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�`�2�M�/�2�`�B�M�; �B�b ���M �B�H�H�@�T�Q�b�2�/ �T�`�Q�#�H�2�K �#�2�+���m�b�2 �i�?�2 �T�?�Q�i�Q �+���T�i�m�`�B�M�; �T�`�Q�+�2�b�b �B�b �B�M�?�2�`�2�M�i�H�v �/�2�b�i�`�m�+�i�B�p�2�, �Q�#�D�2�+�i�b
�B�M �i�?�2 �7�Q�`�2�;�`�Q�m�M�/ �Q�#�b�i�`�m�+�i �i�?�2 �#���+�F�;�`�Q�m�M�/ ���M�/ �H�B�i�2�`���H�H�v �?�B�/�2 �B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�i �i�?�2 �b�+�2�M�2 �7�`�Q�K �i�?�2 �+���K�2�`��
���M�/�- �#�v �2�t�i�2�M�b�B�Q�M�- �i�?�2 �B�M�p�2�`�b�2 �`�2�M�/�2�`�2�`�X

�h�Q �Q�p�2�`�+�Q�K�2 �i�?�2 �B�M�7�Q�`�K���i�B�Q�M �H�Q�b�b ���b�b�Q�+�B���i�2�/ �r�B�i�? �T�?�Q�i�Q�;�`���T�?�v�- �b�m�+�+�2�b�b�7�m�H ���T�T�`�Q���+�?�2�b �i�Q �b�+�2�M�2 �`�2�+�Q�M�@
�b�i�`�m�+�i�B�Q�M �m�i�B�H�B�x�2 �/�Q�x�2�M�b �Q�` �?�m�M�/�`�2�/�b �Q�7 �;�`�Q�m�M�/ �i�`�m�i�? �B�K���;�2�b �Q�7 �i�?�2 �i���`�;�2�i �b�+�2�M�2�- �2���+�? ���b�b�Q�+�B���i�2�/ �r�B�i�?
�� �+���K�2�`�� �T�Q�b�2�X �h�?�2�b�2 �;�`�Q�m�M�/ �i�`�m�i�? �B�K���;�2�b ���`�2 �m�b�2�/ �i�Q �B�i�2�`���i�B�p�2�H�v �m�T�/���i�2 �� �p�2�+�i�Q�` �Q�7�b�+�2�M�2 �T��� �̀��K�2�@
�i�2�`�b�- � �- �r�?�B�+�? �/�2�}�M�2 �i�?�2 �b�+�2�M�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M�X �h�?�B�b �Q�T�i�B�K�B�x���i�B�Q�M �T�`�Q�+�2�b�b �B�b �i�v�T�B�+���H�H�v �T�2�`�7�Q�`�K�2�/ �r�B�i�?
�b�i�Q�+�?���b�i�B�+ �;�`���/�B�2�M�i �/�2�b�+�2�M�i�- �r�?�B�+�? �`�2�[�m�B�`�2�b �+�Q�K�T�m�i�B�M�; �i�?�2 �;�`���/�B�2�M�i �Q�7 �� �H�Q�b�b �7�m�M�+�i�B�Q�M �r�B�i�? �`�2�b�T�2�+�i �i�Q
� �X �*�Q�M�b�2�[�m�2�M�i�H�v�- �2���+�? �Q�T�i�B�K�B�x���i�B�Q�M �B�i�2�`���i�B�Q�M �Q�7 �i�?�2 �;�`���/�B�2�M�i �/�2�b�+�2�M�i �`�2�[�m�B�`�2�b �� �`�2�M�/�2�`�2�` �r�?�Q�b�2 �Q�m�i�T�m�i
�T�B�t�2�H�b ���`�2 �/�B�z�2�`�2�M�i�B���#�H�2 �r�B�i�? �`�2�b�T�2�+�i �i�Q �B�i�b �B�M�T�m�i �T���`���K�2�i�2�`�b�X �h�?�2 �/�2�b�B�;�M �Q�7 �i�?�B�b�/�B�z�2� �̀2�M�i�B���#�H�2 � �̀2�M�/�2� �̀2�`
�;�`�2���i�H�v �B�M�~�m�2�M�+�2�b �i�?�2 �b�T�2�2�/�- �B�K���;�2 �[�m���H�B�i�v�- ���M�/ �Q�p�2�`���H�H �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2 �B�M�p�2�`�b�2 �`�2�M�/�2�`�B�M�; �T�B�T�2�H�B�M�2�(�R�j�)�X
���i �2���+�? �B�i�2�`���i�B�Q�M�- �i�?�2 �/�B�z�2�`�2�M�i�B���#�H�2 �`�2�M�/�2�`�2�`�ö�b �Q�m�i�T�m�i �B�b �+�Q�K�T���`�2�/ �i�Q �i�?�2 �;�`�Q�m�M�/ �i�`�m�i�? �B�K���;�2 �7�Q�` �i�?�2
�+�Q�`�`�2�b�T�Q�M�/�B�M�; �+���K�2�`�� �T�Q�b�2�X �h�?�B�b �+�Q�K�T���`�B�b�Q�M �B�b �T�2�`�7�Q�`�K�2�/ �m�b�B�M�; �� �H�Q�b�b �7�m�M�+�i�B�Q�M �r�?�Q�b�2 �;�`���/�B�2�M�i �B�b �T�`�Q�T�@
���;���i�2�/ �#���+�F�r���`�/ �i�?�`�Q�m�;�? �i�?�2 �`�2�M�/�2�`�2�` �i�Q �m�T�/���i�2� �X ���b �i�`���B�M�B�M�; �U�Q�` �Q�T�i�B�K�B�x���i�B�Q�M�V �T�`�Q�;�`�2�b�b�2�b�- �i�?�2 �H�Q�b�b
�+�Q�M�p�2�`�;�2�b�- ���M�/ �i�?�2 �b�+�2�M�2 �`�2�T�`�2�b�2�M�i�2�/ �#�v� �#�2�;�B�M�b �i�Q �K���i�+�? �2�p�2�`�v �;�`�Q�m�M�/ �i�`�m�i�? �B�K���;�2 �r�?�2�M �`�2�M�/�2�`�2�/ �7�`�Q�K
�B�i�b ���b�b�Q�+�B���i�2�/ �+���K�2�`�� �T�Q�b�2�X �h�?�2 �?�Q�T�2 �B�b �i�?���i �i�?�B�b �i�`���B�M�B�M�; �;�2�M�2�`���H�B�x�2�b �r�2�H�H �2�M�Q�m�;�? �i�Q �b�m�T�T�Q�`�i�M�Q�p�2�H �p�B�2�r
�b�v�M�i�?�2�b�B�b�- �r�?�2�`�2 �i�?�2 �`�2�M�/�2�`�2�` �+���M �/�2�T�B�+�i �i�?�2 �b�+�2�M�2 �7�`�Q�K �+���K�2�`�� �T�Q�b�2�b �i�?���i ���`�2 �M�Q�i �T�`�2�b�2�M�i �B�M �i�?�2 �;�`�Q�m�M�/
�i�`�m�i�? �/���i���b�2�i�X �6�Q�` �� �p�B�b�m���H �/�2�T�B�+�i�B�Q�M �Q�7 �i�?�B�b �T�`�Q�+�2�b�b�- �b�2�2 �}�;�m�`�2 �k�X�R�X
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�G�Q�b�b
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�G�Q�b�b �+���H�+�m�H���i�B�Q�M �+�Q�M�i�`�Q�H �~�Q�r�:�`���/�B�2�M�i �m�T�/���i�2 �~�Q�r

�6�B�;�m�`�2 �k�X�R�,�A�M�p�2�`�b�2 �`�2�M�/�2�`�B�M�; �+�Q�M�i�`�Q�H �~�Q�r�X���7�i�2�` �i�?�2 �b�+�2�M�2 �T���`���K�2�i�2�`�b ���`�2 �B�M�B�i�B���H�B�x�2�/�- �i�?�2�v ���`�2
�T���b�b�2�/ �i�Q �i�?�2 �`�2�M�/�2�`�2�` ���H�Q�M�; �r�B�i�? �� �+���K�2�`���X �h�?�2 �`�2�M�/�2�`�2�` �`�2�i�m�`�M�b �� �T�`�Q�D�2�+�i�B�Q�M �r�?�B�+�? �B�b �7�2�/ �B�M�i�Q ��
�H�Q�b�b �7�m�M�+�i�B�Q�M ���H�Q�M�; �r�B�i�? �i�?�2 �;�`�Q�m�M�/ �i�`�m�i�? �B�K���;�2 ���b�b�Q�+�B���i�2�/ �r�B�i�? �i�?�2 �+���K�2�`�� �m�b�2�/�X �h�?�2 �/�2�`�B�p���i�B�p�2
�Q�7 �i�?�2 �H�Q�b�b �7�m�M�+�i�B�Q�M �B�b �i�?�2�M �T�`�Q�T���;���i�2�/ �#���+�F�r���`�/�- �i�?�2 �b�+�2�M�2 �T���`���K�2�i�2�`�b ���`�2 �m�T�/���i�2�/ ���+�+�Q�`�/�B�M�; �i�Q
�b�Q�K�2 �Q�T�i�B�K�B�x�2�` �U�M�Q�i �b�?�Q�r�M�- �#�m�i �H�B�F�2�H�v ���/���K�(�R�8�)�V�- ���M�/ �i�?�2 �T�`�Q�+�2�b�b �`�2�T�2���i�b �B�M �i�?�2 �M�2�t�i �B�i�2�`���i�B�Q�M�X

�k�X�k �P�T�i�B�+�b

�h�?�2 �T�Q�r�2�` �i�`���M�b�K�B�i�i�2�/ �#�v �H�B�;�?�i �b�Q�m�`�+�2�b�- �Q�7�i�2�M �`�2�7�2�`�`�2�/ �i�Q ���b�~�m�t�- �B�b �K�2���b�m�`�2�/ �#�v �T�?�v�b�B�+�B�b�i�b �B�M �M�m�K�2�`�Q�m�b
�r���v�b�X �6�Q�` �i�?�2 �T�m�`�T�Q�b�2�b �Q�7 �+�Q�K�T�m�i�2�` �;�`���T�?�B�+�b�-� �̀��/�B���M�+�2�B�b �� �T���`�i�B�+�m�H���`�H�v �m�b�2�7�m�H �K�2�i�`�B�+ �/�m�2 �i�Q �B�i�b �m�M�B�[�m�2
�T�`�Q�T�2�`�i�v �Q�7 �`�2�K���B�M�B�M�; �+�Q�M�b�i���M�i ���H�Q�M�; �B�M�/�B�p�B�/�m���H �`���v�b �Q�7 �H�B�;�?�i �i�`���p�2�H�B�M�; �i�?�`�Q�m�;�? �2�K�T�i�v �b�T���+�2�R�X

�h�?�2 �b�i�m�/�v �Q�7 �H�B�;�?�i �B�M �� �p���+�m�m�K �B�b �Q�M�H�v �K���`�;�B�M���H�H�v �B�M�i�2�`�2�b�i�B�M�;�- �?�Q�r�2�p�2�`�- ���M�/ �K�Q�b�i�H�v �b�2�`�p�2�b ���b �� �b�i�2�T�T�B�M�;
�b�i�Q�M�2 �i�Q �m�M�/�2�`�b�i���M�/�B�M�; �B�i�b �#�2�?���p�B�Q�` �B�M �K�Q�`�2 �+�Q�K�K�Q�M�H�v ���T�T�2���`�B�M�; �K�2�/�B���X �A�M �T���`�i�B�+�m�H���`�- �r�2 ���`�2 �+�Q�M�+�2�`�M�2�/
�r�B�i�? �?�Q�r �i�?�2 �`���/�B���M�+�2 ���i �� �;�B�p�2�M �r���p�2�H�2�M�;�i�?�-� �- �B�b ���z�2�+�i�2�/ ���H�Q�M�; �� �`���v ���b �B�i �i�`���p�2�`�b�2�b ���T���`�i�B�+�H�2 �}�2�H�/�b�m�+�?
���b �� �+�H�Q�m�/ �Q�7 �r���i�2�` �p���T�Q�`�- �� �/�m�b�i �b�i�Q�`�K�- �Q�` �2�p�2�M �� �/�2�M�b�2 �K�2�/�B�m�K �H�B�F�2 �� �#�`�B�+�F �r���H�H�X �P�m�` �2�M�/ �;�Q���H �r�B�H�H �#�2
�i�Q �+���H�+�m�H���i�2 �i�?�2 �}�M���H �`���/�B���M�+�2 �Q�7 �i�?�2 �`���v ���7�i�2�` �B�i �+�Q�K�T�H�2�i�2�b �B�i�b �T���b�b���;�2 �i�?�`�Q�m�;�? �� �K�2�/�B�m�K�X

�q�?�2�M �H�B�;�?�i �T�`�Q�T���;���i�2�b �i�?�`�Q�m�;�? �� �T���`�i�B�+�H�2 �}�2�H�/�- �B�i�b �`���/�B���M�+�2 ���H�Q�M�; ���M�v �`���v �B�b �;�Q�p�2�`�M�2�/ �#�v �i�r�Q �+�Q�K�@
�T�2�i�B�M�; �T�`�Q�+�2�b�b�2�b�,�2�K�B�b�b�B�Q�M�- �B�M �r�?�B�+�? �T���`�i�B�+�H�2�b �+�Q�M�i�`�B�#�m�i�2 �`���/�B���M�+�2�- ���M�/���#�b�Q�`�T�i�B�Q�M�- �B�M �r�?�B�+�? �T���`�i�B�+�H�2�b
���i�i�2�M�m���i�2 �B�i�(�k�9�- �R�3�)�X ���b �i�?�2 �`���v �i�`���p�2�`�b�2�b �i�?�2 �K�2�/�B�m�K�- �2���+�? �B�M�}�M�B�i�2�b�B�K���H �b�2�;�K�2�M�i ���H�Q�M�; �i�?�2 �`���v �K���v ���/�/
�`���/�B���M�+�2 �i�?�`�Q�m�;�? �2�K�B�b�b�B�Q�M ���M�/ ���i�i�2�M�m���i�2 �B�i �i�?�`�Q�m�;�? ���#�b�Q�`�T�i�B�Q�M�k�X �h�?�B�b �B�M�i�m�B�i�B�Q�M �H�2���/�b �m�b �/�B�`�2�+�i�H�v �i�Q �i�?�2
�2�K�B�b�b�B�Q�M�@���#�b�Q�`�T�i�B�Q�M �/�B�z�2�`�2�M�i�B���H �2�[�m���i�B�Q�M�(�R�3�)

dC� (q)
dq

= g(q) � � (q)C� (q) �U�k�X�R�V

�r�?�2�`�2C� (q) �B�b �i�?�2 �`���/�B���M�+�2 ���i �r���p�2�H�2�M�;�i�?� ���H�Q�M�; �i�?�2 �`���v�-q �`�2�T�`�2�b�2�M�i�b �/�B�b�i���M�+�2 �B�M �i�?�2 �/�B�`�2�+�i�B�Q�M �Q�7
�H�B�;�?�i �T�`�Q�T���;���i�B�Q�M�- �i�?�2�b�Q�m� �̀+�2 �i�2�`�Kg(q) �B�b �i�?�2 �`���/�B���M�+�2 �2�K�B�i�i�2�/ �#�v �T���`�i�B�+�H�2�b �T�2�` �m�M�B�i �Q�7 �`���v �H�2�M�;�i�?�- �i�?�2
�2�t�i�B�M�+�i�B�Q�M �7�m�M�+�i�B�Q�M� (q) �B�b �i�?�2 �7�`���+�i�B�Q�M �Q�7 �H�B�;�?�i ���i�i�2�M�m���i�2�/ �#�v �T���`�i�B�+�H�2�b �T�2�` �m�M�B�i �Q�7 �`���v �H�2�M�;�i�?�- ���M�/dC � (q)

dq
�B�b �i�?�2 �B�M�b�i���M�i���M�2�Q�m�b �`���i�2 �Q�7 �+�?���M�;�2 �Q�7C� (q) �r�B�i�? �`�2�b�T�2�+�i �i�Qq�(�R�3�)�X �q�2 �`�2�+�Q�;�M�B�x�2 �i�?���i �i�?�2 �i�Q�i���H �+�?���M�;�2 �B�M
�`���/�B���M�+�2 ���i �/�B�b�i���M�+�2q ���H�Q�M�; �i�?�2 �`���v �B�b �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2�b�Q�m� �̀+�2�i�2�`�Kg(q) �+�Q�M�i�`�Q�H�H�B�M�; �2�K�B�b�b�B�Q�M
���M�/ �i�?�2���i�i�2�M�m���i�B�Q�M�i�2�`�K� (q)C� (q) �+�Q�M�i�`�Q�H�H�B�M�; ���#�b�Q�`�T�i�B�Q�M�X

�q�B�i�? �i�?�B�b �T�?�v�b�B�+���H �B�M�i�2�`�T�`�2�i���i�B�Q�M�-q = 0 �B�b �i�?�2 �7���` �2�M�/ �Q�7 �i�?�2 �`���v ���i �/�B�b�i���M�+�2D �7�`�Q�K �i�?�2 �Q�#�b�2�`�p�2�`�- ���M�/
q = D �B�b �i�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �i�?�2 �Q�#�b�2�`�p�2�` �Q�M �i�?�2 �`���v�X �l�M�7�Q�`�i�m�M���i�2�H�v�- �i�?�B�b �`���v �K�2�i�`�B�+ �B�b �Q�7 �H�B�K�B�i�2�/ �p���H�m�2 �B�M �i�?�2
�b�m�#�b�2�[�m�2�M�i �b�2�+�i�B�Q�M�b �Q�7 �i�?�B�b �T���T�2�`�- ���M�/ �r�2 �r�Q�m�H�/ �T�`�2�7�2�` �i�Q �m�b�2 �� �K�2���b�m�`�B�M�; �b�v�b�i�2�K �T���`���K�2�i�2�`�B�x�2�/ �#�v ��
�/�B�z�2�`�2�M�i �p���`�B���#�H�2�-s�- �r�?�2�`�2s = 0 �B�b �i�?�2 �Q�#�b�2�`�p�2�` ���M�/s = D �B�b �i�?�2 �7���` �2�M�/ �Q�7 �i�?�2 �`���v�X �"�v �`�2�T���`���K�2�i�2�`�B�x�B�M�;

�R�h�Q �#�2 �2�t���+�i�- �`���/�B���M�+�2 �B�b �i�?�2 �~�m�t �i�`���M�b�K�B�i�i�2�/ �T�2�` �m�M�B�i �T�`�Q�D�2�+�i�2�/ ���`�2�� �T�2�` �m�M�B�i �b�Q�H�B�/ ���M�;�H�2�X �A�i �?���b �m�M�B�i�b�/ m2sr �- �Q�`
�r���i�i�b �T�2�` �b�[�m���`�2 �K�2�i�2�` �T�2�` �b�i�2�`���/�B���M�X �*�m�`�B�Q�m�b �`�2���/�2�`�b ���M�/ ���b�T�B�`�B�M�; �T�?�v�b�B�+�B�b�i�b ���`�2 �`�2�7�2�`�`�2�/ �i�Q �+�?���T�i�2�` �7�Q�m�` �Q�7 �i�?�2 �7�`�2�2 �Q�M�H�B�M�2
�Q�T�i�B�+�b �i�2�t�i�#�Q�Q�F�-�S�?�v�b�B�+���H�H�v �"���b�2�/ �_�2�M�/�2�`�B�M�;�, �6� �̀Q�K �h�?�2�Q�`�v �h�Q �A�K�T�H�2�K�2�M�i���i�B�Q�M�- �#�v �S�?���`�`�- �C���F�Q�#�- ���M�/ �>�m�K�T�?�`�2�v�b�(�k�k�)�X

�k�A�M �`�2���H�B�i�v�- ���M�Q�i�?�2�` �T�?�2�M�Q�K�2�M�Q�M �+���H�H�2�/�b�+���i�i�2�`�B�M�;�2�t�B�b�i�b�- �r�?�2�`�2 �H�B�;�?�i �`�2�~�2�+�i�b �#�2�i�r�2�2�M �T���`�i�B�+�H�2�b�- �b�Q�K�2�i�B�K�2�b ���/�/�B�M�; �`���/�B���M�+�2
�i�Q �Q�m�` �`���v ���M�/ �b�Q�K�2�i�B�K�2�b ���i�i�2�M�m���i�B�M�; �B�i�X �6�Q�` �i�?�2 �b���F�2 �Q�7 �#�`�2�p�B�i�v�- �r�2 �#�m�M�/�H�2 �i�?�2 �H�B�;�?�i ���/�/�2�/ �i�?�`�Q�m�;�?�B�M�@�b�+���i�i�2�`�B�M�;�B�M�i�Q �Q�m�`
�+�Q�M�+�2�T�i �Q�7 �2�K�B�b�b�B�Q�M�- ���M�/ �H�B�F�2�r�B�b�2�- �B�M�+�H�m�/�2�Q�m�i�@�b�+���i�i�2�`�B�M�;�B�M �Q�m�` �+�Q�M�+�2�T�i �Q�7 ���i�i�2�M�m���i�B�Q�M�X �h�?�B�b �b�B�K�T�H�B�}�2�b �Q�m�` �7�Q�`�K�m�H���i�B�Q�M�X

�e



�2�p�2�`�v �2�[�m���i�B�Q�M �B�M �i�2�`�K�b �Q�7s�- �r�2 �+���M �2�t�T�`�2�b�b �`���/�B���M�+�2 ���+�+�m�K�m�H���i�B�Q�M �M���i�m�`���H�H�v ���b �� �7�m�M�+�i�B�Q�M �Q�7 �/�B�b�i���M�+�2
�7�`�Q�K �i�?�2 �Q�#�b�2�`�p�2�`�X �q�2 �m�b�2 �i�?�2 �B�/�2�M�i�B�i�B�2�bq = D � s�- ���M�/dq

ds = � 1 �i�Q �`�2�r�`�B�i�2 �2�[�m���i�B�Q�M �k�X�R �B�M �i�2�`�K�b �Q�7s�,

dC� (s)
ds

=
dC� (q)

dq
dq
ds

= �
dC� (q)

dq
= � (q)C� (q) � g(q)

= � (D � s)C� (D � s) � g(D � s):

�h�Q �b�B�K�T�H�B�7�v �M�Q�i���i�B�Q�M�- �r�2 �`�2�m�b�2 �i�?�2 �p���`�B���#�H�2�bC� (s)�-g(s)�- ���M�/� (s) �i�Q �/�2�M�Q�i�2 �i�?�2�B�` �+�Q�`�`�2�b�T�Q�M�/�B�M�; �p���H�m�2�b
�m�M�/�2�` �i�?�2 �M�2�r �/�B�b�i���M�+�2 �T���`���K�2�i�2�`�B�x���i�B�Q�M�X �L�Q�r �r�2 �?���p�2

dC� (s)
ds

= � (s)C� (s) � g(s): �U�k�X�k�V

�1�[�m���i�B�Q�M �k�X�k �B�b �b�Q�H�p���#�H�2�5 �l�b�B�M�; �i�?�2 �b�Q�H�m�i�B�Q�M �T�`�Q�p�2�/ �B�M �b�2�+�i�B�Q�M �9�X�R�- �r�2 �?���p�2

C� =
Z D

0
c� (s)� (s)e�

Rs
0 � ( t )dt ds: �U�k�X�j�V

�r�?�2�`�2 �i�?�2 �b�Q�m�`�+�2 �i�2�`�K �B�b �`�2�r�`�B�i�i�2�M ���bg(s) = c� (s)� (s) �r�B�i�? �i�?�2�2�K�B�b�b�B�Q�M �+�Q�2�{�+�B�2�M�ic� �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q
�i�?�2 �`���/�B���M�+�2 ���i �r���p�2�H�2�M�;�i�?� �+�Q�M�i�`�B�#�m�i�2�/ �T�2�` �m�M�B�i �Q�7 �2�t�i�B�M�+�i�B�Q�M ���i �/�B�b�i���M�+�2s�X

�h�?�2�i� �̀��M�b�K�B�i�i���M�+�2�i�2�`�Ke�
Rs

0 � ( t )dt �`�2�T�`�2�b�2�M�i�b �i�?�2 ���i�i�2�M�m���i�B�Q�M �B�M�+�m�`�`�2�/ �#�v �i�?�2 �`���/�B���M�+�2 �+�Q�M�i�`�B�#�m�i�2�/
���i �/�B�b�i���M�+�2s ���b �B�i �i�`���p�2�H�b ���H�Q�M�; �i�?�2 �`���v �i�Q�r���`�/�b �i�?�2 �Q�#�b�2�`�p�2�`�X �A�M �Q�i�?�2�` �r�Q�`�/�b�-g(s) ���/�/�b �b�Q�K�2 �H�B�;�?�i �i�Q
�i�?�2 �p�B�2�r�B�M�; �`���v ���i �/�B�b�i���M�+�2s�- ���M�/ �i�?�2 �7�`���+�i�B�Q�M �i�?���i �+�Q�K�T�H�2�i�2�b �B�i�b �i�`���p�2�`�b���H �Q�7 �i�?�2 �`���v �B�b �2�t�T�`�2�b�b�2�/ �#�v �i�?�2
�i�`���M�b�K�B�i�i���M�+�2 �i�2�`�K�X �"�v �b�m�K�K�B�M�; �Q�p�2�` �i�?�2 �2�M�i�B�`�2 �H�2�M�;�i�? �Q�7 �i�?�2 �`���v �r�B�i�? �i�?�2 �Q�m�i�2�` �B�M�i�2�;�`���H�- �r�2 �2�z�2�+�i�B�p�2�H�v
���+�+�Q�m�M�i �7�Q�` �i�?�2 �i�Q�i���H �`���/�B���M�+�2 �+�Q�M�i�`�B�#�m�i�2�/ �#�v �2���+�? �b�2�;�K�2�M�i �Q�7 �i�?�2 �`���v ���M�/ �i�?�2 ���i�i�2�M�m���i�B�Q�M �B�M�+�m�`�`�2�/ �#�v
�i�?�2 �`���/�B���M�+�2 ���i �2���+�? �b�2�;�K�2�M�i�X

�"�2�+���m�b�2 �i�?�2 �#�Q�m�M�/�b �Q�7 �i�?�2 �Q�m�i�2�` �B�M�i�2�;�`���H �`�2�T�`�2�b�2�M�i �i�?�2 �/�B�b�i���M�+�2 �7�`�Q�K �i�?�2 �Q�#�b�2�`�p�2�`�- �2�[�m���i�B�Q�M �k�X�j
�B�M�i�2�;�`���i�2�b �b�i���`�i�B�M�; �7�`�Q�K �i�?�2 �Q�#�b�2�`�p�2�`�- �K�Q�p�B�M�; �Q�m�i�r���`�/ �i�Q �i�?�2 ���`�#�B�i�`���`�v �/�B�b�i���M�+�2 �+�m�i�Q�zD �X �>�2�M�+�2�- �i�?�2
�/�B�`�2�+�i�B�Q�M �Q�7 �B�M�i�2�;�`���i�B�Q�M �B�b �2�t���+�i�H�v �Q�T�T�Q�b�B�i�2 �i�Q �i�?�2 �/�B�`�2�+�i�B�Q�M �Q�7 �i�?�2 �H�B�;�?�i �r�?�Q�b�2 �`���/�B���M�+�2 �r�2 ���`�2 �+���H�+�m�H���i�B�M�;�X

�A�M �T�`���+�i�B�+�2�- �i�?�2 �7�m�M�+�i�B�Q�M�b� ���M�/c� ���`�2 �Q�7�i�2�M �M�Q�i �/�2�}�M�2�/ �#�v �� �+�H�Q�b�2�/�@�7�Q�`�K �2�t�T�`�2�b�b�B�Q�M�- �T�`�2�p�2�M�i�B�M�; �m�b
�7�`�Q�K �+�Q�K�T�m�i�B�M�; ���M ���M�i�B�@�/�2�`�B�p���i�B�p�2 �7�Q�` �2�[�m���i�B�Q�M �k�X�j�X �A�M�b�i�2���/�- �i�?�2 �B�M�i�2�;�`���H�b ���`�2 �+�Q�K�T�m�i�2�/ �M�m�K�2�`�B�+���H�H�v�X
�h�?�2 �;�2�M�2�`���H �B�/�2�� �B�b �i�Q �b�T�H�B�i �i�?�2 �Q�m�i�2�` �B�M�i�2�;�`���H �B�M�i�Qn �b�K���H�H�2�` �B�M�i�2�;�`���H�b�(�k�d�) �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �b�2�[�m�2�M�i�B���H�-
�M�Q�M�Q�p�2�`�H���T�T�B�M�; �`���v �b�2�;�K�2�M�i�b�X �l�b�B�M�; �i�?�B�b �i�2�+�?�M�B�[�m�2�- �r�2 �+���M ���T�T�`�Q�t�B�K���i�2 �2�[�m���i�B�Q�M �k�X�j �r�B�i�?

C� �
nX

i =1

c� (si )
�

1 � e� � (si ) � i

�
T(i ) �U�k�X�9�V

�r�?�2�`�2

T(i ) =
i � 1Y

j =1

e� � (sj ) � j

�`�2�T�`�2�b�2�M�i�b �i�?�2 ���+�+�m�K�m�H���i�2�/ �i�`���M�b�K�B�i�i���M�+�2 ���i �i�?�2 �#�2�;�B�M�M�B�M�; �Q�7 �i�?�2i �i�? �b�2�;�K�2�M�i�X �A�M �2�[�m���i�B�Q�M �k�X�9�-si

�`�2�T�`�2�b�2�M�i�b �i�?�2 �T�Q�b�B�i�B�Q�M �Q�M �i�?�2 �`���v �Q�7 �i�?�2 �b�i���`�i �Q�7 �i�?�2i �i�? �b�2�;�K�2�M�i�- ���M�/� i = si +1 � si �B�b �i�?�2 �H�2�M�;�i�? �Q�7 �i�?�2
i �i�? �b�2�;�K�2�M�i�X �h�?�2 �T�`�Q�Q�7 �Q�7 �2�[�m���i�B�Q�M �k�X�9 �B�b �T�`�Q�p�B�/�2�/ �B�M �b�2�+�i�B�Q�M �9�X�k �Q�7 �i�?�2 ���T�T�2�M�/�B�t�X

�k�X�j �o�Q�H�m�K�2 �_�2�M�/�2�`�B�M�;

�l�b�B�M�; �Q�m�` �}�M�/�B�M�;�b �7�`�Q�K �b�2�+�i�B�Q�M �k�X�k�- �r�2 �r�B�H�H �/�2�p�B�b�2 ���M �Q�m�i�H�B�M�2 �7�Q�` �� �`�2�M�/�2�`�2�` �i�?���i ���H�B�;�M�b �r�B�i�? �2�[�m���i�B�Q�M
�k�X�j�X �q�2 �r�B�H�H ���H�b�Q �b�?�Q�r �i�?���i �b�m�+�? �� �`�2�M�/�2�`�2�` �B�b �B�M�?�2�`�2�M�i�H�v �/�B�z�2�`�2�M�i�B���#�H�2 �#�2�7�Q�`�2 �/�B�b�+�m�b�b�B�M�; �B�K�T�H�2�K�2�M�i���i�B�Q�M
�b�i�`���i�2�;�B�2�b �B�M �b�2�+�i�B�Q�M �k�X�9�X

�A�M �p�Q�H�m�K�2 �`�2�M�/�2�`�B�M�;�- �� �T�H���M�2 �r�B�i�? �B�i�b �Q�r�M �+�Q�Q�`�/�B�M���i�2 �b�v�b�i�2�K �F�M�Q�r�M ���b �i�?�2�T� �̀Q�D�2�+�i�B�Q�M �T�H���M�2�B�b �T�H���+�2�/
�B�M�i�Q �i�?�2 �b�+�2�M�2 �i�Q ���+�i ���b ���M ���M���H�Q�; �Q�7 �i�?�2 �`�2���H �+�Q�K�T�m�i�2�` �b�+�`�2�2�M �Q�M �r�?�B�+�? �i�?�2 �`�2�M�/�2�`�2�/ �B�K���;�2 �r�B�H�H �#�2
�/�B�b�T�H���v�2�/�X �a�B�K�B�H���`�H�v�- �� �T�Q�B�M�i �F�M�Q�r�M ���b �i�?�2�+�2�M�i�2�` �Q�7 �T� �̀Q�D�2�+�i�B�Q�M�B�b �T�H���+�2�/ �#�2�?�B�M�/ �i�?�2 �T�`�Q�D�2�+�i�B�Q�M �T�H���M�2
�i�Q �`�2�T�`�2�b�2�M�i �i�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �� �?�m�K���M �2�v�2 �Q�#�b�2�`�p�B�M�; �i�?�2 �b�+�2�M�2�X �h�?�2 �T�2�`�T�2�M�/�B�+�m�H���` �/�B�b�i���M�+�2 �U�Q�` �i�?�2
�b�?�Q�`�i�2�b�i �/�B�b�i���M�+�2�V �#�2�i�r�2�2�M �i�?�2 �T�`�Q�D�2�+�i�B�Q�M �T�H���M�2 ���M�/ �i�?�2 �+�2�M�i�2�` �Q�7 �T�`�Q�D�2�+�i�B�Q�M �B�b �F�M�Q�r�M ���b �i�?�2�7�Q�+���H �H�2�M�;�i�?�j �X

�j �a�?�Q�`�i �7�Q�+���H �H�2�M�;�i�?�b �`�2�b�m�H�i �B�M �� �H���`�;�2 �}�2�H�/ �Q�7 �p�B�2�r�- �/�B�b�i�Q�`�i�B�M�; �i�?�2 �b�+�2�M�2 �r�B�i�? �� �r�B�/�2�@���M�;�H�2 �H�2�M�b �2�z�2�+�i�- �r�?�2�`�2���b �H���`�;�2 �7�Q�+���H
�H�2�M�;�i�?�b �M���`�`�Q�r �i�?�2 �}�2�H�/ �Q�7 �p�B�2�r ���M�/ �T�`�Q�/�m�+�2 �� �K���;�M�B�7�v�B�M�; �2�z�2�+�i�X
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�+�2�M�i�2�` �Q�7 �T�`�Q�D�2�+�i�B�Q�M

�T�`�Q�D�2�+�i�B�Q�M �T�H���M�2

�T���`�i�B�+�H�2 �}�2�H�/
x3

(�T; x3)T

�p�B�2�r�B�M�; �`���v

�6�B�;�m�`�2 �k�X�k�,�o�Q�H�m�K�2 �`�2�M�/�2�`�B�M�;�X �� �`�2�/�/�B�b�?�@�T�B�M�F �T���`�i�B�+�H�2 �}�2�H�/ �B�b �T�`�Q�D�2�+�i�2�/ �i�Q �� �b�B�M�;�H�2 �T�B�t�2�H�T�Q�M �i�?�2
�T�`�Q�D�2�+�i�B�Q�M �T�H���M�2�X �h�?�2 �H�B�;�?�i �b�Q�m�`�+�2 �B�b �Q�z �b�+�`�2�2�M ���b �B�M�/�B�+���i�2�/ �#�v �i�?�2 �r���p�v ���`�`�Q�r�b�X ���H�H �+�Q�Q�`�/�B�M���i�2�b
���M�/ ���t�B�b �H���#�2�H�b ���`�2 �;�B�p�2�M �B�M �`���v �b�T���+�2�- �#�m�i �i�?�2 �/�B���;�`���K �B�b �b�?�Q�r�M �B�M �+���K�2�`�� �b�T���+�2 �7�Q�` �+�H���`�B�i�v�X
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�b�B�x�2�/�- �`�2�b�Q�H�m�i�B�Q�M �B�b �/�B�b�i�`�B�#�m�i�2�/ �m�M�B�7�Q�`�K�H�v ���+�`�Q�b�b �i�?�2 �b�+�2�M�2 �`�2�;���`�/�H�2�b�b �Q�7 �H�Q�+���H �/�2�i���B�H�X ���M �B�/�2���H ���T�T�`�Q���+�?
�r�Q�m�H�/ �b�+���H�2 �i�Q �`�2�T�`�2�b�2�M�i �}�M�2 �Q�` �+�Q���`�b�2 �i�2�t�i�m�`���H �/�2�i���B�H �r�B�i�?�B�M �b�+�2�M�2�b�- �#�m�i �p�Q�t�2�H�b �/�Q �M�Q�i �Q�z�2�` �� �+�H�2���`
�K�2�+�?���M�B�b�K �7�Q�` �i�?�B�b �#�2�?���p�B�Q�`�(�k�y�)�X

�8�"�Q�i�? �+�Q���`�b�2 ���M�/ �}�M�2 �M�2�i�r�Q�`�F�b �m�b�2 �i�?�2 �b���K�2 ���`�+�?�B�i�2�+�i�m�`�2 �r�B�i�? �N �7�m�H�H�v �+�Q�M�M�2�+�i�2�/ �?�B�/�/�2�M �H���v�2�`�b�- �2���+�? �r�B�i�? �k�8�e �+�?���M�M�2�H�b�-
���M�/ �� �}�M���H �R�y�i�? �7�m�H�H�v �+�Q�M�M�2�+�i�2�/ �H���v�2�` �r�B�i�? �R�k�3 �+�?���M�M�2�H�b�X

�R�R



�k�X�9�X�9 �S�Q�B�M�i �*�H�Q�m�/

�q�B�i�? �T�Q�B�M�i �+�H�Q�m�/ �`�2�T�`�2�b�2�M�i���i�B�Q�M�b�- �i�?�2 �b�+�2�M�2 �B�b �`�2�T�`�2�b�2�M�i�2�/ ���b �� �b�2�i �Q�7 �j�. �T�Q�B�M�i �+�Q�Q�`�/�B�M���i�2�b �B�M �r�Q�`�H�/
�b�T���+�2�X �h�v�T�B�+���H�H�v�- �T�Q�B�M�i �+�H�Q�m�/�b ���`�2 �`�2�M�/�2�`�2�/ �#�v �T�`�Q�D�2�+�i�B�M�; �i�?�2 �T�Q�B�M�i�b �i�Q �b�+�`�2�2�M �b�T���+�2 ���M�/ �+���H�+�m�H���i�B�M�; �i�?�2
�B�M�~�m�2�M�+�2 �Q�7 �`�2�H�2�p���M�i �T�`�Q�D�2�+�i�2�/ �T�Q�B�M�i�b �Q�M �i�?�2 �+�Q�H�Q�` �Q�7 �2���+�? �T�B�t�2�H�(�R�j�)�X �h�?�B�b ���T�T�`�Q���+�? ���H�B�;�M�b �r�2�H�H �r�B�i�? �i�?�2
�T�`�B�M�+�B�T�H�2�b �Q�7 �p�Q�H�m�K�2 �`�2�M�/�2�`�B�M�; �#�2�+���m�b�2 �B�i �B�b �2�b�b�2�M�i�B���H�H�v ���M ���#�b�i�`���+�i�B�Q�M �Q�7 �i�?�2 �b���K�2 �+�Q�M�+�2�T�i�X �A�M �p�Q�H�m�K�2
�`�2�M�/�2�`�B�M�;�- �i�?�2 �+���b�i�B�M�; �Q�7 �� �p�B�2�r�B�M�; �`���v �i�?�`�Q�m�;�? �� �T�B�t�2�H �B�b ���M���H�Q�;�Q�m�b �i�Q �+���H�+�m�H���i�B�M�; �i�?�2 �B�M�~�m�2�M�+�2 �Q�7 �2���+�?
�T�Q�B�M�i �B�M �� �T�Q�B�M�i �+�H�Q�m�/ �Q�M �i�?�2 �+�Q�H�Q�` �Q�7 �i�?���i �T�B�t�2�H�X �A�M �7���+�i�- �b�2�+�i�B�Q�M �k�X�8 �r�B�H�H �/�B�b�+�m�b�b �?�Q�r �Q�M�2 �T���`�i�B�+�m�H���`�H�v
�T�Q�r�2�`�7�m�H �T�Q�B�M�i �+�H�Q�m�/ ���T�T�`�Q���+�? �+���M �#�2 �/�2�`�B�p�2�/ �/�B�`�2�+�i�H�v �7�`�Q�K �p�Q�H�m�K�2 �`�2�M�/�2�`�B�M�;�X

�S�Q�B�M�i �+�H�Q�m�/�b ���/�/�`�2�b�b �K���M�v �Q�7 �i�?�2 �B�b�b�m�2�b �T�`�2�b�2�M�i �B�M �Q�i�?�2�` �`�2�T�`�2�b�2�M�i���i�B�Q�M�b�X �"�2�+���m�b�2 �i�?�2 �T�Q�B�M�i �T�`�Q�D�2�+�i�B�Q�M
�b�i�2�T �B�b �T�2�`�7�Q�`�K�2�/ �m�b�B�M�; �b�B�K�T�H�2 ���`�B�i�?�K�2�i�B�+�- �i�?�2 �`�2�M�/�2�`�B�M�; �T�B�T�2�H�B�M�2 �B�b �2���b�B�H�v �/�B�z�2�`�2�M�i�B���#�H�2�- �m�M�H�B�F�2 �K�2�b�?�@
�#���b�2�/ ���T�T�`�Q���+�?�2�b�X ���H�b�Q�- �T�Q�B�M�i �+�H�Q�m�/�b ���`�2 �b�B�K�T�H�2 �/���i�� �b�i�`�m�+�i�m�`�2�b �i�?���i �/�Q �M�Q�i �/�2�T�2�M�/ �Q�M �2�t�T�2�M�b�B�p�2
�M�2�m�`���H �M�2�i�r�Q�`�F �B�M�7�2�`�2�M�+�2�b �H�B�F�2 �i�?�Q�b�2 �m�b�2�/ �B�M �L�2�_�6�@�H�B�F�2 �B�K�T�H�B�+�B�i ���T�T�`�Q���+�?�2�b�X �6�B�M���H�H�v�- �m�M�H�B�F�2 �p�Q�t�2�H�b�- �T�Q�B�M�i�b
�B�M �� �T�Q�B�M�i �+�H�Q�m�/ �+���M �#�2 �T�H���+�2�/ ���`�#�B�i�`���`�B�H�v �B�M �b�T���+�2�- ���H�H�Q�r�B�M�; �7�Q�` �K�2�K�Q�`�v �2�{�+�B�2�M�+�v ���M�/ �~�2�t�B�#�B�H�B�i�v �B�M
�`�2�T�`�2�b�2�M�i�B�M�; �}�M�2 �i�2�t�i�m�`���H �/�2�i���B�H�b�X

�k�X�8 �j�. �:���m�b�b�B���M �a�T�H���i�i�B�M�;

�j�. �:���m�b�b�B���M �b�T�H���i�i�B�M�; �U�j�.�:�a�V �B�b �� �T�Q�B�M�i�@�+�H�Q�m�/�@�#���b�2�/ ���T�T�`�Q���+�? �r�?�2�`�2 �2���+�? �T�Q�B�M�i �B�b �i�?�2 �K�2���M �Q�7 �� �j�.
�:���m�b�b�B���M �7�m�M�+�i�B�Q�M �B�M �r�Q�`�H�/ �b�T���+�2 ���m�;�K�2�M�i�2�/ �r�B�i�? �� �+�Q�H�Q�` ���M�/ ���M �Q�T���+�B�i�v �p���H�m�2�X �.�m�`�B�M�; �`�2�M�/�2�`�B�M�;�- �2���+�?
�j�. �:���m�b�b�B���M �B�M �r�Q�`�H�/ �b�T���+�2 �B�b �T�`�Q�D�2�+�i�2�/ �i�Q �7�Q�`�K �� �k�. �:���m�b�b�B���M �B�M �b�+�`�2�2�M �b�T���+�2�X �l�H�i�B�K���i�2�H�v�- �i�?�2 �+�Q�H�Q�` �Q�7
�2���+�? �T�B�t�2�H �B�b �+���H�+�m�H���i�2�/ ���b �� �r�2�B�;�?�i�2�/ �b�m�K �Q�7 �i�?�2 �:���m�b�b�B���M�b�ö �+�Q�H�Q�`�b�- �r�?�2�`�2 �i�?�2 �r�2�B�;�?�i�b ���`�2 �/�2�i�2�`�K�B�M�2�/ �#�v
�2�p���H�m���i�B�M�; �i�?�2 �T�`�Q�D�2�+�i�2�/ �:���m�b�b�B���M�b ���i �i�?�2 �T�B�t�2�H�ö�b �T�Q�b�B�i�B�Q�M �B�M �b�+�`�2�2�M �b�T���+�2�X

�S�m�i �T�H���B�M�H�v�- �� �j�. �:���m�b�b�B���M ���m�;�K�2�M�i�2�/ �r�B�i�? �+�Q�H�Q�` ���M�/ �Q�T���+�B�i�v �p���H�m�2�b ���T�T�2���`�b �p�B�b�m���H�H�v �b�B�K�B�H���` �i�Q ��
�i�`���M�b�H�m�+�2�M�i �2�H�H�B�T�b�2�- �Q�T���[�m�2 ���i �B�i�b �+�2�M�i�2�` ���M�/ �#�2�+�Q�K�B�M�; �B�M�+�`�2���b�B�M�;�H�v �i�`���M�b�T���`�2�M�i �B�M �r�Q�`�H�/ �b�T���+�2 �U�b�2�2 �}�;�m�`�2
�k�X�8�V�X �"�v �+�Q�K�T�Q�b�B�M�; �i�?�2 �b�+�2�M�2 �m�b�B�M�; �?�m�M�/�`�2�/�b �Q�7 �i�?�Q�m�b���M�/�b �Q�` �K�B�H�H�B�Q�M�b �Q�7 �i�?�2�b�2 �+�Q�H�Q�`�2�/ �2�H�H�B�T�b�2�b�- �r�2 �+���M
���+�?�B�2�p�2 �� �p�2�`�v �}�M�2 �/�2�;�`�2�2 �Q�7 �/�2�i���B�H �r�?�B�H�2 ���H�b�Q �2���b�B�H�v �+���H�+�m�H���i�B�M�; �i�?�2 �+�Q�H�Q�` �Q�7 �2���+�? �T�B�t�2�H �#���b�2�/ �Q�M �?�Q�r �i�?�2
�:���m�b�b�B���M�b �Q�p�2�`�H���T �7�`�Q�K �� �;�B�p�2�M �+���K�2�`�� �T�Q�b�2�X �A�7 �Q�M�2 �r�2�`�2 �i�Q �+�Q�K�T���`�2 �� �j�.�:�a �b�+�2�M�2 �i�Q ���M �Q�B�H �T���B�M�i�B�M�;�-
�i�?�2�M �2���+�? �:���m�b�b�B���M �r�Q�m�H�/ �#�2 �i�?�2 �i�?�`�2�2�@�/�B�K�2�M�b�B�Q�M���H �2�[�m�B�p���H�2�M�i �Q�7 �� �b�B�M�;�H�2 �#�`�m�b�? �b�i�`�Q�F�2 �r�B�i�? �� �b�T�2�+�B�}�+
�+�Q�H�Q�`�- �b�B�x�2�- �`�Q�i���i�B�Q�M�- ���M�/ �T�Q�b�B�i�B�Q�M�X �"�v �B�i�2�`���i�B�p�2�H�v �Q�T�i�B�K�B�x�B�M�; �i�?�2�b�2 �T���`���K�2�i�2�`�b �Q�7 �2���+�? �:���m�b�b�B���M�- �i�?�2 �b�+�2�M�2
�B�b �;�`���/�m���H�H�v �ó�T���B�M�i�2�/�ô �U�`�2�+���H�H �}�;�m�`�2 �k�X�R�V�X

�A�M �i�?�B�b �b�2�+�i�B�Q�M�- �r�2 �/�2�`�B�p�2 ���M ���H�;�Q�`�B�i�?�K �7�Q�` �+���H�+�m�H���i�B�M�; �i�?�2 �+�Q�H�Q�` �Q�7 �� �T�B�t�2�H �;�B�p�2�M �� �b�2�i �Q�7 �T�`�Q�D�2�+�i�2�/
�:���m�b�b�B���M�b�X �q�2 �i�?�2�M �/�2�p�2�H�Q�T �� �b�2�T���`���i�2 ���H�;�Q�`�B�i�?�K �7�Q�` �T�`�Q�D�2�+�i�B�M�; �r�Q�`�H�/ �b�T���+�2 �:���m�b�b�B���M�b �i�Q �b�+�`�2�2�M �b�T���+�2�-
�r�?�B�+�? ���H�H�Q�r�b �i�?�2 �}�`�b�i ���H�;�Q�`�B�i�?�K �i�Q �#�2 ���T�T�H�B�2�/�X

�j�.�:�a �r���b �}�`�b�i �/�2�b�+�`�B�#�2�/ �B�M �/�2�i���B�H �#�v �E�2�`�#�H �2�i ���H�X�(�R�9�)�- �#�m�B�H�/�B�M�; �Q�z �T�`�B�Q�` �r�Q�`�F �#�v �w�r�B�+�F�2�` �2�i ���H�X�(�j�R�)�X
�h�?�2 ���T�T�`�Q���+�? �b�?�Q�r�+���b�2�/ �B�M �i�?�B�b �b�2�+�i�B�Q�M �r�B�H�H �i�`���+�F �+�H�Q�b�2�H�v �r�B�i�? �#�Q�i�? �T���T�2�`�b�X

�k�X�8�X�R �*���H�+�m�H���i�B�M�; �S�B�t�2�H �*�Q�H�Q�`

�6�B�`�b�i�- �r�2 �/�2�}�M�2 �� �j�. �:���m�b�b�B���M �7�m�M�+�i�B�Q�M �B�M �r�Q�`�H�/ �b�T���+�2 �r�B�i�?

G3
� (�t � � ) =

1
(2� )3/2 j� j1/2

e� 1
2 ( �t� � )T � � 1 ( �t� � ) �U�k�X�d�V

�r�?�2�`�2� �B�b �i�?�23 � 3 �+�Q�p���`�B���M�+�2 �K���i�`�B�t �/�2�b�+�`�B�#�B�M�; �i�?�2 �:���m�b�b�B���M�ö�b �b�?���T�2 �B�M �r�Q�`�H�/ �b�T���+�2�-j� j �B�b �i�?�2
�/�2�i�2�`�K�B�M���M�i �Q�7� �- ���M�/� = ( � 1; � 2; � 3)T �B�b �i�?�2 �:���m�b�b�B���M�ö�b �K�2���M �B�M �r�Q�`�H�/ �b�T���+�2�X �q�?�2�M �/�2�}�M�2�/ �B�M �i�?�B�b
�7�Q�`�K�- �r�2 �?���p�21 =

R
R3 G3

� (�t � � )d�t�X �6�Q�` �� �/�2�T�B�+�i�B�Q�M �Q�7 �� �j�. �:���m�b�b�B���M�- �`�2�7�2�` �i�Q �}�;�m�`�2 �k�X�8�X
�G���i�2�` �B�M �i�?�B�b �b�2�+�i�B�Q�M�- �r�2 �r�B�H�H ���H�b�Q �/�2�}�M�2 �j�. �:���m�b�b�B���M �7�m�M�+�i�B�Q�M�b �B�M �`���v �b�T���+�2�X �A�M �i�?�Q�b�2 �+���b�2�b�- �r�2 �r�B�H�H

�/�2�}�M�2 �`���v �b�T���+�2 �:���m�b�b�B���M�b �m�b�B�M�; �i�?�2 �b���K�2 �7�Q�`�K�m�H�� ���b �7�Q�` �r�Q�`�H�/ �b�T���+�2 �:���m�b�b�B���M�b �#�m�i �m�b�B�M�;� 0 ���M�/� 0

�U�B�M�b�i�2���/ �Q�7� ���M�/� �V �i�Q �/�B�b�i�B�M�;�m�B�b�? �i�?�2�K �7�`�Q�K �i�?�2�B�` �r�Q�`�H�/ �b�T���+�2 �+�Q�m�M�i�2�`�T���`�i�b�X �a�B�K�B�H���`�H�v�- �r�2 �r�B�H�H �?���M�/�H�2
�b�+�`�2�2�M �b�T���+�2 �:���m�b�b�B���M �7�m�M�+�i�B�Q�M�b �r�?�B�+�? �?���p�2 �� �/�B�z�2�`�2�M�i �/�2�}�M�B�i�B�Q�M �2�M�i�B�`�2�H�v�,

G2
�̂

(�T� �̂ ) =
1

2� j�̂ j1/2
e� 1

2 ( �T� �̂ )T �̂ � 1 ( �T� �̂ ) �U�k�X�3�V

�r�?�2�`�2�T�B�b �i�?�2 �b�+�`�2�2�M �b�T���+�2 �+�Q�Q�`�/�B�M���i�2 �Q�7 �� �T�B�t�2�H�-�̂ �B�b ��2 � 2 �+�Q�p���`�B���M�+�2 �K���i�`�B�t�- ���M�/�̂ = ( �̂ 1; �̂ 2)T �B�b
�i�?�2 �b�+�`�2�2�M �b�T���+�2 �K�2���M �Q�7 �i�?�2 �:���m�b�b�B���M�X �q�B�i�? �i�?�2 �k�. �/�2�}�M�B�i�B�Q�M�- �r�2 ���H�b�Q �?���p�21 =

R
R2 G2

�̂
(�T� �̂ )d�T�(�j�R�)�X

�R�k



�6�B�;�m�`�2 �k�X�8�,�o�Q�H�m�K�2 �_�2�M�/�2�`�B�M�; �Q�7 �� �:���m�b�b�B���M�r�B�i�?� = (0 ; 0; 0)T ���M�/� =

2

4
0:0144 0 0

0 0:625 0
0 0 0:25

3

5

�+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �� �b�+���H�B�M�; �7���+�i�Q�`s = (0 :12; 0:25; 0:5)T �r�?�2�`�2 �� �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M �B�b �y�X�R�k �m�M�B�i�b �B�M
�i�?�2 �r�Q�`�H�/ �b�T���+�2x �/�B�`�2�+�i�B�Q�M�- �y�X�k�8 �m�M�B�i�b �B�My �/�B�`�2�+�i�B�Q�M�- ���M�/0:5 �m�M�B�i�b �B�M �i�?�2 �x �/�B�`�2�+�i�B�Q�M�X �h�?�2
���t�2�b �K�2�2�i ���ip = ( � 1; � 1; � 1)T �B�M �r�Q�`�H�/ �b�T���+�2 ���M�/ ���`�2 �2���+�? �R �m�M�B�i �Q�7 �H�2�M�;�i�? �B�M �r�Q�`�H�/ �b�T���+�2�X
�A�M �2���+�? �7�`���K�2�- �i�?�2 �+���K�2�`�� �B�b �k�X�8 �m�M�B�i�b �Q�7 �1�m�+�H�B�/�2���M �/�B�b�i���M�+�2 �U�B�M �r�Q�`�H�/ �b�T���+�2�V �7�`�Q�K �i�?�2 �Q�`�B�;�B�M
�r�B�i�? �� �7�Q�+���H �H�2�M�;�i�? �Q�7 �k�X �h�?�2 �p�Q�H�m�K�2 �`�2�M�/�2�`�2�` �m�b�2�/ �i�Q �;�2�M�2�`���i�2 �i�?�B�b �`�2�M�/�2�`�B�M�; �B�b ���p���B�H���#�H�2 ���i
�?�i�i�T�b�,�f�f�;�B�i�?�m�#�X�+�Q�K�f�l�M�+���i�+�?���#�H�2���H�2�t�f�h�?�2�b�B�b�n�.�B���;�`���K�b�f�i�`�2�2�f�K���B�M�f�;���m�b�b�B���M�n�H�H���X

�R�j



�q�2 �M�Q�r �r�B�b�? �i�Q �/�2�`�B�p�2 �i�?�2 �b�T�H���i�i�B�M�; �7�Q�`�K�m�H�� �7�Q�` �+���H�+�m�H���i�B�M�; �T�B�t�2�H �+�Q�H�Q�` �;�B�p�2�M �� �b�2�i �Q�7 �T�`�Q�D�2�+�i�2�/
�:���m�b�b�B���M�b�X �_�2�+���H�H �2�[�m���i�B�Q�M �k�X�e

C� (�T) �
nX

i =1

c� (�T; si )
�

1 � e� f 0
c ( �T;s i ) � i

�
0

@
i � 1Y

j =1

e� f 0
c ( �T;s j ) � j

1

A

�r�?�B�+�? ���T�T�`�Q�t�B�K���i�2�b �i�?�2 �p�Q�H�m�K�2 �`�2�M�/�2�`�B�M�; �7�Q�`�K�m�H�� �#�v �b�T�H�B�i�i�B�M�; �i�?�2 �p�B�2�r�B�M�; �`���v �7�Q�` �2���+�?�T�B�M�i�Qn �/�B�b�+�`�2�i�2
�b�2�;�K�2�M�i�b�X �q�B�i�? �b�T�H���i�i�B�M�;�- �B�M�b�i�2���/ �Q�7 �b�T�H�B�i�i�B�M�; �i�?�2 �p�B�2�r�B�M�; �`���v �B�M�i�Q ���`�#�B�i�`���`�v �b�2�;�K�2�M�i�b�- �r�2 �r�B�b�? �i�Q ���b�b�B�;�M
�Q�M�2 �b�2�;�K�2�M�i �T�2�` �:���m�b�b�B���M �B�M �i�?�2 �b�+�2�M�2�X

�6�Q�` �i�?�B�b �b�m�#�b�i�B�i�m�i�B�Q�M �i�Q �r�Q�`�F�- �r�2 �?���p�2 �i�Q �K���F�2 �i�?�`�2�2 �+�`�B�i�B�+���H ���b�b�m�K�T�i�B�Q�M�b�X �6�B�`�b�i�- �r�2 ���b�b�m�K�2 �i�?���i
�2���+�? �:���m�b�b�B���M �?���b�H�Q�+���H �b�m�T�T�Q�`�i�- �K�2���M�B�M�; �i�?���i �2�p�2�M �i�?�Q�m�;�? �� �:���m�b�b�B���MG3

� (�t � � ) > 0 �7�Q�` ���H�H�t�- �r�2 �r�B�H�H
���T�T�`�Q�t�B�K���i�2 �B�i�b �p���H�m�2 ���b0 �7�Q�` ���H�H�t �7�m�`�i�?�2�` �i�?���M �b�Q�K�2 �/�B�b�i���M�+�2 �7�`�Q�K� �X �a�2�+�Q�M�/�- �r�2 ���b�b�m�K�2 �i�?���i �i�?�2 �H�Q�+���H
�b�m�T�T�Q�`�i �`�2�;�B�Q�M�b �Q�7 �i�r�Q �:���m�b�b�B���M�b �M�2�p�2�` �Q�p�2�`�H���T�e�- ���M�/ �i�?�2 �:���m�b�b�B���M�b ���`�2 �Q�`�/�2�`�2�/ �7�`�Q�M�i �i�Q �#���+�F �#�v �/�2�T�i�?�X
�G���b�i�H�v�- �r�2 ���b�b�m�K�2 �i�?���i �i�?�2 �2�K�B�b�b�B�Q�M �+�Q�2�{�+�B�2�M�i �Q�7 �� �:���m�b�b�B���M �B�b �+�Q�M�b�i���M�i �i�?�`�Q�m�;�?�Q�m�i �B�i�b �b�m�T�T�Q�`�i�X �q�2
�/�2�}�M�2 �i�?�2 �2�K�B�b�b�B�Q�M �+�Q�2�{�+�B�2�M�i �Q�7 �i�?�2i �i�? �:���m�b�b�B���M ���i �i�?�2 �r���p�2�H�2�M�;�i�?� ���bci;� �(�j�R�- �R�9�)�X

�A�M �2�[�m���i�B�Q�M �k�X�e�- �i�?�2 �2�t�T�`�2�b�b�B�Q�Mf 0
c(�T; si )� i �i�`�2���i�bf 0

c ���b �� �+�Q�M�b�i���M�i �Q�p�2�` �2���+�? �b�2�;�K�2�M�i �b�T���M�M�B�M�;� i =
si +1 � si �B�M �H�2�M�;�i�?�X �J�Q�`�2 �7�Q�`�K���H�H�v�- �2�[�m���i�B�Q�M �k�X�e �m�b�2�bf 0

c(�T; si )� i ���b ���M ���T�T�`�Q�t�B�K���i�B�Q�M �7�Q�`
Rsi +1

si
f 0

c(�T; � )d�
�#�2�+���m�b�2 Z si +1

si

f 0
c(�T; � )d� �

Z si +1

si

f 0
c(�T; si )d� = f 0

c(�T; si )� i :

�A�M �j�.�:�a�- �r�?�2�M �r�2 �`�2�T�H���+�2 �i�?�2 �`���v �b�2�;�K�2�M�isi �r�B�i�? �i�?�2i �i�? �:���m�b�b�B���Mgi (�t) = G3
� i

(�t � � i )�- �r�2 �/�2�}�M�2

f 0
c(�T; � ) = � i g0

i (�T; � )

�r�?�2�`�2� i �B�b �i�?�2 �Q�T���+�B�i�v �p���H�m�2 ���b�b�Q�+�B���i�2�/ �r�B�i�?gi �- ���M�/g0
i (�T; x3) = gi (' � 1� � 1(�T; x3)) �B�bgi �T�`�Q�D�2�+�i�2�/ �i�Q

�`���v �b�T���+�2�X ���H�b�Q�- �r�2 �+���M �H�2�i �i�?�2 �B�M�i�2�;�`���H �#�Q�m�M�/�b �b�T���M ���H�H �T�Q�b�B�i�B�p�2 �M�m�K�#�2�`�b �#�2�+���m�b�2g0
i �?���b �H�Q�+���H �b�m�T�T�Q�`�i�X

�h�?�2�b�2 �K�Q�/�B�}�+���i�B�Q�M�b �H�2���/ �m�b �/�B�`�2�+�i�H�v �i�Q �i�?�2 �2�[�m���i�B�Q�M
Z si +1

si

f 0
c(�T; � )d� = � i

Z 1

0
g0

i (�T; � )d� �U�k�X�N�V

�a�m�#�b�i�B�i�m�i�B�M�; �2�[�m���i�B�Q�M �k�X�N �B�M�i�Q �2�[�m���i�B�Q�M �k�X�e�- �r�2 �?���p�2

C� (�T) �
nX

i =1

ci;�

�
1 � e� � i ĝi ( �T)

�
0

@
i � 1Y

j =1

e� � j ĝj ( �T)

1

A �U�k�X�R�y�V

�r�?�2�`�2

ĝi (�T) =
Z 1

0
g0

i (�T; � )d� �U�k�X�R�R�V

�B�b �� �:���m�b�b�B���M �7�m�M�+�i�B�Q�M �B�M �b�+�`�2�2�M �b�T���+�2 �r�B�i�? �K�2���M�̂ i ���M�/ �+�Q�p���`�B���M�+�2�̂ i �X �h�?�2 �H���b�i �b�i�2�T �B�b �i�Q ���T�T�`�Q�t�B�K���i�2
�i�?�2 �2�t�T�Q�M�2�M�i�B���H�b �B�M �k�X�R�y �m�b�B�M�; �i�?�2 �}�`�b�i �i�r�Q �i�2�`�K�b �Q�7 �i�?�2 �J���+�H���m�`�B�M �b�2�`�B�2�be� � i ĝi ( �T) � 1 � � i ĝi �X �l�b�B�M�; �i�?�B�b
�b�m�#�b�i�B�i�m�i�B�Q�M�- �r�2 ���`�2 �H�2�7�i �r�B�i�? �i�?�2 �b�T�2�+�i�`���H �T�B�t�2�H �+�Q�H�Q�` �7�Q�`�K�m�H�� �7�Q�` �j�.�:�a�,

C� (�T) �
nX

i =1

ci;� � i ĝi (�T)

0

@
i � 1Y

j =1

(1 � � j ĝj (�T))

1

A : �U�k�X�R�k�V

�l�M�7�Q�`�i�m�M���i�2�H�v�- �b�+�2�M�2�b �r�B�i�? �+�Q�H�Q�` �2�K�B�i �� �7�m�H�H �b�T�2�+�i�`�m�K �Q�7 �H�B�;�?�i �p�B�b�B�#�H�2 ���H�Q�M�; �2�p�2�`�v �p�B�2�r�B�M�; �`���v�X �*���H�+�m�@
�H���i�B�M�; �i�?�2�b�2 �b�T�2�+�i�`�� �7�`�Q�K �T�Q�B�M�i�@�b���K�T�H�2�/ �`���/�B���M�+�2 �+�Q�K�T�m�i���i�B�Q�M�b �m�b�B�M�; �2�[�m���i�B�Q�M �k�X�R�k �B�b �B�M�2�{�+�B�2�M�i ���M�/ �M�Q�i
���H�B�;�M�2�/ �r�B�i�? �i�?�2 �T�?�Q�i�Q�;�`���T�?�B�+ �i�2�+�?�M�B�[�m�2�b�(�R�R�) �m�b�2�/ �i�Q �+���T�i�m�`�2 �i�?�2 �;�`�Q�m�M�/ �i�`�m�i�? �B�K���;�2�b �m�b�2�/ �#�v �j�.�:�a
�7�Q�` �i�`���B�M�B�M�;�X ���b �b�m�+�?�- �r�2 �K�Q�/�B�7�v �2�[�m���i�B�Q�M �k�X�R�k �i�Q �+���H�+�m�H���i�2 ���i�`�B�b�i�B�K�m�H�m�b �p���H�m�2���H�Q�M�; �� �p�B�2�r�B�M�; �`���v �7�Q�`
�� �;�B�p�2�M�b�2�M�b�Q�` �b�2�M�b�B�i�B�p�B�i�v�7�m�M�+�i�B�Q�Mk ���b �/�2�b�+�`�B�#�2�/ �B�M �b�2�+�i�B�Q�M �9�X�j�X �6�m�`�i�?�2�`�K�Q�`�2�- �j�.�:�a �m�b�2�b �� �p�2�+�i�Q�` �Q�7
�b�T�?�2�`�B�+���H �?���`�K�Q�M�B�+ �+�Q�2�{�+�B�2�M�i�b �i�Q �2�M�+�Q�/�2 �2���+�? �i�`�B�b�i�B�K�m�H�m�b �p���H�m�2 �7�Q�` �2���+�? �:���m�b�b�B���M�X ���b �B�M �S�H�2�M�Q�t�2�H�b�(�k�N�)�-

�e�h�?�2 �`�2���b�Q�M �r�?�v �i�?�2 �:���m�b�b�B���M�b �K�m�b�i �M�Q�i �Q�p�2�`�H���T �B�b �i�?���i �i�?�2 �i�`���M�b�K�B�i�i���M�+�2 �+���H�+�m�H���i�B�Q�M �+�Q�K�T�H�B�+���i�2�b �B�7 �i�?�2�v �/�Q�X �a���v �i�?�2
k�i�? �:���m�b�b�B���M �B�b �i�`���M�b�K�B�i�i�B�M�; �`���/�B���M�+�2 ���H�Q�M�;�T�ö�b �p�B�2�r�B�M�; �`���v�- �#�m�i �B�i �B�b �Q�p�2�`�H���T�T�2�/ �#�v �i�?�2j �i�? �:���m�b�b�B���M�X �A�i �i�?�2�M �#�2�+�Q�K�2�b
�/�B�{�+�m�H�i �i�Q �+���H�+�m�H���i�2 �?�Q�r �K�m�+�? �Q�7 �i�?�2 �`���/�B���M�+�2 �7�`�Q�K �i�?�2k�i�? �:���m�b�b�B���M �B�b ���i�i�2�M�m���i�2�/ �#�v �i�?�2j �i�? �:���m�b�b�B���M�X �A�i �B�b �K�m�+�? �b�B�K�T�H�2�`
�i�Q �b���v �i�?���i ���H�H �Q�7 �i�?�2 �`���/�B���M�+�2 �+�Q�M�i�`�B�#�m�i�2�/ �#�v �i�?�2k�i�? �:���m�b�b�B���M �B�M�i�2�`���+�i�b �r�B�i�? ���H�H �Q�7 �i�?�2j �i�? �:���m�b�b�B���M�- ���M�/ �/�2�i�2�`�K�B�M�2 �7�`�Q�K
�i�?�2�`�2 �?�Q�r �K�m�+�? �`���/�B���M�+�2 �B�b �i�`���M�b�K�B�i�i�2�/�X

�R�9



�i�?�2 �m�b�2 �Q�7 �b�T�?�2�`�B�+���H �?���`�K�Q�M�B�+�b ���H�H�Q�r�b �:���m�b�b�B���M�b �i�Q �2�t�T�`�2�b�b �+�Q�H�Q�` ���b �� �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �p�B�2�r�B�M�; �/�B�`�2�+�i�B�Q�M�p�-
�2�M���#�H�B�M�; �i�?�2�K �i�Q �K�Q�/�2�H �b�T�2�+�m�H���` �2�z�2�+�i�b�X �q�2 �m�H�i�B�K���i�2�H�v �2�M�/ �m�T �r�B�i�? �i�?�2 �i�`�B�b�i�B�K�m�H�m�b �T�B�t�2�H �+�Q�H�Q�` �7�Q�`�K�m�H��
�r�B�i�? �b�T�?�2�`�B�+���H �?���`�K�Q�M�B�+�b�,

Ck (�T; �p) �
nX

i =1

ci;k (�p)� i ĝi (�T)

0

@
i � 1Y

j =1

(1 � � j ĝj (�T))

1

A ; k 2 f r; g; bg: �U�k�X�R�j�V

�"�2�7�Q�`�2 �i�`�v�B�M�; �i�Q �r�`�B�i�2 ���M ���H�;�Q�`�B�i�?�K �B�K�T�H�2�K�2�M�i�B�M�; �2�[�m���i�B�Q�M �k�X�R�j�- �i�?�2 �7�Q�H�H�Q�r�B�M�; �Q�#�b�2�`�p���i�B�Q�M�b �b�?�Q�m�H�/
�#�2 �K���/�2�,

�R�X�A�M �Q�`�/�2�` �i�Q �+���H�+�m�H���i�2 �2�[�m���i�B�Q�M �k�X�R�j�- �r�2 �M�2�2�/ �i�?�2 �2�K�B�b�b�B�Q�M �7�m�M�+�i�B�Q�M�b�+1; �+2; : : : ; �+k �r�?�2�`�2�+i =
(ci;r ; ci;g ; ci;b )T �X �q�2 ���H�b�Q �M�2�2�/ �i�?�2 �Q�T���+�B�i�v �p���H�m�2�b� 1; : : : ; � n �i�?���i ���m�;�K�2�M�i �i�?�2 �:���m�b�b�B���M�b�X �h�Q
�/�2�}�M�2 �i�?�2 �:���m�b�b�B���M �7�m�M�+�i�B�Q�M�b �i�?�2�K�b�2�H�p�2�b�- �r�2 �`�2�[�m�B�`�2 �i�?�2 �b�+�`�2�2�M �b�T���+�2 �K�2���M�b�̂ 1; : : : ; �̂ n �- ���M�/ �i�?�2
�b�+�`�2�2�M �b�T���+�2 �+�Q�p���`�B���M�i �K���i�`�B�t �B�M�p�2�`�b�2�b�- ���H�b�Q �F�M�Q�r�M ���b �i�?�2�+�Q�M�B�+�b�̂ � 1

1 ; : : : ; �̂ � 1
n �X

�k�X�h�?�2 �i�`���M�b�K�B�i�i���M�+�2 �i�2�`�K �Q�7 �2�[�m���i�B�Q�M �k�X�R�k�-Ti =
Q i � 1

j =1 (1 � � j ĝj (�T)) �- �+���M �#�2 �i�`���+�F�2�/ �i�?�`�Q�m�;�? �i�?�2
�`�2�+�m�`�b�B�p�2 �`�2�H���i�B�Q�MTi +1 = Ti (1 � � j ĝj (�T)) �X

�j�X�h�?�2�`�2 �B�b �M�Q �M�2�2�/ �i�Q �+���H�+�m�H���i�2 �i�?�2 �M�Q�`�K���H�B�x���i�B�Q�M �+�Q�2�{�+�B�2�M�i �Q�7ĝi (�T) �;�B�p�2�M �B�M �/�2�}�M�B�i�B�Q�M �k�X�3�X �a�B�M�+�2 �i�?�B�b
�+�Q�2�{�+�B�2�M�i �B�b �+�Q�M�b�i���M�i �r�B�i�? �`�2�b�T�2�+�i �i�Q�T�- �B�i �+���M �#�2 ���#�b�Q�`�#�2�/ �B�M�i�Q �i�?�2 �Q�T�i�B�K�B�x���#�H�2 �Q�T���+�B�i�v �T���`���K�2�i�2�`�X
�.�2�}�M�B�M�;

~� i =
� i

2� j�̂ i j1/2
;

�r�2 �K���v �r�`�B�i�2
� i ĝi (�T) = ~� i e( �T� �̂ i ) �̂ � 1 ( �T� �̂ i )T

�U�k�X�R�9�V

���M�/�- �7�Q�` �b�B�K�T�H�B�+�B�i�v�- �r�2 �+�Q�M�i�B�M�m�2 �i�Q �/�2�M�Q�i�2 �i�?�2 �`�2�T���`���K�2�i�2�`�B�x�2�/ �Q�T�2�`���i�Q�`~� i ���b� i �X

�9�X�A�i �K���v �#�2 �m�M�M�2�+�2�b�b���`�v �i�Q �b�m�K �i�?�2 �`���/�B���M�+�2 �+�Q�M�i�`�B�#�m�i�B�Q�M�b �Q�7 ���H�Hn �:���m�b�b�B���M�b�X �P�M�+�2Ti < � �7�Q�` �b�Q�K�2
�b�K���H�H� > 0�- �i�?�2 �2�M�i�B�`�2 �2�t�T�`�2�b�b�B�Q�M �B�M�b�B�/�2 �i�?�2 �b�m�K�K���i�B�Q�M �r�B�H�H �#�2 �b�Q �b�K���H�H �i�?���i �B�i �+���M �#�2 �B�;�M�Q�`�2�/�-
���H�H�Q�r�B�M�; �i�?�2 ���H�;�Q�`�B�i�?�K �i�Q �i�2�`�K�B�M���i�2 �2���`�H�v�X

�8�X�h�?�2 �2�[�m���i�B�Q�M �k�X�R�j �+���M �#�2 ���T�T�H�B�2�/ �i�Q ���H�Hk �p���H�m�2�b �b�B�K�m�H�i���M�2�Q�m�b�H�v �7�Q�` �b�+�2�M�2�b �r�B�i�? �+�Q�H�Q�`�X �q�2 �b�?�Q�m�H�/
���b�b�m�K�2 �i�?���i �2���+�? �:���m�b�b�B���M �?���b �+�Q�M�b�i���M�i �U�r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2 �p�B�2�r�B�M�; ���M�;�H�2�V �2�K�B�b�b�B�Q�M �+�Q�2�{�+�B�2�M�i�b
�/�2�}�M�2�/ �7�Q�`r; g�- ���M�/b�X �h�Q �7���+�B�H�B�i���i�2 �i�?�2 �+���H�+�m�H���i�B�Q�M �Q�7 �K�m�H�i�B�T�H�2 �i�`�B�b�i�B�K�m�H�m�b �p���H�m�2�b �b�B�K�m�H�i���M�2�Q�m�b�H�v�-
�i�?�2 �p���`�B���#�H�2�b�+i �-C�- ���M�/T �b�?�Q�m�H�/ �#�2 �/�2�}�M�2�/ ���b �p�2�+�i�Q�`�b �Q�7 �b�B�x�23 �B�M �i�?�2 �T�b�2�m�/�Q�+�Q�/�2�X

�e�X�A�7 �i�?�2�`�2 ���`�2n �:���m�b�b�B���M�b �B�M �i�?�2 �b�+�2�M�2�- �B�i �b�?�Q�m�H�/ �#�2 �T�Q�b�b�B�#�H�2 �i�Q �Q�M�H�v �m�b�2 �� �b�m�#�b�2�i �Q�7 �i�?�2�K �B�M �+���H�+�m�H���i�B�M�;
�2�[�m���i�B�Q�M �k�X�R�j �7�Q�` �� �;�B�p�2�M �T�B�t�2�H�T�X �J���M�v �:���m�b�b�B���M�b �r�B�H�H �2�p���H�m���i�2 �i�Q0 ���i �T�- �b�Q �B�7 �i�?�2 �:���m�b�b�B���M�b ���`�2
�+�H�2�p�2�`�H�v �b�Q�`�i�2�/�- �i�?�2�Mĝi (�T) > 0 �Q�M�H�v �7�Q�`i �b�i���`�i� i < i �2�M�/�X

�d�X�A�7 �2�p�2�`�v �:���m�b�b�B���M �r�B�i�? �B�M�/�B�+�2�bi �b�i���`�i � i < i �2�M�/�?���b �#�2�2�M �+�Q�M�b�B�/�2�`�2�/ ���M�/ �i�?�2 �}�M���H �i�`���M�b�K�B�i�i���M�+�2
T�}�M���H> � �- �i�?�2�M �i�?�2 �`�2�K���B�M�B�M�; �`���/�B���M�+�2 ���H�Q�M�; �i�?�2 �p�B�2�r�B�M�; �`���v �7�Q�`�T�b�?�Q�m�H�/ �i�`���M�b�K�B�i �i�?�2 �+�Q�H�Q�` �Q�7 �i�?�2
�b�+�2�M�2�ö�b �#���+�F�;�`�Q�m�M�/�X �q�2 �r�B�H�H �+���H�H �i�?�B�b �#���+�F�;�`�Q�m�M�/ �+�Q�H�Q�`C�#�;�X

�l�b�B�M�; �i�?�2�b�2 �Q�#�b�2�`�p���i�B�Q�M�b�- �r�2 �+���M �M�Q�r �+�Q�M�b�i�`�m�+�i ���H�;�Q�`�B�i�?�K �R�- �i�?�2 �6�Q�`�r���`�/ �S�B�t�2�H �*�Q�H�Q�` ���H�;�Q�`�B�i�?�K �7�Q�`
�j�.�:�a�X �a�2�2 ���H�;�Q�`�B�i�?�K �R�X

�k�X�8�X�k �S�`�Q�D�2�+�i�B�M�; �:���m�b�b�B���M�b �6�`�Q�K �q�Q�`�H�/ �a�T���+�2 �i�Q �_���v �a�T���+�2

�1�[�m���i�B�Q�M �k�X�R�j �`�2�[�m�B�`�2�b �i�?�2i �i�? �:���m�b�b�B���M �T�`�Q�D�2�+�i�2�/ �i�Q �`���v �b�T���+�2�- �r�?�B�+�? �#�v �/�2�}�M�B�i�B�Q�M �B�b �;�B�p�2�M �#�v

g0
i (� )̀ = gi (' � 1(� � 1(� )̀))

= G3
� i

(' � 1(� � 1(� )̀) � � i ); �U�k�X�R�8�V

�r�?�2�`�2�` �B�b �� �`���v �b�T���+�2 �+�Q�Q�`�/�B�M���i�2�X �>�Q�r�2�p�2�`�- �r�2 �?���p�2 �v�2�i �i�Q �2�b�i���#�H�B�b�? �� �+�H�Q�b�2�/�@�7�Q�`�K �2�t�T�`�2�b�b�B�Q�M �7�Q�`
g0

i �i�?���i �/�2�}�M�2�b �B�i�b �+�Q�p���`�B���M�+�2 �K���i�`�B�t� 0
i ���M�/ �K�2���M� 0

i �B�M �i�2�`�K�b �Q�7� i �- ���M�/� i �X �_�2�+���H�H �i�?���i' �B�b �i�?�2
�i�`���M�b�7�Q�`�K���i�B�Q�M �7�`�Q�K �r�Q�`�H�/ �b�T���+�2 �i�Q �+���K�2�`�� �b�T���+�2 ���M�/� �B�b �i�?�2 �i�`���M�b�7�Q�`�K���i�B�Q�M �7�`�Q�K �+���K�2�`�� �b�T���+�2 �i�Q �`���v
�b�T���+�2�X �h�?�2 �+�Q�K�T�Q�b�B�i�B�Q�M �Q�7� ���M�/' �`�2�b�m�H�i�b �B�M �� �i�`���M�b�7�Q�`�K���i�B�Q�M �7�`�Q�K �r�Q�`�H�/ �b�T���+�2 �i�Q �`���v �b�T���+�2�- �/�2�M�Q�i�2�/
�r�B�i�?�` = ( � � ' )( �t) = � (' (�t)) �X �*�Q�M�p�2�`�b�2�H�v�-�t = ( � � ' ) � 1(� )̀ = ' � 1(� � 1(� )̀) �B�b �i�?�2 �i�`���M�b�7�Q�`�K���i�B�Q�M �7�`�Q�K
�`���v �b�T���+�2 �i�Q �r�Q�`�H�/ �b�T���+�2�X

�R�8



���H�;�Q�`�B�i�?�K �R�6�Q�`�r���`�/ �S�B�t�2�H �*�Q�H�Q�` �U�A�K�T�H�2�K�2�M�i�B�M�; �1�[�m���i�B�Q�M �k�X�R�j�V�(�R�9�)

�_�2�[�m�B�`�2�,n > 0�-� > 0
�P�T���+�B�i�B�2�b�,� 1; : : : ; � n

�*�Q�M�B�+�b�,�̂ � 1
1 ; : : : ; �̂ � 1

n
�*�Q�H�Q�`�b�,�+1; : : : ; �+n �r�?�2�`�2�+i = ( ci;r ; ci;g ; ci;b )T

�a�+�`�2�2�M�@�b�T���+�2 �K�2���M�b�,�̂ 1; : : : ; �̂ n

�S�B�t�2�H �T�Q�b�B�i�B�Q�M�,�T
�A�M�/�B�+�2�b�,i �b�i���`�i; i �2�M�/�r�?�2�`�20 < i �b�i���`�i� i �2�M�/

�"���+�F�;�`�Q�m�M�/ �+�Q�H�Q�`�,C�#�;

�o�B�2�r�B�M�; �/�B�`�2�+�i�B�Q�M�,�p
�R�,Ti �b�i���`�i  1 . �A�M�B�i�B���H�B�x�2 �i�?�2 �i�`���M�b�K�B�i�i���M�+�2 ���b �R
�k�, C  (0; 0; 0)T . �A�M�B�i�B���H�B�x�2 �i�?�2 �}�M���H �+�Q�H�Q�` �r�B�i�? �y �7�Q�` �2���+�? �i�`�B�b�i�B�K�m�H�m�b �p���H�m�2
�j�, i  i �b�i���`�i

�9�, �r�?�B�H�2Ti > � ���M�/i < i �2�M�/�/�Q
�8�, �/i  �T� �̂ i . �h�?�2 �/�B�b�i���M�+�2 �7�`�Q�K�T�i�Q̂� i

�e�, � i  � i �2�t�T(� 1
2 �/Ti �̂ � 1

i �/i ) . �2�[�m���i�B�Q�M �k�X�R�9
�d�, �7�Q�k̀ 2 [r; g; b] �/�Q
�3�, Ck  Ck + � i ci;k (�p)Ti . �l�T�/���i�2 �i�?�2 �M�2�i �2�K�B�b�b�B�Q�M �Q�7 �i�`�B�b�i�B�K�m�H�m�b �p���H�m�2k
�N�, �2�M�/ �7�Q�`

�R�y�, Ti +1  Ti (1 � � i ) . �l�T�/���i�2 �i�?�2 �i�`���M�b�K�B�i�i���M�+�2
�R�R�, i  i + 1
�R�k�,�2�M�/ �r�?�B�H�2
�R�j�,Tf inal  Ti

�R�9�,C�}�M���H C + T�}�M���HC�#�; . �q�?���i�2�p�2�` �i�`���M�b�K�B�i�i���M�+�2 �`�2�K���B�M�b �r�B�H�H �i�`���M�b�K�B�i �i�?�2 �#���+�F�;�`�Q�m�M�/ �+�Q�H�Q�`
�R�8�,i �}�M���H i � 1 . �h�?�2 �B�M�/�2�t �Q�7 �i�?�2 �H���b�i �:���m�b�b�B���M �i�Q�m�+�?�2�/
�R�e�,�`�2�i�m�`�MC�}�M���H�-T�}�M���H�-i �}�M���H

�P�M�2 �Q�7 �i�?�2 �`�2���b�Q�M�b �j�.�:�a �m�b�2�b �:���m�b�b�B���M �7�m�M�+�i�B�Q�M�b �B�b �#�2�+���m�b�2 �:���m�b�b�B���M�b ���`�2�+�H�Q�b�2�/�m�M�/�2�` ���`�#�B�i�`���`�v
���{�M�2 �i�`���M�b�7�Q�`�K���i�B�Q�M�b�X �A�M �Q�i�?�2�` �r�Q�`�/�b�- ���T�T�H�v�B�M�; �i�?�2 ���{�M�2 �i�`���M�b�7�Q�`�K���i�B�Q�M� �i�Q �� �:���m�b�b�B���M �`�2�b�m�H�i�b �B�M
���M�Q�i�?�2�` �:���m�b�b�B���M�5 �"�2�+���m�b�2� �B�b ���{�M�2�- �r�2 �+���M �/�2�}�M�2 �B�i ���b�( �t) = �J�t + �+�r�?�2�`�2�J �B�b ���Mn � n �K���i�`�B�t ���M�/
�+= ( c1; : : : ; cn )T �B�b �� �+�Q�H�m�K�M �p�2�+�i�Q�`�X �l�b�B�M�;� �- �i�?�2 �:���m�b�b�B���M �7�m�M�+�i�B�Q�M ���{�M�2 �i�`���M�b�7�Q�`�K���i�B�Q�M �7�Q�`�K�m�H���(�j�R�)
�B�b �;�B�p�2�M ���b

Gn
�o(� � 1(�m) � � ) =

1
j�J � 1j

Gn
�J�o�J T (�m� �( � )) : �U�k�X�R�e�V

�q�2 �r�Q�m�H�/ �M�Q�r �H�B�F�2 �i�Q �/�2�}�M�2� = � � ' ���b ���M ���{�M�2 �i�`���M�b�7�Q�`�K���i�B�Q�M�- �#�m�i �#�2�+���m�b�2� �B�b �M�Q�M�@���{�M�2�-� �B�b
�M�Q�M�@���{�M�2 ���b �r�2�H�H�d�X �>�Q�r�2�p�2�`�- �r�2 �+���M �/�2�}�M�2 �i�?�2 �p�B�2�r�B�M�; �i�`���M�b�7�Q�`�K���i�B�Q�M' �r�B�i�? �i�?�2 ���{�M�2 �i�`���M�b�7�Q�`�K���i�B�Q�M
' (�t) = �q�t + �#�- �r�?�2�`�2�q �B�b �� �`�Q�i���i�B�Q�M �K���i�`�B�t ���M�/�# �B�b �� �i�`���M�b�H���i�B�Q�M �p�2�+�i�Q�`�- �#�m�i �m�M�7�Q�`�i�m�M���i�2�H�v �i�?�2�`�2 �B�b
�M�Q �b�B�K�B�H���` �+�Q�M�b�i�`�m�+�i�B�Q�M �7�Q�`� �X �A�M�b�i�2���/�- �r�2 �/�2�}�M�2� ���M�/ �B�i�b �B�M�p�2�`�b�2� � 1 �r�B�i�?

�`=

0

@
r 1

r 2

r 3

1

A = � (�i) =

0

@
f x � t1/ t3

f y � t2/ t3

jj (t1; t2; t3)T jj

1

A �U�k�X�R�d�V

�i =

0

@
t1

t2

t3

1

A = � � 1(� )̀ =

0

@
(r 3 � r 1)/( f x � `)
(r 3 � r 2)/( f y � `)

r 3/ `

1

A

�r�?�2�`�2̀ = jj (r 1/ f x ; r 2/ f y ; 1)T jj �- �t �B�b �� �r�Q�`�H�/ �b�T���+�2 �+�Q�Q�`�/�B�M���i�2�-�i = ' (�t) �B�b �� �+���K�2�`�� �b�T���+�2 �+�Q�Q�`�/�B�M���i�2�-
���M�/�`= � (�i) �B�b �� �`���v �b�T���+�2 �+�Q�Q�`�/�B�M���i�2 �(�j�R�- �R�9�)�X �h�?�2 �p���`�B���#�H�2�bf x ���M�/f y ���`�2 �i�?�2 �7�Q�+���H �H�2�M�;�i�?f �2�t�T�`�2�b�b�2�/
�B�M �T�B�t�2�H �r�B�/�i�? ���M�/ �T�B�t�2�H �?�2�B�;�?�i �`�2�b�T�2�+�i�B�p�2�H�v�X �"�Q�i�?f x ���M�/f y ���`�2 �M�2�2�/�2�/ �#�2�+���m�b�2 �i�?�2 �`�2�+�i���M�;�m�H���` �T�B�t�2�H�b
�i�?���i �/�B�p�B�/�2 �i�?�2 �T�`�Q�D�2�+�i�B�Q�M �T�H���M�2 �K���v �?���p�2 �/�B�z�2�`�2�M�i �b�B�x�2�b �B�M �i�?�2�B�`x ���M�/y �/�B�`�2�+�i�B�Q�M�b �/�m�2 �i�Q �p���`�B�Q�m�b
�B�K�T�2�`�7�2�+�i�B�Q�M�b �B�M �i�?�2 �+���K�2�`�� �m�b�2�/ �i�Q �+���T�i�m�`�2 �i�?�2 �;�`�Q�m�M�/ �i�`�m�i�? �B�K���;�2�b�(�k�8�)�X �h�?�2 �2�[�m���i�B�Q�M �7�Q�`� (�i) �r�Q�`�F�b
�/�m�2 �i�Q �b�B�K�B�H���` �i�`�B���M�;�H�2�b�X �6�Q�` �2�t���K�T�H�2�-r 1 �m�b�2�b �i�?�2 �T�`�Q�T�Q�`�i�B�Q�Mr 1

f x
= t 1

t 3

�3�X �l�H�i�B�K���i�2�H�v�-r 1 ���M�/r 2 ���`�2
�K�2���b�m�`�2�/ �B�M �T�B�t�2�H �m�M�B�i�b �7�`�Q�K �i�?�2 �+�2�M�i�2�` �Q�7 �i�?�2 �T�`�Q�D�2�+�i�B�Q�M �T�H���M�2�X

�d�h�Q �T�`�Q�p�2 �i�?�B�b �+�H���B�K �K�Q�`�2 �`�B�;�Q�`�Q�m�b�H�v�- �r�2 �T�`�Q�+�2�2�/ �#�v �+�Q�M�i�`���T�Q�b�B�i�B�Q�M�, �a�m�T�T�Q�b�2 �i�?���i� = � � ' ���M�/' ���`�2 ���{�M�2 �#�m�i�
�B�b �M�Q�M�@���{�M�2�- �i�?�2�M� � ' � 1 = � �r�Q�m�H�/ ���H�b�Q �#�2 ���{�M�2 �#�2�+���m�b�2 ���{�M�2 �7�m�M�+�i�B�Q�M�b ���`�2 �+�H�Q�b�2�/ �m�M�/�2�` �+�Q�K�T�Q�b�B�i�B�Q�M ���M�/ �B�M�p�2�`�b�B�Q�M�X
�>�Q�r�2�p�2�`�- �r�2 ���`�2 �;�B�p�2�M �i�?���i� = � � ' � 1 �B�b �M�Q�M�@���{�M�2�- �b�Q� �K�m�b�i �#�2 �M�Q�M�@���{�M�2 �i�Q�Q�X

�3�*�m�`�B�Q�m�b �`�2���/�2�`�b ���`�2 �2�M�+�Q�m�`���;�2�/ �i�Q �/�`���r �� �/�B���;�`���K �/�2�i���B�H�B�M�; �i�?�2 �+�2�M�i�2�` �Q�7 �T�`�Q�D�2�+�i�B�Q�M�- �i�?�2 �T�`�Q�D�2�+�i�B�Q�M �T�H���M�2�- ���M�/f x �-r 1 �-
t1 ���M�/t3 ���b �/�B�b�i���M�+�2�b �B�M �+���K�2�`���f�b�+�`�2�2�M �b�T���+�2�X

�R�e



�h�Q �#�2 �+�H�2���`�-� (�i) �B�b �M�Q�M�@���{�M�2 �#�2�+���m�b�2 �B�i �B�M�p�Q�H�p�2�b �� �/�B�p�B�b�B�Q�M �#�vt3 ���M�/ ���M ���T�T�H�B�+���i�B�Q�M �Q�7 �i�?�2`2 �M�Q�`�K�X
�"�2�+���m�b�2� �B�b �M�Q�M�@���{�M�2�- �r�2 �r�B�H�H ���T�T�`�Q�t�B�K���i�2 �B�i �r�B�i�? ���M ���{�M�2 �h���v�H�Q�` �b�2�`�B�2�b�- �b�Q �r�2 �+���M �m�b�2 �2�[�m���i�B�Q�M �k�X�R�e�X
�q�2 �/�2�}�M�2 �i�?�2�H�Q�+���H ���{�M�2 ���T�T� �̀Q�t�B�K���i�B�Q�M�Q�7� �r�B�i�? �i�?�2 �}�`�b�i �i�r�Q �i�2�`�K�b �Q�7 �B�i�b �h���v�H�Q�` �2�t�T���M�b�B�Q�M ���`�Q�m�M�/ �i�?�2
�T�Q�B�M�i�ii �,

� i (�i) � � (�ii ) + �Ci � (�i � �ii ) �U�k�X�R�3�V

�r�?�2�`�2�ii = ' (� i ) �B�b �i�?�2 �+�2�M�i�2�` �Q�7 �i�?�2i �i�? �:���m�b�b�B���M �B�M �+���K�2�`�� �b�T���+�2�-� (�ii ) �B�b �i�?�2 �b���K�2 �T�Q�B�M�i �K���T�T�2�/ �i�Q
�`���v �b�T���+�2�- ���M�/� i (�ii ) = � (�ii ) = ^� i �X �h�?�2 �C���+�Q�#�B���M �Q�7� �B�b �/�2�}�M�2�/ �r�B�i�? �i�?�2 �K���i�`�B�t

�Ci =
�

@�
@ti; 1

;
@�

@ti; 2
;

@�
@ti; 3

�
=

2

4
f x / t i; 3 0 � f x � t i; 1/ t2

i; 3
0 f y / t i; 3 � f y � t i; 2/ t2

i; 3
t i; 1/ ` i t i; 2/ ` i t i; 3/ ` i

3

5 �U�k�X�R�N�V

�r�?�2�`�2̀i = jj (t i; 1; t i; 2; t i; 3)T jj �(�j�R�)�X �L�Q�r �r�2 �+���M ���T�T�`�Q�t�B�K���i�2� (' (�t)) �r�B�i�?mi (�t) = � i (' (�t)) �X �a�m�#�b�i�B�i�m�i�B�M�;
�i = ' (�t) = �q�t + �/ �B�M�i�Q �2�[�m���i�B�Q�M �k�X�R�3�- �r�2 �?���p�2

� i (' (�t)) � mi (�t) = � (�ii ) + �Ci � (�q�t + �/ � �ii )

= �Ci �q�t + �Ci (�/ � �ii ) + � (�ii ): �U�k�X�k�y�V

�*�Q�K�#�B�M�B�M�; �2�[�m���i�B�Q�M�b �k�X�R�8 ���M�/ �k�X�R�e�- �r�2 �?���p�2

g0
i (� )̀ = gi (m� 1

i (� )̀) �/�2�}�M�B�i�B�Q�M �Q�7g0

= G3
� i

(m� 1
i (� )̀ � � i ) �2�[�m���i�B�Q�M �k�X�R�8

�
1

j�J � 1j
G3

�J � i �J T (�`� mi (� i )) �2�[�m���i�B�Q�M �k�X�R�e �U�k�X�k�R�V

=
1

j�J � 1j
G3

�J � i �J T (�`� � 0
i ) �U�k�X�k�k�V

�r�?�2�`�2�J = �Ci �q �#�v �2�[�m���i�B�Q�M �k�X�k�y �(�j�R�)�X �h�Q �b�m�K�K���`�B�x�2 �Q�m�` �}�M�/�B�M�;�b�- �H�B�M�2 �k�X�k�k �+���M �#�2 �`�2�r�`�B�i�i�2�M �i�Q �i�?�2 �7�Q�`�K

g0(� )̀ =
1

j�J � 1j
G3

� 0
i
(�`� � 0

i ))

�r�?�2�`�2� 0
i = ( �Ci �q )� i (�Ci �q )T ���M�/� 0

i = mi (� i ) = � (' (� i )) �X

�k�X�8�X�j �S�`�Q�D�2�+�i�B�M�; �:���m�b�b�B���M�b �6�`�Q�K �_���v �a�T���+�2 �i�Q �a�+�`�2�2�M �a�T���+�2

�1�[�m���i�B�Q�M �k�X�R�R �/�2�}�M�2�bĝi (�T) =
R1

0 g0
i (�T; � )d� �r�?�B�+�? �2�z�2�+�i�B�p�2�H�v �T�`�Q�D�2�+�i�b �i�?�2 �`���v �b�T���+�2 �:���m�b�b�B���Mg0

i �i�Q �b�+�`�2�2�M
�b�T���+�2�X �h�?�B�b �b�m�#�b�2�+�i�B�Q�M �r�B�H�H �/�2�}�M�2 �i�?�2 �+�Q�p���`�B���M�+�2 �K���i�`�B�t ���M�/ �K�2���M �Q�7 �i�?�2 �b�+�`�2�2�M �b�T���+�2 �:���m�b�b�B���Mĝi �X

�a�2�+�i�B�Q�M �k�X�8�X�k �T�`�Q�p�B�/�2�b �/�2�}�M�B�i�B�Q�M�b �7�Q�`� 0
i ���M�/� 0

i �r�?�B�+�? �+���M �#�2 �m�b�2�/ ���b �� �b�i���`�i�B�M�; �T�Q�B�M�i �7�Q�` �+�Q�M�b�i�`�m�+�i�B�M�;
�i�?�2 �/�2�}�M�B�i�B�Q�M�b �Q�7�̂ i ���M�/̂� i �X �h�?�2 �2�t�T�H���M���i�B�Q�M �Q�7 �`���v �b�T���+�2 �7�`�Q�K �b�2�+�i�B�Q�M �k�X�j �B�M�/�B�+���i�2�b �i�?���i� 0

i = ( ^� i ; � i; 3)
�#�2�+���m�b�2 �T�`�Q�D�2�+�i�B�M�; �T�Q�B�M�i�b �7�`�Q�K �`���v �b�T���+�2 �B�b ���+�+�Q�K�T�H�B�b�?�2�/ �i�?�`�Q�m�;�? �B�;�M�Q�`�B�M�; �i�?�2 �/�2�T�i�? �+�Q�K�T�Q�M�2�M�i�X ��
�b�B�K�B�H���` �T�`�B�M�+�B�T�H�2 �+���M �#�2 �m�b�2�/ �i�Q �/�2�}�M�2 �i�?�2 �b�+�`�2�2�M �b�T���+�2 �+�Q�p���`�B���M�+�2 �K���i�`�B�t�X �A�M �i�?�2 �`���v �b�T���+�2 �+�Q�p���`�B���M�+�2
�K���i�`�B�t �7�Q�`g0

i (� )̀�-

� 0
i =

2

4
s1;1 s1;2 s1;3

s2;1 s2;2 s2;3

s3;1 s3;2 s3;3

3

5 ;

�i�?�2 �H���b�i �`�Q�r ���M�/ �+�Q�H�m�K�M �+�Q�`�`�2�b�T�Q�M�/ �i�Q �i�?�2 �+�Q�p���`�B���M�+�2 �B�M�p�Q�H�p�B�M�; �i�?�2 �/�2�T�i�? ���t�B�b�X �A�;�M�Q�`�B�M�; �i�?�2 �H���b�i �`�Q�r
���M�/ �+�Q�H�m�K�M �Q�7� 0

i �v�B�2�H�/�b �i�?�2 �+�Q�p���`�B���M�+�2 �K���i�`�B�t �Q�7 �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �b�+�`�2�2�M �b�T���+�2 �:���m�b�b�B���M�-ĝi (�T)�(�R�9�)�,

�̂ i =
�
s1;1 s1;2

s2;1 s2;2

�
:

�h�?�2�b�2 �Q�#�b�2�`�p���i�B�Q�M�b �/�B�`�2�+�i�H�v �v�B�2�H�/ ���H�;�Q�`�B�i�?�K �j�- �r�?�B�+�? �K�m�b�i �#�2 �`�m�M ���b �T�`�2�`�2�[�m�B�b�B�i�2 �i�Q �`�2�M�/�2�`�B�M�;�X

�k�X�8�X�9 �S�`�2�T�`�Q�+�2�b�b ���M�/ �_���b�i�2�`�B�x���i�B�Q�M

�h�Q �m�b�2 ���H�;�Q�`�B�i�?�K �R �2�z�2�+�i�B�p�2�H�v�- �i�?�2 �H�B�b�i �Q�7 �:���m�b�b�B���M�b�-G = f ĝ1; : : : ; ĝn g�- �M�2�2�/�b �i�Q �#�2 �b�Q�`�i�2�/ �b�Q �i�?���i ��
�;�B�p�2�M �T�B�t�2�H �B�b �+�Q�M�i���B�M�2�/ �r�B�i�?�B�M �i�?�2 �b�m�T�T�Q�`�i �Q�7 �2�p�2�`�v �:���m�b�b�B���M �r�B�i�? �B�M�/�2�ti �b�i���`�i(�T) � i < i �}�M���H(�T)�X �h�?�B�b
�b�Q�`�i�B�M�; �B�b ���+�+�Q�K�T�H�B�b�?�2�/ �r�B�i�? �� �i�B�H�2�@�#���b�2�/ ���T�T�`�Q���+�?�X �h�?�2 �b�+�`�2�2�M �B�b �}�`�b�i �/�B�p�B�/�2�/ �B�M�i�Q �i�B�H�2�b �Q�716� 16 �T�B�t�2�H�b

�R�d



���H�;�Q�`�B�i�?�K �k�:���m�b�b�B���M �*�Q�p���`�B���M�+�2 �S�`�Q�D�2�+�i�B�Q�M�(�R�9�)�X

�h�?�B�b ���H�;�Q�`�B�i�?�K �T�`�Q�D�2�+�i�b �i�?�2 �+�Q�p���`�B���M�+�2 �K���i�`�B�t �Q�7 �i�?�2i �i�? �:���m�b�b�B���M �7�`�Q�K �r�Q�`�H�/ �b�T���+�2 �i�Q �b�+�`�2�2�M
�b�T���+�2�X

�_�2�[�m�B�`�2�,�r�Q�`�H�/ �b�T���+�2 �K�2���M�,� i = ( � i; 0; � i; 1; � i; 2)T

�r�Q�`�H�/ �b�T���+�2 �+�Q�p���`�B���M�+�2 �K���i�`�B�t�,� i

�`�Q�i���i�B�Q�M �K���i�`�B�t�,�q
�i�`���M�b�H���i�B�Q�M �p�2�+�i�Q�`�,�/
�7�Q�+���H �H�2�M�;�i�?�b�,f x ���M�/f y

�R�,(t i; 1; t i; 2; t i; 3)T  �q � i + �/
�k�, ` i  jj (t i; 1; t i; 2; t i; 3)T jj

�j�, �C�B 

2

4
f x / t i; 3 0 � f x � t i; 1/ t2

i; 3
0 f y / t i; 3 � f y � t i; 2/ t2

i; 3
t i; 1/ ` i t i; 2/ ` i t i; 3/ ` i

3

5 . �2�[�m���i�B�Q�M �k�X�R�N

�9�, �J  �Ci �q

�8�,

2

4
s1;1 s1;2 s1;3

s2;1 s2;2 s2;3

s3;1 s3;2 s3;3

3

5  �J � i �J T . �2�[�m���i�B�Q�M �k�X�k�k

�e�, �̂ i  
�
s1;1 s1;2

s2;1 s2;2

�

�d�, �`�2�i�m�`�M̂� i

���M�/ �i�?�2�M �+�Q�T�B�2�b �Q�7 �i�?�2 �:���m�b�b�B���M�b �B�MG ���`�2 ���b�b�B�;�M�2�/ �b�m�+�? �i�?���i �B�7 �i�?�2 �b�m�T�T�Q�`�i �Q�7ĝi �K�B�;�?�i �B�M�i�2�`�b�2�+�i �i�B�H�2
t j �- �i�?�2�M̂gi 2 t j �X �q�B�i�?�B�M �2���+�? �i�B�H�2�- �2���+�? �K�2�K�#�2�` �:���m�b�b�B���M �B�b �b�Q�`�i�2�/ �#�v �B�i�b �`���v �b�T���+�2 �/�2�T�i�? �U�`�2�+���H�H �i�?���i
�2�[�m���i�B�Q�M �k�X�R�j �B�b �Q�M�H�v �p���H�B�/ �B�7 �i�?�2 �:���m�b�b�B���M�b ���`�2 �b�Q�`�i�2�/ �#�v �/�2�T�i�?�V�X �"�v �+�Q�M�+���i�2�M���i�B�M�; �i�?�2 �:���m�b�b�B���M�b �B�M
�2���+�? �+�Q�M�b�2�+�m�i�B�p�2 �i�B�H�2�- �r�2 ���`�2 �H�2�7�i �r�B�i�?G0�, �� �K���b�i�2�` �H�B�b�i �Q�7 �:���m�b�b�B���M�b �?�B�2�`���`�+�?�B�+���H�H�v �b�Q�`�i�2�/ �#�v �i�B�H�2 �B�M�/�2�t
���M�/ �i�?�2�M �/�2�T�i�?�X �L�Q�i�2 �i�?���i �+�Q�T�B�2�b �Q�7 ���M �B�M�/�B�p�B�/�m���H �:���m�b�b�B���M �K���v ���T�T�2���` �K�m�H�i�B�T�H�2 �i�B�K�2�b �B�MG0 ���b �B�i �K���v
�B�M�i�2�`�b�2�+�i �K�m�H�i�B�T�H�2 �i�B�H�2�b�X �A�M �T�`���+�i�B�+�2�- �i�?�B�b �b�Q�`�i �B�b �T�2�`�7�Q�`�K�2�/ �r�B�i�? �� �b�B�M�;�H�2 �:�S�l �`���/�B�t �b�Q�`�i �Q�7 �i�?�2 �:���m�b�b�B���M�b
�Q�M �� �e�9�@�#�B�i �F�2�v�- �r�?�2�`�2 �i�?�2 �m�T�T�2�` �j�k �#�B�i�b �`�2�T�`�2�b�2�M�i �i�?�2 �i�B�H�2 �B�M�/�2�t ���M�/ �i�?�2 �H�Q�r�2�` �j�k �#�B�i�b �`�2�T�`�2�b�2�M�i �/�2�T�i�?�(�R�9�)�X

�_�2�+���H�H �i�?�2 �/�2�}�M�B�i�B�Q�M �Q�7 �j�. �:���m�b�b�B���M�b �;�B�p�2�M �B�M �2�[�m���i�B�Q�M �k�X�d�,

G3
� (�t � � ) =

1
(2� )3/2 j� j1/2

e� 1
2 ( �t� � )T � � 1 ( �t� � ) :

�h�?�2 �r�Q�`�H�/ �b�T���+�2 �+�Q�p���`�B���M�+�2 �K���i�`�B�t �Q�7 �i�?�2i �i�? �:���m�b�b�B���M�-� i �- �B�b ���M �Q�T�i�B�K�B�x���#�H�2 �b�+�2�M�2 �T���`���K�2�i�2�`�- �#�m�i �B�i
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ĝ1 ���`�2 �K�2�K�#�2�`�b �Q�7tc �#�2�+���m�b�2 �i�?�2�B�` �#�Q�m�M�/�B�M�; �#�Q�t�2�b �B�M�i�2�`�b�2�+�i �B�i �r�?�2�`�2���b �i�?�2 �#�Q�m�M�/�B�M�; �#�Q�t �Q�7ĝ4
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�Q�`�/�2�` �/�m�2 �i�Q �i�?�2�B�` �?�B�2�`���`�+�?�B�+���H �Q�`�/�2�`�B�M�; �m�M�/�2�`tc�X �6�Q�` �� �#�2�i�i�2�` �p�B�2�r �Q�7 �i�?�2 �T�`�Q�D�2�+�i�B�Q�M �T�H���M�2�- �T�H�2���b�2
�b�2�2 �}�;�m�`�2 �k�X�d�X

�S�H�2���b�2 �M�Q�i�2 �i�?���i �}�;�m�`�2 �k�X�e �B�b ���M ���`�i�B�b�i�B�+ �B�M�i�2�`�T�`�2�i���i�B�Q�M �Q�7 �i�?�2 �:���m�b�b�B���M �T�`�Q�D�2�+�i�B�Q�M �T�`�Q�+�2�b�b�X
�o���H�m�2�b�- �/�B�b�i���M�+�2�b�- ���M�/ �b�?���T�2�b ���`�2 �B�M�b�T�B�`�2�/ �#�v �K���i�?�2�K���i�B�+���H �`�2�b�m�H�i�b �#�m�i �Q�T�i�B�K�B�x�2�/ �7�Q�` �p�B�b�m���H
�+�H���`�B�i�v ���M�/ �H�2�;�B�#�B�H�B�i�v�X �A�M �T���`�i�B�+�m�H���`�- �i�?�2 �T�`�Q�D�2�+�i�B�Q�M �T�H���M�2 �?���b �#�2�2�M �;�`�2���i�H�v �K���;�M�B�}�2�/�- �i�?�2 �H�Q�+���H
�H�B�M�2���` ���T�T�`�Q�t�B�K���i�B�Q�M �M�Q�`�K���H�H�v �m�b�2�/ �i�Q �T�`�Q�D�2�+�i �:���m�b�b�B���M�b �?���b �#�2�2�M �`�2�T�H���+�2�/ �r�B�i�? ���M ���`�#�B�i�`���`�v
���{�M�2 �i�`���M�b�7�Q�`�K���i�B�Q�M�- ���M�/ �i�?�2 ���T�T�2���`���M�+�2 �Q�7 �2���+�? �:���m�b�b�B���M �B�b ���T�T�`�Q�t�B�K���i�2�/ �r�B�i�? �/�Q�x�2�M�b �Q�7
�i�`���M�b�H�m�+�2�M�i �2�H�H�B�T�b�2�b �r�B�i�? �/�B�z�2�`�2�M�i �`���/�B�B�X �h�Q �2�t�T�2�`�B�K�2�M�i �r�B�i�? �?�Q�r �i�?�2 �T�`�Q�D�2�+�i�B�Q�M �Q�T�2�`���i�B�Q�M ���+�i�m���H�H�v
�H�Q�Q�F�b�- �`�2���/�2�`�b ���`�2 �B�M�p�B�i�2�/ �i�Q �i�B�M�F�2�` �r�B�i�? �i�?�2 �i�2�b�i �b�+�`�B�T�i �i�?���i �B�M�b�T�B�`�2�/ �i�?�B�b �/�B���;�`���K�- ���p���B�H���#�H�2 ���i
�?�i�i�T�b�,�f�f�;�B�i�?�m�#�X�+�Q�K�f�l�M�+���i�+�?���#�H�2���H�2�t�f�h�?�2�b�B�b�n�.�B���;�`���K�b�f�#�H�Q�#�f�K���B�M�f�;�T�`�Q�D�X�T�v

�X

�R�N



�̂ 1

tc

�̂ 2

tc

�̂ 3

tc

�̂ 4

tc

�6�B�;�m�`�2 �k�X�d�,�h�B�H�2 �`�2�M�/�2�`�B�M�; �U�T�`�Q�D�2�+�i�B�Q�M �T�H���M�2 �p�B�2�r�V�X �h�?�B�b �B�b �� �+�H�Q�b�2�@�m�T �p�B�2�r �Q�7 �i�?�2 �T�`�Q�D�2�+�i�B�Q�M
�T�H���M�2 �7�`�Q�K �}�;�m�`�2 �k�X�e

���H�;�Q�`�B�i�?�K �j�S�`�2�T�`�Q�+�2�b�b

�_�2�[�m�B�`�2�,�`�Q�i���i�B�Q�M �K���i�`�B�t�,�q
�i�`���M�b�H���i�B�Q�M �p�2�+�i�Q�`�,�/
�r�Q�`�H�/ �b�T���+�2 �K�2���M�,� i

�[�m���i�2�`�M�B�Q�M�,�[i
�b�+���H�B�M�; �7���+�i�Q�`�,�bi
�7�Q�+���H �H�2�M�;�i�? �7�Q�` �t �/�B�`�2�+�i�B�Q�M�,f x

�7�Q�+���H �H�2�M�;�i�? �7�Q�` �v �/�B�`�2�+�i�B�Q�M�,f y

�r�B�/�i�? �U�B�M �T�B�t�2�H�b�Vw
�?�2�B�;�?�i �U�B�M �T�B�t�2�H�b�Vh

�ii  �q � i + �/
�̂  ((w/2) + f x �ii; 1/ �ii; 3; (h/2) + f y �ii; 2/ �ii; 3)T . �h�?�2 �b�i���M�/���`�/ �`���v �b�T���+�2 �T�`�Q�D�2�+�i�B�Q�M

. �r�B�i�? �ó�T�B�t�2�H�ô �i�`���M�b�H���i�B�Q�M ���T�T�H�B�2�/
�/�2�T�i�? �ii; 3

�B�7̂� �B�b �Q�z�@�b�+�`�2�2�M�i�?�2�M
�_�2�i�m�`�M �A�M�p���H�B�/ �:���m�b�b�B���M

�2�M�/ �B�7
�  ���*�(�+�0�/� �½���*�1�½�p���U�[i �-�bi �V . ���H�;�Q�`�B�i�?�K �M�Q�i �b�?�Q�r�M�X �_�2�7�2�` �i�Q �b�2�+�i�B�Q�M �k�X�8�X�9 �7�Q�` �/�2�i���B�H�b
�̂  ���*�(�+�0�/� �½���*�1�½�o���Û� �-� �V . ���H�;�Q�`�B�i�?�K �k
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p
�K���t(� 1; � 2) . �i�?�`�2�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�b

�#�Q�t �"� �/�½�-� ���/�½�o���U� ; r �V . �;�2�i �i�?�2 �#�Q�m�M�/�B�M�; �#�Q�t �Q�7 �i�?�2 �b�m�T�T�Q�`�i �B�M �i�B�H�2 �b�T���+�2
�M�m�K�n�i�B�H�2�b �U�#�Q�t�X�t�?�B �@ �#�Q�t�X�t�H�Q�V� �U�#�Q�t�X�v�?�B �@ �#�Q�t�X�v�H�Q�V
�`�2�i�m�`�M̂� ; �̂ � 1�- �M�m�K�n�i�B�H�2�b�- �#�Q�t�-r �- �/�2�T�i�?
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���H�;�Q�`�B�i�?�K �9�_���b�i�2�`�B�x�2

�_�2�[�m�B�`�2�,n > 0�-� > 0
�P�T���+�B�i�B�2�b�,� 1; : : : ; � n

�*�Q�H�Q�`�b�,�+1; : : : ; �+n �r�?�2�`�2�+i = ( ci;� 0 ; : : : ; ci;� m )T

�a�+�`�2�2�M�@�b�T���+�2 �K�2���M�b�,� 1; : : : ; � n

�Z�m���i�2�`�M�B�Q�M�b�,�[1; : : : ; �[n
�a�+���H�2 �p�2�+�i�Q�`�b�,�b1; : : : ; �bn
�#���+�F�;�`�Q�m�M�/ �+�Q�H�Q�`C�#�;

�`�Q�i���i�B�Q�M �K���i�`�B�t�,�q
�i�`���M�b�H���i�B�Q�M �p�2�+�i�Q�`�,�/
�7�Q�+���H �H�2�M�;�i�? �7�Q�` �t �/�B�`�2�+�i�B�Q�M�,f x

�7�Q�+���H �H�2�M�;�i�? �7�Q�` �v �/�B�`�2�+�i�B�Q�M�,f y

�r�B�/�i�? �U�B�M �T�B�t�2�H�b�Vw
�?�2�B�;�?�i �U�B�M �T�B�t�2�H�b�Vh

G  [ ] . ���b�b�2�K�#�H�2 �i�?�2 �H�B�b�i �Q�7 �T�`�Q�D�2�+�i�2�/ �:���m�b�b�B���M�b
�7�Q�`i 2 f 1; : : : ; ng �/�Q

G  G � �+�-� �+�-�*��� �.�.(�q ; �/; � i ; �[i ; �bi ; f x ; f y ; w; h) . �b�2�2 ���H�;�Q�`�B�i�?�K �j
�2�M�/ �7�Q�`
G0  �&� �4�½�1���'�0� �½�'�$�.�/�½���4�½�/�$�'� (G) . �T�b�2�m�/�Q�+�Q�/�2 �M�Q�i �T�`�Q�p�B�/�2�/�X �.�2�b�+�`�B�#�2�/ �B�M �b�2�+�i�B�Q�M �k�X�8�X�9
G0  �-�����$�3�½�.�*�-�/(G0)
�A �y . �B�M�B�i�B���H�B�x�2 �i�?�2 �T�B�t�2�H ���`�`���v �+���M�p���b
�7�Q�`�T2 �$�)���$��� �.(�A) �/�Q . �T���`���H�H�2�H �H�Q�Q�T

�A�T  �+�$�3� �'�½���*�'�*�-(G0; �T) . �+���H�+�m�H���i�2 �i�?�2 �+�Q�H�Q�` �Q�7 �2�p�2�`�v �T�B�t�2�H
�2�M�/ �7�Q�`
�`�2�i�m�`�M�A

�k�X�e�X�R ���+�i�B�p���i�B�Q�M �6�m�M�+�i�B�Q�M�b

�_�2�+���H�H �i�?���i �i�?�2 �b�+�2�M�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M �m�b�2�/ �#�v �j�.�:�a �B�b �� �H�B�b�i �Q�7 �j�. �:���m�b�b�B���M �7�m�M�+�i�B�Q�M�b �/�2�}�M�2�/ �#�v �� �r�Q�`�H�/
�b�T���+�2 �K�2���M� i �- �b�+���H�2 �p�2�+�i�Q�`�bi �- ���M�/ �[�m���i�2�`�M�B�Q�M�[i �- ���m�;�K�2�M�i�2�/ �r�B�i�? �� �b�T�?�2�`�B�+���H �?���`�K�Q�M�B�+ �+�Q�2�{�+�B�2�M�i �+�Q�H�Q�`
�p�2�+�i�Q�`�+i ���M�/ �Q�T���+�B�i�v� i �X �P�`�- �K�Q�`�2 �+�Q�M�+�B�b�2�H�v�-� = f (� j ; �bj ; �[j ; �+j ; � j )gn

j =1 �r�?�2�`�2 �2���+�? �T���`���K�2�i�2�` �7�Q�` �2���+�?
�:���m�b�b�B���M �K�m�b�i �`�2�+�2�B�p�2 �;�`���/�B�2�M�i�b �7�`�Q�K �i�?�2 �`�2�M�/�2�`�2�` �r�B�i�? �2���+�? �i�`���B�M�B�M�; �B�i�2�`���i�B�Q�M�X

�h�Q �+�Q�M�b�i�`���B�M �2���+�?� j �i�Q(0; 1)�- �E�2�`�#�H �2�i ���H�X �m�b�2 �� �b�B�;�K�Q�B�/ ���+�i�B�p���i�B�Q�M �7�m�M�+�i�B�Q�M�X �a�B�K�B�H���`�H�v�- �i�?�2�v ���H�b�Q �m�b�2
���M �2�t�T�Q�M�2�M�i�B���H ���+�i�B�p���i�B�Q�M �7�m�M�+�i�B�Q�M �7�Q�` �2���+�?�bj �(�R�9�)�X ���H�H �Q�i�?�2�` �T���`���K�2�i�2�`�b �m�b�2 �� �H�B�M�2���` ���+�i�B�p���i�B�Q�M�X

�k�X�e�X�k �G�Q�b�b �6�m�M�+�i�B�Q�M

�E�2�`�#�H �2�i ���H�X �m�b�2 �i�?�2 �H�Q�b�b �7�m�M�+�i�B�Q�M
L = (1 � � )L 1 + � L �.�@�a�a�A�J

�r�?�2�`�2
L 1(�A; �A� ) =
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p2 �$�)���$��� �.( �A)

j�Ap � �A�p j

�`�2�T�`�2�b�2�M�i�b �K�2���M ���#�b�Q�H�m�i�2 �2�`�`�Q�`�- ���M�/L �.�@�a�a�A�J(�A; �A� ) = �.�@�a�a�A�J(�A; �A� ) �B�b �i�?�2 �/�B�b�b�B�K�B�H���`�B�i�v �p�2�`�b�B�Q�M �Q�7 �i�?�2
�a�i�`�m�+�i�m�`���H �a�B�K�B�H���`�B�i�v �A�M�/�2�t �J�2���b�m�`�2 �U�a�a�A�J�V�- �/�2�}�M�2�/ ���b �.�@�a�a�A�J(�A; �A� ) = 1� �a�a�A�J( �A;�A� )

2 �#�v �q���M�; �2�i ���H�X�(�k�3�)�X
�1�K�T�B�`�B�+���H�H�v�- �E�2�`�#�H �2�i ���H�X �+�?�Q�b�2� = 0 :2�X

�k�X�e�X�j �A�M�B�i�B���H�B�x���i�B�Q�M

�"�2�+���m�b�2 �i�?�2 �B�M�T�m�i �i�Q �j�.�:�a �i�`���B�M�B�M�; �B�b �� �/���i���b�2�i �Q�7 �m�M�H���#�2�H�2�/ �B�K���;�2�b�- �i�?�2 �}�`�b�i �b�i�2�T �B�b �i�Q �2�b�i�B�K���i�2 �i�?�2
�+���K�2�`�� �T�Q�b�2 ���b�b�Q�+�B���i�2�/ �r�B�i�? �2���+�?�X �6�Q�` �i�?�B�b �i���b�F�- �E�2�`�#�H �2�i ���H�X �`�2�H�v �Q�M �a�i�`�m�+�i�m�`�2 �7�`�Q�K �J�Q�i�B�Q�M �U�a�7�J�V�(�k�e�)�-
�� �T�`�2�p�B�Q�m�b �T�`�Q�D�2�+�i �i�?���i �2�b�i�B�K���i�2�b �+���K�2�`�� �T�Q�b�2 ���M�/ �`�2�+�Q�M�b�i�`�m�+�i�b �� �b�T���`�b�2 �T�Q�B�M�i �+�H�Q�m�/ �Q�7 �i�?�2 �b�+�2�M�2�X �h�?�2
�j�.�:�a �b�+�2�M�2 �B�b �i�?�2�M �B�M�B�i�B���H�B�x�2�/ �7�`�Q�K �i�?�B�b �T�Q�B�M�i �+�H�Q�m�/�- �r�B�i�? �2���+�? �`�2�+�Q�M�b�i�`�m�+�i�2�/ �T�Q�B�M�i �#�2�+�Q�K�B�M�; �i�?�2 �K�2���M
�Q�7 �� �:���m�b�b�B���M�-� i �X
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� i =

2

4
d2

i 0 0
0 d2

i 0
0 0 d2

i

3

5

�r�?�2�`�2di �B�b �i�?�2 ���p�2�`���;�2 �/�B�b�i���M�+�2 �7�`�Q�K �i�?�2i �i�? �T�Q�B�M�i �i�Q �i�?�2 �+�H�Q�b�2�b�i �i�?�`�2�2 �Q�i�?�2�` �T�Q�B�M�i�b �B�M �i�?�2 �+�H�Q�m�/�(�R�9�)�X

�k�X�e�X�9 �q���`�K�@�m�T

�E�2�`�#�H �2�i ���H�X �M�Q�i�2 �i�?���i �i�?�2 �}�`�b�i �b�T�?�2�`�B�+���H �?���`�K�Q�M�B�+ �#���M�/ �`�2�T�`�2�b�2�M�i�B�M�; �i�?�2 �ó�#���b�2�ô �+�Q�H�Q�` �?���b �� �i�2�M�/�2�M�+�v �i�Q
�i�`���B�M �T�Q�Q�`�H�v �B�M �b�+�2�M�2�b �r�?�2�`�2 �b�Q�K�2 ���M�;�m�H���` �`�2�;�B�Q�M�b ���`�2 �K�B�b�b�B�M�; �U�7�Q�` �2�t���K�T�H�2�- �B�7 �i�?�2 �b�+�2�M�2 �B�b �i�?�2 �B�M�b�B�/�2 �Q�7
�� �`�Q�Q�K �r�B�i�? �+�Q�`�M�2�`�b�V�X �h�Q �7���+�B�H�B�i���i�2 �2�z�2�+�i�B�p�2 �i�`���B�M�B�M�; �Q�7 �i�?�2 �b�T�?�2�`�B�+���H �?���`�K�Q�M�B�+�b�- �Q�M�H�v �i�?�2 �}�`�b�i �#���M�/ �B�b
�i�`���B�M�2�/ �7�Q�` �i�?�2 �}�`�b�i �R�y�y�y �B�i�2�`���i�B�Q�M�b�- ���M�/ �Q�M�2 �#���M�/ �B�b ���/�/�2�/ �i�Q �i�?�2 �i�`���B�M�B�M�; �2�p�2�`�v �R�y�y�y �B�i�2�`���i�B�Q�M�b �i�?�2�`�2���7�i�2�`
�m�M�i�B�H �2���+�? �:���m�b�b�B���M�ö�b �+�Q�H�Q�` �B�b �`�2�T�`�2�b�2�M�i�2�/ �r�B�i�? �7�Q�m�` �#���M�/�b�X

�k�X�e�X�8 �G�2���`�M�B�M�; �_���i�2�b

���H�H �H�2���`�M�B�M�; �`���i�2�b �B�M �j�.�:�a ���`�2 �+�Q�M�b�i���M�i �2�t�+�2�T�i �7�Q�`� i �- �r�?�B�+�? �m�b�2�b ���M �2�t�T�Q�M�2�M�i�B���H �/�2�+���v�(�R�9�)�X ���b �i�`���B�M�B�M�;
�T�`�Q�;�`�2�b�b�2�b�- �i�?�2 �r�Q�`�H�/ �b�T���+�2 �T�Q�b�B�i�B�Q�M �Q�7 �2���+�? �:���m�b�b�B���M �#�2�+�Q�K�2�b �B�M�+�`�2���b�B�M�;�H�v �`�2�b�B�b�i���M�i �i�Q �+�?���M�;�2�- ���M�/ �i�?�2
�Q�T�i�B�K�B�x���i�B�Q�M �T�`�Q�+�2�b�b �7�Q�+�m�b�2�b �B�M�+�`�2���b�B�M�;�H�v �Q�M �+�Q�H�Q�`�- �Q�T���+�B�i�v�- ���M�/ �i�?�2 �b�?���T�2 �Q�7 �i�?�2 �:���m�b�b�B���M�b�X

�k�X�e�X�e �.�2�M�b�B�}�+���i�B�Q�M ���M�/ �P�T���+�B�i�v �*�m�H�H�B�M�;

�.�m�`�B�M�; �i�?�2 �i�`���B�M�B�M�; �T�`�Q�+�2�b�b�- �i�r�Q �K���H�B�;�M���M�i �T�`�Q�+�2�b�b�2�b �+���M �T�`�2�p�2�M�i �i�?�2 ���+�+�m�`���i�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �H�Q�+���H
�b�+�2�M�2 �/�2�i���B�H�b�X �h�?�2 �}�`�b�i �B�b�b�m�2�-�m�M�/�2�`�@� �̀2�+�Q�M�b�i�`�m�+�i�B�Q�M�- �Q�+�+�m�`�b �r�?�2�M ���`�2���b �Q�7 �i�?�2 �b�+�2�M�2 ���`�2 �M�Q�i �+�Q�p�2�`�2�/ �#�v
�:���m�b�b�B���M�b�- �`�2�b�m�H�i�B�M�; �B�M �#���`�2 �b�T�Q�i�b �r�?�2�`�2 �;�2�Q�K�2�i�`�B�+ �/�2�i���B�H �B�b �K�B�b�b�B�M�;�X �h�Q ���/�/�`�2�b�b �m�M�/�2�`�@�`�2�+�Q�M�b�i�`�m�+�i�B�Q�M�-
�j�.�:�a �i�`���B�M�B�M�; �Q�+�+���b�B�Q�M���H�H�v �+�H�Q�M�2�b �2���+�? �:���m�b�b�B���M �B�M �m�M�/�2�`�@�`�2�+�Q�M�b�i�`�m�+�i�2�/ ���`�2���b�- �K�2���M�B�M�; �i�?���i ���M �2�t���+�i
�+�Q�T�v �Q�7 �2���+�? �:���m�b�b�B���M �B�b ���/�/�2�/ �i�Q �i�?�2 �b�+�2�M�2�- �b�?�B�7�i�2�/ �B�M �i�?�2 �/�B�`�2�+�i�B�Q�M �Q�7 �i�?�2 �Q�`�B�;�B�M���H �:���m�b�b�B���M�ö�b �T�Q�b�B�i�B�Q�M���H
�;�`���/�B�2�M�i�(�R�9�)�X

�A�M �i�?�2 �Q�i�?�2�` �+���b�2�-�Q�p�2�`�@� �̀2�+�Q�M�b�i�`�m�+�i�B�Q�M�- �}�M�2 �H�Q�+���H �/�2�i���B�H �B�M �i�?�2 �b�+�2�M�2 �B�b �Q�#�b�+�m�`�2�/ �#�v �H���`�;�2 �:���m�b�b�B���M�b�X
�A�M �i�?�2�b�2 ���`�2���b�- �:���m�b�b�B���M�b �M�2�2�/ �i�Q �#�2 �b�T�H�B�i�- �K�2���M�B�M�; �i�?���i �2���+�? �H���`�;�2 �:���m�b�b�B���M �B�b �b�T�H�B�i �B�M�i�Q �i�r�Q �b�K���H�H�2�`
�Q�M�2�b�X �h�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �i�?�2�b�2 �i�r�Q �M�2�r �:���m�b�b�B���M�b �B�b �/�2�i�2�`�K�B�M�2�/ �m�b�B�M�; �i�?�2 �Q�`�B�;�B�M���H �:���m�b�b�B���M ���b �� �T�`�Q�#���#�B�H�B�i�v
�/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M�X �h�?�2 �b�B�x�2 �Q�7 �i�?�2 �i�r�Q �M�2�r �:���m�b�b�B���M�b �B�b �/�2�i�2�`�K�B�M�2�/ �#�v �/�B�p�B�/�B�M�; �i�?�2 �b�+���H�2 �p�2�+�i�Q�` �Q�7 �i�?�2
�Q�`�B�;�B�M���H �:���m�b�b�B���M �#�v� = 1 :6�- �� �7���+�i�Q�` �/�2�i�2�`�K�B�M�2�/ �2�t�T�2�`�B�K�2�M�i���H�H�v �#�v �E�2�`�#�H �2�i ���H�X �h�Q�;�2�i�?�2�`�- �+�H�Q�M�B�M�; ���M�/
�b�T�H�B�i�i�B�M�; �+�Q�K�T�`�B�b�2 �i�?�2 �j�.�:�a�/�2�M�b�B�}�+���i�B�Q�M�T�`�Q�i�Q�+�Q�H �(�R�9�)�X
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�/�B�z�2�`�2�M�i�B���i�2�2�p�2�`�v�#�`���M�+�? �Q�7 �� �T�B�2�+�2�r�B�b�2 �7�m�M�+�i�B�Q�M���� �`�m�B�M�Q�m�b �r���b�i�2 �Q�7 �`�2�b�Q�m�`�+�2�b �B�7 �K���M�v �#�`���M�+�?�2�b ���`�2
�T�`�2�b�2�M�i�X

�k�X�d�X�j �6�Q�`�r���`�/ �J�Q�/�2 ���m�i�Q�K���i�B�+ �.�B�z�2�`�2�M�i�B���i�B�Q�M

���m�i�Q�K���i�B�+ �/�B�z�2�`�2�M�i�B���i�B�Q�M �2�t�i�2�M�/�b �i�?�2 �T�`�B�M�+�B�T�H�2�b �Q�7 �M���B�p�2 �b�v�K�#�Q�H�B�+ �/�B�z�2�`�2�M�i�B���i�B�Q�M �#�v �b�T�H�B�i�i�B�M�; �� �7�m�M�+�i�B�Q�M�-
f �- �B�M�i�Q �B�i�b �+�Q�M�b�i�B�i�m�2�M�i �b�i�2�T�b�- �r�?�B�+�? �+���M �i�?�2�M �#�2 �/�B�z�2�`�2�M�i�B���i�2�/ �B�M�/�B�p�B�/�m���H�H�v�X �h�?�2�b�2 �B�M�/�B�p�B�/�m���H �/�2�`�B�p���i�B�p�2�b
�+���M �i�?�2�M �#�2 �m�b�2�/ �i�Q �i�`���+�F �i�?�2 �;�`���/�B�2�M�i �~�Q�r �i�?�`�Q�m�;�?f �p�B�� �i�?�2 �+�?���B�M �`�m�H�2�X

�N�q�2 ���b�b�m�K�2 ���M �_�:�" �+�Q�H�Q�` �b�+�?�2�K�2 �?�2�`�2�X �j�.�:�a �m�b�m���H�H�v �m�b�2�b �b�T�?�2�`�B�+���H �?���`�K�Q�M�B�+�b �r�?�B�+�? �#�2�+�Q�K�2 �H���`�;�2�` ���b �i�`���B�M�B�M�;
�T�`�Q�;�`�2�b�b�2�b�X

�k�j



���.�ö�b �}�`�b�i �p���`�B���M�i�- �7�Q�`�r���`�/ �K�Q�/�2�- �B�b �i�?�2 �b�B�K�T�H�2�b�i ���M�/ �2���b�B�2�b�i �i�Q �m�M�/�2�`�b�i���M�/�X �:�B�p�2�M �� �T�`�B�K���H �7�m�M�+�i�B�Q�M�-
f : Rn ! Rm �- �r�B�i�? �B�M�T�m�i�bx1; : : : ; xn ���M�/ �Q�m�i�T�m�i�by1; : : : ; ym �- �r�2 �b�2�2�F �i�Q �+���H�+�m�H���i�2 �i�?�2�C���+�Q�#�B���M�@�p�2�+�i�Q�`
�T� �̀Q�/�m�+�i�U�C�o�S�V

�Cf �`=

2

6
4

@y1
@x1

: : : @y1
@xn

�X�X�X
�X�X�X

�X�X�X
@ym
@x1

: : : @ym
@xn
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7
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�
�
�
�
�
�
�
�t= ��

2

6
4

r 1
�X�X�X

r n

3

7
5

�r�?�2�`�2�� �B�b �i�?�2 �T�Q�B�M�i ���i �r�?�B�+�? �i�?�2 �C�o�S �Q�7f �B�b �2�p���H�m���i�2�/�X �J�Q�b�i �+�Q�K�K�Q�M�H�v�- �r�2 �r�B�H�H �m�b�2 �i�?�2 �C�o�S �i�Q �+���H�+�m�H���i�2
�i�?�2j �i�? �+�Q�H�m�K�M �Q�7f �ö�b �C���+�Q�#�B���M�-�C( j )

f = [ @y1
@xj

: : : @ym
@xj

]T �r�?�B�+�? �+���M �#�2 �/�Q�M�2 �#�v �b�2�i�i�B�M�;�`= �2j �X
�6�Q�`�r���`�/ �K�Q�/�2 ���. �r�Q�`�F�b �#�v �2�t�2�+�m�i�B�M�; �2���+�? �+���H�+�m�H���i�B�Q�M �b�i�2�T�-vi �- ���b �M�Q�`�K���H�- �r�?�B�H�2 �b�B�K�m�H�i���M�2�Q�m�b�H�v

�i�`���+�F�B�M�; �� �b�2�T���`���i�2�7�Q�`�r��� �̀/ �i���M�;�2�M�i�p���H�m�2�-_vi = @vi
@xj

�(�k�)�X �q�2 �/�2�K�Q�M�b�i�`���i�2 �i�?�B�b �#�2�?���p�B�Q�` �B�M �}�;�m�`�2 �k�X�3 �#�v

�m�b�B�M�; �7�Q�`�r���`�/ �K�Q�/�2 ���. �i�Q �+�Q�K�T�m�i�2@f
@x1

�7�Q�` �i�?�2 �7�m�M�+�i�B�Q�Mf (x1; x2) = �H�M(x2
1 + x2

2) + x3
1�X �L�Q�i�B�+�2 �?�Q�r �r�2

�B�M�B�i�B���H�B�x�2 �i�?�2 �i���M�;�2�M�i �i�`���+�2 �r�B�i�?_x1 = 1 ���M�/ _x2 = 0 �i�Q �+���H�+�m�H���i�2@f
@x1

�X �A�7 �r�2 �r���M�i�2�/ �i�Q �+���H�+�m�H���i�2@f
@x2

�- �r�2
�r�Q�m�H�/ �B�M�B�i�B���H�B�x�2 �i�?�2 �i���M�;�2�M�i �i�`���+�2 �r�B�i�?_x1 = 0 ���M�/ _x2 = 1 �X

�h�?�2 �2�z�2�+�i�B�p�2�M�2�b�b �Q�7 �7�Q�`�r���`�/ �K�Q�/�2 ���. �/�2�T�2�M�/�b �H���`�;�2�H�v �Q�M �i�?�2 �b�?���T�2 �Q�7�Cf �X �"�2�+���m�b�2 �i�?�2 �C�o�S �K���v
�Q�M�H�v �b�m�T�T�H�v �� �b�B�M�;�H�2 �+�Q�H�m�K�M �Q�7�Cf ���i �� �i�B�K�2�- �r�2 ���`�2 �Q�#�H�B�;���i�2�/ �i�Q �`�m�M �i�?�2 ���H�;�Q�`�B�i�?�Kn �i�B�K�2�b �i�Q �`�2�+�Q�M�b�i�`�m�+�i
�i�?�2 �7�m�H�H �C���+�Q�#�B���M�X �6�Q�` �7�m�M�+�i�B�Q�M�b �H�B�F�2 �j�.�:�a �`���b�i�2�`�B�x���i�B�Q�M�- �r�?�2�`�2n � m�- �7�Q�`�r���`�/ �K�Q�/�2 ���. �B�K�K�2�/�B���i�2�H�v
�b�m�+�+�m�K�#�b �i�Q �i�?�2 �b���K�2 �7���m�H�i ���b �M�m�K�2�`�B�+���H �/�B�z�2�`�2�M�i�B���i�B�Q�M�, �A�M �Q�`�/�2�` �i�Q �+���H�+�m�H���i�2 �i�?�2 �b�2�M�b�B�i�B�p�B�i�v �Q�7 �2�p�2�`�v
�B�M�T�m�i �r�B�i�? �`�2�b�T�2�+�i �i�Q �� �b�B�M�;�H�2 �Q�m�i�T�m�i�- �7�Q�`�r���`�/ �K�Q�/�2 �K�m�b�i �#�2 �`�m�Mn �i�B�K�2�b�X �h�Q �m�b�2 �7�Q�`�r���`�/ �K�Q�/�2 ���. �i�Q
�i�`���B�M �� �j�.�:�a �b�+�2�M�2 �+�Q�M�i���B�M�B�M�;106 �:���m�b�b�B���M�b �2���+�? �r�B�i�? �R�9 �7�2���i�m�`�2�b�- �r�2 �r�Q�m�H�/ �?���p�2 �i�Q �`�m�M �R�9 �K�B�H�H�B�Q�M ���.
�i�`���+�2�b �i�Q �+�Q�K�T�H�2�i�2 �� �b�B�M�;�H�2 �i�`���B�M�B�M�; �B�i�2�`���i�B�Q�M�5

x1 = 2

x2 = 3

v1 = x2
1 = 4

v2 = x2
2 = 9

v3 = v1 + v2 = 13

v4 = �H�Mv3 = 2 :565

v5 = x3
1 = 8

y1 = v4 + v5 = 10 :565

�6�Q�`�r���`�/ �S�`�B�K���H �h�`���+�2

�2�t�2�+
�m

�i�B
�Q

�M
�/�B

�`�2�+
�i�B

�Q
�M

_x1 = 1

_x2 = 0

_v1 = 2 x1 _x1 = 4

_v2 = 2 x2 _x2 = 0

_v3 = _v1 + _v2 = 4

_v4 = _v3 / v3 = 4/13

_v5 = 3 x2
1 _x1 = 12

_y1 = _v4 + _v5 = 160/13

�6�Q�`�r���`�/ �h���M�;�2�M�i �h�`���+�2

�B
�M

�T
�m

�i�
b

�T
�`

�Q
�;�

`�
��K

�b
�i�

2�
T

�b
�Q

�m
�i

�2�t�2�+
�m

�i�B
�Q

�M
�/�B

�`�2�+
�i�B

�Q
�M

�6�B�;�m�`�2 �k�X�3�, �6�Q�`�r���`�/ �K�Q�/�2 ���. �+���H�+�m�H���i�B�M�;@f
@x1

(2; 3) �7�Q�`f (x1; x2) = �H�M(x2
1 + x2

2) + x3
1

�k�X�d�X�9 �_�2�p�2�`�b�2 �J�Q�/�2 ���m�i�Q�K���i�B�+ �.�B�z�2�`�2�M�i�B���i�B�Q�M

�l�M�H�B�F�2 �7�Q�`�r���`�/ �K�Q�/�2 ���.�- �r�?�B�+�? �+�Q�K�T�m�i�2�b �� �+�Q�H�m�K�M �Q�7�Cf �i�?�`�Q�m�;�? �� �C�o�S�- �`�2�p�2�`�b�2 �K�Q�/�2 ���. �+�Q�K�T�m�i�2�b
�� �`�Q�r �Q�7�Cf �i�?�`�Q�m�;�? ���p�2�+�i�Q�`�@�C���+�Q�#�B���M �T� �̀Q�/�m�+�i�U�o�C�S�V

�#T �Cf =
�
b1; : : : ; bm

�

2

6
4

@y1
@x1

: : : @y1
@xn

�X�X�X
�X�X�X

�X�X�X
@ym
@x1

: : : @ym
@xn
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5
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�
�
�
�t= ��

�h�?�2i �i�? �`�Q�r �Q�7�Cf �+���M �#�2 �Q�#�i���B�M�2�/ �#�v �b�2�i�i�B�M�;�#= ei �X �6�Q�` �7�m�M�+�i�B�Q�M�bf : Rn ! Rm �r�?�2�`�2m � n�- �`�2�p�2�`�b�2
�K�Q�/�2 ���. �+���M �T�`�Q�p�B�/�2 �b�B�;�M�B�}�+���M�i�H�v �K�Q�`�2 �B�M�7�Q�`�K���i�B�Q�M �i�?���M �� �b�B�M�;�H�2 ���T�T�H�B�+���i�B�Q�M �Q�7 �7�Q�`�r���`�/ �K�Q�/�2�X

�h�?�2 �T�`�B�M�+�B�T�H�2 �Q�7 �`�2�p�2�`�b�2 �K�Q�/�2 �B�b �i�Q �r�Q�`�F �#���+�F�r���`�/�- �+���H�+�m�H���i�B�M�; �i�?�2 �/�2�`�B�p���i�B�p�2 �Q�7 �� �b�B�M�;�H�2 �Q�m�i�T�m�i �r�B�i�?
�`�2�b�T�2�+�i �i�Q �2���+�? �B�M�i�2�`�K�2�/�B���i�2 �p���`�B���#�H�2�X �_�2�p�2�`�b�2 �K�Q�/�2 �r�Q�`�F�b �B�M �i�r�Q �T���b�b�2�b�, ���7�Q�`�r��� �̀/ �T�`�B�K���H �i� �̀��+�2�r�?�B�+�?

�k�9



�2�t�2�+�m�i�2�b �i�?�2 �7�m�M�+�i�B�Q�M �B�M �i�?�2 �M�Q�`�K���H �ó�7�Q�`�r���`�/�ô �/�B�`�2�+�i�B�Q�M�- ���M�/ ���#���+�F�r��� �̀/ ���/�D�Q�B�M�i �i� �̀��+�2�r�?�B�+�? �+���H�+�m�H���i�2�b
�i�?�2���/�D�Q�B�M�i�Q�7 �2���+�?vj �- �/�2�}�M�2�/ ���b

vj =
@yi
@vj

:

�.�m�`�B�M�; �i�?�2 �7�Q�`�r���`�/ �T�`�B�K���H �i�`���+�2�- �2���+�? �B�M�i�2�`�K�2�/�B���i�2 �`�2�b�m�H�i �U���b�b�Q�+�B���i�2�/ �r�B�i�? �2���+�?vj �V �B�b �b�i�Q�`�2�/ �B�M �K�2�K�Q�`�v
�Q�M �� �/���i�� �b�i�`�m�+�i�m�`�2 �F�M�Q�r�M ���b �i�?�2�i���T�2�7�Q�` �m�b�2 �/�m�`�B�M�; �i�?�2 �#���+�F�r���`�/ ���/�D�Q�B�M�i �i�`���+�2�X ���/�/�B�i�B�Q�M���H�H�v�- �i�?�2
�7�Q�`�r���`�/ �T�`�B�K���H �i�`���+�2 �;�2�M�2�`���i�2�b �� �/�2�T�2�M�/�2�M�+�v �;�`���T�?�-D �- �Q�7 �i�?�2 �B�M�i�2�`�K�2�/�B���i�2 �b�i�2�T�b �U�b�?�Q�r�M �B�M �}�;�m�`�2 �k�X�R�y�V�X

�q�2 �+���M �i�?�2�M �T�2�`�7�Q�`�K �i�?�2 �#���+�F�r���`�/ ���/�D�Q�B�M�i �i�`���+�2 �#�v �+���H�+�m�H���i�B�M�; �2���+�?vj �B�M �`�2�p�2�`�b�2 �Q�`�/�2�` �m�b�B�M�;

vj =
@yi
@vj

=
X

vk 2 D (v j )

vk
@vk
@vj

�U�k�X�k�9�V

�r�?�2�`�2D(vj ) �B�b �i�?�2 �b�2�i �Q�7 �b�i�2�T�b �B�Mf �i�?���i �/�2�T�2�M�/ �Q�Mvj �- ���M�/@vk
@vj

�B�b ���M ���M���H�v�i�B�+���H �/�2�`�B�p���i�B�p�2 �+���H�+�m�H���i�2�/
�7�`�Q�Kvk �(�k�)�X �A�M�i�2�`�2�b�i�B�M�;�H�v�- �2�[�m���i�B�Q�M �k�X�k�9 �B�b �b�B�K�T�H�v �i�?�2 �K�m�H�i�B�p���`�B���#�H�2 �+�?���B�M �`�m�H�2 ���T�T�H�B�2�/ �`�2�+�m�`�b�B�p�2�H�v �Q�p�2�` �i�?�2
�/�2�T�2�M�/�2�M�+�v �;�`���T�?D �X �a�B�M�+�2 �i�?�2 ���/�D�Q�B�M�i �i�`���+�2 �i�`���p�2�`�b�2�bD �B�M �`�2�p�2�`�b�2 �Q�`�/�2�`�- �i�?�2 ���/�D�Q�B�M�i �Q�7 �2�p�2�`�vvk 2 D(vj )
�?���b ���H�`�2���/�v �#�2�2�M �+�Q�K�T�m�i�2�/ �r�?�2�Mvj �B�b �2�p���H�m���i�2�/�X ���H�b�Q�- �M�Q�i�2 �i�?���i ���H�i�?�Q�m�;�? �}�;�m�`�2 �k�X�N �b�2�T���`���i�2�b �B�M�T�m�i�b�-
�T�`�Q�;�`���K �b�i�2�T�b�- ���M�/ �Q�m�i�T�m�i�b �7�Q�` �+�H���`�B�i�v�- ���H�H �i�?�`�2�2 �+�H���b�b�2�b ���`�2 �B�M�i�2�`�K�2�/�B���i�2 �b�i�2�T�b ���b �r�2 �/�2�}�M�2 �i�?�2�K �B�M �i�?�B�b
�b�2�+�i�B�Q�M�X �6�Q�` �2�t���K�T�H�2�- �B�M �i�?�2 �+�Q�M�i�2�t�i �Q�7 �}�;�m�`�2 �k�X�N�- �i�?�2 �B�M�T�m�ix2 �+���M �#�2 �i�?�Q�m�;�?�i �Q�7 ���b �B�M�i�2�`�K�2�/�B���i�2 �b�i�2�T
v0�- ���M�/ �i�?�2 �Q�m�i�T�m�iy1 �B�b ���M ���H�B���b �Q�7 �i�?�2 �B�M�i�2�`�K�2�/�B���i�2 �b�i�2�Tv6�X

�_�2�p�2�`�b�2 �K�Q�/�2 �/�B�z�2�`�2�M�i�B���i�B�Q�M �B�b �i�?�2 �K�2�i�?�Q�/ �Q�7 ���. �#�2�b�i �b�m�B�i�2�/ �7�Q�` �}�M�/�B�M�; �;�`���/�B�2�M�i�b �Q�7 �i�?�2 �H�Q�b�b �7�m�M�+�i�B�Q�M�b
�m�b�2�/ �B�M �b�+�2�M�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���M�/ �r�B�H�H �`�2�K���B�M �� �+�2�M�i�`���H �i�Q�T�B�+ �7�Q�` �i�?�2 �`�2�b�i �Q�7 �i�?�B�b �T���T�2�`�X �G�Q�b�b �7�m�M�+�i�B�Q�M�b
���+�+�2�T�i �K���M�v �B�M�T�m�i�b ���M�/ �`�2�i�m�`�M �� �b�B�M�;�H�2 �b�+���H���` �H�Q�b�b�- �B�K�T�H�v�B�M�; �i�?���i �� �b�B�M�;�H�2 ���T�T�H�B�+���i�B�Q�M �Q�7 �`�2�p�2�`�b�2 �K�Q�/�2
���. �B�b �b�m�{�+�B�2�M�i �7�Q�` �+���H�+�m�H���i�B�M�; �i�?�2 �+�Q�K�T�H�2�i�2 �C���+�Q�#�B���M �Q�7 �i�?�2 �`���b�i�2�`�B�x�2�`�X

x1 = 2

x2 = 3

v1 = x2
1 = 4

v2 = x2
2 = 9

v3 = v1 + v2 = 13

v4 = �H�Mv3 = 2 :565

v5 = x3
1 = 8

y1 = v4 + v5 = 10:565

�6�Q�`�r���`�/ �S�`�B�K���H �h�`���+�2

�2�t�2�+
�m

�i�B
�Q

�M
�/�B

�`�2�+
�i�B

�Q
�M

�x1 = �v1
@v1
@x1

+ �v5
@v5
@x1

= 2x 1
13 + 3x2

1 = 160
13

�x2 = �v2
@v2
@x2

= 2x 2
13 = 6

13

�v1 = �v3
@v3
@v1

= 1 � 1
13 = 1

13

�v2 = �v3
@v3
@v2

= 1 � 1
13 = 1

13

�v3 = �v4
@v4
@v3

= 1 � 1
v3

= 1
13

�v4 = �y1
@y1
@v4

= 1 � 1 = 1

�v5 = �y1
@y1
@v5

= 1 � 1 = 1

�y1 = 1

�"���+�F�r���`�/ ���/�D�Q�B�M�i �h�`���+�2
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�6�B�;�m�`�2 �k�X�N�, �`�2�p�2�`�b�2 �K�Q�/�2 ���. �+���H�+�m�H���i�B�M�;@f
@x1

(2; 3) �7�Q�`f (x1; x2) = �H�M(x2
1 + x2

2) + x3
1

�k�X�d�X�8 �*�Q�K�T���`�B�M�; �J���M�m���H �.�B�z�2�`�2�M�i�B���i�B�Q�M ���M�/ ���.

�J���M�m���H �/�B�z�2�`�2�M�i�B���i�B�Q�M �B�b �i�?�2 �T�`�Q�+�2�b�b �Q�7 �?���M�/�@�+�Q�/�B�M�; �� �/�B�b�+�`�2�i�2 �;�`���/�B�2�M�i �7�m�M�+�i�B�Q�M �i�Q �+���H�+�m�H���i�2 �b�2�H�2�+�i�2�/
�/�2�`�B�p���i�B�p�2�b �M�2�2�/�2�/ �#�v �i�?�2 �T�`�Q�;�`���K�K�2�`�X �J���M�m���H �/�B�z�2�`�2�M�i�B���i�B�Q�M �B�b ���/ �?�Q�+ �B�M �M���i�m�`�2 ���M�/ �i�?�2�`�2�7�Q�`�2 �/�B�{�+�m�H�i
�i�Q �+�H���b�b�B�7�v �B�M �;�2�M�2�`���H �i�2�`�K�b�X �>�Q�r�2�p�2�`�- �r�`�B�i�B�M�; �� �#�2�b�T�Q�F�2 �;�`���/�B�2�M�i �7�m�M�+�i�B�Q�M ���z�Q�`�/�b �i�?�2 �T�`�Q�;�`���K�K�2�` ��
�K�m�+�? �;�`�2���i�2�` �/�2�;�`�2�2 �Q�7 �+�Q�M�i�`�Q�H �Q�p�2�` �i�?�2 �/�2�`�B�p���i�B�p�2 �+���H�+�m�H���i�B�Q�M ���M�/ �+���M �i�?�2�`�2�7�Q�`�2 �#�2 �m�b�2�/ �i�Q �v�B�2�H�/ �K���b�b�B�p�2
�T�2�`�7�Q�`�K���M�+�2 �B�K�T�`�Q�p�2�K�2�M�i�b �B�M �+�2�`�i���B�M �T�`�Q�#�H�2�K �b�T���+�2�b�X

�A�M �i�?�2 �+���b�2 �Q�7 �j�.�:�a�- �K���M�m���H �/�B�z�2�`�2�M�i�B���i�B�Q�M �2�t�T�Q�b�2�b �� �p���`�B�2�i�v �Q�7 �/�Q�K���B�M�@�b�T�2�+�B�}�+ �Q�T�i�B�K�B�x���i�B�Q�M�b �i�?���i
���`�2 �B�M���+�+�2�b�b�B�#�H�2 �i�Q ���. ���M�/ �/�`���K���i�B�+���H�H�v �`�2�/�m�+�2 �`�m�M�M�B�M�; �i�B�K�2�X �6�Q�` �2�t���K�T�H�2�- �`�2�p�2�`�b�2 �K�Q�/�2 ���. �r�B�H�H �`�2�+�Q�`�/
�B�M�i�2�`�K�2�/�B���i�2 �p���H�m�2�b �i�?�`�Q�m�;�?�Q�m�i �i�?�2 �T�`�B�K���H �i�`���+�2 �Q�7 �i�?�2 �`���/�B�t �b�Q�`�i �b�i�2�T ���M�/ �b�m�#�b�2�[�m�2�M�i�H�v �/�B�z�2�`�2�M�i�B���i�2
�2���+�? �Q�T�2�`���i�B�Q�M �/�m�`�B�M�; �i�?�2 �#���+�F�r���`�/ ���/�D�Q�B�M�i �i�`���+�2�X ���M �2�t�T�2�`�B�2�M�+�2�/ �T�`�Q�;�`���K�K�2�` �r�B�H�H �`�2�+�Q�;�M�B�x�2 �i�?���i �i�?�2
�2�M�i�B�`�2 �`���/�B�t �b�Q�`�i �+���M �#�2 �+�Q�M�b�B�/�2�`�2�/ �B�i�b �Q�r�M �B�M�i�2�`�K�2�/�B���i�2 �b�i�2�T �B�M �i�?�2 ���. ���H�;�Q�`�B�i�?�K�-vi = �.�*�-�/ (vj )�- �r�?�Q�b�2
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y1

v4v3

v2x2

v1x1

v5

�6�B�;�m�`�2 �k�X�R�y�, �S�`�B�K���H �h�`���+�2 �.�2�T�2�M�/�2�M�+�v �h�`�2�2 �6�`�Q�K �6�B�;�m�`�2 �k�X�N

�/�2�`�B�p���i�B�p�2 �/�m�`�B�M�; �i�?�2 �#���+�F�r���`�/ �i�`���+�2 �b�B�K�T�H�v �T�2�`�K�m�i�2�b �i�?�2 �B�M�+�Q�K�B�M�; ���/�D�Q�B�M�i�b ���+�+�Q�`�/�B�M�; �i�Q �i�?�2 �B�M�p�2�`�b�2
�T�2�`�K�m�i���i�B�Q�M �+���H�+�m�H���i�2�/ �/�m�`�B�M�; �b�Q�`�i�B�M�;�X �_���i�?�2�` �i�?���M �/�B�z�2�`�2�M�i�B���i�B�M�; �2���+�? �H�Q�r�@�H�2�p�2�H �Q�T�2�`���i�B�Q�M �r�B�i�?�B�M �i�?�2
�b�Q�`�i �7�m�M�+�i�B�Q�M �r�B�i�? ���.�- �i�?�2 �T�`�Q�;�`���K�K�2�` �K���v �/�B�`�2�+�i�H�v �B�K�T�H�2�K�2�M�i �i�?�2 �;�`���/�B�2�M�i �T�`�Q�T���;���i�B�Q�M �`�m�H�2 �7�Q�` �`���/�B�t
�b�Q�`�i�X

���M�Q�i�?�2�` �Q�T�i�B�K�B�x���i�B�Q�M �Q�T�T�Q�`�i�m�M�B�i�v ���`�B�b�2�b �r�?�2�M �+���H�+�m�H���i�B�M�;@L
@C �7�`�Q�K �2�[�m���i�B�Q�M �k�X�R�j�X ���M �2�{�+�B�2�M�i �B�K�T�H�2�@

�K�2�M�i���i�B�Q�M �U�2�K�T�H�Q�v�B�M�; �2�B�i�?�2�` �K���M�m���H �Q�` ���m�i�Q�K���i�B�+ �/�B�z�2�`�2�M�i�B���i�B�Q�M�V �r�B�H�H �+���H�+�m�H���i�2 �T�B�t�2�H �+�Q�H�Q�` �r�B�i�? �� �b�B�M�;�H�2
�7�Q�`�@�H�Q�Q�T �Q�p�2�` �i�?�2 �Q�m�i�2�` �b�m�K�K���i�B�Q�M�X �h�?�2 �B�M�M�2�` �T�`�Q�/�m�+�i �H�Q�Q�T �`�2�T�`�2�b�2�M�i�B�M�; �i�`���M�b�K�B�i�i���M�+�2 �r�B�H�H �#�2 �i�`���+�F�2�/
�i�?�`�Q�m�;�? �� �b�2�T���`���i�2 ���+�+�m�K�m�H���i�B�Q�M �p���`�B���#�H�2�-T �- ���b �b�2�2�M �B�M ���H�;�Q�`�B�i�?�K �R�X �l�M�7�Q�`�i�m�M���i�2�H�v�- �i�?�B�b �H�Q�Q�T�B�M�; ���T�@
�T�`�Q���+�? �r�B�H�H �`�2�b�m�H�i �B�M �`�2�p�2�`�b�2 �K�Q�/�2 ���. �b�i�Q�`�B�M�; �2�p�2�`�v �B�M�i�2�`�K�2�/�B���i�2 �p���H�m�2 �Q�7C ���M�/T �Q�M �i�?�2 �i���T�2�X �"�2�+���m�b�2
�i�?�2 �H�Q�Q�T �B�b �b�B�K�T�H�2 �i�Q �+���H�+�m�H���i�2 �#�m�i �/�B�{�+�m�H�i �i�Q �b�i�Q�`�2 �7�Q�` �H���`�;�2N �- �� �K�Q�`�2 �/�B�b�+�B�T�H�B�M�2�/ ���T�T�`�Q���+�? �r�Q�m�H�/ �b���p�2
�Q�M�H�v �i�?�2 �}�M���H �p���H�m�2 �Q�7T �7�`�Q�K �i�?�2 �7�Q�`�r���`�/ �T���b�b ���M�/ �`�2�+���H�+�m�H���i�2 �B�M�i�2�`�K�2�/�B���i�2 �p���H�m�2�b �B�M �`�2�p�2�`�b�2 �Q�`�/�2�` �m�b�B�M�;
���H�;�Q�`�B�i�?�K �8 �U�/�2�`�B�p�2�/ �B�M �b�2�+�i�B�Q�M �9�X�9�V�X

���H�i�?�Q�m�;�? �i�?�2 �Q�`�B�;�B�M���H �j�.�:�a ���m�i�?�Q�`�b�(�R�9�) �/�Q �� �7���M�i���b�i�B�+ �D�Q�# �B�/�2�M�i�B�7�v�B�M�; ���M�/ �B�K�T�H�2�K�2�M�i�B�M�; �/�Q�K���B�M�@
�b�T�2�+�B�}�+ �Q�T�i�B�K�B�x���i�B�Q�M�b�- �K���M�m���H �;�`���/�B�2�M�i �7�m�M�+�i�B�Q�M�b �+���M �#�2 �m�M�7�Q�`�;�B�p�B�M�;�X �� �b�m�#�b�i���M�i�B���H ���K�Q�m�M�i �Q�7 ���H�;�2�#�`��
�K���v �#�2 �`�2�[�m�B�`�2�/ �i�Q �b�i���i�B�+���H�H�v �/�2�i�2�`�K�B�M�2 �;�`���/�B�2�M�i �m�T�/���i�2 �`�m�H�2�b �r�B�i�?�B�M �H�Q�Q�T�b�- ���M�/ ���M�v �K�B�b�i���F�2 �r�B�H�H �T�`�Q�T�@
���;���i�2 �i�?�`�Q�m�;�? �i�?�2 �`�2�b�i �Q�7 �i�?�2 �T�`�Q�;�`���K�X �6�m�`�i�?�2�`�K�Q�`�2�- �i�?�2 �T�`�Q�;�`���K�K�2�` �K�m�b�i �?���p�2 �� �}�`�K �m�M�/�2�`�b�i���M�/�B�M�;
�Q�7 �r�?�2�`�2 �2���+�? �b�i�2�T �B�M �i�?�2�B�` �T�`�Q�;�`���K �B�b �T�H���+�2�/ �r�B�i�?�B�M �i�?�2 �/�2�T�2�M�/�2�M�+�v �?�B�2�`���`�+�?�v �/�B�+�i���i�B�M�; �;�`���/�B�2�M�i �~�Q�r
�U�b�2�2 �}�;�m�`�2 �9�X�R�V�X �A�7 �i�?�2 �T�`�Q�;�`���K�K�2�` �b�2�2�F�b �i�Q �K�Q�/�B�7�v �i�?�2 �T�`�B�K���H �7�m�M�+�i�B�Q�M�- �i�?�2�v �r�B�H�H �H�B�F�2�H�v �#�2 �Q�#�H�B�;���i�2�/ �i�Q
�m�T�/���i�2 �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �;�`���/�B�2�M�i �7�m�M�+�i�B�Q�M ���b �r�2�H�H�X �q�Q�`�b�2 �b�i�B�H�H�- �i�?�2�b�2 �m�T�/���i�2�b �i�Q �i�?�2 �;�`���/�B�2�M�i �7�m�M�+�i�B�Q�M
�K���v �M�2�2�/ �i�Q �#�2 ���T�T�H�B�2�/ �i�Q ���`�2���b �i�?���i �/�Q �M�Q�i �/�B�`�2�+�i�H�v �+�Q�`�`�2�b�T�Q�M�/ �i�Q �i�?�2 �K�Q�/�B�}�2�/ �`�2�;�B�Q�M �Q�7 �i�?�2 �T�`�B�K���H
�7�m�M�+�i�B�Q�M�(�3�)�X �h�?�2 �2�z�Q�`�i �Q�7 �K���B�M�i���B�M�B�M�; �#�Q�i�? �i�?�2 �T�`�B�K���H ���M�/ �;�`���/�B�2�M�i �7�m�M�+�i�B�Q�M�b �#�H�Q���i�b �i�?�2 �+�Q�/�2 �#���b�2�-
�2�z�2�+�i�B�p�2�H�v �/�Q�m�#�H�B�M�; �i�?�2 �`�2�[�m�B�`�2�/ �H���#�Q�` �Q�7 �+�Q�/�2 �B�K�T�`�Q�p�2�K�2�M�i�X

�k�e



���H�;�Q�`�B�i�?�K �8�S�B�t�2�H �*�Q�H�Q�` �:�`���/�B�2�M�i�, �h�?�B�b �7�m�M�+�i�B�Q�M �`�2�i�m�`�M�b �i�?�B�b �T�B�t�2�H�ö�b �+�Q�K�T�Q�M�2�M�i �Q�7 �2���+�? �:���m�b�b�B���M�ö�b
�;�`���/�B�2�M�i�X �a�2�2 �b�2�+�i�B�Q�M �9�X�9 �7�Q�` �i�?�2 �/�2�`�B�p���i�B�Q�M �Q�7 �i�?�2 �;�`���/�B�2�M�i�b �B�M �i�?�B�b �7�m�M�+�i�B�Q�M�X

�_�2�[�m�B�`�2�,n � 0
�P�T���+�B�i�B�2�b�,� 1; : : : ; � n

�h�`�B�b�i�B�K�m�H�m�b �7�m�M�+�i�B�Q�M�b�,�+1; : : : ; �+n �r�?�2�`�2�+i = ( ci;r ; ci;g ; ci;b )T

�6�Q�`�r���`�/ �T���b�b �Q�m�i�T�m�i�b �U�7�`�Q�K �b���K�2 �T�B�t�2�H�V�,T�}�M���H; i �}�M���H

�a�+�`�2�2�M�@�b�T���+�2 �K�2���M�b�,�̂ 1; : : : ; �̂ n

�k�. �*�Q�M�B�+�b�,�̂ � 1
1 ; : : : ; �̂ � 1

n
�S�B�t�2�H �T�Q�b�B�i�B�Q�M�T
�A�M�/�2�t�,i �b�i���`�i�r�?�2�`�2i �b�i���`�i� i �}�M���H

�l�T�b�i�`�2���K �;�`���/�B�2�M�i�,C
�o�B�2�r�B�M�; �/�B�`�2�+�i�B�Q�M�,�p

�R�,Ti �}�M���H+1  T�}�M���H

�k�, (r r ; r g; r b)  (0; 0; 0)T

�j�, �A�M�B�i�B���H�B�x�2 ���H�H �Q�m�i�T�m�i ���`�`���v�b�-� 1; : : : ; � n ; � 1; : : : ; � n ; �+1; : : : ; �+n ; �̂ � 1
1; : : : ; �̂ � 1

n ; �̂ 1; : : : ; �̂ n �i�Q�y
�9�, �7�Q�`i 2 i �}�M���H; : : : i �b�i���`�i�/�Q
�8�, �/  �T� �̂ i . �_�2�+�Q�p�2�`�/
�e�, � i  � i �2�t�T(� 1

2 �/T �̂ � 1
i �/) . �_�2�+�Q�p�2�`� i

�d�, Ti  Ti +1 /(1 � � i )
�3�, � i  0 . �_�2�+�Q�p�2�`Ti

�N�, �7�Q�k̀ 2 [r; g; b] �/�Q
�R�y�, � i  � i + Ck (ci;k (�p) � r k ) . �1�[�m���i�B�Q�M �9�X�R�e
�R�R�, ci;k (�p)  Ck � i Ti . �1�[�m���i�B�Q�M �9�X�3
�R�k�, r k  ci;k (�p)� i + (1 � � i )r k . �1�[�m���i�B�Q�M �9�X�R�d
�R�j�, �2�M�/ �7�Q�`
�R�9�, � i  Ti � i � T �}�M���H

(1 � � i ) (C�#�; � C) . �1�[�m���i�B�Q�M �9�X�R�e

�R�8�, �̂ i  �̂ � 1
i �/� i � i . �1�[�m���i�B�Q�M �9�X�R�R

�R�e�, �̂ � 1
i  � i � i

� � d1 d1
2 � d1d2

� d1d2
� d2 d2

2

�
. �1�[�m���i�B�Q�M �9�X�R�k

�R�d�, � i  � i � i
� i

. �1�[�m���i�B�Q�M �9�X�R�9
�R�3�,�2�M�/ �7�Q�`
�R�N�,�`�2�i�m�`�M�; c; �; �̂ � 1; �̂

�k�d



�k�X�3 �6�m�i�?���`�F

�6�m�i�?���`�F�(�N�) �B�b �� �b�i���i�B�+���H�H�v �i�v�T�2�/�- �T�m�`�2�H�v �7�m�M�+�i�B�Q�M���H ���`�`���v �T�`�Q�;�`���K�K�B�M�; �H���M�;�m���;�2 �r�B�i�? �� �+�Q�K�T�B�H�2�` �+���T���#�H�2
�Q�7 �;�2�M�2�`���i�B�M�; �T���`���H�H�2�H �+�Q�/�2 �7�Q�` �K�m�H�i�B�@�i�?�`�2���/�2�/ �*�S�l ���M�/ �:�S�l �#���+�F�2�M�/�b�- �B�M�+�H�m�/�B�M�; �*�l�.�� ���M�/ �P�T�2�M�*�G�X
�6�m�i�?���`�F �Q�z�2�`�b �M���i�B�p�2 �b�m�T�T�Q�`�i �7�Q�` �7�Q�`�r���`�/ �K�Q�/�2 ���M�/ �`�2�p�2�`�b�2 �K�Q�/�2 ���m�i�Q�K���i�B�+ �/�B�z�2�`�2�M�i�B���i�B�Q�M�- �K���F�B�M�; �B�i
���M �B�/�2���H �+���M�/�B�/���i�2 �H���M�;�m���;�2 �7�Q�` �B�K�T�H�2�K�2�M�i�B�M�; �j�.�:�a �r�B�i�? ���.�X

�6�Q�`�r���`�/ �K�Q�/�2 ���. �B�b ���+�?�B�2�p�2�/ �B�M �6�m�i�?���`�F �r�B�i�? �B�i�b�%�1�+�7�m�M�+�i�B�Q�M�X �h�Q �/�2�K�Q�M�b�i�`���i�2 �i�?�B�b �+���T���#�B�H�B�i�v�-
�+�Q�M�b�B�/�2�` �i�?�2 �7�Q�H�H�Q�r�B�M�; �6�m�i�?���`�F �7�m�M�+�i�B�Q�M �r�?�B�+�? �i���F�2�b �i�?�`�2�2 �j�k�@�#�B�i �~�Q���i�b ���b �B�M�T�m�i ���M�/ �T�`�Q�/�m�+�2�b �� �j�k�@�#�B�i
�~�Q���i ���b �Q�m�i�T�m�i�,

��� �! �! �Á���“ �!�p�o�Â�Á���“ �!�p�o�Â�Á���“ �!�p�o�Â�“ �!�p�o �…
�'� �/ �$�)�)� �- �…�� �Ë�Ë�q �€ �� �Ë�Ë�p �€ �� �Ë�Ë�o
�$�) �!�p�o�‘ �.�,�-�/ �$�)�)� �-

�h�Q �+���H�+�m�H���i�2 �i�?�2 �C���+�Q�#�B���M �Q�7�!�- �r�2 �r�Q�m�H�/ �M�2�2�/ �i�?�`�2�2 �B�M�p�Q�+���i�B�Q�M�b �Q�7�%�1�+�- �Q�M�2 �7�Q�` �2���+�? �B�M�T�m�i �Q�7�!�X �q�`�B�i�i�2�M
�B�M �6�m�i�?���`�F�- �r�2 �?���p�2�,

��� �! �!�*�-�2���-�� �Á���“ �!�p�o�Â�Á���“ �!�p�o�Â�Á���“�!�p�o�Â�“ �Á�!�p�o�’�!�p�o�’ �!�p�o�Â�…
�•�• ���)�*�)�4�(�*�0�. �!�0�)���/�$�*�) �/���&�$�)�" �� �/�#�-� � �•�/�0�+�'� ���. �$�)�+�0�/ ���)��
�•�• �$�)�1�*�&�$�)�" �! �*�) �$�/�. �1���'�0� �.
�'� �/ �!�š �…�É�Á���’���’���Â �§�ˆ �! �� �� ��

�•�• ��� �!�$�)� �� �/�#�-� � �/�0�+�'� �!�-�*�( �/�#� �$�)�+�0�/�.
�'� �/ �3 �…�Á���’���’���Â

�•�• �����'���0�'���/� �%�����*���$���)
�'� �/ ���!�½���� �…�%�1�+�!�š �3 �Á�n�‘�m�’ �m�’ �m�Â �•�• ���!�Ÿ����
�'� �/ ���!�½���� �…�%�1�+�!�š �3 �Á�m�’ �n�‘�m�’ �m�Â �•�• ���!�Ÿ����
�'� �/ ���!�½���� �…�%�1�+�!�š �3 �Á�m�’ �m�’ �n�‘�m�Â �•�• ���!�Ÿ����

�•�• ���*���'� �.��� �-� �.�0�'�/
�$�) �Á���!�½�����’ ���!�½�����’ ���!�½�����Â

���H�i�2�`�M���i�B�p�2�H�v�- �r�2 �+�Q�m�H�/ ���+�+�Q�K�T�H�B�b�? �i�?�2 �b���K�2 �Q�T�2�`���i�B�Q�M �r�B�i�? �Q�M�2 �B�M�p�Q�+���i�B�Q�M �Q�7�1�%�+�,

��� �! �-� �1� �-�.� �Á���“ �!�p�o�Â�Á���“ �!�p�o�Â�Á���“ �!�p�o�Â�“ �Á�!�p�o�’�!�p�o�’ �!�p�o�Â�…
�1�%�+�Á�É�Á���’ ���’ ���Â �§�ˆ �! �� �� ���Â �Á���’ ���’ ���Â �n�‘�m

�"�2�+���m�b�2 �Q�7 �B�i�b �M���i�B�p�2 �b�m�T�T�Q�`�i �7�Q�`�1�%�+���M�/ �*�l�.���- �6�m�i�?���`�F �B�b ���M �B�/�2���H �i�2�b�i�#�2�/ �7�Q�` �B�K�T�H�2�K�2�M�i�B�M�; ��
�j�.�:�a �B�M�p�2�`�b�2 �`�2�M�/�2�`�B�M�; �b�v�b�i�2�K �r�B�i�? ���.�X �A�M �i�?�2 �M�2�t�i �+�?���T�i�2�`�- �b�m�+�? ���M �B�K�T�H�2�K�2�M�i���i�B�Q�M �r�B�H�H �#�2 �/�B�b�+�m�b�b�2�/�X

�k�3



�*�?���T�i�2�` �j

�1�t�T�2�`�B�K�2�M�i�b

�j�X�R �A�M�i�`�Q�/�m�+�i�B�Q�M

���H�i�?�Q�m�;�? �K���b�b�B�p�2�H�v �T���`���H�H�2�H �B�K�T�H�2�K�2�M�i���i�B�Q�M�b �Q�7 �j�.�:�a �2�t�B�b�i �7�Q�` �i�?�2 �:�S�l�- �i�?�2�v �i�v�T�B�+���H�H�v �`�2�H�v �Q�M �K���M�m���H
�/�B�z�2�`�2�M�i�B���i�B�Q�M �i�2�+�?�M�B�[�m�2�b �i�?���i �v�B�2�H�/ �m�M�r�B�2�H�/�v �+�Q�/�2 �K�Q�i�B�p���i�2�/ �#�v �+�Q�K�T�H�B�+���i�2�/ �K���i�? �U�b�2�2 ���H�;�Q�`�B�i�?�K �8�V�X ���b
�� �`�2�H���i�B�p�2�H�v �M�2�r �H���M�;�m���;�2�- �6�m�i�?���`�F�ö�b �+���T���#�B�H�B�i�B�2�b �i�Q ���m�i�Q�K���i�B�+���H�H�v �?���M�/�H�2 �;�`���/�B�2�M�i�b �B�M �� �K���b�b�B�p�2�H�v�@�T���`���H�H�2�H
�;�`���T�?�B�+�b �+�Q�M�i�2�t�i �`�2�K���B�M �m�M�i�2�b�i�2�/�X �h�?�B�b �+�?���T�i�2�` �b�2�2�F�b �i�Q �}�H�H �i�?���i �`�2�b�2���`�+�? �;���T�X �a�T�2�+�B�}�+���H�H�v�- �i�?�2 �[�m�2�b�i�B�Q�M
�A �r�B�b�? �i�Q ���M�b�r�2�` �B�b�,

�*���M ���m�i�Q�K���i�B�+ �/�B�z�2� �̀2�M�i�B���i�B�Q�M �B�M �6�m�i�?���`�F � �̀2�T�H���+�2 �i�?�2 �K���M�m���H�H�v�@�/�2�`�B�p�2�/ �;� �̀��/�B�2�M�i�b �Q�7 �� �*�l�.���@�#���b�2�/ �j�.�:�a
� �̀2�M�/�2� �̀2�` �r�B�i�?�Q�m�i �B�M�+�m�`�`�B�M�; �T� �̀Q�?�B�#�B�i�B�p�2 �T�2�`�7�Q�`�K���M�+�2 �+�Q�b�i�\

�"�v �i�2�b�i�B�M�; �6�m�i�?���`�F�ö�b �+���T���#�B�H�B�i�B�2�b �B�M �i�?�B�b �+�Q�M�i�2�t�i�- �A ���H�b�Q �?�Q�T�2 �i�Q �K�Q�i�B�p���i�2 �7�m�`�i�?�2�` �/�2�p�2�H�Q�T�K�2�M�i �Q�7 �i�?�2
�6�m�i�?���`�F �+�Q�K�T�B�H�2�` ���M�/ �T�`�Q�p�B�/�2 �`�2���H�@�r�Q�`�H�/ �B�M�b�B�;�?�i �B�M�i�Q �B�i�b �b�i�`�2�M�;�i�?�b ���M�/ �b�?�Q�`�i�+�Q�K�B�M�;�b�X

�l�H�i�B�K���i�2�H�v�- �A �}�M�/ �i�?���i �2�p�2�M �i�?�Q�m�;�? �6�m�i�?���`�F �b�m�#�b�i���M�i�B���H�H�v �b�B�K�T�H�B�}�2�b �i�?�2 �B�K�T�H�2�K�2�M�i���i�B�Q�M�- �B�i �+�Q�K�2�b �r�B�i�?
�� �b�B�;�M�B�}�+���M�i �T�2�`�7�Q�`�K���M�+�2 �+�Q�b�i �`�2�H���i�B�p�2 �i�Q �i�?�2 �K���M�m���H �;�`���/�B�2�M�i �7�m�M�+�i�B�Q�M �b�m�T�T�H�B�2�/ �#�v �i�?�2 �*�l�.�� �`�2�7�2�`�2�M�+�2
�B�K�T�H�2�K�2�M�i���i�B�Q�M�X �J�v �}�M�/�B�M�;�b �b�m�;�;�2�b�i �i�?���i ���. �B�b �M�Q�i �v�2�i �� �/�`�Q�T�@�B�M �`�2�T�H���+�2�K�2�M�i �7�Q�` �K���M�m���H �;�`���/�B�2�M�i
�7�m�M�+�i�B�Q�M�b �B�M �i�?�B�b �b�2�i�i�B�M�;�X

�A�M �i�?�B�b �+�?���T�i�2�`�- �A �r�B�H�H �+�Q�p�2�` �i�?�2 �b�2�i�m�T �Q�7 �i�?�2 �i�2�b�i�B�M�; �2�M�p�B�`�Q�M�K�2�M�i�- �i�?�2 �/�2�p�2�H�Q�T�K�2�M�i �Q�7 �i�?�2 �6�m�i�?���`�F
�B�K�T�H�2�K�2�M�i���i�B�Q�M�- �� �[�m���M�i�B�i���i�B�p�2 ���b�b�2�b�b�K�2�M�i �Q�7 �B�i�b �T�2�`�7�Q�`�K���M�+�2�- ���M�/ �� �[�m���H�B�i���i�B�p�2 �/�B�b�+�m�b�b�B�Q�M �Q�7 �6�m�i�?���`�F�ö�b
�K�2�`�B�i�b ���M�/ �b�?�Q�`�i�+�Q�K�B�M�;�b �B�M �i�?�2 �+�Q�M�i�2�t�i �Q�7 �j�.�:�a �`�2�M�/�2�`�B�M�;�R�X

�j�X�k �J�2�i�?�Q�/�b

�h�?�2 �Q�`�B�;�B�M���H �j�.�:�a ���m�i�?�Q�`�b�(�R�9�) �T�`�Q�p�B�/�2�/ �i�?�2�B�` �`�2�7�2�`�2�M�+�2 �B�K�T�H�2�K�2�M�i���i�B�Q�M �B�M �� �:�B�i�>�m�# �`�2�T�Q�b�B�i�Q�`�v �H�B�b�i�2�/ �Q�M
�i�?�2�B�` �r�2�#�b�B�i�2�X �J�v �6�m�i�?���`�F�@�2�M���#�H�2�/ �B�K�T�H�2�K�2�M�i���i�B�Q�M �r���b �+�`�2���i�2�/ �7�`�Q�K �� �7�Q�`�F �Q�7 �i�?�B�b �`�2�T�Q�b�B�i�Q�`�v�X �A �B�/�2�M�i�B�}�2�/
�i�?�2 �+�H���b�b�2�b �i�?�2�v �m�b�2�/ �i�Q �B�M�i�2�`�7���+�2 �i�?�2�B�` �S�v�h�Q�`�+�?�(�k�R�) �i�`���B�M�B�M�; �H�Q�Q�T �r�B�i�? �i�?�2 �*�l�.�� �`���b�i�2�`�B�x�2�` ���M�/ �`�2�T�H���+�2�/
�i�?�2�K �r�B�i�? �2�[�m�B�p���H�2�M�i �+�H���b�b�2�b �i�?���i �B�M�i�2�`�7���+�2�/ �r�B�i�? �K�v �6�m�i�?���`�F �B�K�T�H�2�K�2�M�i���i�B�Q�M�X �A�M �i�?�B�b �b�2�+�i�B�Q�M�- �A �r�B�H�H
�b�m�K�K���`�B�x�2 �i�?�2 �Q�`�B�;�B�M���H �+�Q�/�2 �T�`�Q�p�B�/�2�/ �#�v �E�2�`�#�H �2�i ���H�X�- �i�?�2 �+�?���M�;�2�b �A �K���/�2 �i�Q �i�?�2�B�` �+�Q�/�2�- �i�?�2 �6�m�i�?���`�F
�`���b�i�2�`�B�x�2�` �A �+�`�2���i�2�/�- ���M�/ �?�Q�r �A �i�2�b�i�2�/ �B�i�X

�j�X�k�X�R �a�i���`�i�2�` �*�Q�/�2

�A�M �b�i�`�m�+�i�m�`�2�- �i�?�2 �+�Q�/�2 �7�`�Q�K �E�2�`�#�H �2�i ���H�X �B�M�p�Q�H�p�2�/ �� �H���`�;�2 �S�v�i�?�Q�M �i�`���B�M�B�M�; �H�Q�Q�T �K���M���;�B�M�; �/���i�� �H�Q���/�B�M�;�-
�i�?�2 �b�T�?�2�`�B�+���H �?���`�K�Q�M�B�+ �r���`�K �m�T�- �Q�T���+�B�i�v �+�m�H�H�B�M�;�- �/�2�M�b�B�}�+���i�B�Q�M�- ���M�/ �b�i�2�T �b�B�x�2�b�X �������0�.�.�$���)���*��� �' �+�H���b�b
�b�i�Q�`�2�/ �i�?�2 �b�+�2�M�2 �T���`���K�2�i�2�`�b ���b �S�v�h�Q�`�+�?�(�k�R�) �i�2�M�b�Q�`�b �Q�M �i�?�2 �:�S�l ���M�/ �2�t�T�Q�b�2�/ �i�?�2�K �i�Q �i�?�2 �i�`���B�M�B�M�; �H�Q�Q�T
�i�?�`�Q�m�;�? �i�?�2�B�` �`�2�b�T�2�+�i�B�p�2 ���+�i�B�p���i�B�Q�M �7�m�M�+�i�B�Q�M�b�X �6�Q�` �m�b�2 �r�B�i�?�B�M �i�?�2 �i�`���B�M�B�M�; �H�Q�Q�T�- �i�?�2 ���m�i�?�Q�`�b �B�M�+�H�m�/�2�/
�� �-� �)��� �- �7�m�M�+�i�B�Q�M �r�?�B�+�?�- �B�M �i�m�`�M�- �B�M�i�2�`���+�i�2�/ �r�B�i�? ���½�����.�/� �-�$�5� �����0�.�.�$���)�.�k �+�H���b�b �i�?���i �B�K�T�H�2�K�2�M�i�2�/
�i�?�2 �S�v�h�Q�`�+�? ���. �B�M�i�2�`�7���+�2�-�/�*�-���#�‘���0�/�*�"�-�����‘���0�)���/�$�*�) �X �h�?�2�½�����.�/� �-�$�5� �����0�.�.�$���)�. �+�H���b�b �b�2�`�p�2�/ �i�Q
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