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Ap = A0
p � lnP �U�k�X�e�V

Bp = B0
p � lnP �U�k�X�d�V

A0
p =

1
500

�U�k�X�3�V

B0
p =

1
5000

�U�k�X�N�V

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

P�2�p�2�M�i�- �/�B�z�m�b�B�Q�M(P;d) =
lnP
5000

� (( lnd+ 1)+ 10) �U�k�X�R�y�V
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�T�`�Q�#���#�B�H�B�i�v �B�b �i�?�2 �+�Q�H�m�K�M �m�M�/�2�`�S� �̀Q�#�X �� �K�Q�`�2 �/�2�i���B�H�2�/ �B�;�M�T�`�Q�#�X�H�Q�; �}�H�2 �+���M �#�2 �b�2�2�M �B�M �i�?�2
���T�T�2�M�/�B�t �*�X

�h���#�H�2 �j�X�R�,�S���`�i �Q�7 �i�?�2 �Q�m�i�T�m�i �T���`���K�2�i�2�`�b �7�`�Q�K �B�;�M�T�`�Q�# �H�Q�;�X

�i�B�K�2 �S�`�Q�# �S�n�B �S�n�* �S�n�. �7�i�7�n�p�Q�H�G�2�G�n�p�Q�H�G�2���F�n�`���i�2
�8�X�y�y�1�@�y�k�R�X�3�j�1�@�y�k�k�X�j�8�1�@�y�j�3�X�y�3�1�@�y�8�9�X�e�3�1�@�y�N�k�X�k�e�1�@�y�y�k�X�9�k�1�Y�y�y�k�X�y�y�1�Y�y�R
�R�X�y�R�1�@�y�k�R�X�3�j�1�@�y�k�k�X�j�8�1�@�y�j�R�X�d�8�1�@�y�9�R�X�8�y�1�@�y�3�k�X�3�R�1�Y�y�y�8�X�k�9�1�Y�y�y�k�X�y�y�1�Y�y�R
�R�X�8�9�1�@�y�k�R�X�3�9�1�@�y�k�k�X�j�8�1�@�y�j�j�X�R�d�1�@�y�9�j�X�9�9�1�@�y�3�9�X�k�3�1�Y�y�y�N�X�8�R�1�Y�y�y�k�X�y�y�1�Y�y�R

�1���+�? �`�Q�r �`�2�T�`�2�b�2�M�i�b �� �i�B�K�2�@�b�i�2�T �B�M �i�?�2 �b�B�K�m�H���i�B�Q�M�X �h�?�2 �+�Q�H�m�K�M�b �B�b ���b �7�Q�H�H�Q�r�b�,

�Ç �i�B�K�2�, �h�?�2 �i�B�K�2 �B�M �b�2�+�Q�M�/�b

�Ç �S�`�Q�#�, �h�Q�i���H �B�;�M�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v

�Ç �S�`�Q�/�n�B�, �A�;�M�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �7�Q�` �B�K�K�2�/�B���i�2 �B�;�M�B�i�B�Q�M

�Ç �S�`�Q�/�n�*�, �A�;�M�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �7�`�Q�K �� �+�Q�M�i�B�M�m�Q�m�b �b�Q�m�`�+�2

�Ç �S�`�Q�#�n�.�, �A�;�M�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �7�`�Q�K �� �/�B�b�+�`�2�i�2 �b�Q�m�`�+�2

�Ç �7�i�7�n�p�Q�H�, �L�2�r �~���K�K���#�H�2 �p�Q�H�m�K�2 �r�B�i�?�B�M �i�?�2 �M�2�r �i�B�K�2�@�b�i�2�T

�Ç �G�2�G�n�p�Q�H�, �6�H���K�K���#�H�2 �p�Q�H�m�K�2�- ���H�b�Q �/�2�M�Q�i�2�/VLFL:UFL

�Ç �G�2���F�n�`���i�2�, �_���i�2 �Q�7 �H�2���F���;�2
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�h�?�2 �+�Q�M�i�B�M�m�Q�m�b �B�;�M�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �7�Q�` �Q�M�2 �B�;�M�B�i�B�Q�M �b�Q�m�`�+�2 �B�b �;�B�p�2�M ���b �S�`�Q�#�n�*�X �h�?�B�b �B�b
�7�Q�m�M�/ �#�v �m�b�B�M�; �� �S�Q�B�b�b�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M�Xl C �B�b �i�?�2 �B�M�T�m�i �p���`�B���#�H�2�- �i�?�2 �2�t�T�2�+�i�2�/ �M�m�K�#�2�` �Q�7
�B�;�M�B�i�B�Q�M�b �T�2�` �p�Q�H�m�K�2�- ���M�/ �7�i�7�n�p�Q�H �B�b �i�?�2 �M�2�r �~���K�K���#�H�2 �p�Q�H�m�K�2 �r�B�i�?�B�M �i�?�2 �i�B�K�2�@�b�i�2�T�X �h�?�2
�S�Q�B�b�b�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M �;�B�p�2�b �i�?�2 �7�Q�H�H�Q�r�B�M�; �2�[�m���i�B�Q�M �7�Q�` �Q�M�2 �Q�` �K�Q�`�2 �B�;�M�B�i�B�Q�M�b �(�k�3�) �(�j�y�)�,

PC;n = P(�R �Q�` �K�Q�`�2 �B�;�M�B�i�B�Q�M�b) = 1� P(�w�2�`�Q �B�;�M�B�i�B�Q�M�b) = 1� e� E0
C �

E0
C

0!
= 1� e� EC �U�j�X�9�V

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

EC = l C � f t fvol �U�j�X�8�V

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

PD;n = 1� e� l D�VLFL:UFL�Dt �U�j�X�e�V

PD;n �B�b �B�M �;�2�M�2�`���H �7�Q�m�M�/ �#�v �m�b�B�M�; �� �S�Q�B�b�b�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M �r�?�2�`�2l D �B�b �i�?�2 �2�t�T�2�+�i�2�/ �M�m�K�#�2�`
�Q�7 �B�;�M�B�i�B�Q�M�b �T�2�` �p�Q�H�m�K�2 ���M�/ �i�B�K�2�XVLFL:ULF �B�b �i�?�2 �+�Q�K�#�m�b�i�B�#�H�2 �p�Q�H�m�K�2 ���M�/D�i �B�b �i�?�2
�i�B�K�2�@�b�i�2�T�X
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�w ���o�7�;�t �$�;�v�¢�m�]

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

���7�i�2�` �/�B�b�+�m�b�b�B�Q�M �r�B�i�? �2�t�T�2�`�i�b �7�`�Q�K �a���7�2�i�2�+ ���M�/ �.�L�o�- �B�i �r���b �7�Q�m�M�/ �i�Q �#�2 �i�?�2 �#�2�b�i �r���v �i�Q
�i�2�b�i �i�?�2 �K�Q�/�2�H �r���b �i�Q �K���F�2 �� �b�B�K�T�H�2 �#�Q�t �r�?�2�`�2 �i�?�2 �H�2���F �b�Q�m�`�+�2 �r���b �T�H���+�2�/ �B�M�b�B�/�2 �i�?�2 �#�Q�t
�7���+�B�M�; �Q�M�2 �Q�7 �i�?�2 �r���H�H�b�X �h�?�2 �Q�#�D�2�+�i�B�p�2 �r���b �i�Q �2�M�b�m�`�2 �i�?���i �i�?�2 �H�2���F �b�?�Q�m�H�/ �#�2 �#�B�; �2�M�Q�m�;�? �i�Q
�`���T�B�/�H�v �}�H�H �i�?�2 �#�Q�t �r�B�i�? �?�v�/�`�Q�;�2�M �Q�p�2�` �i�?�2 �~���K�K���#�H�2 �H�B�K�B�i�X �h�?�2 �;�`�B�/ �7�Q�` �i�?�2 �b�B�K�m�H���i�B�Q�M�b
�b�?�Q�m�H�/ �#�2 �+�Q���`�b�2 �2�M�Q�m�;�? �i�Q �2�M�b�m�`�2 �i�?���i �i�?�2 �b�B�K�m�H���i�B�Q�M �+�Q�K�T�H�2�i�2�b �r�B�i�?�B�M �� �7�2�r �K�B�M�m�i�2�b�X

�w�:�t ���-�v�b�1 �_�‹�7�u�o�]�;�m �t�;�-�h �b�m �o�r�;�m �0�o�Š

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

�h�?�2 �r�?�Q�H�2 ���`�2�� �#�Q�t �r���b �+�Q�p�2�`�2�/ ���b ���M �ô�Q�i�?�2�` �;�2�M�2�`�B�+�ô �B�;�M�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v�- �B�M�/�B�+���i�B�M�; �i�?���i
�B�;�M�B�i�B�Q�M �Q�+�+�m�`�b �B�K�K�2�/�B���i�2�H�v �m�T�Q�M �i�?�2 �b�i���`�i �Q�7 �i�?�2 �H�2���F�- ���M�/ �B�b �/�B�`�2�+�i�H�v �`�2�H���i�2�/ �i�Q �i�?�2 �H�2���F�X
�6�Q�m�` �B�M�7�`���`�2�/ �T�Q�B�M�i �/�2�i�2�+�i�Q�`�b �r�2�`�2 ���/�/�2�/ �i�Q �i�?�2 �;�2�Q�K�2�i�`�v�X �h�?�B�b �r���b �/�Q�M�2 �B�M ���M �t�K�H �}�H�2
�U�1�t���K�T�H�2 �B�M ���T�T�2�M�/�B�t ���V�X �"�2�7�Q�`�2 �`�m�M�M�B�M�; �i�?�2 �b�B�K�m�H���i�B�Q�M�b �r�B�i�? �i�?�2 �+�Q�`�`�2�+�i �t�K�H �}�H�2�- �i�?�2
�B�;�M�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �7�Q�` �+�Q�M�i�B�M�m�Q�m�b �B�;�M�B�i�B�Q�M �r���b �b�2�i �i�Q �8�X�y�1�@�y�d �7�Q�` �2���b�B�2�` �i�Q �+���H�+�m�H���i�2 �i�?�2
�T�`�Q�#���#�B�H�B�i�v �#�v �?���M�/�X
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�6�B�;�m�`�2 �9�X�R�,�:�2�Q�K�2�i�`�v �Q�7 �i�?�2 �#�Q�t �m�b�2�/ �7�Q�` �i�?�2 �#���b�B�+ �?�v�/�`�Q�;�2�M �H�2���F �r�?�2�`�2 �Q�M�2 �b�B�/�2 �B�b �b�?�Q�`�i�2�` �b�Q �i�?�2 �?�v�/�`�Q�;�2�M
�+���M �2�b�+���T�2

�h�?�2 �T���`���K�2�i�2�`�b �m�b�2�/ �7�Q�` �i�?�2 �K�Q�/�2�H �i�2�b�i�B�M�; ���`�2 �;�B�p�2�M �B�M �6�B�;�m�`�2 �9�X�j ���M�/ �9�X�9�X �6�B�;�m�`�2 �9�X�j
�b�?�Q�r�b �i�?�2 �#���b�B�+ �+���b�2 �b�+�2�M���`�B�Q �B�M�T�m�i �7�Q�` �i�?�2 �;���b �+�H�Q�m�/ �b�B�K�m�H���i�B�Q�M�X �h�?�2 �Q�M�H�v �T���`���K�2�i�2�`�b
�i�?���i ���`�2 �+�?���M�;�2�/ �7�`�Q�K �i�?�2 �b�i���M�/���`�/ �b�B�K�m�H���i�B�Q�M ���`�2 �i�?�2 �D�2�i �`�2�H�2���b�2 �~�Q�r ���M�/ �i�?�2 �`�2�b�2�`�p�Q�B�`
�T�`�2�b�b�m�`�2�- �i�Q�;�2�i�?�2�` �r�B�i�? �i�?�2 �H�Q�+���i�B�Q�M �Q�7 �i�?�2 �H�2���F ���M�/ �i�?�2 �/�B�`�2�+�i�B�Q�M �Q�7 �i�?�2 �H�2���F�X �h�?�2 �;�`�B�/
�B�b �`�2�H���i�B�p�2�H�v �+�Q���`�b�2 �i�Q �K���F�2 �i�?�2 �b�B�K�m�H���i�B�Q�M �`�m�M �7���b�i�X �h�?�2 �/�Q�K���B�M �#�Q�m�M�/���`�B�2�b ���`�2 �K���/�2
�i�Q �#�2 �b�H�B�;�?�i�H�v �Q�m�i�b�B�/�2 �i�?�2 �#�Q�t �i�Q �K���F�2 �i�?�2 �b�B�K�m�H���i�B�Q�M �K�Q�`�2 ���+�+�m�`���i�2 ���M�/ �2�M�b�m�`�2 �i�?���i �i�?�2
�2�M�i�B�`�2 ���`�2�� �Q�7 �B�M�i�2�`�2�b�i�- �B�M�+�H�m�/�B�M�; �i�?�2 �r���H�H �r�B�H�H �#�2 �H�Q�Q�F�2�/ ���i�X �"�v �2�t�i�2�M�/�B�M�; �i�?�2 �#�Q�m�M�/���`�B�2�b
�i�Q �Q�m�i�b�B�/�2 �Q�7 �i�?�2 �#�Q�t �r�2 �r�B�H�H �b�2�2 ���M�v �T�Q�i�2�M�i�B���H �H�2���F�b �Q�` �Q�i�?�2�` �i�v�T�2�b �Q�7 �B�M�i�2�`���+�i�B�Q�M�b �r�B�i�?
�i�?�2 �2�M�p�B�`�Q�M�K�2�M�i �b�m�`�`�Q�m�M�/�B�M�; �i�?�2 �#�Q�t�- ���b �b�2�2�M �B�M �6�B�;�m�`�2 �9�X�k�X
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�6�B�;�m�`�2 �9�X�k�,�:�`�B�/ �r�B�i�? �8�y�-�y�y�y �;�`�B�/ �+�2�H�H�b �i�?���i �r���b �m�b�2�/ �7�Q�` �i�?�2 �b�B�K�m�H���i�B�Q�M �Q�7 �#���b�B�+ �?�v�/�`�Q�;�2�M �H�2���F �B�M �Q�T�2�M
�#�Q�t
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�6�B�;�m�`�2 �9�X�j�, �S���`���K�2�i�2�`�b �m�b�2�/ �i�Q �b�2�i �m�T �i�?�2 �b�+�2�M���`�B�Q �B�M�T�m�i�b �7�Q�` �i�?�2 �#���b�2�@�+���b�2 �B�M �E�6�s �q�B�x���`�/ �m�b�2�/ �i�Q �i�2�b�i
�i�?�2 �B�;�M�B�i�B�Q�M �K�Q�/�2�H

�h�Q �2�M�b�m�`�2 �i�?���i �i�?�2 �?�v�/�`�Q�;�2�M �H�2���F �B�M �i�?�2 �b�B�K�m�H���i�B�Q�M �?���T�T�2�M�b �7���b�i�- �i�?�2 �i�`���M�b�B�2�M�i �H�2���F �B�b �b�2�i
�i�Q �?���p�2 �� �?�B�;�? �b�2�;�K�2�M�i �p�Q�H�m�K�2 �r�B�i�? �� �H�Q�M�; �#�H�Q�r�@�/�Q�r�M �i�B�K�2�- ���b �B�H�H�m�b�i�`���i�2�/ �B�M �6�B�;�m�`�2 �9�X�9�X
�h�?�B�b �B�b �/�Q�M�2 �b�Q �i�?���i �i�?�2�`�2 �r�B�H�H �#�2 �� �b�i�2���/�v �b�i���i�2 �`�2�H�2���b�2 �Q�7 �k�y �F�;�f�b ���M�/ �i�?�2 �i�2�b�i �#�Q�t �r�B�H�H
�[�m�B�+�F�H�v �#�2 �}�H�H�2�/ �r�B�i�? �?�v�/�`�Q�;�2�M �;���b�X
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P�2�p�2�M�i�- �B�K�T���+�i=
1
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1
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1s = 1:0573� 10� 2 �U�9�X�R�V
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�Q�M�2 �Q�7 �i�?�2�b�2 �p���`�B���#�H�2�b �+�Q�m�H�/ �?���p�2 �#�2�2�M �r�`�Q�M�;�X ���b�b�m�K�B�M�; �i�?���i �i�?�2 �+���H�+�m�H���i�B�Q�M �Q�7 �i�?�2
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P�2�p�2�M�i�- �/�B�z�m�b�B�Q�M(P;d) =
ln350
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� (( ln0:00338439+ 1)+ 10) = 1:170� 10� 2 �U�9�X�9�V

�h�?�B�b ���M�b�r�2�` �B�b �M�Q�i �+�H�Q�b�2 �i�Q �i�?�2 �+�Q�K�T�m�i�2�` �+���H�+�m�H���i�B�Q�M�b�- �b�2�2 �h���#�H�2 �9�X�j�X �>�Q�r�2�p�2�`�- �B�7 �r�2
�`�2�+�Q�M�b�B�/�2�` �i�?�2 �T�`�2�b�b�m�`�2 �T���`���K�2�i�2�` �B�M �� �/�B�z�2�`�2�M�i �m�M�B�i�- �b�m�+�? ���b �S���b�+���H �U�S���V �`���i�?�2�` �i�?���M �"���`
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� (( ln33:8439+ 1)+ 10) = 4:7078� 10� 2 �U�9�X�8�V

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

�w�:�t�:�v �$�_�b�u�7 �1�-�t�1�†�t�-�¢�o�m�v

���7�i�2�` �.�L�o�ö�b �b�2�+�Q�M�/ �`�2�p�B�b�B�Q�M �Q�7 �i�?�2 �K�Q�/�2�H�- �+���H�+�m�H���i�B�Q�M�b ���`�2 �T�`�2�b�2�M�i�2�/ �B�M �h���#�H�2 �9�X�9�X �_�2�@
�K���`�F���#�H�v�- �i�?�2 �+�Q�K�T�m�i���i�B�Q�M���H �Q�m�i�T�m�i�b �+�H�Q�b�2�H�v ���H�B�;�M �r�B�i�? �i�?�2 �`�2�b�m�H�i�b �Q�7 �?���M�/ �+���H�+�m�H���i�B�Q�M�b�X
�A�i �B�b �B�K�T�2�`���i�B�p�2 �i�Q ���+�F�M�Q�r�H�2�/�;�2 �i�?���i �?���M�/ �+���H�+�m�H���i�B�Q�M�b �Q�M�H�v �`�2�T�`�2�b�2�M�i ���M ���T�T�`�Q�t�B�K���i�B�Q�M
�K�2�i�?�Q�/ �7�Q�` �B�;�M�B�i�B�Q�M ���b�b�2�b�b�K�2�M�i�- �b�Q �T�2�`�7�2�+�i �+�Q�M�+�Q�`�/���M�+�2 �#�2�i�r�2�2�M �?���M�/ ���M�/ �+�Q�K�T�m�i���i�B�Q�M���H
�Q�m�i�+�Q�K�2�b �B�b �M�Q�i ���M�i�B�+�B�T���i�2�/�X

�8�j



�S�`�Q�#�n�K�2�+�? �S�`�Q�#�n�/�B�b�+�? �S�`�Q�#�n�/�B�7�7

�>���M�/ �*���H�+�m�H���i�B�Q�M �R�X�y�8�d� 10� 2 �k�X�R�R�9�d� 10� 2 �R�X�8�3�3� 10� 2

�*�Q�K�T�m�i�2�` �*���H�+�m�H���i�B�Q�M �R�X�y�8�N�e� 10� 2 �k�X�y�N�9�k� 10� 2 �R�X�8�N�e�d� 10� 2

�h���#�H�2 �9�X�9�,�*�Q�K�T���`�B�b�Q�M �Q�7 �>���M�/ �p�b�X �*�Q�K�T�m�i�2�` �*���H�+�m�H���i�B�Q�M�b ���7�i�2�` �.�L�o �}�t�2�/ �i�?�2 �K�Q�/�2�H �� �b�2�+�Q�M�/ �i�B�K�2

�"�v �T�H�Q�i�i�B�M�; �i�?�2 �B�;�M�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v ���;���B�M�b�i �i�B�K�2 �7�Q�` �i�?�2 �i�?�`�2�2 �T�`�Q�#���#�B�H�B�i�B�2�b�- �B�i �B�b �2�p�B�/�2�M�i
�i�?���i �#�Q�i�? �K�2�+�?���M�B�+���H �B�;�M�B�i�B�Q�M �U�6�B�;�m�`�2 �9�X�8�V ���M�/ �/�B�b�+�?���`�;�2 �B�;�M�B�i�B�Q�M �U�6�B�;�m�`�2 �9�X�e�V �B�M�/�B�+���i�2 ��
�b�i�Q�T �Q�7 �/�v�M���K�B�+ �p���`�B���i�B�Q�M �#�2�v�Q�M�/ �i�?�2 �}�p�2�@�b�2�+�Q�M�/ �K���`�F�- �r�?�2�`�2�#�v �i�?�2 �T�`�Q�#���#�B�H�B�i�B�2�b �b�i���#�B�H�@
�B�x�2�X

�6�B�;�m�`�2 �9�X�8�,�J�2�+�?���M�B�+���H �B�;�M�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �T�H�Q�i�i�2�/ �r�?�B�i �i�B�K�2 �B�M �b�2�+�Q�M�/�b �Q�M �i�?�2 �t�@���t�B�b�- ���M�/ �B�;�M�B�i�B�Q�M �T�`�Q�#�@
���#�B�H�B�i�v �Q�M �v�@���t�B�b

�8�9



�6�B�;�m�`�2 �9�X�e�,�.�B�b�+�?���`�;�2 �B�;�M�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �T�H�Q�i�i�2�/ �r�?�B�i �i�B�K�2 �B�M �b�2�+�Q�M�/�b �Q�M �i�?�2 �t�@���t�B�b�- ���M�/ �B�;�M�B�i�B�Q�M �T�`�Q�#�@
���#�B�H�B�i�v �Q�M �v�@���t�B�b

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

�6�B�;�m�`�2 �9�X�d�,�.�B�z�m�b�B�Q�M �B�;�M�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �T�H�Q�i�i�2�/ �r�B�i�? �i�B�K�2 �B�M �b�2�+�Q�M�/�b �Q�M �i�?�2 �t�@���t�B�b�- ���M�/ �B�;�M�B�i�B�Q�M �T�`�Q�#�@
���#�B�H�B�i�v �Q�M �i�?�2 �v�@���t�B�b

�w�:�u ���-�t�1�†�t�-�¢�m�] �|�_�; �b�]�m�b�¢�o�m �r�u�o�0�-�0�b�t�b�|�‹

�h�?�2 �M�2�t�i �T���`�i �Q�7 �i�?�2 �K�Q�/�2�H �i�2�b�i�B�M�; �r���b �i�Q �+���H�+�m�H���i�2 �i�?�2 �+�Q�M�i�B�M�m�Q�m�b ���M�/ �/�B�b�+�`�2�i�2 �B�;�M�B�i�B�Q�M
�T�`�Q�#���#�B�H�B�i�B�2�b �B�M �i�?�2�B�;�M�T� �̀Q�#�X�H�Q�;
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�w�:�u�:�t ���o�m�¢�m�†�o�†�v �b�]�m�b�¢�o�m �r�u�o�0�-�0�b�t�b�|�‹

�6�Q�` �i�?�2 �b���F�2 �Q�7 �K���F�B�M�; �i�?�2 �?���M�/ �+���H�+�m�H���i�B�Q�M�b �2���b�B�2�`�- �i�?�2 �+�Q�M�i�B�M�m�Q�m�b �B�;�M�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v
�T�2�` �2�[�m�B�T�K�2�M�i �B�b �+�?���M�;�2�/ �i�Q �R�X�y�y�1�@�y�d �r�?�B�H�2 �i�?�2 �/�B�b�+�`�2�i�2 �B�;�M�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �r���b �b�2�i �i�Q
�x�2�`�Q�X �h�?�2 �?���M�/ �+���H�+�m�H���i�B�Q�M�b �r���b �/�Q�M�2 �#�v �7�Q�H�H�Q�r�B�M�; �i�?�2 �2�[�m���i�B�Q�M�b �B�M �*�?���T�i�2�` �j�X�9�X�k �7�Q�`
�� �+�Q�M�i�B�M�m�Q�m�b �B�;�M�B�i�B�Q�M�X �E�2�2�T �B�M �K�B�M�/ �i�?���i �7�Q�` �i�?�B�b �i�2�b�i �r�2 �Q�M�H�v �?���p�2 �Q�M�2 �B�;�M�B�i�B�Q�M �b�Q�m�`�+�2
�K���F�B�M�; �i�?�2 �+���H�+�m�H���i�B�Q�M�b �K�m�+�? �2���b�B�2�`�X

�6�Q�` �i�?�2 �B�M�B�i�B���H �i�B�K�2�@�b�i�2�T�- �i�4�y �b�2�+�Q�M�/�b�- �1�[�m���i�B�Q�M �j�X�9 ���M�/ �j�X�8 �r���b �m�b�2�/ ���M�/ �;���p�2 �7�Q�H�H�Q�r�B�M�;�,

ProbC1 = 1� e� 1:69E� 01�1:00E� 07 = 1:69E � 08 �U�9�X�e�V

�h�Q �+�?�2�+�F �i�?���i �E�6�s�@�_�"�J �+���H�+�m�H���i�2�b �i�?�2 �+�Q�`�`�2�+�i �+�Q�M�i�`�B�#�m�i�B�Q�M �7�Q�` �i�?�2 �M�2�t�i �i�B�K�2 �b�i�2�T�b
�K���M�m���H �+���H�+�m�H���i�B�Q�M�b �r�2�`�2 �T�2�`�7�Q�`�K�2�/ �#�v �m�b�B�M�; �i�?�2 �B�M�T�m�i �7�`�Q�K �i�?�2 �B�;�M�T�`�Q�#�X�H�Q�; �}�H�2 �7�Q�`�K
�E�6�s�@�_�"�J �U�b�?�Q�r�M �B�M �h���#�H�2 �j�X�R�V�X �h�?�2 �+�Q�M�i�B�M�m�Q�m�b �B�;�M�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �7�Q�` �i�B�K�2�@�b�i�2�T �k �r���b
�+���H�+�m�H���i�2�/ �#�v ���/�/�B�M�; �i�?�2 �+�Q�M�i�`�B�#�m�i�B�Q�M �/�m�`�B�M�; �i�B�K�2�@�b�i�2�T �k �i�Q �i�?�2 �p���H�m�2 �7�`�Q�K �i�B�K�2�@�b�i�2�T �R
���M�/ ���H�H �M�m�K�#�2�`�b �m�b�2�/ �+���M �#�2 �b�2�2�M �B�M �h���#�H�2 �j�X�R

ProbC2 = ProbC1 + ( 1� eEC) � (1� Prob�ntot1) �U�9�X�d�V

�h�?�B�b �H���b�i �T���`�2�M�i�?�2�b�B�b �B�M �1�[�m���i�B�Q�M �9�X�d �B�b �M�2�2�/�2�/ �i�Q ���T�T�H�v �i�?�2 �+�Q�M�/�B�i�B�Q�M �i�?���i �B�;�M�B�i�B�Q�M �?���b
�M�Q�i ���H�`�2���/�v �Q�+�+�m�`�`�2�/ ���i �i�B�K�2�@�b�i�2�T �R�XEc �B�b �+���H�+�m�H���i�2�/ �7�`�Q�K �1�[�m���i�B�Q�M �j�X�8 �r�B�i�? �/���i�� �7�`�Q�K
�h���#�H�2 �j�X�R�X

ProbC2 = ProbC1 + ( 1� e� 2:26�1:00E� 07) � (1� 1:83E � 02) = 2:38E � 07 �U�9�X�3�V

�6�Q�` �i�?�2 �i�?�B�`�/ �i�B�K�2�@�b�i�2�T ���i �y�X�y�R�k �b�2�+�Q�M�/�b�- �2�[�m���i�B�Q�M �9�X�d �r���b �m�b�2�/ ���M�/ �;���p�2 �7�Q�H�H�Q�r�B�M�;�,

ProbC3 = ProbC2 + ( 1� e� 2:81�1:00E� 07) � (1� 1:83E � 02) = 5:19E � 07 �U�9�X�N�V

�h�?�2 �`�2�b�i �Q�7 �i�?�2 �i�B�K�2 �b�i�2�T�b �7�Q�H�H�Q�r �i�?�B�b �b���K�2 �T���i�i�2�`�M�X �h���#�H�2 �9�X�8 �b�?�Q�r�b �i�?�2 �?���M�/ �+���H�+�m�H���i�B�Q�M�b
�+�Q�K�T���`�2�/ �i�Q �i�?�2 �+�Q�K�T�m�i�2�` �+���H�+�m�H���i�B�Q�M�b �7�Q�` �i�?�2 �}�`�b�i �i�?�`�2�2 �i�B�K�2 �b�i�2�T�b�X

�h���#�H�2 �9�X�8�,�>���M�/ �+���H�+�m�H���i�B�Q�M�b �+�Q�K�T���`�2�/ �i�Q �i�?�2 �+�Q�K�T�m�i�2�` �+���H�+�m�H���i�B�Q�M�b �7�Q�` �i�?�2 �+�Q�M�i�B�M�m�Q�m�b �B�;�M�B�i�B�Q�M �T�`�Q�#���#�@
�B�H�B�i�v�-Prob�nC

�h�B�K�2 �(�b�2�+�) �y�X�y�y�1�Y�y�y�8�X�y�y�1�@�y�j�R�X�y�k�1�@�y�k
�*�Q�K�T�m�i�2�`�n�+���H�+�R�X�e�N�1�@�y�3�k�X�9�k�1�@�y�d�8�X�k�9�1�@�y�d
�>���M�/�n�+���H�+ �R�X�e�N�1�@�y�3�k�X�j�3�1�@�y�d�8�X�R�N�1�@�y�d
�*�Q�`�`�2�+�i �(�W�)�R�y�y �N�3�X�j �N�N�X�R�3
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�w�:�u�:�u �	�b�v�1�u�;�|�; �b�]�m�b�¢�o�m �r�u�o�0�-�0�b�t�b�|�‹

�h�Q �+�?�2�+�F �i�?�2 �/�B�b�+�`�2�i�2 �B�;�M�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v�- �i�?�2 �2�t�T�2�+�i�2�/ �/�B�b�+�`�2�i�2 �B�;�M�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �r���b
�b�2�i �i�Q �R�X�y�y�1�@�y�d �r�?�B�H�2 �i�?�2 �+�Q�M�i�B�M�m�Q�m�b �B�;�M�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �r���b �b�2�i �i�Q �x�2�`�Q�X

�6�Q�` �i�?�2 �i�?�2 �B�M�B�i�B���H �i�B�K�2�@�b�i�2�T ���i �i�4�y �b�2�+�Q�M�/�b�- �2�[�m���i�B�Q�M �j�X�e �r���b �m�b�2�/�,

ProbD1 = 0:00� 1:69E � 01� 1:00E � 07= 0 �U�9�X�R�y�V

�h�Q �+�?�2�+�F �i�?���i �E�6�s�@�_�"�J �+���H�+�m�H���i�2�b �i�?�2 �+�Q�`�`�2�+�i �+�Q�M�i�`�B�#�m�i�B�Q�M �7�Q�` �i�?�2 �M�2�t�i �i�B�K�2 �b�i�2�T�b ��
�b�B�K�B�H���` �T�`�Q�+�2�/�m�`�2 ���b �m�b�2�/ �7�Q�` �i�?�2 �+�Q�M�i�B�M�m�Q�m�b �T�`�Q�#���#�B�H�B�i�v �r���b �2�K�T�H�Q�v�2�/�X �h�?�2 �/�B�b�+�`�2�i�2
�B�;�M�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �7�Q�` �i�B�K�2�@�b�i�2�T �k �r���b �+���H�+�m�H���i�2�/ �#�v ���/�/�B�M�; �i�?�2 �+�Q�M�i�`�B�#�m�i�B�Q�M �/�m�`�B�M�;
�i�B�K�2�@�b�i�2�T �k �i�Q �i�?�2 �p���H�m�2 �7�`�Q�K �i�B�K�2�@�b�i�2�T �R ���M�/ ���H�H �M�m�K�#�2�`�b �m�b�2�/ �+���M �#�2 �b�2�2�M �B�M �h���#�H�2 �j�X�R

ProbD2 = ProbD1 + ( 1� eED) � (1� Prob�ntot1) �U�9�X�R�R�V

�h�?�B�b �H���b�i �T���`�2�M�i�?�2�b�B�b �B�M �1�[�m���i�B�Q�M �9�X�R�R �B�b �M�2�2�/�2�/ �i�Q ���T�T�H�v �i�?�2 �+�Q�M�/�B�i�B�Q�M �i�?���i �B�;�M�B�i�B�Q�M �?���b
�M�Q�i ���H�`�2���/�v �Q�+�+�m�`�`�2�/ ���i �i�B�K�2�@�b�i�2�T �R�XED �B�b �+���H�+�m�H���i�2�/ �7�`�Q�K �1�[�m���i�B�Q�M �j�X�e �r�B�i�? �/���i�� �7�`�Q�K
�h���#�H�2 �j�X�R�X

ProbD2 = 0+ ( 1� e� 1:00E� 07�2:42�5:00E� 03) � (1� 1:83E � 02) = 1:19E � 09 �U�9�X�R�k�V

�h�?�2 �i�?�B�`�/ �i�B�K�2�@�b�i�2�T ���i �y�X�y�y�R �b�2�+�Q�M�/�b �r���b �+���H�+�m�H���i�2�/ �#�v

ProbD3 = 1:13E� 09+( 1� e� 1:00E� 07�5:24�(1:02E� 02� 5:00E� 03)) � (1� 1:83E+ 02) = 3:80E� 09
�U�9�X�R�j�V

�h���#�H�2 �9�X�e�,�>���M�/ �+���H�+�m�H���i�B�Q�M�b �+�Q�K�T���`�2�/ �i�Q �i�?�2 �+�Q�K�T�m�i�2�` �+���H�+�m�H���i�B�Q�M�b �7�Q�` �i�?�2 �/�B�b�+�`�2�i�2 �B�;�M�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v�-
Prob�nD

�h�B�K�2 �(�b�2�+�) �y�X�y�y�1�Y�y�y�8�X�y�y�1�@�y�j�R�X�y�k�1�@�y�k
�*�Q�K�T�m�i�2�`�n�+���H�+�y�X�y�y�1�Y�y�y�R�X�R�j�1�@�y�N�j�X�e�y�1�@�y�N
�>���M�/�n�+���H�+ �y�X�y�y�1�Y�y�y�R�X�R�N�1�@�y�N�j�X�3�y�1�@�y�N
�*�Q�`�`�2�+�i �(�W�)�R�y�y �R�y�e �R�y�8

�w�:�v ���o�7�;�t �|�;�v�¢�m�] �7�b�v�1�†�v�v�b�o�m

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

�8�d



�+���H�+�m�H���i�B�Q�M�b ���`�2 �b�B�;�M�B�}�+���M�i�H�v �K�Q�`�2 �m�M�2�p�2�M �7�Q�` �i�?�2 �/�B�b�+�`�2�i�2 �B�;�M�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v�X �h�?�2 �#�Q�t
�+���b�2 �r���b �b�B�K�m�H���i�2�/ �r�B�i�? �S�Q�r�2�`�b�+���M�- ���M�/ ���b �K�2�M�i�B�Q�M�2�/ �B�M �*�?���T�i�2�` �8�X�k�X�R �T�Q�r�2�`�b�+���M �m�b�2�b
�� �;�`�B�/ �;�2�M�2�`���i�Q�` �M���K�2�/ �J�2�b�?�K�2�`�B�x�2 �i�?���i �?���b ���M ���H�;�Q�`�B�i�?�K �7�Q�` ���m�i�Q�K���i�B�+���H�H�v �H�Q�+�F�B�M�; �;�`�B�/
�T�H���M�2�b �i�Q �H���`�;�2 �b�m�`�7���+�2�b�X �A�M �i�?�2 �K���D�Q�`�B�i�v �Q�7 �B�M�b�i���M�+�2�b�- �i�?�B�b �B�b �/�2�b�B�`�2�/ �#�2�+���m�b�2 �i�?�2 �*�Q�K�T�m�i�2�`�@
���B�/�2�/ �.�2�b�B�;�M �U�*���.�V �}�H�2�b �i�2�M�/ �i�Q �#�2 �T�`�2�i�i�v �+�H�m�i�i�2�`�2�/ �r�B�i�? �/�m�T�H�B�+���i�2�b�- ���m�i�Q�K���i�B�+���H�H�v �H�Q�+�F�2�/
�T�H���M�2�b ���`�2 �Q�7�i�2�M �H�Q�+���i�2�/ �/�B�z�2�`�2�M�i�H�v �7�`�Q�K �r�?���i �B�b �/�2�b�B�`�2�/�X �h�?�2 �m�b�2�` �+���M �K���`�F �r�?�B�+�? �;�`�B�/
�T�H���M�2�b �i�Q �H�Q�+�F�X �>�Q�r�2�p�2�`�- �J�2�b�?�K�2�`�B�x�2 �/�Q�2�b �M�Q�i ���H�r���v�b �T�2�`�K�B�i �i�?�2 �/�2�b�B�`�2�/ �H�Q�+�F�2�/ �H�B�M�2�b
�#�2�+���m�b�2 �� �b�K�Q�Q�i�? �;�`�B�/ �i���F�2�b �T�`�B�Q�`�B�i�v �(�j�j�)�X

�"�Q�i�? �;�`�B�/ �/�2�p�B���i�B�Q�M �/�Q�M�2 �#�v �T�Q�r�2�`�b�+���M �Q�` �K���M�m���H �+�`�2���i�B�Q�M �+���M �H�2���/ �i�Q �2�`�`�Q�`�b�- ���z�2�+�i�B�M�; �i�?�2
�b�B�K�m�H���i�B�Q�M �`�2�b�m�H�i�b�X �h�?�B�b �B�b �T���`�i�B�+�m�H���`�H�v �+�`�B�i�B�+���H �B�M �i�?�2 �+�Q�M�i�2�t�i �Q�7 �E�6�s�@�_�"�J �+���H�+�m�H���i�B�Q�M�b �Q�7
�B�;�M�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v�- �r�?�B�+�? �`�2�H�v �Q�M �B�M�i�2�`�T�Q�H���i�B�Q�M�X �1�p�2�M �K�B�M�Q�` �/�2�p�B���i�B�Q�M�b �B�M �B�M�i�2�`�T�Q�H���i�B�Q�M
�T�H���+�2�K�2�M�i �Q�m�i�b�B�/�2 �i�?�2 ���`�2�� �Q�7 �B�M�i�2�`�2�b�i �+���M �`�2�b�m�H�i �B�M �B�M���+�+�m�`���+�B�2�b�- ���z�2�+�i�B�M�; �i�?�2 �`�2�b�m�H�i�b�ö
�`�2�H�B���#�B�H�B�i�v�X

�h�?�B�b �B�b �T���`�i�B�+�m�H���`�H�v �+�`�m�+�B���H �7�Q�` �b�K���H�H�@�b�+���H�2 �+���b�2�b �b�B�M�+�2 �i�?�2 �M�2�2�/ �7�Q�` �H���`�;�2 �;�`�B�/ �+�2�H�H�b �B�b �?�B�;�?�H�v
�B�K�T�Q�`�i���M�i�X �a�B�M�+�2 �i�?�2 ���`�2�� �B�b �b�Q �b�K���H�H�- �2�p�2�M �K�B�M�Q�` �2�`�`�Q�`�b �B�M �i�?�2 �B�M�i�2�`�T�Q�H���i�B�Q�M �+���m�b�2 �#�B�;
�/�B�z�2�`�2�M�+�2�b �B�M �i�?�2 �B�;�M�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v�- �r�?�B�+�? ���;���B�M �;�B�p�2�b �� �r�`�Q�M�; �T�B�+�i�m�`�2 �Q�7 �i�?�2 �`�2���H�@�r�Q�`�H�/
�+�Q�M�/�B�i�B�Q�M�b�X ���+�+�m�`���i�2 �B�M�i�2�`�T�Q�H���i�B�Q�M �#�2�+�Q�K�2�b �?�B�;�?�H�v �B�K�T�Q�`�i���M�i �i�Q �T�`�2�b�2�`�p�2 �i�?�2 ���m�i�?�2�M�i�B�+�B�i�v
�Q�7 �i�?�2 �`�2���H �T�?�2�M�Q�K�2�M�Q�M �#�2�B�M�; �b�i�m�/�B�2�/�X �a�Q �7�Q�` �� �b�K���H�H�@�b�+���H�2 �+���b�2�- �K���F�B�M�; �i�?�2 �;�`�B�/ �#�v
�K���M�m���H �+�`�2���i�B�Q�M �r�B�H�H �#�2 �i�?�2 �#�2�b�i �b�B�M�+�2 �B�i �`�2�[�m�B�`�2�b �+���`�2�7�m�H �+�Q�M�b�B�/�2�`���i�B�Q�M �i�Q �2�M�b�m�`�2 �� �;�Q�Q�/
�`�2�b�m�H�i �r�B�i�?�Q�m�i �`�2�/�m�+�B�M�; �i�?�2 �2�z�2�+�i�B�p�2�M�2�b�b �Q�7 �i�?�2 �b�B�K�m�H���i�B�Q�M�X �"�m�i �B�M �K�Q�b�i �+���b�2�b�- �K���M�v �+���b�2�b
���`�2 �#�2�B�M�; �b�B�K�m�H���i�2�/�- ���M�/ �+�?���M�;�B�M�; �i�?�2 �;�`�B�/ �7�Q�` �2���+�? �Q�M�2 �Q�7 �i�?�2 �b�B�K�m�H���i�B�Q�M�b �r�B�H�H �#�2 �b�2�p�2�`�2�H�v
�i�B�K�2�@�+�Q�M�b�m�K�B�M�; �+�Q�K�T���`�2�/ �i�Q �m�b�B�M�; �S�Q�r�2�`�b�+���M �i�Q �[�m�B�+�F�H�v �+�`�2���i�2 �b�2�p�2�`���H �+���b�2�b�X

�8�3



�x �"�b�l�†�t�-�¢�o�m �v�;�|�J�†�r

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

�x�:�t ���m�r�†�| �r�-�u�-�l�;�|�;�u�v �-�m�7 �0�o�†�m�7�-�u�‹ �1�o�m�7�b�¢�o�m�v

�h�Q �;�2�i �`�2�b�m�H�i�b �i�?���i ���`�2 ���b ���+�+�m�`���i�2 ���b �T�Q�b�b�B�#�H�2 �i�?�2�`�2 �B�b �� �M�2�2�/ �i�Q �?���p�2 �� �r�B�/�2 �b�T�`�2���/ �Q�7
�T���`���K�2�i�2�`�b�X �h�?�B�b �K���F�2�b �B�i �T�Q�b�b�B�#�H�2 �i�Q �;�B�p�2 ���M �Q�p�2�`���H�H �`�B�b�F �T�B�+�i�m�`�2 �Q�7 �i�?�2 �b�B�i�m���i�B�Q�M�X �>���p�B�M�;
���M ���+�+�m�`���i�2 �Q�p�2�`���H�H �`�B�b�F �T�B�+�i�m�`�2 �B�b �p�2�`�v �B�K�T�Q�`�i���M�i �r�?�2�M �/�2�b�B�;�M�B�M�; �� �T�`�Q�D�2�+�i ���b �r�2�H�H ���b
�Q�T�2�`���i�B�M�; �B�i �(�j�9�)�X

�h�Q�;�2�i�?�2�` �r�B�i�? �i�?�2 �;�2�M�2�`�B�+ �B�M�T�m�i �T���`���K�2�i�2�`�b�- �2���+�? �H�2���F �b�+�2�M���`�B�Q �r�B�H�H �#�2 ���M���H�v�x�2�/ �7�Q�` �i�r�Q
�/�B�z�2�`�2�M�i �H�Q�+���i�B�Q�M�b�- �i�r�Q �/�B�z�2�`�2�M�i �H�2���F �`���i�2�b�- ���M�/ �b�B�t �/�B�z�2�`�2�M�i �/�B�`�2�+�i�B�Q�M�b�X �h�?�2 �H�2���F �`���i�2�b
�+�?�Q�b�2�M ���`�2 �y�X�R �F�;�f�b ���M�/ �R�X�y �F�;�f�b�X �h�?�2 �i�r�Q �/�B�z�2�`�2�M�i �H�2���F �H�Q�+���i�B�Q�M�b ���`�2 �b�2�i �i�Q �#�2 �B�M �i�?�2
�K�B�/�/�H�2 �Q�7 �2���+�? �Q�7 �i�?�2 �i�?�`�2�2 �;�2�Q�K�2�i�`�B�2�b ���b �r�2�H�H ���b �B�M �i�?�2 �+�Q�`�M�2�` �Q�7 �i�?�2�K�X �A�M ���/�/�B�i�B�Q�M�- �2�p�2�`�v
�b�+�2�M���`�B�Q �r�B�H�H �#�2 �b�B�K�m�H���i�2�/ �B�M �2�p�2�`�v �/�B�`�2�+�i�B�Q�M�X �h�?�B�b �K�2���M�b �i�?���i �d�k �+���b�2�b �r�B�H�H �#�2 �b�B�K�m�H���i�2�/
�(�j�9�) �(�j�3�)�X

�"���b�2�@�+���b�2 �/�2�b�+�`�B�#�2�b ���M �B�M�b�i���M�+�2 �r�?�2�`�2 �i�?�2 �b�2�H�2�+�i�2�/ �K�Q�/�m�H�2 �7�m�M�+�i�B�Q�M�b �M�Q�`�K���H�H�v�X �h�?�2 ���/�@
�p���M�i���;�2 �Q�7 �K���F�B�M�; �� �#���b�2�@�+���b�2 �B�b �i�Q �?���p�2 �� �#���b�2 �i�?���i �B�i �B�b �T�Q�b�b�B�#�H�2 �i�Q �i�m�`�M �#���+�F �i�Q �B�7 �i�?�2
�+�Q�T�B�2�/ �p�2�`�b�B�Q�M�b �Q�7 �i�?�2 �#���b�2�@�+���b�2 �;�2�i �`�m�B�M�2�/�X �h�?�2 �#���b�2�@�+���b�2 �B�b �H���i�2�` �+�Q�T�B�2�/ �i�Q �Q�i�?�2�` �+���b�2�b
�i�Q �K���F�2 �B�i �2���b�B�2�` �i�Q �+�?���M�;�2 �i�?�2 �T���`���K�2�i�2�`�b �(�j�j�) �(�j�9�)�X

�a�B�K�m�H���i�B�M�; �E�6�s �B�M�p�Q�H�p�2�b �K���F�B�M�; �� �b�+�2�M���`�B�Q �}�H�2 �r�B�i�? �� �}�H�2 �2�M�/�B�M�; �ô�X�b�+�M�ô�X �h�?�2 �b�+�2�M���`�B�Q �}�H�2
�r�B�H�H ���m�i�Q�K���i�B�+���H�H�v �#�2 �K���/�2 �r�?�2�M �� �E�6�s �r�B�x���`�/ �b�+�2�M���`�B�Q �B�b �#�2�B�M�; �+�`�2���i�2�/ �#�v �+�H�B�+�F�B�M�; �i�?�2
�ô�+�`�2���i�2 �+���b�2 �}�H�2�b�ô �#�m�i�i�Q�M �i�Q �i�?�2 �/�Q�r�M�`�B�;�?�i�X �h�?�B�b �ô�b�+�M�ô �}�H�2 �r�B�H�H �?���p�2 �2�p�2�`�v �B�M�T�m�i �b�T�2�+�B�}�2�/
�#�v �i�?�2 �+�`�2���i�Q�` �(�j�9�)�X

�h�Q�;�2�i�?�2�` �r�B�i�? �i�?�2 �T���`���K�2�i�2�`�b �/�2�}�M�2�/ �B�M �i�?�2 �}�`�2 ���M�/ �;���b �b�B�K�m�H���i�B�Q�M �r�B�x���`�/�- �i�?�2�`�2 ���`�2
�T���`���K�2�i�2�`�b �7�Q�` �_�"�J �i�?���i �?���p�2 �i�Q �#�2 �/�2�}�M�2�/�X �h�Q �K���F�2 �b�m�`�2 �i�?���i �i�?�2 �b�B�K�m�H���i�B�Q�M�b �K���i�+�?
�i�?�2 �`�B�b�F ���M�/ �#���`�`�B�2�` �`�2�[�m�B�`�2�K�2�M�i�b �i�Q �i�?�2 �B�M�b�i���H�H���i�B�Q�M�- �+�2�`�i���B�M �T���`���K�2�i�2�`�b �K�m�b�i �#�2 �b�T�2�+�B�}�2�/
�(�j�9�)�X

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

�8�N



���M�/ �/�B�`�2�+�i�B�Q�M�b ���M�/ �i�Q �+�`�2���i�2 �b�+�2�M���`�B�Q �}�H�2�b �7�Q�` �2�p�2�`�v �+�Q�K�#�B�M���i�B�Q�M �r�Q�m�H�/ �#�2 �i�B�K�2�@�+�Q�M�b�m�K�B�M�;�X
�h�?�2 �/�B�`�2�+�i�B�Q�M�b �7�Q�` �#�Q�i�? �H�2���F�b �+���M �#�2 �b�2�2�M �B�M �6�B�;�m�`�2 �8�X�R�X �a�2�i�i�B�M�; �m�T �i�?�2 �ô�X�b�+�M�ô �}�H�2 �+�Q�M�i���B�M�B�M�;
�d�k �+���b�2�b �B�b �� �?�B�;�?�H�v �i�B�K�2�@�+�Q�M�b�m�K�B�M�; �T�`�Q�+�2�b�b�X �G�m�+�F�B�H�v�- �i�?�2�`�2 �B�b �� �7�2���i�m�`�2 �B�M �E�6�s �M���K�2�/
�T�Q�r�2�` �b�+���M �i�?���i ���H�H�Q�r�b �i�?�2 �m�b�2�` �i�Q �+�`�2���i�2 �� �ô�X�b�+�M�ô �}�H�2 �+�Q�M�i���B�M�B�M�; �K�m�H�i�B�T�H�2 �+���b�2�b �B�M �� �K�m�+�?
�b�?�Q�`�i�2�` �i�B�K�2 �(�j�j�) �(�j�9�)�X

�h���#�H�2 �8�X�R�,�S���`���K�2�i�2�` �Q�p�2�`�p�B�2�r �Q�7 ���H�H �i�?�2 �/�B�`�2�+�i�B�Q�M�b �i�?�2 �i�r�Q �H�2���F �`���i�2�b �r�B�H�H �#�2 �b�B�K�m�H���i�2�/ �B�M�X

�*���b�2 �G�2���F �_���i�2 �G�2���F �/�B�`�2�+�i�B�Q�M

�R �y�X�R �t�T
�k �y�X�R �t�M
�j �y�X�R �v�T
�9 �y�X�R �v�M
�8 �y�X�R �x�T
�e �y�X�R �x�M
�d �R �t�T
�3 �R �t�M
�N �R �v�T
�R�y �R �v�M
�R�R �R �x�T
�R�k �R �x�M

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

�x�:�u ���-�h�b�m�] �- �0�-�v�;�J�1�-�v�; �b�m ���
�* �)�b�Œ�-�u�7

�h�?�2 �}�`�b�i �b�i�2�T �r�?�2�M �K���F�B�M�; �� �+���b�2 �r���b �i�Q �m�b�2 �i�?�2 �ô�6�B�`�2 ���M�/ �:���b �*�H�Q�m�/ �a�B�K�m�H���i�B�Q�M �q�B�x���`�/�ô
�i�Q�Q�H �i�Q �b�2�i �m�T �i�?�2 �}�`�b�i �;���b �+�H�Q�m�/ �b�B�K�m�H���i�B�Q�M �7�Q�` �i�?�2 �#���b�2�@�+���b�2�X

�h�?�2 �T���`���K�2�i�2�`�b �m�b�2�/ �i�Q �b�2�i �m�T �i�?�2 �#���b�2�@�+���b�2 �7�Q�` ���H�H �;�2�Q�K�2�i�`�B�2�b ���`�2 �b�?�Q�r�M �B�M �h���#�H�2 �8�X�k�X
�h�?�2 �Q�M�H�v �T���`���K�2�i�2�`�b �i�?���i �r�B�H�H �+�?���M�;�2 ���`�2 �i�?�2 �H�2���F �`���i�2 ���M�/ �i�?�2 �H�2���F �H�Q�+���i�B�Q�M�X �h�?�2 �i�r�Q
�H�2���F �`���i�2�b �r�B�H�H �#�2 �b�B�K�m�H���i�2�/ �B�M ���H�H �b�B�t �/�B�`�2�+�i�B�Q�M�b�X

�e�y



�h���#�H�2 �8�X�k�,�*�Q�M�b�i���M�i �T���`���K�2�i�2�`�b �m�b�2�/ �7�Q�` �b�2�i�i�B�M�; �m�T �i�?�2 �A�a�P �+�Q�M�i���B�M�2�` �b�B�K�m�H���i�B�Q�M �B�M �E�6�s

�S�`�2�b�b�m�`�2 �(�#���`�;�) �q�B�M�/ �.�B�`�2�+�i�B�Q�M �q�B�M�/ �b�T�2�2�/ �h�2�K�T�2�`���i�m�`�2 �a�m�#�b�i���M�+�2

�j�8�y �q�2�b�i �j �R�R �>�k

�q�?�2�M �i�?�2 �i���M�F �T�`�2�b�b�m�`�2 ���M�/ �H�2���F �`���i�2 ���`�2 �b�T�2�+�B�}�2�/ �B�M �i�?�2 �q�B�x���`�/�- �E�6�s �r�B�H�H �T�2�`�7�Q�`�K �2�t�@
�T���M�b�B�Q�M �+���H�+�m�H���i�B�Q�M�b �i�Q �2�b�i���#�H�B�b�? �i�?�2 �D�2�i �B�M�H�2�i �p�2�H�Q�+�B�i�v�- �D�2�i �i�2�K�T�2�`���i�m�`�2�- ���M�/ �H�2���F �/�B���K�2�i�2�`�-
�i�?�B�b �B�b �T�`�2�b�2�M�i�2�/ �B�M �h���#�H�2 �8�X�j ���M�/ �8�X�9�X �h�?�B�b �2�t�T���M�b�B�Q�M �+���H�+�m�H���i�B�Q�M �B�b �T�2�`�7�Q�`�K�2�/ �#�2�7�Q�`�2 �i�?�2
�+���b�2 �}�H�2�b ���`�2 �;�2�M�2�`���i�2�/ ���M�/ �r�B�H�H �#�2 �m�b�2�/ ���b �i�?�2 �D�2�i �B�M�H�2�i �T���`���K�2�i�2�`�b �B�M �i�?�2 �b�B�K�m�H���i�B�Q�M�b�X

�h���#�H�2 �8�X�j�, �h���M�F �i�2�K�T�2�`���i�m�`�2�- �T�`�2�b�b�m�`�2 ���M�/ �H�2���F �`���i�2 �7�Q�` �i�?�2 �D�2�i �B�M�H�2�i �+���H�+�m�H���i�2�/ �#�v �E�6�s �7�Q�` �i�?�2 �y�X�R �F�;�f�b
�H�2���F �`���i�2

�h�2�K�T�2�`���i�m�`�2 �(�E�)�o�2�H�Q�+�B�i�v �(�K�f�b�)�>�Q�H�2 �/�B���K�2�i�2�` �(�K�)
�*�Q�M�i���B�M�2�` �k�k�N�X�R�N�e �d�e�3�X�N�3�N �y�X�y�y�k�9
�_�2�7�m�2�H�B�M�; �b�i���i�B�Q�M�k�k�N�X�R�N�e �d�e�3�X�N�3�N �y�X�y�y�k�9
�S�`�Q�+�2�b�b �T�H���M�i�k�k�N�X�R�N�e �d�e�3�X�N�3�N �y�X�y�y�k�9

�h���#�H�2 �8�X�9�,�h���M�F �i�2�K�T�2�`���i�m�`�2�- �T�`�2�b�b�m�`�2 ���M�/ �H�2���F �`���i�2 �7�Q�` �i�?�2 �D�2�i �B�M�H�2�i �+���H�+�m�H���i�2�/ �#�v �E�6�s �7�Q�` �i�?�2 �R �F�;�f�b
�H�2���F �`���i�2

�h�2�K�T�2�`���i�m�`�2 �(�E�)�o�2�H�Q�+�B�i�v �(�K�f�b�)�>�Q�H�2 �/�B���K�2�i�2�` �(�K�)
�*�Q�M�i���B�M�2�` �k�k�N�X�R�N�e �d�e�3�X�N�3�N �y�X�y�y�d�e
�_�2�7�m�2�H�B�M�; �b�i���i�B�Q�M�k�k�N�X�R�N�e �d�e�3�X�N�3�N �y�X�y�y�d�e
�S�`�Q�+�2�b�b �T�H���M�i�k�k�N�X�R�N�e �d�e�3�X�N�3�N �y�X�y�y�d�e

�x�:�u�:�t ���o�‰�;�u�v�1�-�m�J ���u�;�-�¢�m�] �l�†�t�¢�r�t�; �1�-�v�;�v �-�| �o�m�1�;

�q�?�2�M �+�H�B�+�F�B�M�; �i�?�2 �ô�+�`�2���i�2 �+���b�2 �}�H�2�b�ô �B�M �6�B�;�m�`�2 �j�X�9�- �� �b�+�2�M���`�B�Q �+���b�2 �}�H�2 �r�B�i�? �i�?�2 �2�t�i�2�M�b�B�Q�M
�ô�X�b�+�M�ô �B�b �+�`�2���i�2�/�X �h�?�B�b �}�H�2 �+�Q�M�i���B�M�b �i�r�Q �`�Q�r�b �r�?�2�M �Q�T�2�M�B�M�;�X �h�?�2 �}�`�b�i �`�Q�r �b�?�Q�r�b �i�?�2
�+�Q�H�m�K�M �?�2���/�B�M�;�b�- �r�?�B�H�2 �i�?�2 �b�2�+�Q�M�/ �`�Q�r �b�?�Q�r�b �i�?�2 �B�M�T�m�i �/���i���X �h�?�2 �ô�X�b�+�M�ô �}�H�2 �K���F�2�b �B�i
�2�z�Q�`�i�H�2�b�b �i�Q �K���F�2 �K�m�H�i�B�T�H�2 �+���b�2�b �[�m�B�+�F�H�v�- �r�B�i�?�Q�m�i �M�2�2�/�B�M�; �i�Q �;�Q �#�v �i�?�2 �:�l�A �q�B�x���`�/�X �a�B�M�+�2
�i�?�2 �#���b�2 �+���b�2 �B�b �K�Q�`�2 �Q�` �H�2�b�b �i�?�2 �b���K�2 �7�Q�` �2�p�2�`�v �b�B�K�m�H���i�B�Q�M�- ���H�H �i�?�2 �T���`���K�2�i�2�`�b ���`�2 ���H�b�Q
�K�Q�`�2 �Q�` �H�2�b�b �i�?�2 �b���K�2�X �h�?�2 �b�+�2�M���`�B�Q �p���`�B���i�B�Q�M�b �+���M �#�2 �/�Q�M�2 �#�v �+�Q�T�v�B�M�; �i�?�2 �b�+�2�M���`�B�Q �H�B�M�2 �B�M
�i�?�2 �i�2�t�i �2�/�B�i�Q�` ���M�/ �+�?���M�;�B�M�; �Q�M�H�v �i�?�2 �T���`���K�2�i�2�` �7�Q�` �i�?�2 �B�M�/�B�p�B�/�m���H �+���b�2�X �q�?�2�M �r�Q�`�F�B�M�;
�r�B�i�? ���M �B�K�K�2�M�b�2 �M�m�K�#�2�` �Q�7 �b�+�2�M���`�B�Q�b �i�?�B�b �B�b �� �p�2�`�v �2�{�+�B�2�M�i �r���v �i�Q �K���F�2 �b�K���H�H �+�?���M�;�2�b
�i�Q �� �+���b�2 ���M�/ ���m�i�Q�K���i�B�+���H�H�v �T�`�Q�p�B�/�2 �;�2�M�2�`���i�B�Q�M�b �Q�7 �b�+�2�M���`�B�Q �}�H�2�b �r�B�i�? �� �T�`�Q�T�2�` �+���H�+�m�H���i�B�Q�M
�;�`�B�/ �(�j�j�) �(�j�9�)�X �S�Q�r�2�`�b�+���M �m�b�2�b �� �;�`�B�/ �;�2�M�2�`���i�Q�` �M���K�2�/ �J�2�b�?�K�2�`�B�x�2 ���M�/ �i�?�2 �+�Q�/�2 �7�`�Q�K �i�?�2
�:�l�A �T���M�2�H �6�B�`�2 ���M�/ �:���b �+�H�Q�m�/ �b�B�K�m�H���i�B�Q�M �r�B�x���`�/ �B�M �E�6�s�X �� �b�m�K�K���`�v �Q�7 �i�?�2 �B�M�T�m�i �/���i��

�e�R



�7�`�Q�K �i�?�2 �ô�X�b�+�M�ô �}�H�2 �+���M �#�2 �b�2�2�M �B�M �h���#�H�2 �8�X�8 ���M�/ �8�X�e�X �L�Q�i ���H�H �Q�7 �i�?�2 �p���H�m�2�b �?���p�2 �#�2�2�M
�K�Q�/�B�}�2�/�- �K�Q�b�i �Q�7 �i�?�2�K ���`�2 �/�2�7���m�H�i �p���H�m�2�b �(�j�j�) �(�j�9�)�X

�h���#�H�2 �8�X�8�,�S���`���K�2�i�2�`�b �7�Q�` �i�?�2 �b�+�2�M���`�B�Q �}�H�2�@ �S���`�i �R�X �6�`�Q�K �(�j�9�)

�S���`���K�2�i�2�` �l�M�B�i �.�2�b�+�`�B�T�i�B�Q�M
�*���b�2�n�M���K�2 �@ �S���i�? �i�Q �H�Q�+���i�B�Q�M
�.���i���n�i�v�T�2 �@ �_�2�H�2���b�2 �i���# ���+�i�B�p�2
�h�n�K���t �b�$�i�2�t�i���b�+�B�B�+�B�`�+�m�K�&�'�j�J���t�B�K�m�K �b�B�K�m�H���i�B�Q�M �i�B�K�2
�C�2�i�n�T�Q�b�B�i�B�Q�M �@ �*�Q�Q�`�/�B�M���i�2�b �7�Q�` �?�Q�H�2 �H�Q�+���i�B�Q�M
�K�n�b�i�2�T �@ �l�M�F�M�Q�r�M
�C�2�i�n�/�B�`�2�+�i�B�Q�M�@ �_�2�H�2���b�2 �/�B�`�2�+�i�B�Q�M
�_�2�b�n�i�2�K�T�2�`���i�m�`�2�* �_�2�b�2�`�p�Q�B�` �i�2�K�T�2�`���i�m�`�2
�C�2�i�n�T�`�2�b�b�m�`�2 �#���`�; �C�2�i �;���m�;�2 �T�`�2�b�b�m�`�2
�C�2�i�n�~�Q�r�`���i�2 �F�;�f�b �@
�C�2�i�n�;���b�n�+�Q�K�T�Q�M�2�M�i�b�@ �_�2�H�2���b�2�/ �>�k �p�2�+�i�Q�`
�C�2�i�n�;���b�n�+�Q�K�T�Q�b�B�i�B�Q�M�@ �>�k �K�B�t�i�m�`�2 �p�Q�H�m�K�2�i�`�B�+ �7�`���+�i�B�Q�M

�:���b�n�+�H�Q�m�/�n�b�B�K�@
�a�B�K�m�H���i�B�Q�M �i�v�T�2
�U�y�4�}�`�2�- �R�4�;���b �/�B�b�T�2�`�b�B�Q�M�V

�q�B�M�/�n���M�;�H�2 �K�f�b �*�H�Q�+�F�r�B�b�2 ���M�;�H�2 �7�`�Q�K �L�Q�`�i�?
�q�B�M�/�n�R�y �@ �q�B�M�/ �b�T�2�2�/ ���i ���H�i�B�i�m�/�2 �R�y �K
�q�B�M�/�n�b�i���#�B�H�B�i�v�@ �q�B�M�/ �+�H���b�b �U�S���b�[�m�B�H�H�V
���K�#�B�2�M�i�n�h �* ���K�#�B�2�M�i �i�2�K�T�2�`���i�m�`�2
�q�B�M�/�n�`�Q�m�;�?�M�2�b�b�K �:�`�Q�m�M�/ �`�Q�m�;�?�M�2�b�b
�:�2�Q�K�2�i�`�v�n�}�H�2 �@ �S���i�? �i�Q �;�2�Q�K�2�i�`�v �}�H�2
�:�2�Q�K�2�i�`�v�n�K�B�M �@ �G�Q�r�2�` �+�Q�`�M�2�` �;�`�B�/ �+�Q�Q�`�/�B�M���i�2�b
�:�2�Q�K�2�i�`�v�n�K���t �@ �l�T�T�2�` �+�Q�`�M�2�` �;�`�B�/ �+�Q�Q�`�/�B�M���i�2�b

�o�Q�H�n�#�Q�t�n�K�B�M �@
�G�Q�r�2�` �+�Q�`�M�2�` �+�Q�Q�`�/�B�M���i�2�b
�7�Q�` �/�Q�K���B�M �Q�7 �B�M�i�2�`�2�b�i

�o�Q�H�n�#�Q�t�n�K���t �@
�l�T�T�2�` �+�Q�`�M�2�` �+�Q�Q�`�/�B�M���i�2�b
�7�Q�` �/�Q�K���B�M �Q�7 �B�M�i�2�`�2�b�i

�a�i�Q�T�T�`�Q �b
�a�i�Q�T �b�B�K�m�H���i�B�Q�M �r�?�2�M
�i�?�2 �~���K�K���#�H�2 �+�H�Q�m�/ �T�H���i�2���m�b

�e�k



�h���#�H�2 �8�X�e�,�S���`���K�2�i�2�`�b �7�Q�` �i�?�2 �b�+�2�M���`�B�Q �}�H�2�@ �S���`�i �k�X �6�`�Q�K �(�j�9�)�X

�S���`���K�2�i�2�` �l�M�B�i�.�2�b�+�`�B�T�i�B�Q�M

�.�i�n�`�Q�r�+�m�K �b
�A�M�i�2�`�p���H�b �7�Q�` �b���p�B�M�;
�+�m�K�m�H���i�B�p�2 �;���b �+�H�Q�m�/ �`�2�T�Q�`�i�b

�.�i�n�p�Q�H�b�i�Q�T �b �a�i�Q�T �`�m�M �+�`�B�i�2�`�B�Q�M �#���b�2�/ �Q�M �+�H�Q�m�/ �b�B�x�2
�:�`�B�/�T�Q�B�M�i�b �@ �:�`�B�/ �T�Q�B�M�i�b �B�M �+���H�+�m�H���i�B�Q�M �/�Q�K���B�M
�G�Q�+�F�2�/�T�H���M�2�b�@ �L�m�K�#�2�` �Q�7 �;�`�B�/ �T�H���M�2�b �H�Q�+�F�2�/
�a�T�`���v�n�}�H�2 �@ ���i�i���+�?�2�/ �i�Q �i�?�2 �+���b�2
�C�2�i�n�;���b�n�K���b�b�~�Q�r�@
�C�2�i �;���b �i�B�K�2

�:�`�B�/�n�T���`���K�2�i�2�`�b�@
�.���i�� �p�2�+�i�Q�` �7�Q�` �+�Q�M�i�`�Q�H�H�B�M�;
�i�?�2 �;�`�B�/ �;�2�M�2�`���i�Q�`

�"�H�Q�+�F�n�T���`���K�2�i�2�`�b�@
�.�2�}�M�B�M�; �� �p�Q�H�m�K�2 �r�B�i�?
�?�Q�K�Q�;�2�M�2�Q�m�b �;�`�B�/

�a�m�#�n�#�H�Q�+�F �@ �.���i�� �p�2�+�i�Q�` �7�Q�` �/�2�}�M�B�M�; �i�?�2 �b�m�# �#�H�Q�+�F
�S�Q�Q�H�n�T���`���K�2�i�2�`�b�@ �A�M�T�m�i �/���i�� �p�2�+�i�Q�` �7�Q�` �T�Q�Q�H�b�B�K�m�H���i�B�Q�M

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

�>�B�b�i�Q�`�v�n�T�Q�B�M�i�b�@
�h�2�t�i �}�H�2 �r�B�i�? �+�Q�Q�`�/�B�M���i�2�b �7�Q�`
�?�B�b�i�Q�`�v �/���i�� �K�Q�M�B�i�Q�`�B�M�;

�a�m�#�b�2���n�T���`���K�2�i�2�`�b�@ �.���i�� �7�Q�` �+�Q�M�i�`�Q�H�H�B�M�; �b�m�#�b�2�� �`�2�H�2���b�2�b
�_�#�K�n�T���`���K�2�i�2�`�b�@ �A�M�T�m�i �/���i�� �7�Q�` �`�#�K

�h���#�H�2 �8�X�d�,�_�"�J �T���`���K�2�i�2�`�b �7�Q�` �i�?�2 �b�+�2�M���`�B�Q �}�H�2�X �6�`�Q�K �(�j�9�)

�S�Q�b�B�i�B�Q�M�.�2�b�+�`�B�T�i�B�Q�M �l�M�B�i �"���b�2 �+���b�2
�R �a�2�;�K�2�M�i �M���K�2 �ö�a�2�;�K�2�M�i�n�R�ö
�k �a�2�;�K�2�M�i �p�Q�H�m�K�2 �K�/ �y�X�8�8
�j �"�H�Q�r�/�Q�r�M �T�`�2�b�b�m�`�2 �`�2�[�m�B�`�2�K�2�M�i�S�� �d�N�y�-�y�y�y
�9 �"�H�Q�r�/�Q�r�M �i�B�K�2 �`�2�[�m�B�`�2�K�2�M�i �b �e�y�y
�8 �"�H�Q�r�/�Q�r�M ���+�i�B�p���i�B�Q�M �i�B�K�2 �b �@
�e �L�m�K�#�2�` �Q�7 �/�2�i�2�+�i�Q�`�b �B�M�B�i�B���i�B�M�; �1�a�.�a�f�"�.�@ �@
�d �J���t �B�M�~�Q�r �b�2�;�K�2�M�i �7�`�Q�K �M�2�B�;�?�#�Q�`�B�M�; �b�2�;�K�2�M�i�b�y �@
�3 �S�`�2�b�b�m�`�2 �+�Q�M�p�2�`�b�B�Q�M �7���+�i�Q�`�X �6�`�Q�K �S�� �i�Q �#���`�R�2�@�y�8�@
�N �A�K�K�2�/�B���i�2 �B�;�M�B�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v�@ �y�X�y�y�k�j�8
�R�y �1�a�.�o �+�H�Q�b�m�`�2 �i�B�K�2 �b �@
�R�R �a�B�K�m�H���i�B�Q�M �i�B�K�2 �#�2�7�Q�`�2 �b�i���`�i �Q�7 �H�2���F�b �y
�R�k �"�H�Q�r�/�Q�r�M �+���H�+�m�H���i�B�Q�M�b �U�y�4�M�Q�- �R�4�v�2�b�V�@ �R
�R�j �i�Q �R�e�l�M�F�M�Q�r�M �@ �@

�e�j




	A case study of fire and explosion risk at hydrogen facilities, an ignition probability study. 
	Summary

	Preface
	Contents
	List of Figures
	List of Tables
	Nomenclature

	Introduction and Background
	Introduction
	Background
	Objective
	Report Structure

	Theory/ Literature Study
	Hydrogen
	The danger of a hydrogen leak
	Hydrogen- air cloud formation
	Vapor Cloud Explosion
	Cloud size influence on explosion loads
	Hydrogen Ignition Probability
	Quantitative risk assessment-QRA
	HyRAM
	MISOF
	Weakness in QRA

	SAFEN ignition probability model
	Understanding ignition probability calculations
	Ignition by hot surfaces
	Mechanically generated sources
	Electrostatic discharges
	Diffusion ignition


	Method
	Basic about KFX
	Background Theory
	Turbulence Model

	User Interface
	Starting with KFX

	KFX- Risk and Barrier Management
	Input Parameters for KFX-RBM
	Output Parameters for KFX-RBM


	Model Testing
	Basic hydrogen leak in open box
	First calculations
	Second calculations
	Third calculations

	Calculating the ignition probability
	Continuous ignition probability
	Discrete ignition probability

	Model testing discussion

	Simulation set-up
	Input parameters and boundary conditions
	Making a base-case in KFX Wizard
	Powerscan- Creating multiple cases at once

	Simulation of 40’ ISO-container
	Simulation of hydrogen refueling station
	Simulation of onshore process unit

	Results from 40’ ISO-container
	Hydrogen
	Gas Dispersion
	Flammable Cloud
	Ignition Probability
	Ignition Probability Contributors
	Sensitivity

	Methane
	Methane


	Result from Hydrogen Refueling Station
	Hydrogen
	Gas dispersion
	Flammable cloud
	Ignition Probability
	Ignition Probability Contributors
	Grid Sensitivity

	Methane
	Methane


	Process Plant
	Hydrogen
	Gas dispersion
	Flammable Cloud
	Ignition Probability
	Ignition Probability Contributors
	Grid sensitivity

	Methane leak compared with hydrogen leak
	Methane

	Comparison with HYEX and DNV model
	DSB


	Discussion
	Total ignition probability (after 30 sec)
	Variation regarding rate
	Contributors
	Leak Direction
	Location

	Total ignition probability (at 0 seconds)
	Variation regarding rate
	Contributors
	Direction

	Total ignition between 1-5 seconds
	Contributors

	Comparison of Ignition Probability Models
	Grid sensitivity
	Methane leak compared to hydrogen leak

	Conclusion and further work
	Conclusion
	Further work

	Bibliography
	Container, xml file
	Container, scn file
	Container, ignprob.log file

