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�D�O�O �I�R�O�G�V �D�U�H �S�D�W�L�H�Q�W �L�Q�G�H�S�H�Q�G�H�Q�W�� �3�D�W�L�H�Q�W �L�Q�G�H�S�H�Q�G�H�Q�W �/�H�D�Y�H���2�Q�H���2�X�W ���/�2�2�� �L�V

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

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

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

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

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

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

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

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

�W�K�L�V �Z�R�U�N�� �S�D�W�L�H�Q�W �L�Q�G�H�S�H�Q�G�H�Q�W �/�2�2�&�9 �Z�D�V �X�V�H�G �R�Q�O�\ �I�R�U �V�H�L�]�X�U�H �G�H�W�H�F�W�L�R�Q �R�Q �W�K�H

����



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

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

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

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

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

�W�U�D�L�Q�L�Q�J��

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Specif icity =
TN

TN + FP
����������

Sensitivity =
TP

TP + FN
����������

�,�Q �D�G�G�L�W�L�R�Q �W�R �W�K�H�V�H �P�H�W�U�L�F�V�� �W�K�H �$�U�H�D �8�Q�G�H�U �W�K�H �&�X�U�Y�H ���$�8�&�� �R�I �5�H�F�H�L�Y�H�U �2�S�H�U�D�W��

����



�L�Q�J �&�K�D�U�D�F�W�H�U�L�V�W�L�F ���5�2�&�� �F�X�U�Y�H �Z�D�V �D�O�V�R �X�V�H�G �W�R �D�V�V�H�V�V �W�K�H �P�R�G�H�O�¶�V �S�H�U�I�R�U�P�D�Q�F�H��

�7�K�H �5�2�& �F�X�U�Y�H �L�V �D �J�U�D�S�K�L�F�D�O �S�O�R�W �W�K�D�W �L�O�O�X�V�W�U�D�W�H�V �W�K�H �G�L�D�J�Q�R�V�W�L�F �D�E�L�O�L�W�\ �R�I �D �E�L��

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

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

�W�K�U�H�V�K�R�O�G�V�� �7�K�H �$�8�& �T�X�D�Q�W�L�I�L�H�V �W�K�H �R�Y�H�U�D�O�O �D�E�L�O�L�W�\ �R�I �W�K�H �P�R�G�H�O �W�R �G�L�V�F�U�L�P�L�Q�D�W�H

�E�H�W�Z�H�H�Q �W�K�H �W�Z�R �F�O�D�V�V�H�V�� �$�8�& �L�V �O�H�V�V �V�H�Q�V�L�W�L�Y�H �W�R �F�O�D�V�V �L�P�E�D�O�D�Q�F�H �W�K�D�Q �D�F�F�X�U�D�F�\

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

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

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

�K�D�Y�H �V�H�U�L�R�X�V �F�R�Q�V�H�T�X�H�Q�F�H�V��

�7�K�H �0�D�W�W�K�H�Z�V �&�R�U�U�H�O�D�W�L�R�Q �&�R�H�I�I�L�F�L�H�Q�W ���0�&�&�� �>�" �@ �Z�D�V �D�O�V�R �U�H�S�R�U�W�H�G�� �D�V �L�W �S�U�R�Y�L�G�H�V

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

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

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

�E�H�W�W�H�U �W�K�D�Q �U�D�Q�G�R�P �D�Q�G ���� �L�Q�G�L�F�D�W�H�V �W�R�W�D�O �G�L�V�D�J�U�H�H�P�H�Q�W�� �0�&�& �L�V �G�H�I�L�Q�H�G �D�V �I�R�O�O�R�Z�V��

�0�&�&=
TP � TN � FP � FN

p
(TP + FP)(TP + FN )(TN + FP)(TN + FN )

����������

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

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

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

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

�$�F�F�X�U�D�F�\=
TP + TN

TP + TN + FP + FN
����������

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

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

����



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

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

�H�Y�H�U�� �V�L�Q�F�H �$�1�6�H�5 �G�D�W�D�V�H�W �X�V�H�G �L�Q �W�K�L�V �V�H�F�W�L�R�Q �L�V �O�D�U�J�H�U�� �6�H�J�P�H�Q�W�V �Z�L�W�K �O�H�V�V �W�K�D�Q

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

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

�W�K�H �P�R�G�H�O�¶�V �D�E�L�O�L�W�\ �W�R �O�H�D�U�Q �G�L�V�W�L�Q�F�W �V�H�L�]�X�U�H���V�S�H�F�L�I�L�F �+�5�9 �I�H�D�W�X�U�H�V�� �:�K�L�O�H�� �W�K�R�V�H
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�G�H�V�L�J�Q�H�G �W�R �H�I�I�L�F�L�H�Q�W�O�\ �H�[�W�U�D�F�W �I�H�D�W�X�U�H�V �I�U�R�P �G�D�W�D �Z�L�W�K �D �J�U�L�G���O�L�N�H �V�W�U�X�F�W�X�U�H�� �V�X�F�K �D�V

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

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

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

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

����



�)�L�J�X�U�H �������� �$ �E�D�V�L�F �H�[�D�P�S�O�H �Z�L�W�K �D2 � 2 �N�H�U�Q�H�O��

�N�H�U�Q�H�O�V ���I�L�O�W�H�U�V�� �D�F�U�R�V�V �W�K�H �L�Q�S�X�W �P�D�W�U�L�[ �W�R �H�[�W�U�D�F�W �I�H�D�W�X�U�H�V�� �(�D�F�K �N�H�U�Q�H�O �S�H�U�I�R�U�P�V

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

�F�K�D�Q�Q�H�O �L�Q�S�X�W�V ���H���J���� �5�*�% �L�P�D�J�H�V���� �H�D�F�K �N�H�U�Q�H�O �K�D�V �W�K�H �V�D�P�H �G�H�S�W�K �D�V �W�K�H �L�Q�S�X�W�� �D�Q�G

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

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

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

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

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

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

�F�R�Q�Y�R�O�X�W�L�R�Q��

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

�R�I �V�L�]�H3� 3 �D�Q�G �D �N�H�U�Q�H�O �R�I �V�L�]�H2� 2�� �7�K�H �F�R�Q�Y�R�O�X�W�L�R�Q �Z�L�Q�G�R�Z �L�V �L�Q�L�W�L�D�O�O�\ �S�O�D�F�H�G

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

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

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

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

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

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

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

����



�)�L�J�X�U�H �������� �$�Q �H�[�D�P�S�O�H �R�I �P�D�[ �S�R�R�O�L�Q�J�� �Z�K�L�F�K �U�H�G�X�F�H�V �W�K�H �I�H�D�W�X�U�H �P�D�S �I�U�R�P4� 4
�W�R2 � 2��

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

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

4 � 4 �W�R2 � 2��

�$�Q �H�V�V�H�Q�W�L�D�O �H�O�H�P�H�Q�W �L�Q �&�1�1�V �L�V �W�K�H �D�F�W�L�Y�D�W�L�R�Q �I�X�Q�F�W�L�R�Q�� �Z�K�L�F�K �L�Q�W�U�R�G�X�F�H�V �Q�R�Q��

�O�L�Q�H�D�U�L�W�\ �W�R �D�O�O�R�Z �W�K�H �Q�H�W�Z�R�U�N �W�R �P�R�G�H�O �F�R�P�S�O�H�[ �U�H�O�D�W�L�R�Q�V�K�L�S�V�� �7�K�H �5�H�F�W�L�I�L�H�G �/�L�Q��

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

�K�H�U�H �D�I�W�H�U �H�D�F�K �F�R�Q�Y�R�O�X�W�L�R�Q�� �$�V �V�K�R�Z�Q �L�Q �)�L�J���������� �5�H�/�8 �V�H�W�V �D�O�O �Q�H�J�D�W�L�Y�H �Y�D�O��

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

�U�H�S�U�H�V�H�Q�W�D�W�L�R�Q�V�� �7�K�H �5�H�/�8 �I�X�Q�F�W�L�R�Q �L�V �S�U�R�Y�L�G�H�G �E�H�O�R�Z��

g(z) = �P�D�[(0; z) ����������

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

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

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

����



�)�L�J�X�U�H �������� �3�O�R�W �R�I �W�K�H �5�H�F�W�L�I�L�H�G �/�L�Q�H�D�U �8�Q�L�W ���5�H�/�8�� �D�F�W�L�Y�D�W�L�R�Q �I�X�Q�F�W�L�R�Q��

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

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

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

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

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

�R�I�W�H�Q �L�P�S�U�R�Y�H�V �J�H�Q�H�U�D�O�L�]�D�W�L�R�Q��

�7�K�H �F�R�Q�F�H�S�W �R�I �W�K�H �U�H�F�H�S�W�L�Y�H �I�L�H�O�G �L�V �F�U�L�W�L�F�D�O �L�Q �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �&�1�1 �E�H�K�D�Y�L�R�U�� �,�W

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

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

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

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

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

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

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

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

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

�F�R�Q�Q�H�F�W�H�G �O�D�\�H�U �S�U�R�F�H�V�V�H�V �W�K�H�V�H �I�H�D�W�X�U�H�V�� �W�K�H �R�X�W�S�X�W �O�D�\�H�U �W�U�D�Q�V�I�R�U�P�V �W�K�H �U�H�V�X�O�W�V
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�L�Q�W�R �F�O�D�V�V �S�U�R�E�D�E�L�O�L�W�L�H�V�� �L�Q�G�L�F�D�W�L�Q�J �W�K�H �F�D�W�H�J�R�U�\ �W�K�H �P�R�G�H�O �S�U�H�G�L�F�W�V �I�R�U �W�K�H �L�Q�S�X�W
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�J�U�D�G�L�Q�J �+�,�( �D�Q�G �G�H�W�H�F�W�L�Q�J �V�H�L�]�X�U�H�V�� �(�[�L�V�W�L�Q�J �D�S�S�U�R�D�F�K�H�V �D�O�O �U�H�O�\ �R�Q �+�5�9���E�D�V�H�G

�P�H�W�K�R�G�V �R�U �W�K�H �(�(�* �V�L�J�Q�D�O �D�V �V�X�P�P�D�U�L�]�H�G �L�Q �&�K�D�S�W�H�U ���� �6�H�F�W�L�R�Q�������� �7�R �H�I�I�H�F��

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

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

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

����



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

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

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

�@ �>�" �@�� �G�H�W�H�F�W�L�R�Q �R�I �R�E�V�W�U�X�F�W�L�Y�H �V�O�H�H�S �D�S�Q�H�D �>�" �@ �D�Q�G �V�W�U�H�V�V �G�H�W�H�F�W�L�R�Q �>�" �@��

�,�Q �W�K�L�V �F�K�D�S�W�H�U�� �W�K�H �7�U�D�Q�V�I�R�U�P�H�U �D�U�F�K�L�W�H�F�W�X�U�H�� �L�Q�W�U�R�G�X�F�H�G �E�\ �9�D�V�Z�D�Q�L �H�W �D�O�� �>�" �@�� �L�V

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

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

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

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

�V�H�T�X�H�Q�W�O�\ �W�U�D�L�Q�H�G �D�Q�G �H�[�S�H�U�L�P�H�Q�W�D�O�O�\ �H�Y�D�O�X�D�W�H�G �R�Q �W�Z�R �G�L�V�W�L�Q�F�W �$�1�6�H�5 �G�D�W�D�V�H�W�V�²

�W�K�H �+�,�( �$�1�6�H�5 �G�D�W�D�V�H�W �D�Q�G �W�K�H �V�H�L�]�X�U�H �$�1�6�H�5 �G�D�W�D�V�H�W�²�L�Q�W�U�R�G�X�F�H�G �L�Q �&�K�D�S�W�H�U

���� �6�H�F�W�L�R�Q�������� �$�G�G�L�W�L�R�Q�D�O�O�\�� �D �9�L�V�L�R�Q �7�U�D�Q�V�I�R�U�P�H�U ���9�L�7�����E�D�V�H�G �P�R�G�H�O �L�V �D�S�S�O�L�H�G

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

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

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

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

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

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

�8�Q�O�L�N�H �5�1�1�V �R�U �&�1�1�V�� �Z�K�L�F�K �H�L�W�K�H�U �S�U�R�F�H�V�V �L�Q�S�X�W �V�H�T�X�H�Q�W�L�D�O�O�\ �R�U �Z�L�W�K�L�Q �O�R�F�D�O

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

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

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

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

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

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

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

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

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

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

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

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

�H�[�S�U�H�V�V�L�Y�H �W�H�P�S�R�U�D�O �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q�V�� �$ �O�L�Q�H�D�U �O�D�\�H�U �R�U �0�/�3 �L�V �W�K�H�Q �D�S�S�O�L�H�G �R�Q �W�R�S

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

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

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

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

�L�Q �L�P�D�J�H �S�U�R�F�H�V�V�L�Q�J�� �7�K�H�V�H �W�R�N�H�Q�V �R�U �S�D�W�F�K�H�V �D�U�H �W�K�H�Q �S�U�R�M�H�F�W�H�G �L�Q�W�R �D �K�L�J�K��

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

�V�H�T�X�H�Q�F�H �Z�L�W�K �G�L�P�H�Q�V�L�R�Qdin �D�Q�G �O�H�Q�J�W�K �/�� �G�H�Q�R�W�H�G �D�VX = ( x1; :::; xn )�� �L�V �I�L�U�V�W

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

�H�P�E�H�G�G�L�Q�J �G�L�P�H�Q�V�L�R�Qd�P�R�G�H�O��

X �H�P�E�H�G= XW �S�U�R�M+ B �S�U�R�M; X 2 RL � d�L�Q; X �H�P�E�H�G2 RL � d�P�R�G�H�O ����������

�:�K�H�U�HW�S�U�R�M�D�Q�GB �S�U�R�M�D�U�H �W�K�H �S�U�R�M�H�F�W�L�R�Q �Z�H�L�J�K�W�V �D�Q�G �E�L�D�V�� �U�H�V�S�H�F�W�L�Y�H�O�\�� �7�K�H �U�H�V�X�O�W��

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

���������� �3�R�V�L�W�L�R�Q�D�O �H�Q�F�R�G�L�Q�J

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

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

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

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

Y = X �H�P�E�H�G+ �3�(; �3�(2 RL � d�P�R�G�H�O ����������

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

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

�3�((pos;2i ) = �V�L�Q
� pos

100002i / d�P�R�G�H�O

�
����������

�3�((pos;2i +1) = �F�R�V
� pos

100002i / d�P�R�G�H�O

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

�R�I �W�R�N�H�Q�V �L�Q �W�K�H �L�Q�S�X�W �V�H�T�X�H�Q�F�H��

���������� �(�Q�F�R�G�H�U �O�D�\�H�U

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

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

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

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

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

�‡�0�X�O�W�L���K�H�D�G �D�W�W�H�Q�W�L�R�Q �P�H�F�K�D�Q�L�V�P �D�Q�G �D�G�G �D�Q�G �Q�R�U�P

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

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

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

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

�Y�D�O�X�H ��V �� �P�D�W�U�L�F�H�V��

Q = Y WQ; K = Y WK ; V = Y WV ����������

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

�$�W�W�H�Q�W�L�R�Q(Q; K; V ) = �V�R�I�W�P�D�[
�

QK T

p
dk

�
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�)�L�J�X�U�H �������� ���O�H�I�W�� �6�F�D�O�H�G �'�R�W���3�U�R�G�X�F�W �$�W�W�H�Q�W�L�R�Q �D�Q�G �0�X�O�W�L���+�H�D�G �$�W�W�H�Q�W�L�R�Q ���U�L�J�K�W��
�F�R�Q�V�L�V�W�V �R�I �V�H�Y�H�U�D�O �D�W�W�H�Q�W�L�R�Q �O�D�\�H�U�V �U�X�Q�Q�L�Q�J �L�Q �S�D�U�D�O�O�H�O�� �$�G�D�S�W�H�G �I�U�R�P �>�" �@��

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

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

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

�K�H�D�Gi = �$�W�W�H�Q�W�L�R�Q(QWQ
i ; KW K

i ; V WV
i ); i = 1; : : : ; h ����������

�0�X�O�W�L�+�H�D�G(Q; K; V ) = �&�R�Q�F�D�W(�K�H�D�G1; : : : ; �K�H�D�Gh)W O ����������

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

�S�R�U�D�O �U�H�O�D�W�L�R�Q�V�K�L�S�V�� �7�K�H �D�U�F�K�L�W�H�F�W�X�U�H �R�I �W�K�H �6�F�D�O�H�G �'�R�W���3�U�R�G�X�F�W �D�W�W�H�Q�W�L�R�Q

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

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

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

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

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

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

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

�Z�L�W�K �D �Q�R�Q���O�L�Q�H�D�U �D�F�W�L�Y�D�W�L�R�Q �I�X�Q�F�W�L�R�Q ���X�V�X�D�O�O�\ �5�H�/�8�� �D�S�S�O�L�H�G �W�R �H�D�F�K �S�R�V�L��

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

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

�)�)�1(y) = �P�D�[(0; yW1 + b1)W2 + b2 ����������

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

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

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

���������� �&�O�D�V�V�L�I�L�F�D�W�L�R�Q �K�H�D�G

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

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

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

�O�L�Q�H�D�U �R�U �0�/�3 �K�H�D�G �W�R �S�U�R�G�X�F�H �W�K�H �F�O�D�V�V�L�I�L�F�D�W�L�R�Q �R�X�W�S�X�W��

������ �3�U�R�S�R�V�H�G �P�H�W�K�R�G �X�V�L�Q�J �U�D�Z �(�&�* �V�L�J�Q�D�O �D�Q�G

�W�U�D�Q�V�I�R�U�P�H�U���E�D�V�H�G �P�R�G�H�O�V

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

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

�I�R�U �F�O�D�V�V�L�I�\�L�Q�J �W�K�H �V�H�Y�H�U�L�W�\ �R�I �+�,�( �I�U�R�P �(�&�* �V�L�J�Q�D�O�V�� �Z�K�H�U�H �U�H�F�R�J�Q�L�]�L�Q�J �V�X�E�W�O�H

�F�K�D�Q�J�H�V �U�H�T�X�L�U�H�V �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �E�R�W�K �W�K�H �W�H�P�S�R�U�D�O �F�R�Q�W�H�[�W �D�Q�G �W�K�H �W�L�P�L�Q�J �E�H�W�Z�H�H�Q
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�K�H�D�U�W�E�H�D�W�V�� �,�Q �F�R�Q�W�U�D�V�W �W�R �&�1�1�V �R�U �W�U�D�G�L�W�L�R�Q�D�O �D�S�S�U�R�D�F�K�H�V �W�K�D�W �G�H�S�H�Q�G �R�Q �S�U�H�G�H��

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

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

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

�+�,�( �J�U�D�G�L�Q�J �D�Q�G �V�H�L�]�X�U�H �G�H�W�H�F�W�L�R�Q�� �7�0�)�R�U�P�H�U ���7�U�H�Q�G���$�X�J�P�H�Q�W�H�G �0�X�O�W�L�V�F�D�O�H �7�R��

�N�H�Q�L�]�D�W�L�R�Q �7�U�D�Q�V�I�R�U�P�H�U�� �Z�D�V �S�U�R�S�R�V�H�G�� �7�0�)�R�U�P�H�U �L�V �D �W�U�D�Q�V�I�R�U�P�H�U���E�D�V�H�G �P�R�G�H�O

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

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

�S�U�R�J�U�H�V�V�L�R�Q��

���������� �(�&�* �S�U�H�S�U�R�F�H�V�V�L�Q�J

�)�L�U�V�W �W�K�H �(�&�* �U�H�F�R�U�G�L�Q�J�V �Z�H�U�H �I�L�O�W�H�U�H�G �W�R �U�H�P�R�Y�H �F�R�P�P�R�Q �Q�R�L�V�H �D�U�W�L�I�D�F�W�V �I�R�U �K�L�J�K�H�U

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

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

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