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�W�K�D�W �Z�K�L�O�H �H�P�L�V�V�L�R�Q �D�W �O�R�Z�H�U �F�R�U�R�Q�D�O �W�H�P�S�H�U�D�W�X�U�H�V �U�H�P�D�L�Q�V �X�Q�L�I�R�U�P�O�\ �V�X�S�S�U�H�V�V�H�G �D�F�U�R�V�V
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�L�Q�W�H�U�S�U�H�W�L�H�U�W �&�R�U�R�Q�D�O �9�R�L�G�V �D�O�V �0�L�Q�L�D�W�X�U�D�Q�D�O�R�J�D �N�R�U�R�Q�D�O�H�U �/�¸�F�K�H�U�� �G�L�H �G�X�U�F�K �H�L�Q �R�Å�H�Q�H�V
�X�Q�G �V�W�D�U�N �X�Q�L�S�R�O�D�U�H�V �0�D�J�Q�H�W�I�H�O�G �J�H�N�H�Q�Q�]�H�L�F�K�Q�H�W �V�L�Q�G �X�Q�G �G�D�G�X�U�F�K �H�L�Q�H�Q �1�H�W�W�R�Y�H�U�O�X�V�W
�D�Q �3�O�D�V�P�D �V�R�Z�L�H �H�L�Q�H �J�H�U�L�Q�J�H�U�H �(�P�L�V�V�L�R�Q �D�X�I�Z�H�L�V�H�Q�� �'�L�H �D�O�W�H�U�Q�D�W�L�Y�H �+�\�S�R�W�K�H�V�H �E�H�V�D�J�W��
�G�D�V�V �G�L�H �J�H�U�L�Q�J�H�U�H �+�H�O�O�L�J�N�H�L�W �G�L�H�V�H�U �5�H�J�L�R�Q�H�Q �D�X�I �H�L�Q�H �Y�H�U�U�L�Q�J�H�U�W�H �N�R�U�R�Q�D�O�H �$�X�I�K�H�L�]�X�Q�J
�]�X�U�¾�F�N�]�X�I�¾�K�U�H�Q �L�V�W�� �Y�H�U�X�U�V�D�F�K�W �G�X�U�F�K �H�L�Q �O�R�N�D�O �V�F�K�Z�D�F�K�H�V �S�K�R�W�R�V�S�K�¦�U�L�V�F�K�H�V �0�D�J�Q�H�W�I�H�O�G��
�=�X�U �ž�E�H�U�S�U�¾�I�X�Q�J �E�H�L�G�H�U �+�\�S�R�W�K�H�V�H�Q �Z�X�U�G�H �H�L�Q �]�H�L�W�J�O�H�L�F�K�H�V �0�D�J�Q�H�W�R�J�U�D�P�P �Y�R�P �6�2���3�+�,
�,�Q�V�W�U�X�P�H�Q�W �D�Q�D�O�\�V�L�H�U�W�� �X�P �G�H�Q �]�X�J�U�X�Q�G�H �O�L�H�J�H�Q�G�H�Q �P�D�J�Q�H�W�L�V�F�K�H�Q �)�O�X�V�V �]�X �E�H�V�W�L�P�P�H�Q��
�'�L�H �(�U�J�H�E�Q�L�V�V�H �]�H�L�J�H�Q �H�L�Q�H �V�L�J�Q�L�Æ�N�D�Q�W�H �5�H�G�X�N�W�L�R�Q �G�H�U �P�D�J�Q�H�W�L�V�F�K�H�Q �)�O�X�V�V�G�L�F�K�W�H �X�P
�P�L�Q�G�H�V�W�H�Q�V �9�8�� �L�P �9�H�U�J�O�H�L�F�K �]�X �E�H�Q�D�F�K�E�D�U�W�H�Q �%�H�U�H�L�F�K�H�Q �G�H�U �U�X�K�L�J�H�Q �6�R�Q�Q�H �V�R�Z�L�H �G�D�V
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�)�H�K�O�H�Q �V�W�D�U�N�H�U �P�D�J�Q�H�W�L�V�F�K�H�U �1�H�W�]�Z�H�U�N�V�W�U�X�N�W�X�U�H�Q�� �'�L�H�V�H �%�H�I�X�Q�G�H �V�W�¾�W�]�H�Q �G�L�H �+�\�S�R�W�K�H�V�H��
�G�D�V�V �G�L�H �Y�H�U�U�L�Q�J�H�U�W�H �P�D�J�Q�H�W�L�V�F�K�H �$�X�I�K�H�L�]�X�Q�J �G�H�U �.�R�U�R�Q�D �K�D�X�S�W�V�¦�F�K�O�L�F�K �I�¾�U �G�D�V �G�X�Q�N�O�H
�(�U�V�F�K�H�L�Q�X�Q�J�V�E�L�O�G �G�H�U �&�R�U�R�Q�D�O �9�R�L�G�V �Y�H�U�D�Q�W�Z�R�U�W�O�L�F�K �L�V�W�� �'�D�P�L�W �N�R�Q�Q�W�H�Q �&�R�U�R�Q�D�O �9�R�L�G�V
�D�O�V �H�L�Q�H �]�X�Y�R�U �X�Q�H�U�N�D�Q�Q�W�H �.�D�W�H�J�R�U�L�H �(�8�9���G�X�Q�N�O�H�U �6�W�U�X�N�W�X�U�H�Q �L�G�H�Q�W�L�Æ�]�L�H�U�W �Z�H�U�G�H�Q�� �G�L�H
�V�L�F�K �V�R�Z�R�K�O �L�Q �L�K�U�H�U �*�U�¸�¡�H �D�O�V �D�X�F�K �L�Q �L�K�U�H�U �P�D�J�Q�H�W�L�V�F�K�H�Q �.�R�Q�Æ�J�X�U�D�W�L�R�Q �G�H�X�W�O�L�F�K �Y�R�Q
�N�R�U�R�Q�D�O�H�Q �/�¸�F�K�H�U�Q �X�Q�W�H�U�V�F�K�H�L�G�H�Q��

�'�D�V �]�Z�H�L�W�H �)�R�U�V�F�K�X�Q�J�V�S�U�R�M�H�N�W �Z�L�G�P�H�W �V�L�F�K �H�L�Q�H�U �Z�H�L�W�H�U�H�Q �.�D�W�H�J�R�U�L�H �Y�R�Q �(�8�9���G�X�Q�N�O�H�Q
�%�H�U�H�L�F�K�H�Q�� �G�H�Q �N�R�U�R�Q�D�O�H�Q �G�X�Q�N�O�H�Q �+�D�O�R�V�� �G�L�H �D�N�W�L�Y�H �5�H�J�L�R�Q�H�Q �X�P�J�H�E�H�Q�� �'�L�H�V�H �6�W�U�X�N��
�W�X�U�H�Q �Z�H�L�V�H�Q �E�H�L �7�H�P�S�H�U�D�W�X�U�H�Q �Y�R�Q �E�L�V �]�X �3 �0�. �G�H�X�W�O�L�F�K �Y�H�U�P�L�Q�G�H�U�W�H �(�P�L�V�V�L�R�Q �D�X�I�� �2�E��
�Z�R�K�O �V�L�H �J�H�O�H�J�H�Q�W�O�L�F�K �P�L�W �N�R�U�R�Q�D�O�H�Q �/�¸�F�K�H�U�Q �Y�H�U�Z�H�F�K�V�H�O�W �Z�H�U�G�H�Q�� �X�Q�W�H�U�V�F�K�H�L�G�H�Q �V�L�H �V�L�F�K
�Z�H�V�H�Q�W�O�L�F�K �L�Q �L�K�U�H�Q �P�D�J�Q�H�W�L�V�F�K�H�Q �X�Q�G �W�K�H�U�P�L�V�F�K�H�Q �(�L�J�H�Q�V�F�K�D�I�W�H�Q�� �'�L�H �]�X�J�U�X�Q�G�H �O�L�H�J�H�Q��
�G�H�Q �(�Q�W�V�W�H�K�X�Q�J�V�P�H�F�K�D�Q�L�V�P�H�Q �V�L�Q�G �W�U�R�W�] �]�D�K�O�U�H�L�F�K�H�U �H�[�L�V�W�L�H�U�H�Q�G�H�U �0�R�G�H�O�O�H �E�L�V�O�D�Q�J �Q�L�F�K�W
�D�E�V�F�K�O�L�H�¡�H�Q�G �J�H�N�O�¦�U�W�� �,�Q �G�L�H�V�H�U �6�W�X�G�L�H �Z�L�U�G �H�L�Q �Q�H�X�H�U �$�Q�D�O�\�V�H�D�Q�V�D�W�] �Y�H�U�I�R�O�J�W�� �L�Q�G�H�P
�V�R�Z�R�K�O �G�L�H �9�D�U�L�D�W�L�R�Q �G�H�U �N�R�U�R�Q�D�O�H�Q �(�P�L�V�V�L�R�Q �D�O�V �D�X�F�K �G�L�H �6�W�¦�U�N�H �G�H�V �S�K�R�W�R�V�S�K�¦�U�L�V�F�K�H�Q
�0�D�J�Q�H�W�I�H�O�G�H�V �L�Q �$�E�K�¦�Q�J�L�J�N�H�L�W �Y�R�Q �G�H�U �U�D�G�L�D�O�H�Q �(�Q�W�I�H�U�Q�X�Q�J �]�X�P �=�H�Q�W�U�X�P �G�H�U �D�N�W�L�Y�H�Q
�5�H�J�L�R�Q �1�2�$�$ �3�4�:�;�5 �X�Q�W�H�U�V�X�F�K�W �Z�H�U�G�H�Q�� �+�R�F�K�D�X�Ç�¸�V�H�Q�G�H �%�H�R�E�D�F�K�W�X�Q�J�H�Q �G�H�U �(�8�, �X�Q�G
�6�2���3�+�, �,�Q�V�W�U�X�P�H�Q�W�H �D�Q �%�R�U�G �G�H�V �6�R�O�D�U �2�U�E�L�W�H�U �Z�X�U�G�H�Q �P�L�W �'�D�W�H�Q �G�H�V �6�'�2 �N�R�P�E�L�Q�L�H�U�W��
�X�P �G�D�V �N�R�U�R�Q�D�O�H �3�O�D�V�P�D �¾�E�H�U �H�L�Q �E�U�H�L�W�H�U�H�V �7�H�P�S�H�U�D�W�X�U�V�S�H�N�W�U�X�P �K�L�Q�Z�H�J �]�X �X�Q�W�H�U�V�X�F�K�H�Q��
�'�L�H �(�U�J�H�E�Q�L�V�V�H �]�H�L�J�H�Q�� �G�D�V�V �G�L�H �(�P�L�V�V�L�R�Q �E�H�L �Q�L�H�G�U�L�J�H�U�H�Q �N�R�U�R�Q�D�O�H�Q �7�H�P�S�H�U�D�W�X�U�H�Q �L�P
�J�H�V�D�P�W�H�Q �G�X�Q�N�O�H�Q �+�D�O�R �J�O�H�L�F�K�P�¦�¡�L�J �Y�H�U�U�L�Q�J�H�U�W �E�O�H�L�E�W�� �Z�¦�K�U�H�Q�G �G�L�H �K�H�L�¡�H�U�H �.�R�P�S�R�Q�H�Q�W�H
�R�E�H�U�K�D�O�E �Y�R�Q �3���8 �0�. �H�L�Q �N�O�D�U�H�V �U�D�G�L�D�O�H�V �*�H�I�¦�O�O�H �D�X�I�Z�H�L�V�W�� �'�L�H �(�P�L�V�V�L�R�Q�V�Z�H�U�W�H �V�L�Q�N�H�Q �P�L�W
�]�X�Q�H�K�P�H�Q�G�H�U �(�Q�W�I�H�U�Q�X�Q�J �]�X�U �D�N�W�L�Y�H�Q �5�H�J�L�R�Q �X�Q�G �Q�¦�K�H�U�Q �V�L�F�K �V�F�K�O�L�H�¡�O�L�F�K �G�H�Q�H�Q �G�H�U
�U�X�K�L�J�H�Q �6�R�Q�Q�H �D�Q�� �$�X�F�K �G�D�V �S�K�R�W�R�V�S�K�¦�U�L�V�F�K�H �0�D�J�Q�H�W�I�H�O�G �L�V�W �L�Q�Q�H�U�K�D�O�E �G�H�V �G�X�Q�N�O�H�Q �+�D�O�R�V
�L�Q�V�J�H�V�D�P�W �V�F�K�Z�¦�F�K�H�U �D�O�V �L�Q �G�H�Q �E�H�Q�D�F�K�E�D�U�W�H�Q �K�H�O�O�H�Q �%�H�U�H�L�F�K�H�Q�� �,�Q �X�Q�P�L�W�W�H�O�E�D�U�H�U �1�¦�K�H
�G�H�U �D�N�W�L�Y�H�Q �5�H�J�L�R�Q �L�V�W �H�V �]�Z�D�U �V�W�¦�U�N�H�U �D�O�V �L�Q �G�H�U �U�X�K�L�J�H�Q �6�R�Q�Q�H�� �Q�L�P�P�W �M�H�G�R�F�K �]�X�P �¦�X�¡�H�U�H�Q
�5�D�Q�G �G�H�V �+�D�O�R�V �K�L�Q �N�R�Q�W�L�Q�X�L�H�U�O�L�F�K �D�E �X�Q�G �X�Q�W�H�U�V�F�K�U�H�L�W�H�W �G�R�U�W �G�H�Q �G�X�U�F�K�V�F�K�Q�L�W�W�O�L�F�K�H�Q �:�H�U�W
�G�H�U �U�X�K�L�J�H�Q �6�R�Q�Q�H�� �,�Q �G�L�H�V�H�Q �¦�X�¡�H�U�H�Q �%�H�U�H�L�F�K�H�Q �H�U�U�H�L�F�K�W �H�V �0�D�J�Q�H�W�I�H�O�G�V�W�¦�U�N�H�Q�� �G�L�H �P�L�W
�G�H�Q�H�Q �G�H�U �&�R�U�R�Q�D�O �9�R�L�G�V �Y�H�U�J�O�H�L�F�K�E�D�U �V�L�Q�G�� �'�L�H�V�H �(�U�J�H�E�Q�L�V�V�H �G�H�X�W�H�Q �G�D�U�D�X�I �K�L�Q�� �G�D�V�V �G�L�H
�Y�H�U�U�L�Q�J�H�U�W�H �(�P�L�V�V�L�R�Q �G�H�V �G�X�Q�N�O�H�Q �+�D�O�R�V�� �L�Q�V�E�H�V�R�Q�G�H�U�H �L�Q �V�H�L�Q�H�Q �¦�X�¡�H�U�H�Q �5�H�J�L�R�Q�H�Q�� �D�X�I
�G�L�H �J�H�U�L�Q�J�H�U�H �0�D�J�Q�H�W�I�H�O�G�V�W�¦�U�N�H �]�X�U�¾�F�N�]�X�I�¾�K�U�H�Q �L�V�W�� �G�L�H �Z�D�K�U�V�F�K�H�L�Q�O�L�F�K �G�L�H �O�R�N�D�O�H �N�R�U�R�Q�D�O�H
�$�X�I�K�H�L�]�X�Q�J �E�H�J�U�H�Q�]�W�� �,�Q �G�H�Q �'�D�U�N���+�D�O�R���%�H�U�H�L�F�K�H�Q �P�L�W �V�W�¦�U�N�H�U�H�Q �0�D�J�Q�H�W�I�H�O�G�H�U�Q�� �G�L�H
�Q�¦�K�H�U �D�Q �G�H�U �D�N�W�L�Y�H�Q �5�H�J�L�R�Q �O�L�H�J�H�Q�� �G�¾�U�I�W�H�Q �]�X�V�¦�W�]�O�L�F�K �]�X �H�L�Q�H�U �U�H�G�X�]�L�H�U�W�H�Q �$�X�I�K�H�L�]�X�Q�J
�Z�H�L�W�H�U�H �S�K�\�V�L�N�D�O�L�V�F�K�H �0�H�F�K�D�Q�L�V�P�H�Q �H�L�Q�H �5�R�O�O�H �V�S�L�H�O�H�Q��

�'�L�H�V�H �$�U�E�H�L�W �O�L�H�I�H�U�W �Q�H�X�H �(�U�N�H�Q�Q�W�Q�L�V�V�H �¾�E�H�U �G�L�H �P�D�J�Q�H�W�L�V�F�K�H�Q �X�Q�G �V�W�U�D�K�O�X�Q�J�V�S�K�\�V�L�N�D�O�L�V��
�F�K�H�Q �(�L�J�H�Q�V�F�K�D�I�W�H�Q �Y�R�Q �(�8�9���G�X�Q�N�O�H�Q �6�W�U�X�N�W�X�U�H�Q �L�Q �G�H�U �6�R�Q�Q�H�Q�N�R�U�R�Q�D�� �E�D�V�L�H�U�H�Q�G �D�X�I
�K�R�F�K�D�X�I�J�H�O�¸�V�W�H�Q �0�R�P�H�Q�W�D�X�I�Q�D�K�P�H�Q�� �=�X�N�¾�Q�I�W�L�J�H �8�Q�W�H�U�V�X�F�K�X�Q�J�H�Q �X�Q�W�H�U �9�H�U�Z�H�Q�G�X�Q�J
�Y�R�Q �=�H�L�W�U�H�L�K�H�Q�G�D�W�H�Q �N�¸�Q�Q�W�H�Q �H�L�Q�H �G�H�W�D�L�O�O�L�H�U�W�H �$�Q�D�O�\�V�H �G�H�U �]�H�L�W�O�L�F�K�H�Q �(�Q�W�Z�L�F�N�O�X�Q�J �X�Q�G
�'�\�Q�D�P�L�N �G�L�H�V�H�U �6�W�U�X�N�W�X�U�H�Q �H�U�P�¸�J�O�L�F�K�H�Q�� �$�X�V �G�L�H�V�H�P �*�U�X�Q�G �Z�H�U�G�H�Q �L�Q �G�L�H�V�H�U �$�U�E�H�L�W �D�X�F�K
�H�U�V�W�H �$�Q�V�¦�W�]�H �I�¾�U �V�R�O�F�K�H �Z�H�L�W�H�U�I�¾�K�U�H�Q�G�H �6�W�X�G�L�H�Q �Y�R�U�J�H�V�W�H�O�O�W�� �G�L�H �G�H�Q �*�U�X�Q�G�V�W�H�L�Q �I�¾�U �H�L�Q
�Y�H�U�W�L�H�I�W�H�V �9�H�U�V�W�¦�Q�G�Q�L�V �G�L�H�V�H�U �3�K�¦�Q�R�P�H�Q�H �X�Q�G �]�X�N�¾�Q�I�W�L�J�H �)�R�U�V�F�K�X�Q�J�V�D�U�E�H�L�W�H�Q �O�H�J�H�Q��
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�3���3���4 �'�L�Å�H�U�H�Q�W �U�H�J�L�R�Q�V �R�Q �W�K�H �6�X�Q�� �� �� �� �� �� �� �� �� �� �� �� �� �� ���6

�3���3���4���3 �$�F�W�L�Y�H �U�H�J�L�R�Q�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���6

�3���3���4���4 �&�R�U�R�Q�D�O �K�R�O�H�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���7

�3���3���4���5 �4�X�L�H�W �6�X�Q�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���8

�3���3���5 �&�R�U�R�Q�D�O �K�H�D�W�L�Q�J�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���9

�3���3���5���3 �(�Q�H�U�J�H�W�L�F�V �L�Q �W�K�H �F�R�U�R�Q�D�� �� �� �� �� �� �� �� �� �� ���:

�3���3���5���4 �+�H�D�W�L�Q�J �P�R�G�H�O�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���3�3

�3���3���6�&�R�U�R�Q�D�O �G�D�U�N �K�D�O�R�V �D�Q�G �R�W�K�H�U �(�8�9���G�D�U�N �V�W�U�X�F�W�X�U�H�V �L�Q �W�K�H

�Y�L�F�L�Q�L�W�\ �R�I �$�5�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���3�5

�3���4 �'�L�D�J�Q�R�V�W�L�F�V �R�I �W�K�H �V�R�O�D�U �D�W�P�R�V�S�K�H�U�H�� �� �� �� �� �� �� �� �� �� �� �� �� �� ���3�8

�3���4���3 �0�H�D�V�X�U�L�Q�J �W�K�H �S�K�R�W�R�V�S�K�H�U�L�F �P�D�J�Q�H�W�L�F �Æ�H�O�G�� �� �� �� �� �� ���3�8

�3���4���3���3 �=�H�H�P�D�Q �H�Å�H�F�W�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���3�8

�3���4���3���4 �6�W�R�N�H�V �)�R�U�P�D�O�L�V�P�� �� �� �� �� �� �� �� �� �� �� �� �� �� ���3�;

�3���4���3���5 �0�D�J�Q�H�W�R�J�U�D�S�K�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���4�2

�3���4���4 �0�D�J�Q�H�W�L�F �Æ�H�O�G �H�[�W�U�D�S�R�O�D�W�L�R�Q�V�� �� �� �� �� �� �� �� �� �� �� �� �� ���4�3

�3���5 �,�Q�V�W�U�X�P�H�Q�W�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���4�5
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�3���5���3 �7�K�H �6�R�O�D�U �2�U�E�L�W�H�U �0�L�V�V�L�R�Q�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���4�5

�3���5���3���3 �6�2���3�+�,�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���4�6

�3���5���3���4 �(�8�,�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���4�7

�3���5���4 �7�K�H �6�R�O�D�U �'�\�Q�D�P�L�F�V �2�E�V�H�U�Y�D�W�R�U�\�� �� �� �� �� �� �� �� �� �� �� �� ���4�7

�3���5���4���3 �6�'�2���+�0�,�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���4�8

�3���5���4���4 �6�'�2���$�,�$�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���4�8

�3���6 �0�R�W�L�Y�D�W�L�R�Q �D�Q�G �W�K�H�V�L�V �R�X�W�O�L�Q�H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���4�9

�3 �&�R�U�R�Q�D�O �Y�R�L�G�V �D�Q�G �W�K�H�L�U �P�D�J�Q�H�W�L�F �Q�D�W�X�U�H�4�2

�4���3 �,�Q�W�U�R�G�X�F�W�L�R�Q�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���5�3

�4���4 �2�E�V�H�U�Y�D�W�L�R�Q�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���5�4

�4���4���3 �6�2���3�+�, �R�E�V�H�U�Y�D�W�L�R�Q�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���5�4

�4���4���4 �(�8�, �R�E�V�H�U�Y�D�W�L�R�Q�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���5�4

�4���4���5 �$�O�L�J�Q�P�H�Q�W �R�I �3�+�, �D�Q�G �(�8�,�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���5�5

�4���5 �5�H�V�X�O�W�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���5�5

�4���5���3 �'�H�Æ�Q�L�Q�J �F�R�U�R�Q�D�O �Y�R�L�G�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���5�6

�4���5���4 �&�K�U�R�P�R�V�S�K�H�U�L�F �F�R�X�Q�W�H�U�S�D�U�W�V �R�I �F�R�U�R�Q�D�O �Y�R�L�G�V�� �� �� �� �� ���5�8

�4���5���5 �3�K�R�W�R�V�S�K�H�U�L�F �P�D�J�Q�H�W�L�F �Æ�H�O�G�� �� �� �� �� �� �� �� �� �� �� �� �� �� ���5�:

�4���5���5���3 �0�D�J�Q�H�W�L�F �Æ�H�O�G �L�Q �F�R�U�R�Q�D�O �Y�R�L�G�V �D�Q�G �L�Q �W�K�H �4�6�5�:

�4���5���5���4 �6�W�U�R�Q�J �P�D�J�Q�H�W�L�F �Æ�H�O�G�V �D�Y�R�L�G �F�R�U�R�Q�D�O �Y�R�L�G�V�� �� �5�;

�4���5���5���5 �:�H�D�N �P�D�J�Q�H�W�L�F �Æ�H�O�G�V �G�H�Æ�Q�H �F�R�U�R�Q�D�O �Y�R�L�G�V�� �� �6�4

�4���5���6 �)�O�X�[ �L�P�E�D�O�D�Q�F�H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���6�6

�4���5���7 �0�D�J�Q�H�W�L�F �Æ�H�O�G �H�[�W�U�D�S�R�O�D�W�L�R�Q�� �� �� �� �� �� �� �� �� �� �� �� �� �� ���6�:

�4���6 �'�L�V�F�X�V�V�L�R�Q �D�Q�G �F�R�Q�F�O�X�V�L�R�Q�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���7�2

�4 �0�D�J�Q�H�W�L�F �V�W�U�X�F�W�X�U�H �R�I �F�R�U�R�Q�D�O �G�D�U�N �K�D�O�R�V�6�4

�5���3 �,�Q�W�U�R�G�X�F�W�L�R�Q�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���7�5

�5���4 �2�E�V�H�U�Y�D�W�L�R�Q�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���7�5

�5���4���3 �3�K�R�W�R�V�S�K�H�U�L�F �P�D�J�Q�H�W�L�F �Æ�H�O�G �R�E�V�H�U�Y�H�G �Z�L�W�K �6�2���3�+�,�� �� �� �7�6

�5���4���4 �&�R�U�R�Q�D�O �R�E�V�H�U�Y�D�W�L�R�Q�V �Z�L�W�K �(�8�, �D�Q�G �6�'�2���$�,�$�� �� �� �� �� ���7�6

�5���4���5 �6�S�D�W�L�D�O �D�O�L�J�Q�P�H�Q�W �R�I �W�K�H �G�L�Å�H�U�H�Q�W �G�D�W�D �V�H�W�V�� �� �� �� �� �� ���7�7

�5���5 �0�H�W�K�R�G�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���7�8

�5���5���3 �'�H�Æ�Q�L�Q�J �W�K�H �G�D�U�N �K�D�O�R �E�R�X�Q�G�D�U�L�H�V�� �� �� �� �� �� �� �� �� �� ���7�8
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�5���5���4�'�H�W�H�U�P�L�Q�L�Q�J �W�K�H �$�5�l�V �P�D�J�Q�H�W�L�F �F�H�Q�W�U�H �D�Q�G �F�U�H�D�W�L�Q�J �U�L�Q�J

�S�O�R�W�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���7�9

�5���6 �5�H�V�X�O�W�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���7�9

�5���6���3 �'�D�U�N �K�D�O�R �D�Q�G �&�+ �R�Y�H�U�O�D�S�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���8�2

�5���6���4 �&�R�U�R�Q�D�O �H�P�L�V�V�L�R�Q �D�W �G�L�Å�H�U�H�Q�W �W�H�P�S�H�U�D�W�X�U�H�V�� �� �� �� �� �� ���8�2

�5���6���4���3�0�H�D�Q �L�Q�W�H�Q�V�L�W�\�l�V �G�H�S�H�Q�G�H�Q�F�H �R�Q �G�L�V�W�D�Q�F�H �W�R

�$�5 �F�H�Q�W�U�H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���8�2

�5���6���4���4�&�R�U�R�Q�D�O �H�P�L�V�V�L�R�Q �D�W �G�L�Å�H�U�H�Q�W �W�H�P�S�H�U�D�W�X�U�H�V �L�Q

�L�Q�G�L�Y�L�G�X�D�O �G�D�U�N �K�D�O�R �S�D�W�F�K�H�V�� �� �� �� �� �� �� �� ���8�4

�5���6���4���5 �%�U�L�J�K�W �O�R�R�S�V �R�Y�H�U �G�D�U�N �K�D�O�R�V�� �� �� �� �� �� �� �� ���8�6

�5���6���5 �3�K�R�W�R�V�S�K�H�U�L�F �P�D�J�Q�H�W�L�F �Æ�H�O�G�� �� �� �� �� �� �� �� �� �� �� �� �� �� ���8�6

�5���6���5���3 �$�Y�H�U�D�J�H �P�D�J�Q�H�W�L�F �Æ�H�O�G �V�W�U�H�Q�J�W�K�� �� �� �� �� �� ���8�7

�5���6���5���4�0�D�J�Q�H�W�L�F �Æ�H�O�G �V�W�U�H�Q�J�W�K�l�V �G�H�S�H�Q�G�H�Q�F�H �R�Q �G�L�V��

�W�D�Q�F�H �W�R �$�5 �F�H�Q�W�U�H�� �� �� �� �� �� �� �� �� �� �� �� �� �� ���8�8

�5���6���5���5 �)�O�X�[ �L�P�E�D�O�D�Q�F�H �L�Q �G�D�U�N �K�D�O�R�V�� �� �� �� �� �� �� �� ���8�9

�5���7 �'�L�V�F�X�V�V�L�R�Q�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���8�:

�5���7���3 �&�R�P�S�D�U�L�V�R�Q �R�I �G�D�U�N �K�D�O�R�V �W�R �&�+�V �D�Q�G �F�R�U�R�Q�D�O �Y�R�L�G�V�� �� �8�:

�5���7���4 �1�D�W�X�U�H �R�I �G�D�U�N �K�D�O�R�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���8�;

�5���8 �&�R�Q�F�O�X�V�L�R�Q�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���9�3

�5 �&�R�Q�F�O�X�V�L�R�Q�V �D�Q�G �R�X�W�O�R�R�N �8�4

�6���3 �&�R�Q�F�O�X�V�L�R�Q�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���9�5

�6���4 �2�X�W�O�R�R�N�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���9�7

�6���4���3 �)�X�W�X�U�H �U�H�V�H�D�U�F�K �G�L�U�H�F�W�L�R�Q�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���9�7

�6���4���4 �,�Q�L�W�L�D�O �U�H�V�X�O�W�V �R�I �I�R�O�O�R�Z���X�S �S�U�R�M�H�F�W�V�� �� �� �� �� �� �� �� �� �� �� ���9�8

�6���4���4���3 �0�R�U�S�K�R�O�R�J�\ �R�I �F�R�U�R�Q�D�O �Y�R�L�G�� �� �� �� �� �� �� �� �� ���9�:

�6���4���4���4 �(�Y�R�O�X�W�L�R�Q �R�I �D �F�R�U�R�Q�D�O �Y�R�L�G�� �� �� �� �� �� �� �� �� ���:�2

�6���4���4���5 �&�R�U�R�Q�D�O �Y�R�L�G �D�W �G�L�Å�H�U�H�Q�W �S�O�D�V�P�D �W�H�P�S�H�U�D�W�X�U�H�V�:�4

�$�S�S�H�Q�G�L�[ �9�6

�$���3 �7�K�U�H�V�K�R�O�G �R�I �F�R�U�R�Q�D�O �Y�R�L�G�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���:�7

�$���4 �'�H�W�H�U�P�L�Q�L�Q�J �W�K�H �F�H�Q�W�U�H �R�I �W�K�H �$�5�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���:�9

�$���5 �6�'�2 �4�2�3�: �$�S�U�L�O �4�4 �G�D�W�D �V�H�W�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���;�2

�[�L



�&�R�Q�W�H�Q�W�V
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�$�F�N�Q�R�Z�O�H�G�J�P�H�Q�W�V �2�1�4

�3�X�E�O�L�F�D�W�L�R�Q�V �2�1�6

�&�X�U�U�L�F�X�O�X�P �9�L�W�D�H �2�1�8
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�3���3 �3�O�D�V�P�D� �W�K�U�R�X�J�K�R�X�W �W�K�H �V�R�O�D�U �D�W�P�R�V�S�K�H�U�H�� �� �� �� �� �� �� �� �� �� ���4

�3���4 �7�K�H �V�R�O�D�U �F�R�U�R�Q�D �R�E�V�H�U�Y�H�G �D�W �3���8 �0�.�� �� �� �� �� �� �� �� �� �� �� �� �� �� ���7

�3���5 �6�2���3�+�, �/�2�6 �P�D�J�Q�H�W�R�J�U�D�P �W�D�N�H�Q �R�Q �4�2�4�3 �)�H�E�U�X�D�U�\ �4�5�� �� �� �� �� �:

�3���6 �7�H�P�S�H�U�D�W�X�U�H �D�Q�G �G�H�Q�V�L�W�\ �W�K�U�R�X�J�K�R�X�W �W�K�H �V�R�O�D�U �D�W�P�R�V�S�K�H�U�H�� �� �� �;

�3���7 �7�K�H �V�R�O�D�U �F�R�U�R�Q�D �R�E�V�H�U�Y�H�G �D�W �2���: �0�.�� �� �� �� �� �� �� �� �� �� �� �� �� �� ���3�6

�3���8 �,�O�O�X�V�W�U�D�W�L�R�Q �R�I �W�K�H �W�U�D�Q�V�Y�H�U�V�D�O �D�Q�G �O�R�Q�J�L�W�X�G�L�Q�D�O �=�H�H�P�D�Q �H�Å�H�F�W�� �3�9

�4���3 �2�Y�H�U�Y�L�H�Z �R�I �6�R�O�D�U �2�U�E�L�W�H�U �R�E�V�H�U�Y�D�W�L�R�Q�V �R�I �4�2�4�3 �)�H�E�U�X�D�U�\ �4�5�� �� �5�6

�4���4 �&�R�Q�Q�H�F�W�L�Y�L�W�\ �R�I �F�R�U�R�Q�D�O �Y�R�L�G�V �W�R �W�K�H �F�K�U�R�P�R�V�S�K�H�U�H�� �� �� �� �� �� ���5�9

�4���5 �_B �/�2�6�_ �L�Q �F�R�U�R�Q�D�O �Y�R�L�G�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���5�:

�4���6 �/�R�F�D�W�L�R�Q�V �R�I �V�W�U�R�Q�J���Æ�H�O�G �U�H�J�L�R�Q�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���5�;

�4���7 �5�D�W�L�R��R�� �R�I �D�U�H�D�V �R�I �Y�R�L�G�V �W�R �4�6�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���6�2

�4���8 �+�L�V�W�R�J�U�D�P�V �R�I �_B �/�2�6�_ �L�Q �F�R�U�R�Q�D�O �Y�R�L�G�V �D�Q�G �L�Q �W�K�H �4�6�� �� �� �� �� ���6�5

�4���9 �'�L�V�W�U�L�E�X�W�L�R�Q �R�Ih�_B �/�2�6�_i �L�Q �4�6 �D�U�H�D�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� ���6�5

�4���: �&�R�U�R�Q�D�O �Y�R�L�G�V �D�Q�G �Z�H�D�N �P�D�J�Q�H�W�L�F �Æ�H�O�G�V�� �� �� �� �� �� �� �� �� �� �� �� ���6�6

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

�4�6�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���6�7

�4���3�2 �'�L�V�W�U�L�E�X�W�L�R�Q �R�I �U�H�O�D�W�L�Y�H �Ç�X�[ �L�P�E�D�O�D�Q�F�H �L�Q �4�6 �D�U�H�D�V�� �� �� �� �� �� ���6�7

�4���3�3 �0�D�J�Q�H�W�L�F �Æ�H�O�G �O�L�Q�H�V �W�U�D�F�H�G �X�V�L�Q�J �D �S�R�W�H�Q�W�L�D�O �Æ�H�O�G �H�[�W�U�D�S�R�O�D�W�L�R�Q�6�:

�5���3 �2�Y�H�U�Y�L�H�Z �R�I �4�2�4�3 �1�R�Y�H�P�E�H�U �7 �R�E�V�H�U�Y�D�W�L�R�Q�V�� �� �� �� �� �� �� �� �� �� ���7�6

�5���4 �(�P�L�V�V�L�R�Q �I�U�R�P �G�L�Å�H�U�H�Q�W �6�'�2���$�,�$ �S�D�V�V�E�D�Q�G�V�� �� �� �� �� �� �� �� �� ���7�:

�5���5 �5�H�O�D�W�L�Y�H �P�H�D�Q �+�5�,�(�8�9���L�Q�W�H�Q�V�L�W�\ �L�Q�V�L�G�H �U�L�Q�J�V �D�U�R�X�Q�G �W�K�H �$�5�� �� �� �7�:

�5���6 �2�S�H�Q �Æ�H�O�G�V �R�U�L�J�L�Q�D�W�L�Q�J �I�U�R�P �&�+ �D�G�M�D�F�H�Q�W �W�R �$�5�� �� �� �� �� �� �� ���7�;

�5���7 �5�H�O�D�W�L�Y�H �P�H�D�Q�+�5�,�(�8�9���L�Q�W�H�Q�V�L�W�\ �D�V �D �I�X�Q�F�W�L�R�Q �R�I �G�L�V�W�D�Q�F�H �W�R �W�K�H �$�5�7�;

�5���8 �5�H�O�D�W�L�Y�H �P�H�D�Q �L�Q�W�H�Q�V�L�W�L�H�V �L�Q�V�L�G�H �L�Q�G�L�Y�L�G�X�D�O �G�D�U�N �K�D�O�R �S�D�W�F�K�H�V�� �� �8�3

�5���9 �(�Q�K�D�Q�F�H�G �L�P�D�J�H�V �R�I �L�P�D�J�H�V �R�I �6�'�2���$�,�$ �S�D�V�V�E�D�Q�G�V�� �� �� �� �� �� ���8�3
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�5���: �0�H�D�Q �_B �/�2�6�_ �Y�D�O�X�H �R�I �L�Q�G�L�Y�L�G�X�D�O �G�D�U�N �K�D�O�R �S�D�W�F�K�H�V �D�Q�G �4�6�� �� �� �8�7

�5���; h�_B �/�2�6�_i �L�Q �G�H�S�H�Q�G�H�Q�F�H �R�I �G�L�V�W�D�Q�F�H �W�R �$�5 �F�H�Q�W�U�H�� �� �� �� �� �� �� ���8�8

�5���3�2h�_B �/�2�6�_i �Y�V�� �G�L�V�W�D�Q�F�H �W�R �W�K�H �$�5 �F�H�Q�W�U�H �I�R�U �L�Q�G�L�Y�L�G�X�D�O �G�D�U�N �K�D�O�R

�S�D�W�F�K�H�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���8�9

�6���3 �2�Y�H�U�Y�L�H�Z �R�I �W�K�H �4�2�4�4 �0�D�U�F�K �: �G�D�W�D�V�H�W�� �� �� �� �� �� �� �� �� �� �� �� �� ���9�9

�6���4 �&�X�W�V �W�K�U�R�X�J�K �D �F�R�U�R�Q�D�O �Y�R�L�G�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ���9�:

�6���5 �(�Y�R�O�X�W�L�R�Q �R�I �D �F�R�U�R�Q�D�O �Y�R�L�G �I�R�U �(�8�9���L�Q�W�H�Q�V�L�W�\ �D�Q�G �V�L�]�H�� �� �� �� �� �9�;

�6���6 �(�Y�R�O�X�W�L�R�Q �R�I �W�K�H �X�Q�V�L�J�Q�H�G �P�D�J�Q�H�W�L�F �Æ�H�O�G �R�I �D �F�R�U�R�Q�D�O �Y�R�L�G�� �� �� �9�;

�6���7 �&�R�U�R�Q�D�O �Y�R�L�G �D�W �G�L�Å�H�U�H�Q�W �S�O�D�V�P�D �W�H�P�S�H�U�D�W�X�U�H�V�� �� �� �� �� �� �� �� ���:�3

�6���8 �5�H�O�D�W�L�Y�H �H�P�L�V�V�L�R�Q �L�Q �F�R�U�R�Q�D�O �Y�R�L�G �D�W �G�L�Å�H�U�H�Q�W �W�H�P�S�H�U�D�W�X�U�H�V�� �� �� �:�4

�$���3 �'�L�Å�H�U�H�Q�W �L�Q�W�H�Q�V�L�W�\���W�K�U�H�V�K�R�O�G�V �L�G�H�Q�W�L�I�\�L�Q�J �F�R�U�R�Q�D�O �Y�R�L�G�V�� �� �� �� �� �:�7

�$���4 �9�D�U�L�D�W�L�R�Q�V �Z�L�W�K �L�Q�W�H�Q�V�L�W�\ �W�K�U�H�V�K�R�O�G �L�Q �Y�R�L�G �Q�R�� �3�� �� �� �� �� �� �� �� ���:�8

�$���5 �&�H�Q�W�U�H �R�I �W�K�H �$�5 �G�H�W�H�U�P�L�Q�H�G �Z�L�W�K �G�L�Å�H�U�H�Q�W �P�H�W�K�R�G�V�� �� �� �� �� ���:�9

�$���6 �6�'�2���$�,�$ �3�9�3 �‡ �R�E�V�H�U�Y�D�W�L�R�Q �R�I �4�2�3�: �$�S�U�L�O �4�4�� �� �� �� �� �� �� �� �� �� ���:�;

�$���7 h�_B �/�2�6�_i �L�Q�V�L�G�H �F�R�Q�F�H�Q�W�U�L�F �U�L�Q�J�V �D�U�R�X�Q�G �W�K�H �$�5 �R�Q �4�2�3�: �$�S�U�L�O �4�4�:�;

�$���8 h�_B �/�2�6�_i �Y�V�� �G�L�V�W�D�Q�F�H �W�R �W�K�H �$�5 �F�H�Q�W�U�H �R�Q �4�2�3�: �$�S�U�L�O �4�4�� �� �� �� �� �;�2
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�3���3 �&�K�U�R�P�R�V�S�K�H�U�L�F �D�Q�G �F�R�U�R�Q�D�O �H�Q�H�U�J�\ �O�R�V�V�H�V�� �� �� �� �� �� �� �� �� �� �� ���3�3

�4���3 �3�U�R�S�H�U�W�L�H�V �R�I �P�D�M�R�U �F�R�U�R�Q�D�O �Y�R�L�G�V �D�Q�G �V�X�U�U�R�X�Q�G�L�Q�J �4�6�� �� �� �� �� �5�7

�5���3 �0�D�J�Q�H�W�L�F �Æ�H�O�G �D�Q�G �F�R�U�R�Q�D�O �H�P�L�V�V�L�R�Q �L�Q �L�Q�G�L�Y�L�G�X�D�O �G�D�U�N �K�D�O�R �S�D�W�F�K�H�V�8�7
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�7�K�H �6�X�Q �K�D�V �I�D�V�F�L�Q�D�W�H�G �P�D�Q�N�L�Q�G �I�R�U �P�L�O�O�H�Q�Q�L�D �D�Q�G �S�U�R�Y�L�G�H�V �W�K�H �H�Q�H�U�J�\ �W�K�D�W

�V�X�V�W�D�L�Q�V �O�L�I�H �R�Q �(�D�U�W�K�� �7�K�H �6�X�Q�l�V �L�Q�Ç�X�H�Q�F�H �F�D�Q �D�O�V�R �E�H �I�H�O�W �D�W �V�K�R�U�W �W�L�P�H �V�F�D�O�H�V��

�(�Y�H�Q�W�V �O�L�N�H �F�R�U�R�Q�D�O �P�D�V�V �H�M�H�F�W�L�R�Q�V �R�U �Ç�D�U�H�V �K�D�Y�H �D�Q �D�O�P�R�V�W �L�P�P�H�G�L�D�W�H �L�P�S�D�F�W

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

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

�6�X�Q �I�X�U�W�K�H�U �R�Å�H�U�V �D �X�Q�L�T�X�H �R�S�S�R�U�W�X�Q�L�W�\ �I�R�U �G�H�W�D�L�O�H�G �R�E�V�H�U�Y�D�W�L�R�Q�� �8�Q�O�L�N�H �G�L�V�W�D�Q�W

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

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

�)�R�U �W�K�H�V�H �U�H�D�V�R�Q�V�� �W�K�H �6�X�Q �L�V �W�K�H �P�R�V�W �L�P�S�R�U�W�D�Q�W �V�W�D�U �I�R�U �X�V �W�R �V�W�X�G�\��

�2���2�7�K�H �6�X�Q

�2���2���2�7�K�H �V�R�O�D�U �P�D�J�Q�H�W�L�F �Æ�H�O�G

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

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

�6�X�Q�V�S�R�W�V �K�D�G �E�H�H�Q �V�H�H�Q �R�Q �W�K�H �6�X�Q �H�Y�H�Q �P�R�U�H �W�K�D�Q �4�2�2�2 �\�H�D�U�V �D�J�R �E�\ �&�K�L�Q�H�V�H

�D�V�W�U�R�Q�R�P�H�U ���6�W�H�S�K�H�Q�V�R�Q �	 �:�L�O�O�L�V�3�;�;�;���� �7�K�H�L�U �P�D�J�Q�H�W�L�F �Q�D�W�X�U�H�� �K�R�Z�H�Y�H�U�� �Z�D�V

�R�Q�O�\ �G�L�V�F�R�Y�H�U�H�G �L�Q �3�;�2�: �E�\ ���+�D�O�H�3�;�2�:����

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

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

���$�V�F�K�Z�D�Q�G�H�Q�4�2�2�6���� �7�K�U�R�X�J�K �G�L�Å�H�U�H�Q�W�L�D�O �U�R�W�D�W�L�R�Q �D�Q�G �F�R�Q�Y�H�F�W�L�R�Q �W�K�H �P�D�J�Q�H�W�L�F

�Æ�H�O�G �L�V �F�U�H�D�W�H�G �D�Q�G �P�D�L�Q�W�D�L�Q�H�G�� �W�K�L�V �S�U�R�F�H�V�V �L�V �N�Q�R�Z�Q �D�V �W�K�H �V�R�O�D�U �G�\�Q�D�P�R�� �)�R�U

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

�H�W �D�O�����4�2�2�8���� �7�K�H �J�O�R�E�D�O �P�D�J�Q�H�W�L�F �Æ�H�O�G �X�Q�G�H�U�J�R�H�V �D �U�H�Y�H�U�V�D�O �H�Y�H�U�\ �3�3 �\�H�D�U�V �D�Q�G

�U�H�D�F�K�H�V �L�W�V �R�U�L�J�L�Q�D�O �F�R�Q�Æ�J�X�U�D�W�L�R�Q �D�J�D�L�Q �D�I�W�H�U �4�4 �\�H�D�U�V ���H�[�W�H�Q�G�H�G �F�\�F�O�H���� �$�W �W�K�H

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

�)�L�J�X�U�H �2���2���3�O�D�V�P�D� �V�K�R�Z �D�V �D �I�X�Q�F�W�L�R�Q �R�I �K�H�L�J�K�W �D�E�R�Y�H �W�K�H �S�K�R�W�R�V�S�K�H�U�H �R�Y�H�U �D�Q �$�5 ���*�D�U�\
�4�2�2�3���� �5�H�S�U�R�G�X�F�H�G �Z�L�W�K �S�H�U�P�L�V�V�L�R�Q �I�U�R�P �6�S�U�L�Q�J�H�U �1�D�W�X�U�H��

�F�R�P�S�R�Q�H�Q�W�� �Y�L�V�L�E�O�H �D�V �X�Q�L�S�R�O�D�U �Æ�H�O�G�V �D�W �W�K�H �S�R�O�H�V�� �'�X�H �W�R �W�K�H �G�L�Å�H�U�H�Q�W�L�D�O �U�R�W�D�W�L�R�Q

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

�D�F�W�L�Y�L�W�\�� �0�D�J�Q�H�W�L�F �Ç�X�[ �W�X�E�H�V �Z�L�W�K �V�X�È�F�L�H�Q�W �E�X�R�\�D�Q�F�\ �F�D�Q �U�L�V�H �X�S �D�Q�G �H�P�H�U�J�H

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

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

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

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

�6�]�D�N�D�O�\�3�;�;�5���� �Z�K�L�F�K �L�V �G�U�L�Y�H�Q �E�\ �F�R�Q�Y�H�F�W�L�Y�H �P�R�W�L�R�Q�V �D�Q�G �L�V �O�D�U�J�H�O�\ �L�Q�G�H�S�H�Q�G�H�Q�W

�R�I �W�K�H �V�R�O�D�U �F�\�F�O�H ���V�H�H�� �H���J���5�H�P�S�H�O �H�W �D�O�����4�2�4�5�� �I�R�U �P�R�U�H �G�H�W�D�L�O�V����

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

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

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

�X�P�E�U�D �R�I �V�X�Q�V�S�R�W�V�� �7�K�H�V�H �D�U�H �W�\�S�L�F�D�O�O�\1:8� 3:7 �N�* ���/�L�Y�L�Q�J�V�W�R�Q�4�2�2�4���� �Z�K�L�O�H �Æ�H�O�G�V

�D�V �V�W�U�R�Q�J �D�V8:2�* �K�D�Y�H �D�O�V�R �E�H�H�Q �U�H�S�R�U�W�H�G �E�\�&�D�V�W�H�O�O�D�Q�R�V �'�X�U�£�Q �H�W �D�O�����4�2�4�2����
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�3���3 �7�K�H �6�X�Q

�7�K�H �S�H�Q�X�P�E�U�D �V�W�L�O�O �K�D�U�E�R�X�U�V �Æ�H�O�G�V �R�I0:7�i2 �N�* ���6�R�O�D�Q�N�L�3�;�;�5�� �Z�K�L�F�K �D�U�H �K�L�J�K�O�\

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

�L�V �D�V �O�R�Z �D�V9 � 1014 �0�[ ���$�Q�X�V�K�D �H�W �D�O���4�2�3�9����

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

���:�L�H�J�H�O�P�D�Q�Q �	 �6�D�N�X�U�D�L�4�2�3�4���� �Z�K�L�F�K �L�V �G�H�Æ�Q�H�G �D�V �W�K�H �U�D�W�L�R �E�H�W�Z�H�H�Q �W�K�H �S�O�D�V�P�D

�S�U�H�V�V�X�U�Hp �D�Q�G �W�K�H �P�D�J�Q�H�W�L�F �S�U�H�V�V�X�U�Hpmag ��

� =
p

pmag
=

nkB T
B 2/2 � 0

; ���3���3��

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

�Æ�H�O�GB �� �W�K�H �W�H�P�S�H�U�D�W�X�U�HT�� �D�Q�G �W�K�H �S�H�U�P�H�D�E�L�O�L�W�\ �L�Q �Y�D�F�X�X�P� 0��

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

�4�2�2�6���� �D�O�V�R �V�H�H �)�L�J���3���3���� �,�Q �W�K�H �S�K�R�W�R�V�S�K�H�U�H� �L�V> 1 �D�Q�G �S�O�D�V�P�D �S�U�H�V�V�X�U�H

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

�Y�D�O�X�H�V �R�I0:2 � 0:4 ���6�R�O�D�Q�N�L �H�W �D�O���4�2�2�8���� �V�R �W�K�D�W �L�Q �V�X�F�K �U�H�J�L�R�Q�V �W�K�H �P�D�J�Q�H�W�L�F

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

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

1000� 1900�. ���6�R�O�D�Q�N�L�3�;�;�5�� �D�Q�G �F�R�Q�V�H�T�X�H�Q�W�O�\ �W�K�H�L�U �G�D�U�N �D�S�S�H�D�U�D�Q�F�H��

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

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

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

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

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

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

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

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

�S�H�U�V�L�V�W�V �W�K�U�R�X�J�K�R�X�W �W�K�H �W�U�D�Q�V�L�W�L�R�Q �U�H�J�L�R�Q �D�Q�G �W�K�H �F�R�U�R�Q�D�� �7�K�H� << 1 �D�Q�G �K�H�L�J�K

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

�Æ�H�O�G �O�L�Q�H�V ���I�U�R�]�H�Q���L�Q �F�R�Q�G�L�W�L�R�Q���� �Z�K�L�O�H �S�O�D�V�P�D �Ç�R�Z�V �D�F�U�R�V�V �W�K�H �Æ�H�O�G �O�L�Q�H�V �D�U�H

�V�W�U�R�Q�J�O�\ �L�Q�K�L�E�L�W�H�G�� �,�Q �W�K�H �R�X�W�H�U �F�R�U�R�Q�D ���:�L�H�J�H�O�P�D�Q�Q �	 �6�D�N�X�U�D�L�4�2�3�4��� �J�U�D�G�X�D�O�O�\

�L�Q�F�U�H�D�V�H�V �D�J�D�L�Q �W�R �D�E�R�Y�H �X�Q�L�W�\ ���W�\�S�L�F�D�O�O�\ �D�W2 � 3 �V�R�O�D�U �U�D�G�L�L���� �L�Q�G�L�F�D�W�L�Q�J �D �V�K�L�I�W

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

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

�2���2���3�'�L�Å�H�U�H�Q�W �U�H�J�L�R�Q�V �R�Q �W�K�H �6�X�Q

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

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

���&�+�V���� �D�Q�G �W�K�H �T�X�L�H�W �6�X�Q ���4�6���� �7�K�L�V �V�H�F�W�L�R�Q �G�H�V�F�U�L�E�H�V �H�D�F�K �R�I �W�K�H�P �W�K�U�R�X�J�K�R�X�W

�W�K�H �V�R�O�D�U �D�W�P�R�V�S�K�H�U�H��

�2���2���3���2�$�F�W�L�Y�H �U�H�J�L�R�Q�V

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

�X�S �W�R1023 �0�[ �L�Q �L�Q�G�L�Y�L�G�X�D�O �$�5�V ���+�D�W�K�D�Z�D�\�4�2�3�7���6�R�O�D�Q�N�L �H�W �D�O���4�2�2�8���� �/�D�U�J�H

�$�5�V �R�I�W�H�Q �F�R�Q�W�D�L�Q �V�X�Q�V�S�R�W�V �Z�K�H�U�H �W�K�H �V�W�U�R�Q�J�H�V�W �P�D�J�Q�H�W�L�F �Ç�X�[ �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V

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

�H�S�K�H�P�H�U�D�O �U�H�J�L�R�Q�V ��< 1020 �0�[�� �L�V �W�\�S�L�F�D�O�O�\ �O�R�Z�H�U �D�Q�G �R�Q �V�P�D�O�O�H�U �V�F�D�O�H�V�� �V�R �W�K�D�W

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

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

�W�R �W�K�H�L�U �W�R�W�D�O �P�D�J�Q�H�W�L�F �Ç�X�[�� �$�5�V �Æ�U�V�W �H�P�H�U�J�H �D�W �P�L�G���O�D�W�L�W�X�G�H�V �D�U�R�X�Q�G� � 30�

�Z�K�H�Q �D �Q�H�Z �V�R�O�D�U �F�\�F�O�H �E�H�J�L�Q�V ���+�D�W�K�D�Z�D�\�4�2�3�7���� �$�V �W�K�H �F�\�F�O�H �S�U�R�J�U�H�V�V�H�V�� �W�K�H�L�U

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

�3�:�;�6���� �H�Y�H�Q�W�X�D�O�O�\ �U�H�D�F�K�L�Q�J �O�D�W�L�W�X�G�H�V �R�I� � 5� �E�\ �W�K�H �H�Q�G �R�I �W�K�H �F�\�F�O�H�� �7�K�H �3�3���\�H�D�U

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

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

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

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

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

�R�I �W�K�H �Q�H�[�W �V�R�O�D�U �F�\�F�O�H��

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

�4�2�2�6�� �Z�L�W�K �V�W�L�O�O �Y�H�U�\ �V�W�U�R�Q�J �P�D�J�Q�H�W�L�F �Ç�X�[ �G�H�Q�V�L�W�L�H�V �W�K�D�W �L�Q �W�K�H �O�R�Z�H�U �F�R�U�R�Q�D �F�D�Q

�H�[�F�H�H�G �3�2�2 �* ���6�R�O�D�Q�N�L �H�W �D�O���4�2�2�8���� �7�K�H �F�R�U�R�Q�D �D�E�R�Y�H �$�5�V �U�H�D�F�K�H�V �W�H�P�S�H�U�D�W�X�U�H�V

�E�H�W�Z�H�H�Q1� 10�0�. �D�Q�G �$�5�V �D�U�H �W�K�H �R�E�M�H�F�W�V �Z�L�W�K �W�K�H �V�W�U�R�Q�J�H�V�W �(�8�9 �D�Q�G �V�R�I�W �;���U�D�\

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

�P�D�J�Q�H�W�L�F �Æ�H�O�G�V �I�X�U�W�K�H�U �P�D�N�H �$�5�V �W�K�H �P�D�L�Q �V�R�X�U�F�H �D�Q�G �W�U�L�J�J�H�U �I�R�U �F�R�U�R�Q�D�O �P�D�V�V
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�3���3 �7�K�H �6�X�Q

�)�L�J�X�U�H �2���3���7�K�H �V�R�O�D�U �F�R�U�R�Q�D �R�E�V�H�U�Y�H�G �D�W �3���8 �0�. �L�Q �W�K�H �6�'�2���$�,�$ �3�;�5 �‡ �S�D�V�V�E�D�Q�G �R�Q �4�2�3�:
�0�D�\ �4 �D�W �3�4���2�2 �8�7�&�� �7�K�H �S�R�O�D�U �&�+�V �D�Q�G �D�Q �H�T�X�D�W�R�U�L�D�O �&�+ �D�U�H �F�O�H�D�U�O�\ �Y�L�V�L�E�O�H �D�V �D�U�H�D�V �R�I
�U�H�G�X�F�H�G �H�P�L�V�V�L�R�Q��

�H�M�H�F�W�L�R�Q �R�U �Ç�D�U�H�V ���+�D�W�K�D�Z�D�\�4�2�3�7����

�2���2���3���3�&�R�U�R�Q�D�O �K�R�O�H�V

�&�+�V ���:�D�O�G�P�H�L�H�U�3�;�7�8���3�;�7�9�� �D�U�H �V�R�O�D�U �F�R�U�R�Q�D�O �U�H�J�L�R�Q�V �W�K�D�W �D�S�S�H�D�U �G�D�U�N �L�Q �;���U�D�\

�D�Q�G �L�Q �X�O�W�U�D�Y�L�R�O�H�W ���8�9�� �R�E�V�H�U�Y�D�W�L�R�Q�V ���V�H�H �)�L�J���3���4�� �D�V �W�K�H�\ �D�U�H �O�H�V�V �G�H�Q�V�H �D�Q�G �K�D�Y�H

�D �O�R�Z�H�U �W�H�P�S�H�U�D�W�X�U�H ���R�I �D�U�R�X�Q�G �2���: �0�.�� �W�K�D�Q �W�K�H �F�R�U�R�Q�D �D�Q�\�Z�K�H�U�H �H�O�V�H ���0�X�Q�U�R

�	 �:�L�W�K�E�U�R�H�3�;�9�4���&�U�D�Q�P�H�U�4�2�2�;���� �)�X�U�W�K�H�U�P�R�U�H�� �W�K�H�\ �D�U�H �V�W�U�X�F�W�X�U�H�G �E�\ �R�S�H�Q

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

�S�D�U�W�L�F�O�H �H�P�D�Q�D�W�L�Q�J �I�U�R�P �W�K�H �6�X�Q �D�W �W�\�S�L�F�D�O�O�\ �V�S�H�H�G�V �D�U�R�X�Q�G �8�2�2 �N�P���V ���Z�L�W�K �D

�U�D�Q�J�H �R�I �7�2�2 �W�R �:�2�2 �N�P���V���&�U�D�Q�P�H�U�4�2�2�;����

�,�Q �V�R�O�D�U �H�F�O�L�S�V�H�V �&�+�V �K�D�G �E�H�H�Q �V�H�H�Q �D�V �U�H�J�L�R�Q�V �D�E�R�Y�H �W�K�H �S�R�O�H�V �D�Q�G �W�K�H

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

�F�O�R�V�H�G �O�R�R�S�V���$�V�F�K�Z�D�Q�G�H�Q�4�2�2�6�� �Z�H�U�H �D�O�U�H�D�G�\ �G�H�V�F�U�L�E�H�G �W�R �O�R�R�N �O�L�N�H �Æ�H�O�G �O�L�Q�H�V

�R�I �D �P�D�J�Q�H�W �H�P�D�Q�D�W�L�Q�J �I�U�R�P �W�K�H �S�R�O�H�V ���6�H�U�Y�L�V�V�3�;�2�;���� �:�D�O�G�P�H�L�H�U �P�D�G�H �D �Æ�U�V�W

�T�X�D�Q�W�L�W�D�W�L�Y�H �D�Q�D�O�\�V�L�V �R�I �&�+�V �L�Q �F�R�U�R�Q�R�J�U�D�S�K�L�F �R�E�V�H�U�Y�D�W�L�R�Q�V �L�Q �W�K�H �3�;�7�2�L�H�V�� �/�D�W�H�U��
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�3�� �,�Q�W�U�R�G�X�F�W�L�R�Q

�L�Q �W�K�H �3�;�8�2�L�H�V �&�+�V �Z�H�U�H �D�O�V�R �G�L�V�F�R�Y�H�U�H�G �D�V �G�D�U�N �V�W�U�X�F�W�X�U�H�V �Y�L�V�L�E�O�H �R�Q �W�K�H �V�R�O�D�U

�G�L�V�F��

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

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

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

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

�R�U �H�T�X�D�W�R�U�L�D�O �&�+�V �D�U�H �V�P�D�O�O�H�U �L�Q �V�L�]�H �D�Q�G �F�D�Q �V�R�P�H�W�L�P�H�V �E�H �F�R�Q�Q�H�F�W�H�G �W�R �W�K�H �O�D�U�J�H

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

�$�5�V��

�:�K�L�O�H �&�+�V �F�D�Q �E�H �G�L�V�W�L�Q�J�X�L�V�K�H�G �I�U�R�P �4�6 �D�Q�G �$�5 �L�Q �W�K�H �F�R�U�R�Q�D�� �L�Q �W�K�H �S�K�R�W�R��

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

�L�Q �&�+�V �F�R�P�S�D�U�H�V �Z�H�O�O �W�R �W�K�D�W �R�I �W�K�H �4�6 ���:�L�H�J�H�O�P�D�Q�Q �	 �6�R�O�D�Q�N�L�4�2�2�6���� �+�R�Z�H�Y�H�U��

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

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

�$�O�W�V�F�K�X�O�H�U �H�W �D�O���3�;�9�4����

�$�V �D �F�R�Q�V�H�T�X�H�Q�F�H�� �P�D�J�Q�H�W�L�F �Æ�H�O�G�V �G�R �Q�R�W �F�O�R�V�H �Z�L�W�K�L�Q �W�K�H �&�+�V �D�Q�G �P�D�J�Q�H�W�L�F

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

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

�S�O�D�V�P�D �L�V �W�U�D�S�S�H�G �L�Q�V�L�G�H �F�O�R�V�H�G �O�R�R�S�V �L�Q �W�K�H �4�6�� �W�K�H �R�S�H�Q �Æ�H�O�G �R�I �W�K�H �&�+�V �R�S�H�Q�V

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

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

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

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

�2���2���3���4�4�X�L�H�W �6�X�Q

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

�Ç�X�[ �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V ���S�R�U�H�V �D�Q�G �S�O�D�J�H�V�� �D�U�H �F�D�O�O�H�G �W�K�H �4�6�� �'�X�U�L�Q�J �V�R�O�D�U �P�L�Q�L�P�X�P

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

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

���V�H�H �H���J�����%�H�O�O�R�W �5�X�E�L�R �	 �2�U�R�]�F�R �6�X�£�U�H�]�4�2�3�;���� �)�U�R�P �W�K�H �F�R�Q�Y�H�F�W�L�R�Q �]�R�Q�H �S�D�U�F�H�O�V

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

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

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

�V�R�O�D�U �V�X�U�I�D�F�H�� �L�Q�F�O�X�G�L�Q�J �L�Q �$�5�V�� �,�Q �W�K�H �4�6 ���D�Q�G �D�O�V�R �L�Q �&�+�V�� �J�U�D�Q�X�O�H�V �D�U�H �W�\�S�L�F�D�O�O�\

�3� �4 �0�P �L�Q �V�L�]�H �D�Q�G �K�D�Y�H �O�L�I�H�W�L�P�H�V �R�I �7� �3�2 �P�L�Q�X�W�H�V��

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

�J�U�D�Q�X�O�H�V �D�U�H �D�E�R�X�W �5�2 �0�P �L�Q �G�L�D�P�H�W�H�U �D�Q�G �K�D�Y�H �O�L�I�H�W�L�P�H�V �R�I1� 2 �G�D�\�V ���5�L�Q�F�R�Q �	

�5�L�H�X�W�R�U�G�4�2�3�:���� �.�L�O�R�J�D�X�V�V �P�D�J�Q�H�W�L�F �Æ�H�O�G �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�V�� �W�K�H �Q�H�W�Z�R�U�N�� �V�X�U�U�R�X�Q�G

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

�Æ�H�O�G �P�D�S �R�I �W�K�H �S�K�R�W�R�V�S�K�H�U�H ���V�H�H �)�L�J���3���5���� �7�K�H �L�Q�W�H�U�L�R�X�U �R�I �W�K�H �V�X�S�H�U�J�U�D�Q�X�O�D�U

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

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

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

�H���J�����+�L�U�]�E�H�U�J�H�U �H�W �D�O���3�;�;�;�� �R�Q�O�\ �V�R�P�H �U�H�D�F�K �W�K�H �Q�H�W�Z�R�U�N�� �,�W �L�V �D�V�V�X�P�H�G �W�K�D�W

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

�H�O�H�P�H�Q�W�V �D�Q�G �W�K�H �G�L�V�S�H�U�V�D�O �R�I �H�S�K�H�P�H�U�D�O �$�5�V ���*�R�#�L�É �H�W �D�O���4�2�3�8���� �7�K�H �H�Q�W�L�U�H

�Q�H�W�Z�R�U�N �F�R�Q�W�D�L�Q�V5:5 � 8:0 � 1023 �0�[ ���*�R�#�L�É�4�2�3�7�� �Z�K�L�F�K �F�R�P�S�D�U�H�V �W�R �W�K�H �W�R�W�D�O

�Ç�X�[ �P�H�D�V�X�U�H�G �L�Q �$�5�V �G�X�U�L�Q�J �V�R�O�D�U �P�D�[�L�P�D�� �V�H�H �H���J��6:0 � 1023 �0�[ �E�\�-�L�Q �H�W �D�O��

���4�2�3�3�� �R�U8:0 � 1023 �0�[ �E�\�6�F�K�U�L�M�Y�H�U �	 �+�D�U�Y�H�\���3�;�;�6����

�6�L�Q�F�H �W�K�H �P�D�J�Q�H�W�L�F �Æ�H�O�G �R�I �W�K�H �4�6 �F�D�U�L�H�V �V�X�F�K �D �O�D�U�J�H �D�P�R�X�Q�W �R�I �P�D�J�Q�H�W�L�F �Ç�X�[��

�L�W �K�D�V �D �V�X�E�V�W�D�Q�W�L�D�O �F�R�Q�W�U�L�E�X�W�L�R�Q �W�R �F�R�U�R�Q�D�O �G�\�Q�D�P�L�F�V�� �7�K�H �4�6 �F�R�U�R�Q�D �H�P�L�W�V �P�R�V�W

�R�I �L�W�V �U�D�G�L�D�W�L�R�Q �D�W �D �W�H�P�S�H�U�D�W�X�U�H �U�D�Q�J�H �R�I1 � 3 �0�.�� �%�H�V�L�G�H�V �F�R�U�R�Q�D�O �O�R�R�S�V�� �Z�H

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

�Q�D�Q�R�Ç�D�U�H�V ���$�V�F�K�Z�D�Q�G�H�Q�4�2�2�6���� �7�K�H �4�6 �F�R�U�R�Q�D �I�X�U�W�K�H�U �F�R�Q�W�D�L�Q�V �U�H�J�L�R�Q�V �Z�L�W�K�R�X�W

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

���V�H�H�� �H���J�����*�R�U�P�D�Q �H�W �D�O���4�2�4�5����

�2���2���4�&�R�U�R�Q�D�O �K�H�D�W�L�Q�J

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

�V�H�U�Y�D�W�L�R�Q�V �E�H�J�D�Q �D�U�R�X�Q�G �W�K�H �W�X�U�Q �R�I �W�K�H �4�2�W�K �F�H�Q�W�X�U�\�� �7�K�H�V�H �Æ�Q�G�L�Q�J�V �D�O�U�H�D�G�\

�V�X�J�J�H�V�W�H�G �W�K�D�W �W�K�H �V�R�O�D�U �F�R�U�R�Q�D �Z�D�V �P�X�F�K �K�R�W�W�H�U ���R�Q �W�K�H �R�U�G�H�U �R�I �0�.�� �W�K�D�Q �W�K�H

�S�K�R�W�R�V�S�K�H�U�H ���8���2�2�2 �.���� �$�U�R�X�Q�G �3�;�6�2 �E�R�W�K�*�U�R�W�U�L�D�Q���3�;�5�;�� �D�Q�G�(�G�O�«�Q���3�;�6�5�� �L�G�H�Q��

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

�R�I �)�H���1�L���D�Q�G �&�D�w�S�H�F�L�H�V�� �L�Q�F�O�X�G�L�Q�J �W�K�H �J�U�H�H�Q �O�L�Q�H �R�I �)�H�|�m�m�m�D�W �7�5�2�5 �‡�� �7�K�H �K�L�J�K
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�3�� �,�Q�W�U�R�G�X�F�W�L�R�Q

�)�L�J�X�U�H �2���4���6�2���3�+�, �/�2�6 �P�D�J�Q�H�W�R�J�U�D�P �W�D�N�H�Q �R�Q �4�2�4�3 �)�H�E�U�X�D�U�\ �4�5 �D�W �3�9���2�2 �8�7�& �V�K�R�Z�L�Q�J
�W�K�H �P�D�J�Q�H�W�L�F �Q�H�W�Z�R�U�N �V�X�U�U�R�X�Q�G�L�Q�J �W�K�H �V�X�S�H�U�J�U�D�Q�X�O�H�V��

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

�W�K�D�W �R�I �W�K�H �S�K�R�W�R�V�S�K�H�U�H�� �$�U�R�X�Q�G �W�K�H �V�D�P�H �W�L�P�H�$�O�I�Y�«�Q���3�;�6�3�� �F�R�Q�F�O�X�G�H�G �I�U�R�P

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

�4�2�3�6���� �$�W �Æ�U�V�W �J�O�D�Q�F�H �W�K�H �F�K�D�Q�J�H �I�U�R�P �D �F�R�R�O�H�U �W�R �D �K�R�W�W�H�U �W�H�P�S�H�U�D�W�X�U�H �V�H�H�P�V

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

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

�D�Q�G �W�K�D�W �D�O�W�H�U�Q�D�W�L�Y�H �K�H�D�W�L�Q�J �P�H�F�K�D�Q�L�V�P�V �P�X�V�W �E�H �U�H�V�S�R�Q�V�L�E�O�H ���$�V�F�K�Z�D�Q�G�H�Q�4�2�2�6����

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

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

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

�2���2���4���2�(�Q�H�U�J�H�W�L�F�V �L�Q �W�K�H �F�R�U�R�Q�D

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

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

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

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

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

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

�:



�3���3 �7�K�H �6�X�Q

�)�L�J�X�U�H �2���5���7�H�P�S�H�U�D�W�X�U�H �D�Q�G �G�H�Q�V�L�W�\ �W�K�U�R�X�J�K�R�X�W �W�K�H �V�R�O�D�U �D�W�P�R�V�S�K�H�U�H�� �5�H�S�U�R�G�X�F�H�G �I�U�R�P
�0�D�J�Q�H�W�R�K�\�G�U�R�G�\�Q�D�P�L�F�V �R�I �W�K�H �6�X�Q �E�\ �(�U�L�F �3�U�L�H�V�W ���3�U�L�H�V�W�4�2�3�6���� �k �&�D�P�E�U�L�G�J�H �8�Q�L�Y�H�U�V�L�W�\
�3�U�H�V�V �4�2�3�6�� �5�H�S�U�R�G�X�F�H�G �Z�L�W�K �S�H�U�P�L�V�V�L�R�Q �R�I �7�K�H �/�L�F�H�Q�V�R�U �W�K�U�R�X�J�K �3�/�6�F�O�H�D�U��

�G�L�V�W�L�Q�F�W �I�R�U �G�L�Å�H�U�H�Q�W �V�W�U�X�F�W�X�U�H�V �D�Q�G �U�H�J�L�R�Q�V��

�7�K�H �K�H�D�W�L�Q�J �U�D�W�HEH �L�Q �W�K�H �F�R�U�R�Q�D �L�V �E�D�O�D�Q�F�H�G �E�\ �W�K�H �G�L�Å�H�U�H�Q�W �O�R�V�V �W�H�U�P�V�� �W�K�H

�U�D�G�L�D�W�L�Y�H �O�R�V�V�H�VER �� �W�K�H�U�P�D�O �F�R�Q�G�X�F�W�L�R�QEC �� �D�Q�G �O�R�V�V�H�V �W�R �W�K�H �V�R�O�D�U �Z�L�Q�GEwind ��

EH � ER � EC � Ewind = 0 : ���3���4��

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

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

� �D�F�U�R�V�V �W�K�H �W�H�P�S�H�U�D�W�X�U�H �U�D�Q�J�H �R�I0:5 � 3 �0�.�� �Z�K�L�F�K �F�R�Y�H�U�V �P�R�V�W �R�I �W�K�H �V�R�O�D�U

�F�R�U�R�Q�D ���$�V�F�K�Z�D�Q�G�H�Q�4�2�2�6����

ER = n2
e�( T) � 10� 22n2

e ���H�U�J �F�P� 3�V� 1); ���3���5��

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

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

�W�K�L�Q �(�8�9 �H�P�L�V�V�L�R�Q �V�F�D�O�H�V �Z�L�W�K �W�K�H �V�T�X�D�U�H �R�I �W�K�H �S�O�D�V�P�D �G�H�Q�V�L�W�\�� �D�Q�G �V�L�Q�F�H �W�K�H

�K�H�D�W�L�Q�J �U�D�W�H �L�W�V�H�O�I �G�H�S�H�Q�G�V �R�Qn2
e�� �W�K�H �R�E�V�H�U�Y�H�G �(�8�9 �Ç�X�[ �L�V �G�L�U�H�F�W�O�\ �S�U�R�S�R�U�W�L�R�Q�D�O

�W�R �W�K�H �K�H�D�W�L�Q�J �U�D�W�H��

�;
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�:�K�H�Q �D�G�G�L�W�L�R�Q�D�O�O�\ �F�R�Q�V�L�G�H�U�L�Q�J �W�K�H�U�P�D�O �O�R�V�V�H�VEC = r � FC �� �Z�L�W�K �W�K�H �K�H�D�W

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

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

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

�3�;�9�:�� �I�R�U �O�R�R�S �K�H�D�W�L�Q�J�� �,�Q�V�H�U�W�L�Q�J �W�K�H �L�G�H�D�O �J�D�V �O�D�Z �I�R�U �L�R�Q�L�V�H�G �K�\�G�U�R�J�H�Q �S�O�D�V�P�D

p = 2nekB T; ���3���6��

�Z�K�H�U�Hp �L�V �W�K�H �S�U�H�V�V�X�U�H��ne �W�K�H �H�O�H�F�W�U�R�Q �Q�X�P�E�H�U �G�H�Q�V�L�W�\��kB �W�K�H �%�R�O�W�]�P�D�Q�Q

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

�W�K�H �G�H�Q�V�L�W�\��

EH / n7/4
e : ���3���7��

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

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

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

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

ER �� �W�K�H �H�O�H�F�W�U�R�Q �G�H�Q�V�L�W�\ne �L�V �O�R�Z�H�V�W �D�W �W�K�H �D�S�H�[�� �Z�K�H�U�H �F�R�Q�G�X�F�W�L�Y�H �O�R�V�V�H�VEC

�G�R�P�L�Q�D�W�H�� �7�K�H�U�H�I�R�U�H�� �W�K�H �K�H�D�W�L�Q�J �U�D�W�H �D�W �W�K�H �D�S�H�[ �F�D�Q �E�H �D�S�S�U�R�[�L�P�D�W�H�G �D�V ���5�R�V�Q�H�U

�H�W �D�O���3�;�9�:����

EH � EC = r � FC =
� 0T7/2

L 2 ; ���3���8��

�Z�L�W�K �W�K�H �6�S�L�W�]�H�U �W�K�H�U�P�D�O �F�R�Q�G�X�F�W�L�Y�L�W�\ �F�R�H�È�F�L�H�Q�W� 0�� �)�U�R�P �(�T���3���8�� �Z�H �Æ�Q�G �W�K�D�W

�W�K�H �W�H�P�S�H�U�D�W�X�U�H �Z�H�D�N�O�\ �V�F�D�O�H�V �Z�L�W�K �W�K�H �K�H�D�W�L�Q�J �U�D�W�H� E 2/7
H ��

�'�L�Å�H�U�H�Q�W �U�H�J�L�R�Q�V �R�Q �W�K�H �6�X�Q �U�H�T�X�L�U�H �G�L�Å�H�U�H�Q�W �K�H�D�W�L�Q�J �U�D�W�H�V �W�R �E�H �V�X�V�W�D�L�Q�H�G��

�$�F�F�R�U�G�L�Q�J �W�R�:�L�W�K�E�U�R�H �	 �1�R�\�H�V���3�;�9�9�� �W�K�H �4�6 �U�H�T�X�L�U�H�V �Z�L�W�K3 � 105 �H�U�J �F�P� 2 �V� 1

���5�2�2 �: �P� 2�� �W�K�H �O�H�D�V�W �D�P�R�X�Q�W �R�I �H�Q�H�U�J�\�� �)�R�U �$�5�V �W�K�H �U�H�T�X�L�U�H�G �K�H�D�W �U�D�W�H �L�V

107 �H�U�J �F�P� 2 �V� 1 ���3�2���2�2�2 �: �P� 2���� �D�Q�G �L�Q �&�+�V �L�W �L�V7 � 105 �H�U�J �F�P� 2 �V� 1

���9�2�2 �: �P� 2���� �$�O�V�R�� �W�K�H �G�R�P�L�Q�D�Q�W �O�R�V�V �W�H�U�P �G�L�Å�H�U�V �E�H�W�Z�H�H�Q �F�O�R�V�H�G �D�Q�G �R�S�H�Q

�Æ�H�O�G �U�H�J�L�R�Q�V�� �:�K�L�O�H �W�K�H �G�R�P�L�Q�D�Q�W �O�R�V�V�H�V �L�Q �W�K�H �4�6 �D�Q�G �L�Q �$�5�V �D�U�H �U�D�G�L�D�W�L�Y�H �O�R�V�V�H�V��

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

�P�R�U�H �G�H�W�D�L�O�V����

�3�2



�3���3 �7�K�H �6�X�Q

�3�D�U�D�P�H�W�H�U �4�X�L�H�W �6�X�Q �&�R�U�R�Q�D�O �K�R�O�H �$�F�W�L�Y�H �U�H�J�L�R�Q
�7�U�D�Q�V�L�W�L�R�Q �O�D�\�H�U �S�U�H�V�V�X�U�H ���G�\�Q �F�P� 2 �� �4� �3�2� 1 �9� �3�2� 2 �4
�&�R�U�R�Q�D�O �W�H�P�S�H�U�D�W�X�U�H ���.�� �D�W �U� �3���3 �50 �� �3���3�i�3���8� �3�26 �3�26 �4���7� �3�26

�&�R�U�R�Q�D�O �H�Q�H�U�J�\ �O�R�V�V�H�V
�� �&�R�Q�G�X�F�W�L�R�Q �Ç�X�[ �)c �4� �3�25 �8� �3�24 �3�25 �i�3�27

�� �5�D�G�L�D�W�L�Y�H �Ç�X�[ �)r �3�25 �3�24 �7� �3�26

�� �6�R�O�D�U �Z�L�Q�G �Ç�X�[ �)w . �7� �3�24 �9� �3�25 ��< �3�25 ��
�� �7�R�W�D�O �F�R�U�R�Q�D �O�R�V�V �)c ���)r ���)w �5� �3�25 �: � �3�25 �3�27

�&�K�U�R�P�R�V�S�K�H�U�L�F �U�D�G�L�D�W�L�Y�H �O�R�V�V�H�V
�� �/�R�Z �F�K�U�R�P�R�V�S�K�H�U�H �4� �3�26 �4� �3�26 & �3�27

�� �0�L�G�G�O�H �F�K�U�R�P�R�V�S�K�H�U�H �4� �3�26 �4� �3�26 �3�27

�� �8�S�S�H�U �F�K�U�R�P�R�V�S�K�H�U�H �5� �3�25 �5� �3�25 �4� �3�26

�� �7�R�W�D�O �F�K�U�R�P�R�V�S�K�H�U�L�F �O�R�V�V �6� �3�26 �6� �3�26 �4� �3�27

�6�R�O�D�U �Z�L�Q�G �P�D�V�V �O�R�V�V ���J �F�P� 2 �V� 1 �� . �4� �3�2� 11 �4� �3�2� 10 ��< �6� �3�2� 11 ��

�7�D�E�O�H �2���2���&�K�U�R�P�R�V�S�K�H�U�L�F �D�Q�G �F�R�U�R�Q�D�O �H�Q�H�U�J�\ �O�R�V�V�H�V ���H�U�J �F�P� 2 �V� 1 ���� �$�G�D�S�W�H�G �I�U�R�P
�:�L�W�K�E�U�R�H �	 �1�R�\�H�V���3�;�9�9���� �Z�L�W�K �S�H�U�P�L�V�V�L�R�Q �I�U�R�P �$�Q�Q�X�D�O �5�H�Y�L�H�Z�V�� �,�Q�F��

�2���2���4���3�+�H�D�W�L�Q�J �P�R�G�H�O�V

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

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

�L�Q �W�K�H �S�K�R�W�R�V�S�K�H�U�H ���&�U�D�Q�P�H�U �	 �:�L�Q�H�E�D�U�J�H�U�4�2�3�;���$�V�F�K�Z�D�Q�G�H�Q�4�2�2�6���� �0�D�J�Q�H�W�L�F

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

�V�S�H�H�G �R�I

vA =
B

p
� 0�

; ���3���9��

�Z�K�H�U�HB �U�H�S�U�H�V�H�Q�W�V �W�K�H �P�D�J�Q�H�W�L�F �Æ�H�O�G �V�W�U�H�Q�J�W�K��� �W�K�H �S�O�D�V�P�D �G�H�Q�V�L�W�\�� �D�Q�G� 0 �W�K�H

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

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

� A =
L
vA

: ���3���:��

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

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

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

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

�3�3
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�O�H�D�G�L�Q�J �W�R �D�O�W�H�U�Q�D�W�L�Q�J �F�X�U�U�H�Q�W�V ���$�& �P�R�G�H�O�V���� �$�O�O �P�R�G�H�O�V �U�H�T�X�L�U�H �W�K�D�W �H�Q�H�U�J�\ �L�V

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

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

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

�F�D�U�U�\�L�Q�J���� �7�K�L�V �V�W�U�H�V�V �D�W �W�K�H �E�R�X�Q�G�D�U�L�H�V �E�H�W�Z�H�H�Q �W�K�H �G�L�Å�H�U�H�Q�W �Ç�X�[ �W�X�E�H�V �O�H�D�G�V

�W�R �W�K�H �I�R�U�P�D�W�L�R�Q �R�I �F�X�U�U�H�Q�W �V�K�H�H�W�V ���3�D�U�N�H�U�3�;�9�4���3�;�:�5���3�;�:�:���� �7�K�U�R�X�J�K �P�D�J�Q�H�W�L�F

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

�U�H�O�H�D�V�H�G���3�D�U�N�H�U���3�;�:�:�� �H�V�W�L�P�D�W�H �D �W�\�S�L�F�D�O �H�Q�H�U�J�\ �U�H�O�H�D�V�H �D�W6 � 1024 �H�U�J �S�H�U �H�Y�H�Q�W

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

�P�R�G�H�O �L�V �D�O�V�R �N�Q�R�Z�Q �D�V �W�K�H �Q�D�Q�R�Ç�D�U�H �P�R�G�H�O�� �2�W�K�H�U �P�R�G�H�O�V �E�X�L�O�G �R�Q �W�K�L�V �P�R�G�H�O

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

�%�D�O�O�H�J�R�R�L�M�H�Q�3�;�:�8�� �Z�K�L�F�K �S�U�R�S�R�V�H�V �W�K�D�W �Z�L�W�K�L�Q �W�K�H �I�R�U�P�H�G �F�X�U�U�H�Q�W �V�K�H�H�W�V �W�K�H

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

�L�V �U�H�O�H�D�V�H�G��

�0�R�U�H �U�H�F�H�Q�W�O�\�� �R�E�V�H�U�Y�D�W�L�R�Q�V �I�U�R�P �W�K�H �6�X�Q�U�L�V�H �,���,�, �P�L�V�V�L�R�Q�V ���6�R�O�D�Q�N�L �H�W �D�O��

�4�2�3�2�D���4�2�3�9�� �U�H�Y�H�D�O�H�G �S�U�H�Y�L�R�X�V�O�\ �X�Q�U�H�V�R�O�Y�H�G �V�P�D�O�O �R�S�S�R�V�L�W�H���S�R�O�D�U�L�W�\ �Ç�X�[ �S�D�W�F�K�H�V

�H�P�E�H�G�G�H�G �Z�L�W�K�L�Q �O�D�U�J�H�U �P�D�J�Q�H�W�L�F �Ç�X�[ �U�H�J�L�R�Q�V���3�U�L�H�V�W �H�W �D�O�����4�2�3�:�� �F�R�Q�F�O�X�G�H

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

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

�W�K�H �Q�H�H�G �I�R�U �P�D�J�Q�H�W�L�F �E�U�D�L�G�L�Q�J���&�K�L�W�W�D �H�W �D�O�����4�2�3�9�� �F�R�X�O�G �H�V�W�D�E�O�L�V�K�H�G �D �O�L�Q�N

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

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

�D�Q�G �F�R�U�R�Q�D��

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

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

�6�F�K�Z�D�U�]�V�F�K�L�O�G�3�;�6�:���%�L�H�U�P�D�Q�Q�3�;�6�:���� �+�R�Z�H�Y�H�U �U�H�V�H�D�U�F�K �E�\�$�W�K�D�\ �	 �:�K�L�W�H���3�;�9�:��

�3�;�9�;�� �G�H�P�R�Q�V�W�U�D�W�H�G �W�K�D�W �W�K�H�V�H �Z�D�Y�H�V �R�Q�O�\ �F�D�U�U�\ �D�Q �H�Q�H�U�J�\ �Ç�X�[ �W�K�D�W �L�V2 � 3 �R�U��

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

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

�W�R �W�K�H �O�R�Z �S�O�D�V�P�D� �U�H�J�L�P�H �L�Q �W�K�H �F�R�U�R�Q�D �P�D�J�Q�H�W�R�K�\�G�U�R�G�\�Q�D�P�L�F ���0�+�'�� �Z�D�Y�H�V

�E�H�F�D�P�H �D �N�H�\ �I�R�F�X�V��

�7�K�H�U�H �D�U�H �W�K�U�H�H �I�X�Q�G�D�P�H�Q�W�D�O �0�+�' �Z�D�Y�H �P�R�G�H�V�� �W�K�H �I�D�V�W �P�D�J�Q�H�W�R�D�F�R�X�V�W�L�F
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�3���3 �7�K�H �6�X�Q

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

�P�R�G�H�V �F�D�Q �E�H �I�R�X�Q�G �L�Q�.�L�S�S�H�Q�K�D�K�Q �	 �0�¸�O�O�H�Q�K�R�Å�3�;�9�7���� �2�I �W�K�H�V�H �W�K�U�H�H �P�R�G�H�V

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

�V�O�R�Z �0�+�' �Z�D�Y�H�V �H�[�S�H�U�L�H�Q�F�H �V�W�U�R�Q�J �G�D�P�S�L�Q�J �L�Q �W�K�H �O�R�Z�H�U �F�R�U�R�Q�D�� �$�F�F�R�U�G�L�Q�J �W�R

�+�R�O�O�Z�H�J���3�;�9�:�� �I�D�V�W �0�+�' �Z�D�Y�H�V �W�H�Q�G �W�R �U�H�Ç�H�F�W �D�W �W�K�H �V�W�H�H�S �G�H�Q�V�L�W�\ �J�U�D�G�L�H�Q�W �L�Q �W�K�H

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

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

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

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

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

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

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

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

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

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

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

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

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

�P�D�J�Q�H�W�L�F �Æ�H�O�G �J�U�D�G�L�H�Q�W�V�� �D�O�V�R �O�H�D�G�L�Q�J �W�R �H�Q�H�U�J�\ �G�L�V�V�L�S�D�W�L�R�Q �Y�L�D �2�K�P�L�F �K�H�D�W�L�Q�J

�D�Q�G �Y�L�V�F�R�X�V �G�D�P�S�L�Q�J��

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

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

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

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

�2���2���5�&�R�U�R�Q�D�O �G�D�U�N �K�D�O�R�V �D�Q�G �R�W�K�H�U �(�8�9���G�D�U�N �V�W�U�X�F�W�X�U�H�V �L�Q �W�K�H

�Y�L�F�L�Q�L�W�\ �R�I �$�5�V

�$�5�V �D�S�S�H�D�U �V�L�J�Q�L�Æ�F�D�Q�W�O�\ �E�U�L�J�K�W�H�U �W�K�D�Q �W�K�H �U�H�V�W �R�I �W�K�H �6�X�Q �D�F�U�R�V�V �D�O�O �F�R�U�R�Q�D�O �W�H�P��

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

�Q�R�W �R�Q�O�\ �G�D�U�N�H�U �W�K�D�Q �W�K�H �$�5�V �E�X�W �D�O�V�R �W�K�D�Q �W�K�H �4�6�� �7�K�H�V�H �I�H�D�W�X�U�H�V �Y�D�U�\ �Z�L�G�H�O�\ �L�Q

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

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

�)�L�J�X�U�H �2���6���7�K�H �V�R�O�D�U �F�R�U�R�Q�D �R�E�V�H�U�Y�H�G �D�W �2���: �0�. �L�Q �W�K�H �6�'�2���$�,�$ �3�9�3 �‡ �S�D�V�V�E�D�Q�G �R�Q �4�2�4�3
�1�R�Y�H�P�E�H�U �7 �D�W �4�5���5�2 �8�7�&�� �7�K�H �$�5�V �D�U�H �V�X�U�U�R�X�Q�G�H�G �E�\ �F�R�U�R�Q�D�O �G�D�U�N �K�D�O�R�V�� �Z�K�L�F�K �D�U�H
�H�[�W�H�Q�G�H�G �U�H�J�L�R�Q�V �W�K�D�W �H�[�K�L�E�L�W �U�H�G�X�F�H�G �H�P�L�V�V�L�R�Q �D�W �W�K�L�V �W�H�P�S�H�U�D�W�X�U�H��

�$�W �O�R�Z �F�R�U�R�Q�D�O �W�H�P�S�H�U�D�W�X�U�H�V �D�U�R�X�Q�G �R�U �E�H�O�R�Z �3 �0�. �$�5�V �D�U�H �R�I�W�H�Q �V�X�U�U�R�X�Q�G�H�G

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

�F�R�P�L�Q�J �I�U�R�P �W�K�H �4�6�� �7�K�L�V �F�D�Q �E�H �Y�H�U�\ �S�U�R�P�L�Q�H�Q�W�O�\ �V�H�H�Q �L�Q �G�D�W�D �R�E�W�D�L�Q�H�G �E�\

�6�'�2���$�,�$ �D�W �3�9�3 �‡ �R�U �E�\ �W�K�H �(�8�,�+�5�,�(�8�9�F�K�D�Q�Q�H�O�� �7�K�H�V�H �D�U�H�D�V �R�I �U�H�G�X�F�H�G �H�P�L�V�V�L�R�Q

�K�D�Y�H �E�H�H�Q �U�H�I�H�U�U�H�G �W�R �E�\ �G�L�Å�H�U�H�Q�W �Q�D�P�H�V�� �G�D�U�N �F�D�Q�R�S�L�H�V ���:�D�Q�J �H�W �D�O���4�2�3�3����

�H�P�H�U�J�L�Q�J �G�L�P�P�L�Q�J�V ���=�K�D�Q�J �H�W �D�O���4�2�3�4���� �G�D�U�N �K�D�O�R�V ���$�Q�G�U�H�W�W�D �	 �'�H�O �=�D�Q�Q�D�4�2�3�6����

�R�U �G�D�U�N �P�R�D�W�V ���6�L�Q�J�K �H�W �D�O���4�2�4�3���� �)�R�U �R�X�U �Z�R�U�N �Z�H �K�D�Y�H �D�G�D�S�W�H�G �W�K�H �W�H�U�P �G�D�U�N

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

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

�W�K�H�L�U �V�X�U�U�R�X�Q�G�L�Q�J�V �D�W �W�H�P�S�H�U�D�W�X�U�H�V �D�E�R�Y�H �3 �0�.��

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

�K�D�O�R�V�� �7�K�H �P�R�G�H�O �S�X�W �I�R�U�Z�D�U�G �E�\�:�D�Q�J �H�W �D�O�����4�2�3�3�� �V�X�J�J�H�V�W�V �W�K�D�W �W�K�H �G�D�U�N �K�D�O�R�V

�V�K�R�Z �O�H�V�V �H�P�L�V�V�L�R�Q �G�X�H �W�R �W�K�H �S�U�H�V�H�Q�F�H �(�8�9 �D�E�V�R�U�E�L�Q�J �P�D�W�H�U�L�D�O ���L���H�� �Q�H�X�W�U�D�O

�K�\�G�U�R�J�H�Q �R�U �K�H�O�L�X�P���� �+�R�Z�H�Y�H�U�� �D�V �D�O�U�H�D�G�\ �V�K�R�Z�Q �E�\�$�Q�G�U�H�W�W�D �	 �'�H�O �=�D�Q�Q�D

���4�2�3�6�� �D�Q�G �S�R�L�Q�W�H�G �R�X�W �E�\�/�H�]�]�L �H�W �D�O�����4�2�4�5���� �W�K�H �G�D�U�N �K�D�O�R�V �D�O�V�R �D�S�S�H�D�U �G�D�U�N�H�U �D�W
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