�V�L�W�L�Y�H�� �7�+�]

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

������



�V�X�S�H�U�F�R�Q�G�X�F�W�R�U �L�V �L�Q�W�U�R�G�X�F�H�G�� �7�K�H �V�W�D�F�N �R�S�W�L�P�L�]�D�W�L�R�Q �G�H�V�F�U�L�E�H�G �K�H�U�H �W�K�H�U�H�I�R�U�H �I�X�Q�F�W�L�R�Q�V �D�V �E�R�W�K �D �U�H�V�X�O�W �D�Q�G �D

�U�R�D�G�P�D�S��

�2�Q�F�H �W�K�H �V�W�D�F�N �Z�D�V �R�S�W�L�P�L�]�H�G�� �Z�H �F�K�D�U�D�F�W�H�U�L�]�H�G �L�W�V �P�D�J�Q�H�W�L�F �D�Q�G �V�W�U�X�F�W�X�U�D�O �S�U�R�S�H�U�W�L�H�V �D�Q�G �W�K�H�Q �S�H�U�I�R�U�P�H�G �7�+�]

�W�U�D�Q�V�P�L�V�V�L�R�Q �D�Q�G �7�+�] �H�P�L�V�V�L�R�Q �P�H�D�V�X�U�H�P�H�Q�W�V�� �7�K�H �U�H�I�H�U�H�Q�F�H �3�W���&�R�)�H�% �E�L�O�D�\�H�U �H�P�L�W�V �P�R�U�H �V�W�U�R�Q�J�O�\ �R�Y�H�U�D�O�O�� �D�V �H�[��

�S�H�F�W�H�G �I�R�U �D �P�R�U�H �F�R�Q�Y�H�Q�W�L�R�Q�D�O �H�P�L�W�W�H�U�� �+�R�Z�H�Y�H�U�� �W�K�H �<�%�&�2���3�W���&�R�)�H�% �V�W�D�F�N �V�K�R�Z�V �D �U�H�S�U�R�G�X�F�L�E�O�H �W�H�P�S�H�U�D�W�X�U�H

�G�H�S�H�Q�G�H�Q�F�H �R�I �W�K�H �H�P�L�W�W�H�G �7�+�] �V�L�J�Q�D�O �D�F�U�R�V�V �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q�� �7�K�H �H�P�L�V�V�L�R�Q �F�K�D�Q�J�H�V �E�H�O�R�ZTc�� �E�X�W

�L�W�V �W�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�H �I�R�O�O�R�Z�V �F�O�R�V�H�O�\ �W�K�H �W�H�P�S�H�U�D�W�X�U�H �G�H�S�H�Q�G�H�Q�F�H �R�I �7�+�] �W�U�D�Q�V�P�L�V�V�L�R�Q �W�K�U�R�X�J�K �W�K�H �V�W�D�F�N��

�:�H �F�R�X�O�G �L�Q�W�H�U�S�U�H�W �W�K�D�W �Z�H �D�U�H �Q�R�W �V�H�Q�V�L�W�L�Y�H �W�R �D�Q�\ �V�L�J�Q�L�4�F�D�Q�W �F�K�D�Q�J�H�V �D�W �W�K�H �<�%�&�2���6�7�( �L�Q�W�H�U�I�D�F�H�� �P�D�L�Q�O�\ �G�X�H �W�R �W�K�H

�G�H�W�H�F�W�L�R�Q �E�\ �W�U�D�Q�V�P�L�V�V�L�R�Q �Z�K�L�F�K �U�H�T�X�L�U�H�V �W�K�H �7�+�] �S�X�O�V�H �W�R �J�R �W�K�U�R�X�J�K �<�%�&�2 �Z�K�H�U�H �L�W �J�H�W�V �P�R�G�X�O�D�W�H�G �E�\ �L�W�V �V�X�S�H�U��

�F�R�Q�G�X�F�W�L�Q�J �V�W�D�W�H�� �7�K�H �S�R�V�V�L�E�L�O�L�W�\ �R�I �S�U�R�[�L�P�L�W�\���L�Q�G�X�F�H�G �F�K�D�Q�J�H�V �L�Q �3�W �D�U�H �Q�R�W �U�H�M�H�F�W�H�G �D�Q�G �I�X�U�W�K�H�U �H�[�S�H�U�L�P�H�Q�W�D�O �D�Q�G

�W�K�H�R�U�H�W�L�F�D�O �Z�R�U�N�V �D�U�H �S�O�D�Q�Q�H�G �W�R �U�H�D�F�K �V�D�W�L�V�I�D�F�W�R�U�\ �U�H�V�X�O�W�V��

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

�W�H�P�� �V�X�S�H�U�F�R�Q�G�X�F�W�L�Y�L�W�\ �V�X�S�S�U�H�V�V�H�V �V�S�L�Q �S�X�P�S�L�Q�J �L�Q�W�R �T�X�D�V�L�S�D�U�W�L�F�O�H�V �D�Q�G �W�K�H�U�H�I�R�U�H �U�H�G�X�F�H�V �G�D�P�S�L�Q�J�� �6�H�F�R�Q�G�� �L�Q

�S�D�W�W�H�U�Q�H�G �G�H�Y�L�F�H�V �E�D�V�H�G �R�Q �E�R�W�K �F�R�Q�Y�H�Q�W�L�R�Q�D�O �D�Q�G �F�X�S�U�D�W�H �V�X�S�H�U�F�R�Q�G�X�F�W�R�U�V�� �W�K�H �H�O�H�F�W�U�L�F�D�O �U�H�V�S�R�Q�V�H �Q�H�D�UTc �F�D�Q

�L�Q�F�U�H�D�V�H �G�U�D�P�D�W�L�F�D�O�O�\ �H�Y�H�Q �Z�K�H�Q �G�D�P�S�L�Q�J �G�H�F�U�H�D�V�H�V�� �Z�K�L�F�K �S�R�L�Q�W�V �W�R �D �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �U�H�F�W�L�4�F�D�W�L�R�Q �P�H�F�K�D�Q�L�V�P

�U�D�W�K�H�U �W�K�D�Q �W�R �D �V�L�P�S�O�H �L�Q�Y�H�U�V�H �V�S�L�Q �+�D�O�O �L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�� �7�K�L�U�G�� �Z�K�H�Q �W�K�H �L�Q�W�H�U�I�D�F�H �L�V �P�D�G�H �H�S�L�W�D�[�L�D�O �D�Q�G �V�W�U�R�Q�J�O�\ �V�S�L�Q

�S�R�O�D�U�L�]�H�G �W�K�U�R�X�J�K �/�6�0�2�� �W�K�H �G�D�P�S�L�Q�J �F�D�Q �L�Q�V�W�H�D�G �L�Q�F�U�H�D�V�H �E�H�O�R�ZTc�� �V�K�R�Z�L�Q�J �W�K�D�W �W�K�H �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �V�W�D�W�H �F�D�Q

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

�G�R�R�U �W�R �P�R�G�L�4�H�G �6�7�(�� �7�K�L�V �P�D�Q�X�V�F�U�L�S�W �W�K�H�U�H�I�R�U�H �V�K�R�Z�V �W�K�D�W �W�K�H �R�X�W�F�R�P�H �G�H�S�H�Q�G�V �R�Q �Z�K�L�F�K �P�L�F�U�R�V�F�R�S�L�F �F�K�D�Q�Q�H�O

�G�R�P�L�Q�D�W�H�V �D�W �W�K�H �L�Q�W�H�U�I�D�F�H�� �D�Q�G �W�K�D�W �G�L�•�H�U�H�Q�W �R�E�V�H�U�Y�D�E�O�H�V �V�H�O�H�F�W �G�L�•�H�U�H�Q�W �F�K�D�Q�Q�H�O�V��

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

�W�K�D�W �O�D�\�H�U�H�G �D�U�J�X�P�H�Q�W�� �7�K�H �Z�R�U�N �L�V �Q�R�W �R�Q�O�\ �D �F�R�O�O�H�F�W�L�R�Q �R�I �P�D�W�H�U�L�D�O���V�S�H�F�L�4�F �G�D�W�D�V�H�W�V�� �–�W �S�U�R�J�U�H�V�V�L�Y�H�O�\ �E�X�L�O�G�V �D �G�L�V��

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

�W�U�D�Q�V�S�R�U�W�� �D�Q�G �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �U�H�F�W�L�4�F�D�W�L�R�Q�� �7�K�H �V�D�P�H �W�U�D�Q�V�L�W�L�R�Q �W�H�P�S�H�U�D�W�X�U�H �L�V �X�V�H�G �D�V �D �F�R�Q�W�U�R�O�O�H�G �V�Z�L�W�F�K�� �E�X�W

�W�K�H �U�H�V�S�R�Q�V�H �G�H�S�H�Q�G�V �R�Q �Z�K�H�W�K�H�U �R�Q�H �U�H�D�G�V �R�X�W �G�D�P�S�L�Q�J�� �G�F �Y�R�O�W�D�J�H�� �R�U �7�+�] �H�P�L�V�V�L�R�Q�� �D�Q�G �R�Q �Z�K�H�W�K�H�U �W�K�H �L�Q�W�H�U��

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

�D�Q�\ �R�Q�H �V�\�V�W�H�P �D�O�R�Q�H��

�7�K�H �P�D�Q�X�V�F�U�L�S�W �D�O�V�R �K�D�V �D �F�O�H�D�U �I�R�U�Z�D�U�G���O�R�R�N�L�Q�J �P�H�V�V�D�J�H�� �7�K�H �J�L�D�Q�W �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J���V�W�D�W�H �Y�R�O�W�D�J�H�V �L�Q �<�–�*���0�R�6�L

�D�Q�G �<�%�&�2���3�\ �V�X�J�J�H�V�W �W�K�D�W �L�Q�W�H�U�I�D�F�H���F�R�Q�W�U�R�O�O�H�G �V�X�S�H�U�F�R�Q�G�X�F�W�L�Q�J �U�H�F�W�L�4�F�D�W�L�R�Q �P�D�\ �E�H �D �U�R�E�X�V�W �U�R�X�W�H �W�R �O�D�U�J�H �H�O�H�F��

�W�U�L�F�D�O �U�H�V�S�R�Q�V�H�V�� �S�R�V�V�L�E�O�\ �Z�L�W�K�R�X�W �U�H�T�X�L�U�L�Q�J �D �E�X�O�N �V�X�S�H�U�F�R�Q�G�X�F�W�R�U �Z�L�W�K �L�Q�W�U�L�Q�V�L�F�D�O�O�\ �O�D�U�J�H �V�S�L�Q���R�U�E�L�W �F�R�X�S�O�L�Q�J�� �7�K�H

�/�6�0�2���<�%�&�2 �U�H�V�X�O�W�V �V�X�J�J�H�V�W �W�K�D�W �L�Q�W�H�U�I�D�F�L�D�O �V�S�L�Q �D�F�F�X�P�X�O�D�W�L�R�Q�� �Z�K�L�F�K �P�D�\ �E�H �F�H�Q�W�U�D�O �W�R �W�K�D�W �U�H�F�W�L�4�F�D�W�L�R�Q �V�F�H�Q�D�U�L�R��

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

�P�R�U�H �H�]�F�L�H�Q�W�O�\�� �7�K�L�V �L�P�P�H�G�L�D�W�H�O�\ �P�R�W�L�Y�D�W�H�V �S�D�W�W�H�U�Q�H�G �/�6�0�2���<�%�&�2 �G�H�Y�L�F�H�V �D�V �D �G�H�F�L�V�L�Y�H �Q�H�[�W �V�W�H�S�� �E�H�F�D�X�V�H �W�K�H�\

�Z�R�X�O�G �W�H�O�O �X�V �Z�K�H�W�K�H�U �W�K�H �G�D�P�S�L�Q�J���H�Q�K�D�Q�F�H�P�H�Q�W �U�H�J�L�P�H �D�O�V�R �K�R�V�W�V�� �V�X�S�S�U�H�V�V�H�V�� �R�U �U�H�V�K�D�S�H�V �W�K�H �J�L�D�Q�W �Y�R�O�W�D�J�H �S�K�H��

������



�Q�R�P�H�Q�R�O�R�J�\ �V�H�H�Q �L�Q �<�%�&�2���3�\�� �$�W �W�K�H �V�D�P�H �W�L�P�H�� �W�K�H �7�+�]���H�P�L�W�W�H�U �F�K�D�S�W�H�U �V�X�J�J�H�V�W�V �W�K�D�W �V�L�P�L�O�D�U �T�X�H�V�W�L�R�Q�V �F�D�Q �E�H

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

�V�R�X�U�F�H �F�X�U�U�H�Q�W�� �–�Q �W�K�D�W �V�H�Q�V�H�� �W�K�H �W�K�H�V�L�V �F�O�R�V�H�V �E�\ �R�S�H�Q�L�Q�J �D �E�U�R�D�G�H�U �H�[�S�H�U�L�P�H�Q�W�D�O �S�U�R�J�U�D�P��

������



������



�$�S�S�H�Q�G�L�[ �&

�5�H�V�X�P�« �«�W�H�Q�G�X�H �H�Q �I�U�D�Q�©�D�L�V

�&�H �P�D�Q�X�V�F�U�L�W �H�V�W �O�H �I�U�X�L�W �G���X�Q�H �W�K�ª�V�H �H�[�S�«�U�L�P�H�Q�W�D�O�H �I�R�Q�G�D�P�H�Q�W�D�O�H �H�Q �V�S�L�Q�W�U�R�Q�L�T�X�H �V�X�S�U�D�F�R�Q�G�X�F�W�U�L�F�H�� �/���R�E�M�H�F�W�L�I �«�W�D�L�W

�G���L�Q�W�H�U�I�D�F�H�U �X�Q �V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U �D�Y�H�F �X�Q �I�H�U�U�R�P�D�J�Q�«�W�L�T�X�H �H�W �G���«�W�X�G�L�H�U �F�H�U�W�D�L�Q�V �D�V�S�H�F�W�V �V�S�«�F�L�4�T�X�H�V �G�H �O�D �V�S�L�Q�W�U�R�Q��

�L�T�X�H �G�D�Q�V �X�Q �W�H�O �V�\�V�W�ª�P�H�� �‚ �S�U�H�P�L�ª�U�H �Y�X�H�� �O�H�V �V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U�V �H�W �O�H�V �I�H�U�U�R�P�D�J�Q�«�W�L�T�X�H�V �V�R�Q�W �D�Q�W�D�J�R�Q�L�V�W�H�V �S�D�U

�Q�D�W�X�U�H �� �O�H�V �S�U�H�P�L�H�U�V �I�D�Y�R�U�L�V�H�Q�W �O���D�S�S�D�U�L�H�P�H�Q�W �G�H�V �«�O�H�F�W�U�R�Q�V �H�Q �S�D�L�U�H�V �G�H �V�S�L�Q�V �D�Q�W�L�S�D�U�D�O�O�ª�O�H�V�� �D�S�S�H�O�«�H�V �S�D�L�U�H�V �G�H

�&�R�R�S�H�U�� �U�H�V�S�R�Q�V�D�E�O�H�V �G�H�V �V�X�S�H�U�F�R�X�U�D�Q�W�V �S�H�U�P�H�W�W�D�Q�W �X�Q�H �F�K�X�W�H �G�U�D�V�W�L�T�X�H �G�H �O�D �U�«�V�L�V�W�D�Q�F�H �«�O�H�F�W�U�L�T�X�H �G�D�Q�V �O���«�W�D�W

�V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U �� �O�H�V �V�H�F�R�Q�G�V �I�D�Y�R�U�L�V�H�Q�W �D�X �F�R�Q�W�U�D�L�U�H �X�Q �D�O�L�J�Q�H�P�H�Q�W �S�D�U�D�O�O�ª�O�H �G�H�V �V�S�L�Q�V �«�O�H�F�W�U�R�Q�L�T�X�H�V �F�R�Q�G�X�L�V�D�Q�W

�¢ �O���D�L�P�D�Q�W�D�W�L�R�Q �P�D�F�U�R�V�F�R�S�L�T�X�H��

�&�H �P�D�Q�X�V�F�U�L�W �«�W�X�G�L�H �F�R�P�P�H�Q�W �X�Q �I�H�U�U�R�P�D�J�Q�«�W�L�T�X�H �W�U�D�Q�V�I�ª�U�H �G�X �P�R�P�H�Q�W �D�Q�J�X�O�D�L�U�H �G�H �V�S�L�Q �¢ �X�Q �V�X�S�U�D�F�R�Q�G�X�F��

�W�H�X�U �Y�R�L�V�L�Q�� �H�W �F�R�P�P�H�Q�W �F�H �W�U�D�Q�V�I�H�U�W �V�H �P�D�Q�L�I�H�V�W�H �H�Q�V�X�L�W�H �V�R�L�W �S�D�U �X�Q�H �P�R�G�L�4�F�D�W�L�R�Q �G�H �O���D�P�R�U�W�L�V�V�H�P�H�Q�W �P�D�J�Q�«�W�L�T�X�H��

�V�R�L�W �S�D�U �X�Q �V�L�J�Q�D�O �«�O�H�F�W�U�L�T�X�H �R�X �«�O�H�F�W�U�R�P�D�J�Q�«�W�L�T�X�H�� �1�R�W�U�H �T�X�H�V�W�L�R�Q �F�H�Q�W�U�D�O�H �H�V�W �V�L�P�S�O�H �¢ �I�R�U�P�X�O�H�U �P�D�L�V �G�L�]�F�L�O�H �¢

�W�U�D�L�W�H�U �H�[�S�«�U�L�P�H�Q�W�D�O�H�P�H�Q�W �� �T�X���H�V�W���F�H �T�X�L �F�K�D�Q�J�H �U�«�H�O�O�H�P�H�Q�W �¢ �O���L�Q�W�H�U�I�D�F�H �V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U���I�H�U�U�R�P�D�J�Q�«�W�L�T�X�H �O�R�U�V�T�X�H

�O�D �F�R�X�F�K�H �V�X�S�U�D�F�R�Q�G�X�F�W�U�L�F�H �I�U�D�Q�F�K�L�W �V�D �W�H�P�S�«�U�D�W�X�U�H �F�U�L�W�L�T�X�H �" �1�R�X�V �D�Y�R�Q�V �D�E�R�U�G�« �F�H�W�W�H �T�X�H�V�W�L�R�Q �H�Q �F�R�P�S�D�U�D�Q�W

�S�O�X�V�L�H�X�U�V �V�\�V�W�ª�P�H�V �P�R�G�ª�O�H�V�� �F�K�D�F�X�Q �F�K�R�L�V�L �S�R�X�U �L�V�R�O�H�U �X�Q �L�Q�J�U�«�G�L�H�Q�W �S�K�\�V�L�T�X�H �G�L�•�«�U�H�Q�W�� �1�R�X�V �D�Y�R�Q�V �X�W�L�O�L�V�« �X�Q �V�X�S�U�D��

�F�R�Q�G�X�F�W�H�X�U �D�P�R�U�S�K�H �F�R�Q�Y�H�Q�W�L�R�Q�Q�H�O �¢ �V�\�P�«�W�U�L�H �G���R�Q�G�Hs �F�R�P�P�H �U�«�I�«�U�H�Q�F�H�� �X�Q �F�X�S�U�D�W�H �¢ �K�D�X�W�H �W�H�P�S�«�U�D�W�X�U�H �F�U�L�W�L�T�X�H

�¢ �V�\�P�«�W�U�L�H �G���R�Q�G�Hd �S�R�X�U �W�H�V�W�H�U �O�H �U�¶�O�H �G���X�Q �D�S�S�D�U�L�H�P�H�Q�W �D�Q�L�V�R�W�U�R�S�H�� �X�Q �I�H�U�U�L�P�D�J�Q�«�W�L�T�X�H �L�V�R�O�D�Q�W �S�R�X�U �V�X�S�S�U�L�P�H�U �O�H�V

�F�R�Q�W�U�L�E�X�W�L�R�Q�V �S�D�U�D�V�L�W�H�V �«�O�H�F�W�U�L�T�X�H�V�� �X�Q �I�H�U�U�R�P�D�J�Q�«�W�L�T�X�H �P�«�W�D�O�O�L�T�X�H �S�R�X�U �D�F�F�«�G�H�U �D�X �S�R�P�S�D�J�H �G�H �V�S�L�Q �G�«�W�H�F�W�« �«�O�H�F��

�W�U�L�T�X�H�P�H�Q�W�� �H�W �H�Q�4�Q �X�Q �R�[�\�G�H �G�H�P�L���P�«�W�D�O�O�L�T�X�H �D�4�Q �G�H �V�R�Q�G�H�U �V�L �X�Q�H �L�Q�M�H�F�W�L�R�Q �I�R�U�W�H�P�H�Q�W �S�R�O�D�U�L�V�«�H �H�Q �V�S�L�Q �U�«�Y�ª�O�H �G�H�V

�F�D�Q�D�X�[ �L�Q�W�H�U�I�D�F�L�D�X�[ �V�X�S�S�O�«�P�H�Q�W�D�L�U�H�V�� �/�H �P�D�Q�X�V�F�U�L�W �Q�H �F�R�Q�V�W�L�W�X�H �G�R�Q�F �S�D�V �O���«�W�X�G�H �G���X�Q �V�H�X�O �«�F�K�D�Q�W�L�O�O�R�Q�� �P�D�L�V �X�Q�H

�F�R�P�S�D�U�D�L�V�R�Q �S�U�R�J�U�H�V�V�L�Y�H �H�Q�W�U�H �S�O�X�V�L�H�X�U�V �K�«�W�«�U�R�V�W�U�X�F�W�X�U�H�V �V�S�L�Q�W�U�R�Q�L�T�X�H�V �V�X�S�U�D�F�R�Q�G�X�F�W�U�L�F�H�V �F�R�Q�©�X�H�V �S�R�X�U �U�«�S�R�Q�G�U�H

�¢ �X�Q�H �T�X�H�V�W�L�R�Q �S�O�X�V �J�«�Q�«�U�D�O�H �V�X�U �O�H �W�U�D�Q�V�S�R�U�W �G�H �V�S�L�Q �¢ �O���L�Q�W�H�U�I�D�F�H��

�/�H �F�D�G�U�H �J�«�Q�«�U�D�O �G�H �O�D �W�K�ª�V�H �U�H�S�R�V�H �V�X�U �O���L�G�«�H �T�X�H �O�D �V�S�L�Q�W�U�R�Q�L�T�X�H �V�X�S�U�D�F�R�Q�G�X�F�W�U�L�F�H �Q�H �S�H�X�W �S�D�V �¬�W�U�H �F�R�P�S�U�L�V�H �H�Q

�F�R�Q�V�L�G�«�U�D�Q�W �X�Q�L�T�X�H�P�H�Q�W �O�D �V�X�S�U�D�F�R�Q�G�X�F�W�L�Y�L�W�« �R�X �X�Q�L�T�X�H�P�H�Q�W �O�H �P�D�J�Q�«�W�L�V�P�H�� �/�H�V �G�H�X�[ �R�U�G�U�H�V �V�H �F�R�Q�F�X�U�U�H�Q�F�H�Q�W �O�R��

�F�D�O�H�P�H�Q�W�� �P�D�L�V�� �¢ �X�Q�H �L�Q�W�H�U�I�D�F�H �E�L�H�Q �F�R�Q�W�U�¶�O�«�H�� �L�O�V �F�U�«�H�Q�W �D�X�V�V�L �G�H �Q�R�X�Y�H�D�X�[ �F�D�Q�D�X�[ �G�H �W�U�D�Q�V�S�R�U�W �T�X�L �Q���H�[�L�V�W�H�Q�W �G�D�Q�V

������



�D�X�F�X�Q �G�H�V �G�H�X�[ �P�D�W�«�U�L�D�X�[ �S�U�L�V �L�V�R�O�«�P�H�Q�W�� �3�R�X�U �«�W�D�E�O�L�U �F�H �S�R�L�Q�W�� �Q�R�X�V �F�R�P�P�H�Q�©�R�Q�V �S�D�U �H�[�S�R�V�H�U �O�H �F�D�G�U�H �W�K�«�R�U�L�T�X�H

�Q�«�F�H�V�V�D�L�U�H �¢ �O�D �O�H�F�W�X�U�H �G�X �U�H�V�W�H �G�X �P�D�Q�X�V�F�U�L�W�� �1�R�X�V �U�H�Y�H�Q�R�Q�V �V�X�U �O�D �V�X�S�U�D�F�R�Q�G�X�F�W�L�Y�L�W�« �F�R�Q�Y�H�Q�W�L�R�Q�Q�H�O�O�H �H�W �V�X�U �V�H�V

�L�Q�J�U�«�G�L�H�Q�W�V �I�R�Q�G�D�P�H�Q�W�D�X�[ �� �O�H �J�D�S �V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U�� �O�H�V �T�X�D�V�L���S�D�U�W�L�F�X�O�H�V�� �O�D �O�R�Q�J�X�H�X�U �G�H �F�R�K�«�U�H�Q�F�H�� �O�D �S�U�R�I�R�Q�G�H�X�U

�G�H �S�«�Q�«�W�U�D�W�L�R�Q�� �D�L�Q�V�L �T�X�H �O�D �G�L�V�W�L�Q�F�W�L�R�Q �H�Q�W�U�H �F�R�P�S�R�U�W�H�P�H�Q�W�V �G�H �W�\�S�H �– �H�W �G�H �W�\�S�H �–�–�� �1�R�X�V �R�S�S�R�V�R�Q�V �H�Q�V�X�L�W�H �F�H�W�W�H

�L�P�D�J�H �F�R�Q�Y�H�Q�W�L�R�Q�Q�H�O�O�H �¢ �O�D �V�X�S�U�D�F�R�Q�G�X�F�W�L�Y�L�W�« �G�H�V �F�X�S�U�D�W�H�V�� �H�Q �S�D�U�W�L�F�X�O�L�H�U �<�%�&�2�� �R�» �O�H �S�D�U�D�P�ª�W�U�H �G���R�U�G�U�H �G�H �V�\�P�«�W�U�L�H

�G���R�Q�G�Hd �L�Q�W�U�R�G�X�L�W �X�Q�H �D�Q�L�V�R�W�U�R�S�L�H �G�D�Q�V �O���H�V�S�D�F�H �G�H�V �L�P�S�X�O�V�L�R�Q�V �D�L�Q�V�L �T�X�H �G�H�V �Q���X�G�V �G�X �J�D�S�� �&�H�W�W�H �D�Q�L�V�R�W�U�R�S�L�H �M�R�X�H

�X�Q �U�¶�O�H �G�L�U�H�F�W �D�X�[ �L�Q�W�H�U�I�D�F�H�V�� �F�D�U �O���H�]�F�D�F�L�W�« �G�H �O�D �W�U�D�Q�V�P�L�V�V�L�R�Q �G�H�V �T�X�D�V�L���S�D�U�W�L�F�X�O�H�V�� �G�H �O�D �U�«�5�H�[�L�R�Q �G���$�Q�G�U�H�H�Y �H�W �G�H

�O�D �I�R�U�P�D�W�L�R�Q �G���«�W�D�W�V �O�L�«�V �G�«�S�H�Q�G �G�H�V �G�L�U�H�F�W�L�R�Q�V �F�U�L�V�W�D�O�O�R�J�U�D�S�K�L�T�X�H�V �H�[�S�R�V�«�H�V �D�X �I�H�U�U�R�P�D�J�Q�«�W�L�T�X�H�� �(�Q �S�D�U�D�O�O�ª�O�H�� �Q�R�X�V

�S�U�«�V�H�Q�W�R�Q�V �O�H�V �P�D�W�«�U�L�D�X�[ �P�D�J�Q�«�W�L�T�X�H�V �X�W�L�O�L�V�«�V �W�R�X�W �D�X �O�R�Q�J �G�H �O�D �W�K�ª�V�H�� �G�H �<�–�* �¢ �3�\�� �&�R�)�H�% �H�W �/�6�0�2�� �H�Q �V�R�X�O�L�J�Q�D�Q�W

�S�R�X�U�T�X�R�L �F�K�D�F�X�Q �H�V�W �S�H�U�W�L�Q�H�Q�W �G�D�Q�V �X�Q�H �J�«�R�P�«�W�U�L�H �G�H �P�H�V�X�U�H �G�R�Q�Q�«�H�� �1�R�X�V �«�W�D�E�O�L�V�V�R�Q�V �H�Q�4�Q �O�H�V �R�X�W�L�O�V �F�R�Q�F�H�S�W�X�H�O�V

�Q�«�F�H�V�V�D�L�U�H�V �¢ �O���L�Q�W�H�U�S�U�«�W�D�W�L�R�Q �G�H�V �H�[�S�«�U�L�H�Q�F�H�V �� �O�D �U�«�V�R�Q�D�Q�F�H �I�H�U�U�R�P�D�J�Q�«�W�L�T�X�H �F�R�P�P�H �V�R�X�U�F�H �F�R�Q�W�U�¶�O�«�H �G�H �F�R�X�U�D�Q�W

�G�H �V�S�L�Q�� �O�H �S�R�P�S�D�J�H �G�H �V�S�L�Q �F�R�P�P�H �F�D�Q�D�O �G�H �G�L�V�V�L�S�D�W�L�R�Q�� �O�D �F�R�Q�Y�H�U�V�L�R�Q �S�D�U �H�•�H�W �+�D�O�O �G�H �V�S�L�Q �L�Q�Y�H�U�V�H �F�R�P�P�H �X�Q�H

�G�H�V �O�H�F�W�X�U�H�V �«�O�H�F�W�U�L�T�X�H�V �S�R�V�V�L�E�O�H�V�� �O�D �U�H�F�W�L�4�F�D�W�L�R�Q �G�H �V�S�L�Q �F�R�P�P�H �H�•�H�W �S�D�U�D�V�L�W�H �L�P�S�R�U�W�D�Q�W�� �H�W �O���«�P�L�V�V�L�R�Q �7�+�] �V�S�L�Q��

�W�U�R�Q�L�T�X�H �F�R�P�P�H �F�R�Q�W�U�H�S�D�U�W�L�H �X�O�W�U�D�U�D�S�L�G�H�� �¢ �O���«�F�K�H�O�O�H �V�X�E���S�L�F�R�V�H�F�R�Q�G�H�� �G�H �O�D �F�R�Q�Y�H�U�V�L�R�Q �V�S�L�Q���F�K�D�U�J�H �H�Q �J�D�P�P�H �*�+�]��

�$�X�W�U�H�P�H�Q�W �G�L�W�� �O�H �S�U�H�P�L�H�U �F�K�D�S�L�W�U�H �I�R�X�U�Q�L�W �D�X �O�H�F�W�H�X�U �O�H �O�D�Q�J�D�J�H �Q�«�F�H�V�V�D�L�U�H �S�R�X�U �L�Q�W�H�U�S�U�«�W�H�U �O�D �F�R�P�S�D�U�D�L�V�R�Q �X�O�W�«�U�L�H�X�U�H

�H�Q�W�U�H �D�P�R�U�W�L�V�V�H�P�H�Q�W�� �W�H�Q�V�L�R�Q�V �F�R�Q�W�L�Q�X�H�V �H�W �«�P�L�V�V�L�R�Q �7�+�]��

�8�Q�H �P�R�W�L�Y�D�W�L�R�Q �F�H�Q�W�U�D�O�H �G�H �O�D �W�K�ª�V�H �H�V�W �T�X���X�Q�H �P�¬�P�H �L�Q�W�H�U�I�D�F�H �S�H�X�W �D�S�S�D�U�D�°�W�U�H �W�U�ª�V �G�L�•�«�U�H�P�P�H�Q�W �V�H�O�R�Q �O�D �J�U�D�Q�G�H�X�U

�T�X�H �O���R�Q �P�H�V�X�U�H�� �6�L �O���R�Q �P�H�V�X�U�H �O�D �O�D�U�J�H�X�U �G�H �U�D�L�H �)�0�5 �H�W �O���D�P�R�U�W�L�V�V�H�P�H�Q�W�� �R�Q �V�R�Q�G�H �D�Y�H�F �T�X�H�O�O�H �H�]�F�D�F�L�W�« �O�H �I�H�U��

�U�R�P�D�J�Q�«�W�L�T�X�H �H�Q �S�U�«�F�H�V�V�L�R�Q �S�H�X�W �S�H�U�G�U�H �V�R�Q �P�R�P�H�Q�W �D�Q�J�X�O�D�L�U�H �D�X �S�U�R�4�W �G�H �G�H�J�U�«�V �G�H �O�L�E�H�U�W�« �D�G�M�D�F�H�Q�W�V�� �6�L �O���R�Q

�P�H�V�X�U�H �X�Q�H �W�H�Q�V�L�R�Q �F�R�Q�W�L�Q�X�H �V�R�X�V �)�0�5�� �R�Q �V�R�Q�G�H �V�L �F�H �W�U�D�Q�V�I�H�U�W �G�H �P�R�P�H�Q�W �D�Q�J�X�O�D�L�U�H �H�V�W �F�R�Q�Y�H�U�W�L �H�Q �X�Q�H �U�«�S�R�Q�V�H

�G�H �F�K�D�U�J�H �H�W�� �G�D�Q�V �F�H �F�D�V�� �S�D�U �T�X�H�O �P�«�F�D�Q�L�V�P�H�� �6�L �O���R�Q �P�H�V�X�U�H �O���«�P�L�V�V�L�R�Q �7�+�] �D�S�U�ª�V �H�[�F�L�W�D�W�L�R�Q �R�S�W�L�T�X�H �I�H�P�W�R�V�H�F�R�Q�G�H��

�R�Q �V�R�Q�G�H �X�Q �S�U�R�F�H�V�V�X�V �G�H �F�R�Q�Y�H�U�V�L�R�Q �V�S�L�Q���F�K�D�U�J�H �H�Q�F�R�U�H �S�O�X�V �U�D�S�L�G�H �L�P�S�O�L�T�X�D�Q�W �G�H�V �S�R�U�W�H�X�U�V �K�R�U�V �«�T�X�L�O�L�E�U�H�� �/���X�Q

�G�H�V �P�H�V�V�D�J�H�V �P�D�M�H�X�U�V �G�X �P�D�Q�X�V�F�U�L�W �H�V�W �T�X�H �F�H�V �W�U�R�L�V �R�E�V�H�U�Y�D�E�O�H�V �V�R�Q�W �O�L�«�H�V �P�D�L�V �Q�R�Q �U�H�G�R�Q�G�D�Q�W�H�V�� �(�O�O�H�V �Q�H �V�X�L�Y�H�Q�W

�S�D�V �W�R�X�M�R�X�U�V �X�Q�H �P�¬�P�H �«�Y�R�O�X�W�L�R�Q �G�H �P�D�Q�L�ª�U�H �W�U�L�Y�L�D�O�H�� �H�W �O���X�Q �G�H�V �U�«�V�X�O�W�D�W�V �H�V�V�H�Q�W�L�H�O�V �G�H �O�D �W�K�ª�V�H �H�V�W �G�H �U�H�Q�G�U�H �F�H�W�W�H

�Q�R�Q���«�T�X�L�Y�D�O�H�Q�F�H �H�[�S�O�L�F�L�W�H �H�[�S�«�U�L�P�H�Q�W�D�O�H�P�H�Q�W��

�/�H �G�H�X�[�L�ª�P�H �F�K�D�S�L�W�U�H �H�V�W �L�P�S�R�U�W�D�Q�W �F�D�U �Q�R�P�E�U�H �G�H�V �F�R�Q�F�O�X�V�L�R�Q�V �G�H �O�D �W�K�ª�V�H �U�H�S�R�V�H�Q�W �V�X�U �X�Q �F�R�Q�W�U�¶�O�H �U�L�J�R�X�U�H�X�[

�G�H�V �L�Q�W�H�U�I�D�F�H�V�� �G�H�V �«�S�D�L�V�V�H�X�U�V�� �G�H �O�D �P�L�F�U�R�I�D�E�U�L�F�D�W�L�R�Q �H�W �G�H �O�D �J�«�R�P�«�W�U�L�H �G�H �P�H�V�X�U�H�� �1�R�X�V �\ �H�[�S�O�L�T�X�R�Q�V �F�R�P�P�H�Q�W

�O�D �F�R�Q�F�H�S�W�L�R�Q �G�H�V �«�F�K�D�Q�W�L�O�O�R�Q�V �D �«�W�« �G�L�F�W�«�H �S�D�U �G�H�V �F�R�Q�W�U�D�L�Q�W�H�V �F�R�Q�F�X�U�U�H�Q�W�H�V�� �/�D �F�R�X�F�K�H �V�X�S�U�D�F�R�Q�G�X�F�W�U�L�F�H �G�R�L�W �¬�W�U�H

�V�X�]�V�D�P�P�H�Q�W �«�S�D�L�V�V�H �S�R�X�U �V�R�X�W�H�Q�L�U �X�Q�H �V�X�S�U�D�F�R�Q�G�X�F�W�L�Y�L�W�« �U�R�E�X�V�W�H�� �W�R�X�W �H�Q �U�H�V�W�D�Q�W �D�V�V�H�] �P�L�Q�F�H �S�R�X�U �T�X�H �O�H�V �H�•�H�W�V

�L�Q�W�H�U�I�D�F�L�D�X�[ �G�H�P�H�X�U�H�Q�W �Y�L�V�L�E�O�H�V�� �/�D �F�R�X�F�K�H �I�H�U�U�R�P�D�J�Q�«�W�L�T�X�H �G�R�L�W �¬�W�U�H �D�V�V�H�] �«�S�D�L�V�V�H �S�R�X�U �F�R�Q�V�H�U�Y�H�U �G�H �E�R�Q�Q�H�V �S�U�R��

�S�U�L�«�W�«�V �P�D�J�Q�«�W�L�T�X�H�V�� �W�R�X�W �H�Q �U�H�V�W�D�Q�W �V�X�]�V�D�P�P�H�Q�W �P�L�Q�F�H �S�R�X�U �G�H�P�H�X�U�H�U �V�H�Q�V�L�E�O�H �D�X �W�U�D�Q�V�S�R�U�W �G�H �V�S�L�Q �¢ �W�U�D�Y�H�U�V

�O���L�Q�W�H�U�I�D�F�H�� �&�R�P�P�H �O�D �W�K�ª�V�H �F�R�P�E�L�Q�H �G�H�V �R�[�\�G�H�V�� �G�H�V �P�«�W�D�X�[�� �G�H�V �L�V�R�O�D�Q�W�V �H�W �G�H�V �V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U�V �D�P�R�U�S�K�H�V��

�D�X�F�X�Q�H �P�«�W�K�R�G�H �G�H �F�U�R�L�V�V�D�Q�F�H �X�Q�L�T�X�H �Q���«�W�D�L�W �V�X�]�V�D�Q�W�H�� �1�R�X�V �D�Y�R�Q�V �G�R�Q�F �X�W�L�O�L�V�« �O�H �G�«�S�¶�W �S�D�U �D�E�O�D�W�L�R�Q �O�D�V�H�U �S�X�O��

�V�«�H �S�R�X�U �O�H�V �F�R�X�F�K�H�V �«�S�L�W�D�[�L�«�H�V �W�H�O�O�H�V �T�X�H �<�%�&�2�� �<�–�* �H�W �/�6�0�2�� �H�W �O�D �S�X�O�Y�«�U�L�V�D�W�L�R�Q �F�D�W�K�R�G�L�T�X�H �S�R�X�U �O�H�V �F�R�X�F�K�H�V �P�«��

������



�W�D�O�O�L�T�X�H�V �R�X �D�P�R�U�S�K�H�V �W�H�O�O�H�V �T�X�H �3�\�� �&�R�)�H�%�� �0�R�6�L �H�W �O�H�V �P�«�W�D�X�[ �G�H �S�U�R�W�H�F�W�L�R�Q�� �1�R�X�V �H�[�S�O�L�T�X�R�Q�V �«�J�D�O�H�P�H�Q�W �S�R�X�U�T�X�R�L

�O�D �F�D�U�D�F�W�«�U�L�V�D�W�L�R�Q �V�W�U�X�F�W�X�U�D�O�H �S�D�U �;�5�'�� �;�5�5�� �$�)�0 �H�W �P�L�F�U�R�V�F�R�S�L�H �«�O�H�F�W�U�R�Q�L�T�X�H �H�V�W �H�V�V�H�Q�W�L�H�O�O�H �S�R�X�U �L�Q�W�H�U�S�U�«�W�H�U �O�H�V �G�R�Q��

�Q�«�H�V �G�H �W�U�D�Q�V�S�R�U�W �S�U�«�V�H�Q�W�«�H�V �S�O�X�V �O�R�L�Q�� �'�D�Q�V �F�H�V �V�\�V�W�ª�P�H�V�� �X�Q�H �O�«�J�ª�U�H �Y�D�U�L�D�W�L�R�Q �G�H �U�X�J�R�V�L�W�«�� �G���R�U�L�H�Q�W�D�W�L�R�Q �R�X �G�H

�F�K�L�P�L�H �G���L�Q�W�H�U�I�D�F�H �S�H�X�W �P�R�G�L�4�H�U �O�H�V �F�D�Q�D�X�[ �G�H �G�L�V�V�L�S�D�W�L�R�Q �G�H �V�S�L�Q �G�L�V�S�R�Q�L�E�O�H�V �H�W �G�R�Q�F �F�K�D�Q�J�H�U �O�D �S�K�«�Q�R�P�«�Q�R�O�R�J�L�H

�P�¬�P�H �G�H �O���D�P�R�U�W�L�V�V�H�P�H�Q�W�� �/�H �F�K�D�S�L�W�U�H �G�H�V �P�«�W�K�R�G�H�V �G�R�Q�Q�H �D�X�V�V�L �O�D �E�D�V�H �S�U�D�W�L�T�X�H �G�H�V �Y�R�O�H�W�V �«�O�H�F�W�U�L�T�X�H �H�W �7�+�] �G�H

�O�D �W�K�ª�V�H �� �P�L�F�U�R�I�D�E�U�L�F�D�W�L�R�Q �G�H�V �«�F�K�D�Q�W�L�O�O�R�Q�V�� �J�«�R�P�«�W�U�L�H �G�H�V �F�R�Q�W�D�F�W�V�� �)�0�5 �F�U�\�R�J�«�Q�L�T�X�H�� �D�Q�D�O�\�V�H �I�U�«�T�X�H�Q�W�L�H�O�O�H �G�H �O�D

�O�D�U�J�H�X�U �G�H �U�D�L�H �H�W �S�U�R�W�R�F�R�O�H�V �G�H �W�U�D�Q�V�P�L�V�V�L�R�Q �H�W �G���«�P�L�V�V�L�R�Q �7�+�]�� �–�O �P�R�Q�W�U�H �D�L�Q�V�L �T�X�H �O�D �W�K�ª�V�H �U�H�S�R�V�H �V�X�U �X�Q �H�•�R�U�W

�H�[�S�«�U�L�P�H�Q�W�D�O �L�P�S�R�U�W�D�Q�W �H�Q �V�F�L�H�Q�F�H �G�H�V �P�D�W�«�U�L�D�X�[ �H�W �H�Q �L�Q�V�W�U�X�P�H�Q�W�D�W�L�R�Q��

�/�H �S�U�H�P�L�H�U �J�U�D�Q�G �F�K�D�S�L�W�U�H �H�[�S�«�U�L�P�H�Q�W�D�O �V�H �W�R�X�U�Q�H �H�Q�V�X�L�W�H �Y�H�U�V �<�–�*���0�R�6�L �H�W �<�%�&�2���3�\�� �T�X�L �G�«�4�Q�L�V�V�H�Q�W �H�Q�V�H�P�E�O�H �O�D

�F�R�P�S�D�U�D�L�V�R�Q �G�H �U�«�I�«�U�H�Q�F�H �G�H �O�D �W�K�ª�V�H�� �&�H�V �G�H�X�[ �E�L�F�R�X�F�K�H�V �V�R�Q�W �Y�R�O�R�Q�W�D�L�U�H�P�H�Q�W �F�R�P�S�O�«�P�H�Q�W�D�L�U�H�V�� �<�–�*���0�R�6�L �L�V�R�O�H �O�H

�S�R�P�S�D�J�H �G�H �V�S�L�Q �Y�H�U�V �X�Q �V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U �F�R�Q�Y�H�Q�W�L�R�Q�Q�H�O �¢ �V�\�P�«�W�U�L�H �G���R�Q�G�Hs �H�Q �X�W�L�O�L�V�D�Q�W �X�Q�H �F�R�X�F�K�H �P�D�J�Q�«�W�L�T�X�H

�L�V�R�O�D�Q�W�H�� �F�H �T�X�L �V�X�S�S�U�L�P�H �I�R�U�W�H�P�H�Q�W �O�D �U�H�F�W�L�4�F�D�W�L�R�Q �«�O�H�F�W�U�L�T�X�H �G�D�Q�V �O�H �I�H�U�U�R�P�D�J�Q�«�W�L�T�X�H�� �<�%�&�2���3�\ �L�Q�W�U�R�G�X�L�W �T�X�D�Q�W

�¢ �O�X�L �X�Q �V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U �¢ �K�D�X�W�H �W�H�P�S�«�U�D�W�X�U�H �F�U�L�W�L�T�X�H �¢ �V�\�P�«�W�U�L�H �G���R�Q�G�Hd �H�W �X�Q �I�H�U�U�R�P�D�J�Q�«�W�L�T�X�H �P�«�W�D�O�O�L�T�X�H�� �R�X��

�Y�U�D�Q�W �O�D �Y�R�L�H �¢ �X�Q�H �S�K�\�V�L�T�X�H �L�Q�W�H�U�I�D�F�L�D�O�H �S�O�X�V �U�L�F�K�H �P�D�L�V �D�X�V�V�L �¢ �X�Q�H �U�«�S�R�Q�V�H �«�O�H�F�W�U�L�T�X�H �S�O�X�V �F�R�P�S�O�H�[�H�� �/���L�Q�W�«�U�¬�W �G�H

�S�O�D�F�H�U �F�H�V �G�H�X�[ �V�\�V�W�ª�P�H�V �F�¶�W�H �¢ �F�¶�W�H �H�V�W �G�H �F�R�P�S�D�U�H�U �G�H�V �U�«�J�L�P�H�V �G�L�V�W�L�Q�F�W�V �� �D�S�S�D�U�L�H�P�H�Q�W �F�R�Q�Y�H�Q�W�L�R�Q�Q�H�O �F�R�Q�W�U�H �Q�R�Q

�F�R�Q�Y�H�Q�W�L�R�Q�Q�H�O�� �I�H�U�U�R�P�D�J�Q�«�W�L�T�X�H �«�O�H�F�W�U�L�T�X�H�P�H�Q�W �L�Q�D�F�W�L�I �F�R�Q�W�U�H �«�O�H�F�W�U�L�T�X�H�P�H�Q�W �D�F�W�L�I�� �L�Q�W�H�U�I�D�F�H�V �U�H�O�D�W�L�Y�H�P�H�Q�W �V�L�P�S�O�H�V

�F�R�Q�W�U�H �L�Q�W�H�U�I�D�F�H�V �V�W�U�X�F�W�X�U�H�O�O�H�P�H�Q�W �S�O�X�V �U�L�F�K�H�V��

�1�R�X�V �F�R�P�P�H�Q�©�R�Q�V �F�H �F�K�D�S�L�W�U�H �S�D�U �O�D �E�L�F�R�X�F�K�H �<�–�*���0�R�6�L �F�D�U �H�O�O�H �I�R�X�U�Q�L�W �O�H �F�D�V �G�H �U�«�I�«�U�H�Q�F�H �O�H �S�O�X�V �F�O�D�L�U�� �'�D�Q�V �O���«�W�D�W

�Q�R�U�P�D�O�� �O�D �U�«�S�R�Q�V�H �)�0�5 �O�D�U�J�H �E�D�Q�G�H �H�V�W �E�L�H�Q �P�D�°�W�U�L�V�«�H �� �O�H�V �V�S�H�F�W�U�H�V �V�R�Q�W �F�R�U�U�H�F�W�H�P�H�Q�W �D�M�X�V�W�«�V�� �O�D �U�H�O�D�W�L�R�Q �G�H �.�L�W�W�H�O

�I�R�X�U�Q�L�W �G�H�V �S�D�U�D�P�ª�W�U�H�V �P�D�J�Q�«�W�L�T�X�H�V �F�R�K�«�U�H�Q�W�V �D�Y�H�F �X�Q �<�–�* �G�H �E�R�Q�Q�H �T�X�D�O�L�W�«�� �H�W �O�D �O�D�U�J�H�X�U �G�H �U�D�L�H �U�H�V�W�H �V�X�]�V�D�P��

�P�H�Q�W �O�L�Q�«�D�L�U�H �H�Q �I�U�«�T�X�H�Q�F�H �S�R�X�U �H�[�W�U�D�L�U�H �G�H �P�D�Q�L�ª�U�H �4�D�E�O�H �O���D�P�R�U�W�L�V�V�H�P�H�Q�W �G�H �*�L�O�E�H�U�W�� �&�H�O�D �H�V�W �H�V�V�H�Q�W�L�H�O�� �F�D�U �W�R�X�W�H

�Y�D�U�L�D�W�L�R�Q �D�E�U�X�S�W�H �¢ �W�U�D�Y�H�U�V �O�D �W�U�D�Q�V�L�W�L�R�Q �V�X�S�U�D�F�R�Q�G�X�F�W�U�L�F�H �S�H�X�W �D�O�R�U�V �¬�W�U�H �L�Q�W�H�U�S�U�«�W�«�H �F�R�P�P�H �X�Q�H �P�R�G�L�4�F�D�W�L�R�Q �U�«�H�O�O�H

�G�X �W�U�D�Q�V�I�H�U�W �G�H �V�S�L�Q�� �S�O�X�W�¶�W �T�X�H �F�R�P�P�H �X�Q�H �G�«�I�D�L�O�O�D�Q�F�H �G�H �O�D �S�U�R�F�«�G�X�U�H �G���D�M�X�V�W�H�P�H�Q�W �R�X �X�Q �D�U�W�H�I�D�F�W �G���«�O�D�U�J�L�V�V�H�P�H�Q�W

�H�[�W�U�L�Q�V�ª�T�X�H�� �/�R�U�V�T�X�H �0�R�6�L �G�H�Y�L�H�Q�W �V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U�� �Q�R�X�V �R�E�V�H�U�Y�R�Q�V �X�Q�H �F�K�X�W�H �Q�H�W�W�H �G�H �O�D �O�D�U�J�H�X�U �G�H �U�D�L�H �H�W �G�R�Q�F

�X�Q�H �E�D�L�V�V�H �G�H �O���D�P�R�U�W�L�V�V�H�P�H�Q�W �G�H �*�L�O�E�H�U�W�� �/�D �F�R�Q�G�X�F�W�D�Q�F�H �G�H �P�«�O�D�Q�J�H �G�H �V�S�L�Q �H�•�H�F�W�L�Y�H�� �H�[�W�U�D�L�W�H �S�D�U �F�R�P�S�D�U�D�L�V�R�Q

�D�Y�H�F �G�H�V �«�F�K�D�Q�W�L�O�O�R�Q�V �G�H �U�«�I�«�U�H�Q�F�H �<�–�*�� �G�L�P�L�Q�X�H �H�O�O�H �D�X�V�V�L �¢ �W�U�D�Y�H�U�VTc�� �3�K�\�V�L�T�X�H�P�H�Q�W�� �F�H�O�D �V�L�J�Q�L�4�H �T�X�H �O�H �S�R�P�S�D�J�H

�G�H �V�S�L�Q �Y�H�U�V �0�R�6�L �G�H�Y�L�H�Q�W �P�R�L�Q�V �H�]�F�D�F�H �X�Q�H �I�R�L�V �T�X�H �O�H �J�D�S �V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U �V���R�X�Y�U�H �H�W �T�X�H �O�D �G�H�Q�V�L�W�« �G���«�W�D�W�V �G�H

�T�X�D�V�L���S�D�U�W�L�F�X�O�H�V �G�L�V�S�R�Q�L�E�O�H �S�R�X�U �D�E�V�R�U�E�H�U �G�X �P�R�P�H�Q�W �D�Q�J�X�O�D�L�U�H �G�H �V�S�L�Q �H�V�W �D�S�S�D�X�Y�U�L�H�� �–�O �V���D�J�L�W �G�X �V�F�«�Q�D�U�L�R �F�R�Q�Y�H�Q��

�W�L�R�Q�Q�H�O �D�W�W�H�Q�G�X �S�R�X�U �O�H �S�R�P�S�D�J�H �G�H �V�S�L�Q �Y�H�U�V �X�Q �V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U �J�D�S�S�«�� �H�W �L�O �V�H�U�W �G�D�Q�V �O�H �P�D�Q�X�V�F�U�L�W �G�H �O�L�J�Q�H �G�H

�E�D�V�H �S�R�X�U �M�X�J�H�U �O�H�V �F�D�V �S�O�X�V �F�R�P�S�O�H�[�H�V��

�&�H �U�«�V�X�O�W�D�W �H�V�W �L�P�S�R�U�W�D�Q�W �D�X���G�H�O�¢ �G�X �V�H�X�O �V�\�V�W�ª�P�H �<�–�*���0�R�6�L�� �F�D�U �L�O �U�H�S�U�R�G�X�L�W �G���D�E�R�U�G �O�D �V�X�S�S�U�H�V�V�L�R�Q �V�X�S�U�D�F�R�Q�G�X�F��

�W�U�L�F�H �D�W�W�H�Q�G�X�H �G�H �O�D �F�D�S�D�F�L�W�« �G���D�E�V�R�U�S�W�L�R�Q �G�H �V�S�L�Q �G�D�Q�V �X�Q �F�D�V �G�H �U�«�I�«�U�H�Q�F�H �S�U�R�S�U�H�� �&�H�O�D �U�H�Q�I�R�U�F�H �O�D �F�R�Q�4�D�Q�F�H �¢

�O�D �I�R�L�V �G�D�Q�V �O�D �S�O�D�W�H�I�R�U�P�H �H�[�S�«�U�L�P�H�Q�W�D�O�H �H�W �G�D�Q�V �O�D �G�L�V�W�L�Q�F�W�L�R�Q �F�R�Q�F�H�S�W�X�H�O�O�H �H�Q�W�U�H �D�P�R�U�W�L�V�V�H�P�H�Q�W �H�W �F�R�Q�Y�H�U�V�L�R�Q �H�Q

�F�K�D�U�J�H�� �G�L�V�W�L�Q�F�W�L�R�Q �T�X�L �G�H�Y�L�H�Q�G�U�D �H�V�V�H�Q�W�L�H�O�O�H �S�D�U �O�D �V�X�L�W�H�� �0�¬�P�H �X�Q �O�H�F�W�H�X�U �S�U�L�Q�F�L�S�D�O�H�P�H�Q�W �L�Q�W�«�U�H�V�V�« �S�D�U �O�H�V �U�«�V�X�O�W�D�W�V

������



�X�O�W�«�U�L�H�X�U�V �V�X�U �<�%�&�2 �G�H�Y�U�D�L�W �S�U�¬�W�H�U �D�W�W�H�Q�W�L�R�Q �¢ �F�H�W�W�H �S�D�U�W�L�H�� �F�D�U �H�O�O�H �«�W�D�E�O�L�W �¢ �T�X�R�L �U�H�V�V�H�P�E�O�H �O�D �U�«�S�R�Q�V�H �V�X�S�U�D�F�R�Q�G�X�F��

�W�U�L�F�H �V�W�D�Q�G�D�U�G �O�R�U�V�T�X���D�X�F�X�Q�H �F�R�P�S�O�L�F�D�W�L�R�Q �L�Q�W�H�U�I�D�F�L�D�O�H �V�X�S�S�O�«�P�H�Q�W�D�L�U�H �Q�H �G�R�P�L�Q�H��

�/�H �P�¬�P�H �F�K�D�S�L�W�U�H �S�D�V�V�H �H�Q�V�X�L�W�H �G�H�V �P�H�V�X�U�H�V �S�X�U�H�P�H�Q�W �G�\�Q�D�P�L�T�X�H�V �¢ �O�D �F�R�Q�Y�H�U�V�L�R�Q �V�S�L�Q���F�K�D�U�J�H �G�«�W�H�F�W�«�H �«�O�H�F��

�W�U�L�T�X�H�P�H�Q�W�� �'�D�Q�V �O�H�V �G�L�V�S�R�V�L�W�L�I�V �O�L�W�K�R�J�U�D�S�K�L�«�V �<�–�*���0�R�6�L�� �G�H�V �W�H�Q�V�L�R�Q�V �W�U�D�Q�V�Y�H�U�V�H�V �Q�H�W�W�H�V �V�R�Q�W �G�«�W�H�F�W�«�H�V�� �'�D�Q�V �O���«�W�D�W

�Q�R�U�P�D�O�� �H�O�O�H�V �V�R�Q�W �F�R�K�«�U�H�Q�W�H�V �D�Y�H�F �X�Q �V�F�K�«�P�D �V�W�D�Q�G�D�U�G �G�H �F�R�Q�Y�H�U�V�L�R�Q �V�S�L�Q���F�K�D�U�J�H�� �&�H�S�H�Q�G�D�Q�W�� �D�X �Y�R�L�V�L�Q�D�J�H �G�H �O�D

�W�U�D�Q�V�L�W�L�R�Q �V�X�S�U�D�F�R�Q�G�X�F�W�U�L�F�H�� �O�H �V�L�J�Q�D�O �D�X�J�P�H�Q�W�H �G�H �P�D�Q�L�ª�U�H �V�S�H�F�W�D�F�X�O�D�L�U�H�� �G�H �S�O�X�V �G�H �G�H�X�[ �R�U�G�U�H�V �G�H �J�U�D�Q�G�H�X�U �S�D�U

�U�D�S�S�R�U�W �¢ �O�D �U�«�S�R�Q�V�H �G�D�Q�V �O���«�W�D�W �Q�R�U�P�D�O�� �8�Q�H �W�H�O�O�H �D�P�S�O�L�4�F�D�W�L�R�Q �H�V�W �E�L�H�Q �W�U�R�S �L�P�S�R�U�W�D�Q�W�H �S�R�X�U �¬�W�U�H �H�[�S�O�L�T�X�«�H �S�D�U �X�Q

�V�L�P�S�O�H �H�•�H�W �+�D�O�O �G�H �V�S�L�Q �L�Q�Y�H�U�V�H �S�R�U�W�« �S�D�U �O�H�V �T�X�D�V�L���S�D�U�W�L�F�X�O�H�V�� �/�H �V�L�J�Q�D�O �«�O�H�F�W�U�L�T�X�H �Q�H �V�X�L�W �G�R�Q�F �S�D�V �O���D�W�W�H�Q�W�H �V�L�P�S�O�H

�T�X�H �O���R�Q �G�«�G�X�L�U�D�L�W �G�X �V�H�X�O �D�P�R�U�W�L�V�V�H�P�H�Q�W�� �/���D�P�R�U�W�L�V�V�H�P�H�Q�W �G�L�P�L�Q�X�H�� �F�H �T�X�L �L�P�S�O�L�T�X�H �X�Q�H �U�«�G�X�F�W�L�R�Q �G�H �O���D�E�V�R�U�S�W�L�R�Q

�G�H �V�S�L�Q �S�D�U �O�H�V �T�X�D�V�L���S�D�U�W�L�F�X�O�H�V�� �D�O�R�U�V �P�¬�P�H �T�X�H �O�D �W�H�Q�V�L�R�Q �G�H�Y�L�H�Q�W �E�H�D�X�F�R�X�S �S�O�X�V �J�U�D�Q�G�H��

�1�R�X�V �D�Y�R�Q�V �H�Q�V�X�L�W�H �D�S�S�O�L�T�X�« �O�D �P�¬�P�H �O�R�J�L�T�X�H �D�X�[ �E�L�F�R�X�F�K�H�V �<�%�&�2���3�\�� �'�D�Q�V �O�D �U�«�S�R�Q�V�H �)�0�5�� �<�%�&�2���3�\ �S�U�«�V�H�Q�W�H �O�X�L

�D�X�V�V�L �X�Q�H �E�D�L�V�V�H �F�R�Q�Y�H�Q�W�L�R�Q�Q�H�O�O�H �G�H �O���D�P�R�U�W�L�V�V�H�P�H�Q�W �D�X �Y�R�L�V�L�Q�D�J�H �G�H �O�D �W�U�D�Q�V�L�W�L�R�Q �V�X�S�U�D�F�R�Q�G�X�F�W�U�L�F�H�� �F�H �T�X�L �V�L�J�Q�L�4�H

�T�X�H�� �G�X �P�R�L�Q�V �G�D�Q�V �X�Q �S�U�H�P�L�H�U �W�H�P�S�V�� �O�D �V�X�S�U�D�F�R�Q�G�X�F�W�L�Y�L�W�« �U�«�G�X�L�W �¢ �Q�R�X�Y�H�D�X �O���D�E�V�R�U�S�W�L�R�Q �G�H �V�S�L�Q �Y�L�D �O�H�V �F�D�Q�D�X�[ �G�H

�T�X�D�V�L���S�D�U�W�L�F�X�O�H�V�� �0�D�L�V �O�D �G�«�S�H�Q�G�D�Q�F�H �H�Q �W�H�P�S�«�U�D�W�X�U�H �H�V�W �S�O�X�V �U�L�F�K�H �T�X�H �G�D�Q�V �<�–�*���0�R�6�L�� �(�Q �Q�R�X�V �D�S�S�X�\�D�Q�W �V�X�U �G�H�V

�W�U�D�Y�D�X�[ �D�Q�W�«�U�L�H�X�U�V �S�R�U�W�D�Q�W �V�X�U �<�%�&�2���3�\ �«�O�D�E�R�U�« �G�D�Q�V �G���D�X�W�U�H�V �F�R�Q�G�L�W�L�R�Q�V �L�Q�W�H�U�I�D�F�L�D�–�H�V�� �Q�R�X�V �G�L�V�F�X�W�R�Q�V �F�R�P�P�H�Q�W �F�H

�F�R�P�S�R�U�W�H�P�H�Q�W �S�H�X�W �¬�W�U�H �P�R�G�L�4�« �S�D�U �O�D �P�R�U�S�K�R�O�R�J�L�H �H�W �S�D�U �O���R�U�L�H�Q�W�D�W�L�R�Q �F�U�L�V�W�D�O�O�R�J�U�D�S�K�L�T�X�H �H�[�S�R�V�«�H �G�H �<�%�&�2�� �(�Q �S�D�U��

�W�L�F�X�O�L�H�U�� �X�Q �W�U�D�Y�D�L�O �S�U�«�F�«�G�H�Q�W �G�H �Q�R�W�U�H �J�U�R�X�S�H �V�R�X�O�L�J�Q�H �O�H �U�¶�O�H �G�H�V �«�W�D�W�V �G���L�Q�W�H�U�I�D�F�H �H�W �G�H�V �«�W�D�W�V �O�L�«�V �G���$�Q�G�U�H�H�Y �O�R�U�V�T�X�H

�O���L�Q�W�H�U�I�D�F�H �Q���H�V�W �S�D�V �S�X�U�H�P�H�Q�W �R�U�L�H�Q�W�«�H �V�H�O�R�Q �O���D�[�Hc�� �D�X�W�R�U�L�V�D�Q�W �D�L�Q�V�L �G�H�V �F�D�Q�D�X�[ �V�S�«�F�L�4�T�X�H�V �D�X�[ �V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U�V

�¢ �V�\�P�«�W�U�L�H �G���R�Q�G�Hd��

�/�H�V �P�H�V�X�U�H�V �G�«�W�H�F�W�«�H�V �«�O�H�F�W�U�L�T�X�H�P�H�Q�W �V�X�U �<�%�&�2���3�\ �U�«�Y�ª�O�H�Q�W �¢ �Q�R�X�Y�H�D�X �X�Q�H �D�P�S�O�L�4�F�D�W�L�R�Q �J�«�D�Q�W�H �G�H �O�D �W�H�Q�V�L�R�Q �F�R�Q��

�W�L�Q�X�H �D�X�W�R�X�U �G�H �O�D �W�U�D�Q�V�L�W�L�R�Q �V�X�S�U�D�F�R�Q�G�X�F�W�U�L�F�H�� �/�H �U�«�V�X�O�W�D�W �F�R�Q�F�H�S�W�X�H�O �O�H �S�O�X�V �L�P�S�R�U�W�D�Q�W �G�H �F�H �F�K�D�S�L�W�U�H �H�V�W �T�X�H �O�D

�J�U�D�Q�G�H �W�H�Q�V�L�R�Q �R�E�V�H�U�Y�«�H �G�D�Q�V �O���«�W�D�W �V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U�� �¢ �O�D �I�R�L�V �G�D�Q�V �<�–�*���0�R�6�L �H�W �G�D�Q�V �<�%�&�2���3�\�� �Q���H�V�W �Y�U�D�L�V�H�P�E�O�D�E�O�H��

�P�H�Q�W �S�D�V �X�Q �V�L�P�S�O�H �V�L�J�Q�D�O �G���H�•�H�W �+�D�O�O �G�H �V�S�L�Q �L�Q�Y�H�U�V�H �S�U�R�G�X�L�W �S�D�U �X�Q �W�U�D�Q�V�S�R�U�W �V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U �¢ �O���«�T�X�L�O�L�E�U�H�� �$�X

�F�R�Q�W�U�D�L�U�H�� �O�H�V �G�R�Q�Q�«�H�V �V�R�Q�W �L�Q�W�H�U�S�U�«�W�«�H�V�� �H�Q �F�R�O�O�D�E�R�U�D�W�L�R�Q �D�Y�H�F �O�D �W�K�«�R�U�L�H�� �F�R�P�P�H �O�D �V�L�J�Q�D�W�X�U�H �G���X�Q �P�«�F�D�Q�L�V�P�H �G�H

�U�H�F�W�L�4�F�D�W�L�R�Q �V�X�S�U�D�F�R�Q�G�X�F�W�U�L�F�H �«�W�U�R�L�W�H�P�H�Q�W �O�L�« �¢ �O���H�•�H�W �G�L�R�G�H �V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U �H�W �¢ �X�Q �«�W�D�W �V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U �K�«�O�L�F�R�±��

�G�D�O �S�H�U�P�L�V �S�D�U �O�D �U�X�S�W�X�U�H �G�H �V�\�P�«�W�U�L�H �G���L�Q�Y�H�U�V�L�R�Q �H�W �S�D�U �X�Q �F�R�X�S�O�D�J�H �L�Q�W�H�U�I�D�F�L�D�O �G�H �W�\�S�H �5�D�V�K�E�D�� �'�D�Q�V �F�H �F�D�G�U�H�� �O�D

�)�0�5 �Q�H �V�H �F�R�Q�W�H�Q�W�H �S�D�V �G���L�Q�M�H�F�W�H�U �X�Q �F�R�X�U�D�Q�W �G�H �V�S�L�Q �H�Q�V�X�L�W�H �F�R�Q�Y�H�U�W�L �H�Q �X�Q�H �W�H�Q�V�L�R�Q �Q�R�U�P�D�O�H �G�H �W�\�S�H �+�D�O�O�� �$�X

�F�R�Q�W�U�D�L�U�H�� �O���D�F�F�X�P�X�O�D�W�L�R�Q �G�H �V�S�L�Q �H�W �O�D �U�X�S�W�X�U�H �G�H �V�\�P�«�W�U�L�H �¢ �O���L�Q�W�H�U�I�D�F�H �F�U�«�H�Q�W �O�H�V �F�R�Q�G�L�W�L�R�Q�V �G���X�Q�H �U�«�S�R�Q�V�H �V�X�S�U�D��

�F�R�Q�G�X�F�W�U�L�F�H �T�X�L �V�H �U�H�F�W�L�4�H �H�Q �X�Q �J�U�D�Q�G �V�L�J�Q�D�O �F�R�Q�W�L�Q�X �D�X �Y�R�L�V�L�Q�D�J�H �G�HTc�� �/�D �I�R�U�F�H �G�H �F�H�W�W�H �L�Q�W�H�U�S�U�«�W�D�W�L�R�Q �H�V�W �T�X���H�O�O�H

�H�[�S�O�L�T�X�H �O�D �F�R�Q�W�U�D�G�L�F�W�L�R�Q �D�S�S�D�U�H�Q�W�H �H�Q�W�U�H �O�H�V �F�D�Q�D�X�[ �G���D�P�R�U�W�L�V�V�H�P�H�Q�W �H�W �G�H �W�H�Q�V�L�R�Q �� �X�Q�H �U�«�G�X�F�W�L�R�Q �G�H �O���D�E�V�R�U�S�W�L�R�Q

�G�H �V�S�L�Q �S�D�U �O�H�V �T�X�D�V�L���S�D�U�W�L�F�X�O�H�V �G�X �Y�R�O�X�P�H �S�H�X�W �F�R�H�[�L�V�W�H�U �D�Y�H�F �X�Q�H �U�«�S�R�Q�V�H �«�O�H�F�W�U�L�T�X�H �E�H�D�X�F�R�X�S �S�O�X�V �J�U�D�Q�G�H�� �F�D�U

�F�H�W�W�H �G�H�U�Q�L�ª�U�H �H�V�W �G�R�P�L�Q�«�H �S�D�U �X�Q �P�«�F�D�Q�L�V�P�H �V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U �G�L�V�W�L�Q�F�W��

�/�H �F�K�D�S�L�W�U�H �V�X�L�Y�D�Q�W �S�R�V�H �O�D �T�X�H�V�W�L�R�Q �G�H �V�D�Y�R�L�U �V�L �X�Q �P�H�L�O�O�H�X�U �F�R�Q�W�U�¶�O�H �G�H �O���L�Q�W�H�U�I�D�F�H �<�%�&�2���I�H�U�U�R�P�D�J�Q�«�W�L�T�X�H �S�H�U�P�H�W

�G�H �U�«�Y�«�O�H�U �G���D�X�W�U�H�V �F�R�P�S�R�U�W�H�P�H�Q�W�V �G���D�P�R�U�W�L�V�V�H�P�H�Q�W �T�X�H �F�H�X�[ �U�D�S�S�R�U�W�«�V �M�X�V�T�X�H���O�¢�� �3�R�X�U �F�H�O�D�� �Q�R�X�V �U�H�P�S�O�D�©�R�Q�V �3�\

������



�S�D�U �/�6�0�2�� �X�Q �I�H�U�U�R�P�D�J�Q�«�W�L�T�X�H �G�H�P�L���P�«�W�D�O�O�L�T�X�H �¢ �S�R�O�D�U�L�V�D�W�L�R�Q �G�H �V�S�L�Q �T�X�D�V�L �W�R�W�D�O�H�� �S�U�«�V�H�Q�W�D�Q�W �H�Q �R�X�W�U�H �O���D�Y�D�Q�W�D�J�H

�G�H �I�R�U�P�H�U �G�H�V �L�Q�W�H�U�I�D�F�H�V �«�S�L�W�D�[�L�D�O�H�V �G���R�[�\�G�H �G�H �J�U�D�Q�G�H �T�X�D�O�L�W�« �D�Y�H�F �<�%�&�2�� �&�H �F�K�D�Q�J�H�P�H�Q�W �H�V�W �F�U�X�F�L�D�O �F�D�U �L�O �P�R�G�L�4�H �¢

�O�D �I�R�L�V �O�D �Q�D�W�X�U�H �P�D�J�Q�«�W�L�T�X�H �G�H �O���L�Q�M�H�F�W�H�X�U �H�W �O�D �T�X�D�O�L�W�« �V�W�U�X�F�W�X�U�D�O�H �G�H �O���L�Q�W�H�U�I�D�F�H�� �'�D�Q�V �<�%�&�2���3�\�� �O���L�Q�W�H�U�I�D�F�H �H�V�W �P�R�L�Q�V

�F�R�Q�W�U�¶�O�«�H �V�W�U�X�F�W�X�U�H�O�O�H�P�H�Q�W �H�W �O�H �I�H�U�U�R�P�D�J�Q�«�W�L�T�X�H �H�V�W �P�«�W�D�O�O�L�T�X�H �P�D�L�V �Q�R�Q �G�H�P�L���P�«�W�D�O�O�L�T�X�H�� �'�D�Q�V �/�6�0�2���<�%�&�2��

�O���L�Q�W�H�U�I�D�F�H �S�H�X�W �¬�W�U�H �D�W�R�P�L�T�X�H�P�H�Q�W �D�E�U�X�S�W�H�� �O�D �U�H�O�D�W�L�R�Q �F�U�L�V�W�D�O�O�R�J�U�D�S�K�L�T�X�H �H�V�W �E�L�H�Q �P�L�H�X�[ �F�R�Q�W�U�¶�O�«�H �H�W �X�Q�H �V�H�X�O�H

�S�R�S�X�O�D�W�L�R�Q �G�H �V�S�L�Q �H�V�W �L�Q�M�H�F�W�«�H �H�]�F�D�F�H�P�H�Q�W��

�/�D �F�D�U�D�F�W�«�U�L�V�D�W�L�R�Q �V�W�U�X�F�W�X�U�D�O�H �H�W �P�D�J�Q�«�W�L�T�X�H �G�H �/�6�0�2���<�%�&�2 �R�F�F�X�S�H �X�Q�H �S�O�D�F�H �L�P�S�R�U�W�D�Q�W�H�� �F�D�U �L�F�L �O���L�Q�W�H�U�S�U�«�W�D�W�L�R�Q

�G�«�S�H�Q�G �I�R�U�W�H�P�H�Q�W �G�H �O�D �T�X�D�O�L�W�« �G�H �O���L�Q�W�H�U�I�D�F�H�� �;�5�'�� �$�)�0�� �W�U�D�Q�V�S�R�U�W �H�W �6�7�(�0 �V�R�X�W�L�H�Q�Q�H�Q�W �W�R�X�V �O���L�P�D�J�H �G���X�Q�H �F�U�R�L�V�V�D�Q�F�H

�«�S�L�W�D�[�L�D�O�H �G�H �K�D�X�W�H �T�X�D�O�L�W�«�� �H�Q �S�D�U�W�L�F�X�O�L�H�U �V�X�U �1�*�2������������ �R�» �<�%�&�2 �F�U�R�°�W �D�Y�H�F �X�Q�H �R�U�L�H�Q�W�D�W�L�R�Q �V�H�O�R�Q �O���D�[�Hc �H�W �R�» �O�H�V

�L�Q�W�H�U�I�D�F�H�V �V�R�Q�W �Q�H�W�W�H�V�� �/�H �F�K�D�S�L�W�U�H �G�L�V�F�X�W�H �«�J�D�O�H�P�H�Q�W �G�H�V �«�F�K�D�Q�W�L�O�O�R�Q�V �G�H �U�«�I�«�U�H�Q�F�H �F�R�P�S�R�U�W�D�Q�W �G�H�V �F�R�X�F�K�H�V �X�O�W�U�D��

�P�L�Q�F�H�V �G�H �<�%�&�2 �Q�R�Q �V�X�S�U�D�F�R�Q�G�X�F�W�U�L�F�H�V�� �H�V�V�H�Q�W�L�H�O�V �F�D�U �L�O�V �S�H�U�P�H�W�W�H�Q�W �G���L�V�R�O�H�U �F�H �T�X�L �F�K�D�Q�J�H �V�S�«�F�L�4�T�X�H�P�H�Q�W �O�R�U�V�T�X�H

�<�%�&�2 �G�H�Y�L�H�Q�W �V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U�� �3�O�X�W�¶�W �T�X�H �G�H �F�R�P�S�D�U�H�U �G�H�V �«�F�K�D�Q�W�L�O�O�R�Q�V �V�D�Q�V �O�L�H�Q �H�Q�W�U�H �H�X�[�� �Q�R�X�V �F�R�P�S�D�U�R�Q�V �G�H�V

�E�L�F�R�X�F�K�H�V �V�X�S�U�D�F�R�Q�G�X�F�W�U�L�F�H�V �H�W �Q�R�Q �V�X�S�U�D�F�R�Q�G�X�F�W�U�L�F�H�V �S�D�U�W�D�J�H�D�Q�W �S�U�D�W�L�T�X�H�P�H�Q�W �O�D �P�¬�P�H �F�R�X�F�K�H �I�H�U�U�R�P�D�J�Q�«�W�L�T�X�H

�H�W �O�D �P�¬�P�H �F�K�L�P�L�H �G���L�Q�W�H�U�I�D�F�H��

�/�H�V �U�«�V�X�O�W�D�W�V �)�0�5 �R�E�W�H�Q�X�V �V�X�U �/�6�0�2���<�%�&�2 �V�X�U �1�*�2���������� �V�R�Q�W �O�H�V �V�X�L�Y�D�Q�W�V �� �D�X �O�L�H�X �G���X�Q�H �G�L�P�L�Q�X�W�L�R�Q �G�H

�O���D�P�R�U�W�L�V�V�H�P�H�Q�W �V�R�X�VTc�� �Q�R�X�V �R�E�V�H�U�Y�R�Q�V �X�Q�H �D�X�J�P�H�Q�W�D�W�L�R�Q �U�R�E�X�V�W�H �G�H �O���D�P�R�U�W�L�V�V�H�P�H�Q�W �G�H �*�L�O�E�H�U�W �¢ �W�U�D�Y�H�U�V �O�D

�W�U�D�Q�V�L�W�L�R�Q �V�X�S�U�D�F�R�Q�G�X�F�W�U�L�F�H�� �&�H�W �H�•�H�W �D�S�S�D�U�D�°�W �G�H �P�D�Q�L�ª�U�H �U�H�S�U�R�G�X�F�W�L�E�O�H �G�D�Q�V �S�O�X�V�L�H�X�U�V �S�D�L�U�H�V �G���«�F�K�D�Q�W�L�O�O�R�Q�V �H�W

�V���D�F�F�R�P�S�D�J�Q�H�� �¢ �S�O�X�V �E�D�V�V�H �W�H�P�S�«�U�D�W�X�U�H�� �G���X�Q �S�L�F �D�X�W�R�X�U �G�H50�.�� �D�S�U�ª�V �T�X�R�L �O���D�P�R�U�W�L�V�V�H�P�H�Q�W �U�H�G�L�P�L�Q�X�H�� �(�Q �V�R�X�V�W�U�D�\�D�Q�W

�O�D �U�«�S�R�Q�V�H �G�H�V �«�F�K�D�Q�W�L�O�O�R�Q�V �G�H �U�«�I�«�U�H�Q�F�H �Q�R�Q �V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U�V�� �Q�R�X�V �R�E�W�H�Q�R�Q�V �X�Q�H �F�R�Q�W�U�L�E�X�W�L�R�Q �G���D�P�R�U�W�L�V�V�H�P�H�Q�W

�L�Q�G�X�L�W�H �S�D�U �O�D �V�X�S�U�D�F�R�Q�G�X�F�W�L�Y�L�W�« �T�X�L �D�X�J�P�H�Q�W�H �F�O�D�L�U�H�P�H�Q�W �V�R�X�VTc�� �&�H�O�D �V�L�J�Q�L�4�H �T�X�H�� �S�R�X�U �F�H�W�W�H �L�Q�W�H�U�I�D�F�H�� �O���«�W�D�W �V�X�S�U�D��

�F�R�Q�G�X�F�W�H�X�U �V�H �F�R�P�S�R�U�W�H �F�R�P�P�H �X�Q �P�H�L�O�O�H�X�U �S�X�L�W�V �G�H �V�S�L�Q�� �H�W �Q�R�Q �F�R�P�P�H �X�Q �P�R�L�Q�V �E�R�Q�� �(�Q �G���D�X�W�U�H�V �W�H�U�P�H�V�� �X�Q

�P�¬�P�H �V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U�� �<�%�&�2�� �S�H�X�W �V�R�L�W �U�«�G�X�L�U�H �V�R�L�W �U�H�Q�I�R�U�F�H�U �O���D�E�V�R�U�S�W�L�R�Q �G�H �V�S�L�Q �V�H�O�R�Q �O�H �U�«�J�L�P�H �L�Q�W�H�U�I�D�F�L�D�O �F�R�Q��

�V�L�G�«�U�«��

�1�R�X�V �W�H�V�W�R�Q�V �D�O�R�U�V �S�O�X�V�L�H�X�U�V �L�Q�W�H�U�S�U�«�W�D�W�L�R�Q�V �P�L�F�U�R�V�F�R�S�L�T�X�H�V�� �8�Q �P�«�F�D�Q�L�V�P�H �G�R�P�L�Q�« �S�D�U �O�H�V �T�X�D�V�L���S�D�U�W�L�F�X�O�H�V �S�U�«�G�L��

�U�D�L�W �X�Q�H �U�«�G�X�F�W�L�R�Q �G�H �O���D�E�V�R�U�S�W�L�R�Q �G�H �V�S�L�Q �V�R�X�VTc�� �F�H �T�X�L �H�V�W �O���R�S�S�R�V�« �G�H �F�H �T�X�H �Q�R�X�V �P�H�V�X�U�R�Q�V�� �/�H�V �«�W�D�W�V �O�L�«�V

�G���$�Q�G�U�H�H�Y �G�H �V�X�U�I�D�F�H �F�R�Q�V�W�L�W�X�H�Q�W �X�Q �F�D�Q�G�L�G�D�W �Q�D�W�X�U�H�O �G�D�Q�V �O�H�V �V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U�V �¢ �V�\�P�«�W�U�L�H �G���R�Q�G�Hd�� �P�D�L�V�� �G�D�Q�V �O�D

�J�«�R�P�«�W�U�L�H �1�*�2������������ �O���R�U�L�H�Q�W�D�W�L�R�Q �V�H�O�R�Q �O���D�[�Hc �Q�H �I�D�Y�R�U�L�V�H �S�D�V �O�H�V �P�¬�P�H�V �F�D�Q�D�X�[ �G���L�Q�M�H�F�W�L�R�Q �G�D�Q�V �O�H �S�O�D�Q(ab) �T�X�H

�F�H�X�[ �L�Q�Y�R�T�X�«�V �S�R�X�U �G�H�V �L�Q�W�H�U�I�D�F�H�V �<�%�&�2 �S�O�X�V �I�D�F�H�W�W�«�H�V�� �1�R�X�V �V�R�X�W�H�Q�R�Q�V �G�R�Q�F �T�X���X�Q�H �H�[�S�O�L�F�D�W�L�R�Q �V�L�P�S�O�H �H�Q �W�H�U�P�H�V

�G���«�W�D�W�V �O�L�«�V �Q���H�V�W �S�D�V �V�X�]�V�D�Q�W�H �L�F�L�� �8�Q�H �D�X�W�U�H �S�R�V�V�L�E�L�O�L�W�« �H�V�W �O�D �S�U�«�V�H�Q�F�H �G�H �T�X�D�V�L���S�D�U�W�L�F�X�O�H�V �O�L�«�H�V �¢ �O���L�Q�W�H�U�I�D�F�H�� �D�V��

�V�R�F�L�«�H�V �¢ �X�Q�H �U�«�J�L�R�Q �L�Q�W�H�U�I�D�F�L�D�O�H �G�D�Q�V �O�D�T�X�H�O�O�H �O�D �V�X�S�U�D�F�R�Q�G�X�F�W�L�Y�L�W�« �H�V�W �D�•�D�L�E�O�L�H�� �H�Q �D�F�F�R�U�G �D�Y�H�F �F�H�U�W�D�L�Q�V �W�U�D�Y�D�X�[

�W�K�«�R�U�L�T�X�H�V�� �H�W �Q�R�X�V �O�D �G�L�V�F�X�W�R�Q�V �F�R�P�P�H �X�Q�H �F�R�Q�W�U�L�E�X�W�L�R�Q �S�O�D�X�V�L�E�O�H�� �(�Q�4�Q�� �X�Q�H �L�Q�W�H�U�S�U�«�W�D�W�L�R�Q �F�R�P�S�D�W�L�E�O�H �D�Y�H�F

�Q�R�V �G�R�Q�Q�«�H�V �H�V�W �O���«�P�H�U�J�H�Q�F�H �G�H �F�R�U�U�«�O�D�W�L�R�Q�V �W�U�L�S�O�H�W�V �¢ �V�S�L�Q �«�J�D�O �¢ �O���L�Q�W�H�U�I�D�F�H �/�6�0�2���<�%�&�2�� �&�R�P�P�H �/�6�0�2 �H�V�W �G�H�P�L��

�P�«�W�D�O�O�L�T�X�H�� �G�H �W�H�O�V �F�D�Q�D�X�[ �W�U�L�S�O�H�W�V �V�R�Q�W �S�D�U�W�L�F�X�O�L�ª�U�H�P�H�Q�W �S�H�U�W�L�Q�H�Q�W�V �� �L�O�V �I�R�X�U�Q�L�V�V�H�Q�W �G�D�Q�V �O���«�W�D�W �V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U

�X�Q�H �Y�R�L�H �F�R�P�S�D�W�L�E�O�H �D�Y�H�F �X�Q �W�U�D�Q�V�S�R�U�W �I�R�U�W�H�P�H�Q�W �S�R�O�D�U�L�V�« �H�Q �V�S�L�Q �H�W �S�H�X�Y�H�Q�W �Q�D�W�X�U�H�O�O�H�P�H�Q�W �U�H�Q�G�U�H �O���L�Q�W�H�U�I�D�F�H �S�O�X�V

������



�H�]�F�D�F�H �S�R�X�U �D�E�V�R�U�E�H�U �G�X �P�R�P�H�Q�W �D�Q�J�X�O�D�L�U�H �V�R�X�VTc�� �'�D�Q�V �O�H �F�K�D�S�L�W�U�H�� �Q�R�X�V �S�U�«�V�H�Q�W�R�Q�V �G�R�Q�F �O���D�X�J�P�H�Q�W�D�W�L�R�Q �G�H

�O���D�P�R�U�W�L�V�V�H�P�H�Q�W �F�R�P�P�H �O�D �S�U�H�X�Y�H �T�X�H �G�H�V �F�D�Q�D�X�[ �L�Q�W�H�U�I�D�F�L�D�X�[ �V�X�S�S�O�«�P�H�Q�W�D�L�U�H�V �G�H�Y�L�H�Q�Q�H�Q�W �D�F�F�H�V�V�L�E�O�H�V �G�D�Q�V �O���«�W�D�W

�V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U�� �D�Y�H�F �G�H�X�[ �F�D�Q�G�L�G�D�W�V �S�U�L�Q�F�L�S�D�X�[��

�/�H �F�K�D�S�L�W�U�H �F�R�P�S�U�H�Q�G �«�J�D�O�H�P�H�Q�W �X�Q�H �«�W�X�G�H �H�[�S�O�R�U�D�W�R�L�U�H �V�X�U �1�*�2������������ �R�» �O���R�U�L�H�Q�W�D�W�L�R�Q �G�H �F�U�R�L�V�V�D�Q�F�H �F�K�D�Q�J�H �H�W

�S�H�X�W �H�[�S�R�V�H�U �S�O�X�V �G�L�U�H�F�W�H�P�H�Q�W �O�H �S�O�D�Q(ab) �G�H �<�%�&�2 �¢ �O���L�Q�W�H�U�I�D�F�H�� �'�D�Q�V �F�H �F�D�V�� �O���D�P�R�U�W�L�V�V�H�P�H�Q�W �S�U�«�V�H�Q�W�H �X�Q�H �«�Y�R�O�X��

�W�L�R�Q �G�L�•�«�U�H�Q�W�H �� �X�Q�H �G�L�P�L�Q�X�W�L�R�Q �M�X�V�W�H �V�R�X�VTc�� �V�X�L�Y�L�H �G���X�Q�H �D�X�J�P�H�Q�W�D�W�L�R�Q�� �&�H�O�D �U�D�S�S�H�O�O�H �O�D �S�K�«�Q�R�P�«�Q�R�O�R�J�L�H �¢ �G�H�X�[

�F�D�Q�D�X�[ �G�L�V�F�X�W�«�H �S�R�X�U �<�%�&�2���3�\�� �R�» �O�D �V�X�S�S�U�H�V�V�L�R�Q �F�R�Q�Y�H�Q�W�L�R�Q�Q�H�O�O�H �O�L�«�H �D�X�[ �T�X�D�V�L���S�D�U�W�L�F�X�O�H�V �H�W �G�H�V �«�W�D�W�V �L�Q�W�H�U�I�D�F�L�D�X�[

�S�O�X�V �V�S�«�F�L�4�T�X�H�V �D�X�[ �V�X�S�U�D�F�R�Q�G�X�F�W�H�X�U�V �¢ �V�\�P�«�W�U�L�H �G���R�Q�G�Hd �S�H�X�Y�H�Q�W �F�R�H�[�L�V�W�H�U�� �%�L�H�Q �T�X�H �F�H�W�W�H �S�D�U�W�L�H �G�X �W�U�D�Y�D�L�O �Q�H

�V�R�L�W �S�D�V �H�Q�F�R�U�H �D�F�K�H�Y�«�H�� �H�O�O�H �U�H�P�S�O�L�W �X�Q�H �I�R�Q�F�W�L�R�Q �L�P�S�R�U�W�D�Q�W�H �G�D�Q�V �O�H �P�D�Q�X�V�F�U�L�W �� �H�O�O�H �P�R�Q�W�U�H �T�X�H �O���R�U�L�H�Q�W�D�W�L�R�Q �G�H

�<�%�&�2 �Q���H�V�W �S�D�V �X�Q �G�«�W�D�L�O �V�H�F�R�Q�G�D�L�U�H�� �P�D�L�V �X�Q �Y�«�U�L�W�D�E�O�H �S�D�U�D�P�ª�W�U�H �G�H �F�R�Q�W�U�¶�O�H �T�X�L �P�R�G�L�4�H �O�H�V �F�D�Q�D�X�[ �P�L�F�U�R�V�F�R�S�L�T�X�H�V

�D�F�F�H�V�V�L�E�O�H�V�� �8�Q �O�H�F�W�H�X�U �L�Q�W�«�U�H�V�V�« �S�D�U �O���L�Q�J�«�Q�L�H�U�L�H �G�H�V �L�Q�W�H�U�I�D�F�H�V �\ �W�U�R�X�Y�H�U�D �X�Q�H �L�Q�G�L�F�D�W�L�R�Q �F�O�D�L�U�H �T�X�H �<�%�&�2���) �Q���H�V�W �S�D�V

�X�Q �V�\�V�W�ª�P�H �X�Q�L�T�X�H�� �P�D�L�V �X�Q�H �I�D�P�L�O�O�H �G�H �U�«�J�L�P�H�V �G�«�4�Q�L�V �S�D�U �O���R�U�L�H�Q�W�D�W�L�R�Q�� �O�D �P�R�U�S�K�R�O�R�J�L�H �H�W �O�D �Q�H�W�W�H�W�« �G�H �O���L�Q�W�H�U�I�D�F�H��

�$�S�U�ª�V �D�Y�R�L�U �«�W�D�E�O�L �F�H�W�W�H �L�P�D�J�H �¢ �O���«�F�K�H�O�O�H �G�H�V �*�+�]�� �O�D �W�K�ª�V�H �V���R�X�Y�U�H �V�X�U �X�Q�H �G�L�U�H�F�W�L�R�Q �S�O�X�V �H�[�S�O�R�U�D�W�R�L�U�H �P�D�L�V �W�R�X�U�Q�«�H

�Y�H�U�V �O���D�Y�H�Q�L�U�� �H�Q �S�D�V�V�D�Q�W �¢ �O�D �V�S�L�Q�W�U�R�Q�L�T�X�H �X�O�W�U�D�U�D�S�L�G�H�� �/�H �G�H�U�Q�L�H�U �F�K�D�S�L�W�U�H �H�[�S�«�U�L�P�H�Q�W�D�O �«�W�X�G�L�H �X�Q �«�P�H�W�W�H�X�U �W�«�U�D�K�H�U�W�]

�V�S�L�Q�W�U�R�Q�L�T�X�H �¢ �E�D�V�H �G�H �<�%�&�2�� �/�D �P�R�W�L�Y�D�W�L�R�Q �H�V�W �Q�D�W�X�U�H�O�O�H �� �V�L �O�D �V�X�S�U�D�F�R�Q�G�X�F�W�L�Y�L�W�« �S�H�X�W �P�R�G�L�4�H�U �T�X�D�O�L�W�D�W�L�Y�H�P�H�Q�W �O�D

�F�R�Q�Y�H�U�V�L�R�Q �V�S�L�Q���F�K�D�U�J�H �F�R�Q�W�L�Q�X�H �V�R�X�V �)�0�5�� �H�O�O�H �S�H�X�W �D�X�V�V�L �P�R�G�L�4�H�U �O�D �F�R�Q�Y�H�U�V�L�R�Q �V�X�E���S�L�F�R�V�H�F�R�Q�G�H �G�X �F�R�X�U�D�Q�W �G�H
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