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�O�D�E�R�U�D�W�R�U�V �D�Q�G �F�R���D�X�W�K�R�U�V �0�D�U�N �6�D�Q�G�O�H�U�� �0�L �7�L�D�Q�� �0�D�Q�R�M �.�X�P�D�U
�D�Q�G �+�D�U�V�K�D�Y�D�U�G�K�D�Q �I�R�U �W�K�H�L�U �F�R�Q�W�U�L�E�X�W�L�R�Q�� �6�S�H�F�L�D�O �W�K�D�Q�N�V �W�R �0�D�U��
�W�L�Q �&�O�D�\�W�R�Q �I�R�U �K�L�V �L�Q�W�H�U�H�V�W �L�Q �W�H�F�K�Q�R�O�R�J�\ �W�R�R�O�V �I�R�U �U�K�\�W�K�P �D�Q�D�O�\�V�L�V��
�J�X�L�G�D�Q�F�H �R�Q �P�X�V�L�F�R�O�R�J�L�F�D�O �D�V�S�H�F�W�V �R�I �W�K�H �Z�R�U�N�� �D�Q�G �D �U�H�Y�L�H�Z �R�I
�S�D�U�W�V �R�I �W�K�H �G�L�V�V�H�U�W�D�W�L�R�Q �W�R �S�U�R�Y�L�G�H �P�X�V�L�F�R�O�R�J�L�F�D�O �L�Q�V�L�J�K�W�V��

�, �K�D�Y�H �K�D�G �W�K�H �E�H�V�W �H�[�S�H�U�L�H�Q�F�H �Z�R�U�N�L�Q�J �Z�L�W�K �W�K�H �&�R�P�S�0�X�V�L�F
�W�H�D�P�� �P�\ �F�X�O�W�X�U�D�O�O�\ �G�L�Y�H�U�V�H �U�H�V�H�D�U�F�K �I�D�P�L�O�\ �W�K�D�W �V�X�S�S�R�U�W�H�G �P�H �E�R�W�K
�S�U�R�I�H�V�V�L�R�Q�D�O�O�\ �D�Q�G �S�H�U�V�R�Q�D�O�O�\�� �0�\ �S�H�U�V�R�Q�D�O �W�K�D�Q�N�V �J�R �W�R �6�D�Q�N�D�O�S
�*�X�O�D�W�L ���W�K�H �G�H�S�H�Q�G�D�E�O�H �J�X�\ �Q�H�[�W �V�H�D�W �Z�K�R �F�D�Q �P�D�N�H �H�Y�H�Q �D �E�O�R�F�N �R�I
�Z�R�R�G �V�R�X�Q�G �J�R�R�G �D�Q�G �H�Y�H�Q �D �O�X�P�S �R�I �V�D�O�W �W�D�V�W�H �J�R�R�G���� �*�R�S�D�O�D �.�U��
�L�V�K�Q�D �.�R�G�X�U�L ���W�K�H �J�X�U�X �R�I �G�L�V�F�L�S�O�L�Q�H �D�Q�G �S�O�D�Q�Q�L�Q�J���� �6�H�U�W�D�Q �ù�H�Q�W�•�U�N
���2�W�R�P�R�E�L�O���� �9�L�J�Q�H�V�K �,�V�K�Z�D�U ���F�R�R�N�L�Q�J �D�Q�G �V�L�Q�J�L�Q�J�� �X�S �I�R�U �E�R�W�K����
�.�D�X�V�W�X�Y �.�D�Q�W�L �*�D�Q�J�X�O�L ���E�H�V�W �.�H�G�D�U �D�Q�G �.�H�V�D�U�L�E�K�D�W�K �H�Y�H�U���� �5�D�I�D�H�O
�&�D�U�R ���Z�K�R �V�S�U�H�D�G�V �O�D�X�J�K�W�H�U �F�R�Q�W�D�J�L�R�X�V�O�\���� �6�Z�D�S�Q�L�O �*�X�S�W�D ���W�K�H �I�H�O��
�O�R�Z�W�—�O�F�R�P�S�D�Q�L�R�Q���� �0�R�K�D�P�H�G �6�R�U�G�R ���W�K�H �Z�D�O�N�L�Q�J���W�D�O�N�L�Q�J �H�[�S�H�U�L��
�H�Q�F�H���� �5�R�Q�J �*�R�Q�J ���F�K�H�I �G�H �F�X�L�V�L�Q�H���� �*�H�R�U�J�L �'�]�K�D�P�E�D�]�R�Y ���W�K�H �I�H�O��
�O�R�Z �J�U�D�S�K�L�F�D�O �P�R�G�H�O�V �H�[�S�O�R�U�H�U���� �$�O�D�V�W�D�L�U �3�R�U�W�H�U ���L�I �K�H �G�R�H�V�Q�¶�W �N�Q�R�Z��
�Q�R�E�R�G�\ �H�O�V�H �Z�L�O�O���� �$�Q�G�U�H�V �)�H�U�U�D�U�R�� �<�L�O�H �<�D�Q�J�� �9�L�Q�X�W�K�D �3�U�D�V�D�G�� �$�V�K��
�Z�L�Q �%�H�O�O�X�U�� �6�K�X�R �=�K�D�Q�J�� �6�K�U�H�\ �'�X�W�W�D�� �3�D�G�L �6�D�U�D�O�D�� �+�D�V�D�Q �6�H�U�F�D�Q
�$�W�O�Õ�� �%�X�U�D�N �8�\�D�U�� �-�R�H �&�K�H�U�L �5�R�V�V�� �6�U�L�G�K�D�U�D�Q �6�D�Q�N�D�U�D�Q�� �$�N�V�K�D�\
�$�Q�D�Q�W�D�S�D�G�P�D�Q�D�E�K�D�Q�� �-�R�P �.�X�U�L�D�N�R�V�H�� �-�L�O�W �6�H�E�D�V�W�L�D�Q �D�Q�G �$�P�U�X�W�D
�9�L�G�Z�D�Q�V�� �, �D�O�V�R �W�K�D�Q�N �W�K�H �F�R�O�O�D�E�R�U�D�W�R�U�V �R�I �&�R�P�S�0�X�V�L�F �7 �0 �.�U��
�L�V�K�Q�D�� �$�P�L�Q �&�K�D�F�K�R�R�� �6�X�Y�D�U�Q�D�O�D�W�D �5�D�R �I�R�U �K�H�O�S�L�Q�J �X�V �I�R�U�P�X�O�D�W�H
�U�H�V�H�D�U�F�K �S�U�R�E�O�H�P�V �D�Q�G �F�R�U�U�H�F�W�L�Q�J �X�V �Z�L�W�K �I�H�H�G�E�D�F�N��

�0�7�* �K�D�V �E�H�H�Q �D�Q �L�Q�F�X�E�D�W�R�U �I�R�U �V�H�Y�H�U�D�O �R�I �P�\ �W�K�R�X�J�K�W�V �D�Q�G
�L�G�H�D�V�� �I�X�H�O�H�G �E�\ �H�Q�F�R�X�U�D�J�L�Q�J �F�R�Q�Y�H�U�V�D�W�L�R�Q�V �D�Q�G �G�L�V�F�X�V�V�L�R�Q�V �Z�L�W�K
�P�D�Q�\ �R�I �L�W�V �S�D�V�W �D�Q�G �S�U�H�V�H�Q�W �P�H�P�E�H�U�V�� �6�H�U�J�L �-�R�U�G�j�� �(�P�L�O�L�D �*�y�P�H�]��
�5�D�I�D�H�O �5�D�P�t�U�H�]�� �-�R�U�G�L �%�R�Q�D�G�D�� �3�H�U�I�H�F�W�R �+�H�U�U�H�U�D�� �$�J�X�V�W�t�Q �0�D�U��
�W�R�U�H�O�O�� �0�D�U�L�X�V �0�L�U�R�Q�� �2�V�F�D�U �0�D�\�R�U�� �)�U�H�G�H�U�L�F �)�R�Q�W�� �6�H�E�D�V�W�L�i�Q
�0�H�D�O�O�D�� �3�D�Q�R�V �3�D�S�L�R�W�L�V�� �6�H�U�J�L�R �*�L�U�D�O�G�R�� �6�H�U�J�L�R �2�U�D�P�D�V�� �-�R�U�G�L �3�R�Q�V��
�'�P�L�W�U�\ �%�R�J�G�D�Q�R�Y�� �(�V�W�H�E�D�Q �0�D�H�V�W�U�H�� �&�D�U�O�H�V �-�X�O�L�j�� �-�X�D�Q �-�R�V�p �%�R�V�F�K��
�1�D�G�L�Q�H �.�U�R�K�H�U�� �&�i�U�W�K�D�F�K �Ï �1�X�D�Q�i�L�Q�� �È�O�Y�D�U�R �6�D�U�D�V�~�D�� �=�D�F�K�D�U�L�D�V
�9�D�P�Y�D�N�R�X�V�L�V�� �-�X�O�L�R �&�D�U�D�E�L�D�V�� �*�L�X�V�H�S�S�H �%�D�Q�G�L�H�U�D�� �0�D�U�W�t �8�P�E�H�U�W
�D�Q�G �'�D�Q�L�H�O �*�R�P�H�]�� �0�D�Q�\ �W�K�D�Q�N�V �W�R �D�O�O �P�H�Q�W�L�R�Q�H�G �K�H�U�H �D�Q�G �R�W�K�H�U�V
�, �P�L�J�K�W �K�D�Y�H �P�L�V�V�H�G�� �6�S�H�F�L�D�O �W�K�D�Q�N�V �W�R �5�D�I�D�H�O �D�Q�G �-�R�U�G�L �I�R�U �W�K�H�L�U
�K�H�O�S �L�Q �W�U�D�Q�V�O�D�W�L�Q�J �W�K�H �D�E�V�W�U�D�F�W �D�Q�G �V�K�R�Z�L�Q�J �K�R�Z �P�X�F�K �P�\ �&�D�W�D�O�D�Q
�D�Q�G �6�S�D�Q�L�V�K �F�D�Q �E�H �L�P�S�U�R�Y�H�G�� �7�K�D�Q�N�V �W�R �&�U�L�V�W�L�Q�D �*�D�U�U�L�G�R�� �6�R�Q�L�D



�L�[

�(�V�S�t�� �$�O�E�D �5�R�V�D�G�R�� �9�D�Q�H�V�V�D �-�L�P�H�Q�H�]�� �-�D�Q�D �6�D�I�U�D�Q�N�R�Y�D �D�Q�G �/�\�G�L�D
�*�D�U�F�t�D �I�R�U �W�K�H�L�U �U�H�D�V�V�X�U�L�Q�J �V�X�S�S�R�U�W �L�Q �K�R�R�S�L�Q�J �W�K�U�R�X�J�K �S�L�O�H�V �R�I �S�D��
�S�H�U�Z�R�U�N��

�, �J�U�D�W�H�I�X�O�O�\ �D�F�N�Q�R�Z�O�H�G�J�H �)�O�R�U�L�D�Q �.�U�H�E�V�� �6�H�E�D�V�W�L�D�Q �%�|�F�N �D�Q�G
�*�H�U�K�D�U�G �:�L�G�P�H�U �I�R�U �W�K�H�L�U �L�Q�S�X�W�V �R�Q �W�K�L�V �Z�R�U�N �D�Q�G �I�R�U �S�U�R�Y�L�G�L�Q�J
�P�H �D�F�F�H�V�V �W�R �W�K�H�L�U �F�R�G�H �D�Q�G �G�D�W�D�� �6�S�H�F�L�D�O �W�K�D�Q�N�V �W�R �-�X�D�Q �%�H�O�O�R �D�Q�G
�&�D�U�O�R�V �*�X�H�G�H�V �I�R�U �W�K�H �R�S�S�R�U�W�X�Q�L�W�\ �W�R �D�W�W�H�Q�G �W�K�H �U�K�\�W�K�P �Z�R�U�N�V�K�R�S
�D�W �1�<�8�$�' ������������ �D�Q�G �E�U�R�D�G�H�Q �P�\ �K�R�U�L�]�R�Q�V �Z�L�W�K �D �P�X�O�W�L�W�X�G�H �R�I
�S�H�U�V�S�H�F�W�L�Y�H�V �R�Q �U�K�\�W�K�P�� �2�Q �P�\ �M�R�X�U�Q�H�\ �V�R �I�D�U�� �, �K�D�Y�H �L�Q�W�H�U�D�F�W�H�G
�D�Q�G �O�H�D�U�Q�H�G �I�U�R�P �V�H�Y�H�U�D�O �P�R�U�H �U�H�V�H�D�U�F�K�H�U�V �Z�K�R �K�D�Y�H �E�H�H�Q �H�D�J�H�U
�W�R �J�L�Y�H �W�K�H�L�U �L�Q�S�X�W�V �D�Q�G �V�K�D�U�H �L�G�H�D�V �� ���R�U�G�H�U�H�G �D�O�S�K�D�E�H�W�L�F�D�O�O�\ �E�\
�O�D�V�W �Q�D�P�H�� �-�H�D�Q���-�X�O�L�D�Q �$�X�F�R�X�W�X�U�L�H�U�� �(�P�P�D�Q�R�X�L�O �%�H�Q�H�W�R�V�� �0�D�W�W�K�H�Z
�'�D�Y�L�H�V�� �6�L�P�R�Q �'�L�[�R�Q�� �6�L�P�R�Q �'�X�U�D�Q�G�� �*�\�R�U�J�\ �)�D�]�H�N�D�V�� �6�K�D�\�D�Q
�*�D�U�D�Q�L�� �)�D�E�L�H�Q �*�R�X�\�R�Q�� �6�K�D�Q�W�D�O�D �+�H�J�G�H�� �5�R�E�H�U�W �.�D�\�H�� �$�Q�G�U�H�V
�/�H�Z�L�Q���5�L�F�K�W�H�U�� �0�H�L�Q�D�U�G �0�•�O�O�H�U�� �*�D�X�W�K�D�P �0�\�V�R�U�H�� �/�X�L�] �1�D�Y�H�G�D��
�8�U�L �1�L�H�W�R�� �0�D�U�L�D �3�D�Q�W�H�O�L�� �*�H�R�I�I�U�R�\ �3�H�H�W�H�U�V�� �&�R�O�L�Q �5�D�I�I�H�O�� �5�D�Q�M�D�Q�L
�+ �*�� �5�R�E�H�U�W �5�H�L�J�O�H�� �0�D�U�W�L�Q �5�R�F�D�P�R�U�D�� �*�H�U�D�U�G �5�R�P�D�� �-�X�V�W�L�Q �6�D�O�D��
�P�R�Q�� �-�R�D�Q �6�H�U�U�j�� �:�L�O�O�L�D�P �6�H�W�K�D�U�H�V�� �8�P�X�W �ù�L�P�ú�H�N�O�L�� �7 �9 �6�U�H�H�Q�L�Y�D�V��
�%�R�E �6�W�X�U�P�� �-�X�O�L�i�Q �8�U�E�D�Q�R�� �$�Q�M�D �9�R�O�N�� �)�U�D�Q�V �:�H�L�U�L�Q�J �D�Q�G �-�R�V�H �=�D�S��
�D�W�D�� �0�\ �Z�R�U�N �K�D�V �E�H�H�Q �L�Q�I�O�X�H�Q�F�H�G �E�\ �W�K�H�P �L�Q �P�R�U�H �Z�D�\�V �W�K�D�Q �R�Q�H��
�P�D�Q�\ �W�K�D�Q�N�V �W�R �D�O�O �R�I �W�K�H�P �D�Q�G �R�W�K�H�U�V �L�Q �W�K�H �0�,�5 �F�R�P�P�X�Q�L�W�\�� �, �D�P
�V�S�H�F�L�D�O�O�\ �J�U�D�W�H�I�X�O �W�R �'�D�Q �(�O�O�L�V�� �$�Q�V�V�L �.�O�D�S�X�U�L�� �$�J�J�H�O�R�V �3�L�N�U�D�N�L�V��
�0�D�W�W�K�H�Z �'�D�Y�L�H�V �D�Q�G �-�D�V�R�Q �+�R�F�N�P�D�Q �I�R�U �S�U�R�Y�L�G�L�Q�J �W�K�H�L�U �F�R�G�H �D�Q�G
�L�P�S�O�H�P�H�Q�W�D�W�L�R�Q �R�I �W�K�H �D�O�J�R�U�L�W�K�P�V �I�R�U �H�Y�D�O�X�D�W�L�R�Q��

�$ �Q�R�W�H �R�I �W�K�D�Q�N�V �W�R �(�5�&�� �'�7�,�&���8�3�) �D�Q�G �(�U�D�V�P�X�V�� �I�R�U �I�X�Q�G�L�Q�J
�S�D�U�W�V �R�I �W�K�H �W�K�H�V�L�V �Z�R�U�N�� �+�X�P�E�O�H �W�K�D�Q�N�V �W�R �W�K�H �P�D�H�V�W�U�R�V �R�I �P�X�V�L�F
�Z�K�R �K�D�Y�H �N�H�S�W �W�K�H �,�Q�G�L�D�Q �P�X�V�L�F �F�X�O�W�X�U�H�V �D�O�L�Y�H �W�K�U�R�X�J�K �J�H�Q�H�U�D�W�L�R�Q�V��
�D�Q�G �W�K�H �S�U�H�V�H�Q�W �G�D�\ �P�X�V�L�F �F�R�P�P�X�Q�L�W�\ �I�R�U �E�H�L�Q�J �U�H�F�H�S�W�L�Y�H �D�Q�G �S�U�R��
�Y�L�G�L�Q�J �D �F�R�Q�W�H�[�W �I�R�U �W�K�L�V �Z�R�U�N�� �6�S�H�F�L�D�O �W�K�D�Q�N�V �W�R �3�D�G�P�D �9�L�E�K�X�V�K�D�Q
�8�P�D�\�D�O�S�X�U�D�P �.�� �6�L�Y�D�U�D�P�D�Q �D�Q�G �3�W�� �$�U�Y�L�Q�G �0�X�O�J�D�R�Q�N�D�U �I�R�U �S�U�R��
�Y�L�G�L�Q�J �W�K�H�L�U �P�X�V�L�F �W�R �E�X�L�O�G �S�H�U�F�X�V�V�L�R�Q �G�D�W�D�V�H�W�V�� �0�\ �V�L�Q�F�H�U�H �W�K�D�Q�N�V
�J�R �W�R �9�L�G�� �* �6 �1�D�J�D�U�D�M�� �W�R �Z�K�R�P �, �R�Z�H �D�O�O �P�\ �P�X�V�L�F �W�U�D�L�Q�L�Q�J��

�, �Z�K�R�O�H�K�H�D�U�W�H�G�O�\ �W�K�D�Q�N �P�\ �I�O�D�W�P�D�W�H�V �R�Y�H�U �W�K�H �\�H�D�U�V �D�W �0�D�O��
�O�R�U�F�D �������� �$�O�D�V�W�D�L�U�� �*�R�S�D�O�� �6�D�Q�N�D�O�S �D�Q�G �6�K�H�I�D�O�L ���D �O�L�I�H �F�R�D�F�K �Z�K�R�V�H
�Z�R�U�G�V �D�U�H �F�R�O�O�H�F�W�D�E�O�H�V���� �D�O�O �R�I �Z�K�R�P �F�D�Q �E�H �Q�R�P�L�Q�D�W�H�G �W�R �W�K�H �E�H�V�W
�I�O�D�W�P�D�W�H �D�Z�D�U�G�V�� �6�S�H�F�L�D�O �W�K�D�Q�N�V �W�R �(�Y�D�� �Z�K�R�V�H �V�H�Q�V�H �R�I �F�D�U�H �D�Q�G
�F�R�Q�F�H�U�Q �J�R�H�V �E�H�\�R�Q�G �P�\ �F�R�P�S�U�H�K�H�Q�V�L�R�Q�� �7�K�D�Q�N�V �W�R �5�D�W�K�H�H�V�K��
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�*�H�R�U�G�L�H�� �0�D�Q�R�M�� �.�D�O�S�D�Q�L�� �:�L�Q�G�K�\�D�� �:�D�T�D�V�� �3�U�D�Y�H�H�Q�� �3�U�L�Q�F�\�� �3�D�O��
�O�D�E�L �D�Q�G �6�U�L�Q�L�E�D�V �I�R�U �P�D�N�L�Q�J �V�X�Q�Q�\ �%�D�U�F�H�O�R�Q�D �V�X�Q�Q�L�H�U��

�, �D�P �G�H�H�S�O�\ �W�K�D�Q�N�I�X�O �W�R �P�\ �S�D�U�H�Q�W�V �L�Q �,�Q�G�L�D �I�R�U �W�K�H�L�U �X�Q�I�O�L�Q�F�K�L�Q�J
�V�X�S�S�R�U�W�� �G�D�L�O�\ �U�H�P�L�Q�G�H�U�V �W�R�Z�D�U�G�V �R�Y�H�U�D�O�O �Z�H�O�O���E�H�L�Q�J�� �D�Q�G �I�R�U �E�H�D�U��
�L�Q�J �Z�L�W�K �P�H �H�Y�H�Q �R�Q �W�K�H �Z�H�H�N�V���O�R�Q�J �F�R�P�P�X�Q�L�F�D�W�L�R�Q �E�O�D�F�N�R�X�W�V �G�X�U��
�L�Q�J �V�X�E�P�L�V�V�L�R�Q �G�H�D�G�O�L�Q�H�V�� �7�K�D�Q�N�V �W�R �6�X�Q�D�Q�G�D�� �9�H�H�Q�D ���W�K�H �E�H�Q�H�Y�R��
�O�H�Q�W �G�H�Y�L�O�¶�V �D�G�Y�R�F�D�W�H �R�I �P�\ �Z�R�U�N���� �5�D�V�K�P�L �D�Q�G �I�U�L�H�Q�G���S�K�L�O�R�V�R�S�K�H�U
�6�U�L�Q�L�Y�D�V �I�R�U �W�K�H�L�U �S�D�W�L�H�Q�W �H�I�I�R�U�W�V �W�R �X�Q�G�H�U�V�W�D�Q�G �P�\ �Z�R�U�N�� �6�S�H��
�F�L�D�O �W�K�D�Q�N�V �W�R �P�\ �J�X�L�G�H���I�U�L�H�Q�G���E�U�R�W�K�H�U �6�K�D�U�D�W�K�� �Z�K�R �V�W�R�R�G �� �K�R�X�U�V
�D�K�H�D�G �R�I �P�H �W�R �V�K�L�H�O�G �D�Q�G �J�X�L�G�H �P�H �W�K�U�R�X�J�K �P�D�W�W�H�U�V �V�P�D�O�O �D�Q�G �E�L�J��
�$�Q�G �W�R �6�R�X�P�\�D�� �Z�K�R �Z�L�O�O �E�H �W�K�H �F�R���D�X�W�K�R�U �R�Q �D�O�O �R�X�U �O�L�I�H�¶�V �S�X�E�O�L��
�F�D�W�L�R�Q�V �L�Q �W�K�H �W�L�P�H �W�R �F�R�P�H��

�8�Q�O�L�N�H �V�R�P�H �M�R�X�U�Q�H�\�V �W�K�D�W �H�Q�G�� �W�K�H �U�H�V�H�D�U�F�K �M�R�X�U�Q�H�\ �Q�H�Y�H�U �G�R�H�V: : :

�$�M�D�\ �6�U�L�Q�L�Y�D�V�D�P�X�U�W�K�\

�����W�K�-�X�Q�H ��������
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�/�D�U�J�H �D�Q�G �J�U�R�Z�L�Q�J �F�R�O�O�H�F�W�L�R�Q�V �R�I �D �Z�L�G�H �Y�D�U�L�H�W�\ �R�I �P�X�V�L�F �D�U�H �Q�R�Z
�D�Y�D�L�O�D�E�O�H �R�Q �G�H�P�D�Q�G �W�R �P�X�V�L�F �O�L�V�W�H�Q�H�U�V�� �Q�H�F�H�V�V�L�W�D�W�L�Q�J �Q�R�Y�H�O �Z�D�\�V �R�I
�D�X�W�R�P�D�W�L�F�D�O�O�\ �V�W�U�X�F�W�X�U�L�Q�J �W�K�H�V�H �F�R�O�O�H�F�W�L�R�Q�V �X�V�L�Q�J �G�L�I�I�H�U�H�Q�W �G�L�P�H�Q��
�V�L�R�Q�V �R�I �P�X�V�L�F�� �5�K�\�W�K�P �L�V �R�Q�H �R�I �W�K�H �E�D�V�L�F �P�X�V�L�F �G�L�P�H�Q�V�L�R�Q�V �D�Q�G
�L�W�V �D�X�W�R�P�D�W�L�F �D�Q�D�O�\�V�L�V�� �Z�K�L�F�K �D�L�P�V �W�R �H�[�W�U�D�F�W �P�X�V�L�F�D�O�O�\ �P�H�D�Q�L�Q�J��
�I�X�O �U�K�\�W�K�P �U�H�O�D�W�H�G �L�Q�I�R�U�P�D�W�L�R�Q �I�U�R�P �P�X�V�L�F�� �L�V �D �F�R�U�H �W�D�V�N �L�Q �0�X�V�L�F
�,�Q�I�R�U�P�D�W�L�R�Q �5�H�V�H�D�U�F�K ���0�,�5����

�0�X�V�L�F�D�O �U�K�\�W�K�P�� �V�L�P�L�O�D�U �W�R �P�R�V�W �P�X�V�L�F�D�O �G�L�P�H�Q�V�L�R�Q�V�� �L�V �F�X�O�W�X�U�H��
�V�S�H�F�L�I�L�F �D�Q�G �K�H�Q�F�H �L�W�V �D�Q�D�O�\�V�L�V �U�H�T�X�L�U�H�V �F�X�O�W�X�U�H���D�Z�D�U�H �D�S�S�U�R�D�F�K�H�V��
�,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �L�V �R�Q�H �R�I �W�K�H �P�D�M�R�U �P�X�V�L�F �W�U�D�G�L�W�L�R�Q�V �R�I �W�K�H �Z�R�U�O�G
�D�Q�G �K�D�V �F�R�P�S�O�H�[�L�W�L�H�V �L�Q �U�K�\�W�K�P �W�K�D�W �K�D�Y�H �Q�R�W �E�H�H�Q �D�G�G�U�H�V�V�H�G �E�\
�W�K�H �F�X�U�U�H�Q�W �V�W�D�W�H �R�I �W�K�H �D�U�W �L�Q �0�,�5�� �P�R�W�L�Y�D�W�L�Q�J �X�V �W�R �F�K�R�R�V�H �L�W �D�V
�W�K�H �S�U�L�P�D�U�\ �P�X�V�L�F �W�U�D�G�L�W�L�R�Q �I�R�U �V�W�X�G�\�� �2�X�U �L�Q�W�H�Q�W �L�V �W�R �D�G�G�U�H�V�V �X�Q��
�H�[�S�O�R�U�H�G �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �S�U�R�E�O�H�P�V �L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �W�R �S�X�V�K �W�K�H
�E�R�X�Q�G�D�U�L�H�V �R�I �W�K�H �F�X�U�U�H�Q�W �0�,�5 �D�S�S�U�R�D�F�K�H�V �E�\ �P�D�N�L�Q�J �W�K�H�P �F�X�O�W�X�U�H��
�D�Z�D�U�H �D�Q�G �J�H�Q�H�U�D�O�L�]�D�E�O�H �W�R �R�W�K�H�U �P�X�V�L�F �W�U�D�G�L�W�L�R�Q�V��

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

�0�H�W�H�U �D�Q�D�O�\�V�L�V �D�L�P�V �W�R �D�O�L�J�Q �V�H�Y�H�U�D�O �K�L�H�U�D�U�F�K�L�F�D�O �P�H�W�U�L�F�D�O �H�Y�H�Q�W�V
�Z�L�W�K �D�Q �D�X�G�L�R �U�H�F�R�U�G�L�Q�J�� �0�H�W�H�U �D�Q�D�O�\�V�L�V �W�D�V�N�V �V�X�F�K �D�V �P�H�W�H�U �L�Q�I�H�U��
�H�Q�F�H�� �P�H�W�H�U �W�U�D�F�N�L�Q�J �D�Q�G �L�Q�I�R�U�P�H�G �P�H�W�H�U �W�U�D�F�N�L�Q�J �D�U�H �I�R�U�P�X�O�D�W�H�G
�I�R�U �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F�� �'�L�I�I�H�U�H�Q�W �%�D�\�H�V�L�D�Q �P�R�G�H�O�V �W�K�D�W �F�D�Q �H�[�S�O�L�F�L�W�O�\
�L�Q�F�R�U�S�R�U�D�W�H �K�L�J�K�H�U �O�H�Y�H�O �P�H�W�U�L�F�D�O �V�W�U�X�F�W�X�U�H �L�Q�I�R�U�P�D�W�L�R�Q �D�U�H �H�Y�D�O�X��
�D�W�H�G �I�R�U �W�K�H �W�D�V�N�V �D�Q�G �Q�R�Y�H�O �H�[�W�H�Q�V�L�R�Q�V �D�U�H �S�U�R�S�R�V�H�G�� �7�K�H �S�U�R�S�R�V�H�G
�P�H�W�K�R�G�V �R�Y�H�U�F�R�P�H �W�K�H �O�L�P�L�W�D�W�L�R�Q�V �R�I �H�[�L�V�W�L�Q�J �D�S�S�U�R�D�F�K�H�V �D�Q�G �W�K�H�L�U
�S�H�U�I�R�U�P�D�Q�F�H �L�Q�G�L�F�D�W�H �W�K�H �H�I�I�H�F�W�L�Y�H�Q�H�V�V �R�I �L�Q�I�R�U�P�H�G �P�H�W�H�U �D�Q�D�O�\�V�L�V��

�3�H�U�F�X�V�V�L�R�Q �L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �X�V�H�V �R�Q�R�P�D�W�R�S�R�H�L�F �R�U�D�O
�P�Q�H�P�R�Q�L�F �V�\�O�O�D�E�O�H�V �I�R�U �W�K�H �W�U�D�Q�V�P�L�V�V�L�R�Q �R�I �U�H�S�H�U�W�R�L�U�H �D�Q�G �W�H�F�K��
�Q�L�T�X�H�� �S�U�R�Y�L�G�L�Q�J �D �O�D�Q�J�X�D�J�H �I�R�U �S�H�U�F�X�V�V�L�R�Q�� �:�H �X�V�H �W�K�H�V�H �S�H�U�F�X�V��
�V�L�R�Q �V�\�O�O�D�E�O�H�V �W�R �G�H�I�L�Q�H�� �U�H�S�U�H�V�H�Q�W �D�Q�G �G�L�V�F�R�Y�H�U �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V
�L�Q �D�X�G�L�R �U�H�F�R�U�G�L�Q�J�V �R�I �S�H�U�F�X�V�V�L�R�Q �V�R�O�R�V�� �:�H �D�S�S�U�R�D�F�K �W�K�H �S�U�R�E�O�H�P
�R�I �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �G�L�V�F�R�Y�H�U�\ �X�V�L�Q�J �K�L�G�G�H�Q �0�D�U�N�R�Y �P�R�G�H�O �E�D�V�H�G
�D�X�W�R�P�D�W�L�F �W�U�D�Q�V�F�U�L�S�W�L�R�Q �I�R�O�O�R�Z�H�G �E�\ �D�Q �D�S�S�U�R�[�L�P�D�W�H �V�W�U�L�Q�J �V�H�D�U�F�K
�X�V�L�Q�J �D �G�D�W�D �G�H�U�L�Y�H�G �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �O�L�E�U�D�U�\�� �3�U�H�O�L�P�L�Q�D�U�\ �H�[��
�S�H�U�L�P�H�Q�W�V �R�Q �%�H�L�M�L�Q�J �R�S�H�U�D �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V�� �D�Q�G �R�Q �E�R�W�K �W�D�E�O�D
�D�Q�G �P�U�L�G�D�Q�J�D�P �V�R�O�R �U�H�F�R�U�G�L�Q�J�V �L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �G�H�P�R�Q�V�W�U�D�W�H
�W�K�H �X�W�L�O�L�W�\ �R�I �S�H�U�F�X�V�V�L�R�Q �V�\�O�O�D�E�O�H�V�� �L�G�H�Q�W�L�I�\�L�Q�J �I�X�U�W�K�H�U �F�K�D�O�O�H�Q�J�H�V �W�R
�E�X�L�O�G�L�Q�J �S�U�D�F�W�L�F�D�O �G�L�V�F�R�Y�H�U�\ �V�\�V�W�H�P�V��

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

������ �5�H�V�H�D�U�F�K �S�U�R�E�O�H�P�V �L�Q �U�K�\�W�K�P �D�Q�D�O�\�V�L�V�� �� �� �� �� �� �� ����
���������� �%�X�L�O�G�L�Q�J �G�D�W�D �F�R�U�S�R�U�D�� �� �� �� �� �� �� �� �� �� �� �� ����
���������� �$�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�Q�R�W�D�W�L�R�Q�� �� �� �� �� �� �� �� ����
���������� �5�K�\�W�K�P �D�Q�G �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �D�Q�D�O�\�V�L�V�� �� ����
���������� �5�K�\�W�K�P �E�D�V�H�G �D�X�G�L�R �V�H�J�P�H�Q�W�D�W�L�R�Q�� �� �� �� �� ����
���������� �2�Q�W�R�O�R�J�L�H�V �I�R�U �U�K�\�W�K�P �F�R�Q�F�H�S�W�V�� �� �� �� �� �� ����
���������� �5�K�\�W�K�P �V�L�P�L�O�D�U�L�W�\ �P�H�D�V�X�U�H�V�� �� �� �� �� �� �� �� ����
���������� �6�\�P�E�R�O�L�F �P�X�V�L�F �D�Q�D�O�\�V�L�V�� �� �� �� �� �� �� �� �� �� ����
���������� �(�Y�D�O�X�D�W�L�R�Q �D�Q�G �,�Q�W�H�J�U�D�W�L�R�Q�� �� �� �� �� �� �� �� �� ����
���������� �(�[�W�H�Q�V�L�R�Q�V �W�R �R�W�K�H�U �P�X�V�L�F �F�X�O�W�X�U�H�V�� �� �� �� �� ����

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

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

�� �'�D�W�D �F�R�U�S�R�U�D �I�R�U �U�H�V�H�D�U�F�K ������
������ �&�R�P�S�0�X�V�L�F �U�H�V�H�D�U�F�K �F�R�U�S�R�U�D�� �� �� �� �� �� �� �� �� �� �� �� ������

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

������ �7�H�V�W �G�D�W�D�V�H�W�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
���������� �&�D�U�Q�D�W�L�F �P�X�V�L�F �U�K�\�W�K�P �G�D�W�D�V�H�W�� �� �� �� �� �� �� ������
���������� �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �U�K�\�W�K�P �G�D�W�D�V�H�W�� �� �� �� �� �� ������
���������� �7�D�E�O�D �V�R�O�R �G�D�W�D�V�H�W�� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
���������� �0�U�L�G�D�Q�J�D�P �G�D�W�D�V�H�W�V�� �� �� �� �� �� �� �� �� �� �� �� �� ������
���������� �-�L�Q�J�M�X �S�H�U�F�X�V�V�L�R�Q �L�Q�V�W�U�X�P�H�Q�W �G�D�W�D�V�H�W�� �� �� �� ������
���������� �-�L�Q�J�M�X �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �G�D�W�D�V�H�W�� �� �� �� �� �� ������
���������� �2�W�K�H�U �H�Y�D�O�X�D�W�L�R�Q �G�D�W�D�V�H�W�V�� �� �� �� �� �� �� �� �� �� ������

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

���������� �0�H�W�H�U �W�U�D�F�N�L�Q�J �X�V�L�Q�J �G�\�Q�D�P�L�F �S�U�R�J�U�D�P�P�L�Q�J������
������ �%�D�\�H�V�L�D�Q �P�R�G�H�O�V �I�R�U �P�H�W�H�U �D�Q�D�O�\�V�L�V�� �� �� �� �� �� �� �� �� ������

���������� �7�K�H �E�D�U �S�R�L�Q�W�H�U �P�R�G�H�O�� �� �� �� �� �� �� �� �� �� �� ������
���������� �0�R�G�H�O �H�[�W�H�Q�V�L�R�Q�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
���������� �,�Q�I�H�U�H�Q�F�H �H�[�W�H�Q�V�L�R�Q�V�� �� �� �� �� �� �� �� �� �� �� �� ������

������ �(�[�S�H�U�L�P�H�Q�W�V �D�Q�G �U�H�V�X�O�W�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
���������� �(�[�S�H�U�L�P�H�Q�W�D�O �V�H�W�X�S�� �� �� �� �� �� �� �� �� �� �� �� �� ������
���������� �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
���������� �0�H�W�H�U �W�U�D�F�N�L�Q�J�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
���������� �,�Q�I�R�U�P�H�G �P�H�W�H�U �W�U�D�F�N�L�Q�J�� �� �� �� �� �� �� �� �� �� ������
���������� �6�X�P�P�D�U�\ �R�I �U�H�V�X�O�W�V�� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �&�R�Q�F�O�X�V�L�R�Q�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

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

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

������ �&�R�Q�F�O�X�V�L�R�Q�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�� �$�S�S�O�L�F�D�W�L�R�Q�V�� �6�X�P�P�D�U�\ �D�Q�G �&�R�Q�F�O�X�V�L�R�Q�V������
������ �$�S�S�O�L�F�D�W�L�R�Q�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

���������� �'�X�Q�\�D�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
���������� �6�D�U�—�J�D�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �&�R�Q�W�U�L�E�X�W�L�R�Q�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �&�R�Q�F�O�X�V�L�R�Q�V �D�Q�G �V�X�P�P�D�U�\�� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �)�X�W�X�U�H �G�L�U�H�F�W�L�R�Q�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�$�S�S�H�Q�G�L�[ �$ �/�L�V�W �R�I �3�X�E�O�L�F�D�W�L�R�Q�V������

�$�S�S�H�Q�G�L�[ �% �5�H�V�R�X�U�F�H�V ������

�$�S�S�H�Q�G�L�[ �& �*�O�R�V�V�D�U�\ ������

�%�L�E�O�L�R�J�U�D�S�K�\ ������

�,�Q�G�H�[ ������



�G�B�b�i �Q�7 �a�v�K�#�Q�H�b

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

�6�\�P�E�R�O �'�H�V�F�U�L�S�W�L�R�Q

�$�X�G�L�R �6�L�J�Q�D�O �D�Q�G �0�X�V�L�F

t �7�L�P�H �Y�D�U�L�D�E�O�H ���L�Q �V�H�F�R�Q�G�V��
k �7�L�P�H �I�U�D�P�H �L�Q�G�H�[

f [n] �'�L�V�F�U�H�W�H �D�X�G�L�R �V�L�J�Q�D�O
f p[n] �3�H�U�F�X�V�V�L�R�Q �H�Q�K�D�Q�F�H�G �D�X�G�L�R �P�X�V�L�F �V�L�J�Q�D�O
Tf �7�L�P�H �G�X�U�D�W�L�R�Q �R�I �D�Q �D�X�G�L�R �U�H�F�R�U�G�L�Q�J
h �+�R�S �V�L�]�H �X�V�H�G �I�R�U �D�X�G�L�R �D�Q�D�O�\�V�L�V
K �1�X�P�E�H�U �R�I �D�Q�D�O�\�V�L�V �I�U�D�P�H�V �L�Q �D�Q �D�X�G�L�R �U�H�F�R�U�G�L�Q�J
z �$�X�G�L�R �P�X�V�L�F �U�H�F�R�U�G�L�Q�J �L�Q�G�H�[
Bz �6�H�W �R�I �D�O�O �E�H�D�W�V �L�Q �D�Q �D�X�G�L�R �P�X�V�L�F �U�H�F�R�U�G�L�Q�Jz
Sz �6�H�W �R�I �D�O�O�V�D�P�D�V���G�R�Z�Q�E�H�D�W�V �L�Q �D�Q �D�X�G�L�R �P�X�V�L�F

�U�H�F�R�U�G�L�Q�Jz
Oz �6�H�W �R�I �D�O�O�D�N	â�D�U�D�V���W�D�W�X�P �S�X�O�V�H�V �L�Q �D�Q �D�X�G�L�R �P�X�V�L�F

�U�H�F�R�U�G�L�Q�Jz
� s �,�Q�W�H�U���V�D�P�D�L�Q�W�H�U�Y�D�O
� b �,�Q�W�H�U���E�H�D�W���P�—�W�U�—�L�Q�W�H�U�Y�D�O
� o �,�Q�W�H�U���D�N	â�D�U�D�L�Q�W�H�U�Y�D�O �R�U�D�N	â�D�U�D�S�X�O�V�H �S�H�U�L�R�G

�[�[�L
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�6�\�P�E�R�O �'�H�V�F�U�L�S�W�L�R�Q

F0 �)�X�Q�G�D�P�H�Q�W�D�O �I�U�H�T�X�H�Q�F�\
�%�3�0 �%�H�D�W�V �S�H�U �P�L�Q�X�W�H
�0�3�0 �0�—�W�U�—�V�S�H�U �P�L�Q�X�W�H

B �1�X�P�E�H�U �R�I �E�H�D�W�V �L�Q �D �E�D�U �R�U �D�W�—	¶�D�F�\�F�O�H

�0�H�W�H�U �$�Q�D�O�\�V�L�V

�\k �$�X�G�L�R �I�H�D�W�X�U�H �Y�H�F�W�R�U �D�W �I�U�D�P�Hk
�[k �$ �Y�H�F�W�R�U �R�I �O�D�W�H�Q�W �Y�D�U�L�D�E�O�H�V �D�W �I�U�D�P�Hk
�* �7�K�H �W�H�P�S�R�J�U�D�P �P�D�W�U�L�[
M �7�R�W�D�O �P�H�W�U�L�F�D�O �S�R�V�L�W�L�R�Q �V�W�D�W�H�V
� �3�R�V�L�W�L�R�Q �L�Q �E�D�U���V�H�F�W�L�R�Q���P�H�W�U�L�F�D�O �F�\�F�O�H
m �3�R�V�L�W�L�R�Q �L�Q �E�D�U���V�H�F�W�L�R�Q���P�H�W�U�L�F�D�O �F�\�F�O�H ���G�L�V�F�U�H�W�L�]�H�G��
N �7�R�W�D�O �W�H�P�S�R �V�W�D�W�H�V
_� �5�D�W�H �R�I �F�K�D�Q�J�H �R�I �S�R�V�L�W�L�R�Q �L�Q �E�D�U���V�H�F�W�L�R�Q���P�H�W�U�L�F�D�O

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

�F�\�F�O�H ���G�L�V�F�U�H�W�L�]�H�G��
R �1�X�P�E�H�U �R�I �U�K�\�W�K�P �S�D�W�W�H�U�Q�V
r �5�K�\�W�K�P �S�D�W�W�H�U�Q �L�Q�G�L�F�D�W�R�U �Y�D�U�L�D�E�O�H
V �1�X�P�E�H�U �R�I �P�H�W�U�L�F�D�O �V�H�F�W�L�R�Q�V
v �6�H�F�W�L�R�Q ���Y�L�E�K�—�J���D	Ä�J�D�� �L�Q�G�L�F�D�W�R�U �Y�D�U�L�D�E�O�H
A �5�K�\�W�K�P�L�F �S�D�W�W�H�U�Q �W�U�D�Q�V�L�W�L�R�Q �P�D�W�U�L�[
B �6�H�F�W�L�R�Q �W�U�D�Q�V�L�W�L�R�Q �P�D�W�U�L�[
1 �,�Q�G�L�F�D�W�R�U �I�X�Q�F�W�L�R�Q

Np �1�X�P�E�H�U �R�I �S�D�U�W�L�F�O�H�V �L�Q �W�K�H �S�D�U�W�L�F�O�H �I�L�O�W�H�U
w �7�K�H �Z�H�L�J�K�W �R�I �D �S�D�U�W�L�F�O�H
�Z �$ �Y�H�F�W�R�U �R�I �S�D�U�W�L�F�O�H �Z�H�L�J�K�W�V
c �&�O�X�V�W�H�U �D�V�V�L�J�Q�P�H�Q�W �Y�D�U�L�D�E�O�H �L�Q �P�L�[�W�X�U�H �S�D�U�W�L�F�O�H

�I�L�O�W�H�U�V
Ts �5�H�V�D�P�S�O�L�Q�J �L�Q�W�H�U�Y�D�O �I�R�U �V�\�V�W�H�P�D�W�L�F �U�H�V�D�P�S�O�L�Q�J

N (� ; � ) �1�R�U�P�D�O �G�L�V�W�U�L�E�X�W�L�R�Q �Z�L�W�K �P�H�D�Q� �D�Q�G �F�R�Y�D�U�L�D�Q�F�H
�P�D�W�U�L�[�
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�3�H�U�F�X�V�V�L�R�Q �3�D�W�W�H�U�Q �$�Q�D�O�\�V�L�V

A �7�K�H �V�H�W �R�I �D�O�O �S�H�U�F�X�V�V�L�R�Q �V�\�O�O�D�E�O�H�V
Ns �7�K�H �W�R�W�D�O �Q�X�P�E�H�U �R�I �S�H�U�F�X�V�V�L�R�Q �V�\�O�O�D�E�O�H�V
A �$ �S�H�U�F�X�V�V�L�R�Q �V�\�O�O�D�E�O�H �L�Q �W�K�H �V�H�WA
a �$�Q �L�Q�V�W�D�Q�F�H �R�I �D �S�H�U�F�X�V�V�L�R�Q �V�\�O�O�D�E�O�H
�$ �$ �V�\�O�O�D�E�L�F �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q
L �/�H�Q�J�W�K �R�I �D �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q ���L�Q �V�\�O�O�D�E�O�H�V��
P �7�K�H �V�H�W �R�I �D�O�O �V�\�O�O�D�E�L�F �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V
Na �7�K�H �W�R�W�D�O �Q�X�P�E�H�U �R�I �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V
� �7�K�H �V�H�W �R�I �D�O�O �+�0�0 �S�D�U�D�P�H�W�H�U�V
R �5�/�&�6�:�L�G�W�K �$�F�U�R�V�V �5�H�I�H�U�H�Q�F�H���:�$�5 �� �P�D�W�U�L�[
Q �5�/�&�6�:�L�G�W�K �$�F�U�R�V�V �4�X�H�U�\���:�$�4 �� �P�D�W�U�L�[
H �5�/�&�6�O�H�Q�J�W�K �R�I �P�D�W�F�K �P�D�W�U�L�[
� �5�/�&�6�Z�H�L�J�K�W �P�D�W�U�L�[
W �5�/�&�6�Z�D�U�S�L�Q�J �I�X�Q�F�W�L�R�Q
� �5�/�&�6�Z�D�U�S�L�Q�J �S�D�U�D�P�H�W�H�U
� �5�/�&�6�P�L�Q�L�P�X�P �I�U�D�F�W�L�R�Q �R�I �P�D�W�F�K �W�K�U�H�V�K�R�O�G
� �5�/�&�6�V�F�R�U�H �W�K�U�H�V�K�R�O�G
� �5�/�&�6�V�\�O�O�D�E�O�H �G�L�V�W�D�Q�F�H �W�K�U�H�V�K�R�O�G
� �5�/�&�6�P�L�[�L�Q�J �S�D�U�D�P�H�W�H�U

�(�Y�D�O�X�D�W�L�R�Q �P�H�D�V�X�U�H�V

O �7�K�H �E�L�J �2 �Q�R�W�D�W�L�R�Q ���2�U�G�H�U �R�I �W�K�H �I�X�Q�F�W�L�R�Q��
� �7�K�H�R�Y�H�U�O�D�S�P�H�D�V�X�U�H �I�R�U �G�D�W�D �F�R�U�S�R�U�D
p �3�U�H�F�L�V�L�R�Q
r �5�H�F�D�O�O
f �I���P�H�D�V�X�U�H
I �,�Q�I�R�U�P�D�W�L�R�Q �*�D�L�Q

�&�0�/�W �&�R�U�U�H�F�W �0�H�W�U�L�F�D�O �/�H�Y�H�O ���1�R �F�R�Q�W�L�Q�X�L�W�\�� �P�H�D�V�X�U�H
�$�0�/ �W �$�O�O �0�H�W�U�L�F�D�O �/�H�Y�H�O�V ���1�R �F�R�Q�W�L�Q�X�L�W�\�� �P�H�D�V�X�U�H

C �&�R�U�U�H�F�W�Q�H�V�V �P�H�D�V�X�U�H �I�R�U �D�X�W�R�P�D�W�L�F �W�U�D�Q�V�F�U�L�S�W�L�R�Q
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A �$�F�F�X�U�D�F�\ �P�H�D�V�X�U�H �I�R�U �D�X�W�R�P�D�W�L�F �W�U�D�Q�V�F�U�L�S�W�L�R�Q
�A �6�W�U�L�Q�J �L�Q�V�H�U�W�L�R�Q �H�U�U�R�U
�. �6�W�U�L�Q�J �G�H�O�H�W�L�R�Q �H�U�U�R�U
�a �6�W�U�L�Q�J �V�X�E�V�W�L�W�X�W�L�R�Q �H�U�U�R�U
�h �6�W�U�L�Q�J �W�U�D�Q�V�S�R�V�L�W�L�R�Q �H�U�U�R�U
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������ �$�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �I�U�R�P �D�X�G�L�R�� �� �� �� �� �� �� �� �� ����
������ �'�H�S�H�Q�G�H�Q�F�L�H�V �E�H�W�Z�H�H�Q �W�K�H �F�K�D�S�W�H�U�V �R�I �W�K�H �G�L�V�V�H�U�W�D�W�L�R�Q�� ����

������ �)�R�X�U �S�R�S�X�O�D�U �&�D�U�Q�D�W�L�F �W�—	¶�D�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����
������ �6�W�U�X�F�W�X�U�H �R�I �W�L���U�D �Q�D	Œ�H �—�G�L �W�—	¶�D�� �� �� �� �� �� �� �� �� �� �� �� �� ����
������ �)�R�X�U �S�R�S�X�O�D�U �+�L�Q�G�X�V�W�D�Q�L �W�—�O�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� ����
������ �œ�N�W�—�O �L�Q �G�U�b�W �O�D�\�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����
������ �3�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V �L�Q �%�H�L�M�L�Q�J �R�S�H�U�D ���M�L�Q�J�M�X���� �� �� �� �� �� ����
������ �)�X�Q�F�W�L�R�Q�D�O �X�Q�L�W�V �R�I �D �U�K�\�W�K�P �G�H�V�F�U�L�S�W�L�R�Q �V�\�V�W�H�P�� �� �� �� ����

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

�D�U�W �P�X�V�L�F�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����

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

������ �&�R�Y�H�U�D�J�H �R�I �W�K�H �&�D�U�Q�D�W�L�F �D�U�W�L�V�W�V�� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �+�L�V�W�R�J�U�D�P �R�I� s �L�Q �W�K�H�$�.�3�I �G�D�W�D�V�H�W�� �� �� �� �� �� �� �� �� �� �� ������
������ �+�L�V�W�R�J�U�D�P �R�I� b �L�Q �W�K�H�$�.�3�I �G�D�W�D�V�H�W�� �� �� �� �� �� �� �� �� �� �� ������
������ �+�L�V�W�R�J�U�D�P �R�I �P�H�G�L�D�Q �Q�R�U�P�D�O�L�]�H�G� s �L�Q �W�K�H�$�.�3�I �G�D�W�D�V�H�W������
������ �+�L�V�W�R�J�U�D�P �R�I �P�H�G�L�D�Q �Q�R�U�P�D�O�L�]�H�G� b �L�Q �W�K�H�$�.�3�I �G�D�W�D�V�H�W������
������ �&�R�P�S�X�W�D�W�L�R�Q �R�I �W�K�H �V�S�H�F�W�U�D�O �I�O�X�[ �I�H�D�W�X�U�H�� �� �� �� �� �� �� �� ������
������ �5�K�\�W�K�P �S�D�W�W�H�U�Q�V �L�Q �—�G�L �W�—	¶�D �O�H�D�U�Q�H�G �I�U�R�P�$�.�3�I �G�D�W�D�V�H�W�� ������
������ �5�K�\�W�K�P �S�D�W�W�H�U�Q�V �L�Q �—�G�L �W�—	¶�D �O�H�D�U�Q�H�G �I�U�R�P�$�.�3�G�D�W�D�V�H�W�� ������
�������� �5�K�\�W�K�P �S�D�W�W�H�U�Q�V �L�Q �U�Ì�S�D�N�D �W�—	¶�D �O�H�D�U�Q�H�G �I�U�R�P�$�.�3�I �G�D�W�D�V�H�W������
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�������� �5�K�\�W�K�P �S�D�W�W�H�U�Q�V �L�Q �U�Ì�S�D�N�D �W�—	¶�D �O�H�D�U�Q�H�G �I�U�R�P�$�.�3�G�D�W�D�V�H�W������
�������� �5�K�\�W�K�P �S�D�W�W�H�U�Q�V �L�Q �P�L���U�D �F�K�—�S�X �W�—	¶�D �O�H�D�U�Q�H�G �I�U�R�P�$�.�3�I

�G�D�W�D�V�H�W�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�������� �5�K�\�W�K�P �S�D�W�W�H�U�Q�V �L�Q �P�L���U�D �F�K�—�S�X �W�—	¶�D �O�H�D�U�Q�H�G �I�U�R�P�$�.�3

�G�D�W�D�V�H�W�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�������� �5�K�\�W�K�P �S�D�W�W�H�U�Q�V �L�Q �N�K�D	Æ	Œ�D �F�K�—�S�X �W�—	¶�D �O�H�D�U�Q�H�G �I�U�R�P

�$�.�3�I �G�D�W�D�V�H�W�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�������� �5�K�\�W�K�P �S�D�W�W�H�U�Q�V �L�Q �N�K�D	Æ	Œ�D �F�K�—�S�X �W�—	¶�D �O�H�D�U�Q�H�G �I�U�R�P

�$�.�3�G�D�W�D�V�H�W�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�������� �+�L�V�W�R�J�U�D�P �R�I� s �L�Q �W�K�H�)�.�3�O�G�D�W�D�V�H�W�� �� �� �� �� �� �� �� �� �� �� ������
�������� �+�L�V�W�R�J�U�D�P �R�I� b �L�Q �W�K�H�)�.�3�O�G�D�W�D�V�H�W�� �� �� �� �� �� �� �� �� �� �� ������
�������� �+�L�V�W�R�J�U�D�P �R�I� s �L�Q �W�K�H�)�.�3�V�G�D�W�D�V�H�W�� �� �� �� �� �� �� �� �� �� �� ������
�������� �+�L�V�W�R�J�U�D�P �R�I� b �L�Q �W�K�H�)�.�3�V�G�D�W�D�V�H�W�� �� �� �� �� �� �� �� �� �� �� ������
�������� �+�L�V�W�R�J�U�D�P �R�I �P�H�G�L�D�Q �Q�R�U�P�D�O�L�]�H�G� s �L�Q �W�K�H�)�.�3�O�G�D�W�D�V�H�W������
�������� �+�L�V�W�R�J�U�D�P �R�I �P�H�G�L�D�Q �Q�R�U�P�D�O�L�]�H�G� b �L�Q �W�K�H�)�.�3�O�G�D�W�D�V�H�W������
�������� �+�L�V�W�R�J�U�D�P �R�I �P�H�G�L�D�Q �Q�R�U�P�D�O�L�]�H�G� s �L�Q �W�K�H�)�.�3�V�G�D�W�D�V�H�W������
�������� �+�L�V�W�R�J�U�D�P �R�I �P�H�G�L�D�Q �Q�R�U�P�D�O�L�]�H�G� b �L�Q �W�K�H�)�.�3�V�G�D�W�D�V�H�W������
�������� �5�K�\�W�K�P �S�D�W�W�H�U�Q�V �L�Q �W�¯�Q�W�—�O �O�H�D�U�Q�H�G �I�U�R�P�)�.�3�O�G�D�W�D�V�H�W�� �� ������
�������� �5�K�\�W�K�P �S�D�W�W�H�U�Q�V �L�Q �W�¯�Q�W�—�O �O�H�D�U�Q�H�G �I�U�R�P�)�.�3�V�G�D�W�D�V�H�W�� �� ������
�������� �5�K�\�W�K�P �S�D�W�W�H�U�Q�V �L�Q �•�N�W�—�O �O�H�D�U�Q�H�G �I�U�R�P�)�.�3�O�G�D�W�D�V�H�W�� �� ������
�������� �5�K�\�W�K�P �S�D�W�W�H�U�Q�V �L�Q �•�N�W�—�O �O�H�D�U�Q�H�G �I�U�R�P�)�.�3�V�G�D�W�D�V�H�W�� �� ������
�������� �5�K�\�W�K�P �S�D�W�W�H�U�Q�V �L�Q �M�K�D�S�W�—�O �O�H�D�U�Q�H�G �I�U�R�P�)�.�3�O�G�D�W�D�V�H�W�� ������
�������� �5�K�\�W�K�P �S�D�W�W�H�U�Q�V �L�Q �M�K�D�S�W�—�O �O�H�D�U�Q�H�G �I�U�R�P�)�.�3�V�G�D�W�D�V�H�W�� ������
�������� �5�K�\�W�K�P �S�D�W�W�H�U�Q�V �L�Q �U�Ì�S�D�N �W�—�O �O�H�D�U�Q�H�G �I�U�R�P�)�.�3�O�G�D�W�D�V�H�W������
�������� �5�K�\�W�K�P �S�D�W�W�H�U�Q�V �L�Q �U�Ì�S�D�N �W�—�O �O�H�D�U�Q�H�G �I�U�R�P�)�.�3�V�G�D�W�D�V�H�W������

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

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

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

�\�V�L�V �U�H�V�X�O�W�V �R�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �G�D�W�D�V�H�W�V�� �� �� �� �� �� �� �� ������

������ �:�D�Y�H�I�R�U�P �D�Q�G �V�S�H�F�W�U�R�J�U�D�P �R�I �M�L�Q�J�M�X �S�H�U�F�X�V�V�L�R�Q �V�W�U�R�N�H�V������
������ �:�D�Y�H�I�R�U�P �D�Q�G �V�S�H�F�W�U�R�J�U�D�P �R�I �W�K�H �S�D�W�W�H�U�Q �V�K�D�Q�F�K�X�L�� �� ������
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������ �%�O�R�F�N �G�L�D�J�U�D�P�� �-�L�Q�J�M�X �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �F�O�D�V�V�L�I�L�F�D�W�L�R�Q������
������ �%�O�R�F�N �G�L�D�J�U�D�P�� �3�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �G�L�V�F�R�Y�H�U�\ �L�Q �,�Q�G�L�D�Q

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

������ �$ �V�F�U�H�H�Q�V�K�R�W �R�I �W�K�H �U�H�F�R�U�G�L�Q�J �S�D�J�H �R�I �'�X�Q�\�D�� �� �� �� �� �� ������
������ �6�F�U�H�H�Q�V�K�R�W�V �R�I �6�D�U�—�J�D�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
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������ �6�W�U�X�F�W�X�U�H �R�I �&�D�U�Q�D�W�L�F �W�—	¶�D�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����
������ �7�K�H �V�\�O�O�D�E�O�H�V �X�V�H�G �L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F �S�H�U�F�X�V�V�L�R�Q�� �� �� �� ����
������ �6�W�U�X�F�W�X�U�H �R�I �+�L�Q�G�X�V�W�D�Q�L �W�—�O�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ����
������ �7�K�H �W�D�E�O�D �E�À�O�V �X�V�H�G �L�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F�� �� �� �� �� �� �� �� ����
������ �7�K�H 	ì�K�•�N�—�V �I�R�U �S�R�S�X�O�D�U �+�L�Q�G�X�V�W�D�Q�L �W�—�O�V�� �� �� �� �� �� �� �� �� ����
������ �6�\�O�O�D�E�O�H�V �X�V�H�G �L�Q �%�H�L�M�L�Q�J �R�S�H�U�D ���M�L�Q�J�M�X�� �S�H�U�F�X�V�V�L�R�Q�� �� �� ����

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

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

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

�D�Q�Q�R�W�D�W�H�G �G�D�W�D�V�H�W�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �&�R�Y�H�U�D�J�H �R�I �W�K�H �&�D�U�Q�D�W�L�F �P�X�V�L�F �U�H�V�H�D�U�F�K �F�R�U�S�X�V�� �� �� �� ������
������ �&�R�P�S�O�H�W�H�Q�H�V�V �R�I �W�K�H �&�D�U�Q�D�W�L�F �P�X�V�L�F �U�H�V�H�D�U�F�K �F�R�U�S�X�V�� �� ������
������ �&�R�Y�H�U�D�J�H �R�I �W�K�H �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �U�H�V�H�D�U�F�K �F�R�U�S�X�V�� �� �� ������
������ �&�R�P�S�O�H�W�H�Q�H�V�V �R�I �W�K�H �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �U�H�V�H�D�U�F�K �F�R�U�S�X�V������
������ �$�.�3�I �G�D�W�D�V�H�W �G�H�V�F�U�L�S�W�L�R�Q�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �7�—	¶�D �F�\�F�O�H �O�H�Q�J�W�K �L�Q�G�L�F�D�W�R�U�V �I�R�U�$�.�3�I �G�D�W�D�V�H�W�� �� �� �� �� �� ������
������ �$�.�3�G�D�W�D�V�H�W �G�H�V�F�U�L�S�W�L�R�Q�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �7�—	¶�D �F�\�F�O�H �O�H�Q�J�W�K �L�Q�G�L�F�D�W�R�U�V �I�R�U�$�.�3�G�D�W�D�V�H�W�� �� �� �� �� �� ������
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������ �)�.�3�I �G�D�W�D�V�H�W �G�H�V�F�U�L�S�W�L�R�Q�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�������� �7�—�O �F�\�F�O�H �O�H�Q�J�W�K �L�Q�G�L�F�D�W�R�U�V �I�R�U�)�.�3�I �G�D�W�D�V�H�W�� �� �� �� �� �� �� ������
�������� �)�.�3�O�G�D�W�D�V�H�W �G�H�V�F�U�L�S�W�L�R�Q�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�������� �7�—�O �F�\�F�O�H �O�H�Q�J�W�K �L�Q�G�L�F�D�W�R�U�V �I�R�U�)�.�3�O�G�D�W�D�V�H�W�� �� �� �� �� �� �� ������
�������� �)�.�3�V�G�D�W�D�V�H�W �G�H�V�F�U�L�S�W�L�R�Q�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�������� �7�—�O �F�\�F�O�H �O�H�Q�J�W�K �L�Q�G�L�F�D�W�R�U�V �I�R�U�)�.�3�V�G�D�W�D�V�H�W�� �� �� �� �� �� ������
�������� �7�K�H �W�D�E�O�D �V�R�O�R �G�D�W�D�V�H�W�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�������� �7�K�H �P�U�L�G�D�Q�J�D�P �V�W�U�R�N�H�V �G�D�W�D�V�H�W�� �� �� �� �� �� �� �� �� �� �� �� �� ������
�������� �7�K�H �P�U�L�G�D�Q�J�D�P �V�R�O�R �G�D�W�D�V�H�W�� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�������� �7�K�H �M�L�Q�J�M�X �S�H�U�F�X�V�V�L�R�Q �L�Q�V�W�U�X�P�H�Q�W �G�D�W�D�V�H�W�� �� �� �� �� �� �� �� ������
�������� �7�K�H �M�L�Q�J�M�X �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �G�D�W�D�V�H�W�� �� �� �� �� �� �� �� �� �� ������

������ �5�H�V�X�O�W�V �R�I �D�N	â�D�U�D �S�H�U�L�R�G �W�U�D�F�N�L�Q�J �R�Q�$�.�3�I �G�D�W�D�V�H�W�� �� �� ������
������ �5�H�V�X�O�W�V �R�I �V�D�P�D �W�U�D�F�N�L�Q�J �R�Q�$�.�3�I �G�D�W�D�V�H�W�� �� �� �� �� �� �� �� ������
������ �6�X�P�P�D�U�\ �R�I �W�K�H �P�H�W�H�U �D�Q�D�O�\�V�L�V �P�R�G�H�O�V �D�Q�G �L�Q�I�H�U�H�Q�F�H

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

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

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

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

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

�P�X�V�L�F �G�D�W�D�V�H�W�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�������� �6�X�P�P�D�U�\ �R�I �P�H�W�H�U �W�U�D�F�N�L�Q�J �S�H�U�I�R�U�P�D�Q�F�H �R�I �L�Q�I�H�U�H�Q�F�H

�H�[�W�H�Q�V�L�R�Q�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�������� �&�R�P�S�D�U�L�Q�J �W�K�H �P�H�W�H�U �W�U�D�F�N�L�Q�J �S�H�U�I�R�U�P�D�Q�F�H �R�I�$�0�3�)��
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�I�R�U�P�D�W�L�R�Q �H�[�W�H�U�Q�D�O �W�R �W�K�H �P�X�V�L�F��

�/�R�R�N�L�Q�J �D�W �W�K�H �S�U�R�E�O�H�P�V �H�P�H�U�J�L�Q�J �I�U�R�P �Y�D�U�L�R�X�V �P�X�V�L�F�D�O �F�X�O��
�W�X�U�H�V �Z�L�O�O �Q�R�W �R�Q�O�\ �K�H�O�S �W�K�R�V�H �V�S�H�F�L�I�L�F �F�X�O�W�X�U�H�V�� �E�X�W �Z�H �Z�L�O�O �R�S�H�Q
�X�S �R�X�U �H�[�L�V�W�L�Q�J �F�R�P�S�X�W�D�W�L�R�Q�D�O �P�H�W�K�R�G�R�O�R�J�L�H�V�� �P�D�N�L�Q�J �W�K�H�P �P�X�F�K
�P�R�U�H �Y�H�U�V�D�W�L�O�H�� �,�W �Z�L�O�O �H�P�S�K�D�V�L�]�H �W�K�H �O�L�P�L�W�D�W�L�R�Q�V �R�I �W�K�H �F�X�U�U�H�Q�W
�P�H�W�K�R�G�R�O�R�J�L�H�V �D�Q�G �S�U�H�V�H�Q�W �R�S�H�Q �L�V�V�X�H�V�� �,�Q �W�X�U�Q�� �L�W �Z�L�O�O �D�O�V�R �K�H�O�S
�S�U�H�V�H�U�Y�H �W�K�H �G�L�Y�H�U�V�L�W�\ �R�I �R�X�U �Z�R�U�O�G�¶�V �F�X�O�W�X�U�H�� �7�K�H �U�H�V�H�D�U�F�K �U�H�V�X�O�W�V
�R�I �&�R�P�S�0�X�V�L�F �D�U�H �L�Q�W�H�J�U�D�W�H�G �L�Q�W�R �'�X�Q�\�D ���3�R�U�W�H�U�� �6�R�U�G�R�� �	 �6�H�U�U�D��
������������ �Z�K�L�F�K �L�V �D �Z�H�E���E�D�V�H�G �V�R�I�W�Z�D�U�H �D�S�S�O�L�F�D�W�L�R�Q �W�K�D�W �O�H�W�V �X�V�H�U�V
�L�Q�W�H�U�D�F�W �Z�L�W�K �D�Q �D�X�G�L�R �P�X�V�L�F �F�R�O�O�H�F�W�L�R�Q �W�K�U�R�X�J�K �W�K�H �X�V�H �R�I �P�X�V�L��
�F�D�O �F�R�Q�F�H�S�W�V �W�K�D�W �D�U�H �G�H�U�L�Y�H�G �I�U�R�P �D �V�S�H�F�L�I�L�F �P�X�V�L�F �F�X�O�W�X�U�H�� �7�K�H
�X�V�H�U�V �F�D�Q �D�O�V�R �D�F�F�H�V�V �D�O�O �W�K�H �U�H�V�H�D�U�F�K �U�H�V�X�O�W�V �D�Q�G �H�[�W�U�D�F�W�H�G �I�H�D�W�X�U�H�V
�W�K�U�R�X�J�K �'�X�Q�\�D��

�:�L�W�K�L�Q �W�K�H �I�L�H�O�G �R�I�0�,�5�W�K�H�U�H �D�U�H �P�D�Q�\ �U�H�V�H�D�U�F�K �S�U�R�E�O�H�P�V �W�K�D�W
�F�D�Q �E�H�Q�H�I�L�W �I�U�R�P �D �F�X�O�W�X�U�H �V�S�H�F�L�I�L�F �S�H�U�V�S�H�F�W�L�Y�H�� �&�R�P�S�0�X�V�L�F �I�R��
�F�X�V�H�V �R�Q �W�K�H �H�[�W�U�D�F�W�L�R�Q �R�I �I�H�D�W�X�U�H�V �I�U�R�P �D�X�G�L�R �P�X�V�L�F �U�H�F�R�U�G�L�Q�J�V
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�U�H�O�D�W�H�G �W�R �P�H�O�R�G�\ �D�Q�G �U�K�\�W�K�P�� �D�Q�G �R�Q �W�K�H �V�H�P�D�Q�W�L�F �D�Q�D�O�\�V�L�V �R�I �W�K�H
�F�R�Q�W�H�[�W�X�D�O �L�Q�I�R�U�P�D�W�L�R�Q �R�I �W�K�R�V�H �U�H�F�R�U�G�L�Q�J�V�� �7�K�H �J�R�D�O �L�V �W�R �F�K�D�U��
�D�F�W�H�U�L�]�H �F�X�O�W�X�U�H �V�S�H�F�L�I�L�F �P�X�V�L�F�D�O �I�D�F�H�W�V �R�I �H�D�F�K �U�H�S�H�U�W�R�L�U�H �D�Q�G �W�R
�G�H�Y�H�O�R�S �P�X�V�L�F�D�O�O�\ �P�H�D�Q�L�Q�J�I�X�O �V�L�P�L�O�D�U�L�W�\ �P�H�D�V�X�U�H�V �Z�L�W�K �W�K�H�P�� �7�K�H
�U�H�V�H�D�U�F�K �L�Q �&�R�P�S�0�X�V�L�F �L�V �G�D�W�D���G�U�L�Y�H�Q�� �W�K�X�V �L�W �U�H�Y�R�O�Y�H�V �D�U�R�X�Q�G �F�R�U��
�S�R�U�D�� �2�Q�H �R�I �W�K�H �J�R�D�O�V �R�I �&�R�P�S�0�X�V�L�F �L�V �W�R �F�R�Q�V�W�U�X�F�W �D �U�H�V�H�D�U�F�K
�F�R�U�S�X�V �I�R�U �H�D�F�K �P�X�V�L�F �W�U�D�G�L�W�L�R�Q ���6�H�U�U�D�� ������������ �7�K�H �W�\�S�H�V �R�I �G�D�W�D
�J�D�W�K�H�U�H�G �D�U�H �P�D�L�Q�O�\ �D�X�G�L�R �U�H�F�R�U�G�L�Q�J�V �D�Q�G �H�G�L�W�R�U�L�D�O �P�H�W�D�G�D�W�D�� �Z�K�L�F�K
�D�U�H �W�K�H�Q �F�R�P�S�O�H�P�H�Q�W�H�G �Z�L�W�K �G�H�V�F�U�L�S�W�L�Y�H �L�Q�I�R�U�P�D�W�L�R�Q �V�X�F�K �D�V �H�G�L�W�R��
�U�L�D�O �P�H�W�D�G�D�W�D�� �V�F�R�U�H�V �D�Q�G���R�U �O�\�U�L�F�V �D�V �D�Y�D�L�O�D�E�O�H��

�7�K�H �Z�R�U�N �S�U�H�V�H�Q�W�H�G �L�Q �W�K�L�V �G�L�V�V�H�U�W�D�W�L�R�Q �K�D�V �E�H�H�Q �F�R�Q�G�X�F�W�H�G �L�Q
�W�K�H �F�R�Q�W�H�[�W �R�I �W�K�H �&�R�P�S�0�X�V�L�F �S�U�R�M�H�F�W �E�X�W �I�R�F�X�V�L�Q�J �R�Q �D�X�W�R�P�D�W�L�F
�U�K�\�W�K�P �D�Q�D�O�\�V�L�V �U�H�V�H�D�U�F�K �S�U�R�E�O�H�P�V �I�R�U �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �I�U�R�P �D �G�D�W�D��
�G�U�L�Y�H�Q �S�H�U�V�S�H�F�W�L�Y�H �X�V�L�Q�J �V�L�J�Q�D�O �S�U�R�F�H�V�V�L�Q�J �D�Q�G �P�D�F�K�L�Q�H �O�H�D�U�Q�L�Q�J
�D�S�S�U�R�D�F�K�H�V�� �7�K�H �G�L�V�V�H�U�W�D�W�L�R�Q �L�P�E�L�E�H�V �D�Q�G �L�Q�K�H�U�L�W�V �D�O�O �W�K�H �J�R�D�O�V �D�Q�G
�F�R�Q�W�H�[�W �R�I �&�R�P�S�0�X�V�L�F �S�U�R�M�H�F�W �D�V �D�S�S�O�L�H�G �W�R �U�K�\�W�K�P �D�Q�D�O�\�V�L�V�� �$
�P�H�D�Q�L�Q�J�I�X�O �D�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �K�H�Q�F�H �V�K�R�X�O�G �F�R�Q�V�L�G�H�U �F�X�O��
�W�X�U�D�O �D�V�S�H�F�W�V �D�W�W�D�F�K�H�G �W�R �L�W ���6�H�U�U�D �H�W �D�O���������������� �7�K�U�R�X�J�K �D �F�X�O�W�X�U�H��
�D�Z�D�U�H �D�Q�G �G�R�P�D�L�Q �V�S�H�F�L�I�L�F �D�S�S�U�R�D�F�K �W�R �F�R�P�S�X�W�D�W�L�R�Q�D�O �U�K�\�W�K�P �P�R�G��
�H�O�L�Q�J �R�I �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F�� �Z�H �Z�L�O�O �D�O�V�R �J�H�W �E�H�W�W�H�U �L�Q�V�L�J�K�W�V �L�Q�W�R �W�K�H
�F�X�U�U�H�Q�W�0�,�5 �W�R�R�O�V �Z�K�L�F�K �Z�R�X�O�G �L�P�S�U�R�Y�H �W�K�H�L�U �S�H�U�I�R�U�P�D�Q�F�H�� �:�H
�Z�L�O�O �E�H �D�E�O�H �W�R �G�H�Y�H�O�R�S �E�H�W�W�H�U �D�O�J�R�U�L�W�K�P�V�� �Q�H�Z�H�U �P�H�W�K�R�G�R�O�R�J�L�H�V
�D�Q�G �W�H�F�K�Q�L�T�X�H�V �I�R�U �W�K�H �V�W�X�G�\ �R�I �Z�R�U�O�G�¶�V �P�X�V�L�F �D�Q�G �U�H�D�F�K �R�X�W �W�R �D
�P�X�F�K �O�D�U�J�H�U �S�D�U�W �R�I �R�X�U �P�X�O�W�L�F�X�O�W�X�U�D�O �Z�R�U�O�G�� �7�K�H �G�H�Y�H�O�R�S�P�H�Q�W �R�I
�W�K�H�V�H �P�R�G�H�O�V �Z�R�X�O�G �D�O�V�R �D�O�O�R�Z �F�U�R�V�V �F�X�O�W�X�U�D�O �F�R�P�S�D�U�D�W�L�Y�H �V�W�X�G�L�H�V
�E�H�W�Z�H�H�Q �G�L�I�I�H�U�H�Q�W �P�X�V�L�F�D�O �V�\�V�W�H�P�V�� �H�Q�U�L�F�K�L�Q�J �W�K�H �S�U�H�V�H�Q�W �N�Q�R�Z�O��
�H�G�J�H �R�I �Z�R�U�O�G�¶�V �P�X�V�L�F �D�Q�G �S�U�R�Y�L�G�H �L�Q�W�H�U�H�V�W�L�Q�J �V�R�F�L�R�F�X�O�W�X�U�D�O�� �F�R�J�Q�L��
�W�L�Y�H�� �D�Q�G �P�X�V�L�F�D�O �S�H�U�V�S�H�F�W�L�Y�H�V�� �6�X�F�K �D�Q �D�S�S�U�R�D�F�K �L�V �U�H�O�H�Y�D�Q�W �V�L�Q�F�H
�L�W �D�L�P�V �W�R �S�X�V�K �D�K�H�D�G �W�K�H �E�R�X�Q�G�D�U�L�H�V �R�I �D�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�D�O�\��
�V�L�V �W�R �D�G�G�U�H�V�V �F�X�U�U�H�Q�W �F�K�D�O�O�H�Q�J�H�V �D�Q�G �E�H �P�R�U�H �L�Q�F�O�X�V�L�Y�H �W�R �D�G�G�U�H�V�V
�Y�D�U�L�H�G �Q�H�H�G�V �R�I �G�L�I�I�H�U�H�Q�W �P�X�V�L�F �F�X�O�W�X�U�H�V �R�I �W�K�H �Z�R�U�O�G��

�R�X�k �J�Q�i�B�p���i�B�Q�M

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

�0�X�V�L�F�D�O �H�Y�H�Q�W�V �D�U�H �R�I�W�H�Q �R�U�J�D�Q�L�]�H�G �L�Q �V�H�Y�H�U�D�O �K�L�H�U�D�U�F�K�L�F�D�O �O�D�\��
�H�U�V �O�H�D�G�L�Q�J �W�R �P�H�W�U�L�F�D�O �V�W�U�X�F�W�X�U�H�V�� �7�K�H �P�H�W�U�L�F�D�O �V�W�U�X�F�W�X�U�H�V �S�U�R�Y�L�G�H �D
�I�X�Q�G�D�P�H�Q�W�D�O �I�U�D�P�H�Z�R�U�N �L�Q �W�L�P�H �W�R �R�U�J�D�Q�L�]�H �H�Y�H�Q�W�V �D�Q�G �K�H�Q�F�H �S�O�D�\
�D �S�L�Y�R�W�D�O �U�R�O�H �L�Q �P�X�V�L�F�� �0�R�V�W �P�H�O�R�G�L�F �D�Q�G �U�K�\�W�K�P�L�F �S�K�U�D�V�H�V�� �O�\�U�L�F�D�O
�O�L�Q�H�V�� �D�Q�G �K�D�U�P�R�Q�L�F �F�K�D�Q�J�H�V �D�U�H �R�U�J�D�Q�L�]�H�G �D�U�R�X�Q�G �P�H�W�U�L�F�D�O �V�W�U�X�F��
�W�X�U�H�V �D�Q�G �K�H�Q�F�H �W�K�H �H�V�W�L�P�D�W�L�R�Q �R�I �G�L�I�I�H�U�H�Q�W �D�V�S�H�F�W�V �R�I �W�K�H �P�H�W�H�U �L�V
�D�Q �L�P�S�R�U�W�D�Q�W�0�,�5�W�D�V�N�� �(�V�W�L�P�D�W�L�Q�J �W�K�H �Q�R�W�H �R�Q�V�H�W�V�� �W�H�P�S�R�� �E�H�D�W�V
�D�Q�G �G�R�Z�Q�E�H�D�W�V �D�U�H �X�V�H�I�X�O �D�Q�G �Q�H�F�H�V�V�D�U�\ �I�R�U �D�Q�\ �I�X�U�W�K�H�U �D�Q�D�O�\�V�L�V �R�I
�P�X�V�L�F�� �7�K�R�X�J�K �H�D�F�K �R�I �W�K�H�V�H �D�V�S�H�F�W�V �F�D�Q �E�H �H�[�W�U�D�F�W�H�G �L�Q �D�Q �L�V�R��
�O�D�W�H�G �I�D�V�K�L�R�Q�� �W�K�H�U�H �L�V �V�L�J�Q�L�I�L�F�D�Q�W �L�Q�W�H�U�S�O�D�\ �E�H�W�Z�H�H�Q �W�K�H�V�H �H�Q�W�L�W�L�H�V
�D�Q�G �K�H�Q�F�H �D �K�R�O�L�V�W�L�F �D�S�S�U�R�D�F�K �W�R �G�H�V�F�U�L�E�L�Q�J �D�O�O �W�K�H�V�H �D�V�S�H�F�W�V �R�I �P�H��
�W�H�U �L�V �D�Q �D�S�S�U�R�D�F�K �W�K�D�W �Q�H�H�G�V �W�R �E�H �H�[�S�O�R�U�H�G �I�X�U�W�K�H�U��

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

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

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



������ �2�U�J�D�Q�L�]�D�W�L�R�Q �D�Q�G �W�K�H�V�L�V �R�X�W�O�L�Q�H����

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

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

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

�R�X�9 �P�`�;���M�B�x���i�B�Q�M ���M�/ �i�?�2�b�B�b �Q�m�i�H�B�M�2

�7�K�H �G�L�V�V�H�U�W�D�W�L�R�Q �K�D�V �V�H�Y�H�Q �F�K�D�S�W�H�U�V�� �(�D�F�K �F�K�D�S�W�H�U �L�V �Z�U�L�W�W�H�Q �R�Q �D
�P�D�M�R�U �W�R�S�L�F �R�I �W�K�H �W�K�H�V�L�V �D�Q�G �L�V �D�L�P�H�G �W�R �E�H �V�H�O�I �F�R�Q�W�D�L�Q�H�G �Z�L�W�K
�D �V�K�R�U�W �L�Q�W�U�R�G�X�F�W�L�R�Q�� �F�R�Q�W�H�Q�W�� �D�Q�G �D �V�X�P�P�D�U�\�� �7�K�H �Z�U�L�W�L�Q�J �V�W�\�O�H
�I�R�O�O�R�Z�H�G �L�Q �W�K�H �W�K�H�V�L�V �L�V �D �P�L�[�W�X�U�H �R�I �E�R�W�K �D�F�W�L�Y�H �D�Q�G �S�D�V�V�L�Y�H �Y�R�L�F�H��
�0�R�V�W �R�I �W�K�H �G�L�V�V�H�U�W�D�W�L�R�Q �G�H�U�L�Y�H�V �F�R�Q�W�H�Q�W �I�U�R�P �S�X�E�O�L�V�K�H�G �U�H�V�H�D�U�F�K
�S�D�S�H�U�V �G�H�V�F�U�L�E�L�Q�J �W�K�H �Z�R�U�N �G�R�Q�H �E�\ �F�R�O�O�D�E�R�U�D�W�L�Y�H �W�H�D�P�V�� �+�H�Q�F�H
�W�K�H �Z�R�U�G �µ�Z�H�¶ �U�H�I�H�U�V �W�R �W�K�H �D�X�W�K�R�U �D�Q�G �Z�K�H�Q �D�S�S�O�L�F�D�E�O�H�� �D�G�G�L�W�L�R�Q�D�O�O�\
�L�Q�F�O�X�G�H�V �W�K�H �F�R���D�X�W�K�R�U�V �D�Q�G �F�R�O�O�D�E�R�U�D�W�R�U�V �L�Q �U�H�V�H�D�U�F�K �S�D�S�H�U�V�� �:�K�H�Q
�S�U�H�V�H�Q�W�L�Q�J �U�H�V�X�O�W�V �D�Q�G �P�D�N�L�Q�J �R�E�V�H�U�Y�D�W�L�R�Q�V�� �W�K�H �Z�R�U�G �µ�Z�H�¶ �I�X�U�W�K�H�U
�L�Q�F�O�X�G�H�V �W�K�H �U�H�D�G�H�U �Z�K�R �F�D�Q �H�T�X�D�O�O�\ �P�D�N�H �V�X�F�K �D�Q �R�E�V�H�U�Y�D�W�L�R�Q �I�U�R�P
�W�K�H �U�H�V�X�O�W�V�� �+�R�Z�H�Y�H�U�� �W�K�H �P�D�L�Q �R�U�L�J�L�Q�D�O �F�R�Q�W�U�L�E�X�W�L�R�Q�V �E�\ �W�K�H �D�X�W�K�R�U
�R�I �W�K�H �W�K�H�V�L�V �D�U�H �H�P�S�K�D�V�L�]�H�G �D�S�S�U�R�S�U�L�D�W�H�O�\�� �Z�K�H�U�H�Y�H�U �Q�H�H�G�H�G��

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



���� �,�Q�W�U�R�G�X�F�W�L�R�Q

�V�L�V �S�U�R�E�O�H�P�V �L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F�� �&�K�D�S�W�H�U�� �S�U�H�V�H�Q�W�V �W�K�H �U�H�V�H�D�U�F�K
�F�R�U�S�R�U�D �D�Q�G �D�O�O �W�K�H �U�K�\�W�K�P �U�H�O�D�W�H�G �G�D�W�D�V�H�W�V �F�R�P�S�L�O�H�G �D�V �D �S�D�U�W �R�I
�&�R�P�S�0�X�V�L�F �S�U�R�M�H�F�W �W�K�D�W �Z�L�O�O �E�H �X�V�H�G �I�R�U �Y�D�U�L�R�X�V �U�K�\�W�K�P �D�Q�D�O�\�V�L�V
�W�D�V�N�V�� �&�K�D�S�W�H�U�� �D�Q�G �&�K�D�S�W�H�U�� �D�U�H �W�K�H �P�D�L�Q �F�K�D�S�W�H�U�V �R�I �W�K�H �G�L�V�V�H�U�W�D��
�W�L�R�Q �G�L�V�F�X�V�V�L�Q�J �W�K�H �W�R�S�L�F�V �R�I �P�H�W�H�U �D�Q�D�O�\�V�L�V �D�Q�G �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q
�G�L�V�F�R�Y�H�U�\�� �U�H�V�S�H�F�W�L�Y�H�O�\�� �&�K�D�S�W�H�U�� �S�U�H�V�H�Q�W�V �V�R�P�H �R�I �W�K�H �D�S�S�O�L�F�D��
�W�L�R�Q�V �D�Q�G �F�R�Q�F�O�X�V�L�R�Q�V �Z�L�W�K �S�R�L�Q�W�H�U�V �I�R�U �I�X�W�X�U�H �Z�R�U�N�� �,�Q �D�G�G�L�W�L�R�Q��
�W�K�H �O�L�Q�N�V �W�R �U�H�V�R�X�U�F�H�V �I�U�R�P �W�K�H �W�K�H�V�L�V ���G�D�W�D�� �F�R�G�H�� �H�[�D�P�S�O�H�V�� �D�U�H
�O�L�V�W�H�G �L�Q �$�S�S�H�Q�G�L�[�%�� �7�K�H�U�H �D�U�H �V�H�Y�H�U�D�O �Q�H�Z �Q�R�Q���V�W�D�Q�G�D�U�G �W�H�U�P�V
�L�Q �W�K�H �G�L�V�V�H�U�W�D�W�L�R�Q �L�Q�F�O�X�G�L�Q�J �X�Q�I�D�P�L�O�L�D�U �W�H�U�P�V �U�H�O�D�W�H�G �W�R �,�Q�G�L�D�Q �D�U�W
�P�X�V�L�F �Z�K�L�F�K �D�U�H �D�O�O �O�L�V�W�H�G �Z�L�W�K �D �V�K�R�U�W �G�H�V�F�U�L�S�W�L�R�Q �L�Q �D �J�O�R�V�V�D�U�\ �L�Q
�$�S�S�H�Q�G�L�[�&�� �7�K�H �J�O�R�V�V�D�U�\ �D�O�V�R �O�L�V�W�V �W�K�H �D�F�U�R�Q�\�P�V �X�V�H�G �I�R�U �G�D�W�D�V�H�W�V
�D�Q�G �D�Q�D�O�\�V�L�V �P�H�W�K�R�G�V �L�Q �W�K�H �G�L�V�V�H�U�W�D�W�L�R�Q��

�&�K�D�S�W�H�U�� �S�U�R�Y�L�G�H�V �D�Q �R�Y�H�U�Y�L�H�Z �R�I �W�K�H �E�D�F�N�J�U�R�X�Q�G �P�D�W�H�U�L�D�O
�Q�H�F�H�V�V�D�U�\ �I�R�U �W�K�H �W�K�H�V�L�V�� �,�W �L�Q�W�U�R�G�X�F�H�V �D �F�R�Q�F�U�H�W�H �W�H�U�P�L�Q�R�O�R�J�\ �I�R�U
�U�K�\�W�K�P �F�R�Q�F�H�S�W�V �D�Q�G �D �E�D�V�L�F �L�Q�W�U�R�G�X�F�W�L�R�Q �W�R �U�K�\�W�K�P �D�Q�G �S�H�U�F�X�V�V�L�R�Q
�L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �D�Q�G �%�H�L�M�L�Q�J �R�S�H�U�D�� �,�W �W�K�H�Q �S�U�R�Y�L�G�H�V �D�Q �R�Y�H�U�Y�L�H�Z
�R�I �W�K�H �V�W�D�W�H �R�I �W�K�H �D�U�W �I�R�U �D�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �L�Q�0�,�5�� �7�K�H
�F�K�D�S�W�H�U �H�Q�G�V �Z�L�W�K �D �E�U�L�H�I �R�Y�H�U�Y�L�H�Z �R�I �W�K�H �W�H�F�K�Q�L�F�D�O �F�R�Q�F�H�S�W�V �X�V�H�I�X�O
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�U�K�\�W�K�P�L�F �I�U�D�P�H�Z�R�U�N �L�V �E�D�V�H�G �R�Q �F�\�F�O�L�F �P�H�W�U�L�F�D�O �V�W�U�X�F�W�X�U�H�V �F�D�O�O�H�G
�W�K�H�W�—�O�L�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �D�Q�G�W�—	¶�D�L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F��

�7�K�H�U�H �D�U�H �V�H�Y�H�U�D�O �X�Q�I�D�P�L�O�L�D�U �W�H�U�P�V �W�K�D�W �D�U�H �L�Q�W�U�R�G�X�F�H�G �L�Q �W�K�L�V
�V�H�F�W�L�R�Q �D�Q�G �K�H�Q�F�H �E�H�I�R�U�H �S�U�H�V�H�Q�W�L�Q�J �W�K�R�V�H �W�H�U�P�V�� �D �Q�R�W�H �R�Q �G�L�V�D�P��
�E�L�J�X�D�W�L�Q�J �W�H�U�P�L�Q�R�O�R�J�\ �L�V �L�Q �R�U�G�H�U�� �7�K�H �O�D�W�L�Q �W�U�D�Q�V�O�L�W�H�U�D�W�L�R�Q �R�I �W�K�H
�,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �W�H�U�P�V �D�U�H �D�F�F�R�U�G�L�Q�J �W�R �W�K�H �,�6�2 ���������� ���7�U�D�Q�V�O�L�W�H�U��
�D�W�L�R�Q �R�I �'�H�Y�D�Q�D�J�D�U�L �D�Q�G �U�H�O�D�W�H�G �,�Q�G�L�F �V�F�U�L�S�W�V �L�Q�W�R �/�D�W�L�Q �F�K�D�U�D�F�W�H�U�V��
�V�W�D�Q�G�D�U�G ���,�6�2���7�&�������������� �%�R�W�K �W�K�H �Z�R�U�G�V�W�—�O�D�Q�G�W�—	¶�D�D�U�H �6�D�Q�V�N�U�L�W�L�F
�L�Q �R�U�L�J�L�Q �D�Q�G �K�D�Y�H �W�K�H �V�D�P�H �O�L�W�H�U�D�O �P�H�D�Q�L�Q�J �R�I �D �³�K�D�Q�G���F�O�D�S�´�� �7�K�H
�G�L�I�I�H�U�H�Q�F�H �D�S�S�D�U�H�Q�W �L�Q �W�U�D�Q�V�O�L�W�H�U�D�W�L�R�Q �L�V �G�X�H �W�R �W�K�H�L�U �X�V�D�J�H �L�Q �+�L�Q��
�G�X�V�W�D�Q�L �D�Q�G �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �:�H �X�V�H �W�K�H �O�D�Q�J�X�D�J�H �+�L�Q�G�L �I�R�U �D�O�O �W�K�H
�W�H�U�P�V �R�I �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F�� �D�Q�G �W�K�H �6�R�X�W�K �,�Q�G�L�D�Q �O�D�Q�J�X�D�J�H �.�D�Q�Q�D�G�D
�I�R�U �D�O�O �W�K�H �W�H�U�P�V �R�I �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �+�H�Q�F�H �W�K�H �O�D�W�L�Q �W�U�D�Q�V�O�L�W�H�U�D�W�L�R�Q
�R�I �W�H�U�P�V �F�K�D�Q�J�H �D�F�F�R�U�G�L�Q�J�O�\��

�:�H �Z�L�O�O �X�V�H �W�K�H �W�H�U�P �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F ���R�U �H�Y�H�Q �,�Q�G�L�D�Q �P�X�V�L�F��
�W�R �U�H�I�H�U �F�R�O�O�H�F�W�L�Y�H�O�\ �W�R �&�D�U�Q�D�W�L�F �D�Q�G �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F�� �)�R�U �F�R�Q�V�L�V��
�W�H�Q�F�\ �D�Q�G �F�R�Q�Y�H�Q�L�H�Q�F�H�� �Z�K�H�Q �L�W �L�V �F�O�H�D�U �I�U�R�P �W�K�H �F�R�Q�W�H�[�W�� �Z�H �Z�L�O�O
�X�V�H �W�K�H �Z�R�U�G�W�—	¶�D�W�R �P�H�D�Q �E�R�W�K�W�—�O�D�Q�G�W�—	¶�D�Z�K�H�Q �Z�H �U�H�I�H�U �F�R�O�O�H�F��



������ �0�X�V�L�F �E�D�F�N�J�U�R�X�Q�G ����

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

�,�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �D �F�R�Q�F�H�U�W�� �F�D�O�O�H�G �D�N�D�F�K�•�U�L�� �L�V �W�K�H �Q�D�W�X�U�D�O
�X�Q�L�W �R�I �&�D�U�Q�D�W�L�F �P�X�V�L�F �D�Q�G �X�V�H�G �D�V �W�K�H �P�D�L�Q �X�Q�L�W �R�I �P�X�V�L�F �G�L�V�W�U�L��
�E�X�W�L�R�Q�� �$ �F�R�Q�F�H�U�W �K�D�V �R�Q�H �R�U �P�R�U�H �O�H�D�G �D�U�W�L�V�W�V �� �P�D�L�Q�O�\ �Y�R�F�D�O�� �Y�¯	Æ�—
���F�R�P�P�R�Q�O�\ �V�S�H�O�O�H�G �Y�H�H�Q�D���� �Y�L�R�O�L�Q�� �R�U �I�O�X�W�H�� �P�H�O�R�G�L�F �D�F�F�R�P�S�D�Q�L��
�P�H�Q�W ���P�D�L�Q�O�\ �Y�L�R�O�L�Q���� �D�Q�G �R�Q�H �R�U �P�R�U�H �S�H�U�F�X�V�V�L�R�Q �D�F�F�R�P�S�D�Q�L�P�H�Q�W�V
�� �P�D�L�Q�O�\�P�U�b�G�D	Ä�J�D	À���V�S�H�O�O�H�G �F�R�P�P�R�Q�O�\ �D�V �P�U�L�G�D�Q�J�D�P���� �&�D�U�Q�D�W�L�F
�P�X�V�L�F �L�V �S�U�H�G�R�P�L�Q�D�Q�W�O�\ �F�R�P�S�R�V�L�W�L�R�Q �E�D�V�H�G �D�Q�G �P�R�V�W �F�R�P�P�H�U�F�L�D�O
�U�H�O�H�D�V�H�V �D�U�H �F�R�Q�F�H�U�W�V�� �F�R�P�S�U�L�V�L�Q�J �R�I �V�H�Y�H�U�D�O �S�L�H�F�H�V �W�K�D�W �D�U�H �L�P�S�U�R��
�Y�L�V�H�G �U�H�Q�G�H�U�L�Q�J�V �R�I �F�R�P�S�R�V�L�W�L�R�Q�V�� �9�R�F�D�O �P�X�V�L�F �L�V �S�U�H�G�R�P�L�Q�D�Q�W �L�Q
�&�D�U�Q�D�W�L�F �P�X�V�L�F �D�Q�G �P�R�V�W �R�I �W�K�H �F�R�P�S�R�V�L�W�L�R�Q�V �D�U�H �F�R�P�S�R�V�H�G �W�R �E�H
�V�X�Q�J�� �(�Y�H�Q �L�Q �L�Q�V�W�U�X�P�H�Q�W�D�O �P�X�V�L�F�� �W�K�H �O�H�D�G �D�U�W�L�V�W �D�L�P�V �W�R �P�L�P�L�F �Y�R��
�F�D�O �V�L�Q�J�L�Q�J�� �F�D�O�O�H�G �W�K�H�J�—�\�D�N�L���V�L�Q�J�L�Q�J�� �V�W�\�O�H ���9�L�V�Z�D�Q�D�W�K�D�Q �	 �$�O�O�H�Q��
������������ �7�K�H�U�—�J�D�D�Q�G�W�—	¶�D�D�U�H �W�K�H �P�R�V�W �L�P�S�R�U�W�D�Q�W �P�H�W�D�G�D�W�D �D�V�V�R�F�L��
�D�W�H�G �Z�L�W�K �D �F�R�P�S�R�V�L�W�L�R�Q �D�Q�G �K�H�Q�F�H �D �U�H�F�R�U�G�L�Q�J �R�I �W�K�H �F�R�P�S�R�V�L�W�L�R�Q��
�(�D�F�K �F�R�P�S�R�V�L�W�L�R�Q �L�V �F�R�P�S�R�V�H�G �L�Q �R�Q�H �R�U �P�R�U�H�U�—�J�D�V�D�Q�G�W�—	¶�D�V��

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

�$ �W�\�S�L�F�D�O�N�K�\�—�O�S�H�U�I�R�U�P�D�Q�F�H �K�D�V �O�H�D�G �Y�R�F�D�O�V �R�U �D �O�H�D�G �L�Q�V�W�U�X��
�P�H�Q�W ���V�X�F�K �D�V�V�L�W�—�U���V�D�U�À�G�� �I�O�X�W�H���V�D�Q�W�Ì�U���� �D �P�H�O�R�G�L�F �D�F�F�R�P�S�D�Q�L�P�H�Q�W
���D �K�D�U�P�R�Q�L�X�P �R�U �D�V�—�U�D	Ä�J�L���� �D�Q�G �D �S�H�U�F�X�V�V�L�R�Q �D�F�F�R�P�S�D�Q�L�P�H�Q�W�W�D�E�O�D��
�,�Q�G�K�U�X�S�D�G�V�W�\�O�H���S�D�N�K�—�Y�D�M�L�V �W�K�H �P�D�L�Q �S�H�U�F�X�V�V�L�R�Q �D�F�F�R�P�S�D�Q�L�P�H�Q�W��
�7�K�H �D�U�W�L�V�W�V �L�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �E�H�O�R�Q�J �W�R �Z�K�D�W �D�U�H �F�D�O�O�H�G�J�K�D�U�—�Q�—�V��
�R�U �V�W�\�O�L�V�W�L�F �V�F�K�R�R�O�V�� �7�K�R�X�J�K �D�O�O �W�K�H�J�K�D�U�—�Q�—�X�V�H �W�K�H �V�D�P�H �P�X�V�L�F
�F�R�Q�F�H�S�W�V �D�Q�G �E�D�V�L�F �V�W�\�O�H�� �H�D�F�K �R�I �W�K�H�P �K�D�Y�H �W�K�H�L�U �R�Z�Q �Q�X�D�Q�F�H�V �W�K�D�W
�D�U�H �Z�H�O�O �G�L�V�W�L�Q�J�X�L�V�K�H�G �D�Q�G �G�R�F�X�P�H�Q�W�H�G ���0�H�K�W�D��������������

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



���� �%�D�F�N�J�U�R�X�Q�G

�k�X�k�X�k �_�?�v�i�?�K ���M�/ �T�2�`�+�m�b�b�B�Q�M �B�M �*���`�M���i�B�+ �K�m�b�B�+

�6�D�P�E�D�P�R�R�U�W�K�\������������ �S�U�R�Y�L�G�H�V �D �G�H�W�D�L�O�H�G �G�H�V�F�U�L�S�W�L�R�Q �R�I�W�—	¶�D�V�L�Q
�&�D�U�Q�D�W�L�F �P�X�V�L�F�� �,�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �W�K�H�W�—	¶�D�S�U�R�Y�L�G�H�V �D �E�U�R�D�G �V�W�U�X�F��
�W�X�U�H �I�R�U �U�H�S�H�W�L�W�L�R�Q �R�I �P�X�V�L�F �S�K�U�D�V�H�V�� �P�R�W�L�I�V �D�Q�G �L�P�S�U�R�Y�L�V�D�W�L�R�Q�V�� �,�W
�F�R�Q�V�L�V�W�V �R�I �I�L�[�H�G �O�H�Q�J�W�K �W�L�P�H �F�\�F�O�H�V �F�D�O�O�H�G�—�Y�D�U�W�D�Q�D�Z�K�L�F�K �F�D�Q �E�H �U�H��
�I�H�U�U�H�G �W�R �D�V �W�K�H�W�—	¶�D�F�\�F�O�H�� �,�Q �D�Q�—�Y�D�U�W�D�Q�D�R�I �D�W�—	¶�D�� �S�K�U�D�V�H �U�H�I�U�D�L�Q�V��
�P�H�O�R�G�L�F �D�Q�G �U�K�\�W�K�P�L�F �F�K�D�Q�J�H�V �R�F�F�X�U �X�V�X�D�O�O�\ �D�W �W�K�H �E�H�J�L�Q�Q�L�Q�J �R�I
�W�K�H �F�\�F�O�H�� �$�Q�—�Y�D�U�W�D�Q�D�L�V �G�L�Y�L�G�H�G �L�Q�W�R �E�D�V�L�F �H�T�X�L�G�L�V�W�D�Q�W �W�L�P�H �X�Q�L�W�V
�F�D�O�O�H�G�D�N	â�D�U�D�V�� �7�K�H �I�L�U�V�W�D�N	â�D�U�D�S�X�O�V�H �R�I �H�D�F�K�—�Y�D�U�W�D�Q�D�L�V �F�D�O�O�H�G �W�K�H
�V�D�P�D�� �Z�K�L�F�K �P�D�U�N�V �W�K�H �E�H�J�L�Q�Q�L�Q�J �R�I �W�K�H �F�\�F�O�H ���R�U �W�K�H �H�Q�G �R�I �W�K�H
�S�U�H�Y�L�R�X�V �F�\�F�O�H�� �G�X�H �W�R �W�K�H �F�\�F�O�L�F �Q�D�W�X�U�H �R�I �W�K�H�W�—	¶�D���� �7�K�H�V�D�P�D�L�V
�R�I�W�H�Q �D�F�F�H�Q�W�H�G�� �Z�L�W�K �Q�R�W�D�E�O�H �P�H�O�R�G�L�F �D�Q�G �S�H�U�F�X�V�V�L�Y�H �H�Y�H�Q�W�V�� �(�D�F�K
�W�—	¶�D�D�O�V�R �K�D�V �D �G�L�V�W�L�Q�F�W�� �S�R�V�V�L�E�O�\ �Q�R�Q���U�H�J�X�O�D�U �G�L�Y�L�V�L�R�Q �R�I �W�K�H �F�\�F�O�H
�S�H�U�L�R�G �L�Q�W�R �V�H�F�W�L�R�Q�V �F�D�O�O�H�G �W�K�H�D	Ä�J�D�� �7�K�H�D	Ä�J�D�V�V�H�U�Y�H �W�R �L�Q�G�L�F�D�W�H �W�K�H
�F�X�U�U�H�Q�W �S�R�V�L�W�L�R�Q �L�Q �W�K�H�—�Y�D�U�W�D�Q�D�D�Q�G �D�L�G �W�K�H �P�X�V�L�F�L�D�Q �W�R �N�H�H�S �W�U�D�F�N
�R�I �W�K�H �P�R�Y�H�P�H�Q�W �W�K�U�R�X�J�K �W�K�H�W�—	¶�D�F�\�F�O�H�� �$ �P�R�Y�H�P�H�Q�W �W�K�U�R�X�J�K �D
�W�—	¶�D�F�\�F�O�H �L�V �H�[�S�O�L�F�L�W�O�\ �V�K�R�Z�Q �E�\ �W�K�H �P�X�V�L�F�L�D�Q �X�V�L�Q�J �K�D�Q�G �J�H�V�W�X�U�H�V��
�E�D�V�H�G �R�Q �W�K�H�D	Ä�J�D�V�R�I �W�K�H�W�—	¶�D��

�7�K�H �F�R�P�P�R�Q �G�H�I�L�Q�L�W�L�R�Q �R�I �D�Q �L�V�R�F�K�U�R�Q�R�X�V ���H�T�X�D�O�O�\ �V�S�D�F�H�G �L�Q
�W�L�P�H�� �E�H�D�W �S�X�O�V�D�W�L�R�Q�� �D�V �W�K�H �W�L�P�H �L�Q�V�W�D�Q�F�H�V �Z�K�H�U�H �D �K�X�P�D�Q �O�L�V�W�H�Q�H�U �L�V
�O�L�N�H�O�\ �W�R �W�D�S �K�L�V���K�H�U �I�R�R�W �W�R �W�K�H �P�X�V�L�F�� �L�V �O�L�N�H�O�\ �W�R �F�D�X�V�H �S�U�R�E�O�H�P�V �L�Q
�&�D�U�Q�D�W�L�F �P�X�V�L�F�� �'�X�H �W�K�H �H�[�S�O�L�F�L�W �K�D�Q�G �J�H�V�W�X�U�H�V�� �O�L�V�W�H�Q�H�U�V �I�D�P�L�O�L�D�U �W�R
�&�D�U�Q�D�W�L�F �P�X�V�L�F �W�H�Q�G �W�R �W�D�S �W�R �D�Q �Q�R�Q���L�V�R�F�K�U�R�Q�R�X�V �V�H�T�X�H�Q�F�H �R�I �E�H�D�W�V
�L�Q �F�H�U�W�D�L�Q�W�—	¶�D�V�� �+�H�Q�F�H �Z�H �X�V�H �D�Q �D�G�D�S�W�H�G �G�H�I�L�Q�L�W�L�R�Q �R�I �D �E�H�D�W �I�R�U �W�K�H
�S�X�U�S�R�V�H �R�I �D �F�R�P�P�R�Q �J�U�R�X�Q�G�� �G�H�I�L�Q�H�G �D�V �D �X�Q�L�I�R�U�P �S�X�O�V�D�W�L�R�Q�� �,�W �L�V
�W�R �E�H �Q�R�W�H�G �K�R�Z�H�Y�H�U �W�K�D�W �D�Q �H�T�X�L�G�L�V�W�D�Q�W �E�H�D�W �S�X�O�V�D�W�L�R�Q �F�D�Q �O�D�W�H�U �K�H�O�S
�L�Q �R�E�W�D�L�Q�L�Q�J �W�K�H �P�X�V�L�F�D�O�O�\ �U�H�O�H�Y�D�Q�W �S�R�V�V�L�E�O�\ �L�U�U�H�J�X�O�D�U �E�H�D�W �V�H�T�X�H�Q�F�H
�W�K�D�W �L�V �D �V�X�E�V�H�W �R�I �W�K�H �H�T�X�L�G�L�V�W�D�Q�W �E�H�D�W �S�X�O�V�H�V�� �7�K�H�D�N	â�D�U�D�V�L�Q �D�Q
�—�Y�D�U�W�D�Q�D�D�U�H �J�U�R�X�S�H�G �L�Q�W�R �H�T�X�D�O �O�H�Q�J�W�K �X�Q�L�W�V�� �Z�K�L�F�K �Z�H �Z�L�O�O �U�H�I�H�U �W�R
�D�V �W�K�H �E�H�D�W�V �R�I �W�K�H�W�—	¶�D�� �7�K�H �S�H�U�F�H�S�W�X�D�O�O�\ �U�H�O�H�Y�D�Q�W �K�D�Q�G���I�R�R�W �W�D�S�S�L�Q�J
�W�L�P�H �³�E�H�D�W�V�´ �D�U�H �D �V�X�E�V�H�W �R�I �W�K�L�V �X�Q�L�I�R�U�P �E�H�D�W �S�X�O�V�D�W�L�R�Q��

�7�K�H �V�X�E�G�L�Y�L�V�L�R�Q �J�U�R�X�S�L�Q�J �V�W�U�X�F�W�X�U�H �R�I �W�K�H�D�N	â�D�U�D�V�Z�L�W�K�L�Q �D �E�H�D�W
�L�V �F�D�O�O�H�G �W�K�H�Q�D	Œ�H���D�O�V�R �V�S�H�O�O�H�G�Q�D�²�D�L�� �R�U�J�D�W�L�� �7�K�H �P�R�V�W �F�R�P�P�R�Q
�Q�D	Œ�H�L�V�F�D�W�X�U�D���U�D�� �L�Q �Z�K�L�F�K �D �E�H�D�W �L�V �G�L�Y�L�G�H�G �L�Q�W�R ���D�N	â�D�U�D�V���L�Q �G�X��
�S�O�H�V�� �H�T�X�L�Y�D�O�H�Q�W�O�\ ���D�N	â�D�U�D�V���� �$�Q�R�W�K�H�U �L�P�S�R�U�W�D�Q�W �D�V�S�H�F�W �R�I �U�K�\�W�K�P
�L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F �L�V �W�K�H�H�²�X�S�X�� �W�K�H �³�S�K�D�V�H�´ �R�U �R�I�I�V�H�W �R�I �W�K�H �O�H�D�G
�P�H�O�R�G�\�� �U�H�O�D�W�L�Y�H �W�R �W�K�H�V�D�P�D�R�I �W�K�H�W�—	¶�D�� �:�L�W�K �D �Q�R�Q���]�H�U�R�H	Œ�X�S�X�� �W�K�H
�F�R�P�S�R�V�L�W�L�R�Q �G�R�H�V �Q�R�W �V�W�D�U�W �R�Q �W�K�H�V�D�P�D�� �E�X�W �E�H�I�R�U�H ���D�W�¯�W�D�� �R�U �D�I�W�H�U



������ �0�X�V�L�F �E�D�F�N�J�U�R�X�Q�G ����

�7�—	¶�D �� �E�H�D�W�V�Q�D	Œ�H�� �$�N	â�D�U�D

�–�G�L �� �� ����
�5�Ì�S�D�N�D �� �� ����
�0�L���U�D �F�K�—�S�X�� �� ����
�.�K�D	Æ	Œ�D �F�K�—�S�X�� �� ����

�7�D�E�O�H ���������6�W�U�X�F�W�X�U�H �R�I �&�D�U�Q�D�W�L�F�W�—	¶�D�V�� �V�K�R�Z�L�Q�J �W�K�H �Q�X�P�E�H�U �R�I �E�H�D�W�V��
�D�N	â�D�U�D�V�S�H�U �E�H�D�W ���D�Q �L�Q�G�L�F�D�W�R�U �R�I�Q�D	Œ�H�� �D�Q�G�D�N	â�D�U�D�V�L�Q �H�D�F�K �F�\�F�O�H

���D���–�G�L�W�—	¶�D�� �L�O�O�X�V�W�U�D�W�H�G

���E���.�K�D	Æ	Œ�D �F�K�—�S�X�W�—	¶�D���F���5�Ì�S�D�N�D�W�—	¶�D���G���0�L���U�D �F�K�—�S�X�W�—	¶�D

�)�L�J�X�U�H ���������$�Q�—�Y�D�U�W�D�Q�D�R�I �I�R�X�U �S�R�S�X�O�D�U �&�D�U�Q�D�W�L�F�W�—	¶�D�V�� �V�K�R�Z�L�Q�J �W�K�H
�D�N	â�D�U�D�V���D�O�O �W�L�P�H �W�L�F�N�V���� �E�H�D�W�V ���Q�X�P�E�H�U�H�G �W�L�P�H �W�L�F�N�V�����D	Ä�J�D�V���O�R�Q�J �D�Q�G �E�R�O�G
�W�L�P�H �W�L�F�N�V�� �D�Q�G �W�K�H �V�D�P�D ��� �����–�G�L�W�—	¶�D�L�V �D�O�V�R �L�O�O�X�V�W�U�D�W�H�G �X�V�L�Q�J �W�K�H �W�H�U�P�L��
�Q�R�O�R�J�\ �X�V�H�G �L�Q �W�K�H �G�L�V�V�H�U�W�D�W�L�R�Q��

���D�Q�—�J�D�W�D�� �W�K�H �E�H�J�L�Q�Q�L�Q�J �R�I �W�K�H�W�—	¶�D�F�\�F�O�H�� �7�K�L�V �R�I�I�V�H�W �L�V �S�U�H�G�R�P�L��
�Q�D�Q�W�O�\ �I�R�U �W�K�H �F�R�Q�Y�H�Q�L�H�Q�F�H �R�I �W�K�H �P�X�V�L�F�L�D�Q �I�R�U �D �E�H�W�W�H�U �H�[�S�R�V�L�W�L�R�Q
�R�I �W�K�H�W�—	¶�D�L�Q �F�H�U�W�D�L�Q �F�R�P�S�R�V�L�W�L�R�Q�V�� �+�R�Z�H�Y�H�U���H	Œ�X�S�X�L�V �D�O�V�R �X�V�H�G �I�R�U
�R�U�Q�D�P�H�Q�W�D�W�L�R�Q �L�Q �P�D�Q�\ �F�D�V�H�V�� �7�K�R�X�J�K �W�K�H�U�H �D�U�H �V�L�J�Q�L�I�L�F�D�Q�W �G�L�I�I�H�U��
�H�Q�F�H�V �L�Q �W�H�U�P�V �R�I �V�F�D�O�H �D�Q�G �O�H�Q�J�W�K�� �D�V �D�Q �D�Q�D�O�R�J�\�� �W�K�H �F�R�Q�F�H�S�W�V �R�I
�D�N	â�D�U�D�� �W�K�H �E�H�D�W�� �D�Q�G �W�K�H�—�Y�D�U�W�D�Q�D�R�I �&�D�U�Q�D�W�L�F �P�X�V�L�F �E�H�D�U �D�Q�D�O�R�J�\
�W�R �W�K�H �V�X�E�G�L�Y�L�V�L�R�Q�� �E�H�D�W �D�Q�G �W�K�H �E�D�U �P�H�W�U�L�F�D�O �O�H�Y�H�O�V �R�I �(�X�U�R�J�H�Q�H�W�L�F
�P�X�V�L�F�� �)�X�U�W�K�H�U���D	Ä�J�D�D�U�H �W�K�H �S�R�V�V�L�E�O�\ �X�Q�H�T�X�D�O �O�H�Q�J�W�K �V�H�F�W�L�R�Q�V �R�I
�W�K�H�W�—	¶�D�� �I�R�U�P�H�G �E�\ �J�U�R�X�S�L�Q�J �R�I �E�H�D�W�V��

�&�D�U�Q�D�W�L�F �P�X�V�L�F �K�D�V �D �V�R�S�K�L�V�W�L�F�D�W�H�G�W�—	¶�D�V�\�V�W�H�P �W�K�D�W �L�Q�F�R�U�S�R�U�D�W�H�V
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�W�K�H �F�R�Q�F�H�S�W�V �G�H�V�F�U�L�E�H�G �D�E�R�Y�H�� �7�K�H�U�H �D�U�H �V�H�Y�H�Q �E�D�V�L�F�W�—	¶�D�V�G�H�I�L�Q�H�G
�Z�L�W�K �G�L�I�I�H�U�H�Q�W�D	Ä�J�D�V�� �H�D�F�K �Z�L�W�K �I�L�Y�H �Y�D�U�L�D�Q�W�V �O�H�D�G�L�Q�J �W�R �W�K�H �S�R�S�X�O�D�U
���� �W�—	¶�D�V�\�V�W�H�P ���6�D�P�E�D�P�R�R�U�W�K�\�������������� �(�D�F�K �R�I �W�K�H�V�H �����W�—	¶�D�V�F�D�Q
�E�H �V�H�W �L�Q �I�L�Y�H �G�L�I�I�H�U�H�Q�W�Q�D	Œ�H�� �O�H�D�G�L�Q�J �W�R ������ �G�L�I�I�H�U�H�Q�W �F�R�P�E�L�Q�D�W�L�R�Q�V��
�+�R�Z�H�Y�H�U�� �P�R�V�W �R�I �W�K�H�V�H�W�—	¶�D�V�D�U�H �H�[�W�U�H�P�H�O�\ �U�D�U�H �L�Q �S�H�U�I�R�U�P�D�Q�F�H�V
�Z�L�W�K �M�X�V�W �R�Y�H�U �D �W�H�Q�W�—	¶�D�V�W�K�D�W �F�D�Q �E�H �U�H�J�X�O�D�U�O�\ �V�H�H�Q �L�Q �F�R�Q�F�H�U�W�V�� �$
�P�D�M�R�U�L�W�\ �R�I �S�L�H�F�H�V �D�U�H �F�R�P�S�R�V�H�G �L�Q �I�R�X�U �S�R�S�X�O�D�U�W�—	¶�D�V���—�G�L���U�Ì�S�D�N�D��
�P�L���U�D �F�K�—�S�X�� �D�Q�G�N�K�D	Æ	Œ�D �F�K�—�S�X�� �7�K�H �V�W�U�X�F�W�X�U�H �R�I �W�K�R�V�H �I�R�X�U �S�R�S�X�O�D�U
�W�—	¶�D�V�L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F �D�U�H �G�H�V�F�U�L�E�H�G �L�Q �7�D�E�O�H������ �D�Q�G �L�O�O�X�V�W�U�D�W�H�G
�L�Q �)�L�J�X�U�H�������� �D�O�O �L�Q�F�D�W�X�U�D���U�D�Q�D	Œ�H���G�L�Y�L�V�L�R�Q �R�I �D �E�H�D�W �L�Q�W�R �W�Z�R �R�U
�I�R�X�U�D�N	â�D�U�D�V���� �7�K�H �G�L�I�I�H�U�H�Q�W �F�R�Q�F�H�S�W�V �U�H�O�D�W�H�G �W�R �W�K�H�W�—	¶�D�V�R�I �&�D�U�Q�D�W�L�F
�P�X�V�L�F �D�U�H �D�O�V�R �L�O�O�X�V�W�U�D�W�H�G�� �L�Q �)�L�J�X�U�H�������D�� �7�K�H �I�L�J�X�U�H �V�K�R�Z�V �W�K�H
�D�N	â�D�U�D�V�Z�L�W�K �W�L�P�H���W�L�F�N�V�� �E�H�D�W�V �R�I �W�K�H �F�\�F�O�H �Z�L�W�K �Q�X�P�E�H�U�H�G �O�R�Q�J�H�U
�W�L�P�H���W�L�F�N�V�� �D�Q�G �W�K�H �V�D�P�D �L�Q �W�K�H �F�\�F�O�H �X�V�L�Q�J� �� �7�K�H�D	Ä�J�D�E�R�X�Q�G�D�U�L�H�V
�D�U�H �K�L�J�K�O�L�J�K�W�H�G �X�V�L�Q�J �E�R�O�G �D�Q�G �O�R�Q�J �W�L�P�H���W�L�F�N�V �H���J���—�G�L�W�—	¶�D�K�D�V ��
�E�H�D�W�V �L�Q �D �F�\�F�O�H�� �Z�L�W�K ���D�N	â�D�U�D�V�L�Q �H�D�F�K �E�H�D�W �O�H�D�G�L�Q�J �W�R �����D�N	â�D�U�D�V�L�Q
�D �F�\�F�O�H�� �Z�K�L�O�H�U�Ì�S�D�N�D�W�—	¶�D�K�D�V �����D�N	â�D�U�D�V�L�Q �D �F�\�F�O�H�� �Z�L�W�K ���D�N	â�D�U�D�V
�L�Q �H�D�F�K �R�I �L�W�V �� �E�H�D�W�V��

�7�K�H �F�D�V�H �R�I �Q�R�Q���L�V�R�F�K�U�R�Q�R�X�V �E�H�D�W�W�—	¶�D�V���P�L���U�D �F�K�—�S�X�D�Q�G�N�K�D	Æ	Œ�D
�F�K�—�S�X�� �Q�H�H�G �D �V�S�H�F�L�D�O �P�H�Q�W�L�R�Q �K�H�U�H�� �)�L�J�X�U�H�������G�V�K�R�Z�V�P�L���U�D �F�K�—�S�X
�W�R �F�R�Q�V�L�V�W �����D�N	â�D�U�D�V�L�Q �D �F�\�F�O�H�� �7�K�H �����D�N	â�D�U�D�V�K�D�Y�H �D �G�H�I�L�Q�L�W�H
�X�Q�H�T�X�D�O �J�U�R�X�S�L�Q�J �V�W�U�X�F�W�X�U�H �R�I ���������� ���R�U ������ �L�Q �V�R�P�H �F�D�V�H�V�� �D�Q�G
�W�K�H �E�R�X�Q�G�D�U�L�H�V �R�I �W�K�H�V�H �J�U�R�X�S�V �D�U�H �V�K�R�Z�Q �Z�L�W�K �Y�L�V�X�D�O �J�H�V�W�X�U�H�V�� �D�Q�G
�K�H�Q�F�H �I�R�U�P �W�K�H �E�H�D�W�V �R�I �W�K�L�V�W�—	¶�D���6�D�P�E�D�P�R�R�U�W�K�\�������������� �+�R�Z�H�Y�H�U��
�L�Q �F�R�P�P�R�Q �S�U�D�F�W�L�F�H���P�L���U�D �F�K�—�S�X�F�D�Q �D�O�V�R �E�H �G�L�Y�L�G�H�G �L�Q�W�R �V�H�Y�H�Q
�H�T�X�D�O �E�H�D�W�V�� �,�Q �W�K�L�V �G�L�V�V�H�U�W�D�W�L�R�Q�� �Z�H �F�R�Q�V�L�G�H�U�P�L���U�D �F�K�—�S�X�W�R �F�R�Q��
�V�L�V�W �R�I �V�H�Y�H�Q �X�Q�L�I�R�U�P �E�H�D�W�V �D�V �Q�X�P�E�H�U�H�G �L�Q �)�L�J�X�U�H�������G�� �Z�L�W�K �E�H�D�W�V
� �� �� �D�Q�G �� �E�H�L�Q�J �Y�L�V�X�D�O�O�\ �G�L�V�S�O�D�\�H�G�� �6�L�P�L�O�D�U�O�\���N�K�D	Æ	Œ�D �F�K�—�S�X�K�D�V
���� �D�N	â�D�U�D�V�L�Q �D �F�\�F�O�H �J�U�R�X�S�H�G �L�Q�W�R �W�Z�R �J�U�R�X�S�V �D�V �������� �,�Q �W�K�H �V�F�R�S�H
�R�I �W�K�L�V �G�L�V�V�H�U�W�D�W�L�R�Q���N�K�D	Æ	Œ�D �F�K�—�S�X�F�D�Q �E�H �L�Q�W�H�U�S�U�H�W�H�G �W�R �F�R�Q�V�L�V�W �R�I ��
�H�T�X�D�O �O�H�Q�J�W�K �E�H�D�W�V�� �,�Q �W�K�H �G�L�V�V�H�U�W�D�W�L�R�Q�� �Z�H �I�R�F�X�V �R�Q �W�K�H �P�R�V�W �S�R�S��
�X�O�D�U�W�—	¶�D�V�I�R�U �D�Q�D�O�\�V�L�V�� �D�O�O �R�I �Z�K�L�F�K �D�U�H �L�Q �F�D�W�X�U�D���U�D�Q�D	Œ�H�� �%�X�W �I�R�U
�F�R�P�S�O�H�W�H�Q�H�V�V�� �D�Q �H�[�D�P�S�O�H �R�I�W�L���U�D�Q�D	Œ�H�� �Z�K�H�U�H �H�D�F�K �E�H�D�W �L�V �G�L�Y�L�G�H�G
�L�Q�W�R �� ���R�U �����D�N	â�D�U�D�L�V �L�O�O�X�V�W�U�D�W�H�G �I�R�U�—�G�L�W�—	¶�D�L�Q �)�L�J�X�U�H�������� �:�H �F�D�Q
�F�O�H�D�U�O�\ �V�H�H �W�K�D�W �D�W�L���U�D�Q�D	Œ�H�—�G�L�W�—	¶�D�K�D�V �� �E�H�D�W�V �R�I ���D�N	â�D�U�D�V�H�D�F�K��
�O�H�D�G�L�Q�J �W�R �����D�N	â�D�U�D�V�L�Q �D �F�\�F�O�H��

���6�R�P�H �D�X�G�L�R �H�[�D�P�S�O�H�V �L�O�O�X�V�W�U�D�W�L�Q�J �W�K�H�V�H�W�—	¶�D�V�D�Q�G �V�W�U�X�F�W�X�U�H �R�I �P�R�U�H�W�—	¶�D�V�D�W
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�)�L�J�X�U�H ���������7�K�H �V�W�U�X�F�W�X�U�H �R�I�W�L���U�D�Q�D	Œ�H�—�G�L�W�—	¶�D�� �W�R �F�R�Q�W�U�D�V�W �Z�L�W�K �W�K�H �S�R�S�X��
�O�D�U�O�\ �X�V�H�G�F�D�W�X�U�D���U�D�Q�D	Œ�H�� �1�R�W�H �W�K�H �W�K�U�H�H�D�N	â�D�U�D�E�H�D�W�V�� �D�Q�G �R�Q�O�\ �����D�N	â�D�U�D
�F�\�F�O�H�� �D�V �F�R�P�S�D�U�H�G �W�R �W�K�H �����D�N	â�D�U�D�F�\�F�O�H �L�Q �L�W�V�F�D�W�X�U�D���U�D�Q�D	Œ�H�F�R�X�Q�W�H�U�S�D�U�W��
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�S�H�U�F�X�V�V�L�R�Q �L�Q�V�W�U�X�P�H�Q�W �P�U�L�G�D�Q�J�D�P ���P�U�b�G�D	Ä�J�D	À���� �D �G�R�X�E�O�H���V�L�G�H�G �E�D�U��
�U�H�O �G�U�X�P�� �7�K�H�U�H �F�R�X�O�G �K�R�Z�H�Y�H�U �E�H �R�W�K�H�U �S�H�U�F�X�V�V�L�R�Q �D�F�F�R�P�S�D�Q�L��
�P�H�Q�W�V �V�X�F�K �D�V�J�K�D	ì�D�P���W�K�H �F�O�D�\ �S�R�W�����N�K�D�x�M�L�U�D���W�K�H �,�Q�G�L�D�Q �W�D�P�E�R�X�U�L�Q�H����
�W�K�H�Y�L�O ���D �W�Z�R �V�L�G�H�G �G�U�X�P�� �D�Q�G�P�À�U�V�L	Ä�J���W�K�H �,�Q�G�L�D�Q �M�D�Z �K�D�U�S���� �Z�K�L�F�K
�I�R�O�O�R�Z �W�K�H �P�U�L�G�D�Q�J�D�P �F�O�R�V�H�O�\�� �$�O�O �W�K�H�V�H �L�Q�V�W�U�X�P�H�Q�W�V ���H�[�F�H�S�W �W�K�H
�N�K�D�x�M�L�U�D�� �D�U�H �S�L�W�F�K�H�G �S�H�U�F�X�V�V�L�R�Q �L�Q�V�W�U�X�P�H�Q�W�V �D�Q�G �D�U�H �W�X�Q�H�G �W�R �W�K�H
�W�R�Q�L�F �R�I �W�K�H �O�H�D�G �Y�R�L�F�H�� �6�L�Q�F�H �W�K�H �S�U�R�J�U�H�V�V�L�R�Q �W�K�U�R�X�J�K �W�K�H�W�—	¶�D�F�\��
�F�O�H�V �L�V �H�[�S�O�L�F�L�W�O�\ �V�K�R�Z�Q �W�K�U�R�X�J�K �K�D�Q�G �J�H�V�W�X�U�H�V�� �W�K�H �P�U�L�G�D�Q�J�D�P �L�V
�S�U�R�Y�L�G�H�G �Z�L�W�K �V�X�E�V�W�D�Q�W�L�D�O �I�U�H�H�G�R�P �R�I �U�K�\�W�K�P�L�F �L�P�S�U�R�Y�L�V�D�W�L�R�Q �G�X�U��
�L�Q�J �W�K�H �S�H�U�I�R�U�P�D�Q�F�H�� �7�K�H�W�—	¶�D�R�Q�O�\ �S�U�R�Y�L�G�H�V �D �P�H�W�U�L�F�D�O �F�R�Q�V�W�U�X�F�W��
�Z�L�W�K�L�Q �Z�K�L�F�K �V�H�Y�H�U�D�O �G�L�I�I�H�U�H�Q�W �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �F�D�Q �E�H �S�O�D�\�H�G �D�Q�G
�L�P�S�U�R�Y�L�V�H�G��

�7�K�H �V�R�O�R �S�H�U�I�R�U�P�H�G �Z�L�W�K �W�K�H �S�H�U�F�X�V�V�L�R�Q �D�F�F�R�P�S�D�Q�L�P�H�Q�W�V�� �F�D�O�O�H�G
�D�W�D�Q�L���—�Y�D�U�W�D�Q�D�� �G�H�P�R�Q�V�W�U�D�W�H�V �W�K�H �Z�L�G�H �Y�D�U�L�H�W�\ �R�I �U�K�\�W�K�P�V �W�K�D�W �F�D�Q
�E�H �S�O�D�\�H�G �L�Q �D �S�D�U�W�L�F�X�O�D�U�W�—	¶�D�� �7�K�H �V�R�O�R �S�H�U�I�R�U�P�D�Q�F�H �E�\ �W�K�H �S�H�U�F�X�V��
�V�L�R�Q �H�Q�V�H�P�E�O�H �I�R�O�O�R�Z�V �W�K�H �P�D�L�Q �S�L�H�F�H �R�I �W�K�H �F�R�Q�F�H�U�W�� �7�K�H �V�R�O�R �L�V
�D�Q �H�O�D�E�R�U�D�W�H �U�K�\�W�K�P�L�F �L�P�S�U�R�Y�L�V�D�W�L�R�Q �Z�L�W�K�L�Q �W�K�H �I�U�D�P�H�Z�R�U�N �R�I �W�K�H
�W�—	¶�D�� �E�X�W �Z�L�W�K �P�X�F�K �L�P�S�U�R�Y�L�V�D�W�L�R�Q �R�Q �W�K�H �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V�� �7�K�H
�W�D�Q�L�V�W�U�L�Y�H�V �W�R �S�U�H�V�H�Q�W �D �V�K�R�Z�F�D�V�H �R�I �W�K�H�W�—	¶�D�Z�L�W�K �D �Y�D�U�L�H�W�\ �R�I �S�H�U��
�F�X�V�V�L�R�Q �D�Q�G �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �W�K�D�W �F�D�Q �E�H �S�O�D�\�H�G �L�Q �W�K�H �W�D�O�D�� �7�K�H
�S�H�U�F�X�V�V�L�R�Q �L�Q�V�W�U�X�P�H�Q�W�V �G�X�H�O �D�Q�G �F�R�P�S�O�H�P�H�Q�W �H�D�F�K �R�W�K�H�U �L�Q �D �V�R�O�R �R�I
�H�D�F�K �L�Q�V�W�U�X�P�H�Q�W�� �Z�L�W�K �D�O�O �L�Q�V�W�U�X�P�H�Q�W�V �F�R�P�L�Q�J �W�R�J�H�W�K�H�U �W�R �D �F�D�G�H�Q��
�W�L�D�O �H�Q�G�� �7�K�H �S�D�W�W�H�U�Q�V �S�O�D�\�H�G �F�D�Q �O�D�V�W �O�R�Q�J�H�U �W�K�D�Q �R�Q�H�—�Y�D�U�W�D�Q�D�� �E�X�W
�V�W�D�\ �Z�L�W�K�L�Q �W�K�H �I�U�D�P�H�Z�R�U�N �R�I �W�K�H�W�—	¶�D�� �$�W�D�Q�L���—�Y�D�U�W�D�Q�D�L�V �D �V�K�R�Z�F�D�V�H
�R�I �W�K�H �V�N�L�O�O �D�Q�G �W�D�O�H�Q�W �R�I �W�K�H �S�H�U�F�X�V�V�L�R�Q �D�U�W�L�V�W�V�� �,�W �L�V �U�H�S�O�H�W�H �Z�L�W�K �D
�Y�D�U�L�H�W�\ �R�I �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V �D�Q�G �K�H�Q�F�H �L�V �Y�H�U�\ �X�V�H�I�X�O �I�R�U �D�Q�D�O�\�V�L�V
�R�I �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V�� �7�K�H �W�D�Q�L �L�V �R�I�W�H�Q �S�H�U�I�R�U�P�H�G �Z�L�W�K �D �V�X�E�V�H�W
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�G�L�V�V�H�U�W�D�W�L�R�Q�� �7�K�H �O�D�V�W �F�R�O�X�P�Q �D�O�V�R �S�U�R�Y�L�G�H�V �D �V�K�R�U�W �G�H�V�F�U�L�S�W�L�R�Q�� �0�R�V�W
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�Q�D�N�À�O�� �D�Q�G �L�V �R�I�W�H�Q �D �S�D�U�W �R�I �D�W�D�Q�L���—�Y�D�U�W�D�Q�D�� �7�K�H �V�\�O�O�D�E�O�H�V �X�V�H�G �E�H��
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�W�D�W�L�R�Q�� �Z�H �O�L�P�L�W �R�X�U�V�H�O�Y�H�V �W�R �W�K�H �U�H�G�X�F�H�G �V�H�W �R�I �V�\�O�O�D�E�O�H �J�U�R�X�S�V �D�Q�G
�X�V�H �W�K�H�P �W�R �U�H�S�U�H�V�H�Q�W �S�D�W�W�H�U�Q�V�� �)�R�U �F�R�Q�Y�H�Q�L�H�Q�F�H�� �Z�K�H�Q �L�W �L�V �F�O�H�D�U
�I�U�R�P �W�K�H �F�R�Q�W�H�[�W�� �Z�H �F�D�O�O �W�K�H �V�\�O�O�D�E�O�H �J�U�R�X�S�V �D�V �M�X�V�W �V�\�O�O�D�E�O�H�V �D�Q�G
�G�H�Q�R�W�H �W�K�H�P �E�\ �W�K�H �V�\�P�E�R�O�V �L�Q �7�D�E�O�H�������� �$ �E�U�L�H�I �G�H�V�F�U�L�S�W�L�R�Q �R�I �W�K�H
�W�L�P�E�U�H �L�V �D�O�V�R �S�U�R�Y�L�G�H�G �I�R�U �H�D�F�K �V�\�O�O�D�E�O�H��

�7�D�E�O�D�D�F�W�V �D�V �W�K�H �W�L�P�H�N�H�H�S�H�U �G�X�U�L�Q�J �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �L�Q�G�L�F�D�W�L�Q�J
�W�K�H �S�U�R�J�U�H�V�V�L�R�Q �W�K�U�R�X�J�K �W�K�H�W�—�O�F�\�F�O�H�V �X�V�L�Q�J �S�U�H���G�H�I�L�Q�H�G �U�K�\�W�K�P�L�F
�S�D�W�W�H�U�Q�V ���F�D�O�O�H�G �W�K�H	ì�K�•�N�—�� �I�R�U �H�D�F�K�W�—�O�� �7�K�H �O�H�D�G �P�X�V�L�F�L�D�Q �L�P�S�U�R��
�Y�L�V�H�V �R�Y�H�U �W�K�H�V�H �F�\�F�O�H�V�� �Z�L�W�K �O�L�P�L�W�H�G �U�K�\�W�K�P�L�F �L�P�S�U�R�Y�L�V�D�W�L�R�Q �G�X�U�L�Q�J
�W�K�H �P�D�L�Q �S�L�H�F�H�� �7�K�H	ì�K�•�N�—�V�D�U�H �V�S�H�F�L�I�L�F �F�D�Q�R�Q�L�F�D�O�W�D�E�O�D�E�À�O�S�D�W�W�H�U�Q�V
�G�H�I�L�Q�H�G �I�R�U �H�D�F�K�W�—�O�D�V �L�O�O�X�V�W�U�D�W�H�G �L�Q �7�D�E�O�H�������� �+�R�Z�H�Y�H�U�� �W�K�H �P�X��
�V�L�F�L�D�Q �S�O�D�\�L�Q�J�W�D�E�O�D�L�P�S�U�R�Y�L�V�H�V �W�K�H�V�H �S�D�W�W�H�U�Q�V �S�O�D�\�L�Q�J �P�D�Q�\ �Y�D�U�L��
�D�W�L�R�Q�V �Z�L�W�K �I�L�O�O�H�U �V�W�U�R�N�H�V �D�Q�G �V�K�R�U�W �L�P�S�U�R�Y�L�V�D�W�R�U�\ �S�D�W�W�H�U�Q�V���0�L�U�R�Q
���������������&�O�D�\�W�R�Q���������������$�� �(�� �'�X�W�W�D���������������%�H�U�R�Q�M�D�������������� �D�Q�G
�1�D�L�P�S�D�O�O�L������������ �S�U�R�Y�L�G�H �D �P�R�U�H �G�H�W�D�L�O�H�G �G�L�V�F�X�V�V�L�R�Q �R�I�W�—�O�L�Q �+�L�Q��
�G�X�V�W�D�Q�L �P�X�V�L�F �L�Q�F�O�X�G�L�Q�J	ì�K�•�N�—�V�I�R�U �F�R�P�P�R�Q�O�\ �X�V�H�G�W�—�O�V����

�7�R �V�K�R�Z�F�D�V�H �W�K�H �Q�X�D�Q�F�H�V �R�I �D�W�—�O�D�V �Z�H�O�O �D�V �W�K�H �V�N�L�O�O �R�I �W�K�H
�S�H�U�F�X�V�V�L�R�Q�L�V�W �Z�L�W�K �W�K�H�W�D�E�O�D�� �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �S�H�U�I�R�U�P�D�Q�F�H�V �I�H�D��
�W�X�U�H�W�D�E�O�D�V�R�O�R�V�� �$�W�D�E�O�D�V�R�O�R �L�V �L�Q�W�U�L�F�D�W�H �D�Q�G �H�O�D�E�R�U�D�W�H�� �Z�L�W�K �D
�Y�D�U�L�H�W�\ �R�I �S�U�H���F�R�P�S�R�V�H�G �I�R�U�P�V �X�V�H�G �I�R�U �G�H�Y�H�O�R�S�L�Q�J �I�X�U�W�K�H�U �H�O�D�E��
�R�U�D�W�L�R�Q�V�� �7�K�H�U�H �D�U�H �V�S�H�F�L�I�L�F �S�U�L�Q�F�L�S�O�H�V �W�K�D�W �J�R�Y�H�U�Q �W�K�H�V�H �H�O�D�E�R�U�D��
�W�L�R�Q�V ���*�R�W�W�O�L�H�E�� ���������� �S�� �������� �0�X�V�L�F�D�O �I�R�U�P�V �R�I�W�D�E�O�D�V�X�F�K �D�V �W�K�H
	ì�K�•�N�—���N�—�\�D�G�—���S�D�O�D	ì�—���U�•�O�—���S�•���N�—�U�D�Q�G�J�D	ì�D�U�H �D �S�D�U�W �R�I �W�K�H �V�R�O�R �S�H�U��
�I�R�U�P�D�Q�F�H �D�Q�G �K�D�Y�H �G�L�I�I�H�U�H�Q�W �I�X�Q�F�W�L�R�Q�D�O �D�Q�G �D�H�V�W�K�H�W�L�F �U�R�O�H�V �L�Q �D �V�R�O�R
�S�H�U�I�R�U�P�D�Q�F�H�� �$ �S�H�U�F�X�V�V�L�R�Q �V�R�O�R �V�K�R�Z�V �D �Y�D�U�L�H�W�\ �R�I �L�P�S�U�R�Y�L�V�D�W�L�R�Q
�S�R�V�V�L�E�O�H �L�Q �W�K�H �I�U�D�P�H�Z�R�U�N �R�I �W�K�H�W�—�O�� �Z�L�W�K �W�K�H �U�R�O�H �R�I �W�L�P�H�N�H�H�S�L�Q�J
�W�D�N�H�Q �X�S �E�\ �W�K�H �O�H�D�G �P�X�V�L�F�L�D�Q �G�X�U�L�Q�J �W�K�H �V�R�O�R��

���6�R�P�H �D�X�G�L�R �H�[�D�P�S�O�H�V �L�O�O�X�V�W�U�D�W�L�Q�J �W�K�H�W�—�O�V�D�Q�G �V�W�U�X�F�W�X�U�H �R�I �P�R�U�H�W�—�O�V�D�W
�?�i�i�T�,�f�f�+�Q�K�T�K�m�b�B�+�X�m�T�7�X�2�/�m�f�2�t���K�T�H�2�b�@�i�����H�@�?�B�M�/�m�b�i���M�B
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�7�D�E�O�H ���������7�K�H	ì�K�•�N�—�V�I�R�U �I�R�X�U �S�R�S�X�O�D�U �+�L�Q�G�X�V�W�D�Q�L�W�—�O�V�� �V�K�R�Z�L�Q�J �W�K�H�E�À�O
�I�R�U �H�D�F�K�P�—�W�U�—�� �7�K�H�V�D�P�L�V �V�K�R�Z�Q �Z�L�W�K� �D�Q�G�Y�L�E�K�—�J�V�E�R�X�Q�G�D�U�L�H�V �D�U�H
�V�H�S�D�U�D�W�H�G �Z�L�W�K �D �Y�H�U�W�L�F�D�O �O�L�Q�H�� �(�D�F�K�P�—�W�U�—�R�I �D �F�\�F�O�H �K�D�V �H�T�X�D�O �G�X�U�D�W�L�R�Q��

�,�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F�� �W�K�H �W�H�P�S�R �L�V �P�H�D�V�X�U�H�G �L�Q�P�—�W�U�—�V�S�H�U �P�L�Q�X�W�H
���0�3�0���� �7�K�H �P�X�V�L�F �K�D�V �D �Z�L�G�H �U�D�Q�J�H �R�I �W�H�P�S�R�� �G�L�Y�L�G�H�G �L�Q�W�R �W�H�P�S�R
�F�O�D�V�V�H�V �F�D�O�O�H�G�O�D�\�D�V �G�H�V�F�U�L�E�H�G �E�H�I�R�U�H�� �7�K�H �P�D�L�Q�O�\ �S�H�U�I�R�U�P�H�G �R�Q�H�V
�D�U�H �W�K�H �W�K�H �V�O�R�Z ���Y�L�O�D	À�E�L�W���� �P�H�G�L�X�P ���P�D�G�K�\�D���� �D�Q�G �I�D�V�W ���G�U�b�W�� �F�O�D�V�V�H�V��
�7�K�H �E�R�X�Q�G�D�U�\ �E�H�W�Z�H�H�Q �W�K�H�V�H �W�H�P�S�R �F�O�D�V�V�H�V �L�V �Q�R�W �Z�H�O�O �G�H�I�L�Q�H�G �Z�L�W�K
�S�R�V�V�L�E�O�H �R�Y�H�U�O�D�S�V�� �,�Q �W�K�L�V �G�L�V�V�H�U�W�D�W�L�R�Q�� �D�I�W�H�U �F�R�Q�V�X�O�W�D�W�L�R�Q �Z�L�W�K �D �S�U�R��



���� �%�D�F�N�J�U�R�X�Q�G

�I�H�V�V�L�R�Q�D�O �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F�L�D�Q�� �Z�H �X�V�H �W�K�H �F�R�P�P�R�Q�O�\ �D�J�U�H�H�G �W�H�P�S�R
�U�D�Q�J�H�V �I�R�U �W�K�H�V�H �F�O�D�V�V�H�V���Y�L�O�D	À�E�L�W�O�D�\�I�R�U �D �P�H�G�L�D�Q �W�H�P�S�R �E�H�W�Z�H�H�Q
���������� �0�3�0���P�D�G�K�\�D�O�D�\�I�R�U ������������ �0�3�0�� �D�Q�G�G�U�b�W�O�D�\�I�R�U> ������
�0�3�0�� �7�K�L�V �O�D�U�J�H �U�D�Q�J�H �R�I �D�O�O�R�Z�H�G �W�H�P�S�L �P�H�D�Q�V �W�K�D�W �W�K�H �G�X�U�D�W�L�R�Q �R�I
�D�W�—�O�F�\�F�O�H �L�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �U�D�Q�J�H�V �I�U�R�P �O�H�V�V �W�K�D�Q �� �V�H�F�R�Q�G�V �W�R
�R�Y�H�U �D �P�L�Q�X�W�H�� �$�P�—�W�U�—�L�Q�Y�L�O�D	À�E�L�W�O�D�\�K�H�Q�F�H �F�D�Q �O�D�V�W �D�E�R�X�W �� �V�H�F��
�R�Q�G�V�� �D�Q�G �W�R �P�D�L�Q�W�D�L�Q �D �F�R�Q�W�L�Q�X�R�X�V �U�K�\�W�K�P�L�F �S�X�O�V�H�� �V�H�Y�H�U�D�O �I�L�O�O�H�U
�V�W�U�R�N�H�V �D�U�H �S�O�D�\�H�G �R�Q �W�K�H�W�D�E�O�D�� �+�H�Q�F�H �W�K�H �V�X�U�I�D�F�H �U�K�\�W�K�P �D�S�S�D�U�H�Q�W
�I�U�R�P �D�X�G�L�R �U�H�F�R�U�G�L�Q�J�V �F�D�Q �E�H �T�X�L�W�H �G�L�I�I�H�U�H�Q�W �I�U�R�P �W�K�H �X�Q�G�H�U�O�\�L�Q�J
�P�H�W�U�L�F�D�O �V�W�U�X�F�W�X�U�H��

�k�X�k�X�9 �*���`�M���i�B�+ ���M�/ �>�B�M�/�m�b�i���M�B �K�m�b�B�+�,
�� �+�Q�K�T���`�B�b�Q�M

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

�%�R�W�K �W�K�H �P�X�V�L�F �W�U�D�G�L�W�L�R�Q�V �D�U�H �R�U�D�O �W�U�D�G�L�W�L�R�Q�V�� �Z�L�W�K �D �O�R�W �R�I �D�O��
�O�R�Z�H�G �V�F�R�S�H �I�R�U �L�P�S�U�R�Y�L�V�D�W�L�R�Q�� �(�Y�H�Q �D �I�L�[�H�G �F�R�P�S�R�V�L�W�L�R�Q �L�V �L�Q�W�H�U��
�S�U�H�W�H�G �Z�L�W�K �V�L�J�Q�L�I�L�F�D�Q�W �I�U�H�H�G�R�P �E�\ �W�K�H �P�X�V�L�F�L�D�Q�V�� �D�V �O�R�Q�J �D�V �W�K�H�\
�D�G�K�H�U�H �W�R �W�K�H �I�U�D�P�H�Z�R�U�N �R�I �W�K�H�U�—�J�D�D�Q�G�W�—	¶�D�� �7�K�H �F�R�Q�F�H�S�W �R�I �F�\�F�O�L��
�F�D�O �P�H�W�U�L�F�D�O �V�W�U�X�F�W�X�U�H�V �L�V �V�K�D�U�H�G �E�\ �E�R�W�K �P�X�V�L�F �F�X�O�W�X�U�H�V�� �Z�K�L�O�H �W�K�H
�F�R�P�S�R�Q�H�Q�W�V �R�I �W�K�H�W�—	¶�D�D�U�H �O�H�V�V �V�L�P�L�O�D�U�� �7�K�H �I�L�U�V�W �S�X�O�V�H �R�I �W�K�H �F�\��
�F�O�H �L�V �L�P�S�R�U�W�D�Q�W �L�Q �E�R�W�K �F�X�O�W�X�U�H�V �D�Q�G �K�D�V �V�L�J�Q�L�I�L�F�D�Q�W �P�H�O�R�G�L�F �D�Q�G
�U�K�\�W�K�P�L�F �H�Y�H�Q�W�V�� �7�K�H �V�H�F�W�L�R�Q�V �R�I �W�K�H�W�—	¶�D�F�\�F�O�H �Q�H�H�G �Q�R�W �E�H �H�T�X�D�O
�L�Q �G�X�U�D�W�L�R�Q�� �7�K�H�W�—	¶�D�G�R�H�V �Q�R�W �F�K�D�Q�J�H �R�Y�H�U �V�L�Q�J�O�H �S�L�H�F�H ���Z�L�W�K �U�D�U�H
�H�[�F�H�S�W�L�R�Q�V���� �E�X�W �V�L�Q�F�H �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �U�H�F�R�U�G�L�Q�J�V �D�U�H �G�L�V�W�U�L�E�X�W�H�G
�D�V �I�X�O�O �F�R�Q�F�H�U�W�V�� �W�K�H�U�H �L�V �D �S�R�V�V�L�E�O�H �F�K�D�Q�J�H �R�I �S�L�H�F�H �L�Q �W�K�H �P�L�G�G�O�H �R�I
�D �U�H�F�R�U�G�L�Q�J�� �Z�L�W�K �D �F�K�D�Q�J�H �R�I�W�—�O�D�Q�G���R�U�O�D�\��

�1�H�L�W�K�H�U �R�I �W�K�H �P�X�V�L�F �F�X�O�W�X�U�H�V �X�V�H �D �P�H�W�U�R�Q�R�P�H �G�X�U�L�Q�J �S�H�U�I�R�U��
�P�D�Q�F�H�� �Z�K�L�F�K �P�H�D�Q�V �W�K�D�W �W�K�H �U�H�V�S�R�Q�V�L�E�L�O�L�W�\ �R�I �P�D�L�Q�W�D�L�Q�L�Q�J �D �U�H�J��
�X�O�D�U �S�X�O�V�H �U�H�V�W�V �Z�L�W�K �W�K�H �P�X�V�L�F�L�D�Q�V�� �7�K�L�V �O�H�D�G�V �W�R �D �I�O�H�[�L�E�O�H �W�L�P�H��
�Y�D�U�\�L�Q�J �Q�D�W�X�U�H �R�I �W�H�P�S�R�� �Z�L�W�K �P�R�V�W �R�I�W�H�Q �W�K�H �W�H�P�S�R �L�Q�F�U�H�D�V�L�Q�J ���D�Q�G
�W�K�H �S�L�H�F�H �J�H�W�W�L�Q�J �³�I�D�V�W�H�U�´�� �Z�L�W�K �W�L�P�H�� �7�K�H �U�D�Q�J�H �R�I �W�H�P�S�R �L�Q �+�L�Q��
�G�X�V�W�D�Q�L �P�X�V�L�F �L�V �O�D�U�J�H ���I�U�R�P ���� �0�3�0 �W�R �R�Y�H�U ������ �0�3�0���� �Z�K�L�O�H
�&�D�U�Q�D�W�L�F �P�X�V�L�F �L�V �S�H�U�I�R�U�P�H�G �L�Q �D �V�P�D�O�O�H�U �U�D�Q�J�H �R�I �W�H�P�S�R�� �7�K�L�V �K�D�V
�W�K�H �L�P�S�O�L�F�D�W�L�R�Q �W�K�D�W�W�—�O�F�\�F�O�H�V �F�D�Q �E�H �T�X�L�W�H �O�R�Q�J �L�Q �+�L�Q�G�X�V�W�D�Q�L �P�X��
�V�L�F�� �Z�K�L�O�H �&�D�U�Q�D�W�L�F �P�X�V�L�F�W�—	¶�D�F�\�F�O�H�V �D�U�H �V�K�R�U�W�H�U ���R�I�W�H�Q �V�K�R�U�W�H�U �W�K�D�Q



������ �0�X�V�L�F �E�D�F�N�J�U�R�X�Q�G ����

���� �V�H�F�R�Q�G����
�,�Q �+�L�Q�G�X�V�W�D�Q�L �D�Q�G �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �W�K�H �S�H�U�F�X�V�V�L�R�Q �D�F�F�R�P�S�D�Q�L��

�P�H�Q�W�V�W�D�E�O�D�D�Q�G �P�U�L�G�D�Q�J�D�P �D�U�H �W�X�Q�H�G �W�R �W�K�H �W�R�Q�L�F �R�I �W�K�H �O�H�D�G �P�X�V�L��
�F�L�D�Q�� �%�R�W�K �W�K�H�V�H �L�Q�V�W�U�X�P�H�Q�W�V �D�U�H �F�D�S�D�E�O�H �R�I �S�U�R�G�X�F�L�Q�J �D �U�L�F�K �Y�D�U�L�H�W�\
�R�I �W�L�P�E�U�H�V�� �7�K�H �S�O�D�\�L�Q�J �V�W�\�O�H �G�H�S�H�Q�G�V �R�Q �W�K�H �F�R�P�S�R�V�L�W�L�R�Q �R�U �W�K�H
�O�H�D�G �P�H�O�R�G�\ �E�H�L�Q�J �U�H�Q�G�H�U�H�G�� �D�Q�G �E�R�W�K �D�U�H �L�P�S�U�R�Y�L�V�H�G �G�X�U�L�Q�J �S�H�U��
�I�R�U�P�D�Q�F�H�� �%�R�W�K �K�D�Y�H �V�S�H�F�L�I�L�F	ì�K�•�N�—�V�I�R�U �W�K�H �H�[�S�R�V�L�W�L�R�Q �R�I �W�K�H�W�—	¶�D��
�W�K�R�X�J�K	ì�K�•�N�—�V�D�U�H �D �O�L�W�W�O�H �P�R�U�H �I�O�H�[�L�E�O�\ �G�H�I�L�Q�H�G �L�Q �&�D�U�Q�D�W�L�F �0�X��
�V�L�F�� �%�R�W�K�W�D�E�O�D�D�Q�G �P�U�L�G�D�Q�J�D�P �K�D�Y�H �W�K�H�L�U �R�Z�Q �V�H�W �R�I �R�Q�R�P�D�W�R�S�R�H�L�F
�P�Q�H�P�R�Q�L�F �R�U�D�O �V�\�O�O�D�E�O�H�V �W�K�D�W �S�U�R�Y�L�G�H �D �O�D�Q�J�X�D�J�H �I�R�U �S�H�U�F�X�V�V�L�R�Q��
�Z�K�L�F�K �H�Y�H�Q �K�D�Y�H �H�Y�R�O�Y�H�G �L�Q�W�R �D�U�W �I�R�U�P�V �R�I �U�H�F�L�W�L�Q�J �W�K�H�V�H �V�\�O�O�D�E�O�H�V
�L�Q �D �S�H�U�I�R�U�P�D�Q�F�H�� �5�H�S�U�H�V�H�Q�W�L�Q�J �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V �Z�L�W�K �W�K�H�V�H �V�\�O��
�O�D�E�O�H�V �L�V �P�X�V�L�F�D�O�O�\ �Z�H�O�O���G�H�I�L�Q�H�G �D�Q�G �D�Q �D�F�F�X�U�D�W�H �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q �R�I
�W�K�R�V�H �S�D�W�W�H�U�Q�V��

�7�K�H �V�X�U�I�D�F�H �U�K�\�W�K�P �L�Q �E�R�W�K �W�K�H �P�X�V�L�F �F�X�O�W�X�U�H�V �S�U�R�Y�L�G�H �F�X�H�V �W�R
�W�K�H �X�Q�G�H�U�O�\�L�Q�J�W�—	¶�D�V�W�U�X�F�W�X�U�H�V�� �,�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F���W�D�E�O�D�L�V �D �Y�H�U�\
�L�P�S�R�U�W�D�Q�W �F�X�H �W�R �W�K�H �X�Q�G�H�U�O�\�L�Q�J�W�—�O�S�U�R�J�U�H�V�V�L�R�Q�� �$�O�O�W�—�O�V�K�D�Y�H �D
�G�H�I�L�Q�L�W�H �D�F�F�H�Q�W �D�Q�G�W�D�E�O�D�V�W�U�R�N�H �S�D�W�W�H�U�Q �G�H�I�L�Q�H�G �E�\ �W�K�H	ì�K�•�N�—�Z�K�L�F�K
�L�V �P�R�V�W�O�\ �I�R�O�O�R�Z�H�G �H�[�F�H�S�W �L�Q �L�P�S�U�R�Y�L�V�D�W�R�U�\ �S�D�V�V�D�J�H�V�� �7�K�H �V�X�U�I�D�F�H
�U�K�\�W�K�P �F�R�Q�V�L�V�W�V �R�I �W�K�H�V�H �D�F�F�H�Q�W�V �D�Q�G �V�S�H�F�L�I�L�F �V�W�U�R�N�H�V�� �E�X�W �L�V �D�O�V�R
�U�H�S�O�H�W�H �Z�L�W�K �R�W�K�H�U �V�W�U�R�N�H�V�� �I�L�O�O�H�U�V �D�Q�G �H�[�S�U�H�V�V�L�Y�H �D�G�G�L�W�L�R�Q�V�� �)�L�O�O�H�U
�V�W�U�R�N�H�V �D�U�H �H�P�S�O�R�\�H�G �L�Q �V�O�R�Z �S�L�H�F�H�V �Z�L�W�K �O�R�Q�J �F�\�F�O�H�V�� �,�Q �&�D�U��
�Q�D�W�L�F �P�X�V�L�F�� �D�V �G�L�V�F�X�V�V�H�G �H�D�U�O�L�H�U�� �W�K�H �S�U�R�J�U�H�V�V�L�R�Q �W�K�U�R�X�J�K �W�K�H�W�—	¶�D�L�V
�V�K�R�Z�Q �W�K�U�R�X�J�K �Y�L�V�X�D�O �J�H�V�W�X�U�H�V �D�Q�G �K�H�Q�F�H �W�K�H�U�H �L�V �Q�R �Q�H�H�G �I�R�U �G�H�I�L�Q�L��
�W�L�Y�H �F�X�H�V �L�Q �W�K�H �V�X�U�I�D�F�H �U�K�\�W�K�P�� �+�R�Z�H�Y�H�U�� �W�K�H �S�H�U�F�X�V�V�L�R�Q �S�K�U�D�V�H�V
�S�O�D�\�H�G �R�Q �W�K�H �P�U�L�G�D�Q�J�D�P�� �W�K�H �P�H�O�R�G�L�F �S�K�U�D�V�H�V �D�Q�G �W�K�H �O�\�U�L�F�V �R�I
�W�K�H �F�R�P�S�R�V�L�W�L�R�Q �S�U�R�Y�L�G�H �F�X�H�V �W�R �W�K�H �X�Q�G�H�U�O�\�L�Q�J�W�—	¶�D�� �8�Q�O�L�N�H�W�D�E�O�D
�V�W�U�R�N�H�V�� �P�U�L�G�D�Q�J�D�P �V�W�U�R�N�H�V �D�U�H �O�H�V�V �L�Q�G�L�F�D�W�L�Y�H �R�I �W�K�H �F�X�U�U�H�Q�W �S�R�V�L��
�W�L�R�Q �L�Q �W�K�H �F�\�F�O�H �R�I �D�W�—	¶�D��

�8�Q�P�H�W�H�U�H�G �I�R�U�P�V �R�I �P�X�V�L�F �H�[�L�V�W �L�Q �E�R�W�K �W�K�H �P�X�V�L�F �F�X�O�W�X�U�H�V�� �7�K�H
�P�R�V�W �L�P�S�R�U�W�D�Q�W �X�Q�P�H�W�H�U�H�G �I�R�U�P �L�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �L�V �W�K�H�—�O�—�S
�D�Q�G �L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F �L�V �W�K�H�—�O�—�S�D�Q�D�� �E�R�W�K �R�I �Z�K�L�F�K �D�U�H �P�H�O�R�G�L�F
�L�P�S�U�R�Y�L�V�D�W�L�R�Q�D�O �I�R�U�P�V �E�D�V�H�G �R�Q �D�U�—�J�D�� �$�Q �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �R�I �W�K�H
�U�K�\�W�K�P�L�F �E�H�K�D�Y�L�R�U �R�I �X�Q�P�H�W�H�U�H�G �I�R�U�P�V �L�V �I�D�U �I�U�R�P �W�U�L�Y�L�D�O �I�R�U �P�X�V�L��
�F�R�O�R�J�L�V�W�V �D�Q�G �H�Y�H�Q �S�U�D�F�W�L�F�L�Q�J �P�X�V�L�F�L�D�Q�V ���&�O�D�\�W�R�Q���������������:�L�G�G�H�V�V
������������ �S�U�H�V�H�Q�W�H�G �D�Q �L�Q�W�H�U�H�V�W�L�Q�J �G�L�V�F�X�V�V�L�R�Q �R�I �W�K�H �Q�R�W�L�R�Q �R�I �S�X�O�V�D��
�W�L�R�Q �L�Q�—�O�—�S�V�D�Q�G �D �G�L�V�D�J�U�H�H�P�H�Q�W �D�E�R�X�W �L�W �D�P�R�Q�J �S�H�U�I�R�U�P�H�U�V�� �)�R�U
�W�K�L�V �U�H�D�V�R�Q�� �Z�H �E�H�O�L�H�Y�H �W�K�D�W �U�K�\�W�K�P�L�F �D�Q�D�O�\�V�L�V �R�I �X�Q�P�H�W�H�U�H�G �I�R�U�P�V
�V�K�R�X�O�G �E�H �U�H�V�H�U�Y�H�G �I�R�U �D �V�W�X�G�\ �P�R�U�H �I�U�R�P �D �P�X�V�L�F�R�O�R�J�L�F�D�O �S�H�U�V�S�H�F��



���� �%�D�F�N�J�U�R�X�Q�G

�W�L�Y�H �D�Q�G �K�H�Q�F�H �Z�H �G�R �Q�R�W �F�R�Q�V�L�G�H�U �L�W �L�Q �W�K�L�V �G�L�V�V�H�U�W�D�W�L�R�Q��

�k�X�k�X�8 �S�2�`�+�m�b�b�B�Q�M �B�M �"�2�B�D�B�M�; �Q�T�2�`��

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

�%�H�L�M�L�Q�J �R�S�H�U�D ���-�L�Q�J�M�X���€�; ���� �D�O�V�R �F�D�O�O�H�G �3�H�N�L�Q�J �R�S�H�U�D�� �L�V �R�Q�H
�R�I �W�K�H �P�R�V�W �U�H�S�U�H�V�H�Q�W�D�W�L�Y�H �J�H�Q�U�H�V �R�I �&�K�L�Q�H�V�H �W�U�D�G�L�W�L�R�Q�D�O �S�H�U�I�R�U�P��
�L�Q�J �D�U�W�V�� �L�Q�W�H�J�U�D�W�L�Q�J �W�K�H�D�W�U�L�F�D�O �D�F�W�L�Q�J �Z�L�W�K �V�L�Q�J�L�Q�J �D�Q�G �L�Q�V�W�U�X�P�H�Q�W�D�O
�D�F�F�R�P�S�D�Q�L�P�H�Q�W�� �,�W �L�V �D�Q �D�F�W�L�Y�H �D�U�W �I�R�U�P �D�Q�G �H�[�L�V�W�V �L�Q �W�K�H �F�X�U�U�H�Q�W
�V�R�F�L�D�O �D�Q�G �F�X�O�W�X�U�D�O �F�R�Q�W�H�[�W�V�� �Z�L�W�K �D �O�D�U�J�H �D�X�G�L�H�Q�F�H �D�Q�G �V�L�J�Q�L�I�L�F�D�Q�W
�P�X�V�L�F�R�O�R�J�L�F�D�O �O�L�W�H�U�D�W�X�U�H�� �2�Q�H �R�I �W�K�H �P�D�L�Q �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �R�I �%�H�L�M�L�Q�J
�R�S�H�U�D �D�H�V�W�K�H�W�L�F�V �L�V �W�K�H �U�H�P�D�U�N�D�E�O�H �U�K�\�W�K�P�L�F�L�W�\ �W�K�D�W �J�R�Y�H�U�Q�V �W�K�H �D�F�W��
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�W�K�H �L�Q�I�R�U�P�D�W�L�R�Q �I�U�R�P �W�K�H �V�S�H�F�L�I�L�F �L�Q�V�W�U�X�P�H�Q�W �Z�H �Z�L�V�K �W�R �H�[�W�U�D�F�W �R�Q��
�V�H�W�V �I�U�R�P�� �7�R �G�H�W�H�F�W �S�H�U�F�X�V�V�L�R�Q �R�Q�V�H�W�V�� �L�W �P�L�J�K�W �E�H �D�G�Y�D�Q�W�D�J�H�R�X�V
�W�R �H�Q�K�D�Q�F�H �W�K�H �S�H�U�F�X�V�V�L�Y�H �S�D�U�W�V �R�I �W�K�H �V�L�J�Q�D�O �D�Q�G �V�X�S�S�U�H�V�V �W�K�H �K�D�U��
�P�R�Q�L�F �F�R�P�S�R�Q�H�Q�W��

�+�D�U�P�R�Q�L�F���3�H�U�F�X�V�V�L�Y�H �6�R�X�U�F�H �6�H�S�D�U�D�W�L�R�Q ���+�3�6�6���D�L�P�V �W�R �V�H�S�D��
�U�D�W�H �D�Q �D�X�G�L�R �V�L�J�Q�D�O �L�Q�W�R �K�D�U�P�R�Q�L�F ���P�H�O�R�G�L�F �L�Q�V�W�U�X�P�H�Q�W�V�� �D�Q�G �S�H�U��
�F�X�V�V�L�Y�H ���G�U�X�P�V�� �F�R�P�S�R�Q�H�Q�W�V�� �7�K�R�X�J�K �D�Q �D�F�F�X�U�D�W�H �V�R�X�U�F�H �V�H�S�D�U�D��
�W�L�R�Q �I�R�U �K�X�P�D�Q �O�L�V�W�H�Q�L�Q�J �L�V �D �G�L�I�I�L�F�X�O�W �W�D�V�N���+�3�6�6�I�R�U �I�X�U�W�K�H�U �F�R�P�S�X��
�W�D�W�L�R�Q�D�O �D�Q�D�O�\�V�L�V �L�V �V�L�P�S�O�H�U�� �0�R�V�W �D�S�S�U�R�D�F�K�H�V �W�R�+�3�6�6�S�U�R�F�H�V�V �W�K�H
�V�S�H�F�W�U�R�J�U�D�P �X�V�L�Q�J �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �V�K�R�Z�Q �E�\ �P�H�O�R�G�L�F �D�Q�G �S�H�U�F�X�V��
�V�L�Y�H �P�X�V�L�F �V�R�X�U�F�H�V�� �7�K�H �E�D�V�L�F �L�G�H�D �L�V �W�K�D�W �P�H�O�R�G�L�F �V�R�X�U�F�H�V �V�K�R�Z �X�S
�D�V �K�R�U�L�]�R�Q�W�D�O �O�L�Q�H�V ���R�Z�L�Q�J �W�R �D�O�O �W�K�H�L�U �K�D�U�P�R�Q�L�F�V�� �L�Q �W�K�H �V�S�H�F�W�U�R�J�U�D�P
�Z�K�L�O�H �S�H�U�F�X�V�V�L�Y�H �V�R�X�U�F�H�V ���G�X�H �W�R �W�K�H�L�U �V�K�D�U�S �D�W�W�D�F�N�V �D�Q�G �E�U�R�D�G�E�D�Q�G
�V�S�H�F�W�U�D�� �D�V �Y�H�U�W�L�F�D�O �O�L�Q�H�V ���)�L�W�]�J�H�U�D�O�G�������������� �7�K�L�V �H�Q�D�E�O�H�V �X�V �W�R �H�Q��
�K�D�Q�F�H �W�K�H �Y�H�U�W�L�F�D�O �V�S�H�F�W�U�D�O �O�L�Q�H�V ���R�U �V�X�S�S�U�H�V�V �W�K�H �K�R�U�L�]�R�Q�W�D�O �V�S�H�F�W�U�D�O
�O�L�Q�H�V�� �W�R �H�Q�K�D�Q�F�H �W�K�H �S�H�U�F�X�V�V�L�Y�H �F�R�P�S�R�Q�H�Q�W �R�I �W�K�H �D�X�G�L�R�� �D�Q�G �Y�L�F�H
�Y�H�U�V�D �W�R �H�Q�K�D�Q�F�H �W�K�H �P�H�O�R�G�L�F �F�R�P�S�R�Q�H�Q�W�� �V�X�F�K �D�V �W�K�H �D�S�S�U�R�D�F�K�H�V
�E�\�7�K�R�V�K�N�D�K�Q�D �D�Q�G �5�D�P�D�N�U�L�V�K�Q�D�Q������������ �D�Q�G�2�Q�R�� �0�L�\�D�P�R�W�R�� �/�H
�5�R�X�[�� �.�D�P�H�R�N�D�� �D�Q�G �6�D�J�D�\�D�P�D��������������

�$ �P�R�U�H �L�Q�I�R�U�P�H�G �D�S�S�U�R�D�F�K �X�V�H�V �D �S�U�H�G�R�P�L�Q�D�Q�W �P�H�O�R�G�\ �H�[�W�U�D�F��
�W�L�R�Q �D�O�J�R�U�L�W�K�P�� �Z�K�L�F�K �W�U�D�F�N�V �W�K�H �I�X�Q�G�D�P�H�Q�W�D�O �I�U�H�T�X�H�Q�F�\ ��F0�� �R�I �W�K�H
�D�X�G�L�R �V�L�J�Q�D�O �W�R �X�V�H�V �V�L�J�Q�D�O �D�Q�D�O�\�V�L�V �W�R�R�O�V �W�R �V�X�S�S�U�H�V�V �D�O�O �W�K�H �K�D�U��
�P�R�Q�L�F�V �R�I �W�K�H �P�H�O�R�G�L�F �V�R�X�U�F�H�� �7�K�H �U�H�V�L�G�X�D�O �O�H�I�W �L�Q �W�K�H �V�S�H�F�W�U�R�J�U�D�P



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

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

�k�X�j�X�k �h�2�K�T�Q �2�b�i�B�K���i�B�Q�M

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

�7�H�P�S�R �H�V�W�L�P�D�W�L�R�Q �D�O�J�R�U�L�W�K�P�V �X�V�H �V�R�P�H �I�R�U�P �R�I �S�H�U�L�R�G�L�F�L�W�\ �H�V��
�W�L�P�D�W�L�R�Q �X�V�L�Q�J �P�L�G���O�H�Y�H�O �I�H�D�W�X�U�H�V �H�[�W�U�D�F�W�H�G �I�U�R�P �D�X�G�L�R�� �P�R�V�W�O�\ �W�K�H
�R�Q�V�H�W �G�H�W�H�F�W�L�R�Q �I�X�Q�F�W�L�R�Q�V�� �$�Q �D�X�W�R�F�R�U�U�H�O�D�W�L�R�Q �R�I �V�X�F�K �D �Q�R�Y�H�O�W�\
�I�X�Q�F�W�L�R�Q �L�V �D �E�D�V�L�F �P�H�D�V�X�U�H �R�I �S�H�U�L�R�G�L�F�L�W�\�� �)�R�O�O�R�Z�L�Q�J �W�K�H �R�Q�V�H�W
�G�H�W�H�F�W�L�R�Q �I�X�Q�F�W�L�R�Q�V�� �W�K�H�U�H �D�U�H �G�L�V�W�L�Q�F�W�O�\ �W�Z�R �G�L�I�I�H�U�H�Q�W �D�S�S�U�R�D�F�K�H�V
�W�K�D�W �K�D�Y�H �E�H�H�Q �X�V�H�G �I�R�U �W�H�P�S�R �L�Q�G�X�F�W�L�R�Q�� �6�R�P�H �P�H�W�K�R�G�V�� �V�X�F�K �D�V
�W�K�H �%�H�D�W�5�R�R�W �V�\�V�W�H�P �S�U�R�S�R�V�H�G �E�\�'�L�[�R�Q������������ �D�U�H �S�X�O�V�H �V�H�O�H�F�W�L�R�Q
�P�H�W�K�R�G�V �W�K�D�W �P�H�D�V�X�U�H �W�K�H�,�Q�W�H�U���2�Q�V�H�W �,�Q�W�H�U�Y�D�O ���,�2�,���D�Q�G �X�V�H �W�K�H�P �W�R
�H�V�W�L�P�D�W�H �W�K�H �W�H�P�S�R�� �$�Q�,�2�,�K�L�V�W�R�J�U�D�P �K�D�V �S�H�D�N�V �D�W �W�K�H �S�H�U�L�R�G�L�F�L�W�\
�R�I �W�K�H �E�H�D�W �S�H�U�L�R�G�� �Z�K�L�F�K �F�D�Q �W�K�H�Q �E�H �P�H�D�V�X�U�H�G�� �+�R�Z�H�Y�H�U�� �V�L�J��
�Q�L�I�L�F�D�Q�W �P�H�W�U�L�F�D�O �D�P�E�L�J�X�L�W�\ �H�[�L�V�W�V �L�Q �V�X�F�K �D�S�S�U�R�D�F�K�H�V �V�L�Q�F�H �W�K�H�,�2�,
�K�L�V�W�R�J�U�D�P�V �D�U�H �R�I�W�H�Q �P�X�O�W�L�P�R�G�D�O�� �7�K�H �R�W�K�H�U �D�S�S�U�R�D�F�K�H�V�� �V�X�F�K �D�V �W�K�H
�R�Q�H�V �E�\�.�O�D�S�X�U�L�� �(�U�R�Q�H�Q�� �D�Q�G �$�V�W�R�O�D���������������'�D�Y�L�H�V �D�Q�G �3�O�X�P�E�O�H�\
���������������(�O�O�L�V������������ �G�H�U�L�Y�H �D �S�H�U�L�R�G�L�F�L�W�\ �I�X�Q�F�W�L�R�Q �I�U�R�P �W�K�H �G�H�W�H�F�W�L�R�Q
�I�X�Q�F�W�L�R�Q�� �Z�K�L�F�K �S�U�R�Y�L�G�H�V �D�Q �H�V�W�L�P�D�W�H �R�I �W�H�P�S�R��

�6�H�Y�H�U�D�O �P�L�G���O�H�Y�H�O �D�X�G�L�R �I�H�D�W�X�U�H�V �K�D�Y�H �E�H�H�Q �S�U�R�S�R�V�H�G �W�R �H�V�W�L��
�P�D�W�H �D �W�L�P�H �Y�D�U�\�L�Q�J �W�H�P�S�R �F�X�U�Y�H�� �D �I�H�Z �H�[�D�P�S�O�H�V �R�I �V�X�F�K �I�H�D�W�X�U�H�V
�L�Q�F�O�X�G�H �Q�R�Y�H�O�W�\ �I�X�Q�F�W�L�R�Q�V �X�V�H�G �I�R�U �V�W�U�X�F�W�X�U�D�O �V�H�J�P�H�Q�W�D�W�L�R�Q ���)�R�R�W�H��
������������ �7�H�P�S�R�J�U�D�P ���*�U�R�V�F�K�H �	 �0�•�O�O�H�U�����������E�� �D�Q�G �3�U�H�G�R�P�L�Q�D�Q�W
�/�R�F�D�O �3�X�O�V�H ���*�U�R�V�F�K�H �	 �0�•�O�O�H�U�����������D����



���� �%�D�F�N�J�U�R�X�Q�G

�k�X�j�X�j �"�2���i �i�`���+�F�B�M�;

�,�Q �W�K�H �F�R�Q�W�H�[�W �R�I�0�,�5�� �E�H�D�W �W�U�D�F�N�L�Q�J �L�V �F�R�P�P�R�Q�O�\ �G�H�I�L�Q�H�G �D�V �G�H��
�W�H�U�P�L�Q�L�Q�J �W�K�H �W�L�P�H �L�Q�V�W�D�Q�F�H�V �L�Q �W�K�H �D�X�G�L�R �U�H�F�R�U�G�L�Q�J �Z�K�H�U�H �D �K�X�P�D�Q
�O�L�V�W�H�Q�H�U �L�V �O�L�N�H�O�\ �W�R �W�D�S �K�L�V���K�H�U �I�R�R�W �W�R �W�K�H �P�X�V�L�F�� �%�H�L�Q�J �D�Q �L�P�S�R�U��
�W�D�Q�W �D�Q�G �U�H�O�H�Y�D�Q�W�0�,�5�W�D�V�N�� �V�H�Y�H�U�D�O �D�S�S�U�R�D�F�K�H�V �K�D�Y�H �E�H�H�Q �S�U�R�S�R�V�H�G
�I�R�U �E�H�D�W �W�U�D�F�N�L�Q�J �R�Q �D�X�G�L�R �P�X�V�L�F �U�H�F�R�U�G�L�Q�J�V �L�Q �D �Z�L�G�H �Y�D�U�L�H�W�\ �R�I
�J�H�Q�U�H�V�� �&�R�Q�Y�H�Q�W�L�R�Q�D�O �E�H�D�W �W�U�D�F�N�L�Q�J �D�O�J�R�U�L�W�K�P�V �J�H�Q�H�U�D�O�O�\ �X�V�H �W�K�U�H�H
�P�D�L�Q �V�X�E �F�R�P�S�R�Q�H�Q�W�V �� �I�H�D�W�X�U�H �H�[�W�U�D�F�W�L�R�Q�� �W�H�P�S�R �L�Q�G�X�F�W�L�R�Q�� �D�Q�G
�E�H�D�W �L�Q�G�X�F�W�L�R�Q�� �7�K�H �U�K�\�W�K�P �I�H�D�W�X�U�H�V �H�[�W�U�D�F�W�H�G �D�U�H �W�\�S�L�F�D�O�O�\ �E�D�V�H�G
�R�Q �R�Q�V�H�W�V �D�Q�G �R�Q�V�H�W �G�H�W�H�F�W�L�R�Q �I�X�Q�F�W�L�R�Q�V�� �$ �J�R�R�G �R�Y�H�U�Y�L�H�Z �R�I �V�H�Y��
�H�U�D�O �E�H�D�W �W�U�D�F�N�L�Q�J �D�O�J�R�U�L�W�K�P�V �L�V �S�U�R�Y�L�G�H�G �E�\�+�R�O�]�D�S�I�H�O�� �'�D�Y�L�H�V�� �=�D��
�S�D�W�D�� �2�O�L�Y�H�L�U�D�� �D�Q�G �*�R�X�\�R�Q��������������
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�U�K�\�W�K�P �D�Q�D�O�\�V�L�V �L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F

����



���� �$�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �R�I �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F

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

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

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

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

�j�X�R �*�?���H�H�2�M�;�2�b ���M�/ �P�T�T�Q�`�i�m�M�B�i�B�2�b

�7�K�H�U�H �D�U�H �V�L�J�Q�L�I�L�F�D�Q�W �F�K�D�O�O�H�Q�J�H�V �W�R �D�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �L�Q �,�Q��
�G�L�D�Q �D�U�W �P�X�V�L�F�� �:�H �H�O�D�E�R�U�D�W�H �D�Q�G �G�L�V�F�X�V�V �F�K�D�O�O�H�Q�J�H�V �D�Q�G �R�S�S�R�U�W�X�Q�L��
�W�L�H�V �I�U�R�P �W�K�H �V�W�D�Q�G�S�R�L�Q�W�V �R�I �V�W�D�W�H �R�I �W�K�H �D�U�W �D�Q�G �P�X�V�L�F�D�O �U�H�O�H�Y�D�Q�F�H��
�6�R�P�H �R�I �W�K�H�V�H �F�K�D�O�O�H�Q�J�H�V �Z�L�O�O �K�H�O�S �X�V �W�R �U�H�W�K�L�Q�N �D�Q�G �U�H�I�R�U�P�X�O�D�W�H
�W�K�H �H�[�L�V�W�L�Q�J �S�U�R�E�O�H�P�V �W�R �E�H �P�R�U�H �L�Q�F�O�X�V�L�Y�H�� �Z�K�L�O�H �L�P�S�U�R�Y�L�Q�J �W�K�H�L�U
�S�H�U�I�R�U�P�D�Q�F�H�� �7�K�H �R�S�S�R�U�W�X�Q�L�W�L�H�V �L�Q �W�X�U�Q �K�H�O�S �X�V �W�R �S�X�U�V�X�H �Q�R�Y�H�O �G�L��
�U�H�F�W�L�R�Q�V �R�I �U�H�V�H�D�U�F�K �L�Q�0�,�5��

�j�X�R�X�R �*�?���H�H�2�M�;�2�b

�7�K�H �P�R�V�W �L�P�S�R�U�W�D�Q�W �F�K�D�O�O�H�Q�J�H �Z�K�H�Q �D�G�G�U�H�V�V�L�Q�J �D�X�W�R�P�D�W�L�F �U�K�\�W�K�P
�D�Q�D�O�\�V�L�V �L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �L�V �W�K�H �L�Q�F�R�Q�V�L�V�W�H�Q�F�\ �L�Q �G�H�I�L�Q�L�W�L�R�Q �R�I
�U�K�\�W�K�P�L�F �F�R�Q�F�H�S�W�V�� �7�K�R�X�J�K �Z�H �F�D�Q �G�U�D�Z �D�Q�D�O�R�J�L�H�V �E�H�W�Z�H�H�Q �W�K�H
�K�L�H�U�D�U�F�K�L�F�D�O �P�H�W�U�L�F�D�O �S�X�O�V�D�W�L�R�Q �V�W�U�X�F�W�X�U�H �R�I �E�D�U�� �E�H�D�W�V�� �D�Q�G �V�X�E�G�L�Y�L��
�V�L�R�Q�V �W�R �W�K�H�—�Y�D�U�W�D�Q�D���—�Y�D�U�W�� �E�H�D�W���P�—�W�U�—�� �D�Q�G �W�K�H�D�N	â�D�U�D�R�I �,�Q�G�L�D�Q �D�U�W
�P�X�V�L�F�� �W�K�H�V�H �D�Q�D�O�R�J�L�H�V �D�U�H �P�R�V�W�O�\ �D�S�S�U�R�[�L�P�D�W�L�R�Q�V �W�K�D�W �W�U�\ �W�R �I�R�U�F�H��
�I�L�W �W�K�H�V�H �F�R�Q�F�H�S�W�V �W�R �W�K�H �F�R�P�S�R�Q�H�Q�W�V �R�I �D�W�—	¶�D�D�Q�G �Q�R�W �H�[�D�F�W�O�\ �H�T�X�L�Y��
�D�O�H�Q�W�� �7�K�R�X�J�K�� �I�R�U �W�K�H �H�D�V�H �R�I �U�H�D�G�D�E�L�O�L�W�\ �D�Q�G �F�O�D�U�L�W�\ �R�I �S�U�H�V�H�Q�W�D��
�W�L�R�Q�� �Z�H �Z�L�O�O �V�W�L�O�O �X�V�H �W�K�H �F�R�P�P�R�Q�O�\ �X�V�H�G �W�H�U�P�V�� �E�X�W �L�W �L�V �Q�H�F�H�V�V�D�U�\
�W�R �E�H �D�Z�D�U�H �R�I �W�K�H �G�L�I�I�H�U�H�Q�F�H�V �D�Q�G �K�D�Q�G�O�H �W�K�H�P �D�V �V�X�F�K�� �2�E�M�H�F�W�L�Y�H



������ �&�K�D�O�O�H�Q�J�H�V �D�Q�G �2�S�S�R�U�W�X�Q�L�W�L�H�V����

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

�:�H �L�G�H�Q�W�L�I�L�H�G �W�K�H�W�—	¶�D�F�\�F�O�H�V ���D�W �W�K�H �O�H�Y�H�O �R�I�—�Y�D�U�W�D�Q�D�R�U�—�Y�D�U�W�� �D�V
�W�K�H �P�R�V�W �L�P�S�R�U�W�D�Q�W �D�Q�G �P�X�V�L�F�D�O�O�\ �U�H�O�H�Y�D�Q�W �F�\�F�O�H�V �L�Q �,�Q�G�L�D�Q �D�U�W �P�X��
�V�L�F�� �%�X�W �W�K�H �W�K�H�R�U�H�W�L�F�D�O �I�U�D�P�H�Z�R�U�N�V �R�I �W�K�H�W�—	¶�D�G�H�V�F�U�L�E�H�G �S�U�H�Y�L�R�X�V�O�\
�D�O�V�R �V�K�R�Z �F�\�F�O�L�F�D�O �V�W�U�X�F�W�X�U�H�V �D�W �W�L�P�H���V�S�D�Q�V �G�L�I�I�H�U�H�Q�W �I�U�R�P �W�K�H�W�—	¶�D
�F�\�F�O�H�� �7�K�H�U�H �H�[�L�V�W �V�X�E���F�\�F�O�H�V �W�K�D�W �F�D�Q �E�H �S�H�U�F�H�L�Y�H�G �D�W �W�K�H �V�H�F�W�L�R�Q
�O�H�Y�H�O�� �W�K�H�Y�L�E�K�—�J�O�H�Y�H�O �L�Q �F�H�U�W�D�L�Q�W�—�O�V�� �$�W�¯�Q�W�—�O�F�D�Q �E�H �V�H�H�Q �W�R �K�D�Y�H
�I�R�X�U �V�X�E���F�\�F�O�H�V �L�Q �D�Q�—�Y�D�U�W�� �R�Q�H �D�W �H�D�F�K�Y�L�E�K�—�J�� �6�L�P�L�O�D�U�O�\�� �&�D�U�Q�D�W�L�F
�P�X�V�L�F �K�D�V �V�X�E���F�\�F�O�H�V �D�W �W�K�H �O�H�Y�H�O �R�I�D	Ä�J�D�� �D�Q�G �I�X�U�W�K�H�U �D�W �W�K�H �E�H�D�W
�O�H�Y�H�O �G�H�I�L�Q�H�G �E�\ �W�K�H�Q�D	Œ�H�� �H���J���U�Ì�S�D�N�D�W�—	¶�D���6�H�H �)�L�J�X�U�H�������F�� �F�D�Q �E�H
�V�H�H�Q �W�R �E�H �F�R�P�S�U�L�V�H�G �R�I �W�K�U�H�H �V�X�E���F�\�F�O�H�V �R�I �I�R�X�U�D�N	â�D�U�D�V�H�D�F�K�� �7�K�L�V
�L�P�S�O�L�H�V �W�K�D�W �G�H�S�H�Q�G�L�Q�J �R�Q �W�K�H �P�H�W�U�L�F�D�O �O�H�Y�H�O�V �Z�H �I�R�F�X�V �X�S�R�Q�� �W�K�H
�P�H�W�U�L�F�D�O �V�W�U�X�F�W�X�U�H �L�V �G�H�W�H�U�P�L�Q�H�G �E�\ �H�L�W�K�H�U �G�X�S�O�H �R�U �W�U�L�S�O�H �U�H�O�D�W�L�R�Q�V��
�:�K�L�O�H �W�K�L�V �L�V �Q�R�W �D �G�L�V�W�L�Q�F�W �I�H�D�W�X�U�H �R�I �P�H�W�H�U �L�Q �,�Q�G�L�D�Q �P�X�V�L�F�� �L�W �L�V �H�Q��
�F�R�X�Q�W�H�U�H�G �T�X�L�W�H �I�U�H�T�X�H�Q�W�O�\ �K�H�U�H�� �)�X�U�W�K�H�U�P�R�U�H�� �L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F��
�W�K�H �J�U�R�X�S�L�Q�J �V�W�U�X�F�W�X�U�H �P�L�J�K�W �D�O�V�R �Y�D�U�\ �Z�L�W�K�L�Q �D �S�L�H�F�H �Z�K�L�O�H �P�D�L�Q��
�W�D�L�Q�L�Q�J �W�K�H �V�D�P�H�W�—	¶�D�� �)�R�U �H�[�D�P�S�O�H�� �W�K�R�X�J�K�U�Ì�S�D�N�D�W�—	¶�D�L�V �J�H�Q�H�U�D�O�O�\
�G�H�I�L�Q�H�G �Z�L�W�K �I�R�X�U�D�N	â�D�U�D�V�L�Q �D �E�H�D�W �D�Q�G �W�K�U�H�H �E�H�D�W�V �L�Q �D�Q�—�Y�D�U�W�D�Q�D��
�L�W �P�L�J�K�W �F�K�D�Q�J�H �Z�L�W�K�L�Q �D �S�L�H�F�H �W�R �E�H �J�U�R�X�S�H�G �D�V �� �X�Q�L�W�V �R�I ���D�N	â�D�U�D�V
���J�L�Y�L�Q�J �W�K�H �³�I�H�H�O�´ �R�I �D �W�H�U�Q�D�U�\ �P�H�W�H�U���� �Z�L�W�K�R�X�W �F�K�D�Q�J�L�Q�J �W�K�H �F�\�F�O�H
�O�H�Q�J�W�K�� �)�R�U �W�K�H �S�X�U�S�R�V�H �R�I �D�Q�D�O�\�V�L�V �L�Q �W�K�L�V �G�L�V�V�H�U�W�D�W�L�R�Q�� �Z�H �F�R�Q�V�L�G�H�U
�U�Ì�S�D�N�D�W�R �K�D�Y�H �W�K�H �V�W�U�X�F�W�X�U�H �V�K�R�Z�Q �L�Q �)�L�J�X�U�H�������F�� �7�K�L�V �I�X�U�W�K�H�U �L�Q��
�G�L�F�D�W�H�V �W�K�D�W �L�G�H�D�O�O�\�� �W�K�H �P�H�W�U�L�F�D�O �V�W�U�X�F�W�X�U�H �R�I �W�K�H �S�L�H�F�H �Q�H�H�G�V �W�R �E�H
�H�V�W�L�P�D�W�H�G �D�W �D�O�O �O�H�Y�H�O�V�� �W�D�N�L�Q�J �L�Q�W�R �D�F�F�R�X�Q�W �S�R�V�V�L�E�O�H �F�K�D�Q�J�H�V �L�Q �W�K�H
�P�H�W�U�L�F�D�O �V�W�U�X�F�W�X�U�H�� �7�K�L�V �I�O�H�[�L�E�L�O�L�W�\ �L�Q �L�Q�W�H�U�S�U�H�W�D�W�L�R�Q �R�I �D�W�—	¶�D�D�Q�G
�W�K�H �S�U�H�V�H�Q�F�H �R�I �D�G�G�L�W�L�R�Q�D�O �P�H�W�U�L�F�D�O �V�X�E���F�\�F�O�H�V �F�D�Q �E�H �D �V�L�J�Q�L�I�L�F�D�Q�W
�F�K�D�O�O�H�Q�J�H �W�R�0�,�5�D�S�S�U�R�D�F�K�H�V��

�$ �V�S�H�F�L�I�L�F �F�R�P�S�R�V�L�W�L�R�Q �F�D�Q �E�H �U�H�Q�G�H�U�H�G �L�Q �G�L�I�I�H�U�H�Q�W�W�—	¶�D�V�� �(�Y�H�Q
�W�K�R�X�J�K �W�K�H �P�H�O�R�G�\ �L�V �W�K�H �V�D�P�H �D�Q�G �W�K�H �W�R�W�D�O�D�N	â�D�U�D�V�D�G�G �X�S �W�R �W�K�H
�V�D�P�H �Y�D�O�X�H�� �W�K�H �O�L�V�W�H�Q�H�U �H�[�S�H�U�L�H�Q�F�H �Y�D�U�L�H�V �Z�L�W�K �G�L�I�I�H�U�H�Q�W�W�—	¶�D�V�� �,�Q
�&�D�U�Q�D�W�L�F �P�X�V�L�F���D�Y�D�G�K�—�Q�D �S�D�O�O�D�Y�L�L�V �R�Q�H �V�X�F�K �I�R�U�P �R�I �V�L�Q�J�L�Q�J �D
�F�R�P�S�R�V�L�W�L�R�Q �V�H�W �W�R �W�Z�R �G�L�I�I�H�U�H�Q�W�W�—	¶�D�V���D�Q�G �W�Z�R �G�L�I�I�H�U�H�Q�W�Q�D	Œ�H���� �7�K�H
�O�H�D�G �P�X�V�L�F�L�D�Q �X�V�H�V �K�D�Q�G �J�H�V�W�X�U�H�V �W�R �L�Q�G�L�F�D�W�H �E�R�W�K �W�K�H�W�—	¶�D�V�D�W �W�K�H
�V�D�P�H �W�L�P�H�� �D �G�L�I�I�L�F�X�O�W �W�D�V�N �I�R�U �W�K�H �P�X�V�L�F�L�D�Q�� �7�K�H�V�H �F�R�P�S�R�V�L�W�L�R�Q�V
�D�U�H �U�D�U�H �E�X�W �Z�R�U�W�K �D �P�H�Q�W�L�R�Q �L�Q �W�K�L�V �F�R�Q�W�H�[�W �W�R �H�P�S�K�D�V�L�]�H �W�K�H �I�D�F�W
�W�K�D�W �W�K�H�W�—	¶�D�R�I �D �P�X�V�L�F�D�O �S�L�H�F�H �L�V �D �S�H�U�F�H�L�Y�H�G �Q�R�W�L�R�Q �R�I �S�H�U�L�R�G�L�F�L�W�\��



���� �$�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �R�I �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F

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

�$�Q �L�P�S�R�U�W�D�Q�W �D�V�S�H�F�W �R�I �P�H�W�H�U �L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �L�V �W�K�H �S�U�H�V�H�Q�F�H
�R�I �S�X�O�V�D�W�L�R�Q �D�W �V�R�P�H �P�H�W�U�L�F�D�O �O�H�Y�H�O �Z�L�W�K �X�Q�H�T�X�D�O �W�L�P�H���V�S�D�Q�V�� �7�K�H
�Y�L�E�K�—�J�V�L�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �D�Q�G�D	Ä�J�D�V�L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F �D�U�H �H�[��
�D�P�S�O�H�V �R�I �V�X�F�K �S�R�V�V�L�E�O�\ �Q�R�Q���L�V�R�F�K�U�R�Q�R�X�V �S�X�O�V�D�W�L�R�Q�V�� �6�X�F�K �I�R�U�P�V
�R�I �D�G�G�L�W�L�Y�H �P�H�W�H�U �K�D�Y�H �V�R �I�D�U �Q�R�W �E�H�H�Q �Z�L�G�H�O�\ �F�R�Q�V�L�G�H�U�H�G �I�R�U �F�R�P��
�S�X�W�D�W�L�R�Q�D�O �D�Q�D�O�\�V�L�V �D�Q�G �S�U�H�V�H�Q�W �D�G�G�L�W�L�R�Q�D�O �F�K�D�O�O�H�Q�J�H�V��

�1�H�L�W�K�H�U �R�I �&�D�U�Q�D�W�L�F �D�Q�G �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �W�U�D�G�L�W�L�R�Q�V �K�D�Y�H �W�K�H
�Q�R�W�L�R�Q �R�I �D�Q �D�E�V�R�O�X�W�H �W�H�P�S�R�� �$�Q �H�[�S�U�H�V�V�L�Y�H �S�H�U�I�R�U�P�D�Q�F�H �Z�L�W�K�R�X�W �D
�P�H�W�U�R�Q�R�P�H�� �F�R�X�S�O�H�G �Z�L�W�K �D �O�D�F�N �R�I �D�Q�Q�R�W�D�W�H�G �W�H�P�S�R �I�R�U �D �S�L�H�F�H �F�D�Q
�O�H�D�G �W�R �D �V�L�Q�J�O�H �F�R�P�S�R�V�L�W�L�R�Q �E�H�L�Q�J �S�H�U�I�R�U�P�H�G �L�Q �G�L�I�I�H�U�H�Q�W �W�H�P�S�L��
�D�W �W�K�H �F�R�Q�Y�H�Q�L�H�Q�F�H �R�I �W�K�H �P�X�V�L�F�L�D�Q�� �7�K�L�V �O�D�F�N �R�I �D �G�H�I�L�Q�L�W�H �W�H�P�S�R
�Y�D�O�X�H �D�Q�G �W�K�H �F�K�R�L�F�H �R�I �D �Z�L�G�H �Y�D�U�L�H�W�\ �R�I �W�H�P�S�R �F�O�D�V�V�H�V �I�X�U�W�K�H�U �F�R�P��
�S�O�L�F�D�W�H �W�K�H �F�K�R�L�F�H �R�I �D �U�H�O�H�Y�D�Q�W �W�L�P�H�V�F�D�O�H �I�R�U �W�U�D�F�N�L�Q�J�W�—	¶�D�F�\�F�O�H�V��
�F�D�X�V�L�Q�J �I�X�U�W�K�H�U �P�H�W�U�L�F�D�O �O�H�Y�H�O �D�P�E�L�J�X�L�W�\��

�,�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F�� �W�K�H�—�Y�D�U�W�F�\�F�O�H �G�X�U�D�W�L�R�Q�V �Y�D�U�\ �I�U�R�P ������
�V�H�F�R�Q�G �L�Q �D�W�L���G�K�U�b�W ���Y�H�U�\ �I�D�V�W���W�¯�Q�W�—�O�W�R ���� �V�H�F�R�Q�G �L�Q �D�W�L���Y�L�O�D	À�E�L�W ���Y�H�U�\
�V�O�R�Z���•�N�W�—�O���&�O�D�\�W�R�Q������������ �S�� �������� �/�R�Q�J �W�L�P�H �V�F�D�O�H�V �V�X�F�K �D�V �W�K�H�V�H
�D�U�H �I�D�U �W�R�R �O�R�Q�J �W�R �E�H �S�H�U�F�H�L�Y�H�G �D�V �V�L�Q�J�O�H �H�Q�W�L�W�L�H�V ���&�O�D�\�W�R�Q��������������
�V�L�Q�F�H �W�K�H�\ �D�U�H �E�H�\�R�Q�G �W�K�H �U�D�Q�J�H �R�I �W�K�H �S�K�H�Q�R�P�H�Q�R�Q �F�D�O�O�H�G �W�K�H �S�H�U��
�F�H�S�W�X�D�O �S�U�H�V�H�Q�W�� �Z�K�L�F�K �L�V �D�E�R�X�W �� �V�H�F�R�Q�G�V �O�R�Q�J ���&�O�D�U�N�H�������������� �$�W
�V�X�F�K �O�R�Q�J �W�L�P�H �V�F�D�O�H�V�� �W�K�H �U�K�\�W�K�P �R�I �W�K�H �S�L�H�F�H �L�V �U�D�W�K�H�U �F�K�D�U�D�F�W�H�U��
�L�]�H�G �E�\ �W�K�H �J�U�R�X�S�L�Q�J �V�W�U�X�F�W�X�U�H �R�I �W�K�H �S�L�H�F�H ���/�H�U�G�D�K�O �	 �-�D�F�N�H�Q�G�R�I�I��
������������ �6�X�F�K �O�R�Q�J �F�\�F�O�H�V �D�U�H �U�H�S�O�H�W�H �Z�L�W�K �I�L�O�O�H�U �V�W�U�R�N�H�V �W�R �P�D�L�Q�W�D�L�Q
�D �F�R�Q�W�L�Q�X�L�W�\ �L�Q �S�X�O�V�H�� �Z�K�L�F�K �O�H�D�G�V �D �G�H�Q�V�H �V�X�U�I�D�F�H �U�K�\�W�K�P�� �R�Q �W�R�S
�R�I �D �W�L�P�H���V�S�D�U�V�H�P�—�W�U�—�S�X�O�V�D�W�L�R�Q�� �7�K�L�V �L�P�S�O�L�H�V �W�K�D�W �D�O�J�R�U�L�W�K�P�L�F �D�S��
�S�U�R�D�F�K�H�V �I�R�U �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �W�K�D�W �D�U�H �V�R�O�H�O�\ �E�D�V�H�G �X�S�R�Q �H�V�W�L�P�D�W�L�R�Q
�R�I �S�X�O�V�D�W�L�R�Q �I�U�R�P �V�X�U�I�D�F�H �U�K�\�W�K�P �P�L�J�K�W �Q�R�W �E�H �F�D�S�D�E�O�H �R�I �D�Q�D�O�\�]��
�L�Q�J �W�K�H �W�H�P�S�R�U�D�O �V�W�U�X�F�W�X�U�H �L�Q �W�K�H �S�U�H�V�H�Q�F�H �R�I �V�X�F�K �O�R�Q�J �F�\�F�O�H�V�� �&�D�U��
�Q�D�W�L�F �P�X�V�L�F �K�D�V �D �V�P�D�O�O�H�U �U�D�Q�J�H �R�I �W�H�P�S�R �D�Q�G �W�K�H�W�—	¶�D�V�D�U�H �P�R�U�H
�F�R�Q�F�U�H�W�H�O�\ �G�H�I�L�Q�H�G�� �D�Q�G �K�H�Q�F�H �W�K�H �F�K�R�L�F�H �R�I �W�L�P�H �V�F�D�O�H �L�V �D�Q �H�D�V�L�H�U
�S�U�R�E�O�H�P�� �:�L�W�K �D �Z�L�G�H �U�D�Q�J�H �R�I �W�H�P�S�R�� �F�\�F�O�H�V �D�V �O�R�Q�J �D�V �D �P�L�Q�X�W�H��
�D�Q�G �Q�R�Q���L�V�R�F�K�U�R�Q�R�X�V �V�X�E�G�L�Y�L�V�L�R�Q�V �R�I �W�K�H �F�\�F�O�H�� �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �L�V �D
�V�X�L�W�D�E�O�H �F�D�V�H �I�R�U �H�[�S�H�U�L�P�H�Q�W�D�W�L�R�Q �W�R �H�[�W�H�Q�G �W�K�H �K�R�U�L�]�R�Q �R�I �W�K�H �V�W�D�W�H
�R�I �W�K�H �D�U�W �L�Q �P�H�W�H�U �D�Q�D�O�\�V�L�V��

�0�,�5�D�O�J�R�U�L�W�K�P�V �K�D�Y�H �G�L�I�I�L�F�X�O�W�\ �W�U�D�F�N�L�Q�J �P�H�W�U�L�F�D�O �V�W�U�X�F�W�X�U�H�V �W�K�D�W
�K�D�Y�H �H�[�S�U�H�V�V�L�Y�H �W�L�P�L�Q�J �D�Q�G �Y�D�U�\�L�Q�J �W�H�P�S�R ���+�R�O�]�D�S�I�H�O �H�W �D�O����������������



������ �&�K�D�O�O�H�Q�J�H�V �D�Q�G �2�S�S�R�U�W�X�Q�L�W�L�H�V����

�'�X�H �W�R �W�K�H �I�U�H�H�G�R�P �R�I �L�P�S�U�R�Y�L�V�D�W�L�R�Q �D�Q�G �W�K�H �D�E�V�H�Q�F�H �R�I �D �P�H�W�U�R�Q�R�P�H��
�W�K�H�U�H �D�U�H �O�R�F�D�O �W�H�P�S�R �Y�D�U�L�D�W�L�R�Q�V�� �D�Q�G �D �S�R�V�V�L�E�O�H �L�Q�F�U�H�D�V�H���G�H�F�U�H�D�V�H �R�I
�W�H�P�S�R �W�K�U�R�X�J�K �W�K�H �S�L�H�F�H �R�Y�H�U �W�L�P�H�� �%�R�W�K �R�I �W�K�H�V�H �D�U�H �Q�R�W �D�Q�R�P�D�O�L�H�V
�E�X�W �D�F�F�H�S�W�H�G �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �R�I �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F�� �D�Q�G �F�D�Q �E�H �D �S�R�W�H�Q��
�W�L�D�O �V�R�X�U�F�H �R�I �F�K�D�O�O�H�Q�J�H �I�R�U�0�,�5�D�O�J�R�U�L�W�K�P�V�� �Z�L�W�K �U�H�S�H�U�F�X�V�V�L�R�Q�V �L�Q
�W�H�P�S�R �W�U�D�F�N�L�Q�J�� �P�X�V�L�F �V�L�P�L�O�D�U�L�W�\ �P�D�W�F�K�L�Q�J�� �D�Q�G �G�U�X�P �W�U�D�Q�V�F�U�L�S�W�L�R�Q
�W�D�V�N�V��

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

�$ �S�H�U�I�R�U�P�D�Q�F�H �R�I �&�D�U�Q�D�W�L�F �R�U �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �G�R�H�V �Q�R�W �X�V�H
�D�Q�\ �I�R�U�P �R�I �P�X�V�L�F �V�F�R�U�H�V�� �Z�K�L�O�H �V�R�P�H �V�N�H�O�H�W�D�O �V�F�R�U�H�V �D�U�H �X�V�H�G �P�D�L�Q�O�\
�L�Q �W�H�D�F�K�L�Q�J �D�Q�G �P�X�V�L�F �W�U�D�L�Q�L�Q�J�� �7�K�L�V �L�P�S�O�L�H�V �W�K�D�W �D �X�Q�L�Y�H�U�V�D�O�O�\
�D�J�U�H�H�G �V�\�V�W�H�P �R�I �Z�U�L�W�W�H�Q �P�X�V�L�F �G�R�H�V �Q�R�W �H�[�L�V�W�� �Z�K�L�O�H �W�K�H�U�H �D�U�H �V�H�Y��
�H�U�D�O �H�I�I�R�U�W�V �W�R �V�W�D�Q�G�D�U�G�L�]�H �P�H�O�R�G�L�F �Q�R�W�D�W�L�R�Q �I�R�U �D�F�F�X�U�D�W�H �W�U�D�Q�V�P�L�V��
�V�L�R�Q �L�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F ���%�K�D�W�N�K�D�Q�G�H�������������-�K�D������������ �D�Q�G �&�D�U��
�Q�D�W�L�F �P�X�V�L�F ���5�D�Y�L�N�L�U�D�Q�� ������������ �7�K�H�U�H �D�U�H �D�O�V�R �U�H�F�H�Q�W �H�I�I�R�U�W�V �L�Q
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�L�V �O�L�P�L�W�H�G �D�V �W�K�H �V�F�R�U�H�V �D�U�H �R�Q�O�\ �L�Q�G�L�F�D�W�L�Y�H�� �7�K�L�V �S�U�R�E�O�H�P �H�[�W�H�Q�G�V �W�R
�U�H�S�U�H�V�H�Q�W�D�W�L�R�Q �R�I �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V �W�R�R�� �7�K�H �X�V�H �R�I �W�K�H�W�D�E�O�D�D�Q�G
�P�U�L�G�D�Q�J�D�P �V�\�O�O�D�E�O�H�V �L�V �D�Q �D�F�F�X�U�D�W�H �Z�D�\ �W�R �U�H�S�U�H�V�H�Q�W �S�H�U�F�X�V�V�L�R�Q �S�D�W��
�W�H�U�Q�V�� �E�X�W �W�K�H �V�\�O�O�D�E�O�H�V �W�K�H�P�V�H�O�Y�H�V �Y�D�U�\ �D�F�U�R�V�V �V�F�K�R�R�O�V�� �J�H�R�J�U�D�S�K�L�F
�U�H�J�L�R�Q�V�� �D�Q�G �O�D�Q�J�X�D�J�H�V�� �7�K�L�V �L�V �D �S�R�W�H�Q�W�L�D�O �F�K�D�O�O�H�Q�J�H �L�Q �W�K�H �X�V�H �R�I
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�I�R�U �U�K�\�W�K�P �F�R�Q�F�H�S�W�V �L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F�� �7�K�H �F�\�F�O�H �O�H�Q�J�W�K�V �L�Q �,�Q��
�G�L�D�Q �P�X�V�L�F �F�D�Q �E�H �P�H�D�Q�L�Q�J�I�X�O�O�\ �W�U�D�F�N�H�G �D�W �P�X�O�W�L�S�O�H �W�L�P�H �O�H�Y�H�O�V�� �D�Q�G
�G�L�V�W�L�Q�J�X�L�V�K�L�Q�J �E�H�W�Z�H�H�Q �W�K�H�V�H �P�X�O�W�L�S�O�H �W�L�P�H �O�H�Y�H�O�V �L�V �G�L�I�I�L�F�X�O�W �G�X�H �W�R
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�Q�R�W�D�W�H�G �W�H�P�S�R �D�Q�G �H�[�S�U�H�V�V�L�Y�H �W�H�P�S�R �D�U�H �I�X�U�W�K�H�U �F�K�D�O�O�H�Q�J�L�Q�J�� �7�K�H
�S�U�H�V�H�Q�F�H �R�I �D�G�G�L�W�L�Y�H �P�H�W�H�U�V �L�V �H�[�S�H�F�W�H�G �W�R �S�R�V�H �F�K�D�O�O�H�Q�J�H�V �W�R �H�[�L�V�W��
�L�Q�J �D�Q�D�O�\�V�L�V �D�S�S�U�R�D�F�K�H�V�� �H�V�S�H�F�L�D�O�O�\ �I�R�U �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F�� �7�K�H �V�L�J��
�Q�L�I�L�F�D�Q�W �V�F�R�S�H �I�R�U �L�P�S�U�R�Y�L�V�D�W�L�R�Q �O�H�D�G�V �W�R �D �Z�L�G�H �Y�D�U�L�H�W�\ �R�I �U�K�\�W�K�P�L�F
�S�D�W�W�H�U�Q�V �L�Q�W�H�U�S�U�H�W�H�G �I�U�H�H�O�\�� �Z�K�L�O�H �D �E�D�V�L�F �D�G�K�H�U�H�Q�F�H �W�R�W�—	¶�D�V�W�U�X�F�W�X�U�H
�L�V �P�D�L�Q�W�D�L�Q�H�G�� �6�L�Q�F�H �W�K�H �V�F�R�U�H�V �D�U�H �R�Q�O�\ �L�Q�G�L�F�D�W�L�Y�H�� �W�K�H�U�H �D�U�H �Q�R
�V�W�D�Q�G�D�U�G�L�]�H�G �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q �V�\�V�W�H�P�V �I�R�U �E�R�W�K �P�H�O�R�G�L�F �D�Q�G �U�K�\�W�K�P�L�F
�S�D�W�W�H�U�Q�V�� �Z�K�L�F�K �L�V �D �Q�H�F�H�V�V�L�W�\ �W�R �E�H �D�G�G�U�H�V�V�H�G�� �)�L�Q�D�O�O�\�� �Z�H �P�X�V�W �Q�R�W
�I�R�U�J�H�W �W�K�D�W �Z�H �D�W�W�H�P�S�W �W�R �W�U�D�F�N �W�K�H�W�—	¶�D�D�V �D �W�K�H�R�U�H�W�L�F�D�O �F�R�Q�F�H�S�W �L�Q
�P�X�V�L�F �S�H�U�I�R�U�P�D�Q�F�H�� �+�R�Z�H�Y�H�U�� �L�Q �E�R�W�K �P�X�V�L�F �F�X�O�W�X�U�H�V�� �D�U�W�L�V�W�V �F�D�Q �E�H
�D�V�V�X�P�H�G �W�R �G�H�Y�L�D�W�H �I�U�R�P �V�X�F�K �F�R�Q�F�H�S�W�V�� �U�H�V�X�O�W�L�Q�J �L�Q �D �G�L�Y�H�U�J�H�Q�F�H
�E�H�W�Z�H�H�Q �V�X�U�I�D�F�H �U�K�\�W�K�P �D�Q�G �W�K�H�R�U�H�W�L�F�D�O �I�U�D�P�H�Z�R�U�N �W�K�D�W �L�V �K�D�U�G �W�R
�F�R�Q�F�H�L�Y�H �L�Q �D�Q�\ �N�L�Q�G �R�I �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �X�V�L�Q�J �R�Q�O�\ �D�X�G�L�R��
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�7�K�H�U�H �D�U�H �V�H�Y�H�U�D�O �X�Q�L�T�X�H �I�H�D�W�X�U�H�V �L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �Z�K�L�F�K �R�S�H�Q
�Q�H�Z �R�S�S�R�U�W�X�Q�L�W�L�H�V �W�R �S�X�U�V�X�H �Q�R�Y�H�O �G�L�U�H�F�W�L�R�Q�V �R�I �U�H�V�H�D�U�F�K �L�Q�0�,�5��
�7�K�H �F�K�D�O�O�H�Q�J�H�V �R�X�W�O�L�Q�H�G �D�O�V�R �R�S�H�Q �X�S �Q�H�Z �R�S�S�R�U�W�X�Q�L�W�L�H�V �W�R �S�U�R�S�R�V�H
�Q�R�Y�H�O �P�H�W�K�R�G�R�O�R�J�L�H�V �I�R�U �D�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�D�O�\�V�L�V�� �D�Q�G �L�P�S�U�R�Y�H
�W�K�H �F�X�U�U�H�Q�W �V�W�D�W�H �R�I �W�K�H �D�U�W �L�Q�0�,�5�� �7�K�H �F�R�P�S�O�H�[ �U�K�\�W�K�P�L�F �I�U�D�P�H��
�Z�R�U�N �R�I �W�K�H�W�—	¶�D�Q�H�F�H�V�V�L�W�D�W�H�V �D �K�R�O�L�V�W�L�F �D�S�S�U�R�D�F�K �W�R �U�K�\�W�K�P �G�H�V�F�U�L�S��
�W�L�R�Q�� �D�Q�G �Z�L�O�O �E�H �X�V�H�I�X�O �L�Q �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �R�I �Y�D�U�L�R�X�V �R�W�K�H�U �P�X�V�L�F
�F�X�O�W�X�U�H�V �E�D�V�H�G �R�Q �V�L�P�L�O�D�U �P�H�W�U�L�F�D�O �V�W�U�X�F�W�X�U�H�V�� �V�X�F�K �D�V �W�K�H�X�V�X�O�L�Q
�7�X�U�N�L�V�K �P�D�N�D�P �P�X�V�L�F��

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

�7�K�H �R�Q�R�P�D�W�R�S�R�H�L�F �V�\�O�O�D�E�O�H�V �R�I�W�D�E�O�D���E�À�O�V�� �D�Q�G �W�K�D�W �R�I �P�U�L�G�D�Q��
�J�D�P ���V�R�O�N�D	ì	ì�X�� �G�H�I�L�Q�H �D �O�D�Q�J�X�D�J�H �I�R�U �,�Q�G�L�D�Q �S�H�U�F�X�V�V�L�R�Q �D�Q�G �S�O�D�\ �D
�Y�H�U�\ �L�P�S�R�U�W�D�Q�W �U�R�O�H �L�Q �G�H�I�L�Q�L�Q�J �U�K�\�W�K�P�L�F �V�W�U�X�F�W�X�U�H�V �D�Q�G �S�H�U�F�X�V�V�L�R�Q
�S�D�W�W�H�U�Q�V �L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F�� �7�K�H�V�H �V�\�O�O�D�E�O�H�V�� �Z�K�L�F�K �F�D�Q �E�H ���O�R�R�V�H�O�\��
�F�R�Q�V�L�G�H�U�H�G �D�V �W�K�H �³�V�R�O�I�H�J�H�´ �R�I �S�H�U�F�X�V�V�L�R�Q �D�U�H �V�W�D�Q�G�D�U�G�L�]�H�G �I�R�U�W�D�E�O�D��
�Z�K�L�O�H �O�H�V�V �V�R �I�R�U �P�U�L�G�D�Q�J�D�P �D�Q�G �I�R�U�P �D�Q �H�V�V�H�Q�W�L�D�O �S�D�U�W �R�I �S�H�U�F�X�V��
�V�L�R�Q �W�U�D�L�Q�L�Q�J�� �,�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F�� �W�K�H	ì�K�•�N�—�V�D�U�H �G�H�I�L�Q�H�G �X�V�L�Q�J
�W�K�H�V�H�E�À�O�V�D�Q�G �K�H�Q�F�H �W�K�H�V�H�E�À�O�V�F�D�Q �E�H �X�V�H�G �W�R �W�U�D�F�N �W�K�H �P�R�Y�H�P�H�Q�W
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�W�K�U�R�X�J�K �W�K�H�—�Y�D�U�W�� �7�K�H �R�U�D�O �U�H�F�L�W�D�W�L�R�Q �R�I �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V �X�V�L�Q�J
�W�K�H�V�H �V�\�O�O�D�E�O�H�V �L�Q �E�R�W�K �&�D�U�Q�D�W�L�F ���N�R�Q�Q�D�N�À�O�� �D�Q�G �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F
�D�U�H �D�Q �L�P�S�R�U�W�D�Q�W �S�D�U�W �R�I �S�H�U�F�X�V�V�L�R�Q �V�R�O�R�V �D�Q�G �X�V�H�G �H�[�W�H�Q�V�L�Y�H�O�\ �L�Q
�W�K�H �S�H�U�I�R�U�P�D�Q�F�H�V �R�I �,�Q�G�L�D�Q �D�U�W �G�D�Q�F�H �I�R�U�P�V �V�X�F�K �D�V �.�D�W�K�D�N ���X�V�L�Q�J
�+�L�Q�G�X�V�W�D�Q�L�E�À�O�� �D�Q�G �%�K�D�U�D�W�D�Q�—	ì�\�D	À ���X�V�L�Q�J�V�R�O�N�D	ì	ì�X���� �7�K�L�V �V�\�V�W�H�P
�R�I �V�\�O�O�D�E�L�F �S�H�U�F�X�V�V�L�R�Q �L�V �V�R�S�K�L�V�W�L�F�D�W�H�G �D�Q�G �W�K�H �U�K�\�W�K�P�L�F �U�H�F�L�W�D�W�L�R�Q
�R�I �W�K�H �V�\�O�O�D�E�O�H�V �U�H�T�X�L�U�H�V �K�L�J�K �V�N�L�O�O�V��

�7�K�H�V�H �V�\�O�O�D�E�O�H�V �W�D�N�H �D�Q �L�P�S�R�U�W�D�Q�W �U�R�O�H �L�Q �G�U�X�P �W�U�D�Q�V�F�U�L�S�W�L�R�Q
�W�D�V�N�V�� �D �Q�H�Z �Z�D�\ �R�I �D�G�G�U�H�V�V�L�Q�J �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V�� �Z�K�H�U�H �D �V�L�J�Q�L�I��
�L�F�D�Q�W �D�Q�D�O�R�J�\ �H�[�L�V�W�V �W�R �V�S�H�H�F�K �D�Q�G �O�D�Q�J�X�D�J�H�� �:�H �F�D�Q �G�U�D�Z �P�H�W�K�R�G��
�R�O�R�J�L�H�V �D�Q�G �D�S�S�U�R�D�F�K�H�V �I�U�R�P �W�K�H �P�D�W�X�U�H �U�H�V�H�D�U�F�K �D�U�H�D �R�I �V�S�H�H�F�K
�W�H�F�K�Q�R�O�R�J�L�H�V �W�R �D�G�G�U�H�V�V �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G �G�L�V�F�R�Y��
�H�U�\�� �7�K�H �S�H�U�F�X�V�V�L�R�Q �V�R�O�R �S�H�U�I�R�U�P�D�Q�F�H �L�Q �E�R�W�K �&�D�U�Q�D�W�L�F �D�Q�G �+�L�Q��
�G�X�V�W�D�Q�L �P�X�V�L�F �D�U�H �D �U�L�F�K �V�R�X�U�F�H �R�I �W�\�S�L�F�D�O �U�K�\�W�K�P �D�Q�G �S�H�U�F�X�V�V�L�R�Q
�S�D�W�W�H�U�Q�V �I�R�U �W�K�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J�W�—	¶�D�D�Q�G �D�Q �D�Q�D�O�\�V�L�V �R�I �W�K�H�V�H �V�R�O�R�V
�F�D�Q �E�H �Y�H�U�\ �X�V�H�I�X�O �I�R�U �H�[�W�U�D�F�W�L�Q�J �W�K�H�V�H �S�D�W�W�H�U�Q�V �I�R�U �D�Q�D�O�\�V�L�V��
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�$�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�Q�R�W�D�W�L�R�Q �H�Q�F�R�P�S�D�V�V�H�V �D �E�U�R�D�G �V�H�W �R�I �S�U�R�E�O�H�P�V
�W�K�D�W �D�L�P �W�R �D�Q�Q�R�W�D�W�H �D�Q�G �W�D�J �D�X�G�L�R �U�H�F�R�U�G�L�Q�J�V �Z�L�W�K �V�H�Y�H�U�D�O �U�K�\�W�K�P
�U�H�O�D�W�H�G �P�H�W�D�G�D�W�D �D�Q�G �W�D�J�V�� �7�K�H �W�D�J�V �F�R�X�O�G �E�H �G�H�V�F�U�L�S�W�R�U �W�D�J�V �W�K�D�W
�D�U�H �Q�R�W �W�L�P�H �D�O�L�J�Q�H�G �Z�L�W�K �D�X�G�L�R�� �V�X�F�K �D�V �W�K�H �W�D�J�V �U�H�O�D�W�H�G �W�R �W�K�H �F�R�P��
�S�R�Q�H�Q�W�V �R�I �W�K�H�W�—	¶�D�D�Q�G �P�H�G�L�D�Q �W�H�P�S�R �G�H�V�F�U�L�S�W�R�U�V�� �7�K�H�U�H �F�R�X�O�G �E�H
�R�Q�H �R�U �P�R�U�H �V�X�F�K �W�D�J�V �D�V�V�R�F�L�D�W�H�G �Z�L�W�K �H�D�F�K �U�H�F�R�U�G�L�Q�J�� �7�K�H �U�K�\�W�K�P
�D�Q�Q�R�W�D�W�L�R�Q�V �F�R�X�O�G �D�O�V�R �E�H �W�L�P�H �D�O�L�J�Q�H�G�� �L�Q�G�L�F�D�W�L�Q�J �W�K�H �O�R�F�D�W�L�R�Q�V �R�I
�V�H�Y�H�U�D�O �U�K�\�W�K�P�L�F �H�Y�H�Q�W�V �L�Q �D�X�G�L�R �U�H�F�R�U�G�L�Q�J�V�� �V�X�F�K �D�V �D �W�L�P�H �Y�D�U�\�L�Q�J
�W�H�P�S�R�� �E�H�D�W�V�� �D�Q�G �G�R�Z�Q�E�H�D�W�V ���V�D�P�D���� �7�K�H �F�R�P�P�R�Q �W�D�V�N�V �R�I �W�H�P�S�R��
�E�H�D�W �D�Q�G �G�R�Z�Q�E�H�D�W �W�U�D�F�N�L�Q�J �F�D�Q �E�H �F�O�D�V�V�L�I�L�H�G �D�V �D�X�W�R�P�D�W�L�F �U�K�\�W�K�P
�D�Q�Q�R�W�D�W�L�R�Q �S�U�R�E�O�H�P�V��

�$�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�Q�R�W�D�W�L�R�Q�� �L�Q �W�K�H �F�R�Q�W�H�[�W �R�I �,�Q�G�L�D�Q �D�U�W �P�X��
�V�L�F �F�D�Q �E�H �G�H�I�L�Q�H�G �D�V �W�K�H �H�V�W�L�P�D�W�L�R�Q �R�I �W�K�H �F�K�D�U�D�F�W�H�U�L�V�W�L�F �F�R�P�S�R��
�Q�H�Q�W�V �R�I �W�K�H�W�—	¶�D�I�U�R�P �D�X�G�L�R�� �)�R�U �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �W�K�H �P�R�V�W �L�P�S�R�U��
�W�D�Q�W �U�K�\�W�K�P �U�H�O�D�W�H�G �W�D�J�V �L�Q�F�O�X�G�H �H�V�W�L�P�D�W�L�Q�J �W�K�H �P�H�G�L�D�Q �W�H�P�S�R �R�I
�W�K�H �S�L�H�F�H ���L�Q�D�N	â�D�U�D�V�S�H�U �P�L�Q�X�W�H �R�U �E�H�D�W�V �S�H�U �P�L�Q�X�W�H���� �W�K�H �O�H�Q�J�W�K �R�I
�W�K�H �F�\�F�O�H ���L�Q �Q�X�P�E�H�U �R�I �E�H�D�W�V �R�U�D�N	â�D�U�D�V���� �W�K�H�W�—	¶�D�O�D�E�H�O ���D�Q�G �K�H�Q�F�H
�L�P�S�O�L�F�L�W�O�\ �W�K�H �X�Q�G�H�U�O�\�L�Q�J �P�H�W�U�L�F�D�O �V�W�U�X�F�W�X�U�H���� �W�K�H�Q�D	Œ�H���D�Q�G �K�H�Q�F�H
�W�K�H �V�X�E�G�L�Y�L�V�L�R�Q �V�W�U�X�F�W�X�U�H���� �D�Q�G �W�K�H�H	Œ�X�S�X�R�I �W�K�H �S�L�H�F�H�� �)�R�U �+�L�Q��
�G�X�V�W�D�Q�L �P�X�V�L�F�� �W�K�H �P�R�V�W �L�P�S�R�U�W�D�Q�W �U�K�\�W�K�P �U�H�O�D�W�H�G �W�D�J�V �L�Q�F�O�X�G�H �W�K�H
�P�H�G�L�D�Q �W�H�P�S�R �R�I �W�K�H �S�L�H�F�H ���L�Q�P�—�W�U�—�V�S�H�U �P�L�Q�X�W�H���� �W�K�H�O�D�\�F�O�D�V�V��
�W�K�H �F�\�F�O�H �O�H�Q�J�W�K ���L�Q�P�—�W�U�—�V�� �D�Q�G �W�K�H�W�—�O�O�D�E�H�O�� �(�V�W�L�P�D�W�L�Q�J �W�K�H �W�L�P�H
�Y�D�U�\�L�Q�J �W�H�P�S�R �F�X�U�Y�H�� �W�K�H�D�N	â�D�U�D�S�X�O�V�H �O�R�F�D�W�L�R�Q�V�� �W�K�H �E�H�D�W�V�� �W�K�H�D	Ä�J�D
���V�H�F�W�L�R�Q�� �E�R�X�Q�G�D�U�L�H�V �D�Q�G �W�K�H�V�D�P�D�L�Q�V�W�D�Q�W�V �D�U�H �W�K�H �L�P�S�R�U�W�D�Q�W �W�L�P�H
�D�O�L�J�Q�H�G �D�Q�Q�R�W�D�W�L�R�Q �S�U�R�E�O�H�P�V �L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �7�K�H �P�R�V�W �L�P�S�R�U��
�W�D�Q�W �S�U�R�E�O�H�P�V �L�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �D�U�H �W�K�H �H�V�W�L�P�D�W�L�R�Q �R�I �W�K�H�P�—�W�U�—
�S�X�O�V�D�W�L�R�Q�� �W�K�H�Y�L�E�K�—�J�E�R�X�Q�G�D�U�L�H�V�� �D�Q�G �W�K�H�V�D�P�L�Q�V�W�D�Q�W�V��

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



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

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

�7�—	¶�D�U�H�F�R�J�Q�L�W�L�R�Q

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

�6�L�Q�F�H �W�K�H�U�H �D�U�H �R�Q�O�\ �D �O�L�P�L�W�H�G �V�H�W �R�I�W�—	¶�D�V�L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F���W�—	¶�D
�U�H�F�R�J�Q�L�W�L�R�Q �F�D�Q �E�H �I�R�U�P�X�O�D�W�H�G �D�V �D �F�O�D�V�V�L�I�L�F�D�W�L�R�Q �W�D�V�N �E�D�V�H�G �R�I �I�H�D��
�W�X�U�H�V �R�I �W�K�H�W�—	¶�D�H�V�W�L�P�D�W�H�G �I�U�R�P �D�X�G�L�R�� �%�D�U�U�L�Q�J �D �I�H�Z �H�[�F�H�S�W�L�R�Q�V��
�P�R�V�W �F�R�P�S�R�V�L�W�L�R�Q�V �D�U�H �F�R�P�S�R�V�H�G �L�Q �R�Q�O�\ �R�Q�H�W�—	¶�D�� �D�Q�G �K�H�Q�F�H �D�Q
�D�X�G�L�R �U�H�F�R�U�G�L�Q�J �Z�L�W�K �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�I �W�K�H �F�R�P�S�R�V�L�W�L�R�Q �K�D�V �R�Q�O�\
�R�Q�H�W�—	¶�D�W�D�J�� �+�R�Z�H�Y�H�U�� �D�X�G�L�R �U�H�F�R�U�G�L�Q�J�V �Z�L�W�K �O�R�Q�J �F�R�Q�F�H�U�W�V �Z�L�W�K
�P�X�O�W�L�S�O�H �F�R�P�S�R�V�L�W�L�R�Q�V �S�H�U�I�R�U�P�H�G �F�D�Q �K�D�Y�H �P�X�O�W�L�S�O�H�W�—	¶�D�W�D�J�V�� �Z�L�W�K
�W�K�H �D�G�G�L�W�L�R�Q�D�O �S�U�R�E�O�H�P �R�I �P�D�U�N�L�Q�J �W�K�H �U�H�J�L�R�Q�V �R�I �D�X�G�L�R �Z�K�H�U�H �W�K�H�V�H
�F�R�P�S�R�V�L�W�L�R�Q�V �D�U�H �S�H�U�I�R�U�P�H�G�� �)�X�U�W�K�H�U�� �P�D�Q�\ �U�H�F�R�U�G�L�Q�J�V �V�W�D�U�W �Z�L�W�K
�D�Q�—�O�—�S�D�Q�D�� �Z�K�L�F�K �L�V �D�Q �X�Q�P�H�W�H�U�H�G �V�H�F�W�L�R�Q �D�Q�G �K�H�Q�F�H �K�D�V �Q�R�W�—	¶�D��
�+�H�Q�F�H���W�—	¶�D�U�H�F�R�J�Q�L�W�L�R�Q �K�D�V �W�R �I�L�U�V�W �E�H �S�U�H�F�H�G�H�G �E�\ �V�X�F�K �V�H�J�P�H�Q��
�W�D�W�L�R�Q �R�I �D�X�G�L�R �U�H�F�R�U�G�L�Q�J �L�Q�W�R �S�D�U�W�V �W�K�D�W �K�D�Y�H �R�Q�O�\ �R�Q�H �R�U �Q�R�W�—	¶�D��
�(�[�F�H�S�W�L�R�Q�V �F�D�Q �R�F�F�X�U �G�H�V�S�L�W�H �W�K�D�W�� �Z�K�H�Q �V�R�P�H �U�D�U�H �F�R�P�S�R�V�L�W�L�R�Q�V
�F�D�Q �E�H �S�H�U�I�R�U�P�H�G �L�Q �W�Z�R �G�L�I�I�H�U�H�Q�W�W�—	¶�D�V�� �D �F�D�V�H �W�K�D�W �L�V �X�Q�F�R�P�P�R�Q
�D�Q�G �R�Q�O�\ �K�D�V �H�V�R�W�H�U�L�F �L�P�S�R�U�W�D�Q�F�H�� �6�X�F�K �P�D�U�J�L�Q�D�O �F�D�V�H�V �D�U�H �E�H�\�R�Q�G
�W�K�H �V�F�R�S�H �R�I �H�Q�J�L�Q�H�H�U�L�Q�J �D�S�S�U�R�D�F�K�H�V �L�Q �W�K�L�V �G�L�V�V�H�U�W�D�W�L�R�Q��

�7�—	¶�D�U�H�F�R�J�Q�L�W�L�R�Q �L�V �D �V�X�E�M�H�F�W�L�Y�H �W�D�V�N �W�K�D�W �Q�H�H�G�V �S�U�L�R�U �P�X�V�L�F �N�Q�R�Z�O��
�H�G�J�H�� �,�W �F�D�Q �E�H �D�F�K�L�H�Y�H�G �W�K�U�R�X�J�K �D �V�H�W �R�I �S�U�R�[�\ �W�D�V�N�V�� �D�O�O �R�I �Z�K�L�F�K
�K�H�O�S �L�Q �L�G�H�Q�W�L�I�\�L�Q�J �W�K�H�W�—	¶�D�� �7�K�H �F�O�X�H�V �W�R �L�G�H�Q�W�L�I�\�L�Q�J �D�W�—	¶�D�D�U�H �U�H��
�O�D�W�H�G �W�R �L�W�V �V�W�U�X�F�W�X�U�H �D�Q�G �W�K�H �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �S�O�D�\�H�G �L�Q �L�W�� �7�K�H
�S�D�W�W�H�U�Q�V ���V�X�F�K �D�V �W�K�H	ì�K�•�N�—�� �S�O�D�\�H�G �D�U�H �L�Q�G�L�F�D�W�L�Y�H �R�I �W�K�H�W�—	¶�D�� �E�X�W
�P�D�Q�\ �S�D�W�W�H�U�Q�V �D�U�H �D�O�V�R �V�K�D�U�H�G �D�F�U�R�V�V �P�D�Q�\�W�—	¶�D�V�� �)�U�R�P �D�Q�0�,�5
�S�H�U�V�S�H�F�W�L�Y�H�� �L�W �L�V �K�D�U�G�H�U �W�R �U�H�F�R�J�Q�L�]�H �W�K�H�V�H �S�D�W�W�H�U�Q�V�� �E�X�W �L�Q�V�W�H�D�G�� �L�W
�L�V �H�D�V�L�H�U �W�R �U�H�F�R�J�Q�L�]�H �W�K�H�V�H �S�D�W�W�H�U�Q�V �L�I �W�K�H�W�—	¶�D�L�V �N�Q�R�Z�Q�� �F�U�H�D�W�L�Q�J �D
�F�L�U�F�X�O�D�U �G�H�S�H�Q�G�H�Q�F�\��



���� �$�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �R�I �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F

�7�K�H �V�W�U�X�F�W�X�U�H �D�W�W�U�L�E�X�W�H�V �R�I �W�K�H�W�—	¶�D�W�K�D�W �F�D�Q �E�H �X�V�H�G �W�R �L�G�H�Q�W�L�I�\
�W�K�H�W�—	¶�D�D�U�H �W�K�H �F�\�F�O�H �O�H�Q�J�W�K �D�Q�G �Z�K�H�Q �G�H�I�L�Q�H�G�� �W�K�H �V�X�E�G�L�Y�L�V�L�R�Q �P�H��
�W�H�U ���L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F���� �(�V�W�L�P�D�W�L�Q�J �W�K�H �F�\�F�O�H �O�H�Q�J�W�K �L�Q �E�H�D�W�V ���R�U
�P�—�W�U�—�V�� �F�D�Q �K�H�O�S �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �W�R �L�G�H�Q�W�L�I�\ �W�K�H�W�—	¶�D�� �+�R�Z�H�Y�H�U�� �W�K�H�U�H
�D�U�H �V�H�Y�H�U�D�O�W�—	¶�D�V�L�Q �E�R�W�K �&�D�U�Q�D�W�L�F �D�Q�G �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �W�K�D�W �K�D�Y�H
�W�K�H �V�D�P�H �O�H�Q�J�W�K�� �H���J���•�N�W�—�O�D�Q�G �F�D�X�W�—�O �E�R�W�K �K�D�Y�H �����P�—�W�U�—�V�L�Q �D
�F�\�F�O�H ���&�O�D�\�W�R�Q�������������� �D�Q�G �K�H�Q�F�H �D�G�G�L�W�L�R�Q�D�O �L�Q�I�R�U�P�D�W�L�R�Q �L�V �Q�H�H�G�H�G
�W�R �G�L�V�D�P�E�L�J�X�D�W�H �W�K�H�P�� �1�H�Y�H�U�W�K�H�O�H�V�V�� �F�\�F�O�H �O�H�Q�J�W�K �H�V�W�L�P�D�W�L�R�Q �L�V �D�Q
�L�P�S�R�U�W�D�Q�W �W�D�V�N �W�K�D�W �K�D�V �U�H�F�H�L�Y�H�G �V�R�P�H �D�W�W�H�Q�W�L�R�Q �I�U�R�P �W�K�H �U�H�V�H�D�U�F�K
�F�R�P�P�X�Q�L�W�\�� �Z�L�W�K �W�K�H �D�Q�D�O�R�J�R�X�V �W�D�V�N�V �L�Q �(�X�U�R�J�H�Q�H�W�L�F �P�X�V�L�F �E�H�L�Q�J
�W�L�P�H �V�L�J�Q�D�W�X�U�H �H�V�W�L�P�D�W�L�R�Q �D�Q�G �P�H�W�H�U �H�V�W�L�P�D�W�L�R�Q��

�,�Q �,�Q�G�L�D�Q �P�X�V�L�F�� �Z�H �F�D�Q �W�U�D�F�N �Z�H�O�O���G�H�I�L�Q�H�G �F�\�F�O�H�V �D�W �V�H�Y�H�U�D�O �O�H�Y��
�H�O�V �R�I �W�K�H �P�H�W�H�U�� �$�V �G�H�V�F�U�L�E�H�G �H�D�U�O�L�H�U�� �W�K�R�X�J�K �W�K�H �D�L�P �R�I �W�K�H �W�D�V�N �L�V
�W�R �H�V�W�L�P�D�W�H �W�K�H �O�H�Q�J�W�K �R�I�W�—	¶�D�F�\�F�O�H ���O�H�Q�J�W�K �R�I �D�—�Y�D�U�W���—�Y�D�U�W�D�Q�D���� �W�K�H
�D�O�J�R�U�L�W�K�P�V �P�L�J�K�W �W�U�D�F�N �D �G�L�I�I�H�U�H�Q�W �W�L�P�H �V�F�D�O�H�� �Z�K�L�F�K �Q�H�H�G �Q�R�W �F�R�U��
�U�H�V�S�R�Q�G �W�R �W�K�H�W�—	¶�D�F�\�F�O�H�� �2�Q�H �V�X�F�K �R�W�K�H�U �V�S�H�F�L�I�L�F �O�H�Y�H�O �R�I �L�Q�W�H�U�H�V�W
�D�S�D�U�W �I�U�R�P �W�K�H�W�—	¶�D�F�\�F�O�H �L�V �W�K�H �G�L�Y�L�V�L�R�Q �Z�L�W�K�L�Q �W�K�H �E�H�D�W �S�X�O�V�D�W�L�R�Q��
�L���H�� �W�K�H �S�H�U�L�R�G�L�F �V�W�U�X�F�W�X�U�H �G�R�P�L�Q�D�W�L�Q�J �W�K�H �U�K�\�W�K�P�L�F �F�R�Q�W�H�Q�W �E�H�W�Z�H�H�Q
�W�K�H �E�H�D�W �L�Q�V�W�D�Q�F�H�V�� �,�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �W�K�L�V �F�R�U�U�H�V�S�R�Q�G�V �W�R �W�K�H�Q�D	Œ�H
�H�V�W�L�P�D�W�L�R�Q�� �)�X�U�W�K�H�U�� �Z�H �Q�H�H�G �W�R �S�R�L�Q�W �R�X�W �K�H�U�H �W�K�D�W �W�K�H�U�H �L�V �D �F�O�H�D�U
�G�H�I�L�Q�L�W�L�R�Q �R�I �W�K�H �V�X�E�G�L�Y�L�V�L�R�Q �P�H�W�H�U �L�Q �W�K�H �I�R�U�P �R�I�Q�D	Œ�H�L�Q �&�D�U�Q�D�W�L�F
�P�X�V�L�F�� �+�R�Z�H�Y�H�U�� �V�X�F�K �D�Q �H�[�S�O�L�F�L�W �V�X�E�G�L�Y�L�V�L�R�Q �P�H�W�H�U �I�R�U �+�L�Q�G�X�V�W�D�Q�L
�P�X�V�L�F �L�V �Q�R�W �F�O�H�D�U�O�\ �J�L�Y�H�Q �E�\ �W�K�H �W�K�H�R�U�H�W�L�F�D�O �I�U�D�P�H�Z�R�U�N��

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

�6�L�Q�F�H �W�K�H�W�—	¶�D�F�\�F�O�H�V �K�D�Y�H �D �S�H�U�L�R�G�L�F�L�W�\�� �S�U�L�R�U �D�S�S�U�R�D�F�K�H�V �L�Q �,�Q��
�G�L�D�Q �D�U�W �P�X�V�L�F �W�U�D�F�N �W�K�H �S�H�U�L�R�G�L�F�L�W�\ �L�Q �S�X�O�V�D�W�L�R�Q���*�X�O�D�W�L�� �5�D�R�� �D�Q�G
�5�D�R������������ �D�Q�G�*�X�O�D�W�L�� �5�D�R�� �D�Q�G �5�D�R������������ �S�U�R�S�R�V�H�G �D �P�H�W�K�R�G �I�R�U
�P�H�W�H�U �G�H�W�H�F�W�L�R�Q �I�U�R�P �D�X�G�L�R �I�R�U �,�Q�G�L�D�Q �P�X�V�L�F�� �D�Q�G �F�O�D�V�V�L�I�\ �D �S�L�H�F�H
�D�V �E�H�O�R�Q�J�L�Q�J �W�R �G�X�S�O�H ���������������� �W�U�L�S�O�H ������������ �R�U �V�H�S�W�X�S�O�H ������ �P�H�W�H�U�� �$
�P�H�O���V�F�D�O�H �I�U�H�T�X�H�Q�F�\ �G�H�F�R�P�S�R�V�L�W�L�R�Q �R�I �W�K�H �V�L�J�Q�D�O �L�V �X�V�H�G �W�R �G�U�L�Y�H �D
�W�Z�R �V�W�D�J�H �F�R�P�E �I�L�O�W�H�U �E�D�Q�N�� �7�K�H �I�L�O�W�H�U �E�D�Q�N �R�X�W�S�X�W �L�V �X�V�H�G �W�R �H�V�W�L��
�P�D�W�H �W�K�H �V�X�E�G�L�Y�L�V�L�R�Q �W�L�P�H���V�S�D�Q�V �D�Q�G �W�K�H �P�H�W�H�U �R�I �W�K�H �V�R�Q�J�� �,�W �Z�D�V
�W�H�V�W�H�G �R�Q �D�Q �,�Q�G�L�D�Q �I�L�O�P �P�X�V�L�F �G�D�W�D�V�H�W �Z�L�W�K �H�Q�F�R�X�U�D�J�L�Q�J �U�H�V�X�O�W�V��
�7�K�L�V �L�V �R�Q�H �R�I �W�K�H �I�L�U�V�W �S�U�R�S�R�V�H�G �D�S�S�U�R�D�F�K�H�V �W�R �U�K�\�W�K�P �P�R�G�H�O�L�Q�J



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

�D�S�S�O�L�H�G �V�S�H�F�L�I�L�F�D�O�O�\ �W�R �,�Q�G�L�D�Q �P�X�V�L�F�� �+�R�Z�H�Y�H�U�� �W�K�H �D�O�J�R�U�L�W�K�P �Z�D�V
�W�H�V�W�H�G �R�Q �D �G�L�I�I�H�U�H�Q�W �U�H�S�H�U�W�R�L�U�H �W�K�D�Q �+�L�Q�G�X�V�W�D�Q�L �D�Q�G �&�D�U�Q�D�W�L�F �P�X�V�L�F��
�7�K�H �D�O�J�R�U�L�W�K�P �R�Q�O�\ �D�L�P�V �W�R �F�O�D�V�V�L�I�\ �L�Q�W�R �W�K�H�V�H �E�U�R�D�G �P�H�W�H�U �F�O�D�V�V�H�V
�D�Q�G �G�R�H�V �Q�R�W �D�W�W�H�P�S�W �W�R �D�V�V�L�J�Q �D�W�—	¶�D�O�D�E�H�O�� �Z�K�L�F�K �L�V �P�R�U�H �F�R�P�S�O�H�[
�W�K�D�Q �V�X�F�K �D �F�O�D�V�V�L�I�L�F�D�W�L�R�Q�� �7�K�R�X�J�K �S�U�R�S�R�V�H�G �I�R�U �,�Q�G�L�D�Q �P�X�V�L�F�� �W�K�H
�D�O�J�R�U�L�W�K�P �L�V �J�H�Q�H�U�D�O �L�Q �D�S�S�U�R�D�F�K �D�Q�G �G�R�H�V �Q�R�W �F�R�Q�V�L�G�H�U �D�Q�\ �V�S�H��
�F�L�I�L�F �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �R�I �U�K�\�W�K�P �L�Q �,�Q�G�L�D�Q �P�X�V�L�F���0�L�U�R�Q������������ �D�G��
�G�U�H�V�V�H�G �W�K�H �S�U�R�E�O�H�P �R�I�W�—�O�U�H�F�R�J�Q�L�W�L�R�Q �L�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F�� �E�D�V�H�G
�R�Q �U�H�F�R�J�Q�L�]�L�Q�J �W�K�H	ì�K�•�N�—�S�O�D�\�H�G �R�Q �W�K�H�W�D�E�O�D�� �8�V�L�Q�J �D �O�D�E�H�O�H�G �F�R�U��
�S�X�V �R�I �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �Z�L�W�K�W�D�E�O�D�D�F�F�R�P�S�D�Q�L�P�H�Q�W�� �K�H �H�[�S�O�R�U�H�G
�V�H�J�P�H�Q�W�D�W�L�R�Q �D�Q�G �V�W�U�R�N�H �U�H�F�R�J�Q�L�W�L�R�Q �L�Q �D �S�R�O�\�S�K�R�Q�L�F �F�R�Q�W�H�[�W�� �D�Q�G
�F�R�Q�F�O�X�G�H�G �W�K�D�W �U�H�F�R�J�Q�L�]�L�Q�J �+�L�Q�G�X�V�W�D�Q�L�W�—�O�V�L�V �D �F�K�D�O�O�H�Q�J�L�Q�J �W�D�V�N��

�6�U�L�Q�L�Y�D�V�D�P�X�U�W�K�\�� �6�X�E�U�D�P�D�Q�L�D�Q�� �7�U�R�Q�H�O�� �D�Q�G �&�K�R�U�G�L�D������������ �D�O�V�R
�S�U�R�S�R�V�H�G �D �F�X�O�W�X�U�H���V�S�H�F�L�I�L�F �E�H�D�W �W�U�D�F�N�L�Q�J �E�D�V�H�G �D�S�S�U�R�D�F�K �W�R�W�—	¶�D�G�H��
�V�F�U�L�S�W�L�R�Q�� �D�Q�G �D�S�S�O�L�H�G �L�W �W�R �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �7�K�H�\ �S�U�R�S�R�V�H�G �D �V�\�V��
�W�H�P �W�R �G�H�V�F�U�L�E�H �P�H�W�H�U �L�Q �W�H�U�P�V �R�I �W�K�H �W�L�P�H���V�S�D�Q �U�H�O�D�W�L�R�Q�V �E�H�W�Z�H�H�Q
�S�X�O�V�D�W�L�R�Q�V �D�W �E�D�U�� �E�H�D�W �D�Q�G�D�N	â�D�U�D�O�H�Y�H�O�V�� �7�K�H �W�H�P�S�R �H�V�W�L�P�D�W�L�R�Q �L�Q
�W�K�H �D�O�J�R�U�L�W�K�P�� �Z�K�L�F�K �L�V �D�G�D�S�W�H�G �I�U�R�P �W�K�H �D�O�J�R�U�L�W�K�P �E�\�'�D�Y�L�H�V �D�Q�G
�3�O�X�P�E�O�H�\�������������� �L�V �P�R�G�L�I�L�H�G �W�R �S�H�D�N �D�W ���� �%�3�0 �D�O�O�R�Z�L�Q�J �D �Z�L�G�H
�U�D�Q�J�H �R�I �W�H�P�S�L ���I�U�R�P ���� �E�S�P �W�R ������ �E�S�P�� �W�R �E�H �H�V�W�L�P�D�W�H�G�� �7�K�H �D�O��
�J�R�U�L�W�K�P �D�S�S�O�L�H�V �W�K�H �E�H�D�W �W�U�D�F�N�H�U �S�U�R�S�R�V�H�G �E�\�(�O�O�L�V������������ �Z�L�W�K �W�K�H
�H�V�W�L�P�D�W�H�G �W�H�P�S�R �D�V �L�Q�S�X�W�� �7�K�H �D�O�J�R�U�L�W�K�P �W�K�H�Q �X�V�H�V �D �E�H�D�W �V�L�P�L�O�D�U��
�L�W�\ �P�D�W�U�L�[ �D�Q�G�,�2�,�K�L�V�W�R�J�U�D�P �W�R �D�X�W�R�P�D�W�L�F�D�O�O�\ �H�[�W�U�D�F�W �W�K�H �V�X�E���E�H�D�W
�V�W�U�X�F�W�X�U�H �D�Q�G �W�K�H �O�R�Q�J���W�H�U�P �S�H�U�L�R�G�L�F�L�W�\ �R�I �D �P�X�V�L�F�D�O �S�L�H�F�H�� �I�U�R�P
�Z�K�L�F�K �D �V�H�W �R�I �U�D�Q�N �R�U�G�H�U�H�G �F�D�Q�G�L�G�D�W�H�V �F�R�X�O�G �E�H �R�E�W�D�L�Q�H�G �I�R�U �W�K�H
�Q�D	Œ�H�D�Q�G�—�Y�D�U�W�D�Q�D�O�H�Q�J�W�K�� �7�K�H �D�O�J�R�U�L�W�K�P �Z�D�V �W�H�V�W�H�G �R�Q �D �P�D�Q�X��
�D�O�O�\ �D�Q�Q�R�W�D�W�H�G �&�D�U�Q�D�W�L�F �P�X�V�L�F �G�D�W�D�V�H�W �F�R�Q�V�L�V�W�L�Q�J �R�I ���� �W�K�L�U�W�\ �V�H�F��
�R�Q�G �V�R�Q�J �V�Q�L�S�S�H�W�V �R�I �E�R�W�K �Y�R�F�D�O �D�Q�G �L�Q�V�W�U�X�P�H�Q�W�D�O �P�X�V�L�F �Z�L�W�K �G�L�I�I�H�U��
�H�Q�W �L�Q�V�W�U�X�P�H�Q�W�D�W�L�R�Q�� �V�H�W �W�R �G�L�I�I�H�U�H�Q�W�W�—	¶�D�V�D�Q�G�Q�D	Œ�H�� �7�K�H �D�O�J�R�U�L�W�K�P
�Z�D�V �D�O�V�R �W�H�V�W�H�G �R�Q �D�Q �,�Q�G�L�D�Q �O�L�J�K�W �F�O�D�V�V�L�F�D�O �P�X�V�L�F �G�D�W�D�V�H�W �F�R�Q�V�L�V�W��
�L�Q�J �R�I ���� �V�H�P�L���F�O�D�V�V�L�F�D�O �V�R�Q�J�V �E�D�V�H�G �R�Q �S�R�S�X�O�D�U �+�L�Q�G�X�V�W�D�Q�L�U�—�J�D�V��
�7�K�R�X�J�K �I�R�U�P�X�O�D�W�H�G �X�V�L�Q�J �W�K�H �N�Q�R�Z�O�H�G�J�H �R�I �W�K�H�W�—	¶�D�� �W�K�H �D�O�J�R�U�L�W�K�P
�G�R�H�V �Q�R�W �P�D�N�H �D�Q �H�I�I�R�U�W �W�R �U�H�V�R�O�Y�H �P�H�W�U�L�F�D�O �O�H�Y�H�O �D�P�E�L�J�X�L�W�L�H�V�� �Z�K�L�F�K
�F�D�Q �V�H�Y�H�U�H�O�\ �D�I�I�H�F�W �W�K�H �D�F�F�X�U�D�F�\ �V�L�Q�F�H �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�I �W�K�H �D�O�J�R��
�U�L�W�K�P �G�H�S�H�Q�G�V �P�D�L�Q�O�\ �R�Q �U�H�O�L�D�E�O�H �E�H�D�W �W�U�D�F�N�L�Q�J �D�W �W�K�H �F�R�U�U�H�F�W �P�H�W��
�U�L�F�D�O �O�H�Y�H�O��

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



���� �$�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �R�I �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F

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

�3�U�D�F�W�L�F�D�O�O�\�� �P�R�V�W �F�R�P�P�H�U�F�L�D�O�O�\ �U�H�O�H�D�V�H�G �P�X�V�L�F �F�R�O�O�H�F�W�L�R�Q�V �S�U�R��
�Y�L�G�H �W�K�H�W�—	¶�D�R�I �H�D�F�K �S�L�H�F�H �D�V �H�G�L�W�R�U�L�D�O �P�H�W�D�G�D�W�D�� �7�K�H �Q�D�P�H �R�I �W�K�H
�W�—	¶�D�L�V �S�U�H�V�H�Q�W �L�Q �P�R�V�W �S�L�H�F�H�V �L�Q �W�K�H �F�R�O�O�H�F�W�L�R�Q�� �+�R�Z�H�Y�H�U�� �L�W �L�V �R�I�W�H�Q
�Q�R�W �S�U�H�V�H�Q�W �L�Q �D�U�F�K�L�Y�H�G �U�H�F�R�U�G�L�Q�J�V�� �S�H�U�V�R�Q�D�O �P�X�V�L�F �F�R�O�O�H�F�W�L�R�Q�V�� �R�U
�R�S�H�Q �P�X�V�L�F �F�R�O�O�H�F�W�L�R�Q�V�� �6�L�Q�F�H �P�R�V�W �R�I �W�K�H �Z�R�U�N �L�Q �W�K�L�V �G�L�V�V�H�U�W�D�W�L�R�Q
�L�V �Z�L�W�K �F�R�P�P�H�U�F�L�D�O �P�X�V�L�F �U�H�F�R�U�G�L�Q�J�V�� �Z�H �D�O�U�H�D�G�\ �K�D�Y�H �D�F�F�H�V�V �W�R
�W�—	¶�D�W�D�J�V �R�I �W�K�H�V�H �P�X�V�L�F �U�H�F�R�U�G�L�Q�J�V �D�Q�G �K�H�Q�F�H �W�K�H �W�D�V�N �R�I�W�—	¶�D�U�H�F�R�J��
�Q�L�W�L�R�Q �L�V �U�H�G�X�Q�G�D�Q�W �D�Q�G �Q�R�W �U�H�O�H�Y�D�Q�W �Z�L�W�K �W�K�H�V�H �F�R�O�O�H�F�W�L�R�Q�V�� �)�X�U�W�K�H�U��
�P�D�Q�X�D�O�O�\ �F�X�U�D�W�L�Q�J �D�X�G�L�R �F�R�O�O�H�F�W�L�R�Q�V �Z�L�W�K�W�—	¶�D�W�D�J�V �L�V �O�H�V�V �W�L�P�H �F�R�Q��
�V�X�P�L�Q�J �D�Q�G �O�H�V�V �U�H�V�R�X�U�F�H �L�Q�W�H�Q�V�L�Y�H �W�K�D�Q �W�D�V�N�V �V�X�F�K �D�V �W�H�P�S�R �D�Q�G
�E�H�D�W �W�U�D�F�N�L�Q�J�� �+�H�Q�F�H�� �Z�H �G�R �Q�R�W �Z�R�U�N �H�[�S�O�L�F�L�W�O�\ �R�Q�W�—	¶�D�U�H�F�R�J�Q�L��
�W�L�R�Q �S�U�R�E�O�H�P �L�Q �W�K�L�V �G�L�V�V�H�U�W�D�W�L�R�Q�� �E�X�W �K�R�Z�H�Y�H�U�� �L�W �L�V �H�[�S�H�F�W�H�G �W�R �E�H
�D �E�\�S�U�R�G�X�F�W �R�I �R�W�K�H�U �D�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�Q�R�W�D�W�L�R�Q �W�D�V�N�V��

�/�D�\�F�O�D�V�V�L�I�L�F�D�L�R�Q �L�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F

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

�(	Œ�X�S�X�H�V�W�L�P�D�W�L�R�Q �L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F

�(	Œ�X�S�X�H�V�W�L�P�D�W�L�R�Q �L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F �L�V �D �X�Q�L�T�X�H �S�U�R�E�O�H�P�� �7�K�R�X�J�K
�W�K�H�H	Œ�X�S�X�L�V �D �P�H�W�D�G�D�W�D �R�I �W�K�H �F�R�P�S�R�V�L�W�L�R�Q�� �X�Q�O�L�N�H �W�K�H�W�—	¶�D�O�D�E�H�O��
�L�W �L�V �Q�H�Y�H�U �U�H�F�R�U�G�H�G �D�V �V�W�D�Q�G�D�U�G �P�H�W�D�G�D�W�D �D�Q�G �K�H�Q�F�H �Q�H�H�G�V �H�V�W�L�P�D��
�W�L�R�Q�� �:�K�H�Q �Q�R�W �D�Y�D�L�O�D�E�O�H �D�V �P�H�W�D�G�D�W�D���H	Œ�X�S�X�H�V�W�L�P�D�W�L�R�Q �Q�H�H�G�V �W�R �E�H



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

�D�G�G�U�H�V�V�H�G �E�D�V�H�G �R�Q �D�F�F�H�Q�W�V �D�Q�G �V�D�O�L�H�Q�F�H �R�I �W�K�H �E�H�D�W�V �D�Q�G �W�K�H�L�U �F�R�U�U�H��
�O�D�W�L�R�Q �Z�L�W�K �W�K�H �O�\�U�L�F�V �D�Q�G �P�H�O�R�G�L�F �S�K�U�D�V�H�V�� �(�V�W�L�P�D�W�L�Q�J�H	Œ�X�S�X�P�L�J�K�W
�E�H �Q�H�F�H�V�V�D�U�\ �I�R�U �F�R�U�U�H�F�W �D�O�L�J�Q�P�H�Q�W �R�I �W�K�H�V�D�P�D�V�V�L�Q�F�H �L�Q �S�L�H�F�H�V �Z�L�W�K
�D �Q�R�Q���]�H�U�R�H	Œ�X�S�X�� �L�W �L�V �O�L�N�H�O�\ �W�K�D�W �W�K�H �P�H�O�R�G�L�F �F�K�D�Q�J�H�V �W�H�Q�G �W�R �R�F��
�F�X�U �D�W �W�K�H�H	Œ�X�S�X�S�R�L�Q�W �U�D�W�K�H�U �W�K�D�Q �D�W �W�K�H �V�D�P�D �R�I �W�K�H�W�—	¶�D�F�\�F�O�H�� �7�K�L�V
�P�L�J�K�W �O�H�D�G �W�R �F�R�Q�I�X�V�L�R�Q �L�Q �V�D�P�D �W�U�D�F�N�L�Q�J �D�O�J�R�U�L�W�K�P�V�� �:�H �D�O�V�R �Q�R��
�W�L�F�H�G �W�K�D�W �Q�R�Q���]�H�U�R�H	Œ�X�S�X�S�L�H�F�H�V �W�H�Q�G �W�R �J�L�Y�H �S�R�R�U�H�U �S�H�U�I�R�U�P�D�Q�F�H �L�Q
�W�D�V�N�V �V�X�F�K �D�V �F�\�F�O�H �O�H�Q�J�W�K �U�H�F�R�J�Q�L�W�L�R�Q ���6�U�L�Q�L�Y�D�V�D�P�X�U�W�K�\�� �+�R�O�]�D�S�I�H�O��
�	 �6�H�U�U�D�������������� �+�R�Z�H�Y�H�U�� �Z�L�W�K �D �U�R�E�X�V�W�V�D�P�D�W�U�D�F�N�L�Q�J �D�O�J�R�U�L�W�K�P
�Z�K�L�F�K �F�D�Q �K�D�Q�G�O�H �G�L�I�I�H�U�H�Q�W �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V�� �W�K�H �H�I�I�H�F�W �R�I �Q�R�Q���]�H�U�R
�H	Œ�X�S�X�L�V �O�H�V�V�� �7�R �W�K�H �E�H�V�W �R�I �R�X�U �N�Q�R�Z�O�H�G�J�H�� �W�K�L�V �S�U�R�E�O�H�P �K�D�V �Q�R�W
�E�H�H�Q �D�G�G�U�H�V�V�H�G �E�\ �W�K�H �U�H�V�H�D�U�F�K �F�R�P�P�X�Q�L�W�\ �V�R �I�D�U�� �6�L�Q�F�H �W�K�H �S�U�R�E��
�O�H�P �R�I�H	Œ�X�S�X�H�V�W�L�P�D�W�L�R�Q �L�V �Y�H�U�\ �V�S�H�F�L�I�L�F �W�R �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �L�W �L�V �R�I
�O�L�P�L�W�H�G �L�Q�W�H�U�H�V�W �D�Q�G �L�V �Q�R�W �D�G�G�U�H�V�V�H�G �L�Q �W�K�L�V �G�L�V�V�H�U�W�D�W�L�R�Q�� �%�X�W �Z�K�H�Q
�U�H�T�X�L�U�H�G�� �Z�H �Z�L�O�O �H�[�D�P�L�Q�H �W�K�H �H�I�I�H�F�W �R�I �Q�R�Q���]�H�U�R�H	Œ�X�S�X�R�Q �R�W�K�H�U
�U�K�\�W�K�P �D�Q�D�O�\�V�L�V �W�D�V�N�V��

�7�—	¶�D�W�U�D�F�N�L�Q�J

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

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



���� �$�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �R�I �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F

�W�D�V�N�V �L�Q�W�—	¶�D�W�U�D�F�N�L�Q�J �D�V �W�H�P�S�R �W�U�D�F�N�L�Q�J�� �E�H�D�W �W�U�D�F�N�L�Q�J�� �D�Q�G�V�D�P�D
�W�U�D�F�N�L�Q�J��

�7�H�P�S�R �W�U�D�F�N�L�Q�J�� �7�H�P�S�R �W�U�D�F�N�L�Q�J �D�L�P�V �W�R �H�V�W�L�P�D�W�H �W�K�H �W�L�P�H��
�Y�D�U�\�L�Q�J �W�H�P�S�R �R�Y�H�U �W�K�H �D�X�G�L�R �U�H�F�R�U�G�L�Q�J �R�I �D �P�X�V�L�F �S�L�H�F�H�� �P�H�D��
�V�X�U�H�G �L�Q�D�N	â�D�U�D�V���E�H�D�W�V���P�—�W�U�—�V�S�H�U �P�L�Q�X�W�H�� �7�K�H �N�Q�R�Z�O�H�G�J�H �R�I �W�L�P�H��
�Y�D�U�\�L�Q�J �W�H�P�S�R �L�V �X�V�H�I�X�O �W�R �W�U�D�F�N �W�K�H �E�H�D�W�V�� �(�Y�H�Q �D �J�R�R�G �H�V�W�L�P�D�W�H
�R�I �P�H�G�L�D�Q �W�H�P�S�R �K�H�O�S�V �L�Q �W�U�D�F�N�L�Q�J �W�K�H �E�H�D�W�V �D�W �W�K�H �F�R�U�U�H�F�W �P�H�W�U�L�F�D�O
�O�H�Y�H�O�� �0�H�G�L�D�Q �W�H�P�S�R �L�V �D �J�R�R�G �L�Q�G�L�F�D�W�R�U �R�I �W�H�P�S�R �D�Q�G �F�D�Q �E�H �X�V�H�G
�D�V �D �U�K�\�W�K�P �W�D�J �R�Q �D �P�X�V�L�F �S�L�H�F�H�� �$�V �G�H�V�F�U�L�E�H�G �H�D�U�O�L�H�U�� �W�K�H �W�H�P�S�R
�F�K�D�Q�J�H�V �E�R�W�K �O�R�F�D�O�O�\ �D�Q�G �R�Y�H�U �O�R�Q�J�H�U �S�H�U�L�R�G�V �R�I �W�L�P�H�� �D�Q�G �W�K�H �D�O�J�R��
�U�L�W�K�P�V �I�R�U �W�H�P�S�R �H�V�W�L�P�D�W�L�R�Q �Q�H�H�G �W�R �E�H �U�R�E�X�V�W �W�R �W�K�H�V�H �F�K�D�Q�J�H�V��

�%�H�D�W �W�U�D�F�N�L�Q�J�� �,�Q �W�K�H �F�R�Q�W�H�[�W �R�I�0�,�5�� �D�V �Q�R�W�H�G �H�D�U�O�L�H�U�� �E�H�D�W
�W�U�D�F�N�L�Q�J �L�V �F�R�P�P�R�Q�O�\ �G�H�I�L�Q�H�G �D�V �G�H�W�H�U�P�L�Q�L�Q�J �W�K�H �W�L�P�H �L�Q�V�W�D�Q�F�H�V
�Z�K�H�U�H �D �K�X�P�D�Q �O�L�V�W�H�Q�H�U�V �D�U�H �O�L�N�H�O�\ �W�R �W�D�S �W�K�H�L�U �I�R�R�W �W�R �W�K�H �P�X�V�L�F��
�7�K�L�V �G�H�I�L�Q�L�W�L�R�Q �L�V �O�L�N�H�O�\ �W�R �F�D�X�V�H �S�U�R�E�O�H�P�V �L�Q �R�X�U �F�R�Q�W�H�[�W�� �D�V �I�R�U �H�[��
�D�P�S�O�H �L�Q �&�D�U�Q�D�W�L�F�N�K�D	Æ	Œ�D �F�K�—�S�X�W�—	¶�D�� �O�L�V�W�H�Q�H�U�V �I�D�P�L�O�L�D�U �W�R �W�K�H �P�X�V�L�F
�W�H�Q�G �W�R �W�D�S �D�Q �L�U�U�H�J�X�O�D�U �V�H�T�X�H�Q�F�H �R�I �S�X�O�V�H�V�� �D�W �W�K�H �V�H�F�W�L�R�Q �O�H�Y�H�O�� �L�Q��
�V�W�H�D�G �R�I �W�K�H �I�D�V�W�H�U �U�H�J�X�O�D�U �S�X�O�V�D�W�L�R�Q�� �$�O�V�R�� �G�H�S�H�Q�G�L�Q�J �R�Q �W�K�H�O�D�\��
�O�L�V�W�H�Q�H�U�V �R�I �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �W�D�S �R�Q �H�L�W�K�H�U �W�K�H�P�—�W�U�—�O�H�Y�H�O �I�R�U�Y�L��
�O�D	À�E�L�W�D�Q�G�P�D�G�K�\�D�O�D�\�� �R�U �D�W �W�K�H�Y�L�E�K�—�J�O�H�Y�H�O �I�R�U�G�U�b�W�O�D�\���&�O�D�\�W�R�Q��
���������� �S�� �������� �,�Q �V�X�F�K �D �F�D�V�H�� �W�K�H �P�R�U�H �D�S�S�U�R�S�U�L�D�W�H �W�D�V�N �R�I �W�U�D�F�N�L�Q�J
�W�K�H �S�R�V�V�L�E�O�\ �L�U�U�H�J�X�O�D�U�O�\ �V�S�D�F�H�G �E�H�D�W�V �L�V �P�R�U�H �U�H�O�H�Y�D�Q�W �I�R�U �,�Q�G�L�D�Q �D�U�W
�P�X�V�L�F��

�'�H�V�S�L�W�H �W�K�H�V�H �D�P�E�L�J�X�L�W�L�H�V�� �Z�H �S�X�U�V�X�H �W�K�H �W�D�V�N �L�Q �W�K�H �S�U�H�V�H�Q�W
�F�R�Q�W�H�[�W �X�V�L�Q�J �D �P�R�U�H �D�G�D�S�W�H�G �G�H�I�L�Q�L�W�L�R�Q �R�I �D �E�H�D�W �I�R�U �W�K�H �S�X�U�S�R�V�H �R�I
�F�R�Q�V�L�V�W�H�Q�F�\�� �G�H�I�L�Q�H�G �D�V �D �X�Q�L�I�R�U�P �S�X�O�V�D�W�L�R�Q �G�H�I�L�Q�H�G �D�W �W�K�H �³�E�H�D�W�´ ���D�V
�G�H�I�L�Q�H�G �L�Q �6�H�F�W�L�R�Q������������ �O�H�Y�H�O �I�R�U �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �D�Q�G �D�W �W�K�H�P�—�W�U�—
�O�H�Y�H�O �I�R�U �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F�� �7�K�L�V �G�H�I�L�Q�L�W�L�R�Q �R�I �D�Q �H�T�X�L�G�L�V�W�D�Q�W �E�H�D�W
�S�X�O�V�D�W�L�R�Q �F�D�Q �O�D�W�H�U �K�H�O�S �L�Q �G�H�U�L�Y�L�Q�J �W�K�H �P�X�V�L�F�D�O�O�\ �U�H�O�H�Y�D�Q�W �S�R�V�V�L�E�O�\
�Q�R�Q���L�V�R�F�K�U�R�Q�R�X�V �E�H�D�W �V�H�T�X�H�Q�F�H �W�K�D�W �L�V �D �V�X�E�V�H�W �R�I �W�K�H �H�T�X�L�G�L�V�W�D�Q�W
�S�X�O�V�H�V�� �7�K�H �S�R�V�V�L�E�O�\ �L�U�U�H�J�X�O�D�U �S�X�O�V�H �V�H�T�X�H�Q�F�H �L�V �D �V�X�E�V�H�W �R�I �W�K�H �X�Q�L��
�I�R�U�P �S�X�O�V�D�W�L�R�Q �H�V�W�L�P�D�W�H�G �I�U�R�P �W�K�H �D�O�J�R�U�L�W�K�P�V�� �7�K�L�V �D�S�S�U�R�[�L�P�D�W�L�R�Q
�L�V �I�X�U�W�K�H�U �L�Q�F�R�Q�V�H�T�X�H�Q�W�L�D�O �L�I �W�K�H �Z�K�R�O�H �F�\�F�O�H �D�O�R�Q�J �Z�L�W�K �W�K�H�V�D�P�D
�D�U�H �W�U�D�F�N�H�G�� �X�V�L�Q�J �Z�K�L�F�K �D�Q�\ �S�X�O�V�D�W�L�R�Q �Z�L�W�K�L�Q �W�K�H �E�H�D�W �� �X�Q�L�I�R�U�P �R�U
�Q�R�Q���X�Q�L�I�R�U�P �F�D�Q �E�H �G�H�U�L�Y�H�G �R�X�W �R�I �W�K�D�W �L�Q�I�R�U�P�D�W�L�R�Q�� �7�K�H�Y�L�E�K�—�J�R�U
�D	Ä�J�D�E�R�X�Q�G�D�U�L�H�V �D�O�V�R �F�R�L�Q�F�L�G�H �Z�L�W�K �D �V�X�E�V�H�W �R�I �W�K�H �E�H�D�W�V �D�Q�G �K�H�Q�F�H
�F�D�Q �E�H �G�H�U�L�Y�H�G �I�U�R�P �W�K�H �H�V�W�L�P�D�W�H�G �E�H�D�W �O�R�F�D�W�L�R�Q�V�� �$ �W�D�V�N �W�K�D�W �L�V
�V�S�H�F�L�I�L�F �W�R �&�D�U�Q�D�W�L�F �P�X�V�L�F �L�V�D�N	â�D�U�D�S�X�O�V�H �W�U�D�F�N�L�Q�J�� �H�V�W�L�P�D�W�L�Q�J �W�K�H
�V�X�E�G�L�Y�L�V�L�R�Q�V �R�I �W�K�H �E�H�D�W�� �D�Q �D�O�J�R�U�L�W�K�P �I�R�U �Z�K�L�F�K �L�V �H�O�D�E�R�U�D�W�H�G �L�Q



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

�6�H�F�W�L�R�Q��������
�6�D�P�D ���G�R�Z�Q�E�H�D�W�� �W�U�D�F�N�L�Q�J�� �7�K�H �L�Q�I�R�U�P�D�W�L�R�Q �D�E�R�X�W �Z�K�H�U�H �D

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

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

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

�j�X�k�X�j �_�?�v�i�?�K ���M�/ �T�2�`�+�m�b�b�B�Q�M �T���i�i�2�`�M ���M���H�v�b�B�b

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



���� �$�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �R�I �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F

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

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

�,�Q�V�W�U�X�P�H�Q�W���Z�L�V�H �R�Q�V�H�W �G�H�W�H�F�W�L�R�Q

�7�K�H �W�D�V�N �R�I �L�Q�V�W�U�X�P�H�Q�W���Z�L�V�H �R�Q�V�H�W �G�H�W�H�F�W�L�R�Q �U�H�I�H�U�V �W�R �G�H�W�H�F�W�L�Q�J �W�K�H
�R�Q�V�H�W�V �R�I �V�S�H�F�L�I�L�F �L�Q�V�W�U�X�P�H�Q�W�V �I�U�R�P �D�Q �D�X�G�L�R �V�L�J�Q�D�O �W�K�D�W �L�V �D �P�L�[�W�X�U�H
�R�I �P�D�Q�\ �P�X�V�L�F �L�Q�V�W�U�X�P�H�Q�W�V �D�Q�G �Z�D�V �G�H�V�F�U�L�E�H�G �L�Q �6�H�F�W�L�R�Q������������ �)�R�U
�U�K�\�W�K�P �D�Q�D�O�\�V�L�V �L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F�� �L�Q�V�W�U�X�P�H�Q�W���Z�L�V�H �R�Q�V�H�W �G�H�W�H�F��
�W�L�R�Q �F�D�Q �K�H�O�S �W�R �R�E�W�D�L�Q �F�X�H�V �I�R�U �E�R�W�K �P�H�W�H�U �W�U�D�F�N�L�Q�J �D�Q�G �I�R�U �D�Q�D�O��
�\�V�L�V �R�I �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V�� �7�K�H �R�Q�V�H�W�V �R�I �S�H�U�F�X�V�V�L�R�Q �L�Q�V�W�U�X�P�H�Q�W�V
�P�U�L�G�D�Q�J�D�P �D�Q�G�W�D�E�O�D�S�U�R�Y�L�G�H �F�X�H�V �W�R �W�K�H�W�—	¶�D�D�Q�G �G�H�O�L�P�L�W �S�H�U�F�X�V��
�V�L�R�Q �S�D�W�W�H�U�Q�V�� �$ �G�L�I�I�H�U�H�Q�W�L�D�W�L�R�Q �E�H�W�Z�H�H�Q �W�K�H �O�H�I�W ���E�D�V�V�� �D�Q�G �U�L�J�K�W
�G�U�X�P �R�Q�V�H�W�V �L�Q �E�R�W�K �L�Q�V�W�U�X�P�H�Q�W�V �L�V �D�G�G�L�W�L�R�Q�D�O�O�\ �L�Q�V�L�J�K�W�I�X�O �D�Q�G �X�V�H��
�I�X�O�� �,�Q�V�W�U�X�P�H�Q�W���V�S�H�F�L�I�L�F �R�Q�V�H�W�V �D�U�H �R�I�W�H�Q �Q�R�W �H�V�W�L�P�D�W�H�G �H�[�S�O�L�F�L�W�O�\��
�E�X�W �D�U�H �H�V�W�L�P�D�W�H�G �D�V �D �S�D�U�W �R�I �D �E�L�J�J�H�U �W�D�V�N�� �V�X�F�K �D�V �S�H�U�F�X�V�V�L�R�Q �W�U�D�Q��
�V�F�U�L�S�W�L�R�Q��

�,�W �L�V �D �G�L�I�I�L�F�X�O�W �W�D�V�N �W�R �H�[�W�U�D�F�W �R�X�W �S�H�U�F�X�V�V�L�R�Q �R�Q�V�H�W�V �Z�L�W�K �D �J�U�H�D�W
�D�F�F�X�U�D�F�\�� �J�L�Y�H�Q �W�K�D�W �W�K�H �S�H�U�F�X�V�V�L�R�Q �L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �L�V �D�O�V�R �W�X�Q�H�G
�D�Q�G �V�K�D�U�H�V �W�K�H �V�D�P�H �I�U�H�T�X�H�Q�F�\ �U�D�Q�J�H �D�V �W�K�H �P�H�O�R�G�\�� �:�L�W�K�L�Q �&�R�P�S��
�0�X�V�L�F�� �L�Q�V�W�U�X�P�H�Q�W���Z�L�V�H �R�Q�V�H�W �G�H�W�H�F�W�L�R�Q �K�D�V �E�H�H�Q �H�[�S�O�R�U�H�G �I�R�U �%�H�L��
�M�L�Q�J �R�S�H�U�D ���7�L�D�Q �H�W �D�O�����������������+�3�6�6�F�D�Q �K�H�O�S �W�R �L�P�S�U�R�Y�H �R�Q�V�H�W �G�H��
�W�H�F�W�L�R�Q �R�I �S�H�U�F�X�V�V�L�R�Q �L�Q�V�W�U�X�P�H�Q�W�V ���6�H�F�W�L�R�Q������������ �D�Q�G �K�D�V �E�H�H�Q �D�S��
�S�O�L�H�G �W�R �&�D�U�Q�D�W�L�F �P�X�V�L�F �E�\�6�U�L�Q�L�Y�D�V�D�P�X�U�W�K�\ �D�Q�G �6�H�U�U�D������������ �Z�L�W�K
�O�L�P�L�W�H�G �V�X�F�F�H�V�V�� �*�L�Y�H�Q �W�K�H �F�R�P�S�O�H�[�L�W�\ �R�I �W�K�H �W�D�V�N�� �L�W �L�V �S�U�H�I�H�U�D�E�O�H �W�R
�E�X�L�O�G �P�R�G�H�O�V �W�K�D�W �D�U�H �U�R�E�X�V�W �W�R �H�U�U�R�U�V �L�Q �R�Q�V�H�W �G�H�W�H�F�W�L�R�Q �R�I �V�S�H�F�L�I�L�F
�L�Q�V�W�U�X�P�H�Q�W�V��



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

�5�K�\�W�K�P �S�D�W�W�H�U�Q �D�Q�D�O�\�V�L�V

�5�K�\�W�K�P �S�D�W�W�H�U�Q�V �H�[�W�U�D�F�W�H�G �I�U�R�P �D�X�G�L�R �U�H�F�R�U�G�L�Q�J�V �D�U�H �U�H�S�U�H�V�H�Q�W�D�W�L�Y�H
�S�D�W�W�H�U�Q�V �R�I �W�K�H�W�—	¶�D�� �D�Q�G �K�H�Q�F�H �X�V�H�I�X�O �I�R�U �E�R�W�K �D�X�W�R�P�D�W�L�F�W�—	¶�D�U�H�F�R�J��
�Q�L�W�L�R�Q �D�Q�G �P�H�W�H�U �W�U�D�F�N�L�Q�J�� �7�K�H �P�R�V�W �U�H�O�H�Y�D�Q�W �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �D�U�H
�F�\�F�O�H �O�H�Q�J�W�K �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �� �S�D�W�W�H�U�Q�V �W�K�D�W �D�U�H �S�O�D�\�H�G �L�Q �R�Q�H �I�X�O�O
�F�\�F�O�H �R�I �W�K�H�W�—	¶�D�� �6�K�R�U�W�H�U �S�D�W�W�H�U�Q�V�� �S�O�D�\�H�G �Z�L�W�K�L�Q �D �F�\�F�O�H �P�R�V�W�O�\ �D�F�W
�D�V �U�K�\�W�K�P�L�F �D�W�R�P�V �W�R �P�D�N�H �X�S �W�K�H �Z�K�R�O�H �F�\�F�O�H �D�Q�G �D�U�H �S�O�D�\�H�G �P�R�U�H
�R�I�W�H�Q�� �+�R�Z�H�Y�H�U�� �W�K�H�U�H �D�U�H �O�R�Q�J �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �S�O�D�\�H�G �R�Q �P�U�L��
�G�D�Q�J�D�P���W�D�E�O�D�D�Q�G �D�F�F�H�Q�W�X�D�W�H�G �W�K�U�R�X�J�K �P�H�O�R�G�\ �W�K�D�W �F�D�Q �O�D�V�W �P�D�Q�\
�F�\�F�O�H�V�� �$�X�W�R�P�D�W�L�F �G�L�V�F�R�Y�H�U�\ �R�I �U�K�\�W�K�P �S�D�W�W�H�U�Q�V �F�D�Q �E�H �X�V�H�G �W�R �G�H��
�I�L�Q�H �F�R�Q�W�H�Q�W �E�D�V�H�G �U�K�\�W�K�P�L�F �V�L�P�L�O�D�U�L�W�\ �E�H�W�Z�H�H�Q �S�L�H�F�H�V �R�I �P�X�V�L�F��
�Z�K�L�F�K �L�V �H�[�S�H�F�W�H�G �W�R �E�H �P�R�U�H �U�H�O�H�Y�D�Q�W �W�K�D�Q �P�H�W�D�G�D�W�D �E�D�V�H�G �V�L�P�L�O�D�U��
�L�W�\�� �$�X�W�R�P�D�W�L�F �H�[�W�U�D�F�W�L�R�Q �R�I �U�K�\�W�K�P �S�D�W�W�H�U�Q�V �F�D�Q �D�O�V�R �E�H �D �W�R�R�O �I�R�U
�P�X�V�L�F�R�O�R�J�L�V�W�V �W�R �V�W�X�G�\ �Y�D�U�L�R�X�V �U�K�\�W�K�P �S�D�W�W�H�U�Q�V �L�Q �O�D�U�J�H�U �F�R�U�S�R�U�D��

�5�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �D�U�H �F�O�R�V�H�O�\ �W�L�H�G �W�R �W�K�H�W�—	¶�D�� �D�Q�G �Z�L�W�K�L�Q �D�W�—	¶�D
�F�\�F�O�H �W�R �W�K�H �V�H�F�W�L�R�Q�V �R�I �W�K�H �F�\�F�O�H�� �+�H�Q�F�H�� �D �S�D�W�W�H�U�Q �G�L�V�F�R�Y�H�U�\ �V�\�V�W�H�P
�F�D�Q �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �E�H�Q�H�I�L�W �I�U�R�P �D�O�O �I�R�U�P�V �R�I�W�—	¶�D�U�H�O�D�W�H�G �P�H�W�D�G�D�W�D��
�&�R�Q�V�H�T�X�H�Q�W�O�\�� �U�K�\�W�K�P �S�D�W�W�H�U�Q �G�L�V�F�R�Y�H�U�\ �Q�H�H�G�V�W�—	¶�D�D�Q�Q�R�W�D�W�H�G ���Z�L�W�K
�W�L�P�H���D�O�L�J�Q�H�G�V�D�P�D�D�Q�G �E�H�D�W�V�� �G�D�W�D�V�H�W�V �I�R�U �D �E�H�W�W�H�U �S�H�U�I�R�U�P�D�Q�F�H�� �$
�V�\�V�W�H�P�D�W�L�F �V�W�X�G�\ �R�I �U�K�\�W�K�P �S�D�W�W�H�U�Q�V �L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �L�V �O�D�F�N�L�Q�J��
�D�Q�G �D�Q �L�O�O�X�V�W�U�D�W�L�Y�H �H�I�I�R�U�W �W�R�Z�D�U�G�V �W�K�D�W �L�V �D �S�D�U�W �R�I �W�K�H �G�L�V�V�H�U�W�D�W�L�R�Q
���6�H�F�W�L�R�Q��������������������������

�3�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G �G�L�V�F�R�Y�H�U�\

�3�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q �L�V �P�D�L�Q�O�\ �D�S�S�O�L�H�G �R�Q �D�X�G�L�R �U�H�F�R�U�G��
�L�Q�J�V �Z�L�W�K �S�H�U�F�X�V�V�L�R�Q �V�R�O�R�� �D�Q�G �D�L�P�V �W�R �W�U�D�Q�V�F�U�L�E�H �W�K�H �D�X�G�L�R �U�H�F�R�U�G��
�L�Q�J �L�Q�W�R �D �W�L�P�H���D�O�L�J�Q�H�G �V�H�T�X�H�Q�F�H �R�I �G�U�X�P �V�W�U�R�N�H �O�D�E�H�O�V�� �D�Q�G �L�Q �W�K�H
�F�D�V�H �R�I �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F�� �L�Q�W�R �S�H�U�F�X�V�V�L�R�Q �V�\�O�O�D�E�O�H�V�� �3�H�U�F�X�V�V�L�R�Q �W�U�D�Q��
�V�F�U�L�S�W�L�R�Q �L�V �D �V�X�E���S�U�R�E�O�H�P �R�I �W�K�H �P�R�U�H �J�H�Q�H�U�D�O �P�X�V�L�F �W�U�D�Q�V�F�U�L�S�W�L�R�Q��
�7�U�D�Q�V�F�U�L�S�W�L�R�Q �R�I �D �V�R�O�R �L�Q�W�R �V�\�P�E�R�O�L�F �V�\�O�O�D�E�O�H�V �L�V �D�Q �H�[�D�P�S�O�H �R�I �D�X��
�G�L�R �V�H�J�P�H�Q�W�D�W�L�R�Q �D�W �D �I�L�Q�H �J�U�D�L�Q �O�H�Y�H�O�� �7�U�D�Q�V�F�U�L�S�W�L�R�Q �R�I �V�R�O�R �S�H�U�I�R�U��
�P�D�Q�F�H�V �D�U�H �X�V�H�I�X�O �I�R�U �S�H�U�F�X�V�V�L�R�Q �W�U�D�L�Q�L�Q�J�� �6�L�Q�F�H �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F
�L�V �P�R�V�W�O�\ �L�P�S�U�R�Y�L�V�H�G�� �W�K�H �Q�H�H�G �I�R�U �V�X�F�K �D �I�L�Q�H �J�U�D�L�Q�H�G �W�U�D�Q�V�F�U�L�S��
�W�L�R�Q �V�\�V�W�H�P �L�V �O�L�P�L�W�H�G�� �H�[�F�H�S�W �I�R�U �P�X�V�L�F �H�G�X�F�D�W�L�R�Q �D�Q�G �S�H�U�I�R�U�P�D�Q�F�H
�D�Q�D�O�\�V�L�V �D�S�S�O�L�F�D�W�L�R�Q�V�� �+�R�Z�H�Y�H�U�� �D �W�U�D�Q�V�F�U�L�S�W�L�R�Q �F�D�Q �E�H �X�V�H�G �W�R �D�X��
�W�R�P�D�W�L�F�D�O�O�\ �G�L�V�F�R�Y�H�U �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V �D�Q�G �G�H�Y�H�O�R�S �U�K�\�W�K�P �V�L�P��
�L�O�D�U�L�W�\ �P�H�D�V�X�U�H�V �X�V�L�Q�J �V�X�F�K �G�L�V�F�R�Y�H�U�H�G �S�D�W�W�H�U�Q�V��



���� �$�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �R�I �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F

�7�K�H �X�V�H �R�I �R�U�D�O �P�Q�H�P�R�Q�L�F�V �L�V �Q�R�W �X�Q�L�T�X�H �W�R �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F��
�0�D�Q�\ �P�X�V�L�F �W�U�D�G�L�W�L�R�Q�V �D�U�R�X�Q�G �W�K�H �Z�R�U�O�G �K�D�Y�H �G�H�Y�H�O�R�S�H�G �S�D�U�W�L�F�X�O�D�U
�V�\�V�W�H�P�V �R�I �R�U�D�O �P�Q�H�P�R�Q�L�F�V �I�R�U �W�U�D�Q�V�P�L�V�V�L�R�Q �R�I �W�K�H �U�H�S�H�U�W�R�L�U�H �D�Q�G
�W�K�H �W�H�F�K�Q�L�T�X�H���'�� �+�X�J�K�H�V������������ �F�R�L�Q�H�G �W�K�H �W�H�U�P�D�F�R�X�V�W�L�F���L�F�R�Q�L�F
�P�Q�H�P�R�Q�L�F�V�\�V�W�H�P�V �I�R�U �W�K�H�V�H �S�K�H�Q�R�P�H�Q�D�� �D�Q�G �G�H�V�F�U�L�E�H�G �W�K�H�L�U �X�V�H
�L�Q �G�L�I�I�H�U�H�Q�W �J�H�Q�U�H�V �R�I �W�U�D�G�L�W�L�R�Q�D�O �-�D�S�D�Q�H�V�H �P�X�V�L�F�� �$�V �K�H �S�R�L�Q�W�V �R�X�W��
�W�K�H �F�R�U�H �D�V�S�H�F�W �R�I �W�K�H�V�H �V�\�V�W�H�P�V �L�V �W�K�D�W �W�K�H �V�\�O�O�D�E�O�H�V �D�U�H �F�K�R�V�H�Q �I�R�U
�W�K�H �V�L�P�L�O�D�U�L�W�\ �R�I �W�K�H�L�U �S�K�R�Q�H�W�L�F �I�H�D�W�X�U�H�V �Z�L�W�K �W�K�H �D�F�R�X�V�W�L�F �S�U�R�S�H�U�W�L�H�V
�R�I �W�K�H �V�R�X�Q�G�V �W�K�H�\ �D�U�H �U�H�S�U�H�V�H�Q�W�L�Q�J�� �H�V�W�D�E�O�L�V�K�L�Q�J �D�Q �L�F�R�Q�L�F �U�H�O�D�W�L�R�Q��
�V�K�L�S �Z�L�W�K �W�K�H�P�� �7�K�H�U�H�I�R�U�H�� �W�K�H�V�H �V�\�V�W�H�P�V �D�U�H �H�V�V�H�Q�W�L�D�O�O�\ �G�L�I�I�H�U�H�Q�W
�I�U�R�P �W�K�R�V�H �R�I �V�R�O�P�L�]�D�W�L�R�Q ���$�� �+�X�J�K�H�V �	 �*�H�U�V�R�Q���.�L�Z�L������������ �D�F��
�F�H�V�V�H�G �-�X�Q�H ������������ �O�L�N�H �I�R�U �L�Q�V�W�D�Q�F�H �W�K�H �V�\�O�O�D�E�O�H�V �R�I �V�R�O�I�q�J�H�� �R�I �W�K�H
�,�Q�G�L�D�Q �V�Y�D�U�D�V ���Q�R�W�H�V�� �R�U �W�K�H �&�K�L�Q�H�V�H �J�R�Q�J�F�K�H �Q�R�W�D�W�L�R�Q�� �Z�K�L�F�K �D�U�H
�Q�R�Q�V�H�Q�V�L�F�D�O �L�Q �U�H�O�D�W�L�R�Q �W�R �W�K�H �D�F�R�X�V�W�L�F �S�K�H�Q�R�P�H�Q�D �W�K�H�\ �U�H�S�U�H�V�H�Q�W��

�7�K�H �X�V�H �R�I �W�K�H �D�I�R�U�H�P�H�Q�W�L�R�Q�H�G �V�\�V�W�H�P�V �I�R�U �W�K�H �W�U�D�Q�V�P�L�V�V�L�R�Q
�R�I �S�H�U�F�X�V�V�L�R�Q �L�V �Z�L�G�H �H�[�W�H�Q�G�H�G �D�P�R�Q�J �P�D�Q�\ �W�U�D�G�L�W�L�R�Q�D�O �P�X�V�L�F�V��
�'�� �+�X�J�K�H�V������������ �P�H�Q�W�L�R�Q�V �W�K�H�V�K�À�J�D�X�V�H�G �I�R�U �W�K�H �V�H�W �R�I �G�U�X�P�V �R�I
�1�R�K�W�K�H�D�W�U�H�� �,�Q �.�R�U�H�D�� �W�K�H �\�R�X�Q�J �J�H�Q�U�H �R�I�V�D�P�X�O �Q�R�U�L�� �D �S�H�U�F�X�V�V�L�R�Q
�T�X�D�U�W�H�W �R�I �G�U�X�P�V �D�Q�G �J�R�Q�J�V�� �G�U�D�Z�V �R�Q �W�U�D�G�L�W�L�R�Q�D�O �V�\�O�O�D�E�L�F �P�Q�H�P�R�Q��
�L�F�V �I�R�U �W�K�H �W�U�D�Q�V�P�L�V�V�L�R�Q �R�I �W�K�H �U�H�S�H�U�W�R�L�U�H�� �)�X�U�W�K�H�U�P�R�U�H�� �W�K�H�V�H �V�\�V��
�W�H�P�V �D�U�H �D�O�V�R �N�Q�R�Z�Q �W�R �E�H �X�V�H�G �L�Q �7�X�U�N�L�V�K �W�U�D�G�L�W�L�R�Q�D�O �P�X�V�L�F �D�Q�G
�-�D�Y�D�Q�H�V�H �P�X�V�L�F��

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

�$�V �G�L�V�F�X�V�V�H�G �H�D�U�O�L�H�U�� �W�K�H �R�Q�R�P�D�W�R�S�R�H�L�F �S�H�U�F�X�V�V�L�R�Q �V�\�V�W�H�P �L�Q
�,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �S�U�R�Y�L�G�H�V �D �O�D�Q�J�X�D�J�H �I�R�U �S�H�U�F�X�V�V�L�R�Q �D�Q�G �K�H�Q�F�H �L�V
�W�K�H �P�R�V�W �P�X�V�L�F�D�O�O�\ �P�H�D�Q�L�Q�J�I�X�O �Z�D�\ �W�R �U�H�S�U�H�V�H�Q�W �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V
�R�I�W�D�E�O�D�D�Q�G �P�U�L�G�D�Q�J�D�P�� �6�X�F�K �D �O�L�Q�N �E�H�W�Z�H�H�Q �G�U�X�P �S�D�W�W�H�U�Q�V �D�Q�G
�Q�D�W�X�U�D�O �O�D�Q�J�X�D�J�H �K�D�V �E�H�H�Q �H�[�S�O�R�U�H�G �E�\�0�D�X�F�K �D�Q�G �'�L�[�R�Q��������������
�+�R�Z�H�Y�H�U�� �W�K�H�U�H �D�U�H �V�R�P�H �F�K�D�O�O�H�Q�J�H�V �W�R �S�H�U�F�X�V�V�L�R�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q �L�Q
�,�Q�G�L�D�Q �D�U�W �P�X�V�L�F�� �7�K�H �V�\�O�O�D�E�O�H�V �R�I�W�D�E�O�D�D�Q�G �P�U�L�G�D�Q�J�D�P �D�U�H �Q�R�W
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�F�R�Q�W�H�[�W �R�I �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F���5�D�Q�M�D�Q�L �D�Q�G �6�U�H�H�Q�L�Y�D�V������������ �U�H�F�H�Q�W�O�\
�S�U�R�S�R�V�H�G �D�Q �D�S�S�U�R�D�F�K �W�R �W�U�D�F�N �G�L�I�I�H�U�H�Q�W �L�Q�V�W�U�X�P�H�Q�W�V �I�U�R�P �D �P�L�[�W�X�U�H��

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



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

�Z�D�V �D�O�V�R �H�[�W�H�Q�G�H�G �W�R �L�Q�W�U�D���S�L�H�F�H �V�H�J�P�H�Q�W�D�W�L�R�Q �L�Q�W�R �V�H�F�W�L�R�Q�V �R�I �D
�S�L�H�F�H�� �+�L�Q�G�X�V�W�D�Q�L�N�K�\�—�O�P�X�V�L�F �F�R�Q�F�H�U�W �U�H�F�R�U�G�L�Q�J�V �D�U�H �R�I�W�H�Q �S�U�H��
�V�H�Q�W�H�G �D�V �D �V�L�Q�J�O�H �U�H�F�R�U�G�L�Q�J �Z�L�W�K �P�X�O�W�L�S�O�H �S�L�H�F�H�V�� �S�H�U�I�R�U�P�H�G �L�Q �S�R�V��
�V�L�E�O�\ �G�L�I�I�H�U�H�Q�W�O�D�\�D�Q�G�W�—�O�� �6�H�J�P�H�Q�W�L�Q�J �+�L�Q�G�X�V�W�D�Q�L �F�R�Q�F�H�U�W �U�H�F�R�U�G��
�L�Q�J�V �E�D�V�H�G �P�D�L�Q�O�\ �R�Q �U�K�\�W�K�P �I�H�D�W�X�U�H�V �X�V�L�Q�J �D �P�R�G�L�I�L�H�G �W�H�P�S�R�J�U�D�P
�Z�D�V �S�U�R�S�R�V�H�G �E�\�9�L�Q�X�W�K�D �D�Q�G �5�D�R�������������� �D�Q�G �V�W�U�X�F�W�X�U�D�O �V�H�J�P�H�Q�W�D��
�W�L�R�Q �X�V�L�Q�J �D�G�G�L�W�L�R�Q�D�O �D�X�G�L�R �I�H�D�W�X�U�H�V �Z�D�V �S�U�R�S�R�V�H�G �E�\�9�H�U�P�D�� �9�L�Q��
�X�W�K�D�� �3�D�Q�G�L�W�� �D�Q�G �5�D�R�������������� �$ �U�H�F�H�Q�W �D�S�S�U�R�D�F�K �W�R �H�V�W�L�P�D�W�H �U�H�O�L��
�D�E�O�H �W�H�P�S�R �W�K�D�W �D�L�G�V �L�Q �U�K�\�W�K�P�L�F �V�H�J�P�H�Q�W�D�W�L�R�Q �Z�D�V �D�S�S�O�L�H�G �W�R�V�D�U�À�G
�F�R�Q�F�H�U�W�V �E�\�9�L�Q�X�W�K�D�� �6�D�Q�N�D�J�L�U�L�� �D�Q�G �5�D�R�������������� �$ �U�K�\�W�K�P �E�D�V�H�G
�V�H�J�P�H�Q�W�D�W�L�R�Q �R�I �V�X�F�K �D�Q �D�X�G�L�R �U�H�F�R�U�G�L�Q�J �L�V �D�O�V�R �X�V�H�I�X�O �I�R�U�W�—	¶�D�W�U�D�F�N��
�L�Q�J �R�Q �W�K�H �U�H�F�R�U�G�L�Q�J�� �7�H�P�S�R �R�U�O�D�\�F�O�D�V�V �E�D�V�H�G �V�H�J�P�H�Q�W�D�W�L�R�Q �F�D�Q
�X�V�H �D �Q�R�Y�H�O�W�\ �I�X�Q�F�W�L�R�Q �I�R�U �R�Q�V�H�W �G�H�W�H�F�W�L�R�Q �D�Q�G �G�H�W�H�F�W �F�K�D�Q�J�H�V �L�Q
�W�H�P�S�R �W�R �V�H�J�P�H�Q�W �D�X�G�L�R��

�6�H�J�P�H�Q�W�D�W�L�R�Q �R�I �U�H�F�R�U�G�L�Q�J�V �D�W �W�K�H �W�L�P�H �V�F�D�O�H �Z�K�H�U�H �Z�H �F�D�Q �G�H��
�I�L�Q�H �P�H�D�Q�L�Q�J�I�X�O �U�K�\�W�K�P�L�F �S�K�U�D�V�H�V �L�V �U�H�O�H�Y�D�Q�W�� �7�K�H �V�S�D�Q �R�I �W�K�H�V�H
�S�K�U�D�V�H�V �D�U�H �F�O�R�V�H�O�\ �W�L�H�G �W�R �W�K�H �P�H�W�U�L�F�D�O �S�R�V�L�W�L�R�Q�V �R�I �W�K�H�W�—	¶�D�F�\�F�O�H��
�7�K�H�V�H �S�K�U�D�V�H�V �F�D�Q �F�K�D�U�D�F�W�H�U�L�]�H �W�K�H �U�K�\�W�K�P �R�I �W�K�H �S�L�H�F�H �D�Q�G �Z�R�X�O�G
�E�H �L�Q�V�W�U�X�P�H�Q�W�D�O �W�R �P�H�D�V�X�U�H �U�K�\�W�K�P�L�F �V�L�P�L�O�D�U�L�W�\ �E�H�W�Z�H�H�Q �W�Z�R �S�L�H�F�H�V
�R�I �P�X�V�L�F�� �*�L�Y�H�Q �V�R�P�H �I�R�U�P �R�I �D�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�Q�R�W�D�W�L�R�Q�V�� �V�X�F�K
�D�V �W�K�H �V�D�P�D �D�Q�G �W�K�H �E�H�D�W�V�� �H�[�W�U�D�F�W�L�Q�J �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �D�Q�G �U�K�\�W�K�P
�S�K�U�D�V�H �E�R�X�Q�G�D�U�L�H�V �L�Q �W�K�H �P�X�V�L�F �S�L�H�F�H�� �H���J��	ì�K�•�N�—�V�H�J�P�H�Q�W�D�W�L�R�Q �D�L�P�V
�W�R �V�H�J�P�H�Q�W �W�K�H �S�L�H�F�H �D�W	ì�K�•�N�—�F�K�D�Q�J�H�V�� �0�R�U�H �J�H�Q�H�U�D�O�O�\�� �L�W �H�Q�F�R�P��
�S�D�V�V�H�V �W�K�H �W�D�V�N �R�I �V�H�J�P�H�Q�W�D�W�L�R�Q �D�W �U�K�\�W�K�P �S�K�U�D�V�H �F�K�D�Q�J�H�V�� �)�X�U��
�W�K�H�U�� �W�K�R�X�J�K �W�K�H�W�—	¶�D�R�I �D �V�R�Q�J �L�V �I�L�[�H�G�� �W�K�H�Q�D	Œ�H�F�R�X�O�G �F�K�D�Q�J�H
�W�K�U�R�X�J�K �W�K�H �V�R�Q�J�� �D�Q�G�Q�D	Œ�H�E�D�V�H�G �V�H�J�P�H�Q�W�D�W�L�R�Q �R�I �D�X�G�L�R �Z�R�X�O�G �E�H
�I�X�U�W�K�H�U �X�V�H�I�X�O �I�R�U �V�W�U�X�F�W�X�U�H �V�H�J�P�H�Q�W�D�W�L�R�Q �R�I �W�K�H �V�R�Q�J�� �5�K�\�W�K�P �L�Q
�E�R�W�K �&�D�U�Q�D�W�L�F �D�Q�G �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �L�V �K�L�J�K�O�\ �L�P�S�U�R�Y�L�V�H�G �Z�L�W�K �D
�S�R�V�V�L�E�L�O�L�W�\ �R�I �Z�L�G�H �Y�D�U�L�H�W�\ �R�I �U�K�\�W�K�P�V�� �+�R�Z�H�Y�H�U�� �W�K�H�U�H �D�U�H �U�H�J�L�R�Q�V
�L�Q �W�K�H �P�X�V�L�F �S�L�H�F�H �Z�L�W�K �Z�H�O�O �G�H�I�L�Q�H�G �V�W�U�X�F�W�X�U�H�V �W�K�D�W �F�R�Q�W�D�L�Q �U�K�\�W�K��
�P�L�F �S�K�U�D�V�H�V �F�K�D�U�D�F�W�H�U�L�V�W�L�F �R�I �W�K�H�W�—	¶�D�� �,�G�H�Q�W�L�I�\�L�Q�J �W�K�H�V�H �³�U�H�J�L�R�Q�V
�R�I �V�W�D�E�O�H �U�K�\�W�K�P�´ �Z�R�X�O�G �E�H �K�H�O�S�I�X�O �L�Q �U�K�\�W�K�P �D�Q�Q�R�W�D�W�L�R�Q �W�D�V�N�V��
�)�X�U�W�K�H�U�� �W�K�H�V�H �V�W�D�E�O�H �U�H�J�L�R�Q�V �F�D�Q �E�H �X�V�H�G �W�R �H�[�W�U�D�F�W �U�H�S�U�H�V�H�Q�W�D�W�L�Y�H
�U�K�\�W�K�P �W�H�P�S�O�D�W�H�V �I�R�U �P�H�D�V�X�U�L�Q�J �U�K�\�W�K�P�L�F �V�L�P�L�O�D�U�L�W�\��

�j�X�k�X�8 �P�M�i�Q�H�Q�;�B�2�b �7�Q�` �`�?�v�i�?�K �+�Q�M�+�2�T�i�b

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



���� �$�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �R�I �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F

�N�Q�R�Z�O�H�G�J�H �L�Q�W�R �F�R�P�S�X�W�H�U �V�\�V�W�H�P�V �W�R �V�R�O�Y�H �F�R�P�S�O�H�[ �S�U�R�E�O�H�P�V �W�K�D�W
�U�H�T�X�L�U�H �K�X�P�D�Q �H�[�S�H�U�W�L�V�H ���%�U�D�F�K�P�D�Q �	 �/�H�Y�H�V�T�X�H�� ���������� �*�y�P�H�]��
�3�p�U�H�]�� �)�H�U�Q�i�Q�G�H�]���/�y�S�H�]�� �	 �&�R�U�F�K�R������������ �%�H�U�Q�H�U�V���/�H�H�� �+�H�Q�G�O�H�U��
�	 �/�D�V�V�L�O�D�� ������������ �$�Q �R�Q�W�R�O�R�J�\ �V�S�H�F�L�¿�H�V �F�R�Q�F�H�S�W�V�� �D�W�W�U�L�E�X�W�H�V�� �U�H��
�O�D�W�L�R�Q�V�� �F�R�Q�V�W�U�D�L�Q�W�V�� �D�Q�G �L�Q�V�W�D�Q�F�H�V �L�Q �D �G�R�P�D�L�Q�� �6�L�Q�F�H �P�X�V�L�F �L�V �D
�F�R�P�S�O�H�[ �D�Q�G �Y�D�U�L�H�G �S�K�H�Q�R�P�H�Q�R�Q �Z�L�W�K �P�D�Q�\ �S�H�U�V�S�H�F�W�L�Y�H�V�� �D �F�X�O��
�W�X�U�D�O �G�R�P�D�L�Q �V�S�H�F�L�I�L�F �R�Q�W�R�O�R�J�\ �L�V �Q�H�H�G�H�G �W�R �G�H�I�L�Q�H �W�K�H �U�H�O�D�W�L�R�Q�V�K�L�S�V
�W�K�D�W �S�H�U�W�D�L�Q �W�R �D �V�S�H�F�L�I�L�F �W�\�S�H �R�I �P�X�V�L�F��

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

�3�U�H�Y�L�R�X�V �Z�R�U�N �R�Q �R�Q�W�R�O�R�J�L�H�V �K�D�Y�H �E�H�H�Q �P�D�L�Q�O�\ �R�Q �R�U�J�D�Q�L�]�L�Q�J
�P�X�V�L�F �D�Q�G �P�H�W�D�G�D�W�D ���6�Z�D�U�W�]������������ �5�D�L�P�R�Q�G�������������� �7�K�H �&�R�P�S��
�0�X�V�L�F �S�U�R�M�H�F�W �D�L�P�V �W�R �G�H�Y�H�O�R�S �R�Q�W�R�O�R�J�L�H�V �I�R�U �D�O�O �W�K�H �P�X�V�L�F �F�X�O��
�W�X�U�H�V �X�Q�G�H�U �V�W�X�G�\�� �V�R�P�H �H�[�D�P�S�O�H�V �L�Q�F�O�X�G�H �W�K�H �Z�R�U�N �E�\�.�R�G�X�U�L �D�Q�G
�6�H�U�U�D������������ �D�Q�G�.�R�G�X�U�L�������������� �%�X�L�O�G�L�Q�J �F�R�P�S�U�H�K�H�Q�V�L�Y�H �R�Q�W�R�O�R��
�J�L�H�V �Q�H�H�G�V �H�[�S�H�U�W�L�V�H �L�Q �P�X�V�L�F �W�K�H�R�U�\ �D�Q�G �R�Q�W�R�O�R�J�\ �O�D�Q�J�X�D�J�H�V�� �D�Q �H�I��
�I�R�U�W �W�K�D�W �L�V �E�H�\�R�Q�G �W�K�H �V�F�R�S�H �R�I �W�K�L�V �G�L�V�V�H�U�W�D�W�L�R�Q�� �,�Q �W�K�L�V �G�L�V�V�H�U�W�D�W�L�R�Q
�K�R�Z�H�Y�H�U�� �Z�H �X�V�H �E�D�V�L�F �N�Q�R�Z�O�H�G�J�H �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q�V �W�R �L�Q�F�R�U�S�R�U�D�W�H
�S�U�L�R�U �L�Q�I�R�U�P�D�W�L�R�Q �L�Q �V�H�Y�H�U�D�O �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �W�D�V�N�V��

�j�X�k�X�e �_�?�v�i�?�K �b�B�K�B�H���`�B�i�v �K�2���b�m�`�2�b

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



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

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

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

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

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



���� �$�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �R�I �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F

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

�j�X�k�X�d �a�v�K�#�Q�H�B�+ �K�m�b�B�+ ���M���H�v�b�B�b

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

�j�X�k�X�N �1�t�i�2�M�b�B�Q�M�b �i�Q �Q�i�?�2�` �K�m�b�B�+ �+�m�H�i�m�`�2�b

�7�K�H �D�O�J�R�U�L�W�K�P�V �L�Q �W�K�H �G�L�V�V�H�U�W�D�W�L�R�Q �D�U�H �G�H�Y�H�O�R�S�H�G �Z�L�W�K �W�K�H �S�R�V�V�L�E�L�O��
�L�W�\ �R�I �H�[�W�H�Q�V�L�R�Q�V �W�R �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �R�I �R�W�K�H�U �P�X�V�L�F �F�X�O�W�X�U�H�V �Z�L�W�K�L�Q
�W�K�H �F�R�Q�W�H�[�W �R�I �&�R�P�S�0�X�V�L�F �S�U�R�M�H�F�W�� �7�X�U�N�L�V�K �P�D�N�D�P �P�X�V�L�F �L�V �E�D�V�H�G
�R�Q �U�K�\�W�K�P�L�F �F�\�F�O�H�V �F�D�O�O�H�G�X�V�X�O�� �$�Q �X�V�X�O �L�V �D �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q �R�I �D
�F�H�U�W�D�L�Q �O�H�Q�J�W�K �W�K�D�W �G�H�I�L�Q�H�V �D �V�H�T�X�H�Q�F�H �R�I �V�W�U�R�N�H�V �Z�L�W�K �Y�D�U�\�L�Q�J �D�F��
�F�H�Q�W�� �$�Q �X�V�X�O �L�V �D�Q�D�O�R�J�R�X�V �W�R�W�—	¶�D�� �E�X�W �L�V �O�H�V�V �F�R�P�S�O�H�[ �W�K�D�Q �W�K�H�W�—	¶�D
�V�\�V�W�H�P�� �+�H�Q�F�H�� �P�R�V�W �R�I �W�K�H �D�O�J�R�U�L�W�K�P�V �G�H�Y�H�O�R�S�H�G �I�R�U �,�Q�G�L�D�Q �P�X�V�L�F
�Z�R�X�O�G �H�[�W�H�Q�G �W�R �P�D�N�D�P �P�X�V�L�F�� �,�Q �%�H�L�M�L�Q�J �R�S�H�U�D���E�D�Q�V�K�L�U�H�S�U�H�V�H�Q�W
�W�K�H �P�H�W�U�L�F�D�O �S�D�W�W�H�U�Q�V �W�R �V�H�W �O�\�U�L�F�D�O �F�R�X�S�O�H�W�V �L�Q�W�R �P�X�V�L�F�� �$ �U�K�\�W�K�P�L�F
�D�Q�D�O�\�V�L�V �R�I �%�H�L�M�L�Q�J �R�S�H�U�D�� �V�X�F�K �D�V �W�U�D�F�N�L�Q�J �W�K�H �E�D�Q�V�K�L �W�K�U�R�X�J�K �D�Q
�D�U�L�D �L�V �D �W�D�V�N �D�Q�D�O�R�J�R�X�V �W�R�W�—	¶�D�W�U�D�F�N�L�Q�J�� �%�H�L�M�L�Q�J �R�S�H�U�D �S�H�U�F�X�V�V�L�R�Q
�V�K�D�U�H�V �W�K�H �F�R�Q�F�H�S�W �R�I �D �V�\�O�O�D�E�L�F �S�H�U�F�X�V�V�L�R�Q �V�\�V�W�H�P�� �Z�K�L�F�K �L�V �V�L�P��
�S�O�H�U �D�Q�G �E�H�W�W�H�U �G�H�I�L�Q�H�G �W�K�D�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F�� �,�W �L�V �K�H�Q�F�H �D�Q �L�G�H�D�O
�S�L�O�R�W �F�D�V�H �I�R�U �S�H�U�F�X�V�V�L�R�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q �Z�L�W�K �V�\�O�O�D�E�L�F �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q
�R�I �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V�� �D �W�R�S�L�F �R�I �V�W�X�G�\ �L�Q �&�K�D�S�W�H�U����

�j�X�j �h�?�2�b�B�b �T�`�Q�#�H�2�K�b�, �� �7�Q�`�K�m�H���i�B�Q�M

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



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

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

�j�X�j�X�R �J�2�i�2�` �B�M�7�2�`�2�M�+�2 ���M�/ �i�`���+�F�B�M�;

�7�K�H �P�D�L�Q �S�U�R�E�O�H�P �D�G�G�U�H�V�V�H�G �L�Q �W�K�H �W�K�H�V�L�V �L�V �P�H�W�H�U �D�Q�D�O�\�V�L�V �R�I �D�X��
�G�L�R �U�H�F�R�U�G�L�Q�J�V�� �0�H�W�H�U �D�Q�D�O�\�V�L�V �L�V �D�Q �X�P�E�U�H�O�O�D �W�H�U�P �X�V�H�G �I�R�U �W�K�H
�S�U�R�E�O�H�P�V �R�I �P�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �P�H�W�H�U �W�U�D�F�N�L�Q�J�� �7�R �W�K�H �E�H�V�W �R�I
�R�X�U �N�Q�R�Z�O�H�G�J�H�� �D �F�R�P�S�U�H�K�H�Q�V�L�Y�H �D�X�W�R�P�D�W�L�F �P�H�W�H�U �D�Q�D�O�\�V�L�V �K�D�V �Q�R�W
�E�H�H�Q �U�H�V�H�D�U�F�K�H�G �L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �D�Q�G �K�H�Q�F�H �W�K�H �S�U�L�P�D�U�\ �J�R�D�O �R�I
�W�K�H �G�L�V�V�H�U�W�D�W�L�R�Q �L�V �W�R �S�U�R�S�R�V�H �D�Q�G �S�U�H�V�H�Q�W �P�H�W�H�U �D�Q�D�O�\�V�L�V �D�S�S�U�R�D�F�K�H�V
�I�R�U �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F�� �,�Q �D�G�G�L�W�L�R�Q�� �Z�H �D�O�V�R �D�V�N �W�K�H �I�R�O�O�R�Z�L�Q�J �U�H�V�H�D�U�F�K
�T�X�H�V�W�L�R�Q�� �W�R �Z�K�D�W �H�[�W�H�Q�W �G�R�H�V �E�X�L�O�G�L�Q�J �F�X�O�W�X�U�H �V�S�H�F�L�I�L�F �P�R�G�H�O�V �R�I
�W�—	¶�D�D�Q�G �L�Q�I�R�U�P�H�G �P�H�W�H�U �D�Q�D�O�\�V�L�V ���W�K�D�W �S�U�R�Y�L�G�H�V �D�G�G�L�W�L�R�Q�D�O �L�Q�I�R�U�P�D��
�W�L�R�Q �D�E�R�X�W �W�K�H�W�—	¶�D�D �S�U�L�R�U�L�L�Q�W�R �D�O�J�R�U�L�W�K�P�V�� �L�P�S�U�R�Y�H �S�H�U�I�R�U�P�D�Q�F�H
�O�H�D�G�L�Q�J �W�R �P�R�U�H �D�F�F�X�U�D�W�H �W�U�D�F�N�L�Q�J �R�I �W�K�H �F�R�P�S�R�Q�H�Q�W�V �R�I �W�K�H�W�—	¶�D�"

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

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



���� �$�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �R�I �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F

�U�H�F�R�U�G�L�Q�J �L�V �D�V�V�X�P�H�G �W�R �K�D�Y�H �E�H�H�Q �D�O�U�H�D�G�\ �V�H�J�P�H�Q�W�H�G �L�Q�W�R �S�L�H�F�H�V
�W�K�D�W �D�U�H �L�Q �D �V�L�Q�J�O�H�W�—	¶�D�� �H���J�� �O�R�Q�J �U�H�F�R�U�G�L�Q�J�V �Z�L�W�K �P�X�O�W�L�S�O�H �S�L�H�F�H�V �D�U�H
�V�H�J�P�H�Q�W�H�G �L�Q�W�R �S�L�H�F�H�V �Z�L�W�K �R�Q�H�W�—	¶�D�D�Q�G �S�U�H�V�H�Q�W�H�G �W�R �W�K�H �D�O�J�R�U�L�W�K�P�V��
�:�H �G�R�Q�¶�W �P�D�N�H �D�Q �D�V�V�X�P�S�W�L�R�Q �W�K�D�W �W�K�H �D�X�G�L�R �I�L�O�H �S�U�H�V�H�Q�W�H�G �F�R�Q�W�D�L�Q�V
�W�K�H �E�H�J�L�Q�Q�L�Q�J �R�I �W�K�H �S�L�H�F�H �� �D�Q�\ �H�[�F�H�U�S�W �R�I �D�X�G�L�R �R�I �D�Q�\ �O�H�Q�J�W�K �F�D�Q
�E�H �S�U�H�V�H�Q�W�H�G �I�R�U �D�Q�D�O�\�V�L�V�� �D�V �O�R�Q�J �D�V �L�W �L�V �L�Q �D �V�L�Q�J�O�H�O�D�\���+�L�Q�G�X�V�W�D�Q�L
�P�X�V�L�F�� �D�Q�G�W�—	¶�D�� �7�K�L�V �D�V�V�X�P�S�W�L�R�Q �P�D�L�Q�O�\ �V�W�H�P�V �I�U�R�P �W�K�H �O�L�P�L�W�D��
�W�L�R�Q �R�I �R�X�U �D�S�S�U�R�D�F�K�H�V �L�Q �K�D�Q�G�O�L�Q�J �F�K�D�Q�J�L�Q�J�W�—	¶�D�V�W�K�U�R�X�J�K �D �S�L�H�F�H��
�0�R�V�W �F�R�P�P�H�U�F�L�D�O �U�H�O�H�D�V�H�V �D�O�U�H�D�G�\ �D�U�H �V�H�J�P�H�Q�W�H�G �L�Q�W�R �S�L�H�F�H�V �D�Q�G
�K�H�Q�F�H �V�X�F�K �D�Q �D�V�V�X�P�S�W�L�R�Q �D �I�D�L�U �D�V�V�X�P�S�W�L�R�Q�� �(�Y�H�Q �Z�L�W�K �O�D�U�J�H �P�X��
�V�L�F �F�R�O�O�H�F�W�L�R�Q�V�� �D �P�D�Q�X�D�O �R�U �D �V�H�P�L���D�X�W�R�P�D�W�L�F �V�H�J�P�H�Q�W�D�W�L�R�Q �R�I �D�X�G�L�R
�U�H�F�R�U�G�L�Q�J�V �L�Q�W�R �H�[�F�H�U�S�W�V �Z�L�W�K �D �V�L�Q�J�O�H�W�—	¶�D�L�V �O�H�V�V �W�L�P�H �F�R�Q�V�X�P�L�Q�J
�W�K�D�Q �P�H�W�H�U �W�U�D�F�N�L�Q�J�� �D�Q�G �K�H�Q�F�H �V�X�F�K �D�Q �D�V�V�X�P�S�W�L�R�Q �L�V �D�O�V�R �U�H�O�H�Y�D�Q�W��
�:�H �G�R �Q�R�W �D�V�V�X�P�H �D�Q�\ �U�H�V�W�U�L�F�W�L�R�Q�V �R�Q �W�H�P�S�R �U�D�Q�J�H �D�Q�G �L�W�V �Y�D�U�L�D�E�L�O��
�L�W�\ �L�Q �W�L�P�H �R�Y�H�U �W�K�H �S�L�H�F�H��

�:�H �U�H�V�W�U�L�F�W �R�X�U �Z�R�U�N �W�R �I�R�X�U �S�R�S�X�O�D�U�W�—	¶�D�V�W�K�D�W �V�S�D�Q �D �P�D�M�R�U�L�W�\
�R�I �U�H�F�R�U�G�L�Q�J�V �L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F�� �)�R�U �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �Z�H �U�H�V�W�U�L�F�W
�R�X�U �Z�R�U�N �W�R�—�G�L���U�Ì�S�D�N�D���P�L���U�D �F�K�—�S�X�� �D�Q�G�N�K�D	Æ	Œ�D �F�K�—�S�X�W�—	¶�D�V�� �D�Q�G
�I�R�U �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �W�R�W�¯�Q�W�—�O���•�N�W�—�O���M�K�D�S�W�—�O�� �D�Q�G�U�Ì�S�D�N �W�—�O�� �6�L�Q�F�H
�R�X�U �D�S�S�U�R�D�F�K�H�V �D�U�H �V�X�S�H�U�Y�L�V�H�G �D�Q�G �G�D�W�D���G�U�L�Y�H�Q�� �W�K�L�V �U�H�V�W�U�L�F�W�L�R�Q �L�V
�P�D�L�Q�O�\ �G�X�H �W�R �W�K�H �O�D�F�N �R�I �D�Y�D�L�O�D�E�L�O�L�W�\ �R�I �D�Q�Q�R�W�D�W�H�G �W�U�D�L�Q�L�Q�J �G�D�W�D �L�Q
�O�H�V�V �S�R�S�X�O�D�U�W�—	¶�D�V�� �W�K�H �U�D�U�H�W�—	¶�D�V�K�D�Y�H �Y�H�U�\ �I�H�Z �H�[�D�P�S�O�H�V �D�Y�D�L�O�D�E�O�H
�H�Y�H�Q �L�Q �O�D�U�J�H �P�X�V�L�F �D�U�F�K�L�Y�H�V�� �7�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�I �W�K�H �D�S�S�U�R�D�F�K�H�V
�L�V �O�L�N�H�O�\ �W�R �H�[�W�H�Q�G �W�R �R�W�K�H�U�W�—	¶�D�V�D�V �Z�H�O�O�� �S�U�R�Y�L�G�H�G �Z�H �K�D�Y�H �V�X�I�I�L��
�F�L�H�Q�W �W�U�D�L�Q�L�Q�J �G�D�W�D�� �)�U�R�P �D �S�U�D�F�W�L�F�D�O �V�W�D�Q�G�S�R�L�Q�W�� �W�K�H�V�H �I�R�X�U�W�—	¶�D�V
�Z�L�O�O �F�R�Y�H�U �D �P�D�M�R�U�L�W�\ �R�I �F�R�P�S�R�V�L�W�L�R�Q�V �L�Q �E�R�W�K �&�D�U�Q�D�W�L�F �D�Q�G �+�L�Q�G�X�V��
�W�D�Q�L �P�X�V�L�F�� �D�Q�G �K�H�Q�F�H �V�X�F�K �D �U�H�V�W�U�L�F�W�L�R�Q �L�V �M�X�V�W�L�I�L�H�G��

�/�H�W �D �P�X�V�L�F �U�H�F�R�U�G�L�Q�Jz �E�H �U�H�S�U�H�V�H�Q�W�H�G �D�V �D�Q �D�X�G�L�R �V�L�J�Q�D�Of [n]
�D�Q�G �F�D�Q �E�H �U�H�G�X�F�H�G �E�\ �I�U�D�P�H���Z�L�V�H �D�Q�D�O�\�V�L�V �W�R �D �I�H�D�W�X�U�H �Y�H�F�W�R�U �V�H��
�T�X�H�Q�F�H�\k �� �I�R�Uk = f 1; 2; 3; � � � ; K g�� �Z�K�H�U�HK �L�V �W�K�H �W�R�W�D�O �Q�X�P�E�H�U
�R�I �D�X�G�L�R �I�U�D�P�H�V�� �/�H�W �W�K�H �V�H�W �R�I �W�L�P�H �L�Q�V�W�D�Q�W�V �R�I �E�H�D�W�V���P�—�W�U�—�V�O�D�E�H�O�H�G
�Z�L�W�K �W�K�H�L�U �S�R�V�L�W�L�R�Q �L�Q �W�K�H �F�\�F�O�H �E�HBz�� �D�Q�G �W�K�H �V�H�W �R�I�V�D�P�D���V�D�P�W�L�P�H
�L�Q�V�W�D�Q�W�V �E�H �G�H�Q�R�W�H�G �D�VSz�� �,�Q �D�G�G�L�W�L�R�Q�� �W�K�H �V�H�W �R�I�D�N	â�D�U�D�S�X�O�V�H�V �L�Q �D
�&�D�U�Q�D�W�L�F �P�X�V�L�F �U�H�F�R�U�G�L�Q�J �E�H �G�H�Q�R�W�H�G �D�VOz�� �%�\ �W�K�L�V �G�H�I�L�Q�L�W�L�R�Q�� �Z�H
�K�D�Y�HSz � B z � O z�� �7�K�H �E�H�D�W�V �D�U�H �O�D�E�H�O�H�G �Z�L�W�K �W�K�H�L�U �S�R�V�L�W�L�R�Q �L�Q �W�K�H
�F�\�F�O�H�� �*�L�Y�H�Q �W�K�D�W �W�K�H �V�H�F�W�L�R�Q ���D	Ä�J�D�R�U�Y�L�E�K�—�J�� �E�R�X�Q�G�D�U�L�H�V �D�U�H �D �V�X�E��
�V�H�W �R�I �W�K�H �V�H�W �R�I �E�H�D�W�V�� �W�K�H �E�H�D�W �Q�X�P�E�H�U �D�Q�G �E�H�D�W �W�L�P�H�V �F�D�Q �E�H �X�V�H�G
�W�R �R�E�W�D�L�Q �W�K�H �V�H�F�W�L�R�Q �E�R�X�Q�G�D�U�L�H�V �L�Q �D �V�W�U�D�L�J�K�W�I�R�U�Z�D�U�G �Z�D�\ �V�H�O�H�F�W�L�Q�J
�R�Q�O�\ �W�K�R�V�H �E�H�D�W�V �Z�L�W�K �O�D�E�H�O�V �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R �V�H�F�W�L�R�Q �E�R�X�Q�G�D�U�L�H�V��



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

�7�K�H �W�L�P�H �Y�D�U�\�L�Q�J �V�H�T�X�H�Q�F�H �R�I �W�H�P�S�R �Y�D�O�X�H �H�V�W�L�P�D�W�H�V �I�R�U �H�Y�H�U�\
�I�U�D�P�Hk�� �F�D�O�O�H�G �D �W�H�P�S�R �F�X�U�Y�H �F�D�Q �E�H �P�H�D�V�X�U�H�G �L�Q �L�Q�W�H�U���E�H�D�W���P�—�W�U�—
�L�Q�W�H�U�Y�D�O� b;k ���R�U �H�T�X�L�Y�D�O�H�Q�W�O�\60/� b;k �P�H�D�V�X�U�H�G �L�Q �E�H�D�W�V���P�—�W�U�—�V�S�H�U
�P�L�Q���� �R�U �D�V �L�Q�W�H�U���V�D�P�D���V�D�P�L�Q�W�H�U�Y�D�O� s;k �� �)�R�U �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �W�H�P�S�R
�F�D�Q �D�G�G�L�W�L�R�Q�D�O�O�\ �E�H �P�H�D�V�X�U�H�G �L�Q �L�Q�W�H�U���D�N	â�D�U�D�L�Q�W�H�U�Y�D�O� o;k ���R�U �H�T�X�L�Y��
�D�O�H�Q�W�O�\60/� o;k �P�H�D�V�X�U�H�G �L�Q�D�N	â�D�U�D�V�S�H�U �P�L�Q�X�W�H���� �7�K�H �D�S�S�U�R�D�F�K�H�V��
�H�[�S�H�U�L�P�H�Q�W�V �D�Q�G �U�H�V�X�O�W�V �I�R�U �P�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J �S�U�R�E�O�H�P�V
�D�U�H �S�U�H�V�H�Q�W�H�G �L�Q �&�K�D�S�W�H�U����

�j�X�j�X�k �S�2�`�+�m�b�b�B�Q�M �T���i�i�2�`�M �i�`���M�b�+�`�B�T�i�B�Q�M ���M�/
�/�B�b�+�Q�p�2�`�v

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

�:�H �D�V�V�X�P�H �W�K�D�W �W�K�H �S�H�U�F�X�V�V�L�R�Q �V�R�O�R�V �K�D�Y�H �E�H�H�Q �V�H�J�P�H�Q�W�H�G �R�X�W
�R�I �W�K�H �F�R�Q�F�H�U�W���S�H�U�I�R�U�P�D�Q�F�H�� �V�L�Q�F�H �V�W�U�X�F�W�X�U�D�O �V�H�J�P�H�Q�W�D�W�L�R�Q �L�V �Q�R�W �D
�S�U�R�E�O�H�P �W�K�D�W �L�V �D�G�G�U�H�V�V�H�G �L�Q �W�K�L�V �G�L�V�V�H�U�W�D�W�L�R�Q �D�Q�G �V�R�P�H �S�U�L�R�U �P�H�W�K��
�R�G�V �F�D�Q �E�H �X�V�H�G �I�R�U �W�K�H �W�D�V�N ���6�D�U�D�O�D �	 �0�X�U�W�K�\�� ������������ �:�H �I�R�F�X�V
�R�Q�O�\ �R�Q�W�D�E�O�D�D�Q�G �P�U�L�G�D�Q�J�D�P �V�R�O�R�V �L�Q �+�L�Q�G�X�V�W�D�Q�L �D�Q�G �&�D�U�Q�D�W�L�F �P�X��
�V�L�F�� �U�H�V�S�H�F�W�L�Y�H�O�\�� �V�L�Q�F�H �W�K�H�\ �I�R�U�P �D �P�D�M�R�U�L�W�\ �R�I �W�K�H �U�H�F�R�U�G�L�Q�J�V�� �3�H�U��
�F�X�V�V�L�R�Q �V�R�O�R�V �Z�L�W�K �R�W�K�H�U �L�Q�V�W�U�X�P�H�Q�W�V ���H���J���N�K�D�x�M�L�U�D�� �J�K�D	ì�D�P�� �D�Q�G
�P�À�U�V�L	Ä�J�� �L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F �L�V �O�H�I�W �I�R�U �I�X�W�X�U�H �Z�R�U�N��

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



���� �$�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �R�I �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F

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

�/�H�W �W�K�H �V�H�W �R�I �V�\�O�O�D�E�O�H�V �E�H �G�H�Q�R�W�H�G �D�VA = f A1; A2; � � � AN s g��
�Z�K�H�U�H �H�D�F�KA j �L�V �D �V�\�O�O�D�E�O�H �L�Q �W�K�H �V�H�W �D�Q�GNs �L�V �W�K�H �W�R�W�D�O �Q�X�P�E�H�U �R�I
�V�\�O�O�D�E�O�H�V�� �$ �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �L�V �Q�R�W �Z�H�O�O �G�H�I�L�Q�H�G �D�Q�G �Y�D�U�L�H�G �G�H�I�L��
�Q�L�W�L�R�Q�V �F�D�Q �H�[�L�V�W�� �,�Q �W�K�L�V �Z�R�U�N�� �Z�H �X�V�H �D �V�L�P�S�O�H �G�H�I�L�Q�L�W�L�R�Q �R�I �D �S�H�U��
�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �� �D�V �D �V�H�T�X�H�Q�F�H �R�I �V�\�O�O�D�E�O�H�V �D�Q�G �W�K�H�L�U �W�L�P�H���V�W�D�P�S�V��
�$ �S�D�W�W�H�U�Q�$�L�Q�G�H�[�H�G �E�\i �L�V �G�H�I�L�Q�H�G �D�V�$i = [ a1; a2; � � � ; aL i ]�� �Z�K�H�U�H
aj 2 A �D�Q�GL i �L�V �W�K�H �O�H�Q�J�W�K �R�I�$i �� �7�K�R�X�J�K�� �I�R�U �G�H�I�L�Q�L�Q�J �S�D�W�W�H�U�Q�V��
�L�W �L�V �L�P�S�R�U�W�D�Q�W �W�R �F�R�Q�V�L�G�H�U �W�K�H �U�H�O�D�W�L�Y�H �D�Q�G �D�E�V�R�O�X�W�H �G�X�U�D�W�L�R�Q�V �R�I �W�K�H
�F�R�Q�V�W�L�W�X�H�Q�W �V�\�O�O�D�E�O�H�V�� �D�V �Z�H�O�O �D�V �W�K�H �P�H�W�U�L�F�D�O �S�R�V�L�W�L�R�Q �R�I �W�K�H �S�D�W�W�H�U�Q
�L�Q �W�K�H�W�—	¶�D�� �Z�H �X�V�H �D �V�L�P�S�O�H �G�H�I�L�Q�L�W�L�R�Q �D�Q�G �O�H�D�Y�H �D �P�R�U�H �F�R�P�S�U�H�K�H�Q��
�V�L�Y�H �G�H�I�L�Q�L�W�L�R�Q �I�R�U �I�X�W�X�U�H �Z�R�U�N��

�7�K�H �S�D�W�W�H�U�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G �G�L�V�F�R�Y�H�U�\ �S�U�R�E�O�H�P �L�V �D�G�G�U�H�V�V�H�G
�X�V�L�Q�J �E�R�W�K �D�X�G�L�R �D�Q�G �V�\�O�O�D�E�L�F �V�F�R�U�H�V�� �)�U�R�P �D�Q �D�Q�D�O�\�V�L�V �R�I �V�\�P�E�R�O�L�F
�V�F�R�U�H�V�� �Z�H �E�X�L�O�G �D �O�L�E�U�D�U�\P �R�I �T�X�H�U�\ �V�\�O�O�D�E�L�F �S�D�W�W�H�U�Q�V �R�I �G�L�I�I�H�U�H�Q�W
�O�H�Q�J�W�K�V��P = f �$1; �$2; � � � �$Na g�� �Z�K�H�U�HNa �L�V �W�K�H �Q�X�P�E�H�U �R�I �T�X�H�U�\
�S�D�W�W�H�U�Q�V�� �'�L�I�I�H�U�H�Q�W �V�W�U�D�W�H�J�L�H�V �F�D�Q �E�H �X�V�H�G �W�R �E�X�L�O�G �V�X�F�K �O�L�E�U�D�U�L�H�V �R�I
�S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V�� �E�X�W �Z�H �H�[�W�U�D�F�W �W�K�H �P�R�V�W �I�U�H�T�X�H�Q�W �S�D�W�W�H�U�Q�V �D�Q�G
�F�R�Q�V�L�G�H�U �W�K�H�P �D�V �U�H�S�U�H�V�H�Q�W�D�W�L�Y�H��

�*�L�Y�H�Q �D�Q �D�X�G�L�R �U�H�F�R�U�G�L�Q�Jf [n]�� �L�W �L�V �I�L�U�V�W �W�U�D�Q�V�F�U�L�E�H�G �L�Q�W�R �D �V�H��
�T�X�H�Q�F�H �R�I �W�L�P�H���D�O�L�J�Q�H�G �V�\�O�O�D�E�O�H�V�$� �X�V�L�Q�J �V�\�O�O�D�E�O�H �O�H�Y�H�O �W�L�P�E�U�D�O
�P�R�G�H�O�V�� �+�H�Q�F�H���$� = [( t1; a1); (t2; a2); � � � ; (t � ; aL � )]�� �Z�K�H�U�Ht j

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



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

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

�*�L�Y�H�Q �D �T�X�H�U�\ �S�D�W�W�H�U�Q�$q �R�I �O�H�Q�J�W�KLq �I�U�R�P �W�K�H �V�H�WP�� �Z�H �S�H�U��
�I�R�U�P �D�Q �D�S�S�U�R�[�L�P�D�W�H �V�H�D�U�F�K �I�R�U �W�K�H �S�D�W�W�H�U�Q �L�Q �W�K�H �R�X�W�S�X�W �V�\�O�O�D�E�L�F
�W�U�D�Q�V�F�U�L�S�W�L�R�Q�$� �W�R �R�E�W�D�L�Q �W�K�H �O�R�F�D�W�L�R�Q�Vf t (�)

q g �R�I �W�K�H �S�D�W�W�H�U�Q�V �L�Q �W�K�H
�D�X�G�L�R �U�H�F�R�U�G�L�Q�J�� �6�\�O�O�D�E�L�F �W�U�D�Q�V�F�U�L�S�W�L�R�Q �L�V �R�I�W�H�Q �Q�R�W �H�[�D�F�W �D�Q�G �L�W �F�D�Q
�K�D�Y�H �F�R�P�P�R�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q �H�U�U�R�U�V �V�X�F�K �D�V �L�Q�V�H�U�W�L�R�Q�V�� �V�X�E�V�W�L�W�X�W�L�R�Q�V
�D�Q�G �G�H�O�H�W�L�R�Q�V�� �W�R �K�D�Q�G�O�H �Z�K�L�F�K �Z�H �Q�H�H�G �D�Q �D�S�S�U�R�[�L�P�D�W�H �V�H�D�U�F�K �D�O��
�J�R�U�L�W�K�P�� �$�Q �D�Q�D�O�R�J�R�X�V �W�D�V�N �I�R�U �W�K�L�V �V�H�D�U�F�K �L�Q �V�S�H�H�F�K �U�H�F�R�J�Q�L�W�L�R�Q
�U�H�V�H�D�U�F�K �L�V �N�H�\�Z�R�U�G �V�S�R�W�W�L�Q�J�� �Z�K�H�U�H �D �N�Q�R�Z�Q �Z�R�U�G ���R�U �D �S�K�U�D�V�H�� �L�V
�V�H�D�U�F�K�H�G �L�Q �D �O�R�Q�J�H�U �S�L�H�F�H �R�I �V�S�H�H�F�K �U�H�F�R�U�G�L�Q�J ���:�L�O�S�R�Q�� �5�D�E�L�Q�H�U��
�/�H�H�� �	 �*�R�O�G�P�D�Q��������������

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

�j�X�j�X�j �.���i���b�2�i�b �7�Q�` �`�2�b�2���`�+�?

�%�X�L�O�G�L�Q�J �V�X�F�K �G�D�W�D �F�R�U�S�R�U�D �V�F�L�H�Q�W�L�I�L�F�D�O�O�\ �I�R�U�0�,�5�L�W�V�H�O�I �L�V �D �U�H�V�H�D�U�F�K
�S�U�R�E�O�H�P ���6�H�U�U�D�������������3�H�H�W�H�U�V �	 �)�R�U�W�������������� �6�H�W�W�L�Q�J �X�S �F�U�L�W�H�U�L�D �I�R�U
�V�H�O�H�F�W�L�R�Q �D�Q�G �F�X�U�D�W�L�R�Q �R�I �P�X�V�L�F�� �D�Q�G �G�H�V�L�J�Q�L�Q�J �G�D�W�D�V�H�W�V �I�R�U �U�H�V�H�D�U�F�K
�D�U�H �W�R �E�H �G�R�Q�H �Z�L�W�K �R�E�M�H�F�W�L�Y�H �S�D�U�D�P�H�W�H�U�V �W�K�D�W �F�D�Q �W�K�H�Q �E�H �X�V�H�G �W�R
�P�H�D�V�X�U�H �W�K�H �J�R�R�G�Q�H�V�V �R�I �D �F�R�U�S�X�V �I�R�U �D �S�D�U�W�L�F�X�O�D�U �U�H�V�H�D�U�F�K �W�D�V�N��
�2�Q�H �R�I �W�K�H �S�U�L�P�D�U�\ �D�L�P�V �R�I �W�K�H �&�R�P�S�0�X�V�L�F �S�U�R�M�H�F�W �L�V �W�R �E�X�L�O�G �V�X�F�K
�G�D�W�D �F�R�U�S�R�U�D �D�Q�G �P�D�N�H �L�W �D�Y�D�L�O�D�E�O�H �I�R�U �U�H�V�H�D�U�F�K�� �&�R�O�O�H�F�W�L�R�Q �R�I �J�R�R�G
�T�X�D�O�L�W�\ �G�D�W�D �D�Q�G �H�D�V�\ �D�F�F�H�V�V �W�R �E�R�W�K �D�X�G�L�R �D�Q�G �P�H�W�D�G�D�W�D �L�V �H�V�V�H�Q�W�L�D�O
�I�R�U �U�H�S�U�R�G�X�F�L�E�L�O�L�W�\ �R�I �U�H�V�H�D�U�F�K �D�Q�G �W�R �I�X�U�W�K�H�U �W�K�H �Z�R�U�N �S�U�H�V�H�Q�W�H�G �L�Q
�W�K�H �G�L�V�V�H�U�W�D�W�L�R�Q��

�)�R�U �G�H�Y�H�O�R�S�L�Q�J �D�O�J�R�U�L�W�K�P�V�� �Z�H �I�R�F�X�V �R�Q �F�R�P�P�H�U�F�L�D�O �T�X�D�O�L�W�\ �D�X��
�G�L�R �I�U�R�P �&�'�V�� �Z�L�W�K �P�D�Q�X�D�O�O�\ �H�G�L�W�H�G �P�H�W�D�G�D�W�D�� �7�K�H �&�R�P�S�0�X�V�L�F
�D�X�G�L�R �F�R�O�O�H�F�W�L�R�Q �L�V �F�R�P�S�U�H�K�H�Q�V�L�Y�H �I�R�U �E�R�W�K �&�D�U�Q�D�W�L�F �D�Q�G �+�L�Q�G�X�V��



���� �$�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �R�I �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F

�W�D�Q�L �P�X�V�L�F �D�Q�G �L�Q�F�O�X�G�H�V �U�K�\�W�K�P �U�H�O�D�W�H�G �P�H�W�D�G�D�W�D �V�X�F�K �D�V �W�K�H�W�—	¶�D��
�U�K�\�W�K�P�L�F �I�R�U�P �D�Q�G �W�K�H�O�D�\�� �)�R�U �W�D�V�N�V �V�X�F�K �D�V �D�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q��
�Q�R�W�D�W�L�R�Q �D�Q�G �U�K�\�W�K�P �V�H�J�P�H�Q�W�D�W�L�R�Q�� �Z�H �Q�H�H�G �U�K�\�W�K�P �D�Q�Q�R�W�D�W�H�G �D�X��
�G�L�R �G�D�W�D�� �6�W�D�U�W�L�Q�J �I�U�R�P �W�K�H �Y�D�V�W �&�R�P�S�0�X�V�L�F �F�R�O�O�H�F�W�L�R�Q�� �Z�H �E�X�L�O�G �D
�U�H�S�U�H�V�H�Q�W�D�W�L�Y�H �U�K�\�W�K�P �D�Q�Q�R�W�D�W�H�G �V�X�E���F�R�O�O�H�F�W�L�R�Q �Z�L�W�K �E�H�D�W �D�Q�G�V�D�P�D
�O�H�Y�H�O �D�Q�Q�R�W�D�W�L�R�Q�V�� �)�R�U �U�K�\�W�K�P �E�D�V�H�G �V�H�J�P�H�Q�W�D�W�L�R�Q�� �W�L�P�H �D�O�L�J�Q�H�G
�V�H�J�P�H�Q�W �E�R�X�Q�G�D�U�L�H�V �D�U�H �Q�H�H�G�H�G �D�V �D�S�S�U�R�S�U�L�D�W�H��

�)�R�U �E�R�W�K �&�D�U�Q�D�W�L�F �D�Q�G �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F�� �Z�H �D�L�P �W�R �E�X�L�O�G �D�Q
�D�Q�Q�R�W�D�W�H�G �D�X�G�L�R �V�X�E���F�R�O�O�H�F�W�L�R�Q �W�K�D�W �U�H�S�U�H�V�H�Q�W�D�W�L�Y�H �R�I �W�K�H �U�H�D�O �Z�R�U�O�G
�S�H�U�I�R�U�P�D�Q�F�H �S�U�D�F�W�L�F�H�V�� �7�K�H �S�L�H�F�H�V �F�K�R�V�H�Q �Q�H�H�G �W�R �V�S�D�Q �D�O�O �W�K�H�W�—	¶�D�V��
�O�D�\�� �D�Q�G �I�R�U�P�V �D�V �Q�H�H�G�H�G �I�R�U �H�[�S�H�U�L�P�H�Q�W�V�� �7�K�H �G�D�W�D�V�H�W�V �E�X�L�O�W �L�Q �W�K�H
�F�R�Q�W�H�[�W �R�I �W�K�L�V �W�K�H�V�L�V �D�U�H �I�X�U�W�K�H�U �H�O�D�E�R�U�D�W�H�G �L�Q �&�K�D�S�W�H�U���� �$�Q �L�Q��
�W�H�U�H�V�W�L�Q�J �F�R�U�S�X�V �O�H�Y�H�O �F�\�F�O�H �O�H�Q�J�W�K �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q �D�Q�D�O�\�V�L�V �X�V�L�Q�J
�W�K�H �U�K�\�W�K�P �D�Q�Q�R�W�D�W�H�G �G�D�W�D�V�H�W�V �L�V �D�O�V�R �S�U�H�V�H�Q�W�H�G �L�Q �6�H�F�W�L�R�Q�����������I�R�U
�&�D�U�Q�D�W�L�F �P�X�V�L�F �D�Q�G �L�Q �6�H�F�W�L�R�Q�����������I�R�U �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F�� �,�Q�W�H�U�H�V�W��
�L�Q�J �P�X�V�L�F�R�O�R�J�L�F�D�O �L�Q�I�H�U�H�Q�F�H�V �F�D�Q �E�H �G�U�D�Z�Q �I�U�R�P �V�X�F�K �D�Q �D�Q�D�O�\�V�L�V��
�V�K�R�Z�L�Q�J �W�K�H �S�R�W�H�Q�W�L�D�O �R�I �V�X�F�K �D �P�H�W�K�R�G�R�O�R�J�\��

�$ �Q�R�W�H �R�Q �W�H�U�P�L�Q�R�O�R�J�\ �D�Q�G �V�W�\�O�H

�:�K�H�Q �F�O�H�D�U �I�U�R�P �F�R�Q�W�H�[�W�� �Z�H �X�V�H �W�K�H �F�R�P�P�R�Q�O�\ �X�V�H�G �(�X�U�R�J�H�Q�H�W�L�F
�P�X�V�L�F �W�H�U�P�L�Q�R�O�R�J�\ �D�Q�G �W�K�H �V�S�H�F�L�I�L�F �,�Q�G�L�D�Q �P�X�V�L�F �W�H�U�P�L�Q�R�O�R�J�\ �L�Q��
�W�H�U�F�K�D�Q�J�H�D�E�O�\�� �S�U�L�P�D�U�L�O�\ �W�R �H�Q�K�D�Q�F�H �U�H�D�G�D�E�L�O�L�W�\ �W�R �D�Q �X�Q�I�D�P�L�O�L�D�U
�U�H�D�G�H�U�� �(���J���� �W�K�H �W�H�U�P �P�H�W�H�U �W�U�D�F�N�L�Q�J �D�Q�G�W�—	¶�D�W�U�D�F�N�L�Q�J �D�U�H �H�T�X�L�Y��
�D�O�H�Q�W�� �W�K�H �W�H�U�P �V�\�O�O�D�E�O�H �D�Q�G�E�À�O�D�U�H �L�Q�W�H�U�F�K�D�Q�J�H�D�E�O�H �L�Q �+�L�Q�G�X�V�W�D�Q�L
�P�X�V�L�F�� �D �E�D�U �R�U �D �F�\�F�O�H �L�V �X�V�H�G �W�R �P�H�D�Q �D�Q�—�Y�D�U�W�D�Q�D�R�U�—�Y�D�U�W�R�I �D
�W�—	¶�D�� �6�X�F�K �L�Q�W�H�U�F�K�D�Q�J�H�D�E�O�H �X�V�H�� �K�R�Z�H�Y�H�U�� �D�V�V�X�P�H�V �R�Q�O�\ �W�K�H �O�L�P��
�L�W�H�G �H�T�X�L�Y�D�O�H�Q�F�H �E�H�W�Z�H�H�Q �W�K�H�V�H �W�H�U�P�V �D�V �G�H�I�L�Q�H�G �L�Q �6�H�F�W�L�R�Q��������
�D�Q�G �K�H�Q�F�H �W�K�H �G�L�V�W�L�Q�F�W�L�R�Q �V�W�L�O�O �L�V �W�R �E�H �F�O�H�D�U�O�\ �P�D�L�Q�W�D�L�Q�H�G�� �7�K�H �D�O��
�J�R�U�L�W�K�P�V �D�Q�G �G�D�W�D�V�H�W�V �S�U�H�V�H�Q�W�H�G �L�Q �W�K�H �G�L�V�V�H�U�W�D�W�L�R�Q �D�U�H �D�O�O �L�G�H�Q�W�L�I�L�H�G
�X�V�L�Q�J �D�F�U�R�Q�\�P�V�� �E�X�W �D �F�R�Q�V�L�V�W�H�Q�F�\ �L�V �P�D�L�Q�W�D�L�Q�H�G �W�K�U�R�X�J�K�R�X�W �W�K�H �G�L�V��
�V�H�U�W�D�W�L�R�Q��

�j�X�9 �A�M �b�2���`�+�? �Q�7 ���m�i�Q�K���i�B�+ �`�?�v�i�?�K
���M���H�v�b�B�b �K�2�i�?�Q�/�b

�7�R �F�R�Q�F�O�X�G�H �W�K�H �F�K�D�S�W�H�U�� �Z�H �S�U�H�V�H�Q�W �D�Q �H�Y�D�O�X�D�W�L�R�Q �R�I �W�K�H �S�H�U�I�R�U��
�P�D�Q�F�H �R�I �V�R�P�H �H�[�L�V�W�L�Q�J �D�S�S�U�R�D�F�K�H�V �L�Q�0�,�5�D�S�S�O�L�H�G �W�R �D�X�W�R�P�D�W�L�F



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

�U�K�\�W�K�P �D�Q�Q�R�W�D�W�L�R�Q �W�D�V�N�V �L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F�� �0�R�V�W �R�I �W�K�H �F�R�Q�W�H�Q�W �R�I
�W�K�L�V �V�H�F�W�L�R�Q �F�R�P�H�V �I�U�R�P �W�K�H �S�D�S�H�U �E�\�6�U�L�Q�L�Y�D�V�D�P�X�U�W�K�\�� �+�R�O�]�D�S�I�H�O��
�D�Q�G �6�H�U�U�D�������������� �7�K�H �H�Y�D�O�X�D�W�L�R�Q �S�U�H�V�H�Q�W�H�G �K�H�U�H �L�V �D�Q �H�D�U�O�\ �H�Y�D�O��
�X�D�W�L�R�Q �R�I �W�K�H �D�O�J�R�U�L�W�K�P�V�� �D�Q�G �W�K�H �J�R�D�O �R�I �V�X�F�K �D�Q �H�Y�D�O�X�D�W�L�R�Q �L�V �Q�R�W
�W�R �F�R�P�S�D�U�H �S�H�U�I�R�U�P�D�Q�F�H �R�I �W�K�H�V�H �D�O�J�R�U�L�W�K�P�V �Z�L�W�K �W�K�H �S�U�R�S�R�V�H�G �D�S��
�S�U�R�D�F�K�H�V�� �7�K�H �J�R�D�O �L�V �W�R �R�E�W�D�L�Q �L�Q�V�L�J�K�W�V �L�Q�W�R �W�K�H �Q�D�W�X�U�H �R�I �U�K�\�W�K�P
�L�Q �W�K�H�V�H �F�X�O�W�X�U�H�V �D�Q�G �W�K�H �F�K�D�O�O�H�Q�J�H�V �W�R �U�K�\�W�K�P �D�Q�D�O�\�V�L�V�� �D�Q�G �W�R �O�H�D�U�Q
�D�E�R�X�W �W�K�H �F�D�S�D�E�L�O�L�W�L�H�V �D�Q�G �O�L�P�L�W�D�W�L�R�Q�V �R�I �W�K�H �H�[�L�V�W�L�Q�J �D�S�S�U�R�D�F�K�H�V
�Z�K�H�Q �D�S�S�O�L�H�G �W�R �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �W�R �I�X�U�W�K�H�U �X�V�H �W�K�H�V�H �L�Q�V�L�J�K�W�V �L�Q
�S�U�R�S�R�V�L�Q�J �Q�R�Y�H�O �D�S�S�U�R�D�F�K�H�V��

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

�:�H �I�R�F�X�V �R�Q �W�K�H �S�U�R�E�O�H�P�V �W�K�D�W �D�U�H �Q�R�W �H�[�S�O�L�F�L�W�O�\ �D�G�G�U�H�V�V�H�G �L�Q
�V�X�E�V�H�T�X�H�Q�W �F�K�D�S�W�H�U�V�� �,�Q �V�S�H�F�L�I�L�F�� �P�H�W�H�U �H�V�W�L�P�D�W�L�R�Q ���F�\�F�O�H �O�H�Q�J�W�K
�H�V�W�L�P�D�W�L�R�Q�� �D�Q�G �G�R�Z�Q�E�H�D�W �W�U�D�F�N�L�Q�J �D�U�H �H�Y�D�O�X�D�W�H�G �K�H�U�H�� �7�K�H�V�H �W�Z�R
�W�D�V�N�V �K�R�Z�H�Y�H�U �D�U�H �L�P�S�O�L�F�L�W�O�\ �D�G�G�U�H�V�V�H�G �Z�L�W�K�L�Q �W�K�H �W�D�V�N �R�I �P�H�W�H�U
�L�Q�I�H�U�H�Q�F�H �L�Q �&�K�D�S�W�H�U���� �&�\�F�O�H �O�H�Q�J�W�K �H�V�W�L�P�D�W�L�R�Q �W�D�V�N �L�V �X�V�H�G �D�V �D
�S�U�R�[�\ �I�R�U�W�—	¶�D�U�H�F�R�J�Q�L�W�L�R�Q�� �'�R�Z�Q�E�H�D�W �W�U�D�F�N�L�Q�J �L�V �D�Q �L�P�S�R�U�W�D�Q�W �I�R��
�F�X�V �R�I �W�K�L�V �G�L�V�V�H�U�W�D�W�L�R�Q�� �E�X�W �Z�H �D�S�S�U�R�D�F�K �L�W �W�R�J�H�W�K�H�U �D�V �D �S�D�U�W �R�I �P�H��
�W�H�U �D�Q�D�O�\�V�L�V�� �Z�K�L�O�H �W�K�H �D�S�S�U�R�D�F�K�H�V �H�Y�D�O�X�D�W�H�G �K�H�U�H �D�W�W�H�P�S�W �G�R�Z�Q�E�H�D�W
�W�U�D�F�N�L�Q�J �D�V �D�Q �L�Q�G�H�S�H�Q�G�H�Q�W �W�D�V�N��

�,�I �H�[�L�V�W�L�Q�J �P�H�W�K�R�G�V �I�U�R�P�0�,�5�D�U�H �F�D�S�D�E�O�H �R�I �K�D�Q�G�O�L�Q�J �W�K�H �I�R�O��
�O�R�Z�L�Q�J �W�D�V�N�V �L�Q �D �V�D�W�L�V�I�\�L�Q�J �Z�D�\ �I�R�U �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F�� �Z�H �Z�L�O�O �E�H
�D�E�O�H �W�R �D�X�W�R�P�D�W�L�F�D�O�O�\ �D�Q�D�O�\�]�H �W�K�H �F�R�Q�W�H�Q�W �R�I �W�K�H�V�H �P�X�V�L�F �V�L�J�Q�D�O�V �L�Q
�D �Z�H�O�O���V�W�U�X�F�W�X�U�H�G �Z�D�\�� �+�R�Z�H�Y�H�U�� �D�V �U�H�F�H�Q�W �U�H�V�H�D�U�F�K �U�H�V�X�O�W�V �V�K�R�Z
���+�R�O�]�D�S�I�H�O �H�W �D�O���������������� �W�K�H�V�H �W�D�V�N�V �D�U�H �I�D�U �I�U�R�P �E�H�L�Q�J �V�R�O�Y�H�G �H�Y�H�Q
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�L�Q�J �W�K�H �D�Q�Q�R�W�D�W�H�G �F�\�F�O�H �O�H�Q�J�W�K �D�W �W�K�H�&�R�U�U�H�F�W �0�H�W�U�L�F�D�O �/�H�Y�H�O ���&�0�/����
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�I�R�U�P�D�Q�F�H �R�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F �L�V �E�H�W�W�H�U �W�K�D�Q �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�Q �+�L�Q��
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�F�D�Q �E�H �D�W�W�U�L�E�X�W�H�G �W�R �W�K�H �D�P�E�L�J�X�L�W�\ �E�H�W�Z�H�H�Q �G�X�S�O�H �D�Q�G �W�U�L�S�O�H �P�H�W�H�U
�W�K�D�W �L�V �D�Q �L�Q�W�U�L�Q�V�L�F �S�U�R�S�H�U�W�\ �R�I �W�K�L�V�W�—	¶�D���V�H�H �6�H�F�W�L�R�Q�������������� �)�X�U��
�W�K�H�U�P�R�U�H�� �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �Z�D�V �I�R�X�Q�G �W�R �E�H
�S�R�R�U �R�Q�U�Ì�S�D�N �W�—�O�D�Q�G�•�N�W�—�O�Z�K�L�O�H �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�Q �M�X�V�W�W�¯�Q�W�—�O�L�V
�������������� �7�K�L�V �F�D�Q �E�H �D�W�W�U�L�E�X�W�H�G �W�R �W�K�H �I�D�F�W �W�K�D�W �W�K�H�U�H �D�U�H �Y�H�U�\ �O�R�Q�J
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�F�O�H �O�H�Q�J�W�K���� �)�X�U�W�K�H�U�� �W�K�H �D�O�J�R�U�L�W�K�P �R�X�W�S�X�W�V �D�Q �H�V�W�L�P�D�W�L�R�Q �I�R�U �H�Y�H�U�\ ��
�V�H�F�R�Q�G �I�U�D�P�H �R�I �D�X�G�L�R�� �D�Q�G �W�K�H�U�H�I�R�U�H �W�L�P�H �V�L�J�Q�D�W�X�U�H �R�I �D �V�R�Q�J �L�V �R�E��
�W�D�L�Q�H�G �E�\ �X�V�L�Q�J �D �P�D�M�R�U�L�W�\ �Y�R�W�H �I�R�U �D �Z�K�R�O�H �V�R�Q�J�� �7�K�H �S�H�U�I�R�U�P�D�Q�F�H
�L�V �U�H�S�R�U�W�H�G �D�V �W�K�H �D�F�F�X�U�D�F�\ �R�I �H�V�W�L�P�D�W�L�R�Q ���� �F�R�U�U�H�F�W�O�\ �H�V�W�L�P�D�W�H�G��
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�P�H�W�K�R�G�V �W�R �F�R�P�E�L�Q�H �W�K�H �G�H�F�L�V�L�R�Q �D�Q�G �L�W �L�P�S�U�R�Y�H�V �W�K�H �S�H�U�I�R�U�P�D�Q�F�H��
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�L�V �Z�R�U�V�H �Z�L�W�K �R�W�K�H�U �P�H�W�H�U�V�� �)�R�U �H�[�D�P�S�O�H���P�L���U�D �F�K�—�S�X���O�H�Q�J�W�K ����
�K�D�V �D�Q �D�G�G�L�W�L�Y�H �P�H�W�H�U �D�Q�G �W�K�H �F�\�F�O�H �F�D�Q �E�H �Y�L�V�X�D�O�L�]�H�G �W�R �E�H �D �F�R�P��
�E�L�Q�D�W�L�R�Q �R�I ������ �D�Q�G �������� �2�Q �W�K�D�W �F�O�D�V�V �W�K�H�S�A�E�D�O�J�R�U�L�W�K�P �H�V�W�L�P�D�W�H�V
�P�R�V�W �R�I�P�L���U�D �F�K�—�S�X�S�L�H�F�H�V �W�R �K�D�Y�H �H�L�W�K�H�U �D ������ �P�H�W�H�U �R�U �D ������ �P�H�W�H�U��

�7�R �H�Y�D�O�X�D�W�H �W�K�H �W�U�D�F�N�L�Q�J �P�H�W�K�R�G�V�� �Z�H �F�D�Q �F�R�P�S�D�U�H �W�K�H �S�X�O�V�D��
�W�L�R�Q�V �H�V�W�L�P�D�W�H�G �E�\ �W�K�H �D�O�J�R�U�L�W�K�P�V �Z�L�W�K �W�K�H �J�U�R�X�Q�G �W�U�X�W�K �D�Q�Q�R�W�D��
�W�L�R�Q�V �D�W �D�O�O �W�K�U�H�H �P�H�W�U�L�F�D�O �O�H�Y�H�O�V �W�R �G�H�W�H�U�P�L�Q�H �L�I �W�K�H �O�D�U�J�H �S�R�V�V�L��
�E�O�H �W�H�P�S�R �U�D�Q�J�H�V �F�D�X�V�H �W�K�H �E�H�D�W �W�R �E�H �W�U�D�F�N�H�G �D�W �G�L�I�I�H�U�H�Q�W �O�H�Y�H�O�V �R�I
�W�K�H �P�H�W�H�U�� �)�U�R�P �W�K�H �H�V�W�L�P�D�W�H�V �R�E�W�D�L�Q�H�G �I�U�R�P�E�G���I�R�U �G�R�Z�Q�E�H�D�W�V��
�E�H�D�W�V �D�Q�G �V�X�E�G�L�Y�L�V�L�R�Q �S�X�O�V�H�V �R�Q �D �V�S�H�F�L�I�L�F �S�L�H�F�H�� �Z�H �G�H�I�L�Q�H �W�K�H �I�R�O��
�O�R�Z�L�Q�J �W�L�P�H���V�S�D�Q�V�� �O�H�WTc �G�H�Q�R�W�H �W�K�H �P�H�G�L�D�Q �F�\�F�O�H �G�X�U�D�W�L�R�Q ���L�Q�W�H�U��
�G�R�Z�Q�E�H�D�W �L�Q�W�H�U�Y�D�O����Tb �W�K�H �P�H�G�L�D�Q �E�H�D�W �G�X�U�D�W�L�R�Q�� �D�Q�GTa �W�K�H �P�H�G�L�D�Q
�V�X�E�G�L�Y�L�V�L�R�Q �G�X�U�D�W�L�R�Q�� �:�H �X�V�H �D �G�L�I�I�H�U�H�Q�W �W�H�U�P�L�Q�R�O�R�J�\ �I�R�U �W�K�H�V�H �D�V
�F�R�P�S�D�U�H�G �W�R� s��� b�� �D�Q�G� o �G�H�I�L�Q�H�G �L�Q �6�H�F�W�L�R�Q�����������W�R �K�L�J�K�O�L�J�K�W �W�K�H
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�7�D�E�O�H ���������$�F�F�X�U�D�F�\ �R�I �F�\�F�O�H �O�H�Q�J�W�K �U�H�F�R�J�Q�L�W�L�R�Q �X�V�L�Q�J�E�G���D�O�J�R�U�L�W�K�P��
�6�X�E�G�L�Y�L�V�L�R�Q �P�H�W�H�U ��L ba�� �L�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �L�V �Q�R�W �Z�H�O�O���G�H�I�L�Q�H�G �D�Q�G
�K�H�Q�F�H �R�P�L�W�W�H�G��
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�7�D�E�O�H ���������$�F�F�X�U�D�F�\ �R�I �F�\�F�O�H �O�H�Q�J�W�K �U�H�F�R�J�Q�L�W�L�R�Q �X�V�L�Q�J�a�_�A�D�O�J�R�U�L�W�K�P��
�6�X�E�G�L�Y�L�V�L�R�Q �P�H�W�H�U ��L ba�� �L�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �L�V �Q�R�W �Z�H�O�O���G�H�I�L�Q�H�G �D�Q�G
�K�H�Q�F�H �R�P�L�W�W�H�G��

�G�L�I�I�H�U�H�Q�F�H �W�K�D�W �W�K�H�V�H �D�S�S�U�R�D�F�K�H�V �H�Y�D�O�X�D�W�H�G �K�H�U�H �Z�H�U�H �Q�R�W �V�S�H�F�L�I�L��
�F�D�O�O�\ �G�H�V�L�J�Q�H�G �I�R�U �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F�� �:�H �W�K�H�Q �F�R�P�S�X�W�H �W�K�H �F�\�F�O�H
�O�H�Q�J�W�K �H�V�W�L�P�D�W�H�V �D�V��
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�Z�K�H�U�Hb:e �L�Q�G�L�F�D�W�H�V �U�R�X�Q�G�L�Q�J �W�R �W�K�H �Q�H�D�U�H�V�W �L�Q�W�H�J�H�U�� �:�H �H�[�D�P��
�L�Q�H �Z�K�L�F�K �R�I �W�K�H �W�K�U�H�H �H�V�W�L�P�D�W�H�V �P�R�U�H �F�O�R�V�H�O�\ �U�H�S�U�H�V�H�Q�W�V �W�K�H �F�\�F�O�H
�O�H�Q�J�W�K�� �:�H �U�H�S�R�U�W �E�R�W�K �W�K�H�&�0�/ �D�Q�G�$�0�/ �D�F�F�X�U�D�F�\ �R�I �F�\�F�O�H �O�H�Q�J�W�K
�U�H�F�R�J�Q�L�W�L�R�Q�� �7�D�E�O�H�������V�K�R�Z�V �W�K�H �U�H�F�R�J�Q�L�W�L�R�Q �D�F�F�X�U�D�F�\ ���L�Q �S�H�U�F�H�Q�W��
�D�J�H�� �R�I�E�G���D�O�J�R�U�L�W�K�P �V�H�S�D�U�D�W�H�O�\ �I�R�UL cb��L ca�� �R�ULba �D�V �W�K�H �F�\�F�O�H
�O�H�Q�J�W�K �H�V�W�L�P�D�W�H�V��

�:�H �V�H�H �L�Q �7�D�E�O�H�������W�K�D�W �W�K�H�U�H �L�V �D �O�D�U�J�H �G�L�I�I�H�U�H�Q�F�H �E�H�W�Z�H�H�Q�&�0�/
�D�Q�G�$�0�/ �S�H�U�I�R�U�P�D�Q�F�H�� �Z�K�L�F�K �L�Q�G�L�F�D�W�H�V �W�K�D�W �L�Q �P�D�Q�\ �F�D�V�H�V �W�U�D�F�N�H�G
�O�H�Y�H�O �L�V �U�H�O�D�W�H�G �W�R �W�K�H �D�Q�Q�R�W�D�W�H�G �O�H�Y�H�O �E�\ �D �I�D�F�W�R�U �� �R�U �������� �:�H �D�O�V�R
�V�H�H �W�K�D�W �I�R�U �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F�� �W�K�H �F�\�F�O�H �O�H�Q�J�W�K �L�V �E�H�V�W �H�V�W�L�P�D�W�H�G
�X�V�L�Q�JL ca�� �Z�L�W�K �W�K�H�&�0�/ �D�F�F�X�U�D�F�\ �E�H�L�Q�J �Y�H�U�\ �O�R�Z �R�U �]�H�U�R �Z�K�H�Q
�Z�H �X�V�H �W�K�H �R�W�K�H�U �F�\�F�O�H �O�H�Q�J�W�K �H�V�W�L�P�D�W�H�V �L�Q�V�W�H�D�G�� �$�V �G�L�V�F�X�V�V�H�G �H�D�U��
�O�L�H�U�� �L�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F�� �W�K�H �F�\�F�O�H �O�H�Q�J�W�K �L�V �G�H�I�L�Q�H�G �D�V �W�K�H �Q�X�P�E�H�U
�R�I�P�—�W�U�—�V�L�Q �W�K�H �F�\�F�O�H�� �+�R�Z�H�Y�H�U�� �L�Q �W�K�H �F�D�V�H �R�I�Y�L�O�D	À�E�L�W�S�L�H�F�H�V��
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�W�K�H�P�—�W�U�—�V�D�U�H �O�R�Q�J�H�U �W�K�D�Q �W�K�H �U�D�Q�J�H �R�I �W�K�H �W�D�W�X�P �S�X�O�V�H �W�L�P�H���V�S�D�Q
�H�V�W�L�P�D�W�H�G �E�\ �W�K�H �D�O�J�R�U�L�W�K�P �D�Q�G �K�H�Q�F�H �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �L�V �S�R�R�U�� �,�Q��
�W�H�U�H�V�W�L�Q�J�O�\�� �Z�H �V�H�H �D �J�R�R�G �S�H�U�I�R�U�P�D�Q�F�H �Z�K�H�Q �H�Y�D�O�X�D�W�H�G �Z�L�W�KL cb

�R�Q�O�\ �Z�L�W�K�W�¯�Q�W�—�O�� �Z�K�L�F�K �U�H�V�H�P�E�O�H�V �W�K�H �(�X�U�R�J�H�Q�H�W�L�F ������ �P�H�W�H�U�� �Z�L�W�K
�D�Q�$�0�/ �D�F�F�X�U�D�F�\ �R�I ������������ �L�Q �V�S�L�W�H �R�I �W�K�H�&�0�/ �D�F�F�X�U�D�F�\ �E�H�L�Q�J
�]�H�U�R�� �,�Q �I�D�F�W�� �L�W �L�V �V�H�H�Q �W�K�D�WL cb �L�V �D�O�Z�D�\�V �I�R�X�U �L�Q �W�K�H �F�D�V�H �R�I �D �F�R�U�U�H�F�W
�H�V�W�L�P�D�W�L�R�Q ���$�0�/���� �Z�K�L�F�K �L�V �W�K�H �H�V�W�L�P�D�W�H �R�I �W�K�H �Q�X�P�E�H�U �R�I�Y�L�E�K�—�J�V
�L�Q �W�K�H�W�—�O�� �)�X�U�W�K�H�U�� �L�W �I�R�O�O�R�Z�V �I�U�R�P�.�O�D�S�X�U�L �H�W �D�O�������������� �)�L�J�X�U�H ����
�W�K�D�W �U�H�O�D�W�L�R�Q �E�H�W�Z�H�H�Q �Q�H�L�J�K�E�R�U�L�Q�J �O�H�Y�H�O�V �L�Q�E�G���F�D�Q�Q�R�W �E�H �O�D�U�J�H�U
�W�K�D�Q ���� �Z�K�L�F�K �L�P�S�O�L�H�V �O�R�Q�J�H�U �F�\�F�O�H �O�H�Q�J�W�K �H�V�W�L�P�D�W�H�V ���D�V �Q�H�H�G�H�G �E�\
�H���J���•�N�W�—�O�R�U�W�¯�Q�W�—�O�� �F�R�X�O�G �S�R�V�V�L�E�O�\ �D�S�S�H�D�U �R�Q�O�\ �L�Q �W�K�HL ca �O�H�Q�J�W�K��

�7�K�H�&�0�/ �D�F�F�X�U�D�F�\ �L�Q �&�D�U�Q�D�W�L�F �G�D�W�D�V�H�W �Z�L�W�KL cb �L�V �E�H�W�W�H�U �W�K�D�Q
�W�K�H �R�W�K�H�U �F�\�F�O�H �O�H�Q�J�W�K �H�V�W�L�P�D�W�H�V�� �V�K�R�Z�L�Q�J �W�K�D�W�E�G���W�U�D�F�N�H�G �F�R�U�U�H�F�W
�W�H�P�S�R �L�Q �D �P�D�M�R�U�L�W�\ �R�I �F�D�V�H�V �L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �+�R�Z�H�Y�H�U�� �W�K�H �S�H�U��
�I�R�U�P�D�Q�F�H �L�V �S�R�R�U �E�H�F�D�X�V�H �W�K�H �D�O�J�R�U�L�W�K�P �R�I�W�H�Q �X�Q�G�H�U���H�V�W�L�P�D�W�H�V �W�K�H
�F�\�F�O�H �O�H�Q�J�W�K�� �)�X�U�W�K�H�U�� �L�Q�W�—	¶�D�V�R�I �&�D�U�Q�D�W�L�F �P�X�V�L�F �W�K�D�W �K�D�Y�H �W�Z�R
�D�N	â�D�U�D�V�L�Q �D �E�H�D�W ���N�K�D	Æ	Œ�D �F�K�—�S�X�D�Q�G�P�L���U�D �F�K�—�S�X����L ca �L�V �D �E�H�W�W�H�U �L�Q��
�G�L�F�D�W�R�U �R�I �W�K�H �F�\�F�O�H �O�H�Q�J�W�K �W�K�D�QL cb�� �V�L�Q�F�H�D�N	â�D�U�D�V�D�U�H �F�O�R�V�H�U �W�R �W�K�H
�H�V�W�L�P�D�W�H�G �V�X�E�G�L�Y�L�V�L�R�Q �G�X�U�D�W�L�R�Q�� �,�Q �J�H�Q�H�U�D�O��Lba �S�H�U�I�R�U�P�V �S�R�R�U�O�\
�F�R�P�S�D�U�H�G �W�RL ca �R�UL cb�� �Z�K�L�F�K �L�V �Q�R�W �D�V�W�R�Q�L�V�K�L�Q�J �V�L�Q�F�H �W�K�H �F�\�F�O�H
�O�H�Q�J�W�K�V �Z�H �D�U�H �O�R�R�N�L�Q�J �I�R�U �D�U�H �O�R�Q�J�H�U �W�K�D�Q �W�K�H �H�V�W�L�P�D�W�H�G �V�X�E�G�L�Y�L��
�V�L�R�Q �P�H�W�H�U�� �6�X�P�P�L�Q�J �X�S�� �Q�R�Q�H �R�I �W�K�H �H�V�W�L�P�D�W�H�G �P�H�W�H�U �U�H�O�D�W�L�R�Q�V �F�D�Q
�V�H�U�Y�H �D�V �D �U�R�E�X�V�W �H�V�W�L�P�D�W�H �I�R�U �W�K�H�—�Y�D�U�W�D�Q�D�F�\�F�O�H �O�H�Q�J�W�K��

�a�_�A�D�O�J�R�U�L�W�K�P �H�V�W�L�P�D�W�H�V �W�K�H �F�\�F�O�H �O�H�Q�J�W�K �D�W �W�Z�R �P�H�W�U�L�F�D�O �O�H�Y�H�O�V
�X�V�L�Q�J �W�K�H �E�H�D�W�V �W�U�D�F�N�H�G �E�\�(�O�O�L�V������������ �E�H�D�W �W�U�D�F�N�H�U�� �R�Q�H �E�H�L�Q�J �D�W
�W�K�H �F�\�F�O�H �O�H�Y�H�O ���E�D�U �O�H�Q�J�W�K �L�Q �E�H�D�W�V���� �D�Q�G �W�K�H �V�H�F�R�Q�G �D�W �W�K�H �E�H�D�W �O�H�Y�H�O
���V�X�E�G�L�Y�L�V�L�R�Q �P�H�W�H�U�� �R�U�Q�D	Œ�H���� �7�K�H �D�O�J�R�U�L�W�K�P �F�R�P�S�X�W�H�V �D �O�L�V�W �R�I �S�R�V��
�V�L�E�O�H �F�D�Q�G�L�G�D�W�H�V �I�R�U �W�K�H �V�X�E�G�L�Y�L�V�L�R�Q �P�H�W�H�U �D�Q�G �E�D�U �O�H�Q�J�W�K�� �R�U�G�H�U�H�G
�E�\ �D �V�F�R�U�H�� �:�H �F�R�Q�V�L�G�H�U �W�K�H �W�R�S �F�D�Q�G�L�G�D�W�H �L�Q �W�K�H �O�L�V�W �D�Q�G �F�R�P�S�X�W�H
�W�K�H �F�\�F�O�H �O�H�Q�J�W�K �H�V�W�L�P�D�W�H�VL cb��Lba�� �D�Q�G �W�K�HL ca�� �D�V�V�X�P�L�Q�J �W�K�D�W �W�K�H
�E�H�D�W�V �W�U�D�F�N�H�G �E�\ �(�O�O�L�V �E�H�D�W �W�U�D�F�N�H�U �F�R�U�U�H�V�S�R�Q�G �W�K�H �E�H�D�W �G�X�U�D�W�L�R�QTb��
�6�L�P�L�O�D�U �W�R�E�G���D�O�J�R�U�L�W�K�P�� �Z�H �S�U�H�V�H�Q�W �W�K�H�&�0�/ �D�Q�G�$�0�/ �D�F�F�X�U�D�F�\
�R�I �S�H�U�I�R�U�P�D�Q�F�H �L�Q �7�D�E�O�H��������

�:�H �V�H�H �W�K�D�W �W�K�H�U�H �L�V �O�D�U�J�H �G�L�V�S�D�U�L�W�\ �E�H�W�Z�H�H�Q �W�K�H�&�0�/ �D�Q�G�$�0�/
�D�F�F�X�U�D�F�\�� �Z�K�L�F�K �L�Q�G�L�F�D�W�H�V �W�K�D�W �W�K�H �E�H�D�W �W�U�D�F�N�H�U �D�Q�G �W�K�H �F�R�U�U�H�F�W �E�H�D�W
�D�U�H �U�H�O�D�W�H�G �E�\ �D �I�D�F�W�R�U �R�I2 �R�U1/2�� �,�Q �J�H�Q�H�U�D�O�� �W�K�H �D�O�J�R�U�L�W�K�P �S�H�U��
�I�R�U�P�V �S�R�R�U�O�\�� �Z�K�L�F�K �F�D�Q �E�H �P�D�L�Q�O�\ �D�W�W�U�L�E�X�W�H�G �W�R �H�U�U�R�U�V �L�Q �W�H�P�S�R �D�Q�G
�E�H�D�W �W�U�D�F�N�L�Q�J�� �7�K�H �W�H�P�S�R �H�V�W�L�P�D�W�L�R�Q �X�V�H�V �D �Z�H�L�J�K�W�L�Q�J �F�X�U�Y�H �W�K�D�W
�S�H�D�N�V �D�W ���� �E�H�D�W�V �S�H�U �P�L�Q�X�W�H�� �Z�K�L�F�K �L�V �V�X�L�W�D�E�O�H �I�R�U �&�D�U�Q�D�W�L�F �P�X�V�L�F��



������ �$�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �R�I �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F

�E�X�W �O�H�D�G�V �W�R �D�Q �L�Q�F�R�U�U�H�F�W �H�V�W�L�P�D�W�L�R�Q �R�I �F�\�F�O�H �O�H�Q�J�W�K �I�R�U �+�L�Q�G�X�V�W�D�Q�L
�P�X�V�L�F�� �$ �E�H�D�W �W�U�D�F�N�L�Q�J �E�D�V�H�G �D�S�S�U�R�D�F�K �D�V �W�K�H�a�_�A�D�O�J�R�U�L�W�K�P �P�L�J�K�W
�L�Q �J�H�Q�H�U�D�O �Q�R�W �E�H �Z�H�O�O �V�X�L�W�H�G �I�R�U �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �Z�K�L�F�K �R�I�W�H�Q �L�Q��
�F�O�X�G�H�V �O�R�Q�J �F�\�F�O�H�V��

�7�K�H �S�R�R�U �S�H�U�I�R�U�P�D�Q�F�H �R�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F �F�D�Q �L�Q �S�D�U�W �E�H �D�O�V�R �D�W��
�W�U�L�E�X�W�H�G �W�R �Y�D�U�L�D�W�L�R�Q �L�Q �S�H�U�F�X�V�V�L�R�Q �D�F�F�R�P�S�D�Q�L�P�H�Q�W�� �Z�K�L�F�K �L�V �F�R�P��
�S�O�H�W�H�O�\ �I�U�H�H �W�R �L�P�S�U�R�Y�L�V�H �Z�L�W�K�L�Q �W�K�H �I�U�D�P�H�Z�R�U�N �R�I �W�K�H�W�—	¶�D�� �)�X�U�W�K�H�U��
�W�K�H �D�O�J�R�U�L�W�K�P �L�V �E�D�V�H�G �R�Q �W�K�H �L�P�S�O�L�F�L�W �D�V�V�X�P�S�W�L�R�Q �W�K�D�W �E�H�D�W�V �D�W �W�K�H
�V�D�P�H �S�R�V�L�W�L�R�Q �L�Q �D �P�H�D�V�X�U�H �F�\�F�O�H �D�U�H �V�L�P�L�O�D�U �E�H�W�Z�H�H�Q �Y�D�U�L�R�X�V �U�H��
�F�X�U�U�H�Q�F�H�V �R�I �W�K�H �F�\�F�O�H�� �)�R�U �F�H�U�W�D�L�Q �P�X�V�L�F �S�L�H�F�H�V �Z�K�H�U�H �W�K�H�U�H �D�U�H �Q�R
�L�Q�K�H�U�H�Q�W �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �R�U �W�K�H �S�D�W�W�H�U�Q�V �Y�D�U�\ �X�Q�S�U�H�G�L�F�W�D�E�O�\�� �W�K�H
�D�O�J�R�U�L�W�K�P �J�L�Y�H�V �D �S�R�R�U�H�U �S�H�U�I�R�U�P�D�Q�F�H�� �)�R�U �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �W�K�H �D�O��
�J�R�U�L�W�K�P �V�S�H�F�L�I�L�F�D�O�O�\ �H�V�W�L�P�D�W�H�V �W�K�H �V�X�E�G�L�Y�L�V�L�R�Q���P�H�W�H�U ���Q�D	Œ�H���� �D�V �W�K�H
�Q�X�P�E�H�U �R�I�D�N	â�D�U�D�V�S�H�U �E�H�D�W�� �8�V�L�Q�JLba �D�V �D�Q �H�V�W�L�P�D�W�H �R�I �W�K�H�Q�D	Œ�H��
�Z�H �R�E�W�D�L�Q �D �U�H�D�V�R�Q�D�E�O�\ �J�R�R�G �S�H�U�I�R�U�P�D�Q�F�H �F�R�P�S�D�U�D�E�O�H �W�R�:�l�G�Z�L�W�K
�D�Q �D�F�F�X�U�D�F�\ �R�I ������������ �D�Q�G ������������ �D�W�&�0�/ �D�Q�G�$�0�/ ���R�I �W�K�H �V�X�E�G�L��
�Y�L�V�L�R�Q �P�H�W�H�U���� �U�H�V�S�H�F�W�L�Y�H�O�\�� �:�H �V�H�H �W�K�D�W �D �U�H�D�V�R�Q�D�E�O�H �S�H�U�I�R�U�P�D�Q�F�H
�Z�K�H�Q �G�H�P�D�Q�G�L�Q�J �D�Q �H�[�D�F�W �Q�X�P�H�U�L�F�D�O �U�H�V�X�O�W �I�R�U �W�K�H �P�H�W�H�U ���&�0�/�� �L�V
�R�Q�O�\ �U�H�D�F�K�H�G �I�R�U �W�K�H�Q�D	Œ�H�H�V�W�L�P�D�W�L�R�Q �L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F��

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

�&�R�P�S�D�U�D�W�L�Y�H �D�S�S�U�R�D�F�K�H�V

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



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

�'�D�W�D�V�H�W�P�S������ �a�h�J������

�&�D�U�Q�D�W�L�F ����������������
�+�L�Q�G�X�V�W�D�Q�L ����������������

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

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

�j�X�9�X�k �.�Q�r�M�#�2���i �i�`���+�F�B�M�;

�6�R �I�D�U �P�D�L�Q�O�\ �P�X�V�L�F �Z�L�W�K �D4/4 �W�L�P�H �V�L�J�Q�D�W�X�U�H �Z�D�V �I�R�F�X�V�H�G �X�S�R�Q �L�Q
�H�Y�D�O�X�D�W�L�R�Q�V�� �X�V�X�D�O�O�\ �L�Q �W�K�H �I�R�U�P �R�I �F�R�O�O�H�F�W�L�R�Q�V �R�I �(�X�U�R�J�H�Q�H�W�L�F �S�R�S��
�X�O�D�U �D�Q�G���R�U �F�O�D�V�V�L�F�D�O �P�X�V�L�F�� �+�H�Q�F�H�� �Z�H �Z�L�O�O �D�G�G�U�H�V�V �W�K�H �T�X�H�V�W�L�R�Q�V �L�I
�V�X�F�K �D�S�S�U�R�D�F�K�H�V �F�D�Q �F�R�S�H �Z�L�W�K �W�K�H �O�H�Q�J�W�K�V �R�I �F�\�F�O�H�V �S�U�H�V�H�Q�W �L�Q �R�X�U
�G�D�W�D �D�Q�G �L�I �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �S�R�V�H�V �F�K�D�O�O�H�Q�J�H�V �R�I �X�Q�H�T�X�D�O �G�L�I�I�L�F�X�O�W�\��
�7�K�H �D�S�S�U�R�D�F�K�H�V �H�Y�D�O�X�D�W�H�G �D�U�H��

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

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

�,�W �L�V �D�S�S�D�U�H�Q�W �W�K�D�W �E�R�W�K �V�\�V�W�H�P�V �D�U�H �F�R�Q�F�H�S�W�X�D�O�L�]�H�G �I�R�U �V�W�\�O�H�V �R�I
�P�X�V�L�F �Z�L�W�K �Q�R�W�D�E�O�H �G�L�I�I�H�U�H�Q�F�H�V �W�R �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F�� �7�K�H �V�\�V�W�H�P
�E�\�'�D�Y�L�H�V �D�Q�G �3�O�X�P�E�O�H�\������������ �L�V �P�D�L�Q�O�\ �V�H�Q�V�L�W�L�Y�H �W�R �K�D�U�P�R�Q�L�F
�F�K�D�Q�J�H�V�� �Z�K�H�U�H�D�V �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �G�R�H�V �Q�R�W �L�Q�F�R�U�S�R�U�D�W�H �D �Q�R�W�L�R�Q
�R�I �K�D�U�P�R�Q�\ �V�L�P�L�O�D�U �W�R �W�K�H �(�X�U�R�J�H�Q�H�W�L�F �F�R�Q�F�H�S�W �R�I �I�X�Q�F�W�L�R�Q�D�O �K�D�U��
�P�R�Q�\�� �2�Q �W�K�H �R�W�K�H�U �K�D�Q�G�� �W�K�H �V�\�V�W�H�P �E�\�+�R�F�N�P�D�Q �H�W �D�O��������������
�L�V �F�X�V�W�R�P�L�]�H�G �W�R �G�H�W�H�F�W �W�K�H �E�D�V�V �N�L�F�N �R�Q �D �G�R�Z�Q�E�H�D�W�� �Z�K�L�F�K �Z�L�O�O



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

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

�(�Y�D�O�X�D�W�L�R�Q �U�H�V�X�O�W�V

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

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

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

���D�F�F�H�S�W�L�Q�J �D �G�H�Y�L�D�W�L�R�Q �R�I �W�K�H �V�L�]�H �R�I �W�K�H �W�R�O�H�U�D�Q�F�H �Z�L�Q�G�R�Z����
�,�Q �7�D�E�O�H�������� �Z�H �G�H�S�L�F�W �W�K�H �G�R�Z�Q�E�H�D�W �U�H�F�R�J�Q�L�W�L�R�Q �D�F�F�X�U�D�F�L�H�V ���L�Q �S�H�U��
�F�H�Q�W�D�J�H�� �I�R�U �W�K�H �W�Z�R �V�\�V�W�H�P�V�� �7�K�H �U�H�V�X�O�W�V �D�U�H �J�L�Y�H�Q �V�H�S�D�U�D�W�H�O�\ �I�R�U
�H�D�F�K �R�I �W�K�H �W�Z�R�W�—	¶�D�V�L�Q �W�K�H �&�D�U�Q�D�W�L�F �O�R�Z���O�H�Y�H�O���D�Q�Q�R�W�D�W�H�G �G�D�W�D�V�H�W��
�7�K�H�>�P�*�D�O�J�R�U�L�W�K�P �Z�D�V �D�S�S�O�L�H�G �Z�L�W�K �D�Q�G �Z�L�W�K�R�X�W �H�P�S�K�D�V�L�]�L�Q�J �W�K�H
�O�R�Z���I�U�H�T�X�H�Q�F�\ �R�Q�V�H�W�V�� �G�H�Q�R�W�H�G �D�V�>�P�*�D�Q�G�>�P�*�@�a�o�J�� �U�H�V�S�H�F�W�L�Y�H�O�\��
�7�K�H�.���o�D�O�J�R�U�L�W�K�P �K�D�V �W�K�H �O�R�Z�H�V�W �D�F�F�X�U�D�F�L�H�V �I�R�U �D�O�O �S�U�H�V�H�Q�W�H�G�W�—	¶�D�V��
�7�K�L�V �L�V �F�D�X�V�H�G �E�\ �W�K�H �I�R�F�X�V �R�I �W�K�H �P�H�W�K�R�G �R�Q �F�K�D�Q�J�H�V �L�Q �K�D�U�P�R�Q�\
�W�K�D�W �L�V �U�H�O�D�W�H�G �W�R �F�K�R�U�G �F�K�D�Q�J�H�V �� �F�R�Q�F�H�S�W�V �Q�R�W �S�U�H�V�H�Q�W �L�Q �,�Q�G�L�D�Q
�D�U�W �P�X�V�L�F�� �+�R�Z�H�Y�H�U�� �W�K�H �U�H�V�X�O�W�V �R�E�W�D�L�Q�H�G �I�U�R�P�>�P�*�D�U�H �P�R�U�H �D�F�F�X��
�U�D�W�H �D�Q�G �D�O�O�R�Z�V �I�R�U �D�Q �L�Q�W�H�U�H�V�W�L�Q�J �F�R�Q�F�O�X�V�L�R�Q�V �W�K�D�W �W�D�N�L�Q�J �R�Q�V�H�W�V �L�Q
�W�K�H �O�R�Z���I�U�H�T�X�H�Q�F�\ �U�H�J�L�R�Q �L�Q�W�R �D�F�F�R�X�Q�W �L�P�S�U�R�Y�H�V �U�H�F�R�J�Q�L�W�L�R�Q �I�R�U �D�O�O
�F�R�Q�W�D�L�Q�H�G �U�K�\�W�K�P�V�� �+�R�Z�H�Y�H�U�� �&�D�U�Q�D�W�L�F �P�X�V�L�F �Z�L�W�K �L�W�V �Z�L�G�H �U�K�\�W�K��
�P�L�F �Y�D�U�L�D�W�L�R�Q�V �D�Q�G �L�W�V �I�O�H�[�L�E�O�H �U�K�\�W�K�P�L�F�D�O �V�W�\�O�H �V�H�H�P�V �W�R �U�H�S�U�H�V�H�Q�W



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

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

�j�X�9�X�j �.�B�b�+�m�b�b�B�Q�M

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

�&�\�F�O�H �O�H�Q�J�W�K �H�V�W�L�P�D�W�L�R�Q �L�V �F�K�D�O�O�H�Q�J�L�Q�J �L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �V�L�Q�F�H
�F�\�F�O�H�V �R�I �G�L�I�I�H�U�H�Q�W �O�H�Q�J�W�K�V �H�[�L�V�W �D�W �G�L�I�I�H�U�H�Q�W �W�L�P�H���V�F�D�O�H�V�� �$�O�W�K�R�X�J�K
�Z�H �G�H�I�L�Q�H�G �W�K�H �P�R�V�W �L�P�S�R�U�W�D�Q�W �F�\�F�O�H �W�R �E�H �D�W �W�K�H�—�Y�D�U�W���—�Y�D�U�W�D�Q�D
�O�H�Y�H�O�� �W�K�H �R�W�K�H�U �F�\�F�O�H�V�� �P�D�L�Q�O�\ �D�W �W�K�H �E�H�D�W �D�Q�G �V�X�E�G�L�Y�L�V�L�R�Q �O�H�Y�H�O��
�D�O�V�R �S�U�R�Y�L�G�H �X�V�H�I�X�O �U�K�\�W�K�P �U�H�O�D�W�H�G �L�Q�I�R�U�P�D�W�L�R�Q�� �7�K�H �H�Y�D�O�X�D�W�H�G �D�S��
�S�U�R�D�F�K�H�V�S�A�E�D�Q�G�:�l�G�H�V�W�L�P�D�W�H �W�K�H �V�X�E�G�L�Y�L�V�L�R�Q �P�H�W�H�U �D�Q�G �W�L�P�H �V�L�J��
�Q�D�W�X�U�H�� �7�K�L�V �L�V �S�R�V�V�L�E�O�H �W�R �D�Q �D�F�F�H�S�W�D�E�O�H �O�H�Y�H�O �R�I �D�F�F�X�U�D�F�\�� �Z�K�H�Q
�U�H�V�W�U�L�F�W�L�Q�J �W�R �D �V�X�E�V�H�W �R�I �U�K�\�W�K�P �F�O�D�V�V�H�V �Z�L�W�K �U�H�O�D�W�L�Y�H�O�\ �V�L�P�S�O�H �V�X�E��
�G�L�Y�L�V�L�R�Q �P�H�W�H�U�V�� �7�K�R�X�J�K �W�K�H�\ �G�R �Q�R�W �S�U�R�Y�L�G�H �D �F�R�P�S�O�H�W�H �S�L�F�W�X�U�H �R�I
�W�K�H �P�H�W�H�U�� �W�K�H�\ �H�V�W�L�P�D�W�H �W�K�H �X�Q�G�H�U�O�\�L�Q�J �P�H�W�U�L�F�D�O �V�W�U�X�F�W�X�U�H�V �D�W �V�K�R�U�W
�W�L�P�H �V�F�D�O�H�V �D�Q�G �F�D�Q �E�H �X�V�H�G �D�V �S�U�H���S�U�R�F�H�V�V�L�Q�J �V�W�H�S�V �I�R�U �H�V�W�L�P�D�W�L�Q�J
�O�R�Q�J�H�U �D�Q�G �P�R�U�H �F�R�P�S�O�H�[ �F�\�F�O�H�V��

�%�R�W�K�a�_�A�D�Q�G�E�G���D�L�P�H�G �W�R �H�V�W�L�P�D�W�H �W�K�H �O�R�Q�J�H�U �F�\�F�O�H �O�H�Q�J�W�K�V
�E�X�W �V�K�R�Z �D �S�H�U�I�R�U�P�D�Q�F�H �W�K�D�W �L�V �L�Q�D�G�H�T�X�D�W�H �I�R�U �D�Q�\ �S�U�D�F�W�L�F�D�O �D�S�S�O�L��
�F�D�W�L�R�Q �L�Q�Y�R�O�Y�L�Q�J �F�\�F�O�H �O�H�Q�J�W�K �H�V�W�L�P�D�W�L�R�Q�� �7�H�P�S�R �H�V�W�L�P�D�W�L�R�Q �D�Q�G
�E�H�D�W �W�U�D�F�N�L�Q�J �K�D�Y�H �D �V�L�J�Q�L�I�L�F�D�Q�W �H�I�I�H�F�W �R�Q �F�\�F�O�H �O�H�Q�J�W�K �H�V�W�L�P�D�W�L�R�Q��
�H�V�S�H�F�L�D�O�O�\ �L�Q �W�K�H �V�H�O�I���F�R�Q�W�D�L�Q�H�G �D�S�S�U�R�D�F�K�H�V �D�Q�G �D�O�V�R �Q�H�H�G �W�R �E�H �H�[��
�S�O�R�U�H�G �I�X�U�W�K�H�U�� �7�K�H �F�R�P�S�D�U�D�W�L�Y�H �D�S�S�U�R�D�F�K�H�V �V�K�R�Z �W�K�D�W �W�K�H �D�S�S�O�L�H�G
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�P�H�W�K�R�G�R�O�R�J�L�H�V �W�K�D�W �F�D�Q �E�H �X�V�H�G �W�R �H�Y�D�O�X�D�W�H �D �F�R�U�S�X�V �R�Q �W�K�H �D�V�S�H�F�W�V
�R�I �F�R�Y�H�U�D�J�H �D�Q�G �F�R�P�S�O�H�W�H�Q�H�V�V�� �$�S�D�U�W �I�U�R�P �W�K�H �G�H�V�F�U�L�S�W�L�R�Q �R�I �W�K�H
�F�R�U�S�R�U�D�� �D �P�H�W�K�R�G�R�O�R�J�\ �I�R�U �H�Y�D�O�X�D�W�L�R�Q �R�I �W�K�H �F�R�U�S�X�V �L�V �D�Q �L�P�S�R�U��
�W�D�Q�W �F�R�Q�W�U�L�E�X�W�L�R�Q �R�I �W�K�L�V �F�K�D�S�W�H�U�� �:�H �I�X�U�W�K�H�U �Q�R�W�H �W�K�D�W �L�Q �D�G�G�L�W�L�R�Q �W�R
�W�K�H �V�R�X�U�F�H�V �G�H�V�F�U�L�E�H�G �L�Q �W�K�L�V �D�U�W�L�F�O�H�� �W�K�H�U�H �D�U�H �V�H�Y�H�U�D�O �R�W�K�H�U �V�R�X�U�F�H�V
�W�K�D�W �F�D�Q �E�H �X�V�H�G �I�R�U �F�R�P�S�X�W�D�W�L�R�Q�D�O �U�H�V�H�D�U�F�K �L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F�� �D�Q�G
�H�Y�H�Q�W�X�D�O�O�\ �F�R�X�O�G �E�H �D �S�D�U�W �R�I �W�K�H �F�R�U�S�X�V�� �)�L�Q�D�O�O�\�� �Z�K�H�Q�H�Y�H�U �S�R�V�V�L��
�E�O�H�� �L�Q �W�K�H �V�S�L�U�L�W �R�I �R�S�H�Q �U�H�V�H�D�U�F�K �D�Q�G �G�D�W�D�� �W�K�H �U�H�V�H�D�U�F�K �F�R�U�S�R�U�D �D�Q�G
�W�K�H �W�H�V�W �G�D�W�D�V�H�W�V �Z�L�O�O �E�H �P�D�G�H �D�F�F�H�V�V�L�E�O�H �D�Q�G �D�Y�D�L�O�D�E�O�H �I�R�U �I�X�U�W�K�H�U
�Z�R�U�N �R�Q �W�K�H�V�H �P�X�V�L�F �F�X�O�W�X�U�H�V��



������ �'�D�W�D �F�R�U�S�R�U�D �I�R�U �U�H�V�H�D�U�F�K

�9�X�R �*�Q�K�T�J�m�b�B�+ �`�2�b�2���`�+�? �+�Q�`�T�Q�`��

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

�:�R�U�N�L�Q�J �Z�L�W�K �I�L�Y�H �P�X�V�L�F �W�U�D�G�L�W�L�R�Q�V �R�I �W�K�H �Z�R�U�O�G�� �W�K�H �G�D�W�D���G�U�L�Y�H�Q
�P�H�W�K�R�G�R�O�R�J�L�H�V �L�Q �&�R�P�S�0�X�V�L�F �S�U�L�P�D�U�L�O�\ �L�Q�Y�R�O�Y�H �V�L�J�Q�D�O �S�U�R�F�H�V�V�L�Q�J��
�P�D�F�K�L�Q�H �O�H�D�U�Q�L�Q�J �D�Q�G �V�H�P�D�Q�W�L�F �Z�H�E �W�H�F�K�Q�R�O�R�J�L�H�V�� �+�H�Q�F�H�� �W�K�H�U�H �K�D�V
�E�H�H�Q �D �V�L�J�Q�L�I�L�F�D�Q�W �H�I�I�R�U�W �W�R�Z�D�U�G�V �W�K�H �G�H�V�L�J�Q �D�Q�G �F�R�P�S�L�O�D�W�L�R�Q �R�I �U�H��
�V�H�D�U�F�K �F�R�U�S�R�U�D �I�R�U �U�H�O�H�Y�D�Q�W �S�U�R�E�O�H�P�V �L�Q �W�K�H �P�X�V�L�F �F�X�O�W�X�U�H�V �E�H�L�Q�J
�V�W�X�G�L�H�G�� �7�K�L�V �H�I�I�R�U�W �F�R�P�S�O�H�P�H�Q�W�V �W�K�H �S�U�L�P�D�U�\ �D�L�P �R�I �&�R�P�S�0�X�V�L�F��
�Z�K�L�F�K �L�V �W�R �E�X�L�O�G �F�X�O�W�X�U�H���D�Z�D�U�H �F�R�P�S�X�W�D�W�L�R�Q�D�O �P�H�W�K�R�G�R�O�R�J�L�H�V �I�R�U
�E�H�W�W�H�U �H�[�S�O�R�U�D�W�L�R�Q �R�I �P�X�V�L�F �F�R�O�O�H�F�W�L�R�Q�V �W�K�U�R�X�J�K �P�H�D�Q�L�Q�J�I�X�O �P�X�V�L�F
�F�R�Q�F�H�S�W�V �D�Q�G �D�X�W�R�P�D�W�L�F�D�O�O�\ �H�[�W�U�D�F�W�H�G �P�H�O�R�G�\�� �U�K�\�W�K�P �D�Q�G �V�H�P�D�Q�W�L�F
�G�H�V�F�U�L�S�W�R�U�V��

�,�Q �W�K�L�V �F�K�D�S�W�H�U�� �Z�H �I�R�F�X�V �P�D�L�Q�O�\ �R�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F�� �7�K�H �7�X�U�N��
�L�V�K �P�D�N�D�P �P�X�V�L�F �U�H�V�H�D�U�F�K �F�R�U�S�X�V �K�D�V �E�H�H�Q �S�U�H�V�H�Q�W�H�G �L�Q �G�H�W�D�L�O �E�\
�$�W�O�Õ�� �8�\�D�U�� �ù�H�Q�W�•�U�N�� �%�R�]�N�X�U�W�� �D�Q�G �6�H�U�U�D�������������� �Z�K�L�O�H�&�D�U�R �D�Q�G
�6�H�U�U�D������������ �K�D�Y�H �G�H�V�F�U�L�E�H�G �W�K�H �%�H�L�M�L�Q�J �R�S�H�U�D ���M�L�Q�J�M�X�� �U�H�V�H�D�U�F�K �F�R�U��
�S�X�V �F�R�P�S�U�H�K�H�Q�V�L�Y�H�O�\�� �:�H �I�L�U�V�W �G�L�V�F�X�V�V �W�K�H �F�U�L�W�H�U�L�D �I�R�U �F�U�H�D�W�L�Q�J �U�H��
�V�H�D�U�F�K �F�R�U�S�R�U�D�� �D�Q�G �W�K�H�Q �G�H�V�F�U�L�E�H �W�K�H �&�D�U�Q�D�W�L�F �D�Q�G �+�L�Q�G�X�V�W�D�Q�L �P�X��
�V�L�F �U�H�V�H�D�U�F�K �F�R�U�S�R�U�D�� �0�R�V�W �R�I �W�K�H �F�R�Q�W�H�Q�W �L�Q �W�K�L�V �V�H�F�W�L�R�Q �L�V �I�U�R�P
�S�D�S�H�U�V �E�\�6�H�U�U�D������������ �D�Q�G�6�U�L�Q�L�Y�D�V�D�P�X�U�W�K�\�� �.�R�G�X�U�L�� �H�W �D�O����������������
�D�Q�G �G�H�V�F�U�L�E�H �W�K�H �F�R�O�O�H�F�W�L�Y�H �H�I�I�R�U�W�V �R�I �W�K�H �&�R�P�S�0�X�V�L�F �W�H�D�P �L�Q �F�U�H��
�D�W�L�Q�J �&�R�P�S�0�X�V�L�F �U�H�V�H�D�U�F�K �F�R�U�S�R�U�D�� �'�X�H �W�R �F�R�Q�W�L�Q�X�H�G �H�I�I�R�U�W�V �L�Q
�E�X�L�O�G�L�Q�J �F�R�U�S�R�U�D�� �W�K�H �U�H�V�H�D�U�F�K �F�R�U�S�R�U�D �J�U�R�Z�V �F�R�Q�W�L�Q�X�D�O�O�\�� �7�K�H �Q�X�P��
�E�H�U�V �D�Q�G �D�Q�D�O�\�V�L�V �S�U�H�V�H�Q�W�H�G �I�R�U �W�K�H �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �U�H�V�H�D�U�F�K �F�R�U��
�S�R�U�D �D�U�H �F�R�U�U�H�F�W �D�V �R�I �-�X�Q�H ����������

�9�X�R�X�R �*�`�B�i�2�`�B�� �7�Q�` �+�`�2���i�B�Q�M �Q�7 �`�2�b�2���`�+�? �+�Q�`�T�Q�`��

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

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



������ �&�R�P�S�0�X�V�L�F �U�H�V�H�D�U�F�K �F�R�U�S�R�U�D ������

�S�U�R�D�F�K�H�V �W�K�D�W �Z�L�O�O �E�H �X�V�H�G�� �,�Q �&�R�P�S�0�X�V�L�F�� �Z�H �Z�L�V�K �W�R �G�H��
�Y�H�O�R�S �P�H�W�K�R�G�R�O�R�J�L�H�V �W�R �H�[�W�U�D�F�W �P�X�V�L�F�D�O�O�\ �P�H�D�Q�L�Q�J�I�X�O �I�H�D�W�X�U�H�V
�I�U�R�P �D�X�G�L�R �U�H�F�R�U�G�L�Q�J�V�� �P�D�L�Q�O�\ �U�H�O�D�W�H�G �W�R �P�H�O�R�G�\ �D�Q�G �U�K�\�W�K�P��
�7�K�H �U�H�V�H�D�U�F�K �F�R�U�S�X�V �K�D�V �W�R �E�H �D�O�L�J�Q�H�G �W�R �W�K�L�V �S�X�U�S�R�V�H��

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

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

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

�5�H�X�V�D�E�L�O�L�W�\�7�K�H �U�H�X�V�D�E�L�O�L�W�\ �R�I �U�H�V�H�D�U�F�K �F�R�U�S�R�U�D �D�Q�G �G�D�W�D�V�H�W�V �D�Q�G
�U�H�S�U�R�G�X�F�L�E�L�O�L�W�\ �R�I �U�H�V�H�D�U�F�K �U�H�V�X�O�W�V �L�V �Q�H�F�H�V�V�D�U�\ �I�R�U �F�R�Q�W�L�Q�X�H�G
�D�Q�G �V�X�V�W�D�L�Q�D�E�O�H �U�H�V�H�D�U�F�K �X�V�L�Q�J �W�K�H�V�H �G�D�W�D�V�H�W�V�� �O�H�D�G�L�Q�J �W�R �E�H�W��
�W�H�U �U�H�V�H�D�U�F�K �F�R�U�S�R�U�D �D�Q�G �U�H�V�H�D�U�F�K �U�H�V�X�O�W�V�� �5�H�X�V�D�E�L�O�L�W�\ �F�D�Q �E�H
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�O�L�V�W�L�Q�J�V�� �0�D�Q�\ �R�I �W�K�H �D�U�W�L�V�W�V �D�Q�G �W�K�H �F�R�Q�F�H�U�W�V �O�L�V�W�H�G �R�Q �.�X�W�F�K�H�U�L�V���F�R�P
�D�U�H �I�U�R�P �&�K�H�Q�Q�D�L�� �&�K�D�U�V�X�U�¶�V �U�H�O�H�D�V�H �F�D�W�D�O�R�J �S�U�R�Y�L�G�H�V �L�Q�I�R�U�P�D�W�L�R�Q
�D�E�R�X�W�U�—�J�D�V���W�—	¶�D�V�� �F�R�P�S�R�V�H�U�V �D�Q�G �D�U�W�L�V�W�V�� �5�D�D�J�D���F�R�P���� �L�V �D�Q �,�Q�G�L�D�Q
�P�X�V�L�F �V�W�U�H�D�P�L�Q�J �V�H�U�Y�L�F�H �D�Q�G �L�W�V �&�D�U�Q�D�W�L�F �F�K�D�Q�Q�H�O �L�V �D�Q�R�W�K�H�U �U�H�I�H�U��
�H�Q�F�H �I�R�U�U�—�J�D�V���W�—	¶�D�V�� �F�R�P�S�R�V�H�U�V �D�Q�G �D�U�W�L�V�W�V�� �+�R�Z�H�Y�H�U�� �5�D�D�J�D���F�R�P
�K�D�V �P�D�Q�\ �O�L�J�K�W �P�X�V�L�F �I�R�U�P�V �L�Q�F�O�X�G�H�G �L�Q �L�W�V �&�D�U�Q�D�W�L�F �F�K�D�Q�Q�H�O�� �V�R�P�H
�R�I �Z�K�L�F�K �Z�H �K�D�Y�H �F�R�Q�V�F�L�R�X�V�O�\ �H�[�F�O�X�G�H�G �I�U�R�P �R�X�U �F�R�U�S�X�V�� �+�H�Q�F�H �L�W
�L�V �W�R �E�H �Q�R�W�H�G �W�K�D�W �Q�X�P�E�H�U�V �D�Q�G �W�K�H �D�Q�D�O�\�V�L�V �Z�L�W�K �5�D�D�J�D���F�R�P �Z�L�O�O
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�)�L�J�X�U�H ���������7�K�H �Q�X�P�E�H�U �R�I �D�U�W�L�V�W�V �E�\ �W�K�H �Q�X�P�E�H�U �R�I �W�K�H�L�U �S�H�U�I�R�U�P�D�Q�F�H�V
�L�Q �W�K�H �&�D�U�Q�D�W�L�F �P�X�V�L�F �U�H�V�H�D�U�F�K �F�R�U�S�X�V

�K�D�Y�H �D�Q �D�G�Y�H�U�V�H �L�Q�I�O�X�H�Q�F�H �I�U�R�P �W�K�H�V�H �R�W�K�H�U �L�Q�F�O�X�G�H�G �P�X�V�L�F �I�R�U�P�V��
�7�K�H �G�D�W�D �I�U�R�P �H�D�F�K �R�I �W�K�H�V�H �U�H�I�H�U�H�Q�F�H �V�R�X�U�F�H�V �Z�D�V �F�U�D�Z�O�H�G �I�U�R�P
�W�K�H�L�U �R�Q�O�L�Q�H �F�D�W�D�O�R�J�X�H�V�� �7�K�H �G�D�W�D �I�U�R�P �5�D�D�J�D���F�R�P �Z�D�V �F�U�D�Z�O�H�G �L�Q
�0�D�U�F�K�� �������� �D�Q�G �I�U�R�P �W�K�H �R�W�K�H�U�V �L�Q �0�D�U�F�K�� ���������� �:�H �R�E�V�H�U�Y�H�G
�W�K�D�W �Q�H�D�U�O�\ �H�Y�H�U�\ �V�R�X�U�F�H �K�D�G �G�X�S�O�L�F�D�W�H �H�Q�W�L�W�L�H�V �P�R�V�W�O�\ �D�U�L�V�L�Q�J �G�X�H
�W�R �V�S�H�O�O�L�Q�J �Y�D�U�L�D�W�L�R�Q�V ���H���J�� �7�\�D�J�D�U�D�M�D�� �7�\�D�D�J�D�U�D�D�M�D���� �:�H �P�H�U�J�H�G
�W�K�H �G�X�S�O�L�F�D�W�H�V �E�\ �P�D�W�F�K�L�Q�J �W�K�H �O�R�Q�J�H�V�W �F�R�P�P�R�Q �V�X�E�V�H�T�X�H�Q�F�H �L�Q
�W�K�H �V�W�U�L�Q�J�V �D�Q�G �E�\ �X�V�L�Q�J �'�D�P�H�U�D�X���/�H�Y�H�Q�V�K�W�H�L�Q �G�L�V�W�D�Q�F�H ���'�D�P�H�U�D�X��
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�L�V�R�Q �W�R �W�K�H �U�H�I�H�U�H�Q�F�H�V�� �)�R�U �H�D�F�K �P�X�V�L�F �H�Q�W�L�W�\i �� �Z�H �G�H�I�L�Q�H �D �F�R�Y�H�U�D�J�H
�P�H�D�V�X�U�H �F�D�O�O�H�G �W�K�H�R�Y�H�U�O�D�S��� �� �D�V��

� j
i =

�
�&c

i \ &j
i

�
�

�
�&j

i

�
� ����������

�Z�K�H�U�H� j
i �L�V �W�K�H�R�Y�H�U�O�D�S�P�H�D�V�X�U�H �R�I �W�K�H �H�Q�W�L�W�\i �Z�L�W�K �U�H�I�H�U�H�Q�F�Hj ��&c

i
�L�V �W�K�H �V�H�W �R�I �H�Q�W�L�W�L�H�V �L�Q �W�K�H �F�R�U�S�X�V��&j

i �L�V �W�K�H �V�H�W �R�I �H�Q�W�L�W�L�H�V �L�Q �W�K�H �U�H�I�H�U��
�H�Q�F�H�� �D�Q�Gj&j �G�H�Q�R�W�H�V �W�K�H �F�D�U�G�L�Q�D�O�L�W�\ �R�I �D �V�H�W&�� �$�Q�R�Y�H�U�O�D�S�R�I ��������



������ �&�R�P�S�0�X�V�L�F �U�H�V�H�D�U�F�K �F�R�U�S�R�U�D ������

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

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

�$�P�R�Q�J �W�K�H ������ �D�U�W�L�V�W�V �Z�K�R �K�D�Y�H �D�W �O�H�D�V�W �R�Q�H �U�H�F�R�U�G�L�Q�J �L�Q �W�K�H
�F�R�U�S�X�V�� ���� �D�U�H �O�H�D�G �D�U�W�L�V�W�V ���O�H�D�G �Y�R�F�D�O �R�U �O�H�D�G �L�Q�V�W�U�X�P�H�Q�W�D�O���� �)�X�U�W�K�H�U��
�Z�H �K�D�Y�H ���� �Y�L�R�O�L�Q �D�F�F�R�P�S�D�Q�\�L�Q�J �D�U�W�L�V�W�V �D�Q�G ���� �X�Q�L�T�X�H �S�H�U�F�X�V�V�L�R�Q
�D�U�W�L�V�W�V �L�Q �W�K�H �F�R�U�S�X�V�� �7�K�H �F�R�Q�F�H�U�W�V �O�L�V�W�H�G �E�\ �.�X�W�F�K�H�U�L�V���F�R�P �V�S�D�Q �W�K�H
�Z�K�R�O�H �\�H�D�U �D�Q�G �D�O�O �W�K�U�R�X�J�K �W�K�H �G�D�\�� �+�R�Z�H�Y�H�U�� �W�K�H �H�Y�H�Q�L�Q�J �F�R�Q�F�H�U�W�V
�D�U�H �P�R�U�H �U�H�F�R�J�Q�L�]�H�G�� �D�Q�G �Z�H �W�R�R�N �L�W �W�R �E�H �D �P�H�D�V�X�U�H �R�I �S�R�S�X�O�D�U�L�W�\
�R�I �W�K�H �D�U�W�L�V�W�V�� �0�R�U�H�R�Y�H�U�� �W�K�H �H�Y�H�Q�L�Q�J �F�R�Q�F�H�U�W�V �G�X�U�L�Q�J �W�K�H �P�X�V�L�F �V�H�D��
�V�R�Q �O�D�V�W�L�Q�J �I�U�R�P �1�R�Y�H�P�E�H�U �W�R �-�D�Q�X�D�U�\ �D�U�H �W�L�F�N�H�W�H�G�� �)�R�U �D �F�R�Y�H�U�D�J�H
�D�Q�D�O�\�V�L�V�� �Z�H �W�K�X�V �F�R�Q�V�L�G�H�U �W�K�U�H�H �F�D�W�H�J�R�U�L�H�V �R�I �D�U�W�L�V�W�V�� �$�U�W�L�V�W�V���6�H�W��
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�� ���D�O�O �W�K�H �D�U�W�L�V�W�V���� �$�U�W�L�V�W�V���6�H�W���� ���D�U�W�L�V�W�V �Z�K�R �K�D�Y�H �S�H�U�I�R�U�P�H�G �L�Q �W�K�H
�H�Y�H�Q�L�Q�J �F�R�Q�F�H�U�W�V�� �W�K�U�R�X�J�K �W�K�H �\�H�D�U�� �D�Q�G �$�U�W�L�V�W�V���6�H�W���� ���D�U�W�L�V�W�V �Z�K�R
�K�D�Y�H �S�H�U�I�R�U�P�H�G �L�Q �H�Y�H�Q�L�Q�J �F�R�Q�F�H�U�W�V �E�H�W�Z�H�H�Q �1�R�Y�H�P�E�H�U �D�Q�G �-�D�Q��
�X�D�U�\���� �2�I �W�K�H �������� �W�R�W�D�O �D�U�W�L�V�W�V �S�U�H�V�H�Q�W �L�Q �6�H�W���� �R�Q �.�X�W�F�K�H�U�L�V���F�R�P
�F�R�Q�F�H�U�W �O�L�V�W�L�Q�J�V�� �W�K�H�U�H �D�U�H �������� �D�U�W�L�V�W�V �L�Q �6�H�W���� �D�Q�G �������� �D�U�W�L�V�W�V �L�Q
�6�H�W������

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

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

�&�R�P�S�O�H�W�H�Q�H�V�V

�,�Q �W�K�H �F�R�Q�W�H�[�W �R�I �W�K�L�V �W�K�H�V�L�V�� �F�R�P�S�O�H�W�H�Q�H�V�V �R�I �W�K�H �F�R�U�S�X�V �U�H�I�H�U�V �P�D�L�Q�O�\
�W�R �W�K�H �F�R�P�S�O�H�W�H�Q�H�V�V �R�I �W�K�H �D�V�V�R�F�L�D�W�H�G �P�H�W�D�G�D�W�D �I�R�U �H�D�F�K �U�H�F�R�U�G�L�Q�J��
�S�U�L�P�D�U�L�O�\ �I�U�R�P �0�X�V�L�F�%�U�D�L�Q�]�� �(�Y�H�Q �W�K�R�X�J�K �F�D�U�H�I�X�O�O�\ �E�X�L�O�W�� �W�K�H �H�G�L��
�W�R�U�L�D�O �P�H�W�D�G�D�W�D �D�V�V�R�F�L�D�W�H�G �Z�L�W�K �D �U�H�O�H�D�V�H �D�Q�G �L�W�V �U�H�F�R�U�G�L�Q�J�V �F�D�Q �E�H
�L�Q�F�R�P�S�O�H�W�H�� �7�K�H�U�H �D�U�H �W�K�U�H�H �S�R�V�V�L�E�O�H �U�H�D�V�R�Q�V �I�R�U �L�Q�F�R�P�S�O�H�W�H �P�H�W�D��
�G�D�W�D�� �0�D�Q�\ �U�H�O�H�D�V�H�V �G�R �Q�R�W �S�U�R�Y�L�G�H �D�O�O �W�K�H �U�H�T�X�L�U�H�G �P�H�W�D�G�D�W�D �R�Q
�W�K�H �&�'�� �,�Q �P�D�Q�\ �U�H�O�H�D�V�H�V�� �R�Q�O�\ �W�K�H �O�H�D�G �D�U�W�L�V�W �L�V �O�L�V�W�H�G�� �Z�L�W�K�R�X�W �W�K�H



������ �&�R�P�S�0�X�V�L�F �U�H�V�H�D�U�F�K �F�R�U�S�R�U�D ������

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

�/�H�D�G �D�U�W�L�V�W �������� ����������
�$�F�F�R�P�S�D�Q�\�L�Q�J �D�U�W�L�V�W�V�������� ��������
�5�—�J�D ������ ��������
�7�—	¶�D ������ ��������
�:�R�U�N ���&�R�P�S�R�V�L�W�L�R�Q�������� ��������

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

�D�F�F�R�P�S�D�Q�\�L�Q�J �D�U�W�L�V�W�V�� �,�W �L�V �V�H�H�Q �Y�H�U�\ �R�I�W�H�Q �W�K�D�W �W�K�H �F�R�P�S�R�V�L�W�L�R�Q
�L�Q�I�R�U�P�D�W�L�R�Q �L�V �D�O�V�R �D�E�V�H�Q�W �R�Q �W�K�H �&�' �F�R�Y�H�U�� �7�K�H �V�H�F�R�Q�G �U�H�D�V�R�Q
�L�V �W�K�D�W �W�K�H �H�G�L�W�R�U�L�D�O �P�H�W�D�G�D�W�D �Z�D�V �Q�R�W �F�R�P�S�O�H�W�H�O�\ �H�Q�W�H�U�H�G �L�Q�W�R �0�X��
�V�L�F�%�U�D�L�Q�]�� �7�K�L�V �L�V �V�R�P�H�W�L�P�H�V �V�H�H�Q �Z�L�W�K �U�H�O�H�D�V�H �D�Q�G �U�H�F�R�U�G�L�Q�J �U�H��
�O�D�W�L�R�Q�V�K�L�S�V �W�K�D�W �Z�H�U�H �O�H�I�W �L�Q�F�R�P�S�O�H�W�H �E�\ �W�K�H �S�H�U�V�R�Q �Z�K�R �D�G�G�H�G �W�K�H
�P�H�W�D�G�D�W�D�� �)�X�U�W�K�H�U�� �V�L�Q�F�H �D�O�O �W�K�H �P�H�W�D�G�D�W�D�� �L�Q�F�O�X�G�L�Q�J �W�K�H�U�—�J�D���W�—	¶�D
�W�D�J�V�� �D�U�H �L�P�S�R�U�W�H�G �D�Q�G �O�L�Q�N�H�G �D�X�W�R�P�D�W�L�F�D�O�O�\�� �W�K�H�U�H �F�D�Q �E�H �L�P�S�R�U�W �H�U��
�U�R�U�V �G�X�H �W�R �Y�D�U�L�D�W�L�R�Q�V �L�Q �W�U�D�Q�V�O�L�W�H�U�D�W�L�R�Q�V �D�Q�G �V�S�H�O�O�L�Q�J�� �0�X�O�W�L�S�O�L�F�L�W�\
�R�I �O�D�Q�J�X�D�J�H�V �X�V�H�G �L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F �I�X�U�W�K�H�U �D�G�G�V �W�R �W�K�H�V�H �L�Q�F�R�Q��
�V�L�V�W�H�Q�F�L�H�V�� �7�K�H�V�H �L�P�S�R�U�W �H�U�U�R�U�V �D�U�H �W�K�H �W�K�L�U�G �U�H�D�V�R�Q �I�R�U �L�Q�F�R�P�S�O�H�W�H
�P�H�W�D�G�D�W�D��

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

�7�D�E�O�H�������V�K�R�Z�V �W�K�H �F�R�P�S�O�H�W�H�Q�H�V�V �R�I �W�K�H �U�H�F�R�U�G�L�Q�J�V �L�Q �W�K�H �F�R�U��
�S�X�V ���D�V �R�I �-�X�Q�H ������������ �L�Q�F�O�X�G�L�Q�J �D�O�O �W�K�H �W�K�U�H�H �I�D�F�W�R�U�V �W�K�D�W �U�H�V�X�O�W �L�Q �L�Q��
�F�R�P�S�O�H�W�H �P�H�W�D�G�D�W�D�� �$�O�O �W�K�H �U�H�F�R�U�G�L�Q�J�V �K�D�Y�H �D �O�H�D�G �D�U�W�L�V�W�� �E�X�W �D�E�R�X�W
�D �T�X�D�U�W�H�U �R�I �W�K�H �U�H�F�R�U�G�L�Q�J�V �������������������� �G�R �Q�R�W �K�D�Y�H �D�F�F�R�P�S�D�Q�\�L�Q�J
�D�U�W�L�V�W �L�Q�I�R�U�P�D�W�L�R�Q���5�—�J�D�� �W�—	¶�D�D�Q�G �Z�R�U�N ���F�R�P�S�R�V�L�W�L�R�Q�� �D�U�H �O�L�V�W�H�G
�I�R�U �D�E�R�X�W �K�D�O�I �W�K�H �U�H�F�R�U�G�L�Q�J�V�� �,�W �L�V �W�R �E�H �Q�R�W�H�G �W�K�D�W �W�K�H�V�H �Q�X�P�E�H�U�V
�U�H�I�O�H�F�W �R�Q�O�\ �W�K�H �U�H�F�R�U�G�L�Q�J�V �I�R�U �Z�K�L�F�K �Z�H �Z�H�U�H �F�R�P�S�O�H�W�H�O�\ �V�X�U�H �R�I



������ �'�D�W�D �F�R�U�S�R�U�D �I�R�U �U�H�V�H�D�U�F�K

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

�9�X�R�X�j �>�B�M�/�m�b�i���M�B �K�m�b�B�+ �`�2�b�2���`�+�? �+�Q�`�T�m�b

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

�7�K�H�U�H �D�U�H �P�D�Q�\ �S�X�E�O�L�F �D�Q�G �S�U�L�Y�D�W�H �L�Q�V�W�L�W�X�W�L�R�Q�V �W�K�D�W �K�D�Y�H �F�R�P��
�S�L�O�H�G �O�D�U�J�H �D�X�G�L�R �D�U�F�K�L�Y�H�V �R�I �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F�� �7�K�H �S�U�L�P�D�U�\ �R�I
�W�K�H�P �D�U�H �W�K�H �,�7�& �6�D�Q�J�H�H�W �5�H�V�H�D�U�F�K �$�F�D�G�H�P�\ ���,�7�&���6�5�$���� �6�D�Q�J�H�H�W
�1�D�W�D�N �$�F�D�G�H�P�\�� �D�Q�G �W�K�H �$�O�O �,�Q�G�L�D �5�D�G�L�R ���$�,�5���� �(�D�F�K �R�I �W�K�H�V�H �L�Q�V�W�L��
�W�X�W�L�R�Q�V �R�Z�Q �W�K�R�X�V�D�Q�G�V �R�I �K�R�X�U�V �R�I �H�[�S�H�U�W �F�X�U�D�W�H�G �P�X�V�L�F �U�H�F�R�U�G�L�Q�J�V
�W�K�D�W �U�H�S�U�H�V�H�Q�W �W�K�H �U�H�D�O �Z�R�U�O�G �S�H�U�I�R�U�P�D�Q�F�H �S�U�D�F�W�L�F�H��

�,�7�&���6�5�$ �L�V �D �S�U�H�P�L�H�U �P�X�V�L�F �D�F�D�G�H�P�\ �R�I �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �D�Q�G
�K�D�V �W�D�N�H�Q �X�S �P�D�M�R�U �H�I�I�R�U�W�V �L�Q �W�K�H �D�U�F�K�L�Y�D�O �R�I �P�X�V�L�F�� �6�D�Q�J�H�H�W �1�D�W�D�N
�$�F�D�G�H�P�\ �L�V �,�Q�G�L�D�¶�V �Q�D�W�L�R�Q�D�O �D�F�D�G�H�P�\ �I�R�U �P�X�V�L�F�� �G�U�D�P�D �D�Q�G �G�D�Q�F�H��
�$�,�5 �L�V �W�K�H �O�D�U�J�H�V�W �S�X�E�O�L�F �E�U�R�D�G�F�D�V�W�H�U �L�Q �,�Q�G�L�D �D�Q�G �K�D�V �D �K�X�J�H �D�U�F�K�L�Y�H
�R�I �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �F�X�U�D�W�H�G �R�Y�H�U �P�D�Q�\ �G�H�F�D�G�H�V�� �$�,�5 �D�Z�D�U�G�V �J�U�D�G�H�V
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�W�K�H �H�G�L�W�R�U�L�D�O �P�H�W�D�G�D�W�D �Z�D�V �H�Q�W�H�U�H�G �X�V�L�Q�J �/�D�W�L�Q �D�O�S�K�D�E�H�W�� �I�R�O�O�R�Z�L�Q�J
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�V�F�R�U�H�V �D�U�H �Q�R�W �Y�H�U�\ �U�H�O�H�Y�D�Q�W �I�R�U �F�R�P�S�X�W�D�W�L�R�Q�D�O �D�Q�D�O�\�V�L�V���%�K�D�W�N�K�D�Q�G�H
������������ �D�Q�G�-�K�D������������ �F�R�P�S�L�O�H�G �O�\�U�L�F�V �D�Q�G �V�F�R�U�H�V �R�I�E�D�Q�G�L���H�V�X�V��
�L�Q�J �D �V�W�D�Q�G�D�U�G�L�]�H�G �Q�R�W�D�W�L�R�Q �I�R�U �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F�� �+�R�Z�H�Y�H�U�� �W�K�H�\
�D�U�H �Q�R�W �D�Y�D�L�O�D�E�O�H �L�Q �D �P�D�F�K�L�Q�H �U�H�D�G�D�E�O�H �I�R�U�P�� �W�K�R�X�J�K �D �V�P�D�O�O �F�R�O��
�O�H�F�W�L�R�Q �R�I �V�F�R�U�H�V �I�U�R�P �W�K�H�V�H �E�R�R�N�V �D�U�H �D�Y�D�L�O�D�E�O�H �L�Q �P�D�F�K�L�Q�H �U�H�D�G��
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�J�D�Q�J�D �0�X�V�L�F �)�R�X�Q�G�D�W�L�R�Q���� �K�D�V �D �J�R�R�G �D�U�F�K�L�Y�H �R�I�U�—�J�V�� �W�—�O�V�D�Q�G
�E�D�Q�G�L���H�V�� �7�K�H �F�D�W�H�J�R�U�\ �R�I �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �R�Q �:�L�N�L�S�H�G�L�D���� �L�V �D
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�7�K�H �P�H�W�K�R�G�R�O�R�J�\ �I�R�O�O�R�Z�H�G �I�R�U �W�K�H �F�R�Y�H�U�D�J�H �D�Q�D�O�\�V�L�V �R�I �+�L�Q�G�X�V�W�D�Q�L
�P�X�V�L�F �L�V �W�K�H �V�D�P�H �D�V �I�R�O�O�R�Z�H�G �I�R�U �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �:�H �S�U�H�V�H�Q�W �W�K�H
�F�R�Y�H�U�D�J�H �D�Q�D�O�\�V�L�V �I�R�U �D�U�W�L�V�W�V���U�—�J�V���W�—�O�V�D�Q�G �F�R�P�S�R�V�L�W�L�R�Q�V�� �7�K�H �F�R�Y��
�H�U�D�J�H �D�Q�D�O�\�V�L�V �I�R�U �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �L�V �P�R�U�H �F�R�P�S�O�H�[ �W�K�D�Q �&�D�U�Q�D�W�L�F
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�7�D�E�O�H ���������$�.�3�G�D�W�D�V�H�W �V�K�R�Z�L�Q�J �W�K�H �W�R�W�D�O �G�X�U�D�W�L�R�Q �D�Q�G �Q�X�P�E�H�U �R�I �D�Q�Q�R��
�W�D�W�L�R�Q�V�� ���6�D�P�D �V�K�R�Z�V �W�K�H �Q�X�P�E�H�U �R�I�V�D�P�D�D�Q�Q�R�W�D�W�L�R�Q�V �D�Q�G ���$�Q�Q�� �V�K�R�Z�V
�W�K�H �Q�X�P�E�H�U �R�I �E�H�D�W �D�Q�Q�R�W�D�W�L�R�Q�V ���L�Q�F�O�X�G�L�Q�J�V�D�P�D�V����

�7�—	¶�D � s � � s � o � � o [� s;�P�L�Q; � s;�P�D�[]

�–�G�L ��������� ���������� ��������� ���������� �>���������� ���������@
�5�Ì�S�D�N�D ��������� ���������� ��������� ���������� �>���������� ���������@
�0�L���U�D �F�K�—�S�X��������� ���������� ��������� ���������� �>���������� ���������@
�.�K�D	Æ	Œ�D �F�K�—�S�X��������� ���������� ��������� ���������� �>���������� ���������@

�7�D�E�O�H ���������7�—	¶�D�F�\�F�O�H �O�H�Q�J�W�K �L�Q�G�L�F�D�W�R�U�V �I�R�U�$�.�3�G�D�W�D�V�H�W��� s �D�Q�G� s �L�Q�G�L��
�F�D�W�H �W�K�H �P�H�D�Q �D�Q�G �V�W�D�Q�G�D�U�G �G�H�Y�L�D�W�L�R�Q �R�I �W�K�H �P�H�G�L�D�Q �L�Q�W�H�U���V�D�P�D�L�Q�W�H�U�Y�D�O
�R�I �W�K�H �S�L�H�F�H�V�� �U�H�V�S�H�F�W�L�Y�H�O�\��� o �D�Q�G� o �L�Q�G�L�F�D�W�H �W�K�H �P�H�D�Q �D�Q�G �V�W�D�Q�G�D�U�G
�G�H�Y�L�D�W�L�R�Q �R�I �W�K�H �P�H�G�L�D�Q �L�Q�W�H�U���D�N	â�D�U�D�L�Q�W�H�U�Y�D�O �R�I �W�K�H �S�L�H�F�H�V�� �U�H�V�S�H�F�W�L�Y�H�O�\��
[� s;�P�L�Q; � s;�P�D�[] �L�Q�G�L�F�D�W�H �W�K�H �P�L�Q�L�P�X�P �D�Q�G �P�D�[�L�P�X�P �Y�D�O�X�H �R�I� s �D�Q�G �K�H�Q�F�H
�W�K�H �U�D�Q�J�H �R�I� s �L�Q �W�K�H �G�D�W�D�V�H�W�� �$�O�O �Y�D�O�X�H�V �L�Q �W�K�H �W�D�E�O�H �D�U�H �L�Q �V�H�F�R�Q�G�V��

�L�]�H�U ���&�D�Q�Q�D�P �H�W �D�O�������������� �E�\ �W�D�S�S�L�Q�J �W�R �P�X�V�L�F �D�Q�G �P�D�Q�X�D�O�O�\ �F�R�U��
�U�H�F�W�L�Q�J �W�K�H �W�D�S�V�� �7�K�H �D�Q�Q�R�W�D�W�L�R�Q�V �K�D�Y�H �E�H�H�Q �Y�H�U�L�I�L�H�G �E�\ �D �S�U�R�I�H�V��
�V�L�R�Q�D�O �&�D�U�Q�D�W�L�F �P�X�V�L�F�L�D�Q�� �(�D�F�K �D�Q�Q�R�W�D�W�L�R�Q �K�D�V �D �W�L�P�H���V�W�D�P�S �D�Q�G
�D�Q �D�V�V�R�F�L�D�W�H�G �Q�X�P�H�U�L�F �O�D�E�H�O �W�K�D�W �L�Q�G�L�F�D�W�H�V �W�K�H �S�R�V�L�W�L�R�Q �R�I �W�K�H �E�H�D�W
�P�D�U�N�H�U �L�Q �W�K�H�W�—	¶�D�F�\�F�O�H�� �,�Q �D�G�G�L�W�L�R�Q�� �I�R�U �H�D�F�K �H�[�F�H�U�S�W�� �W�K�H�W�—	¶�D�R�I
�W�K�H �S�L�H�F�H �D�Q�G�H	Œ�X�S�X���R�I�I�V�H�W �R�I �W�K�H �V�W�D�U�W �R�I �W�K�H �S�L�H�F�H�� �U�H�O�D�W�L�Y�H �W�R �W�K�H
�V�D�P�D�� �D�U�H �U�H�F�R�U�G�H�G�� �7�K�H �S�R�V�V�L�E�O�\ �W�L�P�H �Y�D�U�\�L�Q�J �W�H�P�S�R �R�I �D �S�L�H�F�H
�F�D�Q �E�H �R�E�W�D�L�Q�H�G �X�V�L�Q�J �W�K�H �E�H�D�W �D�Q�G�V�D�P�D�D�Q�Q�R�W�D�W�L�R�Q�V��

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

�W�K�H �U�D�Q�J�H �R�I �W�K�H �P�H�W�U�L�F�D�O �F�\�F�O�H �O�H�Q�J�W�K�V �L�Q �W�K�H �G�D�W�D�V�H�W���–�G�L�W�—	¶�D�L�V �W�K�H
�O�R�Q�J�H�V�W�W�—	¶�D�L�Q �W�K�H �G�D�W�D�V�H�W �D�Q�G �K�H�Q�F�H �K�D�V �W�K�H �K�L�J�K�H�V�W� s �D�P�R�Q�J �D�O�O
�W�K�H�W�—	¶�D�V�� �'�H�V�S�L�W�H �Q�R �Q�R�W�D�W�H�G �W�H�P�S�R�� �Z�H �F�D�Q �V�H�H �I�U�R�P �W�K�H �Y�D�O�X�H�V �R�I
�W�K�H �P�H�G�L�D�Q �L�Q�W�H�U���D�N	â�D�U�D�L�Q�W�H�U�Y�D�O��� o �D�Q�G �L�W�V �V�W�D�Q�G�D�U�G �G�H�Y�L�D�W�L�R�Q �W�K�D�W
�W�K�H �W�H�P�S�R �L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F �G�R�H�V �Q�R�W �Y�D�U�\ �P�X�F�K �D�F�U�R�V�V �W�K�H�W�—	¶�D�V��
�7�K�H �U�D�Q�J�H �R�I� s �Y�D�O�X�H�V �V�K�R�Z �W�K�D�W �D �Z�L�G�H �U�D�Q�J�H �R�I �F�\�F�O�H �G�X�U�D�W�L�R�Q�V
�W�K�D�W �D�U�H �S�U�H�V�H�Q�W �L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F �S�L�H�F�H�V�� �7�K�H �V�K�R�U�W�H�V�W �F�\�F�O�H �L�Q �W�K�H
�G�D�W�D�V�H�W �L�V �O�H�V�V �W�K�D�Q �V�H�F�R�Q�G �O�R�Q�J�� �Z�K�L�O�H �W�K�H �O�R�Q�J�H�V�W �F�\�F�O�H �L�V �R�Y�H�U ��
�V�H�F�R�Q�G�V �O�R�Q�J��

�$ �U�H�S�U�H�V�H�Q�W�D�W�L�Y�H �V�X�E�V�H�W �R�I �W�K�H�$�.�3�I �G�D�W�D�V�H�W �L�V �D�O�V�R �F�R�P�S�L�O�H�G �D�V
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�)�L�J�X�U�H ���������$ �K�L�V�W�R�J�U�D�P �R�I �W�K�H �L�Q�W�H�U���E�H�D�W �L�Q�W�H�U�Y�D�O� b �L�Q �W�K�H�$�.�3�I �G�D�W�D�V�H�W
�I�R�U �H�D�F�K�W�—	¶�D�� �7�K�H �R�U�G�L�Q�D�W�H �L�V �W�K�H �I�U�D�F�W�L�R�Q �R�I �W�K�H �W�R�W�D�O �F�R�X�Q�W �F�R�U�U�H�V�S�R�Q�G�L�Q�J
�W�R �W�K�H� b �Y�D�O�X�H �V�K�R�Z�Q �L�Q �D�E�V�F�L�V�V�D�� �7�K�H �P�H�G�L�D�Q� b �I�R�U �H�D�F�K�W�—	¶�D�L�V �V�K�R�Z�Q
�D�V �D �U�H�G �G�R�W�W�H�G �O�L�Q�H��

�W�K�H�$�.�3�G�D�W�D�V�H�W�� �Z�L�W�K �W�Z�R �P�L�Q�X�W�H �H�[�F�H�U�S�W�V �R�I �S�L�H�F�H�V �L�Q�$�.�3�I ���R�U �W�K�H
�I�X�O�O �S�L�H�F�H �L�I �W�K�H �S�L�H�F�H �L�V �V�K�R�U�W�H�U �W�K�D�Q �� �P�L�Q�X�W�H�V���� �7�K�H�V�H �V�K�R�U�W �H�[��
�F�H�U�S�W�V �D�G�G�L�W�L�R�Q�D�O�O�\ �F�R�Q�W�D�L�Q �D�O�O �W�K�H �D�Q�Q�R�W�D�W�L�R�Q�V �R�I �W�K�H �I�X�O�O �G�D�W�D�V�H�W��
�L�Q�F�O�X�G�L�Q�J �W�L�P�H �D�O�L�J�Q�H�G�V�D�P�D�D�Q�G �E�H�D�W �D�Q�Q�R�W�D�W�L�R�Q�V�� �7�K�H �V�P�D�O�O�H�U
�$�.�3�G�D�W�D�V�H�W �Z�L�O�O �E�H �X�V�H�I�X�O �I�R�U �I�D�V�W�H�U �W�H�V�W�L�Q�J �R�I �D�S�S�U�R�D�F�K�H�V �D�Q�G �D�O��
�J�R�U�L�W�K�P�V��

�7�K�H�$�.�3�G�D�W�D�V�H�W �L�V �G�H�V�F�U�L�E�H�G �L�Q �7�D�E�O�H�������� �V�K�R�Z�L�Q�J �W�K�H �I�R�X�U�W�—	¶�D�V
�D�Q�G �W�K�H �Q�X�P�E�H�U �R�I �S�L�H�F�H�V �I�R�U �H�D�F�K�W�—	¶�D�� �7�K�H �W�R�W�D�O �G�X�U�D�W�L�R�Q �R�I �D�X�G�L�R
�L�Q �W�K�H �G�D�W�D�V�H�W �L�V �D�E�R�X�W �� �K�R�X�U�V�� �Z�L�W�K ���������� �W�L�P�H���D�O�L�J�Q�H�G �E�H�D�W �D�Q�Q�R��
�W�D�W�L�R�Q�V�� �7�D�E�O�H�������V�K�R�Z�V �D �E�D�V�L�F �V�W�D�W�L�V�W�L�F�D�O �D�Q�D�O�\�V�L�V �R�I �W�K�H�W�—	¶�D�F�\�F�O�H



������ �'�D�W�D �F�R�U�S�R�U�D �I�R�U �U�H�V�H�D�U�F�K

���D���–�G�L ���E���5�Ì�S�D�N�D

���F���0�L���U�D �F�K�—�S�X ���G���.�K�D	Æ	Œ�D �F�K�—�S�X

�)�L�J�X�U�H ���������$ �K�L�V�W�R�J�U�D�P �R�I �W�K�H �P�H�G�L�D�Q �Q�R�U�P�D�O�L�]�H�G �L�Q�W�H�U���V�D�P�D�L�Q�W�H�U�Y�D�O� s

�L�Q �W�K�H�$�.�3�I �G�D�W�D�V�H�W �I�R�U �H�D�F�K�W�—	¶�D�� �7�K�H �R�U�G�L�Q�D�W�H �L�V �W�K�H �I�U�D�F�W�L�R�Q �R�I �W�K�H �W�R�W�D�O
�F�R�X�Q�W �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R �W�K�H �Q�R�U�P�D�O�L�]�H�G� s �Y�D�O�X�H �V�K�R�Z�Q �L�Q �D�E�V�F�L�V�V�D��

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

�7�K�H �W�H�P�S�R �Y�D�O�X�H�V �D�U�H �Q�R�W �Q�R�W�D�W�H�G �L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �D�Q�G �W�K�H
�S�L�H�F�H�V �D�U�H �Q�R�W �S�O�D�\�H�G �W�R �D �P�H�W�U�R�Q�R�P�H�� �+�H�Q�F�H�� �L�Q �D�G�G�L�W�L�R�Q �W�R �W�K�H
�P�H�G�L�D�Q �Y�D�O�X�H�V �W�D�E�X�O�D�W�H�G �L�Q �7�D�E�O�H�������Z�H �S�U�H�V�H�Q�W �I�X�U�W�K�H�U �D�Q�D�O�\�V�L�V �R�I
�W�K�H �L�Q�W�H�U���V�D�P�D�L�Q�W�H�U�Y�D�O ��� s�� �D�Q�G �L�Q�W�H�U���E�H�D�W �L�Q�W�H�U�Y�D�O ��� b�� �I�R�U �H�D�F�K�W�—	¶�D
�R�Y�H�U �W�K�H �Z�K�R�O�H�$�.�3�I �G�D�W�D�V�H�W�� �$ �K�L�V�W�R�J�U�D�P �R�I� s �D�Q�G� b �I�R�U �H�D�F�K�W�—	¶�D
�L�V �V�K�R�Z�Q �L�Q �)�L�J�X�U�H�������D�Q�G �)�L�J�X�U�H�������U�H�V�S�H�F�W�L�Y�H�O�\�� �7�K�L�V �V�K�R�Z�V �W�K�H
�G�L�V�W�U�L�E�X�W�L�R�Q �R�I �F�\�F�O�H �O�H�Q�J�W�K�V �L�Q �W�K�H �G�D�W�D�V�H�W �R�Y�H�U �W�K�H �Z�K�R�O�H �U�D�Q�J�H �R�I
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���F���0�L���U�D �F�K�—�S�X ���G���.�K�D	Æ	Œ�D �F�K�—�S�X

�)�L�J�X�U�H ���������$ �K�L�V�W�R�J�U�D�P �R�I �W�K�H �P�H�G�L�D�Q �Q�R�U�P�D�O�L�]�H�G �L�Q�W�H�U���E�H�D�W �L�Q�W�H�U�Y�D�O� b

�L�Q �W�K�H�$�.�3�I �G�D�W�D�V�H�W �I�R�U �H�D�F�K�W�—	¶�D�� �7�K�H �R�U�G�L�Q�D�W�H �L�V �W�K�H �I�U�D�F�W�L�R�Q �R�I �W�K�H �W�R�W�D�O
�F�R�X�Q�W �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R �W�K�H �Q�R�U�P�D�O�L�]�H�G� b �Y�D�O�X�H �V�K�R�Z�Q �L�Q �D�E�V�F�L�V�V�D��

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

�7�R �L�O�O�X�V�W�U�D�W�H �D�Q�G �P�H�D�V�X�U�H �W�K�H �W�L�P�H �Y�D�U�\�L�Q�J �W�H�P�S�R �R�I �P�X�V�L�F �S�L�H�F�H�V
�L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �Z�H �Q�R�U�P�D�O�L�]�H �D�O�O �W�K�H� s �D�Q�G� b �Y�D�O�X�H�V �L�Q �D �S�L�H�F�H �E�\
�W�K�H �P�H�G�L�D�Q �Y�D�O�X�H �R�I �W�K�H �S�L�H�F�H �W�R �R�E�W�D�L�Q �P�H�G�L�D�Q �Q�R�U�P�D�O�L�]�H�G� s �D�Q�G
� b �Y�D�O�X�H�V�� �D �K�L�V�W�R�J�U�D�P �R�I �Z�K�L�F�K �L�V �V�K�R�Z�Q �I�R�U�$�.�3�I �G�D�W�D�V�H�W �L�Q �)�L�J��
�X�U�H�������D�Q�G �)�L�J�X�U�H�������� �U�H�V�S�H�F�W�L�Y�H�O�\�� �7�K�H�V�H �K�L�V�W�R�J�U�D�P�V �D�U�H �F�H�Q�W�H�U�H�G



������ �'�D�W�D �F�R�U�S�R�U�D �I�R�U �U�H�V�H�D�U�F�K

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

�5�K�\�W�K�P �S�D�W�W�H�U�Q�V �L�Q�$�.�3�I �D�Q�G�$�.�3�G�D�W�D�V�H�W�V

�:�L�W�K �D �V�L�]�H�D�E�O�H �D�Q�Q�R�W�D�W�H�G �F�R�U�S�X�V �R�I �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �Z�H �F�D�Q �G�R �F�R�U��
�S�R�U�D �O�H�Y�H�O �D�Q�D�O�\�V�L�V �R�I �S�D�W�W�H�U�Q�V �L�Q �U�K�\�W�K�P �D�Q�G �S�H�U�F�X�V�V�L�R�Q�� �7�K�H �L�G�H�D �L�V
�W�R �V�K�R�Z�F�D�V�H �W�K�H�V�H �S�D�W�W�H�U�Q�V �D�V �D �S�R�W�H�Q�W�L�D�O �D�S�S�O�L�F�D�W�L�R�Q �R�I �F�R�U�S�X�V �O�H�Y�H�O
�D�Q�D�O�\�V�L�V�� �Z�K�L�O�H �V�K�R�Z�L�Q�J �W�K�H�L�U �X�W�L�O�L�W�\ �I�R�U �P�H�W�H�U �W�U�D�F�N�L�Q�J �L�Q�0�,�5�� �D�Q�G
�I�R�U �S�H�U�I�R�U�P�D�Q�F�H �D�Q�D�O�\�V�L�V �D�Q�G �F�R�P�S�D�U�D�W�L�Y�H �D�Q�D�O�\�V�L�V �L�Q �P�X�V�L�F�R�O�R�J�\��

�7�K�H �D�L�P �K�H�U�H �L�V �Q�R�W �W�R �V�H�H�N �D�O�O �P�X�V�L�F�R�O�R�J�L�F�D�O �L�Q�V�L�J�K�W�V �I�U�R�P �G�D�W�D��
�E�X�W �W�R �L�O�O�X�V�W�U�D�W�H �W�K�H �S�R�V�V�L�E�L�O�L�W�L�H�V �R�I �D �F�R�U�S�X�V �O�H�Y�H�O �D�Q�D�O�\�V�L�V �G�D�W�D�� �D�Q�G
�K�R�Z �V�X�F�K �D�Q�D�O�\�V�L�V �W�R�R�O�V �F�D�Q �K�H�O�S �D�L�G �D�Q�G �D�G�Y�D�Q�F�H �P�X�V�L�F�R�O�R�J�\�� �7�K�H
�0�,�5�D�S�S�O�L�F�D�W�L�R�Q�V �R�I �V�X�F�K �G�D�W�D�V�H�W�V �L�V �W�K�H �S�U�L�P�D�U�\ �J�R�D�O �R�I �W�K�H �W�K�H�V�L�V
�D�Q�G �G�L�V�F�X�V�V�H�G �L�Q �V�X�E�V�H�T�X�H�Q�W �F�K�D�S�W�H�U�V�� �+�H�Q�F�H�� �D�Q �H�[�D�P�S�O�H �R�I �F�R�U��
�S�X�V �O�H�Y�H�O �P�X�V�L�F�R�O�R�J�L�F�D�O �D�Q�D�O�\�V�L�V �L�V �S�U�H�V�H�Q�W�H�G �L�Q �W�K�L�V �F�K�D�S�W�H�U�� �Z�K�L�F�K
�D�P�R�X�Q�W�V �W�R �D �S�H�U�I�R�U�P�D�Q�F�H �D�Q�D�O�\�V�L�V �R�I �P�X�V�L�F �L�Q �F�X�U�U�H�Q�W �S�U�D�F�W�L�F�H �I�U�R�P
�D�X�G�L�R �U�H�F�R�U�G�L�Q�J�V��

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

�7�K�H �U�K�\�W�K�P �S�D�W�W�H�U�Q�V �D�U�H �F�R�P�S�X�W�H�G �X�V�L�Q�J �D �V�S�H�F�W�U�D�O �I�O�X�[ �I�H�D�W�X�U�H
���F�D�O�O�H�G �/�R�J�)�L�O�W�� �6�S�H�F�)�O�X�[ �D�V �S�U�R�S�R�V�H�G �E�\�%�|�F�N �H�W �D�O�������������� �D�Q�G
�X�V�H�G �I�X�U�W�K�H�U �E�\�.�U�H�E�V �H�W �D�O���������������� �W�K�D�W �L�V �X�V�H�G �I�R�U �G�H�W�H�F�W�L�Q�J �P�X�V�L��
�F�D�O �R�Q�V�H�W�V �L�Q �D�X�G�L�R �U�H�F�R�U�G�L�Q�J�V�� �7�K�H�6�7�)�7�R�I �W�K�H �D�X�G�L�R �V�L�J�Q�D�O �Z�L�W�K
�D �Z�L�Q�G�R�Z �V�L�]�H �R�I �������� �P�V ���������� �V�D�P�S�O�H�V �R�I �D�X�G�L�R �D�W �D �V�D�P�S�O�L�Q�J
�U�D�W�H �R�I �������� �N�+�]���� �'�)�7 �V�L�]�H �R�I �������� �D�Q�G �K�R�S �V�L�]�H �R�I ���� �P�V �L�V �F�R�P��
�S�X�W�H�G �I�U�R�P �D�X�G�L�R�� �7�K�H �V�X�F�F�H�V�V�L�Y�H �G�L�I�I�H�U�H�Q�F�H �E�H�W�Z�H�H�Q �I�U�D�P�H�V �R�I �W�K�H
�O�R�J�D�U�L�W�K�P �R�I �W�K�H �I�L�O�W�H�U �E�D�Q�N �H�Q�H�U�J�L�H�V �L�Q ���� �G�L�I�I�H�U�H�Q�W �E�D�Q�G�V �L�V �W�K�H�Q
�F�R�P�S�X�W�H�G�� �6�L�Q�F�H �W�K�H �E�D�V�V �R�Q�V�H�W�V �K�D�Y�H �V�L�J�Q�L�I�L�F�D�Q�W �L�Q�I�R�U�P�D�W�L�R�Q �D�E�R�X�W
�W�K�H �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V�� �W�K�H �I�H�D�W�X�U�H�V �D�U�H �F�R�P�S�X�W�H�G �L�Q �W�Z�R �I�U�H�T�X�H�Q�F�\
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�)�L�J�X�U�H ���������&�R�P�S�X�W�D�W�L�R�Q �R�I �W�K�H �V�S�H�F�W�U�D�O �I�O�X�[ �R�Q�V�H�W �I�H�D�W�X�U�H �L�Q �W�Z�R �I�U�H��
�T�X�H�Q�F�\ �E�D�Q�G�V�� �I�U�R�P�+�R�O�]�D�S�I�H�O �H�W �D�O����������������

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

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

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

�)�L�J�X�U�H�V���������������� �V�K�R�Z �W�K�H �H�Q�V�H�P�E�O�H �D�Y�H�U�D�J�H �R�I �F�\�F�O�H �O�H�Q�J�W�K
�S�D�W�W�H�U�Q�V �R�Y�H�U �D�O�O �W�K�H �S�L�H�F�H�V �L�Q �W�K�H �G�D�W�D�V�H�W �I�R�U �H�D�F�K�W�—	¶�D�� �F�R�P�S�X�W�H�G
�X�V�L�Q�J �W�K�H �V�S�H�F�W�U�D�O �I�O�X�[ �I�H�D�W�X�U�H �L�Q �W�Z�R �G�L�I�I�H�U�H�Q�W �I�U�H�T�X�H�Q�F�\ �E�D�Q�G�V �D�V
�R�X�W�O�L�Q�H�G �D�E�R�Y�H�� �,�Q �H�D�F�K �I�L�J�X�U�H�� �W�K�H �E�R�W�W�R�P �S�D�Q�H �F�R�U�U�H�V�S�R�Q�G�V �W�R �W�K�H
�O�R�Z �I�U�H�T�X�H�Q�F�\ �E�D�Q�G ��yl �� �D�Q�G �W�K�H �W�R�S �S�D�Q�H �F�R�U�U�H�V�S�R�Q�G�V �W�R �W�K�H �K�L�J�K
�I�U�H�T�X�H�Q�F�\ �E�D�Q�G ��yh ���� �7�K�H �D�E�V�F�L�V�V�D �L�V �W�K�H �E�H�D�W �Q�X�P�E�H�U �Z�L�W�K�L�Q �W�K�H
�F�\�F�O�H ���G�R�W�W�H�G �O�L�Q�H�V���� �Z�L�W�K �� �L�Q�G�L�F�D�W�L�Q�J �W�K�H�V�D�P�D���P�D�U�N�H�G �Z�L�W�K �D �U�H�G
�O�L�Q�H���� �7�K�H �V�W�D�U�W �R�I �H�D�F�K�D	Ä�J�D�L�V �L�Q�G�L�F�D�W�H�G �Z�L�W�K �E�H�D�W �Q�X�P�E�H�U�V �D�W �W�K�H
�W�R�S �R�I �H�D�F�K �S�D�Q�H ���V�D�P�D�V�K�R�Z�Q �D�V� ���� �7�K�H �S�D�W�W�H�U�Q�V �L�Q �H�D�F�K �I�L�J�X�U�H
�S�D�Q�H �L�V �Q�R�U�P�D�O�L�]�H�G �V�R �W�K�D�W �P�D�[�L�P�X�P �Y�D�O�X�H �L�V ���� �W�R �F�R�P�P�H�Q�W �R�Q
�U�H�O�D�W�L�Y�H �R�Q�V�H�W �V�W�U�H�Q�J�W�K�V �D�W �G�L�I�I�H�U�H�Q�W �P�H�W�U�L�F�D�O �S�R�V�L�W�L�R�Q�V �R�I �W�K�H �F�\�F�O�H��

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

�:�H �O�L�V�W �G�R�Z�Q �D�Q�G �G�L�V�F�X�V�V �V�R�P�H �V�D�O�L�H�Q�W �T�X�D�O�L�W�D�W�L�Y�H �R�E�V�H�U�Y�D�W�L�R�Q�V
�I�U�R�P �I�L�J�X�U�H�V �I�R�U �H�D�F�K�W�—	¶�D�� �I�R�U �E�R�W�K�$�.�3�I �G�D�W�D�V�H�W �D�Q�G �L�W�V �V�X�E�V�H�W�$�.�3��
�7�K�H �)�L�J�X�U�H�V�����������������V�K�R�Z �W�K�H �F�\�F�O�H �O�H�Q�J�W�K �U�K�\�W�K�P �S�D�W�W�H�U�Q�V �I�R�U �D�O�O
�W�—	¶�D�V�I�R�U �E�R�W�K�$�.�3�I �D�Q�G�$�.�3�G�D�W�D�V�H�W�V�� �)�R�U �H�D�F�K�W�—	¶�D�� �Z�H �S�O�R�W �W�K�H
�U�K�\�W�K�P �S�D�W�W�H�U�Q�V �W�R�J�H�W�K�H�U �W�R �F�R�P�S�D�U�H �S�D�W�W�H�U�Q�V �D�F�U�R�V�V �W�K�H �V�K�R�U�W �H�[��
�F�H�U�S�W�V �L�Q�$�.�3�G�D�W�D�V�H�W �D�Q�G �I�X�O�O �O�H�Q�J�W�K �S�L�H�F�H�V �L�Q�$�.�3�I �G�D�W�D�V�H�W��

�2�Y�H�U�D�O�O�� �Z�H �V�H�H �V�W�U�R�Q�J�H�U �D�F�F�H�Q�W�V �R�Q �W�K�H�D�N	â�D�U�D�V�� �Z�L�W�K�V�D�P�D�K�D�Y��
�L�Q�J �W�K�H �V�W�U�R�Q�J�H�V�W �D�F�F�H�Q�W �L�Q �P�R�V�W �F�D�V�H�V�� �:�H �F�D�Q �F�O�H�D�U�O�\ �V�H�H �W�K�H �D�F��
�F�H�Q�W�V �R�U�J�D�Q�L�]�H�G �L�Q �W�K�U�H�H �G�L�I�I�H�U�H�Q�W �V�W�U�H�Q�J�W�K�V�� �U�H�I�O�H�F�W�L�Q�J �W�K�H �P�H�W�U�L�F�D�O
�O�H�Y�H�O�V �R�I �W�K�H�D	Ä�J�D�� �W�K�H �E�H�D�W �D�Q�G �W�K�H�D�N	â�D�U�D�� �7�K�H �W�Z�R�D�N	â�D�U�D�O�R�Q�J
�E�H�D�W�V �L�Q�P�L���U�D �F�K�—�S�X�D�Q�G�N�K�D	Æ	Œ�D �F�K�—�S�X�W�—	¶�D�V�� �D�Q�G �W�K�H �I�R�X�U�D�N	â�D�U�D
�O�R�Q�J �E�H�D�W�V �L�Q�—�G�L�D�Q�G�U�Ì�S�D�N�D�W�—	¶�D�V�F�D�Q �E�H �D�G�G�L�W�L�R�Q�D�O�O�\ �V�H�H�Q�� �7�K�H
�S�D�W�W�H�U�Q�V �D�Q�G	ì�K�•�N�—�V�S�O�D�\�H�G �L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F �D�U�H �T�X�L�W�H �G�L�Y�H�U�V�H�� �D�Q�G
�Q�R �R�E�Y�L�R�X�V �U�H�S�U�H�V�H�Q�W�D�W�L�Y�H�W�—	¶�D�S�D�W�W�H�U�Q �F�D�Q �E�H �L�Q�I�H�U�U�H�G�� �D�S�D�U�W �I�U�R�P
�W�K�H �Y�D�U�L�H�G �D�F�F�H�Q�W�V �D�W �W�K�U�H�H �P�H�W�U�L�F�D�O �O�H�Y�H�O�V��



������ �7�H�V�W �G�D�W�D�V�H�W�V ������

�)�L�J�X�U�H ���������&�\�F�O�H �O�H�Q�J�W�K �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �O�H�D�U�Q�H�G �I�U�R�P�$�.�3�I �G�D�W�D�V�H�W
�I�R�U�—�G�L�W�—	¶�D�� �,�Q �H�D�F�K �R�I �W�K�H �I�R�O�O�R�Z�L�Q�J �)�L�J�X�U�H�V������������������ �W�K�H �S�D�W�W�H�U�Q�V �D�U�H
�F�R�P�S�X�W�H�G �I�U�R�P �V�S�H�F�W�U�D�O �I�O�X�[ �I�H�D�W�X�U�H �D�Q�G �D�Y�H�U�D�J�H�G �R�Y�H�U �D�O�O �W�K�H �S�L�H�F�H�V �L�Q
�W�K�H �G�D�W�D�V�H�W�� �7�K�H �E�R�W�W�R�P���W�R�S �S�D�Q�H �F�R�U�U�H�V�S�R�Q�G�V �W�R �W�K�H �O�R�Z���K�L�J�K �I�U�H�T�X�H�Q�F�\
�E�D�Q�G�V�� �U�H�V�S�H�F�W�L�Y�H�O�\�� �7�K�H �D�E�V�F�L�V�V�D �L�V �W�K�H �E�H�D�W �Q�X�P�E�H�U �Z�L�W�K�L�Q �W�K�H �F�\�F�O�H
���G�R�W�W�H�G �O�L�Q�H�V���� �Z�L�W�K �� �L�Q�G�L�F�D�W�L�Q�J �W�K�H�V�D�P�D���P�D�U�N�H�G �Z�L�W�K �D �U�H�G �O�L�Q�H���� �7�K�H
�V�W�D�U�W �R�I �H�D�F�K�D	Ä�J�D�L�V �L�Q�G�L�F�D�W�H�G �Z�L�W�K �E�H�D�W �Q�X�P�E�H�U�V �D�W �W�K�H �W�R�S �R�I �H�D�F�K �S�D�Q�H
���V�D�P�D�V�K�R�Z�Q �D�V� ���� �7�K�H �S�O�R�W �V�K�R�Z�V �W�K�H �F�\�F�O�H �H�[�W�H�Q�G�H�G �E�\ �D �E�H�D�W �D�W �W�K�H
�E�H�J�L�Q�Q�L�Q�J �D�Q�G �H�Q�G �W�R �L�O�O�X�V�W�U�D�W�H �W�K�H �F�\�F�O�L�F �Q�D�W�X�U�H �R�I �W�K�H�W�—	¶�D��

�)�L�J�X�U�H ���������&�\�F�O�H �O�H�Q�J�W�K �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �O�H�D�U�Q�H�G �I�U�R�P�$�.�3�G�D�W�D�V�H�W �I�R�U
�—�G�L�W�—	¶�D��

�7�K�H �S�D�W�W�H�U�Q�V �L�O�O�X�V�W�U�D�W�H�G �K�H�U�H �D�U�H �D�Y�H�U�D�J�H �S�D�W�W�H�U�Q�V �W�K�D�W �R�F�F�X�U �D�Q�G
�G�R �Q�R�W �W�H�O�O �X�V �P�X�F�K �D�E�R�X�W �W�K�H �Y�D�U�L�R�X�V �L�Q�G�L�Y�L�G�X�D�O �S�D�W�W�H�U�Q�V �W�K�D�W �P�L�J�K�W
�R�F�F�X�U �L�Q �V�S�H�F�L�I�L�F �S�R�L�Q�W�V �L�Q �S�D�U�W�L�F�X�O�D�U �U�H�F�R�U�G�L�Q�J�V�� �7�K�H�W�—	¶�D�V�D�U�H �P�H�W��
�U�L�F�D�O �V�W�U�X�F�W�X�U�H�V �W�K�D�W �D�O�O�R�Z �P�D�Q�\ �G�L�I�I�H�U�H�Q�W �S�D�W�W�H�U�Q�V �W�R �E�H �S�O�D�\�H�G�� �D�Q�G
�Q�R�W �D �V�S�H�F�L�I�L�F �U�K�\�W�K�P�� �,�W �L�V �I�X�U�W�K�H�U �V�H�H�Q �W�K�D�W �W�K�H �I�L�U�V�W�D�N	â�D�U�D�D�I�W�H�U
�V�D�P�D�K�D�V �V�R�I�W�H�U �D�F�F�H�Q�W�V�� �)�H�Z�H�U �V�W�U�R�N�H�V �D�U�H �S�O�D�\�H�G �D�I�W�H�U �W�K�H�V�D�P�D��
�W�R �H�P�S�K�D�V�L�]�H �W�K�D�W �W�K�H�V�D�P�D�K�D�V �M�X�V�W �S�D�V�V�H�G �D�Q�G �D �Q�H�Z �F�\�F�O�H �K�D�V
�E�H�J�X�Q�� �,�W �P�L�J�K�W �D�O�V�R �S�H�U�K�D�S�V �L�Q�G�L�F�D�W�H �V�R�P�H �I�R�U�P �R�I �U�H�F�R�Y�H�U�\ �W�L�P�H
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�)�L�J�X�U�H �����������&�\�F�O�H �O�H�Q�J�W�K �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �O�H�D�U�Q�H�G �I�U�R�P�$�.�3�I �G�D�W�D�V�H�W
�I�R�U�U�Ì�S�D�N�D�W�—	¶�D��

�)�L�J�X�U�H �����������&�\�F�O�H �O�H�Q�J�W�K �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �O�H�D�U�Q�H�G �I�U�R�P�$�.�3�G�D�W�D�V�H�W �I�R�U
�U�Ì�S�D�N�D�W�—	¶�D��

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

�L�O�D�U �W�R �W�K�R�V�H �F�R�P�S�X�W�H�G �X�V�L�Q�J�$�.�3�I �G�D�W�D�V�H�W�� �V�K�R�Z�L�Q�J �W�K�D�W�$�.�3�L�V �D
�J�R�R�G �U�H�S�U�H�V�H�Q�W�D�W�L�Y�H �V�X�E�V�H�W �R�I �W�K�H �O�D�U�J�H�U�$�.�3�I�� �$�G�G�L�W�L�R�Q�D�O�O�\�� �D�O�O �W�K�H
�R�E�V�H�U�Y�D�W�L�R�Q�V �Z�H �P�D�N�H �Z�L�W�K �S�D�W�W�H�U�Q�V �I�U�R�P�$�.�3�I �H�[�W�H�Q�G �W�R�$�.�3�� �:�H
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�V�W�U�R�Q�J �D�F�F�H�Q�W�V �D�W �K�D�O�I �F�\�F�O�H��
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�I�R�U�N�K�D	Æ	Œ�D �F�K�—�S�X�W�—	¶�D��

�)�L�J�X�U�H �����������&�\�F�O�H �O�H�Q�J�W�K �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �O�H�D�U�Q�H�G �I�U�R�P�$�.�3�G�D�W�D�V�H�W �I�R�U
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�J�U�H�V�V�L�R�Q �W�K�U�R�X�J�K �W�K�H �X�Q�H�T�X�D�O�D	Ä�J�D�V�� �7�K�H �����������D�N	â�D�U�D�J�U�R�X�S�L�Q�J
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�W�H�U�H�V�W�L�Q�J �P�X�V�L�F�R�O�R�J�L�F�D�O �V�L�J�Q�L�I�L�F�D�Q�F�H�� �$ �S�U�R�I�H�V�V�L�R�Q�D�O �&�D�U�Q�D�W�L�F �P�X��
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�F�R�U�S�R�U�D �I�R�U �V�H�Y�H�U�D�O �D�X�W�R�P�D�W�L�F �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �W�D�V�N�V �L�Q �&�D�U�Q�D�W�L�F
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�W�L�P�D�W�L�R�Q �D�Q�G �W�U�D�F�N�L�Q�J���W�—	¶�D�U�H�F�R�J�Q�L�W�L�R�Q�� �U�K�\�W�K�P �E�D�V�H�G �V�H�J�P�H�Q�W�D��
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�7�K�H �S�D�W�W�H�U�Q�V �S�O�D�\�H�G �L�Q �D�W�—�O�F�\�F�O�H �K�D�Y�H �E�R�W�K �H�Q�H�U�J�\���D�P�S�O�L�W�X�G�H
�D�F�F�H�Q�W�V �G�X�H �W�R �Y�D�U�\�L�Q�J �V�W�U�H�Q�J�W�K �R�I �W�K�H�W�D�E�O�D�V�W�U�R�N�H �D�Q�G �D�O�V�R �W�L�P��
�E�U�D�O �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �G�X�H �W�R �W�K�H �V�S�H�F�L�I�L�F �V�W�U�R�N�H �S�O�D�\�H�G�� �7�K�H �U�K�\�W�K�P
�S�D�W�W�H�U�Q�V �K�D�Y�H �E�H�H�Q �J�H�Q�H�U�D�W�H�G �X�V�L�Q�J �W�K�H �V�S�H�F�W�U�D�O �I�O�X�[ �I�H�D�W�X�U�H�� �Z�K�L�F�K
�P�R�G�H�O�V �P�R�V�W�O�\ �R�Q�O�\ �H�Q�H�U�J�\�� �D�Q�G �K�H�Q�F�H �F�D�Q �R�Q�O�\ �H�[�S�O�D�L�Q �H�Q�H�U�J�\ �D�F��
�F�H�Q�W�V �Z�L�W�K �W�K�H�V�H �I�L�J�X�U�H�V�� �:�H �O�L�V�W �G�R�Z�Q �D�Q�G �G�L�V�F�X�V�V �V�R�P�H �V�D�O�L�H�Q�W
�T�X�D�O�L�W�D�W�L�Y�H �R�E�V�H�U�Y�D�W�L�R�Q�V �I�U�R�P �W�K�H �I�L�J�X�U�H�V �I�R�U �H�D�F�K�W�—�O�� �I�R�U �E�R�W�K�Y�L��
�O�D	À�E�L�W�O�D�\�D�Q�G�P�D�G�K�\�D���G�U�b�W�O�D�\�� �7�K�H �S�D�W�W�H�U�Q�V �D�U�H �L�Q�G�L�F�D�W�L�Y�H �R�I �W�K�H
�V�X�U�I�D�F�H �U�K�\�W�K�P �S�U�H�V�H�Q�W �L�Q �W�K�H�V�H �D�X�G�L�R �U�H�F�R�U�G�L�Q�J�V��

�7�K�H�U�H �D�U�H �V�H�Y�H�U�D�O �R�E�V�H�U�Y�D�W�L�R�Q�V �I�U�R�P �W�K�H �S�O�R�W�W�H�G �U�K�\�W�K�P �S�D�W�W�H�U�Q�V
�W�K�D�W �K�D�Y�H �L�Q�W�H�U�H�V�W�L�Q�J �P�X�V�L�F�R�O�R�J�L�F�D�O �V�L�J�Q�L�I�L�F�D�Q�F�H�� �$ �S�U�R�I�H�V�V�L�R�Q�D�O
�+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F�L�D�Q �K�D�V �L�Q�I�R�U�P�D�O�O�\ �Y�D�O�L�G�D�W�H�G �W�K�H�V�H �R�E�V�H�U�Y�D�W�L�R�Q�V��
�E�X�W �W�K�H�\ �V�W�L�O�O �K�D�Y�H �W�R �E�H �I�R�U�P�D�O�O�\ �V�W�X�G�L�H�G �L�Q �G�H�S�W�K �W�R �P�D�N�H �Y�D�O�L�G
�P�X�V�L�F�R�O�R�J�L�F�D�O �F�R�Q�F�O�X�V�L�R�Q�V�� �2�Y�H�U�D�O�O�� �I�U�R�P �)�L�J�X�U�H�V�������������������� �Z�H
�R�E�V�H�U�Y�H �D�F�U�R�V�V �D�O�O�W�—�O�V�D�Q�G�O�D�\�D�V�W�K�D�W �D�F�F�H�Q�W�V �D�U�H �V�W�U�R�Q�J�H�U �R�Q �W�K�H
�P�—�W�U�—�V�� �Z�L�W�K �D�F�F�H�Q�W�V �S�U�H�V�H�Q�W �H�Y�H�Q �D�W �K�D�O�I �D�Q�G �I�R�X�U�W�K �G�L�Y�L�V�L�R�Q�V �R�I
�W�K�H �P�D�W�U�D �L�Q �P�D�Q�\ �F�D�V�H�V�� �7�K�H�V�D�P�P�R�V�W �R�I�W�H�Q �K�D�V �W�K�H �V�W�U�R�Q�J�H�V�W
�D�F�F�H�Q�W�� �8�Q�O�L�N�H �&�D�U�Q�D�W�L�F�W�—	¶�D�V��	ì�K�•�N�—�V�L�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �D�U�H �O�H�V�V
�I�O�H�[�L�E�O�H�� �D�Q�G �K�H�Q�F�H �Z�H �F�D�Q �L�Q�I�H�U �V�H�Y�H�U�D�O �F�R�Q�F�U�H�W�H �F�R�Q�F�O�X�V�L�R�Q�V �I�U�R�P
�W�K�H �U�K�\�W�K�P �S�D�W�W�H�U�Q�V �R�I �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F��

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



������ �'�D�W�D �F�R�U�S�R�U�D �I�R�U �U�H�V�H�D�U�F�K

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

�'�X�H �W�R �W�K�H �O�D�U�J�H�P�—�W�U�—�S�H�U�L�R�G ��� b�� �L�Q�Y�L�O�D	À�E�L�W�O�D�\�� �H�D�F�K�P�—�W�U�—
�D�F�W�V �D�V �D�Q �D�Q�F�K�R�U �I�R�U �W�L�P�H�N�H�H�S�L�Q�J�� �D�Q�G �F�D�Q �E�H �S�O�D�\�H�G �Z�L�W�K�R�X�W �D�Q�\
�H�I�I�H�F�W �I�U�R�P �W�K�H �S�U�H�Y�L�R�X�V �V�W�U�R�N�H�V ���L�Q �I�D�V�W�W�D�E�O�D�S�O�D�\�L�Q�J �L�Q�G�U�b�W�� �W�K�H �S�U�H��
�Y�L�R�X�V �V�W�U�R�N�H �F�D�Q �S�R�V�V�L�E�O�\ �D�I�I�H�F�W �W�K�H �V�R�X�Q�G�� �L�Q�W�R�Q�D�W�L�R�Q�� �D�Q�G �S�O�D�\�L�Q�J
�W�H�F�K�Q�L�T�X�H �R�I �W�K�H �I�R�O�O�R�Z�L�Q�J �V�W�U�R�N�H�V���� �)�X�U�W�K�H�U�� �G�X�H �W�R �D �O�D�U�J�H �W�L�P�H
�L�Q�W�H�U�Y�D�O �D�Y�D�L�O�D�E�O�H �W�R �S�O�D�\ �W�K�H	ì�K�•�N�—�� �W�K�H�W�D�E�O�D�S�O�D�\�L�Q�J �P�X�V�L�F�L�D�Q �I�R��
�F�X�V�H�V �R�Q �P�R�G�X�O�D�W�L�R�Q �R�I �O�H�I�W �E�D�V�V �V�W�U�R�N�H�V �W�K�D�W �F�D�Q �V�X�V�W�D�L�Q �O�R�Q�J�H�U�� �)�L��
�Q�D�O�O�\�� �O�H�I�W �D�Q�G �U�L�J�K�W �K�D�Q�G �F�D�Q �R�S�H�U�D�W�H �L�Q�G�H�S�H�Q�G�H�Q�W�O�\�� �Z�K�L�F�K �P�H�D�Q�V
�P�R�G�X�O�D�W�L�R�Q �R�I �D�F�F�H�Q�W�V �W�K�U�R�X�J�K �W�K�H �F�\�F�O�H �F�D�Q �E�H �G�L�I�I�H�U�H�Q�W �I�R�U �O�H�I�W
�D�Q�G �U�L�J�K�W �D�F�F�H�Q�W�V�� �7�K�H �O�H�I�W �D�Q�G �U�L�J�K�W �V�W�U�R�N�H�V �D�O�V�R �F�R�P�S�O�H�P�H�Q�W �H�D�F�K
�R�W�K�H�U�� �(�D�F�K �R�I �W�K�H�V�H �H�I�I�H�F�W�V �F�D�Q �E�H �R�E�V�H�U�Y�H�G �L�Q �W�K�H �S�D�W�W�H�U�Q�V �R�I�Y�L��
�O�D	À�E�L�W�O�D�\��

�,�Q �F�R�Q�W�U�D�V�W�� �D�F�U�R�V�V �D�O�O�W�—�O�V�L�Q�P�D�G�K�\�D�D�Q�G�G�U�b�W�O�D�\�� �J�L�Y�H�Q �W�K�H
�V�K�R�U�W�H�U �F�\�F�O�H�V�� �Z�H �V�H�H �W�K�D�W�Y�L�E�K�—�J�V�D�U�H �D�Q�F�K�R�U�V�� �7�K�H �I�L�O�O�H�U�V �D�U�H
�O�D�U�J�H�O�\ �U�H�V�W�U�L�F�W�H�G �R�Q�O�\ �W�R �K�D�O�I�P�—�W�U�—�� �Z�L�W�K �O�R�Z�H�U �D�F�F�H�Q�W�V���'�U�b�W�S�L�H�F�H�V
�D�O�V�R �K�D�Y�H �D �U�H�O�D�W�L�Y�H�O�\ �P�R�U�H �U�H�O�D�[�H�G �W�L�P�L�Q�J�� �D�Q�G �W�K�H �I�R�F�X�V �L�V �R�Q �U�L�J�K�W
�V�W�U�R�N�H�V�� �Z�L�W�K �W�K�H �O�H�I�W �K�D�Q�G �S�O�D�\�L�Q�J �W�K�H �W�K�H�R�U�\ �G�H�I�L�Q�H�G �³�W�H�[�W�E�R�R�N��
�V�W�U�R�N�H�V �I�R�U �W�L�P�H�N�H�H�S�L�Q�J�� �,�Q �D�G�G�L�W�L�R�Q�� �W�K�H �O�H�I�W �D�Q�G �U�L�J�K�W �K�D�Q�G�V �D�U�H �L�Q
�V�\�Q�F�� �Z�K�L�F�K �F�D�Q �E�H �V�H�H�Q �L�Q �W�K�H �P�R�G�X�O�D�W�L�R�Q �R�I �D�F�F�H�Q�W�V �W�K�U�R�X�J�K �W�K�H
�F�\�F�O�H �E�H�L�Q�J �Z�H�O�O �F�R�U�U�H�O�D�W�H�G �I�R�U �E�R�W�K �O�H�I�W �D�Q�G �U�L�J�K�W �D�F�F�H�Q�W�V �� �W�K�H �O�H�I�W
�D�Q�G �U�L�J�K�W �V�W�U�R�N�H�V �Z�R�U�N �W�R�J�H�W�K�H�U �K�H�U�H�� �L�Q �F�R�Q�W�U�D�V�W �W�R �F�R�P�S�O�H�P�H�Q�W��
�L�Q�J �H�D�F�K �R�W�K�H�U �D�V �L�Q�Y�L�O�D	À�E�L�W�O�D�\�� �)�X�U�W�K�H�U�P�R�U�H�� �W�K�H �S�D�W�W�H�U�Q�V �G�L�I�I�H�U
�Z�L�G�H�O�\ �E�H�W�Z�H�H�Q �W�K�H�O�D�\�F�O�D�V�V�H�V�� �H�V�S�H�F�L�D�O�O�\ �I�R�U�•�N�W�—�O�D�Q�G�W�¯�Q�W�—�O��

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

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



������ �7�H�V�W �G�D�W�D�V�H�W�V ������

�)�L�J�X�U�H �����������&�\�F�O�H �O�H�Q�J�W�K �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �O�H�D�U�Q�H�G �I�U�R�P�)�.�3�O�G�D�W�D�V�H�W
�I�R�U�W�¯�Q�W�—�O�� �F�R�P�S�X�W�H�G �I�U�R�P �V�S�H�F�W�U�D�O �I�O�X�[ �I�H�D�W�X�U�H �D�Q�G �D�Y�H�U�D�J�H�G �R�Y�H�U �D�O�O �W�K�H
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�W�D�W�L�R�Q �X�V�H�G �L�Q �W�K�H �G�L�V�V�H�U�W�D�W�L�R�Q�� �D�Q�G �K�H�Q�F�H �W�K�H �D�Q�D�O�R�J�R�X�V �V�\�O�O�D�E�L�F
�V�\�P�E�R�O �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R �H�D�F�K �V�W�U�R�N�H �O�D�E�H�O �L�V �D�O�V�R �V�K�R�Z�Q �L�Q �W�K�H �W�D��
�E�O�H��
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�7�K�H�8�.�6 �0�U�L�G�D�Q�J�D�P �6�R�O�R �G�D�W�D�V�H�W���6�.�4�� �L�V �D �W�U�D�Q�V�F�U�L�E�H�G �F�R�O�O�H�F��
�W�L�R�Q �R�I �W�Z�R�W�D�Q�L���—�Y�D�U�W�D�Q�D�V���S�H�U�F�X�V�V�L�R�Q �V�R�O�R�� �S�O�D�\�H�G �E�\ �W�K�H �U�H�Q�R�Z�Q�H�G
�P�U�L�G�D�Q�J�D�P �P�D�H�V�W�U�R �3�D�G�P�D �9�L�E�K�X�V�K�D�Q �'�U�� �8�P�D�\�D�O�S�X�U�D�P �.�� �6�L�Y�D�U�D��
�P�D�Q�� �7�K�H �D�X�G�L�R �Z�D�V �U�H�F�R�U�G�H�G �D�W �,�,�7 �0�D�G�U�D�V�� �,�Q�G�L�D �D�Q�G �D�Q�Q�R�W�D�W�H�G
�E�\ �S�U�R�I�H�V�V�L�R�Q�D�O �&�D�U�Q�D�W�L�F �S�H�U�F�X�V�V�L�R�Q�L�V�W�V ���.�X�U�L�D�N�R�V�H �H�W �D�O����������������
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�W�H�G �R�U�D�O�O�\ �Z�L�W�K �W�K�H �X�V�H �R�I �R�Q�R�P�D�W�R�S�R�H�L�F �V�\�O�O�D�E�O�H�V �U�H�S�U�H�V�H�Q�W�D�W�L�Y�H �R�I
�W�K�H �G�L�I�I�H�U�H�Q�W �V�W�U�R�N�H�V �R�I �W�K�H �P�U�L�G�D�Q�J�D�P�� �D �V�\�O�O�D�E�L�F �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q �R�I
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�7�D�E�O�H �����������7�K�H�8�.�6 �0�U�L�G�D�Q�J�D�P �6�R�O�R �G�D�W�D�V�H�W���6�.�4�� �Z�L�W�K �������� �V�\�O�O�D��
�E�O�H�V�� �V�K�R�Z�L�Q�J �W�K�H �Q�X�P�E�H�U �R�I �L�Q�V�W�D�Q�F�H�V �R�I �H�D�F�K �V�\�O�O�D�E�O�H �L�Q �W�K�H �G�D�W�D�V�H�W�� �7�K�H
�V�\�O�O�D�E�O�H �J�U�R�X�S �Q�D�P�H�V �F�R�U�U�H�V�S�R�Q�G �W�R �W�K�D�W �S�U�H�V�H�Q�W�H�G �L�Q �7�D�E�O�H��������

�W�K�H�W�D�Q�L�D�Q�G �W�K�H �S�D�W�W�H�U�Q�V �S�U�R�Y�L�G�H�V �D �P�X�V�L�F�D�O�O�\ �P�H�D�Q�L�Q�J�I�X�O �U�H�S�U�H��
�V�H�Q�W�D�W�L�R�Q �I�R�U �D�Q�D�O�\�V�L�V�� �7�K�H �G�D�W�D�V�H�W �X�V�H�V �V�X�F�K �D �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q�� �7�K�H
�G�D�W�D�V�H�W �F�R�Q�V�L�V�W�V �R�I �W�Z�R�W�D�Q�L���—�Y�D�U�W�D�Q�D�V�S�O�D�\�H�G �R�Q �D �P�U�L�G�D�Q�J�D�P �W�X�Q�H�G
�W�R �W�R�Q�L�F �&���� �R�Q�H �S�O�D�\�H�G �L�Q�Y�L�O�D	À�E�L�W�D�—�G�L�W�—	¶�D���D �F�\�F�O�H �R�I ���� �E�H�D�W�V��
�D�Q�G �W�K�H �R�W�K�H�U �S�O�D�\�H�G �L�Q�U�Ì�S�D�N�D�W�—	¶�D�� �(�D�F�K�W�D�Q�L�L�V �D�E�R�X�W ���� �P�L�Q�X�W�H�V
�O�R�Q�J�� �%�R�W�K�W�D�Q�L�V�Z�H�U�H �U�H�F�R�U�G�H�G �L�Q �V�W�X�G�L�R���O�L�N�H �F�R�Q�G�L�W�L�R�Q�V �X�V�L�Q�J �D
�=�R�R�P �+���Q �U�H�F�R�U�G�H�U �Z�L�W�K �D�Q �6�0 ���� �P�L�F�U�R�S�K�R�Q�H �I�R�U �W�K�H �W�U�H�E�O�H �K�H�D�G
���U�L�J�K�W�� �D�Q�G �6�0 ���� �P�L�F�U�R�S�K�R�Q�H �I�R�U �W�K�H �E�D�V�V �K�H�D�G ���O�H�I�W�� �R�I �W�K�H �P�U�L��
�G�D�Q�J�D�P�� �7�K�H �D�X�G�L�R �I�L�O�H�V �D�U�H �P�R�Q�R�� �V�D�P�S�O�H�G �D�W ���������.�+�]�� �D�Q�G �V�W�R�U�H�G
�D�V ���� �E�L�W �:�$�9 �I�L�O�H�V��

�7�K�H �D�X�G�L�R �I�L�O�H �R�I �H�D�F�K�W�D�Q�L�K�D�V �E�H�H�Q �V�H�J�P�H�Q�W�H�G �L�Q�W�R �V�K�R�U�W �P�X��
�V�L�F�D�O�O�\ �U�H�O�H�Y�D�Q�W �S�K�U�D�V�H�V�� �D�Q�G �H�D�F�K �S�K�U�D�V�H �K�D�V �E�H�H�Q �W�U�D�Q�V�F�U�L�E�H�G �L�Q�W�R
�L�W�V �F�R�Q�V�W�L�W�X�H�Q�W �V�W�U�R�N�H�V�� �U�H�S�U�H�V�H�Q�W�H�G �D�V �V�\�O�O�D�E�O�H�V�� �7�K�H �V�H�J�P�H�Q�W�D�W�L�R�Q
�R�I �D�X�G�L�R �I�L�O�H�V �D�Q�G �V�\�O�O�D�E�L�F �W�U�D�Q�V�F�U�L�S�W�L�R�Q �R�I �H�D�F�K �S�K�U�D�V�H �Z�D�V �G�R�Q�H
�E�\ �S�U�R�I�H�V�V�L�R�Q�D�O �&�D�U�Q�D�W�L�F �S�H�U�F�X�V�V�L�R�Q�L�V�W�V�� �7�K�H �W�U�D�Q�V�F�U�L�S�W�L�R�Q�V �D�O�V�R �L�Q��
�F�O�X�G�H �S�D�X�V�H�V ���G�H�Q�R�W�H�G �E�\ �� �� �D�Q�G �F�K�D�Q�J�H �L�Q �V�S�H�H�G ���G�H�Q�R�W�H�G �E�\ �^
�D�Q�G �` ���� �7�K�H �F�R�P�E�L�Q�H�G �G�X�U�D�W�L�R�Q �R�I �E�R�W�K �W�K�H �W�D�Q�L�V �L�V �D�E�R�X�W ���� �P�L�Q��
�X�W�H�V �D�Q�G �F�R�Q�V�L�V�W�V �R�I �������� �V�W�U�R�N�H�V�� �7�K�H �V�W�U�R�N�H �V�\�O�O�D�E�O�H�V �D�U�H �J�U�R�X�S�H�G
�E�D�V�H�G �R�Q �W�L�P�E�U�H �D�V �G�H�V�F�U�L�E�H�G �L�Q �7�D�E�O�H�������L�Q�W�R �V�\�O�O�D�E�O�H �J�U�R�X�S�V�� �D�Q�G
�W�K�H �G�D�W�D�V�H�W �L�V �G�H�V�F�U�L�E�H�G �L�Q �7�D�E�O�H���������� �V�K�R�Z�L�Q�J �W�K�H �Q�X�P�E�H�U �R�I �L�Q��
�V�W�D�Q�F�H�V �I�R�U �H�D�F�K �V�\�O�O�D�E�O�H ���J�U�R�X�S�� �L�Q �W�K�H �D�X�G�L�R �U�H�F�R�U�G�L�Q�J�V�� �7�K�H �W�U�D�Q��
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�7�D�E�O�H �����������7�K�H�-�L�Q�J�M�X �3�H�U�F�X�V�V�L�R�Q �,�Q�V�W�U�X�P�H�Q�W �G�D�W�D�V�H�W���+�1�*�G�D�W�D�V�H�W�� �V�K�R�Z��
�L�Q�J �W�K�H �Q�X�P�E�H�U �R�I �H�[�D�P�S�O�H�V �I�R�U �H�D�F�K �L�Q�V�W�U�X�P�H�Q�W �L�Q �W�K�H �W�U�D�L�Q�L�Q�J �D�Q�G �W�H�V�W
�G�D�W�D�V�H�W��

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

�7�K�H �G�D�W�D�V�H�W �F�D�Q �E�H �X�V�H�G �I�R�U �V�H�Y�H�U�D�O�0�,�5 �W�D�V�N�V �V�X�F�K �D�V �R�Q�V�H�W
�G�H�W�H�F�W�L�R�Q�� �S�H�U�F�X�V�V�L�R�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q�� �U�K�\�W�K�P �D�Q�G �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q
�D�Q�D�O�\�V�L�V�� �D�Q�G �P�U�L�G�D�Q�J�D�P �V�W�U�R�N�H �P�R�G�H�O�L�Q�J�� �7�K�H �G�D�W�D�V�H�W ���D�X�G�L�R ��
�D�Q�Q�R�W�D�W�L�R�Q�V�� �L�V �I�U�H�H�O�\ �D�Y�D�L�O�D�E�O�H �I�R�U �U�H�V�H�D�U�F�K �S�X�U�S�R�V�H�V���� �D�Q�G �K�D�V �E�H�H�Q
�U�H�F�H�Q�W�O�\ �X�V�H�G �E�\�.�X�U�L�D�N�R�V�H �H�W �D�O�������������� �L�Q �W�K�H�L�U �Z�R�U�N��
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�7�K�H�-�L�Q�J�M�X �3�H�U�F�X�V�V�L�R�Q �,�Q�V�W�U�X�P�H�Q�W �G�D�W�D�V�H�W���+�1�*�� �L�V �D�Q �D�Q�Q�R�W�D�W�H�G �F�R�O��
�O�H�F�W�L�R�Q �R�I �%�H�L�M�L�Q�J �R�S�H�U�D �S�H�U�F�X�V�V�L�R�Q �L�Q�V�W�U�X�P�H�Q�W�V�� �Z�L�W�K �D�X�G�L�R �D�Q�G
�W�L�P�H �D�O�L�J�Q�H�G �R�Q�V�H�W �D�Q�Q�R�W�D�W�L�R�Q�V ���7�L�D�Q �H�W �D�O���� ������������ �7�K�H �G�D�W�D�V�H�W �L�V
�V�S�O�L�W �L�Q�W�R �W�U�D�L�Q�L�Q�J �V�H�W �Z�L�W�K �D�X�G�L�R �I�L�O�H�V �F�R�Q�W�D�L�Q�L�Q�J �V�L�Q�J�O�H �V�W�U�R�N�H�V �R�I �L�Q��
�G�L�Y�L�G�X�D�O �S�H�U�F�X�V�V�L�R�Q �L�Q�V�W�U�X�P�H�Q�W�V �D�Q�G �D �W�H�V�W �G�D�W�D�V�H�W �W�K�D�W �K�D�V �W�K�H �Z�K�R�O�H
�S�H�U�F�X�V�V�L�R�Q �H�Q�V�H�P�E�O�H �S�O�D�\�L�Q�J �W�R�J�H�W�K�H�U��

�7�K�H �D�X�G�L�R �L�Q �W�K�H �G�D�W�D�V�H�W �Z�D�V �U�H�F�R�U�G�H�G �E�\ �0�L �7�L�D�Q �D�W �W�K�H �&�H�Q��
�W�U�H �I�R�U �'�L�J�L�W�D�O �0�X�V�L�F ���&���'�0���� �4�X�H�H�Q �0�D�U�\ �8�Q�L�Y�H�U�V�L�W�\ �R�I �/�R�Q�G�R�Q��
�7�K�H �G�D�W�D�V�H�W �Z�D�V �E�X�L�O�W �E�\ �U�H�F�R�U�G�L�Q�J �V�R�X�Q�G �V�D�P�S�O�H�V �Z�L�W�K �S�U�R�I�H�V�V�L�R�Q�D�O
�P�X�V�L�F�L�D�Q�V �L�Q �V�W�X�G�L�R �F�R�Q�G�L�W�L�R�Q�V �D�W �&���'�0�� �7�K�H �D�X�G�L�R �Z�D�V �U�H�F�R�U�G�H�G
�L�Q �P�R�Q�R �X�V�L�Q�J �D�Q �$�.�* �&������ �P�L�F�U�R�S�K�R�Q�H �D�W �D �V�D�P�S�O�L�Q�J �U�D�W�H �R�I ��������
�.�+�]��

�7�K�H �G�D�W�D�V�H�W�� �V�K�R�Z�Q �L�Q �7�D�E�O�H���������� �F�R�Q�V�L�V�W�V �R�I �U�H�F�R�U�G�L�Q�J�V �R�I �W�K�H
�I�R�X�U �S�H�U�F�X�V�V�L�R�Q �L�Q�V�W�U�X�P�H�Q�W �F�O�D�V�V�H�V���E�D�Q�J�X�� �G�D�O�X�R�� �Q�D�R�E�R�D�Q�G�[�L��
�D�R�O�X�R�� �8�Q�O�L�N�H �S�L�W�F�K�H�G �L�Q�V�W�U�X�P�H�Q�W�V�� �P�R�V�W �L�G�L�R�S�K�R�Q�H�V �F�D�Q�Q�R�W �E�H �W�X�Q�H�G��
�7�K�H�V�H �S�H�U�F�X�V�V�L�R�Q �L�Q�V�W�U�X�P�H�Q�W�V �D�U�H �P�D�G�H �I�U�R�P �P�H�W�D�O �F�D�V�W�L�Q�J �R�U �Z�R�R�G
�F�D�U�Y�L�Q�J �K�H�Q�F�H �V�X�E�W�O�H �G�L�I�I�H�U�H�Q�F�H�V �P�L�J�K�W �H�[�L�V�W �E�H�W�Z�H�H�Q �W�K�H �S�K�\�V�L�F�D�O
�S�U�R�S�H�U�W�L�H�V �R�I �L�Q�G�L�Y�L�G�X�D�O �L�Q�V�W�U�X�P�H�Q�W�V �H�Y�H�Q �R�I �W�K�H �V�D�P�H �N�L�Q�G�� �)�R�U
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�W�D�W�L�R�Q�D�O �P�X�V�L�F�R�O�R�J�\ �U�H�V�H�D�U�F�K�� �7�K�H �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �U�K�\�W�K�P �D�Q�G
�S�H�U�F�X�V�V�L�R�Q �G�D�W�D�V�H�W�V�� �D�O�R�Q�J �Z�L�W�K �W�K�H �%�D�O�O�U�R�R�P �G�D�W�D�V�H�W �Z�L�O�O �E�H �H�[�W�H�Q��
�V�L�Y�H�O�\ �X�V�H�G �I�R�U �W�K�H �H�[�S�H�U�L�P�H�Q�W�V �L�Q �P�H�W�H�U �D�Q�D�O�\�V�L�V �D�Q�G �S�H�U�F�X�V�V�L�R�Q
�S�D�W�W�H�U�Q �G�L�V�F�R�Y�H�U�\��
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�������W�K�H �I�L�U�V�W �E�H�D�W ���V�D�P�� �L�V �K�L�J�K�O�\ �V�L�J�Q�L�I�L�F�D�Q�W �V�W�U�X�F��
�W�X�U�D�O�O�\�� �D�V �L�W �I�U�H�T�X�H�Q�W�O�\ �P�D�U�N�V �W�K�H �F�R�P�L�Q�J �W�R�J�H�W�K�H�U
�R�I �W�K�H �U�K�\�W�K�P�L�F �V�W�U�H�D�P�V �R�I �V�R�O�R�L�V�W �D�Q�G �D�F�F�R�P�S�D�Q�L�V�W��
�D�Q�G �W�K�H �U�H�V�R�O�X�W�L�R�Q �S�R�L�Q�W �I�R�U �U�K�\�W�K�P�L�F �W�H�Q�V�L�R�Q��

�&�O�D�\�W�R�Q������������ �S�� ������

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

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

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

������



������ �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J

�D�S�S�U�R�D�F�K�H�V�� �7�K�H �P�D�L�Q �D�L�P�V �R�I �W�K�H �F�K�D�S�W�H�U �D�U�H��

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

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

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

�8�X�R �h�?�2 �K�2�i�2�` ���M���H�v�b�B�b �i���b�F�b

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

�0�H�W�H�U �L�Q�I�H�U�H�Q�F�H

�*�L�Y�H�Q �D�Q �D�X�G�L�R �P�X�V�L�F �U�H�F�R�U�G�L�Q�J�� �P�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�L�P�V �W�R �H�V�W�L�P�D�W�H
�W�K�H �U�K�\�W�K�P �F�O�D�V�V ���R�U �P�H�W�H�U �W�\�S�H �R�U�W�—	¶�D���� �S�R�V�V�L�E�O�\ �W�L�P�H���Y�D�U�\�L�Q�J �W�H�P�S�R��
�E�H�D�W�V �D�Q�G �G�R�Z�Q�E�H�D�W�V�� �,�Q �W�K�H �F�R�Q�W�H�[�W �R�I �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �W�K�H �W�D�V�N �R�I
�P�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�L�P�V �W�R �U�H�F�R�J�Q�L�]�H �W�K�H�W�—	¶�D�� �H�V�W�L�P�D�W�H �W�K�H �W�L�P�H �Y�D�U�\��
�L�Q�J �W�H�P�S�R ��� o �R�U� b���� �W�K�H �E�H�D�W �O�R�F�D�W�L�R�Q�V �D�Q�G �W�K�H�V�D�P�D���G�R�Z�Q�E�H�D�W��



������ �7�K�H �P�H�W�H�U �D�Q�D�O�\�V�L�V �W�D�V�N�V ������

�O�R�F�D�W�L�R�Q�V�� �6�L�Q�F�H �V�R�P�H �R�I �W�K�H �E�H�D�W�V �F�R�U�U�H�V�S�R�Q�G �W�R �W�K�H�D	Ä�J�D�E�R�X�Q�G��
�D�U�L�H�V�� �Z�L�W�K �W�K�H�V�D�P�D�D�Q�G �Q�X�P�E�H�U�H�G �E�H�D�W �O�R�F�D�W�L�R�Q�V ���E�H�D�W �Q�X�P�E�H�U �L�Q
�W�K�H �F�\�F�O�H���� �W�K�H�D	Ä�J�D���V�H�F�W�L�R�Q�� �E�R�X�Q�G�D�U�L�H�V �F�D�Q �E�H �L�Q�G�L�U�H�F�W�O�\ �L�Q�I�H�U�U�H�G��
�H���J�� �W�K�H �E�H�D�W�V �� ���V�D�P�D���� ���� �� �P�D�U�N �W�K�H �V�W�D�U�W �R�I �W�K�H �W�K�U�H�H �V�H�F�W�L�R�Q�V �R�I �W�K�H
�—�G�L�W�—	¶�D�� �6�L�P�L�O�D�U�O�\�� �I�R�U �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F�� �P�H�W�H�U �L�Q�I�H�U�H�Q�F�H �W�D�V�N �D�L�P�V
�W�R �U�H�F�R�J�Q�L�]�H �W�K�H�W�—�O�� �H�V�W�L�P�D�W�H �W�K�H �W�L�P�H �Y�D�U�\�L�Q�J �W�H�P�S�R ��� b���� �W�K�H�P�—�W�U�—
�D�Q�G �W�K�H�V�D�P�O�R�F�D�W�L�R�Q�V�� �:�L�W�K �W�K�H �Q�X�P�E�H�U�H�G�P�—�W�U�—�D�Q�G�V�D�P�O�R�F�D�W�L�R�Q�V��
�W�K�H�Y�L�E�K�—�J�E�R�X�Q�G�D�U�L�H�V �F�D�Q �E�H �L�Q�G�L�U�H�F�W�O�\ �L�Q�I�H�U�U�H�G�� �H���J�� �W�K�H�P�—�W�U�—�V��
���V�D�P���� ���� ���� �� �L�Q�G�L�F�D�W�H �W�K�H �V�W�D�U�W �R�I �W�K�H �I�R�X�U �V�H�F�W�L�R�Q�V �L�Q�M�K�D�S�W�—�O�� �)�R�U
�&�D�U�Q�D�W�L�F �P�X�V�L�F�� �L�Q �D�G�G�L�W�L�R�Q �W�R �W�K�H �E�H�D�W�V�� �Z�H �F�D�Q �D�O�V�R �H�V�W�L�P�D�W�H �W�K�H
�V�X�E�G�L�Y�L�V�L�R�Q�D�N	â�D�U�D�V�� �Z�K�L�F�K �F�D�Q �E�H �J�U�R�X�S�H�G �L�Q�W�R �E�H�D�W�V��

�:�L�W�K�R�X�W �D�Q�\ �S�U�L�R�U �L�Q�I�R�U�P�D�W�L�R�Q �R�Q �P�H�W�U�L�F�D�O �V�W�U�X�F�W�X�U�H�� �P�H�W�H�U �L�Q��
�I�H�U�H�Q�F�H �L�V �D �G�L�I�I�L�F�X�O�W �W�D�V�N �R�Z�L�Q�J �W�R �W�K�H �O�D�U�J�H �U�D�Q�J�H �R�I �W�H�P�S�L �D�Q�G
�G�L�I�I�H�U�H�Q�W�W�—	¶�D�V�� �7�K�H �S�U�R�E�O�H�P �L�V �I�X�U�W�K�H�U �P�D�G�H �K�D�U�G�H�U �G�X�H �W�R �V�H�Y�H�U�D�O
�W�—	¶�D�V�K�D�Y�L�Q�J �V�L�P�L�O�D�U �V�W�U�X�F�W�X�U�H�� �,�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �L�W �L�V �T�X�L�W�H �S�R�V��
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�F�D�O �V�F�H�Q�D�U�L�R �I�R�U �V�X�F�K �D �F�D�V�H �L�V �D �V�H�P�L���D�X�W�R�P�D�W�L�F �P�H�W�H�U �W�U�D�F�N�L�Q�J
�V�\�V�W�H�P�� �Z�K�H�U�H �D �K�X�P�D�Q �O�L�V�W�H�Q�H�U �F�D�Q �W�D�S �D�O�R�Q�J �W�R �W�K�H �I�L�U�V�W �R�Q�H
���R�U �I�H�Z�� �G�R�Z�Q�E�H�D�W�V �R�I �W�K�H �S�L�H�F�H �D�Q�G �D�Q �D�X�W�R�P�D�W�L�F �P�H�W�H�U �W�U�D�F�N�H�U
�Z�R�X�O�G �W�K�H�Q �W�U�D�F�N �W�K�H �U�H�V�W �R�I �W�K�H �S�L�H�F�H�� �,�Q �W�K�L�V �W�K�H�V�L�V�� �Z�H �R�Q�O�\
�H�[�S�O�R�U�H �W�K�H �X�V�H �R�I �I�L�U�V�W �G�R�Z�Q�E�H�D�W �R�I �W�K�H �S�L�H�F�H �L�Q �L�Q�I�R�U�P�H�G �P�H�W�H�U
�W�U�D�F�N�L�Q�J��

�7�K�H�U�H �D�U�H �R�W�K�H�U �P�H�W�H�U �D�Q�D�O�\�V�L�V �W�D�V�N�V �W�K�D�W �K�D�Y�H �E�H�H�Q �D�G�G�U�H�V�V�H�G �L�Q
�0�,�5�� �V�X�F�K �D�V �E�H�D�W �W�U�D�F�N�L�Q�J�� �D�Q�G �G�R�Z�Q�E�H�D�W �W�U�D�F�N�L�Q�J �I�U�R�P �W�K�H �V�H�W �R�I
�N�Q�R�Z�Q �E�H�D�W�V�� �7�K�H �W�D�V�N �R�I �E�H�D�W �W�U�D�F�N�L�Q�J �D�V �G�H�I�L�Q�H�G �L�Q �W�K�H �V�W�D�W�H �R�I �D�U�W
�L�V �L�O�O �G�H�I�L�Q�H�G �L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F�� �G�X�H �W�R �S�R�V�V�L�E�O�\ �Q�R�Q���L�V�R�F�K�U�R�Q�R�X�V
�S�X�O�V�D�W�L�R�Q�� �:�H �F�D�Q �D�G�D�S�W �W�K�H �W�D�V�N �D�Q�G �W�U�D�F�N �D �X�Q�L�I�R�U�P �S�X�O�V�D�W�L�R�Q �D�V
�W�K�H �E�H�D�W�� �+�R�Z�H�Y�H�U�� �V�L�Q�F�H �W�K�H �W�D�V�N�V �R�I �P�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �P�H�W�H�U
�W�U�D�F�N�L�Q�J �D�L�P �W�R �W�U�D�F�N �D�O�O �W�K�H �U�H�O�H�Y�D�Q�W �H�Y�H�Q�W�V �R�I �W�K�H �P�H�W�U�L�F�D�O �F�\�F�O�H��
�W�K�H �W�D�V�N �R�I �E�H�D�W �W�U�D�F�N�L�Q�J �L�V �V�X�E�V�X�P�H�G �L�Q �W�K�R�V�H �W�D�V�N�V�� �:�H �G�R �Q�R�W
�D�G�G�U�H�V�V �W�K�H �W�D�V�N �R�I �E�H�D�W �W�U�D�F�N�L�Q�J �L�Q �,�Q�G�L�D�Q �P�X�V�L�F �G�L�U�H�F�W�O�\�� �E�X�W �D�V
�D �V�X�E���W�D�V�N �R�I �W�K�H �P�H�W�H�U �W�U�D�F�N�L�Q�J���L�Q�I�H�U�H�Q�F�H �W�D�V�N�V�� �(�V�W�L�P�D�W�L�Q�J �W�K�H
�G�R�Z�Q�E�H�D�W�V �D�Q�G �W�K�H �V�W�D�U�W �R�I �P�H�D�V�X�U�H �I�U�R�P �D �V�H�W �R�I �E�H�D�W�V�� �D�V �G�R�Q�H
�E�\�'�D�Y�L�H�V �D�Q�G �3�O�X�P�E�O�H�\������������ �D�Q�G�+�R�F�N�P�D�Q �H�W �D�O�������������� �L�V �D�O�V�R
�K�D�Q�G�O�H�G �D�V �D �V�X�E���W�D�V�N �Z�L�W�K�L�Q �W�K�H �M�R�L�Q�W �H�V�W�L�P�D�W�L�R�Q �R�I �W�H�P�S�R�� �E�H�D�W�V
�D�Q�G �W�K�H �G�R�Z�Q�E�H�D�W�V��

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



������ �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J

�8�X�k �S�`�2�H�B�K�B�M���`�v �2�t�T�2�`�B�K�2�M�i�b

�7�K�H �S�U�H�O�L�P�L�Q�D�U�\ �H�[�S�H�U�L�P�H�Q�W�V �D�U�R�X�Q�G �W�K�H �W�D�V�N �R�I �P�H�W�H�U �D�Q�D�O�\�V�L�V �D�U�H
�H�[�S�O�R�U�D�W�R�U�\ �H�[�S�H�U�L�P�H�Q�W�V �Z�L�W�K �H�[�L�V�W�L�Q�J �I�H�D�W�X�U�H�V�� �U�K�\�W�K�P �G�H�V�F�U�L�S�W�R�U�V��
�P�H�W�K�R�G�V �D�Q�G �D�O�J�R�U�L�W�K�P�V �W�R �J�D�L�Q �L�Q�V�L�J�K�W�V �L�Q�W�R �W�K�H �S�U�R�E�O�H�P �D�Q�G �W�H�V�W
�W�K�H�L�U �U�H�O�H�Y�D�Q�F�H �D�Q�G �X�W�L�O�L�W�\ �L�Q �W�K�H�V�H �W�D�V�N�V�� �7�K�H �D�L�P �R�I �L�Q�F�O�X�G�L�Q�J �W�K�H�P
�L�Q �W�K�H �W�K�H�V�L�V �L�V �W�R �J�D�L�Q �X�V�H�I�X�O �L�Q�V�L�J�K�W�V �D�Q�G �X�Q�G�H�U�V�W�D�Q�G �W�K�H �O�L�P�L�W�D�W�L�R�Q�V
�R�I �W�K�R�V�H �D�O�J�R�U�L�W�K�P�V �L�Q �P�H�W�H�U �D�Q�D�O�\�V�L�V �W�D�V�N�V �I�R�U �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F��
�2�Q�O�\ �D �V�H�O�H�F�W�L�R�Q �R�I �W�K�H�P �D�U�H �G�H�V�F�U�L�E�H�G �K�H�U�H�� �S�U�L�P�D�U�L�O�\ �I�R�U �&�D�U�Q�D�W�L�F
�P�X�V�L�F�� �D�V �D �E�D�V�H �I�R�U �L�P�S�U�R�Y�H�G �%�D�\�H�V�L�D�Q �P�R�G�H�O�V �I�R�U �P�H�W�H�U �D�Q�D�O�\��
�V�L�V�� �:�H �S�U�R�S�R�V�H�G �D �Q�R�Y�H�O �P�H�W�H�U �W�U�D�F�N�L�Q�J �D�O�J�R�U�L�W�K�P �L�Q �&�D�U�Q�D�W�L�F �P�X��
�V�L�F ���6�U�L�Q�L�Y�D�V�D�P�X�U�W�K�\ �	 �6�H�U�U�D�� ���������� �X�V�L�Q�J �S�U�H���H�[�L�V�W�L�Q�J �W�R�R�O�V �D�Q�G
�U�K�\�W�K�P �G�H�V�F�U�L�S�W�R�U�V�� �Z�K�L�F�K �L�V �G�H�V�F�U�L�E�H�G �L�Q �G�H�W�D�L�O�� �7�K�H �I�H�D�W�X�U�H�V �D�Q�G
�W�R�R�O�V �D�U�H �H�[�S�O�D�L�Q�H�G �D�V �D �S�D�U�W �R�I �W�K�H �S�U�R�S�R�V�H�G �P�H�W�H�U �W�U�D�F�N�L�Q�J �D�O�J�R��
�U�L�W�K�P�� �H�P�S�K�D�V�L�]�L�Q�J �R�Q �W�K�H�L�U �X�W�L�O�L�W�\��

�8�X�k�X�R �J�2�i�2�` �i�`���+�F�B�M�; �m�b�B�M�; �/�v�M���K�B�+
�T�`�Q�;�`���K�K�B�M�;

�7�K�H �S�U�L�P�D�U�\ �S�K�L�O�R�V�R�S�K�\ �R�I �P�H�W�H�U �W�U�D�F�N�L�Q�J �L�V �W�R �L�Q�F�R�U�S�R�U�D�W�H �V�S�H�F�L�I�L�F
�N�Q�R�Z�O�H�G�J�H �R�I �W�K�H �U�K�\�W�K�P�L�F �V�W�U�X�F�W�X�U�H�V �Z�H �D�L�P �W�R �H�V�W�L�P�D�W�H�� �Z�K�L�F�K �L�V
�D�O�V�R �X�V�H�G �L�Q �W�K�L�V �D�S�S�U�R�D�F�K�� �+�R�Z�H�Y�H�U�� �W�K�H �D�S�S�U�R�D�F�K �D�L�P�V �W�R �H�V�W�L�P�D�W�H
�W�K�H �F�R�P�S�R�Q�H�Q�W�V �R�I �P�H�W�H�U �V�H�S�D�U�D�W�H�O�\ �X�V�L�Q�J �D �G�H�V�F�U�L�S�W�R�U �I�R�U �H�D�F�K �P�X��
�V�L�F �F�R�Q�F�H�S�W�� �8�V�L�Q�J �&�D�U�Q�D�W�L�F �P�X�V�L�F �D�V �D�Q �L�O�O�X�V�W�U�D�W�L�R�Q�� �W�K�H �D�O�J�R�U�L�W�K�P
�H�V�W�L�P�D�W�H�V �W�K�H�D�N	â�D�U�D�S�H�U�L�R�G� o�� �W�K�H�D�N	â�D�U�D�S�X�O�V�H �O�R�F�D�W�L�R�Q�V�� �D�Q�G �W�K�H
�V�D�P�D�� �)�R�U �H�V�W�L�P�D�W�L�Q�J �W�K�H�V�H �F�R�P�S�R�Q�H�Q�W�V�� �D �V�H�W �R�I �U�K�\�W�K�P �G�H�V�F�U�L�S�W�R�U�V
�D�U�H �I�L�U�V�W �F�R�P�S�X�W�H�G �I�U�R�P �W�K�H �D�X�G�L�R �W�K�D�W �D�U�H �L�Q�G�L�F�D�W�L�Y�H �R�I �W�K�H �S�R�V�V�L��
�E�O�H �F�D�Q�G�L�G�D�W�H�V �I�R�U �H�D�F�K �P�X�V�L�F�D�O �F�R�Q�F�H�S�W�� �7�K�H �S�H�U�L�R�G�L�F�L�W�\ �D�Q�G �W�K�H
�U�H�O�D�W�L�R�Q�V�K�L�S�V �E�H�W�Z�H�H�Q �W�K�H�V�H �V�W�U�X�F�W�X�U�H�V �D�U�H �W�K�H�Q �X�W�L�O�L�]�H�G �W�R �H�V�W�L�P�D�W�H
�W�K�H �F�R�P�S�R�Q�H�Q�W�V�� �7�K�L�V �I�U�D�P�H�Z�R�U�N �F�D�Q �E�H �J�H�Q�H�U�D�O�L�]�H�G �W�R �H�V�W�L�P�D�W�L�Q�J
�R�W�K�H�U �U�K�\�W�K�P�L�F �V�W�U�X�F�W�X�U�H�V �E�\ �V�X�L�W�D�E�O�\ �P�R�G�L�I�\�L�Q�J �W�K�H �D�X�G�L�R �G�H�V�F�U�L�S��
�W�R�U �I�R�U �W�K�H �V�S�H�F�L�I�L�F �P�X�V�L�F �F�X�O�W�X�U�H �D�Q�G �W�K�H �U�K�\�W�K�P�L�F �V�W�U�X�F�W�X�U�H �X�Q�G�H�U
�F�R�Q�V�L�G�H�U�D�W�L�R�Q��

�7�K�H �D�O�J�R�U�L�W�K�P �I�R�U �&�D�U�Q�D�W�L�F �P�X�V�L�F �L�V �H�[�S�O�D�L�Q�H�G �L�Q �G�H�W�D�L�O �L�Q �W�K�L�V
�V�H�F�W�L�R�Q�� �$ �K�\�S�R�W�K�H�V�L�V �L�V �W�K�D�W �W�K�H�D�N	â�D�U�D�S�X�O�V�H�V �F�D�Q �E�H �H�V�W�L�P�D�W�H�G
�I�U�R�P �W�K�H �R�Q�V�H�W�V �R�I �P�U�L�G�D�Q�J�D�P�� �D�Q�G �K�H�Q�F�H �D �S�H�U�F�X�V�V�L�R�Q �R�Q�V�H�W �E�D�V�H�G
�U�K�\�W�K�P �G�H�V�F�U�L�S�W�R�U ���%�H�O�O�R �H�W �D�O���� ���������� �L�V �X�V�H�I�X�O �I�R�U �W�U�D�F�N�L�Q�J �W�K�H
�D�N	â�D�U�D�S�X�O�V�H�V�� �7�H�P�S�R�J�U�D�P�� �D �P�L�G���O�H�Y�H�O �W�H�P�S�R �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q �I�R�U
�P�X�V�L�F �V�L�J�Q�D�O�V �S�U�R�S�R�V�H�G �E�\�*�U�R�V�F�K�H �D�Q�G �0�•�O�O�H�U�����������E�� �L�V �X�V�H�G �W�R



������ �3�U�H�O�L�P�L�Q�D�U�\ �H�[�S�H�U�L�P�H�Q�W�V ������

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

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

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

�7�K�H�D�N	â�D�U�D�S�X�O�V�H �P�R�V�W �R�I�W�H�Q �F�R�L�Q�F�L�G�H�V �Z�L�W�K �W�K�H �R�Q�V�H�W�V �R�I �P�U�L�G�D�Q��
�J�D�P �V�W�U�R�N�H�V�� �7�R �H�Q�K�D�Q�F�H �W�K�H �P�U�L�G�D�Q�J�D�P �R�Q�V�H�W�V�� �S�H�U�F�X�V�V�L�R�Q �H�Q��
�K�D�Q�F�H�P�H�Q�W �L�V �S�H�U�I�R�U�P�H�G �R�Q �W�K�H �G�R�Z�Q�P�L�[�H�G �P�R�Q�R �D�X�G�L�R �V�L�J�Q�D�Of [n]
�R�E�W�D�L�Q�H�G �I�U�R�P �D �P�X�V�L�F �S�L�H�F�Hz�� �D�V �L�W �K�D�V �E�H�H�Q �V�K�R�Z�Q �W�R �L�P�S�U�R�Y�H �E�H�D�W
�W�U�D�F�N�L�Q�J �S�H�U�I�R�U�P�D�Q�F�H �L�Q �S�L�H�F�H�V �Z�L�W�K �S�U�H�G�R�P�L�Q�D�Q�W �Y�R�F�D�O�V �E�\�=�D�S�D�W�D
�D�Q�G �*�y�P�H�]�������������� �7�K�H �S�U�H�G�R�P�L�Q�D�Q�W �P�H�O�R�G�\ ��F0�� �L�V �H�V�W�L�P�D�W�H�G �X�V��
�L�Q�J �W�K�H �D�O�J�R�U�L�W�K�P �S�U�R�S�R�V�H�G �E�\�6�D�O�D�P�R�Q �D�Q�G �*�y�P�H�]������������ �X�V�L�Q�J
�Z�K�L�F�K �W�K�H �K�D�U�P�R�Q�L�F �F�R�P�S�R�Q�H�Q�W �R�I �W�K�H �V�L�J�Q�D�O �L�V �H�[�W�U�D�F�W�H�G �X�V�L�Q�J �D �V�L��
�Q�X�V�R�L�G�D�O���U�H�V�L�G�X�D�O �P�R�G�H�O �S�U�R�S�R�V�H�G �E�\�6�H�U�U�D�������������� �7�K�H �S�H�U�F�X�V�V�L�R�Q



������ �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J

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

�H�Q�K�D�Q�F�H�G �V�L�J�Q�D�Of p[n]�� �Z�L�W�K �W�K�H �K�D�U�P�R�Q�L�F �F�R�P�S�R�Q�H�Q�W �V�X�S�S�U�H�V�V�H�G�� �L�V
�X�V�H�G �I�R�U �I�X�U�W�K�H�U �S�U�R�F�H�V�V�L�Q�J ���)�L�J�X�U�H���������F������ �$�Q �L�O�O�X�V�W�U�D�W�L�R�Q �R�I �S�H�U��
�F�X�V�V�L�R�Q �H�Q�K�D�Q�F�H�P�H�Q�W �I�R�U �D �V�K�R�U�W �D�X�G�L�R �H�[�F�H�U�S�W �R�I �&�D�U�Q�D�W�L�F �P�X�V�L�F �L�V
�V�K�R�Z�Q �L�Q �)�L�J�X�U�H��������

�$�N	â�D�U�D�S�H�U�L�R�G �D�Q�G �S�X�O�V�H �W�U�D�F�N�L�Q�J

�7�K�H �V�S�H�F�W�U�R�J�U�D�P �R�If p[n] �L�V �X�V�H�G �W�R �F�R�P�S�X�W�H �W�Z�R �I�U�D�P�H �O�H�Y�H�O �V�S�H�F��
�W�U�D�O �I�O�X�[ �E�D�V�H�G �R�Q�V�H�W �G�H�W�H�F�W�L�R�Q �I�X�Q�F�W�L�R�Q�V ���%�H�O�O�R �H�W �D�O�������������� �F�R�P��
�S�X�W�H�G �H�Y�H�U�\ �������� �P�V�� �)�R�U �H�D�F�K �D�X�G�L�R �I�U�D�P�Hk ��k � K ���� �W�K�H �I�L�U�V�W
�I�X�Q�F�W�L�R�Q ��yf [k]�� �X�V�H�V �W�K�H �Z�K�R�O�H �I�U�H�T�X�H�Q�F�\ �U�D�Q�J�H �R�I �W�K�H �V�S�H�F�W�U�R�J�U�D�P
�D�Q�G �W�K�H �R�W�K�H�U �I�X�Q�F�W�L�R�Q �F�R�P�S�X�W�H�V �W�K�H �V�S�H�F�W�U�D�O �I�O�X�[ �R�Q�O�\ �L�Q �W�K�H �U�D�Q�J�H
�R�I0 � 120�+�] ��yl [k]�� �D�Q�G �F�D�S�W�X�U�H�V �W�K�H �O�R�Z �I�U�H�T�X�H�Q�F�\ �R�Q�V�H�W�V �R�I �W�K�H
�O�H�I�W ���E�D�V�V�� �G�U�X�P �K�H�D�G �R�I �W�K�H �P�U�L�G�D�Q�J�D�P��

�7�K�H �I�X�Q�F�W�L�R�Qyf [k] �L�V �X�V�H�G �W�R �F�R�P�S�X�W�H �D �)�R�X�U�L�H�U���E�D�V�H�G �7�H�P��
�S�R�J�U�D�P�* �S�U�R�S�R�V�H�G �E�\ ���*�U�R�V�F�K�H �	 �0�•�O�O�H�U�����������E���� �F�R�P�S�X�W�H�G �H�Y��
�H�U�\ �������� �V�H�F�R�Q�G �X�V�L�Q�J �D �� �V�H�F�R�Q�G �O�R�Q�J �Z�L�Q�G�R�Z ���)�L�J�X�U�H���������G������ �,�I
�W�K�H �W�L�P�H �L�Q�G�H�[�H�V �D�W �Z�K�L�F�K �W�K�H �W�H�P�S�R�J�U�D�P �L�V �F�R�P�S�X�W�H�G �L�V �G�H�Q�R�W�H�G
�Z�L�W�Ki �� (1 � i � K G)�� �W�K�H �P�R�V�W �S�U�H�G�R�P�L�Q�D�Q�W� o �F�X�U�Y�H �F�D�Q �E�H
�W�U�D�F�N�H�G �E�\ �H�V�W�L�P�D�W�L�Q�J �W�K�H �E�H�V�W �S�D�W�K� = f  i : i = 1; 2; � � � ; K Gg
�W�K�U�R�X�J�K �W�K�H �W�H�P�S�R�J�U�D�P �P�D�W�U�L�[�* �W�K�D�W �S�U�R�Y�L�G�H�V �D �E�D�O�D�Q�F�H �E�H�W�Z�H�H�Q
�W�H�P�S�R�J�U�D�P �D�P�S�O�L�W�X�G�H �D�W �W�L�P�H �L�Q�G�H�[i ���*  i ;i �� �D�Q�G �W�K�H �O�R�F�D�O �F�R�Q�W�L�Q�X��



������ �3�U�H�O�L�P�L�Q�D�U�\ �H�[�S�H�U�L�P�H�Q�W�V ������

�L�W�\ �R�I� o�� �$�Q �R�E�M�H�F�W�L�Y�H �I�X�Q�F�W�L�R�Q�� �W�K�D�W �L�V �D�Q �H�[�W�H�Q�G�H�G �Y�H�U�V�L�R�Q �R�I �W�K�H
�R�Q�H �X�V�H�G �E�\�:�X �H�W �D�O���������������� �L�V �G�H�I�L�Q�H�G �D�V �V�K�R�Z�Q �L�Q �(�T����������

J1 (� ; � 1; � 2) =
K GX

i =1

�*  i ;i �
K G � 1X

i =1

�
� 1 j i �  i +1 j + � 2 O

�
 i

 i +1

��

����������
�7�K�H �I�X�Q�F�W�L�R�QO( i /  i +1 ) �L�V �D�Q �H�[�W�U�D �S�H�Q�D�O�W�\ �W�H�U�P �W�R �S�H�Q�D�O�L�]�H �W�H�P�S�R
�G�R�X�E�O�L�Q�J �D�Q�G �K�D�O�Y�L�Q�J �E�H�W�Z�H�H�Q �D�G�M�D�F�H�Q�W �I�U�D�P�H�V�� �D�Q�G �W�K�H �S�D�U�D�P�H�W�H�U�V
� 1 (= 0 :01) �D�Q�G� 2 (= 106) �S�U�R�Y�L�G�H �G�L�I�I�H�U�H�Q�W �Z�H�L�J�K�W�V �W�R �W�K�H �W�K�U�H�H
�W�H�U�P�V�� �%�D�V�H�G �R�Q �R�E�V�H�U�Y�D�W�L�R�Q�V �I�U�R�P �W�K�H�$�.�3�I �G�D�W�D�V�H�W�� �W�K�H �V�H�D�U�F�K �I�R�U
�W�K�H �E�H�V�W �S�D�W�K �W�K�U�R�X�J�K �W�K�H �W�H�P�S�R�J�U�D�P �L�V �U�H�V�W�U�L�F�W�H�G �E�H�W�Z�H�H�Q �W�K�H �U�D�Q�J�H
�R�I ������ �W�R ������ �$�3�0 ���D�N	â�D�U�D�V�S�H�U �P�L�Q�X�W�H����

�7�K�H �D�E�R�Y�H �R�E�M�H�F�W�L�Y�H �I�X�Q�F�W�L�R�Q �L�V �V�R�O�Y�H�G �X�V�L�Q�J �D�'�\�Q�D�P�L�F �3�U�R��
�J�U�D�P�P�L�Q�J ���'�3���E�D�V�H�G �D�S�S�U�R�D�F�K �W�R �R�E�W�D�L�Q �D� o �F�X�U�Y�H�� �$�V�V�X�P�L�Q�J �W�K�H
�O�R�Q�J�H�V�W �W�U�D�F�N�H�G� o �F�X�U�Y�H �W�R �E�H �D�W �W�K�H �F�R�U�U�H�F�W �P�H�W�U�L�F�D�O �O�H�Y�H�O�� �D�Q�\ �S�R�V��
�V�L�E�O�H �W�H�P�S�R �G�R�X�E�O�L�Q�J���K�D�O�Y�L�Q�J �H�U�U�R�U�V �W�K�D�W �D�U�H �S�U�H�V�H�Q�W �D�U�H �F�R�U�U�H�F�W�H�G
�W�R �R�E�W�D�L�Q �W�K�H �I�L�Q�D�O �F�X�U�Y�H� � ���)�L�J�X�U�H���������G����� � �L�V �V�K�R�Z�Q �D�V �D �W�K�L�F�N
�U�H�G �O�L�Q�H���� �8�V�L�Q�J �W�K�H� o �D�Q�G �W�K�H�W�—	¶�D�L�Q�I�R�U�P�D�W�L�R�Q�� �Z�H �F�D�Q �R�E�W�D�L�Q �W�K�H
�W�L�P�H �Y�D�U�\�L�Q�J� s �F�X�U�Y�H �I�R�U �W�K�H �S�L�H�F�H �E�\ �P�X�O�W�L�S�O�\�L�Q�J �W�K�H� o �E�\ �W�K�H
�Q�X�P�E�H�U �R�I�D�N	â�D�U�D�V�L�Q �D �F�\�F�O�H �R�I �W�K�H�W�—	¶�D�� �$ �I�X�U�W�K�H�U �H�[�D�P�S�O�H �R�I �D
�W�H�P�S�R�J�U�D�P �D�Q�G �W�K�H �H�V�W�L�P�D�W�H�G �W�L�P�H �Y�D�U�\�L�Q�J� o �F�X�U�Y�H �I�R�U �D �S�L�H�F�H �R�I
�&�D�U�Q�D�W�L�F �P�X�V�L�F�� �I�U�R�P�$�.�3�I �G�D�W�D�V�H�W �L�V �V�K�R�Z�Q �L�Q �)�L�J�X�U�H�������� �7�K�H �I�L�J��
�X�U�H �V�K�R�Z�V �W�K�H �Y�D�U�L�D�W�L�R�Q�V �L�Q �W�H�P�S�R �W�K�U�R�X�J�K �D �&�D�U�Q�D�W�L�F �P�X�V�L�F �S�L�H�F�H��

�7�K�H�D�N	â�D�U�D�S�X�O�V�H �O�R�F�D�W�L�R�Q�V �S�U�H�G�R�P�L�Q�D�Q�W�O�\ �O�L�H �R�Q �V�W�U�R�Q�J �P�U�L��
�G�D�Q�J�D�P �R�Q�V�H�W�V�� �7�K�H�D�N	â�D�U�D�S�X�O�V�H �F�D�Q�G�L�G�D�W�H�V �D�U�H �H�V�W�L�P�D�W�H�G �D�V �W�K�H
�S�H�D�N�V �R�I �W�K�H �I�X�Q�F�W�L�R�Qyf [k]�� �8�V�L�Q�J �W�K�H�V�H� �F�D�Q�G�L�G�D�W�H �S�H�D�N�Vf oi g��
i = 1; 2; 3; � � � ; � �� �Z�L�W�K �O�R�F�D�W�L�R�Q�Vt i �D�Q�G �S�H�D�N �D�P�S�O�L�W�X�G�H� i �� �D �F�R�V�W
�I�X�Q�F�W�L�R�Q �L�V �V�H�W�X�S �D�V �V�K�R�Z�Q �L�Q �(�T���������W�R �V�H�O�H�F�W �W�K�H �E�H�V�W �F�D�Q�G�L�G�D�W�H�V
�W�K�D�W �S�U�R�Y�L�G�H �D �E�D�O�D�Q�F�H �E�H�W�Z�H�H�Q �W�K�H �D�P�S�O�L�W�X�G�H �R�I �W�K�H�V�H �F�D�Q�G�L�G�D�W�H�V
�D�Q�G �D �S�H�U�L�R�G�L�F�L�W�\ �S�U�R�Y�L�G�H�G �E�\ �W�K�H �H�V�W�L�P�D�W�H�G�D�N	â�D�U�D�S�H�U�L�R�G�� �7�K�H �E�H�V�W
�V�H�W �R�I �F�D�Q�G�L�G�D�W�H�VOz = f o�

i g � f oi g �D�U�H �H�V�W�L�P�D�W�H�G �X�V�L�Q�J �D�'�3 �D�S��
�S�U�R�D�F�K ���)�L�J�X�U�H���������H������

J2 (f oi g; � ) =
X

i �f 1;2;��� ;� g

(� i + � �( t i ; t i +1 ; �)) ����������

���.�D�P�D�O�D�P�E�D�� �D�N�U�b�W�L�L�Q�U�—�J�D�–�Q�D�Q�G�D�E�K�D�L�U�D�Y�L �D�Q�G�P�L���U�D �F�K�—�S�X�W�—	¶�D�� �I�U�R�P
�W�K�H �D�O�E�X�P �0�D�G�U�D�V�L�O �0�D�U�J�D�]�K�L �������� �E�\ �$�U�X�Q�D �6�D�L�U�D�P���?�i�i�T�,�f�f�K�m�b�B�+�#�`���B�M�x
�X�Q�`�;�f�`�2�+�Q�`�/�B�M�;�f�j�#�����d�k�k�/�@�9�3�y�2�@�9���2�d�@�3�8�8�N�@���3�3�/�+�2�9�R�2�R�/�9



������ �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J

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

�7�K�H �I�X�Q�F�W�L�R�Q�( t i ; t i +1 ; �) �L�V �D �I�X�Q�F�W�L�R�Q �W�K�D�W �U�H�W�X�U�Q�V �D�Q �H�[�S�R�Q�H�Q��
�W�L�D�O�O�\ �G�H�F�D�\�L�Q�J �Z�H�L�J�K�W �E�D�V�H�G �R�Q �W�K�H �W�L�P�H �G�L�I�I�H�U�H�Q�F�H �E�H�W�Z�H�H�Qt i �D�Q�G
t i +1 �L�Q �U�H�O�D�W�L�R�Q �W�R �W�K�H �O�R�F�D�O�D�N	â�D�U�D�S�H�U�L�R�G�� tk �� �7�K�H �S�D�U�D�P�H�W�H�U� (= 3)
�S�U�R�Y�L�G�H�V �D �W�U�D�G�H�R�I�I �E�H�W�Z�H�H�Q �W�K�H �W�Z�R �W�H�U�P�V��

�6�D�P�D�W�U�D�F�N�L�Q�J

�7�K�H �X�V�H �R�I�0�)�&�&�D�V �I�H�D�W�X�U�H�V �I�R�U �W�L�P�E�U�D�O �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �L�V �H�[�S�O�R�U�H�G��
�$�V �D �G�H�W�H�F�W�L�R�Q �I�X�Q�F�W�L�R�Q �I�R�U�V�D�P�D��ys[k]���� �D �Q�R�Y�H�O�W�\ �I�X�Q�F�W�L�R�Q �L�V �F�R�P��
�S�X�W�H�G �W�K�U�R�X�J�K �W�K�H �G�L�D�J�R�Q�D�O �S�U�R�F�H�V�V�L�Q�J �R�I �D �V�H�O�I �V�L�P�L�O�D�U�L�W�\ �P�D�W�U�L�[
���)�R�R�W�H������������ �F�R�Q�V�W�U�X�F�W�H�G �X�V�L�Q�J �I�U�D�P�H �O�H�Y�H�O �]���V�F�R�U�H�0�)�&�&�I�H�D�W�X�U�H�V
�I�U�R�P �D�X�G�L�R ���X�V�L�Q�J �D�X�G�L�R �S�U�R�F�H�V�V�L�Q�J �O�L�E�U�D�U�\�(�V�V�H�Q�W�L�D���%�R�J�G�D�Q�R�Y �H�W
�D�O���� ���������D���� �D�V �V�K�R�Z�Q �L�Q �)�L�J�X�U�H���������I���� �%�D�V�H�G �R�Q �W�K�H� s �V�K�R�Z�Q �L�Q
�7�D�E�O�H�������� �D �F�K�H�F�N�H�U�E�R�D�U�G �N�H�U�Q�H�O �Z�L�W�K �V�L�]�H �R�I ���� ���� ���� �D�Q�G �� �V�H�F�R�Q�G�V
�L�V �X�V�H�G �I�R�U �W�K�H�W�—	¶�D�V�—�G�L���U�Ì�S�D�N�D���P�L���U�D �F�K�—�S�X�D�Q�G�N�K�D	Æ	Œ�D �F�K�—�S�X�U�H��
�V�S�H�F�W�L�Y�H�O�\ �V�R �W�K�D�W �W�K�H �Q�R�Y�H�O�W�\ �I�X�Q�F�W�L�R�Q �L�V �F�R�P�S�X�W�H�G �R�Y�H�U �D�E�R�X�W �D�Q
�—�Y�D�U�W�D�Q�D��



������ �3�U�H�O�L�P�L�Q�D�U�\ �H�[�S�H�U�L�P�H�Q�W�V ������

�7�K�H �S�H�D�N�V �R�I �W�K�H �Q�R�Y�H�O�W�\ �I�X�Q�F�W�L�R�Qys[k] �L�Q�G�L�F�D�W�H �D �V�L�J�Q�L�I�L�F�D�Q�W
�F�K�D�Q�J�H �R�I �W�L�P�E�U�H �D�W �W�K�D�W �W�L�P�H�� �6�W�D�U�W�L�Q�J �Z�L�W�K �W�K�H �S�U�H�P�L�V�H �W�K�D�W �W�L�P��
�E�U�D�O �F�K�D�Q�J�H �L�V �D�Q �L�P�S�R�U�W�D�Q�W �L�Q�G�L�F�D�W�R�U �R�I�V�D�P�D�O�R�F�D�W�L�R�Q�� �W�K�H �S�H�D�N�V
�R�I �W�K�H �Q�R�Y�H�O�W�\ �I�X�Q�F�W�L�R�Q �D�U�H �X�V�H�G �W�R �H�V�W�L�P�D�W�H�V�D�P�D�F�D�Q�G�L�G�D�W�H�V�� �7�Z�R
�P�H�W�K�R�G�V �D�U�H �H�[�S�O�R�U�H�G �W�R �H�V�W�L�P�D�W�H �W�K�H �F�D�Q�G�L�G�D�W�H�V�� �,�Q �0�H�W�K�R�G���$�� �W�R
�X�Q�L�I�R�U�P�O�\ �F�K�R�R�V�H�V�D�P�D�F�D�Q�G�L�G�D�W�H�V �W�K�U�R�X�J�K�R�X�W �D �S�L�H�F�H�� �W�K�H �S�L�H�F�H �L�V
�F�X�W �L�Q�W�R �V�H�J�P�H�Q�W�V �R�I �O�H�Q�J�W�K �������� ������ ���� �D�Q�G ���� �V�H�F�R�Q�G�V �I�R�U�—�G�L���U�Ì��
�S�D�N�D���P�L���U�D �F�K�—�S�X�D�Q�G�N�K�D	Æ	Œ�D �F�K�—�S�X�U�H�V�S�H�F�W�L�Y�H�O�\ ��� ���� �—�Y�D�U�W�D�Q�D�V����
�D�Q�G �W�K�H �W�R�S �I�L�Y�H �P�R�V�W �S�U�R�P�L�Q�H�Q�W �S�H�D�N�V �L�Q �H�D�F�K �V�H�J�P�H�Q�W �R�I �W�K�H �S�L�H�F�H
�D�U�H �H�V�W�L�P�D�W�H�G �D�V�V�D�P�D�F�D�Q�G�L�G�D�W�H�V ��f sA

i g����
�$�Q�R�W�K�H�U �D�S�S�U�R�D�F�K�� �0�H�W�K�R�G���%�� �L�V �D�O�V�R �S�U�R�S�R�V�H�G �I�R�U �F�D�Q�G�L�G�D�W�H

�H�V�W�L�P�D�W�L�R�Q �W�K�D�W �H�Q�I�R�U�F�H�V �D �S�H�U�L�R�G�L�F�L�W�\ �F�R�Q�V�W�U�D�L�Q�W �Z�K�L�O�H �H�V�W�L�P�D�W�L�Q�J
�V�D�P�D�F�D�Q�G�L�G�D�W�H�V�� �6�W�D�U�W�L�Q�J �I�U�R�P �W�K�H �S�H�D�N�V �R�Iys[k] �D�Q�G �H�V�W�L�P�D�W�H�G� s

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

i g����
�,�Q �D�G�G�L�W�L�R�Q�� �W�Z�R �U�D�Q�G�R�P �E�D�V�H�O�L�Q�H �P�H�W�K�R�G�V �5�%���� �D�Q�G �5�%���� �D�U�H

�F�U�H�D�W�H�G �W�R �F�R�P�S�D�U�H �W�K�H �S�H�U�I�R�U�P�D�Q�F�H�� �,�Q �5�%������ �D �U�D�Q�G�R�P�O�\ �F�K�R�V�H�Q
�F�R�Q�V�W�D�Q�W� s �E�H�W�Z�H�H�Q ������ �V�H�F�R�Q�G�V �L�V �X�V�H�G�� �D�Q�G �D �U�D�Q�G�R�P �V�W�D�U�W�L�Q�J �W�L�P�H
�E�H�W�Z�H�H�Q ������ �V�H�F�R�Q�G�V �W�R �L�Q�G�X�F�H �S�H�U�L�R�G�L�F�V�D�P�D�V�� �,�Q �5�%������ �W�K�H �H�V�W�L��
�P�D�W�H�G� s �L�V �X�V�H�G �Z�L�W�K ���� �U�D�Q�G�R�P�O�\ �F�K�R�V�H�Q�D�N	â�D�U�D�O�R�F�D�W�L�R�Q�V �I�U�R�P
f oi g �D�V�V�D�P�D�F�D�Q�G�L�G�D�W�H�V�� �5�%���� �Q�H�L�W�K�H�U �X�V�H�V �W�K�H� s�� �Q�R�U �W�K�H �F�D�Q�G�L��
�G�D�W�H �H�V�W�L�P�D�W�L�R�Q �X�V�L�Q�Jys[k]�� �Z�K�L�O�H �5�%���� �X�V�H�V �W�K�H �H�V�W�L�P�D�W�H�G� s �E�X�W
�Q�R�W �W�K�H �F�D�Q�G�L�G�D�W�H �H�V�W�L�P�D�W�L�R�Q �X�V�L�Q�Jys[k]��

�6�W�D�U�W�L�Q�J �Z�L�W�K �W�K�H�V�D�P�D�F�D�Q�G�L�G�D�W�H�V �R�E�W�D�L�Q�H�G �H�L�W�K�H�U �I�U�R�P �0�H�W�K�R�G��
�$ �R�U �0�H�W�K�R�G���%�� �I�R�U �H�D�F�K �F�D�Q�G�L�G�D�W�H�� �W�K�H�W�—	¶�D�F�\�F�O�H�V �D�U�H �L�Q�G�X�F�H�G
�E�D�V�H�G �R�Q �O�R�F�D�O� s �S�H�U�L�R�G �R�E�W�D�L�Q�H�G �I�U�R�P �W�K�H� s �F�X�U�Y�H�� �)�R�U �H�D�F�K �V�H�H�G��
�W�K�H �Q�H�[�W �D�Q�G �S�U�H�Y�L�R�X�V �W�K�U�H�H �H�V�W�L�P�D�W�H�G �F�\�F�O�H �S�H�U�L�R�G�V �D�U�H �V�H�D�U�F�K�H�G
�I�R�U �R�Q�V�H�W �S�H�D�N�V �L�Qyf [k] �W�K�D�W �V�X�S�S�R�U�W �D�V�D�P�D�� �,�I �D �V�X�S�S�R�U�W�L�Q�J �R�Q�V�H�W
�L�V �I�R�X�Q�G�� �L�W �L�V �P�D�U�N�H�G �D�V �D�V�D�P�D�D�Q�G �W�K�H �D�O�J�R�U�L�W�K�P �S�U�R�F�H�H�G�V �I�X�U�W�K�H�U
�Z�L�W�K �W�K�H �Q�H�Z �H�V�W�L�P�D�W�H�G �R�Q�V�H�W �D�V �W�K�H �Q�H�Z �D�Q�F�K�R�U�� �7�K�H �L�Q�G�X�F�W�L�R�Q �L�V
�V�W�R�S�S�H�G �I�U�R�P �D �F�D�Q�G�L�G�D�W�H �Z�K�H�Q �L�W �G�R�H�V �Q�R�W �O�H�D�G �W�R �V�X�F�K �D �V�X�S�S�R�U�W��
�L�Q�J �R�Q�V�H�W�� �)�R�U �H�D�F�K �F�D�Q�G�L�G�D�W�H�� �D�Q �H�V�W�L�P�D�W�H�G�V�D�P�D�V�H�T�X�H�Q�F�H �L�V �W�K�X�V
�R�E�W�D�L�Q�H�G�� �6�L�Q�F�H �D�O�O �F�D�Q�G�L�G�D�W�H�V �D�U�H �Q�R�W �Q�H�F�H�V�V�D�U�L�O�\�V�D�P�D�O�R�F�D�W�L�R�Q�V��
�W�K�R�X�J�K �W�K�H �H�V�W�L�P�D�W�H�G� s �L�V �U�L�J�K�W�� �W�K�H �V�H�T�X�H�Q�F�H�V �F�D�Q �K�D�Y�H �G�L�I�I�H�U�H�Q�W
�R�I�I�V�H�W�V��

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



������ �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J

�0�H�D�V�X�U�H�&�0�/ �$�0�/

� o �H�V�W�L�P�D�W�L�R�Q �������� ��������
� o �W�U�D�F�N�L�Q�J �������� ��������

�7�D�E�O�H ���������$�F�F�X�U�D�F�\ ������ �R�I�D�N	â�D�U�D�S�H�U�L�R�G �W�U�D�F�N�L�Q�J �R�Q �W�K�H�$�.�3�I �G�D�W�D�V�H�W��
�7�K�H �Y�D�O�X�H�V �D�U�H �P�H�D�V�X�U�H�G �X�V�L�Q�J �D ���� �W�R�O�H�U�D�Q�F�H�� �D�W �E�R�W�K �F�R�U�U�H�F�W �P�H�W�U�L�F�D�O
�O�H�Y�H�O ���&�0�/�� �D�Q�G �D�O�O�R�Z�H�G �P�H�W�U�L�F�D�O �O�H�Y�H�O�V ���$�0�/����

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

�D�U�H �P�H�U�J�H�G �L�Q�W�R �D �V�L�Q�J�O�H�V�D�P�D�H�V�W�L�P�D�W�H �D�O�L�J�Q�H�G �Z�L�W�K �W�K�H �F�O�R�V�H�V�W �O�H�I�W
�V�W�U�R�N�H �R�Q�V�H�W �R�E�W�D�L�Q�H�G �I�U�R�Pyl [k]�� �7�K�L�V �I�R�U�P�V �W�K�H �I�L�Q�D�O �V�H�W �R�I�V�D�P�D
�O�R�F�D�W�L�R�Q�VSz = f st i g �H�V�W�L�P�D�W�H�G �I�U�R�P �W�K�H �F�D�Q�G�L�G�D�W�H�V �D�Q�G �W�K�H �R�Q�V�H�W
�G�H�W�H�F�W�L�R�Q �I�X�Q�F�W�L�R�Q�� �D�V �V�K�R�Z�Q �L�Q �)�L�J�X�U�H���������I�� �Z�L�W�K� ��

�5�H�V�X�O�W�V

�7�K�H �D�Q�Q�R�W�D�W�H�G�$�.�3�I �G�D�W�D�V�H�W �K�D�V �D�Q�Q�R�W�D�W�L�R�Q�V �R�Q�O�\ �I�R�U �E�H�D�W�V �D�Q�G�V�D�P�D�V
�R�I �W�K�H �S�L�H�F�H�� �)�U�R�P �W�K�H�V�D�P�D�O�R�F�D�W�L�R�Q�V�� �Z�H �F�D�Q �R�E�W�D�L�Q �W�K�H �J�U�R�X�Q�G
�W�U�X�W�K �I�R�U� s �F�X�U�Y�H�� �D�Q�G �K�H�Q�F�H �W�K�H �J�U�R�X�Q�G �W�U�X�W�K �I�R�U� o �F�X�U�Y�H�� �6�L�Q�F�H
�Z�H �G�R �Q�R�W �K�D�Y�H �W�K�H �J�U�R�X�Q�G �W�U�X�W�K �I�R�U�D�N	â�D�U�D�O�R�F�D�W�L�R�Q�V�� �Z�H �S�U�H�V�H�Q�W
�W�K�H �U�H�V�X�O�W�V �R�Q�O�\ �I�R�U �W�H�P�S�R ��� o�� �D�Q�G�V�D�P�D�W�U�D�F�N�L�Q�J��

�7�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�I�D�N	â�D�U�D�S�H�U�L�R�G �W�U�D�F�N�L�Q�J �L�V �P�H�D�V�X�U�H�G �E�\ �F�R�P��
�S�D�U�L�Q�J �W�K�H �J�U�R�X�Q�G �W�U�X�W�K�D�N	â�D�U�D�S�H�U�L�R�G �F�X�U�Y�H �Z�L�W�K �W�K�H �H�V�W�L�P�D�W�H�G �F�X�U�Y�H
�Z�L�W�K �D�Q �H�U�U�R�U �W�R�O�H�U�D�Q�F�H �R�I ������ �7�K�H �U�H�V�X�O�W�V �R�I �P�H�G�L�D�Q�D�N	â�D�U�D�S�H��
�U�L�R�G �H�V�W�L�P�D�W�L�R�Q �F�R�P�S�X�W�H�G �I�U�R�P �W�K�H �Z�K�R�O�H�D�N	â�D�U�D�S�H�U�L�R�G �F�X�U�Y�H �R�I
�W�K�H �S�L�H�F�H �L�V �D�O�V�R �U�H�S�R�U�W�H�G�� �)�X�U�W�K�H�U�� �V�L�Q�F�H �W�K�H�U�H �F�D�Q �E�H �W�H�P�S�R �G�R�X��
�E�O�L�Q�J �D�Q�G �K�D�O�Y�L�Q�J �H�U�U�R�U�V�� �W�K�H �D�F�F�X�U�D�F�L�H�V �D�U�H �U�H�S�R�U�W�H�G �D�W �W�K�H �D�Q�Q�R��
�W�D�W�H�G �F�R�U�U�H�F�W �P�H�W�U�L�F�D�O �O�H�Y�H�O ���&�0�/�� �D�Q�G �W�K�H�Q �X�V�L�Q�J �D �Z�H�D�N�H�U�$�0�/
�P�H�D�V�X�U�H �W�K�D�W �D�O�O�R�Z�V �W�H�P�S�R �K�D�O�Y�L�Q�J �D�Q�G �G�R�X�E�O�L�Q�J ���$�0�/ �� �D�O�O�R�Z�H�G
�P�H�W�U�L�F�D�O �O�H�Y�H�O�V����

�7�K�H �U�H�V�X�O�W�V �D�U�H �S�U�H�V�H�Q�W�H�G �L�Q �7�D�E�O�H�������� �:�H �V�H�H �W�K�D�W �D�Q �D�F�F�H�S�W�D�E�O�H
�O�H�Y�H�O �D�F�F�X�U�D�F�\ �L�V �D�F�K�L�H�Y�H�G �D�W�&�0�/ �I�R�U �E�R�W�K �P�H�G�L�D�Q�D�N	â�D�U�D�S�H�U�L�R�G



������ �3�U�H�O�L�P�L�Q�D�U�\ �H�[�S�H�U�L�P�H�Q�W�V ������

�9�D�U�L�D�Q�Wp r f I ���E�L�W�V�� �&�D�Q�G�� �$�F�F�X�� ������

�0�H�W�K�R�G���$ ���������� ���������� ���������� ������������������
�0�H�W�K�R�G���% ���������� ���������� ���������� ������������������

�5�%���� ���������� ���������� ���������� �������� ��
�5�%���� ���������� ���������� ���������� �������� ��������

�7�D�E�O�H ���������$�F�F�X�U�D�F�\ �R�I�V�D�P�D�W�U�D�F�N�L�Q�J�� �7�K�H �P�H�D�V�X�U�H�Vp�� �3�U�H�F�L�V�L�R�Q��r��
�5�H�F�D�O�O��f�� �I���P�H�D�V�X�U�H��I �� �L�Q�I�R�U�P�D�W�L�R�Q �J�D�L�Q�� �D�U�H �V�K�R�Z�Q�� �7�K�H �Y�D�O�X�H�V �D�U�H
�P�H�D�Q �S�H�U�I�R�U�P�D�Q�F�H �R�Y�H�U �W�K�H �Z�K�R�O�H�$�.�3�I �G�D�W�D�V�H�W�� �7�K�H �O�D�V�W �F�R�O�X�P�Q �V�K�R�Z�V
�W�K�H �I�U�D�F�W�L�R�Q ���D�V �D �S�H�U�F�H�Q�W�D�J�H�� �R�I �W�K�H �H�V�W�L�P�D�W�H�G�V�D�P�D�F�D�Q�G�L�G�D�W�H�V �W�K�D�W �D�U�H
�W�U�X�H �V�D�P�D�V��

�H�V�W�L�P�D�W�L�R�Q �D�Q�G�D�N	â�D�U�D�S�H�U�L�R�G �W�U�D�F�N�L�Q�J �D�Q�G �I�X�U�W�K�H�U�� �W�K�H�U�H �L�V �Q�R�W �D �V�L�J��
�Q�L�I�L�F�D�Q�W �G�L�I�I�H�U�H�Q�F�H �E�H�W�Z�H�H�Q �W�K�H�L�U �S�H�U�I�R�U�P�D�Q�F�H�V�� �L�Q�G�L�F�D�W�L�Q�J �W�K�D�W �W�K�H
�D�O�J�R�U�L�W�K�P �F�D�Q �W�U�D�F�N �F�K�D�Q�J�H�V �L�Q �W�H�P�S�R �H�I�I�H�F�W�L�Y�H�O�\�� �(�Y�H�Q �Z�K�H�Q �W�K�H
�D�N	â�D�U�D�S�H�U�L�R�G �W�U�D�F�N�L�Q�J �I�D�L�O�V �D�W�&�0�/�� �W�K�H �D�O�J�R�U�L�W�K�P �W�U�D�F�N�V �D �P�H�W�U�L��
�F�D�O�O�\ �U�H�O�D�W�H�G�D�N	â�D�U�D�S�H�U�L�R�G�� �D�V �L�Q�G�L�F�D�W�H�G �E�\ �D �K�L�J�K�$�0�/ �D�F�F�X�U�D�F�\��

�)�R�U�V�D�P�D�W�U�D�F�N�L�Q�J�� �W�K�H �D�F�F�X�U�D�F�\ �R�I �H�V�W�L�P�D�W�L�R�Q �L�V �U�H�S�R�U�W�H�G �Z�L�W�K �D
�P�D�U�J�L�Q �R�I ���� �W�K�H �D�Q�Q�R�W�D�W�H�G� s �R�I �W�K�H �S�L�H�F�H�� �*�L�Y�H�Q �W�K�H �J�U�R�X�Q�G �W�U�X�W�K
�D�Q�G �W�K�H �H�V�W�L�P�D�W�H�G�V�D�P�D�W�L�P�H �V�H�T�X�H�Q�F�H�� �Z�H �X�V�H �W�K�H �F�R�P�P�R�Q �H�Y�D�O�X��
�D�W�L�R�Q �P�H�D�V�X�U�H�V �X�V�H�G �L�Q �E�H�D�W �W�U�D�F�N�L�Q�J �� �S�U�H�F�L�V�L�R�Q�� �U�H�F�D�O�O�� �I���P�H�D�V�X�U�H
�D�Q�G �L�Q�I�R�U�P�D�W�L�R�Q �J�D�L�Q ���0�F�.�L�Q�Q�H�\ �H�W �D�O�������������� �W�R �P�H�D�V�X�U�H �W�K�H �S�H�U��
�I�R�U�P�D�Q�F�H�� �7�K�H �U�H�V�X�O�W�V �D�U�H �V�K�R�Z�Q �L�Q �7�D�E�O�H�������� �Z�K�L�F�K �D�O�V�R �V�K�R�Z�V
�W�K�H �D�F�F�X�U�D�F�\ �R�I�V�D�P�D�F�D�Q�G�L�G�D�W�H �H�V�W�L�P�D�W�L�R�Q�� �7�K�H �U�H�V�X�O�W�V �I�R�U �5�%����
�D�Q�G �5�%���� �V�K�R�Z �P�H�D�Q �S�H�U�I�R�U�P�D�Q�F�H �R�Y�H�U ������ �D�Q�G ���� �H�[�S�H�U�L�P�H�Q�W�V
�I�R�U �H�D�F�K �S�L�H�F�H�� �U�H�V�S�H�F�W�L�Y�H�O�\��

�:�H �V�H�H �W�K�D�W �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�I�V�D�P�D�F�D�Q�G�L�G�D�W�H �H�V�W�L�P�D�W�L�R�Q �D�Q�G
�V�D�P�D�W�U�D�F�N�L�Q�J �L�V �S�R�R�U �L�Q �J�H�Q�H�U�D�O�� �Z�L�W�K�V�D�P�D�V�F�R�U�U�H�F�W�O�\ �W�U�D�F�N�H�G �R�Q�O�\
�L�Q �D�E�R�X�W �D �I�L�I�W�K �R�I �F�D�V�H�V�� �7�K�H �S�U�H�F�L�V�L�R�Q �L�V �K�L�J�K�H�U �W�K�D�Q �U�H�F�D�O�O �L�Q
�D�O�O �F�D�V�H�V�� �D�Q�G �L�Q�I�R�U�P�D�W�L�R�Q �J�D�L�Q �L�V �O�R�Z�H�U �W�K�D�Q �D �S�H�U�F�H�S�W�X�D�O�O�\ �D�F��
�F�H�S�W�D�E�O�H �W�K�U�H�V�K�R�O�G ���=�D�S�D�W�D �H�W �D�O���� ������������ �%�R�W�K �P�H�W�K�R�G�V �S�H�U�I�R�U�P
�E�H�W�W�H�U �W�K�D�Q �5�%������ �E�X�W �K�D�Y�H �F�R�P�S�D�U�D�E�O�H �U�H�V�X�O�W�V �Z�L�W�K �5�%������ �Z�L�W�K �D
�V�O�L�J�K�W�O�\ �E�H�W�W�H�U �I���P�H�D�V�X�U�H �S�H�U�I�R�U�P�D�Q�F�H ���V�W�D�W�L�V�W�L�F�D�O�O�\ �V�L�J�Q�L�I�L�F�D�Q�W �L�Q �D
�0�D�Q�Q�±�:�K�L�W�Q�H�\ �8 �W�H�V�W �D�Wp = 0:05���� �7�K�L�V �V�K�R�Z�V �W�K�D�W �W�K�H �H�V�W�L�P�D�W�H�G
�L�Q�W�H�U���V�D�P�D�L�Q�W�H�U�Y�D�O ��� s�� �L�V �X�V�H�I�X�O �I�R�U�V�D�P�D�H�V�W�L�P�D�W�L�R�Q�� �Z�K�H�U�H�D�V �F�D�Q��
�G�L�G�D�W�H �H�V�W�L�P�D�W�L�R�Q �X�V�L�Q�J �Q�R�Y�H�O�W�\ �I�X�Q�F�W�L�R�Q �L�V �R�Q�O�\ �P�D�U�J�L�Q�D�O�O�\ �X�V�H�I�X�O��
�7�K�H �S�R�R�U �S�H�U�I�R�U�P�D�Q�F�H �F�D�Q �E�H �P�D�L�Q�O�\ �D�W�W�U�L�E�X�W�H�G �W�R �S�R�R�U�V�D�P�D�F�D�Q�G�L��



������ �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J

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

�&�R�Q�F�O�X�V�L�R�Q�V

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

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

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

�8�X�j�X�R �h�?�2 �#���` �T�Q�B�M�i�2�` �K�Q�/�2�H

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



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

���D���%�D�U �S�R�L�Q�W�H�U �P�R�G�H�O ���%�3��
�P�R�G�H�O��

���E���%�D�U �S�R�L�Q�W�H�U �P�R�G�H�O �X�V�L�Q�J
�D �P�L�[�W�X�U�H �R�E�V�H�U�Y�D�W�L�R�Q �P�R�G�H�O
���0�2���P�R�G�H�O��

���F���6�H�F�W�L�R�Q �S�R�L�Q�W�H�U �P�R�G�H�O ���6�3��
�P�R�G�H�O��

���G���6�L�P�S�O�L�I�L�H�G �V�H�F�W�L�R�Q �S�R�L�Q�W�H�U
�P�R�G�H�O

�)�L�J�X�U�H ���������7�K�H �P�H�W�H�U �D�Q�D�O�\�V�L�V �P�R�G�H�O�V �X�V�H�G �L�Q �W�K�H �G�L�V�V�H�U�W�D�W�L�R�Q�� �,�Q �H�D�F�K �R�I
�W�K�H�V�H�'�%�1�V�� �F�L�U�F�O�H�V �D�Q�G �V�T�X�D�U�H�V �G�H�Q�R�W�H �F�R�Q�W�L�Q�X�R�X�V �D�Q�G �G�L�V�F�U�H�W�H �Y�D�U�L�D�E�O�H�V��
�U�H�V�S�H�F�W�L�Y�H�O�\�� �*�U�H�\ �Q�R�G�H�V �D�Q�G �Z�K�L�W�H �Q�R�G�H�V �U�H�S�U�H�V�H�Q�W �R�E�V�H�U�Y�H�G �D�Q�G �O�D�W�H�Q�W
�Y�D�U�L�D�E�O�H�V�� �U�H�V�S�H�F�W�L�Y�H�O�\��

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



������ �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J

�W�K�U�R�X�J�K �W�K�H �E�D�U�� �7�K�H�V�H �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �F�D�Q �E�H �I�L�[�H�G�D �S�U�L�R�U�L�R�U
�O�H�D�U�Q�H�G �I�U�R�P �G�D�W�D �W�R �E�X�L�O�G �D�Q �R�E�V�H�U�Y�D�W�L�R�Q �P�R�G�H�O �I�R�U �H�D�F�K �S�R�V�L�W�L�R�Q
�L�Q �W�K�H �E�D�U�� �:�K�H�Q �O�H�D�U�Q�H�G �I�U�R�P �G�D�W�D�� �W�K�H �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �D�U�H �E�X�L�O�W
�X�V�L�Q�J �D �V�L�J�Q�D�O �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q �G�H�U�L�Y�H�G �I�U�R�P �D�X�G�L�R�� �P�R�V�W �R�I�W�H�Q �I�U�R�P
�I�U�D�P�H �O�H�Y�H�O �D�X�G�L�R �I�H�D�W�X�U�H�V �W�R �S�U�H�V�H�U�Y�H �W�K�H �W�H�P�S�R�U�D�O �L�Q�I�R�U�P�D�W�L�R�Q �L�Q
�I�H�D�W�X�U�H�V�� �3�U�R�J�U�H�V�V�L�Q�J �W�K�U�R�X�J�K �W�K�H �E�D�U�� �W�K�H �P�R�G�H�O �F�D�Q �K�H�Q�F�H �E�H �X�V�H�G
�W�R �V�D�P�S�O�H �W�K�H �R�E�V�H�U�Y�D�W�L�R�Q �P�R�G�H�O �D�Q�G �J�H�Q�H�U�D�W�H �D �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q
�W�K�D�W �L�V �S�R�V�V�L�E�O�H �D�Q�G �D�O�O�R�Z�H�G �L�Q �W�K�H �U�K�\�W�K�P �V�W�\�O�H�� �7�K�H �P�R�G�H�O �D�O�O�R�Z�V
�I�R�U �G�L�I�I�H�U�H�Q�W �P�H�W�U�L�F�D�O �V�W�U�X�F�W�X�U�H�V�� �W�H�P�S�L �U�D�Q�J�H�V �D�Q�G �U�K�\�W�K�P �V�W�\�O�H�V��
�S�U�R�Y�L�G�L�Q�J �D �I�O�H�[�L�E�O�H �I�U�D�P�H�Z�R�U�N �I�R�U �P�H�W�H�U �D�Q�D�O�\�V�L�V�� �7�K�R�X�J�K �D�S�S�O�L�H�G
�R�Q�O�\ �I�R�U �P�H�W�H�U �D�Q�D�O�\�V�L�V �I�U�R�P �D�X�G�L�R �U�H�F�R�U�G�L�Q�J�V �L�Q �W�K�L�V �G�L�V�V�H�U�W�D�W�L�R�Q��
�W�K�H �%�3���P�R�G�H�O �F�D�Q �E�H �D�S�S�O�L�H�G �H�Y�H�Q �W�R �V�\�P�E�R�O�L�F �P�X�V�L�F ���:�K�L�W�H�O�H�\ �H�W
�D�O���� ������������ �%�3���P�R�G�H�O �F�D�Q �E�H �U�H�S�U�H�V�H�Q�W�H�G �D�V �D�'�%�1�Z�L�W�K �V�S�H�F�L�I�L�F
�F�R�Q�G�L�W�L�R�Q�D�O �G�H�S�H�Q�G�H�Q�F�H �U�H�O�D�W�L�R�Q�V �E�H�W�Z�H�H�Q �W�K�H �Y�D�U�L�D�E�O�H�V �W�K�D�W �O�H�D�G �W�R
�V�H�Y�H�U�D�O �Y�D�U�L�D�Q�W�V �D�Q�G �H�[�W�H�Q�V�L�R�Q�V �R�I �W�K�H �P�R�G�H�O�� �7�K�H �V�W�U�X�F�W�X�U�H �R�I �W�K�H
�%�3���P�R�G�H�O �L�V �V�K�R�Z�Q �L�Q �)�L�J�X�U�H�������D��

�,�Q �D�'�%�1�� �D�Q �R�E�V�H�U�Y�H�G �V�H�T�X�H�Q�F�H �R�I �I�H�D�W�X�U�H�V �G�H�U�L�Y�H�G �I�U�R�P �D�Q �D�X��
�G�L�R �V�L�J�Q�D�O�\1:K = f �\1; : : : ; �\K g �L�V �J�H�Q�H�U�D�W�H�G �E�\ �D �V�H�T�X�H�Q�F�H �R�I �K�L�G��
�G�H�Q ���O�D�W�H�Q�W�� �Y�D�U�L�D�E�O�H�V�[1:K = f �[1; : : : ; �[K g�� �Z�K�H�U�HK �L�V �W�K�H �O�H�Q�J�W�K �R�I
�W�K�H �I�H�D�W�X�U�H �V�H�T�X�H�Q�F�H ���Q�X�P�E�H�U �R�I �D�X�G�L�R �I�U�D�P�H�V �L�Q �D�Q �D�X�G�L�R �H�[�F�H�U�S�W����
�7�K�H �M�R�L�Q�W �S�U�R�E�D�E�L�O�L�W�\ �G�L�V�W�U�L�E�X�W�L�R�Q �R�I �K�L�G�G�H�Q �D�Q�G �R�E�V�H�U�Y�H�G �Y�D�U�L�D�E�O�H�V
�I�D�F�W�R�U�L�]�H�V �D�V��

P(�\1:K ; �[0:K ) = P(�[0) �
KY

k=1

P(�[k j �[k� 1) P(�\k j �[k) ����������

�Z�K�H�U�H��P(�[0) �L�V �W�K�H �L�Q�L�W�L�D�O �V�W�D�W�H �G�L�V�W�U�L�E�X�W�L�R�Q��P(�[k j�[k� 1) �L�V �W�K�H �W�U�D�Q��
�V�L�W�L�R�Q �P�R�G�H�O�� �D�Q�GP(�\k j�[k) �L�V �W�K�H �R�E�V�H�U�Y�D�W�L�R�Q �P�R�G�H�O��

�+�L�G�G�H�Q �Y�D�U�L�D�E�O�H�V

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

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

�‡�5�K�\�W�K�P�L�F �S�D�W�W�H�U�Q �L�Q�G�L�F�D�W�R�U�� �7�K�H �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q �Y�D�U�L�D�E�O�Hr 2
f 1; : : : ; Rg �L�V �D�Q �L�Q�G�L�F�D�W�R�U �Y�D�U�L�D�E�O�H �W�R �V�H�O�H�F�W �R�Q�H �R�I �W�K�HR �R�E�V�H�U��
�Y�D�W�L�R�Q �P�R�G�H�O�V �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R �H�D�F�K �E�D�U ���F�\�F�O�H�� �O�H�Q�J�W�K �U�K�\�W�K�P�L�F



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

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

�S�D�W�W�H�U�Q �R�I �D �U�K�\�W�K�P �F�O�D�V�V�� �(�D�F�K �S�D�W�W�H�U�Qr �K�D�V �D�Q �D�V�V�R�F�L�D�W�H�G �O�H�Q�J�W�K
�R�I �F�\�F�O�HM r �D�Q�G �Q�X�P�E�H�U �R�I �E�H�D�W ���R�U�P�—�W�U�—�� �S�X�O�V�H�VB r �� �,�Q �W�K�H �V�F�R�S�H
�R�I �W�K�L�V �G�L�V�V�H�U�W�D�W�L�R�Q�� �D�O�O �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �D�U�H �O�H�D�U�Q�H�G �I�U�R�P �W�U�D�L�Q��
�L�Q�J �G�D�W�D �D�Q�G �Q�R�W �I�L�[�H�G�D �S�U�L�R�U�L�� �:�H �F�D�Q �L�Q�I�H�U �W�K�H �U�K�\�W�K�P �F�O�D�V�V
�R�U �P�H�W�H�U �W�\�S�H ���W�—	¶�D�� �E�\ �D�O�O�R�Z�L�Q�J �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �R�I �G�L�I�I�H�U�H�Q�W
�O�H�Q�J�W�K�V �I�U�R�P �G�L�I�I�H�U�H�Q�W �U�K�\�W�K�P �F�O�D�V�V�H�V �W�R �E�H �S�U�H�V�H�Q�W �L�Q �W�K�H �P�R�G�H�O��
�D�V �X�V�H�G �E�\�.�U�H�E�V�� �+�R�O�]�D�S�I�H�O�� �H�W �D�O���������������� �+�R�Z�H�Y�H�U�� �L�W �L�V �W�R �E�H
�Q�R�W�H�G �W�K�D�W �I�R�U �W�K�H �S�U�R�E�O�H�P �R�I �P�H�W�H�U �W�U�D�F�N�L�Q�J�� �Z�H �D�V�V�X�P�H �W�K�D�W �W�K�H
�F�\�F�O�H �O�H�Q�J�W�K �L�V �N�Q�R�Z�Q �D�Q�G �W�K�D�W �D�O�O �W�K�HR �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �E�H�O�R�Q�J
�W�R �W�K�H �V�D�P�H �U�K�\�W�K�P �F�O�D�V�V ���W�—	¶�D����M r = M �D�Q�GB r = B 8 r ��

�‡�%�D�U �S�R�V�L�W�L�R�Q�� �7�K�H �E�D�U �S�R�V�L�W�L�R�Q� 2 [0; M r ) �Y�D�U�L�D�E�O�H �L�Q�G�L�F�D�W�H�V
�D �S�R�V�L�W�L�R�Q �L�Q �W�K�H �E�D�U �D�W �D�Q�\ �D�X�G�L�R �I�U�D�P�H �D�Q�G �W�U�D�F�N�V �W�K�H �S�U�R�J�U�H�V��
�V�L�R�Q �W�K�U�R�X�J�K �W�K�H �E�D�U�� �+�H�U�H��M r �L�V �W�K�H �O�H�Q�J�W�K �R�I �W�K�H �E�D�U ���F�\�F�O�H����
�Z�K�L�F�K �L�V �D�O�V�R �W�K�H �O�H�Q�J�W�K �R�I �W�K�H �E�D�U �O�H�Q�J�W�K �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q �E�H��
�L�Q�J �W�U�D�F�N�H�G�� �7�K�H �E�D�U �S�R�V�L�W�L�R�Q �Y�D�U�L�D�E�O�H �W�U�D�Y�H�U�V�H�V �W�K�H �Z�K�R�O�H �E�D�U
�D�Q�G �Z�U�D�S�V �D�U�R�X�Q�G �W�R �]�H�U�R �D�W �W�K�H �H�Q�G �R�I �W�K�H �E�D�U �W�R �W�U�D�F�N �W�K�H �Q�H�[�W
�E�D�U�� �7�K�H �P�D�[�L�P�X�P �Y�D�O�X�H �R�I �E�D�U ���F�\�F�O�H�� �O�H�Q�J�W�K��M �� �G�H�S�H�Q�G�V �R�Q
�W�K�H �O�R�Q�J�H�V�W �E�D�U ���F�\�F�O�H�� �W�K�D�W �L�V �W�U�D�F�N�H�G�� �:�H �V�H�W �W�K�H �O�H�Q�J�W�K �R�I �W�K�H
�O�R�Q�J�H�V�W �E�D�U �E�H�L�Q�J �W�U�D�F�N�H�G �W�R �D �I�L�[�H�G �Y�D�O�X�H�� �D�Q�G �V�F�D�O�H �R�W�K�H�U �E�D�U
���F�\�F�O�H�� �O�H�Q�J�W�K�V �D�F�F�R�U�G�L�Q�J�O�\��

�‡�,�Q�V�W�D�Q�W�D�Q�H�R�X�V �W�H�P�S�R�� �,�Q�V�W�D�Q�W�D�Q�H�R�X�V �W�H�P�S�R_� �L�V �W�K�H �U�D�W�H �D�W �Z�K�L�F�K
�W�K�H �E�D�U �S�R�V�L�W�L�R�Q �Y�D�U�L�D�E�O�H �S�U�R�J�U�H�V�V�H�V �W�K�U�R�X�J�K �W�K�H �F�\�F�O�H �D�W �H�D�F�K �W�L�P�H
�I�U�D�P�H�� �P�H�D�V�X�U�H�G �L�Q �E�D�U �S�R�V�L�W�L�R�Q�V �S�H�U �W�L�P�H �I�U�D�P�H�� �7�K�H �U�D�Q�J�H �R�I
�W�K�H �Y�D�U�L�D�E�O�H_� k 2 [ _� �P�L�Q; _� �P�D�[] �G�H�S�H�Q�G�V �R�Q �W�K�H �O�H�Q�J�W�K �R�I �W�K�H �F�\�F�O�H



������ �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J

M �D�Q�G �W�K�H �D�Q�D�O�\�V�L�V �I�U�D�P�H �K�R�S �V�L�]�H ��h = �������� �V�H�F�R�Q�G �X�V�H�G �L�Q �W�K�L�V
�W�K�H�V�L�V���� �D�Q�G �F�D�Q �E�H �S�U�H�V�H�W �R�U �O�H�D�U�Q�H�G �I�U�R�P �G�D�W�D�� �$ �W�H�P�S�R �Y�D�O�X�H
�R�I_� k �F�R�U�U�H�V�S�R�Q�G�V �W�R �D �E�D�U ���F�\�F�O�H�� �O�H�Q�J�W�K �R�I ��h � M r / _� k �� �V�H�F�R�Q�G�V
�D�Q�G ��60 � B � _� k/ (M �h)) �E�H�D�W�V���P�—�W�U�—�V�S�H�U �P�L�Q�X�W�H�� �7�K�H �U�D�Q�J�H �R�I �W�K�H
�Y�D�U�L�D�E�O�H �F�D�Q �E�H �X�V�H�G �W�R �U�H�V�W�U�L�F�W �W�K�H �U�D�Q�J�H �R�I �W�H�P�S�L �W�K�D�W �L�V �D�O�O�R�Z�H�G
�Z�L�W�K�L�Q �H�D�F�K �U�K�\�W�K�P �F�O�D�V�V��

�,�Q�L�W�L�D�O �V�W�D�W�H �G�L�V�W�U�L�E�X�W�L�R�Q

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

�7�U�D�Q�V�L�W�L�R�Q �P�R�G�H�O

�*�L�Y�H�Q �W�K�H �F�R�Q�G�L�W�L�R�Q�D�O �G�H�S�H�Q�G�H�Q�F�H �U�H�O�D�W�L�R�Q�V �E�H�W�Z�H�H�Q �W�K�H �Y�D�U�L�D�E�O�H�V
�R�I �W�K�H �%�3���P�R�G�H�O �L�Q �)�L�J�X�U�H�������D�� �W�K�H �W�U�D�Q�V�L�W�L�R�Q �P�R�G�H�O �I�D�F�W�R�U�L�]�H�V �D�V��

P(�[k j �[k� 1) = P(� k j � k� 1; _� k� 1; r k� 1)P( _� k j _� k� 1)

P(r k j r k� 1; � k ; � k� 1) ����������

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

P(� k j � k� 1; _� k� 1; r k� 1) = 1� ����������

�Z�K�H�U�H1� �L�V �D�Q �L�Q�G�L�F�D�W�R�U �I�X�Q�F�W�L�R�Q �W�K�D�W �W�D�N�H�V �D �Y�D�O�X�H �R�I �R�Q�H �L�I� k =
(� k� 1 + _� k� 1) �P�R�G(M r k � 1 ) �D�Q�G �]�H�U�R �R�W�K�H�U�Z�L�V�H�� �7�K�H �W�H�P�S�R �W�U�D�Q�V�L��
�W�L�R�Q �L�V �J�L�Y�H�Q �E�\��

P( _� k j _� k� 1) / N ( _� k� 1; � 2
_� k

) � 1 _� ����������

�Z�K�H�U�H1 _� �L�V �D�Q �L�Q�G�L�F�D�W�R�U �I�X�Q�F�W�L�R�Q �W�K�D�W �H�T�X�D�O�V �R�Q�H �L�I_� k 2 [ _� �P�L�Q; _� �P�D�[]
�D�Q�G �]�H�U�R �R�W�K�H�U�Z�L�V�H�� �U�H�V�W�U�L�F�W�L�Q�J �W�K�H �W�H�P�S�R �W�R �E�H �E�H�W�Z�H�H�Q �D �S�U�H�G�H��
�I�L�Q�H�G �U�D�Q�J�H��N (�; � 2) �G�H�Q�R�W�H�V �D �Q�R�U�P�D�O �G�L�V�W�U�L�E�X�W�L�R�Q �Z�L�W�K �P�H�D�Q�
�D�Q�G �Y�D�U�L�D�Q�F�H� 2�� �7�K�H �Y�D�O�X�H �R�I� _� k

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

=
� n � _� k� 1�� �Z�K�H�U�H� n �L�V �D �X�V�H�U �S�D�U�D�P�H�W�H�U �W�K�D�W �F�R�Q�W�U�R�O�V �W�K�H �D�P�R�X�Q�W



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

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

P(r k j r k� 1; � k ; � k� 1) =

(
A(r k� 1; r k) �L�I� k < � k� 1

1r �H�O�V�H
����������

�Z�K�H�U�H��A �L�V �W�K�HR � R �W�L�P�H���K�R�P�R�J�H�Q�H�R�X�V �W�U�D�Q�V�L�W�L�R�Q �P�D�W�U�L�[ �Z�L�W�K
A(i; j ) �E�H�L�Q�J �W�K�H �W�U�D�Q�V�L�W�L�R�Q �S�U�R�E�D�E�L�O�L�W�\ �I�U�R�Pr i �W�Rr j �� �D�Q�G1r �L�V �D�Q
�L�Q�G�L�F�D�W�R�U �I�X�Q�F�W�L�R�Q �W�K�D�W �H�T�X�D�O�V �R�Q�H �Z�K�H�Qr k = r k� 1 �D�Q�G �]�H�U�R �R�W�K��
�H�U�Z�L�V�H�� �6�L�Q�F�H �W�K�H �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �D�U�H �R�Q�H �E�D�U ���F�\�F�O�H�� �L�Q �O�H�Q�J�W�K��
�S�D�W�W�H�U�Q �W�U�D�Q�V�L�W�L�R�Q�V �D�U�H �D�O�O�R�Z�H�G �R�Q�O�\ �D�W �W�K�H �H�Q�G �R�I �W�K�H �E�D�U ���F�\�F�O�H����
�:�K�H�Q �W�K�H�U�H �D�U�H �P�X�O�W�L�S�O�H �S�D�W�W�H�U�Q�V�� �W�K�H�V�H �W�U�D�Q�V�L�W�L�R�Q �S�U�R�E�D�E�L�O�L�W�L�H�V �L�Q��
�G�L�F�D�W�H �W�K�H �P�R�V�W �S�U�R�E�D�E�O�H �P�R�Y�H�P�H�Q�W �W�K�U�R�X�J�K �W�K�H�V�H �S�D�W�W�H�U�Q�V �I�U�R�P �E�D�U
�W�R �E�D�U�� �D�V �W�K�H �S�L�H�F�H �S�U�R�J�U�H�V�V�H�V�� �7�R �U�H�I�O�H�F�W �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �S�U�D�F�W�L�F�H��
�W�K�H �S�D�W�W�H�U�Q �W�U�D�Q�V�L�W�L�R�Q �S�U�R�E�D�E�L�O�L�W�L�H�V �D�U�H �O�H�D�U�Q�H�G �I�U�R�P �G�D�W�D��

�2�E�V�H�U�Y�D�W�L�R�Q �P�R�G�H�O

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

�7�K�H �X�W�L�O�L�W�\ �R�I �V�S�H�F�W�U�D�O �I�O�X�[ �E�D�V�H�G �D�X�G�L�R �I�H�D�W�X�U�H�V �Z�D�V �R�X�W�O�L�Q�H�G
�L�Q �S�U�H�O�L�P�L�Q�D�U�\ �H�[�S�H�U�L�P�H�Q�W�V �6�H�F�W�L�R�Q�������� �$ �V�L�P�L�O�D�U �D�X�G�L�R �G�H�U�L�Y�H�G
�V�S�H�F�W�U�D�O �I�O�X�[ �I�H�D�W�X�U�H �L�V �X�V�H�G �L�Q �W�K�L�V �G�L�V�V�H�U�W�D�W�L�R�Q �D�V �Z�H�O�O�� �L�G�H�Q�W�L�F�D�O �W�R
�I�H�D�W�X�U�H�V �X�V�H�G �E�\�.�U�H�E�V �H�W �D�O���������������� �D�V �H�[�S�O�D�L�Q�H�G �L�Q �6�H�F�W�L�R�Q����������
���V�H�H �)�L�J�X�U�H���������� �6�L�Q�F�H �W�K�H �E�D�V�V �R�Q�V�H�W�V �K�D�Y�H �V�L�J�Q�L�I�L�F�D�Q�W �L�Q�I�R�U�P�D��
�W�L�R�Q �D�E�R�X�W �W�K�H �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V�� �W�K�H �I�H�D�W�X�U�H�V �D�U�H �F�R�P�S�X�W�H�G �L�Q �W�Z�R
�I�U�H�T�X�H�Q�F�\ �E�D�Q�G�V ���/�R�Z��� ������ �+�]�� �+�L�J�K��> ������ �+�]����

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



������ �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J

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

�8�V�L�Q�J �E�H�D�W �D�Q�G �G�R�Z�Q�E�H�D�W �D�Q�Q�R�W�D�W�H�G �W�U�D�L�Q�L�Q�J �G�D�W�D�� �W�K�H �D�X�G�L�R �I�H�D��
�W�X�U�H�V �D�U�H �W�K�H�Q �J�U�R�X�S�H�G �L�Q�W�R �E�D�U �O�H�Q�J�W�K �S�D�W�W�H�U�Q�V�� �7�K�H �E�D�U �L�V �W�K�H�Q �G�L�V��
�F�U�H�W�L�]�H�G �L�Q�W�R �����W�K�Q�R�W�H �F�H�O�O�V ���I�R�X�U �F�H�O�O�V �S�H�U�D�N	â�D�U�D�I�R�U �&�D�U�Q�D�W�L�F �P�X��
�V�L�F�� �D�Q�G �I�R�X�U �F�H�O�O�V �S�H�U�P�—�W�U�—�I�R�U �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F�� �F�R�U�U�H�V�S�R�Q�G�V �W�R
25�E�D�U �S�R�V�L�W�L�R�Q�V �Z�L�W�KM = 1600���� �$ �N���P�H�D�Q�V �F�O�X�V�W�H�U�L�Q�J �D�O�J�R�U�L�W�K�P
�F�O�X�V�W�H�U�V �D�Q�G �D�V�V�L�J�Q�V �H�D�F�K �E�D�U �R�I �W�K�H �G�D�W�D�V�H�W �W�R �R�Q�H �R�I �W�K�HR �U�K�\�W�K��
�P�L�F �S�D�W�W�H�U�Q�V�� �$�O�O �W�K�H �I�H�D�W�X�U�H�V �Z�L�W�K�L�Q �W�K�H �F�H�O�O �D�U�H �W�K�H�Q �F�R�O�O�H�F�W�H�G �I�R�U
�H�D�F�K �S�D�W�W�H�U�Q�� �D�Q�G �P�D�[�L�P�X�P �O�L�N�H�O�L�K�R�R�G �H�V�W�L�P�D�W�H�V �R�I �W�K�H �S�D�U�D�P�H�W�H�U�V
�R�I �D �W�Z�R �F�R�P�S�R�Q�H�Q�W�*�D�X�V�V�L�D�Q �0�L�[�W�X�U�H �0�R�G�H�O ���*�0�0���D�U�H �R�E�W�D�L�Q�H�G��
�7�K�H �R�E�V�H�U�Y�D�W�L�R�Q �S�U�R�E�D�E�L�O�L�W�\ �Z�L�W�K�L�Q �D �����W�K�Q�R�W�H �F�H�O�O �L�V �D�V�V�X�P�H�G �W�R �E�H
�F�R�Q�V�W�D�Q�W�� �D�Q�G �F�R�P�S�X�W�H�G �D�V��

P(�\ j �[) = P(�\ j �; r ) =
2X

i =1

� �;r;i N (�\; � �;r;i ; � �;r;i ) ����������

�Z�K�H�U�H��N (�\; � ; � ) �G�H�Q�R�W�H�V �D �Q�R�U�P�D�O �G�L�V�W�U�L�E�X�W�L�R�Q �R�I �W�K�H �W�Z�R �G�L�P�H�Q��
�V�L�R�Q�D�O �I�H�D�W�X�U�H�\�� �)�R�U �W�K�H �P�L�[�W�X�U�H �F�R�P�S�R�Q�H�Q�Wi �� � �;r;i ; � �;r;i �D�Q�G
� �;r;i �D�U�H �W�K�H �F�R�P�S�R�Q�H�Q�W �Z�H�L�J�K�W�� �P�H�D�Q �������G�L�P�H�Q�V�L�R�Q�D�O�� �D�Q�G �W�K�H �F�R��
�Y�D�U�L�D�Q�F�H �P�D�W�U�L�[ ��2 � 2���� �U�H�V�S�H�F�W�L�Y�H�O�\��

�,�Q�I�H�U�H�Q�F�H �L�Q �E�D�U �S�R�L�Q�W�H�U �P�R�G�H�O

�7�K�H �J�R�D�O �R�I �L�Q�I�H�U�H�Q�F�H �L�Q �P�H�W�H�U �D�Q�D�O�\�V�L�V �W�D�V�N�V �L�V �W�R �I�L�Q�G �D �K�L�G�G�H�Q
�Y�D�U�L�D�E�O�H �V�H�T�X�H�Q�F�H �W�K�D�W �P�D�[�L�P�L�]�H�V �W�K�H �S�R�V�W�H�U�L�R�U �S�U�R�E�D�E�L�O�L�W�\ �R�I �W�K�H
�K�L�G�G�H�Q �V�W�D�W�H�V �J�L�Y�H�Q �D�Q �R�E�V�H�U�Y�H�G �V�H�T�X�H�Q�F�H �R�I �I�H�D�W�X�U�H�V�� �D�P�D�[�L�P�X�P
�D �S�R�V�W�H�U�L�R�U�L���0�$�3���V�H�T�X�H�Q�F�H�[�1:K �W�K�D�W �P�D�[�L�P�L�]�H�VP(�[1:K j �\1:K )��
�7�K�H �L�Q�I�H�U�U�H�G �K�L�G�G�H�Q �Y�D�U�L�D�E�O�H �V�H�T�X�H�Q�F�H�[�1:K �F�D�Q �W�K�H�Q �E�H �W�U�D�Q�V�O�D�W�H�G
�L�Q�W�R �D �V�H�T�X�H�Q�F�H �R�I��

�‡�G�R�Z�Q�E�H�D�W ���V�D�P�D�� �L�Q�V�W�D�Q�W�V��Sz = f t �
k j � �

k = 0g
�‡�E�H�D�W �L�Q�V�W�D�Q�W�V��Bz = f t �

k j � �
k = i � M r � / B r � ��i = 1; : : : ; Br g

�‡�O�R�F�D�O �L�Q�V�W�D�Q�W�D�Q�H�R�X�V �W�H�P�S�R��_� �
k

�‡�H�V�W�L�P�D�W�H�G �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V��r �



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

�7�Z�R �G�L�I�I�H�U�H�Q�W �L�Q�I�H�U�H�Q�F�H �V�F�K�H�P�H�V �D�U�H �Q�R�Z �G�H�V�F�U�L�E�H�G�� �D�Q �L�Q�I�H�U�H�Q�F�H
�X�V�L�Q�J �W�K�H �9�L�W�H�U�E�L �D�O�J�R�U�L�W�K�P �L�Q �D �G�L�V�F�U�H�W�L�]�H�G �V�W�D�W�H �V�S�D�F�H�� �D�Q�G �D�Q �D�S��
�S�U�R�[�L�P�D�W�H �L�Q�I�H�U�H�Q�F�H �X�V�L�Q�J �S�D�U�W�L�F�O�H �I�L�O�W�H�U�V �L�Q �W�K�H �F�R�Q�W�L�Q�X�R�X�V �V�S�D�F�H �R�I
� �D�Q�G_� �� �Z�L�W�K �W�K�H �G�L�V�F�U�H�W�H �Y�D�U�L�D�E�O�Hr ��

�9�L�W�H�U�E�L �D�O�J�R�U�L�W�K�P

�7�K�H �F�R�Q�W�L�Q�X�R�X�V �Y�D�U�L�D�E�O�H�V �R�I �E�D�U �S�R�V�L�W�L�R�Q �D�Q�G �W�H�P�S�R �F�D�Q �E�H �G�L�V��
�F�U�H�W�L�]�H�G�� �Z�K�L�F�K �W�U�D�Q�V�I�R�U�P�V �W�K�H�'�%�1�L�Q�W�R �D�Q�+�0�0 �R�Y�H�U �W�K�H �F�D�U�W�H��
�V�L�D�Q �S�U�R�G�X�F�W �V�S�D�F�H �R�I �W�K�H �G�L�V�F�U�H�W�L�]�H�G �Y�D�U�L�D�E�O�H�V�� �,�Q �W�K�H�+�0�0�� �D�Q
�L�Q�I�H�U�H�Q�F�H �F�D�Q �E�H �S�H�U�I�R�U�P�H�G �X�V�L�Q�J �W�K�H �9�L�W�H�U�E�L �D�O�J�R�U�L�W�K�P �W�R �F�R�P�S�X�W�H
�W�K�H �P�R�V�W �O�L�N�H�O�\ �V�H�T�X�H�Q�F�H �R�I �K�L�G�G�H�Q �V�W�D�W�H�V �J�L�Y�H�Q �W�K�H �R�E�V�H�U�Y�H�G �I�H�D�W�X�U�H
�V�H�T�X�H�Q�F�H��

�:�H �I�R�O�O�R�Z �D �G�L�V�F�U�H�W�L�]�D�W�L�R�Q �V�F�K�H�P�H �W�K�D�W �L�V �L�G�H�Q�W�L�F�D�O �W�R �W�K�H �P�H�W�K�R�G
�S�U�R�S�R�V�H�G �E�\�.�U�H�E�V�� �+�R�O�]�D�S�I�H�O�� �H�W �D�O���������������� �E�\ �U�H�S�O�D�F�L�Q�J �W�K�H �F�R�Q��
�W�L�Q�X�R�X�V �Y�D�U�L�D�E�O�H�V� �D�Q�G_� �E�\ �W�K�H�L�U �G�L�V�F�U�H�W�L�]�H�G �F�R�X�Q�W�H�U�S�D�U�W�Vm �D�Q�G
n�� �U�H�V�S�H�F�W�L�Y�H�O�\�� �D�V

m 2 f 1; 2; : : : ; dM r eg ����������

n 2 f n�P�L�Q; n�P�L�Q+ 1; n�P�L�Q+ 2; � � � ; N � 1; N g ������������

�+�H�U�H��n�P�L�Q= b_� �P�L�Qc �D�Q�GN = n�P�D�[= d_� �P�D�[e �L�V �W�K�H �G�L�V�F�U�H�W�H �P�L�Q��
�L�P�X�P �D�Q�G �P�D�[�L�P�X�P �W�H�P�S�R �Y�D�O�X�H�V �D�O�O�R�Z�H�G�� �Z�K�H�U�Hb�c �D�Q�Gd�e�G�H��
�Q�R�W�H �I�O�R�R�U �D�Q�G �F�H�L�O �R�S�H�U�D�W�L�R�Q�V�� �U�H�S�V�H�F�W�L�Y�H�O�\��

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

P(nk j nk� 1) =

8
><

>:

1 � pn �L�Ink = nk� 1
pn
2 �L�Ink = nk� 1 � 1

0 �R�W�K�H�U�Z�L�V�H

������������

�Z�K�H�U�Hpn �L�V �W�K�H �S�U�R�E�D�E�L�O�L�W�\ �R�I �W�H�P�S�R �F�K�D�Q�J�H�� �,�W �L�V �W�R �E�H �Q�R�W�H�G
�W�K�D�W �W�K�H �G�L�V�F�U�H�W�L�]�D�W�L�R�Q �R�I� �D�Q�G_� �Q�H�H�G �Q�R�W �E�H �G�R�Q�H �R�Q �D�Q �L�Q�W�H��
�J�H�U �R�U �R�Q �D �X�Q�L�I�R�U�P �J�U�L�G�� �,�W �L�V �S�R�V�V�L�E�O�H �W�K�D�W �W�K�H �W�H�P�S�R �U�D�Q�J�H �F�D�Q
�E�H �Q�R�Q���X�Q�L�I�R�U�P�O�\ �V�D�P�S�O�H�G�� �D�V �Z�D�V �S�U�R�S�R�V�H�G �E�\�.�U�H�E�V�� �%�|�F�N�� �D�Q�G
�:�L�G�P�H�U�������������� �,�Q �W�K�L�V �G�L�V�V�H�U�W�D�W�L�R�Q�� �K�R�Z�H�Y�H�U�� �R�Q�O�\ �D �X�Q�L�I�R�U�P �G�L�V��
�F�U�H�W�L�]�D�W�L�R�Q �L�V �H�[�S�O�R�U�H�G �L�Q �W�K�H �F�R�Q�W�H�[�W �R�I �W�K�H�+�0�0�� �7�K�H �9�L�W�H�U�E�L �D�O��
�J�R�U�L�W�K�P ���5�D�E�L�Q�H�U������������ �L�V �W�K�H�Q �X�V�H�G �W�R �R�E�W�D�L�Q �D�0�$�3�V�H�T�X�H�Q�F�H �R�I



������ �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J

�V�W�D�W�H�V �Z�L�W�K �W�K�H�+�0�0�� �7�K�H�+�0�0 �E�D�V�H�G �9�L�W�H�U�E�L �G�H�F�R�G�L�Q�J �L�Q�I�H�U�H�Q�F�H
�D�O�J�R�U�L�W�K�P �L�Q �%�3���P�R�G�H�O �D�V �G�H�V�F�U�L�E�H�G �L�Q �W�K�H �V�H�F�W�L�R�Q �Z�L�O�O �E�H �G�H�Q�R�W�H�G
�D�V�+�0�0�� �L�Q �W�K�H �G�L�V�V�H�U�W�D�W�L�R�Q��

�7�K�H �G�U�D�Z�E�D�F�N �R�I �W�K�L�V �D�S�S�U�R�D�F�K �L�V �W�K�D�W �W�K�H �G�L�V�F�U�H�W�L�]�D�W�L�R�Q �K�D�V �W�R
�E�H �R�Q �D �Y�H�U�\ �I�L�Q�H �J�U�L�G �L�Q �R�U�G�H�U �W�R �J�X�D�U�D�Q�W�H�H �J�R�R�G �S�H�U�I�R�U�P�D�Q�F�H��
�Z�K�L�F�K �O�H�D�G�V �W�R �D �S�U�R�K�L�E�L�W�L�Y�H�O�\ �O�D�U�J�H �V�W�D�W�H �V�S�D�F�H ���V�S�H�F�L�D�O�O�\ �Z�L�W�K �O�R�Q�J
�F�\�F�O�H�V�� �D�Q�G�� �D�V �D �F�R�Q�V�H�T�X�H�Q�F�H�� �W�R �D �F�R�P�S�X�W�D�W�L�R�Q�D�O�O�\ �G�H�P�D�Q�G�L�Q�J �L�Q��
�I�H�U�H�Q�F�H�� �7�K�H �V�L�]�H �R�I �W�K�H �V�W�D�W�H �V�S�D�F�H �L�VS = M � N � R �D�Q�G �Q�H�H�G�V �D
S � S �V�L�]�H�G �W�U�D�Q�V�L�W�L�R�Q �P�D�W�U�L�[�� �$�V �D�Q �H�[�D�P�S�O�H�� �G�L�Y�L�G�L�Q�J �D �E�D�U �L�Q�W�R
M = 1600 �S�R�V�L�W�L�R�Q �V�W�D�W�H�V�� �Z�L�W�KN = 15 �W�H�P�S�R �V�W�D�W�H�V �D�Q�GR = 4
�S�D�W�W�H�U�Q�V�� �W�K�H �V�L�]�H �R�I �W�K�H �V�W�D�W�H �V�S�D�F�H �L�VS = 96000�V�W�D�W�H�V�� �7�K�H �F�R�P��
�S�X�W�D�W�L�R�Q�D�O �F�R�P�S�O�H�[�L�W�\ �R�I �W�K�H �9�L�W�H�U�E�L �D�O�J�R�U�L�W�K�P �L�VO(K �jS j2)�� �(�Y�H�Q
�W�K�R�X�J�K �W�K�H �V�W�D�W�H �W�U�D�Q�V�L�W�L�R�Q �P�D�W�U�L�[ �L�V �V�S�D�U�V�H �G�X�H �W�R �D �O�R�Z�H�U �Q�X�P�E�H�U
�R�I �D�O�O�R�Z�H�G �W�U�D�Q�V�L�W�L�R�Q�V �O�H�D�G�L�Q�J �W�R �D �F�R�P�S�O�H�[�L�W�\ �R�IO(K � M � R)�� �W�K�H
�L�Q�I�H�U�H�Q�F�H �Z�L�W�K�+�0�0 �F�D�Q �E�H�F�R�P�H �F�R�P�S�X�W�D�W�L�R�Q�D�O�O�\ �S�U�R�K�L�E�L�W�L�Y�H �D�Q�G
�G�R�H�V �Q�R�W �V�F�D�O�H �Z�H�O�O �Z�L�W�K �L�Q�F�U�H�D�V�L�Q�J �Q�X�P�E�H�U �R�I �V�W�D�W�H�V�� �7�K�L�V �S�U�R�E��
�O�H�P �F�D�Q �E�H �R�Y�H�U�F�R�P�H�� �I�R�U �L�Q�V�W�D�Q�F�H�� �E�\ �X�V�L�Q�J �D�S�S�U�R�[�L�P�D�W�H �L�Q�I�H�U�H�Q�F�H
�P�H�W�K�R�G�V �V�X�F�K �D�V �S�D�U�W�L�F�O�H �I�L�O�W�H�U�V��

�3�D�U�W�L�F�O�H �)�L�O�W�H�U ���3�)��

�3�D�U�W�L�F�O�H �I�L�O�W�H�U�V ���R�U�6�0�&�P�H�W�K�R�G�V�� �D�U�H �D �F�O�D�V�V �R�I �D�S�S�U�R�[�L�P�D�W�H �L�Q�I�H�U��
�H�Q�F�H �D�O�J�R�U�L�W�K�P�V �W�R �H�V�W�L�P�D�W�H �W�K�H �S�R�V�W�H�U�L�R�U �G�H�Q�V�L�W�\ �L�Q �D �V�W�D�W�H �V�S�D�F�H��
�7�K�H�\ �R�Y�H�U�F�R�P�H �W�Z�R �P�D�L�Q �S�U�R�E�O�H�P�V �R�I �W�K�H�+�0�0 �� �G�L�V�F�U�H�W�L�]�D�W�L�R�Q �R�I
�W�K�H �V�W�D�W�H �V�S�D�F�H �D�Q�G �W�K�H �T�X�D�G�U�D�W�L�F �V�F�D�O�L�Q�J �X�S �R�I �W�K�H �V�L�]�H �R�I �V�W�D�W�H �V�S�D�F�H
�Z�L�W�K �D�G�G�L�W�L�R�Q�D�O �K�L�G�G�H�Q �Y�D�U�L�D�E�O�H�V�� �,�Q �D�G�G�L�W�L�R�Q�� �W�K�H�\ �F�D�Q �L�Q�F�R�U�S�R�U�D�W�H
�O�R�Q�J �W�H�U�P �U�H�O�D�W�L�R�Q�V�K�L�S�V �E�H�W�Z�H�H�Q �K�L�G�G�H�Q �Y�D�U�L�D�E�O�H�V��

�,�Q �W�K�H �F�R�Q�W�L�Q�X�R�X�V �V�W�D�W�H �V�S�D�F�H �R�I�[1:K �� �W�K�H �H�[�D�F�W �F�R�P�S�X�W�D�W�L�R�Q �R�I
�W�K�H �S�R�V�W�H�U�L�R�UP(�[1:K j�\1:K ) �L�V �R�I�W�H�Q �L�Q�W�U�D�F�W�D�E�O�H�� �E�X�W �L�W �F�D�Q �E�H �H�Y�D�O�X��
�D�W�H�G �S�R�L�Q�W�Z�L�V�H�� �,�Q �S�D�U�W�L�F�O�H �I�L�O�W�H�U�V�� �W�K�H �S�R�V�W�H�U�L�R�U �L�V �D�S�S�U�R�[�L�P�D�W�H�G �X�V��
�L�Q�J �D �Z�H�L�J�K�W�H�G �V�H�W �R�I �S�R�L�Q�W�V ���N�Q�R�Z�Q �D�V �S�D�U�W�L�F�O�H�V�� �L�Q �W�K�H �V�W�D�W�H �V�S�D�F�H
�D�V��

P(�[1:K j �\1:K ) �
N pX

i =1

w(i )
K � (�[1:K � �[(i )1:K ) ������������

�+�H�U�H��f �[(i )1:K g �L�V �D �V�H�W �R�I �S�R�L�Q�W�V ���S�D�U�W�L�F�O�H�V�� �Z�L�W�K �D�V�V�R�F�L�D�W�H�G �Z�H�L�J�K�W�V
f w(i )

K g��i = 1; : : : ; Np���[1:K �L�V �W�K�H �V�H�W �R�I �D�O�O �V�W�D�W�H �W�U�D�M�H�F�W�R�U�L�H�V �X�Q�W�L�O
�I�U�D�P�HK ��� (x) �L�V �W�K�H �'�L�U�D�F �G�H�O�W�D �I�X�Q�F�W�L�R�Q�� �D�Q�GNp �L�V �W�K�H �Q�X�P�E�H�U �R�I
�S�D�U�W�L�F�O�H�V��



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

�:�L�W�K �W�K�L�V �S�D�U�W�L�F�O�H �V�\�V�W�H�P�� �V�W�D�U�W�L�Q�J �Z�L�W�KP(�[0)�� �W�R �D�S�S�U�R�[�L�P�D�W�H
�W�K�H �S�R�V�W�H�U�L�R�U �S�R�L�Q�W�Z�L�V�H�� �Z�H �Q�H�H�G �D �V�X�L�W�D�E�O�H �P�H�W�K�R�G �W�R �G�U�D�Z �V�D�P��
�S�O�H�V�[(i )k �D�Q�G �F�R�P�S�X�W�H �D�S�S�U�R�S�U�L�D�W�H �Z�H�L�J�K�W�Vw(i )

k �U�H�F�X�U�V�L�Y�H�O�\ �D�W �H�D�F�K
�W�L�P�H �V�W�H�S�� �,�W �L�V �F�O�H�D�U�O�\ �Q�R�Q���W�U�L�Y�L�D�O �W�R �V�D�P�S�O�H �I�U�R�P �D�Q �D�U�E�L�W�U�D�U�\ �S�R�V�W�H��
�U�L�R�U �G�L�V�W�U�L�E�X�W�L�R�Q�� �$ �V�L�P�S�O�H �D�S�S�U�R�D�F�K �L�V�6�H�T�X�H�Q�W�L�D�O �,�P�S�R�U�W�D�Q�F�H �6�D�P��
�S�O�L�Q�J ���6�,�6�����'�R�X�F�H�W �	 �-�R�K�D�Q�V�H�Q�������������� �Z�K�H�U�H �Z�H �V�D�P�S�O�H �I�U�R�P �D
�S�U�R�S�R�V�D�O�G�L�V�W�U�L�E�X�W�L�R�QQ(�[1:k j�\1:k) �W�K�D�W �K�D�V �W�K�H �V�D�P�H �V�X�S�S�R�U�W �D�Q�G �L�V
�D�V �V�L�P�L�O�D�U �W�R �W�K�H �W�U�X�H ���W�D�U�J�H�W�� �G�L�V�W�U�L�E�X�W�L�R�QP(�[1:k j�\1:k) �D�V �S�R�V�V�L�E�O�H��
�7�R �D�F�F�R�X�Q�W �I�R�U �W�K�H �I�D�F�W �W�K�D�W �Z�H �V�D�P�S�O�H�G �I�U�R�P �D �S�U�R�S�R�V�D�O �D�Q�G �Q�R�W
�W�K�H �W�D�U�J�H�W�� �Z�H �D�W�W�D�F�K �D�Q �L�P�S�R�U�W�D�Q�F�H �Z�H�L�J�K�Ww(i )

k �W�R �H�D�F�K �S�D�U�W�L�F�O�H��
�F�R�P�S�X�W�H�G �D�V��

w(i )
k =

P(�[1:k j �\1:k)
Q(�[1:k j �\1:k)

������������

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

w(i )
k / w(i )

k� 1

P(�\k j �[(i )k )P(�[(i )k j �[(i )k� 1)

Q(�[(i )k j �[(i )k� 1; �\k)
������������

�)�R�O�O�R�Z�L�Q�J�.�U�H�E�V�� �+�R�O�]�D�S�I�H�O�� �H�W �D�O���������������� �Z�H �F�K�R�R�V�H �W�R �V�D�P�S�O�H
�I�U�R�P �W�K�H �W�U�D�Q�V�L�W�L�R�Q �S�U�R�E�D�E�L�O�L�W�\Q(�[(i )k j �[(i )k� 1; �\k) = P(�[(i )k j �[(i )k� 1)��
�Z�K�L�F�K �U�H�G�X�F�H�V �(�T�����������W�R

w(i )
k / w(i )

k� 1P(�\k j �[(i )k ) ������������

�7�K�H�6�,�6�D�O�J�R�U�L�W�K�P �G�H�U�L�Y�H�V �V�D�P�S�O�H�V �E�\ �I�L�U�V�W �V�D�P�S�O�L�Q�J �I�U�R�P �S�U�R�S�R�V�D�O��
�L�Q �W�K�L�V �F�D�V�H �W�K�H �W�U�D�Q�V�L�W�L�R�Q �S�U�R�E�D�E�L�O�L�W�\ �D�Q�G �W�K�H�Q �F�R�P�S�X�W�H�V �Z�H�L�J�K�W�V
�D�F�F�R�U�G�L�Q�J �W�R �(�T������������ �2�Q�F�H �Z�H �G�H�W�H�U�P�L�Q�H �W�K�H �S�D�U�W�L�F�O�H �W�U�D�M�H�F�W�R�U�L�H�V
f �[(i )1:K g�� �Z�H �W�K�H�Q �V�H�O�H�F�W �W�K�H �W�U�D�M�H�F�W�R�U�\�[(i

� )
1:K �Z�L�W�K �W�K�H �K�L�J�K�H�V�W �Z�H�L�J�K�W

w(i � )
K �D�V �W�K�H�0�$�3�V�W�D�W�H �V�H�T�X�H�Q�F�H��

�0�D�Q�\ �H�[�W�H�Q�V�L�R�Q�V �K�D�Y�H �E�H�H�Q �S�U�R�S�R�V�H�G �W�R �W�K�H �E�D�V�L�F�6�,�6�I�L�O�W�H�U
���'�R�X�F�H�W �D�Q�G �-�R�K�D�Q�V�H�Q������������ �S�U�R�Y�L�G�H �D �F�R�P�S�U�H�K�H�Q�V�L�Y�H �R�Y�H�U�Y�L�H�Z��
�W�R �D�G�G�U�H�V�V �V�H�Y�H�U�D�O �S�U�R�E�O�H�P�V �Z�L�W�K �L�W�� �6�R�P�H �R�I �W�K�H �U�H�O�H�Y�D�Q�W �H�[�W�H�Q�V�L�R�Q�V
�D�U�H �E�U�L�H�I�O�\ �P�H�Q�W�L�R�Q�H�G�� �H�P�S�K�D�V�L�]�L�Q�J �W�K�H�L�U �N�H�\ �D�V�S�H�F�W�V�� �$ �P�R�U�H �G�H��
�W�D�L�O�H�G �G�H�V�F�U�L�S�W�L�R�Q �R�I �W�K�H �D�O�J�R�U�L�W�K�P�V �K�D�V �E�H�H�Q �S�U�H�V�H�Q�W�H�G �E�\�.�U�H�E�V��
�+�R�O�]�D�S�I�H�O�� �H�W �D�O����������������

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



������ �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J

�7�K�L�V �L�V �F�R�Q�W�U�D�U�\ �W�R �W�K�H �L�G�H�D�O �F�D�V�H �Z�K�H�Q �Z�H �Z�D�Q�W �W�K�H �S�U�R�S�R�V�D�O �W�R
�P�D�W�F�K �Z�H�O�O �Z�L�W�K �W�K�H �W�D�U�J�H�W �G�L�V�W�U�L�E�X�W�L�R�Q �O�H�D�G�L�Q�J �W�R �D �X�Q�L�I�R�U�P �Z�H�L�J�K�W
�G�L�V�W�U�L�E�X�W�L�R�Q �Z�L�W�K �O�R�Z �Y�D�U�L�D�Q�F�H�� �7�R �U�H�G�X�F�H �W�K�H �Y�D�U�L�D�Q�F�H �R�I �W�K�H �S�D�U��
�W�L�F�O�H �Z�H�L�J�K�W�V�� �U�H�V�D�P�S�O�L�Q�J �V�W�H�S�V �D�U�H �Q�H�F�H�V�V�D�U�\�� �Z�K�L�F�K �U�H�S�O�D�F�H �O�R�Z
�Z�H�L�J�K�W �S�D�U�W�L�F�O�H�V �Z�L�W�K �K�L�J�K�H�U �Z�H�L�J�K�W �S�D�U�W�L�F�O�H�V �E�\ �V�H�O�H�F�W�L�Q�J �S�D�U�W�L�F�O�H�V
�Z�L�W�K �D �S�U�R�E�D�E�L�O�L�W�\ �S�U�R�S�R�U�W�L�R�Q�D�O �W�R �W�K�H�L�U �Z�H�L�J�K�W�V�� �6�H�Y�H�U�D�O �U�H�V�D�P�S�O�L�Q�J
�P�H�W�K�R�G�V �K�D�Y�H �E�H�H�Q �S�U�R�S�R�V�H�G�� �E�X�W �Z�H �X�V�H �V�\�V�W�H�P�D�W�L�F �U�H�V�D�P�S�O�L�Q�J �L�Q
�W�K�L�V �G�L�V�V�H�U�W�D�W�L�R�Q �D�V �U�H�F�R�P�P�H�Q�G�H�G �E�\�'�R�X�F�H�W �D�Q�G �-�R�K�D�Q�V�H�Q��������������
�:�L�W�K �U�H�V�D�P�S�O�L�Q�J �D�V �W�K�H �H�V�V�H�Q�W�L�D�O �G�L�I�I�H�U�H�Q�F�H�� �W�K�H�6�,�6�I�L�O�W�H�U �Z�L�W�K �U�H��
�V�D�P�S�O�L�Q�J �L�V �F�D�O�O�H�G �D�V�6�H�T�X�H�Q�W�L�D�O �,�P�S�R�U�W�D�Q�F�H �6�D�P�S�O�L�Q�J���5�H�V�D�P�S�O�L�Q�J
���6�,�6�5���I�L�O�W�H�U��

�,�Q �P�H�W�H�U �D�Q�D�O�\�V�L�V �S�U�R�E�O�H�P�V�� �G�X�H �W�R �P�H�W�U�L�F�D�O �D�P�E�L�J�X�L�W�L�H�V�� �W�K�H
�S�R�V�W�H�U�L�R�U �G�L�V�W�U�L�E�X�W�L�R�QP(�[k j�\1:k) �L�V �K�L�J�K�O�\ �P�X�O�W�L�P�R�G�D�O�� �5�H�V�D�P�S�O�L�Q�J
�W�H�Q�G�V �W�R �O�H�D�G �W�R �D �F�R�Q�F�H�Q�W�U�D�W�L�R�Q �R�I �S�D�U�W�L�F�O�H�V �L�Q �R�Q�H �P�R�G�H �R�I �W�K�H �S�R�V��
�W�H�U�L�R�U�� �Z�K�L�O�H �W�K�H �U�H�P�D�L�Q�L�Q�J �P�R�G�H�V �D�U�H �Q�R�W �F�R�Y�H�U�H�G�� �2�Q�H �Z�D�\ �W�R
�D�O�O�H�Y�L�D�W�H �W�K�L�V �S�U�R�E�O�H�P �L�V �W�R �F�R�P�S�U�H�V�V �W�K�H �Z�H�L�J�K�W�V�Zk = f w(i )

k g��
i = 1; : : : ; Np �E�\ �D �P�R�Q�R�W�R�Q�L�F�D�O�O�\ �L�Q�F�U�H�D�V�L�Q�J �I�X�Q�F�W�L�R�Q �W�R �L�Q�F�U�H�D�V�H
�W�K�H �Z�H�L�J�K�W�V �R�I �S�D�U�W�L�F�O�H�V �L�Q �O�R�Z �S�U�R�E�D�E�L�O�L�W�\ �U�H�J�L�R�Q�V �V�R �W�K�D�W �W�K�H�\ �F�D�Q
�V�X�U�Y�L�Y�H �U�H�V�D�P�S�O�L�Q�J�� �$�I�W�H�U �U�H�V�D�P�S�O�L�Q�J�� �W�K�H �Z�H�L�J�K�W�V �K�D�Y�H �W�R �E�H �X�Q��
�F�R�P�S�U�H�V�V�H�G �W�R �J�L�Y�H �D �Y�D�O�L�G �S�U�R�E�D�E�L�O�L�W�\ �G�L�V�W�U�L�E�X�W�L�R�Q�� �7�K�L�V �F�D�Q �E�H �I�R�U��
�P�X�O�D�W�H�G �D�V �D�Q�$�X�[�L�O�L�D�U�\ �3�D�U�W�L�F�O�H �)�L�O�W�H�U ���$�3�)�����-�R�K�D�Q�V�H�Q �	 �'�R�X�F�H�W��
������������

�$ �S�D�U�W�L�F�O�H �V�\�V�W�H�P �W�K�D�W �L�V �F�D�S�D�E�O�H �R�I �K�D�Q�G�O�L�Q�J �P�H�W�U�L�F�D�O �D�P�E�L��
�J�X�L�W�L�H�V �P�X�V�W �P�D�L�Q�W�D�L�Q �W�K�H �P�X�O�W�L�P�R�G�D�O�L�W�\ �R�I �S�R�V�W�H�U�L�R�U �G�L�V�W�U�L�E�X�W�L�R�Q
�D�Q�G �E�H �D�E�O�H �W�R �W�U�D�F�N �V�H�Y�H�U�D�O �K�\�S�R�W�K�H�V�H�V �W�R�J�H�W�K�H�U�� �Z�K�L�F�K�6�,�6�5�D�Q�G
�$�3�)�F�D�Q�Q�R�W �G�R �H�[�S�O�L�F�L�W�O�\�� �$ �V�\�V�W�H�P �F�D�O�O�H�G �W�K�H�0�L�[�W�X�U�H �3�D�U�W�L�F�O�H �)�L�O��
�W�H�U ���0�3�)���Z�D�V �S�U�R�S�R�V�H�G �E�\�9�H�U�P�D�D�N�� �'�R�X�F�H�W�� �D�Q�G �3�p�U�H�]������������ �W�R
�W�U�D�F�N �P�X�O�W�L�S�O�H �K�\�S�R�W�K�H�V�H�V�� �D�Q�G �Z�D�V �D�G�D�S�W�H�G �W�R �P�H�W�H�U �L�Q�I�H�U�H�Q�F�H �E�\
�.�U�H�E�V�� �+�R�O�]�D�S�I�H�O�� �H�W �D�O����������������

�,�Q �D�0�3�)�� �H�D�F�K �S�D�U�W�L�F�O�H �L�V �D�V�V�L�J�Q�H�G �W�R �D �F�O�X�V�W�H�U �W�K�D�W ���L�G�H�D�O�O�\�� �U�H�S��
�U�H�V�H�Q�W�V �D �P�R�G�H �R�I �W�K�H �S�R�V�W�H�U�L�R�U�� �'�X�U�L�Q�J �U�H�V�D�P�S�O�L�Q�J�� �W�K�H �S�D�U�W�L�F�O�H�V �R�I
�D �F�O�X�V�W�H�U �L�Q�W�H�U�D�F�W �R�Q�O�\ �Z�L�W�K �S�D�U�W�L�F�O�H�V �R�I �W�K�H �V�D�P�H �F�O�X�V�W�H�U�� �5�H�V�D�P��
�S�O�L�Q�J �L�V �G�R�Q�H �L�Q�G�H�S�H�Q�G�H�Q�W�O�\ �L�Q �H�D�F�K �F�O�X�V�W�H�U�� �Z�K�L�O�H �P�D�L�Q�W�D�L�Q�L�Q�J �W�K�H
�S�U�R�E�D�E�L�O�L�W�\ �G�L�V�W�U�L�E�X�W�L�R�Q �L�Q�W�D�F�W�� �7�K�L�V �Z�D�\�� �D�O�O �W�K�H �P�R�G�H�V �R�I �W�K�H �S�R�V��
�W�H�U�L�R�U �F�D�Q �E�H �W�U�D�F�N�H�G �W�K�U�R�X�J�K �W�K�H �Z�K�R�O�H �D�X�G�L�R �S�L�H�F�H�� �D�Q�G �W�K�H �E�H�V�W
�K�\�S�R�W�K�H�V�L�V �F�D�Q �E�H �F�K�R�V�H�Q �D�W �W�K�H �H�Q�G�� �,�Q �W�K�L�V �Z�R�U�N�� �Z�H �X�V�H �D�Q �L�G�H�Q�W�L��
�F�D�O �F�O�X�V�W�H�U�L�Q�J �V�F�K�H�P�H �X�V�L�Q�J �D �F�\�F�O�L�F �G�L�V�W�D�Q�F�H �P�H�D�V�X�U�H �D�V �G�H�V�F�U�L�E�H�G
�E�\�.�U�H�E�V�� �+�R�O�]�D�S�I�H�O�� �H�W �D�O�������������� �W�R �W�U�D�F�N �V�H�Y�H�U�D�O �G�L�I�I�H�U�H�Q�W �S�R�V�V�L�E�O�H



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

�P�H�W�U�L�F�D�O �S�R�V�L�W�L�R�Q�V �D�W �D �J�L�Y�H�Q �W�L�P�H�� �:�H �X�V�H �D �F�\�F�O�L�F �G�L�V�W�D�Q�F�H �P�H�D��
�V�X�U�H �W�K�D�W �F�D�Q �W�D�N�H �L�Q�W�R �D�F�F�R�X�Q�W �W�K�H �F�\�F�O�L�F �Q�D�W�X�U�H �R�I �W�K�H �E�D�U �S�R�V�L�W�L�R�Q
� �� �%�\ �U�H�S�U�H�V�H�Q�W�L�Q�J �W�K�H �E�D�U �S�R�V�L�W�L�R�Q �D�V �D �F�R�P�S�O�H�[ �S�K�D�V�R�U �R�Q �W�K�H �X�Q�L�W
�F�L�U�F�O�H�� �Z�H �F�D�Q �F�R�P�S�X�W�H �W�K�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J �D�Q�J�O�H' (� k) = 2�� k/ M ��
�$ �G�L�V�W�D�Q�F�H �E�H�W�Z�H�H�Q �W�Z�R �S�D�U�W�L�F�O�H�V �L�Q�G�H�[�H�G �E�\i �D�Q�Gj �F�D�Q �W�K�H�Q �E�H
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�Z�K�H�U�H�� �W�K�H �S�D�U�D�P�H�W�H�U�V[� � �� � _� �� � r ] �F�R�Q�W�U�R�O �W�K�H �U�H�O�D�W�L�Y�H �Z�H�L�J�K�W�V �L�Q
�W�K�H �G�L�V�W�D�Q�F�H��

�,�Q �W�K�H�0�3�)�� �D�I�W�H�U �D�Q �L�Q�L�W�L�D�O �F�O�X�V�W�H�U �D�V�V�L�J�Q�P�H�Q�W�� �Z�H �S�H�U�I�R�U�P �D
�U�H�F�O�X�V�W�H�U�L�Q�J �E�H�I�R�U�H �H�Y�H�U�\ �U�H�V�D�P�S�O�L�Q�J �V�W�H�S�� �P�H�U�J�L�Q�J �R�U �V�S�O�L�W�W�L�Q�J �F�O�X�V��
�W�H�U�V �E�D�V�H�G �R�Q �W�K�H �D�Y�H�U�D�J�H �G�L�V�W�D�Q�F�H �E�H�W�Z�H�H�Q �F�O�X�V�W�H�U �F�H�Q�W�U�R�L�G�V�� �7�K�H
�F�O�X�V�W�H�U�L�Q�J�� �P�H�U�J�L�Q�J �D�Q�G �V�S�O�L�W�W�L�Q�J �R�I �F�O�X�V�W�H�U�V �L�V �Q�H�F�H�V�V�D�U�\ �W�R �F�R�Q��
�W�U�R�O �W�K�H �Q�X�P�E�H�U �R�I �F�O�X�V�W�H�U�V�� �Z�K�L�F�K �L�G�H�D�O�O�\ �U�H�S�U�H�V�H�Q�W�V �W�K�H �Q�X�P�E�H�U
�R�I �P�R�G�H�V �L�Q �W�K�H �S�R�V�W�H�U�L�R�U�� �7�K�H �P�L�[�W�X�U�H �S�D�U�W�L�F�O�H �I�L�O�W�H�U �F�D�Q �E�H �F�R�P��
�E�L�Q�H�G �Z�L�W�K �D�X�[�L�O�L�D�U�\ �U�H�V�D�P�S�O�L�Q�J �W�R �J�L�Y�H �W�K�H�$�X�[�L�O�L�D�U�\ �0�L�[�W�X�U�H �3�D�U��
�W�L�F�O�H �)�L�O�W�H�U ���$�0�3�)���� �$�V �U�H�F�R�P�P�H�Q�G�H�G �E�\�.�U�H�E�V�� �+�R�O�]�D�S�I�H�O�� �H�W �D�O��
�������������� �Z�H �U�H�V�D�P�S�O�H �D�W �D �I�L�[�H�G �L�Q�W�H�U�Y�D�OTs��

�,�W �K�D�V �E�H�H�Q �F�O�H�D�U�O�\ �V�K�R�Z�Q �E�\�.�U�H�E�V�� �+�R�O�]�D�S�I�H�O�� �H�W �D�O���W�K�D�W�$�0�3�)
�F�D�Q �E�H �H�I�I�H�F�W�L�Y�H�O�\ �X�V�H�G �I�R�U �W�K�H �W�D�V�N �R�I �P�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J��
�,�Q �W�K�L�V �G�L�V�V�H�U�W�D�W�L�R�Q�� �W�K�H�$�0�3�)�D�O�J�R�U�L�W�K�P�� �D�V �R�X�W�O�L�Q�H�G �L�Q �$�O�J�R�U�L�W�K�P��
�L�V �X�V�H�G �I�R�U �D�O�O �P�H�W�H�U �D�Q�D�O�\�V�L�V �W�D�V�N�V �W�K�D�W �Q�H�H�G �D�S�S�U�R�[�L�P�D�W�H �L�Q�I�H�U�H�Q�F�H��
�7�K�H�$�0�3�)�D�O�J�R�U�L�W�K�P �Z�L�W�K �W�K�H �%�3���P�R�G�H�O �D�V �G�H�V�F�U�L�E�H�G �L�Q �W�K�L�V �V�H�F��
�W�L�R�Q �Z�L�O�O �E�H �G�H�Q�R�W�H�G �D�V�$�0�3�)�� �L�Q �W�K�H �G�L�V�V�H�U�W�D�W�L�R�Q��

�7�K�H �F�R�P�S�O�H�[�L�W�\ �R�I �W�K�H �3�) �V�F�K�H�P�H�V �V�F�D�O�H�V �O�L�Q�H�D�U�O�\ �Z�L�W�K �W�K�H �Q�X�P��
�E�H�U �R�I �S�D�U�W�L�F�O�H�VNp �L�U�U�H�V�S�H�F�W�L�Y�H �R�I �W�K�H �V�L�]�H �R�I �V�W�D�W�H �V�S�D�F�H�� �O�H�D�G�L�Q�J
�W�R �D�Q �H�I�I�L�F�L�H�Q�W �L�Q�I�H�U�H�Q�F�H �L�Q �O�D�U�J�H �V�W�D�W�H �V�S�D�F�H�V�� �)�X�U�W�K�H�U�� �F�R�P�S�D�U�H�G
�W�R �W�K�H�+�0�0 �X�V�L�Q�J �9�L�W�H�U�E�L �G�H�F�R�G�L�Q�J �W�K�D�W �K�D�V �D �V�S�D�F�H �F�R�P�S�O�H�[�L�W�\
�R�IO(K � jS j)�� �W�K�H �3�) �Q�H�H�G�V �W�R �V�W�R�U�H �M�X�V�WNp �V�W�D�W�H �W�U�D�M�H�F�W�R�U�L�H�V �D�Q�G
�Z�H�L�J�K�W�V�� �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �U�H�G�X�F�L�Q�J �W�K�H �P�H�P�R�U�\ �U�H�T�X�L�U�H�P�H�Q�W�V�� �$�Q �D�G��
�G�L�W�L�R�Q�D�O �D�G�Y�D�Q�W�D�J�H �L�V �W�K�D�W �W�K�H �Q�X�P�E�H�U �R�I �S�D�U�W�L�F�O�H�V �F�D�Q �E�H �F�K�R�V�H�Q
�E�D�V�H�G �R�Q �W�K�H �F�R�P�S�X�W�D�W�L�R�Q�D�O �S�R�Z�H�U �Z�H �F�D�Q �D�I�I�R�U�G�� �D�Q�G �Z�H �F�D�Q �P�D�N�H
�W�K�H �V�W�D�W�H �V�S�D�F�H �O�D�U�J�H�U �Z�L�W�K �Q�R �R�U �R�Q�O�\ �D �P�D�U�J�L�Q�D�O �L�Q�F�U�H�D�V�H �L�Q �W�K�H
�F�R�P�S�X�W�D�W�L�R�Q�D�O �U�H�T�X�L�U�H�P�H�Q�W�V��



������ �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J

�$�O�J�R�U�L�W�K�P ���$�Q �R�X�W�O�L�Q�H �R�I �W�K�H�$�0�3�)�� �D�O�J�R�U�L�W�K�P ���$�0�3�)�I�R�U �L�Q�I�H�U��
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���� �I�R�U�L � �� �W�RNp �G�R
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0 = 1/ Np
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k = c(i )
k� 1
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�7�R �F�R�Q�F�O�X�G�H�� �W�K�H �E�D�U �S�R�L�Q�W�H�U �P�R�G�H�O �L�V �D �V�W�D�W�H �R�I �W�K�H �D�U�W �P�R�G�H�O
�X�V�H�I�X�O �L�Q �D�O�O �W�K�H �P�H�W�H�U �D�Q�D�O�\�V�L�V �W�K�D�W �D�U�H �D�G�G�U�H�V�V�H�G �L�Q �W�K�H �W�K�H�V�L�V�� �7�K�H
�S�H�U�I�R�U�P�D�Q�F�H �R�I �P�H�W�H�U �D�Q�D�O�\�V�L�V �Z�L�W�K �%�3���P�R�G�H�O �Z�L�O�O �E�H �D �E�D�V�H�O�L�Q�H
�I�R�U �D�O�O �W�K�H �G�D�W�D�V�H�W�V �D�Q�G �P�X�V�L�F �F�X�O�W�X�U�H�V �X�Q�G�H�U �V�W�X�G�\�� �7�K�R�X�J�K �D �V�W�D�W�H
�R�I �W�K�H �D�U�W �P�R�G�H�O �H�[�S�O�R�U�H�G �E�H�I�R�U�H�� �W�K�H �G�L�V�V�H�U�W�D�W�L�R�Q �S�U�H�V�H�Q�W�V �D �I�X�U�W�K�H�U
�H�[�S�O�R�U�D�W�L�R�Q �R�I �W�K�H �P�R�G�H�O �Z�L�W�K �W�K�H �I�R�O�O�R�Z�L�Q�J �Q�R�Y�H�O�W�L�H�V �F�R�P�S�D�U�H�G �W�R
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�%�3���P�R�G�H�O�� �I�R�U �E�H�W�W�H�U �D�Q�G �I�D�V�W�H�U �L�Q�I�H�U�H�Q�F�H��

�8�X�j�X�k �J�Q�/�2�H �2�t�i�2�M�b�B�Q�M�b

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

�%�D�U �S�R�L�Q�W�H�U �P�R�G�H�O �Z�L�W�K �D �P�L�[�W�X�U�H �R�E�V�H�U�Y�D�W�L�R�Q �P�R�G�H�O
���0�2���P�R�G�H�O��

�:�H �S�U�R�S�R�V�H �D �V�L�P�S�O�L�I�L�F�D�W�L�R�Q �W�R �W�K�H �E�D�U �S�R�L�Q�W�H�U �P�R�G�H�O �W�K�D�W �X�V�H�V �D �G�L��
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�L�V �V�L�P�S�O�L�I�L�H�G �Z�L�W�K �R�Q�O�\ �W�Z�R �K�L�G�G�H�Q �Y�D�U�L�D�E�O�H�V�� �D�Q�G �Z�H �F�D�Q �L�Q�F�U�H�D�V�H
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P(�[k j �[k� 1) = P(� k j � k� 1) = P(� k j � k� 1; _� k� 1)P( _� k j _� k� 1)
������������

�+�H�U�H��� = [ �; _� ] �L�V �G�H�I�L�Q�H�G �D�V �W�K�H �V�X�E�V�H�W �R�I �W�K�H �K�L�G�G�H�Q �Y�D�U�L�D�E�O�H�V
�W�U�D�F�N�H�G �X�V�L�Q�J �W�K�H �0�2���P�R�G�H�O�� �7�K�H �W�H�P�S�R �W�U�D�Q�V�L�W�L�R�Q �W�H�U�P �R�I �W�K�H
�D�E�R�Y�H �H�T�X�D�W�L�R�Q �U�H�P�D�L�Q�V �L�G�H�Q�W�L�F�D�O �W�R �W�K�H �%�3���P�R�G�H�O�� �D�V �L�Q �(�T����������
�7�K�H �W�H�U�P �I�R�U� �D�O�V�R �U�H�P�D�L�Q�V �V�L�P�L�O�D�U �W�R �(�T�������� �L�Q �W�K�H �%�3���P�R�G�H�O��
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�Z�K�H�U�H1� �L�V �D�Q �L�Q�G�L�F�D�W�R�U �I�X�Q�F�W�L�R�Q �W�K�D�W �W�D�N�H�V �D �Y�D�O�X�H �R�I �R�Q�H �L�I� k =
(� k� 1 + _� k� 1) �P�R�G(M ) �D�Q�G �]�H�U�R �R�W�K�H�U�Z�L�V�H�� �Q�R�W�L�Q�J �W�K�D�W �W�K�H �O�H�Q�J�W�K
�R�I �D�O�O �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �D�U�H �H�T�X�D�O��M r = M �� �I�R�U �D�O�O �Y�D�O�X�H�V �R�Ir ��
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P(�\ j �[) /
RX

j =1

P(�\ j �; r = j ) ������������

�7�K�L�V �R�E�V�H�U�Y�D�W�L�R�Q �P�R�G�H�O �P�D�N�H�V �W�K�H �0�2���P�R�G�H�O �V�L�P�S�O�H�U�� �Z�K�L�O�H �J�L�Y��
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������������ �Z�K�L�F�K �L�V �D �J�R�R�G �W�H�V�W �F�D�V�H �I�R�U �W�K�H �6�3���P�R�G�H�O�� �7�K�H �O�D�U�J�H �W�H�P�S�R
�U�D�Q�J�H �D�Q�G �W�K�H �I�L�O�O�H�U �V�W�U�R�N�H�V �L�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F ���H�V�S�H�F�L�D�O�O�\�Y�L�O�D	À�E�L�W
�S�L�H�F�H�V�� �F�D�Q �S�U�R�Y�L�G�H �D �G�H�Q�V�H�U �V�X�U�I�D�F�H �U�K�\�W�K�P �W�K�D�Q �Z�K�D�W �L�V �H�[�S�H�F�W�H�G
�I�U�R�P �W�K�H �X�Q�G�H�U�O�\�L�Q�J �P�H�W�U�L�F�D�O �V�W�U�X�F�W�X�U�H�� �7�K�L�V �V�X�U�I�D�F�H �U�K�\�W�K�P �F�D�Q
�F�R�Q�I�X�V�H �W�K�H �P�H�W�H�U �W�U�D�F�N�H�U�V �D�Q�G �E�L�D�V �L�W �W�R�Z�D�U�G�V �W�K�H �K�L�J�K�H�U �Y�D�O�X�H�V �R�I
�W�H�P�S�R�� �V�R�P�H�W�K�L�Q�J �W�K�D�W �F�D�Q �E�H �P�L�W�L�J�D�W�H�G �E�\ �W�U�D�F�N�L�Q�J �V�K�R�U�W�H�U �V�H�F�W�L�R�Q
�O�H�Q�J�W�K �S�D�W�W�H�U�Q�V�� �)�X�U�W�K�H�U�� �W�U�D�F�N�L�Q�J �O�D�U�J�H�P�—�W�U�—�S�H�U�L�R�G�V �L�Q�Y�L�O�D	À�E�L�W
�S�L�H�F�H�V �F�D�X�V�H�V �D�Q �X�Q�V�W�D�E�O�H �O�R�F�D�O �W�H�P�S�R �H�V�W�L�P�D�W�H �W�K�D�W �O�H�D�G�V �W�R �D �G�U�L�I�W��
�L�Q�J �R�I �W�K�H �W�U�D�F�N�L�Q�J �D�O�J�R�U�L�W�K�P�V�� �Z�K�L�F�K �D�O�V�R �L�V �H�[�S�H�F�W�H�G �W�R �E�H �P�L�W�L��
�J�D�W�H�G �E�\ �W�U�D�F�N�L�Q�J �V�K�R�U�W�H�U �O�H�Q�J�W�K �S�D�W�W�H�U�Q�V��

�,�Q �W�K�H �6�3���P�R�G�H�O �V�K�R�Z�Q �L�Q �)�L�J�X�U�H�������F�� �D �K�\�S�R�W�K�H�W�L�F�D�O �S�R�L�Q�W�H�U
�W�U�D�Y�H�U�V�H�V �H�D�F�K �V�H�F�W�L�R�Q �R�I �D �P�H�W�U�L�F�D�O �F�\�F�O�H�� �+�H�Q�F�H�� �L�Q �D�G�G�L�W�L�R�Q �W�R
�W�K�H �Y�D�U�L�D�E�O�H�V� �� _� ��r �R�I �W�K�H �E�D�U �S�R�L�Q�W�H�U �P�R�G�H�O�� �Z�H �Q�R�Z �D�G�G�L�W�L�R�Q�D�O�O�\
�L�Q�W�U�R�G�X�F�H �D �V�H�F�W�L�R�Q �L�Q�G�L�F�D�W�R�U �Y�D�U�L�D�E�O�H�� �,�Q �U�H�I�H�U�H�Q�F�H �W�R �W�K�H �6�3���P�R�G�H�O��
�D�W �H�D�F�K �D�X�G�L�R �I�U�D�P�H�� �Z�H �U�H�G�H�I�L�Q�H �D�Q�G �G�H�Q�R�W�H �W�K�H �K�L�G�G�H�Q ���O�D�W�H�Q�W��
�Y�D�U�L�D�E�O�H �Y�H�F�W�R�U �D�V�[k = [ � k ; _� k ; r k ; vk ]�� �Z�K�H�U�H��

�‡�6�H�F�W�L�R�Q �L�Q�G�L�F�D�W�R�U�� �7�K�H �V�H�F�W�L�R�Q �L�Q�G�L�F�D�W�R�U �Y�D�U�L�D�E�O�Hv 2 f 1; : : : ; Vg
�L�V �D�Q �L�Q�G�L�F�D�W�R�U �Y�D�U�L�D�E�O�H �W�K�D�W �L�G�H�Q�W�L�I�L�H�V �W�K�H �V�H�F�W�L�R�Q ���Y�L�E�K�—�J�L�Q �+�L�Q��
�G�X�V�W�D�Q�L �P�X�V�L�F �R�U�D	Ä�J�D�L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �R�I �D �E�D�U ���W�—�O���D���� �D�Q�G �V�H��
�O�H�F�W�V �R�Q�H �R�I �W�K�HV �R�E�V�H�U�Y�D�W�L�R�Q �P�R�G�H�O�V �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R �H�D�F�K �V�H�F��
�W�L�R�Q �O�H�Q�J�W�K �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q �O�H�D�U�Q�H�G �I�U�R�P �G�D�W�D�� �$ �U�K�\�W�K�P �F�O�D�V�V
���W�—�O���D�� �P�L�J�K�W �K�D�Y�H �P�D�Q�\ �V�H�F�W�L�R�Q�V �R�I �G�L�I�I�H�U�H�Q�W �O�H�Q�J�W�K�V�� �:�H �G�H�Q�R�W�H
�W�K�H �Q�X�P�E�H�U �R�I�P�—�W�U�—�V���E�H�D�W�V �L�Q �D �V�H�F�W�L�R�Qv �E�\Bv ��

�‡�5�K�\�W�K�P�L�F �S�D�W�W�H�U�Q �L�Q�G�L�F�D�W�R�U�� �)�R�U �H�D�F�K �V�H�F�W�L�R�Qv�� �W�K�H�U�H �D�U�H �R�Q�H
�R�U �P�R�U�H �D�V�V�R�F�L�D�W�H�G �U�K�\�W�K�P �S�D�W�W�H�U�Q�V �G�H�Q�R�W�H�G �E�\r �� �7�K�H �U�K�\�W�K�P



������ �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J

�S�D�W�W�H�U�Q �L�Q�G�L�F�D�W�R�Ur �� �D�O�R�Q�J �Z�L�W�K �W�K�H �V�H�F�W�L�R�Q �L�Q�G�L�F�D�W�R�Uv �V�H�O�H�F�W �W�K�H
�D�S�S�U�R�S�U�L�D�W�H �R�E�V�H�U�Y�D�W�L�R�Q �P�R�G�H�O �W�R �E�H �X�V�H�G�� �)�R�U �F�R�Q�Y�H�Q�L�H�Q�F�H �D�Q�G
�Z�L�W�K�R�X�W �O�R�V�V �R�I �J�H�Q�H�U�D�O�L�W�\�� �Z�H �D�V�V�X�P�H �H�D�F�K �V�H�F�W�L�R�Q �W�R �E�H �P�R�G��
�H�O�H�G �E�\ �D�Q �H�T�X�D�O �Q�X�P�E�H�U �R�I �S�D�W�W�H�U�Q�V�� �Z�L�W�K �D �W�R�W�D�O �R�IR �G�L�V�W�U�L�E�X�W�H�G
�D�F�U�R�V�V �D�O�O �W�K�H �V�H�F�W�L�R�Q�V �H�T�X�D�O�O�\�� �+�H�Q�F�H�� �W�K�H �Q�X�P�E�H�U �R�I �U�K�\�W�K�P�L�F
�S�D�W�W�H�U�Q�V �S�H�U �V�H�F�W�L�R�Q �L�V �J�L�Y�H�Q �D�V��R/ V �S�D�W�W�H�U�Q�V�� �Z�L�W�K �W�K�H �D�V�V�X�P�S��
�W�L�R�Q �W�K�D�WR �L�V �D�Q �L�Q�W�H�J�H�U �P�X�O�W�L�S�O�H �R�IV ��

�‡�3�R�V�L�W�L�R�Q �L�Q �V�H�F�W�L�R�Q�� �7�K�H �S�R�V�L�W�L�R�Q �Y�D�U�L�D�E�O�H� �L�Q �W�K�H �6�3���P�R�G�H�O �W�U�D�F�N�V
�W�K�H �S�R�V�L�W�L�R�Q �Z�L�W�K�L�Q �D �V�H�F�W�L�R�Q �D�V� 2 [0; M v)�� �Z�K�H�U�HM v �L�V �W�K�H
�O�H�Q�J�W�K �R�I �V�H�F�W�L�R�Qv�� � �L�Q�F�U�H�D�V�H�V �I�U�R�P0 �W�RM v �D�Q�G �W�K�H�Q �U�H�V�H�W�V
�W�R0 �W�R �V�W�D�U�W �W�U�D�F�N�L�Q�J �W�K�H �Q�H�[�W �V�H�F�W�L�R�Q�� �:�H �V�H�W �W�K�H �O�H�Q�J�W�K �R�I �W�K�H
�O�R�Q�J�H�V�W �V�H�F�W�L�R�Q �D�VM �� �D�Q�G �W�K�H�Q �V�F�D�O�H �W�K�H �O�H�Q�J�W�K�V �R�I �R�W�K�H�U �V�H�F�W�L�R�Q�V
�D�F�F�R�U�G�L�Q�J�O�\��

�‡�,�Q�V�W�D�Q�W�D�Q�H�R�X�V �W�H�P�S�R�� �,�Q�V�W�D�Q�W�D�Q�H�R�X�V �W�H�P�S�R �Y�D�U�L�D�E�O�H_� ���P�H�D�V�X�U�H�G
�L�Q �S�R�V�L�W�L�R�Q�V �S�H�U �W�L�P�H �I�U�D�P�H�� �L�V �V�L�P�L�O�D�U �W�R �W�K�H �L�Q�V�W�D�Q�W�D�Q�H�R�X�V �W�H�P�S�R
�Y�D�U�L�D�E�O�H �R�I �W�K�H �%�3���P�R�G�H�O �D�Q�G �G�H�Q�R�W�H�V �W�K�H �U�D�W�H �D�W �Z�K�L�F�K �W�K�H �S�R�V�L��
�W�L�R�Q �Y�D�U�L�D�E�O�H� �S�U�R�J�U�H�V�V�H�V �W�K�U�R�X�J�K �D �V�H�F�W�L�R�Q �D�W �H�D�F�K �W�L�P�H �I�U�D�P�H��
�7�K�H �D�O�O�R�Z�H�G �U�D�Q�J�H �R�I �W�K�H �Y�D�U�L�D�E�O�H_� k 2 [ _� �P�L�Q; _� �P�D�[] �G�H�S�H�Q�G�V �R�Q
�W�K�H �I�U�D�P�H �K�R�S �V�L�]�H ��h = �������� �V�H�F�R�Q�G �X�V�H�G �K�H�U�H �D�V �E�H�I�R�U�H���� �D�Q�G
�F�D�Q �E�H �S�U�H�V�H�W �R�U �O�H�D�U�Q�H�G �I�U�R�P �G�D�W�D�� �,�Q �D �J�L�Y�H�Q �V�H�F�W�L�R�Qv�� �D �Y�D�O�X�H
�R�I_� k �F�R�U�U�H�V�S�R�Q�G�V �W�R �D �V�H�F�W�L�R�Q �G�X�U�D�W�L�R�Q �R�I ��h � M v/ _� k �� �V�H�F�R�Q�G�V
�D�Q�G ��60� B v � _� k/ (M v �h)) �P�—�W�U�—�V���E�H�D�W�V �S�H�U �P�L�Q�X�W�H��

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

P(�[k j �[k� 1) = P(� k j � k� 1; _� k� 1; vk� 1) P( _� k j _� k� 1; vk� 1)

P(vk j vk� 1; � k ; � k� 1) P(r k j r k� 1; vk ; vk� 1) ������������

�(�D�F�K �R�I �W�K�H �W�H�U�P�V �L�Q �(�T�����������F�D�Q �E�H �H�[�S�D�Q�G�H�G �D�V��

P(� k j � k� 1; _� k� 1; vk� 1) = 1� ������������

�Z�K�H�U�H1� �L�V �D�Q �L�Q�G�L�F�D�W�R�U �I�X�Q�F�W�L�R�Q �W�K�D�W �W�D�N�H�V �D �Y�D�O�X�H �R�I �R�Q�H �L�I� k =
(� k� 1 + _� k� 1) �P�R�G(M vk � 1 ) �D�Q�G �]�H�U�R �R�W�K�H�U�Z�L�V�H�� �7�K�H �W�H�P�S�R �W�U�D�Q�V�L��
�W�L�R�Q �L�V �J�L�Y�H�Q �E�\��

P( _� k j _� k� 1; vk� 1) / N ( _� k� 1; � 2
_� k

) � 1 _� ������������



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

�Z�K�H�U�H1 _� �L�V �D�Q �L�Q�G�L�F�D�W�R�U �I�X�Q�F�W�L�R�Q �W�K�D�W �H�T�X�D�O�V �R�Q�H �L�I_� k 2 [ _� �P�L�Q; _� �P�D�[]
�D�Q�G �]�H�U�R �R�W�K�H�U�Z�L�V�H�� �U�H�V�W�U�L�F�W�L�Q�J �W�K�H �W�H�P�S�R �W�R �E�H �E�H�W�Z�H�H�Q �D �S�U�H�G�H��
�I�L�Q�H�G �U�D�Q�J�H��N (�; � 2) �G�H�Q�R�W�H�V �D �Q�R�U�P�D�O �G�L�V�W�U�L�E�X�W�L�R�Q �Z�L�W�K �P�H�D�Q�
�D�Q�G �Y�D�U�L�D�Q�F�H� 2�� �$�V �E�H�I�R�U�H �Z�L�W�K �W�K�H �%�3���P�R�G�H�O�� �W�K�H �Y�D�O�X�H �R�I� _� k

�G�H�S�H�Q�G�V �R�Q �W�K�H �Y�D�O�X�H �R�I �W�H�P�S�R�� �W�R �D�O�O�R�Z �I�R�U �O�D�U�J�H�U �W�H�P�S�R �Y�D�U�L�D�W�L�R�Q�V
�D�W �K�L�J�K�H�U �W�H�P�S�L�� �,�Q �D�G�G�L�W�L�R�Q��� _� k

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

= � n � _� k� 1 � (M vk � 1/ M )�� �Z�K�H�U�H� n �L�V �D �X�V�H�U �S�D�U�D�P�H�W�H�U
�W�K�D�W �F�R�Q�W�U�R�O�V �W�K�H �D�P�R�X�Q�W �R�I �O�R�F�D�O �W�H�P�S�R �Y�D�U�L�D�W�L�R�Q�V �Z�H �D�O�O�R�Z �L�Q �W�K�H
�P�X�V�L�F �S�L�H�F�H��

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

P(vk j vk� 1; � k ; � k� 1) =

(
B(vk� 1; vk) �L�I� k < � k� 1

1v �H�O�V�H
������������

�Z�K�H�U�H��B �L�V �W�K�HV � V �W�L�P�H���K�R�P�R�J�H�Q�H�R�X�V �V�H�F�W�L�R�Q �W�U�D�Q�V�L�W�L�R�Q �P�D�W�U�L�[
�Z�L�W�KB(i; j ) �E�H�L�Q�J �W�K�H �W�U�D�Q�V�L�W�L�R�Q �S�U�R�E�D�E�L�O�L�W�\ �I�U�R�Pvi �W�Rvj �� �D�Q�G1r

�L�V �D�Q �L�Q�G�L�F�D�W�R�U �I�X�Q�F�W�L�R�Q �W�K�D�W �H�T�X�D�O�V �R�Q�H �Z�K�H�Qvk = vk� 1 �D�Q�G �]�H�U�R
�R�W�K�H�U�Z�L�V�H�� �7�K�H �S�D�W�W�H�U�Q �W�U�D�Q�V�L�W�L�R�Q�V �D�U�H �J�R�Y�H�U�Q�H�G �E�\��

P(r k j r k� 1; � k ; � k� 1) =

(
A(r k� 1; r k) �L�I� k < � k� 1

1r �H�O�V�H
������������

�Z�K�H�U�H��A �L�V �W�K�HR � R �W�L�P�H���K�R�P�R�J�H�Q�H�R�X�V �S�D�W�W�H�U�Q �W�U�D�Q�V�L�W�L�R�Q �P�D�W�U�L�[
�Z�L�W�KA(i; j ) �E�H�L�Q�J �W�K�H �W�U�D�Q�V�L�W�L�R�Q �S�U�R�E�D�E�L�O�L�W�\ �I�U�R�Pr i �W�Rr j �� �D�Q�G1r

�L�V �D�Q �L�Q�G�L�F�D�W�R�U �I�X�Q�F�W�L�R�Q �W�K�D�W �H�T�X�D�O�V �R�Q�H �Z�K�H�Qr k = r k� 1 �D�Q�G �]�H�U�R
�R�W�K�H�U�Z�L�V�H��

�6�H�F�W�L�R�Q �F�K�D�Q�J�H�V �D�U�H �S�H�U�P�L�W�W�H�G �R�Q�O�\ �D�W �W�K�H �H�Q�G �R�I �W�K�H �V�H�F�W�L�R�Q��
�6�L�Q�F�H �W�K�H �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �D�U�H �D�O�V�R �R�Q�H �V�H�F�W�L�R�Q �L�Q �O�H�Q�J�W�K�� �S�D�W�W�H�U�Q
�W�U�D�Q�V�L�W�L�R�Q�V �D�U�H �D�O�V�R �D�O�O�R�Z�H�G �R�Q�O�\ �D�W �W�K�H �H�Q�G �R�I �D �V�H�F�W�L�R�Q�� �7�K�H �P�D�W�U�L�[
B �L�V �X�V�H�G �W�R �G�H�W�H�U�P�L�Q�H �W�K�H �R�U�G�H�U �R�I �W�K�H �V�H�F�W�L�R�Q�V �D�V �G�H�I�L�Q�H�G �L�Q �W�K�H
�W�—�O���D �E�\ �D�O�O�R�Z�L�Q�J �R�Q�O�\ �W�K�R�V�H �G�H�I�L�Q�H�G �W�U�D�Q�V�L�W�L�R�Q�V�� �)�X�U�W�K�H�U��B �F�D�Q �E�H
�V�H�W �W�R �G�R �P�H�W�H�U �W�U�D�F�N�L�Q�J �E�\ �L�Q�F�O�X�G�L�Q�J �R�Q�O�\ �W�K�H �V�H�F�W�L�R�Q �W�U�D�Q�V�L�W�L�R�Q�V
�R�I �D �V�S�H�F�L�I�L�F�W�—�O���D�� �$ �O�D�U�J�H�UB �L�Q�F�O�X�G�L�Q�J �D�O�O �W�K�H �V�H�F�W�L�R�Q�V �I�U�R�P �D�O�O
�W�K�H �U�K�\�W�K�P �F�O�D�V�V�H�V �F�D�Q �E�H �X�V�H�G �I�R�U �P�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�V �Z�H�O�O�� �7�K�H
�P�D�W�U�L�[A �F�O�R�V�H�O�\ �I�R�O�O�R�Z�VB �D�Q�G �K�D�V �Q�R�Q���]�H�U�R �S�U�R�E�D�E�L�O�L�W�L�H�V �R�Q�O�\ �I�R�U
�D�O�O�R�Z�H�G �S�D�W�W�H�U�Q �W�U�D�Q�V�L�W�L�R�Q�V�� �)�R�U �L�O�O�X�V�W�U�D�W�L�R�Q�� �F�R�Q�V�L�G�H�U �W�U�D�F�N�L�Q�J�U�Ì��
�S�D�N �W�—�O���Z�K�L�F�K �K�D�V �W�K�U�H�H�Y�L�E�K�—�J�VV = 3�� �Z�L�W�K �W�K�H �6�3���P�R�G�H�O �D�Q�G �W�Z�R
�U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �S�H�U �V�H�F�W�L�R�Q ���K�H�Q�F�H��R = 6���� �7�K�H �F�D�Q�R�Q�L�F�D�O �I�R�U�P�V



������ �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J

B =

2

4
0 1 0
0 0 1
1 0 0

3

5 A =

2

6
6
6
6
6
6
4

0 0 p1 1 � p1 0 0
0 0 p2 1 � p2 0 0
0 0 0 0 p3 1 � p3

0 0 0 0 p4 1 � p4

p5 1 � p5 0 0 0 0
p6 1 � p6 0 0 0 0

3

7
7
7
7
7
7
5

�)�L�J�X�U�H ���������$�Q �L�O�O�X�V�W�U�D�W�L�R�Q �R�I �W�K�H �I�R�U�P �R�I �V�H�F�W�L�R�Q ��B�� �D�Q�G �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q
��A�� �W�U�D�Q�V�L�W�L�R�Q �P�D�W�U�L�F�H�V �I�R�U �W�U�D�F�N�L�Q�J�U�Ì�S�D�N �W�—�O�Z�L�W�K �W�K�H �6�3���P�R�G�H�O�� �7�K�H
�S�D�W�W�H�U�Q�V �Z�L�W�K �L�Q�G�H�[f 1; 2g��f 3; 4g��f 5; 6g �F�R�U�U�H�V�S�R�Q�G �W�R �V�H�F�W�L�R�Q�V ���� ���� �D�Q�G
���� �U�H�V�S�H�F�W�L�Y�H�O�\�� �7�K�H �Y�D�O�X�H�Vp1 �W�Rp6 �D�U�H �O�H�D�U�Q�W �I�U�R�P �W�U�D�L�Q�L�Q�J �G�D�W�D��

�R�I �W�K�H �V�H�F�W�L�R�Q �W�U�D�Q�V�L�W�L�R�Q �P�D�W�U�L�F�H�VB �D�Q�GA �F�D�Q �W�K�H�Q �E�H �L�O�O�X�V�W�U�D�W�H�G �D�V
�L�Q �)�L�J�X�U�H��������

�7�K�H �R�E�V�H�U�Y�D�W�L�R�Q �P�R�G�H�O �Z�L�W�K �W�K�H �6�3���P�R�G�H�O �L�V �V�L�P�L�O�D�U �W�R �W�K�D�W �R�I
�W�K�H �%�3���P�R�G�H�O�� �Z�L�W�K �D�Q �D�V�V�X�P�S�W�L�R�Q �W�K�D�W �W�K�H �D�X�G�L�R �I�H�D�W�X�U�H�V �G�H�S�H�Q�G �R�Q
�W�K�H �S�R�V�L�W�L�R�Q �L�Q �V�H�F�W�L�R�Q�� �W�K�H �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�� �D�Q�G �W�K�H �V�H�F�W�L�R�Q �L�Q�G�L�F�D��
�W�R�U �Y�D�U�L�D�E�O�H�V�� �7�K�H �D�Q�Q�R�W�D�W�H�G �G�D�W�D �K�D�V�P�—�W�U�—�V���E�H�D�W�V �Q�X�P�E�H�U�H�G �Z�L�W�K
�W�K�H�L�U �S�R�V�L�W�L�R�Q �L�Q �W�K�H �F�\�F�O�H �D�Q�G �K�H�Q�F�H �W�K�H�\ �F�D�Q �X�V�H�G �W�R �H�[�W�U�D�F�W �V�H�F��
�W�L�R�Q �O�H�Q�J�W�K �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �I�U�R�P �D�X�G�L�R �U�H�F�R�U�G�L�Q�J�V�� �6�H�F�W�L�R�Q �O�H�Q�J�W�K
�S�D�W�W�H�U�Q�V �I�U�R�P �H�D�F�K �V�H�F�W�L�R�Q �D�U�H �W�K�H�Q �F�O�X�V�W�H�U�H�G �L�Q�W�RR/ V �S�D�W�W�H�U�Q �F�O�X�V��
�W�H�U�V �X�V�L�Q�J �D �N���P�H�D�Q�V �D�O�J�R�U�L�W�K�P�� �(�D�F�K �V�H�F�W�L�R�Q �L�V �I�X�U�W�K�H�U �G�L�V�F�U�H�W�L�]�H�G
�L�Q�W�R �����W�K�Q�R�W�H �F�H�O�O�V�� �D�O�O �I�H�D�W�X�U�H�V �Z�L�W�K�L�Q �W�K�H �F�H�O�O �D�U�H �D�F�F�X�P�X�O�D�W�H�G �D�Q�G
�D �W�Z�R �F�R�P�S�R�Q�H�Q�W�*�0�0 �L�V �I�L�W �W�R �H�D�F�K �F�H�O�O�� �7�K�H �R�E�V�H�U�Y�D�W�L�R�Q �O�L�N�H�O�L��
�K�R�R�G �Z�L�W�K �W�K�H �6�3���P�R�G�H�O �F�D�Q �K�H�Q�F�H �E�H �F�R�P�S�X�W�H�G �D�V��

P(�\ j �[) = P(�\ j �; r; v ) =
2X

i =1

� �;r;v;i N (�\; � �;r;v;i ; � �;r;v;i )

������������
�Z�K�H�U�H��N (�\; � ; � ) �G�H�Q�R�W�H�V �D �Q�R�U�P�D�O �G�L�V�W�U�L�E�X�W�L�R�Q �D�Q�G �I�R�U �W�K�H �P�L�[��
�W�X�U�H �F�R�P�S�R�Q�H�Q�Wi �� � �;r;v;i ; � �;r;v;i �D�Q�G� �;r;v;i �D�U�H �W�K�H �F�R�P�S�R�Q�H�Q�W
�Z�H�L�J�K�W�� �P�H�D�Q �������G�L�P�H�Q�V�L�R�Q�D�O�� �D�Q�G �W�K�H �F�R�Y�D�U�L�D�Q�F�H �P�D�W�U�L�[ ��2 � 2����
�U�H�V�S�H�F�W�L�Y�H�O�\�� �+�H�Q�F�H�� �W�K�H�U�H �L�V �D�Q �R�E�V�H�U�Y�D�W�L�R�Q�*�0�0 �I�R�U �H�D�F�K �V�H�F�W�L�R�Q��
�U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�� �D�Q�G �W�L�H�G �V�H�F�W�L�R�Q �S�R�V�L�W�L�R�Q �V�W�D�W�H�V��

�,�W �L�V �V�W�U�D�L�J�K�W�I�R�U�Z�D�U�G �W�R �V�H�H �W�K�D�W �W�K�H �%�3���P�R�G�H�O �L�V �D �V�S�H�F�L�D�O �F�D�V�H
�R�I �W�K�H �6�3���P�R�G�H�O�� �Z�K�H�Q �W�K�H �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �V�S�D�Q �W�K�H �Z�K�R�O�H �E�D�U
���F�\�F�O�H���� �%�\ �S�R�R�O�L�Q�J �L�Q �D�O�O �W�K�H �V�H�F�W�L�R�Q �O�H�Q�J�W�K �S�D�W�W�H�U�Q�V �I�U�R�P �G�L�I�I�H�U�H�Q�W
�W�—	¶�D�V�W�R�J�H�W�K�H�U�� �6�3���P�R�G�H�O �F�D�Q �D�O�V�R �E�H �D�S�S�O�L�H�G �I�R�U �P�H�W�H�U �L�Q�I�H�U�H�Q�F�H
�W�D�V�N�� �)�X�U�W�K�H�U�� �D �V�S�H�F�L�D�O �F�D�V�H �R�I �W�K�H �6�3���P�R�G�H�O �L�V �Z�K�H�Q �W�K�H �Q�X�P��
�E�H�U �R�I �V�H�F�W�L�R�Q�V �H�T�X�D�O�V �W�K�H �Q�X�P�E�H�U �R�I �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V��V = R��



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

�$�O�J�R�U�L�W�K�P ���2�X�W�O�L�Q�H �R�I �W�K�H�$�0�3�)�V�D�O�J�R�U�L�W�K�P ���$�0�3�)�I�R�U �L�Q�I�H�U�H�Q�F�H
�L�Q �6�3���P�R�G�H�O��

���� �I�R�U�L � �� �W�RNp �G�R
���� �6�D�P�S�O�H�[(i )0 � P(�[0) . �[k = [ � k ; _� k ; r k ; vk ]
���� �6�H�Ww(i )

0 = 1/ Np . � k = [ � k ; _� k ; vk ]

���� �&�O�X�V�W�H�Uf �[(i )0 ji = 1; 2; � � � ; Npg�� �J�H�W �F�O�X�V�W�H�U �D�V�V�L�J�Q�P�H�Q�W�Vf c(i )
0 g

���� �I�R�U�N � �� �W�RK �G�R
���� �I�R�U�L � �� �W�RNp �G�R . � ��r ��v�� �3�U�R�S�R�V�D�O �D�Q�G �Z�H�L�J�K�W�V
���� �6�D�P�S�O�H� (i )

k � P(� (i )
k j � (i )

k� 1)�� �6�H�Wc(i )
k = c(i )

k� 1

���� �L�I� (i )
k < � (i )

k� 1 �W�K�H�Q . �6�H�F�W�L�R�Q �F�U�R�V�V�H�G
���� r (i )

k � P(r (i )
k j r (i )

k� 1) . �6�D�P�S�O�H �I�U�R�PA
������ v(i )

k � P(v(i )
k j v(i )

k� 1) . �6�D�P�S�O�H �I�U�R�PB
������ �H�O�V�H
������ r (i )

k = r (i )
k� 1��v(i )

k = v(i )
k� 1

������ ~w(i )
k = w(i )

k � P(�\k j � (i )
k ; v(i )

k ; r (i )
k )

������ �I�R�U�L � �� �W�RNp �G�R . �1�R�U�P�D�O�L�]�H �Z�H�L�J�K�W�V

������ w(i )
k = ~w( i )

k
N pP

i =1
~w( i )

k

������ �L�I �P�R�G(k; Ts) = 0 �W�K�H�Q. �&�O�X�V�W�H�U�� �U�H�V�D�P�S�O�H�� �U�H�D�V�V�L�J�Q
������ �&�O�X�V�W�H�U �D�Q�G �U�H�V�D�P�S�O�Hf �[(i )k ; w(i )

k ; c(i )
k ji = 1; 2; � � � ; Npg

�W�R �R�E�W�D�L�Qf �̂[(i )k ; ŵ(i )
k = 1/ Np ; ĉ(i )

k g
������ �I�R�U�L � 1 �W�RNp �G�R
������ �[(i )k = �̂[(i )k ��w(i )

k = ŵ(i )
k ��c(i )

k = ĉ(i )
k

������ �6�D�P�S�O�H_� (i )
k � P( _� (i )

k j _� (i )
k� 1; vk� 1) . �6�D�P�S�O�H �W�H�P�S�R

������ �&�R�P�S�X�W�H�[�1:K = �[(i
� )

1:K j i � = �D�U�J �P�D�[
i

w(i )
K . �0�$�3�V�H�T�X�H�Q�F�H

�Z�L�W�K �H�D�F�K �V�H�F�W�L�R�Q �E�H�L�Q�J �P�R�G�H�O�H�G �Z�L�W�K �M�X�V�W �R�Q�H �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�� �,�Q
�V�X�F�K �D �F�D�V�H�� �W�K�H �P�D�W�U�L�F�H�VA = B �U�H�Q�G�H�U�L�Q�J �W�K�H �D�G�G�L�W�L�R�Q�D�Or �Y�D�U�L�D�E�O�H
�V�X�S�H�U�I�O�X�R�X�V�� �,�Q �V�X�F�K �D �F�D�V�H�� �W�K�H �6�3���P�R�G�H�O �F�D�Q �E�H �V�L�P�S�O�L�I�L�H�G�� �D�V
�S�U�R�S�R�V�H�G �D�Q�G �D�S�S�O�L�H�G �E�\�6�U�L�Q�L�Y�D�V�D�P�X�U�W�K�\ �H�W �D�O���������������� �W�R �W�K�H �I�R�U�P
�V�K�R�Z�Q �L�Q �)�L�J�X�U�H�������G��
�,�Q�I�H�U�H�Q�F�H �L�Q �6�3���P�R�G�H�O�� �%�R�W�K �H�[�D�F�W �D�Q�G �D�S�S�U�R�[�L�P�D�W�H �L�Q�I�H�U�H�Q�F�H
�V�F�K�H�P�H�V �F�D�Q �E�H �X�V�H�G �I�R�U �L�Q�I�H�U�H�Q�F�H �L�Q �6�3���P�R�G�H�O�� �V�L�P�L�O�D�U �W�R �W�K�R�V�H
�I�R�U �%�3���P�R�G�H�O�� �7�K�H �9�L�W�H�U�E�L �D�O�J�R�U�L�W�K�P �L�Q�I�H�U�H�Q�F�H �R�Q �D �G�L�V�F�U�H�W�L�]�H�G



������ �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J

�6�3���P�R�G�H�O �V�W�D�W�H �V�S�D�F�H �L�V �G�H�Q�R�W�H�G �D�V�+�0�0�V�� �7�K�H�$�0�3�)�L�Q�I�H�U�H�Q�F�H �L�Q
�6�3���P�R�G�H�O �Z�L�O�O �E�H �U�H�I�H�U�U�H�G �W�R �L�Q �W�K�H �U�H�V�W �R�I �W�K�H �F�K�D�S�W�H�U �D�V�$�0�3�)�V�D�Q�G
�W�K�H �D�O�J�R�U�L�W�K�P �L�V �R�X�W�O�L�Q�H�G �L�Q �$�O�J�R�U�L�W�K�P����

�8�X�j�X�j �A�M�7�2�`�2�M�+�2 �2�t�i�2�M�b�B�Q�M�b

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

�(�Q�G���R�I���E�D�U �S�D�W�W�H�U�Q �V�D�P�S�O�L�Q�J
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�E�D�U �L�V �G�R�Q�H�� �W�K�H �Z�H�L�J�K�W�V �L�Q �W�K�H �Y�H�F�W�R�U�Z(i; :) �R�I �W�K�H �F�X�U�U�H�Q�W �I�U�D�P�H �D�U�H
�U�H�G�L�V�W�U�L�E�X�W�H�G �E�D�V�H�G �R�Q �W�K�H �W�U�D�Q�V�L�W�L�R�Q �S�U�R�E�D�E�L�O�L�W�L�H�V �R�I �W�K�H �S�D�W�W�H�U�Q�V
�I�U�R�P �W�K�H �L�Q�I�H�U�U�H�G �S�D�W�W�H�U�Qj � �R�I �W�K�H �S�U�H�Y�L�R�X�V �E�D�U�� �$�V �Z�L�W�K �V�\�V�W�H�P��
�D�W�L�F �U�H�V�D�P�S�O�L�Q�J �L�Q �W�K�H�$�0�3�)�Z�L�W�K �%�3���P�R�G�H�O�� �W�K�H �U�H�V�D�P�S�O�L�Q�J �D�F�U�R�V�V
� (:) �L�V �G�R�Q�H �D�W �D �I�L�[�H�G �L�Q�W�H�U�Y�D�O �R�ITs �X�V�L�Q�J �W�K�H �P�D�U�J�L�Q�D�O �V�X�P�P�H�G �X�S
�Z�H�L�J�K�W�V
 (:) �� �(�D�F�K �R�I �W�K�H �W�Z�R �U�H�V�D�P�S�O�L�Q�J���U�H�Z�H�L�J�K�W�L�Q�J �V�W�H�S�V �H�Q�V�X�U�H
�W�K�D�W �W�K�H �Q�H�Z �Z�H�L�J�K�W�V �P�D�L�Q�W�D�L�Q �D �Y�D�O�L�G �S�U�R�E�D�E�L�O�L�W�\ �G�L�V�W�U�L�E�X�W�L�R�Q �R�Y�H�U
�W�K�H �S�D�U�W�L�F�O�H �V�\�V�W�H�P��

�,�W �L�V �Q�H�F�H�V�V�D�U�\ �W�K�D�W �D�O�O �W�K�HR �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �D�V�V�R�F�L�D�W�H�G �Z�L�W�K
� (i ) �W�R �E�H �R�I �W�K�H �V�D�P�H �O�H�Q�J�W�K�� �D�Q�G �K�H�Q�F�H �W�K�H�$�0�3�)�H�D�O�J�R�U�L�W�K�P �F�D�Q
�R�Q�O�\ �E�H �D�S�S�O�L�H�G �W�R �W�K�H �W�D�V�N �R�I �P�H�W�H�U �W�U�D�F�N�L�Q�J��

�)�D�V�W�H�U �,�Q�I�H�U�H�Q�F�H

�7�K�H �0�2���P�R�G�H�O �S�U�H�V�H�Q�W�H�G �L�Q �6�H�F�W�L�R�Q�����������V�L�P�S�O�L�I�L�H�V �W�K�H �%�3���P�R�G�H�O
�D�Q�G �P�D�N�H�V �L�Q�I�H�U�H�Q�F�H �I�D�V�W�H�U�� �,�Q�I�H�U�H�Q�F�H �L�Q �%�3���P�R�G�H�O �F�D�Q �D�O�V�R �E�H
�P�D�G�H �I�D�V�W�H�U �E�\ �X�W�L�O�L�]�L�Q�J �W�K�H �W�L�P�H �V�S�D�U�V�L�W�\ �R�I �R�Q�V�H�W�V�� �X�V�L�Q�J �Z�K�D�W �Z�H
�S�U�R�S�R�V�H �D�V�K�R�S �L�Q�I�H�U�H�Q�F�H�� �7�K�H �L�G�H�D �R�I �K�R�S �L�Q�I�H�U�H�Q�F�H �L�V �W�K�D�W �L�Q�V�W�H�D�G
�R�I �S�H�U�I�R�U�P�L�Q�J �L�Q�I�H�U�H�Q�F�H �D�W �H�Y�H�U�\ �W�L�P�H �I�U�D�P�H�� �Z�H �G�R �L�Q�I�H�U�H�Q�F�H �R�Q�O�\
�D�W �V�S�H�F�L�I�L�F �I�U�D�P�H�V �W�K�D�W �D�U�H �D�V�V�R�F�L�D�W�H�G �Z�L�W�K �U�K�\�W�K�P�L�F �H�Y�H�Q�W�V �V�X�F�K �D�V
�R�Q�V�H�W�V��

�2�Q�V�H�W �H�Y�H�Q�W�V �D�U�H �L�P�S�R�U�W�D�Q�W �F�X�H�V �W�R �L�Q�I�H�U �S�U�R�J�U�H�V�V�L�R�Q �W�K�U�R�X�J�K
�P�H�W�U�L�F�D�O �V�W�U�X�F�W�X�U�H�V�� �D�Q�G �L�W �L�V �K�\�S�R�W�K�H�V�L�]�H�G �W�K�D�W �K�X�P�D�Q�V �O�L�V�W�H�Q �W�R
�W�K�H�V�H �F�X�H�V �D�Q�G �X�V�H �D�Q �L�Q�K�H�U�H�Q�W �V�H�Q�V�H �R�I �W�L�P�H �W�R �W�U�D�F�N �P�H�W�U�L�F�D�O �V�W�U�X�F��
�W�X�U�H�V �D�F�F�X�U�D�W�H�O�\�� �:�H �Z�L�V�K �W�R �D�Q�D�O�\�]�H �L�I �D�X�W�R�P�D�W�L�F �D�S�S�U�R�D�F�K�H�V �F�D�Q
�G�R �D �I�D�V�W�H�U �D�Q�G �D�F�F�X�U�D�W�H �L�Q�I�H�U�H�Q�F�H �E�\ �M�X�V�W �I�R�F�X�V�L�Q�J �R�Q �W�K�H �R�Q�V�H�W�V��
�+�R�S �L�Q�I�H�U�H�Q�F�H �P�D�N�H�V �L�Q�I�H�U�H�Q�F�H �I�D�V�W�H�U �E�\ �V�N�L�S�S�L�Q�J �O�L�N�H�O�L�K�R�R�G �F�R�P��
�S�X�W�D�W�L�R�Q �D�Q�G �V�D�P�S�O�L�Q�J �V�W�H�S�V�� �D�Q�G �F�D�Q �V�S�H�H�G �X�S �L�Q�I�H�U�H�Q�F�H �E�\ �D �I�D�F�W�R�U
�D�V �O�D�U�J�H �D�V ������ �7�Z�R �G�L�I�I�H�U�H�Q�W �K�R�S �L�Q�I�H�U�H�Q�F�H �D�O�J�R�U�L�W�K�P�V �H�[�W�H�Q�V�L�R�Q�V
�D�U�H �S�U�R�S�R�V�H�G �I�R�U�$�0�3�)�Z�L�W�K �%�3���P�R�G�H�O �L�Q �W�K�L�V �Z�R�U�N��

�3�H�D�N �+�R�S �,�Q�I�H�U�H�Q�F�H ���$�0�3�)�S�� �� �7�K�H �S�H�D�N�V �R�I �W�K�H �V�S�H�F�W�U�D�O �I�O�X�[ �I�H�D��
�W�X�U�H �V�H�T�X�H�Q�F�H �L�V �D�Q �L�Q�G�L�F�D�W�R�U �R�I �H�Y�H�Q�W�V �V�X�F�K �D�V �R�Q�V�H�W�V�� �8�V�L�Q�J �D
�S�H�D�N �I�L�Q�G�L�Q�J �D�O�J�R�U�L�W�K�P�� �W�K�H �I�U�D�P�H�V �D�W �Z�K�L�F�K �R�Q�V�H�W �S�H�D�N�V �R�F�F�X�U
�D�U�H �H�V�W�L�P�D�W�H�G�� �7�K�H �S�U�R�J�U�H�V�V�L�R�Q �R�I �W�K�H �S�D�U�W�L�F�O�H�V �E�\ �V�D�P�S�O�L�Q�J �I�U�R�P
�W�U�D�Q�V�L�W�L�R�Q �P�R�G�H�O �D�Q�G �D�Q �X�S�G�D�W�H �R�I �W�K�H�L�U �Z�H�L�J�K�W�V �D�U�H �G�R�Q�H �R�Q�O�\ �D�W



������ �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J

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

�2�Q�V�H�W �J�D�W�H�G �Z�H�L�J�K�W �X�S�G�D�W�H ���$�0�3�)�J�� �� �'�H�V�S�L�W�H �W�K�H �D�G�Y�D�Q�W�D�J�H �R�I
�D �I�D�V�W�H�U �L�Q�I�H�U�H�Q�F�H�� �S�H�D�N �K�R�S �L�Q�I�H�U�H�Q�F�H �F�D�Q �O�H�D�G �W�R �V�K�D�U�S �G�L�V�F�R�Q�W�L��
�Q�X�L�W�L�H�V �L�Q� �D�Q�G �W�H�P�S�R �Y�D�O�X�H�V �G�X�H �W�R �O�D�U�J�H �M�X�P�S�V �L�Q �W�K�H�L�U �Y�D�O�X�H�V
�V�L�Q�F�H �W�K�H�\ �D�U�H �V�D�P�S�O�H�G �Z�L�W�K �O�D�U�J�H �J�D�S�V �R�I �D �V�L�J�Q�L�I�L�F�D�Q�W �Q�X�P�E�H�U �R�I
�I�U�D�P�H�V�� �$�Q �L�P�S�U�R�Y�H�P�H�Q�W �W�R �S�H�D�N �K�R�S �Z�K�L�O�H �P�D�L�Q�W�D�L�Q�L�Q�J �F�R�Q�W�L��
�Q�X�L�W�\ �L�V �W�K�H �R�Q�V�H�W �J�D�W�H�G �Z�H�L�J�K�W �X�S�G�D�W�H�� �Z�K�H�U�H_� �D�Q�G� �D�U�H �V�D�P�S�O�H�G
�D�Q�G �X�S�G�D�W�H�G �H�Y�H�U�\ �I�U�D�P�H �W�R �P�D�L�Q�W�D�L�Q �F�R�Q�W�L�Q�X�L�W�\�� �Z�K�L�O�H �Z�H�L�J�K�W�V �R�I
�W�K�H �S�D�U�W�L�F�O�H�V ���X�V�L�Q�J �W�K�H �O�L�N�H�O�L�K�R�R�G�V �I�U�R�P �W�K�H �R�E�V�H�U�Y�D�W�L�R�Q �P�R�G�H�O��
�D�U�H �X�S�G�D�W�H�G �R�Q�O�\ �D�W �I�U�D�P�H�V �Z�K�H�U�H �W�K�H�U�H �L�V �D �S�H�D�N �L�Q �W�K�H �V�S�H�F�W�U�D�O
�I�O�X�[ �I�H�D�W�X�U�H�� �L�Q�G�L�F�D�W�L�Q�J �D �U�K�\�W�K�P�L�F �H�Y�H�Q�W�� �7�K�H �E�D�V�L�F �S�U�H�P�L�V�H �L�V �W�R
�P�D�L�Q�W�D�L�Q �W�K�H �F�R�Q�W�L�Q�X�L�W�\ �L�Q �W�U�D�F�N�L�Q�J �W�K�H� �D�Q�G_� �Y�D�U�L�D�E�O�H�V�� �Z�K�L�O�H
�U�H�W�D�L�Q�L�Q�J �W�K�H �S�U�L�Q�F�L�S�O�H �R�I �S�H�D�N �K�R�S�� �*�D�W�H�G �Z�H�L�J�K�W �X�S�G�D�W�H �Q�H�H�G�V
�D�Q �R�E�V�H�U�Y�D�W�L�R�Q �O�L�N�H�O�L�K�R�R�G �F�R�P�S�X�W�D�W�L�R�Q �R�Q�O�\ �D�W �S�H�D�N �I�U�D�P�H�V�� �D�Q�G
�K�H�Q�F�H �V�S�H�H�G�V �X�S �L�Q�I�H�U�H�Q�F�H�� �7�K�H �F�R�P�S�X�W�D�W�L�R�Q�D�O �D�G�Y�D�Q�W�D�J�H �K�R�Z��
�H�Y�H�U �L�V �O�R�Z�H�U �W�K�D�Q �W�K�D�W �I�R�U �S�H�D�N �K�R�S �L�Q�I�H�U�H�Q�F�H��

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

�8�X�9 �1�t�T�2�`�B�K�2�M�i�b ���M�/ �`�2�b�m�H�i�b

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

�‡�7�R �H�Y�D�O�X�D�W�H �G�L�I�I�H�U�H�Q�W �P�H�W�H�U �D�Q�D�O�\�V�L�V �W�D�V�N�V�� �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H�� �P�H��
�W�H�U �W�U�D�F�N�L�Q�J �D�Q�G �L�Q�I�R�U�P�H�G �P�H�W�H�U �W�U�D�F�N�L�Q�J �R�Q �E�R�W�K �&�D�U�Q�D�W�L�F �D�Q�G



������ �(�[�S�H�U�L�P�H�Q�W�V �D�Q�G �U�H�V�X�O�W�V ������

�$�F�U�R�Q�\�P �0�R�G�H�O �,�Q�I�H�U�H�Q�F�H �D�O�J�R�U�L�W�K�P �0�H�W�H�U �$�Q�D�O�\�V�L�V
�,�Q�I�H�U�H�Q�F�H �7�U�D�F�N�L�Q�J
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?�$�0�3�)�P �0�2���P�R�G�H�O�$�0�3�) � X
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�P�H�D�V�X�U�H�V �I���P�H�D�V�X�U�H ��fb���� �$�0�/�W���$�0�/�W;b�� �D�Q�G �L�Q�I�R�U�P�D�W�L�R�Q �J�D�L�Q ��I b����
�7�K�H �V�X�E�V�F�U�L�S�Wb �L�Q�G�L�F�D�W�H�V �W�K�D�W �W�K�H �P�H�D�V�X�U�H �U�H�I�H�U�V �W�R �E�H�D�W �W�U�D�F�N�L�Q�J��
�6�D�P�D�W�U�D�F�N�L�Q�J �L�V �P�H�D�V�X�U�H�G �X�V�L�Q�J �I���P�H�D�V�X�U�H ��fs���� �)�R�U �H�Y�D�O�X�D�W�L�R�Q
�L�Q �W�K�L�V �G�L�V�V�H�U�W�D�W�L�R�Q�� �Z�H �X�V�H�G �W�K�H �H�Y�D�O�X�D�W�L�R�Q �W�R�R�O�N�L�W �G�H�Y�H�O�R�S�H�G �E�\
�0�D�W�W�K�H�Z �'�D�Y�L�H�V���� �7�R �F�R�P�S�X�W�H �W�K�H �I���P�H�D�V�X�U�H �L�Q�$�.�3�� �)�.�3�V�� �D�Q�G
�%�D�O�O�U�R�R�P �G�D�W�D�V�H�W�V�� �D�Q �H�U�U�R�U �W�R�O�H�U�D�Q�F�H �Z�L�Q�G�R�Z �R�I ���� �P�V �L�V �X�V�H�G �E�H��
�W�Z�H�H�Q �W�K�H �D�Q�Q�R�W�D�W�L�R�Q �D�Q�G �W�K�H �H�V�W�L�P�D�W�H�G �E�H�D�W���V�D�P�D�� �)�R�U �R�W�K�H�U �H�Y�D�O��
�X�D�W�L�R�Q �P�H�D�V�X�U�H�V�� �Z�H �X�V�H �G�H�I�D�X�O�W �S�D�U�D�P�H�W�H�U�V �L�Q �W�K�H �H�Y�D�O�X�D�W�L�R�Q �W�R�R�O��
�E�R�[��

�7�K�H �F�R�P�S�X�W�D�W�L�R�Q �R�I �I���P�H�D�V�X�U�H �Z�L�W�K�)�.�3�O�G�D�W�D�V�H�W �L�V �D�Q �H�[�F�H�S��
�W�L�R�Q�� �Z�K�H�U�H �D �E�L�J�J�H�U �P�D�U�J�L�Q �Z�L�Q�G�R�Z �L�V �D�O�O�R�Z�H�G�� �6�L�Q�F�H �F�\�F�O�H�V �D�U�H
�R�I �O�R�Q�J �G�X�U�D�W�L�R�Q �L�Q�)�.�3�O�G�D�W�D�V�H�W �D�Q�G �F�X�U�U�H�Q�W �H�Y�D�O�X�D�W�L�R�Q �D�S�S�U�R�D�F�K�H�V
�Z�H�U�H �Q�R�W �G�H�V�L�J�Q�H�G �Z�L�W�K �V�X�F�K �O�R�Q�J �F�\�F�O�H�V �L�Q �P�L�Q�G�� �D�Q �H�U�U�R�U �W�R�O�H�U��
�D�Q�F�H �Z�L�Q�G�R�Z �R�I ���� �P�V �L�V �Y�H�U�\ �W�L�J�K�W�� �7�R �D�F�F�R�X�Q�W �I�R�U �W�K�H �O�H�Q�J�W�K �R�I
�W�K�H �F�\�F�O�H �L�Q �W�K�H �H�U�U�R�U �P�D�U�J�L�Q�� �D ���������� �P�H�G�L�D�Q �L�Q�W�H�U �D�Q�Q�R�W�D�W�L�R�Q �L�Q��
�W�H�U�Y�D�O �L�V �X�V�H�G �D�V �W�K�H �W�R�O�H�U�D�Q�F�H �Z�L�Q�G�R�Z�� �D�V �X�V�H�G �L�Q �P�D�Q�\ �R�W�K�H�U �E�H�D�W
�W�U�D�F�N�L�Q�J �H�Y�D�O�X�D�W�L�R�Q�V ���H���J�� �E�\�+�R�F�N�P�D�Q �H�W �D�O������������������ �7�K�L�V �F�K�R�L�F�H
�R�I �D �O�D�U�J�H�U �D�O�O�R�Z�D�Q�F�H �Z�L�Q�G�R�Z �D�O�V�R �F�R�U�U�R�E�R�U�D�W�H�V �Z�H�O�O �Z�L�W�K �W�K�H �R�E��
�V�H�U�Y�D�W�L�R�Q �W�K�D�W �L�Q�Y�L�O�D	À�E�L�W�S�L�H�F�H�V �R�I �W�K�H�)�.�3�O�G�D�W�D�V�H�W�� �W�K�H�U�H �F�D�Q �E�H
�V�L�J�Q�L�I�L�F�D�Q�W �I�U�H�H�G�R�P �L�Q �S�X�O�V�D�W�L�R�Q �D�Q�G �W�K�D�W �O�D�U�J�H�U �H�U�U�R�U�V �J�R �X�Q�Q�R�W�L�F�H�G
�V�L�Q�F�H �W�K�H �S�L�H�F�H�V �D�U�H �Q�R�W �U�K�\�W�K�P�L�F�D�O�O�\ �G�H�Q�V�H�� �$�U�J�X�D�E�O�\�� �W�K�H �S�X�O�V�D��
�W�L�R�Q �L�Q�Y�L�O�D	À�E�L�W�S�L�H�F�H�V �L�V �D�O�V�R �E�H�\�R�Q�G �W�K�H �G�X�U�D�W�L�R�Q �R�I �Z�K�D�W �L�V �F�D�O�O�H�G
�W�K�H �S�H�U�F�H�S�W�X�D�O �S�U�H�V�H�Q�W ���&�O�D�U�N�H�������������� �+�R�Z�H�Y�H�U�� �L�W �L�V �W�R �E�H �Q�R�W�H�G
�W�K�D�W �W�K�L�V �D�S�S�U�R�D�F�K �L�V �D �F�R�P�S�U�R�P�L�V�H �D�Q�G �E�H�W�W�H�U �H�Y�D�O�X�D�W�L�R�Q �P�H�D�V�X�U�H�V
�W�K�D�W �F�D�Q �K�D�Q�G�O�H �W�K�H�V�H �F�R�P�S�O�H�[�L�W�L�H�V �D�U�H �W�R �E�H �G�H�Y�H�O�R�S�H�G�� �7�K�H �S�U�R�E��

���:�H �X�V�H �W�K�H �F�R�G�H �D�Y�D�L�O�D�E�O�H �D�W�?�i�i�T�,�f�f�+�Q�/�2�X�b�Q�m�M�/�b�Q�7�i�r���`�2�X���+�X�m�F�f
�T�`�Q�D�2�+�i�b�f�#�2���i�@�2�p���H�m���i�B�Q�M�f



������ �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J

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

�)�R�U �P�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J�� �Z�H �D�G�G�L�W�L�R�Q�D�O�O�\ �U�H�S�R�U�W �W�K�H
�U�H�V�X�O�W�V �R�I �P�H�G�L�D�Q �W�H�P�S�R �H�V�W�L�P�D�W�L�R�Q �D�V �F�R�P�S�X�W�H�G �I�U�R�P �W�K�H �R�X�W�S�X�W
�E�H�D�W�V�� �)�R�U �H�Y�D�O�X�D�W�L�Q�J �P�H�G�L�D�Q �W�H�P�S�R �H�V�W�L�P�D�W�L�R�Q�� �Z�H �F�R�P�S�D�U�H �W�K�H
�P�H�G�L�D�Q �H�V�W�L�P�D�W�H�G �W�H�P�S�R �D�Q�G �W�K�H �P�H�G�L�D�Q �D�Q�Q�R�W�D�W�H�G �J�U�R�X�Q�G �W�U�X�W�K
�W�H�P�S�R �Z�L�W�K �D ���� �H�U�U�R�U �P�D�U�J�L�Q�� �,�Q �D�G�G�L�W�L�R�Q�� �W�R �X�Q�G�H�U�V�W�D�Q�G �D �P�H�W��
�U�L�F�D�O �D�P�E�L�J�X�L�W�L�H�V �L�Q �W�H�P�S�R �H�V�W�L�P�D�W�L�R�Q�� �Z�H �F�R�P�S�X�W�H �E�R�W�K�&�0�/ �D�Q�G
�$�0�/ �W�H�P�S�R �H�V�W�L�P�D�W�L�R�Q �D�F�F�X�U�D�F�\�� �,�Q �D�G�G�L�W�L�R�Q �W�R �W�K�H �F�R�U�U�H�F�W �P�H�W�U�L��
�F�D�O �O�H�Y�H�O���$�0�/ �D�V�V�X�P�H�V �W�K�D�W �D �W�H�P�S�R �V�F�D�O�L�Q�J �E�\ �I�D�F�W�R�U�V �R�I ���������� ��������
�� ���F�R�U�U�H�F�W �P�H�W�U�L�F�D�O �O�H�Y�H�O���� ���� �� �W�R �E�H �F�R�U�U�H�F�W�� �)�R�U �P�H�W�H�U �L�Q�I�H�U�H�Q�F�H��
�W�K�H �D�O�J�R�U�L�W�K�P�V �D�O�V�R �G�H�W�H�F�W �W�K�H �U�K�\�W�K�P �F�O�D�V�V ���R�U �P�H�W�H�U�� �D�Q�G �K�H�Q�F�H �W�K�H
�D�F�F�X�U�D�F�\ �R�I�W�—	¶�D�U�H�F�R�J�Q�L�W�L�R�Q �L�V �D�O�V�R �U�H�S�R�U�W�H�G �I�R�U �W�K�H �W�D�V�N��

�0�R�V�W �H�[�S�H�U�L�P�H�Q�W�V �D�U�H �F�R�Q�G�X�F�W�H�G �I�R�U �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�VR = 1
�D�Q�GR = 2 ���S�H�U �U�K�\�W�K�P �F�O�D�V�V���� �E�X�W �W�K�H �U�H�V�X�O�W�V �D�U�H �S�U�H�V�H�Q�W�H�G �R�Q�O�\
�I�R�UR = 1 �S�D�W�W�H�U�Q �S�H�U�W�—	¶�D�� �(�[�S�H�U�L�P�H�Q�W�V �Z�L�W�KR = 2 �G�R �Q�R�W �V�K�R�Z
�D�Q�\ �V�L�J�Q�L�I�L�F�D�Q�W �L�P�S�U�R�Y�H�P�H�Q�W���F�K�D�Q�J�H�� �+�H�Q�F�H �W�K�H�\ �D�U�H �Q�R�W �S�U�H�V�H�Q�W�H�G
�Z�L�W�K �D�O�O �P�R�G�H�O�V �E�X�W �Z�K�H�Q �Q�H�F�H�V�V�D�U�\�� �S�H�U�I�R�U�P�D�Q�F�H �Z�L�W�KR = 2 �L�V �L�Q��
�G�L�F�D�W�H�G �D�Q�G �G�L�V�F�X�V�V�H�G�� �,�W �L�V �W�R �E�H �Q�R�W�H�G �W�K�D�W �Z�L�W�KR = 1�� �P�R�G�H�O �H�[��
�W�H�Q�V�L�R�Q �0�2���P�R�G�H�O ���Z�L�W�K�$�0�3�)�P�� �D�Q�G �L�Q�I�H�U�H�Q�F�H �H�[�W�H�Q�V�L�R�Q�$�0�3�)�H
�D�U�H �H�T�X�L�Y�D�O�H�Q�W �W�R �W�K�H �E�D�V�H�O�L�Q�H�$�0�3�)����

�7�K�H �W�H�P�S�R �U�D�Q�J�H�V �D�U�H �O�H�D�U�Q�H�G �I�U�R�P �W�U�D�L�Q�L�Q�J �G�D�W�D �R�I �H�D�F�K �I�R�O�G��
�Z�L�W�K ������ �P�D�U�J�L�Q �D�O�O�R�Z�H�G �R�Q �O�H�D�U�Q�H�G �U�D�Q�J�H�V �I�R�U �X�Q�V�H�H�Q �G�D�W�D�� �+�R�Z��
�H�Y�H�U�� �D �P�L�Q�L�P�X�P �D�Q�G �P�D�[�L�P�X�P �W�H�P�S�R �L�V �V�H�W �I�R�U �H�D�F�K �P�X�V�L�F �F�X�O��
�W�X�U�H �L�Q�G�H�S�H�Q�G�H�Q�W�O�\�� �D�Q�G �L�I �W�K�H �O�H�D�U�Q�H�G �W�H�P�S�R �U�D�Q�J�H�V �O�L�H �R�X�W�V�L�G�H �W�K�D�W
�U�D�Q�J�H�� �W�K�H�\ �D�U�H �V�H�W �W�R �W�K�H �W�K�H�V�H �S�U�H�V�H�W �P�L�Q �D�Q�G �P�D�[ �Y�D�O�X�H�V�� �7�K�H �P�L�Q��
�L�P�X�P �D�Q�G �P�D�[�L�P�X�P �W�H�P�S�R �U�D�Q�J�H �I�R�U �&�D�U�Q�D�W�L�F �P�X�V�L�F �L�V �V�H�W �D�V �>��������
�������@�D�N	â�D�U�D�V�S�H�U �P�L�Q�X�W�H ���H�T�X�L�Y�D�O�H�Q�W �W�R �>������ �������@ �E�H�D�W�V �S�H�U �P�L�Q�X�W�H
�L�Q�—�G�L�W�—	¶�D���� �W�K�D�W �I�R�U �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �L�V �V�H�W �D�V �>������ �������@�P�—�W�U�—�V
�S�H�U �P�L�Q�X�W�H�� �D�Q�G �I�R�U �E�D�O�O�U�R�R�P �G�D�W�D�V�H�W �D�V �>������ �������@ �E�H�D�W�V �S�H�U �P�L�Q�X�W�H��
�)�R�U �P�H�W�H�U �W�U�D�F�N�L�Q�J�� �W�K�H �W�H�P�S�R �U�D�Q�J�H �I�R�U �H�D�F�K�W�—	¶�D�L�V �L�Q�G�H�S�H�Q�G�H�Q�W�O�\
�O�H�D�U�Q�W�� �)�X�U�W�K�H�U�� �Z�L�W�K �6�3���P�R�G�H�O�� �W�K�H �W�H�P�S�R �U�D�Q�J�H�V �O�H�D�U�Q�H�G �I�R�U �D �S�D�U��
�W�L�F�X�O�D�U�W�—	¶�D�D�U�H �D�S�S�O�L�H�G �W�R �W�U�D�F�N �D�O�O �W�K�H �V�H�F�W�L�R�Q �O�H�Q�J�W�K �S�D�W�W�H�U�Q�V �R�I �W�K�H
�W�—	¶�D�� �D�V�V�X�P�L�Q�J �W�K�D�W �W�K�H �W�H�P�S�R �U�D�Q�J�H�V �D�U�H �S�U�R�S�H�U�W�L�H�V �R�I �D�W�—	¶�D�D�Q�G �Q�R�W
�R�I �L�W�V �V�H�F�W�L�R�Q�V��

�:�H �X�V�H �W�K�H �Q�X�P�E�H�U �R�I �E�D�U �S�R�V�L�W�L�R�Q�V��M r = 1600 �I�R�U �W�K�H �O�R�Q�J�H�V�W
�U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q �Z�H �H�Q�F�R�X�Q�W�H�U �L�Q �W�K�H �G�D�W�D�V�H�W �D�Q�G �V�F�D�O�H �D�O�O �R�W�K�H�U �S�D�W��



������ �(�[�S�H�U�L�P�H�Q�W�V �D�Q�G �U�H�V�X�O�W�V ������

�W�H�U�Q �O�H�Q�J�W�K�V �D�F�F�R�U�G�L�Q�J�O�\�� �$�V �L�Q�G�L�F�D�W�H�G �L�Q �6�H�F�W�L�R�Q������������ �I�R�U �P�H�W�H�U
�W�U�D�F�N�L�Q�J �H�[�S�H�U�L�P�H�Q�W�V��M r = M = 1600 �L�V �V�H�W �I�R�U �W�K�H �O�R�Q�J�H�V�W �S�D�W��
�W�H�U�Q �E�H�L�Q�J �W�U�D�F�N�H�G�� �7�K�H �P�D�[�L�P�X�PM = 1600 �F�R�U�U�H�V�S�R�Q�G�V �W�R�—�G�L
�W�—	¶�D�L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F ���� �E�H�D�W�V �D�Q�G �����D�N	â�D�U�D�V�� �D�Q�G�W�¯�Q�W�—�O�������P�—�W�U�—�V��
�L�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F�� �,�I �D �G�L�I�I�H�U�H�Q�W�W�—	¶�D�L�V �E�H�L�Q�J �W�U�D�F�N�H�G�� �Z�H �V�H�W �W�K�H
�Y�D�O�X�H �R�IM �D�F�F�R�U�G�L�Q�J�O�\�� �H���J��M = 600 �I�R�U �W�U�D�F�N�L�Q�J �W�K�H �W�K�U�H�H �E�H�D�W
�U�Ì�S�D�N�D�W�—	¶�D���� �E�H�D�W�V �D�Q�G �����D�N	â�D�U�D�V�� �L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �)�R�U �%�D�O�O��
�U�R�R�P �G�D�W�D�V�H�W�� �Z�H �X�V�H�GM = 1600 �D�Q�GM = 1200 �I�R�U �W�U�D�F�N�L�Q�J �W�L�P�H
�V�L�J�Q�D�W�X�U�H�V ������ �D�Q�G �������� �U�H�V�S�H�F�W�L�Y�H�O�\��

�7�K�H �Q�X�P�E�H�U �R�I �E�H�D�W�VB �D�Q�G �W�K�H �Q�X�P�E�H�U �R�I �V�H�F�W�L�R�Q�V �D�U�H �V�H�W �D�F��
�F�R�U�G�L�Q�J�O�\�� �G�H�S�H�Q�G�L�Q�J �R�Q �W�K�H �G�D�W�D�V�H�W �D�Q�G �W�K�H�W�—	¶�D���V �E�H�L�Q�J �W�U�D�F�N�H�G
�I�U�R�P �7�D�E�O�H�������D�Q�G �7�D�E�O�H�������� �:�K�H�QR > 1�� �W�K�H �W�U�D�Q�V�L�W�L�R�Q �S�U�R�E��
�D�E�L�O�L�W�L�H�V �R�I �S�D�W�W�H�U�Q�V �D�U�H �D�O�V�R �O�H�D�U�Q�H�G �I�U�R�P �W�U�D�L�Q�L�Q�J �G�D�W�D �I�U�R�P �W�K�H
�F�O�X�V�W�H�U�H�G �E�D�U���V�H�F�W�L�R�Q �O�H�Q�J�W�K �S�D�W�W�H�U�Q�V��

�)�R�U �P�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J�� �Z�H �X�V�H �X�Q�L�I�R�U�P �S�U�L�R�U�V �R�Q �D�O�O
�K�L�G�G�H�Q �Y�D�U�L�D�E�O�H�V �Z�L�W�K�L�Q �W�K�H �D�O�O�R�Z�H�G �U�D�Q�J�H �R�I �Y�D�O�X�H�V�� �)�R�U �L�Q�I�R�U�P�H�G
�W�U�D�F�N�L�Q�J�� �S�U�L�R�U�V �R�Q �W�H�P�S�R �D�Q�G �W�K�H �S�R�V�L�W�L�R�Q �Y�D�U�L�D�E�O�H�V �D�U�H �V�H�W �D�F�F�R�U�G��
�L�Q�J �W�R �W�K�H �S�U�L�R�U �L�Q�I�R�U�P�D�W�L�R�Q �Z�H �K�D�Y�H �D�Y�D�L�O�D�E�O�H �R�Q �W�K�H �W�H�P�S�R �D�Q�G
�W�K�H�V�D�P�D�L�Q�V�W�D�Q�F�H�V�� �7�K�H �R�E�V�H�U�Y�D�W�L�R�Q �P�R�G�H�O �X�V�H�V �D �W�Z�R �G�L�P�H�Q�V�L�R�Q�D�O
�V�S�H�F�W�U�D�O �I�O�X�[ �I�H�D�W�X�U�H �F�R�P�S�X�W�H�G �D�W �D �K�R�S �V�L�]�Hh = 0:02 �V�H�F�R�Q�G�V�� �D�V
�G�H�V�F�U�L�E�H�G �L�Q �)�L�J�X�U�H�������� �7�K�H �E�D�U �L�V �G�L�V�F�U�H�W�L�]�H�G �L�Q�W�R �����W�K�Q�R�W�H �F�H�O�O�V
�Z�L�W�K�L�Q �Z�K�L�F�K �W�K�H �R�E�V�H�U�Y�D�W�L�R�Q �S�U�R�E�D�E�L�O�L�W�\ �L�V �D�V�V�X�P�H�G �W�R �E�H �F�R�Q�V�W�D�Q�W��

�)�R�U �W�K�H�+�0�0 �E�D�V�H�G �9�L�W�H�U�E�L �D�O�J�R�U�L�W�K�P �L�Q�I�H�U�H�Q�F�H�� �W�K�H �W�H�P�S�R
�V�W�D�W�H �W�U�D�Q�V�L�W�L�R�Q �S�U�R�E�D�E�L�O�L�W�\ �L�Q �(�T�����������L�V �V�H�W �W�Rnp = 0:02�� �D�V �X�V�H�G
�E�\�.�U�H�E�V �H�W �D�O���������������� �D�O�O�R�Z�L�Q�J �D �V�P�D�O�O �S�U�R�E�D�E�L�O�L�W�\ �R�I �F�K�D�Q�J�H �R�I
�W�H�P�S�R�� �)�R�U �W�K�H�$�0�3�)�� �W�K�H �Q�X�P�E�H�U �R�I �S�D�U�W�L�F�O�H�V �L�V �V�H�W �D�VNp =
1500� R�� �:�H �V�H�W �W�K�H �X�V�H�U �S�D�U�D�P�H�W�H�U �W�K�D�W �F�R�Q�W�U�R�O�V �W�H�P�S�R �Y�D�U�L�D�Q�F�H
�L�Q �(�T���������D�Q�G �(�T���������� �W�R� n = 0:02 �D�Q�G �W�K�H �P�D�[�L�P�X�P �Q�X�P�E�H�U
�R�I �F�O�X�V�W�H�U�V �L�Q �W�K�H�0�3�) �W�R200�� �7�K�H �U�H�V�D�P�S�O�L�Q�J �L�Q�W�H�U�Y�D�O �L�V �V�H�W �W�R
Ts = 30 �I�U�D�P�H�V�� �Z�K�L�F�K �F�R�U�U�H�V�S�R�Q�G�V �W�R �D �U�H�V�D�P�S�O�L�Q�J �V�W�H�S �H�Y�H�U�\0:6
�V�H�F�R�Q�G�V �R�I �D�X�G�L�R�� �7�K�H �R�W�K�H�U�$�0�3�)�S�D�U�D�P�H�W�H�U�V �D�U�H �L�G�H�Q�W�L�F�D�O �W�R �W�K�H
�Y�D�O�X�H�V �X�V�H�G �E�\�.�U�H�E�V�� �+�R�O�]�D�S�I�H�O�� �H�W �D�O����������������

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



������ �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J

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

�8�X�9�X�k �J�2�i�2�` �B�M�7�2�`�2�M�+�2

�7�K�H �U�H�V�X�O�W�V �R�I �P�H�W�H�U �L�Q�I�H�U�H�Q�F�H �S�U�R�Y�L�G�H �D �E�D�V�H�O�L�Q�H �I�R�U �P�H�W�H�U �D�Q�D�O�\��
�V�L�V �D�O�J�R�U�L�W�K�P�V �Z�K�H�Q �W�K�H �X�Q�G�H�U�O�\�L�Q�J �P�H�W�U�L�F�D�O �V�W�U�X�F�W�X�U�H �L�V �X�Q�N�Q�R�Z�Q��
�,�W �L�V �W�K�H �K�D�U�G�H�V�W �D�Q�G �P�R�V�W �X�Q�L�Q�I�R�U�P�H�G �W�D�V�N �L�Q �P�H�W�H�U �D�Q�D�O�\�V�L�V�� �H�V��
�W�L�P�D�W�L�Q�J �W�K�H�W�—	¶�D�� �W�K�H �W�H�P�S�R�� �W�K�H �E�H�D�W�V �D�Q�G �W�K�H�V�D�P�D�� �7�K�H �U�H�V�X�O�W�V
�D�U�H �S�U�H�V�H�Q�W�H�G �I�R�U �L�Q�I�H�U�H�Q�F�H �R�Q �W�K�H �%�3���P�R�G�H�O �R�Q�$�.�3�� �)�.�3�V�� �)�.�3�O
�D�Q�G �%�D�O�O�U�R�R�P �G�D�W�D�V�H�W�V �I�R�U �E�R�W�K�+�0�0�� �D�Q�G�$�0�3�)�� �D�O�J�R�U�L�W�K�P�V �L�Q �7�D��
�E�O�H�������� �7�K�H �P�R�G�H�O �W�U�D�L�Q�L�Q�J �X�V�H�V �S�R�R�O�H�G �G�D�W�D �I�U�R�P �D�O�O �W�K�H �U�K�\�W�K�P
�F�O�D�V�V�H�V �Z�L�W�K�L�Q �D �S�D�U�W�L�F�X�O�D�U �G�D�W�D�V�H�W�� �7�K�H �U�H�V�X�O�W�V �D�U�H �S�U�H�V�H�Q�W�H�G �R�Q�O�\
�I�R�UR = 1 �S�H�U �U�K�\�W�K�P �F�O�D�V�V�� �Z�L�W�K�R�X�W �D�Q�\ �L�P�S�U�R�Y�H�P�H�Q�W �V�H�H�Q �I�R�U
R = 2��

�$�W �D �E�U�R�D�G �O�H�Y�H�O�� �Z�H �V�H�H �W�K�D�W �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�Q �%�D�O�O�U�R�R�P �G�D�W�D�V�H�W
�L�V �E�H�W�W�H�U �W�K�D�Q �W�K�D�W �I�R�U �W�K�H �,�Q�G�L�D�Q �P�X�V�L�F �G�D�W�D�V�H�W�V�� �7�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�Q
�O�R�Q�J �F�\�F�O�H �S�L�H�F�H�V �L�Q�)�.�3�O�G�D�W�D�V�H�W �L�V �S�R�R�U�� �V�K�R�Z�L�Q�J �W�K�H �F�K�D�O�O�H�Q�J�H�V
�L�Q �W�U�D�F�N�L�Q�J �O�R�Q�J �P�H�W�U�L�F�D�O �F�\�F�O�H �G�X�U�D�W�L�R�Q�V�� �7�K�H �S�H�U�I�R�U�P�D�Q�F�H �Z�L�W�K
�+�0�0�� �L�V �P�D�U�J�L�Q�D�O�O�\ �S�R�R�U�H�U �W�K�D�Q�$�0�3�)�� �I�R�U �,�Q�G�L�D�Q �P�X�V�L�F �G�D�W�D�V�H�W�V��
�6�L�Q�F�H �P�H�W�U�L�F�D�O �F�\�F�O�H�V �L�Q �,�Q�G�L�D�Q �P�X�V�L�F �D�U�H �O�R�Q�J�H�U �L�Q �G�X�U�D�W�L�R�Q�� �L�W �L�V
�Q�H�F�H�V�V�D�U�\ �W�R �K�D�Y�H �D �I�L�Q�H�U �G�L�V�F�U�H�W�L�]�D�W�L�R�Q �J�U�L�G�� �7�K�H �S�R�R�U�H�U �S�H�U�I�R�U��
�P�D�Q�F�H �L�V �O�D�U�J�H�O�\ �D�W�W�U�L�E�X�W�H�G �W�R �W�K�H �F�R�D�U�V�H �J�U�D�L�Q�H�G �G�L�V�F�U�H�W�L�]�D�W�L�R�Q �R�I
�W�K�H �V�W�D�W�H �V�S�D�F�H �W�K�D�W �L�V �X�V�H�G��

�)�U�R�P �7�D�E�O�H�������� �I�U�R�P �W�K�H �O�D�V�W �F�R�O�X�P�Q �W�K�D�W �L�Q�G�L�F�D�W�H�V�W�—	¶�D�U�H�F�R�J��
�Q�L�W�L�R�Q �D�F�F�X�U�D�F�\�� �Z�H �V�H�H �W�K�D�W �W�K�H�W�—	¶�D�U�H�F�R�J�Q�L�W�L�R�Q �L�V �E�H�W�W�H�U �Z�L�W�K �V�K�R�U�W
�P�H�W�U�L�F�D�O �F�\�F�O�H �G�X�U�D�W�L�R�Q �S�L�H�F�H�V �L�Q�$�.�3�D�Q�G�)�.�3�V�G�D�W�D�V�H�W �Z�L�W�K �D�Q �D�F��
�F�X�U�D�F�\ �E�H�W�Z�H�H�Q �������������� �)�R�U �O�R�Q�J �F�\�F�O�H �G�X�U�D�W�L�R�Q �S�L�H�F�H�V �L�Q�)�.�3�O
�G�D�W�D�V�H�W�� �W�K�H�W�—	¶�D�U�H�F�R�J�Q�L�W�L�R�Q �D�F�F�X�U�D�F�\ �G�U�R�S�V �V�L�J�Q�L�I�L�F�D�Q�W�O�\ ���W�R �O�H�V�V
�W�K�D�Q �������� �L�Q�G�L�F�D�W�L�Q�J �W�K�H �G�L�I�I�L�F�X�O�W�\ �L�Q �W�U�D�F�N�L�Q�J �O�R�Q�J �G�X�U�D�W�L�R�Q �F�\�F�O�H�V��
�7�K�H �W�L�P�H �V�L�J�Q�D�W�X�U�H �U�H�F�R�J�Q�L�W�L�R�Q �S�H�U�I�R�U�P�D�Q�F�H �L�Q �%�D�O�O�U�R�R�P �G�D�W�D�V�H�W �L�V
�D�O�V�R �K�L�J�K�H�U �W�K�D�Q �W�K�D�W �I�R�U �,�Q�G�L�D�Q �P�X�V�L�F �G�D�W�D�V�H�W�V ���D�E�R�X�W ����������

�:�H �I�X�U�W�K�H�U �F�D�Q �R�E�V�H�U�Y�H �W�K�D�W �W�K�H �I���P�H�D�V�X�U�H �I�R�U�V�D�P�D���G�R�Z�Q�E�H�D�W
�W�U�D�F�N�L�Q�J ���L�Q�G�L�F�D�W�H�G �E�\fs�� �L�V �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �S�R�R�U�H�U �W�K�D�Q �E�H�D�W �W�U�D�F�N��
�L�Q�J �S�H�U�I�R�U�P�D�Q�F�H ���L�Q�G�L�F�D�W�H�G �E�\fb���� �V�K�R�Z�L�Q�J �W�K�D�W �Z�K�L�O�H �E�H�D�W �W�U�D�F�N��
�L�Q�J �L�V �V�W�L�O�O �S�R�V�V�L�E�O�H �Z�L�W�K�R�X�W �W�K�H �N�Q�R�Z�O�H�G�J�H �R�I �X�Q�G�H�U�O�\�L�Q�J �P�H�W�U�L�F�D�O
�V�W�U�X�F�W�X�U�H�V�� �H�V�W�L�P�D�W�L�Q�J �W�K�H �G�R�Z�Q�E�H�D�W�V �L�V �G�L�I�I�L�F�X�O�W�� �%�H�D�W �$�0�/�W�P�H�D��
�V�X�U�H �$�0�/�W;b �L�V �F�R�P�S�D�U�D�E�O�H �W�R �E�H�D�W �I���P�H�D�V�X�U�H�� �,�W �Z�D�V �U�H�S�R�U�W�H�G �E�\
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�$�0�3�)�� ���������� ���������� �������� ���������� ���������� ���������� ����
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�$�0�3�)�� ���������� ���������� �������� ���������� ���������� ���������� ����

�7�D�E�O�H ���������5�H�V�X�O�W�V �R�I �P�H�W�H�U �L�Q�I�H�U�H�Q�F�H �Z�L�W�K �W�K�H �E�D�U �S�R�L�Q�W�H�U �P�R�G�H�O ���+�0�0��
�D�Q�G�$�0�3�)���� �R�Q �G�L�I�I�H�U�H�Q�W �G�D�W�D�V�H�W�V�� �7�K�H �I�L�U�V�W �F�R�O�X�P�Q �L�Q�G�L�F�D�W�H�V �W�K�H �G�D�W�D�V�H�W��
�Z�L�W�K �%�O�U�P�� �G�H�Q�R�W�L�Q�J �W�K�H �%�D�O�O�U�R�R�P �G�D�W�D�V�H�W�� �7�K�H �O�D�V�W �F�R�O�X�P�Q �R�I �W�K�H �W�D��
�E�O�H �V�K�R�Z�V �W�K�H�W�—	¶�D�U�H�F�R�J�Q�L�W�L�R�Q ���R�U �W�L�P�H �V�L�J�Q�D�W�X�U�H �H�V�W�L�P�D�W�L�R�Q �I�R�U �%�D�O�O�U�R�R�P
�G�D�W�D�V�H�W�� �D�F�F�X�U�D�F�\�� �7�K�H �W�D�E�O�H �D�O�V�R �U�H�S�R�U�W�V �W�H�P�S�R �H�V�W�L�P�D�W�L�R�Q �S�H�U�I�R�U�P�D�Q�F�H
���D�W �E�R�W�K�&�0�/ �D�Q�G�$�0�/���� �E�H�D�W �D�Q�G�V�D�P�D���G�R�Z�Q�E�H�D�W�� �W�U�D�F�N�L�Q�J �S�H�U�I�R�U�P�D�Q�F�H
�Z�L�W�K �G�L�I�I�H�U�H�Q�W �P�H�D�V�X�U�H�V��

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

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

�7�K�H�U�H �L�V �D �O�D�U�J�H �S�H�U�I�R�U�P�D�Q�F�H �G�L�I�I�H�U�H�Q�F�H �E�H�W�Z�H�H�Q�)�.�3�V�D�Q�G�)�.�3�O
�G�D�W�D�V�H�W�V�� �I�X�U�W�K�H�U �H�P�S�K�D�V�L�]�L�Q�J �W�K�H �G�L�I�I�L�F�X�O�W�L�H�V �R�I �W�U�D�F�N�L�Q�J �O�R�Q�J �G�X��
�U�D�W�L�R�Q �F�\�F�O�H�V�� �7�K�H �W�H�P�S�R �H�V�W�L�P�D�W�L�R�Q �D�W�&�0�/ �Z�L�W�K�)�.�3�O�G�D�W�D�V�H�W �L�V
�D�V �O�R�Z �D�W ������ �Z�L�W�K�+�0�0�� �V�K�R�Z�L�Q�J �W�K�D�W �W�K�H �F�R�U�U�H�F�W �P�H�W�U�L�F�D�O �O�H�Y�H�O �R�I
�W�U�D�F�N�L�Q�J �L�V �D�F�K�L�H�Y�H�G �L�Q �Y�H�U�\ �V�P�D�O�O �Q�X�P�E�H�U �R�I �F�D�V�H�V�� �'�L�V�F�U�H�W�L�]�D�W�L�R�Q
�R�I �W�K�H �W�H�P�S�R �V�W�D�W�H �V�S�D�F�H �L�V �R�Q�H �U�H�D�V�R�Q �I�R�U �W�K�H �L�Q�D�E�L�O�L�W�\ �W�R �W�U�D�F�N �O�R�Q�J
�F�\�F�O�H�V�� �Z�K�H�U�H �D�Q �H�[�W�U�H�P�H�O�\ �I�L�Q�H �J�U�L�G �R�I �Y�D�U�L�D�E�O�H�V �L�V �Q�H�H�G�H�G���$�0�3�)��
�K�D�V �Q�R �V�X�F�K �U�H�V�W�U�L�F�W�L�R�Q�V �D�Q�G �K�H�Q�F�H �S�H�U�I�R�U�P�V �E�H�W�W�H�U �I�R�U �W�K�L�V �F�D�V�H��

�:�L�W�K�L�Q �W�K�H�$�.�3�G�D�W�D�V�H�W�� �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �L�V �S�R�R�U�H�U �I�R�U �O�R�Q�J�H�U
�F�\�F�O�H�—�G�L�W�—	¶�D�I�R�U �E�R�W�K �E�H�D�W �D�Q�G�V�D�P�D�H�V�W�L�P�D�W�L�R�Q �D�Wfs = 0:36 �D�Q�G



������ �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J

fb = 0:67 �Z�L�W�K�+�0�0���� �–�G�L�W�—	¶�D�L�V �W�K�H �P�R�V�W �S�R�S�X�O�D�U�W�—	¶�D�L�Q �&�D�U��
�Q�D�W�L�F �P�X�V�L�F �D�Q�G �W�K�H�U�H �L�V �D �K�X�J�H �Y�D�U�L�H�W�\ �R�I �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �W�K�D�W �D�U�H
�S�O�D�\�H�G �L�Q �W�K�H�W�—	¶�D�� �7�K�H �O�D�U�J�H �G�L�I�I�H�U�H�Q�F�H �E�H�W�Z�H�H�Q �E�H�D�W �W�U�D�F�N�L�Q�J �D�Q�G
�V�D�P�D�W�U�D�F�N�L�Q�J �S�H�U�I�R�U�P�D�Q�F�H �V�K�R�Z�V �W�K�D�W �W�K�R�X�J�K �E�H�D�W�V �Z�H�U�H �H�V�W�L�P�D�W�H�G
�D�W �W�K�H �F�R�U�U�H�F�W �P�H�W�U�L�F�D�O �O�H�Y�H�O���V�D�P�D�H�V�W�L�P�D�W�L�R�Q �L�V �G�L�I�I�L�F�X�O�W �I�U�R�P �W�K�H
�U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �X�V�H�G �K�H�U�H�� �7�K�L�V �D�G�G�L�W�L�R�Q�D�O�O�\ �P�H�D�Q�V �W�K�D�W �F�D�S�W�X�U��
�L�Q�J �W�K�H �Z�L�G�H �Y�D�U�L�H�W�\ �R�I �S�D�W�W�H�U�Q�V �R�I�—�G�L�W�—	¶�D�Z�L�W�K�L�Q �D �V�L�Q�J�O�H �U�K�\�W�K�P�L�F
�S�D�W�W�H�U�Q �X�V�H�G �K�H�U�H �L�V �V�X�E�R�S�W�L�P�D�O �D�Q�G �K�H�Q�F�H �L�W �L�V �K�D�U�G�H�U �I�R�U �W�K�H �L�Q��
�I�H�U�H�Q�F�H �D�O�J�R�U�L�W�K�P�V �W�R �J�H�W �D �F�X�H �R�I �W�K�H �P�H�W�U�L�F�D�O �S�R�V�L�W�L�R�Q �I�U�R�P �W�K�L�V
�S�D�W�W�H�U�Q��

�,�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F�)�.�3�V�G�D�W�D�V�H�W�� �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �L�V �E�H�V�W �I�R�U
�G�U�b�W�•�N�W�—�O�S�L�H�F�H�V �W�K�D�W �W�H�Q�G �K�D�Y�H �K�L�J�K �W�H�P�S�R �D�Q�G �V�K�R�U�W �G�X�U�D�W�L�R�Q �F�\��
�F�O�H�V�� �%�R�W�K �W�K�H�V�H �R�E�V�H�U�Y�D�W�L�R�Q�V �I�X�U�W�K�H�U �H�P�S�K�D�V�L�]�H �W�K�D�W �V�K�R�U�W �G�X�U�D�W�L�R�Q
�F�\�F�O�H�V �D�U�H �E�H�W�W�H�U �W�U�D�F�N�H�G �E�\ �W�K�H �L�Q�I�H�U�H�Q�F�H �D�O�J�R�U�L�W�K�P �W�K�D�Q �O�R�Q�J�H�U �G�X��
�U�D�W�L�R�Q �F�\�F�O�H�V��

�8�X�9�X�j �J�2�i�2�` �i�`���+�F�B�M�;

�0�H�W�H�U �W�U�D�F�N�L�Q�J �L�V �W�K�H �P�R�V�W �U�H�O�H�Y�D�Q�W �W�D�V�N �L�Q �W�K�H �F�R�Q�W�H�[�W �R�I �,�Q�G�L�D�Q
�D�U�W �P�X�V�L�F �D�Q�G �K�H�Q�F�H �L�V �W�K�H �P�D�L�Q �I�R�F�X�V �R�I �W�K�H �H�[�S�H�U�L�P�H�Q�W�V �S�U�H�V�H�Q�W�H�G
�K�H�U�H�� �0�H�W�H�U �W�U�D�F�N�L�Q�J �H�[�S�H�U�L�P�H�Q�W�V �D�V�V�X�P�H �W�K�D�W �W�K�H�W�—	¶�D�L�V �N�Q�R�Z�Q��
�D�Q�G �K�H�Q�F�H �P�H�W�H�U �W�U�D�F�N�L�Q�J �L�V �G�R�Q�H �I�R�U �H�D�F�K�W�—	¶�D�L�Q �W�K�H �G�D�W�D�V�H�W�V �V�H�S�D��
�U�D�W�H�O�\�� �7�K�H �W�U�D�L�Q�L�Q�J �G�D�W�D �D�O�V�R �L�Q�F�O�X�G�H�V �S�L�H�F�H�V �I�U�R�P �W�K�H �V�S�H�F�L�I�L�F�W�—	¶�D
�E�H�L�Q�J �W�U�D�F�N�H�G�� �6�R�P�H �R�I �W�K�H �U�H�V�X�O�W�V �S�U�H�V�H�Q�W�H�G �L�Q �W�K�L�V �V�H�F�W�L�R�Q �D�U�H �S�X�E��
�O�L�V�K�H�G �U�H�V�X�O�W�V �I�U�R�P �S�U�H�Y�L�R�X�V �S�X�E�O�L�F�D�W�L�R�Q�V �E�\�+�R�O�]�D�S�I�H�O �H�W �D�O����������������
�6�U�L�Q�L�Y�D�V�D�P�X�U�W�K�\ �H�W �D�O������������������������ �Z�L�W�K �P�L�Q�R�U �G�L�I�I�H�U�H�Q�F�H�V �L�Q �I�R�U��
�P�X�O�D�W�L�R�Q �D�Q�G �H�[�S�H�U�L�P�H�Q�W�D�O �S�D�U�D�P�H�W�H�U�V��

�%�H�I�R�U�H �S�U�H�V�H�Q�W�L�Q�J �W�K�H �U�H�V�X�O�W�V �I�R�U �P�R�G�H�O �D�Q�G �L�Q�I�H�U�H�Q�F�H �H�[�W�H�Q��
�V�L�R�Q�V�� �Z�H �W�D�E�X�O�D�W�H �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�I �P�H�W�H�U �W�U�D�F�N�L�Q�J �Z�L�W�K �W�K�H �E�D�U
�S�R�L�Q�W�H�U �P�R�G�H�O �R�Q �W�K�H �,�Q�G�L�D�Q �P�X�V�L�F �G�D�W�D�V�H�W�V �D�Q�G �%�D�O�O�U�R�R�P �G�D�W�D�V�H�W
�Z�L�W�K �E�R�W�K�+�0�0�� �D�Q�G�$�0�3�)�� �D�O�J�R�U�L�W�K�P�V �L�Q �7�D�E�O�H�������� �7�K�L�V �S�U�R�Y�L�G�H�V
�D�Q�R�W�K�H�U �E�D�V�H�O�L�Q�H �S�H�U�I�R�U�P�D�Q�F�H �W�R �F�R�P�S�D�U�H �Z�L�W�K �P�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G
�D�O�O �W�K�H �H�[�W�H�Q�V�L�R�Q�V �G�L�V�F�X�V�V�H�G �L�Q �W�K�H �W�K�H�V�L�V��

�$�W �D �E�U�R�D�G �O�H�Y�H�O�� �7�D�E�O�H������ �V�K�R�Z�V �D�Q �L�P�S�U�R�Y�H�P�H�Q�W �L�Q �S�H�U�I�R�U��
�P�D�Q�F�H �Z�L�W�K �P�H�W�H�U �W�U�D�F�N�L�Q�J �F�R�P�S�D�U�H�G �W�R �P�H�W�H�U �L�Q�I�H�U�H�Q�F�H ���7�D�E�O�H����������
�,�Q �D�G�G�L�W�L�R�Q�� �Z�H �V�H�H �D �O�R�Z�H�U �G�L�I�I�H�U�H�Q�F�H �E�H�W�Z�H�H�Q �E�H�D�W �D�Q�G �G�R�Z�Q��
�E�H�D�W �W�U�D�F�N�L�Q�J �I���P�H�D�V�X�U�H �Y�D�O�X�H�V�� �L�Q�G�L�F�D�W�L�Q�J �D �O�D�U�J�H�U �L�P�S�U�R�Y�H�P�H�Q�W
�L�Q �G�R�Z�Q�E�H�D�W �H�V�W�L�P�D�W�L�R�Q �Z�K�H�Q �W�K�H �X�Q�G�H�U�O�\�L�Q�J �P�H�W�U�L�F�D�O �V�W�U�X�F�W�X�U�H �L�V
�N�Q�R�Z�Q �L���H�� �N�Q�R�Z�L�Q�J �W�K�H�W�—	¶�D�L�P�S�U�R�Y�H�V �W�K�H�V�D�P�D�W�U�D�F�N�L�Q�J �S�H�U�I�R�U��
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�$�0�3�)�� ���������� ���������� �������� ���������� �������� ��������

�7�D�E�O�H ���������5�H�V�X�O�W�V �R�I �P�H�W�H�U �W�U�D�F�N�L�Q�J �Z�L�W�K �W�K�H �E�D�U �S�R�L�Q�W�H�U �P�R�G�H�O ���+�0�0��
�D�Q�G�$�0�3�)���� �R�Q �G�L�I�I�H�U�H�Q�W �G�D�W�D�V�H�W�V�� �7�K�H �I�L�U�V�W �F�R�O�X�P�Q �L�Q�G�L�F�D�W�H�V �W�K�H �G�D�W�D�V�H�W��
�Z�L�W�K �%�O�U�P�� �G�H�Q�R�W�L�Q�J �W�K�H �%�D�O�O�U�R�R�P �G�D�W�D�V�H�W�� �7�K�H �W�D�E�O�H �V�K�R�Z�V �W�K�H �W�H�P�S�R
�H�V�W�L�P�D�W�L�R�Q �S�H�U�I�R�U�P�D�Q�F�H �D�W�&�0�/ �D�Q�G�$�0�/�� �E�H�D�W �D�Q�G�V�D�P�D���G�R�Z�Q�E�H�D�W��
�W�U�D�F�N�L�Q�J �S�H�U�I�R�U�P�D�Q�F�H �Z�L�W�K �G�L�I�I�H�U�H�Q�W �P�H�D�V�X�U�H�V��

�P�D�Q�F�H�� �6�L�P�L�O�D�U �W�R �P�H�W�H�U �L�Q�I�H�U�H�Q�F�H�� �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�Q �V�K�R�U�W �G�X��
�U�D�W�L�R�Q �F�\�F�O�H �G�D�W�D�V�H�W�V�$�.�3�� �)�.�3�V�� �D�Q�G �%�D�O�O�U�R�R�P �G�D�W�D�V�H�W�V �L�V �E�H�W�W�H�U
�W�K�D�Q �W�K�D�W �R�Q�)�.�3�O�G�D�W�D�V�H�W�� �$�V �Z�L�W�K �P�H�W�H�U �L�Q�I�H�U�H�Q�F�H�� �W�K�H �S�R�R�U�H�U �S�H�U��
�I�R�U�P�D�Q�F�H �R�I�+�0�0�� �F�R�P�S�D�U�H�G �W�R�$�0�3�)�� �L�V �O�D�U�J�H�O�\ �D�W�W�U�L�E�X�W�H�G �W�R �W�K�H
�F�R�D�U�V�H �J�U�D�L�Q�H�G �G�L�V�F�U�H�W�L�]�D�W�L�R�Q �R�I �W�K�H �V�W�D�W�H �V�S�D�F�H��

�7�K�H �P�H�G�L�D�Q �W�H�P�S�R �H�V�W�L�P�D�W�L�R�Q �S�H�U�I�R�U�P�D�Q�F�H �Z�L�W�K �P�H�W�H�U �W�U�D�F�N��
�L�Q�J �L�V �E�H�W�W�H�U �W�K�D�Q �P�H�W�H�U �L�Q�I�H�U�H�Q�F�H �V�L�Q�F�H �D �P�R�U�H �Q�D�U�U�R�Z �D�Q�G �D�F�F�X��
�U�D�W�H �U�D�Q�J�H �R�I �W�H�P�S�R �L�V �W�U�D�L�Q�H�G �G�X�H �W�R �W�K�H �S�U�H�V�H�Q�F�H �R�Q�O�\ �R�Q�H�W�—	¶�D�L�Q
�W�K�H �W�U�D�L�Q�L�Q�J �G�D�W�D�V�H�W�� �7�K�H �D�F�F�X�U�D�F�\ �R�I �W�H�P�S�R �H�V�W�L�P�D�W�L�R�Q �L�V �K�L�J�K �I�R�U
�&�D�U�Q�D�W�L�F �P�X�V�L�F�� �D�Q�G �W�K�H �G�L�I�I�H�U�H�Q�F�H �E�H�W�Z�H�H�Q�&�0�/ �D�Q�G�$�0�/ �S�H�U�I�R�U��
�P�D�Q�F�H �L�V �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �O�R�Z�H�U �L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �V�K�R�Z�L�Q�J �W�K�D�W �P�R�V�W
�S�L�H�F�H�V �K�D�Y�H �E�H�H�Q �W�U�D�F�N�H�G �D�W �W�K�H �F�R�U�U�H�F�W �P�H�W�U�L�F�D�O �O�H�Y�H�O�� �7�H�P�S�R �H�V��
�W�L�P�D�W�L�R�Q �L�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �G�D�W�D�V�H�W�V �L�V �K�R�Z�H�Y�H�U �O�R�Z�H�U�� �Z�L�W�K �S�R�R�U
�W�H�P�S�R �H�V�W�L�P�D�W�L�R�Q �Z�L�W�K�)�.�3�O�G�D�W�D�V�H�W�� �7�K�H�U�H �L�V �D �V�L�J�L�Q�I�L�F�D�Q�W �V�F�R�S�H
�I�R�U �L�P�S�U�R�Y�H�P�H�Q�W �L�Q �E�R�W�K�&�0�/ �D�Q�G�$�0�/ �D�F�F�X�U�D�F�\ �L�Q �+�L�Q�G�X�V�W�D�Q�L
�P�X�V�L�F�� �:�L�W�K �W�K�H �%�D�O�O�U�R�R�P �G�D�W�D�V�H�W�� �W�H�P�S�R �H�V�W�L�P�D�W�L�R�Q �L�V �D�F�F�X�U�D�W�H �I�R�U
�P�R�V�W �S�L�H�F�H�V�� �Z�L�W�K �D �K�L�J�K �D�F�F�X�U�D�F�\��

�,�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �Z�L�W�K �D�Qfs = 0:41 �D�Q�G0:39 �I�R�U�+�0�0�� �D�Q�G
�$�0�3�)���� �—�G�L�W�—	¶�D�K�D�V �D �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �O�R�Z�H�U�V�D�P�D�W�U�D�F�N�L�Q�J �S�H�U�I�R�U��
�P�D�Q�F�H �F�R�P�S�D�U�H�G �W�R �W�K�H �R�W�K�H�U�W�—	¶�D�V�� �H���J��fs = 0:74 �I�R�U�+�0�0�� �L�Q



������ �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J

�'�D�W�D�V�H�Wfb �$�0�/ �W;b I b fs �7�H�P�S�R
�%�L�W�V �&�0�/ �$�0�/

�$�.�3 ���������� ���������� �������� ���������� ���������� ��������
�)�.�3�V ���������� ���������� �������� ���������� ���������� ����������
�)�.�3�O ���������� ���������� �������� ���������� ���������� ����������
�%�D�O�O�U�R�R�P ���������� ���������� �������� ���������� ���������� ����������

�7�D�E�O�H ���������5�H�V�X�O�W�V �R�I �P�H�W�H�U �W�U�D�F�N�L�Q�J �Z�L�W�K �W�K�H �E�D�U �S�R�L�Q�W�H�U �P�R�G�H�O �X�V�L�Q�J �D
�P�L�[�W�X�U�H �R�E�V�H�U�Y�D�W�L�R�Q �P�R�G�H�O ���0�2���P�R�G�H�O �Z�L�W�K�$�0�3�)�P �D�O�J�R�U�L�W�K�P�� �R�Q �G�L�I�I�H�U��
�H�Q�W �G�D�W�D�V�H�W�V�� �7�K�H �W�D�E�O�H �V�K�R�Z�V �W�K�H �W�H�P�S�R �H�V�W�L�P�D�W�L�R�Q �S�H�U�I�R�U�P�D�Q�F�H �D�W�&�0�/
�D�Q�G�$�0�/�� �E�H�D�W �D�Q�G�V�D�P�D���G�R�Z�Q�E�H�D�W�� �W�U�D�F�N�L�Q�J �S�H�U�I�R�U�P�D�Q�F�H �Z�L�W�K �G�L�I�I�H�U��
�H�Q�W �P�H�D�V�X�U�H�V�� �7�K�H �W�D�E�O�H �V�K�R�Z�V �U�H�V�X�O�W�V �Z�L�W�KR = 1 �� �Z�K�L�F�K �L�V �H�T�X�L�Y�D�O�H�Q�W �W�R
�$�0�3�)�� �D�O�J�R�U�L�W�K�P��

�N�K�D	Æ	Œ�D �F�K�—�S�X�W�—	¶�D�� �V�K�R�Z�L�Q�J �W�K�D�W �W�K�H �Y�D�U�L�H�W�\ �R�I �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V
�L�Q�—�G�L�W�—	¶�D�P�D�N�H�V �L�W �K�D�U�G�H�U �W�R �W�U�D�F�N�� �&�R�P�S�D�U�H�G �W�R �P�H�W�H�U �L�Q�I�H�U�H�Q�F�H��
�—�G�L�W�—	¶�D�V�K�R�Z�V �D�Q �L�P�S�U�R�Y�H�P�H�Q�W �L�Q �W�U�D�F�N�L�Q�J�� �L�Q�G�L�F�D�W�L�Q�J �W�K�D�W �N�Q�R�Z�L�Q�J
�W�K�H�W�—	¶�D�D�Q�G �W�K�H �X�Q�G�H�U�O�\�L�Q�J �P�H�W�U�L�F�D�O �V�W�U�X�F�W�X�U�H �K�H�O�S�V �W�R �W�U�D�F�N �O�R�Q�J�H�U
�F�\�F�O�H�V �E�H�W�W�H�U��

�:�L�W�K �V�X�F�K �D �E�D�V�H�O�L�Q�H �R�I �P�H�W�H�U �W�U�D�F�N�L�Q�J �X�V�L�Q�J �W�K�H �E�D�U �S�R�L�Q�W�H�U
�P�R�G�H�O�� �D�Q�G �J�L�Y�H�Q �W�K�D�W�$�0�3�)�� �V�K�R�Z�V �D�Q �H�T�X�L�Y�D�O�H�Q�W �R�U �E�H�W�W�H�U �S�H�U�I�R�U��
�P�D�Q�F�H �W�K�D�Q�+�0�0���� �Z�H �U�H�S�R�U�W �W�K�H �U�H�V�X�O�W�V �I�R�U �D�O�O �I�X�U�W�K�H�U �P�R�G�H�O �D�Q�G �L�Q��
�I�H�U�H�Q�F�H �H�[�W�H�Q�V�L�R�Q �H�[�S�H�U�L�P�H�Q�W�V �I�R�U �S�D�U�W�L�F�O�H �I�L�O�W�H�U �L�Q�I�H�U�H�Q�F�H �R�Q�O�\ �Z�L�W�K
�$�0�3�)�� �7�K�H �U�H�V�X�O�W�V �D�O�V�R �V�K�R�Z �W�K�D�W �D�S�S�U�R�[�L�P�D�W�H �L�Q�I�H�U�H�Q�F�H �P�H�W�K�R�G�V
�V�X�F�K �D�V �S�D�U�W�L�F�O�H �I�L�O�W�H�U�V �F�D�Q �E�H �H�I�I�H�F�W�L�Y�H�O�\ �D�S�S�O�L�H�G �W�R �P�H�W�H�U �D�Q�D�O�\�V�L�V
�W�D�V�N�V�� �7�K�H �U�H�V�X�O�W�V �R�Q �P�R�G�H�O �H�[�W�H�Q�V�L�R�Q�V �0�2���P�R�G�H�O �D�Q�G �6�3���P�R�G�H�O
�D�U�H �S�U�H�V�H�Q�W�H�G �Q�H�[�W��

�0�L�[�W�X�U�H �R�E�V�H�U�Y�D�W�L�R�Q �P�R�G�H�O ���0�2���P�R�G�H�O��

�7�K�H �U�H�V�X�O�W�V �R�I �P�H�W�H�U �W�U�D�F�N�L�Q�J �Z�L�W�K �E�D�U �S�R�L�Q�W�H�U �P�R�G�H�O �X�V�L�Q�J �D �P�L�[�W�X�U�H
�R�E�V�H�U�Y�D�W�L�R�Q �P�R�G�H�O ���0�2���P�R�G�H�O�� �L�V �V�K�R�Z�Q �L�Q �7�D�E�O�H�������� �I�R�UR = 1��
�:�L�W�KR = 1�� �W�K�H�$�0�3�)�P �D�O�J�R�U�L�W�K�P �L�V �H�T�X�L�Y�D�O�H�Q�W �W�R�$�0�3�)�� �D�O�J�R��
�U�L�W�K�P�� �&�R�Q�W�U�D�U�\ �W�R �H�[�S�H�F�W�D�W�L�R�Q�� �L�W �L�V �D�O�V�R �R�E�V�H�U�Y�H�G �W�K�D�W �W�K�H�U�H �L�V �Q�R
�V�L�J�Q�L�I�L�F�D�Q�W �L�P�S�U�R�Y�H�P�H�Q�W �I�R�U�$�0�3�)�P �I�U�R�PR = 1 �W�RR = 2�� �)�X�U�W�K�H�U
�D�Q�D�O�\�V�L�V �D�Q�G �F�R�P�S�D�U�L�V�R�Q �R�I �0�2���P�R�G�H�O �Z�L�W�K�$�0�3�)�P �D�O�J�R�U�L�W�K�P �L�V
�S�U�H�V�H�Q�W�H�G �D�W �W�K�H �H�Q�G �R�I �W�K�L�V �V�H�F�W�L�R�Q �D�O�R�Q�J �Z�L�W�K �F�R�P�S�D�U�L�V�R�Q�V �D�P�R�Q�J
�D�O�O �W�K�H �D�O�J�R�U�L�W�K�P�V��
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�%�L�W�V �&�0�/ �$�0�/

�$�.�3 ���������� ���������� �������� ���������� ���������� ��������
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�)�.�3�O ���������� ���������� �������� ���������� ���������� ����������

�7�D�E�O�H ���������5�H�V�X�O�W�V �R�I �P�H�W�H�U �W�U�D�F�N�L�Q�J �Z�L�W�K �W�K�H �V�H�F�W�L�R�Q �S�R�L�Q�W�H�U �P�R�G�H�O ���6�3��
�P�R�G�H�O �Z�L�W�K�$�0�3�)�V�D�O�J�R�U�L�W�K�P�� �R�Q �,�Q�G�L�D�Q �P�X�V�L�F �G�D�W�D�V�H�W�V�� �7�K�H �W�D�E�O�H �V�K�R�Z�V
�W�K�H �W�H�P�S�R �H�V�W�L�P�D�W�L�R�Q �S�H�U�I�R�U�P�D�Q�F�H �D�W�&�0�/ �D�Q�G�$�0�/�� �E�H�D�W �D�Q�G�V�D�P�D
�W�U�D�F�N�L�Q�J �S�H�U�I�R�U�P�D�Q�F�H �Z�L�W�K �G�L�I�I�H�U�H�Q�W �P�H�D�V�X�U�H�V��

�6�H�F�W�L�R�Q �S�R�L�Q�W�H�U �P�R�G�H�O

�7�K�H �H�[�S�H�U�L�P�H�Q�W�V �D�L�P �W�R �F�R�P�S�D�U�H �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�I �P�H�W�H�U �W�U�D�F�N��
�L�Q�J �X�V�L�Q�J �E�D�U �O�H�Q�J�W�K ���%�3���P�R�G�H�O�� �D�Q�G �W�K�H �S�U�R�S�R�V�H�G �V�H�F�W�L�R�Q �O�H�Q�J�W�K
���6�3���P�R�G�H�O�� �S�D�W�W�H�U�Q�V�� �7�K�H �%�3���P�R�G�H�O �D�S�S�O�L�H�V �W�K�H �S�R�V�L�W�L�R�Q �Y�D�U�L�D�E�O�H
� �W�R �W�K�H �Z�K�R�O�H�W�—	¶�D�F�\�F�O�H�� �Z�K�L�O�H �W�K�H �S�U�R�S�R�V�H�G �6�3���P�R�G�H�O �D�S�S�O�L�H�V�
�W�R �W�K�H �V�H�F�W�L�R�Q�V ���Y�L�E�K�—�J���D	Ä�J�D�� �D�Q�G �L�P�S�R�V�H�V �D �V�H�T�X�H�Q�W�L�D�O �V�W�U�X�F�W�X�U�H �D�V
�G�H�V�F�U�L�E�H�G �L�Q �6�H�F�W�L�R�Q������������ �,�W �L�V �K�\�S�R�W�K�H�V�L�]�H�G �W�K�D�W �V�H�F�W�L�R�Q �S�R�L�Q�W�H�U
�P�R�G�H�O �Z�R�X�O�G �E�H �X�V�H�I�X�O �I�R�U �W�U�D�F�N�L�Q�J �O�R�Q�J �G�X�U�D�W�L�R�Q �P�H�W�U�L�F�D�O �F�\�F�O�H�V
�R�I�W�H�Q �H�Q�F�R�X�Q�W�H�U�H�G �L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F�� �6�L�Q�F�H �V�H�F�W�L�R�Q�V �D�U�H �Q�R�W �P�X�V�L��
�F�D�O�O�\ �Z�H�O�O �G�H�I�L�Q�H�G �I�R�U �W�K�H �P�X�V�L�F �V�W�\�O�H�V �L�Q �W�K�H �%�D�O�O�U�R�R�P �G�D�W�D�V�H�W�� �D�Q
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�S�R�L�Q�W�H�U �P�R�G�H�O �R�Q �G�L�I�I�H�U�H�Q�W �G�D�W�D�V�H�W�V�� �7�K�H �I�L�U�V�W �F�R�O�X�P�Q �L�Q�G�L�F�D�W�H�V �W�K�H �G�D�W�D�V�H�W��
�Z�L�W�K �%�O�U�P�� �G�H�Q�R�W�L�Q�J �W�K�H �%�D�O�O�U�R�R�P �G�D�W�D�V�H�W�� �7�K�H �W�D�E�O�H �V�K�R�Z�V �W�K�H �W�H�P�S�R
�H�V�W�L�P�D�W�L�R�Q �S�H�U�I�R�U�P�D�Q�F�H �D�W�&�0�/ �D�Q�G�$�0�/�� �E�H�D�W �D�Q�G�V�D�P�D���G�R�Z�Q�E�H�D�W��
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�$�I�W�H�U �P�R�G�H�O �H�[�W�H�Q�V�L�R�Q�V�� �Z�H �Q�R�Z �S�U�H�V�H�Q�W �W�K�H �U�H�V�X�O�W�V �I�R�U �L�Q�I�H�U�H�Q�F�H
�H�[�W�H�Q�V�L�R�Q�V �W�R �P�H�W�H�U �W�U�D�F�N�L�Q�J�� �:�H �S�U�H�V�H�Q�W �U�H�V�X�O�W�V �I�R�U �W�K�U�H�H �G�L�I�I�H�U��
�H�Q�W �L�Q�I�H�U�H�Q�F�H �H�[�W�H�Q�V�L�R�Q�V �� �H�Q�G �R�I �E�D�U �V�D�P�S�O�L�Q�J ���$�0�3�)�H���� �S�H�D�N �K�R�S
�L�Q�I�H�U�H�Q�F�H ���$�0�3�)�S���� �D�Q�G �R�Q�V�H�W �J�D�W�H�G �Z�H�L�J�K�W �X�S�G�D�W�H ���$�0�3�)�J���� �7�K�H
�J�R�D�O �R�I �W�K�H�V�H �H�[�S�H�U�L�P�H�Q�W�V �L�V �W�R �F�R�P�S�D�U�H �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�I �W�K�H �L�Q��
�I�H�U�H�Q�F�H �H�[�W�H�Q�V�L�R�Q�V �Z�L�W�K�$�0�3�)�� �D�O�J�R�U�L�W�K�P�� �7�K�H �O�R�Q�J �F�\�F�O�H �G�X�U�D�W�L�R�Q
�)�.�3�O�G�D�W�D�V�H�W �L�V �H�[�F�O�X�G�H�G �I�U�R�P �H�Y�D�O�X�D�W�L�R�Q �R�I �W�K�H �L�Q�I�H�U�H�Q�F�H �H�[�W�H�Q��
�V�L�R�Q�V�� �,�Q�I�H�U�H�Q�F�H �H�[�W�H�Q�V�L�R�Q�V �D�U�H �R�Q�O�\ �H�Y�D�O�X�D�W�H�G �R�Q�$�.�3�D�Q�G�)�.�3�V
�G�D�W�D�V�H�W�V ���3�H�U�I�R�U�P�D�Q�F�H �R�Q �%�D�O�O�U�R�R�P �G�D�W�D�V�H�W �D�O�V�R �V�K�R�Z�Q �I�R�U �U�H�I�H�U��
�H�Q�F�H�� �D�Q�G �F�R�P�S�D�U�H�G �Z�L�W�K�$�0�3�)���� �7�K�H �U�H�V�X�O�W�V �D�U�H �V�K�R�Z�Q �L�Q �7�D��
�E�O�H�������� �7�K�H �W�D�E�O�H �V�K�R�Z�V �U�H�V�X�O�W�V �R�Q�O�\ �I�R�UR = 1�� �Z�K�L�F�K �P�H�D�Q�V �W�K�D�W
�$�0�3�)�H�L�V �H�T�X�L�Y�D�O�H�Q�W �W�R�$�0�3�)���� �)�U�R�P �W�K�H �W�D�E�O�H�� �Z�H �V�H�H �W�K�D�W�$�0�3�)�H
�K�D�V �H�T�X�L�Y�D�O�H�Q�W �S�H�U�I�R�U�P�D�Q�F�H �W�R�$�0�3�)���� �,�W �L�V �L�P�S�R�U�W�D�Q�W �W�R �Q�R�W�H �W�K�D�W
�$�0�3�)�H�G�R�H�V �Q�R�W �V�K�R�Z �D�Q�\ �V�L�J�Q�L�I�L�F�D�Q�W �L�P�S�U�R�Y�H�P�H�Q�W �I�U�R�PR = 1 �W�R
R = 2��
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�W�U�D�O �I�O�X�[ �V�H�T�X�H�Q�F�H �L�V �X�V�H�G �W�R �V�H�O�H�F�W �S�H�D�N�V�� �)�X�U�W�K�H�U �L�I �W�Z�R �S�H�D�N�V �D�U�H
�Z�L�W�K�L�Q �W�K�U�H�H �I�U�D�P�H�V �R�I �H�D�F�K �R�W�K�H�U�� �W�K�H�Q �R�Q�O�\ �W�K�H �K�L�J�K�H�V�W �Y�D�O�X�H�G �S�H�D�N
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�7�K�R�X�J�K �S�H�D�N �K�R�S �L�Q�I�H�U�H�Q�F�H ���$�0�3�)�S�� �S�U�R�Y�L�G�H�V �D �V�L�J�Q�L�I�L�F�D�Q�W �E�R�R�V�W
�L�Q �L�Q�I�H�U�H�Q�F�H �W�L�P�H ���X�S �W�R10� �I�D�V�W�H�U���� �Z�H �V�H�H �I�U�R�P �7�D�E�O�H�������W�K�D�W �L�W�V
�S�H�U�I�R�U�P�D�Q�F�H �L�V �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �S�R�R�U�� �%�\ �W�U�D�F�N�L�Q�J �D�Q�G �G�R�L�Q�J �L�Q�I�H�U�H�Q�F�H
�R�Q�O�\ �D�W �S�H�D�N�V�� �F�R�Q�W�L�Q�X�L�W�\ �R�I �W�U�D�F�N�L�Q�J �P�H�W�H�U �L�V �O�R�V�W �D�Q�G �O�H�D�G�V �W�R �S�R�R�U
�S�H�U�I�R�U�P�D�Q�F�H�� �,�Q �P�R�V�W �F�D�V�H�V�� �W�K�H �F�R�Q�W�L�Q�X�L�W�\ �L�Q �W�U�D�F�N�L�Q�J �L�V �Q�H�F�H�V�V�D�U�\��
�D�Q�G �K�R�S �L�Q�I�H�U�H�Q�F�H �Z�L�W�K �O�D�U�J�H �K�R�S�V �O�R�V�H�V �R�Q �W�H�P�S�R �F�R�Q�W�L�Q�X�L�W�\�� �)�X�U��
�W�K�H�U�� �L�Q �P�D�Q�\ �F�D�V�H�V�� �W�K�H �E�H�D�W�V �D�Q�G �G�R�Z�Q�E�H�D�W�V �G�R �Q�R�W �D�O�Z�D�\�V �R�F�F�X�U
�D�W �W�K�H �S�H�D�N�V �R�I �W�K�H �V�S�H�F�W�U�D�O �I�O�X�[ �I�H�D�W�X�U�H �V�H�T�X�H�Q�F�H�� �'�R�L�Q�J �L�Q�I�H�U�H�Q�F�H
�R�Q�O�\ �D�W �S�H�D�N�V �P�L�V�V�H�V �R�Q �W�K�H�V�H �H�Y�H�Q�W�V�� �D�Q�G �O�H�D�G�V �W�R �D�Q �X�Q�V�W�D�E�O�H �W�H�P�S�R
�D�Q�G �E�H�D�W���G�R�Z�Q�E�H�D�W �W�U�D�F�N�L�Q�J �O�H�D�G�L�Q�J �W�R �S�R�R�U �S�H�U�I�R�U�P�D�Q�F�H��

�2�Q�V�H�W �J�D�W�H�G �Z�H�L�J�K�W �X�S�G�D�W�H ���$�0�3�)�J�� �R�Y�H�U�F�R�P�H�V �W�K�L�V �O�L�P�L�W�D�W�L�R�Q
�E�\ �S�U�R�J�U�H�V�V�L�Q�J �W�K�H �W�H�P�S�R �D�Q�G �S�R�V�L�W�L�R�Q �Y�D�U�L�D�E�O�H�V �R�I �W�K�H �E�D�U �S�R�L�Q�W�H�U
�P�R�G�H�O �H�Y�H�U�\ �I�U�D�P�H �D�Q�G �K�H�Q�F�H �P�D�L�Q�W�D�L�Q�V �F�R�Q�W�L�Q�X�L�W�\�� �7�K�R�X�J�K �L�W �D�O�V�R
�V�S�H�H�G�V �X�S �L�Q�I�H�U�H�Q�F�H ���W�R �D �O�H�V�V�H�U �H�[�W�H�Q�W �W�K�D�Q �S�H�D�N �K�R�S���� �L�W�V �S�H�U�I�R�U��
�P�D�Q�F�H �L�V �S�R�R�U�H�U �V�L�Q�F�H �L�W �I�D�L�O�V �W�R �P�R�G�H�O �W�K�H �U�K�\�W�K�P�L�F �H�Y�H�Q�W�V �W�K�D�W �K�D�S��
�S�H�Q �E�H�W�Z�H�H�Q �W�K�H �W�Z�R �S�H�D�N�V �D�V �W�K�H �R�E�V�H�U�Y�D�W�L�R�Q �S�U�R�E�D�E�L�O�L�W�\ �L�V �X�S�G�D�W�H�G
�R�Q�O�\ �D�W �S�H�D�N�V �L�Q �R�E�V�H�U�Y�D�W�L�R�Q �I�H�D�W�X�U�H �V�H�T�X�H�Q�F�H��

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

�7�D�E�O�H �����������6�X�P�P�D�U�\ �R�I �P�H�W�H�U �D�Q�D�O�\�V�L�V �U�H�V�X�O�W�V �R�Q �,�Q�G�L�D�Q �P�X�V�L�F �G�D�W�D�V�H�W�V��
�7�K�H �P�H�W�H�U �D�Q�D�O�\�V�L�V �W�D�V�N�V �D�U�H �V�K�R�Z�Q �L�Q �W�K�H �I�L�U�V�W �F�R�O�X�P�Q �� �Z�L�W�K �,�Q�I���� �7�U�D�F�N��
�W���7�U���� �D�Q�G �W�V���7�U�� �U�H�I�H�U�U�L�Q�J �W�R �P�H�W�H�U �L�Q�I�H�U�H�Q�F�H�� �P�H�W�H�U �W�U�D�F�N�L�Q�J�� �W�H�P�S�R��
�L�Q�I�R�U�P�H�G �P�H�W�H�U �W�U�D�F�N�L�Q�J�� �D�Q�G �W�H�P�S�R���V�D�P�D���L�Q�I�R�U�P�H�G �P�H�W�H�U �W�U�D�F�N�L�Q�J�� �U�H��
�V�S�H�F�W�L�Y�H�O�\�� �7�K�H �V�H�F�R�Q�G �F�R�O�X�P�Q �V�K�R�Z�V �W�K�H �G�L�I�I�H�U�H�Q�W �P�R�G�H�O�V �D�Q�G �D�O�J�R��
�U�L�W�K�P�V�� �7�K�H �W�D�E�O�H �V�K�R�Z�V �W�K�H �W�H�P�S�R �H�V�W�L�P�D�W�L�R�Q �S�H�U�I�R�U�P�D�Q�F�H �D�W�&�0�/ �D�Q�G
�$�0�/�� �E�H�D�W �D�Q�G�V�D�P�D���G�R�Z�Q�E�H�D�W�� �W�U�D�F�N�L�Q�J �S�H�U�I�R�U�P�D�Q�F�H �Z�L�W�K �G�L�I�I�H�U�H�Q�W
�P�H�D�V�X�U�H�V�� �7�K�H �F�R�O�X�P�Q �,�' �R�Q �W�K�L�U�G �F�R�O�X�P�Q �F�R�U�U�H�V�S�R�Q�G�V �W�R �W�K�H �O�D�E�H�O�V �X�V�H�G
�L�Q �)�L�J�X�U�H�������� �Z�K�L�F�K �V�K�R�Z�V �W�K�H �U�H�V�X�O�W�V �R�I �V�W�D�W�L�V�W�L�F�D�O �V�L�J�Q�L�I�L�F�D�Q�F�H �W�H�V�W�V �R�Q
�W�K�H�V�H �D�O�J�R�U�L�W�K�P�V��

�8�X�9�X�8 �a�m�K�K���`�v �Q�7 �`�2�b�m�H�i�b

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

�$ �S�D�L�U�H�G �V�D�P�S�O�H �W���W�H�V�W �Z�L�W�Kp = 0:05 �L�V �X�V�H�G �W�R �D�V�V�H�V�V �V�W�D�W�L�V��
�W�L�F�D�O�O�\ �V�L�J�Q�L�I�L�F�D�Q�W �G�L�I�I�H�U�H�Q�F�H�V �E�H�W�Z�H�H�Q �W�K�H �S�H�U�I�R�U�P�D�Q�F�H�V �R�I �D�O�J�R��
�U�L�W�K�P�V�� �6�W�D�W�L�V�W�L�F�D�O �V�L�J�Q�L�I�L�F�D�Q�F�H �W�H�V�W�V �D�U�H �G�R�Q�H �I�R�U �W�K�H �P�H�W�H�U �L�Q�I�H�U��
�H�Q�F�H�� �P�H�W�H�U �W�U�D�F�N�L�Q�J ���L�Q�F�O�X�G�L�Q�J �P�R�G�H�O �H�[�W�H�Q�V�L�R�Q�V �0�2���P�R�G�H�O �D�Q�G
�6�3���P�R�G�H�O���� �D�Q�G �L�Q�I�R�U�P�H�G �P�H�W�H�U �W�U�D�F�N�L�Q�J �P�H�W�K�R�G�V �E�\ �S�R�R�O�L�Q�J �W�K�H



������ �(�[�S�H�U�L�P�H�Q�W�V �D�Q�G �U�H�V�X�O�W�V ������

���D���%�H�D�W �I���P�H�D�V�X�U�H ��fb�� ���E���6�D�P�D�I���P�H�D�V�X�U�H ��fs��

���F���%�H�D�W �$�0�/�W���$�0�/�W;b�� ���G���%�H�D�W �L�Q�I�R�U�P�D�W�L�R�Q �*�D�L�Q ��I b��

�)�L�J�X�U�H ���������5�H�V�X�O�W�V �R�I �V�W�D�W�L�V�W�L�F�D�O �V�L�J�Q�L�I�L�F�D�Q�F�H �W�H�V�W�L�Q�J �R�I �P�H�W�H�U �D�Q�D�O�\�V�L�V �U�H��
�V�X�O�W�V �R�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �G�D�W�D�V�H�W�V�� �7�K�H �I�L�J�X�U�H �V�K�R�Z�V �W�K�H �U�H�V�X�O�W�V �I�R�U �W�K�H �I�R�X�U
�G�L�I�I�H�U�H�Q�W �S�H�U�I�R�U�P�D�Q�F�H �P�H�D�V�X�U�H�V�� �%�H�D�W �I���P�H�D�V�X�U�H ��fb�����6�D�P�D�I���P�H�D�V�X�U�H
��fs���� �%�H�D�W �$�0�/�W���$�0�/�W;b�� �D�Q�G �%�H�D�W �L�Q�I�R�U�P�D�W�L�R�Q �J�D�L�Q ��I b�� �L�Q �S�D�Q�H�O�V ���D����
���E���� ���F���� �D�Q�G ���G���� �U�H�V�S�H�F�W�L�Y�H�O�\�� �)�R�U �H�D�F�K �P�H�D�V�X�U�H�� �W�K�H �I�L�J�X�U�H �V�K�R�Z�V �W�K�H �U�H��
�V�X�O�W�V �R�I �D �S�D�L�U�Z�L�V�H �V�W�D�W�L�V�W�L�F�D�O �W�H�V�W �E�H�W�Z�H�H�Q �P�H�W�K�R�G�V ���D�O�J�R�U�L�W�K�P�V�� �Q�X�P�E�H�U�H�G
�������� �D�V �D �P�D�W�U�L�[�� �$ �J�U�D�\ �E�R�[ �Z�L�W�K �Q�X�P�H�U�D�O �� �L�Q�G�L�F�D�W�H�V �D �V�W�D�W�L�V�W�L�F�D�O�O�\ �V�L�J�Q�L�I��
�L�F�D�Q�W �G�L�I�I�H�U�H�Q�F�H ���D�Wp = 0 :05�� �Z�K�L�O�H �D �Z�K�L�W�H �E�R�[ �Z�L�W�K �Q�X�P�H�U�D�O �� �L�Q�G�L�F�D�W�H�V
�D �G�L�I�I�H�U�H�Q�F�H �W�K�D�W �L�V �Q�R�W �V�W�D�W�L�V�W�L�F�D�O�O�\ �V�L�J�Q�L�I�L�F�D�Q�W�� �7�K�H �P�H�W�K�R�G�V �������� �P�D�S �W�R
�W�K�H �,�' �V�K�R�Z�Q �L�Q �F�R�O�X�P�Q���� �R�I �7�D�E�O�H����������

�U�H�V�X�O�W�V �R�Y�H�U �D�O�O �,�Q�G�L�D�Q �P�X�V�L�F �G�D�W�D�V�H�W�V ���$�.�3���)�.�3�V�� �)�.�3�O�G�D�W�D�V�H�W�V ��
������ �S�L�H�F�H�V �L�Q �W�R�W�D�O���� �6�W�D�W�L�V�W�L�F�D�O �V�L�J�Q�L�I�L�F�D�Q�F�H �W�H�V�W�V �D�U�H �G�R�Q�H �I�R�U �%�3��
�P�R�G�H�O �L�Q�I�H�U�H�Q�F�H �H�[�W�H�Q�V�L�R�Q�V ���$�0�3�)�H�� �$�0�3�)�S�� �$�0�3�)�J�� �E�\ �S�R�R�O�L�Q�J
�W�K�H �U�H�V�X�O�W�V �R�Y�H�U�$�.�3�D�Q�G�)�.�3�V�������� �S�L�H�F�H�V �L�Q �W�R�W�D�O�� �W�R �F�R�P�S�D�U�H �Z�L�W�K
�$�0�3�)����



������ �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J

�:�H �S�R�R�O �W�K�H �U�H�V�X�O�W�V �R�I �P�H�W�H�U �L�Q�I�H�U�H�Q�F�H�� �P�H�W�H�U �W�U�D�F�N�L�Q�J ���P�R�G�H�O
�H�[�W�H�Q�V�L�R�Q�V���� �W�H�P�S�R���L�Q�I�R�U�P�H�G �W�U�D�F�N�L�Q�J�� �D�Q�G �W�H�P�S�R���V�D�P�D���L�Q�I�R�U�P�H�G
�W�U�D�F�N�L�Q�J �R�Q �D�O�O �W�K�H �,�Q�G�L�D�Q �P�X�V�L�F �G�D�W�D�V�H�W�V �D�Q�G �S�U�H�V�H�Q�W �L�W �L�Q �7�D�E�O�H����������
�7�K�H �U�H�V�X�O�W�V �R�I �V�W�D�W�L�V�W�L�F�D�O �V�L�J�Q�L�I�L�F�D�Q�F�H �W�H�V�W�V �E�H�W�Z�H�H�Q �W�K�H�V�H �D�S�S�U�R�D�F�K�H�V
�L�V �S�U�H�V�H�Q�W�H�G �L�Q �)�L�J�X�U�H�������� �7�D�E�O�H���������D�Q�G �)�L�J�X�U�H�������D�U�H �W�R �E�H �D�Q�D��
�O�\�]�H�G �L�Q �F�R�Q�M�X�Q�F�W�L�R�Q�� �,�Q �E�R�W�K �W�K�H �W�D�E�O�H �D�Q�G �W�K�H �I�L�J�X�U�H�� �V�L�Q�F�HR = 1��
�Q�R�W�H �W�K�D�W�$�0�3�)�P �L�V �H�T�X�L�Y�D�O�H�Q�W �W�R�$�0�3�)����

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

�7�K�H �)�L�J�X�U�H������ �V�K�R�Z�V �W�K�D�W�$�0�3�)�� �D�Q�G�$�0�3�)�P �D�U�H �H�T�X�L�Y�D�O�H�Q�W
�D�Q�G �S�U�R�G�X�F�H�V �U�H�V�X�O�W�V �W�K�D�W �D�U�H �Q�R�W �V�W�D�W�L�V�W�L�F�D�O�O�\ �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �G�L�I�I�H�U�H�Q�W
�I�R�U �D�O�O �S�H�U�I�R�U�P�D�Q�F�H �P�H�D�V�X�U�H�V�� �7�K�H �S�D�Q�H�O ���D�� �L�Q �W�K�H �I�L�J�X�U�H �I�R�U �E�H�D�W �I��
�P�H�D�V�X�U�H ��fb�� �V�K�R�Z�V �W�K�D�W�$�0�3�)�� �D�O�J�R�U�L�W�K�P �L�Q �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J
�K�D�Y�H �V�W�D�W�L�V�W�L�F�D�O�O�\ �L�Q�V�L�J�Q�L�I�L�F�D�Q�W �G�L�I�I�H�U�H�Q�F�H�V�� �,�Q �D�G�G�L�W�L�R�Q���$�0�3�)�� �D�Q�G
�$�0�3�)�V�L�Q �W�H�P�S�R���L�Q�I�R�U�P�H�G �W�U�D�F�N�L�Q�J �K�D�Y�H �L�Q�V�L�J�Q�L�I�L�F�D�Q�W �G�L�I�I�H�U�H�Q�F�H�V
�Z�L�W�K�$�0�3�)�� �L�Q �W�H�P�S�R���V�D�P�D���L�Q�I�R�U�P�H�G �W�U�D�F�N�L�Q�J���6�D�P�D�I���P�H�D�V�X�U�H
��fs�� �V�K�R�Z�Q �L�Q �S�D�Q�H�O ���E�� �L�Q�G�L�F�D�W�H�V �V�W�D�W�L�V�W�L�F�D�O�O�\ �L�Q�V�L�J�Q�L�I�L�F�D�Q�W �G�L�I�I�H�U��
�H�Q�F�H�V �E�H�W�Z�H�H�Q�+�0�0�� �D�Q�G�$�0�3�)����

�7�K�H �6�3���P�R�G�H�O �V�K�R�Z�V �V�W�D�W�L�V�W�L�F�D�O�O�\ �V�L�J�Q�L�I�L�F�D�Q�W �L�P�S�U�R�Y�H�P�H�Q�W �R�Y�H�U
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�E�H�D�W �D�Q�G �G�R�Z�Q�E�H�D�W �D�Q�Q�R�W�D�W�H�G �W�U�D�L�Q�L�Q�J �G�D�W�D �I�U�R�P �Z�K�L�F�K �Z�H �F�D�Q �O�H�D�U�Q
�W�K�H�V�H �P�R�G�H�O�V �D�Q�G �E�X�L�O�G �V�S�H�F�L�I�L�F �D�O�J�R�U�L�W�K�P�V�� �(�[�S�O�R�U�L�Q�J �V�X�F�K �H�[�W�H�Q��
�V�L�R�Q�V �W�R �G�L�I�I�H�U�H�Q�W �P�X�V�L�F �F�X�O�W�X�U�H�V �L�V �R�Q�H �R�I �W�K�H �J�R�D�O�V �R�I �I�X�W�X�U�H �Z�R�U�N
�L�Q �W�K�H �D�U�H�D��

�7�K�H �6�3���P�R�G�H�O �V�K�R�Z�V �V�L�J�Q�L�I�L�F�D�Q�W �S�U�R�P�L�V�H �L�Q �D�X�W�R�P�D�W�L�F �P�H�W�H�U
�D�Q�D�O�\�V�L�V�� �,�W �L�V �D �I�O�H�[�L�E�O�H �P�R�G�H�O �W�K�D�W �F�D�Q �W�U�D�F�N �D�Q�\ �F�\�F�O�L�F�D�O �P�H�W��
�U�L�F�D�O �V�W�U�X�F�W�X�U�H �E�\ �W�U�D�F�N�L�Q�J �V�P�D�O�O�H�U �P�H�D�Q�L�Q�J�I�X�O �V�X�E���S�D�W�W�H�U�Q�V �R�I �W�K�H
�F�\�F�O�H�� �,�W �S�U�R�Y�L�G�H�V �D �V�L�J�Q�L�I�L�F�D�Q�W �L�P�S�U�R�Y�H�P�H�Q�W �Z�L�W�K �,�Q�G�L�D�Q �P�X�V�L�F��



������ �&�R�Q�F�O�X�V�L�R�Q�V ������

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

�7�K�H �U�H�V�X�O�W�V �Z�H�U�H �P�R�V�W�O�\ �U�H�S�R�U�W�H�G �R�Q �W�K�H�$�.�3���)�.�3�V�� �D�Q�G�)�.�3�O
�G�D�W�D�V�H�W�V �W�K�D�W �F�R�Q�V�L�V�W �R�I �W�Z�R �P�L�Q�X�W�H �O�R�Q�J �S�L�H�F�H�V�� �+�R�Z�H�Y�H�U�� �D�V �U�H��
�S�R�U�W�H�G �E�\�6�U�L�Q�L�Y�D�V�D�P�X�U�W�K�\ �H�W �D�O�������������� �D�Q�G �D�V �V�H�H�Q �I�U�R�P �D�G�G�L�W�L�R�Q�D�O
�H�[�S�H�U�L�P�H�Q�W�V�� �W�K�H�V�H �D�O�J�R�U�L�W�K�P�V �H�[�W�H�Q�G �W�R �I�X�O�O �O�H�Q�J�W�K �S�L�H�F�H�V �L�Q �&�D�U��
�Q�D�W�L�F �P�X�V�L�F�� �V�K�R�Z�L�Q�J �D�Q �H�T�X�L�Y�D�O�H�Q�W �S�H�U�I�R�U�P�D�Q�F�H�� �:�K�L�O�H �F�R�P�S�X��
�W�D�W�L�R�Q�D�O �F�R�P�S�O�H�[�L�W�\ �L�V �R�Q�H �I�D�F�W�R�U �I�R�U �P�H�W�H�U �D�Q�D�O�\�V�L�V �L�Q �I�X�O�O �O�H�Q�J�W�K
�S�L�H�F�H�V�� �W�K�H�U�H �F�D�Q �E�H �V�H�Y�H�U�D�O �Z�D�\�V �L�Q �Z�K�L�F�K �L�W �F�D�Q �E�H �U�H�G�X�F�H�G �D�Q�G
�W�K�H �D�S�S�U�R�D�F�K�H�V �G�H�V�F�U�L�E�H�G �L�Q �W�K�H �F�K�D�S�W�H�U �F�D�Q �E�H �D�S�S�O�L�H�G�� �$ �I�X�W�X�U�H
�H�Y�D�O�X�D�W�L�R�Q �R�Q �D �O�D�U�J�H�U �G�D�W�D�V�H�W �Z�L�W�K �I�X�O�O �O�H�Q�J�W�K �S�L�H�F�H�V�� �V�X�F�K �D�V �W�K�H
�U�K�\�W�K�P �D�Q�Q�R�W�D�W�H�G �S�L�H�F�H�V �L�Q�)�.�%�R�D�Q�G�$�.�%�R�F�R�O�O�H�F�W�L�R�Q�V �Z�L�O�O �I�X�U�W�K�H�U
�E�R�R�V�W �V�X�F�K �D �F�O�D�L�P��

�2�Q�H �P�D�L�Q �O�L�P�L�W�D�W�L�R�Q �R�I �W�K�H �D�O�J�R�U�L�W�K�P�V �S�U�H�V�H�Q�W�H�G �L�Q �W�K�H �F�K�D�S�W�H�U
�Z�D�V �W�K�H �D�V�V�X�P�S�W�L�R�Q �R�I �D �V�L�Q�J�O�H�W�—	¶�D�I�R�U �W�K�H �Z�K�R�O�H �D�X�G�L�R �U�H�F�R�U�G��
�L�Q�J �S�U�H�V�H�Q�W�H�G �W�R �W�K�H �D�O�J�R�U�L�W�K�P�� �:�K�L�O�H �W�K�L�V �L�V �D �I�D�L�U �D�Q�G �U�H�D�O�L�V�W�L�F
�D�V�V�X�P�S�W�L�R�Q �I�R�U �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �Z�K�L�F�K �L�V �G�L�V�W�U�L�E�X�W�H�G �D�V �V�H�J�P�H�Q�W�H�G
�U�H�F�R�U�G�L�Q�J�V �F�R�Q�W�D�L�Q�L�Q�J �D �V�L�Q�J�O�H �S�L�H�F�H�� �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �U�H�F�R�U�G�L�Q�J�V
�F�D�Q �K�D�Y�H �W�Z�R �R�U �P�R�U�H �S�L�H�F�H�V �L�Q �G�L�I�I�H�U�H�Q�W�W�—�O�D�Q�G�O�D�\�� �$ �U�K�\�W�K�P
�E�D�V�H�G �V�H�J�P�H�Q�W�D�W�L�R�Q �P�L�J�K�W �E�H �Q�H�F�H�V�V�D�U�\ �W�K�H�U�H �E�H�I�R�U�H �D�S�S�O�\�L�Q�J �W�K�H
�P�H�W�H�U �D�Q�D�O�\�V�L�V �D�O�J�R�U�L�W�K�P�V�� �6�X�F�K �V�H�J�P�H�Q�W�D�W�L�R�Q �F�R�X�O�G �E�H �S�H�U�I�R�U�P�H�G
�X�V�L�Q�J�� �H���J�� �%�D�\�H�V�L�D�Q �F�K�D�Q�J�H �S�R�L�Q�W �G�H�W�H�F�W�L�R�Q ���%�D�U�E�H�U�� �&�H�P�J�L�O�� �	
�&�K�L�D�S�S�D�������������� �D �S�U�R�E�O�H�P �W�K�D�W �Q�H�H�G�V �I�X�U�W�K�H�U �H�[�S�O�R�U�D�W�L�R�Q��

�7�K�H �D�S�S�U�R�D�F�K�H�V �L�Q �W�K�H �F�K�D�S�W�H�U �X�W�L�O�L�]�H�G �E�D�U���V�H�F�W�L�R�Q �O�H�Q�J�W�K �U�K�\�W�K�P
�S�D�W�W�H�U�Q�V �I�R�U �P�H�W�H�U �W�U�D�F�N�L�Q�J�� �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �L�V �U�H�S�O�H�W�H �Z�L�W�K �V�H�Y�H�U�D�O
�U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �D�Q�G �K�H�Q�F�H �V�K�R�X�O�G �E�H�Q�H�I�L�W �D�O�J�R�U�L�W�K�P�V �W�K�D�W �X�V�H �P�X�O��
�W�L�S�O�H �S�D�W�W�H�U�Q�V �W�R �P�R�G�H�O �D �F�\�F�O�H�� �+�R�Z�H�Y�H�U�� �W�K�H �H�[�S�H�U�L�P�H�Q�W�V �G�L�G �Q�R�W
�V�K�R�Z �V�X�F�K �D�Q �L�P�S�U�R�Y�H�P�H�Q�W�� �7�K�H�U�H �Z�D�V �Q�R �V�W�D�W�L�V�W�L�F�D�O�O�\ �V�L�J�Q�L�I�L�F�D�Q�W
�L�P�S�U�R�Y�H�P�H�Q�W �R�E�V�H�U�Y�H�G �Z�L�W�K �D�G�G�L�W�L�R�Q�D�O �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V ��R > 1����
�7�K�L�V �F�D�Q �E�H �S�U�L�P�D�U�L�O�\ �D�W�W�U�L�E�X�W�H�G �W�K�H �V�L�P�S�O�L�V�W�L�F�*�0�0 �E�D�V�H�G �R�E�V�H�U��
�Y�D�W�L�R�Q �P�R�G�H�O �D�Q�G �W�K�H �V�S�H�F�W�U�D�O �I�O�X�[ �E�D�V�H�G �I�H�D�W�X�U�H �W�K�D�W �I�D�L�O �W�R �F�D�S�W�X�U�H
�Q�X�D�Q�F�H�V �I�U�R�P �P�X�O�W�L�S�O�H �S�D�W�W�H�U�Q�V �D�Q�G �P�R�G�H�O �W�K�H�P �H�I�I�H�F�W�L�Y�H�O�\�� �%�H�W�W�H�U
�I�H�D�W�X�U�H�V �W�K�D�W �F�D�Q �F�D�S�W�X�U�H �Q�X�D�Q�F�H�V �D�Q�G �D �E�H�W�W�H�U �R�E�V�H�U�Y�D�W�L�R�Q �P�R�G�H�O
�Q�H�H�G �W�R �H�[�S�O�R�U�H�G �W�R �X�W�L�O�L�]�H �W�K�H �Y�D�U�L�D�E�L�O�L�W�\ �L�Q �S�D�W�W�H�U�Q�V �Z�H �H�Q�F�R�X�Q�W�H�U
�L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �D�Q�G �X�V�H �W�K�H�P �I�R�U �P�H�W�H�U �D�Q�D�O�\�V�L�V��

�9�L�O�D	À�E�L�W���V�O�R�Z �W�H�P�S�R�� �S�L�H�F�H�V �L�Q �+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �S�R�V�H �D �V�L�J��



������ �0�H�W�H�U �L�Q�I�H�U�H�Q�F�H �D�Q�G �W�U�D�F�N�L�Q�J

�Q�L�I�L�F�D�Q�W �F�K�D�O�O�H�Q�J�H �I�R�U �P�H�W�H�U �W�U�D�F�N�L�Q�J�� �7�K�H�\ �D�U�H �I�X�U�W�K�H�U �D �F�K�D�O�O�H�Q�J�H
�I�R�U �H�Y�D�O�X�D�W�L�Q�J �D �P�H�W�H�U �W�U�D�F�N�H�U �R�X�W�S�X�W�� �'�X�U�L�Q�J �W�K�H �U�H�Q�G�H�U�L�Q�J �R�I �P�H�W��
�U�L�F�D�O �F�\�F�O�H�V �D�V �O�R�Q�J �D�V �D �P�L�Q�X�W�H�� �W�K�H�P�—�W�U�—�V�Z�L�W�K�L�Q �W�K�H �F�\�F�O�H �D�U�H
�T�X�L�W�H �I�O�H�[�L�E�O�\ �U�H�Q�G�H�U�H�G �Z�L�W�K �H�[�S�U�H�V�V�L�Y�H �W�L�P�L�Q�J�� �,�Q �D�G�G�L�W�L�R�Q�� �J�L�Y�H�Q
�W�K�H �O�D�U�J�H �L�Q�W�H�U���P�—�W�U�—�L�Q�W�H�U�Y�D�O�� �O�D�U�J�H�U �H�U�U�R�U�V �L�Q �W�U�D�F�N�L�Q�J �D�U�H �D�F�F�H�S�W��
�D�E�O�H �I�R�U �O�L�V�W�H�Q�H�U�V�� �+�R�Z�H�Y�H�U�� �W�K�H�P�—�W�U�—�D�W �W�K�H �E�H�J�L�Q�Q�L�Q�J �D�Q�G �H�Q�G �R�I
�W�K�H �F�\�F�O�H �D�U�H �P�R�U�H �L�P�S�R�U�W�D�Q�W �W�R �N�H�H�S �W�K�H �W�L�P�H �D�Q�G �K�H�Q�F�H �K�D�Y�H �W�R �E�H
�P�R�U�H �D�F�F�X�U�D�W�H�� �$�Q �H�Y�D�O�X�D�W�L�R�Q �P�H�D�V�X�U�H �W�K�D�W �W�U�H�D�W�V �D�O�O �W�K�H �E�H�D�W�V �R�I
�D�Q �R�X�W�S�X�W �D�V �W�K�H �V�D�P�H �L�V �Q�R�W �W�K�H �E�H�V�W �H�Y�D�O�X�D�W�L�R�Q �P�H�D�V�X�U�H �I�R�U �V�X�F�K
�D �F�D�V�H�� �7�K�H �V�W�D�Q�G�D�U�G �H�Y�D�O�X�D�W�L�R�Q �P�H�D�V�X�U�H�V �F�R�Q�V�L�G�H�U�H�G �L�Q �W�K�H �W�K�H�V�L�V��
�L�Q�F�O�X�G�L�Q�J �W�K�H �F�R�Q�W�L�Q�X�L�W�\ �P�H�D�V�X�U�H�V �&�0�/�W�D�Q�G �$�0�/�W�� �F�D�Q�Q�R�W �K�D�Q�G�O�H
�V�X�F�K �F�D�V�H�V �Z�K�H�U�H �W�K�H�U�H �Q�H�H�G�V �W�R �G�L�I�I�H�U�H�Q�W �Z�H�L�J�K�W�V �R�Q �H�U�U�R�U�V �G�H�S�H�Q�G��
�L�Q�J �R�Q �P�H�W�U�L�F�D�O �S�R�V�L�W�L�R�Q �D�Q�G �W�H�P�S�R�� �,�Q �W�K�H �H�Y�D�O�X�D�W�L�R�Q �R�I�)�.�3�O�S�L�H�F�H�V
�L�Q �W�K�L�V �F�K�D�S�W�H�U�� �Z�H �X�V�H�G ���������� �R�I �W�K�H �P�H�G�L�D�Q �L�Q�W�H�U���P�—�W�U�—�L�Q�W�H�U�Y�D�O
�D�V �W�K�H �H�U�U�R�U �Z�L�Q�G�R�Z �I�R�U �D�O�O�P�—�W�U�—�R�I �W�K�H �S�L�H�F�H�� �7�K�R�X�J�K �L�W �D�O�O�R�Z�V
�I�R�U �P�R�U�H �I�O�H�[�L�E�L�O�L�W�\ �L�Q �H�Y�D�O�X�D�W�L�R�Q �R�I �O�R�Q�J �G�X�U�D�W�L�R�Q �P�H�W�U�L�F�D�O �F�\�F�O�H�V��
�E�H�W�W�H�U �P�H�D�V�X�U�H�V �W�K�D�W �F�D�Q �F�R�Q�V�L�G�H�U �W�K�H �P�H�W�U�L�F�D�O �S�R�V�L�W�L�R�Q �P�L�J�K�W �E�H
�P�R�U�H �P�H�D�Q�L�Q�J�I�X�O�� �6�X�F�K �P�H�D�V�X�U�H�V �D�U�H �W�R �E�H �I�X�U�W�K�H�U �G�H�Y�H�O�R�S�H�G �D�Q�G
�W�H�V�W�H�G �W�R �U�H�I�O�H�F�W �D �P�R�U�H �D�F�F�X�U�D�W�H �P�H�D�V�X�U�H �R�I �S�H�U�I�R�U�P�D�Q�F�H �R�I �W�K�H �P�H��
�W�H�U �W�U�D�F�N�L�Q�J �D�O�J�R�U�L�W�K�P�V �I�U�R�P �D �O�L�V�W�H�Q�H�U�¶�V �S�H�U�V�S�H�F�W�L�Y�H��

�$ �F�R�P�S�D�U�L�V�R�Q �D�F�U�R�V�V �G�L�I�I�H�U�H�Q�W�W�—	¶�D�V�V�K�R�Z�H�G �W�K�D�W �O�R�Q�J�H�U�W�—	¶�D�V
�W�K�D�W �K�D�Y�H �D �K�L�J�K�H�U �G�L�Y�H�U�V�L�W�\ �R�I �S�D�W�W�H�U�Q�V �S�O�D�\�H�G �L�Q �W�K�H�P �D�U�H �P�R�U�H
�G�L�I�I�L�F�X�O�W �W�R �W�U�D�F�N�� �H���J���—�G�L�W�—	¶�D�L�Q �&�D�U�Q�D�W�L�F �P�X�V�L�F���9�L�O�D	À�E�L�W�•�N�W�—�O�L�Q
�+�L�Q�G�X�V�W�D�Q�L �P�X�V�L�F �L�V �D�O�V�R �G�L�I�I�L�F�X�O�W �W�R �W�U�D�F�N �R�Z�L�Q�J �W�R �L�W�V �O�R�Q�J �G�X�U�D�W�L�R�Q
�F�\�F�O�H�V �D�Q�G �H�T�X�D�O �O�H�Q�J�W�K�Y�L�E�K�—�J�V�� �7�K�H �V�H�F�W�L�R�Q �O�H�Q�J�W�K �U�K�\�W�K�P�L�F �S�D�W��
�W�H�U�Q�V �L�Q�•�N�W�—�O�D�U�H �H�T�X�D�O �L�Q �O�H�Q�J�W�K �D�Q�G �V�L�P�L�O�D�U�� �Z�K�L�F�K �L�V �F�R�Q�I�X�V�L�Q�J �W�R �D
�W�U�D�F�N�H�U �W�K�D�W �X�V�H�V �R�Q�O�\ �V�S�H�F�W�U�D�O �H�Q�H�U�J�\ �E�D�V�H�G �I�H�D�W�X�U�H�V�� �,�Q �V�X�P�P�D�U�\��
�O�R�Q�J�H�U�W�—	¶�D�V�W�K�D�W �K�D�Y�H �Z�L�G�H�U �V�F�R�S�H �I�R�U �L�P�S�U�R�Y�L�V�D�W�L�R�Q �D�U�H �G�L�I�I�L�F�X�O�W �W�R
�W�U�D�F�N�� �Z�L�W�K �O�R�Q�J�H�U �G�X�U�D�W�L�R�Q �F�\�F�O�H�V �D�G�G�L�Q�J �I�X�U�W�K�H�U �W�R �W�U�D�F�N�L�Q�J �F�R�P��
�S�O�H�[�L�W�\��

�$�S�D�U�W �I�U�R�P �W�K�H �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V �S�O�D�\�H�G �R�Q �P�U�L�G�D�Q�J�D�P �D�Q�G
�W�D�E�O�D�W�K�D�W �D�U�H �L�Q�G�L�F�D�W�L�Y�H �R�I �W�K�H �S�R�V�L�W�L�R�Q �L�Q �P�H�W�U�L�F�D�O �F�\�F�O�H�� �L�Q �P�D�Q�\
�F�D�V�H�V�� �P�H�O�R�G�L�F �S�D�W�W�H�U�Q�V �D�O�V�R �L�Q�G�L�F�D�W�H �W�K�H �S�R�V�L�W�L�R�Q �L�Q �F�\�F�O�H�� �7�K�L�V �L�V
�I�X�U�W�K�H�U �W�U�X�H �L�Q �F�R�P�S�R�V�L�W�L�R�Q�D�O �I�R�U�P�V �R�I �E�R�W�K �+�L�Q�G�X�V�W�D�Q�L �D�Q�G �&�D�U�Q�D�W�L�F
�P�X�V�L�F�� �Z�K�L�F�K �D�U�H �F�R�P�S�R�V�H�G �L�Q �D �V�S�H�F�L�I�L�F�W�—	¶�D�� �0�H�O�R�G�\ �D�O�V�R �F�D�Q �E�H
�X�V�H�G �W�R �W�U�D�F�N �W�K�H �S�U�R�J�U�H�V�V�L�R�Q �W�K�U�R�X�J�K �D�W�—	¶�D�Z�L�W�K �V�H�Y�H�U�D�O �P�H�O�R�G�L�F
�D�Q�G �O�\�U�L�F�D�O �P�D�U�N�H�U�V �L�Q�G�L�F�D�W�L�Q�J �W�K�H�V�D�P�D�� �,�Q�F�R�U�S�R�U�D�W�L�Q�J �P�H�O�R�G�\ �D�Q�G
�O�\�U�L�F�V �E�D�V�H�G �I�H�D�W�X�U�H�V �L�Q�W�R �W�K�H �R�E�V�H�U�Y�D�W�L�R�Q �P�R�G�H�O �L�V �K�H�Q�F�H �K�\�S�R�W�K�H��
�V�L�]�H�G �W�R �D�G�G�L�W�L�R�Q�D�O�O�\ �K�H�O�S �W�R �L�P�S�U�R�Y�H �P�H�W�H�U �D�Q�D�O�\�V�L�V �S�H�U�I�R�U�P�D�Q�F�H��
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�7�K�H �S�U�H�V�H�Q�W�H�G �%�D�\�H�V�L�D�Q �P�R�G�H�O�V �F�D�Q �E�H �I�X�U�W�K�H�U �L�P�S�U�R�Y�H�G �W�R �L�Q��
�F�R�U�S�R�U�D�W�H �R�W�K�H�U �V�W�U�X�F�W�X�U�H�V �D�Q�G �S�U�L�R�U�V �W�K�D�W �F�D�Q �E�H �X�W�L�O�L�]�H�G �I�R�U �L�P��
�S�U�R�Y�L�Q�J �P�H�W�H�U �W�U�D�F�N�L�Q�J �� �V�X�F�K �D�V �W�L�J�K�W�H�U �E�R�X�Q�G�V �R�Q �W�H�P�S�R�� �W�L�J�K�W�H�U
�U�H�V�W�U�L�F�W�L�R�Q �R�Q �F�R�Q�W�L�Q�X�L�W�\�� �D�Q�G �D�O�O�R�Z�D�Q�F�H �I�R�U �H�U�U�R�U�V �V�X�F�K �D �V�N�L�S�S�L�Q�J
�D �E�H�D�W�� �7�K�L�V �L�V �L�Q �D�G�G�L�W�L�R�Q �W�R �W�K�H �L�G�H�D�V �H�[�S�O�R�U�H�G �D�O�U�H�D�G�\�� �V�X�F�K �D�V
�K�R�S �L�Q�I�H�U�H�Q�F�H �W�K�D�W �D�L�P�V �W�R �W�U�D�F�N �P�H�W�H�U �R�Q�O�\ �D�W �V�S�H�F�L�I�L�F �H�Y�H�Q�W �F�X�H�V��
�6�X�F�K �P�R�G�H�O�V �Q�H�H�G �W�R �E�H �I�X�U�W�K�H�U �H�[�S�O�R�U�H�G�� �Z�L�W�K �V�X�L�W�D�E�O�H �D�Q�G �H�I�I�L�F�L�H�Q�W
�L�Q�I�H�U�H�Q�F�H �D�O�J�R�U�L�W�K�P�V�� �7�K�H �F�R�P�S�X�W�D�W�L�R�Q�D�O�O�\ �H�I�I�L�F�L�H�Q�W �P�L�[�W�X�U�H �R�E�V�H�U��
�Y�D�W�L�R�Q �P�R�G�H�O �D�Q�G �W�K�H �L�Q�I�H�U�H�Q�F�H �H�[�W�H�Q�V�L�R�Q�V �S�U�H�V�H�Q�W�H�G �L�Q �W�K�H �F�K�D�S�W�H�U
�V�K�R�Z �V�R�P�H �S�U�R�P�L�V�H�� �E�X�W �Q�H�H�G �I�X�U�W�K�H�U �L�P�S�U�R�Y�H�P�H�Q�W�� �7�K�H�\ �F�D�Q �E�H
�E�H�W�W�H�U �X�W�L�O�L�]�H�G �Z�L�W�K �P�R�U�H �U�K�\�W�K�P�L�F �S�D�W�W�H�U�Q�V �P�R�G�H�O�L�Q�J �D�W�—	¶�D�� �Z�K�L�F�K
�Q�H�H�G�V �P�R�U�H �G�L�Y�H�U�V�H �I�H�D�W�X�U�H�V�� �7�K�H �X�V�H �R�I �E�H�W�W�H�U �I�H�D�W�X�U�H�V �D�Q�G �I�D�V�W�H�U
�L�Q�I�H�U�H�Q�F�H �Z�L�W�K �E�H�W�W�H�U �P�R�G�H�O�V �F�D�Q �E�H �D �I�R�F�X�V �L�Q �I�X�W�X�U�H �U�H�V�H�D�U�F�K �R�Q
�W�K�H �W�R�S�L�F�� �5�H�F�H�Q�W �D�S�S�U�R�D�F�K�H�V �W�K�D�W �X�V�H �G�H�H�S �O�H�D�U�Q�L�Q�J �W�R �E�X�L�O�G �R�E�V�H�U��
�Y�D�W�L�R�Q �P�R�G�H�O�V �K�D�Y�H �D�O�V�R �V�H�H�Q �V�R�P�H �V�X�F�F�H�V�V ���%�|�F�N �	 �6�F�K�H�G�O��������������
�P�R�W�L�Y�D�W�L�Q�J �X�V �W�R �H�[�S�O�R�U�H �W�K�H�P �I�X�U�W�K�H�U��

�7�K�H �P�H�W�H�U �D�Q�D�O�\�V�L�V �D�O�J�R�U�L�W�K�P�V �G�L�V�F�X�V�V�H�G �L�Q �W�K�H �F�K�D�S�W�H�U �Z�H�U�H
�G�H�Y�H�O�R�S�H�G �Z�L�W�K�L�Q �W�K�H �F�R�Q�W�H�[�W �R�I �&�R�P�S�0�X�V�L�F �S�U�R�M�H�F�W �D�Q�G �K�H�Q�F�H �D�U�H
�D�O�L�J�Q�H�G �Z�L�W�K �L�W�V �J�R�D�O�V �W�R �O�H�D�G �W�R�Z�D�U�G�V �G�H�I�L�Q�L�Q�J �U�H�O�H�Y�D�Q�W �U�K�\�W�K�P �V�L�P��
�L�O�D�U�L�W�\ �P�H�D�V�X�U�H�V�� �0�H�W�H�U �D�Q�D�O�\�V�L�V �L�V �W�K�H �I�L�U�V�W �V�W�H�S �W�R�Z�D�U�G�V �W�K�D�W �J�R�D�O��
�$�X�W�R�P�D�W�L�F �P�H�W�H�U �D�Q�D�O�\�V�L�V �S�U�R�Y�L�G�H�V �Y�D�O�X�D�E�O�H �F�R�Q�W�H�Q�W �E�D�V�H�G �P�H�W�D��
�G�D�W�D �I�R�U �D �S�L�H�F�H �R�I �P�X�V�L�F �Z�L�W�K �V�H�Y�H�U�D�O �X�V�H�I�X�O �D�S�S�O�L�F�D�W�L�R�Q�V�� �D �I�H�Z �R�I
�W�K�H�P �D�U�H �G�H�W�D�L�O�H�G �L�Q �&�K�D�S�W�H�U����
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�7�K�H �P�H�W�D�S�K�R�U�L�F�D�O �X�V�D�J�H �R�I �µ�O�D�Q�J�X�D�J�H�¶ �I�R�U �D �P�X�V�L�F�D�O
�V�\�V�W�H�P �L�V �S�D�U�D�O�O�H�O�H�G �E�\ �D �O�L�W�H�U�D�O �X�V�D�J�H �W�K�D�W �U�H�I�H�U�V �W�R
�W�K�H �Z�D�\�V �L�Q �Z�K�L�F�K �P�D�Q�\ �G�U�X�P �P�X�V�L�F�V �P�D�\ �E�H �U�H�S��
�U�H�V�H�Q�W�H�G �Z�L�W�K �V�S�R�N�H�Q �V�\�O�O�D�E�O�H�V��

�.�L�S�S�H�Q �D�Q�G �%�H�O������������

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

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

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

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

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

���� �7�R �S�U�H�V�H�Q�W �H�[�S�H�U�L�P�H�Q�W�V �R�Q �M�L�Q�J�M�X �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V�� �D�V �D �V�L�P��
�S�O�H�U �H�[�D�P�S�O�H �W�H�V�W �F�D�V�H �R�I �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G
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�R�Q�H �R�I �W�K�H �S�R�V�V�L�E�O�H �S�D�W�W�H�U�Q �F�O�D�V�V�H�V�� �6�\�O�O�D�E�L�F �W�U�D�Q�V�F�U�L�S�W�L�R�Q �L�V �R�Q�O�\
�F�R�Q�V�L�G�H�U�H�G �D�V �D�Q �L�Q�W�H�U�P�H�G�L�D�W�H �V�W�H�S �W�R�Z�D�U�G�V �S�D�W�W�H�U�Q �F�O�D�V�V�L�I�L�F�D�W�L�R�Q��
�7�K�H �Q�D�P�H�G �S�D�W�W�H�U�Q�V �F�D�Q �E�H �X�V�H�G �W�R �E�X�L�O�G �D �O�L�E�U�D�U�\ �R�I �S�D�W�W�H�U�Q�V�� �7�K�H
�S�D�W�W�H�U�Q�V �F�D�Q �E�H �U�H�I�H�U�U�H�G �W�R �D�V �³�S�D�W�W�H�U�Q �F�O�D�V�V�H�V�´ �I�R�U �W�K�H �S�X�U�S�R�V�H �R�I
�F�O�D�V�V�L�I�L�F�D�W�L�R�Q�� �D�Q�G �F�O�D�V�V�L�I�\�L�Q�J �D�Q �L�Q�V�W�D�Q�F�H �R�I �D �S�D�W�W�H�U�Q �R�F�F�X�U�U�L�Q�J �L�Q
�W�K�H �D�X�G�L�R �U�H�F�R�U�G�L�Q�J �R�I �D�Q �D�U�L�D �L�Q�W�R �R�Q�H �R�I �W�K�H�V�H �S�D�W�W�H�U�Q �F�O�D�V�V�H�V �L�V
�W�K�X�V �D �S�U�L�P�D�U�\ �W�D�V�N��

�e�X�k�X�R �S�2�`�+�m�b�b�B�Q�M �T���i�i�2�`�M �+�H���b�b�B�}�+���i�B�Q�M

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

�:�H �Q�R�Z �S�U�H�V�H�Q�W �D �I�R�U�P�X�O�D�W�L�R�Q �I�R�U �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G �U�H�F�R�J�Q�L��
�W�L�R�Q �R�I �V�\�O�O�D�E�O�H �E�D�V�H�G �D�X�G�L�R �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V�� �D�Q�G �H�Y�D�O�X�D�W�H �L�W
�R�Q �W�K�H�-�L�Q�J�M�X �3�H�U�F�X�V�V�L�R�Q �3�D�W�W�H�U�Q �G�D�W�D�V�H�W���+�1�1�� ���V�H�H �6�H�F�W�L�R�Q��������������



������ �7�K�H �F�D�V�H �R�I �%�H�L�M�L�Q�J �R�S�H�U�D ������

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

�6�L�P�L�O�D�U �W�R �W�K�H �Z�R�U�N �E�\�1�D�N�D�Q�R �H�W �D�O���������������� �Z�H �H�[�S�O�R�U�H �D �V�S�H�H�F�K
�U�H�F�R�J�Q�L�W�L�R�Q �E�D�V�H�G �I�U�D�P�H�Z�R�U�N �L�Q �W�K�L�V �V�W�X�G�\�� �7�K�H�L�U �D�S�S�U�R�D�F�K �L�V �G�L�I��
�I�H�U�H�Q�W �I�U�R�P �R�X�U�V �L�Q �W�K�H �V�H�Q�V�H �W�K�D�W �W�K�H �R�Q�R�P�D�W�R�S�R�H�L�F �U�H�S�U�H�V�H�Q�W�D��
�W�L�R�Q�V �W�K�H�\ �X�V�H�G �Z�H�U�H �F�U�H�D�W�H�G �E�\ �W�K�H �D�X�W�K�R�U�V�� �Z�K�L�O�H �Z�H �D�U�H �U�H�O�\��
�L�Q�J �R�Q �D�O�U�H�D�G�\ �H�[�L�V�W�L�Q�J �R�U�D�O �W�U�D�G�L�W�L�R�Q�V�� �7�R �W�K�H �E�H�V�W �R�I �R�X�U �N�Q�R�Z�O��
�H�G�J�H���6�U�L�Q�L�Y�D�V�D�P�X�U�W�K�\�� �&�D�U�R�� �H�W �D�O�������������� �S�U�H�V�H�Q�W�H�G �W�K�H �I�L�U�V�W �Z�R�U�N
�W�K�D�W �H�[�S�O�R�U�H�G �D�X�W�R�P�D�W�L�F �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G �F�O�D�V�V�L�I�L�F�D�W�L�R�Q �R�I �V�\�O�O�D�E�O�H
�E�D�V�H�G �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V�� �D�V �D�S�S�O�L�H�G �W�R �%�H�L�M�L�Q�J �R�S�H�U�D�� �7�K�H �P�H�W�K�R�G
�D�Q�G �U�H�V�X�O�W�V �S�U�H�V�H�Q�W�H�G �L�Q �W�K�L�V �V�H�F�W�L�R�Q �D�U�H �I�U�R�P �W�K�D�W �Z�R�U�N��

�)�R�O�O�R�Z�L�Q�J �W�K�H �Q�R�W�D�W�L�R�Q �S�U�H�V�H�Q�W�H�G �L�Q �6�H�F�W�L�R�Q������������ �F�R�Q�V�L�G�H�U �D �V�H�W
�R�INa �S�D�W�W�H�U�Q �F�O�D�V�V�H�VP = f �$1; �$2; � � � �$Na g�� �H�D�F�K �R�I �Z�K�L�F�K �L�V �D �V�H��
�T�X�H�Q�F�H �R�I �V�\�O�O�D�E�O�H�V �I�U�R�P �W�K�H �V�H�W �R�I �V�\�O�O�D�E�O�H�VA = f A1; A2; � � � AN s g��
�Z�K�H�U�HNs �L�V �W�K�H �W�R�W�D�O �Q�X�P�E�H�U �R�I �V�\�O�O�D�E�O�H�V �L�Q �W�K�H �V�H�W�� �+�H�Q�F�H�� �D
�S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �L�V �U�H�S�U�H�V�H�Q�W�H�G �D�V�$i = [ a1; a2; � � � ; aL i ] �Z�K�H�U�H
aj 2 A �D�Q�GL i �L�V �W�K�H �O�H�Q�J�W�K �R�I�$i �� �*�L�Y�H�Q �D �W�H�V�W �D�X�G�L�R �V�L�J�Q�D�Of [n]
�F�R�Q�W�D�L�Q�L�Q�J �D �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�� �W�K�H �W�U�D�Q�V�F�U�L�S�W�L�R�Q �W�D�V�N �D�L�P�V �W�R �R�E��
�W�D�L�Q �D �V�\�O�O�D�E�O�H �V�H�T�X�H�Q�F�H�$� = [ a1; a2; � � � ; aL � ] �D�Q�G �W�K�H �F�O�D�V�V�L�I�L�F�D��
�W�L�R�Q �W�D�V�N �D�L�P�V �W�R �D�V�V�L�J�Q�$� �L�Q�W�R �R�Q�H �R�I �W�K�H �S�D�W�W�H�U�Q�V �L�Q �W�K�H �V�H�WP��

�7�K�H �V�\�O�O�D�E�O�H�V �D�U�H �Q�R�Q���V�W�D�W�L�R�Q�D�U�\ �V�L�J�Q�D�O�V �D�Q�G �W�R �P�R�G�H�O �W�K�H�L�U �W�L�P��
�E�U�D�O �G�\�Q�D�P�L�F�V�� �Z�H �E�X�L�O�G �D�Q�+�0�0 �I�R�U �H�D�F�K �V�\�O�O�D�E�O�H ���D�Q�D�O�R�J�R�X�V �W�R �D
�Z�R�U�G���+�0�0���� �8�V�L�Q�J �W�K�H�V�H �V�\�O�O�D�E�O�H�+�0�0�V�D�Q�G �D �O�D�Q�J�X�D�J�H �P�R�G�H�O��
�D�Q �L�Q�S�X�W �D�X�G�L�R �S�D�W�W�H�U�Q �L�V �W�U�D�Q�V�F�U�L�E�H�G �L�Q�W�R �D �V�H�T�X�H�Q�F�H �R�I �V�\�O�O�D�E�O�H�V
�X�V�L�Q�J �9�L�W�H�U�E�L �G�H�F�R�G�L�Q�J�� �D�Q�G �W�K�H�Q �F�O�D�V�V�L�I�L�H�G �W�R �D �S�D�W�W�H�U�Q �F�O�D�V�V �L�Q �W�K�H
�O�L�E�U�D�U�\ �X�V�L�Q�J �D �P�H�D�V�X�U�H �R�I �G�L�V�W�D�Q�F�H��

�$ �E�O�R�F�N �G�L�D�J�U�D�P �R�I �W�K�H �D�S�S�U�R�D�F�K �L�V �V�K�R�Z�Q �L�Q �)�L�J�X�U�H�������� �:�H
�I�L�U�V�W �E�X�L�O�G �V�\�O�O�D�E�O�H �O�H�Y�H�O�+�0�0�Vf � j g�� 1 � j � Ns(= 5) �� �I�R�U
�H�D�F�K �V�\�O�O�D�E�O�HA j �X�V�L�Q�J �I�H�D�W�X�U�H�V �H�[�W�U�D�F�W�H�G �I�U�R�P �W�K�H �W�U�D�L�Q�L�Q�J �D�X�G�L�R
�S�D�W�W�H�U�Q�V�� �:�H �X�V�H �W�K�H�0�)�&�&�I�H�D�W�X�U�H�V �W�R �P�R�G�H�O �W�K�H �W�L�P�E�U�H �R�I �W�K�H



������ �3�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G �G�L�V�F�R�Y�H�U�\

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

�V�\�O�O�D�E�O�H�V�� �7�R �F�D�S�W�X�U�H �W�K�H �W�H�P�S�R�U�D�O �G�\�Q�D�P�L�F�V �R�I �V�\�O�O�D�E�O�H�V�� �Z�H �D�G�G
�W�K�H �Y�H�O�R�F�L�W�\ �D�Q�G �W�K�H �D�F�F�H�O�H�U�D�W�L�R�Q �F�R�H�I�I�L�F�L�H�Q�W�V �R�I �W�K�H�0�)�&�&�� �7�K�H
�V�W�H�U�H�R �D�X�G�L�R �L�V �F�R�Q�Y�H�U�W�H�G �W�R �P�R�Q�R�� �V�L�Q�F�H �W�K�H�U�H �L�V �Q�R �D�G�G�L�W�L�R�Q�D�O �L�Q��
�I�R�U�P�D�W�L�R�Q �L�Q �V�W�H�U�H�R �F�K�D�Q�Q�H�O�V�� �7�K�H ���� �G�L�P�H�Q�V�L�R�Q�D�O ���L�Q�F�O�X�G�L�Q�J �W�K�H
�]�H�U�R�W�K �F�R�H�I�I�L�F�L�H�Q�W���0�)�&�&�I�H�D�W�X�U�H�V �D�U�H �F�R�P�S�X�W�H�G �I�U�R�P �D�X�G�L�R �S�D�W��
�W�H�U�Q�V �Z�L�W�K �D �I�U�D�P�H �V�L�]�H �R�I �������� �P�V �D�Q�G �D �V�K�L�I�W �R�I ������ �P�V�� �:�H �D�O�V�R
�H�[�S�O�R�U�H �W�K�H �X�V�H �R�I �H�Q�H�U�J�\ ���D�V �P�H�D�V�X�U�H�G �E�\ �W�K�H �]�H�U�R�W�K�0�)�&�&�F�R�H�I��
�I�L�F�L�H�Q�W�� �L�Q �F�O�D�V�V�L�I�L�F�D�W�L�R�Q �S�H�U�I�R�U�P�D�Q�F�H�� �+�H�Q�F�H �Z�H �K�D�Y�H �W�Z�R �V�H�W�V �R�I
�I�H�D�W�X�U�H�V���0�)�&�&�B���B�'�B�$�� �W�K�H ���� �G�L�P�H�Q�V�L�R�Q�D�O �I�H�D�W�X�U�H �L�Q�F�O�X�G�L�Q�J �W�K�H
�]�H�U�R�W�K�� �G�H�O�W�D ���Y�H�O�R�F�L�W�\�� �D�Q�G �G�R�X�E�O�H���G�H�O�W�D ���D�F�F�H�O�H�U�D�W�L�R�Q�� �F�R�H�I�I�L�F�L�H�Q�W�V��
�D�Q�G�0�)�&�&�B�'�B�$�� �W�K�H ���� �G�L�P�H�Q�V�L�R�Q�D�O �Y�H�F�W�R�U �Z�L�W�K�R�X�W �W�K�H �]�H�U�R�W�K �F�R��
�H�I�I�L�F�L�H�Q�W��

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



������ �7�K�H �F�D�V�H �R�I �%�H�L�M�L�Q�J �R�S�H�U�D ������

�L�P�S�U�R�Y�H�P�H�Q�W�� �6�L�Q�F�H �Z�H �G�R �Q�R�W �K�D�Y�H �W�L�P�H �D�O�L�J�Q�H�G �W�U�D�Q�V�F�U�L�S�W�L�R�Q�V
�L�Q �W�K�H�+�1�1�G�D�W�D�V�H�W�� �D�Q �L�V�R�O�D�W�H�G�+�0�0 �W�U�D�L�Q�L�Q�J �I�R�U �H�D�F�K �V�\�O�O�D�E�O�H �L�V
�Q�R�W �S�R�V�V�L�E�O�H�� �+�H�Q�F�H �Z�H �X�V�H �D�Q �H�P�E�H�G�G�H�G �P�R�G�H�O �%�D�X�P���:�H�O�F�K �U�H��
�H�V�W�L�P�D�W�L�R�Q ���+�X�D�Q�J �H�W �D�O���� ���������� �W�R �W�U�D�L�Q �W�K�H�+�0�0�V�X�V�L�Q�J �M�X�V�W �W�K�H
�V�\�O�O�D�E�O�H �V�H�T�X�H�Q�F�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R �H�D�F�K �I�H�D�W�X�U�H �V�H�T�X�H�Q�F�H�� �7�K�H
�+�0�0�V�D�U�H �L�Q�L�W�L�D�O�L�]�H�G �Z�L�W�K �D �I�O�D�W �V�W�D�U�W �X�V�L�Q�J �D�O�O �R�I �W�K�H �W�U�D�L�Q�L�Q�J �G�D�W�D��
�$�O�O �W�K�H �H�[�S�H�U�L�P�H�Q�W�V �Z�H�U�H �G�R�Q�H �X�V�L�Q�J �W�K�H�+�L�G�G�H�Q �0�D�U�N�R�Y �P�R�G�H�O
�7�R�R�O�N�L�W���+�7�.�� ���<�R�X�Q�J �H�W �D�O����������������

�*�L�Y�H�Q �D �W�H�V�W �D�X�G�L�R �S�D�W�W�H�U�Q�� �Z�H �X�V�H �W�K�H�V�H �V�\�O�O�D�E�O�H�+�0�0�V�W�R �R�E��
�W�D�L�Q �D �U�R�X�J�K �V�\�O�O�D�E�L�F �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G �W�K�H�Q �F�O�D�V�V�L�I�\ �W�K�H �W�H�V�W �S�D�W��
�W�H�U�Q �L�Q�W�R �R�Q�H �R�I �W�K�H �S�D�W�W�H�U�Q �F�O�D�V�V�H�V �L�Q �W�K�H �O�L�E�U�D�U�\ �E�D�V�H�G �R�Q �D �P�H�D��
�V�X�U�H �R�I �G�L�V�W�D�Q�F�H �E�H�W�Z�H�H�Q �W�K�H �W�H�V�W �S�D�W�W�H�U�Q �D�Q�G �W�K�H �S�D�W�W�H�U�Q �F�O�D�V�V�H�V��
�6�L�Q�F�H �Z�H �R�Q�O�\ �Q�H�H�G �D �U�R�X�J�K �V�\�O�O�D�E�L�F �W�U�D�Q�V�F�U�L�S�W�L�R�Q �L�Q�G�H�S�H�Q�G�H�Q�W �R�I
�W�K�H �S�D�W�W�H�U�Q �F�O�D�V�V�� �Z�H �W�U�H�D�W �W�K�H �W�H�V�W �D�X�G�L�R �S�D�W�W�H�U�Q �D�V �D �I�L�U�V�W �R�U�G�H�U �W�L�P�H��
�K�R�P�R�J�H�Q�R�X�V �G�L�V�F�U�H�W�H �0�D�U�N�R�Y �F�K�D�L�Q�� �Z�K�L�F�K �F�D�Q �F�R�Q�V�L�V�W �R�I �D�Q�\ �I�L��
�Q�L�W�H �O�H�Q�J�W�K �V�H�T�X�H�Q�F�H �R�I �V�\�O�O�D�E�O�H�V�� �Z�L�W�K �X�Q�L�I�R�U�P �X�Q�L�J�U�D�P �D�Q�G �E�L��
�J�U�D�P ���W�U�D�Q�V�L�W�L�R�Q�� �S�U�R�E�D�E�L�O�L�W�L�H�V�� �L���H��P(a1 = A i ) = 1/ Ns �D�Q�G
P(ak+1 = A j j ak = A i ) = 1/ Ns��1 � i; j � Ns�� �Z�L�W�Kk �E�H��
�L�Q�J �W�K�H �V�H�T�X�H�Q�F�H �L�Q�G�H�[�� �7�K�L�V �D�O�V�R �I�R�U�P�V �D �V�L�P�S�O�H �X�Q�L�Q�I�R�U�P�H�G �O�D�Q��
�J�X�D�J�H �P�R�G�H�O �I�R�U �I�R�U�P�L�Q�J �W�K�H �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V �X�V�L�Q�J �V�\�O�O�D�E�O�H�V��
�*�L�Y�H�Q �D �I�H�D�W�X�U�H �V�H�T�X�H�Q�F�H �H�[�W�U�D�F�W�H�G �I�U�R�P �W�H�V�W �D�X�G�L�R �S�D�W�W�H�U�Q�� �Z�H �X�V�H
�W�K�H�+�0�0�Vf � j g �W�R �G�R �D �9�L�W�H�U�E�L ���I�R�U�F�H�G�� �D�O�L�J�Q�P�H�Q�W�� �Z�K�L�F�K �D�L�P�V �W�R
�S�U�R�Y�L�G�H �W�K�H �E�H�V�W �V�H�T�X�H�Q�F�H �R�I �V�\�O�O�D�E�O�H�V�$� �� �J�L�Y�H�Q �D �V�\�O�O�D�E�O�H �Q�H�W�Z�R�U�N
�F�R�Q�V�W�U�X�F�W�H�G �I�U�R�P �W�K�H �O�D�Q�J�X�D�J�H �P�R�G�H�O��

�*�L�Y�H�Q �W�K�H �G�H�F�R�G�H�G �V�\�O�O�D�E�O�H �V�H�T�X�H�Q�F�H�$� �� �Z�H �F�R�P�S�X�W�H �W�K�H �V�W�U�L�Q�J
�H�G�L�W �G�L�V�W�D�Q�F�H ���1�D�Y�D�U�U�R������������ �E�H�W�Z�H�H�Q�$� �D�Q�G �S�D�W�W�H�U�Q�V �L�Q �W�K�H �V�H�WP��
�7�K�H �X�V�H �R�I �H�G�L�W �G�L�V�W�D�Q�F�H �L�V �P�R�W�L�Y�D�W�H�G �E�\ �W�Z�R �I�D�F�W�R�U�V�� �)�L�U�V�W�� �G�X�H �W�R
�H�U�U�R�U�V �L�Q �9�L�W�H�U�E�L �D�O�L�J�Q�P�H�Q�W���$� �F�D�Q �K�D�Y�H �L�Q�V�H�U�W�L�R�Q�V ���A���� �G�H�O�H�W�L�R�Q�V
���.���� �V�X�E�V�W�L�W�X�W�L�R�Q�V ���a���� �D�Q�G �W�U�D�Q�V�S�R�V�L�W�L�R�Q ���h�� �R�I �V�\�O�O�D�E�O�H�V �F�R�P�S�D�U�H�G
�W�R �W�K�H �J�U�R�X�Q�G �W�U�X�W�K�� �6�H�F�R�Q�G�O�\�� �W�R �K�D�Q�G�O�H �W�K�H �D�O�O�R�Z�H�G �Y�D�U�L�D�W�L�R�Q�V �L�Q
�S�D�W�W�H�U�Q�V�� �D�Q �H�G�L�W �G�L�V�W�D�Q�F�H �L�V �S�U�H�I�H�U�U�H�G �R�Y�H�U �D�Q �H�[�D�F�W �P�D�W�F�K �W�R �W�K�H
�V�H�T�X�H�Q�F�H�V �L�QP�� �:�H �H�[�S�O�R�U�H �W�K�H �X�V�H �R�I �W�Z�R �G�L�I�I�H�U�H�Q�W �V�W�U�L�Q�J �H�G�L�W
�G�L�V�W�D�Q�F�H �P�H�D�V�X�U�H�V�� �/�H�Y�H�Q�V�K�W�H�L�Q �G�L�V�W�D�Q�F�H ��d1�� �W�K�D�W �F�R�Q�V�L�G�H�U�V�A���.���a
�H�U�U�R�U�V �D�Q�G �W�K�H �'�D�P�H�U�D�X�±�/�H�Y�H�Q�V�K�W�H�L�Q �G�L�V�W�D�Q�F�H ��d2�� �W�K�D�W �F�R�Q�V�L�G�H�U�V�A��
�.���a�� �D�Q�G �D�O�V�R�h�H�U�U�R�U�V ���1�D�Y�D�U�U�R��������������

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



������ �3�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G �G�L�V�F�R�Y�H�U�\

�O�R�Z �U�H�S�H�W�L�W�L�R�Q �R�I �D �V�X�E���V�H�T�X�H�Q�F�H�� �Z�H �F�R�P�S�X�W�H �W�K�H �H�G�L�W �G�L�V�W�D�Q�F�H �I�R�U
�W�K�H �F�D�V�H�V �R�I �]�H�U�R�� �R�Q�H �D�Q�G �W�Z�R �U�H�S�H�W�L�W�L�R�Q�V �D�Q�G �W�K�H�Q �W�D�N�H �W�K�H �P�L�Q�L��
�P�X�P �G�L�V�W�D�Q�F�H �R�E�W�D�L�Q�H�G �D�P�R�Q�J �W�K�H �W�K�U�H�H �F�D�V�H�V�� �7�K�L�V �Z�D�\�� �Z�H �F�D�Q
�K�D�Q�G�O�H �U�H�S�H�D�W�H�G �S�D�U�W�V �L�Q �D �S�D�W�W�H�U�Q�� �)�L�Q�D�O�O�\�� �W�K�H�$� �L�V �D�V�V�L�J�Q�H�G �W�R �W�K�H
�S�D�W�W�H�U�Q �F�O�D�V�V�$o 2 P �I�R�U �Z�K�L�F�K �W�K�H �H�G�L�W �G�L�V�W�D�Q�F�Hd ���H�L�W�K�H�Ud1 �R�Ud2��
�L�V �P�L�Q�L�P�X�P�� �D�V �L�Q �(�T����������

�$o = �D�U�J �P�L�Q
1� j � Na

d(�$� ; �$j ) ����������

�e�X�k�X�k �_�2�b�m�H�i�b ���M�/ �/�B�b�+�m�b�b�B�Q�M

�:�H �S�U�H�V�H�Q�W �W�K�H �V�\�O�O�D�E�O�H �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G �S�D�W�W�H�U�Q �F�O�D�V�V�L�I�L�F�D�W�L�R�Q �U�H��
�V�X�O�W�V �R�Q �W�K�H�+�1�1�G�D�W�D�V�H�W �G�H�V�F�U�L�E�H�G �L�Q �6�H�F�W�L�R�Q������������ �7�K�H �U�H�V�X�O�W�V
�V�K�R�Z�Q �L�Q �7�D�E�O�H�������D�U�H �W�K�H �P�H�D�Q �Y�D�O�X�H�V �L�Q �D �O�H�D�Y�H���R�Q�H���R�X�W �F�U�R�V�V �Y�D�O��
�L�G�D�W�L�R�Q�� �:�H �U�H�S�R�U�W �W�K�H �V�\�O�O�D�E�O�H �W�U�D�Q�V�F�U�L�S�W�L�R�Q �S�H�U�I�R�U�P�D�Q�F�H �X�V�L�Q�J �W�K�H
�P�H�D�V�X�U�H�V �R�I �&�R�U�U�H�F�W�Q�H�V�V ��C�� �D�Q�G �$�F�F�X�U�D�F�\ ��A���� �,�IL �L�V �W�K�H �O�H�Q�J�W�K
�R�I �W�K�H �J�U�R�X�Q�G �W�U�X�W�K �V�H�T�X�H�Q�F�H�� �W�K�H�Q �W�K�H �W�Z�R �P�H�D�V�X�U�H�V �D�U�H �G�H�I�L�Q�H�G �D�V��

C =
L � �. � �a

L
����������

A =
L � �. � �a� �A

L
����������

�7�K�H �&�R�U�U�H�F�W�Q�H�V�V �P�H�D�V�X�U�H �S�H�Q�D�O�L�]�H�V �G�H�O�H�W�L�R�Q�V �D�Q�G �V�X�E�V�W�L�W�X�W�L�R�Q�V�� �Z�K�L�O�H
�$�F�F�X�U�D�F�\ �P�H�D�V�X�U�H �D�G�G�L�W�L�R�Q�D�O�O�\ �S�H�Q�D�O�L�]�H�V �L�Q�V�H�U�W�L�R�Q�V �W�R�R�� �7�K�H �S�D�W��
�W�H�U�Q �F�O�D�V�V�L�I�L�F�D�W�L�R�Q �S�H�U�I�R�U�P�D�Q�F�H �L�V �V�K�R�Z�Q �I�R�U �E�R�W�K �H�G�L�W �G�L�V�W�D�Q�F�H �P�H�D��
�V�X�U�H�Vd1 �D�Q�Gd2 �L�Q �7�D�E�O�H�������� �$�O�O �W�K�H �U�H�V�X�O�W�V �D�U�H �U�H�S�R�U�W�H�G �I�R�U �E�R�W�K
�W�K�H �I�H�D�W�X�U�H�V���0�)�&�&�B���B�'�B�$�D�Q�G�0�)�&�&�B�'�B�$�� �7�K�H �G�L�I�I�H�U�H�Q�F�H �L�Q
�S�H�U�I�R�U�P�D�Q�F�H �E�H�W�Z�H�H�Q �W�K�H �W�Z�R �I�H�D�W�X�U�H�V �Z�D�V �I�R�X�Q�G �W�R �E�H �V�W�D�W�L�V�W�L�F�D�O�O�\
�V�L�J�Q�L�I�L�F�D�Q�W �I�R�U �E�R�W�K �&�R�U�U�H�F�W�Q�H�V�V �D�Q�G �$�F�F�X�U�D�F�\ �P�H�D�V�X�U�H�V �L�Q �D �0�D�Q�Q��
�:�K�L�W�Q�H�\ �8 �W�H�V�W �D�Wp = 0:05�� �D�V�V�X�P�L�Q�J �D�Q �D�V�\�P�S�W�R�W�L�F �Q�R�U�P�D�O �G�L�V�W�U�L��
�E�X�W�L�R�Q ���0�D�Q�Q �	 �:�K�L�W�Q�H�\��������������

�,�Q �J�H�Q�H�U�D�O�� �Z�H �V�H�H �D �J�R�R�G �S�D�W�W�H�U�Q �F�O�D�V�V�L�I�L�F�D�W�L�R�Q �S�H�U�I�R�U�P�D�Q�F�H �G�H��
�V�S�L�W�H �D �O�R�Z �V�\�O�O�D�E�O�H �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�F�F�X�U�D�F�\�� �:�H �V�H�H �W�K�D�W �W�K�H �I�H�D�W�X�U�H
�0�)�&�&�B���B�'�B�$�O�H�D�G�V �W�R �D �E�H�W�W�H�U �S�H�U�I�R�U�P�D�Q�F�H �Z�L�W�K �V�\�O�O�D�E�O�H �W�U�D�Q��
�V�F�U�L�S�W�L�R�Q�� �Z�K�L�O�H �E�R�W�K �N�L�Q�G�V �R�I �I�H�D�W�X�U�H�V �S�U�R�Y�L�G�H �D �F�R�P�S�D�U�D�E�O�H �S�H�U��
�I�R�U�P�D�Q�F�H �I�R�U �S�D�W�W�H�U�Q �F�O�D�V�V�L�I�L�F�D�W�L�R�Q�� �7�K�R�X�J�K �V�\�O�O�D�E�O�H �W�U�D�Q�V�F�U�L�S�W�L�R�Q
�L�V �Q�R�W �W�K�H �S�U�L�P�D�U�\ �W�D�V�N �Z�H �I�R�F�X�V �R�Q�� �D�Q �D�Q�D�O�\�V�L�V �R�I �L�W�V �S�H�U�I�R�U�P�D�Q�F�H
�S�U�R�Y�L�G�H�V �V�H�Y�H�U�D�O �L�Q�V�L�J�K�W�V�� �7�K�H �V�H�W �R�I �S�H�U�F�X�V�V�L�R�Q �L�Q�V�W�U�X�P�H�Q�W�V �L�Q �%�H�L��
�M�L�Q�J �R�S�H�U�D �L�V �I�L�[�H�G�� �E�X�W �W�K�H�U�H �F�D�Q �E�H �V�O�L�J�K�W �Y�D�U�L�D�W�L�R�Q�V �D�F�U�R�V�V �G�L�I�I�H�U�H�Q�W



������ �7�K�H �F�D�V�H �R�I �%�H�L�M�L�Q�J �R�S�H�U�D ������

�)�H�D�W�X�U�H
�6�\�O�O�D�E�O�H �3�D�W�W�H�U�Q

C A d1 d2

�0�)�&�&�B�'�B�$ ���������� ���������� ���������� ����������
�0�)�&�&�B���B�'�B�$ ���������� ���������� ���������� ����������

�7�D�E�O�H ���������6�\�O�O�D�E�O�H �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G �S�D�W�W�H�U�Q �F�O�D�V�V�L�I�L�F�D�W�L�R�Q �S�H�U�I�R�U�P�D�Q�F�H
�R�Q�+�1�1�G�D�W�D�V�H�W�� �Z�L�W�K �&�R�U�U�H�F�W�Q�H�V�V ��C�� �D�Q�G �$�F�F�X�U�D�F�\ ��A�� �P�H�D�V�X�U�H�V �I�R�U �V�\�O��
�O�D�E�O�H �W�U�D�Q�V�F�U�L�S�W�L�R�Q�� �3�D�W�W�H�U�Q �F�O�D�V�V�L�I�L�F�D�W�L�R�Q �U�H�V�X�O�W�V �D�U�H �V�K�R�Z�Q �I�R�U �E�R�W�K �G�L�V��
�W�D�Q�F�H �P�H�D�V�X�U�H�Vd1 �D�Q�Gd2�� �$�O�O �Y�D�O�X�H�V �D�U�H �L�Q �S�H�U�F�H�Q�W�D�J�H��

�3�D�W�W�H�U�Q �F�O�D�V�V �7�R�W�D�O�,�' �� �� �� �� ��

�G�D�R�E�D�Q �W�R�X ������ ������
�P�D�Q �F�K�D�Q�J�F�K�X�L ������ �������� ������
�G�X�R�W�R�X ���� �� �������� �������� ��������
�[�L�D�R�O�X�R �G�X�R�W�R�X ������ �������� ��������
�V�K�D�Q�F�K�X�L�� �� �������� ��������

�7�D�E�O�H ���������7�K�H �F�R�Q�I�X�V�L�R�Q �P�D�W�U�L�[ �I�R�U �S�D�W�W�H�U�Q �F�O�D�V�V�L�I�L�F�D�W�L�R�Q �L�Q�+�1�1�G�D�W�D�V�H�W��
�X�V�L�Q�J �W�K�H �I�H�D�W�X�U�H�0�)�&�&�B���B�'�B�$�Z�L�W�Kd1 �G�L�V�W�D�Q�F�H �P�H�D�V�X�U�H�� �7�K�H �I�L�U�V�W
�D�Q�G �V�H�F�R�Q�G �F�R�O�X�P�Q �V�K�R�Z �W�K�H �S�D�W�W�H�U�Q �F�O�D�V�V �O�D�E�H�O �D�Q�G �W�K�H �W�R�W�D�O �H�[�D�P�S�O�H�V
�L�Q �H�D�F�K �F�O�D�V�V�� �D�Q�G �F�O�D�V�V �O�D�E�H�O�V �F�R�U�U�H�V�S�R�Q�G �W�R �W�K�H �,�' �L�Q �7�D�E�O�H���������� �7�K�H
�U�R�Z�V �D�Q�G �F�R�O�X�P�Q �K�H�D�G�H�U�V �U�H�S�U�H�V�H�Q�W �W�K�H �7�U�X�H �&�O�D�V�V �D�Q�G �$�V�V�L�J�Q�H�G �&�O�D�V�V��
�U�H�V�S�H�F�W�L�Y�H�O�\�� �$�O�O �R�W�K�H�U �Y�D�O�X�H�V �D�U�H �L�Q �S�H�U�F�H�Q�W�D�J�H �D�Q�G �W�K�H �H�P�S�W�\ �E�O�R�F�N�V �D�U�H
�]�H�U�R�V ���R�P�L�W�W�H�G �I�R�U �F�O�D�U�L�W�\����

�L�Q�V�W�U�X�P�H�Q�W�V �R�I �W�K�H �V�D�P�H �N�L�Q�G�� �7�K�H �W�U�D�L�Q�L�Q�J �H�[�D�P�S�O�H�V �D�U�H �Y�D�U�L�H�G �D�Q�G
�U�H�S�U�H�V�H�Q�W�D�W�L�Y�H�� �D�Q�G �P�R�G�H�O�V �E�X�L�O�W �F�D�Q �E�H �S�U�H�V�X�P�H�G �W�R �E�H �V�R�X�U�F�H �L�Q�G�H��
�S�H�Q�G�H�Q�W�� �1�H�Y�H�U�W�K�H�O�H�V�V�� �W�K�H�U�H �F�D�Q �E�H �X�Q�U�H�S�U�H�V�H�Q�W�H�G �V�\�O�O�D�E�O�H �W�L�P�E�U�H�V
�L�Q �W�H�V�W �G�D�W�D �O�H�D�G�L�Q�J �W�R �D �S�R�R�U�H�U �W�U�D�Q�V�F�U�L�S�W�L�R�Q �S�H�U�I�R�U�P�D�Q�F�H�� �$ �E�L�J�J�H�U
�W�U�D�L�Q�L�Q�J �G�D�W�D�V�H�W �F�D�Q �L�P�S�U�R�Y�H �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �L�Q �V�X�F�K �D �F�D�V�H�� �7�K�H
�H�Q�H�U�J�\ ���]�H�U�R�W�K�� �F�R���H�I�I�L�F�L�H�Q�W �S�U�R�Y�L�G�H�V �V�L�J�Q�L�I�L�F�D�Q�W �L�Q�I�R�U�P�D�W�L�R�Q �D�E�R�X�W
�W�K�H �N�L�Q�G �R�I �V�\�O�O�D�E�O�H�V �D�Q�G �K�H�Q�F�H �J�L�Y�H�V �D �E�H�W�W�H�U �V�\�O�O�D�E�O�H �W�U�D�Q�V�F�U�L�S�W�L�R�Q
�S�H�U�I�R�U�P�D�Q�F�H��

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



������ �3�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G �G�L�V�F�R�Y�H�U�\

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

�%�R�W�K �G�L�V�W�D�Q�F�H �P�H�D�V�X�U�H�V �S�U�R�Y�L�G�H �F�R�P�S�D�U�D�E�O�H �S�H�U�I�R�U�P�D�Q�F�H�� �L�Q��
�G�L�F�D�W�L�Q�J �W�K�D�W �W�K�H �Q�X�P�E�H�U �R�I �W�U�D�Q�V�S�R�V�L�W�L�R�Q �H�U�U�R�U�V �D�U�H �O�R�Z�� �7�R �V�H�H �L�I
�W�K�H�U�H �D�U�H �D�Q�\ �V�\�V�W�H�P�D�W�L�F �F�O�D�V�V�L�I�L�F�D�W�L�R�Q �H�U�U�R�U�V�� �Z�H �F�R�P�S�X�W�H �D �F�R�Q�I�X��
�V�L�R�Q �P�D�W�U�L�[ ���7�D�E�O�H�������� �Z�L�W�K �R�Q�H �R�I �W�K�H �Z�H�O�O �S�H�U�I�R�U�P�L�Q�J �F�R�Q�I�L�J�X�U�D��
�W�L�R�Q�V���0�)�&�&�B���B�'�B�$�Z�L�W�Kd1 �G�L�V�W�D�Q�F�H�� �:�H �V�H�H �W�K�D�W �G�X�R�W�R�X ���,�' � 
���� �K�D�V �D �O�R�Z �U�H�F�D�O�O�� �D�Q�G �J�H�W�V �F�R�Q�I�X�V�H�G �Z�L�W�K �V�K�D�Q�F�K�X�L ���,�' � ���� �R�I�W�H�Q��
�$ �F�O�R�V�H �H�[�D�P�L�Q�D�W�L�R�Q �R�I �W�K�H �V�F�R�U�H�V �V�K�R�Z�H�G �W�K�D�W �D �S�D�U�W �R�I �W�K�H �S�D�W�W�H�U�Q
�G�X�R�W�R�X ���)�L�J�X�U�H�������F�� �L�V �F�R�Q�W�D�L�Q�H�G �Z�L�W�K�L�Q �V�K�D�Q�F�K�X�L ���)�L�J�X�U�H�������H����
�Z�K�L�F�K �H�[�S�O�D�L�Q�V �W�K�H �V�R�X�U�F�H �R�I �F�R�Q�I�X�V�L�R�Q�� �)�U�R�P �W�K�H �V�F�R�U�H�V�� �Z�H �D�O�V�R
�V�H�H �W�K�D�W �[�L�D�R�O�X�R �G�X�R�W�R�X ���,�' � ���� �D�Q�G �G�X�R�W�R�X ���,�' � ���� �K�D�Y�H �V�L�P�L��
�O�D�U �V�W�U�X�F�W�X�U�H�� �Z�L�W�K �W�K�H�G�D�O�X�R�D�Q�G�Q�D�R�E�R�V�W�U�R�N�H�V �U�H�S�O�D�F�H�G �E�\�[�L�D�R�O�X�R��
�H�[�S�O�D�L�Q�L�Q�J �W�K�H �F�R�Q�I�X�V�L�R�Q �E�H�W�Z�H�H�Q �W�K�H�V�H �W�Z�R �S�D�W�W�H�U�Q�V�� �6�X�F�K �F�R�Q��
�I�X�V�L�R�Q�V �F�D�Q �E�H �K�D�Q�G�O�H�G �Z�L�W�K �E�H�W�W�H�U �O�D�Q�J�X�D�J�H �P�R�G�H�O�V �I�R�U �P�R�G�H�O�L�Q�J
�S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V�� �D �W�R�S�L�F �R�I �U�H�V�H�D�U�F�K �W�K�D�W �Q�H�H�G�V �I�X�U�W�K�H�U �H�[�S�O�R��
�U�D�W�L�R�Q��

�&�R�Q�F�O�X�V�L�R�Q�V �D�Q�G �V�X�P�P�D�U�\

�:�H �S�U�H�V�H�Q�W�H�G �D �I�R�U�P�X�O�D�W�L�R�Q �E�D�V�H�G �R�Q �F�R�Q�Q�H�F�W�H�G���Z�R�U�G �V�S�H�H�F�K �U�H�F�R�J��
�Q�L�W�L�R�Q �I�R�U �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G �F�O�D�V�V�L�I�L�F�D�W�L�R�Q �R�I �V�\�O�O�D�E�L�F �S�H�U�F�X�V�V�L�R�Q �S�D�W��
�W�H�U�Q�V �R�Q �%�H�L�M�L�Q�J �2�S�H�U�D�� �D�V �D �L�Q�L�W�L�D�O �V�W�X�G�\ �F�D�V�H�� �2�Q �D �U�H�S�U�H�V�H�Q�W�D�W�L�Y�H
�F�R�O�O�H�F�W�L�R�Q �R�I �%�H�L�M�L�Q�J �R�S�H�U�D �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V�� �W�K�H �S�U�H�V�H�Q�W�H�G �D�S��
�S�U�R�D�F�K �S�U�R�Y�L�G�H�V �D �J�R�R�G �F�O�D�V�V�L�I�L�F�D�W�L�R�Q �S�H�U�I�R�U�P�D�Q�F�H�� �G�H�V�S�L�W�H �D �V�L�P��
�S�O�L�V�W�L�F �O�D�Q�J�X�D�J�H �P�R�G�H�O �D�Q�G �L�Q�D�G�H�T�X�D�W�H �V�\�O�O�D�E�L�F �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�F�F�X��
�U�D�F�\�� �7�K�H �D�S�S�U�R�D�F�K �L�V �S�U�R�P�L�V�L�Q�J�� �K�R�Z�H�Y�H�U�� �W�K�H �H�Y�D�O�X�D�W�L�R�Q �X�V�L�Q�J �D
�V�P�D�O�O �G�D�W�D�V�H�W �Q�H�F�H�V�V�L�W�D�W�H�V �D �I�X�U�W�K�H�U �D�V�V�H�V�V�P�H�Q�W �R�I �W�K�H �J�H�Q�H�U�D�O�L�]�D�W�L�R�Q
�F�D�S�D�E�L�O�L�W�L�H�V�� �%�H�W�W�H�U �O�D�Q�J�X�D�J�H �P�R�G�H�O�V �F�D�Q �E�H �H�[�S�O�R�U�H�G�� �W�K�D�W �X�V�H �V�H��
�T�X�H�Q�F�H �D�Q�G �U�K�\�W�K�P�L�F �L�Q�I�R�U�P�D�W�L�R�Q �P�R�U�H �H�I�I�H�F�W�L�Y�H�O�\�� �D�Q�G �W�K�H �W�D�V�N �F�D�Q
�E�H �H�[�W�H�Q�G�H�G �W�R �D �P�X�F�K �O�D�U�J�H�U �G�D�W�D�V�H�W �V�S�D�Q�Q�L�Q�J �P�R�U�H �S�D�W�W�H�U�Q �F�O�D�V�V�H�V��
�:�H �X�V�H�G �L�V�R�O�D�W�H�G �S�D�W�W�H�U�Q�V �L�Q �W�K�L�V �V�W�X�G�\�� �D�V�V�X�P�L�Q�J �V�H�J�P�H�Q�W�H�G �D�X�G�L�R
�S�D�W�W�H�U�Q�V�� �%�X�W �D�Q �D�X�W�R�P�D�W�L�F �V�H�J�P�H�Q�W�D�W�L�R�Q �R�I �S�D�W�W�H�U�Q�V �I�U�R�P �D�X�G�L�R �L�V
�D �J�R�R�G �G�L�U�H�F�W�L�R�Q �I�R�U �I�X�W�X�U�H �Z�R�U�N��

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



������ �7�K�H �F�D�V�H �R�I �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F ������

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

�e�X�j �h�?�2 �+���b�2 �Q�7 �A�M�/�B���M ���`�i �K�m�b�B�+

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

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

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

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

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

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



������ �3�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G �G�L�V�F�R�Y�H�U�\

�W�D�E�O�D�V�R�O�R �U�H�F�R�U�G�L�Q�J�V ���W�K�H�.�5�4�G�D�W�D�V�H�W�� �D�Q�G �P�U�L�G�D�Q�J�D�P �V�R�O�R �U�H�F�R�U�G��
�L�Q�J�V ���W�K�H�6�.�4�G�D�W�D�V�H�W���� �$ �E�O�R�F�N �G�L�D�J�U�D�P �R�I �W�K�H �D�S�S�U�R�D�F�K �L�V �V�K�R�Z�Q
�L�Q �)�L�J�X�U�H�������� �6�R�P�H �R�I �W�K�H �Z�R�U�N �G�H�V�F�U�L�E�H�G �L�Q �W�K�L�V �V�H�F�W�L�R�Q �K�D�V �E�H�H�Q
�G�L�V�F�X�V�V�H�G �E�\�*�X�S�W�D �H�W �D�O�������������� �D�Q�G�*�X�S�W�D��������������

�e�X�j�X�R �S���i�i�2�`�M �H�B�#�`���`�v �;�2�M�2�`���i�B�Q�M

�3�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V �D�U�H �E�X�L�O�W �K�L�H�U�D�U�F�K�L�F�D�O�O�\ �L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F�� �Z�L�W�K
�V�P�D�O�O�H�U �V�W�D�Q�G�D�U�G �S�K�U�D�V�H�V �X�V�H�G �W�R �E�X�L�O�G �O�R�Q�J�H�U �V�H�T�X�H�Q�F�H�V �R�I �S�H�U�F�X�V��
�V�L�R�Q �S�D�W�W�H�U�Q�V�� �:�L�W�K �D �O�L�P�L�W�H�G �V�H�W �R�I �V�\�O�O�D�E�O�H�V�� �W�K�H�U�H �D�U�H �V�K�R�U�W�H�U �S�D�W��
�W�H�U�Q�V �W�K�D�W �D�U�H �S�O�D�\�H�G �Y�H�U�\ �R�I�W�H�Q�� �Z�K�L�F�K �D�U�H �J�U�R�X�S�H�G �L�Q �G�L�I�I�H�U�H�Q�W �F�R�P��
�E�L�Q�D�W�L�R�Q�V �W�R �F�U�H�D�W�H �O�R�Q�J�H�U �S�D�W�W�H�U�Q�V�� �,�Q �D �G�D�W�D���G�U�L�Y�H�Q �Z�D�\�� �D �O�L�E�U�D�U�\
�R�I �V�X�F�K �S�D�W�W�H�U�Q�V �F�D�Q �E�H �R�E�W�D�L�Q�H�G �I�U�R�P �P�X�V�L�F �V�F�R�U�H�V �R�I �S�H�U�F�X�V�V�L�R�Q
�V�R�O�R�V �� �Z�H �X�V�H �W�K�H �D�F�F�R�P�S�D�Q�\�L�Q�J �V�F�R�U�H�V �L�Q�.�5�4�G�D�W�D�V�H�W �D�Q�G�6�.�4
�G�D�W�D�V�H�W �I�R�U�W�D�E�O�D�D�Q�G �P�U�L�G�D�Q�J�D�P�� �U�H�V�S�H�F�W�L�Y�H�O�\ �W�R �E�X�L�O�G �V�X�F�K �S�D�W�W�H�U�Q
�O�L�E�U�D�U�L�H�V�� �,�Q�W�D�E�O�D�V�R�O�R�V�� �G�H�V�S�L�W�H �W�K�H �G�L�I�I�H�U�H�Q�F�H�V �D�F�U�R�V�V�J�K�D�U�—�Q�—�V��
�W�K�H�U�H �D�U�H �D�O�V�R �P�D�Q�\ �V�L�P�L�O�D�U�L�W�L�H�V �G�X�H �W�R �W�K�H �I�D�F�W �W�K�D�W �W�K�H �V�D�P�H �I�R�U�P�V
�D�Q�G �V�W�D�Q�G�D�U�G �S�K�U�D�V�H�V �U�H�D�S�S�H�D�U �D�F�U�R�V�V �W�K�H�V�H �U�H�S�H�U�W�R�L�U�H�V ���*�R�W�W�O�L�H�E��
���������� �S�� �������� �7�K�L�V �H�Q�D�E�O�H�V �W�K�H �F�U�H�D�W�L�R�Q �R�I �D �O�L�E�U�D�U�\ �R�I �V�W�D�Q�G�D�U�G
�S�K�U�D�V�H�V �R�U �S�D�W�W�H�U�Q�V �D�F�U�R�V�V �F�R�P�S�R�V�L�W�L�R�Q�V �R�I �G�L�I�I�H�U�H�Q�W�J�K�D�U�—�Q�—�V�S�U�H�V�H�Q�W
�L�Q �W�K�H�.�5�4�G�D�W�D�V�H�W��

�)�U�R�P �6�H�F�W�L�R�Q������������ �Z�H �U�H�F�D�O�O �W�K�H �X�V�H �R�I �D �V�L�P�S�O�L�V�W�L�F �G�H�I�L�Q�L�W�L�R�Q
�R�I �D �S�D�W�W�H�U�Q �D�V �D �V�H�T�X�H�Q�F�H �R�I �V�\�O�O�D�E�O�H�V�� �Z�L�W�K�R�X�W �F�R�Q�V�L�G�H�U�L�Q�J �W�K�H �U�H�O��
�D�W�L�Y�H �D�Q�G �D�E�V�R�O�X�W�H �G�X�U�D�W�L�R�Q�V �R�I �W�K�H �F�R�Q�V�W�L�W�X�H�Q�W �V�\�O�O�D�E�O�H�V�� �D�V �Z�H�O�O �D�V
�W�K�H �P�H�W�U�L�F�D�O �S�R�V�L�W�L�R�Q �R�I �W�K�H �S�D�W�W�H�U�Q �L�Q �W�K�H�W�—	¶�D�� �,�Q �W�K�L�V �G�L�V�V�H�U�W�D�W�L�R�Q��
�Z�H �W�D�N�H �D �G�D�W�D���G�U�L�Y�H�Q �D�S�S�U�R�D�F�K �W�R �E�X�L�O�G �D �V�H�W �R�INa �T�X�H�U�\ �S�D�W�W�H�U�Q�V��
P = f �$1; �$2; � � � �$Na g�� �,�Q �D�G�G�L�W�L�R�Q�� �Z�H �D�V�V�X�P�H �W�K�D�W �W�K�H �P�R�V�W �R�I��
�W�H�Q �S�O�D�\�H�G �S�D�W�W�H�U�Q�V �D�U�H �W�K�H �P�R�V�W �F�K�D�U�D�F�W�H�U�L�V�W�L�F�� �:�L�W�K�R�X�W �D�Q�\ �S�U�L�R�U
�N�Q�R�Z�O�H�G�J�H�� �V�X�F�K �D�Q �D�V�V�X�P�S�W�L�R�Q �H�Q�D�E�O�H�V �X�V �W�R �F�U�H�D�W�H �D �O�L�E�U�D�U�\ �R�I
�Y�D�O�L�G �V�H�W �R�I �S�D�W�W�H�U�Q�V �Z�L�W�K �D�Q �R�E�M�H�F�W�L�Y�H �F�U�L�W�H�U�L�R�Q �D�Q�G �I�X�U�W�K�H�U �D�O�O�R�Z�V
�I�R�U �D �E�H�W�W�H�U �H�Y�D�O�X�D�W�L�R�Q �V�L�Q�F�H �W�K�H�U�H �D�U�H �V�H�Y�H�U�D�O �H�[�D�P�S�O�H�V �R�I �W�K�R�V�H �S�D�W��
�W�H�U�Q�V �L�Q �W�K�H �W�H�V�W �G�D�W�D�V�H�W�V�� �,�W �L�V �K�R�Z�H�Y�H�U �W�R �E�H �Q�R�W�H�G �W�K�D�W �G�L�V�F�R�Y�H�U�\
�D�S�S�U�R�D�F�K�H�V �Q�H�H�G �Q�R�W �P�D�N�H �W�K�L�V �D�V�V�X�P�S�W�L�R�Q�� �D�Q�G �D�Q�\ �R�W�K�H�U �P�X�V�L��
�F�D�O�O�\ �U�H�O�H�Y�D�Q�W �F�U�L�W�H�U�L�D �I�R�U �D�X�W�R�P�D�W�L�F �G�L�V�F�R�Y�H�U�\ �R�I �S�D�W�W�H�U�Q�V �F�D�Q �D�O�V�R
�E�H �X�V�H�G��
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�W�D�E�O�D�S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �V�K�R�Z�Q �Z�L�W�K �W�K�H �R�Q�V�H�W�V �D�Q�G �W�K�H �P�D�S�S�H�G �V�\�O�O�D�E�O�H
�Q�D�P�H�V �I�U�R�P �7�D�E�O�H���������� �7�K�H �[���D�[�L�V �L�V �W�L�P�H �L�Q �V�H�F�R�Q�G�V��

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

�G�H�O�W�D �D�Q�G �G�R�X�E�O�H���G�H�O�W�D �F�R�H�I�I�L�F�L�H�Q�W�V�� �D�Q�G�0�)�&�&�B�'�B�$�� �W�K�H ���� �G�L��
�P�H�Q�V�L�R�Q�D�O �Y�H�F�W�R�U �Z�L�W�K�R�X�W �W�K�H �]�H�U�R�W�K �F�R�H�I�I�L�F�L�H�Q�W��

�8�V�L�Q�J �W�K�H �I�H�D�W�X�U�H�V �H�[�W�U�D�F�W�H�G �I�U�R�P �W�U�D�L�Q�L�Q�J �D�X�G�L�R �U�H�F�R�U�G�L�Q�J�V�� �Z�H
�P�R�G�H�O �H�D�F�K �V�\�O�O�D�E�O�HA j �X�V�L�Q�J �D �����V�W�D�W�H �O�H�I�W���W�R���U�L�J�K�W�+�0�0 f � j g��
1 � j � Ns�� �L�Q�F�O�X�G�L�Q�J �D�Q �H�Q�W�U�\ �D�Q�G �D�Q �H�[�L�W �Q�R�Q���H�P�L�W�W�L�Q�J �V�W�D�W�H�V��
�)�R�U�W�D�E�O�D�V�R�O�R �W�U�D�Q�V�F�U�L�S�W�L�R�Q��Ns = 18 �Z�K�L�O�H �I�R�U �P�U�L�G�D�Q�J�D�P �V�R�O�R
�W�U�D�Q�V�F�U�L�S�W�L�R�Q �W�D�V�N��Ns = 21�� �7�K�H �H�P�L�V�V�L�R�Q �G�H�Q�V�L�W�\ �R�I �H�D�F�K �H�P�L�W�W�L�Q�J
�V�W�D�W�H �L�V �P�R�G�H�O�H�G �Z�L�W�K �D �W�K�U�H�H �F�R�P�S�R�Q�H�Q�W�*�0�0 �W�R �F�D�S�W�X�U�H �W�K�H �W�L�P��
�E�U�D�O �Y�D�U�L�D�E�L�O�L�W�\ �L�Q �V�\�O�O�D�E�O�H�V�� �:�H �H�[�S�H�U�L�P�H�Q�W�H�G �Z�L�W�K �K�L�J�K�H�U �Q�X�P�E�H�U



������ �7�K�H �F�D�V�H �R�I �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F ������

�R�I �F�R�P�S�R�Q�H�Q�W�V �L�Q �W�K�H�*�0�0�V�� �E�X�W �Z�L�W�K �O�L�W�W�O�H �S�H�U�I�R�U�P�D�Q�F�H �L�P�S�U�R�Y�H��
�P�H�Q�W��

�7�K�H�.�5�4�W�D�E�O�D�V�R�O�R �G�D�W�D�V�H�W �L�V �D �S�D�U�D�O�O�H�O �F�R�U�S�X�V �R�I �D�X�G�L�R �D�Q�G
�W�L�P�H �D�O�L�J�Q�H�G �V�\�O�O�D�E�L�F �W�U�D�Q�V�F�U�L�S�W�L�R�Q�V�� �H�D�F�K �V�\�O�O�D�E�O�H�+�0�0 �L�V �L�Q�L�W�L�D�O��
�L�]�H�G �W�K�U�R�X�J�K �D�Q �L�V�R�O�D�W�H�G�+�0�0 �W�U�D�L�Q�L�Q�J �R�I �H�D�F�K �V�\�O�O�D�E�O�H�� �7�K�H�6�.�4
�P�U�L�G�D�Q�J�D�P �V�R�O�R �G�D�W�D�V�H�W �O�D�F�N�V �V�X�F�K �W�L�P�H �D�O�L�J�Q�H�G �W�U�D�Q�V�F�U�L�S�W�L�R�Q�V �D�Q�G
�K�H�Q�F�H �D�O�O �V�\�O�O�D�E�O�H�V �D�U�H �L�Q�L�W�L�D�O�L�]�H�G �Z�L�W�K �D �I�O�D�W �V�W�D�U�W�+�0�0 �X�V�L�Q�J �D�O�O �W�K�H
�G�D�W�D �L�Q �W�K�H �G�D�W�D�V�H�W�� �$�G�G�L�W�L�R�Q�D�O�O�\ �I�R�U �F�R�P�S�D�U�L�V�R�Q�� �Z�H �U�H�S�R�U�W �U�H�V�X�O�W�V
�Z�L�W�K �D �I�O�D�W �V�W�D�U�W �R�Q�.�5�4�W�D�E�O�D�G�D�W�D�V�H�W �W�R�R�� �7�K�H �L�Q�L�W�L�D�O�L�]�H�G�+�0�0�V
�D�U�H �W�K�H�Q �W�U�D�L�Q�H�G �I�X�U�W�K�H�U �L�Q �D�Q �H�P�E�H�G�G�H�G �P�R�G�H�O �%�D�X�P���:�H�O�F�K �U�H��
�H�V�W�L�P�D�W�L�R�Q �W�R �J�H�W �W�K�H �I�L�Q�D�O �V�\�O�O�D�E�O�H�+�0�0�V��

�3�H�U�F�X�V�V�L�R�Q �V�R�O�R�V �L�Q �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F �D�U�H �E�X�L�O�W �K�L�H�U�D�U�F�K�L�F�D�O�O�\ �X�V��
�L�Q�J �V�K�R�U�W �S�K�U�D�V�H�V�� �D�Q�G �K�H�Q�F�H �V�R�P�H�E�À�O�V���V�R�O�N�D	ì	ì�X�V�W�H�Q�G �W�R �I�R�O�O�R�Z
�D�E�À�O���V�R�O�N�D	ì	ì�X�P�R�U�H �R�I�W�H�Q �W�K�D�Q �R�W�K�H�U�V�� �,�Q �V�X�F�K �D �V�F�H�Q�D�U�L�R�� �D �O�D�Q��
�J�X�D�J�H �P�R�G�H�O �F�D�Q �L�P�S�U�R�Y�H �W�U�D�Q�V�F�U�L�S�W�L�R�Q�� �,�Q �D�G�G�L�W�L�R�Q �W�R �D �I�O�D�W �O�D�Q��
�J�X�D�J�H �P�R�G�H�O �Z�L�W�K �X�Q�L�I�R�U�P �X�Q�L�J�U�D�P �D�Q�G �W�U�D�Q�V�L�W�L�R�Q �S�U�R�E�D�E�L�O�L�W�L�H�V�� �L���H��
P(a1 = A j ) = 1/ N s �D�Q�GP(ak+1 = A j jak = A i ) = 1/ N s �� �Z�L�W�K
1 � i; j � Ns �D�Q�Gk �E�H�L�Q�J �W�K�H �V�H�T�X�H�Q�F�H �L�Q�G�H�[�� �Z�H �H�[�S�O�R�U�H �W�K�H
�X�V�H �R�I �D �E�L�J�U�D�P �O�D�Q�J�X�D�J�H �P�R�G�H�O �O�H�D�U�Q�H�G �I�U�R�P �G�D�W�D�� �7�K�H �E�L�J�U�D�P
�O�D�Q�J�X�D�J�H �P�R�G�H�O �L�V �O�H�D�U�Q�H�G �I�U�R�P �D�O�O �W�K�H �V�F�R�U�H�V �L�Q �W�K�H �W�U�D�L�Q�L�Q�J �G�D�W�D��

�)�R�U �W�H�V�W�L�Q�J�� �Z�H �W�U�H�D�W �W�K�H �I�H�D�W�X�U�H �V�H�T�X�H�Q�F�H �H�[�W�U�D�F�W�H�G �I�U�R�P �W�H�V�W �D�X��
�G�L�R �I�L�O�H �W�R �K�D�Y�H �E�H�H�Q �J�H�Q�H�U�D�W�H�G �I�U�R�P �D �I�L�U�V�W �R�U�G�H�U �W�L�P�H���K�R�P�R�J�H�Q�H�R�X�V
�G�L�V�F�U�H�W�H �0�D�U�N�R�Y �F�K�D�L�Q�� �Z�K�L�F�K �F�D�Q �F�R�Q�V�L�V�W �R�I �D�Q�\ �I�L�Q�L�W�H �O�H�Q�J�W�K �V�H��
�T�X�H�Q�F�H �R�I �V�\�O�O�D�E�O�H�V�� �)�U�R�P �W�K�H �H�[�W�U�D�F�W�H�G �I�H�D�W�X�U�H �V�H�T�X�H�Q�F�H�� �Z�H �X�V�H
�W�K�H�+�0�0�Vf � j g �D�Q�G �D �V�\�O�O�D�E�O�H �Q�H�W�Z�R�U�N �F�R�Q�V�W�U�X�F�W�H�G �I�U�R�P �W�K�H �O�D�Q��
�J�X�D�J�H �P�R�G�H�O �W�R �G�R �D �9�L�W�H�U�E�L ���I�R�U�F�H�G�� �D�O�L�J�Q�P�H�Q�W�� �Z�K�L�F�K �S�U�R�Y�L�G�H�V �W�K�H
�P�R�V�W �O�L�N�H�O�\ �V�H�T�X�H�Q�F�H �R�I �V�\�O�O�D�E�O�H�V �D�Q�G �W�K�H�L�U �R�Q�V�H�W �W�L�P�H�V�W�D�P�S�V�� �J�L�Y�H�Q
�D�V�$� = [( t1; a1); (t2; a2); � � � ; (t � ; aL � )]�� �Z�K�H�U�Ht i �L�V �W�K�H �R�Q�V�H�W �W�L�P�H
�R�Iai �D�Q�GL � �L�V �W�K�H �O�H�Q�J�W�K �R�I �W�K�H �W�U�D�Q�V�F�U�L�E�H�G �V�H�T�X�H�Q�F�H�� �6�L�P�L�O�D�U �W�R �W�K�H
�H�[�S�H�U�L�P�H�Q�W�V �Z�L�W�K �%�H�L�M�L�Q�J �R�S�H�U�D�� �D�O�O �W�K�H �W�U�D�Q�V�F�U�L�S�W�L�R�Q �H�[�S�H�U�L�P�H�Q�W�V
�Z�H�U�H �G�R�Q�H �X�V�L�Q�J�+�7�. ���<�R�X�Q�J �H�W �D�O����������������

�e�X�j�X�j ���T�T�`�Q�t�B�K���i�2 �T���i�i�2�`�M �b�2���`�+�?

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



������ �3�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G �G�L�V�F�R�Y�H�U�\

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

�6�H�D�U�F�K�L�Q�J �R�I �D �T�X�H�U�\ �V�\�O�O�D�E�O�H �V�H�T�X�H�Q�F�H �L�Q �D �W�U�D�Q�V�F�U�L�E�H�G �V�H�T�X�H�Q�F�H
�R�I �V�\�O�O�D�E�O�H�V �L�V �D�N�L�Q �W�R �V�W�U�L�Q�J �V�H�D�U�F�K�� �$�V �G�L�V�F�X�V�V�H�G �L�Q �W�K�H �F�D�V�H �R�I
�M�L�Q�J�M�X �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q �W�D�V�N�� �H�U�U�R�U�V �L�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q
�D�U�H �P�D�L�Q�O�\ �L�Q�V�H�U�W�L�R�Q�V ���A���� �G�H�O�H�W�L�R�Q�V ���.���� �V�X�E�V�W�L�W�X�W�L�R�Q�V ���a���� �D�Q�G �W�U�D�Q�V��
�S�R�V�L�W�L�R�Q�V ���h���� �)�X�U�W�K�H�U�� �W�K�H �T�X�H�U�\ �S�D�W�W�H�U�Q �L�V �W�R �E�H �V�H�D�U�F�K�H�G �L�Q �W�K�H
�Z�K�R�O�H �W�U�D�Q�V�F�U�L�E�H�G �F�R�P�S�R�V�L�W�L�R�Q�� �Z�K�H�U�H �V�H�Y�H�U�D�O �L�Q�V�W�D�Q�F�H�V �R�I �W�K�H �T�X�H�U�\
�F�D�Q �R�F�F�X�U�� �:�L�W�K �E�R�W�K �W�K�H�V�H �L�V�V�X�H�V�� �W�K�H �S�U�R�E�O�H�P �R�I �S�D�W�W�H�U�Q �V�H�D�U�F�K �F�D�Q
�E�H �D�G�G�U�H�V�V�H�G �D�V �D �V�X�E�V�H�T�X�H�Q�F�H �V�H�D�U�F�K���5�R�X�J�K �/�R�Q�J�H�V�W �&�R�P�P�R�Q
�6�X�E�V�H�T�X�H�Q�F�H���5�/�&�6�� �P�H�W�K�R�G �L�V �D �V�X�L�W�D�E�O�H �F�K�R�L�F�H �I�R�U �V�X�F�K �D �F�D�V�H��
�5�/�&�6�L�V �D �V�X�E�V�H�T�X�H�Q�F�H �V�H�D�U�F�K �P�H�W�K�R�G �W�K�D�W �V�H�D�U�F�K�H�V �I�R�U �U�R�X�J�K�O�\
�P�D�W�F�K�H�G �V�X�E�V�H�T�X�H�Q�F�H�V �Z�K�L�O�H �U�H�W�D�L�Q�L�Q�J �W�K�H �O�R�F�D�O �V�L�P�L�O�D�U�L�W�\ ���/�L�Q �H�W
�D�O���������������� �:�H �P�D�N�H �I�X�U�W�K�H�U �H�Q�K�D�Q�F�H�P�H�Q�W�V �W�R�5�/�&�6�W�R �K�D�Q�G�O�H �W�K�H
�A���. �D�Q�G�a�H�U�U�R�U�V �L�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q��

�:�H �X�V�H �D �P�R�G�L�I�L�H�G �Y�H�U�V�L�R�Q �R�I �W�K�H�5�/�&�6�D�S�S�U�R�D�F�K �D�V �S�U�R�S�R�V�H�G
�E�\�/�L�Q �H�W �D�O�������������� �Z�L�W�K �F�K�D�Q�J�H�V �S�U�R�S�R�V�H�G �E�\�6�� �'�X�W�W�D �D�Q�G �0�X�U�W�K�\
������������ �W�R �K�D�Q�G�O�H �V�X�E�V�W�L�W�X�W�L�R�Q �H�U�U�R�U�V�� �:�H �S�U�R�S�R�V�H �D �I�X�U�W�K�H�U �H�Q�K�D�Q�F�H��
�P�H�Q�W �W�R �K�D�Q�G�O�H �L�Q�V�H�U�W�L�R�Q�V �D�Q�G �G�H�O�H�W�L�R�Q�V�� �D�Q�G �H�[�S�O�R�U�H �L�W�V �X�V�H �L�Q �W�K�H
�F�X�U�U�H�Q�W �W�D�V�N���6�� �'�X�W�W�D �D�Q�G �0�X�U�W�K�\������������ �X�V�H�G �D �P�R�G�L�I�L�H�G �Y�H�U�V�L�R�Q
�R�I�5�/�&�6�I�R�U �P�R�W�L�I �V�S�R�W�W�L�Q�J �L�Q�—�O�—�S�D�Q�D�V�R�I �&�D�U�Q�D�W�L�F �P�X�V�L�F�� �:�H �S�U�R��
�S�R�V�H �W�R �X�V�H �D �V�L�P�L�O�D�U �D�S�S�U�R�D�F�K �Z�L�W�K �P�L�Q�R�U �P�R�G�L�I�L�F�D�W�L�R�Q�V �W�R �V�X�L�W �W�K�H
�V�\�P�E�R�O�L�F �G�R�P�D�L�Q �V�S�H�F�L�I�L�F �W�R �R�X�U �X�V�H �F�D�V�H�� �:�H �I�L�U�V�W �S�U�H�V�H�Q�W �D �J�H�Q�H�U�D�O
�I�R�U�P �R�I�5�/�&�6�D�Q�G �W�K�H�Q �G�L�V�F�X�V�V �G�L�I�I�H�U�H�Q�W �Y�D�U�L�D�Q�W�V �R�I �W�K�H �D�O�J�R�U�L�W�K�P��

�*�L�Y�H�Q �D �T�X�H�U�\ �S�D�W�W�H�U�Q�$q 2 P �R�I �O�H�Q�J�W�KLq �D�Q�G �D �U�H�I�H�U�H�Q�F�H
�V�H�T�X�H�Q�F�H ���W�U�D�Q�V�F�U�L�E�H�G �V�\�O�O�D�E�O�H �V�H�T�X�H�Q�F�H���$� �R�I �O�H�Q�J�W�KL � �� �5�/�&�6
�X�V�H�V �D �G�\�Q�D�P�L�F �S�U�R�J�U�D�P�P�L�Q�J �D�S�S�U�R�D�F�K �W�R �F�R�P�S�X�W�H �D �V�F�R�U�H �P�D�W�U�L�[
���R�I �V�L�]�HL � � Lq�� �E�H�W�Z�H�H�Q �W�K�H �U�H�I�H�U�H�Q�F�H �D�Q�G �W�K�H �T�X�H�U�\ �Z�L�W�K �D �U�R�X�J�K
�O�H�Q�J�W�K �R�I �P�D�W�F�K�� �:�H �F�D�Q �X�V�H �D �W�K�U�H�V�K�R�O�G �R�Q �W�K�H �V�F�R�U�H �P�D�W�U�L�[ �W�R
�R�E�W�D�L�Q �W�K�H �L�Q�V�W�D�Q�F�H�V �R�I �W�K�H �T�X�H�U�\ �R�F�F�X�U�U�L�Q�J �L�Q �W�K�H �U�H�I�H�U�H�Q�F�H�� �:�H
�F�D�Q �W�K�H�Q �X�V�H �W�K�H �V�\�O�O�D�E�O�H �E�R�X�Q�G�D�U�L�H�V �L�Q �W�K�H �R�X�W�S�X�W �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G
�U�H�W�U�L�H�Y�H �W�K�H �D�X�G�L�R �V�H�J�P�H�Q�W �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R �W�K�H �P�D�W�F�K��

�)�R�U �W�K�H �H�D�V�H �R�I �Q�R�W�D�W�L�R�Q�� �Z�H �L�Q�G�H�[ �W�K�H �W�U�D�Q�V�F�U�L�E�H�G �V�\�O�O�D�E�O�H �V�H��
�T�X�H�Q�F�H�$� �Z�L�W�Ki �D�Q�G �W�K�H �T�X�H�U�\ �V�\�O�O�D�E�O�H �V�H�T�X�H�Q�F�H�$q �Z�L�W�Kj �L�Q
�W�K�L�V �V�H�F�W�L�R�Q�� �:�H �F�R�P�S�X�W�H �W�K�H �U�R�X�J�K �D�Q�G �D�F�W�X�D�O �O�H�Q�J�W�K �R�I �W�K�H �V�X�E��
�V�H�T�X�H�Q�F�H �P�D�W�F�K�H�V �V�L�P�L�O�D�U �W�R �W�K�H �Z�D�\ �F�R�P�S�X�W�H�G �E�\�6�� �'�X�W�W�D �D�Q�G



������ �7�K�H �F�D�V�H �R�I �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F ������

�0�X�U�W�K�\�������������� �$�W �H�Y�H�U�\ �S�R�V�L�W�L�R�Q(i; j )�� �D �V�\�O�O�D�E�O�H �L�V �L�Q�F�O�X�G�H�G �L�Q�W�R
�W�K�H �P�D�W�F�K�H�G �V�X�E�V�H�T�X�H�Q�F�H �L�Id(ai ; aj ) � � �� �Z�K�H�U�Hd(ai ; aj ) �L�V �W�K�H
�W�L�P�E�U�D�O �G�L�V�W�D�Q�F�H �E�H�W�Z�H�H�Q �W�K�H �V�\�O�O�D�E�O�H�V �D�W �S�R�V�L�W�L�R�Q�Vi �D�Q�Gj �L�Q �W�K�H
�W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G �T�X�H�U�\�� �U�H�V�S�H�F�W�L�Y�H�O�\��� �L�V �W�K�H �W�K�U�H�V�K�R�O�G �G�L�V�W�D�Q�F�H
�E�H�O�R�Z �Z�K�L�F�K �W�K�H �W�Z�R �V�\�O�O�D�E�O�H�V �D�U�H �V�D�L�G �W�R �E�H �H�T�X�L�Y�D�O�H�Q�W�� �7�K�H �P�D��
�W�U�L�F�H�V �R�I �U�R�X�J�K �O�H�Q�J�W�K �R�I �P�D�W�F�K ��H�� �D�Q�G �W�K�H �D�F�W�X�D�O �O�H�Q�J�W�K �R�I �P�D�W�F�K
��Ha�� �D�U�H �X�S�G�D�W�H�G �D�V��

H(i; j ) = H(i � 1; j � 1) + (1 � d(ai ; aj )) :1d ����������

Ha(i; j ) = Ha(i � 1; j � 1) + 1d ����������

�Z�K�H�U�H��1d �L�V �D�Q �L�Q�G�L�F�D�W�R�U �I�X�Q�F�W�L�R�Q �W�K�D�W �W�D�N�H�V �D �Y�D�O�X�H �R�I �� �L�Id(ai ; aj ) �
� �� �H�O�V�H ���� �7�K�H �P�D�W�U�L�[H �W�K�X�V �F�R�Q�W�D�L�Q�V �W�K�H �O�H�Q�J�W�K �R�I �U�R�X�J�K �P�D�W�F�K�H�V
�H�Q�G�L�Q�J �D�W �D�O�O �F�R�P�E�L�Q�D�W�L�R�Q�V �R�I �W�K�H �V�\�O�O�D�E�O�H �S�R�V�L�W�L�R�Q�V �L�Q �U�H�I�H�U�H�Q�F�H �D�Q�G
�W�K�H �T�X�H�U�\�� �7�K�H �U�R�X�J�K �O�H�Q�J�W�K �D�Q�G �D�Q �D�S�S�U�R�S�U�L�D�W�H �G�L�V�W�D�Q�F�H �P�H�D�V�X�U�H
�K�D�Q�G�O�H�V �W�K�H �V�X�E�V�W�L�W�X�W�L�R�Q �H�U�U�R�U�V �G�X�U�L�Q�J �W�U�D�Q�V�F�U�L�S�W�L�R�Q��

�7�R �S�H�Q�D�O�L�]�H �L�Q�V�H�U�W�L�R�Q �D�Q�G �G�H�O�H�W�L�R�Q �H�U�U�R�U�V�� �Z�H �F�R�P�S�X�W�H �D �³�G�H�Q��
�V�L�W�\�´ �R�I �P�D�W�F�K �X�V�L�Q�J �W�Z�R �P�H�D�V�X�U�H�V �F�D�O�O�H�G �W�K�H�:�L�G�W�K �$�F�U�R�V�V �5�H�I�H�U��
�H�Q�F�H ���:�$�5���D�Q�G�:�L�G�W�K �$�F�U�R�V�V �4�X�H�U�\ ���:�$�4���� �U�H�V�S�H�F�W�L�Y�H�O�\�� �7�K�H
�:�$�5 ��R�� �D�Q�G�:�$�4 ��Q�� �P�D�W�U�L�F�H�V �D�U�H �L�Q�L�W�L�D�O�L�]�H�G �W�RRi;j = Qi;j = 0
�Z�K�H�Qi:j = 0 �� �D�Q�G �S�U�R�S�D�J�D�W�H�G �D�V��

Ri;j =

8
><

>:

Ri � 1;j � 1 + 1 d(ai ; aj ) � �

Ri � 1;j + 1 d(ai ; aj ) > �; H i � 1;j � H i;j � 1

Ri;j � 1 d(ai ; aj ) > �; H i � 1;j < H i;j � 1

����������

Qi;j =

8
><

>:

Qi � 1;j � 1 + 1 d(ai ; aj ) � �

Qi � 1;j d(ai ; aj ) > �; H i � 1;j � H i;j � 1

Qi;j � 1 + 1 d(ai ; aj ) > �; H i � 1;j < H i;j � 1

����������

�+�H�U�H��Ri;j �L�V �W�K�H �O�H�Q�J�W�K �R�I �V�X�E�V�W�U�L�Q�J �F�R�Q�W�D�L�Q�L�Q�J �W�K�H �V�X�E�V�H�T�X�H�Q�F�H
�P�D�W�F�K �H�Q�G�L�Q�J �D�W �W�K�Hi �W�K�D�Q�G �W�K�Hj �W�K�S�R�V�L�W�L�R�Q �R�I �W�K�H �U�H�I�H�U�H�Q�F�H �D�Q�G �W�K�H
�T�X�H�U�\�� �U�H�V�S�H�F�W�L�Y�H�O�\��Qi;j �U�H�S�U�H�V�H�Q�W�V �D �V�L�P�L�O�D�U �P�H�D�V�X�U�H �L�Q �W�K�H �T�X�H�U�\��
�:�K�H�Q �L�Q�F�U�H�P�H�Q�W�H�G��Ri;j �D�Q�GQi;j �D�U�H �L�Q�F�U�H�P�H�Q�W�H�G �E�\ �� �V�L�P�L�O�D�U �W�R
�W�K�H �Z�D�\ �I�R�U�P�X�O�D�W�H�G �E�\�/�L�Q �H�W �D�O���������������� �$�W �W�K�H �V�D�P�H �W�L�P�H�� �W�K�H
�L�Q�F�U�H�P�H�Q�W �L�V �G�R�Q�H �E�D�V�H�G �R�Q �W�K�H �F�R�Q�G�L�W�L�R�Q�V �I�R�U�P�X�O�D�W�H�G �E�\�6�� �'�X�W�W�D
�D�Q�G �0�X�U�W�K�\��������������

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



������ �3�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G �G�L�V�F�R�Y�H�U�\

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

� i;j =

( h
� �W

�
H i;j

Ri;j

�
+ (1 � � ) �W

�
H i;j

Qi;j

�i
�H i;j

L q
�L�I

Ha
i;j

L q
� �

0 �R�W�K�H�U�Z�L�V�H
����������

�Z�K�H�U�H� i;j �L�V �W�K�H �V�F�R�U�H �I�R�U �W�K�H �P�D�W�F�K �H�Q�G�L�Q�J �D�W �W�K�Hi �W�K�D�Q�G �W�K�Hj �W�K�S�R��
�V�L�W�L�R�Q �R�I �W�K�H �U�H�I�H�U�H�Q�F�H �D�Q�G �W�K�H �T�X�H�U�\�� �U�H�V�S�H�F�W�L�Y�H�O�\��W �L�V �D �Z�D�U�S�L�Q�J
�I�X�Q�F�W�L�R�Q �I�R�U �W�K�H �U�R�X�J�K �P�D�W�F�K �O�H�Q�J�W�K �G�H�Q�V�L�W�L�H�VH i;j

Ri;j
�L�Q �W�K�H �U�H�I�H�U�H�Q�F�H

�D�Q�GH i;j

Qi;j
�L�Q �W�K�H �T�X�H�U�\�� �7�K�H �S�D�U�D�P�H�W�H�U� �F�R�Q�W�U�R�O�V �W�K�H�L�U �Z�H�L�J�K�W�V �L�Q �W�K�H

�F�R�Q�Y�H�[ �F�R�P�E�L�Q�D�W�L�R�Q �I�R�U �V�F�R�U�H �F�R�P�S�X�W�D�W�L�R�Q�� �7�K�H �W�H�U�P
Ha

i;j

L q
�L�V �W�K�H

�I�U�D�F�W�L�R�Q �R�I �W�K�H �T�X�H�U�\ �O�H�Q�J�W�K �P�D�W�F�K�H�G �D�Q�G �L�V �X�V�H�G �I�R�U �W�K�U�H�V�K�R�O�G�L�Q�J
�W�K�H �P�L�Q�L�P�X�P �I�U�D�F�W�L�R�Q �R�I �W�K�H �T�X�H�U�\ �W�R �E�H �P�D�W�F�K�H�G�� �7�K�H �S�D�U�D�P�H�W�H�U
� �L�V �W�K�H �W�K�U�H�V�K�R�O�G �I�R�U �W�K�H �P�L�Q�L�P�X�P �I�U�D�F�W�L�R�Q �W�K�D�W �F�R�Q�W�U�L�E�X�W�H�V �W�R �W�K�H
�V�F�R�U�H�� �6�W�D�U�W�L�Q�J �Z�L�W�K �D�O�O �F�R�P�E�L�Q�D�W�L�R�Q�V �R�Ii �D�Q�Gj �D�V �W�K�H �H�Q�G �S�R�L�Q�W�V �R�I
�W�K�H �P�D�W�F�K �L�Q �W�K�H �U�H�I�H�U�H�Q�F�H �D�Q�G �W�K�H �T�X�H�U�\�� �U�H�V�S�H�F�W�L�Y�H�O�\�� �Z�H �S�H�U�I�R�U�P
�D �W�U�D�F�H�E�D�F�N �W�R �J�H�W �W�K�H �V�W�D�U�W�L�Q�J �S�R�L�Q�W�V �R�I �W�K�H �P�D�W�F�K��

�5�/�&�6�D�O�J�R�U�L�W�K�P �R�X�W�S�X�W�V �D �P�D�W�F�K �Z�K�H�Q �W�K�H �V�F�R�U�H �L�V �P�R�U�H �W�K�D�Q
�D �V�F�R�U�H �W�K�U�H�V�K�R�O�G� �� �+�R�Z�H�Y�H�U�� �Z�L�W�K �D �V�L�P�S�O�H �V�F�R�U�H �W�K�U�H�V�K�R�O�G�L�Q�J��
�Z�H �J�H�W �P�X�O�W�L�S�O�H �R�Y�H�U�O�D�S�S�L�Q�J �P�D�W�F�K�H�V�� �I�U�R�P �Z�K�L�F�K �Z�H �V�H�O�H�F�W �W�K�H
�P�D�W�F�K �Z�L�W�K �W�K�H �K�L�J�K�H�V�W �V�F�R�U�H�� �,�I �W�K�H �V�F�R�U�H�V �R�I �P�X�O�W�L�S�O�H �R�Y�H�U�O�D�S�S�L�Q�J
�P�D�W�F�K�H�V �D�U�H �H�T�X�D�O�� �Z�H �V�H�O�H�F�W �W�K�H �R�Q�H�V �W�K�D�W �K�D�Y�H �W�K�H �O�R�Z�H�V�W �Z�L�G�W�K
���:�$�5 ���� �7�K�L�V �Z�D�\�� �Z�H �R�E�W�D�L�Q �D �P�D�W�F�K �W�K�D�W �K�D�V �W�K�H �K�L�J�K�H�V�W �V�F�R�U�H �G�H�Q��
�V�L�W�\�� �:�H �X�V�H �W�K�H�V�H �Q�R�Q���R�Y�H�U�O�D�S�S�L�Q�J �P�D�W�F�K�H�V �D�Q�G �W�K�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J
�V�\�O�O�D�E�O�H �E�R�X�Q�G�D�U�L�H�V �W�R �U�H�W�U�L�H�Y�H �W�K�H �D�X�G�L�R �S�D�W�W�H�U�Q�V��

�9�D�U�L�D�Q�W�V �R�I�5�/�&�6

�7�K�H �J�H�Q�H�U�D�O�L�]�H�G�5�/�&�6�S�U�R�Y�L�G�H�V �D �U�R�E�X�V�W �I�U�D�P�H�Z�R�U�N �I�R�U �V�X�E�V�H�T�X�H�Q�F�H
�V�H�D�U�F�K�� �7�K�H �S�D�U�D�P�H�W�H�U�V� ��� ��� �D�Q�G� �F�D�Q �E�H �W�X�Q�H�G �W�R �P�D�N�H �W�K�H �D�O�J�R��
�U�L�W�K�P �P�R�U�H �V�H�Q�V�L�W�L�Y�H �W�R �G�L�I�I�H�U�H�Q�W �N�L�Q�G�V �R�I �W�U�D�Q�V�F�U�L�S�W�L�R�Q �H�U�U�R�U�V�� �7�K�H
�Y�D�U�L�D�Q�W�V �Z�H �F�R�Q�V�L�G�H�U �K�H�U�H �X�V�H �G�L�I�I�H�U�H�Q�W �G�L�V�W�D�Q�F�H �P�H�D�V�X�U�H�Vd(ai ; aj )
�L�Q �(�T�������� �W�R �K�D�Q�G�O�H �V�X�E�V�W�L�W�X�W�L�R�Q�V �D�Q�G �G�L�I�I�H�U�H�Q�W �I�X�Q�F�W�L�R�Q�Vf (:) �L�Q
�(�T���������W�R �K�D�Q�G�O�H �L�Q�V�H�U�W�L�R�Q�V �D�Q�G �G�H�O�H�W�L�R�Q�V�� �:�H �H�[�S�O�R�U�H �W�K�H�V�H �Y�D�U�L��
�D�Q�W�V �I�R�U �W�K�H �F�X�U�U�H�Q�W �W�D�V�N �D�Q�G �H�Y�D�O�X�D�W�H �W�K�H�L�U �S�H�U�I�R�U�P�D�Q�F�H��

�,�Q �D �G�H�I�D�X�O�W�5�/�&�6�F�R�Q�I�L�J�X�U�D�W�L�R�Q ���5�/�&�6������ �Z�H �R�Q�O�\ �F�R�Q�V�L�G�H�U �H�[��
�D�F�W �V�\�O�O�D�E�O�H �P�D�W�F�K�H�V�� �:�H �V�H�W� = 0 �D�Q�G �X�V�H �D �E�L�Q�D�U�\ �G�L�V�W�D�Q�F�H �P�H�W��
�U�L�F �E�D�V�H�G �R�Q �W�K�H �V�\�O�O�D�E�O�H �O�D�E�H�O�� �L���H��d(ai ; aj ) = 0 �L�Iai = aj �� �D�Q�G



������ �7�K�H �F�D�V�H �R�I �,�Q�G�L�D�Q �D�U�W �P�X�V�L�F ������

�� �R�W�K�H�U�Z�L�V�H�� �)�X�U�W�K�H�U�� �D�Q �L�G�H�Q�W�L�W�\ �Z�D�U�S�L�Q�J �I�X�Q�F�W�L�R�Q��W(u) = u �L�V
�X�V�H�G�� �7�K�H �U�R�X�J�K �O�H�Q�J�W�K �P�D�W�F�K �G�H�Q�V�L�W�L�H�V �F�D�Q �E�H �W�U�D�Q�V�I�R�U�P�H�G �X�V�L�Q�J
�D �Q�R�Q���O�L�Q�H�D�U �Z�D�U�S�L�Q�J �I�X�Q�F�W�L�R�Q �W�R �S�H�Q�D�O�L�]�H �O�R�Z �G�H�Q�V�L�W�\ �Y�D�O�X�H�V �P�R�U�H
�W�K�D�Q �W�K�H �K�L�J�K�H�U �R�Q�H�V�� �O�H�D�G�L�Q�J �W�R �D�Q�R�W�K�H�U �Y�D�U�L�D�Q�W �R�I�5�/�&�6�F�D�O�O�H�G �W�K�H
�Z�D�U�S�H�G �G�H�Q�V�L�W�\�5�/�&�6���G�H�Q�R�W�H�G �D�V�5�/�&�6�V�L�Q �W�K�L�V �F�K�D�S�W�H�U���� �,�Q �W�K�L�V
�G�L�V�V�H�U�W�D�W�L�R�Q�� �Z�H �R�Q�O�\ �H�[�S�O�R�U�H �Z�D�U�S�L�Q�J �I�X�Q�F�W�L�R�Q�V �R�I �W�K�H �I�R�U�P��

W(u) =
�H�u � 1
�H� � 1

����������

�Z�K�H�U�H� > 0 �L�V �D �S�D�U�D�P�H�W�H�U �W�R �F�R�Q�W�U�R�O �Z�D�U�S�L�Q�J�� �O�D�U�J�H�U �Y�D�O�X�H�V �R�I�
�O�H�D�G �W�R �P�R�U�H �G�H�Y�L�D�W�L�R�Q �I�U�R�P �D�Q �L�G�H�Q�W�L�W�\ �W�U�D�Q�V�I�R�U�P�D�W�L�R�Q���5�/�&�6�� �L�V
�D �O�L�P�L�W�L�Q�J �F�D�V�H �R�I�5�/�&�6�V�Z�K�H�Q� ! 0��

�:�H �K�\�S�R�W�K�H�V�L�]�H �W�K�D�W �W�K�H �V�X�E�V�W�L�W�X�W�L�R�Q �H�U�U�R�U�V �L�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�U�H
�G�X�H �W�R �W�K�H �F�R�Q�I�X�V�L�R�Q �E�H�W�Z�H�H�Q �W�L�P�E�U�D�O�O�\ �V�L�P�L�O�D�U �V�\�O�O�D�E�O�H�V�� �$ �W�L�P��
�E�U�D�O �V�L�P�L�O�D�U�L�W�\ ���G�L�V�W�D�Q�F�H�� �P�H�D�V�X�U�H �E�H�W�Z�H�H�Q �W�K�H �V�\�O�O�D�E�O�H�V �F�D�Q �W�K�X�V
�E�H �X�V�H�G �W�R �P�D�N�H �D�Q�5�/�&�6�D�O�J�R�U�L�W�K�P �U�R�E�X�V�W �W�R �V�S�H�F�L�I�L�F �N�L�Q�G�V �R�I
�V�X�E�V�W�L�W�X�W�L�R�Q �H�U�U�R�U�V�� �,�Q �H�V�V�H�Q�F�H�� �Z�H �Z�D�Q�W �W�R �G�L�V�U�H�J�D�U�G �D�Q�G �J�L�Y�H �D
�J�U�H�D�W�H�U �D�O�O�R�Z�D�Q�F�H �I�R�U �V�X�E�V�W�L�W�X�W�L�R�Q�V �E�H�W�Z�H�H�Q �W�L�P�E�U�D�O�O�\ �V�L�P�L�O�D�U �V�\�O��
�O�D�E�O�H�V �G�X�U�L�Q�J�5�/�&�6�P�D�W�F�K�L�Q�J�� �&�R�P�S�X�W�L�Q�J �W�L�P�E�U�D�O �V�L�P�L�O�D�U�L�W�\ �L�V �D
�Z�L�G�H �D�U�H�D �R�I �U�H�V�H�D�U�F�K �D�Q�G �K�D�V �P�D�Q�\ �G�L�I�I�H�U�H�Q�W �S�U�R�S�R�V�H�G �P�H�W�K�R�G�V
���3�D�F�K�H�W �	 �$�X�F�R�X�W�X�U�L�H�U�� ������������ �E�X�W �Z�H �U�H�V�W�U�L�F�W �R�X�U�V�H�O�Y�H�V �W�R �D �E�D��
�V�L�F �W�L�P�E�U�D�O �G�L�V�W�D�Q�F�H �P�H�D�V�X�U�H�� �W�K�H �0�D�K�D�O�D�Q�R�E�L�V �G�L�V�W�D�Q�F�H �E�H�W�Z�H�H�Q
�W�K�H �F�O�X�V�W�H�U �F�H�Q�W�H�U�V �R�E�W�D�L�Q�H�G �X�V�L�Q�J �D �N���P�H�D�Q�V �F�O�X�V�W�H�U�L�Q�J �R�I�0�)�&�&
�I�H�D�W�X�U�H�V ���Z�L�W�K �� �F�O�X�V�W�H�U�V�� �I�U�R�P �L�V�R�O�D�W�H�G �D�X�G�L�R �H�[�D�P�S�O�H�V �R�I �H�D�F�K �V�\�O��
�O�D�E�O�H ���$�X�F�R�X�W�X�U�L�H�U �	 �3�D�F�K�H�W�������������� �:�H �F�D�O�O �W�K�L�V �Y�D�U�L�D�Q�W �R�I�5�/�&�6
�W�K�D�W �X�V�H�V �D �W�L�P�E�U�D�O �G�L�V�W�D�Q�F�Hd(ai ; aj ) �D�V�5�/�&�6�G�D�Q�G �H�[�S�H�U�L�P�H�Q�W �Z�L�W�K
�G�L�I�I�H�U�H�Q�W �W�K�U�H�V�K�R�O�G�V� ��

�e�X�j�X�9 �_�2�b�m�H�i�b ���M�/ �/�B�b�+�m�b�b�B�Q�M

�6�L�P�L�O�D�U �W�R �W�K�H �U�H�V�X�O�W�V �L�Q �6�H�F�W�L�R�Q������������ �Z�H �S�U�H�V�H�Q�W �D�Q �H�Y�D�O�X�D�W�L�R�Q �R�I
�S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G �G�L�V�F�R�Y�H�U�\ �I�R�U �E�R�W�K�W�D�E�O�D�D�Q�G
�P�U�L�G�D�Q�J�D�P �V�R�O�R �G�D�W�D�V�H�W�V�� �7�K�H �U�H�V�X�O�W�V �R�I �D�X�W�R�P�D�W�L�F �W�U�D�Q�V�F�U�L�S�W�L�R�Q
�D�Q�G �W�K�R�V�H �R�I �D�S�S�U�R�[�L�P�D�W�H �S�D�W�W�H�U�Q �V�H�D�U�F�K �D�U�H �S�U�H�V�H�Q�W�H�G �V�H�S�D�U�D�W�H�O�\
�L�Q �H�D�F�K �F�D�V�H�� �:�H �I�L�U�V�W �S�U�H�V�H�Q�W �L�W �I�R�U �W�K�H�W�D�E�O�D�V�R�O�R �G�D�W�D�V�H�W ���.�5�4
�G�D�W�D�V�H�W���� �I�R�O�O�R�Z�H�G �E�\ �W�K�H �P�U�L�G�D�Q�J�D�P �V�R�O�R �G�D�W�D�V�H�W ���6�.�4�G�D�W�D�V�H�W���� �,�W
�L�V �L�P�S�R�U�W�D�Q�W �W�R �Q�R�W�H �W�K�H �F�R�Q�W�U�D�V�W �E�H�W�Z�H�H�Q �W�K�H �W�Z�R �G�D�W�D�V�H�W�V �E�H�L�Q�J
�H�Y�D�O�X�D�W�H�G�� �W�K�H �U�H�F�R�U�G�L�Q�J�V �L�Q�6�.�4�G�D�W�D�V�H�W �K�D�Y�H �D�O�U�H�D�G�\ �E�H�H�Q �V�H�J��
�P�H�Q�W�H�G �L�Q�W�R �V�K�R�U�W �S�K�U�D�V�H�V �Z�L�W�K �W�K�H �T�X�H�U�\ �S�D�W�W�H�U�Q�V �E�H�L�Q�J �W�K�H �V�D�P�H



������ �3�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G �G�L�V�F�R�Y�H�U�\

�R�U�G�H�U �R�I �O�H�Q�J�W�K �D�V �W�K�H �W�H�V�W �D�X�G�L�R �U�H�F�R�U�G�L�Q�J�� �Z�K�L�O�H �W�K�H �U�H�F�R�U�G�L�Q�J�V
�L�Q�.�5�4�G�D�W�D�V�H�W �D�U�H �I�X�O�O �O�H�Q�J�W�K �F�R�P�S�R�V�L�W�L�R�Q�V �V�S�D�Q�Q�L�Q�J �P�X�O�W�L�S�O�H�W�—�O
�F�\�F�O�H�V�� �D�Q�G �K�H�Q�F�H �P�X�F�K �O�R�Q�J�H�U �W�K�D�Q �W�K�H �T�X�H�U�\ �S�D�W�W�H�U�Q�V�� �:�H �Z�L�O�O
�D�O�V�R �D�Q�D�O�\�]�H �W�K�H �H�I�I�H�F�W �R�I �W�K�L�V �G�L�I�I�H�U�H�Q�F�H �L�Q �G�D�W�D�V�H�W�V �R�Q �W�K�H �U�H�V�X�O�W�V
�R�I �S�D�W�W�H�U�Q �V�H�D�U�F�K��

�5�H�V�X�O�W�V �R�Q�W�D�E�O�D�V�R�O�R �G�D�W�D�V�H�W

�7�K�H�W�D�E�O�D�V�R�O�R �G�D�W�D�V�H�W ���.�5�4�G�D�W�D�V�H�W�� �G�H�V�F�U�L�E�H�G �L�Q �6�H�F�W�L�R�Q�����������L�V
�X�V�H�G �W�R �H�Y�D�O�X�D�W�H �W�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�I �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G �G�L�V�F�R�Y�H�U�\ �L�Q
�W�D�E�O�D�S�H�U�F�X�V�V�L�R�Q �V�R�O�R �U�H�F�R�U�G�L�Q�J�V�� �7�K�H �U�H�V�X�O�W�V �R�I �D�X�W�R�P�D�W�L�F �W�U�D�Q��
�V�F�U�L�S�W�L�R�Q �L�V �I�L�U�V�W �S�U�H�V�H�Q�W�H�G�� �D�Q�G �W�K�H �E�H�V�W �S�H�U�I�R�U�P�L�Q�J �W�U�D�Q�V�F�U�L�S�W�L�R�Q
�V�\�V�W�H�P �L�V �X�V�H�G �W�R �S�U�H�V�H�Q�W �W�K�H �U�H�V�X�O�W�V �R�I �D�S�S�U�R�[�L�P�D�W�H �S�D�W�W�H�U�Q �V�H�D�U�F�K
�X�V�L�Q�J �G�L�I�I�H�U�H�Q�W �Y�D�U�L�D�Q�W�V �R�I�5�/�&�6��

�7�K�H �S�H�U�I�R�U�P�D�Q�F�H �R�I �D�X�W�R�P�D�W�L�F �W�U�D�Q�V�F�U�L�S�W�L�R�Q �L�V �V�K�R�Z�Q �L�Q �7�D��
�E�O�H���������������D�V �W�K�H �P�H�D�Q �Y�D�O�X�H �R�Y�H�U �W�K�H �Z�K�R�O�H �G�D�W�D�V�H�W �L�Q �D �O�H�D�Y�H���R�Q�H��
�S�L�H�F�H �R�X�W �F�U�R�V�V �Y�D�O�L�G�D�W�L�R�Q �H�[�S�H�U�L�P�H�Q�W�� �7�K�H �S�H�U�I�R�U�P�D�Q�F�H �P�H�D�V�X�U�H�V
�D�U�H �&�R�U�U�H�F�W�Q�H�V�V ��C�� �D�Q�G �$�F�F�X�U�D�F�\ ��A�� �D�V �G�H�I�L�Q�H�G �L�Q �(�T���������� �:�H
�H�[�S�H�U�L�P�H�Q�W�H�G �Z�L�W�K �W�K�H �W�Z�R �G�L�I�I�H�U�H�Q�W�0�)�&�&�I�H�D�W�X�U�H�V ���0�)�&�&�B�'�B�$
�D�Q�G�0�)�&�&�B���B�'�B�$���� �W�Z�R �G�L�I�I�H�U�H�Q�W �L�Q�L�W�L�D�O�L�]�D�W�L�R�Q�V �R�I�+�0�0�V���D�Q �L�V�R��
�O�D�W�H�G �W�U�D�L�Q�L�Q�J �D�Q�G �D �I�O�D�W �V�W�D�U�W�� �E�R�W�K �I�R�O�O�R�Z�H�G �E�\ �H�P�E�H�G�G�H�G �U�H�H�V�W�L�P�D��
�W�L�R�Q �W�U�D�L�Q�L�Q�J�� �D�Q�G �W�Z�R �O�D�Q�J�X�D�J�H �P�R�G�H�O�V ���D �I�O�D�W �P�R�G�H�O �D�Q�G �D �E�L�J�U�D�P
�O�H�D�U�Q�H�G �I�U�R�P �G�D�W�D����

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

�7�K�H �E�H�V�W �D�Y�H�U�D�J�H �I���P�H�D�V�X�U�H �R�Y�H�U �D�O�O �W�K�H �T�X�H�U�\ �S�D�W�W�H�U�Q�V �L�Q �D�Q �H�[��
�S�H�U�L�P�H�Q�W �X�V�L�Q�J�5�/�&�6�� �L�V �U�H�S�R�U�W�H�G �L�Q �7�D�E�O�H�������� �:�H �V�H�H �W�K�D�W�5�/�&�6��
�L�P�S�U�R�Y�H�V �W�K�H �U�H�F�D�O�O�� �E�X�W �Z�L�W�K �D �O�R�Z�H�U �S�U�H�F�L�V�L�R�Q �D�Q�G �D�Q �L�P�S�U�R�Y�H�G �I��
�P�H�D�V�X�U�H�� �V�K�R�Z�L�Q�J �W�K�D�W �W�K�H �I�O�H�[�L�E�L�O�L�W�\ �L�Q �D�S�S�U�R�[�L�P�D�W�H �P�D�W�F�K�L�Q�J �S�U�R��
�Y�L�G�H�G �E�\�5�/�&�6�F�R�P�H�V �D�W �W�K�H �F�R�V�W �R�I �D�G�G�L�W�L�R�Q�D�O �I�D�O�V�H �S�R�V�L�W�L�Y�H�V�� �,�W �L�V
�R�E�V�H�U�Y�H�G �W�K�D�W �W�K�H �S�D�W�W�H�U�Q�V �F�R�P�S�R�V�H�G �R�I �V�P�D�O�O�H�U �U�H�S�H�W�L�W�L�Y�H �S�D�W�W�H�U�Q�V
���D�Q�G �K�H�Q�F�H �K�D�Y�L�Q�J �D�P�E�L�J�X�R�X�V �E�R�X�Q�G�D�U�L�H�V�� �U�H�V�X�O�W �L�Q �D �S�R�R�U �S�U�H�F�L�V�L�R�Q
���H���J���$2 �D�Q�G�$3 �L�Q �7�D�E�O�H�������Z�L�W�K �D �S�U�H�F�L�V�L�R�Q �R�I ���������� �D�Q�G ������������
�U�H�V�S�H�F�W�L�Y�H�O�\���� �%�R�W�K �D�U�H �F�R�P�P�R�Q�O�\ �S�O�D�\�H�G �S�D�W�W�H�U�Q�V �Z�L�W�K �V�H�Y�H�U�D�O �U�H�S��
�H�W�L�W�L�R�Q�V �D�Q�G �K�D�Y�H �D �S�R�R�U �S�U�H�F�L�V�L�R�Q �G�X�H �W�R �L�Q�F�R�U�U�H�F�W �V�H�J�P�H�Q�W�D�W�L�R�Q��
�$1 �L�Q �7�D�E�O�H�������� �R�Q �W�K�H �F�R�Q�W�U�D�U�\�� �K�D�V �Q�R�Q���D�P�E�L�J�X�R�X�V �E�R�X�Q�G�D�U�L�H�V
�O�H�D�G�L�Q�J �W�R �D �J�R�R�G �S�U�H�F�L�V�L�R�Q �R�I ������������ �7�K�H �H�I�I�H�F�W �R�I �W�K�H �O�H�Q�J�W�K �R�I �D
�S�D�W�W�H�U�Q �R�Q �S�U�H�F�L�V�L�R�Q �L�V �D�O�V�R �H�Y�L�G�H�Q�W�� �6�P�D�O�O �S�D�W�W�H�U�Q�V ���Z�L�W�KL = 4��
�W�K�D�W �K�D�Y�H �Q�R�Q���D�P�E�L�J�X�R�X�V �E�R�X�Q�G�D�U�L�H�V ���H���J���$8 �L�Q �7�D�E�O�H�������Z�L�W�K �D
�S�U�H�F�L�V�L�R�Q �R�I ������������ �K�D�Y�H �D �S�R�R�U �S�U�H�F�L�V�L�R�Q �D�V �F�R�P�S�D�U�H�G �W�R �O�R�Q�J�H�U
�S�D�W�W�H�U�Q�V �Z�L�W�K �Q�R�Q���D�P�E�L�J�X�R�X�V �E�R�X�Q�G�D�U�L�H�V ���H���J���$1���� �7�K�H �U�H�D�V�R�Q �I�R�U
�W�K�L�V �L�V �W�K�D�W �W�K�H �V�P�D�O�O�H�U �S�D�W�W�H�U�Q�V �D�U�H �P�R�U�H �S�U�R�Q�H �W�R �H�U�U�R�U�V �D�V �W�K�H �V�H�D�U�F�K
�D�O�J�R�U�L�W�K�P �K�D�V �W�R �P�D�W�F�K �D �O�R�Z�H�U �Q�X�P�E�H�U �R�I �V�\�O�O�D�E�O�H�V��

�7�K�H �Y�D�O�X�H�V �R�I� ��� �D�Q�G� �W�K�D�W �J�L�Y�H �W�K�H �E�H�V�W �I���P�H�D�V�X�U�H �Z�L�W�K�5�/�&�6��
�D�U�H �W�K�H�Q �I�L�[�H�G �I�R�U �D�O�O �V�X�E�V�H�T�X�H�Q�W �H�[�S�H�U�L�P�H�Q�W�V �W�R �F�R�P�S�D�U�H �W�K�H �S�H�U��
�I�R�U�P�D�Q�F�H �R�I �W�K�H �S�U�R�S�R�V�H�G�5�/�&�6�Y�D�U�L�D�Q�W�V�� �7�K�H �U�H�V�X�O�W�V �Z�L�W�K �R�W�K�H�U
�Y�D�U�L�D�Q�W�V �R�I�5�/�&�6�D�U�H �D�O�V�R �U�H�S�R�U�W�H�G �L�Q �7�D�E�O�H�������� �7�K�H �U�H�V�X�O�W�V �I�U�R�P
�5�/�&�6�G�V�K�R�Z �W�K�D�W �W�K�H �X�V�H �R�I �D �W�L�P�E�U�D�O �V�\�O�O�D�E�O�H �G�L�V�W�D�Q�F�H �P�H�D�V�X�U�H
�Z�L�W�K �K�L�J�K�H�U �W�K�U�H�V�K�R�O�G� �I�X�U�W�K�H�U �L�P�S�U�R�Y�H�V �W�K�H �U�H�F�D�O�O�� �E�X�W �Z�L�W�K �D �P�X�F�K
�O�R�Z�H�U �S�U�H�F�L�V�L�R�Q �D�Q�G �I���P�H�D�V�X�U�H�� �$�O�W�K�R�X�J�K �Z�H �I�L�Q�G �P�D�W�F�K�H�V �W�K�D�W
�K�D�Y�H �V�X�E�V�W�L�W�X�W�L�R�Q �H�U�U�R�U�V �X�V�L�Q�J �W�K�H �G�L�V�W�D�Q�F�H �P�H�D�V�X�U�H�� �Z�H �U�H�W�U�L�H�Y�H �D�G��
�G�L�W�L�R�Q�D�O �P�D�W�F�K�H�V �W�K�D�W �G�R �Q�R�W �K�D�Y�H �V�X�E�V�W�L�W�X�W�L�R�Q �H�U�U�R�U�V �F�R�Q�W�U�L�E�X�W�L�Q�J
�W�R �D�G�G�L�W�L�R�Q�D�O �I�D�O�V�H �S�R�V�L�W�L�Y�H�V�� �2�Q �W�K�H �F�R�Q�W�U�D�U�\�� �X�V�L�Q�J �D �Q�R�Q���O�L�Q�H�D�U
�Z�D�U�S�L�Q�J �I�X�Q�F�W�L�R�Qf (:) �L�Q�5�/�&�6�V�L�P�S�U�R�Y�H�V �W�K�H �S�U�H�F�L�V�L�R�Q �Z�L�W�K �O�D�U�J�H�U
�Y�D�O�X�H�V �R�I� �� �7�K�H �S�H�Q�D�O�W�L�H�V �R�Q �P�D�W�F�K�H�V �Z�L�W�K �K�L�J�K�H�U �Q�X�P�E�H�U �R�I �L�Q�V�H�U��
�W�L�R�Q�V �D�Q�G �G�H�O�H�W�L�R�Q�V �L�V �O�D�U�J�H �D�Q�G �W�K�H�\ �D�U�H �O�H�I�W �R�X�W�� �O�H�D�G�L�Q�J �W�R �D �J�R�R�G



������ �3�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G �G�L�V�F�R�Y�H�U�\
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�7�D�E�O�H ���������$�X�W�R�P�D�W�L�F �W�U�D�Q�V�F�U�L�S�W�L�R�Q �U�H�V�X�O�W�V �R�Q �W�K�H�6�.�4�G�D�W�D�V�H�W �X�V�L�Q�J
�+�0�0�V�W�U�D�L�Q�H�G �X�V�L�Q�J �D �I�O�D�W �V�W�D�U�W �I�R�U �H�D�F�K �V�\�O�O�D�E�O�H�� �7�K�H �W�D�E�O�H �V�K�R�Z�V �E�R�W�K
�W�U�D�L�Q�L�Q�J �D�Q�G �W�H�V�W �S�H�U�I�R�U�P�D�Q�F�H�� �I�R�U �E�R�W�K �D �I�O�D�W �D�Q�G �D �E�L�J�U�D�P �O�D�Q�J�X�D�J�H
�P�R�G�H�O�� �X�V�L�Q�J �W�K�H �&�R�U�U�H�F�W�Q�H�V�V ��C�� �D�Q�G �$�F�F�X�U�D�F�\ ��A�� �S�H�U�I�R�U�P�D�Q�F�H �P�H�D��
�V�X�U�H�V�� �7�K�H �E�H�V�W �S�H�U�I�R�U�P�L�Q�J �F�R�P�E�L�Q�D�W�L�R�Q �Z�L�W�K �K�L�J�K�H�V�W �W�H�V�W �$�F�F�X�U�D�F�\ �L�V
�V�K�R�Z�Q �L�Q �E�R�O�G�� �)�R�U �W�H�V�W �G�D�W�D �S�H�U�I�R�U�P�D�Q�F�H�� �W�K�H �Y�D�O�X�H�V �X�Q�G�H�U�O�L�Q�H�G �L�Q �H�D�F�K
�F�R�O�X�P�Q �D�U�H �V�W�D�W�L�V�W�L�F�D�O�O�\ �H�T�X�L�Y�D�O�H�Q�W �W�R �W�K�H �E�H�V�W �U�H�V�X�O�W��

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

�5�H�V�X�O�W�V �R�Q �P�U�L�G�D�Q�J�D�P �V�R�O�R �G�D�W�D�V�H�W

�6�L�P�L�O�D�U �W�R �D�Q �H�Y�D�O�X�D�W�L�R�Q �R�Q �W�K�H�W�D�E�O�D�V�R�O�R �G�D�W�D�V�H�W�� �Z�H �S�U�H�V�H�Q�W �D �S�D�U��
�D�O�O�H�O �H�Y�D�O�X�D�W�L�R�Q �Z�L�W�K �W�K�H �P�U�L�G�D�Q�J�D�P �V�R�O�R �G�D�W�D�V�H�W ���6�.�4�G�D�W�D�V�H�W���� �8�Q��
�O�L�N�H �W�K�H�W�D�E�O�D�V�R�O�R �G�D�W�D�V�H�W�� �V�L�Q�F�H �W�K�H �P�U�L�G�D�Q�J�D�P �V�R�O�R �G�D�W�D�V�H�W �G�R�H�V
�Q�R�W �K�D�Y�H �W�L�P�H �D�O�L�J�Q�H�G �J�U�R�X�Q�G �W�U�X�W�K �W�U�D�Q�V�F�U�L�S�W�L�R�Q�V�� �Z�H �U�H�S�R�U�W �D�X�W�R��
�P�D�W�L�F �W�U�D�Q�V�F�U�L�S�W�L�R�Q �U�H�V�X�O�W�V �R�Q�O�\ �I�R�U �I�O�D�W �V�W�D�U�W �H�P�E�H�G�G�H�G�+�0�0 �W�U�D�L�Q��
�L�Q�J�� �:�L�W�K �W�K�H �E�H�V�W �S�H�U�I�R�U�P�L�Q�J �F�R�P�E�L�Q�D�W�L�R�Q�� �Z�H �W�K�H�Q �U�H�S�R�U�W �U�H�V�X�O�W�V
�R�I �S�D�W�W�H�U�Q �V�H�D�U�F�K �X�V�L�Q�J �G�L�I�I�H�U�H�Q�W�5�/�&�6�Y�D�U�L�D�Q�W�V �X�V�L�Q�J �W�K�H �T�X�H�U�\ �S�D�W��
�W�H�U�Q�V �I�U�R�P �7�D�E�O�H�������� �:�H �X�V�H �L�G�H�Q�W�L�F�D�O �G�H�I�L�Q�L�W�L�R�Q�V �R�I �S�H�U�I�R�U�P�D�Q�F�H
�P�H�D�V�X�U�H�V �D�V �X�V�H�G �Z�K�L�O�H �U�H�S�R�U�W�L�Q�J �U�H�V�X�O�W�V �I�R�U�W�D�E�O�D�V�R�O�R �G�D�W�D�V�H�W��

�7�K�H �U�H�V�X�O�W�V �R�I �D�X�W�R�P�D�W�L�F �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�U�H �V�K�R�Z�Q �L�Q �7�D�E�O�H������
�I�R�U �D�O�O �W�K�H �F�R�P�E�L�Q�D�W�L�R�Q�V �R�I �F�R�Q�G�L�W�L�R�Q�V�� �)�R�U �W�H�V�W �G�D�W�D �S�H�U�I�R�U�P�D�Q�F�H��
�W�K�H �Y�D�O�X�H�V �X�Q�G�H�U�O�L�Q�H�G �L�Q �H�D�F�K �F�R�O�X�P�Q �R�I �W�K�H �W�D�E�O�H �D�U�H �V�W�D�W�L�V�W�L�F�D�O�O�\
�H�T�X�L�Y�D�O�H�Q�W �W�R �W�K�H �E�H�V�W �U�H�V�X�O�W ���L�Q �D �S�D�L�U�H�G���V�D�P�S�O�H �W���W�H�V�W �D�W ���� �V�L�J�Q�L�I��
�L�F�D�Q�F�H �O�H�Y�H�O�V���� �2�Y�H�U�D�O�O�� �Z�H �V�H�H �D �E�H�V�W �W�H�V�W �$�F�F�X�U�D�F�\ �R�I ������������ �I�R�U
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�9�D�U�L�D�Q�W �3�D�U�D�P�H�W�H�U �3�U�H�F�L�V�L�R�Q ��p�� �5�H�F�D�O�O ��r�� �I���P�H�D�V�X�U�H ��f��

�%�D�V�H�O�L�Q�H�� ���������� ���������� ����������
�5�/�&�6������ � = 0 ���������� ���������� ����������
�5�/�&�6������ � = 0 ���������� ���������� ����������

�7�D�E�O�H ���������3�H�U�I�R�U�P�D�Q�F�H �R�I �D�S�S�U�R�[�L�P�D�W�H �S�D�W�W�H�U�Q �V�H�D�U�F�K �I�R�U �E�D�V�H�O�L�Q�H �D�Q�G
�5�/�&�6���� �5�/�&�6������ �V�K�R�Z�V �W�K�H �E�H�V�W �I���P�H�D�V�X�U�H �L�Q �W�K�H �H�[�S�H�U�L�P�H�Q�W�V�� �R�E�W�D�L�Q�H�G
�Z�L�W�K �S�D�U�D�P�H�W�H�U �V�H�W�W�L�Q�J�V� = 0 :525��� = 0 :51�D�Q�G� = 0 :95�� �Z�K�L�O�H�5�/�&�6����
�� �V�K�R�Z�V �W�K�H �E�H�V�W �U�H�F�D�O�O �D�F�K�L�H�Y�H�G�� �R�E�W�D�L�Q�H�G �Z�L�W�K �S�D�U�D�P�H�W�H�U �V�H�W�W�L�Q�J�V� =
0:275��� = 0 :11 �D�Q�G� = 0 :45��

�$�F�F�X�U�D�F�\ �P�H�D�V�X�U�H �I�R�U �D�O�O �F�D�V�H�V �L�V �O�R�Z�H�U �W�K�D�Q �W�K�H �&�R�U�U�H�F�W�Q�H�V�V �P�H�D��
�V�X�U�H�� �Z�K�L�F�K �V�K�R�Z�V �W�K�D�W �W�K�H�U�H �D�U�H �D �V�L�J�Q�L�I�L�F�D�Q�W �Q�X�P�E�H�U �R�I �L�Q�V�H�U�W�L�R�Q
�H�U�U�R�U�V �L�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q�� �7�U�D�L�Q�L�Q�J �$�F�F�X�U�D�F�\ �L�V �K�L�J�K�H�U �W�K�D�Q �W�H�V�W �$�F�F�X��
�U�D�F�\�� �E�X�W �Z�L�W�K �D �V�P�D�O�O �P�D�U�J�L�Q �V�K�R�Z�L�Q�J �W�K�D�W �W�K�H�U�H �L�V �V�R�P�H �G�L�I�I�L�F�X�O�W�\
�L�Q �P�R�G�H�O�L�Q�J �X�Q�V�H�H�Q �G�D�W�D�� �:�L�W�K �W�K�H �I�H�D�W�X�U�H�V�� �Z�H �V�H�H �W�K�D�W �W�K�H �X�V�H
�R�I �W�K�H �H�Q�H�U�J�\ �F�R���H�I�I�L�F�L�H�Q�W �L�Q�0�)�&�&�B���B�'�B�$�S�H�U�I�R�U�P�V �E�H�W�W�H�U �Z�K�H�Q
�F�R�P�S�D�U�H�G �W�R �W�K�H �I�H�D�W�X�U�H�0�)�&�&�B�'�B�$�� �Z�K�L�F�K �V�K�R�Z�V �W�K�D�W �W�K�H �X�V�H �R�I
�U�H�O�D�W�L�Y�H �Y�R�O�X�P�H �G�\�Q�D�P�L�F�V �E�H�W�Z�H�H�Q �V�W�U�R�N�H�V �L�P�S�U�R�Y�H�V �W�U�D�Q�V�F�U�L�S�W�L�R�Q
�S�H�U�I�R�U�P�D�Q�F�H��

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

�8�V�L�Q�J �W�K�H �R�X�W�S�X�W �W�U�D�Q�V�F�U�L�S�W�L�R�Q�V �I�U�R�P �W�K�H �E�H�V�W �S�H�U�I�R�U�P�L�Q�J �F�R�P��
�E�L�Q�D�W�L�R�Q ���0�)�&�&�B���B�'�B�$�D�Q�G �D �I�O�D�W �O�D�Q�J�X�D�J�H �P�R�G�H�O���� �Z�H �U�H�S�R�U�W �W�K�H
�S�H�U�I�R�U�P�D�Q�F�H �R�I �D�S�S�U�R�[�L�P�D�W�H �V�W�U�L�Q�J �P�D�W�F�K�L�Q�J �Z�L�W�K�5�/�&�6�D�O�J�R�U�L�W�K�P
�I�R�U �W�K�H �T�X�H�U�\ �S�D�W�W�H�U�Q�V �I�U�R�P �7�D�E�O�H�������� �7�D�E�O�H�������V�K�R�Z�V �W�K�H �D�Y�H�U�D�J�H
�U�H�V�X�O�W�V �R�I �S�D�W�W�H�U�Q �V�H�D�U�F�K �Z�L�W�K �W�K�H�6�.�4�G�D�W�D�V�H�W ���P�U�L�G�D�Q�J�D�P�� �Z�L�W�K �W�K�H
�5�/�&�6�� �D�O�J�R�U�L�W�K�P�� �Z�L�W�K �D�Q �H�[�D�F�W �V�W�U�L�Q�J �V�H�D�U�F�K �E�D�V�H�O�L�Q�H �D�O�V�R �V�K�R�Z�Q��
�:�H �I�X�U�W�K�H�U �H�V�W�D�E�O�L�V�K �W�K�H �R�S�W�L�P�X�P �S�D�U�D�P�H�W�H�U �V�H�W�W�L�Q�J�V �I�R�U�5�/�&�6�X�V��
�L�Q�J �D �J�U�L�G �V�H�D�U�F�K �V�L�P�L�O�D�U �W�R �H�[�S�H�U�L�P�H�Q�W�V �Z�L�W�K�W�D�E�O�D�V�R�O�R �G�D�W�D�V�H�W�� �7�K�H
�Q�X�P�E�H�U�V �L�Q �W�K�H �W�D�E�O�H �V�K�R�Z �W�K�H �U�H�V�X�O�W�V �I�R�U �W�K�H �E�H�V�W �S�H�U�I�R�U�P�L�Q�J �S�D��



������ �3�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G �G�L�V�F�R�Y�H�U�\

�U�D�P�H�W�H�U �V�H�W�W�L�Q�J�V�� �6�L�Q�F�H�5�/�&�6�G�D�Q�G�5�/�&�6�V�D�O�J�R�U�L�W�K�P�V �G�L�G �Q�R�W �V�K�R�Z
�D�Q�\ �L�P�S�U�R�Y�H�P�H�Q�W �L�Q �I���P�H�D�V�X�U�H �I�R�U�W�D�E�O�D�V�R�O�R�V�� �R�Q�O�\ �W�K�H �U�H�V�X�O�W�V �R�I
�5�/�&�6�� �D�U�H �U�H�S�R�U�W�H�G �I�R�U �P�U�L�G�D�Q�J�D�P �V�R�O�R�V��

�7�K�H �U�H�V�X�O�W�V �L�Q �7�D�E�O�H������ �D�U�H �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �G�L�I�I�H�U�H�Q�W �F�R�P�S�D�U�H�G
�W�R �7�D�E�O�H�������D�Q�G �Q�H�H�G �I�X�U�W�K�H�U �H�[�S�O�D�Q�D�W�L�R�Q�� �:�H �V�H�H �D �K�L�J�K�H�U �E�D�V�H��
�O�L�Q�H �S�H�U�I�R�U�P�D�Q�F�H �X�V�L�Q�J �H�[�D�F�W �V�W�U�L�Q�J �P�D�W�F�K �Z�L�W�K �D �J�R�R�G �S�U�H�F�L�V�L�R�Q
�D�Q�G �D �S�R�R�U�H�U �U�H�F�D�O�O�� �L�Q�G�L�F�D�W�L�Q�J �D�Q �L�P�S�U�R�Y�H�G �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�F�F�X�U�D�F�\
�Z�L�W�K �P�U�L�G�D�Q�J�D�P�� �7�K�H �O�R�Z�H�V�W �U�H�F�D�O�O �R�I ���������� �L�V �D�F�K�L�H�Y�H�G �I�R�U �S�D�W��
�W�H�U�Q�$3 �L�Q �7�D�E�O�H�������� �)�X�U�W�K�H�U�� �L�Q�W�H�U�H�V�W�L�Q�J�O�\�� �W�K�H �E�H�V�W �S�H�U�I�R�U�P�L�Q�J
�I���P�H�D�V�X�U�H �Z�L�W�K�5�/�&�6�� ���V�K�R�Z�Q �L�Q �W�K�H �W�D�E�O�H �D�V�5�/�&�6�������� �L�V �H�T�X�L�Y��
�D�O�H�Q�W �W�R �W�K�H �E�D�V�H�O�L�Q�H�� �J�L�Y�L�Q�J �D�Q �L�G�H�Q�W�L�F�D�O �S�H�U�I�R�U�P�D�Q�F�H�� �2�Q �F�O�R�V�H�U
�L�Q�V�S�H�F�W�L�R�Q�� �Z�H �V�H�H �W�K�D�W �W�K�L�V �L�V �D�F�K�L�H�Y�H�G �D�W �D �K�L�J�K �V�F�R�U�H �W�K�U�H�V�K�R�O�G �R�I
� = 0:95�� �6�X�F�K �D �K�L�J�K �V�F�R�U�H �W�K�U�H�V�K�R�O�G �P�D�N�H�V �W�K�H�5�/�&�6�D�O�J�R�U�L�W�K�P
�W�R �E�H �H�T�X�L�Y�D�O�H�Q�W �W�R �H�[�D�F�W �V�H�D�U�F�K�� �S�H�Q�D�O�L�]�L�Q�J �D�Q�\ �D�S�S�U�R�[�L�P�D�W�H �O�H�Q�J�W�K
�V�F�R�U�H�V �D�Q�G �O�R�R�N�L�Q�J �I�R�U �H�[�D�F�W �P�D�W�F�K�H�V�� �+�R�Z�H�Y�H�U�� �W�K�H �E�H�V�W �U�H�F�D�O�O ���R�I
������������ �Z�L�W�K�5�/�&�6�� ���V�K�R�Z�Q �L�Q �W�K�H �W�D�E�O�H �D�V�5�/�&�6�������� �L�V �R�E�W�D�L�Q�H�G �I�R�U
�D �O�R�Z�H�U �V�F�R�U�H �W�K�U�H�V�K�R�O�G �R�I� = 0:45�� �E�X�W �Z�L�W�K �D �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �O�R�Z�H�U
�I���P�H�D�V�X�U�H �R�I ���������� �D�V �V�K�R�Z�Q �L�Q �W�K�H �W�D�E�O�H�� �,�Q �W�K�H �F�D�V�H �R�I �W�K�H �P�U�L��
�G�D�Q�J�D�P �G�D�W�D�V�H�W���5�/�&�6�G�R�H�V �Q�R�W �V�K�R�Z �D �V�L�J�Q�L�I�L�F�D�Q�W �D�G�Y�D�Q�W�D�J�H �L�Q
�L�P�S�U�R�Y�L�Q�J �I���P�H�D�V�X�U�H�� �,�Q �D�G�G�L�W�L�R�Q�� �Z�H �V�H�H �W�K�D�W �W�K�H �U�H�V�X�O�W�V �R�Q�6�.�4
�G�D�W�D�V�H�W �D�U�H �L�Q�V�H�Q�V�L�W�L�Y�H �W�R �D �Z�L�G�H �U�D�Q�J�H �R�I �Y�D�O�X�H�V �R�I� �D�Q�G� ��

�%�R�W�K �W�K�H�V�H �L�Q�W�H�U�H�V�W�L�Q�J �R�E�V�H�U�Y�D�W�L�R�Q�V �F�D�Q �E�H �H�[�S�O�D�L�Q�H�G �I�U�R�P �W�K�H
�Q�D�W�X�U�H �R�I �W�K�H�6�.�4�G�D�W�D�V�H�W�� �7�K�H �G�D�W�D�V�H�W �F�R�Q�V�L�V�W�V �R�I �D�X�G�L�R �I�L�O�H�V �W�K�D�W
�F�R�Q�W�D�L�Q �V�K�R�U�W �V�H�J�P�H�Q�W�H�G �S�K�U�D�V�H�V�� �Z�L�W�K �T�X�H�U�\ �S�D�W�W�H�U�Q�V �E�H�L�Q�J �L�Q �W�K�H
�V�D�P�H �R�U�G�H�U �R�I �O�H�Q�J�W�K �D�V �W�K�H �W�H�V�W �D�X�G�L�R �I�L�O�H�V�� �,�Q �V�X�F�K �D �F�D�V�H�� �W�K�H �F�R�P��
�S�X�W�H�G �U�R�X�J�K �P�D�W�F�K �O�H�Q�J�W�K�V �D�Q�G �G�H�Q�V�L�W�L�H�V �D�U�H �Q�R�W �Z�H�O�O �G�H�I�L�Q�H�G�� �O�H�D�G��
�L�Q�J �W�R �W�K�H �L�Q�V�H�Q�V�L�W�L�Y�L�W�\ �R�I �W�K�H �P�L�[�L�Q�J �S�D�U�D�P�H�W�H�U ��� �� �D�Q�G �W�K�H �P�L�Q�L��
�P�X�P �I�U�D�F�W�L�R�Q �R�I �P�D�W�F�K �S�D�U�D�P�H�W�H�U(� ���� �,�Q �D�G�G�L�W�L�R�Q�� �D�Q �D�O�J�R�U�L�W�K�P �W�K�D�W
�F�R�Q�V�L�G�H�U�V �U�R�X�J�K �O�H�Q�J�W�K�V �E�X�W �X�V�H�V �D �E�L�Q�D�U�\ �G�L�V�W�D�Q�F�H �P�H�D�V�X�U�H ���V�X�F�K
�D�V�5�/�&�6���� �Z�R�X�O�G �S�U�R�Y�L�G�H �Q�R �V�L�J�Q�L�I�L�F�D�Q�W �D�G�Y�D�Q�W�D�J�H �R�Y�H�U �D�Q �H�[�D�F�W
�V�H�D�U�F�K�� �:�H �F�D�Q �V�X�P�P�D�U�L�]�H �W�K�D�W �W�K�H �S�U�H�V�H�Q�W �I�R�U�P�X�O�D�W�L�R�Q �R�I�5�/�&�6��
�D�O�J�R�U�L�W�K�P �L�V �D�G�Y�D�Q�W�D�J�H�R�X�V �R�Q�O�\ �Z�K�H�Q �W�K�H �T�X�H�U�\ �S�D�W�W�H�U�Q�V �D�U�H �P�X�F�K
�V�K�R�U�W�H�U �W�K�D�Q �W�K�H �D�X�G�L�R �U�H�F�R�U�G�L�Q�J�V �L�Q �Z�K�L�F�K �W�K�H�V�H �S�D�W�W�H�U�Q�V �D�U�H �E�H�L�Q�J
�T�X�H�U�L�H�G�� �,�Q �D�G�G�L�W�L�R�Q�� �W�K�H�U�H �L�V �K�H�Q�F�H �D �Q�H�H�G �W�R �H�[�S�O�R�U�H �L�P�S�U�R�Y�H�P�H�Q�W�V
�W�R �S�D�W�W�H�U�Q �V�H�D�U�F�K �L�Q �F�D�V�H�V �V�X�F�K �D�V �W�K�H �P�U�L�G�D�Q�J�D�P �G�D�W�D�V�H�W�� �Z�K�H�U�H �D
�T�X�H�U�\ �S�D�W�W�H�U�Q �L�V �E�H�L�Q�J �V�H�D�U�F�K�H�G �R�Y�H�U �D �O�D�U�J�H �Q�X�P�E�H�U �R�I �D�X�G�L�R �I�L�O�H�V
�W�K�D�W �D�O�V�R �F�R�Q�W�D�L�Q �V�K�R�U�W �S�K�U�D�V�H�V�� �+�R�Z�H�Y�H�U�� �D �P�R�U�H �F�R�P�S�U�H�K�H�Q�V�L�Y�H
�H�[�S�H�U�L�P�H�Q�W�D�W�L�R�Q �R�Q �O�D�U�J�H�U �G�D�W�D�V�H�W�V �Z�L�W�K �V�X�F�K �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �Z�R�X�O�G
�E�H �Q�H�F�H�V�V�D�U�\ �W�R �F�R�Q�I�L�U�P �W�K�L�V �F�O�D�L�P��
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�7�K�H �F�K�D�S�W�H�U �S�U�H�V�H�Q�W�H�G �D �G�H�W�D�L�O�H�G �I�R�U�P�X�O�D�W�L�R�Q �R�I �W�K�H �W�D�V�N �R�I �S�H�U�F�X�V��
�V�L�R�Q �S�D�W�W�H�U�Q �G�L�V�F�R�Y�H�U�\ �L�Q �P�X�V�L�F �F�X�O�W�X�U�H�V �V�\�O�O�D�E�L�F �S�H�U�F�X�V�V�L�R�Q �V�\�V��
�W�H�P�V�� �7�K�H �D�S�S�U�R�D�F�K�H�V �X�W�L�O�L�]�H�G �W�K�H �R�Y�H�U�D�O�O �W�L�P�E�U�H�V �R�I �S�H�U�F�X�V�V�L�R�Q
�V�W�U�R�N�H�V ���H�L�W�K�H�U �I�U�R�P �D �V�L�Q�J�O�H �G�U�X�P �R�U �I�U�R�P �D�Q �H�Q�V�H�P�E�O�H�� �W�R �G�H�I�L�Q�H
�S�D�W�W�H�U�Q�V�� �$�Q �H�Y�D�O�X�D�W�L�R�Q �R�Q �S�H�U�F�X�V�V�L�R�Q �G�D�W�D�V�H�W�V �L�Q �M�L�Q�J�M�X �D�Q�G �,�Q�G�L�D�Q
�D�U�W �P�X�V�L�F �G�D�W�D�V�H�W�V �I�R�U�P�D�O�O�\ �V�K�R�Z�H�G �W�K�H �S�R�V�V�L�E�L�O�L�W�\ �R�I �V�X�F�K �D�Q �D�S��
�S�U�R�D�F�K�� �D�O�R�Q�J �Z�L�W�K �L�W�V �D�G�Y�D�Q�W�D�J�H�V �D�Q�G �F�X�U�U�H�Q�W �O�L�P�L�W�D�W�L�R�Q�V�� �7�K�H �J�R�D�O
�R�I �H�Y�D�O�X�D�W�L�R�Q�V �R�Q �S�H�U�F�X�V�V�L�R�Q �G�D�W�D�V�H�W�V �R�I �M�L�Q�J�M�X���W�D�E�O�D�D�Q�G �P�U�L�G�D�Q��
�J�D�P �Z�D�V �W�R �S�U�H�V�H�Q�W �D �P�H�W�K�R�G�R�O�R�J�\ �I�R�U �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G �G�L�V�F�R�Y��
�H�U�\���F�O�D�V�V�L�I�L�F�D�W�L�R�Q �R�I �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V �L�Q �V�\�O�O�D�E�L�F �S�H�U�F�X�V�V�L�R�Q �V�\�V��
�W�H�P�V�� �7�K�H �Z�R�U�N �S�U�H�V�H�Q�W�H�G �Z�D�V �S�U�H�O�L�P�L�Q�D�U�\ �D�Q�G �Q�R�W �F�R�P�S�U�H�K�H�Q�V�L�Y�H��
�Z�L�W�K �D �V�L�J�Q�L�I�L�F�D�Q�W �V�F�R�S�H �I�R�U �G�H�H�S�H�U �V�W�X�G�\ �D�Q�G �L�P�S�U�R�Y�H�P�H�Q�W�� �+�R�Z��
�H�Y�H�U�� �W�K�H �E�D�V�L�F �L�G�H�D �R�I �X�V�L�Q�J �D �P�X�V�L�F�D�O�O�\ �P�H�D�Q�L�Q�J�I�X�O �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q
�V�\�V�W�H�P �W�R �G�H�I�L�Q�H �D�Q�G �G�H�V�F�U�L�E�H �S�D�W�W�H�U�Q�V �L�V �Y�D�O�L�G �D�Q�G �X�V�H�I�X�O�� �%�H�L�M�L�Q�J
�R�S�H�U�D �S�U�R�Y�L�G�H�G �D �X�V�H�I�X�O �W�H�V�W �F�D�V�H �I�R�U �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q �F�O�D�V�V�L�I�L�F�D��
�W�L�R�Q�� �V�K�R�Z�L�Q�J �S�U�R�P�L�V�L�Q�J �U�H�V�X�O�W�V��

�:�H �P�D�L�Q�O�\ �D�G�G�U�H�V�V�H�G �W�K�H �X�Q�H�[�S�O�R�U�H�G �S�U�R�E�O�H�P �R�I �D �G�L�V�F�R�Y�H�U�L�Q�J
�V�\�O�O�D�E�L�F �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V �L�Q �,�Q�G�L�D�Q �G�U�X�P ���W�D�E�O�D�D�Q�G �P�U�L�G�D�Q�J�D�P��
�V�R�O�R �U�H�F�R�U�G�L�Q�J�V�� �7�K�H �S�U�H�V�H�Q�W�H�G �I�R�U�P�X�O�D�W�L�R�Q �X�V�H�G �D �S�D�U�D�O�O�H�O �F�R�U�S�X�V
�R�I �D�X�G�L�R �U�H�F�R�U�G�L�Q�J�V �D�Q�G �V�\�O�O�D�E�L�F �V�F�R�U�H�V �W�R �F�U�H�D�W�H �D �V�H�W �R�I �T�X�H�U�\ �S�D�W��
�W�H�U�Q�V�� �W�K�D�W �Z�H�U�H �V�H�D�U�F�K�H�G �L�Q �D�Q �D�X�W�R�P�D�W�L�F�D�O�O�\ �W�U�D�Q�V�F�U�L�E�H�G ���L�Q�W�R �V�\�O��
�O�D�E�O�H�V�� �S�L�H�F�H �R�I �D�X�G�L�R�� �:�H �X�V�H�G �D �V�L�P�S�O�L�V�W�L�F �G�H�I�L�Q�L�W�L�R�Q �R�I �D �S�D�W�W�H�U�Q
�D�Q�G �H�[�S�O�R�U�H�G�5�/�&�6�E�D�V�H�G �V�X�E�V�H�T�X�H�Q�F�H �V�H�D�U�F�K �D�O�J�R�U�L�W�K�P�� �X�V�L�Q�J �D�Q
�+�0�0 �E�D�V�H�G �D�X�W�R�P�D�W�L�F �W�U�D�Q�V�F�U�L�S�W�L�R�Q�� �&�R�P�S�D�U�H�G �W�R �D �E�D�V�H�O�L�Q�H�� �Z�H
�V�K�R�Z�H�G �W�K�D�W �W�K�H �X�V�H �R�I �D�S�S�U�R�[�L�P�D�W�H �V�W�U�L�Q�J �V�H�D�U�F�K �D�O�J�R�U�L�W�K�P�V �L�P��
�S�U�R�Y�H�G �W�K�H �U�H�F�D�O�O �D�W �W�K�H �F�R�V�W �R�I �S�U�H�F�L�V�L�R�Q�� �$�G�G�L�W�L�R�Q�D�O�O�\�� �S�U�R�S�R�V�H�G
�Y�D�U�L�D�Q�W�V �H�Y�D�O�X�D�W�H�G �R�Q �W�K�H�.�5�4�G�D�W�D�V�H�W �L�P�S�U�R�Y�H�G �H�L�W�K�H�U �W�K�H �S�U�H�F�L��
�V�L�R�Q �R�U �U�H�F�D�O�O�� �E�X�W �G�R �Q�R�W �S�U�R�Y�L�G�H �D �V�L�J�Q�L�I�L�F�D�Q�W �L�P�S�U�R�Y�H�P�H�Q�W �L�Q �W�K�H
�I���P�H�D�V�X�U�H �R�Y�H�U �W�K�H �E�D�V�L�F�5�/�&�6�� �6�L�P�L�O�D�U �H�[�S�H�U�L�P�H�Q�W�V �R�Q �W�K�H�6�.�4
�G�D�W�D�V�H�W �V�K�R�Z�H�G �D �E�H�W�W�H�U �W�U�D�Q�V�F�U�L�S�W�L�R�Q �S�H�U�I�R�U�P�D�Q�F�H�� �Z�K�L�O�H �S�R�L�Q�W�L�Q�J
�R�X�W �D �O�L�P�L�W�D�W�L�R�Q �R�I �W�K�H�5�/�&�6�D�S�S�U�R�D�F�K �Z�K�H�Q �T�X�H�U�\�L�Q�J �S�D�W�W�H�U�Q�V �L�Q
�V�H�J�P�H�Q�W�H�G �V�K�R�U�W �D�X�G�L�R �I�L�O�H�V��

�)�R�U �I�X�W�X�U�H �Z�R�U�N�� �Z�H �D�L�P �W�R �L�P�S�U�R�Y�H �V�\�O�O�D�E�O�H �E�R�X�Q�G�D�U�L�H�V �R�X�W��
�S�X�W �E�\ �W�U�D�Q�V�F�U�L�S�W�L�R�Q �X�V�L�Q�J �R�Q�V�H�W �G�H�W�H�F�W�L�R�Q�� �,�Q�F�O�X�V�L�R�Q �R�I �U�K�\�W�K�P�L�F
�L�Q�I�R�U�P�D�W�L�R�Q �F�D�Q �E�H �D�Q �L�Q�W�H�U�H�V�W�L�Q�J �D�V�S�H�F�W �L�Q �G�H�I�L�Q�L�Q�J �D�Q�G �G�L�V�F�R�Y��
�H�U�L�Q�J �S�H�U�F�X�V�V�L�R�Q �S�D�W�W�H�U�Q�V�� �D�Q�G �Z�L�O�O �K�H�O�S �L�Q �H�Y�D�O�X�D�W�L�Q�J �W�K�H �W�D�V�N �R�I
�S�D�W�W�H�U�Q �G�L�V�F�R�Y�H�U�\ �Z�L�W�K �D �P�R�U�H �L�Q�F�O�X�V�L�Y�H �G�H�I�L�Q�L�W�L�R�Q �R�I �D �S�H�U�F�X�V�V�L�R�Q
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�S�D�W�W�H�U�Q�� �7�K�H �Q�H�[�W �V�W�H�S�V �Z�R�X�O�G �E�H �W�R �L�Q�F�R�U�S�R�U�D�W�H �E�H�W�W�H�U �W�L�P�E�U�D�O �V�L�P��
�L�O�D�U�L�W�\ �P�H�D�V�X�U�H�V�� �L�Q�F�O�X�G�H �V�H�J�P�H�Q�W �E�R�X�Q�G�D�U�L�H�V �L�Q�W�R �W�K�H�5�/�&�6�D�O�J�R��
�U�L�W�K�P �I�R�U�P�X�O�D�W�L�R�Q �D�Q�G �H�I�I�H�F�W�L�Y�H�O�\ �F�R�P�E�L�Q�H �W�K�H �S�U�R�S�R�V�H�G �Y�D�U�L�D�Q�W�V��
�Z�K�L�O�H �D�G�G�U�H�V�V�L�Q�J �L�W�V �O�L�P�L�W�D�W�L�R�Q�V �Z�K�H�Q �V�H�D�U�F�K�L�Q�J �V�K�R�U�W �D�X�G�L�R �I�L�O�H�V��
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�7�K�H �R�X�W�F�R�P�H �R�I �D�Q�\ �V�H�U�L�R�X�V �U�H�V�H�D�U�F�K �F�D�Q �R�Q�O�\ �E�H
�W�R �P�D�N�H �W�Z�R �T�X�H�V�W�L�R�Q�V �J�U�R�Z �Z�K�H�U�H �R�Q�O�\ �R�Q�H �J�U�H�Z
�E�H�I�R�U�H��

�7�K�R�U�V�W�H�L�Q �9�H�E�O�H�Q ������������

�7�K�H �F�R�Q�F�O�X�G�L�Q�J �F�K�D�S�W�H�U �R�I �W�K�H �G�L�V�V�H�U�W�D�W�L�R�Q �D�L�P�V �W�R �S�U�H�V�H�Q�W �V�R�P�H
�F�R�Q�F�U�H�W�H �D�S�S�O�L�F�D�W�L�R�Q�V �R�I �W�K�H �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �D�S�S�U�R�D�F�K�H�V �D�Q�G �U�H�V�X�O�W�V
�S�U�H�V�H�Q�W�H�G �L�Q �W�K�H �S�U�H�Y�L�R�X�V �F�K�D�S�W�H�U�V�� �,�W �L�V �I�R�O�O�R�Z�H�G �E�\ �D �V�X�P�P�D�U�\ �R�I
�W�K�H �Z�R�U�N �S�U�H�V�H�Q�W�H�G �L�Q �W�K�H �G�L�V�V�H�U�W�D�W�L�R�Q�� �D�O�R�Q�J �Z�L�W�K �V�R�P�H �N�H�\ �U�H�V�X�O�W�V
�D�Q�G �F�R�Q�F�O�X�V�L�R�Q�V�� �7�K�H �W�K�H�V�L�V �R�S�H�Q�V �X�S �D �K�R�V�W �R�I �R�S�H�Q �S�U�R�E�O�H�P�V ��
�S�R�L�Q�W�H�U�V �D�Q�G �G�L�U�H�F�W�L�R�Q�V �I�R�U �I�X�W�X�U�H �Z�R�U�N �E�D�V�H�G �R�Q �W�K�H �W�K�H�V�L�V �I�R�U�P �W�K�H
�O�D�V�W �S�D�U�W �R�I �W�K�H �F�K�D�S�W�H�U��
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�7�K�H�U�H �D�U�H �V�H�Y�H�U�D�O �D�S�S�O�L�F�D�W�L�R�Q�V �I�R�U �W�K�H �U�H�V�H�D�U�F�K �Z�R�U�N �S�U�H�V�H�Q�W�H�G �L�Q �W�K�H
�G�L�V�V�H�U�W�D�W�L�R�Q�� �6�R�P�H �R�I �W�K�H�V�H �D�S�S�O�L�F�D�W�L�R�Q�V �K�D�Y�H �D�O�U�H�D�G�\ �E�H�H�Q �L�G�H�Q��
�W�L�I�L�H�G �L�Q �&�K�D�S�W�H�U�� �D�Q�G �&�K�D�S�W�H�U���� �7�K�H �J�R�D�O �R�I �W�K�L�V �V�H�F�W�L�R�Q �L�V �W�R
�S�U�H�V�H�Q�W �F�R�Q�F�U�H�W�H �H�[�D�P�S�O�H�V �R�I �V�X�F�K �D�S�S�O�L�F�D�W�L�R�Q�V�� �D�Q�G �I�X�U�W�K�H�U �V�X�J�J�H�V�W
�R�W�K�H�U �D�S�S�O�L�F�D�W�L�R�Q�V �W�K�D�W �P�L�J�K�W �E�H �E�X�L�O�W �R�U �J�H�W �E�H�Q�H�I�L�W�H�G �I�U�R�P �W�K�H �Z�R�U�N
�S�U�H�V�H�Q�W�H�G �K�H�U�H�� �7�K�H �V�H�F�W�L�R�Q �G�H�V�F�U�L�E�H�V �V�R�P�H �R�I �W�K�H �D�S�S�O�L�F�D�W�L�R�Q�V �W�K�D�W
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�K�D�Y�H �U�H�V�X�O�W�H�G �I�U�R�P �W�K�H �Z�R�U�N �L�Q �&�R�P�S�0�X�V�L�F �V�R �I�D�U�� �D�Q�G �W�K�R�V�H �W�K�D�W
�K�D�Y�H �E�H�H�Q �S�O�D�Q�Q�H�G �Z�L�W�K�L�Q �W�K�H �H�I�I�R�U�W�V �R�I �W�K�H �S�U�R�M�H�F�W�� �3�R�V�V�L�E�O�H �I�X�W�X�U�H
�D�S�S�O�L�F�D�W�L�R�Q�V �Z�L�W�K �W�K�H �G�D�W�D �D�Q�G �P�H�W�K�R�G�V �D�U�H �D�O�V�R �G�L�V�F�X�V�V�H�G �E�U�L�H�I�O�\��

�$�W �W�K�H �R�X�W�V�H�W�� �W�K�H �S�U�L�P�D�U�\ �R�E�M�H�F�W�L�Y�H �D�Q�G �D�S�S�O�L�F�D�W�L�R�Q �R�I �D�X�W�R��
�P�D�W�L�F �U�K�\�W�K�P �D�Q�D�O�\�V�L�V �L�V �W�R �X�V�H �L�W �I�R�U �G�H�I�L�Q�L�Q�J �U�K�\�W�K�P �V�L�P�L�O�D�U�L�W�\
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�0�3�) �0�L�[�W�X�U�H �3�D�U�W�L�F�O�H �)�L�O�W�H�U
�1�0�) �1�R�Q���Q�H�J�D�W�L�Y�H �0�D�W�U�L�[ �)�D�F�W�R�U�L�]�D�W�L�R�Q
�2�&�5 �2�S�W�L�F�D�O �&�K�D�U�D�F�W�H�U �5�H�F�R�J�Q�L�]�H�U
�5�/�&�6 �5�R�X�J�K �/�R�Q�J�H�V�W �&�R�P�P�R�Q �6�X�E�V�H�T�X�H�Q�F�H
�5�1�1 �5�H�F�X�U�U�H�Q�W �1�H�X�U�D�O �1�H�W�Z�R�U�N
�6�,�6�6�H�T�X�H�Q�W�L�D�O �,�P�S�R�U�W�D�Q�F�H �6�D�P�S�O�L�Q�J
�6�,�6�5�6�H�T�X�H�Q�W�L�D�O �,�P�S�R�U�W�D�Q�F�H �6�D�P�S�O�L�Q�J���5�H�V�D�P�S�O�L�Q�J
�6�0�& �6�H�T�X�H�Q�W�L�D�O �0�R�Q�W�H �&�D�U�O�R
�6�7�)�7�6�K�R�U�W���7�L�P�H �)�R�X�U�L�H�U �7�U�D�Q�V�I�R�U�P
�:�$�4 �:�L�G�W�K �$�F�U�R�V�V �4�X�H�U�\
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�7�K�H �Q�X�P�E�H�U�V �L�Q �E�U�D�F�N�H�W�V �D�W �W�K�H �H�Q�G �R�I �H�D�F�K �E�L�E�O�L�R�J�U�D�S�K�L�F �H�Q�W�U�\ �L�Q��
�G�L�F�D�W�H �W�K�H �S�D�J�H�V �L�Q �Z�K�L�F�K �L�W �L�V �F�L�W�H�G��

�$�E�G�D�O�O�D�K�� �6�� �$���� �	 �3�O�X�P�E�O�H�\�� �0�� �'�� ������������ �$�S�U�L�O���� �3�U�R�E�D�E�L�O�L�W�\
�D�V �P�H�W�D�G�D�W�D�� �H�Y�H�Q�W �G�H�W�H�F�W�L�R�Q �L�Q �P�X�V�L�F �X�V�L�Q�J �,�&�$ �D�V �D �F�R�Q�G�L��
�W�L�R�Q�D�O �G�H�Q�V�L�W�\ �P�R�G�H�O�� �,�Q�3�U�R�F�H�H�G�L�Q�J�V �R�I �W�K�H ���W�K �,�Q�W�H�U�Q�D�W�L�R�Q�D�O
�6�\�P�S�R�V�L�X�P �R�Q �,�Q�G�H�S�H�Q�G�H�Q�W �&�R�P�S�R�Q�H�Q�W �$�Q�D�O�\�V�L�V �D�Q�G �6�L�J�Q�D�O
�6�H�S�D�U�D�W�L�R�Q ���,�&�$ �������������S�S�� �������±���������� �1�D�U�D�� �-�D�S�D�Q�� �>�������������@

�$�Q�D�Q�W�D�S�D�G�P�D�Q�D�E�K�D�Q�� �$���� �%�H�O�O�R�� �-���� �.�U�L�V�K�Q�D�Q�� �5���� �	 �0�X�U�W�K�\�� �+��
������������ �-�D�Q�X�D�U�\���� �7�R�Q�L�F���,�Q�G�H�S�H�Q�G�H�Q�W �6�W�U�R�N�H �7�U�D�Q�V�F�U�L�S�W�L�R�Q �R�I
�W�K�H �0�U�L�G�D�Q�J�D�P�� �,�Q�3�U�R�F�H�H�G�L�Q�J�V �R�I �W�K�H �����U�G �$�(�6 �,�Q�W�H�U�Q�D�W�L�R�Q�D�O
�&�R�Q�I�H�U�H�Q�F�H �R�Q �6�H�P�D�Q�W�L�F �$�X�G�L�R���/�R�Q�G�R�Q�� �8�.�� �>�����@

�$�Q�D�Q�W�D�S�D�G�P�D�Q�D�E�K�D�Q�� �$���� �%�H�O�O�X�U�� �$���� �	 �0�X�U�W�K�\�� �+�� �$�� ������������ �0�D�\����
�0�R�G�D�O �D�Q�D�O�\�V�L�V �D�Q�G �W�U�D�Q�V�F�U�L�S�W�L�R�Q �R�I �V�W�U�R�N�H�V �R�I �W�K�H �P�U�L�G�D�Q�J�D�P
�X�V�L�Q�J �Q�R�Q���Q�H�J�D�W�L�Y�H �P�D�W�U�L�[ �I�D�F�W�R�U�L�]�D�W�L�R�Q�� �,�Q�3�U�R�F�H�H�G�L�Q�J�V �R�I �W�K�H
�����W�K �,�(�(�( �,�Q�W�H�U�Q�D�W�L�R�Q�D�O �&�R�Q�I�H�U�H�Q�F�H �R�Q �$�F�R�X�V�W�L�F�V�� �6�S�H�H�F�K �D�Q�G
�6�L�J�Q�D�O �3�U�R�F�H�V�V�L�Q�J ���,�&�$�6�6�3 �������������S�S�� �������±���������� �9�D�Q�F�R�X�Y�H�U��
�&�D�Q�D�G�D�� �>�������������@

�$�W�O�Õ�� �+�� �6���� �8�\�D�U�� �%���� �ù�H�Q�W�•�U�N�� �6���� �%�R�]�N�X�U�W�� �%���� �	 �6�H�U�U�D�� �;�� ������������
�1�R�Y�H�P�E�H�U���� �$�X�G�L�R �)�H�D�W�X�U�H �(�[�W�U�D�F�W�L�R�Q �I�R�U �(�[�S�O�R�U�L�Q�J �7�X�U�N�L�V�K
�0�D�N�D�P �0�X�V�L�F�� �,�Q�3�U�R�F�H�H�G�L�Q�J�V �R�I �W�K�H ���U�G �,�Q�W�H�U�Q�D�W�L�R�Q�D�O �&�R�Q��
�I�H�U�H�Q�F�H �R�Q �$�X�G�L�R �7�H�F�K�Q�R�O�R�J�L�H�V �I�R�U �0�X�V�L�F �D�Q�G �0�H�G�L�D���$�Q�N�D�U�D��
�7�X�U�N�H�\�� �%�L�O�N�H�Q�W �8�Q�L�Y�H�U�V�L�W�\�� �'�H�S�D�U�W�P�H�Q�W �R�I �&�R�P�P�X�Q�L�F�D�W�L�R�Q
�D�Q�G �'�H�V�L�J�Q�� �>�������@
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�$�X�F�R�X�W�X�U�L�H�U�� �-�� �-���� �	 �3�D�F�K�H�W�� �)�� ������������ �2�F�W�R�E�H�U���� �0�X�V�L�F �V�L�P�L�O�D�U�L�W�\
�P�H�D�V�X�U�H�V�� �:�K�D�W�¶�V �W�K�H �X�V�H�" �,�Q�3�U�R�F�H�H�G�L�Q�J�V �R�I �W�K�H ���U�G �,�Q�W�H�U��
�Q�D�W�L�R�Q�D�O �&�R�Q�I�H�U�H�Q�F�H �R�Q �0�X�V�L�F �,�Q�I�R�U�P�D�W�L�R�Q �5�H�W�U�L�H�Y�D�O ���,�6�0�,�5
���������� ���S�S�� �������±���������� �3�D�U�L�V�� �)�U�D�Q�F�H�� �>�������@

�%�D�U�E�H�U�� �'���� �&�H�P�J�L�O�� �$�� �7���� �	 �&�K�L�D�S�S�D�� �6�� ���������������%�D�\�H�V�L�D�Q �W�L�P�H
�V�H�U�L�H�V �P�R�G�H�O�V�� �&�D�P�E�U�L�G�J�H �8�Q�L�Y�H�U�V�L�W�\ �3�U�H�V�V�� �>�������@

�%�H�O�O�R�� �-�� �3���� �'�D�X�G�H�W�� �/���� �$�E�G�X�O�O�D�K�� �6���� �'�X�[�E�X�U�\�� �&���� �'�D�Y�L�H�V�� �0����
�	 �6�D�Q�G�O�H�U�� �0�� ������������ �6�H�S�W�H�P�E�H�U���� �$ �7�X�W�R�U�L�D�O �R�Q �2�Q�V�H�W �'�H��
�W�H�F�W�L�R�Q �L�Q �0�X�V�L�F �6�L�J�Q�D�O�V���,�(�(�( �7�U�D�Q�V�D�F�W�L�R�Q�V �R�Q �6�S�H�H�F�K �D�Q�G
�$�X�G�L�R �3�U�R�F�H�V�V�L�Q�J�������������� ���������±���������� �>������������������������������������
�������@

�%�H�O�O�R�� �-�� �3���� �5�R�Z�H�� �5���� �*�X�H�G�H�V�� �&���� �	 �7�R�X�V�V�D�L�Q�W�� �*�� �������������� �)�L�Y�H
�3�H�U�V�S�H�F�W�L�Y�H�V �R�Q �0�X�V�L�F�D�O �5�K�\�W�K�P���-�R�X�U�Q�D�O �R�I �1�H�Z �0�X�V�L�F �5�H��
�V�H�D�U�F�K�������������� ���±���� �>���@

�%�H�U�Q�H�U�V���/�H�H�� �7���� �+�H�Q�G�O�H�U�� �-���� �	 �/�D�V�V�L�O�D�� �2�� �������������� �7�K�H �V�H�P�D�Q�W�L�F
�Z�H�E���6�F�L�H�Q�W�L�I�L�F �$�P�H�U�L�F�D�Q���������������� �����±������ �>�����@

�%�H�U�R�Q�M�D�� �6�� ���������������7�K�H �$�U�W �R�I �W�K�H �,�Q�G�L�D�Q �W�D�E�O�D�� �5�X�S�D �D�Q�G �&�R�� �1�H�Z
�'�H�O�K�L�� �>�����������������@

�%�H�U�W�L�Q���0�D�K�L�H�X�[�� �7���� �(�O�O�L�V�� �'�� �3���� �:�K�L�W�P�D�Q�� �%���� �	 �/�D�P�H�U�H�� �3�� ������������
�2�F�W�R�E�H�U���� �7�K�H �0�L�O�O�L�R�Q �6�R�Q�J �'�D�W�D�V�H�W�� �,�Q�3�U�R�F�H�H�G�L�Q�J�V �R�I
�W�K�H �����W�K �,�Q�W�H�U�Q�D�W�L�R�Q�D�O �&�R�Q�I�H�U�H�Q�F�H �R�Q �0�X�V�L�F �,�Q�I�R�U�P�D�W�L�R�Q �5�H��
�W�U�L�H�Y�D�O ���,�6�0�,�5 �������������S�S�� �������±���������� �0�L�D�P�L�� �8�6�$�� �>�������@

�%�K�D�W�N�K�D�Q�G�H�� �9�� �1�� ���������������+�L�Q�G�X�V�W�D�Q�L �6�D�Q�J�H�H�W �3�D�G�G�K�D�W�L�� �.�U�D�P�L�N
�3�X�V�W�D�N �0�D�D�O�L�N�D �9�R�O�� �,���9�,�� �6�D�Q�J�H�H�W �.�D�U�\�D�O�D�\�D�� �>�������������@

�%�|�F�N�� �6���� �.�U�H�E�V�� �)���� �	 �6�F�K�H�G�O�� �0�� ������������ �2�F�W�R�E�H�U���� �(�Y�D�O�X�D�W�L�Q�J �W�K�H
�2�Q�O�L�Q�H �&�D�S�D�E�L�O�L�W�L�H�V �R�I �2�Q�V�H�W �'�H�W�H�F�W�L�R�Q �0�H�W�K�R�G�V�� �,�Q�3�U�R�F�H�H�G��
�L�Q�J�V �R�I �W�K�H �����W�K �,�Q�W�H�U�Q�D�W�L�R�Q�D�O �6�R�F�L�H�W�\ �I�R�U �0�X�V�L�F �,�Q�I�R�U�P�D�W�L�R�Q
�5�H�W�U�L�H�Y�D�O �&�R�Q�I�H�U�H�Q�F�H���S�S�� �����±�������� �3�R�U�W�R�� �3�R�U�W�X�J�D�O�� �>�������������@

�%�|�F�N�� �6���� �.�U�H�E�V�� �)���� �	 �:�L�G�P�H�U�� �*�� ������������ �2�F�W�R�E�H�U���� �$ �0�X�O�W�L���P�R�G�H�O
�$�S�S�U�R�D�F�K �W�R �%�H�D�W �7�U�D�F�N�L�Q�J �&�R�Q�V�L�G�H�U�L�Q�J �+�H�W�H�U�R�J�H�Q�R�X�V �0�X�V�L�F
�6�W�\�O�H�V�� �,�Q�3�U�R�F�H�H�G�L�Q�J�V �R�I �W�K�H �����W�K �,�Q�W�H�U�Q�D�W�L�R�Q�D�O �6�R�F�L�H�W�\ �I�R�U
�0�X�V�L�F �,�Q�I�R�U�P�D�W�L�R�Q �5�H�W�U�L�H�Y�D�O �&�R�Q�I�H�U�H�Q�F�H ���,�6�0�,�5 �������������S�S��
�������±���������� �7�D�L�S�H�L�� �7�D�L�Z�D�Q�� �>�����������������������������@

�%�|�F�N�� �6���� �	 �6�F�K�H�G�O�� �0�� ������������ �6�H�S�W�H�P�E�H�U���� �(�Q�K�D�Q�F�H�G �%�H�D�W �7�U�D�F�N��
�L�Q�J �Z�L�W�K �&�R�Q�W�H�[�W���D�Z�D�U�H �1�H�X�U�D�O �1�H�W�Z�R�U�N�V�� �,�Q�3�U�R�F�H�H�G�L�Q�J�V �R�I
�W�K�H �����W�K �,�Q�W�H�U�Q�D�W�L�R�Q�D�O �&�R�Q�I�H�U�H�Q�F�H �R�Q �'�L�J�L�W�D�O �$�X�G�L�R �(�I�I�H�F�W�V
���'�$�)�[�����������S�S�� �������±���������� �3�D�U�L�V�� �)�U�D�Q�F�H�� �>�������������������@

�%�R�J�G�D�Q�R�Y�� �'���� �:�D�F�N�� �1���� �*�y�P�H�]�� �(���� �*�X�O�D�W�L�� �6���� �+�H�U�U�H�U�D�� �3���� �0�D�\�R�U��
�2���� �5�R�P�D�� �*���� �6�D�O�D�P�R�Q�� �-���� �=�D�S�D�W�D�� �-���� �	 �6�H�U�U�D�� �;�� �����������D��
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�1�R�Y�H�P�E�H�U���� �(�6�6�(�1�7�,�$�� �D�Q �$�X�G�L�R �$�Q�D�O�\�V�L�V �/�L�E�U�D�U�\ �I�R�U �0�X��
�V�L�F �,�Q�I�R�U�P�D�W�L�R�Q �5�H�W�U�L�H�Y�D�O�� �,�Q�3�U�R�F�H�H�G�L�Q�J�V �R�I �W�K�H �����W�K �,�Q�W�H�U��
�Q�D�W�L�R�Q�D�O �6�R�F�L�H�W�\ �I�R�U �0�X�V�L�F �,�Q�I�R�U�P�D�W�L�R�Q �5�H�W�U�L�H�Y�D�O �&�R�Q�I�H�U�H�Q�F�H
���,�6�0�,�5 �������������S�S�� �������±���������� �&�X�U�L�W�L�E�D�� �%�U�D�]�L�O�� �>���������������@

�%�R�J�G�D�Q�R�Y�� �'���� �:�D�F�N�� �1���� �*�y�P�H�]�� �(���� �*�X�O�D�W�L�� �6���� �+�H�U�U�H�U�D�� �3���� �0�D�\�R�U��
�2���� �5�R�P�D�� �*���� �6�D�O�D�P�R�Q�� �-���� �=�D�S�D�W�D�� �-���� �	 �6�H�U�U�D�� �;�� �����������E��
�2�F�W�R�E�H�U���� �(�6�6�(�1�7�,�$�� �D�Q �2�S�H�Q���6�R�X�U�F�H �/�L�E�U�D�U�\ �I�R�U �6�R�X�Q�G
�D�Q�G �0�X�V�L�F �$�Q�D�O�\�V�L�V�� �,�Q�3�U�R�F�H�H�G�L�Q�J�V �R�I �W�K�H �����V�W �$�&�0 �,�Q�W�H�U��
�Q�D�W�L�R�Q�D�O �&�R�Q�I�H�U�H�Q�F�H �R�Q �0�X�O�W�L�P�H�G�L�D ���0�0�¶���������S�S�� �������±����������
�%�D�U�F�H�O�R�Q�D�� �6�S�D�L�Q�� �>�������@

�%�U�D�F�K�P�D�Q�� �5���� �	 �/�H�Y�H�V�T�X�H�� �+�� ���������������.�Q�R�Z�O�H�G�J�H �5�H�S�U�H�V�H�Q�W�D�W�L�R�Q
�D�Q�G �5�H�D�V�R�Q�L�Q�J ���7�K�H �0�R�U�J�D�Q �.�D�X�I�P�D�Q�Q �6�H�U�L�H�V �L�Q �$�U�W�L�I�L�F�L�D�O �,�Q��
�W�H�O�O�L�J�H�Q�F�H���� �0�R�U�J�D�Q �.�D�X�I�P�D�Q�Q�� �>�����@

�&�D�Q�Q�D�P�� �&���� �/�D�Q�G�R�Q�H�� �&���� �	 �6�D�Q�G�O�H�U�� �0�� ������������ �2�F�W�R�E�H�U����
�6�R�Q�L�F �9�L�V�X�D�O�L�V�H�U�� �$�Q �2�S�H�Q �6�R�X�U�F�H �$�S�S�O�L�F�D�W�L�R�Q �I�R�U �9�L�H�Z�L�Q�J��
�$�Q�D�O�\�V�L�Q�J�� �D�Q�G �$�Q�Q�R�W�D�W�L�Q�J �0�X�V�L�F �$�X�G�L�R �)�L�O�H�V�� �,�Q�3�U�R�F�H�H�G��
�L�Q�J�V �R�I �W�K�H �$�&�0 �0�X�O�W�L�P�H�G�L�D �������� �,�Q�W�H�U�Q�D�W�L�R�Q�D�O �&�R�Q�I�H�U�H�Q�F�H
���S�S�� ���������±������������ �)�O�R�U�H�Q�F�H�� �,�W�D�O�\�� �>�����������������������@

�&�D�U�R�� �5���� �	 �6�H�U�U�D�� �;�� ������������ �2�F�W�R�E�H�U���� �&�U�H�D�W�L�Q�J �D �&�R�U�S�X�V �R�I �-�L�Q�J�M�X
���%�H�L�M�L�Q�J �2�S�H�U�D�� �0�X�V�L�F �D�Q�G �3�R�V�V�L�E�L�O�L�W�L�H�V �I�R�U �0�H�O�R�G�L�F �$�Q�D�O�\�V�L�V��
�,�Q�3�U�R�F�H�H�G�L�Q�J�V �R�I �W�K�H �����W�K �,�Q�W�H�U�Q�D�W�L�R�Q�D�O �6�R�F�L�H�W�\ �I�R�U �0�X�V�L�F �,�Q��
�I�R�U�P�D�W�L�R�Q �5�H�W�U�L�H�Y�D�O �&�R�Q�I�H�U�H�Q�F�H ���,�6�0�,�5 �������������S�S�� �������±����������
�7�D�L�S�H�L�� �7�D�L�Z�D�Q�� �>���������������@

�&�K�D�Q�G�R�O�D�� �$�� ���������������0�X�V�L�F �D�V �6�S�H�H�F�K�� �$�Q �(�W�K�Q�R�P�X�V�L�F�R�O�L�Q�J�X�L�V�W�L�F
�6�W�X�G�\ �R�I �,�Q�G�L�D�� �1�D�Y�U�D�Q�J�� �>�������@

�&�K�H�Q�� �5���� �6�K�H�Q�� �:���� �6�U�L�Q�L�Y�D�V�D�P�X�U�W�K�\�� �$���� �	 �&�K�R�U�G�L�D�� �3�� ������������
�2�F�W�R�E�H�U���� �&�K�R�U�G �5�H�F�R�J�Q�L�W�L�R�Q �8�V�L�Q�J �'�X�U�D�W�L�R�Q���H�[�S�O�L�F�L�W �+�L�G��
�G�H�Q �0�D�U�N�R�Y �0�R�G�H�O�V�� �,�Q�3�U�R�F�H�H�G�L�Q�J�V �R�I �W�K�H �����W�K �,�Q�W�H�U�Q�D�W�L�R�Q�D�O
�6�R�F�L�H�W�\ �I�R�U �0�X�V�L�F �,�Q�I�R�U�P�D�W�L�R�Q �5�H�W�U�L�H�Y�D�O �&�R�Q�I�H�U�H�Q�F�H ���,�6�0�,�5
���������� ���S�S�� �������±���������� �3�R�U�W�R�� �3�R�U�W�X�J�D�O�� �>�����@

�&�K�R�U�G�L�D�� �3�� �����������D�����$�X�W�R�P�D�W�L�F �7�U�D�Q�V�F�U�L�S�W�L�R�Q �R�I �6�R�O�R �7�D�E�O�D �0�X�V�L�F
���'�R�F�W�R�U�D�O �G�L�V�V�H�U�W�D�W�L�R�Q���� �6�W�D�Q�I�R�U�G �8�Q�L�Y�H�U�V�L�W�\�� �>�����@

�&�K�R�U�G�L�D�� �3�� �����������E�� �6�H�S�W�H�P�E�H�U���� �6�H�J�P�H�Q�W�D�W�L�R�Q �D�Q�G �U�H�F�R�J�Q�L�W�L�R�Q �R�I
�W�D�E�O�D �V�W�U�R�N�H�V�� �,�Q�3�U�R�F�H�H�G�L�Q�J�V �R�I ���W�K �,�Q�W�H�U�Q�D�W�L�R�Q�D�O �6�R�F�L�H�W�\ �I�R�U
�0�X�V�L�F �,�Q�I�R�U�P�D�W�L�R�Q �5�H�W�U�L�H�Y�D�O �&�R�Q�I�H�U�H�Q�F�H ���,�6�0�,�5 �������������S�S��
�������±���������� �/�R�Q�G�R�Q�� �8�.�� �>�����@

�&�K�R�U�G�L�D�� �3�� ������������ �$�X�J�X�V�W���� �$�X�W�R�P�D�W�L�F �W�U�D�Q�V�F�U�L�S�W�L�R�Q �D�Q�G �U�H�S�U�H��
�V�H�Q�W�D�W�L�R�Q �R�I �V�R�O�R �W�D�E�O�D �P�X�V�L�F���&�R�P�S�X�W�L�Q�J �L�Q �0�X�V�L�F�R�O�R�J�\��������
�������±�������� �>�����@



������ �%�L�E�O�L�R�J�U�D�S�K�\

�&�K�R�U�G�L�D�� �3���� �6�D�V�W�U�\�� �$���� �	 �$�O�E�L�Q�� �$�� ������������ �2�F�W�R�E�H�U���� �(�Y�D�O�X�D�W�L�Q�J
�0�X�O�W�L�S�O�H �9�L�H�Z�S�R�L�Q�W�V �0�R�G�H�O�V �R�I �7�D�E�O�D �6�H�T�X�H�Q�F�H�V�� �,�Q�3�U�R�F�H�H�G��
�L�Q�J�V �R�I �$�&�0 �0�X�O�W�L�P�H�G�L�D �:�R�U�N�V�K�R�S �R�Q �0�X�V�L�F �D�Q�G �0�D�F�K�L�Q�H
�/�H�D�U�Q�L�Q�J���S�S�� �����±�������� �)�O�R�U�H�Q�F�H�� �,�W�D�O�\�� �>�����������@

�&�K�R�U�G�L�D�� �3���� �6�D�V�W�U�\�� �$���� �	 �ù�H�Q�W�•�U�N�� �6�� �������������� �3�U�H�G�L�F�W�L�Y�H �7�D�E�O�D
�0�R�G�H�O�O�L�Q�J �8�V�L�Q�J �9�D�U�L�D�E�O�H �O�H�Q�J�W�K �0�D�U�N�R�Y �D�Q�G �+�L�G�G�H�Q �0�D�U�N�R�Y
�0�R�G�H�O�V���-�R�X�U�Q�D�O �R�I �1�H�Z �0�X�V�L�F �5�H�V�H�D�U�F�K�� ������������ �������±��������
�>�����@

�&�K�R�U�G�L�D�� �3���� �6�D�V�W�U�\�� �$���� �0�D�O�O�L�N�D�U�M�X�Q�D�� �7���� �	 �$�O�E�L�Q�� �$�� ������������ �$�X��
�J�X�V�W���� �0�X�O�W�L�S�O�H �Y�L�H�Z�S�R�L�Q�W�V �P�R�G�H�O�L�Q�J �R�I �W�D�E�O�D �V�H�T�X�H�Q�F�H�V�� �,�Q
�3�U�R�F�H�H�G�L�Q�J�V �R�I �W�K�H �����W�K �,�Q�W�H�U�Q�D�W�L�R�Q�D�O �&�R�Q�I�H�U�H�Q�F�H �R�Q �0�X�V�L�F
�,�Q�I�R�U�P�D�W�L�R�Q �5�H�W�U�L�H�Y�D�O ���,�6�0�,�5 �������������S�S�� �������±���������� �8�W�U�H�F�K�W��
�1�H�W�K�H�U�O�D�Q�G�V�� �>�����������@

�&�O�D�U�N�H�� �(�� �������������� �5�K�\�W�K�P �D�Q�G �W�L�P�L�Q�J �L�Q �P�X�V�L�F�� �,�Q �'�� �'�H�X�W�V�F�K
���(�G�������7�K�H �3�V�\�F�K�R�O�R�J�\ �R�I �0�X�V�L�F�����Q�G �H�G���� �S�S�� �������±���������� �$�F�D��
�G�H�P�L�F �3�U�H�V�V�� �6�D�Q �'�L�H�J�R�� �>���������������������@

�&�O�D�\�W�R�Q�� �0�� �������������� �)�U�H�H �5�K�\�W�K�P�� �(�W�K�Q�R�P�X�V�L�F�R�O�R�J�\ �D�Q�G �W�K�H �6�W�X�G�\
�R�I �0�X�V�L�F �:�L�W�K�R�X�W �0�H�W�U�H���%�X�O�O�H�W�L�Q �R�I �W�K�H �6�F�K�R�R�O �R�I �2�U�L�H�Q�W�D�O
�D�Q�G �$�I�U�L�F�D�Q �6�W�X�G�L�H�V�������� �������±�������� �>�����@

�&�O�D�\�W�R�Q�� �0�� ���������������7�L�P�H �L�Q �,�Q�G�L�D�Q �0�X�V�L�F �� �5�K�\�W�K�P�� �0�H�W�U�H �D�Q�G
�)�R�U�P �L�Q �1�R�U�W�K �,�Q�G�L�D�Q �5�D�J �3�H�U�I�R�U�P�D�Q�F�H�� �2�[�I�R�U�G �8�Q�L�Y�H�U�V�L�W�\
�3�U�H�V�V�� �>�����������������������������������������������������������������������@

�&�R�K�H�Q�� �.�� �%���� �2�J�U�H�Q�� �3�� �9���� �)�R�[�� �/���� �	 �+�X�Q�W�H�U�� �/�� ������������ �2�F�W�R�E�H�U����
�(�P�S�L�U�L�F�D�O �G�D�W�D �R�Q �F�R�U�S�X�V �G�H�V�L�J�Q �D�Q�G �X�V�D�J�H �L�Q �E�L�R�P�H�G�L�F�D�O �Q�D�W��
�X�U�D�O �O�D�Q�J�X�D�J�H �S�U�R�F�H�V�V�L�Q�J�� �,�Q�$�0�,�$ �$�Q�Q�X�D�O �6�\�P�S�R�V�L�X�P �3�U�R��
�F�H�H�G�L�Q�J�V �����������S�S�� �������±���������� �:�D�V�K�L�Q�J�W�R�Q�� �'�&�� �8�6�$�� �>�������@

�&�R�R�S�H�U�� �*���� �	 �0�H�\�H�U�� �/�� �%�� ���������������7�K�H �U�K�\�W�K�P�L�F �V�W�U�X�F�W�X�U�H �R�I
�P�X�V�L�F�� �8�Q�L�Y�H�U�V�L�W�\ �R�I �&�K�L�F�D�J�R �3�U�H�V�V�� �>�����@

�'�¶�$�P�E�U�R�V�L�R�� �%�� �������������� �,�Q�I�H�U�H�Q�F�H �L�Q �%�D�\�H�V�L�D�Q �Q�H�W�Z�R�U�N�V���$�, �P�D�J��
�D�]�L�Q�H�������������� �����±������ �>�����@

�'�D�P�H�U�D�X�� �)�� �-�� ������������ �0�D�U�F�K���� �$ �7�H�F�K�Q�L�T�X�H �I�R�U �&�R�P�S�X�W�H�U �'�H�W�H�F��
�W�L�R�Q �D�Q�G �&�R�U�U�H�F�W�L�R�Q �R�I �6�S�H�O�O�L�Q�J �(�U�U�R�U�V���&�R�P�P�X�Q�L�F�D�W�L�R�Q�V �R�I
�W�K�H �$�&�0������������ �������±�������� �>�������@

�'�D�Y�L�H�V�� �0�� �(�� �3���� �'�H�J�D�U�D�� �1���� �	 �3�O�X�P�E�O�H�\�� �0�� �'�� ������������ �2�F�W�R��
�E�H�U���� �(�Y�D�O�X�D�W�L�R�Q �0�H�W�K�R�G�V �I�R�U �0�X�V�L�F�D�O �$�X�G�L�R �%�H�D�W �7�U�D�F�N�L�Q�J
�$�O�J�R�U�L�W�K�P�V���7�H�F�K�Q�L�F�D�O �5�H�S�R�U�W �&���'�0���7�5�������������� �4�X�H�H�Q �0�D�U�\
�8�Q�L�Y�H�U�V�L�W�\ �R�I �/�R�Q�G�R�Q�� �>�����@

�'�D�Y�L�H�V�� �0�� �(�� �3���� �	 �3�O�X�P�E�O�H�\�� �0�� �'�� ������������ �6�H�S�W�H�P�E�H�U���� �$ �V�S�H�F�W�U�D�O
�G�L�I�I�H�U�H�Q�F�H �D�S�S�U�R�D�F�K �W�R �G�R�Z�Q�E�H�D�W �H�[�W�U�D�F�W�L�R�Q �L�Q �P�X�V�L�F�D�O �D�X�G�L�R��
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