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 �T�P �D�B�M�M�F�E �T�V�C���C�B�O�E�T�� �8�J�U�I �J�O�D�S�F�B�T�J�O�H �P�Q�U�J�D�B�M �Q�P�X�F�S�
 �U�I�F �Q�P�X�F�S
�P�G �U�I�F �D�S�F�B�U�F�E �T�V�C���C�B�O�E�T �J�T �S�J�T�J�O�H�� �"�U �B �D�F�S�U�B�J�O �J�O�U�F�O�T�J�U�Z �U�I�S�F�T�I�P�M�E�
 �U�I�F �T�V�C���C�B�O�E�T�B�O�E �U�I�F �M�B�T�J�O�H �N�P�E�F�T �B�S�F
�M�P�D�L�F�E �U�P�H�F�U�I�F�S�� �5�I�J�T �J�T �U�I�F �T�B�N�F �Q�S�J�O�D�J�Q�M�F �B�T �P�Q�U�J�D�B�M �J�O�K�F�D�U�J�P�O�
 �X�I�J�D�I �J�T �X�I�Z �J�O �U�I�J�T �D�B�T�F �J�U �D�B�O �C�F �D�B�M�M�F�E
�T�F�M�G���H�F�O�F�S�B�U�F�E �P�Q�U�J�D�B�M �J�O�K�F�D�U�J�P�O �	�'�J�H�V�S�F �������	�G�
�
�� �"�E�E�J�U�J�P�O�B�M�M�Z �T�F�M�G �Q�I�B�T�F �M�P�D�L�J�O�H �J�T �G�P�V�O�E �J�O �N�J�E �J�O�G�S�B�S�F�E �P�S �5�)�[
�R�V�B�O�U�V�N �D�B�T�D�B�E�F �M�B�T�F�S�T �<�����
 �����
 �����> �X�I�F�S�F �Q�B�T�T�J�W�F �N�P�E�F �M�P�D�L�J�O�H �J�O �U�I�F �T�F�O�T�F �E�F�T�D�S�J�C�F�E �B�C�P�W�F �J�T �O�P�U �Q�P�T�T�J�C�M�F
�E�V�F �U�P �U�I�F �U�P�P �T�I�P�S�U �V�Q�Q�F�S �T�U�B�U�F �M�J�G�F �U�J�N�F �	���� �Q�T�
 �J�O �R�V�B�O�U�V�N �D�B�T�D�B�E�F �M�B�T�F�S�T���"�T �X�F�M�M �B�T �J�O �R�V�B�O�U�V�N �E�P�U �M�B�T�F�S�T�

�T�Q�B�U�J�B�M �I�P�M�F �C�V�S�O�J�O�H �X�B�T �G�P�V�O�E �U�P �Q�M�B�Z �B �L�F�Z �S�P�M�F �J�O �U�I�F �P�O�T�F�U �P�G �N�V�M�U�J�N�P�E�F �J�O�T�U�B�C�J�M�J�U�J�F�T �B�O�E �G�P�V�S���X�B�W�F���N�J�Y�J�O�H
�M�F�B�E�T �U�P �U�I�F �F�T�U�B�C�M�J�T�I�N�F�O�U �P�G �D�P�I�F�S�F�O�U �N�P�E�F�T��

�*�M�K�Y�V�I �r�������7�G�L�I�Q�E�X�M�G �I�Z�S�P�Y�X�M�S�R �P�I�E�H�M�R�K �X�S �W�I�P�J �T�L�E�W�I �P�S�G�O�M�R�K �S�J �X�L�I �Q�S�H�I�W �M�R �E �W�M�R�K�P�I �W�I�G�X�M�S�R �U�Y�E�R�X�Y�Q
�H�S�X �P�E�W�I�V �J�S�V �M�R�G�V�I�E�W�M�R�K �K�E�M�R �M�R�N�I�G�X�M�S�R �G�Y�V�V�I�R�X�� �'�Y�V�V�I�R�X �M�R�G�V�I�E�W�I�W �J�V�S�Q ���E�
 �X�S ���J�
�� ���E�
�+�E�M�R �M�W
�F�I�P�S�[ �X�L�V�I�W�L�S�P�H�����F�
�+�E�M�R �M�W �G�P�S�W�I�P�] �F�I�P�S�[ �X�L�V�I�W�L�S�P�H�����G�
�;�L�I�R �X�L�I �K�E�M�R �V�I�E�G�L�I�W �X�L�I �X�L�V�I�W�L�S�P�H
�K�E�M�R�� �S�R�I �Q�S�H�I �W�X�E�V�X�W �X�S �P�E�W�I�� �8�L�I �W�M�R�K�P�I �Q�S�H�I �R�S�[ �J�S�V�Q�W �G�S�Y�R�X�I�V �T�V�S�T�E�K�E�X�M�R�K �[�E�Z�I�W �[�L�M�G�L�E�V�I
�G�S�Y�T�P�I�H �Z�M�E �V�I�y�I�G�X�M�S�R�W �E�X �X�L�I �J�E�G�I�X�W �E�R�H �J�S�V�Q �E �W�X�E�R�H�M�R�K �[�E�Z�I �T�E�X�X�I�V�R ���W�I�I �M�R�W�I�X�
�����H�
�3�R�W�I�X �S�J
�W�I�Z�I�V�E�P �P�S�R�K�M�X�Y�H�M�R�E�P �G�E�Z�M�X�] �Q�S�H�I�W �[�M�X�L �H�M�J�J�I�V�I�R�X �W�T�E�X�M�E�P �G�S�R�x�K�Y�V�E�X�M�S�R �M�W �J�E�Z�S�V�I�H �W�M�R�G�I �V�I�Q�E�M�R�M�R�K
�T�S�T�Y�P�E�X�M�S�R �M�W �P�I�J�X �M�R�W�M�H�I �X�L�I �R�S�H�I�W�����I�
�1�Y�P�X�M�Q�S�H�I �I�Q�M�W�W�M�S�R �[�M�X�L �R�S�R�I�U�Y�E�P�P�] �W�T�E�G�I�H �Q�S�H�I�W�� �H�Y�I
�X�S �X�L�I �R�S�R���^�I�V�S �H�M�W�T�I�V�W�M�S�R �S�J �X�L�I �K�E�M�R �Q�I�H�M�Y�Q�����J�
�*�S�Y�V���[�E�Z�I���Q�M�\�M�R�K �P�I�E�H�W �X�S �P�E�W�M�R�K �P�M�R�I�W ���V�I�H�

�G�P�S�W�I �X�S �X�L�I �Q�Y�P�X�M�Q�S�H�I �P�E�W�M�R�K �P�M�R�I�W�� �T�Y�P�P�M�R�K �X�L�I�Q�� �K�I�R�I�V�E�X�M�R�K �I�U�Y�E�P�P�] �W�T�E�G�I�H �G�S�Q�F �P�M�R�I�W��

�q���q���ƒ �8�M�Q�M�R�K �T�L�E�W�I���R�S�M�W�I �E�R�H �X�M�Q�M�R�K �N�M�X�X�I�V

�5�J�N�J�O�H �Q�I�B�T�F���O�P�J�T�F �P�G �B�O �P�Q�U�J�D�B�M �G�S�F�R�V�F�O�D�Z �D�P�N�C �J�T �W�F�S�Z �D�M�P�T�F�M�Z �M�J�O�L�F�E �U�P �J�U�T �U�J�N�J�O�H �K�J�U�U�F�S�� �*�U�J�T �C�F�T�U �J�M�M�V�T�U�S�B�U�F�E
�C�Z �U�B�L�J�O�H �B �M�P�P�L �B�U �B�O �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C�� �5�I�F �Q�V�M�T�F���U�P���Q�V�M�T�F �U�J�N�J�O�H �K�J�U�U�F�S� �Q�U�Q�J�T �E�F�S�O�F�E �C�Z �U�I�F �N�F�B�O
�E�F�W�J�B�U�J�P�O �P�G �U�X�P �O�F�J�H�I�C�P�V�S�J�O�H �Q�V�M�T�F�T �D�P�N�Q�B�S�F�E �U�P �U�I�F �B�W�F�S�B�H�F �Q�V�M�T�F �Q�F�S�J�P�E �<�����>�� �*�U �D�B�O �C�F �F�Y�U�S�B�D�U�F�E �G�S�P�N �U�I�F
�C�F�B�U �O�P�U�F �M�J�O�F �X�J�E�U�I� f �S�U�W�J�B

� �Q�U�Q=

s
� f �S�U

2�f 3
�S�U

�	�������


�X�J�U�I �U�I�F �S�P�V�O�E �U�S�J�Q �G�S�F�R�V�F�O�D�Z �G�S�U�<�����>��
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�5�I�F �F�Y�Q�F�S�J�N�F�O�U�B�M �D�I�B�S�B�D�U�F�S�J�[�B�U�J�P�O �P�G �U�I�F �U�J�N�J�O�H �O�P�J�T�F �J�T �E�P�O�F �C�Z �N�F�B�T�V�S�J�O�H �U�I�F �U�J�N�J�O�H �Q�I�B�T�F �O�P�J�T�F �Q�P�X�F�S
�T�Q�F�D�U�S�B�M �E�F�O�T�J�U�ZL  (f )�� �*�U �J�T �B �S�F�Q�S�F�T�F�O�U�B�U�J�P�O �P�G �U�I�F �U�J�N�J�O�H �E�F�W�J�B�U�J�P�O �P�G �U�I�F �P�Q�U�J�D�B�M �Q�V�M�T�F �U�S�B�J�O �J�O �U�I�F �G�S�F�R�V�F�O�D�Z
�E�P�N�B�J�O �<�����>�� �8�I�F�O �B�T�T�V�N�J�O�H �B �-�P�S�F�O�U�[�J�B�O���T�I�B�Q�F�E �Q�P�X�F�S �T�Q�F�D�U�S�B�M �E�F�O�T�J�U�Z�
 �U�I�F �Q�S�P�Q�F�S�U�J�F�T �P�GL  (f ) �B�S�F
�D�P�N�Q�M�F�U�F�M�Z �T�Q�F�D�J�S�F�E �C�Z �U�I�F �S�B�E�J�P���G�S�F�R�V�F�O�D�Z �	�3�'�
 �C�F�B�U �O�P�U�F �M�J�O�F �X�J�E�U�I �<�����>��

L  (f ) =
� f �S�U

2�f 2 �	�������


�'�P�S �S�F�B�T�P�O�T �P�G �D�P�N�Q�M�F�U�F�O�F�T�T�
 �U�I�F �U�J�N�J�O�H �O�P�J�T�F �Q�P�X�F�S �T�Q�F�D�U�S�B�M �E�F�O�T�J�U�ZL � t (f ) �J�T �B �F�R�V�J�W�B�M�F�O�U �S�F�Q�S�F�T�F�O�U�B�U�J�P�O �P�G �U�I�F
�U�J�N�J�O�H �K�J�U�U�F�S�
 �B�O�E �D�P�S�S�F�M�B�U�F�T �X�J�U�I �U�I�F �U�J�N�J�O�H �Q�I�B�T�F �O�P�J�T�F �Q�P�X�F�S �T�Q�F�D�U�S�B�M �E�F�O�T�J�U�Z �W�J�BL � t (f ) = (2 �� �S�U) � 2L  (f )��
�8�I�J�M�FL  (f ) �N�F�B�T�V�S�F�T �U�I�F �U�J�N�J�O�H �K�J�U�U�F�S �S�F�M�B�U�J�W�F �U�P �U�I�F �Q�V�M�T�F �S�F�Q�F�U�J�U�J�P�O �S�B�U�F�
L � t (f ) �J�T �B�O �B�C�T�P�M�V�U�F �N�F�B�T�V�S�F �P�G
�U�J�N�J�O�H �K�J�U�U�F�S �<�����>�� �"�E�E�J�U�J�P�O�B�M�M�Z �U�P �U�I�F �U�J�N�J�O�H �K�J�U�U�F�S �J�O �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C�T�
 �B�O �B�N�Q�M�J�U�V�E�F �K�J�U�U�F�S �D�B�O
�C�F �E�F�S�O�F�E�� �5�I�F �B�N�Q�M�J�U�V�E�F �K�J�U�U�F�S �Q�S�P�W�J�E�F�T �B �N�F�B�T�V�S�F �P�G �U�I�F �Q�F�B�L �Q�P�X�F�S �T�V�D�U�V�B�U�J�P�O�T �P�G �D�P�O�T�F�D�V�U�J�W�F �Q�V�M�T�F�T�� �*�U
�D�B�O�O�P�U �C�F �E�F�S�O�F�E �G�P�S �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C�T �E�V�F �U�P �U�I�F�J�S �R�V�B�T�J �D�P�O�U�J�O�P�V�T���X�B�W�F �F�N�J�T�T�J�P�O �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T�� �"
�E�F�U�B�J�M�F�E �E�J�T�D�V�T�T�J�P�O �P�O �U�I�F �O�P�J�T�F �D�P�O�U�S�J�C�V�U�J�P�O�T �J�O �T�F�N�J�D�P�O�E�V�D�U�P�S �D�P�N�C �M�B�T�F�S�T �X�J�M�M �C�F �D�P�O�T�J�E�F�S�F�E �J�O �T�F�D�U�J�P�O ������������

�q���r �+�E�M�R�� �%�F�W�S�V�T�X�M�S�R �
 �+�V�S�Y�T �(�I�P�E�] �(�M�W�T�I�V�W�M�S�R

�q���r���ø �1�S�H�E�P �+�E�M�R

�(�B�J�O �J�O �H�F�O�F�S�B�M �E�F�T�D�S�J�C�F�T �U�I�F �B�N�Q�M�J�S�D�B�U�J�P�O �G�B�D�U�P�S �P�G �U�I�F �B�D�U�J�W�F �N�F�E�J�V�N �P�G �U�I�F �M�B�T�F�S �Q�F�S �M�F�O�H�U�I �X�I�F�O �M�J�H�I�U �I�B�T
�U�S�B�W�F�M�M�F�E �U�I�S�P�V�H�I �U�I�F �N�F�E�J�V�N��

Pout = Pin � eg�L , g =
1
L

ln
�

Pout

Pin

�
�	�������


�X�J�U�IL �U�I�F �M�F�O�H�U�I �U�S�B�W�F�M�M�F�E�
 �1in �U�I�F �Q�P�X�F�S �J�S�S�B�E�J�B�U�F�E �J�O�U�P �U�I�F �N�F�E�J�V�N �B�O�E �1out �U�I�F �S�F�T�V�M�U�J�O�H �Q�P�X�F�S�� �5�I�J�T �W�B�M�V�F
g �J�T �D�B�M�M�F�E �U�I�F �N�B�U�F�S�J�B�M �H�B�J�O �<�����>�� �*�G �P�O�F �B�M�T�P �D�P�O�T�J�E�F�S�T �U�I�F �M�B�T�F�S �D�B�W�J�U�Z �P�O�F �I�B�T �U�P �B�D�D�P�V�O�U �G�P�S �B �D�P�O�S�O�F�N�F�O�U
�G�B�D�U�P�S� �B�O�E �U�I�F �X�B�W�F�H�V�J�E�F �M�P�T�T�F�T� w �� � i + � m �� �8�B�W�F�H�V�J�E�F �M�P�T�T�F�T �D�P�O�T�J�T�U �P�G �J�O�U�F�S�O�B�M �M�P�T�T�F�T� i �G�P�S �F�Y�B�N�Q�M�F �C�Z
�T�D�B�U�U�F�S�J�O�H �B�O�E �U�I�F �N�J�S�S�P�S �M�P�T�T�F�T� m �P�O �F�B�D�I �G�B�D�F�U �P�G �U�I�F �D�B�W�J�U�Z�� �5�I�J�T �Q�B�S�B�N�F�U�F�S �J�T �D�B�M�M�F�E �U�I�F �N�P�E�B�M �H�B�J�O �<�����
 �Q��
�����>��

G = � g + � w : �	�������


�'�J�O�B�M�M�Z�
 �J�O �P�S�E�F�S �U�P �T�F�Q�B�S�B�U�F �J�O�U�F�S�O�B�M �B�O�E �N�J�S�S�P�S �M�P�T�T�F�T�
� m �J�T �T�V�C�U�S�B�D�U�F�E�� �5�I�J�T �S�F�T�V�M�U�T �J�O �U�I�F �Q�B�S�B�N�F�U�F�S �P�G �U�I�F
�O�F�U �N�P�E�B�M �H�B�J�O �<�����
 �����>��

GNet = G � � m : �	�������


�5�I�F �N�J�S�S�P�S �M�P�T�T�F�T �B�S�F �E�F�S�O�F�E �B�T

� m =
1

2L
ln (R1R2) =

ln (R)
L

�	���������


�X�J�U�IR1 �B�O�ER2 �U�I�F �S�F�T�F�D�U�J�W�J�U�J�F�T �P�G �U�I�F �G�B�D�F�U�T�
 �P�S �J�O �U�I�F �D�B�T�F �P�G �T�J�N�J�M�B�S �S�F�T�F�D�U�J�W�J�U�J�F�T �K�V�T�UR �<�����
 �����>�� �"�T �N�F�O�U�J�P�O�F�E
�C�F�G�P�S�F�
 �U�I�F �H�B�J�O �J�T �B�O �J�N�Q�P�S�U�B�O�U �Q�B�S�B�N�F�U�F�S �G�P�S �N�P�E�F���M�P�D�L�J�O�H �B�T �U�I�F �N�B�Y�J�N�V�N �H�B�J�O �W�B�M�V�F �E�F�U�F�S�N�J�O�F�T �U�I�F
�B�U�U�B�J�O�B�C�M�F �P�Q�U�J�D�B�M �Q�P�X�F�S �X�I�J�M�F �U�I�F �T�I�B�Q�F �P�G �U�I�F �H�B�J�O �T�Q�F�D�U�S�V�N �E�F�U�F�S�N�J�O�F�T �U�I�F �T�Q�F�D�U�S�B�M �C�B�O�E�X�J�E�U�I �<�����
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�5�I�F �G�P�M�M�P�X�J�O�H �T�F�D�U�J�P�O �X�J�M�M �D�P�W�F�S �U�I�F �C�B�T�J�D �Q�S�J�O�D�J�Q�M�F�T �C�F�I�J�O�E �U�I�F �4�8�*�'�5�4 �U�F�D�I�O�J�R�V�F �X�I�J�D�I �X�J�M�M�C�F �V�T�F�E �J�O
�T�F�D�U�J�P�O �����������
 �T�F�D�U�J�P�O �����������
 �T�F�D�U�J�P�O ������ �B�O�E �T�F�D�U�J�P�O ������ �U�P �B�O�B�M�Z�[�F �U�I�F �Q�I�B�T�F �S�F�M�B�U�J�P�O�T �B�O�E �Q�S�P�W�F �U�I�F �D�P�I�F�S�F�O�D�F
�P�G �U�I�F �J�O�W�F�T�U�J�H�B�U�F�E �P�Q�U�J�D�B�M �G�S�F�R�V�F�O�D�Z �D�P�N�C �M�B�T�F�S�T�� �1�B�S�U�T �P�G �U�I�J�T �T�F�D�U�J�P�O �B�S�F �C�B�T�F�E �P�O �U�I�F �S�F�T�V�M�U�T �Q�V�C�M�J�T�I�F�E �J�O �<���

�������>�� �5�P �T�U�B�S�U�
 �M�F�U�T �B�T�T�V�N�F �U�I�B�U �U�I�F �F�M�F�D�U�S�J�D �S�F�M�E �P�G �B �G�S�F�R�V�F�O�D�Z �D�P�N�C �D�B�O �C�F �E�F�T�D�S�J�C�F�E �C�Z
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�X�J�U�I �U�I�F �D�P�N�C �N�P�E�F�T �S�F�Q�S�F�T�F�O�U�F�E �C�Z �U�I�F �T�V�C�T�D�S�J�Q�Un�
En (t) �J�T �U�I�F �F�M�F�D�U�S�J�D �S�F�M�E �P�G �U�I�F �O���U�I �N�P�E�F�
� n (t) �J�T
�U�I�F �Q�I�B�T�F �B�O�E! n �U�I�F �G�S�F�R�V�F�O�D�Z �P�G �U�I�F �O���U�I �N�P�E�F�� �5�I�F �T�V�N �J�T �U�B�L�F�O �P�W�F�S �B�M�M �D�P�N�C �N�P�E�F�T�� �*�U �J�T �J�N�Q�P�S�U�B�O�U �U�P
�O�P�U�J�D�F �U�I�B�U �U�I�F �T�V�N �J�T �U�B�L�F�O �P�W�F�S �Q�P�T�J�U�J�W�F �B�O�E �O�F�H�B�U�J�W�Fn �X�J�U�I �U�I�F �D�P�O�W�F�O�U�J�P�O� ! n = ! � n �B�O�EE �

n = E � n ��
�5�I�J�T �O�P�U�B�U�J�P�O �J�O�D�M�V�E�F�T �U�I�F �D�P�N�Q�M�F�Y �D�P�O�K�V�H�B�U�F �P�G �U�I�F �F�M�F�D�U�S�J�D �S�F�M�E�� �*�O �B �Q�F�S�G�F�D�U �G�S�F�R�V�F�O�D�Z�D�P�N�C�
 �B�M�M �N�P�E�F�T �B�S�F
�F�R�V�B�M�M�Z �T�Q�B�D�F�E �B�Q�B�S�U �C�Z �U�I�F �S�P�V�O�E �U�S�J�Q �G�S�F�R�V�F�O�D�Zf �S�U�P�S! �S�F�Q�� �'�P�S �H�F�O�F�S�B�M�J�[�B�U�J�P�O �S�F�B�T�P�O�T�
 �U�I�F �P�O�H�P�J�O�H �E�F�S�J�W�B�U�J�P�O
�X�J�M�M �P�O�M�Z �B�T�T�V�N�F �U�I�B�U! n+1 � ! n � ! �S�F�Q��
�"�G�U�F�S �C�F�J�O�H �H�V�J�E�F�E �U�I�S�P�V�H�I �B �'�P�V�S�J�F�S �5�S�B�O�T�G�P�S�N �*�O�G�S�B�S�F�E �4�Q�F�D�U�S�P�N�F�U�F�S �	�'�5�*�3�
�
 �U�I�F �S�F�M�E �J�T
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�X�J�U�I �U�I�F �U�J�N�F �E�F�M�B�Z �J�O�U�S�P�E�V�D�F�E �C�Z �U�I�F �'�5�*�3 �B�T� �B�O�E! n;m = ! n � ! m �� S(t; � ) �J�T �N�F�B�T�V�S�F�E �C�Z �B �G�B�T�U �Q�I�P�U�P
�E�J�P�E�F �B�O�E �U�I�F�O �T�V�Q�F�S�J�N�Q�P�T�F�E �X�J�U�I �U�I�F �T�J�H�O�B�M �P�G �B �M�P�D�B�M �P�T�D�J�M�M�B�U�P�S�� �5�I�F �G�S�F�R�V�F�O�D�Z �P�G �U�I�J�T �T�J�H�O�B�M! 0 �J�T �D�I�P�T�F�O
�U�P �C�F �J�E�F�O�U�J�D�B�M �U�P �U�I�F �S�F�Q�F�U�J�U�J�P�O �S�B�U�F! �S�F�Q�� ! 0 �D�B�O �B�M�T�P �C�F �F�Y�U�S�B�D�U�F�E �P�S �Q�S�P�E�V�D�F�E �C�Z �U�I�F �J�O�W�F�T�U�J�H�B�U�F�E �M�B�T�F�S
�T�P�V�S�D�F �J�U�T�F�M�G �<���> �V�T�J�O�H �U�I�F �M�B�T�F�S �S�P�V�O�E �U�S�J�Q �G�S�F�R�V�F�O�D�Z �C�F�B�U �O�P�U�F�� �"�W�F�S�B�H�J�O�H �P�W�F�S �M�B�C �U�J�N�F �T�D�B�M�F�T �	� 1/ ! �S�F�Q�
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�X�J�M�M �S�V�M�F �P�V�U �B�O�Z �G�S�F�R�V�F�O�D�Z �D�P�O�U�S�J�C�V�U�J�P�O�T �U�I�B�U �E�J�R�F�S �N�V�D�I �G�S�P�N �U�I�F �G�S�F�R�V�F�O�D�Z �P�G �U�I�F �M�P�D�B�M �P�T�D�J�M�M�B�U�P�S�� �4�J�O�D�F
! n+1 � ! n � ! �S�F�Q�B�O�E! 0 = ! �S�F�Q�
 �P�O�M�Z �U�I�F �C�F�B�U�J�O�H �Q�S�P�E�V�D�F�E �C�Z �U�X�P �O�F�J�H�I�C�P�V�S�J�O�H �D�P�N�C �M�J�O�F�T �J�T �T�U�J�M�M �Q�S�F�T�F�O�U
�J�O �U�I�F �4�8�*�'�5�4 �T�J�H�O�B�M�� �8�J�U�I�P�V�U �N�B�L�J�O�H �U�I�F �B�T�T�V�N�Q�U�J�P�O�
 �U�I�B�U �U�I�F �U�X�P �M�J�O�F�T �B�S�F �F�Y�B�D�U�M�Z �T�Q�B�D�F�E �B�Q�B�S�U �C�Z �U�I�F
�S�F�Q�F�U�J�U�J�P�O �S�B�U�F�
 �U�I�F �S�F�T�V�M�U�J�O�H �4�8�*�'�5�4 �T�J�H�O�B�M �J�T
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�&�Y�Q�F�S�J�N�F�O�U�B�M�M�Z�
 �U�I�F �N�F�B�T�V�S�F�E �T�J�H�O�B�M �J�T �O�P�U �T�V�Q�F�S�J�N�Q�P�T�F�E �X�J�U�I �U�I�F �D�P�N�Q�M�F�Y �G�V�O�D�U�J�P�O�F�Y�Q(i!t ) �C�V�U �X�J�U�I �U�I�F
�D�P�T�J�O�F �B�O�E �U�I�F �T�J�O�F�� �5�I�F �S�F�T�V�M�U�J�O�H �G�V�O�D�U�J�P�O�T �B�S�F �D�B�M�M�F�E �R�V�B�E�S�B�U�V�S�F�T �P�G �U�I�F �N�P�E�F�� �4�V�Q�F�S�J�N�Q�P�T�J�U�J�P�O �X�J�U�I �U�I�F
�D�P�T�J�O�F �Q�S�P�W�J�E�F�T �U�I�F �R�V�B�E�S�B�U�V�S�FX �
 �U�I�FY �R�V�B�E�S�B�U�V�S�F �J�T �D�B�M�D�V�M�B�U�F�E�
 �X�I�F�O �U�I�Fsine �J�T �V�T�F�E�� �5�I�F �4�8�*�'�5�4 �T�J�H�O�B�M
�J�T �U�I�F�O �P�C�U�B�J�O�F�E �C�Z �B�E�E�J�O�HX �B�O�EiY ��

S(� ) = hS(t; � )�Fi! o t i = hS(t; � ) �D�P�T(! ot)i + ihS(t; � ) �T�J�O(i! ot)i �	�������
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�"�G�U�F�S �E�F�U�F�S�N�J�O�J�O�HX �B�O�EY �
 �B�'�P�V�S�J�F�S �U�S�B�O�T�G�P�S�N�B�U�J�P�O �P�GS(� ) �	�D�P�M�P�S�F�E �B�T �B �H�V�J�E�F �U�P �U�I�F �F�Z�F�
 �S�F�T�V�M�U�T �J�O �U�I�F
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�"�M�P�O�H�T�J�E�F �U�I�F �G�S�F�R�V�F�O�D�Z �P�G �U�I�F �D�P�N�C �M�J�O�F�T�
 �U�I�F �4�8�*�'�5�4 �T�Q�F�D�U�S�V�N �B�M�T�P �D�P�O�U�B�J�O�T�S�B�E�J�P �G�S�F�R�V�F�O�D�Z �D�P�N�Q�P�O�F�O�U�T
�	�D�P�M�P�S�F�E �J�O �C�M�V�F�
�� �5�I�F�T�F �D�P�N�Q�P�O�F�O�U�T �B�S�F �V�T�V�B�M�M�Z �J�H�O�P�S�F�E �P�S �S�F�N�P�W�F�E �J�O �U�I�F �G�V�S�U�I�F�S �B�O�B�M�Z�T�J�T��

�4�I�V�J�I�G�X �J�V�I�U�Y�I�R�G�] �G�S�Q�F�"�U �U�I�J�T �Q�P�J�O�U�
 �X�F �D�P�O�T�J�E�F�S �U�I�F �4�8�*�'�5�4 �T�Q�F�D�U�S�V�N �P�G �B �Q�F�S�G�F�D�U �G�S�F�R�V�F�O�D�Z �D�P�N�C�� �B
�Q�F�S�G�F�D�U �D�P�N�C �I�B�T �D�P�N�C �M�J�O�F�T �U�I�B�U �B�S�F �B�M�M �F�R�V�B�M�M�Z �T�Q�B�D�F�E �B�Q�B�S�U �C�Z! �O+ ��;�O= ! �S�F�Q�
 �S�F�T�V�M�U�J�O�H �J�O �U�I�F �G�P�M�M�P�X�J�O�H
�4�8�*�'�5�4 �T�Q�F�D�U�S�V�N��
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�5�I�F �Q�F�S�G�F�D�U �G�S�F�R�V�F�O�D�Z �D�P�N�C �J�T �O�P�U �P�O�M�Z �D�I�B�S�B�D�U�F�S�J�[�F�E �C�Z �F�R�V�B�M�M�Z �T�Q�B�D�F�E �B�Q�B�S�U �N�P�E�F�T�
 �U�I�F�T�F �N�P�E�F�T �B�S�F �B�M�T�P
�Q�I�B�T�F �T�U�B�C�M�F�� �5�I�J�T �N�F�B�O�T�
 �U�I�B�U �U�I�F �4�8�*�'�5�4 �T�Q�F�D�U�S�V�N�Œ�T �B�N�Q�M�J�U�V�E�F �J�T �F�R�V�J�W�B�M�F�O�U �U�P �U�I�F �H�F�P�N�F�U�S�J�D�B�M�N�F�B�O �P�G
�U�I�F �J�O�U�F�O�T�J�U�Z �P�G �U�X�P �O�F�J�H�I�C�P�V�S�J�O�H �D�P�N�C �N�P�E�F�T�� �$�P�N�Q�B�S�J�O�H �U�I�F �T�Q�F�D�U�S�V�N�Œ�T �B�N�Q�M�J�U�V�E�F �X�J�U�IS(! ) �B�M�M�P�X�T �U�P
�F�W�B�M�V�B�U�F�
 �X�I�F�U�I�F�S �U�I�F �D�P�N�C �N�P�E�F�T �B�S�F �Q�I�B�T�F �T�U�B�C�M�F �B�O�E �F�R�V�B�M�M�Z �T�Q�B�D�F�E �B�Q�B�S�U�� �'�P�S �T�N�B�M�M�F�S �4�8�*�'�5�4 �T�Q�F�D�U�S�V�N
�B�N�Q�M�J�U�V�E�F�T�
 �B�U �M�F�B�T�U �P�O�F �P�G �U�I�F �U�X�P �N�B�J�O �D�S�J�U�F�S�J�B �G�P�S �D�P�N�C �P�Q�F�S�B�U�J�P�O �	�Q�I�B�T�F �T�U�B�C�M�F�B�O�E �F�R�V�B�M�M�Z �T�Q�B�D�F�E �B�Q�B�S�U
�N�P�E�F�T�
 �B�S�F �O�P�U �G�V�M�S�M�M�F�E�
 �M�F�B�E�J�O�H �U�P �U�I�F �B�T�T�V�N�Q�U�J�P�O �U�I�B�U �U�I�F�T�F �N�P�E�F�T �B�S�F �O�P�U �Q�I�B�T�F���M�P�D�L�F�E�� �'�P�S �F�Y�B�N�Q�M�F�
 �J�G �U�I�F
�Q�I�B�T�F�T �P�G �U�X�P �O�F�J�H�I�C�P�V�S�J�O�H �D�P�N�C �N�P�E�F�T �W�B�S�Z �P�W�F�S �U�J�N�F�
S(! ) �E�F�D�S�F�B�T�F�T �C�F�D�B�V�T�F �P�G �U�I�F �B�W�F�S�B�H�J�O�H �J�O �F�R�V�B�U�J�P�O
����������
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�6�I�E�P���X�M�Q�I �W�M�K�R�E�P�0�O�F �P�G �4�8�*�'�5�4 �N�B�K�P�S �B�E�W�B�O�U�B�H�F�T �P�W�F�S �J�O�U�F�O�T�J�U�Z �B�V�U�P���D�P�S�S�F�M�B�U�J�P�O �J�T �U�I�F �Q�P�T�T�J�C�J�M�J�U�Z �U�P
�D�B�M�D�V�M�B�U�F �U�I�F �S�F�B�M���U�J�N�F �T�J�H�O�B�M�� �5�I�J�T �J�T �E�P�O�F �C�Z �V�T�J�O�H �U�I�F �N�F�B�T�V�S�F�E �P�Q�U�J�D�B�M �T�Q�F�D�U�S�V�N �B�O�E �U�I�F �Q�I�B�T�F �E�J�R�F�S�F�O�D�F
�C�F�U�X�F�F�O �U�I�F �O�F�J�H�I�C�P�V�S�J�O�H �D�P�N�C �M�J�O�F�T�� �3�F�N�F�N�C�F�S�J�O�H �U�I�F �4�8�*�'�5�4 �T�Q�F�D�U�S�V�N�Œ�T �G�P�S�N�V�M�B �P�G �B �Q�F�S�G�F�D�U �G�S�F�R�V�F�O�D�Z
�D�P�N�C �	���������
�
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 �U�I�S�F�F �N�F�B�T�V�S�F�N�F�O�U�T �B�S�F �O�F�F�E�F�E�
 �U�I�F �S�S�T�U �U�X�P �C�F�J�O�H �F�R�V�B�M �B�T �N�F�O�U�J�P�O�F�E
�C�F�G�P�S�F �X�J�U�I �U�I�F �U�I�J�S�E �T�F�D�U�J�P�O �T�U�B�Z�J�O�H �J�O�B�D�U�J�W�F�
 �X�I�J�M�F �J�O �U�I�F �U�I�J�S�E �N�F�B�T�V�S�F�N�F�O�U �U�I�F �S�F�G�F�S�F�O�D�F �D�V�S�S�F�O�U �E�F�O�T�J�U�Z
�+ref �J�T �B�E�E�J�U�J�P�O�B�M�M�Z �B�Q�Q�M�J�F�E �U�P �U�I�F �U�I�J�S�E �T�F�D�U�J�P�O��

GNet (� ) =
1
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�X�J�U�I �*1 �U�I�F �N�F�B�T�V�S�F�E �J�O�U�F�O�T�J�U�Z �G�S�P�N �U�I�F �S�S�T�U �T�F�D�U�J�P�O �	�C�J�B�T�F�E �X�J�U�I �+ref �
 �B�M�P�O�F�
 �*1+2 �U�I�F �N�F�B�T�V�S�F�E �J�O�U�F�O�T�J�U�Z �G�S�P�N
�T�F�D�U�J�P�O �P�O�F �	�C�J�B�T�F�E �X�J�U�I �+�
 �B�O�E �T�F�D�U�J�P�O �U�X�P �	�C�J�B�T�F�E �X�J�U�I �+ref �
 �C�F�J�O�H �B�D�U�J�W�F�
 �*1+2+3 �U�I�F �N�F�B�T�V�S�F�E �J�O�U�F�O�T�J�U�Z
�G�S�P�N �B�M�M �U�I�S�F�F �T�F�D�U�J�P�O�T �B�D�U�J�W�F �	�T�F�D�U�J�P�O �P�O�F �C�J�B�T�F�E �X�J�U�I �+�
 �T�F�D�U�J�P�O �U�X�P �B�O�E �U�I�S�F�F �C�J�B�T�F�E �X�J�U�I �+ref �
 �B�O�E �- �U�I�F
�M�F�O�H�U�I �P�G �P�O�F �T�F�D�U�J�P�O �<�������>�� �5�I�F �N�P�E�B�M �B�C�T�P�S�Q�U�J�P�O �I�P�X�F�W�F�S �J�T �O�P�X �N�F�B�T�V�S�F�E �C�Z �S�F�W�F�S�T�F �C�J�B�T�J�O�H �U�I�F �N�J�E�E�M�F
�T�F�D�U�J�P�O �J�O �U�I�F �U�I�J�S�E �N�F�B�T�V�S�F�N�F�O�U��

� (� ) =
1
L
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I 1� 2+3 � I 1
� 1
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�X�J�U�I �B�M�M �Q�B�S�B�N�F�U�F�S�T �T�U�B�Z�J�O�H �U�I�F �T�B�N�F �B�T �J�O �F�R�V�B�U�J�P�O �������� �B�O�E �*1� 2+3 �U�I�F �N�F�B�T�V�S�F�E �J�O�U�F�O�T�J�U�Z �G�S�P�N �T�F�D�U�J�P�O �P�O�F
�B�O�E �U�I�S�F�F �G�P�S�X�B�S�E �C�J�B�T�F�E �X�J�U�I �+ �B�O�E �+ref �B�O�E �T�F�D�U�J�P�O �U�X�P �S�F�W�F�S�T�F �C�J�B�T�F�E �B�T �U�I�F �B�C�T�P�S�C�F�S �T�F�D�U�J�P�O �<�������>�� �%�V�F�U�P
�U�I�F �M�P�O�H �S�F�B�S �Q�B�T�T�J�W�F �T�F�D�U�J�P�O�
 �D�V�S�S�F�O�U �E�F�O�T�J�U�J�F�T �D�B�O �C�F �N�F�B�T�V�S�F�E �X�I�J�D�I �B�S�F �O�P�U�M�J�N�J�U�F�E �C�Z �B �M�B�T�J�O�H �U�I�S�F�T�I�P�M�E �J�O
�B �G�V�M�M�Z �G�B�C�S�J�D�B�U�F�E �E�F�W�J�D�F �M�F�B�E�J�O�H �U�P �H�B�J�O �D�M�B�N�Q�J�O�H�� �"�M�T�P �U�I�F �S�F�T�V�M�U�J�O�H �O�F�U �N�P�E�B�M �H�B�J�O �W�B�M�V�F�T �B�S�F�J�O�E�F�Q�F�O�E�F�O�U
�P�O �U�I�F �T�Q�F�D�U�S�B�M �S�F�T�P�M�V�U�J�P�O �V�T�F�E �J�O �U�I�F �J�O�U�F�O�T�J�U�Z �N�F�B�T�V�S�F�N�F�O�U�T�� �0�O�F �W�B�S�J�B�U�J�P�O �P�G �U�I�F �4�$ �N�F�U�I�P�E�F�Y�J�T�U�T �<�������>
�U�I�B�U �P�O�M�Z �S�F�R�V�J�S�F�T �B �U�X�P �T�F�D�U�J�P�O �M�B�T�F�S �C�V�U �X�J�U�I �U�I�F �T�Q�F�D�J�B�M �D�P�O�E�J�U�J�P�O�
 �U�I�B�U �C�P�U�I �T�F�D�U�J�P�O�T �I�B�W�F �U�P �C�F �F�Y�B�D�U�M�Z
�F�R�V�B�M�M�Z �M�P�O�H �B�O�E �T�Z�N�N�F�U�S�J�D �S�F�H�B�S�E�J�O�H �U�I�F �G�B�D�F�U �S�F�T�F�D�U�J�W�J�U�J�F�T�� �*�O �U�I�J�T �D�B�T�F�
 �B �Q�B�T�T�J�W�F �T�F�D�U�J�P�O �B�U �U�I�F �S�F�B�S �D�B�O �C�F
�O�F�H�M�F�D�U�F�E �B�O�E �U�I�F �O�F�U �N�P�E�B�M �H�B�J�O �P�S �B�C�T�P�S�Q�U�J�P�O �J�T �D�B�M�D�V�M�B�U�F�E �B�T �J�O �F�R�V�B�U�J�P�O �����������)�P�X�F�W�F�S�
 �G�P�S �U�I�J�T �W�B�S�J�B�O�U�

�U�I�F �J�O�K�F�D�U�J�P�O �D�V�S�S�F�O�U �E�F�O�T�J�U�Z �J�T �M�J�N�J�U�F�E �C�Z �U�I�F �M�B�T�J�O�H �U�I�S�F�T�I�P�M�E�
 �T�J�O�D�F �U�I�F �X�I�P�M�F �M�B�T�F�S �J�T �B�D�U�J�W�F�M�Z �C�J�B�T�F�E �X�J�U�I�P�V�U
�B �Q�B�T�T�J�W�F �T�F�D�U�J�P�O �Q�S�F�W�F�O�U�J�O�H �U�I�F �M�B�T�J�O�H�� �"�O �B�U�U�F�N�Q�U �U�P �V�T�F �U�I�F �T�B�N�F �Q�S�J�O�D�J�Q�M�F �P�O �B �E�F�W�J�D�F �P�G �V�O�F�R�V�B�M �T�F�D�U�J�P�O
�M�F�O�H�U�I�T �C�Z �<�������> �P�O�M�Z �B�M�M�P�X�F�E �U�P �N�F�B�T�V�S�F �D�I�B�O�H�F�T �J�O �U�I�F �H�B�J�O �W�B�M�V�F�
 �T�J�O�D�F �U�I�F �J�O�U�F�O�T�J�U�Z �J�O�D�J�E�F�O�U �U�P �U�I�F �Q�S�P�C�F�E

�s�u



�T�F�D�U�J�P�O �J�T �O�P�U �L�O�P�X�O �F�Y�B�D�U�M�Z��

�"�M�M �U�I�F�T�F �4�$ �N�F�U�I�P�E �W�B�S�J�B�O�U�T �E�F�N�B�O�E �B �T�Q�F�D�J�B�M�M�Z �T�U�S�V�D�U�V�S�F�E �M�B�T�F�S �D�B�W�J�U�Z �X�J�U�I �B�U �M�F�B�T�U �U�I�S�F�F �J�O�E�J�W�J�E�V�B�M�M�Z �C�J�B�T�B�C�M�F
�M�B�T�F�S �T�F�D�U�J�P�O�T�
 �P�G �X�I�J�D�I �U�I�F �S�S�T�U �U�X�P �B�U �U�I�F �F�N�J�T�T�J�P�O �G�B�D�F�U �O�F�F�E �U�P �I�B�W�F �U�I�F �T�B�N�F �M�F�O�H�U�I �F�B�D�I�
�P�S �B�O �F�Y�B�D�U�M�Z
�T�Z�N�N�F�U�S�J�D�B�M �U�X�P���T�F�D�U�J�P�O �T�U�S�V�D�U�V�S�F �J�T �O�F�F�E�F�E�� �*�G �U�I�F �D�B�W�J�U�Z �M�F�O�H�U�I�T �B�S�F �O�P�U �F�R�V�B�M�
 �P�O�M�Z �S�F�M�B�U�J�W�F �D�I�B�O�H�F�T �J�O
�U�I�F �H�B�J�O �P�S �B�C�T�P�S�Q�U�J�P�O �D�B�O �C�F �N�F�B�T�V�S�F�E �<�������>�� �5�I�F�S�F�G�P�S�F�
 �U�I�F�T�F �N�F�U�I�P�E�T �B�S�F �O�P�U �V�T�B�C�M�F �G�P�S �J�O�W�F�T�U�J�H�B�U�J�O�H
�Q�S�P�D�F�T�T�F�E �M�B�T�F�S�T �B�T �U�I�F�Z �B�S�F �U�Z�Q�J�D�B�M�M�Z �G�B�C�S�J�D�B�U�F�E �G�P�S �N�P�E�F �M�P�D�L�J�O�H �B�Q�Q�M�J�D�B�U�J�P�O�T �X�J�U�I �P�O�F �N�B�J�O �H�B�J�O �T�F�D�U�J�P�O �B�O�E
�P�O�F �T�I�P�S�U�F�S �T�B�U�V�S�B�C�M�F �B�C�T�P�S�C�F�S �T�F�D�U�J�P�O��

�%�Q�T�P�M�x�I�H �7�T�S�R�X�E�R�I�S�Y�W �)�Q�M�W�W�M�S�R �1�S�H�I �'�S�R�X�V�E�W�X �1�I�X�L�S�H�*�O �U�I�F �G�P�M�M�P�X�J�O�H�
 �N�F�U�I�P�E�T �X�J�M�M �C�F �B�E�E�S�F�T�T�F�E
�X�I�J�D�I �B�S�F �B�Q�Q�M�J�D�B�C�M�F �U�P �T�F�N�J�D�P�O�E�V�D�U�P�S �E�F�W�J�D�F�T �Q�S�P�D�F�T�T�F�E �B�O�E �D�P�O�U�B�D�U�F�E �X�J�U�I �U�X�P �P�S �N�V�M�U�J�Q�M�F�T�F�D�U�J�P�O�T�� �5�I�J�T
�J�O�F�W�J�U�B�C�M�Z �M�F�B�E�T �U�P �U�I�F �S�F�T�U�S�J�D�U�J�P�O�
 �U�I�B�U �P�O�M�Z �T�V�C���U�I�S�F�T�I�P�M�E �D�V�S�S�F�O�U �E�F�O�T�J�U�J�F�T �D�B�O �C�F�N�F�B�T�V�S�F�E �T�J�O�D�F �U�I�F �E�F�W�J�D�F
�X�J�M�M �T�X�J�U�D�I �P�O �B�U �U�I�F �D�V�S�S�F�O�U �E�F�O�T�J�U�Z �P�G �U�I�F �M�B�T�J�O�H �U�I�S�F�T�I�P�M�E�
 �M�F�B�E�J�O�H �U�P �H�B�J�O �D�M�B�N�Q�J�O�H �<�����
 �������>�� �5�I�F �D�P�N�N�P�O�M�Z
�V�T�F�E �)�B�L�L�J���1�B�P�M�J �N�F�U�I�P�E �<�����>�
 �X�J�U�I �S�F�T�Q�F�D�U �U�P �J�U�T �F�W�B�M�V�B�U�J�P�O �Q�S�J�O�D�J�Q�M�F �I�F�S�F�J�O �D�B�M�M�F�E �U�I�F �B�N�Q�M�J�S�F�E �T�Q�P�O�U�B�O�F�P�V�T
�F�N�J�T�T�J�P�O �	�"�4�&�
 �N�P�E�F���D�P�O�U�S�B�T�U �	�"�4�&���.�$�
 �N�F�U�I�P�E�
 �V�T�F�T �U�I�F �D�P�O�U�S�B�T�U �C�F�U�X�F�F�O �D�P�O�T�F�D�V�U�J�W�F �N�J�O�J�N�B �B�O�E �N�B�Y�J�N�B
�P�G �U�I�F �B�Y�J�B�M �S�F�T�P�O�B�U�P�S���N�P�E�F�T �P�G �U�I�F �"�4�& �T�Q�F�D�U�S�V�N �	�T�F�F �'�J�H�V�S�F �������	�B�
�
��

�*�M�K�Y�V�I �t�������7�G�L�I�Q�E�X�M�G�W �J�S�V �X�L�I �K�E�M�R �V�I�P�E�X�I�H �Q�I�E�W�Y�V�I�Q�I�R�X�W �V�I�W�Y�P�X�W�� ���E�
�%�Q�T�P�M�x�I�H �W�T�S�R�X�E�R�I�S�Y�W �I�Q�M�W��
�W�M�S�R ���%�7�)�
 �W�T�I�G�X�V�Y�Q�� �8�L�I �G�I�R�X�V�E�P �[�E�Z�I�P�I�R�K�X�L� cen �M�W �H�I�X�I�V�Q�M�R�I�H �E�W �X�L�I �[�E�Z�I�P�I�R�K�X�L �[�M�X�L �X�L�I
�L�M�K�L�I�W�X �M�R�X�I�R�W�M�X�] �M�R �X�L�I �%�7�) �Q�S�H�I �W�T�I�G�X�V�Y�Q�����F�
�-�R�X�I�V�J�I�V�S�K�V�E�Q �Q�I�E�W�Y�V�I�H �F�] �E �*�S�Y�V�M�I�V �8�V�E�R�W�J�S�V�Q
�-�R�J�V�E�V�I�H �W�T�I�G�X�V�S�Q�I�X�I�V ���*�8�-�6�
�����G�
�+�E�M�R �W�T�I�G�X�V�Y�Q�����H�
�%�F�W�S�V�T�X�M�S�R �W�T�I�G�X�V�Y�Q�����I�
�4�L�E�W�I �W�T�I�G�X�V�Y�Q��
���J�
�+�V�S�Y�T �H�I�P�E�] �H�M�W�T�I�V�W�M�S�R ���+�(�(�
 �W�T�I�G�X�V�Y�Q��

GNet (� ) =
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�

pi � 1
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�X�J�U�Ipi =
q

I max
I min

�U�I�F �S�B�U�J�P �P�G �D�P�O�T�F�D�V�U�J�W�F �Q�F�B�L �B�O�E �W�B�M�M�F�Z �J�O�U�F�O�T�J�U�J�F�T �P�G �P�O�F �N�P�E�F �B�O�E �- �U�I�F �M�F�O�H�U�I �P�G �U�I�F

�E�F�W�J�D�F �<�����>�� �3 �J�T �U�I�F �S�F�T�F�D�U�J�W�J�U�Z �P�G �U�I�F �M�B�T�F�S �G�B�D�F�U�T �V�O�E�F�S �U�I�F �B�T�T�V�N�Q�U�J�P�O �U�I�B�U �J�U �J�T �F�R�V�B�M �G�P�S �C�P�U�I�G�B�D�F�U�T��
�0�U�I�F�S�X�J�T�F �����3 �I�B�T �U�P �C�F �S�F�Q�M�B�D�F�E �C�Z

p
1/( R1 � R2) �U�P �H�F�U �U�I�F �B�W�F�S�B�H�F �P�G �U�I�F �M�P�H�B�S�J�U�I�N �P�G �C�P�U�I �S�F�T�F�D�U�J�W�J�U�J�F�T �<�����>��

�s��



�4�J�O�D�F �U�I�J�T �D�B�M�D�V�M�B�U�J�P�O �P�G �U�I�F �"�4�&���.�$ �N�F�U�I�P�E �T�J�N�Q�M�Z �V�T�F�T �U�I�F �N�J�O�J�N�V�N �U�P �N�B�Y�J�N�V�N �S�B�U�J�P �P�G �U�I�F �N�P�E�F�T �J�U �J�T
�E�J�S�F�D�U�M�Z �T�F�O�T�J�U�J�W�F �U�P �N�J�T�T�J�O�H �D�P�O�U�S�B�T�U �B�O�E �S�F�T�P�M�V�U�J�P�O �J�O �U�I�F �N�F�B�T�V�S�F�E �N�P�E�F �T�Q�F�D�U�S�V�N�
 �X�I�J�D�I �X�P�V�M�E �M�F�B�E �U�P �B�O
�V�O�E�F�S�F�T�U�J�N�B�U�J�P�O �P�G �U�I�F �O�F�U �N�P�E�B�M �H�B�J�O �W�B�M�V�F�� �5�I�F�S�F�G�P�S�F �$�B�T�T�J�E�Z �F�U �B�M�� �<�������> �Q�S�P�Q�P�T�F�E �U�I�F �"�4�& �N�P�E�F���T�V�N
�	�"�4�&���.�4�
 �N�F�U�I�P�E �B�O�E �D�P�O�S�S�N�F�E �U�I�B�U �J�U �S�F�T�V�M�U�T �J�O �B�C�P�V�U ������ �I�J�H�I�F�S �O�F�U �N�P�E�B�M �H�B�J�O �W�B�M�V�F�T �U�I�B�O �U�I�F �"�4�&���.�$
�N�F�U�I�P�E�� �)�F �D�P�O�D�M�V�E�F�E �U�I�B�U �U�I�F �"�4�&���.�4 �N�F�U�I�P�E �J�T �O�P�U �M�J�N�J�U�F�E �C�Z �U�I�F �X�B�W�F�M�F�O�H�U�I �S�F�T�P�M�V�U�J�P�O �P�G �U�I�F �T�Q�F�D�U�S�P�N�F�U�F�S
�C�V�U �P�O�M�Z �C�Z �O�P�J�T�F�� �0�C�W�J�P�V�T�M�Z �U�I�J�T �P�O�M�Z �I�P�M�E�T �U�S�V�F �G�P�S �B �X�B�W�F�M�F�O�H�U�I �S�F�T�P�M�V�U�J�P�O �T�U�J�M�M �M�P�X�F�S �U�I�B�O �U�I�F �G�S�F�F �T�Q�F�D�U�S�B�M
�S�B�O�H�F �P�G �U�I�F �D�B�W�J�U�Z�
 �T�J�O�D�F �U�I�F �J�O�E�J�W�J�E�V�B�M �N�P�E�F�T �T�U�J�M�M �I�B�W�F �U�P �C�F �J�E�F�O�U�J�S�B�C�M�F �G�P�S �U�I�F �F�W�B�M�V�B�U�J�P�O�� �'�P�S �U�I�J�T�N�F�U�I�P�E
�U�I�F �S�B�U�J�P �P�G �N�J�O�J�N�V�N �U�P �N�B�Y�J�N�V�N �J�O �F�R�V�B�U�J�P�O �������� �J�T �S�F�Q�M�B�D�F�E �C�Z �U�I�F �S�B�U�J�P �P�G �U�I�F �B�S�F�B �V�O�E�F�S �P�O�F �N�P�E�F �U�P �U�I�F
�B�S�F�B �C�F�U�X�F�F�O �U�I�F �N�J�O�J�N�V�N �M�F�W�F�M �B�O�E �[�F�S�P�
 �X�I�J�D�I �J�T �N�V�D�I �M�F�T�T �E�F�Q�F�O�E�F�O�U �P�O �U�I�F �V�T�F�E �D�P�O�U�S�B�T�U �B�O�E �S�F�T�P�M�V�U�J�P�O
�P�G �U�I�F �S�F�H�B�S�E�F�E �N�P�E�F �<�������>��

pi =

R� i + x
� i � x I (� i )d�

I min (� i ) � 2x
�	���������


�%�Q�T�P�M�x�I�H �7�T�S�R�X�E�R�I�S�Y�W �)�Q�M�W�W�M�S�R �'�V�S�W�W���'�S�V�V�I�P�E�X�M�S�R �1�I�X�L�S�H�*�O�T�U�F�B�E �P�G �F�Y�U�S�B�D�U�J�O�H �U�I�F �O�F�U �N�P�E�B�M �H�B�J�O �G�S�P�N
�U�I�F �F�N�J�T�T�J�P�O �T�Q�F�D�U�S�V�N�
 �U�I�F �'�P�V�S�J�F�S���U�S�B�O�T�G�P�S�N �N�F�U�I�P�E �P�S �"�4�& �D�S�P�T�T���D�P�S�S�F�M�B�U�J�P�O �	�"�4�&���$�$�
 �N�F�U�I�P�E�
 �Q�S�P�Q�P�T�F�E �C�Z
�)�P�R�T�U�F�U�U�F�S �F�U �B�M�� �<�����>�
 �B�O�E �/�B�H�B�O�V�N�B �F�U �B�M�� �<�������>�
 �J�T �C�B�T�F�E �P�O �U�I�F �J�O�U�F�S�G�F�S�P�H�S�B�N �H�F�O�F�S�B�U�F�E �C�Z �J�S�S�B�E�J�B�U�J�O�H
�U�I�F �M�B�T�F�S �M�J�H�I�U �U�I�S�P�V�H�I �B �.�J�D�I�F�M�T�P�O �J�O�U�F�S�G�F�S�P�N�F�U�F�S �P�G �W�B�S�Z�J�O�H �Q�B�U�I �M�F�O�H�U�I�� �*�U �X�J�M�M �C�F �U�I�F �N�F�U�I�P�E �P�G �D�I�P�J�D�F �J�O
�T�F�D�U�J�P�O ������������ �5�I�F �O�F�U �N�P�E�B�M �H�B�J�O �J�T �U�I�F�O �E�F�U�F�S�N�J�O�F�E �G�S�P�N �U�I�F �S�B�U�J�P �P�G�U�I�F �'�P�V�S�J�F�S �U�S�B�O�T�G�P�S�N �P�G �U�I�F �[�F�S�P�U�I �B�O�E
�S�S�T�U �I�B�S�N�P�O�J�D �Q�F�B�L�T �	�T�F�F �'�J�H�V�S�F �������	�C�
�
��

GNet (� ) =
1
L

ln
�

b(� )
R

�
�	���������


�X�J�U�Ib(� ) = jF T (W1 )j
jF T (W0 )j �U�I�F �S�B�U�J�P �P�G �U�I�F �'�P�V�S�J�F�S���U�S�B�O�T�G�P�S�N�T �P�G �U�I�F �S�S�T�U �B�O�E �[�F�S�P�U�I �I�B�S�N�P�O�J�D �N�B�Y�J�N�V�N�� �"�H�B�J�O�
 �B�T

�J�O �F�R�V�B�U�J�P�O ���������
 �3 �J�T �U�I�F �S�F�T�F�D�U�J�W�J�U�Z �P�G �U�I�F �M�B�T�F�S �G�B�D�F�U�T �	�P�S �F�R�V�J�W�B�M�F�O�U�M�Z �B�E�B�Q�U�F�E �U�P �E�J�R�F�S�F�O�U �G�B�D�F�U �S�F�T�F�D�U�J�W�J�U�J�F�T
�B�T �B�C�P�W�F�
 �B�O�E �- �U�I�F �M�F�O�H�U�I �P�G �U�I�F �E�F�W�J�D�F �<�����>�� �5�I�J�T �N�F�U�I�P�E �T�I�P�V�M�E �C�F �T�V�Q�F�S�J�P�S �U�P �U�I�F �C�F�G�P�S�F �N�F�O�U�J�P�O�F�E
�"�4�&���.�$ �B�O�E �"�4�&���.�4 �N�F�U�I�P�E�T �T�J�O�D�F �U�I�F �'�P�V�S�J�F�S �U�S�B�O�T�G�P�S�N �B�V�U�P�N�B�U�J�D�B�M�M�Z �U�B�L�F�T �J�O�U�P �B�D�D�P�V�O�U �U�I�F�T�I�B�Q�F �B�O�E
�D�P�O�U�S�B�T�U �P�G �U�I�F �N�P�E�F�T �<�����
 �������>�� �0�O�F �B�E�E�J�U�J�P�O�B�M �C�J�H �B�E�W�B�O�U�B�H�F �P�G �U�I�F �'�P�V�S�J�F�S �U�S�B�O�T�G�P�S�N �N�F�U�I�P�E �B�T �D�P�N�Q�B�S�F�E
�U�P �U�I�F �"�4�&���.�$ �B�O�E �"�4�&���.�4 �N�F�U�I�P�E�T �J�T �U�I�F �B�C�J�M�J�U�Z �U�P �H�F�U �U�I�F �S�F�M�B�U�J�W�F �Q�I�B�T�F �T�Q�F�D�U�S�V�N �	�B�D�D�V�N�V�M�B�U�F�E �E�V�S�J�O�H
�P�O�F �D�B�W�J�U�Z �S�P�V�O�E�U�S�J�Q�
 �B�O�E�
 �B�T �U�I�F �T�F�D�P�O�E �E�F�S�J�W�B�U�J�W�F �P�G �J�U�
 �U�I�F �S�P�V�O�E���U�S�J�Q �(�%�% �G�S�P�N �U�I�F �T�B�N�F �J�O�U�F�S�G�F�S�P�H�S�B�N�

�B�M�S�F�B�E�Z �N�F�B�T�V�S�F�E �G�P�S �U�I�F �O�F�U �N�P�E�B�M �H�B�J�O �<�������>�� �5�I�F �J�O�G�P�S�N�B�U�J�P�O �G�P�S �U�I�J�T �J�T �D�P�O�U�B�J�O�F�E �J�O �U�I�F �J�O�W�F�S�T�F �'�P�V�S�J�F�S
�U�S�B�O�T�G�P�S�N �P�G �U�I�F �S�S�T�U �I�B�S�N�P�O�J�D �Q�F�B�L �B�M�P�O�F �	�T�F�F �'�J�H�V�S�F �������	�C�
�
��

� (� ) � � 0 = arg(IF T (W1)) �	���������


�(�M�J�J�I�V�I�R�X�M�E�P �%�Q�T�P�M�x�I�H �7�T�S�R�X�E�R�I�S�Y�W �)�Q�M�W�W�M�S�R �1�I�X�L�S�H�*�O �P�S�E�F�S �U�P �E�F�U�F�S�N�J�O�F �U�I�F �N�P�E�B�M �B�C�T�P�S�Q�U�J�P�O �P�G �B
�U�X�P���T�F�D�U�J�P�O �M�B�T�F�S�
 �U�I�F �E�J�R�F�S�F�O�U�J�B�M �)�B�L�L�J���1�B�P�M�J �N�F�U�I�P�E �D�B�O �C�F �V�T�F�E�
 �B�T �Q�S�P�Q�P�T�F�E �C�Z �4�D�I�F�J�C�F�O�[�V�C�F�S �F�U �B�M�� �<�������>
�B�O�E �4�U�P�M�B�S�[ �F�U �B�M�� �<�������>�� �5�I�F �O�B�N�F �T�V�H�H�F�T�U�T �U�I�B�U �U�I�J�T �N�F�U�I�P�E �J�T �C�B�T�F�E �P�O �N�F�B�T�V�S�F�N�F�O�U�T �C�Z �U�I�F �"�4�&���.�$ �	�U�I�F
�)�B�L�L�J���1�B�P�M�J�
 �N�F�U�I�P�E�
 �C�V�U �J�U �D�B�O �B�T �X�F�M�M �C�F �B�Q�Q�M�J�F�E �U�P �F�J�U�I�F�S �P�G �U�I�F �B�C�P�W�F �N�F�O�U�J�P�O�F�E �"�4�&���N�F�U�I�P�E�T�
 �U�I�F�S�F�G�P�S�F
�I�F�S�F�J�O �D�B�M�M�F�E �E�J�R�F�S�F�O�U�J�B�M �"�4�& �	�%�"�4�&�
 �N�F�U�I�P�E�� �*�O �U�I�J�T �N�F�U�I�P�E�
 �U�I�F �N�P�E�B�M �B�C�T�P�S�Q�U�J�P�O�J�T �D�B�M�D�V�M�B�U�F�E �G�S�P�N �U�X�P
�O�F�U �N�P�E�B�M �H�B�J�O �N�F�B�T�V�S�F�N�F�O�U�T�
 �P�O�F �N�F�B�T�V�S�F�E �V�O�E�F�S �V�O�J�G�P�S�N �D�V�S�S�F�O�U �J�O�K�F�D�U�J�P�O �J�O �C�P�U�I �M�B�T�F�S �T�F�D�U�J�P�O�T �B�O�E �P�O�F
�X�J�U�I �B �S�F�W�F�S�T�F �C�J�B�T �B�Q�Q�M�J�F�E �U�P �U�I�F �B�C�T�P�S�C�F�S �T�F�D�U�J�P�O�� �'�S�P�N �U�I�F �E�J�R�F�S�F�O�D�F �P�G �U�I�F�T�F �W�B�M�V�F�T�
 �X�F�J�H�I�U�F�E �C�Z �U�I�F
�D�P�S�S�F�T�Q�P�O�E�J�O�H �T�F�D�U�J�P�O �M�F�O�H�U�I �S�B�U�J�P�T�
 �U�I�F �N�P�E�B�M �B�C�T�P�S�Q�U�J�P�O �D�B�O �C�F �D�B�M�D�V�M�B�U�F�E��

a(� ) = �
gG(� ) � L g � gA (� ) � L

L a
�	���������


�s�ƒ



�X�J�U�IgG �U�I�F �O�F�U �N�P�E�B�M �H�B�J�O �N�F�B�T�V�S�F�E �V�O�E�F�S �V�O�J�G�P�S�N �D�V�S�S�F�O�U �J�O�K�F�D�U�J�P�O�
gA �U�I�F �O�F�U �N�P�E�B�M �H�B�J�O �N�F�B�T�V�S�F�E �X�J�U�I
�U�I�F �S�F�W�F�S�T�F �C�J�B�T�F�E �B�C�T�P�S�C�F�S �T�F�D�U�J�P�O�
L g �U�I�F �M�F�O�H�U�I �P�G �U�I�F �H�B�J�O �T�F�D�U�J�P�O�
L a �U�I�F �M�F�O�H�U�I �P�G �U�I�F �B�C�T�P�S�C�F�S �T�F�D�U�J�P�O
�B�O�EL �U�I�F �U�P�U�B�M �M�B�T�F�S �M�F�O�H�U�I �<�������>��

�5�I�F �E�J�R�F�S�F�O�U �"�4�& �N�F�U�I�P�E�T �I�B�W�F �C�F�F�O �V�T�F�E �J�O �M�J�U�F�S�B�U�V�S�F �D�P�O�T�J�T�U�F�O�U�M�Z �T�J�O�D�F �U�I�F�J�S �J�O�W�F�O�U�J�P�O �J�O������������������
�	�"�4�&���.�$ �<�����
 �����>�
�
 �������� �	�"�4�&���.�4 �<�������>�
 �B�O�E ������������������ �	�"�4�&���$�$ �<�������>�
�<�����>�
��

�)�\�T�I�V�M�Q�I�R�X�E�P �W�I�X�Y�T �E�R�H �-�Q�T�P�I�Q�I�R�X�E�X�M�S�R�'�P�S �U�I�F �"�4�&���$�$ �N�F�U�I�P�E�
 �U�I�F �M�B�T�F�S �V�O�E�F�S �J�O�W�F�T�U�J�H�B�U�J�P�O �J�T �N�P�V�O�U�F�E
�P�O �U�P�Q �P�G �B �U�F�N�Q�F�S�B�U�V�S�F���D�P�O�U�S�P�M�M�F�E �D�P�Q�Q�F�S �I�F�B�U�T�J�O�L�� �" �U�F�N�Q�F�S�B�U�V�S�F �D�P�O�U�S�P�M�M�F�S �B�M�M�P�X�T �U�P �L�F�F�Q �U�I�F �T�V�C�N�P�V�O�U
�U�F�N�Q�F�S�B�U�V�S�F �T�U�B�C�J�M�J�[�F�E �U�P� 0:1 ���� �5�I�F �M�B�T�F�S �M�J�H�I�U�
 �F�N�J�U�U�F�E �G�S�P�N �P�O�F �G�B�D�F�U�
 �J�T �D�P�M�M�J�N�B�U�F�E �B�O�E �B�O �P�Q�U�J�D�B�M�J�T�P�M�B�U�P�S
�J�T �Q�M�B�D�F�E �J�O �U�I�F �C�F�B�N �Q�B�U�I �U�P �Q�S�F�W�F�O�U �C�B�D�L���S�F�T�F�D�U�J�P�O �J�O�U�P �U�I�F �M�B�T�F�S�� �*�U �J�T �J�N�Q�P�S�U�B�O�U �U�P �F�O�T�V�S�F �U�I�B�U�P�O�M�Z �U�I�F
�Q�S�J�N�B�S�Z �U�S�B�O�T�W�F�S�T�F �F�M�F�D�U�S�P�N�B�H�O�F�U�J�D �N�P�E�F �	�5�&�.�
 �M�J�O�F�B�S �Q�P�M�B�S�J�[�F�E �J�T �D�P�V�Q�M�F�E �J�O�U�P �U�I�F �T�Q�F�D�U�S�P�N�F�U�F�S�� �5�I�F
�G�V�S�U�I�F�S �T�F�U�V�Q �G�P�S �U�I�F �"�4�&���$�$ �N�F�U�I�P�E �U�I�F�O �P�O�M�Z �F�N�Q�M�P�Z�T �B �T�U�B�O�E�B�S�E �'�5�*�3���T�Q�F�D�U�S�P�N�F�U�F�S�� �4�J�O�D�F �U�I�F �M�B�T�F�S�T �B�S�F
�U�F�N�Q�F�S�B�U�V�S�F �T�U�B�C�J�M�J�T�F�E �B�O�E �E�P �O�P�U �F�Y�Q�F�S�J�F�O�D�F �T�U�S�P�O�H �J�O�U�F�S�O�B�M �I�F�B�U�J�O�H�
 �E�V�F �U�P �U�I�F�J�S �O�B�S�S�P�X���S�J�E�H�F �D�B�W�J�U�Z�
 �U�I�F�Z
�B�S�F �P�Q�F�S�B�U�F�E �J�O �D�P�O�U�J�O�V�P�V�T �X�B�W�F �D�P�O�E�J�U�J�P�O �X�J�U�I�P�V�U �U�F�N�Q�F�S�B�U�V�S�F �J�O�T�V�F�O�D�J�O�H �U�I�F �P�V�U�Q�V�U �P�W�F�S �U�J�N�F �B�O�E�U�I�F
�O�F�F�E �G�P�S �Q�V�M�T�F�E �P�Q�F�S�B�U�J�P�O �<�������>��

�5�I�F �J�O�U�F�S�G�F�S�P�H�S�B�N �O�F�F�E�F�E �G�P�S �U�I�F �"�4�&���$�$ �N�F�U�I�P�E �J�T �P�C�U�B�J�O�F�E �C�Z �B �.�J�D�I�F�M�T�P�O���J�O�U�F�S�G�F�S�P�N�F�U�F�S �	�#�S�V�L�F�S �0�Q�U�J�D�T�
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�B�O�E �U�I�F �D�F�O�U�F�S �X�B�W�F�M�F�O�H�U�I �B�N�P�V�O�U�T �U�P ������������ �O�N�� �5�I�F �J�O�U�F�S�O�B�M �M�P�T�T�F�T� i �B�S�F �E�F�U�F�S�N�J�O�F�E �U�P �C�F ��cm� 1��

�7�X�V�S�R�K�P�] �H�S�T�I�H �P�E�W�I�V �5�(�q���*�O�D�S�F�B�T�J�O�H �U�I�F �E�P�Q�J�O�H �D�P�O�D�F�O�U�S�B�U�J�P�O �G�V�S�U�I�F�S �M�F�B�E�T �P�O�M�Z �U�P �B �T�N�B�M�M �T�I�J�G�U �C�Z �B�C�P�V�U
������ �O�N �G�P�S �U�I�F �T�U�S�P�O�H�M�Z �E�P�Q�F�E �E�F�W�J�D�F �I�B�W�J�O�H �U�I�F �T�B�N�F �J�O�U�F�S�O�B�M �M�P�T�T�F�T� i �U�I�B�O �U�I�F �N�F�E�J�V�N �E�P�Q�F�E �E�F�W�J�D�F�� �5�I�F
�T�F�D�P�O�E �S�P�X �P�G �'�J�H�V�S�F ������ �T�I�P�X�T �U�I�F �N�F�B�T�V�S�F�E �B�C�T�P�S�Q�U�J�P�O �T�Q�F�D�U�S�B �P�G �U�I�F �T�I�P�S�U �T�B�U�V�S�B�C�M�F �B�C�T�P�S�C�F�S �T�F�D�U�J�P�O�� �'�P�S
�B�M�M �E�F�W�J�D�F�T�
 �U�I�F �B�C�T�P�S�Q�U�J�P�O �J�T �J�O�D�S�F�B�T�J�O�H �X�J�U�I �J�O�D�S�F�B�T�J�O�H �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F �B�T �F�Y�Q�F�D�U�F�E�� �'�P�S �U�I�F
�V�O�E�P�Q�F�E �E�F�W�J�D�F �U�I�F �B�C�T�P�S�Q�U�J�P�O �J�T �J�O�D�S�F�B�T�J�O�H �G�S�P�N ������cm� 1 �B�U �� �7 �V�Q �U�P ������cm� 1 �B�U �� �7 �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T
�W�P�M�U�B�H�F �B�U �U�I�F �D�F�O�U�S�B�M �X�B�W�F�M�F�O�H�U�I�� �'�P�S �U�I�F �N�F�E�J�V�N �E�P�Q�F�E �E�F�W�J�D�F �U�I�F �B�C�T�P�S�Q�U�J�P�O �J�T �J�O�D�S�F�B�T�J�O�H �G�S�P�N ������cm� 1

�B�U �� �7 �V�Q �U�P ������cm� 1 �B�U �� �7 �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F �B�O�E �G�P�S �U�I�F �T�U�S�P�O�H�M�Z �E�P�Q�F�E �E�F�W�J�D�F �U�I�F �B�C�T�P�S�Q�U�J�P�O �J�T
�J�O�D�S�F�B�T�J�O�H �G�S�P�N ������cm� 1 �B�U �� �7 �V�Q �U�P ������cm� 1 �B�U �� �7 �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F �B�U �U�I�F �D�F�O�U�S�B�M �X�B�W�F�M�F�O�H�U�I��
�5�I�F �N�B�Y�J�N�V�N �B�C�T�P�S�Q�U�J�P�O �W�B�M�V�F �J�T �S�F�E���T�I�J�G�U�J�O�H �X�J�U�I �J�O�D�S�F�B�T�J�O�H �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F �U�P�X�B�S�E�T �U�I�F �N�B�Y�J�N�V�N �J�O
�U�I�F �H�B�J�O �T�Q�F�D�U�S�V�N �E�V�F �U�P �U�I�F �4�U�B�S�L���T�I�J�G�U �P�G �U�I�F �C�B�O�E�H�B�Q �<�������>�� �5�I�F �D�F�O�U�S�B�M �N�P�E�B�M �B�C�T�P�S�Q�U�J�P�O �W�B�M�V�F �P�G �B�C�P�V�U
������ �D�N� 1 �B�U �B �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F �P�G �� �7 �J�T �B�U �U�I�F �V�Q�Q�F�S �F�O�E �P�G �U�I�F �S�B�O�H�F �P�G �D�P�N�N�P�O�M�Z�S�F�Q�P�S�U�F�E �N�F�B�T�V�S�F�N�F�O�U�T
�P�G ������ �D�N� 1 �U�P ������ �D�N� 1 �G�P�S �R�V�B�O�U�V�N �E�P�U �M�B�T�F�S�T �<�����
 �����
 �����
 �������
 �������> �B�O�E �T�I�P�V�M�E �C�F �T�V�J�U�B�C�M�F �G�P�S �F�T�U�B�C�M�J�T�I�J�O�H
�B �T�B�U�V�S�B�C�M�F �B�C�T�P�S�C�F�S �G�P�S �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C �H�F�O�F�S�B�U�J�P�O �C�Z �Q�B�T�T�J�W�F �N�P�E�F���M�P�D�L�J�O�H��

�2�S�M�W�I �M�Q�T�E�G�X�5�I�F �J�E�F�B�M �D�B�T�F �G�P�S �N�P�E�F���M�P�D�L�J�O�H �X�P�V�M�E �C�F �U�P �I�B�W�F �U�I�F �B�C�T�P�S�Q�U�J�P�O �B�U �U�I�F �D�F�O�U�S�B�M �X�B�W�F�M�F�O�H�U�I�T
�B�U �J�U�T �N�B�Y�J�N�V�N �G�P�S �J�E�F�B�M �T�B�U�V�S�B�U�J�P�O �B�O�E �C�M�F�B�D�I�J�O�H �P�G �U�I�F �B�C�T�P�S�C�F�S �J�O �N�P�E�F���M�P�D�L�J�O�H �P�Q�F�S�B�U�J�P�O�� �'�P�S �B�M�M�U�I�S�F�F
�N�B�U�F�S�J�B�M�T �J�O�W�F�T�U�J�H�B�U�F�E �I�F�S�F�
 �U�I�F �N�J�O�J�N�V�N �B�C�T�P�S�Q�U�J�P�O �W�B�M�V�F �J�T �C�M�V�F���T�I�J�G�U�F�E �C�Z �B�S�P�V�O�E ���� �O�N�U�P �U�I�F �D�F�O�U�S�B�M
�X�B�W�F�M�F�O�H�U�I �B�U �� �7�� �5�I�F �J�O�T�V�F�O�D�F �P�G �O�P�J�T�F �J�O �U�I�F �X�J�O�H�T �P�G �U�I�F �H�B�J�O �T�Q�F�D�U�S�V�N�J�T �B�M�T�P �B�O �J�N�Q�P�S�U�B�O�U �D�P�O�D�F�S�O �G�P�S
�U�I�F �%�"�4�& �N�F�U�I�P�E�� �*�O �G�B�D�U �U�I�F �J�O�T�V�F�O�D�F �P�G �O�P�J�T�F �F�W�F�O �B�E�E�T �V�Q �G�S�P�N �U�I�F �U�X�P �O�F�F�E�F�E �N�F�B�T�V�S�F�N�F�O�U�T �T�J�O�D�F �C�P�U�I
�U�F�S�N�T �B�S�F �N�V�M�U�J�Q�M�J�F�E �C�Z �B �G�B�D�U�P�S �M�B�S�H�F�S �U�I�B�O �P�O�F�� �*�O �U�I�F �M�P�O�H���X�B�W�F�M�F�O�H�U�I �M�J�N�J�U �X�I�F�S�F �C�P�U�I �N�F�B�T�V�S�F�N�F�O�U�T �U�F�O�E
�U�P�X�B�S�E�T� i �	�T�F�F �'�J�H�V�S�F �������
 �B�O�Z �E�F�W�J�B�U�J�P�O �G�S�P�N �J�U �X�J�M�M �C�F �N�V�M�U�J�Q�M�J�F�E �C�Z �U�I�F �S�B�U�J�P �P�G �U�I�F �H�B�J�O �U�P �U�I�F �B�C�T�P�S�C�F�S
�T�F�D�U�J�P�O�
 �X�I�J�D�I �J�T �V�T�V�B�M�M�Z �J�O �U�I�F �P�S�E�F�S �P�G �� �U�P ������ �5�I�F�S�F�G�P�S�F �U�I�F �J�O�U�F�S�O�B�M �M�P�T�T�F�T �T�I�P�V�M�E �B�M�X�B�Z�T �C�F �F�Y�U�S�B�D�U�F�E �G�S�P�N
�B �T�J�O�H�M�F �O�F�U �N�P�E�B�M �H�B�J�O �N�F�B�T�V�S�F�N�F�O�U �J�O�T�U�F�B�E �B�T �G�S�P�N �U�I�F �D�P�N�C�J�O�F�E �O�F�U �N�P�E�B�M �B�C�T�P�S�Q�U�J�P�O �T�Q�F�D�U�S�V�N��

�1�E�X�I�V�M�E�P �+�V�S�Y�T �(�I�P�E�] �(�M�W�T�I�V�W�M�S�R�5�I�F �(�%�% �J�T �E�F�Q�J�D�U�F�E �J�O �U�I�F �U�I�J�S�E �S�P�X �P�G �'�J�H�V�S�F �������� �'�P�S �B�M�M �U�I�S�F�F �N�B�U�F�S�J�B�M�T�
 �B
�W�B�M�V�F �P�G(10000� 1000)�G�T2 �B�U �U�I�F �D�F�O�U�S�B�M �X�B�W�F�M�F�O�H�U�I �J�T �B�U�U�B�J�O�F�E�� �5�I�F �(�%�% �J�T �T�M�J�H�I�U�M�Z �J�O�D�S�F�B�T�J�O�H �X�J�U�I �J�O�D�S�F�B�T�J�O�H
�D�V�S�S�F�O�U �E�F�O�T�J�U�Z �J�O �U�I�F �E�F�W�J�D�F�� �5�I�F �(�%�% �W�B�M�V�F�T �B�S�P�V�O�E ���������� �G�T2 �B�S�F �D�P�N�Q�B�S�B�C�M�F �U�P �U�I�F �P�O�M�Z �T�V�C���U�I�S�F�T�I�P�M�E
�S�P�V�O�E���U�S�J�Q �(�%�% �N�F�B�T�V�S�F�N�F�O�U �G�P�S �B �R�V�B�O�U�V�N �E�P�U �M�B�T�F�S �J�O �<�������>�
 �N�F�B�T�V�S�J�O�H �W�B�M�V�F�T �C�F�U�X�F�F�O �������� �G�T2 �B�O�E
���������� �G�T2�� �"�E�E�J�U�J�P�O�B�M�M�Z�
 �U�I�F �J�O�D�S�F�B�T�F �P�G �U�I�F �(�%�% �X�J�U�I �X�B�W�F�M�F�O�H�U�I �P�G �B�C�P�V�U ������ �G�T2���O�N �G�P�S �U�I�F �V�O�E�P�Q�F�E �E�F�W�J�D�F
�J�O�E�J�D�B�U�F�T �U�I�F �B�D�U�J�W�F �N�B�U�F�S�J�B�M �I�B�W�J�O�H �I�J�H�I�F�S �P�S�E�F�S �E�J�T�Q�F�S�T�J�P�O �B�O�E �D�P�O�S�S�N�T �U�I�F �O�F�D�F�T�T�J�U�Z �U�P �O�P�U �T�J�N�Q�M�Z �V�T�F �B
�T�F�D�P�O�E���P�S�E�F�S �Q�P�M�Z�O�P�N�J�B�M �S�U �U�P �H�F�U �B �D�P�O�T�U�B�O�U �(�%�% �W�B�M�V�F�
 �B�T �J�U �D�P�V�M�E �C�F �T�V�H�H�F�T�U�F�E �G�S�P�N �U�I�F �Q�B�S�B�C�P�M�J�D �T�I�B�Q�F �P�G
�U�I�F �Q�I�B�T�F �T�Q�F�D�U�S�V�N �B�O�E �J�T �T�P�N�F�U�J�N�F�T �U�I�F �D�B�T�F �J�O �M�J�U�F�S�B�U�V�S�F �<���
 �������>�� �*�U �B�M�T�P �J�O�E�J�D�B�U�F�T �U�I�B�U �Q�P�T�T�J�C�M�F �E�J�T�Q�F�S�T�J�P�O
�D�P�N�Q�F�O�T�B�U�J�P�O �X�P�V�M�E �I�B�W�F �U�P �C�F �X�B�W�F�M�F�O�H�U�I �E�F�Q�F�O�E�F�O�U �B�T �X�F�M�M �U�P �S�F�B�D�I �P�Q�U�J�N�V�N �(�%�% �W�B�M�V�F�T�� �5�I�F �P�C�T�F�S�W�F�E
�J�O�D�S�F�B�T�F �P�G �U�I�F �(�%�% �X�J�U�I �D�V�S�S�F�O�U �E�F�O�T�J�U�Z �J�T �Q�B�S�U �P�G �U�I�F �J�O�U�F�S�B�D�U�J�P�O �C�F�U�X�F�F�O �S�F�G�S�B�D�U�J�W�F �J�O�E�F�Y �B�O�E �U�I�F �H�B�J�O �B�T
�H�P�W�F�S�O�F�E �C�Z �U�I�F �,�S�B�N�F�S�T���,�S�P�O�J�H �S�F�M�B�U�J�P�O�T �<�����>�
 �X�I�J�D�I �J�T �B�M�T�P �S�F�Q�S�F�T�F�O�U�F�E �J�O �U�I�F �-�8�&�'�� �4�J�N�J�M�B�S �D�P�O�O�F�D�U�J�P�O�T
�X�F�S�F �P�C�T�F�S�W�F�E �J�O �<�������> �G�P�S �B �R�V�B�O�U�V�N �D�B�T�D�B�E�F �M�B�T�F�S �B�O�E �J�O �<�������> �G�P�S �B �R�V�B�O�U�V�N �E�P�U �M�B�T�F�S�
 �B�M�U�I�P�V�H�I �U�I�F�S�F
�U�I�F �(�%�% �S�F�E�V�D�F�E �X�J�U�I �J�O�D�S�F�B�T�J�O�H �D�V�S�S�F�O�U �E�F�O�T�J�U�Z�� �5�I�F �(�%�% �B�O�E �H�B�J�O �W�B�M�V�F�T �X�J�M�M �Q�M�B�Z�B�O �J�N�Q�P�S�U�B�O�U �S�P�M�F �J�O
�U�I�F �F�T�U�J�N�B�U�J�P�O �P�G �U�I�F �M�P�X�F�T�U �B�D�I�J�F�W�B�C�M�F �3�' �M�J�O�F �X�J�E�U�I �J�O �T�F�N�J�D�P�O�E�V�D�U�P�S �R�V�B�O�U�V�N �E�P�U �M�B�T�F�S�T �B�O�E �F�T�U�J�N�B�U�J�P�O
�P�G �U�I�F �E�J�R�F�S�F�O�U �O�P�J�T�F �D�P�O�U�S�J�C�V�U�J�P�O�T �G�P�S �T�U�B�C�M�F �P�Q�U�J�D�B�M �G�S�F�R�V�F�O�D�Z �D�P�N�C �H�F�O�F�S�B�U�J�P�O�� �5�I�J�T�X�J�M�M �C�F �E�J�T�D�V�T�T�F�E �J�O
�T�F�D�U�J�P�O ���������� �J�O �N�P�S�F �E�F�U�B�J�M��

�t�w



�8�E�F�P�I �t���r���:�E�P�Y�I�W �S�J �Q�E�X�I�V�M�E�P �V�S�Y�R�H���X�V�M�T �K�V�S�Y�T �H�I�P�E�] �H�M�W�T�I�V�W�M�S�R ���+�(�(�
 �S�J �W�I�Q�M�G�S�R�H�Y�G�X�S�V �P�E�W�I�V�W �[�M�X�L �H�M�J�J�I�V�I�R�X
�E�G�X�M�Z�I �V�I�K�M�S�R �G�S�Q�T�S�W�M�X�M�S�R�W�� �I�Q�M�W�W�M�S�R �[�E�Z�I�P�I�R�K�X�L�W �E�R�H �G�E�Z�M�X�] �P�I�R�K�X�L�W ���0�
 �E�R�H �[�E�Z�I�K�Y�M�H�I �[�M�H�X�L�W ���;�
��
�V�I�T�S�V�X�I�H �M�R �P�M�X�I�V�E�X�Y�V�I�� �8�L�I �X�E�F�P�I �M�W �S�V�H�I�V�I�H �E�G�G�S�V�H�M�R�K �X�S �X�L�I �]�I�E�V �S�J �T�Y�F�P�M�G�E�X�M�S�R�� �1�I�X�L�S�H�W �E�T�T�P�M�I�H
�[�I�V�I �X�L�I �E�Q�T�P�M�x�I�H �W�T�S�R�X�E�R�I�S�Y�W �I�Q�M�W�W�M�S�R �G�V�S�W�W���G�S�V�V�I�P�E�X�M�S�R ���%�7�)���'�'�
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�)�� �"�� �)�B�V�T �B�O�E �"�� �.�F�D�P�[�[�J �I�B�W�F �E�F�W�F�M�P�Q�F�E �B�O �B�O�B�M�Z�U�J�D�B�M �N�P�E�F�M �P�O �U�I�F �J�O�T�V�F�O�D�F�T �P�G �O�P�J�T�F �J�O �B�N�Q�M�J�U�V�E�F��
�N�P�E�V�M�B�U�F�E �D�P�N�C �M�B�T�F�S�T �<�������>�� �5�I�J�T �N�P�E�F�M �I�B�T �C�F�F�O �P�Q�U�J�N�J�[�F�E �U�P �Q�B�T�T�J�W�F�M�Z �N�P�E�F���M�P�D�L�F�E �T�F�N�J�D�P�O�E�V�D�U�P�S �D�P�N�C
�M�B�T�F�S�T �C�Z �-�� �"�� �+�J�B�O�H �F�U �B�M�� �<�������>�
 �S�F�W�F�B�M�J�O�H �B�O�B�M�Z�U�J�D�B�M �F�Y�Q�S�F�T�T�J�P�O�T �P�G�U�I�F �U�J�N�J�O�H �K�J�U�U�F�S�� �8�J�U�I �U�I�F �I�F�M�Q �P�G �U�I�J�T
�F�Y�Q�S�F�T�T�J�P�O�
 �J�U �J�T �Q�P�T�T�J�C�M�F �U�P �F�T�U�J�N�B�U�F �U�I�F �F�R�F�D�U �P�G �D�F�S�U�B�J�O �Q�B�S�B�N�F�U�F�S�T �P�O �U�I�F �U�J�N�J�O�H �O�P�J�T�F��
�5�I�F �J�N�Q�B�D�U �P�G �U�I�F �P�Q�U�J�D�B�M �D�P�O�S�O�F�N�F�O�U �G�B�D�U�P�S �P�O �U�I�F �U�J�N�J�O�H �K�J�U�U�F�S �B�O�E �I�F�O�D�F �U�I�F �3�' �C�F�B�U �O�P�U�F �M�J�O�F �X�J�E�U�I �I�B�T
�C�F�F�O �T�I�P�X�O �F�Y�Q�F�S�J�N�F�O�U�B�M�M�Z �J�O �<�������
 �������>�� �" �E�F�D�S�F�B�T�J�O�H �P�Q�U�J�D�B�M �D�P�O�S�O�F�N�F�O�U �G�B�D�U�P�S �X�B�T �N�B�E�F �S�F�T�Q�P�O�T�J�C�M�F �G�P�S
�B �T�N�B�M�M�F�S �3�' �M�J�O�F �X�J�E�U�I�
 �N�B�J�O�M�Z �C�F�D�B�V�T�F �J�U �M�F�B�E�T �U�P �B �T�N�B�M�M�F�S �B�N�P�V�O�U �P�G �T�Q�P�O�U�B�O�F�P�V�T �F�N�J�T�T�J�P�O �D�P�V�Q�M�F�E �J�O�U�P
�U�I�F �M�B�T�J�O�H �N�P�E�F�T �<�������
 �������>�� �5�I�F�T�F �B�T�T�V�N�Q�U�J�P�O�T �X�F�S�F �J�O�J�U�J�B�M �H�V�F�T�T�F�T �C�B�T�F�E �P�O �F�Y�Q�F�S�J�N�F�O�U�B�M �P�C�T�F�S�W�B�U�J�P�O�T�� �*�O
�U�I�F �G�P�M�M�P�X�J�O�H�
 �B �N�P�S�F �E�F�U�B�J�M�F�E �M�P�P�L �P�O �U�I�F �J�O�T�V�F�O�D�F�T �P�G �M�B�T�F�S �Q�B�S�B�N�F�U�F�S�T �P�O �U�I�F �U�J�N�J�O�H �O�P�J�T�F �J�T �Q�S�P�W�J�E�F�E��

�5�I�F �N�P�E�F�M �P�G �)�B�V�T �B�O�E �.�F�D�P�[�[�J �<�������> �I�B�T �C�F�F�O �P�Q�U�J�N�J�[�F�E �U�P �T�F�N�J�D�P�O�E�V�D�U�P�S �D�P�N�C �M�B�T�F�S�T �C�Z �+�J�B�O�H �<�������>�� �*�U
�D�P�O�T�J�E�F�S�T �U�I�F �G�B�T�U �H�B�J�O �E�Z�O�B�N�J�D�T �J�O �T�F�N�J�D�P�O�E�V�D�U�P�S �D�P�N�C �M�B�T�F�S�T �B�O�E �J�U�T �D�P�V�Q�M�J�O�H�U�P �U�I�F �U�J�N�J�O�H �P�G �U�I�F �Q�V�M�T�F�T�� �5�I�F
�E�F�W�J�B�U�J�P�O�T �P�G �T�J�N�V�M�B�U�J�P�O �S�F�T�V�M�U�T �B�O�E �U�I�F �B�O�B�M�Z�U�J�D�B�M �N�P�E�F�M �X�F�S�F �D�P�S�S�F�D�U�F�E�X�J�U�I �B �G�B�D�U�P�S �� �C�Z �3�� �1�B�T�D�I�P�U�U�B �<�������>
�S�F�W�F�B�M�J�O�H �B�O�B�M�Z�U�J�D�B�M �F�Y�Q�S�F�T�T�J�P�O�T �P�G �U�I�F �U�J�N�J�O�H �K�J�U�U�F�S�� �5�I�S�F�F �E�J�R�F�S�F�O�U �F�R�F�D�U�T �B�S�F �E�J�T�U�J�O�H�V�J�T�I�F�E�
 �O�B�N�F�M�Z �U�I�F �E�J�S�F�D�U
�B�N�Q�M�J�S�F�E �T�Q�P�O�U�B�O�F�P�V�T �F�N�J�T�T�J�P�O �	�"�4�&�
 �K�J�U�U�F�S�
 �U�I�F �(�P�S�E�P�O���)�B�V�T �K�J�U�U�F�S �B�O�E �U�I�F �S�F�M�B�U�J�W�F �J�O�U�F�O�T�J�U�Z �O�P�J�T�F �	�3�*�/�
 �K�J�U�U�F�S��
�5�I�F �O�P�J�T�F �T�P�V�S�D�F �U�P �B�M�M �U�I�S�F�F �P�G �U�I�F�T�F�T �F�R�F�D�U�T �J�T �"�4�&�� �%�J�S�F�D�U �Q�S�P�K�F�D�U�J�P�O �P�G �"�4�&�U�P �U�I�F �U�J�N�J�O�H �K�J�U�U�F�S �J�T �D�B�M�M�F�E �"�4�&
�K�J�U�U�F�S�� �"�4�& �J�O�E�V�D�F�E �T�V�D�U�V�B�U�J�P�O�T �P�G �U�I�F �D�F�O�U�F�S �G�S�F�R�V�F�O�D�Z �D�P�V�Q�M�F �U�P �U�I�F �U�J�N�J�O�H �K�J�U�U�F�S �W�J�B �U�I�F �N�B�U�F�S�J�B�M �(�%�%�� �5�I�J�T
�U�Z�Q�F �P�G �U�J�N�J�O�H �K�J�U�U�F�S �J�T �O�B�N�F�E �(�P�S�E�P�O���)�B�V�T �K�J�U�U�F�S �<�������>�� �5�I�F �3�*�/ �K�J�U�U�F�S �S�F�Q�S�F�T�F�O�U�T �T�F�W�F�S�B�M�N�F�D�I�B�O�J�T�N�T �U�I�B�U
�D�P�O�W�F�S�U�T �"�4�& �J�O�E�V�D�F�E �Q�V�M�T�F �F�O�F�S�H�Z �J�O�U�P �U�J�N�J�O�H �K�J�U�U�F�S�� �5�I�F �N�B�J�O �J�O�T�V�F�O�D�F �J�T �B�N�Q�M�J�S�F�E �T�Q�P�O�U�B�O�F�P�V�T �F�N�J�T�T�J�P�O
�U�I�B�U �J�T �E�J�S�F�D�U�M�Z �D�P�V�Q�M�F�E �J�O�U�P �U�I�F �M�B�T�J�O�H �N�P�E�F�T�� �5�I�F �U�J�N�J�O�H �O�P�J�T�F �Q�P�X�F�S �T�Q�F�D�U�S�B�M �E�F�O�T�J�U�Z �P�G �U�I�F �E�J�S�F�D�U �"�4�&
�D�P�O�U�S�J�C�V�U�J�P�O �J�T �H�J�W�F�O �C�Z

L � t (f ) =
�
0:36� 2 � 4� � � �4�5

� 1
(2�f )2 : �	���������


�X�J�U�I� �B�T �U�I�F �G�V�M�M �X�J�E�U�I �B�U �I�B�M�G �N�B�Y�J�N�V�N �	�'�8�)�.�
 �P�G �U�I�F �Q�V�M�T�F �X�J�E�U�I �B�O�E� � �4�5�J�T �U�I�F �4�D�I�B�X�M�P�X���5�P�X�O�F�T �M�J�O�F
�X�J�E�U�I� � �4�5�
 �U�I�B�U �J�T �E�F�S�O�F�E �J�O �<�������>��

� � �4�5=
� h�g �3�5

4�E pT�S�U
�	���������


�5�I�F �4�D�I�B�X�M�P�X���5�P�X�O�F�T �M�J�O�F �X�J�E�U�I �J�T �U�I�F �G�V�O�E�B�N�F�O�U�B�M �M�J�N�J�U �G�P�S �U�I�F �T�Q�F�D�U�S�B�M �M�J�O�F �X�J�E�U�I�P�G �B �M�B�T�F�S �<�������>�� �5�I�F
�Q�V�M�T�F �F�O�F�S�H�ZEp�
 �U�I�F �J�O�W�F�S�T�J�P�O �Q�B�S�B�N�F�U�F�S� �
 �U�I�F �P�Q�U�J�D�B�M �G�S�F�R�V�F�O�D�Z� �
 �U�I�F �S�P�V�O�E �U�S�J�Q �H�B�J�Og�3�5�B�O�E �U�I�F �S�P�V�O�E
�U�S�J�Q �U�J�N�FT�S�U�J�O�T�V�F�O�D�F �U�I�F �4�D�I�B�X�M�P�X���5�P�X�O�F�T �M�J�O�F �X�J�E�U�I�� �5�I�F �G�B�D�U�P�S �P�G0:36 �J�OL � t �	���������
 �J�T �B �Q�V�M�T�F �T�I�B�Q�F
�G�B�D�U�P�S �D�P�S�S�F�T�Q�P�O�E�J�O�H �U�P �B �(�B�V�T�T�J�B�O���T�I�B�Q�F�E �Q�V�M�T�F�� �" �T�F�D�I2���T�I�B�Q�F�E �Q�V�M�T�F �I�B�T �B �G�B�D�U�P�S �P�G0:53 �<�������>��

�"�O�P�U�I�F�S �U�Z�Q�F �P�G �O�P�J�T�F �J�T �B�O �J�O�E�J�S�F�D�U �F�R�F�D�U �P�G �"�4�& �P�O �U�I�F �U�J�N�J�O�H �K�J�U�U�F�S�� �4�Q�P�O�U�B�O�F�P�V�T �F�N�J�T�T�J�P�O �D�B�O�F�R�F�D�U �U�I�F
�D�F�O�U�F�S �G�S�F�R�V�F�O�D�Z �P�G �U�I�F �D�P�N�C �M�B�T�F�S�� �%�J�T�Q�F�S�T�J�P�O �J�O�T�J�E�F �U�I�F �H�B�J�O �N�B�U�F�S�J�B�M �U�S�B�O�T�M�B�U�F�T�U�I�J�T �G�S�F�R�V�F�O�D�Z �T�V�D�U�V�B�U�J�P�O�T
�J�O�U�P �U�J�N�J�O�H �T�V�D�U�V�B�U�J�P�O�T�� �5�I�F �F�R�F�D�U �J�T �B�M�T�P �D�B�M�M�F�E �U�I�F �(�P�S�E�P�O���)�B�V�T �K�J�U�U�F�S�� �*�U�T �U�J�N�J�O�H �O�P�J�T�F �Q�P�X�F�S �T�Q�F�D�U�S�B�M
�E�F�O�T�J�U�Z �X�B�T �P�S�J�H�J�O�B�M�M�Z �E�F�S�O�F�E �C�Z �<���>�� �5�I�F �D�P�S�S�F�D�U�F�E �W�F�S�T�J�P�O �G�S�P�N �<�������> �J�T
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�X�J�U�I� � = 0 :47
T�S�U

g

�
� � g

� � p

� 2

�	���������


�B�O�E �J�T �B�T�T�V�N�J�O�H �B �(�B�V�T�T�J�B�O���T�I�B�Q�F�E �P�Q�U�J�D�B�M �T�Q�F�D�U�S�V�N��L �(�)
� t (f ) �J�T �J�O�T�V�F�O�D�F�E �C�Z �U�I�F �T�R�V�B�S�F�E �J�O�U�S�B�D�B�W�J�U�Z �H�S�P�V�Q

�E�F�M�B�Z �E�J�T�Q�F�S�T�J�P�O �	�B�M�T�P �L�O�P�X�O �B�T �T�V�C���U�I�S�F�T�I�P�M�E �(�%�%�
�
 �U�I�F �'�8�)�. �P�G �U�I�F �P�Q�U�J�D�B�M �T�Q�F�D�U�S�V�N� � p �B�O�E �U�I�F �H�B�J�O

�t�t



�C�B�O�E�X�J�E�U�I� � g�� �'�P�S �G�S�F�R�V�F�O�D�J�F�T �U�I�B�U �P�C�F�Zf << 1/2 �� � �
L �(�)
� t (f ) �T�I�P�X�T �B1/ f 2 �E�F�Q�F�O�E�F�O�D�Z�� �"�U �I�J�H�I�F�S �P�R�T�F�U

�G�S�F�R�V�F�O�D�J�F�T�
 �B1/ f 4 �E�F�Q�F�O�E�F�O�D�F �B�S�J�T�F�T�� �5�I�F �F�R�F�D�U �P�G� � �J�T �D�P�N�Q�B�S�B�C�M�F �U�P �B �I�J�H�I �G�S�F�R�V�F�O�D�Z �S�M�U�F�S��
�"�N�Q�M�J�S�F�E �T�Q�P�O�U�B�O�F�P�V�T �F�N�J�T�T�J�P�O �E�P�F�T �O�P�U �P�O�M�Z �F�R�F�D�U �U�I�F �U�J�N�J�O�H�
 �J�U �J�T �B�M�T�P �S�F�T�Q�P�O�T�J�C�M�F �G�P�S �Q�V�M�T�F �F�O�F�S�H�Z
�T�V�D�U�V�B�U�J�P�O�T �J�O �U�I�F �M�B�T�F�S�� �5�I�F �Q�V�M�T�F �F�O�F�S�H�Z �T�V�D�U�V�B�U�J�P�O�T �B�O�E �J�U�T �1�4�%L � E (f ) �D�B�O �I�B�W�F �B�O �J�O�T�V�F�O�D�F �P�O �U�I�F �U�J�N�J�O�H
�K�J�U�U�F�S�� �&�R�V�B�U�J�P�O �������� �B�D�D�P�V�O�U�T �G�P�S �U�X�P �T�F�Q�B�S�B�U�F �F�R�F�D�U�T�� �'�J�S�T�U�
 �J�O�U�F�O�T�J�U�Z �T�V�D�U�V�B�U�J�P�O�T �X�J�M�M �M�F�B�E �U�P �H�B�J�O �T�V�D�U�V�B�U�J�P�O�T
�X�I�F�O �B�T�T�V�N�J�O�H�
 �U�I�B�U �U�I�F �D�B�W�J�U�Z �M�P�T�T�F�T �B�S�F �D�P�O�T�U�B�O�U �<�������>�� �5�I�F�T�F �H�B�J�O �T�V�D�U�V�B�U�J�P�O�T �M�F�B�E �U�P �H�S�P�V�Q �E�F�M�B�Z �B�O�E
�U�J�N�J�O�H �D�I�B�O�H�F�T �P�G �U�I�F �Q�V�M�T�F �<�������>�� �4�F�D�P�O�E�
 �T�U�S�P�O�H�F�S �B�N�Q�M�J�S�D�B�U�J�P�O �P�G �U�I�F �M�F�B�E�J�O�H �Q�V�M�T�F �F�E�H�F �D�P�N�Q�B�S�F�E �U�P �U�I�F
�U�S�B�J�M�J�O�H �Q�V�M�T�F �F�E�H�F �E�V�F �U�P �G�B�T�U �H�B�J�O �D�I�B�O�H�F�T �D�P�O�W�F�S�U�T �Q�V�M�T�F �F�O�F�S�H�Z �T�V�D�U�V�B�U�J�P�O�T �J�O�U�P �U�J�N�J�O�H �T�V�D�U�V�B�U�J�P�O�T �<�������>��
�5�I�F �F�R�V�B�U�J�P�O �J�T �H�J�W�F�O �C�Z �<�������>��

L �J�O�U
� t (f ) =

�
(Cg � (Ep� � g) � 1)2

T2
�S�U

� L � E (f )
�

1
(2�f )2 �	���������


�5�I�F �D�P�V�Q�M�J�O�H �F�R�F�D�U�T �P�G �J�O�U�F�O�T�J�U�Z �O�P�J�T�F �U�P �U�J�N�J�O�H �O�P�J�T�F �B�S�F �E�F�Q�J�D�U�F�E �C�Z �U�I�F �D�P�V�Q�M�J�O�H �D�P�O�T�U�B�O�UCg�� L � E (f )
�S�F�Q�S�F�T�F�O�U�T �U�I�F �Q�V�M�T�F �F�O�F�S�H�Z �T�V�D�U�V�B�U�J�P�O�T�� �" �D�P�N�N�P�O �X�B�Z �U�P �E�F�T�D�S�J�C�F �U�I�F�T�F �T�V�D�U�V�B�U�J�P�O�T �J�T �U�I�F �S�F�M�B�U�J�W�F �J�O�U�F�O�T�J�U�Z
�O�P�J�T�F �	�3�*�/�
�
 �C�V�U �U�I�F �D�P�O�O�F�D�U�J�P�O �P�GL � E (f ) �B�O�E �U�I�F �3�*�/ �J�T �O�P�U �D�M�F�B�S �J�O �U�I�F �P�S�J�H�J�O�B�M �E�F�S�J�W�B�U�J�P�O �<�������>�� �"�Q�Q�S�P�Y�J��
�N�B�U�J�P�O�T �J�O �U�I�F �G�V�S�U�I�F�S �Q�B�S�U �S�F�M�J�F�T �P�O �U�I�F �M�J�U�F�S�B�U�V�S�F �W�B�M�V�F�T �P�GL � E (f ) �B�O�ECg��

�#�F�G�P�S�F �D�P�W�F�S�J�O�H �U�J�N�J�O�H �K�J�U�U�F�S �B�Q�Q�S�P�Y�J�N�B�U�J�P�O�T �P�G �U�I�F �N�P�E�F�M�
 �J�U �J�T �B�E�W�B�O�U�B�H�F�P�V�T �U�P �E�J�T�D�V�T�T �U�I�F �M�J�N�J�U�T �P�G �U�I�F�T�F
�B�O�B�M�Z�U�J�D�B�M �F�Y�Q�S�F�T�T�J�P�O�T �P�G �U�I�F �U�J�N�J�O�H �O�P�J�T�F �Q�P�X�F�S �T�Q�F�D�U�S�B�M �E�F�O�T�J�U�Z�� �5�P �T�U�B�S�U �X�J�U�I�
 �U�I�F �F�Y�Q�S�F�T�T�J�P�O�T �S�F�M�Z �P�O �P�Q�U�J�D�B�M
�Q�V�M�T�F �U�S�B�J�O�T �J�O�T�J�E�F �U�I�F �M�B�T�F�S �D�B�W�J�U�Z�� �'�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C�T �I�B�W�F �B �R�V�B�T�J �D�P�O�U�J�O�V�P�V�T �X�B�W�F �M�J�H�I�U �P�V�U�Q�V�U
�B�O�E �J�U �J�T �U�I�F�S�F�G�P�S�F �V�O�L�O�P�X�O �X�I�F�U�I�F�S �U�I�F �U�I�F�P�S�Z �B�M�T�P �S�U�T �U�I�F�T�F �M�B�T�F�S �U�Z�Q�F�T�� �'�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C�T �X�J�M�M �C�F
�U�S�F�B�U�F�E �B�T �T�U�S�P�O�H�M�Z �D�I�J�S�Q�F�E �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C�T �G�P�S �U�I�F �B�Q�Q�S�P�Y�J�N�B�U�J�P�O �X�J�U�I �U�I�F �B�O�B�M�Z�U�J�D�B�M �F�Y�Q�S�F�T�T�J�P�O
�P�G �U�I�F �N�P�E�F�M�� �"�D�D�P�S�E�J�O�H �U�P �U�I�F �E�J�S�F�D�U �"�4�& �D�P�O�U�S�J�C�V�U�J�P�O �J�O �F�R�V�B�U�J�P�O ���������
 �U�I�F �Q�V�M�T�F �X�J�E�U�I �I�B�T �B �R�V�B�E�S�B�U�J�D
�J�O�T�V�F�O�D�F �P�O �U�I�F �U�J�N�J�O�H �K�J�U�U�F�S�� �'�P�S �D�P�O�U�J�O�V�P�V�T �M�J�H�I�U �P�V�U�Q�V�U�
 �U�I�F �Q�V�M�T�F �X�J�E�U�I �J�T �B�T�T�V�N�F�E �U�P �C�F �F�R�V�B�M �U�P �U�I�F �S�P�V�O�E
�U�S�J�Q �U�J�N�F �P�G �U�I�F �M�B�T�F�S�
 �S�F�T�V�M�U�J�O�H �J�O �B �N�V�D�I �M�B�S�H�F�S �3�' �M�J�O�F �X�J�E�U�I �G�P�S �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C�T �D�P�N�Q�B�S�F�E �U�P
�B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C�T��

�"�O�P�U�I�F�S �N�P�E�F�M �M�J�N�J�U�B�U�J�P�O �J�T �U�I�F �B�T�T�V�N�Q�U�J�P�O �P�G �Q�F�S�G�F�D�U �N�P�E�F �M�P�D�L�J�O�H �G�S�P�N �U�I�F �C�F�H�J�O�O�J�O�H�� �/�P�U �F�R�V�B�M�M�Z �T�Q�B�D�F�E
�B�Q�B�S�U �D�P�N�C �N�P�E�F�T �B�O�E �O�P�O �T�U�B�C�M�F �J�O�U�F�S�N�P�E�B�M �Q�I�B�T�F�T �S�F�T�V�M�U �J�O �B �C�S�P�B�E�F�S �3�' �M�J�O�F�X�J�E�U�I�
 �X�I�J�D�I �B�S�F �O�P�U �D�P�W�F�S�F�E
�C�Z �U�I�F �B�O�B�M�Z�U�J�D�B�M �F�Y�Q�S�F�T�T�J�P�O�T�� �0�U�I�F�S �D�M�B�T�T�J�D�B�M �O�P�J�T�F �T�P�V�S�D�F�T �M�J�L�F �N�J�S�S�P�S �W�J�C�S�B�U�J�P�O �F�R�F�D�U�T�P�S �F�O�W�J�S�P�O�N�F�O�U�B�M
�O�P�J�T�F �T�P�V�S�D�F�T �B�S�F �B�M�T�P �J�H�O�P�S�F�E�� �0�W�F�S�B�M�M�
 �U�I�F �N�P�E�F�M �J�T �B�C�M�F �U�P �F�T�U�J�N�B�U�F �U�I�F �M�P�X�F�S �M�J�N�J�U �P�G �U�J�N�J�O�H�T�V�D�U�V�B�U�J�P�O�T �J�O
�T�F�N�J�D�P�O�E�V�D�U�P�S �D�P�N�C �M�B�T�F�S�T�� �)�P�X�F�W�F�S�
 �J�U �J�T �O�P�U �D�B�Q�B�C�M�F �P�G �Q�S�F�E�J�D�U�J�O�H �U�I�F�3�' �C�F�B�U �O�P�U�F �M�J�O�F �X�J�E�U�I �P�G �B �M�B�T�F�S �B�U �B
�D�F�S�U�B�J�O �C�J�B�T�J�O�H �D�P�O�E�J�U�J�P�O��

�s���r���q �6�* �P�M�R�I �[�M�H�X�L �P�M�Q�M�X

�1�S�H�I�P �M�R�M�X�M�E�P�M�^�E�X�M�S�R�5�I�F �U�I�F�P�S�F�U�J�D�B�M �M�J�N�J�U �P�G �U�I�F �3�' �M�J�O�F �X�J�E�U�I �P�G �B �D�P�N�C �M�B�T�F�S �J�T �D�B�M�D�V�M�B�U�F�E �X�J�U�I �U�I�F �N�P�E�F�M
�E�J�T�D�V�T�T�F�E �J�O �T�F�D�U�J�P�O ������������ �5�P �F�Y�Q�M�P�S�F�
 �X�I�F�U�I�F�S �U�I�F �U�I�F�P�S�Z �J�T �T�V�Q�Q�P�S�U�F�E �C�Z�U�I�F �F�Y�Q�F�S�J�N�F�O�U�
 �U�I�F �F�Y�Q�F�S�J�N�F�O�U�B�M�M�Z
�N�F�B�T�V�S�F�E �W�B�M�V�F�T �P�G �B ���� �(�)�[ �R�V�B�O�U�V�N �E�P�U �D�P�N�C �M�B�T�F�S �	�2�%���
 �"�5�5�- �S�B�U�J�P �����������
 �B�S�F �D�P�N�Q�B�S�F�E �U�P �U�I�F�T�F
�U�I�F�P�S�F�U�J�D�B�M �3�' �M�J�O�F �X�J�E�U�I �M�J�N�J�U�T�� �5�I�F�S�F�G�P�S�F�
 �T�F�W�F�S�B�M �M�B�T�F�S �Q�B�S�B�N�F�U�F�S�T �X�J�M�M �C�F �N�F�B�T�V�S�F�E���5�I�F �S�P�V�O�E �U�S�J�Q �M�B�T�F�S
�H�B�J�Og�3�5�J�T �H�J�W�F�O �C�Z �U�I�F �U�P�U�B�M �D�B�W�J�U�Z �M�P�T�T�F�T �U�I�B�U �D�P�O�T�J�T�U �P�G �U�I�F �N�J�S�S�P�S �M�P�T�T�F�T� m �B�O�E �U�I�F �J�O�U�S�J�O�T�J�D �M�P�T�T�F�T� i �� �"�T��
�D�M�F�B�W�F�E �D�B�W�J�U�Z �G�B�D�F�U�T �B�N�P�V�O�U �U�P �N�J�S�S�P�S �M�P�T�T�F�T �P�G� m = 5 :6�D�N� 1 �G�P�S �B �� �N�N �M�P�O�H �M�B�T�F�S�� �8�J�U�I �J�O�U�S�B�D�B�W�J�U�Z �M�P�T�T�F�T �P�G
�B�Q�Q�S�P�Y�J�N�B�U�F�M�Z� i = 1 :6�D�N� 1�
 �U�B�L�F�O �G�S�P�N �U�I�F �N�B�O�V�G�B�D�U�V�S�F�S�T �E�B�U�B �T�I�F�F�U�
 �U�I�F �U�P�U�B�M �M�P�T�T�F�T �Q�F�S �S�P�V�O�E���U�S�J�Q�B�N�P�V�O�U
�U�P� �3�5

m + � �3�5
i = 2 :9�� �5�I�F �S�P�V�O�E���U�S�J�Q �M�B�T�F�S �H�B�J�Og�3�5�J�T �J�E�F�O�U�J�D�B�M �U�P �U�I�F �U�P�U�B�M �D�B�W�J�U�Z �M�P�T�T�F�T �Q�F�S �S�P�V�O�E���U�S�J�Q�
 �X�I�J�D�I �J�T

�X�I�Z �U�I�F �D�B�M�D�V�M�B�U�J�P�O�T �V�T�Fg�3�5= 2 :9�� �#�B�T�J�D �M�B�T�F�S �Q�B�S�B�N�F�U�F�S�T �B�S�F �U�I�F �P�Q�U�J�D�B�M �G�S�F�R�V�F�O�D�Z �P�G� = 238 �5�)�[(1260�O�N)
�B�O�E �U�I�F �S�P�V�O�E �U�S�J�Q �U�J�N�F �P�G ���� �Q�T �G�P�S �B ���� �(�)�[ �M�B�T�F�S�� �5�I�F �J�O�U�S�B�D�B�W�J�U�Z �(�%�%�
 �B�M�T�P�S�F�G�F�S�S�F�E �U�P �B�T �T�V�C���U�I�S�F�T�I�P�M�E �(�%�%
�D�B�O �C�F �D�B�M�D�V�M�B�U�F�E �C�Z �T�V�C���U�I�S�F�T�I�P�M�E �M�B�T�F�S �N�F�B�T�V�S�F�N�F�O�U�T �B�O�E �J�T �B�S�P�V�O�E10000�G�T2 �	�T�F�F �Q�S�F�W�J�P�V�T �D�I�B�Q�U�F�S �������
��

�t�u



�5�I�F �H�B�J�O �C�B�O�E�X�J�E�U�I� � g �J�T �E�F�U�F�S�N�J�O�F�E �C�Z �U�I�F �G�V�M�M���X�J�E�U�I���I�B�M�G���N�B�Y�J�N�V�N �P�G �U�I�F �T�V�C���U�I�S�F�T�I�P�M�E �"�4�& �T�Q�F�D�U�S�V�N
�K�V�T�U �C�F�M�P�X �U�I�F �M�B�T�J�O�H �U�I�S�F�T�I�P�M�E�� �*�U �X�B�T �N�F�B�T�V�S�F�E �U�P �C�F� g = 1 :9�5�)�[(10�O�N) �G�P�S �U�I�F �P�C�T�F�S�W�F�E �M�B�T�J�O�H �E�F�W�J�D�F��
�5�I�F �J�O�W�F�S�T�J�P�O �Q�B�S�B�N�F�U�F�S� �J�T �E�F�S�O�F�E �U�P �C�F �V�O�J�U�Z �G�P�S �B �Q�F�S�G�F�D�U �����M�F�W�F�M �H�B�J�O �N�F�E�J�V�N�� �0�U�I�F�S �T�F�N�J�D�P�O�E�V�D�U�P�S
�M�B�T�F�S�T �X�F�S�F �N�P�E�F�M�M�F�E �X�J�U�I �W�B�M�V�F�T �P�G� = 3 �<�������>�� �*�U �J�T �B�M�T�P �U�I�F �W�B�M�V�F �U�I�B�U �J�T �D�I�P�T�F�O �J�O �U�I�J�T �B�O�B�M�Z�U�J�D�B�M �D�B�M�D�V�M�B�U�J�P�O��
�5�I�F �D�P�V�Q�M�J�O�H �D�P�O�T�U�B�O�UCg �J�T �B�M�T�P �V�O�L�O�P�X�O �B�O�E �J�T �U�I�F�S�F�G�P�S�F �B�T�T�V�N�F�E �U�P �C�FCg = 8 � 103 �<�������>�� �.�J�T�T�J�O�H �W�B�M�V�F�T
�M�J�L�F �U�I�F �P�Q�U�J�D�B�M �C�B�O�E�X�J�E�U�I� � p�
 �U�I�F �Q�V�M�T�F �X�J�E�U�I� �
 �U�I�F �J�O�U�S�B�D�B�W�J�U�Z �Q�V�M�T�F �F�O�F�S�H�ZEp �B�S�F �B�M�M �F�Y�Q�F�S�J�N�F�O�U�B�M�M�Z
�N�F�B�T�V�S�F�E �W�B�M�V�F�T �B�O�E �D�B�O �C�F �G�P�V�O�E �J�O �5�B�C�M�F ��������

�8�E�F�P�I �t���s���4�E�V�E�Q�I�X�I�V�W �Y�W�I�H �J�S�V �X�L�I �E�R�E�P�]�X�M�G�E�P �Q�S�H�I�P�� �3�F�X�E�M�R�I�H �V�I�W�Y�P�X�W �E�V�I �T�P�S�X�X�I�H �M�R �*�M�K�Y�V�I �t���ù�w �E�R�H �*�M�K��
�Y�V�I �t���ù�ù��

�1�B�S�B�N�F�U�F�S �4�Z�N�C�P�M �7�B�M�V�F �4�P�V�S�D�F

�3�P�V�O�E �U�S�J�Q �U�J�N�F T�S�U ���� �Q�T �.�F�B�T�V�S�F�N�F�O�U
�$�B�W�J�U�Z �M�F�O�H�U�I �M �� �N�N �.�F�B�T�V�S�F�N�F�O�U

�0�Q�U�J�D�B�M �G�S�F�R�V�F�O�D�Z� ������ �5�)�[ �.�F�B�T�V�S�F�N�F�O�U
�*�O�W�F�S�T�J�P�O �Q�B�S�B�N�F�U�F�S� �� �<�������>

�(�B�J�O g = � i + � m 7:2 �D�N� 1 �%�B�U�B �T�I�F�F�U
�3�P�V�O�E�U�S�J�Q �H�B�J�O g�3�5�� �H��M ������ �$�B�M�D�V�M�B�U�F�E
�*�O�U�F�S�O�B�M �M�P�T�T�F�T � i 1:6 �D�N� 1 �%�B�U�B �T�I�F�F�U
�.�J�S�S�P�S �M�P�T�T�F�T � m 5:6 �D�N� 1 �%�B�U�B �T�I�F�F�U

�*�O�U�S�B�D�B�W�J�U�Z �	�T�V�C���U�I�S�F�T�I�P�M�E�
 �(�%�%GDD ���������� �G�T2 �.�F�B�T�V�S�F�N�F�O�U
�(�B�J�O �#�B�O�E�X�J�E�U�I � � g ������ �5�)�[2 �.�F�B�T�V�S�F�N�F�O�U

�&�O�F�S�H�Z �U�P �U�J�N�J�O�H �D�P�V�Q�M�J�O�HCg 8 � 103 �+ �<�������>
�1�V�M�T�F �F�O�F�S�H�Z �T�V�D�U�V�B�U�J�P�O�TL � E (f ) � 1:03� 10� 48 �T3J � 1 �<�������>

�1�V�M�T�F �X�J�E�U�I � �	�� �U�P �����
 �Q�T �	�"�.�
�
 ���� �Q�T �	�'�.�
�.�F�B�T�V�S�F�N�F�O�U
�1�V�M�T�F �F�O�F�S�H�Z Ep = T�S�UP�P�V�U �	�� �U�P ���
�10� 14 �+ �.�F�B�T�V�S�F�N�F�O�U

���E�# �T�Q�F�D�U�S�B�M �X�J�E�U�I� � g �	�������� �U�P �����
 �5�)�[ �.�F�B�T�V�S�F�N�F�O�U

�1�S�H�I�P �E�R�H �)�\�T�I�V�M�Q�I�R�X�E�P �V�I�W�Y�P�X�W�'�J�H�V�S�F �������� �E�F�Q�J�D�U�T �U�I�F �D�P�N�Q�B�S�J�T�P�O �P�G �U�I�F �N�F�B�T�V�S�F�E �W�B�M�V�F�T �X�J�U�I �U�I�F �D�B�M�D�V��
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 �U�I�F �D�P�N�C �T�U�B�U�F �P�G �J�O���Q�I�B�T�F �T�Z�O�D�I�S�P�O�J�[�F�E �C�F�B�U�J�O�H�T �J�T �S�F�G�F�S�S�F�E �U�P �B�T �B�O �"�.
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�J�O �U�I�F �U�J�N�F �S�F�D�P�O�T�U�S�V�D�U�J�P�O�� �5�I�F �'�. �D�P�N�C �T�I�P�X�T �Q�I�B�T�F�T �T�Q�B�O�O�J�O�H �P�W�F�S ��� �X�J�U�I �R�V�B�T�J �D�P�O�U�J�O�V�P�V�T �X�B�W�F �P�Q�U�J�D�B�M
�P�V�U�Q�V�U�� �5�I�J�T �C�F�I�B�W�J�P�V�S �J�T �B�M�T�P �S�F�Q�S�P�E�V�D�F�E �X�J�U�I �O�P�O�M�J�O�F�B�S �J�O�U�F�O�T�J�U�Z �B�V�U�P���D�P�S�S�F�M�B�U�J�P�O �E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F ���������	�G�
��

�'�S�R�G�P�Y�W�M�S�R�*�O �D�P�O�D�M�V�T�J�P�O�
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�B�O�E �B �X�F�B�L �C�F�B�U �O�P�U�F �J�O �'�. �D�P�N�C �P�Q�F�S�B�U�J�P�O��

�s���r���� �0�S�[ �T�L�E�W�I �R�S�M�W�I �E�Q�T�P�M�X�Y�H�I���Q�S�H�Y�P�E�X�I�H �
 �J�V�I�U�Y�I�R�G�]���Q�S�H�Y�P�E�X�I�H �G�S�Q�F�W

�%�M�Q�*�O �U�I�J�T �T�F�D�U�J�P�O�
 �S�S�T�U�
 �U�I�F �C�J�B�T�J�O�H �E�F�Q�F�O�E�F�O�U �H�F�O�F�S�B�U�J�P�O �P�G �U�X�P �U�Z�Q�F�T �P�G �D�P�N�C �T�U�B�U�F�T �J�O �B �� �N�N �M�P�O�H �	���� �(�)�[�

�U�X�P���T�F�D�U�J�P�O �R�V�B�O�U�V�N �E�P�U �M�B�T�F�S �	�2�%���
 �J�T �Q�S�F�T�F�O�U�F�E �B�O�E �E�J�T�D�V�T�T�F�E�� �4�F�D�P�O�E�
 �C�B�T�F�E �P�O �U�I�F �P�C�U�B�J�O�F�E �J�O�T�J�H�I�U�
 �U�I�F
�D�P�N�C �T�U�B�U�F�
 �P�Q�U�J�D�B�M �Q�V�M�T�F �X�J�E�U�I �B�O�E �3�' �C�F�B�U �O�P�U�F �M�J�O�F �X�J�E�U�I �J�O �E�F�Q�F�O�E�F�O�D�F �P�O �B�C�T�P�S�C�F�S���U�P���U�P�U�B�M �M�F�O�H�U�I �	�"�5�5�-�

�S�B�U�J�P �B�O�E �U�I�F �E�P�Q�J�O�H �D�P�O�D�F�O�U�S�B�U�J�P�O �J�O �U�I�F �(�B�"�T �T�Q�B�D�F�S �M�B�Z�F�S�T �J�T �J�O�W�F�T�U�J�H�B�U�F�E�� �5�I�F�S�F�G�P�S�F �T�J�N�Q�M�J�S�F�E �S�F�T�V�M�U�T �P�O
�D�P�N�C �T�U�B�U�F�
 �3�' �M�J�O�F �X�J�E�U�I �B�O�E �Q�V�M�T�F �X�J�E�U�I �G�P�S �2�%���
 �2�%���
 �2�%�����2�%�����
 �2�%�������2�%�����
 �2�%�����
 �2�%�����
 �2�%�����
 �2�%����
�B�O�E �2�%���� �B�S�F �Q�S�F�T�F�O�U�F�E �J�O �E�F�Q�F�O�E�F�O�D�F �P�O �U�I�F �H�B�J�O �D�V�S�S�F�O�U �B�O�E �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F�� �"�E�E�J�U�J�P�O�B�M�M�Z
�U�I�F�T�F �S�F�T�V�M�U�T �B�S�F �F�Y�Q�B�O�E�F�E �C�Z �Q�V�M�T�F �N�F�B�T�V�S�F�N�F�O�U �S�F�T�V�M�U�T �P�G �2�%���
 �2�%���
 �2�%���
 �2�%�����
 �2�%�����
 �2�%���� �B�O�E �2�%������
�"�M�M �M�B�T�F�S �T�U�S�V�D�U�V�S�F�T �X�I�F�S�F �Q�S�F�T�F�O�U�F�E �J�O �T�F�D�U�J�P�O ������ �J�O �U�B�C�M�F �������� �(�P�B�M �P�G �U�I�J�T �D�I�B�Q�U�F�S �J�T �U�P �T�U�V�E�Z �U�I�F �J�N�Q�B�D�U �P�G
�U�I�F �"�5�5�- �S�B�U�J�P �P�O �U�I�F �H�F�O�F�S�B�U�J�P�O �P�G �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �	�'�.�
 �B�O�E �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �	�"�.�
 �D�P�N�C�T�B�T
�X�F�M�M �B�T �P�O �U�I�F �P�Q�U�J�D�B�M �Q�V�M�T�F �X�J�E�U�I �	�B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C �T�U�B�U�F�
 �B�O�E �U�I�F �3�' �C�F�B�U �O�P�U�F �M�J�O�F �X�J�E�U�I �B�O�E �U�P
�T�I�P�X �I�P�X �U�P �C�V�J�M�E �B �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �H�F�O�F�S�B�U�P�S �B�O�E �U�P �T�I�P�X �U�I�F �X�B�Z �U�P �T�I�P�S�U�F�T�U �P�Q�U�J�D�B�M �Q�V�M�T�F�T �J�O
�U�X�P���T�F�D�U�J�P�O �N�P�O�P�M�J�U�I�J�D �R�V�B�O�U�V�N �E�P�U �M�B�T�F�S�T �C�Z �"�5�5�- �W�B�S�J�B�U�J�P�O��

�4�L�E�W�I �6�I�P�E�X�M�S�R �'�L�E�R�K�I�W�*�O �P�S�E�F�S �U�P �J�E�F�O�U�J�G�Z �C�J�B�T�J�O�H �S�F�H�J�N�F�T �X�I�F�S�F �U�X�P �E�J�R�F�S�F�O�U �D�P�N�C �T�U�B�U�F�T �B�S�F �H�F�O�F�S�B�U�F�E�

�U�I�F �Q�I�B�T�F �S�F�M�B�U�J�P�O�T �P�G �V�O�E�P�Q�F�E �M�B�T�F�S �	�2�%���
 �	���������� �"�5�5�- �S�B�U�J�P�
�
 �N�F�B�T�V�S�F�E �C�Z �C�F�B�U �O�P�U�F�T�Q�F�D�U�S�P�T�D�P�Q�Z�
 �B�S�F
�E�F�Q�J�D�U�F�E �J�O �E�F�Q�F�O�E�F�O�D�F �P�O �U�I�F �H�B�J�O �J�O�K�F�D�U�J�P�O �D�V�S�S�F�O�U �B�O�E �U�I�F �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F �J�O �'�J�H�V�S�F ����������
�5�P �J�E�F�O�U�J�G�Z �'�. �B�O�E �"�. �D�P�N�C �T�U�B�U�F�T �J�O �U�I�F �G�P�M�M�P�X�J�O�H �N�F�B�T�V�S�F�N�F�O�U�T�
 �'�. �D�P�N�C �P�Q�F�S�B�U�J�P�O �X�J�M�M �C�F �Q�S�F�T�F�O�U
�X�I�F�O �Q�I�B�T�F �S�F�M�B�U�J�P�O �T�Q�B�O �B�D�S�P�T�T ��� �� �*�O �D�P�O�U�S�B�T�U�
 �G�P�S �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C�T�
 �Q�I�B�T�F �S�F�M�B�U�J�P�O�T �T�Q�B�O
�P�W�F�S �B �T�N�B�M�M�F�S �S�B�O�H�F �U�I�B�O ��� �� �"�E�E�J�U�J�P�O�B�M�M�Z �"�. �D�P�N�C �P�Q�F�S�B�U�J�P�O �D�B�O �C�F �Q�S�P�W�F�O �X�J�U�I �O�P�O�M�J�O�F�B�S �J�O�U�F�O�T�J�U�Z
�B�V�U�P���D�P�S�S�F�M�B�U�J�P�O �X�I�F�S�F �P�Q�U�J�D�B�M �Q�V�M�T�F�T �D�B�O �C�F �N�F�B�T�V�S�F�E�� �"�U �� �7 �B�O�E �� �7 �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F�
 �F�R�V�B�M�M�J�O�H �M�P�X
�B�C�T�P�S�Q�U�J�P�O �B�O�E �M�P�X �M�P�T�T�F�T�
 �U�I�F �M�B�T�F�S �Q�I�B�T�F �S�F�M�B�U�J�P�O�T �T�Q�B�O �B�D�S�P�T�T ��� �G�P�S �B�M�M �J�O�W�F�T�U�J�H�B�U�F�E �J�O�K�F�D�U�J�P�O �D�V�S�S�F�O�U�T �	�H�S�F�Z
�B�S�F�B �J�O �'�J�H�V�S�F ���������
�
 �J�O�E�J�D�B�U�J�O�H �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �H�F�O�F�S�B�U�J�P�O�� �"�U �� �7 �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F�
 �U�I�F �M�B�T�F�S
�J�T �P�Q�F�S�B�U�J�O�H �B�T �B�O �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C �G�P�S �H�B�J�O �D�V�S�S�F�O�U�T �P�G ������ �N�"�
 ������ �N�" �B�O�E ������ �N�" �B�O�E �F�Y�I�J�C�J�U�T
�G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T �G�P�S �B �H�B�J�O �D�V�S�S�F�O�U �P�G ������ �N�" �B�U �� �7 �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F��
�'�P�S �� �7 �U�P �� �7 �U�I�F �M�B�T�F�S �J�T �P�Q�F�S�B�U�J�O�H �B�T �B�O �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C �G�P�S �B�M�M �H�B�J�O �D�V�S�S�F�O�U�T �J�O�W�F�T�U�J�H�B�U�F�E �T�I�P�X�J�O�H
�U�I�B�U �B �D�F�S�U�B�J�O �B�N�P�V�O�U �P�G �B�C�T�P�S�Q�U�J�P�O �J�T �O�F�D�F�T�T�B�S�Z �U�P �B�D�I�J�F�W�F �B �T�B�U�V�S�B�C�M�F �B�C�T�P�S�C�F�S �G�P�S �Q�B�T�T�J�W�F �N�P�E�F���M�P�D�L�J�O�H
�B�O�E �T�U�B�C�M�F �P�Q�U�J�D�B�M �Q�V�M�T�F�T�� �#�Z �'�J�H�V�S�F ���������
 �J�U �C�F�D�P�N�F�T �F�W�J�E�F�O�U �U�I�B�U �X�J�U�I �J�O�D�S�F�B�T�J�O�H �H�B�J�O�D�V�S�S�F�O�U �U�I�F �D�I�J�S�Q �J�T
�J�O�D�S�F�B�T�F�E �E�V�F �U�P �T�U�S�P�O�H�F�S �T�F�M�G �Q�I�B�T�F �N�P�E�V�M�B�U�J�P�O �B�O�E �J�O�D�S�F�B�T�J�O�H �E�J�T�Q�F�S�T�J�P�O �J�O �U�I�F �H�B�J�O �N�F�E�J�V�N�� �4�I�P�S�U�F�T�U �Q�V�M�T�F�T
�X�P�V�M�E �C�F �F�Y�Q�F�D�U�F�E �B�U �I�J�H�I �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F�T �B�O�E �M�P�X �H�B�J�O �J�O�K�F�D�U�J�P�O �D�V�S�S�F�O�U�T �E�V�F �U�P �U�I�F�M�P�X�F�T�U
�D�I�J�S�Q �X�J�U�I�J�O �U�I�F �P�Q�U�J�D�B�M �Q�V�M�T�F�� �5�I�F �P�Q�U�J�D�B�M �T�Q�F�D�U�S�B �F�W�P�M�V�U�J�P�O �D�P�S�S�F�T�Q�P�O�E�J�O�H �U�P �'�J�H�V�S�F �������� �J�T �T�I�P�X�O �J�O�U�I�F
�"�Q�Q�F�O�E�J�Y �	�'�J�H�V�S�F �������
�� �#�S�P�B�E�F�T�U �G�S�F�R�V�F�O�D�Z �D�P�N�C �X�J�E�U�I�T �P�G �������� �O�N �	���� �E�#�
 �B�S�F �H�F�O�F�S�B�U�F�E �B�U �I�J�H�I �S�F�W�F�S�T�F �C�J�B�T
�W�P�M�U�B�H�F�T �P�G �� �7�� �5�I�F �C�P�Y �T�I�B�Q�F�E �P�Q�U�J�D�B�M �T�Q�F�D�U�S�V�N �G�P�S �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C�T �B�O�E�U�I�F �(�B�V�T�T�J�B�O���T�I�B�Q�F�E
�P�Q�U�J�D�B�M �T�Q�F�D�U�S�V�N �G�P�S �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C�T �D�P�V�M�E �C�F �W�F�S�J�S�F�E��

�u�r



�*�M�K�Y�V�I �t���ù�u���4�L�E�W�I �V�I�P�E�X�M�S�R�W �S�J �X�L�I �X�[�S���W�I�G�X�M�S�R �U�Y�E�R�X�Y�Q �H�S�X �P�E�W�I�V ���5�(�ƒ�� �ù�u���ƒ�	 �%�8�8�0 �V�E�X�M�S�
 �M�R �H�I�T�I�R�H�I�R�G�I
�S�R �X�L�I �K�E�M�R �M�R�N�I�G�X�M�S�R �G�Y�V�V�I�R�X �E�R�H �X�L�I �E�F�W�S�V�F�I�V �V�I�Z�I�V�W�I �F�M�E�W �Z�S�P�X�E�K�I�� �*�S�V �P�S�[ �Z�S�P�X�E�K�I�W �E�R�H �L�M�K�L
�K�E�M�R �G�Y�V�V�I�R�X�W�� �J�V�I�U�Y�I�R�G�]���Q�S�H�Y�P�E�X�I�H �G�S�Q�F �S�T�I�V�E�X�M�S�R �[�M�X�L �E �T�L�E�W�I �V�I�P�E�X�M�S�R �W�T�E�R�R�M�R�K �S�Z�I�V �r� �M�W
�S�F�W�I�V�Z�I�H ���K�V�I�]�
�� �*�S�V �L�M�K�L �E�F�W�S�V�F�I�V �V�I�Z�I�V�W�I �F�M�E�W �Z�S�P�X�E�K�I�W �E�Q�T�P�M�X�Y�H�I���Q�S�H�Y�P�E�X�I�H�G�S�Q�F �S�T�I�V�E�X�M�S�R
�M�W �S�F�W�I�V�Z�I�H�� �8�L�I �G�L�M�V�T �M�W �M�R�G�V�I�E�W�I�H �[�M�X�L �M�R�G�V�I�E�W�M�R�K �K�E�M�R �G�Y�V�V�I�R�X �H�Y�I �X�S �W�X�V�S�R�K�I�V �W�I�P�J �T�L�E�W�I
�Q�S�H�Y�P�E�X�M�S�R��

�4�Y�P�W�I �+�I�R�I�V�E�X�M�S�R�" �N�B�Q�Q�J�O�H �P�G �U�I�F �Q�V�M�T�F �X�J�E�U�I �J�T �E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F ���������	�B�
 �N�F�B�T�V�S�F�E �X�J�U�I �B �O�P�O���M�J�O�F�B�S
�J�O�U�F�O�T�J�U�Z �B�V�U�P���D�P�S�S�F�M�B�U�P�S�� �5�I�F �Q�V�M�T�F �X�J�E�U�I �J�T �E�F�U�F�S�N�J�O�F�E �C�Z �(�B�V�T�T�J�B�O �S�U�T �U�P �U�I�F �F�Y�Q�F�S�J�N�F�O�U�B�M �E�B�U�B�� �"�T �F�Y�Q�F�D�U�F�E�

�T�I�P�S�U�F�T�U �P�Q�U�J�D�B�M �Q�V�M�T�F�T �B�S�F �G�P�V�O�E �B�U �I�J�H�I �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F�T �B�O�E �M�P�X�H�B�J�O �D�V�S�S�F�O�U�T�
 �B�U �U�I�F �C�J�B�T �D�P�O�E�J�U�J�P�O�T �X�J�U�I
�U�I�F �M�F�B�T�U �B�N�P�V�O�U �P�G �D�I�J�S�Q �	�T�F�F �'�J�H�V�S�F ���������
�� �" �T�I�P�S�U�F�T�U �Q�V�M�T�F �X�J�E�U�I �P�G �������� �Q�T �J�T �G�P�V�O�E �B�U ���� �N�" �H�B�J�O�D�V�S�S�F�O�U
�B�O�E �� �7 �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F�� �"�U �U�I�F �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �S�F�H�J�N�F �J�E�F�O�U�J�S�F�E �J�O �'�J�H�V�S�F ���������
�

�U�I�F �M�B�T�F�S �H�F�O�F�S�B�U�F�T �O�P �P�Q�U�J�D�B�M �Q�V�M�T�F�T�
 �B�T �U�I�F �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �H�F�O�F�S�B�U�F�T �B �R�V�B�T�J �D�P�O�U�J�O�V�P�V�T���X�B�W�F
�F�N�J�T�T�J�P�O �P�V�U�Q�V�U��

�0�S�[ �R�S�M�W�I �V�I�K�M�S�R�-�P�X �3�' �-�J�O�F �X�J�E�U�I �J�O�E�J�D�B�U�F�T �B �D�P�N�C �X�J�U�I �M�P�X �Q�I�B�T�F �O�P�J�T�F�� �" �E�F�D�S�F�B�T�F �J�O �3�' �Q�F�B�L �Q�P�X�F�S
�P�Gf �S�U�D�B�O �J�O�E�J�D�B�U�F �U�I�F �U�S�B�O�T�J�U�J�P�O �G�S�P�N �B�N�Q�M�J�U�V�E�F �U�P �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C�T �B�T �F�Y�Q�M�B�J�O�F�E �J�O �U�I�F �Q�S�F�W�J�P�V�T
�T�F�D�U�J�P�O �B�O�E �Q�V�C�M�J�T�I�F�E �J�O �<���>�� �5�I�F �3�' �C�F�B�U �O�P�U�F �M�J�O�F �X�J�E�U�I �I�B�T �U�I�F�S�F�G�P�S�F �C�F�F�O �N�F�B�T�V�S�F�E �B�T �B �G�V�O�D�U�J�P�O �P�G �H�B�J�O
�D�V�S�S�F�O�U �B�O�E �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F�� �3�F�T�V�M�U�T �B�S�F �E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F ���������	�C�
�� �'�P�S �M�P�X �D�V�S�S�F�O�U�T �C�F�M�P�X������ �N�" �U�I�F
�M�B�T�F�S �J�T �I�P�X�J�O�H �C�S�P�B�E �3�' �M�J�O�F �X�J�E�U�I�T �J�O �U�I�F �S�F�H�J�P�O �P�G �� �.�)�[ �G�P�S �O�F�B�S�M�Z �F�W�F�S�Z �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F�� �'�P�S
�I�J�H�I�F�S �H�B�J�O �D�V�S�S�F�O�U�T �U�I�F �3�' �M�J�O�F �X�J�E�U�I �S�F�E�V�D�F�T �X�J�U�I �B �C�S�P�B�E �B�S�F�B �	�E�B�S�L �C�M�V�F���Q�V�S�Q�M�F �B�S�F�B�
 �G�S�P�N �� �7 �U�P �� �7
�B�O�E ������ �N�" �U�P ������ �N�" �X�J�U�I �3�' �M�J�O�F �X�J�E�U�I�T �C�F�M�P�X �� �L�)�[�� �" �M�P�X�F�T�U �3�' �M�J�O�F �X�J�E�U�I �P�G ���� �)�[ �	������ �N�"�
 �� �7�
 �J�T

�u�s



�*�M�K�Y�V�I �t���ù�����4�Y�P�W�I �[�M�H�X�L �E�R�H �V�E�H�M�S���J�V�I�U�Y�I�R�G�] �P�M�R�I �[�M�H�X�L �M�R �H�I�T�I�R�H�I�R�G�I �S�R �X�L�I �K�E�M�R �M�R�N�I�G�X�M�S�R �G�Y�V�V�I�R�X �E�R�H
�E�F�W�S�V�F�I�V �V�I�Z�I�V�W�I �F�M�E�W �Z�S�P�X�E�K�I �J�S�V �5�(�ƒ �E�X �q�v�s�'�� ���E�
�4�Y�P�W�I �[�M�H�X�L�����F�
�6�E�H�M�S���J�V�I�U�Y�I�R�G�] �P�M�R�I �[�M�H�X�L��

�P�C�U�B�J�O�F�E �X�I�J�D�I �J�T �N�V�D�I �C�F�U�U�F�S �U�I�F�O �U�I�F �T�U�B�U�F���P�G���U�I�F���B�S�U �J�O �3�' �M�J�O�F �X�J�E�U�I�T �J�O �R�V�B�O�U�V�N �E�P�U �M�B�T�F�S�T�Q�S�F�T�F�O�U�F�E �J�O
�T�F�D�U�J�P�O ������ �X�I�F�S�F �U�I�F �M�P�X�F�T�U �S�F�Q�P�S�U�F�E �3�' �M�J�O�F �X�J�E�U�I �T�P �G�B�S �J�T ������ �)�[��

�5�P �F�N�Q�I�B�T�J�[�F �U�I�F �U�S�B�O�T�J�U�J�P�O �G�S�P�N �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B�U�J�P�O �U�P �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B��
�U�J�P�O �X�J�U�I �J�O�D�S�F�B�T�J�O�H �H�B�J�O �D�V�S�S�F�O�U�
 �'�J�H�V�S�F �������� �E�F�Q�J�D�U�T �U�I�F �3�' �C�F�B�U �O�P�U�F �T�J�H�O�B�M���U�P���O�P�J�T�F �S�B�U�J�P �G�P�S �B�O �B�C�T�P�S�C�F�S
�S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F �P�G �� �7 �X�I�J�D�I �T�I�P�X�T �B �E�F�D�S�F�B�T�F �C�Z �B�S�P�V�O�E �� �E�# �J�O �U�I�F �U�S�B�O�T�J�U�J�P�O �G�S�P�N �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E
�D�P�N�C �P�Q�F�S�B�U�J�P�O �U�P �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B�U�J�P�O �B�M�U�I�P�V�H�I �U�I�F �B�W�F�S�B�H�F �P�Q�U�J�D�B�M �P�V�U�Q�V�U �Q�P�X�F�S �J�T�J�O��
�D�S�F�B�T�J�O�H�� �5�I�J�T �I�B�T �C�F�F�O �F�Y�Q�M�B�J�O�F�E �J�O �U�I�F �Q�S�F�W�J�P�V�T �T�F�D�U�J�P�O �B�O�E �J�O �<���>�� �5�I�J�T �J�T �B�O �J�O�E�J�D�B�U�J�P�O�
 �X�J�U�I�P�V�U �B�O�Z
�J�O�U�F�S�G�F�S�P�N�F�U�S�J�D �N�F�B�T�V�S�F�N�F�O�U�
 �U�I�B�U �U�I�F �M�B�T�F�S �U�S�B�O�T�J�U�T �G�S�P�N �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B�U�J�P�O �U�P �G�S�F�R�V�F�O�D�Z��
�N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B�U�J�P�O�� �*�O �Q�B�S�U�J�D�V�M�B�S�
 �B�T �U�I�F �3�' �C�F�B�U �O�P�U�F �M�J�O�F �X�J�E�U�I �T�U�B�Z�T �X�F�M�M �C�F�M�P�X ���L�)�[ �	������ �)�[ �B�U
������ �N�" �B�O�E ������ �)�[ �B�U ������ �N�"�
��

�'�S�Q�F �7�X�E�X�I �6�I�K�M�Q�I�W �M�R �H�I�T�I�R�H�I�R�G�I �S�R �X�L�I �%�8�8�0 �V�E�X�M�S�)�B�W�J�O�H �I�J�H�I�M�J�H�I�U�F�E �U�I�F �H�F�O�F�S�B�M �U�S�F�O�E�T �P�G �'�. �B�O�E
�"�. �D�P�N�C �H�F�O�F�S�B�U�J�P�O �J�O �B �U�X�P���T�F�D�U�J�P�O �R�V�B�O�U�V�N �E�P�U �M�B�T�F�S �J�O�J�U�J�B�M�M�Z �J�O �<���>�
 �B�O�E �B�T �B �G�V�O�D�U�J�P�O �P�G �H�B�J�O �D�V�S�S�F�O�U
�B�O�E �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F �J�O �U�I�J�T �T�F�D�U�J�P�O�
 �J�O �U�I�F �G�P�M�M�P�X�J�O�H�
 �U�I�F �D�P�N�C �T�U�B�U�F �S�F�H�J�P�O�T �X�J�M�M �C�F �F�Y�Q�M�P�S�F�E �G�P�S �U�X�P��
�T�F�D�U�J�P�O �R�V�B�O�U�V�N �E�P�U �M�B�T�F�S�T �X�J�U�I �V�O�E�P�Q�F�E�
 �N�F�E�J�V�N �E�P�Q�F�E �B�O�E �T�U�S�P�O�H�M�Z �E�P�Q�F�E �B�D�U�J�W�F �S�F�H�J�P�O�� �"�E�E�J�U�J�P�O�B�M�M�Z
�U�I�F �"�5�5�- �S�B�U�J�P �J�T �O�P�X �E�J�T�D�V�T�T�F�E �X�J�U�I �U�I�F �G�P�D�V�T �P�O �B�N�Q�M�J�U�V�E�F�� �B�O�E �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B�U�J�P�O
�S�F�H�J�N�F�T�
 �T�I�P�S�U�F�T�U �P�Q�U�J�D�B�M �Q�V�M�T�F�T �	���� �Q�T�
 �B�O�E �O�B�S�S�P�X �S�B�E�J�P���G�S�F�R�V�F�O�D�Z �M�J�O�F �X�J�E�U�I�T �	������ �L�)�[�
 �G�P�S �B�M�M �R�V�B�O�U�V�N
�E�P�U �M�B�T�F�S�T�� �5�I�F �S�F�T�V�M�U�T �G�P�S �U�I�F �V�O�E�P�Q�F�E �E�F�W�J�D�F�T �B�S�F �E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F ���������	�B�
���	�F�
 �X�J�U�I �2�%�� �J�O �'�J�H�V�S�F����������
�"�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B�U�J�P�O �J�T �E�F�Q�J�D�U�F�E �J�O �M�J�H�I�U �H�S�F�Z �B�O�E �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B�U�J�P�O �J�O
�E�B�S�L �H�S�F�Z�� �4�I�P�S�U �Q�V�M�T�F�T �X�J�U�I �Q�V�M�T�F �X�J�E�U�I�T �C�F�M�P�X �� �Q�T �B�S�F �J�O�E�J�D�B�U�F�E �C�M�V�F �B�O�E �O�B�S�S�P�X �3�' �M�J�O�F �X�J�E�U�I�T �C�F�M�P�X
���� �L�)�[ �B�S�F �E�F�Q�J�D�U�F�E �S�F�E�� �"�M�M �N�F�B�T�V�S�F�N�F�O�U �E�B�U�B �V�O�E�F�S�M�Z�J�O�H �'�J�H�V�S�F �������� �D�B�O �C�F �G�P�V�O�E �J�O �"�Q�Q�F�O�E�J�Y �T�F�D�U�J�P�O ����������
�5�I�F �M�B�T�J�O�H �U�I�S�F�T�I�P�M�E �J�T �J�O�D�S�F�B�T�J�O�H �X�J�U�I �J�O�D�S�F�B�T�J�O�H �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F �G�P�S �F�B�D�I �M�B�T�F�S �B�O�E �U�I�F �M�B�T�J�O�H
�U�I�S�F�T�I�P�M�E �J�T �J�O�D�S�F�B�T�J�O�H �X�J�U�I �J�O�D�S�F�B�T�J�O�H �"�5�5�- �S�B�U�J�P�� �#�P�U�I �Q�B�S�B�N�F�U�F�S�T �J�O�D�S�F�B�T�F �U�I�F �P�Q�U�J�D�B�M �M�P�T�T�F�T �J�O �U�I�F �M�B�T�F�S��
�5�I�F �"�5�5�- �S�B�U�J�P �M�F�B�E�T �U�P �B �T�I�J�G�U �J�O �U�I�F �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �B�O�E �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B�U�J�P�O �S�F�H�J�N�F�T��
�5�I�F �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B�U�J�P�O �S�F�H�J�N�F �S�F�E�V�D�F�T �X�J�U�I �J�O�D�S�F�B�T�J�O�H �"�5�5�- �S�B�U�J�P �C�F�B�D�V�T�F �B�O �J�O�D�S�F�B�T�F�E
�"�5�5�- �S�B�U�J�P �M�F�B�E�T �U�P �J�O�D�S�F�B�T�F�E �M�P�T�T�F�T �G�B�W�P�V�S�J�O�H �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B�U�J�P�O���*�U �J�T �B�M�T�P �W�J�T�J�C�M�F �U�I�B�U
�B�O �J�O�D�S�F�B�T�F�E �"�5�5�- �S�B�U�J�P �J�O�D�S�F�B�T�F�T �U�I�F �S�F�H�J�N�F �G�P�S �O�B�S�S�P�X �P�Q�U�J�D�B�M �Q�V�M�T�F�T�� �4�U�S�P�O�H�F�S �B�C�T�P�S�Q�U�J�P�O �J�O �U�I�F �T�B�U�V�S�B�C�M�F

�u�t



�*�M�K�Y�V�I �t���ù�ƒ�����E�
�6�* �F�I�E�X �R�S�X�I �W�M�K�R�E�P���X�S���R�S�M�W�I �V�E�X�M�S �J�S�V �X�L�I �r �Q�Q �P�S�R�K �U�Y�E�R�X�Y�Q �H�S�X �P�E�W�I�V ���5�(�ƒ�
 �J�S�V �E�R �E�F�W�S�V�F�I�V
�V�I�Z�I�V�W�I �F�M�E�W �Z�S�P�X�E�K�I �S�J �r �:�� �% �H�V�S�T �M�R �X�L�I �6�* �F�I�E�X �R�S�X�I �W�M�K�R�E�P���X�S���R�S�M�W�I �V�E�X�M�S �F�] �E�F�S�Y�X �v �H�& �M�W
�S�F�W�I�V�Z�I�H �[�M�X�L �M�R�G�V�I�E�W�M�R�K �K�E�M�R �G�Y�V�V�I�R�X �E�P�X�L�S�Y�K�L �X�L�I �E�Z�I�V�E�K�I �S�T�X�M�G�E�P �S�Y�X�T�Y�X �T�S�[�I�V �M�W �M�R�G�V�I�E�W�M�R�K��
�8�L�M�W �M�W �E �G�P�I�E�V �M�R�H�M�G�E�X�M�S�R �X�L�E�X �X�L�I �P�E�W�I�V �M�W �W�[�M�X�G�L�M�R�K �J�V�S�Q �E�Q�T�P�M�X�Y�H�I���Q�S�H�Y�P�E�X�I�H �G�S�Q�F �S�T�I�V�E�X�M�S�R
�X�S �J�V�I�U�Y�I�R�G�]���Q�S�H�Y�P�E�X�I�H �G�S�Q�F �S�T�I�V�E�X�M�S�R �W�M�R�G�I �X�L�I �6�* �F�I�E�X �R�S�X�I �P�M�R�I �[�M�H�X�L �W�X�E�]�W �[�I�P�P �F�I�P�S�[ �ù �O�,�^
�����v�u �,�^ �E�X �r�u�w �Q�% �E�R�H �v���� �,�^ �E�X �s�w�w �Q�%�
�����F�
�6�E�H�M�S���J�V�I�U�Y�I�R�G�] �W�T�I�G�X�V�Y�Q �E�X �r�w�w �Q�% �E�R�H �r �:�����G�

�6�E�H�M�S���J�V�I�U�Y�I�R�G�] �W�T�I�G�X�V�Y�Q �E�X �s�w�w �Q�% �E�R�H �r �:��

�B�C�T�P�S�C�F�S �J�O�E�V�D�F�E �C�Z �F�J�U�I�F�S �B �M�P�O�H�F�S �B�C�T�P�S�C�F�S �P�S �B�O �J�O�D�S�F�B�T�F�E �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F �M�F�B�E�T �U�P �B�T�U�S�P�O�H�F�S
�Q�V�M�T�F �T�I�P�S�U�F�O�J�O�H �F�R�F�D�U �J�O �U�I�F �B�C�T�P�S�C�F�S �B�O�E �U�I�V�T �T�I�P�S�U�F�S �P�Q�U�J�D�B�M �Q�V�M�T�F�T�� �5�I�J�T �U�S�F�O�E �D�B�O �C�F �D�M�F�B�S�M�Z �P�C�T�F�S�W�F�E
�J�O �'�J�H�V�S�F ���������	�B�
���	�E�
�� �5�I�F �"�5�5�- �S�B�U�J�P �P�G ���������� �J�T �U�P�P �M�B�S�H�F �B�O�E �U�I�F �B�C�T�P�S�Q�U�J�P�O �B�U �� �7 �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T
�W�P�M�U�B�H�F �U�P�P �T�U�S�P�O�H �U�P �E�F�W�F�M�P�Q �T�U�B�C�M�F �P�Q�U�J�D�B�M �Q�V�M�T�F�T�� �5�P �T�V�N�N�B�S�J�[�F �U�I�F �S�O�E�J�O�H�T �G�P�S �U�I�F �V�O�E�P�Q�F�E �R�V�B�O�U�V�N
�E�P�U �M�B�T�F�S�T�
 �U�I�F �Q�B�U�I �U�P �C�V�J�M�E�J�O�H �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �H�F�O�F�S�B�U�P�S�T �E�J�S�F�D�U�T �U�P�X�B�S�E�T �T�N�B�M�M �"�5�5�- �S�B�U�J�P�T�

�U�I�V�T �T�I�P�S�U �B�C�T�P�S�C�F�S �T�F�D�U�J�P�O�T�� �5�I�F �F�Y�U�S�F�N�F �D�B�T�F�
 �B �D�B�W�J�U�Z �X�J�U�I�P�V�U �B �T�B�U�V�S�B�C�M�F �B�C�T�P�S�C�F�S�
 �X�J�M�M �C�F �E�J�T�D�V�T�T�F�E �J�O
�D�I�B�Q�U�F�S �������� �5�I�F �Q�B�U�I �U�P�X�B�S�E�T �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C�T �X�J�U�I �O�B�S�S�P�X �Q�V�M�T�F�T �T�V�H�H�F�T�U�T �D�P�O�T�J�E�F�S�J�O�H �M�B�S�H�F
�"�5�5�- �S�B�U�J�P�T�
 �P�S �M�P�O�H �B�C�T�P�S�C�F�S �T�F�D�U�J�P�O�T�
 �S�F�T�Q�F�D�U�J�W�F�M�Z��

�'�S�Q�F �7�X�E�X�I �6�I�K�M�Q�I�W �M�R �H�I�T�I�R�H�I�R�G�I �S�R �X�L�I �H�S�T�M�R�K�*�O �B �O�F�Y�U �T�U�F�Q�
 �U�I�F �J�N�Q�B�D�U �P�G �E�P�Q�J�O�H �P�O �U�I�F �B�N�Q�M�J�U�V�E�F��
�B�O�E �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �S�F�H�J�N�F�T�
 �3�' �M�J�O�F �X�J�E�U�I �B�O�E �Q�V�M�T�F �X�J�E�U�I �X�J�M�M �C�F �Q�S�F�T�F�O�U�F�E �B�O�E �E�J�T�D�V�T�T�F�E�� �5�I�F
�D�P�N�C �T�U�B�U�F �S�F�T�V�M�U�T �G�P�S �U�I�F �N�F�E�J�V�N �E�P�Q�F�E �R�V�B�O�U�V�N �E�P�U �M�B�T�F�S�T �B�S�F �E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F ���������	�G�
���	�J�
�� �5�I�F �C�B�T�J�D
�U�S�F�O�E�T �T�F�F�O �G�P�S �U�I�F �V�O�E�P�Q�F�E �E�F�W�J�D�F�T �B�S�F �D�P�O�S�S�N�F�E �X�J�U�I �U�I�F �N�F�E�J�V�N �E�P�Q�F�E �P�O�F�� �-�B�T�J�O�H �U�I�S�F�T�I�P�M�E �J�T �J�O�D�S�F�B�T�J�O�H
�X�J�U�I �J�O�D�S�F�B�T�J�O�H �"�5�5�- �S�B�U�J�P�
 �U�I�F �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C �S�F�H�J�P�O �J�T �J�O�D�S�F�B�T�F�E �X�J�U�I �J�O�D�S�F�B�T�J�O�H �"�5�5�- �S�B�U�J�P �B�O�E
�U�I�F �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �B�S�F �J�T �E�F�D�S�F�B�T�F�E �X�J�U�I �J�O�D�S�F�B�T�J�O�H �"�5�5�- �S�B�U�J�P�� �5�I�F �N�B�J�O �E�J�R�F�S�F�O�D�F �P�G �U�I�F �N�F�E�J�V�N
�E�P�Q�F�E �E�F�W�J�D�F �B�O�E �U�I�F �V�O�E�P�Q�F�E �E�F�W�J�D�F �J�T �U�I�B�U �O�B�S�S�P�X �3�' �M�J�O�F �X�J�E�U�I�T �B�S�F �J�E�F�O�U�J�S�F�E�B�U �M�P�X�F�S �H�B�J�O �D�V�S�S�F�O�U�T �X�J�U�I
�B �E�F�D�S�F�B�T�F �P�G �B�S�P�V�O�E ���� �N�"�� �5�I�J�T �U�S�F�O�E �J�T �F�W�J�E�F�O�U �G�P�S �B�M�M �"�5�5�- �S�B�U�J�P �X�I�J�M�F �D�P�N�Q�B�S�J�O�H �U�I�F �V�O�E�P�Q�F�E �E�F�W�J�D�F�T
�X�J�U�I �U�I�F �N�F�E�J�V�N �E�P�Q�F�E �E�F�W�J�D�F�T�� �5�I�F �S�F�H�J�P�O �X�J�U�I �O�B�S�S�P�X �P�Q�U�J�D�B�M �Q�V�M�T�F�T �T�U�B�Z�T �O�F�B�S�M�Z �U�I�F �T�B�N�F �G�P�S �U�I�F �N�F�E�J�V�N
�E�P�Q�F�E �E�F�W�J�D�F�T �D�P�N�Q�B�S�F�E �U�P �U�I�F �V�O�E�P�Q�F�E �P�O�F�T�� �5�I�J�T �M�F�B�E�T �U�P �B �M�B�S�H�F�S �P�W�F�S�M�B�Q�Q�J�O�H �S�F�H�J�P�O �J�O �U�F�S�N�T �P�G �B�C�T�P�S�C�F�S
�S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F �B�O�E �H�B�J�O �J�O�K�F�D�U�J�P�O �D�V�S�S�F�O�U �G�P�S �U�I�F �B�S�F�B�T �X�J�U�I �T�N�B�M�M �3�' �M�J�O�F �X�J�E�U�I�T �B�O�E �O�B�S�S�P�X �P�Q�U�J�D�B�M �Q�V�M�T�F�T��

�)�F�O�D�F�
 �E�P�Q�J�O�H �M�F�B�E�T �U�P �B �M�B�S�H�F�S �C�J�B�T �P�Q�F�S�B�U�J�P�O �S�F�H�J�P�O �G�P�S �B�N�Q�M�J�U�V�E�F �N�P�E�V�M�B�U�J�P�O �D�P�N�C �H�F�O�F�S�B�U�J�P�O �X�J�U�I �O�B�S�S�P�X
�3�' �M�J�O�F �X�J�E�U�I�T �	������ �L�)�[�
 �B�O�E �O�B�S�S�P�X �P�Q�U�J�D�B�M �Q�V�M�T�F�T �	���� �Q�T�
�� �" �N�B�Q�Q�J�O�H �P�G �U�I�F �Q�I�B�T�F�T �B�O�E �U�I�F �D�P�N�C�T�Q�F�D�U�S�B

�u�u



�B�O�B�M�P�H�V�F�T �U�P �U�I�F �V�O�E�P�Q�F�E �2�%�� �J�T �E�F�Q�J�D�U�F�E �J�O �U�I�F �"�Q�Q�F�O�E�J�Y �G�P�S �U�I�F �N�F�E�J�V�N �E�P�Q�F�E �2�%���� �T�I�P�X�J�O�H �C�B�T�J�D�B�M�M�Z
�U�I�F �T�B�N�F �U�S�F�O�E�T �J�O �U�F�S�N�T �P�G �D�I�J�S�Q �B�O�E �D�P�N�C �T�Q�F�D�U�S�B �F�W�P�M�V�U�J�P�O �	�'�J�H�V�S�F ������ �B�O�E �'�J�H�V�S�F �������
��
�*�O �B �M�B�T�U �D�P�N�Q�B�S�B�U�J�W�F �T�U�F�Q�
 �U�I�F �E�P�Q�J�O�H �D�P�O�D�F�O�U�S�B�U�J�P�O �J�T �J�O�D�S�F�B�T�F�E �F�W�F�O �G�V�S�U�I�F�S �	�E�F�U�B�J�M�T �P�O �U�I�F�E�F�W�J�D�F�T �J�O
�T�F�D�U�J�P�O �������
�� �3�F�T�V�M�U�T �G�P�S �U�I�F �T�U�S�P�O�H�M�Z �E�P�Q�F�E �R�V�B�O�U�V�N �E�P�U �M�B�T�F�S �E�F�W�J�D�F�T �B�S�F �E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F ���������	�K�
���	�O�
��
�"�H�B�J�O�
 �U�I�F �P�C�T�F�S�W�F�E �U�S�F�O�E�T �G�P�S �V�O�E�P�Q�F�E �B�O�E �N�F�E�J�V�N �E�P�Q�F�E �E�F�W�J�D�F�T �D�B�O �C�F �T�F�F�O �I�F�S�F �B�T �X�F�M�M�
 �O�B�N�F�M�Z
�U�I�F �U�I�S�F�T�I�P�M�E �J�O�D�S�F�B�T�F �X�J�U�I �J�O�D�S�F�B�T�J�O�H �"�5�5�- �S�B�U�J�P �B�O�E �U�I�F �J�O�D�S�F�B�T�J�O�H �S�F�H�J�P�O �P�G �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C
�P�Q�F�S�B�U�J�P�O �X�J�U�I �J�O�D�S�F�B�T�J�O�H �H�B�J�O �D�V�S�S�F�O�U�� �5�I�F �N�B�J�O �E�J�R�F�S�F�O�D�F �P�G �U�I�F �T�U�S�P�O�H�M�Z�E�P�Q�F�E �E�F�W�J�D�F�T �U�P �U�I�F �V�O�E�P�Q�F�E �B�O�E
�N�F�E�J�V�N �E�P�Q�F�E �E�F�W�J�D�F�T �S�F�H�B�S�E�J�O�H �U�I�F �3�' �M�J�O�F �X�J�E�U�I �U�S�F�O�E�� �U�I�F �S�F�H�J�P�O �X�J�U�I �M�P�X �3�' �M�J�O�F �X�J�E�U�I�T �J�T �O�P �Q�F�S�G�F�D�U�M�Z

�*�M�K�Y�V�I �t���ù�����'�S�Q�F �V�I�K�M�Q�I�W �S�J �X�L�I �Y�R�H�S�T�I�H ���X�S�T �V�S�[�� �E���I�
�� �Q�I�H�M�Y�Q �H�S�T�I�H ���Q�M�H�H�P�I �V�S�[�� �J���M�
�� �E�R�H �W�X�V�S�R�K�P�] �H�S�T�I�H
���F�S�X�X�S�Q �V�S�[�� �N���R�
 �U�Y�E�R�X�Y�Q �H�S�X �P�E�W�I�V �H�I�Z�M�G�I�W �M�R �H�I�T�I�R�H�I�R�G�I �S�R �X�L�I �K�E�M�R �G�Y�V�V�I�R�X �E�R�H �X�L�I �E�F�W�S�V�F�I�V
�V�I�Z�I�V�W�I �F�M�E�W �Z�S�P�X�E�K�I �E�X �r�w�s�'�� �0�M�K�L�X �K�V�I�] �E�V�I�E�W �M�R�H�M�G�E�X�I �E�Q�T�P�M�X�Y�H�I���Q�S�H�Y�P�E�X�I�H �G�S�Q�F �S�T�I�V�E�X�M�S�R��
�(�E�V�O �K�V�I�] �E�V�I�E�W �J�V�I�U�Y�I�R�G�]���Q�S�H�Y�P�E�X�I�H �G�S�Q�F �S�T�I�V�E�X�M�S�R�� �%�V�I�E�W �[�M�X�L �T�Y�P�W�I�W �F�I�P�S�[ �u �T�W ���F�P�Y�I�
 �E�R�H
�6�* �P�M�R�I �[�M�H�X�L�W �F�I�P�S�[ �ù�w �O�,�^ ���V�I�H�
 �E�V�I �M�R�H�M�G�E�X�I�H��

�u��



�D�P�O�O�F�D�U�F�E �B�S�F�B �B�O�Z�N�P�S�F�� �"�U �� �7 �G�P�S �F�Y�B�N�Q�M�F �J�O �'�J�H�V�S�F �������� �B�U �D�V�S�S�F�O�U�T �G�S�P�N ������ �N�" �U�P ������ �N�" �C�S�P�B�E �3�'
�M�J�O�F�X�J�E�U�I�T �B�S�F �P�C�T�F�S�W�F�T �X�I�F�S�F�T �B�U �M�P�X�F�S �D�V�S�S�F�O�U�T �U�I�B�O ������ �N�" �B�O�E �B�U �I�J�H�I�F�S �D�V�S�S�F�O�U�T �U�I�B�O ������ �N�" �O�B�S�S�P�X
�3�' �M�J�O�F�X�J�E�U�I�T �D�B�O �C�F �P�C�T�F�S�W�F�E�� �3�F�H�B�S�E�J�O�H �'�J�H�V�S�F ���������	�K�
�
�	�L�
 �B�O�E �	�N�
�
 �P�O�F �D�B�O �T�F�F �U�I�B�U �B �D�P�O�O�F�D�U�F�E �B�S�F�B �J�T
�G�P�V�O�E �B�U �M�P�X �D�V�S�S�F�O�U�T �B�O�E �I�J�H�I �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F�T �B�O�E �B�M�T�P�B �T�F�D�P�O�E �D�P�O�O�F�D�U�F�E �B�S�F�B �B�U �I�J�H�I�F�S �H�B�J�O
�D�V�S�S�F�O�U�T �B�O�E �M�P�X�F�S �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F�T�� �/�F�W�F�S�U�I�F�M�F�T�T �U�I�F �P�W�F�S�M�B�Q�Q�J�O�H �B�S�F�B �P�G �T�N�B�M�M �3�' �M�J�O�F �X�J�E�U�I�T
�X�J�U�I �U�I�F �B�S�F�B �P�G �O�B�S�S�P�X �Q�V�M�T�F�T �J�T �T�U�J�M�M �M�B�S�H�F�S �U�I�B�O �U�I�F �P�O�F �G�P�S �U�I�F �V�O�E�P�Q�F�E �E�F�W�J�D�F�T �B�O�E �D�P�N�Q�B�S�B�C�M�F �X�J�U�I �U�I�F
�P�W�F�S�M�B�Q�Q�J�O�H �B�S�F�B �P�G �U�I�F �N�F�E�J�V�N �E�P�Q�F�E �E�F�W�J�D�F�T��

�(�S�T�M�R�K �E�R�H �%�8�8�0 �V�E�X�M�S �M�Q�T�E�G�X�0�W�F�S�B�M�M�
 �E�P�Q�J�O�H �B�O�E �"�5�5�- �S�B�U�J�P �T�U�S�P�O�H�M�Z �J�O�T�V�F�O�D�F�T �U�I�F �D�P�N�C �T�U�B�U�F �S�F�H�J�P�O�T �J�O
�U�X�P���T�F�D�U�J�P�O �R�V�B�O�U�V�N �E�P�U �D�P�N�C �M�B�T�F�S�T�� �%�P�Q�J�O�H �S�F�E�V�D�F�T �U�I�F �H�B�J�O �J�O�K�F�D�U�J�P�O �D�V�S�S�F�O�U �U�I�S�F�T�I�P�M�E �G�P�S �O�B�S�S�P�X �3�'
�M�J�O�F �X�J�E�U�I�T �	������ �L�)�[�
 �G�P�S �B�M�M �B�Q�Q�M�J�F�E �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F�T�� �4�F�D�P�O�E�
 �U�I�F �S�F�H�J�P�O �G�P�S �O�B�S�S�P�X�Q�V�M�T�F�T
�	���� �Q�T�
 �J�T �O�F�B�S�M�Z �J�O�E�F�Q�F�O�E�F�O�U �P�O �U�I�F �E�P�Q�J�O�H �B�O�E �J�O�D�S�F�B�T�F�T �X�J�U�I �J�O�D�S�F�B�T�J�O�H �"�5�5�- �S�B�U�J�P�� �5�I�J�S�E�
�T�N�B�M�M �"�5�5�-
�S�B�U�J�P �G�B�W�P�V�S �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B�U�J�P�O�� �'�P�V�S�U�I�
 �T�U�S�P�O�H �E�P�Q�J�O�H �M�F�B�E�T �U�P �T�F�Q�B�S�B�U�F�E �B�S�F�B�T �G�P�S �T�N�B�M�M
�3�' �M�J�O�F �X�J�E�U�I�T�� �'�J�G�U�I�
 �U�I�F �P�W�F�S�B�M�M �S�F�H�J�P�O �G�P�S �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C�P�Q�F�S�B�U�J�P�O �J�T �J�O�D�S�F�B�T�F�E �G�P�S �E�P�Q�F�E �M�B�T�F�S�T
�J�O �D�P�N�Q�B�S�J�T�P�O �U�P �V�O�E�P�Q�F�E �E�F�W�J�D�F�T �D�P�N�Q�B�S�J�O�H �M�B�T�F�S�T �X�J�U�I �T�J�N�J�M�B�S �"�5�5�- �S�B�U�J�P�� �5�I�J�T �D�B�O �C�F �F�Y�Q�M�B�J�O�F�E �T�J�N�Q�M�Z �C�Z
�U�I�F �G�B�D�U �U�I�B�U �U�I�F �B�C�T�P�S�Q�U�J�P�O �Q�F�S �V�O�J�U �M�F�O�H�U�I �J�T �T�M�J�H�I�U�M�Z �E�F�D�S�F�B�T�J�O�H �X�J�U�I �J�O�D�S�F�B�T�J�O�H�E�P�Q�J�O�H �M�F�W�F�M �B�T �D�B�O �C�F �T�F�F�O
�J�O �T�F�D�U�J�P�O ������������ �4�U�S�P�O�H �B�C�T�P�S�Q�U�J�P�O �G�B�W�P�S�T �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B�U�J�P�O��

�2�E�V�V�S�[�I�W�X �T�Y�P�W�I�W�'�P�M�M�P�X�J�O�H �U�I�F �J�E�F�O�U�J�S�D�B�U�J�P�O �B�O�E �E�J�T�D�V�T�T�J�P�O �P�G �D�P�N�C �T�U�B�U�F �S�F�H�J�N�F�T�
 �U�I�F �P�Q�U�J�N�V�N �W�B�M�V�F�T �P�G
�Q�V�M�T�F �X�J�E�U�I �P�G �U�I�F �� �N�N �M�P�O�H �R�V�B�O�U�V�N �E�P�U �M�B�T�F�S �E�F�W�J�D�F�T �B�S�F �Q�S�F�T�F�O�U�F�E �B�O�E �E�J�T�D�V�T�T�F�E �J�O �E�F�Q�F�O�E�F�O�D�F �P�O �U�I�F
�"�5�5�- �S�B�U�J�P�� �5�I�F�S�F�G�P�S�F�
 �U�I�F �T�I�P�S�U�F�T�U �P�Q�U�J�D�B�M �Q�V�M�T�F �X�J�E�U�I�T �G�P�S �U�I�F �V�O�E�P�Q�F�E�
 �N�F�E�J�V�N �E�P�Q�F�E �B�O�E �T�U�S�P�O�H�M�Z �E�P�Q�F�E
�E�F�W�J�D�F�T �B�S�F �Q�M�P�U�U�F�E �J�O �'�J�H�V�S�F ���������� �3�F�H�B�S�E�J�O�H �U�I�F �V�O�E�P�Q�F�E �E�F�W�J�D�F�T �J�O �'�J�H�V�S�F ���������	�B�
�
 �P�O�F �D�B�O �T�F�F �U�I�B�U �U�I�F
�T�I�P�S�U�F�T�U �P�C�U�B�J�O�F�E �Q�V�M�T�F �X�J�E�U�I �J�T �E�F�D�S�F�B�T�J�O�H �G�S�P�N �B�S�P�V�O�E ������ �Q�T �B�U �������� �"�5�5�- �S�B�U�J�P �E�P�X�O �U�P ������ �Q�T �B�U ����������
�"�5�5�- �S�B�U�J�P��

�*�M�K�Y�V�I �t���ù�v���7�L�S�V�X�I�W�X �T�Y�P�W�I �[�M�H�X�L �J�S�V �X�L�I �X�L�V�I�I �H�M�J�J�I�V�I�R�X �U�Y�E�R�X�Y�Q �H�S�X �P�E�W�I�V �Q�E�X�I�V�M�E�P�W �J�S�V �H�M�J�J�I�V�I�R�X �E�F�W�S�V�F�I�V��
�X�S���X�S�X�E�P �P�I�R�K�X�L �V�E�X�M�S�� �%�P�P �Q�I�E�W�Y�V�I�Q�I�R�X�W �E�V�I �T�I�V�J�S�V�Q�I�H �E�X �q�v�s�' �E�R�H �S�T�X�M�Q�M�^�I�H �J�S�V �P�E�W�I�V �F�M�E�W�M�R�K
�G�S�R�H�M�X�M�S�R�W�� �8�L�I �%�8�8�0 �V�E�X�M�S �M�W �T�P�S�X�X�I�H �S�R �X�L�I �L�S�V�M�^�S�R�X�E�P �E�\�I�W�� ���E�
�7�L�S�V�X�I�W�X �T�Y�P�W�I �[�M�H�X�L �J�S�V �E�P�P
�M�R�Z�I�W�X�M�K�E�X�I�H �Y�R�H�S�T�I�H �P�E�W�I�V�W ���5�(�ù���5�(�v �I�\�G�I�T�X �5�(���
�����F�
�7�L�S�V�X�I�W�X �T�Y�P�W�I �[�M�H�X�L �J�S�V �E�P�P �M�R�Z�I�W�X�M�K�E�X�I�H
�Q�I�H�M�Y�Q �H�S�T�I�H �P�E�W�I�V�W ���5�(�ù�w���5�(�ù�u�
�����G�
�7�L�S�V�X�I�W�X �T�Y�P�W�I �[�M�H�X�L �J�S�V �E�P�P �M�R�Z�I�W�X�M�K�E�X�I�H �W�X�V�S�R�K�P�] �H�S�T�I�H
�P�E�W�I�V�W ���5�(�ù�����5�(�r�s �I�\�G�I�T�X �5�(�ù�v�
��

�u�ƒ



�5�I�F �T�I�P�S�U�F�T�U �Q�V�M�T�F �G�P�S �"�5�5�- �S�B�U�J�P�T �T�N�B�M�M�F�S ������ �B�S�F �B�M�X�B�Z�T �G�P�V�O�E �B�U �U�I�F �N�B�Y�J�N�V�N �B�Q�Q�M�J�F�E �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F
�C�J�B�T �W�P�M�U�B�H�F�
 �I�F�S�F �B�U �� �7�� �5�I�F �I�J�H�I�F�S �U�I�F �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F�
 �U�I�F �T�U�S�P�O�H�F�S �J�T �U�I�F �Q�V�M�T�F �T�I�P�S�U�F�O�J�O�H
�F�R�F�D�U �P�G �U�I�F �T�B�U�V�S�B�C�M�F �B�C�T�P�S�C�F�S�� �"�E�E�J�U�J�P�O�B�M�M�Z�
 �X�J�U�I �M�P�O�H�F�S �B�C�T�P�S�C�F�S �M�F�O�H�U�I�T �U�I�F �Q�V�M�T�F�T�I�P�S�U�F�O�J�O�H �H�F�U�T �T�U�S�P�O�H�F�S�

�D�P�N�N�P�O�M�Z �S�F�Q�P�S�U�F�E �J�O �M�J�U�F�S�B�U�V�S�F �<�������>�� �"�U ���������� �"�5�5�- �S�B�U�J�P�
 �U�I�F �T�I�P�S�U�F�T�U �Q�V�M�T�F �X�J�E�U�I �J�T �O�P�U �G�P�M�M�P�X�J�O�H �U�I�F
�E�F�T�D�F�O�E�J�O�H �U�S�F�O�E �X�J�U�I �"�5�-�- �S�B�U�J�P �B�O�E �U�I�F �Q�V�M�T�F �X�J�E�U�I �J�O�D�S�F�B�T�F�T �U�P �������� �Q�T�� �5�I�F �S�F�B�T�P�O �G�P�S �U�I�J�T �U�S�F�O�E�J�T �U�I�B�U
�U�I�F �B�C�T�P�S�C�F�S �T�F�D�U�J�P�O �J�T �U�P�P �M�P�O�H �B�O�E �U�I�F �M�B�T�F�S �J�T �O�P�U �C�V�J�M�E�J�O�H �V�Q �T�U�B�C�M�F �Q�V�M�T�F�T �B�U �� �7 �B�O�E �� �7 �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F
�C�J�B�T �W�P�M�U�B�H�F �B�O�E �M�P�X �H�B�J�O �D�V�S�S�F�O�U�T �E�V�F �U�P �B �U�P�P �T�U�S�P�O�H �B�C�T�P�S�Q�U�J�P�O�� �'�P�S �U�I�B�U �S�F�B�T�P�O�
 �U�I�F �T�I�P�S�U�F�T�U �P�Q�U�J�D�B�M �Q�V�M�T�F�T
�B�S�F �G�P�V�O�E �I�F�S�F �B�U �P�O�M�Z �� �7 �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F �X�I�F�S�F �U�I�F �Q�V�M�T�F �T�I�P�S�U�F�O�J�O�H�F�R�F�D�U �J�T �O�P�U �U�I�B�U �T�U�S�P�O�H
�D�P�N�Q�B�S�F�E �U�P �� �7�� �4�I�P�S�U�F�T�U �P�Q�U�J�D�B�M �Q�V�M�T�F�T �B�S�F �B�M�X�B�Z�T �G�P�V�O�E �D�M�P�T�F �U�P �U�I�F �M�B�T�J�O�H �U�I�S�F�T�I�P�M�E �C�F�D�B�V�T�F �X�J�U�I �J�O�D�S�F�B�T�J�O�H
�H�B�J�O �J�O�K�F�D�U�J�P�O �D�V�S�S�F�O�U �U�I�F �E�J�T�Q�F�S�T�J�P�O �J�O �U�I�F �H�B�J�O �N�F�E�J�V�N �J�T �J�O�D�S�F�B�T�J�O�H�� �" �T�J�N�J�M�B�S �U�S�F�O�E �D�B�O �C�F �P�C�T�F�S�W�F�E �G�P�S �U�I�F
�N�F�E�J�V�N �E�P�Q�F�E �M�B�T�F�S �E�F�W�J�D�F�T �E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F ���������	�C�
�� �6�O�U�J�M ������ �"�5�5�- �S�B�U�J�P�
 �U�I�F �T�I�P�S�U�F�T�U �Q�V�M�T�F �X�J�E�U�I �J�T
�E�F�D�S�F�B�T�J�O�H �B�O�E �G�P�S �"�5�5�- �S�B�U�J�P �W�B�M�V�F�T �C�F�Z�P�O�E ������ �U�I�F �"�5�5�- �S�B�U�J�P �J�T �J�O�D�S�F�B�T�J�O�H �E�V�F �U�P �U�P�P �T�U�S�P�O�H �B�C�T�P�S�Q�U�J�P�O �B�U
�I�J�H�I �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F�T�� �" �T�I�P�S�U�F�T�U �Q�V�M�T�F �X�J�E�U�I �P�G ������ �G�T �J�T �H�F�O�F�S�B�U�F�E �B�U ���������� �"�5�5�- �S�B�U�J�P�� �5�I�F �U�S�F�O�E �G�P�S
�U�I�F �T�U�S�P�O�H�M�Z �E�P�Q�F�E �E�F�W�J�D�F�T �J�T �T�I�P�X�O �J�O �'�J�H�V�S�F ���������	�D�
�� �)�F�S�F�
 �U�I�F �E�F�T�D�F�O�E�J�O�H �U�S�F�O�E �X�J�U�I �J�O�D�S�F�B�T�J�O�H �"�5�5�- �S�B�U�J�P
�J�T �P�C�T�F�S�W�F�E �V�Q �U�P �B�O �"�5�5�- �S�B�U�J�P �P�G ������������ �"�U �U�I�J�T �"�5�5�- �S�B�U�J�P �B �T�I�P�S�U�F�T�U �Q�V�M�T�F �X�J�E�U�I �P�G ������ �G�T �J�T �P�C�T�F�S�W�F�E�� �5�I�F
�J�O�D�S�F�B�T�J�O�H �U�S�F�O�E �G�P�S �U�P�P �I�J�H�I �W�B�M�V�F�T �P�G �B�C�T�P�S�Q�U�J�P�O �B�U �M�B�S�H�F �"�5�5�- �S�B�U�J�P�T �D�B�O�O�P�U �C�F �P�C�T�F�S�W�F�E �I�F�S�F�� �5�I�J�T �J�T �E�V�F �U�P
�U�I�F �G�B�D�U �U�I�B�U �U�I�F �B�C�T�P�S�Q�U�J�P�O �G�P�S �U�I�F �T�U�S�P�O�H�M�Z �E�P�Q�F�E �M�B�T�F�S �E�F�W�J�D�F�T �J�T �M�P�X�F�S �B�U �U�I�F �M�B�T�J�O�H �X�B�W�F�M�F�O�H�U�I �D�P�N�Q�B�S�F�E �U�P
�U�I�F �N�F�E�J�V�N �E�P�Q�F�E �B�O�E �V�O�E�P�Q�F�E �E�F�W�J�D�F�T��

�u�ƒ�v �J�W �4�Y�P�W�I �;�M�H�X�L�� �r�v �,�^ �6�* �0�M�R�I �;�M�H�X�L �
 �ø�t���ƒ �R�Q �G�S�Q�F �[�M�H�X�L�*�O �B �S�O�B�M �T�U�F�Q�
 �U�I�F �B�D�I�J�F�W�F�E �U�P�Q �W�B�M�V�F�T
�X�J�U�I �S�F�T�Q�F�D�U �U�P �D�P�N�C �X�J�E�U�I �B�O�E �D�P�N�C �T�U�B�C�J�M�J�U�Z �B�S�F �Q�S�F�T�F�O�U�F�E �B�O�E �E�J�T�D�V�T�T�F�E�� �5�I�F �C�S�P�B�E�F�T�U �H�F�O�F�S�B�U�F�E�D�P�N�C �J�T
�E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F ���������	�B�
�� �*�U �J�T �H�F�O�F�S�B�U�F�E �C�Z �M�B�T�F�S �2�%���� �	�"�5�5�- �S�B�U�J�P �����������
 �N�F�E�J�V�N �E�P�Q�F�E�
 �B�U ������ �N�" �H�B�J�O

�*�M�K�Y�V�I �t���r�w���7�T�I�G�X�V�E �S�J �X�L�I �E�G�L�M�I�Z�I�H �X�S�T �Z�E�P�Y�I�W �[�M�X�L �V�I�W�T�I�G�X �X�S �G�S�Q�F �[�M�H�X�L�� �T�Y�P�W�I �[�M�H�X�L �E�R�H �G�S�Q�F �W�X�E�F�M�P�M�X�]
�J�S�V �X�L�I �q �Q�Q �U�Y�E�R�X�Y�Q �H�S�X �P�E�W�I�V�W�� ���E�
�3�T�X�M�G�E�P �W�T�I�G�X�V�Y�Q �J�S�V �5�(�ù�t �E�X �r�u�w �Q�% �E�R�H �� �: �V�I�Z�I�E�P�M�R�K �E
���s �H�& �W�T�I�G�X�V�E�P �[�M�H�X�L �S�J �ù�u���ƒ �R�Q�����F�
�%�Y�X�S���G�S�V�V�I�P�E�X�M�S�R �X�V�E�G�I �S�J �5�(�ù�s �E�X ���s �Q�% �E�R�H �� �: �V�I�Z�I�E�P�M�R�K �E
�J�Y�P�P �[�M�H�X�L �E�X �L�E�P�J �Q�E�\�M�Q�Y�Q �S�J �ù���s�� �T�W �F�I�P�S�R�K�M�R�K �X�S �E �H�I���G�S�R�Z�S�P�Y�X�I�H �T�Y�P�W�I �[�M�H�X�L �S�J �v�ƒ�w �J�W�����G�

�4�L�E�W�I �R�S�M�W�I �X�V�E�G�I �J�S�V �5�(�s �E�X �r�t�w �Q�% �E�R�H �t �: �V�I�Z�I�E�P�M�R�K �E�R �6�* �P�M�R�I �[�M�H�X�L �S�J �s�w �,�^��

�J�O�K�F�D�U�J�P�O �D�V�S�S�F�O�U �B�O�E �� �7 �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F �B�O�E �T�Q�B�O�T �������� �O�N�D�P�O�U�B�J�O�J�O�H ������ �P�Q�U�J�D�B�M �D�B�S�S�J�F�S�T �X�J�U�I
�B �������� �(�)�[ �N�P�E�F �T�Q�B�D�J�O�H �P�Sf �S�U�� �5�I�F �T�I�P�S�U�F�T�U �P�C�U�B�J�O�F�E �P�Q�U�J�D�B�M �Q�V�M�T�F �X�J�E�U�I�T �B�S�F �H�F�O�F�S�B�U�F�E �C�Z �M�B�T�F�S �2�%�����	�"�5�5�-
�S�B�U�J�P �����������
 �N�F�E�J�V�N �E�P�Q�F�E�
 �B�U ���� �N�" �B�O�E �� �7 �P�S �B�O�E �C�Z �M�B�T�F�S �2�%���� �	�"�5�5�- �S�B�U�J�P �����������
 �T�U�S�P�O�H�M�Z �E�P�Q�F�E�
 �B�U
������ �N�" �B�O�E �� �7 �B�O�E �B�N�P�V�O�U �U�P �������� �Q�T�� �5�I�F �B�V�U�P���D�P�S�S�F�M�B�U�J�P�O �U�S�B�D�F �G�P�S �2�%���� �J�T �E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F���������	�C�

�J�O�D�M�V�E�J�O�H �B �(�B�V�T�T�J�B�O �S�U �X�J�U�I �B �G�V�M�M �X�J�E�U�I �B�U �I�B�M�G �N�B�Y�J�N�V�N �P�G �������� �Q�T�� �5�I�F �E�F���D�P�O�W�P�M�V�U�F�E �Q�V�M�T�F �X�J�E�U�I �J�T
������ �G�T�� �5�I�F �M�P�X�F�T�U �3�' �M�J�O�F �X�J�E�U�I �G�P�V�O�E �J�T �E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F ���������	�D�
�� �5�I�F �Q�I�B�T�F �O�P�J�T�F �T�Q�F�D�U�S�V�N �S�F�W�F�B�M�T �B�O �3�'
�M�J�O�F �X�J�E�U�I �P�G ���� �)�[ �G�P�S �2�%�� �	�"�5�5�- �S�B�U�J�P ���������
 �V�O�E�P�Q�F�E�
 �B�U ������ �N�" �B�O�E �� �7 �S�F�T�F�N�C�M�J�O�H �B�O �F�Y�D�F�M�M�F�O�U �U�J�N�J�O�H
�T�U�B�C�J�M�J�U�Z �P�G �U�I�F �F�N�J�U�U�F�E �Q�V�M�T�F �U�S�B�J�O�� �" �E�F�U�B�J�M�F�E �T�V�N�N�B�S�Z �P�G �B�M�M �U�P�Q �W�B�M�V�F�T �J�T �H�J�W�F�O �J�O �5�B�C�M�F ��������

�u��



�8�E�F�P�I �t���u�� �&�I�W�X �Z�E�P�Y�I�W �S�J �M�R�Z�I�W�X�M�K�E�X�I�H �r �Q�Q �P�S�R�K �X�[�S���W�I�G�X�M�S�R �U�Y�E�R�X�Y�Q �H�S�X �P�E�W�I�V �W�X�V�Y�G�X�Y�V�I�W
�O�V�N�C�F�S�X�B�G�F�S�"�5�5�- �O�B�S�S�P�X�F�T�U �Q�V�M�T�F�-�P�X�F�T�U �3�' �M�J�O�F �X�J�E�U�I�-�P�X�F�T�U �3�' �M�J�O�F �X�J�E�U�I�#�S�P�B�E�F�T�U �D�P�N�C �	���� �E�#�


�S�B�U�J�P �"�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E�'�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E

�2�%�� �������� ������ �� �������� �Q�T �	���� �N�"�
 �� �7�
 ���� �)�[ �	������ �N�"�
 �� �7�
 ������ �)�[ �	������ �N�"�
 �� �7�
 ������ �O�N �	������ �N�"�
 �� �7�

�2�%�� �������� �������� �� �������� �Q�T �	���� �N�"�
 �� �7�
 ���� �)�[ �	������ �N�"�
 �� �7�
 ������ �)�[ �	������ �N�"�
 �� �7�
 ������ �O�N �	������ �N�"�
 �� �7�

�2�%�� �������� �������� �� �������� �Q�T �	���� �N�"�
 �� �7�
 ���� �)�[ �	������ �N�"�
 �� �7�
 ������ �)�[ �	������ �N�"�
 �� �7�
 �������� �O�N �	������ �N�"�
 �� �7�

�2�%�� �������� �������� �� �������� �Q�T �	������ �N�"�
 �� �7�
 ���� �)�[ �	������ �N�"�
 �� �7�
 ������ �)�[ �	������ �N�"�
 �� �7�
 �������� �O�N �	������ �N�"�
 �� �7�

�2�%�� �������� �������� �� �������� �Q�T �	������ �N�"�
 �� �7�
������ �)�[ �	������ �N�"�
 �� �7�
 ���� �)�[ �	������ �N�"�
 �� �7�
 �������� �O�N �	������ �N�"�
 �� �7�


�2�%���� �������� ������ �� �������� �Q�T �	���� �N�"�
 �� �7�
 �������� �)�[ �	���� �N�"�
 �� �7�
 ���� �)�[ �	������ �N�"�
 �� �7�
 ������ �O�N �	������ �N�"�
 �� �7�

�2�%���� �������� �������� �� �������� �Q�T �	���� �N�"�
 �� �7�
 ������ �)�[ �	������ �N�"�
 �� �7�
 ������ �)�[ �	������ �N�"�
 �� �7�
 �������� �O�N �	������ �N�"�
 �� �7�

�2�%���� �������� �������� �� �������� �Q�T �	���� �N�"�
 �� �7�
 ���� �)�[ �	������ �N�"�
 �� �7�
 ������ �)�[ �	������ �N�"�
 �� �7�
 �������� �O�N �	������ �N�"�
 �� �7�

�2�%���� �������� �������� �� �������� �Q�T �	������ �N�"�
 �� �7�
 ���� �)�[ �	������ �N�"�
 �� �7�
 ������ �)�[ �	������ �N�"�
 �� �7�
 �������� �O�N �	������ �N�"�
 �� �7�


�2�%���� �������� �������� �� �������� �Q�T �	���� �N�"�
 �� �7�
 ���� �)�[ �	������ �N�"�
 �� �7�
 ���� �)�[ �	������ �N�"�
 �� �7�
 ������ �O�N �	������ �N�"�
 �� �7�

�2�%���� �������� �������� �� �������� �Q�T �	���� �N�"�
 �� �7�
 ������ �)�[ �	������ �N�"�
 �� �7�
 ���� �)�[ �	������ �N�"�
 �� �7�
 ������ �O�N �	������ �N�"�
 �� �7�

�2�%���� �������� �������� �� �������� �Q�T �	���� �N�"�
 �� �7�
 ���� �)�[ �	������ �N�"�
 �� �7�
 ������ �)�[ �	������ �N�"�
 �� �7�
 �������� �O�N �	������ �N�"�
 �� �7�

�2�%���� �������� �������� �� �������� �Q�T �	���� �N�"�
 �� �7�
 ������ �)�[ �	������ �N�"�
 �� �7�
 ������ �)�[ �	������ �N�"�
 �� �7�
 �������� �O�N �	������ �N�"�
 �� �7�

�2�%���� �������� �������� �� �������� �Q�T �	������ �N�"�
 �� �7 ������ �)�[ �	������ �N�"�
 �� �7�
 ������ �)�[ �	������ �N�"�
 �� �7�
 �������� �O�N �	������ �N�"�
 �� �7�


�"�M�M �N�F�B�T�V�S�F�N�F�O�U �E�B�U�B �B�S�F �Q�S�F�T�F�O�U�F�E �J�O �"�Q�Q�F�O�E�J�Y �T�F�D�U�J�P�O ���������� �-�P�P�L�J�O�H �B�U �U�I�F�C�S�P�B�E�F�T�U �D�P�N�C �X�J�E�U�I �J�O �U�B�C�M�F ������
�P�O�F �D�B�O �T�F�F �U�I�B�U �X�J�U�I �J�O�D�S�F�B�T�J�O�H �"�5�5�- �S�B�U�J�P �U�I�F �C�S�P�B�E�F�T�U �G�P�V�O�E �D�P�N�C �X�J�E�U�I �J�T �J�O�D�S�F�B�T�J�O�H�� �5�I�J�T �U�S�F�O�E �D�B�O �C�F
�P�C�T�F�S�W�F�E �G�P�S �U�I�F �V�O�E�P�Q�F�E �E�F�W�J�D�F�T �B�T �X�F�M�M �B�T �G�P�S �U�I�F �E�P�Q�F�E �P�O�F�T�� �&�Y�D�F�Q�U �P�G �M�B�T�F�S �2�%�����
 �U�I�F �C�S�P�B�E�F�T�U �D�P�N�C �G�P�S
�F�B�D�I �M�B�T�F�S �J�T �H�F�O�F�S�B�U�F�E �B�U �I�J�H�I �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F�T�
 �I�F�S�F �B�U �� �7 �P�S �� �7�� �"�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C
�S�F�H�J�P�O�T �F�Y�I�J�C�J�U �U�I�F �C�S�P�B�E�F�T�U �D�P�N�C�T�� �5�I�F �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �P�Q�U�J�D�B�M �G�S�F�R�V�F�O�D�Z �D�P�N�C�T �D�P�O�U�B�J�O �B�S�P�V�O�E ������
�M�F�T�T �N�P�E�F�T �U�I�B�O �U�I�F �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �P�O�F�T�� �5�I�F �S�F�H�J�P�O �G�P�S �C�S�P�B�E �D�P�N�C�T �B�U �I�J�H�I �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F�C�J�B�T
�W�P�M�U�B�H�F�T �D�P�F�Y�J�T�U�T �X�J�U�I �U�I�F �S�F�H�J�P�O �P�G �T�N�B�M�M �P�Q�U�J�D�B�M �Q�V�M�T�F�T �B�M�T�P �B�U �I�J�H�I �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F�T�� �)�J�H�I�F�S
�M�P�T�T�F�T �G�B�W�P�S�T �C�S�P�B�E�F�S �P�Q�U�J�D�B�M �G�S�F�R�V�F�O�D�Z �D�P�N�C �T�Q�F�D�U�S�B�� �-�P�P�L�J�O�H �B�U �U�I�F �M�P�X�F�T�U �3�' �M�J�O�F �X�J�E�U�I�T�
 �J�U �C�F�D�P�N�F�T �F�W�J�E�F�O�U
�U�I�B�U �F�W�F�S�Z �M�B�T�F�S �S�F�W�F�B�M�T �F�Y�D�F�M�M�F�O�U �U�J�N�J�O�H �T�U�B�C�J�M�J�U�Z �B�U �T�Q�F�D�J�S�D �C�J�B�T �Q�B�S�B�N�F�U�F�S�T�� �"�M�M �M�B�T�F�S�T�
 �F�Y�D�F�Q�U �M�B�T�F�S �2�%�����

�F�Y�I�J�C�J�U �W�B�M�V�F�T �X�F�M�M �C�F�M�P�X �� �L�)�[�� �'�P�S �U�I�F �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C �M�B�T�F�S�T �O�P �S�F�B�M�U�S�F�O�E �P�G �U�I�F �M�P�X�F�T�U �G�P�V�O�E
�3�' �M�J�O�F �X�J�E�U�I �P�O �U�I�F �"�5�5�- �S�B�U�J�P �B�O�E �C�J�B�T �D�P�O�E�J�U�J�P�O�T �J�T �P�C�T�F�S�W�B�C�M�F�� �-�P�P�L�J�O�H�D�M�P�T�F�M�Z �B�U �U�I�F �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E
�D�P�N�C �M�B�T�F�S�T �J�U �J�T �T�V�H�H�F�T�U�F�E�
 �U�I�B�U �B �D�F�S�U�B�J�O �B�N�P�V�O�U �P�G �B�C�T�P�S�Q�U�J�P�O �J�T �S�F�R�V�J�S�F�E �J�O �P�S�E�F�S �U�P �B�U�U�B�J�O �T�U�B�C�M�F �G�S�F�R�V�F�O�D�Z��
�N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B�U�J�P�O�� �5�I�F �M�P�X�F�T�U �3�' �M�J�O�F �X�J�E�U�I �B�U �U�I�F �I�J�H�I�F�T�U �"�5�5�- �S�B�U�J�P �J�T �Q�S�F�T�F�O�U �B�U �� �7�B�C�T�P�S�C�F�S
�S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F �G�P�S �U�I�F �V�O�E�P�Q�F�E �B�O�E �E�P�Q�F�E �E�F�W�J�D�F�T�� �8�I�F�S�F�B�T �B�U �M�P�X �"�5�5�- �S�B�U�J�P�T�
 �U�I�F �M�P�X�F�T�U �3�' �M�J�O�F
�X�J�E�U�I �J�T �J�E�F�O�U�J�S�F�E �B�U �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F�T� �� �7 �D�P�O�S�S�N�J�O�H �U�I�B�U �B �D�F�S�U�B�J�O �B�N�P�V�O�U �P�G �B�C�T�P�S�Q�U�J�P�O �J�T
�O�F�D�F�T�T�B�S�Z �G�P�S �T�U�B�C�M�F �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B�U�J�P�O��

�)�B�W�J�O�H �E�J�T�D�V�T�T�F�E �U�I�F �U�P�Q �W�B�M�V�F�T �P�G �U�I�F �J�O�W�F�T�U�J�H�B�U�F�E �R�V�B�O�U�V�N �E�P�U �M�B�T�F�S�T�
 �U�I�F �O�F�Y�U �T�F�D�U�J�P�O�T �P�G�U�I�J�T �U�I�F�T�J�T �X�J�M�M
�G�P�D�V�T �P�O �T�P�N�F �T�Q�F�D�J�B�M �C�F�I�B�W�J�P�V�S �P�G �Q�B�S�U�J�D�V�M�B�S �R�V�B�O�U�V�N �E�P�U �M�B�T�F�S�T �J�O�D�M�V�E�J�O�H �I�J�H�I�F�S �I�B�S�N�P�O�J�D �D�P�N�C�H�F�O�F�S�B�U�J�P�O
�B�O�E �U�F�N�Q�F�S�B�U�V�S�F �E�F�Q�F�O�E�F�O�D�F �P�G �Q�V�M�T�F �X�J�E�U�I �B�O�E �3�' �M�J�O�F �X�J�E�U�I��

�u�v



�s���r���ƒ �,�M�K�L�I�V �L�E�V�Q�S�R�M�G �G�S�Q�F�W

�.�P�T�U �P�G �U�I�F �� �N�N �M�P�O�H �U�X�P���T�F�D�U�J�P�O �E�F�W�J�D�F�T �F�Y�D�F�Q�U �P�G �2�%���
 �2�%���
 �2�%���
 �2�%���� �B�O�E �2�%���� �H�F�O�F�S�B�U�F �D�P�N�C�T �B�U
f �S�U�P�G ���� �(�)�[�� �-�B�T�F�S�T �X�J�U�I �W�F�S�Z �T�I�P�S�U �T�B�U�V�S�B�C�M�F �B�C�T�P�S�C�F�S �T�F�D�U�J�P�O�T �C�F�M�P�X ������ �"�5�5�- �S�B�U�J�P �H�F�O�F�S�B�U�F �I�B�S�N�P�O�J�D
�B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C�T �B�U2 � f �S�U�
 �N�F�B�O�J�O�H �U�I�B�U �O�P�U �P�O�M�Z �P�O�F �Q�V�M�T�F �J�T �D�J�S�D�V�M�B�U�J�O�H �J�O�T�J�E�F �U�I�F �M�B�T�F�S �D�B�W�J�U�Z
�C�V�U �U�X�P �Q�V�M�T�F�T �G�P�S �T�F�D�P�O�E �I�B�S�N�P�O�J�D �D�P�N�C �H�F�O�F�S�B�U�J�P�O �P�S �F�W�F�O �U�I�S�F�F �Q�V�M�T�F�T �G�P�S �U�I�J�S�E �I�B�S�N�P�O�J�D �D�P�N�C �	3 � f �S�U�

�H�F�O�F�S�B�U�J�P�O �B�S�F �D�J�S�D�V�M�B�U�J�O�H �J�O�T�J�E�F �U�I�F �M�B�T�F�S �D�B�W�J�U�Z�� �5�I�J�T �Q�I�F�O�P�N�F�O�P�O �J�T �E�F�Q�J�D�U�F�E �G�P�S �U�I�F �V�O�E�P�Q�F�E �R�V�B�O�U�V�N
�E�P�U �M�B�T�F�S �X�J�U�I �U�I�F �"�5�5�- �S�B�U�J�P �P�G ���������
 �2�%�� �J�O �'�J�H�V�S�F ���������� �'�J�H�V�S�F ���������	�B�
 �B�O�E �	�C�
 �E�F�Q�J�D�U�T �U�I�F �J�O�U�F�O�T�J�U�Z

�*�M�K�Y�V�I �t���r�ù���,�E�V�Q�S�R�M�G �G�S�Q�F �K�I�R�I�V�E�X�M�S�R �M�R �5�(�r ���ƒ�����	 �%�8�8�0�
 �E�X �� �: �E�F�W�S�V�F�I�V �V�I�Z�I�V�W�I �F�M�E�W �Z�S�P�X�E�K�I�� ���E�
�%�Y�X�S��
�G�S�V�V�I�P�E�X�M�S�R �X�V�E�G�I �Y�T���W�[�I�I�T �J�S�V �ƒ�w �Q�% �X�S �ù�ù�� �Q�% �M�R �W�X�I�T�W �S�J �r �Q�%�� �%�X �ù�w�w �Q�% �X�L�I �P�E�W�I�V �W�[�M�X�G�L�I�W �X�S
�W�I�G�S�R�H �L�E�V�Q�S�R�M�G �G�S�Q�F �K�I�R�I�V�E�X�M�S�R �E�R�H �E�X �ù�ù�w �Q�% �X�S �X�L�M�V�H �L�E�V�Q�S�R�M�G �G�S�Q�F �K�I�R�I�V�E�X�M�S�R�����F�
�%�Y�X�S��
�G�S�V�V�I�P�E�X�M�S�R �X�V�E�G�I �H�S�[�R���W�[�I�I�T �J�S�V �ù�ù�� �Q�% �X�S �ƒ�w �Q�% �M�R �W�X�I�T�W �S�J �r �Q�%�� �%�X �ù�w�w �Q�% �X�L�I �P�E�W�I�V �W�[�M�X�G�L�I�W
�X�S �W�I�G�S�R�H �L�E�V�Q�S�R�M�G �G�S�Q�F �K�I�R�I�V�E�X�M�S�R �E�R�H �E�X �ƒ�t �Q�% �F�E�G�O �X�S �J�Y�R�H�E�Q�I�R�X�E�P �G�S�Q�F �K�I�R�I�V�E�X�M�S�R�����G�

�8�S�T�� �6�* �F�I�E�X �R�S�X�I �X�V�E�G�O�M�R�K �J�S�V �X�L�I �Y�T���W�[�I�I�T �E�R�H �H�S�[�R���W�[�I�I�T�� �&�S�X�X�S�Q�� �6�* �P�M�R�I �[�M�H�X�L �J�S�V �X�L�I
�Y�T���W�[�I�I�T �E�R�H �H�S�[�R���W�[�I�I�T�� �%�X ���w �+�,�^ �R�S �6�* �P�M�R�I �[�M�H�X�L �G�S�Y�P�H �F�I �Q�I�E�W�Y�V�I�H �H�Y�I �X�S �X�L�I �P�M�Q�M�X�I�H
�F�E�R�H�[�M�H�X�L ��� �t�u �+�,�^�
 �S�J �X�L�I �H�I�X�I�G�X�M�S�R �W�I�X���Y�T��

�B�V�U�P���D�P�S�S�F�M�B�U�J�P�O �N�F�B�T�V�S�F�N�F�O�U �P�G �M�B�T�F�S �2�%���� �'�P�S �J�O�D�S�F�B�T�J�O�H �D�V�S�S�F�O�U�T�
�U�I�F �M�B�T�F�S �J�T �T�X�J�U�D�I�J�O�H �U�P �T�F�D�P�O�E �I�B�S�N�P�O�J�D
�D�P�N�C �H�F�O�F�S�B�U�J�P�O �B�U ������ �N�" �E�P�V�C�M�J�O�H �U�I�F �O�V�N�C�F�S �P�G �Q�V�M�T�F�T �J�O�T�J�E�F �U�I�F �M�B�T�F�S �D�B�W�J�U�Z �B�O�E �S�F�E�V�D�J�O�H �U�I�F �Q�V�M�T�F
�E�J�T�U�B�O�D�F �G�S�P�N ���� �Q�T �U�P �B�Q�Q�S�P�Y�J�N�B�U�F�M�Z ���� �Q�T�� �"�U ������ �N�" �U�I�F �M�B�T�F�S �J�T �T�X�J�U�D�I�J�O�H �U�P ���� �(�)�[ �B�O�E �U�I�J�S�E �I�B�S�N�P�O�J�D
�D�P�N�C �H�F�O�F�S�B�U�J�P�O�� �5�I�J�T �Q�I�F�O�P�N�F�O�P�O �J�T �P�O�M�Z �P�C�T�F�S�W�F�E �J�O �M�B�T�F�S�T �X�J�U�I �T�I�P�S�U �B�C�T�P�S�C�F�S �T�F�D�U�J�P�O�T �E�V�F �U�P �U�I�F �I�J�H�I�F�S
�H�B�J�O �Q�F�S �S�P�V�O�E �U�S�J�Q �T�V�Q�Q�P�S�U�J�O�H �N�P�S�F �U�I�B�O �P�O�F �Q�V�M�T�F �J�O�T�J�E�F �U�I�F �M�B�T�F�S �D�B�W�J�U�Z�� �'�P�S �E�F�D�S�F�B�T�J�O�H �D�V�S�S�F�O�U�T�
 �U�I�F �M�B�T�F�S
�J�T �T�X�J�U�D�I�J�O�H �G�S�P�N �U�I�J�S�E �I�B�S�N�P�O�J�D �D�P�N�C �H�F�O�F�S�B�U�J�P�O �U�P �T�F�D�P�O�E �I�B�S�N�P�O�J�D �D�P�N�C �H�F�O�F�S�B�U�J�P�O �B�U �������N�" �B�O�E �U�P
�G�V�O�E�B�N�F�O�U�B�M �D�P�N�C �P�Q�F�S�B�U�J�P�O �B�U ���� �N�"�� �5�I�F �T�U�S�P�O�H �I�Z�T�U�F�S�F�T�J�T �F�R�F�D�U �J�O �U�I�F �V�Q���T�X�F�F�Q �B�O�E �E�P�X�O���T�X�F�F�Q �J�O �U�I�F
�S�F�H�J�N�F �G�S�P�N ���� �N�" �V�Q �U�P ���� �N�" �T�I�P�X�T �U�I�B�U �B�U �U�I�J�T �H�B�J�O �D�V�S�S�F�O�U�T �B �C�J���T�U�B�C�J�M�J�U�Z �C�F�U�X�F�F�O �U�I�F �G�V�O�E�B�N�F�O�U�B�M �D�P�N�C
�P�Q�F�S�B�U�J�P�O �B�O�E �U�I�F �T�F�D�P�O�E �I�B�S�N�P�O�J�D �D�P�N�C �P�Q�F�S�B�U�J�P�O �J�T �F�W�J�E�F�O�U�� �5�I�F �D�P�N�C �P�Q�F�S�B�U�J�P�O �T�P�M�V�U�J�P�O �J�T �E�F�Q�F�O�E�J�O�H �P�O
�U�I�F �T�U�B�S�U�J�O�H �D�P�O�E�J�U�J�P�O�T �J�G �U�I�F �H�B�J�O �D�V�S�S�F�O�U �J�T �J�O�D�S�F�B�T�F�E �P�S �E�F�D�S�F�B�T�F�E �U�P �S�F�B�D�I �B �D�F�S�U�B�J�O �H�B�J�O�D�V�S�S�F�O�U �W�B�M�V�F �B�O�E
�P�O �U�I�F �I�B�S�N�P�O�J�D �D�P�N�C �T�U�B�U�F �G�S�P�N �X�I�J�D�I �U�I�F �D�V�S�S�F�O�U �J�T �D�I�B�O�H�F�E�� �5�I�J�T �D�B�O �C�F �T�F�F�O �B�T �X�F�M�M �J�O �U�I�F �U�P�Q �H�S�B�Q�I �J�O
�'�J�H�V�S�F ���������	�D�
�� �)�F�S�F�
 �U�I�F �S�P�V�O�E �U�S�J�Q �G�S�F�R�V�F�O�D�Z �G�P�S �U�I�F �H�B�J�O �D�V�S�S�F�O�U �V�Q���T�X�F�F�Q �	�C�M�V�F�
 �B�O�E �E�P�X�O���T�X�F�F�Q �	�S�F�E�
 �J�T
�E�F�Q�J�D�U�F�E�� �5�I�F �C�P�U�U�P�N �H�S�B�Q�I �T�I�P�X�T �U�I�F �D�P�S�S�F�T�Q�P�O�E�J�O�H �3�' �M�J�O�F �X�J�E�U�I�� �'�P�S �B�M�M �P�Q�F�S�B�U�J�P�O �Q�P�J�O�U�T �J�O �U�I�J�T �S�F�H�J�N�F
�T�U�B�C�M�F �P�Q�U�J�D�B�M �G�S�F�R�V�F�O�D�Z �D�P�N�C �H�F�O�F�S�B�U�J�P�O �J�T �F�W�J�E�F�O�U �X�J�U�I �3�' �M�J�O�F �X�J�E�U�I�T �C�F�M�P�X ������ �L�)�[�� �*�U �J�T �P�C�W�J�P�V�T �U�I�B�U
�U�I�F �S�F�E �D�V�S�W�F �	�E�P�X�O���T�X�F�F�Q�
 �T�I�P�X�T �I�J�H�I�F�S �3�' �M�J�O�F �X�J�E�U�I�T �U�I�B�O �U�I�F �C�M�V�F �D�V�S�W�F �	�V�Q���T�X�F�F�Q�
�� �5�I�J�T �D�B�O �C�F �T�F�F�O
�F�B�T�J�M�Z �G�S�P�N �U�I�F �U�J�N�J�O�H �Q�I�B�T�F �O�P�J�T�F �Q�P�X�F�S �T�Q�F�D�U�S�B�M �E�F�O�T�J�U�Z �X�I�J�D�I �J�T �Q�S�P�Q�P�S�U�J�P�O�B�M �U�P �U�I�F �3�' �M�J�O�F�X�J�E�U�I �B�O�E

���w



�Q�S�P�Q�P�S�U�J�P�O�B�M �U�P �U�I�F �T�R�V�B�S�F �P�G �U�I�F �S�P�V�O�E �U�S�J�Q �G�S�F�R�V�F�O�D�Z �	�T�F�F �F�R�V�B�U�J�P�O �������J�O �D�I�B�Q�U�F�S ���
�� �5�I�F �C�B�T�J�D �U�S�F�O�E �G�P�S �U�I�F
���� �(�)�[ �S�P�V�O�E �U�S�J�Q �G�S�F�R�V�F�O�D�Z �B�O�E �U�I�F ���� �(�)�[ �S�P�V�O�E �U�S�J�Q �G�S�F�R�V�F�O�D�Z �J�T �U�I�F �T�B�N�F �F�Y�D�F�Q�U �U�I�F �U�X�P �Q�P�J�O�U�T �B�U ���� �N�"
�B�O�E ���� �N�" �X�I�J�D�I �B�S�F �D�M�P�T�F �U�P �U�I�F �K�V�N�Q �U�P �G�V�O�E�B�N�F�O�U�B�M �D�P�N�C �P�Q�F�S�B�U�J�P�O��

�s���r���� �6�* �P�M�R�I �[�M�H�X�L �
 �T�Y�P�W�I �[�M�H�X�L �H�I�T�I�R�H�I�R�G�I �S�R �P�E�W�I�V �X�I�Q�T�I�V�E�X�Y�V�I

�*�O �B �O�F�Y�U �T�U�F�Q �U�F�N�Q�F�S�B�U�V�S�F �T�U�V�E�J�F�T �G�P�S �U�I�F �U�I�S�F�F �J�O�W�F�T�U�J�H�B�U�F�E �E�P�Q�J�O�H �D�P�O�D�F�O�U�S�B�U�J�P�O�T �B�S�F �Q�F�S�G�P�S�N�F�E �Q�S�P�W�J�O�H �U�I�F
�V�T�B�H�F �P�G �R�V�B�O�U�V�N �E�P�U �D�P�N�C �M�B�T�F�S�T �J�O �U�F�M�F�D�P�N�N�V�O�J�D�B�U�J�P�O �B�Q�Q�M�J�D�B�U�J�P�O�T �X�J�U�I�P�V�U �B�E�E�J�U�J�P�O�B�M �D�P�P�M�J�O�H�� �5�I�F�S�F�G�P�S�F�

�J�O �U�I�F �G�P�M�M�P�X�J�O�H�
 �U�I�F �U�F�N�Q�F�S�B�U�V�S�F �E�F�Q�F�O�E�F�O�D�F �P�G �U�I�F �M�J�H�I�U �P�V�U�Q�V�U �Q�P�X�F�S �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T �P�G �M�B�T�F�S �2�%�����
 �2�%����
�B�O�E �2�%���� �B�S�F �Q�S�F�T�F�O�U�F�E�� �5�I�F�O�
 �U�I�F �D�P�N�C �T�U�B�U�F �S�F�H�J�N�F�T �X�J�M�M �C�F �Q�S�F�T�F�O�U�F�E �G�P�S �B�M�M �U�I�S�F�F �M�B�T�F�S�T �B�U �B�O �F�M�F�W�B�U�F�E
�U�F�N�Q�F�S�B�U�V�S�F �P�G �����n�$�� �"�M�M �M�B�T�F�S�T �F�Y�I�J�C�J�U �B �S�B�U�I�F�S �T�J�N�J�M�B�S �"�5�5�- �S�B�U�J�P�
 �S�B�O�H�J�O�H �G�S�P�N ������ �U�P �������� �5�I�F �P�V�U�Q�V�U
�Q�P�X�F�S �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T �J�O �E�F�Q�F�O�E�F�O�D�F �P�O �U�I�F �H�B�J�O �J�O�K�F�D�U�J�P�O �D�V�S�S�F�O�U �B�S�F �E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F �������� �G�P�S �B�O �B�C�T�P�S�C�F�S
�S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F �P�G �� �7�� �3�F�T�V�M�U�T �Q�S�F�T�F�O�U�F�E �J�O �'�J�H�V�S�F �������� �J�O�E�J�D�B�U�F �U�I�B�U �U�I�F �M�B�T�J�O�H �U�I�S�F�T�I�P�M�E �J�O�D�S�F�B�T�F �X�J�U�I

�*�M�K�Y�V�I �t���r�r���%�Z�I�V�E�K�I �S�Y�X�T�Y�X �T�S�[�I�V �G�L�E�V�E�G�X�I�V�M�W�X�M�G�W �J�S�V �q�v�s�' �E�R�H ���v�s�' �E�X �v �: �E�F�W�S�V�F�I�V �V�I�Z�I�V�W�I �F�M�E�W �Z�S�P�X�E�K�I �J�S�V
�X�L�I �Y�R�H�S�T�I�H�� �Q�I�H�M�Y�Q �H�S�T�I�H �E�R�H �W�X�V�S�R�K�P�] �H�S�T�I�H �P�E�W�I�V�W�� ���E�
�5�(�w�ƒ�� �8�L�I �X�L�V�I�W�L�S�P�H �M�W �M�R�G�V�I�E�W�M�R�K
�F�] �s�w �Q�%�����F�
�5�(�ù�r�� �8�L�I �X�L�V�I�W�L�S�P�H �M�W �M�R�G�V�I�E�W�M�R�K �F�] �r�w �Q�%�����G�
�5�(�r�r�� �8�L�I �X�L�V�I�W�L�S�P�H �M�W �M�R�G�V�I�E�W�M�R�K
�F�] �ù�w �Q�%��

�U�F�N�Q�F�S�B�U�V�S�F �J�O�D�S�F�B�T�F �J�T �T�U�S�P�O�H�M�Z �E�F�Q�F�O�E�F�O�U �P�O �U�I�F �E�P�Q�J�O�H�� �5�I�F �V�O�E�P�Q�F�E �E�F�W�J�D�F�T �U�I�S�F�T�I�P�M�E �J�T �J�O�D�S�F�B�T�F�E �C�Z
���� �N�"�
 �X�I�F�S�F�B�T �U�I�F �N�F�E�J�V�N �E�P�Q�F�E �E�F�W�J�D�F�T �U�I�S�F�T�I�P�M�E �J�T �J�O�D�S�F�B�T�F�E �C�Z �P�O�M�Z ���� �N�" �B�O�E �U�I�F �T�U�S�P�O�H�M�Z �E�P�Q�F�E
�E�F�W�J�D�F�T �U�I�S�F�T�I�P�M�E �J�T �J�O�D�S�F�B�T�F�E �C�Z �K�V�T�U ���� �N�"�� �5�I�J�T �J�T �U�I�F �F�Y�Q�F�D�U�F�E �U�S�F�O�E �B�M�S�F�B�E�Z �E�J�T�D�V�T�T�F�E �J�O �D�I�B�Q�U�F�S ������������
�4�F�D�P�O�E�
 �S�F�H�B�S�E�J�O�H �U�I�F �T�M�P�Q�F �F�U�D�J�F�O�D�J�F�T �	�U�I�F �J�O�D�S�F�B�T�F �P�G �Q�P�X�F�S �W�T�� �H�B�J�O �D�V�S�S�F�O�U�
�
 �U�I�F �N�F�E�J�V�N �E�P�Q�F�E �M�B�T�F�S
�T�I�P�X�T �U�I�F �M�F�B�T�U �E�F�D�S�F�B�T�F�� �'�P�S �U�I�F �N�F�E�J�V�N �E�P�Q�F�E �M�B�T�F�S �U�I�F �T�M�P�Q�F �F�U�D�J�F�O�D�Z �J�T �E�F�D�S�F�B�T�F�E �G�S�P�N ���������� �8���" �U�P
���������� �8���"�
 �B �E�F�D�S�F�B�T�F �C�Z �B�C�P�V�U ���������� �5�I�F �V�O�E�P�Q�F�E �E�F�W�J�D�F �B�O�E �U�I�F �T�U�S�P�O�H�M�Z �E�P�Q�F�E �E�F�W�J�D�F �T�I�P�X �B �N�V�D�I
�I�J�H�I�F�S �E�F�D�S�F�B�T�F �D�P�N�Q�B�S�F�E �U�P �U�I�F �N�F�E�J�V�N �E�P�Q�F�E �E�F�W�J�D�F �C�Z �B�C�P�V�U ���������� �G�P�S �U�I�F �V�O�E�P�Q�F�E �E�F�W�J�D�F �B�O�E ����������
�G�P�S �U�I�F �T�U�S�P�O�H�M�Z �E�P�Q�F�E �E�F�W�J�D�F�� �5�I�F �F�Y�Q�F�S�J�N�F�O�U�B�M �S�F�T�V�M�U�T �G�P�S �U�I�F �D�P�N�C �T�U�B�U�F �S�F�H�J�P�O�T �J�E�F�O�U�J�S�F�E �B�S�F �E�F�Q�J�D�U�F�E
�J�O �'�J�H�V�S�F ���������� �'�P�S �M�B�T�F�S �2�%���� �	�V�O�E�P�Q�F�E�
�
 �U�I�F �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �S�F�H�J�P�O �J�T �D�M�F�B�S�M�Z �E�J�N�J�O�J�T�I�F�E �J�O
�D�P�O�U�S�B�T�U �U�P �U�P �U�I�F �����n�$ �S�F�T�V�M�U�T �J�O �'�J�H�V�S�F ���������	�D�
�� �5�I�J�T �D�B�O �C�F �F�Y�Q�M�B�J�O�F�E �C�Z �U�I�F �I�J�H�I�F�S �M�P�T�T�F�T�E�V�F �U�P �U�I�F �I�J�H�I�F�S
�U�F�N�Q�F�S�B�U�V�S�F�� �)�J�H�I�F�S �M�P�T�T�F�T �G�B�W�P�V�S �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B�U�J�P�O���$�B�U�B�M�V�O�B �F�U �B�M�� �<�������> �Q�S�F�E�J�D�U�F�E �U�I�B�U
�U�I�F �Q�V�M�T�F �E�V�S�B�U�J�P�O �G�P�S �B �S�Y�F�E �H�B�J�O �J�O�K�F�D�U�J�P�O �D�V�S�S�F�O�U �J�O �R�V�B�O�U�V�N �E�P�U �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C�T �E�F�D�S�F�B�T�F�T
�X�J�U�I �J�O�D�S�F�B�T�J�O�H �U�F�N�Q�F�S�B�U�V�S�F �E�V�F �U�P �B�O �J�O�D�S�F�B�T�F �J�O �U�I�F �D�B�S�S�J�F�S �D�B�Q�U�V�S�F���F�T�D�B�Q�F �S�B�U�F�T �J�O �U�I�F �T�B�U�V�S�B�C�M�F �B�C�T�P�S�C�F�S
�X�J�U�I �U�F�N�Q�F�S�B�U�V�S�F �B�O�E �U�I�V�T �G�B�T�U�F�S �B�C�T�P�S�Q�U�J�P�O �S�F�D�P�W�F�S�Z�� �*�O �Q�S�J�O�D�J�Q�M�F�U�I�J�T �U�S�F�O�E �D�B�O �C�F �P�C�T�F�S�W�F�E �I�F�S�F �B�T �X�F�M�M �B�T
�U�I�F �S�F�H�J�N�F �G�P�S �T�I�P�S�U �Q�V�M�T�F�T �	�C�M�V�F�
 �J�T �T�I�J�G�U�F�E �U�P �I�J�H�I�F�S �H�B�J�O �D�V�S�S�F�O�U�T �B�O�E �D�P�N�Q�B�S�J�O�H �U�I�F �����n�$ �N�B�Q �X�J�U�I �U�I�F
�����n�$ �N�B�Q �J�O �'�J�H�V�S�F ���������	�B�
 �J�U �C�F�D�P�N�F�T �F�W�J�E�F�O�U �U�I�B�U �G�P�S �U�I�F �T�B�N�F �H�B�J�O �J�O�K�F�D�U�J�P�O �D�V�S�S�F�O�U�
 �G�P�S �F�Y�B�N�Q�M�F �B�U �� �7 �B�O�E
������ �N�"�
 �U�I�F �Q�V�M�T�F �X�J�E�U�I �J�T �I�F�S�F �C�F�M�P�X �� �Q�T �B�O�E �B�U �����n�$ �B�C�P�W�F �� �Q�T�� �/�F�W�F�S�U�I�F�M�F�T�T�
 �U�I�F �D�P�O�D�M�V�T�J�P�O�U�I�B�U �T�I�P�S�U�F�S

���ù



�*�M�K�Y�V�I �t���r�s���1�E�T�T�M�R�K �S�J �X�L�I �W�X�V�S�R�K�P�] �H�S�T�I�H �U�Y�E�R�X�Y�Q �H�S�X �P�E�W�I�V �H�I�Z�M�G�I�W �M�R �H�I�T�I�R�H�I�R�G�I �S�R �X�L�I �K�E�M�R �G�Y�V�V�I�R�X �E�R�H
�X�L�I �E�F�W�S�V�F�I�V �V�I�Z�I�V�W�I �F�M�E�W �Z�S�P�X�E�K�I �E�X ���v�s�'�� �0�M�K�L�X �K�V�I�] �E�V�I�E�W �M�R�H�M�G�E�X�I �E�Q�T�P�M�X�Y�H�I���Q�S�H�Y�P�E�X�I�H �G�S�Q�F
�S�T�I�V�E�X�M�S�R�� �(�E�V�O �K�V�I�] �E�V�I�E�W �J�V�I�U�Y�I�R�G�]���Q�S�H�Y�P�E�X�I�H �G�S�Q�F �S�T�I�V�E�X�M�S�R�� �%�V�I�E�W �[�M�X�L �T�Y�P�W�I�W �F�I�P�S�[
�t �T�W ���F�P�Y�I�
 �E�R�H �6�* �P�M�R�I �[�M�H�X�L�W �F�I�P�S�[ �ø�v �O�,�^ ���V�I�H�
 �E�V�I �M�R�H�M�G�E�X�I�H�� ���E�
�r �Q�Q �P�S�R�K �X�[�S���W�I�G�X�M�S�R �P�E�W�I�V
�5�(�w�ƒ ���Y�R�H�S�T�I�H�
 �[�M�X�L �E�R �%�8�8�0 �V�E�X�M�S �S�J �ù�u�����	�����F�
�r �Q�Q �P�S�R�K �X�[�S���W�I�G�X�M�S�R �P�E�W�I�V �5�(�ù�r ���Q�I�H�M�Y�Q
�H�S�T�I�H�
 �[�M�X�L �E�R �%�8�8�0 �V�E�X�M�S �S�J �ù�u���v�	�����G�
�r �Q�Q �P�S�R�K �X�[�S���W�I�G�X�M�S�R �P�E�W�I�V �5�(�r�r ���W�X�V�S�R�K�P�] �H�S�T�I�H�
 �[�M�X�L
�E�R �%�8�8�0 �V�E�X�M�S �S�J �ù�v���t�	��

�Q�V�M�T�F�T �D�B�O �C�F �H�F�O�F�S�B�U�F�E �B�U �I�J�H�I�F�S �U�F�N�Q�F�S�B�U�V�S�F�T �B�Q�Q�F�B�S�T �O�P�O �D�P�O�D�M�V�T�J�W�F�
 �U�B�L�J�O�H �J�O�U�P �B�D�D�P�V�O�U �U�I�F �Q�V�M�T�F �X�J�E�U�I�T
�E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F ���������� �5�I�F �S�F�H�J�N�F �P�G �T�I�P�S�U �Q�V�M�T�F�T �J�T �K�V�T�U �T�I�J�G�U�F�E �U�P �I�J�H�I�F�S �H�B�J�O �D�V�S�S�F�O�U�T �X�J�U�I �J�O�D�S�F�B�T�J�O�H
�U�F�N�Q�F�S�B�U�V�S�F�� �8�I�J�M�F �B�U �����n�$�
 �T�I�P�S�U �P�Q�U�J�D�B�M �Q�V�M�T�F�T �	�T�I�P�S�U �U�I�B�O �� �Q�T�
 �B�S�F �H�F�O�F�S�B�U�F�E �B�U ���� �N�"�
 �B�U �����n�$ �U�I�F �M�B�T�F�S �J�T
�C�F�M�P�X �U�I�S�F�T�I�P�M�E �G�P�S �B�M�M �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F�T �B�U ���� �N�"���5�I�F �T�I�P�S�U�F�S �Q�V�M�T�F�T �B�U �I�J�H�I�F�S �H�B�J�O �D�V�S�S�F�O�U�T �D�B�O
�C�F �B�E�E�J�U�J�P�O�B�M�M�Z �F�Y�Q�M�B�J�O�F�E �C�Z �B �T�N�B�M�M�F�S �F�R�F�D�U �P�G �U�I�F �H�B�J�O �J�O�E�V�D�F�E �E�J�T�Q�F�S�T�J�P�O �C�Z �U�I�F �T�F�N�J�D�P�O�E�V�D�U�P�S �N�B�U�F�S�J�B�M
�B�T �U�I�F �H�B�J�O �J�T �E�S�B�T�U�J�D�B�M�M�Z �E�J�N�J�O�J�T�I�F�E �B�U �����n�$�
 �B�T �D�P�N�Q�B�S�F�E �U�P �����n�$�� �5�I�F �F�R�F�D�U�T �P�G �U�I�F �T�I�J�G�U �P�G �T�I�P�S�U �Q�V�M�T�F�T �U�P
�M�B�S�H�F�S �H�B�J�O �D�V�S�S�F�O�U�T �B�O�E �B �E�F�D�S�F�B�T�F �P�G �U�I�F �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �S�F�H�J�N�F �C�Z �J�O�D�S�F�B�T�J�O�H �U�F�N�Q�F�S�B�U�V�S�F �D�B�O
�B�E�E�J�U�J�P�O�B�M�M�Z �C�F �P�C�T�F�S�W�F�E �G�P�S �M�B�T�F�S�T �2�%���� �	�N�F�E�J�V�N �E�P�Q�F�E�
 �B�O�E �2�%���� �	�T�U�S�P�O�H�M�Z �E�P�Q�F�E�
 �J�O �'�J�H�V�S�F ���������	�C�

�B�O�E �	�D�
�� �5�I�F�T�F �U�X�P �F�R�F�D�U�T �B�S�F �N�V�D�I �M�F�T�T �Q�S�P�O�P�V�O�D�F�E �G�P�S �M�B�T�F�S �2�%���� �	�N�F�E�J�V�N �E�P�Q�F�E�
 �B�O�E �F�W�F�O �N�P�S�F �M�F�T�T
�Q�S�P�O�P�V�O�D�F�E �G�P�S �M�B�T�F�S �2�%���� �	�T�U�S�P�O�H�M�Z �E�P�Q�F�E�
�� �5�P �T�V�N �V�Q�
 �E�P�Q�J�O�H �H�J�W�F�T �B �N�V�D�I �C�F�U�U�F�S �S�F�T�J�T�U�B�O�D�F �U�P �3�' �M�J�O�F
�X�J�E�U�I �D�I�B�O�H�F�T �B�O�E �Q�V�M�T�F �X�J�E�U�I �D�I�B�O�H�F�T �J�O �E�F�Q�F�O�E�F�O�D�F �P�O �U�I�F �P�Q�F�S�B�U�J�O�H �C�J�B�T �G�P�S �G�S�F�R�V�F�O�D�Z�D�P�N�C �P�Q�F�S�B�U�J�P�O �B�U
�I�J�H�I �U�F�N�Q�F�S�B�U�V�S�F�T��

�5�P �T�I�P�S�U�M�Z �T�V�N �V�Q �U�I�F �X�I�P�M�F �D�I�B�Q�U�F�S �������
 �U�I�F �F�Y�J�T�U�F�O�D�F �P�G �U�X�P �T�Z�O�D�I�S�P�O�J�[�B�U�J�P�O �T�U�B�U�F�T �J�O �R�V�B�O�U�V�N �E�P�U �M�B�T�F�S�T
�I�B�T �C�F�F�O �E�F�N�P�O�T�U�S�B�U�F�E �D�P�O�U�S�P�M�M�F�E �C�Z �U�I�F �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F�
 �U�I�F�H�B�J�O �D�V�S�S�F�O�U �B�O�E �U�I�F �B�C�T�P�S�C�F�S �U�P
�U�P�U�B�M �M�F�O�H�U�I �S�B�U�J�P �P�G �U�I�F �E�F�W�J�D�F�� �5�I�F �F�Y�D�F�Q�U�J�P�O�B�M�M�Z �M�P�X �S�B�E�J�P���G�S�F�R�V�F�O�D�Z �M�J�O�F�X�J�E�U�I�T �C�F�M�P�X ������ �)�[ �X�F�S�F �W�F�S�J�S�F�E
�W�J�B �H�B�J�O�
 �B�C�T�P�S�Q�U�J�P�O�
 �B�O�E �E�J�T�Q�F�S�T�J�P�O �N�F�B�T�V�S�F�N�F�O�U�T �U�I�B�U �B�M�M�P�X�F�E �U�P �T�F�S�W�F �B�T �J�O�Q�V�U �U�P �B�O �B�O�B�M�Z�U�J�D�B�M �N�P�E�F�M�� �*�O �B
�O�F�Y�U �T�U�F�Q �P�G �U�I�J�T �U�I�F�T�J�T�
 �V�M�U�S�B�G�B�T�U �N�P�E�V�M�B�U�J�P�O�T �J�O �'�. �D�P�N�C�T �X�J�M�M �C�F �E�F�N�P�O�T�U�S�B�U�F�E �B�O�E �E�J�T�D�V�T�T�F�E��

���r



�s���s �9�P�X�V�E�J�E�W�X �Q�S�H�Y�P�E�X�M�S�R �M�R �J�V�I�U�Y�I�R�G�]���Q�S�H�Y�P�E�X�I�H �U�Y�E�R�X�Y�Q �H�S�X �G�S�Q�F �P�E�W�I�V�W��
�)�\�T�I�V�M�Q�I�R�X�E�P �H�I�Q�S�R�W�X�V�E�X�M�S�R

�5�I�J�T �D�I�B�Q�U�F�S �G�P�D�V�T�F�T �P�O �U�I�F �F�Y�U�S�F�N�F �W�B�M�V�F �G�P�S �U�I�F �"�5�5�- �S�B�U�J�P�
 �O�B�N�F�M�Z �[�F�S�P�� �*�U �S�F�W�J�F�X�T �U�I�F �S�P�B�E �U�P �G�S�F�R�V�F�O�D�Z��
�N�P�E�V�M�B�U�F�E �D�P�N�C �H�F�O�F�S�B�U�P�S�T �J�O �U�I�F �F�Y�U�S�F�N�F �D�B�T�F �P�G �O�P �B�C�T�P�S�C�F�S �T�F�D�U�J�P�O �M�P�P�L�J�O�H �B�U�T�J�O�H�M�F �T�F�D�U�J�P�O �� �N�N �M�P�O�H
�R�V�B�O�U�V�N �E�P�U �M�B�T�F�S�T �C�B�T�F�E �P�O �P�X�O �S�F�T�V�M�U�T�� �'�J�S�T�U�
 �J�O�U�F�O�T�J�U�Z �B�V�U�P���D�P�S�S�F�M�B�U�J�P�O �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T �P�G �G�S�F�R�V�F�O�D�Z��
�N�P�E�V�M�B�U�F�E �D�P�N�C�T �B�S�F �E�J�T�D�V�T�T�F�E�� �4�F�D�P�O�E�
 �T�J�O�H�M�F �T�F�D�U�J�P�O �E�F�W�J�D�F�T �G�P�S �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B�U�J�P�O �B�S�F
�Q�S�F�T�F�O�U�F�E �B�O�E �E�J�T�D�V�T�T�F�E��

�s���s���ø �-�R�X�I�R�W�M�X�] �E�Y�X�S���G�S�V�V�I�P�E�X�M�S�R �G�L�E�V�E�G�X�I�V�M�W�X�M�G�W

�-�R�X�V�S�H�Y�G�X�M�S�R�'�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B�U�J�P�O �J�O �T�J�O�H�M�F���T�F�D�U�J�P�O �B�O�E �N�V�M�U�J���T�F�D�U�J�P�O �M�B�T�F�S�T �J�T �D�I�B�M�M�F�O�H�J�O�H
�U�P �Q�S�P�W�F�� �5�I�F �R�V�B�T�J���D�P�O�U�J�O�V�P�V�T �M�J�H�I�U �P�V�U�Q�V�U �J�T �T�V�Q�Q�P�T�F�E �U�P �N�B�L�F �J�U �J�O�E�J�T�U�J�O�H�V�J�T�I�B�C�M�F �G�S�P�N �V�O�M�P�D�L�F�E �P�Q�F�S�B�U�J�P�O
�X�I�F�O �N�F�B�T�V�S�J�O�H �X�J�U�I �U�I�F �J�O�U�F�O�T�J�U�Z �B�V�U�P���D�P�S�S�F�M�B�U�P�S�� �*�O�E�J�D�B�U�J�P�O�T �B�S�F �B �O�B�S�S�P�X�C�F�B�U �O�P�U�F �X�J�U�I �B �T�N�B�M�M �B�N�Q�M�J�U�V�E�F��
�" �S�F�B�M �Q�S�P�W�F �J�T �P�O�M�Z �Q�P�T�T�J�C�M�F �X�I�F�O �U�I�F �Q�I�B�T�F �S�F�M�B�U�J�P�O�T �P�G �U�I�F �N�P�E�F�T �B�S�F �N�F�B�T�V�S�F�E�� �4�8�*�'�5�4 �J�T �B�C�M�F �U�P �Q�S�P�W�F
�G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B�U�J�P�O�
 �I�P�X�F�W�F�S�
 �F�T�Q�F�D�J�B�M�M�Z �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C�T �B�S�F�D�I�B�M�M�F�O�H�J�O�H �U�P
�D�I�B�S�B�D�U�F�S�J�[�F �C�Z �4�8�*�'�5�4�
 �B�T �U�I�F�J�S �C�F�B�U �O�P�U�F �J�T �O�P�U �W�F�S�Z �T�U�S�P�O�H�
 �B�T �E�F�N�P�O�U�S�B�U�F�E �J�O �T�F�D�U�J�P�O �����������B�O�E �J�O �<���>��
�)�P�X�F�W�F�S�
 �U�I�F �C�F�B�U �O�P�U �T�J�H�O�B�M �J�T �D�S�J�U�J�D�B�M�M�Z �S�F�R�V�J�S�F�E �B�T �B �S�F�G�F�S�F�O�D�F �T�J�H�O�B�M �G�P�S�U�I�F �M�P�D�L���J�O �B�N�Q�M�J�S�F�S�� �/�P �N�F�B�T�V�S�J�O�H
�U�F�D�I�O�J�R�V�F �J�T �B�C�M�F �U�P �Q�S�P�W�F �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B�U�J�P�O �X�J�U�I �C�S�P�B�E�F�S �3�' �M�J�O�F �X�J�E�U�I�T �B�T ���� �L�)�[��

�%�M�Q�*�O �U�I�J�T �T�F�D�U�J�P�O�
 �U�I�F �B�V�U�P���D�P�S�S�F�M�B�U�J�P�O �U�J�N�F �T�J�H�O�B�M �P�G �B �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �T�I�P�V�M�E �C�F �D�P�N�Q�B�S�F�E �U�P
�U�I�F �S�F�D�P�O�T�U�S�V�D�U�F�E �U�J�N�F �T�J�H�O�B�M �G�S�P�N �4�8�*�'�5�4 �G�P�S �B �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C�� �5�I�F �M�J�H�I�U �P�G �R�V�B�O�U�V�N �E�P�U �D�P�N�C
�M�B�T�F�S �2�%���� �P�Q�F�S�B�U�J�O�H �J�O �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �T�U�B�U�F �J�T �H�V�J�E�F�E �U�I�S�P�V�H�I �P�Q�U�J�D�B�M �S�C�F�S�T �P�G �E�J�R�F�S�F�O�U �M�F�O�H�U�I�T
�B�O�E �U�I�F �M�J�H�I�U �P�V�U�Q�V�U �J�T �B�O�B�M�Z�[�F�E �C�Z �4�)�( �J�O�U�F�O�T�J�U�Z �B�V�U�P���D�P�S�S�F�M�B�U�J�P�O �	�"�$�
�� �5�I�F�O�
�4�8�*�'�5�4 �X�J�M�M �C�F �F�N�Q�M�P�Z�F�E �B�O�E
�U�I�F �"�$ �X�J�M�M �C�F �D�B�M�D�V�M�B�U�F�E �B�O�E �D�P�N�Q�B�S�F�E �U�P �U�I�F �4�)�( �"�$�� �5�I�F �H�P�B�M �J�T �U�P �F�Y�Q�M�P�S�F �B �G�B�T�U �N�P�E�V�M�B�U�J�P�O �U�I�B�U �D�B�O �C�F
�P�C�T�F�S�W�F�E �X�I�F�O �N�F�B�T�V�S�J�O�H �4�)�( �"�$ �P�G �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C�T��

�)�\�T�I�V�M�Q�I�R�X�2�%���� �J�T �C�J�B�T�F�E �B�U �� �7 �B�U �U�I�F �B�C�T�P�S�C�F�S �T�F�D�U�J�P�O �B�O�E �U�I�F �H�B�J�O �T�F�D�U�J�P�O �D�V�S�S�F�O�U �J�T �W�B�S�J�F�E �G�S�P�N ������ �N�"
�U�P ������ �N�"�� �*�O �U�I�J�T �S�F�H�J�P�O �U�I�F �M�B�T�F�S �J�T �X�P�S�L�J�O�H �B�T �B �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C�� �5�I�F �M�J�H�I�U �J�T �H�V�J�E�F�E �U�I�S�P�V�H�I �B
�� �N �M�P�O�H �S�C�F�S �P�S �U�I�S�P�V�H�I �B ���� �N �M�P�O�H �P�Q�U�J�D�B�M �S�C�F�S �C�F�G�P�S�F �F�O�U�F�S�J�O�H �U�I�F �J�O�U�F�O�T�J�U�Z �"�$ �U�P �J�O�W�F�T�U�J�H�B�U�F �U�I�F �B�E�E�J�U�J�P�O�B�M
�E�J�T�Q�F�S�T�J�P�O �J�O�E�V�D�F�E �C�Z �U�I�F �S�C�F�S �P�O �U�I�F �T�J�H�O�B�M��

�6�I�W�Y�P�X�W�5�I�F �N�F�B�T�V�S�F�E �"�$ �U�S�B�D�F�T �B�S�F �E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F ���������	�B�
 �B�O�E �	�C�
 �G�P�S �E�J�R�F�S�F�O�U �H�B�J�O �D�V�S�S�F�O�U�T �J�O�U�I�F
�G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �S�F�H�J�N�F �P�G �2�%������ �5�I�F �U�P�U�B�M �S�C�F�S �M�F�O�H�U�I�T �B�N�P�V�O�U �U�P �� �N �B�O�E ���� �N �	�S�F�E�
�� �5�I�F �S�C�F�S
�I�B�T �B �E�J�T�Q�F�S�T�J�P�O �P�G ����ps2km � 1 �J�O�U�S�P�E�V�D�J�O�H �B�O �B�E�E�J�U�J�P�O�B�M �(�%�% �P�G �B�S�P�V�O�E ��ps2�� �"�G�U�F�S �U�S�B�W�F�M�J�O�H �U�I�S�P�V�H�I �U�I�F
�P�Q�U�J�D�B�M �S�C�F�S�T �J�O �U�X�P �T�F�Q�B�S�B�U�F �F�Y�Q�F�S�J�N�F�O�U�B�M �T�U�V�E�J�F�T�
 �B �N�P�E�V�M�B�U�J�P�O �B�U �[�F�S�P �E�F�M�B�Z �J�T �Q�S�F�T�F�O�U �J�O �U�I�F �"�$ �T�Q�F�D�U�S�B��

�5�I�F �"�$ �S�F�T�V�M�U�T �J�O �'�J�H�V�S�F ���������	�B�
 �J�O�E�J�D�B�U�F �B �T�J�H�O�J�S�D�B�O�U �N�P�E�V�M�B�U�J�P�O �G�P�S �B�M�M �U�I�S�F�F �C�J�B�T�J�O�H �D�P�O�E�J�U�J�P�O�T �B�G�U�F�S �U�I�F
�M�J�H�I�U �U�S�B�W�F�M�M�F�E �U�I�S�P�V�H�I �U�I�F �M�P�O�H �S�C�F�S�� �&�W�F�O �U�I�P�V�H�I �U�I�F �N�P�E�V�M�B�U�J�P�O �J�T �T�U�S�P�O�H�F�S �G�P�S �U�I�F �N�F�B�T�V�S�F�N�F�O�U �C�F�I�J�O�E
�U�I�F �M�P�O�H �S�C�F�S �	�S�F�E�
�
 �U�I�F �E�B�U�B �T�I�P�X�T �U�I�B�U �U�I�J�T �N�P�E�V�M�B�U�J�P�O �J�T �B�M�S�F�B�E�Z �Q�S�F�T�F�O�U �B�G�U�F�S �U�S�B�W�F�M�J�O�H �U�I�S�P�V�H�I �U�I�F �T�I�P�S�U
�S�C�F�S �	�C�M�V�F�
�� �5�I�F �B�E�E�J�U�J�P�O�B�M �H�S�P�V�Q �E�F�M�B�Z �E�J�T�Q�F�S�T�J�P�O �T�J�N�Q�M�Z �M�F�B�E�T �U�P �B �I�J�H�I�F�S �N�P�E�V�M�B�U�J�P�O �B�N�Q�M�J�U�V�E�F �X�I�B�U �X�J�M�M
�C�F �Q�S�P�W�F�O �X�J�U�I �B �4�8�*�'�5�4 �U�J�N�F �S�F�D�P�O�T�U�S�V�D�U�J�P�O �J�O �U�I�F �G�P�M�M�P�X�J�O�H�� �:�F�U�
 �U�I�F �Q�I�Z�T�J�D�B�M �P�S�J�H�J�O �P�G �U�I�J�T �G�B�T�U �N�P�E�V�M�B�U�J�P�O
�J�T �V�O�D�M�F�B�S�
 �J�U �J�T �R�V�J�U�F �F�W�J�E�F�O�U�
 �U�I�B�U �U�I�F �N�P�E�V�M�B�U�J�P�O �G�S�F�R�V�F�O�D�Z �T�U�S�P�O�H�M�Z �D�P�S�S�F�M�B�U�F�T �X�J�U�I �U�I�F �X�J�E�U�I �P�G �U�I�F �P�Q�U�J�D�B�M
�T�Q�F�D�U�S�V�N�� �5�I�J�T �J�T �T�V�Q�Q�P�S�U�F�E �C�Z �B�O �F�Y�F�N�Q�M�B�S�Z �P�Q�U�J�D�B�M �T�Q�F�D�U�S�V�N �P�G �B �G�S�F�R�V�F�O�D�Z �D�P�N�C�E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F ���������	�D�
��
�5�I�F �T�Q�F�D�U�S�V�N �D�P�O�T�J�T�U�T �P�G �U�X�P �T�U�S�P�O�H �N�P�E�F �H�S�P�V�Q�T �C�P�U�I �B�U �U�I�F �F�E�H�F�T �P�G �U�I�F �P�Q�U�J�D�B�M �T�Q�F�D�U�S�V�N�� �5�I�F �P�Q�U�J�D�B�M

���s



�T�Q�B�D�J�O�H �P�G �C�P�U�I �H�S�P�V�Q�T �J�T �J�E�F�O�U�J�D�B�M �U�P �U�I�F �G�S�F�R�V�F�O�D�Z �P�G �U�I�F �B�V�U�P���D�P�S�S�F�M�B�U�J�P�O �T�J�H�O�B�M�� �*�O �U�I�F �D�B�T�F �P�G �M�B�T�F�S �2�%�����

�U�I�F �G�S�F�R�V�F�O�D�Z �B�U �� �7 �B�O�E ������ �N�" �F�W�B�M�V�B�U�F�T �U�P ������ �5�)�[ �B�T �J�O�E�J�D�B�U�F�E��

�*�M�K�Y�V�I �t���r�t���7�,�+ �%�Y�X�S���G�S�V�V�I�P�E�X�M�S�R �V�I�W�Y�P�X�W �S�J �q �Q�Q �P�S�R�K �X�[�S���W�I�G�X�M�S�R �P�E�W�I�V �5�(�ø�ø�� ���E�
�-�R�X�I�R�W�M�X�] �E�Y�X�S���G�S�V�V�I�P�E�X�M�S�R
�X�V�E�G�I�W �J�S�V �5�(�ù�ù �S�T�I�V�E�X�M�R�K �E�W �E�R �*�1 �G�S�Q�F �E�X �H�M�J�J�I�V�I�R�X �K�E�M�R �G�Y�V�V�I�R�X�W�� �8�L�I �F�P�Y�I �X�V�E�G�I �M�R�H�M�G�E�X�I�W �X�L�I
�W�M�K�R�E�P �E�J�X�I�V �X�V�E�Z�I�P�M�R�K �X�L�V�S�Y�K�L �v �Q �S�J �S�T�X�M�G�E�P �x�F�I�V�� �V�I�H �Q�E�V�O�W �X�L�I �%�' �X�V�E�G�I �J�S�V �E �u�u �Q �x�F�I�V �X�V�E�Z�I�P
�H�M�W�X�E�R�G�I�����F�
�>�S�S�Q �S�J �X�L�I �%�' �X�V�E�G�I�=�W �S�W�G�M�P�P�E�X�M�S�R �E�X �ù �: �E�R�H �r�u�w �Q�%�� �;�M�X�L �E �J�V�I�U�Y�I�R�G�] �S�J �w���� �8�,�^��
�X�L�M�W �T�I�V�J�I�G�X�P�] �V�I�W�I�Q�F�P�I�W �X�L�I �H�M�W�X�E�R�G�I �F�I�X�[�I�I�R �X�L�I �X�[�S �Q�E�M�R �W�T�I�G�X�V�E�P �G�S�Q�T�S�R�I�R�X�W �E�X �X�L�I �S�Y�X�I�V
�T�E�V�X�W �S�J �X�L�I �S�T�X�M�G�E�P �W�T�I�G�X�V�Y�Q�����G�
�'�S�V�V�I�W�T�S�R�H�M�R�K �S�T�X�M�G�E�P �W�T�I�G�X�V�Y�Q �E�X �r�u�w �Q�% �E�R�H �ù �: �J�S�V �5�(�ù�ù��

�7�;�-�*�8�7 �V�I�W�Y�P�X�W�4�8�*�'�5�4 �S�F�T�V�M�U�T �P�G �M�B�T�F�S �2�%���� �B�S�F �D�P�N�Q�B�S�F�E �U�P �U�I�F �J�O�U�F�O�T�J�U�Z �B�V�U�P���D�P�S�S�F�M�B�U�J�P�O �S�F�T�V�M�U�T �P�G
�2�%�����
 �X�I�J�D�I �J�T �T�J�N�Q�M�Z �E�V�F �U�P �U�I�F �N�J�T�T�J�O�H �4�8�*�'�5�4 �E�B�U�B �G�P�S �2�%������ �/�F�W�F�S�U�I�F�M�F�T�T�
 �U�I�F �S�F�T�V�M�U�T�P�G �J�O�U�F�O�T�J�U�Z
�B�V�U�P���D�P�S�S�F�M�B�U�J�P�O �J�O �'�J�H�V�S�F �������� �B�O�E �4�8�*�'�5�4 �B�V�U�P���D�P�S�S�F�M�B�U�J�P�O �J�O �'�J�H�V�S�F �������� �C�P�U�I �T�I�P�X �J�E�F�O�U�J�D�B�M �S�F�T�V�M�U�T��
�5�I�F �N�P�E�V�M�B�U�J�P�O �B�N�Q�M�J�U�V�E�F �J�O�D�S�F�B�T�F�T �G�P�S �T�U�S�P�O�H�F�S �D�I�J�S�Q�F�E �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C�T �B�O�E �U�I�F �N�P�E�V�M�B�U�J�P�O
�G�S�F�R�V�F�O�D�Z �E�J�S�F�D�U�M�Z �D�P�S�S�F�M�B�U�F�T �X�J�U�I �U�I�F �T�Q�F�D�U�S�B�M �T�Q�B�D�J�O�H �P�G �U�I�F �P�V�U�F�S �N�P�E�F �H�S�P�V�Q�T�� �5�I�F �U�S�B�D�F �G�P�S �� �N �B�O�E ���� �N
�B�S�F �D�B�M�D�V�M�B�U�F�E �G�S�P�N �U�I�F �S�F�B�M �4�8�*�'�5�4 �U�J�N�F �U�S�B�D�F �C�Z �B�E�E�J�O�H �U�I�F �B�E�E�J�U�J�P�O�B�M �J�O�E�V�D�F�E �E�J�T�Q�F�S�T�J�P�O �C�Z�U�I�F �S�C�F�S�� �"
�N�P�E�V�M�B�U�J�P�O �D�B�O �C�F �P�C�T�F�S�W�F�E �J�O �U�I�F �4�8�*�'�5�4 �B�V�U�P���D�P�S�S�F�M�B�U�J�P�O �U�S�B�D�F�T �	�T�F�F �'�J�H�V�S�F ���������	�B�
�
 �B�T�J�O �U�I�F �4�)�( �"�$
�U�S�B�D�F�T �J�O �'�J�H�V�S�F ����������

���t



�*�M�K�Y�V�I �t���r�u���'�E�P�G�Y�P�E�X�I�H �E�Y�X�S���G�S�V�V�I�P�E�X�M�S�R �J�V�S�Q �7�;�-�*�8�7 �V�I�W�Y�P�X�W �J�S�V �q �Q�Q �P�S�R�K �X�[�S���W�I�G�X�M�S�R �P�E�W�I�V �5�(�ø�q �M�R
�J�V�I�U�Y�I�R�G�]���Q�S�H�Y�P�E�X�I�H �G�S�Q�F �S�T�I�V�E�X�M�S�R�� ���E�
�%�Y�X�S���G�S�V�V�I�P�E�X�M�S�R �X�V�E�G�I �J�V�S�Q �X�L�I �V�I�G�S�R�W�X�V�Y�G�X�I�H
�7�;�-�*�8�7 �M�R�X�I�R�W�M�X�] �S�J �5�(�ù�r �E�X �s�w�w �Q�% �E�R�H �ù �:�� �8�L�I �X�M�Q�I �V�I�G�S�R�W�X�V�Y�G�X�M�S�R�W �E�V�I �G�E�P�G�Y�P�E�X�I�H �[�M�X�L
�X�L�I �E�H�H�M�X�M�S�R�E�P �T�Y�P�W�I �G�L�M�V�T �X�L�E�X �X�L�I �S�T�X�M�G�E�P �x�F�I�V �M�R�X�V�S�H�Y�G�I�W�� �&�P�Y�I �W�L�S�[�W �X�L�I �W�M�K�R�E�P �[�M�X�L �E �W�M�Q�Y��
�P�E�X�I�H �x�F�I�V �X�V�E�Z�I�P �S�J �v �Q�� �V�I�H �W�L�S�[�W �X�L�I �W�M�K�R�E�P �J�S�V �u�u �Q�����F�
�>�S�S�Q �S�J �X�L�I �%�' �X�V�E�G�I�=�W �S�W�G�M�P�P�E�X�M�S�R��
�;�M�X�L �E �J�V�I�U�Y�I�R�G�] �S�J �w���ƒ �8�,�^�� �X�L�M�W �G�S�V�V�I�P�E�X�I�W �[�M�X�L �X�L�I �H�M�W�X�E�R�G�I �F�I�X�[�I�I�R �X�L�I �X�[�S �Q�E�M�R �W�T�I�G�X�V�E�P
�G�S�Q�T�S�R�I�R�X�W �E�X �X�L�I �S�Y�X�I�V �T�E�V�X�W �S�J �X�L�I �S�T�X�M�G�E�P �W�T�I�G�X�V�Y�Q�����G�
�3�T�X�M�G�E�P �W�T�I�G�X�V�Y�Q��

�'�S�R�G�P�Y�W�M�S�R�$�P�N�C�J�O�J�O�H �B�M�M �S�F�T�V�M�U�T �J�U �H�F�U�T �F�W�J�E�F�O�U�
 �U�I�B�U �U�I�F �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C�T �T�I�P�X �U�I�F �P�C�T�F�S�W�F�E
�C�F�B�U�J�O�H �J�O �U�I�F �B�V�U�P���D�P�S�S�F�M�B�U�J�P�O �U�S�B�D�F�T �X�I�J�D�I �J�T �Q�S�P�W�F�O �C�Z �4�8�*�'�5�4 �B�O�E �D�B�O �C�F �F�O�I�B�O�D�F�E �C�Z �M�P�O�H�F�S �S�C�F�S�T �J�O�E�V�D��
�J�O�H �B�O �B�E�E�J�U�J�P�O�B�M �E�J�T�Q�F�S�T�J�P�O�� �*�O �N�B�O�Z �D�B�T�F�T�
 �M�J�L�F �G�P�S �F�Y�B�N�Q�M�F �J�O �'�J�H�V�S�F �������� �X�J�U�I �2�%�����
 �U�I�F �N�P�E�V�M�B�U�J�P�O �J�T �W�F�S�Z
�T�N�B�M�M �B�O�E �U�I�F�S�F�G�P�S�F �O�P�U �P�C�T�F�S�W�F�E�� �"�E�E�J�U�J�P�O�B�M�M�Z �U�I�J�T �N�P�E�V�M�B�U�J�P�O �J�T �O�P�U �P�O�M�Z �P�C�T�F�S�W�F�E �J�O �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E
�R�V�B�O�U�V�N �E�P�U �D�P�N�C �M�B�T�F�S�T�
 �N�F�B�T�V�S�F�N�F�O�U�T �I�B�W�F �T�I�P�X�O �U�I�B�U �B�M�T�P �� �N�N �M�P�O�H �R�V�B�O�U�V�N �E�P�U �N�V�M�U�J���N�P�E�F �M�B�T�F�S�T
�T�I�P�X �U�I�J�T �N�P�E�V�M�B�U�J�P�O �J�O �U�I�F �B�V�U�P���D�P�S�S�F�M�B�U�J�P�O �U�S�B�D�F �B�M�U�I�P�V�H�I �U�I�F�T�F �M�B�T�F�S�T �E�P �O�P�U �F�W�F�O �Q�S�P�E�V�D�F �B�O �3�' �C�F�B�U �O�P�U�F��
�5�I�J�T �J�O�E�J�D�B�U�F�T �U�I�B�U �U�I�J�T �"�$ �N�P�E�V�M�B�U�J�P�O �J�T �B �R�V�B�O�U�V�N �E�P�U �J�O�U�S�J�O�T�J�D �Q�I�F�O�P�N�F�O�P�O���5�I�F �S�F�B�T�P�O �G�P�S �U�I�J�T �P�T�D�J�M�M�B�U�J�P�O
�J�T �T�U�J�M�M �V�O�L�P�X�O �B�O�E �S�F�R�V�J�S�F�T �G�V�S�U�I�F�S �J�O�W�F�T�U�J�H�B�U�J�P�O�T�� �'�S�P�N �M�J�U�F�S�B�U�V�S�F �P�O�F �D�B�O �T�V�H�H�F�T�U �U�I�B�U �U�I�F�T�F �R�V�B�O�U�V�N �E�P�U
�M�B�T�F�S�T �T�I�P�X �B �T�J�N�J�M�B�S �F�R�F�D�U �T�F�F�O �J�O �R�V�B�O�U�V�N �D�B�T�D�B�E�F �M�B�T�F�S�T �D�B�M�M�F�E �3�B�C�J �T�P�Q�Q�J�O�H �<�������> �B�O�E �U�I�B�U �U�I�J�T �P�T�D�J�M�M�B�U�J�P�O
�J�T �T�V�C�K�F�D�U �U�P �3�B�C�J �P�T�D�J�M�M�B�U�J�P�O�T �J�O �U�I�F �R�V�B�O�U�V�N �E�P�U�T��

�s���s���q �7�M�R�K�P�I���W�I�G�X�M�S�R �U�Y�E�R�X�Y�Q �H�S�X �P�E�W�I�V �7�;�-�*�8�7 �G�S�Q�F �T�V�S�S�J

�5�I�J�T �T�F�D�U�J�P�O �X�J�M�M �Q�S�P�W�F �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B�U�J�P�O �J�O �B �T�J�O�H�M�F �T�F�D�U�J�P�O �R�V�B�O�U�V�N �E�P�U �M�B�T�F�S�� �3�F�T�V�M�U�T
�X�J�M�M �C�F �E�J�T�D�V�T�T�F�E �J�O �U�I�F �G�S�B�N�F�X�P�S�L �P�G �F�Y�J�T�U�J�O�H �J�O�J�U�J�B�M �E�B�U�B �J�O �M�J�U�F�S�B�U�V�S�F �B�T �X�F�M�M �B�T �C�Z �U�I�F �S�F�T�V�M�U�T �Q�S�F�T�F�O�U�F�E �J�O
�U�I�F �Q�S�F�W�J�P�V�T �T�F�D�U�J�P�O�� �-�V �F�U �B�M�� �<�������> �P�S �-�J�V �F�U �B�M�� �<�������> �S�F�Q�P�S�U�F�E �G�T���Q�V�M�T�F�T �J�O �T�J�O�H�M�F �T�F�D�U�J�P�O �R�V�B�O�U�V�N �E�P�U �M�B�T�F�S�T
�B�M�U�I�P�V�H�I �U�I�J�T �P�T�D�J�M�M�B�U�J�P�O �X�B�T �W�J�T�J�C�M�F �J�O �U�I�F�J�S �N�F�B�T�V�S�F�N�F�O�U�T�� �'�P�S �2�% �9 �	���������� �N�N �U�P�U�B�M �M�F�O�H�U�I�
 �P�O�F �P�C�T�F�S�W�F�T �B
�O�B�S�S�P�X �C�F�B�U �O�P�U�F �B�U �B�S�P�V�O�E ���� �(�)�[ �B�U ������ �N�" �B�O�E �U�I�F �T�B�N�F �P�T�D�J�M�M�B�U�J�P�O��

���u



�6�I�W�Y�P�X�W�� �N�N �M�P�O�H �U�X�P���T�F�D�U�J�P�O �M�B�T�F�S �2�% �9 �	�V�O�E�P�Q�F�E�
 �J�T �T�U�V�E�J�F�E �X�I�F�S�F �U�I�F �B�C�T�P�S�C�F�S �T�F�D�U�J�P�O �B�O�E �U�I�F �H�B�J�O
�T�F�D�U�J�P�O �B�S�F �D�P�O�O�F�D�U�F�E �U�P �G�P�S�N �P�O�F �T�J�O�H�M�F �M�P�O�H �H�B�J�O �T�F�D�U�J�P�O�� �5�I�J�T �M�B�T�F�S �T�I�P�X�T �U�I�F �T�B�N�F �B�V�U�P���D�P�S�S�F�M�B�U�J�P�O �U�J�N�F
�U�S�B�D�F �B�T �E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F ���������	�B�
�� �5�I�F �C�F�B�U �O�P�U�F �J�T �E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F ���������	�C�
�� �'�P�S �B�D�R�V�J�S�J�O�H �U�I�F �C�F�B�U
�O�P�U�F �U�I�F �T�J�H�O�B�M �G�S�P�N �U�I�F �G�B�T�U �Q�I�P�U�P �E�J�P�E�F �J�T �N�J�Y�F�E �E�P�X�O �X�J�U�I �B �M�P�D�B�M �P�T�D�J�M�M�B�U�P�S �X�J�U�I �B �G�S�F�R�V�F�O�D�Z�P�G �������� �(�)�[
�B�O�E �U�I�F�O �B�N�Q�M�J�S�F�E �X�J�U�I �B �M�P�X �O�P�J�T�F �M�P�X �G�S�F�R�V�F�O�D�Z �B�N�Q�M�J�S�F�S �E�V�F �U�P �U�I�F �M�J�N�J�U�F�E �C�B�O�E�X�J�E�U�I �P�G �U�I�F �F�M�F�D�U�S�J�D�B�M
�T�Q�F�D�U�S�V�N �B�O�B�M�Z�[�F�S �P�G ���� �(�)�[�� �5�I�F �D�P�S�S�F�T�Q�P�O�E�J�O�H �Q�I�B�T�F �O�P�J�T�F �T�Q�F�D�U�S�V�N �J�T �E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F ���������	�D�
 �S�F�W�F�B�M�J�O�H
�B�O �3�' �C�F�B�U �O�P�U�F �M�J�O�F �X�J�E�U�I �P�G �B�S�P�V�O�E ������ �)�[ �X�I�B�U �J�T �O�B�S�S�P�X �F�O�P�V�H�I �U�P �E�P �4�8�*�'�5�4 �N�F�B�T�V�S�F�N�F�O�U�T �B�U �U�I�J�T

�*�M�K�Y�V�I �t���r�������E�
�����G�
�6�I�W�Y�P�X�W �S�J �X�L�I �L�S�Q�S�K�I�R�I�S�Y�W�P�] �F�M�E�W�I�H �ù �Q�Q �P�S�R�K �X�[�S���W�I�G�X�M�S�R �U�Y�E�R�X�Y�Q �H�S�X �P�E�W�I�V ���5�( �<�

�F�M�E�W�I�H �L�S�Q�S�K�I�R�I�S�Y�W�P�]�����E�
�-�R�X�I�R�W�M�X�] �E�R�H �7�;�-�*�8�7 �M�R�X�I�V�J�I�V�S�K�V�E�Q�W �Q�I�E�W�Y�V�I�H �[�M�X�L �E�R �*�8�-�6�����F�

�6�* �W�T�I�G�X�V�Y�Q�����G�
�4�L�E�W�I �R�S�M�W�I �W�T�I�G�X�V�Y�Q �V�I�Z�I�E�P�M�R�K �E �V�E�H�M�S���J�V�I�U�Y�I�R�G�] �F�I�E�X �R�S�X�I �P�M�R�I �[�M�H�X�L �S�J
�ƒ�u�w �,�^�����H�
�����K�
�7�;�-�*�8�7 �G�L�E�V�E�G�X�I�V�M�^�E�X�M�S�R �S�J �X�L�I �L�S�Q�S�K�I�R�I�S�Y�W�P�] �F�M�E�W�I�H �ù �Q�Q �P�S�R�K �U�Y�E�R�X�Y�Q
�H�S�X �P�E�W�I�V ���5�( �<�
�����H�
�-�R�X�I�R�W�M�X�] �W�T�I�G�X�V�Y�Q�����I�
�7�;�-�*�8�7 �W�T�I�G�X�V�Y�Q ���V�I�H�
 �[�M�X�L �Q�I�E�R �M�R�X�I�R�W�M�X�] �E�Q�T�P�M��
�X�Y�H�I�W �S�J �R�I�M�K�L�F�S�Y�V�M�R�K �Q�S�H�I�W ���F�P�Y�I�
�����J�
�6�I�G�S�R�W�X�V�Y�G�X�I�H �T�L�E�W�I�W�����K�
�'�S�L�I�V�I�R�G�I �J�S�V �X�L�I �S�T�X�M�G�E�P
�J�V�I�U�Y�I�R�G�] �G�S�Q�F �P�E�W�I�V �T�V�S�Z�M�R�K �J�Y�P�P �G�S�L�I�V�I�R�G�I �E�G�V�S�W�W �E�P�P �Q�S�H�I�W �E�W �H�I�x�R�I�H �M�R �X�L�I �P�E�W�X �T�E�V�E�K�V�E�T�L
�S�J �W�I�G�X�M�S�R �t���ù���r��

����



�P�Q�F�S�B�U�J�P�O �Q�P�J�O�U�� �5�I�F �D�P�S�S�F�T�Q�P�O�E�J�O�H �J�O�U�F�S�G�F�S�P�H�S�B�N�T �N�F�B�T�V�S�F�E �X�J�U�I �U�I�F �4�8�*�'�5�4 �U�F�D�I�O�J�R�V�F �B�S�F �E�F�Q�J�D�U�F�E �J�O
�'�J�H�V�S�F ���������	�B�
 �S�F�W�F�B�M�J�O�H �B �N�J�O�J�N�V�N �B�U �[�F�S�P���Q�B�U�I �E�F�M�B�Z �J�O �C�P�U�I �R�V�B�E�S�B�U�V�S�F�T�� �5�I�J�T �J�T �B �T�U�S�P�O�H �J�O�E�J�D�B�U�J�P�O �G�P�S
�G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B�U�J�P�O��

�-�P�P�L�J�O�H �B�U �U�I�F �B�V�U�P���D�P�S�S�F�M�B�U�J�P�O �U�S�B�D�F �U�I�J�T �M�B�T�F�S �T�I�P�X�T �U�I�F �T�B�N�F �C�F�I�B�W�J�P�V�S �S�F�Q�P�S�U�F�E �J�O �U�I�F �Q�S�F�W�J�P�V�T �T�F�D�U�J�P�O
�X�J�U�I �S�F�H�B�S�E �U�P �U�I�F �P�Q�U�J�D�B�M �T�Q�F�D�U�S�V�N �X�J�E�U�I �	�T�F�F �'�J�H�V�S�F ���������	�B�
�
�� �5�I�J�T �P�T�D�J�M�M�B�U�J�P�O �J�O �U�I�F �"�$ �U�S�B�D�F �J�T �P�G�U�F�O
�N�J�T�J�O�U�F�S�Q�S�F�U�F�E �J�O �U�I�F �M�J�U�F�S�B�U�V�S�F��

�5�I�F �G�V�M�M �4�8�*�'�5�4 �D�I�B�S�B�D�U�F�S�J�[�B�U�J�P�O �J�T �E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F ���������	�E�
���	�H�
 �G�P�S �B �H�B�J�O �J�O�K�F�D�U�J�P�O �D�V�S�S�F�O�U�P�G ������ �N�"��
�'�J�H�V�S�F ���������	�E�
 �T�I�P�X�T �U�I�F �J�O�U�F�O�T�J�U�Z �T�Q�F�D�U�S�V�N �X�I�J�D�I �J�T �S�F�D�P�O�T�U�S�V�D�U�F�E �G�S�P�N �U�I�F �J�O�U�F�O�T�J�U�Z �J�O�U�F�S�G�F�S�P�H�S�B�N�� ���� �N�P�E�F�T
�T�Q�B�D�F�E �X�J�U�I �B�Q�Q�S�P�Y�J�N�B�U�F�M�Z ���� �(�)�[ �B�S�F �P�C�U�B�J�O�F�E �X�J�U�I�J�O �U�I�F ������ �E�# �T�Q�F�D�U�S�B�M �X�J�E�U�I �B�O�E �U�I�F �D�P�N�C �J�T �T�Q�B�O�O�J�O�H
�T�D�B�S�D�F ���� �O�N�� �'�J�H�V�S�F ���������	�F�
 �T�I�P�X�T �U�I�F �S�F�D�P�O�T�U�S�V�D�U�F�E �4�8�*�'�5�4 �T�Q�F�D�U�S�V�N �X�J�U�I �U�I�F �B�W�F�S�B�H�F�E �B�N�Q�M�J�U�V�E�F�T �P�G
�U�X�P �O�F�J�H�I�C�P�V�S�J�O�H �N�P�E�F�T �G�S�P�N �U�I�F �J�O�U�F�O�T�J�U�Z �T�Q�F�D�U�S�V�N�� �4�J�O�D�F �U�I�F �Q�P�J�O�U�T �B�S�F �F�R�V�B�M �U�P �U�I�F�4�8�*�'�5�4 �B�N�Q�M�J�U�V�E�F�T�

�B�M�M �N�P�E�F�T �B�S�F �M�P�D�L�F�E �Q�S�P�W�J�O�H �P�Q�U�J�D�B�M �G�S�F�R�V�F�O�D�Z �D�P�N�C �P�Q�F�S�B�U�J�P�O�� �5�I�F �Q�I�B�T�F�T �B�S�F �E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F ���������	�G�

�T�Q�B�O�O�J�O�H �B�D�S�P�T�T ��� �Q�S�P�W�J�O�H �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B�U�J�P�O�� �'�J�H�V�S�F ���������	�H�
 �T�I�P�X�T �U�I�F �D�P�I�F�S�F�O�D�F �X�I�J�D�I
�J�T �F�Y�D�F�M�M�F�O�U �B�O�E �F�R�V�B�M�T �� �G�P�S �B�M�M �N�P�E�F�T �Q�S�P�W�J�O�H �U�I�B�U �B�M�M �N�P�E�F�T �B�S�F �Q�F�S�G�F�D�U�M�Z �D�P�I�F�S�F�O�U��

�'�S�R�G�P�Y�W�M�S�R�*�O �D�P�O�D�M�V�T�J�P�O�
 �B �� �N�N �T�I�P�S�U �U�X�P���T�F�D�U�J�P�O �R�V�B�O�U�V�N �E�P�U �M�B�T�F�S�
 �C�J�B�T�F�E �I�P�N�P�H�F�O�F�P�V�T�M�Z �U�P �G�P�S�N �B
�T�J�O�H�M�F �T�F�D�U�J�P�O �M�B�T�F�S �D�B�W�J�U�Z�
 �D�B�O �H�F�O�F�S�B�U�F �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C�T �X�J�U�I �G�V�M�M �D�P�I�F�S�F�O�D�F �B�D�S�P�T�T �B�M�M �P�Q�U�J�D�B�M
�N�P�E�F�T�� �1�V�M�T�F�E �P�V�U�Q�V�U �J�O �M�J�U�F�S�B�U�V�S�F �G�S�P�N �T�J�O�H�M�F �T�F�D�U�J�P�O �R�V�B�O�U�V�N �E�P�U �M�B�T�F�S�T �I�B�T �U�P �C�F �T�F�F�O �D�S�J�U�J�D�B�M �B�O�E �N�B�Z
�S�F�R�V�J�S�F �G�V�S�U�I�F�S �Q�S�P�W�F �P�S �D�P�O�T�U�J�U�V�U�F�T �B �T�Q�F�D�J�B�M �D�B�T�F��

�s���t �4�L�E�W�I �R�S�M�W�I�� �F�I�E�X �R�S�X�I �X�Y�R�M�R�K �
 �W�]�R�G�L�V�S�R�M�^�E�X�M�S�R �S�J �R�I�E�V �M�R�J�V�E�V�I�H �G�S�Q�F
�P�E�W�I�V�W�� �)�\�T�I�V�M�Q�I�R�X �
 �7�M�Q�Y�P�E�X�M�S�R

�s���t���ø �3�T�X�M�G�E�P �J�I�I�H�F�E�G�O�� �7�X�E�X�I���S�J���X�L�I���E�V�X

�%�M�Q�5�I�J�T �D�I�B�Q�U�F�S �H�J�W�F�T �U�I�F �T�U�B�U�F���P�G���U�I�F���B�S�U �J�O �P�Q�U�J�D�B�M �G�S�F�R�V�F�O�D�Z �D�P�N�C �M�B�T�F�S�T �T�V�C�K�F�D�U �U�P �P�Q�U�J�D�B�M �G�F�F�E�C�B�D�L��
�%�J�R�F�S�F�O�U �B�D�U�J�W�F �S�F�H�J�P�O�T �J�O�D�M�V�E�J�O�H �R�V�B�O�U�V�N �E�B�T�I�
 �R�V�B�O�U�V�N �X�F�M�M�
 �R�V�B�O�U�V�N �E�P�U �B�O�E �J�O�U�F�S�C�B�O�E �D�B�T�D�B�E�F �M�B�T�F�S�T
�B�S�F �Q�S�F�T�F�O�U�F�E�� �5�I�F �G�P�D�V�T �J�T �P�O �U�I�F �S�B�E�J�P �G�S�F�R�V�F�O�D�Z �M�J�O�F �X�J�E�U�I �S�F�E�V�D�U�J�P�O �B�O�E �U�I�F �S�B�E�J�P �G�S�F�R�V�F�O�D�Z�U�V�O�J�O�H �C�Z
�E�J�R�F�S�F�O�U �B�Q�Q�M�J�F�E �P�Q�U�J�D�B�M �G�F�F�E�C�B�D�L �T�U�S�F�O�H�U�IK �� �"�E�E�J�U�J�P�O�B�M�M�Z �U�I�F �U�J�N�J�O�H �K�J�U�U�F�S �S�F�Q�S�F�T�F�O�U�B�U�J�P�O �J�O �M�J�U�F�S�B�U�V�S�F �J�T
�Q�S�F�T�F�O�U�F�E �U�P �D�P�N�Q�B�S�F �J�U �M�B�U�F�S �U�P �U�I�F �S�F�T�V�M�U�T �B�D�I�J�F�W�F�E �J�O �U�I�J�T �U�I�F�T�J�T��

�7�X�E�X�Y�W �U�Y�S�5�I�F �G�P�M�M�P�X�J�O�H �U�B�C�M�F�T �S�F�W�J�F�X �U�I�F �T�U�B�U�F���P�G���U�I�F���B�S�U �Q�V�C�M�J�T�I�F�E �S�F�T�V�M�U�T �G�P�S�T�F�N�J�D�P�O�E�V�D�U�P�S �D�P�N�C �P�Q�U�J�D�B�M
�G�F�F�E�C�B�D�L �F�Y�Q�F�S�J�N�F�O�U�T�� �*�N�Q�P�S�U�B�O�U �Q�B�S�B�N�F�U�F�S �P�G �F�B�D�I �Q�V�C�M�J�D�B�U�J�P�O �J�O�D�M�V�E�J�O�H �S�P�V�O�E �U�S�J�Q �G�S�F�R�V�F�O�D�Z�
�D�F�O�U�F�S
�X�B�W�F�M�F�O�H�U�I�
 �G�F�F�E�C�B�D�L �M�F�O�H�U�I �B�O�E �T�U�S�F�O�H�U�I�
 �S�P�V�O�E �U�S�J�Q �G�S�F�R�V�F�O�D�Z �M�J�O�F �X�J�E�U�I�X�J�U�I �B�O�E �X�J�U�I�P�V�U �G�F�F�E�C�B�D�L�
 �U�V�O�J�O�H
�S�B�O�H�F �B�O�E �U�I�F �U�J�N�J�O�H �K�J�U�U�F�S �S�F�Q�S�F�T�F�O�U�B�U�J�P�O �B�S�F �Q�S�F�T�F�O�U�F�E�� �5�I�F�T�F �U�B�C�M�F�T �X�J�M�M �C�F �V�T�F�E �M�B�U�F�S �J�O �U�I�F �U�I�F�T�J�T �U�P �D�M�B�T�T�J�G�Z
�U�I�F �S�F�T�V�M�U�T �P�G �U�I�J�T �U�I�F�T�J�T �J�O�U�P �U�I�F �B�W�B�J�M�B�C�M�F �T�U�B�U�F���P�G���U�I�F���B�S�U �B�O�E �F�Y�Q�B�O�E �J�U��

���ƒ



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

�Z�F�B�S�'�.���"�. �B�D�U�J�W�F� �G�S�U �-�N�B�D �-�N�B�D���-�D�B�W �0�'�# �T�U�S�F�O�H�U�IK � �G�S�U � �G�S�U � yy
�Q�U�Q � yy

�M�U �U�J�N�J�O�H �K�J�U�U�F�S�Gyyy
�N�B�Y �G�U�V�O�F���G�N�B�Y

�D�P�N�C �S�F�H�J�P�O �	�T�P�M�J�U�B�S�Z�
�	�0�'�#�
 �	�T�P�M�J�U�B�S�Z�
�	�0�'�#�
 �S�F�Q�S�F�T�F�O�U�B�U�J�P�O�	�U�I�F�P���
 �	�F�Y�Q���

� �N �(�)�[ �N �L�)�[ �L�)�[ �G�T �G�T �.�)�[

�)�� �"�T�H�I�B�S �F�U �B�M�� �<�������‡�������>�������� �'�. �2�%�I �������� �������� ������ y ���� ������ ���10� 5 �� �������10� 3 ������ �� ���� ������ � �G�S�U�� � �S�N�T ������ ��
�)�� �"�T�H�I�B�S �F�U �B�M�� �<�������
 �������>�������� �'�. �2�%�I �������� �������� ������ y ���� ������ < �������10� 3 ������ �� ���� �� � �G�S�U�� � �S�N�T ������ ��

�:�� �.�B�P �F�U �B�M�� �<�������>�������� �'�. �2�%�I �������� �������� �� ������ 10� 4 �������� �������� �������� �������� � �G�S�U�� � �Q�U�Q ���� ��
�$�� �8�F�C�F�S �F�U �B�M�� �<�������>�������� �'�. �2�%�I �������� �������� ���� ���� ������ < ���10� 4 ���� ������ �������� ������ � �G�S�U�� � �Q�U�Q �� ��

�+�� �/�� �,�F�N�B�M �<�������> �������� �'�. �2�%�I �������� �������� ������ ���� �� ���� �� �������� ������ � �G�S�U ������ ��
�5�� �7�F�S�P�M�F�U �<�������>�������� �'�. �2�%�I �������� �������� �������� ������ �������10� 4 �� �������10� 1 ���� �������� ���� ������ � �G�S�U ������ ��

�;�� �(�� �-�V �F�U �B�M�� �<�������>�������� �'�. �2�% �������� �������� �� ������ ���10� 5 �� ���10� 4 ���� ������ ���� ������ � �G�S�U ���� ��
�;�����)�� �8�B�O�H �F�U �B�M�� �<�������>�������� �'�. �2�% �P�O �4�J�������� �������� �������� �������� �������10� 5 ��10� 1 ������ �� ������ ���� � �G�S�U�� � �Q�U�Q ���� ��

�5�� �'�F�O�H �F�U �B�M�� �<�������>�������� �"�. �*�$�- �������� �������� �� �� �� ������ ���� ������ ���� � �G�S�U �� ��
�,�� �.�F�S�H�I�F�N �F�U �B�M�� �<�������>�������� �"�. �2�%�I �������� �������� ��������y �� ������ �������10� 3 �������� ������ ������ �� � �G�S�U �� ��
�3�� �3�P�T�B�M�F�T �F�U �B�M�� �<�������>�������� �"�. �2�%�I �������� �������� ��������y �� ������ 10� 4 �� �������10� 3 ������ ������ ������ �� � �G�S�U�� � �S�N�T �� �� ��

�&�� �4�P�P�V�E�J �F�U �B�M�� �<�������>�������� �"�. �2�%�I �������� �������� ������ y ���� ������ �������10� 3 �������� ���� ������ �������� � �G�S�U �������� ��
�4�� �#�S�F�V�F�S �F�U �B�M�� �<�������>�������� �"�. �2�% �������� �������� ������ ������ �������10� 8���������10� 3 ������� ��������� ���� ������ � �S�N�T ���� ��
�(�� �'�J�P�M �F�U �B�M�� �<�������>�������� �"�. �2�% �������� �������� ��������y �� ������ �������10� 2 ���� �� � ���� ������ � �G�S�U�� � �S�N�T ���� ��������

�$�����:�� �-�J�O �F�U �B�M�� �<�������>�������� �"�. �2�% �������� �������� �� �� 10� 6 �� ���10� 3 �� �������� ������ ���� � �G�S�U�� � �S�N�T �� ��
�$�����:�� �-�J�O �F�U �B�M�� �<�������>�������� �"�. �2�% �������� �������� ���� y ������ ���10� 4 ���� ������ ������ ���� � �G�S�U�� � �Q�U�Q ������ ��

�-�� �%�S�[�F�X�J�F�U�[�L�J �F�U �B�M�� �<�������>�������� �"�. �2�% �������� �������� ���� ������ ���10� 4 �� �������10� 3 ������ ��������� ���� ���� � �G�S�U�� � �Q�U�Q ������ ��
�%�� �"�S�T�F�O�J�K�F�W�J�Å �F�U �B�M�� �<�������>�������� �"�. �2�% �������� �������� ���� y �� ������ 6:3� 6 ��2:5� 2 �� �� �� �� � �G�S�U�� � �Q�U�Q �������� ��������

�%�� �"�S�T�F�O�J�K�F�W�J�Å �F�U �B�M�� �<�������>�������� �"�. �2�% �������� �������� ���� y �� ������ 6:3� 6 ��2:5� 2 ������ ������ �������� ������ � �G�S�U�� � �Q�U�Q ������ ��
�3�� �3�B�H�I�V�O�B�U�I�B�O �F�U �B�M�� �<�������>�������� �"�. �2�% �������� �������� ���� ������ ���������10� 2 ������ ���� ������ ������ � �G�S�U ������ ��

�$�� �4�J�N�P�T �F�U �B�M�� �<�������>�������� �"�. �2�% �������� �������� ������ ������ 10� 3 ������ �� ������ ���� � �G�S�U ���� �� ��

�-�� �+�B�V�S�J�H�V�F �F�U �B�M�� �<�������>�������� �"�. �2�% �������� ���� �������� �� ������ �������10� 2 �������� ������ ������ ������ � �G�S�U�� � �S�N�T ������ ��
�0�� �4�P�M�H�B�B�S�E �F�U �B�M�� �<�������>�������� �"�. �2�8 �������� �������� ������ �� ������ < 1:4 � 10� 2 �������� ���� �������� ������ � �G�S�U ���� ��
�0�� �4�P�M�H�B�B�S�E �F�U �B�M�� �<�������>�������� �"�. �2�8 �������� �������� ������ ������ < ���10� 3 ���������� ������ ������ ���� � �G�S�U ������ ��������
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�7�S�P�M�X�E�V�] �I�Q�M�W�W�M�S�R �G�L�E�V�E�G�X�I�V�M�W�X�M�G�W �
 �I�\�T�I�V�M�Q�I�R�X�E�P �W�I�X���Y�T�5�I�F �J�O�W�F�T�U�J�H�B�U�F�E �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �P�Q�U�J�D�B�M
�G�S�F�R�V�F�O�D�Z �D�P�N�C �R�V�B�O�U�V�N �X�F�M�M �T�F�N�J�D�P�O�E�V�D�U�P�S �M�B�T�F�S �	�2�8���
 �J�T �P�Q�F�S�B�U�F�E �B�U ����� �$ �X�J�U�I �B �H�B�J�O �J�O�K�F�D�U�J�P�O �D�V�S�S�F�O�U �P�G
������ �N�" �B�O�E �B�O �B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F �P�G ������ �7 �G�P�S �U�I�F �P�Q�U�J�D�B�M�T�F�M�G���J�O�K�F�D�U�J�P�O �F�Y�Q�F�S�J�N�F�O�U�T�� �" �Q�P�X�F�S �D�V�S�W�F
�J�O �E�F�Q�F�O�E�F�O�D�F �P�O �U�I�F �H�B�J�O �J�O�K�F�D�U�J�P�O �D�V�S�S�F�O�U �J�T �E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F ���������	�B�
 �B�U �B�O�B�C�T�P�S�C�F�S �S�F�W�F�S�T�F �C�J�B�T �W�P�M�U�B�H�F �P�G
������ �7�� �5�I�S�F�T�I�P�M�E �D�V�S�S�F�O�U �B�N�P�V�O�U�T �U�P ������ �N�" �B�O�E �U�I�F �P�V�U�Q�V�U �Q�P�X�F�S �B�U �U�I�F �J�O�W�F�T�U�J�H�B�U�F�E �H�B�J�O �D�V�S�S�F�O�U �P�G ������ �N�"
�J�T �B�S�P�V�O�E ���� �N�8�� �" �G�S�F�F���S�V�O�O�J�O�H �B�V�U�P���D�P�S�S�F�M�B�U�J�P�O �U�S�B�D�F �X�J�U�I �B �(�B�V�T�T�J�B�O �S�U �	�S�F�E�
 �S�F�W�F�B�M�J�O�H ������ �Q�T �M�P�O�H �P�Q�U�J�D�B�M
�Q�V�M�T�F�T �J�T �E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F ���������	�C�
�� �" �G�V�M�M���T�Q�B�O �S�B�E�J�P���G�S�F�R�V�F�O�D�Z �T�Q�F�D�U�S�V�N �J�T �E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F ���������	�D�
 �X�J�U�I
�[�P�P�N �B�S�P�V�O�E �U�I�F �G�V�O�E�B�N�F�O�U�B�M �C�F�B�U �O�P�U�F �B�U ���������� �(�)�[ �J�O �'�J�H�V�S�F ���������	�E�
�� �" �-�P�S�F�O�U�[�J�B�O �S�U �H�J�W�F�T �B�O �3�' �M�J�O�F
�X�J�E�U�I �P�G ������ �L�)�[ �D�P�S�S�F�T�Q�P�O�E�J�O�H �U�P �B �Q�V�M�T�F���U�P���Q�V�M�T�F �U�J�N�J�O�H �K�J�U�U�F�S �P�G �U�X�P �D�P�O�T�F�D�V�U�J�W�F �Q�V�M�T�F�T �P�G� ptp = 83 �G�T�<�����>��
�5�I�F �G�S�F�F���S�V�O�O�J�O�H �P�Q�U�J�D�B�M �T�Q�F�D�U�S�V�N �B�U �������� �O�N �J�T �H�J�W�F�O �J�O �'�J�H�V�S�F ���������	�F�
 �X�J�U�I �B������ �E�# �T�Q�F�D�U�S�B�M �X�J�E�U�I �P�G ������ �O�N
�D�P�O�U�B�J�O�J�O�H ���� �P�Q�U�J�D�B�M �N�P�E�F�T��

�*�M�K�Y�V�I �t���s�ù���*�V�I�I���V�Y�R�R�M�R�K �I�Q�M�W�W�M�S�R �T�I�V�J�S�V�Q�E�R�G�I �S�J �X�L�I �M�R�Z�I�W�X�M�K�E�X�I�H �U�Y�E�R�X�Y�Q �[�I�P�P �E�Q�T�P�M�X�Y�H�I���Q�S�H�Y�P�E�X�I�H
�S�T�X�M�G�E�P �J�V�I�U�Y�I�R�G�] �G�S�Q�F �P�E�W�I�V�� ���E�
�%�Z�I�V�E�K�I �S�T�X�M�G�E�P �S�Y�X�T�Y�X �T�S�[�I�V �M�R �H�I�T�I�R�H�I�R�G�I �S�R �X�L�I �K�E�M�R
�M�R�N�I�G�X�M�S�R �G�Y�V�V�I�R�X �E�X �E�R �V�I�Z�I�V�W�I �F�M�E�W �Z�S�P�X�E�K�I �S�J �ù���r �:�����F�
�2�S�R�P�M�R�I�E�V �M�R�X�I�R�W�M�X�] �E�Y�X�S���G�S�V�V�I�P�E�X�M�S�R
�X�V�E�G�I �V�I�Z�I�E�P�M�R�K �E �H�I���G�S�R�Z�S�P�Y�X�I�H �T�Y�P�W�I �[�M�H�X�L �S�J�1�8 = 8 :2 �Q�T�� ���G�
�*�Y�P�P �W�T�E�R �V�E�H�M�S���J�V�I�U�Y�I�R�G�]
�W�T�I�G�X�V�Y�Q�����H�
�>�S�S�Q �E�V�S�Y�R�H �X�L�I �J�Y�R�H�E�Q�I�R�X�E�P �F�I�E�X �R�S�X�I �E�X �ù�s�����ù �+�,�^ �[�M�X�L �E �F�I�E�X �R�S�X�I �P�M�R�I �[�M�H�X�L
�S�J� f �S�U= 110 �L�)�[�� �6�I�H�� �0�S�V�I�R�^�X�M�E�R �x�X�����I�
�3�T�X�M�G�E�P �J�V�I�U�Y�I�R�G�] �G�S�Q�F �W�T�I�G�X�V�Y�Q �G�I�R�X�I�V�I�H �E�V�S�Y�R�H
�ù�w�ƒ�r �R�Q ���v�s�r���D�N� �� �
�� �+�V�E�T�L�W���F�
�����I�
�E�V�I �Q�I�E�W�Y�V�I�H �E�X �s�w�w �Q�% �K�E�M�R �M�R�N�I�G�X�M�S�R �G�Y�V�V�I�R�X �E�R�H �ù���r �:
�E�F�W�S�V�F�I�V �V�I�Z�I�V�W�I �F�M�E�W �Z�S�P�X�E�K�I��

�*�O�D�S�F�B�T�J�O�H �U�I�F �U�J�N�F���E�F�M�B�Z �P�G �U�I�F �Q�B�T�T�J�W�F �F�Y�U�F�S�O�B�M �D�B�W�J�U�Z �J�T �Q�F�S�G�P�S�N�F�E �C�Z �B�U�U�B�D�I�J�O�H �U�I�F �X�F�E�H�F�E �T�F�N�J���U�S�B�O�T�Q�B�S�F�O�U
�H�M�B�T�T �Q�M�B�U�F �P�O �B �N�P�U�P�S�J�[�F�E �I�J�H�I���Q�S�F�D�J�T�J�P�O �M�J�O�F�B�S �U�S�B�O�T�M�B�U�J�P�O �T�U�B�H�F�� �5�I�F �U�J�N�F���E�F�M�B�Z �D�B�O �C�F �W�B�S�J�F�E �G�S�P�N
� = 150 �Q�T= 2 :05T0 �U�P� = 284 �Q�T= 3 :866T0 �D�P�W�F�S�J�O�H �X�F�M�M �P�O�F �Q�F�S�J�P�E �P�G �M�B�T�F�S �E�Z�O�B�N�J�D�T�� �" �D�P�O�U�J�O�V�P�V�T
�W�B�S�J�B�C�M�F �O�F�V�U�S�B�M �E�F�O�T�J�U�Z �S�M�U�F�S �N�P�V�O�U�F�E �P�O �B �T�F�D�P�O�E �N�P�U�P�S�J�[�F�E �I�J�H�I���Q�S�F�D�J�T�J�P�O �M�J�O�F�B�S �U�S�B�O�T�M�B�U�J�P�O �T�U�B�H�F �J�T
�Q�P�T�J�U�J�P�O�F�E �C�F�U�X�F�F�O �U�I�F �M�B�T�F�S �D�P�M�M�J�N�B�U�J�P�O �M�F�O�T �B�O�E �U�I�F �H�M�B�T�T �Q�M�B�U�F �B�M�M�P�X�J�O�H �G�P�S �B�V�U�P�N�B�U�J�[�F�E �D�P�O�U�S�P�M �P�G �U�I�F
�G�F�F�E�C�B�D�L �G�S�B�D�U�J�P�O �G�S�P�N �������� �U�P �������� �E�J�S�F�D�U�F�E �U�P �U�I�F �M�B�T�F�S�� �'�P�M�M�P�X�J�O�H�U�I�F �H�M�B�T�T �Q�M�B�U�F�
 �B �U�X�P���T�U�B�H�F �P�Q�U�J�D�B�M �J�T�P�M�B�U�P�S
�	���� �E�# �J�T�P�M�B�U�J�P�O�
 �Q�S�F�W�F�O�U�T �V�O�X�B�O�U�F�E �C�B�D�L���S�F�T�F�D�U�J�P�O �G�S�P�N �U�I�F �S�C�F�S �D�P�V�Q�M�J�O�H���"�O �B�T�Q�I�F�S�J�D �M�F�O�T �J�T �V�T�F�E �U�P �D�P�V�Q�M�F
�U�I�F �M�J�H�I�U �J�O�U�P �B �T�J�O�H�M�F���N�P�E�F �P�Q�U�J�D�B�M �S�C�F�S�� �5�I�F �M�J�H�I�U �J�T �U�I�F�O �T�Q�M�J�U �B�O�E ������ �P�G �U�I�F �Q�P�X�F�S �J�T �E�J�S�F�D�U�F�E �U�P �B �O�P�O�M�J�O�F�B�S
�J�O�U�F�O�T�J�U�Z �B�V�U�P���D�P�S�S�F�M�B�U�P�S �B�O�E ���� �B�S�F �E�J�S�F�D�U�F�E �U�P �B�O �P�Q�U�J�D�B�M �T�Q�F�D�U�S�V�N �B�O�B�M�Z�[�F�S �	�T�Q�F�D�J�S�F�E �S�F�T�P�M�V�U�J�P�O ���� �Q�N�
 �B�O�E
�B�O�P�U�I�F�S ���� �B�S�F �E�J�S�F�D�U�F�E �U�P �B �I�J�H�I �T�Q�F�F�E �Q�I�P�U�P���E�J�P�E�F �	�C�B�O�E�X�J�E�U�I ���� �(�)�[�
 �D�P�O�O�F�D�U�F�E �U�P �B�O �S�B�E�J�P���G�S�F�R�V�F�O�D�Z
�B�N�Q�M�J�S�F�S �	�B�N�Q�M�J�S�D�B�U�J�P�O ���� �E�#�
 �D�P�O�O�F�D�U�F�E �U�P �B�O �F�M�F�D�U�S�J�D�B�M �T�Q�F�D�U�S�V�N �B�O�B�M�Z�[�F�S �	�C�B�O�E�X�J�E�U�I ���� �(�)�[�
���" �S�C�F�S
�C�B�T�F�E �Q�P�M�B�S�J�[�B�U�J�P�O �D�P�O�U�S�P�M�M�F�S �B�M�M�P�X�T �U�P �N�B�Y�J�N�J�[�F �U�I�F �B�O�B�M�Z�[�J�O�H �Q�P�X�F�S �J�O �U�I�F �U�I�F �J�O�U�F�O�T�J�U�Z �B�V�U�P���D�P�S�S�F�M�B�U�P�S�� �5�I�F
�F�Y�Q�F�S�J�N�F�O�U�B�M �T�F�U�V�Q �J�T �I�P�V�T�F�E �J�O�T�J�E�F �B �D�M�P�T�F�E �I�B�S�E �Q�M�B�T�U�J�D �C�P�Y �D�M�B�E�E�F�E �P�O �U�I�F�J�O�T�J�E�F �X�J�U�I �U�I�F�S�N�B�M �B�O�E �B�D�P�V�T�U�J�D
�J�T�P�M�B�U�J�P�O �N�B�U�F�S�J�B�M�� �5�I�F �D�P�N�Q�M�F�U�F �F�Y�Q�F�S�J�N�F�O�U �J�T �Q�P�T�J�U�J�P�O�F�E �P�O �B�O �Q�B�T�T�J�W�F�M�Z �W�J�C�S�B�U�J�P�O���E�B�N�Q�F�E �P�Q�U�J�D�B�M �U�B�C�M�F �G�P�S
�P�Q�U�J�N�V�N �W�J�C�S�B�U�J�P�O �D�B�O�D�F�M�M�B�U�J�P�O��
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�*�M�K�Y�V�I �t���s�r���(�I�Z�I�P�S�T�I�H �S�T�X�M�G�E�P �W�I�P�J���J�I�I�H�F�E�G�O �W�I�X���Y�T �J�S�V �E �r �Q�Q �E�Q�T�P�M�X�Y�H�I���Q�S�H�Y�P�E�X�I�H �U�Y�E�R�X�Y�Q�[�I�P�P �S�T�X�M�G�E�P
�J�V�I�U�Y�I�R�G�] �G�S�Q�F �P�E�W�I�V ���5�;�ø�
 ���E�
�0�M�K�L�X �Q�M�G�V�S�W�G�S�I �T�M�G�X�Y�V�I �S�J �X�L�I �Q�Y�P�X�M���W�I�G�X�M�S�R �U�Y�E�R�X�Y�Q �[�I�P�P
�E�Q�T�P�M�X�Y�H�I���Q�S�H�Y�P�E�X�I�H �J�V�I�U�Y�I�R�G�] �G�S�Q�F �P�E�W�I�V�����F�
�8�L�I �Y�P�X�V�E���W�L�S�V�X �S�T�X�M�G�E�P �W�I�P�J���J�I�I�H�F�E�G�O �G�E�Z�M�X�] �M�W
�G�S�Q�T�S�W�I�H �S�J �E �W�I�Q�M���X�V�E�R�W�T�E�V�I�R�X �[�I�H�K�I�H �K�P�E�W�W ���V�I�y�I�G�X�M�Z�M�X�] �E�V�S�Y�R�H �t �	�
 �Q�S�Y�R�X�I�H �S�R �E �Q�S�X�S�V�M�^�I�H
�L�M�K�L �T�V�I�G�M�W�M�S�R �P�M�R�I�E�V �X�V�E�R�W�P�E�X�M�S�R �W�X�E�K�I �J�S�V �H�I�P�E�] �G�S�R�X�V�S�P�� �8�L�I �S�T�X�M�G�E�P �W�I�P�J���M�R�N�I�G�X�M�S�R �W�X�V�I�R�K�X�LK
�G�E�R �F�I �G�S�R�X�V�S�P�P�I�H �F�] �E �Z�E�V�M�E�F�P�I �S�T�X�M�G�E�P �R�I�Y�X�V�E�P �H�I�R�W�M�X�] �x�P�X�I�V�� �8�L�I �P�E�W�I�V �P�M�K�L�X �M�W �E�R�E�P�]�W�I�H �F�] �E
�T�S�[�I�V�Q�I�X�I�V�� �E�R �M�R�X�I�R�W�M�X�] �E�Y�X�S���G�S�V�V�I�P�E�X�S�V�� �E�R �S�T�X�M�G�E�P �W�T�I�G�X�V�Y�Q �E�R�E�P�]�^�I�V �E�R�H �E �J�E�W�X �T�L�S�X�S���H�M�S�H�I
�[�M�X�L �E�R �I�P�I�G�X�V�M�G�E�P �W�T�I�G�X�V�Y�Q �E�R�E�P�]�^�I�V��

�,�E�V�Q�S�R�M�G �G�S�Q�F �K�I�R�I�V�E�X�M�S�R �E�X �*�E�V�I�] �J�V�E�G�X�M�S�R�W�'�S�F�R�V�F�O�D�Z �M�P�D�L�J�O�H �B�U �'�B�S�F�Z �G�S�B�D�U�J�P�O�T �J�O �B�O �B�N�Q�M�J�U�V�E�F��
�N�P�E�V�M�B�U�F�E �T�F�N�J�D�P�O�E�V�D�U�P�S �R�V�B�O�U�V�N �X�F�M�M �D�P�N�C �M�B�T�F�S �X�J�U�I �U�J�N�F���E�F�M�B�Z�F�E �P�Q�U�J�D�B�M �G�F�F�E�C�B�D�L �J�T �E�F�N�P�O�T�U�S�B�U�F�E�

�U�I�F�S�F�C�Z �Q�S�P�W�J�E�J�O�H �B �Q�B�U�I �U�P�X�B�S�E�T �P�O���E�F�N�B�O�E �I�B�S�N�P�O�J�D �D�P�N�C �H�F�O�F�S�B�U�J�P�O �G�P�S �T�V�C���5�)�[ �S�B�E�J�P���G�S�F�R�V�F�O�D�Z �T�J�H�O�B�M
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 �X�B�T �U�I�F�P�S�F�U�J�D�B�M�M�Z �T�U�V�E�J�F�E �J�O �<�������>�� �*�U �J�T �Q�S�F�E�J�D�U�F�E �U�I�B�U �M�P�D�L�J�O�H �U�P �I�J�H�I�F�S �P�S�E�F�S
�S�F�T�P�O�B�O�D�F�T�
 �J���F�� �I�B�S�N�P�O�J�D �D�P�N�C �H�F�O�F�S�B�U�J�P�O�
 �N�B�Z �C�F �Q�P�T�T�J�C�M�F �C�F�U�X�F�F�O �U�I�F �G�V�O�E�B�N�F�O�U�B�M �S�F�T�P�O�B�O�D�F�T �X�I�F�O �U�I�F
�G�S�F�R�V�F�O�D�Z �Q�V�M�M�J�O�H �S�B�O�H�F�T �P�G �U�I�F �G�V�O�E�B�N�F�O�U�B�M �Q�V�M�T�F �U�S�B�J�O�T �B�S�F �T�V�U�D�J�F�O�U�M�Z �T�N�B�M�M �B�O�E �U�I�F �S�F���J�O�K�F�D�U�J�P�O �T�U�S�F�O�H�U�I �J�T
�T�V�U�D�J�F�O�U�M�Z �M�B�S�H�F�� �5�I�F �M�B�D�L �P�G �F�Y�Q�F�S�J�N�F�O�U�B�M �E�F�N�P�O�T�U�S�B�U�J�P�O �P�G �U�I�J�T �F�R�F�D�U �D�B�O �C�F �F�Y�Q�M�B�J�O�F�E �C�Z �U�I�F �G�B�D�U �U�I�B�U �T�P
�G�B�S �F�Y�Q�F�S�J�N�F�O�U�B�M �T�U�V�E�J�F�T �I�B�W�F �G�P�D�V�T�F�E �P�O �U�I�F �S�F�H�J�N�F�T �P�G �J�O�U�F�S�N�F�E�J�B�U�F �U�P �M�P�O�H �G�F�F�E�C�B�D�L �E�F�M�B�Z���U�J�N�F�T �X�J�U�I �U�I�F
�B�J�N �P�G �Q�V�M�T�F �U�S�B�J�O �T�U�B�C�J�M�J�[�B�U�J�P�O �B�T �D�B�O �C�F �G�P�V�O�E �J�O �U�I�F �"�Q�Q�F�O�E�J�Y �J�O �U�B�C�M�F ������ �B�O�E �U�B�C�M�F ��������

�*�O �U�I�J�T �T�F�D�U�J�P�O�
 �U�I�F �P�Q�F�S�B�U�J�P�O �J�O �U�I�F �T�I�P�S�U �E�F�M�B�Z �S�F�H�J�N�F �B�O�E �F�Y�Q�F�S�J�N�F�O�U�B�M�M�Z �E�F�N�P�O�T�U�S�B�U�J�P�O �P�G �I�B�S�N�P�O�J�D �D�P�N�C
�H�F�O�F�S�B�U�J�P�O �B�U �'�B�S�F�Z �G�S�B�D�U�J�P�O�T �J�O �B �U�X�P���T�F�D�U�J�P�O �N�P�O�P�M�J�U�I�J�D �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �T�F�N�J�D�P�O�E�V�D�U�P�S �R�V�B�O�U�V�N �X�F�M�M
�D�P�N�C �T�F�F�E�F�E �C�Z �P�Q�U�J�D�B�M �G�F�F�E�C�B�D�L �J�T �T�I�P�X�O�� �0�O �E�F�N�B�O�E �I�B�S�N�P�O�J�D �D�P�N�C �H�F�O�F�S�B�U�J�P�O �V�Q �U�P �G�P�V�S�U�I �I�B�S�N�P�O�J�D �J�T
�E�F�N�P�O�T�U�S�B�U�F�E�
 �B�T �X�F�M�M �B�T �B �S�P�V�O�E �U�S�J�Q �G�S�F�R�V�F�O�D�Z �U�V�O�J�O�H �S�B�O�H�F �P�G ������ �.�)�[�B�S�P�V�O�E �U�I�F �G�V�O�E�B�N�F�O�U�B�M �S�P�V�O�E���U�S�J�Q
�G�S�F�R�V�F�O�D�Z��

�)�\�T�I�V�M�Q�I�R�X�E�P �*�E�V�I�] �M�H�I�E �
 �6�I�W�Y�P�X�W�"�T �T�D�I�F�N�B�U�J�D�B�M�M�Z �T�I�P�X�O �J�O �'�J�H�V�S�F ���������	�B�
�
 �U�I�F �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E
�T�F�N�J�D�P�O�E�V�D�U�P�S �D�P�N�C �J�T �H�F�O�F�S�B�U�F�E �C�Z �B �N�P�O�P�M�J�U�I�J�D �U�X�P �T�F�D�U�J�P�O �T�F�N�J�D�P�O�E�V�D�U�P�S �R�V�B�O�U�V�N �X�F�M�M �M�B�T�F�S �X�I�F�S�F �P�O�F
�M�P�O�H �T�F�D�U�J�P�O �Q�S�P�W�J�E�F�T �P�Q�U�J�D�B�M �H�B�J�O �B�O�E �P�O�F �T�I�P�S�U �T�F�D�U�J�P�O �Q�S�P�W�J�E�F�T �T�B�U�V�S�B�C�M�F �B�C�T�P�S�Q�U�J�P�O �C�Z �S�F�W�F�S�T�F �C�J�B�T�J�O�H �U�P
�B�U�U�B�J�O �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C �H�F�O�F�S�B�U�J�P�O �C�Z �Q�B�T�T�J�W�F �N�P�E�F���M�P�D�L�J�O�H��
�" �T�L�F�U�D�I �P�G �U�I�F �F�Y�Q�F�S�J�N�F�O�U�B�M �T�F�U�V�Q �J�T �T�D�I�F�N�B�U�J�D�B�M�M�Z �E�F�Q�J�D�U�F�E �J�O �'�J�H�� ���������	�B�
 �U�S�V�F �U�P �T�D�B�M�F�� �5�I�F�S�F�
 �U�I�F �O�V�N�C�F�S
�P�G �Q�V�M�T�F�T �X�J�U�I�J�O �U�I�F �J�O�U�F�S�O�B�M �M�B�T�F�S �D�B�W�J�U�Z �B�O�E �U�I�F �F�Y�U�F�S�O�B�M �M�B�T�F�S �D�B�W�J�U�Z �B�S�F �T�L�F�U�D�I�F�E �G�P�S �U�I�F �G�V�O�E�B�N�F�O�U�B�M �	�S�S�T�U
�S�P�X�
 �B�O�E �F�Y�Q�F�D�U�F�E �I�B�S�N�P�O�J�D �D�P�N�C �T�U�B�U�F�T �	�S�P�X�T �������
�� �)�B�S�N�P�O�J�D �D�P�N�C �H�F�O�F�S�B�U�J�P�O�
 �B�O�E �U�I�V�T �N�V�M�U�J�Q�M�J�D�B�U�J�P�O �P�G
f rt; 0�
 �J�T �F�Y�Q�F�D�U�F�E �U�P �P�D�D�V�S �X�I�F�O �B�O �J�O�U�F�H�F�S �N�V�M�U�J�Q�M�F �P�G �U�I�F �F�Y�U�F�S�O�B�M �P�Q�U�J�D�B�M �G�F�F�E�C�B�D�L �E�F�M�B�Z �U�J�N�F� �N�B�U�D�I�F�T �B�O
�J�O�U�F�H�F�S �N�V�M�U�J�Q�M�F �P�G �U�I�F �G�S�F�F���S�V�O�O�J�O�H �J�O�U�F�S�O�B�M �M�B�T�F�S �S�P�V�O�E �U�S�J�Q �U�J�N�FT0�
p� = qT0 �X�J�U�Ip; q 2 N�� �6�O�E�F�S �U�I�F�T�F
�D�P�O�E�J�U�J�P�O�T �U�I�F �Q�V�M�T�F�T �B�S�F �S�F���J�O�K�F�D�U�F�E �S�F�T�P�O�B�O�U �X�J�U�I �U�I�F �I�B�S�N�P�O�J�D �D�P�N�C �T�U�B�U�F�T�
 �U�I�F�S�F�C�Z �F�R�F�D�U�J�W�F�M�Z �S�F�E�V�D�J�O�H

�ƒ��



�*�M�K�Y�V�I �t���s�s���)�\�T�I�V�M�Q�I�R�X�E�P �H�I�Q�S�R�W�X�V�E�X�M�S�R �S�J �L�E�V�Q�S�R�M�G �G�S�Q�F �S�T�I�V�E�X�M�S�R �E�X �*�E�V�I�] �J�V�E�G�X�M�S�R�W�� ���E�
�7�G�L�I�Q�E�X�M�G
�W�I�X���Y�T �E�R�H �J�I�I�H�F�E�G�O �H�I�P�E�] �P�I�R�K�X�L�W �M�R �E �X�M�Q�I �H�S�Q�E�M�R �T�M�G�X�Y�V�I �X�S �K�I�R�I�V�E�X�I �L�E�V�Q�S�R�M�G �Q�S�H�I���P�S�G�O�M�R�K
�S�V�H�I�V�W ���,�1�0 �<�
�����F�
�4�E�V�X �S�J �X�L�I �*�E�V�I�] �X�V�I�I �G�S�R�X�E�M�R�M�R�K �X�L�I �S�F�W�I�V�Z�I�H �*�E�V�I�] �J�V�E�G�X�M�S�R�W �S�J �E�R �E�Q�T�P�M�X�Y�H�I��
�Q�S�H�Y�P�E�X�I�H �G�S�Q�F�����G�
�*�Y�P�P���W�T�E�R �V�E�H�M�S���J�V�I�U�Y�I�R�G�] �W�T�I�G�X�V�E �E�G�U�Y�M�V�I�H �F�] �H�M�V�I�G�X �H�I�X�I�G�X�M�S�R �Y�T �X�S �u�w �+�,�^��
���H�
�'�S�Q�F �W�T�I�G�X�V�E�� �G�I�R�X�I�V�I�H �E�V�S�Y�R�H �ù�w�ƒ�r �R�Q ���v�s�r���D�N� �� �
�� �Q�I�E�W�Y�V�I�H �F�] �E�R �S�T�X�M�G�E�P �W�T�I�G�X�V�Y�Q
�E�R�E�P�]�^�I�V�����I�
�2�S�R�P�M�R�I�E�V���M�R�X�I�R�W�M�X�] �E�Y�X�S���G�S�V�V�I�P�E�X�M�S�R �X�M�Q�I �X�V�E�G�I�W �E�R�H �+�E�Y�W�W�M�E�R �x�X�W�� �4�P�I�E�W�I �V�I�J�I�V
�X�S �Q�I�X�L�S�H�W �W�I�G�X�M�S�R �J�S�V �P�E�W�I�V �H�I�X�E�M�P�W �E�R�H �G�S�Q�F �P�E�W�I�V �I�Q�M�W�W�M�S�R �G�L�E�V�E�G�X�I�V�M�W�X�M�G�W �[�M�X�L�S�Y�X �S�T�X�M�G�E�P
�J�I�I�H�F�E�G�O��

�U�I�F �M�P�T�T�F�T �G�P�S �U�I�F�T�F �T�U�B�U�F�T�
 �X�I�J�D�I �D�B�O �M�F�B�E �U�P �B �Q�P�T�J�U�J�W�F �O�F�U �H�B�J�O �B�O�E �T�U�B�C�M�F �I�B�S�N�P�O�J�D �D�P�N�C�H�F�O�F�S�B�U�J�P�O�� �5�I�F
�F�Y�Q�F�S�J�N�F�O�U�B�M �T�F�U���V�Q �B�M�M�P�X�T �G�P�S2 � q/ p � 4 �B�O�Ep � 4 �X�J�U�I �G�F�F�E�C�B�D�L �E�F�M�B�Z �M�F�O�H�U�I�T �D�P�S�S�F�T�Q�P�O�E�J�O�H �U�P �B �D�P�V�Q�M�F
�P�G �M�B�T�F�S �M�F�O�H�U�I�T�� �5�I�F �G�S�B�D�U�J�P�O�Tq/ p�
 �D�P�S�S�F�T�Q�P�O�E�J�O�H �U�P �U�I�FT0��� �S�B�U�J�P�T �J�O �'�J�H�� ���������	�B�
�
 �D�B�O �C�F �P�S�E�F�S�F�E �J�O �B
�'�B�S�F�Z �U�S�F�F �<�������> �C�Z �B�Q�Q�M�Z�J�O�H �U�I�F �'�B�S�F�Z���T�V�N �P�Q�F�S�B�U�J�P�O�� �'�J�H�V�S�F ���������	�C�
 �E�J�T�Q�M�B�Z�T �B �Q�B�S�U �P�G �U�I�F �'�B�S�F�Z �U�S�F�F�� �5�I�F
�E�F�O�P�N�J�O�B�U�P�S �P�G �U�I�F �G�S�B�D�U�J�P�O�Tp �H�J�W�F�T �U�I�F �P�S�E�F�S �P�G �I�B�S�N�P�O�J�D �D�P�N�C �P�Q�F�S�B�U�J�P�O �B�O�E �U�I�F �'�B�S�F�Z �U�S�F�F �J�T �S�F�Q�S�F�T�F�O�U�F�E
�T�V�D�I �U�I�B�U �U�I�F �I�B�S�N�P�O�J�D �P�S�E�F�S �J�O�D�S�F�B�T�F�T �X�J�U�I �F�B�D�I �I�P�S�J�[�P�O�U�B�M �M�F�W�F�M��

�5�I�F �S�B�E�J�P���G�S�F�R�V�F�O�D�Z �T�Q�F�D�U�S�B�
 �H�F�O�F�S�B�U�F�E �C�Z �U�I�F �D�P�N�C�
 �B�S�F �E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F ���������	�D�
 �G�P�S �F�B�D�I �I�B�S�N�P�O�J�D
�D�P�N�C �T�U�B�U�F�� �5�I�F �G�V�O�E�B�N�F�O�U�B�M �G�S�F�R�V�F�O�D�Z �G�P�S �U�I�J�T �E�F�W�J�D�F �J�Tf rt; 0 = 13:61�(�)�[ �� �'�P�S �B �'�B�S�F�Z �G�S�B�D�U�J�P�O �P�G5/2�

f rt = 27:21�(�)�[ �D�P�S�S�F�T�Q�P�O�E�J�O�H �U�P �T�F�D�P�O�E �P�S�E�F�S �I�B�S�N�P�O�J�D �D�P�N�C �H�F�O�F�S�B�U�J�P�O �	�)�.�-���
 �B�O�E �G�P�S �B �'�B�S�F�Z �G�S�B�D�U�J�P�O
�P�G8/3�
 f rt = 40:82�(�)�[ �J�O�E�J�D�B�U�F�T �U�I�J�S�E �P�S�E�F�S �I�B�S�N�P�O�J�D �D�P�N�C �H�F�O�F�S�B�U�J�P�O �	�)�.�-���
�� �'�P�S �U�I�F �'�B�S�F�Z �G�S�B�D�U�J�P�O
11/4�
 �G�P�V�S�U�I �P�S�E�F�S �I�B�S�N�P�O�J�D �D�P�N�C �H�F�O�F�S�B�U�J�P�O �	�)�.�-���
 �D�B�O�O�P�U �C�F �E�J�S�F�D�U�M�Z �N�F�B�T�V�S�F�E �J�O �U�I�F �S�B�E�J�P���G�S�F�R�V�F�O�D�Z
�E�P�N�B�J�O �T�Q�F�D�U�S�V�N �E�V�F �U�P �B �M�J�N�J�U�F�E �E�F�U�F�D�U�J�P�O �C�B�O�E�X�J�E�U�I �P�G ���� �(�)�[�� �:�F�U�
 �U�I�F �G�P�M�M�P�X�J�O�H �T�Q�F�D�U�S�B�M �N�F�B�T�V�S�F�N�F�O�U�T
�J�O �'�J�H�V�S�F ���������	�E�
�
 �D�P�O�S�S�Nf rt = 54:42�(�)�[ �G�P�S �U�I�J�T �'�B�S�F�Z �G�S�B�D�U�J�P�O�� �'�P�S �)�.�-�� �U�P �)�.�-���
 �J�O�E�J�W�J�E�V�B�M �D�P�N�C �M�J�O�F�T
�D�B�O �C�F �S�F�T�P�M�W�F�E�� �5�I�F �D�P�N�C �T�Q�B�D�J�O�H �P�S �G�S�F�F���T�Q�F�D�U�S�B�M �S�B�O�H�F �G�P�S �F�B�D�I �I�B�S�N�P�O�J�D �D�P�N�C �P�S�E�F�S �G�P�M�M�P�X�T� � = m � � � 0

�X�J�U�I� � 0 = 52:25�Q�N= 0 :45�D�N� �� �B�O�Em �U�I�F �I�B�S�N�P�O�J�D �D�P�N�C �P�S�E�F�S�� �)�.�-�� �D�B�O �C�F �D�P�O�S�S�N�F�E �C�Z �B �D�P�N�C
�T�Q�B�D�J�O�H �P�G� � = 209 �Q�N�� �5�I�F �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �O�B�U�V�S�F �P�G �U�I�F �D�P�N�C �J�T �E�F�N�P�O�T�U�S�B�U�F�E �J�O �'�J�H�V�S�F ���������	�F�
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�S�F�W�F�B�M�J�O�H �U�I�F �U�J�N�F���E�P�N�B�J�O �O�P�O�M�J�O�F�B�S �J�O�U�F�O�T�J�U�Z �B�V�U�P���D�P�S�S�F�M�B�U�J�P�O �S�F�T�V�M�U�T�� �5�I�F �U�F�N�Q�P�S�B�M �Q�V�M�T�F �T�F�Q�B�S�B�U�J�P�O �P�G
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�B�C�T�P�S�C�F�S���U�P���H�B�J�O �S�B�U�J�P �B�O�E �G�B�D�F�U �S�F�T�F�D�U�J�W�J�U�J�F�T�� �"�$ �S�F�T�V�M�U�T �B�S�F �E�F�Q�J�D�U�F�E �J�O �'�J�H�V�S�F �������� �T�I�P�X�J�O�H �U�I�F �F�Y�Q�F�D�U�F�E
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�H�F�O�F�S�B�U�J�P�O �O�P�U �E�F�Q�F�O�E�J�O�H �P�O �U�I�F �H�B�J�O �N�B�U�F�S�J�B�M��

�*�O �U�I�F �O�F�Y�U �T�F�D�U�J�P�O �P�G �U�I�J�T �U�I�F�T�J�T�
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�*�M�K�Y�V�I �t���s�����)�\�T�I�V�M�Q�I�R�X�E�P �E�Y�X�S���G�S�V�V�I�P�E�X�M�S�R �V�I�W�Y�P�X�W �J�S�V �J�I�I�H�F�E�G�O �H�I�P�E�] �X�M�Q�I �X�Y�R�M�R�K ���P�S�[ �V�I�W�S�P�Y�X�M�S�R�
 �[�M�X�L �E
�x�\�I�H �J�I�I�H�F�E�G�O �W�X�V�I�R�K�X�L �S�JK = 4 �� �J�S�V �E �U�Y�E�R�X�Y�Q �H�S�X �P�E�W�I�V���8�L�I �P�S�[ �V�I�W�S�P�Y�X�M�S�R �W�[�I�I�T �S�J �X�L�I
�J�I�I�H�F�E�G�O �H�I�P�E�] �X�M�Q�I �T�V�S�Z�I�W �X�L�I �Y�R�M�Z�I�V�W�E�P�M�X�] �S�J �X�L�I �G�S�R�G�I�T�X �J�S�V �K�I�R�I�V�E�X�M�S�R �S�J �L�M�K�L�I�V �L�E�V�Q�S�R�M�G�W
�[�M�X�L �S�T�X�M�G�E�P �J�I�I�H�F�E�G�O�� �,�I�V�I�� �E �s �Q�Q �P�S�R�K �U�Y�E�R�X�Y�Q �H�S�X �P�E�W�I�V �[�M�X�L �ù�w�	 �E�F�W�S�V�F�I�V �P�I�R�K�X�L �E�R�H �F�S�X�L
�J�E�G�I�X�W �E�W���G�P�I�E�Z�I�H�� �M�W �Y�W�I�H�� �*�1�0�� �,�1�0�r �E�R�H �,�1�0�s �M�W �S�F�W�I�V�Z�I�H��

�s���t���s �)�P�I�G�X�V�M�G�E�P �M�R�N�I�G�X�M�S�R �P�S�G�O�M�R�K�� �5�Y�E�R�X�Y�Q �H�E�W�L �J�V�I�U�Y�I�R�G�]���Q�S�H�Y�P�E�X�I�H �G�S�Q�F

�%�M�Q�"�G�U�F�S �F�Y�Q�M�P�S�J�O�H �P�Q�U�J�D�B�M �G�F�F�E�C�B�D�L �P�O �U�I�F �E�J�R�F�S�F�O�U �T�F�N�J�D�P�O�E�V�D�U�P�S �D�P�N�C �M�B�T�F�S�T�
 �F�M�F�D�U�S�J�D�B�M �J�O�K�F�D�U�J�P�O �M�P�D�L�J�O�H
�X�J�M�M �C�F �E�F�T�D�S�J�C�F�E �J�O �U�I�J�T �T�F�D�U�J�P�O�� �5�I�F�S�F�G�P�S�F�
 �C�F�B�U �G�S�F�R�V�F�O�D�Z �U�V�O�J�O�H�
 �T�U�B�C�J�M�J�[�B�U�J�P�O �B�O�E �D�P�N�Q�M�F�U�F �Q�I�B�T�F �D�P�I�F�S�F�O�D�F
�P�G �B �� �N�N �M�P�O�H �R�V�B�O�U�V�N �E�B�T�I �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �D�F�O�U�F�S�F�E �B�U �������� �D�N� 1 �	�������� �O�N�
 �U�F�M�F�D�P�N �-���C�B�O�E�

�C�Z �B�M�M���F�M�F�D�U�S�J�D�B�M �J�O�K�F�D�U�J�P�O �M�P�D�L�J�O�H �J�T �E�F�N�P�O�T�U�S�B�U�F�E �F�Y�Q�F�S�J�N�F�O�U�B�M�M�Z �B�O�E�T�V�Q�Q�P�S�U�F�E �C�Z �B �D�P�V�Q�M�F�E �P�T�D�J�M�M�B�U�P�S �N�P�E�F�M
�F�Y�U�F�O�E�F�E �X�J�U�I �B �T�U�P�D�I�B�T�U�J�D �O�P�J�T�F �U�F�S�N�� �1�I�B�T�F �O�P�J�T�F �T�Q�F�D�U�S�B �B�O�E �B �O�P�J�T�F �S�F�E�V�D�U�J�P�O �C�Z �B �G�B�D�U�P�S �P�G ������ �B�S�F
�S�F�Q�S�P�E�V�D�F�E �C�Z �B �U�J�N�F���E�P�N�B�J�O �N�P�E�F�M�� �#�P�U�I �N�P�E�F�M�T �B�M�M�P�X �U�P �V�O�J�G�Z �J�O�K�F�D�U�J�P�O �M�P�D�L�J�O�H �S�B�O�H�F �B�O�E �J�O�K�F�D�U�J�P�O
�T�F�O�T�J�U�J�W�J�U�Z�� �*�U �J�T �J�N�Q�P�S�U�B�O�U �U�P �O�P�U�F �U�I�B�U �U�I�F �J�O�K�F�D�U�J�P�O �T�F�O�T�J�U�J�W�J�U�Z
 �J�O�K�N�B�J�O�M�Z �E�F�Q�F�O�E�T �P�O �U�I�F �F�M�F�D�U�S�J�D�B�M �D�P�O�U�B�D�U�J�O�H
�B�O�E �U�I�F �J�N�Q�F�E�B�O�D�F �N�B�U�D�I�J�O�H �P�G �U�I�F �D�V�S�S�F�O�U �J�O�K�F�D�U�J�P�O �P�G �U�I�F �E�F�W�J�D�F �B�O�E �J�T �J�O �D�P�O�U�S�B�T�U �U�P �U�I�F �P�Q�U�J�D�B�M �G�F�F�E�C�B�D�L
�T�F�O�T�J�U�J�W�J�U�Z
 �J�O �U�I�F �T�U�P�D�I�B�T�U�J�D �N�P�E�F�M �O�P�U �P�O�M�Z �B �N�B�U�F�S�J�B�M �Q�B�S�B�N�F�U�F�S �X�I�J�D�I �X�J�M�M �C�F �E�J�T�D�V�T�T�F�E �J�O �D�I�B�Q�U�F�S ������ �P�G
�U�I�J�T �U�I�F�T�J�T�� �4�J�N�V�M�B�U�J�P�O �T�V�Q�Q�P�S�U �X�J�U�I�J�O �U�I�F �D�P�P�Q�F�S�B�U�J�P�O �X�J�U�I �.�B�S�D�V�T �0�T�T�J�B�O�E�F�S �	�)�B�S�W�B�S�E �6�O�J�W�F�S�T�J�U�Z�
 �6�4�"�
 �J�T
�H�S�F�B�U�G�V�M�M�Z �B�D�L�O�P�X�M�F�E�H�F�E��

�)�P�I�G�X�V�M�G�E�P �M�R�N�I�G�X�M�S�R �P�S�G�O�M�R�K �W�I�X���Y�T �
 �7�;�-�*�8�7 �V�I�W�Y�P�X�W�5�I�F �F�Y�Q�F�S�J�N�F�O�U�B�M �T�F�U�V�Q �E�F�W�F�M�P�Q�F�E �G�P�S �B�M�M���F�M�F�D�U�S�J�D�B�M
�J�O�K�F�D�U�J�P�O �M�P�D�L�J�O�H �B�O�E �T�I�J�G�U�F�E �X�B�W�F �J�O�U�F�S�G�F�S�F�O�D�F �'�P�V�S�J�F�S �U�S�B�O�T�G�P�S�N �T�Q�F�D�U�S�P�T�D�P�Q�Z �<�������> �J�T �E�F�Q�J�D�U�F�E �T�D�I�F�N�B�U�J�D�B�M�M�Z
�J�O �'�J�H�� ���������� �5�I�F �M�B�T�F�S �J�O�K�F�D�U�J�P�O �D�V�S�S�F�O�U �J�T �T�V�Q�F�S���J�N�Q�P�T�F�E �X�J�U�I �U�I�F �N�J�D�S�P�X�B�W�F �T�P�V�S�D�F �V�T�F�E �G�P�S �F�M�F�D�U�S�J�D�B�M �J�O�K�F�D�U�J�P�O
�M�P�D�L�J�O�H �C�Z �B �C�S�P�B�E���C�B�O�E �C�J�B�T���U�F�F�� �5�I�F �D�P�N�C�J�O�F�E �P�V�U�Q�V�U �J�T �J�O�K�F�D�U�F�E �J�O�U�P �U�I�F �M�B�T�F�S �C�Z �B �T�J�H�O�B�M �Q�S�P�C�F �Q�M�B�D�F�E �P�O
�U�P�Q �P�G �U�I�F �M�B�T�F�S �S�J�E�H�F�� �" �I�J�H�I���Q�S�F�D�J�T�J�P�O �D�V�S�S�F�O�U �D�P�O�U�S�P�M�M�F�S �Q�S�P�W�J�E�F�T �U�I�F �D�P�O�T�U�B�O�U �D�V�S�S�F�O�U�� �5�I�F �M�B�T�F�S �D�P�P�M�J�O�H
�C�M�P�D�L �J�T �U�F�N�Q�F�S�B�U�V�S�F �T�U�B�C�J�M�J�[�F�E �B�U ����� �$�� �5�I�F �M�B�T�F�S �C�F�B�N �J�T �D�P�M�M�J�N�B�U�F�E �C�Z �B�O �B�T�Q�I�F�S�J�D �M�F�O�T�� �"�O �P�Q�U�J�D�B�M �J�T�P�M�B�U�P�S
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�*�M�K�Y�V�I �t���s�ƒ�� �7�G�L�I�Q�E�X�M�G �I�P�I�G�X�V�M�G�E�P �M�R�N�I�G�X�M�S�R �P�S�G�O�M�R�K �E�R�H �7�;�-�*�8�7 �W�I�X���Y�T��

�	�J�T�P�M�B�U�J�P�O �S�B�U�J�P ������ �E�#�
 �B�W�P�J�E�T �V�O�X�B�O�U�F�E �P�Q�U�J�D�B�M �C�B�D�L���S�F�T�F�D�U�J�P�O�T�� �" �C�F�B�N �T�Q�M�J�U�U�F�S�E�J�S�F�D�U�T �B �Q�B�S�U �P�G �U�I�F �M�B�T�F�S
�C�F�B�N �U�P�X�B�S�E�T �B �I�J�H�I���G�S�F�R�V�F�O�D�Z �Q�I�P�U�P���E�F�U�F�D�U�P�S �	�F�M�F�D�U�S�J�D�B�M �C�B�O�E�X�J�E�U�I ���� �(�)�[�
 �D�P�O�O�F�D�U�F�E �U�P �B�O �F�M�F�D�U�S�J�D�B�M
�T�Q�F�D�U�S�V�N �B�O�B�M�Z�[�F�S �	�F�M�F�D�U�S�J�D�B�M �C�B�O�E�X�J�E�U�I �������� �(�)�[�
 �G�P�S �Q�I�B�T�F �O�P�J�T�F �N�F�B�T�V�S�F�N�F�O�U�� �" �'�P�V�S�J�F�S �U�S�B�O�T�G�P�S�N �J�O�G�S�B�S�F�E
�T�Q�F�D�U�S�P�N�F�U�F�S �	�T�Q�F�D�U�S�B�M �S�F�T�P�M�V�U�J�P�O �P�G ���������� �D�N� 1) �X�P�S�L�T �B�T �U�I�F �G�S�F�R�V�F�O�D�Z �E�J�T�D�S�J�N�J�O�B�U�P�S �J�O �P�S�E�F�S �U�P �J�T�P�M�B�U�F
�J�O�E�J�W�J�E�V�B�M �J�O�U�F�S���N�P�E�F �C�F�B�U�J�O�H�T �B�O�E �N�F�B�T�V�S�F �U�I�F�J�S �Q�I�B�T�F�T�� �" �M�P�D�L���J�O �B�N�Q�M�J�S�F�S �S�F�D�P�S�E�T �U�I�F �J�O�U�F�S�G�F�S�P�H�S�B�N�T �P�G
�C�P�U�I �R�V�B�E�S�B�U�V�S�F�TX �B�O�EY �� �5�I�F �4�8�*�'�5�4 �T�Q�F�D�U�S�V�N �J�T �U�I�F�O �P�C�U�B�J�O�F�E �G�S�P�N �U�I�F �'�P�V�S�J�F�S �U�S�B�O�T�G�P�S�N �P�GX + iY ��
�'�J�O�B�M�M�Z�
 �U�I�F �E�J�R�F�S�F�O�D�F �Q�I�B�T�F�T �B�S�F �S�F�U�S�J�F�W�F�E �G�S�P�N �U�I�F �Q�I�B�T�F �P�G �U�I�F �D�P�N�Q�M�F�Y �4�8�*�'�5�4 �T�Q�F�D�U�S�V�N��

�5�I�F �U�P�Q �H�S�B�Q�I �P�G �'�J�H�� ���������	�B�
 �E�F�Q�J�D�U�T �U�I�F �J�O�U�F�O�T�J�U�Z �T�Q�F�D�U�S�V�N �N�F�B�T�V�S�F�E �B�U �B�O �J�O�K�F�D�U�J�P�O �D�V�S�S�F�O�U �P�G ������ �N�" �B�O�E
�B�U �B�O �J�O�K�F�D�U�J�P�O �Q�P�X�F�S �P�G �� �E�#�N�� �5�I�F �D�P�N�C �F�Y�U�F�O�E�T �G�S�P�N �������� �D�N� 1 �	�������� �O�N�
 �V�Q �U�P ��������� 1 �	�������� �O�N�

�X�J�U�I �B �N�P�E�F �T�Q�B�D�J�O�H �P�G �������������� �(�)�[�� �5�I�F �4�8�*�'�5�4 �T�Q�F�D�U�S�V�N �C�F�J�O�H �O�F�B�S�M�Z �J�E�F�O�U�J�D�B�M �D�P�O�S�S�N�T �U�I�B�U �B�M�M �N�P�E�F�T
�D�P�O�U�S�J�C�V�U�F �U�P �U�I�F �G�P�S�N�B�U�J�P�O �P�G �B �G�S�F�R�V�F�O�D�Z �D�P�N�C�� �#�M�V�F �E�P�U�T �S�F�Q�S�F�T�F�O�U �U�I�F�H�F�P�N�F�U�S�J�D �B�W�F�S�B�H�F �P�G �B�E�K�B�D�F�O�U �D�P�N�C
�M�J�O�F�T �B�O�E �U�I�V�T �U�I�F �F�Y�Q�F�D�U�F�E �T�Q�F�D�U�S�B�M �B�N�Q�M�J�U�V�E�F�T �P�G �U�I�F �4�8�*�'�5�4 �T�Q�F�D�U�S�B�M �M�J�O�F�T �G�P�S �G�V�M�M �J�O�U�F�S�N�P�E�B�M �D�P�I�F�S�F�O�D�F
�	�T�F�F �F�R�V�B�U�J�P�O�	���������
�P�G �U�I�F �N�B�J�O �U�F�Y�U�
�� �5�I�F �C�P�U�U�P�N �H�S�B�Q�I �E�F�Q�J�D�U�T �U�I�F �J�O�U�F�S���N�P�E�B�M �E�J�R�F�S�F�O�D�F �Q�I�B�T�F�T�� �5�I�F�T�F
�B�S�F �T�Q�M�B�Z�F�E �B�D�S�P�T�T �U�I�F �G�V�M�M �S�B�O�H�F �P�G2� �X�I�J�D�I �J�T �U�I�F �T�J�H�O�B�U�V�S�F �P�G �B �Q�I�B�T�F���M�P�D�L�F�E �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C
�X�J�U�I �R�V�B�T�J���D�P�O�U�J�O�V�P�V�T �X�B�W�F �P�V�U�Q�V�U �Q�P�X�F�S�� �'�J�H�� ���������	�C�
 �E�F�Q�J�D�U�T �U�I�F �N�F�B�T�V�S�F�E �J�O�U�F�O�T�J�U�Z�
 �9 �B�O�E �: �R�V�B�E�S�B�U�V�S�F
�J�O�U�F�S�G�F�S�P�H�S�B�N�T�� �'�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �P�Q�F�S�B�U�J�P�O �J�T �D�P�O�S�S�N�F�E �C�Z �C�P�U�I �R�V�B�E�S�B�U�V�S�F�T �F�Y�I�J�C�J�U�J�O�H �B �M�P�D�B�M
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�X�J�U�IAn �C�F�J�O�H �U�I�F �F�M�F�D�U�S�J�D �S�F�M�E �B�N�Q�M�J�U�V�E�F�T �P�G �U�I�F �D�P�N�C �N�P�E�F�T �X�J�U�I �D�P�S�S�F�T�Q�P�O�E�J�O�H �Q�I�B�T�F�T� n �B�O�E �B�O�H�M�F�E
�C�S�B�D�L�F�U�T �E�F�O�P�U�F �U�F�N�Q�P�S�B�M �B�W�F�S�B�H�J�O�H�� �*�GC = 1 �
 �B �N�P�E�F �Q�B�J�S �J�T �G�V�M�M�Z �D�P�I�F�S�F�O�U �B�O�E �U�I�F �4�8�*�'�5�4 �B�N�Q�M�J�U�V�E�F �J�T
�F�R�V�B�M �U�P �U�I�F �H�F�P�N�F�U�S�J�D �B�W�F�S�B�H�F �P�G �U�I�F �B�N�Q�M�J�U�V�E�F �P�G �U�I�F �U�X�P �N�P�E�F�TjAn jjAn� 1j �P�G �U�I�F �J�O�U�F�O�T�J�U�Z �T�Q�F�D�U�S�V�N�� �*�G �U�I�F
�4�8�*�'�5�4 �B�N�Q�M�J�U�V�E�F�T �E�F�D�S�F�B�T�F �E�V�F �U�P �U�F�N�Q�P�S�B�M �B�W�F�S�B�H�J�O�H�
 �$ �E�S�P�Q�T �C�F�M�P�X �� �X�J�U�IC = 0 �S�F�Q�S�F�T�F�O�U�J�O�H �D�P�N�Q�M�F�U�F
�J�O�D�P�I�F�S�F�O�D�F�� �3�F�T�V�M�U�T �T�I�P�X �U�I�B�U �B�M�M �N�P�E�F�T �J�O �F�M�F�D�U�S�J�D�B�M �J�O�K�F�D�U�J�P�O �M�P�D�L�J�O�H �B�S�F �G�V�M�M�Z �D�P�I�F�S�F�O�U�B�O�E �U�I�V�T�
 �Q�I�B�T�F
�M�P�D�L�F�E��

�&�M�F�D�U�S�J�D�B�M �J�O�K�F�D�U�J�P�O �M�P�D�L�J�O�H �J�T �B�D�I�J�F�W�F�E �C�Z �T�V�Q�F�S�J�N�Q�P�T�J�O�H �U�I�F �P�V�U�Q�V�U �P�G �B �N�J�D�S�P�X�B�W�F �T�P�V�S�D�F �P�O�U�P �U�I�F �M�B�T�F�S
�J�O�K�F�D�U�J�P�O �D�V�S�S�F�O�U �X�I�J�D�I �J�T �S�Y�F�E �B�U ������ �N�"�� �" �Q�B�S�U �P�G �U�I�F �M�B�T�F�S �M�J�H�I�U �J�T �S�C�F�S���D�P�V�Q�M�F�E �U�P �B �G�B�T�U �Q�I�P�U�P�E�F�U�F�D�U�P�S
�D�P�O�O�F�D�U�F�E �U�P �B�O �F�M�F�D�U�S�J�D�B�M �T�Q�F�D�U�S�V�N �B�O�B�M�Z�[�F�S�� �5�P �J�E�F�O�U�J�G�Z �U�I�F �N�J�D�S�P�X�B�W�F �Q�P�X�F�SPinj �S�F�R�V�J�S�F�E �G�P�S �T�V�D�D�F�T�T�G�V�M
�F�M�F�D�U�S�J�D�B�M �J�O�K�F�D�U�J�P�O �M�P�D�L�J�O�H�
 �U�I�F �J�O�K�F�D�U�J�P�O �G�S�F�R�V�F�O�D�Zf inj �J�T �S�S�T�U �S�Y�F�E �U�Pf 0

rt + 500 �L�)�[ �B�O�E �S�F�D�P�S�E �U�I�F �M�B�T�F�S �C�F�B�U
�O�P�U�F �X�I�F�O �J�O�D�S�F�B�T�J�O�HPinj �G�S�P�N ������ �E�#�N �U�P �� �E�#�N �J�O �J�O�D�S�F�N�F�O�U�T �P�G �������� �E�#�N�� �'�P�SPinj �S�B�O�H�J�O�H �G�S�P�N ������ �E�#�N

���t



�U�P �� �E�#�N�
f 0
rt �B�O�E �J�U�T �X�J�E�U�I� f 0

rt �P�G ���� �L�)�[ �S�F�N�B�J�O �V�O�B�R�F�D�U�F�E�
 �B�T �E�F�Q�J�D�U�F�E �J�O �'�J�H�� ���������	�B�
���
�� �8�I�F�O �J�O�D�S�F�B�T�J�O�H
Pinj �G�S�P�N �� �E�#�N �U�P ������ �E�#�N�
 �B �Q�V�M�M�J�O�H �F�R�F�D�U �P�Gf 0

rt �U�P�X�B�S�E�Tf inj �J�T �F�W�J�E�F�O�U�
 �'�J�H�� ���������	�B�
���
�� �'�P�SPinj �� ������ �E�#�N�

�U�I�F �M�B�T�F�S �S�F�N�B�J�O�T �J�O�K�F�D�U�J�P�O �M�P�D�L�F�E �B�O�E �U�I�F �C�F�B�U �O�P�U�F �M�J�O�F �X�J�E�U�I� f rt �E�S�B�T�U�J�D�B�M�M�Z �S�F�E�V�D�F�T �U�P �C�F�M�P�X �� �)�[�
 �U�I�F
�N�F�B�T�V�S�F�N�F�O�U �J�O�T�U�S�V�N�F�O�U�B�U�J�P�O �M�J�N�J�U �	�'�J�H�� ���������	�B�
���
�
��

�*�M�K�Y�V�I �t���t�w���)�\�T�I�V�M�Q�I�R�X�� �6�* �W�T�I�G�X�V�Y�Q �E�V�S�Y�R�Hf 0
rt �!�r�w���ù���r�u �+�,�^ �E�W ���E�
Pinj �M�W �Z�E�V�M�I�H��f inj �! f 0

rt + 500 �O�,�^�� ���F�

f inj �M�W �Z�E�V�M�I�H �E�V�S�Y�R�Hf 0

rt ��Pinj �! �� �H�&�Q�� �0�E�W�I�V �G�Y�V�V�I�R�X�� �ù�v�w �Q�%�� �X�I�Q�T�I�V�E�X�Y�V�I�� �r�w� �'��

�5�P �O�P�X �F�Y�Q�M�P�S�F �U�I�F �U�V�O�J�O�H �S�B�O�H�F �P�Gf rt �
f inj �J�T �T�X�F�Q�U �B�D�S�P�T�Tf 0
rt �B�O�E �L�F�F�QPinj �D�P�O�T�U�B�O�U �B�U8�E�#�N�� �'�J�H�V�S�F �������� �	�C�


�E�F�Q�J�D�U�T �U�I�F �F�Y�Q�F�S�J�N�F�O�U�B�M �S�F�T�V�M�U�T�� �0�V�U�T�J�E�F �U�I�F �M�P�D�L�J�O�H �S�F�H�J�P�O�
 �U�I�F �T�J�E�F���C�B�O�E �C�F�B�U�J�O�H �T�J�H�O�B�U�V�S�F�T �F�W�P�M�W�F �T�Z�N��
�N�F�U�S�J�D�B�M�M�Z�� �'�P�S �F�Y�B�N�Q�M�F �B�Uf inj = f 0

rt � 8 �.�)�[�
 �'�J�H�� ���������	�C�
���
 �P�Sf inj = f 0
rt � 3 �.�)�[�
 �'�J�H�� ���������	�C�
���
�
 �B

�T�J�E�F���C�B�O�E �C�F�B�U�J�O�H �T�J�H�O�B�U�V�S�F �B�O�E �J�U�T �I�J�H�I�F�S �I�B�S�N�P�O�J�D�T �C�F�D�P�N�F �F�W�J�E�F�O�U�
 �Z�F�U�
 �U�I�F �M�B�T�F�S �S�F�N�B�J�O�T �V�O�M�P�D�L�F�E�� �'�P�S
f 0

rt + 0 :9�.�)�[ > f inj > f 0
rt � 0:9 �.�)�[ �
� f 0

rt �O�B�S�S�P�X�T �E�S�B�T�U�J�D�B�M�M�Z �C�F�M�P�X �� �)�[�
 �J�O�E�J�D�B�U�J�O�H �U�I�F �F�M�F�D�U�S�J�D�B�M �J�O�K�F�D�U�J�P�O
�M�P�D�L�J�O�H �S�B�O�H�F �J�O �'�J�H�� ���������	�C�
���
��

�1�S�H�I�P�M�R�K �V�I�W�Y�P�X�W �E�R�H �H�M�W�G�Y�W�W�M�S�R�5�P �V�O�E�F�S�T�U�B�O�E �U�I�F �M�P�D�L�J�O�H�
 �U�V�O�J�O�H�
 �B�O�E �Q�I�B�T�F �O�P�J�T�F �S�F�E�V�D�U�J�P�O �D�I�B�S�B�D�U�F�S�J�T��
�U�J�D�T�
 �J�O �U�I�F �G�P�M�M�P�X�J�O�H�
 �U�I�F �G�P�S�N�B�M�J�T�N �P�G �J�O�K�F�D�U�J�P�O �M�P�D�L�F�E �D�P�V�Q�M�F�E �P�T�D�J�M�M�B�U�P�S�T �J�T �B�Q�Q�M�J�F�E �<�������>�� �*�U �I�B�T �C�F�F�O �V�T�F�E
�U�P �T�U�V�E�Z �F�M�F�D�U�S�J�D�B�M �J�O�K�F�D�U�J�P�O �M�P�D�L�J�O�H �P�G �B �R�V�B�O�U�V�N �D�B�T�D�B�E�F �M�B�T�F�S �D�P�N�C �<�������> �B�O�E �E�F�T�D�S�J�C�F�T �B �D�P�N�C�Œ�T �Q�I�B�T�F
�F�W�P�M�V�U�J�P�O �C�Z

d�
dt

= ! b � ! inj � ! m sin� �	���������


�X�J�U�I! b �U�I�F �S�P�V�O�E���U�S�J�Q �G�S�F�R�V�F�O�D�Z�
! inj �U�I�F �J�O�K�F�D�U�F�E �G�S�F�R�V�F�O�D�Z �B�O�E! m �I�B�M�G �U�I�F �M�P�D�L�J�O�H �S�B�O�H�F�� �*�O �U�I�F �T�J�N�V�M�B�U�J�P�O�T�

�B �M�P�D�L�J�O�H �S�B�O�H�F �P�G! m / � �� ������ �.�)�[ �J�T �D�P�O�T�J�E�F�S�F�E �G�S�P�N �'�J�H�� ���������	�C�
�� �5�P �J�O�D�M�V�E�F �U�I�F �U�J�N�J�O�H �O�P�J�T�F�
 �H�F�O�F�S�B�U�F�E �C�Z
�T�Q�P�O�U�B�O�F�P�V�T �F�N�J�T�T�J�P�O�
 �J�O�U�P �U�I�F �N�P�E�F�M�
 �U�I�F �G�P�S�N�B�M�J�T�N �J�T �F�Y�U�F�O�E�F�E �C�Z �B �S�B�O�E�P�N �X�B�M�L �O�P�J�T�F �U�F�S�N �B�E�E�F�E �U�P! b��
�&�M�F�D�U�S�J�D�B�M �J�O�K�F�D�U�J�P�O �M�P�D�L�J�O�H �J�T �E�F�T�D�S�J�C�F�E �C�Z �B�O �P�T�D�J�M�M�B�U�P�S �P�T�D�J�M�M�B�U�J�O�H �B�U �B �G�S�F�R�V�F�O�D�Z! inj �B�O�E �J�T �J�O�K�F�D�U�F�E �J�O�U�P �B
�T�F�D�P�O�E �G�S�F�F���S�V�O�O�J�O�H �P�T�D�J�M�M�B�U�P�S �X�J�U�I �S�P�V�O�E���U�S�J�Q �G�S�F�R�V�F�O�D�Z! b�� �/�V�N�F�S�J�D�B�M �T�P�M�V�U�J�P�O�T �P�G �F�R�V�B�U�J�P�O �������� �B�S�F �E�F�Q�J�D�U�F�E
�J�O �'�J�H�� ���������� �5�I�F �J�O�K�F�D�U�F�E �F�M�F�D�U�S�J�D�B�M �T�J�H�O�B�M �H�F�O�F�S�B�U�F�T �T�J�E�F �N�P�E�F�T �P�G �U�I�F �D�B�W�J�U�Z �N�P�E�F�T �B�U �U�I�F �N�P�E�V�M�B�U�J�P�O �G�S�F�R�V�F�O�D�Z��
�5�I�F�T�F �F�M�F�D�U�S�J�D�B�M�M�Z �H�F�O�F�S�B�U�F�E �T�J�E�F �N�P�E�F�T �B�D�U �B�T �B �N�B�T�U�F�S �P�T�D�J�M�M�B�U�P�S �G�P�S �U�I�F �O�F�J�H�I�C�P�S�J�O�H �D�B�W�J�U�Z �N�P�E�F�T�� �0�V�U�T�J�E�F
�U�I�F �M�P�D�L�J�O�H �S�B�O�H�F�
 �U�I�F �G�S�F�F���S�V�O�O�J�O�H �P�T�D�J�M�M�B�U�J�O�H �G�S�F�R�V�F�O�D�Z �P�G �U�I�F �D�B�W�J�U�Z �N�P�E�F�T�J�T �Q�V�M�M�F�E �U�P�X�B�S�E�T �U�I�F �J�O�K�F�D�U�F�E
�G�S�F�R�V�F�O�D�Z�
 �J�G �U�I�F �J�O�K�F�D�U�F�E �G�S�F�R�V�F�O�D�Z �J�T �D�M�P�T�F �F�O�P�V�H�I �U�P �U�I�F �G�S�F�F���S�V�O�O�J�O�H �G�S�F�R�V�F�O�D�Z�
 �'�J�H�� ���������	�B�
���
�� �-�B�U�F�S�B�M
�T�J�E�F���C�B�O�E�T �P�D�D�V�S �J�O �B �E�J�T�U�B�O�D�F �P�Gj! b � ! inj j�� �8�I�J�M�F! inj �B�Q�Q�S�P�B�D�I�F�T �U�I�F �M�P�D�L�J�O�H �S�B�O�H�F! m / � �
 �U�I�F �J�O�U�F�O�T�J�U�Z �B�U
! b �E�F�D�S�F�B�T�F�T�
 �'�J�H�����������	�B�
���
�� �5�I�F�T�F �M�P�D�L�J�O�H �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T �B�S�F �X�F�M�M �E�F�T�D�S�J�C�F�E �C�Z �"�E�M�F�S�Œ�T �N�P�E�F�M �<�������>��

���u



�#�B�T�F�E �P�O �U�I�F �P�W�F�S�B�M�M �R�V�B�M�J�U�B�U�J�W�F �B�O�E �R�V�B�O�U�J�U�B�U�J�W�F �B�H�S�F�F�N�F�O�U �C�F�U�X�F�F�O �T�J�N�V�M�B�U�J�P�O�T �J�O�'�J�H�� ���������	�B�
�
�	�C�
 �B�O�E
�F�Y�Q�F�S�J�N�F�O�U�B�M �S�F�T�V�M�U�T �J�O �'�J�H�� ���������	�B�
�
�	�C�
�
 �U�I�F �S�B�O�E�P�N �X�B�M�L �O�B�U�V�S�F �P�G�U�I�F �Q�I�B�T�F �O�P�J�T�F �P�G �U�I�F �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E
�D�P�N�C �J�O �U�I�F �D�B�T�F �P�G �F�M�F�D�U�S�J�D�B�M �J�O�K�F�D�U�J�P�O �M�P�D�L�J�O�H �X�J�M�M �C�F �Q�S�P�W�F�E�� �5�I�F�S�F�G�P�S�F�
 �U�I�F �J�N�Q�S�P�W�F�N�F�O�U �J�O �Q�I�B�T�F �O�P�J�T�F �J�T
�R�V�B�O�U�J�S�F�E �C�Z �F�M�F�D�U�S�J�D�B�M �J�O�K�F�D�U�J�P�O �M�P�D�L�J�O�H �B�UPinj �� �� �E�#�N �F�Y�Q�F�S�J�N�F�O�U�B�M�M�Z �B�O�E �O�V�N�F�S�J�D�B�M�M�Z�� �*�O �B �U�J�N�F���E�P�N�B�J�O
�Q�J�D�U�V�S�F�
 �U�I�F �'�. �D�P�N�C�Œ�T �U�J�N�J�O�H �E�F�W�J�B�U�J�P�O�T �B�S�F �S�F�Q�S�F�T�F�O�U�F�E �C�Z

T(n + 1) = T(n) + � ptp �( n) � 
 inj T(n); �	���������


�B �G�P�S�N�B�M�J�T�N �P�S�J�H�J�O�B�M�M�Z �E�F�W�F�M�P�Q�F�E �G�P�S �T�F�N�J�D�P�O�E�V�D�U�P�S �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C�T �D�B�M�M�F�E �Q�B�T�T�J�W�F �N�P�E�F���M�P�D�L�J�O�H
�J�O �U�I�F�T�F �Q�V�C�M�J�D�B�U�J�P�O�T �<�������
 �������>�� �*�O �F�R�V�B�U�J�P�O ���������
T(n) �E�F�O�P�U�F�T �U�I�F �U�J�N�J�O�H �E�F�W�J�B�U�J�P�O �P�G �U�I�Fn���U�I �M�B�T�F�S
�Q�V�M�T�F�� �5�I�F �U�J�N�J�O�H �K�J�U�U�F�S� ptp �J�T �F�W�B�M�V�B�U�F�E �G�S�P�N� f 0
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1 + 
 � W (� T)
�	���������


�X�I�F�S�F� ptp �J�T �U�I�F �G�S�F�F���S�V�O�O�J�O�H �Q�V�M�T�F���U�P���Q�V�M�T�F �U�J�N�J�O�H �K�J�U�U�F�S �X�I�J�D�I �J�T �B�D�D�F�T�T�F�E �C�Z� ptp = (� f �S�U/2 �f 3
�S�U)

0:5 �X�I�F�S�F
� f �S�U�J�T �U�I�F ���� �E�# �M�J�O�F �X�J�E�U�I �P�G �U�I�F �S�P�V�O�E���U�S�J�Q �G�S�F�R�V�F�O�D�Z �C�F�B�U �O�P�U�F �B�O�Ef �S�U�U�I�F �S�P�V�O�E���U�S�J�Q �G�S�F�R�V�F�O�D�Z �<�����>��
 �J�T �U�I�F
�P�Q�U�J�D�B�M �G�F�F�E�C�B�D�L �T�F�O�T�J�U�J�W�J�U�Z �E�J�S�F�D�U�M�Z �D�P�S�S�F�M�B�U�F�E �U�P �U�I�F �P�Q�U�J�D�B�M �G�F�F�E�C�B�D�L �T�U�S�F�O�H�U�I �, �J�O �U�I�F �F�Y�Q�F�S�J�N�F�O�U �B�O�End �J�T
�U�I�F �E�J�T�D�S�F�U�J�[�F�E �U�J�N�F �E�F�M�B�Z �P�G �U�I�F �P�Q�U�J�D�B�M �G�F�F�E�C�B�D�L �J�O �U�F�S�N�T �P�G �O�V�N�C�F�S �P�G �Q�V�M�T�F�T���( n) �J�T �B �(�B�V�T�T�J�B�O �E�J�T�U�S�J�C�V�U�F�E
�S�B�O�E�P�N �O�V�N�C�F�S �X�J�U�I �B �T�U�B�O�E�B�S�E �E�F�W�J�B�U�J�P�O �P�G ���� �5�I�F �U�F�S�NW (� T) = W

�
T(n) � T(n � nd)

�
�J�T �B �X�F�J�H�I�U�J�O�H

�Q�V�M�T�F �J�O�U�F�S�B�D�U�J�P�O �G�V�O�D�U�J�P�O �B�O�E �J�T1/(2 f �S�U�
 �G�P�S �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C�T �B�O�E �U�X�P �U�J�N�F�T �U�I�F �B�V�U�P���D�P�S�S�F�M�B�U�J�P�O
�G�V�M�M �X�J�E�U�I �B�U �I�B�M�G �N�B�Y�J�N�V�N �G�P�S �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C�T�� �5�I�F �C�B�T�J�D �J�E�F�B �P�G�U�I�F �T�U�B�U�J�T�U�J�D�B�M �F�R�F�D�U �S�F�T�Q�P�O�T�J�C�M�F
�G�P�S �U�J�N�J�O�H �Q�I�B�T�F �O�P�J�T�F �J�N�Q�S�P�W�F�N�F�O�U �P�S �U�J�N�J�O�H �K�J�U�U�F�S �S�F�E�V�D�U�J�P�O �G�P�M�M�P�X�T �U�I�F �J�O�F�R�V�B�M�J�U�Z �<�������
 �������>

� �
� i (N )

� 2
�

N
�

* �
� i (N ) + � i (N � Nd)

2

� 2
+

N

�

* �
� 1(N ) + � 2(N )

2

� 2
+

N

�	���������


�X�I�F�S�F� i (N ) �J�T �B �T�F�R�V�F�O�D�F �P�G �S�B�O�E�P�N �O�V�N�C�F�S�T �B�O�E

�

N �E�F�O�P�U�F�T �B�O �B�W�F�S�B�H�J�O�H �X�J�U�I �S�F�T�Q�F�D�U �U�P �U�I�F �J�O�E�F�YN ��
�5�I�F �J�O�F�R�V�B�M�J�U�Z �F�Y�Q�S�F�T�T�F�T �U�I�B�U �B �T�F�R�V�F�O�D�F �P�G �S�B�O�E�P�N �O�V�N�C�F�S�T �I�B�T �B �M�B�S�H�F�S �W�B�S�J�B�O�D�F �U�I�B�O �U�X�P�J�O�E�F�Q�F�O�E�F�O�U
�T�F�R�V�F�O�D�F�T �P�G �S�B�O�E�P�N �O�V�N�C�F�S�T�� �5�I�F �S�S�T�U �U�F�S�N �S�F�Q�S�F�T�F�O�U�T �B �G�S�F�F���S�V�O�O�J�O�H �P�Q�U�J�D�B�M �G�S�F�R�V�F�O�D�Z �D�P�N�C �M�B�T�F�S �X�J�U�I
�D�P�I�F�S�F�O�U�M�Z �M�P�D�L�F�E �N�P�E�F�T�
 �U�I�F �M�B�T�U �U�F�S�N �B �M�P�D�L�J�O�H �P�G �U�X�P �P�Q�U�J�D�B�M �G�S�F�R�V�F�O�D�Z �D�P�N�C �M�B�T�F�S�T�� �5�I�F �N�J�E�E�M�F �U�F�S�N
�S�F�Q�S�F�T�F�O�U�T �B�O �P�Q�U�J�D�B�M �G�S�F�R�V�F�O�D�Z �D�P�N�C �M�B�T�F�S �T�V�C�K�F�D�U �U�P �P�Q�U�J�D�B�M �G�F�F�E�C�B�D�L�� �5�I�F �S�S�T�U �U�X�P �U�F�S�N�T �B�S�F �F�R�V�B�M �X�I�F�O �U�I�F
�E�F�M�B�Z�F�E �Q�B�S�UNd �P�G �U�I�F �S�B�O�E�P�N �T�F�R�V�F�O�D�F� i (N ) �J�T �[�F�S�P�� �5�I�F �N�J�E�E�M�F �U�F�S�N �D�P�O�W�F�S�H�F�T �U�P�X�B�S�E�T �U�I�F �M�B�T�U �U�F�S�N
�X�I�F�ONd �B�Q�Q�S�P�B�D�I�F�T �J�O�S�O�J�U�Z�� �5�I�V�T�
 �G�P�S �J�O�D�S�F�B�T�J�O�HNd �B �M�P�X�F�S �W�B�S�J�B�O�D�F �P�G �U�I�F �S�B�O�E�P�N �T�F�R�V�F�O�D�F�T �B�O�E �U�I�F�S�F�G�P�S�F
�B�O �J�O�D�S�F�B�T�F�E �U�J�N�J�O�H �T�U�B�C�J�M�J�U�Z �J�T �F�Y�Q�F�D�U�F�E��

�5�I�F �U�F�S�NW (� T) = W
�
T(n) � T(n � nd)

�
�J�T �B �X�F�J�H�I�U�J�O�H �Q�V�M�T�F �J�O�U�F�S�B�D�U�J�P�O �G�V�O�D�U�J�P�O�� �5�I�F �B�T�Z�N�N�F�U�S�J�D �U�V�O�J�O�H

�P�Gf �S�U�J�O �U�I�F �F�Y�Q�F�S�J�N�F�O�U �D�B�O �C�F �S�F�Q�S�P�E�V�D�F�E �J�O �U�I�F �T�J�N�V�M�B�U�J�P�O �C�Z �B�O �B�T�Z�N�N�F�U�S�J�D �J�O�U�F�S�B�D�U�J�P�O �G�V�O�D�U�J�P�O�� �5�I�F
�B�T�Z�N�N�F�U�S�Z �Q�B�S�B�N�F�U�F�S �M�J�T�U�F�E �J�O �5�B�C�M�F ������ �E�F�O�P�U�F�T �U�I�F �Q�S�P�Q�P�S�U�J�P�O �P�G �U�I�F �M�F�G�U �I�B�M�G �X�J�E�U�I �I�B�M�G �N�B�Y�J�N�V�N �D�P�N�Q�B�S�F�E
�U�P �U�I�F �S�J�H�I�U �I�B�M�G �X�J�E�U�I �I�B�M�G �N�B�Y�J�N�V�N �P�G �U�I�F �O�P�S�N�B�M�J�[�F�E �(�B�V�T�T�J�B�O �J�O�U�F�S�B�D�U�J�P�O �G�V�O�D�U�J�P�O��
 �W�B�M�V�F�T �B�S�F �G�P�V�O�E �C�Z
�T�J�N�V�M�B�U�J�O�H �T�F�W�F�S�B�M �T�B�X�U�P�P�U�I�T �P�G �U�I�F �S�P�V�O�E���U�S�J�Q �G�S�F�R�V�F�O�D�Zf �S�U�X�J�U�I �S�F�T�Q�F�D�U �U�P �U�I�F �S�O�F���E�F�M�B�ZL mic �G�P�S �T�F�W�F�S�B�M
�W�B�M�V�F�T �P�G
 �U�P �T�F�F �U�I�F �U�S�B�O�T�J�U�J�P�O �G�S�P�N �B�O �J�O�D�P�N�Q�M�F�U�F �U�V�O�J�O�H �U�P �B �G�V�M�M �T�B�X�U�P�P�U�I �T�I�B�Q�F�E �U�V�O�J�O�H �P�G �U�I�F �S�P�V�O�E���U�S�J�Q
�G�S�F�R�V�F�O�D�Zf �S�U�� �*�O �B �O�F�Y�U �T�U�F�Q �U�I�F �F�Y�Q�F�S�J�N�F�O�U�B�M �T�B�X�U�P�P�U�I �T�I�B�Q�F�E �G�V�O�D�U�J�P�O�T �B�S�F �N�B�U�D�I�F�E �X�J�U�I �U�I�F �T�J�N�V�M�B�U�F�E
�P�O�F�T �U�P �N�B�U�D�I �, �B�O�E
 �� �5�I�F �Q�I�B�T�F �O�P�J�T�F �T�Q�F�D�U�S�B �B�O�E �U�I�V�T �U�J�N�J�O�H �K�J�U�U�F�S �	�T�F�F �T�F�D�U�J�P�O ���������� �P�G �U�I�J�T �"�Q�Q�F�O�E�J�Y�

�S�F�E�V�D�U�J�P�O �J�T �B�O �B�E�E�J�U�J�P�O�B�M �Q�B�S�B�N�F�U�F�S �U�P �Q�S�P�W�F �U�I�F �N�P�E�F�M �Q�B�S�B�N�F�U�F�S�T�� �*�O�U�I�F �T�J�N�V�M�B�U�J�P�O �U�I�F �Q�I�B�T�F �O�P�J�T�F �T�Q�F�D�U�S�B
�B�S�F �P�C�U�B�J�O�F�E �C�Z �'�P�V�S�J�F�S �U�S�B�O�T�G�P�S�N�B�U�J�P�O �P�G �U�I�F �U�J�N�J�O�H �E�F�W�J�B�U�J�P�O�T�
 �X�I�F�S�F�C�Z ������ �N�J�M�M�J�P�O �Q�V�M�T�F�T �B�S�F �D�B�M�D�V�M�B�U�F�E

�v�u



�B�O�E �U�I�F �T�Q�F�D�U�S�B �B�S�F �B�W�F�S�B�H�F�E �P�W�F�S ���� �T�J�N�V�M�B�U�J�P�O �S�V�O�T�� �$�P�N�Q�V�U�B�U�J�P�O �U�J�N�F �G�P�S ���� �T�Q�F�D�U�S�B �X�J�U�I���� �E�J�R�F�S�F�O�U
�S�O�F �E�F�M�B�Z�T �X�J�U�I�P�V�U �B�W�F�S�B�H�J�O�H �U�B�L�F�T ���� �N�J�O�V�U�F�T �P�O �B ������ �(�)�[ �%�V�B�M �$�P�S�F �$�1�6�� �'�P�S �J�O�J�U�J�B�M �T�J�N�V�M�B�U�J�P�O �S�V�O�T ��������
�N�J�M�M�J�P�O �Q�V�M�T�F�T �B�S�F �F�O�P�V�H�I �X�I�B�U �S�F�E�V�D�F�T �U�I�F �T�J�N�V�M�B�U�J�P�O �U�J�N�F �G�S�P�N ���� �N�J�O�V�U�F�T �U�P �� �N�J�O�V�U�F�T���3�F�E�V�D�J�O�H �U�I�F
�O�V�N�C�F�S �P�G �Q�V�M�T�F�T �P�O�M�Z �J�O�D�S�F�B�T�F�T �U�I�F �D�V�U���P�R �G�S�F�R�V�F�O�D�Z �J�O �U�I�F �Q�I�B�T�F �O�P�J�T�F �T�Q�F�D�U�S�B�� �$�P�N�Q�V�U�B�U�J�P�O �U�J�N�F �T�D�B�M�F�T
�M�J�O�F�B�S �X�J�U�I �O�V�N�C�F�S �P�G �$�1�6 �D�P�S�F�T �E�V�F �U�P �N�B�T�T�J�W�F �Q�B�S�B�M�M�F�M�J�[�B�U�J�P�O�� �)�J�H�I �Q�F�S�G�P�S�N�B�O�D�F �D�P�N�Q�V�U�F�S �D�M�V�T�U�F�S�T �B�S�F �O�P�U
�O�F�D�F�T�T�B�S�Z�� �'�P�S �J�O�J�U�J�B�M�J�[�B�U�J�P�O �P�G �U�I�F �T�J�N�V�M�B�U�J�P�O �N�P�T�U �P�G �U�I�F �Q�B�S�B�N�F�U�F�S�T �B�S�F �U�B�L�F�O �E�J�S�F�D�U�M�Z �G�S�P�N �U�I�F �F�Y�Q�F�S�J�N�F�O�U��
�S�P�V�O�E �U�S�J�Q �G�S�F�R�V�F�O�D�Z�
 �U�J�N�J�O�H �K�J�U�U�F�S�
 �P�Q�U�J�D�B�M �G�F�F�E�C�B�D�L �G�S�F�R�V�F�O�D�Z�
 �J�O�U�F�S�B�D�U�J�P�O �X�J�E�U�IW �� �5�I�F �G�F�F�E�C�B�D�L �T�U�S�F�O�H�U�I

�J�T �W�B�S�J�F�E �U�P �S�U �U�I�F �F�Y�Q�F�S�J�N�F�O�U�B�M �E�B�U�B�� �5�I�F �T�U�F�Q�T �P�G �U�J�N�J�O�H �P�R�T�F�U�T �B�S�F �D�I�P�T�F�O �U�P �T�F�F �B�U �M�F�B�T�U �P�O�F �G�V�M�M �M�B�T�F�S �S�P�V�O�E
�U�S�J�Q �U�J�N�F �J�O �U�I�F �E�F�T�J�S�F�E �S�F�T�P�M�V�U�J�P�O�� �G�P�S �U�I�F �T�U�B�S�U �B �M�P�X �S�F�T�P�M�V�U�J�P�O �J�T �D�I�P�T�F�O�
 �G�P�S �U�I�F �S�O�B�M �T�J�N�V�M�B�U�J�P�O �B �I�J�H�I
�S�F�T�P�M�V�U�J�P�O �J�T �D�I�P�T�F�O�� �"�E�E�J�U�J�P�O�B�M�M�Z �U�I�F �T�J�N�V�M�B�U�J�P�O �S�V�O�T �G�P�S �B�W�F�S�B�H�J�O�H �P�Q�F�S�B�U�J�P�O �B�S�F �D�I�P�T�F�O �G�P�S �U�I�F �T�U�B�S�U �M�P�X �B�O�E
�B�U �U�I�F �F�O�E �I�J�H�I �B�W�F�S�B�H�J�O�H �G�P�S �T�N�P�P�U�I�F�S �Q�I�B�T�F �O�P�J�T�F �T�Q�F�D�U�S�B �U�P �B�W�F�S�B�H�F �P�V�U �S�B�O�E�P�N �X�B�M�L�F�R�F�D�U�T �J�T �D�I�P�T�F�O �	����
�U�P ���� �J�T �F�O�P�V�H�I�
 �D�B�O �C�F �B�E�B�Q�U�F�E �U�P �F�Y�Q�F�S�J�N�F�O�U�
�� �5�I�F �O�V�N�C�F�S �P�G �Q�V�M�T�F�T �G�P�S �U�I�F �T�J�N�V�M�B�U�J�P�O�T �J�T �D�I�P�T�F�O �M�P�X �B�U �U�I�F
�C�F�H�J�O�O�J�O�H �	�������&���
 �B�O�E �I�J�H�I �B�U �U�I�F �F�O�E �	�������&���
 �P�O�M�Z �E�F�U�F�S�N�J�O�J�O�H �U�I�F �M�P�X�F�S �G�S�F�R�V�F�O�D�Z �C�P�B�S�E�F�S �P�G �U�I�F�Q�I�B�T�F
�O�P�J�T�F �T�Q�F�D�U�S�B�� �5�I�F �J�N�Q�M�F�N�F�O�U�B�U�J�P�O �J�T �S�F�B�M�J�[�F�E �U�I�F �G�P�M�M�P�X�J�O�H �X�B�Z�� �'�J�S�T�U �B �S�B�O�E�P�N �O�V�N�C�F�S �B�S�S�B�Z �	�T�F�F�E�
 �X�I�J�D�I
�I�B�T �B �(�B�V�T�T�J�B�O �B�N�Q�M�J�U�V�E�F �E�J�T�U�S�J�C�V�U�J�P�O �J�T �H�F�O�F�S�B�U�F�E�� �&�B�D�I �S�B�O�E�P�N �O�V�N�C�F�S �D�P�S�S�F�T�Q�P�O�E�T �U�P �P�O�F �T�J�O�H�M�F �Q�V�M�T�F
�U�J�N�J�O�H �E�F�W�J�B�U�J�P�O�� �'�P�S �U�I�F �G�S�F�F���S�V�O�O�J�O�H �D�B�T�F �P�G �Q�B�T�T�J�W�F �N�P�E�F �M�P�D�L�J�O�H �U�I�F �T�F�F�E �G�P�S �B�H�J�W�F�O �Q�V�M�T�F �J�T �P�C�U�B�J�O�F�E �C�Z
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�U�F�E�J�P�V�T �T�J�O�D�F �G�P�S �F�B�D�I �B�D�U�J�W�F �S�F�H�J�P�O �J�O�E�J�W�J�E�V�B�M �N�P�E�F�M�T �B�S�F �O�F�F�E�F�E �X�J�U�I �E�J�R�F�S�F�O�U �Q�B�S�B�N�F�U�F�S�T�� �" �D�P�N�Q�B�S�J�T�P�O
�C�F�U�X�F�F�O �T�F�W�F�S�B�M �E�J�R�F�S�F�O�U �B�D�U�J�W�F �S�F�H�J�P�O�T �J�T �O�P�U �Q�P�T�T�J�C�M�F �B�O�E �O�P�U �E�J�T�D�V�T�T�F�E �J�O �M�J�U�F�S�B�U�V�S�F �Z�F�U�� �'�P�S �T�J�O�H�M�F �N�P�E�F
�M�B�T�F�S�T �U�I�F �M�J�O�F�X�J�E�U�I �F�O�I�B�O�D�F�N�F�O�U �G�B�D�U�P�S �	�P�S �)�F�O�S�Z �G�B�D�U�P�S�
 �J�T �H�J�W�F�O �B�T �B �N�F�B�T�V�S�F �P�G �G�F�F�E�C�B�D�L �T�F�O�T�J�U�J�W�J�U�Z �B�O�E
�B�T �B �D�P�N�Q�B�S�J�T�P�O �Q�B�S�B�N�F�U�F�S �G�P�S �T�J�O�H�M�F �N�P�E�F �M�B�T�F�S�T�� �*�U �P�S�J�H�J�O�B�M�M�Z �E�F�T�D�S�J�C�F�T �U�I�F �D�P�V�Q�M�J�O�H �C�F�U�X�F�F�O �J�O�U�F�O�T�J�U�Z
�B�O�E �Q�I�B�T�F �O�P�J�T�F�
 �D�B�V�T�F�E �C�Z �B �E�F�Q�F�O�E�F�O�D�F �P�G �U�I�F �S�F�G�S�B�D�U�J�W�F �J�O�E�F�Y �P�O �U�I�F �D�B�S�S�J�F�S �E�F�O�T�J�U�Z �J�O �U�I�F �T�F�N�J�D�P�O�E�V�D�U�P�S
�N�B�U�F�S�J�B�M �<�������>�� �*�U �J�T �B �Q�S�P�Q�P�S�U�J�P�O�B�M�J�U�Z �G�B�D�U�P�S �S�F�M�B�U�J�O�H �Q�I�B�T�F �D�I�B�O�H�F�T �U�P �D�I�B�O�H�F�T �P�G �U�I�F �H�B�J�O�� �5�I�F �S�F�M�F�W�B�O�D�F �G�P�S
�D�P�V�Q�M�F�E �N�P�E�F�T �X�J�U�I �B �S�Y�F�E �Q�I�B�T�F �S�F�M�B�U�J�P�O�
 �O�B�N�F�M�Z �T�F�N�J�D�P�O�E�V�D�U�P�S �D�P�N�C �M�B�T�F�S�T�
 �J�T �O�P�U �Z�F�U �U�P�U�B�M�M�Z �D�M�F�B�S �$�*�5�&��

�)�\�T�I�V�M�Q�I�R�X�E�P �7�I�X���Y�T �E�R�H �1�S�H�I�P�M�R�K �*�V�E�Q�I�[�S�V�O�5�I�F �M�J�H�I�U �G�P�S �F�J�U�I�F�S �B�O �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C �P�S �B�O
�B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C �J�T �S�F�T�F�D�U�F�E �C�Z �B �C�S�P�B�E �C�B�O�E �N�J�S�S�P�S �B�O�E �H�V�J�E�F�E �C�B�D�L �U�P �U�I�F �M�B�T�F�S �D�B�W�J�U�Z�� �5�I�F �M�P�O�H
�F�Y�U�F�S�O�B�M �D�B�W�J�U�ZL �N�B�D�J�T �S�F�B�M�J�[�F�E �C�Z �B �T�J�O�H�M�F �N�P�E�F �S�C�F�S�� �5�I�F �G�B�D�U�P�SK �J�T �U�I�F�O �E�F�S�O�F�E �B�T �U�I�F �C�B�D�L���S�F�T�F�D�U�F�E
�Q�P�X�F�S �G�S�B�D�U�J�P�O �W�J�BK = R � T2

OD � T2
L �X�J�U�I �U�I�F �U�S�B�O�T�N�J�T�T�J�P�O �G�B�D�U�P�STL �P�G �U�I�F �M�F�O�T�
 �U�I�F �S�F�T�F�D�U�J�W�J�U�ZR �P�G �U�I�F �N�J�S�S�P�S

�B�O�E �U�I�F �U�S�B�O�T�N�J�T�T�J�P�O �P�G �W�B�S�J�B�C�M�F �O�F�V�U�S�B�M �E�F�O�T�J�U�Z �B�U�U�F�O�V�B�U�P�S �X�I�F�F�M �H�J�W�F�O �C�ZTOD �� �'�J�H�V�S�F ���������	�C�
 �T�I�P�X�T �U�I�F
�C�B�T�J�D�T �P�G �U�I�F �T�U�P�D�I�B�T�U�J�D �N�P�E�F�M �B�Q�Q�M�J�F�E �G�P�S �G�F�F�E�C�B�D�L �T�F�O�T�J�U�J�W�J�U�Z �F�T�U�J�N�B�U�J�P�O��T(n) �J�T �U�I�F �U�J�N�F �E�J�R�F�S�F�O�D�F �P�G �U�I�F
nth �Q�V�M�T�F �U�P �B�O �J�E�F�B�M �S�F�G�F�S�F�O�D�F �D�M�P�D�L�
 �J�O�T�U�B�O�U�B�O�F�P�V�T �S�B�O�E�P�N �Q�I�B�T�F �D�I�B�O�H�F�T �	�T�Q�P�O�U�B�O�F�P�V�T �F�N�J�T�T�J�P�O �O�P�J�T�F�
�� �J�T
�V�O�D�P�S�S�F�M�B�U�F�E �B�O�E �U�I�V�T �X�I�J�U�F �J�O �G�S�F�R�V�F�O�D�Z�� �"�G�U�F�S �F�B�D�I �S�P�V�O�E���U�S�J�Q �U�I�F �U�J�N�J�O�H �E�F�W�J�B�U�J�P�O �J�T �B�D�D�V�N�V�M�B�U�F�E �M�F�B�E�J�O�H
�U�P �B �S�B�O�E�P�N �X�B�M�L �P�S �J�G �S�F�H�B�S�E�F�E �D�P�O�U�J�O�V�P�V�T�M�Z �U�P �B �8�J�F�O�F�S �Q�S�P�D�F�T�T�� �J�O �B �U�J�N�F �E�P�N�B�J�O �B�Q�Q�S�P�B�D�I �B �E�J�T�D�S�F�U�J�[�F�E
�E�J�R�F�S�F�O�U�J�B�M �F�R�V�B�U�J�P�O �J�T �V�T�F�E��

T(n + 1) =
T(n) + � �Q�U�Q� �( n) + 
 � W (� T) � T(n � nd)

1 + 
 � W (� T)
�	���������


W (� T) �J�T �U�I�F�S�F�G�P�S �M�B�S�H�F �G�P�S �G�S�F�R�V�F�O�D�Z���N�P�E�V�M�B�U�F�E �D�P�N�C�T �E�V�F �U�P �U�I�F�J�S �R�V�B�T�J �D�P�O�U�J�O�V�P�V�T �X�B�W�F �P�Q�U�J�D�B�M �P�V�U�Q�V�U
�B�O�E �T�N�B�M�M �G�P�S �B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C�T��W (� T) �J�T �E�J�S�F�D�U�M�Z �D�P�V�Q�M�F�E �U�P �U�I�F �P�Q�U�J�D�B�M �Q�V�M�T�F �X�J�E�U�I �P�G �B�O
�B�N�Q�M�J�U�V�E�F���N�P�E�V�M�B�U�F�E �D�P�N�C�� �5�I�F �G�V�M�M �T�J�N�V�M�B�U�J�P�O �Q�B�S�B�N�F�U�F�S�T �V�T�F�E �J�O �F�R�V�B�U�J�P�O �������� �G�P�S �U�I�F �T�J�N�V�M�B�U�J�P�O �P�G �U�I�F
�M�P�O�H �P�Q�U�J�D�B�M �G�F�F�E�C�B�D�L �S�F�T�V�M�U�T �B�S�F �H�J�W�F�O �J�O �5�B�C�M�F �������� �"�M�M �Q�B�S�B�N�F�U�F�S�T �B�S�F �P�C�U�B�J�O�F�E �G�S�P�N�U�I�F �F�Y�Q�F�S�J�N�F�O�U�B�M �E�B�U�B
�J�O �G�S�F�F���S�V�O�O�J�O�H �P�Q�F�S�B�U�J�P�O��

�8�E�F�P�I �t������ �*�M�\�I�H �W�M�Q�Y�P�E�X�M�S�R �T�E�V�E�Q�I�X�I�V�W �J�S�V �X�L�I �S�T�X�M�G�E�P �J�V�I�U�Y�I�R�G�] �G�S�Q�F �P�E�W�I�V�W
�-�B�T�F�S f �S�U � �Q�U�Q f �F�Y�U W (� �5�
 �B�T�Z�N�N�F�U�S�Z

�'�. �$�P�N�C �*�$�- ���������� �(�)�[ ������ �G�T ���� �.�)�[ ���� �Q�T ����������
�'�. �$�P�N�C �2�%�I ������������ �(�)�[ ������ �G�T ������ �.�)�[ ���� �Q�T ��������
�"�. �$�P�N�C �2�% ���������� �(�)�[ ������ �G�T �� �.�)�[ �������� �Q�T ������
�"�. �$�P�N�C �2�8 ������������ �(�)�[ ���� �G�T ������ �.�)�[ ���� �Q�T ����������

�5�I�F �J�E�F�B �P�G �U�I�F �N�P�E�F�M �J�T �U�P �U�S�F�B�U �B �T�F�N�J�D�P�O�E�V�D�U�P�S �N�P�E�F���M�P�D�L�F�E �D�P�N�C �M�B�T�F�S �B�T �B�G�S�F�F���S�V�O�O�J�O�H �P�T�D�J�M�M�B�U�P�S �X�J�U�I �U�I�F
�P�O�M�Z �O�P�J�T�F �T�P�V�S�D�F �P�G �T�Q�P�O�U�B�O�F�P�V�T �F�N�J�T�T�J�P�O �E�J�S�F�D�U�M�Z �D�P�V�Q�M�J�O�H �U�P �U�I�F �M�B�T�J�O�H �N�P�E�F�T�� �5�I�J�T �O�P�J�T�F �J�T�V�O�D�P�S�S�F�M�B�U�F�E
�B�O�E �U�I�F�S�F�G�P�S�F �X�I�J�U �J�O �G�S�F�R�V�F�O�D�Z �M�F�B�E�J�O�H �U�P �B �S�B�O�E�P�N �X�B�M�L �Q�S�P�D�F�T�T�� �4�U�B�U�J�T�U�J�D�B�M �F�R�F�D�U�T �B�S�F �O�P�X �S�F�T�Q�P�O�T�J�C�M�F �G�P�S
�O�P�J�T�F �S�F�E�V�D�U�J�P�O�� �'�J�H�V�S�F ���������	�D�
 �T�I�P�X�T �F�Y�F�N�Q�M�B�S�Z �S�B�E�J�P���G�S�F�R�V�F�O�D�Z �T�Q�F�D�U�S�B �P�G �U�I�F �G�V�O�E�B�N�F�O�U�B�M �S�P�V�O�E �U�S�J�Q �C�F�B�U
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�O�P�U�F �X�J�U�I�P�V�U �G�F�F�E�C�B�D�L �	�C�P�U�U�P�N�
 �B�O�E �X�J�U�I �G�F�F�E�C�B�D�L �	�U�P�Q�
�� �0�Q�U�J�D�B�M �G�F�F�E�C�B�D�L �M�F�B�E�T �U�P �B �S�F�E�V�D�U�J�P�O �J�O �U�I�F �S�B�E�J�P
�G�S�F�R�V�F�O�D�Z �C�F�B�U �O�P�U�F �M�J�O�F �X�J�E�U�I �X�I�J�M�F �Q�S�P�E�V�D�J�O�H �T�J�E�F�C�B�O�E�T �J�O �U�I�F �E�J�T�U�B�O�D�F�P�G �U�I�F �F�Y�U�F�S�O�B�M �D�B�W�J�U�Z �M�F�O�H�U�I �G�F�Y�U��
�5�I�P�T�F �O�P�J�T�F �S�F�T�P�O�B�O�D�F�T �B�S�F �J�O�E�V�D�F�E �C�Z �U�I�F �O�P�J�T�F �N�F�N�P�S�Z �P�G �U�I�F �P�Q�U�J�D�B�M �Q�V�M�T�F �S�F���F�O�U�F�S�J�O�H �U�I�F �P�Q�U�J�D�B�M �D�B�W�J�U�Z
�B�G�U�F�S �B �D�F�S�U�B�J�O �S�P�V�O�E �U�S�J�Q �U�J�N�F�� �'�J�H�V�S�F ���������	�E�
 �T�I�P�X�T �U�I�F �Q�S�F�E�J�D�U�F�E �U�V�O�J�O�H �S�B�O�H�F �E�F�Q�F�O�E�F�O�D�F �F�Y�Q�F�D�U�F�E �G�S�P�N
�P�Q�U�J�D�B�M �G�F�F�E�C�B�D�L �F�Y�Q�F�S�J�N�F�O�U�T��

�*�M�K�Y�V�I �t���u�s���3�T�X�M�G�E�P �J�I�I�H�F�E�G�O �W�I�X���Y�T �E�R�H �Q�S�H�I�P �F�E�W�M�G�W�� ���E�
�7�G�L�I�Q�E�X�M�G �S�T�X�M�G�E�P �J�I�I�H�F�E�G�O �I�\�T�I�V�M�Q�I�R�X �J�S�V
�X�L�I �*�1 �G�S�Q�F ���X�S�T�
 �E�R�H �%�1 �G�S�Q�F ���F�S�X�X�S�Q�
�� �3�(�� �3�T�X�M�G�E�P �H�I�R�W�M�X�] �x�P�X�I�V�� �/�� �3�T�X�M�G�E�P �J�I�I�H�F�E�G�O
�W�X�V�I�R�K�X�L�� �8�L�I �J�I�I�H�F�E�G�O �P�I�R�K�X�L �M�W �G�S�Q�T�S�W�I�H �S�J �E �Q�E�G�V�S�W�G�S�T�M�G �P�I�R�K�X�L �0mac �E�R�H �E �x�R�I �E�H�N�Y�W�X�E�F�P�I
�Q�M�G�V�S�W�G�S�T�M�G �P�I�R�K�X�L �0mic �� ���F�
�4�Y�P�W�I �M�R�X�I�V�E�G�X�M�S�R �Q�I�G�L�E�R�M�W�Q �M�R�H�M�G�E�X�M�R�K �X�L�I �H�M�J�J�I�V�I�R�G�I �S�J �X�L�I �S�T�X�M�G�E�P
�T�Y�P�W�I �X�S �E�R �M�H�I�E�P �V�I�J�I�V�I�R�G�I �G�P�S�G�O �G�E�Y�W�I�H �F�] �X�L�I �V�E�R�H�S�Q �[�E�P�O �S�J �X�L�I �S�T�X�M�G�E�P �T�Y�P�W�I�W�� �8���R�
 �H�I�R�S�X�I�W
�X�L�I �H�M�J�J�I�V�I�R�G�I �S�J �X�L�I �R�X�L �T�Y�P�W�I �J�V�S�Q �E�R �M�H�I�E�P �V�I�J�I�V�I�R�G�I �G�P�S�G�O�� �8�L�I �M�R�X�I�V�E�G�X�M�S�R �[�M�H�X�L �J�Y�R�G�X�M�S�R
W (� T) �M�W �ù �M�J �J�I�I�H�F�E�G�O �T�Y�P�W�I �E�R�H �M�R�X�I�V�R�E�P �P�E�W�I�V �T�Y�P�W�I �L�E�Z�I �E �J�Y�P�P �S�Z�I�V�P�E�T �E�R�H �K�S�I�W �X�S �^�I�V�S
�J�S�V �R�S �S�Z�I�V�P�E�T�� �8�L�I �X�M�Q�M�R�K �H�I�X�Y�R�M�R�K� �8 �G�E�R �F�I �G�S�R�X�V�S�P�P�I�H �M�R �X�L�I �I�\�T�I�V�M�Q�I�R�X �F�]L �Q�M�G�� �*�S�V �*�1
�G�S�Q�F�W �X�L�I �M�R�X�I�V�E�G�X�M�S�R �J�Y�R�G�X�M�S�R �M�W �M�R�X�Y�M�X�M�Z�I�P�] �G�L�S�W�I�R �F�V�S�E�H �H�Y�I �X�S �X�L�I �U�Y�E�W�M �G�S�R�X�M�R�Y�S�Y�W���[�E�Z�I
�S�Y�X�T�Y�X �S�J �*�1 �G�S�Q�F�W�����G�
�6�E�H�M�S���J�V�I�U�Y�I�R�G�] �W�T�I�G�X�V�E �[�M�X�L�S�Y�X �S�T�X�M�G�E�P �J�I�I�H�F�E�G�O ���X�S�T�
 �E�R�H �[�M�X�L
�S�T�X�M�G�E�P �J�I�I�H�F�E�G�O ���F�S�X�X�S�Q�
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�*�I�I�H�F�E�G�O �W�X�V�I�R�K�X�LK = 1 :6 � 10� 4 �E�R�H

 = 7 � 10� 4�� ���F�
�*�I�I�H�F�E�G�O �W�X�V�I�R�K�X�LK = 3 :96� 10� 4 �E�R�H
 = 1 :1 � 10� 3�� ���G�
�*�I�I�H�F�E�G�O �W�X�V�I�R�K�X�L
K = 1 :12� 10� 3 �E�R�H
 = 1 :7 � 10� 3�� ���H�
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 = 6 � 10� 3��
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�*�O �U�I�J�T �U�I�F�T�J�T�
 �S�S�T�U�
 �U�I�F �F�Y�J�T�U�F�O�D�F �P�G �U�X�P �T�U�B�U�F�T �P�G �T�Z�O�D�I�S�P�O�J�[�B�U�J�P�O �J�O �� �N�N �B�O�E �� �N�N �M�P�O�H �U�X�P���T�F�D�U�J�P�O
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