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Abstract

This thesis presents a comprehensive numerical investigation of wall interference effects in transonic wind

tunnel testing of swept-wing configurations, by the example of the Cryogenic Ludwieg Tube Göttingen

(KRG) at the German Aerospace Center (DLR). By employing Reynolds-Averaged Navier–Stokes (RANS)

simulations using the DLR TAU code and the Spalart–Allmaras turbulence model, the study quantifies how

test section walls affect the spanwise flow homogeneity around a swept wing at high Reynolds numbers. A

detailed analysis was conducted to isolate the influence of key flow parameters, like angle of attack, sweep

angle, chord length, and Mach number, on wall-induced distortions.

The simulations reveal that vertical tunnel walls introduce significant spanwise pressure gradients,

especially at higher sweep angles and larger chord lengths, i.e., aspect ratios. These effects are mitigated

through a mesh deformation approach based on Radial Basis Functions, which enables the adaptive

reshaping of tunnel walls to align with streamlines from an idealized, unbounded flowfield. The implemen-

tation of these deformed geometries resulted in substantial improvements in spanwise flow uniformity,

reducing the root mean square errors in the pressure coefficient distribution by nearly 50% in critical test

section regions. Not only is it possible to reduce spanwise gradients in the flowfield, but also to reduce the

difference to infinitely swept conditions almost over the entire width of the test section.

Beyond identifying optimal strategies to reduce the influence of the walls on the flowfield, the thesis

validates its numerical findings against existing experimental and numerical data. The proposed methodol-

ogy offers a valuable toolset for pre-test planning and supports the development of more representative

aerodynamic experiments, especially in the context of laminar-to-turbulent transition studies. These contri-

butions provide a scientifically robust foundation for minimizing wall interference in transonic testing and

support the advancement of research on laminar-to-turbulent transition.
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�R�I �W�K�H �D�G�D�S�W�L�Y�H �Z�D�O�O �W�H�V�W �V�H�F�W�L�R�Q �R�I �W�K�H �.�5�*�� �D�G�M�X�V�W�D�E�O�H �E�\ �V�W�H�S�S�H�U �P�R�W�R�U�V ���5�R�V�H�P�D�Q�Q ����������������

�������� �6�N�H�W�F�K �R�I �W�K�H �H�I�I�H�F�W�V �Z�L�W�K�L�Q �W�K�H �W�H�V�W �V�H�F�W�L�R�Q �W�K�D�W �D�U�H �D�G�G�U�H�V�V�H�G �E�\ �E�R�X�Q�G�D�U�\ �F�R�U�U�H�F�W�L�R�Q
�S�U�R�F�H�G�X�U�H�V�� �7�K�H �G�H�F�U�H�D�V�H �L�Q �H�I�I�H�F�W�L�Y�H �F�U�R�V�V���V�H�F�W�L�R�Q�D�O �D�U�H�D �I�U�R�PA1 �W�RA2 �G�X�H �W�R �D �W�K�L�F�N�H�Q�L�Q�J
�R�I �W�K�H �E�R�X�Q�G�D�U�\ �O�D�\�H�U �D�W �W�K�H �W�X�Q�Q�H�O �Z�D�O�O�V �L�V �L�Q�G�L�F�D�W�H�G �L�Q �E�O�X�H�� �7�K�H �E�O�R�F�N�D�J�H �H�I�I�H�F�W�V �D�U�H �V�K�R�Z�Q
�L�Q �R�U�D�Q�J�H�� �Z�K�H�U�H �W�K�H �F�K�D�Q�J�H �L�Q �H�I�I�H�F�W�L�Y�H �F�U�R�V�V���V�H�F�W�L�R�Q �G�X�H �W�R �W�K�H �S�U�H�V�H�Q�F�H �R�I �W�K�H �P�R�G�H�O
�D�Q�G �W�K�H �Z�D�N�H �L�V �L�Q�G�L�F�D�W�H�G�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�������� �&�U�R�V�V���V�H�F�W�L�R�Q�D�O �Y�L�H�Z �R�I �W�K�H �.�5�* �L�Q �W�K�H �;���=���S�O�D�Q�H�� �Z�L�W�K �D�Q �X�Q�V�Z�H�S�W �D�L�U�I�R�L�O �D�Q�G �G�H�I�R�U�P�H�G
�X�S�S�H�U �D�Q�G �O�R�Z�H�U �Z�D�O�O�V�� �7�K�H �Z�D�O�O�V �D�U�H �G�H�I�R�U�P�H�G �W�R �P�D�W�F�K �W�K�H �V�W�U�H�D�P�O�L�Q�H �V�K�D�S�H �R�I �W�K�H
�X�Q�E�R�X�Q�G�H�G �F�D�V�H �D�W �W�K�H �V�D�P�H �=���O�R�F�D�W�L�R�Q�� �6�L�[ �H�[�H�P�S�O�D�U�\ �V�W�U�H�D�P�O�L�Q�H�V �D�U�H �V�K�R�Z�Q�� �� �� �� �� �� �� ������

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

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

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

������ �/�9���) �S�U�R�I�L�O�H �F�R�Q�W�R�X�U �Q�R�U�P�D�O�L�]�H�G �E�\ �W�K�H �F�K�R�U�G �O�H�Q�J�W�K�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �6�F�K�H�P�D�W�L�F �L�O�O�X�V�W�U�D�W�L�R�Q �R�I �W�K�H �&�U�\�R�J�H�Q�L�F �/�X�G�Z�L�H�J �7�X�E�H �*�|�W�W�L�Q�J�H�Q ���.�R�F�K �H�W �D�O�� ������������ �� �� �� �� ������
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������ �7�H�V�W �V�H�F�W�L�R�Q �R�I �W�K�H �&�U�\�R�J�H�Q�L�F �/�X�G�Z�L�H�J �7�X�E�H �*�|�W�W�L�Q�J�H�Q4�� �9�L�H�Z �L�Q �I�O�R�Z �G�L�U�H�F�W�L�R�Q �Z�L�W�K �D�Q
�X�Q�V�Z�H�S�W �Z�L�Q�J �L�Q�V�W�D�O�O�H�G �E�H�W�Z�H�H�Q �W�K�H �Y�H�U�W�L�F�D�O �Z�D�O�O�V�� �,�Q �W�K�H �E�D�F�N�J�U�R�X�Q�G�� �W�K�H �Z�D�N�H �U�D�N�H �D�Q�G
�W�K�H �F�R�Q�W�U�R�O �Y�D�O�Y�H �D�U�H �Y�L�V�L�E�O�H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �7�6�3 �P�H�D�V�X�U�H�P�H�Q�W�V �R�I �H�[�S�H�U�L�P�H�Q�W �1�R������ �Z�L�W�K �I�O�R�Z �I�U�R�P �W�K�H �O�H�I�W ���.�R�F�K �H�W �D�O�� ������������ �7�K�H �I�O�R�Z
�W�U�D�Q�V�L�W�L�R�Q�V �I�U�R�P �O�D�P�L�Q�D�U �W�R �W�X�U�E�X�O�H�Q�W �D�W �U�R�X�J�K�O�\ ������ �R�I �W�K�H �F�K�R�U�G �O�H�Q�J�W�K ���W�U�D�Q�V�L�W�L�R�Q �W�R �G�D�U�N�H�U
�F�R�O�R�U���� �)�R�U �V�R�P�H �V�S�D�Q�Z�L�V�H �O�R�F�D�W�L�R�Q�V�� �W�X�U�E�X�O�H�Q�W �Z�H�G�J�H�V �I�R�U�P �D�W �W�K�H �O�H�D�G�L�Q�J �H�G�J�H �D�Q�G �W�U�D�Y�H�O
�G�R�Z�Q�V�W�U�H�D�P ���G�D�U�N �Z�H�G�J�H�V �L�Q �W�K�H �P�L�G�G�O�H �R�I �W�K�H �Z�L�Q�J���� �7�K�H �S�U�H�V�V�X�U�H �W�D�S�V �D�U�H �O�R�F�D�W�H�G �L�Q �W�K�H
�P�L�G�G�O�H �R�I �W�K�H �V�S�D�Q�� �Z�K�H�U�H �D �W�X�U�E�X�O�H�Q�W �Z�H�G�J�H �L�V �I�R�U�P�H�G�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

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

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

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

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

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

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

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

�������� �=�R�R�P���,�Q �R�I �)�L�J�X�U�H �������� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�������� �3�U�H�V�V�X�U�H �F�R�H�I�I�L�F�L�H�Q�W �G�L�V�W�U�L�E�X�W�L�R�Q�V �S�O�R�W�W�H�G �D�O�R�Q�J �W�K�H �Q�R�U�P�D�O�L�]�H�G �F�K�R�U�G �O�H�Q�J�W�K �I�R�U �W�K�H �W�Z�R��
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�W�K�H �I�O�R�Z�I�L�H�O�G �E�\ �S�H�U�I�R�U�P�L�Q�J �W�K�U�H�H���G�L�P�H�Q�V�L�R�Q�D�O �5�$�1�6 �V�L�P�X�O�D�W�L�R�Q�V �R�Q �D �V�Z�H�S�W �Z�L�Q�J �X�Q�G�H�U �W�U�D�Q�V�R�Q�L�F �F�R�Q�G�L�W�L�R�Q�V��
�7�K�L�V �O�D�\�V �W�K�H �I�R�X�Q�G�D�W�L�R�Q �I�R�U �I�X�U�W�K�H�U �Q�X�P�H�U�L�F�D�O �D�Q�G �H�[�S�H�U�L�P�H�Q�W�D�O �L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V �R�I �L�Q�V�W�D�E�L�O�L�W�L�H�V �R�Q �D �V�Z�H�S�W
�Z�L�Q�J�� �Z�K�L�F�K �Z�L�O�O �D�L�G �L�Q �W�K�H �G�H�V�L�J�Q �R�I �Z�L�Q�J�V �Z�L�W�K �L�Q�F�U�H�D�V�H�G �O�D�P�L�Q�D�U �I�O�R�Z�� �W�K�H�U�H�E�\ �U�H�G�X�F�L�Q�J �I�X�H�O �F�R�Q�V�X�P�S�W�L�R�Q
�D�Q�G �S�U�R�P�R�W�L�Q�J �D �P�R�U�H �H�Q�Y�L�U�R�Q�P�H�Q�W�D�O�O�\ �I�U�L�H�Q�G�O�\ �D�Q�G �H�F�R�Q�R�P�L�F�D�O�O�\ �Y�L�D�E�O�H �R�S�H�U�D�W�L�R�Q �R�I �D�L�U�F�U�D�I�W��

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

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

�������������%�D�V�L�F�V �R�I �%�R�X�Q�G�D�U�\ �/�D�\�H�U�V
�7�K�H �W�K�L�F�N�Q�H�V�V �R�I �W�K�H �E�R�X�Q�G�D�U�\ �O�D�\�H�U �F�D�Q �E�H �P�H�D�V�X�U�H�G �L�Q �Y�D�U�L�R�X�V �Z�D�\�V�� �Z�L�W�K �W�Z�R �D�S�S�U�R�D�F�K�H�V �E�H�L�Q�J
�H�V�S�H�F�L�D�O�O�\ �U�H�O�H�Y�D�Q�W �W�R �W�K�L�V �Z�R�U�N�� �7�K�H �F�O�D�V�V�L�F�D�O �Z�D�\ �W�R �G�H�W�H�U�P�L�Q�H �W�K�H �W�K�L�F�N�Q�H�V�V��� 99�� �L�V �W�R �G�H�I�L�Q�H �W�K�H �W�K�L�F�N�Q�H�V�V
�D�V �W�K�H �Z�D�O�O���Q�R�U�P�D�O �F�R�R�U�G�L�Q�D�W�H �Z�K�H�U�H �W�K�H �Y�H�O�R�F�L�W�\ �P�D�J�Q�L�W�X�G�H �U�H�D�F�K�H�V ������ �R�I �W�K�H �I�U�H�H�V�W�U�H�D�P �Y�D�O�X�H�� �L���H����
v(� 99) = 0 :99� v1 �� �7�K�H �V�H�F�R�Q�G �L�P�S�R�U�W�D�Q�W �P�H�D�V�X�U�H �I�R�U �G�H�W�H�U�P�L�Q�L�Q�J �W�K�H �E�R�X�Q�G�D�U�\ �O�D�\�H�U�¶�V �L�Q�I�O�X�H�Q�F�H �L�V �W�K�H
�G�L�V�S�O�D�F�H�P�H�Q�W �W�K�L�F�N�Q�H�V�V�� �,�W �L�V �G�H�I�L�Q�H�G �D�V
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� (x; y)v(x; y)
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)dy; ����������

�Z�K�H�U�Hv(y) �L�V �W�K�H �O�R�F�D�O �Y�H�O�R�F�L�W�\ �D�W �D �J�L�Y�H�Q �G�L�V�W�D�Q�F�Hy �I�U�R�P �W�K�H �Z�D�O�O �D�Q�Gv1 �L�V �W�K�H �I�U�H�H�V�W�U�H�D�P �Y�H�O�R�F�L�W�\�� �7�K�L�V
�W�K�L�F�N�Q�H�V�V �L�V �D �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q �R�I �W�K�H �G�L�V�W�D�Q�F�H �E�\ �Z�K�L�F�K �W�K�H �L�Q�Y�L�V�F�L�G �V�W�U�H�D�P�O�L�Q�H�V �D�U�H �G�L�V�S�O�D�F�H�G �G�X�H �W�R �W�K�H
�V�O�R�Z�H�U���P�R�Y�L�Q�J �I�O�X�L�G �L�Q �W�K�H �E�R�X�Q�G�D�U�\ �O�D�\�H�U ���$�Q�G�H�U�V�R�Q �-�U�� ������������

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

dy
jy=0 ; ����������

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

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

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

D f =
Z l

0
� w (x)dx: ����������

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

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

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

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

�&�R�Q�V�H�T�X�H�Q�W�O�\�� �F�R�Q�V�L�G�H�U�D�E�O�H �H�I�I�R�U�W �L�V �G�H�Y�R�W�H�G �W�R �D�Y�R�L�G�L�Q�J �W�X�U�E�X�O�H�Q�W �I�O�R�Z �R�Q �V�X�U�I�D�F�H�V �E�\ �G�H�O�D�\�L�Q�J �W�K�H
�W�U�D�Q�V�L�W�L�R�Q �I�U�R�P �O�D�P�L�Q�D�U �W�R �W�X�U�E�X�O�H�Q�W �I�O�R�Z�� �7�K�L�V �F�D�Q �E�H �D�F�F�R�P�S�O�L�V�K�H�G �W�K�U�R�X�J�K �Y�D�U�L�R�X�V �I�O�R�Z �F�R�Q�W�U�R�O �P�H�W�K�R�G�V��
�R�I �Z�K�L�F�K�� �L�Q �W�K�L�V �Z�R�U�N�� �W�K�H �I�R�F�X�V �L�V �R�Q �1�/�) �W�H�F�K�Q�R�O�R�J�\�� �2�Q�H �H�[�D�P�S�O�H �R�I �V�X�F�K �W�H�F�K�Q�R�O�R�J�\ �L�V �W�K�H �1�/�) �D�L�U�I�R�L�O
�X�V�H�G �L�Q �W�K�L�V �Z�R�U�N�� �Z�K�L�F�K �Z�L�O�O �E�H �L�Q�W�U�R�G�X�F�H�G �L�Q �6�H�F�W�L�R�Q ������������

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

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

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

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



�������� �%�R�X�Q�G�D�U�\ �/�D�\�H�U �)�O�R�Z�V ��

�2�Q�H �S�R�V�V�L�E�L�O�L�W�\ �W�R �G�H�O�D�\ �W�K�L�V �W�U�D�Q�V�L�W�L�R�Q �P�H�F�K�D�Q�L�V�P �L�V �W�R �X�V�H �1�/�) �D�L�U�I�R�L�O�V�� �D�V �W�K�H �7���6 �Z�D�Y�H�V �V�W�D�E�L�O�L�]�H
�X�Q�G�H�U �D �I�D�Y�R�U�D�E�O�H �S�U�H�V�V�X�U�H �J�U�D�G�L�H�Q�W �D�Q�G �G�H�V�W�D�E�L�O�L�]�H �X�Q�G�H�U �D�Q �D�G�Y�H�U�V�H �S�U�H�V�V�X�U�H �J�U�D�G�L�H�Q�W ���:�D�V�V�H�U�P�D�Q�Q
�D�Q�G �.�O�R�N�H�U ������������ �)�R�O�O�R�Z�L�Q�J �H�[�S�H�U�L�P�H�Q�W�V �E�\ �/�L�H�S�P�D�Q�Q �D�Q�G �1�R�V�H�Q�F�K�X�F�N �������������� �L�W �L�V �D�O�V�R �S�R�V�V�L�E�O�H�� �I�R�U
�H�[�D�P�S�O�H�� �W�R �F�R�Q�W�U�R�O �D�Q�G �U�H�G�X�F�H �W�K�H �X�Q�V�W�D�E�O�H �D�P�S�O�L�W�X�G�H�V �R�I �7���6 �Z�D�Y�H�V �X�V�L�Q�J �X�Q�V�W�H�D�G�\ �V�X�U�I�D�F�H �K�H�D�W�L�Q�J��

�&�U�R�V�V�I�O�R�Z �,�Q�V�W�D�E�L�O�L�W�\
�7�K�H �O�D�P�L�Q�D�U���W�R���W�X�U�E�X�O�H�Q�W �W�U�D�Q�V�L�W�L�R�Q �R�Y�H�U �D �V�Z�H�S�W �Z�L�Q�J �F�D�Q �E�H �F�D�X�V�H�G �E�\ �W�K�H �J�U�R�Z�W�K �D�Q�G �E�U�H�D�N�G�R�Z�Q �R�I
�F�U�R�V�V���I�O�R�Z �L�Q�V�W�D�E�L�O�L�W�\ ���&�)�,�� �P�R�G�H�V�� �)�R�U �K�L�J�K �V�Z�H�H�S �D�Q�J�O�H�V�� �W�K�L�V �L�V �W�K�H �G�R�P�L�Q�D�W�L�Q�J �W�U�D�Q�V�L�W�L�R�Q �P�H�F�K�D�Q�L�V�P
���-�R�V�O�L�Q ������������ �$ �I�O�X�L�G �S�D�U�W�L�F�O�H �W�U�D�Y�H�O�L�Q�J �D�O�R�Q�J �D �V�W�U�H�D�P�O�L�Q�H �Q�H�D�U �W�K�H �D�H�U�R�G�\�Q�D�P�L�F �E�R�G�\ �L�V �L�Q �D �V�W�D�W�H �R�I �I�R�U�F�H
�H�T�X�L�O�L�E�U�L�X�P�� �R�U�W�K�R�J�R�Q�D�O �W�R �W�K�H �V�W�U�H�D�P�O�L�Q�H �D�Q�G �S�D�U�D�O�O�H�O �W�R �W�K�H �P�R�G�H�O �V�X�U�I�D�F�H�� �7�K�H �H�T�X�L�O�L�E�U�L�X�P �L�V �G�L�F�W�D�W�H�G
�E�\ �W�K�H �S�U�H�V�V�X�U�H �I�R�U�F�H�V �F�D�X�V�L�Q�J �F�H�Q�W�U�L�S�H�W�D�O �D�F�F�H�O�H�U�D�W�L�R�Q �D�Q�G �E�\ �W�K�H �F�H�Q�W�U�L�I�X�J�D�O �I�R�U�F�H�V�� �7�K�L�V �H�T�X�L�O�L�E�U�L�X�P
�G�R�H�V �Q�R�W �K�R�O�G �Z�L�W�K�L�Q �W�K�H �E�R�X�Q�G�D�U�\ �O�D�\�H�U�� �Z�K�L�F�K �F�D�X�V�H�V �W�K�H �I�O�X�L�G �S�D�U�W�L�F�O�H �W�R �H�[�K�L�E�L�W �D �V�S�D�Q�Z�L�V�H �Y�H�O�R�F�L�W�\
�F�R�P�S�R�Q�H�Q�W�� �U�H�V�X�O�W�L�Q�J �L�Q �D �S�K�H�Q�R�P�H�Q�R�Q �N�Q�R�Z�Q �D�V �F�U�R�V�V���I�O�R�Z�� �'�X�H �W�R �W�K�H �Q�R���V�O�L�S �F�R�Q�G�L�W�L�R�Q �D�W �W�K�H �Z�D�O�O �D�Q�G
�W�K�H �L�Q�Y�L�V�F�L�G �Q�D�W�X�U�H �R�I �W�K�H �I�O�R�Z �R�X�W�V�L�G�H �W�K�H �E�R�X�Q�G�D�U�\ �O�D�\�H�U�� �W�K�H �E�R�X�Q�G�D�U�\���O�D�\�H�U �Y�H�O�R�F�L�W�\ �S�U�R�I�L�O�H �D�O�R�Q�J �W�K�H
�G�L�U�H�F�W�L�R�Q �R�U�W�K�R�J�R�Q�D�O �W�R �W�K�H �L�Q�Y�L�V�F�L�G �V�W�U�H�D�P�O�L�Q�H�V �L�V �]�H�U�R �D�W �W�K�H �Z�D�O�O �D�Q�G �W�K�H �H�G�J�H �R�I �W�K�H �E�R�X�Q�G�D�U�\ �O�D�\�H�U��
�D�V �V�K�R�Z�Q �L�Q �)�L�J�X�U�H �������D�� �7�K�H �Y�H�O�R�F�L�W�\ �S�U�R�I�L�O�H�V �I�H�D�W�X�U�H �D �S�R�L�Q�W �R�I �L�Q�I�O�H�F�W�L�R�Q�� �Z�K�L�F�K �J�L�Y�H�V �U�L�V�H �W�R �L�Q�Y�L�V�F�L�G
�L�Q�V�W�D�E�L�O�L�W�\ �P�R�G�H�V ���%�L�S�S�H�V ������������ �)�R�O�O�R�Z�L�Q�J �5�D�\�O�H�L�J�K�¶�V �W�K�H�R�U�H�P�� �W�K�H �L�Q�I�O�H�F�W�L�R�Q �S�R�L�Q�W �R�I �W�K�H �Y�H�O�R�F�L�W�\ �S�U�R�I�L�O�H�V
�L�V �D �Q�H�F�H�V�V�D�U�\ �F�U�L�W�H�U�L�R�Q �I�R�U �W�K�H �L�Q�V�W�D�E�L�O�L�W�\ ���6�� �3�R�S�H ������������

�)�R�O�O�R�Z�L�Q�J �6�H�U�S�L�H�U�L �������������� �V�X�U�I�D�F�H �I�O�R�Z �Y�L�V�X�D�O�L�]�D�W�L�R�Q �H�[�S�H�U�L�P�H�Q�W�V �D�W �W�K�H �/�R�Z �7�X�U�E�X�O�H�Q�F�H �7�X�Q�Q�H�O ���/�7�7��
�L�Q �7�8 �'�H�O�I�W �K�D�Y�H �G�H�P�R�Q�V�W�U�D�W�H�G �D �W�U�D�Q�V�L�W�L�R�Q �V�F�H�Q�D�U�L�R �F�K�D�U�D�F�W�H�U�L�]�H�G �E�\ �V�H�T�X�H�Q�F�H�V �R�I �V�W�U�H�D�N�V �D�O�L�J�Q�H�G �Z�L�W�K
�W�K�H �I�O�R�Z �G�L�U�H�F�W�L�R�Q�� �)�L�J�X�U�H �������E �V�K�R�Z�V �W�K�H �&�)�, �W�U�D�Q�V�L�W�L�R�Q �R�Q �D45� �V�Z�H�S�W �Z�L�Q�J �D�WRe = 1 :3 � 106 �S�H�U�I�R�U�P�H�G �L�Q
�W�K�H �/�7�7 �I�D�F�L�O�L�W�\�� �7�K�H �V�W�U�H�D�N�V �R�I �W�K�H �Y�R�U�W�L�F�H�V �D�Q�G �W�K�H �W�U�D�Q�V�L�W�L�R�Q �I�U�R�Q�W �D�U�H �Y�L�V�X�D�O�L�]�H�G�� �7�K�H�\ �F�D�X�V�H �D �Y�H�O�R�F�L�W�\
�F�K�D�Q�J�H �L�Q �V�S�D�Q�Z�L�V�H �G�L�U�H�F�W�L�R�Q �D�Q�G�� �W�K�H�U�H�I�R�U�H�� �R�I �W�K�H �Z�D�O�O �V�N�L�Q �I�U�L�F�W�L�R�Q�� �7�K�H �F�U�R�V�V���I�O�R�Z �Y�R�U�W�L�F�H�V �P�R�G�L�I�\ �W�K�H
�P�H�D�Q �I�O�R�Z �D�Q�G�� �W�K�X�V�� �W�K�H �V�W�D�E�L�O�L�W�\ �R�I �W�K�H �E�R�X�Q�G�D�U�\ �O�D�\�H�U�� �7�K�H�\ �H�Q�D�E�O�H �D �W�U�D�Q�V�I�H�U �R�I �O�R�Z���P�R�P�H�Q�W�X�P �I�O�R�Z
�I�U�R�P �W�K�H �O�R�Z�H�U �U�H�J�L�R�Q�V �R�I �W�K�H �E�R�X�Q�G�D�U�\ �O�D�\�H�U �W�R �W�K�H �K�L�J�K���P�R�P�H�Q�W�X�P �U�H�J�L�R�Q�V �D�Q�G �Y�L�F�H �Y�H�U�V�D�� �7�K�L�V �U�H�V�X�O�W�V �L�Q
�D �P�R�G�L�I�L�H�G �E�R�X�Q�G�D�U�\ �O�D�\�H�U �I�H�D�W�X�U�L�Q�J �D �P�R�P�H�Q�W�X�P �P�R�G�X�O�D�W�L�R�Q �R�I �W�K�H �I�O�R�Z �L�Q �W�K�H �V�S�D�Q�Z�L�V�H �G�L�U�H�F�W�L�R�Q �D�Q�G �L�Q
�W�K�H �G�H�Y�H�O�R�S�P�H�Q�W �R�I �V�W�U�R�Q�J �Y�H�O�R�F�L�W�\ �V�K�H�D�U�V �L�Q �W�K�H �V�S�D�Q�Z�L�V�H �D�Q�G �Z�D�O�O���Q�R�U�P�D�O �G�L�U�H�F�W�L�R�Q�V�� �Z�K�L�F�K �D�U�H �K�L�J�K�O�\
�X�Q�V�W�D�E�O�H �W�R �V�H�F�R�Q�G�D�U�\ �L�Q�V�W�D�E�L�O�L�W�\ �P�H�F�K�D�Q�L�V�P�V ���6�H�U�S�L�H�U�L ������������
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�)�L�J�X�U�H �������� �&�U�R�V�V �I�O�R�Z �L�Q�V�W�D�E�L�O�L�W�L�H�V ���6�H�U�S�L�H�U�L ������������ ���D�� �7�\�S�L�F�D�O �F�U�R�V�V�I�O�R�Z �Y�H�O�R�F�L�W�\ �S�U�R�I�L�O�H�� ���E�� �)�O�X�R�U�H�V�F�H�Q�W �R�L�O �Y�L�V�X�D�O�L�]�D�W�L�R�Q
�R�Q �D ����� �V�Z�H�S�W �Z�L�Q�J �L�Q �W�K�H �7�8 �'�H�O�I�W �/�7�7 �I�D�F�L�O�L�W�\�� �)�O�R�Z �I�U�R�P �W�K�H �O�H�I�W�� �7�K�H �G�D�U�N�H�U �D�U�H�D�V �V�K�R�Z �W�K�H �W�X�U�E�X�O�H�Q�W �U�H�J�L�R�Q �R�I �W�K�H
�E�R�X�Q�G�D�U�\ �O�D�\�H�U�� �7�K�H �&�)�,�V�¶ �V�W�U�H�D�N���O�L�N�H �I�R�R�W�S�U�L�Q�W �R�Q �W�K�H �Z�L�Q�J �V�X�U�I�D�F�H �L�V �D�O�V�R �F�D�S�W�X�U�H�G��
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���������:�L�Q�J �6�Z�H�H�S
�*�H�U�P�D�Q �D�H�U�R�G�\�Q�D�P�L�F�L�V�W �$�G�R�O�I �%�X�V�H�P�D�Q�Q �I�L�U�V�W �L�Q�W�U�R�G�X�F�H�G �W�K�H �F�R�Q�F�H�S�W �R�I �V�Z�H�S�W �Z�L�Q�J�V �L�Q �������� �D�W �W�K�H �9�R�O�W�D
�F�R�Q�J�U�H�V�V �L�Q �5�R�P�H�� �,�W�D�O�\ ���0�H�L�H�U ������������ �$�V �H�Q�J�L�Q�H�V �E�H�F�D�P�H �P�R�U�H �S�R�Z�H�U�I�X�O �D�Q�G �D�L�U�S�O�D�Q�H�V �I�O�H�Z �I�D�V�W�H�U��
�W�U�D�Q�V�R�Q�L�F �I�O�L�J�K�W �U�H�J�L�P�H�V �E�H�F�D�P�H �L�Q�F�U�H�D�V�L�Q�J�O�\ �U�H�O�H�Y�D�Q�W �W�R �H�Q�J�L�Q�H�H�U�V�� �%�X�V�H�P�D�Q�Q �G�H�P�R�Q�V�W�U�D�W�H�G �W�K�D�W�� �Z�K�H�Q
�X�V�L�Q�J �V�Z�H�S�W �Z�L�Q�J�V�� �W�K�H �D�L�U�F�U�D�I�W �F�R�X�O�G �I�O�\ �D�W �K�L�J�K�H�U �0�D�F�K �Q�X�P�E�H�U�V �E�H�I�R�U�H �H�[�S�H�U�L�H�Q�F�L�Q�J �D �V�L�J�Q�L�I�L�F�D�Q�W �L�Q�F�U�H�D�V�H
�L�Q �G�U�D�J�� �(�Y�H�U �V�L�Q�F�H �W�K�H �L�Q�W�U�R�G�X�F�W�L�R�Q �R�I �Z�L�Q�J �V�Z�H�H�S �R�Q �W�K�H �0�H�V�V�H�U�V�F�K�P�L�W�W �0�H ������ �D�Q�G �W�K�H �G�H �+�D�Y�L�O�O�D�Q�G
�&�R�P�H�W�� �Z�L�Q�J �V�Z�H�H�S �K�D�V �E�H�H�Q �Z�L�G�H�O�\ �D�G�R�S�W�H�G �L�Q �W�K�H �D�H�U�R�V�S�D�F�H �L�Q�G�X�V�W�U�\ �I�R�U �E�R�W�K �P�L�O�L�W�D�U�\ �D�Q�G �F�L�Y�L�O�L�D�Q
�D�S�S�O�L�F�D�W�L�R�Q�V��

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

�)�L�J�X�U�H �������� �'�U�D�J �S�R�O�D�U�V �R�I �Z�L�Q�J�V �Z�L�W�K �G�L�I�I�H�U�H�Q�W �V�Z�H�H�S �D�Q�J�O�H�V �D�Q�G �I�L�[�H�G �D�V�S�H�F�W �U�D�W�L�R�V �X�V�L�Q�J �1�$�&�$ ������������ �S�U�R�I�L�O�H�V �L�Q
�S�O�D�Q�H�V �Q�R�U�P�D�O �W�R �W�K�H �O�H�D�G�L�Q�J �H�G�J�H �D�Q�G �$�5 � �� ���$�G�O�H�U ������������ ���D�� �$�W �0�D�F�K ������������ ���E�� �$�W �0�D�F�K ������������

�)�L�J�X�U�H ������ �V�K�R�Z�V �W�K�H �W�R�S �Y�L�H�Z �R�I �W�Z�R �Q�R�Q���W�D�S�H�U�H�G �Z�L�Q�J�V �Z�L�W�K �L�Q�I�L�Q�L�W�H �V�S�D�Q�� �7�K�H �Z�L�Q�J �L�Q �)�L�J�X�U�H �������D �L�V �L�Q
�V�W�U�D�L�J�K�W �I�O�R�Z�� �Z�K�L�O�H �W�K�H �Z�L�Q�J �L�Q �)�L�J�X�U�H �������E �H�[�S�H�U�L�H�Q�F�H�V �W�K�H �L�Q�I�O�R�Z �D�W �D�Q �D�Q�J�O�H� �� �$�V �2�E�H�U�W ������������ �S�R�L�Q�W�V �R�X�W��
�W�K�H�U�H �D�U�H �P�X�O�W�L�S�O�H �G�H�I�L�Q�L�W�L�R�Q�V �W�R �P�H�D�V�X�U�H �W�K�H �V�Z�H�H�S �D�Q�J�O�H� �R�I �D �Z�L�Q�J�� �W�K�H �P�R�V�W �F�R�P�P�R�Q �E�H�L�Q�J �P�H�D�V�X�U�H�G
�D�W �W�K�H �T�X�D�U�W�H�U���F�K�R�U�G �O�L�Q�H�� �7�K�H �D�L�U�I�R�L�O �V�H�F�W�L�R�Q �S�H�U�S�H�Q�G�L�F�X�O�D�U �W�R �W�K�H �O�H�D�G�L�Q�J �D�Q�G �W�U�D�L�O�L�Q�J �H�G�J�H�� �P�D�U�N�H�G �E�O�X�H �L�Q
�W�K�H �I�L�J�X�U�H�� �L�V �G�H�I�L�Q�H�G �D�V �W�K�H�R�U�L�J�L�Q�D�O�D�L�U�I�R�L�O �V�H�F�W�L�R�Q�� �7�K�H�V�W�U�H�W�F�K�H�G�D�L�U�I�R�L�O �V�H�F�W�L�R�Q�� �G�H�I�L�Q�H�G �L�Q �W�K�H �G�L�U�H�F�W�L�R�Q �R�I
�W�K�H �I�U�H�H�V�W�U�H�D�P �Y�H�O�R�F�L�W�\�� �L�V �V�K�R�Z�Q �L�Q �R�U�D�Q�J�H�� �%�R�W�K �Z�L�Q�J�V �H�[�S�H�U�L�H�Q�F�H �W�K�H �V�D�P�H �I�U�H�H�V�W�U�H�D�P �Y�H�O�R�F�L�W�\��v1 �� �)�R�U
�W�K�H �V�W�U�D�L�J�K�W �Z�L�Q�J�� �W�K�H �I�U�H�H�V�W�U�H�D�P �Y�H�O�R�F�L�W�\ �L�V �D�O�V�R �W�K�H �Y�H�O�R�F�L�W�\ �S�H�U�S�H�Q�G�L�F�X�O�D�U �W�R �W�K�H �O�H�D�G�L�Q�J �H�G�J�H�� �)�R�U �W�K�H
�V�Z�H�S�W �Z�L�Q�J�� �W�K�H �S�H�U�S�H�Q�G�L�F�X�O�D�U �Y�H�O�R�F�L�W�\ �L�V �U�H�G�X�F�H�G �G�X�H �W�R �W�K�H �G�H�F�R�P�S�R�V�L�W�L�R�Q �R�I �W�K�H �I�U�H�H�V�W�U�H�D�P �Y�H�O�R�F�L�W�\ �L�Q�W�R
�D �F�R�P�S�R�Q�H�Q�W �S�H�U�S�H�Q�G�L�F�X�O�D�U��vperp �� �D�Q�G �S�D�U�D�O�O�H�O��vpar �� �W�R �W�K�H �O�H�D�G�L�Q�J �H�G�J�H��

�2�E�H�U�W ������������ �X�V�H�V �W�Z�R �R�S�W�L�R�Q�V �W�R �H�[�S�O�D�L�Q �W�K�H �G�H�O�D�\ �R�I �G�U�D�J �G�L�Y�H�U�J�H�Q�F�H �R�Q �V�Z�H�S�W �Z�L�Q�J�V�� �I�L�U�V�W �X�V�L�Q�J
�W�K�H�R�U�L�J�L�Q�D�O�D�L�U�I�R�L�O �V�K�D�S�H �D�Q�G �V�H�F�R�Q�G �X�V�L�Q�J �W�K�H�V�W�U�H�W�F�K�H�G�D�L�U�I�R�L�O �V�K�D�S�H�� �)�L�U�V�W�� �D�V �W�K�H �Y�H�O�R�F�L�W�\ �S�D�U�D�O�O�H�O �W�R
�W�K�H�R�U�L�J�L�Q�D�O�D�L�U�I�R�L�O �L�V �U�H�G�X�F�H�G �I�U�R�Pv1 �W�R �W�K�H �Q�R�U�P�D�O �F�R�P�S�R�Q�H�Q�Wvperp �� �W�K�H �L�Q�F�U�H�D�V�H �L�Q �Z�D�Y�H �G�U�D�J�� �Z�K�L�F�K
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�G�H�O�D�\�H�G �W�R �K�L�J�K�H�U �0�D�F�K �Q�X�P�E�H�U�V�� �7�K�H �G�L�V�V�L�S�D�W�L�Y�H �Q�D�W�X�U�H �R�I �V�K�R�F�N�V �F�D�X�V�H�V �D�Q �L�Q�F�U�H�D�V�H �L�Q �G�U�D�J �D�V �W�K�H
�H�Q�W�U�R�S�\ �U�L�V�H�V�� �U�H�V�X�O�W�L�Q�J �L�Q �D �S�R�U�W�L�R�Q �R�I �W�K�H �W�R�W�D�O �S�U�H�V�V�X�U�H �E�H�L�Q�J �O�R�V�W�� �6�H�F�R�Q�G�� �W�K�H �I�U�H�H�V�W�U�H�D�P �Y�H�O�R�F�L�W�\v1 �R�Y�H�U
�W�K�H�V�W�U�H�W�F�K�H�G�D�L�U�I�R�L�O �U�H�V�X�O�W�V �L�Q �O�R�Z�H�U �Y�H�O�R�F�L�W�\ �L�Q�F�U�H�D�V�H�V �R�Q �W�K�H �V�X�U�I�D�F�H �G�X�H �W�R �W�K�H �U�H�G�X�F�H�G �D�L�U�I�R�L�O �F�X�U�Y�D�W�X�U�H �R�I
�W�K�H�V�W�U�H�W�F�K�H�G�D�L�U�I�R�L�O �F�R�P�S�D�U�H�G �W�R �W�K�H�R�U�L�J�L�Q�D�O�D�L�U�I�R�L�O�� �Z�K�L�F�K �L�V �D �J�H�R�P�H�W�U�L�F �H�I�I�H�F�W��

v1 = vperp
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�W�K�H �X�Q�V�Z�H�S�W �Z�L�Q�J �Z�L�O�O �E�H �K�L�J�K�H�U �G�X�H �W�R �D �K�L�J�K�H�U �Y�H�O�R�F�L�W�\ �L�Q�F�U�H�D�V�H �D�Q�G �O�R�Z�H�U �V�W�D�W�L�F �S�U�H�V�V�X�U�H �R�Y�H�U �W�K�H
�Z�L�Q�J�¶�V �V�X�U�I�D�F�H�� �,�Q �U�H�W�X�U�Q�� �W�K�L�V �D�O�O�R�Z�V �I�R�U �K�L�J�K�H�U �I�U�H�H�V�W�U�H�D�P �0�D�F�K �Q�X�P�E�H�U�V �I�R�U �W�K�H �V�Z�H�S�W �Z�L�Q�J �F�R�P�S�D�U�H�G
�W�R �W�K�H �V�W�U�D�L�J�K�W �Z�L�Q�J �W�R �U�H�D�F�K �W�K�H �V�D�P�H �0�D�F�K �Q�X�P�E�H�U �R�Q �W�K�H �Z�L�Q�J�¶�V �V�X�U�I�D�F�H�� �7�K�X�V�� �W�K�H �V�Z�H�S�W �Z�L�Q�J�¶�V �G�U�D�J
�G�L�Y�H�U�J�H�Q�F�H �0�D�F�K �Q�X�P�E�H�U �L�Q�F�U�H�D�V�H�V�� �Z�K�L�F�K �Z�L�O�O �E�H �D�Q�D�O�\�]�H�G �L�Q �P�R�U�H �G�H�W�D�L�O �L�Q �W�K�H �I�R�O�O�R�Z�L�Q�J �V�H�F�W�L�R�Q��

Cp =
p � p1
1
2 � 1 v2
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�9�R�V �D�Q�G �)�D�U�R�N�K�L ������������ �G�H�I�L�Q�H �W�K�H �G�U�D�J �G�L�Y�H�U�J�H�Q�F�H �0�D�F�K �Q�X�P�E�H�U �D�V �W�K�H �0�D�F�K �Q�X�P�E�H�U �D�W �Z�K�L�F�K �W�K�H
�G�H�U�L�Y�D�W�L�Y�H �R�I �W�K�H �G�U�D�J �F�R�H�I�I�L�F�L�H�Q�W �Z�L�W�K �U�H�V�S�H�F�W �W�R �W�K�H �0�D�F�K �Q�X�P�E�H�U �U�H�D�F�K�H�V

�C D

�Ma
= 0 :1: ������������

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

�)�L�J�X�U�H ������ �V�K�R�Z�V �K�R�Z �W�K�H �Z�L�Q�J�¶�V �Z�D�Y�H �G�U�D�J �F�R�H�I�I�L�F�L�H�Q�W��CD W �� �F�K�D�Q�J�H�V �Z�L�W�K �0�D�F�K �Q�X�P�E�H�U�� �%�R�W�K �Z�L�Q�J�V
�I�R�U �W�K�L�V �H�[�D�P�S�O�H �D�U�H �W�D�S�H�U�H�G �D�Q�G �H�[�K�L�E�L�W �D �V�Z�H�H�S �D�Q�J�O�H �D�W �W�K�H �T�X�D�U�W�H�U �F�K�R�U�G �O�L�Q�H �R�I� c/4 = 0 � �D�Q�G� c/4 = 45 � ��
�7�K�H �G�U�D�J �G�L�Y�H�U�J�H�Q�F�H �0�D�F�K �Q�X�P�E�H�U �L�V �G�H�I�L�Q�H�G �D�V �V�K�R�Z�Q �L�Q �(�T�X�D�W�L�R�Q �������� �D�Q�G �P�D�U�N�H�G �L�Q �W�K�H �I�L�J�X�U�H �D�V
M dd �� �,�W �F�D�Q �E�H �R�E�V�H�U�Y�H�G �W�K�D�W �D�Q �L�Q�F�U�H�D�V�H �L�Q �0�D�F�K �Q�X�P�E�H�U �U�H�V�X�O�W�V �L�Q �D�Q �L�Q�F�U�H�D�V�H �L�Q �W�K�H �Z�L�Q�J�¶�V �Z�D�Y�H �G�U�D�J
�F�R�H�I�I�L�F�L�H�Q�W�� �$ �V�L�J�Q�L�I�L�F�D�Q�W �L�Q�F�U�H�D�V�H �L�Q �W�K�H �G�U�D�J �G�L�Y�H�U�J�H�Q�F�H �0�D�F�K �Q�X�P�E�H�U �R�I �W�K�H �V�Z�H�S�W �Z�L�Q�J �F�R�P�S�D�U�H�G �W�R �W�K�H
�X�Q�V�Z�H�S�W �Z�L�Q�J �L�V �R�E�V�H�U�Y�H�G�� �7�K�L�V �K�R�O�G�V �I�R�U �D�Q �D�Q�D�O�\�W�L�F�D�O �D�S�S�U�R�D�F�K �I�R�O�O�R�Z�L�Q�J �7�R�U�H�Q�E�H�H�N ������������ �D�V �Z�H�O�O �D�V �I�R�U
�H�[�S�H�U�L�P�H�Q�W�D�O �G�D�W�D �D�F�T�X�L�U�H�G �E�\ �-�R�K�Q�V�R�Q ��������������
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�)�L�J�X�U�H �������� �:�L�Q�J �Z�D�Y�H �G�U�D�J �F�R�H�I�I�L�F�L�H�Q�W �Y�H�U�V�X�V �0�D�F�K �Q�X�P�E�H�U �I�R�U �D ����� ���V�Z�H�S�W ���V�R�O�L�G �D�Q�G �G�D�V�K���G�R�W�W�H�G �O�L�Q�H�V�� �D�Q�G �X�Q�V�Z�H�S�W
�Z�L�Q�J ���G�D�V�K�H�G �O�L�Q�H���� �7�K�H �G�U�D�J �G�L�Y�H�U�J�H�Q�F�H �0�D�F�K �Q�X�P�E�H�UM dd �L�V �G�H�I�L�Q�H�G �L�Q �(�T�X�D�W�L�R�Q �������� ���9�R�V �D�Q�G �)�D�U�R�N�K�L ������������ �7�K�H
�W�K�H�R�U�H�W�L�F�D�O �D�Q�G �H�[�S�H�U�L�P�H�Q�W�D�O �Y�D�O�X�H�V �D�U�H �G�H�U�L�Y�H�G �D�Q�G �D�F�T�X�L�U�H�G �E�\ �7�R�U�H�Q�E�H�H�N ������������ �D�Q�G �-�R�K�Q�V�R�Q �������������� �U�H�V�S�H�F�W�L�Y�H�O�\��

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

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

�)�L�J�X�U�H �������� �'�L�U�H�F�W�L�R�Q �R�I �I�O�X�L�G �S�D�U�W�L�F�O�H �P�R�W�L�R�Q �G�X�H �W�R �L�V�R�E�D�U �S�D�W�W�H�U�Q �R�Q �D�Q �L�Q�I�L�Q�L�W�H �V�Z�H�S�W �Z�L�Q�J�� �Z�K�H�U�H �W�K�H �L�V�R�E�D�U�V �D�U�H
�G�U�D�Z�Q �S�D�U�D�O�O�H�O �W�R �W�K�H �O�H�D�G�L�Q�J �D�Q�G �W�U�D�L�O�L�Q�J �H�G�J�H ���9�R�V �D�Q�G �)�D�U�R�N�K�L ������������
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�,�I �W�K�H �S�U�H�V�V�X�U�H �G�L�V�W�U�L�E�X�W�L�R�Q �L�V �N�Q�R�Z�Q�� �Z�K�L�F�K �F�D�Q�� �I�R�U �H�[�D�P�S�O�H�� �E�H �G�H�W�H�U�P�L�Q�H�G �L�Q �D �Z�L�Q�G �W�X�Q�Q�H�O �W�H�V�W �R�U
�D �Q�X�P�H�U�L�F�D�O �V�L�P�X�O�D�W�L�R�Q�� �D �F�D�O�F�X�O�D�W�L�R�Q �R�I �W�K�H �I�O�R�Z �G�L�U�H�F�W�L�R�Q �D�Q�G �W�K�X�V �W�K�H �G�H�W�H�U�P�L�Q�D�W�L�R�Q �R�I �W�K�H �V�K�D�S�H �R�I �W�K�H
�L�Q�Y�L�V�F�L�G �V�W�U�H�D�P�O�L�Q�H�V �L�V �S�R�V�V�L�E�O�H�� �)�R�U �W�K�L�V �S�X�U�S�R�V�H�� �D �F�R�Q�V�W�D�Q�W �Y�H�O�R�F�L�W�\ �L�Q �W�K�H �V�S�D�Q�Z�L�V�H �G�L�U�H�F�W�L�R�Q �L�V �D�V�V�X�P�H�G��
�7�K�H �S�U�H�V�V�X�U�H �F�R�H�I�I�L�F�L�H�Q�W �F�D�Q �E�H �F�D�O�F�X�O�D�W�H�G �I�R�O�O�R�Z�L�Q�J �(�T�X�D�W�L�R�Q �������� �:�L�W�K �W�K�H �H�[�S�U�H�V�V�L�R�Q �I�R�U �W�K�H �V�S�H�H�G
�R�I �V�R�X�Q�Ga�� �V�K�R�Z�Q �L�Q �(�T�X�D�W�L�R�Q ���������� �D�Q�G �W�K�H �L�G�H�D�O �J�D�V �O�D�Z �L�Q �(�T�X�D�W�L�R�Q ���������� �L�W �L�V �S�R�V�V�L�E�O�H �W�R �G�H�U�L�Y�H �W�K�H
�H�[�S�U�H�V�V�L�R�Q �I�R�U �W�K�H �S�U�H�V�V�X�U�H �F�R�H�I�I�L�F�L�H�Q�W �V�K�R�Z�Q �L�Q �(�T�X�D�W�L�R�Q ���������� �Z�K�H�U�H
 �L�V �W�K�H �V�S�H�F�L�I�L�F �K�H�D�W �U�D�W�L�R��

a =
p


RT ������������ p = �RT ������������

cp =
p � p1

1
2 Ma2

1 
p 1
= 2 � (

p
p1

� 1) �
1

Ma2
1 � 


������������

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

p
p1

= (1 +

 � 1

2
� Ma2

local )
� 



 � 1 ������������

cp =
2

Ma2
1 � 


((1 +

 � 1

2
� Ma2

local )
� 



 � 1 � 1) ������������

�6�R�O�Y�L�Q�J �(�T�X�D�W�L�R�Q �������� �I�R�U �W�K�H �O�R�F�D�O �0�D�F�K �Q�X�P�E�H�U �U�H�V�X�O�W�V �L�Q

Ma local =

s
2


 � 1
� ((

cp � Ma2
1 � 


2
+ 1)


 � 1
� 
 � 1): ������������

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

� local = arctan(
vpar

vperp;local
): ������������

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

dx = vz (x )
vx (x ) �D�V �I�R�O�O�R�Z�V

z(x) = z0 +
Z x

x 0

vz

vx (x0)
dx0; ������������

�Z�K�H�U�Hx0 �D�Q�Gz0 �D�U�H �L�Q�L�W�L�D�O �F�R�R�U�G�L�Q�D�W�H�V�� �D�Q�Gx0 �L�V �W�K�H �F�R�R�U�G�L�Q�D�W�H �X�V�H�G �W�R �L�Q�W�H�J�U�D�W�H �D�O�R�Q�J �W�K�H �F�K�R�U�G��
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�P�L�G�G�O�H �R�I �W�K�H �W�H�V�W �V�H�F�W�L�R�Q��

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

�$�V �V�K�R�Z�Q �E�\ �%�L�U�N�H�P�H�\�H�U �������������� �V�L�G�H �Z�D�O�O �L�Q�W�H�U�I�H�U�H�Q�F�H�V �L�Q �H�[�S�H�U�L�P�H�Q�W�V �Z�L�W�K �Q�R�Q���V�Z�H�S�W �Z�L�Q�J�V �D�U�H
�F�D�X�V�H�G �E�\ �Y�L�V�F�R�X�V �H�I�I�H�F�W�V�� �7�K�H �V�L�G�H �Z�D�O�O �E�R�X�Q�G�D�U�\ �O�D�\�H�U �L�V �D�O�W�H�U�H�G �G�X�H �W�R �W�K�H �S�U�H�V�V�X�U�H �L�Q�I�O�X�H�Q�F�H �R�I �W�K�H
�Z�L�Q�J�� �7�K�L�V �F�D�X�V�H�V �D �F�K�D�Q�J�H �L�Q �F�U�R�V�V���V�H�F�W�L�R�Q�D�O �D�U�H�D ���H���J���� �S�U�R�Q�R�X�Q�F�H�G �J�U�R�Z�W�K �R�I �W�K�H �E�R�X�Q�G�D�U�\ �O�D�\�H�U �L�Q
�W�K�H �U�H�J�L�R�Q �R�I �D �V�K�R�F�N���� �D�Q�G �D �V�S�U�H�D�G�L�Q�J �R�I �V�K�R�F�N �D�Q�G �H�[�S�D�Q�V�L�R�Q �Z�D�Y�H�V �W�K�D�W �F�D�Q �U�H�D�F�K �L�Q�W�R �W�K�H �I�O�R�Z�I�L�H�O�G��
�6�W�U�R�Q�J �V�K�R�F�N�V �F�D�Q �O�H�D�G �W�R �D �G�H�W�D�F�K�P�H�Q�W �R�I �W�K�H �E�R�X�Q�G�D�U�\ �O�D�\�H�U �D�Q�G �F�D�X�V�H �H�G�G�L�H�V �W�R �I�R�U�P�� �Z�K�L�F�K �L�Q �W�X�U�Q
�U�H�G�X�F�H�V �W�K�H �U�H�J�L�R�Q �R�I �W�Z�R���G�L�P�H�Q�V�L�R�Q�D�O �I�O�R�Z �L�Q �W�K�H �W�X�Q�Q�H�O�� �7�K�L�V �V�L�W�X�D�W�L�R�Q �L�V �V�N�H�W�F�K�H�G �L�Q �)�L�J�X�U�H ���������� �,�Q
�D�Q �H�[�S�H�U�L�P�H�Q�W�� �*�D�Q�]�H�U�� �6�W�D�Q�H�Z�V�N�\�� �D�Q�G �=�L�H�P�D�Q�Q ������������ �G�H�P�R�Q�V�W�U�D�W�H�G �W�K�D�W �W�K�H �D�V�S�H�F�W �U�D�W�L�R �L�V �W�K�H �P�R�V�W
�V�L�J�Q�L�I�L�F�D�Q�W �S�D�U�D�P�H�W�H�U �L�Q�I�O�X�H�Q�F�L�Q�J �W�K�H �H�I�I�H�F�W �R�I �L�Q�W�H�U�I�H�U�H�Q�F�H�� �:�K�L�O�H �V�W�U�R�Q�J �L�Q�W�H�U�I�H�U�H�Q�F�H �H�I�I�H�F�W�V �Z�H�U�H �R�E�V�H�U�Y�H�G
�I�R�U �D �&�$�6�7 �� �S�U�R�I�L�O�H �Z�L�W�K �$�5 �� ���� �W�K�H�\ �G�H�F�D�\�H�G �D�V�\�P�S�W�R�W�L�F�D�O�O�\ �L�Q �W�K�H �P�L�G�G�O�H �R�I �W�K�H �W�H�V�W �V�H�F�W�L�R�Q �I�R�U �$�5 �! ����
�+�R�Z�H�Y�H�U�� �H�[�S�H�U�L�P�H�Q�W�V �Z�L�W�K �D �1�$�&�$ �������� �S�U�R�I�L�O�H �V�K�R�Z�H�G �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �O�H�V�V �L�Q�W�H�U�I�H�U�H�Q�F�H �H�I�I�H�F�W�V�� �L�Q�G�L�F�D�W�L�Q�J
�D �G�H�S�H�Q�G�H�Q�F�H �R�Q �W�K�H �D�L�U�I�R�L�O �V�K�D�S�H �D�V �Z�H�O�O�� �)�R�U �D �V�L�P�X�O�D�W�L�R�Q �Z�L�W�K �D �0�D�F�K �Q�X�P�E�H�U �R�IMa = 0 :755 �D�Q�G
�5�H�\�Q�R�O�G�V �Q�X�P�E�H�U �R�IRe = 8 � 106�� �%�L�U�N�H�P�H�\�H�U ������������ �V�K�R�Z�H�G �W�K�D�W �W�K�H �S�U�H�V�V�X�U�H �G�L�V�W�U�L�E�X�W�L�R�Q �L�Q �D �W�X�Q�Q�H�O �Z�L�W�K
�V�W�U�D�L�J�K�W �Z�D�O�O�V �G�L�I�I�H�U�V �I�U�R�P �W�K�H �X�Q�E�R�X�Q�G�H�G �V�L�P�X�O�D�W�L�R�Q�V �V�O�L�J�K�W�O�\�� �,�Q �W�K�H �P�L�G�G�O�H �R�I �W�K�H �W�H�V�W �V�H�F�W�L�R�Q�� �W�K�H �V�K�R�F�N
�S�R�V�L�W�L�R�Q �L�V �V�K�L�I�W�H�G �E�\� x/ c = 0 :03 �X�S�V�W�U�H�D�P �F�R�P�S�D�U�H�G �W�R �W�K�H �X�Q�E�R�X�Q�G�H�G �F�D�V�H�� �:�K�H�Q �X�V�L�Q�J �D�Q �L�Q�Y�H�U�V�H
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�G�H�V�L�J�Q �R�I �W�K�H �W�X�Q�Q�H�O �Z�D�O�O�� �Z�K�H�U�H �W�K�H �V�W�U�H�D�P�O�L�Q�H �R�I �W�K�H �Z�D�O�O �E�R�X�Q�G�D�U�\ �O�D�\�H�U �L�V �X�V�H�G �D�V �W�K�H �Z�D�O�O �F�R�Q�W�R�X�U�� �W�K�H
�S�U�H�V�V�X�U�H �G�L�V�W�U�L�E�X�W�L�R�Q �R�I �W�K�H �E�R�X�Q�G�H�G �F�D�V�H �D�O�L�J�Q�V �F�O�R�V�H�O�\ �Z�L�W�K �W�K�D�W �R�I �W�K�H �L�Q�I�L�Q�L�W�H �Z�L�Q�J��

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

�,�Q �D�G�G�L�W�L�R�Q �W�R �W�K�H �W�Z�R���G�L�P�H�Q�V�L�R�Q�D�O �Y�L�V�F�R�X�V �L�Q�W�H�U�I�H�U�H�Q�F�H �H�[�S�O�D�L�Q�H�G �D�E�R�Y�H�� �L�Q�W�H�U�I�H�U�H�Q�F�H �G�X�H �W�R �W�K�H �W�K�U�H�H��
�G�L�P�H�Q�V�L�R�Q�D�O �E�H�K�D�Y�L�R�U �R�I �W�K�H �V�W�U�H�D�P�O�L�Q�H�V �R�F�F�X�U�V �I�R�U �V�Z�H�S�W �Z�L�Q�J�V�� �D�V �G�H�P�R�Q�V�W�U�D�W�H�G �E�\ �H�D�U�O�\ �Z�R�U�N �E�\ �5�R�J�H�U�V
�D�Q�G �+�D�O�O �������������� �9�D�W�V�D �D�Q�G �:�H�G�D�Q ������������ �S�H�U�I�R�U�P�H�G �Q�X�P�H�U�L�F�D�O �V�L�P�X�O�D�W�L�R�Q�V �R�Q �D20� �V�Z�H�S�W �1�$�&�$ ��������
�Z�L�Q�J �L�Q�V�L�G�H �D �Z�L�Q�G �W�X�Q�Q�H�O�� �I�R�F�X�V�L�Q�J �R�Q �W�K�H �G�L�I�I�H�U�H�Q�F�H �E�H�W�Z�H�H�Q �Y�L�V�F�R�X�V �D�Q�G �L�Q�Y�L�V�F�L�G �V�L�G�H �Z�D�O�O�V�� �,�W �Z�D�V
�G�H�P�R�Q�V�W�U�D�W�H�G �W�K�D�W �E�R�W�K �L�Q�Y�L�V�F�L�G �D�Q�G �Y�L�V�F�R�X�V �V�L�G�H�Z�D�O�O �V�L�P�X�O�D�W�L�R�Q�V �H�[�K�L�E�L�W�H�G �D �U�H�O�D�W�L�Y�H�O�\ �F�O�R�V�H �D�O�L�J�Q�P�H�Q�W
�R�I �W�K�H �S�U�H�V�V�X�U�H �F�R�H�I�I�L�F�L�H�Q�W �Z�L�W�K �W�K�H �H�[�S�H�U�L�P�H�Q�W �L�Q �W�K�H �P�L�G�G�O�H �R�I �W�K�H �V�S�D�Q�� �7�R�Z�D�U�G�V �W�K�H �W�X�Q�Q�H�O �Z�D�O�O�V�� �W�K�H
�D�O�L�J�Q�P�H�Q�W �Z�L�W�K �H�[�S�H�U�L�P�H�Q�W�D�O �G�D�W�D �E�H�F�R�P�H�V �O�H�V�V �D�F�F�X�U�D�W�H�� �7�K�L�V �L�V �F�D�X�V�H�G �E�\ �W�K�H �O�D�U�J�H�U �S�U�H�V�V�X�U�H �J�U�D�G�L�H�Q�W�V
�W�R�Z�D�U�G�V �W�K�H �W�X�Q�Q�H�O �Z�D�O�O�V �D�Q�G �W�K�H �P�R�U�H �F�R�P�S�O�H�[ �I�O�R�Z �S�K�H�Q�R�P�H�Q�D �W�K�D�W �U�H�V�X�O�W�� �$�V �V�K�R�Z�Q �L�Q �)�L�J�X�U�H ���������� �W�K�H
�P�R�Y�H�P�H�Q�W �R�I �W�K�H �V�W�U�H�D�P�O�L�Q�H�V �L�V �V�X�S�S�U�H�V�V�H�G �E�\ �W�K�H �Z�D�O�O�V�� �7�K�L�V �F�D�X�V�H�V �D �F�R�P�S�U�H�V�V�L�R�Q �L�Q �W�K�H �O�H�D�G�L�Q�J �H�G�J�H
�D�U�H�D �R�I �W�K�H �P�R�U�H �X�S�V�W�U�H�D�P �H�Q�G �R�I �W�K�H �Z�L�Q�J �D�Q�G �D�Q �H�[�S�D�Q�V�L�R�Q �D�W �W�K�H �O�H�D�G�L�Q�J �H�G�J�H �R�I �W�K�H �P�R�U�H �G�R�Z�Q�V�W�U�H�D�P
�H�Q�G �R�I �W�K�H �Z�L�Q�J�� �7�K�H�V�H �F�R�P�S�U�H�V�V�L�R�Q �D�Q�G �H�[�S�D�Q�V�L�R�Q �Z�D�Y�H�V �L�Q�I�O�X�H�Q�F�H �W�K�H �I�O�R�Z�I�L�H�O�G �R�Y�H�U �W�K�H �H�Q�W�L�U�H �Z�L�Q�J��
�)�R�O�O�R�Z�L�Q�J �%�L�U�N�H�P�H�\�H�U �������������� �W�K�H �L�V�R�E�D�U �S�D�W�W�H�U�Q �R�Y�H�U �W�K�H �V�X�F�W�L�R�Q �V�X�U�I�D�F�H �R�I �D �Z�L�Q�J �E�R�X�Q�G�H�G �E�\ �V�W�U�D�L�J�K�W
�W�X�Q�Q�H�O �Z�D�O�O�V �G�L�I�I�H�U�V �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �I�U�R�P �W�K�H �L�Q�I�L�Q�L�W�H�O�\ �V�Z�H�S�W �Z�L�Q�J �F�R�Q�G�L�W�L�R�Q�� �$ �G�U�R�S �L�Q �S�U�H�V�V�X�U�H �E�H�W�Z�H�H�Q �W�K�H
�P�R�U�H �X�S�V�W�U�H�D�P �H�Q�G �R�I �W�K�H �Z�L�Q�J �D�Q�G �W�K�H �P�R�U�H �G�R�Z�Q�V�W�U�H�D�P �H�Q�G �R�I �W�K�H �Z�L�Q�J �L�V �D �U�H�V�X�O�W �R�I �W�K�H �F�R�P�S�U�H�V�V�L�R�Q
�D�Q�G �H�[�S�D�Q�V�L�R�Q �Z�D�Y�H�V �V�K�R�Z�Q �L�Q �)�L�J�X�U�H ����������

�$�J�D�L�Q�� �F�R�Q�W�R�X�U�H�G �V�L�G�H�Z�D�O�O�V �L�Q�F�U�H�D�V�H �W�K�H �V�S�D�Q�Z�L�V�H �I�O�R�Z �X�Q�L�I�R�U�P�L�W�\ �R�Y�H�U �D �V�Z�H�S�W �Z�L�Q�J �V�L�J�Q�L�I�L�F�D�Q�W�O�\��
�H�V�S�H�F�L�D�O�O�\ �W�R�Z�D�U�G�V �W�K�H �D�I�W �V�H�F�W�L�R�Q �R�I �W�K�H �D�L�U�I�R�L�O�� �D�V �6�H�U�S�L�H�U�L ������������ �V�K�R�Z�H�G �I�R�U �D �I�O�R�Z �L�Q �V�O�R�Z �I�U�H�H�V�W�U�H�D�P �R�I
v1 � 25 �P

�V �D�W �P�R�G�H�U�D�W�H �5�H�\�Q�R�O�G�V �Q�X�P�E�H�U ��Re = 2 :12� 106���� �&�R�Q�W�R�X�U�L�Q�J �W�K�H �Z�D�O�O�V �F�D�Q �E�H �D�F�K�L�H�Y�H�G �X�V�L�Q�J
�V�W�H�S�S�H�U �P�R�W�R�U�V�� �D�V �H�[�S�O�D�L�Q�H�G �L�Q �P�R�U�H �G�H�W�D�L�O �L�Q �6�H�F�W�L�R�Q ������������ �R�U �E�\ �X�W�L�O�L�]�L�Q�J �V�R���F�D�O�O�H�G �O�L�Q�H�U�V�� �7�K�H�V�H �O�L�Q�H�U�V �D�U�H
�G�H�Y�L�F�H�V �G�H�V�L�J�Q�H�G �W�R �G�L�U�H�F�W �W�K�H �I�O�R�Z �L�Q �D �Z�L�Q�G �W�X�Q�Q�H�O�¶�V �W�H�V�W �V�H�F�W�L�R�Q�� �D�Q�G �F�D�Q�� �I�R�U �H�[�D�P�S�O�H�� �E�H �P�D�Q�X�I�D�F�W�X�U�H�G
�R�I �S�O�\�Z�R�R�G ���5�R�P�D�Q�R �H�W �D�O�� ������������

�7�K�H �G�H�V�L�J�Q �R�I �F�R�Q�W�R�X�U�H�G �V�L�G�H �Z�D�O�O�V �I�R�U �D �V�Z�H�S�W �Z�L�Q�J �L�Q �W�U�D�Q�V�R�Q�L�F �I�O�R�Z �L�V �H�[�S�O�D�L�Q�H�G �E�\ �%�L�U�N�H�P�H�\�H�U ��������������
�1�X�P�H�U�L�F�D�O �V�L�P�X�O�D�W�L�R�Q�V �I�R�U �D�Q �L�Q�I�L�Q�L�W�H�O�\ �V�Z�H�S�W �Z�L�Q�J �Z�H�U�H �S�H�U�I�R�U�P�H�G �W�R �H�[�W�U�D�F�W �W�K�H �V�W�U�H�D�P�O�L�Q�H�V �D�U�R�X�Q�G �W�K�H
�Z�L�Q�J�� �%�D�V�H�G �R�Q �W�K�H �F�R�Q�W�R�X�U �R�I �W�K�H �V�W�U�H�D�P�O�L�Q�H�V�� �D �W�K�U�H�H���G�L�P�H�Q�V�L�R�Q�D�O �P�H�V�K �Z�D�V �J�H�Q�H�U�D�W�H�G�� �7�K�H�V�H �U�H�V�X�O�W�V
�G�R �Q�R�W �D�F�F�R�X�Q�W �I�R�U �W�K�H �G�L�V�S�O�D�F�H�P�H�Q�W �W�K�L�F�N�Q�H�V�V �R�I �W�K�H �Z�D�O�O�¶�V �E�R�X�Q�G�D�U�\ �O�D�\�H�U�� �1�H�Y�H�U�W�K�H�O�H�V�V�� �W�K�H �S�U�H�V�V�X�U�H
�G�L�V�W�U�L�E�X�W�L�R�Q �V�K�R�Z�V �F�O�R�V�H �D�O�L�J�Q�P�H�Q�W �Z�L�W�K �W�K�H �L�Q�I�L�Q�L�W�H�O�\ �V�Z�H�S�W �F�R�Q�G�L�W�L�R�Q�V�� �Z�L�W�K �W�K�H �V�K�R�F�N �O�R�F�D�W�L�R�Q �V�K�L�I�W�H�G
�X�S�V�W�U�H�D�P �E�\� x/ c = 0 :035�� �:�K�H�Q �W�D�N�L�Q�J �W�K�H �Z�D�O�O �E�R�X�Q�G�D�U�\ �O�D�\�H�U �L�Q�W�R �D�F�F�R�X�Q�W �G�X�U�L�Q�J �Z�D�O�O �G�H�I�R�U�P�D�W�L�R�Q��
�Z�K�L�F�K �L�V �G�R�Q�H �L�Q �D�Q �L�W�H�U�D�W�L�Y�H �S�U�R�F�H�G�X�U�H�� �Q�R �G�L�I�I�H�U�H�Q�F�H �L�V �Q�R�W�H�G �F�R�P�S�D�U�H�G �W�R �W�K�H �L�Q�I�L�Q�L�W�H�O�\ �V�Z�H�S�W �Z�L�Q�J
�F�R�Q�G�L�W�L�R�Q�V�� �2�Q�O�\ �Y�H�U�\ �F�O�R�V�H �W�R �W�K�H �Z�D�O�O�� �W�K�H �L�V�R�E�D�U�V �V�O�L�J�K�W�O�\ �F�X�U�Y�H �W�R�Z�D�U�G�V �W�K�H �Z�D�O�O�V�� �$�V �H�[�S�O�D�L�Q�H�G �I�R�U �W�K�H
�K�R�U�L�]�R�Q�W�D�O �Z�D�O�O�V�� �W�K�L�V �S�U�R�F�H�G�X�U�H �L�V �Y�H�U�\ �F�R�P�S�O�H�[ �W�R �U�H�D�O�L�]�H �L�Q �W�K�U�H�H �G�L�P�H�Q�V�L�R�Q�V�� �$�G�G�L�W�L�R�Q�D�O�O�\�� �D�G�M�X�V�W�L�Q�J �R�U



�������� �:�L�Q�G �7�X�Q�Q�H�O �(�[�S�H�U�L�P�H�Q�W�V �D�Q�G �:�D�O�O �,�Q�I�O�X�H�Q�F�H ����

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

�5�R�P�D�Q�R �H�W �D�O�� ������������ �G�H�V�L�J�Q�H�G �D�Q�G �W�H�V�W�H�G �F�R�Q�W�R�X�U�H�G �V�L�G�H �Z�D�O�O�V �I�R�U �H�[�S�H�U�L�P�H�Q�W�D�O �F�D�P�S�D�L�J�Q�V �V�W�X�G�\�L�Q�J
�U�H�F�H�S�W�L�Y�L�W�\ �P�H�F�K�D�Q�L�V�P�V �L�Q �W�K�H �5�(�&�(�3�7 �S�U�R�M�H�F�W�� �6�L�P�L�O�D�U �W�R �W�K�H �D�S�S�U�R�D�F�K �R�I �%�L�U�N�H�P�H�\�H�U �������������� �W�K�H �V�K�D�S�H �R�I
�W�K�H �V�L�G�H �Z�D�O�O�V �Z�D�V �G�H�W�H�U�P�L�Q�H�G �E�\ �H�[�W�U�D�F�W�L�Q�J �W�K�H �V�W�U�H�D�P�O�L�Q�H�V �I�U�R�P �W�K�H �X�Q�E�R�X�Q�G�H�G �V�L�P�X�O�D�W�L�R�Q�� �$�O�W�K�R�X�J�K �W�K�H
�L�V�R�E�D�U�V �R�Q �W�K�H �S�U�H�V�V�X�U�H �V�L�G�H �R�I �W�K�H �Z�L�Q�J �Z�H�U�H �S�D�U�D�O�O�H�O �W�R �W�K�H �O�H�D�G�L�Q�J �H�G�J�H�� �W�K�H �V�X�F�W�L�R�Q �V�L�G�H �G�L�G �Q�R�W �J�X�D�U�D�Q�W�H�H
�V�X�F�K �E�H�K�D�Y�L�R�U�� �H�V�S�H�F�L�D�O�O�\ �Z�K�H�Q �D�S�S�U�R�D�F�K�L�Q�J �W�K�H �W�X�Q�Q�H�O �Z�D�O�O�V�� �1�H�Y�H�U�W�K�H�O�H�V�V�� �W�K�H �Z�R�U�N �G�H�P�R�Q�V�W�U�D�W�H�G �W�K�D�W �W�K�H
�G�H�Y�H�O�R�S�H�G �P�R�G�H�O �L�V �V�X�L�W�D�E�O�H �I�R�U �P�H�D�V�X�U�L�Q�J �W�K�H �O�L�Q�H�D�U �U�H�F�H�S�W�L�Y�L�W�\ �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �R�I �D �V�Z�H�S�W���Z�L�Q�J �E�R�X�Q�G�D�U�\
�O�D�\�H�U �D�V�V�R�F�L�D�W�H�G �Z�L�W�K �W�K�H �H�[�F�L�W�D�W�L�R�Q �R�I �F�U�R�V�V���I�O�R�Z �L�Q�V�W�D�E�L�O�L�W�\ �P�R�G�H�V��

�'�H�V�S�L�W�H �W�K�H �V�X�F�F�H�V�V�I�X�O �D�S�S�O�L�F�D�W�L�R�Q �R�I �O�L�Q�H�U�V �D�Q�G �G�H�I�R�U�P�D�W�L�R�Q �R�I �Z�L�Q�G �W�X�Q�Q�H�O �Z�D�O�O�V�� �L�W �U�H�P�D�L�Q�V �X�Q�F�H�U�W�D�L�Q
�K�R�Z �W�K�H �D�S�S�O�L�F�D�W�L�R�Q �R�I �V�X�F�K �P�H�D�V�X�U�H�V �Z�L�O�O �D�I�I�H�F�W �W�K�H �U�H�V�X�O�W�V �L�Q �D �G�L�I�I�H�U�H�Q�W �I�D�F�L�O�L�W�\ �X�Q�G�H�U �G�L�I�I�H�U�H�Q�W �J�H�R�P�H�W�U�L�F
�D�Q�G �L�Q�I�O�R�Z �F�R�Q�G�L�W�L�R�Q�V�� �7�K�H �.�5�*�¶�V �W�H�V�W �V�H�F�W�L�R�Q�� �I�R�U �H�[�D�P�S�O�H�� �I�H�D�W�X�U�H�V �D �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �V�P�D�O�O�H�U �F�U�R�V�V���V�H�F�W�L�R�Q
�W�K�D�Q �W�K�H �7�U�D�Q�V�R�Q�L�F �:�L�Q�G �7�X�Q�Q�H�O �*�|�W�W�L�Q�J�H�Q ���7�:�*���� �X�V�H�G �L�Q �%�L�U�N�H�P�H�\�H�U ��������������

�6�W�U�H�D�P�O�L�Q�H�V �6�K�R�F�N

�&�R�P�S�U�H�V�V�L�R�Q �:�D�Y�H�V

�(�[�S�D�Q�V�L�R�Q �:�D�Y�H�V

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

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

�$�G�G�L�W�L�R�Q�D�O�O�\�� �Y�R�U�W�L�F�D�O �V�W�U�X�F�W�X�U�H�V �F�D�Q �I�R�U�P �L�Q �W�K�H �F�R�U�Q�H�U�V�� �Z�K�L�F�K �D�U�H �N�Q�R�Z�Q �D�V �V�H�F�R�Q�G�D�U�\ �H�I�I�H�F�W�V�� �7�K�H�V�H
�V�H�F�R�Q�G�D�U�\ �I�O�R�Z �V�W�U�X�F�W�X�U�H�V �D�U�H �V�K�R�Z�Q �V�F�K�H�P�D�W�L�F�D�O�O�\ �L�Q �)�L�J�X�U�H ���������� �,�W �F�D�Q �E�H �I�R�X�Q�G �W�K�D�W �W�K�H �Y�H�O�R�F�L�W�\ �Y�H�F�W�R�U�V
�S�R�L�Q�W �W�R�Z�D�U�G�V �W�K�H �F�R�U�Q�H�U �D�Q�G �W�K�H�Q �D�Z�D�\ �I�U�R�P �W�K�H �F�R�U�Q�H�U �D�O�R�Q�J �W�K�H �Z�D�O�O�V�� �,�I �Q�R �F�R�X�Q�W�H�U�P�H�D�V�X�U�H�V �D�U�H �D�S�S�O�L�H�G��
�W�K�H�V�H �F�R�U�Q�H�U �I�O�R�Z�V �P�D�\ �L�Q�W�H�U�D�F�W �Z�L�W�K �V�K�R�F�N�V �R�U �V�L�P�S�O�\ �L�Q�I�O�X�H�Q�F�H �W�K�H �I�O�R�Z�I�L�H�O�G �G�X�H �W�R �W�K�H �S�U�H�V�H�Q�F�H �R�I �D�Q
�D�O�W�H�U�Q�D�W�H�G �E�R�X�Q�G�D�U�\ �O�D�\�H�U ���+�L�U�W ���������� �6�K�D�Q�J �D�Q�G �+�D�Q�N�H�\ ������������ �7�R �D�Y�R�L�G �W�K�H �L�Q�I�O�X�H�Q�F�H �R�I �W�K�H�V�H �V�W�U�X�F�W�X�U�H�V
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�Q�H�O �*�|�W�W�L�Q�J�H�Q �R�Q �W�K�H �V�S�D�Q�Z�L�V�H �I�O�R�Z �K�R�P�R�J�H�Q�H�L�W�\ �I�R�U �D �V�Z�H�S�W �Z�L�Q�J �E�\ �S�H�U�I�R�U�P�L�Q�J �W�K�U�H�H���G�L�P�H�Q�V�L�R�Q�D�O
�5�$�1�6 �V�L�P�X�O�D�W�L�R�Q�V �Z�L�W�K �W�K�H �'�/�5 �7�$�8 �F�R�G�H��

�7�R �G�R �V�R�� �W�K�H �Z�R�U�N �L�V �V�W�U�X�F�W�X�U�H�G �D�V �I�R�O�O�R�Z�V�� �)�L�U�V�W�� �W�K�H �H�[�S�H�U�L�P�H�Q�W�D�O �V�H�W�X�S �L�Q �W�K�H �.�5�* �L�V �H�[�S�O�D�L�Q�H�G��
�S�U�R�Y�L�G�L�Q�J �D�Q �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �R�I �Z�K�\ �W�K�H �Q�X�P�H�U�L�F�D�O �Z�R�U�N �L�V �V�W�U�X�F�W�X�U�H�G �L�Q �W�K�L�V �P�D�Q�Q�H�U�� �$ �E�U�L�H�I �L�Q�W�U�R�G�X�F�W�L�R�Q �W�R
�W�K�H �Q�X�P�H�U�L�F�D�O �V�L�P�X�O�D�W�L�R�Q �X�V�L�Q�J �W�K�H �'�/�5 �7�$�8 �F�R�G�H �L�V �S�U�R�Y�L�G�H�G�� �7�K�H�Q�� �W�K�H �P�H�V�K�L�Q�J �R�I �G�L�I�I�H�U�H�Q�W �F�R�P�S�X�W�D�W�L�R�Q�D�O
�G�R�P�D�L�Q�V �L�V �H�[�S�O�D�L�Q�H�G�� �:�K�D�W �I�R�O�O�R�Z�V �L�V �Z�R�U�N �R�Q �W�K�H �Y�D�O�L�G�D�W�L�R�Q �D�Q�G �Y�H�U�L�I�L�F�D�W�L�R�Q �R�I �W�K�H �V�L�P�X�O�D�W�L�R�Q�V �E�D�V�H�G �R�Q
�H�[�S�H�U�L�P�H�Q�W�D�O �G�D�W�D�� �S�U�H�Y�L�R�X�V�O�\ �U�X�Q �V�L�P�X�O�D�W�L�R�Q�V�� �D�Q�G �J�U�L�G �F�R�Q�Y�H�U�J�H�Q�F�H �V�W�X�G�L�H�V�� �$ �P�D�M�R�U �S�D�U�W �R�I �W�K�H �W�K�H�V�L�V �L�V
�E�D�V�H�G �R�Q �P�H�V�K �G�H�I�R�U�P�D�W�L�R�Q�� �Z�K�L�F�K �L�V �H�[�S�O�D�L�Q�H�G �L�Q �W�K�H �P�H�W�K�R�G�R�O�R�J�\ �F�K�D�S�W�H�U��
�7�K�H �U�H�V�X�O�W�V �Z�L�O�O �E�H �S�U�H�V�H�Q�W�H�G �L�Q �D �V�W�U�X�F�W�X�U�H�G �P�D�Q�Q�H�U�� �V�W�D�U�W�L�Q�J �Z�L�W�K �W�K�R�V�H �I�R�U �W�K�H �V�H�W�X�S �W�K�D�W �L�V �F�X�U�U�H�Q�W�O�\
�D�F�K�L�H�Y�D�E�O�H �L�Q �W�K�H �.�5�*�¶�V �W�H�V�W �V�H�F�W�L�R�Q �Z�L�W�K�R�X�W �D�Q�\ �Q�H�F�H�V�V�D�U�\ �D�G�D�S�W�D�W�L�R�Q�V�� �L���H���� �G�H�I�R�U�P�D�W�L�R�Q�V�� �1�H�[�W�� �U�H�V�X�O�W�V
�I�R�U �V�L�P�X�O�D�W�L�R�Q�V �Z�L�W�K �G�H�I�R�U�P�H�G �Z�D�O�O�V �D�U�H �S�U�H�V�H�Q�W�H�G�� �6�S�H�F�L�I�L�F�D�O�O�\�� �W�K�H �U�H�V�X�O�W�V �Z�L�W�K �G�H�I�R�U�P�H�G �L�Q�Y�L�V�F�L�G �D�Q�G
�G�H�I�R�U�P�H�G �Y�L�V�F�R�X�V �Z�D�O�O�V �D�U�H �S�U�H�V�H�Q�W�H�G�� �$ �E�U�L�H�I �V�H�F�W�L�R�Q �R�Q �D�O�W�H�U�Q�D�W�L�Y�H �R�S�W�L�R�Q�V �I�R�U �P�L�W�L�J�D�W�L�Q�J �Z�D�O�O �L�Q�I�O�X�H�Q�F�H�V
�L�V �S�U�H�V�H�Q�W�H�G �E�H�I�R�U�H �W�K�H �F�R�Q�F�O�X�V�L�R�Q�V �D�U�H �G�U�D�Z�Q�� �D�Q�G �U�H�F�R�P�P�H�Q�G�D�W�L�R�Q�V �I�R�U �I�X�W�X�U�H �Z�R�U�N �D�U�H �S�U�R�Y�L�G�H�G��



��
�0�H�W�K�R�G�R�O�R�J�\

�7�K�L�V �F�K�D�S�W�H�U �G�H�V�F�U�L�E�H�V �W�K�H �P�H�W�K�R�G�R�O�R�J�\ �X�V�H�G �I�R�U �W�K�H �I�R�O�O�R�Z�L�Q�J �Z�R�U�N�� �$�W �I�L�U�V�W�� �W�K�H �V�H�W�X�S �I�R�U �H�[�S�H�U�L�P�H�Q�W�V �L�Q
�W�K�H �.�5�* �L�V �G�H�V�F�U�L�E�H�G�� �7�K�L�V �L�Q�F�O�X�G�H�V �D �G�H�V�F�U�L�S�W�L�R�Q �R�I �W�K�H �D�L�U�I�R�L�O �X�V�H�G �L�Q �W�K�H �V�W�X�G�\�� �W�K�H �Z�R�U�N�L�Q�J �S�U�L�Q�F�L�S�O�H �R�I �W�K�H
�.�5�*�� �D�Q�G �W�Z�R �H�[�S�H�U�L�P�H�Q�W�D�O �W�H�V�W �F�D�V�H�V�� �7�K�H �G�D�W�D �I�R�U �W�K�H�V�H �W�H�V�W �F�D�V�H�V �Z�D�V �D�F�T�X�L�U�H�G �G�X�U�L�Q�J �H�[�S�H�U�L�P�H�Q�W�V �Z�L�W�K
�D�Q �X�Q�V�Z�H�S�W �Z�L�Q�J �L�Q �W�K�H �.�5�*�� �S�H�U�I�R�U�P�H�G �E�\ �.�R�F�K �H�W �D�O�� �������������� �)�X�U�W�K�H�U�P�R�U�H�� �W�K�H �Q�X�P�H�U�L�F�D�O �P�H�W�K�R�G�R�O�R�J�\ �L�V
�H�[�S�O�D�L�Q�H�G�� �Z�L�W�K �D �I�R�F�X�V �R�Q �W�K�H �'�/�5 �V�R�O�Y�H�U �7�$�8�� �W�K�H �K�\�E�U�L�G �P�H�V�K�L�Q�J �W�H�F�K�Q�L�T�X�H �&�K�L�P�H�U�D�� �D�Q�G �W�K�H �G�L�I�I�H�U�H�Q�F�H
�L�Q �W�K�H �F�K�R�L�F�H �R�I �W�X�U�E�X�O�H�Q�F�H �P�R�G�H�O�V�� �7�K�H �I�R�O�O�R�Z�L�Q�J �V�H�F�W�L�R�Q �R�X�W�O�L�Q�H�V �W�K�H �Y�D�O�L�G�D�W�L�R�Q �D�Q�G �Y�H�U�L�I�L�F�D�W�L�R�Q �R�I �W�K�H
�F�K�R�V�H�Q �P�H�W�K�R�G�� �7�K�H �Y�D�O�L�G�D�W�L�R�Q �L�V �S�H�U�I�R�U�P�H�G �E�\ �F�R�P�S�D�U�L�Q�J �Q�X�P�H�U�L�F�D�O �U�H�V�X�O�W�V �Z�L�W�K �H�[�S�H�U�L�P�H�Q�W�D�O �U�H�V�X�O�W�V
�I�R�U �D�Q �X�Q�V�Z�H�S�W �Z�L�Q�J �L�Q �W�K�H �.�5�*�� �7�K�H �Y�D�O�L�G�D�W�L�R�Q �L�V �D�V�V�H�V�V�H�G �E�D�V�H�G �R�Q �D �F�R�P�S�D�U�L�V�R�Q �R�I �Q�X�P�H�U�L�F�D�O �U�H�V�X�O�W�V
�Z�L�W�K �V�L�P�X�O�D�W�L�R�Q�V �S�H�U�I�R�U�P�H�G �E�\ �.�|�K�O�H�U ������������ �D�Q�G �D �J�U�L�G �F�R�Q�Y�H�U�J�H�Q�F�H �V�W�X�G�\ �I�R�U �W�Z�R�� �D�Q�G �W�K�U�H�H���G�L�P�H�Q�V�L�R�Q�D�O
�F�D�V�H�V�� �)�L�Q�D�O�O�\�� �P�H�V�K �G�H�I�R�U�P�D�W�L�R�Q �L�V �L�Q�W�U�R�G�X�F�H�G�� �X�W�L�O�L�]�L�Q�J �W�K�H �7�$�8 �V�R�O�Y�H�U�¶�V �E�X�L�O�W���L�Q �I�X�Q�F�W�L�R�Q �W�R �G�H�I�R�U�P �W�K�H
�V�X�U�I�D�F�H�V �D�Q�G �Y�R�O�X�P�H�V �R�I �D �J�U�L�G�� �7�K�L�V �G�H�I�R�U�P�D�W�L�R�Q �L�V �X�V�H�G �W�R �G�H�I�R�U�P �W�K�H �Y�H�U�W�L�F�D�O �D�Q�G �K�R�U�L�]�R�Q�W�D�O �Z�D�O�O�V �R�I
�W�K�H �.�5�*�¶�V �W�H�V�W �V�H�F�W�L�R�Q�� �)�R�O�O�R�Z�L�Q�J �W�K�H �O�L�W�H�U�D�W�X�U�H �L�Q�W�U�R�G�X�F�H�G �L�Q �6�H�F�W�L�R�Q ������������ �D �G�H�I�R�U�P�D�W�L�R�Q �F�D�Q �U�H�G�X�F�H �W�K�H
�L�P�S�D�F�W �R�I �W�K�H �Z�D�O�O�V �R�Q �W�K�H �I�O�R�Z�I�L�H�O�G �L�Q �W�K�H �W�H�V�W �V�H�F�W�L�R�Q �L�I �D�S�S�O�L�H�G �F�R�U�U�H�F�W�O�\��

���������(�[�S�H�U�L�P�H�Q�W�D�O �6�H�W�X�S �L�Q �W�K�H �.�5�*
�7�K�L�V �V�H�F�W�L�R�Q �S�U�R�Y�L�G�H�V �L�Q�V�L�J�K�W �L�Q�W�R �W�K�H �.�5�* �V�H�W�X�S �D�Q�G �W�Z�R �H�[�S�H�U�L�P�H�Q�W�D�O �W�H�V�W �F�D�V�H�V�� �7�K�H �I�R�O�O�R�Z�L�Q�J �L�O�O�X�V�W�U�D�W�H�V
�W�K�H �1�/�) �D�L�U�I�R�L�O �X�V�H�G �L�Q �W�K�L�V �Z�R�U�N�� �G�H�V�F�U�L�E�H�V �W�K�H �.�5�*�¶�V �D�U�F�K�L�W�H�F�W�X�U�H �D�Q�G �Z�R�U�N�L�Q�J �S�U�L�Q�F�L�S�O�H�� �D�Q�G �H�[�S�O�D�L�Q�V
�W�K�H �H�[�S�H�U�L�P�H�Q�W�D�O �V�H�W�X�S �R�I �H�[�S�H�U�L�P�H�Q�W�V �R�Q �D�Q �X�Q�V�Z�H�S�W �Z�L�Q�J �F�R�Q�G�X�F�W�H�G �D�W �W�K�H �.�5�*�� �7�K�H�V�H �L�Q�W�U�R�G�X�F�W�L�R�Q�V
�D�U�H �H�V�V�H�Q�W�L�D�O �I�R�U �V�H�W�W�L�Q�J �X�S �W�K�H �Q�X�P�H�U�L�F�D�O �V�L�P�X�O�D�W�L�R�Q�V �S�H�U�I�R�U�P�H�G �L�Q �W�K�L�V �W�K�H�V�L�V �D�Q�G �O�D�\ �W�K�H �I�R�X�Q�G�D�W�L�R�Q �I�R�U
�L�Q�W�H�U�S�U�H�W�L�Q�J �W�K�H �U�H�V�X�O�W�V �R�E�W�D�L�Q�H�G��

�������������7�K�H �/�9���) �$�L�U�I�R�L�O
�7�K�H �/�9���) �L�V �D�Q �1�/�) �D�L�U�I�R�L�O�� �Z�K�R�V�H �F�R�Q�W�R�X�U �L�V �V�K�R�Z�Q �L�Q �)�L�J�X�U�H �������� �7�K�L�V �D�L�U�I�R�L�O �K�D�V �E�H�H�Q �L�Q�Y�H�V�W�L�J�D�W�H�G
�E�R�W�K �H�[�S�H�U�L�P�H�Q�W�D�O�O�\ �D�Q�G �Q�X�P�H�U�L�F�D�O�O�\ �L�Q �W�K�H �.�5�*�� �(�[�H�P�S�O�D�U�\ �S�U�H�V�V�X�U�H �G�L�V�W�U�L�E�X�W�L�R�Q�V �I�R�U �D�Q �H�[�S�H�U�L�P�H�Q�W �D�Q�G
�Q�X�P�H�U�L�F�D�O �V�L�P�X�O�D�W�L�R�Q�V �D�U�H �G�L�V�S�O�D�\�H�G �L�Q �)�L�J�X�U�H ���������� �+�H�Q�F�H�� �W�K�H �D�L�U�I�R�L�O �L�V �D �V�X�L�W�D�E�O�H �F�K�R�L�F�H �I�R�U �H�[�S�O�R�U�L�Q�J �W�K�H
�I�H�D�V�L�E�L�O�L�W�\ �R�I �F�R�Q�G�X�F�W�L�Q�J �H�[�S�H�U�L�P�H�Q�W�V �Z�L�W�K �W�K�H �/�9���) �D�L�U�I�R�L�O �L�Q �V�Z�H�S�W���Z�L�Q�J �F�R�Q�I�L�J�X�U�D�W�L�R�Q�V��

�)�L�J�X�U�H �������� �/�9���) �S�U�R�I�L�O�H �F�R�Q�W�R�X�U �Q�R�U�P�D�O�L�]�H�G �E�\ �W�K�H �F�K�R�U�G �O�H�Q�J�W�K��

����



�������� �(�[�S�H�U�L�P�H�Q�W�D�O �6�H�W�X�S �L�Q �W�K�H �.�5�* ����

�7�K�H �J�R�D�O �R�I �D�Q �1�/�) �D�L�U�I�R�L�O �L�V �W�R �J�H�Q�H�U�D�W�H �D �O�R�Z �D�P�R�X�Q�W �R�I �G�U�D�J �E�\ �H�[�W�H�Q�G�L�Q�J �O�D�P�L�Q�D�U �I�O�R�Z �Z�K�L�O�H �P�D�L�Q�W�D�L�Q�L�Q�J
�J�R�R�G �K�L�J�K���O�L�I�W �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V�� �7�K�X�V�� �W�K�H �V�K�D�S�H �L�V �X�V�X�D�O�O�\ �F�K�D�U�D�F�W�H�U�L�]�H�G �E�\ �D �U�H�O�D�W�L�Y�H�O�\ �V�P�R�R�W�K �X�S�S�H�U �V�X�U�I�D�F�H��
�7�K�L�V �I�D�F�L�O�L�W�D�W�H�V �D �I�D�Y�R�U�D�E�O�H �S�U�H�V�V�X�U�H �J�U�D�G�L�H�Q�W �R�Q �W�K�H �V�X�U�I�D�F�H�� �Z�K�L�F�K �L�V �D�V�V�R�F�L�D�W�H�G �Z�L�W�K �D �K�L�J�K �D�P�R�X�Q�W �R�I
�O�D�P�L�Q�D�U �I�O�R�Z �G�X�H �W�R �D �G�H�O�D�\ �R�I �W�K�H �R�Q�V�H�W �R�I �7�R�O�O�P�L�H�Q���6�F�K�O�L�F�K�W�L�Q�J �L�Q�V�W�D�E�L�O�L�W�L�H�V�� �)�R�U �W�K�L�V �U�H�D�V�R�Q�� �W�K�H �D�H�U�R�V�S�D�F�H
�L�Q�G�X�V�W�U�\ �S�X�W�V �H�I�I�R�U�W �L�Q�W�R �X�Q�G�H�U�V�W�D�Q�G�L�Q�J �D�Q�G �L�P�S�U�R�Y�L�Q�J �W�K�H �W�H�F�K�Q�R�O�R�J�\�� �$�L�U�E�X�V �L�Q�L�W�L�D�W�H�G �L�W�V �G�H�Y�H�O�R�S�P�H�Q�W �H�I�I�R�U�W
�L�Q �W�K�H ���������V �E�X�W �V�W�L�O�O �Q�H�H�G�V �W�R �D�S�S�O�\ �W�K�H �W�H�F�K�Q�R�O�R�J�\ �W�R �L�W�V �D�L�U�F�U�D�I�W ���+�D�Q�V�H�Q ������������

�������������7�K�H �.�5�* �:�L�Q�G �7�X�Q�Q�H�O
�7�K�H �.�5�* �L�V �D �E�O�R�Z���G�R�Z�Q �Z�L�Q�G �W�X�Q�Q�H�O �E�D�V�H�G �R�Q �W�K�H �/�X�G�Z�L�H�J���7�X�E�H �F�R�Q�F�H�S�W �I�R�U �K�L�J�K �5�H�\�Q�R�O�G�V �Q�X�P�E�H�U
�U�H�V�H�D�U�F�K �L�Q �W�U�D�Q�V�R�Q�L�F �I�O�R�Z�� �/�R�Z �W�H�P�S�H�U�D�W�X�U�H�V �R�I �G�R�Z�Q �W�R100�. �D�Q�G �K�L�J�K �V�W�D�J�Q�D�W�L�R�Q �S�U�H�V�V�X�U�H�V �R�I �X�S �W�R
1�0�3�D�D�U�H �D�F�K�L�H�Y�H�G �W�R �U�H�D�O�L�]�H �5�H�\�Q�R�O�G�V �Q�X�P�E�H�U�V �R�I �X�S �W�R60 � 106 �E�D�V�H�G �R�Q �D �F�K�R�U�G �O�H�Q�J�W�K �R�I150�P�P
���5�R�V�H�P�D�Q�Q ������������ �8�Q�G�H�U �W�K�H�V�H �F�U�\�R�J�H�Q�L�F �F�R�Q�G�L�W�L�R�Q�V�� �L�W �L�V �S�R�V�V�L�E�O�H �W�R �D�F�K�L�H�Y�H �G�\�Q�D�P�L�F�D�O�O�\ �V�L�P�L�O�D�U �F�R�Q�G�L�W�L�R�Q�V
�L�Q �W�U�D�Q�V�R�Q�L�F �I�O�R�Z�� �Z�L�W�K �0�D�F�K �Q�X�P�E�H�U�V �U�D�Q�J�L�Q�J �I�U�R�P ������ �W�R ���������� �$�F�K�L�H�Y�L�Q�J �W�K�H�V�H �F�R�Q�G�L�W�L�R�Q�V �L�V �S�R�V�V�L�E�O�H
�V�L�Q�F�H �W�K�H �0�D�F�K �D�Q�G �5�H�\�Q�R�O�G�V �Q�X�P�E�H�U�V �F�D�Q �E�H �F�R�Q�W�U�R�O�O�H�G �L�Q�G�H�S�H�Q�G�H�Q�W�O�\ �R�I �H�D�F�K �R�W�K�H�U �E�\ �D�G�D�S�W�L�Q�J �W�K�H
�S�U�H�V�V�X�U�H �D�Q�G �W�K�H �W�H�P�S�H�U�D�W�X�U�H��

�)�L�J�X�U�H �������� �6�F�K�H�P�D�W�L�F �L�O�O�X�V�W�U�D�W�L�R�Q �R�I �W�K�H �&�U�\�R�J�H�Q�L�F �/�X�G�Z�L�H�J �7�X�E�H �*�|�W�W�L�Q�J�H�Q ���.�R�F�K �H�W �D�O�� ������������

�)�L�J�X�U�H ������ �V�K�R�Z�V �D �V�F�K�H�P�D�W�L�F �L�O�O�X�V�W�U�D�W�L�R�Q �R�I �W�K�H �.�5�*�� �$ �O�R�Q�J �V�W�R�U�D�J�H �W�X�E�H �L�V �Q�H�F�H�V�V�D�U�\ �W�R �H�Q�D�E�O�H
�V�L�J�Q�L�I�L�F�D�Q�W �U�X�Q�W�L�P�H�V�� �Z�K�L�F�K �I�R�U �W�K�H �.�5�* �L�V �U�R�X�J�K�O�\130�P �O�R�Q�J ���5�R�V�H�P�D�Q�Q ������������ �'�R�Z�Q�V�W�U�H�D�P �R�I �W�K�H
�V�W�R�U�D�J�H �W�X�E�H�� �D �J�D�W�H �Y�D�O�Y�H �L�V �O�R�F�D�W�H�G �W�R �H�Q�D�E�O�H �P�R�G�L�I�L�F�D�W�L�R�Q�V �L�Q �W�K�H �W�H�V�W �V�H�F�W�L�R�Q �Z�L�W�K�R�X�W �H�P�S�W�\�L�Q�J �W�K�H �V�W�R�U�D�J�H
�W�X�E�H �E�H�I�R�U�H �D �U�X�Q�� �D�Q�G �W�R �I�D�F�L�O�L�W�D�W�H �L�Q�G�H�S�H�Q�G�H�Q�W �W�H�P�S�H�U�D�W�X�U�H �F�R�Q�W�U�R�O �I�R�U �E�R�W�K �W�K�H �I�O�R�Z �D�Q�G �W�K�H �P�R�G�H�O�� �-�X�V�W
�X�S�V�W�U�H�D�P �R�I �W�K�H �J�D�W�H �Y�D�O�Y�H�� �W�K�H �W�R�W�D�O �W�H�P�S�H�U�D�W�X�U�H �D�Q�G �S�U�H�V�V�X�U�H �D�U�H �P�H�D�V�X�U�H�G�� �Z�K�L�F�K�� �Z�L�W�K�R�X�W �O�R�V�V�H�V�� �L�V �W�K�H
�W�R�W�D�O �S�U�H�V�V�X�U�H �D�Q�G �W�H�P�S�H�U�D�W�X�U�H �L�Q �W�K�H �W�H�V�W �V�H�F�W�L�R�Q�� �W�R�R��
�7�K�H �W�H�V�W �V�H�F�W�L�R�Q �L�V �V�K�R�Z�Q �L�Q �)�L�J�X�U�H �������� �Z�K�H�U�H �W�K�H �D�H�U�R�G�\�Q�D�P�L�F �R�E�M�H�F�W �X�Q�G�H�U �V�W�X�G�\ �L�V �S�O�D�F�H�G�� �7�R �L�Q�F�U�H�D�V�H
�W�K�H �P�H�D�Q �Y�H�O�R�F�L�W�\ �D�Q�G �U�H�G�X�F�H �W�K�H �W�X�U�E�X�O�H�Q�F�H �L�Q�W�H�Q�V�L�W�\ �O�H�Y�H�O �L�Q �W�K�H �W�H�V�W �V�H�F�W�L�R�Q�� �D �F�R�Q�Y�H�U�J�H�Q�W �Q�R�]�]�O�H �Z�L�W�K
�D �F�R�Q�W�U�D�F�W�L�R�Q �U�D�W�L�R �R�I ������ �F�R�Q�Q�H�F�W�V �W�K�H �V�W�R�U�D�J�H �W�X�E�H �D�Q�G �W�K�H �W�H�V�W �V�H�F�W�L�R�Q ���%�U�L�W�F�K�H�U �D�Q�G �/�D�Q�G�P�D�Q ����������
�5�R�V�H�P�D�Q�Q ������������ �7�K�H �L�Q�F�U�H�D�V�H�G �I�O�R�Z �T�X�D�O�L�W�\ �L�V �D �U�H�V�X�O�W �R�I �W�K�H �D�F�F�H�O�H�U�D�W�L�R�Q �R�I �W�K�H �I�O�R�Z�� �Z�K�L�F�K �U�H�G�X�F�H�V �W�K�H
�W�X�U�E�X�O�H�Q�W �E�R�X�Q�G�D�U�\ �O�D�\�H�U �K�H�L�J�K�W �W�K�D�W �G�H�Y�H�O�R�S�V �L�Q �W�K�H �O�R�Q�J �V�W�R�U�D�J�H �W�X�E�H �L�Q �I�U�R�Q�W �R�I �W�K�H �W�H�V�W �V�H�F�W�L�R�Q�� �7�K�H
�W�X�U�E�X�O�H�Q�F�H �L�Q�W�H�Q�V�L�W�\ �O�H�Y�H�O �Z�L�W�K �U�H�V�S�H�F�W �W�R �D �T�X�D�Q�W�L�W�\x �L�V �G�H�I�L�Q�H�G �D�V
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�7�\�S�L�F�D�O�O�\�� �W�X�U�E�X�O�H�Q�F�H �L�Q�W�H�Q�V�L�W�\ �L�V �H�[�S�U�H�V�V�H�G �L�Q �W�H�U�P�V �R�I �Y�H�O�R�F�L�W�\�� �+�R�Z�H�Y�H�U�� �L�Q �F�U�\�R�J�H�Q�L�F �D�Q�G �W�U�D�Q�V�R�Q�L�F
�I�D�F�L�O�L�W�L�H�V �O�L�N�H �W�K�H �.�5�*�� �P�H�D�V�X�U�L�Q�J �W�K�L�V �T�X�D�Q�W�L�W�\ �L�V �F�K�D�O�O�H�Q�J�L�Q�J�� �,�Q�V�W�H�D�G�� �W�K�H �W�X�U�E�X�O�H�Q�F�H �L�Q�W�H�Q�V�L�W�\ �O�H�Y�H�O �L�V
�H�[�S�U�H�V�V�H�G �L�Q �W�H�U�P�V �R�I �W�K�H �W�R�W�D�O �S�U�H�V�V�X�U�H �R�U �W�R�W�D�O �W�H�P�S�H�U�D�W�X�U�H�� �)�R�U �D �5�H�\�Q�R�O�G�V �Q�X�P�E�H�U �R�I �5�H� 30� 106 �P� 1��
�D �W�R�W�D�O �W�H�P�S�H�U�D�W�X�U�H �R�IT0 = 283 �. �D�Q�G �D �0�D�F�K �Q�X�P�E�H�U �R�I �0�D � ���������� �W�K�H �W�X�U�E�X�O�H�Q�F�H �L�Q�W�H�Q�V�L�W�\ �O�H�Y�H�O �Z�L�W�K



�������� �(�[�S�H�U�L�P�H�Q�W�D�O �6�H�W�X�S �L�Q �W�K�H �.�5�* ����

�U�H�V�S�H�F�W �W�R �W�K�H �W�R�W�D�O �S�U�H�V�V�X�U�H �L�VTup0 = 0 :0008�� �&�R�P�S�D�U�H�G �W�R �W�K�H �7�U�D�Q�V�R�Q�L�F �&�U�\�R�J�H�Q�L�F �7�X�Q�Q�H�O �D�W �1�$�6�$
�/�D�Q�J�O�H�\�� �W�K�L�V �L�V �R�Y�H�U �W�K�U�H�H �W�L�P�H�V �O�R�Z�H�U��
�7�R �F�R�P�S�H�Q�V�D�W�H �I�R�U �W�K�H �H�I�I�H�F�W�V �R�I �W�K�H �E�R�X�Q�G�D�U�\ �O�D�\�H�U �F�U�H�D�W�H�G �E�\ �W�K�H �O�R�Q�J �E�X�L�O�G���X�S �L�Q �W�K�H �V�W�R�U�D�J�H �W�X�E�H�� �W�K�H
�Q�R�]�]�O�H �I�H�D�W�X�U�H�V �D �E�R�X�Q�G�D�U�\ �O�D�\�H�U �E�O�H�H�G �V�\�V�W�H�P�� �7�K�L�V �V�\�V�W�H�P�� �G�H�S�H�Q�G�L�Q�J �R�Q �W�K�H �E�R�X�Q�G�D�U�\ �O�D�\�H�U �W�K�L�F�N�Q�H�V�V��
�S�U�H�Y�H�Q�W�V �W�K�H �E�R�X�Q�G�D�U�\ �O�D�\�H�U �I�U�R�P �H�Q�W�H�U�L�Q�J �W�K�H �W�H�V�W �V�H�F�W�L�R�Q�� �-�X�V�W �G�R�Z�Q�V�W�U�H�D�P �R�I �W�K�H �W�H�V�W �V�H�F�W�L�R�Q �H�Q�W�U�\��
�W�K�H �V�W�D�W�L�F �S�U�H�V�V�X�U�H �L�V �P�H�D�V�X�U�H�G �R�Q �W�K�H �Y�H�U�W�L�F�D�O �Z�D�O�O�V �D�Q�G �D�Y�H�U�D�J�H�G �D�F�U�R�V�V �I�L�Y�H �S�U�H�V�V�X�U�H �W�D�S�V�� �7�K�H �W�H�V�W
�V�H�F�W�L�R�Q�¶�V �F�U�R�V�V���V�H�F�W�L�R�Q �L�V0:4 �î 0:35�P2�� �D�Q�G �L�W�V �O�H�Q�J�W�K �L�V2:0 �P�� �7�K�H �X�S�S�H�U �D�Q�G �O�R�Z�H�U �Z�D�O�O�V �D�U�H �D�G�D�S�W�L�Y�H �L�Q
�W�Z�R �G�L�P�H�Q�V�L�R�Q�V �W�R �F�R�Q�W�U�R�O �W�K�H �S�U�H�V�V�X�U�H �F�R�Q�W�R�X�U �D�Q�G �D�F�K�L�H�Y�H �R�S�W�L�P�D�O �I�O�R�Z �F�R�Q�G�L�W�L�R�Q�V �I�R�U �W�K�H �Z�L�Q�G �W�X�Q�Q�H�O
�P�R�G�H�O�� �D�V �H�[�S�O�D�L�Q�H�G �L�Q �6�H�F�W�L�R�Q ������������ �7�K�H �Z�D�O�O�¶�V �F�R�Q�W�R�X�U �L�V �D�G�M�X�V�W�H�G �V�R �W�K�D�W �W�K�H �Y�H�O�R�F�L�W�\ �F�R�P�S�R�Q�H�Q�W �Q�R�U�P�D�O
�W�R �W�K�H �Z�D�O�O�� �H�Y�H�Q �L�Q �W�K�H �D�E�V�H�Q�F�H �R�I �W�K�H �Z�D�O�O�� �L�V �]�H�U�R�� �7�K�X�V�� �W�K�H �L�Q�I�O�X�H�Q�F�H �R�I �W�K�H �X�S�S�H�U �D�Q�G �O�R�Z�H�U �Z�D�O�O�V
�R�Q �W�K�H �I�O�R�Z�I�L�H�O�G �F�D�Q �E�H �P�L�Q�L�P�L�]�H�G�� �'�X�H �W�R �W�K�H �V�K�R�U�W �U�X�Q�W�L�P�H �R�I �W�K�H �W�X�Q�Q�H�O�� �X�V�L�Q�J �D�Q �L�W�H�U�D�W�L�Y�H �D�S�S�U�R�D�F�K �W�R
�G�H�W�H�U�P�L�Q�H �W�K�H �F�R�U�U�H�F�W �Z�D�O�O �F�R�Q�W�R�X�U �Z�R�X�O�G �U�H�T�X�L�U�H �Q�X�P�H�U�R�X�V �L�W�H�U�D�W�L�R�Q�V �W�R �D�F�K�L�H�Y�H �D�Q �L�Q�W�H�U�I�H�U�H�Q�F�H���I�U�H�H �U�H�V�X�O�W��
�7�R �G�H�W�H�U�P�L�Q�H �W�K�H �F�R�U�U�H�F�W �Z�D�O�O �F�R�Q�W�R�X�U�� �D �V�L�Q�J�O�H���V�W�H�S �P�H�W�K�R�G �F�D�Q �E�H �H�P�S�O�R�\�H�G �W�R �D�Y�R�L�G �F�R�V�W�O�\ �L�W�H�U�D�W�L�Y�H
�D�G�D�S�W�D�W�L�R�Q�V�� �X�W�L�O�L�]�L�Q�J �W�K�H �&�D�X�F�K�\ �L�Q�W�H�J�U�D�O �I�R�U�P�X�O�D�� �D�V �S�U�H�V�H�Q�W�H�G �E�\ �5�R�V�H�P�D�Q�Q �������������� �7�K�H �&�D�X�F�K�\ �L�Q�W�H�J�U�D�O
�I�R�U�P�X�O�D �D�O�O�R�Z�V �W�K�H �F�D�O�F�X�O�D�W�L�R�Q �R�I �Y�H�O�R�F�L�W�\ �F�R�P�S�R�Q�H�Q�W�V �D�W �D�Q�\ �S�R�L�Q�W �Z�L�W�K�L�Q �D �F�O�R�V�H�G �F�X�U�Y�H �E�\ �L�Q�W�H�J�U�D�W�L�Q�J �W�K�H
�Y�H�O�R�F�L�W�\ �F�R�P�S�R�Q�H�Q�W�V �R�Q �W�K�D�W �F�X�U�Y�H�� �)�L�Q�D�O�O�\�� �L�W �F�D�Q �E�H �V�K�R�Z�Q �W�K�D�W �W�K�H �U�H�V�X�O�W �R�I �W�K�H �&�D�X�F�K�\ �L�Q�W�H�J�U�D�O �L�V �R�Q�O�\
�G�H�W�H�U�P�L�Q�H�G �E�\ �V�L�Q�J�X�O�D�U�L�W�L�H�V �R�X�W�V�L�G�H �W�K�H �F�O�R�V�H�G �F�X�U�Y�H�� �Z�K�L�F�K �U�H�S�U�H�V�H�Q�W �W�K�H �Z�D�O�O �L�Q�I�O�X�H�Q�F�H�� �7�K�L�V �D�G�D�S�W�D�W�L�R�Q �L�V
�Q�R�W �S�R�V�V�L�E�O�H �I�R�U �W�K�H �V�L�G�H �Z�D�O�O�V�� �$�V �V�K�R�Z�Q �L�Q �6�H�F�W�L�R�Q �������� �H�[�S�D�Q�V�L�R�Q �Z�D�Y�H�V �D�Q�G �V�K�R�F�N�V �R�F�F�X�U �D�W �W�K�H �Z�D�O�O�V
�I�R�U �K�L�J�K �0�D�F�K �Q�X�P�E�H�U�V�� �7�K�L�V �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �L�Q�I�O�X�H�Q�F�H�V �W�K�H �U�H�V�X�O�W�V �R�I �W�K�H �H�[�S�H�U�L�P�H�Q�W �R�Y�H�U �W�K�H �H�Q�W�L�U�H �Z�L�Q�J��
�1�H�Y�H�U�W�K�H�O�H�V�V�� �W�K�H �E�R�X�Q�G�D�U�\ �F�R�U�U�H�F�W�L�R�Q�V �L�Q�W�U�R�G�X�F�H�G �L�Q �6�H�F�W�L�R�Q ���������� �D�U�H �Q�R�W �Q�H�F�H�V�V�D�U�\ �W�R �D�S�S�O�\�� �D�V �W�K�H
�K�R�U�L�]�R�Q�W�D�O �Z�D�O�O�V �F�D�Q �E�H �G�H�I�R�U�P�H�G �W�R �H�O�L�P�L�Q�D�W�H �W�K�H �E�O�R�F�N�D�J�H �D�Q�G �E�X�R�\�D�Q�F�\ �H�I�I�H�F�W�V��
�7�K�H �H�[�S�D�Q�V�L�R�Q �G�R�Z�Q�V�W�U�H�D�P �R�I �W�K�H �W�H�V�W �V�H�F�W�L�R�Q �P�L�Q�L�P�L�]�H�V �W�K�H �O�R�V�V�H�V �L�Q �W�K�H �W�X�Q�Q�H�O�� �'�R�Z�Q�V�W�U�H�D�P �R�I �W�K�H
�Y�D�O�Y�H�V�� �W�K�H �G�X�P�S �W�D�Q�N �L�V �O�R�F�D�W�H�G�� �Z�K�L�F�K �L�V �P�D�L�Q�W�D�L�Q�H�G �D�W �D�W�P�R�V�S�K�H�U�L�F �R�U �O�R�Z�H�U �S�U�H�V�V�X�U�H �W�R �F�U�H�D�W�H �D �S�U�H�V�V�X�U�H
�G�L�I�I�H�U�H�Q�F�H �E�H�W�Z�H�H�Q �W�K�H �X�S�V�W�U�H�D�P �D�Q�G �G�R�Z�Q�V�W�U�H�D�P �V�H�F�W�L�R�Q�V �R�I �W�K�H �W�H�V�W �V�H�F�W�L�R�Q��

�)�L�J�X�U�H �������� �7�H�V�W �V�H�F�W�L�R�Q �R�I �W�K�H �&�U�\�R�J�H�Q�L�F �/�X�G�Z�L�H�J �7�X�E�H �*�|�W�W�L�Q�J�H�Q4 �� �9�L�H�Z �L�Q �I�O�R�Z �G�L�U�H�F�W�L�R�Q �Z�L�W�K �D�Q �X�Q�V�Z�H�S�W �Z�L�Q�J
�L�Q�V�W�D�O�O�H�G �E�H�W�Z�H�H�Q �W�K�H �Y�H�U�W�L�F�D�O �Z�D�O�O�V�� �,�Q �W�K�H �E�D�F�N�J�U�R�X�Q�G�� �W�K�H �Z�D�N�H �U�D�N�H �D�Q�G �W�K�H �F�R�Q�W�U�R�O �Y�D�O�Y�H �D�U�H �Y�L�V�L�E�O�H��

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

�� �$�F�F�H�V�V�H�G ���� �0�D�\ ���������� �'�/�5 ���������������&�U�\�R�J�H�Q�L�F �/�X�G�Z�L�H�J �7�X�E�H �:�L�Q�G �7�X�Q�Q�H�O�� �*�|�W�W�L�Q�J�H�Q ���.�5�*���� �K�W�W�S�V�������Z�Z�Z���G�O�U���G�H���H�Q���U�H�V�H�D�U�F�K��
�D�Q�G���W�U�D�Q�V�I�H�U���U�H�V�H�D�U�F�K���L�Q�I�U�D�V�W�U�X�F�W�X�U�H���O�D�U�J�H���V�F�D�O�H���U�H�V�H�D�U�F�K���I�D�F�L�O�L�W�L�H�V���F�U�\�R�J�H�Q�L�F���O�X�G�Z�L�H�J���W�X�E�H���Z�L�Q�G���W�X�Q�Q�H�O���J�R�W�W�L�Q�J�H�Q���N�U�J



�������� �(�[�S�H�U�L�P�H�Q�W�D�O �6�H�W�X�S �L�Q �W�K�H �.�5�* ����

�L�V �O�L�P�L�W�H�G �W�R �Z�K�H�Q �W�K�H �H�[�S�D�Q�V�L�R�Q �Z�D�Y�H�V �U�H�W�X�U�Q �W�R �W�K�H �W�H�V�W �V�H�F�W�L�R�Q �D�I�W�H�U �E�H�L�Q�J �U�H�I�O�H�F�W�H�G �D�W �W�K�H �H�Q�G �R�I �W�K�H
�W�X�E�H�� �:�L�W�K�L�Q �W�K�L�V �W�L�P�H �Z�L�Q�G�R�Z �R�I0:4 �W�R0:8�V�� �W�K�H �F�R�Q�G�L�W�L�R�Q�V �L�Q �W�K�H �W�H�V�W �V�H�F�W�L�R�Q �U�H�P�D�L�Q �F�R�Q�V�W�D�Q�W�� �D�O�O�R�Z�L�Q�J
�P�H�D�V�X�U�H�P�H�Q�W�V �W�R �E�H �W�D�N�H�Q�� �7�R �H�Q�V�X�U�H �F�R�Q�V�W�D�Q�W �F�R�Q�G�L�W�L�R�Q�V�� �W�K�H �D�F�W�X�D�O �W�H�V�W �W�L�P�H �L�V �O�L�P�L�W�H�G �W�R �U�R�X�J�K�O�\0:1 �V��

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

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

�(�[�S�H�U�L�P�H�Q�W
�Q�X�P�E�H�U

� �L�Q� �0�D �5�H ���106�� Ts �L�Q �.

�:�L�W�K �D �V�K�R�F�N �R�Q �W�K�H �S�U�H�V�V�X�U�H ��x/ c � 0:65�� �D�Q�G �V�X�F�W�L�R�Q �V�L�G�H ��x/ c � 0:7��

�1�R������ ������ ������������ �������� ����������

�:�L�W�K�R�X�W �D �V�K�R�F�N

�1�R������ ������ ������������ �������� ����������

�$�O�W�K�R�X�J�K �W�K�H �H�[�S�H�U�L�P�H�Q�W�V �D�U�H �F�R�Q�G�X�F�W�H�G �R�Q �D�Q �1�/�) �D�L�U�I�R�L�O�� �Z�K�L�F�K �W�\�S�L�F�D�O�O�\ �H�[�K�L�E�L�W�V �D �O�D�U�J�H �S�R�U�W�L�R�Q �R�I
�O�D�P�L�Q�D�U �I�O�R�Z �R�Y�H�U �L�W�V �V�X�U�I�D�F�H�� �W�K�H �S�U�H�V�V�X�U�H �P�H�D�V�X�U�H�P�H�Q�W�V �I�U�R�P �W�K�H �H�[�S�H�U�L�P�H�Q�W�V �G�H�Y�L�D�W�H �I�U�R�P �W�K�R�V�H �R�I �W�K�H
�Q�X�P�H�U�L�F�D�O �V�L�P�X�O�D�W�L�R�Q�V�� �$�V �.�|�K�O�H�U ������������ �V�K�R�Z�H�G�� �W�K�H �S�U�H�V�V�X�U�H �F�R�H�I�I�L�F�L�H�Q�W �G�L�V�W�U�L�E�X�W�L�R�Q �I�U�R�P �W�K�H �Q�X�P�H�U�L�F�D�O
�V�L�P�X�O�D�W�L�R�Q�V �I�R�U �D �I�O�R�Z �Z�L�W�K �D �W�U�D�Q�V�L�W�L�R�Q �S�R�L�Q�W �L�Q �W�K�H �D�I�W �S�D�U�W �R�I �W�K�H �D�L�U�I�R�L�O �G�H�Y�L�D�W�H�V �I�U�R�P �W�K�H �H�[�S�H�U�L�P�H�Q�W�D�O
�U�H�V�X�O�W�V�� �,�Q�V�W�H�D�G�� �W�K�H �S�U�H�V�V�X�U�H �F�R�H�I�I�L�F�L�H�Q�W �G�L�V�W�U�L�E�X�W�L�R�Q�V �I�U�R�P �W�K�H �I�X�O�O�\ �W�X�U�E�X�O�H�Q�W �V�L�P�X�O�D�W�L�R�Q�V �I�H�D�W�X�U�H �F�O�R�V�H�U
�D�O�L�J�Q�P�H�Q�W �Z�L�W�K �W�K�H �P�H�D�V�X�U�H�G �S�U�H�V�V�X�U�H�� �7�K�H �U�H�D�V�R�Q �I�R�U �W�K�H �G�L�V�D�J�U�H�H�P�H�Q�W �E�H�W�Z�H�H�Q �W�K�H �S�U�H�V�V�X�U�H �G�D�W�D �D�Q�G
�W�K�H �D�F�W�X�D�O �I�O�R�Z �R�Y�H�U �W�K�H �Z�L�Q�J �F�D�Q �E�H �I�R�X�Q�G �L�Q �)�L�J�X�U�H �������� �7�K�H �I�L�J�X�U�H �V�K�R�Z�V �H�[�S�H�U�L�P�H�Q�W �1�R������ ���.�R�F�K
�H�W �D�O�� ������������ �Z�K�H�U�H �W�K�H �I�O�R�Z �R�U�L�J�L�Q�D�W�H�V �I�U�R�P �W�K�H �O�H�I�W�� �7�K�H �P�R�G�H�O �Z�D�V �H�T�X�L�S�S�H�G �Z�L�W�K �W�H�P�S�H�U�D�W�X�U�H���V�H�Q�V�L�W�L�Y�H
�S�D�L�Q�W �W�R �G�H�W�H�F�W �W�K�H �O�D�P�L�Q�D�U �D�Q�G �W�X�U�E�X�O�H�Q�W �U�H�J�L�R�Q�V �R�I �W�K�H �I�O�R�Z�I�L�H�O�G�� �$�O�W�K�R�X�J�K �P�R�V�W �R�I �W�K�H �I�O�R�Z �D�U�R�X�Q�G �W�K�H
�Z�L�Q�J �L�V �O�D�P�L�Q�D�U �X�Q�W�L�O �D �F�K�R�U�G �O�H�Q�J�W�K �R�I �U�R�X�J�K�O�\ �������� �Z�K�L�F�K �L�V �Q�R�W�L�F�H�D�E�O�H �E�\ �W�K�H �O�L�J�K�W�H�U �F�R�O�R�U�V�� �W�K�H�U�H �D�U�H
�W�Z�R �W�X�U�E�X�O�H�Q�W �Z�H�G�J�H�V �L�Q �W�K�H �P�L�G�G�O�H �R�I �W�K�H �V�S�D�Q�� �Z�K�L�F�K �V�W�D�U�W �D�W �W�K�H �O�H�D�G�L�Q�J �H�G�J�H�� �7�K�R�V�H �W�X�U�E�X�O�H�Q�W �U�H�J�L�R�Q�V
�D�S�S�H�D�U �D�V �G�D�U�N�H�U �Z�H�G�J�H�V �L�Q �W�K�H �7�6�3 �L�P�D�J�H�V�� �7�K�H �U�H�G �E�R�[ �L�Q�G�L�F�D�W�H�V �W�K�H �S�R�V�L�W�L�R�Q�L�Q�J �R�I �W�K�H �S�U�H�V�V�X�U�H �W�D�S�V��
�7�K�R�V�H �S�U�H�V�V�X�U�H �W�D�S�V �D�U�H �L�Q�F�O�X�G�H�G �R�Q �W�K�H �V�X�U�I�D�F�H �R�I �W�K�H �D�L�U�I�R�L�O �W�R �P�H�D�V�X�U�H �W�K�H �S�U�H�V�V�X�U�H�� �$�O�W�K�R�X�J�K �W�K�H�\ �D�U�H
�V�W�D�J�J�H�U�H�G�� �L���H���� �Q�R�W �D�O�L�J�Q�H�G �L�Q �W�K�H �F�K�R�U�G�Z�L�V�H �G�L�U�H�F�W�L�R�Q �W�R �D�Y�R�L�G �L�Q�I�O�X�H�Q�F�L�Q�J �W�K�H �G�R�Z�Q�V�W�U�H�D�P �P�H�D�V�X�U�H�P�H�Q�W��
�D�Q �L�Q�I�O�X�H�Q�F�H �R�I �W�K�H �G�R�Z�Q�V�W�U�H�D�P �W�D�S�V �E�\ �W�K�H �X�S�V�W�U�H�D�P �W�D�S�V �F�D�Q �Q�R�W �E�H �Z�K�R�O�O�\ �D�Y�R�L�G�H�G�� �,�Q �W�K�L�V �F�D�V�H�� �W�K�H
�S�U�H�V�V�X�U�H �W�D�S�V �D�U�H �O�R�F�D�W�H�G �H�Q�W�L�U�H�O�\ �L�Q �D �W�X�U�E�X�O�H�Q�W �U�H�J�L�R�Q�� �7�K�X�V�� �W�K�H �P�H�D�V�X�U�H�G �S�U�H�V�V�X�U�H �Z�L�O�O �D�O�L�J�Q �P�R�U�H �F�O�R�V�H�O�\
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�D �F�R�Q�W�U�R�O �V�X�U�I�D�F�H �L�V �D�S�S�U�R�[�L�P�D�W�H�G �E�\ �X�V�L�Q�J �L�Q�I�R�U�P�D�W�L�R�Q �I�U�R�P �W�K�H �X�S�Z�L�Q�G �F�H�O�O�� �Z�K�L�F�K �K�H�O�S�V �W�R �V�W�D�E�L�O�L�]�H �W�K�H
�V�R�O�X�W�L�R�Q �D�Q�G �U�H�G�X�F�H �R�V�F�L�O�O�D�W�L�R�Q�V�� �&�H�Q�W�U�D�O �V�F�K�H�P�H�V �F�D�O�F�X�O�D�W�H �W�K�H �I�O�X�[ �E�\ �D�Y�H�U�D�J�L�Q�J �W�K�H �Y�D�O�X�H�V �D�W �Q�H�L�J�K�E�R�U�L�Q�J
�F�H�O�O�V�� �O�H�D�G�L�Q�J �W�R �K�L�J�K�H�U �D�F�F�X�U�D�F�\ �E�X�W �S�R�W�H�Q�W�L�D�O�O�\ �O�H�V�V �V�W�D�E�L�O�L�W�\ �L�Q �W�K�H �S�U�H�V�H�Q�F�H �R�I �V�K�D�U�S �J�U�D�G�L�H�Q�W�V�� �7�K�H
�V�L�P�X�O�D�W�L�R�Q�V �L�Q �W�K�L�V �W�K�H�V�L�V �D�U�H �S�H�U�I�R�U�P�H�G �Z�L�W�K �D �F�H�Q�W�U�D�O �V�F�K�H�P�H��

�������������1�X�P�H�U�L�F�D�O �*�U�L�G
�7�K�H �Q�X�P�H�U�L�F�D�O �J�U�L�G �L�V �D �G�L�V�F�U�H�W�H �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q �R�I �W�K�H �J�H�R�P�H�W�U�L�F �G�R�P�D�L�Q �R�I �W�K�H �S�U�R�E�O�H�P �W�R �E�H �V�R�O�Y�H�G�� �7�K�H
�7�$�8 �F�R�G�H �X�V�H�V �D �I�L�Q�L�W�H �Y�R�O�X�P�H �V�F�K�H�P�H�� �D�V �L�Q�W�U�R�G�X�F�H�G �L�Q �6�H�F�W�L�R�Q ������������ �7�K�H �J�H�R�P�H�W�U�L�F �G�R�P�D�L�Q �R�I �W�K�H
�S�U�R�E�O�H�P �L�V �F�R�Y�H�U�H�G �E�\ �D �J�U�L�G�� �F�R�Q�V�L�V�W�L�Q�J �R�I �Q�R�Q���R�Y�H�U�O�D�S�S�L�Q�J �F�H�O�O�V�� �7�K�H�V�H �J�U�L�G�V �K�D�Y�H �G�L�I�I�H�U�H�Q�W �W�R�S�R�O�R�J�L�H�V��
�Z�K�L�F�K�� �I�R�U �W�K�H �S�X�U�S�R�V�H�V �R�I �W�K�L�V �Z�R�U�N�� �F�D�Q �E�H �V�W�U�X�F�W�X�U�H�G�� �X�Q�V�W�U�X�F�W�X�U�H�G�� �R�U �K�\�E�U�L�G��

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

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

�2�Y�H�U�V�H�W �*�U�L�G�V
�+�\�E�U�L�G �J�U�L�G�V �F�R�P�E�L�Q�H �V�W�U�X�F�W�X�U�H�G �D�Q�G �X�Q�V�W�U�X�F�W�X�U�H�G �H�O�H�P�H�Q�W�V�� �7�K�H �P�H�W�K�R�G �H�P�S�O�R�\�H�G �L�Q �W�K�L�V �W�K�H�V�L�V �L�V �W�K�H
�&�K�L�P�H�U�D �D�S�S�U�R�D�F�K�� �D�Q�G �L�W�V �S�U�L�P�D�U�\ �D�G�Y�D�Q�W�D�J�H �L�V �W�K�H �K�L�J�K �I�O�H�[�L�E�L�O�L�W�\ �L�W �D�O�O�R�Z�V �I�R�U�� �,�W �L�V �S�R�V�V�L�E�O�H �W�R �R�E�W�D�L�Q �K�L�J�K
�D�F�F�X�U�D�F�\ �L�Q �U�H�I�L�Q�H�G �U�H�J�L�R�Q�V �Z�K�L�O�H �P�D�L�Q�W�D�L�Q�L�Q�J �H�I�I�L�F�L�H�Q�F�\ �D�Q�G �V�L�P�S�O�L�F�L�W�\ �L�Q �V�L�P�S�O�H�U �U�H�J�L�R�Q�V ���:�H�Q�G�W �H�W �D�O�� ������������
�0�R�V�W �V�L�P�X�O�D�W�L�R�Q�V �L�Q �W�K�L�V �W�K�H�V�L�V �D�U�H �E�D�V�H�G �R�Q �K�\�E�U�L�G �R�Y�H�U�V�H�W �J�U�L�G�V�� �Z�K�L�F�K �F�R�Q�V�L�V�W �R�I �V�W�U�X�F�W�X�U�H�G �H�O�H�P�H�Q�W�V �Q�H�D�U
�W�K�H �W�X�Q�Q�H�O �Z�D�O�O�V �D�Q�G �Z�L�Q�J �V�X�U�I�D�F�H�V �W�R �D�F�F�X�U�D�W�H�O�\ �U�H�V�R�O�Y�H �W�K�H �E�R�X�Q�G�D�U�\ �O�D�\�H�U�� �D�Q�G �X�Q�V�W�U�X�F�W�X�U�H�G �H�O�H�P�H�Q�W�V �L�Q
�U�H�J�L�R�Q�V �R�X�W�V�L�G�H �W�K�H �E�R�X�Q�G�D�U�\ �O�D�\�H�U �R�U �I�X�U�W�K�H�U �D�Z�D�\ �I�U�R�P �W�K�H �Z�D�O�O�V�� �D�O�O�R�Z�L�Q�J �I�R�U �K�L�J�K �I�O�H�[�L�E�L�O�L�W�\�� �1�R�Q�H�W�K�H�O�H�V�V��
�W�K�H �P�H�W�K�R�G �K�D�V �V�H�Y�H�U�D�O �V�K�R�U�W�F�R�P�L�Q�J�V�� �L�Q�F�O�X�G�L�Q�J �L�Q�F�U�H�D�V�H�G �F�R�V�W �G�X�H �W�R �L�Q�W�H�U�S�R�O�D�W�L�R�Q �D�Q�G �U�H�G�X�F�H�G �D�F�F�X�U�D�F�\
�U�H�V�X�O�W�L�Q�J �I�U�R�P �D �P�L�V�P�D�W�F�K �L�Q �F�H�O�O �V�L�]�H�V �E�H�W�Z�H�H�Q �W�K�H �P�H�V�K�H�V�� �%�R�W�K �P�H�V�K�H�V �K�D�Y�H �W�R �R�Y�H�U�O�D�S �D�W �O�H�D�V�W �R�Q�H �F�H�O�O
�L�Q �R�U�G�H�U �W�R �J�H�W �D �F�R�Q�Y�H�U�J�H�G �V�R�O�X�W�L�R�Q�� �D�V �V�K�R�Z�Q �L�Q �)�L�J�X�U�H �������� �:�L�W�K�R�X�W �V�X�I�I�L�F�L�H�Q�W �J�U�L�G �R�Y�H�U�O�D�S�� �L�Q�W�H�U�S�R�O�D�W�L�R�Q
�S�R�L�Q�W�V �P�D�\ �Q�R�W �K�D�Y�H �E�H�H�Q �D�O�O�R�F�D�W�H�G �W�R �D �G�R�Q�R�U �F�H�O�O�� �V�R �W�K�D�W �W�K�H �L�Q�W�H�U�S�R�O�D�W�L�R�Q �L�V �Q�R�W �S�R�V�V�L�E�O�H�� �7�K�H �I�O�R�Z
�G�D�W�D �D�W �W�K�H�V�H �V�R���F�D�O�O�H�G �R�U�S�K�D�Q�H�G �S�R�L�Q�W�V �Z�L�O�O �U�H�P�D�L�Q �D�W �I�D�U�I�L�H�O�G �F�R�Q�G�L�W�L�R�Q�V�� �U�H�V�X�O�W�L�Q�J �L�Q �Q�R�Q���S�K�\�V�L�F�D�O �I�O�R�Z
�E�H�K�D�Y�L�R�U �D�W �W�K�H �E�O�R�F�N �E�R�X�Q�G�D�U�L�H�V�� �$�Q �H�[�D�P�S�O�H �R�I �D �F�R�U�U�H�F�W �L�Q�W�H�U�S�R�O�D�W�L�R�Q �U�H�J�L�R�Q �L�V �V�K�R�Z�Q �L�Q �)�L�J�X�U�H �������� �+�H�U�H��
�L�Q�W�H�U�S�R�O�D�W�L�R�Q �R�F�F�X�U�V �L�Q �W�K�H �R�Y�H�U�O�D�S�S�H�G �U�H�J�L�R�Q �R�I �E�R�W�K �P�H�V�K�H�V�� �L�Q�G�L�F�D�W�H�G �E�\ �W�K�H �D�S�S�U�R�[�L�P�D�W�H�O�\ �V�T�X�D�U�H�G �E�R�[
�V�X�U�U�R�X�Q�G�L�Q�J �W�K�H �D�L�U�I�R�L�O�� �7�K�H �V�K�D�S�H �R�I �W�K�H �L�Q�W�H�U�S�R�O�D�W�L�R�Q �U�H�J�L�R�Q �F�D�Q �E�H �D�U�E�L�W�U�D�U�\ �D�Q�G �L�V �F�K�R�V�H�Q �W�R �E�H �V�T�X�D�U�H��
�7�K�L�V �H�Q�D�E�O�H�V �D �V�L�P�S�O�H �X�V�H �I�R�U �G�L�I�I�H�U�H�Q�W �F�R�P�E�L�Q�D�W�L�R�Q�V �R�I �Z�L�Q�J �J�H�R�P�H�W�U�L�H�V�� �'�X�U�L�Q�J �W�K�H �V�L�P�X�O�D�W�L�R�Q�� �R�X�W�V�L�G�H �W�K�H
�L�Q�W�H�U�S�R�O�D�W�L�R�Q �U�H�J�L�R�Q�� �W�K�H �I�O�R�Z �H�T�X�D�W�L�R�Q�V �D�U�H �V�R�O�Y�H�G �I�R�U �W�K�H �E�D�F�N�J�U�R�X�Q�G �P�H�V�K�� �7�K�H �I�O�R�Z �H�T�X�D�W�L�R�Q�V �D�U�H �V�R�O�Y�H�G
�I�R�U �W�K�H �F�K�L�O�G �P�H�V�K �L�Q�V�L�G�H �W�K�H �L�Q�W�H�U�S�R�O�D�W�L�R�Q �U�H�J�L�R�Q�� �+�H�Q�F�H�� �W�K�H �E�D�F�N�J�U�R�X�Q�G �P�H�V�K �L�Q�V�L�G�H �W�K�H �L�Q�W�H�U�S�R�O�D�W�L�R�Q
�]�R�Q�H �G�R�H�V �Q�R�W �L�Q�I�O�X�H�Q�F�H �W�K�H �U�H�V�X�O�W�V�� �7�K�H �V�D�P�H �D�S�S�O�L�H�V �W�R �W�K�H �F�K�L�O�G �P�H�V�K �R�X�W�V�L�G�H �W�K�H �L�Q�W�H�U�S�R�O�D�W�L�R�Q �U�H�J�L�R�Q��
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�)�L�J�X�U�H �������� �2�Y�H�U�V�H�W �J�U�L�G�V �V�\�V�W�H�P ���'�/�5 ������������ �,�Q �U�H�G �D�Q�G �E�O�D�F�N�� �I�L�U�V�W �D�Q�G �V�H�F�R�Q�G �J�U�L�G�� �U�H�V�S�H�F�W�L�Y�H�O�\�� �,�Q �J�U�H�H�Q �D�Q�G �E�O�X�H��
�W�K�H �R�Y�H�U�O�D�S�S�L�Q�J �U�H�J�L�R�Q �Z�K�H�U�H �D�W �O�H�D�V�W �R�Q�H �F�H�O�O �K�D�V �W�R �R�Y�H�U�O�D�S �L�Q �R�U�G�H�U �W�R �J�H�W �D �F�R�Q�Y�H�U�J�H�G �V�R�O�X�W�L�R�Q��

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

�:�D�O�O �)�X�Q�F�W�L�R�Q�V
�7�K�H �G�L�P�H�Q�V�L�R�Q�O�H�V�V �Z�D�O�O �G�L�V�W�D�Q�F�Hy+ �L�V �D �F�U�X�F�L�D�O �P�H�D�V�X�U�H �L�Q �&�)�' �I�R�U �G�H�W�H�U�P�L�Q�L�Q�J �W�K�H �Q�H�D�U���Z�D�O�O �E�H�K�D�Y�L�R�U
�R�I �W�K�H �I�O�R�Z�� �$ �P�D�M�R�U �S�D�U�W �R�I �W�K�H �W�X�U�E�X�O�H�Q�F�H �S�U�R�G�X�F�W�L�R�Q �K�D�S�S�H�Q�V �D�Wy+ < 20�� �Z�K�H�U�H�D�V �W�K�H �Z�D�O�O �V�K�H�D�U �F�D�Q
�R�Q�O�\ �E�H �D�F�F�X�U�D�W�H�O�\ �F�R�P�S�X�W�H�G �L�Iy+ � 1 �I�R�U �W�K�H �I�L�U�V�W �F�H�O�O ���)�H�U�]�L�J�H�U �D�Q�G �3�H�U�L�F ������������ �7�K�H �G�L�P�H�Q�V�L�R�Q�O�H�V�V �Z�D�O�O
�G�L�V�W�D�Q�F�H �L�V �G�H�I�L�Q�H�G �D�V

y+ =
y � v�

�
=

y �
q

� w
�

�
=

y �
q

1
2 Cf v2

1

�
; ����������

�Z�K�H�U�Hy �L�V �W�K�H �D�E�V�R�O�X�W�H �G�L�V�W�D�Q�F�H �I�U�R�P �W�K�H �Z�D�O�O��v� �W�K�H �I�U�L�F�W�L�R�Q �Y�H�O�R�F�L�W�\��� w �W�K�H �Z�D�O�O �V�K�H�D�U �V�W�U�H�V�V�� �D�Q�G� �W�K�H
�N�L�Q�H�P�D�W�L�F �Y�L�V�F�R�V�L�W�\�� �)�U�R�P �(�T�X�D�W�L�R�Q ������ �L�W �F�D�Q �E�H �I�R�X�Q�G �W�K�D�W �I�R�U �D �J�L�Y�H�Q �I�O�R�Z�� �W�K�H�U�H �L�V �D �F�H�U�W�D�L�Q �D�E�V�R�O�X�W�H �Z�D�O�O
�G�L�V�W�D�Q�F�H �F�R�U�U�H�V�S�R�Q�G�L�Q�J �W�R �W�K�H �E�H�I�R�U�H���P�H�Q�W�L�R�Q�H�G �G�L�P�H�Q�V�L�R�Q�O�H�V�V �Z�D�O�O �G�L�V�W�D�Q�F�H �R�Iy+ = 1 �� �7�K�L�V �D�E�V�R�O�X�W�H �Z�D�O�O
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�G�L�V�W�D�Q�F�H �V�K�R�X�O�G �E�H �D�L�P�H�G �I�R�U �D�V �W�K�H �I�L�U�V�W �F�H�O�O �K�H�L�J�K�W �W�R �D�F�F�X�U�D�W�H�O�\ �F�R�P�S�X�W�H �W�K�H �Z�D�O�O �V�K�H�D�U��
�$�O�W�K�R�X�J�K �W�K�H �I�L�U�V�W �F�H�O�O �K�H�L�J�K�W �I�R�U �W�K�H �F�R�P�S�X�W�D�W�L�R�Q�V �F�R�U�U�H�V�S�R�Q�G�H�G �W�Ry+ = 1 �� �W�K�H �V�L�P�X�O�D�W�L�R�Q�V �G�L�G �Q�R�W �F�R�Q�Y�H�U�J�H��
�7�K�L�V �G�L�I�I�L�F�X�O�W�\ �R�I�W�H�Q �D�U�L�V�H�V �L�Q �K�L�J�K �5�H�\�Q�R�O�G�V �Q�X�P�E�H�U �I�O�R�Z�V�� �Z�K�H�U�H �U�H�V�R�O�Y�L�Q�J �W�K�H �Y�L�V�F�R�X�V �V�X�E�O�D�\�H�U �Q�H�F�H�V�V�L�W�D�W�H�V
�D �Y�H�U�\ �I�L�Q�H �P�H�V�K �Q�H�D�U �W�K�H �Z�D�O�O�� �7�R �H�Q�D�E�O�H �F�R�Q�Y�H�U�J�H�Q�F�H�� �Z�D�O�O �I�X�Q�F�W�L�R�Q�V �D�U�H �H�P�S�O�R�\�H�G �L�Q �W�K�L�V �W�K�H�V�L�V �E�\
�V�H�W�W�L�Q�J �W�K�H �´�X�V�H �Z�D�O�O �I�X�Q�F�W�L�R�Q�´ �S�D�U�D�P�H�W�H�U �L�Q �7�$�8�� �:�D�O�O �I�X�Q�F�W�L�R�Q�V �S�U�R�Y�L�G�H �D �E�R�X�Q�G�D�U�\ �F�R�Q�G�L�W�L�R�Q �D�W �V�R�O�L�G �Z�D�O�O�V��
�H�Q�D�E�O�L�Q�J �I�O�R�Z �V�R�O�X�W�L�R�Q�V �W�K�D�W �D�U�H �L�Q�G�H�S�H�Q�G�H�Q�W �R�I �W�K�H �O�R�F�D�W�L�R�Q �R�I �W�K�H �I�L�U�V�W �J�U�L�G �Q�R�G�H�� �7�K�H �E�R�X�Q�G�D�U�\ �F�R�Q�G�L�W�L�R�Q
�S�U�H�V�F�U�L�E�H�V �W�K�H �Z�D�O�O �V�K�H�D�U �V�W�U�H�V�V �D�Q�G �H�Q�I�R�U�F�H�V �Q�R �S�H�Q�H�W�U�D�W�L�R�Q �D�W �W�K�H �Z�D�O�O �Z�K�L�O�H �D�O�O�R�Z�L�Q�J �F�R�D�U�V�H�U �Q�H�D�U���Z�D�O�O
�P�H�V�K�H�V �Z�L�W�K �K�L�J�K�H�Uy+ �Y�D�O�X�H�V�� �,�Q �7�$�8�� �W�K�H �Z�D�O�O �I�X�Q�F�W�L�R�Q �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q �L�V �E�D�V�H�G �R�Q �G�L�U�H�F�W�O�\ �S�U�H�V�F�U�L�E�L�Q�J
�W�K�H �Y�L�V�F�R�X�V �I�O�X�[�H�V �D�W �W�K�H �Z�D�O�O �E�R�X�Q�G�D�U�\�� �7�K�H �L�Q�Y�L�V�F�L�G �I�O�X�[�H�V �D�F�U�R�V�V �W�K�H �Z�D�O�O �G�L�V�D�S�S�H�D�U�� �D�Q�G �W�K�H �Z�D�O�O �F�H�O�O�V��
�Z�K�R�V�H �Q�R�G�H�V �D�U�H �O�R�F�D�W�H�G �R�Q �W�K�H �E�R�X�Q�G�D�U�\�� �U�H�T�X�L�U�H �D �V�X�L�W�D�E�O�H �V�S�H�F�L�I�L�F�D�W�L�R�Q �R�I �Y�L�V�F�R�X�V �I�O�X�[�H�V�� �)�R�U �W�K�H �K�\�E�U�L�G
�Z�D�O�O �I�X�Q�F�W�L�R�Q �E�R�X�Q�G�D�U�\ �F�R�Q�G�L�W�L�R�Q�� �W�K�H �Z�D�O�O �V�K�H�D�U �V�W�U�H�V�V �Y�H�F�W�R�U� w �L�V �S�U�R�M�H�F�W�H�G �R�Q�W�R �W�K�H �Z�D�O�O���S�D�U�D�O�O�H�O �G�L�U�H�F�W�L�R�Q��
�D�Q�G �W�K�H �Z�D�O�O���Q�R�U�P�D�O �F�R�P�S�R�Q�H�Q�W �L�V �Q�H�J�O�H�F�W�H�G�� �7�K�H �5�$�1�6 �H�T�X�D�W�L�R�Q�V �D�U�H �W�K�H�Q �R�Q�O�\ �V�R�O�Y�H�G �G�R�Z�Q �W�R �W�K�H
�I�L�U�V�W �J�U�L�G �Q�R�G�H �D�Q�G �P�D�W�F�K�H�G �Z�L�W�K �D�Q �D�G�D�S�W�L�Y�H �Z�D�O�O �I�X�Q�F�W�L�R�Q �V�R�O�X�W�L�R�Q �D�W �W�K�H �I�L�U�V�W �J�U�L�G �Q�R�G�H �D�E�R�Y�H �W�K�H �Z�D�O�O
vRANS (y� ) = vW F (y� )��

�������������7�X�U�E�X�O�H�Q�F�H �0�R�G�H�O�V
�$�V �V�K�R�Z�Q �L�Q �6�H�F�W�L�R�Q �������� �P�R�V�W �I�O�R�Z�V �L�Q �H�Q�J�L�Q�H�H�U�L�Q�J �D�S�S�O�L�F�D�W�L�R�Q�V �D�U�H �W�X�U�E�X�O�H�Q�W�� �2�I�W�H�Q�� �N�Q�R�Z�L�Q�J �R�Q�O�\ �D �I�H�Z
�T�X�D�Q�W�L�W�D�W�L�Y�H �I�O�R�Z �S�U�R�S�H�U�W�L�H�V�� �V�X�F�K �D�V �W�K�H �D�Y�H�U�D�J�H �I�R�U�F�H�V �R�Q �D �E�R�G�\�� �L�V �H�Q�R�X�J�K �L�Q�V�W�H�D�G �R�I �U�H�V�R�O�Y�L�Q�J �W�K�H�V�H
�W�X�U�E�X�O�H�Q�W �V�W�U�X�F�W�X�U�H�V �H�Q�W�L�U�H�O�\�� �,�Q �W�K�L�V �F�D�V�H�� �S�H�U�I�R�U�P�L�Q�J �H�[�S�H�Q�V�L�Y�H �G�L�U�H�F�W �Q�X�P�H�U�L�F�D�O �V�L�P�X�O�D�W�L�R�Q�V ���'�1�6�� �R�U �O�D�U�J�H
�H�G�G�\ �V�L�P�X�O�D�W�L�R�Q�V ���/�(�6�� �F�D�Q �E�H �D�Y�R�L�G�H�G�� �,�Q�V�W�H�D�G�� �F�K�H�D�S�H�U �5�H�\�Q�R�O�G�V���$�Y�H�U�D�J�H�G �1�D�Y�L�H�U���6�W�R�N�H�V ���5�$�1�6��
�D�S�S�U�R�D�F�K�H�V �V�R�O�Y�H �W�K�H �1�D�Y�L�H�U���6�W�R�N�H�V �H�T�X�D�W�L�R�Q�V �I�R�U �W�K�H �V�W�H�D�G�\ �P�H�D�Q �V�R�O�X�W�L�R�Q��

�7�K�H �G�H�U�L�Y�D�W�L�R�Q �R�I �W�K�H �5�$�1�6 �H�T�X�D�W�L�R�Q�V �L�V �E�D�V�H�G �R�Q �W�K�H �1�D�Y�L�H�U���6�W�R�N�H�V �H�T�X�D�W�L�R�Q�V�� �)�R�U �D �1�H�Z�W�R�Q�L�D�Q��
�F�R�P�S�U�H�V�V�L�E�O�H �I�O�X�L�G �Z�L�W�K �F�R�Q�V�W�D�Q�W �V�S�H�F�L�I�L�F �K�H�D�W�V �D�Q�G �Q�R �H�[�W�H�U�Q�D�O �E�R�G�\ �I�R�U�F�H�V�� �W�K�H �J�R�Y�H�U�Q�L�Q�J �H�T�X�D�W�L�R�Q�V �I�R�U
�P�D�V�V�� �P�R�P�H�Q�W�X�P�� �D�Q�G �H�Q�H�U�J�\ �D�U�H
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@
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(� ij vi � qj ) ; ����������

�Z�K�H�U�Hv �L�V �W�K�H �Y�H�O�R�F�L�W�\��x �W�K�H �S�R�V�L�W�L�R�Q��t �W�K�H �W�L�P�H�� �D�Q�G� ij �W�K�H �Y�L�V�F�R�X�V �V�W�U�H�V�V �W�H�Q�V�R�U�� �)�R�U �D �1�H�Z�W�R�Q�L�D�Q
�I�O�X�L�G�� �L�W �L�V �J�L�Y�H�Q �E�\
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; ����������

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

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

p = �RT; ����������

�Z�K�H�U�HR �L�V �W�K�H �V�S�H�F�L�I�L�F �J�D�V �F�R�Q�V�W�D�Q�W��

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

� (x; t ) = � (x) + � 0(x; t ); ����������

�Z�K�H�U�H� �L�V �W�K�H �W�L�P�H���D�Y�H�U�D�J�H�G �F�R�P�S�R�Q�H�Q�W �D�Q�G� 0 �W�K�H �I�O�X�F�W�X�D�W�L�Q�J �F�R�P�S�R�Q�H�Q�W�� �7�K�H �W�L�P�H �D�Y�H�U�D�J�H �L�V �G�H�I�L�Q�H�G
�D�V��
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�S�D�U�D�P�H�W�H�U�V �V�K�R�Z�Q �L�Q �7�D�E�O�H ������ �D�Q�G �W�K�H �S�D�U�D�P�H�W�H�U�V �R�I �H�[�S�H�U�L�P�H�Q�W �1�R������ �V�K�R�Z�Q �L�Q �7�D�E�O�H �������� �7�K�H �V�L�P�X�O�D�W�L�R�Q�V �E�D�V�H�G
�R�Q �W�K�H �J�U�L�G �E�\ �.�|�K�O�H�U ������������ �D�U�H �F�R�U�U�H�F�W�H�G �I�R�U �W�K�H �D�Q�J�O�H �R�I �D�W�W�D�F�N �W�R �P�D�W�F�K �W�K�H �D�Q�J�O�H �R�I �D�W�W�D�F�N �S�H�U�F�H�L�Y�H�G �E�\ �W�K�H �D�L�U�I�R�L�O �L�Q
�W�K�H �W�H�V�W �V�H�F�W�L�R�Q �R�I �W�K�H �W�X�Q�Q�H�O��

�)�L�J�X�U�H ���������� �=�R�R�P���,�Q �R�I �)�L�J�X�U�H ��������

�2�Y�H�U�D�O�O�� �F�O�R�V�H �D�O�L�J�Q�P�H�Q�W �Z�L�W�K �W�K�H �H�[�S�H�U�L�P�H�Q�W�D�O �G�D�W�D �L�V �R�E�V�H�U�Y�H�G�� �7�K�H �P�R�V�W �V�L�J�Q�L�I�L�F�D�Q�W �G�L�V�D�J�U�H�H�P�H�Q�W �L�V �L�Q
�W�K�H �U�H�J�L�R�Q �R�I �W�K�H �V�K�R�F�N �R�Q �W�K�H �Z�L�Q�J�¶�V �V�X�F�W�L�R�Q �V�X�U�I�D�F�H�� �&�R�P�S�D�U�H�G �W�R �W�K�H �H�[�S�H�U�L�P�H�Q�W�D�O �G�D�W�D�� �W�K�H �V�L�P�X�O�D�W�L�R�Q�V
�G�L�I�I�H�U �R�Q �W�K�H �V�X�F�W�L�R�Q �V�L�G�H �I�R�U0:6 < x / c < 0:75 �D�Q�G �R�Q �W�K�H �S�U�H�V�V�X�U�H �V�L�G�H �I�R�U0:6 < x / c < 0:65�� �7�K�H �G�L�I�I�H�U�H�Q�F�H
�P�L�J�K�W �V�W�H�P �I�U�R�P �W�K�H �H�[�S�H�U�L�P�H�Q�W �R�U �K�D�Y�H �Q�X�P�H�U�L�F�D�O �U�H�D�V�R�Q�V�� �V�X�F�K �D�V �W�K�H �P�R�G�H�O�L�Q�J �R�I �W�X�U�E�X�O�H�Q�F�H�� �Z�K�L�F�K
�Z�L�O�O �E�H �G�L�V�F�X�V�V�H�G �O�D�W�H�U�� �'�X�U�L�Q�J �W�K�H �H�[�S�H�U�L�P�H�Q�W�� �H�Y�H�Q �V�O�L�J�K�W �G�H�Y�L�D�W�L�R�Q�V �I�U�R�P �W�K�H �U�H�I�H�U�H�Q�F�H �0�D�F�K �Q�X�P�E�H�U
�R�U �W�K�H �D�Q�J�O�H �R�I �D�W�W�D�F�N �F�D�Q �D�O�U�H�D�G�\ �F�D�X�V�H �D �V�L�J�Q�L�I�L�F�D�Q�W �D�O�W�H�U�D�W�L�R�Q �L�Q �W�K�H �S�U�H�V�V�X�U�H �R�Q �W�K�H �Z�L�Q�J�� �$�G�G�L�W�L�R�Q�D�O�O�\��
�W�K�H �G�L�V�F�U�H�W�H �P�H�D�V�X�U�H�P�H�Q�W �R�I �S�U�H�V�V�X�U�H�V �L�Q�W�U�R�G�X�F�H�V �L�Q�D�F�F�X�U�D�F�L�H�V �Z�K�H�Q �D�W�W�H�P�S�W�L�Q�J �W�R �G�H�W�H�U�P�L�Q�H �W�K�H �F�R�U�U�H�F�W
�O�R�F�D�W�L�R�Q �R�I �W�K�H �V�K�R�F�N�� �7�K�H �S�U�H�V�V�X�U�H �F�R�H�I�I�L�F�L�H�Q�W �F�X�U�Y�H �L�Q �W�K�H �I�U�R�Q�W �S�D�U�W �R�I �W�K�H �S�U�H�V�V�X�U�H �V�X�U�I�D�F�H �R�I �W�K�H �Z�L�Q�J �L�V
�V�K�R�Z�Q �L�Q �)�L�J�X�U�H ���������� �:�K�D�W �V�W�D�Q�G�V �R�X�W �L�V �W�K�H �Z�L�J�J�O�\ �W�U�H�Q�G �R�I �W�K�H �S�U�H�V�V�X�U�H �L�Q �W�K�H �I�R�U�Z�D�U�G���P�R�V�W ���� �R�I �W�K�H



�������� �0�H�W�K�R�G �9�D�O�L�G�D�W�L�R�Q �D�Q�G �9�H�U�L�I�L�F�D�W�L�R�Q ����

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

�1�R�W�D�E�O�\�� �W�K�H �G�L�I�I�H�U�H�Q�F�H �E�H�W�Z�H�H�Q �W�K�H �U�H�I�H�U�H�Q�F�H �P�H�V�K �D�Q�G �W�K�H �V�L�P�X�O�D�W�L�R�Q�V �S�H�U�I�R�U�P�H�G �E�\ �.�|�K�O�H�U ������������
�L�V �L�Q�W�H�U�H�V�W�L�Q�J �W�R �R�E�V�H�U�Y�H�� �7�K�H �V�K�R�F�N �O�R�F�D�W�L�R�Q �R�I �W�K�H �U�H�I�H�U�H�Q�F�H �P�H�V�K �L�V �V�K�L�I�W�H�G �V�O�L�J�K�W�O�\ �G�R�Z�Q�V�W�U�H�D�P �E�\
� x/ c = 0 :0008�� �$�O�V�R �Q�R�W�L�F�H�D�E�O�H �L�V �W�K�H �G�L�I�I�H�U�H�Q�F�H �L�Q �S�U�H�V�V�X�U�H �F�R�H�I�I�L�F�L�H�Q�W �I�U�R�P �W�K�H �V�L�P�X�O�D�W�L�R�Q�V �S�H�U�I�R�U�P�H�G �Z�L�W�K
�W�K�H �U�H�I�H�U�H�Q�F�H �P�H�V�K �D�Q�G �W�K�H �P�H�V�K �I�U�R�P �.�|�K�O�H�U ������������ �L�Q �W�K�H �I�U�R�Q�W �R�I �W�K�H �D�L�U�I�R�L�O�� �S�D�U�W�L�F�X�O�D�U�O�\ �I�R�Ux/ c < 0:15��
�Z�K�L�F�K �L�V �G�L�V�S�O�D�\�H�G �L�Q �)�L�J�X�U�H ���������� �+�H�U�H�� �W�K�H �V�L�P�X�O�D�W�L�R�Q�V �S�H�U�I�R�U�P�H�G �Z�L�W�K�L�Q �W�K�L�V �W�K�H�V�L�V �R�Y�H�U�S�U�H�G�L�F�W �W�K�H �O�L�I�W
�F�R�P�S�D�U�H�G �W�R �W�K�R�V�H �L�Q �S�U�H�Y�L�R�X�V �V�W�X�G�L�H�V�� �7�K�H �G�L�I�I�H�U�H�Q�F�H �W�R �W�K�H �U�H�V�X�O�W�V �R�E�W�D�L�Q�H�G �E�D�V�H�G �R�Q �W�K�H �J�U�L�G �E�\ �.�|�K�O�H�U
������������ �L�V �W�K�R�X�J�K�W �W�R �E�H �W�Z�R�I�R�O�G�� �)�L�U�V�W�� �W�K�H �F�R�P�S�X�W�D�W�L�R�Q�D�O �J�U�L�G�V �R�Q �Z�K�L�F�K �W�K�H �V�L�P�X�O�D�W�L�R�Q�V �Z�H�U�H �S�H�U�I�R�U�P�H�G
�G�L�I�I�H�U�� �S�D�U�W�L�F�X�O�D�U�O�\ �L�Q �W�H�U�P�V �R�I �W�K�H �&�K�L�P�H�U�D �V�H�W�X�S�� �$�O�W�K�R�X�J�K �D �J�U�L�G �F�R�Q�Y�H�U�J�H�Q�F�H �V�W�X�G�\ �Z�D�V �S�H�U�I�R�U�P�H�G �I�R�U
�E�R�W�K �J�U�L�G�V�� �V�O�L�J�K�W �G�H�Y�L�D�W�L�R�Q�V �P�D�\ �V�W�L�O�O �R�F�F�X�U�� �7�K�L�V �H�I�I�H�F�W �L�V �E�H�O�L�H�Y�H�G �W�R �E�H �V�P�D�O�O�� �D�Q�G �W�K�H �G�L�I�I�H�U�H�Q�F�H �L�Q �W�K�H
�F�R�P�S�X�W�D�W�L�R�Q�D�O �G�R�P�D�L�Q�� �D�V �H�[�S�O�D�L�Q�H�G �L�Q �6�H�F�W�L�R�Q ������������ �D�F�F�R�X�Q�W�V �I�R�U �W�K�H �S�U�L�P�D�U�\ �G�L�I�I�H�U�H�Q�F�H �L�Q �S�U�H�V�V�X�U�H
�F�R�H�I�I�L�F�L�H�Q�W �G�L�V�W�U�L�E�X�W�L�R�Q�� �7�R �D�F�F�R�X�Q�W �I�R�U �W�K�L�V �H�I�I�H�F�W�� �W�K�H �V�L�P�X�O�D�W�L�R�Q�V �S�H�U�I�R�U�P�H�G �E�D�V�H�G �R�Q �D �J�U�L�G �E�\ �.�|�K�O�H�U
������������ �D�U�H �F�R�U�U�H�F�W�H�G �I�R�U �E�\ �D�Q �D�Q�J�O�H �R�I �D�W�W�D�F�N�� �V�S�H�F�L�I�L�F�D�O�O�\�� �W�K�H �D�Q�J�O�H �R�I �D�W�W�D�F�N �D�W �W�K�H �I�D�U�I�L�H�O�G �F�R�Q�G�L�W�L�R�Q�V
�L�V �U�H�G�X�F�H�G �E�\� � = � 0:1198� �� �7�K�H �G�L�I�I�H�U�H�Q�F�H �E�H�W�Z�H�H�Q �W�K�H �S�U�H�V�V�X�U�H �F�R�H�I�I�L�F�L�H�Q�W �G�L�V�W�U�L�E�X�W�L�R�Q�V �P�R�V�W �O�L�N�H�O�\
�V�W�H�P�V �I�U�R�P �W�K�H �L�Q�D�F�F�X�U�D�F�L�H�V �L�Q �W�K�L�V �F�R�U�U�H�F�W�L�R�Q �S�U�R�F�H�G�X�U�H�� �D�V �L�W�H�U�D�W�L�R�Q�V �Z�R�X�O�G �E�H �Q�H�F�H�V�V�D�U�\ �W�R �H�O�L�P�L�Q�D�W�H �W�K�H
�H�U�U�R�U �F�R�P�S�O�H�W�H�O�\��
�:�K�D�W �V�W�D�Q�G�V �R�X�W �L�Q �)�L�J�X�U�H �������� �D�Q�G �)�L�J�X�U�H �������� �D�U�H �W�K�H �Z�L�J�J�O�H�V �L�Q �W�K�H �S�U�H�V�V�X�U�H �F�R�H�I�I�L�F�L�H�Q�W�� �H�V�S�H�F�L�D�O�O�\
�S�U�R�Q�R�X�Q�F�H�G �R�Q �W�K�H �S�U�H�V�V�X�U�H �V�X�U�I�D�F�H �D�W0:01 < x / c < 0:07�� �R�Q �W�K�H �V�X�F�W�L�R�Q �V�X�U�I�D�F�H �D�W0:12 < x / c < 0:14�� �D�Q�G
�R�Q �W�K�H �V�X�F�W�L�R�Q �V�X�U�I�D�F�H �D�W0:41 < x / c < 0:43�� �$�V �Z�L�O�O �E�H �R�E�V�H�U�Y�H�G �L�Q �W�K�H �I�R�O�O�R�Z�L�Q�J �W�Z�R�� �D�Q�G �W�K�U�H�H���G�L�P�H�Q�V�L�R�Q�D�O
�V�L�P�X�O�D�W�L�R�Q�V �D�W �Y�D�U�L�R�X�V �D�Q�J�O�H�V �R�I �D�W�W�D�F�N�� �V�Z�H�H�S �D�Q�J�O�H�V�� �F�K�R�U�G �O�H�Q�J�W�K�V�� �D�Q�G �0�D�F�K �Q�X�P�E�H�U�V�� �W�K�H�V�H �Z�L�J�J�O�H�V
�D�U�H �F�R�Q�V�L�V�W�H�Q�W�O�\ �S�U�H�V�H�Q�W �L�Q �D�O�O �V�L�P�X�O�D�W�L�R�Q�V�� �7�K�H �Z�L�J�J�O�H�V �R�Q �W�K�H �S�U�H�V�V�X�U�H �V�X�U�I�D�F�H �F�D�Q �H�Y�H�Q �E�H �I�R�X�Q�G �L�Q �W�K�H
�H�[�S�H�U�L�P�H�Q�W�D�O �G�D�W�D�� �6�L�Q�F�H �W�K�H�V�H �Z�L�J�J�O�H�V �R�F�F�X�U �L�Q �D�O�O �F�D�V�H�V �D�Q�G �W�K�H �V�L�P�X�O�D�W�L�R�Q�V �D�U�H �S�H�U�I�R�U�P�H�G �I�X�O�O�\ �W�X�U�E�X�O�H�Q�W��
�L�W �L�V �O�L�N�H�O�\ �W�K�D�W �W�K�H�\ �D�U�H �F�D�X�V�H�G �E�\ �D�Q �L�P�S�H�U�I�H�F�W �V�S�H�F�L�I�L�F�D�W�L�R�Q �R�I �W�K�H �D�L�U�I�R�L�O �V�K�D�S�H�� �0�L�Q�R�U �L�P�S�H�U�I�H�F�W�L�R�Q�V �L�Q
�W�K�H �O�R�F�D�W�L�R�Q �R�I �V�L�Q�J�O�H �S�R�L�Q�W�V �F�D�Q �F�D�X�V�H �W�K�H �V�X�U�I�D�F�H �R�I �W�K�H �D�L�U�I�R�L�O �W�R �I�H�D�W�X�U�H �P�L�Q�R�U �E�X�P�S�V�� �Z�K�L�F�K �F�D�Q �O�H�D�G �W�R
�S�U�H�V�V�X�U�H �R�V�F�L�O�O�D�W�L�R�Q�V��

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

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

�7�K�H �U�H�V�X�O�W�V �I�R�U �W�K�H �V�S�D�W�L�D�O �J�U�L�G �F�R�Q�Y�H�U�J�H�Q�F�H �V�W�X�G�\ �D�U�H �V�K�R�Z�Q �L�Q �)�L�J�X�U�H ���������� �7�K�H �S�U�H�V�V�X�U�H �F�R�H�I�I�L�F�L�H�Q�W
�G�L�V�W�U�L�E�X�W�L�R�Q�V �D�U�H �H�[�W�U�D�F�W�H�G �D�W ������ �R�I �W�K�H �W�X�Q�Q�H�O �Z�L�G�W�K�� �W�R�Z�D�U�G�V �W�K�H �R�X�W�E�R�D�U�G �W�X�Q�Q�H�O �Z�D�O�O�� �D�Q�G �W�K�X�V �R�Q �W�K�H
�P�R�U�H �G�R�Z�Q�V�W�U�H�D�P �S�D�U�W �R�I �W�K�H �Z�L�Q�J�� �,�Q�V�W�H�D�G �R�I �H�[�W�U�D�F�W�L�Q�J �W�K�H �S�U�H�V�V�X�U�H �F�R�H�I�I�L�F�L�H�Q�W �D�W �W�K�H �P�L�G�G�O�H �R�I �W�K�H �W�H�V�W
�V�H�F�W�L�R�Q�� �H�[�W�U�D�F�W�L�Q�J �L�W �W�R�Z�D�U�G�V �R�Q�H �R�I �W�K�H �Z�D�O�O�V �H�Q�V�X�U�H�V �F�R�Q�V�L�V�W�H�Q�F�\ �L�Q �W�K�H �J�U�L�G �F�R�Q�Y�H�U�J�H�Q�F�H �V�W�X�G�\ �I�R�U �D�O�O
�O�R�F�D�W�L�R�Q�V �L�Q �W�K�H �W�X�Q�Q�H�O�� �$�V �Y�L�V�F�R�X�V �Z�D�O�O�V �D�U�H �H�P�S�O�R�\�H�G�� �W�K�H �J�U�D�G�L�H�Q�W�V �R�I �W�K�H �I�O�R�Z�I�L�H�O�G �W�R�Z�D�U�G�V �W�K�H �Z�D�O�O�V
�D�U�H �V�L�J�Q�L�I�L�F�D�Q�W�O�\ �K�L�J�K�H�U �W�K�D�Q �L�Q �W�K�H �P�L�G�G�O�H �R�I �W�K�H �W�H�V�W �V�H�F�W�L�R�Q�� �7�K�X�V�� �F�R�P�S�D�U�L�Q�J �W�K�H �S�U�H�V�V�X�U�H �F�R�H�I�I�L�F�L�H�Q�W
�G�L�V�W�U�L�E�X�W�L�R�Q�V �R�I �G�L�I�I�H�U�H�Q�W �P�H�V�K�H�V �D�W �W�K�H �Z�D�O�O�V �Z�L�O�O �H�Q�V�X�U�H �W�K�D�W �D�F�W�X�D�O �J�U�L�G���L�Q�G�H�S�H�Q�G�H�Q�W �V�R�O�X�W�L�R�Q�V �D�U�H �R�E�W�D�L�Q�H�G��
�2�Y�H�U�D�O�O�� �W�K�H �S�U�H�V�V�X�U�H �F�R�H�I�I�L�F�L�H�Q�W �G�L�V�W�U�L�E�X�W�L�R�Q�V �D�O�L�J�Q �F�O�R�V�H�O�\ �Z�L�W�K �H�D�F�K �R�W�K�H�U�� �+�R�Z�H�Y�H�U�� �W�K�H �F�R�D�U�V�H�V�W �P�H�V�K��
�F�R�Q�V�L�V�W�L�Q�J �R�I �W�K�H �U�H�I�H�U�H�Q�F�H �E�D�F�N�J�U�R�X�Q�G �J�U�L�G �D�Q�G �W�K�H �F�R�D�U�V�H �F�K�L�O�G �J�U�L�G�� �H�[�K�L�E�L�W�V �V�R�P�H �G�L�I�I�H�U�H�Q�F�H�V �I�U�R�P �W�K�H
�R�W�K�H�U �F�X�U�Y�H�V�� �S�D�U�W�L�F�X�O�D�U�O�\ �R�Q �W�K�H �V�X�F�W�L�R�Q �V�X�U�I�D�F�H �Q�H�D�U �W�K�H �I�U�R�Q�W �R�I �W�K�H �Z�L�Q�J�� �V�S�H�F�L�I�L�F�D�O�O�\ �I�R�U0:1 < x / c < 0:4��
�7�K�L�V �L�Q�G�L�F�D�W�H�V �W�K�D�W �W�K�H �J�U�L�G���L�Q�G�H�S�H�Q�G�H�Q�W �V�R�O�X�W�L�R�Q�V �D�U�H �R�E�W�D�L�Q�H�G �I�R�U �W�K�H �U�H�I�H�U�H�Q�F�H �E�D�F�N�J�U�R�X�Q�G �J�U�L�G �S�D�L�U�H�G
�Z�L�W�K �W�K�H �U�H�I�H�U�H�Q�F�H �F�K�L�O�G �J�U�L�G�� �7�K�H �F�R�P�S�D�U�L�V�R�Q �W�R �L�Q�I�L�Q�L�W�H�O�\ �V�Z�H�S�W �Z�L�Q�J �F�R�Q�G�L�W�L�R�Q�V �L�V �S�H�U�I�R�U�P�H�G �D�W �D �O�D�W�H�U
�V�W�D�J�H �L�Q �&�K�D�S�W�H�U ����

�)�L�J�X�U�H ���������� �3�U�H�V�V�X�U�H �F�R�H�I�I�L�F�L�H�Q�W �G�L�V�W�U�L�E�X�W�L�R�Q�V �I�R�U �W�K�H �J�U�L�G �F�R�Q�Y�H�U�J�H�Q�F�H �V�W�X�G�\ �Z�L�W�K �Y�L�V�F�R�X�V �W�X�Q�Q�H�O �Z�D�O�O�V�� �7�K�H �S�U�H�V�V�X�U�H
�F�R�H�I�I�L�F�L�H�Q�W �G�L�V�W�U�L�E�X�W�L�R�Q �L�V �H�[�W�U�D�F�W�H�G �D�W ������ �R�I �W�K�H �W�X�Q�Q�H�O �Z�L�G�W�K�� �L���H���� �F�O�R�V�H �W�R �W�K�H �R�X�W�E�R�D�U�G �Z�D�O�O�� �7�K�H �V�L�P�X�O�D�W�L�R�Q�V �D�U�H
�S�H�U�I�R�U�P�H�G �I�R�U� = 0 � ��� = 25 � ��c = 150 �P�P��Ma = 0 :78�� �D�Q�GRe = 7 � 106 ��

�,�Q �D�G�G�L�W�L�R�Q �W�R �W�K�H �V�S�D�W�L�D�O �F�R�Q�Y�H�U�J�H�Q�F�H �V�W�X�G�\�� �W�K�H �W�H�P�S�R�U�D�O �F�R�Q�Y�H�U�J�H�Q�F�H �L�V �H�Y�D�O�X�D�W�H�G�� �$ �U�H�V�L�G�X�D�O
�O�R�Z�H�U �W�K�D�Q5 � 10� 6 �Z�L�O�O �Q�R �O�R�Q�J�H�U �L�Q�F�U�H�D�V�H �W�K�H �D�F�F�X�U�D�F�\ �R�I �W�K�H �V�L�P�X�O�D�W�L�R�Q�V�� �V�L�P�L�O�D�U �W�R �W�K�H �U�H�V�X�O�W�V �R�I �W�K�H
�W�Z�R���G�L�P�H�Q�V�L�R�Q�D�O �F�D�V�H �D�Q�G �W�K�U�H�H���G�L�P�H�Q�V�L�R�Q�D�O �F�D�V�H �Z�L�W�K �L�Q�Y�L�V�F�L�G �Z�D�O�O�V��

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



�������� �0�H�V�K �'�H�I�R�U�P�D�W�L�R�Q ����

�F�R�P�E�L�Q�D�W�L�R�Q�V �W�H�V�W�H�G �L�Q �W�K�L�V �W�K�H�V�L�V�� �U�H���P�H�V�K�L�Q�J �Z�R�X�O�G �E�H �L�P�S�U�R�S�H�U�� �,�Q�V�W�H�D�G�� �W�K�H �7�$�8 �G�H�I�R�U�P�D�W�L�R�Q �W�R�R�O �L�V
�X�V�H�G �W�R �G�H�I�R�U�P �W�K�H �Y�R�O�X�P�H �J�U�L�G�� �7�K�L�V �P�H�W�K�R�G �K�D�V �G�R�Z�Q�V�L�G�H�V�� �S�U�L�P�D�U�L�O�\ �W�K�D�W �R�Q�O�\ �V�P�D�O�O �S�H�U�W�X�U�E�D�W�L�R�Q�V �F�D�Q
�E�H �K�D�Q�G�O�H�G �W�R �D�F�K�L�H�Y�H �D �K�L�J�K���T�X�D�O�L�W�\ �J�U�L�G ���'�/�5 ������������ �7�K�H �Z�R�U�N�L�Q�J �S�U�L�Q�F�L�S�O�H �L�V �H�[�S�O�D�L�Q�H�G �E�H�O�R�Z��

�7�K�H �D�O�J�R�U�L�W�K�P �Z�D�V �L�Q�W�U�R�G�X�F�H�G �E�\ �G�H �%�R�H�U�� �Y�D�Q �G�H�U �6�F�K�R�R�W�� �D�Q�G �%�L�M�O �������������� �,�W �L�V �G�H�Y�H�O�R�S�H�G �I�R�U �X�Q�V�W�U�X�F��
�W�X�U�H�G �J�U�L�G�V �D�Q�G �L�V �E�D�V�H�G �R�Q �L�Q�W�H�U�S�R�O�D�W�L�Q�J �W�K�H �G�L�V�S�O�D�F�H�P�H�Q�W�V �R�I �E�R�X�Q�G�D�U�\ �Q�R�G�H�V �W�R �W�K�H �H�Q�W�L�U�H �P�H�V�K �X�V�L�Q�J
�U�D�G�L�D�O �E�D�V�L�V �I�X�Q�F�W�L�R�Q�V ���5�%�)�V���� �5�D�G�L�D�O �E�D�V�L�V �I�X�Q�F�W�L�R�Q �L�Q�W�H�U�S�R�O�D�W�L�R�Q �L�V �X�V�H�G �W�R �G�H�W�H�U�P�L�Q�H �W�K�H �G�L�V�S�O�D�F�H�P�H�Q�W �R�I
�L�Q�W�H�U�Q�D�O �Q�R�G�H�V �E�D�V�H�G �R�Q �W�K�H �G�L�V�S�O�D�F�H�P�H�Q�W �R�I �V�W�U�X�F�W�X�U�D�O �Q�R�G�H�V �R�Q �W�K�H �L�Q�W�H�U�I�D�F�H�� �7�K�H �L�Q�W�H�U�S�R�O�D�W�L�R�Q �I�X�Q�F�W�L�R�Q
s(X ) �G�H�V�F�U�L�E�H�V �W�K�H �G�L�V�S�O�D�F�H�P�H�Q�W �L�Q �W�K�H �H�Q�W�L�U�H �G�R�P�D�L�Q �D�Q�G �L�V �D�S�S�U�R�[�L�P�D�W�H�G �E�\ �D �V�X�P �R�I �E�D�V�L�V �I�X�Q�F�W�L�R�Q�V
�D�Q�G �D �S�R�O�\�Q�R�P�L�D�Op(X )

s(X ) =
n bX

j =1

� j � (kX � X bj k) + p(X ); ������������

�Z�K�H�U�HX bj = [ xbj ; ybj ; zbj ] �D�U�H �W�K�H �E�R�X�Q�G�D�U�\ �Q�R�G�H�V��nb �L�V �W�K�H �Q�X�P�E�H�U �R�I �E�R�X�Q�G�D�U�\ �Q�R�G�H�V��p �L�V �D �S�R�O�\�Q�R�P�L�D�O��
�D�Q�G� �L�V �D �U�D�G�L�D�O �E�D�V�L�V �I�X�Q�F�W�L�R�Q�� �,�Q�W�H�U�S�R�O�D�W�L�R�Q �F�R�Q�G�L�W�L�R�Q�V �G�H�W�H�U�P�L�Q�H �W�K�H �F�R�H�I�I�L�F�L�H�Q�W�V� j �D�Q�G �W�K�H �S�R�O�\�Q�R�P�L�D�Op��
�)�R�U �D �P�R�U�H �G�H�W�D�L�O�H�G �H�[�S�O�D�Q�D�W�L�R�Q�� �U�H�I�H�U �W�R �G�H �%�R�H�U�� �Y�D�Q �G�H�U �6�F�K�R�R�W�� �D�Q�G �%�L�M�O �������������� �$ �W�K�L�Q �S�O�D�W�H �V�S�O�L�Q�H �L�V
�H�P�S�O�R�\�H�G �I�R�Us(X ) �I�R�U �W�K�H �G�H�I�R�U�P�D�W�L�R�Q �L�Q �W�K�L�V �W�K�H�V�L�V�� �Z�K�L�F�K �L�V �F�R�Q�V�L�G�H�U�H�G �E�R�W�K �D�F�F�X�U�D�W�H �D�Q�G �U�R�E�X�V�W��

�7�K�H �G�H�I�R�U�P�D�W�L�R�Q �D�S�S�U�R�D�F�K �I�R�O�O�R�Z�V �D �V�F�K�H�P�H �V�L�P�L�O�D�U �W�R �R�Q�H �W�K�D�W �L�V �L�Q�W�U�R�G�X�F�H�G �E�\ �%�L�U�N�H�P�H�\�H�U ������������
�D�Q�G �5�R�P�D�Q�R �H�W �D�O�� �������������� �$�W �I�L�U�V�W�� �T�X�D�V�L���W�Z�R���G�L�P�H�Q�V�L�R�Q�D�O �V�L�P�X�O�D�W�L�R�Q�V �D�U�H �S�H�U�I�R�U�P�H�G�� �7�K�H�\ �D�U�H �F�D�O�O�H�G
�T�X�D�V�L���W�Z�R���G�L�P�H�Q�V�L�R�Q�D�O �E�H�F�D�X�V�H�� �D�O�W�K�R�X�J�K �W�K�H�\ �I�H�D�W�X�U�H �D �V�Z�H�H�S �D�Q�J�O�H�� �W�K�H �P�H�V�K �R�Q�O�\ �H�[�K�L�E�L�W�V �R�Q�H �F�H�O�O
�L�Q �W�K�H �V�S�D�Q�Z�L�V�H �G�L�U�H�F�W�L�R�Q�� �7�K�H �F�R�Q�G�L�W�L�R�Q�V �D�U�H �D�V �L�I �W�K�H �Z�L�Q�J �Z�H�U�H �L�Q�I�L�Q�L�W�H�O�\ �V�Z�H�S�W�� �)�U�R�P �W�K�H�V�H �L�Q�I�L�Q�L�W�H�O�\
�V�Z�H�S�W �Z�L�Q�J �F�R�Q�G�L�W�L�R�Q�V�� �F�H�U�W�D�L�Q �V�W�U�H�D�P�O�L�Q�H�V �D�U�H �H�[�W�U�D�F�W�H�G�� �7�K�H�V�H �V�W�U�H�D�P�O�L�Q�H�V �D�U�H �W�K�H�Q �X�V�H�G �W�R �G�H�W�H�U�P�L�Q�H
�W�K�H �G�L�V�S�O�D�F�H�P�H�Q�W �R�I �W�K�H �Q�R�G�H�V �R�Q �W�K�H �L�Q�W�H�U�I�D�F�H�V�� �L���H���� �W�K�H �X�S�S�H�U�� �O�R�Z�H�U�� �D�Q�G �V�L�G�H �Z�D�O�O�V�� �7�K�H �G�L�V�S�O�D�F�H�P�H�Q�W �L�V
�D�Q �L�Q�S�X�W �I�R�U �W�K�H �7�$�8 �G�H�I�R�U�P�D�W�L�R�Q �W�R�R�O�� �Z�K�L�F�K �X�V�H�V2000�S�R�L�Q�W�V �S�H�U �V�X�U�I�D�F�H �I�R�U �W�K�H �X�S�S�H�U �D�Q�G �O�R�Z�H�U �Z�D�O�O �D�Q�G
5000�S�R�L�Q�W�V �S�H�U �V�X�U�I�D�F�H �I�R�U �W�K�H �V�L�G�H �Z�D�O�O�V �W�R �V�S�H�F�L�I�\ �W�K�H �G�L�V�S�O�D�F�H�P�H�Q�W�� �7�K�H �S�U�L�V�P�V �R�I �W�K�H �Z�D�O�O �E�R�X�Q�G�D�U�\
�O�D�\�H�U�¶�V �P�H�V�K �D�U�H �G�L�V�S�O�D�F�H�G �D�V �D �Z�K�R�O�H �W�R �H�Q�V�X�U�H �K�L�J�K���T�X�D�O�L�W�\ �F�H�O�O�V�� �7�K�H �U�H�V�W �R�I �W�K�H �G�R�P�D�L�Q �L�V �G�L�V�S�O�D�F�H�G �X�Q�W�L�O
�D �G�L�V�W�D�Q�F�H �R�I �U�R�X�J�K�O�\ ������ �R�I �W�K�H �W�X�Q�Q�H�O �Z�L�G�W�K �W�R �H�Q�V�X�U�H �W�K�D�W �W�K�H �G�H�I�R�U�P�D�W�L�R�Q �R�I �R�Q�H �Z�D�O�O �K�D�V �Q�R �L�Q�I�O�X�H�Q�F�H
�R�Q �W�K�H �G�H�I�R�U�P�D�W�L�R�Q �R�I �W�K�H �R�S�S�R�V�L�W�H �Z�D�O�O��

�7�K�H �F�K�R�L�F�H �R�I �V�W�U�H�D�P�O�L�Q�H�V �I�R�U �W�K�H �K�R�U�L�]�R�Q�W�D�O �Z�D�O�O�V �L�V �H�D�V�L�H�U �W�K�D�Q �W�K�D�W �I�R�U �W�K�H �Y�H�U�W�L�F�D�O �Z�D�O�O�V�� �$�V �W�K�H
�.�5�*�¶�V �K�R�U�L�]�R�Q�W�D�O �Z�D�O�O�V �D�U�H �R�Q�O�\ �D�G�D�S�W�L�Y�H �L�Q �W�Z�R �G�L�P�H�Q�V�L�R�Q�V�� �R�Q�H �G�H�I�R�U�P�D�W�L�R�Q �L�V �F�K�R�V�H�Q �I�R�U �W�K�H �X�S�S�H�U �D�Q�G
�O�R�Z�H�U �Z�D�O�O�V�� �U�H�V�S�H�F�W�L�Y�H�O�\�� �D�Q�G �D�S�S�O�L�H�G �W�R �D�O�O �V�S�D�Q�Z�L�V�H �O�R�F�D�W�L�R�Q�V�� �7�K�L�V �P�H�D�Q�V �W�K�D�W �D �V�W�U�H�D�P�O�L�Q�H �I�U�R�P �W�K�H
�L�Q�I�L�Q�L�W�H�O�\ �V�Z�H�S�W �Z�L�Q�J �L�V �H�[�W�U�D�F�W�H�G�� �Z�K�L�F�K�� �D�W �W�K�H �;���O�R�F�D�W�L�R�Q �R�I �W�K�H �W�H�V�W �V�H�F�W�L�R�Q �H�Q�W�U�\�� �L�V �O�R�F�D�W�H�G �D�W �W�K�H �V�D�P�H
�=���O�R�F�D�W�L�R�Q �D�V �W�K�H �X�S�S�H�U �R�U �O�R�Z�H�U �Z�D�O�O �R�I �W�K�H �W�H�V�W �V�H�F�W�L�R�Q�� �7�K�H �S�H�U�I�H�F�W �G�H�I�R�U�P�D�W�L�R�Q �I�R�U �D�Q �X�Q�V�Z�H�S�W �Z�L�Q�J��
�F�R�Q�V�L�G�H�U�L�Q�J �L�Q�Y�L�V�F�L�G �W�X�Q�Q�H�O �Z�D�O�O�V�� �W�K�H�Q �I�R�O�O�R�Z�V �W�K�L�V �V�W�U�H�D�P�O�L�Q�H���)�L�J�X�U�H �������� �S�U�R�Y�H�V �W�K�L�V �F�R�Q�F�H�S�W �E�\ �F�R�P�S�D�U�L�Q�J
�S�U�H�V�V�X�U�H �F�R�H�I�I�L�F�L�H�Q�W �G�L�V�W�U�L�E�X�W�L�R�Q�V �R�I �D �V�L�P�X�O�D�W�L�R�Q �S�H�U�I�R�U�P�H�G �R�Q �'�R�P�D�L�Q �� �Z�L�W�K �W�K�H �K�R�U�L�]�R�Q�W�D�O �Z�D�O�O�V �S�O�D�F�H�G
�I�D�U �D�Z�D�\ �I�U�R�P �W�K�H �X�Q�V�Z�H�S�W �Z�L�Q�J �W�R �W�K�H �V�L�P�X�O�D�W�L�R�Q�V �S�H�U�I�R�U�P�H�G �R�Q �'�R�P�D�L�Q �� �Z�L�W�K �G�H�I�R�U�P�H�G �X�S�S�H�U �D�Q�G �O�R�Z�H�U
�Z�D�O�O�V�� �7�K�H �P�L�Q�R�U �G�L�I�I�H�U�H�Q�F�H�V �L�Q �V�K�R�F�N �O�R�F�D�W�L�R�Q �F�D�Q �E�H �D�W�W�U�L�E�X�W�H�G �W�R �W�K�H �G�L�V�F�U�H�W�H �L�Q�S�X�W �R�I �G�H�I�R�U�P�D�W�L�R�Q �S�R�L�Q�W�V��
�$�O�W�K�R�X�J�K �W�K�H �L�Q�S�X�W �R�I �W�K�H �G�H�I�R�U�P�D�W�L�R�Q �W�R�R�O �X�W�L�O�L�]�H�V �������� �S�R�L�Q�W�V �I�R�U �G�H�I�R�U�P�L�Q�J �W�K�H �X�S�S�H�U �D�Q�G �O�R�Z�H�U �Z�D�O�O�V�� �D�Q�G
�W�K�H �U�H�V�X�O�W�L�Q�J �D�F�W�X�D�O �G�H�I�R�U�P�D�W�L�R�Q �L�V �E�H�O�L�H�Y�H�G �W�R �E�H �F�O�R�V�H �W�R �W�K�H �V�S�H�F�L�I�L�H�G �L�Q�S�X�W�� �W�K�H �G�L�V�F�U�H�W�H �V�S�H�F�L�I�L�F�D�W�L�R�Q
�U�H�V�X�O�W�V �L�Q �D�Q �L�P�S�H�U�I�H�F�W �G�H�I�R�U�P�D�W�L�R�Q �W�K�D�W �F�D�Q�Q�R�W �S�U�H�F�L�V�H�O�\ �U�H�S�U�H�V�H�Q�W �D�O�O �J�U�D�G�L�H�Q�W�V��

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



�������� �0�H�V�K �'�H�I�R�U�P�D�W�L�R�Q ����

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

�,�Q�I�L�Q�L�W�H�O�\ �V�Z�H�S�W
�Z�L�Q�J �V�L�P�X�O�D�W�L�R�Q�V

�(�[�W�U�D�F�W�L�R�Q �R�I
���' �6�W�U�H�D�P�O�L�Q�H�V

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

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

�Z�D�O�O�V�¶ �E�R�X�Q�G�D�U�\ �O�D�\�H�U

���' �5�$�1�6 �V�L�P�X�O�D�W�L�R�Q �R�I
�W�K�H �W�H�V�W �V�H�F�W�L�R�Q

�L�ICp;tunnel 6= Cp;inf

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

�7�K�H �G�H�I�R�U�P�D�W�L�R�Q �R�I �W�K�H �V�L�G�H �Z�D�O�O�V �I�R�O�O�R�Z�V �W�K�H �V�D�P�H �S�U�R�F�H�G�X�U�H �E�X�W �L�V �V�R�P�H�Z�K�D�W �P�R�U�H �F�R�P�S�O�H�[�� �&�X�U�U�H�Q�W�O�\��
�W�K�H�U�H �L�V �Q�R �S�R�V�V�L�E�L�O�L�W�\ �L�Q �W�K�H �.�5�* �W�R �D�G�D�S�W �W�K�H �V�L�G�H �Z�D�O�O�V�� �W�K�H�U�H�I�R�U�H�� �G�H�I�R�U�P�D�W�L�R�Q�V �D�U�H �E�H�L�Q�J �H�[�S�O�R�U�H�G �D�V �D�Q
�D�S�S�U�R�D�F�K �W�R �P�L�W�L�J�D�W�H �W�K�H �L�P�S�D�F�W �R�I �W�K�H �V�L�G�H �Z�D�O�O�V �R�Q �W�K�H �V�S�D�Q�Z�L�V�H �K�R�P�R�J�H�Q�H�L�W�\ �R�I �W�K�H �I�O�R�Z�� �$ �S�R�V�V�L�E�L�O�L�W�\ �I�R�U
�W�H�V�W�L�Q�J �Z�L�W�K �G�H�I�R�U�P�H�G �Z�D�O�O�V �Z�R�X�O�G �E�H �W�R ���' �S�U�L�Q�W �W�K�H �V�K�D�S�H �R�I �W�K�H �Z�D�O�O�V �D�Q�G �W�K�H�Q �D�S�S�O�\ �L�W �W�R �W�K�H �W�H�V�W �V�H�F�W�L�R�Q�¶�V
�Z�D�O�O�V �L�Q �W�K�H �.�5�*�� �7�K�X�V�� �W�K�H �V�K�D�S�H �R�I �W�K�H �Z�D�O�O�V �F�D�Q �E�H �D�U�E�L�W�U�D�U�\�� �D�Q�G�� �L�Q �F�R�Q�W�U�D�V�W �W�R �W�K�H �X�S�S�H�U �D�Q�G �O�R�Z�H�U
�Z�D�O�O�V�� �W�K�U�H�H���G�L�P�H�Q�V�L�R�Q�D�O�� �:�K�H�Q �H�[�W�U�D�F�W�L�Q�J �W�K�H �V�W�U�H�D�P�O�L�Q�H�V �I�U�R�P �W�K�H �L�Q�I�L�Q�L�W�H�O�\ �V�Z�H�S�W �Z�L�Q�J �F�R�P�S�X�W�D�W�L�R�Q�V
�I�R�U �G�L�I�I�H�U�H�Q�W �=���O�R�F�D�W�L�R�Q�V �D�E�R�Y�H �D�Q�G �E�H�O�R�Z �W�K�H �Z�L�Q�J�� �L�W �L�V �H�Y�L�G�H�Q�W �W�K�D�W �W�K�H �G�H�I�R�U�P�D�W�L�R�Q �R�I �W�K�H �V�W�U�H�D�P�O�L�Q�H�V �L�V
�O�D�U�J�H�U �W�K�H �F�O�R�V�H�U �W�K�H �Z�L�Q�J �L�V �D�S�S�U�R�D�F�K�H�G�� �(�V�S�H�F�L�D�O�O�\ �L�Q �F�O�R�V�H �Y�L�F�L�Q�L�W�\ �W�R �W�K�H �Z�L�Q�J�� �D �G�L�V�F�R�Q�W�L�Q�X�L�W�\ �D�U�L�V�H�V��
�7�K�L�V �G�L�V�F�R�Q�W�L�Q�X�L�W�\ �D�U�L�V�H�V �E�H�F�D�X�V�H �W�Z�R �S�D�U�W�L�F�O�H�V �W�U�D�Y�H�O�L�Q�J �M�X�V�W �R�Y�H�U �W�K�H �V�X�F�W�L�R�Q �D�Q�G �S�U�H�V�V�X�U�H �V�X�U�I�D�F�H�V �Z�L�O�O
�Q�R�W �P�H�H�W �D�W �W�K�H �W�U�D�L�O�L�Q�J �H�G�J�H �D�J�D�L�Q�� �D�V �W�K�H �V�S�D�Q�Z�L�V�H �P�R�Y�H�P�H�Q�W �R�I �W�K�H �V�W�U�H�D�P�O�L�Q�H�V �R�Y�H�U �W�K�H �V�X�F�W�L�R�Q �D�Q�G
�S�U�H�V�V�X�U�H �V�L�G�H�V �R�I �W�K�H �Z�L�Q�J �G�L�I�I�H�U�V�� �+�H�Q�F�H�� �V�S�H�F�L�I�\�L�Q�J �D �W�K�U�H�H���G�L�P�H�Q�V�L�R�Q�D�O �G�H�I�R�U�P�D�W�L�R�Q �Z�K�L�O�H �W�D�N�L�Q�J �W�K�H
�V�W�U�H�D�P�O�L�Q�H�V �F�O�R�V�H �W�R �W�K�H �D�L�U�I�R�L�O �L�Q�W�R �D�F�F�R�X�Q�W �O�H�D�G�V �W�R �K�L�J�K �J�U�D�G�L�H�Q�W�V�� �5�H�S�U�H�V�H�Q�W�L�Q�J �W�K�L�V �G�H�I�R�U�P�D�W�L�R�Q �Z�L�W�K �W�K�H
�7�$�8 �G�H�I�R�U�P�D�W�L�R�Q �W�R�R�O �L�V �L�P�S�R�V�V�L�E�O�H�� �D�V �7�$�8 �X�V�H�V �F�R�Q�W�L�Q�X�R�X�V �I�X�Q�F�W�L�R�Q�V �W�R �G�H�W�H�U�P�L�Q�H �W�K�H �G�L�V�S�O�D�F�H�P�H�Q�W�V��
�$�V �D �U�H�V�X�O�W�� �D �V�L�P�S�O�L�I�L�F�D�W�L�R�Q �L�V �Q�H�F�H�V�V�D�U�\ �W�R �R�E�W�D�L�Q �D �Y�D�O�L�G �G�H�I�R�U�P�D�W�L�R�Q�� �V�S�H�F�L�I�L�F�D�O�O�\ �R�Q�H �W�K�D�W �\�L�H�O�G�V �F�H�O�O�V �Z�L�W�K
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