
�L�m�K�2�`�B�+���H ���M�/ �h�?�2�Q�`�2�i�B�+���H �.�2�p�2�H�Q�T�K�2�M�i�b �7�Q�` �*�Q�?�2�`�2�M�i �a�i�`�m�+�i�m�`�2�b

���H�#�2�`�i �C�X �C���`�p�B�b

�.�B�b�b�2�`�i���i�B�Q�M �b�m�#�K�B�i�i�2�/ �i�Q �i�?�2 �6���+�m�H�i�v �Q�7 �i�?�2

�o�B�`�;�B�M�B�� �S�Q�H�v�i�2�+�?�M�B�+ �A�M�b�i�B�i�m�i�2 ���M�/ �a�i���i�2 �l�M�B�p�2�`�b�B�i�v

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

�.�Q�+�i�Q�` �Q�7 �S�?�B�H�Q�b�Q�T�?�v

�B�M

�1�M�;�B�M�2�2�`�B�M�; �J�2�+�?���M�B�+�b

�a�?���M�2 �.�X �_�Q�b�b�- �*�?���B�`

�1�`�B�F �"�Q�H�H�i

�>�Q�b�2�B�M �6�Q�`�Q�m�i���M

�h�`���B���M �A�H�B�2�b�+�m

���T�`�B�H �k�j�- �k�y�k�8

�"�H���+�F�b�#�m�`�;�- �o�B�`�;�B�M�B��

�E�2�v�r�Q�`�/�b�, �h�B�K�2�@�/�2�T�2�M�/�2�M�i �.�v�M���K�B�+���H �a�v�b�i�2�K�b�- �G���;�`���M�;�B���M �*�Q�?�2�`�2�M�i �a�i�`�m�+�i�m�`�2�b�- �J���i�2�`�B���H

�i�`���M�b�T�Q�`�i�- ���m�i�Q�K���i�B�+ �/�B�7�7�2�`�2�M�i�B���i�B�Q�M�X

�*�Q�T�v�`�B�;�?�i �k�y�k�8�- ���H�#�2�`�i �C�X �C���`�p�B�b



�L�m�K�2�`�B�+���H ���M�/ �h�?�2�Q�`�2�i�B�+���H �.�2�p�2�H�Q�T�K�2�M�i�b �7�Q�` �*�Q�?�2�`�2�M�i �a�i�`�m�+�i�m�`�2�b

���H�#�2�`�i �C�X �C���`�p�B�b

�U���"�a�h�_���*�h�V

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

�;�`�Q�r�i�? �Q�p�2�` �i�?�2 �H���b�i �7�2�r �/�2�+���/�2�b�- �r�B�i�? �i�?�2 �;�2�Q�K�2�i�`�B�+ �p�B�2�r�T�Q�B�M�i �H�2���/�B�M�; �i�Q �i�?�2 �/�2�p�2�H�Q�T�K�2�M�i

�Q�7 �G���;�`���M�;�B���M ���M�/ �Q�#�D�2�+�i�B�p�2 �1�m�H�2�`�B���M �+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2�b�X �h�?�B�b �i�?�2�Q�`�v �2�t�i�2�M�/�b �M�Q�i�B�Q�M�b �/�2�@

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

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

�i�?�B�b �i�?�2�Q�`�v ���`�2 �K���i�2�`�B���H �b�m�`�7���+�2�b �i�?���i �?���p�2 ���M �2�t�+�2�T�i�B�Q�M���H �2�7�7�2�+�i �Q�M �i�?�2 �+�Q�M�i�2�M�i�b �Q�7 �� �7�H�Q�r

���M�/ ���`�2 �F�2�v �7�Q�` �m�M�/�2�`�b�i���M�/�B�M�; �i�`���M�b�T�Q�`�i�X �h�?�2�b�2 �b�i�`�m�+�i�m�`�2�b �Q�`�;���M�B�x�2 �i�?�2 �+�Q�M�i�2�M�i�b �Q�7 �� �7�H�Q�r

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

�q�?�B�H�2 �i�?�2�b�2 �K�2�i�?�Q�/�b �?���p�2 �#�2�2�M ���/�Q�T�i�2�/ �B�M �;�2�Q�T�?�v�b�B�+���H ���M�/ �2�M�;�B�M�2�2�`�B�M�; ���T�T�H�B�+���i�B�Q�M�b�- �i�?�2

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

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

�r���`�2 �T���+�F���;�2 �7�Q�` �i�?�2�b�2 �i�Q�Q�H�b�- �/�2�K�Q�M�b�i�`���i�B�M�; �i�?�2 �m�b�2�7�m�H�M�2�b�b �Q�7 �i�?�2�b�2 �K�2�i�?�Q�/�b �Q�M �� �H���`�;�2�@�b�+���H�2

�i�`���M�b�T�Q�`�i ���T�T�H�B�+���i�B�Q�M�- �7�m�`�i�?�2�` �2�t�i�2�M�/�B�M�; �i�?�2 �i�?�2�Q�`�v �B�M �� �b�T�2�+�B�7�B�+ �+�Q�M�i�2�t�i�- ���M�/ �T�`�2�b�2�M�i�B�M�; ��

�M�2�r �M�m�K�2�`�B�+���H �7�`���K�2�r�Q�`�F �7�Q�` �+�Q�K�T�m�i�B�M�; �G�*�a �7�`�Q�K �i�?�2�B�` �p���`�B���i�B�Q�M���H �i�?�2�Q�`�v�X



�L�m�K�2�`�B�+���H ���M�/ �h�?�2�Q�`�2�i�B�+���H �.�2�p�2�H�Q�T�K�2�M�i�b �7�Q�` �*�Q�?�2�`�2�M�i �a�i�`�m�+�i�m�`�2�b

���H�#�2�`�i �C�X �C���`�p�B�b

�U�:�1�L�1�_���G ���l�.�A�1�L�*�1 ���"�a�h�_���*�h�V

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

�B�M �i�?�2 �T�?�v�b�B�+���H �b�+�B�2�M�+�2�b�X �.�m�b�i �Q�` �b�K�Q�F�2 �K�Q�p�B�M�; �i�?�`�Q�m�;�? �i�?�2 ���i�K�Q�b�T�?�2�`�2�- �Q�B�H �/�`�B�7�i�B�M�; �i�?�`�Q�m�;�?

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

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

�7�H�Q�r �/�Q�2�b �M�Q�i �+�?���M�;�2 �B�M �i�B�K�2 �U�i�B�K�2�@�B�M�/�2�T�2�M�/�2�M�i�V�- �i�?�2�`�2 �B�b �� �`�B�+�? �i�?�2�Q�`�v �/���i�B�M�; �#���+�F �Q�p�2�`

�� �?�m�M�/�`�2�/ �v�2���`�b �i�?���i �/�2�7�B�M�2�b �F�2�v �`�2�;�B�Q�M�b ���M�/ �b�i�`�m�+�i�m�`�2�b �B�M �� �7�H�Q�r�- �H�2���/�B�M�; �i�Q �� �[�m���H�B�i���i�B�p�2

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

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

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

���`�2 �i�?�2 �`�m�H�2 �`���i�?�2�` �i�?���M �i�?�2 �2�t�+�2�T�i�B�Q�M �B�M �K���M�v �;�2�Q�T�?�v�b�B�+���H ���T�T�H�B�+���i�B�Q�M�b �U�H�B�F�2 �i�?�Q�b�2 �/�2�b�+�`�B�#�2�/

���#�Q�p�2�V�X �P�p�2�` �i�?�2 �H���b�i �7�2�r �/�2�+���/�2�b�- �� �M�2�r �i�?�2�Q�`�v �?���b �#�2�2�M �/�2�p�2�H�Q�T�2�/ �i�Q �2�t�i�2�M�/ �K���M�v �Q�7

�i�?�2 �M�Q�i�B�Q�M�b �Q�7 �i�?�2 �i�B�K�2�@�B�M�/�2�T�2�M�/�2�M�i �b�2�i�i�B�M�; �i�Q �i�?�2 �K�Q�`�2 �;�2�M�2�`���H �i�B�K�2�@�/�2�T�2�M�/�2�M�i �b�2�i�i�B�M�;�X

�h�?�B�b �/�B�b�b�2�`�i���i�B�Q�M ���B�K�b �i�Q �+�Q�M�i�`�B�#�m�i�2 �i�Q �i�?�2 �K���i�m�`���i�B�Q�M �Q�7 �i�?�B�b �i�?�2�Q�`�v ���M�/ �B�i�b �M�m�K�2�`�B�+���H

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

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

�2�t�i�2�M�/�B�M�; �i�?�2 �i�?�2�Q�`�v �B�M �� �b�T�2�+�B�7�B�+ �+�Q�M�i�2�t�i�- ���M�/ �T�`�2�b�2�M�i�B�M�; �� �M�2�r �M�m�K�2�`�B�+���H �7�`���K�2�r�Q�`�F �7�Q�`

�+�Q�K�T�m�i�B�M�; �+�2�`�i���B�M �p�2�`�b�B�Q�M�b �Q�7 �i�?�2�b�2 �b�i�`�m�+�i�m�`�2�b�X



�.�2�/�B�+���i�B�Q�M

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

�B�p



���+�F�M�Q�r�H�2�/�;�K�2�M�i�b

�A ���K �i�?���M�F�7�m�H �i�Q �K���M�v �T�2�Q�T�H�2 �� �i�?�Q�b�2 �r�?�Q �b�m�T�T�Q�`�i�2�/ �K�2 �i�?�`�Q�m�;�? �/�B�7�7�B�+�m�H�i �i�B�K�2�b�- �i�?�Q�b�2 �i�?���i

�i���m�;�?�i �K�2 ���#�Q�m�i �H�B�7�2 ���M�/ �K���i�?�2�K���i�B�+�b�- ���M�/ �i�?�Q�b�2 �i�?���i �/�B�/ �#�Q�i�?�X

�h�Q �K�v �+�Q�K�K�B�i�i�2�2�,�h�?���M�F �v�Q�m �7�Q�` �b�2�`�p�B�M�; �Q�M �K�v �+�Q�K�K�B�i�i�2�2 ���M�/ �7�Q�` �i�?�2 �K���M�v �i�?�Q�m�;�?�i�@

�T�`�Q�p�Q�F�B�M�; �/�B�b�+�m�b�b�B�Q�M�b�X �A ���K �;�`���i�2�7�m�H �7�Q�` �v�Q�m�` �i�B�K�2�- �B�M�b�B�;�?�i�- ���M�/ �;�m�B�/���M�+�2�X

�h�Q �K�v �J�a�l �T�`�Q�7�2�b�b�Q�`�b�, �h�?���M�F �v�Q�m �7�Q�` �b�?�Q�r�B�M�; �K�2 �i�?�2 �#�2���m�i�v �Q�7 �K���i�?�2�K���i�B�+�b�- �7�Q�`

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

�h�Q �K�v �J�a�l �+�Q�H�H�2���;�m�2�b�,�h�?���M�F �v�Q�m �7�Q�` �?�2�H�T�B�M�; �K�2 �;�`�Q�r�- �K���F�B�M�; �K�2 �H���m�;�?�- ���M�/ �7�Q�`

�T���`�i���F�B�M�; �B�M �i�?�2 �b�?�2�M���M�B�;���M�b�X

�h�Q �K�v �o�h �T�`�Q�7�2�b�b�Q�`�b�,�h�?���M�F �v�Q�m �7�Q�` �i�2���+�?�B�M�; �K�2 �i�?�B�M�;�b �A �M�2�p�2�` �i�?�Q�m�;�?�i �A�ö�/ �?���p�2 �i�?�2

�Q�T�T�Q�`�i�m�M�B�i�v �i�Q �H�2���`�M�- �7�Q�` �v�Q�m�` �i�B�K�2 ���M�/ �T���i�B�2�M�+�2�- ���M�/ �7�Q�` ���M�b�r�2�`�B�M�; �K�v �+�Q�m�M�i�H�2�b�b �[�m�2�b�i�B�Q�M�b�X

�h�Q �i�?�2 �_�Q�b�b �.�v�M���K�B�+�b �G���#�,�h�?���M�F �v�Q�m �7�Q�` �K���F�B�M�; �i�?�2 �p�2�`�v �T���B�M�7�m�H �T�`�Q�+�2�b�b �Q�7 �;�2�i�i�B�M�; ��

�S�?�. �D�m�b�i �� �H�B�i�i�H�2 �H�2�b�b �T���B�M�7�m�H�- �7�Q�` ���H�H �i�?�2 �i�?�Q�m�;�?�i�7�m�H �/�B�b�+�m�b�b�B�Q�M�b�- ���M�/ �7�Q�` ���H�H �i�?�2 �H���m�;�?�b�X

�h�Q �1�`�B�+ �6�Q�`�;�Q�b�i�Q�M�,�h�?���M�F �v�Q�m �B�M�i�`�Q�/�m�+�B�M�; �K�2 �i�Q ���M�/ �i�2���+�?�B�M�; �K�2 ���#�Q�m�i �i�?�2 �7�B�2�H�/ �A �?���p�2

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

�B�M�p�2�b�i�2�/ �B�M �K�2�X �u�Q�m�` �B�K�T���+�i �Q�M �K�v �H�B�7�2 �+���M�M�Q�i �#�2 �Q�p�2�`�b�i���i�2�/�X

�h�Q �a�?���M�2 �_�Q�b�b�,�h�?���M�F �v�Q�m �7�Q�` �v�Q�m�` �m�M�r���p�2�`�B�M�; �b�m�T�T�Q�`�i �Q�p�2�` �i�?�2 �v�2���`�b�- �7�Q�` �2�p�2�`�v�i�?�B�M�; �v�Q�m

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

�u�Q�m �r�2�`�2 �� �r�Q�M�/�2�`�7�m�H ���/�p�B�b�Q�`�- ���M�/ �A �i�`�m�H�v ���T�T�`�2�+�B���i�2 ���H�H �i�?���i �v�Q�m�ö�p�2 �/�Q�M�2 �7�Q�` �K�2�X

�h�Q �K�v �7�`�B�2�M�/�b�,�h�?���M�F �v�Q�m �7�Q�` �#�2�B�M�; �i�?�2�`�2 �7�Q�` �K�2�- �i�?�`�Q�m�;�? �;�Q�Q�/ �i�B�K�2�b ���M�/ �#���/�- ���M�/ �7�Q�`

�#�`�B�;�?�i�2�M�B�M�; �i�?�2 �/���`�F �/���v�b�X

�h�Q �K�v �7���K�B�H�v�,�u�Q�m �?���p�2 �#�2�2�M �i�?�2 ���M�+�?�Q�` �Q�7 �K�v �H�B�7�2�X �A �r�Q�m�H�/ �M�Q�i �?���p�2 �K���/�2 �B�i �� �7�`���+�i�B�Q�M

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

�p



�*�Q�M�i�2�M�i�b

�G�B�b�i �Q�7 �6�B�;�m�`�2�b �t�B�B

�G�B�b�i �Q�7 �h���#�H�2�b �t�t�B�B

�R �A�M�i�`�Q�/�m�+�i�B�Q�M �R

�R�X�R �a�2�i�m�T�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 �X �X �X �k

�R�X�R�X�R �1�t���K�T�H�2 �7�H�Q�r�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

�R�X�k �>�v�T�2�`�#�Q�H�B�+ �G���;�`���M�;�B���M �+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �8

�R�X�k�X�R �6�B�M�B�i�2 �i�B�K�2 �G�v���T�m�M�Q�p �2�t�T�Q�M�2�M�i�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �N

�R�X�k�X�k �6�h�G�1 �`�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 �R�y

�R�X�k�X�j �o���`�B���i�B�Q�M���H �>�v�T�2�`�#�Q�H�B�+ �G�*�a�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�j

�R�X�j �>�v�T�2�`�#�Q�H�B�+ �Q�#�D�2�+�i�B�p�2 �1�m�H�2�`�B���M �+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�d

�R�X�j�X�R �o���`�B���i�B�Q�M���H �>�v�T�2�`�#�Q�H�B�+ �P�1�*�a�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�d

�R�X�j�X�k �A�M�b�i���M�i���M�2�Q�m�b �G�v���T�m�M�Q�p �2�t�T�Q�M�2�M�i�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �k�y

�R�X�9 �1�H�H�B�T�i�B�+ �+�Q�?�2�`�2�M�i �b�i�`�m�+�i�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 �X �X �X �X �X �k�R

�R�X�9�X�R �*�Q�?�2�`�2�M�i �G���;�`���M�;�B���M �p�Q�`�i�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 �k�k

�R�X�9�X�k �G���;�`���M�;�B���M�@���p�2�`���;�2�/ �p�Q�`�i�B�+�B�i�v �/�2�p�B���i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �k�9

�R�X�9�X�j �o���`�B���i�B�Q�M���H �1�H�H�B�T�i�B�+ �P�1�*�a�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

�p�B



�R�X�9�X�9 �A�M�b�i���M�i���M�2�Q�m�b �p�Q�`�i�B�+�B�i�v �/�2�p�B���i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �k�3

�R�X�8 �_�2�b�2���`�+�? �Q�p�2�`�p�B�2�r�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 �k�N

�k �L�m�K�#���*�a�, �� �7���b�i �S�v�i�?�Q�M �T���+�F���;�2 �7�Q�` �+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2 ���M���H�v�b�B�b�j�R

�k�X�R �a�m�K�K���`�v�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 �X �j�R

�k�X�k �a�i���i�2�K�2�M�i �Q�7 �L�2�2�/�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�k

�k�X�j �6�m�M�+�i�B�Q�M���H�B�i�v ���M�/ �A�K�T�H�2�K�2�M�i���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 �j�j

�k�X�j�X�R �L�Q�i�2�b �Q�M �B�M�i�2�;�`���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 �j�8

�k�X�j�X�k �6�h�G�1�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�e

�k�X�j�X�j �B�G�1�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�e

�k�X�j�X�9 �6�h�G�1 �`�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 �j�e

�k�X�j�X�8 �o���`�B���i�B�Q�M���H �>�v�T�2�`�#�Q�H�B�+ �G�*�a�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �j�3

�k�X�j�X�e �o���`�B���i�B�Q�M���H �>�v�T�2�`�#�Q�H�B�+ �P�1�*�a�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �j�N

�k�X�j�X�d �G���o�.�@�#���b�2�/ �1�H�H�B�T�i�B�+ �G�*�a�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�y

�k�X�j�X�3 �A�o�.�@�#���b�2�/ �1�H�H�B�T�i�B�+ �P�1�*�a�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�R

�k�X�j�X�N �6�H�Q�r �K���T �*�Q�K�T�Q�b�B�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 �9�R

�k�X�9 �1�t���K�T�H�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 �X �9�j

�k�X�8 �E�2�v �/�2�T�2�M�/�2�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 �9�e

�k�X�e �_�Q���/ �K���T�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 �X �9�d

�k�X�d �.���i���b�2�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 �X �X �9�3

�p�B�B



�k�X�3 �l�b���;�2 �B�M �Q�M�;�Q�B�M�; �`�2�b�2���`�+�?�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�N

�k�X�N ���+�F�M�Q�r�H�2�/�;�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 �9�N

�j ���i�K�Q�b�T�?�2�`�B�+ �i�`���M�b�T�Q�`�i �b�i�`�m�+�i�m�`�2�b �b�?���T�B�M�; �i�?�2 �ó�:�Q�/�x�B�H�H���ô �/�m�b�i �T�H�m�K�2�8�y

�j�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 �8�R

�j�X�k �J�2�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 �X �X �X �X �X �X �X �X �X �X �X �8�8

�j�X�k�X�R �6�B�M�B�i�2 �h�B�K�2 �*�Q�?�2�`�2�M�i �a�i�`�m�+�i�m�`�2�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �8�e

�j�X�k�X�k �A�M�b�i���M�i���M�2�Q�m�b �*�Q�?�2�`�2�M�i �a�i�`�m�+�i�m�`�2�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �e�y

�j�X�k�X�j �o�Q�`�i�2�t �A�/�2�M�i�B�7�B�+���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 �e�R

�j�X�k�X�9 �.���i�� ���M�/ �a�Q�7�i�r���`�2�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�k�X�8 �*���p�2���i�b �r�B�i�? �A�K�T�H�2�K�2�M�i���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 �e�9

�j�X�j �_�2�b�m�H�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 �X �X �X �e�e

�j�X�j�X�R �6�h�G�1�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

�j�X�j�X�k �1�m�H�2�`�B���M �*�Q�K�#�B�M�2�/ �r�B�i�? �G���;�`���M�;�B���M ���M���H�v�b�B�b�X �X �X �X �X �X �X �X �X �X �X �X �X �d�j

�j�X�9 �.�B�b�+�m�b�b�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 �X �3�j

�j�X�8 �*�Q�M�+�H�m�b�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 �X �3�d
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�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 �N�k

�9�X�k �"���+�F�;�`�Q�m�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 �N�9

�9�X�k�X�R �G���;�`���M�;�B���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 �N�8

�p�B�B�B



�9�X�k�X�k �1�m�H�2�`�B���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 �N�d

�9�X�j ���/�p�2�+�i�B�Q�M�@�/�B�7�7�m�b�B�Q�M �i�`���M�b�T�Q�`�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 �N�d

�9�X�j�X�R �G���;�`���M�;�B���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 �N�3

�9�X�j�X�k �1�m�H�2�`�B���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 �R�y�R

�9�X�j�X�j �*�Q�K�T���i�B�#�B�H�B�i�v ���M�/ �T���`���H�H�2�H�b �r�B�i�? �1�H�H�B�T�i�B�+ �P�1�*�a�X �X �X �X �X �X �X �X �X �X �X �X �R�y�8

�9�X�9 �L�m�K�2�`�B�+���H �1�t���K�T�H�2�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�d

�9�X�9�X�R ���;�m�H�?���b �G�2���F���;�2�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�d

�9�X�9�X�k �.�B�7�7�m�b�B�Q�M �a�i�`�m�+�i�m�`�2�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�3

�9�X�9�X�j �h�`���M�b�T�Q�`�i ���M�/ �h�`���M�b�T�Q�`�i�@�_���i�2 �"���`�`�B�2�`�b �a�B�K�m�H���i�B�Q�M�X �X �X �X �X �X �X �X �X �X �R�R�y

�9�X�8 �*�Q�M�+�H�m�b�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 �X �R�R�e

�8 ���+�+�m�`���i�2 ���M�/ �1�7�7�B�+�B�2�M�i �2�t�i�`���+�i�B�Q�M �Q�7 �G�*�a �7�`�Q�K �i�?�2�B�` �p���`�B���i�B�Q�M���H �i�?�2�Q�`�v

�m�b�B�M�; ���m�i�Q�K���i�B�+ �.�B�7�7�2�`�2�M�i�B���i�B�Q�M �R�R�3

�8�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 �R�R�N

�8�X�k �"���+�F�;�`�Q�m�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 �R�k�R

�8�X�k�X�R �*�Q�K�T�m�i���i�B�Q�M���H �.�B�7�7�2�`�2�M�i�B���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 �R�k�R

�8�X�k�X�k �L�2�m�`���H �P�`�/�B�M���`�v �.�B�7�7�2�`�2�M�i�B���H �1�[�m���i�B�Q�M�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�k�d

�8�X�k�X�j �G�*�a �1�t�i�`���+�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 �R�j�y

�8�X�j ���. �G�*�a�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 �X �X �R�j�9

�8�X�j�X�R �A�K�T�H�2�K�2�M�i���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 �R�j�8

�8�X�j�X�k �_�2�H���i�2�/ �q�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 �X �X �X �X �X �X �X �X �R�j�e

�B�t



�8�X�9 �_�2�b�m�H�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 �X �X �X �R�j�d

�8�X�8 �*�Q�M�+�H�m�b�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 �X �R�9�e

�e �*�Q�M�+�H�m�b�B�Q�M�b �R�9�N

�e�X�R �a�m�K�K���`�v�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 �X �R�9�N

�e�X�k �6�m�i�m�`�2 �.�B�`�2�+�i�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 �X �X �X �X �X �R�8�R

�"�B�#�H�B�Q�;�`���T�?�v �R�8�8

���T�T�2�M�/�B�+�2�b �R�3�y

���T�T�2�M�/�B�t �� �a�m�T�T�H�2�K�2�M�i���H �J���i�2�`�B���H�, ���i�K�Q�b�T�?�2�`�B�+ �i�`���M�b�T�Q�`�i �b�i�`�m�+�i�m�`�2�b �b�?���T�@

�B�M�; �i�?�2 �ó�:�Q�/�x�B�H�H���ô �/�m�b�i �b�i�Q�`�K �R�3�R

���X�R �A�K�T�H�B�+���i�B�Q�M�b �Q�7 �*�Q�H�m�K�M�@���p�2�`���;�2�/ �p�2�H�Q�+�B�i�v �7�B�2�H�/�b�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�3�R

���X�k �A�M�i�2�;�`���i�B�Q�M �h�B�K�2�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�3�k

���X�j �e�y�y �?�S���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 �X �X �R�3�9

���T�T�2�M�/�B�t �" ���T�T�2�M�/�B�+�2�b�, �.�B�7�7�m�b�B�p�2 �6�H�m�t�@�_���i�2 �"���`�`�B�2�`�b �7�Q�` �:�2�M�2�`���H �.�B�7�7�m�b�B�Q�M

�a�i�`�m�+�i�m�`�2 �R�N�k

�"�X�R �h�B�K�2 �/�2�`�B�p���i�B�p�2 �Q�7��ht
t0

���bt ! t0 �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�N�k

�"�X�k �h���v�H�Q�` �2�t�T���M�b�B�Q�M �Q�7�ht
t0

�7�Q�` �;�2�M�2�`���H�. �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�N�9

�"�X�j �P�#�D�2�+�i�B�p�B�i�v �Q�7�a�. �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�N�e

�"�X�9 �"���`�`�B�2�` �2�[�m���i�B�Q�M�b �B�M �k�.�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�N�N
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���T�T�2�M�/�B�t �* ���T�T�2�M�/�B�+�2�b�, ���+�+�m�`���i�2 ���M�/ �1�7�7�B�+�B�2�M�i �2�t�i�`���+�i�B�Q�M �Q�7 �G�*�a �7�`�Q�K

�i�?�2�B�` �p���`�B���i�B�Q�M���H �i�?�2�Q�`�v �m�b�B�M�; ���m�i�Q�K���i�B�+ �.�B�7�7�2�`�2�M�i�B���i�B�Q�M�k�y�k

�*�X�R ���. �h���#�H�2�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 �X �k�y�j

�*�X�k �L�m�K�2�`�B�+���H �.�B�7�7�2�`�2�M�i�B���i�B�Q�M �h���#�H�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 �k�y�9
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�G�B�b�i �Q�7 �6�B�;�m�`�2�b

�R�X�R �o�2�H�Q�+�B�i�v �7�B�2�H�/ �7�Q�` �/�Q�m�#�H�2 �;�v�`�2 �7�H�Q�r ���it �4 �U���V �y�X�y�- �U�#�V �j�X�j�- �U�+�V �e�X�d�- �U�/�V �R�y�X�y�X�X �X �8

�R�X�k �"�2�?���p�B�Q�` �Q�7 �7�H�Q�r �K���T �U�H�2�7�i�V ���M�/ �H�B�M�2���`�B�x�2�/ �7�H�Q�r �K���T �U�`�B�;�?�i�V �Q�M ���M �B�M�7�B�M�B�i�2�b�B�K���H

�b�2�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 �X �X �X �X �X �X �X �X �X �X �X �X �3

�R�X�j �U���V �6�Q�`�r���`�/ ���M�/ �U�#�V �"���+�F�r���`�/ �6�h�G�1 �7�Q�` �/�Q�m�#�H�2 �;�v�`�2 ���it = 0 �r�B�i�? �B�M�i�2�;�`���i�B�Q�M

�i�B�K�2jTj = 10 �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

�R�X�9 �6�Q�`�r���`�/ �6�h�G�1 �`�B�/�;�2�b �U�`�2�/�V �Q�p�2�`�H���B�/ �Q�M �6�h�G�1 �7�B�2�H�/ �7�Q�` �/�Q�m�#�H�2 �;�v�`�2 ���it = 0

�r�B�i�? �B�M�i�2�;�`���i�B�Q�M �i�B�K�2T = 10 �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�k

�R�X�8 �_�2�T�2�H�H�B�M�; �G�*�a �U�`�2�/�V �Q�p�2�`�H���B�/ �Q�M �6�h�G�1 �7�B�2�H�/ �7�Q�` �/�Q�m�#�H�2 �;�v�`�2 ���it = 0 �r�B�i�?

�B�M�i�2�;�`���i�B�Q�M �i�B�K�2T = 10 �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�8

�R�X�e �U���V �A�M�B�i�B���H �T���`�i�B�+�H�2�b �b�i�`���/�/�H�B�M�; �U�;�`�2�2�M�V �� �`�2�T�2�H�H�B�M�; �G�*�a �U�`�2�/�V ���M�/ �B�M�B�i�B���H �T���`�@

�i�B�+�H�2�b ���r���v �U�Q�`���M�;�2�V �7�`�Q�K �� �`�2�T�2�H�H�B�M�; �G�*�a�X ���/�p�2�+�i�2�/ �B�K���;�2�b �Q�7 �i�?�Q�b�2 �B�M�B�i�B���H

�b�2�i�b ���it = �U�#�V �j�X�j�- �U�+�V �e�X�d�- ���M�/ �U�/�V �R�y�X�y �7�Q�` �/�Q�m�#�H�2 �;�v�`�2 �r�B�i�? �B�M�i�2�;�`���i�B�Q�M �i�B�K�2

T = 10�X �a�2�2 �p�B�/�2�Q�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�e

�R�X�d �_�2�T�2�H�H�B�M�; �U�`�2�/�V ���M�/ ���i�i�`���+�i�B�M�; �U�#�H�m�2�V �P�1�*�a ���M�/ �B�M�B�i�B���H �T�Q�B�M�i�b �Q�M �i�?�2 �Q�#�D�2�+�i�B�p�2

�b���/�/�H�2 ���it = �U���V �y�X�y�- �U�#�V �j�X�j�- �U�+�V �e�X�d�- ���M�/ �U�/�V �R�y�X�y �7�Q�` �/�Q�m�#�H�2 �;�v�`�2 �r�B�i�?t0 = 0 �k�y

�R�X�3 �_�2�T�2�H�H�B�M�; �U�`�2�/�V ���M�/ ���i�i�`���+�i�B�M�; �U�#�H�m�2�V �P�1�*�a �Q�p�2�`�H���B�/ �Q�M �i�?�2 �B�G�1 �7�B�2�H�/ �7�Q�`

�/�Q�m�#�H�2 �;�v�`�2 ���it = 0 �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 �k�R

�R�X�N �1�H�H�B�T�i�B�+ �G�*�a �Q�p�2�`�H���B�/ �Q�M �6�h�G�1 �7�B�2�H�/ �7�Q�` �B�M�i�2�;�`���i�B�Q�M �i�B�K�2T = 10�X�X �X �X �X �X �X �X �k�9

�t�B�B



�R�X�R�y �1�H�H�B�T�i�B�+ �G�*�a �U�#�H�m�2�V ���M�/ �b�2�i�b �i�?�2�v �#�Q�m�M�/ �U�;�`�2�2�M�V ���H�Q�M�; �r�B�i�? �Q�i�?�2�` �b�2�i�b �U�Q�`���M�;�2�V

���/�p�2�+�i�2�/ �m�M�/�2�` �7�H�Q�r �7�Q�`T = 10�X �a�2�2 �p�B�/�2�Q�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �k�8

�R�X�R�R �G���o�.�@�#���b�2�/ �p�Q�`�i�2�t �+�2�M�i�2�`�b ���M�/ �G���o�.�@�#���b�2�/ �2�H�H�B�T�i�B�+ �G�*�a �Q�p�2�`�H���B�/ �Q�M �G���o�.

�7�B�2�H�/ �7�Q�` �B�M�i�2�;�`���i�B�Q�M �i�B�K�2T = 10�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�e

�R�X�R�k �G���o�.�@�#���b�2�/ �2�H�H�B�T�i�B�+ �G�*�a �U�#�H�m�2�V ���M�/ �b�2�i�b �i�?�2�v �#�Q�m�M�/ �U�;�`�2�2�M�V ���H�Q�M�; �r�B�i�? �Q�i�?�2�`

�b�2�i�b �U�Q�`���M�;�2�V ���/�p�2�+�i�2�/ �m�M�/�2�` �7�H�Q�r �7�Q�`T = 10�X �a�2�2 �p�B�/�2�Q�X�X �X �X �X �X �X �X �X �X �X �X �k�d

�R�X�R�j �A�o�.�@�#���b�2�/ �2�H�H�B�T�i�B�+ �P�1�*�a �7�Q�` �i�?�2 �/�Q�m�#�H�2 �;�v�`�2 ���it0 = 0:0�X�X �X �X �X �X �X �X �X �X �X �X �k�N

�k�X�R �G�2�7�i�, �.�: �6�h�G�1 �`�B�/�;�2�b ���it0 = 0�- �B�M�i�2�;�`���i�B�Q�M �i�B�K�2T = � 10�X �h�Q�i���H �`�m�M�i�B�K�2

�T�2�` �B�i�2�`���i�2�,� 0:424�b �U�7�H�Q�r�K���T�,� 0:390�b�c �*�@�2�B�;�,� 0:025�b�c �6�h�G�1 �`�B�/�;�2

�2�t�i�`���+�i�B�Q�M�,� 0:009�b�V�X �_�B�;�?�i�, �.�: �?�v�T�2�`�#�Q�H�B�+ �G�*�a ���it0 = 0�- �B�M�i�2�;�`���i�B�Q�M �i�B�K�2

T = � 10�X �h�Q�i���H �`�m�M�i�B�K�2 �T�2�` �B�i�2�`���i�2�,� 5:219�b �U�7�H�Q�r�K���T �U���m�t �;�`�B�/�V�,� 1:83�b�c

�* �2�B�; �U���m�t �;�`�B�/�V�,� 0:039�b�c �?�v�T�2�`�#�Q�H�B�+ �G�*�a �2�t�i�`���+�i�B�Q�M�,� 3:350�b�V�X �"�Q�i�? ���`�2

�+�Q�K�T�m�i�2�/ �Q�p�2�` �� �9�y�R�t�k�y�R �;�`�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 �9�9

�k�X�k �"�B�+�F�H�2�v �D�2�i �2�H�H�B�T�i�B�+ �G�*�a ���it0 = 0�- �B�M�i�2�;�`���i�B�Q�M �i�B�K�2T = 40 �/���v�b�X �h�Q�i���H

�`�m�M�i�B�K�2 �T�2�` �B�i�2�`���i�2�,� 9:200�b �U�7�H�Q�r�K���T�,� 5:050�b�c �G���o�.�,� 4:140�b�c �2�H�H�B�T�i�B�+

�G�*�a �2�t�i�`���+�i�B�Q�M�,� 0:010�b�V�X �*�Q�K�T�m�i�2�/ �Q�p�2�` �9�3�k�t�R�k�R �;�`�B�/�X�X �X �X �X �X �X �X �X �X �X �X �9�8

�k�X�j �J�1�_�_���@�k �6�h�G�1 �`�B�/�;�2�b ���it0 = 06/16/2020 � 00 : 00�- �B�M�i�2�;�`���i�B�Q�M �i�B�K�2T =

� 72�?�`�b�X �h�Q�i���H �`�m�M�i�B�K�2 �T�2�` �B�i�2�`���i�2�,� 7:835�b �U�7�H�Q�r�K���T�,� 7:480�b�c �*�@�2�B�;�,

� 0:085�b�c �6�h�G�1 �`�B�/�;�2 �2�t�i�`���+�i�B�Q�M�,� 0:270�b�V�X �*�Q�K�T�m�i�2�/ �Q�p�2�` �� �N�y�k�t�j�j�8 �;�`�B�/�X�9�8

�t�B�B�B



�k�X�9 �G�2�7�i�, �Z�:�1 �6�h�G�1 �`�B�/�;�2�b ���it0 = 0�- �B�M�i�2�;�`���i�B�Q�M �i�B�K�2T = 0:1�X �h�Q�i���H �`�m�M�i�B�K�2

�T�2�` �B�i�2�`���i�2�,� 2:461�b �U�7�H�Q�r�K���T�,� 2:400�b�c �*�@�2�B�;�,� 0:0:038�b�c �6�h�G�1 �`�B�/�;�2

�2�t�i�`���+�i�B�Q�M�,� 0:023�b�V�X �J�B�/�/�H�2�, �Z�:�1 �?�v�T�2�`�#�Q�H�B�+ �P�1�*�a ���it0 = 0:15�X �h�Q�i���H

�`�m�M�i�B�K�2 �T�2�` �B�i�2�`���i�2�,� 2:238�b �U�a �2�B�;�,� 0:038�b�c �?�v�T�2�`�#�Q�H�B�+ �P�1�*�a �2�t�i�`���+�i�B�Q�M�,

� 2:200�b�V�X �_�B�;�?�i�, �Z�:�1 �2�H�H�B�T�i�B�+ �P�1�*�a ���it0 = 0:5�X �h�Q�i���H �`�m�M�i�B�K�2 �T�2�` �B�i�2�`���i�2�,

� 0:0452�b �U�A�o�.�,� 0:0002�b�c �2�H�H�B�T�i�B�+ �P�1�*�a �2�t�i�`���+�i�B�Q�M�,� 0:045�b�V�X ���H�H ���`�2

�+�Q�K�T�m�i�2�/ �Q�p�2�` �� �k�8�d�t�8�R�j �;�`�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 �9�e

�j�X�R �G�2�7�i�, ���+�i�B�Q�M �Q�7 �i�?�2 �7�H�Q�r �K���T �Q�M �� �T�Q�B�M�i�t0 ���M�/ �2�M�+�H�Q�b�B�M�; �b�2�iA0 �Q�p�2�` �i�?�2

�i�B�K�2 �r�B�M�/�Q�r[t0; t0 + T]�X�6t0+ T
t0

���+�i�b �Q�M �2�H�2�K�2�M�i�b �Q�7 �i�?�2 �/�Q�K���B�M ���M�/ �K���T�b

�i�?�2�K �i�Q �i�?�2 �/�Q�K���B�M�X �A�i�b ���+�i�B�Q�M �Q�M �� �b�2�i �+���M �#�2 �/�2�7�B�M�2�/ �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�;

�K���M�M�2�`�,�6t0+ T
t0

(A0) := f �6t0+ T
t0

(�t0) 2 Uj�t0 2 A0g�X �_�B�;�?�i�, ���+�i�B�Q�M �Q�7 �i�?�2 �H�B�M�2���`

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

�p�2�+�i�Q�`�bv1; v2 �Q�p�2�` �i�?�2 �i�B�K�2 �r�B�M�/�Q�r[t0; t0+ T]�X �h�?�2 �/�2�`�B�p���i�B�p�2 �Q�7 �i�?�2 �7�H�Q�r �K���T�-

r �6t0+ T
t0

�- ���+�i�b �Q�M �2�H�2�K�2�M�i�b �Q�7 �i�?�2 �i���M�;�2�M�i �b�T���+�2 �U�B�X�2�X�- �p�2�+�i�Q�`�b�V �#���b�2�/ ���i�t0 ���M�/

�K���T�b �i�?�2�K �i�Q �2�H�2�K�2�M�i�b �Q�7 �i�?�2 �i���M�;�2�M�i �b�T���+�2 �/�Q�r�M�b�i�`�2���K ���i�t = �6t0+ T
t0

(�t0)�X

�h�?�2 �K�2���M�B�M�; �Q�7 �i�?�2 �2�B�;�2�M�p���H�m�2�b ���M�/ �2�B�;�2�M�p�2�+�i�Q�`�b �Q�7�* t0+ T
t0

�+���M �2�[�m�B�p���H�2�M�i�H�v

�#�2 �b�2�2�M �i�?�`�Q�m�;�? �i�?�2 �a�o�. �Q�7r �6t0+ T
t0

= �l���o � �X �h�?�2 �b�B�M�;�m�H���` �p���H�m�2�b �U�/�B���;�U�l )�V

���`�2 �2�[�m���H �i�Q �i�?�2 �b�[�m���`�2 �`�Q�Q�i �Q�7 �i�?�2 �2�B�;�2�M�p���H�m�2�b �U
p

� i �V ���M�/ �i�?�2 �`�B�;�?�i �b�B�M�;�m�H���`

�p�2�+�i�Q�`�b �Uvi �V ���`�2 �2�[�m���H �i�Q �i�?�2 �2�B�;�2�M�p�2�+�i�Q�`�b �U� i �V�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �8�d

�j�X�k �"�2�?���p�B�Q�` �Q�7 �B�M�B�i�B���H �#�H�Q�#A0 �b�i�`���/�/�H�B�M�; ���M ���i�i�`���+�i�B�M�; �G�*�a �U�H�2�7�i�V �r�?�B�+�? ���+�i�b ���b

���M �ó���B�` �#�`�B�/�;�2�ô ���M�/ ���M �B�M�B�i�B���HA0 �#�2�H�Q�r �i�?�2 �b���K�2 ���i�i�`���+�i�B�M�; �G�*�a �U�`�B�;�?�i�V ���7�i�2�`

�b�Q�K�2 �7�B�M�B�i�2 �i�B�K�2 �r�B�M�/�Q�r �Q�7 �B�M�i�2�`�2�b�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 �e�y

�j�X�j �6�`�Q�K �J�1�_�_���@�k �7�Q�` �k�y�k�y�@�y�e�@�R�3�@�R�8�,�y�y�,�y�y�X �G�2�7�i�, �o�2�H�Q�+�B�i�v �7�B�2�H�/ �B�M �`�2�;�B�Q�M �Q�7

�B�M�i�2�`�2�b�i�X �_�B�;�?�i�, �*�Q�`�`�2�b�T�Q�M�/�B�M�; �b�i�`�2���K�7�m�M�+�i�B�Q�M�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �e�9

�t�B�p



�j�X�9 �G�2�7�i�, �:�Q�/�x�B�H�H�� �/�m�b�i �T�H�m�K�2�- �C�m�M�2 �R�3�- �k�y�k�y �U�*�`�2�/�B�i�, �L���a���V�X �_�B�;�?�i�, ���2�`�Q�b�Q�H �A�M�@

�/�2�t �/���i�� �U�m�M�B�i�H�2�b�b�V �7�`�Q�K �P�J�S�a �U�b�2�2 �p�B�/�2�Q�V�X �h�?�2�b�2 �p���H�m�2�b ���`�2 �m�b�2�/ �i�?�`�Q�m�;�?�Q�m�i

�i�?�2 �T���T�2�`�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 �X �X �e�e

�j�X�8 �U���V�, �"���+�F�r���`�/ �6�h�G�1 �7�B�2�H�/ �U�?�`� 1�V ���i �b���K�2 �i�B�K�2 ���b �+�Q�K�T�Q�b�B�i�2 �B�K���;�2 �p�B�� �b���i�2�H�H�B�i�2

�U�b�2�2 �6�h�G�1 �p�B�/�2�Q�V�X �U�#�V�, ���i�i�`���+�i�B�M�; �G�*�a �U�T�m�`�T�H�2�V �7�Q�m�M�/ �p�B�� �p���`�B���i�B�Q�M���H �K�2�i�?�Q�/

�Q�p�2�`�H���B�/ �Q�M �#���+�F�r���`�/ �6�h�G�1 �7�B�2�H�/�X �U�+�V�, �a�B�K�T�H�2 �i�?�`�2�b�?�Q�H�/�B�M�; �K�2�i�?�Q�/ �m�b�2�/ �i�Q

�Q�#�i���B�M �/�Q�K�B�M���M�i �`�2�;�B�Q�M�b�X �U�/�V�, �_�B�/�;�2 �/�2�i�2�+�i�B�Q�M ���H�;�Q�`�B�i�?�K �m�b�2�/ �i�Q �Q�#�i���B�M �`�B�/�;�2�b

�Q�7 �B�M�i�2�`�2�b�i�X �h�?�2�b�2 �p���H�m�2�b �B�M �i�?�2 �+�Q�H�Q�`�#���` ���`�2 �m�b�2�/ �7�Q�` �i�?�2 �`�2�K���B�M�/�2�` �Q�7 �i�?�2 �T���T�2�`�X�e�3

�j�X�e �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �Q�p�2�`�H���B�/ �Q�M ���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�#�i���B�M�2�/ �7�`�Q�K �P�J�S�a�-

�C�m�M�2 �8�@�3�- �k�y�k�y�X �a�2�2 �i�2�t�i �7�Q�` �/�2�i���B�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 �X �d�y

�j�X�d �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �Q�p�2�`�H���B�/ �Q�M ���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�#�i���B�M�2�/ �7�`�Q�K �P�J�S�a�-

�C�m�M�2 �R�8�@�R�3�- �k�y�k�y�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 �d�R

�j�X�3 �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �Q�p�2�`�H���B�/ �Q�M ���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�#�i���B�M�2�/ �7�`�Q�K �P�J�S�a�-

�C�m�M�2 �R�N�@�k�k�- �k�y�k�y�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 �d�k

�j�X�N �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �Q�p�2�`�H���B�/ �Q�M ���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�#�i���B�M�2�/ �7�`�Q�K �P�J�S�a�-

�C�m�M�2 �k�j�@�k�e�- �k�y�k�y�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 �d�j

�j�X�R�y �6�Q�`�r���`�/ ���M�/ �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �Q�p�2�`�H���B�/ �Q�M ���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�#�i���B�M�2�/

�7�`�Q�K �P�J�S�a�- �C�m�M�2 �R�R�@�R�9�- �k�y�k�y�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 �d�9

�j�X�R�R �6�Q�`�r���`�/ ���M�/ �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �Q�p�2�`�H���B�/ �Q�M ���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�#�i���B�M�2�/

�7�`�Q�K �P�J�S�a�- �C�m�M�2 �R�8�@�R�3�- �k�y�k�y�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 �d�8

�j�X�R�k �6�Q�`�r���`�/ ���M�/ �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �Q�p�2�`�H���B�/ �Q�M ���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�#�i���B�M�2�/

�7�`�Q�K �P�J�S�a�- �C�m�M�2 �R�N�@�k�k�- �k�y�k�y�X �a�2�2 �i�2�t�i �7�Q�` �/�2�i���B�H�b�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �d�e

�t�p



�j�X�R�j �J�a�G�S �U�?�S���- �i�Q�T�V�- �H�Q�r �H�2�p�2�H �p�Q�`�i�B�+�B�i�v ���i �3�8�y �?�S�� �U10� 5� �b� 1�- �K�B�/�/�H�2�V�- ���M�/

�G���o�. �U10� 5� �b� 1�- �#�Q�i�i�Q�K�V �Q�M �C�m�M�2 �j�- �k�y�k�y �U�H�2�7�i�V ���M�/ �C�m�M�2 �R�9�- �k�y�k�y �U�`�B�;�?�i�V�X�d�d

�j�X�R�9 �J�a�G�S �U�?�S���- �i�Q�T�V�- �H�Q�r �H�2�p�2�H �p�Q�`�i�B�+�B�i�v ���i �3�8�y �?�S�� �U10� 5� �b� 1�- �K�B�/�/�H�2�V�- ���M�/

�G���o�. �U10� 5� �b� 1�- �#�Q�i�i�Q�K�V �Q�M �C�m�M�2 �9�- �k�y�k�y �U�H�2�7�i�V ���M�/ �C�m�M�2 �R�8�- �k�y�k�y �U�`�B�;�?�i�V�X�d�3

�j�X�R�8 �o�2�H�Q�+�B�i�v �7�B�2�H�/ �U�i�Q�T�V ���M�/ �#���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �U�#�Q�i�i�Q�K�V �Q�p�2�`�H���B�/ �Q�M �P�J�S�a

���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�M �C�m�M�2 �8�- �k�y�k�y �U�H�2�7�i�V ���M�/ �C�m�M�2 �R�e�- �k�y�k�y �U�`�B�;�?�i�V�X �a�2�2 �i�2�t�i

�7�Q�` �/�2�i���B�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 �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �d�N

�j�X�R�e �o�2�H�Q�+�B�i�v �7�B�2�H�/ �U�i�Q�T�V ���M�/ �#���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �U�#�Q�i�i�Q�K�V �Q�p�2�`�H���B�/ �Q�M �P�J�S�a

���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�M �C�m�M�2 �e�- �k�y�k�y �U�H�2�7�i�V ���M�/ �C�m�M�2 �R�d�- �k�y�k�y �U�`�B�;�?�i�V�X �a�2�2 �i�2�t�i

�7�Q�` �/�2�i���B�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 �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �3�y

�j�X�R�d �o�2�H�Q�+�B�i�v �7�B�2�H�/ �U�i�Q�T�V ���M�/ �#���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �U�#�Q�i�i�Q�K�V �Q�p�2�`�H���B�/ �Q�M �P�J�S�a

���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�M �C�m�M�2 �d�- �k�y�k�y �U�H�2�7�i�V ���M�/ �C�m�M�2 �R�3�- �k�y�k�y �U�`�B�;�?�i�V�X�X �X �X �X �X �3�R

�j�X�R�3 �G�2�7�i�, �a�i�`�2���K�7�m�M�+�i�B�Q�M �Q�p�2�`�H���B�/ �Q�M �P�J�S�a ���2�`�Q�b�Q�H �B�M�/�2�t �/���i���X �_�B�;�?�i�, �"���+�F�r���`�/

�6�h�G�1 �Q�p�2�`�H���B�/ �Q�M ���2�`�Q�b�Q�H �B�M�/�2�t �/���i���X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �3�R

�j�X�R�N �G�2�7�i�, �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �U�T�m�`�T�H�2�V �Q�p�2�`�H���B�/ �Q�M �p�Q�`�i�B�+�B�i�v �U10� 5� �b� 1�- �#�H�m�2

���M�/ �`�2�/�V�X �_�B�;�?�i�, �B�G�1 �U10� 6� �b� 1�- �T�m�`�T�H�2�V �7�B�2�H�/ �Q�p�2�`�H���B�/ �Q�M �#���+�F�r���`�/ �6�h�G�1

�`�B�/�;�2�b �U�#�H�m�2�V ���M�/ �P�J�S�a ���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �U�+�Q�T�T�2�`�V �Q�M �C�m�M�2 �R�3�- �k�y�k�y�X�X �X �X �3�k

�t�p�B



�j�X�k�y �G�2�7�i�, �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �U�#�H�m�2�V �r�B�i�? �p�2�H�Q�+�B�i�v �p�2�+�i�Q�`�b ���H�Q�M�; �`�B�/�;�2 �U�;�`�2�2�M

���`�`�Q�r�b�V �Q�p�2�`�H���B�/ �Q�M �7�Q�`�r���`�/ �6�h�G�1 �`�B�/�;�2�b �U�`�2�/�V ���M�/ �P�J�S�a �/�m�b�i �/���i�� �U�+�Q�T�T�2�`�V

�Q�M �C�m�M�2 �R�N�- �k�y�k�y�X �"�H���+�F �/�Q�i �`�2�T�`�2�b�2�M�i�b �i�?�2 �B�M�i�2�`�b�2�+�i�B�Q�M �T�Q�B�M�i �r�?�B�H�2 �;�`�2�2�M

�/�Q�i �`�2�T�`�2�b�2�M�i�b �x�2�`�Q �i���M�;�2�M�i�B���H �p�2�H�Q�+�B�i�v �T�Q�B�M�i ���H�Q�M�; �`�B�/�;�2�X �_�B�;�?�i�, �h���M�;�2�M�i�B���H

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

�`�2�T�2�H�H�B�M�; �`�B�/�;�2�X �h�?�2 �#�H���+�F �/�Q�i�b �`�2�T�`�2�b�2�M�i �i�?�2 �B�M�i�2�`�b�2�+�i�B�Q�M �T�Q�B�M�i �#�2�i�r�2�2�M �i�?�2

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

�/�Q�i�i�2�/ �H�B�M�2 �`�2�T�`�2�b�2�M�i�B�M�; �i�?�2 �x�2�`�Q �i���M�;�2�M�i�B���H �p�2�H�Q�+�B�i�v �T�Q�B�M�i�X �a�?���/�2�b �Q�7 �;�`�2�2�M

�`�2�T�`�2�b�2�M�i �/���i�2�@�i�B�K�2 �B�M �j �?�Q�m�` �B�M�+�`�2�K�2�M�i�b�X �"�Q�H�/ �H�B�M�2 �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �b���K�2

�/���i�2�@�i�B�K�2 ���b �H�2�7�i �7�B�;�m�`�2�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 �3�j

�9�X�R �G�2�7�i�, �G���;�`���M�;�B���M �2�H�H�B�T�i�B�+ �/�B�7�7�m�b�B�Q�M �#���`�`�B�2�`�b �Q�p�2�`�H���B�/ �Q�M �B�M�B�i�B���H �+�Q�M�+�2�M�i�`���i�B�Q�M

���i t0 = 11/24/2006�X �_�B�;�?�i�, ���/�p�2�+�i�2�/ �B�K���;�2 �Q�7 �2�H�H�B�T�i�B�+ �/�B�7�7�m�b�B�Q�M �#���`�`�B�2�`�b ���M�/

�2�p�Q�H�p�2�/ �+�Q�M�+�2�M�i�`���i�B�Q�M ���it = t0 + 25 �/���v�b�X �a�2�2 �p�B�/�2�Q�X�X �X �X �X �X �X �X �X �X �X �X �X �X �R�R�R

�9�X�k �G�2�7�i�, �.�"�a �7�B�2�H�/ ���it0 = 11/24/2006�X �_�B�;�?�i�, �.�"�a �7�B�2�H�/ ���it = t0 + 25 �/���v�b�X

�a�2�2 �p�B�/�2�Q�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 �X �X �R�R�k

�9�X�j �G�2�7�i�, �1�m�H�2�`�B���M �2�H�H�B�T�i�B�+ �/�B�7�7�m�b�B�Q�M �#���`�`�B�2�`�b �Q�p�2�`�H���B�/ �Q�M �B�M�B�i�B���H �+�Q�M�+�2�M�i�`���i�B�Q�M ���i

t0 = 11/24/2006�X �_�B�;�?�i�, ���/�p�2�+�i�2�/ �B�K���;�2 �Q�7 �2�H�H�B�T�i�B�+ �/�B�7�7�m�b�B�Q�M �#���`�`�B�2�`�b ���M�/

�2�p�Q�H�p�2�/ �+�Q�M�+�2�M�i�`���i�B�Q�M ���it = t0 + 10 �/���v�b�X �a�2�2 �p�B�/�2�Q�X�X �X �X �X �X �X �X �X �X �X �X �X �X �R�R�j

�9�X�9 �G�2�7�i�, �G���;�`���M�;�B���M �2�H�H�B�T�i�B�+ �/�B�7�7�m�b�B�Q�M �#���`�`�B�2�`�b �+�Q�K�T�m�i�2�/ �7�`�Q�K �B�b�Q�i�`�Q�T�B�+ �/�B�7�7�m�b�B�Q�M

�Q�p�2�`�H���B�/ �Q�M �B�M�B�i�B���H �+�Q�M�+�2�M�i�`���i�B�Q�M ���it0 = 11/24/2006�X �_�B�;�?�i�, ���/�p�2�+�i�2�/ �B�K�@

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

�+�Q�K�T�H�B�+���i�2�/ �/�B�7�7�m�b�B�Q�M �b�i�`�m�+�i�m�`�2 �i�2�M�b�Q�` ���it = t0 + 25 �/���v�b�X �a�2�2 �p�B�/�2�Q�X�X �X �X �X �R�R�j

�9�X�8 �G�2�7�i�, �.�"�a �7�B�2�H�/ ���it0 = 11/24/2006�X �_�B�;�?�i�, �.�"�a �7�B�2�H�/ ���it = t0 + 25 �/���v�b�X

�a�2�2 �p�B�/�2�Q�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 �X �X �R�R�9

�t�p�B�B



�9�X�e �G�2�7�i�, �1�m�H�2�`�B���M �2�H�H�B�T�i�B�+ �/�B�7�7�m�b�B�Q�M �#���`�`�B�2�`�b �+�Q�K�T�m�i�2�/ �7�`�Q�K �B�b�Q�i�`�Q�T�B�+ �/�B�7�7�m�b�B�Q�M

�Q�p�2�`�H���B�/ �Q�M �B�M�B�i�B���H �+�Q�M�+�2�M�i�`���i�B�Q�M ���it0 = 11/24/2006�X �_�B�;�?�i�, ���/�p�2�+�i�2�/ �B�K�@

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

�+�Q�K�T�H�B�+���i�2�/ �/�B�7�7�m�b�B�Q�M �b�i�`�m�+�i�m�`�2 �i�2�M�b�Q�` ���it = t0 + 10 �/���v�b�X �a�2�2 �p�B�/�2�Q�X�X �X �X �X �R�R�9

�9�X�d �G�2�7�i�, �G���;�`���M�;�B���M �2�H�H�B�T�i�B�+ �/�B�7�7�m�b�B�Q�M �#���`�`�B�2�`�b �+�Q�K�T�m�i�2�/ �7�`�Q�K �i�?�2 �+�Q�K�T�H�B�+���i�2�/

�/�B�7�7�m�b�B�Q�M �b�i�`�m�+�i�m�`�2 �Q�p�2�`�H���B�/ �Q�M �B�M�B�i�B���H �+�Q�M�+�2�M�i�`���i�B�Q�M ���it0 = 11/24/2006�X �_�B�;�?�i�,

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

�i�?�2 �K�Q�`�2 �+�Q�K�T�H�B�+���i�2�/ �/�B�7�7�m�b�B�Q�M �b�i�`�m�+�i�m�`�2 �i�2�M�b�Q�` ���it = t0 + 25 �/���v�b�X �a�2�2 �p�B�/�2�Q�X�R�R�8

�9�X�3 �G�2�7�i�, �1�m�H�2�`�B���M �2�H�H�B�T�i�B�+ �/�B�7�7�m�b�B�Q�M �#���`�`�B�2�`�b �+�Q�K�T�m�i�2�/ �7�`�Q�K �i�?�2 �+�Q�K�T�H�B�+���i�2�/ �/�B�7�@

�7�m�b�B�Q�M �b�i�`�m�+�i�m�`�2 �Q�p�2�`�H���B�/ �Q�M �B�M�B�i�B���H �+�Q�M�+�2�M�i�`���i�B�Q�M ���it0 = 11/24/2006�X �_�B�;�?�i�,

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

�i�?�2 �K�Q�`�2 �+�Q�K�T�H�B�+���i�2�/ �/�B�7�7�m�b�B�Q�M �b�i�`�m�+�i�m�`�2 �i�2�M�b�Q�` ���it = t0 + 10 �/���v�b�X �a�2�2 �p�B�/�2�Q�X�R�R�8

�8�X�R �6�B�M�B�i�2 �/�B�7�7�2�`�2�M�+�2 �b�T���+�B�M�; �p�b�X �`�2�H���i�B�p�2 �2�`�`�Q�` �7�Q�` �7�B�M�B�i�2 �/�B�7�7�2�`�2�M�+�2 ���T�T�`�Q�t�B�K���i�B�Q�M

�Q�7 �/�2�`�B�p���i�B�p�2 �Q�7f (x) = �b�B�M(x) ���i x = 1�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�k�9

�8�X�k �G�2�7�i�, �S�`�B�K���H �i�`���+�2�X �_�B�;�?�i�, �*�Q�`�`�2�b�T�Q�M�/�B�M�; �+�Q�K�T�m�i���i�B�Q�M���H �;�`���T�?�X �a�Q�m�`�+�2�,

�6���M�; �2�i ���H�X �(�9�y�)�- �H�B�+�2�M�b�2�/ �m�M�/�2�` �*�* �"�u �9�X�y�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�k�8

�8�X�j �G�2�7�i�, �S�`�B�K���H �i�`���+�2�X �_�B�;�?�i�, �*�Q�`�`�2�b�T�Q�M�/�B�M�; �i���M�;�2�M�i �i�`���+�2�X �a�Q�m�`�+�2�, �6���M�;

�2�i ���H�X �(�9�y�)�- �H�B�+�2�M�b�2�/ �m�M�/�2�` �*�* �"�u �9�X�y�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�k�e

�8�X�9 �G�2�7�i�, ���/�D�Q�B�M�i �i�`���+�2�X �_�B�;�?�i�, �*�Q�`�`�2�b�T�Q�M�/�B�M�; �+�Q�K�T�m�i���i�B�Q�M���H �;�`���T�?�X �a�Q�m�`�+�2�,

�6���M�; �2�i ���H�X �(�9�y�)�- �H�B�+�2�M�b�2�/ �m�M�/�2�` �*�* �"�u �9�X�y�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�k�d

�t�p�B�B�B



�8�X�8 �*�Q�K�T���`�B�b�Q�M �Q�7 �K�2���M ���#�b�Q�H�m�i�2 �2�`�`�Q�` �7�Q�` �h�a�A�h�8 ���M�/ �.�P�S�_�A�3 �r�B�i�? �/�B�7�7�2�`�2�M�i

�i�Q�H�2�`���M�+�2�b ���M�/ ���m�t�B�H�B���`�v �;�`�B�/ �b�T���+�B�M�;�b �U�7�Q�` �M�m�K�2�`�B�+���H �/�B�7�7�2�`�2�M�i�B���i�B�Q�M�V�X �G�2�7�i�,

�b�B�M�;�H�2 �T�`�2�+�B�b�B�Q�M�- �_�B�;�?�i�, �/�Q�m�#�H�2 �T�`�2�+�B�b�B�Q�M�X �.���b�?�2�/ �H�B�M�2�b �+�Q�`�`�2�b�T�Q�M�/ �i�Q �M�m�K�2�`�@

�B�+���H �/�B�7�7�2�`�2�M�i�B���i�B�Q�M�- �b�Q�H�B�/ �H�B�M�2�b �+�Q�`�`�2�b�T�Q�M�/ �i�Q ���m�i�Q�K���i�B�+ �/�B�7�7�2�`�2�M�i�B���i�B�Q�M�X�X �X �X �X �R�j�3

�8�X�e �*�Q�K�T���`�B�b�Q�M �Q�7 �K�2���M ���#�b�Q�H�m�i�2 �2�`�`�Q�` �7�Q�` �h�a�A�h�8 �r�B�i�? �/�B�7�7�2�`�2�M�i �i�Q�H�2�`���M�+�2�b ���M�/

���m�t�B�H�B���`�v �;�`�B�/ �b�T���+�B�M�;�b �U�7�Q�` �M�m�K�2�`�B�+���H �/�B�7�7�2�`�2�M�i�B���i�B�Q�M�V�X �G�2�7�i�, �b�B�M�;�H�2 �T�`�2�+�B�b�B�Q�M�-

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

�b�Q�H�B�/ �H�B�M�2�b �+�Q�`�`�2�b�T�Q�M�/ �i�Q ���m�i�Q�K���i�B�+ �/�B�7�7�2�`�2�M�i�B���i�B�Q�M�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�j�N

�8�X�d �*�Q�K�T���`�B�b�Q�M �Q�7 �K�2���M ���#�b�Q�H�m�i�2 �2�`�`�Q�` �7�Q�` �.�P�S�_�A�3 �r�B�i�? �/�B�7�7�2�`�2�M�i �i�Q�H�2�`���M�+�2�b ���M�/

���m�t�B�H�B���`�v �;�`�B�/ �b�T���+�B�M�;�b �U�7�Q�` �M�m�K�2�`�B�+���H �/�B�7�7�2�`�2�M�i�B���i�B�Q�M�V�X �G�2�7�i�, �b�B�M�;�H�2 �T�`�2�+�B�b�B�Q�M�-

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

�b�Q�H�B�/ �H�B�M�2�b �+�Q�`�`�2�b�T�Q�M�/ �i�Q ���m�i�Q�K���i�B�+ �/�B�7�7�2�`�2�M�i�B���i�B�Q�M�X�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�9�y

�8�X�3 �*�Q�K�T���`�B�b�Q�M �Q�7 �K�2���M ���#�b�Q�H�m�i�2 �2�`�`�Q�` �7�Q�` �h�a�A�h�8 �r�B�i�? �/�B�7�7�2�`�2�M�i �i�Q�H�2�`���M�+�2�b�- ���m�t�B�H�@

�B���`�v �;�`�B�/ �b�T���+�B�M�;�b �U�7�Q�` �M�m�K�2�`�B�+���H �/�B�7�7�2�`�2�M�i�B���i�B�Q�M�V�- ���M�/ �T�`�2�+�B�b�B�Q�M�X �.���b�?�2�/ �H�B�M�2�b

�+�Q�`�`�2�b�T�Q�M�/ �i�Q �b�B�M�;�H�2 �T�`�2�+�B�b�B�Q�M �U�j�k�@�#�B�i�V ���M�/ �b�Q�H�B�/ �H�B�M�2�b �+�Q�`�`�2�b�T�Q�M�/ �i�Q �/�Q�m�#�H�2

�T�`�2�+�B�b�B�Q�M �U�e�9�@�#�B�i�V�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�9�R

�8�X�N �*�Q�K�T���`�B�b�Q�M �Q�7 �K�2���M ���#�b�Q�H�m�i�2 �2�`�`�Q�` �7�Q�` �.�P�S�_�A�3 �r�B�i�? �/�B�7�7�2�`�2�M�i �i�Q�H�2�`���M�+�2�b�-

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

�H�B�M�2�b �+�Q�`�`�2�b�T�Q�M�/ �i�Q �b�B�M�;�H�2 �T�`�2�+�B�b�B�Q�M �U�j�k�@�#�B�i�V ���M�/ �b�Q�H�B�/ �H�B�M�2�b �+�Q�`�`�2�b�T�Q�M�/ �i�Q �/�Q�m�@

�#�H�2 �T�`�2�+�B�b�B�Q�M �U�e�9�@�#�B�i�V�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�9�j

�8�X�R�y �1�B�;�2�M�p�2�+�i�Q�`�b �Q�p�2�`�H���B�/ �Q�M �6�h�G�1 �7�B�2�H�/ �7�Q�` �/�Q�m�#�H�2 �T�`�2�+�B�b�B�Q�M �.�P�S�_�A�3 �K�2�i�?�Q�/

�r�B�i�? �`�2�H���i�B�p�2 �i�Q�H�2�`���M�+�2 �4 �R�1�@�3�- ���#�b�Q�H�m�i�2 �i�Q�H�2�`���M�+�2 �4 �R�1�@�R�y�- ���M�/ ���m�t�B�H�B���`�v

�;�`�B�/ �b�T���+�B�M�;�b �G�2�7�i�, �? �4 �R�1�@�k�- �J�B�/�/�H�2�, �? �4 �R�1�@�9�- ���M�/ �_�B�;�?�i�, �? �4 �R�1�@�3�X�X �X �X �R�9�9

�t�B�t



�8�X�R�R �1�B�;�2�M�p�2�+�i�Q�`�b �Q�p�2�`�H���B�/ �Q�M �6�h�G�1 �7�B�2�H�/ �7�Q�` �/�Q�m�#�H�2 �T�`�2�+�B�b�B�Q�M �.�P�S�_�A�3 �K�2�i�?�Q�/

�r�B�i�? �`�2�H���i�B�p�2 �i�Q�H�2�`���M�+�2 �4 �R�1�@�3�- ���#�b�Q�H�m�i�2 �i�Q�H�2�`���M�+�2 �4 �R�1�@�R�y�- ���M�/ ���m�t�B�H�B���`�v

�;�`�B�/ �b�T���+�B�M�;�b �G�2�7�i�, �? �4 �R�1�@�k�- �J�B�/�/�H�2�, �? �4 �R�1�@�9�- ���M�/ �_�B�;�?�i�, �? �4 �R�1�@�3�X �6�Q�+�m�b

�Q�M �� �?�v�T�2�`�#�Q�H�B�+ �G�*�a�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�9�9

�8�X�R�k �1�B�;�2�M�p�2�+�i�Q�`�b �Q�p�2�`�H���B�/ �Q�M �6�h�G�1 �7�B�2�H�/ �7�Q�` �G�2�7�i�, �/�Q�m�#�H�2 �T�`�2�+�B�b�B�Q�M �.�P�S�_�A�3

�K�2�i�?�Q�/ �r�B�i�? �`�2�H���i�B�p�2 �i�Q�H�2�`���M�+�2 �4 �R�1�@�R�9�- ���#�b�Q�H�m�i�2 �i�Q�H�2�`���M�+�2 �4 �R�1�@�R�e�- ���M�/

�_�B�;�?�i�, �b�B�M�;�H�2 �T�`�2�+�B�b�B�Q�M �.�P�S�_�A�3 �K�2�i�?�Q�/ �r�B�i�? �`�2�H���i�B�p�2 �i�Q�H�2�`���M�+�2 �4 �R�1�@�j�- ���#�@

�b�Q�H�m�i�2 �i�Q�H�2�`���M�+�2 �4 �R�1�@�8�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�9�8

�8�X�R�j �1�B�;�2�M�p�2�+�i�Q�`�b �Q�p�2�`�H���B�/ �Q�M �6�h�G�1 �7�B�2�H�/ �7�Q�` �G�2�7�i�, �/�Q�m�#�H�2 �T�`�2�+�B�b�B�Q�M �.�P�S�_�A�3

�K�2�i�?�Q�/ �r�B�i�? �`�2�H���i�B�p�2 �i�Q�H�2�`���M�+�2 �4 �R�1�@�R�9�- ���#�b�Q�H�m�i�2 �i�Q�H�2�`���M�+�2 �4 �R�1�@�R�e�- ���M�/

�_�B�;�?�i�, �b�B�M�;�H�2 �T�`�2�+�B�b�B�Q�M �.�P�S�_�A�3 �K�2�i�?�Q�/ �r�B�i�? �`�2�H���i�B�p�2 �i�Q�H�2�`���M�+�2 �4 �R�1�@�j�- ���#�@

�b�Q�H�m�i�2 �i�Q�H�2�`���M�+�2 �4 �R�1�@�8�X �6�Q�+�m�b �Q�M �� �?�v�T�2�`�#�Q�H�B�+ �G�*�a�X�X �X �X �X �X �X �X �X �X �X �X �X �X �R�9�e

���X�R �"���+�F�r���`�/ �6�h�G�1 �7�B�2�H�/ �7�`�Q�K �+�Q�H�m�K�M�@���p�2�`���;�2�/ �p�2�H�Q�+�B�i�v �7�B�2�H�/�b �Q�M �C�m�M�2 �R�d�- �k�y�k�y

�7�Q�` �B�M�i�2�;�`���i�B�Q�M �i�B�K�2�bT = �U���V �@�R �/���v�- �U�#�V �@�k �/���v�b�- �U�+�V �@�j �/���v�b�- �U�/�V �@�9 �/���v�b�- �U�2�V

�@�8 �/���v�b�- �U�7�V �@�e �/���v�b�- �U�;�V �@�d �/���v�b�- �U�?�V �@�3 �/���v�b�-�X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �X �R�3�9

���X�k �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �Q�p�2�`�H���B�/ �Q�M ���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�#�i���B�M�2�/ �7�`�Q�K �P�J�S�a�-

�C�m�M�2 �8�@�3�- �k�y�k�y�X �a�2�2 �i�2�t�i �7�Q�` �/�2�i���B�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 �X �R�3�e

���X�j �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �Q�p�2�`�H���B�/ �Q�M ���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�#�i���B�M�2�/ �7�`�Q�K �P�J�S�a�-

�C�m�M�2 �R�8�@�R�3�- �k�y�k�y�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�3�e

���X�9 �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �Q�p�2�`�H���B�/ �Q�M ���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�#�i���B�M�2�/ �7�`�Q�K �P�J�S�a�-

�C�m�M�2 �R�N�@�k�k�- �k�y�k�y�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�3�d

���X�8 �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �Q�p�2�`�H���B�/ �Q�M ���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�#�i���B�M�2�/ �7�`�Q�K �P�J�S�a�-

�C�m�M�2 �k�j�@�k�e�- �k�y�k�y�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�3�d

�t�t



���X�e �6�Q�`�r���`�/ ���M�/ �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �Q�p�2�`�H���B�/ �Q�M ���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�#�i���B�M�2�/

�7�`�Q�K �P�J�S�a�- �C�m�M�2 �R�R�@�R�9�- �k�y�k�y�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�3�3
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�Q�M �i�?�2 �M�m�K�2�`�B�+���H �B�K�T�H�2�K�2�M�i���i�B�Q�M �Q�7 �i�?�2�b�2 �K�2�i�?�Q�/�b�- ���T�T�H�v�B�M�; �i�?�2�b�2 �K�2�i�?�Q�/�b �i�Q �ó�`�2���H�@�r�Q�`�H�/�ô

�b�+�2�M���`�B�Q�b�- ���M�/ �+�Q�M�i�`�B�#�m�i�B�M�; �i�Q �7�m�`�i�?�2�` �2�t�i�2�M�/�B�M�; �i�?�2 �i�?�2�Q�`�v�X

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

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

�R�X�R �a�2�i�m�T

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

n�@�/�B�K�2�M�b�B�Q�M���H �b�K�Q�Q�i�? �K���M�B�7�Q�H�/M �-

�b�i���i�B�b�i�B�+���H �Q�` �T�`�Q�#���#�B�H�B�b�i�B�+ �T�Q�B�M�i �Q�7 �p�B�2�r�- �F�M�Q�r�M ���b �2�`�;�Q�/�B�+ �i�?�2�Q�`�v�X �h�?�B�b �i�Q�Q �?���b �� �`�B�+�? �?�B�b�i�Q�`�v�- �Q�`�B�;�B�M���i�B�M�; �r�B�i�?
�"�Q�H�i�x�K���M�ö�b �r�Q�`�F �Q�M �b�i���i�B�b�i�B�+���H �K�2�+�?���M�B�+�b ���M�/ �i�?�2 �2�`�;�Q�/�B�+ �?�v�T�Q�i�?�2�b�B�b�- ���M�/ �H���i�2�` �T�m�i �Q�M �`�B�;�Q�`�Q�m�b �K���i�?�2�K���i�B�+���H
�7�Q�Q�i�B�M�; �#�v �"�B�`�F�?�Q�7�7 ���M�/ �o�Q�M �L�2�m�K���M�M�X ���T�T�H�v�B�M�; �i�?�B�b �p�B�2�r�T�Q�B�M�i �i�Q �M�Q�M���m�i�Q�M�Q�K�Q�m�b �b�v�b�i�2�K�b �?���b ���H�b�Q �b�2�2�M ��
�;�`�2���i �/�2���H �Q�7 ���i�i�2�M�i�B�Q�M ���M�/ �b�m�+�+�2�b�b �Q�p�2�` �i�?�2 �H���b�i �7�2�r �/�2�+���/�2�b �i�?�`�Q�m�;�? �B�K�T�Q�`�i���M�i �r�Q�`�F �Q�M �i�`���M�b�7�2�` �Q�T�2�`���i�Q�`�b
�#�v �6�`�Q�v�H���M�/ �U�S�2�`�`�Q�M�@�6�`�Q�#�2�M�B�m�b�V ���M�/ �J�2�x�B�É �U�E�Q�Q�T�K���M�V�- ���K�Q�M�; �Q�i�?�2�`�b�X �h�?�B�b �/�B�b�b�2�`�i���i�B�Q�M �r�B�H�H �M�Q�i �7�Q�+�m�b �Q�M
�i�?�B�b �p�B�2�r�T�Q�B�M�i�X
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d
dt

�t = �p(�t; t); �t 2 U � M; t 2 I � R

�t(t0) = �t0

�U�R�X�R�V

�6�Q�` �i�?�2 �K���D�Q�`�B�i�v �Q�7 �i�?�B�b �/�B�b�b�2�`�i���i�B�Q�M�-M = R2�- �i�?�Q�m�;�? �7�Q�` �i�?�2 �b���F�2 �Q�7 �;�2�M�2�`���H�B�i�v�- �r�2 �r�B�H�H �Q�7�i�2�M

�/�2�7�B�M�2 �i�?�B�M�;�b �B�M �i�2�`�K�b �Q�7 ���M ���`�#�B�i�`���`�v �b�K�Q�Q�i�? �K���M�B�7�Q�H�/M �X �q�2 �`�2�[�m�B�`�2�p(�t; t) �#�2 �m�M�B�7�Q�`�K�H�v

�G�B�T�b�+�?�B�i�x �+�Q�M�i�B�M�m�Q�m�b �B�M�t �Q�MU ���M�/ �+�Q�M�i�B�M�m�Q�m�b �B�Mt �b�Q �i�?���i �b�Q�H�m�i�B�Q�M�b �2�t�B�b�i ���M�/ ���`�2 �m�M�B�[�m�2

8�t 2 U ���M�/8t 2 I �U�#�v �i�?�2 �S�B�+���`�/�@�G�B�M�/�2�H�º�7 �i�?�2�Q�`�2�K �(�8�e�)�V�X �h�?�2�M�- �i�?�2�`�2 �2�t�B�b�i�b �� �7���K�B�H�v �Q�7 �U���i

�H�2���b�i �H�Q�+���H�V �/�B�7�7�2�Q�K�Q�`�T�?�B�b�K�bf �6t
t0

g �U�F�M�Q�r�M ���b �i�?�2�7�H�Q�r �K���T�b�V ���b�b�Q�+�B���i�2�/ �r�B�i�? �i�?�2 �/�v�M���K�B�+���H

�b�v�b�i�2�K �;�B�p�2�M �#�v�-

�6t
t0

: U ! U

: �t0 7! �t(t; t0; �t0)
�U�R�X�k�V

�B�M �r�?�B�+�? �2�B�i�?�2�`t > t 0 �U�K���T�T�B�M�; �7�Q�`�r���`�/ �B�M �i�B�K�2�V �Q�`t < t 0 �U�K���T�T�B�M�; �#���+�F�r���`�/ �B�M �i�B�K�2�V�X�6t
t0

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

�6t
t0

(�t0) := �t0 +
Z t

t0

�p(�t(s); s)ds �U�R�X�j�V

�h�Q �;���B�M �B�M�b�B�;�?�i �B�M�i�Q �K���i�2�`�B���H �i�`���M�b�T�Q�`�i�- �r�2 �H�Q�Q�F ���i �i�?�2�H�B�M�2���`�B�x�2�/ �7�H�Q�r �K���T�U�Q�7�i�2�M �+���H�H�2�/ �i�?�2

�/�2�7�Q�`�K���i�B�Q�M �;� �̀��/�B�2�M�i�V

r �6t
t0

(�t0) : T�t0 U ! T�t U

: �m�t0 7! �m�t

�U�R�X�9�V
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r �6t
t0

(�t0) ���+�i�b �Q�M �2�H�2�K�2�M�i�b �Q�7 �i�?�2 �i���M�;�2�M�i �b�T���+�2 �U�i���M�;�2�M�i �p�2�+�i�Q�`�b�V ���i�t0 ���M�/ �K���T�b �i�?�2�K �i�Q

�2�H�2�K�2�M�i�b �Q�7 �i�?�2 �i���M�;�2�M�i �b�T���+�2 �/�Q�r�M�b�i�`�2���K ���i�t = �6t
t0

(�t0) �U�B�X�2�X�- �i�?�2 �/�2�7�Q�`�K���i�B�Q�M �;�`���/�B�2�M�i

�K���T�b �K���i�2�`�B���H �p�2�+�i�Q�`�b �i�Q �b�T���i�B���H �p�2�+�i�Q�`�b�V�X �.�m�2 �i�Q �i�?�2 �+�Q�M�/�B�i�B�Q�M�b �r�2 �B�K�T�Q�b�2 �Q�M�p(�t; t)�-

�B�i �7�Q�H�H�Q�r�b �i�?���ir �6t
t0

(�t0) �2�t�B�b�i�b ���H�K�Q�b�i �2�p�2�`�v�r�?�2�`�2 �U�#�v �_���/�2�K���+�?�2�`�ö�b �i�?�2�Q�`�2�K �(�9�j�)�V�X �q�2

���H�b�Q �`�2�[�m�B�`�2 �i�?���i �/�2�i(r �6t
t0

(�t0)) > 0 �U�r�2 �r�B�H�H �Q�7�i�2�M �`�2�[�m�B�`�2 �/�2�i(r �6t
t0

(�t0)) = 1 �i�Q �B�K�T�Q�b�2

�B�M�+�Q�K�T�`�2�b�b�B�#�B�H�B�i�v�V�X

�R�X�R�X�R �1�t���K�T�H�2 �7�H�Q�r

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

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

�r�B�H�H �B�H�H�m�b�i�`���i�2 �i�?�2 �2�7�7�2�+�i �i�?�2�b�2 �b�i�`�m�+�i�m�`�2�b �?���p�2 �Q�M �K���i�2�`�B���H �K�Q�p�B�M�; �r�B�i�? �i�?�2 �7�H�Q�r�X �A�M �b�m�#�b�2�@

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

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

���M �Q�+�2���M�@�H�B�F�2 �;�v�`�2 �7�H�Q�r �r�?�B�+�? �+�Q�M�b�B�b�i�b �Q�7 �i�r�Q �+�Q�m�M�i�2�` �`�Q�i���i�B�M�; �;�v�`�2�b�X �q�?�2�Mt = 0�- �i�?�2�`�2 �B�b

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

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

�i�B�K�2�@�T�2�`�B�Q�/�B�+ �U���M�/ �M�Q�i ���T�2�`�B�Q�/�B�+�V�- �B�i �b�2�`�p�2�b ���b �� �;�Q�Q�/ �i�2�b�i �#�2�/ �7�Q�` �K���M�v �Q�7 �i�?�2�b�2 �K�2�i�?�Q�/�b

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

�/�Q�K���B�MU = [0; 2] � [0; 1] �r�B�i�? �B�i�b �p�2�H�Q�+�B�i�v �7�B�2�H�/ �;�B�p�2�M �#�v

�p(x; y; t ) =

2

6
4

u(x; y; t)

v(x; y; t )

3

7
5 =

2

6
4

� �A �b�B�M(�f ) �+�Q�b(�y )

�A �+�Q�b(�f ) �b�B�M(�y ) df
dx

3

7
5 �U�R�X�8�V

�r�?�2�`�2

f (x; t ) = � �b�B�M(!t )x2 + (1 � 2� �b�B�M(!t ))x
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A �/�2�i�2�`�K�B�M�2�b �i�?�2 �K���;�M�B�i�m�/�2 �Q�7 �p�2�H�Q�+�B�i�v �p�2�+�i�Q�`�b�-� �/�2�i�2�`�K�B�M�2�b �i�?�2 �K���;�M�B�i�m�/�2 �Q�7 �i�?�2 �Q�b�+�B�H�H���i�B�Q�M�-

���M�/! �/�2�i�2�`�K�B�M�2�b �i�?�2 �T�2�`�B�Q�/ �Q�7 �i�?�2 �Q�b�+�B�H�H���i�B�Q�M�X �h�?�2 �T���`���K�2�i�2�`�b �m�b�2�/ �B�M ���H�H �2�t���K�T�H�2�b �B�M �i�?�B�b

�+�?���T�i�2�` ���`�2A = 0:1; � = 0:25; ���M�/! = 2�
10 �X �A�M �6�B�;�m�`�2�R�X�R�r�2 �b�?�Q�r �i�?�2 �p�2�H�Q�+�B�i�v �7�B�2�H�/ ���i ��

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

�R�y �m�M�B�i�b �Q�7 �i�B�K�2�X

�6�B�;�m�`�2 �R�X�R�, �o�2�H�Q�+�B�i�v �7�B�2�H�/ �7�Q�` �/�Q�m�#�H�2 �;�v�`�2 �7�H�Q�r ���it �4 �U���V �y�X�y�- �U�#�V �j�X�j�- �U�+�V �e�X�d�- �U�/�V �R�y�X�y�X

�R�X�k �>�v�T�2�`�#�Q�H�B�+ �G���;�`���M�;�B���M �+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2�b

�A�M �i�?�2 �7�B�M�B�i�2�@�i�B�K�2 �b�2�i�i�B�M�;�- �r�2 �b�2�2�F �B�M�7�H�m�2�M�i�B���H �K���i�2�`�B���H �b�m�`�7���+�2�b �U�+�Q�@�/�B�K�2�M�b�B�Q�M �R�V �i�?���i �b�?�Q�r

�2�t�+�2�T�i�B�Q�M���H �?�v�T�2�`�#�Q�H�B�+ �#�2�?���p�B�Q�` �`�2�H���i�B�p�2 �i�Q �M�2���`�#�v �K���i�2�`�B���H �b�m�`�7���+�2�b �(�e�8�)�X �J�Q�`�2 �T�`�2�+�B�b�2�H�v�-

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

�U���i�i�`���+�i�B�M�; �G�*�a�V �H�Q�+���H�H�v�- �Q�p�2�` �i�?�2 �i�?�2 �7�B�M�B�i�2 �i�B�K�2 �r�B�M�/�Q�r �7�`�Q�K �r�?�B�+�? �i�?�2�v �r�2�`�2 �/�2�`�B�p�2�/�X �q�2

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

�h�?�2 �H�B�M�2���`�B�x�2�/ �7�H�Q�r �K���T �2�M�+�Q�/�2�b �B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�i �?�Q�r �B�M�7�B�M�B�i�2�b�B�K���H �T�2�`�i�m�`�#���i�B�Q�M�b �i�Q �B�M�B�i�B���H

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

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

�T�2�`�i�m�`�#���i�B�Q�M�b �;�`�Q�r �Q�` �b�?�`�B�M�F �i�?�2 �K�Q�b�i �+���M �B�H�H�m�K�B�M���i�2 �`�2�;�B�Q�M�b �i�?���i �r�B�H�H �`�2�T�2�H �Q�` ���i�i�`���+�i �M�2���`�#�v

�K���i�2�`�B���H �B�M ���M �2�t�i�`�2�K�2 �r���v�X �6�Q�H�H�Q�r�B�M�; �a�?���/�/�2�M �2�i ���H�X �(�R�9�d�)�- �H�2�i�t0 + � �t0 �#�2 ���M �B�M�7�B�M�B�i�2�b�B�K���H�H�v

�M�2���`�#�v �T�Q�B�M�i �i�Q�t0 ���i t0 �r�?�2�`�2� �t0 = � �t(t0) �B�b ���M ���`�#�B�i�`���`�B�H�v �Q�`�B�2�M�i�2�/ �b�K���H�H �T�2�`�i�m�`�#���i�B�Q�M �i�Q

�t0 �b�X�i�Xjj � �t0jj << 1�X �h�?�2�M�- ���7�i�2�` �i�B�K�2T�- �i�?�B�b �T�2�`�i�m�`�#���i�B�Q�M �2�p�Q�H�p�2�b �m�M�/�2�` �i�?�2 ���+�i�B�Q�M �Q�7 �i�?�2

�7�H�Q�r �K���T ���b�-

� �t(t0 + T) = �6t0+ T
t0

(�t0 + � �t0) � �6t0+ T
t0

(�t0)

= �6t0+ T
t0

(�t0) + r �6t0+ T
t0

(�t0)( �t0 + � �t0 � �t0) + O(jj � �t0jj 2) � �6t0+ T
t0

(�t0)

= r �6t0+ T
t0

(�t0)� �t0 + O(jj � �t0jj 2)

�U�R�X�e�V

�r�?�2�`�2 �r�2 �h���v�H�Q�` �2�t�T���M�/�2�/�6t0+ T
t0

(�t0 + � �t0) ���`�Q�m�M�/�t0�X �a�B�M�+�2� �t0 �B�b ���M �B�M�7�B�M�B�i�2�b�B�K���H �T�2�`�i�m�`�@

�#���i�B�Q�M�- �i�?�2O(jj � �t0jj 2) �i�2�`�K �B�b �M�2�;�H�B�;�B�#�H�2�X �h�?�2 �K���;�M�B�i�m�/�2 �+���M �#�2 �+�Q�K�T�m�i�2�/ �#�v �H�Q�Q�F�B�M�; ���i

�i�?�2 �M�Q�`�K �Q�7 �i�?�B�b �2�p�Q�H�p�2�/ �T�2�`�i�m�`�#���i�B�Q�M

k� �t(t0 + T)k =
q 


r �6t0+ T
t0

(�t0)� �t0; r �6t0+ T
t0

(�t0)� �t0
�

�U�R�X�d�V

�l�b�B�M�; �T�`�Q�T�2�`�i�B�2�b �Q�7 �i�?�2 �B�M�M�2�` �T�`�Q�/�m�+�i�- �i�?�B�b �+���M �#�2 �`�2�r�`�B�i�i�2�M ���b�-

k� �t0(t0 + T)k =

r D
� �t0;

�
r �6t0+ T

t0
(�t0)

� �
r �6t0+ T

t0
(�t0)� �t0

E
�U�R�X�3�V
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�r�?�2�`�2() � �/�2�M�Q�i�2�b �i�?�2 �+�Q�M�D�m�;���i�2 �i�`���M�b�T�Q�b�2�X �h�?�2�M�-

�* t0+ T
t0

(�t0) =
�
r �6t0+ T

t0
(�t0)

� �
r �6t0+ T

t0
(�t0) �U�R�X�N�V

�B�b �i�?�2 �`�B�;�?�i�*���m�+�?�v�@�:� �̀2�2�M �b�i� �̀��B�M �i�2�M�b�Q�`�r�?�B�+�? �B�b �#�Q�i�? �b�v�K�K�2�i�`�B�+ ���M�/ �T�Q�b�B�i�B�p�2�@�/�2�7�B�M�B�i�2�X �h�?�B�b

�B�K�T�H�B�2�b �i�?���i�* t0+ T
t0

(�t0) �?���b �`�2���H �2�B�;�2�M�p���H�m�2�b� i ���M�/ �+�Q�`�`�2�b�T�Q�M�/�B�M�; �Q�`�i�?�Q�M�Q�`�K���H �2�B�;�2�M�p�2�+�i�Q�`�b

� i �r�B�i�?i 2 f 1; 2; :::; ng �b�m�+�? �i�?���i�-

� 1 � ::: � � n > 0 ���M�/; �U�R�X�R�y�V

h� i ; � j i = � ij : �U�R�X�R�R�V

�L�Q�r �i�Q �7�B�M�/ �i�?�2 �/�B�`�2�+�i�B�Q�M �B�M �r�?�B�+�? ���M �B�M�7�B�M�B�i�2�b�B�K���H �T�2�`�i�m�`�#���i�B�Q�M �r�B�H�H �;�`�Q�r �i�?�2 �K�Q�b�i�- �r�2 �M�Q�i�2

�i�?���i �1�[�X �U�R�X�3�V �B�b �K���t�B�K�B�x�2�/ �r�?�2�M� �t0 ���H�B�;�M�b �r�B�i�?� 1�- �i�?�2 �2�B�;�2�M�p�2�+�i�Q�` �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�?�2 �i�?�2

�K���t�B�K�m�K �2�B�;�2�M�p���H�m�2 �Q�7�* t0+ T
t0

(�t0)�X �G�2�i� �t �
0 = k� �t0k � 1�X �h�?�2�M�-

�K���t
� �t0

k� �t(t0 + T)k =
p

h� �t �
0; � 1� �t �

0i =
p

� 1 k� �t0k �U�R�X�R�k�V

�h�?�2�`�2�7�Q�`�2�- �7�Q�` ���M�v�t0 2 U�- �i�?�2 �K���t�B�K�m�K ���M �B�M�7�B�M�B�i�2�b�B�K���H �T�2�`�i�m�`�#���i�B�Q�M �i�Q�t0 �r�B�H�H �;�`�Q�r �Q�p�2�`

�i�?�2 �i�B�K�2 �r�B�M�/�Q�r[t0; t0 + T] �r�B�H�H �#�2
p

� 1 ���M�/ �i�?�B�b �r�B�H�H �Q�+�+�m�` �r�?�2�M �i�?�2 �/�B�`�2�+�i�B�Q�M �Q�7 �i�?�2 �B�M�B�i�B���H

�T�2�`�i�m�`�#���i�B�Q�M ���H�B�;�M�b �r�B�i�?� 1�X

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

�2�[�m�B�p���H�2�M�i�H�v �#�2 ���`�`�B�p�2�/ ���i �#�v �H�Q�Q�F�B�M�; ���i �i�?�2 �a�o�. �Q�7 �i�?�2 �H�B�M�2���`�B�x�2�/ �7�H�Q�r �K���T�X �_�2�+���H�H �i�?�2

�b�T�2�+�i�`���H �M�Q�`�K �Q�7 �� �K���i�`�B�t�� �U�2�[�m�B�p���H�2�M�i �i�Q �i�?�2 �B�M�/�m�+�2�/ �p�2�+�i�Q�` �k�@�M�Q�`�K �(�d�j�)�V �`�2�T�`�2�b�2�M�i�b �i�?�2

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

�p���H�m�2�V�X �h�?�2�`�2�7�Q�`�2�- �i�Q �Q�#�i���B�M �i�?�2 �H�B�M�2���` ���T�T�`�Q�t�B�K���i�B�Q�M �i�Q �i�?�2 ���+�i�B�Q�M �Q�7 �i�?�2 �7�H�Q�r �K���T �Q�M

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



�3 �+�Ñ�ž�ÿ���¶�� �S�Y �B�é�����ñ�²���«���Ô�ñ�é

�#�v �B�i�b �H���`�;�2�b�i �b�B�M�;�m�H���` �p���H�m�2 ���M�/ �i�?�B�b �r�B�H�H �?���T�T�2�M �r�?�2�M �i�?�2 �B�M�B�i�B���H �T�2�`�i�m�`�#���i�B�Q�M ���H�B�;�M�b �r�B�i�?

�i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �`�B�;�?�i �b�B�M�;�m�H���` �p�2�+�i�Q�`�X �h�Q �b�2�2 �i�?�B�b�- �H�2�ir �6t0+ t
t0

(�t0) = �l � �o� �#�2 �i�?�2 �a�o�.

�Q�7 �i�?�2 �H�B�M�2���`�B�x�2�/ �7�H�Q�r �K���T �r�?�2�`�2�l ; �o 2 �J n (R) ���`�2 �m�M�B�i���`�v �U�i�?�2�v ���`�2 �B�M �7���+�i �Q�`�i�?�Q�;�Q�M���H

�b�B�M�+�2r �6t0+ t
t0

(�t0) �B�b �`�2���H�V ���M�/� 2 �J n (R) �B�b �� �M�Q�M�M�2�;���i�B�p�2 �/�B���;�Q�M���H �K���i�`�B�t �U�B�i �B�b �B�M �7���+�i

�T�Q�b�B�i�B�p�2 �/�B���;�Q�M���H �b�B�M�+�2r �6t0+ t
t0

(�t0) �B�b �M�Q�M�b�B�M�;�m�H���`�V�X �h�?�2�M�-r �6t0+ t
t0

(�t0) �U���T�T�H�B�2�/ �i�Q �� �b�2�i �Q�7

n �Q�`�i�?�Q�;�Q�M���H �#���b�B�b �p�2�+�i�Q�`�b �Q�7 �i�?�2 �i���M�;�2�M�i �b�T���+�2 �`�2�T�`�2�b�2�M�i�2�/ �#�v ���M �B�M�7�B�M�B�i�2�b�B�K���Hn�@�b�T�?�2�`�2�V

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

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

�i�?�B�b �p�B�2�r�T�Q�B�M�i�- �i�?�2 �H�B�M�2���` ���T�T�`�Q�t�B�K���i�B�Q�M �i�Q �i�?�2 ���+�i�B�Q�M �Q�7 �i�?�2 �7�H�Q�r �K���T �r�B�H�H �+���m�b�2 �b�T�2�+�B�7�B�+

�B�M�B�i�B���H �p�2�+�i�Q�`�b �;�B�p�2�M �#�v �i�?�2 �i�?�2 �`�B�;�?�i �b�B�M�;�m�H���` �p�2�+�i�Q�`�b �Uv i �V �i�Q �;�`�Q�r �U�Q�` �b�?�`�B�M�F�V ���+�+�Q�`�/�B�M�; �i�Q �i�?�2

�+�Q�`�`�2�b�T�Q�M�/�B�M�; �b�B�M�;�m�H���` �p���H�m�2�b �U�/�B���;(� )�V ���M�/ �/�2�7�Q�`�K �B�M�i�Q �i�?�2 �H�2�7�i �b�B�M�;�m�H���` �p�2�+�i�Q�`�b �Uu i ) �b�+���H�2�/

�#�v �i�?�Q�b�2 �b�B�M�;�m�H���` �p���H�m�2�b�X �h�?�2�`�2�7�Q�`�2�- �i�?�2 �K�2���M�B�M�; �Q�7 �i�?�2 �2�B�;�2�M�p���H�m�2�b ���M�/ �2�B�;�2�M�p�2�+�i�Q�`�b �Q�7�* t0+ T
t0

�+���M �2�[�m�B�p���H�2�M�i�H�v �#�2 �b�2�2�M �i�?�`�Q�m�;�? �i�?�2 �a�o�. �Q�7r �6t0+ T
t0

�#�v �M�Q�i�B�M�; �i�?�2 �b�B�M�;�m�H���` �p���H�m�2�b �U�/�B���;�U� )�V

���`�2 �2�[�m���H �i�Q �i�?�2 �b�[�m���`�2 �`�Q�Q�i �Q�7 �i�?�2 �2�B�;�2�M�p���H�m�2�b �U
p

� i �V �Q�7�* t0+ T
t0

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

�Uv i �V ���`�2 �2�[�m���H �i�Q �i�?�2 �2�B�;�2�M�p�2�+�i�Q�`�b �U� i �V �Q�7�* t0+ T
t0

�X �h�?�2�`�2�7�Q�`�2�- �i�?�2 �K���t�B�K�m�K ���`�;�m�K�2�M�i �K���/�2 �B�M

�1�[�X �U�R�X�R�k�V �+�Q�m�H�/ �2�[�m�B�p���H�2�M�i�H�v �#�2 �K���/�2 �r�B�i�? �i�?�2 �H�2���/�B�M�; �`�B�;�?�i �b�B�M�;�m�H���` �p�2�+�i�Q�` �B�M �1�[�X �U�R�X�d�V�X

�6�Q�ǹ = 2�- �r�2 �b�?�Q�r �i�?�B�b �B�M �6�B�;�m�`�2�R�X�k�X

�6�B�;�m�`�2 �R�X�k�, �"�2�?���p�B�Q�` �Q�7 �7�H�Q�r �K���T �U�H�2�7�i�V ���M�/ �H�B�M�2���`�B�x�2�/ �7�H�Q�r �K���T �U�`�B�;�?�i�V �Q�M ���M �B�M�7�B�M�B�i�2�b�B�K���H
�b�2�i�X



�S�Y�l�Y �?�-�ÿ�¶���ª�ñ�ã�Ô�« �H�ž�Ì���ž�é�Ì�Ô�ž�é �«�ñ�Ñ�¶���¶�é�� ���������«�������¶�� �N

�R�X�k�X�R �6�B�M�B�i�2 �i�B�K�2 �G�v���T�m�M�Q�p �2�t�T�Q�M�2�M�i

�L�Q�i�2 �i�?���i �1�[�X �U�R�X�R�k�V �+���M �#�2 �r�`�B�i�i�2�M ���b�-

�K���t
� �t0

k� �t(t0 + T)k = e� t 0+ T
t 0

(�t0 )jT j k� �t0k �U�R�X�R�j�V

�r�?�2�`�2

� t0+ T
t0

(�t0) :=
1

2jTj
�H�Q�;(� 1) �U�R�X�R�9�V

�B�b �i�?�2�7�B�M�B�i�2�@�i�B�K�2 �G�v���T�m�M�Q�p �2�t�T�Q�M�2�M�i �U�6�h�G�1�V�- �� �7�B�M�B�i�2�@�i�B�K�2 �p�2�`�b�B�Q�M �Q�7 �i�?�2 �+�H���b�b�B�+ �G�v���T�m�M�Q�p

�2�t�T�Q�M�2�M�i�X �h�?�2 �6�h�G�1 ���i �� �T�Q�B�M�i�t0 �r�B�H�H �T�`�Q�p�B�/�2 �B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�i �?�Q�r �M�2���`�#�v �T���`�i�B�+�H�2�b �r�B�H�H

�#�2�?���p�2 �Q�p�2�` �i�?�2 �i�B�K�2 �r�B�M�/�Q�r �Q�7 �B�M�i�2�`�2�b�i�X �q�?�2�`�2 �i�?�2�`�2 �B�b �?�B�;�? �6�h�G�1 �p���H�m�2�b�- �i�?�2 �7�H�Q�r �r�B�H�H �#�2

�p�2�`�v �b�2�M�b�B�i�B�p�2 �i�Q �T�2�`�i�m�`�#���i�B�Q�M�b �i�Q �i�?�2 �B�M�B�i�B���H �+�Q�M�/�B�i�B�Q�M�X �h�?�2 �6�h�G�1 �B�b �Q�7�i�2�M �+�Q�K�T�m�i�2�/ �7�Q�` �i�?�2

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

�?�B�;�? �6�h�G�1 �`�2�p�2���H �/�Q�K�B�M���M�i �`�2�T�2�H�H�B�M�; �b�i�`�m�+�i�m�`�2�b �B�M �7�Q�`�r���`�/ �i�B�K�2 ���M�/ �/�Q�K�B�M���M�i ���i�i�`���+�i�B�M�;

�b�i�`�m�+�i�m�`�2�b �B�M �#���+�F�r���`�/ �i�B�K�2 �U�b�2�2 �6�B�;�m�`�2�R�X�j�V�X �h�?�B�b �B�/�2�� �Q�7 �m�b�B�M�; �7�B�M�B�i�2�@�i�B�K�2 �b�i�`�2�i�+�?�B�M�; �i�Q

�/�B���;�M�Q�b�2 �K�B�t�B�M�; ���M�/ �+�Q�?�2�`�2�M�+�2 �r���b �7�B�`�b�i �T�`�Q�T�Q�b�2�/ �#�v �S�B�2�`�`�2�?�m�K�#�2�`�i �(�R�k�y�-�R�k�R�)�- �H���i�2�` �m�b�2�/

�B�M �i�?�2 �Q�`�B�;�B�M���H �/�2�7�B�M�B�i�B�Q�M �Q�7 �G�*�a �#�v �>���H�H�2�` ���M�/ �u�m���M �(�8�d�)�- ���M�/ �7�m�`�i�?�2�` �2�t�T���M�/�2�/ �Q�M �#�v

�a�?���/�/�2�M �2�i ���H�X �(�R�9�d�)�X �h�?�2�b�2 �r�Q�`�F�b�- ���K�Q�M�; �Q�i�?�2�`�b�- �H���B�/ �i�?�2 �7�Q�m�M�/���i�B�Q�M �7�Q�` �i�?�2 �K�Q�/�2�`�M �i�?�2�Q�`�v

�Q�7 �?�v�T�2�`�#�Q�H�B�+ �G�*�a�X �1�p�2�M �i�Q�/���v�- �6�h�G�1 �B�b �b�i�B�H�H �i�?�2 �K�Q�b�i �+�Q�K�K�Q�M �K�2�i�?�Q�/ �m�b�2�/ �7�Q�` �?�v�T�2�`�#�Q�H�B�+

�G�*�a �/�2�i�2�+�i�B�Q�M �/�m�2 �i�Q �B�i�b �2�7�7�B�+�B�2�M�+�v ���M�/ �b�B�K�T�H�B�+�B�i�v�X

�q�2 �K���F�2 �� �M�Q�i�2 �?�2�`�2 �i�?���i �i�?�2 �`�2�[�m�B�`�2�K�2�M�i�b �r�2 �T�m�i �Q�M�p(�t; t) �?���p�2 �#�2�2�M �b�m�7�7�B�+�B�2�M�i �m�T �i�Q

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

�6�`�Q�K �?�2�`�2 �Q�M �Q�m�i �r�2 �`�2�[�m�B�`�2 �i�?���i�p(�t; t) �#�2C2 �B�M �b�T���+�2 ���M�/C1 �B�M �i�B�K�2�X



�R�y �+�Ñ�ž�ÿ���¶�� �S�Y �B�é�����ñ�²���«���Ô�ñ�é

�6�B�;�m�`�2 �R�X�j�, �U���V �6�Q�`�r���`�/ ���M�/ �U�#�V �"���+�F�r���`�/ �6�h�G�1 �7�Q�` �/�Q�m�#�H�2 �;�v�`�2 ���it = 0 �r�B�i�? �B�M�i�2�;�`���i�B�Q�M
�i�B�K�2jTj = 10

�R�X�k�X�k �6�h�G�1 �`�B�/�;�2�b

�A�M �a�?���/�/�2�M �2�i ���H�X �(�R�9�d�)�- �i�?�2 ���m�i�?�Q�`�b �T�`�Q�T�Q�b�2�/ �i�?���i �G�*�a ���`�2 �`�B�/�;�2�b �Q�7 �i�?�2 �6�h�G�1 �7�B�2�H�/�X ���`�@

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

�/�2�7�B�M�2�/ �i�?�2�K ���b �2�t�i�`�2�K�B�x�B�M�; �K���i�2�`�B���H �+�m�`�p�2�b �Q�7 �� �+�2�`�i���B�M �7�m�M�+�i�B�Q�M���H �(�8�N�) �U�+�Q�p�2�`�2�/ �#�2�H�Q�r �B�M

�a�2�+�i�X�R�X�k�X�j�V�X �h�?�2 �K���B�M ���`�;�m�K�2�M�i �r���b �i�?���i �6�h�G�1 �`�B�/�;�2�b ���`�2 �M�Q�i �i�`�m�2 �K���i�2�`�B���H �+�m�`�p�2�b ���M�/

�i�?�2�`�2�7�Q�`�2 �M�Q�i �G���;�`���M�;�B���M�X �a�?���/�/�2�M �2�i ���H�X �+�Q�K�K�2�M�i �Q�M �i�?�B�b �B�M �i�?�2�B�` �r�Q�`�F ���M�/ �b�?�Q�r �i�?���i �i�?�2

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

�ó�r�2�H�H�@�/�2�7�B�M�2�/�ô �`�B�/�;�2�b �i�2�M�/ �i�Q �#�2 �K�Q�`�2 �G���;�`���M�;�B���M�X �h�?�B�b �6�h�G�1 �`�B�/�;�2 �/�2�7�B�M�B�i�B�Q�M �T�`�Q�p�B�/�2�b ��

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

�#�2 �K���/�2 �B�M �7���p�Q�` �Q�7 �2�B�i�?�2�` �Q�M�2�X �P�M�2 �+�H�2���` ���/�p���M�i���;�2 �Q�7 �i�?�2 �6�h�G�1 �`�B�/�;�2 �K�2�i�?�Q�/ �B�b �i�?���i �B�i �B�b

�`�2�H���i�B�p�2�H�v �b�B�K�T�H�2 �i�Q ���T�T�H�v ���M�/ �2�t�i�`�2�K�2�H�v �2�7�7�B�+�B�2�M�i �� �i�?�2 �b���K�2 �+���M�M�Q�i �#�2 �b���B�/ �7�Q�` �p���`�B���i�B�Q�M���H

�G�*�a ���b �r�2 �r�B�H�H �b�2�2 �H���i�2�`�X �"�2�H�Q�r�- �r�2 �/�2�i���B�H �i�?�2 �2�p�Q�H�m�i�B�Q�M �Q�7 �6�h�G�1 �`�B�/�;�2 �2�t�i�`���+�i�B�Q�M �K�2�i�?�Q�/�b�X

�6�h�G�1 �`�B�/�;�2 �2�t�i�`���+�i�B�Q�M �K�2�i�?�Q�/�b �m�b�2 �/�B�7�7�2�`�2�M�i�B���H �;�2�Q�K�2�i�`�B�+ �T�`�Q�T�2�`�i�B�2�b �Q�7 �i�?�2 �6�h�G�1 �7�B�2�H�/

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

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

�7�`�Q�K �B�K���;�2�b �(�d�e�-�N�j�-�R�R�3�-�R�9�3�)�X �A�M �B�K���;�2 �T�`�Q�+�2�b�b�B�M�;�- �B�K���;�2�b ���`�2 �m�b�m���H�H�v �+�Q�M�p�2�`�i�2�/ �i�Q �;�`���v



�S�Y�l�Y �?�-�ÿ�¶���ª�ñ�ã�Ô�« �H�ž�Ì���ž�é�Ì�Ô�ž�é �«�ñ�Ñ�¶���¶�é�� ���������«�������¶�� �R�R

�b�+���H�2 ���M�/ �i�?�2 �;�`���v �p���H�m�2�b ���`�2 �2�b�b�2�M�i�B���H�H�v �m�b�2�/ ���b �� �/�B�b�+�`�2�i�2 �?�2�B�;�?�i �7�m�M�+�i�B�Q�M�X �J�Q�b�i �K�2�i�?�Q�/�b

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

�?�2�`�2�- �7�B�`�b�i ���M�/ �b�2�+�Q�M�/ �/�2�`�B�p���i�B�p�2�b �Q�7 �i�?�B�b �?�2�B�;�?�i �7�m�M�+�i�B�Q�M ���`�2 �+�Q�K�T�m�i�2�/�- �Q�7�i�2�M �r�B�i�? �/�2�`�B�p���i�B�p�2�b

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

�i�?�2 �?�2�B�;�?�i �7�B�2�H�/�X �h�?�2�b�2 �`�B�/�;�2�b ���`�2 �Q�7�i�2�M �`�2�7�2�`�`�2�/ �i�Q ���b �?�2�B�;�?�i �`�B�/�;�2�b �U�Q�` �b�Q�K�2�i�B�K�2�b�- ���b�2�+�Q�M�/�@

�/�2�`�B�p���i�B�p�2 �`�B�/�;�2�V�X �:�B�p�2�M �� �?�2�B�;�?�i �7�m�M�+�i�B�Q�Mf �B�M �k �/�B�K�2�M�b�B�Q�M�b�-�?�2�B�;�?�i �`�B�/�;�2�T�Q�B�M�i�b ���`�2 �/�2�7�B�M�2�/

���b ���H�H�t0 2 U �b�m�+�? �i�?���i�-

1: hr f; � max i = 0;

2: h� max ; �>f � � max i < 0
�U�R�X�R�8�V

�r�?�2�`�2�>f �/�2�M�Q�i�2�b �i�?�2 �>�2�b�b�B���M �Q�7f ���i �t0�-� max �B�b �i�?�2 �2�B�;�2�M�p�2�+�i�Q�` �Q�7 �i�?�2 �>�2�b�b�B���M �+�Q�`�`�2�b�T�Q�M�/�B�M�;

�i�Q �i�?�2 �H���`�;�2�b�i �U�B�M �K���;�M�B�i�m�/�2�V �2�B�;�2�M�p���H�m�2 �U�`�2�T�`�2�b�2�M�i�B�M�; �i�?�2 �/�B�`�2�+�i�B�Q�M �M�Q�`�K���H �i�Q �i�?�2 �`�B�/�;�2�V�- ���M�/

�B�i �B�b �B�K�T�H�B�2�/ �i�?���i ���H�H �[�m���M�i�B�i�B�2�b ���`�2 �2�p���H�m���i�2�/ ���i�t0�X �h�?�2 �7�B�`�b�i �+�Q�M�/�B�i�B�Q�M �;�m���`���M�i�2�2�b �i�?���i �i�?�2

�T�Q�B�M�i �B�b ���i ���M �2�t�i�`�2�K�� �Q�7f �U�B�M �i�?�2� max �/�B�`�2�+�i�B�Q�M�V ���M�/ �i�?�2 �b�2�+�Q�M�/�- �i�?���if �B�b �+�Q�M�+���p�2 �/�Q�r�M

�U�B�M �i�?�2� max �/�B�`�2�+�i�B�Q�M�V�X �a�?���/�/�2�M �2�i ���H�X �(�R�9�d�) �7�B�`�b�i �/�2�7�B�M�2�/ �b�2�+�Q�M�/�@�/�2�`�B�p���i�B�p�2 �6�h�G�1 �`�B�/�;�2�b

�r�B�i�? �i�?�2�b�2 �B�/�2���b �B�M �K�B�M�/�- �m�b�B�M�; �i�?�2 �6�h�G�1 �7�B�2�H�/� ���b �i�?�2 �?�2�B�;�?�i �7�B�2�H�/ �U�i�?�Q�m�;�? �>���H�H�2�` �7�B�`�b�i

�T�`�Q�T�Q�b�2�/ �i�?�2 �B�/�2�� �Q�7 �m�b�B�M�; �6�h�G�1 �`�B�/�;�2�b ���b �G�*�a �(�8�3�)�V�X �G���i�2�` �>���H�H�2�` �(�8�N�) �/�2�7�B�M�2�/ �6�h�G�1 �`�B�/�;�2�b

�B�M �� �b�B�K�B�H���` �7���b�?�B�Q�M �i�Q �b�2�+�Q�M�/�@�/�2�`�B�p���i�B�p�2 �`�B�/�;�2�b �#�m�i �`�2�[�m�B�`�2�/r � 1 �#�2 �i���M�;�2�M�i �i�Q �i�?�2 �`�B�/�;�2 ���M�/

�`�2�T�H���+�2�/� max �r�B�i�?� 1 �B�M �i�?�2 �b�2�+�Q�M�/ �+�Q�M�/�B�i�B�Q�M�X �6�B�M���H�H�v�- �a�+�?�B�M�/�H�2�` �2�i ���H�X �(�R�j�9�) �7�m�`�i�?�2�` �`�2�7�B�M�2�/

�i�?�2 �+�`�B�i�2�`�B�� �#�v �m�b�B�M�;� 1 �B�M �i�?�2 �7�B�`�b�i �+�Q�M�/�B�i�B�Q�M �U�i�?�2�v �`�2�7�2�`�`�2�/ �i�Q �i�?�2�b�2 ���b�*�@�`�B�/�;�2�b�V�- �`�2�b�m�H�i�B�M�;

�B�M �i�?�2 �K�Q�b�i �+�Q�K�K�Q�M �/�2�7�B�M�B�i�B�Q�M �Q�7�6�h�G�1 �`�B�/�;�2�b�i�Q�/���v�-

1: hr �; � 1i = 0;

2: h� 1; �>� � � 1i < 0
�U�R�X�R�e�V



�R�k �+�Ñ�ž�ÿ���¶�� �S�Y �B�é�����ñ�²���«���Ô�ñ�é

�6�B�;�m�`�2 �R�X�9�, �6�Q�`�r���`�/ �6�h�G�1 �`�B�/�;�2�b �U�`�2�/�V �Q�p�2�`�H���B�/ �Q�M �6�h�G�1 �7�B�2�H�/ �7�Q�` �/�Q�m�#�H�2 �;�v�`�2 ���it = 0 �r�B�i�?
�B�M�i�2�;�`���i�B�Q�M �i�B�K�2T = 10

���M ���T�T�`�Q���+�? �7�B�`�b�i �T�`�Q�T�Q�b�2�/ �#�v �J���i�?�m�` �2�i ���H�X �(�R�y�8�)�- ���M�/ �H���i�2�` �`�2�p�B�b�B�i�2�/ �#�v �a�2�M���i�Q�`�2 ���M�/ �_�Q�b�b

�(�R�9�y�) �m�b�B�M�; �� �b�+���H�2�@�b�T���+�2 �`�2�T�`�2�b�2�M�i���i�B�Q�M �r�?�B�+�? �i�?�2�v �+���H�H�2�/�/�v�M���K�B�+���H �b�?���`�T�2�M�B�M�;�- �B�b ���M�Q�i�?�2�`

�r���v �i�Q �Q�#�i���B�M ���+�+�m�`���i�2 �6�h�G�1 �`�B�/�;�2�b �i�?���i �m�b�2�b �i�?�2 �7���+�i �i�?�2 �6�h�G�1 �`�B�/�;�2�b ���`�2 ���i�i�`���+�i�Q�`�b �Q�7 �i�?�2

�;�`���/�B�2�M�i �/�v�M���K�B�+���H �b�v�b�i�2�K �;�B�p�2�M �#�v�-

d�t0

ds
= r � (�t0): �U�R�X�R�d�V

�h�?�B�b ���T�T�`�Q���+�? ���H�H�Q�r�b �7�Q�` ���+�+�m�`���i�2 �2�t�i�`���+�i�B�Q�M �Q�7 �6�h�G�1 �`�B�/�;�2�b �i�?���i �;�2�i�b ���`�Q�m�M�/ �b�Q�K�2 �Q�7 �i�?�2

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



�S�Y�l�Y �?�-�ÿ�¶���ª�ñ�ã�Ô�« �H�ž�Ì���ž�é�Ì�Ô�ž�é �«�ñ�Ñ�¶���¶�é�� ���������«�������¶�� �R�j

�R�X�k�X�j �o���`�B���i�B�Q�M���H �>�v�T�2�`�#�Q�H�B�+ �G�*�a

�q�?�B�H�2 �i�?�2 ���#�Q�p�2 �K�2�i�?�Q�/ �T�`�Q�p�B�/�2�b ���M �2�7�7�B�+�B�2�M�i �r���v �i�Q �2�t�i�`���+�i ���T�T�`�Q�t�B�K���i�B�Q�M�b �Q�7 �?�v�T�2�`�#�Q�H�B�+

�G�*�a�- �i�?�2 �2�t�i�`���+�i�2�/ �+�m�`�p�2�b ���`�2 �Q�7�i�2�M �M�Q�i �i�`�m�H�v �G���;�`���M�;�B���M �U�i�?�2�v ���`�2 �M�Q�i �K���i�2�`�B���H �+�m�`�p�2�b ��

�i�?�2 �K���i�2�`�B���H �7�H�m�t �i�?�`�Q�m�;�? �i�?�2�K �B�b�- �B�M �;�2�M�2�`���H�- �M�Q�M�x�2�`�Q �(�8�N�-�R�9�d�)�V�X �A�M ���/�/�B�i�B�Q�M�- �6�h�G�1 �K���v

�H�2���/ �i�Q �7���H�b�2 �T�Q�b�B�i�B�p�2�b �U�/�m�2 �i�Q �`�2�;�B�Q�M�b �Q�7 �?�B�;�? �b�?�2���`�- �b�2�2 �(�8�N�)�V�X �A�M �T�`���+�i�B�+�2�- �i�?�2 �6�h�G�1 �Q�7�i�2�M

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

�?�v�T�2�`�#�Q�H�B�+ �G�*�a ���M�/ �� �M�m�K�2�`�B�+���H ���H�;�Q�`�B�i�?�K �#���b�2�/ �Q�7�7 �Q�7 �i�?�B�b �/�2�7�B�M�B�i�B�Q�M �`�2�K���B�M�2�/ �B�K�T�Q�`�i���M�i �i�Q

�i�?�2 �/�2�p�2�H�Q�T�K�2�M�i �Q�7 �i�?�2 �i�?�2�Q�`�v�X �>���H�H�2�` �T�`�Q�p�B�/�2�b �i�?�2 �T�`�2�+�B�b�2 �/�2�7�B�M�B�i�B�Q�M �B�M �(�8�N�) ���M�/ �6���`���x�K���M�/

���M�/ �>���H�H�2�` �T�`�Q�p�B�/�2 �� �M�m�K�2�`�B�+���H �B�K�T�H�2�K�2�M�i���i�B�Q�M �B�M �(�9�R�)�X �"�2�H�Q�r �r�2 �#�`�B�2�7�H�v �+�Q�p�2�` �i�?�2 �/�2�7�B�M�B�i�B�Q�M

�Q�7 �?�v�T�2�`�#�Q�H�B�+ �G�*�a�X �.�2�i���B�H�b ���#�Q�m�i �i�?�2 �M�m�K�2�`�B�+���H �B�K�T�H�2�K�2�M�i���i�B�Q�M ���`�2 �+�Q�p�2�`�2�/ �B�M �*�?�X �U�k�V�X �>�2�`�2

�r�2 �T�`�2�b�2�M�i �i�?�2 �`�2�H���t���i�B�Q�M �Q�7 �h�?�2�Q�`�2�K �R �7�`�Q�K �(�9�R�) ���b �i�?�B�b �B�b �r�?���i �B�b �Q�7�i�2�M �B�K�T�H�2�K�2�M�i�2�/ �B�M

�T�`���+�i�B�+�2�X ���b�b�m�K�2 �r�2 �?���p�2 �� �/�v�M���K�B�+���H �b�v�b�i�2�K �;�B�p�2�M �#�v �1�[�X �U�R�X�R�V ���M�/ �i�?�2 �`�2�b�m�H�i�B�M�; �*���m�+�?�v�@

�:�`�2�2�M �i�2�M�b�Q�` �/�2�7�B�M�2�/ �B�M �1�[�X �U�R�X�N�V �r�B�i�? �2�B�;�2�M�p���H�m�2�b ���M�/ �2�B�;�2�M�p�2�+�i�Q�`�b �;�B�p�2�M �B�M �1�[�X �U�R�X�R�R�V�X

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

�6�Q�` �� �;�B�p�2�M �+�Q�K�T���+�i �K���i�2�`�B���H �+�m�`�p�2M (t)�- �H�2�i� t0+ T
t0

�/�2�M�Q�i�2 �i�?�2�M�Q�`�K���H � �̀2�T�m�H�b�B�Q�M � �̀��i�2�- �;�B�p�2�M

�#�v�-

� t0+ T
t0

(�t0; �M0) =


�Mt0+ T ; r �6t0+ T

t0
(�t0)�M0

�
=

1
q 


�M0; [�* t0+ T
t0

(�t0)]� 1�M0
� �U�R�X�R�3�V

�r�B�i�?�M0 ���M�/�Mt0+ T �/�2�M�Q�i�B�M�; �i�?�2 �M�Q�`�K���H �i�QM (t) ���i t = t0 ���M�/t = t0 + T �`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2�M�-

�� �M�Q�`�K���H�H�v � �̀2�T�2�H�H�B�M�; �K���i�2�`�B���H �H�B�M�2�B�b �� �+�Q�K�T���+�i �K���i�2�`�B���H �+�m�`�p�2 �Q�p�2�`M (t) �Q�p�2�`[t0; t0 + T]

�r�?�B�+�? �b���i�B�b�7�B�2�b�-

� t0+ T
t0

(�t0; �M0) > 1; � t0+ T
t0

(�t0; �M0) >
�
�r �6t0+ T

t0
�m�t0

�
� �U�R�X�R�N�V

�7�Q�` ���M�v�t0 2 M 0 ���M�/�m�t0 2 T�t0 M 0�X �h�?�2 �7�B�`�b�i �+�Q�M�/�B�i�B�Q�M �;�m���`���M�i�2�2�b �i�?���iM (t) �B�b �M�Q�`�K���H�H�v
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�`�2�T�2�H�H�B�M�; �Q�p�2�` �i�?�2 �i�B�K�2 �r�B�M�/�Q�r ���M�/ �i�?�2 �b�2�+�Q�M�/ �;�m���`���M�i�2�2�b �i�?�2 �M�Q�`�K���H �;�`�Q�r�i�? �B�b �H���`�;�2�` �i�?���M

�i�?�2 �i���M�;�2�M�i�B���H �;�`�Q�r�i�?�X �h�?�2�M�-�?�v�T�2�`�#�Q�H�B�+ �G�*�a���`�2 �/�2�7�B�M�2�/ ���b �+�Q�K�T���+�i �K���i�2�`�B���H �+�m�`�p�2�b �i�?���i

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

�`�2�H���i�B�p�2 �i�Q �M�2���`�#�v �K���i�2�`�B���H �+�m�`�p�2�b�X �h�?�B�b �B�b �b�m�K�K�2�/ �m�T �B�M �h�?�2�Q�`�2�K �R �7�`�Q�K �(�9�R�)�X �*�Q�M�b�B�/�2�`

�� �+�Q�K�T���+�i �K���i�2�`�B���H �H�B�M�2M (t) 2 U �2�p�Q�H�p�B�M�; �Q�p�2�` �i�?�2 �B�M�i�2�`�p���H[t0; t0 + T]�X �h�?�2�MM (t) �B�b ��

� �̀2�T�2�H�H�B�M�; �G�*�a�Q�p�2�` �i�?�2[t0; t0 + T] �B�7 ���M �Q�M�H�v �B�7 ���H�H �i�?�2 �7�Q�H�H�Q�r�B�M�; �?�Q�H�/ �7�Q�` ���H�H �B�M�B�i�B���H �+�Q�M�/�B�i�B�Q�M�b

�t0 2 M (t0)�,

�U���V� 2(�t0) 6= � 1(�t0) > 1;

�U�"�V


� 1(�t0); r 2� 1(�t0)� 1(�t0)

�
� 0;

�U�*�V� 2(�t0)jjM (t0);

�U�.�V� 1(
 )�- �i�?�2 ���p�2�`���;�2 �Q�7� 1 �Q�p�2�` �� �+�m�`�p�2
 �- �B�b �K���t�B�K���H �Q�MM (t0)

���K�Q�M�; ���H�H �M�2���`�#�v �+�m�`�p�2�b
 �b���i�B�b�7�v�B�M�;
 jj � 2(�t0):

�U�R�X�k�y�V

M (t) �B�b ���M���i�i� �̀��+�i�B�M�; �G�*�a�B�7 �i�?�2�b�2 �+�Q�M�/�B�i�B�Q�M�b �?�Q�H�/ �7�Q�` �i�?�2 �#���+�F�r���`�/ �i�B�K�2 �r�B�M�/�Q�r[t0; t0 � T]�X

���b �+�Q�p�2�`�2�/ �B�M �(�9�R�)�- �+�Q�M�/�B�i�B�Q�M �U���V �;�m���`���M�i�2�2�bM (t) �B�b �� �M�Q�`�K���H�H�v �`�2�T�2�H�H�B�M�; �K���i�2�`�B���H �H�B�M�2�X

�*�Q�M�/�B�i�B�Q�M �U�"�V �2�M�b�m�`�2�b �i�?���i� 1 ���+�?�B�2�p�2�b �H�Q�+���H �K���t�B�K�� ���i�t0 �`�2�H���i�B�p�2 �i�Q �M�2���`�#�v �+�m�`�p�2�b �B�M �i�?�2

�T�2�`�T�2�M�/�B�+�m�H���` �/�B�`�2�+�i�B�Q�M �U�2�M�b�m�`�B�M�;� t0+ T
t0

���+�?�B�2�p�2�b �� �H�Q�+���H �K���t�B�K���V�X �*�Q�M�/�B�i�B�Q�M �U�*�V �2�M�b�m�`�2�b

�i�?���i �i�?�2 �+�m�`�p�2 �B�b �M�Q�`�K���H �i�Q �i�?�2 �K���t�B�K�m�K �b�i�`���B�M �2�B�;�2�M�p�2�+�i�Q�` �7�B�2�H�/ �U�`�2�+���H�H� 1 ? � 2)�V�- ���M�/

�+�Q�M�/�B�i�B�Q�M �U�.�V �T�B�+�F�b �Q�m�i �i�?�2 �b�i�`�Q�M�;�2�b�i ���M�/ �K�Q�b�i �B�M�7�H�m�2�M�i�B���H �K���i�2�`�B���H �+�m�`�p�2�b �#�v �2�M�b�m�`�B�M�;M (t)

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

�+�m�`�p�2�b�X �h�?�2�`�2�7�Q�`�2�- �?�v�T�2�`�#�Q�H�B�+ �G�*�a ���`�2 �b�Q�H�m�i�B�Q�M �+�m�`�p�2�b �Q�7 �i�?�2 �7�Q�H�H�Q�r�B�M�; �P�.�1�-

�`0(s) = � 2(� (̀s)) ; j� 2j = 1 �U�R�X�k�R�V
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�;�B�p�2�M �i�?�2�v �b���i�B�b�7�v �+�Q�M�/�B�i�B�Q�M�b �U���V�- �U�"�V�- ���M�/ �U�.�V �U�+�Q�M�/�B�i�B�Q�M �U�*�V �B�b �b���i�B�b�7�B�2�/ �#�v �1�[�X �U�R�X�k�R�V�V�X

�h�?�2�b�2 �+�m�`�p�2�b ���`�2 �Q�7�i�2�M �`�2�7�2�`�`�2�/ �i�Q ���b�b�?�`�B�M�F�H�B�M�2�b�B�M �i�?�2 �`�2�T�2�H�H�B�M�; �+���b�2 �U���b �i�?�2�B�` �B�K���;�2 �m�M�/�2�`

�i�?�2 �7�H�Q�r �r�B�H�H �b�?�`�B�M�F �/�`���b�i�B�+���H�H�v�V ���M�/�b�i� �̀2�i�+�?�H�B�M�2�b�B�M �i�?�2 ���i�i�`���+�i�B�M�; �+���b�2 �U���b �i�?�2�B�` �B�K���;�2 �m�M�/�2�`

�i�?�2 �7�H�Q�r �r�B�H�H �b�i�`�2�i�+�? �/�`���b�i�B�+���H�H�v�V�X �_�2�T�2�H�H�B�M�; �G�*�a �Q�p�2�`�H���B�/ �Q�M �i�?�2 �6�h�G�1 �7�B�2�H�/ �7�Q�` �i�?�2 �/�Q�m�#�H�2

�;�v�`�2 ���`�2 �b�?�Q�r�M �B�M �6�B�;�m�`�2�R�X�8�X

�q�2 �M�Q�i�2 �i�?���i �r�?���i �r���b �T�`�2�b�2�M�i�2�/ ���#�Q�p�2 �r�Q�m�H�/ �#�2 �`�2�7�2�`�`�2�/ �i�Q ���b �i�?�2 �ó�H�Q�+���H �p���`�B���i�B�Q�M���H �i�?�2�Q�`�v�ô

�7�Q�` �?�v�T�2�`�#�Q�H�B�+ �G�*�a �B�M �r�?�B�+�? �i�?�2 �p���`�B���i�B�Q�M���H �T�`�Q�#�H�2�K �b�Q�m�;�?�i �2�t�i�`�2�K�B�x�B�M�; �+�m�`�p�2�b �Q�7 �i�?�2 �M�Q�`�K���H

�`�2�T�m�H�b�B�Q�M �`���i�2�X �>���H�H�2�` ���M�/ �"�2�`�Q�M�@�o�2�`�� �T�`�Q�T�Q�b�2�/ �� �;�H�Q�#���H �i�?�2�Q�`�v �(�e�d�) �B�M �r�?�B�+�? ���H�H �i�v�T�2�b �Q�7 �G�*�a

���`�2 �7�Q�m�M�/ ���b �2�t�i�`�2�K�B�x�B�M�; �+�m�`�p�2�b �Q�7 �i�?�2 ���/�p�2�+�i�2�/ �H�2�M�;�i�? �7�m�M�+�i�B�Q�M���H ���M�/ �i�?�2 �i�v�T�2 �B�b �/�2�i�2�`�K�B�M�2�/

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

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

�6�B�;�m�`�2 �R�X�8�, �_�2�T�2�H�H�B�M�; �G�*�a �U�`�2�/�V �Q�p�2�`�H���B�/ �Q�M �6�h�G�1 �7�B�2�H�/ �7�Q�` �/�Q�m�#�H�2 �;�v�`�2 ���it = 0 �r�B�i�?
�B�M�i�2�;�`���i�B�Q�M �i�B�K�2T = 10

�h�?�2 �B�M�7�H�m�2�M�+�2 �Q�7 �� �`�2�T�2�H�H�B�M�; �G�*�a �Q�M �K���i�2�`�B���H �K�Q�p�B�M�; �r�B�i�? �i�?�2 �7�H�Q�r �+���M �#�2 �b�2�2�M �B�M �6�B�;�m�`�2
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�R�X�e�r�B�i�? �� �b�2�i �Q�7 �B�M�B�i�B���H �+�Q�M�/�B�i�B�Q�M�b �U�;�`�2�2�M �+�B�`�+�H�2�V �b�i�`���/�/�H�B�M�; �� �`�2�T�2�H�H�B�M�; �G�*�a ���M�/ ���M�Q�i�?�2�`

�b�2�i �Q�7 �B�M�B�i�B���H �+�Q�M�/�B�i�B�Q�M�b �U�Q�`���M�;�2 �+�B�`�+�H�2�V ���r���v �7�`�Q�K �� �`�2�T�2�H�H�B�M�; �G�*�a�X �*�H�2���`�H�v �i�?�2 �b�2�i �Q�7 �B�M�B�i�B���H

�+�Q�M�/�B�i�B�Q�M�b �b�i�`���/�/�H�B�M�; �i�?�2 �G�*�a �b�i�`�2�i�+�?�- �b�T�`�2���/ �Q�m�i�- ���M�/ �K�B�t �r�B�i�? �i�?�2 �`�2�b�i �Q�7 �i�?�2 �7�H�Q�r �r�?�B�H�2

�i�?�2 �b�2�i ���r���v �7�`�Q�K �i�?�2 �G�*�a �/�Q�2�b �M�Q�i �b�?�Q�r �b�m�+�? �2�t�i�`�2�K�2 �#�2�?���p�B�Q�`�X

�6�B�;�m�`�2 �R�X�e�, �U���V �A�M�B�i�B���H �T���`�i�B�+�H�2�b �b�i�`���/�/�H�B�M�; �U�;�`�2�2�M�V �� �`�2�T�2�H�H�B�M�; �G�*�a �U�`�2�/�V ���M�/ �B�M�B�i�B���H �T���`�i�B�+�H�2�b
���r���v �U�Q�`���M�;�2�V �7�`�Q�K �� �`�2�T�2�H�H�B�M�; �G�*�a�X ���/�p�2�+�i�2�/ �B�K���;�2�b �Q�7 �i�?�Q�b�2 �B�M�B�i�B���H �b�2�i�b ���it = �U�#�V �j�X�j�- �U�+�V
�e�X�d�- ���M�/ �U�/�V �R�y�X�y �7�Q�` �/�Q�m�#�H�2 �;�v�`�2 �r�B�i�? �B�M�i�2�;�`���i�B�Q�M �i�B�K�2T = 10�X �a�2�2�p�B�/�2�Q�X

�q�?���i �+�Q�M�/�B�i�B�Q�M�b �;�m���`���M�i�2�2 �i�?���i �� �6�h�G�1 �`�B�/�;�2 �B�b �� �?�v�T�2�`�#�Q�H�B�+ �G�*�a�\ �>���H�H�2�` �b�?�Q�r�2�/ �i�?���i �i�?�2

�/�2�7�B�M�B�i�B�Q�M �Q�7 ���M �6�h�G�1 �`�B�/�;�2 �H�2���/�b �i�Q �M�2�+�2�b�b���`�v �U�#�m�i �M�Q�i �b�m�7�7�B�+�B�2�M�i�V �+�Q�M�/�B�i�B�Q�M�b �7�Q�` �?�v�T�2�`�#�Q�H�B�+

�G�*�a�X �>�2 �T�`�Q�p�B�/�2�/ ���/�/�B�i�B�Q�M���H �+�Q�M�/�B�i�B�Q�M�b �r�?�B�+�? ���`�2 �b�m�7�7�B�+�B�2�M�i �7�Q�` �?�v�T�2�`�#�Q�H�B�+ �G�*�a �/�2�i�2�+�i�B�Q�M

�(�8�N�) ���M�/ �H���i�2�`�- �E���`�`���b�+�? �(�d�N�) �7�m�`�i�?�2�` �b�B�K�T�H�B�7�B�2�/ �i�?�2�b�2 �+�Q�M�/�B�i�B�Q�M�b �B�M �i�?�2 �+���b�2 �Q�7 �/�B�7�7�2�`�2�M�i�B���#�H�2

�2�B�;�2�M�p�2�+�i�Q�`�b�X �>�2 �b�?�Q�r�2�/ �i�?���i�- �;�B�p�2�M
 �B�b �� �6�h�G�1 �`�B�/�;�2 ���b �/�2�7�B�M�2�/ ���#�Q�p�2�- �B�7 ���H�H�t0 2 
 �b���i�B�b�7�v

�+�Q�M�/�B�i�B�Q�M�b �� ���M�/ �* �7�`�Q�K �i�?�2 �p���`�B���i�B�Q�M���H �/�2�7�B�M�B�i�B�Q�M �7�Q�` �?�v�T�2�`�#�Q�H�B�+ �G�*�a �U�1�[�X �U�R�X�k�y�V�V�- �i�?�2�M
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�B�b �� �?�v�T�2�`�#�Q�H�B�+ �G�*�a�X �:�B�p�2�M �i�?���ir � ���T�T�`�Q�t�B�K���i�2�b �i�?�2 �i���M�;�2�M�i �i�Q �i�?�2 �`�B�/�;�2 ���M�/ �i�?���i� 1 ? � 2�-

�+�Q�M�/�B�i�B�Q�M �* �B�b �b���i�B�b�7�B�2�/ �B�M ���M ���T�T�`�Q�t�B�K���i�2 �b�2�M�b�2 ���M�/ �i�?�2�M �i�?�2 �K�2�i�?�Q�/ �2�K�T�H�Q�v�2�/ �b�B�K�T�H�v �M�2�2�/�b

�i�Q �Q�M�H�v �+�Q�M�b�B�/�2�` �T�Q�B�M�i�b ���i �r�?�B�+�?� > 0 �U�2�[�m�B�p���H�2�M�i �i�Q �+�Q�M�/�B�i�B�Q�M ���V�X

�R�X�j �>�v�T�2�`�#�Q�H�B�+ �Q�#�D�2�+�i�B�p�2 �1�m�H�2�`�B���M �+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2�b

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

�+�Q�M�+�2�`�M�2�/ �r�B�i�? �7�B�M�B�i�2�@�i�B�K�2 �i�`���M�b�T�Q�`�i ���M�/ �i�B�2�/ �i�Q �� �b�T�2�+�B�7�B�+ �i�B�K�2 �r�B�M�/�Q�r[t0; t0 + T] �U���M�/ �i�?�m�b�-

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

�i���F�2�b �i�?�2 �H�B�K�B�i �Q�7 �i�?�2�b�2 �b�i�`�m�+�i�m�`�2�b ���b �i�?�2 �B�M�i�2�;�`���i�B�Q�M �i�B�K�2 �;�Q�2�b �i�Q �x�2�`�Q�X �h�?�B�b �B�/�2�� �r���b �7�B�`�b�i

�2�t�T�H�Q�`�2�/ �#�v �a�2�`�`�� ���M�/ �>���H�H�2�` �(�R�9�R�) �B�M �/�2�7�B�M�B�M�; �Q�#�D�2�+�i�B�p�2 �1�m�H�2�`�B���M �+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2�b �U�P�1�*�a�V

���M�/ �H���i�2�` �#�v �L�Q�H���M �2�i ���H�X �(�R�R�k�) �r�?�2�M �/�2�7�B�M�B�M�; �i�?�2 �B�M�b�i���M�i���M�2�Q�m�b �G�v���T�m�M�Q�p �2�t�T�Q�M�2�M�i �U�B�G�1�V�X

�q�2 �`�2�p�B�2�r �i�?�2�b�2 �r�Q�`�F�b �#�2�H�Q�r�X

�R�X�j�X�R �o���`�B���i�B�Q�M���H �>�v�T�2�`�#�Q�H�B�+ �P�1�*�a

�a�2�`�`�� ���M�/ �>���H�H�2�` �(�R�9�R�) �/�2�7�B�M�2 �?�v�T�2�`�#�Q�H�B�+ �P�1�*�a �B�M �� �b�B�K�B�H���` �K���M�M�2�` �i�Q �?�v�T�2�`�#�Q�H�B�+ �G�*�a�X �h�?�2�v

���`�2 �+�m�`�p�2�b �r�?�B�+�? �2�t�i�`�2�K�B�x�2 ���i�i�`���+�i�B�Q�M �Q�` �`�2�T�m�H�b�B�Q�M �#�m�i �i�?�B�b �i�B�K�2�- �B�M�b�i���M�i���M�2�Q�m�b�H�v �`���i�?�2�` �i�?���M

�Q�p�2�` �b�Q�K�2 �7�B�M�B�i�2 �i�B�K�2 �r�B�M�/�Q�r�X �q�2 �#�2�;�B�M �#�v �B�M�i�`�Q�/�m�+�B�M�; ���M �B�K�T�Q�`�i���M�i �1�m�H�2�`�B���M �i�2�M�b�Q�`�X �:�B�p�2�M

�Q�m�` �b�2�i�m�T�- �H�2�i

�a(�t; t) =
1
2

�
r �p(�t; t) + ( r �p(�t; t))>

�
�U�R�X�k�k�V

�#�2 �i�?�2 �1�m�H�2�`�B���M �`���i�2�@�Q�7�@�b�i�`���B�M �i�2�M�b�Q�`�- �B�X�2�X�- �i�?�2 �b�v�K�K�2�i�`�B�+ �T���`�i �Q�7 �i�?�2 �;�`���/�B�2�M�i �Q�7 �i�?�2 �p�2�H�Q�+�B�i�v�X

�a�B�M�+�2�a �B�b �b�v�K�K�2�i�`�B�+�- �B�i �?���b �`�2���H �2�B�;�2�M�p���H�m�2�bsi ���M�/ �+�Q�`�`�2�b�T�Q�M�/�B�M�; �Q�`�i�?�Q�M�Q�`�K���H �2�B�;�2�M�p�2�+�i�Q�`�b

�2i �r�B�i�?i 2 f 1; 2; :::; ng �b�m�+�? �i�?���i�-
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s1 � ::: � sn ���M�/; �U�R�X�k�j�V

h�2i ; �2j i = � ij : �U�R�X�k�9�V

�A�M �� �k�. �B�M�+�Q�K�T�`�2�b�b�B�#�H�2 �7�H�Q�r�-s1 = � s2�X �A�i �+���M �2���b�B�H�v �#�2 �b�?�Q�r�M �i�?���i�a �B�b �Q�#�D�2�+�i�B�p�2 �U�b�2�2 �(�8�8�)�V�X

�J�m�+�? �H�B�F�2�* t0+ T
t0

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

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

���i �i�?�2 �B�M�B�i�B���H �i�B�K�2�X ���H�b�Q�- �M�Q�i�2 �i�?���i �7�Q�` �b�K���H�H �B�M�i�2�;�`���i�B�Q�M �i�B�K�2jTj << 1�-

�* t0+ T
t0

(�t0) = �A+ 2T�a(�t0; t0) + O(T2) �U�R�X�k�8�V

�b�?�Q�r�B�M�; �i�?���i �7�Q�` �b�?�Q�`�i �i�B�K�2�b�- �i�?�2 �/�2�p�B���i�B�Q�M �Q�7�* t0+ T
t0

�7�`�Q�K �i�?�2 �B�/�2�M�i�B�i�v �B�b �;�Q�p�2�`�M�2�/ �#�v�a

�i�Q �H�2���/�B�M�; �Q�`�/�2�`�X �L�Q�r �H�2�i �� �K���i�2�`�B���H �+�m�`�p�2
 �#�2 �T���`���K�2�i�2�`�B�x�2�/ �#�v� (̀s) �r�B�i�?s 2 [0; � ] �b�X�i�X


 = � (̀s) ���M�/� 0̀(s) �`�2�T�`�2�b�2�M�i�b �i�?�2 �i���M�;�2�M�i �i�Q
 ���i � (̀s)�X �h�?�2�M�- �a�2�`�`�� ���M�/ �>���H�H�2�` �/�2�7�B�M�2 �i�r�Q

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

_q(� (̀s); �`0(s); t) =
h� 0̀(s); �a(� (̀s); t)� 0̀(s)i

h� 0̀(s); � 0̀(s)i
�U�R�X�k�e�V

���M�/ �i�?�2 �K���i�2�`�B���H �b�?�2���` �`���i�2

_p(� (̀s); �`0(s); t) =
h� 0̀(s); [�a(� (̀s); t)�_ � �_�a(� (̀s); t)]� 0̀(s)i

h� 0̀(s); � 0̀(s)i
�U�R�X�k�d�V
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�r�?�2�`�2�_ =

2

6
4

0 � 1

1 0

3

7
5 �B�b ��90� �`�Q�i���i�B�Q�M �K���i�`�B�t�X �6�Q�` �i�?�2 �?�v�T�2�`�#�Q�H�B�+ �+���b�2�- �r�2 �7�Q�+�m�b �Q�M �i�?�2

�K���i�2�`�B���H �b�?�2���` �`���i�2�X �h�?�2 ���p�2�`���;�2�/ �K���i�2�`�B���H �b�?�2���`�@�`���i�2 �B�b �;�B�p�2�M �#�v

_Pt (
 ) =
1
�

Z



_p(� (̀s); �`0(s); t)ds �U�R�X�k�3�V

�"�v �H�Q�Q�F�B�M�; �7�Q�` �+�m�`�p�2�b �Q�M �r�?�B�+�? �i�?�2 �7�B�`�b�i �p���`�B���i�B�Q�M �p���M�B�b�?�2�b �U�B�X�2�X�-� _P = 0�V ���M�/ ���T�T�H�v�B�M�; �b�T�2�+�B�7�B�+

�#�Q�m�M�/���`�v �+�Q�M�/�B�i�B�Q�M�b�- �a�2�`�`�� ���M�/ �>���H�H�2�` �/�2�7�B�M�2 �?�v�T�2�`�#�Q�H�B�+ �P�1�*�a ���b �+�m�`�p�2�b �r�?�B�+�? �2�t�i�`�2�K�B�x�2 �i�?�2

�K���i�2�`�B���H �b�?�2���`�@�`���i�2�X �h�?�2�v �b�?�Q�r �i�?���i �i�?�2�b�2 �+�m�`�p�2�b ���`�2 �b�Q�H�m�i�B�Q�M�b �i�Q �i�?�2 �/�B�7�7�2�`�2�M�i�B���H �2�[�m���i�B�Q�M�b

�`0(s) = �2i (� (̀s)) ; i = f 1; 2g �U�R�X�k�N�V

�r�?�2�`�2 �i�?�2�2i ���`�2 �i�?�2 �2�B�;�2�M�p�2�+�i�Q�`�b �Q�7 �i�?�2 �1�m�H�2�`�B���M �`���i�2�@�Q�7�@�b�i�`���B�M �i�2�M�b�Q�`�X���i�i� �̀��+�i�B�M�; �P�1�*�a���`�2

�/�2�7�B�M�2�/ ���b �b�Q�H�m�i�B�Q�M �+�m�`�p�2�b �Q�#�i���B�M�2�/ �7�`�Q�K �i�?�2�21 �7�B�2�H�/ �i�?���i �+�Q�M�i���B�M�b �� �H�Q�+���H �K�B�M�B�K�� �Q�7 �i�?�2

s2 �7�B�2�H�/ �#�m�i �+�Q�M�i���B�M�b �M�Q �Q�i�?�2�` �H�Q�+���H �K�B�M�B�K�� �Q�7s2�X �a�B�K�B�H���`�H�v�-� �̀2�T�2�H�H�B�M�; �P�1�*�a���`�2 �/�2�7�B�M�2�/ ���b

�b�Q�H�m�i�B�Q�M �+�m�`�p�2�b �Q�7 �i�?�2�22 �7�B�2�H�/ �i�?���i �+�Q�M�i���B�M�b �� �H�Q�+���H �K���t�B�K�� �Q�7 �i�?�2s1 �7�B�2�H�/ �#�m�i �+�Q�M�i���B�M�b �M�Q

�Q�i�?�2�` �H�Q�+���H �K���t�B�K�� �Q�7s1�X ���b �K�2�M�i�B�Q�M�2�/�- �B�M �i�?�2 �+���b�2 �Q�7 �k�. �B�M�+�Q�K�T�`�2�b�b�B�#�H�2 �7�H�Q�r�-s2 = � s1 ���M�/

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

�T�Q�B�M�i�b ���`�2 �`�2�7�2�`�`�2�/ �i�Q ���b�Q�#�D�2�+�i�B�p�2 �b���/�/�H�2 �T�Q�B�M�i�b�U�;�2�M�2�`���H�B�x�B�M�; �i�?�2 �M�Q�i�B�Q�M �Q�7 �+�H���b�b�B�+ �b���/�/�H�2

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

�A�M �6�B�;�m�`�2�R�X�d�r�2 �b�?�Q�r �i�?�2 �Q�#�D�2�+�i�B�p�2 �b���/�/�H�2�b �7�Q�` �i�?�2 �/�Q�m�#�H�2 �;�v�`�2 �7�H�Q�r ���it = 0 �X �h�?�2 �`�2�/ ���M�/

�#�H�m�2 �+�m�`�p�2�b �+�Q�`�`�2�b�T�Q�M�/ �i�Q �i�?�2 �`�2�T�2�H�H�B�M�; ���M�/ ���i�i�`���+�i�B�M�; �P�1�*�a �`�2�b�T�2�+�i�B�p�2�H�v�X �A�i �+���M �#�2 �b�2�2�M �i�?���i

�i�?�2 �b�K���H�H �+�B�`�+�H�2 ���`�Q�m�M�/ �i�?�2 �Q�#�D�2�+�i�B�p�2 �b���/�/�H�2 �[�m�B�+�F�H�v �B�b ���i�i�`���+�i�B�M�; �i�Q �i�?�2 ���i�i�`���+�i�B�M�; �P�1�*�a�-

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

�*�?�X�k�X



�k�y �+�Ñ�ž�ÿ���¶�� �S�Y �B�é�����ñ�²���«���Ô�ñ�é

�6�B�;�m�`�2 �R�X�d�, �_�2�T�2�H�H�B�M�; �U�`�2�/�V ���M�/ ���i�i�`���+�i�B�M�; �U�#�H�m�2�V �P�1�*�a ���M�/ �B�M�B�i�B���H �T�Q�B�M�i�b �Q�M �i�?�2 �Q�#�D�2�+�i�B�p�2
�b���/�/�H�2 ���it = �U���V �y�X�y�- �U�#�V �j�X�j�- �U�+�V �e�X�d�- ���M�/ �U�/�V �R�y�X�y �7�Q�` �/�Q�m�#�H�2 �;�v�`�2 �r�B�i�?t0 = 0

�R�X�j�X�k �A�M�b�i���M�i���M�2�Q�m�b �G�v���T�m�M�Q�p �2�t�T�Q�M�2�M�i

�a�?�Q�`�i�H�v ���7�i�2�` �i�?�2 �r�Q�`�F �Q�M �P�1�*�a�- �L�Q�H���M �2�i ���H�X �(�R�R�k�) �/�2�7�B�M�2�/ �i�?�2�B�M�b�i���M�i���M�2�Q�m�b �G�v���T�m�M�Q�p

�2�t�T�Q�M�2�M�i �U�B�G�1�V���b �i�?�2 �H�B�K�B�i �Q�7 �6�h�G�1 ���b �i�?�2 �B�M�i�2�;�`���i�B�Q�M �i�B�K�2 �;�Q�2�b �i�Q �x�2�`�Q�X �h�?�2�v �/�Q �i�?�B�b �#�v

�h���v�H�Q�` �2�t�T���M�/�B�M�; �i�?�2 �6�h�G�1 ���M�/ �b�?�Q�r �i�?���i�- �i�Q �H�2���/�B�M�; �Q�`�/�2�`�- �i�?�2 �6�h�G�1 �B�b �;�Q�p�2�`�M�2�/ �#�v �i�?�2

�B�G�1 �7�Q�` �b�?�Q�`�i �B�M�i�2�;�`���i�B�Q�M �i�B�K�2�b�X �h�?�2�`�2�7�Q�`�2�- �i�?�2�v �/�2�7�B�M�2 �i�?�2 �B�G�1 ���b�-

�H�B�K
T ! 0�

� t0+ T
t0

(�t0) = � s� (�t0; t0) �U�R�X�j�y�V

�r�?�2�`�2s+ = s2�-s� = s1 ���M�/ �i�?�2 �b�m�T�2�`�b�+�`�B�T�i� �Q�M �y �/�2�M�Q�i�2�b �r�?�2�i�?�2�` �i�?�2 �H�B�K�B�i �B�b �7�`�Q�K ���#�Q�p�2

�U+ �V �Q�` �#�2�H�Q�r �U� �V�X �J�m�+�? �H�B�F�2 �6�h�G�1�- �i�?�2 �B�G�1 �T�`�Q�p�B�/�2�b �� �/�B���;�M�Q�b�i�B�+ �7�B�2�H�/ �i�?���i �?�B�;�?�H�B�;�?�i�b



�S�Y�:�Y �2�ã�ã�Ô�ÿ���Ô�« �«�ñ�Ñ�¶���¶�é�� ���������«�������¶�� �k�R

�2�t�i�`�2�K�2 �`�2�;�B�Q�M�b �Q�7 �B�M�b�i���M�i���M�2�Q�m�b ���i�i�`���+�i�B�Q�M ���M�/ �`�2�T�m�H�b�B�Q�M�X �h�?�2�v �;�Q �Q�M �i�Q �/�2�7�B�M�2 �B�G�1 �`�B�/�;�2�b

�B�M �2�b�b�2�M�i�B���H�H�v �i�?�2 �b���K�2 �K���M�M�2�` ���b �r�2 �/�2�7�B�M�2�/ �6�h�G�1 �`�B�/�;�2�b �B�M �b�2�+�X �U�R�X�k�X�k�V�X �A�M �6�B�;�m�`�2�R�X�3�r�2

�b�?�Q�r �i�?�2 �B�G�1 �7�B�2�H�/ �r�B�i�? �i�?�2 �Q�#�D�2�+�i�B�p�2 �b���/�/�H�2�b �7�`�Q�K �i�?�2 �H���b�i �b�2�+�i�B�Q�M �Q�p�2�`�H���B�/

�6�B�;�m�`�2 �R�X�3�, �_�2�T�2�H�H�B�M�; �U�`�2�/�V ���M�/ ���i�i�`���+�i�B�M�; �U�#�H�m�2�V �P�1�*�a �Q�p�2�`�H���B�/ �Q�M �i�?�2 �B�G�1 �7�B�2�H�/ �7�Q�` �/�Q�m�#�H�2
�;�v�`�2 ���it = 0

�R�X�9 �1�H�H�B�T�i�B�+ �+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2�b

�1�H�H�B�T�i�B�+ �+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2�b ���`�2 �+�Q�@�/�B�K�2�M�b�B�Q�M �R �b�m�`�7���+�2�b �i�?���i �#�Q�m�M�/ �b�2�i�b �r�?�B�+�? �`�2�K���B�M �+�Q�@

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

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

�+�Q�M�i�2�M�i�b�X �h�?�2�b�2 �+�m�`�p�2�b �b�2�`�p�2 ���b �#�Q�m�M�/���`�B�2�b �Q�7 �T�2�`�b�B�b�i�2�M�i �p�Q�`�i�2�t �b�i�`�m�+�i�m�`�2�b�X �h�?�2�`�2 �?���p�2 �#�2�2�M

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

�i�?�2�b�2 �+�m�`�p�2�b ���b �b�Q�H�m�i�B�Q�M�b �i�Q �� �p���`�B���i�B�Q�M���H �T�`�Q�#�H�2�K �B�M �r�?�B�+�? �2�t�+�2�T�i�B�Q�M���H �+�m�`�p�2�b �i�?���i �2�t�i�`�2�K�B�x�2



�k�k �+�Ñ�ž�ÿ���¶�� �S�Y �B�é�����ñ�²���«���Ô�ñ�é

�i�?�2 ���p�2�`���;�2�/ �i���M�;�2�M�i�B���H �b�i�`���B�M �(�e�R�) �U�B�M �i�?�2 �7�B�M�B�i�2�@�i�B�K�2 �+���b�2�- �i�?�2�b�2 ���`�2 �K���i�2�`�B���H �+�m�`�p�2�b�V �Q�` �i�?�2

���p�2�`���;�2�/ �i���M�;�2�M�i�B���H �b�i�`�2�i�+�? �`���i�2 �(�R�9�R�) �U�B�M �i�?�2 �B�M�b�i���M�i���M�2�Q�m�b �+���b�2�- �i�?�2�b�2 �+�m�`�p�2�b ���`�2 �B�M �;�2�M�2�`���H

�M�Q�i �K���i�2�`�B���H�V�X �h�?�2 �b�2�+�Q�M�/ �/�2�7�B�M�2�b �i�?�2�b�2 �+�m�`�p�2�b ���b �+�H�Q�b�2�/ �+�Q�M�p�2�t �H�2�p�2�H �b�2�i�b �Q�7 ���M �Q�#�D�2�+�i�B�p�2

�K�2���b�m�`�2 �Q�7 �p�Q�`�i�B�+�B�i�v �/�2�p�B���i�B�Q�M �(�e�9�) �U�7�`�Q�K �i�?�2 �b�T���i�B���H ���p�2�`���;�2 �Q�7 �p�Q�`�i�B�+�B�i�v�V�X �q�2 �#�`�B�2�7�H�v �+�Q�p�2�`

�2���+�? �#�2�H�Q�r�X

�R�X�9�X�R �*�Q�?�2�`�2�M�i �G���;�`���M�;�B���M �p�Q�`�i�B�+�2�b

�>���H�H�2�` ���M�/ �"�2�`�Q�M�@�o�2�`�� �(�e�R�) �b�Q�m�;�?�i �2�t�+�2�T�i�B�Q�M���H �+�H�Q�b�2�/ �K���i�2�`�B���H �+�m�`�p�2�b �i�?���i �b�?�Q�r�2�/ �M�Q ���T�T�`�2�@

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

�U�B�X�2�X�- �7�Q�` �� �b�K���H�H �T�2�`�i�m�`�#���i�B�Q�M �Q�7 �b�B�x�2� �i�Q �� �+�m�`�p�2
 �- �i�?�2 �p���`�B���#�B�H�B�i�v �Q�7 �i�?�2 ���p�2�`���;�2 �i���M�;�2�M�i�B���H

�b�i�`���B�M �i�Q �i�?�2 �T�2�`�i�m�`�#�2�/ �+�m�`�p�2 �b�?�Q�m�H�/ �#�2 ���i �K�Q�b�iO(� 2�V�V�X �h�Q �/�2�7�B�M�2 �i�?�2�b�2 �b�i�`�m�+�i�m�`�2�b�- �;�B�p�2�M

�Q�m�` �b�2�i�m�T �U�R�X�R�V�- �G�2�i
 2 U �#�2 �� �+�H�Q�b�2�/ �K���i�2�`�B���H �+�m�`�p�2�X �G�2�i� (̀s) �#�2 �� �T���`���K�2�i�`�B�x���i�B�Q�M �Q�7 �i�?�2

�+�m�`�p�2 �r�?�2�`�2s 2 [0; � ] ���M�/� 0̀(s) �`�2�T�`�2�b�2�M�i�b �i�?�2 �i���M�;�2�M�i �p�2�+�i�Q�` �i�Q
 ���i s�X �h�?�2�M �H�2�i

q(s) =

q 

� 0̀(s); �* t0+ T

t0
� 0̀(s)

�

p
h� 0̀(s); � 0̀(s)i

�U�R�X�j�R�V

�/�2�M�Q�i�2 �i�?�2 �T�Q�B�M�i�r�B�b�2 �i���M�;�2�M�i�B���H �K���i�2�`�B���H �b�i�`���B�M �7�`�Q�Kt0 �i�Qt0 + T�X �h�?�2�M�- �i�?�2 ���p�2�`���;�2�/

�i���M�;�2�M�i�B���H �K���i�2�`�B���H �b�i�`���B�M �B�b �;�B�p�2�M �#�v

Q(
 ) =
1
�

Z �

0
q(s)ds �U�R�X�j�k�V

�L�Q�r �i�?�2 �T�`�Q�T�Q�b�2�/ �/�2�7�B�M�B�i�B�Q�M �Q�7 �+�Q�?�2�`�2�M�+�2 �U���i �K�Q�b�iO(� 2) �p���`�B���#�B�H�B�i�v �B�M ���p�2�`���;�2 �i���M�;�2�M�i�B���H

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

�p���`�B���i�B�Q�M �Q�7Q �B�b �x�2�`�Q�-



�S�Y�:�Y �2�ã�ã�Ô�ÿ���Ô�« �«�ñ�Ñ�¶���¶�é�� ���������«�������¶�� �k�j

�Q (
 ) = 0 �U�R�X�j�j�V

�a�Q�H�m�i�B�Q�M�b �i�Q �i�?�B�b �T�`�Q�#�H�2�K ���`�2 �b�Q�H�m�i�B�Q�M�b �i�Q �� �+�Q�K�T�H�B�+���i�2�/ �b�2�i �Q�7 �/�B�7�7�2�`�2�M�i�B���H �2�[�m���i�B�Q�M�b�X �"�v

�B�M�p�Q�F�B�M�; �`�2�b�m�H�i�b �Q�M �[�m�Q�i�B�2�M�i �7�m�M�+�i�B�Q�M���H�b �(�k�j�)�- �>���H�H�2�` ���M�/ �"�2�`�Q�M�@�o�2�`�� �b�?�Q�r �i�?���i ���M�v �+�m�`�p�2


�b���i�B�b�7�v�B�M�; �1�[�X �U�R�X�j�j�V �r�B�H�H ���H�b�Q �b���i�B�b�7�v�-

� E� = 0; E� (
 ) =
Z �

0
h�`0(s); �1� (� (̀s)) �`0(s)i ds �U�R�X�j�9�V

�r�?�2�`�2

�1� (�t0) =
1
2

�
�* t0+ T

t0
(�t0) � � 2�A

�
�U�R�X�j�8�V

�B�b �� �;�2�M�2�`���H�B�x���i�B�Q�M �Q�7 �i�?�2 �:�`�2�2�M�@�G���;�`���M�;�2 �b�i�`���B�M �i�2�M�b�Q�` �U� = 1�V�X

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

�7�m�M�+�i�B�Q�M���H �i�?���i �+�Q�B�M�+�B�/�2 �r�B�i�? �2�t�i�`�2�K�B�x�B�M�; �+�m�`�p�2�b �Q�7Q(
 ) ���`�2 �H�B�K�B�i �+�v�+�H�2�b �Q�7 �i�?�2 �7�Q�H�H�Q�r�B�M�;

�/�B�7�7�2�`�2�M�i�B���H �2�[�m���i�B�Q�M�b�-

�`0(s) = � �
� (� (̀s)) ; � �

� =

s
� 2 � � 2

� 1 � � 2
� 1 �

s
� 1 � � 2

� 1 � � 2
� 2 �U�R�X�j�e�V

�/�2�7�B�M�2�/ �Q�M �i�?�2 �/�Q�K���B�M

U� = f �t0 2 U : � 1 6= � 2; � 2 < � 2 < � 1g �U�R�X�j�d�V

�q�?�B�H�2 �2�t�i�`���+�i�B�M�; �i�?�2�b�2 �+�m�`�p�2�b �B�b �+�?���H�H�2�M�;�B�M�; �B�M �T�`���+�i�B�+�2�- �� �M�m�K�#�2�` �Q�7 ���T�T�`�Q���+�?�2�b �?���p�2 �#�2�2�M

�/�2�p�2�H�Q�T�2�/ �r�?�B�+�? �b�B�K�T�H�B�7�v �i�?�2 �T�`�Q�+�2�b�b�2�b �B�M �i�r�Q �/�B�K�2�M�b�B�Q�M�b �(�3�y�-�3�R�-�R�9�k�)�X �l�b�B�M�; �i�?�2 ���T�T�`�Q���+�?

�/�2�i���B�H�2�/ �B�M �(�R�9�k�)�- �r�2 �b�?�Q�r �2�t�i�`���+�i�2�/ �2�H�H�B�T�i�B�+ �G�*�a �Q�p�2�`�H���B�/ �Q�M �i�?�2 �6�h�G�1 �7�B�2�H�/ �B�M �6�B�;�m�`�2�R�X�N�X
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�A�M �6�B�;�m�`�2�R�X�R�y�r�2 �b�?�Q�r �2�H�H�B�T�i�B�+ �G�*�a �U�#�H�m�2 �+�m�`�p�2�b�V ���M�/ �i�?�2 �b�2�i�b �i�?�2�v �#�Q�m�M�/ �U�;�`�2�2�M�V ���/�p�2�+�i�2�/

�i�?�`�Q�m�;�? �i�?�2 �7�H�Q�r�X �q�2 ���H�b�Q �b�?�Q�r �i�?�2 ���/�p�2�+�i�B�Q�M �Q�7 �b�2�i�b �M�Q�i �2�M�+�H�Q�b�2�/ �#�v �2�H�H�B�T�i�B�+ �G�*�a �U�Q�`���M�;�2�V�X

�h�?�2 �;�`�2�2�M �b�2�i�b �`�2�K���B�M�b �+�Q�?�2�`�2�M�i �r�?�B�H�2 �i�?�2 �Q�`���M�;�2 �b�2�i�b �/�Q �M�Q�i�X

�6�B�;�m�`�2 �R�X�N�, �1�H�H�B�T�i�B�+ �G�*�a �Q�p�2�`�H���B�/ �Q�M �6�h�G�1 �7�B�2�H�/ �7�Q�` �B�M�i�2�;�`���i�B�Q�M �i�B�K�2T = 10�X

�R�X�9�X�k �G���;�`���M�;�B���M�@���p�2�`���;�2�/ �p�Q�`�i�B�+�B�i�v �/�2�p�B���i�B�Q�M

�A�M �� �H���i�2�` �T���T�2�` �>���H�H�2�` ���M�/ �+�Q���m�i�?�Q�`�b �(�e�9�) �b�2�i �Q�m�i �i�Q �Q�#�i���B�M ���M �Q�#�D�2�+�i�B�p�2 �/�2�7�B�M�B�i�B�Q�M �Q�7 �+�Q�?�2�`�2�M�i

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

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

�K���i�2�`�B���H �`�Q�i���i�B�Q�M �`�2�H���i�B�p�2 �i�Q �i�?�2 �b�T���i�B���H �K�2���M �Q�7 �p�Q�`�i�B�+�B�i�v�X �h�?�2 �K�Q�b�i �b�B�;�M�B�7�B�+���M�i �Q�7 �i�?�2�b�2

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

�/�2�7�B�M�2 �i�?�2�G���;� �̀��M�;�B���M�@���p�2� �̀��;�2�/ �p�Q�`�i�B�+�B�i�v �/�2�p�B���i�B�Q�M �U�G���o�.�V�- ���M �Q�#�D�2�+�i�B�p�2 �K�2���b�m�`�2 �Q�7 �i�?�2

�B�M�i�2�;�`���i�2�/ �p�Q�`�i�B�+�B�i�v �/�2�p�B���i�B�Q�M �7�`�Q�K �i�?�2 �b�T���i�B���H �K�2���M �Q�p�2�` �b�Q�K�2 �i�B�K�2 �r�B�M�/�Q�r �Q�7 �B�M�i�2�`�2�b�i�X
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�6�B�;�m�`�2 �R�X�R�y�, �1�H�H�B�T�i�B�+ �G�*�a �U�#�H�m�2�V ���M�/ �b�2�i�b �i�?�2�v �#�Q�m�M�/ �U�;�`�2�2�M�V ���H�Q�M�; �r�B�i�? �Q�i�?�2�` �b�2�i�b �U�Q�`���M�;�2�V
���/�p�2�+�i�2�/ �m�M�/�2�` �7�H�Q�r �7�Q�`T = 10�X �a�2�2�p�B�/�2�Q�X

�:�B�p�2�M �Q�m�` �b�2�i �m�T�- �i�?�2 �p�Q�`�i�B�+�B�i�v ���i ���M�v �T�Q�B�M�i�t 2 U �B�b �;�B�p�2�M �#�v! (�t; t) = r � �p(�t; t)�X �h�?�2�M�-

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

! (t) =

R
U ! (�t; t)d�t

R
U d�t

�U�R�X�j�3�V

�h�?�2�M �i�?�2 �G���o�. �B�b �/�2�7�B�M�2�/ ���b�-

�G���o�.tt0
(�t0) :=

1
jt � t0j

Z t

t0

j! (�t(s; �t0); s) � ! (s)jds �U�R�X�j�N�V

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

�K�2���M ���H�Q�M�; �� �i�`���D�2�+�i�Q�`�v�X �G�2�p�2�H �b�2�i�b �Q�7 �i�?�B�b �7�B�2�H�/ �b�m�`�`�Q�m�M�/�B�M�; �H�Q�+���H �K���t�B�K�� �Q�7 �G���o�. �T�`�Q�p�B�/�2

https://youtu.be/MK7JKjUASv8
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�6�B�;�m�`�2 �R�X�R�R�, �G���o�.�@�#���b�2�/ �p�Q�`�i�2�t �+�2�M�i�2�`�b ���M�/ �G���o�.�@�#���b�2�/ �2�H�H�B�T�i�B�+ �G�*�a �Q�p�2�`�H���B�/ �Q�M �G���o�.
�7�B�2�H�/ �7�Q�` �B�M�i�2�;�`���i�B�Q�M �i�B�K�2T = 10�X

�i�?�2 �b�Q�m�;�?�i ���7�i�2�` �+�Q�M�+�2�M�i�`�B�+ �+�H�Q�b�2�/ �+�m�`�p�2�b�X �q�B�i�? �i�?�B�b �B�M �K�B�M�/�- �i�Q �2�t�i�`���+�i �`�Q�i���i�B�Q�M���H�H�v �+�Q�?�2�`�@

�2�M�i �G���;�`���M�;�B���M �p�Q�`�i�B�+�2�b�- �H�Q�+���H �K���t�B�K�� �Q�7 �i�?�2 �G���o�. �7�B�2�H�/ ���`�2 �B�/�2�M�i�B�7�B�2�/ ���M�/ �i�?�2 �Q�m�i�2�`�K�Q�b�i

�+�H�Q�b�2�/ �+�Q�M�p�2�t �H�2�p�2�H �+�m�`�p�2 ���`�Q�m�M�/ �2���+�? �Q�7 �i�?�2�b�2 �H�Q�+���H �K���t�B�K�� ���`�2 �2�t�i�`���+�i�2�/�X �h�?�2 �K���t�B�K��

���`�2 �`�2�7�2�`�`�2�/ �i�Q ���b�G���o�.�@�#���b�2�/ �p�Q�`�i�2�t �+�2�M�i�2�`�b���M�/ �i�?�2 �Q�m�i�2�`�K�Q�b�i �+�m�`�p�2�b ���`�2 �`�2�7�2�`�`�2�/ �i�Q ���b

�G���o�.�@�#���b�2�/ �2�H�H�B�T�i�B�+ �G�*�a�U�Q�` �b�Q�K�2�i�B�K�2�b� �̀Q�i���i�B�Q�M���H �G�*�a�V�X �A�M �6�B�;�m�`�2�R�X�R�R�r�2 �b�?�Q�r �i�?�2 �G���o�.�@

�#���b�2�/ �p�Q�`�i�2�t �+�2�M�i�2�`�b ���M�/ �2�H�H�B�T�i�B�+ �G�*�a �Q�p�2�`�H���B�/ �Q�M �i�?�2 �G���o�. �7�B�2�H�/�X �q�?�B�H�2 �+�m�`�p�2�b �2�t�i�`���+�i�2�/

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

�M�Q�i �T�2�`�7�2�+�i�H�v �+�Q�B�M�+�B�/�2�- �Q�7�i�2�M �i�?�2�v �r�B�H�H �B�/�2�M�i�B�7�v �i�?�2 �b���K�2 �b�i�`�m�+�i�m�`�2�b�X �A�M �6�B�;�m�`�2�R�X�R�k�r�2 �b�?�Q�r

�G���o�.�@�#���b�2�/ �2�H�H�B�T�i�B�+ �G�*�a �U�#�H�m�2 �+�m�`�p�2�b�V ���M�/ �i�?�2 �b�2�i�b �i�?�2�v �#�Q�m�M�/ �U�;�`�2�2�M�V ���/�p�2�+�i�2�/ �i�?�`�Q�m�;�?

�i�?�2 �7�H�Q�r�X �q�2 ���H�b�Q �b�?�Q�r �i�?�2 ���/�p�2�+�i�B�Q�M �Q�7 �b�2�i�b �M�Q�i �2�M�+�H�Q�b�2�/ �#�v �2�H�H�B�T�i�B�+ �G�*�a �U�Q�`���M�;�2�V�X �J�m�+�?

�H�B�F�2 �i�?�2 �2�H�H�B�T�i�B�+ �G�*�a �7�`�Q�K �i�?�2 �T�`�2�p�B�Q�m�b �b�2�+�i�B�Q�M�- �i�?�2 �;�`�2�2�M �b�2�i�b �`�2�K���B�M�b �+�Q�?�2�`�2�M�i �r�?�B�H�2 �i�?�2

�Q�`���M�;�2 �b�2�i�b �/�Q �M�Q�i�X
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�6�B�;�m�`�2 �R�X�R�k�, �G���o�.�@�#���b�2�/ �2�H�H�B�T�i�B�+ �G�*�a �U�#�H�m�2�V ���M�/ �b�2�i�b �i�?�2�v �#�Q�m�M�/ �U�;�`�2�2�M�V ���H�Q�M�; �r�B�i�? �Q�i�?�2�`
�b�2�i�b �U�Q�`���M�;�2�V ���/�p�2�+�i�2�/ �m�M�/�2�` �7�H�Q�r �7�Q�`T = 10�X �a�2�2�p�B�/�2�Q�X

�R�X�9�X�j �o���`�B���i�B�Q�M���H �1�H�H�B�T�i�B�+ �P�1�*�a

�G�B�F�2 �i�?�2 �?�v�T�2�`�#�Q�H�B�+ �+���b�2�- �a�2�`�`�� ���M�/ �>���H�H�2�` �(�R�9�R�) �T�`�Q�T�Q�b�2 �1�m�H�2�`�B���M �+�Q�m�M�i�2�`�T���`�i�b �i�Q �2�H�H�B�T�i�B�+

�G�*�a�X �h�?�2�b�2 ���`�2 �+�Q�@�/�B�K�2�M�b�B�Q�M �R �b�m�`�7���+�2�b �i�?���i�- �Q�p�2�` �b�?�Q�`�i �i�B�K�2�b�- �`�2�b�B�b�i �K�B�t�B�M�; ���M�/ �#�Q�m�M�/

�+�Q�?�2�`�2�M�i �b�2�i�b�X �G�2�i �� �K���i�2�`�B���H �+�m�`�p�2
 �#�2 �T���`���K�2�i�2�`�B�x�2�/ �#�v� (̀s) �r�B�i�?s 2 [0; � ] �b�X�i�X
 = � (̀s)

���M�/� 0̀(s) �`�2�T�`�2�b�2�M�i�b �i�?�2 �i���M�;�2�M�i �i�Q
 ���i � (̀s)�X �h�?�2�M�- ���b �T�`�2�p�B�Q�m�b�H�v �K�2�M�i�B�Q�M�2�/�- �a�2�`�`�� ���M�/

�>���H�H�2�` �/�2�7�B�M�2 �i�?�2 �K���i�2�`�B���H �b�i�`�2�i�+�?�B�M�; �`���i�2

_q(� (̀s); �`0(s); t) =
h� 0̀(s); �a(� (̀s); t)� 0̀(s)i

h� 0̀(s); � 0̀(s)i
�U�R�X�9�y�V

https://youtu.be/HGXHxlrx1rM
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�h�?�2�M�- �7�Q�` �� �;�B�p�2�M
 �i�?�2���p�2� �̀��;�2�/ �K���i�2�`�B���H �b�i� �̀2�i�+�?�@� �̀��i�2�B�b �;�B�p�2�M �#�v

_Qt (
 ) =
1
�

Z



_q(� (̀s); �`0(s); t)ds �U�R�X�9�R�V

�h�?�2�v �K���F�2 �i�?�2 �b���K�2 ���`�;�m�K�2�M�i�b �K���/�2 �B�M �(�e�R�) �U�`�2�p�B�2�r�2�/ �B�M �a�2�+�X �U�R�X�9�X�R�V�V ���#�Q�m�i ���i �K�Q�b�iO(� 2)

�B�M ��O(� �V �#�2�H�i�X �h�?�B�b �B�K�T�H�B�2�b �i�?�2 �b�Q�m�;�?�i ���7�i�2�` �+�m�`�p�2�b ���`�2 �i�?�Q�b�2 �Q�M �r�?�B�+�? �i�?�2 �7�B�`�b�i �p���`�B���i�B�Q�M

�Q�7_Qt �p���M�B�b�?�2�b �U�B�X�2�X�-� _Qt = 0�V�X �L�Q�i�B�M�; �b�B�K�B�H���`�B�i�B�2�b �r�B�i�? �i�?�2 �p���`�B���i�B�Q�M���H �T�`�Q�#�H�2�K �7�`�Q�K �i�?�2

�G���;�`���M�;�B���M �+���b�2 �B�M �a�2�+�X �U�R�X�9�X�R�V�- �i�?�2�v �+�Q�M�+�H�m�/�2 �i�?���i �2�H�H�B�T�i�B�+ �P�1�*�a �+���M �#�2 �2�t�i�`���+�i�2�/ ���b �H�B�K�B�i

�+�v�+�H�2�b �Q�7 �i�?�2 �7�Q�H�H�Q�r�B�M�; �/�B�7�7�2�`�2�M�i�B���H �2�[�m���i�B�Q�M�b�-
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�22 �U�R�X�9�k�V

�/�2�7�B�M�2�/ �Q�M �i�?�2 �/�Q�K���B�M

U� = f �t0 2 U : s1 6= s2; s2 < � < s 1g �U�R�X�9�j�V

�h�?�2 �M�m�K�2�`�B�+���H �/�2�p�2�H�Q�T�K�2�M�i�b �r�?�B�+�? �b�B�K�T�H�B�7�v �i�?�2 �2�t�i�`���+�i�B�Q�M �Q�7 �2�H�H�B�T�i�B�+ �G�*�a �K�2�M�i�B�Q�M�2�/ �T�`�2�p�B�@

�Q�m�b�H�v ���T�T�H�v �i�Q �i�?�2 �1�m�H�2�`�B���M �b�i�`�m�+�i�m�`�2�b ���b �r�2�H�H�X

�R�X�9�X�9 �A�M�b�i���M�i���M�2�Q�m�b �p�Q�`�i�B�+�B�i�v �/�2�p�B���i�B�Q�M

�A�M �i�?�2 �G���o�. �T���T�2�` �K�2�M�i�B�Q�M�2�/ �2���`�H�B�2�` �(�e�9�)�- �i�?�2 ���m�i�?�Q�`�b ���H�b�Q �/�2�7�B�M�2 ���M �B�M�b�i���M�i���M�2�Q�m�b �1�m�H�2�`�B���M

�+�Q�m�M�i�2�`�T���`�i �i�Q �i�?�2 �G���o�. �r�?�B�+�? �i�?�2�v �+���H�H �i�?�2�B�M�b�i���M�i���M�2�Q�m�b �p�Q�`�i�B�+�B�i�v �/�2�p�B���i�B�Q�M �U�A�o�.�V�X �h�?�B�b

�B�b �b�B�K�T�H�v �/�2�7�B�M�2�/ ���b�-

�A�o�.(�t; t) := j! (�t; t) � ! (t)j �U�R�X�9�9�V



�S�Y�9�Y �`�¶���¶�ž���«�Ñ �ñ�&�¶���&�Ô�¶�' �k�N

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

�i�?�2 �A�o�. �B�b �i�?�2 �B�M�b�i���M�i���M�2�Q�m�b �H�B�K�B�i �Q�7 �i�?�2 �G���o�.�- �K�m�+�? �H�B�F�2 �i�?�2 �H�B�M�F �#�2�i�r�2�2�M �B�G�1 ���M�/ �6�h�G�1�X

�6�B�;�m�`�2 �R�X�R�j�, �A�o�.�@�#���b�2�/ �2�H�H�B�T�i�B�+ �P�1�*�a �7�Q�` �i�?�2 �/�Q�m�#�H�2 �;�v�`�2 ���it0 = 0:0�X

�R�X�8 �_�2�b�2���`�+�? �Q�p�2�`�p�B�2�r

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

�A�M �*�?���T�i�2�` �k�- �r�2 �B�M�i�`�Q�/�m�+�2�L�m�K�#���*�a�- ���M �2�7�7�B�+�B�2�M�i �S�v�i�?�Q�M �T���+�F���;�2 �i�?���i �B�K�T�H�2�K�2�M�i�b �K���M�v �Q�7

�i�?�2 �K�2�i�?�Q�/�b �+�Q�p�2�`�2�/ �B�M �i�?�B�b �+�?���T�i�2�`�X �h�?�B�b �r�Q�`�F �B�b �+�m�`�`�2�M�i�H�v �m�M�/�2�` �`�2�p�B�2�r �r�B�i�? �i�?�2�C�Q�m�`�M���H

�Q�7 �P�T�2�M �a�Q�m� �̀+�2 �a�Q�7�i�r��� �̀2�X �.�m�2 �i�Q �b�i�`�B�M�;�2�M�i �H�2�M�;�i�? �`�2�[�m�B�`�2�K�2�M�i�b �7�`�Q�K �i�?�B�b �D�Q�m�`�M���H�- �r�2 �T�`�2�b�2�M�i

���M �2�t�i�2�M�b�B�Q�M �Q�7 �i�?�2 �b�m�#�K�B�i�i�2�/ �K���M�m�b�+�`�B�T�i�X �*�?���T�i�2�` �j �B�b �B�M �K���M�m�b�+�`�B�T�i �7�Q�`�K ���M�/ �B�b �i�?�2

�T�m�#�H�B�b�?�2�/ ���`�i�B�+�H�2���i�K�Q�b�T�?�2�`�B�+ �i� �̀��M�b�T�Q�`�i �b�i�`�m�+�i�m� �̀2�b �b�?���T�B�M�; �i�?�2 �õ�:�Q�/�x�B�H�H���ö �/�m�b�i �b�i�Q�`�K�X �h�?�B�b

�+�?���T�i�2�` �`�2�i���B�M�b �K�m�+�? �Q�7 �i�?�2 �B�M�7�Q�`�K���i�B�Q�M �7�`�Q�K �i�?���i �K���M�m�b�+�`�B�T�i�X �*�?���T�i�2�` �9 �B�b �� �K���M�m�b�+�`�B�T�i

�b�i�B�H�H �B�M �T�`�2�T���`���i�B�Q�M �i�B�i�H�2�/�.�B�7�7�m�b�B�p�2 �7�H�m�t�@� �̀��i�2 �#���`�`�B�2�`�b �7�Q�` �;�2�M�2� �̀��H �/�B�7�7�m�b�B�Q�M �b�i�`�m�+�i�m� �̀2�X �*�?���T�i�2�`
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�8 �B�b ���H�b�Q �� �K���M�m�b�+�`�B�T�i �b�i�B�H�H �B�M �T�`�2�T�2�`���i�B�Q�M �i�B�i�H�2�/���+�+�m� �̀��i�2 ���M�/ �1�7�7�B�+�B�2�M�i �2�t�i� �̀��+�i�B�Q�M �Q�7 �G�*�a

�7� �̀Q�K �i�?�2�B�` �p���`�B���i�B�Q�M���H �i�?�2�Q�`�v �m�b�B�M�; ���m�i�Q�K���i�B�+ �.�B�7�7�2� �̀2�M�i�B���i�B�Q�M�X �6�B�M���H�H�v�- �*�?���T�i�2�` �e �T�`�Q�p�B�/�2�b ��

�`�2�p�B�2�r �Q�7 �i�?�2 �+�Q�M�i�`�B�#�m�i�B�Q�M�b ���M�/ �7�m�i�m�`�2 �/�B�`�2�+�i�B�Q�M�b�X

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

�i�2�`�B���H �B�M �*�?���T�i�2�`�b �k ���M�/ �8�X �h�?�Q�b�2 �H�Q�Q�F�B�M�; �7�Q�` �� �H���`�;�2�@�b�+���H�2 ���i�K�Q�b�T�?�2�`�B�+ �i�`���M�b�T�Q�`�i ���T�T�H�B�+���i�B�Q�M

�+���M �7�Q�+�m�b �Q�M �*�?���T�i�2�` �j�X �*�?���T�i�2�` �9 �r�B�H�H ���T�T�2���H �i�Q �`�2���/�2�`�b �B�M�i�2�`�2�b�i�2�/ �B�M �i�?�2�Q�`�2�i�B�+���H �/�2�p�2�H�Q�T�@

�K�2�M�i�b ���M�/ �2�t�i�2�M�b�B�Q�M�b�X



�*�?���T�i�2�` �k

�L�m�K�#���*�a�, �� �7���b�i �S�v�i�?�Q�M �T���+�F���;�2 �7�Q�`

�+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2 ���M���H�v�b�B�b

���i�i�`�B�#�m�i�B�Q�M

�h�?�B�b �+�?���T�i�2�`�- �� �+�Q�H�H���#�Q�`���i�B�p�2 �r�Q�`�F �r�B�i�? �a�?���M�2 �_�Q�b�b�- �B�b ���M �2�t�i�2�M�b�B�Q�M �Q�7 �� �K���M�m�b�+�`�B�T�i �+�m�`�`�2�M�i�H�v

�m�M�/�2�` �`�2�p�B�2�r �r�B�i�? �i�?�2�C�Q�m�`�M���H �Q�7 �P�T�2�M �a�Q�m� �̀+�2 �a�Q�7�i�r��� �̀2�X

���m�i�?�Q�` �*�Q�M�i�`�B�#�m�i�B�Q�M�b

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

�K�2�M�i�2�/ �2�t�B�b�i�B�M�; ���H�;�Q�`�B�i�?�K�b�- �/�2�b�B�;�M�2�/ ���M�/ �B�K�T�H�2�K�2�M�i�2�/ �Q�`�B�;�B�M���H ���H�;�Q�`�B�i�?�K�b�- �Q�T�i�B�K�B�x�2�/ �+�Q�/�2�-

�/�2�b�B�;�M�2�/ �2�t���K�T�H�2�b�- �r�`�Q�i�2 �/�Q�+�m�K�2�M�i���i�B�Q�M�- �?���M�/�H�2�/ �T���+�F���;�2 �/�2�p�2�H�Q�T�K�2�M�i ���M�/ �K���B�M�i�2�M���M�+�2�-

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

�k�X�R �a�m�K�K���`�v

�L�m�K�#���*�a�U�L�m�K�#�� �*�Q�?�2�`�2�M�i �a�i�`�m�+�i�m�`�2�b�V �B�b �� �S�v�i�?�Q�M �T���+�F���;�2 �i�?���i �B�K�T�H�2�K�2�M�i�b �� �p���`�B�2�i�v �Q�7

�+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2 �K�2�i�?�Q�/�b �B�M ���M �2�7�7�B�+�B�2�M�i ���M�/ �m�b�2�`�@�7�`�B�2�M�/�H�v �K���M�M�2�`�X �ó�*�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2

�j�R
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�K�2�i�?�Q�/�ô �`�2�7�2�`�b �i�Q ���M�v �K�2�i�?�Q�/ �r�?�B�+�? �+���M �#�2 �m�b�2�/ �i�Q �B�M�7�2�` �Q�` �2�t�i�`���+�i �G���;�`���M�;�B���M ���M�/ �Q�#�D�2�+�i�B�p�2

�1�m�H�2�`�B���M �+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2�b�X �h�?�2 �i�?�2�Q�`�v �#�2�?�B�M�/ �i�?�2�b�2 �K�2�i�?�Q�/�b �?���b �#�2�2�M �/�2�p�2�H�Q�T�2�/ �Q�p�2�` �i�?�2

�H���b�i �7�2�r �/�2�+���/�2�b �r�B�i�? �i�?�2 ���B�K �Q�7 �2�t�i�2�M�/�B�M�; �K���M�v �Q�7 �i�?�2 �B�K�T�Q�`�i���M�i �B�M�p���`�B���M�i �Q�#�D�2�+�i�b �7�`�Q�K �i�B�K�2�@

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

���`�#�B�i�`���`�v �i�B�K�2 �/�2�T�2�M�/�2�M�+�2 ���M�/ �K���v �Q�M�H�v �#�2 �F�M�Q�r�M �Q�` �/�2�7�B�M�2�/ �7�Q�` �b�Q�K�2 �7�B�M�B�i�2 �i�B�K�2�X �h�?�2�b�2

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

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

�7�H�Q�r�b �B�b �M�Q�i ���p���B�H���#�H�2 �7�Q�` ���H�H �i�B�K�2�X �"�v �2�t�i�2�M�/�B�M�; �i�?�2 �B�/�2���b �7�`�Q�K �i�?�2 �i�B�K�2�@�B�M�/�2�T�2�M�/�2�M�i �b�2�i�i�B�M�;

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

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

�K���i�2�`�B���H �i�`���M�b�T�Q�`�i �B�M �7�H�Q�r�b �B�b �Q�7 �;�`�2���i �B�K�T�Q�`�i���M�+�2 �7�Q�` ���T�T�H�B�+���i�B�Q�M�b �`���M�;�B�M�; �7�`�Q�K �K�Q�M�B�i�Q�`�B�M�;

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

�b�i�`���i�2�;�B�2�b �7�Q�` �T�2�`�b�Q�M�b �H�Q�b�i ���i �b�2���X

�l�b�2�`

�k�X�k �a�i���i�2�K�2�M�i �Q�7 �L�2�2�/

���b �i�?�2�Q�`�v ���M�/ �B�K�T�H�2�K�2�M�i���i�B�Q�M�b �Q�7 �+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2�b �?���p�2 �#�2�2�M �/�2�p�2�H�Q�T�2�/ �(�9�R�-�8�N�-�e�R�-�e�k�-

�e�9�-�R�y�8�-�R�R�k�-�R�j�9�-�R�9�R�-�R�9�d�) ���M�/ �i�?�2 �m�i�B�H�B�i�v �Q�7 �i�?�2�b�2 �i�Q�Q�H�b �?���b �#�2�2�M �/�2�K�Q�M�b�i�`���i�2�/ �Q�p�2�` �i�?�2

�H���b�i �i�r�Q �/�2�+���/�2�b �(�j�j�-�j�3�-�8�9�-�N�8�-�R�R�R�-�R�R�d�-�R�k�9�-�R�k�N�-�R�9�9�)�- �i�?�2�`�2 �?���b �#�2�2�M �� �b�i�2���/�B�H�v �;�`�Q�r�B�M�;

�B�M�i�2�`�2�b�i �B�M �m�b�B�M�; �i�?�2�b�2 �K�2�i�?�Q�/�b �7�Q�` �`�2���H�@�r�Q�`�H�/ ���T�T�H�B�+���i�B�Q�M�b�X �1���`�H�v �Q�M�- �b�Q�7�i�r���`�2 �B�K�T�H�2�K�2�M�@

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

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

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

�T�`���+�i�B�i�B�Q�M�2�`�b �Q�m�i�b�B�/�2 �Q�7 �i�?�2 �7�B�2�H�/�X �a�Q�K�2 �T�`�Q�p�B�/�2 �� �7�`�B�2�M�/�H�v �B�M�i�2�`�7���+�2 �7�Q�` �m�b�2�`�b �U�.�v�M�H���#�(�R�R�y�)�c



�l�Y�k�Y �7���é�«���Ô�ñ�é�ž�ã�Ô���- �ž�é�² �B�è�ÿ�ã�¶�è�¶�é���ž���Ô�ñ�é �j�j

�G�*�a �J���h�G���" �E�B�i�(�j�9�)�V�- �Q�i�?�2�`�b ���B�K �i�Q �T�`�Q�p�B�/�2 �2�7�7�B�+�B�2�M�i �B�K�T�H�2�K�2�M�i���i�B�Q�M�b �Q�7 �b�T�2�+�B�7�B�+ �K�2�i�?�Q�/�b

�U�b�Q�K�2�i�B�K�2�b �B�M �b�T�2�+�B�7�B�+ �+�B�`�+�m�K�b�i���M�+�2�b�V �U�G���;�`���M�;�B���M�(�R�e�)�c�L�2�r�K���M�(�j�d�)�c���[�m�B�H���@�G�*�a�(�3�N�)�V�- ���M�/

�� �7�2�r �B�K�T�H�2�K�2�M�i �� �p���`�B�2�i�v �Q�7 �K�2�i�?�Q�/�b �U�h�"���`�`�B�2�`�(�3�)�c�G�*�a �h�Q�Q�H�(�R�R�e�)�-�"���`�`�B�2�`�h�Q�Q�H�- �(�3�j�)�V�X

�L�m�K�#���*�a�B�M�i�2�M�/�b �i�Q �m�M�B�i�2 �i�?�2�b�2 ���B�K�b �#�v �T�`�Q�p�B�/�B�M�; �2�7�7�B�+�B�2�M�i ���M�/ �m�b�2�`�@�7�`�B�2�M�/�H�v �B�K�T�H�2�K�2�M�i���@

�i�B�Q�M�b �Q�7 �� �p���`�B�2�i�v �Q�7 �+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2 �K�2�i�?�Q�/�b�X �"�v �/�Q�B�M�; �i�?�B�b�- �i�?�2 �?�Q�T�2 �B�b �i�Q �T�`�Q�p�B�/�2 ��

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

�/�B�i�B�Q�M�- ���b �M�2�r �K�2�i�?�Q�/�b�f�B�K�T�H�2�K�2�M�i���i�B�Q�M�b ���`�B�b�2�- �i�?�2 �7�`���K�2�r�Q�`�F �H���B�/ �Q�m�i �B�M�L�m�K�#���*�a�T�`�Q�p�B�/�2�b

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

�T���+�F���;�2 �+���H�H�2�/�*�Q�?�2�`�2�M�i�a�i�`�m�+�i�m�`�2�b�X�D�H�(�d�3�)�- �r�?�B�+�? �B�b �7���b�i�- �m�b�2�`�@�7�`�B�2�M�/�H�v�- ���M�/ �B�K�T�H�2�K�2�M�i�b ��

�p���`�B�2�i�v �Q�7 �K�2�i�?�Q�/�b�X �h�?�B�b �T���+�F���;�2 �?���b �b�Q�K�2 �Q�p�2�`�H���T �r�B�i�?�L�m�K�#���*�a�#�m�i �i�?�2�v �#�Q�i�? �B�K�T�H�2�K�2�M�i

�K�2�i�?�Q�/�b �r�?�B�+�? �i�?�2 �Q�i�?�2�` �/�Q�2�b �M�Q�i�X�*�Q�?�2�`�2�M�i�a�i�`�m�+�i�m�`�2�b�X�D�H�B�b �� �T�Q�r�2�`�7�m�H �i�Q�Q�H �i�?���i �b�?�Q�m�H�/

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

�b�Q�K�2 �Q�7 �i�?�2 �K�2�i�?�Q�/�b �M�Q�i �B�K�T�H�2�K�2�M�i�2�/ �B�M�L�m�K�#���*�a�X �6�Q�` �� �K�Q�`�2 �/�2�i���B�H�2�/ �#�`�2���F�/�Q�r�M �Q�7 �?�Q�r

���H�H �Q�7 �i�?�2 �K�2�M�i�B�Q�M�2�/ �T���+�F���;�2�b �+�Q�K�T���`�2 �r�B�i�?�L�m�K�#���*�a�- �b�2�2 �i�?�2�/�Q�+�m�K�2�M�i���i�B�Q�M�X

�k�X�j �6�m�M�+�i�B�Q�M���H�B�i�v ���M�/ �A�K�T�H�2�K�2�M�i���i�B�Q�M

�h�?�B�b �b�2�+�i�B�Q�M �T�`�Q�p�B�/�2�b ���M �Q�p�2�`�p�B�2�r �Q�7 �i�?�2 �7�m�M�+�i�B�Q�M���H�B�i�v �B�M�L�m�K�#���*�a���M�/ �+�Q�p�2�`�b �/�2�i���B�H�b ���#�Q�m�i

�i�?�2 �M�m�K�2�`�B�+���H �B�K�T�H�2�K�2�M�i���i�B�Q�M�X �A�M �i�?�2 �/�Q�+�m�K�2�M�i���i�B�Q�M�- ���l�b�2�` �:�m�B�/�2�B�b �T�`�Q�p�B�/�2�/ �r�?�B�+�? �/�2�i���B�H�b

�i�?�2 �r�Q�`�F�7�H�Q�r �B�M�L�m�K���#�*�a�- ���h�?�2�Q�`�v ���M�/ �A�K�T�H�2�K�2�M�i���i�B�Q�M�b�2�+�i�B�Q�M �T�`�Q�p�B�/�2�b ���M �Q�p�2�`�p�B�2�r �Q�7 �i�?�2

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

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

�:���H�H�2�`�v�X �J�m�+�? �Q�7 �r�?���i �B�b �+�Q�p�2�`�2�/ �?�2�`�2 �r�B�H�H �Q�p�2�`�H���T �r�B�i�? �i�?�2�b�2 �b�2�+�i�B�Q�M�b ���M�/ �r�2 �`�2�7�2�` �i�?�2

�`�2���/�2�` �i�Q �i�?�2 �A�M�i�`�Q�/�m�+�i�B�Q�M �U�*�?�X�R�V �Q�7 �i�?�B�b �/�B�b�b�2�`�i���i�B�Q�M �7�Q�` �� �K�Q�`�2 �/�2�i���B�H�2�/ �i�`�2���i�K�2�M�i �Q�7 �i�?�2

�i�?�2�Q�`�v�X



�j�9 �+�Ñ�ž�ÿ���¶�� �l�Y �M���è�ª�ž�+�b�- �� �Å�ž���� �T�-���Ñ�ñ�é �ÿ�ž�«�á�ž�Ì�¶ �Å�ñ�� �«�ñ�Ñ�¶���¶�é�� ���������«�������¶ �ž�é�ž�ã�-���Ô��

�L�m�K�#���*�a�B�K�T�H�2�K�2�M�i�b �i�?�2 �7�Q�H�H�Q�r �7�2���i�m�`�2�b �7�Q�` �#�Q�i�? ���M���H�v�i�B�+���H ���M�/ �M�m�K�2�`�B�+���H �7�H�Q�r�b�,

�� �a�i���M�/���`�/ �7�H�Q�r �K���T �+�Q�K�T�m�i���i�B�Q�M

�� �6�H�Q�r �K���T �+�Q�K�T�Q�b�B�i�B�Q�M �K�2�i�?�Q�/ �(�R�d�)

�� �6�B�M�B�i�2 �i�B�K�2 �G�v���T�m�M�Q�p �2�t�T�Q�M�2�M�i �U�6�h�G�1�V �(�R�9�d�)

�� �A�M�b�i���M�i���M�2�Q�m�b �G�v���T�m�M�Q�p �2�t�T�Q�M�2�M�i �U�B�G�1�V �(�R�R�k�)

�� �6�h�G�1 �`�B�/�;�2 �2�t�i�`���+�i�B�Q�M �(�R�j�9�-�R�9�3�)

�� �G���;�`���M�;�B���M ���p�2�`���;�2�/ �p�Q�`�i�B�+�B�i�v �/�2�p�B���i�B�Q�M �U�G���o�.�V �(�e�9�)

�� �A�M�b�i���M�i���M�2�Q�m�b �p�Q�`�i�B�+�B�i�v �/�2�p�B���i�B�Q�M �U�A�o�.�V �(�e�9�)

�� �o���`�B���i�B�Q�M���H �?�v�T�2�`�#�Q�H�B�+ �G�*�a �(�9�R�-�8�N�)

�� �o���`�B���i�B�Q�M���H �?�v�T�2�`�#�Q�H�B�+ �P�1�*�a �(�R�9�R�)

�� �G���o�.�@�#���b�2�/ �2�H�H�B�T�i�B�+ �G�*�a �(�e�9�)

�� �A�o�.�@�#���b�2�/ �2�H�H�B�T�i�B�+ �P�1�*�a �(�e�9�)

�6�Q�` �7�H�Q�r�b �/�2�7�B�M�2�/ �#�v �M�m�K�2�`�B�+���H �p�2�H�Q�+�B�i�v �/���i���,

�� �a�B�K�T�H�2 �+�`�2���i�B�Q�M �Q�7 �C�A�h�@�+�Q�K�T�B�H�2�/ �H�B�M�2���` ���M�/ �+�m�#�B�+ �B�M�i�2�`�T�Q�H���M�i�b

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

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

�Q�` �#�v �M�m�K�2�`�B�+���H �p�2�H�Q�+�B�i�v �/���i���V ���b �B�M �1�[�X �U�R�X�R�V ���M�/ �r�2 ���`�2 �+�Q�K�T�m�i�B�M�; �i�?�2 �/�2�b�B�`�2�/ �[�m���M�i�B�i�v �Q�p�2�`

�� nx �#�vny �/�B�b�+�`�2�i�B�x�2�/ �;�`�B�/G = X � Y � U �r�?�2�`�2� �`�2�7�2�`�b �i�?�2 �i�?�2 �*���`�i�2�b�B���M �T�`�Q�/�m�+�i ���M�/

X = ( x0; :::; xnx � 1) ���M�/Y = ( y0; :::; yny � 1) �`�2�7�2�` �i�Q �i�?�2x ���M�/y �;�`�B�/�@�T�Q�B�M�i�b �`�2�b�T�2�+�i�B�p�2�H�v�X �q�2

���b�b�m�K�2 �+�Q�M�b�i���M�i �;�`�B�/ �b�T���+�B�M�; �B�Mx �;�B�p�2�M �#�vdx ���M�/ �+�Q�M�b�i���M�i �B�My �;�B�p�2�M �#�vdy�X �q�2 �+���M �i�?�2�M

�`�2�T�`�2�b�2�M�i �2���+�?�t0 2 G �#�v �i�?�2 �T�Q�B�M�i(X [i ]; Y [j ]) �7�Q�` �b�Q�K�2i; j 2 f 0; :::; nx � 1g � f 0; :::; ny � 1g�X



�l�Y�k�Y �7���é�«���Ô�ñ�é�ž�ã�Ô���- �ž�é�² �B�è�ÿ�ã�¶�è�¶�é���ž���Ô�ñ�é �j�8

�h�?�2 �+�Q�`�2 �Q�7 �K���M�v �+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2 �K�2�i�?�Q�/�b �`�2�H�B�2�b �Q�M ���T�T�`�Q�t�B�K���i�B�Q�M �Q�7 �;�`���/�B�2�M�i�b �U�m�b�m���H�H�v

�#�v �7�B�M�B�i�2 �/�B�7�7�2�`�2�M�+�B�M�;�V�X ���b�b�m�K�2 �r�2 �?���p�2 �� �p�2�+�i�Q�`�@�p���H�m�2�/ �7�m�M�+�i�B�Q�M�7(�t0; t)�X �h�?�2�M�- �;�B�p�2�M�7(�t0; t)

�?���bx�@�+�Q�K�T�Q�M�2�M�if 0[i; j ] ���M�/y�@�+�Q�K�T�Q�M�2�M�if 1[i; j ] ���i (�t0; t) �7�Q�` �b�Q�K�2 �7�B�t�2�/t�- �i�?�2 �;�`���/�B�2�M�i �B�b

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

r �7(�t0; t) �

0

B
B
B
@

f 0[i + 1; j ] � f 0[i � 1; j ]
2dx

f 0[i; j + 1] � f 0[i; j � 1]
2dy

f 1[i + 1; j ] � f 1[i � 1; j ]
2dx

f 1[i; j + 1] � f 1[i; j � 1]
2dy

1

C
C
C
A

�U�k�X�R�V

���M�/�7(�t0; t) �B�b �`�2�T�H���+�2�/ �r�B�i�? �i�?�2 ���T�T�`�Q�T�`�B���i�2 �p�2�+�i�Q�`�@�p���H�m�2�/ �7�m�M�+�i�B�Q�M �7�Q�` �i�?�2 �K�2�i�?�Q�/ �#�2�B�M�; ���T�@
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�`0(s) = �b�B�;�M(h�22(� (̀s)) ; �`0(s � � s)i )( � (̀s)) �U�k�X�e�V

�r�B�i�? �B�M�B�i�B���H �+�Q�M�/�B�i�B�Q�M�b �;�B�p�2�M �#�v �H�Q�+���H �K���t�B�K�� �Q�7 �i�?�2s1 �7�B�2�H�/�X �A�M�i�2�;�`���i�B�Q�M �+�Q�M�i�B�M�m�2�b �m�M�i�B�H ��

�#�Q�m�M�/���`�v �B�b �`�2���+�?�2�/ �Q�` �i�?�2 �K���;�M�B�i�m�/�2 �Q�7s1 �B�b �M�Q �H�Q�M�;�2�` �K�Q�M�Q�i�Q�M�B�+���H�H�v �/�2�+�`�2���b�B�M�;�X ���i�i�`���+�i�B�M�;

�P�1�*�a ���`�2 �+�Q�K�T�m�i�2�/ �B�M �i�?�2 �b���K�2 �7���b�?�B�Q�M �#�m�i �r�B�i�?�21 ���M�/s2�X�L�m�K�#���*�a�+�H�Q�b�2�H�v �7�Q�H�H�Q�r�b �i�?�2

���H�;�Q�`�B�i�?�K �T�m�i �7�Q�`�i�? �#�v �a�2�`�`�� ���M�/ �>���H�H�2�` �(�R�9�R�)�X

�k�X�j�X�d �G���o�.�@�#���b�2�/ �1�H�H�B�T�i�B�+ �G�*�a

�h�Q �+�Q�K�T�m�i�2 �G���o�.�@�#���b�2�/ �2�H�H�B�T�i�B�+ �G�*�a �r�2 �7�B�`�b�i �M�2�2�/ �i�Q �+�Q�K�T�m�i�2 �G���o�.�X �h�?�B�b �#�2�;�B�M�b �r�B�i�?

�+�Q�K�T�m�i�B�M�; �T���`�i�B�+�H�2 �i�`���D�2�+�i�Q�`�B�2�b�6t0+ T
t0

(G)�X �h�?�2�M �+�Q�K�T�m�i�2 �p�Q�`�i�B�+�B�i�v�R �7�Q�` �i�?�2 �i�B�K�2 �r�B�M�/�Q�r

�Q�7 �B�M�i�2�`�2�b�i ���M�/ �7�Q�` �i�?�2 �/�Q�K���B�M �;�B�p�2�M �#�v �i�?�2 �`���M�;�2 �Q�7�6t0+ T
t0

(G)�X �h�?�2�M �r�2 �+�Q�K�T�m�i�2 �i�?�2

�B�M�b�i���M�i���M�2�Q�m�b �b�T���i�B���H �K�2���M �Q�7 �p�Q�`�i�B�+�B�i�v �7�Q�` �i�?�2 �i�B�K�2 �r�B�M�/�Q�r[t0; t0 + T]�X �6�B�M���H�H�v�- �7�Q�` �2���+�?

�i�`���D�2�+�i�Q�`�v�- ���T�T�H�v �i�?�2 �G���o�. �7�Q�`�K�m�H�� �U�R�X�j�N�V�X �P�M�+�2 �i�?�2 �G���o�. �7�B�2�H�/ �B�b �Q�#�i���B�M�2�/�- �H�Q�+���H �K���t�B�K��

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

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



�l�Y�k�Y �7���é�«���Ô�ñ�é�ž�ã�Ô���- �ž�é�² �B�è�ÿ�ã�¶�è�¶�é���ž���Ô�ñ�é �9�R

�b�2�i�b �Q�7 �i�?�2 �G���o�. �7�B�2�H�/�X �6�Q�` �2���+�? �H�Q�+���H �K���t�B�K���- �7�B�M�/ ���H�H �H�2�p�2�H �b�2�i�b �i�?���i �7�Q�`�K �+�H�Q�b�2�/ �+�m�`�p�2�b

���`�Q�m�M�/ �i�?���i �K���t�B�K���X �6�B�M���H�H�v�- �2�t�i�`���+�i �i�?�2 �Q�m�i�2�`�K�Q�b�i �+�Q�M�p�2�t �+�H�Q�b�2�/ �+�m�`�p�2 �2�M�+�H�Q�b�B�M�; �i�?���i �H�Q�+���H

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

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

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

���H�;�Q�`�B�i�?�K �T�m�i �7�Q�`�i�? �#�v �>���H�H�2�` �2�i ���H�X �(�e�9�)�X

�k�X�j�X�3 �A�o�.�@�#���b�2�/ �1�H�H�B�T�i�B�+ �P�1�*�a

�6�Q�` �A�o�.�@�#���b�2�/ �2�H�H�B�T�i�B�+ �P�1�*�a�- �Q�M�2 �b�B�K�T�H�v �M�2�2�/�b �i�Q �+�Q�K�T�m�i�2 �i�?�2 �p�Q�`�i�B�+�B�i�v ���it = t0�- �+�Q�K�T�m�i�2

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

�/�B�7�7�2�`�2�M�+�2 �#�2�i�r�2�2�M �i�?�2�b�2 �i�r�Q �[�m���M�i�B�i�B�2�b�X �P�M�+�2 �i�?�2 �A�o�. �7�B�2�H�/ �B�b �Q�#�i���B�M�2�/�- �i�?�2 �2�t�i�`���+�i�B�Q�M �Q�7

�+�m�`�p�2�b �B�b �T�2�`�7�Q�`�K�2�/ �B�M �i�?�2 �b���K�2 �r���v ���b �/�2�b�+�`�B�#�2�/ �B�M �i�?�2 �T�`�2�p�B�Q�m�b �b�2�+�i�B�Q�M�k�X�j�X�d�X �h�?�2�L�m�K�#���*�a

�B�K�T�H�2�K�2�M�i���i�B�Q�M �+�H�Q�b�2�H�v �7�Q�H�H�Q�r�b �i�?�2 ���H�;�Q�`�B�i�?�K �T�m�i �7�Q�`�i�? �#�v �>���H�H�2�` �2�i ���H�X �(�e�9�)�X

�k�X�j�X�N �6�H�Q�r �K���T �*�Q�K�T�Q�b�B�i�B�Q�M

���b �K�2�M�i�B�Q�M�2�/ �T�`�2�p�B�Q�m�b�H�v�- �i�?�2 �K�Q�b�i �2�t�T�2�M�b�B�p�2 �T�Q�`�i�B�Q�M �Q�7 ���M�v �7�B�M�B�i�2�@�i�B�K�2 �+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2

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

�K���T�b �U�1�[�X �U�R�X�k�V�V�X �A�7 �i�?�2 �+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2 �[�m���M�i�B�i�v �i�Q �#�2 �+�Q�K�T�m�i�2�/ �B�b �Q�M�H�v �/�2�b�B�`�2�/ ���i ��

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

�2�7�7�B�+�B�2�M�i �b�Q�H�p�2�`�b�- �`�2�H���t�B�M�; �2�`�`�Q�` �i�Q�H�2�`���M�+�2�b�- �Q�` �m�b�B�M�; �� �+�Q���`�b�2�` �;�`�B�/�X �P�7�i�2�M�- �i�?�2 �[�m���M�i�B�i�v �Q�7

�B�M�i�2�`�2�b�i �B�b �/�2�b�B�`�2�/ �B�M �� �i�B�K�2 �b�2�`�B�2�b �i�?�Q�m�;�?�- �`���i�?�2�` �i�?���M ���i �D�m�b�i �� �b�B�M�;�H�2 �7�`���K�2�X �q�?�2�M �i�?�B�b �B�b

�i�?�2 �+���b�2�- �"�`�m�M�i�Q�M ���M�/ �_�Q�r�H�2�v �(�R�d�) �M�Q�i�2�/ �i�?���i �`�2�/�m�M�/���M�i �+�Q�K�T�m�i���i�B�Q�M �B�b �#�2�B�M�; �T�2�`�7�Q�`�K�2�/ �B�M

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

�6�B�;�m�`�2 �R �B�M �i�?�2 �+�B�i�2�/ ���`�i�B�+�H�2 �7�Q�` �� �+�H�2���` �T�B�+�i�m�`�2 �Q�7 �i�?�2 �`�2�/�m�M�/���M�+�v�V�X �h�?�B�b �B�b �/�Q�M�2 �#�v �2�t�T�H�Q�B�i�B�M�;



�9�k �+�Ñ�ž�ÿ���¶�� �l�Y �M���è�ª�ž�+�b�- �� �Å�ž���� �T�-���Ñ�ñ�é �ÿ�ž�«�á�ž�Ì�¶ �Å�ñ�� �«�ñ�Ñ�¶���¶�é�� ���������«�������¶ �ž�é�ž�ã�-���Ô��

�i�?�2 �b�2�K�B�;�`�Q�m�T �T�`�Q�T�2�`�i�v �Q�7 �i�?�2 �7�H�Q�r �K���T�b�-

�6t0+ T
t0

= �6tN
tN � 1

� � � � � �6t2
t1

� �6t1
t0

�U�k�X�d�V

�r�?�2�`�2tN = t0 + T ���M�/ �i�?�2 ���b�b�Q�+�B���i�B�p�2 �#�B�M���`�v �Q�T�2�`���i�B�Q�M �B�b �i�?�2 �+�Q�K�T�Q�b�B�i�B�Q�M �Q�T�2�`���i�B�Q�M�X �h�?�2�`�2�@

�7�Q�`�2�- �i�?�2 �7�H�Q�r �K���T �Q�p�2�` �b�Q�K�2 �i�B�K�2 �r�B�M�/�Q�r[t0; t0 + T] �+���M �#�2 �Q�#�i���B�M�2�/ �#�v �+�Q�K�T�Q�b�B�M�; ��

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

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

�+�m�i �/�Q�r�M �i�?�2 �+�Q�K�T�m�i���i�B�Q�M���H �+�Q�b�i �[�m�B�i�2 �b�m�#�b�i���M�i�B���H�H�v�X �L�Q�i�2 �i�?���i �B�7 �� �i�B�K�2 �b�2�`�B�2�b �Q�7 �6�h�G�1

�r���b �/�2�b�B�`�2�/ �7�Q�` �i�B�K�2�bt0; t1; :::; tn �- �/�2�`�B�p�2�/ �7�`�Q�K �7�H�Q�r �K���T�b �Q�p�2�` �i�?�2 �7�Q�H�H�Q�r�B�M�; �i�B�K�2 �r�B�M�/�Q�r�b

[t0; t0 + T]; [t1; t1 + T]; :::; [tn ; tn + T]�- �i�?�2�b�2 �+�Q�m�H�/ �#�2 �+�Q�K�T�m�i�2�/ ���b�-

�6t0+ T
t0

= �6tN
tN � 1

� � � � � �6t2
t1

� �6t1
t0

�6t1+ T
t1

= �6tN +1
tN

� � � � � �6t3
t2

� �6t2
t1

�X�X�X

�6tn + T
tn

= �6tN + n
tN + n � 1

� � � � � �6tn +2
tn +1

� �6tn +1
tn

:

�U�k�X�3�V

�*�H�2���`�H�v�- �7�Q�` �2���+�? �7�m�H�H �7�H�Q�r �K���T�6tk + T
tk

�- ���H�H �#�m�i �i�?�2 �7�B�`�b�i �B�M�i�2�`�K�2�/�B���i�2 �7�H�Q�r �K���T �U�6tk +1
tk

�V �m�b�2�/ �i�Q

�+�`�2���i�2 �i�?�B�b �7�m�H�H �7�H�Q�r �K���T �+���M �#�2 �`�2�+�v�+�H�2�/ ���M�/ �m�b�2�/ �i�Q �+�`�2���i�2 �i�?�2 �b�m�+�+�2�b�b�B�p�2 �7�H�Q�r �K���T�6tk +1 + T
tk +1

�X

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

�B�M�i�2�`�K�2�/�B���i�2 �7�H�Q�r �K���T �U���7�i�2�` �i�?�2 �7�B�`�b�i�V �b�B�M�+�2�- �B�M �;�2�M�2�`���H�-�6tk +1
tk

(G) 6! G ���M�/ �i�?�B�b �r�B�H�H �#�2

�i�?�2 �B�M�T�m�i �i�Q �i�?�2 �M�2�t�i �B�M�i�2�`�K�2�/�B���i�2 �7�H�Q�r �K���T�X �h�?�2�`�2�7�Q�`�2�- �"�`�m�M�i�Q�M ���M�/ �_�Q�r�H�2�v �/�2�7�B�M�2 �i�?�2

�B�M�i�2�`�T�Q�H���i�B�Q�M �Q�T�2�`���i�Q�`I �r�?�B�+�? ���+�i�b �Q�M �� �/�B�b�+�`�2�i�2 �K���T�6Gk := �6tk +1
tk

(G) ���M�/ �`�2�i�m�`�M�b �i�?�2

�B�M�i�2�`�T�Q�H���i�2�/ �K���T�- �B�X�2�X�-



�l�Y�:�Y �2�,�ž�è�ÿ�ã�¶�� �9�j

I : �6Gk 7! I �6k �r�?�2�`�2

I �6k : U ! U
�U�k�X�N�V

���M�/I �6k �B�b �i�?�2 �B�M�i�2�`�T�Q�H���i�2�/ �7�H�Q�r �K���T�6tk +1
tk

�X �h�?�2�M�- �7�Q�` ���M�vtk 2 f t0; t1; :::; tng

e�6tk + T
tk

(G) = I �6N + k� 1 � � � � � I �6k+1 � �6Gk

� �6tk + T
tk

(G)
�U�k�X�R�y�V

�h�?�2�v �+���H�H �i�?�B�b �i�?�2 �m�M�B�/�B�`�2�+�i�B�Q�M���H �K�2�i�?�Q�/ ���M�/ ���H�b�Q �/�2�7�B�M�2 �� �#�B�/�B�`�2�+�i�B�Q�M���H �K�2�i�?�Q�/�X �h�?�2�v �b�?�Q�r
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�k�X�9 �1�t���K�T�H�2�b
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�b�i�`�m�+�i�m�`�2�b�X �A�M �i�?�B�b �T���T�2�`�- �r�2 �H�Q�Q�F ���i �i�?�2 �:�Q�/�x�B�H�H�� �/�m�b�i �2�p�2�M�i ���M�/ �7�Q�+�m�b �K���B�M�H�v �Q�M �i�?�2

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

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

���i�i�`���+�i�B�M�;�- �`�2�T�2�H�H�B�M�;�- ���M�/ �#�Q�m�M�/�B�M�; �b�i�`�m�+�i�m�`�2�b �U�/�2�b�+�`�B�#�2�/ �#�2�H�Q�r�V�- �r�2 �Q�#�i���B�M �� �[�m���H�B�i���i�B�p�2

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

�j�X�k �J�2�i�?�Q�/�b

�6�Q�` �i�?�B�b �r�Q�`�F�- �r�2 �K���B�M�H�v �7�Q�+�m�b �Q�M �K�2�i�?�Q�/�b �r�?�B�+�? �r�2 �r�B�H�H �`�2�7�2�` �i�Q ���b �ó�+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2

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

���T�T�H�B�+���i�B�Q�M�b �B�M �� �?�B�;�?�@�H�2�p�2�H �K���M�M�2�` �i�Q �7���K�B�H�B���`�B�x�2 �i�?�2 �`�2���/�2�` �r�B�i�? �i�?�2 �b�B�K�T�H�2�b�i �B�K�T�H�2�K�2�M�i���i�B�Q�M

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

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



�8�e �+�Ñ�ž�ÿ���¶�� �k�Y �����è�ñ���ÿ�Ñ�¶���Ô�« �����ž�é���ÿ�ñ���� ���������«�������¶�� ���Ñ�ž�ÿ�Ô�é�Ì ���Ñ�¶ ���;�ñ�²�2�Ô�ã�ã�ž�� �²������ �ÿ�ã���è�¶

���M�Q�i�?�2�`�X �q�2 �Q�K�B�i �K�Q�b�i �Q�7 �i�?�B�b �/�B�b�+�m�b�b�B�Q�M �7�`�Q�K �i�?�2 �K���B�M �i�2�t�i �#�m�i �T�`�Q�p�B�/�2 �K�Q�`�2 �/�2�i���B�H�b �7�Q�`

�i�?�2 �B�M�i�2�`�2�b�i�2�/ �`�2���/�2�` �B�M �b�m�T�T�H�2�K�2�M�i���H �K���i�2�`�B���H�X

�j�X�k�X�R �6�B�M�B�i�2 �h�B�K�2 �*�Q�?�2�`�2�M�i �a�i�`�m�+�i�m�`�2�b

�G���;�`���M�;�B���M �i�2�+�?�M�B�[�m�2�b �7�Q�` �m�M�+�Q�p�2�`�B�M�; �T���i�i�2�`�M�b �`�2�H���i�2�/ �i�Q �K���i�2�`�B���H �i�`���M�b�T�Q�`�i �?���p�2 �#�2�+�Q�K�2

�T�Q�r�2�`�7�m�H �i�Q�Q�H�b �Q�p�2�` �i�?�2 �H���b�i �7�2�r �/�2�+���/�2�b �(�j�e�- �9�8�- �9�e�- �8�N�- �e�j�- �e�8�- �R�y�y�- �R�y�j�- �R�R�d�- �R�j�e�- �R�9�e�-

�R�9�d�-�R�8�9�)�X �h�?�2�b�2 �i�2�+�?�M�B�[�m�2�b �r�2�`�2 �#�Q�`�M �Q�m�i �Q�7 �i�?�2 �/�2�b�B�`�2 �i�Q �;�2�M�2�`���H�B�x�2 ���b�v�K�T�i�Q�i�B�+ �K�2�i�?�Q�/�b

�7�`�Q�K ���m�i�Q�M�Q�K�Q�m�b �/�v�M���K�B�+���H �b�v�b�i�2�K�b �i�?�2�Q�`�v �(�R�8�R�-�R�e�y�) ���M�/ �i�`���M�b�7�2�` �i�?�2�K �i�Q �i�?�2 �7�B�M�B�i�2 �i�B�K�2�-

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

�7�B�M�B�i�2�@�i�B�K�2 �G�v���T�m�M�Q�p �2�t�T�Q�M�2�M�i �U�6�h�G�1�V ���M�/ �+�H�Q�b�2�H�v �`�2�H���i�2�/ �G���;�`���M�;�B���M �+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2�b

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

�7�`���K�2�@�B�M�p���`�B���M�i�V �/�B���;�M�Q�b�i�B�+�b �7�Q�` �2�t�i�`���+�i�B�M�; �i�?�2 �K�Q�b�i �B�M�7�H�m�2�M�i�B���H �K���i�2�`�B���H �+�m�`�p�2�b �U�B�M �� �k�. �7�H�Q�r�V

�Q�` �b�m�`�7���+�2�b �U�B�M �� �j�. �7�H�Q�r�V�X �h�?�2 �?�v�T�2�`�#�Q�H�B�+�R�b�i�`�m�+�i�m�`�2�b �/�2�`�B�p�2�/ �7�`�Q�K �i�?�2 �K�2�M�i�B�Q�M�2�/ �K�2�i�?�Q�/�b

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

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

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

�p�B�2�r�2�/ ���b �� �/�v�M���K�B�+���H �b�v�b�i�2�K �Q�p�2�` �b�Q�K�2 �;�2�M�2�`���Hn�@�/�B�K�2�M�b�B�Q�M���H �b�K�Q�Q�i�? �K���M�B�7�Q�H�/M �U�2�X�;�X�-

R3 �Q�S̀2�V�-

d
dt

�t = �p(�t; t); �t 2 U � M ; t 2 I � R

�t(t0) = �t0

�U�j�X�R�V

�R�õ�>�v�T�2�`�#�Q�H�B�+�ö �K�2���M�b �i�?���i �i�?�2 �b�i�`�m�+�i�m�`�2�b �2�t�T�Q�M�2�M�i�B���H�H�v ���i�i�`���+�i �Q�` �`�2�T�2�H �M�2���`�#�v �K���i�2�`�B���H�X



�k�Y�l�Y �K�¶���Ñ�ñ�²�� �8�d

�h�?�2�M�- �i�?�2�`�2 �2�t�B�b�i�b �� �7���K�B�H�v �Q�7 �/�B�7�7�2�Q�K�Q�`�T�?�B�b�K�bf �6t
t0

g �U�F�M�Q�r�M ���b �i�?�2 �7�H�Q�r �K���T�b�V ���b�b�Q�+�B���i�2�/

�r�B�i�? �i�?�2 �/�v�M���K�B�+���H �b�v�b�i�2�K �;�B�p�2�M �#�v�-

�6t
t0

: I � I � U ! U

: �t(t0; t0; �t0) 7! �t(t; t0; �t0)
�U�j�X�k�V

�B�M �r�?�B�+�? �2�B�i�?�2�`t > t 0 �U�K���T�T�B�M�; �7�Q�`�r���`�/ �B�M �i�B�K�2�V �Q�`t < t 0 �U�K���T�T�B�M�; �#���+�F�r���`�/�b �B�M �i�B�K�2�V�X

�h�?�2 �7�H�Q�r �K���T�b�- ���b �/�2�T�B�+�i�2�/ �B�M �6�B�;�m�`�2�j�X�R�- �i���F�2 �T�Q�B�M�i�b�t0 �U�Q�` �`�2�;�B�Q�M�bA0�V �B�M �i�?�2 �7�H�m�B�/ ���i ���M

�B�M�B�i�B���H �i�B�K�2t0 ���M�/ �K���T �i�?�2�K �i�Q �i�?�2�B�` �H�Q�+���i�B�Q�M�b ���i �b�Q�K�2 �Q�i�?�2�` �i�B�K�2t = t0 + T �U�r�?�2�`�2T

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

�6�B�;�m�`�2 �j�X�R�, �G�2�7�i�, ���+�i�B�Q�M �Q�7 �i�?�2 �7�H�Q�r �K���T �Q�M �� �T�Q�B�M�i�t0 ���M�/ �2�M�+�H�Q�b�B�M�; �b�2�iA0 �Q�p�2�` �i�?�2 �i�B�K�2
�r�B�M�/�Q�r[t0; t0 + T]�X�6t0+ T

t0
���+�i�b �Q�M �2�H�2�K�2�M�i�b �Q�7 �i�?�2 �/�Q�K���B�M ���M�/ �K���T�b �i�?�2�K �i�Q �i�?�2 �/�Q�K���B�M�X

�A�i�b ���+�i�B�Q�M �Q�M �� �b�2�i �+���M �#�2 �/�2�7�B�M�2�/ �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �K���M�M�2�`�,�6t0+ T
t0

(A0) := f �6t0+ T
t0

(�t0) 2
Uj�t0 2 A0g�X �_�B�;�?�i�, ���+�i�B�Q�M �Q�7 �i�?�2 �H�B�M�2���` ���T�T�`�Q�t�B�K���i�B�Q�M �Q�7 �i�?�2 �7�H�Q�r �K���T ���+�i�B�M�; �Q�M ���M
�B�M�7�B�M�B�i�2�b�B�K���H �+�B�`�+�H�2 �/�2�7�B�M�2�/ �#�v �p�2�+�i�Q�`�bv1; v2 �Q�p�2�` �i�?�2 �i�B�K�2 �r�B�M�/�Q�r[t0; t0 + T]�X �h�?�2 �/�2�`�B�p���i�B�p�2
�Q�7 �i�?�2 �7�H�Q�r �K���T�-r �6t0+ T

t0
�- ���+�i�b �Q�M �2�H�2�K�2�M�i�b �Q�7 �i�?�2 �i���M�;�2�M�i �b�T���+�2 �U�B�X�2�X�- �p�2�+�i�Q�`�b�V �#���b�2�/ ���i

�t0 ���M�/ �K���T�b �i�?�2�K �i�Q �2�H�2�K�2�M�i�b �Q�7 �i�?�2 �i���M�;�2�M�i �b�T���+�2 �/�Q�r�M�b�i�`�2���K ���i�t = �6t0+ T
t0

(�t0)�X �h�?�2
�K�2���M�B�M�; �Q�7 �i�?�2 �2�B�;�2�M�p���H�m�2�b ���M�/ �2�B�;�2�M�p�2�+�i�Q�`�b �Q�7�* t0+ T

t0
�+���M �2�[�m�B�p���H�2�M�i�H�v �#�2 �b�2�2�M �i�?�`�Q�m�;�? �i�?�2

�a�o�. �Q�7r �6t0+ T
t0

= �l���o � �X �h�?�2 �b�B�M�;�m�H���` �p���H�m�2�b �U�/�B���;�U�l )�V ���`�2 �2�[�m���H �i�Q �i�?�2 �b�[�m���`�2 �`�Q�Q�i �Q�7 �i�?�2
�2�B�;�2�M�p���H�m�2�b �U

p
� i �V ���M�/ �i�?�2 �`�B�;�?�i �b�B�M�;�m�H���` �p�2�+�i�Q�`�b �Uvi �V ���`�2 �2�[�m���H �i�Q �i�?�2 �2�B�;�2�M�p�2�+�i�Q�`�b �U� i �V�X

�*���m�+�?�v�@�:�`�2�2�M �/�2�7�Q�`�K���i�B�Q�M �i�2�M�b�Q�` �B�M �i�2�`�K�b �Q�7 �i�?�2 �H�B�M�2���`�B�x�2�/ �7�H�Q�r �K���T �U���;���B�M �b�2�2 �6�B�;�m�`�2�j�X�R�V�-

�* t0+ T
t0

(�t0) = ( r �6t0+ T
t0

)> r �6t0+ T
t0

(�t0): �U�j�X�j�V
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�r�?�2�`�2r �`�2�T�`�2�b�2�M�i�b �i�?�2 �/�2�`�B�p���i�B�p�2 �r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2 �B�M�B�i�B���H �T�Q�b�B�i�B�Q�M�t0 ���M�/T = t � t0

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

�i�B�p�2�V�X �h�?�2 �K���i�`�B�t�* t0+ T
t0

(�t0) �B�b �b�v�K�K�2�i�`�B�+ ���M�/ �T�Q�b�B�i�B�p�2�@�/�2�7�B�M�B�i�2 �r�B�i�? �`�2���H �2�B�;�2�M�p���H�m�2�b� i ���M�/

�+�Q�`�`�2�b�T�Q�M�/�B�M�; �Q�`�i�?�Q�M�Q�`�K���H �2�B�;�2�M�p�2�+�i�Q�`�b� i �r�B�i�?i 2 f 1; 2; :::; ng �b�m�+�? �i�?���i�-

� 1 � ::: � � n > 0 ���M�/; �U�j�X�9�V

h� i ; � j i = � ij : �U�j�X�8�V

�h�?�2�`�2 �B�b �� �p���`�B���i�B�Q�M���H �i�?�2�Q�`�v �7�Q�` �?�v�T�2�`�#�Q�H�B�+ �G�*�a �(�8�N�) �r�?�2�`�2�B�M �i�?�2 �b�i�`�m�+�i�m�`�2�b ���`�2 �7�Q�m�M�/ �#�v
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p
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s1 � ::: � sn ���M�/; �U�j�X�3�V
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�b�B�K�B�H���` �b�i�`�m�+�i�m�`�2�b �?���/ �/�`���b�i�B�+���H�H�v �/�B�7�7�2�`�2�M�i �2�7�7�2�+�i�b �Q�M �i�?�2 �7���i�2 �Q�7 �i�?�2 �T�H�m�K�2�X �h�?�2�M�- �r�2 �r�B�H�H

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

�?���p�2 �#�2�2�M �B�/�2�M�i�B�7�B�2�/ �m�b�B�M�; �1�m�H�2�`�B���M �B�M�7�Q�`�K���i�B�Q�M�X �6�B�M���H�H�v�- �r�2 �r�B�H�H �7�Q�+�m�b �Q�M �i�?�2 �b�T�H�B�i�i�B�M�; �Q�7 �i�?�2
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�6�B�;�m�`�2 �j�X�R�y�, �6�Q�`�r���`�/ ���M�/ �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �Q�p�2�`�H���B�/ �Q�M ���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�#�i���B�M�2�/
�7�`�Q�K �P�J�S�a�- �C�m�M�2 �R�R�@�R�9�- �k�y�k�y�X

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

�r�Q�m�H�/ �?���T�T�2�M�X

�1���`�H�v �C�m�M�2 ���M�/ �J�B�/ �C�m�M�2 �o�Q�`�i�2�t �*�Q�K�T���`�B�b�Q�M�X�A�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �7�B�;�m�`�2�b�- �r�2 �i���F�2 ��

�r�B�/�2�` �p�B�2�r ���M�/ �7�Q�+�m�b �Q�M �i�?�2 ���`�2�� �r�?�2�`�2 �H���i�B�i�m�/�2 �`�m�M�b �7�`�Q�K5� �a� 75� �L ���M�/ �H�Q�M�;�B�i�m�/�2 �`�m�M�b

�7�`�Q�K120� �q � 80� �1 �i�Q �#�2�i�i�2�` �b�2�2 �i�?�2 �2�7�7�2�+�i�b �Q�7 �Q�i�?�2�` �6�h�G�1 �7�2���i�m�`�2�b �Q�M �i�?�2 �T�H�m�K�2�X �q�2

�#�2�;�B�M �#�v �B�/�2�M�i�B�7�v�B�M�; �i�?�2 �p�Q�`�i�B�+�2�b �#�v �H�Q�Q�F�B�M�; ���i �i�?�2 �K�2���M �b�2�� �H�2�p�2�H �T�`�2�b�b�m�`�2 �U�J�a�G�S�V�- �H�Q�r

�H�2�p�2�H �p�Q�`�i�B�+�B�i�v �U���i �3�8�y �?�S���V�- ���M�/ �#���+�F�r���`�/ �G���;�`���M�;�B���M ���p�2�`���;�2�/ �p�Q�`�i�B�+�B�i�v �/�2�p�B���i�B�Q�M �U�G���o�.�V�-

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

�i�?�2�b�2 �7�B�;�m�`�2�b�- �i�?�2 �7�Q�+�m�b �B�b �Q�M �i�?�2 �`�2�;�B�Q�M �r�B�i�? �+�2�M�i�2�` ���`�Q�m�M�/25� �q�- 35� �L�- �Q�7�7 �i�?�2 �M�Q�`�i�?�r�2�b�i

�+�Q���b�i �Q�7 ���7�`�B�+���X �P�M �C�m�M�2 �j�- �r�2 �M�Q�i�B�+�2 �� �H�Q�r �B�M �i�?�2 �J�a�G�S �U�6�B�;�m�`�2�j�X�R�j���V�X �P�M �C�m�M�2 �R�9�- �i�?�2

�J�a�G�S �U�6�B�;�m�`�2�j�X�R�j�#�V �B�M �i�?�2 �`�2�;�B�Q�M �Q�7 �i�?�2 �p�Q�`�i�2�t �B�b �M�Q�i �[�m�B�i�2 ���b �H�Q�r�- �#�m�i �B�b �� �H�Q�r �`�2�H���i�B�p�2 �i�Q

�i�?�2 �b�m�`�`�Q�m�M�/�B�M�; �?�B�;�?�X �6�Q�` �i�?�2 �H�Q�r �H�2�p�2�H �p�Q�`�i�B�+�B�i�v�- �r�2 �M�Q�i�B�+�2 �?�B�;�?�b �7�Q�` �#�Q�i�? �C�m�M�2 �j �U�6�B�;�m�`�2

�j�X�R�j�+�V ���M�/ �C�m�M�2 �R�9 �U�6�B�;�m�`�2�j�X�R�j���V�X �A�M ���/�/�B�i�B�Q�M�- �r�2 �b�2�2 �H�Q�+���H �K���t�B�K�� �B�M �i�?�2 �G���o�. �7�B�2�H�/
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�6�B�;�m�`�2 �j�X�R�R�, �6�Q�`�r���`�/ ���M�/ �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �Q�p�2�`�H���B�/ �Q�M ���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�#�i���B�M�2�/
�7�`�Q�K �P�J�S�a�- �C�m�M�2 �R�8�@�R�3�- �k�y�k�y�X

�Q�M �#�Q�i�? �/���i�2�b �U�6�B�;�m�`�2�j�X�R�j�2�-�7�V�- �B�M�/�B�+���i�B�M�; �� �+�Q�?�2�`�2�M�i �p�Q�`�i�2�t �B�M �i�?�2 �+�2�M�i�2�` �Q�7 �i�?�2 �b�i�Q�`�K �i�?���i

�?���b �T�2�`�b�B�b�i�2�/ �7�`�Q�K ���i �H�2���b�i �Q�M�2 �/���v ���;�Q�X �h�?�2�b�2 �7�B�;�m�`�2�b �b�2�2�K �i�Q �B�M�/�B�+���i�2 �i�?���i �i�?�2 �2���`�H�v �C�m�M�2

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

�B�M �i�?�2 �p�Q�`�i�B�+�B�i�v ���M�/ �G���o�. �7�B�2�H�/�b�X �J�m�+�? �Q�7 �i�?�2 �b���K�2 �B�b �/�`���r�M �7�`�Q�K �i�?�2 �7�Q�H�H�Q�r�B�M�; �/���v�X ���;���B�M

�i�?�2 �2���`�H�v �C�m�M�2 �p�Q�`�i�2�t �b�?�Q�r�b ���b �� �H�Q�r �B�M �i�?�2 �J�a�G�S �U�6�B�;�m�`�2�j�X�R�9���V ���M�/ �i�?�2 �K�B�/ �C�m�M�2 �p�Q�`�i�2�t

�b�?�Q�r�b ���b �� �`�2�H���i�B�p�2 �H�Q�r �r�?�B�H�2 �b�m�`�`�Q�m�M�/�2�/ �#�v �� �b�i�`�Q�M�; �?�B�;�? �U�6�B�;�m�`�2�j�X�R�9�#�V�X �>�B�;�?�b ���`�2 ���;���B�M

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

�G���o�. �7�B�2�H�/�b �U�6�B�;�m�`�2�j�X�R�9�2�-�7�V�X �h�?�2 �K�B�/ �C�m�M�2 �p�Q�`�i�2�t �b�2�2�K�b �i�Q �#�2 �b�i�`�2�M�;�i�?�2�M�B�M�; ���b �+���M �#�2

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

�B�M�/�2�2�/ �H�Q�Q�F�B�M�; ���i �i�`�m�2 �p�Q�`�i�2�t �b�i�`�m�+�i�m�`�2�b�X �A�M ���/�/�B�i�B�Q�M�- �i�?�2�b�2 �b�i�Q�`�K�b �+���M �#�2 �b�2�2�M �B�M �i�?�2 �b���i�2�H�H�B�i�2

�B�K���;�2�`�v ���b ���T�T���`�2�M�i �Q�M �i�?�2�L���a�� �T���;�2�7�Q�` �i�?�B�b �/�m�b�i �2�p�2�M�i�X �L�Q�r�- �r�2 �K�Q�p�2 �Q�M �i�Q �7�Q�+�m�b�B�M�;

�Q�M �Q�i�?�2�` �7�2���i�m�`�2�b �B�M �i�?�2 �6�h�G�1 �7�B�2�H�/ �r�?�B�+�? �B�M�i�2�`���+�i �r�B�i�? �i�?�2�b�2 �b�i�`�m�+�i�m�`�2�b�X

�A�M �i�?�2 �b�m�#�b�2�[�m�2�M�i �7�B�;�m�`�2�b�- �i�?�2 �2���`�H�v ���M�/ �K�B�/ �C�m�M�2 �p�Q�`�i�2�t �T���i�i�2�`�M�b ���`�2 �B�M �/�B�7�7�2�`�2�M�i �+�Q�H�m�K�M�b

�U�2���`�H�v �C�m�M�2 �H�2�7�i�- �K�B�/ �C�m�M�2 �`�B�;�?�i�V�- �r�?�B�H�2 �r�2 �b�?�Q�r �i�?�2 �p�2�H�Q�+�B�i�v �7�B�2�H�/ ���M�/ �6�h�G�1 �7�B�2�H�/ �B�M �i�?�2
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�6�B�;�m�`�2 �j�X�R�k�, �6�Q�`�r���`�/ ���M�/ �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �Q�p�2�`�H���B�/ �Q�M ���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�#�i���B�M�2�/
�7�`�Q�K �P�J�S�a�- �C�m�M�2 �R�N�@�k�k�- �k�y�k�y�X �a�2�2 �i�2�t�i �7�Q�` �/�2�i���B�H�b�X

�`�Q�r�b �U�p�2�H�Q�+�B�i�v �i�Q�T�- �6�h�G�1 �#�Q�i�i�Q�K�V�X �� �7�m�H�H�p�B�/�2�Q�Q�7 �i�?�2 �+�Q�K�T���`�B�b�Q�M �Q�7 �i�?�2�b�2 �i�r�Q �7�B�2�H�/�b �r���b

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

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

�� �p�B�/�2�Q�Q�7 ���i�i�`���+�i�B�M�; �G�*�a �Q�p�2�`�H���B�/ �Q�M �i�?�2 �#���+�F�r���`�/ �6�h�G�1 �7�B�2�H�/ �i�Q �+�Q�M�7�B�`�K �i�?�2 �b�i�`�m�+�i�m�`�2�b

�r�2 ���`�2 �7�Q�+�m�b�2�/ �Q�M ���`�2 �i�`�m�H�v �?�v�T�2�`�#�Q�H�B�+�X �G�Q�Q�F�B�M�; ���i �i�?�2 �p�2�H�Q�+�B�i�v �7�B�2�H�/�b �U�6�B�;�m�`�2�j�X�R�8���-�#�V�- ��

�+�Q�m�M�i�2�`�@�`�Q�i���i�B�M�; �p�Q�`�i�2�t �T���i�i�2�`�M �B�b ���T�T���`�2�M�i �(�R�y�N�)�- �#�Q�i�? �B�M �i�?�2 �2���`�H�v ���M�/ �K�B�/ �C�m�M�2 �p�Q�`�i�B�+�2�b

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

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

�C�m�M�2 �p�Q�`�i�2�t �B�b �i�?�2 �ó�b�i�`�Q�M�;�2�`�ô �Q�7 �i�?�2 �i�r�Q ���M�/ �i�?�2�`�2�7�Q�`�2 �r�Q�m�H�/ �#�2 �i�?�2 �Q�M�2 �?���p�B�M�; �� �;�`�2���i�2�`

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

�b�i�`�m�+�i�m�`�2�b�- �Q�p�2�` �1�m�`�Q�T�2�- ���M�/ �i�Q �i�?�2 �M�Q�`�i�?�r�2�b�i�- �Q�p�2�` �L�Q�`�i�? ���K�2�`�B�+���X �A�M �2���`�H�v �C�m�M�2 �i�?�2�`�2 �B�b

�� �b�i�`�Q�M�; �p�Q�`�i�2�t �i�Q �i�?�2 �M�Q�`�i�? �r�?�B�H�2 �i�?�B�b �/�Q�2�b �M�Q�i �2�t�B�b�i �B�M �K�B�/ �C�m�M�2�X �A�M �2���`�H�v �C�m�M�2 �i�?�2�`�2 ���`�2

�K�Q�`�2 �p�Q�`�i�2�t �T���i�i�2�`�M�b �i�Q �i�?�2 �M�Q�`�i�?�r�2�b�i ���M�/ �K�Q�`�2 �Q�7 �� �D�2�i �7�2���i�m�`�2 �B�M �K�B�/ �C�m�M�2�X �A�M �#�Q�i�? �Q�7

�i�?�2�b�2 �+���b�2�b �B�i �B�b �?���`�/ �i�Q �b���v �r�B�i�? ���M�v �+�Q�M�7�B�/�2�M�+�2 �?�Q�r �i�?�2�b�2 �T���i�i�2�`�M�b �r�B�H�H �2�7�7�2�+�i �i�?�2 �2���`�H�v ���M�/
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�6�B�;�m�`�2 �j�X�R�j�, �J�a�G�S �U�?�S���- �i�Q�T�V�- �H�Q�r �H�2�p�2�H �p�Q�`�i�B�+�B�i�v ���i �3�8�y �?�S�� �U10� 5� �b� 1�- �K�B�/�/�H�2�V�- ���M�/ �G���o�.
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�l�b�B�M�; �L���a�� �/���i�� �7�Q�` �p�2�H�Q�+�B�i�v �7�B�2�H�/�b �U�J�1�_�_���@�k�V ���M�/ ���2�`�Q�b�Q�H �B�M�/�2�t �p���H�m�2�b �U�P�J�S�a�V �i�Q �`�2�T�@

�`�2�b�2�M�i �i�?�2 �ó�:�Q�/�x�B�H�H���ô �/�m�b�i �T�H�m�K�2 �Q�7 �k�y�k�y�- �r�2 �/�2�K�Q�M�b�i�`���i�2�/ �� �b�B�K�T�H�2 �B�K�T�H�2�K�2�M�i���i�B�Q�M �Q�7 �i�?�2

�6�h�G�1 �K�2�i�?�Q�/ �7�Q�` �i�`���M�b�T�Q�`�i �B�M �;�2�Q�T�?�v�b�B�+���H �7�H�Q�r�b�X �1�p�2�M �r�B�i�? �b�B�;�M�B�7�B�+���M�i �b�B�K�T�H�B�7�B�+���i�B�Q�M�- �i�?�2�b�2

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

�A�M �7�m�i�m�`�2 �r�Q�`�F�- �� �K�Q�`�2 �/�2�i���B�H�2�/ ���M���H�v�b�B�b �+���M �#�2 �T�2�`�7�Q�`�K�2�/ �i�Q �Q�#�i���B�M �� �K�Q�`�2 ���+�+�m�`���i�2 �T�Q�`�i�`���B�i

�Q�7 �i�?�2 �K�Q�b�i �B�M�7�H�m�2�M�i�B���H �b�i�`�m�+�i�m�`�2�b �Q�7 �B�M�i�2�`�2�b�i�X ���b �� �+���m�i�B�Q�M�- �i�?�2 �6�h�G�1 �/�Q�2�b �M�Q�i �T�`�Q�p�B�/�2

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

�T���`���#�Q�H�B�+ ���M�/ �2�H�H�B�T�i�B�+ �G�*�a �+�Q�K�T�m�i���i�B�Q�M �+�Q�m�H�/ �v�B�2�H�/ �Q�i�?�2�` �B�K�T�Q�`�i���M�i �b�i�`�m�+�i�m�`�2�b �i�?���i �r�2�`�2 �M�Q�i

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

�+�Q�`�2 �m�b�B�M�; �i�?�2 ���i�i�`���+�i�B�M�; �b�i�`�m�+�i�m�`�2�b �#�v �B�i�b �2�7�7�2�+�i �Q�M �M�2���`�#�v �K���i�2�`�B���H �H�B�M�2�b �#�m�i �T���`���#�Q�H�B�+ �G�*�a

�r�Q�m�H�/ �?���p�2 �B�/�2�M�i�B�7�B�2�/ �B�i �r�B�i�?�Q�m�i �i�?�2 �M�2�2�/ �7�Q�` �B�M�7�2�`�2�M�+�2�X �A�M ���/�/�B�i�B�Q�M�- �r�2 �B�/�2�M�i�B�7�B�2�/ �+�Q�?�2�`�2�M�i

�p�Q�`�i�B�+�2�b �m�b�B�M�; �i�?�2 �G���o�. �7�Q�` �D�m�b�i �� �7�2�r �7�`���K�2�b�X �1�K�T�H�Q�v�B�M�; �i�?�B�b �i�Q�Q�H �Q�` �Q�i�?�2�` �K�2�i�?�Q�/�b �i�Q �7�B�M�/

�2�H�H�B�T�i�B�+ �G�*�a �7�Q�` �i�?�2 �2�M�i�B�`�2 �i�B�K�2 �r�B�M�/�Q�r �+�Q�m�H�/ �v�B�2�H�/ �K�Q�`�2 �B�M�b�B�;�?�i�X �P�M�2 �+�Q�m�H�/ ���H�b�Q �+�Q�K�T�m�i�2

�6�h�G�1 ���i �� �M�m�K�#�2�` �Q�7 �/�B�7�7�2�`�2�M�i �T�`�2�b�b�m�`�2 �b�m�`�7���+�2�b �i�Q �b�2�2 �?�Q�r �K�m�+�? �i�?�2 �b�i�`�m�+�i�m�`�2�b �/�B�7�7�2�` �7�`�Q�K

�i�?�2 �Q�M�2�b �r�2 �Q�#�i���B�M �7�`�Q�K �i�?�2 ���p�2�`���;�2�/ �p�2�H�Q�+�B�i�v �7�B�2�H�/ ���M�/ �e�y�y �?�S�� �b�m�`�7���+�2�X �A�M ���/�/�B�i�B�Q�M�- �i�?�2�b�2

�6�h�G�1 �7�B�2�H�/�b �+�Q�m�H�/ �#�2 �ó�b�i�B�+�?�2�/�ô �i�Q�;�2�i�?�2�` �i�Q �+�`�2���i�2 ���M ���T�T�`�Q�t�B�K���i�B�Q�M �Q�7 �i�?�2 �j�. �b�i�`�m�+�i�m�`�2�b�X

�6�Q�` �� �?�B�;�?�2�` �7�B�/�2�H�B�i�v ���M���H�v�b�B�b�- �i�?�2 �6�h�G�1 �+�Q�m�H�/ �#�2 �+�Q�K�T�m�i�2�/ �7�`�Q�K �i�?�2 �j�. �p�2�H�Q�+�B�i�v �7�B�2�H�/ �B�i�b�2�H�7
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���M�/ �B�M�2�`�i�B���H �T���`�i�B�+�H�2 �2�7�7�2�+�i�b �Q�7 �/�m�b�i �+�Q�m�H�/ �#�2 �B�M�+�Q�`�T�Q�`���i�2�/�X �>�Q�r�2�p�2�`�- �+�Q�K�T���`�B�b�Q�M �r�B�i�? �;�`�Q�m�M�/

�i�`�m�i�? �/���i�� �r�Q�m�H�/ �#�2 �/�B�7�7�B�+�m�H�i ���b �i�?�2 �/�m�b�i �/���i�� ���p���B�H���#�H�2 �?�2�`�2 �p�B�� �b���i�2�H�H�B�i�2 �r���b �Q�M�H�v �� �k�. �p�2�`�i�B�+���H

�+�Q�H�m�K�M�@���p�2�`���;�2�/ �/���i���- ���M�/ �Q�M�H�v �Q�M�+�2 �2�p�2�`�v �k�9 �?�Q�m�`�b�- �r�B�i�? �H�B�i�i�H�2 �i�Q �M�Q �p�2�`�i�B�+���H �`�2�b�Q�H�m�i�B�Q�M�X

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

�+�Q�?�2�`�2�M�i �K���i�2�`�B���H �b�2�i�b �i�?�2�K�b�2�H�p�2�b �`���i�?�2�` �i�?���M �i�?�2 �K���i�2�`�B���H �+�m�`�p�2�b �i�?���i �Q�7�i�2�M �#�Q�m�M�/ �i�?�2�K

�(�9�3�-�8�j�-�R�8�y�-�R�8�8�) �r�?�B�+�? �?���b �b�2�2�M �B�K�T�`�Q�p�2�K�2�M�i�b �B�M �+�Q�K�T�m�i���i�B�Q�M���H�H�v �2�7�7�B�+�B�2�M�+�v �B�M �`�2�+�2�M�i �v�2���`�b

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

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

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

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

�m�M�/�2�`�b�i���M�/�B�M�; �b�B�K�B�H���` �T���b�i �2�p�2�M�i�b ���M�/ �K�B�i�B�;���i�B�M�; �T�Q�b�b�B�#�H�2 �M�2�;���i�B�p�2 �2�7�7�2�+�i�b �Q�7 �7�m�i�m�`�2 �Q�M�2�b ���b
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�+�Q�K�T�m�i�B�M�; �6�h�G�1 �Q�p�2�` �i�?�2 �2�M�i�B�`�2 �;�H�Q�#�2 �7�Q�` �b�Q�K�2 �b�B�;�M�B�7�B�+���M�i �T�Q�`�i�B�Q�M �Q�7 �i�?�2 �T���b�i �i�Q �b�2�2 �B�7 �r�2
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�Q�7 �i�?�B�b �r�Q�`�F�- �Q�#�D�2�+�i�B�p�2 �1�m�H�2�`�B���M �+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2�b �r�2�`�2 �#�Q�`�M �(�R�9�R�) �r�?�B�+�? �+�?���`���+�i�2�`�B�x�2 �B�K�@

�T�Q�`�i���M�i �b�?�Q�`�i�@�i�2�`�K �i�`���M�b�T�Q�`�i �b�i�`�m�+�i�m�`�2�b�X �"�Q�i�? �i�?�2 �G���;�`���M�;�B���M ���M�/ �1�m�H�2�`�B���M �b�i�`�m�+�i�m�`�2�b �?���p�2

�`�2�+�2�B�p�2�/ �� �;�`�2���i �/�2���H �Q�7 ���i�i�2�M�i�B�Q�M ���M�/ �#�2�2�M �m�b�2�/ �2�t�i�2�M�b�B�p�2�H�v�- �i�Q �;�`�2���i �b�m�+�+�2�b�b�- �B�M �T�?�v�b�B�+���H

���T�T�H�B�+���i�B�Q�M�b �H�B�F�2 �i�?�Q�b�2 �K�2�M�i�B�Q�M�2�/ ���#�Q�p�2�X �J�Q�`�2 �`�2�+�2�M�i�H�v�- �>���H�H�2�` �2�i ���H�X �(�e�3�) �2�t�i�2�M�/�2�/ �i�?�2 �+�Q�M�@

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

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

�U�#���b�2�/ �Q�M �i�?�2 �i�`���M�b�T�Q�`�i �i�2�M�b�Q�` ���M�/ �i�?�2 ���p�2�`���;�2�/ �/�B�7�7�m�b�B�Q�M�@�r�2�B�;�?�i�2�/ �*���m�+�?�v�@�:�`�2�2�M �b�i�`���B�M

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

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

���M�/ �i�?�m�b �B�H�H�@�/�2�7�B�M�2�/ ���b �� �K�2���b�m�`�2 �Q�7 �+�Q�?�2�`�2�M�+�2�X �A�M �i�?�2�B�` �r�Q�`�F�- �>���H�H�2�` ���M�/ �+�Q���m�i�?�Q�`�b �/�2�p�2�H�@

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

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

�B�M�b�i���M�i���M�2�Q�m�b �U�1�m�H�2�`�B���M�V �+���b�2�X �q�?�B�H�2 �i�?�B�b �H���i�i�2�` �b�2�i�i�B�M�; �r�B�H�H �#�2 �i�?�2 �K�Q�`�2 �+�Q�K�K�Q�M �+���b�2�- �r�2

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

�2�7�7�Q�`�i �T�`�Q�p�B�/�2�b �� �b�i�2�T �i�Q�r���`�/ �/�2�p�2�H�Q�T�B�M�; �;�2�M�2�`���H �1�m�H�2�`�B���M �+�Q�m�M�i�2�`�T���`�i�b �i�Q �G���;�`���M�;�B���M �/�B�7�7�m�@

�b�B�p�2 �#���`�`�B�2�`�b�X �h�?�B�b �T���T�2�` �B�b �Q�`�;���M�B�x�2�/ ���b �7�Q�H�H�Q�r�b�, �r�2 �#�2�;�B�M �r�B�i�? �� �#�`�B�2�7 �Q�p�2�`�p�B�2�r �Q�7 �+�Q�?�2�`�2�M�i

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

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

�i�?�2 �B�M�b�i���M�i���M�2�Q�m�b �i�?�2�Q�`�v �i�Q �;�2�M�2�`���H �/�B�7�7�m�b�B�Q�M �b�i�`�m�+�i�m�`�2�X �q�2 �B�H�H�m�b�i�`���i�2 �i�?�2 �F�2�v �/�B�7�7�2�`�2�M�+�2�b

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

�q�2 �+�Q�M�+�H�m�/�2 �r�B�i�? �`�2�K���`�F�b ���M�/ �/�B�`�2�+�i�B�Q�M�b �7�Q�` �7�m�i�m�`�2 �r�Q�`�F�X
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�9�X�k �"���+�F�;�`�Q�m�M�/

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

�q�2 �`�2�7�2�` �i�?�2 �`�2���/�2�` �i�Q �i�?�2 �+�B�i�2�/ ���`�i�B�+�H�2�b �(�e�R�-�R�9�R�) �7�Q�` �K�Q�`�2 �/�2�i���B�H�b�X ���b�b�m�K�2 �r�2 �?���p�2 �� �i�B�K�2�@

�p���`�v�B�M�; �p�2�H�Q�+�B�i�v �7�B�2�H�/�p(�t; t) �i�?���i �B�bC2 �B�M �b�T���+�2 ���M�/C1 �B�M �i�B�K�2�X �*�Q�M�b�B�/�2�` �i�?�2 �B�M�B�i�B���H �p���H�m�2

�T�`�Q�#�H�2�K�-

d
dt

�t = �p(�t; t); x 2 U � Rn ; t 2 I � R �U�9�X�R�V

�h�?�2�M �i�?�2�`�2 �2�t�B�b�i�b �� �7���K�B�H�v �Q�7 �/�B�7�7�2�Q�K�Q�`�T�?�B�b�K�bf �6t
t0

g ���b�b�Q�+�B���i�2�/ �r�B�i�? �p�2�H�Q�+�B�i�v �7�B�2�H�/�p(�t; t)

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

�6t
t0

: U ! U

: �t0 7! �t(t; t0; �t0)
�U�9�X�k�V

�q�2 �+���M �/�2�7�B�M�2 �i�?�2 �H�B�M�2���`�B�x�2�/ �7�H�Q�r �K���T ���b �i�?�2 �;�`���/�B�2�M�i �Q�7 �i�?�2 �7�H�Q�r �K���T �r�B�i�? �`�2�b�T�2�+�i �i�Q �B�M�B�i�B���H

�+�Q�M�/�B�i�B�Q�M�b�-

r 0�6t
t0

(�t0) =
@�6t

t0
(�t0)

@�t0
: �U�9�X�j�V

�h�?�2 �`�B�;�?�i �*���m�+�?�v�@�:�`�2�2�M �/�2�7�Q�`�K���i�B�Q�M �i�2�M�b�Q�` �B�b �/�2�7�B�M�2�/ ���b�-

�* t
t0

(�t0) =
�
r 0�6t

t0
(�t0)

� >
r 0�6t

t0
(�t0) �U�9�X�9�V

�r�?�B�+�? �B�b �b�v�K�K�2�i�`�B�+ ���M�/ �T�Q�b�B�i�B�p�2�@�/�2�7�B�M�B�i�2�X �h�?�B�b �B�K�T�H�B�2�b �i�?���i�* t
t0

(�t0) �?���b �`�2���H �2�B�;�2�M�p���H�m�2�b� i
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���M�/ �+�Q�`�`�2�b�T�Q�M�/�B�M�; �Q�`�i�?�Q�M�Q�`�K���H �2�B�;�2�M�p�2�+�i�Q�`�b� i �r�B�i�?i 2 f 1; 2; :::; ng �b�m�+�? �i�?���i�-

� 1 � ::: � � n > 0 ���M�/; �U�9�X�8�V

h� i ; � j i = � ij : �U�9�X�e�V

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

�p�2�H�Q�+�B�i�v�-

�a(�t; t) =
1
2

�
r �p(�t; t) + ( r �p(�t; t))>

�
�U�9�X�d�V

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

�p�2�+�i�Q�`�b�2i �r�B�i�?i 2 f 1; 2; :::; ng �b�m�+�? �i�?���i�-

s1 � ::: � sn ���M�/; �U�9�X�3�V

h�2i ; �2j i = � ij : �U�9�X�N�V

�6�Q�` �b�?�Q�`�i �i�B�K�2�b�-�a �[�m���M�i�B�7�B�2�b �i�?�2 �/�2�p�B���i�B�Q�M �Q�7�* �7�`�Q�K �i�?�2 �B�/�2�M�i�B�i�v�- �B�X�2�X�-

�* t
t0

(�t0) = �A+ 2�a(�t0; t0)( t � t0) + O(jt � t0j2):s �U�9�X�R�y�V

�9�X�k�X�R �G���;�`���M�;�B���M

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

�i�2�`�B���H �b�i�`���B�M �7�Q�` �� �;�B�p�2�M �+�H�Q�b�2�/ �+�m�`�p�2
 �(�e�R�)�X �h�Q �b�i���`�i�- �T���`���K�2�i�2�`�B�x�2 �� �+�H�Q�b�2�/ �+�m�`�p�2
 �b�m�+�?

�i�?���i
 = � (̀s) �7�Q�`s 2 [0; � ] ���M�/
 (� ) = 
 (0)�X �G�2�i� 0̀(s) �`�2�T�`�2�b�2�M�i �i�?�2 �i���M�;�2�M�i �p�2�+�i�Q�` �i�Q
 ���i

� (̀s) ���M�/ �H�2�id
ds �6t

t0
(� (̀s)) �/�2�M�Q�i�2 �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i���M�;�2�M�i �p�2�+�i�Q�` ���H�Q�M�; �i�?�2 ���/�p�2�+�i�2�/ �+�m�`�p�2
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�6t
t0

(
 )�X �h�?�2�M�- �i�?�2 �H�2�M�;�i�?�b �Q�7 �i�?�2�b�2 �p�2�+�i�Q�`�b �+���M �#�2 �+���H�+�m�H���i�2�/ �#�v�-

k�`0(s)k =
p

h� 0̀(s); � 0̀(s)i ;










d
ds

�6t
t0

(� (̀s))








 =

q 

� 0̀(s); �* t

t0
� 0̀(s)

�
: �U�9�X�R�R�V

�G�2�i�-

q(� (̀s); �`0(s); t) =

q 

� 0̀(s); �* t

t0
(� (̀s)) � 0̀(s)

�

p
h� 0̀(s); � 0̀(s)i

; �U�9�X�R�k�V

�`�2�T�`�2�b�2�M�i �i�?�2 �T�Q�B�M�i�r�B�b�2 �i���M�;�2�M�i�B���H �b�i�`���B�M�X �h�?�2�M�- �i�?�2���p�2� �̀��;�2�/ �i���M�;�2�M�i�B���H �b�i� �̀��B�M���H�Q�M�;
 �B�b

�;�B�p�2�M �#�v�-

Q(
 ) =
1
�

Z



q(� (̀s); �`0(s); t)ds: �U�9�X�R�j�V

�S�`�Q�+�2�2�/�B�M�; �r�B�i�? �i�?�2 �p���`�B���i�B�Q�M���H �+���H�+�m�H�m�b�- �>���H�H�2�` ���M�/ �"�2�`�Q�M�@�o�2�`�� �(�e�R�) �b�?�Q�r �i�?���i �2�t�i�`�2�K�B�x�2�`�b

�Q�7 �i�?�B�b �7�m�M�+�i�B�Q�M���H ���`�2 �H�B�K�B�i �+�v�+�H�2�b �Q�7 �i�?�2 �7�Q�H�H�Q�r�B�M�; �/�B�7�7�2�`�2�M�i�B���H �2�[�m���i�B�Q�M�b�-

�`0(s) = � �
� (� (̀s)) ; � �

� (� (̀s)) =

s
� 2 � � 2

� 1 � � 2
� 1(� (̀s)) �

s
� 1 � � 2

� 1 � � 2
� 2(� (̀s)) ; �U�9�X�R�9�V

�/�2�7�B�M�2�/ �Q�M �i�?�2 �/�Q�K���B�M�-

U� = f �t0 2 U : � 1 6= � 2; � 2 < � 2 < � 1g: �U�9�X�R�8�V

�X
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�9�X�k�X�k �1�m�H�2�`�B���M

�h�?�2 �1�m�H�2�`�B���M �7�Q�`�K�m�H���i�B�Q�M �7�Q�H�H�Q�r�b �� �b�B�K�B�H���` �b�2�i�m�T�- �#�m�i �i�?�2 �Q�#�D�2�+�i�B�p�2 �b�?�B�7�i�b �i�Q �B�/�2�M�i�B�7�v�B�M�; �+�H�Q�b�2�/
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h� 0̀(s); �a(� (̀s); t)� 0̀(s)i

h� 0̀(s); � 0̀(s)i
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� t1
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)[r 0�6t
t0
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r 0c = ( r 0�6t
t0
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t0

)�> r 0c �U�9�X�k�k�V



�:�Y�k�Y ���²�&�¶�«���Ô�ñ�é�A�²�Ô�Å�Å�����Ô�ñ�é �����ž�é���ÿ�ñ���� �N�N
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= �
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]�> �M0

�
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= �
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; t)]> �ht
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:= [ r 0�6t
t0

]� 1�. (�6t
t0

; t)[r 0�6t
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t0

(M 0) = �
Z t1

t0

Z
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[r 0c0]> �ht
t0
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t0

(M 0) = K�
Z t1

t0
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�H���i�B�Q�M�- �#�v�T���b�b�B�M�; �i�?�2 �M�2�2�/ �i�Q �M�m�K�2�`�B�+���H�H�v �b�Q�H�p�2 �i�?�2 ���/�p�2�+�i�B�Q�M�@�/�B�7�7�m�b�B�Q�M �T���`�i�B���H �/�B�7�7�2�`�2�M�i�B���H

�2�[�m���i�B�Q�M�b �U�S�.�1�b�V �/�B�`�2�+�i�H�v�X
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�q�?�B�H�2 �M�Q�i �� �7�Q�+�m�b �Q�7 �i�?�B�b �T���T�2�`�- �#���b�2�/ �Q�M �M�2�+�2�b�b���`�v �+�Q�M�/�B�i�B�Q�M�b �7�Q�` �i�`���M�b�T�Q�`�i �#���`�`�B�2�`�b�- �i�?�2

���m�i�?�Q�`�b ���H�b�Q �/�2�7�B�M�2�/ �i�?�2 �/�B�7�7�m�B�b�p�2 �#���`�`�B�2�` �b�i�`�2�M�i�;�? �U�.�"�a�V �r�?�B�+�? �+���M �#�2 �p�B�2�r�2�/ ���b �i�?�2 �/�B�7�7�m�b�B�p�2

�+�Q�m�M�i�2�`�T���`�i �i�Q �i�?�2 �7�B�M�B�i�2�@�i�B�K�2 �G�v���T�m�M�Q�p �2�t�T�Q�M�2�M�i �U�6�h�G�1�V ���M�/ �B�b �/�2�7�B�M�2�/ ���b �i�?�2 �i�`���+�2 �Q�7 �i�?�2

�i�`���M�b�T�Q�`�i �i�2�M�b�Q�`�-

�.�"�a(�t0) := �i�`���+�2
� ��ht1

t0
(�t0)

�
: �U�9�X�j�y�V

�J�m�+�? �H�B�F�2 �i�?�2 �6�h�G�1 �7�B�2�H�/�- �i�?�2 �.�"�a �+���M �?�B�;�?�H�B�;�?�i �`�2�;�B�Q�M�b �Q�7 �b�i�`�Q�M�; �?�v�T�2�`�#�Q�H�B�+ �#�2�?���p�B�Q�`�X

�9�X�j�X�k �1�m�H�2�`�B���M

�q�2 �M�Q�r �b�2�2�F �b�i�`�m�+�i�m�`�2�b �i�?���i �B�M�b�i���M�i���M�2�Q�m�b�H�v �2�t�i�`�2�K�B�x�2 �i�?�2 �M�Q�`�K���H�B�x�2�/ �/�B�7�7�m�b�B�p�2 �i�`���M�b�T�Q�`�i ���b

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

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

�b�i�`�m�+�i�m�`�2�b �i�?���i �2�t�i�`�2�K�B�x�2 �B�M�b�i���M�i���M�2�Q�m�b �/�B�7�7�m�b�B�p�2 �i�`���M�b�T�Q�`�i �B�b �2�[�m�B�p���H�2�M�i �i�Q �b�2�2�F�B�M�; �i�?�Q�b�2

�i�?���i �2�t�i�`�2�K�B�x�2 �i�?�2 �i�B�K�2�@���p�2�`���;�2�/ �/�B�7�7�m�b�B�p�2 �G���;�`���M�;�B���M �7�H�m�t��ht1
t0

���M�/�- �B�M �i�?�2 �H�B�K�B�i ���bt1 ! t0�-

�i�?�B�b �`�2�/�m�+�2�b �i�Q �2�t�i�`�2�K�B�x�B�M�; �i�?�2 �/�B�7�7�m�b�B�p�2 �7�H�m�t �`���i�2 ���i �i�B�K�2t0�X

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

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

�;�B�p�2�M �#�v�-

�H�B�K
t1 ! t0

d
dt1

��ht1
t0

= _�ht0 ; �U�9�X�j�R�V

���M�/ �i�?�2 �H�B�K�B�i �Q�7 �i�?�2 �i�B�K�2 �/�2�`�B�p���i�B�p�2 �Q�7 �i�?�2 �G���;�`���M�;�B���M �7�H�m�t �i�2�M�b�Q�` ���b �i�?�2 �B�M�i�2�;�`���i�B�Q�M �i�B�K�2

���T�T�`�Q���+�?�2�b �x�2�`�Q �B�b �;�B�p�2�M �#�v�-

_�ht0 (�t0) := �H�B�K
t1 ! t0

d
dt1

�ht1
t0

= � 2�a�. (�t0; t0); �U�9�X�j�k�V
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�r�?�2�`�2�a�. �B�b �i�?�2 �/�B�7�7�m�b�B�Q�M�@�r�2�B�;�?�i�2�/ �1�m�H�2�`�B���M �`���i�2�@�Q�7�@�b�i�`���B�M �i�2�M�b�Q�`�- �r�?�B�+�? �r�2 �/�2�7�B�M�2 ���b�-

�a�. :=
1
2

�
[r �p]�. � _�. + �. [r �p]>

�
: �U�9�X�j�j�V

�.�2�i���B�H�b �Q�7 �i�?�2�b�2 �/�2�`�B�p���i�B�Q�M�b �+���M �#�2 �7�Q�m�M�/ �B�M ���T�T�2�M�/�B�t�"�X�R���M�/ ���T�T�2�M�/�B�t�"�X�k�- �`�2�b�T�2�+�i�B�p�2�H�v�X

�h�?�2 �i�2�M�b�Q�`�a�. �B�b �b�v�K�K�2�i�`�B�+ ���M�/ �Q�#�D�2�+�i�B�p�2 �U�b�2�2 ���T�T�2�M�/�B�t�"�X�j�V�- ���M�/ �2�M�+�Q�/�2�b �B�M�7�Q�`�K���i�B�Q�M ���M���H�@

�Q�;�Q�m�b �i�Q �i�?�2 �b�i���M�/���`�/ �1�m�H�2�`�B���M �`���i�2�@�Q�7�@�b�i�`���B�M �i�2�M�b�Q�`�a�- �#�m�i �r�B�i�? �r�2�B�;�?�i�B�M�; �#�v �i�?�2 �/�B�7�7�m�b�B�Q�M

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

�a�B�M�+�2�a�. �B�b �`�2���H ���M�/ �b�v�K�K�2�i�`�B�+�- �B�i �?���b �Q�M�H�v �`�2���H �2�B�;�2�M�p���H�m�2�bsi ���M�/ �+�Q�`�`�2�b�T�Q�M�/�B�M�; �Q�`�i�?�Q�M�Q�`�K���H

�2�B�;�2�M�p�2�+�i�Q�`�bei �r�B�i�?i 2 f 1; 2; :::; ng�- �b���i�B�b�7�v�B�M�;�-

s1 � ::: � sn ���M�/�- �U�9�X�j�9�V

hei ; ej i = � ij �U�9�X�j�8�V

�q�2 �M�Q�i�2 �i�?���i�- �7�Q�` ���M �B�M�+�Q�K�T�`�2�b�b�B�#�H�2 �7�H�Q�r�- �i�?�2 �b�i���M�/���`�/ �1�m�H�2�`�B���M �`���i�2�@�Q�7�@�b�i�`���B�M �i�2�M�b�Q�` �?���b

�x�2�`�Q �i�`���+�2 ���b �� �+�Q�M�b�2�[�m�2�M�+�2 �Q�7 �i�?�2 �x�2�`�Q �/�B�p�2�`�;�2�M�+�2 �+�Q�M�/�B�i�B�Q�M���B�K�T�H�v�B�M�;�- �7�Q�` �2�t���K�T�H�2 �B�M �k�.�-

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

�;�2�M�2�`���H�H�v �?�Q�H�/ �7�Q�`�a�. �X

�q�2 �M�Q�r �i���F�2 �� �i�B�K�2 �/�2�`�B�p���i�B�p�2 �Q�7 �i�?�2 �M�Q�`�K���H�B�x�2�/ �i�`���M�b�T�Q�`�i �7�m�M�+�i�B�Q�M���H ���M�/ �2�t���K�B�M�2 �i�?�2 �H�B�K�B�i

���b �i�?�2 �B�M�i�2�;�`���i�B�Q�M �i�B�K�2 ���T�T�`�Q���+�?�2�b �x�2�`�Q�-

�H�B�K
t1 ! t0

d
dt1

T t1
t0

(M 0) =

R
M 0

D
�M0; d

dt1

� ��ht1
t0

� �
�
t1= t0

�M0

E
dA0

R
M 0

dA0
=

� 2
R

M 0
h�M0; �a�. �M0i dA0R
M 0

dA0
; �U�9�X�j�e�V

�r�?�B�+�? �H�2���/�b �i�Q �i�?�2 �/�2�7�B�M�B�i�B�Q�M �Q�7 �i�?�2�/�B�7�7�m�b�B�p�2 �7�H�m�t�@� �̀��i�2 �7�m�M�+�i�B�Q�M���H�U�Q�`�/�B�7�7�m�b�B�p�2 �i� �̀��M�b�T�Q�`�i�@� �̀��i�2
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�7�m�M�+�i�B�Q�M���H�V�-

_Tt0 (M 0) :=

R
M 0

h�M0; � �a�. �M0i dA0R
M 0

dA0
; �U�9�X�j�d�V

�r�?�2�`�2 �r�2 �?���p�2 �m�b�2�/ �i�?�2 �T�`�2�p�B�Q�m�b�H�v �b�i���i�2�/ �`�2�b�m�H�i�b �U�9�X�j�R�V ���M�/ �U�9�X�j�k�V�- ���M�/ �/�B�p�B�/�2�/ �Q�m�i �i�?�2 �7���+�i�Q�`

�Q�7 �k�- �r�?�B�+�? �?���b �M�Q �2�7�7�2�+�i �Q�M �i�?�2 �b�i���i�B�Q�M���`�v �+�m�`�p�2�b �Q�7 �i�?�2 �7�m�M�+�i�B�Q�M���H�X �h�?�B�b �7�m�M�+�i�B�Q�M���H �T�`�Q�p�B�/�2�b

�� �m�M�B�p�2�`�b���H�- �Q�#�D�2�+�i�B�p�2 �K�2���b�m�`�2 �Q�7 �i�?�2���p�2� �̀��;�2�/ �/�B�7�7�m�b�B�p�2 �7�H�m�t � �̀��i�2�Q�p�2�` �� �b�m�`�7���+�2M 0 ���i �i�B�K�2

t0�X �P�#�D�2�+�i�B�p�B�i�v �B�b �B�M�?�2�`�B�i�2�/ �7�`�Q�K �i�?�2 �i�2�M�b�Q�`�a�. �X

�h�?�B�b �p���`�B���i�B�Q�M���H �T�`�Q�#�H�2�K �+�H�Q�b�2�H�v �T���`���H�H�2�H�b �i�?�Q�b�2 �+�Q�M�b�B�/�2�`�2�/ �B�M �(�e�R�-�e�3�-�R�9�R�)�- ���M�/ �r�2 ���/�Q�T�i ��

�b�B�K�B�H���` ���T�T�`�Q���+�? �i�Q �b�Q�H�p�B�M�; �B�i�X �>�Q�r�2�p�2�`�- �i�?�2 �;�2�M�2�`���H�@�/�B�K�2�M�b�B�Q�M���H �T�`�Q�Q�7 �b�i�`���i�2�;�v �B�M �(�e�3�) �B�b

�M�Q�i �/�B�`�2�+�i�H�v ���T�T�H�B�+���#�H�2 �?�2�`�2�- ���b �B�i �`�2�H�B�2�b �Q�M �i�?�2 �b�v�K�K�2�i�`�v ���M�/ �T�Q�b�B�i�B�p�2 �/�2�7�B�M�B�i�2�M�2�b�b �Q�7 �i�?�2

�i�`���M�b�T�Q�`�i �i�2�M�b�Q�`�ht
t0

�- �r�?�B�+�? �2�M�b�m�`�2�b �i�?�2 �2�t�B�b�i�2�M�+�2 �Q�7 �� �m�M�B�[�m�2�- �`�2���H�@�p���H�m�2�/ �b�v�K�K�2�i�`�B�+ �K���i�`�B�t

�b�[�m���`�2 �`�Q�Q�i�X �A�M �+�Q�M�i�`���b�i�-�a�. �B�b �`�2���H ���M�/ �b�v�K�K�2�i�`�B�+�- �#�m�i �M�Q�i �M�2�+�2�b�b���`�B�H�v �T�Q�b�B�i�B�p�2 �/�2�7�B�M�B�i�2�X

�q�2 �i�?�2�`�2�7�Q�`�2 �7�Q�+�m�b �Q�M �i�?�2 �i�r�Q�@�/�B�K�2�M�b�B�Q�M���H �+���b�2 ���M�/ �2�t�T�H�Q�B�i �i�?�2 �`�2�T���`���K�2�i�2�`�B�x���i�B�Q�M �B�M�p���`�B���M�+�2

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

�i�?�2 �`�2�b�m�H�i�b �7�`�Q�K �(�e�R�-�e�3�)�- �r�?�B�+�? �b�?�Q�r �i�?���i �b�i���i�B�Q�M���`�v �+�m�`�p�2�b �Q�7 �b�B�K�B�H���` �7�m�M�+�i�B�Q�M���H�b �+�Q�B�M�+�B�/�2

�r�B�i�? �M�m�H�H�@�;�2�Q�/�2�b�B�+�b �Q�7 ���M ���b�b�Q�+�B���i�2�/ �G�Q�`�2�M�i�x�B���M �K�2�i�`�B�+�X �P�m�` �b�i�`�m�+�i�m�`�2�b ���`�2 �/�2�7�B�M�2�/ �#���b�2�/ �Q�M

�i�?�B�b �+�Q�`�`�2�b�T�Q�M�/�2�M�+�2�- ���M�/ �r�2 �`�2�7�2�` �i�?�2 �`�2���/�2�` �i�Q �i�?�2 �i�?�Q�b�2 �r�Q�`�F�b �7�Q�` ���/�/�B�i�B�Q�M���H �/�2�i���B�H�X

�h�Q �7�B�M�/ �2�t�i�`�2�K�B�x�2�`�b �Q�7_Tt0 (M 0)�- �r�2 �b�2�2�F �b�m�`�7���+�2�b �7�Q�` �r�?�B�+�? �i�?�2 �7�B�`�b�i �p���`�B���i�B�Q�M �p���M�B�b�?�2�b�-

� _Tt0 (M 0) = 0 : �U�9�X�j�3�V

�a�B�M�+�2 �i�?�2 �/�B�7�7�m�b�B�p�2 �7�H�m�t�@�`���i�2 �7�m�M�+�i�B�Q�M���H �B�b �� �[�m�Q�i�B�2�M�i �7�m�M�+�i�B�Q�M���H�- �i�?�B�b �2�t�i�`�2�K�m�K �T�`�Q�#�H�2�K �B�b

�2�[�m�B�p���H�2�M�i �i�Q �i�?���i �Q�7 �2�t�i�`�2�K�B�x�B�M�; �i�?�2 �7�Q�H�H�Q�r�B�M�; �2�M�2�`�;�v �7�m�M�+�i�B�Q�M���H �(�k�j�)�-

� _E _T0
= 0; _E _T0

:=
Z

M 0

h
h�M0; � �a�. �M0i + _T0

i
dA0; �U�9�X�j�N�V
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�r�?�2�`�2_T0 �B�b �i�?�2 �U�+�Q�M�b�i���M�i�V �p���H�m�2 �Q�7 �i�?�2 �7�m�M�+�i�B�Q�M���H �U�b�2�2 �1�[�X �U�9�X�j�d�V�V �7�Q�` �i�?�2 �K�B�M�B�K�B�x�B�M�; �b�Q�H�m�i�B�Q�M

M �
0�-

_T0 = �

 R
M �

0
h�M0; � �a�. �M0i dA0

R
M �

0
dA0

!

: �U�9�X�9�y�V

�h�?�2 �7�m�M�+�i�B�Q�M���H_E _T0
�+���M �#�2 �B�M�i�2�`�T�`�2�i�2�/ ���b ���/�B�7�7�m�b�B�p�2 �7�H�m�t�@� �̀��i�2 �2�M�2� �̀;�v �7�m�M�+�i�B�Q�M���H�- ���M�/ �B�i�b

�b�i���i�B�Q�M���`�v �+�m�`�p�2�b �+�Q�B�M�+�B�/�2 �r�B�i�? �i�?�Q�b�2 �Q�7_Tt0 (M )�X �q�2 �K���v �`�2�r�`�B�i�2 �i�?�B�b ���b�-

_E _T0
=

Z

M 0



�M0; �a_T0

�M0
�

dA0; �U�9�X�9�R�V

�r�?�2�`�2�a_T0
= � �a�. + _T0�A�X �h�?�2 �b�+���H���` �[�m���M�i�B�i�v



�M0; �a_T0

�M0
�

�/�2�7�B�M�2�b �� �G�Q�`�2�M�i�x�B���M �K�2�i�`�B�+�- ���M�/

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

�K�2�i�`�B�+�X

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

�2�[�m���i�B�Q�M�b�-

�`0(s) = � �
_T0

(� (̀s)) ; � �
_T0

(� (̀s)) =

s
s1 � _T0

s1 � s2
e1(� (̀s)) �

s
_T0 � s2

s1 � s2
e2(� (̀s)) ; �U�9�X�9�k�V

�/�2�7�B�M�2�/ �Q�M �i�?�2 �/�Q�K���B�M�-

U _T0
= f �t0 2 U : s1 6= s2; s2 < _T0 < s1g: �U�9�X�9�j�V

�a�2�2 ���T�T�2�M�/�B�t�"�X�9�7�Q�` �K�Q�`�2 �/�2�i���B�H�b�X
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�9�X�j�X�j �*�Q�K�T���i�B�#�B�H�B�i�v ���M�/ �T���`���H�H�2�H�b �r�B�i�? �1�H�H�B�T�i�B�+ �P�1�*�a

�>���H�H�2�` ���M�/ �+�Q���m�i�?�Q�`�b �Q�#�b�2�`�p�2�/ �i�?���i�- �r�?�2�M�. = �A�- �2�H�H�B�T�i�B�+ �P�1�*�a �+�Q�B�M�+�B�/�2 �r�B�i�? �/�B�7�7�m�b�B�p�2 �7�H�m�t�@

�`���i�2 �#���`�`�B�2�`�b�X �P�m�` �`�2�b�m�H�i�b ���`�2 �+�Q�M�b�B�b�i�2�M�i �r�B�i�? �i�?�B�b �Q�#�b�2�`�p���i�B�Q�M�, �B�M �i�?�2 �+���b�2�. = �A�- �r�2 �`�2�+�Q�p�2�`

�a�. = �a�- �i�?�2 �b�i���M�/���`�/ �`���i�2�@�Q�7�@�b�i�`���B�M �i�2�M�b�Q�`�X �6�m�`�i�?�2�`�K�Q�`�2�- �K���M�v �`�2�b�m�H�i�b ���M�/ �+�Q�K�T�m�i���i�B�Q�M���H

�i�2�+�?�M�B�[�m�2�b �/�2�p�2�H�Q�T�2�/ �7�Q�` �2�H�H�B�T�i�B�+ �P�1�*�a ���T�T�H�v �2�[�m���H�H�v �r�2�H�H �i�Q �/�B�7�7�m�b�B�p�2 �7�H�m�t�@�`���i�2 �#���`�`�B�2�`�b�X

�A�M �T���`�i�B�+�m�H���`�- �i�?�2 �+�Q�K�T�m�i���i�B�Q�M���H �K�2�i�?�Q�/�b �T�`�Q�T�Q�b�2�/ �#�v �E���`�`���b�+�? �2�i ���H�X �(�3�R�)�- �`�2�7�B�M�2�/ �#�v �E���`�@

�`���b�+�? ���M�/ �a�+�?�B�H�H�B�M�; �(�3�y�)�- ���M�/ �i�?�2 �M�m�H�H�@�;�2�Q�/�2�b�B�+ ���T�T�`�Q���+�? �Q�7 �a�2�`�`�� ���M�/ �>���H�H�2�` �(�R�9�k�)�- ���`�2 ���H�H

���T�T�H�B�+���#�H�2 �?�2�`�2�- �r�B�i�?� �a�. �`�2�T�H���+�B�M�; �i�?�2 �i�2�M�b�Q�` �Q�7 �B�M�i�2�`�2�b�i �B�M �i�?�Q�b�2 �7�Q�`�K�m�H���i�B�Q�M�b�X

�a�?�Q�`�i�H�v ���7�i�2�` �B�M�i�`�Q�/�m�+�B�M�; �P�1�*�a�- �a�2�`�`�� ���M�/ �>���H�H�2�` �(�R�9�j�) �T�`�Q�T�Q�b�2�/ �� �M�Q�M�@�/�B�K�2�M�b�B�Q�M���H �K�2�i�`�B�+

�i�Q �[�m���M�i�B�7�v �i�?�2 �2�t�T�2�+�i�2�/�T�2�`�b�B�b�i�2�M�+�2�Q�7 �2�H�H�B�T�i�B�+ �P�1�*�a ���b �i�?�2�v �2�p�Q�H�p�2 �r�B�i�? �i�?�2 �7�H�Q�r�X �a�B�M�+�2

�2�H�H�B�T�i�B�+ �P�1�*�a �U���M�/ �#�v �2�t�i�2�M�b�B�Q�M�- �/�B�7�7�m�b�B�p�2 �7�H�m�t�@�`���i�2 �#���`�`�B�2�`�b�V ���`�2 �M�Q�i �K���i�2�`�B���H �+�m�`�p�2�b �Q�`

�b�m�`�7���+�2�b�- �i�?�2�B�` ���/�p�2�+�i�B�Q�M �m�M�/�2�` �i�?�2 �7�H�Q�r �/�Q�2�b �M�Q�i �;�2�M�2�`���H�H�v �+�Q�B�M�+�B�/�2 �r�B�i�? �i�?�2 �2�H�H�B�T�i�B�+ �P�1�*�a

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

�P�1�*�a ���it0 �7�Q�` �� �i�B�K�2� t �i�v�T�B�+���H�H�v �v�B�2�H�/�b �� �/�B�7�7�2�`�2�M�i �+�m�`�p�2 �i�?���M �i�?�2 �2�H�H�B�T�i�B�+ �P�1�*�a �+�Q�K�T�m�i�2�/

���i t = t0 + � t�X

�"�v �+�Q�K�T���`�B�M�; �i�?�2 ���/�p�2�+�i�2�/ �B�K���;�2 �Q�7 �i�?�2 �P�1�*�a ���it = t0 �r�B�i�? �i�?�2 �Q�M�2 �+�Q�K�T�m�i�2�/ ���it = t0+� t�-

�� �K�2���b�m�`�2 �Q�7 �`�2�H���i�B�p�2 �ó�K���i�2�`�B���H �H�2���F���;�2�ô �+���M �#�2 �Q�#�i���B�M�2�/�X �a�2�`�`�� ���M�/ �>���H�H�2�` ���T�T�`�Q�t�B�K���i�2 �i�?�B�b

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

�i�?�`�Q�m�;�? ���M �2�H�H�B�T�i�B�+ �P�1�*�a
 (t)�X �h�?�B�b �B�b �/�2�`�B�p�2�/ �#�v �+�Q�K�T���`�B�M�; �i�?�2 �p�2�H�Q�+�B�i�v �Q�7 �i�?�2 �K���i�2�`�B���H

�+�m�`�p�2 �r�B�i�? �i�?�2 �U���T�T���`�2�M�i�V �ó�p�2�H�Q�+�B�i�v�ô �Q�7 �i�?�2 �P�1�*�a �B�M�/�m�+�2�/ �#�v �i�?�2 �2�B�;�2�M�p�2�+�i�Q�` �b�i�`���B�M�@�`���i�2

�7�B�2�H�/�b�X

�q�2 �/�Q �M�Q�i �`�2�p�B�2�r �i�?�2 �7�m�H�H �/�2�`�B�p���i�B�Q�M �?�2�`�2�- �#�m�i �`�2�7�2�` �i�?�2 �`�2���/�2�` �i�Q �(�R�9�j�)�- �r�?�2�`�2 �i�?�2�v �/�2�7�B�M�2



�R�y�e �+�Ñ�ž�ÿ���¶�� �:�Y �/�Ô�Å�Å�����Ô�&�¶ �7�ã���,�A�`�ž���¶ �#�ž�����Ô�¶���� �Å�ñ�� �;�¶�é�¶���ž�ã �/�Ô�Å�Å�����Ô�ñ�é �b�������«�������¶

�i�?�2� �̀2�H���i�B�p�2 �K���i�2�`�B���H �H�2���F���;�2���b�-

� 
 (t) :=

H

 (t ) j' (�t(s; t); t)jds

A 
 (t )
�U�9�X�9�9�V

�r�?�2�`�2' �`�2�T�`�2�b�2�M�i�b �i�?�2 �p�2�H�Q�+�B�i�v �/�B�7�7�2�`�2�M�+�2�-�t(s; t) �B�b �� �T���`���K�2�i�`�B�x���i�B�Q�M �Q�7
 (t)�- ���M�/A 
 (t ) �B�b

�i�?�2 ���`�2�� �2�M�+�H�Q�b�2�/ �#�v
 (t)�X

�A�M ���/�/�B�i�B�Q�M�- �B�M�b�T�B�`�2�/ �#�v �Q�#�D�2�+�i�B�p�2 �K�2���b�m�`�2�b �Q�7 �p�Q�`�i�B�+�B�i�v �(�e�9�)�- �i�?�2�v �/�2�7�B�M�2 �i�?�2� �̀Q�i���i�B�Q�M���H �+�Q�@

�?�2� �̀2�M�+�2�Q�7 ���M �2�H�H�B�T�i�B�+ �P�1�*�a
 (t) ���b�-

! 
 (t) :=

�
�
�
R

A 
 ( t )
! (�t; t) � ! (t)dA

�
�
�

A 
 (t )
; �U�9�X�9�8�V

�r�?�2�`�2! �B�b �i�?�2 �b�+���H���` �p�Q�`�i�B�+�B�i�v �7�B�2�H�/ ���M�/! (t) �B�b �B�i�b �b�T���i�B���H ���p�2�`���;�2 �Q�p�2�`A 
 (t ) �X

�l�b�B�M�; �i�?�2�b�2 �i�r�Q �[�m���M�i�B�i�B�2�b�- �i�?�2�v �/�2�7�B�M�2 �i�?�2�T�2�`�b�B�b�i�2�M�+�2 �K�2�i�`�B�+�Q�7 ���M �2�H�H�B�T�i�B�+ �P�1�*�a
 (t)�-

� 
 (t) :=
! 
 (t)
� 
 (t)

=

�
�
�
R

A 
 ( t )
! (�t; t) � ! (t)dA

�
�
�

H

 (t ) j' (�t(s; t); t)jds

: �U�9�X�9�e�V

�a�2�H�2�+�i�B�M�; �i�?�2 �+���M�/�B�/���i�2 �2�H�H�B�T�i�B�+ �P�1�*�a �i�?���i �K���t�B�K�B�x�2�b� 
 (t) �v�B�2�H�/�b �i�?�2 �Q�T�i�B�K���H �b�i�`�m�+�i�m�`�2 �7�Q�`

�B�/�2�M�i�B�7�v�B�M�; �#���`�`�B�2�`�b �b�m�`�`�Q�m�M�/�B�M�; �H�Q�M�;�@�H�B�p�2�/ �G���;�`���M�;�B���M �p�Q�`�i�B�+�2�b�X

�q�2 �M�Q�i�2 �i�?���i �i�?�B�b �K�2�i�`�B�+ �B�b ���H�b�Q ���T�T�`�Q�T�`�B���i�2 �7�Q�` �/�B�7�7�m�b�B�p�2 �7�H�m�t�@�`���i�2 �#���`�`�B�2�`�b�- �b�B�M�+�2 �i�?�2�B�` �/�2�`�B�p���@

�i�B�Q�M ���b�b�m�K�2�b �i�?�2 ���/�p�2�+�i�B�Q�M�@�/�Q�K�B�M���i�2�/ �`�2�;�B�K�2�X �A�M �7�m�i�m�`�2 �r�Q�`�F�- �Q�M�2 �+�Q�m�H�/ �/�2�7�B�M�2 �/�B�7�7�m�b�B�Q�M�@

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

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

�i�?�2 �b�+�Q�T�2 �Q�7 �i�?�2 �T�`�2�b�2�M�i �T���T�2�`�X
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�9�X�9 �L�m�K�2�`�B�+���H �1�t���K�T�H�2

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

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

�b�i�`�m�+�i�m�`�2�b ���M�/ �i�?�Q�b�2 �i�?���i ���`�2 �Q�#�i���B�M�2�/ �7�`�Q�K �i�?�2 �B�b�Q�i�`�Q�T�B�+ �/�B�7�7�m�b�B�Q�M �+���b�2 �U�i�?�2�b�2 ���`�2 �2�[�m�B�p���H�2�M�i

�i�Q ���/�p�2�+�i�B�p�2 �2�H�H�B�T�i�B�+ �P�1�*�a�V�X �A�M �K�Q�b�i �7�H�m�B�/ �7�H�Q�r �T�`�Q�#�H�2�K�b�- �/�B�7�7�m�b�B�Q�M �r�B�H�H �#�2 �B�b�Q�i�`�Q�T�B�+ ���M�/

�i�?�2�`�2�7�Q�`�2 �i�?�2 ���/�p�2�+�i�B�p�2 �2�H�H�B�T�i�B�+ �P�1�*�a �r�B�H�H �#�2 �i�?�2 �+�Q�`�`�2�+�i �b�i�`�m�+�i�m�`�2�b �i�Q �H�Q�Q�F ���i�X �A�i �B�b �Q�M�H�v

�B�M ���i�v�T�B�+���H �+���b�2�b �i�?���i �i�?�2 �/�B�7�7�m�b�B�Q�M �b�i�`�m�+�i�m�`�2 �r�B�H�H �i���F�2 �Q�M �� �K�Q�`�2 �+�Q�K�T�H�B�+���i�2�/ �7�Q�`�K �U�7�H�Q�r

�i�?�`�Q�m�;�? �T�Q�`�Q�m�b �K�2�/�B���- �/�B�7�7�m�b�B�Q�M �i�?�`�Q�m�;�? �i�B�b�b�m�2 �b�i�`�m�+�i�m�`�2�- �2�i�+�X�V�X �q�2 �b�B�K�T�H�v �/�2�K�Q�M�b�i�`���i�2 ���M

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

�K�B�M�/�X

�9�X�9�X�R ���;�m�H�?���b �G�2���F���;�2

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

�H�Q�Q�F ���i �i�?�2 ���;�m�H�?���b �_�B�M�;�b �� ���M�i�B�+�v�+�H�Q�M�B�+ �2�/�/�B�2�b �;�2�M�2�`���i�2�/ �#�v �i�?�2 ���;�m�H�?���b �+�m�`�`�2�M�i�- �� �+�m�`�`�2�M�i

�r�?�B�+�? �7�H�Q�r�b ���H�Q�M�; �i�?�2 �b�Q�m�i�?�2���b�i�2�`�M �+�Q���b�i �Q�7 ���7�`�B�+�� �+���`�`�v�B�M�; �p�2�`�v �r���`�K �b���H�i �r���i�2�`�X �q�?�2�M �i�?�2

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

�+���`�`�B�2�/ �#�v �i�?�B�b �+�m�`�`�2�M�i �/�Q�m�#�H�2 �#���+�F �i�Q �i�?�2 �2���b�i �U�i�?�B�b �T�`�Q�+�2�b�b �B�b �+���H�H�2�/ �ó�`�2�i�`�Q�7�H�2�+�i�B�Q�M�ô�V�X �a�Q�K�2 �Q�7

�i�?�2 �r���`�K �b���H�i �r���i�2�` �ó�H�2���F�b�ô �Q�m�i �B�M �i�?�2 �7�Q�`�K �Q�7 �H�Q�M�;�@�H�B�p�2�/ �p�Q�`�i�B�+�2�b �;�2�M�2�`���i�2�/ �#�v �`�2�i�`�Q�7�H�2�+�i�B�Q�M

�r�?�B�+�? �+���`�`�v �i�?�B�b �r���`�K �b���H�i �r���i�2�` �M�Q�`�i�? ���M�/ �r�2�b�i �i�?�`�Q�m�;�? �i�?�2 ���i�H���M�i�B�+�X �h�?�2�b�2 �2�/�/�B�2�b �+���M

�T�2�`�b�B�b�i �7�Q�` �K�Q�M�i�?�b ���b �i�?�2�v �i�`���p�2�H �i�?�`�Q�m�;�? �i�?�2 ���i�H���M�i�B�+�- ���H�H �i�?�2 �r�?�B�H�2 �F�2�2�T�B�M�; �i�?�2 �r���`�K �b���H�i

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

���b�b�m�K�T�i�B�Q�M ���M�/ �/�2�`�B�p�2 �p�2�H�Q�+�B�i�B�2�b �7�`�Q�K �i�?�2 �b�2�� �b�m�`�7���+�2 �?�2�B�;�?�i �U�a�a�>�V �#�v �i�`�2���i�B�M�; �i�?�2 �a�a�>h ���b

�i�?�2 �b�i�`�2���K�7�m�M�+�i�B�Q�M�-
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�r�?�2�`�2f c(� ) = 2
 �b�B�M(� ) �`�2�T�`�2�b�2�M�i�b �i�?�2 �*�Q�`�B�Q�H�B�b �7�Q�`�+�2 �r�B�i�?
 �`�2�T�`�2�b�2�M�i�B�M�; �i�?�2 ���M�;�m�H���` �p�2�H�Q�+�B�i�v

�Q�7 �i�?�2 �1���`�i�?�XRe �`�2�T�`�2�b�2�M�i�b �i�?�2 ���p�2�`���;�2 �`���/�B�m�b �Q�7 �i�?�2 �1���`�i�?�X

�q�2 �m�b�2 ���o�A�a�P �/���i�� �T�`�Q�p�B�/�2�/ �#�v �i�?�2�h�"���`�`�B�2�`�T���+�F���;�2 �(�3�) �7�Q�` �� �/�B�`�2�+�i �+�Q�K�T���`�B�b�Q�M �i�Q �i�?�2 �Q�`�B�;�@

�B�M���H �/�B�7�7�m�b�B�p�2 �#���`�`�B�2�` �T���T�2�` �(�e�3�)�X �h�?�B�b �/���i���b�2�i �+�Q�K�2�b �7�`�Q�K ���M �2���`�H�B�2�` ���o�A�a�P �T�`�Q�/�m�+�i �U�M�Q �H�Q�M�;�2�`

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

�9�X�9�X�k �.�B�7�7�m�b�B�Q�M �a�i�`�m�+�i�m�`�2

�.�m�2 �i�Q �i�?�2 �+�Q�M�b�i�`�m�+�i�B�Q�M �Q�7 �i�?�2�b�2 �b�i�`�m�+�i�m�`�2�b �U�#�2�B�M�; �/�2�7�B�M�2�/ �B�M �i�2�`�K�b �Q�7 �/�B�7�7�m�b�B�p�2 �i�`���M�b�T�Q�`�i

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

�+�Q�K�T�H�B�+���i�2�/ �/�B�7�7�m�b�B�Q�M �b�i�`�m�+�i�m�`�2 ���+�i�m���H�H�v �+�`�2���i�2�b �i�`���M�b�T�Q�`�i �#���`�`�B�2�`�b�X �h�?�2 �K�Q�`�2 �+�Q�K�K�Q�M �b�+�2�@

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

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

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

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

�Q�7 �� �`���/�B���H �b�m�T�2�` �:���m�b�b�B���M�X �h�?�B�b �� �;�2�M�2�`���H�B�x���i�B�Q�M �Q�7 �� �b�i���M�/���`�/ �k�. �:���m�b�b�B���M�X �_�2�+���H�H �i�?�2 �k�.

�;���m�b�b�B���M �B�b �;�B�p�2�M �#�v�-

f (x; y) = A �2�t�T
�

�
�

(x � x0)2

2� 2
X

+
(y � y0)2

2� 2
Y
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�r�?�2�`�2A �/�2�M�Q�i�2�b �i�?�2 �K���t�B�K�m�K �K���;�M�B�i�m�/�2�-(x0; y0) �/�2�M�Q�i�2�b �i�?�2 �+�2�M�i�2�` ���M�/� X ���M�/� Y �/�2�@



�:�Y�:�Y �M���è�¶���Ô�«�ž�ã �2�,�ž�è�ÿ�ã�¶ �R�y�N

�i�2�`�K�B�M�2 �i�?�2x ���M�/y �b�T�`�2���/ �Q�7 �i�?�2 �:���m�b�b�B���M �`�2�b�T�2�+�i�B�p�2�H�v�X ���b�b�m�K�B�M�;� = � X = � Y �- �i�?�2 �b�m�T�2�`

�:���m�b�b�B���M �B�b �� �;�2�M�2�`���H�B�x���i�B�Q�M �;�B�p�2�M �#�v�-

f S(x; y; n) = A �2�t�T
�

�
jx � x0jn + jy � y0jn

� n

�
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���b n �;�2�i�b �H���`�;�2�`�- �i�?�2 �T�2���F �b�T�`�2���/�b �Q�m�i �K�Q�`�2 ���M�/ �i�?�2 �/�`�Q�T �Q�7�7 �#�2�+�Q�K�2�b �b�i�2�2�T�2�`�- �i�?�Q�m�;�? �i�?�2

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

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

f Sr (x; y; n) = A �2�t�T
�

�
((x � x0)2 + ( y � y0)2)n/2

� n

�
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���b �K�2�M�i�B�Q�M�2�/�- �r�2 �B�/�2�M�i�B�7�v �� �b�i�`�Q�M�; �i�`���M�b�T�Q�`�i �#���`�`�B�2�` ���i �i�?�2 �B�M�B�i�B���H �i�B�K�2 ���M�/ �i�?�2�M �r�2 ���T�T�H�v

�i�?�B�b �`���/�B���H �b�m�T�2�`�@�:���m�b�b�B���M �B�M �`�2�;�B�Q�M �r�?�B�+�? �i�?�2 �i�`���M�b�T�Q�`�i �#���`�`�B�2�` �2�M�+���T�b�m�H���i�2�b �i�Q �+�`�2���i�2 �?�B�;�?�H�v

���M�B�b�Q�i�`�Q�T�B�+ �/�B�7�7�m�b�B�Q�M �b�i�`�m�+�i�m�`�2 �B�M �i�?�B�b �`�2�;�B�Q�M�X �6�Q�` �Q�m�` �+���b�2�-�t �
0 = ( x0; y0) = (2 :8; � 32:0)�-

A = 100�-� = 1:5�- ���M�/n = 8�- �`�2�b�m�H�i�B�M�; �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �7�m�M�+�i�B�Q�M�-

f Sr (�t) = 100 �2�t�T
�

�
k�t � �t �

0k4

1:58

�
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�r�?�2�`�2k � k �`�2�T�`�2�b�2�M�i�b �i�?�2 �b�i���M�/���`�/ �k�@�M�Q�`�K�X �G�2�i

Cr (�t) = 1 + f Sr (�t) = 1 + 100 �2�t�T
�

�
k�t � �t �

0k4

1:58

�
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�q�2 �i�?�2�M �+�Q�M�b�i�`�m�+�i �i�?�2 �/�B�7�7�m�b�B�Q�M �i�2�M�b�Q�` �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �K���M�M�2�`�-

�. (�t) =

2

6
4

1
Cr (�t ) 0

0 Cr (�t)

3

7
5 �U�9�X�8�j�V
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�h�?�B�b �H�2���/�b �i�Q �/�B�7�7�m�b�B�Q�M �b�i�`�m�+�i�m�`�2 �i�?���i �B�b �?�B�;�?�H�v ���M�B�b�Q�i�`�Q�T�B�+ �U�r�B�i�? �2�t�i�`�2�K�2y�@�/�B�`�2�+�i�B�Q�M �T�`�2�7�2�`�@

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

�9�X�9�X�j �h�`���M�b�T�Q�`�i ���M�/ �h�`���M�b�T�Q�`�i�@�_���i�2 �"���`�`�B�2�`�b �a�B�K�m�H���i�B�Q�M

�q�2 �M�Q�r �+�Q�K�T�m�i�2 �i�`���M�b�T�Q�`�i �#���`�`�B�2�`�b ���M�/ �i�`���M�b�T�Q�`�i�@�`���i�2 �#���`�`�B�2�`�b �7�Q�` �#�Q�i�? �?�Q�K�Q�;�2�M�2�Q�m�b �B�b�Q�i�`�Q�T�B�+

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

���T�T�`�Q���+�? �/�2�p�2�H�Q�T�2�/ �#�v �a�2�`�`�� ���M�/ �>���H�H�2�` �(�R�9�k�) �i�Q �+�Q�K�T�m�i�2 ���H�H �+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2�b ���M�/ �7�B�M�B�i�2�@

�i�B�K�2 �b�i�`�m�+�i�m�`�2�b ���`�2 �+�Q�K�T�m�i�2�/ �m�b�B�M�; ���M �B�M�i�2�;�`���i�B�Q�M �i�B�K�2 �Q�7T = 25 �/���v�b�X �6�Q�H�H�Q�r�B�M�; �i�?�B�b�-

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

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

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

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

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

���/�/�B�i�B�Q�M�- �i�?�B�b �K�2�i�?�Q�/ �+���M �b�m�7�7�2�` �7�`�Q�K �� �T�`�Q�#�H�2�K �F�M�Q�r�M ���b �2�t�T�`�2�b�b�B�Q�M �b�r�2�H�H �U�b�2�2 �(�R�y�) �7�Q�` �K�Q�`�2

�/�2�i���B�H�b�V�X
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�L�m�K�2�`�B�+���H �.�B�7�7�2�`�2�M�i�B���i�B�Q�M

�L�m�K�2�`�B�+���H �/�B�7�7�2�`�2�M�i�B���i�B�Q�M �b�B�K�T�H�v �B�M�p�Q�H�p�2�b �m�b�B�M�; �� �7�B�M�B�i�2 �/�B�7�7�2�`�2�M�+�2 ���T�T�`�Q�t�B�K���i�B�Q�M �Q�7 �� �i�?�2

�/�2�`�B�p���i�B�p�2�X �a���v �r�2 �?���p�2 �� �7�m�M�+�i�B�Q�M�7: Rn ! Rm ���M�/ �r�2 �r�Q�m�H�/ �H�B�F�2 �i�Q �+�Q�K�T�m�i�2 �i�?�2 �/�2�`�B�p���i�B�p�2

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

�
@�7
@�t

�

ij

=
@fi
@xj

�
f i (�t + h�2j ) � f i (�t � h�2j )

2h
�U�8�X�R�V

�r�?�B�+�?�- �b�B�M�+�2 �r�2 ���`�2 �m�b�B�M�; �� �+�2�M�i�2�`�2�/ �/�B�7�7�2�`�2�M�+�2�- �r�B�H�H �?���p�2 �i�`�m�M�+���i�B�Q�M �2�`�`�Q�`O(h2) ���M�/ �r�Q�m�H�/

�T�2�`�7�Q�`�KO(nm) �2�p���H�m���i�B�Q�M�b�X �a�Q �i�?�B�b �B�b �`���i�?�2�` �2�t�T�2�M�b�B�p�2 �7�Q�` �i�?�2 ���#�Q�p�2 ���T�T�H�B�+���i�B�Q�M �#�m�i �B�i �b�2�2�K�b

�i�?�2 �2�`�`�Q�` �+�Q�m�H�/ �2�b�b�2�M�i�B���H�H�v �#�2 �/�`�B�p�2�M �i�Q �x�2�`�Q �#�v �K���F�B�M�;h �b�K���H�H�2�` ���M�/ �b�K���H�H�2�`�X �l�M�7�Q�`�i�m�M���i�2�H�v�-

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

���M�/ �m�M�b�i���#�H�2 �M�m�K�2�`�B�+���H �T�`�Q�+�2�/�m�`�2�X �q�?�B�H�2 �i�?�2 �i�`�m�M�+���i�B�Q�M �2�`�`�Q�` �7�Q�` �7�B�M�B�i�2 �/�B�7�7�2�`�2�M�+�B�M�; �b�?�`�B�M�F�b

���bh ! 0�- �i�?�2 �`�Q�m�M�/�@�Q�7�7 �2�`�`�Q�` �;�`�Q�r�b �/�m�2 �i�Q �H�B�K�B�i�2�/ �K���+�?�B�M�2 �T�`�2�+�B�b�B�Q�M �H�2���/�B�M�; �i�Q �H�Q�b�b �Q�7

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

�U�M�m�K�2�`���i�Q�` �Q�7 �1�[�X �U�8�X�R�V�V ���M�/ �/�B�p�B�/�B�M�; �i�?�B�b �#�v �� �M�m�K�#�2�` �i�?���i �B�b �M�2���` �x�2�`�Q �Uh�V�X �q�?�2�M �r�2

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

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

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

�i�?�B�b �2�`�`�Q�` �B�b ���K�T�H�B�7�B�2�/�X

�q�2 �H�Q�Q�F ���i �� �b�B�K�T�H�2 �2�t���K�T�H�2 �i�Q �B�H�H�m�b�i�`���i�2 �i�?�B�b�X �G�2�if (x) = �b�B�M(x)�- �i�?�2�Mf 0(x) = �+�Q�b(x)�X

�A�7 �r�2 �r���M�i �i�?�2 �/�2�`�B�p���i�B�p�2 ���ix = 1�- �r�2 �r�Q�m�H�/ �D�m�b�i �T�H�m�;1 �B�M�i�Q �i�?�2 �/�2�`�B�p���i�B�p�2�- �H�2���/�B�M�; �i�Q

�i�?�2 �p���H�m�2f 0(1) = �+�Q�b(1) = 0 :5403023058681398�- �r�?�B�+�? �B�b �2�t���+�i �U�m�T �i�Q �K���+�?�B�M�2 �T�`�2�+�B�b�B�Q�M�V�X

�L�Q�r�- �T�`�2�i�2�M�/�B�M�; �r�2 �/�Q �M�Q�i ���+�i�m���H�H�v �?���p�2 ���+�+�2�b�b �i�Q �i�?�2 �/�2�`�B�p���i�B�p�2 �7�m�M�+�i�B�Q�M �r�2 �+���M ���T�T�H�v �1�[�X

�U�8�X�R�V �7�Q�` �p���`�v�B�M�;h �p���H�m�2�b�X �A�M �6�B�;�m�`�2�8�X�R�- �r�2 �+���M �b�2�2 �i�?���i �i�?�2 �i�`�m�M�+���i�B�Q�M �2�`�`�Q�` �b�?�`�B�M�F�b ���bh

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



�R�k�9
�+�Ñ�ž�ÿ���¶�� �9�Y ���«�«�����ž���¶ �ž�é�² �2�Å�Å�Ô�«�Ô�¶�é�� �¶�,�����ž�«���Ô�ñ�é �ñ�Å �H�+�b �Å���ñ�è ���Ñ�¶�Ô�� �&�ž���Ô�ž���Ô�ñ�é�ž�ã ���Ñ�¶�ñ���-

�����Ô�é�Ì �������ñ�è�ž���Ô�« �/�Ô�Å�Å�¶���¶�é���Ô�ž���Ô�ñ�é

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

�b�T���+�B�M�; �r�2 �m�b�2�/�5 �*�H�2���`�H�v �i�?�B�b �T�`�Q�+�2�/�m�`�2 �/�2�T�2�M�/�b �Q�M �� �T���`���K�2�i�2�`h ���M�/ �B�7 �i�?�B�b �T���`���K�2�i�2�` �B�b

�M�Q�i �r�B�i�?�B�M �b�Q�K�2 �Q�T�i�B�K���H �r�B�M�/�Q�r�- �i�?�2 �2�`�`�Q�` �+���M �[�m�B�+�F�H�v �;�2�i �Q�m�i�b�B�/�2 �Q�7 ���M ���+�+�2�T�i���#�H�2 �`���M�;�2�-

�`�2�[�m�B�`�B�M�; �`�2�+�Q�K�T�m�i���i�B�Q�M �r�B�i�? �� �/�B�7�7�2�`�2�M�ih�X

�6�B�;�m�`�2 �8�X�R�, �6�B�M�B�i�2 �/�B�7�7�2�`�2�M�+�2 �b�T���+�B�M�; �p�b�X �`�2�H���i�B�p�2 �2�`�`�Q�` �7�Q�` �7�B�M�B�i�2 �/�B�7�7�2�`�2�M�+�2 ���T�T�`�Q�t�B�K���i�B�Q�M �Q�7
�/�2�`�B�p���i�B�p�2 �Q�7f (x) = �b�B�M(x) ���i x = 1�X

���m�i�Q�K���i�B�+ �.�B�7�7�2�`�2�M�i�B���i�B�Q�M

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

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

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

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

�U�b�2�2 �6�B�;�m�`�2�8�X�k�- �H�2�7�i�V�X �� �+�Q�K�T�m�i���i�B�Q�M���H �;�`���T�? �B�b ���H�b�Q �;�2�M�2�`���i�2�/ �7�`�Q�K �i�?�2 �2�p���H�m���i�B�Q�M �i�`���+�2 �i�Q

�B�/�2�M�i�B�7�v �/�2�T�2�M�/�2�M�+�B�2�b �#�2�i�r�2�2�M �i�?�2 �2�H�2�K�2�M�i�b �Q�7 �i�?�2 �2�p���H�m���i�B�Q�M �i�`���+�2 �U�b�2�2 �6�B�;�m�`�2�8�X�k�- �`�B�;�?�i�V�X

�l�b�B�M�; �i�?�B�b �2�p���H�m���i�B�Q�M �i�`���+�2�- �r�2 �+���M �+�Q�K�T�m�i�2 �i�?�2 �/�2�`�B�p���i�B�p�2 �Q�7 �i�?�2 �7�m�M�+�i�B�Q�M �r�B�i�? �`�2�b�T�2�+�i �i�Q

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

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

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

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

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

�B�M�; �T�2�`�7�2�+�i ���+�+�m�`���+�v �U�m�T �i�Q �K���+�?�B�M�2 �T�`�2�+�B�b�B�Q�M�V�X �h�?�2�`�2 ���`�2 �i�r�Q �K�Q�/�2�b �Q�7 ���.�- �7�Q�`�r���`�/ �K�Q�/�2

���M�/ �`�2�p�2�`�b�2 �K�Q�/�2�X �q�2 �+�Q�p�2�` �7�Q�`�r���`�/ �K�Q�/�2 ���. �7�B�`�b�i ���M�/ �B�M �K�Q�`�2 �/�2�i���B�H ���b �i�?�B�b �K�Q�/�2 �B�b �b�B�K�T�H�2�`

�i�Q �m�M�/�2�`�b�i���M�/�X �q�2 �`�2�7�2�` �i�?�2 �`�2���/�2�` �i�Q ���M�v �Q�7 �i�?�2 �+�B�i�2�/ �b�m�`�p�2�v�b �7�Q�` �� �K�Q�`�2 �/�2�i���B�H�2�/ �i�`�2���i�K�2�M�i�X

�q�2 �r�B�H�H �7�Q�H�H�Q�r �i�?�2 �2�t���K�T�H�2 �+�Q�p�2�`�2�/ �B�M �(�R�y�) ���M�/ �(�9�y�) �r�B�i�?f (x1; x2) = �H�Q�;(x1) + x1x2 � �b�B�M(x2)

���M�/ �b�2�2�F �i�?�B�b �7�m�M�+�i�B�Q�M�ö�b �/�2�`�B�p���i�B�p�2 �r�B�i�? �`�2�b�T�2�+�i �i�Qx1 ���i (x1; x2) = (2 ; 5)�X

�6�B�;�m�`�2 �8�X�k�, �G�2�7�i�, �S�`�B�K���H �i�`���+�2�X �_�B�;�?�i�, �*�Q�`�`�2�b�T�Q�M�/�B�M�; �+�Q�K�T�m�i���i�B�Q�M���H �;�`���T�?�X �a�Q�m�`�+�2�, �6���M�;
�2�i ���H�X �(�9�y�)�- �H�B�+�2�M�b�2�/ �m�M�/�2�` �*�* �"�u �9�X�y�X

�A�M �7�Q�`�r���`�/ �K�Q�/�2 ���.�- �Q�M�2 �+�Q�K�T�m�i�2�b �i�?�2 �2�p���H�m���i�B�Q�M �i�`���+�2 �Q�7f ���b �B�M �6�B�;�m�`�2�8�X�j�- �H�2�7�i�X �h�Q

�/�Q �i�?�B�b�- �H�2�ix1 ���M�/x2 �#�2 �i�?�2�K�b�2�H�p�2�b ���M�/ �H�2�ivi �`�2�T�`�2�b�2�M�i �B�M�i�2�`�K�2�/�B���i�2 �p���`�B���#�H�2�b �U�b�Q�K�2�i�B�K�2�b

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

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

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

�B�M �+�Q�K�T�m�i�B�M�; �i�?�2 �/�2�`�B�p���i�B�p�2 �Q�7 �i�?�2 �7�B�M���H �p���H�m�2y = f (x1; x2) �r�B�i�? �`�2�b�T�2�+�i �i�Qx1�X �6�Q�` �2���+�?vi �-

�H�2�i_vi =
@vi
@x1

���M�/ �i�?�2�M( _x1; _x2) = (1 ; 0) �B�b �i�?�2 �p�2�+�i�Q�` �r�2 �T�`�Q�T���;���i�2 �i�?�`�Q�m�;�? �i�?�2 �+�Q�K�T�m�i���i�B�Q�M���H

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

�i�?�2 �T�`�B�K���H�b �Q�M �`�B�;�?�i �#�v �m�b�B�M�; �b�v�K�#�Q�H�B�+ �/�B�7�7�2�`�2�M�i�B���i�B�Q�M �U�b�2�2 �6�B�;�m�`�2�8�X�j�V�X �q�?�2�M �r�2 �K���F�2 �Q�m�`

�r���v �i�?�`�Q�m�;�? �i�?�2 �T�`�B�K���H ���M�/ �i���M�;�2�M�i �i�`���+�2�b�- �r�2 ���`�`�B�p�2 ���iy = v5 = 11:652 �Q�M �i�?�2 �H�2�7�i�- �i�?�2

�7�m�M�+�i�B�Q�M �p���H�m�2f (2; 5)�- ���M�/ �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �/�2�`�B�p���i�B�p�2 �Q�M �i�?�2 �`�B�;�?�i�-_y = _v5 = 5:5�- �r�?�B�+�? �B�b

�i�?�2 �/�2�`�B�p���i�B�p�2 �Q�7 �i�?�2 �7�m�M�+�i�B�Q�Mf �r�B�i�? �`�2�b�T�2�+�i �i�Qx1�- �2�p���H�m���i�2�/ ���i(2; 5)�X �a�B�M�+�2f �B�b �� �b�B�K�T�H�2

�7�m�M�+�i�B�Q�M�- �r�2 �+���M �+�Q�K�T�m�i�2 �B�i�b �/�2�`�B�p���i�B�p�2 �#�v �?���M�/ ���M�/ �;�2�i
@f
@x1

=
1
x1

+ x2�X �q�?�2�M �r�2 �2�p���H�m���i�2

�i�?�B�b ���i(2; 5)�- �r�2 �;�2�if x1 (2; 5) = 5:5�X �q�2 �M�Q�r �?���p�2 �i�?�2 �/�2�`�B�p���i�B�p�2 �2�t���+�i�H�v �U�m�T �i�Q �K���+�?�B�M�2

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

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

�p���`�B���#�H�2�f�T���`���K�2�i�2�`�X

�6�B�;�m�`�2 �8�X�j�, �G�2�7�i�, �S�`�B�K���H �i�`���+�2�X �_�B�;�?�i�, �*�Q�`�`�2�b�T�Q�M�/�B�M�; �i���M�;�2�M�i �i�`���+�2�X �a�Q�m�`�+�2�, �6���M�; �2�i ���H�X �(�9�y�)�-
�H�B�+�2�M�b�2�/ �m�M�/�2�` �*�* �"�u �9�X�y�X

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

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

���/�D�Q�B�M�i �i� �̀��+�2�X �G�2�i�vi =
@y
@vi

�X �q�2 �b�2�i�v5 = �y = 1 ���M�/ �T�2�`�7�Q�`�K �i�?�2 �`�2�p�2�`�b�2 ���/�D�Q�B�M�i �i�`���+�2 �m�b�B�M�;

�/�2�T�2�M�/�2�M�+�B�2�b �7�`�Q�K �i�?�2 �+�Q�K�T�m�i���i�B�Q�M���H �;�`���T�? �i�Q ���`�`�B�p�2 ���i �i�?�2 �/�2�`�B�p���i�B�p�2 �Q�7y �r�B�i�? �`�2�b�T�2�+�i �i�Q
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�#�Q�i�?x1 ���Mx2 �U�b�2�2 �6�B�;�m�`�2�8�X�9�V �i�?���i �B�b ���+�+�m�`���i�2 �m�T �i�Q �K���+�?�B�M�2 �T�`�2�+�B�b�B�Q�M�X �"���+�F�T�`�Q�T���;���i�B�Q�M

�+���M �#�2 �p�B�2�r�2�/ ���b �� �b�T�2�+�B���H �+���b�2 �Q�7 �`�2�p�2�`�b�2�@�K�Q�/�2 ���.�X �_�2�p�2�`�b�2 �K�Q�/�2 �`�2�[�m�B�`�2�b ���M ���/�D�Q�B�M�i �i�`���+�2

�7�Q�` �2���+�? �Q�m�i�T�m�i �p���`�B���#�H�2�X

�6�B�;�m�`�2 �8�X�9�, �G�2�7�i�, ���/�D�Q�B�M�i �i�`���+�2�X �_�B�;�?�i�, �*�Q�`�`�2�b�T�Q�M�/�B�M�; �+�Q�K�T�m�i���i�B�Q�M���H �;�`���T�?�X �a�Q�m�`�+�2�, �6���M�;
�2�i ���H�X �(�9�y�)�- �H�B�+�2�M�b�2�/ �m�M�/�2�` �*�* �"�u �9�X�y�X

�A�7 �Q�m�` �7�m�M�+�i�B�Q�M�7: Rn ! Rm �- �7�Q�`�r���`�/ �K�Q�/�2 �r�B�H�H �#�2 �+�Q�K�T�m�i���i�B�Q�M���H�H�v ���/�p���M�i���;�2�Q�m�b �r�?�2�M

n << m ���M�/ �`�2�p�2�`�b�2 �K�Q�/�2 �r�B�H�H �#�2 �K�Q�`�2 �2�7�7�B�+�B�2�M�i �r�?�2�Mn >> m �X �a�B�M�+�2f �r�B�H�H �m�b�m���H�H�v

�`�2�T�`�2�b�2�M�i �� �H�Q�b�b �U�� �b�+���H���` �p���H�m�2�V �B�M �i�?�2 �+�Q�M�i�2�t�i �Q�7 �M�2�m�`���H �M�2�i�r�Q�`�F�b ���M�/ �i�?�2 �B�M�T�m�i �b�T���+�2 �r�B�H�H

�+�Q�M�b�B�b�i �Q�7 �K�B�H�H�B�Q�M�b �Q�` �#�B�H�H�B�Q�M�b �Q�7 �r�2�B�;�?�i�b �U�b�Q�K�2�i�B�K�2�b �2�p�2�M �i�`�B�H�H�B�Q�M�b �7�Q�` �G�G�J�b�V�- �`�2�p�2�`�b�2 �K�Q�/�2

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

�8�X�k�X�k �L�2�m�`���H �P�`�/�B�M���`�v �.�B�7�7�2�`�2�M�i�B���H �1�[�m���i�B�Q�M�b

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

�2�[�m���i�B�Q�M�b �U�L�.�1�b�V�X �h�?�2�b�2 �+���M �#�2 �p�B�2�r�2�/ ���b �/�B�7�7�2�`�2�M�i�B���H �2�[�m���i�B�Q�M�b �B�M �r�?�B�+�? �i�?�2 �p�2�+�i�Q�` �7�B�2�H�/

�B�b �T���`���K�2�i�2�`�B�x�2�/ �#�v �� �M�2�m�`���H �M�2�i�r�Q�`�F�X �h�?�2�b�2 �2�[�m���i�B�Q�M�b ���`�B�b�2 �M���i�m�`���H�H�v �r�?�2�M �H�Q�Q�F�B�M�; ���i �i�?�2

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

�r�?�2�M �Q�M�2 �H�Q�Q�F�b ���i �i�?�2 �H�B�K�B�i �Q�7 �i�?�2 �?�B�/�/�2�M �b�i���i�2 �/�v�M���K�B�+�b ���b �H���v�2�` �/�2�T�i�? �;�Q�2�b �i�Q �B�M�7�B�M�B�i�v�X

�q�2 �r�B�H�H �Q�M�H�v �p�2�`�v �#�`�B�2�7�H�v �+�Q�p�2�` �i�?�2 �#���b�B�+�b �Q�7 �i�?�B�b �r�Q�`�F ���b �r�2 ���`�2 �`�2���H�H�v �Q�M�H�v �B�M�i�2�`�2�b�i�2�/ �B�M

�� �p�B�2�r�T�Q�B�M�i �i�?�B�b �i�?�2�Q�`�v �T�`�Q�p�B�/�2�b ���M�/ �i�Q�Q�H�b �i�?���i ���`�Q�b�2 �7�`�Q�K �i�?�B�b �i�?�2�Q�`�v�X �6�Q�` �i�?�2 �B�M�i�2�`�2�b�i�2�/
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�`�2���/�2�`�- �r�2 �b�m�;�;�2�b�i �i�?�2 �b�2�K�B�M���H �T���T�2�` �#�v �*�?�2�M �2�i ���H�X �(�k�e�) ���M�/ �i�?�2 �r�Q�M�/�2�`�7�m�H �/�B�b�b�2�`�i���i�B�Q�M �Q�7

�E�B�/�;�2�` �(�3�8�) �7�Q�` �K�Q�`�2 �/�2�i���B�H�b�X

�G�2�i�ö�b �b���v �r�2 �?���p�2 �B�M�T�m�i �/���i���t 2 Rn ���M�/ �+�Q�`�`�2�b�T�Q�M�/�B�M�; �Q�m�i�T�m�i �/���i���v 2 Rm ���M�/ �r�2 �r���M�i

�i�Q �i�`���B�M �� �M�2�i�r�Q�`�F�7�i�?���i ���T�T�`�Q�t�B�K���i�2�b �i�?�2 �m�M�/�2�`�H�v�B�M�; �T�`�Q�+�2�b�b �i�?���i �T�`�Q�/�m�+�2�/�v �7�`�Q�K�t �B�M

���M �Q�T�i�B�K���H �r���v �U�r�2 �B�;�M�Q�`�2 �T�Q�b�b�B�#�H�2 �M�2�i�r�Q�`�F�b �7�Q�` �B�M�B�i�B���H ���M�/ �7�B�M���H �H���v�2�`�b �7�Q�` �b�B�K�T�H�B�+�B�i�v�V�X �A�M

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

�?�B�/�/�2�M �b�i���i�2�b�?t �+���M �#�2 �`�2�T�`�2�b�2�M�i�2�/ �#�v �� �/�B�7�7�2�`�2�M�+�2 �2�[�m���i�B�Q�M�X �6�Q�` �`�2�b�B�/�m���H �M�2�i�r�Q�`�F�b �(�d�y�)�- �i�?�B�b

�H�Q�Q�F�b �H�B�F�2�-

�?t+1 = �?t + �7(�?t ; � t ) �U�8�X�k�V

�r�?�2�`�2� t �/�2�M�Q�i�2�b �i�?�2 �T���`���K�2�i�2�`�b �7�Q�` �H���v�2�`t�- �r�B�i�?t 2 f 0; :::; Tg �U�/�B�b�+�`�2�i�2�V�X �"�v �T���b�b�B�M�; �/���i��

�i�?�`�Q�m�;�? �i�?�2 �M�2�i�r�Q�`�F ���M�/ �i�m�M�B�M�; �i�?�2� t �ö�b �p�B�� �� �7�Q�`�K �Q�7 �#���+�F�T�`�Q�T���;���i�B�Q�M�- �Q�M�2 �+���M �Q�#�i���B�M ��

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

�`�2�b�T�2�+�i �i�Q�v �B�b �K�B�M�B�K���H�X �h�?�B�b �+���M �#�2 �p�B�2�r�2�/ ���b ���M �1�m�H�2�` �b�i�2�T �U�r�B�i�?� t = 1�V �+�Q�`�`�2�b�T�Q�M�/�B�M�;

�i�Q �i�?�2 �7�Q�H�H�Q�r�B�M�; �/�B�7�7�2�`�2�M�i�B���H �2�[�m���i�B�Q�M

d�?(t)
dt

= �7(�?(t); t; � ) �U�8�X�j�V

�r�?�2�`�2 �M�Q�rt 2 [0; T] �U�+�Q�M�i�B�M�m�Q�m�b�V�X �h�?�B�b �+�Q�`�`�2�b�T�Q�M�/�2�M�+�2 �r�B�i�? �+�Q�M�i�B�M�m�Q�m�b �b�v�b�i�2�K ���H�H�Q�r�b �i�?�2

�m�b�2 �Q�7 �K�Q�`�2 �b�Q�T�?�B�b�i�B�+���i�2�/ �P�.�1 �b�Q�H�p�2�`�b �i�?���i �+���M �T�Q�i�2�M�i�B���H�H�v �b�T�2�2�/ �m�T �i�?�2 �i�`���B�M�B�M�; �T�`�Q�+�2�b�b �U�#�v

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

�+���M �#�2 �i�?�Q�m�;�?�i �Q�7 ���b �� �T���`���K�2�i�2�`�B�x�2�/ �p�2�+�i�Q�` �7�B�2�H�/ �i�?���i �i�`���D�2�+�i�Q�`�B�2�b�?(t) �2�p�Q�H�p�2 �B�M�X �"�v �i�m�M�B�M�;

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

�7�`�Q�K�t �#�v �K�B�M�B�K�B�x�B�M�; �i�?�2 �H�Q�b�b �#�2�i�r�2�2�M�?(T) ���M�/�v�X �A�M ���/�/�B�i�B�Q�M�- �i�?�2 �+�Q�M�i�B�M�m�Q�m�b �M���i�m�`�2



�9�Y�l�Y �#�ž�«�á�Ì���ñ���é�² �R�k�N

�Q�7 �i�?�B�b �7�Q�`�K�m�H���i�B�Q�M �+���M �;�2�M�2�`���H�H�v ���H�H�Q�r�7�i�Q �#�2 �� �b�B�K�T�H�2�` �M�2�i�r�Q�`�F�- �r�B�i�? �7�2�r�2�` �T���`���K�2�i�2�`�b

�+�Q�K�T���`�2�/ �i�Q �� �b�i���M�/���`�/ �`�2�b�B�/�m���H �M�2�i�r�Q�`�F�- �7�Q�` �2�t���K�T�H�2�X �*�Q�M�b�B�/�2�` ���M �P�.�1 �r�B�i�? �� �`�2�H���i�B�p�2�H�v

�b�B�K�T�H�2 �_�>�a �r�?�B�+�?�- �r�?�2�M �B�M�i�2�;�`���i�2�/�- �+���M �`�2�b�m�H�i �B�M �+�Q�K�T�H�2�t�- �?�B�;�?�H�v �M�Q�M�H�B�M�2���` �#�2�?���p�B�Q�`�X �h�?�B�b

�`�Q�m�;�?�H�v �+���T�i�m�`�2�b �i�?�2 �B�/�2�� �Q�7 �?�Q�r �� �M�2�m�`���H �P�.�1 �+���M �+���T�i�m�`�2 �+�Q�K�T�H�B�+���i�2�/ �#�2�?���p�B�Q�` �r�B�i�? ��

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

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

�T���`���K�2�i�2�`�b�R�X

�h�?�B�b �B�b �i�?�2 �F�2�v �i���F�2���r���v �7�Q�` �m�b�, ���m�i�Q�K���i�B�+ �/�B�7�7�2�`�2�M�i�B���i�B�Q�M �+���M �#�2 �T�2�`�7�Q�`�K�2�/ �Q�M �M�m�K�2�`�B�+���H

�b�Q�H�m�i�B�Q�M�b �i�Q �/�B�7�7�2�`�2�M�i�B���H �2�[�m���i�B�Q�M�b �i�Q �Q�#�i���B�M ���+�+�m�`���i�2 �/�2�`�B�p���i�B�p�2�b �Q�7 �i�?�2 �b�Q�H�m�i�B�Q�M �U�Q�` �b�Q�K�2

�7�m�M�+�i�B�Q�M �Q�7 �i�?�2 �b�Q�H�m�i�B�Q�M�V �Q�7 �i�?�2 �/�B�7�7�2�`�2�M�i�B���H �2�[�m���i�B�Q�M �r�B�i�? �`�2�b�T�2�+�i �i�Q �b�Q�K�2 �T���`���K�2�i�2�`�b�X �A�M �i�?�2

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

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

�i�?�2 �B�M�B�i�B���H �b�i���i�2 ���b �r�2�H�H�X �q�2 �7�Q�+�m�b �Q�M �i�?�B�b �p�B�2�r�T�Q�B�M�i�X

�h�Q �K���F�2 �i�?�B�b �K�Q�`�2 �2�t�T�H�B�+�B�i�- �r�2 �+���M �p�B�2�r �M�m�K�2�`�B�+���H �b�Q�H�m�i�B�Q�M�b �Q�7 �/�B�7�7�2�`�2�M�i�B���H �2�[�m���i�B�Q�M�b ���b

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

dx(t)
dt

= f (x(t); t) �U�8�X�9�V

���M�/ �r�B�b�? �i�Q �b�Q�H�p�2 �i�?�B�b �M�m�K�2�`�B�+���H�H�v �m�b�B�M�; ���M �1�m�H�2�` �b�+�?�2�K�2�-

x i +1 = x i + hf (x i ; t i ) �U�8�X�8�V

�R�A�M �*�?�2�M �2�i ���H�X �(�k�e�)�- �i�?�2 ���m�i�?�Q�`�b �b�m�;�;�2�b�i ���M�Q�i�?�2�` �K�2�i�?�Q�/ �i�Q �/�Q �i�?�B�b �+���H�H�2�/ �i�?�2���/�D�Q�B�M�i �b�2�M�b�B�i�B�p�B�i�v �K�2�i�?�Q�/
�i�?���i �B�b �K�Q�`�2 �K�2�K�Q�`�v �2�7�7�B�+�B�2�M�i�X �h�?�2�i�Q�`�+�?�/�B�7�7�2�[�T���+�F���;�2 �B�K�T�H�2�K�2�M�i�b �i�?�B�b �K�2�i�?�Q�/ �#�v �/�2�7���m�H�i�X �*�Q�M�p�2�`�b�2�H�v�-
�E�B�/�;�2�` �(�3�8�) ���/�p�Q�+���i�2�b �7�Q�` �/�B�`�2�+�i�H�v ���T�T�H�v�B�M�; �`�2�p�2�`�b�2�@�K�Q�/�2 ���. �i�Q �i�?�2 �b�Q�H�p�2�` �i�`���+�2 �m�b�B�M�; �+�?�2�+�F�T�Q�B�M�i�B�M�; �7�Q�`
�#�2�i�i�2�` �K�2�K�Q�`�v �2�7�7�B�+�B�2�M�+�v�X �h�?�B�b �B�b �i�?�2 �/�2�7���m�H�i �B�M �i�?�2�.�B�7�7�`���t�T���+�F���;�2�X



�R�j�y
�+�Ñ�ž�ÿ���¶�� �9�Y ���«�«�����ž���¶ �ž�é�² �2�Å�Å�Ô�«�Ô�¶�é�� �¶�,�����ž�«���Ô�ñ�é �ñ�Å �H�+�b �Å���ñ�è ���Ñ�¶�Ô�� �&�ž���Ô�ž���Ô�ñ�é�ž�ã ���Ñ�¶�ñ���-

�����Ô�é�Ì �������ñ�è�ž���Ô�« �/�Ô�Å�Å�¶���¶�é���Ô�ž���Ô�ñ�é

�r�2 �+�Q�m�H�/ �r�`�B�i�2 �i�?�2 �7�B�M���H �T�Q�b�B�i�B�Q�M ���b ���it f = tn+1 �-

x(tn+1 ) = x0 +
nX

i =0

hf (x i ; t i ) �U�8�X�e�V

�q�2 �+���M �`�2�r�`�B�i�2 �i�?�B�b �B�M �i�2�`�K�b �Q�7 �i�?�2 �B�M�B�i�B���H �+�Q�M�/�B�i�B�Q�M �7�Q�` �+�H���`�B�i�v�-

x(t f ) = x0+ hf (x0; t0)+ hf (x0+ hf (x0; t0); t1)+ hf (x0+ hf (x0+ hf (x0; t0); t1); t2)+ : : : �U�8�X�d�V

�L�Q�r �r�2 �?���p�2 �� �`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7x(t) �r�?�B�+�? �/�2�T�2�M�/�b �Q�M �i�?�2 �B�M�B�i�B���H �+�Q�M�/�B�i�B�Q�Mx0�- �i�?�Q�m�;�? �B�i

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

�K�Q�`�2 �b�Q�T�?�B�b�i�B�+���i�2�/ �b�Q�H�p�2�`�b�X �h���F�B�M�; �/�2�`�B�p���i�B�p�2�b �r�X�`�X�i�Xx0 �#�v �?���M�/ �Q�` �b�v�K�#�Q�H�B�+���H�H�v �#�2�+�Q�K�2�b

�p�2�`�v �K�2�b�b�v �U�2�b�T�2�+�B���H�H�v ���bn �B�M�+�`�2���b�2�b�V�X ���. ���H�H�Q�r�b �m�b �i�Q �b�Q�H�p�2 �i�?�B�b �b�B�K�T�H�v�- �r�B�i�?�Q�m�i �i�?�2 �M�2�2�/

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

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

�i�?�2 �/�2�b�B�`�2�/ ���. �K�2�i�?�Q�/ �i�Q �Q�#�i���B�M ���+�+�m�`���i�2 �U�m�T �i�Q �K���+�?�B�M�2 �T�`�2�+�B�b�B�Q�M ���M�/ ���+�+�m�`���+�v �Q�7 �i�?�2

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

�B�M �/�2�2�T �H�2���`�M�B�M�;�- �K���M�v �T�Q�r�2�`�7�m�H �i�Q�Q�H�b �2�t�B�b�i �/�2�b�B�;�M�2�/ �i�Q �T�2�`�7�Q�`�K ���. �7�Q�` �K���+�?�B�M�2 �H�2���`�M�B�M�;

���T�T�H�B�+���i�B�Q�M�b ���M�/ �M�2�m�`���H �P�.�1�b�X �q�2 �+���M �i���F�2 ���/�p���M�i���;�2 �Q�7 �i�?�2�b�2 �i�Q�Q�H�b �7�Q�` �Q�m�` ���T�T�H�B�+���i�B�Q�M�X

�8�X�k�X�j �G�*�a �1�t�i�`���+�i�B�Q�M

�L�Q�r �r�2 �`�2�p�B�2�r �?�Q�r �i�Q �Q�#�i���B�M �k�@�/�B�K�2�M�b�B�Q�M���H �?�v�T�2�`�#�Q�H�B�+ ���M�/ �2�H�H�B�T�i�B�+ �G�*�a �7�`�Q�K �i�?�2�B�` �p���`�B���i�B�Q�M���H

�i�?�2�Q�`�v ���M�/ �+�Q�p�2�` �i�?�2 �b�i���M�/���`�/ �M�m�K�2�`�B�+���H ���T�T�`�Q���+�?�X �:�B�p�2�M �r�2 �?���p�2 �� �/�v�M���K�B�+���H �b�v�b�i�2�K

d�t(t)
dt

= �p(�t(t); t); �t 2 U � M; t 2 I � R

�t(t0) = �t0

�U�8�X�3�V
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�r�?�2�`�2 �r�2 ���b�b�m�K�2�p(�t; t) �B�b �b�m�7�7�B�+�B�2�M�i�H�v �b�K�Q�Q�i�? ���M�/M �B�b �� �b�K�Q�Q�i�? �K���M�B�7�Q�H�/�X �h�?�2�M�- �r�2 �+���M

�/�2�7�B�M�2 �i�?�2 �7�H�Q�r �K���T�bf �6t
t0

g ���b�b�Q�+�B���i�2�/ �r�B�i�? �i�?�2 �/�v�M���K�B�+���H �b�v�b�i�2�K �;�B�p�2�M �#�v�-

�6t
t0

: U ! U

: �t0 7! �t(t; t0; �t0)
�U�8�X�N�V

�r�?�B�+�? ���`�2 �b�Q�H�m�i�B�Q�M�b �i�Q �i�?�2 �/�B�7�7�2�`�2�M�i�B���H �2�[�m���i�B�Q�M �B�M �1�[�X �U�8�X�3�V�- �B�X�2�X�-

�6t
t0

(�t0) := �t0 +
Z t
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�p�R�X �l�_�G�?�i�i�T�,�f�f�/�t�X�/�Q�B�X�Q�`�;�f�R�y�X�k�k�8�9�R�f�2�b�b�Q���`�X�R�e�d�N�d�N�8�N�j�X�j�8�N�N�3�e�9�e�f�p�R�X

�(�R�y�8�) �J�X �J���i�?�m�`�- �:�X �>���H�H�2�`�- �h�X �S�2���+�Q�+�F�- �C�X �1�X �_�m�T�T�2�`�i�@�6�2�H�b�Q�i�- ���M�/ �>�X �G�X �a�r�B�M�M�2�v�X �l�M�+�Q�p�2�`�B�M�;

�i�?�2 �G���;�`���M�;�B���M �b�F�2�H�2�i�Q�M �Q�7 �i�m�`�#�m�H�2�M�+�2�X�S�?�v�b�B�+���H �_�2�p�B�2�r �G�2�i�i�2�`�b�- �N�3�,�R�9�9�8�y�k�- �k�y�y�d�X

�(�R�y�e�) �C�X �.�X �J�2�B�b�b�X �a�v�K�T�H�2�+�i�B�+ �K���T�b�- �p���`�B���i�B�Q�M���H �T�`�B�M�+�B�T�H�2�b�- ���M�/ �i�`���M�b�T�Q�`�i�X�_�2�p�X �J�Q�/�X �S�?�v�b�X�-

�e�9�,�d�N�8���3�9�3�- �R�N�N�k�X

�(�R�y�d�) �*�?���M�;�?�Q�M�; �J�Q�m�- �w�?�m �q���M�;�- �.���p�B�/ �_�X �q�2�H�H�b�- �s�m�T�B�M�; �s�B�2�- ���M�/ �h�`���B���M �A�H�B�2�b�+�m�X �_�2�/�m�+�2�/

�P�`�/�2�` �J�Q�/�2�H�b �7�Q�` �i�?�2 �Z�m���b�B�@�:�2�Q�b�i�`�Q�T�?�B�+ �1�[�m���i�B�Q�M�b�, �� �"�`�B�2�7 �a�m�`�p�2�v�X�6�H�m�B�/�b�- �e�U�R�V�-

�k�y�k�R�X �A�a�a�L �k�j�R�R�@�8�8�k�R�X �/�Q�B�, �R�y�X�j�j�N�y�f�7�H�m�B�/�b�e�y�R�y�y�R�e�X �l�_�G�?�i�i�T�b�,�f�f�r�r�r�X�K�/�T�B�X�+�Q�K�f

�k�j�R�R�@�8�8�k�R�f�e�f�R�f�R�e�X

�(�R�y�3�) �a�?�B�#���#�`���i �L���B�F�- �6�`���M�+�Q�B�b �G�2�F�B�2�M�- ���M�/ �a�?���M�2 �.�X �_�Q�b�b�X �*�Q�K�T�m�i���i�B�Q�M���H �K�2�i�?�Q�/ �7�Q�`

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

���M�/ �*�?���Q�i�B�+ �.�v�M���K�B�+�b�- �k�k�U�j�V�,�k�d�k���k�N�d�- �J���v �k�y�R�d�X �A�a�a�L �R�9�e�3�@�9�3�9�8�X �/�Q�B�, �R�y�X�R�R�j�9�f

�a�R�8�e�y�j�8�9�d�R�d�y�j�y�y�d�3�X �l�_�G�?�i�i�T�b�,�f�f�/�Q�B�X�Q�`�;�f�R�y�X�R�R�j�9�f�a�R�8�e�y�j�8�9�d�R�d�y�j�y�y�d�3�X
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�(�R�y�N�) �S���m�H �E�X �L�2�r�i�Q�M�X�h�?�2 �L�@�o�Q�`�i�2�t �S� �̀Q�#�H�2�K�, ���M���H�v�i�B�+���H �h�2�+�?�M�B�[�m�2�b�- �p�Q�H�m�K�2 �R�9�8 �Q�7���T�T�H�X

�J���i�?�X �a�+�B�X �a�2�`�B�2�b�X �a�T�`�B�M�;�2�`�@�o�2�`�H���;�- �"�2�`�H�B�M�@�>�2�B�/�2�H�#�2�`�;�@�L�2�r �u�Q�`�F�- �k�y�y�R�X

�(�R�R�y�) �S�2�i�2�` �L�Q�H���M�X �.�v�M�H���#�- �k�y�k�9�X �l�_�G�?�i�i�T�b�,�f�f�;�B�i�?�m�#�X�+�Q�K�f�?�Q�F�B�2�T�2�i�2�f�/�v�M�H���#�X

�(�R�R�R�) �S�2�i�2�` �L�Q�H���M�- �>�Q�b�2�B�M �6�Q�`�Q�m�i���M�- ���M�/ �a�?���M�2 �.�X �_�Q�b�b�X �S�Q�H�H�m�i�B�Q�M �h�`���M�b�T�Q�`�i �S���i�i�2�`�M�b

�P�#�i���B�M�2�/ �h�?�`�Q�m�;�? �:�2�M�2�`���H�B�x�2�/ �G���;�`���M�;�B���M �*�Q�?�2�`�2�M�i �a�i�`�m�+�i�m�`�2�b�X���i�K�Q�b�T�?�2� �̀2�- �R�R�U�k�V�-

�k�y�k�y�X �A�a�a�L �k�y�d�j�@�9�9�j�j�X �/�Q�B�, �R�y�X�j�j�N�y�f���i�K�Q�b�R�R�y�k�y�R�e�3�X �l�_�G�?�i�i�T�b�,�f�f�r�r�r�X�K�/�T�B�X�+�Q�K�f

�k�y�d�j�@�9�9�j�j�f�R�R�f�k�f�R�e�3�X

�(�R�R�k�) �S�2�i�2�` �L�Q�H���M�- �J���i�i�B�� �a�2�`�`���- ���M�/ �a�?���M�2 �.�X �_�Q�b�b�X �6�B�M�B�i�2�@�i�B�K�2 �G�v���T�m�M�Q�p �2�t�T�Q�M�2�M�i�b �B�M

�i�?�2 �B�M�b�i���M�i���M�2�Q�m�b �H�B�K�B�i ���M�/ �K���i�2�`�B���H �i�`���M�b�T�Q�`�i�X�L�Q�M�H�B�M�2���` �.�v�M�- �R�y�y�,�j�3�k�8���j�3�8�k�- �k�y�k�y�X

�/�Q�B�, �R�y�X�R�y�y�d�f�b�R�R�y�d�R�@�y�k�y�@�y�8�d�R�j�@�9�X

�(�R�R�j�) �J�X �C�X �P�H���b�+�Q���;���- �6�X �C�X �"�2�`�Q�M�@�o�2�`���- �:�X �>���H�H�2�`�- �C�X �h�`�B�¢���M�2�b�- �J�X �A�b�F���M�/���`���M�B�- �1�X �6�X �*�Q�2�H�?�Q�-

�"�X �E�X �>���m�b�- �>�X �a�X �>�m�M�i�H�2�v�- �:�X �C���+�Q�#�b�- ���X �.�X �E�B�`�r���M �C�`�X�- �"�X �G�X �G�B�T�T�?���`�/�i �C�`�X�- �h�X �J�X

�¹�x�;�º�F�K�2�M�- ���X �C�X �>�X �J�X �_�2�M�B�2�`�b�- ���M�/ ���X �o���H�H�2�@�G�2�p�B�M�b�Q�M�X �.�`�B�7�i�2�` �K�Q�i�B�Q�M �B�M �i�?�2 �:�m�H�7 �Q�7

�J�2�t�B�+�Q �+�Q�M�b�i�`���B�M�2�/ �#�v ���H�i�B�K�2�i�`�B�+ �G���;�`���M�;�B���M �+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2�b�X�:�2�Q�T�?�v�b�B�+���H �_�2�b�2��� �̀+�?

�G�2�i�i�2�`�b�- �9�y�U�k�j�V�,�e�R�d�R���e�R�d�8�- �k�y�R�j�X �/�Q�B�, �?�i�i�T�b�,�f�f�/�Q�B�X�Q�`�;�f�R�y�X�R�y�y�k�f�k�y�R�j�:�G�y�8�3�e�k�9�X �l�_�G

�?�i�i�T�b�,�f�f���;�m�T�m�#�b�X�Q�M�H�B�M�2�H�B�#�`���`�v�X�r�B�H�2�v�X�+�Q�K�f�/�Q�B�f���#�b�f�R�y�X�R�y�y�k�f�k�y�R�j�:�G�y�8�3�e�k�9�X

�(�R�R�9�) �J���`�Q�� �C�X �P�H���b�+�Q���;�� ���M�/ �:�2�Q�`�;�2 �>���H�H�2�`�X �6�Q�`�2�+���b�i�B�M�; �b�m�/�/�2�M �+�?���M�;�2�b �B�M �2�M�p�B�`�Q�M�K�2�M�i���H

�T�Q�H�H�m�i�B�Q�M �T���i�i�2�`�M�b�X�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �L���i�B�Q�M���H ���+���/�2�K�v �Q�7 �a�+�B�2�M�+�2�b�- �R�y�N�U�R�j�V�,�9�d�j�3��

�9�d�9�j�- �k�y�R�k�X �/�Q�B�, �R�y�X�R�y�d�j�f�T�M���b�X�R�R�R�3�8�d�9�R�y�N�X �l�_�G�?�i�i�T�b�,�f�f�r�r�r�X�T�M���b�X�Q�`�;�f�/�Q�B�f���#�b�f

�R�y�X�R�y�d�j�f�T�M���b�X�R�R�R�3�8�d�9�R�y�N�X

�(�R�R�8�) �E�`�B�b�i�B���M �"�X �ß�H�;�����`�/ ���M�/ �:���`�i�? �L�X �q�2�H�H�b�X �P�T�i�B�K�B�b���i�B�Q�M�b �7�Q�` �Z�m���/�`���i�m�`�2 �_�2�T�`�2�b�2�M�i���@

�i�B�Q�M�b �Q�7 �6�B�M�B�i�2 �1�H�2�K�2�M�i �h�2�M�b�Q�`�b �h�?�`�Q�m�;�? ���m�i�Q�K���i�2�/ �*�Q�/�2 �:�2�M�2�`���i�B�Q�M�X���*�J �h� �̀��M�b�@

���+�i�B�Q�M�b �Q�M �J���i�?�2�K���i�B�+���H �a�Q�7�i�r��� �̀2�- �j�d�- �k�y�R�y�X �/�Q�B�, �R�y�X�R�R�9�8�f�R�e�9�9�y�y�R�X�R�e�9�9�y�y�N�X



�R�d�k �#�B�#�H�B�Q�;�`���T�?�v

�(�R�R�e�) �E�X �P�M�m�- �6�X �>�m�?�M�- ���M�/ �:�X �>���H�H�2�`�X �G�*�a �h�Q�Q�H�, �� �+�Q�K�T�m�i���i�B�Q�M���H �T�H���i�7�Q�`�K �7�Q�` �G���;�`���M�;�B���M

�+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2�b�X�C�Q�m�`�M���H �Q�7 �*�Q�K�T�m�i���i�B�Q�M���H �a�+�B�2�M�+�2�- �d�,�k�e���j�e�- �k�y�R�8�X �A�a�a�L �R�3�d�d�@�d�8�y�j�X

�/�Q�B�, �R�y�X�R�y�R�e�f�D�X�D�Q�+�b�X�k�y�R�9�X�R�k�X�y�y�k�X �l�_�G�?�i�i�T�b�,�f�f�r�r�r�X�b�+�B�2�M�+�2�/�B�`�2�+�i�X�+�Q�K�f�b�+�B�2�M�+�2�f

���`�i�B�+�H�2�f�T�B�B�f�a�R�3�d�d�d�8�y�j�R�9�y�y�R�e�j�s�X

�(�R�R�d�) �h�?�Q�K���b �S�2���+�Q�+�F ���M�/ �:�2�Q�`�;�2 �>���H�H�2�`�X �G���;�`���M�;�B���M �+�Q�?�2�`�2�M�i �b�i�`�m�+�i�m�`�2�b�, �h�?�2 �?�B�/�/�2�M

�b�F�2�H�2�i�Q�M �Q�7 �7�H�m�B�/ �7�H�Q�r�b�X�S�?�v�b�B�+�b �h�Q�/���v�- �e�e�U�k�V�,�9�R���9�d�- �y�k �k�y�R�j�X �A�a�a�L �y�y�j�R�@�N�k�k�3�X �/�Q�B�,

�R�y�X�R�y�e�j�f�S�h�X�j�X�R�3�3�e�X �l�_�G�?�i�i�T�b�,�f�f�/�Q�B�X�Q�`�;�f�R�y�X�R�y�e�j�f�S�h�X�j�X�R�3�3�e�X

�(�R�R�3�) �_�Q�M���H�/ �S�2�B�F�2�`�i ���M�/ �6�B�H�B�T �a���/�H�Q�X �>�2�B�;�?�i �_�B�/�;�2 �*�Q�K�T�m�i���i�B�Q�M ���M�/ �6�B�H�i�2�`�B�M�; �7�Q�` �o�B�b�m�@

���H�B�x���i�B�Q�M�X �A�M�k�y�y�3 �A�1�1�1 �S���+�B�7�B�+ �o�B�b�m���H�B�x���i�B�Q�M �a�v�K�T�Q�b�B�m�K�- �T���;�2�b �R�R�N���R�k�e�- �k�y�y�3�X �/�Q�B�,

�R�y�X�R�R�y�N�f�S���*�A�6�A�*�o�A�a�X�k�y�y�3�X�9�9�d�8�9�e�d�X

�(�R�R�N�) �C�B�7�2�M�; �S�2�M�; ���M�/ �_�Q�`�B�F �S�2�i�2�`�b�Q�M�X ���i�i�`���+�i�B�M�; �b�i�`�m�+�i�m�`�2�b �B�M �p�Q�H�+���M�B�+ ���b�? �i�`���M�b�T�Q�`�i�X���i�@

�K�Q�b�T�?�2�`�B�+ �1�M�p�B� �̀Q�M�K�2�M�i�- �9�3�,�k�j�y���k�j�N�- �k�y�R�k�X

�(�R�k�y�) �_�X �h�X �S�B�2�`�`�2�?�m�K�#�2�`�i�X �*�?���Q�i�B�+ �K�B�t�B�M�; �Q�7 �i�`���+�2�` ���M�/ �p�Q�`�i�B�+�B�i�v �#�v �K�Q�/�m�H���i�2�/ �i�`���p�2�H�B�M�;

�_�Q�b�b�#�v �r���p�2�b�X�:�2�Q�T�?�v�b�X ���b�i� �̀Q�T�?�v�b�X �6�H�m�B�/ �.�v�M�X�- �8�3�,�k�3�8���j�R�N�- �R�N�N�R�X

�(�R�k�R�) �_�X �h�X �S�B�2�`�`�2�?�m�K�#�2�`�i�X �G���`�;�2�@�b�+���H�2 �?�Q�`�B�x�Q�M�i���H �K�B�t�B�M�; �B�M �T�H���M�2�i���`�v ���i�K�Q�b�T�?�2�`�2�b�X�S�?�v�b�X

�6�H�m�B�/�b ���- �j�,�R�k�8�y���R�k�e�y�- �R�N�N�R�X

�(�R�k�k�) �>�2�M�`�B �S�Q�B�M�+���`�û�X �a�m�` �H�� �T�`�Q�#�H���K�2 �/�2�b �i�`�Q�B�b �+�Q�`�T�b �2�i �H�2�b �û�[�m���i�B�Q�M�b �/�2 �H�� �/�v�M���K�B�[�m�2�X���+�i��

�J���i�?�X�- �R�j�,�R���k�d�R�- �R�3�N�y�X

�(�R�k�j�) �>�2�M�`�B �S�Q�B�M�+���`�û�X�G�2�b �J�û�i�?�Q�/�2�b �L�Q�m�p�2�H�H�2�b �/�2 �H�� �J�û�+���M�B�[�m�2 �*�û�H�2�b�i�2 �U�L�2�r �J�2�i�?�Q�/�b �B�M

�*�2�H�2�b�i�B���H �J�2�+�?���M�B�+�b�V�- �p�Q�H�m�K�2 �R�@�j�X �:���m�i�?�B�2�`�@�o�B�H�H���`�b�- �S���`�B�b�- �R�3�N�k�@�R�3�N�N�X �_�2�T�`�B�M�i�2�/ �#�v

�.�Q�p�2�`�- �L�2�r �u�Q�`�F�- �R�N�8�d�X

�(�R�k�9�) �A�H�x�2 �S�`�2�i�Q�`�B�m�b�- �q���v�M�2 �*�X �a�+�?�Q�m�- �"�`�B���M �_�B�+�?���`�/�b�Q�M�- �a�?���M�2 �.�X �_�Q�b�b�- �h�Q�M�B �J�X �q�B�i�?�2�`�b�-

�.���p�B�/ �:�X �a�+�?�K���H�2 �A�A�A�- ���M�/ �h���`�� �J�X �a�i�`���M�/�X �A�M �i�?�2 �r�B�M�/�, �A�M�p���b�B�p�2 �b�T�2�+�B�2�b �i�`���p�2�H
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���H�Q�M�; �T�`�2�/�B�+�i���#�H�2 ���i�K�Q�b�T�?�2�`�B�+ �T���i�?�r���v�b�X�1�+�Q�H�Q�;�B�+���H ���T�T�H�B�+���i�B�Q�M�b�- �j�j�U�j�V�,�2�k�3�y�e�- �k�y�k�j�X
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�H�B�F�2 �i�?�B�b�X

���X�k �A�M�i�2�;�`���i�B�Q�M �h�B�K�2

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

�Q�7 �i�?�2 �i�`���M�b�T�Q�`�i�X �q�2 �b�2�i�i�H�2�/ �Q�M ���T�T�`�Q�t�B�K���i�2�H�v �?���H�7 �i�?�2 �i�B�K�2 �B�i �i�Q�Q�F �7�Q�` �i�?�2 �T�H�m�K�2 �i�Q �i�`���p�2�`�b�2

�i�?�2 ���i�H���M�i�B�+ �U�B�X�2�X�- �?���H�7 �Q�7� �3 �/���v�b�V ���b �r�2 �r�2�`�2 �B�M�i�2�`�2�b�i�2�/ �B�M �b�i�`�m�+�i�m�`�2�b �i�?���i �B�M�7�H�m�2�M�+�2�/ �i�?�2

�i�`���M�b�T�Q�`�i �Q�7 �i�?�2 �T�H�m�K�2 �Q�M �i�?�B�b �i�B�K�2 �b�+���H�2�X �P�7�i�2�M�- �i�?�2�`�2 �B�b �K�Q�`�2 �i�?���M �Q�M�2 �B�M�i�2�;�`���i�B�Q�M �i�B�K�2

�i�?���i �+���M �#�2 �+�?�Q�b�2�M �i�?���i �v�B�2�H�/�b �b���i�B�b�7���+�i�Q�`�v �`�2�b�m�H�i�b�X �A�M �6�B�;�m�`�2���X�R�#�2�H�Q�r�- �r�2 �b�?�Q�r �i�?�2 �2�7�7�2�+�i
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�Q�7 �B�M�i�2�;�`���i�B�Q�M �i�B�K�2 �Q�M �i�?�2 �`�2�b�m�H�i�B�M�; �6�h�G�1 �7�B�2�H�/�X �A�M �;�2�M�2�`���H�- ���b �+���M �#�2 �b�2�2�M �B�M �i�?�2 �7�B�;�m�`�2�-

�b�?�Q�`�i�2�` �B�M�i�2�;�`���i�B�Q�M �i�B�K�2 �K���;�M�B�i�m�/�2�bjTj �`�2�p�2���H ���M �6�h�G�1 �7�B�2�H�/ �i�?���i �B�b �#�`�Q���/�2�`�- �r�B�i�? �7�2�r�2�`��

���M�/ �b�?�Q�`�i�2�`���`�B�/�;�2�b�X �A�M �7���+�i�- �i�?�2 �6�h�G�1 �7�B�2�H�/ �b�?�Q�r�b �ó�B�M�b�i���M�i���M�2�Q�m�b�ô �b�i�`�m�+�i�m�`�2 �B�M �i�?�2jTj ! 0

�H�B�K�B�i�- ���b �/�B�b�+�m�b�b�2�/ �B�M �(�R�R�k�)�- �r�?�B�+�? �;�B�p�2 �i�?�2 �b�?�Q�`�i�@�i�B�K�2 ���i�i�`���+�i�B�M�; �UT ! 0� �V �Q�` �`�2�T�2�H�H�B�M�;

�UT ! 0+ �V �b�i�`�m�+�i�m�`�2�b�X ���b �i�?�2 �B�M�i�2�;�`���i�B�Q�M �i�B�K�2 �K���;�M�B�i�m�/�2jTj �B�b �B�M�+�`�2���b�2�/�- �i�?�2 �6�h�G�1 �7�B�2�H�/ �B�b

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

T = � 1�- �Q�`� 2 �/���v�b �U�U���V ���M�/ �U�#�V �7�`�Q�K �6�B�;�m�`�2���X�R�V �+�Q�m�H�/ �T�Q�i�2�M�i�B���H�H�v �K�B�b�b �B�K�T�Q�`�i���M�i �b�i�`�m�+�i�m�`�2�b

���M�/ �T�`�Q�/�m�+�2 �H�2�b�b �r�2�H�H�@�/�2�7�B�M�2�/ �`�B�/�;�2�b�X �*�?�Q�Q�b�B�M�; �� �K�m�+�? �H�Q�M�;�2�` �i�B�K�2 �b�m�+�? ���bT = � 5�-� 6�-� 7�-

�Q��̀ 8 �/���v�b �U�U�2�V�- �U�7�V�- �U�;�V�- ���M�/ �U�?�V �7�`�Q�K �6�B�;�m�`�2���X�R�V �`�2�b�m�H�i�b �B�M ���M �Q�p�2�`�H�v �+�Q�K�T�H�B�+���i�2�/ �6�h�G�1

�7�B�2�H�/�X �*�?�Q�Q�b�B�M�; ���M �B�M�i�2�;�`���i�B�Q�M �i�B�K�2 �Q�7T = � 3 �Q��̀ 4 �/���v�b �U�U�+�V ���M�/ �U�/�V �7�`�Q�K �6�B�;�m�`�2���X�R�V

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

�S�B�+�F�B�M�;T = � 3 �/���v�b �r�Q�m�H�/ �?���p�2 �#�2�2�M �`�2���b�Q�M���#�H�2 �7�Q�` �i�?�2 �2�M�i�B�`�2�i�v �Q�7 �i�?�B�b �T���T�2�` ���M�/ �B�M �b�Q�K�2

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

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

�i�?�B�b �`�2�b�m�H�i�b �B�M �� �+�?�2���T�2�` �+�Q�K�T�m�i���i�B�Q�M�- �v�2�i ���i �i�?�2 �`�B�b�F �Q�7 �K�B�b�b�B�M�; �Q�m�i �Q�M �T�Q�i�2�M�i�B���H�H�v �B�K�T�Q�`�i���M�i

�b�K���H�H �b�+���H�2 �7�2���i�m�`�2�b�X �h�?�B�b �+�Q�K�T�m�i���i�B�Q�M���H ���/�p���M�i���;�2 �+�Q�M�i�B�M�m�2�b �r�?�2�M �T�2�`�7�Q�`�K�B�M�; �`�B�/�;�2 �Q�` �G�*�a

�2�t�i�`���+�i�B�Q�M�- ���b �b�?�Q�`�i�2�` �B�M�i�2�;�`���i�B�Q�M �i�B�K�2�b �`�2�b�m�H�i �B�M �7�2�r�2�` �`�B�/�;�2�b�X
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���;�ñ�²�2�Ô�ã�ã�ž�� �²������ �����ñ���è

�6�B�;�m�`�2 ���X�R�, �"���+�F�r���`�/ �6�h�G�1 �7�B�2�H�/ �7�`�Q�K �+�Q�H�m�K�M�@���p�2�`���;�2�/ �p�2�H�Q�+�B�i�v �7�B�2�H�/�b �Q�M �C�m�M�2 �R�d�- �k�y�k�y �7�Q�`
�B�M�i�2�;�`���i�B�Q�M �i�B�K�2�bT = �U���V �@�R �/���v�- �U�#�V �@�k �/���v�b�- �U�+�V �@�j �/���v�b�- �U�/�V �@�9 �/���v�b�- �U�2�V �@�8 �/���v�b�- �U�7�V �@�e
�/���v�b�- �U�;�V �@�d �/���v�b�- �U�?�V �@�3 �/���v�b�-

���X�j �e�y�y �?�S��

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

�j�X�R �U�6�h�G�1�V ���M�/ �j�X�k �U�1�m�H�2�`�B���M �*�Q�K�#�B�M�2�/ �r�B�i�? �G���;�`���M�;�B���M ���M���H�v�b�B�b �@ �1���`�H�v �C�m�M�2 ���M�/ �J�B�/
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�C�m�M�2 �o�Q�`�i�2�t �*�Q�K�T���`�B�b�Q�M�V �b�2�+�i�B�Q�M�b �Q�7 �i�?�2 �K���B�M �i�2�t�i �#�m�i �B�M�b�i�2���/ �r�B�i�? ���H�H �Q�7 �i�?�2 �+���H�+�m�H���i�B�Q�M�b

���M�/ �+�Q�K�T���`�B�b�Q�M�b �T�2�`�7�Q�`�K�2�/ �Q�M �� �b�B�M�;�H�2 �T�`�2�b�b�m�`�2 �b�m�`�7���+�2 �U�e�y�y �?�S���V �B�M�b�i�2���/ �Q�7 �i�?�2 ���p�2�`���;�2�/

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

���`�2 �/�`���r�M �`�2�;���`�/�H�2�b�b �Q�7 �r�?�B�+�? �m�M�/�2�`�H�v�B�M�; �p�2�+�i�Q�` �7�B�2�H�/ �r���b �m�b�2�/�X
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���;�ñ�²�2�Ô�ã�ã�ž�� �²������ �����ñ���è

�j�X�R �@ �6�h�G�1

�6�B�;�m�`�2 ���X�k�, �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �Q�p�2�`�H���B�/ �Q�M ���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�#�i���B�M�2�/ �7�`�Q�K �P�J�S�a�-
�C�m�M�2 �8�@�3�- �k�y�k�y�X �a�2�2 �i�2�t�i �7�Q�` �/�2�i���B�H�b�X

�6�B�;�m�`�2 ���X�j�, �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �Q�p�2�`�H���B�/ �Q�M ���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�#�i���B�M�2�/ �7�`�Q�K �P�J�S�a�-
�C�m�M�2 �R�8�@�R�3�- �k�y�k�y�X
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�6�B�;�m�`�2 ���X�9�, �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �Q�p�2�`�H���B�/ �Q�M ���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�#�i���B�M�2�/ �7�`�Q�K �P�J�S�a�-
�C�m�M�2 �R�N�@�k�k�- �k�y�k�y�X

�6�B�;�m�`�2 ���X�8�, �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �Q�p�2�`�H���B�/ �Q�M ���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�#�i���B�M�2�/ �7�`�Q�K �P�J�S�a�-
�C�m�M�2 �k�j�@�k�e�- �k�y�k�y�X
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���;�ñ�²�2�Ô�ã�ã�ž�� �²������ �����ñ���è

�6�B�;�m�`�2 ���X�e�, �6�Q�`�r���`�/ ���M�/ �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �Q�p�2�`�H���B�/ �Q�M ���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�#�i���B�M�2�/
�7�`�Q�K �P�J�S�a�- �C�m�M�2 �R�R�@�R�9�- �k�y�k�y�X

�6�B�;�m�`�2 ���X�d�, �6�Q�`�r���`�/ ���M�/ �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �Q�p�2�`�H���B�/ �Q�M ���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�#�i���B�M�2�/
�7�`�Q�K �P�J�S�a�- �C�m�M�2 �R�8�@�R�3�- �k�y�k�y�X
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�6�B�;�m�`�2 ���X�3�, �6�Q�`�r���`�/ ���M�/ �"���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �Q�p�2�`�H���B�/ �Q�M ���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�#�i���B�M�2�/
�7�`�Q�K �P�J�S�a�- �C�m�M�2 �R�N�@�k�k�- �k�y�k�y�X �a�2�2 �i�2�t�i �7�Q�` �/�2�i���B�H�b�X

�j�X�k �@ �1�m�H�2�`�B���M �*�Q�K�#�B�M�2�/ �r�B�i�? �G���;�`���M�;�B���M ���M���H�v�b�B�b

�1���`�H�v �C�m�M�2 ���M�/ �J�B�/ �C�m�M�2 �o�Q�`�i�2�t �*�Q�K�T���`�B�b�Q�M

�6�B�;�m�`�2 ���X�N�, �"���+�F�r���`�/ �G���o�. �U10� 5� �b� 1�- �B�M�i�2�;�`���i�B�Q�M �i�B�K�2 �4 �R �/���v�V �Q�M �C�m�M�2 �j�- �k�y�k�y �U�H�2�7�i�V
���M�/ �C�m�M�2 �R�9�- �k�y�k�y �U�`�B�;�?�i�V�X
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���;�ñ�²�2�Ô�ã�ã�ž�� �²������ �����ñ���è

�6�B�;�m�`�2 ���X�R�y�, �"���+�F�r���`�/ �G���o�. �U10� 5� �b� 1�- �B�M�i�2�;�`���i�B�Q�M �i�B�K�2 �4 �R �/���v�V �Q�M �C�m�M�2 �9�- �k�y�k�y �U�H�2�7�i�V
���M�/ �C�m�M�2 �R�8�- �k�y�k�y �U�`�B�;�?�i�V�X

�6�B�;�m�`�2 ���X�R�R�, �o�2�H�Q�+�B�i�v �7�B�2�H�/ �U�i�Q�T�V ���M�/ �#���+�F�r���`�/ �6�h�G�1 �`�B�/�;�2�b �U�#�Q�i�i�Q�K�V �Q�p�2�`�H���B�/ �Q�M �P�J�S�a
���2�`�Q�b�Q�H �B�M�/�2�t �/���i�� �Q�M �C�m�M�2 �8�- �k�y�k�y �U�H�2�7�i�V ���M�/ �C�m�M�2 �R�e�- �k�y�k�y �U�`�B�;�?�i�V�X �a�2�2 �i�2�t�i �7�Q�` �/�2�i���B�H�b�X
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�L�Q�r �r�2 �+���M �i���F�2 �� �H�B�K�B�i ���bt ! t0 �U�i�?�B�b �B�K�T�H�B�2�bt � ! t0 �7�Q�` �2���+�?i; j �V
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d�

(r �6)�> � (r �6)� 1�.�G>
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@� �B�b �i�?�2 �K���i�2�`�B���H �/�2�`�B�p���i�B�p�2 �Q�7�. �X �1�p���H�m���i�B�M�; ���i� = 0
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