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�k �1�t�T�`�2�b�b�B�p�2 �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �8
�k�X�R �S�`�2�H�B�K�B�M���`�B�2�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�y

�k�X�R�X�R �.�B�b�+�`�2�i�2 �2�p�2�M�i �b�i�Q�+�?���b�i�B�+ �T�`�Q�+�2�b�b�2�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�y
�k�X�R�X�k �.�1�a�S ���b �L�Q�M �J���`�F�Q�p�B���M �:�2�M�2�`���H�B�b�2�/ �a�i�Q�+�?���b�i�B�+ �S�2�i�`�B �L�2�i�b�X �X �X �X �X�R�R

�k�X�k �>�v�#�`�B�/ ���m�i�Q�K���i�� �a�i�Q�+�?���b�i�B�+ �G���M�;�m���;�2�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�j
�k�X�k�X�R �a�v�M�+�?�`�Q�M�B�b�2�/ �G�B�M�2���` �>�v�#�`�B�/ ���m�i�Q�K���i���X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�9
�k�X�k�X�k �>���a�G �2�t�T�`�2�b�b�B�Q�M�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�k�8

�k�X�j �1�t�T�`�2�b�b�B�p�2�M�2�b�b �Q�7 �>���a�G�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�k�d
�k�X�j�X�R �*�Q�K�T���`�B�b�Q�M �r�B�i�? �H�Q�;�B�+�b �7�Q�` �M�m�K�2�`�B�+���H �b�i�Q�+�?���b�i�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�;�X �X �X�k�d
�k�X�j�X�k �� �+�Q�m�T�H�2 �Q�7 �K�2���M�B�M�;�7�m�H ���T�T�H�B�+���i�B�Q�M�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�j�R

�k�X�9 �a�Q�7�i�r���`�2 �b�m�T�T�Q�`�i�, �i�?�2 �*�P�a�J�P�a �i�Q�Q�H�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�j�e
�k�X�9�X�R �� �K�Q�/�2�H �/�`�B�p�2�M �+�Q�/�2 �;�2�M�2�`���i�B�Q�M ���`�+�?�B�i�2�+�i�m�`�2�X �X �X �X �X �X �X �X �X �X �X �X �X�j�e
�k�X�9�X�k �*�P�a�J�P�a �b�i���i�B�b�i�B�+���H �2�M�;�B�M�2�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�j�d

�k�X�8 �S�2�`�b�T�2�+�i�B�p�2�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�j�N

�j �� �"���v�2�b�B���M ���T�T�`�Q���+�? �i�Q �T���`���K�2�i�`�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; �9�R
�j�X�R �S�`�2�H�B�K�B�M���`�B�2�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�9�j

�j�X�R�X�R �J���`�F�Q�p �S�Q�T�m�H���i�B�Q�M �J�Q�/�2�H�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�9�j
�j�X�R�X�k �G�B�M�2���`�@�i�B�K�2 �i�2�K�T�Q�`���H �T�`�Q�T�2�`�i�B�2�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�9�d
�j�X�R�X�j �"���v�2�b�B���M �B�M�7�2�`�2�M�+�2�, �i�?�2 ���"�* �K�2�i�?�Q�/�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�9�N
�j�X�R�X�9 �E�2�`�M�2�H �/�2�M�b�B�i�v �2�b�i�B�K���i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�8�k

�j�X�k ���m�i�Q�K���i�Q�M�@���"�*�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�8�j
�j�X�k�X�R �a���i�B�b�}���#�B�H�B�i�v �/�B�b�i���M�+�2�b �7�Q�` �`�2���+�?���#�B�H�B�i�v �T�`�Q�#�H�2�K�b�X �X �X �X �X �X �X �X �X �X �X �X�8�j
�j�X�k�X�k �>���a�G �b�T�2�+�B�}�+���i�B�Q�M�b �7�Q�` �b���i�B�b�}���#�B�H�B�i�v �/�B�b�i���M�+�2�b�X �X �X �X �X �X �X �X �X �X �X �X �X�8�d
�j�X�k�X�j ���m�i�Q�K���i�Q�M�@���"�*�, ���"�* �r�B�i�? �b���i�B�b�}���#�B�H�B�i�v �/�B�b�i���M�+�2�X �X �X �X �X �X �X �X �X �X�e�y
�j�X�k�X�9 �1�b�i�B�K���i�B�Q�M �Q�7 �i�?�2 �b���i�B�b�7���+�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �7�m�M�+�i�B�Q�M�X �X �X �X �X �X �X �X �X �X�e�j

�j�X�j �1�t�T�2�`�B�K�2�M�i�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�e�j
�j�X�j�X�R �1�M�x�v�K���i�B�+ �`�2���+�i�B�Q�M �b�v�b�i�2�K�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�e�j



�*�Q�M�i�2�M�i�b �B�B

�j�X�9 �S�2�`�b�T�2�+�i�B�p�2�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�e�d

�9 �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b �e�N
�9�X�R �A�M�i�`�Q�/�m�+�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�e�N
�9�X�k �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�d�y

�9�X�k�X�R �h�2�K�T�Q�`���H �H�Q�;�B�+ �+�?���`���+�i�2�`�B�b���i�B�Q�M �Q�7 �Q�b�+�B�H�H���i�B�Q�M�b�X �X �X �X �X �X �X �X �X �X �X �X �X�d�R
�9�X�k�X�k �S���`�i�B�i�B�Q�M �#���b�2�/ �M�Q�B�b�v �T�2�`�B�Q�/�B�+�B�i�v�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�d�9
�9�X�k�X�j �S�2���F�b�@�/�2�i�2�+�i�B�Q�M �#���b�2�/ �M�Q�B�b�v �T�2�`�B�Q�/�B�+�B�i�v�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�d�3
�9�X�k�X�9 �*���b�2 �b�i�m�/�v�, �+�B�`�+���/�B���M �+�H�Q�+�F�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�3�9

�9�X�j �h�m�M�B�M�; �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�3�N
�9�X�j�X�R ���M ���m�i�Q�K���i�Q�M �7�Q�` �i�?�2 �/�B�b�i���M�+�2 �7�`�Q�K �� �i���`�;�2�i �T�2�`�B�Q�/�X �X �X �X �X �X �X �X �X�N�y
�9�X�j�X�k �*���b�2 �b�i�m�/�B�2�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�N�y

�9�X�9 �S�2�`�b�T�2�+�i�B�p�2�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�N�9

�8 �.���i���@�/�`�B�p�2�M �T�`�2�/�B�+�i�B�p�2 �K�Q�/�2�H�B�M�; �Q�7 �T�2�`�B�Q�/�B�+ �T�?�2�M�Q�K�2�M���N�d
�8�X�R �a�i���i�B�b�i�B�+���H ���M���H�v�b�B�b �Q�7 ���M �2�K�2�`�;�2�M�+�v �/�2�T���`�i�K�2�M�i �/���i���b�2�i�X �X �X �X �X �X �X �X �X �X �X�N�3
�8�X�k �.�2�`�B�p�B�M�; ���/�2�[�m���i�2 �K�Q�/�2�H�b �Q�7 �T���i�B�2�M�i ���`�`�B�p���H�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�y�R

�8�X�k�X�R �J���`�F�Q�p�B���M �`�2�M�2�r���H �T�`�Q�+�2�b�b ���T�T�`�Q�t�B�K���i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�y�k
�8�X�k�X�k �J���`�F�Q�p�B���M ���`�`�B�p���H �T�`�Q�+�2�b�b�2�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�y�9
�8�X�k�X�j �>�B�/�/�2�M �J���`�F�Q�p �T�`�Q�+�2�b�b�2�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�y�e

�8�X�j �1�K�T�B�`�B�+���H �p���H�B�/���i�B�Q�M �Q�7 �/�2�`�B�p�2�/ �K�Q�/�2�H�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�y�3
�8�X�j�X�R �S�2�i�`�B �L�2�i �2�M�+�Q�/�B�M�; �Q�7 �>�J�J ���`�`�B�p���H �K�Q�/�2�H�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�y�N
�8�X�j�X�k �E�S�A ���b�b�2�b�b�K�2�M�i�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�j

�8�X�9 �S�2�`�b�T�2�+�i�B�p�2�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X�R�R�e

�e �P�i�?�2�` �+�Q�M�i�`�B�#�m�i�B�Q�M�b �R�R�d

�d �*�Q�M�+�H�m�b�B�Q�M ���M�/ �T�2�`�b�T�2�+�i�B�p�2�b �R�k�9
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�J�Q�/�2�`�M �2�M�;�B�M�2�2�`�B�M�; �B�b �� �r�B�/�2�- �T�2�`�p���b�B�p�2 ���M�/ �K�m�H�i�B�@�/�B�b�+�B�T�H�B�M���`�v �}�2�H�/ �r�?�B�+�? �`�2�p�Q�H�p�2�b ���`�Q�m�M�/
�i�?�2 �M�Q�i�B�Q�M �Q�7�b�v�b�i�2�K�- �r�?�2�`�2 �� �b�v�b�i�2�K �K���v �#�2 �i�?�Q�m�;�?�i �Q�7 ���b ���;�;�`�2�;���i�B�Q�M �Q�7 �B�M�i�2�`���+�i�B�M�; �T���`�i�b
�U�B�X�2�X �Q�#�D�2�+�i�b�- �i�?�B�M�;�b�- �+�Q�K�T�Q�M�2�M�i�b�V �r�?�B�+�? ���`�2 �+�Q�K�#�B�M�2�/ �#�v �M���i�m�`�2 �Q�` �?�m�K���M�b �i�Q �7�Q�`�K ��
�r�?�Q�H�2�i�?���i �T�2�`�7�Q�`�K�b �� �+�2�`�i���B�M�7�m�M�+�i�B�Q�M�X �1�t���K�T�H�2�b �Q�7 �b�v�b�i�2�K�b �+���M �#�2 �7�Q�m�M�/ �B�M �D�m�b�i ���#�Q�m�i
���M�v �T�Q�b�b�B�#�H�2 �}�2�H�/�X �h�?�2�v �K���v �#�2 �/�B�b�i�B�M�;�m�B�b�?�2�/ ���+�+�Q�`�/�B�M�; �r�B�i�? �i�?�2�B�` �F�B�M�/�- ���b �B�M�- �7�Q�` �2�t���K�T�H�2�-
�M���i�m� �̀��H �b�v�b�i�2�K�b�U�2�X�;�X �i�?�2 �b�v�b�i�2�K �Q�7 �#�B�Q�+�?�2�K�B�+���H�b �`�2���+�i�B�Q�M�b �r�?�B�+�? �+�Q�M�i�`�Q�H�b �i�?�2 �1�m�F���`�v�Q�i�B�+
�+�2�H�H�ö�b �`�2�T�`�Q�/�m�+�i�B�Q�M �+�v�+�H�2�V�- �Q�`�?�m�K���M�@�K���/�2 �b�v�b�i�2�K�b�- �U�2�X�;�X �2�K�#�2�/�/�2�/ �b�v�b�i�2�K�b �+�Q�M�b�B�b�i�B�M�; �Q�7
�B�M�i�2�`���+�i�B�M�; �2�H�2�+�i�`�Q�M�B�+ �/�2�p�B�+�2�b �i�?���i ���H�H�Q�r ���M ���B�`�+�`���7�i �i�Q �#�2 �b���7�2�H�v �~�Q�r�M�- �Q�` �b�K���`�i �/�2�p�B�+�2�b�-
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�+�Q�M�+�m�`�`�2�M�i�H�v �Q�+�+�m�`�`�B�M�; �2�p�2�M�i�b�- �r�?�B�+�?�- �r�B�i�?�B�M �.�1�a�S�b�- �K���v �?���p�2 �� �M�Q�M �M�m�H�H �T�`�Q�#���#�B�H�B�i�v �i�Q
�Q�+�+�m�`�X

�.�2�}�M�B�i�B�Q�M �k�X�R�X�� �.�B�b�+�`�2�i�2 �1�p�2�M�i �a�i�Q�+�?���b�i�B�+ �S�`�Q�+�2�b�b �U�.�1�a�S�V �B�b �� �i�m�T�H�2M = hS;� 0;E;Ind;
enabled;delay;choice;targeti �r�?�2�`�2S �B�b �� �+�Q�m�M�i���#�H�2 �b�2�i �Q�7 �b�i���i�2�b�-� 0 2 dist (S) �B�b �i�?�2 �B�M�B�i�B���H
�b�i���i�2 �/�B�b�i�`�B�#�m�i�B�Q�M�-E �B�b �� �}�M�B�i�2 �b�2�i �Q�7 �2�p�2�M�i�b�-Ind : S ! R �B�b �� �b�2�i �Q�7�b�i���i�2 �B�M�/�B�+���i�Q�`�7�m�M�+�i�B�Q�M�b�-
enabled: S ! 2E �/�2�M�Q�i�2�b �i�?�2 �2�p�2�M�i�b �2�M���#�H�2�/ �B�M �2���+�? �b�i���i�2�-delay : S � E ! dist (R+ )
�+�?���`���+�i�2�`�B�b�2�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �/�2�H���v �Q�7 �Q�+�+�m�`�2�M�+�2 �Q�7 ���M �2�p�2�M�ie �B�M �b�i���i�2
s�-choice: S � 2E � R+ ! dist (E ) �+�?���`���+�i�2�`�B�b�2�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �Q�p�2�` �i�?�2 �b�2�i �Q�7
�+�Q�M�+�m�`�`�2�M�i�H�v �Q�+�+�m�`�`�B�M�; �2�p�2�M�i�b �B�M �� �;�B�p�2�M �b�i���i�2 ���M�/target : S� E � R+ ! S �/�2�b�+�`�B�#�2�b �r�?�B�+�?
�b�i���i�2 �B�b �2�M�i�2�`�2�/ �r�?�2�M �7�`�Q�K �b�i���i�2s ���M �2�M���#�H�2�/ �2�p�2�M�ie 2 enabled(s) �Q�+�+�m�`�b �r�B�i�? �� �/�2�H���vd�X

�:�B�p�2�M �� �b�i���i�2s 2 S �Q�7 �� �.�1�a�SM �-enabled(s) �B�b �i�?�2 �b�2�i �Q�7 �2�p�2�M�i�b �2�M���#�H�2�/ �B�Ms�X �6�Q�` ���M
�2�p�2�M�ie 2 enabled(s)�-delay(s; e) �B�b �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �/�2�H���v �#�2�i�r�2�2�M �i�?�2 �2�M���#�H�B�M�; �Q�7e
���M�/ �B�i�b �T�Q�b�b�B�#�H�2 �Q�+�+�m�`�`�2�M�+�2�X �A�7d 2 R+ �B�b �i�?�2 �2���`�H�B�2�b�i �/�2�H���v �B�M �b�Q�K�2 �+�Q�M�}�;�m�`���i�B�Q�M �Q�7 �i�?�2 �T�`�Q�@
�+�2�b�b �r�B�i�? �b�i���i�2s�- ���M�/E 0� enabled(s) �i�?�2 �b�2�i �Q�7 �2�p�2�M�i�b �r�B�i�? �K�B�M�B�K���H �/�2�H���v�-choice(s; E0; d)
�/�2�b�+�`�B�#�2�b �?�Q�r �i�?�2 �+�Q�M�~�B�+�i �B�b �`���M�/�Q�K�H�v �`�2�b�Q�H�p�2�/�, �7�Q�` ���H�He02 E 0�-choice(s; E0; d)(e0) �B�b �i�?�2
�T�`�Q�#���#�B�H�B�i�v �i�?���ie0 �r�B�H�H �#�2 �b�2�H�2�+�i�2�/ ���K�Q�M�;E 0 ���7�i�2�` �r���B�i�B�M�; �7�Q�` �i�?�2 �/�2�H���vd�X �h�?�2 �7�m�M�+�i�B�Q�M
target(s; e; d) �/�2�M�Q�i�2�b �i�?�2 �i���`�;�2�i �b�i���i�2 �`�2���+�?�2�/ �7�`�Q�Ks �Q�M �Q�+�+�m�`�`�2�M�+�2 �Q�7e ���7�i�2�` �r���B�i�B�M�; �7�Q�`
d �i�B�K�2 �m�M�B�i�b�X

�.�1�a�S �b�2�K���M�i�B�+�b�X���b �i�?�2 �/�v�M���K�B�+�b �Q�7 �� �.�1�a�S �B�b �M�Q�i �M�2�+�2�b�b���`�B�H�v�K�2�K�Q�`�v�H�2�b�b�r�2 �M�2�2�/
�i�Q �+���`�`�v �Q�M �2�t�i�`�� �B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�i �� �b�v�b�i�2�K�ö�b �b�i���i�2 ���H�Q�M�; �i�?�2 �m�M�7�Q�H�/�B�M�; �Q�7 ���M �2�t�2�+�m�i�B�Q�M�X
�h�?�2�`�2�7�Q�`�2 �� �.�1�a�S �T���i�? ���K�Q�m�M�i �i�Q �� �b�2�[�m�2�M�+�2�b�+�Q�M�}�;�m� �̀��i�B�Q�M�b�- �r�?�2�`�2 �� �+�Q�M�}�;�m�`���i�B�Q�M �+�Q�M�@
�b�B�b�i�b �Q�7 �� �i�`�B�T�H�2(s ; � ; sched) �r�B�i�?s 2 S �i�?�2 �+�m�`�`�2�M�i �b�i���i�2�-� 2 R+ �i�?�2 �+�m�`�`�2�M�i �i�B�K�2 ���M�/
sched: E ! R+ [ f + 1g �i�?�2 �7�m�M�+�i�B�Q�M �i�?���i �/�2�b�+�`�B�#�2�b �i�?�2 �Q�+�+�m�`�`�2�M�+�2 �i�B�K�2 �Q�7 �2���+�? �2�M���#�H�2�/
�2�p�2�M�i �U+ 1 �B�7 �i�?�2 �2�p�2�M�i �B�b �M�Q�i �2�M���#�H�2�/�V�X �6�`�Q�K �� �;�B�p�2�M �+�Q�M�}�;�m�`���i�B�Q�M(s; �; sched) �� �T���i�?



�*�?���T�i�2�` �k�X �1�t�T�`�2�b�b�B�p�2 �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �R�R

�B�b �m�M�7�Q�H�/�2�/ �#�v �B�i�2�`���i�B�p�2�H�v �b�2�H�2�+�i�B�M�; �i�?�2 �M�2�t�i �2�p�2�M�ie 2 enabled(s) �i�Q �Q�+�+�m�` �i�Q�;�2�i�?�2�` �r�B�i�?

�B�i�b �Q�+�+�m�`�2�M�+�2 �/�2�H���vd �H�2���/�B�M�; �i�Q �i�?�2 �M�2�t�i �+�Q�M�}�;�m�`���i�B�Q�M(s ; � ; sched) d�!
e

(s0 ; � 0 ; sched0)�X

�h�?�2 �M�2�t�i �i�`���M�b�B�i�B�Q�M �i�Q �}�`�2 �B�b �/�2�i�2�`�K�B�M�2�/ �i�?�`�Q�m�;�? �i�?�2 �7�Q�H�H�Q�r�B�M�; �b�i�2�T�b�X �6�B�`�b�i �7�m�M�+�i�B�Q�Msched
�/�2�i�2�`�K�B�M�2�bE min = f e 2 enabled(s) j 8e0 2 enabled(s); sched(e) � sched(e0)g�- �B�X�2�X�- �i�?�2 �b�2�i
�Q�7 �2�M���#�H�2�/ �2�p�2�M�i�b �r�B�i�? �K�B�M�B�K���H �/�2�H���vdm = sched(e) � � �-8e 2 E 0�X �h�?�2�M�- �B�7E m �+�Q�M�i���B�M�b
�K�Q�`�2 �i�?���M �R �2�H�2�K�2�M�i�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�Mchoice(s; Emin ; dm ) �B�b �m�b�2�/ �i�Q �`���M�/�Q�K�H�v
�T�B�+�F �i�?�2 ���+�i�m���H �M�2�t�i �2�p�2�M�iem 2 Em �i�Q �}�`�2�X �h�?�2 �M�2�t�i �b�i���i�2s0 �B�b �i�?�2�M �/�2�i�2�`�K�B�M�2�/ �#�v �}�`�@
�B�M�; �i�?�2 �T�`�2�p�B�Q�m�b�H�v �b�2�H�2�+�i�2�/ �M�2�t�i �2�p�2�M�i �i�Q �}�`�2em �- �B�X�2�Xs0 = target(s; em ; dm ) ���M�/ ���H�b�Q �#�v
�m�T�/���i�B�M�; �i�?�2 �+�Q�M�}�;�m�`���i�B�Q�M�ö�b �i�B�K�2 ���+�+�Q�`�/�B�M�;�H�v�- �B�X�2�X�-� 0 = � + dm �X �6�B�M���H�H�v �i�?�2 �b�+�?�2�/�m�H�2�b �Q�7
�+�m�`�`�2�M�i�H�v �2�M���#�H�2�/ �2�p�2�M�i�b �B�b �m�T�/���i�2�/ �#�v ���T�T�H�B�+���i�B�Q�M �Q�7 �7�m�M�+�i�B�Q�Msched���b �7�Q�H�H�Q�r�b�, �}�`�b�i �7�Q�` ���H�H
�2�p�2�M�i�be0 6= em �i�?���i ���`�2 �b�i�B�H�H �2�M���#�H�2�/�-sched(e0) �B�b �K���B�M�i���B�M�2�/ �U�B�X�2�Xsched0(e0) = sched(e)�-
8e0 2 enabled(s0) \ enabled(s)�- �b�m�+�? �i�?���ie0 6= em �V �r�?�B�H�2 �7�Q�` ���H�H �Q�i�?�2�` �ó�M�2�r�H�v�ô �2�M���#�H�2�/ �2�p�2�M�i
e0 2 enabled(s0)�- �� �M�2�r �/�2�H���vd0 �B�b �b���K�T�H�2�/ ���+�+�Q�`�/�B�M�; �i�Q �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�Mdelay(s0; e0) ���M�/
sched(e0) �B�b �b�2�i �i�Q� + d + d0�X �6�B�M���H�H�v �7�Q�` ���H�H �/�B�b���#�H�2�/ �2�p�2�M�i�be0 62enabled(s0) �i�?�2sched0(e0)
�B�b �b�2�i �i�Q+ 1 �X

�P�T�2�`���i�B�Q�M���H �b�2�K���M�i�B�+�b �Q�7 �� �.�1�a�S�X�h�?�2 �+�?���`���+�i�2�`�B�b���i�B�Q�M �Q�7 �i�?�2 �Q�T�2�`���i�B�Q�M���H �b�2�K���M�@
�i�B�+�b �Q�7 �� �.�1�a�S �`�2�/�m�+�2�b �i�Q �b�?�Q�r�B�M�; �i�?���i �� �b�Q�m�M�/ �/�2�}�M�B�i�B�Q�M �Q�7 �T�`�Q�#���#�B�H�B�i�v �7�Q�` �� �;�2�M�2�`�B�+

�T���i�?� : (s0 ; 0 ; sched0)
d1�!
e1

(s1 ; � 1 ; sched1)
d2�!
e2

: : : �Q�7 �� �.�1�a�S �2�t�B�b�i�b�X �h�?�B�b�- �B�M �i�m�`�M�b�-

�#�Q�B�H�b �/�Q�r�M �i�Q �7�Q�`�K���H�H�v �+�?���`���+�i�2�`�B�b�B�M�; �� �M�m�K�#�2�` �Q�7 �`�2�H�2�p���M�i �7���K�B�H�B�2�b �Q�7 �`���M�/�Q�K �p���`�B���#�H�2�b�-
�M���K�2�H�v�, �i�?�2 �7���K�B�H�ve1; : : : ; en ; : : : �U�2�p�2�M�i�b ���b�b�Q�+�B���i�2�/ �i�Q� �V �r�B�i�? �b�m�T�T�Q�`�i �i�?�2 �b�2�i �Q�7 �2�p�2�M�i�b
E �- �i�?�2 �7���K�B�H�vs0; : : : ; sn ; : : : �U�i�?�2 �b�i���i�2�b �Q�7� �V �r�B�i�? �b�m�T�T�Q�`�i �i�?�2 �b�2�iS �Q�7M �- �i�?�2 �7���K�B�H�v
� 0 � � � � � � n � � � � �U�i�?�2 �Q�+�+�m�`�`�2�M�+�2 �i�B�K�2 �Q�7 �i�?�2 �2�p�2�M�i�b �Q�M� �V �r�B�i�? �b�m�T�T�Q�`�iR+ �- �i�?�2 �7���K�B�H�v
f sched(e)0; : : : sched(e)n : : :g �r�B�i�? �b�m�T�T�Q�`�iR+ [ f + 1g �U�i�?�2 �2�p�2�M�i�b�ö �[�m�2�m�2 ���H�Q�M�;� �V ���M�/ �i�?�2
�7���K�B�H�vf E min

0 ; : : : E min
n : : :g �U�i�?�2 �b�2�i �Q�7 �2�p�2�M�i�b �r�B�i�? �K�B�M�B�K���H �/�2�H���v ���H�Q�M�;� �V�X �h�?�2 �+�?���`���+�i�2�`�@

�B�b���i�B�Q�M �Q�7 �b�m�+�? �7���K�B�H�B�2�b �Q�7 �`���M�/�Q�K �p���`�B���#�H�2�b �B�b �B�M�/�m�+�i�B�p�2 �r�X�`�X�i�X �i�?�2 �H�2�M�;�i�?n �Q�7 �i�?�2� ���M�/ �B�b
�7�Q�`�K���H�H�v �;�B�p�2�M �B�M �(�"�"�. + �R�8�#�)�X

�k�X�R�X�k �.�1�a�S ���b �L�Q�M �J���`�F�Q�p�B���M �:�2�M�2�`���H�B�b�2�/ �a�i�Q�+�?���b�i�B�+ �S�2�i�`�B �L�2�i�b

�6�Q�` �i�?�2 �b���F�2 �Q�7 �T�`���+�i�B�+���H�B�i�v �r�B�i�?�B�M �>���a�G �r�2 ���/�Q�T�i �i�?�2 �M�Q�M�@�J���`�F�Q�p�B���M �2�t�i�2�M�b�B�Q�M �Q�7 �:�2�M�@
�2�`���H�B�b�2�/ �a�i�Q�+�?���b�i�B�+ �S�2�i�`�B �L�2�i �U�L�J�:�a�S�L�b�V ���b �?�B�;�? �H�2�p�2�H �K�Q�/�2�H�H�B�M�; �H���M�;�m���;�2 �i�Q �`�2�T�`�2�b�2�M�i
�.�1�a�S �K�Q�/�2�H�b�X �h�?�B�b �?���b �i�r�Q �K���B�M �K�Q�i�B�p���i�B�Q�M�b�, �R�V �i�Q �T�`�2�p�2�M�i �i�?�2 �m�b�2�` �7�`�Q�K �i�?�2 �i�2�/�B�Q�m�b
���M�/ �2�`�`�Q�` �T�`�Q�M�2 �M�2�2�/ �i�Q �b�T�2�+�B�}�v �� �.�1�a�S �#�v �2�t�T�H�B�+�B�i �H�B�b�i�B�M�; �Q�7 ���H�H �Q�7 �B�i�b �2�H�2�K�2�M�i�b �U���b �Q�7 �.�2�7�@
�B�M�B�i�B�Q�M�k�X�R�V ���M�/ �k�V �i�Q �i���F�2 ���/�p���M�i���;�2 �Q�7 �i�?�2 �S�2�i�`�B �M�2�i�b �b�2�K���M�i�B�+�b �r�?�B�+�? �B�b �T���`�i�B�+�m�H���`�H�v �r�2�H�H
�b�m�B�i�2�/ �i�Q �v�B�2�H�/ �?�B�;�?�H�v �2�{�+�B�2�M�i �b�i�Q�+�?���b�i�B�+ �b�B�K�m�H���i�B�Q�M ���H�;�Q�`�B�i�?�K�b�X �A�M �2�b�b�2�M�+�2 �� �L�J�:�a�S�L�b �B�b
�� �;�2�M�2�`���H�B�b�2�/ �b�i�Q�+�?���b�i�B�+ �S�2�i�`�B �M�2�i�b �(���J�"�* + �N�8�)�- �i�?���i �B�b �� �a�i�Q�+�?���b�i�B�+ �S�2�i�`�B �M�2�i �7�Q�`�K���H�B�b�K
�r�?�B�+�? �+�Q�K�#�B�M�2�b �b�i�Q�+�?���b�i�B�+ �i�B�K�2�/ �i�`���M�b�B�i�B�Q�M�b �r�B�i�? �T�`�Q�#���#�B�H�B�b�i�B�+ �B�K�K�2�/�B���i�2 �Q�M�2�b�- �2�t�i�2�M�/�2�/
�r�B�i�? �i�?�2 �T�Q�b�b�B�#�B�H�B�i�v �i�Q ���b�b�Q�+�B���i�2 �;�2�M�2�`�B�+ �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�b �U�M�Q�M �M�2�+�2�b�b���`�B�H�v �1�t�T�Q�@
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�B�M�/�B�+���i�2�/ �#�v �i�?�2 �K�m�H�i�B�T�H�B�+�B�i�v �Q�7 �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �B�M�T�m�i ���`�+�b�V �7�`�Q�K �B�i�b �B�M�T�m�i �T�H���+�2�b�- ���M�/
�T�`�Q�/�m�+�B�M�; �i�Q�F�2�M�b �U�B�M �� �M�m�K�#�2�` �B�M�/�B�+���i�2�/ �#�v �i�?�2 �K�m�H�i�B�T�H�B�+�B�i�v �Q�7 �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �Q�m�i�T�m�i
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�+���M �#�2 �;�B�p�2�M �#�v ���M�v �/�B�b�i�`�B�#�m�i�B�Q�M�X �h�?�m�b �� �L�J�:�a�S�L �i�B�K�2�/�@�i�`���M�b�B�i�B�Q�M �B�b �+�?���`���+�i�2�`�B�b�2�/ �#�v ��
�i�m�T�H�2�,t � (type; par; pri; w )�- �r�?�2�`�2type �B�M�/�B�+���i�2�b �i�?�2 �i�v�T�2 �Q�7 �/�B�b�i�`�B�#�m�i�B�Q�M �U�2�X�;�X �m�M�B�7�Q�`�K�V�-
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Free
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�K�Q�/�2�H�H�B�M�; �H�B�M�2���` �?�v�#�`�B�/ �b�v�b�i�2�K�b�- �B�X�2�X �b�v�b�i�2�K�b �+�Q�M�b�B�b�i�B�M�; �Q�7 �B�M�i�2�`���+�i�B�M�; �/�B�;�B�i���H ���M�/ ���M���H�Q�;
�+�Q�K�T�Q�M�2�M�i�b�X ���H�i�?�Q�m�;�? �`�2���+�?���#�B�H�B�i�v �T�`�Q�#�H�2�K�b �7�Q�` �?�v�#�`�B�/ ���m�i�Q�K���i�� ���`�2�- �;�2�M�2�`���H�H�v �b�T�2���F�B�M�;�-
�m�M�/�2�+�B�/���#�H�2�- �>�2�M�x�B�M�;�2�`�2�i ���H�X�T�`�Q�p�2�/ �i�?���i �m�M�/�2�` �+�2�`�i���B�M �+�Q�M�/�B�i�B�Q�M�b �`�2���+�?���#�B�H�B�i�v �/�2�+�B�/���#�B�H�B�i�v
�+���M �#�2 �2�b�i���#�H�B�b�?�2�/ �(�>�E�S�o�N�3�) �H�2���/�B�M�; �i�Q �i�?�2 �/�2�p�2�H�Q�T�K�2�M�i �Q�7 �/�2�/�B�+���i�2�/ �K�Q�/�2�H �+�?�2�+�F�2�`�b
�b�m�+�? ���b �i�?�2 �>�v�h�2�+�? �i�Q�Q�H �(�>�>�q�h�N�d�)�X �>�2�`�2 �r�2 �+�Q�M�b�B�/�2�` �?�v�#�`�B�/ ���m�i�Q�K���i�� �7�`�Q�K �� �/�B�z�2�`�2�M�i
�T�2�`�b�T�2�+�i�B�p�2�- �i�?���i �B�b�- ���b �� �H���M�;�m���;�2 �i�Q �b�T�2�+�B�7�v �T�`�Q�T�2�`�i�B�2�b �Q�7 �� �b�v�b�i�2�K �`���i�?�2�` �i�?���M ���b ��
�H���M�;�m���;�2 �i�Q �K�Q�/�2�H �� �b�v�b�i�2�K�X �h�Q �i�?�B�b ���B�K �r�2 �B�M�i�`�Q�/�m�+�2 �i�?�2 �>�v�#�`�B�/ ���m�i�Q�K���i�� �a�i�Q�+�?���b�i�B�+
�G���M�;�m���;�2 �U�>���a�G�V �(�"�.�. + �R�R�#�-�"�"�. + �R�8���)�- �i�?�2 �#���b�B�+ �B�/�2�� �B�i �#�2�B�M�; �i�Q �2�K�T�H�Q�v �� �i���B�H�Q�`�2�/ �H�B�M�2���`
�?�v�#�`�B�/ ���m�i�Q�K���i�Q�M �U�G�>���VA ���b ���K�Q�M�B�i�Q�`�7�Q�` �b�2�H�2�+�i�B�M�; �`�2�H�2�p���M�i �T���i�?�b �Q�7 �� �.�1�a�S �K�Q�/�2�HM �-
�#���b�2�/ �Q�M �b�Q�T�?�B�b�i�B�+���i�2�/ �b�2�H�2�+�i�B�Q�M �+�`�B�i�2�`�B���X �h�?�B�b ���H�H�Q�r�b �Q�M�2 �i�Q �+�Q�M�+�2�B�p�2 �p�2�`�v �b�Q�T�?�B�b�i�B�+���i�2�/
�T�2�`�7�Q�`�K���M�+�2 �B�M�/�B�+���i�Q�`�b �Q�7 �� �K�Q�/�2�HM �- �#�v �K�2���M�b �Q�7 �� �/�2�/�B�+���i�2�/ ���m�i�Q�K���i�Q�MA ���M�/ �i�Q ���b�b�2�b�b
�i�?�2�K �i�?�`�Q�m�;�?�b�v�M�+�?� �̀Q�M�B�b���i�B�Q�M�- �i�?���i �B�b�- �i�?�`�Q�m�;�? �� �T�`�Q�+�2�b�b �#�v �r�?�B�+�? �T���i�?�b� 2 Path(M )
���`�2 �T�`�Q�+�2�b�b�2�/�Q�M�@�i�?�2�@�~�v���M�/ ���`�2 �2�B�i�?�2�` ���+�+�2�T�i�2�/ �Q�` �`�2�D�2�+�i�2�/ �#�vA �- �r�?�B�H�2 �`�2�H�2�p���M�i �b�i���i�B�b�i�B�+�b
���`�2 �K���B�M�i���B�M�2�/ �B�M �i�?�2 ���m�i�Q�K���i�Q�M�ö�b �p���`�B���#�H�2�b ���M�/ ���`�2 �2�p�2�M�i�m���H�H�v �m�b�2�/ �i�Q �T�`�Q�/�m�+�2 �2�b�i�B�K���i�2�b
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Z<latexit sha1_base64="7wLPHPwRet05Yl2Pnm6rnri+AGo=">AAACA3icbVDLSsNAFJ3UV62vqDvdDLaCq5JIUZdFN26ECvYBTSiTyaQdOsmEmYlYQsCNv+LGhSJu/Ql3/o2TNgttPXDhcM693HuPFzMqlWV9G6Wl5ZXVtfJ6ZWNza3vH3N3rSJ4ITNqYMy56HpKE0Yi0FVWM9GJBUOgx0vXGV7nfvSdCUh7dqUlM3BANIxpQjJSWBuaBE3r8IXU8zvwQqVEtdTBi8CarZQOzatWtKeAisQtSBQVaA/PL8TlOQhIpzJCUfduKlZsioShmJKs4iSQxwmM0JH1NIxQS6abTHzJ4rBUfBlzoihScqr8nUhRKOQk93ZnfKee9XPzP6ycquHBTGsWJIhGeLQoSBhWHeSDQp4JgxSaaICyovhXiERIIKx1bRYdgz7+8SDqndfus3rhtVJuXRRxlcAiOwAmwwTlogmvQAm2AwSN4Bq/gzXgyXox342PWWjKKmX3wB8bnD9Jnl6I=</latexit>

M

�6�B�;�m�`�2 �k�X�k�,�>���a�G�@�a�J�* �b�+�?�2�K���, �b���K�T�H�2�/ �T���i�?�b ���`�2 �}�H�i�2�`�2�/ �#�v �� �G�>�� ���M�/ �i�?�2 ���+�+�2�T�i�2�/
�Q�M�2�b ���`�2 �m�b�2�/ �7�Q�` �� �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�2 �Q�7 �i�?�2 �i���`�;�2�i �K�2���b�m�`�2Z �X

�Q�7 �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �B�M�/�B�+���i�Q�`�b �Q�7 �B�M�i�2�`�2�b�i�X
�A�M �T�`���+�i�B�+���H �i�2�`�K�b �� �>���a�G �7�Q�`�K�m�H��� �+�Q�M�b�B�b�i�b �Q�7 �i�r�Q �+�Q�K�T�Q�M�2�M�i�b� = ( A ; Z )�- �r�?�2�`�2

A �B�b �i�?�2�K�Q�M�B�i�Q�`�G�>�� ���M�/Z �B�b ���M �2�t�T�`�2�b�b�B�Q�M �i�?���i �b�T�2�+�B�}�2�b �i�?�2 �[�m���M�i�B�i�v �i�Q �#�2 �2�p���H�m���i�2�/
�U�#���b�2�/ �Q�M �i�?�2A �ö�b �/���i�� �p���`�B���#�H�2�b�V�X

�>���a�G �K�Q�/�2�H �+�?�2�+�F�B�M�; �b�+�?�2�K�2�X�h�?�2 �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �#�2�i�r�2�2�M �� �.�1�a�S �K�Q�/�2�HM ���M�/
�� �G�>�� A �M���i�m�`���H�H�v �H�2���/�b �i�Q �/�2�}�M�B�i�B�Q�M �Q�7 �� �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �T�`�Q�+�2�/�m�`�2 �7�Q�` �i�?�2
�>���a�G �7�Q�`�K���H�B�b�K �r�?�B�+�? �B�b �Q�m�i�H�B�M�2�/ �B�M �6�B�;�m�`�2�k�X�k�X �� �>���a�G �K�Q�/�2�H �+�?�2�+�F�2�` �i���F�2�b �� �.�1�a�S
�K�Q�/�2�HM ���M�/ �� �>���a�G �7�Q�`�K�m�H�� �UA ; Z �V ���b �B�M�T�m�i�b �i�Q�;�2�i�?�2�` �r�B�i�? �i�r�Q ���m�t�B�H�B���`�B�2�b �T���`���K�2�i�2�`�b�-
�B�X�2�X�- �i�?�2 �+�Q�M�}�/�2�M�+�2 �H�2�p�2�H �U� �V ���M�/ �i�?�2 �r�B�/�i�? �U� �V �Q�7 �i�?�2 �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�B�Q�M �T�`�Q�+�2�b�b�X
�h�?�2 �G�>�� �T���`�i �Q�7 �� �>���a�G �7�Q�`�K�m�H�� �B�b �m�b�2�/ �i�Q �b�2�H�2�+�i�- �p�B�� �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M�- �i�?�2 �T���i�?�b �b���K�T�H�2�/
�Q�M �i�?�2 �.�1�a�S �K�Q�/�2�H ���M�/ �r�?�B�H�2 �b�Q �/�Q�B�M�; �i�?�2 �U�`�2���H�@�p���H�m�2�/�V �p���`�B���#�H�2�b �Q�7 �i�?�2 �G�>�� ���`�2 �m�T�/���i�2�/
�r�B�i�? �`�2�H�2�p���M�i �b�i���i�B�b�i�B�+�b �Q�7 �i�?�2 �b�v�M�+�?�`�Q�M�B�b�B�M�; �T���i�?�X �a�m�+�? �b�i���i�B�b�i�B�+�b ���`�2 �i�?�2�M �2�K�T�H�Q�v�2�/ �7�Q�`
�T�`�Q�/�m�+�B�M�; �� �+�Q�M�}�/�2�M�+�2�@�B�M�i�2�`�p���H �2�b�i�B�K���i�B�Q�M �Q�7 �i�?�2 �K�2���M �p���H�m�2 �Q�7 �i�?�2 �+�Q�M�b�B�/�2�`�2�/ �2�t�T�`�2�b�b�B�Q�M
Z �U�B�X�2�X �i�?�2 �b�2�+�Q�M�/ �T���`�i �Q�7 �i�?�2 �>���a�G �7�Q�`�K�m�H���V�XZ �B�b �i�?�2 �[�m���M�i�B�i�v �i�?�2 �K�Q�/�2�H�H�2�` �r���M�i�b �i�Q
���b�b�2�b�b �r�X�`�X�i�X �i�?�2 �T���i�?�b ���+�+�2�T�i�2�/ �#�v �G�>���X

�k�X�k�X�R �a�v�M�+�?�`�Q�M�B�b�2�/ �G�B�M�2���` �>�v�#�`�B�/ ���m�i�Q�K���i��

�A�M �i�?�2 �+�Q�M�i�2�t�i �Q�7 �>���a�G �K�Q�/�2�H �+�?�2�+�F�B�M�; �r�2 �B�M�i�`�Q�/�m�+�2 ���M ���/���T�i���i�B�Q�M �Q�7 ���H�m�` ���M�/ �>�2�M�x�B�M�;�2�`�ö�b
�?�v�#�`�B�/ ���m�i�Q�K���i�� �(���*�>�>�N�k�) �r�?�B�+�? �r�2 �`�2�7�2�` �i�Q ���b �b�v�M�+�?�`�Q�M�B�b�2�/ �G�>�� �i�?�2 �K���B�M �/�B�z�2�`�2�M�+�2
�#�2�B�M�; �i�?���i �>���a�G ���m�i�Q�K���i�� ���`�2 �/�2�b�B�;�M�2�/ �i�Q �B�M�i�2�`���+�i �r�B�i�? �� �.�1�a�S �K�Q�/�2�H�- �?�2�M�+�2 �i�?�2�v �K�m�b�i
�7�m�H�}�H �+�2�`�i���B�M �b�v�M�i���+�i�B�+���H ���b �r�2�H�H ���b �b�2�K���M�i�B�+���H �+�Q�M�b�i�`���B�M�i�b�X �6�`�Q�K �� �b�v�M�i���+�i�B�+���H �T�2�`�b�T�2�+�i�B�p�2
�i�?�2�`�2 ���`�2 �i�r�Q �2�H�2�K�2�M�i�b �i�?���i �B�K�T���+�i �i�?�2 �b�v�M�i���t �Q�7 �� �>���a�G �?�v�#�`�B�/ ���m�i�Q�K���i�Q�M �/�2�}�M�B�i�B�Q�M�,
�}�`�b�i�- ���M ���m�i�Q�K���i�Q�M �2�/�;�2�b ���`�2 �M�Q�r �H���#�2�H�2�/ �2�B�i�?�2�` �r�B�i�? �2�p�2�M�i�b �Q�7 �i�?�2 �.�1�a�S �K�Q�/�2�H�- �B�M�/�B�+���i�B�M�;
�i�?���i �i�?�2 �2�/�;�2 �i�`���p�2�`�b���H �i���F�2�b �T�H���+�2 �Q�M�H�v �i�?�`�Q�m�;�? �b�v�M�+�?�`�Q�M�B�b�2�/ �Q�+�+�m�`�`�2�M�+�2 �Q�7 �� �+�Q�`�`�2�b�T�Q�M�/�B�M�;
�.�1�a�S �2�p�2�M�i �Q�`�- ���H�i�2�`�M���i�B�p�2�H�v�- �i�?�`�Q�m�;�? �� �b�T�2�+�B���H �H���#�2�H] �- �B�M�/�B�+���i�B�M�; �i�?���i �i�?�2 �2�/�;�2 �i�`���p�2�`�b���H
�?���T�T�2�M�b ���m�i�Q�M�Q�K�Q�m�b�H�v �r�B�i�?�Q�m�i �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �r�B�i�? ���M�v �.�1�a�S �2�p�2�M�i�- ���M�/ �b�2�+�Q�M�/�- ���M
���m�i�Q�K���i�Q�M�ö�b �p���`�B���#�H�2�b �+���M �2�p�Q�H�p�2 ���i �� �`���i�2 �r�?�B�+�? �/�2�T�2�M�/�b �Q�M �i�?�2 �+�m�`�`�2�M�i �b�i���i�2 �Q�7 �i�?�2



�*�?���T�i�2�` �k�X �1�t�T�`�2�b�b�B�p�2 �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �R�8

�.�1�a�S �K�Q�/�2�H �U�B�X�2�X �i�?�2 �`���i�2 �Q�7 �� �p���`�B���#�H�2 �B�b �;�B�p�2�M �#�v �� �.�1�a�S�B�M�/�B�+���i�Q�`�7�m�M�+�i�B�Q�M�V�X �6�`�Q�K ��
�b�2�K���M�i�B�+���H �T�2�`�b�T�2�+�i�B�p�2 �r�2 �M�2�2�/ �i�Q �2�b�i���#�H�B�b�? �� �M�m�K�#�2�` �Q�7�/�2�i�2�`�K�B�M�B�b�K�@� �̀2�H���i�2�/�+�Q�M�b�i�`���B�M�i�b
�b�Q �i�Q �;�m���`���M�i�2�2 �i�?�2 �m�M�B�+�B�i�v �Q�7 �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M�- �i�?���i �B�b�- �i�?�2 �7���+�i �i�?���i �i�?�2�`�2 �2�t�B�b�i�b ���H�r���v�b ��
�b�B�M�;�H�2 �2�t�2�+�m�i�B�Q�M �Q�7 �i�?�2 �b�v�M�+�?�`�Q�M�B�b�2�/ �T�`�Q�/�m�+�i �T�`�Q�+�2�b�b(M � A )�X ���H�H �Q�7 �i�?�2�b�2 ���b�T�2�+�i�b ���`�2
�+�Q�p�2�`�2�/ �#�v �i�?�2 �7�Q�H�H�Q�r�B�M�; �.�2�}�M�B�i�B�Q�M�X

�.�2�}�M�B�i�B�Q�M �k�X�k�X�� �b�v�M�+�?� �̀Q�M�B�b�2�/ �H�B�M�2���` �?�v�#�`�B�/ ���m�i�Q�K���i�Q�M�- �`�2�7�2�`�`�2�/ �i�Q �� �.�1�a�S �K�Q�/�2�HM
�r�B�i�? �b�i���i�2�bS�- �2�p�2�M�i�bE ���M�/ �B�M�/�B�+���i�Q�` �7�m�M�+�i�B�Q�M�bInd : S ! R�- �B�b �/�2�}�M�2�/ �#�v �� �i�m�T�H�2A =
hE ; L ; � ; Init ; Final ; X ; �~�Q�r; !i �r�?�2�`�2�,E �B�b �� �}�M�B�i�2 ���H�T�?���#�2�i �Q�7 �2�p�2�M�i�b �U�i�?�2 �2�p�2�M�i�b
�Q�7M �V�cL �B�b �� �}�M�B�i�2 �b�2�i �Q�7 �H�Q�+���i�B�Q�M�b�c� : L ! P rop �/�2�M�Q�i�2�b �i�?�2 �H�Q�+���i�B�Q�M�b�ö �B�M�p���`�B���M�i�b�R�c
Init ; Final � L �/�2�M�Q�i�2�b �i�?�2 �B�M�B�i�B���H�- �`�2�b�T�X �}�M���H�- �H�Q�+���i�B�Q�M�b�cX = ( x1; :::xn ) �B�b ��n�@�i�m�T�H�2 �Q�7
�/���i�� �p���`�B���#�H�2�b�- ���M�/�,

�Ç �~�Q�r: L 7! Ind n ���b�b�Q�+�B���i�2�b �r�B�i�? �2���+�? �H�Q�+���i�B�Q�M �Q�M�2 �B�M�/�B�+���i�Q�` �T�2�` �/���i�� �p���`�B���#�H�2 �`�2�T�`�2�@
�b�2�M�i�B�M�; �i�?�2 �2�p�Q�H�m�i�B�Q�M �`���i�2 �Q�7 �i�?�2 �p���`�B���#�H�2 �B�M �i�?�2 �H�Q�+���i�B�Q�M�X

�Ç !� L �
�
(2E � Const) ] (f ]g � lConst)

�
� Up � L �B�b �� �b�2�i �Q�7 �2�/�;�2�b�- �r�?�2�`�2Const�-

�U�`�2�b�T�XlConst�V�- �/�2�M�Q�i�2�b �i�?�2 �b�2�i �Q�7�H�B�M�2���` �+�Q�M�b�i� �̀��B�M�i�b�- �U�`�2�b�T�X �H�2�7�i�@�+�H�Q�b�2�/ �+�Q�M�b�i�`���B�M�i�b�V
�+�Q�M�b�B�b�i�B�M�; �Q�7 �� �#�Q�Q�H�2���M �+�Q�K�#�B�M���i�B�Q�M �Q�7 �B�M�2�[�m���H�B�i�B�2�b �Q�7 �i�?�2 �7�Q�`�K

P
1� i � n � i x i + c � 0

�r�?�2�`�2� i ; c 2 Ind ���`�2 �.�1�a�S �B�M�/�B�+���i�Q�` �7�m�M�+�i�B�Q�M�b ���M�/�2 f = ; <; >; � ; �g �- ] �/�2�M�Q�i�2�b
�i�?�2 �/�B�b�D�Q�B�M�i �m�M�B�Q�M ���M�/Up �/�2�M�Q�i�2�b �i�?�2 �b�2�i �Q�7n�@�i�m�T�H�2�b �Q�7 �m�T�/���i�2 �7�m�M�+�i�B�Q�M�b �r�B�i�? �i�?�2
�7�Q�H�H�Q�r�B�M�; �7�Q�`�Kxk =

P
1� i � n � i x i + c �r�?�2�`�2 ���;���B�M� i ; c2 Ind �X

�6�m�`�i�?�2�`�K�Q�`�2A �7�m�H�}�H�b �i�?�2 �7�Q�H�H�Q�r�B�M�; �+�Q�M�/�B�i�B�Q�M�b�X

�Ç �A�M�B�i�B���H �/�2�i�2�`�K�B�M�B�b�K�,8l 6= l0 2 Init �-�( l ) ^ �( l0) , �7���H�b�2�X �h�?�B�b �K�m�b�i �?�Q�H�/ �r�?���i�2�p�2�`
�i�?�2 �B�M�i�2�`�T�`�2�i���i�B�Q�M �Q�7 �i�?�2 �B�M�/�B�+���i�Q�`�b �Q�+�+�m�`�`�B�M�; �B�M�( l ) ���M�/�( l0)�X

�Ç �.�2�i�2�`�K�B�M�B�b�K �Q�M �2�p�2�M�i�b�,8E1; E2 � E s:t : E1 \ E2 6= ; ; 8l; l 0; l002 L; �B�7l00 E1 ;
;U
����! l

���M�/l00 E2 ;
 0;U0

�����! l0 ���`�2 �i�r�Q �/�B�b�i�B�M�+�i �i�`���M�b�B�i�B�Q�M�b�- �i�?�2�M �2�B�i�?�2�`�( l ) ^ �( l0) , �7���H�b�2�Q�`

 ^ 
 0 , �7���H�b�2�X ���;���B�M �i�?�B�b �2�[�m�B�p���H�2�M�+�2 �K�m�b�i �?�Q�H�/ �r�?���i�2�p�2�` �i�?�2 �B�M�i�2�`�T�`�2�i���i�B�Q�M �Q�7 �i�?�2
�B�M�/�B�+���i�Q�`�b �Q�+�+�m�`�`�B�M�; �B�M�( l )�-�( l0)�-
 ���M�/
 0�X

�Ç �.�2�i�2�`�K�B�M�B�b�K �Q�M] �, 8l; l 0; l00 2 L; �B�7l00 ];
;U
���! l ���M�/l00 ];
 0;U0

����! l0 ���`�2 �i�r�Q �/�B�b�i�B�M�+�i
�i�`���M�b�B�i�B�Q�M�b�- �i�?�2�M �2�B�i�?�2�`�( l ) ^ �( l0) , �7���H�b�2�Q�
̀ ^ 
 0 , �7���H�b�2�X

�Ç �L�Q] �@�H���#�2�H�H�2�/ �H�Q�Q�T�b�,�6�Q�` ���H�H �b�2�[�m�2�M�+�2�b

l0
E0 ;
 0 ;U0�����! l1

E1 ;
 1 ;U1�����! � � �
En � 1 ;
 n � 1 ;Un � 1����������! ln �b�m�+�? �i�?���il0 = ln �- �i�?�2�`�2 �2�t�B�b�i�bi � n �b�m�+�?

�i�?���iE i 6= ] �X

�A�M �i�?�2 �`�2�K���B�M�/�2�` �r�2 �r�`�B�i�2l
E 0;
;U
����! l0 �i�Q �/�2�M�Q�i�2 ���M �2�/�;�2(l; E 0; 
; U; l 0) 2! �Q�7 ���M �G�>���-

�7�m�`�i�?�2�`�K�Q�`�2 �r�2 �`�2�7�2�` �i�Q ���M �2�/�;�2 �b�m�+�? ���bl

;E 0;U
����! l0�- �r�?�2�`�2E 0 � E �B�b �� �b�m�#�b�2�i �Q�7 �2�p�2�M�i�b�-

�R�q�?�2�`�2P rop � Ind �B�b �i�?�2 �b�m�#�b�2�i �Q�7 �.�1�a�S �B�M�/�B�+���i�Q�` �7�m�M�+�i�B�Q�M�b �i�?���i �2�p���H�m���i�2�b �i�Qf 0; 1g



�*�?���T�i�2�` �k�X �1�t�T�`�2�b�b�B�p�2 �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �R�e

���b ���b�v�M�+�?� �̀Q�M�B�b�B�M�; �2�/�;�2���b �Q�T�T�Q�b�2�/ �i�Q ���M �2�/�;�2 �b�m�+�? ���bl

;];U
���! l0 �r�?�B�+�? �r�2 �`�2�7�2�` �i�Q ���b ���M

���m�i�Q�M�Q�K�Q�m�b �2�/�;�2�X

�1�t���K�T�H�2 �k�X�h�?�2 �i�r�Q ���m�i�Q�K���i��A 1 ���M�/A 2 �B�M �6�B�;�m�`�2�k�X�j���`�2 �/�2�b�B�;�M�2�/ �i�Q �#�2 �b�v�M�+�?�`�Q�M�B�b�2�/
�r�B�i�? �i�?�2 �L�J�:�a�S�L �K�Q�/�2�H �Q�7 �K�m�i�m���H �2�t�+�H�m�b�B�Q�M �Q�7 �1�t���K�T�H�2�R�X �"�Q�i�?A 1 ���M�/A 2 �+�Q�M�b�B�b�i�b �Q�7

�L�J�:�a�S�L �K�Q�/�2�HM �Q�7 �K�m�i�m���H�H�v �2�t�+�H�m�b�B�p�2 �b�?���`�2�/ �`�2�b�Q�m�`�+�2

Arr 1 �U�1�t�T�-� 1�V

Req1

(pri 1; w1)Start 1

Acc1

Serv1

Free
Req2

Arr 2�U�1�t�T�-� 2�V

(pri 2; w2) Start 2

Acc2

Serv2

�U�l�M�B�7�-[� 2; � 2]�V�U�l�M�B�7�-[� 1; � 1]�V

A 1 A 2

l0
_t :1

_x1 :Req1 ; _x2 :0
l1

] �-t= T �-f x1== T g

f Serv1g�-t<T �-f x2++ g

E nf Serv1g�-t<T �-;

L = f l0 ; l1g; Init = f l0g; F inal = f l1g

E = f Arr 1 ; Start 1 ; Serv1 ; Arr 2 ; Start 2 ; Serv2g

X = f t; x 1 ; x2g

F low (l0 )=(1 ; Req1 ; 0); F low (l1 )= (0 ; 0; 0)

�( l )= > ; 8l 2 L

l0
_x1 :Req1

_x2 :0; _x3 :0
l1

Serv1 �-> �-f x2++ g Start 1 �-> �-f x3++ g

�1nf Serv1 ;Start 1g�-> �-;

] �-x2 � k�-;

L = f l0 ; l1g; Init = f l0g; F inal = f l1g

E = f Arr 1 ; Start 1 ; Serv1 ; Arr 2 ; Start 2 ; Serv2g

X = f x1 ; x2 ; x3g

F low (l0 )=( Req1 ; 0; 0); F low (l1 )=(0 ; 0; 0)

�( l )= > ; 8l 2 L

�6�B�;�m�`�2 �k�X�j�,�1�t���K�T�H�2�b �Q�7 �i�r�Q �G�>�� �`�2�7�2�`�`�2�/ �i�Q �K�m�i�m���H �2�t�+�H�m�b�B�Q�M �L�J�:�a�S�L �K�Q�/�2�H

�k �H�Q�+���i�B�Q�M�bL = f l0; l1g�- ���M �B�M�B�i�B���H �Q�M�2Init = f l0g ���M�/ �� �}�M���H �Q�M�2F inal = f l1g�X �h�?�2�v �#�Q�i�?
�`�2�7�2�` �i�Q �i�?�2 �b���K�2 �2�p�2�M�i �b�2�iE = f Arr 1; Start 1; Serv1; Arr 2; Start 2; Serv2g �B�X�2�X �i�?���i �Q�7 �i�?�2
�i�`���M�b�B�i�B�Q�M�b �Q�7 �i�?�2 �L�J�:�a�S�L �K�Q�/�2�H �Q�7 �K�m�i�m���H �2�t�+�H�m�b�B�Q�M ���M�/ �#�Q�i�? ���`�2 �2�[�m�B�T�T�2�/ �r�B�i�? �j �/���i��
�p���`�B���#�H�2�b�- �i�?�Q�m�;�?A 1 �?���b �� �+�H�Q�+�F �p���`�B���#�H�2 �Ut�V �r�?�2�`�2���bA 2 �B�b �M�Q�i �2�[�m�B�T�T�2�/ �r�B�i�? ���M�v �+�H�Q�+�F�X
�h�?�2 �~�Q�r �Q�7 �p���`�B���#�H�2�b �B�b �+�Q�M�p�2�M�i�B�Q�M���H�H�v �M�m�H�H �B�M �i�?�2 �}�M���H �H�Q�+���i�B�Q�M �UF low(l1) = (0 ; 0; 0)�V ���b �Q�M�+�2
�B�M �i�?�2 �}�M���H �H�Q�+���i�B�Q�M �i�?�2 �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �2�M�/�b�k�- �r�?�2�`�2���b �B�b �M�Q�M�@�M�m�H�H �U�7�Q�` �+�2�`�i���B�M �p���`�B���#�H�2�b�V

�k�B�M �7���+�i �i�?�2 �~�Q�r �Q�7 �p���`�B���#�H�2�b �B�M ���M�v �}�M���H �H�Q�+���i�B�Q�M �+�Q�m�H�/ �2�[�m�B�p���H�2�M�i�H�v �#�2 �b�2�i �i�Q ���M ���`�#�B�i�`���`�v �p���H�m�2 ���b
�B�i �+���M�M�Q�i ���z�2�+�i �i�?�2 �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �T�`�Q�+�2�b�b �;�B�p�2�M �i�?�2 �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �b�i�Q�T �T�`�2�+�B�b�2�H�v �Q�M �2�M�i�2�`�B�M�; �� �}�M���H
�H�Q�+���i�B�Q�M



�*�?���T�i�2�` �k�X �1�t�T�`�2�b�b�B�p�2 �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �R�d

�B�M �i�?�2 �B�M�B�i�B���H �H�Q�+���i�B�Q�Ml0�, �p���`�B���#�H�2x1 �U�7�Q�` �#�Q�i�?A 1 ���M�/A 2�V �2�p�Q�H�p�2�b ���i �� �`���i�2 �;�B�p�2�M �#�v
�i�?�2 �K���`�F�B�M�; �Q�7 �T�H���+�2Req1 �Q�7 �i�?�2 �L�J�:�a�S�L �K�Q�/�2�H�- �r�?�2�`�2���b �i�?�2 �+�H�Q�+�Ft�- �7�Q�`A 1�- �M���i�m�`���H�H�v
�?���b �+�Q�M�b�i���M�i �`���i�2 �Q�7 �R�X ���b �7�Q�` �i�?�2 �2�/�;�2�bA 1 �?���b �k �b�v�M�+�?�`�Q�M�B�b�B�M�; �b�2�H�7�@�H�Q�Q�T �2�/�;�2�b �Q�Ml0�-

l0
f Serv1g;t<T; f x2++ g
�������������! l0�- �r�?�B�+�? �b�v�M�+�?�`�Q�M�B�b�2�b �r�B�i�? �i�?�2 �Q�+�+�m�`�`�2�M�+�2�b �Q�7 �i�?�2Serv1 �i�`���M�b�B�i�B�Q�M

�Q�7 �i�?�2 �L�J�:�a�S�L �K�Q�/�2�H �U���M�/ �B�M �b�Q �/�Q�B�M�; �B�i �b�i�Q�`�2�b �i�?�2 �Q�+�+�m�`�`�2�M�+�2�b �Q�7Serv1 �B�M �p���`�B���#�H�2x2�-

���M�/l0
E nf Serv1g;t<T; ;
�����������! l0 �r�?�B�+�? �b�v�M�+�?�`�Q�M�B�b�2�b �r�B�i�? ���M�v �Q�i�?�2�` �i�`���M�b�B�i�B�Q�M �U�r�B�i�?�Q�m�i �`�2�;�B�b�i�2�`�B�M�;

���M�v �B�M�7�Q�`�K���i�B�Q�M �B�M �i�?�2 �p���`�B���#�H�2�b �Q�7A 1�V �T�H�m�b ���M ���m�i�Q�M�Q�K�Q�m�b �2�/�;�2l0
];t = T;f x1== T g
���������! l1 �r�?�B�+�?

�2�b�i���#�H�B�b�?�2�b �i�?�2 �2�M�/ �Q�7 �i�?�2 �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M ���b �b�Q�Q�M ���b �i�?�2 �+�H�Q�+�F �B�bt = T �U�r�?�2�`�2T �B�b ��
�T���`���K�2�i�2�` �Q�7A 1�V�- �i�?�2�`�2�7�Q�`�2 �T���i�?�b ���+�+�2�T�i�2�/ �#�vA 1 ���`�2�i�B�K�2�@�#�Q�m�M�/�2�/�X �a�B�K�B�H���`�H�vA 2 �?���b
�j �b�v�M�+�?�`�Q�M�B�b�B�M�; �b�2�H�7�@�H�Q�Q�T �2�/�;�2�b �Q�Ml0�- �Q�M�2 �7�Q�` �+�Q�m�M�i�B�M�; �i�?�2 �Q�+�+�m�`�`�2�M�+�2�b �Q�7Serv1 �U�b�i�Q�`�2�/
�B�Mx2�V�- �Q�M�2 �7�Q�` �+�Q�m�M�i�B�M�; �i�?�2 �Q�+�+�m�`�`�2�M�+�2�b �Q�7Start 1 �U�b�i�Q�`�2�/ �B�Mx3�V ���M�/ �i�?�2 �`�2�K���B�M�B�M�; �7�Q�`
�B�;�M�Q�`�B�M�; ���M�v �Q�i�?�2�` �i�`���M�b�B�i�B�Q�M �Q�+�+�m�`�`�B�M�; �/�m�`�B�M�; �i�?�2 �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M�XA 2 ���m�i�Q�M�Q�K�Q�m�b �2�/�;�2
�2�b�i���#�H�B�b�?�2�b �i�?�2 �2�M�/�B�M�; �Q�7 �i�?�2 �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M ���b �b�Q�Q�M ���bk �U�r�?�2�`�2k �B�b �� �T���`���K�2�i�2�` �Q�7calA2�V
�Q�+�+�m�`�`�2�M�+�2�b �Q�7 �i�?�2Serv1 �i�`���M�b�B�i�B�Q�M �?���p�2 �#�2�2�M �Q�#�b�2�`�p�2�/�- �i�?�2�`�2�7�Q�`�2 �T���i�?�b ���+�+�2�T�i�2�/ �#�vA 2

���`�2�2�p�2�M�i�@�#�Q�m�M�/�2�/�X

�G�>�� �b�2�K���M�i�B�+�b �A�M�i�m�B�i�B�p�2�H�v

�_�2���H�@�p���H�m�2�/ �p���`�B���#�H�2�b �r�B�i�? �H�B�M�2���` �~�Q�r�X���M �G�>�� �B�b �2�[�m�B�T�T�2�/ �r�B�i�? ��n�@�i�m�T�H�2 �Q�7 �`�2���H�@
�p���H�m�2�/ �p���`�B���#�H�2�bx1; : : : ; xn 2 R �U�+���H�H�2�/ �/���i�� �p���`�B���#�H�2�b�V �r�?�Q�b�2 �p���H�m�2 �2�p�Q�H�p�2�b �r�B�i�? �� �H�B�M�2���`
�`���i�2 �i�?���i �/�2�T�2�M�/�b �#�Q�i�? �Q�M �i�?�2 �H�Q�+���i�B�Q�M �Q�7 �i�?�2 ���m�i�Q�K���i�Q�M ���M�/ �Q�M �i�?�2 �+�m�`�`�2�M�i �b�i���i�2 �Q�7 �i�?�2
�.�1�a�S�j �X �J�Q�`�2 �T�`�2�+�B�b�2�H�v�- ���~�Q�r�7�m�M�+�i�B�Q�M ���b�b�Q�+�B���i�2�b �r�B�i�? �2���+�? �H�Q�+���i�B�Q�Ml �Q�7 �i�?�2 ���m�i�Q�K���i�Q�M
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�*�?���T�i�2�` �k�X �1�t�T�`�2�b�b�B�p�2 �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �R�N

���H�;�Q�`�B�i�?�K�b �b�Q�H�p�B�M�; �T�Q�H�v�M�Q�K�B���H �2�[�m���i�B�Q�M�b �Q�T�2�`���i�2 �B�M �S�a�S���*�1 �(�*���M�3�3�)�- �b�m�+�? ���M �2�t�i�2�M�b�B�Q�M
�7�Q�` ���m�i�Q�M�Q�K�Q�m�b �i�`���M�b�B�i�B�Q�M�b �+���M�M�Q�i �#�2 �+�Q�M�b�B�/�2�`�2�/ �7�Q�` �Q�#�p�B�Q�m�b �2�{�+�B�2�M�+�v �`�2���b�Q�M�b�X

�1�t���K�T�H�2 �j�X�6�B�;�m�`�2�k�X�9�/�2�T�B�+�i�b �i�r�Q �b�H�B�;�?�i �p���`�B���M�i�b �Q�7 ���M �G�>�� �7�Q�` �K�2���b�m�`�2�b �`�2�H���i�2�/ �i�Q �i�?�2
�i�B�K�2 �i�?�2 �b�?���`�2�/ �`�2�b�Q�m�`�+�2 �Q�7 �i�?�2 �K�m�i�m���H �2�t�+�H�m�b�B�Q�M �K�Q�/�2�H �B�b �Q�+�+�m�T�B�2�/ �#�v �+�H���b�b �R �+�H�B�2�M�i�b �Q�` �#�v
�+�H���b�b �k �+�H�B�2�M�i�b�X �"�Q�i�? ���m�i�Q�K���i�� �2�K�T�H�Q�v �k �p���`�B���#�H�2�b�,x0 �i�?���i �+�Q�m�M�i�b �i�?�2 �M�m�K�#�2�` �Q�7 �+�Q�K�T�H�2�i�2�/
�Q�+�+�m�T���i�B�Q�M �#�v �2�B�i�?�2�` �+�H���b�b �Q�7 �+�H�B�2�M�i�b ���M�/x1 �/�2�/�B�+���i�2�/ �i�Q �K�2���b�m�`�B�M�; �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M
�i�?�2 �i�B�K�2 �i�?�2 �`�2�b�Q�m�`�+�2 �B�b �Q�+�+�m�T�B�2�/ �#�v �+�H�B�2�M�i�b �Q�7 �i�v�T�2 �R �K�B�M�m�b �i�?�2 �i�B�K�2 �B�i �B�b �Q�+�+�m�T�B�2�/ �#�v �+�H�B�2�M�i�b
�Q�7 �i�v�T�2 �k�- ���M�/ �i�Q �i�?�B�b ���B�K �p���`�B���#�H�2x1 �?���b �~�Q�r �R �U� �̀2�b�T�X�@�R�V �r�?�2�M �i�?�2 �`�2�b�Q�m�`�+�2 �B�b �m�b�2�/ �#�v �+�H���b�b
�R �U� �̀2�b�T�X�k�V �+�H�B�2�M�i�b�- ���M�/ �y �r�?�2�M �i�?�2 �`�2�b�Q�m�`�+�2 �B�b �M�Q�i �m�b�2�/�X �h�?�2 �i�2�`�K�B�M���i�B�Q�M �+�Q�M�/�B�i�B�Q�M�- �;�B�p�2�M
�B�M �i�?�2 �+�Q�M�b�i�`���B�M�i �Q�7 ���`�+�b �H�2���/�B�M�; �i�Q �i�?�2 �}�M���H �H�Q�+���i�B�Q�Ml3�- �B�b �/�2�}�M�2�/ �b�Q �i�?���i �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M
�2�M�/�b �Q�M �Q�#�b�2�`�p�B�M�; �i�?�2k�@�i�? �Q�+�+�m�`�`�2�M�+�2 �Q�7 �2�B�i�?�2�`Serv1 �Q�S̀erv2 �U�+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2
�+�Q�K�T�H�2�i�B�Q�M �Q�7 �Q�+�+�m�T���i�B�Q�M �Q�7 �i�?�2 �b�?���`�2�/ �`�2�b�Q�m�`�+�2 �#�v �2�B�i�?�2�` �i�v�T�2 �Q�7 �+�H�B�2�M�i�V�- �B�X�2�Xk �#�2�B�M�;
�i�?�2 �b�m�K �Q�7 �+�Q�K�T�H�2�i�2�/ �Q�+�+�m�T���i�B�Q�M �Q�7 �i�?�2 �`�2�b�Q�m�`�+�2�X �h�?�2 �K�Q�b�i �T�2�+�m�H�B���` �+�?���`���+�i�2�`�B�b�i�B�+ �Q�7 �i�?�2
���m�i�Q�K���i�� �B�M �6�B�;�m�`�2�k�X�9�B�b �i�?���i �i�?�2�v �#�Q�i�? �m�b�2�H�Q�+���i�B�Q�M �B�M�p���`�B���M�i�b�- �U�B�X�2�X �b�i���i�2�@�/�2�T�2�M�/�2�M�i
�T�`�Q�T�Q�b�B�i�B�Q�M�- �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �7�m�M�+�i�B�Q�M� �Q�7 �.�2�}�M�B�i�B�Q�M�k�X�k�V ���b�b�Q�+�B���i�2�/ �r�B�i�? �i�?�2 �M�Q�M�@�}�M���H
�H�Q�+���i�B�Q�M�b�, �T�`�Q�T�Q�b�B�i�B�Q�MAcc 1 > 0 �U�i�?�2�`�2 �B�b ���i �H�2���b�i �� �i�Q�F�2�M �B�M �T�H���+�2Acc1�V ���b�b�Q�+�B���i�2�/ �i�Ql1�-
Acc 2 > 0 �U�i�?�2�`�2 �B�b ���i �H�2���b�i �� �i�Q�F�2�M �B�M �T�H���+�2Acc2�V ���b�b�Q�+�B���i�2�/ �i�Ql2 ���M�/Free > 0 �U�i�?�2�`�2
�B�b �M�Q �i�Q�F�2�M �M�2�B�i�?�2�` �B�MAcc1 �M�Q�` �B�MAcc2�V ���b�b�Q�+�B���i�2�/ �r�B�i�? �i�?�2 �B�M�B�i�B���H �H�Q�+���i�B�Q�Ml0�X �>�2�M�+�2�-
�b�i���`�i�B�M�; �7�`�Q�K �H�Q�+���i�B�Q�Ml0 �U���b�b�m�K�B�M�; �B�M�B�i�B���H�H�v �i�?�2 �`�2�b�Q�m�`�+�2 �B�b �7�`�2�2�V�- �M�Q �K���i�i�2�` �r�?�B�+�? �T�`�2�+�B�b�2
�2�p�2�M�i �Q�+�+�m�`�b �B�M �i�?�2 �b�v�b�i�2�K�- �i�?�2 ���m�i�Q�K���i�Q�M �r�B�H�H �b�r�B�i�+�? �7�`�Q�Kl0 �i�Ql1 ���M�/l2 �/�2�T�2�M�/�B�M�; �Q�M
�r�?�B�+�? �+�H���b�b �Q�7 �+�H�B�2�M�i�b �?���b ���+�+�2�b�b �i�Q �i�?�2 �`�2�b�Q�m�`�+�2�X �h�?�2 �7���+�i �i�?���i �7�Q�` �2�t���K�T�H�2 �i�?�`�2�2 �/�B�z�2�`�2�M�i
�i�`���M�b�B�i�B�Q�M�b �H���#�2�H�H�2�/ �r�B�i�?E �r�B�i�?�Q�m�i ���M�v �+�Q�M�b�i�`���B�M�i ���`�2 ���p���B�H���#�H�2 �B�M �H�Q�+���i�B�Q�Ml0 �/�Q�2�b �M�Q�i
�B�M�/�m�+�2 �M�Q�M �/�2�i�2�`�K�B�M�B�b�K ���b �Q�M�H�v �Q�M�2 �Q�7 �i�?�2�b�2 �i�`���M�b�B�i�B�Q�M�b �B�b �T�Q�b�b�B�#�H�2 ���i �� �i�B�K�2 �i�?���M�F�b �i�Q
�i�?�2 �H�Q�+���i�B�Q�M �B�M�p���`�B���M�i�b�X �h�?�2 �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �i�2�`�K�B�M���i�2�b �B�M �H�Q�+���i�B�Q�Ml3 �Q�M �Q�#�b�2�`�p���i�B�Q�M �Q�7
�i�?�2k�@�i�? �/�2�T���`�i�m�`�2 �Q�7 �U���M�v�V �+�H�B�2�M�i �7�`�Q�K �i�?�2 �b�v�b�i�2�K ���M�/ �Q�M �+�Q�M�/�B�i�B�Q�M �i�?���i �i�v�T�2 �R �+�H�B�2�M�i�b
�?���p�2 �m�b�2�/ �i�?�2 �`�2�b�Q�m�`�+�2 �H�Q�M�;�2�` �i�?���M �i�v�T�2 �k�ö�b �U�+�Q�M�b�i�`���B�M�ix1 � 0 �7�Q�À 3a�V �Q�` �p�B�+�2�p�2�`�b�� �Q�M
�+�Q�M�/�B�i�B�Q�M �i�?���i �i�v�T�2 �k �+�H�B�2�M�i�b �?���p�2 �m�b�2�/ �i�?�2 �`�2�b�Q�m�`�+�2 �H�Q�M�;�2�` �i�?���M �i�v�T�2 �R�ö�b �U�+�Q�M�b�i�`���B�M�ix1 < 0
�7�Q�À 3b�V�X �h�?�B�b ���H�H�Q�r�b �i�Q ���b�b�2�b�b�- �i�?�`�Q�m�;�? �� �+�Q�`�`�2�b�T�Q�M�/�B�M�; �>���a�G �2�t�T�`�2�b�b�B�Q�MZ � PROB ()
�U�b�2�2 �a�2�+�i�B�Q�M�k�X�k�X�k�V �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�v�T�2 �R �U�`�2�b�T�X �i�v�T�2 �k�V �+�H�B�2�M�i�b �m�b�2 �i�?�2 �`�2�b�Q�m�`�+�2 �H�Q�M�;�2�`
�i�?���M �i�v�T�2 �k �U�`�2�b�T�X �i�v�T�2 �R�V�X

�P�T�2�`���i�B�Q�M���H �a�2�K���M�i�B�+�b�, �b�v�M�+�?�`�Q�M�B�b�2�/ �T�`�Q�+�2�b�bM � A �X �h�?�2 �7�Q�`�K���H �+�?���`���+�i�2�`�B�b���i�B�Q�M
�Q�7 �b�m�+�?�b�v�M�+�?� �̀Q�M�B�b���i�B�Q�M �T� �̀Q�+�2�b�b�#�Q�B�H�b �/�Q�r�M �i�Q �b�?�Q�r�B�M�; �i�?���i �i�?�2 �b�v�M�+�?�`�Q�M�B�b�2�/ �T�`�Q�+�2�b�b �B�b
�B�i�b�2�H�7 �� �.�1�a�S �U�2�[�m�B�T�T�2�/ �r�B�i�? ���#�b�Q�`�#�B�M�; ���+�+�2�T�i�f�`�2�D�2�+�i �b�i���i�2�b�V ���M�/ �#�v �T�`�Q�p�B�/�B�M�; �B�i�b �7�Q�`�K���H
�/�2�}�M�B�i�B�Q�M �U�.�2�}�M�B�i�B�Q�M�k�X�j�V �B�M �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �b�v�M�+�?�`�Q�M�B�b�B�M�; �+�Q�K�T�Q�M�2�M�i�b�- �i�?���i �B�b �i�?�2 �.�1�a�S
�K�Q�/�2�HM ���M�/ �i�?�2 �G�>��A �X

�L�Q�i���i�B�Q�M�b�X�:�B�p�2�M �� �.�1�a�S �K�Q�/�2�HM = hS; � 0; E; Ind; enabled; delay; choice; targeti ���M�/
���M �G�>�� ���m�i�Q�K���i�Q�MA = hE; L; � ; Init ; Final ; X; �~�Q�r; !i �B�M �i�?�2 �`�2�K���B�M�/�2�` �r�2 ���/�Q�T�i �i�?�2



�*�?���T�i�2�` �k�X �1�t�T�`�2�b�b�B�p�2 �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �k�y

�L�J�:�a�S�L �K�Q�/�2�HM �Q�7 �K�m�i�m���H�H�v �2�t�+�H�m�b�B�p�2 �b�?���`�2�/ �`�2�b�Q�m�`�+�2

Arr 1 �U�1�t�T�-� 1�V

Req1

(pri 1; w1)Start 1

Acc1

Serv1

Free
Req2

Arr 2�U�1�t�T�-� 2�V

(pri 2; w2) Start 2

Acc2

Serv2

�U�l�M�B�7�-[� 2; � 2]�V�U�l�M�B�7�-[� 1; � 1]�V

A 3a A 3b

l0
_x0 :0
_x1 :0

Free > 0

l1
_x0 :0
_x1 :1

Acc 1 > 0

l2
_x0 :0

_x1 :� 1

Acc 2 > 0

�1�
-> �-;�1�-> �-; �1�-> �-;

�1�-> �-f x0++ g

�1�-> �-;�1�-> �-f x0++ g

�1�-> �-;

l3

]�-x
0 =

k
^

x
1 �

0�-;

] �-x
0 = k^ x

1 � 0�-; ] �-x 0=
k^ x 1�

0�-;

l0
_x0 :0
_x1 :0

Free > 0

l1
_x0 :0
_x1 :1

Acc 1 > 0

l2
_x0 :0

_x1 :� 1

Acc 2 > 0

�1�
-> �-;�1�-> �-; �1�-> �-;

�1�-> �-f x0++ g

�1�-> �-;�1�-> �-f x0++ g

�1�-> �-;

l3

]�-x
0 =

k
^

x
1 <

0�-;

] �-x
0 = k^ x

1 < 0�-; ] �-x 0=
k^ x 1<

0�-;

L = f l0 ; l1 ; l2 ; l3g; Init = f l0g; F inal = f l3g

E = f Arr 1 ; Start 1 ; Serv1 ; Arr 2 ; Start 2 ; Serv2g

X = f x0 ; x1g

F low (l0 )=(0 ; 0); F low (l1 )=(0 ; 1); F low (l2 )=(0 ; � 1); F low (l3 )=(0 ; 0)

�( l0 )= F ree> 0; �( l0 )= Acc1 > 0; �( l2 )= Acc2 > 0; �( l3 )= >

�6�B�;�m�`�2 �k�X�9�,���M �G�>�� �i�Q ���b�b�2�b�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �+�H���b�b �R �U�`�2�b�T�X �+�H���b�b �k�V �+�H�B�2�M�i�b �m�b�2 �i�?�2
�b�?���`�2�/ �`�2�b�Q�m�`�+�2 �H�Q�M�;�2�` �i�?���M �+�H���b�b �k�ö�b�X �U�`�2�b�T�X �+�H���b�b �R�ö�b�V�X

�7�Q�H�H�Q�r�B�M�; �M�Q�i���i�B�Q�M�b�,

�Ç �G�>�� �p���`�B���#�H�2�b �p���H�m���i�B�Q�M�b�, �r�2 �/�2�M�Q�i�2� : X ! R �� �p���H�m���i�B�Q�M�Q�7 �i�?�2 �G�>�� �p���`�B���#�H�2�b
���M�/Val �i�?�2 �b�2�i �Q�7 ���H�H �T�Q�b�b�B�#�H�2 �p���H�m���i�B�Q�M�b�X �6�Q�`� 2 Val ���M�/x i 2 X �r�2 �/�2�M�Q�i�2� (x i )
�i�?�2 �p���H�m�2 �Q�7x i �B�M� �X �q�2 �/�2�M�Q�i�2� = 0 �i�?�2 �p���H�m���i�B�Q�M �i�?���i ���b�b�B�;�M�b0 �i�Q �2���+�? �p���`�B���#�H�2�b
x i 2 X �X

�Ç �G�>�� �+�Q�M�b�i�`���B�M�i�b �p���H�m���i�B�Q�M�b�, �H�2�i� 2 Val �#�2 �� �p���H�m���i�B�Q�M�-s 2 S �� �b�i���i�2 �Q�7M ���M�/
exp =

P
1� i � n � i x i + c ���M �2�t�T�`�2�b�b�B�Q�M �`�2�H���i�2�/ �i�Q �p���`�B���#�H�2�bx i 2 X ���M�/ �B�M�/�B�+���i�Q�`�b

� i ; c 2 Ind �r�2 �/�2�M�Q�i�2exp(s; � ) �i�?�2 �B�M�i�2�`�T�`�2�i���i�B�Q�M �Q�7exp �r�X�`�X�i�X� ���M�/s �r�?�2�`�2
exp(s; � ) �B�b �/�2�}�M�2�/ �#�vexp(s; � ) =

P
1� i � n � i (s)� (x i ) + c(s)�X

�Ç �G�>�� �+�Q�M�b�i�`���B�M�i�b �b���i�B�b�7���+�i�B�Q�M�, �H�2�i� 2 Val �#�2 �� �p���H�m���i�B�Q�M�-s 2 S �� �b�i���i�2 �Q�7M
���M�/
 � exp � 0 2 (Const [ lConst) �� �+�Q�M�b�i�`���B�M�i �#�m�B�H�i �Q�M �i�Q�T �Q�7 ���M �2�t�T�`�2�b�b�B�Q�M
exp =

P
1� i � n � i x i + c�- �r�2 �r�`�B�i�2(s; � ) j= 
 �U�B�X�2�X(s; � ) �b���i�B�b�}�2�b
 �V �B�7exp(s; � ) � 0�X



�*�?���T�i�2�` �k�X �1�t�T�`�2�b�b�B�p�2 �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �k�R

�Ç �G�>�� �m�T�/���i�2�b �p���H�m���i�B�Q�M�, �H�2�i� 2 Val �#�2 �� �p���H�m���i�B�Q�M�-s 2 S �� �b�i���i�2 �Q�7M ���M�/U =
(u1; : : : ; un ) 2 Up �#�2 ���M �m�T�/���i�2 �U���T�T�2���`�B�M�; �Q�M �b�Q�K�2 �2�/�;�2�V �Q�7 �i�?�2 �G�>�� �r�2 �/�2�M�Q�i�2 �#�v
U(s; � ) �i�?�2 �p���H�m���i�B�Q�M �/�2�}�M�2�/ �#�vU(s; � )(xk ) = uk (s; � ) �7�Q�`1 � k � n�X

�Ç �b�i���i�2 �T�`�Q�T�Q�b�B�i�B�Q�M �b���i�B�b�7���+�i�B�Q�M�, �G�2�is 2 S �#�2 �� �b�i���i�2 �Q�7M ���M�/' �
P

1� i � n � i + c � 0
�#�2 �� �b�i���i�2 �T�`�Q�T�Q�b�B�i�B�Q�M �U�B�X�2�X �� �+�Q�M�b�i�`���B�M�i �#�m�B�H�i �Q�M ���M �2�t�T�`�2�b�b�B�Q�M �i�?���i �B�M�p�Q�H�p�2�b �Q�M�H�v
�B�M�/�B�+���i�Q�`�b �Q�7M ���M�/ �M�Q �p���`�B���#�H�2�b �Q�7 �i�?�2 �G�>���V�X �q�2 �r�`�B�i�2s j= ' �U�B�X�2�X' �B�b �b���i�B�b�}�2�/ �B�M
s�V �B�7' (s) = true �X

�Ç �h�B�K�2 �2�H���T�b�B�M�;�, �:�B�p�2�M �� �b�i���i�2s 2 S �Q�7M �� �M�Q�M �}�M���H �H�Q�+���i�B�Q�Ml 2 L ���M�/ �� �p���H�m���i�B�Q�M�
�Q�7A �- �r�2 �/�2�}�M�2 �i�?�2 �2�z�2�+�i �Q�7 �i�B�K�2 �2�H���T�b�B�M�; �#�v�,Elapse(s; l; �; � ) = � 0 �r�?�2�`�2�- �7�Q�` �2�p�2�`�v
�p���`�B���#�H�2xk �-� 0(xk ) = � (xk ) + �~�Q�rk (l )(s) � � �X

�Ç �1���`�H�B�2�b�i ���m�i�Q�M�Q�K�Q�m�b �/�2�H���v�, �:�B�p�2�M �� �b�i���i�2s 2 S �Q�7M �� �M�Q�M �}�M���H �H�Q�+���i�B�Q�Ml 2 L ���M�/
�� �p���H�m���i�B�Q�M� �Q�7A �r�2 �/�2�M�Q�i�2Autdel (s; l; � ) �i�?�2 �K�B�M�B�K�m�K �/�2�H���v �r�?�B�+�? �2�M���#�H�2�b ���M
�Q�m�i�;�Q�B�M�; ���m�i�Q�M�Q�K�Q�m�b �2�/�;�2 �Q�`�B�;�B�M���i�B�M�; �B�Ml�-

Autdel (s; l; � ) = min( � j 9l
];
;U
���! l0^ s j= �( l0) ^ (s; Elapse(s; l; �; � )) j= 
 )

�_�2�K���`�F�, �q�?�2�M�2�p�2�`Autdel (s; l; � ) �B�b �}�M�B�i�2�- �r�2 �F�M�Q�r �i�?���i �i�?�2�`�2 �B�b ���i �H�2���b�i �Q�M�2 �2�t�2�@
�+�m�i���#�H�2 �i�`���M�b�B�i�B�Q�M �r�B�i�? �K�B�M�B�K���H �/�2�H���v ���M�/�- �i�?���M�F�b �i�Q �i�?�2 �ó�/�2�i�2�`�K�B�M�B�b�K �Q�M] �ô �U�.�2�7�@
�B�M�B�i�B�Q�M�k�X�k�V�- �r�2 �F�M�Q�r �i�?���i �i�?�B�b �i�`���M�b�B�i�B�Q�M �B�b �m�M�B�[�m�2�X �q�2 �+���H�H �i�?�2 �i�`���M�b�B�i�B�Q�M �r�B�i�?
�b�m�+�? �2���`�H�B�2�b�i �/�2�H���v �i�?�2�2���`�H�B�2�b�i���M�/ �r�2 �/�2�M�Q�i�2Next (s; l; � ) �B�i�b �i���`�;�2�i �H�Q�+���i�B�Q�M ���M�/
Umin (s; l; � ) �B�i�b �m�T�/���i�2�X

�.�2�}�M�B�i�B�Q�M �k�X�j�UM�A �b�v�M�+�?�`�Q�M�B�b�2�/ �T�`�Q�+�2�b�b�V�X�G�2�iM = hS; � 0; E; Ind; enabled; delay;
choice; targeti �#�2 �� �.�1�a�S ���M�/A = hE; L; � ; Init ; Final ; X; �~�Q�r; !i �� �+�Q�`�`�2�b�T�Q�M�/�B�M�; �G�>��
�r�2 �/�2�}�M�2M 0 = hS0; � 0

0; E 0; Ind 0; enabled0; target0; delay0; choice0i ���b �i�?�2 �.�1�a�S �+�Q�`�`�2�b�T�Q�M�/�@
�B�M�; �i�Q �i�?�2 �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �Q�7M �r�B�i�?A ���b �7�Q�H�H�Q�r�b�,

�Ç S0 = ( S � L � Val ) ] f?g ���K�Q�M�; �r�?�B�+�?(S � Final � Val ) ] f?g ���`�2 �i�?�2 ���#�b�Q�`�#�B�M�;
�b�i���i�2�b�X

�Ç � 0
0(s; l; � ) =

�
� 0(s) �B�7(l 2 Init ^ s j= �( l ) ^ � = 0)
0 otherwise

���M�/� 0
0(? ) = 1 � � s2 S;l2 L;� 2 Val � 0

0(s; l; � )�X

�L�Q�i�2 �i�?���i �i�?�B�b �/�2�}�M�B�i�B�Q�M �;�B�p�2�b �� �/�B�b�i�`�B�#�m�i�B�Q�M �b�B�M�+�2�- �/�m�2 �i�Q �ó�B�M�B�i�B���H �/�2�i�2�`�K�B�M�B�b�K�ô �U�.�2�7�@
�B�M�B�i�B�Q�M�k�X�k�V�- �7�Q�` �2�p�2�`�vs 2 S�- �i�?�2�`�2 �B�b ���i �K�Q�b�i �Q�M�2l 2 Init �b�m�+�? �i�?���is j= �( l )�X

�Ç E 0 = E ] f ]g

�Ç Ind 0 = ; �X �A�M �7���+�iInd 0 �B�b �m�b�2�H�2�b�b �b�B�M�+�2 �i�?�2�`�2 �B�b �M�Q �K�Q�`�2 �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �i�Q �K���F�2�X



�*�?���T�i�2�` �k�X �1�t�T�`�2�b�b�B�p�2 �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �k�k

�Ç enabled0(s; l; � ) =

(
enabled(s) [ f ]g; �B�7Autdel (s; l; � ) 6= 1

enabled(s); �Q�i�?�2�`�r�B�b�2

�Ç delay0((s; l; � ); e) =

(
delay(s; e); �B�7e 2 enabled(s) ^ ] 62enabled0(s; l; � )

Dirac (Autdel (s; l; � )) �B�7] 2 enabled0(s; l; � )
�L�Q�i�B�+�2 �i�?���i �i�?�2 �.�B�`���+ �/�B�b�i�`�B�#�m�i�B�Q�M �+�2�M�i�`�2�/ �Q�M �i�?�2 �2���`�H�B�2�b�i ���m�i�Q�M�Q�K�Q�m�b �/�2�H���v�b �B�M�/�B�+���i�2�b
�i�?�2 �T�`�B�Q�`�B�i�v �Q�7 ���m�i�Q�M�Q�K�Q�m�b �i�`���M�b�B�i�B�Q�M�b �Q�p�2�` �b�v�M�+�?�`�Q�M�B�b�2�/ �Q�M�2�b�X

�Ç choice0((s; l; � ); E 0; d)(e) =

8
>>>><

>>>>:

1; �B�7(] 2 E 0^ e = ])

0; �B�7(] 2 E 0^ e 6= ])

0; e =2 E 0

choice(s; E0; d)(e) �Q�i�?�2�`�r�B�b�2
���;���B�M �i�?�B�b �B�b �+�Q�?�2�`�2�M�i �b�B�M�+�2�- ���b �b�Q�Q�M ���b] =2 E 0�- �i�?�2�ME 0 �B�b �� �b�m�#�b�2�i �Q�7enabled(s) �Q�M
�r�?�B�+�?choice �B�b �i�?�m�b �/�2�}�M�2�/�X

�Ç �i���`�;�2�i �7�Q�` �Q�+�+�m�`�`�2�M�+�2 �Q�7 �� �b�v�M�+�?�`�Q�M�B�b�B�M�; �2�p�2�M�ie 2 E

target0((s; l; � ); e; d) =

8
>>>>>>><

>>>>>>>:

(target(s; e; d); l0; � 0); �B�7(9l
E 0;
;U
����! l0 27! ) ^ (e 2 E 0\ enabled(s))

^ Elapse(s; l; �; d ) j= 


^ target(s; e; d) j= �( l0)

^ � 0 = U(Elapse(s; l; �; d ))

? �Q�i�?�2�`�r�B�b�2

�L�Q�i�B�+�2 �i�?���i �/�m�2 �i�Q �i�?�2 �/�2�i�2�`�K�B�M�B�b�K �+�Q�M�b�i�`���B�M�i�b �i�?�2�`�2 �B�b ���i �K�Q�b�i �Q�M�2 �b�m�+�? �i�`���M�b�B�i�B�Q�M�X

�Ç �i���`�;�2�i �7�Q�` �Q�+�+�m�`�`�2�M�+�2 �Q�7 ���M ���m�i�Q�M�Q�K�Q�m�b �2�p�2�M�i]

target0((s; l; � ); ] ) =

8
>>>><

>>>>:

(s; l0; � 0); �B�7(9l
];
;U
���! l0 27! ) ^ (] 2 enabled0(s; l; � ))

^ l0 = Next (s; l; � )

^ � 0 = Umin (s; l; � )(Elapse(s; l; �; Autdel (s; l; � )))

? �Q�i�?�2�`�r�B�b�2

�Ç �A�M �Q�`�/�2�` �i�Q �;�2�i �� �.�1�a�S�- �7�Q�` ���M�v ���#�b�Q�`�#�B�M�; �b�i���i�2 �Q�M�2 ���/�/�b �� �b�T�2�+�B���H �2�p�2�M�i�i�B�+�F�Q�M�H�v
�2�M���#�H�2�/ �B�M ���#�b�Q�`�#�B�M�; �b�i���i�2�b �r�B�i�? �.�B�`���+ �/�B�b�i�`�B�#�m�i�B�Q�M �Q�M �p���H�m�2 �R �U�b�Q �i�?���i �i�B�K�2 �/�B�p�2�`�;�2�b
�B�M �i�?�2�b�2 �b�i���i�2�b�V�X

�a�m�K�K���`�v �`�2�K���`�F�b�X�_�Q�m�;�?�H�v �b�T�2���F�B�M�; �i�?�2 �7�Q�`�K���H �+�?���`���+�i�2�`�B�b���i�B�Q�M �Q�7 �b�v�M�+�?�`�Q�M�B�b�2�/(M�
A ) �T�`�Q�+�2�b�b �;�B�p�2�M ���#�Q�p�2 �U�.�2�}�M�B�i�B�Q�M�k�X�j�V �i�2�H�H�b �m�b �i�?���i ���b �H�Q�M�; ���b �i�?�2 ���m�i�Q�K���i�Q�M �B�b �M�Q�i �B�M
�� �}�M���H �b�i���i�2�- �i�?�2 �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �Q�7M �r�B�i�?A �r���B�i�b �7�Q�` �i�?�2 �}�`�b�i �U�b�v�M�+�?�`�Q�M�B�b�2�/ �Q�` ���m�@
�i�Q�M�Q�K�Q�m�b�V �i�`���M�b�B�i�B�Q�M �i�Q �Q�+�+�m�`�X �A�7 ���M ���m�i�Q�M�Q�K�Q�m�b �i�`���M�b�B�i�B�Q�M �Q�+�+�m�`�b �i�?�2�M �Q�M�H�v �i�?�2 �H�Q�+���i�B�Q�M



�*�?���T�i�2�` �k�X �1�t�T�`�2�b�b�B�p�2 �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �k�j

�Q�7 �i�?�2 ���m�i�Q�K���i�Q�MA ���M�/ �i�?�2 �p���H�m���i�B�Q�M� �Q�7 �B�i�b �p���`�B���#�H�2�b �+�?���M�;�2�- �r�?�2�`�2���b�- �B�7 �� �b�v�M�+�?�`�Q�M�B�b�@
�B�M�; �2�p�2�M�i �Q�7M �Q�+�+�m�`�b �i�?�2�M�- �2�B�i�?�2�` �i�?�2 �G�>�� �+���M �i���F�2 �� �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�`���M�b�B�i�B�Q�M ���M�/ �i�?�2
�b�v�b�i�2�K �;�Q�2�b �Q�M �r�B�i�? �i�?�2 �M�2�t�i �i�`���M�b�B�i�B�Q�M �Q�` �i�?�2 �b�v�b�i�2�K �;�Q�2�b �i�Q �� �/�2�/�B�+���i�2�/ �`�2�D�2�+�i�B�M�; �b�i���i�2
? �B�K�T�H�v�B�M�; �i�?�2 �B�K�K�2�/�B���i�2 �2�M�/ �Q�7 �i�?�2 �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M�X �A�M �+���b�2 �Q�7 �� �+�Q�M�~�B�+�i �#�2�i�r�2�2�M �i�r�Q
�i�`���M�b�B�i�B�Q�M�b�- ���M ���m�i�Q�M�Q�K�Q�m�b ���M�/ �� �b�v�M�+�?�`�Q�M�B�b�2�/ �Q�M�2�- �i�?�2 ���m�i�Q�M�Q�K�Q�m�b �i�`���M�b�B�i�B�Q�M �B�b �i���F�2�M
�}�`�b�i�X �6�m�`�i�?�2�`�K�Q�`�2 �M�Q�i�2 �i�?���i�- �#�v �B�M�B�i�B���H �/�2�i�2�`�K�B�M�B�b�K�- �7�Q�` �2�p�2�`�vs 2 S �i�?�2�`�2 �B�b ���i �K�Q�b�i �Q�M�2
l 2 Init �b�m�+�? �i�?���is �b���i�B�b�}�2�b�( l )�X �A�M �+���b�2 �i�?�2�`�2 �B�b �M�Q �b�m�+�?l �i�?�2 �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �b�i���`�i�b ���M�/
�B�K�K�2�/�B���i�2�H�v �2�M�/�b �m�T �B�M �i�?�2 ���/�/�B�i�B�Q�M���H �b�i���i�2? �X �.�2�i�2�`�K�B�M�B�b�K �Q�M �2�p�2�M�i�b �U� �̀2�b�T�X�Q�M] �V �2�M�b�m�`�2�b
�i�?���i �i�?�2�`�2 �B�b ���H�r���v�b ���i �K�Q�b�i �Q�M�2 �b�v�M�+�?�`�Q�M�B�b�2�/ �U� �̀2�b�T�X���m�i�Q�M�Q�K�Q�m�b�V �i�`���M�b�B�i�B�Q�M �}�`�2���#�H�2 ���i ��
�;�B�p�2�M �B�M�b�i���M�i�X

M A 1

Arr 1 �U�1�t�T�-� 1�V

Req1

(pri 1; w1)Start 1

Acc1

Serv1

Free
Req2

Arr 2�U�1�t�T�-� 2�V

(pri 2; w2) Start 2

Acc2

Serv2

�U�l�M�B�7�-[� 2; � 2]�V�U�l�M�B�7�-[� 1; � 1]�V

l0
_t :1

_x1 :Req1 ; _x2 :0
l1

] �-t=4 �-f x1==4 g

f Serv1g�-t< 4�-f x2++ g

E nf Serv1g�-t< 4�-;

L = f l0 ; l1g; Init = f l0g; F inal = f l1g; �( l )= >8 l 2 L; F low (l0 )=(1 ; Req1 ; 0)

E = f Arr 1 ; Start 1 ; Serv1 ; Arr 2 ; Start 2 ; Serv2g; X = f t; x 1 ; x2g

�b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �#�2�i�r�2�2�M �� �T���i�?� �b���K�T�H�2�/ �7�`�Q�KM ���M�/A 1

0 1 2 3 4
0
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time

]R
eq

1
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�M
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�i�
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�R
�D
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�V

� Req1

x 1 =
R

X 1 dT

�T���i�? �Q�7M �X� : (1; 1; 1; 0; 0)
0:5

���!
Arr 1

(2; 1; 1; 0; 0)
1:5

���!
Arr 1

(3; 1; 1; 0; 0)
0

�����!
Start 2

(3; 0; 0; 0; 1)

1
����!
Serv 2

(3; 0; 1; 0; 0)
0

�����!
Start 1

(2; 0; 0; 1; 0)
0:5

����!
Serv 1

(2; 0; 1; 0; 0) 1:2���!
Arr 2

(2; 1; 1; 0; 0)

�+�Q�`�`�2�b�T�Q�M�/�B�M�; �T���i�? �Q�7M � A 1 �X

� Req 1 � A 1 : (1; l0 ; [t =0 ; x1 =0 ; x2 =0])
0:5

���!
Arr 1

(2; l0 ; [0:5; 0:5; 0])
1:5

���!
Arr 1

(3; l0 ; [2; 3:5; 0])
0

�����!
Start 2

(3; l0 ; [2; 3:5; 0])

1
����!
Serv 2

(3; l0 ; [3; 5:5; 0])
0

�����!
Start 1

(3; l0 ; [3; 5:5; 0])
0:5

����!
Serv 1

(2; l0 ; [3:5; 7:5; 1])
0:5

��!
]

(1; l1 ; [4; 8=4; 1])

�6�B�;�m�`�2 �k�X�8�,�1�t���K�T�H�2 �Q�7 �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �Q�7 �� �L�:�:�a�S�L �K�Q�/�2�H �r�B�i�? �� �G�>���X



�*�?���T�i�2�` �k�X �1�t�T�`�2�b�b�B�p�2 �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �k�9

�1�t���K�T�H�2 �9�U�G�>�� ���M�/ �.�1�a�S �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M�V�X�6�B�;�m�`�2�k�X�8�/�2�T�B�+�i�b ���M �2�t���K�T�H�2 �Q�7 �b�v�M�@
�+�?�`�Q�M�B�b���i�B�Q�M �#�2�i�r�2�2�M �i�?�2 �L�J�:�a�S�L �K�Q�/�2�HM �U�i�Q�T �H�2�7�i�V �Q�7 �i�?�2 �K�m�i�m���H �2�t�+�H�m�b�B�Q�M �b�v�b�i�2�K
�U�1�t���K�T�H�2�R�V �r�B�i�? �i�?�2 �G�>��A 1 �Q�7 �1�t���K�T�H�2�k �U�i�Q�T �`�B�;�?�i�V�X �h�?�2 �2�t���K�T�H�2 �b�?�Q�r�b �� �T���i�?�
�U�b���K�T�H�2�/ �7�`�Q�KM ���M�/ �r�?�Q�b�2 �T�`�Q�D�2�+�i�B�Q�M� Req1 �Q�p�2�` �i�?�2Req1 �T�H���+�2 �B�b �/�2�T�B�+�i�2�/ ���b �i�?�2 �#�H�m�2
�b�i�2�T�@�H�B�F�2 �T�H�Q�i �B�M �i�?�2 �#�Q�i�i�Q�K �T�B�+�i�m�`�2�V ���M�/ �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �T���i�?� Req1 � A 1 �B�M�/�m�+�2�/ �#�v�
�Q�M �i�?�2 �b�v�M�+�?�`�Q�M�B�b�2�/ �T�`�Q�/�m�+�i �T�`�Q�+�2�b�bM�A 1�X �h�?�2 �#�Q�i�i�Q�K �T�B�+�i�m�`�2 �B�M�+�H�m�/�2�b ���H�b�Q �� �T�H�Q�i �U�B�X�2�X
�`�2�/ �H�B�M�2���` �T�H�Q�i�V �Q�7 �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�B�K�2 �2�p�Q�H�m�i�B�Q�M �U�B�M�/�m�+�2�/ �#�v �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �r�B�i�?� �V
�Q�7 �i�?�2x1 �p���`�B���#�H�2 �Q�7A 1 �i�?���i �B�b �i�?�2 �p���`�B���#�H�2 �b�i�Q�`�B�M�; �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �B�M�i�2�;�`���H �Q�7 �i�?�2 �M�m�K�#�2�`
�Q�7 �+�H���b�b �R �T�`�Q�+�2�b�b�2�b �r���B�i�B�M�; �7�Q�` �i�?�2 �b�?���`�2�/ �`�2�b�Q�m�`�+�2�X

�q�2 �[�m�B�+�F�H�v �`�2�+���H�H �i�?���iA 1 �m�b�2�b �� �+�H�Q�+�F �p���`�B���#�H�2t �i�Q �K�2���b�m�`�2 �i�B�K�2 �2�H���T�b�B�M�; ���M�/ �� �p���`�B���#�H�2
x1 �r�?�B�+�?�- �r�?�B�H�2 �b�T�2�M�/�B�M�; �i�B�K�2 �B�Ml0�- �`�2�;�B�b�i�2�` �i�?�2 �B�M�i�2�;�`���H �Q�7 �+�H���b�b �R �T�`�Q�+�2�b�b�2�b �r���B�i�B�M�; �i�Q
�;�2�i ���+�+�2�b�b �i�Q �i�?�2 �b�?���`�2�/ �`�2�b�Q�m�`�+�2 �UF low(l0)(x1) = Req1�V�X �h�?�2 �B�M�B�i�B���H �b�i���i�2 �Q�7 �T���i�?� �B�b
���b�b�m�K�2�/ �i�Q �#�2(Req1 : 1; Req2 : 1; F ree : 1; Acc1 : 0; Acc2 : 0)�9�- �B�X�2�X �r�2 ���b�b�m�K�2 �i�?���i �B�M�B�i�B���H�H�v
�R �T�`�Q�+�2�b�b �Q�7 �2���+�? �+�H���b�b �B�b �r���B�i�B�M�; �i�Q ���+�+�2�b�b �i�?�2 �b�?���`�2�/ �`�2�b�Q�m�`�+�2 ���M�/ �i�?���i �i�?�2 �`�2�b�Q�m�`�+�2 �B�b
�7�`�2�2 �?�2�M�+�2 �i�?�2 �B�M�B�i�B���H �+�Q�`�`�2�b�T�Q�M�/�B�M�; �+�Q�M�}�;�m�`���i�B�Q�M �Q�7 �i�?�2M Req1 � A 1 �T�`�Q�/�m�+�i �T�`�Q�+�2�b�b �B�b
(1; l0; [t =0 ; x1 =0 ; x2 =0]) �/�2�M�Q�i�B�M�; �i�?���i �i�?�2 �K���`�F�B�M�; �Q�7Req1 �B�b �R�- �i�?�2 �H�Q�+���i�B�Q�M �Q�7A 1 �B�bl0
���M�/ �i�?���i �B�M �i�?�2 �B�M�B�i�B���H �p���H�m���i�B�Q�M ���H�HA 1 �p���`�B���#�H�2�b ���`�2 �M�m�H�H[t = 0 ; x1 = 0 ; x2 = 0] �X �h�?�2 �B�M�B�i�B���H
�b�i���i�2 �Q�7� �/�Q�2�b �M�Q�i �+�?���M�;�2 �m�M�i�B�H �i�?�2 �}�`�b�i �2�p�2�M�i �UArr 1�V �Q�+�+�m�`�b ���7�i�2�` �y�X�8 �i�B�K�2 �m�M�B�i�b �v�B�2�H�/�B�M�; ��
�+�?���M�;�2 �i�Q �b�i���i�2(2; 1; 1; 0; 0)�- �B�X�2�X ���M �B�M�+�`�2�K�2�M�i �B�M �i�?�2 �i�Q�F�2�M�b �B�MReq1 �U�i�?�2 �M�m�K�#�2�` �Q�7 �+�H���b�b �R
�T�`�Q�+�2�b�b�2�b �r���B�i�B�M�; �B�M�+�`�2���b�2�b �#�v �R�V�X �q�?�B�H�2� �B�b �b�Q�D�Q�m�`�M�B�M�; �B�M �i�?�2 �B�M�B�i�B���H �b�i���i�2 �i�?�2 ���m�i�Q�K���i�Q�M
�b�T�2�M�/�b �i�B�K�2 �B�Ml0 �?�2�M�+�2x1 �B�M�+�`�2���b�2�/ �B�b �p���H�m�2 �r�B�i�? �`���i�2Req1 =1 �?�2�M�+�2 ���it = 0 :5�- �B�i�b �p���H�m�2
�B�bx1 = 0 :5�- �r�?�B�+�? �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �i�?�2 �i�`���M�b�B�i�B�Q�M �i�Q �i�?�2 �b�2�+�Q�M�/ �+�Q�M�}�;�m�`���i�B�Q�M �Q�7M Req1 �A 1�-
�i�?���i �B�b(2; l0; [t = 0 :5; x1 = 0 :5; x2 = 0]) �X �L�Q�i�B�+�2 �i�?���i ���b �H�Q�M�; ���bt < 4 �i�?�2 ���m�i�Q�M�Q�K�Q�m�b

�i�`���M�b�B�i�B�Q�Ml0
];t =4 ;x1==4
�������! l1 �Q�7A 1 �B�b �M�Q�i �2�M���#�H�2�/ �?�2�M�+�2 �i�?�2 �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �+���M�M�Q�i �b�i�Q�T�X �h�?�2

�M�2�t�i �i�`���M�b�B�i�B�Q�M �B�M� �U���;���B�MArr 1�V �?���T�T�2�M�b ���7�i�2�` �7�m�`�i�?�2�` �R�X�8 �i�B�K�2 �m�M�B�i�b�- ���i �i�?���i �K�Q�K�2�M�i �i�?�2
�+�H�Q�+�F �B�bt = 2 �- �r�?�B�H�2x1 �+�Q�M�i�B�M�m�2�/ �i�Q �;�`�Q�r �#�m�i ���i �� �;�`�2���i�2�` �`���i�2_x1 = 2 ���b �7�Q�`t 2 [0:5; 2]
�i�?�2 �K���`�F�B�M�; �Q�7 �T�H���+�2 �B�bReq1 = 2 �X �h�?�2�`�2�7�Q�`�2 �i�?�2 �Q�+�+�m�`�`�2�M�+�2 �Q�7 �i�?�2 �b�2�+�Q�M�/Arr 1 �2�p�2�M�i�b
�v�B�2�H�/�b �i�?�2 �i�?�B�`�/ �+�Q�M�}�;�m�`���i�B�Q�M �Q�7M Req1 � A 1�- �i�?���i �B�b(3; l0; [t = 2 ; x1 = 3 :5; x2 = 0]) �X �h�?�2
�7�Q�H�H�Q�r�B�M�; �2�p�2�M�i �B�M� �B�b �i�?�2 �Q�+�+�m�`�`�2�M�+�2 �Q�7 �i�?�2 �B�K�K�2�/�B���i�2 �i�`���M�b�B�i�B�Q�MStart 2 �`�2�T�`�2�b�2�M�i�B�M�; �i�?�2
�7���+�i �i�?���i �� �+�H���b�b �k �T�`�Q�+�2�b�b �b�i���`�i�b �i�Q �Q�+�+�m�T�v �i�?�2 �b�?���`�2�/ �`�2�b�Q�m�`�+�2�, �M�Q�i�B�+�2 �i�?���i �i�?�2 �Q�+�+�m�`�`�2�M�+�2
�Q�7Start 2 ���H�i�?�Q�m�;�? �v�B�2�H�/�b �� �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �r�B�i�? �i�?�2 ���m�i�Q�K���i�Q�M �/�Q�2�b �M�Q�i ���+�i�m���H�H�v �+�?���M�;�2
�i�?�2 �+�Q�M�}�;�m�`���i�B�Q�M �Q�7 �i�?�2 �T�`�Q�/�m�+�i �T�`�Q�+�2�b�b ���b �M�2�B�i�?�2�` �i�?�2 �H�Q�+���i�B�Q�M �M�Q�` �i�?�2 �p���`�B���#�H�2�b �Q�7A 1 ���`�2
���z�2�+�i�2�/ �#�v �i�?�2 �Q�+�+�m�`�`�2�M�+�2 �Q�7Start 2�X �h�?�2 �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �;�Q�2�b �Q�M �B�M �� �b�B�K�B�H���` �7���b�?�B�Q�M ���M�/
�2�M�/�b �r�B�i�? ���M ���m�i�Q�M�Q�K�Q�m�b �i�`���M�b�B�i�B�Q�M �i�?�`�Q�m�;�? �r�?�B�+�? �i�?�2 �}�M���H �H�Q�+���i�B�Q�Ml1 �Q�7A 1 �B�b �`�2���+�?�2�/
�7�`�Q�K �+�Q�M�}�;�m�`���i�B�Q�M(2; l0; [3:5; 7:5; 1]) ���7�i�2�` �� �/�2�H���v �Q�7 �y�X�8 �m�M�B�i�b�- �r�?�B�+�? �+�Q�`�`�2�b�T�Q�M�/�b �r�B�i�? �i�?�2

�+�H�Q�+�F �`�2���+�?�B�M�; �i�?�2 �p���H�m�2t = 4 �?�2�M�+�2 �7�m�H�}�H�H�B�M�; �i�?�2 �+�Q�M�b�i�`���B�M�i �7�Q�` �i�?�2l0
];t =4 ;x1==4
�������! l1 �Q�7A 1

�2�/�;�2�X �"�v �i�`���p�2�`�b�B�M�; �b�m�+�? �2�/�;�2x1 �B�b �m�T�/���i�2�/ �i�Qx1 = 8=4 = 2 �r�?�B�+�? �B�M�/�2�2�/ �+�Q�`�`�2�b�T�Q�M�/�b
�r�B�i�? �i�?�2 �K�2���M �M�m�K�#�2�` �Q�7 �+�H���b�b �R �T�`�Q�+�2�b�b �i�?���i �?���p�2 �#�2�2�M �r���B�i�B�M�; �i�Q ���+�+�2�b�b �i�?�2 �`�2�b�Q�m�`�+�2 �B�M

�9�r�2 �`�2�T�`�2�b�2�M�i �b�i���i�2�b �Q�7M ���b �8�@�i�m�T�H�2�b �r�B�i�? �i�?�2 �7�Q�H�H�Q�r�B�M�; �+�Q�`�`�2�b�T�Q�M�/�2�M�+�2 �r�B�i�? �i�?�2 �T�H���+�2�b �M���K�2
(Req1 ; Req2 ; F ree; Serv1 ; Serv2)



�*�?���T�i�2�` �k�X �1�t�T�`�2�b�b�B�p�2 �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �k�8

�i�?�2 �i�B�K�2 �B�M�i�2�`�p���H[0; 4]�X

�_�2�K���`�F �j�U���H�K�Q�b�i�@�b�m�`�2 �i�2�`�K�B�M���i�B�Q�M �Q�7 �i�?�2 �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �T�`�Q�+�2�b�b�V�X�� �M�2�+�2�b�b���`�v �+�Q�M�/�B�@
�i�B�Q�M �7�Q�` �2�b�i���#�H�B�b�?�B�M�; �� �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �7�`���K�2�r�Q�`�F �#���b�2�/ �Q�M �i�?�2 �>���a�G �7�Q�`�K���H�B�b�K
�B�b �i�?�2 �;�m���`���M�i�2�2 �i�?���i �� �b�i�Q�+�?���b�i�B�+ �b�B�K�m�H���i�B�Q�M ���H�;�Q�`�B�i�?�K �i�?���i �U�#���b�2�/ �Q�M �i�?�2 �Q�T�2�`���i�B�Q�M���H �b�2�@
�K���M�i�B�+�b �Q�m�i�H�B�M�2�/ �B�M �.�2�}�M�B�i�B�Q�M�k�X�j�V �b���K�T�H�2�b �T���i�?�b �7�`�Q�K �i�?�2 �b�v�M�+�?�`�Q�M�B�b�2�/M � A �T�`�Q�/�m�+�i
�T�`�Q�+�2�b�b ���H�r���v�b �i�2�`�K�B�M���i�2�b�X �:�2�M�2�`���H�H�v �b�T�2���F�B�M�; �>���a�G �K�Q�/�2�H �+�?�2�+�F�B�M�; �+�Q�M�b�B�b�i�b �Q�7 ���M �B�i�2�`�@
���i�B�p�2 �T�`�Q�+�2�/�m�`�2 �7�Q�` �b���K�T�B�M�; �B�M�}�M�B�i�2 �T���i�? �Q�7M � A �?�Q�r�2�p�2�` �i�?�2 �[�m���M�i�B�i�vZ �Q�7 �B�M�i�2�`�2�b�i
�U�b�2�2 �a�2�+�i�B�Q�M�k�X�k�X�k�V �B�b �2�p���H�m���i�2�/ �Q�M �i�?�2 �}�M�B�i�2 �T�`�2�}�t �i�?���i �2�M�/�b �r�?�2�M �i�?�2 �T���i�? �`�2���+�?�2�b ���M
���#�b�Q�`�#�B�M�; �b�i���i�2�X �A�M �i�?�2 �;�2�M�2�`���H �+���b�2�- �B�i �r�Q�m�H�/ �#�2 �T�Q�b�b�B�#�H�2 �i�?���i ���M �B�M�}�M�B�i�2 �T���i�? �/�Q�2�b �M�Q�i
���/�K�B�i �b�m�+�? �� �T�`�2�}�t�X �>�2�`�2 �r�2 ���b�b�m�K�2 �i�?���i �;�B�p�2�M �� �.�1�a�SM ���M�/ �� �>���a�G �7�Q�`�K�m�H��(A ; Z )�-
�r�B�i�? �T�`�Q�#���#�B�H�B�i�v �R�- �i�?�2 �b�v�M�+�?�`�Q�M�B�b�B�M�; �T���i�? �;�2�M�2�`���i�2�/ �#�v �� �`���M�/�Q�K �2�t�2�+�m�i�B�Q�M �T���i�? �Q�7M
�`�2���+�?�2�b ���M ���#�b�Q�`�#�B�M�; �+�Q�M�}�;�m�`���i�B�Q�M�X �h�?�B�b �b�2�K���M�i�B�+���H ���b�b�m�K�T�i�B�Q�M �+���M �#�2 �2�M�b�m�`�2�/ �#�v �b�i�`�m�+�@
�i�m�`���H �T�`�Q�T�2�`�i�B�2�b �Q�7A ���M�/�f�Q�M̀ �X �6�Q�` �B�M�b�i���M�+�2�- �i�?�2 �i�B�K�2 �#�Q�m�M�/�2�/�l�M�i�B�H�Q�7 �*�a�G �;�m���`���M�i�2�2�b
�i�?�B�b �T�`�Q�T�2�`�i�v�X ���b �� �b�2�+�Q�M�/ �2�t���K�T�H�2�- �i�?�2 �i�B�K�2 �m�M�#�Q�m�M�/�2�/�l�M�i�B�H�Q�7 �*�a�G ���H�b�Q �;�m���`���M�i�2�2�b
�i�?�B�b �T�`�Q�T�2�`�i�v �r�?�2�M ���T�T�H�B�2�/ �Q�M �}�M�B�i�2 �*�h�J�*�b �r�?�2�`�2 ���H�H �i�2�`�K�B�M���H �b�i�`�Q�M�;�H�v �+�Q�M�M�2�+�i�2�/ �+�Q�K�@
�T�Q�M�2�M�i�b �Q�7 �i�?�2 �+�?���B�M �B�M�+�H�m�/�2 �� �b�i���i�2 �i�?���i �2�B�i�?�2�` �7�m�H�}�H�b �i�?�2 �i���`�;�2�i �b�m�#�@�7�Q�`�K�m�H�� �Q�7 �i�?�2�l�M�i�B�H
�Q�T�2�`���i�Q�` �Q�` �7���H�b�B�}�2�b �i�?�2 �+�Q�M�i�B�M�m�B�M�; �b�m�# �7�Q�`�K�m�H���X �h�?�B�b �U�b�i�B�H�H �Q�T�2�M�V �B�b�b�m�2 �B�b ���H�b�Q ���/�/�`�2�b�b�2�/
�B�M �(�a�o���y�8���-�>�C�"+ �R�y�)�X

�k�X�k�X�k �>���a�G �2�t�T�`�2�b�b�B�Q�M�b

�h�?�2 �b�2�+�Q�M�/ �+�Q�K�T�Q�M�2�M�i �Q�7 ���M �>���a�G �b�T�2�+�B�}�+���i�B�Q�M �B�b ���M �2�t�T�`�2�b�b�B�Q�M�- �/�2�M�Q�i�2�/Z �- �;�B�p�2�M �#�v
�;�`���K�K���` �U�k�X�R�V�XZ �B�b ���b�b�Q�+�B���i�2�/ �i�Q �� �G�>��A ���M�/ �2�t�T�`�2�b�b�2�b �i�?�2 �i���`�;�2�i �K�2���b�m�`�2 �r�?�Q�b�2
�+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �b�?�Q�m�H�/ �#�2 �2�b�i�B�K���i�2�/ �#���b�2�/ �Q�M �i�?�2 �T���i�?�b ���+�+�2�T�i�2�/ �#�vA �X

Z ::= E(Y ) j Z + Z j Z � Z j Pdist

Pdist ::= PDF (Y; step; start; stop)) j CDF (Y; step; start; stop) j PROB ()

Y ::= c j Y + Y j Y � Y j Y=Y j last(y) j min (y) j max(y)

y ::= c j x j y + y j y � y j y=y

�U�k�X�R�V

�h�?�2�`�2 ���`�2 �i�r�Q �K���B�M �i�v�T�2�b �Q�7 �2�t�T�`�2�b�b�B�Q�M�bZ �, E(Y ) �U�r�?�2�`�2E�8 �B�M�/�B�+���i�2�b�K�2���M �p���H�m�2 �Q�7�- �B�X�2�X
�i�?�2 �}�`�b�i �K�Q�K�2�M�i �Q�7�V ���M�/Pdist �U�B�M�/�B�+���i�B�M�; �� �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �Q�` �T�`�Q�#���#�B�H�B�i�v �p���H�m�2
�2�t�T�`�2�b�b�B�Q�M�V�XY �`�2�T�`�2�b�2�M�i �� �`���M�/�Q�K �p���`�B���#�H�2 �#�m�B�H�i �Q�M �i�Q�T �Q�7 ���H�;�2�#�`���B�+ �+�Q�K�#�B�M���i�B�Q�M �Q�7 �b�Q�K�2
�T���i�?�Q�T�2�`���i�Q�`�b ���T�T�H�B�2�/ �i�Q ���M ���H�;�2�#�`���B�+ �2�t�T�`�2�b�b�B�Q�M �+�Q�K�T�Q�b�2�/ �Q�7 �G�>�� �p���`�B���#�H�2�by�- �B�X�2�Xlast(y)
�U�B�X�2�X �i�?�2 �H���b�i �p���H�m�2 �i�?���iy �?���b ���i �i�?�2 �2�M�/ �Q�7 ���M ���+�+�2�T�i�2�/ �T���i�?�-min (y)( resp:�K���t�U�v�V)�- �i�?�2 �K�B�M
�U�`�2�b�T�X �K���t�V �p���H�m�2 �Q�7y ���H�Q�M�; ���M ���+�+�2�T�i�2�/ �T���i�?�X �*�Q�M�p�2�`�b�2�H�vZ �2�t�T�`�2�b�b�B�Q�M�b �Q�7Pdist �i�v�T�2 �B�M�@
�+�H�m�/�2PDF (Y; step; start; stop)�- �r�?�B�+�? ���H�H�Q�r�b �7�Q�` �2�b�i�B�K���i�B�M�; �i�?�2 �S�.�6 �Q�7 �`���M�/�Q�K �p���`�B���#�H�2Y

�8�L�Q�i�B�+�2 �i�?���i �r�B�i�?�B�M �i�?�2 �*�P�a�J�P�a �i�Q�Q�HE �B�b ���+�i�m���H�H�v �/�2�M�Q�i�2�/AV G�- �i�?�2�`�2�7�Q�`�2 �>���a�G �2�t�T�`�2�b�b�B�Q�M�b �K���v
�2�[�m�B�p���H�2�M�i�H�v �#�2 �7�Q�`�K�m�H���i�2�/ �m�b�B�M�; �2�B�i�?�2�`E(Y ) �Q�ÀV G(Y )�X



�*�?���T�i�2�` �k�X �1�t�T�`�2�b�b�B�p�2 �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �k�e

�+�Q�K�T�m�i�2�/ �#�v �/�B�b�+�`�2�i�B�b���i�B�Q�M �Q�7 �i�?�2 �b�m�T�T�Q�`�i �b�2�i[start; stop ] � R� 0 �B�M(stop� start )=step�b�m�#�@
�B�M�i�2�`�p���H�b �Q�7 �b�B�x�2step ���M�/ �b�B�K�B�H���`�H�vCDF (Y; step; start; stop)�X �6�B�M���H�H�v �2�t�T�`�2�b�b�B�Q�MPROB ()
���H�H�Q�r�b �7�Q�` �2�b�i�B�K���i�B�M�; �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �� �T���i�? �B�b ���+�+�2�T�i�2�/�- �Q�i�?�2�`�r�B�b�2 �b���B�/PROB () �B�b
�m�b�2�/ �i�Q �2�b�i�B�K���i�B�M�; �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �i�?�2 �T���i�?�b �2�p�2�M�i �b�2�i �`�2�T�`�2�b�2�M�i�2�/ �#�v �i�?�2 �+�Q�M�b�B�/�2�`�2�/
���m�i�Q�K���i�Q�MA�X �L�Q�i�B�+�2 �i�?���i �Q�M�2 �+���M �i�?�2�M �/�2�}�M�2 �b�Q�T�?�B�b�i�B�+���i�2�/ �T�`�Q�#���#�B�H�B�i�v �K�2���b�m�`�2�b �#�v �+�Q�M�@
�b�B�/�2�`�B�M�; �b�T�2�+�B�}�+ �+�Q�M�/�B�i�B�Q�M�b ���b �+�Q�M�b�i�`���B�M�i�b �Q�7 �i�?�2 �2�/�;�2�U�b�V �H�2���/�B�M�; �i�Q ���M ���+�+�2�T�i�B�M�; �H�Q�+���i�B�Q�M �Q�7
A �X

�L�Q�i�B�+�2 �i�?���i �b�B�M�+�2Z �+���M �#�2 �� �+�Q�K�T�Q�b�2�/ �2�t�T�`�2�b�b�B�Q�M �Q�#�i���B�M�2�/ �#�v ���H�;�2�#�`���B�+ �Q�T�2�`���i�Q�`�b �U�2�X�;�X
Z + Z �- Z � Z �V �#�m�B�H�i �Q�M �i�Q�T �Q�7 �i�?�2 �}�`�b�i �K�Q�K�2�M�i �Q�7Y �UAV G(Y)�V �B�i �B�b �T�Q�b�b�B�#�H�2 �i�Q �i���F�2
�B�M�i�Q ���+�+�Q�m�M�i �/�B�p�2�`�b�2 �b�B�;�M�B�}�+���M�i �+�?���`���+�i�2�`�B�b�i�B�+�b �Q�7Y �U���T���`�i �7�`�Q�K �B�i�b �2�t�T�2�+�i���i�B�Q�M�V ���b �i�?�2
�[�m���M�i�B�i�v �i�Q �#�2 �2�b�i�B�K���i�2�/�- �B�M�+�H�m�/�B�M�;�- �7�Q�` �2�t���K�T�H�2�- �i�?�2 �p���`�B���M�+�2V ar[Y ] � E[Y 2] � E[Y ]2 ���M�/
�i�?�2 �+�Q�p���`�B���M�+�2Covar[Y1; Y2] � E[Y1Y2] � E[Y1]E[Y2]�X �6�m�`�i�?�2�`�K�Q�`�2 �r�2 �T�Q�B�M�i �Q�m�i �i�?���i �7�Q�`
�2�{�+�B�2�M�+�v �`�2���b�Q�M�b�- �B�M �i�?�2 �B�K�T�H�2�K�2�M�i���i�B�Q�M �Q�7 �i�?�2 �*�P�a�J�P�a �b�Q�7�i�r���`�2 �i�Q�Q�H �U�a�2�+�i�B�Q�M�k�X�9�V�- �r�2
�?���p�2 �+�Q�M�b�B�/�2�`�2�/ �� �`�2�b�i�`�B�+�i�2�/ �p�2�`�b�B�Q�M �Q�7 �;�`���K�K���` �U�k�X�R�V�- �r�?�2�`�2 �T�`�Q�/�m�+�i�b ���M�/ �[�m�Q�i�B�2�M�i�b �Q�7
�/���i�� �p���`�B���#�H�2�b �U�2�X�;�Xx1 � x2 ���M�/x1=x2�V ���`�2 ���H�H�Q�r�2�/ �Q�M�H�v �r�B�i�?�B�M �i�?�2 �b�+�Q�T�2 �Q�7 �i�?�2LAST
�Q�T�2�`���i�Q�` �U�B�X�2�X�M�Q�i �r�B�i�?MIN �- MAX �- INT �V�X �A�M�/�2�2�/�- ���H�H�Q�r�B�M�; �T�`�Q�/�m�+�i�b ���M�/ �[�m�Q�i�B�2�M�i�b
���b ���`�;�m�K�2�M�i�b �Q�7 �T���i�? �Q�T�2�`���i�Q�`�b �b�m�+�? ���bMAX �Q�M̀ IN �`�2�[�m�B�`�2�b �i�?�2 �b�Q�H�m�i�B�Q�M �Q�7 �� �H�B�M�2���`
�T�`�Q�;�`���K�K�B�M�; �T�`�Q�#�H�2�K �/�m�`�B�M�; �i�?�2 �;�2�M�2�`���i�B�Q�M �Q�7 �� �b�v�M�+�?�`�Q�M�B�b�2�/M�A �T���i�? �r�?�B�+�?�- ���H�i�?�Q�m�;�?
�7�2���b�B�#�H�2�- �r�Q�m�H�/ �+�Q�M�b�B�/�2�`���#�H�v ���z�2�+�i �i�?�2 �+�Q�K�T�m�i���i�B�Q�M �i�B�K�2�X

�1�t���K�T�H�2 �8�U�>���a�G �2�t�T�`�2�b�b�B�Q�M�b�V�X�_�2�7�2�`�`�B�M�; �i�Q �i�?�2 ���m�i�Q�K���i��A 1 ���M�/A 2 �Q�7 �1�t���K�T�H�2�k�X�j���M�/
A 3a ���M�/A 3b �Q�7 �1�t���K�T�H�2�j �H�2�i �m�b �+�Q�M�b�B�/�2�` �� �7�2�r �2�t���K�T�H�2�b �Q�7 �+�Q�K�T�H�2�i�2 �>���a�G �b�T�2�+�B�}�+���i�B�Q�M�b
�i�Q�;�2�i�?�2�` �r�B�i�? �i�?�2�B�` �B�M�7�Q�`�K���H �/�2�b�+�`�B�T�i�B�Q�M�X

�Ç � 1a � (A 1; E(last(x1))) �, �i�?�2 �K�2���M �M�m�K�#�2�` �Q�7 �+�H���b�b �R �T�`�Q�+�2�b�b�2�b �r���B�i�B�M�; �i�Q ���+�+�2�b�b �i�?�2
�b�?���`�2�/ �`�2�b�Q�m�`�+�2 �r�B�i�?�B�M �i�?�2 �i�B�K�2 �B�M�i�2�`�p���H[0; 4]

�Ç � 1b � (A 1; E(max(x2))) �, �i�?�2 �K���t �M�m�K�#�2�` �Q�7 �+�H���b�b �R �T�`�Q�+�2�b�b�2�b �i�?���i �;�Q�i ���+�+�2�b�b �i�?�2
�b�?���`�2�/ �`�2�b�Q�m�`�+�2 �r�B�i�?�B�M �i�?�2 �i�B�K�2 �B�M�i�2�`�p���H[0; 4]

�Ç � 2a � (A 2; E[LAST (x1)=k)�, �i�?�2 �m�T�T�2�` �#�Q�m�M�/ �Q�M �i�?�2 �r���B�i�B�M�; �i�B�K�2 �Q�7 �i�?�2 �}�`�b�ik
�B�M�b�i���M�+�2�b �Q�7 �+�H���b�b �R �T�`�Q�+�2�b�b�2�b ���`�`�B�p�2�/ �B�M �i�?�2 �b�v�b�i�2�K�X

�Ç � 2b � (A 2; E[LAST (x1)=LAST (x3)) �, �i�?�2 �m�T�T�2�` �#�Q�m�M�/ �Q�M �i�?�2 �r���B�i�B�M�; �i�B�K�2 �Q�7 �i�?�2
�}�`�b�ik �B�M�b�i���M�+�2�b �Q�7 �+�H���b�b �R �T�`�Q�+�2�b�b�2�b ���`�`�B�p�2�/ �B�M �i�?�2 �b�v�b�i�2�K�X

�Ç � 3a � (A 3a; E[PROB ()) �, �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�v�T�2 �R �+�H�B�2�M�i�b �?���p�2 �m�b�2�/ �i�?�2 �b�?���`�2�/
�`�2�b�Q�m�`�+�2 �H�Q�M�;�2�` �i�?���M �i�v�T�2 �k�ö�b�- �;�B�p�2�M �i�?���ik �+�H�B�2�M�i�b �U�Q�7 ���M�v �F�B�M�/�V �?���p�2 �m�b�2�/ �i�?�2 �b�?���`�2�/
�`�2�b�Q�m�`�+�2�X

�Ç � 3b � (A 3b; E[PROB ()) �, �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�v�T�2 �k �+�H�B�2�M�i�b �?���p�2 �m�b�2�/ �i�?�2 �b�?���`�2�/
�`�2�b�Q�m�`�+�2 �H�Q�M�;�2�` �i�?���M �i�v�T�2 �R�ö�b�- �;�B�p�2�M �i�?���ik �+�H�B�2�M�i�b �U�Q�7 ���M�v �F�B�M�/�V �?���p�2 �m�b�2�/ �i�?�2 �b�?���`�2�/
�`�2�b�Q�m�`�+�2�X



�*�?���T�i�2�` �k�X �1�t�T�`�2�b�b�B�p�2 �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �k�d

�_�2�K���`�F �9�U�1�t�B�b�i�2�M�+�2 �Q�7 �2�t�T�2�+�i���i�B�Q�ME(Y)�V�X�q�2 �2�K�T�?���b�B�b�2 �i�?���i �i�?�2 �U�+�Q�M�/�B�i�B�Q�M���H�V �2�t�T�2�+�@
�i���i�B�Q�M �Q�7 �� �T���i�? �`���M�/�Q�K �p���`�B���#�H�2 �B�b �M�Q�i ���H�r���v�b �/�2�}�M�2�/�X �h�?�2�`�2 ���`�2 �i�r�Q �Q�#�p�B�Q�m�b �M�2�+�2�b�b���`�v
�+�Q�M�/�B�i�B�Q�M�b �Q�M �i�?�2 �b�v�M�+�?�`�Q�M�B�b�2�/ �T�`�Q�/�m�+�i(M � A )�, �U�R�V ���H�K�Q�b�i �b�m�`�2�H�v �i�?�2 �`���M�/�Q�K �2�t�2�+�m�i�B�Q�M
�2�M�/�b �2�B�i�?�2�` �B�M �� �}�M���H �b�i���i�2 �Q�7 �i�?�2 �G�>�� �Q�` �B�M �i�?�2 �`�2�D�2�+�i�B�M�; �b�i���i�2�- ���M�/ �U�k�V �r�B�i�? �T�Q�b�B�i�B�p�2
�T�`�Q�#���#�B�H�B�i�v �i�?�2 �`���M�/�Q�K �2�t�2�+�m�i�B�Q�M �2�M�/�b �B�M �� �}�M���H �b�i���i�2 �Q�7 �i�?�2 �G�>���X �>�Q�r�2�p�2�` �i�?�2�b�2 �+�Q�M�/�B�@
�i�B�Q�M�b ���`�2 �M�Q�i �b�m�{�+�B�2�M�i�X �.�B�z�2�`�2�M�i �`�2�b�i�`�B�+�i�B�Q�M�b �Q�M �i�?�2 �T���i�? �7�Q�`�K�m�H�� �2�M�b�m�`�2 �i�?�2 �2�t�B�b�i�2�M�+�2 �Q�7
�2�t�T�2�+�i���i�B�Q�M�b�X �6�Q�` �B�M�b�i���M�+�2�- �r�?�2�M �i�?�2 �7�Q�`�K�m�H�� �Q�M�H�v �B�M�+�H�m�/�2�b �#�Q�m�M�/�2�/ �/���i�� �p���`�B���#�H�2�b ���M�/
�i�?�2 �Q�T�2�`���i�Q�`INT ���M�/ �i�?�2 �/�B�p�B�b�B�Q�M ���`�2 �2�t�+�H�m�/�2�/�- �i�?�2 �2�t�T�2�+�i���i�B�Q�M �2�t�B�b�i�b�X �.�B�p�B�b�B�Q�M�b �K���v
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�7�Q�`�K���H�B�b�K�, ���M �2�[�m�B�p���H�2�M�i �7�Q�`�K�m�H���i�B�Q�M �B�M �i�2�`�K�b �Q�7 �T�Q�T�m�H���` �i�2�K�T�Q�`���H �H�Q�;�B�+ �7�Q�`�K���H�B�b�K�b �b�m�+�?
���b�- �2�X�;�X�- �i�?�2 �`�2�r���`�/�@�2�t�i�2�M�b�B�Q�M �Q�7 �*�a�G �b�m�T�T�Q�`�i�2�/ �#�v �i�?�2 �S�_�A�a�J�K�Q�/�2�H �+�?�2�+�F�2�`�- �+�Q�m�H�/ �?���`�/�H�v
�#�2 �Q�#�i���B�M�2�/�X

���M���H�v�b�B�b ���M�/ �+�Q�K�T�m�i���i�B�Q�M �Q�7 �T���b�b���;�2�@�i�B�K�2 �K�2���b�m�`�2�b

�A�M �T�2�`�7�Q�`�K���M�+�2 �K�Q�/�2�H�H�B�M�; �i�?�2�T���b�b���;�2 �i�B�K�2 �/�B�b�i�`�B�#�m�i�B�Q�M�B�b �� �b�T�2�+�B�}�+ �i�v�T�2 �Q�7 �T�2�`�7�Q�`�K���M�+�2
�B�M�/�2�t �T���`�i�B�+�m�H���`�H�v �m�b�2�7�m�H �r�?�2�M �`�2���b�Q�M�B�M�; ���#�Q�m�i �T�`�Q�T�2�`�i�B�2�b �`�2�H���i�2�/ �r�B�i�? �a�2�`�p�B�+�2 �G�2�p�2�H ���;�`�2�2�@
�K�2�M�i�b �U�a�G���V �Q�` �b���7�2�i�v �`�2�[�m�B�`�2�K�2�M�i�b�X �:�2�M�2�`���H�H�v �b�T�2���F�B�M�; �� �T���b�b���;�2 �i�B�K�2 �K�2���b�m�`�2 �B�b �+�Q�M�@



�*�?���T�i�2�` �k�X �1�t�T�`�2�b�b�B�p�2 �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �j�9

�+�2�`�M�2�/ �r�B�i�? �i�`���+�F�B�M�; �i�?�2 �/�m�`���i�B�Q�M �7�Q�` �� �b�B�M�;�H�2 �B�M�b�i���M�+�2 �Q�7 �� �T�`�Q�+�2�b�b �i�Q �+�Q�K�T�H�2�i�2�- �7�Q�` �2�t���K�T�H�2
�i�?�2 �i�B�K�2 �B�i �i���F�2�b �7�Q�` ���M �Q�`�/�2�` �i�Q �#�2 �i�`�2���i�2�/ �U���`�+�?�B�p�2�/�V �b�B�M�+�2 �B�i �B�b �T�H���+�2�/ �Q�M �� �b�2�H�H�B�M�; �T�H���i�7�Q�`�K
�U�b�2�2 �K�Q�/�2�H �B�M �6�B�;�m�`�2�k�X�N�V�X �A�M �T�`���+�i�B�+�2 �T���b�b���;�2 �i�B�K�2 �K�2���b�m�`�2�b �+���M �#�2 �7�Q�`�K�m�H���i�2�/ ���b �i�?�2 �/�B�b�@
�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �i�B�K�2 �`�2�[�m�B�`�2�/ �i�Q �`�2���+�? ���;�Q���H�b�i���i�2 �7�`�Q�K ���M�v�2�M�i�`�v�b�i���i�2 �T�Q�b�b�B�#�H�v �r�B�i�?�Q�m�i
�?�B�i�i�B�M�; ���M�v�7�Q�`�#�B�/�/�2�M�Q�` �2�[�m�B�p���H�2�M�i�H�v �#�v �K���i�+�?�B�M�; �i�?�2 �Q�+�+�m�`�`�2�M�+�2 �Q�7 ���b�i���`�i�r�B�i�? �� �+�Q�`�`�2�@
�b�T�Q�M�/�B�M�;�2�M�/�2�p�2�M�i�X �L�Q�i�B�+�2 �i�?���i �+�H���b�b�B�+���H �T�2�`�7�Q�`�K���M�+�2 �K�2���b�m�`�2�b �#���b�2�/ �Q�M �K�2���M �p���H�m�2�b�-
�H�B�F�2 �i�?�2 ���p�2�`���;�2 �`�2�b�T�Q�M�b�2 �i�B�K�2�- ���`�2 �M�Q�i �b�m�{�+�B�2�M�i �i�Q �2�b�i�B�K���i�2 �� �T���b�b���;�2 �i�B�K�2 �/�B�b�i�`�B�#�m�i�B�Q�M�-
�r�?�Q�b�2 �+���H�+�m�H���i�B�Q�M �`�2�[�m�B�`�2�b �/�2�/�B�+���i�2�/ �K�2�i�?�Q�/�b ���M�/ �i�Q�Q�H�b �(�E�m�H�N�8�-�.�>�E�y�9�)�X

start start_F register_F

start_L register_L

start_E register_E

checking

billing

billing_F send_bill_F

reminder

billed

receive_payment

payed

checking_L

check_availability

checked

in_stock

reorder

do_not_order
replenish

updating

update

shipping shipping_L

ship_goods

shipped

replenish_L

replenishing

archiving_F

archive_Farchiving_L

archive_L

archiving_E

archive_E archived

NE

employees
NF

finance
NL

logistics

new_order

�6�B�;�m�`�2 �k�X�N�,�� �L�J�:�a�S�L �K�Q�/�2�H �7�Q�` ���M �Q�`�/�2�`�@�?���M�/�H�B�M�; �T�`�Q�+�2�b�b�X

�6�`�Q�K �� �K�Q�/�2�H�H�B�M�; �b�i���M�/�T�Q�B�M�i �K�2���b�m�`�B�M�; �Q�7 �T���b�b���;�2 �i�B�K�2 �/�B�b�i�`�B�#�m�i�B�Q�M �B�M�/�m�+�2�b �b�Q�K�2
�/�B�{�+�m�H�i�B�2�b�- ���b �B�i �`�2�[�m�B�`�2�b �i�?�2 ���#�B�H�B�i�v �i�Q �i�`���+�F �i�?�2 �b�i���`�i ���M�/ �2�M�/ �Q�7 �� �b�T�2�+�B�}�+ �T�`�Q�+�2�b�b �B�M�b�i���M�+�2�X
�A�M �S�2�i�`�B �M�2�i�b �i�2�`�K�b �i�?�B�b �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �i�?�2 ���#�B�H�B�i�v �Q�7 �i�`���+�F�B�M�; �� �b�T�2�+�B�}�+ �i�Q�F�2�M �U�2�X�;�X �i�?�2
�Q�M�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �� �b�T�2�+�B�}�+ �Q�`�/�2�`�V ���b �B�i �~�Q�r�b �i�?�`�Q�m�;�? �i�?�2 �S�2�i�`�B �M�2�i �m�T �m�M�i�B�H �B�i �`�2���+�?�2�b
�i�?�2 �T�H���+�2 �i�?���i �+�Q�`�`�2�b�T�Q�M�/ �i�Q �i�?�2 �2�M�/ �Q�7 �i�?�2 �K�Q�M�B�i�Q�`�2�/ �T�`�Q�+�2�b�b �B�M�b�i���M�+�2�e�X �h�?���i �H�2���/ �i�Q
�i�?�2 �2�t�i�2�M�b�B�Q�M �Q�7 �b�i���M�/���`�/ �S�2�i�`�B �M�2�i �7�Q�`�K���H�B�b�K�b ���b �B�b �i�?�2 �+���b�2 �r�B�i�? �i�?�2 �h���;�;�2�/ �2�t�i�2�M�b�B�Q�M �Q�7
�:�a�S�L �(�"�.�S�6�y�N�) �U�h�:�a�S�L�V �r�?�2�`�2 �i�Q�F�2�M�b �+���M �#�2�i���;�;�2�/�B�M �Q�`�/�2�` �i�Q �7�Q�H�H�Q�r �i�?�2�B�` �i�`���p�2�`�b���H
�Q�7 �i�?�2 �M�2�i�X �h�?�2 �2�p���H�m���i�B�Q�M �Q�7 �T���b�b���;�2 �i�B�K�2 �K�2���b�m�`�2�b �Q�M �h�:�a�S�L �K�Q�/�2�H�b �#�Q�B�H�b �/�Q�r�M �i�Q ��
�i� �̀��M�b�B�2�M�i ���M���H�v�b�B�b�T�`�Q�#�H�2�K �Q�7 �i�?�2 �m�M�/�2�`�H�v�B�M�; �*�h�J�*�X

���H�i�2�`�M���i�B�p�2�H�v �T���b�b���;�2 �i�B�K�2�b �+���M �#�2 ���+�+�Q�m�M�i�2�/ �7�Q�` �#�v �+�Q�K�#�B�M�B�M�; �� �ó�b�i���M�/���`�/�ô �K�Q�/�2�H
�r�B�i�? ���M ���m�i�Q�K���i���@�#���b�2�/�K�Q�M�B�i�Q�`�r�?�2�`�2 �i�?�2 �H���i�i�2�` �B�b �m�b�2�/ ���b �� �K���+�?�B�M�2�`�v �i�Q �i�`���+�F �i�?�2
�#�2�;�B�M�M�B�M�; ���M�/ �2�M�/ �Q�7 �i�?�2 ���+�i�B�p�B�i�v �Q�7 �B�M�i�2�`�2�b�i�X �1�t���K�T�H�2�b �Q�7 �i�?�B�b ���T�T�`�Q���+�? ���`�2 �i�?�2 �1�t�i�2�M�/�2�/
�a�i�Q�+�?���b�i�B�+ �S�`�Q�#�2�b �U�s�a�S �(�*�:�y�3�)�- �Q�T�2�`���i�B�M�; �Q�M �S�1�S�� �K�Q�/�2�H�b �(�>�B�H�y�8�)�V�- �S���i�? ���m�i�Q�K���i�� �U�S���-

�e�L�Q�i�B�+�2 �i�?���i �i�`���+�F�B�M�; �i�Q�F�2�M�b �B�M �� �S�2�i�`�B �M�2�i �B�b �M�Q�i �i�`�B�p�B���H ���b �b�Q�Q�M ���b �b�2�p�2�`���H �i�Q�F�2�M�b�- �`�2�T�`�2�b�2�M�i�B�M�; �T���`���H�H�2�H
�B�M�b�i���M�+�2�b �Q�7 �i�?�2 �K�Q�M�B�i�Q�`�2�/ �T�`�Q�+�2�b�b�- ���`�2 �T�2�`�K�B�i�i�2�/�X



�*�?���T�i�2�` �k�X �1�t�T�`�2�b�b�B�p�2 �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �j�8

�Q�T�2�`���i�B�M�; �Q�M �a�i�Q�+�?���b�i�B�+ ���+�i�B�p�B�i�v �L�2�i�r�Q�`�F�b �(�P�a�N�N�)�V �Q�` �S�`�Q�#�2 ���m�i�Q�K���i�� �U�S�`�� �(���"�.�6�R�R�)
�Q�T�2�`���i�B�M�; �Q�M �:�a�S�L �K�Q�/�2�H�b�- �r�?�2�`�2 �S�`�� ���`�2 �� �F�B�M�/ �Q�7 �/�2�i�2�`�K�B�M�B�b�i�B�+�- �m�M�i�B�K�2�/ ���m�i�Q�K���i���V�X

�A�M �(���"�" + �R�j�) �r�2 �B�M�i�`�Q�/�m�+�2�/ �i�?�2 �m�b�2 �Q�7 �i�?�2 �>���a�G �7�Q�`�K���H�B�b�K �7�Q�` �i�?�2 �b�T�2�+�B�}�+���i�B�Q�M �Q�7
�T���b�b���;�2 �i�B�K�2 �K�2���b�m�`�2�b �Q�p�2�` �L�J�:�a�S�L �K�Q�/�2�H�b ���M�/ �b�?�Q�r�2�/ �i�?���i �>���a�G ���H�H�Q�r�b �7�Q�` �b�T�2�+�B�7�v�B�M�;
���M�/ ���b�b�2�b�b�B�M�; �K�Q�`�2 �b�Q�T�?�B�b�i�B�+���i�2�/ �T���b�b���;�2 �i�B�K�2 �K�2���b�m�`�2�b �i�?���M �i�?�Q�b�2 �b�m�T�T�Q�`�i�2�/ �#�v �S�`�Q�#�2
���m�i�Q�K���i���- �K�Q�`�2 �b�T�2�+�B�}�+���H�H�v �+�Q�M�/�B�i�B�Q�M���H �T���b�b���;�2 �i�B�K�2�b �K�2���b�m�`�2�b �Q�#�i���B�M�2�/ �#�v �� �+�Q�K�#�B�M���i�B�Q�M
�Q�7 �i�B�K�2�- �b�i���i�2 ���M�/ �2�p�2�M�i�b �+�Q�M�b�i�`���B�M�i�b�X

�6�Q�` �2�t���K�T�H�2�- �`�2�7�2�`�`�B�M�; �i�Q �i�?�2 �Q�`�/�2�`�@�?���M�/�H�B�M�; �K�Q�/�2�H �Q�7 �6�B�;�m�`�2�k�X�N�- �r�2 �i�?�2 �B�M�i�`�Q�/�m�+�2�/
�i�?�2 �7�Q�H�H�Q�r�B�M�; �>���a�G�@�2�t�T�`�2�b�b�2�/ �+�Q�M�/�B�i�B�Q�M���H �T���b�b���;�2 �i�B�K�2 �K�2���b�m�`�2�b �r�?�B�+�? �r�2 ���b�b�2�b�b�2�/ �U�b�2�2
�6�B�;�m�`�2�k�X�R�y�V �i�?�`�Q�m�;�? �� �M�m�K�#�2�` �Q�7 �2�t�T�2�`�B�K�2�M�i�b �`�m�M �Q�M �i�?�2 �*�P�a�J�P�a �i�Q�Q�H �U�b�2�2 �a�2�+�i�B�Q�M�k�X�9�V�,

�Ç �J�2���b�m�`�2 �r�R�, �i�?�2 �*�.�6 �Q�7 �i�?�2 �T���b�b���;�2�@�i�B�K�2 �7�Q�` ���M �Q� �̀/�2� �̀2�/ �;�Q�Q�/ �i�Q �#�2 �/�2�H�B�p�2� �̀2�/�X

�Ç �J�2���b�m�`�2 �r�k�, �i�?�2 �*�.�6 �Q�7 �i�?�2 �T���b�b���;�2�@�i�B�K�2 �7�Q�` ���M �Q� �̀/�2� �̀2�/ �;�Q�Q�/ �i�Q �#�2 �/�2�H�B�p�2� �̀2�/ �;�B�p�2�M
�i�?���i �B�i �r���b �Q�m�i�@�Q�7�@�b�i�Q�+�F�X

�Ç �J�2���b�m�`�2 �r�j�, �i�?�2 �*�.�6 �Q�7 �i�?�2 �T���b�b���;�2�@�i�B�K�2 �7�Q�` ���M �Q� �̀/�2� �̀2�/ �;�Q�Q�/ �i�Q �#�2 �/�2�H�B�p�2� �̀2�/ �;�B�p�2�M
�i�?���i �B�i �B�b �M�Q�i �Q�m�i�@�Q�7�@�b�i�Q�+�F ���M�/ �i�?���i �i�?�2 �i�Q�i���H �/�2�H���v �7�Q�` �+�?�2�+�F�B�M�; �B�i�b ���p���B�H���#�B�H�B�i�v ���M�/
�b�?�B�T�T�B�M�; �B�i �/�Q�2�b �M�Q�i �2�t�+�2�2�/K �X

�Ç �J�2���b�m�`�2 �r�9�, �i�?�2 �*�.�6 �Q�7 �i�?�2 �T���b�b���;�2�@�i�B�K�2 �7�Q�` ���M �Q� �̀/�2� �̀2�/ �;�Q�Q�/ �i�Q �#�2 �/�2�H�B�p�2� �̀2�/ �;�B�p�2�M
�i�?���i �i�?�2 �i�Q�i���H �/�2�H���v �7�Q�` � �̀2�Q� �̀/�2�`�B�M�; ���M�/ �m�T�/���i�B�M�; �i�?�2 �b�i�Q�+�F �/�Q�2�b �M�Q�i �2�t�+�2�2�/K �X

0 20 40 60 80 100
0.0

0.2

0.4

0.6

0.8

1.0

Passage Time CDF

P
ro

ba
bi

lit
y

w1

w2

w4

w3

�6�B�;�m�`�2 �k�X�R�y�,�S���b�b���;�2 �i�B�K�2�b �7�Q�` �i�?�2 �r�Q�`�F�~�Q�r �T�`�Q�T�2�`�i�B�2�bw1 �i�Qw4 ���b�b�2�b�b�2�/ �Q�p�2�` �i�B�K�2 �B�M�i�2�`�p���H
[0; 100]�X

�A�i �B�b �r�Q�`�i�? �b�i�`�2�b�b�B�M�; �i�?���i ���T���`�i �7�`�Q�K �i�?�2 �B�M�+�`�2���b�2�/ �2�t�T�`�2�b�b�B�p�2�M�2�b�b �B�M �(���"�" + �R�j�) �r�2 ���H�b�Q
�/�2�K�Q�M�b�i�`���i�2�/ �i�?�2 �2�z�2�+�i�B�p�2�M�2�b�b �Q�7 �� �;�2�M�2�`���H �T�m�`�T�Q�b�2 �T�2�`�7�Q�`�K���M�+�2 ���M���H�v�b�B�b �7�`���K�2�r�Q�`�F�- �b�m�+�?



�*�?���T�i�2�` �k�X �1�t�T�`�2�b�b�B�p�2 �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �j�e

���b �>���a�G �K�Q�/�2�H �+�?�2�+�F�B�M�;�- �B�M �i�`�2���i�B�M�; �Q�7 �� �i�v�T�2 �Q�7 �T�`�Q�#�H�2�K �i�?���i �Q�i�?�2�`�r�B�b�2 �B�b �b�Q�H�p�2�/ �i�?�`�Q�m�;�?
�+�m�b�i�Q�K�B�b�2�/ �7�Q�`�K���H�B�b�K�b�X �A�M �7���+�i ���b�b�2�b�b�K�2�M�i �Q�7 �T���b�b���;�2 �i�B�K�2 �K�2���b�m�`�2�b �Q�M �� �:�a�S�L �K�Q�/�2�H
�i�?�`�Q�m�;�? �i�?�2 �S�`�Q�#�2 ���m�i�Q�K���i�� ���T�T�`�Q���+�? �B�b �Q�#�i���B�M�2�/ �i�?�`�Q�m�;�? �� �[�m�B�i�2 �+�m�K�#�2�`�b�Q�K�2 �T�`�Q�+�2�/�m�`�2
�r�?�B�+�? �B�M�p�Q�H�p�2�b �}�`�b�i �+�Q�M�b�i�`�m�+�i�B�M�; �i�?�2 �i���M�;�B�#�H�2 �`�2���+�?���#�H�2 �;�`���T�? �Q�7 �i�?�2 �:�a�S�L�- �i�?���M �+�Q�K�T�Q�b�B�M�;
�B�i �#�v �+�Q�M�b�B�/�2�`�B�M�; �i�?�2 �T�`�Q�/�m�+�i �r�B�i�? �i�?�2 �S�`�Q�#�2 ���m�i�Q�K���i�Q�M ���M�/ �}�M���H�H�v �b�Q�H�p�B�M�; �i�?�2 �i�`���M�b�B�2�M�i
�b�i���i�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �T�`�Q�/�m�+�i �K�Q�/�2�H�X

�k�X�9 �a�Q�7�i�r���`�2 �b�m�T�T�Q�`�i�, �i�?�2 �*�P�a�J�P�a �i�Q�Q�H

�A�M �Q�`�/�2�` �i�Q �T�`�Q�p�B�/�2 �b�Q�7�i�r���`�2 �b�m�T�T�Q�`�i �i�Q �i�?�2 �>���a�G �7�Q�`�K���H�B�b�K �r�2 �/�2�p�2�H�Q�T�2�/
�* �P�a�J�P�a�d �(�"�.�. + �R�R���- �*�P�a�- �"�"�k�k�) �� �b�Q�7�i�r���`�2 �T�H���i�7�Q�`�K �7�Q�` �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �Q�7
�>���a�G �7�Q�`�K�m�H���2�X �*�P�a�J�P�a�B�b �#���b�2�/ �Q�M �i�?�2 �a�J�* �b�+�?�2�K�2 �Q�m�i�H�B�M�2�/ �B�M �6�B�;�m�`�2�k�X�k�?�2�M�+�2 �B�i �B�K�@
�T�H�2�K�2�M�i�b �i�?�2 �b�i�Q�+�?���b�i�B�+ �b�B�K�m�H���i�B�Q�M ���H�;�Q�`�B�i�?�K �7�Q�` �i�?�2 �b�v�M�+�?�`�Q�M�B�b�2�/ �T�`�Q�/�m�+�i �T�`�Q�+�2�b�b(M�A )
���M�/ �b�m�T�T�Q�`�i�b �/�B�z�2�`�2�M�i �b�i���i�B�b�i�B�+���H �K�2�i�?�Q�/�b �7�Q�` �2�b�i�B�K���i�B�M�; �i�?�2 �i���`�;�2�i �K�2���b�m�`�2Z �Q�7 �� �>���a�G
�7�Q�`�K�m�H��� � (A ; Z )�- �B�M�+�H�m�/�B�M�; �+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �2�b�i�B�K���i�B�Q�M ���b �r�2�H�H ���b �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�;�X

�k�X�9�X�R �� �K�Q�/�2�H �/�`�B�p�2�M �+�Q�/�2 �;�2�M�2�`���i�B�Q�M ���`�+�?�B�i�2�+�i�m�`�2

�* �P�a�J�P�a �B�b �B�K�T�H�2�K�2�M�i�2�/ �B�M �*�Y�Y ���M�/ �`�2�H�B�2�b �Q�M �i�?�2 �"�Q�Q�b�i�H�B�#�`���`�B�2�b �7�Q�` �`���M�/�Q�K �M�m�K�#�2�`
�;�2�M�2�`���i�B�Q�M �7�m�M�+�i�B�Q�M���H�B�i�B�2�b�X �A�M ���M �2�z�Q�`�i �i�Q �Q�#�i���B�M �� �T�2�`�7�Q�`�K���M�i �i�Q�Q�H �*�P�a�J�P�a�B�b �/�2�b�B�;�M�2�/ ���+�@
�+�Q�`�/�B�M�; �i�Q ���K�Q�/�2�H �/�`�B�p�2�M �+�Q�/�2 �;�2�M�2� �̀��i�B�Q�M�b�+�?�2�K�2 �U�6�B�;�m�`�2�k�X�R�R�V�, �i�?�2 �B�M�T�m�i�bM �U�L�J�:�a�S�L�V
���M�/A �U�G�>���V ���`�2 �T���`�b�2�/ �B�M �Q�`�/�2�` �i�Q �;�2�M�2�`���i�2 ���M �2�{�+�B�2�M�i �+�m�b�i�Q�K�B�b�2�/ �*�Y�Y �B�K�T�H�2�K�2�M�i���i�B�Q�M
�Q�7 �i�?�2 �b�B�K�m�H���i�B�Q�M �2�M�;�B�M�2 �Q�7 �i�?�2 �b�v�M�+�?�`�Q�M�B�x�2�/ �T�`�Q�/�m�+�iM � A �X �h�?�2 �;�2�M�2�`���i�2�/ �+�Q�/�2 �B�b �H�B�M�F�2�/

Parameters

Command line
Boost Random 

Generator

Simulator

Statistical 
Evaluation

Result

LHA Parser

GSPN Parser

Command Line
Parser

Code 
Generator

LHA.cpp

GSPN.cpp
model.grml

property.grml

�6�B�;�m�`�2 �k�X�R�R�,�* �P�a�J�P�a�ö�b �K�Q�/�2�H�@�/�`�B�p�2�M �+�Q�/�2 �;�2�M�2�`���i�B�Q�M �b�+�?�2�K�2

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

�d�* �P�a�J�P�a�B�b ���M ���+�`�Q�M�v�K �Q�7 �i�?�2 �7�`�2�M�+�? �b�2�M�i�2�M�+�2 �ó�*�Q�M�+�2�T�i �2�i �P�m�i�B�H�b �a�i���i�B�b�i�B�[�m�2�b �T�Q�m�` �H�2 �J�P�/���H�2�b �a�i�Q�+�?���b�@
�i�B�[�m�2�b�ô �r�?�Q�b�2 �2�M�;�H�B�b�? �i�`���M�b�H���i�B�Q�M �r�Q�m�H�/ �b�Q�m�M�/ �H�B�F�2�, �ó�h�Q�Q�H�b ���M�/ �*�Q�M�+�2�T�i�b �7�Q�` �a�i���i�B�b�i�B�+���H ���M���H�v�b�B�b �Q�7 �a�i�Q�+�?���b�i�B�+
�J�P�/�2�H�b�ô�X



�*�?���T�i�2�` �k�X �1�t�T�`�2�b�b�B�p�2 �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �j�d

�S���`���H�H�2�H �i�?�`�2���/�b �Q�7 �2�t�2�+�m�i�B�Q�M�X �q�?�2�M ���M �2�t�T�2�`�B�K�2�M�i �B�b �H���m�M�+�?�2�/ �Q�M �� �;�B�p�2�M �K�Q�/�2�H�@
���m�i�Q�K���i�Q�M �T���B�` �UM ; A �V �*�P�a�J�P�a �;�2�M�2�`���i�2 �i�?�2 �*�Y�Y �+�Q�/�2 �7�Q�` �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �a�J�*
�2�M�;�B�M�2�- �+�Q�K�T�B�H�2�b �B�i ���M�/ �H���m�M�+�?�2�b �b�2�p�2�`���H �i�?�`�2���/�b �Q�7 �i�?�2 �`�2�b�m�H�i�B�M�; �2�t�2�+�m�i���#�H�2 �+�Q�/�2 �B�M �T���`���H�H�2�H
�i�?���i �`�2�T�2���i�2�/�H�v �;�2�M�2�`���i�2 �i�`���D�2�+�i�Q�`�B�2�b ���M�/ �b�2�M�/ �#���+�F �i�?�2 �2�p���H�m���i�B�Q�M �Q�7 �i�?�2 �7�Q�`�K�m�H���b �Q�M �i�?�2�b�2
�i�`���D�2�+�i�Q�`�B�2�b�X �*�P�a�J�P�a���;�;�`�2�;���i�2�b �i�?�2�b�2 �2�p���H�m���i�B�Q�M�b ���M�/ �b�i�Q�T�b �i�?�2 �b�B�K�m�H���i�B�Q�M �/�2�T�2�M�/�B�M�; �Q�M
�i�?�2 �b�2�H�2�+�i�2�/ �b�i���i�B�b�i�B�+���H �K�2�i�?�Q�/ �U�b�2�2 �#�2�H�Q�r�V�X �h�?�2 �+�Q�/�2 �;�2�M�2�`���i�B�Q�M ���M�/ �+�Q�K�T�B�H���i�B�Q�M �i�B�K�2 �B�b
�;�2�M�2�`���H�H�v �M�2�;�H�B�;�B�#�H�2 �+�Q�K�T���`�2�/ �i�Q �i�?�2 �b�B�K�m�H���i�B�Q�M �`�m�M�i�B�K�2�X

�k�X�9�X�k �*�P�a�J�P�a �b�i���i�B�b�i�B�+���H �2�M�;�B�M�2�b

�* �P�a�J�P�a �B�b �2�[�m�B�T�T�2�/ �r�B�i�? �� �M�m�K�#�2�` �Q�7 �b�i���i�B�b�i�B�+���H �2�M�;�B�M�2�b �i�?���i ���`�2 ���T�T�H�B�2�/ �/�2�T�2�M�/�B�M�; �Q�M
�i�?�2 �M���i�m�`�2 �Q�7 �i�?�2 �[�m���M�i�B�i�v �i�Q �#�2 �2�b�i�B�K���i�2�/�X �a�T�2�+�B�}�+���H�H�v�+�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H�i�2�+�?�M�B�[�m�2�b�-
���`�2 �m�b�2�/ �7�Q�`�[�m���M�i�B�i���i�B�p�2 �2�t�T�2�`�B�K�2�M�i�b�- �B�X�2�X �2�t�T�2�`�B�K�2�M�i�b �r�?�Q�b�2 �;�Q���H �B�b �i�Q �2�b�i�B�K���i�2 �i�?�2 �K�2���M
�p���H�m�2 �Q�7 �� �;�B�p�2�M �U�`�2���H�@�p���H�m�2�/�V �`���M�/�Q�K �p���`�B���#�H�2�- ���b �Q�T�T�Q�b�2�/ �i�Q�?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�;�K�2�i�?�Q�/�b�-
�r�?�B�+�? ���`�2 ���T�T�H�B�2�/ �7�Q�`�[�m���H�B�i���i�B�p�2 �2�t�T�2�`�B�K�2�M�i�b�- �B�X�2�X �2�t�T�2�`�B�K�2�M�i�b �r�?�Q�b�2 �;�Q���H �B�b �i�Q �2�b�i���#�H�B�b�?
�?�Q�r �i�?�2 �K�2���M �p���H�m�2 �Q�7 �`���M�/�Q�K �p���`�B���#�H�2 �+�Q�K�T���`�2�b �r�X�`�X�i�X �� �;�B�p�2�M �i�?�`�2�b�?�Q�H�/�X

�*�Q�M�}�/�2�M�+�2 �B�M�i�2�`�p���H �K�2�i�?�Q�/�b�X�*�Q�M�}�/�2�M�+�2 �A�M�i�2�`�p���H �U�*�A�V �K�2�i�?�Q�/�b �r�Q�`�F�b �#�v �+�Q�H�H�2�+�i�B�M�;
�� �M�m�K�#�2�` �Q�7 �b���K�T�H�2�bZ1; : : : Zn �Q�7 ���M �m�M�F�M�Q�r�M �`���M�/�Q�K �p���`�B���#�H�2�- �B�M �Q�`�/�2�` �i�Q �T�`�Q�/�m�+�2 ���M
�2�b�i�B�K���i�2 �Q�7 ���M �B�M�i�2�`�p���H �r�?�B�+�? �B�b �H�B�F�2�H�v �i�Q �+�Q�M�i���B�M �i�?�2 �2�t���+�i �K�2���M �p���H�m�2� Z �Q�7 �i�?�2 �+�Q�M�b�B�/�2�`�2�/
�`���M�/�Q�K �p���`�B���#�H�2 �UZ �B�M �i�?�2 �+���b�2 �Q�7 �>���a�G�V�X �h�?�2 ���+�+�m�`���+�v �Q�7 �i�?�2 �2�b�i�B�K���i�2 �B�b �+�Q�M�i�`�Q�H�H�2�/ �r�X�`�X�i�X
�i�r�Q �+�Q�K�T�H�2�K�2�M�i���`�v ���b�T�2�+�i�b�, �B�V �i�?�2�+�Q�M�}�/�2�M�+�2 �H�2�p�2�H�U� 2 (0; 1)�V �r�?�B�+�? �2�t�T�`�2�b�b�2�b �?�Q�r �`�2�H�B���#�H�2
�i�?�2 �T�`�Q�/�m�+�2�/ �2�b�i�B�K���i�2 �B�b ���M�/ �B�B�V �i�?�2���/�K�B�i�i�2�/ �2�`� �̀Q�` �#�Q�m�M�/�U�B�X�2�X �2�t�T�`�2�b�b�2�/ ���b �i�?�2 �r�B�/�i�?� �Q�7
�i�?�2 �`�2�b�m�H�i�B�M�; �B�M�i�2�`�p���H�V�X �h�?�B�b �K�2���M�b �i�?���i �B�7 �r�2 �`�2�T�2���i�2�/�H�v �2�b�i�B�K���i�2 �i�?�2 �B�M�i�2�`�p���H �7�Q�` �� �;�B�p�2�M
� �r�2 ���`�2 �;�m���`���M�i�2�2�/ �i�?���i �i�?�2 �U�T�Q�b�b�B�#�H�v �/�B�z�2�`�2�M�i�V �`�2�b�m�H�i�B�M�; �B�M�i�2�`�p���H�b �r�B�H�H �+�Q�M�i���B�M �i�?�2 ���+�i�m���H
�p���H�m�2 �Q�7Z �B�M �� �T�`�Q�T�Q�`�i�B�Q�M �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q(1 � � )�X �:�B�p�2�M ���Mn�@�b�B�x�2�/ �b���K�T�H�2Z1; : : : Zn

�i�?�2 �;�2�M�2�`���H �7�Q�`�K �Q�7 �i�?�2100(1� � )% �+�Q�M�}�/�2�M�+�2�@�B�M�i�2�`�p���H �7�Q�` �i�?�2 �2�t�T�2�+�i�2�/ �p���H�m�2� Z �Q�7Z �-
�/�2�M�Q�i�2�/CI �

� Z
�- �B�b�,

CI �
� Z

= ( PE� Z ) � EB Z

�r�?�2�`�2PE� Z �B�b �� �S�Q�B�M�i �1�b�i�B�K���i�2 �Q�7� Z ���M�/EB � �B�b �i�?�2 �1�`�`�Q�` �"�Q�m�M�/�- �r�?�B�+�? �+�Q�`�`�2�b�T�Q�M�/�b �i�Q

�i�?�2 �b�2�K�B�@�r�B�/�i�? �Q�7 �i�?�2 �*�A �B�M�i�2�`�p���H�- �B�X�2�XEB � = �=2�X �h�?�2 �b���K�T�H�2 �K�2���MZ =
P n

i =1 Z i
n �B�b �m�b�2�/

���b �U�m�M�#�B���b�2�/�V �S�Q�B�M�i �1�b�i�B�K���i�Q�` �Q�7� Z �X �h�?�2 �2�t�2�+�m�i�B�Q�M �Q�7 �*�A �2�t�T�2�`�B�K�2�M�i �/�2�T�2�M�/�b �Q�M �i�?�`�2�2
�T���`���K�2�i�2�`�b�, �i�?�2 �b���K�T�H�2 �b�B�x�2n�- �i�?�2 �+�Q�M�}�/�2�M�+�2 �H�2�p�2�H� ���M�/ �i�?�2 �2�`�`�Q�` �#�Q�m�M�/� �X �:�2�M�2�`���H�H�v
�b�T�2���F�B�M�; �Q�M�2 �+���M �}�t �i�r�Q �Q�7 �i�?�2�K ���M�/ �;�2�i �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �p���H�m�2 �Q�7 �i�?�2 �`�2�K���B�M�B�M�; �Q�M�2 �B�M
�7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �T�`�2�p�B�Q�m�b �i�r�Q�- �?�Q�r�2�p�2�` �i�?�2 ���+�i�m���H �+�?�Q�B�+�2 �Q�7 �i�?�2 �i�r�Q �T���`���K�2�i�2�`�b �i�Q �#�2 �}�t�2�/
�/�2�T�2�M�/ �Q�M �i�?�2 �M���i�m�`�2 �Q�7 �p���`�B���#�H�2 �i�Q �#�2 �2�b�i�B�K���i�2�/�, �B�M �b�Q�K�2 �+���b�2 �i�?�2 �b���K�T�H�2 �b�B�x�2 �K�m�b�i �#�2
�}�t�2�/ �� �T�`�B�Q�`�B�X

�a�i���i�B�+ �b���K�T�H�2 �b�B�x�2 �2�b�i�B�K���i�B�Q�M�X�q�B�i�? �`�2�b�T�2�+�i �i�Q �*�A �2�b�i�B�K���i�B�Q�M �*�P�a�J�P�a �/�B�b�i�B�M�;�m�B�b�?
�#�2�i�r�2�2�M �B�V�B�M�/�B�+���i�Q�` �p���`�B���#�H�2�b�U�"�2�`�M�Q�m�H�H�B �p���`�B���#�H�2�b�V �m�b�2�/ �7�Q�` �2�p���H�m���i�B�Q�M �Q�7 �m�M�F�M�Q�r�M �T�`�Q�#�@



�*�?���T�i�2�` �k�X �1�t�T�`�2�b�b�B�p�2 �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �j�3

���#�B�H�B�i�B�2�b�- �B�B�V�#�Q�m�M�/�2�/ �p���`�B���#�H�2�b�m�b�2�/ �7�Q�` �2�p���H�m���i�B�Q�M �Q�7 �T�`�Q�T�Q�`�i�B�Q�M�b�- �`���i�B�Q�b�- �K�2���M �M�m�K�#�2�` �Q�7
�+�H�B�2�M�i�b �B�M �� �b�v�b�i�2�K �r�B�i�? �}�M�B�i�2 �+���T���+�B�i�v ���M�/ �B�B�B�V�;�2�M�2� �̀��H �p���`�B���#�H�2�b�r�B�i�?�Q�m�i ���M�v ���/�/�B�i�B�Q�M���H
�F�M�Q�r�H�2�/�;�2�X �6�Q�`�B�M�/�B�+���i�Q�` �p���`�B���#�H�2�b���M�/�#�Q�m�M�/�2�/ �p���`�B���#�H�2�b�* �P�a�J�P�a���H�H�Q�r�b �i�?�2 �m�b�2�` �i�Q �+�?�Q�b�2
�k �Q�m�i �Q�7 �j �Q�7 �i�?�2 �*�A �T���`���K�2�i�2�`�b ���M�/ ���m�i�Q�K���i�B�+���H�H�v �2�b�i���#�H�B�b�?�2�b �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �`�2�K���B�M�B�M�;
�Q�M�2 �B�M �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �}�t�2�/ �i�r�Q �T���`���K�2�i�2�`�b�X �6�Q�`�;�2�M�2� �̀��H �p���`�B���#�H�2�b�?�Q�r�2�p�2�` �i�?�2 �b���K�T�H�2
�b�B�x�2 �K�m�b�i �#�2 �T�`�Q�p�B�/�2�/ �H�2���p�B�M�; �7�`�2�2 �+�?�Q�B�+�2 �Q�7 �Q�M�2 ���K�Q�M�; �i�?�2 �i�r�Q �`�2�K���B�M�B�M�; �T���`���K�2�i�2�`�b�X �A�M
�;�2�M�2�`���H �r�?�2�M �i�?�2 �m�b�2�` �}�t�2�b �i�?�2 �b���K�T�H�2 �b�B�x�2n ���M�/ �i�?�2 �+�Q�M�}�/�2�M�+�2 �H�2�p�2�H� �* �P�a�J�P�a�+�Q�K�T�m�i�2
�i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �2�`�`�Q�` �#�Q�m�M�/ �#���b�2�/ �Q�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �b�i���i�B�b�i�B�+���H �K�2�i�?�Q�/�b�,

�Ç �A�M�/�B�+���i�Q�` �p���`�B���#�H�2�b�, �i�?�2 �2�`�`�Q�` �#�Q�m�M�/ �B�b �Q�#�i���B�M�2�/ �i�?�`�Q�m�;�? �i�?�2 �*�H�Q�T�T�2�`�@�S�2���`�b�Q�M
�K�2�i�?�Q�/ �(�*�S�j�9�)�X

�Ç �"�Q�m�M�/�2�/ �p���`�B���#�H�2�b �i�?�2 �2�`�`�Q�` �#�Q�m�M�/ �B�b �Q�#�i���B�M�2�/ �i�?�`�Q�m�;�? �i�?�2 �*�?�2�`�M�Q�z�@�>�Q�2�z�/�B�M�;
�K�2�i�?�Q�/ �(�>�Q�2�e�j�)�X

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

�.�v�M���K�B�+ �b���K�T�H�2 �b�B�x�2 �2�b�i�B�K���i�B�Q�M�X�P�M �i�?�2 �Q�i�?�2�` �?���M�/�- �r�?�2�M �2�b�i�B�K���i�B�M�; �� �;�2�M�2�`���H
�p���`�B���#�H�2�- �i�?�2 �m�b�2�` �K���v �+�?�Q�b�2�� �T�`�B�Q�`�B�i�?�2 �+�Q�M�}�/�2�M�+�2� ���M�/ �i�?�2 �2�`�`�Q�` �#�Q�m�M�/� ���M�/ �B�M �i�?�B�b
�+���b�2 �+���b�2�b �*�P�a�J�P�a���T�T�H�B�2�b�b�2�[�m�M�i�B���H �*�A �b�+�?�2�K�2�i�?�`�Q�m�;�? �r�?�B�+�? �i�?�2 �M�m�K�#�2�` �Q�7 �b���K�T�H�2�b �U�B�X�2�X
�i�`���D�2�+�i�Q�`�B�2�b�V �B�b �2�b�i���#�H�B�b�?�2�/ ���i �`�m�M�i�B�K�2 �/�2�T�2�M�/�B�M�; �Q�M �� �b�i�Q�T�T�B�M�; �+�Q�M�/�B�i�B�Q�M �U�M�Q�`�K���H�H�v �i�?�2
�+�Q�M�p�2�`�;�2�M�+�2 �Q�7 �i�?�2 �b���K�T�H�2 �b�i���M�/���`�/ �/�2�p�B���i�B�Q�M�V�X �J�Q�`�2 �b�T�2�+�B�}�+���H�H�v �*�P�a�J�P�a �b�m�T�T�Q�`�i�b �i�?�2
�7�Q�H�H�Q�r�B�M�; �*�A �b�2�[�m�2�M�i�B���H �b�+�?�2�K�2�b�, �*�?�Q�r ���M�/ �_�Q�#�#�B�M�b �(�*�_�e�8�) �*�H�Q�T�T�2�`�@�S�2���`�b�Q�M �(�*�S�j�9�) ���M�/
�*�?�2�`�M�Q�z�@�>�Q�2�z�/�B�M �(�>�Q�2�e�j�)�X

�>�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�;�X�A�M �+���b�2 �i�?�2 �m�b�2�` �B�b �B�M�i�2�`�2�b�i�2�/ �B�M �� �[�m���H�B�i���i�B�p�2 �7�Q�`�K�m�H���- �B�X�2�X �B�M
�2�b�i���#�H�B�b�?�B�M�; �r�?�2�i�?�2�` �i�?�2 ���p�2�`���;�2 �p���H�m�2 �Q�7 �� �;�B�p�2�M �[�m���M�i�B�i�vZ �7�m�H�}�H�b �� �;�B�p�2�M �+�Q�M�i�`���B�M�i �i�?�2�M
�* �P�a�J�P�a ���/�Q�T�i �� �?�v�T�Q�i�?�2�b�B�b �i�2�b�i�B�M�; ���T�T�`�Q���+�?�X �a�T�2�+�B�}�+���H�H�v �B�7 �i�?�2 �+�Q�M�b�B�/�2�`�2�/ �p���`�B���#�H�2 �B�b ��
�"�2�`�M�Q�m�H�H�B �Q�7 �m�M�F�M�Q�r�M �K�2���Mp�- ���M�/ �;�B�p�2�M �i�r�Q �T�`�Q�#���#�B�H�B�i�B�2�bp0 < p 1 �U�i�?�2 �K���t�B�K���H �T�`�Q�#���#�B�H�B�i�v
�Q�7 �7���H�b�2 �T�Q�b�B�i�B�p�2 ���M�/ �i�`�m�2 �M�2�;���i�B�p�2 �`�2�b�m�H�i�b�V�- �*�P�a�J�P�a�õ���T�T�H�B�2�b �i�?�2 �a�2�[�m�2�M�i�B���H �S�`�Q�#���#�B�H�B�i�v
�_���i�B�Q �h�2�b�i �U�a�S�_�h�V �(�q���H�9�8�) �K�2�i�?�Q�/ �U�B�X�2�X ���M �Q�T�i�B�K���H �b�2�[�m�2�M�i�B���H �i�2�b�i �K�2�i�?�Q�/�V �7�Q�` �/�2�+�B�/�B�M�;
�r�?�2�i�?�2�`p � p0 �Q�p̀ � p1 �?�Q�H�/�b�X

�_�2�H���i�2�/ �h�Q�Q�H�b

�L�m�K�2�`�Q�m�b �i�Q�Q�H�b �i�?���i �b�m�T�T�Q�`�i �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �?���p�2 �#�2�2�M �/�2�p�2�H�Q�T�2�/ �Q�p�2�` �i�?�2
�v�2���`�b�- �b�Q�K�2 �Q�7 �r�?�B�+�? ���H�b�Q �b�m�T�T�Q�`�i �M�m�K�2�`�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �2�M�;�B�M�2�b�X �h�?�2�b�2 �B�M�@
�+�H�m�/�2 �*�P�a�J�P�a �(�"�.�. + �R�R�+�)�- �S�G���a�J�� �(�C�G�a�R�k�)�- �S�_�A�a�J �(�E�L�S�R�R�)�- �l�S�S�����G �(�"�.�G+ �R�k�)�-
�J ���_�*�A�1 �(�>�_�a�R�j�)�- �a�h�P�_�J �(�>�C�E+ �k�k�)�- ���S�J�* �(�>�G�S�y�e�)�- �u�J�1�_ �(�u�Q�m�y�8�)�- �J�_�J�* �(�E�w�>+ �y�N�)
���M�/ �o�1�a�h�� �(�a�o���y�8�#�)�X ���M �B�M �/�2�T�i�? �+�Q�K�T���`�B�b�Q�M �Q�7 �i�?�2�b�2 �i�Q�Q�H�b �r�Q�m�H�/ �+�2�`�i���B�M�H�v �#�2 ���M �B�M�@
�i�2�`�2�b�i�B�M�; �i���b�F �B�M �r�?�B�+�? �Q�M�2 �r�Q�m�H�/ �M�2�2�/ �i�Q �i���F�2 �B�M�i�Q ���+�+�Q�m�M�i �b�2�p�2�`���H ���b�T�2�+�i�b �B�M�+�H�m�/�B�M�; �i�?�2



�*�?���T�i�2�` �k�X �1�t�T�`�2�b�b�B�p�2 �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �j�N

�b�m�T�T�Q�`�i�2�/ �7���K�B�H�v �Q�7 �K�Q�/�2�H�b�- �i�?�2 �b�Q�H�m�i�B�Q�M �2�M�;�B�M�2�b�- �i�?�2 �2�t�T�`�2�b�b�B�p�2 �T�Q�r�2�` �Q�7 �i�?�2 �T�`�Q�T�2�`�i�v
�H���M�;�m���;�2 �#�m�i ���H�b�Q �?�Q�r �i�?�2�v �T�2�`�7�Q�`�K �r�X�`�X�i�X �b�Q�K�2 �#�2�M�+�?�K���`�F �+���b�2 �b�i�m�/�B�2�b�X �A�M ���M ���i�i�2�K�T�i
�i�Q �i���+�F�H�2 �b�m�+�? �� �;�Q���H �B�M �(�"�"�. + �R�8�+�) �r�2 �T�`�Q�p�B�/�2�/ �� �i�2�M�i���i�B�p�2 �+�Q�K�T���`���i�B�p�2 ���M���H�v�b�B�b �H�B�K�B�i�2�/
�i�Q �i�?�2 �u�J�1�_ �- �S�_�A�a�J�- �l�S�S�����G�- �S�G���a�J�� �- �J���_�*�A�1 ���M�/ �*�P�a�J�P�a �i�Q�Q�H�b�X

�k�X�8 �S�2�`�b�T�2�+�i�B�p�2�b

�h�?�2 �>���a�G �K�Q�/�2�H �+�?�2�+�F�B�M�; �7�`���K�2�r�Q�`�F �2�z�2�+�i�B�p�2�H�v �r�B�/�2�M �i�?�2 ���#�B�H�B�i�v �Q�7 �K�Q�/�2�H�H�2�`�b �i�Q ���M���H�v�b�2
�i�?�2 �b�v�b�i�2�K�b �m�M�/�2�` �b�i�m�/�v�X �"�v �2�K�T�H�Q�v�B�M�; �� �`�B�+�? ���m�i�Q�K���i���@�#���b�2�/ �7�Q�`�K���H�B�b�K ���b �� �K�2���M�b �i�Q
�K�Q�M�B�i�Q�` �� �K�Q�/�2�H�ö�b �2�t�2�+�m�i�B�Q�M�b �Q�M�2 �K���v �+�Q�M�+�2�B�p�2 �b�Q�T�?�B�b�i�B�+���i�2�/ �T�`�Q�T�2�`�i�B�2�b �U�#�v �7�`�2�2�H�v �+�Q�K�@
�#�B�M�B�M�; �b�i���i�2�@�+�Q�M�/�B�i�B�Q�M�b�- �2�p�2�M�i�@�+�Q�M�/�B�i�B�Q�M�b ���M�/ �`�2�r���`�/�@�#���b�2�/ �+�Q�M�/�B�i�B�Q�M�b�V �i�?���i ���H�H�Q�r �Q�M�2 �i�Q
�+���T�i�m�`�2 �+�Q�K�T�H�2�t ���b�T�2�+�i�b �Q�7 �� �b�v�b�i�2�K�ö�b �/�v�M���K�B�+�b �i�?���i �+�Q�m�H�/ �M�Q�i �#�2 ���+�+�Q�m�M�i�2�/ �7�Q�` �r�B�i�? �ó�+�H���b�@
�b�B�+���H�ô �i�2�K�T�Q�`���H �H�Q�;�B�+ �7�Q�`�K���H�B�b�K�b�X �� �7�m�`�i�?�2�` �T�Q�b�B�i�B�p�2 �+�Q�M�b�2�[�m�2�M�+�2 �Q�7 �b�m�+�? �2�t�T�`�2�b�b�B�p�2 �T�Q�r�2�`
�B�b �i�?���i �B�i �v�B�2�H�/�b �� �ó�7�m�H�H�ô�b�2�T��� �̀��i�B�Q�M �Q�7 �+�Q�M�+�2�`�M�b�K�2���M�B�M�; �i�?���i �K�Q�/�2�H�H�B�M�; ���M�/ �T�`�Q�T�2�`�i�B�2�b �+�Q�M�@
�+�2�T�i�B�Q�M ���`�2 �B�M�/�2�T�2�M�/�2�M�i �2�z�Q�`�i�b �B�M �i�?�2 �b�2�M�b�2 �i�?���i �� �K�Q�/�2�H �/�Q�2�b �M�Q�i �M�2�2�/ �i�Q �#�2 �2�M�`�B�+�?�2�/ �r�B�i�?
�+�Q�K�T�H�2�K�2�M�i���`�v �2�H�2�K�2�M�i�b �U�`�2�r���`�/�b ���M�/�f�Q�` �/�2�/�B�+���i�2�/ �K�Q�M�B�i�Q�` �p���`�B���#�H�2�b�V �r�?�B�+�? ���`�2 �Q�i�?�2�`�r�B�b�2
�M�2�+�2�b�b���`�v �i�Q �Q�p�2�`�+�Q�K�2 �i�?�2 �/�2�}�+�B�i�b �Q�7 �H�2�b�b �2�t�T�`�2�b�b�B�p�2 �7�Q�`�K���H�B�b�K�b ���M�/ �r�?�Q�b�2 �;�Q���H �r�Q�m�H�/ �#�2
�i�Q �`�2�;�B�b�i�2�` �`�2�H�2�p���M�i �b�i���i�B�b�i�B�+�b �i�?���i �Q�M�2 �r���M�i�b �i�Q ���+�+�Q�m�M�i �7�Q�` �/�m�`�B�M�; �K�Q�/�2�H �+�?�2�+�F�B�M�;�X

�A�7 �i�?�2 �2�t�T�`�2�b�b�B�p�2 �T�Q�r�2�` �B�b �m�M�/�Q�m�#�i�2�/�H�v �i�?�2 �b�i�`�Q�M�;�2�b�i �T�Q�B�M�i �B�M �7���p�Q�m�` �Q�7 �i�?�2 �>���a�G �7�Q�`�@
�K���H�B�b�K �i�?�2�`�2 ���`�2 �� �M�m�K�#�2�` �Q�7 �7���+�i�Q�`�b �r�Q�`�i�? �+�Q�M�b�B�/�2�`�B�M�; �7�Q�` �B�K�T�`�Q�p�B�M�; �i�?�B�M�;�b�X �6�B�`�b�i �i�?�2
�m�M�b�m�`�T�`�B�b�B�M�; �+�Q�b�i �Q�7 �b�m�+�? ���M �2�t�T�`�2�b�b�B�p�2 �T�Q�r�2�` �B�b �i�?�2�m�M�7�`�B�2�M�/�H�B�M�2�b�b�Q�7 �i�?�2 �7�Q�`�K���H�B�b�K�, �B�M�@
�/�2�2�/ �i�?�2 �/�2�b�B�;�M �Q�7 �� �?�v�#�`�B�/ ���m�i�Q�K���i�Q�M �i�Q �+���T�i�m�`�2 �� �;�B�p�2�M �i�2�K�T�Q�`���H �/�v�M���K�B�+�b �B�b �� �/�2�H�B�+���i�2
���M�/ �2�`�`�Q�` �T�`�Q�M�2 �i���b�F �`�2�[�m�B�`�B�M�; �2�t�T�2�`�i�B�b�2�X �A�M �i�?�B�b �`�2�b�T�2�+�i �B�i �r�Q�m�H�/ �#�2 �r�Q�`�i�? �i�Q �+�Q�K�2 �m�T
�r�B�i�? �� �r�Q�`�F���`�Q�m�M�/�- �B�M �i�2�`�K�b �Q�7 �� �m�b�2�` �7�`�B�2�M�/�H�v �U�b�v�M�i���t �#���b�2�/�V �H���M�;�m���;�2 �i�Q �2�t�T�`�2�b�b �� �i���`�;�2�i
�T�`�Q�T�2�`�i�v �Q�7 �i�?�2 �b�v�b�i�2�K �m�M�/�2�` �b�i�m�/�v �U�2�X�;�X �ó�r�?���i �B�b �i�?�2 �K�2���M �T�2�`�B�Q�/ �Q�7 �Q�b�+�B�H�H���i�B�Q�M �Q�7 �b�T�2�+�B�2�b
A�\�ô�V �r�?�B�+�? �B�b �b�m�B�i���#�H�2 �i�Q ���m�i�Q�K���i�B�+ �i�`���M�b�H���i�B�Q�M �B�M�i�Q �� �+�Q�`�`�2�b�T�Q�M�/�B�M�; �U�>���a�G�V �?�v�#�`�B�/ ���m�@
�i�Q�K���i�Q�M �K�Q�M�B�i�Q�`�X �h�?�2 �+�Q�M�p�2�`�b�B�Q�M �Q�7 �i�2�K�T�Q�`���H �H�Q�;�B�+ �7�Q�`�K�m�H���2 �B�M�i�Q �� �+�Q�`�`�2�b�T�Q�M�/�B�M�; �U�i�B�K�2�/�V
���m�i�Q�K���i�� �7�Q�`�K���H�B�b�K �?���b �#�2�2�M �/�B�b�+�m�b�b�2�/ �#�v �.�Q�M���i�2�H�H�B�- �a�T�`�Q�b�i�Q�M ���M�/ �>���/�/���/ �(�.�>�a�y�d�) ���b
�r�2�H�H ���b �#�v �Q�m�`�b�2�H�p�2�b �(�"�"�. + �R�8���)�X �A�i �B�b �F�M�Q�r�M �i�?���i �+�Q�K�K�Q�M�H�v �m�b�2�/ �M�Q�i�@�M�2�b�i�2�/�- �U�#�Q�m�M�/�2�/�f�m�M�@
�#�Q�m�M�/�2�/�V �`�2���+�?���#�B�H�B�i�v �T�`�Q�T�2�`�i�B�2�b �#���b�2�/ �Q�M �i�?�2�l�M�i�B�H�i�2�K�T�Q�`���H �Q�T�2�`���i�Q�` �U���M�/ �B�i�b �p���`�B���M�i�b�V
�+���M �b�i�`���B�;�?�i�7�Q�`�r���`�/�H�v �#�2 �2�M�+�Q�/�2�/ �B�M �>���a�G �i�2�`�K�b �r�?�B�H�2 �2�M�+�Q�/�B�M�; �Q�7 �7�Q�`�K�m�H���2 �B�M�p�Q�H�p�B�M�;
�M�2�b�i�2�/ �i�2�K�T�Q�`���H �Q�T�2�`���i�Q�`�b �B�b �K�Q�`�2 �+�m�K�#�2�`�b�Q�K�2�X �:�2�M�2�`���H�H�v �b�T�2���F�B�M�; ���M �B�M �/�2�T�i�? �i�`�2���i�K�2�M�i
�Q�7 �i�?�B�b �K���i�i�2�` �B�b �K�B�b�b�B�M�;�X �A�i �r�Q�m�H�/ �i�?�2�`�2�7�Q�`�2 �#�2 �r�Q�`�i�? �}�;�m�`�B�M�; �Q�m�i �i�Q �r�?���i �2�t�i�2�M�i �Q�M�2 �+���M
�Q�m�i�H�B�M�2 ���M ���T�T�`�Q���+�? �i�Q ���m�i�Q�K���i�B�+���H�H�v �;�2�M�2�`���i�2 �?�v�#�`�B�/ ���m�i�Q�K���i�Q�M �K�Q�M�B�i�Q�`�b �i�?���i �`�2�T�`�2�b�2�M�i�b
�`�2�H�2�p���M�i �T�`�Q�T�2�`�i�B�2�b �2�t�T�`�2�b�b�2�/ �i�?�`�Q�m�;�? �� �K�Q�`�2 �m�b�2�` �7�`�B�2�M�/�H�v �b�v�M�i���t�X

���M�Q�i�?�2�` ���b�T�2�+�i �r�Q�`�i�? �+�Q�M�b�B�/�2�`�B�M�; �B�M �Q�`�/�2�` �i�Q �2�p�Q�H�p�2 �i�?�2 �>���a�G �7�`���K�2�r�Q�`�F �+�Q�M�+�2�`�M�b �i�?�2
�b�T�2�2�/ �m�T �Q�7 �i�?�2 �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �2�M�;�B�M�2�X ���H�i�?�Q�m�;�?�- �/�B�z�2�`�2�M�i�H�v �7�`�Q�K �i�?�2 �K�2�K�Q�`�v
�+�Q�M�b�i�`���B�M�2�/ �M�m�K�2�`�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �b�+�?�2�K�2�- �a�J�* ���H�H�Q�r�b �7�Q�` �i���F�B�M�; �B�M�i�Q ���+�+�Q�m�M�i �p�2�`�v
�H���`�;�2 �U�2�p�2�M �B�M�}�M�B�i�2 �b�i���i�2�V �K�Q�/�2�H�b�- �i�?�2 �`�m�M�i�B�K�2 �Q�7 �� �a�J�* �2�t�T�2�`�B�K�2�M�i �+���M �#�2 �?�m�;�2 �;�B�p�2�M �i�?���i
�b���K�T�H�B�M�; �Q�7 �� �K�Q�/�2�H�ö�b �T���i�? �i�?�`�Q�m�;�?�2�t���+�i�b�i�Q�+�?���b�i�B�+ �b�B�K�m�H���i�B�Q�M �+���M �#�2 �p�2�`�v �+�Q�K�T�m�i���i�B�Q�M���H



�*�?���T�i�2�` �k�X �1�t�T�`�2�b�b�B�p�2 �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �9�y

�B�M�i�2�M�b�B�p�2 �U�/�2�T�2�M�/�B�M�; �Q�M �i�?�2 �b�i�Q�+�?���b�i�B�+�B�i�v ���b �r�2�H�H ���b �Q�7 �i�?�2 �b�B�x�2 �Q�7 �i�?�2 �K�Q�/�2�H�V�X �A�M �`�2�+�2�M�i
�i�B�K�2 �A �;�Q�i �B�M�i�2�`�2�b�i�2�/ �B�M �B�M�p�2�b�i�B�;���i�B�M�; �r�?�2�i�?�2�`�- �r�B�i�?�B�M �� �a�J�* �7�`���K�2�r�Q�`�F�- �Q�M�2 �+�Q�m�H�/ �i���F�2
���/�p���M�i���;�2 �Q�7 ���+�+�2�H�2�`���i�2�/�-���T�T� �̀Q�t�B�K���i�2�/�b�i�Q�+�?���b�i�B�+ �b�B�K�m�H���i�B�Q�M ���H�;�Q�`�B�i�?�K�b�- �2�X�;�X�- �i�?�Q�b�2 �#���b�2�/
�Q�M �i�?�2� �@�H�2���T�B�M�; �b�+�?�2�K�2 �(�:�B�H�y�R�)�X �_�Q�m�;�?�H�v �b�T�2���F�B�M�; �i�?���i �2�M�i���B�H�b �B�M�p�2�b�i�B�;���i�B�M�; �r�?���i �B�b �i�?�2
�2�z�2�+�i �Q�7 �i�?�2 �2�`�`�Q�` �B�M�/�m�+�2�/ �#�v���T�T� �̀Q�t�B�K���i�2�/ �T���i�?�b�Q�M �i�?�2 �U�+�Q�M�}�/�2�M�+�2�@�B�M�i�2�`�p���H�V �2�b�i�B�K���i�B�Q�M �Q�7
�i�?�2 �K�2���M �p���H�m�2 �Q�7 �i�?�2 �T�`�Q�T�2�`�i�v� �r�?�B�+�? �B�b �i���`�;�2�i�2�/ �#�v �i�?�2 �a�J�* �2�t�T�2�`�B�K�2�M�i�b�X �� �T�`�2�H�B�K�B�M���`�v
�T�`�Q�i�Q�i�v�T�2 �B�K�T�H�2�K�2�M�i���i�B�Q�M �/�2�p�2�H�Q�T�2�/ ���b �T���`�i �Q�7 �� �b�i�m�/�2�M�i�ö�b �`�2�b�2���`�+�? �T�`�Q�D�2�+�i �b�2�2�K�b �i�Q �T�`�Q�p�B�/�2
�T�`�Q�K�B�b�B�M�; �`�2�b�m�H�i�b �B�M �i�?�B�b �`�2�b�T�2�+�i�X



�*�?���T�i�2�` �j

�� �"���v�2�b�B���M ���T�T�`�Q���+�? �i�Q
�T���`���K�2�i�`�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�;

�h�?�2 ���m�i�Q�K���i�2�/ �p�2�`�B�}�+���i�B�Q�M �Q�7 �7�Q�`�K���H�H�v �2�t�T�`�2�b�b�2�/ �T�`�Q�T�2�`�i�B�2�b �#�v �K�Q�/�2�H �+�?�2�+�F�B�M�; �?���p�2 �T�`�Q�p�2�/
�� �b�m�+�+�2�b�b�7�m�H ���+�?�B�2�p�2�K�2�M�i �B�M �i�?�2�Q�`�2�i�B�+���H �+�Q�K�T�m�i�2�` �b�+�B�2�M�+�2 ���b �/�2�K�Q�M�b�i�`���i�2�/ �#�v �M�m�K�2�`�Q�m�b ���T�@
�T�H�B�+���i�B�Q�M�b �B�M �?�2�i�2�`�Q�;�2�M�Q�m�b �/�Q�K���B�M�b�X �P�M�2 �H�B�K�B�i���i�B�Q�M �Q�7 �K�Q�/�2�H �+�?�2�+�F�B�M�; �i�?�Q�m�;�? �B�b �i�?���i �B�i
�/�Q�2�b �M�Q�i �+�Q�K�2 �r�B�i�? �M���i�m�`���H �K�2���M�b �i�Q ���M���H�v�b�2 �?�Q�r �i�?�2 �b���i�B�b�7���+�i�B�Q�M �Q�7 �i�?�2 �+�Q�M�b�B�/�2�`�2�/ �T�`�Q�T�@
�2�`�i�v� �B�b ���z�2�+�i�2�/ �#�v �i�?�2 �K�Q�/�2�H�ö�b �T���`���K�2�i�2�`�b�X �:�B�p�2�M �i�?���i �� �b�v�b�i�2�K�ö�b �K�Q�/�2�HM �M�Q�`�K���H�H�v
�/�2�T�2�M�/�b �Q�M �� �b�2�i �Q�7 �T���`���K�2�i�2�`�b�R � = ( � 1; : : : ; � n ) 2 Rn �r�?���i �K�Q�/�2�H �+�?�2�+�F�B�M�; �/�Q�2�b �B�b �i�Q
�2�b�i���#�H�B�b�? �r�?�2�i�?�2�` �� �;�B�p�2�M �K�Q�/�2�H�ö�b �B�M�b�i���M�+�2M � �U�B�X�2�X �i�?�2 �B�M�b�i���M�+�2 �Q�7M �Q�#�i���B�M�2�/ �#�v �`�2�T�H���+�@
�B�M�; �i�?�2 �T���`���K�2�i�2�`�b �r�B�i�? �i�?�2 �p���H�m�2�b� 2 Rn �V �+�Q�K�T�H�B�2�b �r�B�i�?� �- �/�2�M�Q�i�2�/M � j= � �X �� �i�`�B�p�B���H
���T�T�`�Q���+�? �i�Q �b�i�m�/�v �?�Q�r �i�?�2 �b���i�B�b�7���+�i�B�Q�M �Q�7� �B�b ���z�2�+�i�2�/ �#�v �T���`���K�2�i�2�`�b� 2 Rn �r�Q�m�H�/ �#�2 �i�Q
�b�v�b�i�2�K���i�B�+���H�H�v �`�m�M �� �K�Q�/�2�H �+�?�2�+�F�B�M�; �2�t�T�2�`�B�K�2�M�i �7�Q�` �2�p�2�`�v �T�Q�b�b�B�#�H�2 �B�M�b�i���M�+�2M � �X �:�B�p�2�M �i�?�2
�T���`���K�2�i�2�` �b�T���+�2 �B�b �M�Q�`�K���H�H�v �/�2�M�b�2 �b�m�+�? ���#�`�m�i�2 �7�Q� �̀+�2�2�t�?���m�b�i�B�p�2 ���T�T�`�Q���+�? �r�Q�m�H�/ �?���`�/�H�v �#�2
�7�2���b�B�#�H�2 �Q�i�?�2�` �i�?���M �#�2�B�M�; �p�2�`�v �B�M�2�{�+�B�2�M�i �;�B�p�2�M �i�?�2 �+�Q�K�T�m�i���i�B�Q�M���H �+�Q�b�i �7�Q�` �B�i�2�`���i�B�M�; �b�B�M�;�H�2
�K�Q�/�2�H �+�?�2�+�F�B�M�; �2�t�T�2�`�B�K�2�M�i�bM � j= � �-8� 2 Rn �X

�>�2�`�2 �r�2 ���`�2 �B�M�i�2�`�2�b�i�2�/ �B�M�T��� �̀��K�2�i�`�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�;�Q�7 �+�Q�M�i�B�M�m�Q�m�b�@�i�B�K�2 �T�`�Q�#���#�B�H�B�b�i�B�+
�b�v�b�i�2�K�b �U�T���`�i�B�+�m�H���`�H�v �J���`�F�Q�p �+�?���B�M�b�V ���M�/ �i�?�2�`�2�7�Q�`�2 �T���`���K�2�i�2�`�b �+�Q�`�`�2�b�T�Q�M�/ �r�B�i�? �i�?�2 �`���i�2�b
�Q�7 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�b �i�?���i �+�?���`���+�i�2�`�B�b�2 �i�?�2 �`���M�/�Q�K �/�2�H���v�b �Q�7 �b�i���i�2 �i�`���M�b�B�i�B�Q�M�b�X
�h�?�2 �`�2�H�2�p���M�i �[�m�2�b�i�B�Q�M �r�2 �r�B�b�? �i�Q ���M�b�r�2�` �B�b�, �;�B�p�2�M �� �b�i�Q�+�?���b�i�B�+ �K�Q�/�2�H �r�B�i�? �T���`���K�2�i�`�B�+ �`���i�2�b
�7�Q�` �r�?�B�+�? �b�2�i�b �Q�7 �`���i�2 �p���H�m�2�b �� �;�B�p�2�M �i�2�K�T�Q�`���H �H�Q�;�B�+ �b�T�2�+�B�}�+���i�B�Q�M �B�b �b���i�B�b�}�2�/�\ �h�?�2�`�2 ���`�2 �i�r�Q
�7���K�B�H�B�2�b �Q�7 ���T�T�`�Q���+�?�2�b �i�Q ���M�b�r�2�` �b�m�+�? �[�m�2�b�i�B�Q�M�, �i�?�Q�b�2 �i�?���i �`�2�H�v �Q�M�M�m�K�2�`�B�+���H �K�2�i�?�Q�/�b���b
�Q�T�T�Q�b�2�/ �i�Q �i�?�Q�b�2 �i�?���i �`�2�H�v �Q�M�b�i���i�B�b�i�B�+���H�K�2�i�?�Q�/�b�X
�L�m�K�2�`�B�+���H ���T�T�`�Q���+�?�2�b�X �L�m�K�2�`�B�+���H ���T�T�`�Q���+�?�2�b �7�Q�` �K�Q�/�2�H �+�?�2�+�F�B�M�; �T���`���K�2�i�`�B�+ �*�h�J�*�b

�R�1�t���K�T�H�2 �Q�7 �r�?�B�+�? �K���v �#�2�- �i�?�2 �`���i�2 ���i �r�?�B�+�? �+�H�B�2�M�i�b ���`�`�B�p�2 �B�M �� �;�B�p�2�M �[�m�2�m�2 �Q�7 �� �[�m�2�m�2�B�M�; �b�v�b�i�2�K�- �Q�` �i�?�2
�K���t�B�K�m�K �b�B�x�2 �Q�7 �� �K���B�H�#�Q�t �B�M �� �K�2�b�b���;�2 �`�2�+�2�B�p�B�M�; �b�2�`�p�2�`�- �Q�` �i�?�2 �T�`�Q�#���#�B�H�B�i�v ���i �r�?�B�+�? �� �T�`�Q�/�m�+�i�B�Q�M �K���+�?�B�M�2
�B�M �� �K���M�m�7���+�i�m�`�B�M�; �b�v�b�i�2�K �#�`�2���F�b �/�Q�r�M �B�M �i�?�2 �M�2�t�i �i�B�K�2 �m�M�B�i�- �Q�` �v�2�i �i�?�2 �`���i�2 ���i �r�?�B�+�? �� �;�B�p�2�M �T�`�Q�i�2�B�M �B�b
�b�v�M�i�?�2�b�B�b�2�/ �r�?�2�M �B�i�b �+�Q�`�`�2�b�T�Q�M�/�B�M�; �;�2�M�2 �B�b �M�Q�i �B�M�?�B�#�B�i�2�/�X



�*�?���T�i�2�` �j�X �� �"���v�2�b�B���M ���T�T�`�Q���+�? �i�Q �T���`���K�2�i�`�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; �9�k

�`�2�H�v �Q�M �#���b�B�+ �}�M�/�B�M�;�b �B�M �*�h�J�* �K�Q�/�2�H �+�?�2�+�F�B�M�; �(�"�>�>�E�y�j���)�- �i�?���i �B�b�, �i�?�2 �p�2�`�B�}�+���i�B�Q�M �Q�7 �i�B�K�2�@
�#�Q�m�M�/�2�/ �*�a�G �b�T�2�+�B�}�+���i�B�Q�M�b ���;���B�M�b�i �� �*�h�J�* �B�M�b�i���M�+�2 �+���M �#�2 �`�2�/�m�+�2�/ �i�Q ���i� �̀��M�b�B�2�M�i�@�b�i���i�2
�/�B�b�i�`�B�#�m�i�B�Q�M �T�`�Q�#�H�2�K �r�?�Q�b�2 �b�Q�H�m�i�B�Q�M�- �B�M �i�m�`�M�- �B�b ���T�T�`�Q�t�B�K���i�2�/ �i�?�`�Q�m�;�?�m�M�B�7�Q�`�K�B�b���i�B�Q�M�X �h�Q
�/�2���H �r�B�i�? �T���`���K�2�i�`�B�+ �*�h�J�* �� �T���`���K�2�i�`�B�b�2�/ �p�2�`�b�B�Q�M �Q�7 �m�M�B�7�Q�`�K�B�b���i�B�Q�M �?���b �#�2�2�M �T�`�Q�T�Q�b�2�/
�H�2���/�B�M�; �i�Q ���H�;�Q�`�B�i�?�K�b �7�Q�`�T��� �̀��K�2�i�2�` �b�v�M�i�?�2�b�B�b�X �A�M�B�i�B���H�H�v �H�B�K�B�i�2�/ �i�Q�[�m���H�B�i���i�B�p�2�M�Q�M�@�M�2�b�i�2�/
�*�a�G �b�T�2�+�B�}�+���i�B�Q�M�b �(�>�E�J�y�3�)�- �U�B�X�2�X �#�Q�Q�H�2���M �p���H�m�2�/ �7�Q�`�K�m�H���2 �Q�7 �i�?�2 �7�Q�`�KP� p[� ] �r�?�2�`�2� �B�b ��
�M�Q�M�@�M�2�b�i�2�/ �T���i�? �7�Q�`�K�m�H���2 ���M�/�2 f <; � ; � ; > g�-p 2 [0; 1]�V �i�?�2�v �?���p�2 �i�?�2�M �#�2�2�M �2�t�i�2�M�/�2�/ �i�Q
�i�?�2 �2�M�i�B�`�2 �*�a�G �b�T�2�+�i�`�m�K �B�M�+�H�m�/�B�M�;�[�m���M�i�B�i���i�B�p�2�7�Q�`�K�m�H���2 �U�B�X�2�X �7�Q�`�K�m�H���2 �Q�7 �i�?�2 �7�Q�`�KP=? [� ]
�r�?�Q�b�2 �p�2�`�B�}�+���i�B�Q�M �`�2�[�m�B�`�2�b ���b�b�2�b�b�B�M�; �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �+�Q�M�/�B�i�B�Q�M� �B�b �K�2�i�V �(�*�.�S+ �R�d�)�X
�h�?�2 �T�Q�b�B�i�B�p�2 ���b�T�2�+�i�b �Q�7 �T���`���K�2�i�`�B�b�2�/�@�m�M�B�7�Q�`�K�B�b���i�B�Q�M �b�v�M�i�?�2�b�B�b �b�+�?�2�K�2�b �B�b �i�?���i �i�?�2�v �B�K�@
�T�H�2�K�2�M�i ���M �2�t�?���m�b�i�B�p�2 �b�2���`�+�? �Q�7 �i�?�2 �T���`���K�2�i�2�` �b�T���+�2 �v�B�2�H�/�B�M�; �`�2�;�B�Q�M�b �B�M �r�?�B�+�? �2�B�i�?�2�` ��
�[�m���H�B�i���i�B�p�2 �*�a�G �7�Q�`�K�m�H�� �B�b�;�m��� �̀��M�i�2�2�/�i�Q �#�2 �b���i�B�b�}�2�/ �Q�`�- ���H�i�2�`�M���i�B�p�2�H�v�- �`�2�;�B�Q�M�b �B�M �r�?�B�+�?
�i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �[�m���M�i�B�i���i�B�p�2 �*�a�G �7�Q�`�K�m�H�� �B�b �2�M�b�m�`�2�/ �i�Q �7���H�H �r�B�i�?�B�M �� �#�Q�m�M�/�2�/ �B�M�i�2�`�p���H
�U�Q�7 ���`�#�B�i�`���`�v �r�B�/�i�?�V�X �h�?�2 �/�Q�r�M�b�B�/�2 �?�Q�r�2�p�2�` �B�b �i�?�2�B�` �+�Q�K�T�m�i���i�B�Q�M���H �+�Q�b�i�k ���M�/ �?�2�M�+�2 �i�?�2�B�`
�B�M���#�B�H�B�i�v �i�Q �b�+���H�2 �m�T �Q�i�?�2�` �i�?���M �i�?�2�B�` �H�B�K�B�i���i�B�Q�M �i�Q �i�?�2 �J���`�F�Q�p �+�?���B�M�b �`�2���H�K�X
�a�i���i�B�b�i�B�+���H ���T�T�`�Q���+�?�2�b�X �a�i���i�B�b�i�B�+���H ���T�T�`�Q���+�?�2�b �i�Q �T���`���K�2�i�`�B�+ �p�2�`�B�}�+���i�B�Q�M �+�Q�M�b�i�B�i�m�i�2 ��
�+�Q�K�T�m�i���i�B�Q�M���H�H�v �+�?�2���T�2�` ���H�i�2�`�M���i�B�p�2 �i�Q �M�m�K�2�`�B�+���H �Q�M�2�b�- �i�?�2 �#���b�B�+ �B�/�2�� �#�2�B�M�; �i�Q �Q�#�i���B�M ���M
���T�T�`�Q�t�B�K���i�B�Q�M �Q�7 �i�?�2�b���i�B�b�7���+�i�B�Q�M �T� �̀Q�#���#�B�H�B�i�v�Q�7� �i�?�`�Q�m�;�? �M�Q�M�@�2�t�?���m�b�i�B�p�2 �2�t�T�H�Q�`���i�B�Q�M �Q�7
�i�?�2 �T���`���K�2�i�2�` �b�T���+�2�X �h�?�2 �T�`�Q�K�B�M�2�M�i �+�Q�M�i�`�B�#�m�i�B�Q�M �B�M �i�?�B�b �b�i�B�H�H �`�2�H���i�B�p�2�H�v �v�Q�m�M�; ���`�2�� �Q�7
�`�2�b�2���`�+�? �B�b �i�?���i �Q�7 �b�K�Q�Q�i�?�2�/ �K�Q�/�2�H �+�?�2�+�F�B�M�; �(�"�J�a�R�e�) �B�M �r�?�B�+�? �"�Q�`�i�Q�H�m�b�b�B ���M�/ �a���M�;�m�B�M�2�i�i�B
�/�2�K�Q�M�b�i�`���i�2�/ �i�?���i �i�?�2 �b���i�B�b�7���+�i�B�Q�M �7�m�M�+�i�B�Q�M �Q�7 �� �J�2�i�`�B�+ �A�M�i�2�`�p���H �h�2�K�T�Q�`���H �G�Q�;�B�+ �U�J�A�h�G�V
�7�Q�`�K�m�H�� ���;���B�M�b�i �� �T���`���K�2�i�`�B�+ �*�h�J�* �B�b �U�m�M�/�2�` �K�B�H�/ �+�Q�M�/�B�i�B�Q�M�b �Q�p�2�` �i�?�2 �M���i�m�`�2 �Q�7 �i�?�2
�T���`���K�2�i�2�`�b�V �� �b�K�Q�Q�i�? �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �*�h�J�* �T���`���K�2�i�2�`�b�X �h�?�B�b �H�2���/�b �i�Q ���H�;�Q�`�B�i�?�K�b �r�?�2�`�2
���M ���`�#�B�i�`���`�B�H�v �T�`�2�+�B�b�2 ���T�T�`�Q�t�B�K���i�B�Q�M �Q�7 �i�?�2 �b���i�B�b�7���+�i�B�Q�M �7�m�M�+�i�B�Q�M �B�b �/�2�`�B�p�2�/ �p�B�� �� �:���m�b�b�B���M
�S�`�Q�+�2�b�b �#���b�2�/ �Q�M �B�i�b �b�K�Q�Q�i�?�M�2�b�b�X

�P�m�i�H�B�M�2 �Q�7 �+�Q�M�i�`�B�#�m�i�B�Q�M�X�A�M �i�?�B�b �+�?���T�i�2�` �r�2 �T�`�2�b�2�M�i �� �b�i���i�B�b�i�B�+���H ���T�T�`�Q���+�? �7�Q�` ���T�T�`�Q�t�B�@
�K���i�B�M�; �i�?�2�b���i�B�b�7���+�i�B�Q�M �T� �̀Q�#���#�B�H�B�i�v�Q�7 �i�2�K�T�Q�`���H �T�`�Q�T�2�`�i�B�2�b �B�M �7�m�M�+�i�B�Q�M �Q�7 �� �b�i�Q�+�?���b�i�B�+ �K�Q�/�2�H�ö�b
�T���`���K�2�i�2�`�b�X �.�B�z�2�`�2�M�i�H�v �7�`�Q�K �b�K�Q�Q�i�?�2�/ �K�Q�/�2�H �+�?�2�+�F�B�M�; �Q�m�` ���T�T�`�Q���+�? �`�2�H�B�2�b �Q�M �"���v�2�b�B���M
�b�i���i�B�b�i�B�+�b�- �b�T�2�+�B�}�+���H�H�v �Q�M �i�?�2 ���T�T�`�Q�t�B�K���i�2�/ �"���v�2�b�B���M �*�Q�K�T�m�i���i�B�Q�M �U���"�*�V �K�2�i�?�Q�/�- �B�X�2�X�-
�� �r�2�H�H �2�b�i���#�H�B�b�?�2�/ �K�2�i�?�Q�/ �i�?���i �;�B�p�2�M �� �b�2�i �Q�7�Q�#�b�2�`�p���i�B�Q�M�b�Q�7 �i�?�2 �K�Q�/�2�H�H�2�/ �b�v�b�i�2�K ���M�/
���M �B�M�B�i�B���H�T�`�B�Q�`�/�B�b�i�`�B�#�m�i�B�Q�M �Q�p�2�` �i�?�2 �K�Q�/�2�H�ö�b �T���`���K�2�i�2�` �b�T���+�2 ���H�H�Q�r�b �i�Q ���T�T�`�Q�t�B�K���i�2 �i�?�2
�T�Q�b�i�2�`�B�Q�`�/�B�b�i�`�B�#�m�i�B�Q�M �#�v �b�2�H�2�+�i�B�M�; �T���`���K�2�i�2�`�b �#���b�2�/ �Q�M �i�?�2�B�`�i�?�2�B�` �/�B�b�i���M�+�2�7�`�Q�K �i�?�2 �b�v�b�@
�i�2�K�ö�b�Q�#�b�2�`�p���i�B�Q�M�b�X �>�2�`�2 �r�2 ���/���T�i ���"�* �b�+�?�2�K�2�b �#�v �`�2�T�H���+�B�M�; �i�?�2�Q�#�b�2�`�p���i�B�Q�M�b�r�B�i�? ��
�7�Q�`�K���H�K���+�?�B�M�2�`�v�U�+�Q�M�b�B�b�i�B�M�; �B�M �� �H�B�M�2���` �?�v�#�`�B�/ ���m�i�Q�K���i�� �Q�7 �i�?�2 �>���a�G �7�Q�`�K���H�B�b�K�V �i�?�`�Q�m�;�?
�r�?�B�+�? �r�2 ���b�b�2�b�b�?�Q�r �7���` �� �b�2�i �Q�7 �T��� �̀��K�2�i�2�`�b �B�b �7� �̀Q�K �b���i�B�b�7�v�B�M�; �i�?�2 �+�Q�M�b�B�/�2� �̀2�/ �i�2�K�T�Q� �̀��H
�T� �̀Q�T�2�`�i�v�- �?�2�M�+�2 �H�2�i�i�B�M�; ���"�* ���H�;�Q�`�B�i�?�K�b �b�2�H�2�+�i �Q�M�H�v �i�?�Q�b�2 �T���`���K�2�i�2�`�b �i�?���i �K���i�+�? �i�?�2 �/�2�@
�b�B�`�2�/ �#�2�?���p�B�Q�m�`�X �a�B�M�+�2 �r�2 �m�b�2 �>���a�G �H�B�M�2���` �?�v�#�`�B�/ ���m�i�Q�K���i�� ���b �K���+�?�B�M�2�`�v �i�Q ���b�b�2�b�b �i�?�2
�/�B�b�i���M�+�2 �Q�7 �T���`���K�2�i�2�`�b �r�2 �M���K�2 ���m�i�Q�K���i�Q�M�@���"�*�i�?�2 �T���`���K�2�i�`�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; ���/���T�i���@

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



�*�?���T�i�2�` �j�X �� �"���v�2�b�B���M ���T�T�`�Q���+�? �i�Q �T���`���K�2�i�`�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; �9�j

�i�B�Q�M �Q�7 ���"�*�X �.�B�z�2�`�2�M�i�H�v �7�`�Q�K �b�i���M�/���`�/ ���"�* �b�+�?�2�K�2�b�- �i�?�2 ���m�i�Q�K���i�Q�M�@���"�* �T�`�Q�+�2�/�m�`�2 �B�b
�Q�#�b�2�`�p���i�B�Q�M�b �7� �̀2�2�- �B�M �i�?���i �B�i �/�Q�2�b �M�Q�i �`�2�[�m�B�`�2 ���M�v �/���i���b�2�i �B�M �Q�`�/�2�` �i�Q �/�`�B�p�2 �i�?�2 �T���`���K�2�i�2�`
�b�2�H�2�+�i�B�Q�M �T�`�Q�+�2�b�b�- �?�Q�r�2�p�2�` �B�i �`�2�H�B�2�b �Q�M �i�?�2 �2�t�B�b�i�2�M�+�2 �Q�7 �� �M�Q�i�B�Q�M �Q�7�/�B�b�i���M�+�2�#�2�i�r�2�2�M �i�?�2
�T���i�?�b �Q�7 �� �K�Q�/�2�H �B�M�b�i���M�+�2M � ���M�/ �i�?�2 �T�`�Q�T�2�`�i�v� �r�?�B�+�? �B�b �i�?�2 �i���`�;�2�i �Q�7 �i�?�2 �T���`���K�2�i�2�`
�b�2���`�+�?�X �q�2 �/�2�K�Q�M�b�i�`���i�2 �i�?�2 �2�z�2�+�i�B�p�2�M�2�b�b �Q�7 �i�?�2 ���m�i�Q�K���i�Q�M�@���"�* �b�+�?�2�K�2 �#�v �B�M�i�`�Q�/�m�+�B�M�;
�� �7�Q�`�K���H �/�2�}�M�B�i�B�Q�M �Q�7 �/�B�b�i���M�+�2 �7�Q�` �� �+�H���b�b�B�+���H �i�B�K�2�@�#�Q�m�M�/�2�/ �`�2���+�?���#�B�H�B�i�v �T�`�Q�#�H�2�K�b ���M�/ �r�2
�;�B�p�2 �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �/�B�b�i���M�+�2�@�K�Q�M�B�i�Q�` �G�>�� ���m�i�Q�K���i���X �h�?�B�b �+�Q�M�i�`�B�#�m�i�B�Q�M �?���b �#�2�2�M ���i
�i�?�2 �+�Q�`�2 �Q�7 �J���?�K�Q�m�/ �"�2�M�i�`�B�Q�m �S�?�. �r�?�B�+�? �A �+�Q�@�/�B�`�2�+�i�2�/ �r�B�i�? �S���m�H�@�>�2�M�`�v �*�Q�m�`�M���/�2 ���M�/
�r�?�Q�b�2 �`�2�b�m�H�i�b �?���p�2 �#�2�2�M �T�m�#�H�B�b�?�2�/ �B�M �(�"�"�*�R�N�-�"�"�*�k�R�)�X

�a�i�`�m�+�i�m�`�2 �Q�7 �i�?�2 �+�?���T�i�2�`�X�h�?�2 �+�?���T�i�2�` �B�b �Q�`�;���M�B�b�2�/ ���b �7�Q�H�H�Q�r�b�, �a�2�+�i�B�Q�M�j�X�R�;�B�p�2�b ���M
�Q�p�2�`�p�B�2�r �Q�7 �M�2�+�2�b�b���`�v �#���+�F�;�`�Q�m�M�/ �K���i�2�`�B���H �B�M�+�H�m�/�B�M�; �i�?�2 �+�H���b�b �Q�7 �T���`���K�2�i�`�B�+ �J���`�F�Q�p �K�Q�/�2�H�b
�r�?�B�+�? �r�2 �+�Q�M�b�B�/�2�`�- �i�?�2 �T�`�Q�T�2�`�i�v �H���M�;�m���;�2 �r�2 �`�2�7�2�` �i�Q�- �i�?�2 �+�H���b�b�B�+���H ���"�* ���H�;�Q�`�B�i�?�K�b �r�?�B�+�?
�r�2 ���B�K �i�Q �2�t�i�2�M�/ ���M�/ �}�M���H�H�v �i�?�2 �E�2�`�M�2�H �2�b�i�B�K���i�B�Q�M �K�2�i�?�Q�/ �r�?�B�+�? �r�2 �`�2�b�Q�`�i �i�Q �7�Q�` �`�2�+�Q�M�@
�b�i�`�m�+�i�B�M�; �i�?�2 �b���i�B�b�7���+�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �Q�7 �� �T�`�Q�T�2�`�i�v' �7�`�Q�K �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M �B�b�b�m�2�/
�#�v �i�?�2 ���m�i�Q�K���i�Q�M�@���"�*���H�;�Q�`�B�i�?�K�X �A�M �a�2�+�i�B�Q�M�j�X�k�r�2 �B�M�i�`�Q�/�m�+�2 �i�?�2 �M�Q�i�B�Q�M �Q�7 �b���i�B�b�}���#�B�H�B�i�v
�/�B�b�i���M�+�2 �7�Q�` �`�2���+�?���#�B�H�B�i�v �T�`�Q�#�H�2�K�b ���M�/ �B�M�i�`�Q�/�m�+�2 �i�?�2 �M�Q�p�2�H ���m�i�Q�K���i�Q�M�@���"�* �7�`���K�2�r�Q�`�F
�#���b�2�/ �Q�M �b�m�+�? �/�B�b�i���M�+�2 �K�2���b�m�`�2 �B�b �/�2�p�2�H�Q�T�2�/ �r�?�B�H�2 �B�M �a�2�+�i�B�Q�M�j�X�j�i�?�2 �2�z�2�+�i�B�p�2�M�2�b�b �Q�7 �i�?�2
�7�`���K�2�r�Q�`�F �B�b �/�2�K�Q�M�b�i�`���i�2�/ �i�?�`�Q�m�;�? �� �+�Q�m�T�H�2 �Q�7 �+���b�2 �b�i�m�/�B�2�b�X

�j�X�R �S�`�2�H�B�K�B�M���`�B�2�b

�j�X�R�X�R �J���`�F�Q�p �S�Q�T�m�H���i�B�Q�M �J�Q�/�2�H�b

�"�2�7�Q�`�2 �H�Q�Q�F�B�M�; ���i �i�?�2 �#���b�B�+�b �Q�7 �?�Q�r �i�?�2 ���"�* �K�2�i�?�Q�/ �r�Q�`�F�b �r�2 �b�i���`�i �#�v �Q�p�2�`�p�B�2�r�B�M�; �i�?�2 �+�H���b�b
�Q�7 �K�Q�/�2�H�b �r�2 ���`�2 �;�Q�B�M�; �i�Q �+�Q�M�b�B�/�2�`�- �M���K�2�H�v �i�?���i �Q�7 �U�T���`���K�2�i�`�B�+�V �J���`�F�Q�p �T�Q�T�m�H���i�B�Q�M �K�Q�/�2�H�b
�U�T�J�S�J�V�- �� �U�T���`���K�2�i�`�B�b�2�/�V �7�Q�`�K �Q�7 �+�Q�M�i�B�M�m�Q�m�b�@�i�B�K�2 �J���`�F�Q�p �+�?���B�M �U�*�h�J�*�V �(�E�m�H�R�e�-�"�*�R�N�)
�b�m�B�i���#�H�2 �7�Q�` �K�Q�/�2�H�H�B�M�; �Q�7�T�Q�T�m�H���i�B�Q�M �T� �̀Q�+�2�b�b�2�b�- �B�X�2�X �b�v�b�i�2�K�b �r�?�Q�b�2 �b�i���i�2�b �`�2�T�`�2�b�2�M�i �i�?�2
�M�m�K�#�2�` �Q�7 �B�M�/�B�p�B�/�m���H�b �Q�7 �/�B�z�2�`�2�M�i�b�T�2�+�B�2�b���M�/ �r�?�Q�b�2 �i�`���M�b�B�i�B�Q�M�b �+�Q�`�`�2�b�T�Q�M�/ �i�Q ���/�/�B�M�;�f�`�2�@
�K�Q�p���H �Q�7 �B�M�/�B�p�B�/�m���H�b�X �a�B�M�+�2 �r�2 �i���`�;�2�i �K�Q�/�2�H�H�B�M�; �Q�7 �#�B�Q�H�Q�;�B�+���H �b�v�b�i�2�K�b �r�2 ���H�b�Q �Q�p�2�`�p�B�2�r
�i�?�2 �*�?�2�K�B�+���H �_�2���+�i�B�Q�M �L�2�i�r�Q�`�F�b �U�*�_�L�b�V �7�Q�`�K���H�B�b�K ���b �� �K�2���M�b �7�Q�` �2�t�T�`�2�b�b�B�M�; �T�Q�T�m�H���i�B�Q�M
�K�Q�/�2�H�b�X

�.�2�}�M�B�i�B�Q�M �j�X�R�U�J���`�F�Q�p �S�Q�T�m�H���i�B�Q�M �J�Q�/�2�H�V�X�� �J���`�F�Q�p �T�Q�T�m�H���i�B�Q�M �K�Q�/�2�H �U�J�S�J�V �7�Q�`
n 2 N �T�Q�T�m�H���i�B�Q�M �b�T�2�+�B�2�b �B�b �� �i�`�B�T�H�2M = ( S; Q; � 0) �b�m�+�? �i�?���i�,

�Ç S � Nn �B�b �� �+�Q�m�M�i���#�H�2 �b�2�i �Q�7 �b�i���i�2�b

�Ç Q : S � S ! R�, �B�b �i�?�2 �B�M�}�M�B�i�2�b�B�K���H �;�2�M�2�`���i�Q�` �K���i�`�B�t �U�r�B�i�?Q(si ; si ) =
�

P
j 6= i Q(si ; sj )�V

�Ç � 0 : S ! [0; 1] �B�b �i�?�2 �B�M�B�i�B���H �b�i���i�2 �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�j �U�B�X�2�X
P

s2 S � 0(s) = 1 �V�X
�j �q�?�2�M�2�p�2�`9so 2 S : � 0(s0) = 1 �r�2 �m�b�2M = ( S; Q; s0) �i�Q �/�2�M�Q�i�2 ���M �J�S�J�X



�*�?���T�i�2�` �j�X �� �"���v�2�b�B���M ���T�T�`�Q���+�? �i�Q �T���`���K�2�i�`�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; �9�9

�"�2�+���m�b�2 �Q�7 �i�?�2�K�2�K�Q�`�v�H�2�b�b �T� �̀Q�T�2�`�i�v�J���`�F�Q�p �K�Q�/�2�H�b ���H�H�Q�r�b �7�Q�` �� �+�Q�K�T���+�i ���M���H�v�i�B�+���H
�2�t�T�`�2�b�b�B�Q�M �Q�7 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �7�Q�` �i�B�K�2�/ �b�i���i�2 �i�`���M�b�B�i�B�Q�M�b�, �;�B�p�2�M �i�?���i �i�?�2 �b�v�b�i�2�K �B�b �B�M �b�i���i�2s
���i �i�B�K�2t�- �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �Q�#�b�2�`�p�B�M�; �� �i�`���M�b�B�i�B�Q�M �i�Q �b�i���i�2s0 �r�B�i�?�B�M �i�B�K�2t0 �B�bP r ((s; t) !
(s0; t0)) = P(s; s0) � (1 � e� Q (s;s0)�(t0� t ) ) �r�?�2�`�2E(s) =

P
s06= s Q(s; s0) �B�b �i�?�2�2�t�B�i � �̀��i�2�Q�7 �b�i���i�2

s�- ���M�/P(s; s0) = Q(s; s0)=E(s) �B�b �i�?�2 �U�i�B�K�2�@�B�M�/�2�T�2�M�/�2�M�i�V �T�`�Q�#���#�B�H�B�i�v �Q�7 �D�m�K�T�B�M�; �7�`�Q�Ks �i�Q
s0�X �a�m�+�? �#���b�B�+ �T�`�Q�T�2�`�i�v �B�M�/�m�+�2�b �M���i�m�`���H�H�v �� �T�`�Q�#���#�B�H�B�i�v �K�2���b�m�`�2 �Q�p�2�` �i�?�2 �b�T���+�2 �Q�7 �T���i�?�b �Q�7
�� �J�S�J �K�Q�/�2�H�X

�q�?�2�M�2�p�2�` �K���i�`�B�tQ �B�b �/�2�T�2�M�/�2�M�i �Q�M ��d�@�/�B�K�2�M�b�B�Q�M���H �p�2�+�i�Q�` �Q�7 �T���`���K�2�i�2�`�b� 2 � � Rd

�r�2 �i���H�F �Q�7�T��� �̀��K�2�i�`�B�+�J�S�J �U�T�J�S�J�V�X

�S���i�?�b �Q�7 �� �J�S�J�X�a�B�M�+�2 �Q�m�` �}�M���H �;�Q���H �B�b �i�Q �#�2 ���#�H�2 �i�Q �2�b�i�B�K���i�2P r (' jM � )�- �B�X�2�X �i�?�2
�T�`�Q�#���#�B�H�B�i�v �i�?���i �� �i�2�K�T�Q�`���H �T�`�Q�T�2�`�i�v' �B�b �b���i�B�b�}�2�/ �B�M �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �T���`���K�2�i�2�`�b �Q�7 ��
�T���`���K�2�i�`�B�+ �J�S�JM � �- �r�2 �}�`�b�i �`�2�+���H�H �i�?���iP r (' jM � ) �+�Q�`�`�2�b�T�Q�M�/�b �r�B�i�? �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7
�i�?�Q�b�2�T���i�?�b�Q�7M � �i�?���i �b���i�B�b�7�v' ���M�/ �i�?�2�M �`�2�p�B�b�2 �?�Q�r�- �i�?���M�F�b �i�Q �i�?�2 �K�2�K�Q�`�v�H�2�b�b �T�`�Q�T�2�`�i�v �Q�7
�J�S�J�b�- �b�m�+�? �T�`�Q�#���#�B�H�B�i�v �2�M�D�Q�v�b �� �M�B�+�2 ���M���H�v�i�B�+���H �2�t�T�`�2�b�b�B�Q�M �H�2���/�B�M�; �i�Q �� �+�Q�K�T���+�i �� �K�2���b�m�`�2
�Q�7 �T�`�Q�#���#�B�H�B�i�v�9 �Q�M �i�?�2 �b�2�i �Q�7 �T���i�?�b �(�"�>�>�E�y�j�#�)�X

�� �T���i�? �Q�7 ���M �J�S�J �K�Q�/�2�HM � �B�b �� �U�T�Q�b�b�B�#�H�v �B�M�}�M�B�i�2�V �b�2�[�m�2�M�+�2� = s0
t0�! s1

t1�! : : :
tn � 1���!

sn : : :�- �r�B�i�?t i 2 R> 0 �#�2�B�M�; �i�?�2 �b�Q�D�Q�m�`�M�@�i�B�K�2 �B�M �b�i���i�2si 2 S�X �q�2 �/�2�M�Q�i�2PathM � �i�?�2 �b�2�i
�Q�7 ���H�H �T�Q�b�b�B�#�H�2 �T���i�?�b �Q�7M � �Q�`�B�;�B�M���i�B�M�; �B�M �i�?�2 �B�M�B�i�B���H �b�i���i�2s0�X �6�Q�`� 2 PathM � �-i 2 N ���M�/
t 2 R> 0�- �r�2 �/�2�M�Q�i�2� [i ] = si �i�?�2i �@�i�? �b�i���i�2 �Q�7� �- � (�; i ) = t i �i�?�2 �b�Q�D�Q�m�`�M�@�i�B�K�2 �Q�7� �B�M �i�?�2
i �@�i�? �b�i���i�2�-� i �i�?�2 �b�m�{�t �Q�7� �b�i���`�i�B�M�; ���i �b�i���i�2� [i ]�-Tk =

P k
i =0 � (�; i ) �i�?�2 �b�m�K �Q�7 �i�?�2 �b�Q�D�Q�m�`�M

�i�B�K�2�b �m�T �i�Q �b�i���i�2k�- � @t �i�?�2 �b�i���i�2 �Q�7� ���i �i�B�K�2t ���M�/� [t i �i�?�2t�@�b�?�B�7�i�2�/ �b�m�{�t �Q�7� �- �B�X�2�X

�i�?�2 �b�m�{�t �Q�7� �i�?���i �b�i���`�i�b ���i �i�B�K�2t�X �6�Q�`�K���H�H�v� [t i = � [k +1]
t � Tk +1����! � k �r�?�2�`�2k �B�b �i�?�2

�;�`�2���i�2�b�i �B�M�/�2�t �b�m�+�? �i�?���iTk � t �X �6�Q�` �2�t���K�T�H�2�- �7�Q�`� = s0
0:25��! s1

0:5��! s2
0:15��! s3

1�! : : :
�r�2 �?���p�2� [1] = s1�-� (�; 2) = 0 :15�-T1 = 0 :75�-T2 = 0 :9 ���M�/� [0:8i = s2

0:1��! s3
1�! : : : ���M�/

� [1:5i = s3
0:4��! : : :�X �L�Q�i�B�+�2 �i�?���i �i�`���D�2�+�i�Q�`�B�2�b �Q�7 ���M �J�S�J ���`�2�+�¨�/�H�¨�;�U�B�X�2�X �b�i�2�T�V �7�m�M�+�i�B�Q�M�b �Q�7

�i�B�K�2�X �A�M �Q�`�/�2�` �i�Q �B�M�/�B�+���i�2 �i�?�2 �`�2���+�i�B�Q�M �2�p�2�M�i �i�?���i �v�B�2�H�/�2�/ �� �i�`���M�b�B�i�B�Q�M �Q�7 �i�?�2 �T���i�? �Q�7 �� �*�_�L
�K�Q�/�2�H�- �r�2 �b�Q�K�2�i�B�K�2�b ���/�Q�T�i �i�?�2 �7�Q�H�H�Q�r�B�M�; �M�Q�i���i�B�Q�M� = s0

0:25��!
R1j

s1
0:5��!
R2j

s2
0:15��!
R3j

s3
1��!

R4j
: : :�-

�r�?�2�`�2Rij �B�M�/�B�+���i�2�b �i�?���i �`�2���+�i�B�Q�MRj �Q�+�+�m�`�`�2�/ �Q�M �i�?�2i �@�i�? �i�`���M�b�B�i�B�Q�M �Q�7 �i�?�2 �T���i�?�X
�S���i�?�b �T�`�Q�#���#�B�H�B�i�v �b�T���+�2�X�6�Q�s̀0; s1; : : : ; sk �� �b�2�[�m�2�M�+�2 �Q�7 �b�i���i�2�b �Q�7M � �b�m�+�? �i�?���i
Q(si ; si +1 ) > 0 �U0� i < k �V ���M�/I 0; : : : ; I k� 1 �� �b�2�[�m�2�M�+�2 �Q�7 �M�Q�M�@�2�K�T�i�v �i�B�K�2 �B�M�i�2�`�p���H�b �B�MR� 0�-
�r�2 �H�2�iC(s0; I 0; s1; : : : ; I k� 1; sk ) �#�2 �i�?�2�+�v�H�B�M�/�2�` �b�2�i�+�Q�M�b�B�b�i�B�M�; �Q�7 ���H�H �T���i�?�b� 2 PathM (M )
�b�m�+�? �i�?���i� [i ] = si �Ui � k�V ���M�/� (�; i ) 2 I i �Ui<k �V�X �6�m�`�i�?�2�`�K�Q�`�2 �r�2 �H�2�iF (PathM ) �/�2�M�Q�i�2 �i�?�2
�b�K���H�H�2�b�i� ���H�;�2�#�`�� �+�Q�M�i���B�M�B�M�; ���H�H �b�2�i�bC(s0; I 0; s1; : : : ; I k� 1; sk )�X �h�?�2 �T�`�Q�#���#�B�H�B�i�v �K�2���b�m�`�2 �Q�M

�9�L�Q�i�B�+�2 �i�?���i �i�?�2 �M�Q�i�B�Q�M �Q�7 �T�`�Q�#���#�B�H�B�i�v �K�2���b�m�`�2 �7�Q�` �T���i�?�b �Q�7 ���M �J�S�J �M���i�m�`���H�H�v �2�t�i�2�M�/�b �i�Q �T���`���K�2�i�`�B�+
�J�S�J�b �r�?�B�+�? �r�2 �i���`�;�2�i �B�M �i�?�2 �`�2�K���B�M�/�2�`�X



�*�?���T�i�2�` �j�X �� �"���v�2�b�B���M ���T�T�`�Q���+�? �i�Q �T���`���K�2�i�`�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; �9�8

F (PathM ) �B�b �B�M�/�m�+�i�B�p�2�H�v �/�2�}�M�2�/ �#�v�,

�S�M̀ (C(s0; I 0; : : : ; I k� 1; sk )) =

8
><

>:

1; �B�7k = 0

P(sk� 1; sk ) � (e� E (sk� 1 )�t � e� E (sk� 1 )�t0
)�

��S�M̀ (C(s0; I 0; : : : ; I k� 2; sk� 1)) ; �Q�i�?�2�`�r�B�b�2

�U�j�X�R�V

�r�?�2�`�2t = inf (I k� 1) ���M�/t0 = sup(I k� 1)�X �A�M �2�b�b�2�M�+�2 �S�`M �b�i���i�2�b �i�?���i �7�Q�` �� �J�S�JM �i�?�2
�T�`�Q�#���#�B�H�B�i�v �Q�7 �� �T���i�? �B�b �;�B�p�2�M �#�v �i�?�2 �T�`�Q�/�m�+�i �Q�7 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�Q �Q�#�b�2�`�p�2 �2���+�? �+�Q�M�b�i�B�i�m�2�M�i
�i�`���M�b�B�i�B�Q�M�bsi ! si +1 �r�B�i�? �� �/�2�H���v �i�?���i �7���H�H�b �B�M �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �#�B�M�/�B�M�; �B�M�i�2�`�p���HI i �X �A�M
�i�2�`�K�b �Q�7 �p�Q�+���#�m�H���`�v �� �b�m�#�b�2�i �Q�7 �i�`���D�2�+�i�Q�`�B�2�b �Q�7PathM (M ) �K���v �#�2 �`�2�7�2�`�`�2�/ �i�Q ���b ���M �2�p�2�M�i
�Q�7M ���M�/ �B�i�b �T�`�Q�#���#�B�H�B�i�v �B�b �;�B�p�2�M �#�v �S�`M �X �A�M �i�?�2 �`�2���H�K �Q�7 �T�`�Q�#���#�B�H�B�b�i�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�;�-
�i�2�K�T�Q�`���H �H�Q�;�B�+ �H���M�;�m���;�2�b �T�`�Q�p�B�/�2 �i�?�2 �K�Q�/�2�H�H�2�` �r�B�i�? �� �T�Q�r�2�`�7�m�H �H���M�;�m���;�2 �7�Q�` �+�?���`���+�i�2�`�B�b�B�M�;
�`�2�H�2�p���M�i �2�p�2�M�i�b �Q�7 ���M �J�S�J �K�Q�/�2�H �B�M �i�2�`�K�b �Q�7�7�Q�`�K�m�H���2�U�B�X�2�X �7�Q�`�K���H �T�`�Q�T�2�`�i�B�2�b�V�X �h�?�2
�T�`�Q�#���#�B�H�B�i�v �i�?���i �� �i�2�K�T�Q�`���H �H�Q�;�B�+ �T�`�Q�T�2�`�i�v' �B�b �b���i�B�b�}�2�/ �#�v ���M �J�S�J �K�Q�/�2�HM �B�b �/�2�}�M�2�/
�B�M �i�2�`�K�b �Q�7 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �K�2���b�m�`�2 �S�`M �U�b�2�2 �.�2�}�M�B�i�B�Q�M�j�X�8�V�X

�A�M �i�?�2 �`�2�K���B�M�/�2�` �r�2 �+�Q�M�b�B�/�2�` �*�?�2�K�B�+���H �_�2���+�i�B�Q�M �L�2�i�r�Q�`�F�b �U�*�_�L�b�V ���b �� �7�Q�`�K���H�B�b�K �7�Q�`
�2�t�T�`�2�b�b�B�M�; �T�Q�T�m�H���i�B�Q�M �K�Q�/�2�H�b�X

�.�2�}�M�B�i�B�Q�M �j�X�k�U�*�?�2�K�B�+���H �_�2���+�i�B�Q�M �L�2�i�r�Q�`�F�V�X�� �U�T���`���K�2�i�`�B�+�V �+�?�2�K�B�+���H �`�2���+�i�B�Q�M �M�2�i�r�Q�`�F
�U�T�*�_�L�V �r�B�i�?n �b�T�2�+�B�2�b ���M�/m �`�2���+�i�B�Q�M �+�?���M�M�2�H�b �B�b �� �i�`�B�T�H�2N � = ( Xn ; R m ; �; X 0) �/�2�}�M�2�/
���b �7�Q�H�H�Q�r�b�,

�Ç Xn = f X 1; : : : ; X ng �B�b �� �b�2�i �Q�7 �b�T�2�+�B�2�b

�Ç R m = f R1; : : : ; Rm g �B�b �� �b�2�i �Q�7 �`�2���+�i�B�Q�M �+�?���M�M�2�H�b �r�?�2�`�2 �2���+�?Rj �Uj 2 f 1; : : : ; mg�V �B�b
�+�?���`���+�i�2�`�B�b�2�/ �#�v ���M �2�[�m���i�B�Q�M �r�B�i�? �i�?�2 �7�Q�H�H�Q�r�B�M�; �7�Q�`�K�,

Rj :
nX

i =1

a�
ij X i

k j
�!

nX

i =1

a+
ij X i

�r�?�2�`�2a�
ij ; a+

ij 2 N ���`�2 �i�?�2 �b�i�Q�B�+�?�B�Q�K�2�i�`�B�+ �+�Q�2�{�+�B�2�M�i�b �Q�7 �i�?�2 �`�2���+�i�B�Q�M�ö�b� �̀2���+�i���M�i�b�- �`�2�@
�b�T�2�+�i�B�p�2�H�v�-�T� �̀Q�/�m�+�i�b�X �6�m�`�i�?�2�`�K�Q�`�2Rj �B�b �+�?���`���+�i�2�`�B�b�2�/ �#�v �� �T���B�`Rj : (� j ; � j ) �r�B�i�?

�� � j = [ � 1j ; : : : ; � nj ] �i�?�2 �+�?���M�;�2 �p�2�+�i�Q�`�-

�� � j : Nn � � ! R� 0 �B�b �i�?�2 �T�`�Q�T�2�M�b�B�i�v �7�m�M�+�i�B�Q�M �Q�7Rj �X

�Ç � = [ � 1; : : : ; � d] �B�b ��d�@�/�B�K�2�M�b�B�Q�M���H �p�2�+�i�Q�` �Q�7 �T���`���K�2�i�2�`�b ���z�2�+�i�B�M�; �i�?�2 �F�B�M�2�i�B�+ �`���i�2 �Q�7
�i�?�2 �`�2���+�i�B�Q�M �+�?���M�M�2�H�b�- �r�B�i�?� 2 � � Rd�X

�Ç X 0 2 Nn �B�b �i�?�2 �B�M�B�i�B���H �b�i���i�2



�*�?���T�i�2�` �j�X �� �"���v�2�b�B���M ���T�T�`�Q���+�? �i�Q �T���`���K�2�i�`�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; �9�e

���H�i�?�Q�m�;�? �B�M �i�?�2 �H�B�i�2�`���i�m�`�2 �*�_�L�b ���`�2 �Q�7�i�2�M �B�M�?�2�`�2�M�i�H�v �K���T�T�2�/ �Q�M �i�?�2�B�` �+�Q�M�i�B�M�m�Q�m�b�@
�/�2�i�2�`�K�B�M�B�b�i�B�+ �b�2�K���M�i�B�+�b �U�B�X�2�X�- �� �b�v�b�i�2�K �Q�7 �/�B�z�2�`�2�M�i�B���H �2�[�m���i�B�Q�M�b�V �?�2�`�2 �r�2 �7�Q�+�m�b �Q�M �i�?�2�B�`
�/�B�b�+�`�2�i�2�@�b�i�Q�+�?���b�i�B�+ �b�2�K���M�i�B�+�b�- �?�2�M�+�2 �r�2 ���b�b�m�K�2 �i�?�2 �/�v�M���K�B�+�b �Q�7 �� �*�_�L �i�Q �+�Q�`�`�2�b�T�Q�M�/ �r�B�i�?
�� �U�+�¨�/�H�¨�;�V �b�i�2�T�@�7�m�M�+�i�B�Q�M �;�Q�p�2�`�M�2�/ �#�v �B�i�b �`�2���+�i�B�Q�M�b �+�?���M�M�2�H�bRj �X ���b�b�m�K�B�M�; �i�?�2 �b�v�b�i�2�K �B�b �B�M
�b�i���i�2X 2 Nn ���i �i�B�K�2t 2 R� 0 �`�2���+�i�B�Q�MRj : (� j ; � j ) �K���v �Q�+�+�m�`�- �K�Q�p�B�M�; �i�?�2 �b�v�b�i�2�K �i�Q �b�i���i�2
X 0 = X + � j �- ���i �i�B�K�2t0 > t �- �r�B�i�? �i�?�2 �/�2�H���vt0� t �r�?�B�+�? �B�b �b�i�Q�+�?���b�i�B�+���H�H�v �/�2�T�2�M�/�2�M�i �Q�M �#�Q�i�?
�i�?�2 �+�m�`�`�2�M�i �b�i���i�2X ���M�/ �i�?�2 ���+�i�m���H �p���H�m�2 �Q�7 �i�?�2 �T���`���K�2�i�2�`�b� �X

�_�2�K���`�F�X �6�Q�` �i�?�2 �b���F�2 �Q�7 �b�B�K�T�H�B�+�B�i�v �B�M �Q�m�` �7�`���K�2�r�Q�`�F �r�2 ���b�b�m�K�2 �`�2���+�i�B�Q�M�b �i�Q �Q�#�2�v
�i�?�2 �K���b�b�@���+�i�B�Q�M �H���r�X �h�?���i �K�2���M�b �i�?���i �i�?�2 �T�`�Q�T�2�M�b�B�i�v �7�m�M�+�i�B�Q�M�b ���`�2 �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �i�?�2
�T�`�Q�/�m�+�i �Q�7 �i�?�2 �M�Q�M�@�M�m�H�H �b�i�Q�B�+�?�B�Q�K�2�i�`�B�+ �+�Q�2�{�+�B�2�M�i�b �Q�7 �� �`�2���+�i�B�Q�M�ö�b �`�2���+�i���M�i�b�X

�.�2�}�M�B�i�B�Q�M �j�X�j�U�T�J�S�J �b�2�K���M�i�B�+�b �Q�7 �� �*�_�L�V�X�� �T�J�S�J �K�Q�/�2�HM � = ( S; Q� ; � 0) �Q�7 ��
�*�_�L N � = ( Xn ; R m ; � ) �B�b �/�2�}�M�2�/ ���b �7�Q�H�H�Q�r�b�,

�Ç S � NN �B�b �� �+�Q�m�M�i���#�H�2 �b�2�i �Q�7 �b�i���i�2�b �r�?�Q�b�2 �2�H�2�K�2�M�i�b ���`�2 �p�2�+�i�Q�`�bX = [ X 1; : : : ; X n ]2 S
�r�?�2�`�2X i �B�b �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 �i�?�2i �@�i�? �b�T�2�+�B�2�b�X

�Ç Q � : S � S ! R�, �B�b �i�?�2 �B�M�}�M�B�i�2�b�B�K���H �;�2�M�2�`���i�Q�` �K���i�`�B�t �r�?�Q�b�2 �2�M�i�`�B�2�b ���`�2 �/�2�}�M�2�/ ���b�,

Q � (X ; Y ) =

( P
f R j jX + � j = Y g � j (X ; � ); �B�7X 6= Y

�
P

Z6= X Q(X ; Z); �Q�i�?�2�`�r�B�b�2

�Ç � 0 : S ! [0; 1] �B�b �/�2�}�M�2�/ ���b� 0(X 0) = 1

�L�Q�i�B�+�2 �i�?���i �#�v �+�Q�M�b�i�`�m�+�i�B�Q�M�- �i�?�2 �M�Q�M�@�/�B���;�Q�M���H �2�M�i�`�B�2�b �Q�7Q � ���`�2 �;�B�p�2�M �#�v �i�?�2 �b�m�K �Q�7
�i�?�2 �T�`�Q�T�2�M�b�B�i�B�2�b �Q�7 �i�?�Q�b�2 �`�2���+�i�B�Q�M�b �r�?�Q�b�2 �Q�+�+�m�`�`�2�M�+�2 �H�2���/�b �i�?�2 �*�_�L �i�Q �K�Q�p�2 �7�`�Q�K �b�i���i�2
X �i�Q �b�i���i�2Y �X �h�?�B�b �B�b �B�M �H�B�M�2 �r�B�i�? �i�?�2 �b�2�K���M�i�B�+�b �Q�7 �J���`�F�Q�p�B���M �2�p�2�M�i�b�- ���+�+�Q�`�/�B�M�; �i�Q �r�?�B�+�?
�i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �K�B�M�B�K�m�K �#�2�i�r�2�2�M �� �b�2�i �Q�7 �+�Q�M�+�m�`�`�2�M�i �2�t�T�Q�M�2�M�i�B���H�H�v �/�B�b�i�`�B�#�m�i�2�/
�`�2���+�i�B�Q�M�b �B�b �B�i�b�2�H�7 �2�t�T�Q�M�2�M�i�B���H�H�v �/�B�b�i�`�B�#�m�i�2�/ �r�B�i�? �`���i�2 �;�B�p�2�M �#�v �i�?�2 �b�m�K �Q�7 �i�?�2 �`���i�2�b �Q�7 �i�?�2
�`���+�B�M�; �2�p�2�M�i�b�X

�1�t���K�T�H�2 �e�U�*�_�L �Q�7 �B�M�7�2�+�i�B�Q�M �b�T�`�2���/�B�M�;�V�X���b �� �}�`�b�i �2�t���K�T�H�2 �Q�7 �*�_�L �H�2�i �m�b �+�Q�M�@
�b�B�/�2�` �i�?�2 �a�A�_ �+�Q�K�T���`�i�K�2�M�i���H �K�Q�/�2�H �(�E�J�k�d�)�- �r�?�B�+�? �/�2�b�+�`�B�#�2�b �i�?�2 �b�T�`�2���/ �Q�7 �B�M�7�2�+�i�B�Q�m�b
�/�B�b�2���b�2 ���K�Q�M�; �� �+�Q�M�b�i���M�i �T�Q�T�m�H���i�B�Q�M�X �h�?�2 �*�_�L �7�Q�` �i�?�2 �a�A�_ �B�b �/�2�}�M�2�/ ���bN �a�A�_ =
(f S; I; R g; f R1; R2g; f ki ; kr g) �r�?�2�`�2 �b�T�2�+�B�2�bS �`�2�T�`�2�b�2�M�i�b �i�?�2 �b�m�b�+�2�T�i�B�#�H�2 �B�M�/�B�p�B�/�m���H�b�-I �i�?�2
�B�M�7�2�+�i�2�/ ���M�/R �i�?�2 �`�2�+�Q�p�2�`�2�/ �Q�M�2�b�X �h�?�2 �b�v�b�i�2�K�ö�b �/�v�M���K�B�+�b �B�b �;�B�p�2�M �#�v �i�r�Q �`�2���+�i�B�Q�M�b �+�?���M�@
�M�2�H�b �2�M�+�Q�/�2�/ �#�v �+�?�2�K�B�+���H �2�[�m���i�B�Q�M�b �U�j�X�k�V�X

R1 : S + I
k i�! 2I R 2 : I kr�! R �U�j�X�k�V

�_�2���+�i�B�Q�MR1 �/�2�b�+�`�B�#�2�b �i�?�2 �B�M�7�2�+�i�B�Q�M �b�i�2�T�, �� �b�m�b�+�2�T�i�B�#�H�2 �T�2�`�b�Q�M �K�2�2�i�b ���M �B�M�7�2�+�i�2�/ �T�2�`�b�Q�M
���M�/ �;�2�i�b �B�M�7�2�+�i�2�/�X �_�2���+�i�B�Q�MR2 �K�Q�/�2�H�b �i�?�2 �`�2�+�Q�p�2�`�B�M�; �b�i�2�T�, �B�M�7�2�+�i�2�/ �K���v �#�2�+�Q�K�2 �B�K�K�m�M�2
�7�`�Q�K �i�?�2 �/�B�b�2���b�2�X �h�?�2 �T���`���K�2�i�2�` �p�2�+�i�Q�` �Q�7 �i�?�2 �K�Q�/�2�H �B�b� = ( ki ; kr )�X �h�?�2 �*�_�L �Q�7 �i�?�2



�*�?���T�i�2�` �j�X �� �"���v�2�b�B���M ���T�T�`�Q���+�? �i�Q �T���`���K�2�i�`�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; �9�d

�a�A�_ �v�B�2�H�/�b �� �}�M�B�i�2�@�b�i���i�2 �J�S�J �r�B�i�? �i�?�2 �7�Q�H�H�Q�r�B�M�; �F�B�M�/�b �Q�7 �b�i���i�2�@�/�2�T�2�M�/�2�M�i �i�`���M�b�B�i�B�Q�M�b�X �6�Q�`
X = ( X S; X I ; X R ) �� �b�i���i�2 �b�m�+�? �i�?���iX S > 0 ^ X I > 0 �i�r�Q �F�B�M�/�b �Q�7 �i�`���M�b�B�i�B�Q�M�b ���`�2 �T�Q�b�b�B�#�H�2�-
�B�X�2�XQ � ((X S; X I ; X R ); (X S� 1; X I +1 ; X R )) = X S � X I � ki ���M�/Q � ((X S; X I ; X R ); (X S; X I �
1; X R +1)) = X I � kr �X �6�Q�` �b�i���i�2�b �b�m�+�? �i�?���iX S =0 ^ X I > 0 �Q�M�H�v �Q�M�2 �i�`���M�b�B�i�B�Q�M �B�b �T�Q�b�b�B�#�H�2
�B�X�2�XQ � ((X S; X I ; X R ); (X S; X I � 1; X R +1)) = X I � kr �- �r�?�2�`�2���b ���M�v �b�i���i�2 �b�m�+�? �i�?���iX I =0
�B�b ���#�b�Q�`�#�B�M�;�X
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���M �2�H�2�K�2�M�i���`�v �`�2�;�B�Q�M �UX 1 �B�M[[1; 2]] �r�?�B�H�2X 2 �B�b �m�M�#�Q�m�M�/�2�/�V�-R2 � [[0; 3]] [ [[5; 8]] � [[5; 1 [[
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�+�Q�M�M�2�+�i�B�p�2�b �Q�7 �T�`�Q�T�Q�b�B�i�B�Q�M���H �H�Q�;�B�+ ���M�/U [t1 ;t 2 ] �B�b �i�?�2 �i�B�K�2�@�#�Q�m�M�/�2�/�m�M�i�B�H�i�2�K�T�Q�`���H �Q�T�2�`���i�Q�`
�r�B�i�?[t1; t2] � R� 0 �#�2�B�M�; �i�?�2 �#�Q�m�M�/�B�M�; �B�M�i�2�`�p���H�X

�q�2 �+�Q�M�b�B�/�2�` �i�?�2 �i�`�m�i�? �Q�7 ���M �J�A�h�G �7�Q�`�K�m�H�� �i�Q �#�2 �2�b�i���#�H�B�b�?�2�/ �r�X�`�X�i�X �i�Q �� �T���i�?� �Q�7 ���M
�J�S�J �K�Q�/�2�H �i�?�`�Q�m�;�? �� �b�Q�@�+���H�H�2�/�b���i�B�b�7���+�i�B�Q�M�`�2�H���i�B�Q�M�b�?�B�T�- �/�2�M�Q�i�2�/j= �X

�J�A�h�G �b�2�K���M�i�B�+�b �7�Q�` �i�2�K�T�Q�`���H �7�Q�`�K�m�H���2�X�6�Q�`� 2 PathM � �� �T���i�? �Q�7 �J�S�J �K�Q�/�2�HM � �-
t 2 R� 0 �� �i�B�K�2 �B�M�b�i���M�i �i�?�2 �b���i�B�b�7���+�i�B�Q�M �`�2�H���i�B�Q�Mj= �Q�7 �J�A�h�G �i�2�K�T�Q�`���H �7�Q�`�K�m�H�� �B�b �/�2�}�M�2�/ ���b
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�A�M�i�m�B�i�B�p�2�H�v �J�A�h�G �b�2�K���M�i�B�+�b �b�i���i�2�b �i�?���i ���M ���i�Q�K�B�+ �T�`�Q�T�Q�b�B�i�B�Q�M� �B�b �b���i�B�b�}�2�/ �#�v �� �T���i�?�
���b �Q�7 �i�B�K�2t �B�7 �i�?�2 �b�i���i�2 �+�Q�M�/�B�i�B�Q�M� �B�b �b���i�B�b�}�2�/ �B�M �i�?�2 �b�i���i�2 �B�M �r�?�B�+�?� �B�b ���i �i�B�K�2t �U� @t j= � �V�X
�P�M �i�?�2 �Q�i�?�2�` �?���M�/�- �� �i�B�K�2�@�#�Q�m�M�/�2�/ �m�M�i�B�H �7�Q�`�K�m�H��' 1 U [t1 ;t 2 ] ' 2 �B�b �b���i�B�b�}�2�/ �#�v� ���b �Q�7 �i�B�K�2
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�/�B�b�D�m�M�+�i�B�p�2 �M�Q�`�K���H �7�Q�`�K �U�.�L�6�V�X

�P�M �i�?�2 �Q�i�?�2�` �?���M�/ �r�2 �K���v ���b�b�Q�+�B���i�2 �� �i�B�K�2�@�#�Q�m�M�/�B�M�; �B�M�i�2�`�p���H �i�Q �� �J�A�h�G �T�`�Q�T�Q�b�B�i�B�Q�M���H
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�K���M�+�2 �Q�7 �i�?�2 �b�B�K�T�H�2 ���"�* ���H�;�Q�`�B�i�?�K�, �� �b�K���H�H� �B�b �M�2�2�/�2�/ �i�Q ���+�?�B�2�p�2 �� �;�Q�Q�/ ���T�T�`�Q�t�B�K���i�B�Q�M�X
�>�Q�r�2�p�2�`�- �i�?�B�b �K���v �`�2�b�m�H�i �B�M �� �?�B�;�? �`�2�D�2�+�i�B�Q�M �`���i�2 �H�2���/�B�M�; �i�Q �+�m�K�#�2�`�b�Q�K�2 �+�Q�K�T�m�i���i�B�Q�M�b�X �h�Q
�Q�p�2�`�+�Q�K�2 �i�?�B�b �B�b�b�m�2�- �i�?�2 �K�Q�`�2 �2�H���#�Q�`���i�2 ���H�;�Q�`�B�i�?�K �F�M�Q�r�M ���b ���"�* �a�2�[�m�2�M�i�B���H �J�Q�M�i�2 �*���`�H�Q
�U���"�*�@�a�J�*�V�- �?���b �#�2�2�M �T�`�Q�T�Q�b�2�/ �(�"�*�J�_�y�N�)�X �A�i �B�b ���M �a�J�* �#���b�2�/ ���T�T�`�Q���+�? �(�.�J�.�C�y�e�)
�i�?�`�Q�m�;�? �r�?�B�+�? �� �T�Q�T�m�H���i�B�Q�M �Q�7N �T���`�i�B�+�H�2�b �B�b �B�i�2�`���i�B�p�2�H�v �b���K�T�H�2�/ �r�B�i�? �B�M�+�`�2���b�B�M�; ���+�+�m�`���+�v
�m�M�i�B�H �i�?�2 �i���`�;�2�i�2�/ �H�2�p�2�H �Q�7 ���+�+�m�`���+�v� M �B�b �Q�#�i���B�M�2�/�X ���i �i�?�2 �}�`�b�i �B�i�2�`���i�B�Q�M�- �i�?�2 �T���`�i�B�+�H�2�b
���`�2 �B�M�B�i�B���H�B�b�2�/ �i�?�`�Q�m�;�? �i�?�2 �b�B�K�T�H�2 ���"�* �`�2�D�2�+�i�B�Q�M �b���K�T�H�B�M�; ���H�;�Q�`�B�i�?�K �m�b�B�M�; �� �H���`�;�2 �2�M�Q�m�;�?
� 1 �i�Q �H�B�K�B�i �i�?�2 �+�Q�K�T�m�i���i�B�Q�M �+�Q�b�i�X� 1 �T�Q�b�b�B�#�H�v �2�[�m���H�b �B�M�}�M�B�i�v�- �r�?�B�+�? �B�b �2�[�m�B�p���H�2�M�i �i�Q �Q�M�H�v
�b���K�T�H�B�M�; �7�`�Q�K �i�?�2 �T�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M�X �h�?�2�M�- ���i �2���+�? �b�i�2�Ti �-i = 2 ; : : : ; M �- �i�?�2 �T���`�i�B�+�H�2�b ���`�2
�K�Q�p�2�/ �#�v �� �i�`���M�b�B�i�B�Q�M �F�2�`�M�2�HK (:j:) �U�7�Q�` �2�t���K�T�H�2�- �� �:���m�b�b�B���M �Q�M�2 �(�.�J�.�C�y�e�)�V �m�M�i�B�H �i�?�2�v
�K���i�+�? �i�?�2 �i�B�;�?�i�2�`�- �M�2�t�i �H�2�p�2�H�- ���T�T�`�Q�t�B�K���i�B�Q�M �+�Q�M�b�i�`���B�M�i� i �X ���i �B�i�2�`���i�B�Q�MM �- �r�2 �}�M���H�H�v �;�2�i
N �T���`�i�B�+�H�2�b �i�?���i �7�m�H�}�H �i�?�2 �/�2�b�B�`�2�/ ���T�T�`�Q�t�B�K���i�B�Q�M� M �X �a�Q�K�2 ���/�@�?�Q�+ �b�i�`���i�2�;�B�2�b ���`�2 �T�`�Q�T�Q�b�2�/
�i�Q �}�M�/ �� �T�`�Q�T�2�` �b�2�[�m�2�M�+�2(� i )1� i � M �2�M�b�m�`�B�M�; ���M �2�{�+�B�2�M�i �+�Q�M�p�2�`�;�2�M�+�2 �i�Q�r���`�/�b �i�?�2 �T�Q�b�i�2�`�B�Q�`
�/�B�b�i�`�B�#�m�i�B�Q�M�X

���H�;�Q�`�B�i�?�K �k���"�* �a�2�[�m�2�M�i�B���H �J�Q�M�i�2 �*���`�H�Q
�_�2�[�m�B�`�2�,N �, �M�m�K�#�2�` �Q�7 �T���`�i�B�+�H�2�b�-yobs; (� i )1� i � M �-� �-�
�1�M�b�m�`�2�,(! j )1� j � N �-(� j )1� j � N �r�2�B�;�?�i�2�/ �b���K�T�H�2�b �/�`���r�M �7�`�Q�K� ABC;� M

�A�i�2�`���i�B�Q�Mi = 1 �, �}�M�/(� (1)
j )1� j � N �r�B�i�? ���"�* �`�2�D�2�+�i�B�Q�M �b���K�T�H�B�M�; �r�B�i�? �i�Q�H�2�`���M�+�2� 1
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�2�M�/ �7�Q�`

�_�2�K���`�F�, ���"�* �� �/�B�b�i���M�+�2�`�2�H���i�2�/ �+�H���b�b �Q�7 �K�2�i�?�Q�/�b�X �� �#���b�B�+ �T�Q�B�M�i ���#�Q�m�i ���"�*
���H�;�Q�`�B�i�?�K�b �B�b �i�?���i�- �#�v �/�2�}�M�B�i�B�Q�M�- �i�?�2�v ���H�H �`�2�H�v �Q�M ���/�B�b�i���M�+�2 �K�2�i�`�B�+�U�#�2�i�r�2�2�M �i�?�2 �b�B�K�m�H���i�B�Q�M�b
y0 ���M�/ �Q�#�b�2�`�p���i�B�Q�M�byobs�V�X �A�i �B�b �T�`�2�+�B�b�2�H�v �#���b�2�/ �Q�M �i�?�B�b �+�?���`���+�i�2�`�B�b�i�B�+ �i�?���i �r�2 �2�t�i�2�M�/ ���"�*



�*�?���T�i�2�` �j�X �� �"���v�2�b�B���M ���T�T�`�Q���+�? �i�Q �T���`���K�2�i�`�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; �8�k

�b�i���i�B�b�i�B�+���H �B�M�7�2�`�2�M�+�2 �i�Q �i�?�2 �K�Q�/�2�H �+�?�2�+�F�B�M�; �T�`�Q�#�H�2�K�X �A�M �a�2�+�i�B�Q�M�j�X�k�- �r�2 �}�`�b�i �B�M�i�`�Q�/�m�+�2
�i�?�2 �M�Q�i�B�Q�M �Q�7�b���i�B�b�}���#�B�H�B�i�v �/�B�b�i���M�+�2�- �r�?�B�+�? �[�m���M�i�B�}�2�b�?�Q�r �7���` �� �K�Q�/�2�H �B�M�b�i���M�+�2M � �B�b �7� �̀Q�K
�b���i�B�b�7�v�B�M�; �� �i�2�K�T�Q� �̀��H �H�Q�;�B�+ �T� �̀Q�T�2�`�i�v' ���M�/ �i�?�2�M �r�2 �2�t�T�H�Q�B�i �b�m�+�? ���M�Q�p�2�H �/�B�b�i���M�+�2�7�Q�` ���/���T�i�B�M�;
���"�* �b�+�?�2�K�2�b �i�Q �i�?�2 �2�b�i�B�K���i�B�Q�M �Q�7f � �- �B�X�2�X �i�?�2 �b���i�B�b�7���+�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �7�m�M�+�i�B�Q�M �7�Q�` �T�`�Q�T�2�`�i�v
' �X �A�M �T�`���+�i�B�+�2 �r�2 �/�Q �b�Q �#�v �T�H�m�;�;�B�M�; ���/�B�b�i���M�+�2 ���m�i�Q�K���i�Q�M�B�M �i�?�2 ���"�* �T�`�Q�+�2�/�m�`�2 ���M�/ �m�b�2
�B�i ���b �� �K���+�?�B�M�2�`�v �i�Q ���b�b�2�b�b �?�Q�r �7���` �i�`���D�2�+�i�Q�`�B�2�b �B�b�b�m�2�/ �#�v ���M �J�S�J �K�Q�/�2�H �r�B�i�? �T���`���K�2�i�2�`
� ���`�2 �7�`�Q�K �b���i�B�b�7�v�B�M�; ���M �J�A�h�G �7�Q�`�K�m�H��' �X �6�m�`�i�?�2�`�K�Q�`�2�- ���b �r�2 �r�B�H�H �/�2�K�Q�M�b�i�`���i�2�- �/�B�b�i���M�+�2
���m�i�Q�K���i�� �v�B�2�H�/ �� �M�m�H�H �/�B�b�i���M�+�2 �7�Q�` ���M�v �b�B�K�m�H���i�B�Q�M �i�?���i �b���i�B�b�7�v �i�?�2 �+�Q�M�b�B�/�2�`�2�/ �7�Q�`�K�m�H��'
�i�?�2�`�2�7�Q�`�2 �r�B�i�? �i�?�2 �>���a�G�@�#���b�2�/ �2�t�i�2�M�b�B�Q�M �Q�7 ���"�*�- �r�2 ���+�i�m���H�H�v �2�b�i�B�K���i�2 �i�?�2 ���"�*�@�T�Q�b�i�2�`�B�Q�`
�m�b�B�M�; �� �x�2�`�Q �i�Q�H�2�`���M�+�2�- �B�X�2�X �r�B�i�?� = 0 �X

�j�X�R�X�9 �E�2�`�M�2�H �/�2�M�b�B�i�v �2�b�i�B�K���i�B�Q�M

�:�B�p�2�M �i�?���i ���"�* �K�2�i�?�Q�/�b �Q�M�H�v �/�2�H�B�p�2�` �b���K�T�H�2�b(� i ) i �/�`���r�M �7�`�Q�K �i�?�2 ���"�* �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�@
�#�m�i�B�Q�M �U� ABC;� (� jyobs)�V ���M�/ �i�?���i �Q�m�` �2�M�/ �;�Q���H�- �B�M�b�i�2���/�- �B�b �i�Q �Q�#�i���B�M ���M ���T�T�`�Q�t�B�K���i�B�Q�M �Q�7 ��
�+�Q�M�i�B�M�m�Q�m�b �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M�- �M���K�2�H�v �i�?�2 �T�`�Q�#���#�B�H�B�i�v �b���i�B�b�7���+�i�B�Q�Mf ' �- �r�2 �M�2�2�/ �i�Q
�`�2�b�Q�`�i �i�Q �K�2�i�?�Q�/�b �7�Q�` �`�2�+�Q�M�b�i�`�m�+�i�B�M�; �� �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M �;�B�p�2�M �� �b�2�i �Q�7 �b���K�T�H�2�b�X �a�T�2�+�B�}�+���H�H�v
�r�2 �`�2�b�Q�`�i �i�Q �F�2�`�M�2�H �/�2�M�b�B�i�v �2�b�i�B�K���i�B�Q�M �U�E�.�1�V�- �r�?�B�+�? ���H�H�Q�r �Q�M�2 �i�Q �/�2�`�B�p�2 ���M ���T�T�`�Q�t�B�K���i�B�Q�M
b� �Q�7 ���M �m�M�F�M�Q�r�M �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M� �;�B�p�2�M �� �}�M�B�i�2 �M�m�K�#�2�` �Q�7 �b���K�T�H�2�b �Q�7 �� �`���M�@
�/�Q�K �p���`�B���#�H�2�X �h�?�2 ���T�T�`�Q�t�B�K���i�B�Q�Mb� �B�b �Q�#�i���B�M�2�/ ���b �i�?�2 �b�m�K �Q�7 �i�?�2 ���T�T�H�B�+���i�B�Q�M �Q�7 ���F�2�`�M�2�H
�7�m�M�+�i�B�Q�MK �i�Q �i�?�2 �b���K�T�H�2�b�- �B�X�2�X �� �+�Q�M�i�B�M�m�Q�m�b �7�m�M�+�i�B�Q�M �r�?�B�+�? �[�m���M�i�B�7�v �i�?�2 �+�Q�M�i�`�B�#�m�i�B�Q�M�-
�B�M �i�2�`�K�b �Q�7 �T�`�Q�#���#�B�H�B�i�v �K���b�b�- �#�`�Q�m�;�?�i �#�v �� �b���K�T�H�2 �i�Q �i�?�2 �/�2�M�b�B�i�v� �i�Q �#�2 �2�b�i�B�K���i�2�/ �U�B�X�2�X
�2�b�b�2�M�i�B���H�H�v�- �� �F�2�`�M�2�H �B�b �� �K���M�M�2�` �i�Q �r�2�B�;�?�i �/���i�� �b���K�T�H�2�b�V�X

�.�2�}�M�B�i�B�Q�M �j�X�d�U�E�2�`�M�2�H �7�m�M�+�i�B�Q�M�V�X�� �7�m�M�+�i�B�Q�MK : R ! R� 0 �B�b �+���H�H�2�/ �� �F�2�`�M�2�H �B�7�,
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R K (u)du = 1

�k�X8u 2 R; K (u) = K (� u)

�"���b�2�/ �Q�M �F�2�`�M�2�H �7�m�M�+�i�B�Q�M�b�- �Q�M�2 �+���M �/�2�}�M�2 �� �F�2�`�M�2�H �/�2�M�b�B�i�v �2�b�i�B�K���i�Q�` �(�a�B�H�3�e�)�X

�.�2�}�M�B�i�B�Q�M �j�X�3�U�E�2�`�M�2�H �/�2�M�b�B�i�v �2�b�i�B�K���i�Q�`�V�X�G�2�i� (1) ; : : : ; � (N ) �#�2N �B�X�B�X�/ �b���K�T�H�2�b �7�`�Q�K ���M
�m�M�F�M�Q�r�M �/�2�M�b�B�i�v� �Q�M� �X �h�?�2 �F�2�`�M�2�H �/�2�M�b�B�i�v �2�b�i�B�K���i�Q�`b� ���b�b�Q�+�B���i�2�/ �r�B�i�? �� �F�2�`�M�2�H �7�m�M�+�i�B�Q�M
K �Q�MX �B�b�,
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K �B�b �� �F�2�`�M�2�H �7�m�M�+�i�B�Q�M�-h �B�b ���b�K�Q�Q�i�?�B�M�;�T���`���K�2�i�2�` �+���H�H�2�/ �i�?�2�#���M�/�r�B�/�i�?�e�X

�e�q�?�2�`�2h �B�b �2�B�i�?�2�` �� �b�+���H���`�- �� �p�2�+�i�Q�` �Q�` �� �K���i�`�B�t�- �/�2�T�2�M�/�B�M�; �Q�M �i�?�2 �/�B�K�2�M�b�B�Q�M �Q�7� ���M�/ �i�?�2 �+�?�Q�B�+�2 �Q�7K �X



�*�?���T�i�2�` �j�X �� �"���v�2�b�B���M ���T�T�`�Q���+�? �i�Q �T���`���K�2�i�`�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; �8�j

�h�?�2 �`���i�B�Q�M���H�2 �#�2�?�B�M�/ �2�b�i�B�K���i�Q�`b� (� ) �B�b �i�?���i �2���+�? �p���H�m�2� �+�Q�M�i�`�B�#�m�i�2�b �i�Q �i�?�2 �T�`�Q�#���#�B�H�B�i�v
�K���b�b �Q�p�2�` �i�?�2 �r�?�Q�H�2 �b�2�i� �- �r�B�i�? �i�?�2 �B�/�2�� �i�?���i �i�?�2 �7�m�`�i�?�2�`� �B�b �7�`�Q�K �i�?�2 �Q�#�b�2�`�p���i�B�Q�M� (i ) �-
�i�?�2 �H�Q�r�2�` �B�b �B�i�b �+�Q�M�i�`�B�#�m�i�B�Q�M �i�Q �i�?�2 �T�`�Q�#���#�B�H�B�i�v �K���b�b�X �h�?�2 �b�2�H�2�+�i�B�Q�M �Q�7 �i�?�2 �F�2�`�M�2�HK ���M�/
�i�?�2 �+���H�B�#�`���i�B�Q�M �Q�7 �i�?�2 �#���M�/�r�B�/�i�?h ���`�2 �+�`�m�+�B���H �T�Q�B�M�i�b �B�M �E�.�1 ���M�/ �b�2�p�2�`���H �T�Q�b�b�B�#�B�H�B�i�B�2�b
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�o���H�B�/���i�B�Q�M ���b �+�`�B�i�2�`�B�Q�M �7�Q�` �b�2�H�2�+�i�B�M�; �i�?�2 �#���M�/�r�B�/�i�?h �D�Q�B�M�i�H�v �r�B�i�? �:���m�b�b�B���M ���M�/ �"�2�i�� �F�2�`�M�2�H�b
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� i � S � R� 0 �U�b�2�2 �.�2�}�M�B�i�B�Q�M�j�X�9�V �i�?���i �� �T���i�?
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�*�?���T�i�2�` �j�X �� �"���v�2�b�B���M ���T�T�`�Q���+�? �i�Q �T���`���K�2�i�`�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; �8�9

�#�Q�i�?F I � ���M�/G I � �B�M�/�m�+�2 ���b�B�K�T�H�2�b���i�B�b�}���#�B�H�B�i�v �`�2�;�B�Q�MSI
� �- �r�?�2�`�2���b� 1U [t1 ;t 2 ]� 2 �B�M�/�m�+�2 ��

�+�Q�K�T�Q�m�M�/�b���i�B�b�}���#�B�H�B�i�v �`�2�;�B�Q�M �;�B�p�2�M �#�vS[0;t 1 ]
� 1 [ S[t1 ;t 2 ]

� 2 [ S[t1 ;t 2 ]
� 1 �X

�/�B�b�i���M�+�2 �4 �y

t1
<latexit sha1_base64="YR9GKJdm/nAVxYnmSI+1ktaJ3f0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3at6l1Va/f1SqOex1GEMziHS/DgGhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwKwjZI=</latexit>

t 2
<latexit sha1_base64="q4Z1mjf/m0KX4dq2zkHwfEBDBKI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+1a1buq1u7rlUY9j6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwQ0jZM=</latexit>

!
<latexit sha1_base64="yFe8seVdCSCup38Ir/Jyh1jABIw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQb0FvHiMYB6QLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ3U6hk2FLhfrvhVfw60SoKcVCBHo1/+6g0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/NopOnPKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauPrMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVcCMHyy6ukVasGF9Xa/WWlfpPHUYQTOIVzCOAK6nAHDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/mviPHg==</latexit>

µ

<latexit sha1_base64="LEvYMHK43+qkPM9aSb3njsgkw80=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV0JqLeAF48RzQOSJcxOJsmQmdllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqSw6Pvf3tr6xubWdmGnuLu3f3BYOjpu2jg1jDdYLGPTjqjlUmjeQIGStxPDqYokb0Xj25nfeuLGilg/4iThoaJDLQaCUXTSQ1elvVLZr/hzkFUS5KQMOeq90le3H7NUcY1MUms7gZ9gmFGDgkk+LXZTyxPKxnTIO45qqrgNs/mpU3LulD4ZxMaVRjJXf09kVFk7UZHrVBRHdtmbif95nRQH12EmdJIi12yxaJBKgjGZ/U36wnCGcuIIZUa4WwkbUUMZunSKLoRg+eVV0rysBNXKzX21XKvmcRTgFM7gAgK4ghrcQR0awGAIz/AKb570Xrx372PRuublMyfwB97nD10IjdQ=</latexit>

t 1
<latexit sha1_base64="YR9GKJdm/nAVxYnmSI+1ktaJ3f0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3at6l1Va/f1SqOex1GEMziHS/DgGhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwKwjZI=</latexit>

t 2
<latexit sha1_base64="q4Z1mjf/m0KX4dq2zkHwfEBDBKI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+1a1buq1u7rlUY9j6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwQ0jZM=</latexit>

!
<latexit sha1_base64="yFe8seVdCSCup38Ir/Jyh1jABIw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQb0FvHiMYB6QLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ3U6hk2FLhfrvhVfw60SoKcVCBHo1/+6g0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/NopOnPKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauPrMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVcCMHyy6ukVasGF9Xa/WWlfpPHUYQTOIVzCOAK6nAHDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/mviPHg==</latexit>

µ

<latexit sha1_base64="LEvYMHK43+qkPM9aSb3njsgkw80=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV0JqLeAF48RzQOSJcxOJsmQmdllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqSw6Pvf3tr6xubWdmGnuLu3f3BYOjpu2jg1jDdYLGPTjqjlUmjeQIGStxPDqYokb0Xj25nfeuLGilg/4iThoaJDLQaCUXTSQ1elvVLZr/hzkFUS5KQMOeq90le3H7NUcY1MUms7gZ9gmFGDgkk+LXZTyxPKxnTIO45qqrgNs/mpU3LulD4ZxMaVRjJXf09kVFk7UZHrVBRHdtmbif95nRQH12EmdJIi12yxaJBKgjGZ/U36wnCGcuIIZUa4WwkbUUMZunSKLoRg+eVV0rysBNXKzX21XKvmcRTgFM7gAgK4ghrcQR0awGAIz/AKb570Xrx372PRuublMyfwB97nD10IjdQ=</latexit>

t 1
<latexit sha1_base64="YR9GKJdm/nAVxYnmSI+1ktaJ3f0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3at6l1Va/f1SqOex1GEMziHS/DgGhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwKwjZI=</latexit>

t 2
<latexit sha1_base64="q4Z1mjf/m0KX4dq2zkHwfEBDBKI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+1a1buq1u7rlUY9j6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwQ0jZM=</latexit>

!
<latexit sha1_base64="yFe8seVdCSCup38Ir/Jyh1jABIw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQb0FvHiMYB6QLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ3U6hk2FLhfrvhVfw60SoKcVCBHo1/+6g0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/NopOnPKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauPrMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVcCMHyy6ukVasGF9Xa/WWlfpPHUYQTOIVzCOAK6nAHDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/mviPHg==</latexit>

t !

<latexit sha1_base64="3T/jM3KodMvxfQgvWVLb32bfQiI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoseCF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilBzzvlytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nr90Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhjZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07JhuAtv7xKWpdVr1a9uq9V6rU8jiKcwClcgAfXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8AT8OjSM=</latexit>

µ1

<latexit sha1_base64="+KUmXLi1tiIV3RVENwHxZLtjMp4=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvHiM4CaBZAmzk9lkyMzsMg8hLPkGLx4U8eoHefNvnCR70MSChqKqm+6uOONMG9//9kobm1vbO+Xdyt7+weFR9fikrVOrCA1JylPVjbGmnEkaGmY47WaKYhFz2oknd3O/80SVZql8NNOMRgKPJEsYwcZJYV/YQTCo1vy6vwBaJ0FBalCgNah+9YcpsYJKQzjWuhf4mYlyrAwjnM4qfatphskEj2jPUYkF1VG+OHaGLpwyREmqXEmDFurviRwLracidp0Cm7Fe9ebif17PmuQmypnMrKGSLBclliOTovnnaMgUJYZPHcFEMXcrImOsMDEun4oLIVh9eZ20r+pBo3770Kg1G0UcZTiDc7iEAK6hCffQghAIMHiGV3jzpPfivXsfy9aSV8ycwh94nz+EBI54</latexit>

µ2

<latexit sha1_base64="BA9CXKXAs9+OcN58IOVo8cVCWQA=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWgnorePFYwW2FdinZNNuGJtklyQpl6W/w4kERr/4gb/4b03YP2vpg4PHeDDPzolRwYz3vG5U2Nre2d8q7lb39g8Oj6vFJxySZpiygiUj0Y0QME1yxwHIr2GOqGZGRYN1ocjv3u09MG56oBztNWSjJSPGYU2KdFPRlNmgMqjWv7i2A14lfkBoUaA+qX/1hQjPJlKWCGNPzvdSGOdGWU8FmlX5mWErohIxYz1FFJDNhvjh2hi+cMsRxol0pixfq74mcSGOmMnKdktixWfXm4n9eL7PxdZhzlWaWKbpcFGcC2wTPP8dDrhm1YuoIoZq7WzEdE02odflUXAj+6svrpNOo+836zX2z1moWcZThDM7hEny4ghbcQRsCoMDhGV7hDSn0gt7Rx7K1hIqZU/gD9PkDhYiOeQ==</latexit>

F [t1 ;t 2 ]� G [t1 ;t 2 ]� � 1U [t1 ;t 2 ]� 2

�U���V �U�#�V �U�+�V

�/�B�b�i���M�+�2> �y

t1
<latexit sha1_base64="YR9GKJdm/nAVxYnmSI+1ktaJ3f0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3at6l1Va/f1SqOex1GEMziHS/DgGhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwKwjZI=</latexit>

t 2
<latexit sha1_base64="q4Z1mjf/m0KX4dq2zkHwfEBDBKI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+1a1buq1u7rlUY9j6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwQ0jZM=</latexit>!

<latexit sha1_base64="yFe8seVdCSCup38Ir/Jyh1jABIw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQb0FvHiMYB6QLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ3U6hk2FLhfrvhVfw60SoKcVCBHo1/+6g0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/NopOnPKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauPrMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVcCMHyy6ukVasGF9Xa/WWlfpPHUYQTOIVzCOAK6nAHDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/mviPHg==</latexit>

µ

<latexit sha1_base64="LEvYMHK43+qkPM9aSb3njsgkw80=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV0JqLeAF48RzQOSJcxOJsmQmdllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqSw6Pvf3tr6xubWdmGnuLu3f3BYOjpu2jg1jDdYLGPTjqjlUmjeQIGStxPDqYokb0Xj25nfeuLGilg/4iThoaJDLQaCUXTSQ1elvVLZr/hzkFUS5KQMOeq90le3H7NUcY1MUms7gZ9gmFGDgkk+LXZTyxPKxnTIO45qqrgNs/mpU3LulD4ZxMaVRjJXf09kVFk7UZHrVBRHdtmbif95nRQH12EmdJIi12yxaJBKgjGZ/U36wnCGcuIIZUa4WwkbUUMZunSKLoRg+eVV0rysBNXKzX21XKvmcRTgFM7gAgK4ghrcQR0awGAIz/AKb570Xrx372PRuublMyfwB97nD10IjdQ=</latexit>

t 1
<latexit sha1_base64="YR9GKJdm/nAVxYnmSI+1ktaJ3f0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3at6l1Va/f1SqOex1GEMziHS/DgGhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwKwjZI=</latexit>

t 2
<latexit sha1_base64="q4Z1mjf/m0KX4dq2zkHwfEBDBKI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+1a1buq1u7rlUY9j6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwQ0jZM=</latexit>

!
<latexit sha1_base64="yFe8seVdCSCup38Ir/Jyh1jABIw=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexGQb0FvHiMYB6QLGF2MpuMmccyMyuEJf/gxYMiXv0fb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEo1oU2iuNKdCBvKmaRNyyynnURTLCJO29H4dua3n6g2TMkHO0loKPBQspgRbJ3U6hk2FLhfrvhVfw60SoKcVCBHo1/+6g0USQWVlnBsTDfwExtmWFtGOJ2WeqmhCSZjPKRdRyUW1ITZ/NopOnPKAMVKu5IWzdXfExkWxkxE5DoFtiOz7M3E/7xuauPrMGMySS2VZLEoTjmyCs1eRwOmKbF84ggmmrlbERlhjYl1AZVcCMHyy6ukVasGF9Xa/WWlfpPHUYQTOIVzCOAK6nAHDWgCgUd4hld485T34r17H4vWgpfPHMMfeJ8/mviPHg==</latexit>

µ

<latexit sha1_base64="LEvYMHK43+qkPM9aSb3njsgkw80=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hV0JqLeAF48RzQOSJcxOJsmQmdllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSqSw6Pvf3tr6xubWdmGnuLu3f3BYOjpu2jg1jDdYLGPTjqjlUmjeQIGStxPDqYokb0Xj25nfeuLGilg/4iThoaJDLQaCUXTSQ1elvVLZr/hzkFUS5KQMOeq90le3H7NUcY1MUms7gZ9gmFGDgkk+LXZTyxPKxnTIO45qqrgNs/mpU3LulD4ZxMaVRjJXf09kVFk7UZHrVBRHdtmbif95nRQH12EmdJIi12yxaJBKgjGZ/U36wnCGcuIIZUa4WwkbUUMZunSKLoRg+eVV0rysBNXKzX21XKvmcRTgFM7gAgK4ghrcQR0awGAIz/AKb570Xrx372PRuublMyfwB97nD10IjdQ=</latexit>

! 3

<latexit sha1_base64="pyxeEO3TvoqbTTrdogV1MBUUZbM=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexqQHMLePEYwcRAsoTZyWwyZB7rzKwQlvyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUNirVhLaI4kp3ImwoZ5K2LLOcdhJNsYg4fYjGNzP/4Ylqw5S8t5OEhgIPJYsZwdZJnZ5hQ4H7l/1yxa/6c6BVEuSkAjma/fJXb6BIKqi0hGNjuoGf2DDD2jLC6bTUSw1NMBnjIe06KrGgJszm907RmVMGKFbalbRorv6eyLAwZiIi1ymwHZllbyb+53VTG1+HGZNJaqkki0VxypFVaPY8GjBNieUTRzDRzN2KyAhrTKyLqORCCJZfXiXti2pQq9bvapVGPY+jCCdwCucQwBU04Baa0AICHJ7hFd68R+/Fe/c+Fq0FL585hj/wPn8AyfiPzA==</latexit>

µ1

<latexit sha1_base64="+KUmXLi1tiIV3RVENwHxZLtjMp4=">AAAB7HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvHiM4CaBZAmzk9lkyMzsMg8hLPkGLx4U8eoHefNvnCR70MSChqKqm+6uOONMG9//9kobm1vbO+Xdyt7+weFR9fikrVOrCA1JylPVjbGmnEkaGmY47WaKYhFz2oknd3O/80SVZql8NNOMRgKPJEsYwcZJYV/YQTCo1vy6vwBaJ0FBalCgNah+9YcpsYJKQzjWuhf4mYlyrAwjnM4qfatphskEj2jPUYkF1VG+OHaGLpwyREmqXEmDFurviRwLracidp0Cm7Fe9ebif17PmuQmypnMrKGSLBclliOTovnnaMgUJYZPHcFEMXcrImOsMDEun4oLIVh9eZ20r+pBo3770Kg1G0UcZTiDc7iEAK6hCffQghAIMHiGV3jzpPfivXsfy9aSV8ycwh94nz+EBI54</latexit>

t 1
<latexit sha1_base64="YR9GKJdm/nAVxYnmSI+1ktaJ3f0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3at6l1Va/f1SqOex1GEMziHS/DgGhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwKwjZI=</latexit>

t 2
<latexit sha1_base64="q4Z1mjf/m0KX4dq2zkHwfEBDBKI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+1a1buq1u7rlUY9j6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwQ0jZM=</latexit>

t !

<latexit sha1_base64="3T/jM3KodMvxfQgvWVLb32bfQiI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0mkoseCF49V7Ae0oWy2m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilBzzvlytu1Z2DrBIvJxXI0eiXv3qDmKURV8gkNabruQn6GdUomOTTUi81PKFsTIe8a6miETd+Nr90Ss6sMiBhrG0pJHP190RGI2MmUWA7I4ojs+zNxP+8borhjZ8JlaTIFVssClNJMCazt8lAaM5QTiyhTAt7K2EjqilDG07JhuAtv7xKWpdVr1a9uq9V6rU8jiKcwClcgAfXUIc7aEATGITwDK/w5oydF+fd+Vi0Fpx85hj+wPn8AT8OjSM=</latexit>

µ2

<latexit sha1_base64="BA9CXKXAs9+OcN58IOVo8cVCWQA=">AAAB7HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWgnorePFYwW2FdinZNNuGJtklyQpl6W/w4kERr/4gb/4b03YP2vpg4PHeDDPzolRwYz3vG5U2Nre2d8q7lb39g8Oj6vFJxySZpiygiUj0Y0QME1yxwHIr2GOqGZGRYN1ocjv3u09MG56oBztNWSjJSPGYU2KdFPRlNmgMqjWv7i2A14lfkBoUaA+qX/1hQjPJlKWCGNPzvdSGOdGWU8FmlX5mWErohIxYz1FFJDNhvjh2hi+cMsRxol0pixfq74mcSGOmMnKdktixWfXm4n9eL7PxdZhzlWaWKbpcFGcC2wTPP8dDrhm1YuoIoZq7WzEdE02odflUXAj+6svrpNOo+836zX2z1moWcZThDM7hEny4ghbcQRsCoMDhGV7hDSn0gt7Rx7K1hIqZU/gD9PkDhYiOeQ==</latexit>

F [t1 ;t 2 ]� G [t1 ;t 2 ]� � 1U [t1 ;t 2 ]� 2

�U�/�V �U�2�V �U�7�V

�6�B�;�m�`�2 �j�X�R�,�1�t���K�T�H�2�b �Q�7 �i�`���D�2�+�i�Q�`�B�2�b �r�B�i�? �x�2�`�Q�@�/�B�b�i���M�+�2 �U�H�2�7�i�V ���M�/ �T�Q�b�B�i�B�p�2 �/�B�b�i���M�+�2 �U�`�B�;�?�i�V
�7�`�Q�K ���MF �- ��G ���M�/ ��U �`�2�;�B�Q�M �U�T�Q�b�B�i�B�p�2 �/�B�b�i���M�+�2�b ���`�2 �/�2�T�B�+�i�2�/ �B�M �`�2�/�V�X

�S�H�Q�i�b �B�M �i�?�2 �i�Q�T �`�Q�r �Q�7 �6�B�;�m�`�2�j�X�R�/�2�T�B�+�i �+���b�2�b �B�M �r�?�B�+�? �� �T���i�?� �?���b �i�Q �?���p�2 �� �M�m�H�H
�b���i�B�b�}���#�B�H�B�i�v �/�B�b�i���M�+�2 �7�`�Q�K �� �;�B�p�2�M �7�Q�`�K�m�H���X �6�Q�`F I � �/�B�b�i���M�+�2 �?���b �i�Q �#�2 �y �B�7 ���M�/ �Q�M�H�v �B�7� �?���b
���i �H�2���b�i �Q�M�2 �T�Q�B�M�i �i�`���p�2�`�b�B�M�; �`�2�;�B�Q�MS[t1 ;t 2 ]

� �U�6�B�;�m�`�2�j�X�R���V�- �7�Q�`G [t1 ;t 2 ]� �B�7 ���M�/ �Q�M�H�v �B�7 �r�B�i�?�B�M
t 2 [t1; t2] ���H�H �T�Q�B�M�i�b� @t �7���H�H �B�MS[t1 ;t 2 ]

� �U�6�B�;�m�`�2�j�X�R�#�V �r�?�B�H�2 �7�Q�`� 1U [t1 ;t 2 ]� 2 �i�?�2 �/�B�b�i���M�+�2 �B�b
�y �B�7 ���M�/ �Q�M�H�v �B�7 �i�?�2�`�2 �2�t�B�b�i�bt02 [t1; t2] �b�m�+�? �i�?���i� @t0 �B�b �B�MS[t1 ;t 2 ]

� 2 �r�?�B�H�2 �B�b �+�Q�M�b�B�b�i�2�M�i�H�v �B�M

S[0;t 0]
� 1 �#�2�7�Q�`�2�?���M�/ �U�6�B�;�m�`�2�j�X�R�+�V�d�X

�h�?�2 �#�Q�i�i�Q�K �`�Q�r �Q�7 �6�B�;�m�`�2�j�X�R�B�M�b�i�2���/ �/�2�T�B�+�i�b �+���b�2�b �B�M �r�?�B�+�? �� �T���i�?� �?���b �i�Q �?���p�2 ��
�T�Q�b�B�i�B�p�2 �/�B�b�i���M�+�2�- �B�H�H�m�b�i�`���i�B�M�; �i�?�2 �`���i�B�Q�M���H�2 �r�2 ���/�Q�T�i�2�/ �B�M �i�?�2 �+�?���`���+�i�2�`�B�b���i�B�Q�M �Q�7 �i�?�2 �K�2�i�`�B�+
d(�; ' ) �;�B�p�2�M �B�M �.�2�}�M�B�i�B�Q�M�j�X�N�X �a�T�2�+�B�}�+���H�H�v �7�Q�`F [t1 ;t 2 ]� �U�6�B�;�m�`�2�j�X�R�/�V�- ���b�b�m�K�B�M�;� �/�Q�2�b �M�Q�i
�2�M�i�2�`S[t1 ;t 2 ]

� �- �i�?�2 �/�B�b�i���M�+�2 �+�Q�`�`�2�b�T�Q�M�/�b �r�B�i�? �i�?�2 �K�B�M�B�K���H �1�m�+�H�B�/�B���M �/�B�b�i���M�+�2 �#�2�i�r�2�2�M� ���M�/
S[t1 ;t 2 ]

� �U�1�[�m���i�B�Q�M �U�j�X�j�V�V�- �r�?�2�`�2���b �7�Q�`G [t1 ;t 2 ]� �U�6�B�;�m�`�2�j�X�R�2�V�- ���b�b�m�K�B�M�;� �H�2���p�2�bS[t1 ;t 2 ]
� �- �i�?�2

�/�B�b�i���M�+�2 �+�Q�`�`�2�b�T�Q�M�/�b �r�B�i�? �i�?�2 �p�Q�H�m�K�2 �Q�7 �i�?�2 �?�v�T�2�`�`�2�+�i���M�;�H�2�b �/�2�H�B�K�B�i�2�/ �#�v �i�?�2 �b�2�;�K�2�M�i�b �Q�7�
�i�?���i �H�B�2 �Q�m�i�b�B�/�2S[t1 ;t 2 ]

� �U�1�[�m���i�B�Q�M �U�j�X�9�V�V�X �6�B�M���H�H�v�- �7�Q�`� 1U [t1 ;t 2 ]� 2 �U�6�B�;�m�`�2�j�X�R�7�V �i�?�2 �/�B�b�i���M�+�2
�Q�7� �U�1�[�m���i�B�Q�M �U�j�X�8�V�V �#�2���`�b �j �+�Q�K�T�Q�M�2�M�i�b�,d(�; G [0;t 1 [� 1) �r�?�B�+�? ���+�+�Q�m�M�i�b �7�Q�` �i�?�2 �7���+�i �i�?���i
�� �T���i�? �b���i�B�b�7�v�B�M�;(� 1U [t1 ;t 2 ]� 2) �K�m�b�i �M�2�p�2�` �H�2���p�2 �`�2�;�B�Q�MS� 1 �#�2�7�Q�`�2t1�-d(�; F [t1 ;t 2 ]� 2) �i�?���i
���+�+�Q�m�M�i�b �7�Q�` �i�?�2 �7���+�i �i�?���i� �K�m�b�i �2�M�i�2�` �`�2�;�B�Q�MS� 2 �r�B�i�?�B�M[t1; t2] ���M�/d(�; G [t1 ;t 0](� 1 _ � 2))

�d�L�Q�i�2 �i�?���i �7�Q�` �b�Q�K�2t00> t 0 � @t0062S� 1 �#�m�i �i�?�B�b �B�b �m�M�B�M�~�m�2�M�i�B���H�- ���b �i�?�2 �b���i�B�b�7���+�i�B�Q�M �Q�7� 1U [t 1 ;t 2 ] � 2 �#�v�
�B�b �2�b�i���#�H�B�b�?�2�/ ���b �Q�7 �r�?���i �?���T�T�2�M�b �#�2�7�Q�`�2t0 �M�Q�i �r�?���i �?���T�T�2�M�b ���7�i�2�`�X



�*�?���T�i�2�` �j�X �� �"���v�2�b�B���M ���T�T�`�Q���+�? �i�Q �T���`���K�2�i�`�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; �8�8

�i�?���i ���+�+�Q�m�M�i�b �7�Q�` �i�?�2 �7���+�i �i�?���i �i�?�2�`�2 �K�m�b�i �#�2 �� �i�B�K�2t0 �r�?�2�`�2� �b�r�B�i�+�? �7�`�Q�K �`�2�;�B�Q�M� 1 �i�Q
�`�2�;�B�Q�M� 2 �/�B�`�2�+�i�H�v�- �B�X�2�X �r�B�i�?�Q�m�i �b�T�2�M�/�B�M�; �i�B�K�2 �B�M ���M�v �B�M�i�2�`�K�2�/�B���i�2S: (� 1_ � 2 ) �`�2�;�B�Q�M�, �B�7 �i�?���i

�B�b �M�Q�i �i�?�2 �+���b�2 �U�B�X�2�X �B�7� �r�B�i�?�B�M[t1; t2] �?���b �T�Q�B�M�i�b �B�M �i�?�2 �+�Q�K�T�H�2�K�2�M�i���`�v �`�2�;�B�Q�MS[t1 ;t 2 ]
: (� 1_ � 2 )

�i�?�2�M �1�[�m���i�B�Q�M �U�j�X�8�V �v�B�2�H�/�b �� �T�Q�b�B�i�B�p�2 �p���H�m�2 �r�?�B�+�? ���+�+�Q�m�M�i�b �7�Q�` �i�?�2 �b�m�K �Q�7 �i�?�2 �K�B�M�B�K���H
�/�B�b�i���M�+�2�b �Q�7 �2���+�? �b�m�+�? �T�Q�B�M�i �7�`�Q�K �2�B�i�?�2�` �`�2�;�B�Q�M�bS� 1 �Q�S̀� 2 �X

�.�2�}�M�B�i�B�Q�M �j�X�N�U�a���i�B�b�}���#�B�H�B�i�v �K�2�i�`�B�+�b�V�X�:�B�p�2�M �� �T���i�?� 2 PathM �Q�7 ��n�@�/�B�K�2�M�b�B�Q�M���H �J�S�J
M �� �+�H�Q�b�2�/ �i�B�K�2�@�#�Q�m�M�/�B�M�; �B�M�i�2�`�p���H[t1; t2] � R� 0�- ���M �2�H�2�K�2�M�i���`�v �T�`�Q�T�Q�b�B�i�B�Q�M���H �7�Q�`�K�m�H���2
�; � 1; � 2�- �r�2 �/�2�}�M�2 �i�?�2 �/�B�b�i���M�+�2d(�; ' ) �7�`�Q�K �i�?�2 �b���i�B�b�}���#�B�H�B�i�v �`�2�;�B�Q�M �7�Q�` �i�?�2 �7�Q�H�H�Q�r�B�M�;
�F�B�M�/�b �Q�7 �i�2�K�T�Q�`���H �7�Q�`�K�m�H���2�,

�R�V' � F [t1 ;t 2 ]�

d(�; F [t1 ;t 2 ]� ) =

8
>>>>>>><

>>>>>>>:

de(( � @t l (t2); t l (t2)) ; S[t1 ;t 2 ]
� ))

�B�7t l (t2) < t 1 ^ � @t l (t2) 6j= �

min (de(� @t l (t1); S[t1 ;t 2 ]
� ); min

t2 [t1 ;t 2 ]
de(( � @t; t ); S[t1 ;t 2 ]

� )) )

�Q�i�?�2�`�r�B�b�2

�U�j�X�j�V

�r�?�2�`�2t l (t � ) = min f t 2 [0; t � ] : 8t02 [t; t � ]; � @t0 = � @tg �B�b�i�?�2 �i�B�K�2 �B�M�b�i���M�i �Q�7 �i�?�2 �H���b�i �D�m�K�T

�Q�+�+�m�`�`�2�/ �Q�M� �#�2�7�Q�`�2t � ���M�/de((s; t); S1 � T1) = min
t02 T1 ;s02 S1

q
(t � t0)2 +

P d
i =1 (s[i ] � s0[i ])2

�/�2�M�Q�i�2�b �i�?�2 �2�m�+�H�B�/�2���M �/�B�b�i���M�+�2 �Q�7 �� �T�Q�B�M�i(s; t) 2 S � R� 0 �7�`�Q�K �i�?�2 �+�H�Q�b�2�b�i �T�Q�B�M�i �Q�7 ��
�i�B�K�2�@�#�Q�m�M�/�2�/ �`�2�;�B�Q�MS1 � T1�X

�6�Q�` �M�Q�M�@�2�H�2�K�2�M�i���`�v �T�`�Q�T�Q�b�B�i�B�Q�M���H �7�Q�`�K�m�H���2� �
W

� i �- �r�2 �/�2�}�M�2 �i�?�2 �/�B�b�i���M�+�2�,

d(�; F [t1 ;t 2 ]
_

� i ) = min
i

d(�; F [t1 ;t 2 ]� i )

�r�?�2�`�2� i ���`�2 �2�H�2�K�2�M�i���`�v �7�Q�`�K�m�H���2�X

�k�V' � G [t1 ;t 2 ]�

d(�; G [t1 ;t 2 ]� ) =
Z t2

t1

de(� @t; S� )dt �U�j�X�9�V

�r�?�2�`�2de(s; S1)= min
s02 S1

q P d
i =1 (s[i ] � s0[i ])2 �/�2�M�Q�i�2�b �i�?�2 �2�m�+�H�B�/�2���M �/�B�b�i���M�+�2 �Q�7 �� �T�Q�B�M�is2 S

�7�`�Q�K �i�?�2 �+�H�Q�b�2�b�i �b�i���i�2 �Q�7 �� �b�i���i�2 �b�T���+�2 �b�m�#�b�2�iS1 � S � Nd�Xd(�; G [t1 ;t 2 ]� ) �B�b �i�?�2 �B�M�i�2�;�`���H �Q�7
�i�?�2 �1�m�+�H�B�/�2���M �/�B�b�i���M�+�2 �7�`�Q�KS� �Q�7 ���M�v �T�Q�B�M�i �Q�7� �i�?���i �Q�+�+�m�`�b �r�B�i�?�B�M[t1; t2]�-



�*�?���T�i�2�` �j�X �� �"���v�2�b�B���M ���T�T�`�Q���+�? �i�Q �T���`���K�2�i�`�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; �8�e

�a�B�K�B�H���`�H�v�- �7�Q�` �M�Q�M�@�2�H�2�K�2�M�i���`�v �T�`�Q�T�Q�b�B�i�B�Q�M���H �7�Q�`�K�m�H���2�- �r�2 �/�2�}�M�2 �i�?�2 �/�B�b�i���M�+�2

d(�; G [t1 ;t 2 ]
_

� i ) = min
i

d(�; G [t1 ;t 2 ]� i )

�r�?�2�`�2� i ���`�2 �2�H�2�K�2�M�i���`�v �7�Q�`�K�m�H���2�X

�j�V' � � 1U [t1 ;t 2 ]� 2

d(�; � 1U [t1 ;t 2 ]� 2) = d(�; G [0;t 1 [� 1) + d(�; F [t1 ;t 2 ]� 2)+
d(�; G [t1 ;t min ](� 1 _ � 2))

�U�j�X�8�V

�r�?�2�`�2tmin = min(arg min
t2 [t1 ;t 2 ]

de(� @t; S� 2 )) �B�b �i�?�2 �2���`�H�B�2�b�i �i�B�K�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2 �+�H�Q�b�2�b�i

�T�Q�B�M�i �#�2�i�r�2�2�M� ���M�/ �`�2�;�B�Q�M� 2�X

�a���i�B�b�}���#�B�H�B�i�v �K�2�i�`�B�+ ���M�/ ���"�* �+�Q�M�p�2�`�;�2�M�+�2 ���b�T�2�+�i�b�X �A�M �Q�`�/�2�` �i�Q �#�2 �2�K�T�H�Q�v�2�/
�B�M ���"�* �7�`���K�2�r�Q�`�F�b�- �b���i�B�b�}���#�B�H�B�i�v �/�B�b�i���M�+�2�b �b�?���H�H ���+�+�Q�m�M�i �7�Q�` �i�?�2 �+�Q�M�p�2�`�;�2�M�+�2 �Q�7 �i�?�2 ���"�*
���H�;�Q�`�B�i�?�K�b�- �B�M �i�?�2 �}�`�b�i �T�H���+�2 �#�v �2�M�b�m�`�B�M�; �i�?���i �2���+�? �T���i�? �B�b �`���M�F�2�/ �r�B�i�? ���M ���b �H���`�;�2 ��
�p���H�m�2 �Q�7 �/�B�b�i���M�+�2 ���b �i�?�2 �T���i�? �B�b �7�m�`�i�?�2�` �7�`�Q�K �b���i�B�b�7�v�B�M�; �i�?�2 �+�Q�M�b�B�/�2�`�2�/ �7�Q�`�K�m�H���- �r�?�B�+�?�-
�B�M�/�2�2�/ �U�j�X�j�V�- �U�j�X�9�V ���M�/ �U�j�X�8�V �/�Q�X �1�t�T�2�`�B�K�2�M�i���H �2�p�B�/�2�M�+�2 �b�?�Q�r�2�/ �i�?���i �i�?�2 �+�Q�M�p�2�`�;�2�M�+�2 �Q�7
���"�* ���H�;�Q�`�B�i�?�K�b �7�Q�` �2�p�2�M�i�m���H �7�Q�`�K�m�H���2F [t1 ;t 2 ]� �B�b ���z�2�+�i�2�/ �#�v �� �T�2�+�m�H�B���` ���b�T�2�+�i �Q�7 �� �K�Q�/�2�H�ö�b
�T���i�?� �- �i�?���i �B�b�- �i�?�2 �T�`�2�b�2�M�+�2�f�H���+�F �Q�7 �D�m�K�T�b �r�B�i�?�B�M �i�?�2 �#�Q�m�M�/�B�M�; �B�M�i�2�`�p���H[t1; t2]�X �a�T�2�+�B�}�+���H�H�v
�B�7�- �r�B�i�?�B�M[t1; t2]�- � �/�Q�2�b �M�Q�i �+�Q�M�i���B�M ���M�v �D�m�K�T �U���M�/ �H�B�2�b �Q�m�i�b�B�/�2 �`�2�;�B�Q�MS[t1 ;t 2 ]

� �V �i�?�2�M �B�i �B�b
�K�Q�`�2 �+�Q�M�p�2�M�B�2�M�i �U�7�`�Q�K �� �+�Q�M�p�2�`�;�2�M�+�2 �b�i���M�/�T�Q�B�M�i�V �i�?���i �i�?�2 �/�B�b�i���M�+�2d(�; F [t1 ;t 2 ]� )�- �B�X�2�X �U�j�X�j�V�-
�B�b �b�2�i �i�Q �i�?�2 �1�m�+�H�B�/�B���M �/�B�b�i���M�+�2 �#�2�i�r�2�2�M �`�2�;�B�Q�MS[t1 ;t 2 ]

� ���M�/ �i�?�2 �T�Q�B�M�i �2�M�i�2�`�2�/ �#�v� ���i �i�?�2
�H���b�i �D�m�K�T �Q�+�+�m�`�`�2�/ �#�2�7�Q�`�2 �2�M�i�2�`�B�M�;[t1; t2] �2�p�2�M �B�7 �r�B�i�?�B�M[t1; t2] �i�?�2 �T���i�? �B�b ���+�i�m���H�H�v �+�H�Q�b�2�` �i�Q
S[t1 ;t 2 ]

� �U�2�X�;�X �6�B�;�m�`�2�j�X�k���V�X �a�m�+�? ���M ���b�T�2�+�i �2�M�b�m�`�2�b �i�?���i �i�?�2 ���"�*�@�/�`�B�p�2�M �T���`���K�2�i�2�` �b�2���`�+�? �B�b
�M�Q�i �K�B�b�H�2���/ �#�v ���M�Q�K���H�Q�m�b �b�B�i�m���i�B�Q�M�b �b�m�+�? ���b�- �2�X�;�X �T���`���K�2�i�2�`�b� 2 � �i�?���i �v�B�2�H�/ �� �K�Q�/�2�HM �

�7�Q�` �r�?�B�+�? �i�?�2�`�2 �B�b �� �M�Q�M�@�M�m�H�H �T�`�Q�#���#�B�H�B�i�v �Q�7 �`�2���+�?�B�M�; ���M ���#�b�Q�`�#�B�M�; �b�i���i�2 �B�MS: � �#�2�7�Q�`�2t1�X �P�M
�i�?�2 �Q�i�?�2�` �?���M�/�- �B�7� �+�Q�M�i���B�M�b �D�m�K�T�b �B�M[t1; t2]�- �i�?�2�M �B�i �B�b �K�Q�`�2 �+�Q�M�p�2�M�B�2�M�i �i�?���id(�; F [t1 ;t 2 ]� )
�B�b �b�2�i �i�Q �i�?�2 �1�m�+�H�B�/�B���M �/�B�b�i���M�+�2 �Q�7 �i�?�2 �+�H�Q�b�2�b�i �T�Q�B�M�i ���K�Q�M�;�b�i �i�?�2 �T�Q�B�M�i �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2
�H���b�i �D�m�K�T �#�2�7�Q�`�2t1 ���M�/ �i�?�Q�b�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �D�m�K�T�b �Q�+�+�m�`�`�B�M�; �B�M[t1; t2] �U�2�X�;�X �6�B�;�m�`�2�j�X�k�+�V�X

���M �2�b�b�2�M�i�B���H ���b�T�2�+�i �Q�7 �i�?�2 �b���i�B�b�}���#�B�H�B�i�v �K�2�i�`�B�+�b �B�M�i�`�Q�/�m�+�2�/ �B�M �.�2�}�M�B�i�B�Q�M�j�X�N�B�b �i�?�2�B�`
�b�Q�m�M�/�M�2�b�b�- �B�X�2�X�- �i�Q �T�`�Q�p�2 �i�?���i �i�?�2�v �v�B�2�H�/ �� �M�m�H�H �/�B�b�i���M�+�2d(�; ' ) = 0 �B�7 ���M�/ �Q�M�H�v �B�7� j= ' �X

�S�`�Q�T�Q�b�B�i�B�Q�M �j�U�a�Q�m�M�/�M�2�b�b �Q�7 �b���i�B�b�}���#�B�H�B�i�v �K�2�i�`�B�+ �7�Q�` �2�H�2�K�2�M�i���`�vF �-G ���M�/U �V�X�6�Q��̀ 2
PathM �� �T���i�? �Q�7 ���M �J�S�JM ���M�/�; � 1; � 2 ���`�2 �J�A�h�G �T�`�Q�T�Q�b�B�i�B�Q�M���H �7�Q�`�K�m�H���2 �B�M �.�L�6 �i�?�2�M

� j= F [t1 ;t 2 ]� () d(�; F [t1 ;t 2 ]� ) = 0

� j= G [t1 ;t 2 ]� () d(�; G [t1 ;t 2 ]� ) = 0

� j= � 1U [t1 ;t 2 ]� 2 () d(�; � 1U [t1 ;t 2 ]� 2) = 0

�r�?�2�`�2d �B�b ���b �T�2�` �.�2�}�M�B�i�B�Q�M�j�X�N�X

�S� �̀Q�Q�7�X�b�2�2 �(�"�"�*�k�R�)



�*�?���T�i�2�` �j�X �� �"���v�2�b�B���M ���T�T�`�Q���+�? �i�Q �T���`���K�2�i�`�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; �8�d

l 0
_t :1

l 1
_t :1

l 2
_t :1

l 3
_t :1

] �-( d> 0) ^ ( t>t 2 ) �-;

] �-( d =0) ^ ( t � t 1 ) �-;

] �-( x 1 � n � x 2 ) ^ ( t 1 � t � t 2 ) �-

f d :=0 g

] �-> �-f n := x O ;d := 1g
] �-( x 1 >n _ n>x 2 ) ^ ( t<t 1 ) �-

f d := min (
q

( t � t 1 ) 2 +( n � x 2 ) 2 ;
q

( t � t 1 ) 2 +( n � x 1 ) 2 g

] �-( x 1 � n � x 2 ) �-f d :=0 g

] �-( x 1 >n _ n>x 2 ) ^ ( t 1 � t � t 2 �-

f d := min ( d; min ( j n � x 1 j ; j n � x 2 j )) g

���G�G�-> �-f n := x O g

] �-t>t 2 �-f ? g

t1
<latexit sha1_base64="YR9GKJdm/nAVxYnmSI+1ktaJ3f0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3at6l1Va/f1SqOex1GEMziHS/DgGhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwKwjZI=</latexit>

t 2
<latexit sha1_base64="q4Z1mjf/m0KX4dq2zkHwfEBDBKI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+1a1buq1u7rlUY9j6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwQ0jZM=</latexit>

x2
<latexit sha1_base64="2uKmBZ5CDvrUQTDj+MeeCAtQEHg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgxWNF+wFtKJvtpl262YTdiVhCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/VO/2i+V3Yo7B1klXk7KkKPRL331BjFLI66QSWpM13MT9DOqUTDJp8VeanhC2ZgOeddSRSNu/Gx+6pScW2VAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadog3BW355lbSqFe+yUr2rleu1PI4CnMIZXIAHV1CHW2hAExgM4Rle4c2Rzovz7nwsWtecfOYE/sD5/AEKTI2X</latexit>

x1
<latexit sha1_base64="QRGLlBAqQ7PxwibhVTTOYeZG8xY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgxWNF+wFtKJvtpF262YTdjVhCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+WDmSToR3QoecgZNVa6f+p7/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrVindZqd7VyvVaHkcBTuEMLsCDK6jDLTSgCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gAIyI2W</latexit>

<latexit sha1_base64="b40fwwtfrolD2OKG+8/q78GWuN4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHizov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHtq9u1654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns1Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8BZfXibNs6p3UfXuzyu16zyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNEc6L8+58zFsLTj5zCH/gfP4ACSyNoA==</latexit>

X O

<latexit sha1_base64="qL73LpXLpFerIQVGSKN2yhCMepI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKDdMvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1IQ3fsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukdVH1rqpe47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP4O2M+g==</latexit>

t

<latexit sha1_base64="Sea8q/2v+RP4NlMSewGzmsT7GyU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHhswX5AG8pmM2nXbjZhdyOU0l/gxYMiXv1J3vw3btsctPXBwOO9GWbmBang2rjut1NYW9/Y3Cpul3Z29/YPyodHLZ1kimGTJSJRnYBqFFxi03AjsJMqpHEgsB2M7mZ++wmV5ol8MOMU/ZgOJI84o8ZKjbBfrrhVdw6ySrycVCBHvV/+6oUJy2KUhgmqdddzU+NPqDKcCZyWepnGlLIRHWDXUklj1P5kfuiUnFklJFGibElD5urviQmNtR7Hge2MqRnqZW8m/ud1MxPd+BMu08ygZItFUSaIScjsaxJyhcyIsSWUKW5vJWxIFWXGZlOyIXjLL6+S1kXVu6p6jctK7TaPowgncArn4ME11OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/yK2M6g==</latexit>

d

<latexit sha1_base64="MvQw+/MRqvWMCRBvMWH+9t51NuY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeIF48RzAOSJcxOZpMx81hmZoWwBPwELx4U8er/ePNvnE1y0MSChqKqm+6uKOHMWN//9gorq2vrG8XN0tb2zu5eef+gaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGN7nfeqTaMCXv7TihocADyWJGsHVSs2vYQOBeueJX/SnQMgnmpAJz1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNJqZsammAywgPacVRiQU2YTa+doBOn9FGstCtp0VT9PZFhYcxYRK5TYDs0i14u/ud1UhtfhRmTSWqpJLNFccqRVSh/HfWZpsTysSOYaOZuRWSINSbWBVRyIQSLLy+T5lk1uKgGd+eV2vXTLI4iHMExnEIAl1CDW6hDAwg8wDO8wpunvBfv3fuYtRa8eYSH8Afe5w/ECo+o</latexit>!

t1
<latexit sha1_base64="YR9GKJdm/nAVxYnmSI+1ktaJ3f0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3at6l1Va/f1SqOex1GEMziHS/DgGhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwKwjZI=</latexit>

t 2
<latexit sha1_base64="q4Z1mjf/m0KX4dq2zkHwfEBDBKI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+1a1buq1u7rlUY9j6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwQ0jZM=</latexit>

x2
<latexit sha1_base64="2uKmBZ5CDvrUQTDj+MeeCAtQEHg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgxWNF+wFtKJvtpl262YTdiVhCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/VO/2i+V3Yo7B1klXk7KkKPRL331BjFLI66QSWpM13MT9DOqUTDJp8VeanhC2ZgOeddSRSNu/Gx+6pScW2VAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadog3BW355lbSqFe+yUr2rleu1PI4CnMIZXIAHV1CHW2hAExgM4Rle4c2Rzovz7nwsWtecfOYE/sD5/AEKTI2X</latexit>

x1
<latexit sha1_base64="QRGLlBAqQ7PxwibhVTTOYeZG8xY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgxWNF+wFtKJvtpF262YTdjVhCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+WDmSToR3QoecgZNVa6f+p7/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrVindZqd7VyvVaHkcBTuEMLsCDK6jDLTSgCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gAIyI2W</latexit>

<latexit sha1_base64="b40fwwtfrolD2OKG+8/q78GWuN4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHizov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHtq9u1654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns1Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8BZfXibNs6p3UfXuzyu16zyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNEc6L8+58zFsLTj5zCH/gfP4ACSyNoA==</latexit>

X O

<latexit sha1_base64="qL73LpXLpFerIQVGSKN2yhCMepI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKDdMvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1IQ3fsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukdVH1rqpe47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP4O2M+g==</latexit>

t

<latexit sha1_base64="ARaYm3o6XSQ4IJr4PAKUzt+jWbo=">AAAB7nicbVBNS8NAEJ34WetX1aOXrUXwVBIR9aIUvHisYD+gCWWz2bRLN5tldyOU0B/hxYMiXv093vw3btsctPXBwOO9GWbmhZIzbVz321lZXVvf2Cxtlbd3dvf2KweHbZ1mitAWSXmquiHWlDNBW4YZTrtSUZyEnHbC0d3U7zxRpVkqHs1Y0iDBA8FiRrCxUifyqzd+1e1Xam7dnQEtE68gNSjQ7Fe+/CglWUKFIRxr3fNcaYIcK8MIp5Oyn2kqMRnhAe1ZKnBCdZDPzp2gU6tEKE6VLWHQTP09keNE63ES2s4Em6Fe9Kbif14vM/F1kDMhM0MFmS+KM45Miqa/o4gpSgwfW4KJYvZWRIZYYWJsQmUbgrf48jJpn9e9y7r3cFFr3BZxlOAYTuAMPLiCBtxDE1pAYATP8ApvjnRenHfnY9664hQzR/AHzucPzKSOjQ==</latexit>

d=0 <latexit sha1_base64="MvQw+/MRqvWMCRBvMWH+9t51NuY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeIF48RzAOSJcxOZpMx81hmZoWwBPwELx4U8er/ePNvnE1y0MSChqKqm+6uKOHMWN//9gorq2vrG8XN0tb2zu5eef+gaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGN7nfeqTaMCXv7TihocADyWJGsHVSs2vYQOBeueJX/SnQMgnmpAJz1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNJqZsammAywgPacVRiQU2YTa+doBOn9FGstCtp0VT9PZFhYcxYRK5TYDs0i14u/ud1UhtfhRmTSWqpJLNFccqRVSh/HfWZpsTysSOYaOZuRWSINSbWBVRyIQSLLy+T5lk1uKgGd+eV2vXTLI4iHMExnEIAl1CDW6hDAwg8wDO8wpunvBfv3fuYtRa8eYSH8Afe5w/ECo+o</latexit>!

t1
<latexit sha1_base64="YR9GKJdm/nAVxYnmSI+1ktaJ3f0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3at6l1Va/f1SqOex1GEMziHS/DgGhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwKwjZI=</latexit>

t 2
<latexit sha1_base64="q4Z1mjf/m0KX4dq2zkHwfEBDBKI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+1a1buq1u7rlUY9j6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwQ0jZM=</latexit>

x2
<latexit sha1_base64="2uKmBZ5CDvrUQTDj+MeeCAtQEHg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgxWNF+wFtKJvtpl262YTdiVhCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/VO/2i+V3Yo7B1klXk7KkKPRL331BjFLI66QSWpM13MT9DOqUTDJp8VeanhC2ZgOeddSRSNu/Gx+6pScW2VAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadog3BW355lbSqFe+yUr2rleu1PI4CnMIZXIAHV1CHW2hAExgM4Rle4c2Rzovz7nwsWtecfOYE/sD5/AEKTI2X</latexit>

x1
<latexit sha1_base64="QRGLlBAqQ7PxwibhVTTOYeZG8xY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgxWNF+wFtKJvtpF262YTdjVhCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+WDmSToR3QoecgZNVa6f+p7/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrVindZqd7VyvVaHkcBTuEMLsCDK6jDLTSgCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gAIyI2W</latexit>

<latexit sha1_base64="b40fwwtfrolD2OKG+8/q78GWuN4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHizov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHtq9u1654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns1Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8BZfXibNs6p3UfXuzyu16zyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNEc6L8+58zFsLTj5zCH/gfP4ACSyNoA==</latexit>

X O

<latexit sha1_base64="qL73LpXLpFerIQVGSKN2yhCMepI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKDdMvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1IQ3fsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukdVH1rqpe47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP4O2M+g==</latexit>

t

<latexit sha1_base64="Sea8q/2v+RP4NlMSewGzmsT7GyU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHhswX5AG8pmM2nXbjZhdyOU0l/gxYMiXv1J3vw3btsctPXBwOO9GWbmBang2rjut1NYW9/Y3Cpul3Z29/YPyodHLZ1kimGTJSJRnYBqFFxi03AjsJMqpHEgsB2M7mZ++wmV5ol8MOMU/ZgOJI84o8ZKjbBfrrhVdw6ySrycVCBHvV/+6oUJy2KUhgmqdddzU+NPqDKcCZyWepnGlLIRHWDXUklj1P5kfuiUnFklJFGibElD5urviQmNtR7Hge2MqRnqZW8m/ud1MxPd+BMu08ygZItFUSaIScjsaxJyhcyIsSWUKW5vJWxIFWXGZlOyIXjLL6+S1kXVu6p6jctK7TaPowgncArn4ME11OAe6tAEBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/yK2M6g==</latexit>

d
<latexit sha1_base64="dQGAnJDobL2MqdKv8Hz9YGManjQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbRU0lE1JMUvHisYj+gDWWz3bRLN5uwOxFK6D/w4kERr/4jb/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwup36rSeujYjVI44T7kd0oEQoGEUrPfRPe+WKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn80unZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G3SF5ozlGNLKNPC3krYkGrK0IZTsiF4iy8vk+Z51busevcXldpNHkcRjuAYzsCDK6jBHdShAQxCeIZXeHNGzovz7nzMWwtOPnMIf+B8/gApII0b</latexit>

d!

<latexit sha1_base64="MvQw+/MRqvWMCRBvMWH+9t51NuY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeIF48RzAOSJcxOZpMx81hmZoWwBPwELx4U8er/ePNvnE1y0MSChqKqm+6uKOHMWN//9gorq2vrG8XN0tb2zu5eef+gaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGN7nfeqTaMCXv7TihocADyWJGsHVSs2vYQOBeueJX/SnQMgnmpAJz1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNJqZsammAywgPacVRiQU2YTa+doBOn9FGstCtp0VT9PZFhYcxYRK5TYDs0i14u/ud1UhtfhRmTSWqpJLNFccqRVSh/HfWZpsTysSOYaOZuRWSINSbWBVRyIQSLLy+T5lk1uKgGd+eV2vXTLI4iHMExnEIAl1CDW6hDAwg8wDO8wpunvBfv3fuYtRa8eYSH8Afe5w/ECo+o</latexit>!

t1
<latexit sha1_base64="YR9GKJdm/nAVxYnmSI+1ktaJ3f0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzjwBuWKW3UXIOvEy0kFcjQH5a/+MGZpxBUySY3peW6CfkY1Cib5rNRPDU8om9AR71mqaMSNny1OnZELqwxJGGtbCslC/T2R0ciYaRTYzoji2Kx6c/E/r5dieONnQiUpcsWWi8JUEozJ/G8yFJozlFNLKNPC3krYmGrK0KZTsiF4qy+vk3at6l1Va/f1SqOex1GEMziHS/DgGhpwB01oAYMRPMMrvDnSeXHenY9la8HJZ07hD5zPHwKwjZI=</latexit>

t 2
<latexit sha1_base64="q4Z1mjf/m0KX4dq2zkHwfEBDBKI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKDzioDcoVt+ouQNaJl5MK5GgOyl/9YczSiCtkkhrT89wE/YxqFEzyWamfGp5QNqEj3rNU0YgbP1ucOiMXVhmSMNa2FJKF+nsio5Ex0yiwnRHFsVn15uJ/Xi/F8MbPhEpS5IotF4WpJBiT+d9kKDRnKKeWUKaFvZWwMdWUoU2nZEPwVl9eJ+1a1buq1u7rlUY9j6MIZ3AOl+DBNTTgDprQAgYjeIZXeHOk8+K8Ox/L1oKTz5zCHzifPwQ0jZM=</latexit>

x2
<latexit sha1_base64="2uKmBZ5CDvrUQTDj+MeeCAtQEHg=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgxWNF+wFtKJvtpl262YTdiVhCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJFIYdN1vZ219Y3Nru7BT3N3bPzgsHR23TJxqxpsslrHuBNRwKRRvokDJO4nmNAokbwfjm5nffuTaiFg94CThfkSHSoSCUbTS/VO/2i+V3Yo7B1klXk7KkKPRL331BjFLI66QSWpM13MT9DOqUTDJp8VeanhC2ZgOeddSRSNu/Gx+6pScW2VAwljbUkjm6u+JjEbGTKLAdkYUR2bZm4n/ed0Uw2s/EypJkSu2WBSmkmBMZn+TgdCcoZxYQpkW9lbCRlRThjadog3BW355lbSqFe+yUr2rleu1PI4CnMIZXIAHV1CHW2hAExgM4Rle4c2Rzovz7nwsWtecfOYE/sD5/AEKTI2X</latexit>

x1
<latexit sha1_base64="QRGLlBAqQ7PxwibhVTTOYeZG8xY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt6LHgxWNF+wFtKJvtpF262YTdjVhCf4IXD4p49Rd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8M/Pbj6g0j+WDmSToR3QoecgZNVa6f+p7/VLZrbhzkFXi5aQMORr90ldvELM0QmmYoFp3PTcxfkaV4UzgtNhLNSaUjekQu5ZKGqH2s/mpU3JulQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeO1nXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtO0YbgLb+8SlrVindZqd7VyvVaHkcBTuEMLsCDK6jDLTSgCQyG8Ayv8OYI58V5dz4WrWtOPnMCf+B8/gAIyI2W</latexit>

<latexit sha1_base64="b40fwwtfrolD2OKG+8/q78GWuN4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHizov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHtq9u1654lbdGcgy8XJSgRz1Xvmr249ZGqE0TFCtO56bGD+jynAmcFLqphoTykZ0gB1LJY1Q+9ns1Ak5sUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzyMy6T1KBk80VhKoiJyfRv0ucKmRFjSyhT3N5K2JAqyoxNp2RD8BZfXibNs6p3UfXuzyu16zyOIhzBMZyCB5dQg1uoQwMYDOAZXuHNEc6L8+58zFsLTj5zCH/gfP4ACSyNoA==</latexit>

X O

<latexit sha1_base64="qL73LpXLpFerIQVGSKN2yhCMepI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKDdMvV9yqOwdZJV5OKpCj3i9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1IQ3fsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukdVH1rqpe47JSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP4O2M+g==</latexit>

t

<latexit sha1_base64="Z27SjWKgBB7rfcdML/6jUJ4zrC0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHisaG2hDWWz2bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzglQKg6777ZRWVtfWN8qbla3tnd296v7Bo0kyzXiLJTLRnYAaLoXiLRQoeSfVnMaB5O1gdDP1209cG5GoBxyn3I/pQIlIMIpWug/7Xr9ac+vuDGSZeAWpQYFmv/rVCxOWxVwhk9SYruem6OdUo2CSTyq9zPCUshEd8K6lisbc+Pns1Ak5sUpIokTbUkhm6u+JnMbGjOPAdsYUh2bRm4r/ed0Moys/FyrNkCs2XxRlkmBCpn+TUGjOUI4toUwLeythQ6opQ5tOxYbgLb68TB7P6t5F3bs7rzWuizjKcATHcAoeXEIDbqEJLWAwgGd4hTdHOi/Ou/Mxby05xcwh/IHz+QPt7Y2O</latexit>

d1

<latexit sha1_base64="Z8xMH4t0O+6kQpB37N/fow5mdJc=">AAAB8HicbVBNSwMxEJ31s9avqkcvqUXwVHaLqBel4MVjBfsh3aVks9k2NMkuSVYopb/CiwdFvPpzvPlvTNs9aOuDgcd7M8zMC1POtHHdb2dldW19Y7OwVdze2d3bLx0ctnSSKUKbJOGJ6oRYU84kbRpmOO2kimIRctoOh7dTv/1ElWaJfDCjlAYC9yWLGcHGSo9Rr+aXr/2y2ytV3Ko7A1omXk4qkKPRK335UUIyQaUhHGvd9dzUBGOsDCOcTop+pmmKyRD3addSiQXVwXh28ASdWiVCcaJsSYNm6u+JMRZaj0RoOwU2A73oTcX/vG5m4qtgzGSaGSrJfFGccWQSNP0eRUxRYvjIEkwUs7ciMsAKE2MzKtoQvMWXl0mrVvUuqt79eaV+k8dRgGM4gTPw4BLqcAcNaAIBAc/wCm+Ocl6cd+dj3rri5DNH8AfO5w/25o8y</latexit>

d2 =0

<latexit sha1_base64="8L1M/3fBV31dI6cJo8mYLQNkeFE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU1JMUvHisaD+gDWWzmbZLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrK6tbxQ3S1vbO7t75f2Dpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGt1O/9YRK81g+mnGCfkQHkvc5o8ZKD2HvvFeuuFV3BrJMvJxUIEe9V/7qhjFLI5SGCap1x3MT42dUGc4ETkrdVGNC2YgOsGOppBFqP5udOiEnVglJP1a2pCEz9fdERiOtx1FgOyNqhnrRm4r/eZ3U9K/9jMskNSjZfFE/FcTEZPo3CblCZsTYEsoUt7cSNqSKMmPTKdkQvMWXl0nzrOpdVr37i0rtJo+jCEdwDKfgwRXU4A7q0AAGA3iGV3hzhPPivDsf89aCk88cwh84nz/w9Y2Q</latexit>

d3

<latexit sha1_base64="DVSKFtn/usoiAVfESyw9t061hnw=">AAAB8nicbVBNS8NAEN34WetX1aOXrUXwVBIt6kUpePFYwX5AEsJms2mXbjZhdyKU0p/hxYMiXv013vw3btsctPXBwOO9GWbmhZngGmz721pZXVvf2Cxtlbd3dvf2KweHHZ3mirI2TUWqeiHRTHDJ2sBBsF6mGElCwbrh8G7qd5+Y0jyVjzDKmJ+QvuQxpwSM5EZBw6veeNUouAgqNbtuz4CXiVOQGirQCipfXpTSPGESqCBau46dgT8mCjgVbFL2cs0yQoekz1xDJUmY9sezkyf41CgRjlNlSgKeqb8nxiTRepSEpjMhMNCL3lT8z3NziK/9MZdZDkzS+aI4FxhSPP0fR1wxCmJkCKGKm1sxHRBFKJiUyiYEZ/HlZdI5rzuXdeehUWveFnGU0DE6QWfIQVeoie5RC7URRSl6Rq/ozQLrxXq3PuatK1Yxc4T+wPr8AXWdkA4=</latexit>

d4 = d3
<latexit sha1_base64="MvQw+/MRqvWMCRBvMWH+9t51NuY=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMeIF48RzAOSJcxOZpMx81hmZoWwBPwELx4U8er/ePNvnE1y0MSChqKqm+6uKOHMWN//9gorq2vrG8XN0tb2zu5eef+gaVSqCW0QxZVuR9hQziRtWGY5bSeaYhFx2opGN7nfeqTaMCXv7TihocADyWJGsHVSs2vYQOBeueJX/SnQMgnmpAJz1Hvlr25fkVRQaQnHxnQCP7FhhrVlhNNJqZsammAywgPacVRiQU2YTa+doBOn9FGstCtp0VT9PZFhYcxYRK5TYDs0i14u/ud1UhtfhRmTSWqpJLNFccqRVSh/HfWZpsTysSOYaOZuRWSINSbWBVRyIQSLLy+T5lk1uKgGd+eV2vXTLI4iHMExnEIAl1CDW6hDAwg8wDO8wpunvBfv3fuYtRa8eYSH8Afe5w/ECo+o</latexit>!
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�i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 ���M �Q�#�b�2�`�p���#�H�2 �[�m���M�i�B�i�vO ���M�/x1 <x 2 2 N�V�- �#�2���`�B�M�; �B�M �K�B�M�/ �i�?���i �/�B�b�i���M�+�2
���m�i�Q�K���i�� �7�Q�` �7�Q�`�K�m�H���2 �#���b�2�/ �Q�Mn�@�/�B�K�2�M�b�B�Q�M���H �`�2�;�B�Q�M�b ���`�2 �b�i�`���B�;�?�i�7�Q�`�r���`�/ ���/���T�i���i�B�Q�M�b �Q�7
�i�?�Q�b�2 �/�B�b�+�m�b�b�2�/ �#�2�H�Q�r�X
�J�2�i�2�` ���m�i�Q�K���i�Q�MA F �X ���m�i�Q�K���i�Q�MA F �U�6�B�;�m�`�2�j�X�k�V �B�b �/�2�b�B�;�M�2�/ �i�Q �K�2���b�m�`�2 �i�?�2 �/�B�b�@
�i���M�+�2 �U�j�X�j�V �Q�7 �� �T���i�?� �7�`�Q�K �i�?�2 �`�2�;�B�Q�M ���b�b�Q�+�B���i�2�/ �r�B�i�?F [t1 ;t 2 ](x1 � xO � x2)�- �B�X�2�X �i�?�2
�`�2�;�B�Q�M �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2 �Q�#�b�2�`�p�2�/ �b�T�2�+�B�2�bxO 2 [x1; x2] �r�B�i�?�B�M �i�B�K�2t 2 [t1; t2]�X�A�i �m�b�2�b
�9 �p���`�B���#�H�2�b�,d �U�+�Q�K�T�m�i�2�/ �/�B�b�i���M�+�2�V�- �i �U�+�m�`�`�2�M�i �i�B�K�2 ���H�Q�M�; �i�?�2 �T���i�?�V�-n �U�T�Q�T�m�H���i�B�Q�M �Q�7 �i�?�2
�Q�#�b�2�`�p�2�/ �b�T�2�+�B�2�bO ���7�i�2�` �i�?�2 �K�Q�b�i �`�2�+�2�M�i �Q�+�+�m�`�`�2�M�+�2 �Q�7 �� �`�2���+�i�B�Q�M�V ���M�/n0 �U�T�Q�T�m�H���i�B�Q�M �Q�7
O �#�2�7�Q�`�2 �i�?�2 �K�Q�b�i �`�2�+�2�M�i �Q�+�+�m�`�`�2�M�+�2 �Q�7 �� �`�2���+�i�B�Q�M�V�X�h�?�2 �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �Q�7� �r�B�i�?A F

�B�b �K���M���;�2�/ �i�?�`�Q�m�;�? �� �M�m�K�#�2�` �Q�7 �K�m�i�m���H�H�v �2�t�+�H�m�b�B�p�2���m�i�Q�M�Q�K�Q�m�b�i�`���M�b�B�i�B�Q�M�b �U�7�`�Q�Kl1 �i�Q
l3�V�- �T�H�m�b �� �b�B�M�;�H�2�b�v�M�+�?� �̀Q�M�B�b�2�/�i�`���M�b�B�i�B�Q�M �U�7�`�Q�Kl3 �i�Ql1�V�- �r�?�B�+�? �`�2�b�m�H�i�b �B�M �i�?�2 ���m�i�Q�K���i�Q�M
�H�Q�Q�T�B�M�; �#�2�i�r�2�2�Ml1 ���M�/l3 �m�T �m�M�i�B�H �� �i�2�`�K�B�M���i�B�Q�M �+�Q�M�/�B�i�B�Q�M �B�b �7�m�H�}�H�H�2�/�X �A�i �B�b �b�i�`���B�;�?�i�7�Q�`�@
�r���`�/ �i�Q �b�?�Q�r �i�?���iA F �+�Q�K�T�H�B�2�b �r�B�i�? �i�?�2 �>���a�G �/�2�i�2�`�K�B�M�B�b�K �+�Q�M�b�i�`���B�M�i�b �U�*�?���T�i�2�`�k�V ���M�/



�*�?���T�i�2�` �j�X �� �"���v�2�b�B���M ���T�T�`�Q���+�? �i�Q �T���`���K�2�i�`�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; �8�3

�i�?�2�`�2�7�Q�`�2 �i�?�2 �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �Q�7 ���M ���`�#�B�i�`���`�v �T���i�?� �v�B�2�H�/�b �� �m�M�B�[�m�2 �T���i�? �B�M �i�?�2 �T�`�Q�/�m�+�i
�T�`�Q�+�2�b�bM � A F �X �a�T�2�+�B�}�+���H�H�v�- �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �Q�7� �r�B�i�?A F �r�Q�`�F�b ���b �7�Q�H�H�Q�r�b�X ���i �i�?�2 �b�i���`�i
�Ul0 ! l1�V �i�?�2 �/�B�b�i���M�+�2 �B�b �B�M�B�i�B���H�B�b�2�/ �i�Qd := 1 ���M�/ �i�?�2 �B�M�B�i�B���H �p���H�m�2 �Q�7 �i�?�2 �Q�#�b�2�`�p�2�/ �b�T�2�+�B�2�b
���`�2 �b�i�Q�`�2�/ �B�Mn := xO �X �P�M�+�2 �B�Ml1�- �i�?�2 ���M���H�v�b�B�b �Q�7� �#�2�;�B�M�b ���M�/ �B�b �/�`�B�p�2�M �#�v �b�2�p�2�M �K�m�i�m���H�H�v
�2�t�+�H�m�b�B�p�2 ���m�i�Q�M�Q�K�Q�m�b �i�`���M�b�B�i�B�Q�M�b�X �A�7 �B�M�B�i�B���H�H�v� �B�b �B�M�b�B�/�2 �i�?�2 �`�2�;�B�Q�M �U���M�/ �i�?�B�b �B�M�+�H�m�/�2 �2�p�2�M

�B�M�B�i�B���H�H�v �r�B�i�?t = 0 �B�M �+���b�2t1 = 0 �i�Q�Q�V�- �i�?�2�M �i�`���M�b�B�i�B�Q�Ml1
];t 1 � t � t2^ (x1 � n� x2 );f d:=0 g
������������������! l2

�Q�+�+�m�`�b �B�K�K�2�/�B���i�2�H�v ���M�/ �i�?�2 �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �b�i�Q�T�b �r�B�i�? �/�B�b�i���M�+�2d = 0 �X �P�M �i�?�2 �Q�i�?�2�` �?���M�/
�B�7�- �r�?�B�H�2 �B�Ml1�- �i�?�2 �T���i�? �?���b �M�Q�i �2�M�i�2�`�2�/[x1; x2]�- �/�B�b�i���M�+�2d �K�m�b�i �#�2 �+�Q�K�T�m�i�2�/ �/�2�T�2�M�/�B�M�;
�Q�M �/�B�z�2�`�2�M�i �+�Q�M�/�B�i�B�Q�M�b �U�i�?���i �+�Q�`�`�2�b�T�Q�M�/ �i�Q �9 �K�m�i�m���H�H�v �2�t�+�H�m�b�B�p�2 ���m�i�Q�M�Q�K�Q�m�b �i�`���M�b�B�i�B�Q�M�b
�H�B�M�F�B�M�;l1 ! l3�V�X �a�T�2�+�B�}�+���H�H�v�, �B�M �+���b�2t < t 1 �U�B�X�2�X� �?���b �M�Q�i �v�2�i �i�2�K�T�Q�`���H�H�v �`�2���+�?�2�/ �i�?�2 �i�B�K�2
�B�M�i�2�`�p���H[t1; t2]�V �i�?�2�M �2�B�i�?�2�`� �?���b �2�M�i�2�`�2�/[x1; x2]�- �B�M �r�?�B�+�? �+���b�2d �B�b �+�Q�`�`�2�+�i�H�v �b�2�i �i�Qd := 0 �3

�i�?�`�Q�m�;�? �}�`�B�M�; �Q�7l1
]; (t< = t1 )^ (x1>n _ n>x 2 )
���������������!

f d:=0 ;n0:= ng
l3 �Q�`�-� �?���b �M�Q�i �2�M�i�2�`�2�/[x1; x2] ���M�/ �i�?�2�Md �B�b �b�2�i �i�Q

�i�?�2 �1�m�+�H�B�/�B���M �/�B�b�i���M�+�2 �Q�7 �i�?�2 �+�m�`�`�2�M�i �T�Q�B�M�i �Q�7 �i�?�2 �T���i�? �7�`�Q�K �i�?�2 �M�2���`�2�b�i �+�Q�`�M�2�` �Q�7 �i�?�2 �`�2�;�B�Q�M

�U�2�B�i�?�2�`(t1; x1) �Q�(̀t1; x2)�V �i�?�`�Q�m�;�? �}�`�B�M�; �Q�7l1
]; (t< = t1 )^ (x1>n _ n>x 2 )

��������������������������������!
f d:=min(

p
(t � t1 )2+( n� x2 )2 ;

p
(t � t1 )2+( n� x1 )2 )g

l3�X

�P�M �i�?�2 �Q�i�?�2�` �?���M�/ �B�7t � t1�- �B�M ���+�+�Q�`�/���M�+�2 �r�B�i�? �U�j�X�j�V�- �i�?�2 �/�B�b�i���M�+�2 �Q�7 �i�?�2 �+�m�`�`�2�M�i �T�Q�B�M�i �Q�7

�i�?�2 �T���i�? �B�b �2�B�i�?�2�`�, �B�V �H�2�7�i �m�M�+�?���M�;�2�/ �U�#�v �}�`�B�M�; �Q�7l1
]; (t � t1 )^ (n= n0)^ (x1>n _ n>x 2 )
��������������������!

;
l3�V�- �B�7 �i�?�2

�H���b�i �Q�+�+�m�`�`�2�/ �`�2���+�i�B�Q�M �?���/ �M�Q�i �T�`�Q�/�m�+�2�/ �� �D�m�K�T �r�X�`�X�i�X �i�?�2 �Q�#�b�2�`�p�2�/ �b�T�2�+�B�2�b �U�B�X�2�Xn0 = n�V�-
�Q�`�- �+�Q�M�p�2�`�b�2�H�v�- �B�B�V �i�Q �i�?�2 �K�B�M�B�K�m�K �#�2�i�r�2�2�M �i�?�2 �T�`�2�p�B�Q�m�b �p���H�m�2 �Q�7d ���M�/ �i�?�2 �/�B�b�i���M�+�2 �Q�7

�i�?�2 �+�m�`�`�2�M�i �T�Q�B�M�i �7�`�Q�K[x1; x2] �U�#�v �}�`�B�M�; �Q�7l1
];t � t1^ (n6= n0)^ (x1>n _ n>x 2 )

��������������������!
f d:=min( d;min( jn� x1 j;jn� x2 j)) g

l3�V �B�7 �i�?�2 �H���b�i

�Q�+�+�m�`�`�2�/ �`�2���+�i�B�Q�M �/�B�/ �T�`�Q�/�m�+�2 �� �D�m�K�T �r�X�`�X�i�XO�X
�J�2�i�2�` ���m�i�Q�K���i�Q�MA G �X���m�i�Q�K���i�Q�MA G �U�6�B�;�m�`�2�j�X�j�V �B�b �/�2�b�B�;�M�2�/ �i�Q �K�2���b�m�`�2 �i�?�2 �/�B�b�i���M�+�2
�Q�7 �� �T���i�?� �r�X�`�X�i�X �i�Q ���7�Q�`�K�m�H��G [t1 ;t 2 ](x1 � xO � x2)�- �#���b�2�/ �Q�M �U�j�X�9�V�X�A�i �m�b�2�b �i�?�2 �b���K�2
�p���`�B���#�H�2�b ���bA F �U�?�2�M�+�2d �b�i�Q�`�2�b �i�?�2 �K�2���b�m�`�2�/ �/�B�b�i���M�+�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �r�B�i�? �i�?�2 �B�M�i�2�;�`���H �Q�7 �i�?�2
�b�2�;�K�2�M�i�b �i�?���i�- �r�B�i�?�B�M[t1; t2]�- �7���H�H �Q�m�i�b�B�/�2 �i�?�2 �`�2�;�B�Q�M�V �T�H�m�b ���M �2�t�i�`�� �i�B�K�2�`t0�- �i�Q �K�2���b�m�`�2 �i�?�2
�/�m�`���i�B�Q�M �Q�7 �� �b�2�;�K�2�M�i �7���H�H�B�M�; �Q�m�i�b�B�/�2 �i�?�2 �`�2�;�B�Q�M �r�B�i�?�B�M[t1; t2]�- ���M�/ �� �#�Q�Q�H�2���M �~���;in �- �r�?�B�+�?
�B�b �b�2�i �i�Qtrue �B�7 �i�?�2 �H���b�i �b�2�;�K�2�M�i �Q�7 �i�?�2 �T���i�? �Q�`�B�;�B�M���i�2�b �B�M[t1; t2] �Q�m�i�b�B�/�2 �Q�7 �i�?�2 �`�2�;�B�Q�M[x1; x2]�X
in �B�b �m�b�2�/ �i�Q �/�B�b�i�B�M�;�m�B�b�? �+���b�2�b �r�?�2�`�2 �i�?�2 �T���i�? �B�b �Q�m�i �Q�7 �i�?�2 �`�2�;�B�Q�M[x1; x2] �r�B�i�?t0 < t 1 ���M�/ ��
�M�2�r �2�p�2�M�i �Q�+�+�m�`�b ���7�i�2�` �� �i�B�K�2t00> t 1�- �B�M �Q�`�/�2�` �i�Q ���/�/(t00� t1) � min (jn� x1j; jn � x2j) �B�M�b�i�2���/
�Q�7(t00� t0) � min (jn � x1j; jn � x2j)�X ���7�i�2�` �i�?�2 �B�M�B�i�B���H�B�b���i�B�Q�M �Q�7 �p���`�B���#�H�2�b �Ul0 ! l1�V�- ���M���H�v�b�B�b
�#�2�;�B�M�b �B�Ml1�, �7�Q�` �2�p�2�M�i�b �Q�+�+�m�`�`�B�M�; �#�2�7�Q�`�2t1�- �r�2 �/�B�b�i�B�M�;�m�B�b�? �i�r�Q �+���b�2�b�X �A�7� @t 2 [x1; x2]�- �i�?�2
�/�B�b�i���M�+�2 �B�b �b�2�i �i�Q �x�2�`�Q �Ul1 ! l3 �i�Q�T ���`�+�V�X �P�i�?�2�`�r�B�b�2�-d �B�b �i�?�2 �/�B�b�i���M�+�2 �Q�7� @t �7�`�Q�K[x1; x2]
�Q�i�?�2�`�r�B�b�2 �Ul1 ! l3 �K�B�/�r���v ���`�+�V�X �A�M�/�2�2�/�- �B�7�- �7�Q�` �2�t���K�T�H�2�- �i�?�2 �M�2�t�i �D�m�K�T �Q�7� �?���T�T�2�M�b ���i
t > t 2�- �i�?�2�M �i�?�2 �}�M���H �/�B�b�i���M�+�2 �B�b �;�B�p�2�M �#�vd � (t2 � t1) �Ul1 ! l2 �#�Q�i�i�Q�K ���`�+�V�X �6�Q�` �2�p�2�M�i�b
�Q�+�+�m�`�`�B�M�; ���it 2 [t1; t2]�- �B�7� @t 62[x1; x2] �U�b�2�[�m�2�M�+�2l1 ! l4 ! l1�V�- �i�?�2 �/�B�b�i���M�+�2 �B�b �B�M�+�`�2�K�2�M�i�2�/

�3�i�?�B�b �B�b �#�2�+���m�b�2 �J�S�J �T���i�?�b ���`�2�+�¨�/�H�¨�;�7�m�M�+�i�B�Q�M�b �Q�7 �i�B�K�2�- �B�7 �i�?�2 �M�2�t�i �`�2���+�i�B�Q�M �Q�+�+�m�`�b ���i �i�B�K�2t � t1 �i�?�2�M
�B�i �B�b �+�2�`�i���B�M �i�?���i �i�?�2 �+�m�`�`�2�M�i �T���i�? �?���b ���i �H�2���b�i �Q�M�2 �T�Q�B�M�i �r�B�i�?�B�M �i�?�2 �+�Q�M�b�B�/�2�`�2�/ �`�2�;�B�Q�M �?�2�M�+�2 �i�?�2 �T���i�? �r�B�H�H

�#�2 �i�?�2�M ���+�+�2�T�i�2�/ �Ul1
]; ( d=0) ^ ( t � t 1 )
����������! l2 �V ���M�/ �i�?�2 �}�M���H�H�v �K�2���b�m�`�2�/ �/�B�b�i���M�+�2 �r�B�H�H �#�2d = 0 �V�X



�*�?���T�i�2�` �j�X �� �"���v�2�b�B���M ���T�T�`�Q���+�? �i�Q �T���`���K�2�i�`�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; �8�N

l 0
_t :1

l 1
_t :1

l 3
_t :1
_t 0:0

l 4
_t :1
_t 0:1

l 2
_t :1

] �-> �-f n := x O ; d :=0 ; in := >g

] �-: in ^ t 1 � t � t 2 ^ ( n<x 1 _ n>x 2 )

f d += d � ( t � t 1 ) g

] �-in ^ t 1 � t � t 2 ^ ( n<x 1 _ n>x 2 ) �- ;

] �-: in ^ t 1 � t � t 2 ^ ( x 1 � n � x 2 )

f d := d � ( t � t 1 ) ;t 0:=0 g

] �-in ^ t 1 � t � t 2 ^ ( x 1 � n � x 2 ) �- f t 0:=0 g

] �-t<t 1 ^ ( x 1 � n � x 2 )
f d :=0 ; in := ?g

] �-t<t 1 ^ ( n<x 1 _ n>x 2 ) �- f d := min ( j x 1 � n j ; j x 2 � n j ) ; in := ?g

] �-t>t
2 �-;] �-t>t

2 ^:
in �-

f d := d � ( t 1 � t 2) g
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���M �2�b�i�B�K���i�2 �Q�7 �i�?�2 �b���i�B�b�7���+�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �7�m�M�+�i�B�Q�Mf ' (:) ���b �i�?�2 �T�`�Q�/�m�+�iK � � ' � ABC (:)
�/�B�p�B�/�2�/ �#�v �i�?�2 �U�F�M�Q�r�M�V �T�`�B�Q�`� (:) �U�i�?�2 �Q�M�2 �r�?�B�+�? �?���b �#�2�2�M �2�K�T�H�Q�v�2�/ �B�M �i�?�2 ���T�T�H�B�+���i�B�Q�M �Q�7
�i�?�2 ���m�i�Q�K���i�Q�M�@���"�* ���H�;�Q�`�B�i�?�K�V�X

�1�b�i�B�K���i�B�Q�M �Q�7 �i�?�2' � ABC �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M�X �h�Q �Q�#�i���B�M ���M �2�b�i�B�K���i�2 �Q�7 �i�?�2
���m�i�Q�K���i�Q�M�@���"�* �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M� ' � ABC (:) �r�2 ���T�T�H�v �F�2�`�M�2�H �/�2�M�b�B�i�v �2�b�i�B�K���i�B�Q�M �U�a�2�+�@
�i�B�Q�M�j�X�R�X�9�V �i�Q �i�?�2 �b���K�T�H�2�b(� i )1� i � N �B�b�b�m�2�/ �#�v ���M ���m�i�Q�K���i�Q�M�@���"�* ���H�;�Q�`�B�i�?�K�X �a�T�2�+�B�}�+���H�H�v
�r�2 �+�Q�M�b�B�/�2�`�2�/ �i�r�Q �/�B�z�2�`�2�M�i �F�B�M�/ �Q�7 �F�2�`�M�2�H�b�, �:���m�b�b�B���M ���M�/ �"�2�i�� �(�*�?�2�N�N�)�X �"�2�i�� �F�2�`�M�2�H�b
���`�2 �m�b�2�7�m�H �r�?�2�M �r�2 �?���p�2 �i�Q �2�b�i�B�K���i�2 �/�2�M�b�B�i�B�2�b �Q�p�2�` �#�Q�m�M�/�2�/ �b�m�T�T�Q�`�i�b �r�B�i�? �T�Q�b�B�i�B�p�2 �T�`�Q�#�@
���#�B�H�B�i�B�2�b �Q�M �i�?�2 �#�Q�m�M�/���`�B�2�b�- �#�m�i ���`�2 �K�Q�`�2 �+�Q�K�T�m�i���i�B�Q�M���H�H�v �2�t�T�2�M�b�B�p�2 �7�Q�` �i�?�2 �+���H�B�#�`���i�B�Q�M
�Q�7 �i�?�2 �#���M�/�r�B�/�i�?�X �h�?�2 �Q�T�i�B�K���H �#���M�/�r�B�/�i�? �B�b �Q�#�i���B�M�2�/ �#�v �G�2���b�i �a�[�m���`�2�b �*�`�Q�b�b�@�o���H�B�/���i�B�Q�M
�K�B�M�B�K�B�b���i�B�Q�M �(�a�B�H�3�e�)�X

�1�b�i�B�K���i�B�Q�M �Q�7K �X ���M �2�b�i�B�K���i�2 �Q�7K �+���M �#�2 �Q�#�i���B�M�2�/ �/�B�`�2�+�i�H�v ���b �i�?�2 �`���i�B�Q �#�2�i�r�2�2�M ��
�b�B�M�;�H�2�@�T�Q�B�M�i �2�b�i�B�K���i�B�Q�M �Q�7P r (' jM � � ) ���M�/� ' � ABC (� � ) �r�?�2�`�2� � 2 � �B�b �� �b�T�2�+�B�}�+���H�H�v �+�?�Q�b�2�M
�p���H�m�2 �B�M �i�?�2 �T���`���K�2�i�2�` �b�T���+�2�X �a�B�M�+�2 �r�2 �T�`�Q�T�Q�b�2 �i�Q �2�b�i�B�K���i�2P r (' jM � � ) �i�?�`�Q�m�;�? �U�b�i���M�/���`�/�V
�b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�;�-� � �b�?�Q�m�H�/ �#�2 �+�?�Q�b�2�M �b�Q �i�?���i �i�?�2 �`�m�M�i�B�K�2 �i�Q �b�i���i�B�b�i�B�+���H�H�v �K�Q�/�2�H
�+�?�2�+�FM � � j= ' �U�?�2�M�+�2 �i�Q �2�b�i�B�K���i�2P r (' jM � � )�V �B�b �M�Q�i �2�+�+�2�b�B�p�2�H�v �?�B�;�?�- �B�X�2�X �r�?�B�+�? �B�b �i�?�2 �+���b�2
���b �H�Q�M�; ���bP r (' jM � � ) � 0 �X �h�?�2�`�2�7�Q�`�2�- �#���b�2�/ �Q�M �i�?�2 �2�b�i�B�K���i�2 �Q�7 �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M
� ' � ABC �Q�M�2 �b�?�Q�m�H�/ �+�?�Q�b�2� � �r�B�b�2�H�v �B�M �� �?�B�;�? �T�`�Q�#���#�B�H�B�i�v �`�2�;�B�Q�M �Q�7� ' � ABC �X ���H�i�2�`�M���i�B�p�2�H�v�-
�B�M �Q�`�/�2�` �i�Q �B�K�T�`�Q�p�2 �F�2�`�M�2�H �/�2�M�b�B�i�v �2�b�i�B�K���i�B�Q�M �b�i���#�B�H�B�i�v�- �Q�M�2 �+�Q�m�H�/ �b�2�H�2�+�i �b�2�p�2�`���H� � �- �2�b�i�B�K���i�2
�i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �+�Q�M�b�i���M�i�bK � ���M�/ �+�Q�K�T�m�i�2 �i�?�2�B�` �K�2���M �p���H�m�2�X

�j�X�j �1�t�T�2�`�B�K�2�M�i�b

�q�2 �/�2�K�Q�M�b�i�`���i�2 �i�?�2 �2�z�2�+�i�B�p�2�M�2�b�b �Q�7 �T���`���K�2�i�`�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; �p�B�� �i�?�2 ���m�i�Q�K���i�Q�M�@���"�*
�K�2�i�?�Q�/ �i�?�`�Q�m�;�? �� �7�2�r �2�t���K�T�H�2�b �Q�7 �#�B�Q�H�Q�;�B�+���H �b�v�b�i�2�K�b �X

�j�X�j�X�R �1�M�x�v�K���i�B�+ �`�2���+�i�B�Q�M �b�v�b�i�2�K

�q�2 �+�Q�M�b�B�/�2�` �� �b�B�K�T�H�2 �K�Q�/�2�H �Q�7 �2�M�x�v�K���i�B�+ �`�2���+�i�B�Q�M �U�1�_�V �b�v�b�i�2�K �B�M �r�?�B�+�? ���b�m�#�b�i� �̀��i�2�b�T�2�+�B�2�b
S �B�b �+�Q�M�p�2�`�i�2�/ �B�M�i�Q ���T� �̀Q�/�m�+�iP �i�?�`�Q�m�;�? �K�2�/�B���i�B�Q�M �Q�7 ���M�2�M�x�v�K�2E �X �h�?�2 �/�v�M���K�B�+�b �B�b �;�B�p�2�M



�*�?���T�i�2�` �j�X �� �"���v�2�b�B���M ���T�T�`�Q���+�? �i�Q �T���`���K�2�i�`�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; �e�9

�#�v �+�?�2�K�B�+���H �2�[�m���i�B�Q�M�b �U�j�X�e�V �r�?�B�+�? �/�2�T�2�M�/ �Q�M �i�?�2 �T���`���K�2�i�2�`�b� = f k1; k2; k3g�- �B�X�2�X �i�?�2 �F�B�M�2�i�B�+
�`���i�2 �+�Q�M�b�i���M�i�b �Q�7 �`�2���+�i�B�Q�M�bR1; R2; R3�X

R1 : E + S
k1�! ES R2 : ES

k2�! E + S R3 : ES
k3�! E + P �U�j�X�e�V

�h�?�2 �/�v�M���K�B�+�b �Q�7 �i�?�2 �1�_ �b�v�b�i�2�K �B�b �b�m�+�? �i�?���i �i�?�2 �i�Q�i���H�B�i�v �Q�7 �i�?�2 �b�m�#�b�i�`���i�2 �U�B�M�B�i�B���H�H�vS0 = 100�V
�B�b �+�Q�M�p�2�`�i�2�/ �B�M�i�Q �i�?�2 �T�`�Q�/�m�+�i ���i �� �b�T�2�2�/ �/�2�T�2�M�/�2�M�i �Q�M �T���`���K�2�i�2�`�b� �X �6�Q�` �2�t���K�T�H�2 �r�B�i�?
� = (1 ; 1; 1)�- �i�?�2 �i�Q�i���H�B�i�v �Q�7S �B�b �+�Q�M�p�2�`�i�2�/ �i�QP �#�2�7�Q�`�2time = 5 �U�6�B�;�m�`�2�j�X�9�H�2�7�i�V�- �r�?�2�`�2���b
�r�B�i�? �� �i�2�M�7�Q�H�/ �b�T�2�2�/ �`�2�/�m�+�i�B�Q�M �B�M �i�?�2 �7�Q�`�K���i�B�Q�M �Q�7 �i�?�2ES �+�Q�K�T�H�2�t ���M�/ �b�v�M�i�?�2�b�B�b �Q�7P �U�B�X�2�X
� =(0 :1; 1; 0:1)�V�- �Q�M�H�v ���#�Q�m�i �j�y�W �Q�7S �?���b �#�2�2�M �+�Q�M�p�2�`�i�2�/ ���itime = 5 �U�6�B�;�m�`�2�j�X�9�`�B�;�?�i�V�X
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�6�B�;�m�`�2 �j�X�9�,�h�`���D�2�+�i�Q�`�B�2�b �Q�7 �i�?�2 �1�_ �b�v�b�i�2�K �r�B�i�?� �H�2�7�i=(1 ; 1; 1)�-� �`�B�;�?�i=(0 :1; 1; 0:1)�X

�a���i�B�b�7���+�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �7�m�M�+�i�B�Q�M �2�b�i�B�K���i�B�Q�M�X ���b �� �+���b�2 �b�i�m�/�v �r�2 �+�Q�M�b�B�/�2�` �i�?�2 �2�b�i�B�K���@
�i�B�Q�M �Q�7 �i�?�2 �b���i�B�b�7���+�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �7�m�M�+�i�B�Q�Mf ' i �7�Q�` �i�r�Q �b�2�i�b �Q�7 �i�B�K�2�@�#�Q�m�M�/�2�/ �`�2���+�?���#�B�H�B�i�v
�7�Q�`�K�m�H���2' 1�- ' 2�- ' 3 �U�6�B�;�m�`�2�j�X�e�V �i�?���i �r�2 �m�b�2 �7�Q�` �K�Q�M�Q�@�/�B�K�2�M�b�B�Q�M���H �2�t�T�2�`�B�K�2�M�i�b ���M�/' 4�-
' 5�-' 6 �U�6�B�;�m�`�2�j�X�d�V �r�?�B�+�? �r�2 �m�b�2 �7�Q�` �#�B�@�/�B�K�2�M�b�B�Q�M���H �2�t�T�2�`�B�K�2�M�i�b�X �q�?�B�H�2' 1�-' 2�-' 3�-' 4 ���M�/
' 5 �`�2�7�2�` �i�Q �ó�b�B�K�T�H�2�ô �i�B�K�2�@�#�Q�m�M�/�2�/ �`�2���+�?���#�B�H�B�i�v �+�Q�M�/�B�i�B�Q�M�b�- �B�X�2�X �i�?�2�v ���`�2 �+�Q�M�+�2�`�M�2�/ �r�B�i�?
�i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 �� �b�B�M�;�H�2 �b�T�2�+�B�2�b �U�B�X�2�X �b�T�2�+�B�2�bP �7�Q�`' 1�- ' 2�- ' 3�- ' 4

���M�/E �7�Q�`' 5�V �2�M�i�2�` �� �b�T�2�+�B�}�+ �2�H�2�K�2�M�i���`�v �b�T���i�B�Q�@�i�2�K�T�Q�`���H �`�2�;�B�Q�M�b �U�B�X�2�XR1�- R2�- R3�- R4

���M�/R5�V�-� 6 �+�Q�M�b�B�b�i�b �Q�7 �� �+�Q�M�D�m�M�+�i�B�Q�M �Q�7 �i�B�K�2�@�#�Q�m�M�/�2�/ �+�Q�M�/�B�i�B�Q�M�b �B�M�p�Q�H�p�B�M�; �i�r�Q �/�B�z�2�`�2�M�i
�b�T�2�+�B�2�b�- �M���K�2�H�vE ���M�/P �- �i�?�m�b �+�Q�`�`�2�b�T�Q�M�/�b �r�B�i�? �� �+�Q�K�#�B�M���i�B�Q�M �Q�7 �k �2�H�2�K�2�M�i���`�v �`�2�;�B�Q�M�b
�Q�M�2 �+�Q�M�b�i�`���B�M�B�M�; �i�?�2E �@�T�`�Q�D�2�+�i�B�Q�M �i�?�2 �Q�i�?�2�` �+�Q�M�+�2�`�M�B�M�;P�@�T�`�Q�D�2�+�i�B�Q�M �Q�7 �T���i�?�b �B�b�b�m�2�/ �#�v
�i�?�2 �1�_ �K�Q�/�2�H�X �"�2�7�Q�`�2 �/�B�b�+�m�b�b�B�M�; �i�?�2 �Q�m�i�+�Q�K�2 �Q�7f ' i �2�b�i�B�K���i�B�Q�M �r�2 �T�Q�B�M�i �Q�m�i �i�?�2 �2�z�2�+�i
�i�?���i �T���`���K�2�i�2�`k3 �?���b �Q�M �i�?�2 �/�v�M���K�B�+�b �Q�7 �i�?�2P �b�T�2�+�B�2�b �#�v �b�?�Q�r�B�M�; �7�2�r �T���i�?�b �U�6�B�;�m�`�2�j�X�8
�H�2�7�i�V �b���K�T�H�2�/ �7�`�Q�K �i�?�2 �1�_ �K�Q�/�2�H �#�v �p���`�v�B�M�; �T���`���K�2�i�2�`k3 2 f 10; 20; 50g �r�?�B�H�2 �F�2�2�T�B�M�;
k1 = k2 = 1 �U�B�X�2�X �2�[�m���H�H�v �+�Q�H�Q�m�`�2�/ �T�H�Q�i�b �+�Q�`�`�2�b�T�Q�M�/ �i�Q �i�?�2 �b���K�2 �T���`���K�2�i�2�` �b�2�i�V�X �A�M�i�m�B�i�B�p�2�H�v
�Q�M�2 �+���M �T�Q�B�M�i �Q�m�i �i�?���i �T���`���K�2�i�2�` �b�2�i� 1 : (1; 1; 50) �B�M�/�m�+�2�b �� �?�B�;�? �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�`���D�2�+�i�Q�@
�`�B�2�b �2�M�i�2�` �`�2�;�B�Q�MR1 �U�r�?�B�+�? �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �7�Q�`�K�m�H��' 1�V�- �r�?�B�H�2� 2 =(1 ; 1; 20) �B�M�/�m�+�2�b �� �?�B�;�?
�T�`�Q�#���#�B�H�B�i�v �Q�M �`�2�;�B�Q�MR2 ���M�/� 3 =(1 ; 1; 10) �Q�M �`�2�;�B�Q�MR3�X



�*�?���T�i�2�` �j�X �� �"���v�2�b�B���M ���T�T�`�Q���+�? �i�Q �T���`���K�2�i�`�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; �e�8

r1 r2

r3

k3 = 10

k3 = 20

k3 = 50 ' 1 : F [0:025;0:05](50 � xP � 75) � R1

' 2 : F [0:05;0:075](50 � xP � 75) � R2

' 3 : F [0:05;0:075](25 � xP � 50) � R3

�6�B�;�m�`�2 �j�X�8�,�S�`�Q�D�2�+�i�B�Q�M �Q�7 �i�`���D�2�+�i�Q�`�B�2�b �Q�7 �1�_ �b�v�b�i�2�K ���H�Q�M�;P�@�/�B�K�2�M�b�B�Q�M�- ���M�/ �i�?�`�2�2 �b�T���i�B���H�@
�i�2�K�T�Q�`���H �`�2�;�B�Q�M�b �r�B�i�? �+�Q�`�`�2�b�T�Q�M�/�B�M�; �J�A�h�G �7�Q�`�K�m�H���2 �2�M�+�Q�/�B�M�;�X

�J�Q�M�Q�@�/�B�K�2�M�b�B�Q�M���H �2�t�T�2�`�B�K�2�M�i�b�X �6�B�;�m�`�2�j�X�e�B�H�H�m�b�i�`���i�2�b �i�?�2 �2�b�i�B�K���i�2�/ �T�Q�b�i�2�`�B�Q�` �/�B�b�@
�i�`�B�#�m�i�B�Q�M� ' i � ABC ���M�/ �+�Q�`�`�2�b�T�Q�M�/�B�M�; �b���i�B�b�7���+�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �7�m�M�+�i�B�Q�Mf ' i �B�M �7�m�M�+�i�B�Q�M �Q�7
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�T�Q�B�M�i�b �i�?�`�Q�m�;�? �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �U���i �N�8�W �+�Q�M�}�/�2�M�+�2 �b�2�K�B�@�B�M�i�2�`�p���H �r�B�/�i�? �y�X�y�R�V�X �A�M
�`�2�/�, �i�?�2 �b���i�B�b�7���+�i�B�Q�M �7�m�M�+�i�B�Q�M �2�b�i�B�K���i�2�/ �i�?�`�Q�m�;�? �F�2�`�M�2�H �/�2�M�b�B�i�v �2�b�i�B�K���i�B�Q�M �K�2�i�?�Q�/�X

�h�?�2 �K���`�;�B�M���H �7�Q�`� ' 1 � ABC �2�t�?�B�#�B�i�b �� �`���i�?�2�` �m�M�B�7�Q�`�K �T�`�Q�}�H�2 �r�B�i�? �i�?�295% �+�`�2�/�B�#�B�H�B�i�v
�B�M�i�2�`�p���H �i�?���i' 1 �B�b �b���i�B�b�}�2�/ �7�Q�`k3 2 [20; 100] �U���T�T�`�Q�t�B�K���i�2�H�v�V �r�?�2�`�2���b �i�?�2 �K���`�;�B�M���H�b �7�Q�`
� ' 2 � ABC ���M�/� ' 3 � ABC �- �B�M�b�i�2���/�- �`�2�b�m�H�i �B�M �M���`�`�Q�r�2�`95% �+�`�2�/�B�#�B�H�B�i�v �B�M�i�2�`�p���H�b �r�B�i�?k3 2
[15; 50] �U' 2�V �`�2�b�T�Xk3 2 [5; 25] �U' 3�V�X �h�?�2 �2�b�i�B�K���i�B�Q�M �Q�7 �i�?�2 �b���i�B�b�7���+�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �7�m�M�+�i�B�Q�M
�U�`�2�/ �T�H�Q�i �B�M �6�B�;�m�`�2�j�X�e�V �7�`�Q�K �i�?�2 �T�Q�b�i�2�`�B�Q�`� ' i � ABC �?���b �#�2�2�M �Q�#�i���B�M�2�/ �m�b�B�M�; �"�2�i�� �F�2�`�M�2�H�b
�7�Q�`' 1 �U�i�Q �?���M�/�H�2 �#�Q�m�M�/���`�v �+�Q�M�b�i�`���B�M�i�b�V ���M�/ �:���m�b�b�B���M �F�2�`�M�2�H�b �7�Q�`' 2; ' 3�X�"�B�@�/�B�K�2�M�b�B�Q�M���H



�*�?���T�i�2�` �j�X �� �"���v�2�b�B���M ���T�T�`�Q���+�? �i�Q �T���`���K�2�i�`�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; �e�e

�2�t�T�2�`�B�K�2�M�i�b�X �6�B�;�m�`�2�j�X�d�/�2�T�B�+�i�b �i�?�2 �`�2�b�m�H�i�b �Q�7 �i�?�2 �k�. �2�t�T�2�`�B�K�2�M�i�b �Q�M �i�?�2 �1�_ �b�v�b�i�2�K
�7�Q�` �7�Q�`�K�m�H���2' 4; ' 5; ' 6�X �h�?�2 �i�`�B���M�;�m�H���` �T�`�Q�}�H�2 �Q�7 �i�?�2 �D�Q�B�M�i �T�Q�b�i�2�`�B�Q�` �B�M �2�t�T�2�`�B�K�2�M�i�b �7�Q�`' 4
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�;�B�p�2�M �i�?�2 �T�`�B�Q�` �7�Q�` �i�?�2 �b�B�M�;�H�2 �T���`���K�2�i�2�` �B�bk3 � U(0; 100)�X �*�Q�M�p�2�`�b�2�H�v �7�Q�` �i�?�2 �#�B�@�/�B�K�2�M�b�B�Q�M���H
�2�t�T�2�`�B�K�2�M�i�b �U' 4�-' 5 ���M�/' 6�V�- �r�2 �T�Q�B�M�i �Q�m�i �i�?���i ���m�i�Q�K���i�Q�M�@���"�* �`�2�D�2�+�i�B�Q�M �b���K�T�H�B�M�; ���H�;�Q�@
�`�B�i�?�K �B�b �M�Q�i �r�Q�`�i�? �m�b�B�M�; �#�2�+���m�b�2 �Q�7 �B�i�b �2�t�i�`�2�K�2�H�v �H���`�;�2 �`�m�M�i�B�K�2�X �A�M �7���+�i �7�Q�` �i�?�Q�b�2 �2�t�T�2�`�B�@
�K�2�M�i�b �i�?�2 �b�m�T�T�Q�`�i �7�Q�` �i�?�2 �T�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M �B�b[0; 100]� [0; 100]�r�?�B�H�2 �i�?�2 �`�2�;�B�Q�M �r�B�i�? �M�Q�M�@�M�m�H�H
�T�`�Q�#���#�B�H�B�i�v �Q�7 �b���i�B�b�7�v�B�M�; �i�?�2 �+�Q�M�b�B�/�2�`�2�/ �7�Q�`�K�m�H�� �+�Q�`�`�2�b�T�Q�M�/�b �r�B�i�?�- �B�M �i�?�2 �r�Q�`�b�i �+���b�2 �U�B�X�2�X
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2 � 1
100�100 � 10� 4�X

�h�?�B�b �`�2�b�m�H�i�b �B�M ���M �B�M�}�M�B�i�2�b�B�K���H �T�`�Q�#���#�B�H�B�i�v �Q�7 �/�`���r�B�M�; �7�`�Q�K �i�?�2 �T�`�B�Q�`N = 1000 �T���`�i�B�+�H�2�b
�i�?���i �7���H�H �B�M �b�m�+�? �� �M���`�`�Q�r �/�B�b�i�`�B�#�m�i�B�Q�M �H�2�i ���H�Q�M�2 �i�?�2 �7���+�i �i�?���i �2�p�2�M �� �T���`���K�2�i�2�` �b���K�T�H�2�/
�B�M �i�?�2 �Q�#�i���B�M�2�/ �/�B�b�i�`�B�#�m�i�B�Q�M �+�Q�m�H�/ �T�`�Q�/�m�+�2 �T���i�?�b �i�?���i �/�Q�M�ö�i �b���i�B�b�7�v' �X �"�v ���/�/�B�M�; �b�2�p�2�`���H
�i�`���M�b�B�i�B�Q�M���H �b�i�2�T�b �r�B�i�? ���H�;�Q�`�B�i�?�K�9�- �i�?�2 �T�`�Q�#�H�2�K �#�2�+�Q�K�2�b �i�`�2���i���#�H�2�X �h�?�2 �`�2�b�m�H�i�b �7�Q�`' 4
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�7�Q�` �2�t�T�2�`�B�K�2�M�i�b �Q�M �i�?�2 �1�_ �K�Q�/�2�H�V�X

�6�m�`�i�?�2�` �+���b�2 �b�i�m�/�B�2�b�X�q�2 �i�2�b�i�2�/ �i�?�2 ���m�i�Q�K���i�Q�M�@���"�* �K�2�i�?�Q�/ �Q�M �Q�i�?�2�` �b�v�b�i�2�K�b �B�M�@
�+�H�m�/�B�M�; �i�?�2 �T�Q�T�m�H���` �a�A�_ �K�Q�/�2�H �Q�7 �B�M�7�2�+�i�B�Q�M �b�T�`�2���/�B�M�; ���M�/ �� �K�Q�/�2�H �Q�7 �B�M�i�`���+�2�H�H�m�H���` �p�B�`���H
�B�M�7�2�+�i�B�Q�M �U�b�2�2 �(�"�"�*�k�R�)�V�X

�j�X�9 �S�2�`�b�T�2�+�i�B�p�2�b

�q�2 �B�M�i�`�Q�/�m�+�2�/ �� �M�Q�p�2�H ���T�T�`�Q���+�? �7�Q�` �T���`���K�2�i�`�B�+ �p�2�`�B�}�+���i�B�Q�M �Q�7 �i�2�K�T�Q�`���H �H�Q�;�B�+ �b�T�2�+�B�}�+���@
�i�B�Q�M�b ���;���B�M�b�i �T�`�Q�#���#�B�H�B�b�i�B�+ �K�Q�/�2�H�b �#���b�2�/ �Q�M ���M ���/���T�i���i�B�Q�M �Q�7 �i�?�2 ���"�* �T���`���K�2�i�2�` �B�M�7�2�`�2�M�+�2
�b�+�?�2�K�2�X ���b �i�?�2 �Q�`�B�;�B�M���H ���"�* �b�+�?�2�K�2 �B�b �#���b�2�/ �Q�M �� �M�Q�i�B�Q�M �Q�7�/�B�b�i���M�+�2�U�#�2�i�r�2�2�M �i�?�2 �b�v�b�@
�i�2�K�ö�b �Q�#�b�2�`�p���i�B�Q�M�b ���M�/ ���M �B�M�b�i���M�+�2 �Q�7 �i�?�2 �K�Q�/�2�H�ö�b �T���`���K�2�i�2�`�b�V �i�?�2 �T���`���K�2�i�`�B�+ �p�2�`�B�}�+���i�B�Q�M
�2�t�i�2�M�b�B�Q�M �`�2�H�B�2�b �Q�M �i�?�2 ���/���T�i���i�B�Q�M �Q�7 �i�?�2 �/�B�b�i���M�+�2 �M�Q�i�B�Q�M �i�Q �i�?�2�b���i�B�b�}���#�B�H�B�i�v �/�B�b�i���M�+�2�- �r�?�B�+�?
�[�m���M�i�B�}�2�b �?�Q�r �7���` �� �K�Q�/�2�H�ö�b �B�M�b�i���M�+�2 �B�b �7�`�Q�K �b���i�B�b�7�v�B�M�; �� �;�B�p�2�M �i�2�K�T�Q�`���H �H�Q�;�B�+ �+�Q�M�/�B�i�B�Q�M�X
�q�2 �?���p�2 �i�?�2�M �b�?�Q�r�M �i�?���i �/�2�/�B�+���i�2�/ �?�v�#�`�B�/ ���m�i�Q�K���i�Q�M �K�Q�M�B�i�Q�` �+���M �#�2 �/�2�}�M�2�/ ���M�/ �T�H�m�;�;�2�/
�B�M �r�B�i�?�B�M ���M ���/���T�i�2�/ ���"�* �b�+�?�2�K�2 �B�M �Q�`�/�2�` �i�Q ���b�b�2�b�b �Q�M�@�i�?�2�@�~�v �i�?�2 �b���i�B�b�}���#�B�H�B�i�v �/�B�b�i���M�+�2 �Q�7
�� �i�2�K�T�Q�`���H �T�`�Q�T�2�`�i�v�- �v�B�2�H�/�B�M�; ���M ���T�T�`�Q�t�B�K���i�B�Q�M �Q�7 �i�?�2 �b���i�B�b�7���+�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M
�7�Q�` �i�?�2 �+�Q�M�b�B�/�2�`�2�/ �T�`�Q�T�2�`�i�v�X �h�?�2 �T�`�2�b�2�M�i�2�/ ���T�T�`�Q���+�? �b�m�z�2�`�b �7�`�Q�K �H���+�F �Q�7 �;�2�M�2�`���H�B�i�v ���b�- �B�M
�B�i�b �+�m�`�`�2�M�i �7�Q�`�K�m�H���i�B�Q�M�- �i�?�2 �b���i�B�b�}���#�B�H�B�i�v �/�B�b�i���M�+�2 �B�b �+�m�b�i�Q�K�@�/�2�}�M�2�/ ���M�/ �`�2�b�i�`���B�M�2�/ �i�Q �M�Q�M�@
�M�2�b�i�2�/ �i�B�K�2�@�#�Q�m�M�/�2�/ �i�2�K�T�Q�`���H �b�T�2�+�B�}�+���i�B�Q�M�b�- �`���i�?�2�` �i�?���M �+�Q�p�2�`�B�M�; �i�?�2 �2�M�i�B�`�2 �b�v�M�i���+�i�B�+���H
�b�T�2�+�i�`�m�K �Q�7 �� �i�2�K�T�Q�`���H �H�Q�;�B�+ �7�Q�`�K���H�B�b�K ���b �/�Q�M�2 �#�v �.�Q�M�x�û ���M�/ �J���H�2�` �B�M �b�B�K�B�H���` ���T�T�`�Q���+�?�2�b
�i�?���i �i���`�;�2�i �i�?�2 �`�Q�#�m�b�i�M�2�b�b �Q�7 �J�A�h�G �7�Q�`�K�m�H���2 ���;���B�M�b�i �/�2�i�2�`�K�B�M�B�b�i�B�+ �U�P�.�1�b�V �K�Q�/�2�H�b �(�.�J�R�y�)�X
�P�M �i�?�2 �Q�i�?�2�` �?���M�/ �i�?�2 �7���+�i �r�2 �2�K�T�H�Q�v �?�v�#�`�B�/ ���m�i�Q�K���i�� �i�Q �K�Q�M�B�i�Q�` �i�?�2 �T���i�?�b �B�b�b�m�2�/ �#�v ��
�K�Q�/�2�H�ö�b �B�M�b�i���M�+�2 ���H�H�Q�r�b �m�b �i�Q �r�B�/�2�M �i�?�2 �`�2���H�K �Q�7 �T���`���K�2�i�`�B�+ �p�2�`�B�}�+���i�B�Q�M �T�`�Q�#�H�2�K�b �#�v �i���F�B�M�;
�B�M�i�Q ���+�+�Q�m�M�i �K�m�+�? �K�Q�`�2 �b�Q�T�?�B�b�i�B�+���i�2�/ �#�2�?���p�B�Q�m�`�b �b�m�+�? ���b �2�X�;�X �i�?���i �Q�7 �i�m�M�B�M�; �Q�7 �b�i�Q�+�?���b�i�B�+
�Q�b�+�B�H�H���i�Q�`�b�- ���b �/�B�b�+�m�b�b�2�/ �B�M �*�?���T�i�2�`�9�X

�P�M�2 ���b�T�2�+�i �r�Q�`�i�? �B�M�p�2�b�i�B�;���i�B�M�; �B�M �Q�`�/�2�` �i�Q �2�p�Q�H�p�2 �i�?�B�b �+�Q�M�i�`�B�#�m�i�B�Q�M �B�b �?�Q�r �i�Q �;�2�M�2�`���H�B�b�2
�i�?�2 �b���i�B�b�}���#�B�H�B�i�v �/�B�b�i���M�+�2 ���/���T�i���i�B�Q�M �Q�7 �i�?�2 ���"�* �b�+�?�2�K�2 �i�Q �i�?�2 �2�M�i�B�`�2 �J�A�h�G �b�T�2�+�i�`�m�K�X
�A�M�i�m�B�i�B�p�2�H�v �i�?���i �r�Q�m�H�/ �2�M�i���B�H �r�Q�`�F�B�M�; �Q�m�i �� �`�2�7�Q�`�K�m�H���i�B�Q�M �Q�7 �i�?�2 �b���i�B�b�}���#�B�H�B�i�v �/�B�b�i���M�+�2 �/�2�7�@
�B�M�B�i�B�Q�M �#���b�2�/ �Q�M �i�?�2 �`�2�+�m�`�b�B�p�2 �b�v�M�i���t �Q�7 �J�A�h�G �i�2�K�T�Q�`���H �7�Q�`�K�m�H���2�- �b�B�K�B�H���` �i�Q �.�Q�M�x�� ���M�/
�J���H�2�`�ö�b ���T�T�`�Q���+�? �i�Q �i���+�F�H�2 �`�Q�#�m�b�i�M�2�b�b �Q�7 �J�A�h�G �T�`�Q�T�2�`�i�B�2�b �(�.�J�R�y�)�X �:�B�p�2�M �� �`�2�+�m�`�b�B�p�2 �/�2�}�@
�M�B�i�B�Q�M �Q�7 �b���i�B�b�}���#�B�H�B�i�v �/�B�b�i���M�+�2 �+���M �#�2 �Q�#�i���B�M�2�/ �i�?�2�M �B�i�ö�/ ���H�b�Q �M�2�+�2�b�b���`�v �i�Q �}�;�m�`�2 �Q�m�i �?�Q�r
�B�i �+���M �#�2 �+�Q�M�p�2�M�B�2�M�i�H�v �2�M�+�Q�/�2�/ �B�M �?�v�#�`�B�/ ���m�i�Q�K���i�� �i�2�`�K�b�X
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' 4 : F [8 :0;10:0] (5 � xP � 15) ' 5 : G [0 :0;0:8] (50� xE � 100)
' 6 : G [0 :0;0:8] (50� xE � 100)

^ F [0 :8;0:9] (30� xP � 100)

� ' 4 � ABC (:; :) � ' 5 � ABC (:; :) � ' 6 � ABC (:; :)

f ' 4 (:; :) f ' 5 (:; :) f ' 6 (:; :)

P r (' 4 j M f k1 ;k2g) P r (' 5 j M f k1 ;k2g) P r (' 6 j M f k1 ;k2g)

�6�B�;�m�`�2 �j�X�d�,�h�Q�T�, �#�B�@�/�B�K�2�M�b�B�Q�M���H �r�2�B�;�?�i�2�/ �?�B�b�i�Q�;�`���K�b �Q�7 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M� ' i � ABC �7�Q�`
�1�_ �b�v�b�i�2�K �Q�#�i���B�M�2�/ �r�B�i�? ���m�i�Q�K���i�Q�M�@���"�*�@�a�J�* �m�b�B�M�; �+�Q�M�b�i���M�ik3 = 1 �- �T�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M�b
� k1 (:); � k2 (:) � U (0; 100) ���M�/ �m�b�B�M�; �R�y�y�y �T���`�i�B�+�H�2�b�X �J�B�/�, �F�2�`�M�2�H �/�2�M�b�B�i�v �2�b�i�B�K���i�B�Q�M �Q�7 �i�?�2
�b���i�B�b�7���+�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �7�m�M�+�i�B�Q�M�X �"�Q�i�i�Q�K�, �p���H�B�/���i�B�Q�M �i�?�`�Q�m�;�? �2�b�i�B�K���i�B�Q�M �Q�7 �i�?�2 �b���i�B�b�7���+�i�B�Q�M
�T�`�Q�#���#�B�H�B�i�v �7�m�M�+�i�B�Q�M �#�v �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �U�N�8�W �+�Q�M�}�/�2�M�+�2 �b�2�K�B�@�B�M�i�2�`�p���H �r�B�i�? �?���H�7�@
�r�B�/�i�? �y�X�y�R�V�X
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�9�X�R �A�M�i�`�Q�/�m�+�i�B�Q�M

�J���M�v �`�2���H �H�B�7�2 �b�v�b�i�2�K�b ���`�2 �+�?���`���+�i�2�`�B�b�2�/ �#�v �b�Q�K�2 �7�Q�`�K �Q�7 �Q�b�+�B�H�H���i�Q�`�v �/�v�M���K�B�+�b �2�t���K�T�H�2�b �Q�7
�r�?�B�+�? �+���M �#�2 �7�Q�m�M�/ �B�M �K���M�v �/�Q�K���B�M�b�- �`���M�;�B�M�;�- �7�`�Q�K �2�+�Q�H�Q�;�v�- �2�X�;�X �r�B�i�? �i�?�2 �2���`�H�v �G�Q�i�F���@
�o�Q�H�i�2�`�`���T� �̀2�v�@�T� �̀2�/���i�Q�`�K�Q�/�2�H �(�G�Q�i�y�N�-�o�Q�H�k�3�)�- �i�Q �b�Q�+�B���H �b�v�b�i�2�K�b�- �r�?�2�`�2 �T�2�`�B�Q�/�B�+ �#�2�?���p�B�Q�m�`
�+���M �#�2 �Q�#�b�2�`�p�2�/ �B�M �K���M�v �b�Q�+�B���H �+�Q�M�i�2�t�i �7�Q�` �2�t���K�T�H�2 �r�B�i�? �i�?�2 ���`�`�B�p���H�b �Q�7 �T���i�B�2�M�i�b ���i �?�Q�b�@
�T�B�i���H�ö�b �2�K�2�`�;�2�M�+�v �/�2�T���`�i�K�2�M�i �(�"�.�>���k�y�) ���M�/�- �b�T�2�+�B���H�H�v�- �B�M �#�B�Q�H�Q�;�v �r�?�2�`�2 �Q�b�+�B�H�H���i�B�Q�M�b ���`�2
�T�`�Q�K�B�M�2�M�i �/�v�M���K�B�+�b ���i �i�?�2 �+�Q�`�2 �Q�7 �K���M�v �7�m�M�/���K�2�M�i���H �#�B�Q�H�Q�;�B�+���H �T�`�Q�+�2�b�b�2�b �(�:�Q�H�y�k�)�X

�>�2�`�2 �r�2 �7�Q�+�m�b �Q�M �i�r�Q �+�Q�K�T�H�2�K�2�M�i���`�v ���b�T�2�+�i�b �`�2�H���i�2�/ �i�Q �K�Q�/�2�H�H�B�M�; �Q�b�+�B�H�H���i�Q�`�b�, �i�?�2
���b�b�2�b�b�K�2�M�i �Q�7 �K�2���M�B�M�;�7�m�H �B�M�/�B�+���i�Q�`�b �U�2�X�;�X �i�?�2 �T�2�`�B�Q�/ ���M�/ ���K�T�H�B�i�m�/�2 �Q�7 �Q�b�+�B�H�H���i�B�Q�M�b�V �7�`�Q�K ���M
�Q�b�+�B�H�H���i�Q�` �K�Q�/�2�H ���M�/ �i�?�2� �̀2�p�2�`�b�2 �2�M�;�B�M�2�2�`�B�M�;�Q�7 ���M �Q�b�+�B�H�H���i�Q�` �U�B�X�2�X �?�Q�r �i�Q �i�m�M�2 ���M �Q�b�+�B�H�H���i�Q�`
�K�Q�/�2�H �b�Q �i�?���i �B�i �K�2�2�i�b �� �;�B�p�2�M �� �i���`�;�2�i �Q�b�+�B�H�H���i�Q�`�v �#�2�?���p�B�Q�m�`�V�X ���b �7�Q�` �i�?�2 �}�`�b�i ���b�T�2�+�i�-
�i�?�2 ���M���H�v�b�B�b �Q�7 �K���i�?�2�K���i�B�+���H �K�Q�/�2�H�b �Q�7 �Q�b�+�B�H�H���i�Q�`�b �B�b �� �r�2�H�H �2�b�i���#�H�B�b�?�2�/ �T�`�Q�#�H�2�K �B�M �i�?�2
�H�B�i�2�`���i�m�`�2�- �r�?�B�+�? �i�v�T�B�+���H�H�v �#�Q�B�H�b �/�Q�r�M �i�Q�H�B�K�B�i�@�+�v�+�H�2 ���M���H�v�b�B�b�7�Q�`�/�2�i�2�`�K�B�M�B�b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b
�U�B�X�2�X�- �Q�b�+�B�H�H���i�Q�`�b �K�Q�/�2�H�H�2�/ ���b �� �b�v�b�i�2�K�b �Q�7 �P�`�/�B�M���`�v �.�B�z�2�`�2�M�i�B���H �1�[�m���i�B�Q�M�b�V�- �Q�`�- ���H�i�2�`�M���i�B�p�2�H�v
�B�b ���+�?�B�2�p�2�/ �#�v ���T�T�H�B�+���i�B�Q�M �Q�7 �b�B�;�M���H �T�`�Q�+�2�b�b�B�M�; �K�2�i�?�Q�/�b �b�m�+�? ���b �6���b�i �6�Q�m�`�B�2�` �h�`���M�b�7�Q�`�K���i�B�Q�M
�U�6�6�h�V �Q�` ���m�i�Q�+�Q�`�`�2�H���i�B�Q�M ���M���H�v�b�B�b�X �A�M �i�?�B�b �+�Q�M�i�`�B�#�m�i�B�Q�M �r�2 �7�Q�+�m�b �Q�M �/�B�b�+�`�2�i�2�@�b�i���i�2 �b�i�Q�+�?���b�i�B�+
�Q�b�+�B�H�H���i�Q�`�b ���M�/ �T�`�Q�T�Q�b�2 ���M ���H�i�2�`�M���i�B�p�2 ���T�T�`�Q���+�?�- �r�?�B�+�? �/�B�z�2�`�2�M�i�H�v �7�`�Q�K �+�H���b�b�B�+���H �b�B�;�M���H
�T�`�Q�+�2�b�b�B�M�;�- �B�b �#���b�2�/ �Q�M �}�M�/�B�M�; ���i�2�K�T�Q� �̀��H �H�Q�;�B�+�+�?���`���+�i�2�`�B�b���i�B�Q�M �Q�7 �T�2�`�B�Q�/�B�+�B�i�v �7�Q�` �M�Q�B�b�v
�b�B�;�M���H�b �B�b�b�m�2�/ �#�v �� �b�i�Q�+�?���b�i�B�+ �K�Q�/�2�H�X �q�B�i�? �b�m�+�? �� �7�Q�`�K���H �+�?���`���+�i�2�`�B�b���i�B�Q�M �Q�7 �r�?���i �r�2
�M���K�2�M�Q�B�b�v �T�2�`�B�Q�/�B�+�B�i�v�r�2 �+���M �i�?�2�M �i���F�2 ���/�p���M�i���;�2 �Q�7 �i�?�2 �K�Q�/�2�H �+�?�2�+�F�B�M�; �7�`���K�2�r�Q�`�F �b�Q �i�Q
���m�i�Q�K���i�B�+���H�H�v ���b�b�2�b�b �i�?�2 �T�2�`�B�Q�/ ���M�/ ���K�T�H�B�i�m�/�2 �Q�7 �Q�b�+�B�H�H���i�B�Q�M�b�X

���b �7�Q�` �i�?�2 �b�2�+�Q�M�/ ���b�T�2�+�i �r�2 �H�Q�Q�F ���i ���M���H�v�b�B�M�; �i�?�2 �`�2�H���i�B�Q�M�b�?�B�T �#�2�i�r�2�2�M �i�?�2 �K�Q�/�2�H�ö�b
�T���`���K�2�i�2�`�b ���M�/ �i�?�2 �+�?���`���+�i�2�` �Q�7 �i�?�2 �Q�b�+�B�H�H���i�B�Q�M�b�X �J�Q�`�2 �b�T�2�+�B�}�+���H�H�v �r�2 �i���+�F�H�2 �i�?�2 �T�`�Q�#�H�2�K
�Q�7 �?�Q�r �i�Q� �̀2�p�2�`�b�2 �2�M�;�B�M�2�2�`���M �Q�b�+�B�H�H���i�Q�`�- �i�?���i �B�b�- �;�B�p�2�M �� �i���`�;�2�i �Q�b�+�B�H�H���i�Q�`�v �#�2�?���p�B�Q�`�- �2�X�;�X



�*�?���T�i�2�` �9�X �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b �d�y

�� �/�2�b�B�`�2�/ �T�2�`�B�Q�/ �Q�7 �Q�b�+�B�H�H���i�B�Q�M�- �r�2 ���B�K ���i �B�M�7�2�`�`�B�M�; �i�?�2 �K�Q�/�2�H�ö�b �T���`���K�2�i�2�`�b �i�?���i�K���i�+�?�i�?�2
�/�2�b�B�`�2�/ �#�2�?���p�B�Q�m�`�X �q�2 �Q�#�i���B�M �b�m�+�? �� �7�`���K�2�r�Q�`�F �#���b�2�/ �Q�M �i�?�2 ���m�i�Q�K���i�Q�M�@���"�* ���T�T�`�Q���+�?
�Q�m�i�H�B�M�2�/ �B�M �*�?���T�i�2�`�j�X

�P�m�i�H�B�M�2 �Q�7 �i�?�2 �+�Q�M�i�`�B�#�m�i�B�Q�M�X �h�?�B�b �+�?���T�i�2�` �`�2�T�Q�`�i �Q�M �i�?�2 �+�Q�M�i�`�B�#�m�i�B�Q�M �B�M �i�?�2 �K���i�@
�i�2�` �Q�7 �7�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b�X �q�2 �/�2�K�Q�M�b�i�`���i�2 �i�?�2 �2�z�2�+�i�B�p�2�M�2�b�b �Q�7 �i�?�2
�>���a�G �7�Q�`�K���H�B�b�K ���b �� �K�2���M�b �7�Q�` �b�T�2�+�B�7�v�B�M�; ���M�/ ���m�i�Q�K���i�B�+���H�H�v �2�b�i�B�K���i�2 �Q�b�+�B�H�H���i�B�Q�M �`�2�H���i�2�/
�K�2���b�m�`�2�b�- �b�m�+�? ���b �i�?�2 �T�2�`�B�Q�/ ���M�/ ���K�T�H�B�i�m�/�2 �Q�7 �M�Q�B�b�v �Q�b�+�B�H�H���i�Q�`�b�X �q�2 �/�Q �b�Q �#�v �B�M�i�`�Q�/�m�+�@
�B�M�; �i�r�Q ���H�i�2�`�M���i�B�p�2 �+�?���`���+�i�2�`�B�b���i�B�Q�M�b �Q�7 �M�Q�B�b�v �T�2�`�B�Q�/�B�+�B�i�v�- �Q�M�2 �`�2�H�v�B�M�; �Q�M �� �T���B�` �Q�7 �b�2�H�2�+�i�2�/
�Q�#�b�2�`�p���i�B�Q�M���H �i�?�`�2�b�?�Q�H�/�b�- �i�?�2 �Q�i�?�2�` �#���b�2�/ �Q�M �i�?�2 �/�2�i�2�+�i�B�Q�M �Q�7 �U�M�Q�B�b�v�V �H�Q�+���H �K���t�B�K�� ���M�/
�K�B�M�B�K���X �q�2 �i�?�2�M �T�`�Q�p�B�/�2 �� �7�Q�`�K���H �2�M�+�Q�/�B�M�; �B�M �i�2�`�K�b �Q�7 �H�B�M�2���` �?�v�#�`�B�/ ���m�i�Q�K���i�� �U�G�>���V
�Q�7 �i�?�2 �>���a�G �H�Q�;�B�+ �7�Q�` �#�Q�i�? �+�?���`���+�i�2�`�B�b���i�B�Q�M�b �Q�7 �T�2�`�B�Q�/�B�+�B�i�v�- �r�?�B�+�? �r�2 �/�2�K�Q�M�b�i�`���i�2 �#�2�B�M�;
�+���T���#�H�2 �Q�7 �/�2�i�2�+�i�B�M�; �i�?�2 �T�2�`�B�Q�/�b�- �`�2�b�T�2�+�i�B�p�2�H�v �i�?�2 �T�2���F�b�- �Q�7 �i�?�2 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�` �i�?�2�v
�i���`�;�2�i ���M�/ �i�Q �2�b�i�B�K���i�2�Q�M�@�i�?�2�@�~�v�ó�+�H���b�b�B�+���H�ô �B�M�/�B�+���i�Q�`�b �b�m�+�? ���b �i�?�2 ���p�2�`���;�2 �/�m�`���i�B�Q�M ���M�/
�i�?�2 ���p�2�`���;�2 ���K�T�H�B�i�m�/�2 �Q�7 �i�?�2 �Q�b�+�B�H�H���i�B�Q�M�b ���b �r�2�H�H ���b �K�Q�`�2 �b�Q�T�?�B�b�i�B�+���i�2�/ �Q�M�2�b �H�B�F�2 �i�?�2 �T�2�@
�`�B�Q�/ �p���`�B���M�+�2�- �r�?�B�+�? ���H�H�Q�r �7�Q�` ���b�b�2�b�b�B�M�; �i�?�2� �̀2�;�m�H���`�B�i�v�Q�7 �i�?�2 �Q�b�+�B�H�H���i�Q�`�X �.�B�z�2�`�2�M�i�H�v �7�`�Q�K
�a�T�B�2�H�2�`�ö�b ���T�T�`�Q���+�? �(�a�T�B�R�j�)�- �r�?�B�+�? ���H�H�Q�r�b �Q�M�2 �7�Q�` �[�m���H�B�i���i�B�p�2�H�v �2�b�i���#�H�B�b�?�B�M�; �r�?�2�i�?�2�` �� �*�h�J�*
�K�Q�/�2�H �B�b �� �b�m�b�i���B�M�2�/ �Q�b�+�B�H�H���i�Q�` ���M�/�- �B�7 �b�Q�- �i�Q ���b�b�2�b�b�B�M�; �b�Q�K�2 �[�m���M�i�B�i���i�B�p�2 �+�?���`���+�i�2�`�B�b�i�B�+�b �U�2�X�;�X
�i�?�2 ���p�2�`���;�2 �T�2�`�B�Q�/ �/�m�`���i�B�Q�M�V�- �i�?�2 �K�2�i�?�Q�/�Q�H�Q�;�v �r�2 �B�M�i�`�Q�/�m�+�2 �?�2�`�2 �B�b �H�B�K�B�i�2�/ �i�Q ���b�b�2�b�b�B�M�;
�[�m���M�i�B�i���i�B�p�2 �+�?���`���+�i�2�`�B�b�i�B�+�b �Q�7 �� �b�i�Q�+�?���b�i�B�+ �K�Q�/�2�H �r�?�B�+�? �B�b �F�M�Q�r�M �U�Q�` �#�2�H�B�2�p�2�/ �i�Q�V �Q�b�+�B�H�H���i�2�b�X

�9�X�k �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b

�A�M�i�m�B�i�B�p�2�H�v ���M �Q�b�+�B�H�H���i�B�Q�M �B�b �i�?�2 �T�2�`�B�Q�/�B�+ �p���`�B���i�B�Q�M �Q�7 �� �[�m���M�i�B�i�v ���`�Q�m�M�/ �� �;�B�p�2�M �p���H�m�2�X �A�M
�K���i�?�2�K���i�B�+���H �i�2�`�K�b �i�?�B�b �B�b ���b�b�Q�+�B���i�2�/ �r�B�i�? �i�?�2 �/�2�}�M�B�i�B�Q�M �Q�7 �U�M�Q�M�@�+�Q�M�b�i���M�i�V �T�2�`�B�Q�/�B�+ �7�m�M�+�@
�i�B�Q�M�X �B�X�2�X �� �7�m�M�+�i�B�Q�Mf : R+ ! R �7�Q�` �r�?�B�+�?9tp 2 R+ �b�m�+�? �i�?���i8t 2 R+ �-f (t) = f (t + tp)�-
�r�?�2�`�2tp �B�b �+���H�H�2�/ �i�?�2 �T�2�`�B�Q�/ ���b �B�M �2�X�;�X�- �6�B�;�m�`�2�9�X�R�U���V�X �A�M �i�?�2 �+�Q�M�i�2�t�i �Q�7 �b�i�Q�+�?���b�i�B�+ �K�Q�/�2�H�b
�b�m�+�? �� �ó�/�2�i�2�`�K�B�M�B�b�i�B�+�ô �+�?���`���+�i�2�`�B�b���i�B�Q�M �Q�7 �T�2�`�B�Q�/�B�+�B�i�v �B�b �Q�7 �H�B�i�i�H�2 �`�2�H�2�p���M�+�2�- ���b �i�?�2 �i�`���D�2�+�@
�i�Q�`�B�2�b �Q�7 �� �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�` �#�2�B�M�; �b�i�`�B�+�i�H�v �T�2�`�B�Q�/�B�+ �U���b �B�Mf (t) = f (t + tp)�V�- �r�B�H�H �?���p�2
�U�m�M�H�2�b�b �B�M �/�2�;�2�M�2�`���i�B�p�2 �+���b�2�b�V �x�2�`�Q �T�`�Q�#���#�B�H�B�i�v�X �J�Q�`�2 �;�2�M�2�`���H�H�v �i�?�2 �T���i�?�b �Q�7 �U�/�B�b�+�`�2�i�2�@�b�i���i�2�V
�b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b ���`�2 �+�?���`���+�i�2�`�B�b�2�/ �#�v �� �`�2�K���`�F���#�H�2 �H�2�p�2�H �Q�7 �M�Q�B�b�2�, �T�2�`�B�Q�/ �Q�+�+�m�`�`�2�M�+�2�b
�/�B�z�2�` �B�M �/�m�`���i�B�Q�M ���b �r�2�H�H ���b �B�M ���K�T�H�B�i�m�/�2 ���b �B�M �2�X�;�X�- �6�B�;�m�`�2�9�X�R�U�#�V�X

�h�?�2 �/�B�{�+�m�H�i�v �r�2 �7���+�2 �B�b �i�?���i �Q�7 �}�M�/�B�M�; �� �b�m�B�i���#�H�2 �+�?���`���+�i�2�`�B�b���i�B�Q�M �Q�7 �r�?���i �b�?�Q�m�H�/ �#�2
�+�Q�M�b�B�/�2�`�2�/ ���b ���T�2�`�B�Q�/ � �̀2���H�B�b���i�B�Q�M�r�?�B�+�? ���;�`�2�2�b �r�B�i�? �i�?�2 �B�M�i�m�B�i�B�p�2 �M�Q�i�B�Q�M �Q�7 �T�2�`�B�Q�/�B�+�B�i�v�-
�r�?�B�H�2 �+�Q�T�v�B�M�; �r�B�i�? �i�?�2 �M�Q�B�b�v �M���i�m�`�2 �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�` �T���i�?�b�X �h�?�2 �`�2�H�2�p���M�i �[�m�2�b�i�B�Q�M
�B�M �i�?�B�b �`�2�b�T�2�+�i �B�b �ó�r�?���i �b�?���H�H �Q�M�2 �+�Q�M�b�B�/�2�` ���b �� �T�2�`�B�Q�/ �`�2���H�B�b���i�B�Q�M�ô�\ �q�2 �T�`�Q�T�Q�b�2 �i�r�Q
�+�Q�K�T�H�2�K�2�M�i���`�v ���T�T�`�Q���+�?�2�b �i�Q �/�2�i�2�`�K�B�M�2 �r�?���i �B�b �� �M�Q�B�b�v �T�2�`�B�Q�/ �`�2���H�B�b���i�B�Q�M�X �q�B�i�? �i�?�2 �}�`�b�i�-
�B�M�b�T�B�`�2�/ �#�v �a�T�B�2�H�2�` �(�a�T�B�R�j�) ���M�/ �7�m�`�i�?�2�` �/�2�p�2�H�Q�T�2�/ �B�M �(�"�.�R�8�)�- �Q�M�2 �?���b �i�Q �+�Q�M�b�B�/�2�` �� �T���`�i�B�i�B�Q�M
�Q�7 �i�?�2 �/�Q�K���B�M �Q�7 �i�?�2 �Q�b�+�B�H�H���i�B�M�; �[�m���M�i�B�i�v �B�M �i�?�`�2�2 �`�2�;�B�Q�M�, �i�r�Q �ó�2�t�i�`�2�K�2�ô �`�2�;�B�Q�M�b �U�H�Q�r�-
�`�2�b�T�2�+�i�B�p�2�H�v�-�?�B�;�?�V �b�2�T���`���i�2�/ �#�v ���M �B�M�i�2�`�K�2�/�B���i�2 �`�2�;�B�Q�M �U�K�B�/�V�X �� �T�2�`�B�Q�/ �`�2���H�B�b���i�B�Q�M �B�b �i�?�2�M
�+�Q�M�b�B�/�2�`�2�/ ���b �i�?�2 �/�2�H���v �#�2�i�r�2�2�M �i�?�2 �#�2�;�B�M�M�B�M�; �Q�7 �i�r�Q �+�Q�M�b�2�+�m�i�B�p�2 �b�Q�D�Q�m�`�M�b �B�M �2�B�i�?�2�` �Q�7 �i�?�2
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�U���V�/�2�i�2�`�K�B�M�B�b�i�B�+ �Q�b�+�B�H�H���i�B�Q�M�, �T�2�`�B�Q�/ �Q�+�+�m�`�`�2�M�+�2�b
���M�/ �T�2���F�b ���`�2 �/�2�i�2�`�K�B�M�B�b�i�B�+ �U�T�2�`�B�Q�/ �2�[�m���H �i�Q �k�-
�K���t�B�K�� ���i �k ���M�/ �K�B�M�B�K�� ���i �y�V

�U�#�V�M�Q�B�b�v �Q�b�+�B�H�H���i�B�Q�M�, �i�?�2 �T�2�`�B�Q�/ �Q�+�+�m�`�`�2�M�+�2�b �/�2�@
�T�2�M�/ �Q�M �i�?�2 �ó�Q�#�b�2�`�p���i�B�Q�M �T�Q�B�M�i�ô �U�#�H�m�2 �H�B�M�2�V ���M�/
���`�2 �M�Q�B�b�v�X

�6�B�;�m�`�2 �9�X�R�,�.�2�i�2�`�K�B�M�B�b�i�B�+ �p�2�`�b�m�b �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�B�Q�M�b

�2�t�i�`�2�K�2 �`�2�;�B�Q�M�b�- �B�M�i�2�`�H�2���p�2�/ �#�v �� �b�Q�D�Q�m�`�M �B�M �i�?�2 �Q�T�T�Q�b�B�i�2 �2�t�i�`�2�K�2 �`�2�;�B�Q�M �U�b�2�2 �6�B�;�m�`�2�9�X�k�U�#�V�V�X
�q�B�i�? �i�?�2 �b�2�+�Q�M�/ �Q�M�2�- �B�M�i�`�Q�/�m�+�2�/ �B�M �(�"�.�R�8�-�"���H�R�8���)�- �� �T�2�`�B�Q�/ �`�2���H�B�b���i�B�Q�M �B�b �+�Q�M�b�B�/�2�`�2�/ ���b
�i�?�2 �/�2�H���v �#�2�i�r�2�2�M �i�r�Q �+�Q�M�b�2�+�m�i�B�p�2�H�Q�+���H �K���t�B�K���U�Q�` �2�[�m�B�p���H�2�M�i�H�v �H�Q�+���H �K�B�M�B�K���V�- �#�2���`�B�M�;
�B�M �K�B�M�/ �i�?���i �i�?�2 �+�?���`���+�i�2�`�B�b���i�B�Q�M �Q�7 �H�Q�+���H �K���t�B�K�� ���M�/ �K�B�M�B�K�� �B�M �� �M�Q�B�b�v �Q�b�+�B�H�H���i�Q�` �B�b �M�Q�i
�i�`�B�p�B���H ���b �Q�M�2 �?���b �i�Q �#�2 ���#�H�2 �i�Q �/�B�b�i�B�M�;�m�B�b�? �#�2�i�r�2�2�M ���+�i�m���H �H�Q�+���H �K���t�B�K���f�K�B�M�B�K�� �T�Q�B�M�i�b
���M�/�+�`�B�i�B�+���H �T�Q�B�M�i�b�i�?���i �+�Q�`�`�2�b�T�Q�M�/ �i�Q �M�Q�B�b�v �b�T�B�F�2�b�X

�9�X�k�X�R �h�2�K�T�Q�`���H �H�Q�;�B�+ �+�?���`���+�i�2�`�B�b���i�B�Q�M �Q�7 �Q�b�+�B�H�H���i�B�Q�M�b

�h�?�2 �T�Q�b�b�B�#�B�H�B�i�v �i�Q ���m�i�Q�K���i�B�+���H�H�v ���b�b�2�b�b �i�?�2 �T�2�`�B�Q�/�B�+ �+�?���`���+�i�2�` �Q�7 �� �b�v�b�i�2�K �?���b ���i�i�`���+�i�2�/
�i�?�2 ���i�i�2�M�i�B�Q�M �Q�7 �`�2�b�2���`�+�?�2�`�b �B�M �K�Q�/�2�H �+�?�2�+�F�B�M�; �+�Q�K�K�m�M�B�i�v �B�M �`�2�+�2�M�i �i�B�K�2�b�- �i�?�2 �#���b�B�+ �B�/�2��
�#�2�B�M�; �i�Q �B�/�2�M�i�B�7�v �b�m�B�i���#�H�2 �i�2�K�T�Q�`���H �H�Q�;�B�+ �7�Q�`�K�m�H���2 �i�?���i �+���M �#�2 �7�2�/ �B�M �i�Q �� �K�Q�/�2�H �+�?�2�+�F�2�`
�i�Q�[�m���H�B�i���i�B�p�2�H�v�2�b�i���#�H�B�b�? �i�?�2 �2�t�B�b�i�2�M�+�2 �Q�7 �T�2�`�B�Q�/�B�+�B�i�v ���M�/ �U�T�Q�b�b�B�#�H�v�V �i�Q�[�m���M�i�B�i���i�B�p�2�H�v���b�b�2�b�b
�`�2�H�2�p���M�i �B�M�/�B�+���i�Q�`�b �U�2�X�;�X �T�2�`�B�Q�/ �/�m�`���i�B�Q�M�- ���K�T�H�B�i�m�/�2 �Q�7 �Q�b�+�B�H�H���i�B�Q�M�b�V�X

�A�M ���M �2���`�H�v �r�Q�`�F �6���;�2�b�-�2�i ���H�X�(�*�_�*�. + �y�9�) �i���+�F�H�2�/ �i�?�2 �T�`�Q�#�H�2�K �r�X�`�X�i�X �i�`���M�b�B�i�B�Q�M �b�v�b�i�2�K
�K�Q�/�2�H�b �Q�7 �+�2�H�H �+�v�+�H�2 ���M�/ �T�`�Q�T�Q�b�2�/ �i�?�2 �7�Q�H�H�Q�r�B�M�; �U�#�`���M�+�?�B�M�;�@�i�B�K�2�V �*�h�G �7�Q�`�K�m�H�� �i�Q �+���T�i�m�`�2
�i�?�2 �2�t�B�b�i�2�M�+�2 �Q�7 �T�2�`�B�Q�/�B�+�B�i�v�,

EG(( �T) EF (: �T)) ^ (: �T) EF (�T))) �U�9�X�R�V

�6�Q�`�K�m�H�� �U�9�X�R�V �2�b�b�2�M�i�B���H�H�v �b�i���i�2�b �i�?���i �i�?�2�`�2 �b�?�Q�m�H�/ �2�t�B�b�i ���M �2�t�2�+�m�i�B�Q�M �Q�7 �i�?�2 �K�Q�/�2�H �b�m�+�?
�i�?���i�B�M�}�M�B�i�2�H�v �Q�7�i�2�M�B�7 �� �+�Q�M�/�B�i�B�Q�M�T�B�b �b���i�B�b�}�2�/ �i�?�2�M �B�i �r�B�H�H �#�2 �M�Q�i �b���i�B�b�}�2�/ ���M�/ �p�B�+�2�@�p�2�`�b��
�B�7 �B�i �B�b �M�Q�i �b���i�B�b�}�2�/ �B�i �r�B�H�H �#�2 �b���i�B�b�}�2�/

�A�M �� �b�2�K�B�M���H �r�Q�`�F �r�B�i�? �J���`�/���`�2 ���M�/ �J�m�`�� �(�"�J�J�y�N�) �r�2 �+�Q�M�b�B�/�2�`�2�/ �� �b�B�K�B�H���` �*�h�G�@
�H�B�F�2 �`�2���b�Q�M�B�M�; �i�Q �[�m�2�`�v �r�?�2�i�?�2�` �� �*�h�J�* �T�Q�T�m�H���i�B�Q�M �K�Q�/�2�H �Q�7 �� �b�B�K�T�H�2�j�@�r���v�b�v�M�i�?�2�i�B�+



�*�?���T�i�2�` �9�X �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b �d�k

�U���V�� �`�2�;�m�H���` �Q�b�+�B�H�H���i�B�Q�M �+�2�M�i�`�2�/ ���i �R �r�B�i�? �K���t�@
�B�K�� ���i �k�- �K�B�M�B�K�� ���i �y�- ���M�/ �T�2�`�B�Q�/ �2�[�m���H �i�Q �k

�U�#�V�1�t���K�T�H�2 �Q�7 �i�`���+�2� A �r�?�B�+�? �B�b�M�Q�B�b�v �T�2�`�B�Q�/�B�+
�r�X�`�X�i �i�Q �b�T�2�+�B�2�bA ���M�/ �� �;�B�p�2�M �UL < H �B�M�/�m�+�2�/�V
�T���`�i�B�i�B�Q�M �Q�7 �� �.�1�a�S �b�i���i�2 �b�T���+�2�X

�6�B�;�m�`�2 �9�X�k�,�L�Q�B�b�v �T�2�`�B�Q�/�B�+ �i�`���D�2�+�i�Q�`�B�2�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b

�#�B�Q�+�?�2�K�B�+���H �Q�b�+�B�H�H���i�Q�` �2�t�?�B�#�B�i�b�b�m�b�i���B�M�2�/ �Q�b�+�B�H�H���i�B�Q�M�b�+�Q�M�b�B�b�i�B�M�; �Q�7 �i�?�2 �7�Q�H�H�Q�r�B�M�; �7�Q�`�K�m�H���,

AG((( X i = k) ) EF (X i 6= k)) ^ ((( X i 6= k) ) EF (X i = k)))) �U�9�X�k�V

�6�Q�`�K�m�H�� �U�9�X�k�V �`�2�T�`�2�b�2�M�i�b �� �b�i�`�B�+�i�2�` �p�2�`�b�B�Q�M �Q�7 �U�9�X�R�V ���M�/ �2�b�i���#�H�B�b�?�2�b�- �#�v �`�2�T�H���+�B�M�; �i�?�2
�Q�m�i�2�`�K�Q�b�i �2�t�B�b�i�2�M�i�B���H �T���i�? �[�m���M�i�B�}�2�`E �r�B�i�? �i�?�2 �b�i�`�B�+�i�2�` �m�M�B�p�2�`�b���H �[�m���M�i�B�}�2�`A ���M�/ �#�v
�B�M�b�i���M�i�B���i�B�M�;�T�r�B�i�?(X i = k)�- �i�?���i �B�7 �i�?�2 �b�v�b�i�2�K�ö�b �2�p�Q�H�m�i�B�Q�M �`�2���+�?�2�b �� �b�i���i�2 �r�?�2�`�2 �i�?�2i �@�i�?
�b�T�2�+�B�2�b �B�bX i = k �Uk 2 N �#�2�B�M�; �� �+�Q�M�b�i���M�i�V �i�?�2�M �B�i �?���b �i�Q �#�2 �T�Q�b�b�B�#�H�2 �i�Q �`�2���+�? �� �7�m�i�m�`�2
�b�i���i�2 �b�m�+�? �i�?���i(X i 6= k) ���M�/ �p�B�+�2 �p�2�`�b���X �h�?�`�Q�m�;�? �#���b�B�+�b �2�[�m�B�p���H�2�M�+�2�b �r�2 �i�?�2�M �/�2�`�B�p�2�/ ��
�T� �̀Q�#���#�B�H�B�b�i�B�+�*�a�G �+�Q�m�M�i�2�`�T���`�i �Q�7 �U�9�X�k�V�- �i�?���i �B�b�,

P� 0[F ((( X i = k) ^ P� 0[F (X i 6= k)]) _ ((( X i 6= k) ^ P� 0[F (X i = k)])))] �U�9�X�j�V

�r�?�B�+�? �+���M �#�2 �m�b�2�/ �i�Q �`�m�H�2 �Q�m�i �b�i���i�2�b �r�?�B�+�? ���H�H�Q�r �7�Q�` �+�Q�M�p�2�`�;�B�M�; �2�p�Q�H�m�i�B�Q�M�b�- �i�?���i �B�b �b�i���i�2�b
�7�Q�` �r�?�B�+�? �i�?�2�`�2�ö�b �� �T�Q�b�B�i�B�p�2 �T�`�Q�#���#�B�H�B�i�v �i�Q �`�2���+�? �� �b�i���i�2X i = k ���M�/ �M�2�p�2�` �H�2���p�2 �B�i�R�X

�h�?�2 �T�`�Q�#�H�2�K �r�B�i�? �7�Q�`�K�m�H���2 �7�Q�` �+���T�i�m�`�B�M�; �b�m�b�i���B�M�2�/ �Q�b�+�B�H�H���i�B�Q�M�b �Q�7 �T�Q�T�m�H���i�B�Q�M �K�Q�/�2�H�b�-
�b�m�+�? ���b �U�9�X�k�V ���M�/ �B�i�b �*�a�G �+�Q�m�M�i�2�`�T���`�i �U�9�X�j�V�- �B�b �i�?���i �i�?�2�v ���+�+�Q�m�M�i ���H�b�Q �7�Q�` �i�?�Q�b�2 �i�`���D�2�+�i�Q�`�B�2�b
�r�?�Q�b�2 �B�M�}�M�B�i�2 �Q�b�+�B�H�H���i�B�Q�M�b ���`�Q�m�M�/k �+�Q�`�`�2�b�T�Q�M�/�b �i�Q�b�i�Q�+�?���b�i�B�+ �M�Q�B�b�2 �b�T�B�F�2�b�U�2�X�;�X �i�`���D�2�+�i�Q�`�B�2�b
�b�m�+�? ���b� i : (x i = k; x i = k + 1) ! �V �`���i�?�2�` �i�?���M �i�Q ���+�i�m���H �Q�b�+�B�H�H���i�B�Q�M�b �i�?�2�`�2�7�Q�`�2 �r�2 �T�`�Q�T�Q�b�2�/ ��
�b�H�B�;�?�i �p���`�B���M�i �7�Q�`�K�m�H���,

AG((( X i = k) ) EF (X i � k� n ^ X i � k+ n)) ^ ((( X i � k� n ^ X i � k+ n) ) EF (X i = k))))
�U�9�X�9�V

�r�?�B�+�? �B�b �K�2���M�i �i�Q �`�m�H�2 �Q�m�i �Q�b�+�B�H�H���i�B�Q�M�b �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q ���M ���`�#�B�i�`���`�v �H�2�p�2�H �Q�7 �M�Q�B�b�2n�X

�R�L�Q�i�B�+�2 �i�?���i �U�9�X�j�V �`�2�H�B�2�b �Q�M �i�?�2 ���b�b�m�K�T�i�B�Q�M �i�?���i ���H�H �i�`���D�2�+�i�Q�`�B�2�b �?�B�i �i�?�2 �H�2�p�2�H �Q�7 �2�t���+�i�H�vk �K�Q�H�2�+�m�H�2�b�- �i�?���i
�B�b�- �i�?�2 �K���t�B�K�m�K �+�?���M�;�2 �Q�7 �i�?�2 �K�Q�H�2�+�m�H�2 �M�m�K�#�2�` �B�b �Q�M�2�X



�*�?���T�i�2�` �9�X �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b �d�j

�A�M �� �7�Q�H�H�Q�r �m�T �r�Q�`�F �(�"�:�R�y�) �r�2 �T�`�Q�T�Q�b�2�/ ���M �2�p�Q�H�p�2�/ �[�m���H�B�i���i�B�p�2 �+�?���`���+�i�2�`�B�b���i�B�Q�M �Q�7
�T�2�`�B�Q�/�B�+�B�i�v �#�v �+�Q�M�b�B�/�2�`�B�M�; �M�Q�i�B�Q�M�b �Q�7 �T���i�?�b�ö �K�Q�M�Q�i�Q�M�B�+�B�i�v�- �b�T�2�+�B�}�+���H�H�v �#�v �B�/�2�M�i�B�7�v�B�M�; �i�?�2
�K�Q�M�Q�i�Q�M�B�+ �B�M�+�`�2���b�2�- �`�2�b�T�2�+�i�B�p�2�H�v �/�2�+�`�2���b�2�- �Q�7 �i�?�2i �@�i�? �b�T�2�+�B�2�b ���H�Q�M�; �� �T���i�? �#�v �2�M�`�B�+�?�B�M�; �i�?�2
�*�h�J�* �K�Q�/�2�H �r�B�i�? �/�2�/�B�+���i�2�/ �#�Q�Q�H�2���M �p���`�B���#�H�2�b �M���K�2�/inc �ni �- �`�2�b�T�2�+�i�B�p�2�H�vdec�ni �X �h�?���i
�`�2�b�m�H�i�2�/ �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �T�`�Q�#���#�B�H�B�b�i�B�+ �G�h�G �7�Q�`�K�m�H��

P=? [inc �ni U(X i = k ^ (dec�ni U (X i = j ))] �U�9�X�8�V

�r�?�B�+�? �+���M �#�2 �m�b�2�/ �i�Q �K�2���b�m�`�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �T���i�?�b �r�?�Q�b�2 �B�M�B�i�B���H �b�i���i�2X i = j ���M�/ �i�?���i
�2�t�?�B�#�B�i �� �Q�M�2�@�T�2�`�B�Q�/ �T�`�2�}�t �Q�7 ���K�T�H�B�i�m�/�2k � j �+�Q�M�b�B�b�i�B�M�; �Q�7 �K�Q�M�Q�i�Q�M�B�+ �B�M�+�`�2���b�2 �m�T �i�QX i = k
�7�Q�H�H�Q�r�2�/ �#�v �� �K�Q�M�Q�i�Q�M�B�+ �/�2�+�`�2���b�2 �#���+�F �i�Q �i�?�2 �B�M�B�i�B���H �H�2�p�2�HX i = j �X

P=? [inc �ni U(X i = k ^ ((k � n � X i � k+ n) U (dec�ni U (X i = j ))))] �U�9�X�e�V

�h�Q �`�2�H���t �i�?�2 �[�m�B�i�2 �b�i�`�B�+�i �+�?���`���+�i�2�`�B�b���i�B�Q�M �;�B�p�2�M �#�v �U�9�X�8�V �r�2 �B�M�i�`�Q�/�m�+�2�/ �i�?�2 �p���`�B���M�i �7�Q�`�@
�K�m�H�� �U�9�X�e�V �i�?���i ���H�H�Q�r�b �i�?�2 �~�m�+�i�m���i�B�Q�M �i�Q �b�i���v ���i �i�?�2 �T�2���F�- �i�?���i �B�b�- ���`�Q�m�M�/ �� �K�Q�H�2�+�m�H�2
�H�2�p�2�H �Q�7k �U�K�Q�/�m�H�2 �M�Q�B�b�2 �#���M�/n�V�- �7�Q�` ���M �m�M�H�B�K�B�i�2�/ ���K�Q�m�M�i �Q�7 �i�B�K�2�- �#�2�7�Q�`�2 �#�2�;�B�M�M�B�M�; �i�?�2
�K�Q�M�Q�i�Q�M�B�+ �/�2�b�+�2�M�i �i�QX i = j �X

�l�M�7�Q�`�i�m�M���i�2�H�v ���H�H �T�`�2�p�B�Q�m�b�H�v �/�B�b�+�m�b�b�2�/ ���i�i�2�K�T�i�b �i�Q �+�Q�K�2 �m�T �r�B�i�? �� �i�2�K�T�Q�`���H �H�Q�;�B�+���H
�+�?���`���+�i�2�`�B�b���i�B�Q�M �Q�7 �Q�b�+�B�H�H���i�B�Q�M�b �Q�M�H�v �T���`�i�B���H�H�v �+�Q�K�T�H�v �r�B�i�? �i�?�2 �b�i���`�i �;�Q���H �Q�7 �i�?�B�b �B�M�p�2�b�i�B�@
�;���i�B�Q�M�X �6�Q�` �2�t���K�T�H�2 �[�m���H�B�i���i�B�p�2 �*�a�G �7�Q�`�K�m�H���2 �H�B�F�2 �U�9�X�j�V ���H�i�?�Q�m�;�? �r�B�H�H �#�2 �m�M�b���i�B�b�}�2�/ �#�v
�/���K�T�2�/ �Q�b�+�B�H�H���i�Q�`�b�- �r�B�H�H ���H�b�Q �#�2 �b���i�B�b�}�2�/ �#�v ���M�v�2� �̀;�Q�/�B�+�*�h�J�* �K�Q�/�2�H �M�Q �K���i�i�2�` �B�7 �i�?�2 �K�Q�/�2�H
���+�i�m���H�H�v �Q�b�+�B�H�H���i�2�b�X �P�M �i�?�2 �Q�i�?�2�` �?���M�/ �[�m���M�i�B�i���i�B�p�2 �*�a�G �7�Q�`�K�m�H���2 �H�B�F�2 �U�9�X�8�V ���M�/ �U�9�X�e�V �?�2�H�T
�m�b �[�m���M�i�B�7�v�B�M�; �?�Q�r �H�B�F�2�H�v �Q�b�+�B�H�H���i�B�Q�M�b �Q�7 �;�B�p�2�M ���K�T�H�B�i�m�/�2 ���`�2�- �#�m�i �i�?�2�v �/�Q �M�Q�i ���+�i�m���H�H�v �?�2�H�T
�i�Q �/�B�b���K�#�B�;�m���i�2 �#�2�i�r�2�2�M �b�m�b�i���B�M�2�/ ���M�/ �/���K�T�2�/ �Q�b�+�B�H�H���i�B�Q�M�b ���b �i�?�2�v �B�M�?�2�`�2�M�i�H�v ���+�+�Q�m�M�i �7�Q�`
�� �}�M�B�i�2 �M�m�K�#�2�` �T�2�`�B�Q�/�b�X

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

�k�h�?�2 �T�2�`�B�Q�/ �/�2�i�2�+�i�Q�` �.�h�� �+�Q�M�b�B�b�i�b �Q�7 �j �b�i���i�2�b�X



�*�?���T�i�2�` �9�X �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b �d�9

�i�?�2 �b�B�x�2 �Q�7 �i�?�2 �J�S�J ���H�H�2�;�2�/ �Q�b�+�B�H�H���i�Q�`�X �a�2�+�Q�M�/�H�v �B�i �/�Q�2�b �M�Q�i �M���i�m�`���H�H�v �+�Q�K�T�H�v �r�B�i�? �i�?�2
�b�2�T���`���i�B�Q�M �Q�7 �+�Q�M�+�2�`�M �K�Q�/�2�H�H�B�M�; �T�?�B�H�Q�b�Q�T�?�v�- ���b �B�i �`�2�[�m�B�`�2�b �i�?�2 �B�M�i�2�;�`���i�B�Q�M �Q�7 �i�?�2 �/�2�i�2�+�i�Q�`
�.�h�� �r�B�i�?�B�M �i�?�2 �K�Q�/�2�H�- �b�Q�K�2�i�?�B�M�; �r�?�B�+�? �T�`�Q�#���#�B�H�B�b�i�B�+ �K�Q�/�2�H �+�?�2�+�F�B�M�; �i�Q�Q�H�b �U�2�X�;�X �S�_�A�a�J�V
�i�?���i �/�Q �M�Q�i �b�m�T�T�Q�`�i ���m�i�Q�K���i�� �#���b�2�/ �T�`�Q�T�2�`�i�v �H���M�;�m���;�2�b �b�m�z�2�` �Q�7�X �6�B�M���H�H�v �i�?�2 �+�?�Q�B�+�2 �Q�7
�`�2�H�v�B�M�; �Q�M �M�m�K�2�`�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �B�M�?�2�`�2�M�i�H�v �H�B�K�B�i�b �i�?�2 �2�t�T�`�2�b�b�B�p�2�M�2�b�b �Q�7 �i�?�2 �Q�b�+�B�H�H���i�B�Q�M
�`�2�H���i�2�/ �B�M�/�B�+���i�Q�`�b �i�?���i �Q�M�2 �K���v �r���M�i �i�Q �+�Q�M�b�B�/�2�`�, �a�T�B�2�H�2�`�ö�b �Q�m�i�H�B�M�2 �� �i�`���M�b�B�2�M�i�@���M���H�v�b�B�b
�#���b�2�/ ���H�;�Q�`�B�i�?�K �i�Q ���T�T�`�Q�t�B�K���i�2 �i�?�2 �S�.�6�f�*�.�6 �Q�7 �i�?�2 �Q�b�+�B�H�H���i�B�Q�M�ö�b �T�2�`�B�Q�/ �/�m�`���i�B�Q�M �?�Q�r�2�p�2�`
�2�t�i�2�M�/�B�M�; �b�m�+�? ���M ���T�T�`�Q���+�? �b�Q �i�?���i �Q�i�?�2�` �B�M�/�B�+���i�Q�`�b �b�m�+�? ���b�- �2�X�;�X�- �i�?�2 �p���`�B���M�+�2 �Q�7 �i�?�2 �T�2�`�B�Q�/
���M�/�f�Q�` �i�?�2 �S�.�6�f�*�.�6 �Q�7 �i�?�2 �Q�b�+�B�H�H���i�B�Q�M�ö�b ���K�T�H�B�i�m�/�2 �H�Q�Q�F�b �M�Q�M �i�`�B�p�B���H �B�7 �7�2���b�B�#�H�2 ���i ���H�H�X

�A�M �i�?�2 �`�2�K���B�M�/�2�` �r�2 �Q�m�i�H�B�M�2 �Q�m�` �+�Q�M�i�`�B�#�m�i�B�Q�M �B�M �i�?�B�b �+�Q�M�i�2�t�i�- �b�T�2�+�B�}�+���H�H�v�- �r�2 �/�2�b�+�`�B�#�2
�?�Q�r�- �#�v �i���F�B�M�; ���/�p���M�i���;�2 �Q�7 �i�?�2 �K�Q�`�2 �2�t�T�`�2�b�b�B�p�2 �?�v�#�`�B�/ ���m�i�Q�K���i�� �#���b�2�/ �>���a�G �K�Q�/�2�H
�+�?�2�+�F�B�M�; ���T�T�`�Q���+�?�- �r�2 �2�t�i�2�M�/�2�/ �a�T�B�2�H�2�`�ö�b �.�h�� �T�2�`�B�Q�/ �/�2�i�2�+�i�B�Q�M ���M���H�v�b�B�b �b�Q �i�?���i �K�Q�`�2
�b�Q�T�?�B�b�i�B�+���i�2�/ �Q�b�+�B�H�H���i�B�Q�M �`�2�H���i�2�/ �B�M�/�B�+���i�Q�`�b �+���M �#�2 ���b�b�2�b�b�2�/�X

�9�X�k�X�k �S���`�i�B�i�B�Q�M �#���b�2�/ �M�Q�B�b�v �T�2�`�B�Q�/�B�+�B�i�v

�A�M �i�?�2 �`�2�K���B�M�/�2�` �r�2 �+�Q�M�b�B�/�2�`n�@�/�B�K�2�M�b�B�Q�M���H �.�1�a�S �T�Q�T�m�H���i�B�Q�M �K�Q�/�2�H�b�- �i�?���i �B�b�- �K�Q�/�2�H�b
�r�?�Q�b�2 �b�i���i�2 �b�T���+�2 �B�b �+�Q�M�i���B�M�2�/ �B�MNn ���M�/ �r�2 �B�M�i�`�Q�/�m�+�2 �i�?�2 �M�Q�i�B�Q�M �Q�7�M�Q�B�b�v �T�2�`�B�Q�/�B�+�B�i�v�r�X�`�X�i�X
�i�Q �Q�M�2 �/�B�K�2�M�b�B�Q�M �Q�7 �i�?�2 �K�Q�/�2�H �r�?�B�+�?�- �7�Q�` �i�?�2 �b���F�2 �Q�7 �b�B�K�T�H�B�+�B�i�v�- �r�2 �Q�7�i�2�M �`�2�7�2�` �i�Q ���b ���b
�i�?�2A �/�B�K�2�M�b�B�Q�M�- �r�?�2�`�2A �B�b �i�?�2 �M���K�2 �Q�7 �� �;�2�M�2�`�B�+ �#�B�Q�+�?�2�K�B�+���H �b�T�2�+�B�2�b�X �h�?�2�`�2�7�Q�`�2 �;�B�p�2�M ��
�b�T�2�+�B�2�bA �r�?�Q�b�2 �T�2�`�B�Q�/�B�+�B�i�v �r�2 �r���M�i �i�Q ���b�b�2�b�b �i�?�2 �B�/�2�� �#�2�?�B�M�/ �b�m�+�? �+�?���`���+�i�2�`�B�b���i�B�Q�M �B�b �i�Q
�2�b�i���#�H�B�b�? �� �T���`�i�B�i�B�Q�M �U�r�X�`�X�i�X �i�Q �i�?�2A �/�B�K�2�M�b�B�Q�M�V �Q�7 �i�?�2 �K�Q�/�2�H �b�i���i�2�@�b�T���+�2 �B�M�/�m�+�2�/ �#�v �i�r�Q
�i�?�`�2�b�?�Q�H�/ �H�2�p�2�H�bL; H 2 N �r�B�i�?L<H ���M�/ �r�2 �b���v �i�?���i�- �� �T���i�? �Q�7 �i�?�2 �K�Q�/�2�H �Q�b�+�B�H�H���i�2�b �U�r�X�`�X�i�X
A�V �Q�`�- �2�[�m�B�p���H�2�M�i�H�v �B�b�M�Q�B�b�v �T�2�`�B�Q�/�B�+�- �B�7 �B�i �i�?�2 �T�`�Q�D�2�+�i�B�Q�M �Q�7 �T���i�? �Q�p�2�` �i�?�2A�@�/�B�K�2�M�b�B�Q�M
�B�M�}�M�B�i�2�H�v �Q�7�i�2�M ���H�i�2�`�M���i�2 �#�2�i�r�2�2�M �� �i�`���p�2�`�b���H �Q�7 �i�?�2[0; L ] ���M�/ �Q�7 �i�?�2[H; 1 ) �`�2�;�B�Q�M�b�X �h�?�B�b
�B�b �7�Q�`�K���H�B�b�2�/ �#�v �.�2�}�M�B�i�B�Q�M�9�X�R�X

�.�2�}�M�B�i�B�Q�M �9�X�R�U�M�Q�B�b�v �T�2�`�B�Q�/�B�+ �i�`���D�2�+�i�Q�`�v�V�X�6�Q�M̀ � ���Mn�@�/�B�K�2�M�b�B�Q�M���H �.�1�a�S �T�Q�T�m�H���i�B�Q�M
�K�Q�/�2�H�- �H�2�idom(M � ) �#�2 �B�i�b �b�i���i�2 �b�T���+�2�- ���M�/domi (M � ) �i�?�2 �T�`�Q�D�2�+�i�B�Q�M �Q�7dom(M � ) ���H�Q�M�;
�i�?�2i th �/�B�K�2�M�b�B�Q�M1 � i � n �Q�7M � �X �G�2�iL; H 2 N�-L < H �- �#�2 �i�r�Q �H�2�p�2�H�b �2�b�i���#�H�B�b�?�B�M�; �i�?�2
�T���`�i�B�i�B�Q�Mdomi (M � )= low[ mid [ high �r�B�i�?low = [0 ; L )�-mid = [ L; H ) ���M�/high = [ H; 1 )�X
�� �T���i�?� 2 Path(M � ) �B�b �b���B�/�M�Q�B�b�v �T�2�`�B�Q�/�B�+�r�X�`�X�i �i�?�2i th �/�B�K�2�M�b�B�Q�M�- ���M�/ �i�?�2 �+�Q�M�b�B�/�2�`�2�/
L; H �B�M�/�m�+�2�/ �T���`�i�B�i�B�Q�M �Q�7domi (M � ) �B�7 �i�?�2 �T�`�Q�D�2�+�i�B�Q�M� i �p�B�b�B�i�b �i�?�2 �B�M�i�2�`�p���H�blow�-mid ���M�/
high �B�M�}�M�B�i�2�H�v �Q�7�i�2�M�X

�>�f�G�@�+�`�Q�b�b�B�M�; �T�Q�B�M�i�b�X �:�B�p�2�M �� �M�Q�B�b�v �T�2�`�B�Q�/�B�+ �i�`���+�2� A �r�2 �/�2�M�Q�i�2� j # �U� j " �V�- �i�?�2 �B�M�b�i���M�i �Q�7
�i�B�K�2 �r�?�2�M� A �2�M�i�2�`�b �7�Q�` �i�?�2j �@�i�? �i�B�K�2 �i�?�2low �Uhigh�V �`�2�;�B�Q�M�XT# = [ j � j # �U�`�2�b�T�XT" = [ j � j " �V
�B�b �i�?�2 �b�2�i �Q�7 ���H�H�H�Q�r�@�+� �̀Q�b�b�B�M�; �T�Q�B�M�i�b�U�`�2�T�b�X�?�B�;�?�@�+� �̀Q�b�b�B�M�; �T�Q�B�M�i�b�V�X �P�#�b�2�`�p�2 �i�?���iT# ���M�/T"

�`�2�+�B�T�`�Q�+���H�H�v �B�M�/�m�+�2 �� �T���`�i�B�i�B�Q�M �Q�M �2���+�? �Q�i�?�2�`�X �a�T�2�+�B�}�+���H�H�vT# = [ kTk# �r�?�2�`�2Tk# �B�b �i�?�2 �b�m�#�b�2�i
�Q�7T# �+�Q�M�i���B�M�B�M�; �i�?�2k�@�i�? �b�2�[�m�2�M�+�2 �Q�7 �+�Q�M�i�B�;�m�Q�m�b�H�Q�r�@�+� �̀Q�b�b�B�M�; �T�Q�B�M�i�b�M�Q�i �B�M�i�2�`�H�2���p�2�/ �#�v ���M�v
�?�B�;�?�@�+� �̀Q�b�b�B�M�; �T�Q�B�M�i�X �6�Q�`�K���H�H�vTk# = f � i #; : : : ; � (i + h)#j9k0; � (i � 1)# <� k0" <� i #; � (i+h)# <� (k0+1) " g�X
�a�B�K�B�H���`�H�vT" �B�b �T���`�i�B�i�B�Q�M�2�/T" = [ kTk" �r�?�2�`�2Tk" �B�b �i�?�2 �b�m�#�b�2�i �Q�7T" �+�Q�M�i���B�M�B�M�; �i�?�2k�@�i�?



�*�?���T�i�2�` �9�X �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b �d�8

�b�2�[�m�2�M�+�2 �Q�7 �+�Q�M�i�B�;�m�Q�m�b�?�B�;�?�@�+� �̀Q�b�b�B�M�; �T�Q�B�M�i�b�M�Q�i �B�M�i�2�`�H�2���p�2�/ �#�v ���M�v�H�Q�r�@�+� �̀Q�b�b�B�M�; �T�Q�B�M�i�X �6�Q�`
�T���i�?� A �B�M �6�B�;�m�`�2�9�X�k�U�#�V�r�2 �?���p�2 �i�?���iT# = T1#[ T2#[ T3# : : : �r�B�i�?T1# = f � 1#; � 2#g�-T2# = f � 3#g�-
T3# = f � 4#g�- �r�?�B�H�2T" = T1" [ T2" [ T3" : : : �r�B�i�?T1" = f � 1" g�-T2" = f � 2" g�-T3" = f � 3" g�X �"���b�2�/ �Q�M
�>�f�G �+�`�Q�b�b�B�M�; �T�Q�B�M�i�b �r�2 �7�Q�`�K���H�B�b�2 �i�?�2 �M�Q�i�B�Q�M �Q�7�T�2�`�B�Q�/ � �̀2���H�B�b���i�B�Q�M�7�Q�` �� �M�Q�B�b�v �T�2�`�B�Q�/ �T���i�?�X

�.�2�}�M�B�i�B�Q�M �9�X�k�Ukth �M�Q�B�b�v �T�2�`�B�Q�/ �`�2���H�B�b���i�B�Q�M�V�X�6�Q��̀ A �� �M�Q�B�b�v �T�2�`�B�Q�/�B�+ �i�`���D�2�+�i�Q�`�v �r�B�i�?
�+�`�Q�b�b�B�M�; �T�Q�B�M�i �i�B�K�2�bT# = [ k� 1Tk# �- �`�2�b�T�2�+�i�B�p�2�H�vT" = [ k� 1Tk" �- �i�?�2 �`�2���H�B�b���i�B�Q�M �Q�7 �i�?�2kth

�M�Q�B�b�v �T�2�`�B�Q�/�- �/�2�M�Q�i�2�/tpk �- �B�b �/�2�}�M�2�/ ���btpk = min (T(k+1) #) � min (Tk#) �j �X

�6�B�;�m�`�2�9�X�k�U�#�V�b�?�Q�r�b ���M �2�t���K�T�H�2 �Q�7�T�2�`�B�Q�/ � �̀2���H�B�b���i�B�Q�M�b�, �i�?�2 �}�`�b�i �i�r�Q �T�2�`�B�Q�/ �`�2���H�B�b���i�B�Q�M�b�-
�/�2�M�Q�i�2�/p1 ���M�/p2�- ���`�2 �/�2�H�B�K�B�i�2�/ �#�v �i�?�2mid �@�i�Q�@low �+�`�Q�b�b�B�M�; �T�Q�B�M�i�b �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2
�}�`�b�i �2�M�i�2�`�B�M�; �Q�7 �i�?�2low �`�2�;�B�Q�M �r�?�B�+�? �7�Q�H�H�Q�r�b �� �T�`�2�p�B�Q�m�b �b�Q�D�Q�m�`�M �B�M �i�?�2high �`�2�;�B�Q�M ���M�/
�i�?�2�B�` �/�m�`���i�B�Q�M �U���b �T�2�` �.�2�}�M�B�i�B�Q�M�9�X�k�V �B�btp1 = � 3# � � 1# �`�2�b�T�2�+�i�B�p�2�H�vtp2 = � 4# � � 3#�X �L�Q�i�B�+�2
�i�?���i �i�?�2 �i�B�K�2 �B�M�i�2�`�p���H �/�2�M�Q�i�2�/ ���bp0 �/�Q�2�b �M�Q�i �`�2�T�`�2�b�2�M�i �� �+�Q�K�T�H�2�i�2 �T�2�`�B�Q�/ �`�2���H�B�b���i�B�Q�M ���b
�i�?�2�`�2�ö�b �M�Q �;�m���`���M�i�2�2 �i�?���it = 0 �+�Q�`�`�2�b�T�Q�M�/�b �r�B�i�? �i�?�2 ���+�i�m���H �2�M�i�2�`�B�M�; �B�M�i�Q �i�?�2low �`�2�;�B�Q�M�X
�.�2�}�M�B�i�B�Q�M�9�X�k�+�Q�`�`�2�+�i�H�v �/�Q�2�b �M�Q�i ���+�+�Q�m�M�i �7�Q�` �i�?�2 �}�`�b�i�b�T�m�`�B�Q�m�b�T�2�`�B�Q�/p0�X �_�2�H�v�B�M�; �Q�M �i�?�2
�M�Q�i�B�Q�M �Q�7 �T�2�`�B�Q�/ �`�2���H�B�b���i�B�Q�M �r�2 �+�?���`���+�i�2�`�B�b�2 �i�?�2�T�2�`�B�Q�/ ���p�2� �̀��;�2���M�/�T�2�`�B�Q�/ �p���`�B���M�+�2�Q�7 ��
�M�Q�B�b�v �T�2�`�B�Q�/�B�+ �i�`���+�2�X �P�#�b�2�`�p�2 �i�?���i �i�?�2�T�2�`�B�Q�/ �p���`�B���M�+�2���H�H�Q�r�b �m�b �i�Q ���M���H�v�b�2 �i�?�2 �`�2�;�m�H���`�B�i�v
�Q�7 �i�?�2 �Q�#�b�2�`�p�2�/ �Q�b�+�B�H�H���i�Q�`�- �i�?���i �B�b�- �� �ó�`�2�;�m�H���`�ô �U�õ�B�`�`�2�;�m�H���`�ô�V �Q�b�+�B�H�H���i�Q�` �B�b �Q�M�2 �r�?�Q�b�2 �i�`���+�2�b
�2�t�?�B�#�B�i �H�B�i�i�H�2 �U�H���`�;�2�V �T�2�`�B�Q�/ �p���`�B���M�+�2�X

�.�2�}�M�B�i�B�Q�M �9�X�j�U�T�2�`�B�Q�/ �K�2���M�V�X�6�Q��̀ A �� �M�Q�B�b�v �T�2�`�B�Q�/�B�+ �i�`���D�2�+�i�Q�`�v �i�?�2 �T�2�`�B�Q�/ ���p�2�`���;�2 �Q�7
�i�?�2 �}�`�b�in 2 N �T�2�`�B�Q�/ �`�2���H�B�b���i�B�Q�M�b�- �/�2�M�Q�i�2�/tp(n)�- �B�b �/�2�}�M�2�/ ���btp(n) = 1

n

P n
k=1 tpk �- �r�?�2�`�2

tpk �B�b �i�?�2k�@�i�? �T�2�`�B�Q�/ �`�2���H�B�b���i�B�Q�M�X

�P�#�b�2�`�p�2 �i�?���i �7�Q�` �� �b�m�b�i���B�M�2�/ �Q�b�+�B�H�H���i�Q�`�- �i�?�2 ���p�2�`���;�2 �p���H�m�2 �Q�7 �i�?�2 �M�Q�B�b�v�@�T�2�`�B�Q�/�- �B�M �i�?�2
�H�Q�M�; �`�m�M�- �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �i�?�2 �H�B�K�B�itp = lim n!1 tp(n)�X

�.�2�}�M�B�i�B�Q�M �9�X�9�U�T�2�`�B�Q�/ �p���`�B���M�+�2�V�X�6�Q�`� A �� �M�Q�B�b�v �T�2�`�B�Q�/�B�+ �i�`���D�2�+�i�Q�`�v �i�?�2 �T�2�`�B�Q�/ �p���`�B���M�+�2 �Q�7
�i�?�2 �}�`�b�in 2 N �T�2�`�B�Q�/ �`�2���H�B�b���i�B�Q�M�b�- �/�2�M�Q�i�2�/s2

tp
(n)�- �B�b �/�2�}�M�2�/ ���bs2

tp
(n)= 1

n

P n
k=1 (tpk � tp(n))2�-

�r�?�2�`�2tpk �B�b �i�?�2k�@�i�? �T�2�`�B�Q�/ �`�2���H�B�b���i�B�Q�M ���M�/tp(n) �B�b �i�?�2 �T�2�`�B�Q�/ ���p�2�`���;�2 �7�Q�` �i�?�2 �}�`�b�in �T�2�`�B�Q�/
�`�2���H�B�b���i�B�Q�M�b�X

�q�2 �B�M�i�`�Q�/�m�+�2 ���M �>���a�G �b�T�2�+�B�}�+���i�B�Q�M �r�?�B�+�? �+�Q�M�b�B�b�i�b �Q�7 ���M �G�>�� ���m�i�Q�K���i�Q�M�- �M���K�2�/A per �-
�r�?�B�+�? ���H�H�Q�r�b �7�Q�` �2�b�i�B�K���i�B�M�;�Q�M�@�i�?�2�@�~�v�9 �i�?�2 �T�2�`�B�Q�/ �K�2���M ���M�/ �p���`�B���M�+�2�- �i�?���i �B�b�- ���b �i�?�2 �M�Q�B�b�v
�T�2�`�B�Q�/�B�+ �i�`���+�2�b ���`�2 �;�2�M�2�`���i�2�/ ���M�/ �b�+���M�M�2�/ �#�vA per �X

�j tpk �+�Q�m�H�/ ���H�i�2�`�M���i�B�p�2�H�v �#�2 �/�2�}�M�2�/ ���btpk = min (T( k+1) " ) � min (Tk " )�- �i�?���i �B�b�- �r�X�`�X�i�X �+�`�Q�b�b�B�M�; �B�M�i�Q �i�?�2high
�`�2�;�B�Q�M�- �`���i�?�2�` �i�?���M �B�M�i�Q �i�?�2low �`�2�;�B�Q�M�X �A�i �B�b �b�i�`���B�;�?�i�7�Q�`�r���`�/ �i�Q �b�?�Q�r �i�?���i �#�Q�i�? �/�2�}�M�B�i�B�Q�M�b ���`�2 �b�2�K���M�i�B�+���H�H�v
�2�[�m�B�p���H�2�M�i�- �B�X�2�X�- �i�?�2 ���p�2�`���;�2 �p���H�m�2 �Q�7tpk �K�2���b�m�`�2�/ ���H�Q�M�; �� �i�`���+�2 �B�b �2�[�m�B�p���H�2�M�i �r�B�i�? �#�Q�i�? �/�2�}�M�B�i�B�Q�M�b�X

�9�"���b�2�/ �Q�M ���M ���/���T�i���i�B�Q�M �Q�7 �i�?�2 �b�Q�@�+���H�H�2�/�Q�M�H�B�M�2 ���H�;�Q�`�B�i�?�K�(�E�M�m�N�d�) �7�Q�` �+�Q�K�T�m�i�B�M�; �i�?�2 �K�2���M ���M�/ �p���`�B���M�+�2
�Q�m�i �Q�7 �� �b���K�T�H�2 �Q�7 �Q�#�b�2�`�p���i�B�Q�M�b�X



�*�?���T�i�2�` �9�X �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b �d�e

�6�B�;�m�`�2 �9�X�j�,�h�?�2A per �G�>�� �7�Q�` �b�2�H�2�+�i�B�M�; �M�Q�B�b�v �T�2�`�B�Q�/�B�+ �i�`���+�2�b �U�r�B�i�? �`�2�b�T�2�+�i �i�Q ���M �Q�#�b�2�`�p�2�/
�b�T�2�+�B�2�bA�V �`�2�H���i�2�/ �i�Q �T���`�i�B�i�B�Q�Mlow = ( �1 ; L ]�-mid = ( L; H ) ���M�/high = [ H; + 1 )�X

�h�?�2A per ���m�i�Q�K���i�Q�M�X�q�2 �B�M�i�`�Q�/�m�+�2 �� �G�>�� �M���K�2�/A per �U�6�B�;�m�`�2�9�X�j�V �7�Q�` ���b�b�2�b�b�B�M�; �i�?�2
�K�2���M �p���H�m�2 �U���b �T�2�` �.�2�}�M�B�i�B�Q�M�9�X�j�V ���M�/ �i�?�2 �p���`�B���M�+�2 �U���b �T�2�` �.�2�}�M�B�i�B�Q�M�9�X�9�V �Q�7 �i�?�2 �}�`�b�iN
�M�Q�B�b�v �T�2�`�B�Q�/ �`�2���H�B�b���i�B�Q�M�b �U���b �T�2�` �.�2�}�M�B�i�B�Q�M�9�X�k�V �K�2���b�m�`�2�/ �Q�M �T���i�?�b �Q�7 �� �.�1�a�S �Q�b�+�B�H�H���i�Q�`
M � �X �h�?�2 ���m�i�Q�K���i�Q�M �+�Q�M�b�B�b�i�b �Q�7 �i�?�`�2�2 �K���B�M �H�Q�+���i�B�Q�M�b�H�Q�r�-�K�B�/���M�/�?�B�;�?�+�Q�`�`�2�b�T�Q�M�/�B�M�;
�i�Q �i�?�2 �`�2�;�B�Q�M�b �Q�7 �i�?�2 �T���`�i�B�i�B�Q�M �Q�7A�ö�b �/�Q�K���B�M �B�M�/�m�+�2�/ �#�v �i�?�`�2�b�?�Q�H�/�bL < H �, �H�Q�+���i�B�Q�M�H�Q�r
�+�Q�`�`�2�b�T�Q�M�/�b �i�Q �`�2�;�B�Q�Mlow = ( �1 ; L ]�- �H�Q�+���i�B�Q�M�K�B�/�i�Q �`�2�;�B�Q�Mmid = ( L; H ) ���M�/ �H�Q�+���i�B�Q�M
�?�B�;�?�i�Q �`�2�;�B�Q�Mhigh = [ H; + 1 )�X �h�?�2 �7�m�M�+�i�B�Q�M�B�M�; �Q�7A per �B�b ���b �7�Q�H�H�Q�r�b�, �T�`�Q�+�2�b�b�B�M�; �b�i���`�i�b
�B�M �2�B�i�?�2�` �Q�7 �i�?�2 �j �B�M�B�i�B���H �H�Q�+���i�B�Q�M�b �U�H�Q�r�-�K�B�/�-�?�B�;�?�V �/�2�T�2�M�/�B�M�; �Q�M �i�?�2 �B�M�B�i�B���H �b�i���i�2 �Q�7 �i�?�2
�Q�b�+�B�H�H���i�Q�` �U�p���`�B���#�H�2nA �`�2�;�B�b�i�2�`�b �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 �Q�b�+�B�H�H���i�B�M�; �b�T�2�+�B�2�bA ���M�/ �B�b �B�M�B�i�B���H�B�b�2�/
�i�?�`�Q�m�;�? ���m�i�Q�M�Q�K�Q�m�b �i�`���M�b�B�i�B�Q�M�b �#�2�7�Q�`�2 �m�M�7�Q�H�/�B�M�; �Q�7 �� �T���i�? �#�2�;�B�M�b�V�X �q�?�B�H�2 �� �T���i�? �Q�7 �i�?�2
�+�Q�M�b�B�/�2�`�2�/ �Q�b�+�B�H�H���i�Q�` �B�b �b�B�K�m�H���i�2�/ �i�?�2A per ���m�i�Q�K���i�Q�M �7�Q�H�H�Q�r�b �i�?�2 �Q�b�+�B�H�H���i�B�Q�M �#�v �K�Q�p�B�M�;
�#�2�i�r�2�2�M �H�Q�+���i�B�Q�M�b�H�Q�r���M�/�?�B�;�?�- �T���b�b�B�M�; �i�?�`�Q�m�;�?�K�B�/�- �7�Q�H�H�Q�r�B�M�; �i�?�2 �T�`�Q�}�H�2 �Q�7 �i�?�2 �Q�#�b�2�`�p�2�/
�b�T�2�+�B�2�bA�X �h�?�2 �+�Q�K�T�H�2�i�B�Q�M �Q�7 �� �H�Q�Q�T �7�`�Q�K�H�Q�r�i�Q�?�B�;�?���M�/ �#���+�F �i�Q�H�Q�r�+�Q�`�`�2�b�T�Q�M�/�b �i�Q
�/�2�i�2�+�i�B�Q�M �Q�7 �� �T�2�`�B�Q�/ �`�2���H�B�b���i�B�Q�M �U���b �Q�7 �.�2�}�M�B�i�B�Q�M�9�X�k�V�X �.�m�`�B�M�; �T�2�`�B�Q�/ �/�2�i�2�+�i�B�Q�M �� �M�m�K�#�2�`
�Q�7 �`�2�H�2�p���M�i �B�M�7�Q�`�K���i�B�Q�M �B�b �b�i�Q�`�2�/ �B�M �i�?�2 �/���i�� �p���`�B���#�H�2�b �Q�7A per �U�h���#�H�2�9�X�R�V �r�?�B�+�? ���`�2 �i�?�2�M
�2�t�T�H�Q�B�i�2�/ �7�Q�` �2�b�i�B�K���i�B�M�; �i�?�2 �+�Q�M�b�B�/�2�`�2�/ �i���`�;�2�i �2�t�T�`�2�b�b�B�Q�M�b�X �h�?�2 ���M���H�v�b�B�b �Q�7 �i�?�2 �b�B�K�m�H���i�2�/
�i�`���D�2�+�i�Q�`�v �2�M�/�b �#�v �2�M�i�2�`�B�M�; �H�Q�+���i�B�Q�M�2�M�/���b �b�Q�Q�M ���b �i�?�2N �@�i�? �T�2�`�B�Q�/ �?���b �#�2�2�M �/�2�i�2�+�i�2�/�X
���M �2�t�2�+�m�i�B�Q�M �Q�7A per �X �G�2�i �m�b ���b�b�m�K�2 �i�?���i �B�M�B�i�B���H�H�vA per �B�b �B�M �H�Q�+���i�B�Q�M�H�Q�r�X �6�`�Q�K�H�Q�r�i�?�2
���m�i�Q�K���i�Q�M �7�Q�H�H�Q�r�b �i�?�2 �T�`�Q�}�H�2 �2�t�?�B�#�B�i�2�/ �#�v �i�?�2 �Q�#�b�2�`�p�2�/ �T�Q�T�m�H���i�B�Q�MA�- �i�?�m�b �K�Q�p�B�M�; �i�Q�K�B�/
�U���M�/ �T�Q�b�b�B�#�H�v �#���+�F�V ���b �b�Q�Q�M ���b �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7A �;�`�Q�r�b ���M�/ �� �b�i���i�2 �Q�7 �i�?�2mid = ( L; H )
�`�2�;�B�Q�M �B�b �2�M�i�2�`�2�/ �U�B�X�2�X�- �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2L< A<H �B�M�p���`�B���M�i �Q�7�K�B�/�H�Q�+���i�B�Q�M �#�2�+�Q�K�B�M�;
�b���i�B�b�}�2�/�V�- ���M�/ �i�?�2�M �i�Q�?�B�;�?�U���M�/ �T�Q�b�b�B�#�H�v �#���+�F�V ���b �b�Q�Q�M ���b �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7A �2�M�i�2�`�b
�i�?�2high = [ H; + 1 ) �`�2�;�B�Q�M �U�+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2A � H �B�M�p���`�B���M�i �Q�7�?�B�;�?�H�Q�+���i�B�Q�M�V�X �P�M



�*�?���T�i�2�` �9�X �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b �d�d

�M���K�2 �/�Q�K���B�M �m�T�/���i�2 �/�2�}�M�B�i�B�Q�M �/�2�b�+�`�B�T�i�B�Q�M
t R� 0 � �̀2�b�2�i �i�Q�i���H �i�B�K�2 �2�H���T�b�2�/
n N �B�M�+� �̀2�K�2�M�i �+�Q�m�M�i�2�` �Q�7 �/�2�i�2�+�i�2�/ �T�2�`�B�Q�/�b
tp R� 0 � �̀2�b�2�i �/�m�`���i�B�Q�M �H���b�i �T�2�`�B�Q�/
�tp R� 0 f (�tp ; tp ; n) =

�t p n � n + t p
n +1 �T�2�`�B�Q�/ �K�2���M

s2
t p R� 0 g(s2

t p ; �tp ; tp ; n) = n � 1
n � 2 � s2

t p + ( �t p � t p ) 2

n �T�2�`�B�Q�/ �p���`�B���M�+�2

�h���#�H�2 �9�X�R�,�o���`�B���#�H�2�b �Q�7 �i�?�2A per ���m�i�Q�K���i�Q�M�X

�2�M�i�2�`�B�M�; �i�?�2�?�B�;�?�H�Q�+���i�B�Q�M �i�?�2 �#�Q�Q�H�2���M �p���`�B���#�H�2top �B�b �b�2�i �i�Q �i�`�m�2 �U�B�X�2�X�-top=1 �V�X �h�?�B�b ���H�H�Q�r�b

�i�?�2�M �7�Q�` �/�B�b�i�B�M�;�m�B�b�?�B�M�; �#�2�i�r�2�2�M �i�?�2�K�B�/�@�i�Q�@�H�Q�r�i�`���M�b�B�i�B�Q�M�b �Q�7 �F�B�M�/�K�B�/
E; (:::^ top=1) ;:::
����������! �H�Q�r�-

�r�?�B�+�? �+�Q�`�`�2�b�T�Q�M�/ �i�Q ���M ���+�i�m���H �+�H�Q�b�m�`�2 �Q�7 �� �T�2�`�B�Q�/ �`�2���H�B�b���i�B�Q�M �U�B�X�2�X�- �i�?�Q�b�2� j # �T�`�2�+�2�/�2�/ �#�v

�� �b�Q�D�Q�m�`�M �B�M �i�?�2high = [ H; + 1 ) �`�2�;�B�Q�M�V�- �7�`�Q�K �i�?�Q�b�2 �Q�7 �F�B�M�/�K�B�/
E; (:::^ top=0) ;:::
����������! �H�Q�r�r�?�B�+�?

�+�Q�`�`�2�b�T�Q�M�/ �i�Q �� �`�2�i�m�`�M �i�Q�H�Q�r�r�B�i�?�Q�m�i �?���p�B�M�; �T�`�2�p�B�Q�m�b�H�v �b�Q�D�Q�m�`�M�2�/ �B�M�?�B�;�?�X �P�#�b�2�`�p�2
�i�?���i �7�`�Q�K�K�B�/�H�Q�+���i�B�Q�M �i�?�2�`�2 ���`�2 �7�Q�m�` �T�Q�b�b�B�#�H�2 �U�K�m�i�m���H�H�v �2�t�+�H�m�b�B�p�2�V �r���v�b �Q�7 �2�M�i�2�`�B�M�; �i�?�2
�H�Q�r�H�Q�+���i�B�Q�M�X �A�7 �i�?�2 �b�Q�D�Q�m�`�M �B�M�K�B�/�?���b �M�Q�i �#�2�2�M �T�`�2�+�2�/�2�/ �#�v �� �b�Q�D�Q�m�`�M �B�M�?�B�;�?�2�/�;�2

�K�B�/
E; (n<N ^ top=0) ;:::
�����������! �H�Q�r�B�b �2�M���#�H�2�/�X �P�M �i�?�2 �Q�i�?�2�` �?���M�/ �B�7 �i�?�2 �b�Q�D�Q�m�`�M �B�M�K�B�/�?���b �#�2�2�M

�T�`�2�+�2�/�2�/ �#�v �� �b�Q�D�Q�m�`�M �B�M�?�B�;�?�#�m�i�H�Q�r�B�b �;�Q�B�M�; �i�Q �#�2 �`�2�@�2�M�i�2�`�2�/ �7�Q�` �i�?�2 �}�`�b�i �i�B�K�2 �U�B�X�2�X�-
n = � 1�V �i�?�2�M �i�?�2 �i�B�K�2�`t �B�b �`�2�b�2�i �U�`�2�T�`�2�b�2�M�i�B�M�; �i�?�2 �b�i���`�i �i�B�K�2 �Q�7 ���+�i�m���H �T�2�`�B�Q�/ �/�2�i�2�+�i�B�Q�M�V
���M�/ �i�?�2 �+�Q�m�M�i�2�` �Q�7 �/�2�i�2�+�i�2�/ �T�2�`�B�Q�/�bn �B�b �b�2�i �i�Q �x�2�`�Q �U���;���B�M �`�2�T�`�2�b�2�M�i�B�M�; �i�?�2 ���+�i�m���H �#�2�;�B�M�M�B�M�;
�Q�7 �+�Q�m�M�i�B�M�; �Q�7 �T�2�`�B�Q�/ �/�2�i�2�+�i�B�Q�M�V�X �6�m�`�i�?�2�`�K�Q�`�2 �B�7 �i�?�2 �b�Q�D�Q�m�`�M �B�M�K�B�/�?���b �#�2�2�M �T�`�2�+�2�/�2�/ �#�v
�� �b�Q�D�Q�m�`�M �B�M�?�B�;�?���M�/ �i�?�2 �T�2�`�B�Q�/ �i�Q �#�2 �/�2�i�2�+�i�2�/ �B�b �i�?�2 �}�`�b�i �Q�M�2 �U�B�X�2�X�-0 � n � 1 ^ top= 1 �V
�i�?�2�M �r�2 �B�M�+�`�2�K�2�M�i �i�?�2 �+�Q�m�M�i�2�`n �Q�7 �/�2�i�2�+�i�2�/ �T�2�`�B�Q�/�- �r�2 �`�2�b�2�i �i�?�2 �~���;top ���M�/ �m�T�/���i�2 �i�?�2
�p���H�m�2 �Q�7 �i�?�2 ���p�2�`���;�2 �/�m�`���i�B�Q�M �Q�7 �/�2�i�2�+�i�2�/ �T�2�`�B�Q�/t̂p �r�?�B�H�2 �r�2 �/�Q �M�Q�i �m�T�/���i�2 �i�?�2 �p���`�B���#�H�2
s2

tp
���b �B�M �Q�`�/�2�` �i�Q �m�T�/���i�2 �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �p���`�B���M�+�2 �Q�7 �i�?�2 �/�2�i�2�+�i�2�/ �T�2�`�B�Q�/ �/�m�`���i�B�Q�M �r�2 �M�2�2�/

�i�?���i ���i �H�2���b�i �i�r�Q �T�2�`�B�Q�/�b �?���p�2 �#�2�2�M �/�2�i�2�+�i�2�/�X �6�B�M���H�H�v �B�7 �i�?�2 �T�2�`�B�Q�/ �i�Q �#�2 �/�2�i�2�+�i�2�/ �B�b �i�?�2
n�@�i�? �r�B�i�?n � 2 �U�B�X�2�X�- �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �;�m���`�/2� n � N ^ top= 1 �V �r�2 �/�Q �i�?�2 �b���K�2 �m�T�/���i�2
�Q�T�2�`���i�B�Q�M�b �Q�7 �i�?�2 �T�`�2�p�B�Q�m�b �+���b�2 �#�m�i ���H�b�Q �m�T�/���i�2s2

tp
�X

�h�?�2 ���m�i�Q�K���i�� �m�b�2�b �p���`�B���#�H�2n �i�Q �+�Q�m�M�i �i�?�2 �M�m�K�#�2�` �Q�7 �M�Q�B�b�v �T�2�`�B�Q�/�b �/�2�i�2�+�i�2�/ ���H�Q�M�; ��
�i�`���D�2�+�i�Q�`�v�- ���M�/ �b�i�Q�T�b ���b �b�Q�Q�M ���b �i�?�2N th �T�2�`�B�Q�/ �B�b �/�2�i�2�+�i�2�/ �U�B�X�2�X �2�p�2�M�i �#�Q�m�M�/�2�/ �K�2���b�m�`�2�V�X
�h�?�2 �#�Q�Q�H�2���M �p���`�B���#�H�2top�- �r�?�B�+�? �B�b �b�2�i �i�Qtrue �Q�M �2�M�i�2�`�B�M�; �Q�7 �i�?�2high �H�Q�+���i�B�Q�M�- ���H�H�Q�r�b �7�Q�`
�/�2�i�2�+�i�B�M�; �i�?�2 �+�Q�K�T�H�2�i�B�Q�M �Q�7 �� �T�2�`�B�Q�/ �U�B�X�2�X �+�`�Q�b�b�B�M�; �7�`�Q�Kmid �i�Qlow �r�?�2�Mtop �B�btrue �V�X
�h�r�Q �+�H�Q�+�F �p���`�B���#�H�2�b�-t ���M�/tp�- �K���B�M�i���B�M�b �`�2�b�T�2�+�i�B�p�2�H�v �i�?�2 �i�Q�i���H �b�B�K�m�H���i�B�Q�M �i�B�K�2 ���b �Q�7 �i�?�2
�#�2�;�B�M�M�B�M�; �Q�7 �i�?�2 �}�`�b�i �/�2�i�2�+�i�2�/ �T�2�`�B�Q�/ �Ut�V ���M�/ �i�?�2 �/�m�`���i�B�Q�M �Q�7 �i�?�2 �H���b�i �/�2�i�2�+�i�2�/ �T�2�`�B�Q�/ �Utp�V�X
�6�B�M���H�H�v �p���`�B���#�H�2tp �K���B�M�i���B�M �i�?�2 ���p�2�`���;�2 �/�m�`���i�B�Q�M �Q�7 ���H�H �U�b�Q �7���`�V �/�2�i�2�+�i�2�/ �T�2�`�B�Q�/�b �r�?�B�H�2s2

tp

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

�h�?�2�Q�`�2�K �k�X�A�7 �� �i�`���+�2� A �B�b �M�Q�B�b�v �T�2�`�B�Q�/�B�+ �r�X�`�X�i�X ���K�T�H�B�i�m�/�2 �H�2�p�2�H�bL; H 2 N �i�?�2�M �B�i �B�b



�*�?���T�i�2�` �9�X �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b �d�3

���+�+�2�T�i�2�/ �#�v ���m�i�Q�K���i�Q�MA per �r�B�i�? �T���`���K�2�i�2�`�bL �-H ���M�/N 2 N�X

�S� �̀Q�Q�7�X�a�2�2 �(�"���H�R�8�#�)�X

�>���a�G �2�t�T�`�2�b�b�B�Q�M�b ���b�b�Q�+�B���i�2�/ �i�QA per �X �q�2 �/�2�}�M�2 �/�B�z�2�`�2�M�i �>���a�G �2�t�T�`�2�b�b�B�Q�M�b �i�Q �#�2
���b�b�Q�+�B���i�2�/ �i�Q ���m�i�Q�K���i�Q�MA per �X

�Ç Z1 � E [last(�tp)]�, �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2 �K�2���M �p���H�m�2 �Q�7 �i�?�2 �T�2�`�B�Q�/ �/�m�`���i�B�Q�M �7�Q�` �i�?�2 �}�`�b�i
N �/�2�i�2�+�i�2�/ �T�2�`�B�Q�/�b�X

�Ç Z2 � PDF (�tp; s; l; h)�, �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2 �S�.�6 �Q�7 �i�?�2 ���p�2�`���;�2 �T�2�`�B�Q�/ �/�m�`���i�B�Q�M �Q�p�2�`
�i�?�2 �}�`�b�iN �/�2�i�2�+�i�2�/ �T�2�`�B�Q�/�b�- �r�?�2�`�2[l; h] �`�2�T�`�2�b�2�M�i�b �i�?�2 �+�Q�M�b�B�/�2�`�2�/ �b�m�T�T�Q�`�i �Q�7 �i�?�2
�2�b�i�B�K���i�2�/ �S�.�6�- ���M�/[l; h] �B�b �/�B�b�+�`�2�i�B�x�2�/ �B�M�i�Q �m�M�B�7�Q�`�K �b�m�#�B�M�i�2�`�p���H�b �Q�7 �r�B�/�i�?s

�Ç Z3 � E [last(s2
tp

)]�, �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2 �p���`�B���M�+�2 �Q�7 �i�?�2 �T�2�`�B�Q�/ �/�m�`���i�B�Q�M�X

�1�t�T�`�2�b�b�B�Q�MZ1 �`�2�T�`�2�b�2�M�i�b �i�?�2 �2�t�T�2�+�i�2�/ �p���H�m�2 ���b�b�m�K�2�/ �#�v �p���`�B���#�H�2�tp�- �i�?���i �B�b�- �i�?�2 ���p�2�`���;�2
�/�m�`���i�B�Q�M �Q�7 �i�?�2 �}�`�b�iN �T�2�`�B�Q�/�b �/�2�i�2�+�i�2�/ ���H�Q�M�; �� �i�`���+�2�- ���i �i�?�2 �2�M�/ �Q�7 ���+�+�2�T�i�2�/ �i�`���D�2�+�i�Q�`�v
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�i�?�2 ���p�2�`���;�2 �/�m�`���i�B�Q�M �Q�7 �i�?�2 �}�`�b�iN �T�2�`�B�Q�/�b �#�v ���b�b�m�K�B�M�; �i�?�2 �B�M�i�2�`�p���H[l; h] ���b �i�?�2 �b�m�T�T�Q�`�i �Q�7
�i�?�2 �S�.�6 ���M�/ �+�Q�M�b�B�/�2�`�B�M�; �i�?���i[l; h] �B�b �/�B�b�+�`�2�i�B�b�2�/ �B�M(h � l )=s �m�M�B�7�Q�`�K �b�m�#�B�M�i�2�`�p���H�b �Q�7 �r�B�/�i�?
s�X �P�M �i�?�2 �Q�i�?�2�` �?���M�/Z3 �B�b �+�Q�M�+�2�`�M�2�/ �r�B�i�? ���b�b�2�b�b�B�M�; �i�?�2 �2�t�T�2�+�i�2�/ �p���H�m�2 �i�?���i �p���`�B���#�H�2s2
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�7�`�Q�K �i�?�2 �T�Q�B�M�i �Q�7 �p�B�2�r �Q�7 �i�?�2 �T�2�`�B�Q�/ �/�m�`���i�B�Q�M�- �Q�7 �i�?�2 �Q�#�b�2�`�p�2�/ �Q�b�+�B�H�H���i�B�Q�M�X
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�h�?�2 �/�`���r�#���+�F �Q�7 �i�?�2 �T���`�i�B�i�B�Q�M �#���b�2�/ �T�2�`�B�Q�/ �/�2�i�2�+�i�B�Q�M �b�+�?�2�K�2 �/�B�b�+�m�b�b�2�/ �B�M �i�?�2 �T�`�2�p�B�Q�m�b
�b�2�+�i�B�Q�M �B�b �i�?���i�- �i�?�2 �/�2�i�2�+�i�2�/ �T�2�`�B�Q�/�b �/�2�T�2�M�/ �Q�M �i�?�2 �+�?�Q�b�2�ML; H �i�?�`�2�b�?�Q�H�/�b�- ���M�/ �i�?�2�b�2
�?���p�2 �i�Q �#�2 �+�?�Q�b�2�M �#�v �i�?�2 �K�Q�/�2�H�H�2�` �K���M�m���H�H�v �#�2�7�Q�`�2�?���M�/�- �B�X�2�X�- �M�Q�`�K���H�H�v �#�v �H�Q�Q�F�B�M�; ���i �i�?�2
�b�?���T�2 �Q�7 �� �b���K�T�H�2�/ �i�`���D�2�+�i�Q�`�v ���M�/ �i�?�2�M �+�?�Q�Q�b�B�M�; �r�?�2�`�2 �i�Q �ó�`�2���b�Q�M���#�H�v�ô �b�2�i �i�?�2L ���M�/H
�p���H�m�2�b �#�2�7�Q�`�2 �2�t�2�+�m�i�B�M�; �i�?�2 �K�2���b�m�`�2�K�2�M�i�b �r�B�i�? ���m�i�Q�K���i�Q�MA per �X �h�Q �B�K�T�`�Q�p�2 �i�?�B�M�;�b �?�2�`�2
�r�2 �T�`�Q�T�Q�b�2 �� �/�B�z�2�`�2�M�i ���T�T�`�Q���+�? �r�?�B�+�? �B�b ���B�K�2�/ ���i �B�/�2�M�i�B�7�v�B�M�; �r�?�2�`�2 �i�?�2 �T�2���F�b �U�B�X�2�X�- �i�?�2
�H�Q�+���H �K���t�B�K���f�K�B�M�B�K���V �Q�7 �Q�b�+�B�H�H���i�Q�`�v �i�`���+�2�b ���`�2 �H�Q�+���i�2�/�X

�a�B�M�+�2 �i�`���+�2�b �Q�7 �� �.�1�a�S �+�Q�M�b�B�b�i �Q�7 �/�B�b�+�`�2�i�2 �B�M�+�`�2�K�2�M�i�b�f�/�2�+�`�2�K�2�M�i�b �Q�7 ���i �H�2���b�i �Q�M�2 �m�M�B�i�-
�B�i �B�b �m�T �i�Q �i�?�2 �Q�#�b�2�`�p�2�` �i�Q �2�b�i���#�H�B�b�? �r�?���i �b�?�Q�m�H�/ �#�2 ���+�+�Q�m�M�i�2�/ �7�Q�` ���b �� �H�Q�+���H �K���t�B�K�m�K
�U�K�B�M�B�K�m�K�V �/�m�`�B�M�; �b�m�+�? �/�2�i�2�+�i�B�Q�M �T�`�Q�+�2�b�b�X �A�M�i�m�B�i�B�p�2�H�v �� �H�Q�+���H �K���t�f�K�B�M �Q�7 �� �i�`���+�2� A �B�b ��
�b�i���i�2� A [i ] �Ui 2 N�V �i�?���i �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �� �+�?���M�;�2 �Q�7 �i�`�2�M�/ �B�M �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7A�X �h�?�B�b �B�b
�7�Q�`�K���H�H�v �+���T�i�m�`�2�/ �#�v �i�?�2 �7�Q�H�H�Q�r�B�M�; �/�2�}�M�B�i�B�Q�M�X
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�.�2�}�M�B�i�B�Q�M �9�X�8�U�H�Q�+���H �K���t�B�K�m�K�f�K�B�M�B�M�B�K�m�K �Q�7 �� �i�`���+�2�V�X�6�Q��̀ A �i�?�2 �T�`�Q�D�2�+�i�B�Q�M �r�X�`�X�i�X �i�Q
�b�T�2�+�B�2�bA �Q�7 �� �T���i�?� �Q�7 ���Mn�@�/�B�K�2�M�b�B�Q�M���H �.�1�a�SD �T�Q�T�m�H���i�B�Q�M �K�Q�/�2�H�- �b�i���i�2� A [i ] �B�b ��
�K���t�B�K�m�K�- �B�7� A [i � 1]< � A [i ]> � A [i + 1] �- �Q�` �� �K�B�M�B�K�m�K�- �B�7� A [i � 1]> � A [i ]< � A [i + 1] �X

�U���V�H�Q�+���H �K���t�B�K�� �UM [i ]�V ���M�/ �K�B�M�B�K�� �Um[i ]�V �Q�7
���M ���H�i�2�`�M���i�B�M�; �i�`���D�2�+�i�Q�`�v� A �X

�U�#�V� �@�b�2�T���`���i�2�/ �H�Q�+���H �K���t�B�K�� �UM � [i ]�V ���M�/ �K�B�M�@
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�A�M �i�?�2 �`�2�K���B�M�/�2�` �r�2 �`�2�7�2�` �i�Q �� �i�`���+�2 �i�?���i �+�Q�M�b�B�b�i�b �Q�7 ���M �B�M�}�M�B�i�2 �b�2�[�m�2�M�+�2 �Q�7 �H�Q�+���H �K���t�B�K��
�B�M�i�2�`�H�2���p�2�/ �r�B�i�? ���M �B�M�}�M�B�i�2 �b�2�[�m�2�M�+�2 �Q�7 �H�Q�+���H �K�B�M�B�K�� ���b ���M���H�i�2�`�M���i�B�M�; �i� �̀��+�2�U�.�2�}�M�B�i�B�Q�M�9�X�e�V�X
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�T�Q�T�m�H���i�B�Q�M �K�Q�/�2�H �B�b �b���B�/���H�i�2�`�M���i�B�M�;�r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2i th �U1� i � n�V �Q�#�b�2�`�p�2�/ �b�T�2�+�B�2�b �Q�7
D�- �B�7� i �+�Q�M�i���B�M�b �B�M�}�M�B�i�2�H�v �K���M�v �H�Q�+���H �K�B�M�B�K�� �U�Q�` �2�[�m�B�p���H�2�M�i�H�v �H�Q�+���H �K���t�B�K���V�X

�6�Q��̀ A ���M ���H�i�2�`�M���i�B�M�; �i�`���+�2 �r�2 �/�2�M�Q�i�2� M
A = M [1]; M [2]; : : :�- �`�2�b�T�2�+�i�B�p�2�H�v� m

A =
m[1]; m[2]; : : :�- �i�?�2 �T�`�Q�D�2�+�i�B�Q�M �Q�7� A �+�Q�M�b�B�b�i�B�M�; �Q�7 �i�?�2 �H�Q�+���H �K���t�B�K���- �`�2�b�T�2�+�i�B�p�2�H�v �K�B�M�B�K���- �Q�7
� A �X �6�B�;�m�`�2�9�X�9�U���V�b�?�Q�r�b �i�?�2 �H�Q�+���H �K���t�B�K�� ���M�/ �K�B�M�B�K�� �7�Q�` ���M �2�t���K�T�H�2 �Q�7 ���H�i�2�`�M���i�B�M�; �i�`���+�2
� A �X �A�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �r�2 �T�Q�B�M�i �Q�m�i �i�r�Q �b�B�K�T�H�2 �T�`�Q�T�2�`�i�B�2�b �`�2�H���i�B�M�; �i�?�2 �/�2�}�M�B�i�B�Q�M �Q�7 �M�Q�B�b�v
�T�2�`�B�Q�/�B�+ ���M�/ ���H�i�2�`�M���i�B�M�; �i�`���+�2�X

�S�`�Q�T�Q�b�B�i�B�Q�M �8�X�A�7� A �B�b ���M�Q�B�b�v �T�2�`�B�Q�/�B�+�i�`���+�2 �U���b �Q�7 �.�2�}�M�B�i�B�Q�M�9�X�R�V �i�?�2�M �B�i �B�b ���H�b�Q���H�i�2�`�@
�M���i�B�M�;�X

�S�`�Q�T�Q�b�B�i�B�Q�M�8�B�b �i�`�B�p�B���H�H�v �i�`�m�2 ���b �#�v �/�2�}�M�B�i�B�Q�M �� �M�Q�B�b�v �T�2�`�B�Q�/ �i�`���+�2 �p�B�b�B�i �B�M�}�M�B�i�2�H�v �Q�7�i�2�M
�i�?�2low ���M�/high �`�2�;�B�Q�M �Q�7 �i�?�2 �b�i���i�2 �b�T���+�2�- �i�?�m�b �M�2�+�2�b�b���`�B�H�v �B�i �+�Q�M�i���B�M�b ���M �B�M�}�M�B�i�2 �b�2�[�m�2�M�+�2
�H�Q�+���H �K���t�B�K�� �B�M�i�2�`�H�2���p�2�/ �r�B�i�? �H�Q�+���H �K�B�M�B�K���X
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�M�Q�B�b�v �T�2�`�B�Q�/�B�+�X
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�/�2�+�`�2���b�B�M�; �Q�M�2�b�V�- �B�M �r�?�B�+�? �+���b�2 �+�H�2���`�H�v �B�i �B�b �M�Q�i �M�Q�B�b�v �T�2�`�B�Q�/�B�+�X
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�ó�b�B�K�T�H�2�ô �H�Q�+���H �K���t�B�K���f�K�B�M�B�K�� ���b �B�M �.�2�}�M�i�B�Q�M�9�X�8�- �r�2 �`�2�7�2�` �i�Q �/�2�i�2�+�i�B�Q�M �Q�7 �� �;�2�M�2�`���H�B�b�2�/
�M�Q�i�B�Q�M �Q�7 �H�Q�+���H �K���t�B�K���f�K�B�M�B�K�� �Q�7 �� �i�`���+�2�- �i�?���i �B�b�- �K���t�B�K�� ���M�/ �K�B�M�B�K�� �r�?�B�+�? ���`�2 �/�B�b�i���M�+�2�/�-
���i �H�2���b�i�- �#�v �� �+�2�`�i���B�M �p���H�m�2� �X �q�2 �7�Q�`�K���H�B�b�2 �i�?�B�b �M�Q�i�B�Q�M �B�M �i�?�2 �M�2�t�i �/�2�}�M�B�i�B�Q�M�X

�.�2�}�M�B�i�B�Q�M �9�X�d�U� �@�b�2�T���`���i�2�/ �H�Q�+���H �K���t�B�K���V�X�G�2�i� 2 R+ �- ���M�/� A �i�?�2A �T�`�Q�D�2�+�i�B�Q�M �Q�7 ��
�i�`���+�2� �Q�7 ���Mn�@�/�B�K�2�M�b�B�Q�M���H �.�1�a�SD �T�Q�T�m�H���i�B�Q�M �K�Q�/�2�H�X �� �b�i���i�2� A [i ] �B�b �i�?�2j �@�i�?�-j 2 N> 0�-
� �@�b�2�T���`���i�2�/ �H�Q�+���H �K���t�B�K�m�K �U�K�B�M�B�K�m�K�V�- �/�2�M�Q�i�2�/M� [j ] �Um� [i ]�V�- �B�7�B�V�B�i �B�b �i�?�2 �H���`�;�2�b�i �H�Q�+���H
�K���t�B�K�m�K �U�b�K���H�H�2�b�i �H�Q�+���H �K�B�M�B�K�m�K�V �r�?�Q�b�2 �/�B�b�i���M�+�2 �7�`�Q�K �i�?�2 �T�`�2�+�2�/�B�M�;� �@�b�2�T���`���i�2�/ �H�Q�+���H
�K�B�M�B�K�m�Km� [j � 1] �U�K���t�B�K�m�KM � [j � 1]�V �B�b ���i �H�2���b�i� ���M�/�B�B�V�7�`�Q�K �B�i�- �B�i �B�b �T�Q�b�b�B�#�H�2 �i�Q �`�2���+�?
�� �b�K���H�H�2�` �U�H���`�;�2�`�V� �@�b�2�T���`���i�2�/ �b�i���i�2�X

�h�Q �m�M�/�2�`�b�i���M�/ �i�?�2 �K�2���M�B�M�; �Q�7� �@�b�2�T���`���i�2�/ �K�B�M�B�K�� ���M�/ �K���t�B�K�� �/�2�}�M�B�i�B�Q�M �H�2�i �m�b �+�Q�M�b�B�/�2�`
�i�?�2 �2�t���K�T�H�2 �B�M �6�B�;�m�`�2�9�X�9�U�#�V�X �h�?�2 �M���i�m�`�2 �Q�7 �i�?�2 �}�`�b�i� �@�b�2�T���`���i�2�/ �T�Q�B�M�i �U�2�B�i�?�2�` �� �K���t�B�K�m�K
�Q�` �� �K�B�M�B�K�m�K�V �/�2�T�2�M�/�b �Q�M �i�?�2 �B�M�B�i�B���H �T�`�Q�}�H�2 �Q�7 �i�?�2 �i�`���+�2�, �B�7 �i�?�2 �i�`���+�2�- �7�`�Q�K �B�i�b �B�M�B�i�B���H
�b�i���i�2� A [0]�- �}�`�b�i �2�M�i�2�`�b �i�?�2 �`�2�;�B�Q�M� A [0] + � �i�?���M �i�?�2 �}�`�b�i� �@�b�2�T���`���i�2�/ �T�Q�B�M�i �r�B�H�H �#�2 ��
�K���t�B�K�m�K �U�+�Q�M�p�2�`�b�2�H�v �B�7 �B�i �}�`�b�i �2�M�i�2�`�b �i�?�2� A [0] � � �`�2�;�B�Q�M �B�i �r�B�H�H �#�2 �� �K�B�M�B�K�m�K�V�X �6�Q�` �i�?�2
�i�`���+�2 �B�M �6�B�;�m�`�2�9�X�9�U�#�V�i�?�2 �}�`�b�i� �@�b�2�T���`���i�2�/ �T�Q�B�M�i �B�b �i�?�2 �K���t�B�K�m�KM � [1] �b�B�M�+�2 �M�Q�M�2 �Q�7 �i�?�2
�T�`�2�+�2�/�B�M�; �H�Q�+���H �K�B�M�B�K��m[1]�-m[2] ���M�/ �H�Q�+���H �K���t�B�K�m�KM [1] �B�b �b�m�{�+�B�2�M�i�H�v �7���` ���T���`�i �7�`�Q�K �i�?�2
�B�M�B�i�B���H �b�i���i�2� A [0] �U�B�X�2�Xm[1]�-m[2] ���M�/M [1] �?���p�2 �/�B�b�i���M�+�2 �H�2�b�b �i�?���M� �7�`�Q�K� A [0]�V�X �P�#�b�2�`�p�2
�i�?���i �i�?�2 �/�2�i�2�+�i�B�Q�M �Q�7M � [1] ���b �i�?�2 ���+�i�m���H �}�`�b�i� �@�b�2�T���`���i�2�/ �K���t�B�K�m�K �B�b �+�Q�K�T�H�2�i�2�/ �Q�M�H�v �Q�M
�2�M�i�2�`�B�M�; �i�?�2(M � [1]� � ) �`�2�;�B�Q�M�- �r�?�B�+�? �?���T�T�2�M�b �Q�M �Q�#�b�2�`�p�B�M�; �i�?�2 �/�Q�r�M�r���`�/ �D�m�K�T �i�?���i �7�Q�H�H�Q�r�b
�H�Q�+���H �K���t�B�K�m�KM [3]�X �h�Q �#�2�i�i�2�` �m�M�/�2�`�b�i���M�/ �i�?���i �/�2�i�2�+�i�B�Q�M �Q�7� �@�b�2�T���`���i�2�/ �K�B�M�B�K���f�K���t�B�K��
�K���v �B�M�p�Q�H�p�2 �� �ó�i�2�K�T�Q�`���`�v �/�2�i�2�+�i�B�Q�M�ô �T�?���b�2 �7�Q�H�H�Q�r�2�/ �#�v �� �ó�/�2�i�2�+�i�B�Q�M �}�M���H�B�b���i�B�Q�M�ô �H�2�i �m�b
�+�Q�M�i�B�M�m�2 �i�?�2 �m�M�7�Q�H�/�B�M�; �Q�7 �i�?�2 �i�`���+�2�X �>���p�B�M�; �2�M�i�2�`�2�/ �i�?�2M � [1] � � �`�2�;�B�Q�M �r�2 �2�M�+�Q�m�M�i�2�` �i�?�2
�H�Q�+���H �K�B�M�B�K�m�Km[4]�- �r�?�B�+�? �B�b �i�2�K�T�Q�`���`�B�H�v �/�2�i�2�+�i�2�/ ���b �i�?�2 �}�`�b�i� �@�b�2�T���`���i�2�/ �K�B�M�B�K�m�K�- �b�B�M�+�2
�B�M �7���+�i �B�i �B�b �/�B�b�i���M�+�2�/ �K�Q�`�2 �i�?���M� �7�`�Q�KM � [1]�X �>�Q�r�2�p�2�`m[4] �B�b �7�Q�H�H�Q�r�2�/ �#�vm[5] �� �b�K���H�H�2�`
�H�Q�+���H �K�B�M�B�K�m�K �`�2���+�?�2�/ �r�B�i�?�Q�m�i �2�t�B�i�B�M�; �i�?�2(m[4]+ � ) �`�2�;�B�Q�M�X �h�?�m�bm[5] �`�2�T�H���+�2�bm[4] ���b
�i�2�K�T�Q�`���`�v �}�`�b�i� �@�b�2�T���`���i�2�/ �K�B�M�B�K�m�K�Xm[5] �#�2�+�Q�K�2�b �i�?�2 ���+�i�m���H �}�`�b�i� �@�b�2�T���`���i�2�/ �K�B�M�B�K�m�K
�Q�M�H�v �Q�M �2�M�i�2�`�B�M�; �i�?�2(m[5]+� ) �`�2�;�B�Q�M �U�r�?�B�+�? �B�M �i�?�B�b �+���b�2 �+�Q�`�`�2�b�T�Q�M�/�b �r�B�i�? �`�2���+�?�B�M�; �Q�7 �b�i���i�2
M � [2]�V �b�B�M�+�2 �M�Q �b�K���H�H�2�` �H�Q�+���H �K�B�M�B�K�� �?���b �#�2�2�M �/�2�i�2�+�i�2�/ �#�2�7�Q�`�2 �2�M�i�2�`�B�M�;(m[5]+ � )�X

�.�2�}�M�B�i�B�Q�M �9�X�3�U� �@�b�2�T���`���i�2�/ ���H�i�2�`�M���i�B�M�; �i�`���+�2�V�X�� �i�`���D�2�+�i�Q�`�v� �Q�7 ���Mn�@�/�B�K�2�M�b�B�Q�M���H �.�1�a�S
D �T�Q�T�m�H���i�B�Q�M �K�Q�/�2�H �B�b �b���B�/� �@�b�2�T���`���i�2�/���H�i�2�`�M���i�B�M�;�r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2i th �U1 � i � n�V
�Q�#�b�2�`�p�2�/ �b�T�2�+�B�2�b �Q�7D�- �B�7 �B�i �+�Q�M�i���B�M�b �+�Q�M�i���B�M�b �B�M�}�M�B�i�2�H�v �K���M�v� �@�b�2�T���`���i�2�/ �H�Q�+���H �K�B�M�B�K�� �U���M�/
�2�[�m�B�p���H�2�M�i�H�v� �@�b�2�T���`���i�2�/ �H�Q�+���H �K���t�B�K���V�- �r�?�2�`�2� 2 R+ �X

�6�Q��̀ A �� � �@�b�2�T���`���i�2�/ ���H�i�2�`�M���i�B�M�; �i�`���+�2 �r�2 �/�2�M�Q�i�2� M �
A = M � [1]; M � [2]; : : :�- �`�2�b�T�2�+�i�B�p�2�H�v

� m �
A = m� [1]; m� [2]; : : :�- �i�?�2 �T�`�Q�D�2�+�i�B�Q�M �Q�7� A �+�Q�M�b�B�b�i�B�M�; �Q�7 �i�?�2� �@�b�2�T���`���i�2�/ �H�Q�+���H �K���t�B�K���-

�`�2�b�T�2�+�i�B�p�2�H�v �K�B�M�B�K���- �Q�7� A �X �P�#�b�2�`�p�2 �i�?���i �i�?�2� �@�b�2�T���`���i�2�/ �K���t�f�K�B�M �U�6�B�;�m�`�2�9�X�9�U�#�V�V ���`�2 ��
�b�m�#�b�2�i �Q�7 �i�?�2 �ó�b�B�K�T�H�2�ô �K���t�f�K�B�M �U�6�B�;�m�`�2�9�X�9�U���V�V�X �6�m�`�i�?�2�`�K�Q�`�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �T�`�Q�T�2�`�i�v �?�Q�H�/�b�,



�*�?���T�i�2�` �9�X �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b �3�R

�S�`�Q�T�Q�b�B�i�B�Q�M �d�X�6�Q�`� =1 �i�?�2 �b�2�[�m�2�M�+�2 �Q�7� �@�b�2�T���`���i�2�/ �K���t�B�K�� �U�K�B�M�B�K���V �Q�7 ���M ���H�i�2�`�M���i�B�M�;
�i�`���+�2� A �+�Q�B�M�+�B�/�2�b �r�B�i�? �i�?�2 �H�B�b�i �Q�7 �H�Q�+���H �K���t�B�K�� �U�K�B�M�B�K���V�- �i�?���i �B�b�,� M 1

A = � M
A ���M�/� m1

A = � m
A �X

�h�?�2 �/�2�i�2�+�i�B�Q�M �Q�7 �i�?�2� �@�b�2�T���`���i�2�/ �H�Q�+���H �K���t�B�K�� �U�K�B�M�B�K���V �7�Q�` �� �i�`���+�2� A �+���M �#�2 �/�2�@
�b�+�`�B�#�2�/ �B�M �i�2�`�K�b �Q�7 ���M �B�i�2�`���i�B�p�2 �T�`�Q�+�2�/�m�`�2 �i�?�`�Q�m�;�? �r�?�B�+�? �i�?�2 �H�B�b�i �Q�7 �/�2�i�2�+�i�2�/ �K���t�f�K�B�M ���`�2
�+�Q�M�b�i�`�m�+�i�2�/ ���b� A �m�M�7�Q�H�/�b�X �a�m�+�? �� �T�`�Q�+�2�/�m�`�2 �B�b �7�Q�`�K���H�H�v �B�K�T�H�2�K�2�M�i�2�/ �#�v �i�?�2 �G�>��A peaks

�U�6�B�;�m�`�2�9�X�8�V �r�?�B�+�? �r�2 �B�M�i�`�Q�/�m�+�2 �H���i�2�` �Q�M�X �>�2�`�2�- �#���b�2�/ �Q�M �i�?�2 �2�t���K�T�H�2 �B�H�H�m�b�i�`���i�2�/ �B�M �6�B�;�@
�m�`�2�9�X�9�U�#�V�- �r�2 �B�M�7�Q�`�K���H�H�v �b�m�K�K���`�B�b�2 �?�Q�r �/�2�i�2�+�i�B�Q�M �Q�7� �@�b�2�T���`���i�2�/ �K���t�f�K�B�M �r�Q�`�F�b�X �h�?�2
�/�2�i�2�+�i�B�Q�M �`�2�[�m�B�`�2�b �b�i�Q�`�B�M�; �Q�7 �i�?�2 �K�Q�b�i �`�2�+�2�M�i �U�i�2�K�T�Q�`���`�v�V� �@�b�2�T���`���i�2�/ �K���t �U�K�B�M�V �B�M�i�Q ��
�p���`�B���#�H�2 �M���K�2�/xM �Uxm �V�- �r�?�B�H�2 �Q�M�+�2 �/�2�i�2�+�i�B�Q�M �Q�7 ��� �@�b�2�T���`���i�2�/ �K���t�B�K�m�K �U�K�B�M�B�K�m�K�V �B�b
�+�Q�K�T�H�2�i�2�/ �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �p���`�B���#�H�2xM �Uxm �V �B�b �+�Q�T�B�2�/ �B�M�i�Q �� �/�2�/�B�+���i�2�/ �H�B�b�i�- �M���K�2�/Lmax �-
�`�2�b�T�XLmin �U�b�2�2 �h���#�H�2�9�X�k�V�- �r�?�B�+�? �B�b �}�H�H�2�/ �B�M �r�B�i�? �i�?�2 �/�2�i�2�+�i�2�/� �@�b�2�T���`���i�2�/ �K���t�f�K�B�M �T�Q�B�M�i�b�X
�h�Q �m�M�/�2�`�b�i���M�/ �?�Q�r �/�2�i�2�+�i�B�Q�M �i�?�`�Q�m�;�? ���m�i�Q�K���i�Q�MA peaks �r�Q�`�F�b �H�2�i �m�b �+�Q�M�b�B�/�2�` ���;���B�M �i�?�2
�b���K�T�H�2 �T���i�? �B�M �6�B�;�m�`�2�9�X�9�U�#�V�X �h�?�2 �}�`�b�i �2�H�2�K�2�M�i �2�M�+�Q�m�M�i�2�`�2�/ �B�b �i�?�2 �H�Q�+���H �K�B�M�B�K�m�Km[1]
�r�?�B�+�? �B�b �i�?�2�M �b�i�Q�`�2�/ �B�M�i�Qxm = m[1]�X ���b �i�?�2 �i�`���+�2 �7�m�`�i�?�2�` �m�M�7�Q�H�/�b �i�?�2 �b�m�#�b�2�[�m�2�M�i �K���t�B�K��
�U�;�`�2�2�M �T�Q�B�M�i�b�V ���`�2 �B�;�M�Q�`�2�/ ���b �H�Q�M�; ���b �i�?�2�B�` �/�B�b�i���M�+�2 �7�`�Q�K �i�?�2 �i�2�K�T�Q�`���`�v �K�B�M�B�K�m�Kxm �B�b
�H�2�b�b �i�?���M� �- ���b �B�b �i�?�2 �+���b�2 �r�B�i�?M [1]�X �a�B�K�B�H���`�H�v ���M�v �H�Q�+���H �K�B�M�B�K�m�Km[i ] �U�v�2�H�H�Q�r �T�Q�B�M�i�V �i�?���i
�B�b �2�M�+�Q�m�M�i�2�`�2�/ ���7�i�2�` �i�?���i �b�i�Q�`�2�/ �B�Mxm �B�b �B�;�M�Q�`�2�/ �U�2�X�;�X�-m[2]�V�- �m�M�H�2�b�b �B�i �B�b �b�K���H�H�2�` �i�?���Mxm �-
�B�M �r�?�B�+�? �+���b�2xm �B�b �m�T�/���i�2�/ �r�B�i�? �i�?�2 �M�2�r�H�v �7�Q�m�M�/ �b�K���H�H�2�` �K�B�M�B�K�m�K�X ���b� A �m�M�7�Q�H�/�B�M�;
�T�`�Q�+�2�2�/�b �r�2 �}�M�/ �i�?�2 �M�2�t�i �H�Q�+���H �K���tM [2] �r�?�B�+�? �B�b �/�B�b�i���M�i �K�Q�`�2 �i�?���M� �7�`�Q�K �i�?�2 �i�2�K�T�Q�`���`�v
�K�B�M�B�K�m�Kxm �, �i�?�B�b �K�2���M�b �i�?���ixm �+�m�`�`�2�M�i�H�v �?�Q�H�/�b ���M ���+�i�m���H� �@�/�B�b�i���M�+�2�/ �K�B�M�B�K�m�K �?�2�M�+�2
�B�i�b �p���H�m�2 �B�b ���T�T�2�M�/�2�/ �i�QLmin ���M�/ �i�?�2 �T�`�Q�+�2�/�m�`�2 �b�i���`�i�b �Q�p�2�`�- �B�M �� �b�v�K�K�2�i�`�B�+ �7���b�?�B�Q�M�- �7�Q�`
�i�?�2 �/�2�i�2�+�i�B�Q�M �Q�7 �i�?�2 �M�2�t�i �K���t�B�K�m�K�X

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

�A�M �i�?�2 �`�2�K���B�M�/�2�` �r�2 �B�M�i�`�Q�/�m�+�2 �i�?�2 �G�>��A peaks �r�?�B�+�? �7�Q�`�K���H�H�v �B�K�T�H�2�K�2�M�i�b �i�?�2 �/�2�i�2�+�i�B�Q�M
�Q�7 �i�?�2� �@�b�2�T���`���i�2�/ �T�2���F�b �Q�7 ���H�i�2�`�M���i�B�M�; �i�`���+�2�b�X

�h�?�2 ���m�i�Q�K���i�Q�MA peaks�X �q�2 �B�M�i�`�Q�/�m�+�2 ���M �G�>���- �/�2�M�Q�i�2�/A peaks �U�6�B�;�m�`�2�9�X�8�V�- �/�2�b�B�;�M�2�/
�7�Q�` �/�2�i�2�+�i�B�M�;� �@�/�B�b�i���M�+�2�/ �H�Q�+���H �K���t�B�K���f�K�B�M�B�K�� ���H�Q�M�; ���H�i�2�`�M���i�B�M�; �i�`���+�2�b �Q�7 �� �;�B�p�2�M �Q�#�b�2�`�p�2�/
�b�T�2�+�B�2�b �+���H�H�2�/A�X �A�i �`�2�[�m�B�`�2�b �� �T���`���K�2�i�2�`� �U�i�?�2 �+�?�Q�b�2�M �M�Q�B�b�2 �H�2�p�2�H�V ���M�/ �i�?�2 �T���`�i�B�i�B�Q�M �Q�7
�i�?�2 �2�p�2�M�i �b�2�iE = E+A [ E � A [ E=A �r�?�2�`�2E+A �U�`�2�b�T�2�+�i�B�p�2�H�vE � A ; E=A �V �B�b �i�?�2 �b�2�i �Q�7 �2�p�2�M�i�b
�`�2�b�m�H�i�B�M�; �B�M ���M �B�M�+�`�2���b�2 �U�`�2�b�T�2�+�i�B�p�2�H�v �/�2�+�`�2���b�2�- �M�Q �2�z�2�+�i�V �Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7A�X

�h�?�2 �`���i�B�Q�M���H�2 �#�2�?�B�M�/ �i�?�2 �b�i�`�m�+�i�m�`�2 �Q�7A peaks �B�b �i�Q �K�B�K�B�+ �i�?�2 �+�v�+�H�B�+ �b�i�`�m�+�i�m�`�2 �Q�7 ���M
���H�i�2�`�M���i�B�M�; �i�`���+�2 �i�?�`�Q�m�;�? �� �H�Q�Q�T �Q�7 �7�Q�m�` �H�Q�+���i�B�Q�M�b�- �i�r�Q �Q�7 �r�?�B�+�? �U�B�X�2�X�J���t ���M�/�J�B�M�V ���`�2
�i���`�;�2�i�2�/ �i�Q �i�?�2 �/�2�i�2�+�i�B�Q�M �Q�7 �H�Q�+���H �K���t�B�K���- �`�2�b�T�X �K�B�M�B�K���X �h�?�2 �b�B�K�m�H���i�2�/ �i�`���+�2 �v�B�2�H�/�b �i�?�2



�*�?���T�i�2�` �9�X �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b �3�k

�6�B�;�m�`�2 �9�X�8�,�h�?�2A peaks �G�>�� �7�Q�` �/�2�i�2�+�i�B�M�; �H�Q�+���H �K���t�B�K���f�K�B�M�B�K�� �U�7�Q�` �Q�#�b�2�`�p�2�/ �b�T�2�+�B�2�bA�V
�Q�7 �M�Q�B�b�v �T�2�`�B�Q�/�B�+ �i�`���+�2�b �r�?�2�`�2 �H�Q�+���H �K���t�B�K���f�K�B�M�B�K�� ���`�2 �/�2�i�2�+�i�2�/ �r�B�i�? �`�2�b�T�2�+�i �i�Q �� �+�?�Q�b�2�M
�H�2�p�2�H �Q�7 �M�Q�B�b�2� �X

���m�i�Q�K���i�Q�M �i�Q �H�Q�Q�T �#�2�i�r�2�2�M�J���t ���M�/�J�B�M�?�2�M�+�2 �`�2�;�B�b�i�2�`�B�M�; �i�?�2 �K�B�M�B�K���f�K���t�B�K�� �r�?�B�H�2
�/�Q�B�M�; �b�Q�X �h�?�2 �/�2�i���B�H�2�/ �#�2�?���p�B�Q�` �Q�7A peaks �B�b ���b �7�Q�H�H�Q�r�b�X �S�`�Q�+�2�b�b�B�M�; �Q�7 �� �i�`���+�2 �b�i���`�i�b �r�B�i�?
�� �+�Q�M�}�;�m�`���#�H�2 �}�H�i�2�` �Q�7 �i�?�2 �B�M�B�i�B���H �i�`���M�b�B�2�M�i �U�`�2�T�`�2�b�2�M�i�2�/ ���b �� �#�Q�t �B�M �6�B�;�m�`�2�9�X�8�V �i�?�`�Q�m�;�?
�r�?�B�+�? �� �b�B�K�m�H���i�2�/ �i�`���+�2 �B�b �b�B�K�T�H�v �H�2�i �m�M�7�Q�H�/�B�M�; �7�Q�` �� �;�B�p�2�MinitT �/�m�`���i�B�Q�M�X�h�?�2 ���+�i�m���H
���M���H�v�b�B�b �#�2�;�B�M�b �B�M �H�Q�+���i�B�Q�M�b�i���`�i�7�`�Q�K �r�?�B�+�? �r�2 �K�Q�p�2 �i�Q �2�B�i�?�2�`�J���t �Q��̀J�B�M�/�2�T�2�M�/�B�M�;
�r�?�2�i�?�2�` �r�2 �B�M�B�i�B���H�H�v �Q�#�b�2�`�p�2 ���M �B�M�+�`�2���b�2 �U�B�X�2�Xx < A � � �V �Q�` �� �/�2�+�`�2���b�2 �U�B�X�2�Xx > A + � �V
�Q�7 �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 �i�?�2 �Q�#�b�2�`�p�2�/ �b�T�2�+�B�2�bA �#�2�v�Q�M�/ �i�?�2 �+�?�Q�b�2�M �H�2�p�2�H �Q�7 �M�Q�B�b�2� �X �P�M�+�2
�r�B�i�?�B�M �i�?�2�J���t ! �M�Q�B�b�v�.�2�+! �J�B�M! �M�Q�B�b�v�A�M�+�H�Q�Q�T �i�?�2 �/�2�i�2�+�i�B�Q�M �Q�7 �H�Q�+���H �K���t�B�K��
���M�/ �K�B�M�B�K�� �#�2�;�B�M�b�X �G�Q�+���i�B�Q�M�J���t �U�J�B�M�V �B�b �2�M�i�2�`�2�/ �7�`�Q�K�M�Q�B�b�v�A�M�+�U�M�Q�B�b�v�.�2�+�V �2���+�?
�i�B�K�2 �� �b�m�{�+�B�2�M�i�H�v �H���`�;�2 �U�r�X�`�X�i�X� �V �B�M�+�`�2�K�2�M�i �U�/�2�+�`�2�K�2�M�i�V �Q�7A �B�b �Q�#�b�2�`�p�2�/�X �P�M �2�M�i�2�`�B�M�;
�J���t �U�J�B�M�V�- �r�2 ���`�2 �b�m�`�2 �i�?���i �i�?�2 �+�m�`�`�2�M�i �p���H�m�2 �Q�7A �?���b �K�Q�p�2�/ �m�T �U�/�Q�r�M�V �Q�7 ���i �H�2���b�i�
�7�`�Q�K �i�?�2 �H���b�i �p���H�m�2 �b�i�Q�`�2�/ �B�Mx �r�?�B�H�2 �B�M�J�B�M�U�J���t �V�- �?�2�M�+�2 �i�?���i �p���H�m�2 �Ux�V �B�b ���M ���+�i�m���H
�H�Q�+���H �K�B�M�B�K�m�K �U�K���t�B�K�m�K�V �i�?�m�b �r�2 ���/�/ �B�i �m�T �i�QSmin �USmax�V�- �i�?�2�M �r�2 �B�M�+�`�2�K�2�M�i �i�?�2
�7�`�2�[�m�2�M�+�v �+�Q�m�M�i�2�` �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2 �H�2�p�2�H �Q�7 �i�?�2 �/�2�i�2�+�i�2�/ �K�B�M�B�K�m�KLmin [x] �U�K���t�B�K�m�K
Lmax [x]�V�8 �#�2�7�Q�`�2 �b�i�Q�`�B�M�; �i�?�2 �M�2�r �p���H�m�2 �Q�7A �B�Mx ���M�/ �}�M���H�H�v �B�M�+�`�2���b�2nM �Unm �V �i�?�2

�8�r�B�i�? �� �b�H�B�;�?�i ���#�m�b�2 �Q�7 �M�Q�i���i�B�Q�M �r�2 �`�2�7�2�` �i�QLmin [] ���M�/Lmax [] ���b ���`�`���v�b �r�?�2�`�2���b �B�M �`�2���H�B�i�v �r�B�i�?�B�M
�*�P�a�J�P�a�f�>���a�G �i�?�2�v �+�Q�`�`�2�b�T�Q�M�/ �i�Q �� �b�2�i �Q�7 �p���`�B���#�H�2�bLmin i �- Lmax j �- �2���+�? �Q�7 �r�?�B�+�? �B�b ���b�b�Q�+�B���i�2�/ �i�Q ��



�*�?���T�i�2�` �9�X �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b �3�j

�.���i�� �p���`�B���#�H�2�b
�M���K�2 �/�Q�K���B�M�m�T�/���i�2 �/�2�}�M�B�i�B�Q�M�/�2�b�+�`�B�T�i�B�Q�M

t R � 0 � �̀2�b�2�i �i�B�K�2 �2�H���T�b�2�/ �b�B�M�+�2 �#�2�;�B�M�M�B�M�;
�K�2���b�m�`�2 �U�}�`�b�i �M�Q�M�@�b�T�m�`�B�Q�m�b
�T�2�`�B�Q�/�V

nM (nm ) N �B�M�+� �̀2�K�2�M�i �+�Q�m�M�i�2�` �Q�7 �/�2�i�2�+�i�2�/ �H�Q�+���H
�K���t�B�K�� �UnM �V�- �K�B�M�B�K�� �Unm �V

x N �+�m�`� �̀2�M�i �p���H�m�2 �Q�7�Q�#�@
�b�2�`�p�2�/ �b�T�2�+�B�2�bA

�U�Q�p�2�`�H�Q���/�2�/�V �p���`�B���#�H�2 �b�i�Q�`�B�M�;
�K�Q�b�i �`�2�+�2�M�i �/�2�i�2�+�i�2�/ �K���t�B�@
�K�m�K�f�K�B�M�m�K�m�K

Smax(Smin ) N �b�m�K �Q�7 �/�2�i�2�+�i�2�/ �K���t�B�K��
�U�K�B�M�B�K���V

Lmax [](Lmin []) N n ���`�`���v �Q�7 �7�`�2�[�m�2�M�+�v �Q�7 �?�2�B�;�?�i�b
�Q�7 �/�2�i�2�+�i�2�/ �K���t�B�K�� �U�K�B�M�@
�B�K���V

�h���#�H�2 �9�X�k�,�h�?�2 �/���i�� �p���`�B���#�H�2�b �Q�7 ���m�i�Q�K���i�Q�MA peaks �Q�7 �6�B�;�m�`�2�9�X�8�7�Q�` �H�Q�+���i�B�M�; �i�?�2 �T�2���F�b �Q�7
�� �M�Q�B�b�v �Q�b�+�B�H�H���i�Q�`�v �i�`���+�2�b

�+�Q�m�M�i�2�` �Q�7 �/�2�i�2�+�i�2�/ �K���t�B�K�� �U�K�B�M�B�K���V�X �P�M�+�2 �B�M�J���t �U�J�B�M�V �r�2 �b�i���v �i�?�2�`�2 ���b �H�Q�M�; ���b
�r�2 �Q�#�b�2�`�p�2 �i�?�2 �Q�+�+�m�`�`�2�M�+�2 �Q�7 �`�2���+�i�B�Q�M�b �r�?�B�+�? �/�Q �M�Q�i �/�2�+�`�2���b�2 �U�B�M�+�`�2���b�2�V �i�?�2 �p���H�m�2 �Q�7A�-
�?�2�M�+�2 �2�B�i�?�2�` �`�2���+�i�B�Q�M�b �Q�7E+A �UE � A �V �Q�` �Q�7E=A �X �q�?�B�H�2 �B�M�J���t �U�J�B�M�V �B�7 �r�2 �Q�#�b�2�`�p�2 ��
�`�2���+�i�B�Q�M �Q�7E+A �UE � A �V�- �i�?�2�M �r�2 �b�i�Q�`�2 �i�?�2 �M�2�r �B�M�+�`�2���b�2�/ �U�/�2�+�`�2���b�2�/�V �p���H�m�2 �Q�7A �B�Mx�- �r�?�B�+�?
�#�2�+�Q�K�2�b �i�?�2 �M�2�r �T�Q�i�2�M�i�B���H �M�2�t�i �H�Q�+���H �K���t�B�K�m�K �U�K�B�M�B�K�m�K�V�X �P�M �i�?�2 �Q�i�?�2�` �?���M�/ �r�?�B�H�2
�B�M�J���t �U�J�B�M�V �B�7 �� �ó�/�2�+�`�2���b�B�M�;�ô �U�ó�B�M�+�`�2���b�B�M�;�ô�V �`�2���+�i�B�Q�ME � A �UE+A �V �Q�+�+�m�`�b �r�2 �K�Q�p�2 �i�Q
�M�Q�B�b�v�.�2�+�U�M�Q�B�b�v�A�M�+�V �7�`�Q�K �r�?�B�+�? �r�2 �+���M �2�B�i�?�2�` �K�Q�p�2 �#���+�F �i�Q�J���t �U�J�B�M�V�- �B�7 �r�2 �Q�#�b�2�`�p�2
�� �M�2�r �B�M�+�`�2���b�2 �U�/�2�+�`�2���b�2�V �i�?���i �K���F�2�b �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7A �Q�p�2�`�T���b�bx �Ux �Q�p�2�`�T���b�bA�V�- �Q�`
�2�p�2�M�i�m���H�H�v �2�M�i�2�`�B�M�;�J�B�M�U�J���t �V ���b �b�Q�Q�M ���b �i�?�2 �Q�#�b�2�`�p�2�/ �/�2�+�`�2���b�2 �U�B�M�+�`�2���b�2�V �;�Q�2�b �#�2�v�Q�M�/
�i�?�2 �+�?�Q�b�2�M� �U�b�2�2 ���#�Q�p�2�V�X �6�Q�` �i�?�2 ���m�i�Q�K���i�Q�MA peaks �/�2�T�B�+�i�2�/ �B�M �6�B�;�m�`�2�9�X�8�- �i�?�2 ���M���H�v�b�B�b �Q�7
�i�?�2 �b�B�K�m�H���i�2�/ �i�`���+�2 �2�M�/�b�- �#�v �2�M�i�2�`�B�M�; �i�?�2�2�M�/�H�Q�+���i�B�Q�M �2�B�i�?�2�` �7�`�Q�K�M�Q�B�b�v�.�2�+�Q��̀M�Q�B�b�v�A�M�+�-
���b �b�Q�Q�M ���bN �K���t�B�K�� �U�Q�` �K�B�M�B�K���- �/�2�T�2�M�/�B�M�; �Q�M �r�?�2�i�?�2�` �i�?�2 �}�`�b�i �Q�#�b�2�`�p�2�/ �T�2���F �r���b ��
�K���t�B�K�m�K �Q�` �� �K�B�M�B�K�m�K�V �?���p�2 �#�2�2�M �/�2�i�2�+�i�2�/�X �L�Q�i�B�+�2 �i�?���iA peaks �+���M �b�i�`���B�;�?�i�7�Q�`�r���`�/�H�v
�#�2 ���/���T�i�2�/ �i�Q �/�B�z�2�`�2�M�i �2�M�/�B�M�; �+�Q�M�/�B�i�B�Q�M�b�X �h�?�2 �/���i�� �p���`�B���#�H�2�b �Q�7A peaks ���`�2 �b�m�K�K���`�B�b�2�/
�B�M �h���#�H�2�9�X�k�X

�>���a�G �2�t�T�`�2�b�b�B�Q�M�b ���b�b�Q�+�B���i�2�/ �r�B�i�?A peaks�X �q�2 �/�2�}�M�2 �/�B�z�2�`�2�M�i �>���a�G �2�t�T�`�2�b�b�B�Q�M�b �i�Q
�#�2 ���b�b�Q�+�B���i�2�/ �r�B�i�? ���m�i�Q�K���i�Q�MA peaks�X

�;�B�p�2�M �H�2�p�2�H �Q�7 �i�?�2 �Q�#�b�2�`�p�2�/ �T�Q�T�m�H���i�B�Q�M�- �i�?�m�bLmin 1 �+�Q�m�M�i�b �i�?�2 �7�`�2�[�m�2�M�+�v �Q�7 �Q�#�b�2�`�p�2�/ �K�B�M�B�K�m�K ���i �p���H�m�2 �R�-
Lmin 2 �i�?�2 �Q�#�b�2�`�p�2�/ �K�B�M�B�K�� ���i �p���H�m�2 �k ���M�/ �b�Q �Q�M�X �h�?�2 �M�m�K�#�2�` �Q�7 �`�2�[�m�B�`�2�/Lmin i �-Lmax j �p���`�B���#�H�2�b�- �r�?�B�+�?
�B�b �T�Q�i�2�M�i�B���H�H�v �B�M�}�M�B�i�2�- �+���M �#�2 ���+�i�m���H�H�v �#�Q�m�M�/�2�/ �r�B�i�?�Q�m�i �H�Q�b�b �Q�7 �T�`�2�+�B�b�B�Q�M �i�Q �� �b�m�{�+�B�2�M�i�H�v �H���`�;�2 �p���H�m�2Lmin m

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



�*�?���T�i�2�` �9�X �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b �3�9

�Ç Zmax � E [last(Smax)=nM ]�, �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2 �2�t�T�2�+�i�2�/ �p���H�m�2 �Q�7 �i�?�2 ���p�2�`���;�2
�?�2�B�;�?�i �Q�7 �i�?�2 �K���t�B�K���H �T�2���F�b �7�Q�` �i�?�2 �}�`�b�iN �/�2�i�2�+�i�2�/ �K���t�B�K���X

�Ç Zmin � E [last(Smin )=nm ]�, �b���K�2 ���bZmax �#�m�i �7�Q�` �K�B�M�B�K���X

�Ç ZP DF max � E (last(Lmax )=nM )�, �2�M���#�H�B�M�; �i�Q �+�Q�K�T�m�i�2 �i�?�2 �S�.�6 �Q�7 �i�?�2 �?�2�B�;�?�i �U���H�Q�M�;
�� �T���i�?�V �Q�7 �i�?�2 �K���t�B�K���H �T�2���F�b

�Ç ZP DF min � E (last(Lmin )=nm )�, �2�M���#�H�B�M�; �i�Q �+�Q�K�T�m�i�2 �i�?�2 �S�.�6 �Q�7 �i�?�2 �?�2�B�;�?�i �U���H�Q�M�;
�� �T���i�?�V �Q�7 �i�?�2 �K���t�B�K���H �T�2���F�b

�1�t�T�`�2�b�b�B�Q�MZmax �UZmin �V �`�2�T�`�2�b�2�M�i�b �i�?�2 ���p�2�`���;�2 �p���H�m�2 �Q�7 �i�?�2 �/�2�i�2�+�i�2�/� �@�b�2�T���`���i�2�/ �K���t�B�K��
�U�K�B�M�B�K���V�X �h�?�B�b �B�b �Q�#�i���B�M�2�/ �#�v �+�Q�M�b�B�/�2�`�B�M�; �i�?�2 �b�m�K �Q�7 ���H�H �/�2�i�2�+�i�2�/� �@�b�2�T���`���i�2�/ �H�Q�+���H �K���t�B�K��
�U�K�B�M�B�K���V�- �r�?�B�+�? �B�b �b�i�Q�`�2�/ �B�MSmax �USmin �V ���M�/ �/�B�p�B�/�B�M�; �B�i �#�v �i�?�2 �M�m�K�#�2�` �Q�7 �/�2�i�2�+�i�2�/
�K���t�B�K��nm �Unm �V�X �1�t�T�`�2�b�b�B�Q�MZP DF max �UZP DF min �V ���H�H�Q�r�b �i�Q �2�b�i�B�K���i�2 �i�?�2 �S�.�6 �Q�7 �i�?�2
�?�2�B�;�?�i �Q�7 �i�?�2 �/�2�i�2�+�i�2�/� �@�b�2�T���`���i�2�/ �H�Q�+���H �K���t�B�K�� �U�K�B�M�B�K���V�X �h�?�B�b �B�b ���+�?�B�2�p�2�/ �#�v �/�B�p�B�/�B�M�;
�i�?�2 �7�`�2�[�m�2�M�+�v �+�Q�m�M�i�2�`�b �Q�7 �2���+�? �/�2�i�2�+�i�2�/ �K���t�B�K���H �U�K�B�M�B�K���H�V �T�2���F�ö�b �?�2�B�;�?�i�- �r�?�Q�b�2 �p���H�m�2�b ���`�2
�b�i�Q�`�2�/ �B�M ���`�`���vLmax �ULmin �V�- �#�vnM �Unm �V�- �i�?�2 �M�m�K�#�2�` �Q�7 �/�2�i�2�+�i�2�/ �K���t�B�K�� �U�K�B�M�B�K���V�X

�h�?�2�Q�`�2�K �j�X�A�7� A �B�b ��� �@�b�2�T���`���i�2�/ �U�r�B�i�?� 2 R+ �V ���H�i�2�`�M���i�B�M�; �i�`���+�2 �i�?�2�M �B�i �B�b ���+�+�2�T�i�2�/ �#�v
���m�i�Q�K���i�Q�MA peaks �r�B�i�? �T���`���K�2�i�2�`�b� ���M�/N 2 N�X

�S� �̀Q�Q�7�X�a�2�2 �(�"���H�R�8���)�X

�9�X�k�X�9 �*���b�2 �b�i�m�/�v�, �+�B�`�+���/�B���M �+�H�Q�+�F

�A�M �Q�`�/�2�` �i�Q �/�2�K�Q�M�b�i�`���i�2 �i�?�2 �>���a�G �#���b�2�/ ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�` �r�2 �B�M�i�`�Q�/�m�+�2�/
�i�?�`�Q�m�;�? �i�?�2A per �2�iA peaks ���m�i�Q�K���i�� �r�2 �+�Q�M�b�B�/�2�`�2�/ �� �T�Q�T�m�H���` �2�t���K�T�H�2 �Q�7 �Q�b�+�B�H�H���i�Q�`�- �i�?�2 �b�Q�@
�+���H�H�2�/�+�B� �̀+���/�B���M �+�H�Q�+�F�- �� �#�B�Q�H�Q�;�B�+���H �K�2�+�?���M�B�b�K �`�2�b�T�Q�M�b�B�#�H�2 �7�Q�` �F�2�2�T�B�M�; �i�`���+�F �Q�7 �/���B�H�v �+�v�+�H�2�b
�Q�7 �H�B�;�?�i ���M�/ �/���`�F�M�2�b�b�X �a�T�2�+�B�}�+���H�H�v �i�?�2 �+�B�`�+���/�B���M �+�H�Q�+�F �K�Q�/�2�H �r�2 �+�Q�M�b�B�/�2�`�2�/ �B�b �i�?���i �T�`�Q�T�Q�b�2�/
�#�v �o�B�H���`�2�i ���H�X�(�o�E�"�G�y�k�)�, �B�i �+�Q�M�b�B�b�i�b �Q�7 �� �;�2�M�2�i�B�+ �+�B�`�+�m�B�i �`�2�b�T�Q�M�b�B�#�H�2 �7�Q�` �i�?�2 �2�t�T�`�2�b�b�B�Q�M �Q�7
�i�r�Q �+�Q�@�`�2�H���i�2�/ �T�`�Q�i�2�B�M�b �b�+�?�2�K���i�B�+���H�H�v �/�2�T�B�+�i�2�/ �B�M �6�B�;�m�`�2�9�X�e���M�/ �7�Q�`�K���H�H�v �2�t�T�`�2�b�b�2�/ �#�v �R�e
�+�?�2�K�B�+���H �`�2���+�i�B�Q�M�b �B�M �1�[�m���i�B�Q�M �U�9�X�R�y�V�X �S�`�Q�i�2�B�M �2�t�T�`�2�b�b�B�Q�M �B�b �� �i�r�Q �b�i�2�T�b �T�`�Q�+�2�b�b�, �B�M �i�?�2
�}�`�b�i �T�?���b�2 �� �;�2�M�2 �i�`���M�b�+�`�B�#�2�b �� �K�2�b�b�2�M�;�2�` �_�L�� �U�K�_�L���V �K�Q�H�2�+�m�H�2�c �B�M �i�?�2 �b�2�+�Q�M�/ �T�?���b�2
�i�?�2 �K�_�L�� �K�Q�H�2�+�m�H�2 �B�b �i�`���M�b�H���i�2�/ �B�M�i�Q �i�?�2 �i���`�;�2�i �T�`�Q�i�2�B�M�X �6�Q�` �i�?�2 �K�Q�/�2�H �Q�7 �+�B�`�+���/�B���M �+�H�Q�+�F
�r�2 �+�Q�M�b�B�/�2�` �?�2�`�2 �r�2 �/�2�M�Q�i�2M A �- �i�?�2 �K�_�L�� �b�T�2�+�B�2�b �i�`���M�b�+�`�B�#�2�/ �#�v �;�2�M�2DA �- ���M�/M R

�i�?�2 �K�_�L�� �i�`���M�b�+�`�B�#�2�/ �#�v �;�2�M�2DR �XM A ���M�/M R ���`�2 �i�?�2�M �i�`���M�b�H���i�2�/ �B�M�i�Q �T�`�Q�i�2�B�M�bA�-



�*�?���T�i�2�` �9�X �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b �3�8

�6�B�;�m�`�2 �9�X�e�,�*�B�`�+���/�B���M �*�H�Q�+�F �Q�b�+�B�H�H���i�Q�` �M�2�i�r�Q�`�F�, �;�2�M�2DA �2�t�T�`�2�b�b�2�b ���+�i�B�p���i�Q�` �T�`�Q�i�2�B�MA
�i�?�`�Q�m�;�? �i�`���M�b�+�`�B�T�i�B�Q�M �Q�7 �K�_�L��M A �- �r�?�B�H�2 �;�2�M�2DR �2�t�T�`�2�b�b�2�b �i�?�2 �`�2�T�`�2�b�b�Q�` �T�`�Q�i�2�B�MR
�i�?�`�Q�m�;�? �i�`���M�b�+�`�B�T�i�B�Q�M �Q�7 �K�_�L��M R �X

�`�2�b�T�2�+�i�B�p�2�H�vR�X

R1 :A + DA

 A�! D 0

A R9 : M A
� A�! M A + A

R2 :D 0
A

� a�! A + DA R10 : M R
� R�! M R + R

R3 :A + DR

 R�! D 0

R R11 : A + R

 C�! C

R4 :D 0
R

� R�! DR + A R12 : C
� A�! R

R5 :D 0
A

� 0
A�! M A + D 0

A R13 : A
� A�! ;

R6 :DA
� A�! M A + DA R14 : R

� R�! ;

R7 :D 0
R

� 0
R�! M R + D 0

R R15 : M A
� M A�! ;

R8 :DR
� R�! M R + DR R16 : M R

� M R�! ;

�U�9�X�d�V

�S�`�Q�i�2�B�MA ���+�i�b ���b ���M���+�i�B�p���i�Q�`�7�Q�` �#�Q�i�? �;�2�M�2�b �#�v ���i�i���+�?�B�M�; �i�Q �T�`�Q�K�Q�i�2�` �`�2�;�B�Q�M �Q�7DA

���M�/DR �U�B�X�2�X �r�?�2�MA �B�b ���i�i���+�?�2�/ �i�Q �� �;�2�M�2 �i�?�2 �K�_�L�� �i�`���M�b�+�`�B�T�i�B�Q�M �B�M�+�`�2���b�2�b�V�X �a�T�2�+�B�2�bD 0
A

���M�/D 0
R �`�2�T�`�2�b�2�M�i �i�?�2 �b�i���i�2 �Q�7 �;�2�M�2DA �- �`�2�b�T�2�+�i�B�p�2�H�vDB �- �r�?�2�M ���M ���+�i�B�p���i�Q�` �K�Q�H�2�+�m�H�2 �UA�V

�B�b ���i�i���+�?�2�/ �i�Q �i�?�2�B�` �T�`�Q�K�Q�i�2�`�X �L�Q�i�2 �i�?���i �;�2�M�2DR ���+�i�b ���b ��� �̀2�T� �̀2�b�b�Q�`�Q�7DA �b�B�M�+�2 �r�?�2�MA
�#�Q�m�M�/�b �i�Q �B�i�b �T�`�Q�K�Q�i�2�`DR �b�2�[�m�2�b�i�2�`�b �i�?�2 ���+�i�B�p���i�Q�`A ���M�/�- ���b �� �`�2�b�m�H�i�- �i�?�2 �i�`���M�b�+�`�B�T�i�B�Q�M
�Q�7DA �b�H�Q�r�b �/�Q�r�M�X �h�?�2 �`�2�T�`�2�b�b�B�M�; �`�Q�H�2 �Q�7DR �B�b �7�m�`�i�?�2�` �/�m�2 �i�Q �i�?�2 �7���+�i �i�?���i �i�?�2 �2�t�T�`�2�b�b�2�/
�T�`�Q�i�2�B�MR �B�M���+�i�B�p���i�2�b �i�?�2 ���+�i�B�p���i�Q�`A �#�v �#�B�M�/�B�M�; �i�Q �B�i ���M�/ �7�Q�`�K�B�M�; �i�?�2 �+�Q�K�T�H�2�tC�X �6�B�M���H�H�v
�i�?�2 �K�Q�/�2�H �B�M �6�B�;�m�`�2�9�X�e���+�+�Q�m�M�i�b �7�Q�` �/�2�;�`���/���i�B�Q�M �Q�7 ���H�H �b�T�2�+�B�2�b�, �i�?�m�b �i�?�2 �K�_�L���bM A ���M�/
M R �- ���b �r�2�H�H ���b �i�?�2 �2�t�T�`�2�b�b�2�/ �T�`�Q�i�2�B�M�bA ���M�/B �/�2�;�`���/�2�b �r�B�i�? �;�B�p�2�M �`���i�2�b �U�b�2�2 �h���#�H�2�9�X�j�V�X
�L�Q�i�B�+�2 �i�?���i �T�`�Q�i�2�B�MA �/�2�;�`���/�2�b ���H�b�Q �r�?�2�M ���i�i���+�?�2�/ �i�QR �U�B�X�2�X �r�?�2�M �B�M �+�Q�K�T�H�2�tC�V�- ���M�/�- ���b
�� �+�Q�M�b�2�[�m�2�M�+�2�-C �i�m�`�M�b �B�M�i�QR ���i �� �`���i�2 �2�[�m�B�p���H�2�M�i �i�Q �i�?�2 �/�2�;�`���/���i�B�Q�M �`���i�2 �Q�7A�X



�*�?���T�i�2�` �9�X �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b �3�e

� A 50 h� 1 � R 0:01 h� 1 � A 1 h� 1 � R 0:2 h� 1

� A 0 500 h� 1 � R 0 50 h� 1 
 A = 
 R 1 mol � 1h� 1 
 C 2 mol � 1h� 1

� A 50 h� 1 � R 5 h� 1 � A 50 h� 1 � R 100 h� 1

� MA 10 h� 1 � MR 0:5 h� 1

�h���#�H�2 �9�X�j�,�`�2���+�i�B�Q�M�b�ö �`���i�2�b �7�Q�` �i�?�2 �+�B�`�+���/�B���M �Q�b�+�B�H�H���i�Q�`

�6�B�;�m�`�2 �9�X�d�,�:�a�S�L �2�M�+�Q�/�B�M�; �Q�7 �i�?�2 �b�v�b�i�2�K �U�9�X�R�y�V �Q�7 �+�?�2�K�B�+���H �2�[�m���i�B�Q�M�b �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q
�i�?�2 �+�B�`�+���/�B���M�@�+�H�Q�+�F�X

�h�?�2 �K�Q�/�2�H �Q�7 �6�B�;�m�`�2�9�X�e�+�Q�`�`�2�b�T�Q�M�/�b �i�Q �i�?�2 �b�v�b�i�2�K �Q�7 �+�?�2�K�B�+���H �2�[�m���i�B�Q�M�b �U�9�X�R�y�V�- �r�?�Q�b�2
�U�+�Q�M�i�B�M�m�Q�m�b�V �F�B�M�2�i�B�+ �`���i�2�b �U�i���F�2�M �7�`�Q�K �(�o�E�"�G�y�k�)�V ���`�2 �;�B�p�2�M �B�M �h���#�H�2�9�X�j�X

�a�i�Q�+�?���b�i�B�+ �K�Q�/�2�H�1�[�m���i�B�Q�M�b �U�9�X�R�y�V �+���M �;�B�p�2 �`�B�b�2 �i�Q �2�B�i�?�2�` �� �b�v�b�i�2�K �Q�7 �P�.�1�b �Q�` �i�Q ��
�b�i�Q�+�?���b�i�B�+ �T�`�Q�+�2�b�b�X �>�2�`�2 �r�2 �7�Q�+�m�b �Q�M �i�?�2 �/�B�b�+�`�2�i�2�@�b�i�Q�+�?���b�i�B�+ �b�2�K���M�i�B�+�b�, �6�B�;�m�`�2�9�X�d�b�?�Q�r�b
�i�?�2 �:�a�S�L �2�M�+�Q�/�B�M�; �Q�7 �2�[�m���i�B�Q�M�b �U�9�X�R�y�V �/�2�p�2�H�Q�T�2�/ �r�B�i�? �*�P�a�J�P�a�X �h�?�2 �+�Q�M�}�;�m�`���i�B�Q�M �Q�7
�i�?�2 �:�a�S�L �U�B�X�2�X �i�?�2 �b�i�Q�+�?���b�i�B�+ �T�`�Q�+�2�b�b�V �`�2�[�m�B�`�2�b �b�2�i�i�B�M�; �i�?�2 �B�M�B�i�B���H �T�Q�T�m�H���i�B�Q�M ���M�/ �i�?�2
�`���i�2�b �Q�7 �2���+�? �i�`���M�b�B�i�B�Q�M �U�B�X�2�X �`�2���+�i�B�Q�M�V�X �6�Q�` �i�?�2 �B�M�B�i�B���H �T�Q�T�m�H���i�B�Q�M�- �7�Q�H�H�Q�r�B�M�; �(�o�E�"�G�y�k�)�-
�r�2 �Q�#�b�2�`�p�2 �i�?���i �i�?�2 �K�Q�/�2�H �+�Q�K�T�`�B�b�2�b �Q�M�2 �;�2�M�2DA ���M�/ �Q�M�2DR �- �r�?�B�+�? �+���M �2�B�i�?�2�` �#�2 �B�M
�7�`�2�2�@�b�i���i�2 �U�M�Q ���+�i�B�p���i�Q�`A �B�b ���i�i���+�?�2�/ �i�Q �i�?�2 �T�`�Q�K�Q�i�2�`�V �Q�` �B�M ���+�i�B�p���i�Q�`�@�#�Q�m�M�/ �b�i���i�2�- �B�X�2�X
D 0

A �- �`�2�b�T�2�+�i�B�p�2�H�vD 0
R �X ���b �� �+�Q�M�b�2�[�m�2�M�+�2 �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 �b�T�2�+�B�2�bDA ���M�/DR �B�b �#�Q�m�M�/�2�/

�#�v �i�?�2 �7�Q�H�H�Q�r�B�M�; �B�M�p���`�B���M�i �+�Q�M�b�i�`���B�M�i�b�,DA + D 0
A = 1 ���M�/DR + D 0

R = 1 �U�B�M �7���+�i �T�H���+�2�b
DA �-DA 0 ���M�/DR �-DR 0 �Q�7 �M�2�i �B�M �6�B�;�m�`�2�9�X�d���`�2 �i�?�2 �Q�M�H�v �T�H���+�2�b �+�Q�p�2�`�2�/ �#�v �S�@�B�M�p���`�`�B���M�i�b�V�X
�h�?�2 �`�2�K���B�M�B�M�; �b�T�2�+�B�2�b ���`�2 �B�M�B�i�B���H�H�v �b�m�T�T�Q�b�2�/ �i�Q �#�2 �ó�2�K�T�i�v�ô�- �?�2�M�+�2 �i�?�2�v ���`�2 �B�M�B�i�B���H�B�b�2�/ �i�Q0�X
�*�Q�M�+�2�`�M�B�M�; �i�?�2 �i�`���M�b�B�i�B�Q�M �`���i�2�b�- �7�Q�` �b�B�K�T�H�B�+�B�i�v �r�2 ���b�b�m�K�2 �� �m�M�B�i���`�v �p�Q�H�m�K�2 �Q�7 �i�?�2 �b�v�b�i�2�K
�m�M�/�2�` �+�Q�M�b�B�/�2�`���i�B�Q�M�- �?�2�M�+�2 ���H�H �+�Q�M�i�B�M�m�Q�m�b �`���i�2�b �B�M �h���#�H�2�9�X�j�+���M �#�2 �m�b�2�/ �b�i�`���B�;�?�i�7�Q�`�r���`�/�H�v
���b �`���i�2�b �Q�7 �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �/�B�b�+�`�2�i�2�@�b�i�Q�+�?���b�i�B�+ �`�2���+�i�B�Q�M�b�X �A�M �i�?�B�b �+���b�2 �r�2 ���b�b�m�K�2 ���H�H
�`�2���+�i�B�Q�M�b �7�Q�H�H�Q�r�B�M�; �� �M�2�;���i�B�p�2 �2�t�T�Q�M�2�M�i�B���H �H���r�X

�h�?�2 �Q�b�+�B�H�H���i�Q�`�v �/�v�M���K�B�+�b �Q�7 �i�?�2 �:�a�S�L �K�Q�/�2�H �Q�7 �6�B�;�m�`�2�9�X�d�+���M �#�2 �Q�#�b�2�`�p�2�/ �#�v �T�H�Q�i�i�B�M�;
�Q�7 �� �b�B�K�m�H���i�2�/ �i�`���D�2�+�i�Q�`�v �U�6�B�;�m�`�2�9�X�3�V�X �P�#�b�2�`�p�2 �i�?���i �i�?�2 �7�`�2�[�m�2�M�+�v �Q�7 �Q�b�+�B�H�H���i�B�Q�M�b �p���`�B�2�b
�+�Q�M�b�B�/�2�`���#�H�v �r�B�i�? �i�?�2 �/�2�;�`���/���i�B�Q�M �`���i�2 �Q�7 �i�?�2 �`�2�T�`�2�b�b�Q�` �UR�V �T�`�Q�i�2�B�M�, �� �7���b�i�2�` �/�2�;�`���/���i�B�Q�M



�*�?���T�i�2�` �9�X �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b �3�d

�6�B�;�m�`�2 �9�X�3�,�a�B�M�;�H�2 �i�`���D�2�+�i�Q�`�v �b�?�Q�r�B�M�; �i�?�2 �Q�b�+�B�H�H���i�Q�`�v �+�?���`���+�i�2�` �Q�7 ���+�i�B�p���i�Q�`A ���M�/ �`�2�T�`�2�b�b�Q�`
B �/�v�M���K�B�+�b �r�B�i�? �M�Q�`�K���H �`�2�T�`�2�b�b�Q�`�ö�b �/�2�;�`���/���i�B�Q�M �`���i�2� R =0 :2 �U�H�2�7�i�V ���M�/ �r�B�i�?10� �b�T�2�2�/�@�m�T�-
�B�X�2�X� R = 2 �U�`�B�;�?�i�V�X

�Q�7R �U�`�B�;�?�i�V�- �B�M�i�m�B�i�B�p�2�H�v�- �`�2�b�m�H�i�b �B�M �� �?�B�;�?�2�` �7�`�2�[�m�2�M�+�v �Q�7 �Q�b�+�B�H�H���i�B�Q�M�b�X �A�M �i�?�2 �`�2�K���B�M�/�2�` �r�2
�7�Q�`�K���H�H�v ���b�b�2�b�b �i�?�2 �Q�b�+�B�H�H���i�Q�`�v �+�?���`���+�i�2�`�B�b�i�B�+�b �U�B�X�2�X �i�?�2 �T�2�`�B�Q�/ ���M�/ �i�?�2 �T�2���F�b �Q�7 �Q�b�+�B�H�H���i�B�Q�M�b�V
�Q�7 �i�?�2 �+�B�`�+���/�B���M �+�H�Q�+�F �K�Q�/�2�H �#�v ���T�T�H�B�+���i�B�Q�M �Q�7 �i�?�2 �T�`�2�p�B�Q�m�b�H�v �/�2�b�+�`�B�#�2�/ ���T�T�`�Q���+�?�- �B�X�2�X �#�v
���M���H�v�b�B�M�; �i�?�2 �b�i�Q�+�?���b�i�B�+ �T�`�Q�+�2�b�b �/�2�`�B�p�B�M�; �7�`�Q�K �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �Q�7 �i�?�2 �+�B�`�+���/�B���M �+�H�Q�+�F �:�a�S�L
�K�Q�/�2�H �r�B�i�? �i�?�2A per ���M�/A peaks ���m�i�Q�K���i���X

�J�2���b�m�`�B�M�; �i�?�2 �T�2�`�B�Q�/ �Q�7 �i�?�2 �+�B�`�+���/�B���M �+�H�Q�+�F�X�q�2 �T�2�`�7�Q�`�K�2�/ �� �M�m�K�#�2�` �Q�7 �2�t�T�2�`�B�@
�K�2�M�i�b ���B�K�2�/ ���i ���b�b�2�b�b�B�M�; �i�?�2 �2�z�2�+�i �i�?���i �i�?�2 �/�2�;�`���/���i�B�Q�M �`���i�2 �Q�7 �i�?�2 �`�2�T�`�2�b�b�Q�` �T�`�Q�i�2�B�M �U� R �V
�?���b �Q�M �i�?�2 �T�2�`�B�Q�/ �Q�7 �i�?�2 �+�B�`�+���/�B���M �Q�b�+�B�H�H���i�Q�`�X �6�B�;�m�`�2�9�X�N�U�`�B�;�?�i�V �b�?�Q�r�b �i�?�`�2�2 �T�H�Q�i�b �`�2�T�`�2�b�2�M�i�@
�B�M�; �i�?�2 �S�.�6 �Q�7 �i�?�2 �T�2�`�B�Q�/ �U�Q�#�i���B�M�2�/ �i�?�`�Q�m�;�? �i�?�2 �>���a�G �7�Q�`�K�m�H��(A per ; PDF (Last (t)=N))
�7�Q�` �i�?�`�2�2 �p���H�m�2�b �Q�7� R �X �q�B�i�?� R = 0 :2 �U�B�X�2�X �i�?�2 �Q�`�B�;�B�M���H �p���H�m�2 ���b �;�B�p�2�M �B�M �(�o�E�"�G�y�k�)�V �i�?�2
�S�.�6 �B�b �+�2�M�i�`�2�/ ���it = 24:9�- �B�X�2�X �b�H�B�;�?�i�H�v �K�Q�`�2 �Q�7 �i�?�2 �b�i���M�/���`�/ �k�9 �?�Q�m�`�b �T�2�`�B�Q�/ �2�t�T�2�+�i�2�/ �7�Q�`
�� �+�B�`�+���/�B���M �+�H�Q�+�F�X �P�M �i�?�2 �Q�i�?�2�` �?���M�/ �b�T�2�2�/�B�M�; �m�T �i�?�2 �`�2�T�`�2�b�b�Q�` �/�2�;�`���/���i�B�Q�M �Q�7 �R�y �i�B�K�2�b
�U�B�X�2�X� R = 2 �V �v�B�2�H�/�b �� �b�H�B�;�?�i�H�v �K�Q�`�2 �i�?���M �?���H�p�2�/ �Q�b�+�B�H�H���i�B�Q�M �T�2�`�B�Q�/ �U�B�X�2�X �S�.�6 �+�2�M�i�`�2�/ ���i
T = 10:8�V�X �6�B�M���H�H�v �b�H�Q�r�B�M�; �/�Q�r�M �i�?�2 �/�2�;�`���/���i�B�Q�M �`���i�2 �Q�7 �� �?���H�7 �U�B�X�2�X� R = 0 :1�V �v�B�2�H�/�b ��
�H�2�b�b �i�?���M �/�Q�m�#�H�2�/ �Q�b�+�B�H�H���i�B�Q�M �T�2�`�B�Q�/ �U�B�X�2�X �S�.�6 �+�2�M�i�`�2�/ ���iT = 40:7�V�X �L�Q�i�B�+�2 �i�?���i �T�H�Q�i�b �B�M
�6�B�;�m�`�2�9�X�N�U�`�B�;�?�i�V ���H�b�Q �B�M�/�B�+���i�2 �i�?���i �b�H�Q�r�B�M�; �/�Q�r�M �Q�7 �i�?�2 �/�2�;�`���/���i�B�Q�M �Q�7 �i�?�2 �`�2�T�`�2�b�b�Q�`R
���z�2�+�i�b ���b �r�2�H�H �i�?�2 �p���`�B���#�B�H�B�i�v �Q�7 �i�?�2 �Q�b�+�B�H�H���i�B�Q�M �T�2�`�B�Q�/ ���b �r�B�i�M�2�b�b�2�/ �#�v �i�?�2 �B�M�+�`�2���b�B�M�; �r�B�/�i�?
�Q�7 �i�?�2 �#�2�H�H�@�b�?���T�2 �7�Q�`�K �Q�7 �i�?�2 �S�.�6 �T�H�Q�i�b �B�M �6�B�;�m�`�2�9�X�N�U�`�B�;�?�i�V�X

�6�B�;�m�`�2�9�X�N�U�H�2�7�i�V �b�?�Q�r�b �T�H�Q�i�b �7�Q�` �i�?�2 �T�2�`�B�Q�/ �K�2���M �p���H�m�2 �U�`�2�/ �T�H�Q�i�V ���M�/ �i�?�2 �T�2�`�B�Q�/
�p���`�B���M�+�2 �U�#�H�m�2 �T�H�Q�i�V �Q�#�i���B�M�2�/ �i�?�`�Q�m�;�? �#�v �B�i�2�`���i�B�p�2 �2�p���H�m���i�B�Q�M �Q�7 �i�?�2 �>���a�G �7�Q�`�K�m�H���2
(A per ; E [last(�tp)]) �- �`�2�b�T�2�+�i�B�p�2�H�v�-(A per ; E [last(s2

tp
)]) �B�M �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �/�2�;�`���/���i�B�Q�M �`���i�2� R �X

�h�?�2�v �B�M�/�B�+���i�2 �i�?���i �b�H�Q�r�B�M�; �/�Q�r�M �i�?�2 �/�2�;�`���/���i�B�Q�M �Q�7 �i�?�2 �`�2�T�`�2�b�b�Q�` �v�B�2�H�/�b�- �Q�M �Q�M�2 �?���M�/�- �i�Q ��
�H�Q�r�2�` �i�?�2 �T�2�`�B�Q�/ �Q�7 �Q�b�+�B�H�H���i�B�Q�M�b�- ���M�/ �Q�M �i�?�2 �Q�i�?�2�`�- ���m�;�K�2�M�i�B�M�; �i�?�2 �B�`�`�2�;�m�H���`�B�i�v �Q�7 �i�?�2 �T�2�`�B�Q�/�b
�U�B�X�2�X ���m�;�K�2�M�i�B�M�; �i�?�2 �T�2�`�B�Q�/�ö�b �p���`�B���M�+�2�b�V�X ���H�H �T�H�Q�i�b �B�M �6�B�;�m�`�2�9�X�N�`�2�b�m�H�i �7�`�Q�K �b���K�T�H�B�M�; �Q�7



�*�?���T�i�2�` �9�X �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b �3�3

�6�B�;�m�`�2 �9�X�N�,�h�?�2 �S�.�6 �U�H�2�7�i�V ���M�/ �i�?�2 �K�2���M �p���H�m�2 �p�b �i�?�2 �p���`�B���M�+�2 �U�`�B�;�?�i�V �Q�7 �i�?�2 �T�2�`�B�Q�/
�Q�7 �Q�b�+�B�H�H���i�B�Q�M�b �Q�7 �T�`�Q�i�2�B�MA �Q�7 �i�?�2 �+�B�`�+���/�B���M �+�H�Q�+�F �K�2���b�m�`�2�/ �r�B�i�?A per �B�M �7�m�M�+�i�B�Q�M �Q�7 �i�?�2
�`�2�T�`�2�b�b�Q�`�ö�b �/�2�;�`���/���i�B�Q�M �`���i�2�X

�}�M�B�i�2 �i�`���D�2�+�i�Q�`�B�2�b �+�Q�M�b�B�b�i�B�M�; �Q�7N = 100 �T�2�`�B�Q�/�b�- �r�?�2�`�2 �T�2�`�B�Q�/�b �?���p�2 �#�2�2�M �/�2�i�2�+�i�2�/ �m�b�B�M�;
L =1 ���M�/H =1000 ���b �T���`�i�B�i�B�Q�M �i�?�`�2�b�?�Q�H�/�b�- ���M�/ �i���`�;�2�i �2�b�i�B�K���i�2�b �?���p�2 �#�2�2�M �+�Q�K�T�m�i�2�/ �r�B�i�?
�+�Q�M�}�/�2�M�+�2 �H�2�p�2�H �N�N ���M�/ �+�Q�M�}�/�2�M�+�2�@�B�M�i�2�`�p���H �r�B�/�i�? �Q�7 �y�X�y�R�X �6�m�`�i�?�2�`�K�Q�`�2 �i�?�2 �S�.�6 �T�H�Q�i�b �B�M
�6�B�;�m�`�2�9�X�N�U�`�B�;�?�i�V �?���p�2 �#�2�2�M �+�Q�K�T�m�i�2�/ �m�b�B�M�; �� �/�B�b�+�`�2�i�B�b���i�B�Q�M �Q�7 �i�?�2 �T�2�`�B�Q�/ �b�m�T�T�Q�`�i �B�M�i�2�`�p���H
[0; 50] �B�M�i�Q �b�m�#�B�M�i�2�`�p���H�b �Q�7 �r�B�/�i�? �y�X�R�X

�J�2���b�m�`�B�M�; �i�?�2 �T�2���F�b �Q�7 �Q�b�+�B�H�H���i�B�Q�M�b �Q�7 �i�?�2 �+�B�`�+���/�B���M �+�H�Q�+�F�X�q�2 �T�2�`�7�Q�`�K�2�/ �� �M�m�K�@
�#�2�` �Q�7 �2�t�T�2�`�B�K�2�M�i�b ���B�K�2�/ ���i ���b�b�2�b�b�B�M�; �i�?�2 �2�z�2�+�i �i�?���i �i�?�2 �/�2�;�`���/���i�B�Q�M �`���i�2 �Q�7 �i�?�2 �`�2�T�`�2�b�b�Q�`
�T�`�Q�i�2�B�M �U� R �V �?���b �Q�M �i�?�2 �T�2���F�b �Q�7 �Q�b�+�B�H�H���i�B�Q�M �7�Q�` �#�Q�i�? �T�`�Q�i�2�B�MA ���M�/R�X �6�B�;�m�`�2�9�X�R�y�b�?�Q�r�b
�T�H�Q�i�b �7�Q�` �i�?�2 �K�2���M �p���H�m�2 �Q�7 �i�?�2 �K�B�M�B�K���H ���M�/ �K���t�B�K���H �T�2���F�b �Q�7 �Q�b�+�B�H�H���i�B�Q�M�b �7�Q�` �#�Q�i�?A ���M�/
R�X �_�2�b�m�H�i�b �B�M�/�B�+���i�2 �i�?���i �r�?�B�H�2 �i�?�2 �/�2�;�`���/���i�B�Q�M �`���i�2� R �?���b �M�Q �2�z�2�+�i �Q�M �i�?�2 �Q�b�+�B�H�H���i�B�Q�M
�T�2���F�b �Q�7A �U�#�Q�i�? �K���t�B�K���H ���M�/ �K�B�M�B�K���H �T�2���F�b �Q�7A ���`�2 �+�Q�M�b�i���M�i �B�M�/�2�T�2�M�/�2�M�i�H�v �Q�7� R �V�- �B�i
���z�2�+�i�b �i�?�2 �K���t�B�K���H �T�2���F�b �U�Q�M�H�v�V �Q�7R�X �a�T�2�+�B�}�+���H�H�v �i�?�2 �K�2���M �p���H�m�2 �Q�7R�ö�b �K���t�B�K���H �T�2���F�b
�/�2�+�`�2���b�2�b �r�B�i�? �i�?�2 �B�M�+�`�2���b�B�M�; �Q�7� R �U�r�?�B�H�2 �i�?�2 �K�B�M�B�K���H �T�2���F�b �Q�7R ���`�2 �+�Q�M�b�i���M�i�H�v ���i0�V�-
�M�Q�i�B�+�2 �i�?���i �i�?�B�b �B�b �B�M ���;�`�2�2�K�2�M�i �r�B�i�? �r�?���i �B�M�/�B�+���i�2�/ �#�v �i�?�2 �b�B�M�;�H�2 �i�`���D�2�+�i�Q�`�B�2�b �/�2�T�B�+�i�2�/
�B�M �6�B�;�m�`�2�9�X�3�- ���b �i�?�2�b�2 �b�?�Q�r �i�?���i �i�?�2 �Q�b�+�B�H�H���i�B�Q�M�b �Q�7 �#�Q�i�?A ���M�/R �+�Q�M�b�B�b�i �Q�7 �T�Q�b�B�i�B�p�2
�?���H�7�@�T�2�`�B�Q�/ �U�r�?�2�`�2 �i�?�2 �T�Q�T�m�H���i�B�Q�M �B�b �T�Q�b�B�i�B�p�2�V �B�M�i�2�`�H�2���p�2�/ �#�v �x�2�`�Q �?���H�7�@�T�2�`�B�Q�/ �U�r�?�2�`�2 �i�?�2
�T�Q�T�m�H���i�B�Q�M �B�b �x�2�`�Q�V�X �L�Q�i�B�+�2 �i�?���i �6�B�;�m�`�2�9�X�R�y�+�Q�M�i���B�M�b ���H�b�Q �T�H�Q�i �7�Q�` �i�?�2 ���#�b�Q�H�m�i�2 �K���t�B�K�m�K
�Q�7 �T�Q�T�m�H���i�B�Q�M �Q�7A ���M�/R �K�2���b�m�`�2�/ ���H�Q�M�; �i�?�2 �b���K�T�H�2�/ �i�`���D�2�+�i�Q�`�B�2�b �i�?�`�Q�m�;�? �i�`�B�p�B���H �>���a�G
�2�t�T�`�2�b�b�B�Q�M�bZ � AV G(max(x)) �U�r�?�2�`�2x �B�b �� �p���`�B���#�H�2 �m�b�2�/ �i�Q �`�2�+�Q�`�/ �i�?�2 �T�Q�T�m�H���i�B�Q�M �Q�7 �i�?�2
�Q�#�b�2�`�p�2�/ �b�T�2�+�B�2�b ���H�Q�M�; �� �b�v�M�+�?�`�Q�M�B�b�B�M�; �T���i�?�V�X ���H�H �T�H�Q�i�b �B�M �6�B�;�m�`�2�9�X�R�y�`�2�b�m�H�i �7�`�Q�K �b���K�T�H�B�M�;
�Q�7 �}�M�B�i�2 �i�`���D�2�+�i�Q�`�B�2�b �+�Q�M�i���B�M�B�M�; �Q�7N = 100 �K���t�B�K���H �T�2���F�b ���M�/ �m�b�B�M�; �� �M�Q�B�b�2 �T���`���K�2�i�2�`
� = 10%AV G(max(x)) �- �K�2���M�B�M�; �i�?���i �7�Q�` �2�p���H�m���i�B�M�; �i�?�2 �K�2���M �p���H�m�2 �Q�7 �K���t�B�K���H �T�2���F�b �r�2
�/�B�b�+���`�/�2�/ ���H�H �+�`�B�i�B�+���H �T�Q�B�M�i�b �U�B�X�2�X �i�?�2 �M�Q�B�b�2 �b�T�B�F�2�b�V �/�B�b�i���M�+�2�/ �Q�M�2 ���M�Q�i�?�2�` �H�2�b�b �i�?���M �R�y�W



�*�?���T�i�2�` �9�X �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b �3�N

�6�B�;�m�`�2 �9�X�R�y�,�h�?�2 �K�2���M �p���H�m�2 �Q�7 �i�?�2 �K�B�M�B�K���H ���M�/ �K���t�B�K���H �T�2���F�b �Q�7 �T�`�Q�i�2�B�M�bA ���M�/R �Q�7
�i�?�2 �+�B�`�+���/�B���M �+�H�Q�+�F �K�2���b�m�`�2�/ �r�B�i�?A peaks �B�M �7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �`�2�T�`�2�b�b�Q�`�ö�b �/�2�;�`���/���i�B�Q�M �`���i�2�X

�Q�7 �i�?�2 ���#�b�Q�H�m�i�2 �K���t�B�K�m�K �Q�7 �i�?�2 �Q�#�b�2�`�p�2�/ �b�T�2�+�B�2�b�X �6�B�M���H�H�v�- ���;���B�M �T�Q�B�M�i�b �Q�7 �2�p�2�`�v �T�H�Q�i �B�M
�6�B�;�m�`�2�9�X�R�y�?���p�2 �#�2�2�M �+�Q�K�T�m�i�2�/ �r�B�i�? �+�Q�M�}�/�2�M�+�2 �H�2�p�2�H �N�N ���M�/ �+�Q�M�}�/�2�M�+�2�@�B�M�i�2�`�p���H �r�B�/�i�? �Q�7
�y�X�y�R�X

�9�X�j �h�m�M�B�M�; �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b

�h�?�2 �b�2�+�Q�M�/ �+�Q�M�i�`�B�#�m�i�B�Q�M �/�2�b�+�`�B�#�2�/ �B�M �i�?�B�b �+�?���T�i�2�` �B�b �i�?���i �Q�7 �� �7�`���K�2�r�Q�`�F �7�Q�` �i�m�M�B�M�; �Q�7
�b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b�- �i�?���i �B�b�- �� �7�`���K�2�r�Q�`�F �i�?���i ���H�H�Q�r�b �7�Q�` �b�2���`�+�?�B�M�; �i�?�2 �T���`���K�2�i�2�` �b�T���+�2
�Q�7 ���M �Q�b�+�B�H�H���i�Q�` �K�Q�/�2�H �b�Q �i�Q �B�/�2�M�i�B�7�v �i�?�2 �T���`���K�2�i�2�`�ö�b �p���H�m�2�b �i�?���i �+�Q�K�T�H�v �r�B�i�? �� �i���`�;�2�i
�Q�b�+�B�H�H���i�B�Q�M �T�2�`�B�Q�/�X �a�m�+�? �7�`���K�2�r�Q�`�F �+�Q�K�#�B�M�2�b �i�?�2 �T���`�i�B�i�B�Q�M �#���b�2�/ �>���a�G �+�?���`���+�i�2�`�B�b���i�B�Q�M
�Q�7 �M�Q�B�b�v �T�2�`�B�Q�/�B�+�B�i�v �Q�m�i�H�B�M�2�/ �B�M �i�?�2 �}�`�b�i �T���`�i �Q�7 �i�?�B�b �+�?���T�i�2�` �r�B�i�? �i�?�2 ���m�i�Q�K���i�Q�M�@���"�*
�T���`���K�2�i�2�` �B�M�7�2�`�2�M�+�2 �7�`���K�2�r�Q�`�F �Q�m�i�H�B�M�2�/ �B�M �*�?���T�i�2�`�j�X ���b �r�2 �?���p�2 �b�2�2�M �i�?�2 ���/���T�i���i�B�Q�M
�Q�7 �i�?�2 ���"�* �T���`���K�2�i�2�` �B�M�7�2�`�2�M�+�2 �b�+�?�2�K�2 �i�Q �>���a�G �`�2�H�B�2�b �Q�M �i�?�2 �2�t�B�b�i�2�M�+�2 �Q�7 �� �M�Q�i�B�Q�M �Q�7
�/�B�b�i���M�+�2�#�2�i�r�2�2�M �i�?�2 �T���i�?�b �b���K�T�H�2�/ �7�`�Q�K �� �;�B�p�2�M �B�M�b�i���M�+�2 �Q�7 �� �K�Q�/�2�H ���M�/ �i�?�2 �b�Q�m�;�?�i
�U�i���`�;�2�i�V �#�2�?���p�B�Q�m�`�X �h�?�2�`�2�7�Q�`�2�- �B�M �i�?�B�b �+���b�2�- �r�2 �M�2�2�/ �i�Q �B�/�2�M�i�B�7�v �� �b�m�B�i���#�H�2�/�B�b�i���M�+�2�i�?���i �+���M
�2�z�2�+�i�B�p�2�H�v �/�`�B�p�2 �i�?�2 �B�M�7�2�`�2�M�+�2 �Q�7 �T���`���K�2�i�2�`�b ���+�+�Q�`�/�B�M�; �i�Q �� �/�2�b�B�`�2�/ �Q�b�+�B�H�H���i�B�Q�M �+�?���`���+�i�2�`�- �B�M
�i�?�B�b �+���b�2 �i�?�2 �Q�b�+�B�H�H���i�B�Q�M �T�2�`�B�Q�/�X

�.�2�}�M�B�i�B�Q�M �9�X�N�U�/�B�b�i���M�+�2 �7�`�Q�K �i���`�;�2�i �T�2�`�B�Q�/�V�X�6�Q��̀ A �� �M�Q�B�b�v �T�2�`�B�Q�/�B�+ �i�`���D�2�+�i�Q�`�v ���M�/
�tp

(obs) 2 R> 0 �� �i���`�;�2�i �K�2���M �T�2�`�B�Q�/ �/�m�`���i�B�Q�M �r�2 �/�2�}�M�2 �i�?�2 �/�B�b�i���M�+�2 �Q�7� A �7�`�Q�K�tp
(obs) �r�X�`�X�i�X

�i�?�2 �}�`�b�in 2 N �T�2�`�B�Q�/ �`�2���H�B�b���i�B�Q�M�b ���b

�/�B�b�i(� A ; n; �tp
(obs) ) = �/�B�b�i( �tp(n); s2

tp
(n); �tp

(obs) ) = min(
�tp(n) � �tp

(obs)

�tp
(obs)

;

q
s2

tp
(n)

�tp
(obs)

) �U�9�X�3�V



�*�?���T�i�2�` �9�X �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b �N�y

�r�?�2�`�2�tp(n) �Us2
tp

(n)�V �/�2�M�Q�i�2�b �i�?�2 �b���K�T�H�2 �K�2���M �p���H�m�2 �U�i�?�2 �p���`�B���M�+�2�V �+�Q�K�T�m�i�2�/ �r�X�`�X�i�X �i�?�2
�}�`�b�in �T�2�`�B�Q�/�b �/�2�i�2�+�i�2�/ ���H�Q�M�;� A �U���b �T�2�` �.�2�}�M�B�i�B�Q�M�9�X�k���M�/ �.�2�}�M�B�i�B�Q�M�9�X�9�V�X

�L�Q�i�B�+�2 �i�?���i �/�B�b�i���M�+�2 �U�9�X�3�V �2�b�i���#�H�B�b�?�2�b �� �7�Q�`�K �Q�7 �K�m�H�i�B�@�+�`�B�i�2�`�B�� �b�2�H�2�+�i�B�Q�M �Q�7 �T���`���K�2�i�2�`�b ���b
�#�Q�i�? �i�?�2 �K�2���M �p���H�m�2 ���M�/ �i�?�2 �p���`�B���M�+�2 �Q�7 �i�?�2 �/�2�i�2�+�i�2�/ �T�2�`�B�Q�/�b ���`�2 �+�Q�M�b�i�`���B�M�2�/�X �6�Q�` �2�t���K�T�H�2
�r�B�i�? �� �R�y�W �i�Q�H�2�`���M�+�2 �U�B�X�2�X� = 0 :1 �B�M ���"�* �i�2�`�K�b�V �Q�M�H�v �i�?�2 �T���`���K�2�i�2�`�b� 2 � �i�?���i �B�b�b�m�2 ��
�`�2�H���i�B�p�2 �2�`�`�Q�` �U�r�X�`�X�i�X �i�?�2 �i���`�;�2�i �K�2���M �T�2�`�B�Q�/�V �M�Q�i �#�2�v�Q�M�/ �y�X�R ���`�2 �b�2�H�2�+�i�2�/�X

�9�X�j�X�R ���M ���m�i�Q�K���i�Q�M �7�Q�` �i�?�2 �/�B�b�i���M�+�2 �7�`�Q�K �� �i���`�;�2�i �T�2�`�B�Q�/

�A�M �6�B�;�m�`�2�9�X�R�R�r�2 �B�M�i�`�Q�/�m�+�2 �i�?�2 ���m�i�Q�K���i�Q�MA
�tp

( obs )

per �- �B�X�2�- ���M ���/���T�i���i�B�Q�M �Q�7 �i�?�2A per �U�6�B�;�@
�m�`�2�9�X�j�V�- �b�m�B�i���#�H�2 �7�Q�` ���b�b�2�b�b�B�M�; �i�?�2 �/�B�b�i���M�+�2 �U���b �T�2�` �.�2�}�M�B�i�B�Q�M�9�X�N�V �#�2�i�r�2�2�M �i�?�2 �K�2���M �T�2�`�B�Q�/
�K�2���b�m�`�2�/ �Q�M �T���i�?�b �Q�7 �.�1�a�S �Q�b�+�B�H�H���i�Q�`M � ���M�/ �� �i���`�;�2�i �T�2�`�B�Q�/ �/�m�`���i�B�Q�M�tp

(obs) �X �h�?�2 ���m�@

�6�B�;�m�`�2 �9�X�R�R�,A per �, ���M �G�>�� �7�Q�` �b�2�H�2�+�i�B�M�; �M�Q�B�b�v �T�2�`�B�Q�/�B�+ �i�`���+�2�b �U�r�B�i�? �`�2�b�T�2�+�i �i�Q ���M �Q�#�b�2�`�p�2�/
�b�T�2�+�B�2�bA�V �`�2�H���i�2�/ �i�Q �T���`�i�B�i�B�Q�Mlow = ( �1 ; L ]�-mid = ( L; H ) ���M�/high = [ H; + 1 )�X

�i�Q�K���i�Q�MA
�tp

( obs )

per �/�B�z�2�`�b �7�`�Q�KA per �Q�M�H�v �B�M �i�?�2 ���m�i�Q�M�Q�K�Q�m�b ���`�+�b �i�?���i �H�2���/�b �i�Q �i�?�2 ���+�+�2�T�i�B�M�;
�H�Q�+���i�B�Q�M�2�M�/�, �/�B�z�2�`�2�M�i�H�v �7�`�Q�KA per �i�?�Q�b�2 ���`�+�b ���`�2 �2�[�m�B�T�T�2�/ �r�B�i�? ���M �m�T�/���i�2 �i�?�`�Q�m�;�? �r�?�B�+�?
�� �/�2�/�B�+���i�2�/ �2�t�i�`�� �p���`���B�#�H�2�- �M���K�2�/d�- �B�b �b�2�i �r�B�i�? �i�?�2 �p���H�m�2 �Q�7 �i�?�2 �K�2���b�m�`�2�/ �/�B�b�i���M�+�2 ���b �T�2�`
�1�[�m���i�B�Q�M �U�9�X�3�V �U�b�2�2 �h���#�H�2�9�X�9�7�Q�` �i�?�2 �H�B�b�i �Q�7 �p���`�B���#�H�2�b�V�X

�9�X�j�X�k �*���b�2 �b�i�m�/�B�2�b

�q�2 �/�2�K�Q�M�b�i�`���i�2 �i�?�2 �>���a�G�@���"�* �7�Q�` �i�m�M�B�M�; �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�` �i�?�`�Q�m�;�? �� �+�Q�m�T�H�2 �Q�7 �+���b�2
�b�i�m�/�B�2�b�X



�*�?���T�i�2�` �9�X �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b �N�R

�M���K�2 �/�Q�K���B�M �m�T�/���i�2 �/�2�}�M�B�i�B�Q�M �/�2�b�+�`�B�T�i�B�Q�M
n N �B�M�+� �̀2�K�2�M�i �+�Q�m�M�i�2�` �Q�7 �/�2�i�2�+�i�2�/ �T�2�`�B�Q�/�b
tp R� 0 � �̀2�b�2�i �/�m�`���i�B�Q�M �H���b�i �T�2�`�B�Q�/
�tp R� 0 f (�tp ; tp ; n) =

�t p n � n + t p
n +1 �T�2�`�B�Q�/ �K�2���M

s2
t p R� 0 g(s2

t p ; �tp ; tp ; n) = n � 1
n � 2 � s2

t p + ( �t p � t p ) 2

n �T�2�`�B�Q�/ �p���`�B���M�+�2

d R� 0 min(
�t p � �t p

( obs )

�t p
( obs ) ;

q
s2

t p
�t p

( obs ) ) �/�B�b�i���M�+�2 �7�`�Q�K �i���`�;�2�i �T�2�`�B�Q�/

�h���#�H�2 �9�X�9�,�o���`�B���#�H�2�b �Q�7 �i�?�2A
�tp

( obs )

per ���m�i�Q�K���i�Q�M�X

�� �b�v�M�i�?�2�i�B�+ �j�@�r���v�b �Q�b�+�B�H�H���i�Q�`

�h�?�2 �*�_�L �B�M �U�9�X�N�V �`�2�T�`�2�b�2�M�i�b �� �b�B�K�T�H�2 �K�Q�/�2�H �Q�7 �b�m�b�i���B�M�2�/ �Q�b�+�B�H�H���i�Q�` �+���H�H�2�/�/�Q�T�B�M�; �j�@�r���v
�Q�b�+�B�H�H���i�Q�`�(�*���`�y�N�)�X

R1 :A+ B
r A�! 2B R2 :B + C

r B�! 2C R3 :C+ A
r C�! 2A

R4 :DA + C
r C�! DA + A R 5 :DB + A

r A�! DB + B R 6 :DC + B
r B�! DC + C

�U�9�X�N�V

�U���V�a�v�M�+�?�`�Q�M�B�b���i�B�Q�M �Q�7 �� �T���i�? �Q�7 �i�?�2 �j�@
�r���v �Q�b�+�B�H�H���i�Q�` �r�B�i�?A per �, �+�Q�H�Q�m�`�2�/ �b�2�;�@
�K�2�M�i�b �`�2�T�`�2�b�2�M�i �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�;A per

�H�Q�+���i�B�Q�M�- �r�?�B�H�2n �B�b �i�?�2 �T�2�`�B�Q�/ �+�Q�m�M�i�2�`
�p���`�B���#�H�2�X

�U�#�V�S�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M �7�Q�` �i�?�2r A �T���@
�`���K�2�i�2�` �Q�#�i���B�M�2�/ �#�v ���T�T�H�B�+���i�B�Q�M �Q�7 �i�?�2
���m�i�Q�K���i�Q�M�@���"�* �r�B�i�?A per�X

�6�B�;�m�`�2 �9�X�R�k�,�� �b���K�T�H�2�/ �i�`���D�2�+�i�Q�`�v �Q�7 �i�?�2 �j�@�r���v �Q�b�+�B�H�H���i�Q�`�v �U�H�2�7�i�V �r�B�i�? �+�Q�H�Q�m�`�2�/ �?�B�;�?�H�B�;�?�i�b
�Q�7A per �+�Q�`�`�2�b�T�Q�M�/�B�M�; �H�Q�+���i�B�Q�M �i�`���M�b�B�i�B�Q�M�b ���M�/ �i�?�2 �`�2�b�m�H�i�B�M�; �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M �U�`�B�;�?�i�V
�Q�#�i���B�M�2�/ �7�Q�`rA �r�?�B�H�2 �F�2�2�T�B�M�;rB = rC =1 �X

�A�i �+�Q�M�b�B�b�i�b �Q�7 �j �K���B�M �b�T�2�+�B�2�bA�-B ���M�/C �7�Q�`�K�B�M�; �� �T�Q�b�B�i�B�p�2 �7�2�2�/�#���+�F �H�Q�Q�T �U�i�?�`�Q�m�;�?
�`�2���+�i�B�Q�M�bR1�-R2�-R3�V �T�H�m�b �j �+�Q�`�`�2�b�T�Q�M�/�B�M�; �B�M�p���`�B���M�i �U�/�Q�T�B�M�;�V �b�T�2�+�B�2�bDA �-DB �-DC �r�?�Q�b�2
�;�Q���H �B�b �i�Q ���p�Q�B�/ �2�t�i�B�M�+�i�B�Q�M �Q�7 �i�?�2 �K���B�M �b�T�2�+�B�2�b �U�i�?�`�Q�m�;�? �`�2���+�i�B�Q�M�bR4�-R5�-R6�V�X �A�i �+���M �#�2
�b�?�Q�r�M �i�?���i �i�?�2 �i�Q�i���H �T�Q�T�m�H���i�B�Q�M �B�b �B�M�p���`�B���M�i ���M�/ �i�?���i �i�?�2 �K�Q�/�2�H �v�B�2�H�/�b �b�m�b�i���B�M�2�/ �M�Q�B�b�v
�Q�b�+�B�H�H���i�B�Q�M �7�Q�` �i�?�2 �j �K���B�M �b�T�2�+�B�2�b�- �r�?�Q�b�2 �T�2�`�B�Q�/ ���M�/ ���K�T�H�B�i�m�/�2 �/�2�T�2�M�/ �Q�M �i�?�2 �K�Q�/�2�H�ö�b



�*�?���T�i�2�` �9�X �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b �N�k

�T���`���K�2�i�2�`�brA �- rB ���M�/rC �U���b �r�2�H�H ���b �Q�M �i�?�2 �i�Q�i���H �T�Q�T�m�H���i�B�Q�M�V�X �6�B�;�m�`�2�9�X�R�k�U���V�/�2�T�B�+�i�b ��
�T���i�? �b���K�T�H�2�/ �7�`�Q�K �U�� �;�B�p�2�M �+�Q�M�}�;�m�`���i�B�Q�M �Q�7�V �K�Q�/�2�H �U�9�X�N�V�X

�1�t�T�2�`�B�K�2�M�i �R �U�Q�M�2�@�/�B�K�2�M�b�B�Q�M���H�V�X �A�M �i�?�B�b �2�t�T�2�`�B�K�2�M�i �r�2 �+�Q�M�b�B�/�2�`�2�/s0 =
(A0; B0; C0; (DA )0; (DB )0; (DC )0) = (333 ; 333; 333; 10; 10; 10) ���b �B�M�B�i�B���H �b�i���i�2�- �r�2 �}�t�2�/ �i�?�2
�`���i�2 �+�Q�M�b�i���M�i�brB = rC = 1 :0�- ���M�/ �2�b�i�B�K���i�2�/ �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M �7�Q�`rA �+�Q�M�b�B�/�2�`�B�M�;
�� �m�M�B�7�Q�`�KU(0; 10) �T�`�B�Q�` ���M�/ �� �i���`�;�2�i �K�2���M �T�2�`�B�Q�/�tp

(obs) = 0 :01�X �6�Q�` �i�?�2 ���m�i�Q�K���i�Q�MA per

�i�?�2 �M�Q�B�b�v�@�T�2�`�B�Q�/ �/�2�T�2�M�/�2�M�i �T���`�i�B�i�B�Q�M �r�2 �+�Q�M�b�B�/�2�`�2�/ �B�bL = 300 ���M�/H = 360 �r�?�B�H�2 �7�Q�`
�2���+�? �i�`���D�2�+�i�Q�`�v �r�2 �Q�#�b�2�`�p�2�/N = 4 �T�2�`�B�Q�/�b�X �6�Q�` �i�?�2 ���"�* ���H�;�Q�`�B�i�?�K �r�2 �m�b�2�/N = 1000
�T���`�i�B�+�H�2�b ���M�/ �+�Q�M�b�B�/�2�`�2�/ �� �k�y�W �i�Q�H�2�`���M�+�2 �U� = 0 :2�V�X �6�B�;�m�`�2�9�X�R�k�U�#�V�b�?�Q�r�b �i�?�2 �`�2�b�m�H�i�B�M�;
���m�i�Q�K���i�Q�M�@���"�* �T�Q�b�i�2�`�B�Q�`�X �q�2 �Q�#�b�2�`�p�2 �i�?���i �R�V �i�?�2 �T�Q�b�i�2�`�B�Q�` �b�m�T�T�Q�`�i �#�2�B�M�; �B�M�+�H�m�/�2�/ �B�M �i�?�2
�T�`�B�Q�` �B�b[0:0; 4:0] � [0; 10:0]�- �B�X�2�X�- �r�2 �?���p�2 �`�2�/�m�+�2�/ �i�?�2 �T���`���K�2�i�2�` �b�T���+�2 �i�Q �� �b�m�#�b�2�i �r�?�2�`�2 �B�i
�B�b �T�`�Q�#���#�H�2 �i�Q �Q�#�i���B�M �i�`���D�2�+�i�Q�`�B�2�b �r�B�i�? �� �K�2���M �T�2�`�B�Q�/ �Q�7 �y�X�y�R �U�`�2�H���i�B�p�2 �i�Q �� �k�y�W �i�Q�H�2�`���M�+�2�V
���M�/ �k�V �i�?�2 �T�Q�b�i�2�`�B�Q�` �?���b �Q�M�H�v �Q�M�2 �K�Q�/�2�- �r�?�B�+�? �B�b �[�m�B�i�2 �b�2�M�b�B�#�H�2�- ���b �?���p�B�M�; �}�t�2�/rB ���M�/
rC �- �Q�M�2 �r�Q�m�H�/ �2�t�T�2�+�i�2�/ �i�?�2 �K�2���M �T�2�`�B�Q�/ �/�m�`���i�B�Q�M �#�2�B�M�; �/�B�`�2�+�i�H�v �H�B�M�F�2�/ �i�Q �i�?�2 �F�B�M�2�i�B�+�b �Q�7
�`�2���+�i�B�Q�MR1�- �?�2�M�+�2 �i�Q �B�i�b �Q�M�H�v �T���`���K�2�i�2�`�- �i�?�2 �F�B�M�2�i�B�+ �`���i�2 �+�Q�M�b�i���M�irA �X

�6�B�;�m�`�2 �9�X�R�j�,�*�Q�`�`�2�H���i�B�Q�M �T�H�Q�i �Q�7 ���m�i�Q�K���i�Q�M�@���"�* �T�Q�b�i�2�`�B�Q�` �r�B�i�?Aper �T�Q�b�i�2�`�B�Q�` �7�Q�` �i�?�2 �j�.
�2�t�T�2�`�B�K�2�M�i �Q�7 �/�Q�T�B�M�; �j�@�r���v �Q�b�+�B�H�H���i�Q�`�X

�X

�1�t�T�2�`�B�K�2�M�i �k �U�i�?�`�2�2�@�/�B�K�2�M�b�B�Q�M���H�V�X �>�2�`�2 �r�2 �T�2�`�7�Q�`�K�2�/ �� �j�@�/�B�K�2�M�b�B�Q�M���H �p�2�`�b�B�Q�M �Q�7
�i�?�2 �T�`�2�p�B�Q�m�b �2�t�T�2�`�B�K�2�M�i ���b�b�m�K�B�M�; �i�?�2 �b���K�2 �l�M�B�7�Q�`�K �T�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M �7�Q�` ���H�H �j �T���`���K�@
�2�i�2�`�b�- �i�?���i �B�b�-rA ; rb; rC � U (0; 10)�- �?�Q�r�2�p�2�` �+�Q�M�b�B�/�2�`�B�M�; �� �/�B�z�2�`�2�M�i �i���`�;�2�i �K�2���M �T�2�`�B�Q�/
�tp

(obs) = 20�X �6�B�;�m�`�2�9�X�R�j�b�?�Q�r�b �i�?�2 �+�Q�`�`�2�H���i�B�Q�M �T�H�Q�i �Q�7 �i�?�2 �`�2�b�m�H�i�B�M�; �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M
�Q�#�i���B�M�2�/ �#�v ���T�T�H�B�+���i�B�Q�M �Q�7 �i�?�2 ���m�i�Q�K���i�Q�M�@���"�* �K�2�i�?�Q�/ �r�B�i�?A per �X �h�?�2 �Q�M�2�@�/�B�K�2�M�b�B�Q�M���H
�?�B�b�i�Q�;�`���K �Q�M �i�?�2 �/�B���;�Q�M���H �Q�7 �6�B�;�m�`�2�9�X�R�j�`�2�T�`�2�b�2�M�i�b �i�?�2 �K���`�;�B�M���H �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �2���+�? �T���@
�`���K�2�i�2�` �r�?�B�H�2 �i�?�2 �T�H�Q�i�b �B�M �i�?�2 �m�T�T�2�` �i�`�B���M�;�m�H���` �b�m�#�K���i�`�B�t �b�?�Q�r �i�?�2 �?�B�b�i�Q�;�`���K�b �Q�7 �i�?�2
�i�r�Q�@�/�B�K�2�M�b�B�Q�M���H �K���`�;�B�M���H �/�B�b�i�`�B�#�m�i�B�Q�M �U�2�X�;�X�- �T�H�Q�i �Q�M �T�Q�b�B�i�B�Q�M �U�R�-�j�V �`�2�7�2�`�b �i�Q �i�?�2 �K���`�;�B�M���H



�*�?���T�i�2�` �9�X �6�Q�`�K���H ���M���H�v�b�B�b �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b �N�j

�/�B�b�i�`�B�#�m�i�B�Q�Mp(rA ; rC j �tp
(obs) )�V�- �r�?�2�`�2���b �i�?�2 �H�Q�r�2�` �i�`�B���M�;�m�H���` �K���i�`�B�t �b�?�Q�r �i�?�2 �b�+���i�i�2�` �T�H�Q�i�b �Q�7

�i�?�2 �i�r�Q�@�/�B�K�2�M�b�B�Q�M���H �K���`�;�B�M���H �/�B�b�i�`�B�#�m�i�B�Q�M�b�X �"���b�2�/ �Q�M �i�?�2 �/�B���;�Q�M���H �T�H�Q�i�b �r�2 �Q�#�b�2�`�p�2 �i�?���i
�K�Q�b�i �Q�7 �i�?�2 �T���`���K�2�i�2�`�b �i�?���i �`�2�b�m�H�i�b �B�M �� �T�2�`�B�Q�/ �+�H�Q�b�2 �i�Q �i�?�2 �i���`�;�2�i �Q�M�2 �U�tp

(obs) = 20�V ���`�2
�r�B�i�?�B�M �i�?�2 �b�m�T�T�Q�`�i[0; 4] � [0; 3] � [0; 4] ���M�/�- �7�m�`�i�?�2�`�K�Q�`�2 �i�?�2 �T���`�i�B�+�H�2�b �7�Q�`�K �� �j�. �T���`���#�Q�H�B�+
�b�?���T�2 �b�B�M�+�2 �i�?�2 �i�?�`�2�2 �i�r�Q�@�/�B�K�2�M�b�B�Q�M���H �T�`�Q�D�2�+�i�B�Q�M�b �?���p�2 �� �T���`���#�Q�H�B�+ �b�?���T�2�- ���+�+�Q�`�/�B�M�; �i�Q
�T�H�Q�i�b �B�M �i�?�2 �m�T�T�2�` �i�`�B���M�;�m�H���` �T���`�i �Q�7 �6�B�;�m�`�2�9�X�R�j�X ���H�b�Q�- �Q�M�2 �+���M �M�Q�i�B�+�2 �i�?���i �7�Q�` �2���+�? �i�r�Q�@
�/�B�K�2�M�b�B�Q�M���H �?�B�b�i�Q�;�`���K�- �i�?�2 �`�2�;�B�Q�M �M�2���` �T�Q�B�M�i(1; 1) �B�b �� �?�B�;�? �T�`�Q�#���#�B�H�B�i�v �Q�M�2�- �r�?�B�+�? �B�b
�+�Q�M�b�B�b�i�2�M�i �r�B�i�? �i�?�2 �T�`�2�p�B�Q�m�b �Q�M�2�@�/�B�K�2�M�b�B�Q�M���H �2�t�T�2�`�B�K�2�M�i�X

�_�2�T�`�2�b�b�B�H���i�Q�`

�q�2 �+�Q�M�b�B�/�2�` �� �K�Q�/�2�H �U�9�X�R�y�V �Q�7 �� �b�v�M�i�?�2�i�B�+ �;�2�M�2�i�B�+ �M�2�i�r�Q�`�F �F�M�Q�r�M ���b �_�2�T�`�2�b�b�B�H���i�Q�` �r�?�B�+�?
�r���b �/�2�p�2�H�Q�T�2�/ �i�Q �`�2�T�`�Q�/�m�+�2 �Q�b�+�B�H�H���i�Q�`�v �#�2�?���p�B�Q�m�`�b �r�B�i�?�B�M �� �+�2�H�H �(�1�G�y�y�)�X �A�i �+�Q�M�b�B�b�i�b �Q�7 �j
�T�`�Q�i�2�B�M�bP1; P2; P3 �7�Q�`�K�B�M�; �� �M�2�;���i�B�p�2 �7�2�2�/�#���+�F �H�Q�Q�T�- �r�B�i�?P1 �`�2�T�`�2�b�b�B�M�;P2�ö�b �i�`���M�b�+�`�B�T�i�B�Q�M
�;�2�M�2G2�-P2 �`�2�T�`�2�b�b�B�M�;P3�ö�b �i�`���M�b�+�`�B�T�i�B�Q�M ���M�/ �b�Q �Q�M�X

R1 : G1
r 1�! G1 + M 1 R2 : G2

r 2�! G2 + M 2 R3 : G3
r 3�! G3 + M 3

R4 : M 1
�
�! M 1 + P1 R5 : M 2

�
�! M 2 + P2 R6 : M 3

�
�! M 3 + P3

R7 : M 1
1�! ; R8 : M 2

1�! ; R9 : M 3
1�! ;

R10 : P1
1�! ; R11 : P2

1�! ; R12 : P3
1�! ;

�U�9�X�R�y�V

�6�Q�H�H�Q�r�B�M�; �(�1�G�y�y�) �r�2 ���b�b�m�K�2�/ �K���b�b�@���+�i�B�Q�M �/�v�M���K�B�+�b �r�B�i�? �� �+�Q�K�K�Q�M �`���i�2 �+�Q�M�b�i���M�i� �7�Q�`
�i�`���M�b�H���i�B�Q�M�b �`�2���+�i�B�Q�M�b �UR4; R5; R6�V ���M�/ �+�Q�M�b�i���M�i �`���i�21 �7�Q�` �b�T�2�+�B�2�b �/�2�;�`���/���i�B�Q�M �UR7 �i�QR12�V�X
�*�Q�M�p�2�`�b�2�H�v �i�`���M�b�+�`�B�T�i�B�Q�M �/�v�M���K�B�+�b �UR1; R2; R3�V �B�b ���b�b�m�K�2�/ �i�Q �7�Q�H�H�Q�r �� �>�B�H�H �7�m�M�+�i�B�Q�M �/�v�@
�M���K�B�+�b �;�B�p�2�M �#�v �i�?�2 �7�Q�H�H�Q�r �T���`���K�2�i�2�` �/�2�}�M�B�i�B�Q�M�br1 = �

1+[ P3 ]n + � 0�-r2 = �
1+[ P1 ]n + � 0 ���M�/

r3 = �
1+[ P2 ]n + � 0�- �r�?�2�`�2n �B�b �i�?�2 �>�B�H�H �+�Q�2�{�+�B�2�M�i�-� �B�b �`�2�H���i�2�/ �i�Q �i�`���M�b�+�`�B�T�i�B�Q�M �;�`�Q�r�i�? ���M�/

� 0 �B�b �i�?�2 �T���`���K�2�i�2�` �`�2�H���i�2�/ �i�Q �i�?�2 �K�B�M�B�K�m�K �H�2�p�2�H �Q�7 �i�`���M�b�+�`�B�T�i�B�Q�M �;�`�Q�r�i�?�X �h�?�2 �T���`���K�2�i�2�`
�b�T���+�2 �B�b �i�?�2�`�2�7�Q�`�2 �9�@�/�B�K�2�M�b�B�Q�M���H �r�B�i�?� = ( �; �; n; � 0) 2 R4�X

�6�B�;�m�`�2 �9�X�R�9�,P1�@�T�`�Q�D�2�+�i�B�Q�M�b �Q�7 �T���i�?�b �b�B�K�m�H���i�2�/ �r�B�i�?(�; n; � 0) = (2 ; 2; 0) ���M�/ � 2
f 50; 200; 1000g�X

�1���+�? �T���`���K�2�i�2�` ���z�2�+�i�b �i�?�2 �`�2�b�m�H�i�B�M�; �Q�b�+�B�H�H���i�B�Q�M�- �2�X�;�X�- �6�B�;�m�`�2�9�X�R�9�b�?�Q�r�b �2�t���K�T�H�2�b �Q�7
�M�Q�B�b�v �T�2�`�B�Q�/�B�+ �T���i�?�b �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �/�B�z�2�`�2�M�i �p���H�m�2�b �Q�7� �- �r�B�i�?(�; n; � 0) = (2 ; 2; 0)�X
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�6�B�;�m�`�2 �9�X�R�8�,�*�Q�`�`�2�H���i�B�Q�M �T�H�Q�i �Q�7 ���m�i�Q�K���i�Q�M�@���"�* �T�Q�b�i�2�`�B�Q�` �r�B�i�?Aper �T�Q�b�i�2�`�B�Q�` �7�Q�` �i�?�2 �j�.
�2�t�T�2�`�B�K�2�M�i �Q�7 �`�2�T�`�2�b�b�B�H���i�Q�` �K�Q�/�2�H�X

�1�t�T�2�`�B�K�2�M�i �R�X �h�?�B�b �B�b �� �j�@�/�B�K�2�M�b�B�Q�M���H �2�t�T�2�`�B�K�2�M�i �B�M �r�?�B�+�? �r�2 �+�Q�M�b�B�/�2�`�2�/s0 =
((M 1)0; (M 2)0; (M 3)0; (P1)0; (P2)0; (P3)0) = (0 ; 0; 0; 5; 0; 15) ���b �B�M�B�i�B���H �b�i���i�2�- �r�2 �}�t�2�/� 0 = 0 �-
���M�/ �2�b�i�B�K���i�2�/ �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M �7�Q�` �i�?�2 �`�2�K���B�M�B�M�; �T���`���K�2�i�2�`�b �+�Q�M�b�B�/�2�`�B�M�; �i�?�2 �7�Q�H�@
�H�Q�r�B�M�; �T�`�B�Q�`� � U (50; 5000)�-� � U (0:1; 5:0)�-n � U (0:5; 5:0)�X �h�?�2 �i���`�;�2�i �K�2���M �T�2�`�B�Q�/ �r���b
�tp

(obs) = 20�-L = 50 ���M�/H = 200 �i�?�2 �M�Q�B�b�v�@�T�2�`�B�Q�/ �/�2�T�2�M�/�2�M�i �T���`�i�B�i�B�Q�M �6�Q�` �i�?�2 ���"�* ���H�;�Q�@
�`�B�i�?�K �r�2 �m�b�2�/N = 1000 �T���`�i�B�+�H�2�b ���M�/ �+�Q�M�b�B�/�2�`�2�/ �� �R�y�W �i�Q�H�2�`���M�+�2 �U� = 0 :1�V�X �6�B�;�m�`�2�9�X�R�8
�b�?�Q�r�b �i�?�2 �+�Q�`�`�2�H���i�B�Q�M �T�H�Q�i �Q�7 �i�?�2 �`�2�b�m�H�i�B�M�; ���m�i�Q�K���i�Q�M�@���"�* �T�Q�b�i�2�`�B�Q�`�X �q�2 �Q�#�b�2�`�p�2 �i�?���i
�r�B�i�? �i�?�B�b �b�2�i�i�B�M�; �i�?�2 �_�2�T�`�2�b�b�B�H���i�Q�` �Q�b�+�B�H�H���i�B�Q�M�b ���`�2 �K�Q�b�i �b�2�M�b�B�i�B�p�2 �i�Q �T���`���K�2�i�2�`n �r�?�Q�b�2
�K���`�;�B�M���H �T�Q�b�i�2�`�B�Q�` �B�b �K�m�+�? �M���`�`�Q�r�2�` �i�?���M �i�?���i �Q�7� ���M�/� �U�B�X�2�X �p���`�v�B�M�;n �B�M�/�m�+�2�b �K�Q�`�2
�B�M�b�i���#�B�H�B�i�v �i�?���M� ���M�/� �V�X
�1�t�T�2�`�B�K�2�M�i �k�X �h�?�B�b �B�b �� �9�@�/�B�K�2�M�b�B�Q�M���H �p�2�`�b�B�Q�M �Q�7 �i�?�2 �T�`�2�p�B�Q�m�b �2�t�T�2�`�B�K�2�M�i �B�M �r�?�B�+�? �r�2
�+�Q�M�b�B�/�2�`�2�/ ���H�b�Q �� �m�M�B�7�Q�`�K �T�`�B�Q�` �7�Q�`� 0 � U (0:1; 5:0)�X �6�B�;�m�`�2�9�X�R�e�b�?�Q�r�b �i�?�2 �+�Q�`�`�2�H���i�B�Q�M �T�H�Q�i
�Q�7 �i�?�2 �`�2�b�m�H�i�B�M�; ���m�i�Q�K���i�Q�M�@���"�* �T�Q�b�i�2�`�B�Q�`�X �q�2 �Q�#�b�2�`�p�2 �i�?���i ���/�/�B�M�; �� �/�2�;�`�2�2 �Q�7 �7�`�2�2�/�Q�K
�Q�M� 0 �?���b �+�?���M�;�2�/ �i�?�2 �+�Q�`�`�2�H���i�B�Q�M �#�2�i�r�2�2�M� ���M�/� ���b �r�2�H�H ���b� ���M�/n �r�?�2�`�2���b �+�Q�`�`�2�H���i�B�Q�M
�#�2�i�r�2�2�M� ���M�/n �b�2�2�K�b �i�Q �?���p�2 �i�?�2 �b���K�2 �b�?���T�2�X

�9�X�9 �S�2�`�b�T�2�+�i�B�p�2�b

���b �� �}�`�b�i �+�Q�M�i�`�B�#�m�i�B�Q�M �B�M �i�?�B�b �+�?���T�i�2�` �U�a�2�+�i�B�Q�M�9�X�k�V �r�2 �i���+�F�H�2�/ �i�?�2 �T�`�Q�#�H�2�K �Q�7 �m�b�B�M�; ���M
���m�i�Q�K���i���@�#���b�2�/ �7�Q�`�K���H�B�b�K �i�Q �7�Q�`�K���H�H�v ���M���H�v�b�2 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b�X �A�M �i�?�B�b �`�2�b�T�2�+�i �i�?�2
�+�Q�M�i�`�B�#�m�i�B�Q�M �B�b �i�r�Q�7�Q�H�/�X �6�B�`�b�i�H�v �r�2 �?���p�2 �;�2�M�2�`���H�B�b�2�/ �a�T�B�2�H�2�`�ö�b �i�B�K�2�@���m�i�Q�K���i�� �M�Q�B�b�v �T�2�`�B�Q�/�@
�B�+�B�i�v �/�2�i�2�+�i�B�Q�M�- ���M�/ �b�?�Q�r�M �i�?���i �i�?�`�Q�m�;�? �>���a�G �Q�M�2 �+���M ���b�b�2�b�b �Q�b�+�B�H�H���i�B�Q�M �`�2�H���i�2�/ �B�M�/�B�+���i�Q�`�b
�i�?���i �+�Q�m�H�/ �M�Q�i �#�2 ���+�+�Q�m�M�i�2�/ �7�Q�` �Q�i�?�2�`�r�B�b�2�X �a�2�+�Q�M�/�H�v �r�2 �?���p�2 �Q�m�i�H�B�M�2�/ ���M ���H�i�2�`�M���i�B�p�2
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�6�B�;�m�`�2 �9�X�R�e�,�*�Q�`�`�2�H���i�B�Q�M �T�H�Q�i �Q�7 ���m�i�Q�K���i�Q�M�@���"�* �T�Q�b�i�2�`�B�Q�` �r�B�i�?Aper �T�Q�b�i�2�`�B�Q�` �7�Q�` �i�?�2 �9�.
�2�t�T�2�`�B�K�2�M�i �Q�7 �`�2�T�`�2�b�b�B�H���i�Q�` �K�Q�/�2�H�X

���m�i�Q�K���i���@�#���b�2�/ ���T�T�`�Q���+�? �7�Q�` ���M���H�v�b�B�M�; �T�2�`�B�Q�/�B�+�B�i�v �r�?�B�+�? �B�b ���B�K�2�/ ���i �B�/�2�M�i�B�7�v�B�M�; �i�?�2 �T�2���F�b
�Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�B�Q�M�b �H�2���/�B�M�; �i�Q �i�?�2 �+�?���`���+�i�2�`�B�b���i�B�Q�M �Q�7 ���K�T�H�B�i�m�/�2 �`�2�H���i�2�/ �B�M�/�B�+���i�Q�`�b�X ���H�@
�i�?�Q�m�;�? �i�?�2 �T�`�Q�T�Q�b�2�/ �>���a�G�@�#���b�2�/ �7�`���K�2�r�Q�`�F �Q�T�2�M�b �m�T �i�Q �;���B�M�B�M�; �/�2�i���B�H�2�/ �B�M�b�B�;�?�i�b ���#�Q�m�i
�i�?�2 �+�?���`���+�i�2�`�B�b�i�B�+�b �Q�7 �� �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b�- �B�i �T�`�Q�p�B�/�2�b �H�B�i�i�H�2 �?�2�H�T �7�Q�` �2�b�i���#�H�B�b�?�B�M�; �r�?�2�i�?�2�`
�i�?�2 �+�Q�M�b�B�/�2�`�2�/ �b�v�b�i�2�K �Q�b�+�B�H�H���i�2 �b�m�b�i���B�M���#�H�v �Q�` �M�Q�i�X ���b �b�?�Q�r�M �#�v �a�T�B�2�H�2�` �i�?�2 �2�t�B�b�i�2�M�+�2 �Q�7
�b�m�b�i���B�M�2�/ �Q�b�+�B�H�H���i�B�Q�M �+���M �#�2 �2�b�i���#�H�B�b�?�2�/ �#�v �+�?�2�+�F�B�M�; �Q�7 �� �b�i�2���/�v�@�b�i���i�2 �T�`�Q�T�2�`�i�v �Q�M �i�?�2 �T�`�Q�/�@
�m�+�i �J���`�F�Q�p �+�?���B�M�e�- �B�X�2�X �i�?�2 �2�`�;�Q�/�B�+�@�#�v�@�+�Q�M�b�i�`�m�+�i�B�Q�M �J���`�F�Q�p �+�?���B�M �;�B�p�2�M �#�v �i�?�2 �T�`�Q�/�m�+�i
�Q�7 �i�?�2 �+�Q�M�b�B�/�2�`�2�/ �K�Q�/�2�H ���M�/ �i�?�2 �.�h�� �T�2�`�B�Q�/ �/�2�i�2�+�i�Q�`�X ���M �B�M�i�2�`�2�b�i�B�M�; �T�2�`�b�T�2�+�i�B�p�2 �r�Q�m�H�/
�#�2 �i�Q �B�M�p�2�b�i�B�;���i�2 �r�?�2�i�?�2�` �i�?�2 �>���a�G �7�`���K�2�r�Q�`�F �7�Q�` �Q�b�+�B�H�H���i�B�Q�M ���M���H�v�b�B�b �+�Q�m�H�/ �#�2 ���/���T�i�2�/
�i�Q �2�b�i���#�H�B�b�?�B�M�; �r�?�2�i�?�2�` �i�?�2 �Q�b�+�B�H�H���i�B�Q�M�b ���`�2 �b�m�b�i���B�M�2�/�X �A�M�i�m�B�i�B�p�2�H�v �i�?���i �r�Q�m�H�/ �2�M�i���B�H �i�?�2
�B�M�i�2�;�`���i�B�Q�M�- �r�B�i�?�B�M �i�?�2 �>���a�G �K�Q�/�2�H �+�?�2�+�F�B�M�; �7�`���K�2�r�Q�`�F�- �Q�7 �b�B�K�m�H���i�B�Q�M �#���b�2�/ �K�2�i�?�Q�/�b �7�Q�`
�i�?�2 �p�2�`�B�}�+���i�B�Q�M �Q�7 �b�i�2���/�v�@�b�i���i�2 �K�2���b�m�`�2�b�- �b�m�+�? ���b�T�2�`�7�2�+�i �b���K�T�H�B�M�;�(�_�S�y�N�)�- �r�?�B�+�? �B�M�/�2�2�/
�B�b ���M ���b�T�2�+�i �A ���K �p�2�`�v �K�m�+�? �r�B�H�H�B�M�; �i�Q �B�M�p�2�b�i�B�;���i�2�X ���M�Q�i�?�2�` �B�M�i�2�`�2�b�i�B�M�; �2�p�Q�H�m�i�B�Q�M �Q�7 �i�?�B�b
�+�Q�M�i�`�B�#�m�i�B�Q�M �r�Q�m�H�/ �#�2 �i�Q �K�Q�p�2 �i�Q�r���`�/�b �� �7�m�H�H ���m�i�Q�K���i�B�b���i�B�Q�M �Q�7 �T�2�`�B�Q�/�B�+�B�i�v �/�2�i�2�+�i�B�Q�M�X �A�M
�7���+�i �i�?�2 �T���`�i�B�i�B�Q�M �#���b�2�/ �T�2�`�B�Q�/ �/�2�i�2�+�i�B�Q�M ���T�T�`�Q���+�? �/�2�T�2�M�/ �m�T�Q�M �i�?�2 �U�K���M�m���H�H�v�V �+�?�Q�b�2�M
�+�Q�M�b�i���M�i �T���`���K�2�i�2�`�bL ���M�/H �i�?���i �+�?���`���+�i�2�`�B�b�2 �i�?�2 �T���`�i�B�i�B�Q�M ���M�/ �i�?�2�`�2�7�Q�`�2 �#�Q�i�? �i�?�2 �T�2�`�B�Q�/
�/�2�i�2�+�i�B�Q�M ���M�/ �i�?�2 �K�2���b�m�`�2�/ �B�M�/�B�+���i�Q�`�b �U�T�2�`�B�Q�/ �K�2���M �p���H�m�2 ���M�/ �p���`�B���M�+�2�V ���`�2 �p�2�`�v �K�m�+�?

�e�i�?�2 �K�Q�/�2�H �Q�b�+�B�H�H���i�2 �b�m�b�i���B�M���#�H�v �B�7 �+�Q�M�p�2�`�;�B�M�; �T���i�?�b �Q�7 �i�?�2 �T�`�Q�/�m�+�i �T�`�Q�+�2�b�b �?���p�2 �x�2�`�Q �T�`�Q�#���#�B�H�B�i�v ���i
�b�i�2���/�v�@�b�i���i�2
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���z�2�+�i�2�/ �#�v �i�?�2 �+�?�Q�b�2�ML ���M�/H �p���H�m�2�b�X ���b �� �+�Q�M�b�2�[�m�2�M�+�2 �B�7 �Q�M�2 �+�?�Q�b�2�b �i�Q�Q �ó�2�t�i�`�2�K�2�ô
L ���M�/H �p���H�m�2�b �i�?�2 �/�2�i�2�+�i�B�Q�M �Q�7 �� �T�2�`�B�Q�/ �K���v �#�2�+�Q�K�2 �� �p�2�`�v �m�M�H�B�F�2�H�v �U�T�Q�b�b�B�#�H�v �� �x�2�`�Q
�T�`�Q�#���#�B�H�B�i�v�V �2�p�2�M�i�- �i�?�2�`�2�7�Q�`�2�- �B�M �T�`���+�i�B�+�2�- �Q�M�2 �K�m�b�i �?���p�2 ���M �B�/�2�� ���#�Q�m�i �i�?�2 ���K�T�H�B�i�m�/�2 �U���M�/
�H�Q�+���i�B�Q�M�V �Q�7 �i�?�2 �?�B�;�? ���M�/ �H�Q�r �T�2���F�b �Q�7 �i�?�2 �Q�b�+�B�H�H���i�B�Q�M�- �B�M �Q�`�/�2�` �i�Q �+�Q�`�`�2�+�i�H�v �b�2�i �i�?�2L ���M�/
H �T���`���K�2�i�2�` �Q�7 �i�?�2 �/�2�i�2�+�i�Q�` ���m�i�Q�K���i�� �#�2�7�Q�`�2�?���M�/�X �� �T���`�i�B�i�B�Q�M �B�M�/�2�T�2�M�/�2�M�i �/�2�i�2�+�i�B�Q�M �Q�7
�i�?�2 �Q�b�+�B�H�H���i�B�Q�M �T�2�`�B�Q�/�b�- �B�M�i�m�B�i�B�p�2�H�v�- �+�Q�m�H�/ �#�2 �r�Q�`�F�2�/ �Q�m�i �7�Q�H�H�Q�r�B�M�; �i�?�2 �T�2���F�b �#���b�2�/ �T�2�`�B�Q�/
�/�2�i�2�+�i�B�Q�M ���T�T�`�Q���+�? �Q�m�i�H�B�M�2�/ �B�M �a�2�+�i�B�Q�M�9�X�k�X�j�- ���H�i�?�Q�m�;�? �i�?�2 �B�M�i�2�;�`���i�B�Q�M �Q�7 �T���`�i�B�i�B�Q�M�@�#���b�2�/
�r�B�i�? �T�2���F�@�#���b�2�/ �T�2�`�B�Q�/ �/�2�i�2�+�i�B�Q�M �?���b �M�Q�i �v�2�i �#�2�2�M �B�M�p�2�b�i�B�;���i�2�/ �b�Q �7���`�X

���b �� �b�2�+�Q�M�/ �+�Q�M�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�B�b �+�?���T�i�2�` �U�a�2�+�i�B�Q�M�9�X�j�V �r�2 �?���p�2 �b�?�Q�r�M �?�Q�r �i�Q ���/���T�i
�i�?�2 ���"�*�@�#���b�2�/ �T���`���K�2�i�`�B�+ �p�2�`�B�}�+���i�B�Q�M �7�`���K�2�r�Q�`�F �Q�m�i�H�B�M�2�/ �B�M �*�?���T�i�2�`�j �i�Q �i�?�2 �T�`�Q�#�H�2�K
�Q�7 �i�m�M�B�M�; �Q�7 �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�`�b�- �i�?���i �B�b�- �i�Q �B�/�2�M�i�B�7�v�B�M�; �i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�?
�r�?�B�+�? �i�?�2 �T���`���K�2�i�2�`�b �Q�7 �� �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�` �K���i�+�? �� �;�B�p�2�M �T�2�`�B�Q�/ �Q�7 �i�?�2 �Q�b�+�B�H�H���i�B�Q�M�b�X
�a�m�+�? �+�Q�M�i�`�B�#�m�i�B�Q�M �+�m�`�`�2�M�i�H�v �Q�M�H�v �i���F�2 �B�M�i�Q ���+�+�Q�m�M�i �i�?�2 �Q�b�+�B�H�H���i�B�Q�M �T�2�`�B�Q�/ ���b �i�?�2 �+�Q�M�b�i�`���B�M�B�M�;
�7���+�i�Q�` �/�`�B�p�B�M�; �i�?�2 �T���`���K�2�i�2�` �b�2���`�+�?�X ���M �B�M�i�2�`�2�b�i�B�M�; �T�2�`�b�T�2�+�i�B�p�2 �r�Q�m�H�/ �#�2 �i�Q �2�t�i�2�M�/ �i�?�B�b
�r�Q�`�F �b�Q �i�?���i ���H�b�Q �i�?�2 �Q�b�+�B�H�H���i�B�Q�M ���K�T�H�B�i�m�/�2 �+���M �#�2 ���+�+�Q�m�M�i�2�/ �7�Q�` �/�m�`�B�M�; �i�?�2 �T���`���K�2�i�2�` �b�2���`�+�?
�T�`�Q�+�2�b�b�- �b�Q�K�2�i�?�B�M�; �i�?���i �B�M�i�m�B�i�B�p�2�H�v �+�Q�m�H�/ �#�2 ���+�?�B�2�p�2�/ �#���b�2�/ �Q�M �i�?�2 ���K�T�H�B�i�m�/�2 �`�2�H���i�2�/ �>���a�G
�b�T�2�+�B�}�+���i�B�Q�M�b �Q�m�i�H�B�M�2�/ �B�M �a�2�+�i�B�Q�M�9�X�k�X
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�.���i���@�/�`�B�p�2�M �T�`�2�/�B�+�i�B�p�2 �K�Q�/�2�H�B�M�; �Q�7
�T�2�`�B�Q�/�B�+ �T�?�2�M�Q�K�2�M��

���b ���`�;�m�2�/ �B�M �i�?�2 �T�`�2�p�B�Q�m�b �+�?���T�i�2�` �K���M�v �`�2���H �H�B�7�2 �T�?�2�M�Q�K�2�M�� �2�t�?�B�#�B�i �b�Q�K�2 �7�Q�`�K �Q�7 �T�2�`�B�Q�/�@
�B�+�B�i�v�- �2�t���K�T�H�2�b �Q�7 �r�?�B�+�? �+���M �#�2 �7�Q�m�M�/ �B�M �/�B�z�2�`�2�M�i �/�Q�K���B�M�b �2�X�;�X�- �`�Q���/ �i�`���{�+�- �T���i�B�2�M�i ���`�`�B�p���H
�i�Q ���M �2�K�2�`�;�2�M�+�v �/�2�T���`�i�K�2�M�i �Q�` �T�?�Q�i�Q�p�Q�H�i���B�+ �2�M�2�`�;�v �T�`�Q�/�m�+�i�B�Q�M�X �A�M �*�?���T�i�2�`�9�r�2 �i���+�F�H�2�/
�i�?�2 �T�`�Q�#�H�2�K �Q�7 �?�Q�r �i�Q ���m�i�Q�K���i�B�+���H�H�v ���b�b�2�b�b �U�T�`�Q�#���#�B�H�B�b�i�B�+�V �T�2�`�B�Q�/�B�+�B�i�v �`�2�H���i�2�/ �B�M�/�B�+���i�Q�`�b �Q�7
�� �7�Q�`�K���H�H�v �;�B�p�2�M �b�i�Q�+�?���b�i�B�+ �Q�b�+�B�H�H���i�Q�` �K�Q�/�2�H ���M�/ ���H�b�Q �?�Q�r �i�Q �i�m�M�2 �i�?�2 �T���`���K�2�i�2�`�b �Q�7 �b�m�+�?
�� �K�Q�/�2�H �b�Q �i�?���i �B�i �2�t�?�B�#�B�i�b �� �/�2�b�B�`�2�/ �T�2�`�B�Q�/�B�+�B�i�v�X �A�M �i�?�B�b �+�?���T�i�2�` �r�2 �+�Q�M�b�B�/�2�` �� �+�Q�K�T�H�2�@
�K�2�M�i���`�v ���b�T�2�+�i�- �M���K�2�H�v�- �i�?�2 �/�2�`�B�p���i�B�Q�M �Q�7 �U�b�i�Q�+�?���b�i�B�+�V �K�Q�/�2�H�b �#���b�2�/ �Q�M �Q�#�b�2�`�p���i�B�Q�M�b �Q�7
�T�2�`�B�Q�/�B�+ �T�?�2�M�Q�K�2�M���X �q�2 �b�i�`�2�b�b �i�?���i �i�?�2 ���#�B�H�B�i�v �i�Q �/�2�`�B�p�2 �K�Q�/�2�H�b �i�?���i ���+�+�m�`���i�2�H�v �`�2�T�`�Q�/�m�+�2
�i�?�2 �T�2�`�B�Q�/�B�+�B�i�v �2�t�?�B�#�B�i�2�/ �#�v �/���i�� �b���K�T�H�2�b �B�b�b�m�2�/ �#�v �T�2�`�B�Q�/�B�+ �b�v�b�i�2�K�b �B�b �p�B�i���H �7�Q�` �T�`�2�/�B�+�i�B�Q�M�b�-
�T�H���M�M�B�M�; ���M�/ �}�M���H�H�v �Q�T�i�B�K�B�b���i�B�Q�M �Q�7 �b�m�+�? �b�v�b�i�2�K�b�X �>�2�`�2 �r�2 �`�2�T�Q�`�i �Q�M �� �+�Q�M�i�`�B�#�m�i�B�Q�M �B�M �i�?�2
�+�Q�M�i�2�t�i �Q�7 �Q�T�i�B�K�B�b���i�B�Q�M �Q�7 �?�Q�b�T�B�i���H�b�ö �2�K�2�`�;�2�M�+�v �/�2�T���`�i�K�2�M�i �U�1�.�V�- �7�Q�` �r�?�B�+�? �T�2�`�B�Q�/�B�+�B�i�v �B�b
�B�M�/�2�2�/ �`�2�H�2�p���M�i ���b �2�p�B�/�2�M�+�2�/ �#�v �/���i���b�2�i�b �r�2 �?���/ ���+�+�2�b�b �i�Q�X

�P�m�i�H�B�M�2 �Q�7 �i�?�2 �+�Q�M�i�`�B�#�m�i�B�Q�M�X�A�M �+�Q�H�H���#�Q�`���i�B�Q�M �r�B�i�? ���M�/�`���b �>�Q�`�p�€�i�?�- �_�Q�#�2�`�i�Q ���`�@
�B�M�;�?�B�2�`�B ���M�/ �B�M �i�?�2 �+�Q�M�i�2�t�i �Q�7 �i�?�2 �S�?�. �i�?�2�b�B�b �r�Q�`�F �Q�7 �.���p�B�/�2 �.�m�K�� �U���H�H �i�?�`�2�2 �Q�7 �i�?�2�K
�7�`�Q�K �l�M�B�p�2�`�b�B�i�v �Q�7 �h�m�`�B�M�V �r�2 �b�i�m�/�B�2�/ �i�?�2 �T�`�Q�#�H�2�K �Q�7 �/�2�`�B�p�B�M�; �� �b�i�Q�+�?���b�i�B�+ �K�Q�/�2�H �Q�7 �i�?�2 �T���@
�i�B�2�M�i ���`�`�B�p���H�b �U�i�Q ���M �1�.�V �i�?���i �B�b �+���T���#�H�2 �Q�7 �+�Q�`�`�2�+�i�H�v �`�2�T�`�Q�/�m�+�B�M�; �i�?�2 �b�i���i�B�b�i�B�+���H �+�?���`���+�i�2�`
�Q�7 �� �;�B�p�2�M ���`�`�B�p���H�b �/���i���b�2�i�X �h�Q �i�?�B�b ���B�K �r�2 �+�Q�M�b�B�/�2�`�2�/ �� �`�2���H �/���i���b�2�i �`�2�H���i�B�p�2 �i�Q �i�?�2 ���+�i�B�p�B�i�v
�Q�7 �i�?�2 �1�. �Q�7 ���M �?�Q�b�T�B�i���H �Q�7 �i�?�2 �+�B�i�v �Q�7 �*���M�i�M �B�M �M�Q�`�i�?�2�`�M �A�i���H�v ���M�/ �r�?�B�+�? �+�Q�M�i���B�M�b �/�B�z�2�`�2�M�i
�/���i�� �B�M�+�H�m�/�B�M�; �i�?�2 �+�Q�K�T�H�2�i�2 �b�2�i �Q�7 �i�B�K�2�b�i���K�T�b �Q�7 �i�?�2 ���`�`�B�p���H �Q�7 �2���+�? �T���i�B�2�M�i�b �Q�p�2�` �Q�M�2 �v�2���`
�U�B�X�2�X �i�?�2 �v�2���` �k�y�R�8�V�X �"���b�2�/ �Q�M �i�?�2 �b�i���i�B�b�i�B�+���H ���M���H�v�b�B�b �Q�7 �i�?�2 �/���i���b�2�i�- �r�?�B�+�? �2�p�B�/�2�M�+�2�/ �i�?�2
�T�2�`�B�Q�/�B�+ �+�?���`���+�i�2�` �Q�7 �i�?�2 ���`�`�B�p���H �T�`�Q�+�2�b�b�- �r�2 �/�2�`�B�p�2�/ �/�B�z�2�`�2�M�i �B�M�b�i���M�+�2�b �Q�7 �J���`�F�Q�p�B���M �K�Q�/�@
�2�H�b �#�2�H�Q�M�;�B�M�; �i�Q �/�B�z�2�`�2�M�i �+�H���b�b�2�b �U�B�X�2�X �J���`�F�Q�p �`�2�M�2�r���H �T�`�Q�+�2�b�b�2�b�- �J���`�F�Q�p ���`�`�B�p���H �T�`�Q�+�2�b�b�2�b�-
�?�B�/�/�2�M �J���`�F�Q�p �K�Q�/�2�H�b�V ���M�/ �b�?�Q�r�2�/ �i�?���i �Q�M�H�v �Q�M�2 �7���K�B�H�v �Q�7 �K�Q�/�2�H�- ���K�Q�M�;�b�i �i�?�Q�b�2 �+�Q�M�b�B�/�@
�2�`�2�/�- �B�b �+���T���#�H�2 �Q�7 �7�m�H�H�v �`�2�T�`�Q�/�m�+�B�M�; �i�?�2 �T�2�`�B�Q�/�B�+ �b�i���i�B�b�i�B�+���H �+�?���`���+�i�2�` �Q�7 �i�?�2 �/���i���b�2�i�X �h�Q



�*�?���T�i�2�` �8�X �.���i���@�/�`�B�p�2�M �T�`�2�/�B�+�i�B�p�2 �K�Q�/�2�H�B�M�; �Q�7 �T�2�`�B�Q�/�B�+ �T�?�2�M�Q�K�2�M���N�3

�7�m�`�i�?�2�` �p���H�B�/���i�2 �i�?�2 �/�2�`�B�p�2�/ �K�Q�/�2�H�b �r�2 �/�2�p�2�H�Q�T�2�/ �� �7�Q�`�K���H �2�M�+�Q�/�B�M�; �B�M �i�2�`�K�b �Q�7 �b�i�Q�+�?���b�i�B�+
�S�2�i�`�B �M�2�i�b�X �h�?�B�b ���H�H�Q�r�2�/ �m�b �i�Q �+�Q�K�T���`�2 �i�?�2 �T�2�`�7�Q�`�K���M�+�2�b �Q�7 �2���+�? ���`�`�B�p���H �K�Q�/�2�H�b�- �+�Q�m�T�H�2�/
�r�B�i�? �� �K�Q�/�2�H �Q�7 �1�. �b�2�`�p�B�+�2�b�- �i�?�`�Q�m�;�? ���b�b�2�b�b�K�2�M�i �Q�7 �� �F�2�v �T�2�`�7�Q�`�K���M�+�2 �B�M�/�B�+���i�Q�` �U�E�S�A�V
�7�Q�`�K���H�H�v �2�M�+�Q�/�2�/ ���M�/ ���+�+�m�`���i�2�H�v ���b�b�2�b�b�2�/ �i�?�`�Q�m�;�? �>���a�G �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�;�X �h�?�2
�Q�#�i���B�M�2�/ �`�2�b�m�H�i�b �2�p�B�/�2�M�+�2�/ �i�?���i �Q�M�2 ���K�Q�M�;�b�i �i�?�2 �/�2�`�B�p�2�/ ���`�`�B�p���H �K�Q�/�2�H�b �7���B�i�?�7�m�H�H�v �K���i�+�? �i�?�2
�/���i���b�2�i �#�2�?���p�B�Q�m�` �?�2�M�+�2 �B�i �+���M �`�2�H�B���#�H�v �#�2 �m�b�2�/ �7�Q�` ���M���H�v�b�B�M�; �i�?�2 �T�2�`�7�Q�`�K���M�+�2�b �Q�7 �/�B�z�2�`�2�M�i
�1�. �b�2�`�p�B�+�2�b�X

�a�i�`�m�+�i�m�`�2 �Q�7 �i�?�2 �+�?���T�i�2�`�X�h�?�2 �+�?���T�i�2�` �B�b �Q�`�;���M�B�b�2�/ ���b �7�Q�H�H�Q�r�b�, �a�2�+�i�B�Q�M�8�X�R�`�2�T�Q�`�i�b
�Q�M �i�?�2 �`�2�b�m�H�i�b �Q�7 �b�i���i�B�b�i�B�+���H ���M���H�v�b�B�b �Q�7 �i�?�2 �1�. �/���i���b�2�i�- �2�p�B�/�2�M�+�B�M�; �i�?�2 �T�2�`�B�Q�/�B�+ �M���i�m�`�2
�Q�7 �T���i�B�2�M�i�b ���`�`�B�p���H�b�X �A�M �a�2�+�i�B�Q�M�8�X�k�r�2 �T�`�Q�p�B�/�2 �� �+�Q�K�T���`���i�B�p�2 ���M���H�v�b�B�b �Q�7 �?�Q�r �/�B�z�2�`�2�M�i
�7���K�B�H�B�2�b �Q�7 �b�i�Q�+�?���b�i�B�+ �K�Q�/�2�H�b�- �B�X�2�X�- �J���`�F�Q�p �`�2�M�2�r���H �T�`�Q�+�2�b�b�2�b�- �J���`�F�Q�p ���`�`�B�p���H �T�`�Q�+�2�b�b�2�b ���M�/
�?�B�/�/�2�M �J���`�F�Q�p �K�Q�/�2�H�- �/�2�`�B�p�2�/ �7�`�Q�K �/���i���b�2�i ���`�2 �+���T���#�H�2 �Q�7 ���/�2�[�m���i�2�H�v �`�2�T�`�Q�/�m�+�B�M�; �i�?�2
�T�2�`�B�Q�/�B�+ �M���i�m�`�2 �Q�7 �i�?�2 �Q�#�b�2�`�p���i�B�Q�M�b�X �6�B�M���H�H�v �B�M �*�?���T�i�2�`�8�X�j�r�2 �i���+�F�H�2�/ �i�?�2 �p���H�B�/���i�B�Q�M �Q�7
�/�2�`�B�p�2�/ �K�Q�/�2�H�b�X �h�Q �i�?�B�b ���B�K �r�2 �+�Q�M�b�B�/�2�`�2�/ �� �b�B�K�T�H�2 �K�Q�/�2�H �Q�7 �1�. �b�2�`�p�B�+�2�b �U�`�2�T�`�2�b�2�M�i�B�M�; �i�?�2
�b�2�`�p�B�+�2�b �� �1�. �T���i�B�2�M�i �m�M�/�2�`�;�Q�2�b ���7�i�2�` �i�`�B���;�2�V�- �r�2 �+�Q�K�#�B�M�2�/ �B�i �r�B�i�? �2���+�? �/�2�`�B�p�2�/ �K�Q�/�2�H ���b
�r�2�H�H ���b �� �r�B�i�? �� �K�Q�/�2�H �`�2�T�`�Q�/�m�+�B�M�; �2�t���+�i�H�v �i�?�2 �/���i���b�2�i ���`�`�B�p���H�b ���M�/ �#�v ���b�b�2�b�b�B�M�; �`�2�H�2�p���M�i
�T�2�`�7�Q�`�K���M�+�2 �B�M�/�B�+���i�Q�`�b �Q�M �i�?�2 ���`�`�B�p���H�b�f�b�2�`�p�B�+�2 �+�Q�K�#�B�M�2�/ �K�Q�/�2�H�b �r�2 �2�b�i���#�H�B�b�?�2�/ �i�?���i �Q�M�H�v
�Q�M�2 �F�B�M�/ �Q�7 �/�2�`�B�p�2�/ �K�Q�/�2�H �B�b �+���T���#�H�2 �Q�7 ���/�2�[�m���i�2�H�v �K���i�+�?�B�M�; �i�?�2 �/���i���b�2�i�X

�8�X�R �a�i���i�B�b�i�B�+���H ���M���H�v�b�B�b �Q�7 ���M �2�K�2�`�;�2�M�+�v �/�2�T���`�i�K�2�M�i �/���i���b�2�i

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

�.�2�}�M�B�i�B�Q�M �8�X�R�X�6�Q�D̀ �� �/���i���b�2�i �b�T���M�M�B�M�; �Q�p�2�` �b�2�p�2�`���H �r�2�2�F�b �i�B�K�2 �7�`���K�2 ���M�/ �r�?�Q�b�2 �2�M�i�`�B�2�b
���`�2 �2�[�m�B�T�T�2�/ �r�B�i�? �i�B�K�2�b�i���K�T�b �`�2�H���i�B�p�2 �i�Q �i�?�2 �Q�+�+�m�`�`�2�M�+�2 �Q�7 �� �;�B�p�2�M �i�v�T�2 �Q�7 �2�p�2�M�i �r�2 �+�Q�M�b�B�/�2�`
�i�?�2 �7�Q�H�H�Q�r�B�M�; �7���K�B�H�B�2�b �Q�7 �`���M�/�Q�K �p���`�B���#�H�2�b�,

�Ç X i �Ui = 1 ; 2; 3; :::�V�, �i�?�2i �@�i�? �B�M�i�2�`�@���`�`�B�p���H �i�B�K�2�- �B�X�2�X�- �i�?�2 �i�B�K�2 �2�H���T�b�2�/ �#�2�i�r�2�2�M �i�?�2i �@�i�?
���M�/(i +1) �@�i�? �Q�+�+�m�`�`�2�M�+�2 �Q�7 �i�?�2 �+�Q�M�b�B�/�2�`�2�/ �F�B�M�/ �Q�7 �2�p�2�M�i�X

�Ç YH ;i ; YD;i ���M�/YW ;i �Ui = 1 ; 2; 3; :::�V�, �i�?�2 �M�m�K�#�2�` �Q�7 �Q�+�+�m�`�`�2�M�+�2�b �Q�7 �i�?�2 �+�Q�M�b�B�/�2�`�2�/ �2�p�2�M�i
�/�m�`�B�M�; �i�?�2i �@�i�? �?�Q�m�` �UYH ;i �V�- �/���v �UYD;i �V�- �`�2�b�T�2�+�i�B�p�2�H�v �r�2�2�F �UYW ;i �V�X

�*�H�2���`�H�v�- �p���`�B���#�H�2�b �Q�7 �7���K�B�H�B�2�bYH ;i ; YD;i ���M�/YW ;i ���`�2 �H�2�b�b �B�M�7�Q�`�K���i�B�p�2 �i�?���M �i�?�Q�b�2 �Q�7 �7���K�B�H�v
X i ���M�/ �v�2�i �i�?�2�v ���`�2 �`�2�H�2�p���M�i ���b �i�?�2�v ���H�H�Q�r �m�b �7�Q�` �2���b�B�H�v �B�M�p�2�b�i�B�;���i�2 �i�?�2 �T�2�`�B�Q�/�B�+ �M���i�m�`�2 �Q�7
�i�?�2 �1�.�ö�b �T���i�B�2�M�i ���`�`�B�p���H �T�`�Q�+�2�b�b�X �6�Q�` �2�t���K�T�H�2�- �i�?�2 �p���`�B���#�H�2�bYH ;3+24 j �r�B�i�?j = 0 ; 1; 2; :::



�*�?���T�i�2�` �8�X �.���i���@�/�`�B�p�2�M �T�`�2�/�B�+�i�B�p�2 �K�Q�/�2�H�B�M�; �Q�7 �T�2�`�B�Q�/�B�+ �T�?�2�M�Q�K�2�M���N�N

�6�B�;�m�`�2 �8�X�R�,�J�2���M ���M�/ �p���`�B�@
���M�+�2 �Q�7 �M�m�K�#�2�` �Q�7 ���`�`�B�p���H�b �B�M
�i�?�2i �@�i�? �?�Q�m�` �Q�7 �i�?�2 �/���v�X

�6�B�;�m�`�2 �8�X�k�,�S�K�7 �Q�7 �M�m�K�#�2�` �Q�7 ���`�`�B�p���H�b �#�2�i�r�2�2�M �R�T�K ���M�/
�k�T�K �U�H�2�7�i�V ���M�/ �#�2�i�r�2�2�M �8���K ���M�/ �e���K �U�`�B�;�?�i�V ���M�/ �T�K�7 �Q�7
�i�?�2 �S�Q�B�b�b�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�? �2�[�m���H �K�2���M�X

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

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

���`�`�B�p���H �T�2�` �?�Q�m�` �Q�7 �i�?�2 �/���v�X �"���b�2�/ �Q�M �p���`�B���#�H�2�b �Q�7 �i�?�2YH ;i �7���K�B�H�v �r�2 �2�b�i�B�@
�K���i�2�/ �i�?�2 �K�2���M �p���H�m�2EH ;i = E [f YH ;i +24 j jj = 0 ; 1; 2; :::g] ���M�/ �i�?�2 �p���`�B���M�+�2Var H ;i =
Var [f YH ;i +24 j jj = 0 ; 1; 2; :::g] �Q�7 �i�?�2 �M�m�K�#�2�` �Q�7 �T���i�B�2�M�i ���`�`�B�p���H�b �/�m�`�B�M�; �i�?�2i �@�i�? �?�Q�m�` �Q�7
�i�?�2 �/���v �r�?�B�+�? ���`�2 �#�Q�i�? �/�2�T�B�+�i�2�/ �B�M �6�B�;�m�`�2�8�X�R�B�M �7�m�M�+�i�B�Q�M �Q�7i �X �h�?�2 �?�B�;�?�2�b�i �K�2���M �M�m�K�#�2�`
�Q�7 �T���i�B�2�M�i ���`�`�B�p���H�b �B�b ���#�Q�m�i �8�X�N �T�2�` �?�Q�m�` ���M�/ �B�b �`�2�;�B�b�i�2�`�2�/ �#�2�i�r�2�2�M �N���K ���M�/ �R�y���K �r�?�2�`�2���b
�i�?�2 �H�Q�r�2�b�i �M�m�K�#�2�` �Q�7 ���`�`�B�p���H�b �B�b �B�M�b�i�2���/ �H�2�b�b �i�?���M �R �T���i�B�2�M�i �T�2�` �?�Q�m�` ���M�/ �i���F�2�b �T�H���+�2 �#�2�@
�i�r�2�2�M �8���K ���M�/ �e���K�, ���b �2�t�T�2�+�i�2�/�- �i�?�2 �i�B�K�2 �Q�7 �i�?�2 �/���v �?���b �� �b�i�`�Q�M�; �B�K�T���+�i �Q�M �i�?�2 �M�m�K�#�2�`
�Q�7 �T���i�B�2�M�i ���`�`�B�p���H�b�X �q�2 �Q�#�b�2�`�p�2 �i�?���i �i�?�2 �p���`�B���M�+�2�-Var H ;i �- �?���b �p�2�`�v �b�B�K�B�H���` �p���H�m�2�b �i�Q �i�?�Q�b�2 �Q�7
�i�?�2 �K�2���MEH ;i �- �r�?�B�+�? �B�b �+�Q�K�T���i�B�#�H�2 �r�B�i�? �� �r�2�H�H�@�F�M�Q�r�M �+�?���`���+�i�2�`�B�b�i�B�+ �Q�7 �i�?�2 �S�Q�B�b�b�Q�M �T�`�Q�+�2�b�b�-
�?�2�M�+�2 �b�m�;�;�2�b�i�B�M�; �i�?���i �i�?�2 �T���i�B�2�M�i ���`�`�B�p���H �T�`�Q�+�2�b�b �K���v �#�2 ���/�2�[�m���i�2�H�v �K�Q�/�2�H�H�2�/ �i�?�`�Q�m�;�? ��
�S�Q�B�b�b�Q�M �T�`�Q�+�2�b�b �r�B�i�? �i�B�K�2 �B�M�?�Q�K�Q�;�2�M�2�Q�m�b �B�M�i�2�M�b�B�i�v�X �h�Q �7�m�`�i�?�2�` �B�M�p�2�b�i�B�;���i�2 �i�?�B�b ���b�T�2�+�i�- �r�2
�+�Q�K�T���`�2 �B�M �6�B�;�m�`�2�8�X�k�i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �M�m�K�#�2�` �Q�7 ���`�`�B�p���H�b �/�m�`�B�M�; �� �;�B�p�2�M
�?�Q�m�` �Q�7 �i�?�2 �/���v �+�Q�K�T�m�i�2�/ �Q�p�2�` �i�?�2 �/���i���b�2�i �r�B�i�? �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �S�Q�B�b�b�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M
�B�X�2�X �i�?���i �r�B�i�? �i�?�2 �b���K�2 �K�2���M�R�X �S�H�Q�i�b �B�M �6�B�;�m�`�2�8�X�k�+�Q�K�T���`�2 �i�?�2 �`�2�b�m�H�i�B�M�; �T�`�Q�#���#�B�H�B�i�v �K���b�b
�7�m�M�+�i�B�Q�M �U�T�K�7�V �7�Q�` �i�r�Q �/�B�z�2�`�2�M�i �i�B�K�2 �B�M�i�2�`�p���H�b�, �R�T�K�@�k�T�K �r�?�B�+�? �B�b �i�?�2 �?�Q�m�` �Q�7 �i�?�2 �/���v
�r�?�2�`�2 �i�?�2 �S�Q�B�b�b�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M �/�B�z�2�`�b �K�Q�b�i�k �7�`�Q�K �i�?�2 ���+�i�m���H �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �M�m�K�#�2�`
�Q�7 ���`�`�B�p���H�b ���M�/ �i�?�2 �B�M�i�2�`�p���H �8���K�@�e���K �B�b �i�?�2 �?�Q�m�` �r�?�2�`�2 �i�?�2 �S�Q�B�b�b�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �K�Q�b�i
�b�B�K�B�H���` �i�Q �i�?�2 �2�t�T�2�`�B�K�2�M�i���H �/�B�b�i�`�B�#�m�i�B�Q�M�X

�h�Q �B�M�p�2�b�i�B�;���i�2 �i�?�2 �T�2�`�B�Q�/�B�+�B�i�v �Q�7 �Q�M�2�@�?�Q�m�` �B�M�i�2�`�p���H�b �r�2 �+�Q�M�b�B�/�2�`�2�/ �i�?�2 �?�Q�m�`�H�v ���m�i�Q�+�Q�`�@

�R�i�?�2 �S�Q�B�b�b�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M �r�B�i�? �K�2���M �;�B�p�2�M �#�v �i�?�2EH ;i �7�Q�` �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �?�Q�m�`i �X
�k�i�?�2 �/�B�z�2�`�2�M�+�2 �B�b �+���H�+�m�H���i�2�/ ���b �i�?�2 �b�m�K �Q�7 ���#�b�Q�H�m�i�2 �/�B�z�2�`�2�M�+�2�b �B�M �i�?�2 �T�K�7�X



�*�?���T�i�2�` �8�X �.���i���@�/�`�B�p�2�M �T�`�2�/�B�+�i�B�p�2 �K�Q�/�2�H�B�M�; �Q�7 �T�2�`�B�Q�/�B�+ �T�?�2�M�Q�K�2�M���R�y�y

�6�B�;�m�`�2 �8�X�j�,RH ;n �- �B�X�2�X�- ���+�7 �Q�7 �i�?�2 �b�2�[�m�2�M�+�2
YH ;i ���b �7�m�M�+�i�B�Q�M �Q�7n�X

�6�B�;�m�`�2 �8�X�9�,���p�2�`���;�2 ���M�/ �p���`�B���M�+�2 �Q�7 �M�m�K�#�2�`
�Q�7 ���`�`�B�p���H�b �B�M �i�?�2i �i�? �/���v �Q�7 �i�?�2 �r�2�2�F�X

�`�2�H���i�B�Q�M �7�m�M�+�i�B�Q�M �U���+�7�V �/�2�}�M�2�/ ���b�,

RH ;n =
E[(YH ;i � E [YH ;i ])(YH ;i + n � E [YH ;i ])]

V ar[YH ;i ]
�r�B�i�?n = 1 ; 2; 3; :::

���M�/ �r�?�Q�b�2 �p���H�m�2 �B�b �/�2�T�B�+�i�2�/ �B�M �6�B�;�m�`�2�8�X�j�B�M �7�m�M�+�i�B�Q�M �Q�7n�X �h�?�2 �T�2�`�b�B�b�i�2�M�i �T�2�`�B�Q�/�B�+�B�i�v �Q�7
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�T�H�Q�i�X �h�?�2 �T�2�`�B�Q�/�B�+ �M���i�m�`�2 �Q�7 �i�?�2 ���m�i�Q�+�Q�`�`�2�H���i�B�Q�M �T�H�Q�i �B�b �D�m�b�i�B�}�2�/ �#�v �i�?�2 �M�Q�M�@�+�Q�M�b�i���M�i
�?�Q�m�`�H�v �T���i�B�2�M�i ���`�`�B�p���H �B�M�i�2�M�b�B�i�v �U���b �T�`�Q�p�2�/ �#�v �i�?�2 �K�2���M �p���H�m�2 �T�H�Q�i �B�M �6�B�;�m�`�2�8�X�R�V ���M�/
�B�i�b �b�m�b�i���B�M�2�/ �+�?���`���+�i�2�` �B�b �2�p�B�/�2�M�+�2�/ �#�v �i�?�2 �7���+�i �i�?���i ���m�i�Q�+�Q�`�`�2�H���i�B�Q�M �Q�b�+�B�H�H���i�B�Q�M�b �`�2�K���B�M
�m�M���H�i�2�`�2�/ �2�p�2�M �7�Q�` �p�2�`�v �H���`�;�2 �p���H�m�2�b �Q�7n�X

���`�`�B�p���H �T�2�` �/���v �Q�7 �i�?�2 �r�2�2�F�X �h�Q �}�;�m�`�2 �Q�m�i �r�?�2�i�?�2�` �i�?�2 �T�2�`�B�Q�/�B�+�B�i�v �B�b �T�`�2�b�2�M�i ���H�b�Q
�r�X�`�X�i�X �i�?�2 �/���v �Q�7 �i�?�2 �r�2�2�F �r�2 �T�2�`�7�Q�`�K�2�/ �i�?�2 �b���K�2 �i�v�T�2 �Q�7 ���M���H�v�b�B�b �#�m�i �i���F�B�M�; �B�M�i�Q
���+�+�Q�m�M�i �p���`�B���#�H�2�bYD;i �X �A�M �6�B�;�m�`�2�8�X�9�r�2 �/�2�T�B�+�iED;i = E [f YD;i +7 j jj = 0 ; 1; 2; :::g] ���M�/
V arD;i = V ar [f YD;i +7 j jj = 0 ; 1; 2; :::g] �r�B�i�?i = 1 ; 2; :::; 7 ���M�/ �Q�#�b�2�`�p�2 �i�?���i �i�?�2 �K�2���M
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�/�B�z�2�`�b �i�Q �� �H���`�;�2 �2�t�i�2�M�i �7�`�Q�K �i�?�2 �K�2���M �Q�M �K�Q�b�i �/���v�b �Q�7 �i�?�2 �r�2�2�F �U�r�?�B�+�? �K���F�2�b �i�?�2 �/���B�H�v
���`�`�B�p���H �T�`�Q�+�2�b�b �B�M�+�Q�K�T���i�B�#�H�2 �r�B�i�? �� �S�Q�B�b�b�Q�M �T�`�Q�+�2�b�b�V�X �6�m�`�i�?�2�`�K�Q�`�2 �i�?�2 ���m�i�Q�+�Q�`�`�2�H���i�B�Q�M
�+���H�+�m�H���i�2�/ ���H�b�Q �r�X�`�X�i�XYD;i �U�M�Q�i �b�?�Q�r�M �?�2�`�2�V �2�t�?�B�#�B�i�2�/ �Q�M�H�v �� �p�2�`�v �K�B�H�/ �+�Q�`�`�2�H���i�B�Q�M �#�2�i�r�2�2�M
�M�m�K�#�2�` �Q�7 ���`�`�B�p���H�b �Q�7 �+�Q�M�b�2�+�m�i�B�p�2 �/���v�b �i�?�2�`�2�7�Q�`�2 �r�2 �K���v ���b�b�2�`�i �i�?�2 ���#�b�2�M�+�2 �Q�7 �T�2�`�B�Q�/�B�+�B�i�v
�r�?�2�M �+�Q�M�b�B�/�2�`�B�M�; ���`�`�B�p���H�b �T�2�` �/���v �Q�7 �i�?�2 �r�2�2�F�- �r�?�B�+�? �B�M�/�B�+���i�2�b �r�2 �r�B�H�H �M�Q�i �?���p�2 �i�Q ���+�+�Q�m�M�i
�7�Q�` �B�i �r�?�2�M �/�2�p�2�H�Q�T�B�M�; �K�Q�/�2�H�b ���B�K�2�/ ���i �`�2�T�`�Q�/�m�+�B�M�; �i�?�2 �b�i���i�B�b�i�B�+���H �+�?���`���+�i�2�` �Q�7 �i�?�2 �/���i���b�2�i�X

�A�M�i�2�`�@���`�`�B�p���H ���M���H�v�b�B�b�X �6�B�M���H�H�v�- �r�2 �+�Q�M�b�B�/�2�`�2�/ �i�?�2 �7���K�B�H�v �Q�7 �`���M�/�Q�K �p���`�B���#�H�2�bX i �Ui =
1; 2; 3:::�V �`�2�T�`�2�b�2�M�i�B�M�; �i�?�2 �T���i�B�2�M�i�b�ö �B�M�i�2�`�@���`�`�B�p���H �i�B�K�2�b ���M�/ �+�Q�K�T�m�i�2�/ �i�?�2 �b���K�2 �b�i���i�B�b�i�B�+���H
�B�M�/�B�+���i�Q�`�b�X �h�?�2 �`�2�b�m�H�i�B�M�; �K�2���M �B�M�i�2�`�@���`�`�B�p���H �i�B�K�2 �B�bE [X i ] = 19:43 �U�K�B�M�m�i�2�b�V�- �i�?�2 �p���`�B���M�+�2
Var [X i ] = 483:18�- �r�?�B�H�2 �i�?�2 �b�?���T�2 �Q�7 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �/�2�M�b�B�i�v �7�m�M�+�i�B�Q�M �+�Q�K�T�m�i�2�/ �Q�p�2�`X i
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�h�?�2 �/���K�T�2�/ �Q�b�+�B�H�H���i�B�Q�M �T�`�Q�}�H�2 �2�t�?�B�#�B�i�2�/ �#�v �i�?�2 ���m�i�Q�+�Q�`�`�2�H���i�B�Q�M �B�b �/�m�2 �i�Q �i�?�2 �7���+�i �i�?���i
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�B�M�i�2�`�@���`�`�B�p���H �i�B�K�2�b�X

�6�B�;�m�`�2 �8�X�e�,���m�i�Q�+�Q�`�`�2�H���i�B�Q�M
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�/�2�T�B�+�i�2�/ �B�M �6�B�;�m�`�2�8�X�e�r�?�2�`�2 �i�?�2�`�2 �B�b �Q�b�+�B�H�H���i�B�Q�M �/�m�2 �i�Q �i�?�2 �7���+�i �i�?���i �� �T�2�`�B�Q�/ �r�B�i�? �?�B�;�?
���`�`�B�p���H �B�M�i�2�M�b�B�i�v �U�3���K�@�k�k�T�K�V ���`�2 �7�Q�H�H�Q�r�2�/ �#�v �� �T�2�`�B�Q�/ �r�B�i�? �H�Q�r ���`�`�B�p���H �B�M�i�2�M�b�B�i�v �U�k�k�T�K�@
�3���K�V�X �h�?�B�b �Q�b�+�B�H�H���i�B�Q�M �?�Q�r�2�p�2�` �B�b �H�2�b�b �2���b�v �i�Q �B�M�i�2�`�T�`�2�i �i�?���M �i�?���i �B�M �6�B�;�m�`�2�8�X�j���M�/ �7���/�2�b
���r���v ���bn �;�`�Q�r�b �#�2�+���m�b�2 �7�Q�` �H���`�;�2 �p���H�m�2�b �Q�7n �i�?�2�`�2 �B�b �M�Q �/�2�i�2�`�K�B�M�B�b�i�B�+ �+�Q�M�M�2�+�i�B�Q�M �#�2�i�r�2�2�M
�i�?�2 �i�B�K�2 �Q�7 �i�?�2 �/���v �Q�7 �i�?�2i �i�? ���M�/ �i�?�2(i + n)�i�? ���`�`�B�p���H�X

�8�X�k �.�2�`�B�p�B�M�; ���/�2�[�m���i�2 �K�Q�/�2�H�b �Q�7 �T���i�B�2�M�i ���`�`�B�p���H�b

�q�2 �b�2�2�F �i�Q �/�2�`�B�p�2 ���/�2�[�m���i�2 �b�i�Q�+�?���b�i�B�+ �K�Q�/�2�H�b �+���T���#�H�2 �Q�7 �`�2�T�`�Q�/�m�+�B�M�; �i�?�2 �b�i���i�B�b�i�B�+���H �+�?���`�@
���+�i�2�` �Q�7 �� �/���i���b�2�i �U�B�M �Q�m�` �+���b�2 �i�?�2 �*���M�i�m �?�Q�b�T�B�i���H �1�. �T���i�B�2�M�i�b�ö ���`�`�B�p���H �/���i���b�2�i�V �B�M�+�H�m�/�B�M�;
�i�?�2 �b�m�b�i���B�M�2�/ �T�2�`�B�Q�/�B�+�B�i�v �Q�7 �i�?�2 �M�m�K�#�2�` �Q�7 ���`�`�B�p���H�b �T�2�` �?�Q�m�` �B�i �2�t�?�B�#�B�i�b�X �h�?�2 �b�2���`�+�? �7�Q�` ���M
���/�2�[�m���i�2 �K�Q�/�2�H �B�M�p�Q�H�p�2�b �b�2�H�2�+�i�B�M�; �� �b�m�B�i���#�H�2 �7���K�B�H�v �Q�7 �b�i�Q�+�?���b�i�B�+ �T�`�Q�+�2�b�b�2�b ���M�/�- �#�v ���T�T�H�B�@
�+���i�B�Q�M �Q�7 �� �T���`���K�2�i�2�` �2�b�i�B�K���i�B�Q�M ���T�T�`�Q���+�?�- �B�/�2�M�i�B�7�v�B�M�; �� �K�Q�/�2�H �B�M�b�i���M�+�2 �i�?���i ���/�2�[�m���i�2�H�v
���T�T�`�Q�t�B�K���i�2 �i�?�2 �/���i���b�2�i�X �h�?�2 �+�?�Q�B�+�2 �Q�7 �i�?�2 �i���`�;�2�i �7���K�B�H�v �Q�7 �b�i�Q�+�?���b�i�B�+ �T�`�Q�+�2�b�b �/�2�T�2�M�/�b
�p�2�`�v �K�m�+�? �Q�M �i�?�2 �b�i���i�B�b�i�B�+���H �T�2�`�b�T�2�+�i�B�p�2 �Q�M�2 �r�B�b�?�2�b �i�Q �K�B�K�B�+�X

�6�Q�` �2�t���K�T�H�2 �i�Q ���/�2�[�m���i�2�H�v �`�2�T�`�Q�/�m�+�2 �i�?�2 �S�.�6 �Q�7 �i�?�2 �B�M�i�2�`�@���`�`�B�p���H �i�B�K�2 �r�2 �K���v �+�Q�M�@
�b�B�/�2�` �i�?�2 �7���K�B�H�v �Q�7 �J���`�F�Q�p �`�2�M�2�r���H �T�`�Q�+�2�b�b�2�b �U�J�_�S�b�V ���M�/ �/�2�`�B�p�2 �i�?�2 �T���`���K�2�i�2�`�b �Q�7 �i�?�2
�+�Q�`�`�2�b�T�Q�M�/�B�M�; �+�Q�M�i�B�M�m�Q�m�b �T�?���b�2�@�i�v�T�2 �U�*�S�>�V �/�B�b�i�`�B�#�m�i�B�Q�M�X ���H�i�?�Q�m�;�? �J�_�S�b �+���M �#�2 �m�b�2�/ �i�Q
�Q�#�i���B�M ���M ���`�#�B�i�`���`�B�H�v �T�`�2�+�B�b�2 ���T�T�`�Q�t�B�K���i�B�Q�M �Q�7 �i�?�2 �B�M�i�2�` ���`�`�B�p���H �i�B�K�2 �S�.�6 �i�?�2�v �7���H�H �b�?�Q�`�i
�r�?�2�M �B�i �+�Q�K�2�b �i�Q �`�2�T�`�Q�/�m�+�2 �T�2�`�B�Q�/�B�+�B�i�v ���b �i�?�2�v �/�Q �M�Q�i ���H�H�Q�r �i�Q ���+�+�Q�m�M�i �7�Q�` �2�t�B�b�i�B�M�; �+�Q�`�`�2�@
�H���i�B�Q�M �B�M �i�?�2 �Q�#�b�2�`�p�2�/ �B�M�i�2�` ���`�`�B�p���H �i�B�K�2�b�- ���b �B�b �B�M�/�2�2�/ �i�?�2 �+���b�2 �r�B�i�? �i�?�2 �+�Q�M�b�B�/�2�`�2�/ �/���i���b�2�i
�U�6�B�;�m�`�2�8�X�e�V�X �A�M �i�?�B�b �`�2�b�T�2�+�i �i�?�2 �7���K�B�H�v �Q�7 �J���`�F�Q�p ���`�`�B�p���H �T�`�Q�+�2�b�b�2�b �U�J���S�b�V �+�Q�M�b�i�B�i�m�i�2 ���M
�B�K�T�`�Q�p�2�K�2�M�i ���b �i�?�2�v �/�Q ���H�H�Q�r �Q�M�2 �i�Q ���+�+�Q�m�M�i �7�Q�` �+�Q�`�`�2�H���i�B�Q�M �#�2�i�r�2�2�M �B�M�i�2�`�@���`�`�B�p���H �i�B�K�2�b
�?�2�M�+�2 �i�?�2�v ���H�H�Q�r �7�Q�` �;�2�M�2�`���i�B�M�; ���`�`�B�p���H�b �i�?���i �M�Q�i �Q�M�H�v �K���i�+�? �i�?�2 �B�M�i�2�`�@���`�`�B�p���H �S�.�6 �#�m�i �i�?���i
���`�2 ���H�b�Q �+�Q�`�`�2�H���i�2�/�X �>�Q�r�2�p�2�` �B�7 �i�?�2 �+�Q�M�b�B�/�2�`�2�/ �/���i���b�2�i �2�t�?�B�#�B�i�b �+�Q�`�`�2�H���i�B�Q�M ���H�b�Q �r�X�`�X�i�X �i�?�2
�M�m�K�#�2�` �Q�7 ���`�`�B�p���H�b �T�2�` �i�B�K�2�@�7�`���K�2 �U���b �B�M �Q�m�` �+���b�2�V�- �J���S�b �K���v �M�Q�i �#�2 �� �+�Q�M�p�2�M�B�2�M�i �Q�T�i�B�Q�M
�i�Q �K�B�K�B�+ �#�Q�i�? �F�B�M�/ �Q�7 �+�Q�`�`�2�H���i�B�Q�M�X �A�M �7���+�i �i�?�2 ���#�B�H�B�i�v �Q�7 �J���S�b �i�Q �+�Q�T�2 �r�B�i�? �+�Q�`�`�2�H���i�2�/
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�J���`�F�Q�p �`�2�M�2�r���H �T�`�Q�+�2�b�b�- �B�X�2�X �� �F�B�M�/ �Q�7 �T�`�Q�+�2�b�b �b�m�B�i���#�H�2 �7�Q�` �K�Q�/�2�H�H�B�M�; �B�M�/�2�T�2�M�/�2�M�i ���M�/
�B�/�2�M�i�B�+���H�H�v �/�B�b�i�`�B�#�m�i�2�/ �B�M�i�2�`�@���`�`�B�p���H �i�B�K�2�b�X �q�B�i�? �� �J�_�S �i�?�2 �/���i���b�2�i �B�M�i�2�`�@���`�`�B�p���H �i�B�K�2 �/�B�b�@
�i�`�B�#�m�i�B�Q�M �B�b ���T�T�`�Q�t�B�K���i�2�/ �#�v �� �/�2�;�`�2�2�@n �T�?���b�2 �i�v�T�2 �U�S�>�V �/�B�b�i�`�B�#�m�i�B�Q�M�- �B�X�2�X �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M
�Q�7 �i�?�2 �i�B�K�2 �i�Q ���#�b�Q�`�T�i�B�Q�M �Q�7 �� �U�+�Q�M�i�B�M�m�Q�m�b�@�i�B�K�2�V �J���`�F�Q�p �+�?���B�M �+�Q�M�b�B�b�i�B�M�; �Q�7n �i�`���M�b�B�2�M�i
�b�i���i�2�b �U�i�?�2 �T�?���b�2�b�V ���M�/ �Q�M�2 ���#�b�Q�`�#�B�M�; �b�i���i�2 �(�L�2�m�d�8�)�X �� �/�2�;�`�2�2�@n �*�S�> �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �+�Q�M�@
�p�2�M�B�2�M�i�H�v �/�2�b�+�`�B�#�2�/ �#�v �i�?�2 �p�2�+�i�Q�`� 2 [0; 1]n �Q�7 �B�M�B�i�B���H �T�`�Q�#���#�B�H�B�i�B�2�b �Q�7 �i�?�2 �i�`���M�b�B�2�M�i �b�i���i�2�b�j
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���M�/ �i�?�2 �Q�T�T�Q�b�B�i�2 �Q�7 �i�?�2 �b�m�K �Q�7 �i�?�2 �B�M�i�2�M�b�B�i�B�2�b �Q�7 �i�?�2 �Q�m�i�;�Q�B�M�; �i�`���M�b�B�i�B�Q�M�b �B�M �i�?�2 �/�B���;�Q�M���H
�U�i�?�B�b ���H�H�Q�r�b �i�Q �/�2�i�2�`�K�B�M�2 �i�?�2 �i�`���M�b�B�i�B�Q�M �B�M�i�2�M�b�B�i�B�2�b �i�Q�r���`�/ �i�?�2 ���#�b�Q�`�#�B�M�; �b�i���i�2�V�X �"���b�2�/ �Q�M
�#���b�B�+ �T�`�Q�T�2�`�i�B�2�b �Q�7 �*�h�J�*�b �i�?�2 ���M���H�v�i�B�+���H �2�t�T�`�2�b�b�B�Q�M �Q�7 �i�?�2 �T�/�7 �Q�7 �i�?�2 �i�B�K�2 �i�Q ���#�b�Q�`�T�i�B�Q�M
f : R+ ! [0; 1] �Q�7 �� �*�S�> �B�b �;�B�p�2�M �#�vf (x) = �e Qx (� Q)1I �r�?�2�`�21I �B�b �i�?�2 �+�Q�H�m�K�M �p�2�+�i�Q�` �Q�7
�R�b�- ���M�/�- �+�Q�M�b�2�[�m�2�M�i�H�v�- �i�?���i �Q�7 �B�i�bi �@�i�? �Ui 2 N+ �V �K�Q�K�2�M�i �B�b �;�B�p�2�M �#�vmi = i !� (� Q) � i 1I�X
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���M�/ �i�?�2 �;�`���v �b�i���i�2 �B�b �i�?�2 ���#�b�Q�`�#�B�M�; �Q�M�2�V ���M�/ �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �S�.�6 �Q�7 �i�?�2 �i�B�K�2 �i�Q �`�2���+�?
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�i�?�2 �S�.�6 �Q�7 �i�?�2 �i�B�K�2�@�i�Q�@���#�b�Q�`�T�i�B�Q�M �7�Q�` �i�?�2 �j �+���b�2�bn = 1 ; 2; 3 ���M�/ �+�Q�K�T���`�2�/ �i�?�2�K �r�B�i�?
�i�?�2 �B�M�i�2�`�@���`�`�B�p���H �S�.�6 �+�Q�K�T�m�i�2�/ �Q�p�2�` �i�?�2 �/���i���b�2�i �U�6�B�;�m�`�2�8�X�N�V�X �q�2 �T�Q�B�M�i �Q�m�i �i�?���i �Q�M�H�v �i�?�2
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�*�S�> �B�b �+���T���#�H�2 �Q�7 ���T�T�`�Q�t�B�K���i�B�M�; �Q�M�H�v �i�?�2 �7�`�Q�M�i �Q�7 �i�?�2 �S�.�6 �r�?�B�H�2 �i�?�2 �R�@�T�?���b�2 �*�S�> �7���B�H�b
�i�Q ���T�T�`�Q�t�B�K���i�2 �i�?�2 �7�`�Q�M�i �i�Q�Q�X

�A�i �B�b �2�p�B�/�2�M�i �i�?���i�- �2�p�2�M �B�7 �i�?�2 �B�M�i�2�`�@���`�`�B�p���H �i�B�K�2 �/�B�b�i�`�B�#�m�i�B�Q�M �B�b �r�2�H�H ���T�T�`�Q�t�B�K���i�2�/�- ��
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�6�B�;�m�`�2 �8�X�N�,�6�`�Q�M�i �U�H�2�7�i�V ���M�/ �i���B�H �U�`�B�;�?�i�V �Q�7 �T�/�7 �Q�7 �*�S�> �/�B�b�i�`�B�#�m�i�B�Q�M ���T�T�`�Q�t�B�K���i�B�Q�M�b �Q�7 �i�?�2
�B�M�i�2�`�@���`�`�B�p���H �i�B�K�2 �/�B�b�i�`�B�#�m�i�B�Q�M �#���b�2�/ �Q�M �K�Q�K�2�M�i �K���i�+�?�B�M�;�X

�`�2�M�2�r���H �T�`�Q�+�2�b�b �B�b �b�B�;�M�B�}�+���M�i�H�v �/�B�z�2�`�2�M�i �7�`�Q�K �i�?�2 �/���i�� �b�2�i �m�M�/�2�` �b�i�m�/�v �#�2�+���m�b�2 �B�i �+���M�M�Q�i
�2�t�?�B�#�B�i �+�Q�`�`�2�H���i�B�Q�M ���M�/ �T�2�`�B�Q�/�B�+�B�i�v�X �L�2�p�2�`�i�?�2�H�2�b�b�- ���b �r�2 �r�B�H�H �b�?�Q�r �B�M �a�2�+�i�B�Q�M�8�X�j�X�k�- �i�?�2
�`�2�M�2�r���H �T�`�Q�+�2�b�b �r�B�i�? �� �T�`�Q�T�2�` �S�> �/�B�b�i�`�B�#�m�i�B�Q�M �+���M �;�B�p�2 �;�Q�Q�/ ���T�T�`�Q�t�B�K���i�B�Q�M �Q�7 �b�Q�K�2 �T�2�`�@
�7�Q�`�K���M�+�2 �B�M�/�B�+�2�b�X �A�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �r�2 �T�`�Q�T�Q�b�2 �K�Q�/�2�H�b �B�M �r�?�B�+�? �i�?�2�`�2 �B�b �+�Q�`�`�2�H���i�B�Q�M �B�M �i�?�2
�B�M�i�2�`�@���`�`�B�p���H �i�B�K�2 �b�2�[�m�2�M�+�2�X

�8�X�k�X�k �J���`�F�Q�p�B���M ���`�`�B�p���H �T�`�Q�+�2�b�b�2�b

�h�Q �Q�p�2�`�+�Q�K�2 �i�?�2 �H�B�K�B�i���i�B�Q�M�b �Q�7 �J�_�S�b�- �B�X�2�X �i�?�2 �B�K�T�Q�b�b�B�#�B�H�B�i�v �i�?���i �i�?�2�v �;�2�M�2�`���i�2 �+�Q�`�`�2�@
�H���i�2�/ ���`�`�B�p���H�b�- �r�2 �i�m�`�M�2�/ �i�Q �i�?�2 �7���K�B�H�v �Q�7 �+�Q�M�i�B�M�m�Q�m�b �i�B�K�2 �J���`�F�Q�p�B���M ���`�`�B�p���H �T�`�Q�+�2�b�b�2�b
�U�J���S�V �(�L�2�m�d�N�)�X �� �J���S �B�b �� �F�B�M�/ �Q�7 �T�`�Q�+�2�b�b �B�M �r�?�B�+�? �i�?�2 �2�K�m�H���i�B�Q�M �Q�7 �2�p�2�M�i�b �Q�7 �B�M�i�2�`�2�b�i
�U���`�`�B�p���H�b �B�M �Q�m�` �+���b�2�V �B�b �;�Q�p�2�`�M�2�/ �#�v �� �#���+�F�;�`�Q�m�M�/ �*�h�J�*�- �i�?���i �B�b�- �� �*�h�J�* �r�?�Q�b�2 �b�i���i�2�b
���`�2 �m�b�2�/ �i�Q �K�Q�/�2�H �S�Q�B�b�b�Q�M �T�`�Q�+�2�b�b�2�b �Q�7 �;�B�p�2�M ���`�`�B�p���H �B�M�i�2�M�b�B�i�B�2�b�- ���M�/ �r�?�Q�b�2 �b�i���i�2�@�i�`���M�b�B�i�B�Q�M�b
���H�H�Q�r�b �i�Q �b�r�B�i�+�? �#�2�i�r�2�2�M �/�B�z�2�`�2�M�i �S�Q�B�b�b�Q�M �T�`�Q�+�2�b�b�2�b �?�2�M�+�2 �i�Q �K�Q�/�2�H �+�Q�`�`�2�H���i�B�Q�M�b�X ���b ��
�`�2�b�m�H�i �� �J���S ���H�H�Q�r�b �7�Q�` �K�Q�/�2�H�H�B�M�; �Q�7 �M�Q�M�@�2�t�T�Q�M�2�M�i�B���H ���M�/ �+�Q�`�`�2�H���i�2�/ �B�M�i�2�`�@���`�`�B�p���H �i�B�K�2�b
���M�/ �K���v �#�2 �b�2�2�M ���b �i�?�2 �;�2�M�2�`���H�B�x���i�B�Q�M �Q�7 �S�Q�B�b�b�Q�M �T�Q�B�M�i �T�`�Q�+�2�b�b�X

�h�?�2 �B�M�}�M�B�i�2�b�B�K���H �;�2�M�2�`���i�Q�` �K���i�`�B�t �Q�7 �i�?�2 �m�M�/�2�`�H�v�B�M�; �*�h�J�* �Q�7 ���Mn�@�b�i���i�2 �J���S �r�B�H�H �#�2
�/�2�M�Q�i�2�/ �#�v �i�?�2n � n �K���i�`�B�tD �X ���`�`�B�p���H�b �+���M �#�2 �;�2�M�2�`���i�2�/ �B�M �i�r�Q �r���v�b�X �6�B�`�b�i�- �B�M �2���+�? �b�i���i�2
i �Q�7 �i�?�2 �*�h�J�* �� �S�Q�B�b�b�Q�M �T�`�Q�+�2�b�b �r�B�i�? �B�M�i�2�M�b�B�i�v� i �B�b ���+�i�B�p�2 ���M�/ �+���M �;�B�p�2 �`�B�b�2 �i�Q ���`�`�B�p���H�b
�/�m�`�B�M�; �� �b�Q�D�Q�m�`�M �B�M �i�?�2 �b�i���i�2�X �a�2�+�Q�M�/�- �r�?�2�M �B�M �i�?�2 �*�h�J�* �� �i�`���M�b�B�i�B�Q�M �7�`�Q�K �b�i���i�2i �i�Qj
�Q�+�+�m�`�b ���M ���`�`�B�p���H �B�b �;�2�M�2�`���i�2�/ �r�B�i�? �T�`�Q�#���#�B�H�B�i�vpi;j �X �� �+�Q�M�p�2�M�B�2�M�i ���M�/ �+�Q�K�T���+�i �M�Q�i���i�B�Q�M �i�Q
�/�2�b�+�`�B�#�2 �� �J���S �B�b �Q�#�i���B�M�2�/ �#�v �+�Q�H�H�2�+�i�B�M�; ���H�H �B�M�i�2�M�b�B�i�B�2�b �B�M �i�r�Q �K���i�`�B�+�2�b�-D (0) ���M�/D (1) �- �B�M
�b�m�+�? �� �r���v �i�?���iD (0) �+�Q�M�i���B�M�b �i�?�2 �i�`���M�b�B�i�B�Q�M �B�M�i�2�M�b�B�i�B�2�b �i�?���i �/�Q �M�Q�i �;�2�M�2�`���i�2 ���M �2�p�2�M�i ���M�/
D (1) �i�?�Q�b�2 �i�?���i �;�B�p�2 �`�B�b�2 �i�Q �Q�M�2�- �B�M�+�H�m�/�B�M�; �i�?�2 �B�M�i�2�M�b�B�i�B�2�b �Q�7 �i�?�2 �S�Q�B�b�b�Q�M �T�`�Q�+�2�b�b�2�b �B�M �i�?�2
�/�B���;�Q�M���H �Q�7D (1) �X �J�Q�`�2�Q�p�2�`�- �i�?�2 �/�B���;�Q�M���H �2�M�i�`�B�2�b �Q�7D (0) ���`�2 �b�2�i �B�M �b�m�+�? �� �r���v �i�?���i �r�2 �?���p�2
D (0) + D (1) = D�X ���+�+�Q�`�/�B�M�;�H�v�- �i�?�2 �2�M�i�`�B�2�b �Q�7D (0) ���M�/D (1) ���`�2

8i; j; i 6= j : D (0)
i;j = (1 � pi;j )D i;j ; D (1)

i;j = pi;j D i;j

8i : D (0)
i;i = �

X

8j;j 6= i

D i;j � � i ; D (1)
i;i = � i
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�A�M �K�Q�b�i �Q�7 �i�?�2 �H�B�i�2�`���i�m�`�2�- �i�?�2 �p�2�+�i�Q�` �Q�7 �b�i�2���/�v �b�i���i�2 �T�`�Q�#���#�B�H�B�i�B�2�b �Q�7 �i�?�2 �#���+�F�;�`�Q�m�M�/ �+�?���B�M�-
�/�2�M�Q�i�2�/ �#�v
 = ( 
 1; :::; 
 n )�- �B�b �m�b�2�/ ���b �B�M�B�i�B���H �T�`�Q�#���#�B�H�B�i�v �p�2�+�i�Q�` �Q�7 �i�?�2 �K�Q�/�2�H�9�X �A�M �i�?�B�b �T���T�2�`
�r�2 �r�B�H�H �/�Q �i�?�2 �b���K�2�X ���b ���M �2�t���K�T�H�2�- �+�Q�M�b�B�/�2�` �i�?�2 �k�@�b�i���i�2 �J���S �/�2�b�+�`�B�#�2�/ �#�v

D (0) =
�

� 3 1
0 � 7

�
D (1) =

�
0 2
2 5

�
D =

�
� 3 3
2 � 2

�
�U�8�X�R�V

�r�?�B�+�? �B�K�T�H�B�2�b �i�?���i �/�m�`�B�M�; �� �b�Q�D�Q�m�`�M �B�M �b�i���i�2 �R �M�Q ���`�`�B�p���H�b ���`�2 �;�2�M�2�`���i�2�/ �r�?�B�H�2 �/�m�`�B�M�;
�� �b�Q�D�Q�m�`�M �B�M �b�i���i�2 �k �� �S�Q�B�b�b�Q�M �T�`�Q�+�2�b�b �r�B�i�? �B�M�i�2�M�b�B�i�v �2�[�m���H �i�Q �8 �B�b ���+�i�B�p�2�X �J�Q�`�2�Q�p�2�`�- ��
�i�`���M�b�B�i�B�Q�M �7�`�Q�K �b�i���i�2 �R �i�Q �b�i���i�2 �k �;�2�M�2�`���i�2�b ���M ���`�`�B�p���H �r�B�i�? �T�`�Q�#���#�B�H�B�i�v �k�f�j �r�?�B�H�2 �i�`���M�b�B�i�B�Q�M�b
�7�`�Q�K �b�i���i�2 �k �i�Q �R ���`�2 ���H�r���v�b ���b�b�Q�+�B���i�2�/ �r�B�i�? ���M ���`�`�B�p���H�X �h�?�2 �b�i�2���/�v �b�i���i�2 �T�`�Q�#���#�B�H�B�i�B�2�b �Q�7
�i�?�2 �#���+�F�;�`�Q�m�M�/ �+�?���B�M ���`�2
 = (0 :4; 0:6)�X

�h�?�2 �r�2�H�H�@�F�M�Q�r�M �S�Q�B�b�b�Q�M �T�`�Q�+�2�b�b �B�b �� �J���S �r�B�i�? �� �b�B�M�;�H�2 �b�i���i�2 �Un = 1 �V�X �h�?�2 �`�2�M�2�r���H
�T�`�Q�+�2�b�b �m�b�2�/ �B�M �a�2�+�i�B�Q�M�8�X�k�X�R�+���M �#�2 �2�t�T�`�2�b�b�2�/ �B�M �i�2�`�K�b �Q�7 �� �J���S �#�v �b�2�i�i�B�M�;D (0) =
Q; D (1) = ( � Q)1I� �X �h�?�2 �J���`�F�Q�p �K�Q�/�m�H���i�2�/ �S�Q�B�b�b�Q�M �T�`�Q�+�2�b�b�- �B�M �r�?�B�+�? �� �S�Q�B�b�b�Q�M �T�`�Q�+�2�b�b
�B�b ���+�i�B�p�2 �B�M �2�p�2�`�v �b�i���i�2 �Q�7 �� �#���+�F�;�`�Q�m�M�/ �*�h�J�*�- �B�b �� �J���S �r�?�Q�b�2D (1) �K���i�`�B�t �+�Q�M�i���B�M�b
�M�Q�M�@�x�2�`�Q �2�M�i�`�B�2�b �Q�M�H�v �B�M �B�i�b �/�B���;�Q�M���H�X

���b �7�Q�` �*�S�> �/�B�b�i�`�B�#�m�i�B�Q�M�b�- �i�r�Q �7���K�B�H�B�2�b �Q�7 �T���`���K�2�i�2�` �2�b�i�B�K���i�B�Q�M �K�2�i�?�Q�/�b �?���p�2 �#�2�2�M
�/�2�p�2�H�Q�T�2�/ �B�M �i�?�2 �H�B�i�2�`���i�m�`�2�, �i�?�2 �}�`�b�i �#���b�2�/ �Q�M �i�?�2 �K���t�B�K�m�K�@�H�B�F�2�H�B�?�Q�Q�/ �T�`�B�M�+�B�T�H�2 �U�(�_�v�/�N�e�-
�"�m�+�y�j�-�P�.�y�N�)�V ���M�/ �i�?�2 �b�2�+�Q�M�/ �#���b�2�/ �Q�M �K���i�+�?�B�M�; �� �7�2�r �b�i���i�B�b�i�B�+���H �T���`���K�2�i�2�`�b �Q�7 �i�?�2 ���`�`�B�p���H
�T�`�Q�+�2�b�b�X �h�?�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M �;�B�p�2�M �#�vD (0) ���M�/D (1) �+�Q�M�i���B�M�b2n2 � n �T���`���K�2�i�2�`�b �U�B�M �2�p�2�`�v
�`�Q�r �Q�7D = D (0) + D (1) �i�?�2 �b�m�K �Q�7 �i�?�2 �2�M�i�`�B�2�b �K�m�b�i �#�2 �x�2�`�Q�V ���M�/ �B�i �B�b �`�2�/�m�M�/���M�i ���b ���M
n�@�b�i���i�2 �J���S �B�b �/�2�i�2�`�K�B�M�2�/ �#�vn2 + 2n � 1 �T���`���K�2�i�2�`�b �U2n � 1 �K�Q�K�2�M�i�b �Q�7 �i�?�2 �B�M�i�2�`�@���`�`�B�p���H
�i�B�K�2�b ���M�/n2 �D�Q�B�M�i �K�Q�K�2�M�i�b �Q�7 �+�Q�M�b�2�+�m�i�B�p�2 �B�M�i�2�`�@���`�`�B�p���H �i�B�K�2�b�c �b�2�2 �(�h�>�y�d�) �7�Q�` �/�2�i���B�H�b�V�X
�J���t�B�K�m�K�@�H�B�F�2�H�B�?�Q�Q�/ �#���b�2�/ �K�2�i�?�Q�/�b �b�m�z�2�`�b �7�`�Q�K �i�?�2 �b���K�2 �/�`���r�#���+�F�b �/�2�b�+�`�B�#�2�/ �#�2�7�Q�`�2 �B�M
�+���b�2 �Q�7 �*�S�> �/�B�b�i�`�B�#�m�i�B�Q�M�b�X �A�M �i�?�B�b �T���T�2�` �r�2 �2�t�T�2�`�B�K�2�M�i �r�B�i�? �K�2�i�?�Q�/�b �i�?���i �#�2�H�Q�M�; �i�Q �i�?�2
�b�2�+�Q�M�/ �7���K�B�H�v �Q�7 ���T�T�`�Q���+�?�2�b�X

�� 2�@�b�i���i�2 �J���S �B�b �/�2�i�2�`�K�B�M�2�/ �#�v3 �K�Q�K�2�M�i�b �Q�7 �i�?�2 �B�M�i�2�`�@���`�`�B�p���H �i�B�K�2�b ���M�/ �i�?�2 �H���;�@
�R ���m�i�Q�@�+�Q�`�`�2�H���i�B�Q�M �Q�7 �i�?�2 �B�M�i�2�`�@���`�`�B�p���H �i�B�K�2 �b�2�[�m�2�M�+�2 �(�"�>�>�h�y�3�-�h�>�y�d�)�X �P�m�` �b�2�[�m�2�M�+�2 �?���b
�?�Q�r�2�p�2�` �b�m�+�? �� �H���;�@�R ���m�i�Q�@�+�Q�`�`�2�H���i�B�Q�M �i�?���i �+���M�M�Q�i �#�2 �`�2���H�B�x�2�/ �r�B�i�? �Q�M�H�v �k �b�i���i�2�b�X �A�M �(�>�Q�`�R�j�)
�� �K�2�i�?�Q�/ �r���b �T�`�Q�T�Q�b�2�/ �i�?���i �+�`�2���i�2�b �� �J���S �r�B�i�? ���M�v �j �B�M�i�2�`�@���`�`�B�p���H �i�B�K�2 �K�Q�K�2�M�i�b ���M�/
�H���;�@�R ���m�i�Q�@�+�Q�`�`�2�H���i�B�Q�M�X �h�?�B�b �K�2�i�?�Q�/�- �B�K�T�H�2�K�2�M�i�2�/ �B�M �i�?�2 �"�m�h�Q�Q�H�b �T���+�F���;�2�- �T�`�Q�p�B�/�2�b �i�?�2
�7�Q�H�H�Q�r�B�M�; �e�@�b�i���i�2 �J���S�,
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0 0 0 0 � 0:0989 0:0989
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�9�L�Q�i�B�+�2 �i�?���i
 �2�t�B�b�i�b ���M�/ �B�b �B�M�/�2�T�2�M�/�2�M�i �Q�7 �i�?�2 �B�M�B�i�B���H �b�i���i�2 ���b �i�?�2 �#���+�F�;�`�Q�m�M�/ �*�h�J�* �B�b�- �#�v �/�2�}�M�B�i�B�Q�M�-
�2�`�;�Q�/�B�+�X



�*�?���T�i�2�` �8�X �.���i���@�/�`�B�p�2�M �T�`�2�/�B�+�i�B�p�2 �K�Q�/�2�H�B�M�; �Q�7 �T�2�`�B�Q�/�B�+ �T�?�2�M�Q�K�2�M���R�y�e

�6�B�;�m�`�2 �8�X�R�y�,���+�7 �Q�7 �i�?�2 �B�M�i�2�`�@���`�`�B�p���H �i�B�K�2
�b�2�[�m�2�M�+�2 �Q�7 �i�?�2 �Q�`�B�;�B�M���H �/���i�� ���M�/ �Q�7 �i�?�2
�J���S �;�B�p�2�M �B�M �U�8�X�k�@�8�X�j�V�X

�6�B�;�m�`�2 �8�X�R�R�,���+�7 �Q�7 �i�?�2 �M�m�K�#�2�` �Q�7 ���`�`�B�p���H�b
�T�2�` �?�Q�m�` �b�2�[�m�2�M�+�2 �Q�7 �i�?�2 �Q�`�B�;�B�M���H �/���i�� ���M�/
�Q�7 �i�?�2 �J���S �;�B�p�2�M �B�M �U�8�X�k�@�8�X�j�V�X
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0: 0: 0: 0: 0: 0:
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0: 0: 0: 0: 0: 0:
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�r�B�i�? �r�?�B�+�? �i�?�2 �b�i�2���/�v �b�i���i�2 �T�`�Q�#���#�B�H�B�i�v �p�2�+�i�Q�` �Q�7 �i�?�2 �#���+�F�;�`�Q�m�M�/ �J���`�F�Q�p �+�?���B�M �B�b
 =
(0:149503; 0:153343; 0:0126432; 0:22817; 0:22817; 0:22817)�X

���b �Q�T�T�Q�b�2�/ �i�Q �i�?�2 ���T�T�`�Q���+�? �m�b�2�/ �B�M �a�2�+�i�B�Q�M�8�X�k�X�R�- �B�M �i�?�2 ���`�`�B�p���H �T�`�Q�+�2�b�b �;�2�M�2�`���i�2�/ �#�v
�� �J���S �i�?�2�`�2 �+���M �#�2 �+�Q�`�`�2�H���i�B�Q�M �#�2�i�r�2�2�M �b�m�#�b�2�[�m�2�M�i �B�M�i�2�`�@���`�`�B�p���H �i�B�K�2�b�X �A�M �6�B�;�m�`�2�8�X�R�y�r�2
�/�2�T�B�+�i �i�?�2 ���+�7 �B�M �i�?�2 �B�M�i�2�`�@���`�`�B�p���H �i�B�K�2 �b�2�[�m�2�M�+�2 �;�2�M�2�`���i�2�/ �#�v �i�?�2 ���#�Q�p�2 �e�@�b�i���i�2 �J���S ���M�/
�i�?���i �+�Q�K�T�m�i�2�/ �Q�M �i�?�2 ���p���B�H���#�H�2 �/���i���b�2�i�X ���b �;�m���`���M�i�2�2�/ �#�v �i�?�2 ���T�T�H�B�2�/ �K�2�i�?�Q�/ �7�Q�`n = 1
�i�?�2 ���m�i�Q�@�+�Q�`�`�2�H���i�B�Q�M �B�b �K���i�+�?�2�/ �2�t���+�i�H�v �#�m�i �i�?�2�M �B�i �7���B�H�b �i�Q �7�Q�H�H�Q�r �i�?�2 ���m�i�Q�@�+�Q�`�`�2�H���i�B�Q�M �Q�7
�i�?�2 �/���i���X �h�?�2 ���+�7 �Q�7 �i�?�2 �b�2�[�m�2�M�+�2 �+�Q�m�M�i�B�M�; �i�?�2 �M�m�K�#�2�` �Q�7 ���`�`�B�p���H �T�2�` �?�Q�m�` �;�2�M�2�`���i�2�/ �#�v
�i�?�2 �b���K�2 �J���S �B�b �;�B�p�2�M �B�M�b�i�2���/ �B�M �6�B�;�m�`�2�8�X�R�R�r�?�B�+�? �B�b �p�2�`�v �/�B�z�2�`�2�M�i �7�`�Q�K �i�?�2 �i�?���i �Q�7 �i�?�2
�/���i���b�2�i�X �A�M �i�?�2 �M�m�K�#�2�` �Q�7 �T���i�B�2�M�i�b �T�2�` �/���v �b�2�[�m�2�M�+�2 �i�?�2 ���m�i�Q�@�+�Q�`�`�2�H���i�B�Q�M �Q�7 �i�?�2 �e�@�b�i���i�2
�J���S �r�B�i�?n = 1 �B�b �y�X�y�y�9�e�N�9�j�j�- �B�X�2�X�- �B�i �B�b �M�2�;�H�B�;�B�#�H�2�- ���b �Q�T�T�Q�b�2�/ �i�Q �i�?���i �B�M �i�?�2 �/���i�� �r�?�2�`�2
�B�i �B�b �y�X�k�k�X

���b �b�2�2�M ���#�Q�p�2�- �e �b�i���i�2�b ���`�2 �M�2�+�2�b�b���`�v �i�Q �K���i�+�? �i�?�`�2�2 �K�Q�K�2�M�i�b ���M�/ �D�m�b�i �i�?�2 �H���;�@�R
���m�i�Q�+�Q�`�`�2�H���i�B�Q�M �Q�7 �i�?�2 �B�M�i�2�`�@���`�`�B�p���H �i�B�K�2�b�X �h�?�B�b �B�M�/�B�+���i�2�b �i�?���i �� �J���S �r�B�i�? �H���`�;�2 �M�m�K�#�2�` �Q�7
�b�i���i�2�b �B�b �M�2�+�2�b�b���`�v �i�Q �+���T�i�m�`�2 �i�?�2 �T�2�+�m�H�B���` �b�i���i�B�b�i�B�+���H �7�2���i�m�`�2�b �Q�7 �i�?�2 �T���i�B�2�M�i ���`�`�B�p���H �T�`�Q�+�2�b�b�X
�:�2�M�2�`���H �T�m�`�T�Q�b�2 �J���S �}�i�i�B�M�; �i�2�+�?�M�B�[�m�2�b ���`�2 �M�Q�i ���T�T�H�B�+���#�H�2 �?�Q�r�2�p�2�` �r�B�i�? �b�m�+�? �H���`�;�2 �M�m�K�#�2�`
�Q�7 �b�i���i�2�b�X

�8�X�k�X�j �>�B�/�/�2�M �J���`�F�Q�p �T�`�Q�+�2�b�b�2�b

�� �>�B�/�/�2�M �J���`�F�Q�p �K�Q�/�2�H �U�>�J�J�V �(�_���#�N�y�) �+���M �#�2 �i�?�Q�m�;�?�i �Q�7 ���b �� �;�2�M�2�`���H�B�b���i�B�Q�M �Q�7 �� �.�h�J�*
�7�Q�` �r�?�B�+�? ���M �2�t�i�2�`�M���H �Q�#�b�2�`�p�2�` �+���M�M�Q�i �/�B�`�2�+�i�H�v �b�2�2 �i�?�2 �b�i���i�2�b �#�m�i �Q�M�H�v �Q�#�b�2�`�p�2 �b�Q�K�2�Q�m�i�T�m�i
�r�?�Q�b�2 �T�`�Q�#���#�B�H�B�i�v �i�Q �#�2 �2�K�B�i�i�2�/ �/�2�T�2�M�/�b �Q�M �i�?�2 �b�i���i�2�X �A�M �T�`���+�i�B�+�2 ���M �>�J�J �B�b �+�?���`���+�i�2�`�B�b�2�/
�#�v�,�B�V�� �b�2�i �Q�7 �b�i���i�2�bS = f s1; : : : ; sng�c�B�B�V�� �b�2�i �Q�7 �T�Q�b�b�B�#�H�2 �Q�#�b�2�`�p���i�B�Q�M�bO = f o1; : : : ; om g�c



�*�?���T�i�2�` �8�X �.���i���@�/�`�B�p�2�M �T�`�2�/�B�+�i�B�p�2 �K�Q�/�2�H�B�M�; �Q�7 �T�2�`�B�Q�/�B�+ �T�?�2�M�Q�K�2�M���R�y�d

�B�B�B�V ��n � n �b�i���i�2�@�i�`���M�b�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �K���i�`�B�tA = f aij g �r�B�i�?aij �#�2�B�M�; �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7
�i�`���M�b�B�i�B�Q�M�B�M�; �7�`�Q�K �b�i���i�2si �i�Qsj �c�B�p�V�� n � m �b�i���i�2�@�Q�#�b�2�`�p���i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �K���i�`�B�tB = f bij g
�r�?�2�`�2bij �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �Q�#�b�2�`�p�B�M�;oj �r�?�2�M �i�?�2 �+�?���B�M �2�M�i�2�`�b �b�i���i�2si �c�p�V���M �B�M�B�i�B���H
�/�B�b�i�`�B�#�m�i�B�Q�M �Q�p�2�` �i�?�2 �b�2�i �Q�7 �b�i���i�2�bS �/�2�M�Q�i�2�/ �#�v� �X ���+�+�Q�`�/�B�M�;�H�v�- ���M �>�J�J �B�b �+�Q�K�T�H�2�i�2�H�v
�/�2�i�2�`�K�B�M�2�/ �#�v �i�?�2 �i�`�B�T�H�2(�; A; B )�X

�h�?�2�`�2 �2�t�B�b�i �i�?�`�2�2 �+�H���b�b�B�+���H �T�`�Q�#�H�2�K�b �7�Q�` �>�J�J�- ���H�H �Q�7 �r�?�B�+�? �`�2�[�m�B�`�B�M�; �� �b�2�[�m�2�M�+�2 �Q�7
�Q�#�b�2�`�p���i�B�Q�M�bO = ( o1; : : : ok )�X �h�?�2 �}�`�b�i �Q�M�2 �B�b �i�?�2�2�p���H�m���i�B�Q�M �T� �̀Q�#�H�2�K�, �;�B�p�2�M ���M �>�J�J �#�v
(�; A; B ) ���M�/ �� �b�2�[�m�2�M�+�2O�- �+���H�+�m�H���i�2 �i�?�2 �T�`�Q�#���#�B�H�B�i�v �i�?���i �i�?�2 �>�J�J �T�`�Q�/�m�+�2�bO�X �h�?�2
�b�2�+�Q�M�/�- �+���H�H�2�/�/�2�+�Q�/�B�M�; �T� �̀Q�#�H�2�K�- �+�Q�M�b�B�b�i�b �Q�7 �/�2�i�2�`�K�B�M�B�M�; �i�?�2 �K�Q�b�i �T�`�Q�#���#�H�2 �b�i���i�2 �b�2�[�m�2�M�+�2
�;�B�p�2�M �� �>�J�J ���M�/ �� �b�2�[�m�2�M�+�2O�X �h�?�2 �i�?�B�`�/ �Q�M�2�- �i�?�2�H�2���`�M�B�M�; �T� �̀Q�#�H�2�K�- �?���b �Q�M�H�vO ���b �B�M�T�m�i
���M�/ �B�b ���#�Q�m�i �}�M�/�B�M�; �b�m�+�? �i�`�B�T�H�2(�; A; B ) �r�B�i�? �r�?�B�+�? �Q�#�b�2�`�p�B�M�;O �B�b �K�Q�b�i �T�`�Q�#���#�H�2�X

�A�M �i�?�B�b �T���T�2�` �r�2 �7�Q�+�m�b �Q�M �i�?�2 �i�?�B�`�/ �i�v�T�2 �Q�7 �T�`�Q�#�H�2�K ���M�/ �B�M �T���`�i�B�+�m�H���` �r�2 �/�2�p�2�H�Q�T
���M�/ �b�i�m�/�v �i�r�Q �>�J�J�b ���B�K�2�/ ���i �`�2�T�`�Q�/�m�+�B�M�; �i�?�2 �b�i���i�B�b�i�B�+���H �+�?���`���+�i�2�`�B�b�i�B�+�b �Q�7 �i�?�2 �T���i�B�2�M�i�b�ö
���`�`�B�p���H �/���i���b�2�i �U�/�2�b�+�`�B�#�2�/ �B�M �a�2�+�i�B�Q�M�8�X�R�V�X �q�2 �b�i���`�i �Q�z �r�B�i�? �� �`���i�?�2�` �+�Q���`�b�2�@�;�`���B�M�2�/ �U�Q�M�H�v
�j�@�b�i���i�2�V �#�m�i �;�2�M�2�`���H �>�J�J�- �r�?�B�+�? �`�2�p�2���H�b �i�Q �#�2 �+���T���#�H�2 �Q�7 �`�2�T�`�Q�/�m�+�B�M�; �Q�M�H�v �K���`�;�B�M���H�H�v
�i�?�2 ���m�i�Q�@�+�Q�`�`�2�H���i�B�Q�M �+�?���`���+�i�2�`�B�b�i�B�+�b �Q�7 �i�?�2 �T���i�B�2�M�i�b ���`�`�B�p���H�b �/���i���X �h�?�2�M �r�2 �T�`�Q�T�Q�b�2 �� �>�J�J
�r�B�i�? �T���`�i�B�+�m�H���` �m�M�/�2�`�H�v�B�M�; �.�h�J�* �i�?���i �b�?�Q�r�b �;�Q�Q�/ ���;�`�2�2�K�2�M�i �r�B�i�? �i�?�2 �/���i���b�2�i �7�`�Q�K ��
�b�i���i�B�b�i�B�+���H �T�Q�B�M�i �Q�7 �p�B�2�r�X

�� �j �b�i���i�2�b �>�J�J

�>�2�`�2 �r�2 �+�Q�M�b�B�/�2�` �� �j �b�i���i�2 �>�J�J �B�M �r�?�B�+�? �2�p�2�`�v �i�B�K�2 �b�H�Q�i �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �Q�M�2 �?�Q�m�` ���M�/ �i�?�2
�T�Q�b�b�B�#�H�2 �Q�#�b�2�`�p���i�B�Q�M�b ���`�2O = f 0; 1; :::; 14g �B�M�i�2�`�T�`�2�i�2�/ ���b �i�?�2 �M�m�K�#�2�` �Q�7 �T���i�B�2�M�i ���`�`�B�p���H�b
�T�2�` �?�Q�m�`�8�X �h�?�B�b �K�2���M�b �i�?���i �i�?�2 �b�2�[�m�2�M�+�2 �;�2�M�2�`���i�2�/ �#�v �i�?�2 �>�J�J �?���b �i�Q �#�2 �T�Q�b�i�@�T�`�Q�+�2�b�b�2�/
�B�7 �r�2 �M�2�2�/ �i�Q �b�T�2�+�B�7�v �i�?�2 �2�t���+�i ���`�`�B�p���H �B�M�b�i���M�+�2 �7�Q�` �2���+�? �T���i�B�2�M�i�X �h�?�B�b �T�Q�b�i�@�T�`�Q�+�2�b�b�B�M�; �r�B�H�H
�+�Q�M�b�B�b�i �Q�7 �/�B�b�i�`�B�#�m�i�B�M�; �i�?�2 ���`�`�B�p���H�b �B�M �m�M�B�7�Q�`�K �K���M�M�2�` �B�M�b�B�/�2 �i�?�2 �?�Q�m�`�X

�h�?�2�`�2 ���`�2 �k �7�`�2�2 �T���`���K�2�i�2�`�b �B�M� �-3 � 2 = 6 �B�MA ���M�/3 � 14 = 42 �B�MB �U�#�2�+���m�b�2�
�K�m�b�i �#�2 �M�Q�`�K���H�B�x�2�/ ���M�/ ���H�b�Q �i�?�2 �`�Q�r�b �#�Q�i�? �B�MA ���M�/B �K�m�b�i �#�2 �M�Q�`�K���H�B�x�2�/�V�X �q�2 ���T�T�H�B�2�/
�i�?�2 �"���m�K�@�q�2�H�+�? ���H�;�Q�`�B�i�?�K �(�"�S�a�q�d�y�) �i�Q �/�2�i�2�`�K�B�M�2 �i�?�2 �Q�T�i�B�K���H �T���`���K�2�i�2�`�b �b�i���`�i�B�M�; �7�`�Q�K
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�h�?�2 �K�2���M �M�m�K�#�2�` �Q�7 ���`�`�B�p���H�b �T�2�` �?�Q�m�` �r�B�i�? �i�?�2 ���#�Q�p�2 �>�J�J �B�b �j�X�y�3�e�k ���M�/ �B�i�b �p���`�B���M�+�2
�B�b �8�X�e�d�e�e�N �r�?�B�H�2 �B�M �i�?�2 �/���i�� �i�`���+�2 �i�?�2 �K�2���M ���M�/ �i�?�2 �p���`�B���M�+�2 ���`�2 �j�X�y�3�e�d�e ���M�/ �8�X�e�N�y�e�R�-
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���b �Q�M�2 �+���M �2�t�T�2�+�i�- �i�?�2 �j�@�b�i���i�2 �>�J�J �B�b �M�Q�i ���#�H�2 �i�Q �`�2�T�`�Q�/�m�+�2 �i�?�2 �b�m�b�i���B�M�2�/ �Q�b�+�B�H�H���i�B�Q�M
�T�`�2�b�2�M�i �B�M �i�?�2 �/���i�� �b�?�Q�r�M �B�M �6�B�;�m�`�2�8�X�j�U���m�i�Q�+�Q�`�`�2�H���i�B�Q�M �B�b �M�2�;�H�B�;�B�#�H�2 �7�Q�`n � 10�V �#�m�i �/�Q�2�b
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�A�M �Q�`�/�2�` �i�Q �?���p�2 �� �K�Q�/�2�H �i�?���i �B�b ���#�H�2 �i�Q �2�t�?�B�#�B�i �Q�b�+�B�H�H���i�B�Q�M �B�M �i�?�2 ���m�i�Q�+�Q�`�`�2�H���i�B�Q�M �7�m�M�+�i�B�Q�M
�Q�7 �i�?�2 �M�m�K�#�2�` �Q�7 ���`�`�B�p���H�b �T�2�` �?�Q�m�`�- �r�2 �/�2�}�M�2 �� �k�9�@�b�i���i�2 �>�J�J �B�M �r�?�B�+�? �2���+�? �b�i���i�2 �+�Q�`�@
�`�2�b�T�Q�M�/�b �i�Q ���M �?�Q�m�` �Q�7 �i�?�2 �/���v ���M�/ �i�?�2 �i�`���M�b�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�B�2�b ���`�2 �b�m�+�? �i�?���i �i�?�2 �T�`�Q�+�2�b�b
�/�2�i�2�`�K�B�M�B�b�i�B�+���H�H�v �+�v�+�H�2�b �i�?�`�Q�m�;�? �i�?�2 �k�9 �b�i���i�2�b�X ���+�+�Q�`�/�B�M�;�H�v�-A �B�b24 � 24 ���M�/ �B�i�b �2�M�i�`�v �B�M
�T�Q�b�B�i�B�Q�M(i; j ) �B�b �R �B�Mj = ( i + 1) (mod 24) ���M�/ �B�i �B�b �y �Q�i�?�2�`�r�B�b�2�X �h�?�2 �B�M�B�i�B���H �T�`�Q�#���#�B�H�B�i�v
�p�2�+�i�Q�` �B�b �b�2�i �i�Q� = (1 ; 0; :::; 0)�X ���b �#�2�7�Q�`�2�- �i�?�2 �T�Q�b�b�B�#�H�2 �Q�#�b�2�`�p���i�B�Q�M�b ���`�2O = f 0; 1; :::; 14g�X

�h�?�2 �"���m�K�@�q�2�H�+�? ���H�;�Q�`�B�i�?�K �B�b �b�m�+�? �i�?���i �T���`���K�2�i�2�`�b �b�2�i �i�Q �y �B�M�B�i�B���H�H�v �`�2�K���B�M �y�X �*�Q�M�b�2�@
�[�m�2�M�i�H�v�- �i�?�2 ���H�;�Q�`�B�i�?�K �/�Q�2�b �M�Q�i �+�?���M�;�2 �i�?�2 �K���i�`�B�tA ���M�/ �i�?�2 �p�2�+�i�Q�`� ���M�/ �?���b ���M �2�z�2�+�i
�Q�M�H�v �Q�M �i�?�2 �2�M�i�`�B�2�b �Q�7B �X �h�?�2 �M�m�K�#�2�` �Q�7 �T���`���K�2�i�2�`�b �B�b �H���`�;�2�`�- �B�i �B�b24 � 14 = 336�- �#�m�i
�i�?���M�F�b �i�Q �i�?�2 �/�2�i�2�`�K�B�M�B�b�i�B�+ �#�2�?���p�B�Q�` �Q�7 �i�?�2 �m�M�/�2�`�H�v�B�M�; �.�h�J�* �i�?�2 �"���m�K�@�q�2�H�+�? ���H�;�Q�`�B�i�?�K
�/�2�i�2�`�K�B�M�2�b �i�?�2 �T���`���K�2�i�2�`�b �B�M �� �b�B�M�;�H�2 �B�i�2�`���i�B�Q�M�X �q�B�i�? �i�?�2 �`�2�b�m�H�i�B�M�; �>�J�J �i�?�2 �K�2���M �M�m�K�#�2�`
�Q�7 ���`�`�B�p���H�b �T�2�` �?�Q�m�` �B�b �j�X�y�3�e�R�N �r�?�B�H�2 �i�?�2 �p���`�B���M�+�2 �B�b �8�X�e�d�9�e�8�X �h�?�2 �?�Q�m�`�H�v ���m�i�Q�+�Q�`�`�2�H���i�B�Q�M �B�b
�b�?�Q�r�M �B�M �6�B�;�m�`�2�8�X�R�k�U�+�2�M�i�2�`�V�X �h�?�B�b �K�Q�/�2�H �T�`�Q�p�B�/�2�b �p�2�`�v �b�B�K�B�H���` �?�Q�m�`�H�v ���m�i�Q�+�Q�`�`�2�H���i�B�Q�M �i�Q
�i�?���i �Q�7 �i�?�2 �/���i�� �b�2�i�X

�q�2 �2�t�T�2�`�B�K�2�M�i�2�/ ���H�b�Q �r�B�i�? �� �k�9�@�b�i���i�2 �>�J�J �H�2�i�i�B�M�; �i�?�2 �"���m�K�@�q�2�H�+�? ���H�;�Q�`�B�i�?�K �i�Q
�+�?���M�;�2 ���M�v �2�M�i�`�v �Q�7 �i�?�2 �K���i�`�B�tA �U�B�X�2�X�- �i�?�2 �B�M�B�i�B���H �2�M�i�`�B�2�b �Q�7A ���`�2 �`���M�/�Q�K �b�i�`�B�+�i�H�v �;�`�2���i�2�`
�i�?���M �y ���M�/ �b�i�`�B�+�i�H�v �b�K���H�H�2�` �i�?���M �R�V�X �h�?�B�b �r���v �i�?�2 �M�m�K�#�2�` �Q�7 �7�`�2�2 �T���`���K�2�i�2�`�b �B�b24 �
23 + 24 � 14 = 888�X �q�B�i�? �i�?�B�b �H���`�;�2 �M�m�K�#�2�` �Q�7 �T���`���K�2�i�2�`�b �i�?�2 �"���m�K�@�q�2�H�+�? ���H�;�Q�`�B�i�?�K
�T�2�`�7�Q�`�K�b �9�d�N�3 �B�i�2�`���i�B�Q�M�b ���M�/ �`�2�[�m�B�`�2�b ���#�Q�m�i �j �K�B�M�m�i�2�b �Q�7 �+�Q�K�T�m�i���i�B�Q�M �i�B�K�2 �Q�M �� �b�i���M�/���`�/
�T�Q�`�i���#�H�2 �+�Q�K�T�m�i�2�`�X �h�?�2 �`�2�b�m�H�i�B�M�; �>�J�J �?���b �K�2���M ���M�/ �p���`�B���M�+�2 �2�[�m���H �i�Q �j�X�y�3�8�j�N ���M�/
�8�X�e�d�9�e�3�- �`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2 �K���i�`�B�tA �?���b �� �b�B�K�B�H���` �b�i�`�m�+�i�m�`�2 �i�Q �i�?�2 �Q�M�2 �#�2�7�Q�`�2 �#�m�i �i�?�2
�T�`�Q�#���#�B�H�B�i�B�2�b �Q�7 �;�Q�B�M�; �i�Q �i�?�2 �M�2�t�i �b�i���i�2 �B�b �M�Q�i �R �#�m�i �� �p���H�m�2 �#�2�i�r�2�2�M �y�X�e ���M�/ �y�X�N�N�X �h�?�2
�`�2�b�m�H�i�B�M�; ���m�i�Q�+�Q�`�`�2�H���i�B�Q�M �b�i�`�m�+�i�m�`�2 �B�b �/�2�T�B�+�i�2�/ �B�M�8�X�R�k�U�`�B�;�?�i�V�X �q�B�i�? �i�?�2 �M�Q�M�@�/�2�i�2�`�K�B�M�B�b�i�B�+
�m�M�/�2�`�H�v�B�M�; �J���`�F�Q�p �+�?���B�M �i�?�2 ���m�i�Q�+�Q�`�`�2�H���i�B�Q�M �+���M�M�Q�i �2�t�?�B�#�B�i �b�m�b�i���B�M�2�/ �Q�b�+�B�H�H���i�B�Q�M ���M�/ �i�?�2
���m�i�Q�+�Q�`�`�2�H���i�B�Q�M �p���M�B�b�?�2�b ���7�i�2�` ���#�Q�m�i �R�8�y �?�Q�m�`�b �U�B�X�2�X�- �e�@�d �/���v�b�V�X

�8�X�j �1�K�T�B�`�B�+���H �p���H�B�/���i�B�Q�M �Q�7 �/�2�`�B�p�2�/ �K�Q�/�2�H�b

�A�M �i�?�2 �T�`�2�p�B�Q�m�b �b�2�+�i�B�Q�M �r�2 ���M���H�v�b�2�/ �i�?�2 ���/�2�[�m���+�v �Q�7 �2���+�? �F�B�M�/ �Q�7���`�`�B�p���H�K�Q�/�2�H �/�2�`�B�p�2�/ �7�`�Q�K
�i�?�2 �/���i���b�2�i �B�M �ó�B�b�Q�H���i�B�Q�M�ô�- �i�?���i �B�b�, �r�2 �m�b�2�/ �2���+�? �K�Q�/�2�H �i�Q �;�2�M�2�`���i�2 ���`�`�B�p���H�b �Q�#�b�2�`�p���i�B�Q�M�b
���M�/ �+�Q�K�T���`�2�/ �`�2�H�2�p���M�i �b�i���i�B�b�i�B�+�b �U�2�X�;�X �T�K�7 �Q�7 �B�M�i�2�`�@���`�`�B�p���H�b�- ���m�i�Q�@�+�Q�`�`�2�H���i�B�Q�M�b �Q�7 �M�m�K�#�2�` �Q�7
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�6�B�;�m�`�2 �8�X�R�k�,�*�Q�K�T���`�B�M�; �i�?�2 ���m�i�Q�+�Q�`�`�2�H���i�B�Q�M �7�m�M�+�i�B�Q�M �U���+�7�V �Q�7 �i�?�2 �/���i���b�2�i �r�B�i�? �i�?���i �Q�7 �i�?�2
�j�@�b�i���i�2 �>�J�J �U�H�2�7�i�V�- �i�?�2 �k�9�@�b�i���i�2 �>�J�J �r�B�i�? �/�2�i�2�`�K�B�M�B�b�i�B�+ �U�+�2�M�i�2�`�V ���M�/ �M�Q�M�@�/�2�i�2�`�K�B�M�B�b�i�B�+
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���`�`�B�p���H�b �T�2�` �?�Q�m�`�V �+�Q�K�T�m�i�2�/ �Q�M �K�Q�/�2�H�ö�b �;�2�M�2�`���i�2�/ ���`�`�B�p���H�b ���;���B�M�b�i �i�?���i �+�Q�K�T�m�i�2�/ �Q�M �i�?�2
�Q�`�B�;�B�M���H �/���i���b�2�i�X �h�Q �2�t�i�2�M�/ �i�?�2 �p���H�B�/���i�B�Q�M �Q�7 �i�?�2 �/�2�`�B�p�2�/ �K�Q�/�2�H�b �?�2�`�2 �r�2 �+�Q�M�b�B�/�2�` �� �b�B�K�T�H�2
�1�. �b�2�`�p�B�+�2�K�Q�/�2�H �U�6�B�;�m�`�2�8�X�R�9�V �`�2�T�`�2�b�2�M�i�B�M�; �i�?�2 �b�2�`�p�B�+�2�b �� �T���i�B�2�M�i �K���v �;�Q �i�?�`�Q�m�;�? �/�m�`�B�M�;
�?�B�b �T�2�`�K���M�2�M�+�2 ���i �i�?�2 �1�. ���M�/ �r�2 �ó�b�i�B�K�m�H���i�2�ô �B�i �r�B�i�? ���`�`�B�p���H�b �;�2�M�2�`���i�2�/ �Q�M �Q�M�2 �?���M�/ �#�v
�2���+�? �Q�7 �i�?�2���`�`�B�p���H�K�Q�/�2�H�b �/�2�`�B�p�2�/ �7�`�Q�K �i�?�2 �/���i���b�2�i ���b �r�2�H�H ���b �r�B�i�? �i�?�2 ���`�`�B�p���H�b �Q�7 �i�?�2
���+�i�m���H �/���i���b�2�i�X �q�2 �i�?�2�M �+�Q�K�T���`�2 �K�2���M�B�M�;�7�m�H�b�2�`�p�B�+�2�`�2�H���i�2�/ �b�i���i�B�b�i�B�+�b �+�Q�K�T�m�i�2�/ �r�X�`�X�i�X �i�?�2
�+�Q�K�#�B�M�2�/ ���`�`�B�p���H�f�b�2�`�p�B�+�2 �K�Q�/�2�H�b ���;���B�M�b�i �i�?���i �+�Q�K�T�m�i�2�/ �#�v �b�i�B�K�m�H���i�B�M�; �i�?�2 �b�2�`�p�B�+�2 �K�Q�/�2�H
�r�B�i�? �i�?�2 �Q�`�B�;�B�M���H �U���`�`�B�p���H�b�V �/���i���b�2�i�X

�6�Q�` �+�Q�M�p�2�M�B�2�M�+�2 �r�2 �`�2�b�Q�`�i �i�Q �i�?�2 �>���a�G �K�Q�/�2�H �+�?�2�+�F�B�M�; �T�H���i�7�Q�`�K �7�Q�` �i�?�2 �p���H�B�/���i�B�Q�M �Q�7
�i�?�2 �+�Q�K�#�B�M�2�/ ���`�`�B�p���H�f�b�2�`�p�B�+�2 �K�Q�/�2�H�b�- �?�2�M�+�2 �r�2 �`�2�H�v �Q�M �b�i�Q�+�?���b�i�B�+ �S�2�i�`�B �M�2�i�e �2�M�+�Q�/�B�M�; �Q�7
�#�Q�i�? �i�?�2 ���`�`�B�p���H ���M�/ �i�?�2 �b�2�`�p�B�+�2 �T�`�Q�+�2�b�b�X �h�?�2 �S�2�i�`�B �M�2�i �2�M�+�Q�/�B�M�; �Q�7 �i�?�2 �J���`�F�Q�p�B���M ���`�`�B�p���H
�K�Q�/�2�H�b �/�2�`�B�p�2�/ �7�`�Q�K �i�?�2 �/���i���b�2�i �B�b �T�`�2�i�i�v �b�i�`���B�;�?�i�7�Q�`�r���`�/ �?�Q�r�2�p�2�` �i�?�2 �+�Q�K�T�H�2�t�B�i�v �Q�7 �i�?�2
�`�2�b�m�H�i�B�M�; �S�2�i�`�B �M�2�i �B�M�+�`�2���b�2�b �r�B�i�? �i�?���i �Q�7 �i�?�2 �+�Q�M�b�B�/�2�`�2�/ �K�Q�/�2�H�X �6�Q�` �i�?�2 �J���`�F�Q�p �`�2�M�2�r���H�- �i�?�2
�J���S ���M�/ �i�?�2 �j�@�b�i���i�2�b �>�J�J �i�?�2 �`�2�b�m�H�i�B�M�; �S�2�i�`�B �M�2�i �B�b �T�`�2�i�i�v �b�B�K�T�H�2 �?�Q�r�2�p�2�` �i�?�2 �+�Q�K�T�H�2�t
�b�i�`�m�+�i�m�`�2 �Q�7 �i�?�2 �k�9�@�b�i���i�2�b �>�J�J ���`�`�B�p���H �K�Q�/�2�H �`�2�b�m�H�i�2�/ �B�M �� �S�2�i�`�B �M�2�i �+�Q�M�b�B�b�i�B�M�; �Q�7 �e�j �T�H���+�2�b
���M�/ �j�N�3 �i�`���M�b�B�i�B�Q�M�b �U15� 24 �Q�7 �r�?�B�+�? ���`�2 �B�K�K�2�/�B���i�2�- �R�9 ���`�2 �i�B�K�2�/ �r�B�i�? �m�M�B�7�Q�`�K �/�B�b�i�`�B�#�m�i�B�Q�M
�Q�p�2�`[0; 1] ���M�/ �k�9 ���`�2 �i�B�K�2�/ �/�2�i�2�`�K�B�M�B�b�i�B�+ �r�B�i�? �/�2�H���v �2�[�m���H �i�Q �R�V�X�h�?�2�`�2�7�Q�`�2�- �#�2�H�Q�r �r�2 �Q�m�i�H�B�M�2
�� �7�Q�`�K���H �S�2�i�`�B �M�2�i �2�M�+�Q�/�B�M�; �Q�7 �T�2�`�B�Q�/�B�+ �>�J�J �K�Q�/�2�H�b �#���b�2�/ �Q�M �r�?�B�+�? �r�2 �B�K�T�H�2�K�2�M�i�2�/ ���M
���m�i�Q�K���i�B�+ �;�2�M�2�`���i�Q�` �Q�7 �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �L�J�:�a�S�L �K�Q�/�2�H�b �B�M �i�2�`�K�b �Q�7 ���M �B�M�T�m�i �}�H�2 �7�Q�` �i�?�2
�* �P�a�J�P�a �K�Q�/�2�H �+�?�2�+�F�2�`�X �a�B�K�B�H���`�H�v �7�`�Q�K �i�?�2 ���+�i�m���H �/���i���b�2�i �+�Q�M�b�B�b�i�B�M�; �Q�7N ���`�`�B�p���H �2�p�2�M�i�b
�r�2 ���H�b�Q �;�2�M�2�`���i�2 ���m�i�Q�K���i�B�+���H�H�v �B�i�b �i�?�2 �S�2�i�`�B �M�2�i �2�M�+�Q�/�B�M�;�- �r�?�B�+�? �i�`�B�p�B���H�H�v �+�Q�`�`�2�b�T�Q�M�/�b �r�B�i�?
�� �S�2�i�`�B �M�2�i �+�Q�M�b�B�b�i�B�M�; �Q�7N �+�Q�M�+�m�`�`�2�M�i�H�v �2�M���#�H�2�/ �/�2�i�2�`�K�B�M�B�b�i�B�+���H�H�v �i�B�K�2�/ �i�`���M�b�B�i�B�Q�M �r�?�Q�b�2
�/�2�i�2�`�K�B�M�B�b�i�B�+ �/�2�H���v �B�b �b�2�i �i�Q �i�?���i �Q�7 �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; ���`�`�B�p���H �B�M �i�?�2 �/���i���b�2�i�X

�8�X�j�X�R �S�2�i�`�B �L�2�i �2�M�+�Q�/�B�M�; �Q�7 �>�J�J ���`�`�B�p���H �K�Q�/�2�H�b

�q�2 �B�M�i�`�Q�/�m�+�2 �� �S�2�i�`�B �M�2�i �7�Q�`�K���H �2�M�+�Q�/�B�M�; �Q�7 ���M �>�J�J �i�?���i �`�2�T�`�2�b�2�M�i�B�M�; ���M ���`�`�B�p���H �T�`�Q�+�2�b�b
�r�?�Q�b�2 ���`�`�B�p���H�b ���`�2 �b�m�T�T�Q�b�2�/ �i�Q �Q�+�+�m�` �T�2�` �/�B�b�+�`�2�i�2 �i�B�K�2 �m�M�B�i�X �a�m�+�? �2�M�+�Q�/�B�M�; ���H�H�Q�r�b �m�b �i�Q

�e�b�T�2�+�B�}�+���H�H�v �i�?�2 �L�J�:�a�S�L �Q�m�i�H�B�M�2�/ �B�M �*�?���T�i�2�`�k�X�R�X�k�X



�*�?���T�i�2�` �8�X �.���i���@�/�`�B�p�2�M �T�`�2�/�B�+�i�B�p�2 �K�Q�/�2�H�B�M�; �Q�7 �T�2�`�B�Q�/�B�+ �T�?�2�M�Q�K�2�M���R�R�y

���m�i�Q�K���i�B�+���H�H�v �i�`���M�b�H���i�2 ���M ���`�`�B�p���H �>�J�J �K�Q�/�2�H �B�M�i�Q �� �+�Q�`�`�2�b�T�Q�M�/�B�M�; �L�J�:�a�S�L �i�?���i �+���M
�i�?�2�M �#�2 �+�Q�K�T�Q�b�2�/ �r�B�i�? �� �S�2�i�`�B �M�2�i �K�Q�/�2�H �i�?���i �`�2�T�`�2�b�2�M�i�b �i�?�2 �b�2�`�p�B�+�2�b �`�2�[�m�B�`�2�/ �#�v ���`�`�B�p�2�/
�2�M�i�B�i�B�2�b�X

�.�2�}�M�B�i�B�Q�M �8�X�k�U�S�2�i�`�B �M�2�i �2�M�+�Q�/�B�M�; �Q�7 ���Mn�@�b�i���i�2�b �>�J�J�V�X�G�2�iH = ( �; A; B ) �#�2 ���Mn�@�b�i���i�2
m�@�Q�#�b�2�`�p���i�B�Q�M�b �>�J�J �r�?�Q�b�2 �Q�#�b�2�`�p���i�B�Q�M�b �T�2�` �/�B�b�+�`�2�i�2 �i�B�K�2 �m�M�B�i ���`�2 ���b�b�m�K�2�/ �i�Q �7�Q�H�H�Q�r ��
�m�M�B�7�Q�`�K �/�B�b�i�`�B�#�m�i�B�Q�M ���M�/ �r�?�2�`�2� �B�b �i�?�2 �B�M�B�i�B���H �b�i���i�2 �/�B�b�i�`�B�#�m�i�B�Q�M �p�2�+�i�Q�` �Q�7H �- A �B�b �i�?�2
n � n �b�i���i�2�@�i�`���M�b�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �K���i�`�B�t �Q�7 �i�?�2 �#���+�F�;�`�Q�m�M�/ �+�?���B�M ���M�/B �B�b �i�?�2n � m �b�i���i�2�@
�Q�#�b�2�`�p���i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �K���i�`�B�t�X �q�2 �/�2�}�M�2NH = ( P; T; I; O; M 0) �i�?�2 �L�J�:�a�S�L �2�M�+�Q�/�B�M�;
�Q�7H ���b �7�Q�H�H�Q�r�b�,

�Ç P = f P0; P1; :::; Pn ; O1; :::; On ; W; Arrs g �B�b �i�?�2 �b�2�i �Q�7 �T�H���+�2�b �r�?�Q�b�2 �2�H�2�K�2�M�i�b ���`�2�,

�� P0 �B�b �i�?�2 �B�M�B�i�B���H �T�H���+�2 �m�b�2�/ �i�Q �b�i���`�i �i�?�2 �K�Q�/�2�H ���+�+�Q�`�/�B�M�; �i�Q �i�?�2 �B�M�B�i�B���H �T�`�Q�#���#�B�H�B�i�B�2�b
�

�� Pi �U1 � i � n�V �+�Q�`�`�2�b�T�Q�M�/�b �r�B�i�? �i�?�2i �@�i�? �b�i���i�2 �Q�7 �i�?�2 �#���+�F�;�`�Q�m�M�/ �+�?���B�M �Q�7H

�� Oi �U1 � i � n�V �K�Q�/�2�H�b �i�?�2 �i�`�B�;�;�2�`�B�M�; �Q�7 �Q�#�b�2�`�p���i�B�Q�M�b �i�?���i �+���M �Q�+�+�m�` �r�?�B�H�2H �B�b
�B�M �i�?�2i �@�i�? �b�i���i�2�X

�� W �B�b �m�b�2�/ �i�Q �+�Q�H�H�2�+�i �i�?�2 �Q�#�b�2�`�p���i�B�Q�M�b �U�B�X�2�X �M�m�K�#�2�` �Q�7 ���`�`�B�p���H�b�V �i�`�B�;�;�2�`�2�/ �r�?�B�H�2H
�B�b �B�M �� �;�B�p�2�M �b�i���i�2 ���M�/ �i�?���i �?���b �i�Q �Q�+�+�m�` �B�M �i�?�2 �M�2�t�i �/�B�b�+�`�2�i�2 �i�B�K�2 �m�M�B�i

�� Arrs �m�b�2�/ �i�Q �;���i�?�2�` �i�?���i ���+�i�m���H �Q�#�b�2�`�p���i�B�Q�M�b �Q�+�+�m�`�`�2�/ �B�M �i�?�2 �H���b�i �/�B�b�+�`�2�i�2 �i�B�K�2
�m�M�B�i

�Ç T = TI ;1 [ TD [ TI ;2 [ f tdist g

�� TI ;1 = f t0;i : 1 � i � n; � i > 0g�- �b�2�i �Q�7 �B�K�K�2�/�B���i�2 �i�`���M�b�B�i�B�Q�M�b �m�b�2�/ �i�Q �T�`�Q�#���@
�#�B�H�B�b�i�B�+���H�H�v �b�i���`�i �i�?�2 �T�`�Q�+�2�b�b ���+�+�Q�`�/�B�M�; �i�Q� �- �B�X�2�X �i�?�2 �r�2�B�;�?�i �Q�7t0;i �B�b �;�B�p�2�M �#�v
� (i )�X

�� TD = f t i;j : 1 � i; j � n; A i;j > 0g �b�2�i �Q�7 �i�B�K�2�/ �i�`���M�b�B�i�B�Q�M �r�?�Q�b�2 �i�`���M�b�B�i�B�Q�M�b ���`�2
���b�b�Q�+�B���i�2�/ �r�B�i�? �}�t�2�/ �/�2�H���v �Q�7 �Q�M�2 �i�B�K�2 �m�M�B�i ���M�/ �r�?�2�`�2t i;j �- �B�7 �T�`�2�b�2�M�i�- �`�2�T�`�2�b�2�M�i�b
�i�?�2 �T�`�Q�#���#�B�H�B�b�i�B�+ �i�`���M�b�B�i�B�Q�M �7�`�Q�K �b�i���i�2i �i�Qj ���b �T�2�` �i�?�2 �K���i�`�B�tA�- �?�2�M�+�2t i;j �B�b
���b�b�B�;�M�2�/ �r�B�i�? �r�2�B�;�?�iA i;j �X

�� TI ;2 = f t (o)
i;j : 1 � i � n; 1 � j � m; B i;j > 0g �b�2�i �Q�7 �B�K�K�2�/�B���i�2 �i�`���M�b�B�i�B�Q�M�b �B�M

�r�?�B�+�?t (o)
i;j �K�Q�/�2�H�b �i�?�2 �T�`�Q�#���#�B�H�B�b�i�B�+ �Q�+�+�m�`�2�M�+�2 �Q�7j �@�i�? �Q�#�b�2�`�p���i�B�Q�M �r�?�B�H�2 �B�M �i�?�2

i �@�i�? �b�i���i�2 �Q�7H ���b �T�2�` �K���i�`�B�tB �- �?�2�M�+�2t (o)
i;j �B�b ���b�b�B�;�M�2�/ �r�2�B�;�?�iB i;j �X

�� tdist �B�b �� �i�B�K�2�/ �i�`���M�b�B�i�B�Q�M ���b�b�Q�+�B���i�2�/ �r�B�i�? �� �l�M�B�7�Q�`�K �/�B�b�i�`�B�#�m�i�B�Q�M �Q�p�2�` �i�B�K�2 �B�M�@
�i�2�`�p���H[0; 1] �m�b�2�/ �i�Q �K�Q�/�2�H �i�?�2 ���+�i�m���H �/�2�H���v �Q�7 �Q�+�+�m�`�`�2�M�+�2 �Q�7 �2���+�? �Q�#�b�2�`�p���i�B�Q�M �B�M
�i�?�2 �M�2�t�i �i�B�K�2 �m�M�B�i�X �h�`���M�b�B�i�B�Q�Mtdist �B�b ���b�b�Q�+�B���i�2�/ �r�B�i�? �B�M�}�M�B�i�2 �b�2�`�p�2�` �T�Q�H�B�+�v�X



�*�?���T�i�2�` �8�X �.���i���@�/�`�B�p�2�M �T�`�2�/�B�+�i�B�p�2 �K�Q�/�2�H�B�M�; �Q�7 �T�2�`�B�Q�/�B�+ �T�?�2�M�Q�K�2�M���R�R�R

�Ç I : T ! Bag(P) �B�b �i�?�2 �b�2�i �Q�7 �B�M�T�m�i ���`�+�b �Q�7 �i�`���M�b�B�i�B�Q�M�b �B�MT

I (t) =

8
><

>:

f P0g �B�7t = t0;i ; i 2 f 1; ng ^ � (i ) > 0

f Pi g; �B�7t = t i;j ; (i; j ) 2 f 1; ng � f 1; mg ^ A i;j > 0

f Oi g; �B�7t = t (o)
i;j ; (i; j ) 2 f 1; ng � f 1; mg ^ B i;j > 0

�Ç O : T ! Bag(P) �B�b �i�?�2 �b�2�i �Q�7 �Q�m�i�T�m�i ���`�+�b �Q�7 �i�`���M�b�B�i�B�Q�M�b �B�MT

O(t) =

8
><

>:

f Pi g + f Oi g �B�7t = t0;i ; i 2 f 1; ng ^ � (i ) > 0

f Pj g + f Oj g; �B�7t = t i;j ; (i; j ) 2 f 1; ng � f 1; mg ^ A i;j > 0

(j � 1)f W g; �B�7t = t (o)
i;j ; (i; j ) 2 f 1; ng � f 1; mg ^ B i;j > 0

�Ç M 0 = f P0g � Bag(P) �B�b �i�?�2 �B�M�B�i�B���H �K���`�F�B�M�;

P2

P0

P1 P3

t0;2
1

t1;1
0:865

t3;3
0:866

t1;2
0:135

t2;2
0:835

t2;3
0:165

t3;1
0:134

O1 O2 O3t(o)
3;0

0:353

t (o)
3;1

0:375
t (o)
3;2

0:2
t (o)
3;3

0:058
t (o)
3;4

0:012
t (o)
3;5

0:002

W

t(o)
2;0

0:024

t (o)
2;1

0:1103 t (o)
2;2

0:2237

t (o)
2;3

0:2249

t (o)
2;4

0:19

t (o)
2;5

0:1323

t (o)
2;6

0:0544

t (o)
2;7

0:0303

t (o)
2;8

0:0052

t (o)
2;9

0:0025 t (o)
2;12

0:0004

�j �8 �d�k �9 �e �3 �N
�R�k

t(o)
1;0

0:0007

t (o)
1;1

0:0227 t (o)
1;2

0:0807

t (o)
1;3

0:1569 t (o)
1;4

0:1756

t (o)
1;5

0:1731 t (o)
1;6

0:1652

t (o)
1;7

0:0991 t (o)
1;8

0:0625

t (o)
1;9

0:0292 t (o)
1;10

0:0177

t (o)
1;11

0:009 t (o)
1;12

0:0058

t (o)
1;13

0:0006 t (o)
1;14

0:0006

�k
�j �9

�8 �e
�d �3

�N �R�y
�R�R

�R�j
�R�k �R�9

�k
�j

�9
�8

tdist ; [0; 1]

Arrs

�6�B�;�m�`�2 �8�X�R�j�,�S�2�i�`�B �M�2�i �2�M�+�Q�/�B�M�; �Q�7 �i�?�2 �j�@�b�i���i�2 �>�J�J �K�Q�/�2�H �;�B�p�2�M �B�M �U�8�X�9�V�X

�1�t���K�T�H�2 �d�U�1�M�+�Q�/�B�M�; �Q�73�@�b�i���i�2�b �>�J�J �/�2�`�B�p�2�/ �7�`�Q�K �1�. �/���i���b�2�i�V�X�6�B�;�m�`�2�8�X�R�j�b�?�Q�r�b
�i�?�2 �L�J�:�a�S�L �2�M�+�Q�/�B�M�; �Q�7 �i�?�2 �j�@�b�i���i�2 �>�J�J �;�B�p�2�M �B�M �U�8�X�9�V �r�?�B�+�? �r�2 �/�2�`�B�p�2�/ �7�`�Q�K �i�?�2 �1�.
�/���i���b�2�i�X �A�i �+�Q�M�b�B�b�i�b �Q�7 �3 �T�H���+�2�b ���M�/ �9�R �i�`���M�b�B�i�B�Q�M�b�- �d �Q�7 �r�?�B�+�? ���`�2 �i�B�K�2�/ �i�?�2 �`�2�b�i �B�K�K�2�/�B���i�2�X



�*�?���T�i�2�` �8�X �.���i���@�/�`�B�p�2�M �T�`�2�/�B�+�i�B�p�2 �K�Q�/�2�H�B�M�; �Q�7 �T�2�`�B�Q�/�B�+ �T�?�2�M�Q�K�2�M���R�R�k

�h�B�K�2�/ �/�2�i�2�`�K�B�M�B�b�i�B�+ �i�`���M�b�B�i�B�Q�M�b �Q�7TD ���`�2 �/�2�T�B�+�i�2�/ ���b �}�H�H�2�/�@�B�M �;�`���v �i�?�B�+�F �`�2�+�i���M�;�H�2�b�- �i�?�2
�b�B�M�;�H�2 �i�B�K�2�/ �m�M�B�7�Q�`�K �i�`���M�b�B�i�B�Q�Mtdist �B�b �/�`���r�M ���b �� �#�H���+�F �`�2�+�i���M�;�H�2 ���M�/ �H���#�2�H�2�/ �r�B�i�? �B�i�b �}�`�B�M�;
�B�M�i�2�`�p���H �r�?�B�H�2 �B�K�K�2�/�B���i�2 �i�`���M�b�B�i�B�Q�M�b �Q�7TI ;1 [ TI ;2 ���`�2 �/�2�T�B�+�i�2�/ ���b �i�?�B�M �#�H���+�F �`�2�+�i���M�;�H�2�b�X
�h�?�2 �H���#�2�H �Q�7 �2���+�? �i�B�K�2�/ �/�2�i�2�`�K�B�M�B�b�i�B�+ �i�`���M�b�B�i�B�Q�M�b ���b �r�2�H�H ���b �i�?���i �Q�7 �i�?�2 �B�K�K�2�/�B���i�2 �i�`���M�b�B�@
�i�B�Q�M�b �+�Q�M�i���B�M�b �i�?�2 �ó�r�2�B�;�?�i�ô �Q�7 �i�?�2 �i�`���M�b�B�i�B�Q�M �U�B�X�2�X �� �T�Q�b�B�i�B�p�2 �`�2���H�@�p���H�m�2 �m�b�2�/ �i�Q �/�2�i�2�`�K�B�M�2
�i�?�2 �T�`�Q�#���#�B�H�B�i�v �r�B�i�? �r�?�B�+�? �i�?�2 �i�`���M�b�B�i�B�Q�M �}�`�2�b �r�?�2�M �+�Q�M�+�m�`�`�2�M�i�H�v �2�M���#�H�2�/ �r�B�i�? �Q�i�?�2�` �i�`���M�@
�b�B�i�B�Q�M�b�V �r�?�B�+�? �+�Q�`�`�2�b�T�Q�M�/�b �r�B�i�? �2�M�i�`�vA i;j �- �7�Q�` �i�B�K�2�/ �/�2�i�2�`�K�B�M�B�b�i�B�+ �i�`���M�b�B�i�B�Q�M�bt i;j 2 TD �-

�r�B�i�? �2�M�i�`�vB i;j �- �7�Q�` �i�?�2 �B�K�K�2�/�B���i�2 �ó�Q�m�i�T�m�i�ô �i�`���M�b�B�i�B�Q�M�bt (o)
i;j 2 TI ;2 ���M�/ �r�B�i�? �2�M�i�`�v� i �7�Q�`

�B�M�B�i�B���H �b�i���i�2 �i�`���M�b�B�i�B�Q�M�bt0;i 2 TI ;1�- �r�?�2�`�2A�-B ���`�2 �i�?�2 �K���i�`�B�+�2�b �B�M �U�8�X�9�V ���M�/� = (0 ; 1; 0)�X
�A�M �+�Q�M�7�Q�`�K���M�+�2 �r�B�i�? �i�?�2 �B�M�B�i�B���H �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �i�?�2 �j�@�b�i���i�2�b �>�J�J� = (0 ; 1; 0)�- �i�?�2

�B�M�B�i�B���H �K���`�F�B�M�;M 0 �?���b �� �b�B�M�;�H�2 �i�Q�F�2�M �B�M �T�H���+�2P0�- ���M�/ ���+�+�Q�`�/�B�M�;�H�v �i�`���M�b�B�i�B�Q�Mt0;2 �r�2�B�;�?�i
�B�b �b�2�i �i�Q �R�X �P�M �}�`�B�M�; �Q�7t0;2 �� �i�Q�F�2�M �B�b �T�H���+�2�/ �B�MP2 �`�2�T�`�2�b�2�M�i�B�M�; �i�?�2 ���+�i�B�p���i�B�Q�M �Q�7 �i�?�2
�U�T�2�`�B�Q�/�B�+�V �#���+�F�;�`�Q�m�M�/ �+�?���B�M �#�v �2�M���#�H�B�M�; �i�?�2 �+�Q�K�T�2�i�B�M�; �i�B�K�2�/ �/�2�i�2�`�K�B�M�B�b�i�B�+ �i�`���M�b�B�i�B�Q�M�b
t2;3 ���M�/t2;2�X �L�Q�i�B�+�2 �i�?���i �i�?�2 �i�B�K�2�/ �i�B�K�2�/ �i�`���M�b�B�i�B�Q�M�bt i;j �+�Q�m�T�H�2�/ �r�B�i�? �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�;
t i;i �Ui 2 f 1; : : : ; ng; j = ( i + 1) mod(n)�V �K�Q�/�2�H �i�?�2 �+�Q�K�T�2�i�B�i�B�Q�M �#�2�i�r�2�2�M �i�?�2 �Q�+�+�m�`�`�2�M�+�2 �Q�7
���M �Q�#�b�2�`�p���i�B�Q�M�@�H�2�b�b �i�`���M�b�B�i�B�Q�M �i�Q �i�?�2 �ó�M�2�t�i�ô �b�i���i�2 �Q�7 �i�?�2 �#���+�F�;�`�Q�m�M�/ �+�?���B�M ���M�/ ���M �Q�#�b�2�`�@
�p���i�B�Q�M �}�H�H�2�/ �T�2�`�K���M�2�M�+�2 �B�M �i�?�2i �@�i�? �b�i���i�2 �Q�7 �i�?�2 �+�?���B�M �B�M �i�?�2 �M�2�t�i �R�@�i�B�K�2�@�m�M�B�i�- �r�B�i�? �i�?�2
�+�Q�K�T�2�i�B�i�B�Q�M �#�2�B�M�; �b�Q�H�p�2�/ �T�`�Q�#���#�B�H�B�b�i�B�+���H�H�v �i�?�`�Q�m�;�? �i�?�2 �r�2�B�;�?�i�b �Q�7t i;j ���M�/t i;i �X �q�?�2�M�2�p�2�`
�i�?�2 �+�Q�K�T�2�i�B�i�B�Q�M �#�2�i�r�2�2�Mt i;j ���M�/t i;i �B�b �r�Q�M �#�vt i;i �� �i�Q�F�2�M �B�b ���/�/�2�/ �i�QOi ���+�i�B�p���i�B�M�; ��

�T�`�Q�#���#�B�H�B�b�i�B�+ �+�?�Q�B�+�2 �#�2�i�r�2�2�M �i�?�2 �B�K�K�2�/�B���i�2 �i�`���M�b�B�i�B�Q�M�bt (o)
i;k �Uk 2 f 1; : : : ; mg�V �r�?�B�+�? �K�Q�/�2�H

�/�B�z�2�`�2�M�i �T�Q�b�b�B�#�H�2 �M�m�K�#�2�` �Q�7 ���`�`�B�p���H�b �i�Q �Q�+�+�m�` �B�M �i�?�2 �M�2�t�i �i�B�K�2 �m�M�B�i�- �r�B�i�?t (o)
i; 0 �`�2�T�`�2�b�2�M�i�B�M�; �y

���`�`�B�p���H�b �i�Q �#�2 �Q�#�b�2�`�p�2�/ �B�M �i�?�2 �M�2�t�i �i�B�K�2 �m�M�B�i�X �L�Q�i�B�+�2 �i�?���i �i�?�2 �M�m�K�#�2�` �Q�7 �2�t�B�b�i�B�M�; �B�K�K�2�/�B���i�2
�i�`���M�b�B�i�B�Q�M�bt (o)

i;k ���+�i�B�p���i�2�/ �#�v �� �i�Q�F�2�M �B�MOi �/�2�T�2�M�/�b �Q�M �i�?�2 �M�m�K�#�2�` �Q�7 �M�Q�M�@�M�m�H�H �2�M�i�`�B�2�b �B�M
�i�?�2i �@�i�? �`�Q�r �Q�7 �K���i�`�B�tB �X �6�Q�` �2�t���K�T�H�2 �7�Q�` �i�?�2 �j�@�b�i���i�2�b �>�J�J �r�2 �F�M�Q�r �i�?���i �i�?�2 �K���t�B�K�m�K
�M�m�K�#�2�` �Q�7 ���`�`�B�p���H�b �T�2�` �?�Q�m�`�b �B�bm = 14 �i�?�2�`�2�7�Q�`�2 ���i �K�Q�b�i �R�8 �B�K�K�2�/�B���i�2 �i�`���M�b�B�i�B�Q�M�bt (o)

i;k
�U�B�X�2�Xk 2 f 0; : : : 14g�V �+���M �#�2 ���+�i�B�p���i�2�/ �#�v �� �i�Q�F�2�M �B�MOi �X �>�Q�r�2�p�2�` �B�M �i�?�2 �L�J�:�a�S�L �K�Q�/�2�H
�B�M �6�B�;�m�`�2�8�X�R�j�Q�M�H�vO1 �B�b �2�[�m�B�T�T�2�/ �r�B�i�? ���H�H �R�8 �Q�m�i�T�m�i �i�`���M�b�B�i�B�Q�M�bt (o)

1;k �r�?�B�H�2 �7�Q�`O2 �r�2 �Q�M�H�v

�?���p�2 �R�R �Q�m�i�T�m�i �i�`���M�b�B�i�B�Q�M�bt (o)
2;k �U�2�X�;t (o)

i; 10 ���M�/t (o)
i; 11 ���`�2 �K�B�b�b�B�M�; ���b �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �2�M�i�`�B�2�b

�Q�7B ���`�2 �y�V ���M�/ �b�B�K�B�H���`�H�v �7�Q�`O3 �r�2 �Q�M�H�v �?���p�2 �e �i�`���M�b�B�i�B�Q�M�bt (o)
3;k �X

�L�Q�i�B�+�2 �i�?���i �i�?�2 �M�m�K�#�2�` �Q�7 �Q�+�+�m�`�`�2�M�+�2�b �Q�7 ���`�`�B�p���H�b �i�Q �#�2 �;�2�M�2�`���i�2�/ �B�M �i�?�2 �M�2�t�i �i�B�K�2 �m�M�B�i
�B�b �K�Q�/�2�H�H�2�/ �#�v �b�2�i�i�B�M�; �i�Qk �i�?�2 �K�m�H�i�B�T�H�B�+�B�i�v �Q�7t (o)

i;k �Q�m�i�T�m�i ���`�+�X �6�B�M���H�H�v �i�?�2 ���+�i�m���H�H�v �Q�+�+�m�`�`�2�/
���`�`�B�p���H�b ���`�2 �`�2�T�`�2�b�2�M�i�2�/ �#�v �i�?�2 �i�Q�F�2�M�b �+�Q�H�H�2�+�i�2�/ �B�M �i�?�2 �b�B�M�F �T�H���+�2Arrs �X

�S�2�i�`�B �M�2�i �K�Q�/�2�H �Q�7 �1�. �b�2�`�p�B�+�2�b�X�6�Q�` �i�?�2 �b���F�2 �Q�7 �b�B�K�T�H�B�+�B�i�v �r�2 ���b�b�m�K�2�/ �i�?�2 �1�.
�T���i�B�2�M�i �~�Q�r �+�Q�M�b�B�b�i�B�M�; �Q�7 �� �b�B�K�T�H�2 �T�B�T�2�H�B�M�2 �Q�7 �j �b�2�`�p�B�+�2�b�,�i�`�B���;�2�- �p�B�b�B�i���M�/�/�B�b�+�?��� �̀;�2�7�Q�`
�2���+�? �Q�7 �r�?�B�+�? �r�2 �+�Q�M�b�B�/�2�`�2�/ �2�t�T�Q�M�2�M�i�B���H�H�v �/�B�b�i�`�B�#�m�i�2�/ �b�2�`�p�B�+�2 �i�B�K�2 �r�B�i�? �i�?�2 �7�Q�H�H�Q�r�B�M�;
�b�2�i�i�B�M�;�b�d�, �i�`�B���;�2� Exp(12)�- �i�?�2�p�B�b�B�i� Exp(6) ���M�/�/�B�b�+�?��� �̀;�2� Exp(60) �U�B�X�2�X �p�B�b�B�i
�B�b ���b�b�m�K�2�/ �i�Q �#�2 �i�?�2 �b�H�Q�r�2�b�i �r�?�B�H�2 �/�B�b�+�?���`�;�2 �i�?�2 �7���b�i�2�b�i �b�2�`�p�B�+�2�V�X �6�B�;�m�`�2�8�X�R�9�b�?�Q�r�b

�d�h�?�2 �`���i�2�b �?���p�2 �#�2�2�M �/�2�p�B�b�2�/ �7�Q�`�K �b�i���i�B�b�i�B�+���H ���M���H�v�b�B�b �Q�7 �i�?�2 �*���M�i�M �/���i���b�2�i�X



�*�?���T�i�2�` �8�X �.���i���@�/�`�B�p�2�M �T�`�2�/�B�+�i�B�p�2 �K�Q�/�2�H�B�M�; �Q�7 �T�2�`�B�Q�/�B�+ �T�?�2�M�Q�K�2�M���R�R�j

Arrs triage; Exp(12) visitQ visit ; Exp(6) dischargeQ discharge; Exp(60)

�6�B�;�m�`�2 �8�X�R�9�,�� �b�B�K�T�H�2 �L�J�:�a�S�L �K�Q�/�2�H �Q�7 �1�. �b�2�`�p�B�+�2�b �+�Q�M�b�B�b�i�B�M�; �Q�7 �j �T�B�T�2�H�B�M�2�/ �b�2�`�p�B�+�2�b
�U�i�Q �#�2 �+�Q�K�T�Q�b�2�/ �#�v �Q�p�2�`�H���T�T�B�M�; �Q�7 �T�H���+�2Arrs �r�B�i�? ���M �L�J�:�a�S�L �K�Q�/�2�H �Q�7 �i�?�2 �T���i�B�2�M�i�b
���`�`�B�p���H�b�V�X

�i�?�2 �L�J�:�a�S�L �2�M�+�Q�/�B�M�; �Q�7 �i�?�2 �1�. �b�2�`�p�B�+�2 �K�Q�/�2�H�, �M�Q�i�B�+�2 �i�?���i �T�H���+�2Arrs �B�b �b�?���`�2�/
�r�B�i�? �i�?�2 �L�J�:�a�S�L �K�Q�/�2�H�b �Q�7 �i�?�2 �T���i�B�2�M�i ���`�`�B�p���H�b �U�`�2�T�`�2�b�2�M�i�B�M�; �i�?�2 �+�Q�K�T�Q�b�B�i�B�Q�M �Q�7
�i�?�2 �i�r�Q �K�Q�/�2�H�b�V�X �h�Q �p���H�B�/���i�2 �2���+�? ���`�`�B�p���H �K�Q�/�2�H �r�2 �+�Q�K�T���`�2�/ �i�?�2�B�` �T�2�`�7�Q�`�K���M�+�2 �r�B�i�?
�i�?���i �`�2�b�m�H�i�B�M�; �#�v �i�?�2 �b�B�K�m�H���i�B�Q�M �Q�7 �i�?�2 �1�. �b�2�`�p�B�+�2 �K�Q�/�2�H �U�6�B�;�m�`�2�8�X�R�9�V �r�B�i�? �i�?�2 ���+�i�m���H
���`�`�B�p���H�b �Q�7 �i�?�2 �/���i���b�2�i �U�7�Q�` �i�?�B�b �r�2 �;�2�M�2�`���i�2�/ ���M �L�J�:�a�S�L �2�M�+�Q�/�B�M�; �Q�7 �i�?�2 �/���i���b�2�i ���`�`�B�p���H�b�V�X

�8�X�j�X�k �E�S�A ���b�b�2�b�b�K�2�M�i

�A�M �Q�`�/�2�` �i�Q �+�Q�K�T���`�2 �i�?�2 �T�2�`�7�Q�`�K���M�+�2�b �Q�7 �i�?�2 �/�B�z�2�`�2�M�i �T���i�B�2�M�i ���`�`�B�p���H �K�Q�/�2�H�b �+�Q�m�T�H�2�/ �r�B�i�?
�i�?�2 �1�. �b�2�`�p�B�+�2�b �r�2 �+�Q�M�b�B�/�2�`�2�/ �i�?�2 �7�Q�H�H�Q�r�B�M�; �F�2�v �T�2�`�7�Q�`�K���M�+�2 �B�M�/�B�+���i�Q�` �U�E�S�A�V�,

� 1 � �T�K�7 �Q�7 �i�?�2 �M�m�K�#�2�` �Q�7 �T���i�B�2�M�i�b �B�M �i�?�2 �1�. �/�m�`�B�M�; �� �T�2�`�B�Q�/�B�+ �i�B�K�2�@�r�B�M�/�Q�r:

�q�2 �7�Q�`�K���H�H�v �b�T�2�+�B�}�2�/� 1 �#�v �K�2���M�b �Q�7 �i�?�2 �>�v�#�`�B�/ ���m�i�Q�K���i�� �a�T�2�+�B�}�+���i�B�Q�M �G���M�;�m���;�2
�U�>���a�G�V �U�b�2�2 �*�?���T�i�2�`�k�V ���M�/ ���b�b�2�b�b�2�/ �B�i �i�?�`�Q�m�;�? �i�?�2 �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �T�H���i�7�Q�`�K
�*�Q�b�K�Q�b �(�"�.�. + �R�R���-�*�P�a�)�X
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;:::;x M = x MP M
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g

�����������������������! lend �V�X �P�#�b�2�`�p�2 �i�?���i �b�m�+�? ���M �G�>�� �+���M ���H�b�Q �#�2 �m�b�2�/
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�;�`���/�B�M�; �K���+�?�B�M�2�b�X�*�A�_�S ���M�M���H�b�@�J���M�m�7���+�i�m�`�B�M�; �h�2�+�?�M�Q�H�Q�;�v�- �e�R�f�R�,�9�8�8���9�8�3�-
�k�y�R�k�X

�(�.�>�E�y�9�) �L�B�+�?�Q�H���b �C�X �.�B�M�;�H�2�- �S�2�i�2�` �:�X �>���`�`�B�b�Q�M�- ���M�/ �q�B�H�H�B���K �C�X �E�M�Q�i�i�2�M�#�2�H�i�X �l�M�B�@
�7�Q�`�K�B�b���i�B�Q�M ���M�/ �>�v�T�2�`�;�`���T�? �S���`�i�B�i�B�Q�M�B�M�; �7�Q�` �i�?�2 �.�B�b�i�`�B�#�m�i�2�/ �*�Q�K�T�m�i���i�B�Q�M �Q�7
�_�2�b�T�Q�M�b�2 �h�B�K�2 �.�2�M�b�B�i�B�2�b �B�M �o�2�`�v �G���`�;�2 �J���`�F�Q�p �J�Q�/�2�H�b�X�C�Q�m�`�M���H �Q�7 �S��� �̀��H�H�2�H
���M�/ �.�B�b�i�`�B�#�m�i�2�/ �*�Q�K�T�m�i�B�M�;�- �e�9�U�3�V�,�j�y�N���N�k�y�- ���m�;�m�b�i �k�y�y�9�X

�(�.�>�a�y�d�) �a�m�b���M�M�� �.�Q�M���i�2�H�H�B�- �a�2�`�;�2 �>���/�/���/�- ���M�/ �C�2�`�2�K�v �a�T�`�Q�b�i�Q�M�X �*�b�HT A �, ���M �2�t�T�`�2�b�b�B�p�2
�H�Q�;�B�+ �7�Q�` �+�Q�M�i�B�M�m�Q�m�b�@�i�B�K�2 �K���`�F�Q�p �+�?���B�M�b�X �A�M�6�Q�m�`�i�? �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2
�Q�M �i�?�2 �Z�m���M�i�B�i���i�B�p�2 �1�p���H�m���i�B�Q�M �Q�7 �a�v�b�i�2�K�b �U�Z�1�a�h �k�y�y�d�V�- �T���;�2�b �j�R���9�y�- �k�y�y�d�X

�(�.�>�a�y�N�) �a�X �.�Q�M���i�2�H�H�B�- �a�X �>���/�/���/�- ���M�/ �C�X �a�T�`�Q�b�i�Q�M�X �J�Q�/�2�H �+�?�2�+�F�B�M�; �i�B�K�2�/ ���M�/ �b�i�Q�+�?���b�@
�i�B�+ �T�`�Q�T�2�`�i�B�2�b �r�B�i�?CSLT A �X�A�1�1�1 �h� �̀��M�b�X �Q�M �a�Q�7�i�r��� �̀2 �1�M�;�X�- �j�8�- �k�y�y�N�X

�(�.�C�E�o�R�d�)�*�?�`�B�b�i�B���M �.�2�?�M�2�`�i�- �a�2�#���b�i�B���M �C�m�M�;�2�b�- �C�Q�Q�b�i�@�S�B�2�i�2�` �E���i�Q�2�M�- ���M�/ �J���i�i�?�B���b
�o�Q�H�F�X �� �b�i�Q�`�K �B�b �+�Q�K�B�M�;�, �� �K�Q�/�2�`�M �T�`�Q�#���#�B�H�B�b�i�B�+ �K�Q�/�2�H �+�?�2�+�F�2�`�X �A�M�S� �̀Q�+�X �k�N�i�?
�A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �*�Q�K�T�m�i�2�` ���B�/�2�/ �o�2�`�B�}�+���i�B�Q�M �U�*���o�ö�R�d�V�- �k�y�R�d�X

�(�.�J�R�y�) ���H�2�t���M�/�`�2 �.�Q�M�x�û ���M�/ �P�/�2�/ �J���H�2�`�X �_�Q�#�m�b�i �b���i�B�b�7���+�i�B�Q�M �Q�7 �i�2�K�T�Q�`���H �H�Q�;�B�+
�Q�p�2�` �`�2���H�@�p���H�m�2�/ �b�B�;�M���H�b�X �A�M�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �3�i�? �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2
�Q�M �6�Q�`�K���H �J�Q�/�2�H�B�M�; ���M�/ ���M���H�v�b�B�b �Q�7 �h�B�K�2�/ �a�v�b�i�2�K�b�- �6�P�_�J���h�a�ö�R�y�- �T���;�2�b
�N�k���R�y�e�- �"�2�`�H�B�M�- �>�2�B�/�2�H�#�2�`�;�- �k�y�R�y�X �a�T�`�B�M�;�2�`�@�o�2�`�H���;�X

�(�.�J�.�C�y�e�) �S�B�2�`�`�2 �.�2�H �J�Q�`���H�- ���`�M���m�/ �.�Q�m�+�2�i�- ���M�/ ���D���v �C���b�`���X �a�2�[�m�2�M�i�B���H �K�Q�M�i�2 �+���`�H�Q
�b���K�T�H�2�`�b�X�C�Q�m�`�M���H �Q�7 �i�?�2 �_�Q�v���H �a�i���i�B�b�i�B�+���H �a�Q�+�B�2�i�v �"�- �e�3�U�j�V�,�9�R�R���9�j�e�- �k�y�y�e�X

�(�1�*�3�y�) �1�X ���X �1�K�2�`�b�Q�M ���M�/ �1�X �J�X �*�H���`�F�2�X �*�?���`���+�i�2�`�B�x�B�M�; �+�Q�`�`�2�+�i�M�2�b�b �T�`�Q�T�2�`�i�B�2�b �Q�7
�T���`���H�H�2�H �T�`�Q�;�`���K�b �m�b�B�M�; �}�t�T�Q�B�M�i�b�X �A�M�S� �̀Q�+�X �Q�7 �i�?�2 �d�i�? �*�Q�H�H�X �Q�M ���m�i�Q�K���i���-
�G���M�;�m���;�2�b ���M�/ �S� �̀Q�;� �̀��K�K�B�M�;�- �G�L�*�a �3�8�- �R�N�3�y�X
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�(�1�>�3�e�) �1�X ���H�H�2�M �1�K�2�`�b�Q�M ���M�/ �C�Q�b�2�T�? �u�X �>���H�T�2�`�M�X �ô�b�Q�K�2�i�B�K�2�b�ô ���M�/ �ô�M�Q�i �M�2�p�2�`�ô
�`�2�p�B�b�B�i�2�/�, �Q�M �#�`���M�+�?�B�M�; �p�2�`�b�m�b �H�B�M�2���` �i�B�K�2 �i�2�K�T�Q�`���H �H�Q�;�B�+�X�C�X ���*�J�- �j�j�U�R�V�,�R�8�R��
�R�d�3�- �R�N�3�e�X

�(�1�G�y�y�) �J�B�+�?���2�H �"�X �1�H�Q�r�B�i�x ���M�/ �a�i���M�B�b�H���b �G�2�B�#�B�2�`�X �� �b�v�M�i�?�2�i�B�+ �Q�b�+�B�H�H���i�Q�`�v �M�2�i�r�Q�`�F �Q�7
�i�`���M�b�+�`�B�T�i�B�Q�M���H �`�2�;�m�H���i�Q�`�b�X�L���i�m� �̀2�- �k�y�y�y�X

�(�:�B�H�d�d�) �.�X�h�X �:�B�H�H�2�b�T�B�2�X �1�t���+�i �b�i�Q�+�?���b�i�B�+ �b�B�K�m�H���i�B�Q�M �Q�7 �+�Q�m�T�H�2�/ �+�?�2�K�B�+���H �`�2���+�i�B�Q�M�b�X
�C�Q�m�`�M���H �Q�7 �S�?�v�b�B�+���H �*�?�2�K�B�b�i�`�v�- �3�R�U�k�8�V�,�k�j�9�y���k�j�e�R�- �R�N�d�d�X

�(�:�B�H�y�R�) �.���M�B�2�H �h�X �:�B�H�H�2�b�T�B�2�X ���T�T�`�Q�t�B�K���i�2 ���+�+�2�H�2�`���i�2�/ �b�i�Q�+�?���b�i�B�+ �b�B�K�m�H���i�B�Q�M �Q�7 �+�?�2�K�@
�B�+���H�H�v �`�2���+�i�B�M�; �b�v�b�i�2�K�b�X�h�?�2 �C�Q�m�`�M���H �Q�7 �*�?�2�K�B�+���H �S�?�v�b�B�+�b�- �R�R�8�U�9�V�,�R�d�R�e���R�d�j�j�-
�k�y�y�R�X

�(�:�H�v�3�j�) �S�X �q�X �:�H�v�M�M�X �P�M �i�?�2 �`�Q�H�2 �Q�7 �;�2�M�2�`���H�B�x�2�/ �b�2�K�B�@�J���`�F�Q�p �T�`�Q�+�2�b�b�2�b �B�M �b�B�K�m�H���i�B�Q�M
�Q�m�i�T�m�i ���M���H�v�b�B�b�X �A�M�S� �̀Q�+�X �*�Q�M�7�X �q�B�M�i�2�` �b�B�K�m�H���i�B�Q�M�- �R�N�3�j�X

�(�:�J�:�"�R�9�) �1�K�K���M�m�2�H�H�2 �:���H�H�2�i�- �J���i�i�?�B�2�m �J���M�+�2�M�v�- �S���b�+���H�2 �G�2 �:���H�H�- ���M�/ �S���Q�H�Q �"���H�H���`�@
�B�M�B�X ���M �G�h�G �K�Q�/�2�H �+�?�2�+�F�B�M�; ���T�T�`�Q���+�? �7�Q�` �#�B�Q�H�Q�;�B�+���H �T���`���K�2�i�2�` �B�M�7�2�`�2�M�+�2�X �A�M
�a�i�2�T�?���M �J�2�`�x ���M�/ �C�m�M �S���M�;�- �2�/�B�i�Q�`�b�-�6�Q�`�K���H �J�2�i�?�Q�/�b ���M�/ �a�Q�7�i�r��� �̀2 �1�M�;�B�M�2�2�`�@
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�(�:�J�:�"�R�8�) �1�K�K���M�m�2�H�H�2 �:���H�H�2�i�- �J���i�i�?�B�2�m �J���M�+�2�M�v�- �S���b�+���H�2 �G�2 �:���H�H�- ���M�/ �S���Q�H�Q �"���H�H���`�@
�B�M�B�X �ú�i�m�/�2 �/�2 �`�û�b�2���m�t �/�2 �i�?�Q�K���b �T���` �p���H�B�/���i�B�Q�M �/�2 �T�`�Q�T�`�B�û�i�û�b �G�h�G �T�Q�m�` �T�b�2�m�@
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�(�:�Q�H�y�k�) ���H�#�2�`�i �:�Q�H�/�#�2�i�2�`�X �*�Q�K�T�m�i���i�B�Q�M���H ���T�T�`�Q���+�?�2�b �i�Q �+�2�H�H�m�H���` �`�?�v�i�?�K�b�X�L���i�m� �̀2�-
�9�k�y�,�k�j�3���k�9�8�- �k�y�y�k�X
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�(�>�C�"+ �R�y�) �_�X �>�2�- �S�X �C�2�M�M�B�M�;�b�- �a�X �"���b�m�- ���X �S�X �:�?�Q�b�?�- ���M�/ �>�X �q�m�X �� �#�Q�m�M�/�2�/ �b�i���i�B�b�i�B�+���H
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�T�`�Q�#���#�B�H�B�b�i�B�+ �i�B�K�2�@�#�Q�m�M�/�2�/ �`�2���+�?���#�B�H�B�i�v�X �A�M�k�y�y�3 �_�2���H�@�h�B�K�2 �a�v�b�i�2�K�b �a�v�K�T�Q�@
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�(�E�m�H�N�8�)�o�X�:�X �E�m�H�F���`�M�B�X�J�Q�/�2�H�B�M�; ���M�/ ���M���H�v�b�B�b �Q�7 �a�i�Q�+�?���b�i�B�+ �a�v�b�i�2�K�b�X �*�?���T�K���M ��
�>���H�H�- �G�Q�M�/�Q�M�- �l�E�- �R�N�N�8�X

�(�E�m�H�R�e�)�o�X�:�X �E�m�H�F���`�M�B�X�J�Q�/�2�H�B�M�; ���M�/ ���M���H�v�b�B�b �Q�7 �a�i�Q�+�?���b�i�B�+ �a�v�b�i�2�K�b�- �h�?�B� �̀/ �1�/�B�i�B�Q�M�X
�*�?���T�K���M �� �>���H�H�f�*�_�* �h�2�t�i�b �B�M �a�i���i�B�b�i�B�+���H �a�+�B�2�M�+�2�X �*�_�* �S�`�2�b�b�- �k�y�R�e�X

�(�E�m�`�d�e�) �h�?�Q�K���b �: �E�m�`�i�x�X �G�B�K�B�i �i�?�2�Q�`�2�K�b ���M�/ �/�B�z�m�b�B�Q�M ���T�T�`�Q�t�B�K���i�B�Q�M�b �7�Q�` �/�2�M�b�B�i�v
�/�2�T�2�M�/�2�M�i �J���`�F�Q�p �+�?���B�M�b�X �A�M�a�i�Q�+�?���b�i�B�+ �a�v�b�i�2�K�b�, �J�Q�/�2�H�B�M�;�- �A�/�2�M�i�B�}�+���i�B�Q�M
���M�/ �P�T�i�B�K�B�x���i�B�Q�M�- �A�- �T���;�2�b �e�d���d�3�X �a�T�`�B�M�;�2�`�- �R�N�d�e�X

�(�E�w�>+ �y�N�) �C�Q�Q�b�i�@�S�B�2�i�2�` �E���i�Q�2�M�- �A�p���M �a�X �w���T�`�2�2�p�- �1�`�M�b�i �J�Q�`�B�i�x �>���?�M�- �>�Q�H�;�2�` �>�2�`�K���M�M�b�-
���M�/ �.���p�B�/ �L�X �C���M�b�2�M�X �h�?�2 �B�M�b ���M�/ �Q�m�i�b �Q�7 �i�?�2 �T�`�Q�#���#�B�H�B�b�i�B�+ �K�Q�/�2�H �+�?�2�+�F�2�`
�J�_�J�*�X �Z�1�a�h�- �T���;�2�b �R�e�d���R�d�e�- �k�y�y�N�X

�(�G�"�:�u�R�e�)�*�?�`�B�b�i�Q�T�?�2�` �G�2�b�i�2�`�- �_�m�i�? �1 �"���F�2�`�- �J�B�+�?���2�H �" �:�B�H�2�b�- ���M�/ �*�?�`�B�b�i�B���M �� �u���i�2�b�X
�1�t�i�2�M�/�B�M�; �i�?�2 �K�m�H�i�B�@�H�2�p�2�H �K�2�i�?�Q�/ �7�Q�` �i�?�2 �b�B�K�m�H���i�B�Q�M �Q�7 �b�i�Q�+�?���b�i�B�+ �#�B�Q�H�Q�;�B�+���H
�b�v�b�i�2�K�b�X�"�m�H�H�2�i�B�M �Q�7 �K���i�?�2�K���i�B�+���H �#�B�Q�H�Q�;�v�- �d�3�U�3�V�,�R�e�9�y���R�e�d�d�- �k�y�R�e�X

�(�G�E�E�S�y�8�)�G�X�*�H�Q�i�?�- �C�X�@�S�X �E���i�Q�2�M�- �J�X �E�?���i�i�`�B�- ���M�/ �_�X �S�m�H�m�M�;���M�X �J�Q�/�2�H �+�?�2�+�F�B�M�; �J���`�F�Q�p
�`�2�r���`�/ �K�Q�/�2�H�b �r�B�i�? �B�K�T�m�H�b�2 �`�2�r���`�/�b�X �A�M�S� �̀Q�+�X �.�a�L�ö�y�8�- �k�y�y�8�X

�(�G�Q�i�y�N�) ���H�7�`�2�/ �C�X �G�Q�i�F���X �*�Q�M�i�`�B�#�m�i�B�Q�M �i�Q �i�?�2 �i�?�2�Q�`�v �Q�7 �T�2�`�B�Q�/�B�+ �`�2���+�i�B�Q�M�b�- �C���M�m���`�v
�R�N�y�N�X

�(�G�a�h�R�e�) ���t�2�H �G�2�;���v�- �a�2���M �a�2�/�r���`�/�b�- ���M�/ �G�Q�m�B�b�@�J���`�B�2 �h�`���Q�M�Q�m�2�x�X �S�H���b�K�� �H���#�, ��
�K�Q�/�m�H���` �b�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �T�H���i�7�Q�`�K�X �A�M�A�a�Q�G�� �U�R�V�- �p�Q�H�m�K�2 �N�N�8�k �Q�7
�G�2�+�i�m� �̀2 �L�Q�i�2�b �B�M �*�Q�K�T�m�i�2�` �a�+�B�2�M�+�2�- �T���;�2�b �d�d���N�j�- �k�y�R�e�X

�(�J�J�" + �R�d�)�Z�m�2�M�i�B�M �J�Q�M�M�2�i�- �G�v�M�/�� �J�Q�F�/���/�- �S���Q�H�Q �"���H�H���`�B�M�B�- �u�Q�m�+�2�7 �>���K�K���H�- ���M�/ �C���H�2�H
�"�2�M�@�P�i�?�K���M�X �.�Q�b �/�2�i�2�+�i�B�Q�M �B�M �r�b�M�b�, �1�M�2�`�;�v�@�2�{�+�B�2�M�i �K�2�i�?�Q�/�b �7�Q�` �b�2�H�2�+�i�B�M�;
�K�Q�M�B�i�Q�`�B�M�; �M�Q�/�2�b�X�*�Q�M�+�m�`�`�X �*�Q�K�T�m�i�X �S� �̀��+�i�X �1�t�T�X�- �k�N�U�k�j�V�- �k�y�R�d�X

�(�J�L�y�9�) �P�/�2�/ �J���H�2�` ���M�/ �.�2�D���M �L�B�+�F�Q�p�B�+�X �J�Q�M�B�i�Q�`�B�M�; �i�2�K�T�Q�`���H �T�`�Q�T�2�`�i�B�2�b �Q�7 �+�Q�M�i�B�M�@
�m�Q�m�b �b�B�;�M���H�b�X �A�M �u���b�b�B�M�2 �G���F�?�M�2�+�? ���M�/ �a�2�`�;�B�Q �u�Q�p�B�M�2�- �2�/�B�i�Q�`�b�-�6�Q�`�K���H �h�2�+�?�@
�M�B�[�m�2�b�- �J�Q�/�2�H�H�B�M�; ���M�/ ���M���H�v�b�B�b �Q�7 �h�B�K�2�/ ���M�/ �6���m�H�i�@�h�Q�H�2� �̀��M�i �a�v�b�i�2�K�b�- �T���;�2�b
�R�8�k���R�e�e�- �"�2�`�H�B�M�- �>�2�B�/�2�H�#�2�`�;�- �k�y�y�9�X �a�T�`�B�M�;�2�` �"�2�`�H�B�M �>�2�B�/�2�H�#�2�`�;�X

�(�J�S�_�_�R�k�)�C�2���M�@�J�B�+�?�2�H �J���`�B�M�- �S�B�2�`�`�2 �S�m�/�H�Q�- �*�?�`�B�b�i�B���M �S�X �_�Q�#�2�`�i�- ���M�/ �_�Q�#�B�M �C�X �_�v�/�2�`�X
���T�T�`�Q�t�B�K���i�2 �#���v�2�b�B���M �+�Q�K�T�m�i���i�B�Q�M���H �K�2�i�?�Q�/�b�X�a�i���i�B�b�i�B�+�b ���M�/ �*�Q�K�T�m�i�B�M�;�-
�k�k�U�e�V�,�R�R�e�d���R�R�3�y�- �L�Q�p �k�y�R�k�X



�"�B�#�H�B�Q�;�`���T�?�v �R�9�R

�(�L�2�m�d�8�) �J�X�6�X �L�2�m�i�b�X �S�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M�b �Q�7 �T�?���b�2 �i�v�T�2�X �A�M�G�B�#�2�` ���K�B�+�Q�`�m�K �S� �̀Q�7�X
�1�K�2�`�B�i�m�b �>�X �6�H�Q�`�B�M�- �T���;�2�b �R�d�j���k�y�e�X �l�M�B�p�2�`�b�B�i�v �Q�7 �G�Q�m�p���B�M�- �R�N�d�8�X

�(�L�2�m�d�N�) �J�X�6�X �L�2�m�i�b�X �� �p�2�`�b���i�B�H�2 �K���`�F�Q�p�B���M �T�Q�B�M�i �T�`�Q�+�2�b�b�X�C�Q�m�`�M���H �Q�7 ���T�T�H�B�2�/ �S� �̀Q�#���@
�#�B�H�B�i�v�- �R�e�,�d�e�9���d�d�N�- �R�N�d�N�X

�(�P�.�y�N�) �>�X �P�F���K�m�`�� ���M�/ �h�X �.�Q�?�B�X �6���b�i�2�` �K���t�B�K�m�K �H�B�F�2�H�B�?�Q�Q�/ �2�b�i�B�K���i�B�Q�M ���H�;�Q�`�B�i�?�K�b
�7�Q�` �K���`�F�Q�p�B���M ���`�`�B�p���H �T�`�Q�+�2�b�b�2�b�X �A�M�Z�m���M�i�B�i���i�B�p�2 �1�p���H�m���i�B�Q�M �Q�7 �a�v�b�i�2�K�b�- �k�y�y�N�X
�Z�1�a�h�ö�y�N�X �a�B�t�i�? �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �i�?�2�- �T���;�2�b �d�j���3�k�X �A�1�1�1�- �k�y�y�N�X

�(�P�a�N�N�) �q�X �.�Q�m�;�H���b �P�#���H�- �A�A ���M�/ �q�B�H�H�B���K �>�X �a���M�/�2�`�b�X �a�i���i�2�@�b�T���+�2 �b�m�T�T�Q�`�i �7�Q�` �T���i�?�@
�#���b�2�/ �`�2�r���`�/ �p���`�B���#�H�2�b�X�S�2�`�7�Q�`�K�X �1�p���H�X�- �j�8�,�k�j�j���k�8�R�- �J���v �R�N�N�N�X

�(�S�M�m�d�d�)���K�B�` �S�M�m�2�H�B�X �h�?�2 �i�2�K�T�Q�`���H �H�Q�;�B�+ �Q�7 �T�`�Q�;�`���K�b�X �A�M�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �R�3�i�?
���M�M�m���H �a�v�K�T�Q�b�B�m�K �Q�M �6�Q�m�M�/���i�B�Q�M�b �Q�7 �*�Q�K�T�m�i�2�` �a�+�B�2�M�+�2�- �a�6�*�a �ö�d�d�- �T���;�2�b
�9�e���8�d�- �q���b�?�B�M�;�i�Q�M�- �.�*�- �l�a���- �R�N�d�d�X �A�1�1�1 �*�Q�K�T�m�i�2�` �a�Q�+�B�2�i�v�X

�(�S�_�A�) �S�`�B�b�K �?�Q�K�2 �T���;�2�X �?�i�i�T�,�f�f�r�r�r�X�T�`�B�b�K�K�Q�/�2�H�+�?�2�+�F�2�`�X�Q�`�;�X

�(�Z�a�3�k�) �C�X �Z�m�2�B�H�H�2 ���M�/ �C�X �a�B�7���F�B�b�X �a�T�2�+�B�}�+���i�B�Q�M ���M�/ �p�2�`�B�}�+���i�B�Q�M �Q�7 �+�Q�M�+�m�`�`�2�M�i �b�v�b�i�2�K�b
�B�M �+�2�b���`�X �T���;�2�b �j�j�d���j�8�R�X �R�N�3�k�X

�(�_���#�N�y�) �G�X �_�X �_���#�B�M�2�`�X �_�2���/�B�M�;�b �B�M �b�T�2�2�+�? �`�2�+�Q�;�M�B�i�B�Q�M�X �+�?���T�i�2�` �� �h�m�i�Q�`�B���H �Q�M �>�B�/�/�2�M
�J���`�F�Q�p �J�Q�/�2�H�b ���M�/ �a�2�H�2�+�i�2�/ ���T�T�H�B�+���i�B�Q�M�b �B�M �a�T�2�2�+�? �_�2�+�Q�;�M�B�i�B�Q�M�- �T���;�2�b �k�e�d��
�k�N�e�X �J�Q�`�;���M �E���m�7�K���M�M �S�m�#�H�B�b�?�2�`�b �A�M�+�X�- �a���M �6�`���M�+�B�b�+�Q�- �*���- �l�a���- �R�N�N�y�X

�(�_�S�y�N�) �.�B���M�� �1�H �_���#�B�? ���M�/ �L�B�?���H �S�2�F�2�`�;�B�M�X �a�i���i�B�b�i�B�+���H �K�Q�/�2�H �+�?�2�+�F�B�M�; �7�Q�` �b�i�2���/�v
�b�i���i�2 �/�2�T�2�M�/���#�B�H�B�i�v �p�2�`�B�}�+���i�B�Q�M�X �A�M�k�y�y�N �a�2�+�Q�M�/ �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M
�.�2�T�2�M�/���#�B�H�B�i�v�- �T���;�2�b �R�e�e���R�e�N�- �k�y�y�N�X

�(�_�v�/�N�e�) �h�X �_�v�/�2�M�X ���M �2�K ���H�;�Q�`�B�i�?�K �7�Q�` �2�b�i�B�K���i�B�Q�M �B�M �K���`�F�Q�p�@�K�Q�/�m�H���i�2�/ �T�Q�B�b�b�Q�M
�T�`�Q�+�2�b�b�2�b�X�*�Q�K�T�m�i���i�B�Q�M���H �a�i���i�B�b�i�B�+�b �� �.���i�� ���M���H�v�b�B�b�- �k�R�U�9�V�,�9�j�R �� �9�9�d�- �R�N�N�e�X

�(�_�w�E�y�e�) ���X �_�B�#�2�B�`�Q�- �_�X �w�?�m�- ���M�/ �a�X ���X �E���m�z�K���M�X �� �;�2�M�2�`���H �K�Q�/�2�H�B�M�; �b�i�`���i�2�;�v �7�Q�`
�;�2�M�2 �`�2�;�m�H���i�Q�`�v �M�2�i�r�Q�`�F�b �r�B�i�? �b�i�Q�+�?���b�i�B�+ �/�v�M���K�B�+�b�X�C�Q�m�`�M���H �Q�7 �+�Q�K�T�m�i���i�B�Q�M���H
�#�B�Q�H�Q�;�v �, �� �D�Q�m�`�M���H �Q�7 �+�Q�K�T�m�i���i�B�Q�M���H �K�Q�H�2�+�m�H���` �+�2�H�H �#�B�Q�H�Q�;�v�- �R�j�U�N�V�,�R�e�j�y���R�e�j�N�-
�L�Q�p�2�K�#�2�` �k�y�y�e�X

�(�a�6�"�R�3�) �a�+�Q�i�i �� �a�B�b�b�Q�M�- �u���M���M �6���M�- ���M�/ �J���`�F �"�2���m�K�Q�M�i�X�>���M�/�#�Q�Q�F �Q�7 ���T�T� �̀Q�t�B�K���i�2
�"���v�2�b�B���M �+�Q�K�T�m�i���i�B�Q�M�X �*�?���T�K���M ���M�/ �>���H�H�f�*�_�*�- �k�y�R�3�X

�(�a�B�H�3�e�) �" �q �a�B�H�p�2�`�K���M�X�.�2�M�b�B�i�v �1�b�i�B�K���i�B�Q�M �7�Q�` �a�i���i�B�b�i�B�+�b ���M�/ �.���i�� ���M���H�v�b�B�b�X �*�?���T�@
�K���M �� �>���H�H�- �G�Q�M�/�Q�M�- �R�N�3�e�X

�(�a�T�B�R�j�) �.�X �a�T�B�2�H�2�`�X �*�?���`���+�i�2�`�B�x�B�M�; �Q�b�+�B�H�H���i�Q�`�v ���M�/ �M�Q�B�b�v �T�2�`�B�Q�/�B�+ �#�2�?���p�B�Q�` �B�M �K���`�F�Q�p
�T�Q�T�m�H���i�B�Q�M �K�Q�/�2�H�b�X �A�M�S� �̀Q�+�X �Z�1�a�h�ö�R�j�- �k�y�R�j�X



�"�B�#�H�B�Q�;�`���T�?�v �R�9�k

�(�a�o���y�8���) �E�X �a�2�M�- �J�X �o�B�b�r���M���i�?���M�- ���M�/ �:�X ���;�?���X �o�1�a�h���, �� �b�i���i�B�b�i�B�+���H �K�Q�/�2�H�@�+�?�2�+�F�2�`
���M�/ ���M���H�v�x�2�` �7�Q�` �T�`�Q�#���#�B�H�B�b�i�B�+ �b�v�b�i�2�K�b�X �A�M�S� �̀Q�+�X �Z�1�a�h�ö�y�8�- �k�y�y�8�X

�(�a�o���y�8�#�) �E�Q�m�b�?�B�F �a�2�M�- �J���?�2�b�? �o�B�b�r���M���i�?���M�- ���M�/ �:�m�H ���;�?���X �P�M �b�i���i�B�b�i�B�+���H �K�Q�/�2�H
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