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

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

��� ���� �O�R�Q�J�L�W�X�G ��� ���� �S�U�R�I�X�Q�G�L�G�D�G ��z�� �\ �H�O �W�L�H�P�S�R �G�H�O �R�U�L�J�H�Q ��t0�� �G�H �O�D �S�U�R�S�D�J�D�F�L�y�Q �G�H �O�D �H�Q�H�U�J�t�D �V�t�V�P�L��

�F�D�� �(�V�S�H�F�t�I�L�F�D�P�H�Q�W�H�� �O�D �O�R�F�D�O�L�]�D�F�L�y�Q �G�H �V�L�V�P�R�V �O�R�F�D�O�H�V �H�V �X�Q �S�U�R�F�H�V�R �T�X�H �G�H�W�H�U�P�L�Q�D �H�V�W�R�V �Y�D�O�R�U�H�V

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

�D�O�U�H�G�H�G�R�U �G�H �O�D �I�X�H�Q�W�H �G�H �O�D �H�Q�H�U�J�t�D �V�t�V�P�L�F�D�� �$�V�t�� �O�D �O�R�F�D�O�L�]�D�F�L�y�Q �G�H �X�Q �H�Y�H�Q�W�R �V�t�V�P�L�F�R �S�X�H�G�H��

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

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

����
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�H�O �K�L�S�R�F�H�Q�W�U�R�� �3�D�U�D �O�D �O�R�F�D�O�L�]�D�F�L�y�Q�� �V�H �Q�H�F�H�V�L�W�D �L�Q�I�R�U�P�D�F�L�y�Q �G�H�O �W�L�H�P�S�R �G�H �O�O�H�J�D�G�D �G�H �I�D�V�H�V �V�t�V�P�L��

�F�D�V�� �(�Q �R�F�D�V�L�R�Q�H�V �V�R�O�R �V�H �X�V�D �O�D �L�Q�I�R�U�P�D�F�L�y�Q �G�H �W�L�H�P�S�R �G�H �D�U�U�L�E�R �G�H �O�D �R�Q�G�D �3�� �S�R�U �O�D �I�D�F�L�O�L�G�D�G �G�H

�V�X �G�H�W�H�U�P�L�Q�D�F�L�y�Q�� �V�L�Q �H�P�E�D�U�J�R�� �H�O �X�V�R �G�H �O�D �I�D�V�H �6 �P�H�M�R�U�D �F�R�Q�V�L�G�H�U�D�E�O�H�P�H�Q�W�H �O�D �S�U�H�F�L�V�L�y�Q �G�H �O�D

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

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

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

�]�D�F�L�y�Q �G�H �O�R�V �W�H�U�U�H�P�R�W�R�V �X�V�D�G�R�V �H�Q �O�D �W�R�P�R�J�U�D�I�t�D��

�(�V �S�R�V�L�E�O�H �U�H�D�O�L�]�D�U �O�D �O�R�F�D�O�L�]�D�F�L�y�Q �G�H �W�H�U�U�H�P�R�W�R�V �F�R�Q �G�L�V�W�L�Q�W�R�V �P�p�W�R�G�R�V�� �D�V�t �F�R�P�R �F�R�Q �G�L�V�W�L�Q�W�D�V

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

�H�V�W�D�F�L�R�Q�H�V��

������������ �/�R�F�D�O�L�]�D�F�L�y�Q �F�R�Q �X�Q�D �H�V�W�D�F�L�y�Q��

�/�D �O�R�F�D�O�L�]�D�F�L�y�Q �X�V�X�D�O�P�H�Q�W�H �H�V �F�D�O�F�X�O�D�G�D �F�R�Q �P�~�O�W�L�S�O�H�V �H�V�W�D�F�L�R�Q�H�V�� �V�L�Q �H�P�E�D�U�J�R �H�V �S�R�V�L�E�O�H �H�Q��

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

�'�D�G�R �T�X�H �H�O �Y�H�F�W�R�U �G�H �P�R�Y�L�P�L�H�Q�W�R �G�H �O�D �R�Q�G�D �3 �H�V�W�i �S�R�O�D�U�L�]�D�G�R �H�Q �H�O �S�O�D�Q�R �Y�H�U�W�L�F�D�O �G�H �S�U�R�S�D�J�D��

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

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

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

�G�H �W�U�H�V �F�R�P�S�R�Q�H�Q�W�H�V �H�V �S�R�V�L�E�O�H �R�E�W�H�Q�H�U �O�D �F�R�P�S�R�Q�H�Q�W�H �U�D�G�L�D�O �G�H �3�� �X�W�L�O�L�]�D�Q�G�R �O�D�V �D�P�S�O�L�W�X�G�H�V �G�H

�O�D�V �O�O�H�J�D�G�D�V �G�H �O�D �I�D�V�H �H�Q �D�P�E�D�V �F�R�P�S�R�Q�H�Q�W�H�V �K�R�U�L�]�R�Q�W�D�O�H�V ���1���6 �\ �(���2���� �P�L�H�Q�W�U�D�V �T�X�H �H�O �D�]�L�P�X�W

�S�X�H�G�H �V�H�U �F�D�O�F�X�O�D�G�R �D �W�U�D�Y�p�V �G�H�O �D�U�F�R�W�D�Q�J�H�W�H �G�H �O�D �U�D�]�y�Q �H�Q�W�U�H �H�V�W�D�V�� �V�H�J�~�Q �O�D �H�F�X�D�F�L�y�Q ��������

az = arctan
�

AE

AN

�
����������

�&�D�E�H �G�H�V�W�D�F�D�U �T�X�H �O�D �H�F�X�D�F�L�y�Q ������ �S�X�H�G�H �W�H�Q�H�U �G�R�V �V�R�O�X�F�L�R�Q�H�V�� �V�H�S�D�U�D�G�D�V �S�R�U� �U�D�G�L�D�Q�H�V�� �G�D�G�R
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�)�L�J�X�U�D �������� �)�L�J�X�U�D �H�V�T�X�H�P�i�W�L�F�D �G�H�O �F�i�O�F�X�O�R �G�H�O �D�]�L�P�X�W �K�D�F�L�D �O�D �I�X�H�Q�W�H �D �S�D�U�W�L�U �G�H �O�R�V �U�H�J�L�V�W�U�R�V �H�Q
�W�U�H�V �F�R�P�S�R�Q�H�Q�W�H�V�� �(�[�W�U�D�t�G�D �G�H �,�Q�I�R�U�P�D�W�L�R�Q �6�K�H�H�W �,�6 �������� �6�H�L�V�P�L�F �6�R�X�U�F�H �/�R�F�D�W�L�R�Q�� �-�H�Q�V �+�D�Y�V�N�R�Y��
����������

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

�H�Q �V�X �F�R�P�S�R�Q�H�Q�W�H �Y�H�U�W�L�F�D�O�� �6�R�O�R �V�L �O�D �S�R�O�D�U�L�G�D�G �G�H �O�D �S�U�L�P�H�U�D �O�O�H�J�D�G�D �H�V �G�� �O�R�V �P�R�Y�L�P�L�H�Q�W�R�V �G�H

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

AZI = BAZ �� �S�R�U �H�O �F�R�Q�W�U�D�U�L�R �V�L �O�D �S�R�O�D�U�L�G�D�G �H�V �X�� �V�H �F�X�P�S�O�H �T�X�HBAZ = AZI + � [rad] ���Y�H�U �I�L�J�X�U�D

������ �S�D�U�D �X�Q�D �H�[�S�O�L�F�D�F�L�y�Q �H�V�T�X�H�P�i�W�L�F�D����

�7�H�Q�L�p�Q�G�R�V�H �O�D �G�L�U�H�F�F�L�y�Q �K�D�F�L�D �H�O �H�S�L�F�H�Q�W�U�R�� �E�D�V�W�D�U�t�D �H�Q�F�R�Q�W�U�D�U �O�D �G�L�V�W�D�Q�F�L�D �K�D�F�L�D �H�V�W�H �S�D�U�D �O�R��

�F�D�O�L�]�D�U �H�O �W�H�U�U�H�P�R�W�R�� �(�V�W�D �V�H �S�X�H�G�H �G�H�W�H�U�P�L�Q�D�U �D �W�U�D�Y�p�V �G�H �O�D �G�L�I�H�U�H�Q�F�L�DD �H�Q�W�U�H �O�R�V �W�L�H�P�S�R�V �G�H

�O�O�H�J�D�G�D �G�H �O�D�V �R�Q�G�D�V �3 �\ �6 �\ �O�D�V �Y�H�O�R�F�L�G�D�G�H�V �G�H �O�D�V �R�Q�G�D�V�� �(�V�W�R �H�V �I�i�F�L�O�P�H�Q�W�H �F�D�O�F�X�O�D�G�R �V�L �V�H �F�R�Q��

�V�L�G�H�U�D �T�X�H �D�P�E�D�V �W�L�H�Q�H�Q �X�Q�D �Y�H�O�R�F�L�G�D�G �F�R�Q�V�W�D�Q�W�HVP �\ VS �� �6�L �H�O �V�L�V�P�R �V�H �R�U�L�J�L�Q�y �H�Q �X�Q �W�L�H�P�S�Rt0��

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

tp = t0 +
D
VP

�\

ts = t0 +
D
VS

����������

�(�O�L�P�L�Q�D�Q�G�Rt0 �H�V �S�R�V�L�E�O�H �G�H�V�S�H�M�D�UD�� �O�O�H�J�D�Q�G�R �D �O�D �H�F�X�D�F�L�y�Q ��������

D = ( ts � tp)
Vp � Vs

Vp � Vs
����������

�8�Q�D �Y�H�] �F�D�O�F�X�O�D�G�R�V �H�O �D�]�L�P�X�W �\ �O�D �G�L�V�W�D�Q�F�L�D �H�V �S�R�V�L�E�O�H �F�R�Q�R�F�H�U �H�O �H�S�L�F�H�Q�W�U�R �G�H�O �W�H�U�U�H�P�R�W�R�� �&�O�D�U�D��

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

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

�3�D�U�D �F�i�O�F�X�O�R�V �P�i�V �S�U�H�F�L�V�R�V �\ �Y�i�O�L�G�R�V �H�Q �i�U�H�D�V �P�i�V �H�[�W�H�Q�V�D�V�� �H�V �Q�H�F�H�V�D�U�L�R �H�O �X�V�R �G�H �P�~�O�W�L�S�O�H�V

�H�V�W�D�F�L�R�Q�H�V��

������������ �/�R�F�D�O�L�]�D�F�L�y�Q �F�R�Q �X�Q�D �U�H�G �G�H �H�V�W�D�F�L�R�Q�H�V��
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�R�U�L�J�H�Q�� �(�V�W�H �F�i�O�F�X�O�R �S�X�H�G�H �K�D�F�H�U�V�H �P�D�Q�X�D�O�P�H�Q�W�H �F�R�Q �X�Q �P�p�W�R�G�R �G�H �L�Q�W�H�U�V�H�F�F�L�R�Q�H�V �G�H �F�L�U�F�X�Q�I�H�U�H�Q��
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�+�<�3�2�����3�& ���/�H�H �	 �9�D�O�G�p�V�� ������������ �V�R�I�W�Z�D�U�H �X�W�L�O�L�]�D�G�R �H�Q �H�V�W�H �H�V�W�X�G�L�R�� �(�V�W�H �H�V �X�Q�D �L�P�S�O�H�P�H�Q�W�D�F�L�y�Q
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�W�D�P�E�L�p�Q �Y�D�U�L�D�U�i�� �D�X�Q�T�X�H �H�V�W�D �Y�H�] �Q�R �G�H�S�H�Q�G�H�U�i �G�H �O�D �G�L�V�W�D�Q�F�L�D �D�O �H�S�L�F�H�Q�W�U�R �V�L�Q�R �G�H �R�W�U�R�V �I�D�F�W�R�U�H�V
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�F�R�P�R �O�D �F�D�O�L�G�D�G �G�H �O�R�V �S�L�F�D�G�R�V �G�H �O�D�V �I�D�V�H�V�� �F�X�D�Q �F�H�U�F�D�Q�R �V�H�D �D �O�D �U�H�D�O�L�G�D�G �H�O �P�R�G�H�O�R �G�H �Y�H�O�R�F�L�G�D�G

�X�W�L�O�L�]�D�G�R �\ �O�D �G�L�V�W�U�L�E�X�F�L�y�Q �G�H �O�D�V �H�V�W�D�F�L�R�Q�H�V �H�Q �O�D �U�H�G �X�W�L�O�L�]�D�G�D��

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

�Q�H�Q�� �O�D �O�R�Q�J�L�W�X�G ��x���� �O�D�W�L�W�X�G ��y���� �S�U�R�I�X�Q�G�L�G�D�G ��z�� �\ �W�L�H�P�S�R �G�H �R�U�L�J�H�Q ��t0���� �G�H �P�D�Q�H�U�D �T�X�H�K(x; y; z; t0)��

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

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

�(�V�W�R�V �W�L�H�P�S�R�V �G�H�S�H�Q�G�H�U�i�Q �G�H �O�D �S�R�V�L�F�L�y�Q �G�H �O�D �H�V�W�D�F�L�y�Q ��pi (x i ; yi ; zi )���� �G�H�O �K�L�S�R�F�H�Q�W�U�R �\ �G�H �O�D �H�V��

�W�U�X�F�W�X�U�D �G�H �Y�H�O�R�F�L�G�D�G ��v(�U)���� �(�V�W�R�V �W�L�H�P�S�R�V �G�H �D�U�U�L�E�R �G�H �X�Q�D �R�Q�G�D �D �O�D �L���p�V�L�P�D �H�V�W�D�F�L�y�Q �G�H �O�D �U�H�G

�S�X�H�G�H�Q �V�H�U �G�H�I�L�Q�L�G�R�V �F�R�P�RTa;i = Ta;i (�K; x i ; yi ; zi )�� �(�Q �D�G�L�F�L�y�Q�� �V�H �S�X�H�G�H �F�D�O�F�X�O�D�U �X�Q �W�L�H�P�S�R �G�H

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

�O�D �L���p�V�L�P�D �H�V�W�D�F�L�y�Q �S�X�H�G�H �V�H�U �H�[�S�U�H�V�D�G�R �F�R�P�RTp;i = T(x i ; yi ; zi ; �K) + t0�� �G�R�Q�G�HT �H�V �H�O �W�L�H�P�S�R �G�H

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

�H�O �P�R�G�H�O�R �G�H �Y�H�O�R�F�L�G�D�G �X�W�L�O�L�]�D�G�R��

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

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

�F�R�Q �P�i�V �H�V�W�D�F�L�R�Q�H�V �\ �R�E�V�H�U�Y�D�F�L�R�Q�H�V�� �6�L �V�H �W�L�H�Q�Hn �R�E�V�H�U�Y�D�F�L�R�Q�H�V�� �V�H �W�H�Q�G�U�t�D �X�Q �V�L�V�W�H�P�D �G�Hn

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

�G�H�W�H�U�P�L�Q�D�G�R �F�X�\�D �V�R�O�X�F�L�y�Q �S�X�H�G�H �H�Q�F�R�Q�W�U�D�U�V�H �P�L�Q�L�P�L�]�D�Q�G�R �H�O �U�H�V�L�G�X�Rr i = Ta;i � Tp;i �H�Q�W�U�H �O�R�V

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

�/�D �Q�R���O�L�Q�H�D�O�L�G�D�G �G�HTp �K�D�F�H �T�X�H �Q�R �V�H�D �S�R�V�L�E�O�H �U�H�V�R�O�Y�H�U �H�V�W�H �V�L�V�W�H�P�D �F�R�Q �P�p�W�R�G�R�V �D�Q�D�O�t�W�L��

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

�V�X�I�L�F�L�H�Q�W�H�P�H�Q�W�H �F�H�U�F�D�Q�D �F�R�P�R �S�D�U�D �T�X�H �O�R�V �U�H�V�L�G�X�R�V �G�H �H�V�W�D �S�U�L�P�H�U�D �O�R�F�D�O�L�]�D�F�L�y�Q �G�H �S�U�X�H�E�D �V�H�D�Q
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�/�X�H�J�R �O�D �H�F�X�D�F�L�y�Q �G�H�I�L�Q�L�G�D �H�Q ������ �S�X�H�G�H �V�H�U �U�H�V�X�H�O�W�D �X�W�L�O�L�]�D�Q�G�R �P�t�Q�L�P�R�V �F�X�D�G�U�D�G�R�V�� �G�H �P�D�Q�H�U�D

�T�X�H

�; = ( �* T �* ) � 1�* T �U ����������

�< �D�V�t �H�V�W�D �V�R�O�X�F�L�y�Q �S�X�H�G�H �V�H�U �X�W�L�O�L�]�D�G�D �F�R�P�R �S�X�Q�W�R �G�H �S�D�U�W�L�G�D �S�D�U�D �F�R�Q�W�L�Q�X�D�U �F�R�Q �X�Q�D �Q�X�H�Y�D �L�W�H��

�� �3�R�U �H�M�H�P�S�O�R�� �V�H �S�X�H�G�H �S�D�U�W�L�U �F�R�Q �X�Q�D �O�R�F�D�O�L�]�D�F�L�y�Q �F�H�U�F�D�Q�D �D �O�D �H�V�W�D�F�L�y�Q �T�X�H �U�H�J�L�V�W�U�D �S�U�L�P�H�U�R �X�Q�D �O�O�H�J�D�G�D �\ �X�W�L�O�L�]�D�U �H�V�H
�W�L�H�P�S�R �F�R�P�Rt0 ��
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�U�D�F�L�y�Q�� �6�H �S�X�H�G�H �F�R�Q�W�L�Q�X�D�U �X�Q �Q�~�P�H�U�R �S�U�H�G�H�W�H�U�P�L�Q�D�G�R �G�H �L�W�H�U�D�F�L�R�Q�H�V �R �K�D�V�W�D �O�O�H�J�D�U �D �X�Q �Y�D�O�R�U

�G�H �U�H�V�L�G�X�R�V �³�D�F�H�S�W�D�E�O�H�´ �G�H�I�L�Q�L�G�R �F�R�Q �D�Q�W�H�U�L�R�U�L�G�D�G ���K�D�V�W�D �T�X�H �H�O �Y�D�O�R�U �G�H �5�0�6 �P�H�M�R�U�H �H�Q �Y�D�O�R�U�H�V

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

�������� �7�H�R�U�t�D �W�R�P�R�J�U�i�I�L�F�D��

������������ �7�R�P�R�J�U�D�I�t�D��

�/�D�V �R�Q�G�D�V �V�t�V�P�L�F�D�V �D�O �Y�L�D�M�D�U �S�R�U �X�Q �P�H�G�L�R �V�H �Y�H�Q �D�I�H�F�W�D�G�D�V �S�R�U �O�D�V �S�U�R�S�L�H�G�D�G�H�V �G�H �H�V�W�H�� �³�O�O�H��

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

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

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

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

�H�O �F�D�V�R �G�H�O�V�F�D�Q�Q�H�U�R�&�$�7 �6�F�D�Q�� �R �X�O�W�U�D�V�R�Q�L�G�R�� �H�Q �H�O �F�D�V�R �G�H �H�F�R�W�R�P�R�J�U�D�I�t�D�� �'�H �H�V�W�D �P�D�Q�H�U�D �H�V

�S�R�V�L�E�O�H �G�L�O�X�F�L�G�D�U �O�D �H�V�W�U�X�F�W�X�U�D �����' �G�H �O�D �7�L�H�U�U�D�� �L�Q�I�L�U�L�H�Q�G�R �V�X�V �S�U�R�S�L�H�G�D�G�H�V �V�t�V�P�L�F�D�V �\ �O�D �J�H�R�P�H�W�U�t�D

�G�H �G�L�F�K�D�V �H�V�W�U�X�F�W�X�U�D�V��

�/�R�V �S�U�L�P�H�U�R�V �H�V�W�X�G�L�R�V �V�H �U�H�D�O�L�]�D�U�R�Q �H�Q �O�D �G�p�F�D�G�D �G�H �O�R�V ���� �F�L�H�Q�W�t�I�L�F�R�V �F�R�P�R �$�N�L�� �/�H�H �\ �%�R�L�V��

�H�Q�W�U�H �R�W�U�R�V�� �V�H�Q�W�D�Q�G�R �O�D�V �E�D�V�H�V �S�D�U�D �X�Q �P�p�W�R�G�R �G�H �S�U�R�V�S�H�F�F�L�y�Q �J�H�R�I�t�V�L�F�D �D�P�S�O�L�D�P�H�Q�W�H �X�W�L�O�L�]�D�G�R

�H�Q �O�D �D�F�W�X�D�O�L�G�D�G�� �S�R�U �O�D �Y�H�U�V�D�W�L�O�L�G�D�G �G�H �V�X�V �D�S�O�L�F�D�F�L�R�Q�H�V �\ �D�O�F�D�Q�F�H�V�� �(�V�W�D �W�p�F�Q�L�F�D �S�X�H�G�H �V�H�U �X�W�L�O�L�]�D��

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

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

�(�O �S�U�R�E�O�H�P�D �G�H �O�D �W�R�P�R�J�U�D�I�t�D �F�R�Q�V�L�V�W�H �H�Q �L�Q�I�H�U�L�U �L�Q�I�R�U�P�D�F�L�y�Q �G�H �H�V�W�D�V �H�V�W�U�X�F�W�X�U�D�V �D �W�U�D�Y�p�V �G�H

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

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

�/�R�V �G�D�W�R�V �V�t�V�P�L�F�R�V �X�W�L�O�L�]�D�G�R�V �S�R�U �H�V�W�D �P�H�W�R�G�R�O�R�J�t�D �V�R�Q �O�R�V �W�L�H�P�S�R�V �G�H �Y�L�D�M�H ��� v �� �G�H �O�D�V �I�D�V�H�V�� �G�D��



���� �&�$�3�Ë�7�8�/�2 ���� �0�$�5�&�2 �7�(�Ï�5�,�&�2��

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

�G�H �H�V�W�D�V �H�Q �O�R�V �V�L�V�P�R�J�U�D�P�D�V�� �\ �H�O �W�L�H�P�S�R �G�H �R�U�L�J�H�Q ��� o�� �G�H�O �V�L�V�P�R�� �G�H �P�D�Q�H�U�D �T�X�H� v = � a � � o��

�$ �V�X �Y�H�]�� �H�O �W�L�H�P�S�R �G�H �Y�L�D�M�H �G�H�S�H�Q�G�H �G�H�O �F�D�P�L�Q�R �S�R�U �H�O �T�X�H �V�H �S�U�R�S�D�J�D �X�Q �U�D�\�R�� �6�L �V�H �F�R�Q�V�L�G�H�U�D

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

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

�G�H �Y�L�D�M�H �G�H�O �U�D�\�Rr �S�X�H�G�H �V�H�U �H�[�S�U�H�V�D�G�R �H�Q �W�p�U�P�L�Q�R�V �G�H �O�D �O�H�Q�W�L�W�X�G �\ �H�O �F�D�P�L�Q�R �G�H �S�U�R�S�D�J�D�F�L�y�Q

�F�R�P�R

� v =
Z

r

ds
v(~r)

����������

�G�R�Q�G�Hds �H�V �X�Q �G�L�I�H�U�H�Q�F�L�D�O �G�H�O �F�D�P�L�Q�R �G�H�O �U�D�\�R �\v(~r) �H�V �H�O �F�D�P�S�R �G�H �Y�H�O�R�F�L�G�D�G �G�H�O �P�H�G�L�R��

�/�D �H�F�X�D�F�L�y�Q ������ �P�X�H�V�W�U�D �H�O �F�i�O�F�X�O�R �G�H�O �W�L�H�P�S�R �G�H �Y�L�D�M�H �H�Q �X�Q �P�H�G�L�R �F�R�Q�W�L�Q�X�R�� �V�L�Q �H�P�E�D�U�J�R�� �O�R�V

�P�p�W�R�G�R�V �F�R�P�S�X�W�D�F�L�R�Q�D�O�H�V �Q�R �S�H�U�P�L�W�H�Q �O�D �V�R�O�X�F�L�y�Q �G�H �S�U�R�E�O�H�P�D�V �F�R�Q�W�L�Q�X�R�V�� �S�R�U �O�R �T�X�H �V�H �G�H�E�H

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

�)�L�J�X�U�D �������� �3�D�U�D �H�O �F�i�O�F�X�O�R �G�H �O�D �W�R�P�R�J�U�D�I�t�D�� �H�O �Y�R�O�X�P�H�Q �F�R�Q �H�O �T�X�H �V�H �W�U�D�E�D�M�D�U�i �H�V �S�D�U�D�P�H�W�U�L�]�D�G�R
�H�Q �E�O�R�T�X�H�V �G�H �Y�H�O�R�F�L�G�D�G �X�Q�L�I�R�U�P�H�� �G�L�V�F�U�H�W�L�]�D�Q�G�R �H�O �F�D�P�L�Q�R �G�H�O �U�D�\�R �G�H�V�G�H �V�X �I�X�H�Q�W�H �K�D�V�W�D �X�Q
�U�H�F�H�S�W�R�U �H�Q �G�L�V�W�L�Q�W�D�V �F�H�O�G�D�V�� �S�R�U �O�D�V �T�X�H �D�W�U�D�Y�L�H�V�D �F�R�Q �G�L�V�W�L�Q�W�D �G�L�U�H�F�F�L�y�Q �\ �O�R�Q�J�L�W�X�G�� �)�L�J�X�U�D �H�[�W�U�D�t�G�D
�6�K�H�D�U�H�U�� �3���� ����������

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

�G�H �F�D�S�D�V �K�R�U�L�]�R�Q�W�D�O�H�V�� �D �S�D�U�W�L�U �G�H�O �F�X�D�O �V�H �S�X�H�G�H �F�D�O�F�X�O�D�U �U�H�V�L�G�X�R�V �G�H �W�L�H�P�S�R �G�H �Y�L�D�M�H ��� res �� �F�R�Q

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

� res = � v � � p ����������
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�6�L �H�O �U�D�\�R �D�W�U�D�Y�H�V�y �X�Q �U�H�J�L�y�Q �F�R�Q �X�Q�D �Y�H�O�R�F�L�G�D�G �U�H�D�O �P�D�\�R�U �D �O�D �Y�H�O�R�F�L�G�D�G �G�H�O �P�R�G�H�O�R �L�Q�L�F�L�D�O�� �H�O

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

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

�G�H�O�R�� �H�O �U�H�V�L�G�X�R �V�H�U�i �S�R�V�L�W�L�Y�R��

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

�F�D�G�D �U�D�\�R�� �3�D�U�D �H�V�W�R �H�V �Q�H�F�H�V�D�U�L�R �H�V�W�D�E�O�H�F�H�U �O�D �J�H�R�P�H�W�U�t�D �G�H �F�D�G�D �U�D�\�R�� �O�R �T�X�H �V�H �S�X�H�G�H �O�R�J�U�D�U

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

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

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

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

�H�O �W�L�H�P�S�R �G�H �Y�L�D�M�H �G�H�O �U�D�\�R�� �(�O �U�H�V�L�G�X�R �G�H �W�L�H�P�S�R �G�H �Y�L�D�M�H ��� res ���� �D �S�D�U�W�L�U �G�H �O�D �G�L�V�F�U�H�W�L�]�D�F�L�y�Q�� �V�H�U�i �O�D

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

�H�Q�W�U�H �H�O �P�R�G�H�O�R �L�Q�L�F�L�D�O �\ �H�O �P�H�G�L�R�� �$�V�t�� �O�D �H�F�X�D�F�L�y�Q ������ �S�X�H�G�H �V�H�U �H�[�S�U�H�V�D�G�D �F�R�P�R��

� res =
X

k

bk vk ����������

�G�R�Q�G�Hbk �H�V �H�O �W�L�H�P�S�R �G�H �Y�L�D�M�H �H�Q �O�D �N���p�V�L�P�D �F�H�O�G�D �\vk �H�V �O�D �S�H�U�W�X�U�E�D�F�L�y�Q �S�R�U�F�H�Q�W�X�D�O �G�H �Y�H�O�R�F�L�G�D�G��

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

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

�Y�D�O�R�U�H�V �S�H�T�X�H�x�R�V �G�Hvk �� �S�R�U �O�R �T�X�H �F�R�Q�W�D�U �F�R�Q �X�Q �P�R�G�H�O�R �����' �S�H�U�W�L�Q�H�Q�W�H �H�V �F�U�X�F�L�D�O��

�6�L �V�H �I�L�M�D �F�R�P�R �� �H�O �Y�D�O�R�U �G�H�O �W�L�H�P�S�R �G�H �Y�L�D�M�H �H�Q �O�D�V �F�H�O�G�D�V �Q�R �F�U�X�]�D�G�D�V �S�R�U �O�R�V �U�D�\�R�V�� �O�D �H�F�X�D�F�L�y�Q

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

� res i =
mX

j =1

bij vj ������������
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�V�L�H�Q�G�Rm �H�O �W�R�W�D�O �G�H �F�H�O�G�D�V�� �&�D�E�H �G�H�V�W�D�F�D�U �T�X�Hbij �H�V �� �S�D�U�D �F�D�V�L �W�R�G�D�V �O�D�V �F�R�P�E�L�Q�D�F�L�R�Q�H�V �G�Hi �\ j ��

�S�R�U�T�X�H �F�D�G�D �U�D�\�R �F�U�X�]�D �S�R�F�R�V �E�O�R�T�X�H�V �G�H�O �Y�R�O�X�P�H�Q �G�H �O�D �W�R�P�R�J�U�D�I�t�D�� �0�D�W�U�L�F�L�D�O�P�H�Q�W�H�� �O�D �H�F�X�D�F�L�y�Q

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

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

�*�P = �G ������������

�F�X�\�D �V�R�O�X�F�L�y�Q �S�R�U �P�t�Q�L�P�R�V �F�X�D�G�U�D�G�R�V �H�V�P =
�
�* �7�*

� � 1
�* �7�G�� �6�L�Q �H�P�E�D�U�J�R�� �G�D�G�R �T�X�H �H�Q �O�R�V �S�U�R��

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

�F�U�X�]�D�G�R�V �S�R�U �D�O�J�~�Q �U�D�\�R���* �H�V �H�Q �J�H�Q�H�U�D�O �G�H�I�L�F�L�H�Q�W�H �G�H �U�D�Q�J�R �R�* �7�* �H�V �V�L�Q�J�X�O�D�U �Rm �\ n �V�R�Q �G�H��

�P�D�V�L�D�G�R �J�U�D�Q�G�H�V�� �O�R�V �P�p�W�R�G�R�V �X�V�X�D�O�H�V �G�H �U�H�V�R�O�X�F�L�y�Q ���F�R�P�R �H�O �6�9�'�� �Q�R �V�R�Q �D�S�O�L�F�D�E�O�H�V�� �\ �V�H �G�H�E�H

�D�S�O�L�F�D�U �X�Q �P�p�W�R�G�R �G�H �U�H�J�X�O�D�U�L�]�D�F�L�y�Q�� �X�V�X�D�O�P�H�Q�W�H �P�t�Q�L�P�R�V �F�X�D�G�U�D�G�R�V �D�P�R�U�W�L�J�X�D�G�R�V��

�/�D �L�P�S�O�H�P�H�Q�W�D�F�L�y�Q �G�H �O�R�V �P�t�Q�L�P�R�V �F�X�D�G�U�D�G�R�V �D�P�R�U�W�L�J�X�D�G�R�V �U�H�T�X�L�H�U�H �F�D�P�E�L�D�U �O�D �H�F�X�D�F�L�y�Q ��������

�S�R�U 2

6
6
4

�E

��

3

7
7
5 =

2

6
6
4
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� �,

3

7
7
5 �P ������������

�G�R�Q�G�H� �H�V �X�Q �S�D�U�i�P�H�W�U�R �T�X�H �G�H�W�H�U�P�L�Q�D �H�O �Q�L�Y�H�O �G�H �D�P�R�U�W�L�J�X�D�P�L�H�Q�W�R���,�H�V �O�D �P�D�W�U�L�] �L�G�H�Q�W�L�G�D�G �\�* ��

�P �\ �G�V�R�Q �O�R�V �W�L�H�P�S�R�V �G�H �Y�L�D�M�H�� �H�O �P�R�G�H�O�R �\ �O�R�V �G�D�W�R�V �U�H�V�S�H�F�W�L�Y�D�P�H�Q�W�H��
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�/�D �V�R�O�X�F�L�y�Q �D �H�V�W�H �S�U�R�E�O�H�P�D �Y�L�H�Q�H �G�H �O�D �P�L�Q�L�P�L�]�D�F�L�y�Q �G�H

jj �*�P � �Gjj2 + � 2jj �Pjj2

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

�$�M�X�V�W�D�Q�G�R �H�O �Y�D�O�R�U �G�H� �V�H �S�X�H�G�H �P�R�G�L�I�L�F�D�U �H�O �S�H�V�R �T�X�H �V�H �O�H �G�D �D �O�R�V �U�H�V�L�G�X�R�V �R �D �O�D �Y�D�U�L�D�Q�]�D

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

�Y�D�U�L�D�F�L�R�Q�H�V �H�Q�W�U�H �E�O�R�T�X�H�V �D�G�\�D�F�H�Q�W�H�V�� �Q�R �D�V�H�J�X�U�i�Q�G�R�V�H �O�D �V�X�D�Y�L�G�D�G �G�H�O �U�H�V�X�O�W�D�G�R�� �3�D�U�D �V�R�U�W�H�D�U

�H�V�W�R�� �V�H �S�X�H�G�H �V�X�D�Y�L�]�D�U �H�O �O�D�S�O�D�F�L�D�Q�R �G�H�* �� �S�D�U�D �O�R �F�X�D�O �V�H �G�H�E�H �U�H�H�P�S�O�D�]�D�U �H�Q �O�D �H�F�X�D�F�L�y�Q ���������,

�S�R�U�/�� �O�D �D�S�U�R�[�L�P�D�F�L�y�Q �S�R�U �G�L�I�H�U�H�Q�F�L�D�V �I�L�Q�L�W�D�V �G�Hr 2�� �6�L�H�Q�G�R �H�O �V�L�J�X�L�H�Q�W�H �I�X�Q�F�L�R�Q�D�O �D �P�L�Q�L�P�L�]�D�U

jj �*�P � �Gjj2 + � 2jj �/�Pjj2

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

�/�D �Y�H�Q�W�D�M�D �G�H �O�D �X�W�L�O�L�]�D�F�L�y�Q �G�H �H�V�W�R�V �P�p�W�R�G�R�V �G�H �U�H�J�X�O�D�U�L�]�D�F�L�y�Q �H�V �T�X�H �O�R�V �U�H�V�X�O�W�D�G�R�V �V�H�U�i�Q

�P�i�V �H�V�W�D�E�O�H�V �\ �V�X�D�Y�H�V�� �V�L�Q �H�P�E�D�U�J�R�� �Q�R �V�H �J�D�U�D�Q�W�L�]�D �T�X�H �H�V�W�H �U�H�V�X�O�W�D�G�R �P�L�Q�L�P�L�F�H �O�D �Y�D�U�L�D�Q�]�D��

�/�R�V �Y�D�O�R�U�H�V �G�H �O�D �Y�H�O�R�F�L�G�D�G �H�Q �E�O�R�T�X�H�V �T�X�H �Q�R �V�R�Q �F�U�X�]�D�G�R�V �S�R�U �U�D�\�R�V ���R �F�U�X�]�D�G�R�V �S�R�U �S�R�F�R�V�� �R

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

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

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

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

������������ �5�H�V�R�O�X�F�L�y�Q �G�H�O �P�R�G�H�O�R��

�3�D�U�D �X�Q �D�Q�i�O�L�V�L�V �I�X�Q�G�D�P�H�Q�W�D�G�R �G�H �O�R�V �U�H�V�X�O�W�D�G�R�V �R�E�W�H�Q�L�G�R�V �G�H �X�Q�D �L�Q�Y�H�U�V�L�y�Q �W�R�P�R�J�U�i�I�L�F�D�� �H�V

�Q�H�F�H�V�D�U�L�R �V�D�E�H�U �O�D �F�D�O�L�G�D�G �G�H�O �U�H�V�X�O�W�D�G�R �R�E�W�H�Q�L�G�R�� �(�V�W�D �F�D�O�L�G�D�G �Q�R �Q�H�F�H�V�D�U�L�D�P�H�Q�W�H �H�V �K�R�P�R�J�p�Q�H�D
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�H�Q �H�O �i�U�H�D �G�H �O�D �W�R�P�R�J�U�D�I�t�D�� �S�X�G�L�H�Q�G�R �K�D�E�H�U �]�R�Q�D�V �U�H�V�X�H�O�W�D�V �G�H �P�H�M�R�U �P�D�Q�H�U�D �T�X�H �R�W�U�D�V�� �H�V�W�D

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

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

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

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

�S�X�Q�W�R �G�H �Y�L�V�W�D �I�t�V�L�F�R �\ �G�H�V�G�H �X�Q�R �P�D�W�H�P�i�W�L�F�R�� �)�t�V�L�F�D�P�H�Q�W�H�� �O�D �U�H�V�R�O�X�F�L�y�Q �W�L�H�Q�H �U�H�O�D�F�L�y�Q �F�R�Q �H�O

�W�D�P�D�x�R �G�H �O�R�V �Y�R�O�~�P�H�Q�H�V �T�X�H �S�X�H�G�H �U�H�V�R�O�Y�H�U �H�O �P�R�G�H�O�R�� �(�V�W�H �W�D�P�D�x�R �H�V�W�i �S�U�L�Q�F�L�S�D�O�P�H�Q�W�H �U�H�O�D��

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

�(�V�W�H �Y�R�O�X�P�H�Q �T�X�H �D�I�H�F�W�D �D�O �U�D�\�R �H�V �G�H�Q�R�P�L�Q�D�G�R�9�R�O�X�P�H�Q �G�H �)�U�H�V�Q�H�O�\ �H�V �H�O �P�t�Q�L�P�R �W�D�P�D�x�R

�T�X�H �S�X�H�G�H �V�H�U �U�H�V�X�H�O�W�R �S�R�U �H�O �P�L�V�P�R�� �.�U�D�W�V�R�Y �	 �2�U�O�R�Y ������������ �G�H�I�L�Q�H�Q �D�O �Y�R�O�X�P�H�Q �G�H �)�U�H�V�Q�H�O �F�R�P�R

�O�D �F�R�O�H�F�F�L�y�Q �G�H �S�X�Q�W�R�VF �W�D�O�H�V �T�X�H �S�D�U�D �X�Q �U�D�\�R
 �F�R�Q �I�U�H�F�X�H�Q�F�L�Df �T�X�H �Y�D �G�H�V�G�H �X�Q �S�X�Q�W�RS ���G�H

�6�R�X�U�F�H�� �K�D�V�W�D �X�Q �S�X�Q�W�R �5 ���G�H�5�H�F�H�L�Y�H�U�� �V�H �F�X�P�S�O�H �T�X�H

j� (F; S) + � (F; R) � � (R; S)j <
1
2

f � 1 =
1
2

T ������������

�'�R�Q�G�H� (F; S) �H�V �H�O �W�L�H�P�S�R �G�H �Y�L�D�M�H �G�H�O �U�D�\�R �G�H�V�G�H �) �D �6�� �G�H �L�J�X�D�O �P�D�Q�H�U�D �S�D�U�D� (F; R) �\ � (R; S)��

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

�V�L�J�Q�L�I�L�F�D�W�L�Y�D�P�H�Q�W�H �H�Q �Y�H�F�L�Q�G�D�G�H�V �G�H �5�� �V�L�H�Q�G�R �³�L�Q�Y�L�V�L�E�O�H�V�´ �S�D�U�D �H�O �U�D�\�R��

�(�Q �H�O �F�D�V�R �P�i�V �V�L�P�S�O�H �G�H �X�Q �P�H�G�L�R �K�R�P�R�J�p�Q�H�R �\ �X�Q�D �R�Q�G�D �D�U�P�y�Q�L�F�D�� �H�V�W�H �Y�R�O�X�P�H�Q �H�V �X�Q

�H�O�L�S�V�R�L�G�H �G�H �U�H�Y�R�O�X�F�L�y�Q �F�X�\�R �V�H�P�L�H�M�H �P�D�\�R�U �V�H �H�[�W�L�H�Q�G�H �H�Q�W�U�H �6 �\ �5 �\ �V�X �V�H�P�L�H�M�H �P�H�Q�R�U �S�H�U�S�H�Q��

�G�L�F�X�O�D�U �D �O�D �W�U�D�\�H�F�W�R�U�L�D �G�H�O �U�D�\�R��

�/�R�V �Y�R�O�~�P�H�Q�H�V �G�H �)�U�H�V�Q�H�O �G�H�I�L�Q�H�Q �W�D�P�E�L�p�Q �O�D�V �]�R�Q�D�V �G�H �)�U�H�V�Q�H�O�� �(�V�W�D�V �Y�D�U�t�D�Q �D �O�R �O�D�U�J�R �G�H

�O�D �W�U�D�\�H�F�W�R�U�L�D �G�H�O �U�D�\�R�� �H�Q �X�Q �S�X�Q�W�R �2 �G�H�O �U�D�\�R
 �O�D �]�R�Q�D �G�H �)�U�H�V�Q�H�O �H�V �X�Q�D �V�H�F�F�L�y�Q �W�U�D�Q�V�Y�H�U�V�D�O

�S�H�U�S�H�Q�G�L�F�X�O�D�U �D
 �G�H�O �Y�R�O�X�P�H�Q �G�H �)�U�H�V�Q�H�O�� �(�V�W�D�V �]�R�Q�D�V �V�R�Q �H�Q �F�R�Q�V�H�F�X�H�Q�F�L�D�� �H�O �W�D�P�D�x�R �P�t�Q�L�P�R

�G�H �X�Q�D �F�H�O�G�D �T�X�H �S�X�H�G�H �U�H�V�R�O�Y�H�U �X�Q �U�D�\�R��
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�)�L�J�X�U�D �������� �(�V�T�X�H�P�D �G�H�O �Y�R�O�X�P�H�Q �G�H �)�U�H�V�Q�H�O �G�H �X�Q �U�D�\�R
 �T�X�H �Y�L�D�M�D �G�H �$ �D �%�� �) �G�H�Q�R�W�D �X�Q �S�X�Q�W�R
�D�U�E�L�W�U�D�U�L�R �G�H�O �Y�R�O�X�P�H�Q�� �/�D �F�L�U�F�X�Q�I�H�U�H�Q�F�L�D �G�H�V�F�U�L�W�D �S�R�U �O�D �L�Q�W�H�U�V�H�F�F�L�y�Q �G�H�O �Y�R�O�X�P�H�Q �\ �X�Q �S�O�D�Q�R �S�H�U��
�S�H�Q�G�L�F�X�O�D�U �D �H�O�O�D �T�X�H �S�D�V�D �S�R�U �2�� �(�V�W�D �G�H�V�F�U�L�E�H �X�Q�D �]�R�Q�D �G�H �)�U�H�V�Q�H�O�� �,�P�D�J�H�Q �H�[�W�U�D�t�G�D �G�H �&�H�U�Y�H�Q�ê
�	 �6�R�D�U�H�V�� ���������� �>���@

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

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

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

�L�Q�W�H�U�p�V��

�'�D�G�R �T�X�H �O�D �F�R�E�H�U�W�X�U�D �G�H �U�D�\�R�V �D �O�R �O�D�U�J�R �G�H �O�D �W�U�D�Q�V�H�F�W�D �H�V �K�H�W�H�U�R�J�p�Q�H�R�� �Q�R �W�R�G�R�V �O�R�V �Q�R�G�R�V

�V�R�Q �F�X�E�L�H�U�W�R�V �R �³�F�U�X�]�D�G�R�V�´ �S�R�U �O�D �P�L�V�P�D �F�D�Q�W�L�G�D�G �G�H �U�D�\�R�V �Q�L �O�D �G�L�V�S�R�V�L�F�L�y�Q �G�H �H�V�W�R�V �H�Q �F�D�G�D �Q�R�G�R

�H�V �V�L�P�L�O�D�U�� �3�R�U �H�V�W�R�� �H�O �P�R�G�H�O�R �G�H �Y�H�O�R�F�L�G�D�G �R�E�W�H�Q�L�G�R �G�H �O�D �L�Q�Y�H�U�V�L�y�Q �Q�R �H�V �U�H�V�X�H�O�W�R �G�H �O�D �P�L�V�P�D

�P�D�Q�H�U�D �H�Q �O�D �W�U�D�Q�V�H�F�W�D�� �(�Q �J�H�Q�H�U�D�O�� �D�T�X�H�O�O�D�V �]�R�Q�D�V �T�X�H �V�R�Q �F�U�X�]�D�G�D�V �S�R�U �P�i�V �U�D�\�R�V �\ �G�R�Q�G�H

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

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

�3�D�U�D �H�V�W�L�P�D�U �O�D �F�D�O�L�G�D�G �G�H �O�D �V�R�O�X�F�L�y�Q �H�[�L�V�W�H�Q �Y�D�U�L�D�G�D�V �P�H�W�R�G�R�O�R�J�t�D�V�� �F�R�P�R �H�O �F�R�Q�W�H�R �G�H �U�D�\�R�V
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�)�L�J�X�U�D �������� �'�L�V�W�U�L�E�X�F�L�R�Q�H�V �G�H �U�D�\�R�V �T�X�H �F�U�X�]�D�Q �X�Q�D �F�H�O�G�D �G�H�O �P�R�G�H�O�R �G�H �Y�H�O�R�F�L�G�D�G�� �/�D �F�H�O�G�D �$
�H�V �F�U�X�]�D�G�D �S�R�U �P�X�F�K�R�V �U�D�\�R�V �\ �F�R�Q �D�O�W�R �H�Q�W�U�H�F�U�X�]�D�P�L�H�Q�W�R �H�Q�W�U�H �H�O�O�R�V�� �V�L�H�Q�G�R �E�L�H�Q �U�H�V�X�H�O�W�D�� �% �H�V
�F�U�X�]�D�G�D �S�R�U �P�X�F�K�R�V �U�D�\�R�V�� �S�H�U�R �V�L�Q �H�Q�W�U�H�F�U�X�]�D�P�L�H�Q�W�R�� �V�X �U�H�V�R�O�X�F�L�y�Q �H�V �P�R�G�H�U�D�G�D�� �& �U�H�S�U�H�V�H�Q�W�D
�X�Q�D �F�H�O�G�D �F�U�X�]�D�G�D �S�R�U �S�R�F�R�V �U�D�\�R�V �V�L�Q �H�Q�W�U�H�F�U�X�]�D�P�L�H�Q�W�R�� �V�L�H�Q�G�R �U�H�V�X�H�O�W�D �G�H �P�D�O�D �P�D�Q�H�U�D�� �)�L�J�X�U�D
�H�[�W�U�D�t�G�D �G�H�6�H�L�V�P�L�F �7�R�P�R�J�U�D�S�K�\ �/�H�F�W�X�U�H�� �)�D�O�O �6�H�P�H�V�W�H�U ���������� �6�W�H�S�K�D�Q �+�X�V�H�Q���?�i�i�T�,�f�f�?�2�b�i�B���X
�H�;�b�X�D�m�b�b�B�2�m�X�7�`�f���#�Q�b�+�?�B�H�f�i�Q�K�Q�;�`���T�?�v�f�G�2�+�i�m�`�2�9�n�k�j�R�R�k�y�R�R�X�T�/�7

�T�X�H �F�U�X�]�D�Q �X�Q�D �F�H�O�G�D ���K�L�W �F�R�X�Q�W���� �O�D �V�X�P�D �F�R�Q �S�H�V�R�V �G�H �G�H�U�L�Y�D�G�D�V ���G�H�U�L�Y�D�W�L�Y�H �Z�H�L�J�K�W �V�X�P�� �'�:�6��

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

�D�Q�i�O�L�V�L�V �G�H �O�D �P�D�W�U�L�] �G�H �F�R�Y�D�U�L�D�Q�]�D�� �D�Q�i�O�L�V�L�V �G�H �O�D �P�D�W�U�L�] �G�H �U�H�V�R�O�X�F�L�y�Q ���F�R�P�R �O�D �I�X�Q�F�L�y�Q �G�H �H�V�S�D�U�F�L��

�P�L�H�Q�W�R�� �R �H�O �X�V�R �G�H �P�R�G�H�O�R�V �V�L�Q�W�p�W�L�F�R�V ���F�R�P�R �W�H�V�W �G�H �W�D�E�O�H�U�R �G�H �D�M�H�G�U�H�]���� �(�Q �H�V�W�H �W�U�D�E�D�M�R �V�H �X�W�L�O�L�]�y

�O�R�V �W�U�H�V �~�O�W�L�P�R�V �P�p�W�R�G�R�V �S�D�U�D �H�Y�D�O�X�D�U �O�D �U�H�V�R�O�X�F�L�y�Q �G�H�O �P�R�G�H�O�R��

�6�X�P�D �G�H �G�H�U�L�Y�D�G�D�V �F�R�Q �S�H�V�R��

�/�D �V�X�P�D �G�H �G�H�U�L�Y�D�G�D�V �F�R�Q �S�H�V�R ���'�:�6�� �H�V �X�Q �H�V�W�L�P�D�G�R �G�H�O �O�D�U�J�R �W�R�W�D�O �G�H�O �U�D�\�R �T�X�H �D�I�H�F�W�D

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

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

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

�P�R�G�H�O�R ���5�H�]�D�L�I�D�U�H�W �D�O���������������� �V�L�Q �H�P�E�D�U�J�R�� �D�O �L�J�X�D�O �T�X�H �H�O �F�R�Q�W�H�R �O�D �'�:�6 �Q�R �F�R�Q�W�L�H�Q�H �L�Q�I�R�U�P�D�F�L�y�Q

�D�F�H�U�F�D �G�H �O�D �G�L�U�H�F�F�L�y�Q �Q�L �G�H�O �³�H�Q�W�U�H�F�U�X�]�D�P�L�H�Q�W�R�´ �G�H �O�R�V �U�D�\�R�V��

http://hestia.lgs.jussieu.fr/~boschil/tomography/Lecture4_23112011.pdf
http://hestia.lgs.jussieu.fr/~boschil/tomography/Lecture4_23112011.pdf
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�7�R�R�P�H�\ �	 �)�R�X�O�J�H�U ������������ �G�H�I�L�Q�H �O�D �'�:�6 �G�H�O�Q���p�V�L�P�R �S�D�U�i�P�H�W�U�R �G�H �Y�H�O�R�F�L�G�D�G� n �F�R�P�R

DW S(� n ) = N
X

i

X

j

 Z

P ij

! n (X )�Gs

!

������������

�'�R�Q�G�H�L�\ �M�V�R�Q �H�O �t�Q�G�L�F�H �G�H�O �H�Y�H�Q�W�R �\ �O�D �H�V�W�D�F�L�y�Q �U�H�V�S�H�F�W�L�Y�D�P�H�Q�W�H��! �H�V �H�O �S�H�V�R �X�V�D�G�R �H�Q �O�D �L�Q��

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

�H�Y�H�Q�W�R�L�D �O�D �H�V�W�D�F�L�y�Q�M�\ N �H�V �X�Q �I�D�F�W�R�U �G�H �Q�R�U�P�D�O�L�]�D�F�L�y�Q �E�D�V�D�G�R �H�Q �H�O �Y�R�O�X�P�H�Q �G�H �L�Q�I�O�X�H�Q�F�L�D �G�H�O

�Q�R�G�R� n �� �1�R�G�R�V �F�U�X�]�D�G�R�V �S�R�U �S�R�F�R�V �U�D�\�R�V �F�R�Q�W�D�U�i�Q �F�R�Q �Y�D�O�R�U�H�V �E�D�M�R�V �G�H �'�:�6 �\ �Y�L�F�H�Y�H�U�V�D�� �V�L�Q

�H�P�E�D�U�J�R�� �Q�R �H�[�L�V�W�H �X�Q �L�Q�W�H�U�Y�D�O�R �R �Y�D�O�R�U�H�V �G�H�I�L�Q�L�G�R�V �T�X�H �L�Q�G�L�T�X�H�Q �E�X�H�Q�D �R �P�D�O�D �U�H�V�R�O�X�F�L�y�Q�� �V�L�Q�R

�T�X�H �S�U�R�Y�H�H �L�Q�I�R�U�P�D�F�L�y�Q �F�R�P�S�D�U�D�W�L�Y�D �G�H �T�X�p �V�H�F�W�R�U�H�V �H�V�W�i�Q �P�H�M�R�U �U�H�V�X�H�O�W�R�V��

�3�R�U �R�W�U�D �S�D�U�W�H�� �G�D�G�R �T�X�H �H�O �Y�D�O�R�U �G�H �O�D �V�X�P�D �G�H�S�H�Q�G�H �G�H �O�D �S�D�U�D�P�H�W�U�L�]�D�F�L�y�Q �G�H�O �P�R�G�H�O�R ���L���H����

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

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

�G�D �Q�R�G�R ���7�R�R�P�H�\ �	 �)�R�X�O�J�H�U�� ���������� �+�X�V�H�Q�� �6���� ������������

�6�L �E�L�H�Q �Q�R �H�[�L�V�W�H �X�Q�D �U�H�O�D�F�L�y�Q �G�L�U�H�F�W�D �H�Q�W�U�H �O�D �'�:�6 �\ �O�D �I�X�Q�F�L�y�Q �G�H �H�V�S�D�U�F�L�P�L�H�Q�W�R�� �D�P�E�D�V �G�H��

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

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

�P�X�H�V�W�U�D �T�X�H �D�P�E�D�V �W�L�H�Q�H�Q �X�Q�D �U�H�O�D�F�L�y�Q �L�Q�Y�H�U�V�D�� �P�L�H�Q�W�U�D�V �P�i�V �D�O�W�D �V�H�D �O�D �'�:�6 �P�i�V �D�O�W�D �O�D �U�H�V�R��

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

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

�H�O �Y�D�O�R�U �G�H �O�D �I�X�Q�F�L�y�Q �H�Q �H�O �S�H�U�I�L�O �%���%�¶ �S�D�U�D �H�O �P�R�G�H�O�R �G�HVP �� �6�H �R�E�V�H�U�Y�D �T�X�H �D�T�X�H�O�O�R�V �O�X�J�D�U�H�V

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

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

�W�R�P�R�J�U�D�I�t�D��
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�)�L�J�X�U�D �������� �5�H�O�D�F�L�y�Q �G�H�O �Y�D�O�R�U �G�H �O�D �I�X�Q�F�L�y�Q �G�H �H�V�S�D�U�F�L�P�L�H�Q�W�R �G�H�O �P�R�G�H�O�R �G�H �Y�H�O�R�F�L�G�D�G �G�HVp

���6�S�U�H�D�G �)�X�Q�F�W�L�R�Q�� �S�D�U�D �H�O �S�H�U�I�L�O �W�R�P�R�J�U�i�I�L�F�R �%���%�¶ ���Y�H�U �I�L�J�X�U�D �������� �S�D�U�D �U�H�I�H�U�H�Q�F�L�D�� �\ �O�D �G�L�V�W�U�L�E�X�F�L�y�Q
�G�H �U�D�\�R�V �G�D�G�D �S�R�U �O�R�V �W�H�U�U�H�P�R�W�R�V �G�H �O�D �E�D�V�H �G�H �G�D�W�R�V��

�)�X�Q�F�L�y�Q �G�H �H�V�S�D�U�F�L�P�L�H�Q�W�R��

�/�D �I�X�Q�F�L�y�Q �G�H �H�V�S�D�U�F�L�P�L�H�Q�W�R��S�� �H�V �X�Q�D �I�X�Q�F�L�y�Q �G�H �O�D �P�D�W�U�L�] �G�H �U�H�V�R�O�X�F�L�y�Q �T�X�H �R�W�R�U�J�D �X�Q�D �I�R�U�P�D

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

�G�H �O�D �V�R�O�X�F�L�y�Q �G�D�G�D �S�R�U �X�Q�D �L�Q�Y�H�U�V�D �J�H�Q�H�U�D�O�L�]�D�G�D�� �6�H �G�H�E�H �F�D�O�L�I�L�F�D�U �F�X�D�Q �F�H�U�F�D�Q�D �H�V �H�V�W�D �V�R�O�X�F�L�y�Q

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

�6�L �V�H �F�R�Q�V�L�G�H�U�D �X�Q �P�R�G�H�O�R �³�U�H�D�O�´ ���T�X�H �U�H�S�O�L�F�D �S�H�U�I�H�F�W�D�P�H�Q�W�H �O�R �R�E�V�H�U�Y�D�G�R�� �G�D�G�R �S�R�U�Preal �� �D�O

�V�H�U �P�X�O�W�L�S�O�L�F�D�G�R �S�R�U�* �V�H �R�E�W�H�Q�G�U�t�D �X�Q�D �P�D�W�U�L�] �G�H �G�D�W�R�V �³�U�H�D�O�H�V�´�Greal �� �F�R�P�R �S�X�H�G�H �Y�H�U�V�H �H�Q �O�D

�H�F�X�D�F�L�y�Q ����������

�*�P real = �Greal ������������

�6�L�Q �H�P�E�D�U�J�R�� �D �P�H�Q�R�V �T�X�H �H�O �U�D�Q�J�R ��p�� �G�H�* �V�H�D �L�J�X�D�O �D �O�D �G�L�P�H�Q�V�L�y�Q �G�H�O �H�V�S�D�F�L�R �G�H�O �P�R�G�H�O�R

��n�� ���F�D�V�R �L�G�H�D�O�� �G�R�Q�G�H �H�O �H�V�S�D�F�L�R �Q�X�O�R �G�H�O �P�R�G�H�O�R �1���* �� �H�V �W�U�L�Y�L�D�O���� �O�D �V�R�O�X�F�L�y�Q �G�H�O �S�U�R�E�O�H�P�D �L�Q��

�Y�H�U�V�R �F�R�Q�W�H�Q�G�U�i �X�Q �V�H�V�J�R�� �(�Q �H�V�W�H �F�D�V�R�� �H�V�W�D �V�R�O�X�F�L�y�Q �S�X�H�G�H �R�E�W�H�Q�H�U�V�H �D �W�U�D�Y�p�V �G�H �O�D �L�Q�Y�H�U�V�D
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�J�H�Q�H�U�D�O�L�]�D�G�D�� �G�H �O�D �P�D�W�U�L�] �G�H �S�D�U�i�P�H�W�U�R�V���* y�� �6�L �V�H �P�X�O�W�L�S�O�L�F�D �O�D �H�F�X�D�F�L�y�Q �������� �S�R�U�* y �V�H �R�E�W�L�H�Q�H

�* y�Greal = �* y�*�P real = �Py ������������

�G�R�Q�G�H�Py �H�V �O�D �V�R�O�X�F�L�y�Q �S�R�U �L�Q�Y�H�U�V�D �J�H�Q�H�U�D�O�L�]�D�G�D�� �,�G�H�D�O�P�H�Q�W�H�� �O�D �V�R�O�X�F�L�y�Q �³�U�H�D�O�´ �V�H�U�t�D �L�J�X�D�O �D �O�D �V�R��

�O�X�F�L�y�Q �S�R�U �L�Q�Y�H�U�V�D �J�H�Q�H�U�D�O�L�]�D�G�D�� �H�V �G�H�F�L�U���Py = �Preal �\ �* y�* = �,�� �6�L�Q �H�P�E�D�U�J�R�� �D �P�H�Q�R�V �T�X�Hp = n

�O�D �V�R�O�X�F�L�y�Q �W�H�Q�G�U�i �X�Q �V�H�V�J�R �\ �O�D �P�D�W�U�L�]�* y�* �F�X�D�Q�W�L�I�L�F�D�U�i �F�X�i�Q�W�R �V�H �D�O�H�M�D�Q �H�V�W�D�V �G�R�V �V�R�O�X�F�L�R�Q�H�V��

�/�D �P�D�W�U�L�] �G�H �U�H�V�R�O�X�F�L�y�Q�5 �V�H �G�H�I�L�Q�H �H�Q �F�R�Q�V�H�F�X�H�Q�F�L�D �F�R�P�R�5 = �* y�* �� �W�D�O �T�X�H�Py = �5�Preal �� �$�V�t��

�H�Q �H�O �F�D�V�R �P�i�V �V�L�P�S�O�H���5 = �* � 1�* �� �(�Q �H�V�W�H �F�D�V�R�� �D�T�X�H�O�O�R�V �Q�R�G�R�V �G�H �O�D �W�R�P�R�J�U�D�I�t�D �E�L�H�Q �U�H�V�X�H�O�W�R�V

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

�&�R�P�R �I�X�H �P�H�Q�F�L�R�Q�D�G�R�� �H�V �S�R�V�L�E�O�H �H�V�W�L�P�D�U �O�D�V �]�R�Q�D�V �P�H�M�R�U �U�H�V�X�H�O�W�D�V �H�Q �X�Q �P�R�G�H�O�R �D �W�U�D�Y�p�V �G�H

�O�D �I�X�Q�F�L�y�Q �G�H �H�V�S�D�U�F�L�P�L�H�Q�W�R ���H���J���� �7�R�R�P�H�\ �	 �)�R�X�O�J�H�U�� ���������� �5�H�\�Q�H�U�V�H�W �D�O���������������� �T�X�H �F�R�P�R �V�X

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

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

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

�'�D�G�R �T�X�H�� �L�Q�F�O�X�V�R �V�L �V�H �F�R�Q�W�D�U�D �F�R�Q �G�D�W�R�V �V�L�Q �U�X�L�G�R �Q�L �H�U�U�R�U�H�V�� �Q�R �V�H �S�R�G�U�t�D �Q�X�Q�F�D �U�H�F�X�S�H�U�D�U

�X�Q �P�R�G�H�O�R�Preal �H�Q �X�Q �S�U�R�E�O�H�P�D �F�R�Q �G�H�I�L�F�L�H�Q�F�L�D �G�H �U�D�Q�J�R ���G�R�Q�G�Hp < n �� �X�W�L�O�L�]�D�Q�G�R �X�Q�D �L�Q�Y�H�U�V�D

�J�H�Q�H�U�D�O�L�]�D�G�D�� �V�L�Q�R �T�X�H �H�Q �F�D�P�E�L�R �V�H �R�E�W�H�Q�G�U�t�D �X�Q�D �V�R�O�X�F�L�y�Q �³�H�P�E�D�G�X�U�Q�D�G�D�´�5�Preal �� �3�X�H�V�W�R �T�X�H

�H�Q �X�Q �S�U�R�E�O�H�P�D �F�R�Q �G�H�I�L�F�L�H�Q�F�L�D �G�H �U�D�Q�J�R �O�D �P�D�W�U�L�] �G�H �U�H�V�R�O�X�F�L�y�Q �W�D�P�E�L�p�Q �V�H�U�t�D �G�H�I�L�F�L�H�Q�W�H�� �H�V�W�H

�H�V�S�D�U�F�L�P�L�H�Q�W�R �H�V �L�U�U�H�Y�H�U�V�L�E�O�H�� �/�D �P�D�W�U�L�] �G�H �U�H�V�R�O�X�F�L�y�Q �F�R�Q�W�U�R�O�D �H�[�F�O�X�V�L�Y�D�P�H�Q�W�H �F�y�P�R �R�F�X�U�U�H �H�V�W�H

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

�0�L�F�K�H�O�L�Q�L �	 �0�F�(�Y�L�O�O�\ ������������ �H�Q �O�D �H�F�X�D�F�L�y�Q ����������

Sj = �O�R�J

"

jr j j � 1
�1X

k=1
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D jk

#
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�� �&�R�P�R �S�R�U �H�M�H�P�S�O�R �O�D �S�V�H�X�G�R���L�Q�Y�H�U�V�D �G�H �0�R�R�U�H���3�H�Q�U�R�V�H �H�Q �H�O �F�D�V�R �G�H �X�Q�D �V�R�O�X�F�L�y�Q �X�W�L�O�L�]�D�Q�G�R �G�H�V�F�R�P�S�R�V�L�F�L�y�Q �H�Q
�Y�D�O�R�U�H�V �V�L�Q�J�X�O�D�U�H�V��
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�'�R�Q�G�Hjr j j �H�V �O�D �Q�R�U�P�D �G�H �O�D �M���p�V�L�P�D �I�L�O�D �G�H �O�D �P�D�W�U�L�] �G�H �U�H�V�R�O�X�F�L�y�Q��r jk �H�V �H�O �H�O�H�P�H�Q�W�R �N���p�V�L�P�R �G�H

�O�D �M���p�V�L�P�D �I�L�O�D �\D jk �H�V �O�D �G�L�V�W�D�Q�F�L�D �H�Q�W�U�H �O�R�V �Q�R�G�R�V �M �\ �N �H�Q �N�L�O�y�P�H�W�U�R�V��

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

�O�D �'�:�6�� �D�V�t�� �Q�R�G�R�V �F�R�Q �E�X�H�Q�D �F�R�E�H�U�W�X�U�D �G�H �U�D�\�R�V �F�R�Q�W�D�U�i�Q �F�R�Q �X�Q �D�O�W�R �Y�D�O�R�U �G�H �'�:�6 �\ �X�Q �E�D�M�R �Y�D�O�R�U

�G�HS�� �D�G�H�P�i�V�� �G�D�G�D �O�D �I�X�H�U�W�H �G�H�S�H�Q�G�H�Q�F�L�D �G�H�O �Y�D�O�R�U �G�H �O�D �I�X�Q�F�L�y�Q �F�R�Q �O�D �J�U�L�O�O�D �X�W�L�O�L�]�D�G�D �\ �H�O �i�U�H�D �G�H

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

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

�D�T�X�H�O�O�D�V �]�R�Q�D�V �U�H�V�X�H�O�W�D�V �G�H �P�H�M�R�U �P�D�Q�H�U�D��

�7�H�V�W �G�H �W�D�E�O�H�U�R �G�H �D�M�H�G�U�H�]��

�(�O �X�V�R �G�H �G�D�W�R�V �V�L�Q�W�p�W�L�F�R�V �S�D�U�D �H�Y�D�O�X�D�U �O�D �F�D�S�D�F�L�G�D�G �G�H �O�D �L�Q�Y�H�U�V�L�y�Q �W�R�P�R�J�U�i�I�L�F�D �G�H �U�H�V�R�O�Y�H�U

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

�P�L�Q�D�F�L�y�Q �G�H �]�R�Q�D�V �F�R�Q �E�X�H�Q�D �U�H�V�R�O�X�F�L�y�Q �G�H�V�G�H �O�R�V �F�R�P�L�H�Q�]�R�V �G�H �O�D �W�p�F�Q�L�F�D �G�H �W�R�P�R�J�U�D�I�t�D ���H���J����

�6�S�D�N�P�D�Q �	 �1�R�O�H�W�� ���������� �5�D�Z�O�L�Q�V�R�Q �	 �.�H�Q�Q�H�W�� ���������� �+�L�F�N�V�H�W �D�O���������������� �(�V�W�D �V�H �E�D�V�D �H�Q �H�[�D�P�L�Q�D�U

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

�T�X�H �V�H �F�X�H�Q�W�D �S�D�U�D �O�D �W�R�P�R�J�U�D�I�t�D��

�(�O �Q�R�P�E�U�H �G�H �W�H�V�W �G�H �W�D�E�O�H�U�R �G�H �D�M�H�G�U�H�] �R�F�K�H�F�N�H�U�E�R�D�U�G �W�H�V�W�H�Q �L�Q�J�O�p�V �Y�L�H�Q�H �G�H �O�D �P�D�Q�H�U�D �H�Q

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

�D�O�W�H�U�Q�D�G�D�V �G�H �D�O�W�D�V �\ �E�D�M�D�V �D�Q�R�P�D�O�t�D�V �G�H �Y�H�O�R�F�L�G�D�G�� �$ �S�H�V�D�U �G�H �V�H�U �H�V�W�D �O�D �P�D�Q�H�U�D �P�i�V �X�V�X�D�O �G�H

�F�U�H�D�U �P�R�G�H�O�R�V �V�L�Q�W�p�W�L�F�R�V�� �R�W�U�R�V �W�L�S�R�V �G�H �H�V�W�U�X�F�W�X�U�D�V �K�D�Q �V�L�G�R �X�W�L�O�L�]�D�G�D�V �S�D�U�D �H�Y�D�O�X�D�U �O�D �U�H�V�R�O�X�F�L�y�Q

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

�E�X�V�F�D�Q �L�P�L�W�D�U �F�D�U�D�F�W�H�U�t�V�W�L�F�D�V �F�R�Q�R�F�L�G�D�V �G�H�O �W�H�U�U�H�Q�R ���5�D�Z�O�L�Q�V�R�Q�H�W �D�O����������������

�3�D�U�D �H�M�H�F�X�W�D�U �H�V�W�H �D�Q�i�O�L�V�L�V �G�H �U�H�V�R�O�X�F�L�y�Q �V�H �L�Q�L�F�L�D �F�R�Q �O�D �V�R�O�X�F�L�y�Q �G�H �X�Q �S�U�R�E�O�H�P�D �G�L�U�H�F�W�R �D

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

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

�H�V�W�R�V �W�L�H�P�S�R�V �G�H �Y�L�D�M�H�� �8�Q�D �Y�H�] �T�X�H �V�H �W�L�H�Q�H �O�D �V�R�O�X�F�L�y�Q �G�H �H�V�W�H �S�U�R�E�O�H�P�D �G�L�U�H�F�W�R �\ �O�R�V �F�R�Q�V�H��

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

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

�E�O�H�P�D �G�L�U�H�F�W�R�� �/�D�V �i�U�H�D�V �G�R�Q�G�H �O�D �U�H�F�X�S�H�U�D�F�L�y�Q �G�H �H�V�W�H �P�R�G�H�O�R �V�H�D �P�H�M�R�U ���P�i�V �V�L�P�L�O�D�U �D�O �P�R�G�H�O�R

�S�H�U�W�X�U�E�D�G�R �L�Q�L�F�L�D�O�� �W�H�Q�G�U�i�Q �X�Q�D �P�H�M�R�U �U�H�V�R�O�X�F�L�y�Q �T�X�H �D�T�X�H�O�O�D�V �G�R�Q�G�H �O�R�V �U�H�V�X�O�W�D�G�R�V �G�L�I�L�H�U�D�Q �G�H�O

�P�R�G�H�O�R �V�L�Q�W�p�W�L�F�R��

�)�L�J�X�U�D �������� �(�M�H�P�S�O�R �G�H �H�V�W�L�P�D�F�L�y�Q �G�H �O�D �U�H�V�R�O�X�F�L�y�Q �G�H �X�Q�D �W�R�P�R�J�U�D�I�t�D �D �S�D�U�W�L�U �G�H �P�R�G�H�O�R�V �G�H
�Y�H�O�R�F�L�G�D�G �V�L�Q�W�p�W�L�F�R�V�� �(�Q �O�D �I�L�O�D �V�X�S�H�U�L�R�U �V�H �P�X�H�V�W�U�D �X�Q �P�R�G�H�O�R �G�H �S�L�F�R �G�L�V�F�U�H�W�R�� �P�L�H�Q�W�U�D�V �H�Q �O�D
�L�Q�I�H�U�L�R�U �V�H �P�X�H�V�W�U�D �X�Q �W�H�V�W �G�H �W�D�E�O�H�U�R �G�H �D�M�H�G�U�H�]�� �/�D �S�U�L�P�H�U�D �F�R�O�X�P�Q�D �P�X�H�V�W�U�D �H�O �P�R�G�H�O�R �V�L�Q�W�p�W�L�F�R��
�O�D �V�H�J�X�Q�G�D �O�D �J�H�R�P�H�W�U�t�D �G�H �O�R�V �U�D�\�R�V �T�X�H �F�U�X�]�D�Q �H�O �i�U�H�D �G�H �O�D �W�R�P�R�J�U�D�I�t�D �\ �O�D �~�O�W�L�P�D �P�X�H�V�W�U�D �H�O
�U�H�V�X�O�W�D�G�R �G�H �O�D �L�Q�Y�H�U�V�L�y�Q�� �)�L�J�X�U�D �H�[�W�U�D�t�G�D �G�H �6�K�H�D�U�H�U�� �3���� ����������

�/�D �I�L�J�X�U�D ������ �P�X�H�V�W�U�D �X�Q �H�M�H�P�S�O�R �G�H �G�R�V �W�L�S�R�V �G�H �W�H�V�W�V �G�H �U�H�V�R�O�X�F�L�y�Q �D �S�D�U�W�L�U �G�H �P�R�G�H�O�R�V �V�L�Q�W�p��

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

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

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

�/�D �~�O�W�L�P�D �F�R�O�X�P�Q�D �P�X�H�V�W�U�D �F�R�P�R �O�R�V �P�R�G�H�O�R�V �L�Q�L�F�L�D�O�H�V �V�R�Q �U�H�F�X�S�H�U�D�G�R�V �F�R�Q �O�D �L�Q�Y�H�U�V�L�y�Q�� �/�D

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

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

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

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

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

�]�R�Q�D�� �L�Q�G�L�F�D�Q�G�R �T�X�H �H�Q �H�V�W�D �i�U�H�D �H�O �P�R�G�H�O�R �Q�R �H�V �F�D�S�D�] �G�H �U�H�F�X�S�H�U�D�U �G�H�W�D�O�O�H�V �H�V�W�U�X�F�W�X�U�D�O�H�V��

�8�Q�D �G�H �O�D�V �J�U�D�Q�G�H�V �Y�H�Q�W�D�M�D�V �G�H �H�V�W�H �D�Q�i�O�L�V�L�V �G�H �U�H�V�R�O�X�F�L�y�Q �H�V �O�D �I�D�F�L�O�L�G�D�G �G�H �V�X �L�Q�W�H�U�S�U�H�W�D��

�F�L�y�Q �H �L�P�S�O�H�P�H�Q�W�D�F�L�y�Q �U�H�O�D�W�L�Y�D�P�H�Q�W�H �V�H�Q�F�L�O�O�D �\ �G�H �E�D�M�R �F�R�V�W�R �F�R�P�S�X�W�D�F�L�R�Q�D�O�� �6�L�Q �H�P�E�D�U�J�R�� �W�L�H�Q�H

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

�W�H�Q�W�H�V���� �&�R�Q�W�L�H�Q�H�� �D�G�H�P�i�V�� �O�R�V �P�L�Q�H�U�D�O�H�V �P�i�V �D�Q�W�L�J�X�R�V �G�H �O�D �7�L�H�U�U�D �\ �H�Q �J�H�Q�H�U�D�O �S�U�H�V�H�Q�W�D �H�G�D�G�H�V

�P�D�\�R�U�H�V �T�X�H �O�D �F�R�U�W�H�]�D �R�F�H�i�Q�L�F�D ���7�D�\�O�R�U �	 �0�F�/�H�Q�Q�D�Q�� ������������ �/�D �Y�H�O�R�F�L�G�D�G �S�U�R�P�H�G�L�R �G�H �O�D�V �R�Q�G�D�V

�F�R�P�S�U�H�V�L�R�Q�D�O�H�V �H�V �G�H �������� �>�N�P���V�@ �H�Q �O�D �F�R�U�W�H�]�D �F�R�Q�W�L�Q�H�Q�W�D�O ���&�K�U�L�V�W�H�Q�V�H�Q�H�W �D�O���������������� �P�L�H�Q�W�U�D�V

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

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

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

�>�N�P���V�@��

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

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

�U�H�Q�F�L�D�� �\ �O�D �G�L�V�F�U�L�P�L�Q�D�F�L�y�Q �G�H �F�R�U�W�H�]�D�V �D �S�D�U�W�L�U �G�H �P�H�G�L�F�L�R�Q�H�V �G�H �Y�H�O�R�F�L�G�D�G�H�V �G�H �R�Q�G�D �3 �Q�R �V�L�H�P�S�U�H

�H�V �F�R�Q�I�L�D�E�O�H��

������������ �5�D�]�y�Q�9�3/ �9�6��

�(�O �S�D�U�i�P�H�W�U�R �G�H �/�D�P�p� �H�V �H�O �P�y�G�X�O�R �G�H �U�L�J�L�G�H�] �\ �U�H�S�U�H�V�H�Q�W�D �O�D �U�H�V�L�V�W�H�Q�F�L�D �G�H�O �P�H�G�L�R �D�O �H�V�I�X�H�U��

�]�R �F�R�U�W�D�Q�W�H�� �P�L�H�Q�W�U�D�V� �Q�R �W�L�H�Q�H �V�L�J�Q�L�I�L�F�D�G�R �I�t�V�L�F�R�� �(�V �S�R�V�L�E�O�H �H�[�S�U�H�V�D�U �O�D�V �Y�H�O�R�F�L�G�D�G�H�V �V�t�V�P�L�F�D�V

�V�R�O�R �H�Q �W�p�U�P�L�Q�R�V �G�H �S�D�U�i�P�H�W�U�R�V �T�X�H �V�t �W�H�Q�J�D�Q �V�L�J�Q�L�I�L�F�D�G�R �I�t�V�L�F�R �G�L�U�H�F�W�R �X�W�L�O�L�]�D�Q�G�R �H�O�E�X�O�N �P�R�G�X�O�X�V�R

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

�S�U�L�Q�F�L�S�L�R�� �6�L�H�Q�G�R �O�D �~�Q�L�F�D �S�U�R�S�L�H�G�D�G �H�O�i�V�W�L�F�D �T�X�H �F�R�Q�W�U�R�O�D �O�D �Y�H�O�R�F�L�G�D�G �G�H �O�D �R�Q�G�D �6 �O�D �U�L�J�L�G�H�] �R

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

� �H�V �Q�X�O�R �S�D�U�D �J�D�V�H�V �\ �O�t�T�X�L�G�R�V�� �\ �O�D �R�Q�G�D �6 �Q�R �S�X�H�G�H �S�U�R�S�D�J�D�U�V�H �S�R�U �H�V�W�R�V �P�H�G�L�R�V�� �(�Q �D�G�L�F�L�y�Q��

�X�Q �P�H�G�L�R �V�y�O�L�G�R �S�H�U�R �F�R�Q �F�R�Q�W�H�Q�L�G�R �I�O�X�L�G�R �Y�H�U�i �U�H�G�X�F�L�G�D �V�X �U�L�J�L�G�H�]�� �S�R�U �O�R �T�X�H �O�D �Y�H�O�R�F�L�G�D�G �G�H �O�D

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

�6�L �V�H �V�X�V�W�U�D�H�Q �O�D�V �H�F�X�D�F�L�R�Q�H�V �������� �\ ���������� �V�H �S�X�H�G�H �R�E�W�H�Q�H�U �T�X�H
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�6�L�Q �H�P�E�D�U�J�R�� �F�R�P�R �V�H �Y�H�U�i �P�i�V �D�G�H�O�D�Q�W�H�� �Y�D�O�R�U�H�V �G�H �H�V�W�D �U�D�]�y�Q �P�H�Q�R�U�H�V �T�X�H
p

2 �U�H�T�X�L�H�U�H�Q �T�X�H

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

�Q�R �V�X�H�O�H �V�X�F�H�G�H�U��

�2�W�U�R �S�D�U�i�P�H�W�U�R �L�P�S�R�U�W�D�Q�W�H �X�V�D�G�R �S�D�U�D �G�H�V�F�U�L�E�L�U �H�O �F�R�P�S�R�U�W�D�P�L�H�Q�W�R �G�H �O�R�V �V�y�O�L�G�R�V �H�V �H�O �0�y�G�X�O�R

�G�H �3�R�L�V�V�R�Q�� �� �X�V�X�D�O�P�H�Q�W�H �U�H�S�U�H�V�H�Q�W�D�G�R �S�R�U� �R� �� �(�V�W�H �P�y�G�X�O�R �U�H�S�U�H�V�H�Q�W�D �O�D �U�H�O�D�F�L�y�Q �H�Q�W�U�H �O�D�V

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

�X�Q�D �W�H�Q�V�L�y�Q �D �O�R �O�D�U�J�R �G�H�O �H�M�Hx1 �F�R�P�R ���Y�H�U �D�Q�H�[�R�V �S�D�U�D �X�Q�D �G�H�I�L�Q�L�F�L�y�Q �P�i�V �G�H�W�D�O�O�D�G�D����
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�� �+�R�P�y�Q�L�P�R �G�H�O �P�D�W�H�P�i�W�L�F�R �I�U�D�Q�F�p�V �G�H�O �V�L�J�O�R �;�,�; �6�L�P�p�R�Q �'�H�Q�L�V �3�R�L�V�V�R�Q��
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�'�R�Q�G�H� ii �H�V �H�O �H�O�H�P�H�Q�W�R �G�H �O�D �G�L�D�J�R�Q�D�O �G�H�O �W�H�Q�V�R�U �G�H �G�H�I�R�U�P�D�F�L�y�Q �F�R�U�U�H�V�S�R�Q�G�L�H�Q�W�H �D�O �H�M�Hx i ��

�(�Q �W�p�U�P�L�Q�R�V �G�H �O�R�V �S�D�U�i�P�H�W�U�R�V �G�H �/�D�P�p�� �H�O �P�y�G�X�O�R� �S�X�H�G�H �V�H�U �H�V�F�U�L�W�R �F�R�P�R
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�/�R�V �Y�D�O�R�U�H�V �G�H �H�V�W�H �P�y�G�X�O�R �V�H �P�X�H�Y�H�Q �H�Q �X�Q �L�Q�W�H�U�Y�D�O�R �F�R�P�S�U�H�Q�G�L�G�R �H�Q�W�U�H �� ���Q�R �H�[�L�V�W�H �X�Q�D �F�R�Q��

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

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

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

�P�y�G�X�O�R �G�H �3�R�L�V�V�R�Q �R�V�F�L�O�D �H�Q�W�U�H �������� �\ ���������� �8�Q �F�X�H�U�S�R �G�R�Q�G�H �D�P�E�R�V �S�D�U�i�P�H�W�U�R�V �G�H �/�D�P�p �V�H�D�Q

�L�J�X�D�O�H�V �H�V �O�O�D�P�D�G�R �X�Q �V�y�O�L�G�R �G�H �3�R�L�V�V�R�Q �\ �S�U�H�V�H�Q�W�D �X�Q �Y�D�O�R�U �G�H� = 0 ; 25���Y�H�U �H�F�X�D�F�L�y�Q ������������ �&�D�E�H

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

�8�V�X�D�O�P�H�Q�W�H�� �O�D �7�L�H�U�U�D �H�V �D�S�U�R�[�L�P�D�G�D �D �X�Q �V�y�O�L�G�R �G�H �3�R�L�V�V�R�Q�� �\ �H�V�W�D �H�V �X�Q�D �E�X�H�Q�D �D�S�U�R�[�L��

�P�D�F�L�y�Q �H�V�S�H�F�L�D�O�P�H�Q�W�H �D �J�U�D�Q�G�H�V �H�V�F�D�O�D�V�� �6�L�Q �H�P�E�D�U�J�R�� �O�R�V �G�L�V�W�L�Q�W�R�V �P�D�W�H�U�L�D�O�H�V �T�X�H �F�R�P�S�R�Q�H�Q

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

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

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

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



���� �&�$�3�Ë�7�8�/�2 ���� �0�$�5�&�2 �7�(�Ï�5�,�&�2��



�&�D�S�t�W�X�O�R ��

�0�H�W�R�G�R�O�R�J�t�D��

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

�P�p�W�R�G�R�V �X�W�L�O�L�]�D�G�R�V �\ �S�D�V�R �V�H�J�X�L�G�R�V �H�Q �H�O �W�U�D�E�D�M�R �S�D�U�D �H�O �D�Q�i�O�L�V�L�V�� �W�U�D�W�D�P�L�H�Q�W�R �\ �P�D�Q�H�M�R �G�H �H�V�W�R�V

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

�H�V�W�X�G�L�R��

�������� �'�H�V�F�U�L�S�F�L�y�Q �G�H �O�D �E�D�V�H �G�H �G�D�W�R�V��

�6�H �F�X�H�Q�W�D �F�R�Q �X�Q�D �E�D�V�H �G�H �G�D�W�R�V �G�H �U�H�J�L�V�W�U�R�V �V�L�V�P�R�O�y�J�L�F�R�V �F�R�Q�W�L�Q�X�R�V �G�H�V�G�H �I�H�E�U�H�U�R �G�H�O �D�x�R

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

�S�R�U �G�R�V �H�Q�W�L�G�D�G�H�V �H�[�W�U�D�Q�M�H�U�D�V �H�Q �O�D �3�H�Q�t�Q�V�X�O�D �G�H �7�D�L�W�D�R �\ �V�X�V �L�Q�P�H�G�L�D�F�L�R�Q�H�V�� �W�R�W�D�O�L�]�D�Q�G�R �F�D�W�R�U�F�H

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

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

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

�H�Q �O�D �S�H�Q�t�Q�V�X�O�D �G�H�V�G�H �O�R�V� ����������� �6 �H�Q �V�X �S�D�U�W�H �P�i�V �V�H�S�W�H�Q�W�U�L�R�Q�D�O �K�D�V�W�D �F�H�U�F�D �G�H �O�R�V� ��������� �6

�H�Q �V�X �S�X�Q�W�R �P�i�V �P�H�U�L�G�L�R�Q�D�O�� �=�R�Q�D�O�P�H�Q�W�H�� �H�V�W�R�V �F�R�P�S�U�H�Q�G�H�Q �G�H�V�G�H �O�D �S�X�Q�W�D �P�i�V �R�F�F�L�G�H�Q�W�D�O �G�H

����



���� �&�$�3�Ë�7�8�/�2 ���� �0�(�7�2�'�2�/�2�*�Ë�$��

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

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

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

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

���2�%�6 �S�R�U �V�X�V �V�L�J�O�D�V �H�Q �L�Q�J�O�p�V���2�F�H�D�Q �%�R�W�W�R�P �6�H�L�V�P�R�J�U�D�S�K�� �S�H�U�W�H�Q�H�F�L�H�Q�W�H�V �D �-�$�0�6�7�(�&���-�D�S�D�Q

�$�J�H�Q�F�\ �I�R�U �0�D�U�L�Q�H���(�D�U�W�K �6�F�L�H�Q�F�H �D�Q�G �7�H�F�K�Q�R�O�R�J�\�� �F�R�P�S�X�H�V�W�D �S�R�U �F�L�Q�F�R �V�L�V�P�y�J�U�D�I�R�V �V�X�E�P�D�U�L�Q�R�V

�G�H �E�D�Q�G�D �F�R�U�W�D �G�H�V�S�O�H�J�D�G�R�V �F�R�Q �X�Q�D �J�H�R�P�H�W�U�t�D �W�D�O �T�X�H �U�R�G�H�D�Q �H�O �3�7�& ���Y�H�U �W�D�E�O�D ���������� �(�V�W�R�V �D �V�X

�Y�H�] �F�X�H�Q�W�D�Q �F�R�Q �G�D�W�R�V �D�G�T�X�L�U�L�G�R�V �G�H �P�D�Q�H�U�D �L�Q�L�Q�W�H�U�U�X�P�S�L�G�D �H�Q�W�U�H �O�R�V �G�t�D�V �S�U�L�P�H�U�R �G�H �P�D�U�]�R �G�H

�������� �K�D�V�W�D �H�O �Y�H�L�Q�W�L�X�Q�R �G�H �P�D�U�]�R �G�H�O �D�x�R ����������

�‡ �3�H�U�t�R�G�R �G�H �D�G�T�X�L�V�L�F�L�y�Q �G�H �G�D�W�R�V�� ������������������������������������������
�1�R�P�E�U�H �/�D�W�L�W�X�G� �/�R�Q�J�L�W�X�G� �(�O�H�Y�D�F�L�y�Q �>�P�V�Q�P�@

�.�(�1�7 ���������������� ���������������� ��
�7�5�*�1 ���������������� ���������������� ��
�+�$�5�& ���������������� ���������������� ��
�&�/�(�0 ���������������� ���������������� ����
�7�5�$�1 ���������������� ���������������� ������
�6�$�1�5 ���������������� ���������������� ��
�)�5�$�3 ���������������� ���������������� ����
�3�6�/�, ���������������� ���������������� ��
�/�$�9�$ ���������������� ���������������� ����

�&�X�D�G�U�R �������� �/�R�F�D�O�L�]�D�F�L�R�Q�H�V �J�H�R�J�U�i�I�L�F�D�V �G�H �O�D�V �H�V�W�D�F�L�R�Q�H�V �G�H �O�D �U�H�G �V�L�V�P�R�J�U�i�I�L�F�D �W�H�P�S�R�U�D�O �W�H�U�U�H�V�W�U�H
�G�H �O�D �8�Q�L�Y�H�U�V�L�G�D�G �G�H �/�L�Y�H�U�S�R�R�O��

�‡ �3�H�U�t�R�G�R �G�H �D�G�T�X�L�V�L�F�L�y�Q �G�H �G�D�W�R�V�� ������������������������������������������
�1�R�P�E�U�H �/�D�W�L�W�X�G� �/�R�Q�J�L�W�X�G� �(�O�H�Y�D�F�L�y�Q �>�P�V�Q�P�@

�/�&���� ���������������� ���������������� ��������������
�/�&���� ���������������� ���������������� ��������������
�/�&���� ���������������� ���������������� ��������������
�/�&���� ���������������� ���������������� ��������������
�/�&���� ���������������� ���������������� ��������������

�&�X�D�G�U�R �������� �/�R�F�D�O�L�]�D�F�L�R�Q�H�V �J�H�R�J�U�i�I�L�F�D�V �G�H �O�D�V �H�V�W�D�F�L�R�Q�H�V �G�H �O�D �U�H�G �V�L�V�P�R�J�U�i�I�L�F�D �V�X�E�P�D�U�L�Q�D ���2�%�6��
�G�H �O�D �-�$�0�6�7�(�&�� �'�D�G�D �V�X �F�D�O�L�G�D�G �G�H �L�Q�V�W�U�X�P�H�Q�W�R�V �G�H �I�R�Q�G�R �R�F�H�i�Q�L�F�R�� �O�D �H�O�H�Y�D�F�L�y�Q �V�H �S�U�H�V�H�Q�W�D �H�Q
�Q�H�J�D�W�L�Y�R��

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



�������� �'�(�6�&�5�,�3�&�,�Ï�1 �'�( �/�$ �%�$�6�( �'�( �'�$�7�2�6�� ����

�U�H�G�H�V�� �&�D�E�H �G�H�V�W�D�F�D�U �T�X�H �K�D�\ �G�R�V �H�V�W�D�F�L�R�Q�H�V �G�H �O�D �U�H�G �E�U�L�W�i�Q�L�F�D �G�H �O�D�V �F�X�D�O�H�V �Q�R �V�H �W�L�H�Q�H �U�H�J�L�V�W�U�R�V

�V�t�V�P�R�J�U�i�I�L�F�R�V�� �O�D�V �H�V�W�D�F�L�R�Q�H�V �/�$�9�$ �\ �7�5�*�1��

-77š -76š -75š -74š -73š -72š
-48š

-47š

-46š

-45š

-77š -76š -75š -74š -73š -72š
-48š

-47š

-46š

-45š

-77š -76š -75š -74š -73š -72š
-48š

-47š

-46š

-45š

Red de estaciones.

-77š -76š -75š -74š -73š -72š
-48š

-47š

-46š

-45š

-77š -76š -75š -74š -73š -72š
-48š

-47š

-46š

-45š

HARCCLEM

KENT

SANR TRANLC1

LC2 LC3

LC4

LC5

PSLIFRAP

TRGN

LAVA

: Estación con datos disponibles. : Estación sin datos disponibles.

�)�L�J�X�U�D �������� �(�Q �W�U�L�i�Q�J�X�O�R�V �D�]�X�O�H�V �L�Q�Y�H�U�W�L�G�R�V �V�H �P�X�H�V�W�U�D �O�D �O�R�F�D�O�L�]�D�F�L�y�Q �G�H �O�R�V �V�L�V�P�y�J�U�D�I�R�V �G�H �D�P��
�E�D�V �U�H�G�H�V �F�R�Q �O�R�V �T�X�H �V�H �F�X�H�Q�W�D �G�D�W�R�V �U�H�J�L�V�W�U�D�G�R�V �F�R�Q�W�L�Q�X�D�P�H�Q�W�H�� �(�Q �U�R�M�R �V�H �P�X�H�V�W�U�D �D�T�X�H�O�O�R�V
�L�Q�V�W�U�X�P�H�Q�W�R�V �F�R�Q �O�R�V �T�X�H �Q�R �V�H �F�X�H�Q�W�D �F�R�Q �U�H�J�L�V�W�U�R�V�� �/�D �D�J�U�X�S�D�F�L�y�Q �D�O �R�H�V�W�H �G�H�O �F�R�Q�W�L�Q�H�Q�W�H �H�Q �H�O
�R�F�H�i�Q�R �F�R�U�U�H�V�S�R�Q�G�H �D �O�D �U�H�G �-�$�0�6�7�(�&�� �P�L�H�Q�W�U�D�V �T�X�H �O�R�V �R�W�U�R�V �L�Q�V�W�U�X�P�H�Q�W�R�V �F�R�U�U�H�V�S�R�Q�G�H�Q �D �O�D
�U�H�G �G�H �O�D �8�Q�L�Y�H�U�V�L�G�D�G �G�H �/�L�Y�H�U�S�R�R�O��

�&�R�P�R �H�V �S�R�V�L�E�O�H �R�E�V�H�U�Y�D�U �H�Q �O�D �I�L�J�X�U�D ������ �O�D �U�H�G �W�R�W�D�O �U�R�G�H�D �D �O�D �3�H�Q�t�Q�V�X�O�D �G�H �7�D�L�W�D�R �\ �D �O�D �3�H�Q�t�Q�V�X�O�D

�G�H �7�U�H�V �0�R�Q�W�H�V�� �G�H�M�D�Q�G�R �D�O �F�H�Q�W�U�R �G�H �H�V�W�D �D�O �/�D�J�R �3�U�H�V�L�G�H�Q�W�H �5�t�R�V�� �/�D �]�R�Q�D �T�X�H �F�L�U�F�X�Q�V�F�U�L�E�H �O�D

�U�H�G �F�R�U�U�H�V�S�R�Q�G�H �D�S�U�R�[�L�P�D�G�D�P�H�Q�W�H �D�O �L�Q�L�F�L�R �G�H �O�D �9�H�Q�W�D�Q�D �3�D�W�D�J�y�Q�L�F�D�� �V�H�J�~�Q �D�X�W�R�U�H�V �F�R�P�R �5�X�V�V�R

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

�]�R�Q�D �G�H �L�Q�W�H�U�p�V��



���� �&�$�3�Ë�7�8�/�2 ���� �0�(�7�2�'�2�/�2�*�Ë�$��

�������� �7�U�D�W�D�P�L�H�Q�W�R �S�U�H�Y�L�R �G�H �G�D�W�R�V �\ �O�R�F�D�O�L�]�D�F�L�y�Q �G�H �H�Y�H�Q�W�R�V��

�3�D�U�D �U�H�D�O�L�]�D�U �O�D �L�Q�Y�H�U�V�L�y�Q �G�H�O �P�R�G�H�O�R �G�H �Y�H�O�R�F�L�G�D�G �����' �S�D�U�D �O�D �3�H�Q�t�Q�V�X�O�D �G�H �7�D�L�W�D�R �V�H �U�H�T�X�L�H�U�H

�X�Q �F�R�Q�M�X�Q�W�R�� �D�P�S�O�L�R �S�U�H�I�H�U�L�E�O�H�P�H�Q�W�H�� �G�H �O�R�F�D�O�L�]�D�F�L�R�Q�H�V �G�H �H�Y�H�Q�W�R�V �V�t�V�P�L�F�R�V�� �3�D�U�D �O�R�J�U�D�U �H�V�W�R�V

�H�I�H�F�W�R�V�� �V�H �X�W�L�O�L�]�y �O�R�V �G�D�W�R�V �G�H �O�D�V �U�H�G�H�V �G�H �O�D �8�Q�L�Y�H�U�V�L�G�D�G �G�H �/�L�Y�H�U�S�R�R�O �\ �G�H �-�$�0�6�7�(�& �P�H�G�L�G�R�V

�H�Q�W�U�H �I�H�E�U�H�U�R �G�H �������� �\ �P�D�U�]�R �G�H ���������� �W�R�W�D�O�L�]�D�Q�G�R �P�i�V �G�H �X�Q �D�x�R �G�H �D�G�T�X�L�V�L�F�L�y�Q �V�H�P�L���F�R�Q�W�L�Q�X�D

�G�H �G�D�W�R�V��

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

�W�U�D�E�D�M�R �G�H �'�L�D�] �������������� �(�O �I�O�X�M�R �G�H �W�U�D�E�D�M�R �D �V�H�J�X�L�U �S�D�U�D �O�L�G�L�D�U �F�R�Q �H�V�W�D �J�U�D�Q �F�D�Q�W�L�G�D�G �G�H �G�D�W�R�V

�F�R�Q�V�L�V�W�L�y �H�Q �S�U�L�P�H�U �O�X�J�D�U �H�Q �I�L�O�W�U�D�U �O�D�V �V�H�x�D�O�H�V �H�Q�W�U�H �� �\ ���� �+�]�� �S�D�U�D �S�R�V�W�H�U�L�R�U�P�H�Q�W�H �U�H�D�O�L�]�D�U �X�Q

�S�U�L�P�H�U �S�L�F�D�G�R �D�X�W�R�P�i�W�L�F�R �K�D�F�L�H�Q�G�R �X�V�R �G�H�O �D�O�J�R�U�L�W�P�R �6�7�$���/�7�$�� �F�R�Q �O�R�V �S�D�U�i�P�H�W�U�R�V �P�R�V�W�U�D�G�R�V �H�Q

�O�D �W�D�E�O�D ��������

�&�X�D�G�U�R �������� �3�D�U�i�P�H�W�U�R�V �X�W�L�O�L�]�D�G�R�V �S�D�U�D �S�L�F�D�G�R �G�H �I�D�V�H�V �F�R�Q �D�O�J�R�U�L�W�P�R �6�7�$���/�7�$��

�3�D�U�i�P�H�W�U�R �9�D�O�R�U

�*�D�W�L�O�O�R �6�7�$���/�7�$ ��
�9�H�Q�W�D�Q�D �6�7�$ �� �>�V�@
�9�H�Q�W�D�Q�D �/�7�$ �� �>�V�@
�7�L�H�P�S�R �P�t�Q�L�P�R �H�Q�W�U�H �J�D�W�L�O�O�R�V���� �>�V�@

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

�L�Q�V�S�H�F�F�L�y�Q �Y�L�V�X�D�O �S�D�U�D �V�H�O�H�F�F�L�R�Q�D�U �D�T�X�H�O�O�R�V �F�R�Q �S�L�F�D�G�R�V �D�X�W�R�P�i�W�L�F�R�V �G�H �Q�D�W�X�U�D�O�H�]�D �V�t�V�P�L�F�D�� �V�H

�R�E�W�X�Y�R �X�Q �F�R�Q�M�X�Q�W�R �I�L�Q�D�O �G�H ������ �H�Y�H�Q�W�R�V��

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

�V�L�V�P�R�O�y�J�L�F�R�V �6�$�& ���6�H�L�V�P�L�F �$�Q�D�O�\�V�L�V �&�R�G�H�� �G�H �O�D �8�Q�L�Y�H�U�V�L�G�D�G �G�H �&�D�O�L�I�R�U�Q�L�D�� �/�D �Y�H�Q�W�D�M�D �G�H �S�L�F�D�U

�I�D�V�H�V �F�R�Q �H�V�W�D �K�H�U�U�D�P�L�H�Q�W�D �H�V �O�D �J�H�Q�H�U�D�F�L�y�Q �G�H �D�U�F�K�L�Y�R�V �+�3�)�� �D�U�F�K�L�Y�R�V �T�X�H �F�R�Q�W�L�H�Q�H�Q �W�R�G�D �O�D �L�Q��

�I�R�U�P�D�F�L�y�Q �G�H �O�R�V �S�L�F�N�V �U�H�D�O�L�]�D�G�R�V �\ �F�X�\�R �I�R�U�P�D�W�R �H�V �F�R�P�S�D�W�L�E�O�H �F�R�Q �H�O �S�U�R�J�U�D�P�D �+�<�3�2�����3�& �S�D�U�D

�V�X �S�R�V�W�H�U�L�R�U �O�R�F�D�O�L�]�D�F�L�y�Q��

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



�������� �7�5�$�7�$�0�,�(�1�7�2 �3�5�(�9�,�2 �'�( �'�$�7�2�6 �< �/�2�&�$�/�,�=�$�&�,�Ï�1 �'�( �(�9�(�1�7�2�6�� ����

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

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

���� �(�U�U�R�U< ������ �>�V�@��

���� �(�U�U�R�U< ������ �>�V�@��

���� �(�U�U�R�U< ������ �>�V�@��

���� �(�U�U�R�U< ������ �>�V�@��

���� �(�U�U�R�U� ������ �>�V�@��

�3�D�U�D �O�D�V �L�Q�Y�H�U�V�L�R�Q�H�V �D �U�H�D�O�L�]�D�U�V�H �S�R�V�W�H�U�L�R�U�P�H�Q�W�H�� �V�R�O�R �V�H �F�R�Q�V�L�G�H�U�y �D�T�X�H�O�O�R�V�S�L�F�N�V�F�R�Q �F�D�O�L�G�D�G�H�V ��

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

�X�Q �H�M�H�P�S�O�R �G�H �S�L�F�D�G�R �G�H �O�D�V �I�D�V�H�V �3 �\ �6 �H�Q �O�D �H�V�W�D�F�L�y�Q �&�/�(�0 �F�R�Q �F�D�O�L�G�D�G ���� �3�D�U�D �H�O �S�L�F�D�G�R �G�H �O�D

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

�I�D�V�H �6 �V�H �F�R�Q�V�L�G�H�U�y �D�P�E�D�V �F�R�P�S�R�Q�H�Q�W�H�V �K�R�U�L�]�R�Q�W�D�O�H�V �G�H �O�R�V �U�H�J�L�V�W�U�R�V �V�t�V�P�L�F�R�V��

-4

-2

0

2

4

X
 1

0+
5

EPD0 ESD0

 
CLEM  BHE
MAR 17 (076), 2010
17:37:59.040

-4

-2

0

2

X
 1

0+
5

EPD0 ESD0

 
CLEM  BHN
MAR 17 (076), 2010
17:37:59.040

-2

-1

0

1

2

X
 1

0+
5

EPD0 ESD0

 
CLEM  BHZ
MAR 17 (076), 2010
17:37:59.040

0 50 100 150 200

�)�L�J�X�U�D �������� �(�M�H�P�S�O�R �G�H �S�L�F�N�V �F�R�Q �F�D�O�L�G�D�G �� �H�Q �O�D �H�V�W�D�F�L�y�Q �G�H �U�H�I�H�U�H�Q�F�L�D �&�/�(�0��

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

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



���� �&�$�3�Ë�7�8�/�2 ���� �0�(�7�2�'�2�/�2�*�Ë�$��

�S�U�R�V�L�J�X�L�y �D �O�R�F�D�O�L�]�D�U �O�R�V �H�Y�H�Q�W�R�V �X�W�L�O�L�]�D�Q�G�R �H�O �S�U�R�J�U�D�P�D �+�<�3�2�����3�&�� �'�H�O �W�R�W�D�O �G�H �������� ������ �I�X�H�U�R�Q

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

�H�V�W�H �W�R�W�D�O �G�H ������ �V�L�V�P�R�V �O�R�F�D�O�L�]�D�G�R�V �I�X�H�U�R�Q �V�H�O�H�F�F�L�R�Q�D�G�R�V �D�T�X�H�O�O�R�V �F�R�Q �X�Q �*�$�3 �P�H�Q�R�U �D ������ �J�U�D��

�G�R�V �\ �5�0�6 �P�H�Q�R�U�H�V �D �� �>�V�@ �S�D�U�D �O�D�V �L�Q�Y�H�U�V�L�R�Q�H�V �T�X�H �S�U�R�V�L�J�X�H�Q��

�/�D �I�L�J�X�U�D ������ �P�X�H�V�W�U�D �O�D�V �O�R�F�D�O�L�]�D�F�L�R�Q�H�V �R�E�W�H�Q�L�G�D�V �F�R�Q �+�<�3�2�����3�&�� �H�Q �S�U�L�P�H�U �O�X�J�D�U �W�R�G�R�V �O�R�V

�H�Y�H�Q�W�R�V �O�R�F�D�O�L�]�D�G�R�V �\ �O�X�H�J�R �D�T�X�H�O�O�R�V �V�H�O�H�F�F�L�R�Q�D�G�R�V �V�H�J�~�Q �V�X �*�$�3 �\ �5�0�6�� �(�Q �L�Q�V�W�D�Q�F�L�D�V �S�R�V�W�H��

�U�L�R�U�H�V �H�V�W�R�V �I�X�H�U�R�Q �U�H�O�R�F�D�O�L�]�D�G�R�V ���Y�H�U �V�H�F�F�L�y�Q ����������

-76š -74š -72š
-48š

-46š

-44š

-76š -74š -72š
-48š

-46š

-44š

-76š -74š -72š
-48š

-46š

-44š

-76š -74š -72š
-48š

-46š

-44š

-76š -74š -72š
-48š

-46š

-44š

-76š -74š -72š
-48š

-46š

-44š

0

10

20

30

40
km

0

10

20

30
-50 0 50 100 150 200 250

Distancia hacia la fosa [km]

P
ro

fu
nd

id
ad

 [k
m

]

-76š -74š -72š
-48š

-46š

-44š

-76š -74š -72š
-48š

-46š

-44š

-76š -74š -72š
-48š

-46š

-44š

-76š -74š -72š
-48š

-46š

-44š

-76š -74š -72š
-48š

-46š

-44š

-76š -74š -72š
-48š

-46š

-44š

10

20

30

40
km

0

10

20

30
-50 0 50 100 150 200 250

Distancia hacia la fosa [km]

P
ro

fu
nd

id
ad

 [k
m

]

�)�L�J�X�U�D �������� �3�U�L�P�H�U�D�V �O�R�F�D�O�L�]�D�F�L�R�Q�H�V �R�E�W�H�Q�L�G�D�V �F�R�Q �H�O �S�U�R�J�U�D�P�D �+�<�3�2�����3�& �\ �H�O �G�H�W�D�O�O�H �G�H �O�D �G�L�V��
�W�D�Q�F�L�D �K�D�F�L�D �O�D �I�R�V�D ���D �O�D �D�O�W�X�U�D �G�H�O �3�7�&���� �/�D �I�L�J�X�U�D �G�H �O�D �L�]�T�X�L�H�U�G�D �P�X�H�V�W�U�D �O�D�V ������ �O�R�F�D�O�L�]�D�F�L�R�Q�H�V
�R�E�W�H�Q�L�G�D�V �H�Q �S�U�L�Q�F�L�S�L�R�� �P�L�H�Q�W�U�D�V �O�D �I�L�J�X�U�D �G�H �O�D �G�H�U�H�F�K�D �P�X�H�V�W�U�D �O�D�V �O�R�F�D�O�L�]�D�F�L�R�Q�H�V �G�H �O�R�V ���� �H�Y�H�Q��
�W�R�V �F�X�\�R �*�$�3 �\ �5�0�6 �V�R�Q �P�H�Q�R�U�H�V �D270� �\ �� �>�V�@�� �U�H�V�S�H�F�W�L�Y�D�P�H�Q�W�H�� �/�R�V �W�U�L�i�Q�J�X�O�R�V �L�Q�Y�H�U�W�L�G�R�V �D�]�X�O�H�V
�P�X�H�V�W�U�D�Q �O�D�V �X�E�L�F�D�F�L�R�Q�H�V �G�H �O�D�V �H�V�W�D�F�L�R�Q�H�V �G�H �O�D �U�H�G��

�/�D�V �O�R�F�D�O�L�]�D�F�L�R�Q�H�V �R�E�W�H�Q�L�G�D�V �H�Q �H�V�W�D �V�H�F�F�L�y�Q �X�W�L�O�L�]�D�Q�G�R �+�<�3�2�����3�& �V�R�Q �F�R�Q�V�L�V�W�H�Q�W�H�V �F�R�Q �R�W�U�R�V

�W�U�D�E�D�M�R�V �G�H �O�R�F�D�O�L�]�D�F�L�y�Q �G�H �W�H�U�U�H�P�R�W�R�V �K�H�F�K�R�V �H�Q �O�D �]�R�Q�D�� �F�R�P�R �0�X�U�G�L�H�H�W �D�O������������������ �0�L�O�O�H�U�H�W



�������� �7�5�$�7�$�0�,�(�1�7�2 �3�5�(�9�,�2 �'�( �'�$�7�2�6 �< �/�2�&�$�/�,�=�$�&�,�Ï�1 �'�( �(�9�(�1�7�2�6�� ����

�D�O���������������� �R �$�J�X�U�W�R���'�H�W�]�H�O�H�W �D�O���������������� �P�i�V �U�H�F�L�H�Q�W�H�P�H�Q�W�H�� �R�E�V�H�U�Y�i�Q�G�R�V�H �S�D�W�U�R�Q�H�V �V�L�P�L�O�D�U�H�V �H�Q

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

�2�%�6 �S�D�U�D �O�D �O�R�F�D�O�L�]�D�F�L�y�Q�� �S�R�U �O�R �T�X�H �O�R�V �U�H�V�X�O�W�D�G�R�V �D�O �R�H�V�W�H �G�H �O�D �3�H�Q�t�Q�V�X�O�D �Q�R �V�R�Q �Q�H�F�H�V�D�U�L�D�P�H�Q�W�H

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

�)�L�J�X�U�D �������� �/�R�F�D�O�L�]�D�F�L�R�Q�H�V �G�H �H�Y�H�Q�W�R�V �V�t�V�P�L�F�R�V �T�X�H �R�F�X�U�U�L�H�U�R�Q �H�Q�W�U�H �O�R�V �D�x�R�V �������� �\ �������� �S�R�U
�$�J�X�U�W�R���'�H�W�]�H�O�H�W �D�O������������ �� �/�D �I�L�J�X�U�D �G�H �O�D �L�]�T�X�L�H�U�G�D �P�X�H�V�W�U�D �O�D �G�L�V�W�U�L�E�X�F�L�y�Q �G�H �O�D �V�L�V�P�L�F�L�G�D�G �F�R��
�O�R�U�H�D�G�D �F�R�Q �O�D �S�U�R�I�X�Q�G�L�G�D�G�� �P�L�H�Q�W�U�D�V �O�D �I�L�J�X�U�D �G�H�U�H�F�K�D �P�X�H�V�W�U�D �O�D �G�L�V�W�U�L�E�X�F�L�y�Q �F�R�O�R�U�H�D�G�D �F�R�Q �O�D
�P�D�J�Q�L�W�X�G �G�H �O�R�V �H�Y�H�Q�W�R�V�� �/�R�V �V�L�V�P�R�V �W�L�H�Q�G�H�Q �D �D�J�U�X�S�D�U�V�H �H�Q�F�O�X�V�W�H�U�V�� �G�H �O�R�V �F�X�D�O�H�V �O�R�V �D�X�W�R�U�H�V
�L�G�H�Q�W�L�I�L�F�D�Q ���� �(�O �F�O�X�V�W�H�U �$ �F�R�U�U�H�V�S�R�Q�G�H �D �D�F�W�L�Y�L�G�D�G �G�H�O �Y�R�O�F�i�Q �+�X�G�V�R�Q�� �V�L�H�Q�G�R �H�V�W�D �O�D �P�i�V �Q�X�P�H�U�R��
�V�D�� �% �H�V�W�i �D�V�R�F�L�D�G�R �D �D�F�W�L�Y�L�G�D�G �P�L�Q�H�U�D �G�H �O�D �0�L�Q�D �&�H�U�U�R �%�D�\�R�� �H�O �J�U�X�S�R �& �W�H�Q�G�U�t�D �U�H�O�D�F�L�y�Q �F�R�Q �O�D
�D�F�W�L�Y�L�G�D�G �G�H�O �3�7�&�� �P�L�H�Q�W�U�D�V �T�X�H �O�R�V�F�O�X�V�W�H�U�V�'���) �H�V�W�i�Q �D�V�R�F�L�D�G�R�V �D �J�O�D�F�L�D�U�H�V �X�E�L�F�D�G�R�V �H�Q �O�D �]�R�Q�D��
�,�P�D�J�H�Q �H�[�W�U�D�t�G�D �G�H �$�J�X�U�W�R���'�H�W�]�H�O�H�W �D�O��������������

�$�J�X�U�W�R���'�H�W�]�H�O�H�W �D�O���������������� �L�G�H�Q�W�L�I�L�F�y �X�Q �W�R�W�D�O �G�H ������ �V�L�V�P�R�V�� �H�O�L�J�L�p�Q�G�R�V�H �S�R�V�W�H�U�L�R�U�P�H�Q�W�H ������

�H�Y�H�Q�W�R�V �F�X�\�D�V �H�O�L�S�V�H�V �G�H �H�U�U�R�U �W�L�H�Q�H�Q �V�H�P�L���H�M�H�V �P�H�Q�R�U�H�V �D ���� ���N�P�� �S�D�U�D �H�O �D�Q�i�O�L�V�L�V�� �(�V�W�R�V �V�L�V�P�R�V

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

�G�R�V �F�R�Q �R�W�U�R�V �W�L�H�Q�G�H�Q �D �H�V�W�D�U �U�H�O�D�F�L�R�Q�D�G�R�V �F�R�Q �D�F�W�L�Y�L�G�D�G �F�R�U�W�L�F�D�O �V�X�S�H�U�I�L�F�L�D�O �G�H �O�D �=�)�/�2�� �(�V�W�D�V

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

�E�U�H �W�R�G�R �D�T�X�H�O�O�R�V �W�H�U�U�H�P�R�W�R�V �D�V�R�F�L�D�G�R�V �D�O �Y�R�O�F�i�Q �+�X�G�V�R�Q ���$���� �D�O �3�7�& ���&�� �\ �D �O�D �D�F�W�L�Y�L�G�D�G �J�O�D�F�L�D�U



���� �&�$�3�Ë�7�8�/�2 ���� �0�(�7�2�'�2�/�2�*�Ë�$��

���'���)���� �&�R�Q �U�H�V�S�H�F�W�R �D �O�D�V �S�U�R�I�X�Q�G�L�G�D�G�H�V�� �H�V�W�D�V �W�D�P�E�L�p�Q �V�R�Q �F�R�Q�V�L�V�W�H�Q�W�H�V �F�R�Q �O�D�V �R�E�W�H�Q�L�G�D�V �H�Q

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

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

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

�]�R�Q�D �G�H �F�R�Q�Y�H�U�J�H�Q�F�L�D�� �H�[�F�H�S�W�R �S�R�U �V�L�V�P�R�V �T�X�H �R�F�X�U�U�H�Q �H�Q �O�D �Y�H�F�L�Q�G�D�G �G�H�O �3�7�&�� �O�R�V �F�X�D�O�H�V �Y�D�U�t�D�Q

�H�Q�W�U�H �O�R�V� �� �>�N�P�@ �\ �O�R�V� 25 �>�N�P�@ �G�H �S�U�R�I�X�Q�G�L�G�D�G�� �*�D�O�O�H�J�R�H�W �D�O���������������� �\ �6�i�H�]�H�W �D�O�������H�Q �S�U�R�F�H�V�R��

�P�X�H�V�W�U�D�Q �O�D �H�[�L�V�W�H�Q�F�L�D �G�H �W�U�H�P�R�U�H�V �Q�R �Y�R�O�F�i�Q�L�F�R�V �H�Q �H�O �3�7�&�� �F�R�Q �W�L�H�P�S�R�V �6���3 �G�H� 2 �>�V�@�� �(�V�W�D�V �O�R��

�F�D�O�L�]�D�F�L�R�Q�H�V �V�R�Q �H�V�W�L�P�D�F�L�R�Q�H�V �L�Q�L�F�L�D�O�H�V �O�D�V �F�X�D�O�H�V �V�H�U�i�Q �P�H�M�R�U�D�G�D�V �H�Q �O�D�V �L�Q�Y�H�U�V�L�R�Q�H�V �V�X�F�H�V�L�Y�D�V��

�T�X�H �F�R�Q�V�L�G�H�U�D�Q �P�R�G�H�O�R�V �G�H �Y�H�O�R�F�L�G�D�G �P�i�V �D�S�U�R�S�L�D�G�R�V��

�������� �0�H�W�R�G�R�O�R�J�t�D �G�H �,�Q�Y�H�U�V�L�y�Q��

�/�D �P�H�W�R�G�R�O�R�J�t�D �G�H �L�Q�Y�H�U�V�L�y�Q �X�W�L�O�L�]�D�G�D �H�Q �H�V�W�H �H�V�W�X�G�L�R �S�U�H�V�H�Q�W�D �X�Q �H�V�T�X�H�P�D �G�H �L�Q�Y�H�U�V�L�y�Q �H�V��

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

�D�O���� ���������� �+�D�E�H�U�O�D�Q�G�H�W �D�O���� ������������ �(�O �F�X�D�O �F�R�Q�V�L�V�W�H �H�Q �U�H�D�O�L�]�D�U �O�D �L�Q�Y�H�U�V�L�y�Q �S�D�U�D �H�O �P�R�G�H�O�R �I�L�Q�D�O �H�Q

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

�G�X�F�W�R �G�H�O �P�R�G�H�O�R �����'�� �H�Q �O�D�V �S�D�U�W�H�V �F�R�Q �P�H�Q�R�U �U�H�V�R�O�X�F�L�y�Q �G�H�O �P�R�G�H�O�R�� �(�Q �H�O �F�D�V�R �G�H �H�V�W�H �H�V�W�X�G�L�R��

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

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

�������� �0�R�G�H�O�R �����' �G�H �Y�H�O�R�F�L�G�D�G��

�3�D�U�D �H�O �S�U�L�P�H�U �S�D�V�R �G�H�O �H�V�T�X�H�P�D �P�H�Q�F�L�R�Q�D�G�R �D�Q�W�H�U�L�R�U�P�H�Q�W�H�� �V�H �X�W�L�O�L�]�y �H�O �S�U�R�J�U�D�P�D �9�(�/�(�6�7

�Y�H�U�V�L�y�Q ������ ���.�L�V�V�O�L�Q�J�H�W �D�O���� ������������ �T�X�H �H�V �X�Q�D �U�X�W�L�Q�D �H�Q �)�2�5�7�5�$�1���� �G�L�V�H�x�D�G�D �S�D�U�D �F�D�O�F�X�O�D�U �P�R�G�H��

�O�R�V �G�H �Y�H�O�R�F�L�G�D�G �����' �S�D�U�D �O�D �O�R�F�D�O�L�]�D�F�L�y�Q �G�H �V�L�V�P�R�V �R �S�D�U�D �V�H�U �P�R�G�H�O�R�V �G�H �U�H�I�H�U�H�Q�F�L�D �L�Q�L�F�L�D�O�H�V �H�Q

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



�������� �0�2�'�(�/�2 �����' �'�( �9�(�/�2�&�,�'�$�'�� ����

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

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

�3�D�U�D �O�D �L�Q�Y�H�U�V�L�y�Q �����' �G�H �L�J�X�D�O �P�D�Q�H�U�D �V�H �V�L�J�X�L�y �X�Q �H�V�T�X�H�P�D �H�V�F�D�O�R�Q�D�G�R�� �V�X�F�H�V�L�Y�D�P�H�Q�W�H �L�Q��

�Y�L�H�U�W�L�H�Q�G�R �S�D�U�D �F�D�O�F�X�O�D�U �H�O �P�R�G�H�O�R �����' �T�X�H �P�H�M�R�U �V�H �D�M�X�V�W�D �D �W�R�G�R�V �O�R�V �H�Y�H�Q�W�R�V �G�H �P�D�Q�H�U�D �V�L�P�X�O�W�i��

�Q�H�D �F�R�Q �H�O �0�R�G�R �G�H �(�Y�H�Q�W�R�V �6�L�P�X�O�W�i�Q�H�R�V ���6�L�P�X�O�W�D�Q�H�R�X�V �0�R�G�H�� �\ �G�H�V�S�X�p�V �U�H�O�R�F�D�O�L�]�D�Q�G�R�� �H�Y�H�Q�W�R

�S�R�U �H�Y�H�Q�W�R �F�R�Q �H�O �Q�X�H�Y�R �P�R�G�H�O�R �����'�� �F�R�Q �H�O �0�R�G�R �G�H �(�Y�H�Q�W�R�V �,�Q�G�L�Y�L�G�X�D�O�H�V ���6�L�Q�J�O�H �(�Y�H�Q�W �0�R�G�H����

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

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

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

�F�R�Q �9�(�/�(�6�7�� �H�O�L�P�L�Q�D�Q�G�R �H�Q �F�D�G�D �L�Q�V�W�D�Q�F�L�D �D�T�X�H�O�O�R�V �U�D�\�R�V �T�X�H �Q�R �F�X�P�S�O�L�H�U�D�Q �F�R�Q �O�D�V �U�H�V�W�U�L�F�F�L�R�Q�H�V

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

�7�U�D�V �O�D �U�H�O�R�F�D�O�L�]�D�F�L�y�Q �F�R�Q �9�(�/�(�6�7 �V�H �F�X�H�Q�W�D �F�R�Q ������ �V�L�V�P�R�V �F�R�U�U�H�F�W�D�P�H�Q�W�H �O�R�F�D�O�L�]�D�G�R�V�� �G�H

�O�R�V �F�X�D�O�H�V �V�H �V�H�O�H�F�F�L�R�Q�y �D�T�X�H�O�O�R�V �T�X�H �W�X�Y�L�H�U�D�Q �X�Q �5�0�6< �� �>�V�@ �\ �*�$�3< ������ � �� �R�E�W�H�Q�L�p�Q�G�R�V�H �X�Q �F�R�Q��

�M�X�Q�W�R �L�Q�L�F�L�D�O �G�H ���� �H�Y�H�Q�W�R�V��

�&�X�D�G�U�R �������� �5�H�V�W�U�L�F�F�L�R�Q�H�V �D �U�H�V�L�G�X�R�V �S�D�U�D �F�D�G�D �L�W�H�U�D�F�L�y�Q��

�,�W�H�U�D�F�L�y�Q�� �5�H�V�W�U�L�F�F�L�y�Q��

1a �(�Y�H�Q�W�R �F�R�Q �5�0�6< �� �>�V�@
2a �5�H�V�L�G�X�R�V �3 �\ �6< �� �>�V�@
3a �5�H�V�L�G�X�R�V �3< ������ �>�V�@ �\ �6< �� �>�V�@

�&�R�P�R �P�R�G�H�O�R �G�H �Y�H�O�R�F�L�G�D�G �L�Q�L�F�L�D�O �G�H �R�Q�G�D �3 �V�H �X�W�L�O�L�]�y �X�Q �P�R�G�H�O�R �����' �E�D�V�D�G�R �H�Q �H�O �H�V�W�X�G�L�R

�G�H �+�L�F�N�V�H�W �D�O���������������� �S�D�U�D �O�D �3�H�Q�t�Q�V�X�O�D �G�H �$�U�D�X�F�R�� �\ �X�Q �Y�D�O�R�U �G�H �������� �S�D�U�D �O�D �U�D�]�y�QVP / VS �� �'�L�D�]

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

�3�H�Q�t�Q�V�X�O�D �G�H �7�D�L�W�D�R��

�3�R�U �R�W�U�D �S�D�U�W�H�� �F�R�Q�F�H�U�Q�L�H�Q�W�H �D �O�D�V �H�V�W�D�F�L�R�Q�H�V�� �9�(�/�(�6�7 �F�R�Q�V�L�G�H�U�D �S�D�U�D �V�X�V �F�i�O�F�X�O�R�V �T�X�H �H�V�W�D�V



���� �&�$�3�Ë�7�8�/�2 ���� �0�(�7�2�'�2�/�2�*�Ë�$��

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

�U�H�G �G�H �H�V�W�D�F�L�R�Q�H�V �F�R�Q �O�D �T�X�H �V�H �F�X�H�Q�W�D �G�H�E�L�G�R �D �T�X�H �G�H�Q�W�U�R �G�H �H�V�W�D �K�D�\ �F�L�Q�F�R �H�V�W�D�F�L�R�Q�H�V �2�%�6��

�T�X�H �H�Q �S�U�R�P�H�G�L�R �V�X�S�H�U�D�Q �O�R�V �� �>�N�P�@ �G�H �S�U�R�I�X�Q�G�L�G�D�G�� �3�D�U�D �V�X�S�H�U�D�U �H�V�W�R�� �V�H �F�D�O�F�X�O�y �H�O �W�L�H�P�S�R �G�H

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

�G�D �H�V�W�D�F�L�y�Q�� �&�R�P�R �H�V�W�D�F�L�y�Q �G�H �U�H�I�H�U�H�Q�F�L�D �V�H �H�O�L�J�L�y �D �&�/�(�0�� �H�V�W�D �H�V �D�G�H�F�X�D�G�D �S�R�U �V�X �X�E�L�F�D�F�L�y�Q �D�O

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

�G�H �O�D�V �I�D�V�H�V�� �O�R�J�U�i�Q�G�R�V�H �S�L�F�N�V �G�H �P�i�V �F�D�O�L�G�D�G �F�R�Q �H�V�W�D �H�V�W�D�F�L�y�Q�� �3�R�U �G�H�I�L�Q�L�F�L�y�Q�� �D�O �V�H�U �&�/�(�0 �O�D

�H�V�W�D�F�L�y�Q �G�H �U�H�I�H�U�H�Q�F�L�D�� �H�V�W�D �W�L�H�Q�H �D�V�L�J�Q�D�G�R �X�Q �W�L�H�P�S�R �G�H �U�H�W�D�U�G�R �S�D�U�D �O�D �R�Q�G�D �3 �L�J�X�D�O �D �F�H�U�R��

�9�(�/�(�6�7 �F�X�H�Q�W�D �F�R�Q �G�R�V �P�R�G�R�V �G�H �I�X�Q�F�L�R�Q�D�P�L�H�Q�W�R �S�U�L�Q�F�L�S�D�O�H�V�� �H�O �0�R�G�R �G�H �(�Y�H�Q�W�R�V �6�L�P�X�O��

�W�i�Q�H�R�V ���6�L�P�X�O�W�D�Q�H�R�X�V �0�R�G�H�� �\ �H�O �0�R�G�R �G�H �(�Y�H�Q�W�R�V �,�Q�G�L�Y�L�G�X�D�O�H�V ���6�L�Q�J�O�H �(�Y�H�Q�W �0�R�G�H���� �H�V�W�R�V �W�L�H�Q�H�Q
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�Q�X�H�Y�D �O�R�F�D�O�L�]�D�F�L�y�Q �O�R�J�U�D �V�X�S�H�U�D�U �H�O �S�U�R�E�O�H�P�D �T�X�H �S�U�H�V�H�Q�W�D�E�D �O�D �S�U�L�P�H�U�D �X�W�L�O�L�]�D�Q�G�R �+�<�3�2�����3�&��

�G�R�Q�G�H �P�X�F�K�R�V �G�H �O�R�V �V�L�V�P�R�V �H�U�D�Q �G�H�I�L�Q�L�G�R�V �F�R�Q �X�Q�D �S�U�R�I�X�Q�G�L�G�D�G �I�L�M�D �G�H �� �>�N�P�@��
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�)�L�J�X�U�D �������� �/�R�F�D�O�L�]�D�F�L�y�Q �I�L�Q�D�O �G�H �O�R�V �H�Y�H�Q�W�R�V �V�t�V�P�L�F�R�V �G�H �O�D �E�D�V�H �G�H �G�D�W�R�V �L�Q�L�F�L�D�O �X�W�L�O�L�]�D�Q�G�R �H�O �P�R�G�H��
�O�R �����' �I�L�Q�D�O�� �S�U�R�G�X�F�W�R �G�H �O�D �L�Q�Y�H�U�V�L�y�Q �F�R�Q �9�(�/�(�6�7�� �/�R�V �W�U�L�i�Q�J�X�O�R�V �L�Q�Y�H�U�W�L�G�R�V �D�]�X�O�H�V �F�R�U�U�H�V�S�R�Q�G�H�Q
�D �O�D�V �H�V�W�D�F�L�R�Q�H�V �G�H �O�D �U�H�G��

�(�Q �D�G�L�F�L�y�Q�� �V�H �D�Q�D�O�L�]�y �O�R�V �U�H�V�L�G�X�R�V �G�H �O�D�V �I�D�V�H�V �O�R�F�D�O�L�]�D�G�D�V �F�R�Q �H�V�W�R�V �P�R�G�H�O�R�V�� �6�H �R�E�V�H�U�Y�D ���Y�H�U

�I�L�J�X�U�D�V ������ �\ �������� �H�Q �S�U�L�P�H�U�D �L�Q�V�W�D�Q�F�L�D �T�X�H �H�V�W�D�V �V�L�J�X�H�Q �X�Q�D �G�L�V�W�U�L�E�X�F�L�y�Q �F�R�Q �F�D�U�D�F�W�H�U�t�V�W�L�F�D�V �T�X�H

�S�R�G�U�t�D�Q �D�V�R�F�L�D�U�V�H �F�R�Q �X�Q�D �G�L�V�W�U�L�E�X�F�L�y�Q �Q�R�U�P�D�O�� �V�L�Q �H�P�E�D�U�J�R �X�Q �W�H�V�W �G�H �Q�R�U�P�D�O�L�G�D�G �G�H �6�K�D�S�L�U�R���:�L�O�N
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�L�Q�G�L�F�D �T�X�H �S�D�U�D �D�P�E�R�V �F�D�V�R�V �E�D�M�R �X�Q ���� �� �G�H �F�R�Q�I�L�D�Q�]�D �H�V�W�D�V �Q�R �O�R �V�L�J�X�H�Q�� �/�D �I�L�J�X�U�D ������ �P�X�H�V�W�U�D

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

�Y�L�D�F�L�y�Q �H�V�W�i�Q�G�D�U �G�H �O�R�V �P�L�V�P�R�V��

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

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

�V�R�E�U�H�V�W�L�P�H �R �V�X�E�H�V�W�L�P�H �O�R�V �W�L�H�P�S�R�V �G�H �O�O�H�J�D�G�D�� �S�R�U �O�R �T�X�H �H�V �S�R�V�L�E�O�H �F�R�Q�F�O�X�L�U �T�X�H �H�O �P�R�G�H�O�R �����'

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

�G�D�G�� �/�R�V �Y�D�O�R�U�H�V �G�H �Y�H�O�R�F�L�G�D�GVP �\ VS �H�Q �O�R�V �S�U�L�P�H�U�R�V� ���� �>�N�P�@ �V�R�Q �H�V�W�L�P�D�F�L�R�Q�H�V �L�Q�L�F�L�D�O�H�V�� �S�R�U �O�R

�G�H�P�i�V�� �E�D�M�R �O�R�V� ���� �>�N�P�@ �G�H �S�U�R�I�X�Q�G�L�G�D�G �H�O �P�R�G�H�O�R �S�L�H�U�G�H �S�U�H�F�L�V�L�y�Q �G�D�G�R �T�X�H �Q�R �K�D�\ �U�D�\�R�V �T�X�H

�F�U�X�F�H�Q �F�D�S�D�V �D �H�V�W�D�V �S�U�R�I�X�Q�G�L�G�D�G�H�V��
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Single Event Mode, #3
Residuos S.

�)�L�J�X�U�D �������� �5�H�V�L�G�X�R�V �G�H �O�D�V �I�D�V�H�V �S�D�U�D �O�D�V �O�R�F�D�O�L�]�D�F�L�R�Q�H�V �F�R�Q �H�O �P�R�G�H�O�R �G�H �Y�H�O�R�F�L�G�D�G �����' �I�L�Q�D�O��
�S�D�U�D �O�D�V �I�D�V�H�V �3 ���L�]�T���� �\ �6 ���G�H�U������ �6�H �F�X�H�Q�W�D �F�R�Q ������ �R�E�V�H�U�Y�D�F�L�R�Q�H�V �3 �\ ������ �R�E�V�H�U�Y�D�F�L�R�Q�H�V �6��
�W�R�W�D�O�L�]�D�Q�G�R �O�D�V ������ �P�H�Q�F�L�R�Q�D�G�D�V �H�Q �H�O �F�X�D�G�U�R ��������

�/�R�V �U�H�V�L�G�X�R�V �G�H �O�D�V �I�D�V�H�V �6 �S�U�H�V�H�Q�W�D�Q �X�Q�D �P�D�\�R�U �G�L�V�S�H�U�V�L�y�Q �F�R�Q �U�H�V�S�H�F�W�R �D �O�D �3�� �W�H�Q�L�H�Q�G�R �X�Q�D

�G�H�V�Y�L�D�F�L�y�Q �H�V�W�i�Q�G�D�U �G�H� = 0 ; 450 �>�V�@�� �P�D�\�R�U �T�X�H �O�D �G�H�V�Y�L�D�F�L�y�Q �G�H �O�R�V �U�H�V�L�G�X�R�V �G�H �O�D�V �I�D�V�H�V �3�� �G�H

� = 0 ; 373 �>�V�@�� �P�L�H�Q�W�U�D�V �T�X�H �H�Q �S�U�R�P�H�G�L�R �H�V�W�R�V �V�R�Q �X�Q �S�R�F�R �P�i�V �E�D�M�R�V �T�X�H �H�Q �H�O �F�D�V�R �G�H �O�D�V �3��
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�)�L�J�X�U�D �������� �'�L�V�W�U�L�E�X�F�L�R�Q�H�V �G�H �O�R�V �U�H�V�L�G�X�R�V �G�H �O�D�V �I�D�V�H�V �S�D�U�D �O�D�V �O�R�F�D�O�L�]�D�F�L�R�Q�H�V �F�R�Q �H�O �P�R�G�H�O�R �G�H
�Y�H�O�R�F�L�G�D�G �����' �I�L�Q�D�O�� �S�D�U�D �O�D�V �I�D�V�H�V �3 ���L�]�T���� �\ �6 ���G�H�U���� �M�X�Q�W�R �D �X�Q�D �I�X�Q�F�L�y�Q �G�H �G�H�Q�V�L�G�D�G �G�H �S�U�R�E�D�E�L�O�L�G�D�G
�Q�R�U�P�D�O �F�R�Q �P�H�G�L�D �\ �G�H�V�Y�L�D�F�L�y�Q �H�V�W�i�Q�G�D�U �L�J�X�D�O �D �O�D�V �G�H �O�R�V �U�H�V�S�H�F�W�L�Y�R�V �U�H�V�L�G�X�R�V�� �/�D �O�t�Q�H�D �S�X�Q�W�H�D�G�D
�D�]�X�O �F�R�U�U�H�V�S�R�Q�G�H �D �O�D �P�H�G�L�D �G�H �O�R�V �U�H�V�L�G�X�R�V �\ �O�D�V �O�t�Q�H�D�V �U�R�M�D�V �P�D�U�F�D�Q �X�Q�D �G�H�V�Y�L�D�F�L�y�Q �H�V�W�i�Q�G�D�U��

�W�H�Q�L�H�Q�G�R �X�Q�D �P�H�G�L�D� S = 0 ; 032�>�V�@�� �Y�H�U�V�X�V �O�D �P�H�G�L�D� P = 0 ; 039�>�V�@ �G�H �O�D�V �I�D�V�H�V �3��

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

�U�R�Q �F�R�Q �U�H�V�S�H�F�W�R �D �O�R�V �S�U�L�P�H�U�R�V �F�R�Q�V�L�G�H�U�D�G�R�V �S�D�U�D �O�D �O�R�F�D�O�L�]�D�F�L�y�Q�� �S�U�L�Q�F�L�S�D�O�P�H�Q�W�H �D�T�X�H�O�O�R�V �G�H �O�D�V

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

�V�H�U �Q�H�J�D�W�L�Y�R�V �F�R�Q �U�H�V�S�H�F�W�R �D �O�D �H�V�W�D�F�L�y�Q �G�H �U�H�I�H�U�H�Q�F�L�D�� �F�R�Q �H�[�F�H�S�F�L�y�Q �G�H �O�D �H�V�W�D�F�L�y�Q �6�$�1�5�� �X�E�L��

�F�D�G�D �H�Q �O�D �/�D�J�X�Q�D �6�D�Q �5�D�I�D�H�O�� �H�Q �O�D�V �L�Q�P�H�G�L�D�F�L�R�Q�H�V �G�H�O �,�V�W�P�R �G�H �2�I�T�X�L �H�Q �H�O �V�X�U �G�H �O�D �U�H�G��

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

�T�X�H �D�O �X�W�L�O�L�]�D�U �9�(�/�(�6�7�� �\ �S�X�H�V�W�R �T�X�H �H�O �S�U�R�J�U�D�P�D �F�R�Q�V�L�G�H�U�D �T�X�H �W�R�G�D�V �O�D�V �H�V�W�D�F�L�R�Q�H�V �V�H �V�L�W�~�D�Q �H�Q

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

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

�H�V�W�D�F�L�R�Q�H�V�� �(�V�W�R �V�H �R�E�V�H�U�Y�D �I�X�H�U�W�H�P�H�Q�W�H �H�Q �H�V�W�D �U�H�G �G�R�Q�G�H �V�H �W�U�D�E�D�M�D �F�R�Q �2�%�6�� �V�L�W�X�D�G�R�V �D �S�U�R��

�I�X�Q�G�L�G�D�G�H�V �G�H �P�i�V �G�H ���������� �P�H�W�U�R�V�� �K�D�E�L�H�Q�G�R �F�H�U�F�D ���������� �P�H�W�U�R�V �G�H �G�L�I�H�U�H�Q�F�L�D �H�Q�W�U�H �O�D �H�V�W�D�F�L�y�Q
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�)�L�J�X�U�D �������� �7�L�H�P�S�R�V �G�H �U�H�W�D�U�G�R �G�H �O�D�V �H�V�W�D�F�L�R�Q�H�V �S�D�U�D �O�D�V �I�D�V�H�V �3 ���L�]�T���� �\ �6 ���G�H�U������ �/�D�V �F�U�X�F�H�V �D�]�X�O�H�V
�P�X�H�V�W�U�D�Q �H�V�W�D�F�L�R�Q�H�V �F�R�Q �W�L�H�P�S�R�V �G�H �U�H�W�D�U�G�R �Q�H�J�D�W�L�Y�R�V �\ �O�R�V �F�t�U�F�X�O�R�V �U�R�M�R�V �P�X�H�V�W�U�D�Q �H�V�W�D�F�L�R�Q�H�V
�F�R�Q �W�L�H�P�S�R�V �S�R�V�L�W�L�Y�R�V�� �/�D �H�V�W�D�F�L�y�Q �G�H �U�H�I�H�U�H�Q�F�L�D �&�/�(�0 �V�H �P�X�H�V�W�U�D �F�R�Q �X�Q �W�U�L�i�Q�J�X�O�R �Q�H�J�U�R��

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

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

�H�V�S�H�U�D�G�R �V�R�O�R �S�R�U �F�R�Q�F�H�S�W�R�V �G�H �H�O�H�Y�D�F�L�y�Q�� �V�X�J�L�U�L�H�Q�G�R �T�X�H �H�V�W�U�X�F�W�X�U�D�V �G�H�O �W�H�U�U�H�Q�R �D�I�H�F�W�D�Q �O�D �Y�H�O�R��
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�D �]�R�Q�D�V �G�R�Q�G�H �Q�R �V�H �H�V�S�H�U�D �H�Q�F�R�Q�W�U�D�U �J�U�D�Q�G�H�V �L�Q�I�O�X�H�Q�F�L�D�V �G�H �O�D �Y�H�Q�W�D�Q�D �D�V�W�H�Q�R�V�I�p�U�L�F�D�� �D�O �Q�R�U�W�H��
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�6�L�J�X�L�H�Q�G�R �H�O �H�V�T�X�H�P�D �H�V�F�D�O�R�Q�D�G�R �G�H �L�Q�Y�H�U�V�L�y�Q �S�U�R�S�X�H�V�W�R �S�D�U�D �O�D �U�H�D�O�L�]�D�F�L�y�Q �G�H �H�V�W�H �H�V�W�X�G�L�R�� �V�H

�S�D�U�W�L�y �F�R�Q �X�Q�D �W�U�D�Q�V�H�F�W�D �F�R�Q �X�Q �E�D�M�R �Q�~�P�H�U�R �G�H �Q�R�G�R�V �K�R�U�L�]�R�Q�W�D�O�H�V�� �S�D�U�D �G�H�V�S�X�p�V �H�Q �E�D�V�H �D �O�R�V

�U�H�V�X�O�W�D�G�R�V �R�E�W�H�Q�L�G�R�V �D �W�U�D�Y�p�V �G�H �X�Q �D�Q�i�O�L�V�L�V �G�H �U�H�V�R�O�X�F�L�y�Q ���'�:�6�� �D�X�P�H�Q�W�D�U �H�O �Q�~�P�H�U�R �G�H �Q�R�G�R�V

�H�Q �D�T�X�H�O�O�D�V �]�R�Q�D�V �G�R�Q�G�H �O�D �U�H�V�R�O�X�F�L�y�Q �G�H�O �P�R�G�H�O�R �O�R �D�P�H�U�L�W�D�U�D�� �\ �S�R�V�W�H�U�L�R�U�P�H�Q�W�H �D�X�P�H�Q�W�D�U �H�O �Q�~��

�P�H�U�R �G�H �S�H�U�I�L�O�H�V��

�&�R�P�R �I�X�H �P�H�Q�F�L�R�Q�D�G�R �H�Q �V�H�F�F�L�R�Q�H�V �D�Q�W�H�U�L�R�U�H�V�� �O�D �H�V�W�D�F�L�y�Q �&�/�(�0 �I�X�H �H�O�H�J�L�G�D �F�R�P�R �H�V�W�D�F�L�y�Q

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

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

�R�E�W�H�Q�H�U �X�Q�D �E�X�H�Q�D �F�D�O�L�G�D�G �H�Q �O�R�V �S�L�F�N�V �G�H �H�V�W�D �H�V�W�D�F�L�y�Q�� �$ �S�D�U�W�L�U �G�H �H�V�W�D �H�V�W�D�F�L�y�Q �V�H �G�H�I�L�Q�L�y �O�D

�X�E�L�F�D�F�L�y�Q �G�H �O�R�V �Q�R�G�R�V �H�Qx �\ �H�Qy �G�H �O�D �W�U�D�Q�V�H�F�W�D �$���$�¶�� �T�X�H �F�R�U�U�H�V�S�R�Q�G�L�y �D �O�D �S�U�L�P�H�U�D �W�R�P�R�J�U�D�I�t�D

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

�V�H�Q�W�L�G�R �G�Hy�� �3�D�U�D �O�D�V �L�Q�Y�H�U�V�L�R�Q�H�V �S�R�V�W�H�U�L�R�U�H�V �H�O �H�Q�O�D�F�H �H�Q�W�U�H �Q�R�G�R�V �V�H �G�H�I�L�Q�L�y �F�R�Q�V�W�D�Q�W�H��

�(�O �G�L�V�W�D�Q�F�L�D�P�L�H�Q�W�R �G�H �O�R�V �Q�R�G�R�V �H�V�W�H���R�H�V�W�H �G�H �O�D �S�U�L�P�H�U�D �W�U�D�Q�V�H�F�W�D �$���$�¶ �H�Q �O�D �L�Q�Y�H�U�V�L�y�Q �����'

�J�U�X�H�V�D �I�X�H �G�H ���� �N�P �S�D�U�D �O�R�V �S�U�L�P�H�U�R�V �W�U�H�V �Q�R�G�R�V �\ �S�R�V�W�H�U�L�R�U�P�H�Q�W�H �H�V�W�H �D�X�P�H�Q�W�y �D ���� �\ �I�L�Q�D�O��
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�V�L�y�Q �S�D�U�D �Y�H�O�R�F�L�G�D�G �G�H �R�Q�G�D �3 �\ �S�D�U�DVp��Vs �� �)�L�Q�D�O�P�H�Q�W�H �V�H �U�H�D�O�L�]�y �V�H�Q�G�D�V �F�X�U�Y�D�V �F�R�P�S�D�U�D�Q�G�R �O�R�V

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

�6�H �G�H�E�H �H�V�F�R�J�H�U �H�O �Y�D�O�R�U �G�H �D�P�R�U�W�L�J�X�D�P�L�H�Q�W�R �T�X�H �F�R�P�S�H�Q�V�H �O�D �U�H�G�X�F�F�L�y�Q �G�H �O�R�V �U�H�V�L�G�X�R�V �F�R�Q �O�D

�F�R�P�S�O�H�M�L�G�D�G �G�H�O �P�R�G�H�O�R�� �Y�D�O�R�U �T�X�H �F�R�U�U�H�V�S�R�Q�G�H �D �O�D �³�H�V�T�X�L�Q�D�´ �G�H �H�V�W�D �F�X�U�Y�D ���(�E�H�U�K�D�U�W���3�K�L�O�O�L�S�V��

������������ �(�Q �H�V�W�H �F�D�V�R�� �V�H �H�V�F�R�J�L�y ������ �\ �������� �S�D�U�DVp �\ Vp/ Vs �U�H�V�S�H�F�W�L�Y�D�P�H�Q�W�H�� �&�R�P�R �P�R�G�H�O�R �G�H

�Y�H�O�R�F�L�G�D�G �G�H �R�Q�G�D �3 �L�Q�L�F�L�D�O �V�H �X�W�L�O�L�]�y �H�O �P�R�G�H�O�R �����' �R�E�W�H�Q�L�G�R �D �S�D�U�W�L�U �G�H �O�D �L�Q�Y�H�U�V�L�y�Q �F�R�Q �9�(�/�(�6�7��

�E�D�V�D�G�R �H�Q �H�O �P�R�G�H�O�R �G�H �Y�H�O�R�F�L�G�D�G �X�W�L�O�L�]�D�G�R �S�R�U �+�L�F�N�V ������������ �S�D�U�D �O�D �3�H�Q�t�Q�V�X�O�D �G�H �$�U�D�X�F�R�� �P�L�H�Q��

�W�U�D�V �T�X�H �F�R�P�R �P�R�G�H�O�R �G�HVp��Vs �V�H �X�W�L�O�L�]�y �X�Q �P�R�G�H�O�R �F�R�Q�V�W�D�Q�W�H �F�R�Q �X�Q �Y�D�O�R�U �G�H ����������
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�)�L�J�X�U�D ���������� �&�X�U�Y�D�V �G�H �Y�D�O�R�U�H�V �G�H�O �I�D�F�W�R�U �G�H �D�P�R�U�W�L�J�X�D�P�L�H�Q�W�R ���G�D�P�S�L�Q�J�� �S�D�U�D �O�D �L�Q�Y�H�U�V�L�y�Q �����'
�J�U�X�H�V�D�� �/�D �I�L�J�X�U�D �G�H �O�D �L�]�T�X�L�H�U�G�D �P�X�H�V�W�U�D �Y�D�O�R�U�H�V �G�H�G�D�P�S�L�Q�J�S�D�U�D �H�O �P�R�G�H�O�RVp �P�L�H�Q�W�U�D�V �O�D �G�H �O�D
�G�H�U�H�F�K�D �F�R�U�U�H�V�S�R�Q�G�H �D�O �P�R�G�H�O�RVp/ Vs �� �/�R�V �Y�D�O�R�U�H�V �G�H�O �I�D�F�W�R�U �G�H �D�P�R�U�W�L�J�X�D�P�L�H�Q�W�R �H�O�H�J�L�G�R�V �I�X�H�U�R�Q
������ �S�D�U�D �H�O �F�D�V�R �G�H �O�D �Y�H�O�R�F�L�G�D�G �G�H �R�Q�G�D �3 �\ ������ �S�D�U�D �O�D �U�D�]�y�Q �H�Q�W�U�H �O�D�V �Y�H�O�R�F�L�G�D�G�H�V��

�$�Q�i�O�L�V�L�V �G�H �O�D �'�:�6 �G�H �H�V�W�H �U�H�V�X�O�W�D�G�R �P�X�H�V�W�U�D�Q �T�X�H �H�V �S�R�V�L�E�O�H �D�X�P�H�Q�W�D�U �O�D �F�D�Q�W�L�G�D�G �G�H �Q�R�G�R�V

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

�E�D�M�D �S�U�R�I�X�Q�G�L�G�D�G�� �V�H �P�D�Q�W�L�H�Q�H �O�D �F�D�Q�W�L�G�D�G �G�H �Q�R�G�R�V�� �F�R�Q �X�Q�D �V�H�S�D�U�D�F�L�y�Q �G�H �� �>�N�P�@ �H�Q �O�R�V �S�U�L�P�H�U�R�V

���� �N�L�O�y�P�H�W�U�R�V �G�H �S�U�R�I�X�Q�G�L�G�D�G�� �D�X�P�H�Q�W�D�Q�G�R �O�X�H�J�R �D ������
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�)�L�J�X�U�D ���������� �7�R�P�R�J�U�D�I�t�D �����' �J�U�X�H�V�D �D �O�R �O�D�U�J�R �G�H �O�D �W�U�D�Q�V�H�F�W�D �$���$�¶�� �F�R�Q �F�R�Q�W�R�U�Q�R�V �G�H �O�D �'�:�6
�V�R�E�U�H�S�X�H�V�W�R�V �S�D�U�D �O�D �H�O�H�F�F�L�y�Q �G�H �O�D�V �]�R�Q�D�V �G�R�Q�G�H �G�H�Q�V�L�I�L�F�D�U �O�D �F�D�Q�W�L�G�D�G �G�H �Q�R�G�R�V�� �/�R�V �S�X�Q�W�R�V
�Q�H�J�U�R�V �P�X�H�V�W�U�D�Q �O�D �S�R�V�L�F�L�y�Q �G�H �O�R�V �W�H�U�U�H�P�R�W�R�V�� �O�D�V �F�U�X�F�H�V �P�X�H�V�W�U�D�Q �O�D �X�E�L�F�D�F�L�y�Q �G�H �O�R�V �Q�R�G�R�V��
�/�D�V �S�R�V�L�F�L�R�Q�H�V �G�H �O�D�V �H�V�W�D�F�L�R�Q�H�V �T�X�H �V�H �H�Q�F�X�H�Q�W�U�D�Q �V�R�E�U�H �H�O �S�H�U�I�L�O �V�H �P�X�H�V�W�U�D�Q �F�R�Q �W�U�L�i�Q�J�X�O�R�V
�L�Q�Y�H�U�W�L�G�R�V��

�&�R�Q �O�D �Q�X�H�Y�D �G�L�V�S�R�V�L�F�L�y�Q �G�H �Q�R�G�R�V �G�H�I�L�Q�L�G�D�� �V�H �G�H�I�L�Q�H �G�R�V �Q�X�H�Y�D�V �W�U�D�Q�V�H�F�W�D�V �D�O �V�X�U �G�H �$���$�¶�� �F�R�Q

�O�R�V �F�U�L�W�H�U�L�R�V �P�H�Q�F�L�R�Q�D�G�R�V �F�R�Q �D�Q�W�H�U�L�R�U�L�G�D�G�� �3�D�U�D �H�V�W�R �V�H �F�U�H�y �G�R�V �Q�X�H�Y�D�V �W�U�D�Q�V�H�F�W�D�V�� �%���%�¶ �\ �&���&�¶��

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

�D�F�W�X�D�O�P�H�Q�W�H�� �\ �V�R�E�U�H �H�O �i�U�H�D �G�R�Q�G�H �V�H �H�V�S�H�U�D �T�X�H �H�V�W�p �O�D �9�H�Q�W�D�Q�D ���V�R�E�U�H �O�D �G�R�U�V�D�O �V�X�E�G�X�F�W�D�G�D

�K�D�F�H �� �0�D���� �8�Q�D �Y�H�] �G�H�I�L�Q�L�G�D�V �W�R�G�D�V �O�D�V �W�U�D�Q�V�H�F�W�D�V�� �V�H �Y�X�H�O�Y�H �D �U�H�S�H�W�L�U �H�O �S�U�R�F�H�V�R �H�P�S�t�U�L�F�R �G�H

�E�~�V�T�X�H�G�D �G�H �O�R�V �I�D�F�W�R�U�H�V �G�H �D�P�R�U�W�L�J�X�D�P�L�H�Q�W�R �S�D�U�D �H�O �F�i�O�F�X�O�R �G�H �O�D �W�R�P�R�J�U�D�I�t�D �I�L�Q�D�O�� �(�V�W�D�V �F�X�U��

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

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

�P�R�G�H�O�R �V�X�F�H�G�H �D �P�H�Q�R�U�H�V �H�V�F�D�O�D�V�� �'�H �O�R�V ���� �H�Y�H�Q�W�R�V �F�R�Q �O�R�V �T�X�H �V�H �S�D�U�W�H �S�D�U�D �O�D �L�Q�Y�H�U�V�L�y�Q �J�U�X�H��

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

�O�D�V �~�O�W�L�P�D�V �L�Q�Y�H�U�V�L�R�Q�H�V�� �G�H �H�V�W�D �P�D�Q�H�U�D�� �V�H �S�D�V�y �G�H ������ �R�E�V�H�U�Y�D�F�L�R�Q�H�V �G�L�V�S�R�Q�L�E�O�H�V �D �������� �V�L�H�Q�G�R

������ �G�H �H�V�W�D�V �R�E�V�H�U�Y�D�F�L�R�Q�H�V �G�H �O�D �O�O�H�J�D�G�D �G�H �R�Q�G�D �3 �\ ������ �G�H �R�Q�G�D �6�� �(�Q �H�O �F�X�D�G�U�R �������� �S�X�H�G�H

�H�Q�F�R�Q�W�U�D�U�V�H �X�Q �U�H�V�X�P�H�Q �F�R�Q �O�D �F�D�Q�W�L�G�D�G �G�H �H�Y�H�Q�W�R�V �G�L�V�S�R�Q�L�E�O�H�V �S�D�U�D �F�D�G�D �L�W�H�U�D�F�L�y�Q��
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�)�L�J�X�U�D ���������� �&�X�U�Y�D�V �G�H �Y�D�O�R�U�H�V �G�H�O �I�D�F�W�R�U �G�H �D�P�R�U�W�L�J�X�D�P�L�H�Q�W�R ���G�D�P�S�L�Q�J�� �S�D�U�D �O�D �L�Q�Y�H�U�V�L�y�Q �����' �I�L�Q�D��
�/�D �I�L�J�X�U�D �G�H �O�D �L�]�T�X�L�H�U�G�D �P�X�H�V�W�U�D �Y�D�O�R�U�H�V �G�H�G�D�P�S�L�Q�J�S�D�U�D �H�O �P�R�G�H�O�RVp �P�L�H�Q�W�U�D�V �O�D �G�H �O�D �G�H�U�H�F�K�D
�F�R�U�U�H�V�S�R�Q�G�H �D�O �P�R�G�H�O�RVp/ Vs �� �6�H �H�O�L�J�L�y ������ �S�D�U�DVp �\ ������ �S�D�U�DVp/ Vs ��

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

�O�D�V �F�X�U�Y�D�V �G�H �O�D �I�L�J�X�U�D ���������� �U�H�V�X�O�W�D�Q�G�R ������ �S�D�U�DVp �\ ������ �S�D�U�DVp/ Vs �� �&�R�Q �H�V�W�R�V �Y�D�O�R�U�H�V �V�H �Y�R�O�Y�L�y

�D �U�H�D�O�L�]�D�U �O�D �L�Q�Y�H�U�V�L�y�Q �W�R�P�R�J�U�i�I�L�F�D�� �F�R�Q�V�L�G�H�U�D�Q�G�R �H�V�W�D �Y�H�] �O�D�V �V�R�O�R �O�D�V �W�U�D�Q�V�H�F�W�D�V �%���%�¶ �\ �&���&�¶�� �\ �Q�R

�W�R�P�D�Q�G�R �H�Q �F�X�H�Q�W�D �$���$�¶��

�/�R�V �U�H�V�X�O�W�D�G�R�V �G�H �H�V�W�D �Q�X�H�Y�D �L�Q�Y�H�U�V�L�y�Q �H�Q �O�D�V �W�U�D�Q�V�H�F�W�D�V �%���%�¶ �\ �&���&�¶ �I�X�H�U�R�Q �X�V�D�G�R�V �F�R�P�R �P�R��

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

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

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

�/�R�V �Q�R�G�R�V �X�W�L�O�L�]�D�G�R�V �H�Q �O�D�V �L�Q�Y�H�U�V�L�R�Q�H�V �W�R�P�R�J�U�i�I�L�F�D�V �V�H �H�Q�F�X�H�Q�W�U�D�Q �U�H�V�X�P�L�G�R�V �H�Q �O�R�V �F�X�D��

�G�U�R�V �������� ������ �\ �������� �/�D�V �G�L�V�W�D�Q�F�L�D�V �P�R�V�W�U�D�G�D�V �H�Q �O�D �G�L�V�S�R�V�L�F�L�y�Q �G�H �Q�R�G�R�V �U�H�S�U�H�V�H�Q�W�D�Q �N�L�O�y�P�H�W�U�R�V

�K�D�F�L�D �O�D �H�V�W�D�F�L�y�Q �G�H �U�H�I�H�U�H�Q�F�L�D �&�/�(�0�� �(�Q �O�D �G�L�U�H�F�F�L�y�Qx�� �Q�H�J�D�W�L�Y�R �V�L�J�Q�L�I�L�F�D �K�D�F�L�D �H�O �R�H�V�W�H�� �H�Q �H�O

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

�1� �G�H �Q�R�G�R�V �'�L�V�S�R�V�L�F�L�y�Q �G�H �Q�R�G�R�V �>�N�P�@

�1�R�G�R�Vx ���� �������� �������� �������� �������� ������ ������ ������ �� ���� ���� ���� ������ ������ ������
�1�R�G�R�Vy �� �������� �������� ������ ������
�1�R�G�R�Vz ���� ������ �� �� ���� ���� ���� ���� ���� ���� ���� ���� ������ ������

�&�X�D�G�U�R �������� �'�L�V�S�R�V�L�F�L�y�Q �G�H �Q�R�G�R�V �X�W�L�O�L�]�D�G�R�V �H�Q �O�D �L�Q�Y�H�U�V�L�y�Q �W�R�P�R�J�U�i�I�L�F�D �J�U�X�H�V�D�� �F�R�U�U�H�V�S�R�Q�G�L�H�Q�W�H
�D �O�D �W�U�D�Q�V�H�F�W�D �$���$�¶�� �/�R�V �Q�R�G�R�V �G�H �O�D �L�Q�Y�H�U�V�L�y�Q �����' �H�V�W�i�Q �H�Q�O�D�]�D�G�R�V�� �S�H�U�P�L�W�L�H�Q�G�R �Y�D�U�L�D�F�L�R�Q�H�V �G�H�O
�P�R�G�H�O�R �G�H �Y�H�O�R�F�L�G�D�G �V�R�O�D�P�H�Q�W�H �H�Q �O�D�V �G�L�U�H�F�F�L�R�Q�H�Vx �Hy��
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�1� �G�H �Q�R�G�R�V �'�L�V�S�R�V�L�F�L�y�Q �G�H �Q�R�G�R�V �>�N�P�@

�1�R�G�R�Vx ���� �������� �������� �������� �������� �������� ������ ������ ������ ������ �� ���� ���� ���� ������ ������ ������
�1�R�G�R�Vy �� �������� �������� ������ ������ ������ ������
�1�R�G�R�Vz ���� ������ �� �� ���� ���� ���� ���� ���� ���� ���� ���� ������ ������

�&�X�D�G�U�R �������� �'�L�V�S�R�V�L�F�L�y�Q �G�H �Q�R�G�R�V �X�W�L�O�L�]�D�G�R�V �H�Q �O�D �S�U�L�P�H�U�D �L�Q�Y�H�U�V�L�y�Q �W�R�P�R�J�U�i�I�L�F�D �����'�� �V�H �D�J�U�H�J�D�Q
�O�D�V �O�t�Q�H�D�V �G�H �Q�R�G�R�V �H�Q ������ �\ ������ �N�P�� �F�R�U�U�H�V�S�R�Q�G�L�H�Q�W�H�V �D �O�D�V �W�U�D�Q�V�H�F�W�D�V �&���&�¶ �\ �%���%�¶�� �U�H�V�S�H�F�W�L�Y�D�P�H�Q��
�W�H�� �/�R�V �Q�R�G�R�V �H�Q �O�D�V �L�Q�Y�H�U�V�L�R�Q�H�V �����' �Q�R �H�V�W�i�Q �H�Q�O�D�]�D�G�R�V�� �S�R�U �O�R �T�X�H �O�D�V �Y�D�U�L�D�F�L�R�Q�H�V �G�H�O �P�R�G�H�O�R
�G�H �Y�H�O�R�F�L�G�D�G �S�X�H�G�H�Q �V�H�U �H�Q �W�R�G�D�V �O�D�V �G�L�U�H�F�F�L�R�Q�H�V��

�1� �G�H �Q�R�G�R�V �'�L�V�S�R�V�L�F�L�y�Q �G�H �Q�R�G�R�V �>�N�P�@

�1�R�G�R�Vx ���� �������� �������� �������� �������� �������� ������ ������ ������ ������ �� ���� ���� ���� ������ ������ ������
�1�R�G�R�Vy �� �������� �������� ������ ������ ������ ������
�1�R�G�R�Vz ���� ������ �� �� ���� ���� ���� ���� ���� ���� ���� ���� ���� ������ ������

�&�X�D�G�U�R �������� �'�L�V�S�R�V�L�F�L�y�Q �G�H �Q�R�G�R�V �\ �I�D�F�W�R�U�H�V �G�H �D�P�R�U�W�L�J�X�D�P�L�H�Q�W�R �X�W�L�O�L�]�D�G�R�V �H�Q �O�D �L�Q�Y�H�U�V�L�y�Q �W�R�P�R��
�J�U�i�I�L�F�D �����' �I�L�Q�D�� �V�H �D�J�U�H�J�D�Q �O�D �O�t�Q�H�D �G�H �Q�R�G�R�V �D �O�R�V ���� �N�P�� �/�R�V �Q�R�G�R�V �H�Q �O�D�V �L�Q�Y�H�U�V�L�R�Q�H�V �����'
�Q�R �H�V�W�i�Q �H�Q�O�D�]�D�G�R�V�� �S�R�U �O�R �T�X�H �O�D�V �Y�D�U�L�D�F�L�R�Q�H�V �G�H�O �P�R�G�H�O�R �G�H �Y�H�O�R�F�L�G�D�G �S�X�H�G�H�Q �V�H�U �H�Q �W�R�G�D�V �O�D�V
�G�L�U�H�F�F�L�R�Q�H�V��

�/�R�V �S�D�U�i�P�H�W�U�R�V �\ �F�D�U�D�F�W�H�U�t�V�W�L�F�D�V �G�H �W�R�G�R�V �O�R�V �S�D�V�R�V �G�H �O�D �W�R�P�R�J�U�D�I�t�D�� �G�H�V�G�H �H�O �P�R�G�H�O�R �����' �K�D�V�W�D

�H�O �P�R�G�H�O�R �����' �I�L�Q�D�O�� �V�H �H�Q�F�X�H�Q�W�U�D�Q �U�H�V�X�P�L�G�D�V �H�Q �H�O �F�X�D�G�U�R ���������� �6�H �R�E�V�H�U�Y�D �T�X�H �O�R�V �Y�D�O�R�U�H�V �G�H

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

�O�D�V �R�Q�G�D�V �3�� �P�L�H�Q�W�U�D�V �T�X�H �H�Q �H�O �F�D�V�R �G�H �O�D �U�H�V�W�D �6���3�� �H�V�W�D �V�X�I�U�H �X�Q �D�X�P�H�Q�W�R �H�Q �H�O �~�O�W�L�P�R �F�D�V�R��

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

�3�D�U�D �H�V�W�L�P�D�U �O�D �U�H�V�R�O�X�F�L�y�Q �G�H �O�D �W�R�P�R�J�U�D�I�t�D�� �W�D�Q�W�R �O�D�V �]�R�Q�D�V �G�H �P�H�M�R�U �F�D�O�L�G�D�G �G�H �L�Q�Y�H�U�V�L�y�Q �F�R�P�R

�O�R�V �W�D�P�D�x�R�V �G�H �O�D�V �H�V�W�U�X�F�W�X�U�D�V �T�X�H �H�V �S�R�V�L�E�O�H �U�H�F�X�S�H�U�D�U �F�R�Q �O�D �W�R�P�R�J�U�D�I�t�D �V�H �X�V�y �O�D �I�X�Q�F�L�y�Q �G�H

�H�V�S�D�U�F�L�P�L�H�Q�W�R �\ �X�Q �W�H�V�W �G�H �W�D�E�O�H�U�R �G�H �D�M�H�G�U�H�]�� �S�D�U�D �D�P�E�R�V �S�H�U�I�L�O�H�V �\ �W�D�Q�W�R �S�D�U�DVP �\ VP / VS �� �3�D�U�D

�H�O �F�i�O�F�X�O�R �G�H �O�R�V �W�L�H�P�S�R�V �G�H �Y�L�D�M�H �V�L�Q�W�p�W�L�F�R�V �V�H �X�W�L�O�L�]�y �X�Q �P�R�G�H�O�R �G�H �Y�H�O�R�F�L�G�D�G �E�D�V�D�G�R �H�Q �H�O �P�R��

�G�H�O�R �P�t�Q�L�P�R �����' ���G�H �F�D�S�D�V�� �R�E�W�H�Q�L�G�R �H�Q �O�D �L�Q�Y�H�U�V�L�y�Q �����' �F�R�Q �9�(�/�(�6�7�� �H�Q �H�O �F�D�V�R �G�H�O �P�R�G�H�O�R �G�H
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�3�D�V�R �*�$�3
�P�i�[��

�1� �G�H �H�Y�H�Q�W�R�V �)�� �G�H �D�P�R�U�W�L�J�X�D��
�P�L�H�Q�W�R

� 2 �3 � 2 �6���3

�0�R�G�H�O�R �����'������ ���� VP �� ������
VP / VS �� ������

���������� �����������


�0�R�G�H�O�R �����' ������ ���� VP �� ������
VP / VS �� ������

���������� ����������

�0�R�G�H�O�R �����'
�³�J�U�X�H�V�R�´

������ ���� VP �� ������
VP / VS �� ������

���������� ����������

�0�R�G�H�O�R �����'
�³�I�L�Q�R�´

������ ���� VP �� ������
VP / VS �� ������

���������� ����������

�&�X�D�G�U�R ���������� �6�X�P�D�U�L�R �G�H �O�R�V �S�D�U�i�P�H�W�U�R�V �G�H �W�R�G�R�V �O�R�V �S�D�V�R�V �G�H �O�D �L�Q�Y�H�U�V�L�y�Q �W�R�P�R�J�U�i�I�L�F�D�� �
� 2 �6

Vp �\ �X�Q �P�R�G�H�O�R �K�R�P�R�J�p�Q�H�R �F�R�Q �Y�D�O�R�U �������� �S�D�U�D �H�O �P�R�G�H�O�RVP / VS �� �H�O �P�L�V�P�R �Y�D�O�R�U �X�W�L�O�L�]�D�G�R �S�D�U�D

�O�D �R�E�W�H�Q�F�L�y�Q �G�H �H�V�W�H �P�R�G�H�O�R �P�t�Q�L�P�R �����'�� �/�R�V �P�R�G�H�O�R�V �S�D�U�D �H�O �W�H�V�W �I�X�H�U�R�Q �R�E�W�H�Q�L�G�R�V �D�J�U�H�J�D�Q�G�R

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

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

�]�R�Q�W�D�O�� �F�R�Q�V�L�J�X�L�H�Q�G�R �D�V�t �O�R�V �P�R�G�H�O�R �H�Q �W�D�E�O�H�U�R �G�H �D�M�H�G�U�H�]�� �/�X�H�J�R �V�H �L�Q�Y�L�U�W�L�y �X�W�L�O�L�]�D�Q�G�R �O�R�V �W�L�H�P�S�R�V

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

�F�R�P�R �V�H �H�[�S�O�L�F�D �H�Q �O�D �V�H�F�F�L�y�Q ������������

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

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

�T�X�H�x�D�V �S�R�V�L�E�O�H�V �G�H �U�H�F�X�S�H�U�D�U �W�L�H�Q�H�Q �X�Q �W�D�P�D�x�R �D�S�U�R�[�L�P�D�G�R �G�H ���� �>�N�P�@� ���� �>�N�P�@�� �&�R�P�R �V�X�J�L�H�U�H �O�D

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

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

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

�V�L�J�X�L�H�Q�W�H �F�D�S�t�W�X�O�R��

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

�G�H �O�D�V �W�U�D�Q�V�H�F�W�D�V �%���%�¶ �\ �&���&�¶ �\ �H�Q �H�O �D�Q�i�O�L�V�L�V �G�H �U�H�V�R�O�X�F�L�y�Q �T�X�H �F�R�P�S�U�H�Q�G�H �H�O �F�i�O�F�X�O�R �G�H �O�D �I�X�Q�F�L�y�Q

�G�H �H�V�S�D�U�F�L�P�L�H�Q�W�R ���7�R�R�P�H�\ �	 �)�R�X�O�J�X�H�U�� ������������ �D�V�t �F�R�P�R �X�Q�D �L�Q�W�H�U�S�U�H�W�D�F�L�y�Q �G�H �H�V�W�R�V �E�D�V�D�G�R �H�Q �O�D

�J�H�R�O�R�J�t�D �G�H�O �O�X�J�D�U �V�H �H�Q�F�X�H�Q�W�U�D�Q �H�Q �H�O �V�L�J�X�L�H�Q�W�H �F�D�S�t�W�X�O�R�� �G�H �5�H�V�X�O�W�D�G�R�V �H �L�Q�W�H�U�S�U�H�W�D�F�L�R�Q�H�V��



�&�D�S�t�W�X�O�R ��

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

�������� �$�Q�i�O�L�V�L�V �G�H �U�H�V�R�O�X�F�L�y�Q��

�(�Q �H�V�W�D �S�U�L�P�H�U�D �V�H�F�F�L�y�Q �V�H �P�X�H�V�W�U�D �O�R�V �U�H�V�X�O�W�D�G�R�V �G�H �O�R�V �P�p�W�R�G�R�V �G�H �D�Q�i�O�L�V�L�V �G�H �U�H�V�R�O�X�F�L�y�Q

�U�H�D�O�L�]�D�G�R�V �S�D�U�D �M�X�]�J�D�U �O�D �F�D�O�L�G�D�G �G�H �O�R�V �U�H�V�X�O�W�D�G�R�V�� �X�Q �H�V�W�X�G�L�R �G�H �O�D �I�X�Q�F�L�y�Q �G�H �H�V�S�D�U�F�L�P�L�H�Q�W�R ���0�L��

�F�K�H�O�L�Q�L �	 �0�F�(�Y�L�O�O�\�� ���������� �\ �X�Q �W�H�V�W �G�H �W�D�E�O�H�U�R �G�H �D�M�H�G�U�H�] ���F�K�H�F�N�H�U�E�R�D�U�G �W�H�V�W���� �O�R�V �T�X�H �S�H�U�P�L�W�H�Q

�H�V�W�L�P�D�U �G�y�Q�G�H �O�D �L�Q�Y�H�U�V�L�y�Q �S�X�H�G�H �U�H�F�X�S�H�U�D�U �H�V�W�U�X�F�W�X�U�D�V �G�H �P�H�M�R�U �F�D�O�L�G�D�G �\ �H�O �W�D�P�D�x�R �D�S�U�R�[�L�P�D�G�R

�S�R�V�L�E�O�H �G�H �U�H�F�X�S�H�U�D�U �F�R�Q �H�V�W�D�� �6�H �U�H�D�O�L�]�y �V�H�Q�G�R�V �D�Q�i�O�L�V�L�V �S�D�U�D �O�D �W�R�P�R�J�U�D�I�t�D �G�H �Y�H�O�R�F�L�G�D�G �G�H �R�Q�G�D

�3 �\ �S�D�U�D �O�D �W�R�P�R�J�U�D�I�t�D �G�H �U�D�]�y�QVP / VS �� �\ �S�D�U�D �D�P�E�R�V �S�H�U�I�L�O�H�V �%���%�¶ �\ �&���&�¶�� �$�P�E�R�V �P�p�W�R�G�R�V �V�H

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

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

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

�/�D�V �]�R�Q�D�V �G�H �V�X�E�G�X�F�F�L�y�Q �H�Q �D�P�E�R�V �F�R�U�W�H�V �V�H �H�Q�F�X�H�Q�W�U�D�Q �H�Q �S�D�U�W�H�V �G�R�Q�G�H �O�D �U�H�V�R�O�X�F�L�y�Q �H�V �D�O�W�D�� �D�O

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

�D �W�U�D�Y�p�V �G�H �O�D �W�R�P�R�J�U�D�I�t�D�� �V�H �D�S�U�H�F�L�D �F�R�Q �H�O �W�H�V�W �G�H �W�D�E�O�H�U�R �G�H �D�M�H�G�U�H�] �T�X�H �O�R �P�t�Q�L�P�R �U�H�F�X�S�H�U�D�E�O�H

�H�V �G�H�O �R�U�G�H�Q �G�H ���� �N�L�O�y�P�H�W�U�R�V �H�Q �V�H�Q�W�L�G�R �K�R�U�L�]�R�Q�W�D�O �\ ���� �H�Q �H�O �Y�H�U�W�L�F�D�O�� �V�L�H�Q�G�R �G�L�I�t�F�L�O �F�R�Q�V�W�U�H�x�L�U �\

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

�V�H �G�H�W�D�O�O�D �P�i�V �H�O �D�Q�i�O�L�V�L�V �G�H �U�H�V�R�O�X�F�L�y�Q �U�H�D�O�L�]�D�G�R��

������������ �7�H�V�W �G�H �W�D�E�O�H�U�R �G�H �D�M�H�G�U�H�]��

�6�H �U�H�D�O�L�]�y �W�H�V�W�V �G�H �U�H�V�R�O�X�F�L�y�Q �F�R�Q �H�O �P�p�W�R�G�R �G�H�O �W�D�E�O�H�U�R �G�H �D�M�H�G�U�H�] ���Y�H�U �V�H�F�F�L�y�Q �������� �D �D�P�E�R�V

�S�H�U�I�L�O�H�V �S�D�U�D �D�P�E�R�V �P�R�G�H�O�R�V �G�H �Y�H�O�R�F�L�G�D�G��VP �\ VP / VS �� �D�x�D�G�L�H�Q�G�R �S�H�U�W�X�U�E�D�F�L�R�Q�H�V �D�O�W�H�U�Q�D�G�D�P�H�Q��

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

�O�D �L�Q�Y�H�U�V�L�y�Q �����'�� �H�Q �H�O �F�D�V�RVP �� �\ �D �X�Q �P�R�G�H�O�R �K�R�P�R�J�p�Q�H�R �G�H1; 78 �S�D�U�D �H�O �F�D�V�R �G�HVP / VS �� �(�V��

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

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

�W�L�H�P�S�R�V �G�H �Y�L�D�M�H �V�L�Q�W�p�W�L�F�R�V �S�D�U�D �O�R�V �U�D�\�R�V �X�W�L�O�L�]�D�G�R�V �H�Q �O�D �W�R�P�R�J�U�D�I�t�D �\ �F�R�Q �H�V�W�R�V �V�H �L�Q�Y�L�U�W�L�y �S�D�U�D

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

�V�R�O�R �G�D�W�R�V �G�H �W�L�H�P�S�R �G�H �Y�L�D�M�H �G�H �R�Q�G�D�V �3�� �P�L�H�Q�W�U�D�V �T�X�H �S�D�U�DVP / VS �V�H �X�W�L�O�L�]�y �G�D�W�R�V �3 �\ �6���3�� �(�V�W�R�V

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

�������� �������� ������ �\ ��������

�6�H �R�E�V�H�U�Y�D �G�H �P�D�Q�H�U�D �J�H�Q�H�U�D�O �T�X�H �O�D�V �H�V�W�U�X�F�W�X�U�D�V �V�H �U�H�F�X�S�H�U�D�Q �G�H �P�H�M�R�U �P�D�Q�H�U�D �H�Q�W�U�H �O�R�V� ��

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

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

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

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

�Q�X�H�Y�D�P�H�Q�W�H �K�D�F�L�D �O�R�V �H�[�W�U�H�P�R�V�� �(�Q �D�G�L�F�L�y�Q�� �O�D�V �S�H�U�W�X�U�E�D�F�L�R�Q�H�V �W�L�H�Q�G�H�Q �D �V�H�U �³�G�H�V�S�D�U�U�D�P�D�G�D�V�´

�K�D�F�L�D �]�R�Q�D�V �P�i�V �S�U�R�I�X�Q�G�D�V��

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

�W�L�Y�D �E�X�H�Q�D �U�H�V�R�O�X�F�L�y�Q�� �W�D�Q�W�R �H�QVP �\ VP / VS �� �V�L�Q �H�P�E�D�U�J�R �H�Q �H�O �%���%�¶ �H�V�W�D �H�V �P�H�M�R�U �\ �F�R�Q �P�H�Q�R�V

�V�P�H�D�U�L�Q�J�� �S�X�G�L�p�Q�G�R�V�H �U�H�F�X�S�H�U�D�U �G�H �E�X�H�Q�D �P�D�Q�H�U�D �O�D�V �S�H�U�W�X�U�E�D�F�L�R�Q�H�V �H�Q �H�O �P�R�G�H�O�RVP / VS ���I�L�J�X�U�D



�������� �$�1�È�/�,�6�,�6 �'�( �5�(�6�2�/�8�&�,�Ï�1�� ����

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

�D�P�S�O�L�W�X�G �J�U�D�Q�G�H ���Y�H�U �I�L�J�X�U�D ���������� �/�D �W�U�D�Q�V�H�F�W�D �&���&�¶ �S�U�H�V�H�Q�W�D �X�Q �H�V�S�D�U�F�L�P�L�H�Q�W�R �P�D�\�R�U �T�X�H �O�D �%���%�¶

�H�Q �O�D �]�R�Q�D �F�H�Q�W�U�D�O �\ �H�V�W�H�� �D�V�t �F�R�P�R �X�Q�D �P�H�Q�R�U �i�U�H�D �U�H�V�X�H�O�W�D �H�Q �F�R�P�S�D�U�D�F�L�y�Q�� �H�Q �D�P�E�R�V �P�R�G�H�O�R�V��

�'�D�G�R �T�X�H �O�R�V �Y�D�O�R�U�H�V �G�H �O�D �I�X�Q�F�L�y�Q �G�H �H�V�S�D�U�F�L�P�L�H�Q�W�R �G�H�S�H�Q�G�H�Q �G�H �O�D �G�L�V�S�R�V�L�F�L�y�Q �G�H �O�R�V �Q�R�G�R�V

�\ �R�W�U�R�V �I�D�F�W�R�U�H�V�� �Q�R �H�[�L�V�W�H �X�Q �L�Q�W�H�U�Y�D�O�R �I�L�M�R �T�X�H �G�L�F�W�D�P�L�Q�H �E�X�H�Q�D �R �P�D�O�D �U�H�V�R�O�X�F�L�y�Q�� �3�D�U�D �K�D�F�H�U

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

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

�W�L�H�Q�G�H �D �F�R�L�Q�F�L�G�L�U �F�R�Q �H�O �i�U�H�D �G�R�Q�G�H �V�H �U�H�F�X�S�H�U�D �G�H �P�H�M�R�U �P�D�Q�H�U�D �H�O �P�R�G�H�O�R �G�H �W�D�E�O�H�U�R �G�H �D�M�H�G�U�H�]��

�H�Q�P�D�U�F�i�Q�G�R�O�D �G�H �E�X�H�Q�D �P�D�Q�H�U�D�� �P�L�H�Q�W�U�D�V �T�X�H �H�O �F�R�Q�W�R�U�Q�R �� �G�H�O�L�P�L�W�D �O�D�V �]�R�Q�D�V �G�R�Q�G�H �\�D �Q�R �V�H

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

�R�E�V�H�U�Y�D�F�L�R�Q�H�V �V�H �G�H�I�L�Q�H �T�X�H �D�T�X�H�O�O�D�V �]�R�Q�D�V �G�R�Q�G�H �H�O �Y�D�O�R�U �G�H �6�) �V�H�D �P�H�Q�R�U �D �� �V�H �F�R�Q�V�L�G�H�U�D�Q

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

�S�H�U�P�L�W�D �L�Q�W�H�U�S�U�H�W�D�U �O�R�V �U�H�V�X�O�W�D�G�R�V�� �$�V�t�� �O�D�V �]�R�Q�D�V �F�R�Q �E�X�H�Q�D �U�H�V�R�O�X�F�L�y�Q �V�R�Q �G�H�O�L�P�L�W�D�G�D�V �S�R�U �X�Q

�F�R�Q�W�R�U�Q�R �E�O�D�Q�F�R�� �\ �O�D�V �]�R�Q�D�V �V�L�Q �U�H�V�R�O�X�F�L�y�Q �V�R�Q �G�H�O�L�P�L�W�D�G�D�V �S�R�U �X�Q �F�R�Q�W�R�U�Q�R �J�U�L�V��
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�3�H�U�I�L�O �%���%�¶��

VP

�)�L�J�X�U�D �������� �5�H�V�X�O�W�D�G�R�V �G�H�O �W�H�V�W �G�H �W�D�E�O�H�U�R �G�H �D�M�H�G�U�H�] �U�H�D�O�L�]�D�G�R �H�Q �H�O �S�H�U�I�L�O �%���%�¶ �S�D�U�D �H�O �P�R�G�H�O�RVP ��
�/�D �I�L�J�X�U�D �L�]�T�X�L�H�U�G�D �P�X�H�V�W�U�D �H�O �P�R�G�H�O�R �L�Q�L�F�L�D�O �H�Q �W�D�E�O�H�U�R �G�H �D�M�H�G�U�H�]�� �H�Q �O�D �G�H�U�H�F�K�D �V�H �F�R�P�S�D�U�D �O�D�V
�G�L�I�H�U�H�Q�F�L�D�V �S�R�U�F�H�Q�W�X�D�O�H�V �H�Q�W�U�H �H�O �P�R�G�H�O�R �U�H�F�X�S�H�U�D�G�R �F�R�Q �H�O �L�Q�L�F�L�D�O �F�R�Q �O�R�V �F�R�Q�W�R�U�Q�R�V �� �\ �� �G�H �O�D
�I�X�Q�F�L�y�Q �G�H �H�V�S�D�U�F�L�P�L�H�Q�W�R�� �T�X�H �G�H�O�L�P�L�W�D�Q �O�D�V �]�R�Q�D�V �E�L�H�Q �U�H�V�X�H�O�W�D�V �G�H�O �P�R�G�H�O�R�� �(�O �F�R�Q�W�R�U�Q�R �E�O�D�Q�F�R
���6�)< ���� �H�Q�P�D�U�F�D �O�D�V �]�R�Q�D�V �G�R�Q�G�H �H�V �S�R�V�L�E�O�H �U�H�F�X�S�H�U�D�U �G�H �P�H�M�R�U �P�D�Q�H�U�D �O�D�V �H�V�W�U�X�F�W�X�U�D�V �G�H�O �P�H�G�L�R��
�P�L�H�Q�W�U�D�V �H�O �F�R�Q�W�R�U�Q�R �J�U�L�V ���6�)> ���� �P�X�H�V�W�U�D �O�D �]�R�Q�D �G�R�Q�G�H �V�H �S�L�H�U�G�H �O�D �U�H�V�R�O�X�F�L�y�Q��

VP / VS

�)�L�J�X�U�D �������� �5�H�V�X�O�W�D�G�R�V �G�H�O �W�H�V�W �G�H �W�D�E�O�H�U�R �G�H �D�M�H�G�U�H�] �U�H�D�O�L�]�D�G�R �H�Q �H�O �S�H�U�I�L�O �%���%�¶ �S�D�U�D �H�O �P�R�G�H�O�R
VP / VS �� �/�D �I�L�J�X�U�D �G�H �O�D �L�]�T�X�L�H�U�G�D �P�X�H�V�W�U�D �H�O �P�R�G�H�O�R �L�Q�L�F�L�D�O �H�Q �W�D�E�O�H�U�R �G�H �D�M�H�G�U�H�]�� �D �O�D �G�H�U�H�F�K�D �V�H
�F�R�P�S�D�U�D �H�O �P�R�G�H�O�R �U�H�F�X�S�H�U�D�G�R �F�R�Q �O�R�V �F�R�Q�W�R�U�Q�R�V �� �\ �� �G�H �O�D �I�X�Q�F�L�y�Q �G�H �H�V�S�D�U�F�L�P�L�H�Q�W�R�� �G�H�O�L�P�L�W�D�Q�G�R
�O�D�V �]�R�Q�D�V �E�L�H�Q �U�H�V�X�H�O�W�D�V�� �(�O �F�R�Q�W�R�U�Q�R �E�O�D�Q�F�R ���6�)< ���� �H�Q�P�D�U�F�D �O�D�V �]�R�Q�D�V �G�R�Q�G�H �H�V �S�R�V�L�E�O�H �U�H�F�X�S�H�U�D�U
�G�H �P�H�M�R�U �P�D�Q�H�U�D �O�D�V �H�V�W�U�X�F�W�X�U�D�V �G�H�O �P�H�G�L�R�� �H�O �F�R�Q�W�R�U�Q�R �J�U�L�V ���6�)< ���� �P�X�H�V�W�U�D �O�D �]�R�Q�D �G�R�Q�G�H �Q�R �H�V
�U�H�F�X�S�H�U�D�E�O�H �H�O �P�R�G�H�O�R��
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�3�H�U�I�L�O �&���&�¶��

VP

�)�L�J�X�U�D �������� �5�H�V�X�O�W�D�G�R�V �G�H�O �W�H�V�W �G�H �W�D�E�O�H�U�R �G�H �D�M�H�G�U�H�] �U�H�D�O�L�]�D�G�R �H�Q �H�O �S�H�U�I�L�O �&���&�¶ �S�D�U�D �H�O �P�R�G�H�O�RVP ��
�/�D �I�L�J�X�U�D �G�H �O�D �L�]�T�X�L�H�U�G�D �P�X�H�V�W�U�D �H�O �P�R�G�H�O�R �L�Q�L�F�L�D�O �H�Q �W�D�E�O�H�U�R �G�H �D�M�H�G�U�H�]�� �P�L�H�Q�W�U�D�V �D �O�D �G�H�U�H�F�K�D
�V�H �F�R�P�S�D�U�D �O�D�V �G�L�I�H�U�H�Q�F�L�D�V �S�R�U�F�H�Q�W�X�D�O�H�V �H�Q�W�U�H �P�R�G�H�O�R �U�H�F�X�S�H�U�D�G�R �F�R�Q �H�O �P�R�G�H�O�R �L�Q�L�F�L�D�O �F�R�Q �O�R�V
�F�R�Q�W�R�U�Q�R�V �� �\ �� �G�H �O�D �I�X�Q�F�L�y�Q �G�H �H�V�S�D�U�F�L�P�L�H�Q�W�R�� �T�X�H �G�H�O�L�P�L�W�D�Q �O�D�V �i�U�H�D�V �E�L�H�Q �U�H�V�X�H�O�W�D�V �\ ���F�� �P�X�H�V�W�U�D
�H�O �P�R�G�H�O�R �U�H�F�X�S�H�U�D�G�R �D �W�U�D�Y�p�V �G�H �O�D �L�Q�Y�H�U�V�L�y�Q�� �F�R�Q �F�R�Q�W�R�U�Q�R�V �G�H �O�D �I�X�Q�F�L�y�Q �G�H �H�V�S�D�U�F�L�P�L�H�Q�W�R�� �H�O
�F�R�Q�W�R�U�Q�R �E�O�D�Q�F�R ���6�)< ���� �H�Q�P�D�U�F�D �O�D�V �]�R�Q�D�V �G�R�Q�G�H �H�V �S�R�V�L�E�O�H �U�H�F�X�S�H�U�D�U �G�H �P�H�M�R�U �P�D�Q�H�U�D �O�D�V
�H�V�W�U�X�F�W�X�U�D�V �G�H�O �P�H�G�L�R�� �H�O �F�R�Q�W�R�U�Q�R �J�U�L�V ���6�)< ���� �P�X�H�V�W�U�D �O�D �]�R�Q�D �G�R�Q�G�H �V�H �S�L�H�U�G�H �O�D �U�H�V�R�O�X�F�L�y�Q��

VP / VS

�)�L�J�X�U�D �������� �5�H�V�X�O�W�D�G�R�V �G�H�O �W�H�V�W �G�H �W�D�E�O�H�U�R �G�H �D�M�H�G�U�H�] �U�H�D�O�L�]�D�G�R �H�Q �H�O �S�H�U�I�L�O �&���&�¶ �S�D�U�D �H�O �P�R�G�H�O�R
VP / VS �� ���D�� �P�X�H�V�W�U�D �H�O �P�R�G�H�O�R �L�Q�L�F�L�D�O �H�Q �W�D�E�O�H�U�R �G�H �D�M�H�G�U�H�]�� ���E�� �F�R�P�S�D�U�D �H�O �P�R�G�H�O�R �U�H�F�X�S�H�U�D�G�R �F�R�Q
�O�R�V �F�R�Q�W�R�U�Q�R�V �� �\ �� �G�H �O�D �I�X�Q�F�L�y�Q �G�H �H�V�S�D�U�F�L�P�L�H�Q�W�R�� �T�X�H �P�X�H�V�W�U�D�Q �D�T�X�H�O�O�D�V �]�R�Q�D�V �P�H�M�R�U �U�H�V�X�H�O�W�D�V
�\ ���F�� �P�X�H�V�W�U�D �H�O �P�R�G�H�O�R �U�H�F�X�S�H�U�D�G�R �D �W�U�D�Y�p�V �G�H �O�D �W�R�P�R�J�U�D�I�t�D�� �M�X�Q�W�R �F�R�Q �F�R�Q�W�R�U�Q�R�V �G�H �O�D �I�X�Q�F�L�y�Q �G�H
�H�V�S�D�U�F�L�P�L�H�Q�W�R�� �H�O �F�R�Q�W�R�U�Q�R �E�O�D�Q�F�R ���6�)< ���� �P�X�H�V�W�U�D �O�D�V �]�R�Q�D�V �F�R�Q �E�X�H�Q�D �U�H�V�R�O�X�F�L�y�Q�� �H�O �F�R�Q�W�R�U�Q�R
�J�U�L�V ���6�)< ���� �U�H�S�U�H�V�H�Q�W�D �H�O �O�t�P�L�W�H �G�R�Q�G�H �V�H �G�H�M�D �G�H �W�H�Q�H�U �F�D�S�D�F�L�G�D�G �G�H �U�H�F�X�S�H�U�D�U �H�V�W�U�X�F�W�X�U�D�V �G�H
�Y�H�O�R�F�L�G�D�G �G�H�O �P�H�G�L�R��
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������������ �)�X�Q�F�L�y�Q �G�H �H�V�S�D�U�F�L�P�L�H�Q�W�R��

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

�F�K�R �F�R�Q �H�O �W�H�V�W �G�H �W�D�E�O�H�U�R �G�H �D�M�H�G�U�H�] �W�D�P�E�L�p�Q �V�H �F�D�O�F�X�O�y �O�D �I�X�Q�F�L�y�Q �G�H �H�V�S�D�U�F�L�P�L�H�Q�W�R�� �$ �F�R�Q�W�L�Q�X�D�F�L�y�Q

�V�H �P�X�H�V�W�U�D �O�R�V �U�H�V�X�O�W�D�G�R�V �R�E�W�H�Q�L�G�R�V �M�X�Q�W�R �D �O�R�V �F�R�Q�W�R�U�Q�R�V �G�H �O�D �P�L�V�P�D�� �(�O �F�R�Q�W�R�U�Q�R �E�O�D�Q�F�R �P�X�H�V�W�U�D

�O�D�V �]�R�Q�D�V �G�H�I�L�Q�L�G�D�V �F�R�P�R �E�L�H�Q �U�H�V�X�H�O�W�D�V ���6�)< 3���� �P�L�H�Q�W�U�D�V �O�D�V �]�R�Q�D�V �V�L�Q �U�H�V�R�O�X�F�L�y�Q �V�R�Q �G�H�O�L�P�L�W�D��

�G�D�V �S�R�U �H�O �F�R�Q�W�R�U�Q�R �J�U�L�V ���6�)> 4���� �/�D �I�L�J�X�U�D ������ �P�X�H�V�W�U�D �O�R�V �Y�D�O�R�U�H�V �G�H �O�D �I�X�Q�F�L�y�Q �G�H �H�V�S�D�U�F�L�P�L�H�Q�W�R

�S�D�U�D �H�O �S�H�U�I�L�O �P�i�V �V�H�S�W�H�Q�W�U�L�R�Q�D�O�� �H�Q ���D�� �S�D�U�D �H�O �P�R�G�H�O�RVP �\ �H�Q ���E�� �S�D�U�DVP / VS �� �/�D �I�L�J�X�U�D �������� �D�Q�i�O�R��

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

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

�P�H�Q�R�U�H�V �T�X�H �O�R�V �Y�D�O�R�U�H�V �G�H�O �F�D�V�RVP / VS �� �O�R �T�X�H �V�X�J�L�H�U�H �T�X�H �O�R�V �P�R�G�H�O�R�V �G�HVP �S�U�H�V�H�Q�W�D�Q �X�Q�D

�P�i�V �D�O�W�D �U�H�V�R�O�X�F�L�y�Q �\ �X�Q �P�H�Q�R�U�V�P�H�D�U�L�Q�J�K�D�F�L�D �Q�R�G�R�V �D�G�\�D�F�H�Q�W�H�V�� �(�V�W�R�V �Y�D�O�R�U�H�V �Y�D�U�t�D�Q �D �O�R �O�D�U�J�R

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

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

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

�S�U�H�V�H�Q�W�D �E�D�M�R�V �Y�D�O�R�U�H�V �G�H �6�)�� �V�L�H�Q�G�R �P�i�V �E�D�M�R�V �H�Q �H�O �S�H�U�I�L�O �&���&�¶ �T�X�H �H�Q �H�O �%���%�¶�� �H�Q �D�P�E�R�V �P�R��

�G�H�O�R�V �G�HVP �\ VP / VS �� �V�X�J�L�U�L�H�Q�G�R �T�X�H �H�V�W�D�V �]�R�Q�D�V �S�U�H�V�H�Q�W�D�Q �X�Q�D �E�X�H�Q�D �U�H�V�R�O�X�F�L�y�Q�� �2�W�U�D �]�R�Q�D �G�H

�E�D�M�R�V �Y�D�O�R�U�H�V �G�H �6�) ���6�)< ���� �V�H �H�Q�F�X�H�Q�W�U�D �D�O �H�V�W�H �G�H �O�R�V �S�H�U�I�L�O�H�V�� �F�H�Q�W�U�D�G�D �H�Q �O�R�V ���� �N�L�O�y�P�H�W�U�R�V �G�H

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

�S�R�U �F�R�Q�W�R�U�Q�R�V �G�H �Y�D�O�R�U�H�V �� �\ �� �G�H �6�)��

�(�Q �J�H�Q�H�U�D�O �O�D�V �]�R�Q�D�V �G�R�Q�G�H �O�R�V �Y�D�O�R�U�H�V �G�H �6�) �V�R�Q �E�D�M�R�V �V�H �F�R�U�U�H�O�D�F�L�R�Q�D�Q �G�H �E�X�H�Q�D �P�D�Q�H�U�D

�F�R�Q �O�D�V �]�R�Q�D�V �G�R�Q�G�H �V�H �U�H�F�X�S�H�U�D �P�i�V �O�R�V �P�R�G�H�O�R�V �G�H �W�D�E�O�H�U�R �G�H �D�M�H�G�U�H�] �H�Q �H�O �W�H�V�W �K�R�P�y�Q�L�P�R��

�F�R�L�Q�F�L�G�L�H�Q�G�R �O�R�V �F�R�Q�W�R�U�Q�R�V �G�H �6�) �F�R�Q �H�V�W�D�V �]�R�Q�D�V�� �6�H �R�E�V�H�U�Y�D �T�X�H �H�O �F�R�Q�W�R�U�Q�R �� �G�H �H�V�S�D�U�F�L�P�L�H�Q��

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

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

�F�R�Q�W�R�U�Q�R�V�� �O�D �U�H�V�R�O�X�F�L�y�Q �H�V �G�H �P�H�Q�R�U �F�D�O�L�G�D�G��
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�3�H�U�I�L�O �%���%�¶��

�)�L�J�X�U�D �������� �9�D�O�R�U�H�V �G�H �O�D �I�X�Q�F�L�y�Q �G�H �H�V�S�D�U�F�L�P�L�H�Q�W�R �S�D�U�D �O�R�V �P�R�G�H�O�R�V �G�H�O �S�H�U�I�L�O �%���%�¶�� �F�R�Q �F�R�Q�W�R�U�Q�R�V
�G�H �O�D �P�L�V�P�D�� �(�O �F�R�Q�W�R�U�Q�R �E�O�D�Q�F�R ���6�)� ���� �P�X�H�V�W�U�D �H�O �O�t�P�L�W�H �K�D�V�W�D �G�R�Q�G�H �V�H �F�R�Q�V�L�G�H�U�D �X�Q�D �E�X�H�Q�D
�U�H�V�R�O�X�F�L�y�Q�� �P�L�H�Q�W�U�D�V �H�O �F�R�Q�W�R�U�Q�R �J�U�L�V ���6�)� ���� �P�X�H�V�W�U�D �H�O �O�t�P�L�W�H �K�D�V�W�D �G�R�Q�G�H �V�H �S�X�H�G�H �U�H�F�X�S�H�U�D�U �H�V��
�W�U�X�F�W�X�U�D�V�� �9�D�O�R�U�H�V �P�i�V �E�D�M�R�V �G�H �6�) �L�Q�G�L�F�D�Q �P�H�M�R�U �U�H�V�R�O�X�F�L�y�Q �\ �Y�L�F�H�Y�H�U�V�D�� �$ �O�D �L�]�T�X�L�H�U�G�D �V�H �P�X�H�V�W�U�D
�O�R�V �Y�D�O�R�U�H�V �G�H �O�D �6�) �S�D�U�D �H�O �P�R�G�H�O�RVP �� �P�L�H�Q�W�U�D�V �O�D �I�L�J�X�U�D �G�H �O�D �G�H�U�H�F�K�D �P�X�H�V�W�U�D �O�R�V �Y�D�O�R�U�H�V �S�D�U�D
�H�O �P�R�G�H�O�RVP / VS ��

�3�H�U�I�L�O �&���&�¶��

�)�L�J�X�U�D �������� �9�D�O�R�U�H�V �G�H �O�D �I�X�Q�F�L�y�Q �G�H �H�V�S�D�U�F�L�P�L�H�Q�W�R �S�D�U�D �O�R�V �P�R�G�H�O�R�V �G�H�O �S�H�U�I�L�O �&���&�¶�� �F�R�Q �F�R�Q�W�R�U��
�Q�R�V �G�H �O�D �P�L�V�P�D�� �(�O �F�R�Q�W�R�U�Q�R �E�O�D�Q�F�R ���6�)� ���� �H�Q�P�D�U�F�D �O�D �]�R�Q�D �F�R�Q�V�L�G�H�U�D�G�D �G�H �E�X�H�Q�D �U�H�V�R�O�X�F�L�y�Q��
�P�L�H�Q�W�U�D�V �H�O �F�R�Q�W�R�U�Q�R �J�U�L�V ���6�)� ���� �P�X�H�V�W�U�D �H�O �O�t�P�L�W�H �K�D�V�W�D �G�R�Q�G�H �K�D�\ �U�H�V�R�O�X�F�L�y�Q�� �9�D�O�R�U�H�V �P�i�V �E�D�M�R�V
�G�H �O�D �I�X�Q�F�L�y�Q �L�Q�G�L�F�D�Q �P�H�M�R�U �U�H�V�R�O�X�F�L�y�Q �\ �Y�L�F�H�Y�H�U�V�D�� �/�D �I�L�J�X�U�D �G�H �O�D �L�]�T�X�L�H�U�G�D �P�X�H�V�W�U�D �O�D �6�) �S�D�U�D �H�O
�P�R�G�H�O�R �G�HVP �� �O�D �I�L�J�X�U�D �G�H �O�D �G�H�U�H�F�K�D �P�X�H�V�W�U�D �O�D �6�) �H�Q �H�O �F�D�V�R �G�HVP / VS ��
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�������� �7�R�P�R�J�U�D�I�t�D�V��

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

VP �\ VP / VS �� �/�D�V �]�R�Q�D�V �E�L�H�Q �U�H�V�X�H�O�W�D�V �V�H �H�Q�F�X�H�Q�W�U�D�Q �G�H�O�L�P�L�W�D�G�D�V �S�R�U �X�Q �F�R�Q�W�R�U�Q�R �E�O�D�Q�F�R �F�R�U�U�H�V��

�S�R�Q�G�L�H�Q�W�H �D�O �Y�D�O�R�U �G�H �I�X�Q�F�L�y�Q �G�H �H�V�S�D�U�F�L�P�L�H�Q�W�R ���� �H �L�O�X�P�L�Q�D�G�D�V�� �/�D�V �]�R�Q�D�V �F�R�Q �P�H�Q�R�U �L�O�X�P�L�Q�D�F�L�y�Q

�H�Q�W�U�H �O�R�V �F�R�Q�W�R�U�Q�R�V �E�O�D�Q�F�R �\ �J�U�L�V ����< �6�)< ���� �S�U�H�V�H�Q�W�D�Q �X�Q�D �P�i�V �E�D�M�D �U�H�V�R�O�X�F�L�y�Q�� �0�i�V �D�O�O�i �G�H�O �F�R�Q��

�W�R�U�Q�R �J�U�L�V ���6�)> ������ �O�D�V �]�R�Q�D�V �V�L�Q �L�O�X�P�L�Q�D�F�L�y�Q �P�X�H�V�W�U�D�Q �X�Q�D �U�H�V�R�O�X�F�L�y�Q �E�D�M�D �R �Q�X�O�D�� �/�R�V �S�X�Q�W�R�V

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

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

�V�R�E�U�H �H�O �i�U�H�D �G�H�O�L�P�L�W�D�G�D �S�R�U �O�D �W�U�D�Q�V�H�F�W�D �V�R�Q �L�Q�G�L�F�D�G�D�V �F�R�Q �W�U�L�i�Q�J�X�O�R�V �L�Q�Y�H�U�W�L�G�R�V��
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�)�L�J�X�U�D �������� �7�R�P�R�J�U�D�I�t�D�V �I�L�Q�D�O�H�V �G�H�O �S�H�U�I�L�O �%���%�¶�� �/�D�V �]�R�Q�D�V �F�R�Q �E�X�H�Q�D �U�H�V�R�O�X�F�L�y�Q �V�R�Q �L�O�X�P�L�Q�D�G�D�V
�\ �V�H �H�Q�P�D�U�F�D�Q �F�R�Q �X�Q �F�R�Q�W�R�U�Q�R �E�O�D�Q�F�R�� �$�T�X�H�O�O�D�V �F�R�Q �E�D�M�D �R �Q�X�O�D �U�H�V�R�O�X�F�L�y�Q �V�R�Q �V�R�P�E�U�H�D�G�D�V��
�(�O �F�R�Q�W�R�U�Q�R �J�U�L�V �P�X�H�V�W�U�D �H�O �O�t�P�L�W�H �K�D�V�W�D �G�R�Q�G�H �K�D�\ �U�H�V�R�O�X�F�L�y�Q�� �/�R�V �S�X�Q�W�R�V �Q�H�J�U�R�V �P�X�H�V�W�U�D�Q �O�D
�S�R�V�L�F�L�y�Q �G�H �O�R�V �W�H�U�U�H�P�R�W�R�V �O�R�F�D�O�L�]�D�G�R�V �G�H�Q�W�U�R �G�H�O �i�U�H�D �G�H�O �S�H�U�I�L�O�� �H�V�W�D�F�L�R�Q�H�V �T�X�H �H�V�W�i�Q �V�R�E�U�H �H�O
�P�L�V�P�R �V�H �P�D�U�F�D�Q �F�R�Q �W�U�L�i�Q�J�X�O�R�V �L�Q�Y�H�U�W�L�G�R�V �Q�H�J�U�R�V�� ���D�� �P�X�H�V�W�U�D �O�D �W�R�P�R�J�U�D�I�t�D �G�HVP �� ���E�� �P�X�H�V�W�U�D
�O�D �W�R�P�R�J�U�D�I�t�D �G�HVP / VS ��
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�)�L�J�X�U�D �������� �7�R�P�R�J�U�D�I�t�D�V �I�L�Q�D�O�H�V �G�H�O �S�H�U�I�L�O �&���&�¶�� �/�D�V �]�R�Q�D�V �F�R�Q �E�X�H�Q�D �U�H�V�R�O�X�F�L�y�Q �V�R�Q �L�O�X�P�L�Q�D�G�D�V
�\ �V�H �H�Q�P�D�U�F�D�Q �F�R�Q �X�Q �F�R�Q�W�R�U�Q�R �E�O�D�Q�F�R�� �$�T�X�H�O�O�D�V �F�R�Q �E�D�M�D �R �Q�X�O�D �U�H�V�R�O�X�F�L�y�Q �V�R�Q �V�R�P�E�U�H�D�G�D�V��
�(�O �F�R�Q�W�R�U�Q�R �J�U�L�V �P�X�H�V�W�U�D �H�O �O�t�P�L�W�H �K�D�V�W�D �G�R�Q�G�H �K�D�\ �U�H�V�R�O�X�F�L�y�Q�� �/�R�V �S�X�Q�W�R�V �Q�H�J�U�R�V �P�X�H�V�W�U�D�Q �O�D
�S�R�V�L�F�L�y�Q �G�H �O�R�V �W�H�U�U�H�P�R�W�R�V �O�R�F�D�O�L�]�D�G�R�V �G�H�Q�W�U�R �G�H�O �i�U�H�D �G�H�O �S�H�U�I�L�O�� �H�V�W�D�F�L�R�Q�H�V �T�X�H �H�V�W�i�Q �V�R�E�U�H �H�O
�P�L�V�P�R �V�H �P�D�U�F�D�Q �F�R�Q �W�U�L�i�Q�J�X�O�R�V �L�Q�Y�H�U�W�L�G�R�V �Q�H�J�U�R�V�� ���D�� �P�X�H�V�W�U�D �O�D �W�R�P�R�J�U�D�I�t�D �G�HVP �� ���E�� �P�X�H�V�W�U�D
�O�D �W�R�P�R�J�U�D�I�t�D �G�HVP / VS ��
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�������� �'�H�V�F�U�L�S�F�L�R�Q�H�V �H �L�Q�W�H�U�S�U�H�W�D�F�L�R�Q�H�V��

������������ �6�X�E�G�X�F�F�L�y�Q �G�H �O�L�W�y�V�I�H�U�D �R�F�H�i�Q�L�F�D��

�(�Q �D�P�E�R�V �S�H�U�I�L�O�H�V �V�H �R�E�V�H�U�Y�D �i�U�H�D�V �G�H �D�O�W�D �Y�H�O�R�F�L�G�D�G �G�H �R�Q�G�D �F�R�P�S�U�H�V�L�R�Q�D�O ��VP > 7 �>�N�P���V�@��

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

�(�V�W�R �V�H �F�R�Q�G�L�F�H �F�R�Q �D�O�W�R�V �Y�D�O�R�U�H�V �G�HVP / VS ��VP / VS > 1; 85�� � > 0;28�� �D�O �H�V�W�H �\ �D �O�D �D�O�W�X�U�D �G�H �O�D

�I�R�V�D�� �D�O�F�D�Q�]�D�Q�G�R �X�Q �P�i�[�L�P�R �M�X�V�W�R �G�H�E�D�M�R �G�H �H�V�W�D�� �(�V�W�R �H�V�W�i �D�V�R�F�L�D�G�R �D �O�D �V�X�E�G�X�F�F�L�y�Q �G�H �O�D �O�L�W�y�V��

�I�H�U�D �R�F�H�i�Q�L�F�D �E�D�M�R �H�O �F�R�Q�W�L�Q�H�Q�W�H ���3�O�D�F�D �G�H �1�D�]�F�D �H�Q �S�H�U�I�L�O �%���%�¶ �\ �$�Q�W�i�U�W�L�F�D �H�Q �&���&�¶���� �(�O �E�D�M�R �Y�D�O�R�U

�G�HVP �V�R�E�U�H �O�D �]�R�Q�D �G�H �D�O�W�D �Y�H�O�R�F�L�G�D�G �\ �O�D �D�O�W�D �U�D�]�y�QVP / VS �V�X�J�L�H�U�H�Q �O�D �S�U�H�V�H�Q�F�L�D �G�H �V�H�G�L�P�H�Q�W�R�V

�K�L�G�U�D�W�D�G�R�V ���&�R�Q�W�U�H�U�D�V���5�H�\�H�V�H�W �D�O�������������� �R �E�L�H�Q �X�Q�D �D�O�W�D �S�U�H�V�L�y�Q �G�H �S�R�U�R�V �S�U�H�V�X�P�L�E�O�H�P�H�Q�W�H �S�R�U �O�D

�G�H�V�K�L�G�U�D�W�D�F�L�y�Q �G�H �V�H�G�L�P�H�Q�W�R�V �\ �G�H �O�D �F�R�U�W�H�]�D �R�F�H�i�Q�L�F�D ���0�R�U�H�Q�R�H�W �D�O�������������� �5�H�\�Q�H�U�V�H�W �D�O����������������

�0�R�U�H�Q�R�H�W �D�O���������������� �U�H�O�D�F�L�R�Q�D �W�D�P�E�L�p�Q �H�V�W�R�V �G�R�P�L�Q�L�R�V �G�H �D�O�W�D �U�H�O�D�F�L�y�QVP / VS �F�R�Q �]�R�Q�D�V �G�H �E�D�M�R

�D�F�R�S�O�D�P�L�H�Q�W�R�� �(�Q �H�O �S�H�U�I�L�O �%���%�¶ �H�V�W�D �i�U�H�D �G�H �E�D�M�RVP �H�V �P�i�V �S�U�R�Q�X�Q�F�L�D�G�D �T�X�H �H�Q �H�O �S�H�U�I�L�O �&���&�¶�� �V�X��

�J�L�U�L�H�Q�G�R �T�X�H �V�R�E�U�H �O�D �S�O�D�F�D �$�Q�W�i�U�W�L�F�D �S�R�G�U�t�D �H�[�L�V�W�L�U �X�Q�D �P�H�Q�R�U �F�D�S�D �G�H �V�H�G�L�P�H�Q�W�R�V �T�X�H �H�Q �O�D �3�O�D�F�D

�G�H �1�D�]�F�D�� �&�R�Q�W�U�H�U�D�V���5�H�\�H�V ������������ �P�X�H�V�W�U�D �T�X�H �H�Q�W�U�H �O�R�V ��������� �6 �\ �O�R�V ����� �6 �H�[�L�V�W�H �H�Y�L�G�H�Q�F�L�D �G�H

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

�O�D �R�U�W�R�J�R�Q�D�O�L�G�D�G �G�H �H�V�W�D�� �/�D �V�X�E�G�X�F�F�L�y�Q �G�H �P�D�W�H�U�L�D�O �V�H�G�L�P�H�Q�W�D�U�L�R �W�L�H�Q�G�H �D �Y�H�U�V�H �D�X�P�H�Q�W�D�G�D �H�Q

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

�P�i�V �P�D�W�H�U�L�D�O�� �(�V�W�R �H�[�S�O�L�F�D�U�t�D �O�D �S�U�H�V�H�Q�F�L�D �G�H �X�Q �F�D�Q�D�O �G�H �V�X�E�G�X�F�F�L�y�Q �P�i�V �J�U�D�Q�G�H �D�O �V�X�U �G�H �&�K�L��

�O�R�p�� �P�L�H�Q�W�U�D�V �T�X�H �D�O �V�X�U �G�H�O �3�7�& �O�D �E�D�M�D �W�D�V�D �G�H �F�R�Q�Y�H�U�J�H�Q�F�L�D �G�H �O�D �S�O�D�F�D �$�Q�W�i�U�W�L�F�D �S�U�R�P�X�H�Y�H �O�D

�I�R�U�P�D�F�L�y�Q �G�H �X�Q �S�U�L�V�P�D �F�R�P�S�D�U�D�W�L�Y�D�P�H�Q�W�H �P�i�V �J�U�D�Q�G�H �T�X�H �D�O �Q�R�U�W�H �G�H�O �3�7�& ���&�R�Q�W�U�H�U�D�V���5�H�\�H�V

�H�W �D�O���������������� �$�O �H�V�W�H �G�H �O�D �O�D �I�R�V�D �V�H �R�E�V�H�U�Y�D �X�Q �i�U�H�D �G�H �E�D�M�D �Y�H�O�R�F�L�G�D�G ��< �� �>�N�P���V�@�� �H�Q �D�P�E�R�V

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

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

�G�H�V�P�H�D�U�L�Q�J�S�U�H�V�H�Q�W�H�� �(�V�W�D �]�R�Q�D �G�H �E�D�M�D �Y�H�O�R�F�L�G�D�G �V�H �F�R�U�U�H�V�S�R�Q�G�H �F�R�Q �D�O�W�R�V �Y�D�O�R�U�H�V �G�HVP / VS



���� �&�$�3�Ë�7�8�/�2 ���� �5�(�6�8�/�7�$�'�2�6 �( �,�1�7�(�5�3�5�(�7�$�&�,�2�1�(�6��

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

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

�I�R�V�D ���H�Q �O�R�V �D�O�U�H�G�H�G�R�U�H�V �G�H �*�R�O�I�R �G�H �3�H�Q�D�V�� �O�R �T�X�H �W�L�H�Q�G�H �D �U�H�I�R�U�]�D�U �O�D �H�Y�L�G�H�Q�F�L�D �G�H �O�D �S�U�H�V�H�Q�F�L�D

�G�H �X�Q �S�U�L�V�P�D �G�H �D�F�U�H�F�L�y�Q �G�H �J�U�D�Q�G�H�V �G�L�P�H�Q�V�L�R�Q�H�V �H�Q �H�V�W�D �i�U�H�D��

�'�H �O�R�V �U�H�V�X�O�W�D�G�R�V �G�H �O�D �W�R�P�R�J�U�D�I�t�D �\ �O�D �G�L�V�W�U�L�E�X�F�L�y�Q �G�H �O�D �V�L�V�P�L�F�L�G�D�G �Q�R �H�V �S�R�V�L�E�O�H �G�H�O�L�P�L�W�D�U

�Q�L �F�R�Q�V�W�U�H�x�L�U �F�R�Q �S�U�H�F�L�V�L�y�Q �O�D �J�H�R�P�H�W�U�t�D �G�H �O�D �V�X�E�G�X�F�F�L�y�Q�� �V�L�Q �H�P�E�D�U�J�R �H�V �S�R�V�L�E�O�H �D�S�U�H�F�L�D�U �T�X�H

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

�G�H �H�V�W�D �K�D�F�L�p�Q�G�R�V�H �P�i�V �S�U�R�Q�X�Q�F�L�D�G�R �K�D�F�L�D �H�O �R�H�V�W�H�� �/�D �J�H�R�P�H�W�U�t�D �T�X�H �O�R�J�U�D �H�V�E�R�]�D�U�V�H �J�U�D�F�L�D�V �D

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

�S�D�U�D �H�O �D�U�F�K�L�S�L�p�O�D�J�R �G�H �&�K�L�O�R�p�� �F�R�Q �X�Q �L�Q�L�F�L�R �V�R�P�H�U�R �\ �X�Q�D �S�U�R�J�U�H�V�L�Y�D �S�U�R�I�X�Q�G�L�]�D�F�L�y�Q �G�H�O �i�Q�J�X�O�R �G�H

�V�X�E�G�X�F�F�L�y�Q�� �/�D �I�D�O�W�D �G�H �W�H�U�U�H�P�R�W�R�V �P�i�V �S�U�R�I�X�Q�G�R�V �T�X�H ���� �>�N�P�@ �G�L�I�L�F�X�O�W�D �O�D �G�H�I�L�Q�L�F�L�y�Q �P�i�V �S�U�H�F�L�V�D

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

������������ �9�R�O�F�D�Q�L�V�P�R �G�H �D�U�F�R��

�/�D �=�R�Q�D �9�R�O�F�i�Q�L�F�D �6�X�U �W�H�U�P�L�Q�D �F�R�Q �H�O �F�H�Q�W�U�R �Y�R�O�F�i�Q�L�F�R �0�X�U�W�D ���Y�H�U �I�L�J�X�U�D ���������� �V�L�Q �H�P�E�D�U�J�R �H�O

�Y�R�O�F�i�Q �+�X�G�V�R�Q �H�V �H�O �~�O�W�L�P�R �L�P�S�R�U�W�D�Q�W�H �\ �F�R�Q �D�F�W�L�Y�L�G�D�G �U�H�F�L�H�Q�W�H�� �G�H�V�W�D�F�D�Q�G�R �V�X �H�U�X�S�F�L�y�Q �H�Q ����������

�(�O �Y�R�O�F�i�Q �+�X�G�V�R�Q �H�V�W�i �H�P�S�O�D�]�D�G�R �H�Q �H�O �H�[�W�U�H�P�R �H�V�W�H �G�H�O �S�H�U�I�L�O �%���%�¶�� �S�X�G�L�p�Q�G�R�V�H �R�E�V�H�U�Y�D�U �V�L�V�P�L�F�L��

�G�D�G �D�V�R�F�L�D�G�D �D�O �Y�R�O�F�i�Q �D �D�O�U�H�G�H�G�R�U �G�H ������ �N�L�O�y�P�H�W�U�R�V �G�H �G�L�V�W�D�Q�F�L�D �G�H �O�D �I�R�V�D�� �F�R�Q �S�U�R�I�X�Q�G�L�G�D�G�H�V

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

�D�O�W�D�V �G�H �Y�H�O�R�F�L�G�D�G �G�H �R�Q�G�D �F�R�P�S�U�H�V�L�R�Q�D�O ��> �� �>�N�P���V�@�� �D�V�R�F�L�D�G�D�V �D �D�O�W�R�V �Y�D�O�R�U�H�V �G�HVP / VS ��> ������������

�F�D�U�D�F�W�H�U�t�V�W�L�F�D�V �T�X�H �Q�R �H�V�W�i�Q �S�U�H�V�H�Q�W�H�V �H�Q �O�D �W�U�D�Q�V�H�F�W�D �&���&�¶�� �F�X�\�D�V �Y�H�O�R�F�L�G�D�G�H�VVP �H�Q �H�V�W�D �]�R�Q�D

�V�R�Q �P�i�V �E�D�M�D�V�� �D�O �L�J�X�D�O �T�X�H �O�D�V �U�H�O�D�F�L�R�Q�H�VVP / VS �� �T�X�H �I�O�X�F�W�~�D �H�Q �W�R�U�Q�R �D ���������� �O�R �T�X�H �S�R�G�U�t�D �V�H�U

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

�D�O �V�X�U �G�H�O �Y�R�O�F�i�Q �+�X�G�V�R�Q�� �(�V�W�D �R�E�V�H�U�Y�D�F�L�y�Q�� �V�L�Q �H�P�E�D�U�J�R�� �V�H �H�Q�F�X�H�Q�W�U�D �D�O �O�t�P�L�W�H �G�H �O�D �U�H�V�R�O�X�F�L�y�Q



�������� �'�(�6�&�5�,�3�&�,�2�1�(�6 �( �,�1�7�(�5�3�5�(�7�$�&�,�2�1�(�6�� ����

�S�U�H�V�H�Q�W�H �H�Q �H�O �W�U�D�E�D�M�R�� �S�R�U �O�R �T�X�H �V�H �Q�H�F�H�V�L�W�D �P�i�V �H�V�W�X�G�L�R�V �H�Q �O�D �S�D�U�W�H �V�X�U �G�H �O�D �=�9�6 �S�D�U�D �F�R�Q��

�I�L�U�P�D�U�O�D�� �(�Q �F�R�Q�W�U�D�V�W�H�� �O�D�V �D�O�W�D�VVP �\ VP / VS �H�Q �%���%�¶ �L�Q�G�L�F�D�U�t�D�Q �O�D �V�X�U�J�H�Q�F�L�D �G�H �P�D�W�H�U�L�D�O �P�D�Q�W�p�O�L�F�R

�K�L�G�U�D�W�D�G�R �K�D�F�L�D �O�D �V�X�S�H�U�I�L�F�L�H ���+�L�F�N�V�H�W �D�O���������������� �O�R �T�X�H �V�H �Y�H�U�t�D �U�H�I�R�U�]�D�G�R �S�R�U �O�D �S�U�H�V�H�Q�F�L�D �G�H

�W�H�U�P�D�V �H�Q �O�D�V �L�Q�P�H�G�L�D�F�L�R�Q�H�V�� �F�R�P�R �O�D�V �W�H�U�P�D�V �G�H �4�X�L�W�U�D�O�F�R�� �X�E�L�F�D�G�D�V �D�O �Q�R�U�W�H �G�H�O �S�H�U�I�L�O �%���%�¶��

������������ �9�H�Q�W�D�Q�D �$�V�W�H�Q�R�V�I�p�U�L�F�D��

�(�Q �O�D �W�U�D�Q�V�H�F�W�D �&���&�¶ �V�H �R�E�V�H�U�Y�D �O�D �S�U�H�V�H�Q�F�L�D �G�H �X�Q�D �U�H�J�L�y�Q �G�H �H�Q�W�U�H ������ �D ������ �N�L�O�y�P�H�W�U�R�V �G�H

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

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

�E�O�H �S�U�H�V�H�Q�F�L�D �G�H �H�V�S�D�U�F�L�P�L�H�Q�W�R�� �G�H �D�O�W�D �U�H�O�D�F�L�y�QVP / VS ��� ���������� �H�Q�P�D�U�F�D�G�D �S�R�U �U�H�J�L�R�Q�H�V �G�H �P�i�V

�E�D�M�D �U�D�]�y�Q ��� ������������ �/�D �I�D�O�W�D �G�H �U�H�V�R�O�X�F�L�y�Q �H�Q �]�R�Q�D�V �G�H �E�D�M�D �S�U�R�I�X�Q�G�L�G�D�G �L�P�S�L�G�H �O�D �R�E�V�H�U�Y�D�F�L�y�Q �G�H

�H�V�W�D �P�D�V�D �H�Q �V�X�S�H�U�I�L�F�L�H�� �'�H�Q�W�U�R �G�H �H�V�W�D �i�U�H�D �Q�R �K�D�\ �H�Y�H�Q�W�R�V �V�t�V�P�L�F�R�V�� �V�L�Q �H�P�E�D�U�J�R �H�Q �H�O �P�D�U�J�H�Q
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�>�����@ �/�p�Y�r�T�X�H�� �-�� �-���� �5�L�Y�H�U�D�� �/���� �:�L�W�W�O�L�Q�J�H�U�� �*�� �������������� �2�Q �W�K�H �X�V�H �R�I �W�K�H �F�K�H�F�N�H�U���E�R�D�U�G �W�H�V�W �W�R �D�V�V�H�V�V

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

�>�����@ �/�R�Z�U�L�H�� �:�� �������������� �)�X�Q�G�D�P�H�Q�W�D�O�V �R�I �*�H�R�S�K�\�V�L�F�V�� �&�D�P�E�U�L�G�J�H�� �&�D�P�E�U�L�G�J�H �8�Q�L�Y�H�U�V�L�W�\ �3�U�H�V�V��



�%�,�%�/�,�2�*�5�$�)�Ë�$ ������

�>�����@ �0�L�F�K�H�O�L�Q�L�� �$���� �0�F�(�Y�L�O�O�\�� �7���9�� �������������� �6�H�L�V�P�R�O�R�J�L�F�D�O �V�W�X�G�L�H�V �D�W �3�D�U�N�I�L�H�O�G�� �,�� �6�L�P�X�O�W�D�Q�H�R�X�V �L�Q�Y�H�U��

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

�W�K�H �6�H�L�V�P�R�O�R�J�L�F�D�O �6�R�F�L�H�W�\ �R�I �$�P�H�U�L�F�D ������������ ���� �������� ����������������

�>�����@ �0�L�O�O�H�U�� �0�� �	 �%�D�W�D�L�O�O�H�� �.�� �	 �3�U�L�H�V�W�O�H�\�� �.�� �	 �,�Z�D�P�R�U�L�� �+�� �	 �&�D�O�L�V�W�R�� �,�� �������������� �6�H�L�V�P�L�F �L�P�D�J�L�Q�J �R�I �D

�V�X�E�G�X�F�W�H�G �U�L�G�J�H�� �V�R�X�W�K�H�U�Q �&�K�L�O�H�� �$�*�8 �)�D�O�O �0�H�H�W�L�Q�J �$�E�V�W�U�D�F�W�V�� ������

�>�����@ �0�R�U�H�Q�R�� �0���� �+�D�E�H�U�O�D�Q�G�� �&���� �2�Q�F�N�H�Q�� �2���� �5�L�H�W�E�U�R�F�N�� �$���� �$�Q�J�L�E�R�X�V�W�� �6���� �	 �+�H�L�G�E�D�F�K�� �2�� ��������������

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

�1�D�W�X�U�H �*�H�R�V�F�L�H�Q�F�H�� ���������� �������±�������� �G�R�L�������������������Q�J�H�R��������

�>�����@ �0�•�O�O�H�U�� �5�� �'���� �6�G�U�R�O�L�D�V�� �0���� �*�D�L�Q�D�� �&���� �	 �5�R�H�V�W�� �:�� �5�� �������������� �$�J�H�� �V�S�U�H�D�G�L�Q�J �U�D�W�H�V�� �D�Q�G �V�S�U�H�D��

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

�Q���D�±�Q���D�� �G�R�L���������������������������J�F������������

�>�����@ �0�X�U�G�L�H�� �5�� �(���� �3�U�L�R�U�� �'�� �-���� �6�W�\�O�H�V�� �3���� �)�O�L�Q�W�� �6�� �6���� �3�H�D�U�F�H�� �5�� �*���� �	 �$�J�D�U�� �6�� �0�� �������������� �6�H�L�V�P�L�F

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

�>�����@ �0�X�U�G�L�H�� �5���� �6�W�\�O�H�V�� �3���� �3�U�L�R�U�� �'���� �'�D�Q�L�H�O�� �$�� �������������� �$ �Q�H�Z �J�U�D�Y�L�W�\ �P�D�S �R�I �V�R�X�W�K�H�U�Q �&�K�L�O�H �D�Q�G �L�W�V

�S�U�H�O�L�P�L�Q�D�U�\ �L�Q�W�H�U�S�U�H�W�D�W�L�R�Q�� �5�H�Y�L�V�W�D �*�H�R�O�R�J�L�F�D �'�H �&�K�L�O�H ����������

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

�M�X�Q�F�W�L�R�Q�� �-�R�X�U�Q�D�O �R�I �6�R�X�W�K �$�P�H�U�L�F�D�Q �(�D�U�W�K �6�F�L�H�Q�F�H�V ���� ������������ ����������������

�>�����@ �1�D�U�D�Q�M�R�� �-�� �$���� �$�U�H�Q�D�V�� �0���� �&�O�D�Y�H�U�R�� �-�� �	 �0�X�x�R�]�� �2�� �������������� �0�D�V�V �P�R�Y�H�P�H�Q�W���L�Q�G�X�F�H�G �W�V�X�Q�D�P�L�V��

�P�D�L�Q �H�I�I�H�F�W�V �G�X�U�L�Q�J �W�K�H �3�D�W�D�J�R�Q�L�D�Q �)�M�R�U�G�O�D�Q�G �V�H�L�V�P�L�F �F�U�L�V�L�V �L�Q �$�L�V�p�Q �������ƒ�����¶�6���� �&�K�L�O�H�� �$�Q�G�H�D�Q

�J�H�R�O�R�J�\�� ������������ ���������������� �K�W�W�S�V�������G�[���G�R�L���R�U�J�������������������6��������������������������������������������

�>�����@ �3�D�U�U�D�J�X�H�] �%���� ���������� �7�R�P�R�J�U�D�I�t�D �7�H�O�H�V�t�V�P�L�F�D �G�H �R�Q�G�D �3 �H�Q �O�D �5�H�J�L�y�Q �G�H �$�\�V�p�Q�� �7�H�V�L�V �S�D�U�D

�R�S�W�D�U �D�O �W�t�W�X�O�R �S�U�R�I�H�V�L�R�Q�D�O �G�H �*�H�R�I�t�V�L�F�R �S�U�H�V�H�Q�W�D�G�D �D �O�D �8�Q�L�Y�H�U�V�L�G�D�G �G�H �&�R�Q�F�H�S�F�L�y�Q���?�i�i�T�,

�f�f�r�r�r�X�/�;�2�Q�X�m�/�2�+�X�+�H�f�r�T�@�+�Q�M�i�2�M�i�f�m�T�H�Q���/�b�f�k�y�R�j�f�y�d�f�#�2�;�Q�W�*�j�W�"�R���X�T�/�7
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�>�����@ �5�D�Z�O�L�Q�V�R�Q�� �1���� �.�H�Q�Q�H�W�W�� �%���/���1���� ���������� �7�H�O�H�V�H�L�V�P�L�F �W�R�P�R�J�U�D�S�K�\ �R�I �W�K�H �X�S�S�H�U �P�D�Q�W�O�H �E�H�Q�H�D�W�K

�W�K�H �V�R�X�W�K�H�U�Q �/�D�F�K�D�Q �2�U�R�J�H�Q�� �$�X�V�W�� �3�K�\�V�� �(�D�U�W�K �3�O�D�Q�H�W�� �,�Q�W�H�U�� �������� �����±����

�>�����@ �5�D�Z�O�L�Q�V�R�Q�� �1���� �3�R�]�J�D�\�� �6���� �)�L�V�K�Z�L�F�N�� �6�� �������������� �6�H�L�V�P�L�F �W�R�P�R�J�U�D�S�K�\�� �$ �Z�L�Q�G�R�Z �L�Q�W�R �G�H�H�S

�(�D�U�W�K�� �3�K�\�V�L�F�V �R�I �W�K�H �(�D�U�W�K �D�Q�G �3�O�D�Q�H�W�D�U�\ �,�Q�W�H�U�L�R�U�V�� ������������������ �������±��������

�>�����@ �5�D�Z�O�L�Q�V�R�Q�� �1���� �)�L�W�F�K�Q�H�U�� �$���� �6�D�P�E�U�L�G�J�H �0���� �<�R�X�Q�J�� �0���.�� �������������� �6�H�L�V�P�L�F �W�R�P�R�J�U�D�S�K�\ �D�Q�G �W�K�H

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

�>�����@ �5�H�\�Q�H�U�V�� �0���� �(�E�H�U�K�D�U�W���3�K�L�O�O�L�S�V�� �'���� �6�W�X�D�U�W�� �*�� �������������� �$ �W�K�U�H�H���G�L�P�H�Q�V�L�R�Q�D�O �L�P�D�J�H �R�I �V�K�D�O�O�R�Z

�V�X�E�G�X�F�W�L�R�Q�� �&�U�X�V�W�D�O �V�W�U�X�F�W�X�U�H �R�I �W�K�H �5�D�X�N�X�P�D�U�D �3�H�Q�L�Q�V�X�O�D�� �1�H�Z �=�H�D�O�D�Q�G�� �*�H�R�S�K�\�V�L�F�D�O �-�R�X�U�Q�D�O

�,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �������� ������ �� ��������

�>�����@ �5�H�]�D�H�L�I�D�U�� �0���� �.�L�V�V�O�L�Q�J�� �(���� �6�K�R�P�D�O�L�� �=���+���� �6�K�D�K�S�D�V�D�Q�G���=�D�G�H�K�� �0�� �������������� ���' �F�U�X�V�W�D�O �V�W�U�X�F�W�X�U�H

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

�*�H�R�V�F�L�H�Q�F�H�V ������ �������� ��������������

�>�����@ �5�X�V�V�R�� �5���� �*�D�O�O�H�J�R�� �$���� �&�R�P�W�H�� �'���� �0�R�F�D�Q�X�� �9���� �0�X�U�G�L�H�� �5���� �9�D�Q�'�H�F�D�U�� �-���&���� �������������� �6�R�X�U�F�H��

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

������������ ���� �������� ����������������

�>�����@ �0�� �6�i�H�]�� �6�� �5�X�L�]�� �6�� �,�G�H �	 �+�� �6�X�J�L�R�N�D�� �1�R�Q���9�R�O�F�D�Q�L�F �7�U�H�P�R�U �D�F�W�L�Y�L�W�\ �L�Q �W�K�H �&�K�L�O�H �7�U�L�S�O�H �-�X�Q�F�W�L�R�Q

�G�H�W�H�F�W�H�G �E�\ �2�%�6 �V�W�D�W�L�R�Q�V�� �3�U�H�V�H�Q�W�D�F�L�y�Q �;�9 �&�R�Q�J�U�H�V�R �*�H�R�O�y�J�L�F�R �&�K�L�O�H�Q�R�� ���� �G�H �Q�R�Y�L�H�P�E�U�H��

����������

�>�����@ �6�K�H�D�U�H�U�� �3�� �������������� �,�Q�W�U�R�G�X�F�W�L�R�Q �W�R �6�H�L�V�P�R�O�R�J�\�� �&�D�P�E�U�L�G�J�H�� �&�D�P�E�U�L�G�J�H �8�Q�L�Y�H�U�V�L�W�\ �3�U�H�V�V��

�>�����@ �6�S�D�N�P�D�Q�� �:���� �	 �1�R�O�H�W�� �*�� �������������� �,�P�D�J�L�Q�J �D�O�J�R�U�L�W�K�P�V�� �D�F�F�X�U�D�F�\ �D�Q�G �U�H�V�R�O�X�W�L�R�Q �L�Q �G�H�O�D�\ �W�L�P�H

�W�R�P�R�J�U�D�S�K�\�� �,�Q �1�� �-�� �9�O�D�D�U�� �*�� �1�R�O�H�W�� �0�� �-�� �5�� �:�R�U�W�H�O�� �	 �6�� �$�� �3�� �&�O�R�H�W�L�Q�J�K ���(�G�V������ �0�D�W�K�H�P�D�W�L�F�D�O

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

�1�H�W�K�H�U�O�D�Q�G�V�� �6�S�U�L�Q�J�H�U��
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�>�����@ �6�S�X�G�L�F�K�� �3�� �	 �2�U�F�X�W�W�� �-�� �������������� �$ �Q�H�Z �O�R�R�N �D�W �W�K�H �V�H�L�V�P�L�F �Y�H�O�R�F�L�W�\ �V�W�U�X�F�W�X�U�H �R�I �W�K�H �R�F�H�D�Q�L�F

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

�>�����@ �7�D�W�K�D�P�� �5�� �+�� �������������� �9�S���9�V �D�Q�G �O�L�W�K�R�O�R�J�\�� �*�(�2�3�+�<�6�,�&�6�� ������������ �������±��������

�G�R�L������������������������������������

�>�����@ �7�D�\�O�R�U �6�� �5�� �	 �0�F�/�H�Q�Q�D�Q �6�� �0�� ������������ �7�K�H �&�R�Q�W�L�Q�H�Q�W�D�O �&�U�X�V�W�� �,�W�V �&�R�P�S�R�V�L�W�L�R�Q �D�Q�G �(�Y�R�O�X�W�L�R�Q��

�%�O�D�F�N�Z�H�O�O�� �2�[�I�R�U�G��

�>�����@ �7�R�R�P�H�\�� �'���5�� �	 �)�R�X�O�J�H�U�� �*���5���� ���������� �7�R�P�R�J�U�D�S�K�L�F �L�Q�Y�H�U�V�L�R�Q �R�I �O�R�F�D�O �H�D�U�W�K�T�X�D�N�H �G�D�W�D �I�U�R�P �W�K�H

�+�H�Q�J�L�O�O���*�U�H�Q�V�G�D�O�X�U �F�H�Q�W�U�D�O �Y�R�O�F�D�Q�R �F�R�P�S�O�H�[�� �,�F�H�O�D�Q�G�� �-�� �*�H�R�S�K�\�V�� �5�H�V���� ������ ������������������������
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�$�S�p�Q�G�L�F�H �$

�$�Q�H�[�R�V

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

�G�H �O�D�V �Y�H�O�R�F�L�G�D�G�H�V��

�/�D�V �I�X�H�U�]�D�V �T�X�H �D�F�W�~�D�Q �V�R�E�U�H �X�Q �F�X�E�R �L�Q�I�L�Q�L�W�H�V�L�P�D�O �H�Q �X�Q �V�L�V�W�H�P�D �F�R�R�U�G�H�Q�D�G�R ��x1; x2; x3�� �S�X�H��

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

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

�/�D�V �I�X�H�U�]�D�V �G�H �V�X�S�H�U�I�L�F�L�H �V�R�E�U�H �H�O �F�X�E�R �H�V�W�i�Q �G�D�G�D�V �S�R�U �H�O �S�U�R�G�X�F�W�R �G�H�O �Y�H�F�W�R�U �G�H �W�U�D�F�F�L�y�Q �S�R�U

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

�H�O �F�X�E�R �V�H�U�i �Q�X�O�D�� �S�R�U�T�X�H �O�D�V �W�U�D�F�F�L�R�Q�H�V �H�Q �F�D�U�D�V �R�S�X�H�V�W�D�V �V�H �F�D�Q�F�H�O�D�U�t�D�Q�� �(�Q �H�O �F�D�V�R �F�R�Q�W�U�D�U�L�R��

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

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

Fi =
3X

j =1

@�ij
@xj

dx1dx2dx3 = @j � ij dx1dx2dx3 ���$������

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

�F�X�H�U�S�R �S�X�H�G�H �V�H�U �H�[�S�U�H�V�D�G�D �F�R�P�R��

F c
i = f i dx1dx2dx3 ���$������

�G�R�Q�G�Hf i �W�L�H�Q�H �X�Q�L�G�D�G�H�V �G�H �I�X�H�U�]�D �V�R�E�U�H �Y�R�O�X�P�H�Q�� �6�L �V�H �H�[�S�U�H�V�D �O�D �P�D�V�D �G�H�O �F�X�E�R �H�Q �W�p�U�P�L�Q�R�V �G�H

�V�X �G�H�Q�V�L�G�D�G �F�R�P�Rm = �dx 1dx2dx3�� �V�H �S�X�H�G�H �H�V�F�U�L�E�L�U �O�D �V�H�J�X�Q�G�D �O�H�\ �G�H �1�H�Z�W�R�Q �S�D�U�D �H�V�W�H �F�X�E�R

�F�R�P�R

�
@2ui

@t2
= @i � ij + f i ���$������

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

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

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

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

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

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

�
@2ui

@t2
= @i � ij ���$������

�/�D �T�X�H �F�R�Q�W�U�R�O�D �O�D �S�U�R�S�D�J�D�F�L�y�Q �G�H �O�D�V �R�Q�G�D�V �V�t�V�P�L�F�D�V �H�Q �H�O �F�D�P�S�R �O�H�M�D�Q�R��

�3�D�U�D �U�H�V�R�O�Y�H�U �O�D �H�F�X�D�F�L�y�Q �$������ �V�H �Q�H�F�H�V�L�W�D �G�H �D�O�J�X�Q�D �H�[�S�U�H�V�L�y�Q �T�X�H �U�H�O�D�F�L�R�Q�H �H�O �H�V�W�U�p�V �F�R�Q

�H�O �G�H�V�S�O�D�]�D�P�L�H�Q�W�R�� �3�D�U�D �H�V�W�R�� �V�H �S�X�H�G�H �F�R�Q�V�L�G�H�U�D�U �O�D �U�H�O�D�F�L�y�Q �H�Q�W�U�H �H�O �H�V�W�U�p�V �\ �O�D �G�H�I�R�U�P�D�F�L�y�Q �H�Q

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

� ij = �� ij ekk + 2 �e ij ���$������



�$������ �)�2�5�0�8�/�$�&�,�Ï�1 �(�&�8�$�&�,�Ï�1 �'�( �0�2�0�(�1�7�2 �6�Ë�6�0�,�&�2 �< �2�%�7�(�1�&�,�Ï�1 �'�( �/�$�6 �9�(�/�2�&�,�'�$�'�(�6��������

�G�R�Q�G�H� �H�V �O�D �I�X�Q�F�L�y�Q �'�H�O�W�D �G�H �.�U�R�Q�H�F�N�H�U��� �\ � �V�R�Q �O�R�V �S�D�U�i�P�H�W�U�R�V �G�H �/�D�P�p �\eij �H�V �H�O �W�H�Q�V�R�U �G�H

�G�H�I�R�U�P�D�F�L�y�Q�� �H�O �F�X�D�O �V�H �G�H�I�L�Q�H �F�R�P�R

eij =
1
2

(@i uj + @j ui ) ���$������

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

� ij = �� ij @k uk + � (@i uj + @j ui ) ���$������

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

�O�D �H�F�X�D�F�L�y�Q �$������ �V�H �R�E�W�L�H�Q�H��

�
@2ui

@t2
= @j [�� ij @k uk + � (@i uj + @j ui )]

�
@2ui

@t2
= @i �@k uk + �@i @k uk + @j � (@i uj + @j ui ) + �@j @i uj + �@j @j ui

�
@2ui

@t2
= @i �@k uk + @i � (@i uj + @j ui ) + �@i @k uk + �@i @j uj + �@j @j ui ���$������

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

� •�X= r � (r � �X) + r � �
h
r �X+ ( r �X)T

i
+ ( � + � ) rr � �X+ � r 2�X ���$������

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

r 2�X= rr � �X� r � r � �X

�V�H �R�E�W�L�H�Q�H

� •�X= r � (r � �X) + r � �
h
r �X+ ( r �X)T

i
+ ( � + 2 � ) rr � �X� � r � r � �X ���$��������
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�6�H �S�X�H�G�H �F�R�Q�V�L�G�H�U�D�U �T�X�H �O�D �Y�H�O�R�F�L�G�D�G �H�V �V�R�O�R �I�X�Q�F�L�y�Q �G�H �O�D �S�U�R�I�X�Q�G�L�G�D�G�� �S�R�U �O�R �T�X�H �H�O �P�H�G�L�R �S�X�H�G�H

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

�/�D�P�p �H�V �Q�X�O�R�� �S�R�U �O�R �T�X�H �O�R�V �G�R�V �S�U�L�P�H�U�R�V �W�p�U�P�L�Q�R�V �G�H �O�D �H�F�X�D�F�L�y�Q �D�Q�W�H�U�L�R�U �S�X�H�G�H�Q �V�H�U �G�H�V�S�U�H�F�L�D��

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

� •�X= ( � + 2 � ) rr � �X� � r � r � �X ���$��������

�/�D �R�Q�G�D �3 �H�V �F�R�P�S�U�H�V�L�R�Q�D�O�� �P�L�H�Q�W�U�D�V �T�X�H �O�D �R�Q�G�D �6 �H�V �G�H �F�L�]�D�O�O�H�� �H�V�W�R �S�H�U�P�L�W�H �V�H�S�D�U�D�U �H�V�W�D �H�F�X�D��

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

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

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

@2 (r � �X)
@t2

=
� + 2 �

�
r 2 (r � �X) ���$��������

�'�H �H�V�W�D �V�H �R�E�W�L�H�Q�H �T�X�H �O�D �Y�H�O�R�F�L�G�D�G �G�H �O�D �R�Q�G�D �3 �H�V

� 2 =
� + 2 �

�
���$��������

�$�Q�i�O�R�J�D�P�H�Q�W�H�� �F�D�O�F�X�O�D�Q�G�R �H�O �U�R�W�R�U �G�H �O�D �H�F�X�D�F�L�y�Q�� �V�H �R�E�W�L�H�Q�H

@2 (r � �X)
@t2

= �
�
�

r � r � (r � �X)

@2 (r � �X)
@t2

=
�
�

r 2 (r � �X) ���$��������

�'�H �G�R�Q�G�H �V�H �R�E�W�L�H�Q�H �T�X�H �O�D �Y�H�O�R�F�L�G�D�G �G�H �O�D �R�Q�G�D �6 �H�V

� 2 =
�
�

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

�G�H �O�D �I�R�U�P�D��

•�X= � 2rr � �X� � 2r � r � �X ���$��������

�(�F�X�D�F�L�y�Q �T�X�H �F�R�Q�W�U�R�O�D �H�O �F�R�P�S�R�U�W�D�P�L�H�Q�W�R �G�H �O�D�V �R�Q�G�D�V �V�t�V�P�L�F�D�V �H�Q �P�H�G�L�R�V �K�R�P�R�J�p�Q�H�R�V �H�Q �F�D�P�S�R

�O�H�M�D�Q�R��

�$������ �'�H�I�L�Q�L�F�L�y�Q �P�y�G�X�O�R �G�H �3�R�L�V�V�R�Q��

�(�Q �X�Q �F�X�H�U�S�R �H�O�i�V�W�L�F�R �V�R�P�H�W�L�G�R �D �X�Q�D �W�H�Q�V�L�y�Q �D �O�R �O�D�U�J�R �G�H �X�Q�R �G�H �V�X�V �H�M�H�Vx1�� �O�D�V �G�H�I�R�U�P�D�F�L�R��

�Q�H�V �W�U�D�Q�V�Y�H�U�V�D�V ���D �O�R �O�D�U�J�R �G�H �V�X�V �R�W�U�R�V �H�M�H�V��� 22 �\ � 33 �Q�R �V�R�Q �L�Q�G�H�S�H�Q�G�L�H�Q�W�H�V �G�H �O�D �G�H�I�R�U�P�D�F�L�y�Q �D

�O�R �O�D�U�J�R �G�H�O �H�M�H �V�R�E�U�H �H�O �T�X�H �D�F�W�~�D �O�D �W�H�Q�V�L�y�Q��� 11��

�&�R�Q�V�L�G�H�U�H �O�D �E�D�U�U�D �G�H �G�L�P�H�Q�V�L�R�Q�H�Vx �Hy�� �G�H�V�F�U�L�W�D �H�Q �O�D �I�L�J�X�U�D �$���� �S�R�U �O�D �O�t�Q�H�D �V�H�J�P�H�Q�W�D�G�D��

�V�R�P�H�W�L�G�D �D �X�Q�D �I�X�H�U�]�D �H�[�W�H�Q�V�L�Y�DFx �V�R�E�U�H �V�X �H�M�H �S�U�L�Q�F�L�S�D�O�� �(�V�W�D �I�X�H�U�]�D �G�H�I�R�U�P�D �D �O�D �E�D�U�U�D �H�V�W�L�U�i�Q��

�G�R�O�D �D �O�R �O�D�U�J�R �G�H�O �H�M�H �V�R�E�U�H �H�O �T�X�H �D�F�W�~�D �H�Q� x �\ �H�V�W�U�H�F�K�i�Q�G�R�O�D �S�D�U�D�O�H�O�D�P�H�Q�W�H �D �V�X�V �R�W�U�R�V �H�M�H�V

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

�H�Q �O�D �I�L�J�X�U�D �$������ �H�O �D�G�H�O�J�D�]�D�P�L�H�Q�W�R �W�U�D�Q�V�Y�H�U�V�D�O �H�V �V�L�P�p�W�U�L�F�R��



������ �$�3�e�1�'�,�&�( �$�� �$�1�(�;�2�6

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

�/�D�V �G�H�I�R�U�P�D�F�L�R�Q�H�V �W�U�D�Q�V�Y�H�U�V�D�V ��� y/ y = � yy �\ � z/ z = � zz �� �V�R�Q �G�H �V�L�J�Q�R �R�S�X�H�V�W�R �D �O�D �H�[�W�H�Q�V�L�y�Q

�O�R�Q�J�L�W�X�G�L�Q�D�O ��� x/ x = � xx ���� �S�H�U�R �S�U�R�S�R�U�F�L�R�Q�D�O�H�V �D �H�V�W�D�� �$�V�t�� �O�D�V �G�H�I�R�U�P�D�F�L�R�Q�H�V �S�X�H�G�H�Q �V�H�U �H�[�S�U�H��

�V�D�G�D�V �F�R�P�R��

� yy = � �� xx � zz = � �� xx

�(�V�W�D �F�R�Q�V�W�D�Q�W�H �G�H �S�U�R�S�R�U�F�L�R�Q�D�O�L�G�D�G �H�V �H�O �0�y�G�X�O�R �G�H �3�R�L�V�V�R�Q�� �\ �U�H�S�U�H�V�H�Q�W�D �O�D �U�H�O�D�F�L�y�Q �H�Q�W�U�H �O�D�V

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

�S�D�U�D �D�P�E�R�V �H�M�H�V �W�U�D�Q�V�Y�H�U�V�D�O�H�V��

� = �
� yy

�xx
= �

� zz

�xx
���$��������



�$������ �$�5�&�+�,�9�2 �)�,�1�$�/ �&�1�7�/ �'�( �&�2�1�7�5�2�/ �'�( �6�,�0�8�/���������� ������

�$������ �$�U�F�K�L�Y�R �I�L�Q�D�O �&�1�7�/ �G�H �F�R�Q�W�U�R�O �G�H �6�,�0�8�/����������

�d�j �y �y �R�X�y �9 �R �y �M�2�[�b�- �M�b�?�Q�i�- �M�#�H���b�i�- �r�i�b�?�i�- �F�Q�m�i�- �F�Q�m�i�k�- �F�Q�m�i�j

�R�y �y�X�8 �y�X�y�y�8�y �y�X�y�R �@�k�X�y �y�X�8�y �y�X�R �y�X�9�y �M�B�i�H�Q�+�- �r�i�b�T�- �2�B�;�i�Q�H�- �`�K�b�+�m�i�- �x�K�B�M�- �/�t�K���t�- �`�/�2�`�`�- �2�`�+�Q�7

�k �y�X�k�8 �y�X�y�8 �y �R�8�y�X�y �j�y�y�X�y �R�y�y�X�y�y �R�X�y�y �?�B�i�+�i�- �/�p�T�K���t�- �/�p�T�p�b�K���t�- �B�/�K�T�- �p�T�/�K�T�- �p�T�p�b�/�K�T�- �b�i���/�K�T�- �b�i�2�T�H

�k �k �k�8 �y�X�y�y�y�8 �R �y�X�y�y�k �8 �B�`�2�b�- �B�j�/�- �M�B�i�K���t�- �b�M�`�K�+�i�- �B�?�Q�K�Q�- �`�K�b�i�Q�T�- �B�7�B�t�H

�R�y�y�X�y �9�y�y�X�y �R�X�8�y �k�X�8�y �e�X�y�y �/�2�H�i�R�- �/�2�H�i�k�- �`�2�b�R�- �`�2�b�k�- �`�2�b�j

�N �j �k�X�y �k�X�y �M�/�B�T�- �B�b�F�B�T�- �b�+���H�2�R�- �b�+���H�2�k

�R�X�k �y�X�y�y�y�8 �k�y�y �k�y�y �t�7���t�- �i�H�B�K�- �M�B�i�T�#�R�- �M�B�i�T�#�k

�R �R �y �B�m�b�2�T�- �B�m�b�2�b�- �B�M�p�/�2�H

�y �R�y�y�X�y �y�X�y�8 �B�m�b�2�[�- �[�p�T�K���t�- �[�/���K�T


	Introducción.
	Objetivos.
	Objetivos generales.
	Objetivos específicos.

	Estructura del trabajo.
	Hipótesis.

	Zona de Estudio.
	RegiÃ³n de AysÃ©n y la Península de Taitao.
	CaracterÃ�sticas geogrÃ¡ficas.
	GeologÃ�a regional.


	Marco Teórico.
	Localización.
	Localización con una estación.
	Localización con una red de estaciones.

	Teoría tomográfica.
	Tomografía.
	Resolución del modelo.

	Velocidad de las ondas.
	Velocidad de onda P.
	RazÃ³n VP/VS.


	Metodología.
	Descripción de la base de datos.
	Tratamiento previo de datos y localización de eventos.
	Metodología de Inversión.
	Modelo 1-D de velocidad.
	Tomografía 2-D de velocidad.

	Resultados e interpretaciones.
	AnÃ¡lisis de resoluciÃ³n.
	Test de tablero de ajedrez.
	FunciÃ³n de esparcimiento.

	TomografÃ�as.
	Perfil B-B'.
	Perfil C-C'.

	Descripciones e interpretaciones.
	SubducciÃ³n de litÃ³sfera oceÃ¡nica.
	Volcanismo de arco.
	Ventana AstenosfÃ©rica.


	Conclusiones y discusiÃ³n.

