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�D�U�H�� �H�D�V�L�O�\�� �G�H�F�R�P�S�R�V�H�G�� �L�Q�W�R�� �V�X�U�I�D�F�H�V���� �6�H�F�R�Q�G���� �L�W�� �K�D�V��
�Q�R���H�[�S�H�F�W�D�W�L�R�Q���W�K�D�W���W�K�H�� �V�X�U�I�D�F�H�� �Q�R�U�P�D�O���G�L�U�H�F�W�L�R�Q�V�� �D�U�H��
�F�R�U�U�H�F�W�O�\�� �R�U�L�H�Q�W�H�G�� �L�Q�� �W�K�H�� �L�Q�S�X�W�� �J�H�R�P�H�W�U�\�����D�O�O�R�Z�L�Q�J�� �D��
�J�U�H�D�W�H�U�� �Y�D�U�L�H�W�\�� �R�I�� �P�R�G�H�O���P�D�N�L�Q�J�� �V�W�\�O�H�V�����7�K�L�U�G���� �L�W��
�G�H�W�H�F�W�V���V�S�D�F�H���E�R�X�Q�G�D�U�L�H�V���D�U�R�X�Q�G���H�Q�F�O�R�V�H�G���Y�R�O�X�P�H�V���V�R��
�W�K�D�W�� �W�K�H�� �X�V�H�U�� �L�V�� �Q�R�W�� �U�H�T�X�L�U�H�G�� �W�R�� �L�G�H�Q�W�L�I�\�� �R�U�� �O�D�E�H�O��
�U�R�R�P�V���� �,�W�� �W�R�O�H�U�D�W�H�V�� �V�S�D�F�H�� �E�R�X�Q�G�D�U�L�H�V�� �W�K�D�W�� �D�U�H�� �Q�R�W��
�Z�D�W�H�U�W�L�J�K�W�� �D�Q�G�� �F�D�Q�� �F�U�H�D�W�H�� �P�L�V�V�L�Q�J�� �V�X�U�I�D�F�H�V�� �L�Q�� �V�R�P�H��
�F�D�V�H�V���� �:�K�L�O�H�� �W�K�H�� �P�H�W�K�R�G�� �S�U�H�V�H�Q�W�H�G�� �K�H�U�H�� �G�R�H�V�� �Q�R�W��
�K�D�Q�G�O�H�� �D�U�E�L�W�U�D�U�L�O�\�� �³�P�H�V�V�\�´�� �P�R�G�H�O�V���� �L�W�� �F�D�Q�� �W�U�D�Q�V�O�D�W�H��
�V�L�J�Q�L�I�L�F�D�Q�W�O�\�� �³�P�H�V�V�L�H�U�´�� �&�$�'�� �P�R�G�H�O�V�� �W�K�D�Q�� �R�W�K�H�U��
�D�X�W�R�P�D�W�H�G���W�U�D�Q�V�O�D�W�L�R�Q���D�O�J�R�U�L�W�K�P�V����
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�3�5�(�9�,�2�8�6���:�2�5�.��
�7�K�H�� �F�U�H�D�W�L�R�Q�� �R�I�� �D�� �E�X�L�O�G�L�Q�J�� �H�Q�H�U�J�\�� �P�R�G�H�O�� ���%�(�0���� �I�R�U��
�%�(�6���D�Q�D�O�\�V�L�V���U�H�T�X�L�U�H�V���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���R�I���D���&�$�'���P�R�G�H�O��
�D�Q�G�� �R�W�K�H�U�� �G�D�W�D�� �V�R�X�U�F�H�V���� �7�K�H�� �P�R�G�H�O�O�H�U�� �P�X�V�W�� �G�H�F�L�G�H��
�E�R�W�K�� �K�R�Z�� �W�R���U�H�S�U�H�V�H�Q�W�� �&�$�'�� �J�H�R�P�H�W�U�\�� �Z�L�W�K���H�O�H�P�H�Q�W�V��
�X�Q�G�H�U�V�W�R�R�G���E�\���%�(�6���V�R�I�W�Z�D�U�H���D�Q�G���K�R�Z���W�R���D�X�J�P�H�Q�W���W�K�H��
�P�R�G�H�O�� �Z�L�W�K�� �Q�R�Q���J�H�R�P�H�W�U�L�F�� �G�D�W�D�� �U�H�O�D�W�H�G�� �W�R�� �P�D�W�H�U�L�D�O�V����
�E�X�L�O�G�L�Q�J�� �R�F�F�X�S�D�Q�F�\���� �D�Q�G�� �P�H�F�K�D�Q�L�F�D�O�� �V�\�V�W�H�P�V��
���%�D�]�M�D�Q�D�F�� �D�Q�G�� �.�L�Y�L�Q�L�H�P�L���� �������������� �7�\�S�L�F�D�O�O�\���� �D�Q��
�H�Q�H�U�J�\�� �P�R�G�H�O�O�H�U���F�U�H�D�W�H�V���W�K�H�� �%�(�0�� �P�D�Q�X�D�O�O�\�� �D�I�W�H�U���W�K�H��
�D�U�F�K�L�W�H�F�W�X�U�D�O�� �G�H�V�L�J�Q�� �L�V�� �V�X�E�V�W�D�Q�W�L�D�O�O�\�� �F�R�P�S�O�H�W�H������
�0�D�Q�X�D�O�� �W�U�D�Q�V�O�D�W�L�R�Q�� �L�Q�Y�R�O�Y�H�V�� �D�V�� �P�X�F�K�� �D�U�W�� �D�V�� �V�F�L�H�Q�F�H����
�R�Y�H�U���W�L�P�H���� �S�U�D�F�W�L�W�L�R�Q�H�U�V�� �G�H�Y�H�O�R�S�� �X�Q�L�T�X�H�� �P�H�W�K�R�G�V���D�Q�G��
�U�X�O�H�V���R�I���W�K�X�P�E���W�K�D�W���F�H�P�H�Q�W���L�Q�W�R���L�Q�G�L�Y�L�G�X�D�O���P�R�G�H�O�O�L�Q�J��
�V�W�\�O�H�V�� ���+�L�W�F�K�F�R�F�N�� �D�Q�G�� �:�R�Q�J���� �������������� �$�V�� �D�� �U�H�V�X�O�W����
�V�H�S�D�U�D�W�H���P�R�G�H�O�O�H�U�V���P�D�\���S�U�R�G�X�F�H���Y�H�U�\���G�L�I�I�H�U�H�Q�W���%�(�0�V��
�R�I�� �W�K�H�� �V�D�P�H�� �E�X�L�O�G�L�Q�J���� �P�D�N�L�Q�J�� �U�H�S�U�R�G�X�F�W�L�R�Q�� �R�I�� �%�(�6��
�U�H�V�X�O�W�V���G�L�I�I�L�F�X�O�W�����%�D�]�M�D�Q�D�F������������������

�,�Q�� �R�U�G�H�U���W�R���U�H�G�X�F�H�� �Y�D�U�L�D�W�L�R�Q���D�Q�G���H�U�U�R�U���L�Q�� �%�(�0�V���� �L�W���L�V��
�G�H�V�L�U�D�E�O�H�� �W�R�� �D�X�W�R�P�D�W�H�� �D�V�� �P�X�F�K�� �R�I�� �W�K�H�� �W�U�D�Q�V�O�D�W�L�R�Q��
�S�U�R�F�H�V�V�� �D�V�� �S�R�V�V�L�E�O�H�� ���%�D�]�M�D�Q�D�F���� �������������� �%�(�0�V�� �F�D�Q�� �E�H��
�F�U�H�D�W�H�G�� �W�K�U�R�X�J�K�� �D�X�W�R�P�D�W�H�G�� �R�U�� �V�H�P�L���D�X�W�R�P�D�W�H�G��
�S�U�R�F�H�V�V�H�V�� �L�Q�� �R�Q�H�� �R�I�� �W�K�U�H�H�� �Z�D�\�V���� �0�R�V�W�� �F�R�P�P�R�Q�O�\����
�H�Q�H�U�J�\�� �D�Q�D�O�\�V�L�V�� �W�R�R�O�V�� �D�U�H�� �H�P�E�H�G�G�H�G�� �L�Q�W�R�� �P�X�O�W�L��
�I�H�D�W�X�U�H�G�� �%�,�0�� �S�U�R�J�U�D�P�V�� ���6�P�L�W�K��HW� DO������ ������������
�+�L�W�F�K�F�R�F�N���D�Q�G���:�R�Q�J���� �������������� �7�K�H���W�U�D�Q�V�O�D�W�L�R�Q���S�U�R�F�H�V�V��
�D�Q�G�� �U�X�O�H�V�� �D�U�H�� �K�L�G�G�H�Q�� �I�U�R�P�� �W�K�H�� �X�V�H�U���� �Z�K�R�� �L�V�� �R�I�W�H�Q��
�F�R�Q�V�W�U�D�L�Q�H�G�� �W�R�� �D�� �V�X�E�V�H�W�� �R�I�� �W�K�H�� �S�U�R�J�U�D�P�¶�V�� �P�R�G�H�O�O�L�Q�J��
�W�R�R�O�V���� �6�H�F�R�Q�G���� �%�(�6�� �I�U�R�Q�W���H�Q�G�V�� �F�D�Q�� �D�F�F�H�S�W�� �&�$�'�� �G�D�W�D��
�D�Q�G�� �W�U�D�Q�V�O�D�W�H�� �L�W�� �W�R�� �D�� �%�(�0�� �L�Q�W�H�U�Q�D�O�O�\�� ���3�U�D�W�W��HW� DO������
�������������� �7�K�L�V�� �D�S�S�U�R�D�F�K�� �K�D�V�� �W�K�H�� �D�G�Y�D�Q�W�D�J�H�� �R�I�� �Z�R�U�N�L�Q�J��
�Z�L�W�K���P�R�V�W���&�$�'���V�R�I�W�Z�D�U�H�����E�X�W���L�W���U�H�T�X�L�U�H�V���W�K�H���D�U�F�K�L�W�H�F�W��
�W�R�� �D�G�K�H�U�H�� �W�R�� �F�H�U�W�D�L�Q�� �P�R�G�H�O�O�L�Q�J�� �S�U�R�W�R�F�R�O�V���� �)�L�Q�D�O�O�\���� �L�Q��
�U�H�F�H�Q�W�� �\�H�D�U�V�� �W�K�H�� �E�X�L�O�G�L�Q�J�� �S�H�U�I�R�U�P�D�Q�F�H�� �V�L�P�X�O�D�W�L�R�Q��
�F�R�P�P�X�Q�L�W�\�� �K�D�V�� �S�U�R�P�R�W�H�G�� �W�K�H�� �,�Q�G�X�V�W�U�\�� �)�R�X�Q�G�D�W�L�R�Q��
�&�O�D�V�V�H�V�����,�)�&�������E�X�L�O�G�L�Q�J�6�0�$�5�7�������������������D�Q���R�S�H�Q���%�,�0��
�G�D�W�D�E�D�V�H�� �I�R�U�P�D�W���� �D�V�� �D�� �V�W�D�Q�G�D�U�G�� �I�R�U�� �G�D�W�D�� �W�U�D�Q�V�I�H�U��
�E�H�W�Z�H�H�Q�� �D�X�W�K�R�U�L�Q�J�� �&�$�'�� �S�U�R�J�U�D�P�V�� �D�Q�G�� �Y�D�U�L�R�X�V��
�V�L�P�X�O�D�W�L�R�Q�� �S�D�F�N�D�J�H�V�� ���Y�D�Q�� �7�U�H�H�F�N�� �D�Q�G�� �5�D�Q�N���� ������������
�%�D�]�M�D�Q�D�F���D�Q�G���.�L�Y�L�P�L�H�Q�L�����������������%�D�]�M�D�Q�D�F��HW�DO������������������
�+�L�W�F�K�F�R�F�N���D�Q�G���:�R�Q�J������������������

�5�H�J�D�U�G�O�H�V�V�� �R�I�� �W�K�H�� �P�H�W�K�R�G�� �F�K�R�V�H�Q�� �I�R�U�� �W�U�D�Q�V�O�D�W�L�R�Q���� �W�K�H��
�K�X�P�D�Q�� �P�R�G�H�O�O�H�U�� �R�U�� �D�X�W�R�P�D�W�H�G�� �V�\�V�W�H�P�� �S�U�R�G�X�F�L�Q�J�� �W�K�H��
�%�(�0���P�X�V�W���F�K�R�R�V�H���D���F�R�Q�Y�H�Q�W�L�R�Q���I�R�U���G�H�O�L�Q�H�D�W�L�Q�J���V�S�D�F�H��
�E�R�X�Q�G�D�U�L�H�V���� �$�� �F�R�P�P�R�Q�� �V�R�O�X�W�L�R�Q�� �L�V�� �W�R�� �G�H�I�L�Q�H��
�L�P�D�J�L�Q�D�U�\�� �E�R�X�Q�G�D�U�\�� �V�X�U�I�D�F�H�V�� �D�W�� �W�K�H�� �F�H�Q�W�U�H�O�L�Q�H�V�� �R�I��
�Z�D�O�O�V�� �D�Q�G�� �I�O�R�R�U�� �V�O�D�E�V���� �7�K�R�X�J�K�� �W�K�L�V�� �P�H�W�K�R�G�� �L�V�� �V�L�P�S�O�H��
�I�R�U�� �P�R�G�H�O�O�H�U�V�� �Z�K�R�� �W�U�D�F�H�� �H�[�L�V�W�L�Q�J�� �I�O�R�R�U�� �S�O�D�Q�V���� �L�W�� �G�R�H�V��
�Q�R�W�� �D�F�F�X�U�D�W�H�O�\�� �U�H�S�U�H�V�H�Q�W�� �Y�R�O�X�P�H�V�� �R�I�� �V�S�D�F�H�V�� �R�U�� �D�U�H�D�V��
�R�I�� �V�X�U�I�D�F�H�V�� �D�Y�D�L�O�D�E�O�H�� �I�R�U�� �L�Q�W�H�U�]�R�Q�D�O�� �K�H�D�W�� �W�U�D�Q�V�I�H�U����
�%�(�0���R�U�L�H�Q�W�H�G�� �P�R�G�H�O�O�L�Q�J�� �L�Q�W�H�U�I�D�F�H�V�� �V�X�F�K�� �D�V�� �W�K�R�V�H�� �L�Q��
�(�F�R�W�H�F�W�� ���$�X�W�R�G�H�V�N���� �������������� �6�L�P�H�U�J�\�� ���/�%�1�/���� ��������������
�D�Q�G�� �2�S�H�Q�6�W�X�G�L�R�� ���1�5�(�/���� ������������ �R�I�I�H�U�� �H�[�W�U�X�V�L�R�Q�� �W�R�R�O�V��
�W�R�� �F�U�H�D�W�H�� �V�S�D�F�H�V�� �Z�L�W�K�� �D�V�V�R�F�L�D�W�H�G�� �E�R�X�Q�G�D�U�L�H�V����
�H�Q�F�R�X�U�D�J�L�Q�J�� �F�H�Q�W�U�H�O�L�Q�H�� �P�R�G�H�O�O�L�Q�J�� �D�Q�G�� �G�L�V�F�R�X�U�D�J�L�Q�J��
�F�U�H�D�W�L�R�Q�� �R�I�� �J�H�R�P�H�W�U�L�F�D�O�O�\�� �F�R�P�S�O�H�[�� �R�U�� �Q�R�Q���S�U�L�V�P�D�W�L�F��
�V�S�D�F�H�V���� �7�K�L�V�� �D�S�S�U�R�D�F�K�� �L�V�� �D�W�� �R�G�G�V�� �Z�L�W�K�� �P�R�V�W��
�D�U�F�K�L�W�H�F�W�X�U�D�O�� �P�R�G�H�O�O�L�Q�J�� �V�W�\�O�H�V���� �L�Q�� �Z�K�L�F�K�� �G�H�V�L�J�Q�H�U�V��
�W�H�Q�G���W�R���P�D�Q�L�S�X�O�D�W�H���V�X�U�I�D�F�H�V���U�D�W�K�H�U���W�K�D�Q���V�S�D�F�H�V����

�:�K�H�Q�� �%�,�0�� �W�R�R�O�V�� �D�U�H�� �X�V�H�G�� �W�R�� �F�U�H�D�W�H�� �R�Q�O�\�� �V�L�P�S�O�H��
�J�H�R�P�H�W�U�L�F�� �R�E�M�H�F�W�V���� �V�S�D�F�H�� �E�R�X�Q�G�D�U�L�H�V�� �F�D�Q�� �E�H��
�G�H�W�H�U�P�L�Q�H�G�� �E�\�� �J�U�D�S�K�� �W�K�H�R�U�H�W�L�F�� �U�H�O�D�W�L�R�Q�V�K�L�S�V�� ���Y�D�Q��
�7�U�H�H�N���� ���������������%�,�0�� �R�E�M�H�F�W�V���K�D�Y�H���Z�D�W�H�U�W�L�J�K�W���E�R�X�Q�G�D�U�\��
�U�H�S�U�H�V�H�Q�W�D�W�L�R�Q�V�� ���%���U�H�S�V���� �Z�L�W�K�� �F�R�U�U�H�F�W�O�\�� �R�U�L�H�Q�W�H�G��
�V�X�U�I�D�F�H�� �Q�R�U�P�D�O�� �G�L�U�H�F�W�L�R�Q�V���� �8�V�L�Q�J�� �V�R�O�L�G�� �%�R�R�O�H�D�Q��
�R�S�H�U�D�W�L�R�Q�V�����D���V�H�W���R�I���F�R�Q�Q�H�F�W�H�G���V�R�O�L�G�V���Z�L�W�K���F�R�Q�Q�H�F�W�L�Q�J��
�V�X�U�I�D�F�H�V���F�D�Q���E�H���L�G�H�Q�W�L�I�L�H�G���Z�L�W�K�L�Q���W�K�H���%�,�0�����5�H�Y�H�U�V�L�Q�J��
�W�K�H�� �Q�R�U�P�D�O�� �G�L�U�H�F�W�L�R�Q�V�� �R�I�� �W�K�H�� �X�Q�F�R�Q�Q�H�F�W�H�G�� �%���U�H�S��
�V�X�U�I�D�F�H�V���I�R�U�P�V���D���Q�H�Z���V�H�W���R�I���%���U�H�S�V���U�H�S�U�H�V�H�Q�W�L�Q�J���V�S�D�F�H��
�E�R�X�Q�G�D�U�L�H�V�� �D�Q�G�� �W�K�H�� �E�X�L�O�G�L�Q�J�� �H�Q�Y�H�O�R�S�H�¶�V�� �K�X�O�O����
�,�Q�G�L�Y�L�G�X�D�O�� �V�S�D�F�H�V�� �D�U�H�� �L�G�H�Q�W�L�I�L�H�G�� �D�V�� �W�K�H�� �P�L�Q�L�P�X�P��
�F�O�R�V�H�G���%���U�H�S�V���I�R�X�Q�G���Z�L�W�K�L�Q���D���F�R�Q�Q�H�F�W�H�G���H�G�J�H���J�U�D�S�K����

�+�R�Z�H�Y�H�U�����D�G�G�L�W�L�R�Q�D�O���L�Q�W�H�U�S�U�H�W�D�W�L�R�Q���L�V���Q�H�F�H�V�V�D�U�\�� �Z�K�H�Q��
�W�K�H�� �%�,�0�� �F�R�Q�W�D�L�Q�V�� �H�[�F�H�V�V�L�Y�H�� �J�H�R�P�H�W�U�L�F�� �G�H�W�D�L�O���� �/�%�1�/��
�S�U�R�G�X�F�H�G���D���U�X�O�H���E�D�V�H�G���*�H�R�P�H�W�U�\�� �6�L�P�S�O�L�I�L�F�D�W�L�R�Q���7�R�R�O��
���*�6�7���� �W�R�� �W�U�D�Q�V�I�R�U�P�� �J�H�R�P�H�W�U�L�F�D�O�O�\�� �³�U�L�F�K�´�� �,�)�&�� �G�D�W�D�� �W�R��
�F�R�P�S�O�\���Z�L�W�K���W�K�H���H�[�S�H�F�W�D�W�L�R�Q�V���R�I���(�Q�H�U�J�\�3�O�X�V�����/�%�1�/����
�������������%�D�]�M�D�Q�D�F���� �������������� �6�L�Q�F�H�� �F�X�U�U�H�Q�W�� �%�(�6�� �H�Q�J�L�Q�H�V��
�V�L�P�X�O�D�W�H���R�Q�O�\���R�Q�H���G�L�P�H�Q�V�L�R�Q�D�O���K�H�D�W���W�U�D�Q�V�I�H�U�����L�W���L�V���D�O�V�R��
�Q�H�F�H�V�V�D�U�\�� �W�R�� �G�L�Y�L�G�H�� �Z�K�R�O�H�� �V�X�U�I�D�F�H�� �I�D�F�H�V�� ���V�S�D�F�H��
�E�R�X�Q�G�D�U�\�� �W�\�S�H�� ���� �L�Q�� �,�)�&���� �L�Q�W�R�� �K�H�D�W�� �W�U�D�Q�V�I�H�U�U�L�Q�J��
�S�R�U�W�L�R�Q�V�� ���W�\�S�H�� ���D���� �D�Q�G�� �D�G�L�D�E�D�W�L�F�� �W�H�U�P�L�Q�D�W�L�R�Q�V�� �D�Q�G����
�M�R�L�Q�W�V�� ���W�\�S�H�� ���E�������)�L�J�X�U�H�� ���������%�D�]�M�D�Q�D�F���� ���������������$���S�U�H��
�S�U�R�F�H�V�V�R�U���I�R�U���*�6�7�����W�K�H���6�S�D�F�H���%�R�X�Q�G�D�U�\���7�R�R�O�����6�%�7������
�F�U�H�D�W�H�V�� �W�\�S�H�� ���D�� �D�Q�G�� ���E�� �,�)�&�� �V�S�D�F�H�� �E�R�X�Q�G�D�U�\�� �R�E�M�H�F�W�V��
�I�R�U���V�S�D�F�H�V���S�U�H�Y�L�R�X�V�O�\���L�G�H�Q�W�L�I�L�H�G���L�Q���W�K�H���%�,�0�����%�D�]�M�D�Q�D�F��
HW�DO��������������������
��

��
)LJXUH���6SDFH�ERXQGDU\�W\SH���VXUIDFHV��D��DQG�W\SH�

�D�DQG��E�VXUIDFHV��E��
��

�,�Q�� �F�D�V�H�V�� �Z�K�H�U�H�� �%�,�0�� �R�E�M�H�F�W�V�� �D�U�H�� �X�Q�D�Y�D�L�O�D�E�O�H�� �G�X�H�� �W�R��
�W�K�H���&�$�'���W�R�R�O�V���X�V�H�G�����R�U���%�,�0���G�D�W�D���L�V���L�Q�F�R�P�S�O�H�W�H�����D�V���L�V��
�R�I�W�H�Q���W�K�H���F�D�V�H���L�Q���H�D�U�O�\���G�H�V�L�J�Q���P�R�G�H�O�V�����K�H�X�U�L�V�W�L�F�V���P�X�V�W��
�E�H���D�S�S�O�L�H�G�����3�U�D�W�W��HW�DO���������������������7�K�H���K�H�X�U�L�V�W�L�F���D�S�S�U�R�D�F�K��
�U�H�O�L�H�V�� �R�Q�� �D�� �P�L�Q�L�P�D�O�� �D�P�R�X�Q�W�� �R�I�� �V�X�U�I�D�F�H�� �L�Q�I�R�U�P�D�W�L�R�Q��
�D�Y�D�L�O�D�E�O�H�� �I�U�R�P�� �Y�L�U�W�X�D�O�O�\�� �D�Q�\�� �&�$�'�� �V�R�I�W�Z�D�U�H����
�J�H�R�P�H�W�U�L�F���S�R�O�\�J�R�Q���Y�H�U�W�L�F�H�V�����P�D�W�H�U�L�D�O�����D�Q�G���O�D�\�H�U�����)�L�U�V�W����
�G�H�J�H�Q�H�U�D�W�H�� �S�R�O�\�J�R�Q�V�� �D�U�H�� �U�H�P�R�Y�H�G�� �I�U�R�P�� �W�K�H�� �P�R�G�H�O����
�D�Q�G�� �Q�H�D�U�E�\�� �Y�H�U�W�L�F�H�V�� �D�U�H�� �³�Z�H�O�G�H�G�´�� �W�R�J�H�W�K�H�U���� �1�H�[�W����
�V�X�U�I�D�F�H���O�H�Y�H�O�� �K�H�X�U�L�V�W�L�F�V�� �D�V�V�L�J�Q�� �P�D�W�H�U�L�D�O�V���� �]�R�Q�H�V���� �D�Q�G��
�W�\�S�H�V�� �W�R�� �V�X�U�I�D�F�H�V�� �E�D�V�H�G�� �R�Q�� �Q�R�U�P�D�O�� �G�L�U�H�F�W�L�R�Q�V�� �D�Q�G��
�Q�D�P�L�Q�J�� �F�R�Q�Y�H�Q�W�L�R�Q�V�����)�L�Q�D�O�O�\���� �Q�H�L�J�K�E�R�X�U�K�R�R�G���O�H�Y�H�O��
�K�H�X�U�L�V�W�L�F�V�� �L�G�H�Q�W�L�I�\�� �E�R�X�Q�G�D�U�\�� �V�X�U�I�D�F�H�� �S�D�L�U�V�� �I�R�U��
�D�G�M�D�F�H�Q�W�� �V�S�D�F�H�V�� �D�Q�G�� �S�D�U�H�Q�W���F�K�L�O�G�� �U�H�O�D�W�L�R�Q�V�K�L�S�V��
�E�H�W�Z�H�H�Q���K�H�D�W���W�U�D�Q�V�I�H�U���V�X�U�I�D�F�H�V���D�Q�G���V�X�E���V�X�U�I�D�F�H�V�����7�K�L�V��
�D�O�O�R�Z�V�� �D�X�W�R�P�D�W�H�G�� �W�U�D�Q�V�O�D�W�L�R�Q�� �R�I�� �Q�R�Q���%�,�0�� �&�$�'��
�P�R�G�H�O�V���� �S�U�R�Y�L�G�H�G�� �W�K�H�� �D�U�F�K�L�W�H�F�W�� �I�R�O�O�R�Z�V�� �F�H�U�W�D�L�Q��
�P�R�G�H�O�O�L�Q�J���S�U�R�W�R�F�R�O�V���W�R���H�Q�V�X�U�H���³�F�O�H�D�Q�´���L�Q�S�X�W����

�7�\�S�H���� �7�\�S�H����
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0(7+2'�29(59,(:�
7KH� PHWKRG� SUHVHQWHG� LQ� WKLV� SDSHU� FRQYHUWV� D�
VXUIDFH�EDVHG� &$'� PRGHO� WR� D� VLPXODWLRQ�UHDG\�
%(0�LQ�ILYH�VWHSV��)LJXUH����� ,Q�VWHS����GDWD� IURP�D�
ILOH� RU� LQSXW� VWUHDP� DUH� LQWHUSUHWHG� DV� JHRPHWULF�
VXUIDFHV�ZLWK�DVVRFLDWHG�PDWHULDOV��,Q�VWHS����SDLUV�RI�
W\SH� �D� VXUIDFHV� GHILQLQJ� KHDW�WUDQVIHU� REMHFWV� RI�
YDULRXV�WKLFNQHVVHV�DUH�LGHQWLILHG��,Q�VWHS����XQSDLUHG�
VXUIDFHV� DUH� FDWHJRUL]HG� DV� HLWKHU� KHDW�WUDQVIHU�
VXUIDFHV� LQ� FRQWDFW� ZLWK� WKH� RXWVLGH� RU� JURXQG�� WKLQ�
LQWUD]RQH� RU� LQWHU]RQH� KHDW�WUDQVIHU� REMHFWV�� RU� W\SH�
�E� VSDFH� ERXQGDULHV�� ,Q� VWHS� ��� VSDFH� ERXQGDU\�
GHILQLWLRQV�DUH�GHYHORSHG�E\�VHDUFKLQJ�D�YLHZ�IDFWRU�
JUDSK�IRU�FRQQHFWHG�FRPSRQHQWV��2SWLRQDOO\�� LQ�VWHS�
��� XVHU�VSHFLILHG� LQSXW� SDUDPHWHUV� IURP� SUHYLRXV�
VLPXODWLRQV� DUH� DSSOLHG� WR� VSDFHV� LQ� WKH�QHZ�PRGHO��
DQG�DGMDFHQW�VSDFHV�PD\�EH�DJJUHJDWHG�LQWR�D�VPDOOHU�
QXPEHU�RI�WKHUPDO�]RQHV��
�

�
)LJXUH���)ORZ�FKDUW�RI�WUDQVODWLRQ�VWHSV��ZLWK�SUH�
SURFHVVLQJ�VWHSV�IRU�UD\�FDVWLQJ�VKRZQ�LQ�JUH\�

Modelling Styles 
6WHSV��� WKURXJK� ��PDNH� XVH�RI� QHLJKERXUKRRG�OHYHO�
KHXULVWLFV� WKDW� WROHUDWH�D� QXPEHU�RI�PRGHOOLQJ�VW\OHV�
DQG� VHYHUDO� FRPPRQ�PRGHOOLQJ� HUURUV��+HDW�WUDQVIHU�
REMHFWV� VXFK� DV� ZDOOV� DQG� VODEV� PD\� EH� PRGHOOHG�
WKLFN�� ZLWK� DQ� RIIVHW� EHWZHHQ� LQVLGH� DQG� RXWVLGH�
VXUIDFHV�� RU� WKLQ�� ZLWK� VLQJOH� RU� FRSODQDU� VXUIDFHV��
:KHUH� VROLGV�RU�%�UHSV�H[LVW�ZLWKLQ� WKH�PRGHO�� WKH\�
PD\� UHSUHVHQW� HLWKHU� SK\VLFDO� REMHFWV� RU� VSDFHV��
7KHVH� GLVWLQFWLRQV� SURGXFH� IRXU� PRGHOOLQJ� VW\OHV�
�)LJXUH� �D��� %HFDXVH� QHLJKERXUKRRG�OHYHO� KHXULVWLFV�
RSHUDWH� RQ� VXUIDFHV�� PRGHOV� PD\� DOVR� FRQWDLQ�
FRPSRVLWHV�RI�PXOWLSOH�VW\OHV��)LJXUH��E���
�

�
)LJXUH���6XUIDFHG�EDVHG�EXLOGLQJ�PRGHOV�DUH�
FODVVLILHG�LQWR�IRXU�VW\OHV��D��DQG�FRPSRVLWHV��E��

�

:KLOH� LW� LV� GHVLUDEOH� WR� DOORZ� DV� PXFK� YDULDWLRQ� LQ�
PRGHOOLQJ� VW\OHV� DV� SRVVLEOH�� DQ\� &$'� SURJUDP�
FDSDEOH� RI� SURGXFLQJ� PRGHOV� WKDW� GR� QRW� UHSUHVHQW�
EXLOGLQJV�FDQ�DOVR�SURGXFH�EXLOGLQJ�PRGHOV�IRU�ZKLFK�
DXWRPDWHG� LQWHUSUHWDWLRQ� IDLOV�� +HQFH�� WKH� DUFKLWHFW�
PXVW� DGKHUH� WR� FHUWDLQ� PRGHOOLQJ� SURWRFROV� ZKHQ�
XVLQJ� DXWRPDWHG� WUDQVODWLRQ�� 7KH� PHWKRG� SUHVHQWHG�
KHUH�LPSRVHV�WKH�IROORZLQJ�FRQVWUDLQWV��

 )RU� KHDW�WUDQVIHU� REMHFWV�PRGHOOHG�ZLWK� WZR�
IDFHV�� WKH� IDFHV� PXVW� EH� SDUDOOHO� DQG�
VHSDUDWHG� E\� QR� PRUH� WKDQ� D� XVHU�VSHFLILHG�
PD[LPXP�WKLFNQHVV�WPD[��

 6XUIDFHV�PXVW�EH�SODQDU�RU�GHFRPSRVHG�LQWR�
SODQDU�IDFHV��

 +HDW�WUDQVIHU�VXE�VXUIDFHV�PXVW�RYHUODS�WKHLU�
SDUHQW�KHDW�WUDQVIHU�VXUIDFHV��

 6SDFHV� PXVW� EH� HQFORVHG� E\� KHDW�WUDQVIHU�
VXUIDFHV�ZLWK�PLQLPDO�JDSV��

 'HWDFKHG� VKDGLQJ� VXUIDFHV�PXVW� EH� ODEHOOHG�
DV� VXFK�� IRU� LQVWDQFH�� E\� EHLQJ� SODFHG� RQ� D�
VHSDUDWH�&$'�OD\HU��
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7KLV�PHWKRG�IRFXVVHV�RQ�WKH�DXWRPDWHG�WUDQVODWLRQ�RI�
JHRPHWULF� GDWD� IRU� %(6�� :KLOH� LW� GHWHFWV� WKH� VSDFH�
ERXQGDULHV� QHHGHG� E\� WKHUPDO� ]RQHV�� LW� GRHV� QRW�
DGGUHVV� VFKHGXOHV�� +9$&� V\VWHPV�� RU� RWKHU�
DOJRULWKP� VHWWLQJV� UHTXLUHG� IRU� %(6�� ,QVWHDG�� LW� LV�
DVVXPHG� WKDW� GHIDXOW� VHWWLQJV� FDQ�EH�DSSOLHG� WR�HDFK�
WKHUPDO� ]RQH� FUHDWHG� E\� WKH� DXWRPDWHG� SURFHVV�� DQG�
DIWHUZDUGV� WKH�XVHU�FDQ�HGLW� WKHVH� VHWWLQJV��7KH� ILIWK�
VWHS� LQ� WKH� SURFHVV� DOORZV� FXVWRP� VHWWLQJV� IURP�
SUHYLRXV�WUDQVODWLRQV�RI�D�&$'�PRGHO�WR�EH�UHXVHG��

View Factors 
7KH� IUDFWLRQ� RI� UDGLDQW� HQHUJ\� H[LWLQJ� RQH� VXUIDFH�
WKDW�GLUHFWO\�UHDFKHV�DQRWKHU�VXUIDFH�LV� UHIHUUHG�WR�DV�
WKH� YLHZ� IDFWRU� IURP� WKH� ILUVW� VXUIDFH� WR� WKH� VHFRQG�
�3HOOHJULQL�� ������� 9LHZ� IDFWRUV� DUH� UHTXLUHG� IRU�
UDGLDQW� KHDW� H[FKDQJH� FDOFXODWLRQV� ZLWKLQ� WKHUPDO�
]RQHV�� EXW� PRUH� EURDGO\�� WKH\� GHVFULEH� D� VSDWLDO�
UHODWLRQVKLS� EHWZHHQ� VXUIDFHV�� 7KH� SUHVHQFH� RI� D�
YLHZ� IDFWRU� EHWZHHQ� WKH� EDFNV� RI� WZR� VXUIDFHV�
LQWXLWLYHO\�LQGLFDWHV�WKDW� WKHVH�VXUIDFHV�EHORQJ�WR�WKH�
VDPH� VSDFH�� %HFDXVH� WKH� VDPH� YLVXDO� UHODWLRQVKLS�
DOORZV� KXPDQ� PRGHOOHUV� WR� DVVRFLDWH� JURXSV� RI�
VXUIDFHV�ZLWK� D� VSDFH�� YLHZ� IDFWRUV� DUH�PRUH� XVHIXO�
IRU� LQWHUSUHWLQJ�³PHVV\´�&$'�PRGHOV� WKDQ�DUH�HGJH�
JUDSKV�RU�VHPDQWLF�REMHFW�KLHUDUFKLHV�WKDW�GHSHQG�RQ�
WKH�FRQVLVWHQF\�DQG�FRPSOHWHQHVV�RI�&$'�GDWD��
$QDO\WLFDO�FDOFXODWLRQ�RI�YLHZ�IDFWRUV�LV�SRVVLEOH��EXW�
WKLV� LV� FRPSXWDWLRQDOO\� H[SHQVLYH� IRU� DOO� EXW� VLPSOH�
JHRPHWULHV� DQG� UHTXLUHV�PRGLILFDWLRQ� WR� DFFRXQW� IRU�
RFFOXVLRQ� �6FKU|GHU� DQG� +DQUDKDQ�� ������� :KLOH�
(QHUJ\3OXV�DOORZV�PDQXDO�HQWU\�RI�YLHZ�IDFWRUV�� WKH�
SURJUDP� LWVHOI� LV� RQO\� DEOH� WR� FDOFXODWH� DQ� DUHD�
ZHLJKWHG� DSSUR[LPDWLRQ� RI� YLHZ� IDFWRUV� IRU� FRQYH[�
]RQHV��(QHUJ\3OXV�'HYHORSPHQW�7HDP���������
$OWHUQDWLYHO\��YLHZ�IDFWRUV�PD\�EH�FDOFXODWHG�WKURXJK�
JHRPHWULF� DQDORJ\�� 7KH� YLHZ� IDFWRU� IG$ĺ5� IURP� D�
GLIIHUHQWLDO� HOHPHQW� G$� RI� D� VHQGLQJ� VXUIDFH� 6� WR� D�
UHFHLYLQJ� VXUIDFH�5� LV� IRXQG� E\� SURMHFWLQJ�5� RQWR� D�
XQLW� KHPLVSKHUH� DURXQG� G$�� DQG� WKHQ� SURMHFWLQJ� WKH�
KHPLVSKHUH� RQWR� WKH� SODQH� RI� G$� �)LJXUH� �D��� 7KHQ�
IG$ĺ5�LV�WKH�SRUWLRQ�RI�WKH�UHVXOWLQJ�FLUFOH�RFFXSLHG�E\�
WKH�SURMHFWLRQ�RI�5� �1XVVHOW�� ������� ,QWHJUDWLQJ�RYHU�
6� SURGXFHV� DQ� RYHUDOO� YLHZ� IDFWRU� I6ĺ5� LQ� WKH� UDQJH�
IURP�]HUR��LQYLVLEOH��WR�RQH��ILOOLQJ�WKH�ILHOG�RI�YLHZ���
�

�
)LJXUH���1XVVHOW�DQDORJXH�YLHZ�IDFWRU�FDOFXODWLRQ��D��
DQG�DSSUR[LPDWLRQ�E\�WKH�0RQWH�&DUOR�PHWKRG��E��

�

$� JRRG� DSSUR[LPDWLRQ� LV� SURGXFHG� E\� VHOHFWLQJ�
SRLQWV�RQ�6�DQG�FDVWLQJ�D�UD\�IURP�HDFK�SRLQW��)LJXUH�

�E��� 7KHQ� I6ĺ5� LV� WKH� IUDFWLRQ� RI� UD\V� ZKRVH� ILUVW�
LQWHUVHFWLRQ�LV�ZLWK�5��+RZHOO���������3RLQWV�DQG�UD\�
GLUHFWLRQV�DUH�FKRVHQ�XVLQJ�D�IRXU�GLPHQVLRQDO�TXDVL�
UDQGRP� VHTXHQFH� WR� JXDUDQWHH� LQGHSHQGHQFH��
XQLIRUP�GLVWULEXWLRQ��DQG�ORZ�QRLVH��3HOOHJULQL��������
6RERO���������,QFUHDVLQJ�WKH�QXPEHU�RI�UD\V�LQFUHDVHV�
WKH� DFFXUDF\� RI� WKH� YLHZ� IDFWRU� FDOFXODWLRQ�� ,Q� WHVWV��
FDVWLQJ����� UD\V�SURYLGHG� DFFXUDF\� WR� WKUHH�GHFLPDO�
SODFHV�� ZKLFK� LV� VXIILFLHQW� IRU� WKH� DOJRULWKPV�
GHVFULEHG� KHUH�� %HFDXVH� UD\� FDVWLQJ� FDQ� RFFXU� LQ�
SDUDOOHO��YLHZ�IDFWRUV�FDQ�EH�FDOFXODWHG�YHU\�TXLFNO\�
RQ�PXOWL�FRUH�SURFHVVRUV��

67(3�����35(�352&(66,1*�
:KHQ� WKH� DXWRPDWHG� WUDQVODWLRQ� SURFHVV� LV� LQLWLDWHG��
WKH�ILUVW�VWHS�LV�WR�UHDG�D�ILOH�RU�VWUHDP�IURP�WKH�&$'�
SURJUDP� WR� REWDLQ� VXUIDFHV�� 7KH� GDWD� WUDQVIHUUHG� IRU�
HDFK� SRO\JRQ� LQ� WKH� &$'�PRGHO� PXVW� DW� PLQLPXP�
LQFOXGH�&DUWHVLDQ�FRRUGLQDWHV�RI�JHRPHWULF�YHUWLFHV��D�
PDWHULDO� DVVLJQPHQW�� DQG� D� &$'� OD\HU� QDPH�� 7KH�
OD\HU� QDPH� LGHQWLILHV� H[WHUQDO� VKDGLQJ� DQG� WHUUDLQ�
JHRPHWU\��ZKLFK�DUH� LJQRUHG� LQ� WKH� UHPDLQLQJ� VWHSV��
0DWHULDO� DVVLJQPHQW� ZLOO� ODWHU� SURYLGH� %(6� ZLWK�
WKHUPDO� SURSHUWLHV� RI� VXUIDFHV� EXW� LV� LPPHGLDWHO\�
XVHIXO� WR� GLIIHUHQWLDWH� KHDW�WUDQVIHU� VXE�VXUIDFHV��
ZKLFK� KDYH� JOD]LQJ� RU� GRRU� PDWHULDOV�� IURP� RWKHU�
KHDW�WUDQVIHU�VXUIDFHV��
$W�WKLV�SRLQW��LW�LV�XVHIXO�WR�FROODSVH��RU�ZHOG��YHUWLFHV�
ZLWKLQ� D� VPDOO� GLVWDQFH� RI� HDFK� RWKHU�� 7KLV� KHOSV� WR�
HOLPLQDWH� URXQGLQJ� HUURU� FDXVHG� E\� JHRPHWULF�
WUDQVIRUPDWLRQV�RI�IORDWLQJ�SRLQW�FRRUGLQDWHV��

67(3�����%281'$5<�685)$&(�3$,56�
7KH� QH[W� VWHS� LV� WR� LGHQWLI\� UHODWLRQVKLSV� EHWZHHQ�
VXUIDFHV�� (DFK� VXUIDFH� PD\� HQWHU� LQWR� WZR� W\SHV� RI�
UHODWLRQVKLSV� ZLWK� RWKHU� VXUIDFHV� LQ� D� %(0�� )LUVW��
HDFK� VXUIDFH� PD\� KDYH� D� VLQJOH� ERXQGDU\� VXUIDFH��
ZKLFK�UHSUHVHQWV�WKH�RSSRVLWH�VLGH�RI�LWV�KHDW�WUDQVIHU�
REMHFW��7KH�ERXQGDU\�VXUIDFH�PD\�EH�FRSODQDU��DV�LQ�
FHQWUHOLQH�ZDOO�PRGHOV��RU�LW�PD\�EH�SDUDOOHO�ZLWK�DQ�
RIIVHW� UHSUHVHQWLQJ� WKH� WKLFNQHVV� RI� WKH� KHDW�WUDQVIHU�
REMHFW�� ,W� PD\� DOVR� EH� PLVVLQJ� IURP� WKH� PRGHO�
HQWLUHO\� LI� DQ� REMHFW� LV�PRGHOOHG� DV� D� VLQJOH� VXUIDFH��
2XWVLGH� IDFHV� RI� EXLOGLQJ� HQYHORSH� FRPSRQHQWV� DUH�
JHQHUDOO\�RPLWWHG�IURP�WKH�%(0��(QHUJ\3OXV�YHUVLRQ�
���� KDV� QR� H[WHULRU� VXUIDFH� REMHFW�� IRU� LQVWDQFH�� ,I�
VXUIDFHV�IRU�ERWK�VLGHV�RI�DQ�REMHFW�DUH�SUHVHQW�� WKH\�
PD\� QRW� EH� FRQJUXHQW� RU� RI� HTXDO� DUHD�� ZKLFK� LV�
QHFHVVDU\� IRU� RQH�GLPHQVLRQ� KHDW� WUDQVIHU�� 6HFRQG��
HDFK�VXE�VXUIDFH�RYHUODSV�D�SDUHQW�VXUIDFH��$�SDUHQW�
VXUIDFH� PD\� KDYH� PXOWLSOH� FKLOGUHQ� RU� QRQH�� EXW� D�
VXE�VXUIDFH� KDV� RQO\� RQH� SDUHQW�� DQG� LWV� ERXQGDU\�
VXUIDFH�LV�D�FKLOG�RI�LWV�SDUHQW¶V�ERXQGDU\�VXUIDFH��
%RXQGDU\�DQG�SDUHQW� VXUIDFHV�DUH� IRXQG� WKURXJK�UD\�
FDVWLQJ��5DQGRP�SRLQWV�DUH�FKRVHQ�RQ�WKH�VXUIDFH�RI�
LQWHUHVW�� DQG� D� UD\� QRUPDO� WR� WKH� VXUIDFH� LV� SDVVHG�
WKURXJK�HDFK�SRLQW��VWDUWLQJ�D�GLVWDQFH�WPD[�WR�RQH�VLGH�
RI�WKH�VXUIDFH�DQG�H[WHQGLQJ� WPD[�WR�WKH�RWKHU�VLGH��$�
OLVW� RI� SDUDOOHO� VXUIDFHV� LQWHUVHFWHG� E\� WKH� UD\V� LV�
JHQHUDWHG�� DQG� WKH� FORVHVW� VXUIDFH� RI� WKH� VDPH� W\SH�
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�VXUIDFH�RU�VXE�VXUIDFH��LV�FKRVHQ��)LJXUH�����7R�WHVW�
WKDW� WKH� WZR� VXUIDFHV� DUH� FRPSDWLEOH� IRU� RQH�
GLPHQVLRQDO� KHDW� WUDQVIHU�� RQH� VXUIDFH� LV� SURMHFWHG�
RQWR�WKH�RWKHU�DORQJ�WKHLU�QRUPDO�GLUHFWLRQ��DQG�WKH\�
DUH� FKHFNHG� IRU� FRPSOHWH� RYHUODS�� ,I� WKH� RYHUODS� LV�
LQFRPSOHWH�� D� SRO\JRQ� %RROHDQ� RSHUDWLRQ� LV�
SHUIRUPHG� �9DWWL�� ������� DQG� WKH� UHVXOWLQJ� SRO\JRQV�
DUH�SURMHFWHG�EDFN�WR�WKHLU�RULJLQDO�SODQHV��)LJXUH�����
2WKHUZLVH�� WKH� WZR� VXUIDFHV� EHFRPH� HDFK� RWKHU¶V�
ERXQGDU\� VXUIDFHV�� DQG� WKHLU� QRUPDO� GLUHFWLRQV� DUH�
RULHQWHG�WR�IDFH�HDFK�RWKHU��
�

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

�H�Q�F�R�X�Q�W�H�U�V���S�D�U�H�Q�W���V�X�U�I�D�F�H���%�����E�R�X�Q�G�D�U�\���V�X�U�I�D�F�H���&����
�D�Q�G���S�D�U�H�Q�W�¶�V���E�R�X�Q�G�D�U�\���V�X�U�I�D�F�H���'�����Q�R�Q���S�D�U�D�O�O�H�O��

�V�X�U�I�D�F�H���(���L�V���L�J�Q�R�U�H�G��
�

�
�)�L�J�X�U�H�������3�U�R�M�H�F�W�L�R�Q���D�Q�G���%�R�R�O�H�D�Q���R�S�H�U�D�W�L�R�Q�V���R�Q��

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

�

)RU� D� KHDW�WUDQVIHU� VXE�VXUIDFH�� WKH� FORVHVW� KHDW�
WUDQVIHU�VXUIDFH�LV�DOVR�FKRVHQ�DV�WKH�FDQGLGDWH�SDUHQW�
VXUIDFH��,I�ERWK�WKH�VXE�VXUIDFH�DQG�LWV�ERXQGDU\�VXE�
VXUIDFH� DUH� FORVHU� WR� RQH� SDUHQW� VXUIDFH� WKDQ� WR� LWV�
ERXQGDU\� VXUIDFH�� HDFK� VXE�VXUIDFH� LV� DVVLJQHG� D�
GLIIHUHQW�SDUHQW�VXUIDFH�VR�DV�WR�PLQLPL]H�WKH�VXP�RI�
GLVWDQFHV� EHWZHHQ� VXE�VXUIDFHV� DQG� WKHLU� SDUHQWV�� ,I�
WZR� SRWHQWLDO� SDUHQW� VXUIDFHV� DUH� SUHVHQW� EXW� QR�
ERXQGDU\�VXE�VXUIDFH�LV�IRXQG��D�QHZ�ERXQGDU\�VXE�
VXUIDFH� LV� FUHDWHG� RQ� WKH� SODQH� RI� WKH� PRUH� GLVWDQW�
SDUHQW� VXUIDFH�� 6XE�VXUIDFH� QRUPDO� GLUHFWLRQV� DUH�
RULHQWHG�WR�PDWFK�WKRVH�RI�WKHLU�SDUHQWV��
$W�WKH�HQG�RI�WKLV�VWHS��DOO�ERXQGDU\�VXUIDFH�SDLUV�WKDW�
H[LVWHG�LQ�WKH�RULJLQDO�PRGHO�KDYH�EHHQ�LGHQWLILHG�DQG�
FRUUHFWHG� IRU� QRUPDO� RULHQWDWLRQ�� +RZHYHU�� LQ� FDVHV�
ZKHUH�D�KHDW�WUDQVIHU�REMHFW�ZDV�PRGHOOHG�DV�D�VLQJOH�
VXUIDFH��LQFOXGLQJ�KHDW�WUDQVIHU�VXUIDFHV�WKDW�IRUP�WKH�
EXLOGLQJ�HQYHORSH��QR�ERXQGDU\�KDV�EHHQ�IRXQG��DQG�
WKH� QRUPDO� GLUHFWLRQ� UHPDLQV� XQGHWHUPLQHG�� $OVR��
DQ\� FRLQFLGHQW� SDLUV� RI� HQG�ZDOO� VXUIDFHV� DUH�
LQFRUUHFWO\� LGHQWLILHG� DV� ERXQGDU\� VXUIDFH� SDLUV��
7KHVH�LVVXHV�DUH�UHVROYHG�LQ�WKH�QH[W�VWHS��

67(3�����1250$/6�
7KH�QH[W�VWHS�LV�WR�FRUUHFW�VXUIDFH�QRUPDO�GLUHFWLRQV��
%(6� WRROV� VXFK� DV� (QHUJ\3OXV� UHTXLUH� WKDW� DOO� KHDW�
WUDQVIHU� VXUIDFHV� DQG� VXE�VXUIDFHV� KDYH� QRUPDO�
GLUHFWLRQV�SRLQWLQJ�RXW� RI� WKH� VSDFH� WKH\�ERXQG�� )RU�
VXUIDFHV� WKDW� DUH� QRW� LQ� ERXQGDU\� SDLUV�� WKH� QRUPDO�
GLUHFWLRQ� PXVW� EH� GHWHUPLQHG� DFFRUGLQJ� WR� VSDWLDO�
UHODWLRQVKLSV�ZLWK�RWKHU�VXUIDFHV�LQ�WKH�PRGHO��7KLV�LV�
DFFRPSOLVKHG�WKURXJK�YLHZ�IDFWRU�DQDO\VLV��
)RU� WKH� SXUSRVH� RI� WKLV� VWHS�� WKH� YLHZ� IDFWRU�
FDOFXODWLRQ� LV� PRGLILHG� LQ� WZR� UHVSHFWV�� )LUVW�� UD\V�
WKDW� KLW� WKH� EDFN� RI� D� VXUIDFH�ZLWK� D� NQRZQ� QRUPDO�
GLUHFWLRQ� GR� QRW� FRQWULEXWH� WR� WKH� YLHZ� IDFWRU�
FDOFXODWLRQV�� 6HFRQG�� UD\V� WKDW� KDYH� QR� LQWHUVHFWLRQ�
ZLWK� DQ\� VXUIDFH� FRQWULEXWH� WR� WKH� YLHZ� IDFWRU� WR� D�
K\SRWKHWLFDO�QXOO�VXUIDFH��$�PLQLPXP�YLHZ�IDFWRU��I�P�L�Q�
ILOWHUV� IDOVH� SRVLWLYHV�� ZKHUH� VPDOO� QXPEHUV� RI� UD\V�
SDVV� WKURXJK�JDSV�EHWZHHQ�SRO\JRQV�DQG� LQFRUUHFWO\�
LQGLFDWH� QRQ�]HUR� YLHZ� IDFWRUV�� *DSV� EHWZHHQ�
SRO\JRQV�DULVH�HLWKHU�IURP�QXPHULFDO�HUURU�LQ�IORDWLQJ�
SRLQW� LQWHUVHFWLRQ� FDOFXODWLRQV� RU� IURP� WKH� XVHU¶V�
IDLOXUH� WR� FUHDWH� ZDWHUWLJKW� VSDFH� HQFORVXUHV� LQ� WKH�
&$'� PRGHO�� $� VHFRQG� PLQLPXP� YDOXH� �I�L�Q�W�� FKRVHQ�
VXFK� WKDW� �I�P�L�Q��� �I�L�Q�W��� ��� ILOWHUV� VXUIDFHV� WKDW� WRXFK� LQ�
ZDOO�ZDOO�DQG�ZDOO�VODE�LQWHUVHFWLRQV��,Q�WHVWV��VHWWLQJ�
�I�P�L�Q�  � ����� DQG� �I�L�Q�W�  � ���� SURGXFHG� JRRG� UHVXOWV�� EXW�
WKHVH� SDUDPHWHUV�PD\� QHHG� WR� EH� WXQHG� IRU�GLIIHUHQW�
&$'�SURJUDPV�RU�PRGHOOLQJ�VW\OHV��
)RU� HDFK� VXUIDFH� �6� WKDW� KDV� D� ERXQGDU\� VXUIDFH�� WKH�
QRUPDO� GLUHFWLRQ� LV� NQRZQ�� DQG� YLHZ� IDFWRUV� DUH�
FDOFXODWHG� RQO\� IRU� WKH� EDFN� IDFH�� ,I� WKHUH� H[LVW� WZR�
SDUDOOHO�� QRQ�FRSODQDU� VXUIDFHV� �$� DQG� �%� VXFK� WKDW� �$�
DQG��%�DUH�D�ERXQGDU\�VXUIDFH�SDLU�DQG��I�6�:�$�!��I�P�L�Q�DQG�
�I�6�:�%�!� �I�P�L�Q��WKHQ� �6� LV�QRW�SDUW�RI�DQ\�VSDFH�ERXQGDU\��
DQG�LWV�ERXQGDU\�VXUIDFH�LV�XQDVVLJQHG��)LJXUH��D���
)RU� HDFK� VXUIDFH� �6� WKDW� ODFNV� D� ERXQGDU\� VXUIDFH��
YLHZ� IDFWRUV� DUH� FDOFXODWHG� IRU� ERWK� WKH� IURQW� DQG�
EDFN�IDFHV��DQG�IRXU�FRQGLWLRQV�DUH�WHVWHG�LQ�RUGHU��
�� ,I� WKHUH� H[LVWV� D� SDLU� RI� SDUDOOHO�� QRQ�FRSODQDU�

VXUIDFHV� �$� DQG� �%� VXFK� WKDW� �$� LV� WKH� ERXQGDU\�
VXUIDFH�RI��%�DQG��I�6�:�$�!��I�P�L�Q�DQG��I�6�:�%�!��I�P�L�Q��WKHQ��6�
LV� D� W\SH� �E� VSDFH� ERXQGDU\� �)LJXUH� �E��� 7KH�
QRUPDO�GLUHFWLRQ�RI��6�LV�RULHQWHG�WRZDUG��$�DQG��%��

�� ,I�WKHUH�H[LVWV�D�VXUIDFH��$�VXFK�WKDW��I�6�:�$�!��I�L�Q�W�DQG�
�$�KDV�D�QRQ�FRSODQDU�ERXQGDU\�VXUIDFH��WKHQ��6�LV�
D� W\SH� �E� VSDFH� ERXQGDU\� �)LJXUH� �F��� 7KH�
QRUPDO�GLUHFWLRQ�RI��6�LV�RULHQWHG�WRZDUG��$��

�� ,I� �I�6�: �Q�X�O�O� !� �I�P�L�Q�� WKHQ� �6� LV� SDUW� RI� WKH� EXLOGLQJ�
HQYHORSH�� ,Q� PRVW� %(6� SURJUDPV�� WKHUH� LV� QR�
QHHG� WR� FUHDWH� D� ERXQGDU\� VXUIDFH� IRU� �6�� 7KH�
QRUPDO� GLUHFWLRQ� RI� �6� LV� RULHQWHG� WRZDUG� WKH�
H[WHULRU��

�� ,I�WKHUH�H[LVWV�D�VXUIDFH�$�VXFK�WKDW� �I�6�:�$�!���DQG�
�I�$�:�6� !� �� DQG� �I�$�:�Q�X�O�O� !� �I�P�L�Q�� WKHQ� �6� LV� SDUW� RI� WKH�
EXLOGLQJ�HQYHORSH��HYHQ� WKRXJK� LW�GRHV�QRW�KDYH�
D� GLUHFW� YLHZ� WR� WKH� H[WHULRU�� 7KH� QRUPDO�
GLUHFWLRQ�RI��6�LV�RULHQWHG�WRZDUG��$��
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��
)LJXUH���,PSRUWDQW�YLHZ�IDFWRUV�LQGLFDWHG�E\�DUURZV�
IRU�GHWHFWLQJ�QRQ�ERXQGDU\�VXUIDFHV��D��DQG�W\SH��E�

ERXQGDU\�VXUIDFHV��E��F��
��

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

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

�6�7�(�3�����������6�3�$�&�(���%�2�8�1�'�$�5�,�(�6��
�7�K�L�V�� �V�W�H�S�� �J�U�R�X�S�V�� �V�X�U�I�D�F�H�V�� �W�R�J�H�W�K�H�U�� �L�Q�W�R�� �V�S�D�F�H�V����
�6�X�U�I�D�F�H�V�� �E�H�O�R�Q�J�� �W�R�� �W�K�H�� �V�D�P�H�� �V�S�D�F�H�� �L�I�� �D�� �S�D�W�K�� �H�[�L�V�W�V��
�E�H�W�Z�H�H�Q���W�K�H�P���W�K�D�W���G�R�H�V���Q�R�W���L�Q�W�H�U�V�H�F�W���D�Q�R�W�K�H�U���V�X�U�I�D�F�H����
�,�Q�� �J�U�D�S�K�� �W�K�H�R�U�H�W�L�F�� �W�H�U�P�V���� �H�D�F�K�� �V�S�D�F�H�� �L�V�� �D��FRQQHFWHG�
FRPSRQHQW�� �R�I�� �W�K�H�� �Y�L�H�Z�� �J�U�D�S�K�� �R�I�� �W�K�H�� �E�X�L�O�G�L�Q�J���� �Z�K�H�U�H��
�Q�R�G�H�V�� �L�Q�� �W�K�H�� �Y�L�H�Z�� �J�U�D�S�K�� �F�R�U�U�H�V�S�R�Q�G�� �W�R�� �V�X�U�I�D�F�H�V���� �D�Q�G��
�H�G�J�H�V���L�Q�G�L�F�D�W�H���Y�L�H�Z���I�D�F�W�R�U�V���E�H�W�Z�H�H�Q���V�X�U�I�D�F�H�V����

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

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

�$�� �Y�L�H�Z�� �I�D�F�W�R�U�� �J�U�D�S�K�� �L�V�� �F�R�Q�V�W�U�X�F�W�H�G�� �Z�L�W�K�� �Q�R�G�H�V�� �I�R�U��
�H�D�F�K���V�X�U�I�D�F�H�����L�Q�F�O�X�G�L�Q�J�� �W�K�H�� �K�\�S�R�W�K�H�W�L�F�D�O���Q�X�O�O���V�X�U�I�D�F�H����
�(�G�J�H�V�� �H�[�L�V�W�� �E�H�W�Z�H�H�Q�� �Q�R�G�H�V�� �Z�K�H�U�H�� �W�K�H�� �Y�L�H�Z�� �I�D�F�W�R�U�� �L�Q��
�H�L�W�K�H�U�� �G�L�U�H�F�W�L�R�Q�� �L�V�� �J�U�H�D�W�H�U�� �W�K�D�Q��IPLQ���� �,�I�� �D�Q�� �H�G�J�H��
�F�R�Q�Q�H�F�W�V���W�R���W�K�H���K�\�S�R�W�K�H�W�L�F�D�O���Q�X�O�O���V�X�U�I�D�F�H���Q�R�G�H����IPLQ���L�V��
�U�H�S�O�D�F�H�G���E�\���D�Q�R�W�K�H�U���P�L�Q�L�P�X�P���Y�L�H�Z���I�D�F�W�R�U��IQXOO�����Z�K�L�F�K��
�L�Q�G�L�F�D�W�H�V�� �W�K�H�� �V�P�D�O�O�H�V�W�� �V�L�J�Q�L�I�L�F�D�Q�W�� �Y�L�H�Z�� �I�D�F�W�R�U�� �W�R�� �W�K�H��
�R�X�W�V�L�G�H���D�Q�G���K�D�V���D���Y�D�O�X�H��IPLQ���”��IQXOO�������������,�Q���W�H�V�W�V�����D���Y�D�O�X�H��
�R�I��IQXOO��� �����������Z�D�V���V�X�I�I�L�F�L�H�Q�W���W�R���S�U�H�Y�H�Q�W���H�U�U�R�U�V���L�Q�Y�R�O�Y�L�Q�J��
�O�D�U�J�H���Q�X�P�E�H�U�V���R�I���J�D�S�V�����(�D�F�K���F�R�Q�Q�H�F�W�H�G���F�R�P�S�R�Q�H�Q�W���R�I��
�W�K�H�� �Y�L�H�Z�� �I�D�F�W�R�U�� �J�U�D�S�K�� �F�R�U�U�H�V�S�R�Q�G�V�� �W�R�� �D�� �V�L�Q�J�O�H�� �V�S�D�F�H��
�E�R�X�Q�G�H�G�� �E�\�� �W�K�H�� �V�X�U�I�D�F�H�V�� �Z�L�W�K�� �Q�R�G�H�V�� �L�Q�� �W�K�D�W��
�F�R�P�S�R�Q�H�Q�W�����)�L�J�X�U�H���������D�Q�G���F�D�Q���E�H���I�R�X�Q�G���L�Q���O�L�Q�H�D�U���W�L�P�H��
���+�R�S�F�U�R�I�W�� �D�Q�G�� �7�D�U�M�D�Q���� �������������� �6�X�U�I�D�F�H�V�� �I�R�X�Q�G�� �W�R�� �E�H��
�F�R�Q�Q�H�F�W�H�G���W�R���W�K�H���K�\�S�R�W�K�H�W�L�F�D�O���Q�X�O�O���V�X�U�I�D�F�H���D�U�H���S�D�U�W���R�I��
�W�K�H���E�X�L�O�G�L�Q�J���H�Q�Y�H�O�R�S�H�¶�V���K�X�O�O���D�Q�G���Q�R�W���X�V�H�G���I�R�U���%�(�6����
��

��
)LJXUH���9LHZ�IDFWRUV�IURP�ODEHOOHG�VXUIDFHV��D��

FUHDWH�D�JUDSK�ZKRVH�FRQQHFWHG�FRPSRQHQWV�
FRUUHVSRQG�WR�VSDFHV��E��

��

�6�7�(�3�����������3�2�6�7���3�5�2�&�(�6�6�,�1�*��
�2�Q�F�H�� �V�S�D�F�H�� �E�R�X�Q�G�D�U�L�H�V�� �D�U�H�� �G�H�W�H�U�P�L�Q�H�G���� �H�D�F�K�� �V�S�D�F�H��
�F�D�Q�� �E�H�� �D�V�V�L�J�Q�H�G�� �W�R�� �D�� �V�H�S�D�U�D�W�H�� �W�K�H�U�P�D�O�� �]�R�Q�H�� �Z�L�W�K��
�G�H�I�D�X�O�W���V�H�W�W�L�Q�J�V���D�Q�G���V�F�K�H�G�X�O�H�V�����D�Q�G���W�K�H���%�(�0���L�V���U�H�D�G�\��
�I�R�U�� �V�L�P�X�O�D�W�L�R�Q���� �+�R�Z�H�Y�H�U���� �L�Q�� �D�Q�� �L�W�H�U�D�W�L�Y�H�� �G�H�V�L�J�Q��
�I�U�D�P�H�Z�R�U�N���� �W�K�H�� �D�E�L�O�L�W�\�� �W�R�� �H�G�L�W�� �W�K�H�U�P�D�O�� �]�R�Q�H��
�D�V�V�L�J�Q�P�H�Q�W�V�� �R�I�� �V�S�D�F�H�V�� �D�Q�G�� �F�D�U�U�\�� �R�Y�H�U�� �V�H�W�W�L�Q�J�V�� �D�Q�G��
�V�F�K�H�G�X�O�H�V���I�U�R�P���S�U�H�Y�L�R�X�V���G�H�V�L�J�Q���Y�H�U�V�L�R�Q�V���L�V���G�H�V�L�U�D�E�O�H����
�7�K�L�V���V�W�H�S���R�X�W�O�L�Q�H�V���R�S�W�L�R�Q�D�O���D�X�W�R�P�D�W�H�G���S�U�R�F�H�G�X�U�H�V���W�K�D�W��
�P�D�\���E�H���L�Q�F�O�X�G�H�G���L�Q���W�K�H���W�U�D�Q�V�O�D�W�L�R�Q���S�U�R�F�H�V�V����

�)�U�H�T�X�H�Q�W�O�\�� �L�Q�� �G�H�V�L�J�Q�� �S�U�R�F�H�V�V�H�V���� �L�W�� �L�V�� �Q�H�F�H�V�V�D�U�\�� �W�R��
�U�H�S�H�D�W���%�(�6���D�I�W�H�U���F�K�D�Q�J�H�V���D�U�H���P�D�G�H���W�R���D���&�$�'���P�R�G�H�O����
�7�K�H�U�P�D�O�� �]�R�Q�H�� �V�H�W�W�L�Q�J�V�� �D�Q�G�� �V�F�K�H�G�X�O�H�V�� �I�U�R�P�� �W�K�H��
�S�U�H�Y�L�R�X�V���P�R�G�H�O���R�I�W�H�Q���Q�H�H�G���W�R���E�H���U�H�X�V�H�G���I�R�U���V�S�D�F�H�V���L�Q��
�W�K�H�� �Q�H�Z�� �P�R�G�H�O���� �+�R�Z�H�Y�H�U���� �W�K�H�U�H�� �L�V�� �Q�R�� �J�X�D�U�D�Q�W�H�H�� �W�K�D�W��
�V�S�D�F�H�V�¶�� �L�G�H�Q�W�L�I�\�L�Q�J�� �L�Q�I�R�U�P�D�W�L�R�Q�� �I�U�R�P�� �S�U�H�Y�L�R�X�V�O�\��
�V�D�Y�H�G���G�H�V�L�J�Q���Y�D�U�L�D�Q�W�V���D�U�H���S�U�H�V�H�U�Y�H�G���L�Q���W�K�H���O�D�W�H�V�W���&�$�'��
�P�R�G�H�O���� �,�Q�V�W�H�D�G���� �D�X�W�R�P�D�W�H�G�� �P�D�W�F�K�L�Q�J�� �R�I�� �F�X�U�U�H�Q�W��
�V�S�D�F�H�V�� �W�R���W�K�R�V�H�� �I�R�X�Q�G�� �L�Q���D�� �S�U�H�Y�L�R�X�V�� �P�R�G�H�O�� �P�X�V�W���U�H�O�\��
�R�Q�� �R�Q�H�� �R�I�� �V�H�Y�H�U�D�O�� �K�H�X�U�L�V�W�L�F�� �D�S�S�U�R�D�F�K�H�V���� �7�K�H�� �P�R�V�W��
�U�X�G�L�P�H�Q�W�D�U�\�� �L�V�� �W�R�� �U�H�F�R�J�Q�L�]�H�� �V�S�D�F�H�V�� �E�\�� �S�R�V�L�W�L�R�Q���� �V�R��
�W�K�D�W�� �L�I�� �D�� �V�S�D�F�H�� �L�Q�� �W�K�H�� �F�X�U�U�H�Q�W�� �P�R�G�H�O�� �R�F�F�X�S�L�H�V�� �S�D�U�W�� �R�I��
�W�K�H�� �Y�R�O�X�P�H���R�I�� �D�� �V�S�D�F�H�� �L�Q�� �D�� �S�U�H�Y�L�R�X�V�� �P�R�G�H�O���� �L�W�V��
�W�K�H�U�P�D�O�� �]�R�Q�H�� �U�H�F�H�L�Y�H�V�� �W�K�H�� �V�D�P�H�� �S�D�U�D�P�H�W�H�U�V���� �0�R�U�H��
�U�R�E�X�V�W���K�H�X�U�L�V�W�L�F���P�H�W�K�R�G�V�����L�Q�F�O�X�G�L�Q�J���J�U�D�S�K���W�K�H�R�U�H�W�L�F���R�U��
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IHDWXUH�UHFRJQLWLRQ�DSSURDFKHV�WKDW�LGHQWLI\�VLPLODULW\�
EHWZHHQ�PRGHO�FRPSRQHQWV��PD\�DOORZ�WKHUPDO�]RQH�
SURSHUWLHV� WR� EH� LQKHULWHG� WKURXJK� VSDWLDO� WUDQVODWLRQ�
RU�URWDWLRQ�RI�WKH�PRGHO��
$�VHFRQG�WDVN�WKDW�PD\�EH�DXWRPDWHG�LV�UHGXFWLRQ�RI�
WKH�QXPEHU�RI�WKHUPDO�]RQHV�LQ�D�PRGHO�E\�JURXSLQJ�
VSDFHV�� ,Q� D� VXIILFLHQWO\� GHYHORSHG� GHVLJQ�� VSDFHV�
PD\� EH� JURXSHG� PDQXDOO\� DFFRUGLQJ� WR� WKH�
PHFKDQLFDO� ]RQLQJ� RI� WKH� EXLOGLQJ�� (DUOLHU� LQ� WKH�
GHVLJQ� SURFHVV�� WKH� EXLOGLQJ� PD\� EH� GLYLGHG�
UHFXUVLYHO\� DORQJ� ERXQGDULHV� RI� OHDVW� WKHUPDO�
FRXSOLQJ�XQWLO�WKH�GHVLUHG�QXPEHU�RI�WKHUPDO�]RQHV�LV�
DFKLHYHG� �'REEV� DQG� +HQFH\�� ������� ,I� D� IXOO�
VLPXODWLRQ� KDV� EHHQ� UXQ�� WKH� EXLOGLQJ� PD\� DOVR� EH�
]RQHG� E\� DQDO\VLQJ� G\QDPLF� WHPSHUDWXUH� PRGHV�
�*HRUJHVFX�HW�DO����������

9$/,'$7,21�
7KLV� PHWKRG� KDV� EHHQ� WHVWHG� RQ� PRGHOV� SURGXFHG�
ZLWK�VHYHUDO�PRGHOOLQJ�VW\OHV� LQ�6NHWFK8S��7ULPEOH��
������� 6NHWFK8S� ZDV� FKRVHQ� DV� D� &$'� SURJUDP�
EHFDXVH�RI�LWV�H[WUHPH�HDVH�RI�XVH�DQG�VLPSOH�JHQHULF�
GDWD� VWUXFWXUH� DFFHVVLEOH� WKURXJK� DQ� DSSOLFDWLRQ�
SURJUDPPLQJ�LQWHUIDFH��$3,���:KLOH�6NHWFK8S�ODFNV�
PDQ\� IHDWXUHV� RI�PRUH� UREXVW� &$'� DQG�%,0� WRROV��
WKH�JHRPHWULF�GDWD�DYDLODEOH�IURP�6NHWFK8S�WKURXJK�
LWV�$3,�FDQ�DOVR�EH�REWDLQHG� IURP� YLUWXDOO\� DOO� RWKHU�
&$'�SURJUDPV��VR�WKHVH�WHVWV�KDYH�QR�GHSHQGHQFH�RQ�
SURSULHWDU\�WRROV�RU�GDWD�VWUXFWXUHV��
,Q� 7KH�1HZ�<RUN� 7LPHV� %XLOGLQJ� H[DPSOH� �)LJXUH�
���� WKH� RULJLQDO� 6NHWFK8S� PRGHO� FRQWDLQV� �����
XQ]RQHG�IDFHV��LQ�DGGLWLRQ�WR�����������IDFHV�ODEHOOHG�
DV� VKDGLQJ� VXUIDFHV��$XWRPDWHG� WUDQVODWLRQ� FRUUHFWO\�
LGHQWLILHV� ���� HQFORVHG� VSDFHV� LQ� WKH� PRGHO�� DQG�
FUHDWHV�����DGGLWLRQDO�VXUIDFHV�DV�D�UHVXOW�RI�SRO\JRQ�
%RROHDQ�RSHUDWLRQV�DQG�PLVVLQJ�ERXQGDU\�VXUIDFHV��
�

D E �
)LJXUH���7KH�1HZ�<RUN�7LPHV�%XLOGLQJ�XQ]RQHG�

&$'�PRGHO��D��DQG�]RQHG�%(0��E��
�

&21&/86,21�
,Q�RUGHU�IRU�%(6�WR�EHFRPH�D�FRUH�FRPSRQHQW�RI�WKH�
DUFKLWHFWXUDO�GHVLJQ�SURFHVV��VLPXODWLRQ�UHDG\�%(0V�

PXVW� EH� TXLFNO\� SURGXFLEOH� DW� DQ\� WLPH�� 7KLV� SDSHU�
KDV�GHWDLOHG�D�IXOO\�DXWRPDWHG�DSSURDFK�WR�JHQHUDWLQJ�
D� %(0� IURP� D� &$'� PRGHO�� HYHQ� ZKHQ� WKH� &$'�
PRGHO�FRQWDLQV�FHUWDLQ�WRSRORJLFDO�HUURUV�DQG�VW\OLVWLF�
LQFRQVLVWHQFLHV�� 7KH� PHWKRG� XVHV� YLHZ� IDFWRUV�
EHWZHHQ� VXUIDFHV� WR� LGHQWLI\� VSDFHV� DQG� LV� DEOH� WR�
FRUUHFW� VXUIDFH�QRUPDO�GLUHFWLRQV�DQG�FUHDWH�PLVVLQJ�
ERXQGDU\�VXUIDFHV��
:KLOH�WKLV�PHWKRG�IRU�DXWRPDWHG�WUDQVODWLRQ�RI�&$'�
PRGHOV� DOORZV� LPPHGLDWH� VLPXODWLRQ� RI� QXPHURXV�
PRGHOV� WKDW� SUHYLRXVO\�ZRXOG� KDYH� UHTXLUHG� WHGLRXV�
PDQXDO� DOWHUDWLRQ�� PDQ\� PRGHOOLQJ� VW\OHV� DQG�
FRPPRQ� PRGHOOLQJ� HUURUV� UHPDLQ� WR� EH� DGGUHVVHG��
)XUWKHU� ZRUN� FRXOG� PDNH� WUDQVODWLRQ� WRROV� PRUH�
EURDGO\� DSSOLFDEOH� DQG�� FRQVHTXHQWO\�� PDNH�
PRGHOOLQJ� IRU� %(6� PRUH� LQWXLWLYH�� 6RPH� VSHFLILF�
DUHDV� IRU� IXWXUH� ZRUN� LQ� DXWRPDWLRQ� LQFOXGH��
GLIIHUHQWLDWLRQ� EHWZHHQ� KHDW� WUDQVIHU� VXUIDFHV� DQG�
VKDGLQJ� VXUIDFHV�� GLIIHUHQWLDWLRQ� RI� DERYH�� DQG�
EHORZ�JUDGH� VXUIDFHV� EDVHG� RQ� WRSRJUDSKLF� GDWD��
GLYLVLRQ� RI� VXUIDFHV� DW� RXW�RI�SODQH� LQWHUVHFWLRQV��
FDSSLQJ� RI� KROHV� LQ� LQFRPSOHWHO\� HQFORVHG� VSDFHV��
LQFOXGLQJ� GRRUZD\V� WKDW� DUH� PRGHOOHG� DV� RSHQLQJV��
LQWHUSUHWDWLRQ�RI�ZLQGRZV�DQG�FXUWDLQ�ZDOOV�PRGHOOHG�
ZLWK� GHWDLOHG� IUDPH� DQG� PXOOLRQ� JHRPHWU\�� DQG�
DVVLJQPHQW� RI�PDWHULDO� FRQVWUXFWLRQV� LQ� FDVHV�ZKHUH�
PDWHULDOV� DUH� DEVHQW� RU� LQFRQVLVWHQW� LQ� WKH� &$'�
PRGHO��
,W� LV� KRSHG� WKDW� WKH� DOJRULWKPV� SUHVHQWHG� KHUH� ZLOO�
OHDG� WR� IXUWKHU� HIIRUW� WR� WUDQVODWH� LQFUHDVLQJO\�
³PHVV\´�&$'�PRGHOV��$GGLWLRQDO�ZRUN�FRXOG�DOORZ�
QRQ�H[SHUW� XVHUV� WR� TXLFNO\� SURGXFH� DFFXUDWH� %(6�
UHVXOWV� HDUO\� DQG� RIWHQ� DV� D� GHVLJQ� DLG�� 7KLV� LV� LQ�
NHHSLQJ�ZLWK� WKH� JUHDWHU� JRDO� WR� HQFRXUDJH� DFFXUDWH�
WKHUPDO� DQDO\VLV� RI� EXLOGLQJV� HDUO\� LQ� WKH� GHVLJQ�
SURFHVV� ZKHQ� WKHUH� DUH� PRUH� RSSRUWXQLWLHV� WR�
SRVLWLYHO\�DIIHFW�EXLOGLQJ�SHUIRUPDQFH��

$&.12:/('*(0(176�
7KLV� PDWHULDO� LV� EDVHG� XSRQ� ZRUN� VXSSRUWHG� E\� WKH�
'HSDUWPHQW� RI� (QHUJ\� XQGHU� $ZDUG� 1XPEHU� '(�
((��������� 7HVWV� ZHUH� UXQ� RQ� SURWRW\SH� VRIWZDUH�
FUHDWHG�ZLWK�WKH�DVVLVWDQFH�RI�/DUV�6FKXPDQQ��'DYLG�
%RVZRUWK�� DQG� =KDR� 'RQJ�� 7KH� DXWKRUV� JUDWHIXOO\�
DFNQRZOHGJH�WKH�LQVSLUDWLRQDO�FRQWULEXWLRQV�RI�.HYLQ�
3UDWW��

',6&/$,0(5�
7KLV� UHSRUW� ZDV� SUHSDUHG� DV� DQ� DFFRXQW� RI� ZRUN�
VSRQVRUHG� E\� DQ� DJHQF\� RI� WKH� 8QLWHG� 6WDWHV�
*RYHUQPHQW��1HLWKHU� WKH�8QLWHG� 6WDWHV�*RYHUQPHQW�
QRU�DQ\�DJHQF\� WKHUHRI�� QRU�DQ\�RI� WKHLU�HPSOR\HHV��
PDNHV�DQ\�ZDUUDQW\��H[SUHVV�RU� LPSOLHG��RU�DVVXPHV�
DQ\� OHJDO� OLDELOLW\� RU� UHVSRQVLELOLW\� IRU� WKH� DFFXUDF\��
FRPSOHWHQHVV�� RU� XVHIXOQHVV� RI� DQ\� LQIRUPDWLRQ��
DSSDUDWXV�� SURGXFW�� RU� SURFHVV� GLVFORVHG�� RU�
UHSUHVHQWV� WKDW� LWV� XVH� ZRXOG� QRW� LQIULQJH� SULYDWHO\�
RZQHG� ULJKWV�� 5HIHUHQFH� KHUHLQ� WR� DQ\� VSHFLILF�
FRPPHUFLDO� SURGXFW�� SURFHVV�� RU� VHUYLFH� E\� WUDGH�
QDPH�� WUDGHPDUN�� PDQXIDFWXUHU�� RU� RWKHUZLVH� GRHV�
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QRW� QHFHVVDULO\� FRQVWLWXWH� RU� LPSO\� LWV� HQGRUVHPHQW��
UHFRPPHQGDWLRQ�� RU� IDYRULQJ� E\� WKH� 8QLWHG� 6WDWHV�
*RYHUQPHQW� RU� DQ\� DJHQF\� WKHUHRI�� 7KH� YLHZV� DQG�
RSLQLRQV� RI� DXWKRUV� H[SUHVVHG� KHUHLQ� GR� QRW�
QHFHVVDULO\�VWDWH�RU�UHIOHFW�WKRVH�RI�WKH�8QLWHG�6WDWHV�
*RYHUQPHQW�RU�DQ\�DJHQF\�WKHUHRI��

5()(5(1&(6�
$XWRGHVN��������(FRWHFW�$QDO\VLV�������6DQ�5DIDHO��

&$��
%D]MDQDF��9��������,)&�%,0�EDVHG�PHWKRGRORJ\�IRU�

VHPL�DXWRPDWHG� EXLOGLQJ� HQHUJ\� SHUIRUPDQFH�
VLPXODWLRQ�� ,Q� 5LVFKPROOHU�� /�� �HG����&,%� :����
3URF�� ��WK�FRQI��� ,PSURYLQJ� WKH�0DQDJHPHQW�RI�
&RQVWUXFWLRQ�3URMHFWV� WKURXJK� ,7�$GRSWLRQ�� ���
��� -XO\�� 6DQWLDJR�� &KLOH��8QLYHUVLGDG� GH� 7DOFD��
���������

%D]MDQDF��9��������6SDFH�ERXQGDU\�UHTXLUHPHQWV�IRU�
PRGHOLQJ� RI� EXLOGLQJ� JHRPHWU\� IRU� HQHUJ\� DQG�
RWKHU� SHUIRUPDQFH� VLPXODWLRQ�� &,%� :���� 3URF��
��WK� FRQI��� $SSOLFDWLRQV� RI� ,7� LQ� WKH� $(&�
,QGXVWU\��������1RYHPEHU��&DLUR��(J\SW��

%D]MDQDF�� 9�� DQG� .LYLQLHPL� $�� ������ 5HGXFWLRQ��
VLPSOLILFDWLRQ�� WUDQVODWLRQ� DQG� LQWHUSUHWDWLRQ� LQ�
WKH�H[FKDQJH�RI�PRGHO�GDWD��,Q�5HEROM��'���HG����
&,%� :���� 3URF�� ��WK� FRQI��� %ULQJLQJ� ,7&�
.QRZOHGJH� WR� :RUN�� ������ -XQH�� 0DULERU��
6ORYHQLD��

%D]MDQDF��9���0DLOH��7���2¶'RQQHOO��-�7���5RVH��&�0��
DQG�0UD]RYLü��1�� ������'DWD� HQYLURQPHQWV� DQG�
SURFHVVLQJ� LQ� VHPL�DXWRPDWHG� VLPXODWLRQ� ZLWK�
(QHUJ\3OXV��3URFHHGLQJV�RI� WKH�&,%�:���:����
������ ,QWHUQDWLRQDO�&RQIHUHQFH�� ������2FWREHU��
6RSKLD�$QWLSROLV��)UDQFH��

EXLOGLQJ60$57�� ������ ,)&� 2YHUYLHZ��
KWWS���ZZZ�EXLOGLQJVPDUW�WHFK�RUJ�VSHFLILFDWLRQV�
�LIF�RYHUYLHZ�LIF�RYHUYLHZ�VXPPDU\��

'REEV�� -�� DQG� +HQFH\�� %�� ������ $XWRPDWLF� PRGHO�
UHGXFWLRQ� LQ� DUFKLWHFWXUH�� $� ZLQGRZ� LQWR�
EXLOGLQJ�WKHUPDO�VWUXFWXUH��,%36$�86$�1DWLRQDO�
&RQIHUHQFH� 3URFHHGLQJV�� ���� $XJXVW�� 0DGLVRQ��
:LVFRQVLQ��

(QHUJ\3OXV� 'HYHORSPHQW� 7HDP�� ������ (QHUJ\3OXV�
HQJLQHHULQJ� UHIHUHQFH�� 7KH� UHIHUHQFH� WR�
(QHUJ\3OXV� FDOFXODWLRQV�� (QHUJ\3OXV� 9HUVLRQ�
�����86�'HSDUWPHQW�RI�(QHUJ\��

*HRUJHVFX��0���(LVHQKRZHU�� %�� DQG�0H]LF�� ,�� ������
&UHDWLQJ� ]RQLQJ� DSSUR[LPDWLRQV� WR� EXLOGLQJ�
HQHUJ\� PRGHOV� XVLQJ� WKH� .RRSPDQ� RSHUDWRU��
,%36$�86$� 1DWLRQDO� &RQIHUHQFH� 3URFHHGLQJV��
����$XJXVW��0DGLVRQ��:LVFRQVLQ��

+LWFKFRFN�� 5�-�� DQG� :RQJ�� -�� ������ 7UDQVIRUPLQJ�
,)&� DUFKLWHFWXUDO� YLHZ� %,0V� IRU� HQHUJ\�
VLPXODWLRQ�� ������ 3URF�� ��WK� ,QWHUQDWLRQDO�
,%36$� &RQIHUHQFH�� ������ 1RYHPEHU�� 6\GQH\��
$XVWUDOLD�������������

+RZHOO�� -�5�� ������ 7KH� 0RQWH� &DUOR� PHWKRG� LQ�
UDGLDWLYH�KHDW�WUDQVIHU��-RXUQDO�RI�+HDW�7UDQVIHU��
������������������

+RSFURIW�� -�� DQG� 7DUMDQ�� 5�� ������ $OJRULWKP� �����
HIILFLHQW� DOJRULWKPV� IRU� JUDSK� PDQLSXODWLRQ��
&RPPXQLFDWLRQV�RI�WKH�$&0�������������������

/%1/�� ������ 6LPHUJ\�� 9HUVLRQ� ����� /DZUHQFH�
%HUNHOH\�1DWLRQDO�/DERUDWRU\��%HUNHO\��&$��

/%1/�� ������ (QHUJ\3OXV�� 9HUVLRQ� ����� /DZUHQFH�
%HUNHOH\�1DWLRQDO�/DERUDWRU\��%HUNHO\��&$��

15(/�� ������ 2SHQ6WXGLR�� 9HUVLRQ� �������� 1DWLRQDO�
5HQHZDEOH�(QHUJ\�/DERUDWRU\��*ROGHQ��&2��

1XVVHOW�� :�� ������ *UDSKLVFKH� EHVWLPPXQJ� GHV�
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=HLWVFKULIW� GHV� 9HUHLQHV� 'HXWVFKHU� ,QJHQLHXUH��
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3HOOHJULQL�� 0�� ������ 0RQWH� &DUOR� DSSUR[LPDWLRQ� RI�
IRUP� IDFWRUV� ZLWK� HUURU� ERXQGHG� D� SULRUL��
'LVFUHWH� 	� &RPSXWDWLRQDO� *HRPHWU\�� ��� �����
���������

3UDWW�� .�%��� -RQHV�� 1�/��� 6FKXPDQQ�� /��� %RVZRUWK��
'�(�� DQG� +HXPDQQ�� $�'�� ������ $XWRPDWHG�
WUDQVODWLRQ� RI� DUFKLWHFWXUDO� PRGHOV� IRU� HQHUJ\�
VLPXODWLRQ�������3URFHHGLQJV�RI� WKH�6\PSRVLXP�
RQ� 6LPXODWLRQ� IRU� $UFKLWHFWXUH� DQG� 8UEDQ�
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6FKU|GHU�� 3�� DQG� +DQUDKDQ�� 3�� ������ 2Q� WKH� IRUP�
IDFWRU� EHWZHHQ� WZR� SRO\JRQV�� &RQIHUHQFH� RQ�
&RPSXWHU� JUDSKLFV� DQG� ,QWHUDFWLYH� 7HFKQLTXHV��
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6PLWK�� /��� %HUQKDUGW�� .�� DQG� -H]\N�� 0�� ������
$XWRPDWHG�HQHUJ\�PRGHO�FUHDWLRQ�IRU�FRQFHSWXDO�
GHVLJQ�������3URFHHGLQJV� RI� WKH� 6\PSRVLXP� RQ�
6LPXODWLRQ� IRU� $UFKLWHFWXUH� DQG� 8UEDQ�'HVLJQ��
����$SULO��%RVRQ��0$���������

6RERO�� ,�0�� ������ 8QLIRUPO\� GLVWULEXWHG� VHTXHQFHV�
ZLWK� DQ� DGGLWLRQDO� XQLIRUP� SURSHUW\�� 8665�
&RPSXWDWLRQDO� 0DWKHPDWLFV� DQG� 0DWKHPDWLFDO�
3K\VLFV�������������������

7ULPEOH��������6NHWFK8S����6XQQ\YDOH��&$��
YDQ� 7UHHFN�� &�� ������ *HElXGHPRGHOO�EDVLHUWH�

6LPXODWLRQ� YRQ� 5DXPOXIWVWU|PXQJHQ�� 3K'�
WKHVLV�� /HKUVWXKO� I�U� %DXLQIRUPDWLN�� 7HFKQLVFKH�
8QLYHUVLWlW�0�QFKHQ��

YDQ� 7UHHFN�� &�� DQG� 5DQN�� (�� ������ $QDO\VLV� RI�
EXLOGLQJ� VWUXFWXUH� DQG� WRSRORJ\� EDVHG� RQ� JUDSK�
WKHRU\��SURF�� ,&&&%(��;WK� ,QW��&RQI��RQ�&RPS��
LQ�&LYLO�DQG�%XLOGLQJ�(QJ���:HLPDU��*HUPDQ\��

9DWWL�� %�5�� ������ $� JHQHULF� VROXWLRQ� WR� SRO\JRQ�
FOLSSLQJ��&RPPXQLFDWLRQV� RI� WKH� $&0�� ��� �����
�������

:LONLQV�� &�� DQG� .LYLQLHPL�� $�� ������ (QJLQHHULQJ�
FHQWULF�%,0��$6+5$(�-RXUQDO������������������ �
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