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Abstract

In recent years, there has been growing interest in exploring the deployment of wave energy converters

(WECs) in remote and harsh environments. However, research in this area remains limited, particularly

concerning offshore environments with sea ice. This study focuses on investigating the energy production

and economic feasibility of a point absorber in the Baltic Sea, specifically off the coast of Åland, which

experiences seasonal ice cover. Four winter seasons with varying ice conditions are examined, ranging

from ice-free to severe ice conditions. Additionally, the study aims to assess the survivability of the WEC

under extreme level ice action and extreme wave conditions.

Based on literature review, a hexagonal slope-shaped buoy has shown promise in withstanding ice

conditions up to 15 cm thickness in the Baltic Sea and is selected as the WEC design in this study.

Metocean and sea ice data spanning from 2006 to 2021 are analysed from the NORA3 database. Through

extreme value analysis, key parameters such as wave height, period, and ice thickness are determined.

Survivability analysis is conducted to understand the forces exerted on the WEC during extreme ice

load cases and extreme sea states. To evaluate energy production, hydrodynamic coefficients are

computed using the Boundary Element Method solver Capytaine in the frequency domain. Subsequently,

simulations are conducted using WEC-Sim to derive the power output of the WEC under varying sea states.

Optimisation of the Power Take-Off (PTO) damping is performed to enhance performance for the specific

site conditions. A comparison of power output is made among different WEC configurations with varying

translator sizes.

The survivability analysis reveals important design considerations, especially regarding extreme ice

conditions. When subjected to an extreme level ice thickness of 60 cm this results in calculated horizontal

and vertical forces of 615 kN and 315 kN, respectively. In extreme sea states, simulations in WEC-Sim

shows a maximum heave response of 4.16 m and a maximum heave force of 133 kN. Additionally, the

investigation reveals significant fluctuations in wave energy converter (WEC) power production across the

analysed winter seasons, characterised by varying ice conditions. During severe ice conditions (2009-

2010), energy output decreased by nearly 50% compared to ice-free periods (2019-2020), potentially

leading to a 95% increase in the levelised cost of energy (LCOE) if solely derived from that single season.

These findings give valuable insights into the optimal WEC configuration, the maximising of power output

and offer important considerations to WEC survivability for deployment in ice-covered regions.
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������ �'�L�I�I�H�U�H�Q�W �I�R�U�P�V �R�I �O�D�Q�G�I�D�V�W �D�Q�G �G�U�L�I�W �L�F�H �>������ �����@ �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �&�U�X�V�K�L�Q�J �D�Q�G �E�H�Q�G�L�Q�J �I�D�L�O�X�U�H �P�R�G�H�V �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �,�F�H �D�F�W�L�R�Q �R�Q �D �W�Z�R���G�L�P�H�Q�V�L�R�Q�D�O �V�O�R�S�L�Q�J �V�W�U�X�F�W�X�U�H �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �&�R�Q�I�L�J�X�U�D�W�L�R�Q �R�I �L�F�H �D�F�W�L�R�Q�V �R�Q �D �V�O�R�S�L�Q�J �V�W�U�X�F�W�X�U�H �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �6�N�H�W�F�K �R�I �W�K�H �L�Q�W�H�U�D�F�W�L�R�Q �S�U�R�F�H�V�V �Z�L�W�K �D�Q �L�F�H �U�L�G�J�H �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �%�D�V�L�F �(�O�H�P�H�Q�W �I�R�U �&�R�Q�W�L�Q�X�L�W�\ �'�H�I�L�Q�L�W�L�R�Q �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �%�R�X�Q�G�D�U�\ �F�R�Q�G�L�W�L�R�Q�V �I�R�U �S�R�W�H�Q�W�L�D�O �I�O�R�Z �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �'�L�I�I�U�D�F�W�L�R�Q �D�Q�G �U�D�G�L�D�W�L�R�Q �S�D�W�W�H�U�Q �I�R�U �D �F�\�O�L�Q�G�U�L�F�D�O �S�R�L�Q�W �D�E�V�R�U�E�H�U �L�Q �Z�D�Y�H�V �� �� �� �� �� �� �� �� �� �� ������
������ �6�L�[ �G�H�J�U�H�H�V �R�I �I�U�H�H�G�R�P �����'�2�)�� �R�I �P�R�W�L�R�Q �I�R�U �D �I�O�R�D�W�L�Q�J �E�R�G�\ �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �2�Y�H�U�Y�L�H�Z �R�I �W�K�H �I�R�U�F�H�V �D�F�W�L�Q�J �R�Q �W�K�H �I�O�R�D�W�L�Q�J �E�R�G�\ �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �6�F�K�H�P�D�W�L�F �R�I �D �O�L�Q�H�D�U �3�7�2 �V�S�U�L�Q�J �G�D�P�S�H�U �V�\�V�W�H�P �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �6�H�D�V�R�Q ���������������������,�F�H �)�U�H�H �&�R�Q�G�L�W�L�R�Q�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �6�H�D�V�R�Q ���������������������0�L�O�G �,�F�H �&�R�Q�G�L�W�L�R�Q�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �6�H�D�V�R�Q ���������������������0�R�G�H�U�D�W�H �,�F�H �&�R�Q�G�L�W�L�R�Q�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �6�H�D�V�R�Q ���������������������6�H�Y�H�U�H �,�F�H �&�R�Q�G�L�W�L�R�Q�V�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �0�D�[�L�P�X�P �L�F�H �H�[�W�H�Q�W �L�Q �W�K�H �%�D�O�W�L�F �6�H�D �>�����@ �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �,�F�H �W�K�L�F�N�Q�H�V�V �G�L�V�W�U�L�E�X�W�L�R�Q �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �*�X�P�E�H�O �I�L�W�W�H�G �S�O�R�W �Z�L�W�K �W�K�H �U�H�W�X�U�Q �S�H�U�L�R�G �I�R�U �H�[�W�U�H�P�H �L�F�H �W�K�L�F�N�Q�H�V�V�H�V �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �:�D�Y�H �V�F�D�W�W�H�U �G�L�D�J�U�D�P �R�I �V�H�D�V�R�Q ���������������������,�F�H �)�U�H�H�� �Q�X�P�E�H�U �R�I �R�F�F�X�U�U�H�Q�F�H�V � �������� �� �� ������
������ �:�D�Y�H �V�F�D�W�W�H�U �G�L�D�J�U�D�P �R�I �V�H�D�V�R�Q ���������������������,�F�H �)�U�H�H�� �V�K�R�Z�Q �L�Q �S�H�U�F�H�Q�W�D�J�H�V �D�Q�G �W�K�H �F�X�U�Y�H�V

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

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

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

�U�H�Q�F�H�V � �������� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�������� �:�D�Y�H �V�F�D�W�W�H�U �G�L�D�J�U�D�P �R�I �V�H�D�V�R�Q ���������������������0�R�G�H�U�D�W�H �,�F�H �&�R�Q�G�L�W�L�R�Q�V�V�K�R�Z�Q �L�Q �S�H�U�F�H�Q�W��

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

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

�Y�L



�/�L�V�W �R�I �)�L�J�X�U�H�V �Y�L�L

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

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

�F�X�U�Y�H�V �U�H�S�U�H�V�H�Q�W �W�K�H �Z�D�Y�H �S�R�Z�H�U �G�H�Q�V�L�W�\ �R�E�W�D�L�Q�H�G �Z�L�W�K �H�T�� ������ �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�������� �(�[�W�U�D�F�W�L�R�Q �R�I �H�[�W�U�H�P�H �Y�D�O�X�H�V �R�Y�H�U �D ���� �\�H�D�U �S�H�U�L�R�G �X�V�L�Q�J �W�K�H �¶�%�O�R�F�N �0�D�[�L�P�D�¶ �P�H�W�K�R�G �� �� �� ������
�������� �5�H�W�X�U�Q �Y�D�O�X�H �S�O�R�W �R�I �H�[�W�U�H�P�H �Z�D�Y�H �K�H�L�J�K�W�V �D�W �J�L�Y�H�Q �U�H�W�X�U�Q �S�H�U�L�R�G�V �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�������� �4�4 �S�O�R�W�V �R�I �W�K�H �V�L�J�Q�L�I�L�F�D�Q�W �Z�D�Y�H �K�H�L�J�K�W �D�Q�G �W�K�H �S�H�D�N �Z�D�Y�H �S�H�U�L�R�G �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�������� �(�Q�Y�L�U�R�Q�P�H�Q�W�D�O �F�R�Q�W�R�X�U �I�R�U �D �������\�H�D�U �V�H�D �V�W�D�W�H �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

������ �)�O�R�Z�F�K�D�U�W �R�I �W�K�H �Q�X�P�H�U�L�F�D�O �S�U�R�F�H�V�V�H�V �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �,�O�O�X�V�W�U�D�W�L�R�Q �R�I �I�R�U�F�H�V �D�F�W�L�Q�J �R�Q �W�K�H �I�O�R�D�W�L�Q�J �E�R�G�\ �D�V�V�X�P�L�Q�J �V�W�L�O�O �Z�D�W�H�U �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �*�H�R�P�H�W�U�\ �R�I �:�(�& �P�H�V�K�H�G �L�Q �%�(�0�5�R�V�H�W�W�D �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �0�H�V�K �R�I ������ �S�D�Q�H�O�V �V�K�R�Z�L�Q�J �Q�R�U�P�D�O�V �I�U�R�P �L�W�V �U�H�V�S�H�F�W�L�Y�H �F�R�O�O�R�F�D�W�L�R�Q �S�R�L�Q�W �� �� �� �� �� �� �� �� �� ������
������ �)�O�R�Z�F�K�D�U�W �R�I �W�K�H �&�D�S�\�W�D�L�Q�H �S�U�R�F�H�V�V�H�V �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �%�O�R�F�N �G�L�D�J�U�D�P �R�I �W�K�H �V�L�P�X�O�L�Q�N �P�R�G�H�O ���/�H�I�W�� �D�Q�G �D �V�F�K�H�P�D�W�L�F �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q �R�I �W�K�H �:�(�&

�V�\�V�W�H�P ���5�L�J�K�W�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �,�Q�W�H�U�Q�D�O �P�H�F�K�D�Q�L�F�V �R�I �W�K�H �3�7�2 �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �$�F�W�L�Y�H �S�R�Z�H�U �R�X�W�S�X�W �L�Q �N�: �I�R�U �W�K�H �P�R�V�W �F�R�P�P�R�Q �R�F�F�X�U�L�Q�J �V�H�D �V�W�D�W�HH s = 0 :5m �D�Q�GTp = 4s

�J�L�Y�L�Q�J �D �P�H�D�Q �D�F�W�L�Y�H �S�R�Z�H�U �R�I �������� �N�:�� �,�W �X�V�H�V �D �V�L�P�X�O�D�W�L�R�Q �W�L�P�H �R�I ���� �P�L�Q�X�W�H�V�� �� �� �� �� �� �� ������
������ �&�R�Q�Y�H�U�J�H�Q�F�H �D�Q�D�O�\�V�L�V �I�R�U �D�G�G�H�G �P�D�V�V �F�R�H�I�I�L�F�L�H�Q�W �L�Q �K�H�D�Y�H �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�������� �&�R�Q�Y�H�U�J�H�Q�F�H �D�Q�D�O�\�V�L�V �I�R�U �U�D�G�L�D�W�L�R�Q �G�D�P�S�L�Q�J �F�R�H�I�I�L�F�L�H�Q�W �L�Q �K�H�D�Y�H �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�������� �&�R�Q�Y�H�U�J�H�Q�F�H �D�Q�D�O�\�V�L�V �I�R�U �5�$�2�V �L�Q �K�H�D�Y�H �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�������� �$�G�G�H�G �P�D�V�V �D�Q�G �U�D�G�L�D�W�L�R�Q �G�D�P�S�L�Q�J �F�R�H�I�I�L�F�L�H�Q�W �F�R�P�S�D�U�L�V�R�Q �I�R�U �1�H�P�R�K �D�Q�G �&�D�S�\�W�D�L�Q�H �� �� ������
�������� �(�[�F�L�W�D�W�L�R�Q �P�D�J�Q�L�W�X�G�H �D�Q�G �S�K�D�V�H �F�R�P�S�D�U�L�V�R�Q �I�R�U �1�H�P�R�K �D�Q�G �&�D�S�\�W�D�L�Q�H �� �� �� �� �� �� �� �� �� �� ������
�������� �(�[�F�L�W�D�W�L�R�Q �I�R�U�F�H �P�D�J�Q�L�W�X�G�H �D�Q�G �S�K�D�V�H �F�R�P�S�D�U�L�V�R�Q �I�R�U �1�H�P�R�K �D�Q�G �&�D�S�\�W�D�L�Q�H �� �� �� �� �� �� �� ������
�������� �(�[�F�L�W�D�W�L�R�Q �I�R�U�F�H �D�Q�G �U�D�G�L�D�W�L�R�Q �G�D�P�S�L�Q�J �L�P�S�X�O�V�H �U�H�V�S�R�Q�V�H �I�X�Q�F�W�L�R�Q�V �F�R�P�S�D�U�L�V�R�Q �I�R�U �1�H�P�R�K

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

������ �6�L�P�X�O�D�W�H�G �I�R�U�F�H �D�Q�G �U�H�V�S�R�Q�V�H �L�Q �L�U�U�H�J�X�O�D�U �Z�D�Y�H�V �I�U�R�P �G�H�V�L�J�Q �O�R�D�G �F�D�V�H �� �� �� �� �� �� �� �� �� �� ������
������ �6�L�P�X�O�D�W�H�G �I�R�U�F�H �D�Q�G �U�H�V�S�R�Q�V�H �L�Q �L�U�U�H�J�X�O�D�U �Z�D�Y�H�V �I�U�R�P �G�H�V�L�J�Q �O�R�D�G �F�D�V�H �� �� �� �� �� �� �� �� �� �� ������
������ �6�L�P�X�O�D�W�H�G �I�R�U�F�H �D�Q�G �U�H�V�S�R�Q�V�H �L�Q �L�U�U�H�J�X�O�D�U �Z�D�Y�H�V �I�U�R�P �G�H�V�L�J�Q �O�R�D�G �F�D�V�H �� �� �� �� �� �� �� �� �� �� ������
������ �'�H�V�L�J�Q �L�F�H �D�F�W�L�R�Q �I�R�U�F�H�V �S�O�R�W�W�H�G �D�J�D�L�Q�V�W �H�[�W�U�H�P�H �L�F�H �W�K�L�F�N�Q�H�V�V �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �)�O�R�Z�F�K�D�U�W �I�R�U �W�K�H �P�H�D�Q �D�Q�Q�X�D�O �H�Q�H�U�J�\ �S�U�R�G�X�F�W�L�R�Q �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �7�K�U�H�H �:�(�& �F�R�Q�I�L�J�X�U�D�W�L�R�Q�V �Z�L�W�K �F�K�D�Q�J�H�G �W�U�D�Q�V�O�D�W�R�U�V �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
������ �+�H�D�Y�H �5�$�2�V �I�R�U �W�K�H �W�K�U�H�H �:�(�& �F�R�Q�I�L�J�X�U�D�W�L�R�Q�V�� �W�K�H �Y�H�U�W�L�F�D�O �O�L�Q�H�V �G�H�S�L�F�W �W�K�H�L�U �Q�D�W�X�U�D�O �I�U�H�T�X�H�Q�F�L�H�V����
������ �3�R�Z�H�U �P�D�W�U�L�F�H�V �I�R�U �G�L�I�I�H�U�H�Q�W �3�7�2 �G�D�P�S�L�Q�J�V�����V�W �F�R�Q�I�L�J�X�U�D�W�L�R�Q�� ���������N�:���� �� �� �� �� �� �� �� �� ������
������ �3�R�Z�H�U �P�D�W�U�L�F�H�V �I�R�U �G�L�I�I�H�U�H�Q�W �3�7�2 �G�D�P�S�L�Q�J�V�����Q�G �F�R�Q�I�L�J�X�U�D�W�L�R�Q�� �����N�:���� �� �� �� �� �� �� �� �� �� ������
�������� �3�R�Z�H�U �P�D�W�U�L�F�H�V �I�R�U �G�L�I�I�H�U�H�Q�W �3�7�2 �G�D�P�S�L�Q�J�V�����U�G �F�R�Q�I�L�J�X�U�D�W�L�R�Q�� �����N�:���� �� �� �� �� �� �� �� �� �� ������
�������� �0�H�D�Q �D�Q�Q�X�D�O �H�Q�H�U�J�\ �S�U�R�G�X�F�W�L�R�Q �W�R �L�W�V �3�7�2 �G�D�P�S�L�Q�J �D�Q�G �P�D�V�V �F�R�Q�I�L�J�X�U�D�W�L�R�Q�V �� �� �� �� �� �� �� ������
�������� �+�H�D�Y�H �5�$�2�V �I�R�U �W�K�H �W�K�U�H�H �:�(�& �F�R�Q�I�L�J�X�U�D�W�L�R�Q�V �W�X�Q�H�G �W�R �D �3�7�2 �G�D�P�S�L�Q�J �R�I80�N�1 �V �P� 1 �� �� ����
�������� �3�R�Z�H�U �0�D�W�U�L�[ �D�W �R�S�W�L�P�D�O �G�D�P�S�L�Q�J �R�I80�N�1 �V �P� 1 �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�������� �$�Y�H�U�D�J�H �R�I �W�K�H �P�H�D�Q �P�R�Q�W�K�O�\ �V�L�J�Q�L�I�L�F�D�Q�W �Z�D�Y�H �K�H�L�J�K�W �D�Q�G �S�H�D�N �S�H�U�L�R�G �D�W �V�L�W�H �I�R�U �V�H�D�V�R�Q�V

�Z�L�W�K �V�H�D �L�F�H �S�U�H�V�H�Q�F�H �D�Q�G �L�F�H �I�U�H�H �V�H�D�V�R�Q�V �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
�������� �0�R�Q�W�K�O�\ �0�H�D�Q �3�R�Z�H�U �2�X�W�S�X�W �I�R�U �6�H�D�V�R�Q�V �Z�L�W�K �6�H�D �,�F�H�� �E�O�D�F�N �O�L�Q�H � �0�H�D�Q �3�R�Z�H�U �D�Q�G �E�O�X�H

�O�L�Q�H � �6�H�D �,�F�H �&�R�Q�F�H�Q�W�U�D�W�L�R�Q ���W�R�S �W�R �E�R�W�W�R�P���0�L�O�G�� �0�R�G�H�U�D�W�H�� �6�H�Y�H�U�H �,�F�H �&�R�Q�G�L�W�L�R�Q�V�� �� �� ������
�������� �0�R�Q�W�K�O�\ �0�H�D�Q �3�R�Z�H�U �2�X�W�S�X�W�,�F�H �)�U�H�H�6�H�D�V�R�Q �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

�$���� �2�E�V�H�U�Y�D�W�L�R�Q�V �I�U�R�P �S�U�R�M�H�F�W �:�(�6�$ �>�����@ �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��������
�$���� �/�R�F�D�O �F�R�Q�W�D�F�W �I�R�U�F�H�V �R�Q �+�6�6�7 �E�X�R�\ �>�����@ �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��������
�$���� �&�R�Q�W�D�F�W �S�O�D�Q�H ����� �>�����@ �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��������

�'���� �0�R�Q�W�K�O�\ �Z�D�Y�H �V�F�D�W�W�H�U �G�L�D�J�U�D�P �V�H�D�V�R�Q �������������������,�F�H �)�U�H�H�� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ��������
�'���� �0�R�Q�W�K�O�\ �Z�D�Y�H �V�F�D�W�W�H�U �G�L�D�J�U�D�P �V�H�D�V�R�Q �������������������0�L�O�G �,�F�H �&�R�Q�G�L�W�L�R�Q�V�� �� �� �� �� �� �� �� �� �� ��������
�'���� �0�R�Q�W�K�O�\ �Z�D�Y�H �V�F�D�W�W�H�U �G�L�D�J�U�D�P �V�H�D�V�R�Q �������������������0�R�G�H�U�D�W�H �,�F�H �&�R�Q�G�L�W�L�R�Q�V�� �� �� �� �� �� �� ��������
�'���� �0�R�Q�W�K�O�\ �Z�D�Y�H �V�F�D�W�W�H�U �G�L�D�J�U�D�P �V�H�D�V�R�Q �������������������6�H�Y�H�U�H �,�F�H �&�R�Q�G�L�W�L�R�Q�V�� �� �� �� �� �� �� �� �� ��������



�/�L�V�W �R�I �7�D�E�O�H�V

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

������ �&�K�D�U�D�F�W�H�U�L�V�D�W�L�R�Q �R�I �O�R�F�D�O �L�F�H �F�R�Q�G�L�W�L�R�Q�V �E�D�V�H�G �R�Q �L�F�H �W�K�L�F�N�Q�H�V�V �G�D�W�D �D�Q�G �W�K�H �)�L�Q�Q�L�V�K �0�H�W�H�R��
�U�R�O�R�J�L�F�D�O �,�Q�V�W�L�W�X�W�H �>�����@ �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������

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

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

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

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

������ �0�D�[�L�P�X�P �K�H�D�Y�H �I�R�U�F�H �D�Q�G �U�H�V�S�R�Q�V�H �I�U�R�P �W�K�H �V�L�P�X�O�D�W�H�G �G�H�V�L�J�Q �O�R�D�G �F�D�V�H�V �� �� �� �� �� �� �� �� ������
������ �3�D�U�D�P�H�W�H�U�V �X�V�H�G �L�Q �L�F�H �E�H�Q�G�L�Q�J �F�D�O�F�X�O�D�W�L�R�Q�V �>�����@�>�����@ �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� �� ������
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�:�K�H�U�H� �U�H�S�U�H�V�H�Q�W�V �W�K�H �G�H�Q�V�L�W�\ �R�I �W�K�H �V�H�D �Z�D�W�H�U�� �J �L�V �W�K�H �J�U�D�Y�L�W�D�W�L�R�Q�D�O �F�R�Q�V�W�D�Q�W�� �D�Q�G �+ �L�V �W�K�H �Z�D�Y�H �K�H�L�J�K�W��
�,�Q �U�H�D�O�L�W�\�� �K�R�Z�H�Y�H�U�� �W�K�H �Z�D�Y�H�V �R�I �D �V�H�D �V�W�D�W�H �G�R �Q�R�W �D�O�O �V�K�D�U�H �D �F�R�Q�V�W�D�Q�W �K�H�L�J�K�W �D�Q�G �F�D�Q �W�K�H�U�H�I�R�U�H �E�H
�F�K�D�U�D�F�W�H�U�L�V�H�G �Z�L�W�K �W�K�H �V�L�J�Q�L�I�L�F�D�Q�W �Z�D�Y�H �K�H�L�J�K�WH s �� �7�K�H �V�L�J�Q�L�I�L�F�D�Q�W �Z�D�Y�H �K�H�L�J�K�W �U�H�S�U�H�V�H�Q�W�V �W�K�H �D�Y�H�U�D�J�H
�Z�D�Y�H �K�H�L�J�K�W �R�I �W�K�H �K�L�J�K�H�V�W �R�Q�H���W�K�L�U�G �R�I �W�K�H �Z�D�Y�H�V�� �,�W �F�D�Q �D�O�V�R �E�H �R�E�W�D�L�Q�H�G �I�U�R�P �W�K�H �Z�D�Y�H �V�S�H�F�W�U�X�P �I�R�U �D
�V�S�H�F�L�I�L�F �O�R�F�D�W�L�R�QH s = 4

p
m0�� �7�K�H �Y�D�U�L�D�E�O�Hm0 �L�V �F�D�O�O�H�G �W�K�H �]�H�U�R�W�K �R�U�G�H�U �P�R�P�H�Q�W �D�Q�G �L�V �D �P�D�W�K�H�P�D�W�L�F�D�O

�S�D�U�D�P�H�W�H�U �F�K�D�U�D�F�W�H�U�L�V�L�Q�J �W�K�H �Z�D�Y�H �V�S�H�F�W�U�X�P�� �8�V�L�Q�J �W�K�H �Z�D�Y�H �H�Q�H�U�J�\ �G�H�Q�V�L�W�\ �( �I�U�R�P �W�K�H �H�T�X�D�W�L�R�Q �D�E�R�Y�H��
�W�K�H �Z�D�Y�H �H�Q�H�U�J�\ �I�O�X�[ �3 �W�K�D�W �L�V �D�O�L�J�Q�H�G �Z�L�W�K �W�K�H �Z�D�Y�H �G�L�U�H�F�W�L�R�Q �F�D�Q �E�H �Z�U�L�W�W�H�Q �L�Q �W�K�H �I�R�O�O�R�Z�L�Q�J �I�R�U�P��

P = Ecg ����������

�2�F�H�D�Q �Z�D�Y�H�V �S�U�R�S�D�J�D�W�H �D�V �J�U�R�X�S�V �D�Q�G �W�U�D�Y�H�O �W�L�P�H�V �V�K�R�X�O�G �W�K�H�U�H�I�R�U�H �E�H �F�D�O�F�X�O�D�W�H�G �Z�L�W�K �W�K�H �J�U�R�X�S �Y�H�O�R�F�L�W�\��
�7�K�Hcg �L�Q �W�K�H �H�T�X�D�W�L�R�Q �U�H�S�U�H�V�H�Q�W�V �W�K�H �J�U�R�X�S �Y�H�O�R�F�L�W�\ �R�I �W�K�H �Z�D�Y�H�V �Z�K�L�F�K �G�H�S�H�Q�G�V �R�Q �W�K�H �Z�D�Y�H�O�H�Q�J�W�K �D�Q�G �W�K�H
�Z�D�Y�H �S�H�U�L�R�G�� �7�K�H �%�D�O�W�L�F �6�H�D �L�V �U�H�O�D�W�L�Y�H�O�\ �V�K�D�O�O�R�Z �>���@ �D�Q�G �G�H�H�S �Z�D�W�H�U �H�V�W�L�P�D�W�L�R�Q�V �D�U�H �Q�R�W �D�O�Z�D�\�V �D�S�S�O�L�F�D�E�O�H
�I�R�U �F�D�O�F�X�O�D�W�L�R�Q�V �Z�K�H�Q �D�Q�D�O�\�V�L�Q�J �W�K�H �Z�D�Y�H �H�Q�H�U�J�\ �W�K�H�U�H�I�R�U�H �L�W �L�V �Q�H�F�H�V�V�D�U�\ �W�R �X�V�H �W�K�H �G�L�V�S�H�U�V�L�R�Q �U�H�O�D�W�L�R�Q�V�K�L�S
! =

p
gk �W�D�Q�K(kd)�� �:�L�W�K! = 2�

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

cg =
!
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�
1 +

2kd
�V�L�Q�K(2kd)

�
����������

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

�6�X�E�V�W�L�W�X�W�L�R�Q �L�Q�W�R ������ �I�R�U �Z�D�Y�H �H�Q�H�U�J�\ �I�O�X�[ �E�H�F�R�P�H�V��
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�gH 2

s

16

�
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2kd
�V�L�Q�K(2kd)

�
�

kTe
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�7�K�H �P�H�D�Q �H�Q�H�U�J�\ �S�H�U�L�R�GTe = m � 1

m 0
�� �7�K�H �H�[�S�U�H�V�V�L�R�Q �D�E�R�Y�H �G�R�H�V �Q�R�W �W�D�N�H �L�Q�W�R �D�F�F�R�X�Q�W �W�K�D�W �P�D�Q�\ �Z�D�Y�H �F�R�P��

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



�������� �&�X�U�U�H�Q�W �6�W�D�W�H �R�I �:�D�Y�H �(�Q�H�U�J�\ �7�H�F�K�Q�R�O�R�J�\ ��

�������������6�H�D �6�W�D�W�H �D�Q�G �2�F�H�D�Q �:�D�Y�H �6�S�H�F�W�U�D

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

�7�K�H �Z�D�Y�H �V�S�H�F�W�U�X�P �F�D�Q �E�H �D �X�V�H�I�X�O �W�R�R�O �I�R�U �S�U�H�G�L�F�W�L�Q�J �W�K�H �L�P�S�D�F�W �R�I �Z�D�Y�H�V �R�Q �P�D�U�L�Q�H �V�W�U�X�F�W�X�U�H�V�� �D�V�V�H�V�V�L�Q�J
�W�K�H �I�H�D�V�L�E�L�O�L�W�\ �R�I �Z�D�Y�H �H�Q�H�U�J�\ �F�R�Q�Y�H�U�V�L�R�Q �W�H�F�K�Q�R�O�R�J�L�H�V�� �D�Q�G �I�R�U �Q�D�Y�L�J�D�W�L�R�Q �D�Q�G �R�I�I�V�K�R�U�H �R�S�H�U�D�W�L�R�Q�V�� �7�K�H
�S�D�U�D�P�H�W�H�U�V �R�I �W�K�H �V�S�H�F�W�U�D�� �V�X�F�K �D�V �W�K�H �V�L�J�Q�L�I�L�F�D�Q�W �Z�D�Y�H �K�H�L�J�K�W�� �Z�D�Y�H �S�H�U�L�R�G�� �D�Q�G �V�S�H�F�W�U�D�O �E�D�Q�G�Z�L�G�W�K��
�F�D�Q �E�H �X�V�H�G �W�R �F�K�D�U�D�F�W�H�U�L�]�H �W�K�H �V�H�Y�H�U�L�W�\ �D�Q�G �I�U�H�T�X�H�Q�F�\ �R�I �V�H�D �V�W�D�W�H�V�� �D�Q�G �W�R �G�H�V�L�J�Q �R�I�I�V�K�R�U�H �V�W�U�X�F�W�X�U�H�V
�D�Q�G �Y�H�V�V�H�O�V �W�K�D�W �F�D�Q �Z�L�W�K�V�W�D�Q�G �W�K�H �I�R�U�F�H�V �R�I �W�K�H �R�F�H�D�Q�� �7�K�H �-�2�1�6�:�$�3 �D�Q�G �3�L�H�U�V�R�Q���0�R�V�N�R�Z�L�W�] �V�S�H�F�W�U�D
�D�U�H �W�Z�R �F�R�P�P�R�Q�O�\ �X�V�H�G �P�R�G�H�O�V �I�R�U �G�H�V�F�U�L�E�L�Q�J �W�K�H �V�W�D�W�L�V�W�L�F�D�O �G�L�V�W�U�L�E�X�W�L�R�Q �R�I �Z�D�Y�H �H�Q�H�U�J�\ �D�F�U�R�V�V �Y�D�U�L�R�X�V
�I�U�H�T�X�H�Q�F�L�H�V �D�Q�G �Z�D�Y�H �O�H�Q�J�W�K�V �>�����@��

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

�$�O�P�R�V�W �D �G�H�F�D�G�H �O�D�W�H�U�� �D�Q �L�P�S�U�R�Y�H�G �Y�H�U�V�L�R�Q �R�I �W�K�H �3�L�H�U�V�R�Q���0�R�V�N�R�Z�L�W�] �V�S�H�F�W�U�X�P �Z�D�V �S�U�R�S�R�V�H�G �F�D�O�O�H�G
�W�K�H �-�2�1�6�:�$�3 �V�S�H�F�W�U�X�P�� �7�K�L�V �V�S�H�F�W�U�X�P �D�F�F�R�X�Q�W�V �I�R�U �U�H�D�O �V�H�D �V�W�D�W�H�V �Z�K�L�F�K �F�D�Q �G�L�I�I�H�U �I�U�R�P �W�K�H �L�G�H�D�O�L�V�H�G
�F�R�Q�G�L�W�L�R�Q�V �D�V�V�X�P�H�G �L�Q �W�K�H �3�L�H�U�V�R�Q���0�R�V�N�R�Z�L�W�] �V�S�H�F�W�U�X�P�� �,�W �I�R�X�Q�G �W�K�D�W �Z�D�Y�H �V�S�H�F�W�U�D �D�U�H �Q�H�Y�H�U �I�X�O�O�\��
�G�H�Y�H�O�R�S�H�G�� �7�K�H �-�2�1�6�:�$�3 �V�S�H�F�W�U�X�P �L�Q�F�O�X�G�H�V �D�Q �D�G�G�L�W�L�R�Q�D�O �S�D�U�D�P�H�W�H�U�� �W�K�H �S�H�D�N �H�Q�K�D�Q�F�H�P�H�Q�W �I�D�F�W�R�U��
�Z�K�L�F�K �D�F�F�R�X�Q�W�V �I�R�U �W�K�H �H�I�I�H�F�W�V �R�I �Z�D�Y�H �Q�R�Q�O�L�Q�H�D�U�L�W�L�H�V �R�Q �W�K�H �V�S�H�F�W�U�D�O �V�K�D�S�H �R�I �Z�D�Y�H�V�� �,�W �L�V �X�V�H�G �W�R
�F�K�D�U�D�F�W�H�U�L�]�H �V�H�D �V�W�D�W�H�V �W�K�D�W �G�L�I�I�H�U �I�U�R�P �W�K�H �I�X�O�O�\ �G�H�Y�H�O�R�S�H�G �V�H�D �V�W�D�W�H�� �V�X�F�K �D�V �V�W�R�U�P���G�U�L�Y�H�Q �Z�D�Y�H�V�� �V�K�D�O�O�R�Z
�Z�D�W�H�U�� �D�Q�G �F�R�D�V�W�D�O �U�H�J�L�R�Q�V �>�����@��

�������������:�D�Y�H �(�Q�H�U�J�\ �&�R�Q�Y�H�U�W�H�U�V
�:�D�Y�H �H�Q�H�U�J�\ �F�R�Q�Y�H�U�W�H�U�V �K�D�Y�H �E�H�H�Q �G�H�Y�H�O�R�S�H�G �D�Q�G �H�[�S�H�U�L�P�H�Q�W�H�G �Z�L�W�K �H�Y�H�U �V�L�Q�F�H �������� �Z�K�H�Q �3�L�H�U�U�H���6�L�P�R�Q
�*�L�U�D�U�G �S�D�W�H�Q�W�H�G �D �F�R�Q�F�H�S�W �I�R�U �D �Z�D�Y�H���S�R�Z�H�U�H�G �G�H�Y�L�F�H�� �6�L�Q�F�H ���������� �R�Y�H�U �D �������� �Z�D�Y�H �H�Q�H�U�J�\ �F�R�Q�F�H�S�W�V
�K�D�Y�H �E�H�H�Q �S�D�W�H�Q�W�H�G �H�D�F�K �\�H�D�U �Z�R�U�O�G�Z�L�G�H �>���@�� �1�H�Y�H�U�W�K�H�O�H�V�V�� �G�H�Y�H�O�R�S�P�H�Q�W�V �L�Q �Z�D�Y�H �S�R�Z�H�U �D�U�H �V�W�L�O�O �L�Q �W�K�H
�U�H�O�D�W�L�Y�H�O�\ �H�D�U�O�\ �V�W�D�J�H�V �F�R�P�S�D�U�H�G �W�R �Z�L�Q�G �D�Q�G �V�R�O�D�U �H�Q�H�U�J�\�� �7�K�H �R�L�O �F�U�L�V�L�V �L�Q �W�K�H ���������V �I�X�U�W�K�H�U �F�D�X�V�H�G �U�D�S�L�G
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�W�K�H �:�(�&�� �$�O�V�R �W�K�H �F�R�U�U�R�V�L�Y�H�Q�H�V�V �R�I �V�H�D �Z�D�W�H�U �S�R�V�H�V �D �U�L�V�N �W�R �W�K�H �O�L�I�H�F�\�F�O�H �R�I �D �:�(�&�� �$ �F�R�P�S�U�H�K�H�Q�V�L�Y�H
�R�S�H�U�D�W�L�R�Q �D�Q�G �P�D�L�Q�W�H�Q�D�Q�F�H �V�W�U�D�W�H�J�\ �L�V �U�H�T�X�L�U�H�G �D�W �W�K�H �G�H�V�L�J�Q �V�W�D�J�H�� �Z�K�L�F�K �Z�L�O�O �D�G�G �W�R �W�K�H �O�L�I�H�F�\�F�O�H �F�R�V�W �>�����@��
�0�R�U�H�R�Y�H�U�� �L�W �L�V �L�P�S�R�U�W�D�Q�W �W�R �Q�R�W�H �W�K�D�W �Z�D�Y�H �H�Q�H�U�J�\ �F�R�Q�Y�H�U�W�H�U�V �D�U�H �V�W�L�O�O �L�Q �W�K�H�L�U �H�D�U�O�\ �V�W�D�J�H�V �F�R�P�S�D�U�H�G �W�R
�R�W�K�H�U �P�D�W�X�U�H �U�H�Q�H�Z�D�E�O�H �H�Q�H�U�J�\ �W�H�F�K�Q�R�O�R�J�L�H�V �V�X�F�K �D�V �Z�L�Q�G �D�Q�G �V�R�O�D�U�� �9�D�U�L�R�X�V �W�H�F�K�Q�R�O�R�J�L�H�V �I�R�U �F�D�S�W�X�U�L�Q�J
�Z�D�Y�H �H�Q�H�U�J�\ �K�D�Y�H �E�H�H�Q �F�R�Q�V�L�G�H�U�H�G �Z�L�W�K �R�Y�H�U �D �W�K�R�X�V�D�Q�G �S�D�W�H�Q�W�V �D�Q�G �S�U�R�W�R�W�\�S�H�V�� �W�K�L�V �D�O�V�R �P�H�D�Q�V �W�K�D�W
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�I�H�D�W�X�U�H�V �P�D�\ �G�L�I�I�H�U �E�D�V�H�G �R�Q �W�K�H �L�Q�W�H�Q�G�H�G �V�L�W�H �D�Q�G �W�K�H �V�R�U�W�V �R�I �Z�D�Y�H�V �W�K�D�W �H�[�L�V�W �L�Q �W�K�D�W �D�U�H�D�� �:�D�Y�H �H�Q�H�U�J�\
�F�R�Q�Y�H�U�W�H�U�V �D�U�H �F�D�W�H�J�R�U�L�]�H�G �L�Q �D �Y�D�U�L�H�W�\ �R�I �Z�D�\�V �W�R �U�H�I�O�H�F�W �W�K�H �G�L�Y�H�U�V�L�W�\ �R�I �F�X�U�U�H�Q�W �:�(�& �W�H�F�K�Q�R�O�R�J�\�� �7�R �P�D�N�H
�L�W �V�L�P�S�O�H�U�� �W�K�L�V �V�W�X�G�\ �F�O�D�V�V�L�I�L�H�V �:�(�&�V �S�U�L�P�D�U�L�O�\ �E�D�V�H�G �R�Q �W�K�H�L�U �R�S�H�U�D�W�L�R�Q�D�O �F�R�Q�F�H�S�W�� �7�K�H �P�D�L�Q �W�\�S�H�V �R�I
�:�(�&�V �F�D�Q �E�H �F�D�W�H�J�R�U�L�V�H�G �L�Q�W�R �R�V�F�L�O�O�D�W�L�Q�J �Z�D�W�H�U �F�R�O�X�P�Q�� �R�V�F�L�O�O�D�W�L�Q�J �E�R�G�L�H�V�� �D�Q�G �R�Y�H�U�W�R�S�S�L�Q�J �G�H�Y�L�F�H�V��
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�7�K�H �2�V�F�L�O�O�D�W�L�Q�J �:�D�W�H�U �&�R�O�X�P�Q
�7�K�H �R�V�F�L�O�O�D�W�L�Q�J �Z�D�W�H�U �F�R�O�X�P�Q ���2�:�&�� �F�R�Q�V�L�V�W�V �R�I �D �V�X�E�P�H�U�J�H�G �V�W�U�X�F�W�X�U�H �Z�L�W�K �D�Q �R�S�H�Q�L�Q�J �E�H�O�R�Z �W�K�H �V�H�D
�V�X�U�I�D�F�H �O�H�Y�H�O �D�O�O�R�Z�L�Q�J �D�L�U �W�R �E�H �W�U�D�S�S�H�G �L�Q�V�L�G�H �D �F�K�D�P�E�H�U�� �7�K�H �L�Q�F�L�G�H�Q�W �Z�D�Y�H�V �L�Q �W�K�H �V�W�U�X�F�W�X�U�H �F�D�X�V�H
�I�O�X�F�W�X�D�W�L�R�Q�V �L�Q �W�K�H �D�L�U �S�U�H�V�V�X�U�H �D�Q�G �D �U�H�F�L�S�U�R�F�D�W�L�Q�J �D�L�U �I�O�R�Z �W�K�D�W �F�D�Q �E�H �X�V�H�G �W�R �S�R�Z�H�U �W�K�H �S�R�Z�H�U �W�D�N�H �R�I�I
�V�\�V�W�H�P�� �7�K�H �S�R�Z�H�U �W�D�N�H �R�I�I �V�\�V�W�H�P �X�V�H�G �W�R �F�R�Q�Y�H�U�W �S�R�Z�H�U �L�Q �2�:�&�V �D�U�H �D�L�U �W�X�U�E�L�Q�H�V�� �7�K�H �P�R�V�W �F�R�P�P�R�Q�O�\
�X�V�H�G �D�L�U �W�X�U�E�L�Q�H �L�Q �2�:�&�V �L�V �W�K�H �:�H�O�O�V �W�X�U�E�L�Q�H�� �7�K�H �:�H�O�O�V �W�X�U�E�L�Q�H �L�V �D�Q �D�[�L�D�O �I�O�R�Z �V�H�O�I���U�H�F�W�L�I�\�L�Q�J �W�X�U�E�L�Q�H�� �7�K�H
�U�H�D�V�R�Q �I�R�U �W�K�L�V �L�V �W�K�D�W �W�K�H �U�R�W�R�U �E�O�D�G�H �D�L�U�I�R�L�O �J�H�R�P�H�W�U�\ �I�U�R�P �W�K�H �W�Z�R �D�F�W�L�Q�J �V�X�U�I�D�F�H�V �D�U�H �V�K�D�S�H�G �V�\�P�P�H�W�U�L�F�D�O
�H�Q�D�E�O�L�Q�J �W�K�H �U�R�W�D�W�L�R�Q�D�O �G�L�U�H�F�W�L�R�Q �W�R �U�H�P�D�L�Q �X�Q�F�K�D�Q�J�H�G �U�H�J�D�U�G�O�H�V�V �R�I �W�K�H �G�L�U�H�F�W�L�R�Q �R�I �D�L�U�I�O�R�Z�� �$�Q�R�W�K�H�U �W�\�S�H �R�I
�W�X�U�E�L�Q�H �L�V �W�K�H �V�H�O�I���U�H�F�W�L�I�\�L�Q�J �L�P�S�X�O�V�H �W�X�U�E�L�Q�H�� �7�K�L�V �W�X�U�E�L�Q�H �X�V�H�V �W�Z�R �U�R�Z�V �R�I �L�G�H�Q�W�L�F�D�O �J�X�L�G�H �Y�D�Q�H�V �P�L�U�U�R�U�H�G
�R�Q �W�K�H �R�S�S�R�V�L�W�H �V�L�G�H�V �R�I �W�K�H �U�R�W�R�U�� �7�K�H�V�H �I�L�[�H�G �Y�D�Q�H�V �R�Q �W�K�H �W�X�U�E�L�Q�H �J�X�L�G�H �W�K�H �D�L�U �I�O�R�Z �L�Q �D �P�D�Q�Q�H�U �W�K�D�W
�G�U�L�Y�H�V �W�K�H �U�R�W�R�U �E�O�D�G�H�V �D�Q�G �D�F�K�L�H�Y�H�V �V�H�O�I���U�H�F�W�L�I�\�L�Q�J �E�H�K�D�Y�L�R�X�U �>�����@�� �7�K�H �U�R�W�R�U �E�O�D�G�H �K�D�V �W�K�H �V�D�P�H �L�Q�O�H�W �D�Q�G
�R�X�W�O�H�W �D�Q�J�O�H �D�V �F�D�Q �E�H �V�H�H�Q �L�Q �W�K�H �V�F�K�H�P�D�W�L�F �U�H�S�U�H�V�H�Q�W�D�W�L�R�Q �E�H�O�R�Z��

�7�K�H�U�H �D�U�H �W�Z�R �G�L�I�I�H�U�H�Q�W �W�\�S�H�V �R�I �2�:�&�V �Q�D�P�H�O�\ �I�L�[�H�G �D�Q�G �I�O�R�D�W�L�Q�J�� �0�R�V�W �I�L�[�H�G �2�:�& �D�U�H �L�Q�V�W�D�O�O�H�G �Q�H�D�U�V�K�R�U�H
�Z�K�H�U�H �W�K�H �Z�D�W�H�U �G�H�S�W�K �L�V �Q�R�W �D�Q �L�V�V�X�H�� �Q�R �G�H�H�S �Z�D�W�H�U �P�R�R�U�L�Q�J �D�Q�G �Q�R �G�H�H�S �V�H�D �F�D�E�O�L�Q�J �L�V �U�H�T�X�L�U�H�G �G�H�H�S�� �,�W
�L�V �D�O�V�R �H�D�V�L�H�U �W�R �L�Q�V�W�D�O�O �D�Q�G �P�D�L�Q�W�D�L�Q �V�K�R�U�H�O�L�Q�H �2�:�& �S�O�D�Q�W�V�� �,�Q �D�G�G�L�W�L�R�Q�� �V�R�P�H �2�:�& �D�U�H �L�Q�V�W�D�O�O�H�G �L�Q�W�R �D
�E�U�H�D�N�Z�D�W�H�U �V�X�F�K �D�V �W�K�H �0�X�W�U�L�N�X �S�O�D�Q�W �D�W �W�K�H �F�R�D�V�W �R�I �Q�R�U�W�K�H�U�Q �6�S�D�L�Q �>�����@�� �7�K�L�V �L�V �X�V�H�I�X�O �V�L�Q�F�H �L�Q�W�H�J�U�D�W�L�Q�J
�V�X�F�K �D �G�H�Y�L�F�H �L�Q�W�R �D �E�U�H�D�N�Z�D�W�H�U �V�\�V�W�H�P �P�D�N�H�V �L�W �P�X�O�W�L���S�X�U�S�R�V�H�� �7�K�H �E�U�H�D�N�Z�D�W�H�U �S�U�R�Y�L�G�H�V �S�U�R�W�H�F�W�L�R�Q
�D�J�D�L�Q�V�W �F�R�D�V�W�D�O �H�U�R�V�L�R�Q �D�V �Z�H�O�O �D�V �W�L�G�H�V�� �F�X�U�U�H�Q�W�V�� �V�W�R�U�P �V�X�U�J�H�V �Z�K�L�O�H �W�K�H �2�:�& �L�V �D�E�O�H �W�R �J�H�Q�H�U�D�W�H �H�O�H�F�W�U�L�F�L�W�\��
�7�K�L�V �K�H�O�S�V �G�L�Y�L�G�H �W�K�H �F�R�Q�V�W�U�X�F�W�L�R�Q �F�R�V�W�V �D�Q�G �P�D�N�H�V �L�W �P�R�U�H �D�F�F�H�V�V�L�E�O�H �I�R�U �F�R�Q�V�W�U�X�F�W�L�R�Q�� �R�S�H�U�D�W�L�R�Q �D�Q�G
�P�D�L�Q�W�H�Q�D�Q�F�H��

�2�Q�H �R�I �W�K�H �I�L�U�V�W �I�O�R�D�W�L�Q�J �G�H�S�O�R�\�H�G �2�:�& �Z�D�V �G�H�Y�H�O�R�S�H�G �E�\ �<�R�V�K�L�R �0�D�V�X�G�D�� �D �-�D�S�D�Q�H�V�H �Q�D�Y�D�O �F�R�P�P�D�Q�G�H�U��
�0�D�V�X�G�D �G�H�Y�H�O�R�S�H�G �W�K�H �F�R�Q�F�H�S�W �R�I �D �I�O�R�D�W�L�Q�J �E�D�F�N�Z�D�U�G�V �E�H�Q�W �G�X�F�W �E�X�R�\ �Z�K�L�F�K �F�R�Q�V�L�V�W�V �R�I �D�Q �/���V�K�D�S�H�G �G�X�F�W
�W�K�D�W �F�D�S�W�X�U�H�V �H�Q�H�U�J�\ �I�U�R�P �W�K�H �K�H�D�Y�H�� �V�X�U�J�H �D�Q�G �S�L�W�F�K �P�R�W�L�R�Q �R�I �W�K�H �Z�D�Y�H�V �>�����@�� �7�K�H �Q�D�P�H �E�D�F�N�Z�D�U�G�V �E�H�Q�W
�U�H�I�H�U�V �W�R �W�K�H �G�X�F�W �E�D�F�N�Z�D�U�G�V �I�D�F�L�Q�J �W�K�H �L�Q�F�L�G�H�Q�W �Z�D�Y�H �G�L�U�H�F�W�L�R�Q�� �0�D�V�X�G�D�¶�V �F�R�Q�F�H�S�W �R�I �D �I�O�R�D�W�L�Q�J �E�D�F�N�Z�D�U�G
�E�H�Q�W �G�X�F�W �E�X�R�\ �Z�D�V �V�W�X�G�L�H�G �D�Q�G �O�D�W�H�U �F�R�P�P�H�U�F�L�D�O�L�V�H�G �D�Q�G �L�Q�W�H�J�U�D�W�H�G �W�R �S�R�Z�H�U �Q�D�Y�L�J�D�W�L�R�Q �E�X�R�\�V�� �$�Q�R�W�K�H�U
�I�O�R�D�W�L�Q�J �2�:�& �F�R�Q�F�H�S�W �L�V �W�K�H �0�L�J�K�W�\ �:�K�D�O�H �W�K�D�W �L�V �G�H�S�O�R�\�H�G �Q�H�D�U �*�R�N�D�V�K�R �E�D�\ �L�Q �-�D�S�D�Q�� �7�K�L�V �L�V �D �O�D�U�J�H
�I�O�R�D�W�L�Q�J �V�W�U�X�F�W�X�U�H �W�K�D�W �F�R�Q�V�L�V�W�V �R�I �E�X�R�\�D�Q�F�\ �W�D�Q�N�V �D�Q�G �W�K�U�H�H �D�L�U �F�K�D�P�E�H�U�V �H�T�X�L�S�S�H�G �Z�L�W�K �:�H�O�O�V �W�X�U�E�L�Q�H�V
�F�D�S�D�E�O�H �R�I �J�H�Q�H�U�D�W�L�Q�J �D �W�R�W�D�O �U�D�W�H�G �S�R�Z�H�U �R�I ������ �N�: �>�����@��
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�2�V�F�L�O�O�D�W�L�Q�J �%�R�G�L�H�V
�2�V�F�L�O�O�D�W�L�Q�J �E�R�G�L�H�V ���2�%�� �U�H�I�H�U �W�R �:�(�&�V �P�R�Y�L�Q�J �Z�L�W�K �W�K�H �P�R�W�L�R�Q �R�I �W�K�H �Z�D�Y�H�V�� �7�K�L�V �P�R�W�L�R�Q �F�D�Q �E�H �H�L�W�K�H�U
�D �W�U�D�Q�V�O�D�W�L�R�Q�D�O �V�X�F�K �D�V �V�X�U�J�H �D�Q�G �K�H�D�Y�H �R�U �D �U�R�W�D�W�L�R�Q�D�O �V�X�F�K �D�V �S�L�W�F�K �>�����@�� �&�R�P�S�D�U�H�G �W�R �R�W�K�H�U �W�\�S�H�V �R�I
�:�(�&�V�� �W�K�H�\ �H�[�S�O�R�L�W �W�K�H �P�R�U�H �S�R�Z�H�U�I�X�O �Z�D�Y�H �U�H�J�L�P�H�V �>�����@�� �2�Q�H �R�I �W�K�H �P�D�L�Q �F�K�D�O�O�H�Q�J�H�V �Z�K�H�Q �L�W �F�R�P�H�V �W�R
�R�V�F�L�O�O�D�W�L�Q�J �E�R�G�L�H�V �L�V �D�F�F�H�V�V�L�E�L�O�L�W�\ �I�R�U �P�D�L�Q�W�H�Q�D�Q�F�H�� �P�R�R�U�L�Q�J �D�Q�G �L�Q�V�W�D�O�O�D�W�L�R�Q �R�I �X�Q�G�H�U�Z�D�W�H�U �H�O�H�F�W�U�L�F�D�O �F�D�E�O�H�V
�>�����@�� �2�%�V �F�D�Q �D�O�V�R �E�H �F�O�D�V�V�L�I�L�H�G �L�Q �G�L�I�I�H�U�H�Q�W �F�D�W�H�J�R�U�L�H�V �V�X�F�K �D�V �V�L�Q�J�O�H �K�H�D�Y�L�Q�J �E�X�R�\�V�� �W�Z�R���E�R�G�\ �K�H�D�Y�L�Q�J
�K�H�D�Y�L�Q�J �V�\�V�W�H�P�V�� �I�X�O�O�\ �V�X�E�P�H�U�J�H�G �K�H�D�Y�L�Q�J �V�\�V�W�H�P�V�� �S�L�W�F�K�L�Q�J �G�H�Y�L�F�H�V�� �E�R�W�W�R�P �K�L�Q�J�H�G �V�\�V�W�H�P�V �R�U �D �P�X�O�W�L
�E�R�G�\ �2�% �V�\�V�W�H�P�� �$ �V�L�Q�J�O�H �K�H�D�Y�L�Q�J �E�X�R�\ �L�V �D�Q �R�V�F�L�O�O�D�W�L�Q�J �E�R�G�\ �G�H�Y�L�F�H �W�K�D�W �U�H�D�F�W�V �D�J�D�L�Q�V�W �W�K�H �V�H�D �E�R�W�W�R�P �R�U
�D �E�R�W�W�R�P���I�L�[�H�G �V�W�U�X�F�W�X�U�H�� �6�X�F�K �V�\�V�W�H�P�V �D�U�H �F�R�P�P�R�Q�O�\ �N�Q�R�Z�Q �D�V �S�R�L�Q�W �D�E�V�R�U�E�H�U�V �Z�K�H�U�H �W�K�H �K�R�U�L�]�R�Q�W�D�O
�G�L�P�H�Q�V�L�R�Q�V �R�I �W�K�H �G�H�Y�L�F�H �D�U�H �P�X�F�K �V�P�D�O�O�H�U �W�K�D�Q �W�K�H �Z�D�Y�H�O�H�Q�J�W�K�� �3�R�L�Q�W �D�E�V�R�U�E�H�U�V �D�U�H �I�O�R�D�W�L�Q�J �G�H�Y�L�F�H�V �W�K�D�W
�D�U�H �G�H�V�L�J�Q�H�G �W�R �F�D�S�W�X�U�H �W�K�H �H�Q�H�U�J�\ �R�I �Z�D�Y�H�V �L�Q �D�O�O �G�L�U�H�F�W�L�R�Q�V�� �,�W �F�R�Q�V�L�V�W�V �R�I �D �E�X�R�\�D�Q�W �V�W�U�X�F�W�X�U�H �W�K�D�W �L�V
�D�W�W�D�F�K�H�G �W�R �D �P�R�R�U�L�Q�J �V�\�V�W�H�P�� �Z�K�L�F�K �N�H�H�S�V �W�K�H �G�H�Y�L�F�H �L�Q �S�O�D�F�H �Z�K�L�O�H �D�O�O�R�Z�L�Q�J �L�W �W�R �P�R�Y�H �X�S �D�Q�G �G�R�Z�Q
�Z�L�W�K �W�K�H �Z�D�Y�H�V�� �7�K�H �K�H�D�Y�L�Q�J �P�R�W�L�R�Q �R�I �W�K�H �E�X�R�\ �G�U�L�Y�H�V �D �S�R�Z�H�U �W�D�N�H���R�I�I �V�\�V�W�H�P �W�K�D�W �G�U�L�Y�H�V �D �J�H�Q�H�U�D�W�R�U��
�Z�K�L�F�K �F�R�Q�Y�H�U�W�V �W�K�H �P�H�F�K�D�Q�L�F�D�O �H�Q�H�U�J�\ �L�Q�W�R �H�O�H�F�W�U�L�F�D�O �H�Q�H�U�J�\�� �8�V�X�D�O�O�\�� �W�K�H�V�H �D�U�H �G�H�S�O�R�\�H�G �I�X�U�W�K�H�U �R�I�I�V�K�R�U�H
�D�W �F�R�Q�V�L�G�H�U�D�E�O�H �Z�D�W�H�U �G�H�S�W�K�V �Z�K�H�U�H �W�K�H �Z�D�Y�H�V �D�U�H �P�R�U�H �S�R�Z�H�U�I�X�O��

�6�R�P�H�W�L�P�H�V �W�K�H�U�H �F�D�Q �E�H �G�L�I�I�L�F�X�O�W�L�H�V �G�X�H �W�R �W�K�H �O�R�Q�J �G�L�V�W�D�Q�F�H �I�U�R�P �W�K�H �E�X�R�\ �W�R �W�K�H �I�L�[�H�G �I�U�D�P�H �R�I �U�H�I�H�U�H�Q�F�H
�F�R�P�E�L�Q�H�G �Z�L�W�K �F�K�D�Q�J�L�Q�J �W�L�G�H�V�� �$�V �D�Q �D�O�W�H�U�Q�D�W�L�Y�H�� �W�Z�R���E�R�G�\ �V�\�V�W�H�P�V �F�D�Q �E�H �X�V�H�G�� �$ �W�Z�R �E�R�G�\ �V�\�V�W�H�P
�U�H�O�L�H�V �R�Q �W�K�H �U�H�O�D�W�L�Y�H �P�R�W�L�R�Q �E�H�W�Z�H�H�Q �W�K�H �W�Z�R �E�R�G�L�H�V �D�Q�G �W�K�L�V �P�R�W�L�R�Q �L�V �X�V�H�G �W�R �S�R�Z�H�U �D �S�L�V�W�R�Q �R�U �O�L�Q�H�D�U
�J�H�Q�H�U�D�W�R�U�� �7�K�L�V �L�V �W�K�H �F�D�V�H �R�I �W�K�H �3�R�Z�H�U�E�X�R�\�� �D �I�O�R�D�W�L�Q�J �:�(�& �G�H�Y�H�O�R�S�H�G �E�\ �2�F�H�D�Q �3�R�Z�H�U �7�H�F�K�Q�R�O�R�J�\
�L�Q �W�K�H �8�6�$�� �$ �I�O�R�D�W�L�Q�J �G�L�V�F �V�K�D�S�H�G �E�X�R�\ �R�V�F�L�O�O�D�W�H�V �Z�L�W�K �W�K�H �P�R�W�L�R�Q�V �R�I �W�K�H �Z�D�Y�H�V �D�Q�G �U�H�D�F�W�V �D�J�D�L�Q�V�W �W�K�H
�L�Q�H�U�W�L�D �R�I �W�K�H �V�H�F�R�Q�G �E�R�G�\�� �D �V�X�E�P�H�U�J�H�G �F�\�O�L�Q�G�U�L�F�D�O �E�R�G�\ �>�����@�� �$�W �W�K�H �E�R�W�W�R�P �R�I �W�K�L�V �F�\�O�L�Q�G�U�L�F�D�O �E�R�G�\ �L�V �D
�G�D�P�S�H�U �S�O�D�W�H �W�K�D�W �L�Q�F�U�H�D�V�H�V �W�K�H �L�Q�H�U�W�L�D �W�K�U�R�X�J�K �W�K�H �D�G�G�H�G �P�D�V�V �R�I �W�K�H �V�X�U�U�R�X�Q�G�L�Q�J �Z�D�W�H�U �>�����@�� �(�O�H�F�W�U�L�F�D�O
�H�Q�H�U�J�\ �L�V �J�H�Q�H�U�D�W�H�G �E�\ �D �K�\�G�U�D�X�O�L�F �P�R�W�R�U �G�U�L�Y�H�Q �E�\ �W�K�L�V �U�H�O�D�W�L�Y�H �P�R�W�L�R�Q �>�����@�� �$�Q�R�W�K�H�U �Q�R�W�D�E�O�H �H�[�D�P�S�O�H �R�I
�W�K�L�V �L�V �$�T�X�D�(�Q�H�U�J�\�¶�V �$�T�X�D�E�X�2�<�� �7�K�H �$�T�X�D�E�X�2�< �F�R�Q�V�L�V�W�V �R�I �D �I�O�R�D�W�H�U �F�R�Q�Q�H�F�W�H�G �W�R �D �S�L�V�W�R�Q �F�H�Q�W�U�H�G �L�Q
�D �F�\�O�L�Q�G�U�L�F�D�O �W�X�E�H�� �7�K�H �Q�D�W�X�U�D�O �I�U�H�T�X�H�Q�F�L�H�V �R�I �W�K�H �S�L�V�W�R�Q �D�Q�G �W�K�H �E�X�R�\ �D�U�H �G�L�I�I�H�U�H�Q�W �E�\ �G�H�V�L�J�Q �W�K�D�W �F�D�X�V�H
�V�L�J�Q�L�I�L�F�D�Q�W �U�H�O�D�W�L�Y�H �P�R�W�L�R�Q�V �E�H�W�Z�H�H�Q �W�K�H �W�Z�R�� �7�K�U�R�X�J�K �W�K�H �S�L�V�W�R�Q �F�\�O�L�Q�G�H�U �D�V�V�H�P�E�O�\�� �Z�D�W�H�U �L�V �E�H�L�Q�J �S�X�P�S�H�G
�D�Q�G �X�V�H�G �W�R �G�U�L�Y�H �D �3�H�O�W�R�Q �W�X�U�E�L�Q�H �D�V �W�K�H �I�O�R�D�W �R�V�F�L�O�O�D�W�H�V �Z�L�W�K �W�K�H �Z�D�Y�H�V �>�����@��



�������� �&�X�U�U�H�Q�W �6�W�D�W�H �R�I �:�D�Y�H �(�Q�H�U�J�\ �7�H�F�K�Q�R�O�R�J�\ ����

�)�L�J�X�U�H ���������6�L�Q�J�O�H �+�H�D�Y�L�Q�J �%�X�R�\ �Z�L�W�K �O�L�Q�H�D�U �J�H�Q�H�U�D�W�R�U �E�\ �8�S�S�V�D�O�D �8�Q�L�Y�H�U�V�L�W�\ �>�����@

�7�K�H�Q �W�K�H�U�H �D�U�H �:�(�& �V�\�V�W�H�P�V �X�V�L�Q�J �P�X�O�W�L�S�O�H �E�R�G�L�H�V�� �$�Q �H�[�D�P�S�O�H �R�I �W�K�L�V �L�V �W�K�H �:�D�Y�H�6�W�D�U �G�H�Y�H�O�R�S�H�G �L�Q
�'�H�Q�P�D�U�N�� �)�O�R�D�W�V �D�U�H �F�R�Q�Q�H�F�W�H�G �Y�L�D �D�U�P�V �W�R �D �E�R�W�W�R�P���I�R�X�Q�G�H�G �S�O�D�W�I�R�U�P�� �7�K�H �K�H�D�Y�H �P�R�W�L�R�Q �R�I �W�K�H �I�O�R�D�W�V
�F�D�X�V�H�G �E�\ �W�K�H �Z�D�Y�H�V �W�U�D�Y�H�O �Y�L�D �K�\�G�U�D�X�O�L�F�V �W�R �D�Q �H�O�H�F�W�U�L�F�D�O �J�H�Q�H�U�D�W�R�U �R�Q �W�K�H �S�O�D�W�I�R�U�P �>�����@�� �$�Q�R�W�K�H�U �H�[�D�P�S�O�H
�R�I �W�K�L�V �L�V �7�K�H �3�H�O�D�P�L�V�� �D�Q �D�W�W�H�Q�X�D�W�R�U �W�\�S�H �:�(�& �G�H�Y�H�O�R�S�H�G �L�Q �W�K�H �8�. �Z�K�L�F�K �O�R�R�N�V �O�L�N�H �D �V�W�H�H�O �V�Q�D�N�H�� �,�W �K�D�V
�I�R�X�U �F�\�O�L�Q�G�U�L�F�D�O �E�R�G�L�H�V �D�W�W�D�F�K�H�G �X�V�L�Q�J �K�L�Q�J�H �M�R�L�Q�W�V�� �7�K�H �S�R�Z�H�U �W�D�N�H �R�I�I �V�\�V�W�H�P �L�V �G�U�L�Y�H�Q �E�\ �W�K�H �U�H�O�D�W�L�Y�H �S�L�W�F�K
�D�Q�G �\�D�Z �P�R�W�L�R�Q �L�Q �W�K�H �M�R�L�Q�W�V �F�D�X�V�H�G �E�\ �W�K�H �Z�D�Y�H�V�� �7�K�H �M�R�L�Q�W�V �G�U�L�Y�H �K�\�G�U�D�X�O�L�F �P�R�W�R�U�V �Z�K�L�F�K �L�Q �W�X�U�Q �G�U�L�Y�H�V
�W�K�H �H�O�H�F�W�U�L�F�D�O �J�H�Q�H�U�D�W�R�U�V�� �,�Q ���������� �W�K�H �I�L�U�V�W �J�U�L�G���F�R�Q�Q�H�F�W�H�G �Z�D�Y�H �I�D�U�P �L�Q �W�K�H �Z�R�U�O�G �Z�D�V �L�Q�V�W�D�O�O�H�G �X�W�L�O�L�V�L�Q�J
�W�K�U�H�H �3�H�O�D�P�L�V �G�H�Y�L�F�H�V �>�����@�� �7�K�H �V�X�U�Y�L�Y�D�O �P�R�G�H �I�R�U �W�K�H �3�H�O�D�P�L�V �L�VH s � ���P �D�Q�G �I�R�U �:�D�Y�H �6�W�D�U �X�S �W�RH s � 
���P �>�����@��

�)�L�J�X�U�H ���������3�K�R�W�R �R�I �3�H�O�D�P�L�V �>�����@

�7�K�H �$�U�F�K�L�P�H�G�H�V �:�D�Y�H �6�Z�L�Q�J ���$�:�6�� �L�V �D �I�X�O�O�\ �V�X�E�P�H�U�J�H�G �K�H�D�Y�L�Q�J �V�\�V�W�H�P �W�K�D�W �Z�D�V �G�H�S�O�R�\�H�G �R�I�I �W�K�H �F�R�D�V�W
�R�I �3�R�U�W�X�J�D�O �L�Q ���������� �,�W �F�R�Q�V�L�V�W�V �R�I �D �E�R�W�W�R�P �I�L�[�H�G �S�D�U�W �D�Q�G �D�Q �R�V�F�L�O�O�D�W�L�Q�J �D�L�U���I�L�O�O�H�G �X�S�S�H�U �S�D�U�W �W�K�D�W �L�V �I�X�O�O�\
�V�X�E�P�H�U�J�H�G�� �7�K�H �Z�D�Y�H�V �F�U�H�D�W�H �D �S�U�H�V�V�X�U�H �G�L�I�I�H�U�H�Q�W�L�D�O �D�E�R�Y�H �W�K�H �G�H�Y�L�F�H �F�D�X�V�L�Q�J �W�K�H �P�R�W�L�R�Q �R�I �W�K�H �X�S�S�H�U
�S�D�U�W �W�R �R�V�F�L�O�O�D�W�H�� �7�K�H �X�S�S�H�U �S�D�U�W �P�R�Y�H�V �G�R�Z�Q �X�Q�G�H�U �D �Z�D�Y�H �F�U�H�V�W �D�Q�G �P�R�Y�H�V �E�D�F�N �X�S �X�Q�G�H�U �D �Z�D�Y�H �W�U�R�X�J�K��
�7�K�L�V �O�L�Q�H�D�U �P�R�W�L�R�Q �L�V �F�R�Q�Y�H�U�W�H�G �L�Q�W�R �U�R�W�D�U�\ �P�R�W�L�R�Q �Z�K�L�F�K �L�V �W�K�H�Q �F�R�Q�Y�H�U�W�H�G �W�R �H�O�H�F�W�U�L�F�D�O �H�Q�H�U�J�\ �X�V�L�Q�J �D
�F�R�Q�Y�H�Q�W�L�R�Q�D�O �J�H�Q�H�U�D�W�R�U�� �7�K�H �G�H�Y�L�F�H �D�O�V�R �X�V�H�V �D �F�R�Q�W�U�R�O �V�\�V�W�H�P �W�R �R�S�W�L�P�L�V�H �L�W�V �S�H�U�I�R�U�P�D�Q�F�H�� �7�K�L�V �F�R�Q�W�U�R�O
�V�\�V�W�H�P �F�D�Q �D�G�M�X�V�W �W�K�H �E�X�R�\�¶�V �S�R�V�L�W�L�R�Q�� �D�Q�G �W�K�H �D�Q�J�O�H �R�I �W�K�H �G�U�L�Y�H �V�K�D�I�W �W�R �W�K�H �Z�D�Y�H�V �W�R �P�D�[�L�P�L�V�H �W�K�H �S�R�Z�H�U
�R�X�W�S�X�W�� �D�Q�G �D�O�V�R �U�H�G�X�F�H �W�K�H �V�W�U�X�F�W�X�U�D�O �O�R�D�G�V �G�X�U�L�Q�J �H�[�W�U�H�P�H �Z�D�Y�H �F�R�Q�G�L�W�L�R�Q�V �>�����@�� �,�W �L�V �U�H�S�R�U�W�H�G �W�K�D�W �W�K�H
�$�:�6 �K�D�V �D �V�X�U�Y�L�Y�D�O �O�L�P�L�W �R�IH s � �������P �>�����@��



�������� �&�X�U�U�H�Q�W �6�W�D�W�H �R�I �:�D�Y�H �(�Q�H�U�J�\ �7�H�F�K�Q�R�O�R�J�\ ����

�)�L�J�X�U�H ���������0�R�G�H�O �D�Q�G �Z�R�U�N�L�Q�J �S�U�L�Q�F�L�S�O�H �R�I �W�K�H �R�I�I�V�K�R�U�H �2�\�V�W�H�U �� �G�H�Y�L�F�H �>���@

�%�R�W�W�R�P���K�L�Q�J�H�G �R�V�F�L�O�O�D�W�L�Q�J �Z�D�Y�H �V�X�U�J�H �F�R�Q�Y�H�U�W�H�U�V �D�U�H �E�D�V�H�G �R�Q �W�K�H �F�R�Q�F�H�S�W �R�I �D�Q �L�Q�Y�H�U�W�H�G �S�H�Q�G�X�O�X�P��
�7�K�H�V�H �:�(�&�V �F�R�Q�V�L�V�W �R�I �D �E�X�R�\�D�Q�W �R�V�F�L�O�O�D�W�L�Q�J �I�O�D�S �W�K�D�W �L�V �K�L�Q�J�H�G �W�R �W�K�H �V�H�D �I�O�R�R�U�� �,�W �L�V �L�Q�V�W�D�O�O�H�G �X�V�L�Q�J �W�K�H
�W�H�U�P�L�Q�D�W�R�U �F�R�Q�I�L�J�X�U�D�W�L�R�Q �P�H�D�Q�L�Q�J �W�K�D�W �L�W �L�V �R�U�L�H�Q�W�H�G �S�H�U�S�H�Q�G�L�F�X�O�D�U �W�R �W�K�H �G�R�P�L�Q�D�Q�W �Z�D�Y�H �G�L�U�H�F�W�L�R�Q�� �7�\�S�L�F�D�O�O�\��
�W�K�H�V�H �G�H�Y�L�F�H�V �D�U�H �G�H�S�O�R�\�H�G �Q�H�D�U���V�K�R�U�H �D�Q�G �L�Q �V�K�D�O�O�R�Z �Z�D�W�H�U�V�� �7�Z�R �H�[�D�P�S�O�H�V �R�I �W�K�L�V �W�\�S�H �R�I �:�(�& �D�U�H
�W�K�H �$�T�X�D�P�D�U�L�Q�H �3�R�Z�H�U �2�\�V�W�H�U �D�Q�G �:�D�Y�H�5�R�O�O�H�U�� �I�U�R�P �$�: �(�Q�H�U�J�\�� �7�K�H �2�\�V�W�H�U �L�V �D �V�X�U�I�D�F�H �S�L�H�U�F�L�Q�J �:�(�&
�P�H�D�Q�L�Q�J �W�K�D�W �W�K�H �I�O�D�S �I�X�O�O�\ �S�H�Q�H�W�U�D�W�H�V �W�K�H �Z�D�W�H�U �F�R�O�X�P�Q �Z�K�L�O�H �W�K�H �:�D�Y�H�5�R�O�O�H�U�¶�V �I�O�D�S �U�H�P�D�L�Q�V �I�X�O�O�\ �V�X�E�P�H�U�J�H�G��
�%�R�W�K �G�H�Y�L�F�H�V �X�V�H �G�L�I�I�H�U�H�Q�W �3�7�2 �V�\�V�W�H�P�V �D�V �Z�H�O�O�� �7�K�H �2�\�V�W�H�U �X�V�H�V �D �3�H�O�W�R�Q �W�X�U�E�L�Q�H �O�R�F�D�W�H�G �R�Q�V�K�R�U�H �Z�K�L�O�H
�W�K�H �:�D�Y�H�5�R�O�O�H�U �X�V�H�V �D�Q �R�Q �E�R�D�U�G �J�H�Q�H�U�D�W�R�U �F�R�Q�Q�H�F�W�H�G �W�R �D �K�\�G�U�D�X�O�L�F �P�R�W�R�U �>�����@��

�2�Y�H�U�W�R�S�S�L�Q�J �'�H�Y�L�F�H�V
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�2�Q�H �H�[�D�P�S�O�H �R�I �V�X�F�K �D �:�(�& �L�V �W�K�H �7�D�S�F�K�D�Q �Z�K�L�F�K �X�V�H�V �D �F�R�O�O�H�F�W�R�U �W�R �F�R�Q�F�H�Q�W�U�D�W�H �W�K�H �L�Q�F�R�P�L�Q�J �Z�D�Y�H�V
�E�H�I�R�U�H �H�Q�W�H�U�L�Q�J �W�K�H �U�H�V�H�U�Y�R�L�U�� �7�K�H �Z�D�Y�H�V �H�Q�W�H�U �W�K�H �Z�L�G�H �H�Q�G �R�I �W�K�H �F�K�D�Q�Q�H�O �D�Q�G �D�V �W�K�H�\ �D�S�S�U�R�D�F�K �W�K�H
�U�H�V�H�U�Y�R�L�U �W�K�H �F�K�D�Q�Q�H�O �J�H�W�V �L�Q�F�U�H�D�V�L�Q�J�O�\ �Q�D�U�U�R�Z�H�U �D�Q�G �W�K�H �Z�D�Y�H�V �L�Q�F�U�H�D�V�H �L�Q �K�H�L�J�K�W�� �$�W �D �F�H�U�W�D�L�Q �Z�D�Y�H
�K�H�L�J�K�W �W�K�H �W�R�S �R�I �W�K�H �Z�D�Y�H�V �J�R �R�Y�H�U �W�K�H �H�G�J�H �R�I �W�K�H �Y�H�U�W�L�F�D�O �Z�D�O�O�V �D�Q�G �V�S�L�O�O �L�Q�W�R �W�K�H �U�H�V�H�U�Y�R�L�U �Z�K�H�U�H �Z�D�W�H�U �L�V
�I�L�O�O�H�G�� �:�L�W�K �H�Q�R�X�J�K �Z�D�W�H�U �W�K�H �U�H�V�H�U�Y�R�L�U �F�D�Q �S�U�R�Y�L�G�H �D �V�W�D�E�O�H �Z�D�W�H�U �I�O�R�Z �W�R �W�K�H �W�X�U�E�L�Q�H�� �$�Q �H�[�D�P�S�O�H �R�I �D
�I�O�R�D�W�L�Q�J �R�I�I�V�K�R�U�H �R�Y�H�U�W�R�S�S�L�Q�J �G�H�Y�L�F�H �L�V �W�K�H �:�D�Y�H �'�U�D�J�R�Q�� �D�Q �R�Y�H�U�W�R�S�S�L�Q�J �G�H�Y�L�F�H �G�H�Y�H�O�R�S�H�G �L�Q �'�H�Q�P�D�U�N��
�+�H�U�H �W�K�H �L�Q�F�L�G�H�Q�W �Z�D�Y�H�V �D�S�S�U�R�D�F�K �D �V�O�R�S�L�Q�J �Z�D�O�O �R�U �U�D�P�S�� �7�K�H �V�D�P�H �S�U�L�Q�F�L�S�O�H �D�S�S�O�L�H�V �D�V �W�K�H �S�U�H�Y�L�R�X�V
�H�[�D�P�S�O�H �E�X�W �L�Q�V�W�H�D�G �W�Z�R �U�H�I�O�H�F�W�R�U�V �D�U�H �X�V�H�G �W�R �F�R�Q�F�H�Q�W�U�D�W�H �W�K�H �L�Q�F�R�P�L�Q�J �Z�D�Y�H�V �W�R�Z�D�U�G�V �W�K�H �U�D�P�S �>�����@��
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�7�K�H �7�H�F�K�Q�R�O�R�J�\ �5�H�D�G�L�Q�H�V�V �/�H�Y�H�O ���7�5�/�� �L�V �D�Q �L�Q�G�L�F�D�W�R�U �X�V�H�G �W�R �D�V�V�H�V�V �W�K�H �G�H�Y�H�O�R�S�P�H�Q�W�D�O �P�D�W�X�U�L�W�\ �R�I
�D �W�H�F�K�Q�R�O�R�J�\ �R�Q �D �V�F�D�O�H �I�U�R�P �������� �$ �7�5�/ �R�I ������ �L�V �X�V�H�G �W�R �G�H�V�F�U�L�E�H �W�K�H �U�H�V�H�D�U�F�K �S�K�D�V�H �R�I �D �Q�H�Z
�W�H�F�K�Q�R�O�R�J�\�� �O�H�Y�H�O�V ������ �U�H�S�U�H�V�H�Q�W �W�K�H �G�H�Y�H�O�R�S�P�H�Q�W �S�K�D�V�H �D�Q�G �O�H�Y�H�O�V ������ �U�H�S�U�H�V�H�Q�W�V �W�K�H �G�H�S�O�R�\�P�H�Q�W �D�Q�G
�W�H�V�W�L�Q�J �S�K�D�V�H�� �7�K�H �K�L�J�K�H�V�W �O�H�Y�H�O �7�5�/ �R�I �� �P�H�D�Q�V �W�K�D�W �W�K�H �W�H�F�K�Q�R�O�R�J�\ �K�D�V �X�Q�G�H�U�J�R�Q�H �W�H�V�W�L�Q�J �P�X�O�W�L�S�O�H �W�L�P�H�V
�D�Q�G �L�V �F�R�P�P�H�U�F�L�D�O�O�\ �D�Y�D�L�O�D�E�O�H�� �,�Q �W�H�U�P�V �R�I �U�H�Q�H�Z�D�E�O�H �H�Q�H�U�J�L�H�V�� �Z�L�Q�G �D�Q�G �V�R�O�D�U �S�R�Z�H�U �W�H�F�K�Q�R�O�R�J�L�H�V �K�D�Y�H
�U�H�D�F�K�H�G �D �7�5�/ ���� �P�H�D�Q�L�Q�J �W�K�D�W �W�K�H�\ �D�U�H �Z�L�G�H�O�\ �X�V�H�G �L�Q �F�R�P�P�H�U�F�L�D�O �D�Q�G �J�U�L�G���F�R�Q�Q�H�F�W�H�G �G�H�S�O�R�\�P�H�Q�W�V��
�:�D�Y�H �H�Q�H�U�J�\ �F�R�Q�Y�H�U�W�H�U�V�� �R�Q �W�K�H �R�W�K�H�U �K�D�Q�G�� �D�U�H �S�U�L�P�D�U�L�O�\ �L�Q �W�K�H �G�H�Y�H�O�R�S�P�H�Q�W �S�K�D�V�H �D�W �7�5�/�V ���� ���� �D�Q�G ����
�Z�L�W�K �P�D�Q�\ �R�W�K�H�U �F�R�Q�F�H�S�W�X�D�O �G�H�V�L�J�Q�V �D�W �H�Y�H�Q �O�R�Z�H�U �7�5�/�V�� �7�K�H�U�H �D�U�H �P�D�Q�\ �U�H�D�V�R�Q�V �I�R�U �W�K�L�V�� �V�X�F�K �D�V �W�K�H
�O�D�U�J�H �U�D�Q�J�H �R�I �Z�D�Y�H �H�Q�H�U�J�\ �W�H�F�K�Q�R�O�R�J�L�H�V �S�U�R�S�R�V�H�G �D�Q�G �W�K�H �D�E�V�H�Q�F�H �R�I �L�Q�I�U�D�V�W�U�X�F�W�X�U�H �D�Q�G �S�U�R�F�H�V�V�H�V �I�R�U
�S�O�D�Q�Q�L�Q�J �D�Q�G �O�L�F�H�Q�V�L�Q�J �P�D�U�L�Q�H �D�F�W�L�Y�L�W�L�H�V�� �,�Q �D�G�G�L�W�L�R�Q�� �X�Q�Z�L�O�O�L�Q�J�Q�H�V�V �W�R �D�O�O�R�F�D�W�H �U�H�V�H�D�U�F�K �L�Q�Y�H�V�W�P�H�Q�W �L�Q�W�R
�D �Q�H�Z�� �F�R�P�S�H�W�L�Q�J �W�H�F�K�Q�R�O�R�J�\ �L�V �L�Q �S�D�U�W �E�H�F�D�X�V�H �Z�L�Q�G �D�Q�G �V�R�O�D�U �S�R�Z�H�U �D�U�H �D�O�U�H�D�G�\ �S�U�R�Y�H�Q �W�H�F�K�Q�R�O�R�J�L�H�V
�G�H�S�O�R�\�H�G �L�Q �F�R�P�P�H�U�F�L�D�O�� �J�U�L�G���F�R�Q�Q�H�F�W�H�G �D�S�S�O�L�F�D�W�L�R�Q�V�� �,�Q �U�H�F�H�Q�W �\�H�D�U�V�� �W�K�H�U�H �L�V �D�Q �L�Q�F�U�H�D�V�H�G �L�Q�W�H�U�H�V�W �L�Q
�Z�D�Y�H �H�Q�H�U�J�\ �F�R�Q�Y�H�U�W�H�U�V �D�V �P�R�U�H �Z�D�Y�H �H�Q�H�U�J�\ �G�H�Y�L�F�H�V �K�D�Y�H �E�H�H�Q �F�R�Q�V�W�U�X�F�W�H�G �D�Q�G �J�R�Y�H�U�Q�P�H�Q�W�D�O �V�X�S�S�R�U�W
�I�R�U �W�K�H �W�H�F�K�Q�R�O�R�J�\ �K�D�V �L�Q�F�U�H�D�V�H�G�� �7�R �D�F�K�L�H�Y�H �P�D�W�X�U�L�W�\ �L�Q �W�K�H �L�Q�G�X�V�W�U�\�� �D�O�O �R�I �W�K�H�V�H �H�I�I�R�U�W�V �D�U�H �Q�H�F�H�V�V�D�U�\
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�P�R�V�W �D�G�Y�D�Q�F�H�G �:�(�& �G�H�Y�L�F�H�V �D�U�H �W�K�H �R�V�F�L�O�O�D�W�L�Q�J �Z�D�W�H�U �F�R�O�X�P�Q �D�Q�G �S�R�L�Q�W �D�E�V�R�U�E�H�U�V�� �V�R�P�H �R�I �W�K�H�V�H �G�H�Y�L�F�H�V
�K�D�Y�L�Q�J �E�H�H�Q �W�H�V�W�H�G �Z�L�W�K �D�Q �7�5�/ �R�I ���� �7�K�H �U�R�W�D�W�L�Q�J �P�D�V�V �D�Q�G �R�V�F�L�O�O�D�W�L�Q�J �Z�D�Y�H �V�X�U�J�H �F�R�Q�Y�H�U�W�H�U�V �D�U�H �U�H�O�D�W�L�Y�H�O�\
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�S�U�R�G�X�F�W�L�R�Q ���$�(�3�� �L�V �D�Q �H�V�V�H�Q�W�L�D�O �S�R�Z�H�U �S�H�U�I�R�U�P�D�Q�F�H �P�H�W�U�L�F�� �7�K�H �V�F�D�W�W�H�U �G�L�D�J�U�D�P �U�H�S�U�H�V�H�Q�W�V �W�K�H �S�U�R�E�D�E�L�O�L�W�\
�R�I �R�F�F�X�U�U�H�Q�F�H �R�I �H�D�F�K �V�H�D �V�W�D�W�H �L�Q �D �S�D�U�W�L�F�X�O�D�U �Z�D�Y�H �F�O�L�P�D�W�H�� �7�K�H�$�(�3 �F�D�Q �E�H �F�D�O�F�X�O�D�W�H�G �X�V�L�Q�J �W�K�H �I�R�O�O�R�Z�L�Q�J
�H�T�X�D�W�L�R�Q �W�D�N�H�Q �I�U�R�P �'�� �1�L�Q�J �H�W �D�O�� ������������ �>���@��

AEP [Wh] =
8760[h/ year]
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X

H s ;T p

(Powermatrix [W ] � Scatterdiagram [�� ]) ����������

�/�H�Y�H�O�L�V�H�G �&�R�V�W �R�I �(�Q�H�U�J�\
�7�K�H �/�H�Y�H�O�L�V�H�G �&�R�V�W �R�I �(�Q�H�U�J�\ ���/�&�2�(�� �L�V �D�Q �L�P�S�R�U�W�D�Q�W �P�H�D�V�X�U�H �X�V�H�G �W�R �D�V�V�H�V�V �W�K�H �H�F�R�Q�R�P�L�F �I�H�D�V�L�E�L�O�L�W�\ �R�I
�D �W�H�F�K�Q�R�O�R�J�\ �D�Q�G �L�V �G�H�I�L�Q�H�G �E�\ �W�K�H �W�R�W�D�O �F�R�V�W�V �R�Y�H�U �W�K�H �L�W�V �O�L�I�H�W�L�P�H �G�L�Y�L�G�H�G �E�\ �W�R�W�D�O �H�Q�H�U�J�\ �S�U�R�G�X�F�H�G �R�Y�H�U �W�K�H
�L�W�V �O�L�I�H�W�L�P�H�� �$�F�F�R�U�G�L�Q�J �W�R �W�K�H �(�8 �6�W�U�D�W�H�J�L�F �(�Q�H�U�J�\ �7�H�F�K�Q�R�O�R�J�\ �3�O�D�Q�� �W�K�H�/�&�2�( �R�I �Z�D�Y�H �H�Q�H�U�J�\ �L�V �H�[�S�H�F�W�H�G
�W�R �G�H�F�U�H�D�V�H �W�R �������� �(�8�5���N�:�K �E�\ �������� �D�Q�G �������� �(�8�5���N�:�K �E�\ �������� �>�����@��
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�7�K�H �F�D�S�L�W�D�O �H�[�S�H�Q�G�L�W�X�U�H ���&�D�S�(�[�� �V�L�J�Q�L�I�L�H�V �W�K�H �W�R�W�D�O �F�D�S�L�W�D�O �F�R�V�W�V �R�I �W�K�H �Z�D�Y�H �H�Q�H�U�J�\ �G�H�Y�L�F�H�� �W�K�L�V �L�Q�F�O�X�G�H�V
�W�K�H �F�R�V�W�V �R�I �P�D�Q�X�I�D�F�W�X�U�L�Q�J �D�Q�G �L�Q�V�W�D�O�O�D�W�L�R�Q �R�I �W�K�H �G�H�Y�L�F�H �L�W�V�H�O�I �E�X�W �D�O�V�R �W�K�H �F�R�V�W�V �D�V�V�R�F�L�D�W�H�G �Z�L�W�K �W�K�H
�G�H�Y�H�O�R�S�P�H�Q�W�� �S�U�R�M�H�F�W �P�D�Q�D�J�H�P�H�Q�W�� �S�R�Z�H�U �F�D�E�O�L�Q�J �D�Q�G �P�R�R�U�L�Q�J�V�� �7�K�H �R�S�H�U�D�W�L�R�Q�D�O �H�[�S�H�Q�G�L�W�X�U�H ���2�S�(�[��
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�W�U�D�Q�V�O�D�W�R�U �L�Q�G�X�F�H �D �F�K�D�Q�J�H �L�Q �W�K�H �P�D�J�Q�H�W�L�F �I�O�X�[ �R�I �W�K�H �F�R�L�O �Z�L�Q�G�L�Q�J�V �R�I �W�K�H �V�W�D�W�R�U �D�Q�G �W�K�L�V �J�H�Q�H�U�D�W�H�V �D�Q
�D�O�W�H�U�Q�D�W�L�Q�J �F�X�U�U�H�Q�W�� �7�K�H �O�L�Q�H�D�U �J�H�Q�H�U�D�W�R�U �L�V �R�S�W�L�P�L�V�H�G �W�R �S�U�R�G�X�F�H �K�L�J�K �S�R�Z�H�U �H�Y�H�Q �I�R�U �V�O�R�Z �Z�D�Y�H �P�R�W�L�R�Q�V
�V�R �Q�R �L�Q�W�H�U�P�H�G�L�D�W�H �P�H�F�K�D�Q�L�F�D�O �J�H�D�U�L�Q�J �L�V �Q�H�H�G�H�G�� �7�K�H �O�L�Q�H�D�U �J�H�Q�H�U�D�W�R�U �K�D�V �D �Q�R�P�L�Q�D�O �S�R�Z�H�U �U�D�W�L�Q�J �R�I
�������� �N�:�� �7�K�H �F�D�S�V�X�O�H �V�H�U�Y�H�V �D�V �D �E�R�X�Q�G�D�U�\ �E�H�W�Z�H�H�Q �W�K�H �J�H�Q�H�U�D�W�R�U �D�Q�G �W�K�H �V�X�U�U�R�X�Q�G�L�Q�J �H�Q�Y�L�U�R�Q�P�H�Q�W
�D�Q�G �L�V �S�U�H�V�V�X�U�L�V�H�G �X�V�L�Q�J �Q�L�W�U�R�J�H�Q �J�D�V �W�K�D�W �L�V �H�T�X�D�O �W�R �W�K�H �D�Y�H�U�D�J�H �R�X�W�V�L�G�H �V�H�D�Z�D�W�H�U �S�U�H�V�V�X�U�H�� �2�Q �W�R�S �R�I
�W�K�H �F�D�S�V�X�O�H �L�V �W�K�H �V�X�S�H�U�V�W�U�X�F�W�X�U�H�� �D �F�R�Q�L�F�D�O �V�K�D�S�H�G �V�W�U�X�F�W�X�U�H �W�K�D�W �D�E�V�R�U�E�V �W�K�H �V�L�G�H �I�R�U�F�H�V �Z�K�H�U�H �W�K�H �E�X�R�\
�O�L�Q�H �P�R�Y�H�V �W�K�U�R�X�J�K �D�Q�G �W�U�D�Q�V�P�L�W�V �W�K�H �I�R�U�F�H�V �W�R �W�K�H �F�R�Q�F�U�H�W�H �I�R�X�Q�G�D�W�L�R�Q �E�H�O�R�Z�� �%�D�V�H�G �R�Q �O�R�F�D�O �Z�D�Y�H �D�Q�G
�V�H�D�E�H�G �F�R�Q�G�L�W�L�R�Q�V�� �W�K�H �F�R�Q�F�U�H�W�H �I�R�X�Q�G�D�W�L�R�Q �P�H�D�V�X�U�H�V �D�U�R�X�Q�G �� �P �Z�L�G�H �D�Q�G �Z�H�L�J�K�V �D�U�R�X�Q�G ���� �W�R�Q�Q�H�V��
�7�K�H �V�H�D�E�H�G �G�R�H�V �Q�R�W �Q�H�H�G �W�R �E�H �S�U�H�S�D�U�H�G �I�R�U �W�K�L�V �F�R�Q�F�H�S�W �>������ ������ �����@��
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���������6�L�W�H �6�H�O�H�F�W�L�R�Q
�'�H�W�H�U�P�L�Q�L�Q�J �W�K�H �S�U�H�F�L�V�H �O�R�F�D�W�L�R�Q �L�V �R�I �X�W�P�R�V�W �L�P�S�R�U�W�D�Q�F�H �L�Q �R�I�I�V�K�R�U�H �S�U�R�M�H�F�W�V�� �D�V �L�W �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 �S�U�R�M�H�F�W�¶�V �V�X�F�F�H�V�V �D�Q�G �V�H�U�Y�H�V �D�V �W�K�H �I�X�Q�G�D�P�H�Q�W�D�O �E�D�V�L�V �I�R�U �D�O�O �W�K�H �I�R�O�O�R�Z�L�Q�J �F�D�O�F�X�O�D�W�L�R�Q�V�� �7�K�H�U�H �D�U�H
�V�H�Y�H�U�D�O �I�D�F�W�R�U�V �Z�K�H�Q �G�H�F�L�G�L�Q�J �R�Q �D �O�R�F�D�W�L�R�Q �W�K�D�W �Q�H�H�G�V �W�R �E�H �W�D�N�H�Q �L�Q�W�R �D�F�F�R�X�Q�W �I�R�U �W�K�H �F�K�R�V�H�Q �Z�D�Y�H �H�Q�H�U�J�\
�F�R�Q�Y�H�U�W�H�U�� �$�V �R�X�W�O�L�Q�H�G �L�Q �>�����@ �W�K�H �P�D�L�Q �F�R�Q�W�U�L�E�X�W�L�Q�J �I�D�F�W�R�U�V �D�U�H �O�L�V�W�H�G �E�H�O�R�Z��

�‡�6�H�D�E�H�G �V�O�R�S�H

�‡�6�H�D�E�H�G �V�H�G�L�P�H�Q�W �F�R�P�S�R�V�L�W�L�R�Q

�‡�:�D�W�H�U �G�H�S�W�K

�‡�'�L�V�W�D�Q�F�H �W�R �V�K�R�U�H

�‡�8�Q�G�H�U�Z�D�W�H�U �R�E�V�W�D�F�O�H�V

�7�K�H �V�H�D�E�H�G �V�O�R�S�H �L�V �R�I �J�U�H�D�W �L�P�S�R�U�W�D�Q�F�H �V�L�Q�F�H �W�K�H �:�(�& �Q�H�H�G�V �W�R �E�H �S�O�D�F�H�G �R�Q �D �V�X�L�W�D�E�O�H �I�O�D�W �V�X�U�I�D�F�H �I�R�U
�W�K�H �F�R�Q�F�U�H�W�H �I�R�X�Q�G�D�W�L�R�Q �R�I �W�K�H �:�(�& �W�R �E�H �V�W�D�E�O�H�� �7�K�H �V�H�D�E�H�G �V�H�G�L�P�H�Q�W �F�R�P�S�R�V�L�W�L�R�Q �Q�H�H�G�V �W�R �D�O�V�R �E�H
�W�D�N�H�Q �L�Q�W�R �D�F�F�R�X�Q�W �Z�K�H�Q �G�H�F�L�G�L�Q�J �R�Q �D �G�H�S�O�R�\�P�H�Q�W �V�L�W�H �D�V �L�W �F�D�Q �K�D�Y�H �D�Q �L�P�S�D�F�W �R�Q �R�S�H�U�D�W�L�R�Q �G�X�U�L�Q�J �L�W�V
�O�L�I�H�W�L�P�H�� �$�Q�R�W�K�H�U �I�D�F�W�R�U �W�R �F�R�Q�V�L�G�H�U �L�V �W�K�H �Z�D�W�H�U �G�H�S�W�K�� �$�F�F�R�U�G�L�Q�J �W�R �&�K�D�W�]�L�J�L�D�Q�Q�D�N�R�X �H�W �D�O�� ������������ �>�����@
�W�K�L�V �V�K�R�X�O�G �E�H �E�H�W�Z�H�H�Q ������������ �P �Z�K�L�F�K �W�K�H �:�(�& �L�Q �F�K�D�S�W�H�U ������ �L�V �G�H�V�L�J�Q�H�G �I�R�U�� �7�K�H �G�L�V�W�D�Q�F�H �I�U�R�P �W�K�H
�:�(�& �W�R �W�K�H �V�K�R�U�H �F�D�Q�¶�W �E�H �W�R�R �O�D�U�J�H �H�L�W�K�H�U �V�L�Q�F�H �W�K�L�V �O�H�D�G�V �W�R �K�L�J�K�H�U �F�D�S�L�W�D�O �F�R�V�W�V�� �E�H�L�Q�J �P�R�U�H �G�L�I�I�L�F�X�O�W
�W�R �P�R�Q�L�W�R�U �D�Q�G �O�H�V�V �D�F�F�H�V�V�L�E�O�H �I�R�U �P�D�L�Q�W�H�Q�D�Q�F�H�� �7�K�H �D�F�F�H�V�V�L�E�L�O�L�W�\ �L�V �V�K�R�Z�Q �W�R �E�H �V�W�U�R�Q�J�O�\ �L�Q�I�O�X�H�Q�F�H�G �E�\
�G�L�V�W�D�Q�F�H �I�U�R�P �V�K�R�U�H �D�Q�G �V�H�D���L�F�H �F�R�Q�G�L�W�L�R�Q�V�� �7�K�H �V�K�H�O�W�H�U�H�G �%�D�O�W�L�F �6�H�D �K�D�V �Y�H�U�\ �K�L�J�K �D�F�F�H�V�V�L�E�L�O�L�W�\ �D�V �O�R�Q�J
�D�V �L�Q�I�U�D�V�W�U�X�F�W�X�U�H �L�V �G�H�V�L�J�Q�H�G �I�R�U �V�L�J�Q�L�I�L�F�D�Q�W �Z�D�Y�H �K�H�L�J�K�W�V �R�I �� �P�� �Z�K�L�O�H �L�Q �W�K�H �Q�R�U�W�K�H�U�Q �E�D�V�L�Q�V�� �Z�D�L�W�L�Q�J
�S�H�U�L�R�G�V �D�U�H �L�Q�F�U�H�D�V�H�G �L�I �F�U�L�W�L�F�D�O �L�F�H���F�R�Q�G�L�W�L�R�Q�V �D�U�H �I�R�X�Q�G �>�����@�� �3�U�L�R�U �W�R �G�H�S�O�R�\�P�H�Q�W �L�Q�Y�H�V�W�L�J�D�W�L�R�Q �V�K�R�X�O�G �E�H
�P�D�G�H �D�V�V�H�V�V�L�Q�J �W�K�H �V�L�W�H �D�Q�G �V�H�H�N�L�Q�J �R�X�W �D�Q�\ �X�Q�G�H�U�Z�D�W�H�U �R�E�V�W�D�F�O�H�V�� �7�K�L�V �L�Q�V�S�H�F�W�L�R�Q �F�D�Q �E�H �X�Q�G�H�U�W�D�N�H�Q �E�\
�D �U�H�P�R�W�H �R�S�H�U�D�W�H�G �Y�H�K�L�F�O�H �R�U �E�\ �D �W�H�D�P �R�I �G�L�Y�H�U�V�� �2�Q�H �V�W�X�G�\ �H�Y�D�O�X�D�W�H�G �W�K�H �D�F�F�H�V�V�L�E�L�O�L�W�\ �W�R �Q�H�D�U���V�K�R�U�H
�D�Q�G �R�I�I�V�K�R�U�H �P�D�U�L�Q�H �V�L�W�H�V �E�D�V�H�G �R�Q �Z�D�Y�H �D�Q�G �L�F�H �F�R�Q�G�L�W�L�R�Q�V �L�Q �W�K�H �6�Z�H�G�L�V�K �(�[�F�O�X�V�L�Y�H �(�F�R�Q�R�P�L�F �=�R�Q�H
�>�����@�� �,�Q �W�K�H �S�D�S�H�U�� �D �M�R�L�Q�W �D�Q�D�O�\�V�L�V �L�V �P�D�G�H �R�I �D�Y�H�U�D�J�H �U�H�O�D�W�L�Y�H �V�X�L�W�D�E�L�O�L�W�\ �L�Q�G�H�[�H�V �I�R�U �Y�D�U�L�R�X�V �D�V�S�H�F�W�V �W�K�D�W
�F�R�X�O�G �E�H �X�V�H�G �L�Q �W�K�H �V�L�W�H �V�H�O�H�F�W�L�R�Q �S�U�R�F�H�V�V�� �7�K�H�V�H �D�V�S�H�F�W�V �L�Q�F�O�X�G�H �Z�D�Y�H �S�R�Z�H�U�� �L�F�H �F�R�Q�F�H�Q�W�U�D�W�L�R�Q�� �L�F�H
�W�K�L�F�N�Q�H�V�V�� �L�F�H���Z�L�Q�G �V�S�H�H�G�� �V�L�J�Q�L�I�L�F�D�Q�W �Z�D�Y�H �K�H�L�J�K�W�� �Z�H�D�W�K�H�U �Z�L�Q�G�R�Z �D�Q�G �P�H�D�Q �Z�D�L�W�L�Q�J �S�H�U�L�R�G�V�� �7�K�H �U�H�V�X�O�W�V
�L�G�H�Q�W�L�I�L�H�G �D�U�H�D�V �R�Q �D �F�K�D�U�W �D�Q�G �F�R�P�S�D�U�H�G �W�K�H�V�H �E�D�V�H�G �R�Q �W�K�H�L�U �U�H�O�D�W�L�Y�H �Z�D�Y�H �U�H�V�R�X�U�F�H �F�O�D�V�V�L�I�L�F�D�W�L�R�Q�� �,�W �F�D�Q
�E�H �D �X�V�H�I�X�O �W�R�R�O �I�R�U �I�L�Q�G�L�Q�J �D �V�X�L�W�D�E�O�H �O�R�F�D�W�L�R�Q �R�I �G�H�S�O�R�\�P�H�Q�W �I�R�U �Z�D�Y�H �H�Q�H�U�J�\ �F�R�Q�Y�H�U�W�H�U�V�� �)�R�U �W�K�H �:�(�6�$
�S�U�R�M�H�F�W ���:�D�Y�H �(�Q�H�U�J�\ �I�R�U �D �6�X�V�W�D�L�Q�D�E�O�H �$�U�F�K�L�S�H�O�D�J�R�� �L�Q �c�O�D�Q�G�� �)�L�Q�O�D�Q�G�� �W�K�H �F�K�R�L�F�H �R�I �W�K�H �+�D�P�P�D�U�X�G�G�D
�U�H�V�H�D�U�F�K �V�L�W�H �I�R�U �D �I�X�O�O���V�F�D�O�H �G�H�P�R�Q�V�W�U�D�W�L�R�Q �R�I �D �Z�D�Y�H �H�Q�H�U�J�\ �F�R�Q�Y�H�U�W�H�U �L�Q �V�H�D �L�F�H �Z�D�V �J�X�L�G�H�G �E�\ �P�X�O�W�L�S�O�H
�F�R�Q�V�L�G�H�U�D�W�L�R�Q�V�� �)�L�U�V�W�O�\�� �W�K�H �V�L�W�H�¶�V �G�L�V�W�L�Q�J�X�L�V�K�L�Q�J �F�K�D�U�D�F�W�H�U�L�V�W�L�F�V �L�Q�F�O�X�G�H �K�L�J�K �Z�D�Y�H�V �Z�L�W�K �D �U�H�O�D�W�L�Y�H�O�\ �V�K�R�U�W
�Z�D�Y�H �S�H�U�L�R�G�� �Z�K�L�F�K �D�U�H �F�R�P�P�R�Q�O�\ �R�E�V�H�U�Y�H�G �L�Q �W�K�H �%�D�O�W�L�F �6�H�D�� �6�H�F�R�Q�G�O�\�� �+�D�P�P�D�U�X�G�G�D �E�R�D�V�W�V �D �K�L�J�K
�O�L�N�H�O�L�K�R�R�G �R�I �H�Q�F�R�X�Q�W�H�U�L�Q�J �L�F�H �G�X�U�L�Q�J �W�K�H �Z�L�Q�W�H�U �V�H�D�V�R�Q�� �D �F�U�X�F�L�D�O �I�D�F�W�R�U �I�R�U �L�Q�Y�H�V�W�L�J�D�W�L�Q�J �W�K�H �L�Q�W�H�U�D�F�W�L�R�Q�V
�E�H�W�Z�H�H�Q �W�K�H �E�X�R�\ �D�Q�G �L�F�H�� �/�D�V�W�O�\�� �W�K�H �V�L�W�H �R�I�I�H�U�V �F�R�Q�Y�H�Q�L�H�Q�W �D�F�F�H�V�V�L�E�L�O�L�W�\ �D�Q�G �Z�H�O�O���G�H�Y�H�O�R�S�H�G �L�Q�I�U�D�V�W�U�X�F�W�X�U�H��
�Z�K�L�F�K �J�U�H�D�W�O�\ �I�D�F�L�O�L�W�D�W�H�V �W�K�H �H�[�H�F�X�W�L�R�Q �R�I �W�K�H �U�H�V�H�D�U�F�K �S�U�R�M�H�F�W�� �*�L�Y�H�Q �W�K�H�V�H �I�D�F�W�R�U�V�� �W�K�H �U�H�J�L�R�Q �V�X�U�U�R�X�Q�G�L�Q�J
�+�D�P�P�D�U�X�G�G�D �U�H�V�H�D�U�F�K �V�L�W�H �H�P�H�U�J�H�V �D�V �W�K�H �R�Q�H �R�I �W�K�H �P�R�V�W �O�R�J�L�F�D�O �F�K�R�L�F�H�V �I�R�U �W�K�L�V �V�W�X�G�\�� �7�K�H �I�L�Q�D�O �V�L�W�H
�V�H�O�H�F�W�L�R�Q �X�V�H�G �L�Q �W�K�L�V �V�W�X�G�\ �L�V �V�K�R�Z�Q �L�Q �I�L�J�X�U�H�V ������ �D�Q�G ������ �D�Q�G �L�V �O�R�F�D�W�H�G �D�W �W�K�H �F�R�R�U�G�L�Q�D�W�H�V �����ƒ�����¶�����´�1
�����ƒ�����¶�����´�( �Z�K�L�F�K �L�V �D�E�R�X�W ������ �N�P �I�U�R�P �W�K�H �Q�H�D�U�H�V�W �F�R�D�V�W �O�L�Q�H�� �7�K�H �V�L�W�H �K�D�V �D �K�L�J�K�H�U �S�U�R�E�D�E�L�O�L�W�\ �R�I �L�F�H
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�L�Q �W�K�H �%�D�O�W�L�F �6�H�D �L�V �V�D�L�G �W�R �O�L�H �E�H�W�Z�H�H�Q ��������
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