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

�� �7�m�`�i�?�2�` �`�2���b�Q�M �r�?�v �+�Q�M�~�B�+�i �K���v �+�m�i �/�Q�r�M �Q�M �B�M�7�Q�`�K���i�B�Q�M �~�Q�r�B�M�; �7�`�Q�KBC �i�QAC �2�p�2�M

�r�B�i�?�Q�m�i �2�H�B�K�B�M���i�B�M�;BC �B�b �#�v �K���F�B�M�; �B�M�7�Q�`�K���i�B�Q�M �i�`���M�b�K�B�b�b�B�Q�M �K�Q�`�2 �/�B�{�+�m�H�i�X �6�Q�` �B�M�b�i���M�+�2�-

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

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

�#�2 �/�2�K�Q�+�`���i�B�+�@�K�B�M�/�2�/�X�R�k�.�m�`�B�M�; �i�?�2 �B�M�i�2�`�p�2�M�i�B�Q�M �B�M �*�`�B�K�2���- �S�m�i�B�M �+�`���+�F�2�/ �/�Q�r�M �Q�M �/�B�b�b�2�M�i

�3�a�2�K�B�M���H �b�i�m�/�B�2�b �B�M�+�H�m�/�2 �a�?�2�`�B�7 �2�i ���H�X �R�N�e�R ���M�/ �h���D�7�2�H ���M�/ �h�m�`�M�2�` �R�N�d�N�X

�N�*�Q�b�2�` �R�N�8�e�- �a�B�K�K�2�H �R�N�8�8�X �a�Q�K�2 �`�2�+�2�M�i �}�2�H�/ �2�t�T�2�`�B�K�2�M�i �2�p�B�/�2�M�+�2 �B�b �B�M �:�B�H�H�B�;���M�- �S���b�[�m���H�2 ���M�/ �a���K�B�B
�U�k�y�R�j�V�- �"�2�H�H�Q�r�b ���M�/ �J�B�;�m�2�H �k�y�y�N ���M�/ �"�H���i�i�K���M �k�y�y�N�X

�R�y�"�m�2�M�Q �/�2 �J�2�b�[�m�B�i�� ���M�/ �.�B�+�F�b�Q�M �k�y�y�3 ���`�;�m�2�b �i�?���i �i�2�`�`�Q�`�B�b�i �;�`�Q�m�T�b ���i�i�2�K�T�i �i�Q �T�`�Q�p�Q�F�2 �Q�m�i�b�B�/�2�`�b �i�Q �;���B�M
�b�m�T�T�Q�`�i �7�`�Q�K �i�?�2�B�` �Q�r�M �T�2�Q�T�H�2�X

�R�R�>�B�b�i�Q�`�B���M �h�B�K�Q�i�?�v �a�M�v�/�2�` �#�2�H�B�2�p�2�b �i�?�B�b �r���b �Q�M�2 �Q�7 �i�?�2 �`�2���b�Q�M�b �#�2�?�B�M�/ �S�m�i�B�M�ö�b �B�M�p���b�B�Q�M �Q�7 �*�`�B�K�2���, �?�i�i�T�,
�f�f�r�r�r�X�M�v�#�Q�Q�F�b�X�+�Q�K�f�#�H�Q�;�b�f�M�v�`�#�H�Q�;�f�k�y�R�9�f�K���`�f�y�d�f�+�`�B�K�2���@�T�m�i�B�M�@�p�b�@�`�2���H�B�i�v�f

�R�k�q���` �+�Q�m�H�/ �H�2���/ �i�Q �r�?���i �o���M �1�p�2�`�� �U�k�y�y�R�V �+���H�H�b �K�B�M�Q�`�B�i�v�@�Q�T�T�`�2�b�b�B�M�; ���b �Q�T�T�Q�b�2�/ �i�Q �K�B�M�Q�`�B�i�v�@�`�2�b�T�2�+�i�B�M�;
�M���i�B�Q�M���H�B�b�K�X �1�M�K�B�i�v �+�Q�m�H�/ �2�M�+�Q�m�`���;�2 �i�?�B�b �K�B�M�Q�`�B�i�v�@�Q�T�T�`�2�b�b�B�M�; �M���i�B�Q�M���H�B�b�K�- �`�2�/�m�+�B�M�; �+�Q�K�K�m�M�B�+���i�B�Q�M �#�2�i�r�2�2�M

�R�d



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

�S�m�i�B�M�ö�b �B�M�i�2�`�p�2�M�i�B�Q�M �r���b �T�`�Q�K�T�i�H�v �}�`�2�/�X�R�j �h�?�2 �?�2���/ �Q�7 �i�?�2 �#�B�;�;�2�b�i �+�Q�K�T���M�v �B�M �i�?�2 �+�Q�m�M�i�`�v�-

�i�?�2 �_�m�b�b�B���M �_���B�H�r���v�b�- �T�`�Q�T�Q�b�2�/ �i�?�2 �B�/�2�� �Q�7 �� �h�`���M�b�@�1�m�`���b�B���M �.�2�p�2�H�Q�T�K�2�M�i �"�2�H�i �i�?���i �r�Q�m�H�/

�i���F�2 �M�Q�M�@�q�2�b�i�2�`�M �p���H�m�2�b �B�M�i�Q ���+�+�Q�m�M�i�X�R�9

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

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

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

�i�B�K�B�M�; �B�b�,

�R�X �1�B�i�?�2�`AE �Q�ÀC �B�b �B�M �T�Q�r�2�` �B�MA �UIA (t) 2 f AE, AC, Æg�V�-BC �B�b �2�B�i�?�2�` ���H�B�p�2 �Q�` �M�Q�i�,

�UIB(t) 2 f BC, Æg�V�XIA �B�b ���H�H�Q�+���i�2�/SA = 1�-IB �B�b ���H�H�Q�+���i�2�/SB �m�M�B�i�b �Q�7 �`�2�b�Q�m�`�+�2�b �U�#���b�2�/

�Q�M �b�B�x�2�V�X

�k�X �h�?�2 �b�?�Q�+�Fm(t) �Um(t) 2 f mL, mH g�V �B�b �`�2���H�B�x�2�/ �B�MA �U�M�Q �b�?�Q�+�F �B�MB�V�X �h�?�2 �b�?�Q�+�Fm(t)�-

�i�?�2 ���;�2�M�i �B�M �T�Q�r�2�` �B�MA ���M�/B�- ���M�/ �r�?�2�i�?�2�` �i�?�2�`�2 �?���/ �#�2�2�M �� �`�2�p�Q�H�m�i�B�Q�MR 2 f 0, 1g

�B�MA �#�m�B�H�/ �i�?�2 �b�i���i�2 �p�2�+�i�Q�`�,f m(t), IA (t), IB(t), R(t)g�X

�j�X �A�M�i�2�`�M���i�B�Q�M���H �B�M�i�2�`���+�i�B�Q�M�b�,

�Ç BC �U�B�7 ���H�B�p�2�V �+���M �K���F�2 ���M�v �T�Q�b�B�i�B�p�2 �i�`���M�b�7�2�`t �i�Q �r�?�Q�2�p�2�` �B�b �B�M �T�Q�r�2�` �B�MA�X�R�8

�Ç �q�?�Q�2�p�2�` �B�b �B�M �T�Q�r�2�` �B�MA �UIA �V �+���M ���i�i���+�FBC�X

�Ç BC �U�B�7 ���H�B�p�2�V �+���M ���i�i���+�FIA �X

AC ���M�/ �B�K�K�B�;�`���M�i�b �7�`�Q�KBC �b�QAC �r�Q�m�H�/ �2�t�T�2�+�i �i�Q �F�M�Q�r �H�2�b�b ���#�Q�m�i �i�?�2 �T�Q�H�B�+�v �Q�m�i�+�Q�K�2 �Q�7BC�X

�R�j�h�B�K�Q�i�?�v �a�M�v�/�2�` �B�M �i�?�2 �L�2�r �u�Q�`�F �_�2�p�B�2�r �Q�7 �"�Q�Q�F�b�, �?�i�i�T�,�f�f�r�r�r�X�M�v�#�Q�Q�F�b�X�+�Q�K�f�#�H�Q�;�b�f�M�v�`�#�H�Q�;�f�k�y�R�9�f�K���`�f
�y�d�f�+�`�B�K�2���@�T�m�i�B�M�@�p�b�@�`�2���H�B�i�v�f

�R�9�C�m�H�B�� �A�Q�z�2 �B�M �i�?�2 �L�2�r �_�2�T�m�#�H�B�+�- �J���`�+�? �R�8�i�? �k�y�R�9�, �?�i�i�T�,�f�f�r�r�r�X�M�2�r�`�2�T�m�#�H�B�+�X�+�Q�K�f���`�i�B�+�H�2�f�R�R�d�y�y�d�f
�r�?�B�H�2�@�r�2�b�i�@�r���i�+�?�2�b�@�+�`�B�K�2���@�T�m�i�B�M�@�+�H�2���M�b�@�?�Q�m�b�2�@�K�Q�b�+�Q�r

�R�8�h�?�2 �2�t���+�i �#���`�;���B�M�B�M�; �T�`�Q�i�Q�+�Q�H �B�b �m�M�B�K�T�Q�`�i���M�i �?�2�`�2�- �i�?�B�b �+�H�Q�b�2�/ �`�m�H�2 �r�B�i�? �Q�M�2 �`�Q�m�M�/ �Q�7 �T�`�Q�T�Q�b���H�b �B�b �i�?�2
�2���b�B�2�b�i �+�?�Q�B�+�2�X �A�7 ���M �2�{�+�B�2�M�i �*�Q���b�B���M �#���`�;���B�M�B�M�; �b�Q�H�m�i�B�Q�M �2�t�B�b�i�b�- �r�2 �r���M�i �B�i �i�Q �Q�+�+�m�`�X �r�B�i�?A�ö�b ���;�2�M�i �B�M �T�Q�r�2�`
�K���F�B�M�; �i�?�2 �}�`�b�i �Q�z�2�` �b�Q �i�?���i �?�2 �+���M �2�t�i�`���+�i ���H�H �i�?�2 �#���`�;���B�M�B�M�; �b�m�`�T�H�m�b �U�b�2�2 �2�X�;�X �a�+�?�2�H�H�B�M�; �R�N�e�y�- �6�2���`�Q�M �R�N�N�8�-
�S�Q�r�2�H�H �R�N�N�N�V�X �A�7 �i�?�2 �#���`�;���B�M�B�M�; �`���M�;�2 �B�b �2�K�T�i�v�- �Q�M�2 �Q�7 �i�?�2 �b�B�/�2�b �r�B�H�H ���i�i���+�F�X

�R�3



�9�X �.�Q�K�2�b�i�B�+ �B�M�i�2�`���+�i�B�Q�M�b�,

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

�U�B�X�2�XAE �K���v �/�2�K�Q�+�`���i�B�x�2 �B�M �Q�`�/�2�` �i�Q ���p�Q�B�/ �� �`�2�p�Q�H�m�i�B�Q�M�V�X

�Ç ���;�2�M�i�b �B�M �T�Q�r�2�` �K���F�2 �/�Q�K�2�b�i�B�+ �/�2�+�B�b�B�Q�M�b�, �r�?�Q�2�p�2�` �B�b �M�Q�r �B�M �T�Q�r�2�` �B�MA �UIA �V

�K���F�2�b ���M ���H�H�Q�+���i�B�p�2 �/�2�+�B�b�B�Q�MpA �U�Q�z�2�`�V�- �r�?�B�H�2�- �B�7 ���H�B�p�2�-BC �+�Q�M�b�m�K�2�bSB � t �X

�Ç �h�?�2 �+�B�i�B�x�2�M�b�ö �`�2�T�`�2�b�2�M�i���i�B�p�2 ���;�2�M�iAC �/�2�+�B�/�2�b �r�?�2�i�?�2�` �i�Q �`�2�p�Q�H�i �Q�` �M�Q�i�X

�Ç �A�7 �i�?�2�`�2 �r���b �� �`�2�p�Q�H�i�-IA �T�B�+�F�b �T�Q�H�B�+�vp0
A �U�B�X�2�X ���H�H�Q�+���i�2�b �i�?�2 �`�2�b�Q�m�`�+�2�V�X

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

�i�`���M�b�7�2�` �i�QAC�X �h�?�2 �~�Q�r �+�Q�b�i�b �Q�7 �r���` ���`�2cA ���M�/cB�- �i�?�m�b �A ���b�b�m�K�2�,

���b�b�m�K�T�i�B�Q�M �R�Xg < cA + cB.

�h�?�B�b ���b�b�m�K�T�i�B�Q�M �b���v�b �i�?���i �i�?�2 �r���` �B�b �+�Q�b�i�H�v�, �B�i�b �+�Q�b�i�b �2�t�+�2�2�/ �B�i�b �#�2�M�2�}�i�b�X �A �r�B�H�H ���M���H�v�x�2

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

�r���`�@�B�b�@�+�Q�b�i�H�v ���b�b�m�K�T�i�B�Q�M�X

�R�X�j �.�2�}�M�B�i�B�Q�M �Q�7 �1�[�m�B�H�B�#�`�B�m�K

�A �/�2�}�M�2 �J���`�F�Q�p �S�2�`�7�2�+�i �1�[�m�B�H�B�#�`�B�� �B�M �i�?�B�b �;���K�2�, �b�i�`���i�2�;�B�2�b �/�2�T�2�M�/ �Q�M�H�v �Q�M �i�?�2 �+�m�`�`�2�M�i

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

�B�bf m(t), IA (t), IB(t), R(t)g�X �h�?�2 �b�i�`���i�2�;�v �Q�7BC �B�bsBC(S(t)) ���M�/ �+�Q�M�b�B�b�i�b �Q�7pB(t)�- �r�?�2�`�2

pB(t) �B�K�T�H�B�+�B�i�H�v �/�2�}�M�2�bt (t) = 1 � pB(t)�- �i�?�2 �i�`���M�b�7�2�` �i�?���iBC �B�b �K���F�B�M�; �i�QAE �Q�ÀC�X �h�?�2

�b�i�`���i�2�;�v �Q�7 �i�?�2 �2�H�B�i�2AE �B�b �/�2�M�Q�i�2�/ �#�vsAE(S(t)jpB(t)) �X �h�?�2 �b�i�`���i�2�;�vsAE �+�Q�M�b�B�b�i�b �Q�7 �� �#�B�M���`�v

�/�2�+�B�b�B�Q�M �r�?�2�i�?�2�` �i�Q �;�Q �i�Q �r���`w(t) 2 f 0, 1g�- �� �#�B�M���`�v �/�2�+�B�b�B�Q�M �r�?�2�i�?�2�` �i�Q �v�B�2�H�/ �T�Q�r�2�` �i�Q

AC d(t) 2 f 0, 1g�- ���M�/pE
A (t)�- �r�?�B�+�? �i�Q�;�2�i�?�2�` �r�B�i�?pB(t) �/�2�i�2�`�K�B�M�2 �i�?�2 �b�B�x�2 �Q�7 �i�?�2 �i�`���M�b�7�2�`�b

�i�?���iAC �B�b �Q�z�2�`�2�/ �B�M �T�2�`�B�Q�/t�, 1 + SB � pE
A (t) � pB(t)�X�R�e �h�?�2 �2�H�B�i�2 �Q�M�H�v �b�2�i �i�?�2 �i���t �`���i�2

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

�R�N



�r�?�2�M �i�?�2�v �/�Q �M�Q�i �v�B�2�H�/ �T�Q�r�2�` �Ud(t) = 0�V�X �h�?�2 �b�i�`���i�2�;�v �Q�7AC �B�bsAC(S(t)jw(t), d(t), pE
A (t)) �-

�r�?�B�+�? �/�2�T�2�M�/�b �Q�M �i�?�2 �b�i���i�2�- �i�?�2 �/�2�+�B�b�B�Q�M �Q�M �r���`�- �i�?�2 �/�2�+�B�b�B�Q�M �r�?�2�i�?�2�`AE �?���/ �v�B�2�H�/�2�/ �T�Q�r�2�`

���M�/ �i�?�2 �2�H�B�i�2�ö�b �T�Q�H�B�+�v �Q�z�2�`pE
A (t)�X �h�?�B�b �b�i�`���i�2�;�v �/�2�i�2�`�K�B�M�2�b �i�?�2 ���+�i�B�Q�M�bf r , pC

A (t)g�- �r�?�2�`�2

r 2 f 0, 1g �B�b �i�?�2 �#�B�M���`�v �/�2�+�B�b�B�Q�M �r�?�2�i�?�2�` �i�Q �`�2�p�Q�H�i �Ur = 1 �B�b �� �`�2�p�Q�H�m�i�B�Q�M�V�- ���M�/pC
A (t) �B�b �i�?�2

���K�Q�m�M�i �Q�7 �`�2�/�B�b�i�`�B�#�m�i�B�Q�M �i�QAE�X

�h�`���M�b�B�i�B�Q�M�b �#�2�i�r�2�2�M �b�i���i�2�b ���`�2 ���b �7�Q�H�H�Q�r�b�X �a�i���`�i�B�M�; �7�`�Q�K �Um(t)�- AE�- BC�- 0�V �B�7 �i�?�2�`�2 �B�b

�M�Q �`�2�p�Q�H�m�i�B�Q�M �Q�` �/�2�K�Q�+�`���i�B�x���i�B�Q�M �#�m�i �i�?�2�`�2 �B�b �� �r���` �Uw(t) = 1�V �i�?�2�M �i�?�2 �i�`���M�b�B�i�B�Q�M �B�b �i�Q

�Um(t + 1)�- Æ�- BC�- 0�V �r�B�i�? �T�`�Q�#���#�B�H�B�i�vSB
1+ SB

���M�/ �i�Q �Um(t + 1)�- AE�- Æ�-0�V �r�B�i�? �T�`�Q�#���#�B�H�B�i�v

1
1+ SB

�X �A�7 �i�?�2�`�2 �B�b �M�Q �r���` �#�m�i �i�?�2�`�2 �B�b �/�2�K�Q�+�`���i�B�x���i�B�Q�M �Ud(t) = 1�V �i�?�2�M �i�?�2 �i�`���M�b�B�i�B�Q�M �B�b �i�Q

�Um(t + 1)�-AC�-BC�-0�V�X �A�7 �i�?�2�`�2 �B�b �M�2�B�i�?�2�` �r���`�- �M�Q�` �/�2�K�Q�+�`���i�B�x���i�B�Q�M �#�m�i �i�?�2�`�2 �B�b �� �`�2�p�Q�H�m�i�B�Q�M

�i�?�2�M �i�?�2 �i�`���M�b�B�i�B�Q�M �B�b �i�Q �Um(t + 1)�-AC�-BC�-1�V�X �h�?�2 �+�Q�K�#�B�M���i�B�Q�M�b �Q�7 �r���`�- �/�2�K�Q�+�`���i�B�x���i�B�Q�M

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

�� �T�m�`�2 �b�i�`���i�2�;�v �J���`�F�Q�p �S�2�`�7�2�+�i �1�[�m�B�H�B�#�`�B�m�K �B�b �� �b�i�`���i�2�;�v �+�Q�K�#�B�M���i�B�Q�Mf sAE(S(t)jpB(t)) ,

sBC(S(t)) , sAC(S(t)jw(t), d(t), pE
A (t)) g�- �b�m�+�? �i�?���isAE(S(t)jpB(t)) �-sBC(S(t)) �- ���M�/sAC(S(t)

jw(t), d(t), pE
A (t) ���`�2 �#�2�b�i �`�2�b�T�Q�M�b�2�b �i�Q �2���+�? �Q�i�?�2�` �7�Q�` ���H�H �T�Q�b�b�B�#�H�2 �b�i���i�2�b�X

�R�X�9 �J�Q�/�2�H�B�M�; �a�Q�+�B���H �G�2���`�M�B�M�;

�L�Q�r �A �r�B�H�H �2�M�/�Q�;�2�M�B�x�2g �i�?�`�Q�m�;�? �b�Q�+�B���H �H�2���`�M�B�M�;�X �1�H�F�B�M�b ���M�/ �a�B�K�K�Q�M�b �k�y�y�9 �T�Q�b�B�i�b �i�r�Q

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

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

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

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

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

�`�2���b�Q�M �7�Q�` �/�B�z�m�b�B�Q�M�X

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

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

�k�y



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

�r���p�2�b �Q�7 �/�2�K�Q�+�`���i�B�x���i�B�Q�M�- �b�m�+�? ���b �i�?�2 �i�?�B�`�/ �r���p�2 �Q�7 �/�2�K�Q�+�`���i�B�x���B�i�Q�M �U�R�N�d�9�@�N�R�- �>�m�M�i�B�M�;�i�Q�M

�R�N�N�R�V�- �Q�` �i�?�2 ���`���# �a�T�`�B�M�;�X �S�`�B�Q�` �2�t���K�T�H�2 �Q�7 �b�m�+�+�2�b�b�7�m�H �`�2�p�Q�H�m�i�B�Q�M �`�2�p�2���H�b �M�Q�i �Q�M�H�v �i���+�i�B�+�b

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

���`�2 �p�m�H�M�2�`���#�H�2 �B�M �i�?�2 �+�m�`�`�2�M�i �T�2�`�B�Q�/ �U�h���`�`�Q�r �R�N�N�9�- �"�2�B�b�b�B�M�;�2�` �k�y�y�d�V�X

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

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

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

�6�Q�` �2�t���K�T�H�2�- �a�Q�m�i�? �E�Q�`�2���M �/�2�K�Q�+�`���+�v �7�`�Q�K �i�?�2 �i�?�2 �R�N�N�y�b �Q�M�r���`�/ �?���b �#�2�2�M �� �`�2�p�2�H���i�Q�`�v

�b�Q�m�`�+�2 �Q�7 �B�M�7�Q�`�K���i�B�Q�M �i�Q �L�Q�`�i�? �E�Q�`�2���X

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

g(pA , AC, t) �/�2�M�Q�i�2 �i�?�2 �2�t�i�`�� ���p���B�H���#�H�2 �B�M�+�Q�K�2 �m�M�/�2�` �/�2�K�Q�+�`���+�v �B�MA �#�2�v�Q�M�/ �i�?�2 �m�M�B�i�@�b�B�x�2�/

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

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

�i�?�m�bBC�ö�b �b�m�+�+�2�b�b ���b �r�2�H�H ���b �7���B�H�m�`�2 �r�B�H�H �`�2�p�2���H �B�M�7�Q�`�K���i�B�Q�M �i�QAC�X �A �r�B�H�H �/�2�`�B�p�2 �?�Q�r �K�m�+�?

�B�M�7�Q�`�K���i�B�Q�M �i�?�2 �2�t�B�b�i�2�M�+�2 �Q�7BC �`�2�p�2���H�b �i�QAE�,

g = E[g(pA , AC, t)j IB(t + 1) = BC] � E[g(pA , AC, t)]. �U�R�X�9�V

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

�b�i���M�+�2�b�- �b�m�+�? ���b �� �b�T�2�+�B�}�+ �+�m�H�i�m�`�2 �Q�` �2�+�Q�M�Q�K�B�+ �/�2�p�2�H�Q�T�K�2�M�i �H�2�p�2�H�X�R�3�h�?�2�B�` ���b�b�m�K�T�i�B�Q�M �K���v �Q�`

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

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

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

�L�2�t�i�- ���b�b�m�K�2 �i�?���i �i�?�2 �+�Q�m�M�i�`�v�ö�b �B�M�+�Q�K�2 �H�2�p�2�H �;�B�p�2�M �� �T�Q�H�B�+�vpA �Q�M�H�v �/�2�T�2�M�/�b �Q�M �i�?�2 �+�Q�m�M�i�`�v�ö�b

�R�d�o�Q�H�/�2�M �k�y�y�e ���M���H�v�x�2�b �i�?�2 �*�?�B�H�/�`�2�M�ö�b �>�2���H�i�? �A�M�b�m�`���M�+�2 �S�`�Q�;�`���K �7�`�Q�K �R�N�N�3 �i�Q �k�y�y�R ���M�/ �b�?�Q�r�b �i�?���i �b�i���i�2�b
�r�B�i�? �K�Q�`�2 �b�m�+�+�2�b�b�7�m�H �T�Q�H�B�+�B�2�b ���`�2 �K�Q�`�2 �H�B�F�2�H�v �i�Q �#�2 �2�K�m�H���i�2�/ �i�?���M �b�i���i�2�b �r�B�i�? �7���B�H�B�M�; �T�Q�H�B�+�B�2�b�X

�R�3�h�?�2 ���T�T�`�Q���+�? �B�b �`�2�H���i�2�/ �i�Q �J�m�F���M�/ ���M�/ �_�Q�/�`�B�F �U�k�y�y�8�V ���M�/ �"�`�2�M�/�2�` ���M�/ �.�`���x�2�M �U�k�y�y�d�V�- �r�?�Q �#�Q�i�? �?���p�2
�� �Q�M�2�@�+�Q�m�M�i�`�v �K�Q�/�2�H�X

�k�R



�+�B�`�+�m�K�b�i���M�+�2�b�- �#�m�i �M�Q�i �/�B�`�2�+�i�H�v �Q�M �B�M�b�i�B�i�m�i�B�Q�M�b�,g(pA , AC, t) = g(pA , AE, t) = g(pA , A, t) ���i

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

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

�i�?�2 �2�t ���M�i�2 �2�t�T�2�+�i�2�/ �B�M�+�Q�K�2 �`�B�b�2�b �7�Q�`AC �F�M�Q�r�B�M�; �i�?���iBC �r�B�H�H �?���p�2 �b�i���`�i�2�/ �õ�2�t�T�2�`�B�K�2�M�i�B�M�;�ö

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

���/�Q�T�i �B�i�- �r�?�B�H�2 �B�7 �B�i �B�b �`�2�p�2���H�2�/ �M�Q�i �i�Q �r�Q�`�F�-AC �r�B�H�H �#�2 ���#�H�2 �i�Q �+�?�Q�Q�b�2 �� �/�B�z�2�`�2�M�i �T�Q�H�B�+�v�X

�L�2�t�i ���b�b�m�K�2 �i�?���i �;�`�Q�r�i�?gA (pA , t) ���M�/gB(pB, t) ���`�2 �`���M�/�Q�K �p���`�B���#�H�2�b �i�?���i �+���M �i���F�2 �m�T

�Q�M�H�v �i�r�Q �p���H�m�2�b�,gH (pA , A, t) �Q�g̀L(pA , A, t) ���M�/gH (pB, B, t) �Q�g̀L(pB, B, t)�X ���H�b�Q ���b�b�m�K�2

�i�?���i �Q�M�H�v �i�?�2 �p���`�B���M�+�2�b �Q�7 �T�Q�H�B�+�B�2�b �/�B�z�2�`�,E[gI (pI , t)] = E[gI (p0
I , t)] = 0,8pI , p0

I 2 [0, 1], I 2

f A, Bg�X ���M�/ �i�?���igI (pI ) 8I 2 f A, Bg ���`�2 �m�M�+�Q�`�`�2�H���i�2�/ �Q�p�2�` �i�B�K�2�X �a�Q �i�?�2 �/�2�K�Q�+�`���i�B�+ �+�Q�m�M�i�`�v

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

�+�Q�m�M�i�`�B�2�b ���`�2 �m�M�+�Q�`�`�2�H���i�2�/�- �b�Q �B�7g(pB) �B�b �`�2�p�2���H�2�/ �i�Q �?���p�2 �� �#���/ �Q�m�i�+�Q�K�2 �i�?�2�Mg(pB � e) �b�i�B�H�H

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

�G�2�i �i�?�2 �+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i �#�2�i�r�2�2�MgA (p, t) ���M�/gB(p, t) �#�2C(p, t) � 0 ���M�/ �+�Q�M�b�i���M�i

���+�`�Q�b�b �T�Q�H�B�+�B�2�b ���M�/ �i�B�K�2 �UC(p, t) = C�V�X �h�?�B�b �+�Q�`�`�2�H���i�B�Q�MC �+���T�i�m�`�2�b �+�m�H�i�m�`���H �b�B�K�B�H���`�B�i�v�X �G�2�i

p (p, A, t) = �S�`�Q�#(gA (p, t) = gH (p, A, t)) ���M�/p (p, B, t) �#�2 �i�?�2 �T�`�B�Q�` �T�`�Q�#���#�B�H�B�i�B�2�b �i�?���i

�;�`�Q�r�i�? �B�b �?�B�;�? ���i �i�B�K�2t �7�Q�` �T�Q�H�B�+�vp �B�MA ���M�/B�- �r�?�B�H�2p̃ (p, A, t) �B�b �i�?�2 �T�Q�b�i�2�`�B�Q�` �T�`�Q�#���#�B�H�B�i�v

�+�Q�M�/�B�i�B�Q�M���H �Q�M �;�`�Q�r�i�? �#�2�B�M�; �?�B�;�? �B�MB �7�Q�` �i�?�2 �b���K�2 �T�Q�H�B�+�vp�, p̃ (p, A, t) = �S�`�Q�#(gA (p, t) =

gH (p, A, t)jgB(p, t) = gH (p, B, t)) �X

�G�2�K�K�� �R�X �h�?�2 �T�Q�b�i�2�`�B�Q�`�b �`�2�H���i�B�p�2 �i�Q �i�?�2 �T�`�B�Q�`�b ���`�2 �;�B�p�2�M �#�v�,

p̃ (p, A, t) � p (p, A, t) =
C

p (p, B, t)

q
p (p, A, t)(1 � p (p, A, t))

q
p (p, B, t)(1 � p (p, B, t))) .

�U�R�X�8�V

�S�`�Q�Q�7�X �h�`���M�b�7�Q�`�KgA (p, t) ���M�/gB(p, t) �i�Q �;�2�ia = gA (p,t)� gL(p,A,t)
gH (p,A,t)� gL(p,A,t) ���M�/b = gB(p,t)� gL(p,B,t)

gH (p,B,t)� gL(p,B,t)

�i�Q �;�2�i �i�r�Q �"�2�`�M�Q�m�H�H�B �`���M�/�Q�K �p���`�B���#�H�2�b�X �L�Q�i�B�+�2 �i�?���i �i�?�2 �+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i �#�2�i�r�2�2�Ma ���M�/

b �B�b �b�i�B�H�HC �U�b�B�M�+�2cov(c1x + c2, c3y + c4) = c1c3 � cov(x, y) �7�Q�`c1, c2, c3, c4 �+�Q�M�b�i���M�i�b�V�X �h�?�2�M

a ���M�/b �#�Q�i�? �i���F�2 �Q�M �R ���M�/ �y �r�B�i�?E[a] = p (p, A, t) ���M�/E[b] = p (p, B, t)�Xab �i���F�2�b �Q�M

�k�k



�R ���M�/ �y �i�Q�Q�- ���M�/ �S�`�Q�#(ab = 1) = �S�`�Q�#(gA (p, t) = gH (p, A, t), gB(p, t) = gH (p, B, t)) =

p̃ (p, A, t)p (p, B, t)�- �r�?�2�`�2 �i�?�2 �H���b�i �2�[�m���i�B�Q�M �7�Q�H�H�Q�r�b �7�`�Q�K �"���v�2�b�ö �`�m�H�2�X

�h�?�2�M �r�`�B�i�B�M�; �Q�m�iC�,

C =
cov(a, b)

p
var(a)

p
var(b)

=
E[ab] � E[a]E[b]

p
var(a)

p
var(b)

=

(p̃ (p, A, t) � p (p, A, t))p (p, B, t)
p

p (p, A, t)(1 � p (p, A, t))
p

p (p, B, t)(1 � p (p, B, t))

�Q�`

p̃ (p, A, t) � p (p, A, t) = C
q

p (p, A, t)(1 � p (p, A, t))

s
1

p (p, B, t)
� 1. �U�R�X�e�V

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

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

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

�r�?�2�Mp (p, A, t) = 1
2�X �h�?�2�`�2�7�Q�`�2 �B�7B �B�b �2�t�T�2�+�i�2�/ �i�Q �?���p�2 �� �?�B�;�? �;�`�Q�r�i�? �`���i�2 �r�B�i�? �� �p�2�`�v

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

lim (p̃ (p, A, t) � p (p, A, t)) ! 0 ���bp (p, B, t) ! 1�V�X �A�i �B�b �M�Q�i �� �?�B�;�? �2�t�T�2�+�i�2�/ �;�`�Q�r�i�? �`���i�2

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

�B�M�7�Q�`�K���i�B�Q�M �7�Q�`AC�X

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

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

�T�B�+�F ���M�vpB �i�Q �T�`�2�p�2�M�i �r���`�- �?�2 �Q�` �b�?�2 �r�B�H�H �b�B�K�T�H�v �?���p�2 �T�B�+�F�2�/pB = 1�X �h�?�2 �b�m�+�+�2�b�b �Q�7AE�ö�b

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

�>���p�B�M�;BC �M�2�t�i �/�Q�Q�` �`�2�p�2���H�b �B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�i �;�Q�Q�/ �;�`�Q�r�i�? �b�i�`���i�2�;�B�2�b �U�Q�` �2�p�2�M ���#�Q�m�i

�r�?���i �M�Q�i �i�Q �i�`�v�V�X �L�Q�i�2 �i�?���i �i�?�2 �~�B�T�b�B�/�2 �B�b �M�Q�i �i�`�m�2�,AE �r�B�H�H �M�Q�i �r���M�i �i�Q �F�2�2�TBC �i�Q �T�`�Q�p�2

�B�i �i�QAC �i�?���i �i�?�2�v ���`�2 �#���/ ���i �#�2�B�M�; �B�M �T�Q�r�2�`�X �6�Q�` �B�M�b�i���M�+�2�- �L�Q�`�i�? �E�Q�`�2�� �B�b �M�Q�i �/�2�H�B�#�2�`���i�2�H�v

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

�i�?���i �B�7BC �T�`�Q�/�m�+�2�b �� �#���/ �Q�m�i�+�Q�K�2 �#�v �� �T�Q�H�B�+�v �i�?�Q�m�;�?�i �i�Q �#�2 �Q�T�i�B�K���H �#�vAC�- �i�?���i �?�2�H�T�bAC

�k�j



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

�T�B�+�F�bpA = 1 � e �B�M �i�?�2 �#���/ �+���b�2 ���M�/ �2�M�/�b �m�T �r�B�i�? �i�?�2 �b���K�2 �2�t�T�2�+�i���i�B�Q�M�b ���b ���i �i�?�2 �b�i���`�i �Q�7

�i�?�2 �;���K�2 �U�2�t�T�2�+�i�b �i�Q �T�`�Q�/�m�+�2 �R�V�X �h�?�B�b ���H�b�Q �K�2���M�b �i�?���iAE �+���M�M�Q�i �T�B�+�F �i�?�2 �b���K�2 �T�Q�H�B�+�v ���b

BC �UpA = pB = 1�V �i�Q ���p�Q�B�/ �B�M�7�Q�`�K���i�B�Q�M �`�2�p�2�H���i�B�Q�M �#�2�+���m�b�2AE �M�2�2�/�b �i�Q �/�2�+�B�/�2 �Q�p�2�` �T�Q�H�B�+�v

�#�2�7�Q�`�2BC�ö�b �b�m�+�+�2�b�b �Q�` �7���B�H�m�`�2 �B�b �`�2�p�2���H�2�/�- �i�?�m�b �+���M�M�Q�i �+�?���M�;�2 �i�?�2 �T�Q�H�B�+�v �i�QpA = 1 � e ���b

�i�?�2 �+�B�i�B�x�2�M�b �+�Q�m�H�/�X

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

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

�2�t�T�2�+�i�2�/ �T�`�Q�#���#�B�H�B�i�v �Q�7BC �#�2�B�M�; �#�2�M�2�}�+�B���H �i�QAC �B�b �i�?�m�bp (p, B, t)�X �h�?�2�`�2�7�Q�`�2 �B�7BC �B�b �M�Q�i

�2�H�B�K�B�M���i�2�/ �i�?�2�M �i�?�2 �2�t�T�2�+�i�2�/ �i�Q�i���H �B�M�+�Q�K�2 �B�MA �m�M�/�2�` �i�?�2 �`�m�H�2 �Q�7AC �B�b �2�[�m���H �i�Q�,�R�N

vAC = 1 + p (p, B, t)
�

(p̃ (p, A, t) � p (p, A, t)( gH (p, A, t) � gL(p, A, t))
�

, �U�R�X�d�V

�T�H�m�;�;�B�M�; �B�M �G�2�K�K�� �d �v�B�2�H�/�b�,

g = C
q

p (p, A, t)(1 � p (p, A, t))
q

p (p, B, t)(1 � p (p, B, t))
�

gH (p, A, t) � gL(p, A, t)
�

.

�U�R�X�3�V

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

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

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

�2�B�i�?�2�` �B�MA �Q�B̀ �B�b�X

�R�N

vAC
= 1 + p (p, B, t)

�
(p̃ (p, A, t)gH (p, A, t) + ( 1 � p̃ (p, A, t)) gL(p, A, t)

�

+( 1 � p (p, B, t))
�

(p (p, A, t)gH (p, A, t) + ( 1 � p (p, A, t)) gL(p, A, t)
�

,

���M�/ �m�b�2p (p, A, t)gH (p, A, t) + ( 1 � p (p, A, t)) gL(p, A, t) = 0�X

�k�9



�R�X�8 ���M���H�v�b�B�b

�A �H�Q�Q�F �7�Q�` �i�?�2 �J���`�F�Q�p �S�2�`�7�2�+�i �1�[�m�B�H�B�#�`�B�m�K �U�J�S�1�V �B�M �i�?�2 �B�M�}�M�B�i�2�H�v�@�`�2�T�2���i�2�/ �;���K�2�X �h�?�2

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

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

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

AE �M�2�p�2�` �b�i���`�i�b �� �r���` �b�B�M�+�2 �?�2 �Q�` �b�?�2 �+���M ���H�r���v�b �r���B�i �m�M�i�B�Hm(t) = mH �i�Q �/�Q �b�Q�- ���M�/ ���b �7�m�i�m�`�2

�+�Q�b�i�b ���`�2 �/�B�b�+�Q�m�M�i�2�/�- �i�?�2�`�2 �B�b �M�Q �`�2���b�Q�M �r�?�vAE �b�?�Q�m�H�/ �M�Q�i �r���B�i �7�Q�`m(t) = mH �i�Q �b�i���`�i ��

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

�?�B�;�? �B�M �i�?�2 �T�`�2�b�2�M�i �Um(t) = mH �V�X

�P�M�2 �b�i�`���i�2�;�v �i�?�2 �2�H�B�i�2 �+���M �T�B�+�F �B�b �i�Q �b�i���`�i �� �r���`�X �L�Q�i�B�+�2 �i�?���i ���7�i�2�` �� �p�B�+�i�Q�`�B�Q�m�b �r���`�- �i�?�2

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

�+���M �#�2 �+���T�i�m�`�2�/ �#�v �� �õ�+�Q�K�K�B�i�K�2�M�i �+�Q�M�b�i�`���B�M�i�ö �i�?���i �/�2�b�+�`�B�#�2�b �r�?�2�i�?�2�` �i�?�2 �/�B�+�i���i�Q�` �B�M �T�Q�r�2�`

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

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

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

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

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

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

�G�2�K�K�� �k�X �A�7mH �B�b �H�Q�r �2�M�Q�m�;�? �i�?���iAC �+���M �#�2 �#�Q�m�;�?�i �Q�z �r�B�i�? �i�`���M�b�7�2�`�b �r�B�i�?�Q�m�i �i�?�2 �T�`�2�b�2�M�+�2

�Q�7BC�, mH � 1 � b(1 � h)�- �B�X�2�X �i�?�2 �õ�+�Q�K�K�B�i�K�2�M�i �+�Q�M�b�i�`���B�M�i�ö �B�b �M�Q�i �#�B�M�/�B�M�;�- �i�?�2�M �i�?�2 �m�i�B�H�B�i�v

�Q�7AE �7�`�Q�K �r���` �B�b�,

Vw
AE

(m= mH ) =
1 � mH

1 � b
�

cA + cB

1 � b
. �U�R�X�N�V

�S�`�Q�Q�7�X �A �m�b�2 �#���+�F�r���`�/ �B�M�/�m�+�i�B�Q�M�X ���7�i�2�` �� �U�p�B�+�i�Q�`�B�Q�m�b�V �r���`�- �?�Q�r �K�m�+�? �r�B�H�HAE �M�2�2�/ �i�Q �i�`���M�b�7�2�`

�k�y�6�Q�` �� �;�2�M�2�`���H �/�B�b�+�m�b�b�B�Q�M �Q�7 �H�Q�+�F�@�B�M �T�`�Q�#�H�2�K�b �b�2�2�, �S�Q�r�2�H�H �k�y�y�9�X

�k�8



�i�QAC �i�Q ���p�Q�B�/ �� �`�2�p�Q�H�m�i�B�Q�M�\ �q�B�i�? �� �`�2�p�Q�H�m�i�B�Q�M �i�?�2 �m�i�B�H�B�i�v �Q�7AC �r�Q�m�H�/ �#�2�,

V r
AC

(m= mH ) =
mH

1 � b
, �U�R�X�R�y�V

�b�QAE �M�2�2�/�b �i�Q �;�B�p�2 �� �i�`���M�b�7�2�`m̂H �i�Q�/���v �i�QAC �r�?�B�+�? �#�`�B�M�;�bAC �i�Q ���M �2�t�T�2�+�i�2�/ �m�i�B�H�B�i�v �Q�7

mH
1� b �X �A�bAE ���#�H�2 �i�Q �/�Q �i�?�B�b�\

�h�?�2 �K���t�B�K�m�K �i�`���M�b�7�2�` �i�?���iAE �+���M �Q�z�2�` �B�bm̂H = SA = 1�X �A�7AC ���+�+�2�T�i�b �i�?�B�b �i�?�2�M �?�2

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

�r�?�B�+�? �K�2���M�b�,

V p
AC

(m= mH ) =
1

1 � b
�

b(1 � h)
1 � b

, �U�R�X�R�R�V

�r�?�2�`�2 �B�M �� �T�`�Q�T�Q�`�i�B�Q�M �Q�71 � h �T�2�`�B�Q�/�bAC �;�2�i�b �M�Q�i�?�B�M�; ���M�/ �B�M �i�?�2 �`�2�b�i �i�?�2�v �;�2�i �2�p�2�`�v�i�?�B�M�;�X�k�R

�a�B�M�+�2 �M�Q �K�Q�`�2 �i�?���MSA = 1 �+���M �#�2 �i�`���M�b�7�2�`�`�2�/ �i�Q �i�?�2 �+�B�i�B�x�2�M�b�- �#�m�v�B�M�; �i�?�2 �+�B�i�B�x�2�M�b �Q�z �B�b �M�Q�i

���H�r���v�b �T�Q�b�b�B�#�H�2�X �q�?�2�M�2�p�2�` �i�?�2 �+�B�i�B�x�2�M�b �+���M�M�Q�i �#�2 �#�Q�m�;�?�i �Q�z �r�B�i�? �i�`���M�b�7�2�`�b �UV r
AC

(m= mH ) �

V p
AC

(m= mH )�V �r�2 �b���v �i�?���i �i�?�2 �õ�+�Q�K�K�B�i�K�2�M�i �+�Q�M�b�i�`���B�M�i�ö �B�b �#�B�M�/�B�M�;�,

mH

1 � b
�

1
1 � b

�
b(1 � h)

1 � b
, �U�R�X�R�k�V

�Q�`

mH � 1 � b(1 � h), �U�R�X�R�j�V

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

�i�Q ���p�Q�B�/ �� �`�2�p�Q�H�m�i�B�Q�M �B�bm̂H = mH
1� b(1� h) �-�k�k �b�Q �i�?���i �i�?�2 �?�B�;�?�2�` �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �?���p�B�M�;

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

�B�b �� �?�B�;�?�2�` �+�?���M�+�2 �B�M �i�?�2 �7�m�i�m�`�2 �i�?���iAC �r�B�H�H �/�2�K���M�/ �i�`���M�b�7�2�`�b ���;���B�M�X �q�2 �+���M �+���H�H �i�?�B�bm̂H

�k�R�h�?�B�b �7�Q�H�H�Q�r�b �b�B�K�B�H���` �H�Q�;�B�+ �i�Q �S�Q�r�2�H�H �k�y�y�e�, �r�2 ���`�2 �H�Q�Q�F�B�M�; �7�Q�` ���M �m�T�T�2�` �#�Q�m�M�/ ���M�/ �i�?�2 �2�H�B�i�2 �B�b �r�B�H�H�B�M�; �i�Q
�`�2�/�B�b�i�`�B�#�m�i�2 ���H�H �i�Q �i�?�2 �+�B�i�B�x�2�M�b �i�Q�/���v �i�Q ���p�Q�B�/ �� �`�2�p�Q�H�m�i�B�Q�M �#�m�i �+���M�M�Q�i �+�`�2�/�B�#�H�v �+�Q�K�K�B�i �/�Q�B�M�; �b�Q �B�M �i�?�2 �7�m�i�m�`�2
�i�Q�Q�X

�k�k�h�?�B�b �B�b �M�Q�i �b�B�K�T�H�vmH �#�2�+���m�b�2 �i�?�2 �+�B�i�B�x�2�M�b �F�M�Q�r �i�?���i �i�?�2�v �?���p�2 �b�Q�K�2 �/�2 �7���+�i�Q �T�Q�r�2�` �B�M �i�?�2 �7�m�i�m�`�2h
�b�?���`�2 �Q�7 �i�?�2 �i�B�K�2�X �h�?�2 �2�H�B�i�2 �r���M�i�b �i�Q �;�B�p�2 �i�?�2 �+�B�i�B�x�2�M�b �b�Q �K�m�+�? �i�`���M�b�7�2�`�bt �i�Q �;�2�i �i�?�2 �+�B�i�B�x�2�M�b�ö �m�i�B�H�B�i�v �i�Q
mH

1� b �- �F�M�Q�r�B�M�; �i�?���i �U�r�2 ���`�2 �H�Q�Q�F�B�M�; ���i �J�S�1�ö�b�V �?�2 �r�B�H�H �;�B�p�2 �i�?�2 �b���K�2t �B�M ���M�v �?�B�;�? �T�2�`�B�Q�/ �B�M �i�?�2 �7�m�i�m�`�2�,
t

1� b � b(1� h)t
1� b = mH

1� b �- �7�`�Q�K �r�?�B�+�?�,t = mH
1� b(1� h) �X �A�7 �i�?�2�`�2 �B�b �M�Q �7�m�i�m�`�2 �?�B�;�? �T�2�`�B�Q�/ �Uh = 0�V�- �i�?�B�b �i�`���M�b�7�2�` �B�b

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

�k�e



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

�L�Q�r �H�2�i �m�b �i�m�`�M �i�Q �i�?�2 �r���`�X �A�M �� �r���` �i�?�2 �i�Q�i���H �`�2�b�Q�m�`�+�2 �b�B�x�2�/1 + SB �B�b �i���F�2�M �Q�p�2�` �#�v

�T�`�Q�#���#�B�H�B�i�v1
1+ SB

�X �A�M �i�?�2 �p�B�+�i�Q�`�B�Q�m�b �+���b�2m̂H �M�2�2�/�b �i�Q �#�2 �i�`���M�b�7�2�`�`�2�/ �i�QAC �B�M �?�B�;�? �T�2�`�B�Q�/�b�X

�6�`�Q�K �i�?�2 �T�Q�B�M�i �Q�7 �p�B�2�r �Q�7B�- �i�?�2 �r�?�Q�H�2 �`�2�b�Q�m�`�+�21 + SB �B�b �i���F�2�M �Q�p�2�` �r�B�i�? �T�`�Q�#���#�B�H�B�i�vSB
1+ SB

�-

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

AE �i�Q ���p�Q�B�/ �� �r���` �B�bcB
1� b �X

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

�m�i�B�H�B�i�v�,

Vw
AE

(m= mH ) =
1

1 + SB
(1 + SB)

�
(1 � m̂H ) + b

h(1 � m̂H ) + ( 1 � h)1
1 � b

�
�

cA + cB

1 � b
, �U�R�X�R�9�V

�h�?�B�b �+���M �#�2 �`�2���`�`���M�;�2�/ �i�Q�,

Vw
AE

(m= mH ) =
1

1 � b
�

(1 � b(1 � h)) m̂H

1 � b
�

cA + cB

1 � b
, �U�R�X�R�8�V

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

�i�QAE �7�Q�`�2�p�2�`�c �i�?�2 �b�2�+�Q�M�/ �i�2�`�K �B�b �?�Q�r �K�m�+�? �B�b �2�t�T�2�+�i�2�/ �i�Q �#�2 �M�2�2�/�2�/ �i�Q �#�2 �;�B�p�2�M �i�QAC �B�M

�Q�`�/�2�` �i�Q ���p�Q�B�/ �� �`�2�p�Q�H�m�i�B�Q�M �U�B�7h = 1 �i�?�B�b �i�2�`�K �B�b� m̂H
1� b �b�B�M�+�2 �B�i �B�b �;�B�p�2�M �2�p�2�`�v �T�2�`�B�Q�/�- �B�7h = 0

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

�h�?�B�b �r���` �+�Q�b�i �B�b �i�?�2 �+�Q�K�#�B�M�2�/ �+�Q�b�i �Q�7 �r���`cA + cB�- �r�?�B�+�? �B�b �D�m�b�i ���M ���+�+�Q�m�M�i�B�M�; �i�`�B�+�F�, �r�2 ���`�2

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

BC �r�Q�m�H�/ �#�2 �r�B�H�H�B�M�; �i�Q �K���F�2 �i�QAE �i�Q ���p�Q�B�/ �#�2�B�M�; ���i�i���+�F�2�/�X �a�m�#�b�i�B�i�m�i�B�M�; �B�M �7�Q�`m̂H �v�B�2�H�/�b�,

Vw
AE

(m= mH ) =
1 � mH

1 � b
�

cA + cB

1 � b
. �U�R�X�R�e�V

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

�#�2�i�r�2�2�MAE ���M�/AC �B�b1
1� b � cA+ cB

1� b ���M�/AC �B�b �;�B�p�2�M �D�m�b�i �2�M�Q�m�;�? �Q�7 �i�?�B�b �i�Q �#�2 �#�`�Q�m�;�?�i �i�Q

�i�?�2 �H�2�p�2�H �Q�7 �B�i�b �Q�m�i�b�B�/�2 �Q�T�i�B�Q�M�- �r�?�B�+�? �B�b �m�i�B�H�B�i�v �Q�7 �� �`�2�p�Q�H�i�,mH
1� b �- �r�?�B�H�2 �i�?�2 �`�2�b�i �;�Q�2�b �i�QAE�XcB

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

�k�d



�B�i �B�b ���M �Q�T�T�Q�`�i�m�M�B�i�v �+�Q�b�i �Q�7 �r���` �7�`�Q�K �i�?�2 �T�Q�B�M�i �Q�7 �p�B�2�r �Q�7AE�X�k�j

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

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

mH � 1 � b(1 � h)�V �i�?�2�M �r���` �M�2�p�2�` �i���F�2�b �T�H���+�2�X �h�?�B�b �B�b �#�2�+���m�b�2AE �;���B�M�b �M�Q�i�?�B�M�; �U���M�/ �M�Q�`

�/�Q�2�bBC�V �b�B�M�+�2AE�ö�b �m�i�B�H�B�i�v �7�`�Q�K �/�2�K�Q�+�`���i�B�x���i�B�Q�M �B�b�,

Vd
AE

(m= mH ) = 0, �U�R�X�R�d�V

���bAC �r�Q�m�H�/ �i���F�2 �T�Q�r�2�`�f�`�2�p�Q�H�i ���M�/ �i���F�2 �i�?�2 �r�?�Q�H�2 �m�M�B�i �`�2�b�Q�m�`�+�2 �7�Q�`�2�p�2�`�XAE�ö�b �T���v�Q�z �r�Q�m�H�/

�#�2Vd
AE

(m= mH ) = � cA+ cB
1� b �r�B�i�? �� �r���`�X

�h�?�2 �b�2�+�Q�M�/ �B�M�b�i���M�+�2 �r�?�2�M �r���` �/�Q�2�b �M�Q�i �Q�+�+�m�` �B�b �r�?�2�M �i�?�2 �i�?�2 �+�Q�K�K�B�i�K�2�M�i �+�Q�M�b�i�`���B�M�i �B�b

�M�Q�i �#�B�M�/�B�M�; �2�p�2�M �r�B�i�?BC �T�`�2�b�2�M�i�,mH + g � 1 � b(1 � h)�X �A�M �i�?�B�b �+���b�2AE �M�2�2�/�b �i�Q �+�Q�K�T���`�2

�;�B�p�B�M�; �i�`���M�b�7�2�`�b �i�QAC �Q�` �b�i���`�i�B�M�; �� �r���` ���;���B�M�b�iBC�XAE �b�i���`�i�b �� �r���` �B�7V p
AE

� Vw
AE

�k�9�Q�`�,

1 � mH � g
1 � b

�
(1 � mH ) � (cA + cB)

1 � b
, �U�R�X�R�3�V

�Q�`

g � cA + cB, �U�R�X�R�N�V

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

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

�Q�+�+�m�`�X

�h�?�B�b �B�b �� �b�i�`�B�F�B�M�; �`�2�b�m�H�i�, ���b �H�Q�M�; ���bAE �+���M ���p�Q�B�/ �/�2�K�Q�+�`���i�B�x���i�B�Q�M �r�B�i�?�Q�m�i �� �r���`�- �B�i �r�B�H�H

�M�Q�i ���i�i���+�FBC�X �h�?�2 �`�2���b�Q�M �B�b �� �b�B�K�T�H�2 �*�Q���b�B���M �2�{�+�B�2�M�+�v �Q�7 �i�`���M�b�7�2�`�b ���`�;�m�K�2�M�i�, �A ���H�H�Q�r�2�/ ���H�H

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

AC ���M�/BC �i�QAE �i�Q ���p�Q�B�/ �� �r���`�X �a�Q �B�M �i�?�2 �T�`�2�b�2�M�+�2 �Q�7 �2�{�+�B�2�M�i �#���`�;���B�M�B�M�;�- �T�2���+�2 �T�`�2�p���B�H�b�X

�k�j�q�B�i�? �K�Q�`�2 �T�`�2�+�B�b�B�Q�M �r�2 �b�?�Q�m�H�/ �r�`�B�i�2 �i�?�2 �i�r�Q �2�[�m���i�B�Q�M�b ���bVw
AE

= 1� mH
1� b � cA

1� b ���M�/V p
AE

(m = mH ) =
1� mH � g+ t

1� b �r�B�i�?t �#�2�B�M�; �i�?�2 �i�`���M�b�7�2�` �7�`�Q�KB �r�?�B�+�? �i���F�2�b �Q�M �� �K���t�B�K���HcB �p���H�m�2�X

�k�9�A�i �B�b �b�i�`���B�;�?�i�7�Q�`�r���`�/ �i�Q �/�2�`�B�p�2V p
AE

�H�B�F�2 �B�M �G�2�K�K�� �U�d�V�X �1�t���+�i�H�v ��mH + g
1� b ���K�Q�m�M�i �Q�7 �B�M�+�Q�K�2 �M�2�2�/�b �i�Q �#�2

�;�m���`���M�i�2�2�/ �i�QAC�X

�k�3



�6�B�;�m�`�2 �R�X�R�, �l�M�/�2�` �i�?�2 ���b�b�m�K�T�i�B�Q�M �i�?���i �r���` �B�b �+�Q�b�i�H�v �U���b�b�m�K�T�i�B�Q�M �R�V �7�Q�` �H�Q�r �H�2�p�2�H�b �Q�7 �/�Q�K�2�b�i�B�+
�T�`�2�b�b�m�`�2�,VWAR

AE
= V PEACE

AE
� cA � cB

1� b + g
1� b < V PEACE

AE
�X �>�Q�r�2�p�2�` �r�?�2�M �i�?�2 �+�Q�K�K�B�i�K�2�M�i �+�Q�M�b�i�`���B�M�i

�b�i���`�i�b �i�Q �#�B�M�/�-V PEACE
AE

�D�m�K�T�b �/�B�b�+�Q�M�i�B�M�m�Q�m�b�H�v �/�Q�r�M�- �r�?�B�H�2VWAR
AE

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

�>�Q�r�2�p�2�` �r�?�2�M �i�?�2 �+�?�Q�B�+�2 �Q�7 �i�?�2 �/�B�+�i���i�Q�` �B�b �#�2�i�r�2�2�M �/�2�K�Q�+�`���i�B�x���i�B�Q�M ���M�/ �r���`�- �+�Q�K�K�B�i�@

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

�Q�7AE ���b �� �7�m�M�+�i�B�Q�M �Q�7mH ���M�/ �i�?�2 �/�B�b�+�Q�M�i�B�M�m�B�i�v �Q�+�+�m�`�b �r�?�2�`�2 �i�?�2 �+�Q�K�K�B�i�K�2�M�i �+�Q�M�b�i�`���B�M�i

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

�+�Q�M�b�i�`���B�M�i �#�2�+�Q�K�2�b �#�B�M�/�B�M�; �r�B�i�?BC �T�`�2�b�2�M�i�- �i�`���M�b�7�2�`�b ���`�2 �T�`�2�7�2�`�`�2�/ �i�Q �� �r���` �#�vAE �b�B�M�+�2

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

�+�Q�K�K�B�i�K�2�M�i �+�Q�M�b�i�`���B�M�i �b�i���`�i�b �i�Q �#�B�M�/�k�8�- AE �r�Q�m�H�/ �F�2�2�Tb(1� h)
1� b > 0 �U���b �H�Q�M�; ���bh < 1�V�-

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

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

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

�A�M �i�?�2 ���+�2�K�Q�;�H�m�@�_�Q�#�B�M�b�Q�M �U�k�y�y�e�V �K�Q�/�2�H�- �i�?�2 �/�B�+�i���i�Q�` �?���b �M�Q �r���v �Q�7 �Q�p�2�`�+�Q�K�B�M�; �i�?�B�b

�/�B�b�+�Q�M�i�B�M�m�B�i�v�X�k�e �A�M �K�v �K�Q�/�2�H�- �?�Q�r�2�p�2�`�- ���i �� �+�Q�b�i �Q�7cA+ cB
1� b �-mH + g �+���M �#�2 �+�m�i �i�QmH �b�Q �i�?���i

�k�8mH = 1 � b(1 � h) �Q�m̀H + g = 1 � b(1 � h) �/�2�T�2�M�/�B�M�; �Q�M �i�?�2 �`�2�;�B�K�2 �Q�7A�X

�k�e���+�2�K�Q�;�H�m ���M�/ �_�Q�#�B�M�b�Q�M �k�y�y�e �/�Q ���/�/ �i�?�2 �T�Q�b�b�B�#�B�H�B�i�v �Q�7 �`�2�T�`�2�b�b�B�Q�M �B�M �� �H���i�2�` �p�2�`�b�B�Q�M �Q�7 �i�?�2�B�` �r�Q�`�F�?�Q�`�b�2

�k�N



�B�7cA+ cB
1� b �B�b �H�2�b�b �i�?�2�M �i�?�2 �/�B�b�+�Q�M�i�B�M�m�Q�m�b �D�m�K�T ���M�/ �i�?�2 �r���` ���;���B�M �H�2���/�b �i�Q �i�?�2 �b�H���+�F�M�2�b�b �Q�7 �i�?�2

�+�Q�K�K�B�i�K�2�M�i �+�Q�M�b�i�`���B�M�i�- �� �r���` �B�b �2�{�+�B�2�M�i �7�`�Q�K �i�?�2 �T�2�`�b�T�2�+�i�B�p�2 �Q�7AE�X

���H�H �i�?�B�b �K�2���M�b �i�?���i �r�2 �?���p�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �J���`�F�Q�p �S�2�`�7�2�+�i �1�[�m�B�H�B�#�`�B���,

�S�`�Q�T�Q�b�B�i�B�Q�M �R�X �h�?�2 �U�2�b�b�2�M�i�B���H�H�v �m�M�B�[�m�2�V �J�S�1 �Q�7 �i�?�2 �B�M�}�M�B�i�2 �;���K�2G(¥ ) �B�b ���b �7�Q�H�H�Q�r�b�X �q�?�2�M�@

�2�p�2�m̀= mL �Q�ÀC �B�b �B�M �T�Q�r�2�`�- �M�2�B�i�?�2�` �r���` �M�Q�` �/�2�K�Q�+�`���i�B�x���i�B�Q�M �Q�+�+�m�`�b�X �A�M �i�?�B�b �+���b�2 �r�?�Q�2�p�2�`

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

m= mH ���M�/AE �B�b �B�M �T�Q�r�2�`�- �i�?�2 �2�[�m�B�H�B�#�`�B�m�K �B�b ���b �7�Q�H�H�Q�r�b�,

�Ç �A�7 �i�?�2 �+�Q�K�K�B�i�K�2�M�i �+�Q�M�b�i�`���B�M�i �M�2�p�2�` �#�B�M�/�b�- �M�Q�i �2�p�2�M �r�B�i�?BC �T�`�2�b�2�M�i �UmH + g � 1 �

b(1 � h)�V �Q�B̀C �B�b �M�Q�i �T�`�2�b�2�M�i ���M�/ �i�?�2 �+�Q�K�K�B�i�K�2�M�i �+�Q�M�b�i�`���B�M�i �B�b �M�Q�i �#�B�M�/�B�M�; �UmH �

1 � b(1 � h)�V �i�?�2�M �i�?�2�`�2 �B�b �M�Q �r���` �Q�` �`�2�;�B�K�2 �+�?���M�;�2�X �A�M�b�i�2���/ �`�2�/�B�b�i�`�B�#�m�i�B�Q�M �Q�7m̂Hg =
mH + g

1� b(1� h) �7�`�Q�KAE �i�QAC �Q�+�+�m�`�b �r�B�i�? �i�`���M�b�7�2�`�b �7�`�Q�KBC �i�QAE �m�T �i�QcB
1� b �X

�Ç �A�7 �i�?�2 �+�Q�K�K�B�i�K�2�M�i �+�Q�M�b�i�`���B�M�i �Q�M�H�v �#�B�M�/�b �r�B�i�?BC �T�`�2�b�2�M�i �UmH � 1 � b(1 � h) ���M�/

mH + g � 1 � b(1 � h)�V �i�?�2�M�,

�� �A�7BC �B�b �T�`�2�b�2�M�i ���M�/ �r���` �B�b �#�2�i�i�2�` �i�?���M �/�2�K�Q�+�`���i�B�x���i�B�Q�M �7�Q�`AE �UVw
AE

� Vd
AE

�V�,�k�d

mH � 1 � (cA + cB), �i�?�2�M �i�?�2�`�2 �B�b �r���` �i�Q ���p�Q�B�/ �/�2�K�Q�+�`���i�B�x���i�B�Q�M�- ���7�i�2�` �r���` �i�?�2�`�2

�B�b �`�2�/�B�b�i�`�B�#�m�i�B�Q�M�X

�� �P�i�?�2�`�r�B�b�2 �i�?�2�`�2 �B�b �/�2�K�Q�+�`���i�B�x���i�B�Q�M �r�B�i�?�Q�m�i �� �r���`�X

�Ç �A�7 �i�?�2 �+�Q�K�K�B�i�K�2�M�i �+�Q�M�b�i�`���B�M�i ���H�r���v�b �#�B�M�/�b�- �B�X�2�XmH � 1 � b(1 � h) �U�B�X�2�X �2�p�2�M �r�B�i�?�Q�m�i

BC �T�`�2�b�2�M�i�V�- �i�?�2�M �i�?�2�`�2 �B�b �M�Q �r���`�- �D�m�b�i �/�2�K�Q�+�`���i�B�x���i�B�Q�M �i�Q ���p�Q�B�/ �� �`�2�p�Q�H�m�i�B�Q�M�X

�R�X�e �.�B�b�+�m�b�b�B�Q�M

�S�`�Q�T�Q�b�B�i�B�Q�M �R �}�M�/�b �i�?���i �B�M �K�v �b�?���`�T �7�`���K�2�r�Q�`�F �i�?�`�2�2 �+�Q�M�/�B�i�B�Q�M�b �M�2�2�/ �i�Q �#�2 �D�Q�B�M�i�H�v

�b���i�B�b�}�2�/ �7�Q�` �r���` �i�Q �Q�+�+�m�`�,

�K�Q�/�2�H�X

�k�d(1� mH )� (cA + cB)
1� b � 0

�j�y



�Ç �}�`�b�i�- �� �r���` �B�b �M�2�2�/�2�/ �i�Q ���p�Q�B�/ �/�2�K�Q�+�`���i�B�x���i�B�Q�M �U�M�2�+�2�b�b���`�v�V

�Ç �b�2�+�Q�M�/�- �� �r���` �+���M �B�M�/�2�2�/ ���p�Q�B�/ �/�2�K�Q�+�`���i�B�x���i�B�Q�M �U�b�m�{�+�B�2�M�i�V

�Ç �i�?�B�`�/�- �� �r���` �B�b �M�Q�i �i�Q�Q �+�Q�b�i�H�v�X

�h�?�B�b �K�2���M�b �i�?���iAE �B�b �#�2�i�i�2�` �Q�z �r�B�i�?�Q�m�i �b�i���`�i�B�M�; �� �r���` ���;���B�M�b�iBC ���b �H�Q�M�; ���b �i�?�2 �T�`�2�b�2�M�+�2

�Q�7BC �/�Q�2�b �M�Q�i �i�B�T �i�?�2 �#���H���M�+�2 �B�M�i�Q �/�2�K�Q�+�`���i�B�x���i�B�Q�M �B�MA�X �q�?�2�M �/�Q�K�2�b�i�B�+ �T�`�2�b�b�m�`�2mH �B�b

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

���H�i�2�`�M���i�B�p�2�b�X

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

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

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

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

�T�`�2�b�b�m�`�2 �?���p�B�M�; ���M �B�M�b�T�B�`�B�M�;BC �B�b �2�z�2�+�i�B�p�2 �i�Q �b�m�T�T�Q�`�iAC �U�r�?�B�+�? �`�2�b�m�H�i�b �B�M �H���`�;�2�` �i�`���M�b�7�2�`�b

�7�`�Q�KAE�V�X �"�v �+�Q�M�i�`���b�i�- �B�7 �/�Q�K�2�b�i�B�+ �T�`�2�b�b�m�`�2 �B�b �?�B�;�?�2�` �b�Q �i�?���iAC �;�2�i�b �+�H�Q�b�2�` �i�Q �;���B�M�B�M�; �T�Q�r�2�`�-

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

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

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

�T�`�Q�b�T�2�+�i�V �?���b �#�2�+�Q�K�2 �� �`�2�H�B���#�H�2 �l�a ���H�H�v�X �u�2�i �B�7 �r���` �B�b �i�Q�Q �+�Q�b�i�H�v �Q�` �/�Q�K�2�b�i�B�+ �T�`�2�b�b�m�`�2mH

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

�i�?�2 �`�2�;�B�K�2 �B�M�i�Q �/�2�K�Q�+�`���+�v �U�i�?�B�M�F �Q�7 �i�?�2 �`�2�p�Q�H�m�i�B�Q�M�b �Q�7 �R�N�3�N�V�X

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

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

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

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

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

�j�R



�6�B�;�m�`�2 �R�X�k�, �P�m�i�+�Q�K�2�b ���M�/ �b�Q�K�2 �+�Q�K�T���`���i�B�p�2 �b�i���i�B�+�b �U�r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2 �i�Q�i���H �+�Q�b�i�b �Q�7 �r���` �UcA + cB�V�c
���M�/ �i�?�2 �7�`�2�[�m�2�M�+�v �Q�7 �/�Q�K�2�b�i�B�+ �T�`�2�b�b�m�`�2 �Uh�V�V�X

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

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

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

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

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

�r���`�b�X

�R�X�d ���H�i�2�`�M���i�B�p�2�b �i�Q �q���`�, �_�2�T�`�2�b�b�B�Q�M ���M�/ �1�M�K�B�i�v

�A�M �i�?�B�b �b�2�+�i�B�Q�M �A ���/�/�`�2�b�b �i�?�2 �[�m�2�b�i�B�Q�M �r�?�2�i�?�2�` �i�?�2 �/�B�+�i���i�Q�` �?���b �i�Q�Q�H�b �Q�i�?�2�` �i�?���M �r���`

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

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

�i�?�2 �T�Q�b�b�B�#�B�H�B�i�v �Q�7 �`�2�T�`�2�b�b�B�Q�M�X�k�3 ���b�b�m�K�2 �i�?���i �B�M�i�2�`�M���H �`�2�T�`�2�b�b�B�Q�M ���+�?�B�2�p�2�b �i�?�2 �b���K�2 �#�2�M�2�}�i ���b

�� �r���` �#�m�i ���i �+�Q�b�icr �`���i�?�2�` �i�?���McA �X �h�?�2�M �`�2�T�`�2�b�b�B�Q�M ���M�/ �r���` ���`�2 �T�2�`�7�2�+�i �b�m�#�b�i�B�i�m�i�2�b ���M�/ �r���`

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

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

�k�3�P�M �`�2�T�`�2�b�b�B�Q�M ���b �� �i�Q�Q�H �i�?���i �/�B�+�i���i�Q�`�b �m�b�2 �i�Q �b�i���v �B�M �T�Q�r�2�`�- �b�2�2 ���+�2�K�Q�;�H�m ���M�/ �_�Q�#�B�M�b�Q�M �k�y�y�e�- �.���p�2�M�T�Q�`�i
�k�y�y�d�X �.���M�M�2�K���M ���M�/ �_�B�i�i�2�` �k�y�R�9 ���`�;�m�2 �i�?���i �b�i���i�2 ���m�i�?�Q�`�B�i�B�2�b �`�2�b�T�Q�M�/ �i�Q �T�Q�i�2�M�i�B���H �i�?�`�2���i�b �Q�7 �+�B�p�B�H �r���` �#�v
�`�2�T�`�2�b�b�B�Q�M�X

�j�k



�2�t�T�2�M�b�B�p�2�,

cr � cA + cB, �U�R�X�k�y�V

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

�+�Q�b�i�H�v �`�2�T�`�2�b�b�B�Q�M �K���F�2�b �r���` �K�Q�`�2 �H�B�F�2�H�v�X

�>�Q�r�2�p�2�`�- �B�M�i�m�B�i�B�p�2�H�v�- �B�M�i�2�`�M���H ���M�/ �2�t�i�2�`�M���H �`�2�T�`�2�b�b�B�Q�M �Q�+�+�m�` �D�Q�B�M�i�H�v�X �6�Q�` �B�M�b�i���M�+�2�- �a�Q�m�i�?

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

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

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

�Q�M �?�B�K �Q�` �?�2�` �#�vk(r) ���i �+�Q�b�icr r �r�?�2�`�2k(�) �B�b �� �+�Q�M�+���p�2 �7�m�M�+�i�B�Q�M�X �h�?�B�b �K�2���M�b �i�?�2 �K���`�;�B�M���H
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�a�Q �7���` �A �?���p�2 �+�Q�M�b�B�/�2�`�2�/ �Q�M�H�v �B�M�b�T�B�`���i�B�Q�M���H �H�B�M�F�b ���`�B�b�B�M�; �B�M �Q�M�2 �+�Q�m�M�i�`�v�- �?�Q�r�2�p�2�` �B�i �B�b
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�r���` �+���M �b�Q�H�p�2 �#�Q�i�?AE�ö�b ���M�/BC�ö�b �+�Q�K�K�B�i�K�2�M�i �T�`�Q�#�H�2�K�b�j�y �r���` �#�`�2���F�b �Q�m�i �K�Q�`�2 �2���b�B�H�v�,

mA
H + mB

H � 2 � (cA + cB) ���b �i�?�2 �+�Q�K�#�B�M�2�/ �+�Q�b�i �Q�7 �r���`cA+ cB
1� b �B�b �M�Q�r �+�Q�p�2�`�2�/ �#�v �M�Q�i �Q�M�2

�#�2�M�2�}�i �i�2�`�K�j�R�#�m�i �i�r�Q�X�j�k

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

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

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

�j�ymA
H � 1 � b(1 � hA ) �#�m�imA

H + gA � 1 � b(1 � hA ) ���M�/mB
H � 1 � b(1 � hB) �v�2�imB

H + gB � 1 � b(1 � hB)
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H
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�M�Q�i�@�;�`�2���i�2�`�@�i�?���M�@�+�Q�b�i�b ���b�b�m�K�T�i�B�Q�M �K�Q�/�B�}�2�b �i�Q�,

���b�b�m�K�T�i�B�Q�M �k�X

gA + gB < cA + cB

�S�`�Q�T�Q�b�B�i�B�Q�M �k�X �A�M �i�?�2 �T�`�2�b�2�M�+�2 �Q�7 �i�r�Q�@�b�B�/�2�/ �B�M�b�T�B�`���i�B�Q�M �B�7 �#�Q�i�? �+�Q�K�K�B�i�K�2�M�i �+�Q�M�b�i�`���B�M�i�b �#�B�M�/�-

�r���` �Q�+�+�m�`�b �r�?�2�M�2�p�2�`�,

mA
H + mB

H � 2 � (cA + cB). �U�R�X�j�j�V

�S�`�Q�Q�7�X �G�2�i �m�b �b�i���`�i �r�B�i�?mA (t) = mA
H ���M�/mB(t) = mB

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

�+�Q�m�M�i�`�B�2�b�X �h�?�2 �+�Q�K�K�B�i�K�2�M�i �+�Q�M�b�i�`���B�M�i �B�b �M�Q�i �#�B�M�/�B�M�; �B�MA �B�7mA
H + I (B = BE)gC � 1 �

b(1 � hA ) ���M�/ �b�B�K�B�H���`�H�v�- �B�i �B�b �M�Q�i �#�B�M�/�B�M�; �B�M �B�7mB
H + I (A = AE)gE � 1 � b(1 � hB)�- �r�?�2�`�2
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H
1� b(1� hA ) ���M�/m̂B

H = mB
H

1� b(1� hB) �`�2�b�T�2�+�i�B�p�2�H�v�X

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

�Q�T�T�Q�`�i�m�M�B�i�v �+�Q�b�i �Q�7 �`�2�+�2�B�p�B�M�; �� �i�`���M�b�7�2�` �7�`�Q�K ���#�`�Q���/ �U� cB�V �B�MAE�ö�b �p���H�m�2 �7�m�M�+�i�B�Q�M�X �h�?�2�M�,
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+ b
(1 � hA )m̂A
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1 � b

�
�

cA

1 � b
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�r�?�2�`�2 �i�?�2 �b�2�+�Q�M�/ �i�2�`�K ���;���B�M �`�2�~�2�+�i�b �i�?�2 �+���T�B�i���H �;���B�M �r�?�2�M�2�p�2�`mA (t) = mA
L ���M�/�,

Vw
BC
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(1 � hB)m̂B
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1 � b

�
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�r�?�2�`�2BC �;���B�M�b �� �i�2�`�`�B�i�Q�`�v �Q�7 �b�B�x�21
p �B�M�b�i�2���/ �Q�7 �b�B�x�21� p

p �B�7 �?�2 �r�B�M�b�- �r�?�B�+�? �?���T�T�2�M�b �r�B�i�?

�T�`�Q�#���#�B�H�B�i�v1 � p�X �h�?�2�b�2 �2�t�T�`�2�b�b�B�Q�M�b ���;���B�M �+���M �#�2 �b�B�K�T�H�B�}�2�/ �i�Q�,
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AE
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, �U�R�X�j�e�V
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1 � mB

H
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�
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�b�B�M�+�2 �#�Q�i�?AE ���M�/BC �M�2�2�/ �i�Q �;�B�p�2 �D�m�b�i �2�M�Q�m�;�? �i�Q �i�?�2�B�` �/�Q�K�2�b�i�B�+ �Q�T�T�Q�b�B�i�B�Q�M �i�Q ���p�Q�B�/ �� �`�2�p�Q�H�i�X

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

���M �2�[�m�B�H�B�#�`�B�m�K�@�T���i�? �Q�m�i�+�Q�K�2�- �b�B�M�+�2V (AE)w + V (BC)w < V (AE)p + V (BC)p�,

2 � mA
H � mB

H
1 � b

�
cA + cB

1 � b
<

2 � mA
H � mB

H
1 � b

�
gA + gB

1 � b
, �U�R�X�j�3�V

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

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

�r�B�i�? �Q�M�2�@�b�B�/�2�/ �B�M�b�T�B�`���i�B�Q�M �2���`�H�B�2�` �r���b �2�t���+�i�H�v �i�?�2 �+���b�2 �r�?�2�MB�ö�b �/�Q�K�2�b�i�B�+ �+�Q�M�~�B�+�i �+�Q�m�H�/ �#�2

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

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

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

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

�7�`�Q�K �/�2�K�Q�+�`���i�B�x���i�B�Q�M �#�m�i �M�Q�iBC �U�7�`�Q�K �� �+�Q�m�T�V�\ �h�?�B�b �B�b �i�?�2 �+���b�2 �r�?�2�MmA
H � 1 � b(1 � hA )

�#�m�imA
H + gA � 1 � b(1 � hA ) ���M�/mB

H � 1 � b(1 � hB)�X �h�?�2�MVw
AE

+ Vw
BC

� V p
AE

+ V p
BC

�#�2�+�Q�K�2�b(1� mA
H + 0)� (cA+ cB)

1� b � 0�- �r�?�B�+�? �B�b �i�?�2 �b���K�2 �+�Q�M�/�B�i�B�Q�MmA
H � 1 � cA + cB �i�?���i �r�2 �?���/

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

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

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

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

�r���`�, mA
H � 1 � b(1 � hA ) �#�m�imA

H + gA � 1 � b(1 � hA ) ���M�/mB
H � 1 � b(1 � hB) �v�2�i

mB
H + gB � 1 � b(1 � hB)�X �q���` �?���T�T�2�M�b �B�7Vw
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� 0 �U�R�X�j�N�V
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H + mB
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�r�B�H�H�B�M�; �i�Q �`�2�p�2���H �?�B�K�@ �Q�` �?�2�`�b�2�H�7 ���b ���M �B�M�7�Q�`�K�2�/ �+�B�i�B�x�2�M �i�?�2�M �i�?�2 �m�M�B�M�7�Q�`�K�2�/ �+�B�i�B�x�2�M �#�2�+�Q�K�2�b

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

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

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

�?�Q�r �i�Q �+�Q�T�v �i�?�2 �T�Q�H�B�i�B�+���H �b�v�b�i�2�K �Q�7BC�X

�6�B�`�b�i �A �/�2�`�B�p�2 �i�?�2 �b�?���`�2 �Q�7 �B�M�7�Q�`�K�2�/ �+�B�i�B�x�2�M�bq̂p �r�?�2�M �i�?�2 �/�B�+�i���i�Q�` �b�2�2�F�b �M�Q �?�Q�b�i�B�H�B�i�v�X �L�Q�i�B�+�2

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

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

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

�m�M�B�M�7�Q�`�K�2�/ �+�B�i�B�x�2�Mi �+�Q�M�b�B�/�2�`�b �i�?���i �i�?�2 �2�t�T�2�+�i�2�/ �#�2�M�2�}�i �Q�7 �b�2���`�+�?�B�M�; �B�b ���M ���/�/�B�i�B�Q�M���Hqg

�b�?���`�2 �Q�7 �i�?�2 �`�2�b�Q�m�`�+�2 �U�2�B�i�?�2�` �B�M �i�`���M�b�7�2�`�b �Q�` �B�7 �i�?�2 �+�B�i�B�x�2�M�b �i���F�2 �T�Q�r�2�`�V�X �h�?�2�`�2�7�Q�`�2 �+�B�i�B�x�2�M�b

�r�B�i�? �b�2���`�+�? �+�Q�b�i �H�Q�r�2�` �i�?���Mqg �r�B�H�H �#�2 �b�2���`�+�?�B�M�;�- �r�?�B�+�? �B�bH (qg) �b�?���`�2 �Q�7 �i�?�2 �m�M�B�M�7�Q�`�K�2�/

�+�B�i�B�x�2�M�b�X �h�?�m�b �i�?�2 �}�M���H �b�?���`�2 �Q�7 �B�M�7�Q�`�K�2�/ �+�B�i�B�x�2�M�b �B�b�,

q̂p = q+ H (qg)(1 � q).

�L�Q�i�B�+�2 �i�?���i �i�?�2 �?�B�;�?�2�` �B�bq �i�?�2 �?�B�;�?�2�` �B�b �i�?�B�b �2�t�T�`�2�b�b�B�Q�M �7�Q�` �i�r�Q �`�2���b�Q�M�b�X �6�B�`�b�i �i�?�2 �M�m�K�#�2�` �Q�7 �2�t

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

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

�r�?�Q �?���b �T�`�B�p���i�2 �B�M�7�Q�`�K���i�B�Q�M�X

�L�2�t�i �B�7 �i�?�2 �/�B�+�i���i�Q�` �b�2�2�F�b �?�Q�b�i�B�H�B�i�v�- �r�?���i �B�bq̂h�\ �A�M �i�?�B�b �+���b�2 �M�Q�i �2�p�2�`�v �B�M�7�Q�`�K�2�/ �+�B�i�B�x�2�M

�B�b �`�2�p�2���H�B�M�; �?�B�b �Q�` �?�2�` �B�M�7�Q�`�K���i�B�Q�M�X �A�M �T���`�i�B�+�m�H���` �i�?�2�`�2 �B�b ���Mi(1 � q) �+�?���M�+�2 �Q�7 �`�2�T�`�2�b�b�B�Q�M�X

�h�?�B�b �K�2���M�b �`�2�p�2���H�B�M�; �B�M�7�Q�`�K���i�B�Q�M �?���b ���M �2�t�T�2�+�i�2�/ �+�Q�b�ii(1 � q)r i ���M�/ �#�2�M�2�}�ib �7�Q�` �B�M�/�B�p�B�/�m���H

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

�Q�7 �`�2�T�`�2�b�b�B�Q�M �B�b �H�2�b�b �i�?���Mb
i(1� q) �X �h�?�2�`�2�7�Q�`�2 �i�?�2 �+�?���M�+�2 �i�?���i �� �b�2���`�+�?�B�M�; �m�M�B�M�7�Q�`�K�2�/ �+�B�i�B�x�2�M

�}�M�/�b �Q�m�i �B�M�7�Q�`�K���i�B�Q�M �B�bqF
�

b
i(1� q)

�
, �K���F�B�M�; �i�?�2 �2�t�T�2�+�i�2�/ �#�2�M�2�}�i �7�`�Q�K �b�2���`�+�?�B�M�; �2�[�m���H�,

qF
�

b
i(1� q)

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

�i�?�2�B�` �B�M�7�Q�`�K���i�B�Q�M�X �h�?�m�b �� �H�Q�r�2�` �b�?���`�2 �Q�7 �m�M�B�M�7�Q�`�K�2�/ �+�B�i�B�x�2�M�b �?���p�2 ���M �B�M�+�2�M�i�B�p�2 �i�Q �b�2���`�+�?�X �A�M
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���/�/�B�i�B�Q�Mi(1 � q) �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �+�B�i�B�x�2�M�b �#�2�+�Q�K�2 �B�M�7�Q�`�K���M�i�b �i�?�m�b �#�v �/�2�7���m�H�i �/�Q �M�Q�i �b�2���`�+�? �7�Q�`

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

q̂h = q+ ( 1 � i)H
�

qF
�

b
i(1 � q)

�
g

�
(1 � q).

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

�/�Q�K�2�b�i�B�+ �T�`�2�b�b�m�`�2�X �h�?�2 �}�`�b�i �B�b �i�?���i �b�Q�K�2 �m�M�B�M�7�Q�`�K�2�/ �+�B�i�B�x�2�M�b �#�2�+�Q�K�2 �B�M�7�Q�`�K���M�i�b�- �i�?�2�`�2�#�v

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

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

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

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

(q̂p � q̂h)g =
�

H (qg) � (1 � i)H (qF
�

b
i(1 � q)

�
g)

�
(1 � q)g.

�h�?�2 �?�B�;�?�2�` �B�b �i�?�2 �M�m�K�#�2�` �Q�7 �B�M�7�Q�`�K���M�i�bi �i�?�2 �#�B�;�;�2�` �i�?�2 �#�2�M�2�}�i �Q�7 �?�Q�b�i�B�H�B�i�v�@�b�2�2�F�B�M�; �B�b�X

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

�2�z�2�+�i�b�X �6�B�`�b�i �B�i �K���F�2�b �?�Q�b�i�B�H�B�i�v �K���i�i�2�` �H�2�b�b �#�2�+���m�b�2 �K���M�v �+�B�i�B�x�2�M�b ���`�2 ���r���`�2 �Q�7 �i�?�2 �#�2�M�2�}�i�b

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

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

�>�Q�b�i�B�H�B�i�v �/���K�T�2�M�b �i�?�B�b �b�2�+�Q�M�/ �2�z�2�+�i�- �i�?�m�b �i�?�2 �2�z�2�+�i �Q�7 �� �?�B�;�?�2�`q �Q�M �i�?�2 �#�2�M�2�}�i�b �Q�7 �?�Q�b�i�B�H�B�i�v

���`�2 �Q�p�2�`���H�H ���K�#�B�;�m�Q�m�b�X

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

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

�i�?���i �b�Q�K�2 �+�B�i�B�x�2�M�b �#�2�H�B�2�p�2 �i�?�2 �?���i�2 �K�2�b�b���;�2 �Q�7AE �U�2�X�;�X �:�H���2�b�2�` �k�y�y�8�V�X �h�?�2�`�2�7�Q�`�2 �B�M �i�?�2 �i�r�Q�@

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

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

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

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

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

�9�k



�R�X�N�X�j �1�t�i�2�M�b�B�Q�M�, �.�Q�K�B�M�Q �h�?�2�Q�`�v

�L�2�t�i �A �B�M�+�`�2���b�2 �i�?�2 �M�m�K�#�2�` �Q�7 �+�Q�m�M�i�`�B�2�b �i�Q �b�?�Q�r �i�?���i �2�H�B�K�B�M���i�B�Q�M �Q�7BC �#�vAE �+���M �#�2

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

�i�?�2�`�2 �B�b �� �K�B�/�/�H�2 �õ�/�Q�K�B�M�Q�ö �+�Q�m�M�i�`�vC �r�?�B�+�? �B�b �`�2�H���i�2�/ �i�Q �#�Q�i�?A ���M�/B�X �A�7C �7���H�H�b �#�v �i�m�`�M�B�M�;

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

�r�?�B�+�? �B�M �i�?�2 ���#�b�2�M�+�2 �Q�7C AE �r�Q�m�H�/ �M�Q�i �}�;�?�iB �#�m�i �r�B�i�? �B�i�b �T�`�2�b�2�M�+�2 �r���` �#�2�i�r�2�2�MA ���M�/B

�Q�+�+�m�`�b�X

���b�b�m�K�2 �i�?���i �i�?�2 �+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i �#�2�i�r�2�2�M �;�`�Q�r�i�? �B�MA �UgA (p, t)�V�- �;�`�Q�r�i�? �B�MC

�UgC(p, t)�V �B�bCAC�- �r�?�B�H�2 �#�2�i�r�2�2�MgB(p, t) ���M�/gC(p, t) �B�i �B�bCBC�X �h�?�2�b�2 �i�r�Q �+�Q�`�`�2�H���i�B�Q�M

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

�B�MA ���M�/ �;�`�Q�r�i�? �B�MB�X

�G�2�K�K�� �j�X �h�?�2 �+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i �#�2�i�r�2�2�MgA (p, t) ���M�/gB(p, t) �?���b �i�?�2 �H�B�K�B�i�b�,

CACCBC �
q

1 � C2
AC

q
1 � C2

BC � CAB � CACCBC +
q

1 � C2
AC

q
1 � C2

BC.

�S�`�Q�Q�7�X �6�B�`�b�i �H�2�i �m�b �i�`���M�b�7�Q�`�KgA �-gB ���M�/gC �i�Q �?���p�2 �K�2���M �y ���M�/ �p���`�B���M�+�2 �R�- �r�?�B�+�? �r�B�H�H �M�Q�i

�+�?���M�;�2 �i�?�2 �T���B�`�r�B�b�2 �+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i�b�X �h�?�2�M �H�2�i �m�b �2�t�T�`�2�b�bgA ���bgA = agC + gAC0

�r�?�2�`�2agC �B�b �T�2�`�7�2�+�i�H�v �+�Q�`�`�2�H���i�2�/ �r�B�i�?gC ���M�/gAC0 �B�b �T�2�`�7�2�+�i�H�v �m�M�+�Q�`�`�2�H���i�2�/ �r�B�i�?gC�X �h�?�B�b

�K�2���M�b �i�?���i �U�m�b�B�M�; �i�?�2 �x�2�`�Q �K�2���M ���M�/ �i�?�2 �m�M�B�i �p���`�B���M�+�2�V�,

CAC = E[gA gC] = aE[g2
C] + E[gAC0gC] = aE[g2

C] = a.

�L�Q�r �r�2 �+���M �2�t�T�`�2�b�b �i�?�2 �p���`�B���M�+�2 �Q�7gA �- �r�?�B�+�? �r�2 �F�M�Q�r �B�b �R�- ���b�,

1 = E[g2
A ] = a2E[g2

C] + 2aE[gCgAC0] + E[g2
AC0] = C2

AC + 0 + E[g2
AC0],

�b�Q �i�?���i

E[g2
AC0] = 1 � C2

AC.

�a�B�K�B�H���`�H�v �r�2 �+���M �/�2�}�M�2gB = bgC + gBC0 �r�?�2�`�2bgC �B�b �T�2�`�7�2�+�i�H�v �+�Q�`�`�2�H���i�2�/ �r�?�B�H�2gBC0 �B�b
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�T�2�`�7�2�+�i�H�v �m�M�+�Q�`�`�2�H���i�2�/ �r�B�i�?gC�X �h�?�m�b

CBC = b.

���M�/

E[g2
BC0] = 1 � C2

BC.

�L�2�t�i �2�t�T�`�2�b�b �i�Q �+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�iCAB�,

CAB = E[(CACgC + gAC0)(CBCgC + gBC0)] =

CACCBCE[g2
C] + CACE[gCgBC0] + CBCE[gCgAC0] + E[gAC0gBC0] =

CACCBC + 0 + 0 + E[gAC0gBC0].

�L�Q�i�2 �i�?���i �r�2 �?���p�2 �T�H���+�2�/ �M�Q �`�2�b�i�`�B�+�i�B�Q�M �B�M�/�2�2�/ �Q�ME[gAC0gBC0]�X ���b �#�Q�i�?gAC0 ���M�/gBC0 �?���p�2

�y �K�2���M�b�- ���M�/E[gAC0gBC0]
E[g2

AC0]E[g2
BC0]

�B�b ���U�M �m�M�`�2�b�i�`�B�+�i�2�/�V �+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i�-E[gAC0gBC0] �B�b �#�2�i�r�2�2�M

�
q

1 � C2
AC

q
1 � C2

BC ���M�/
q

1 � C2
AC

q
1 � C2

BC �h�?�2�`�2�7�Q�`�2�,

CACCBC �
q

1 � C2
AC

q
1 � C2

BC � CAB � CACCBC +
q

1 � C2
AC

q
1 � C2

BC

�L�Q�i�2 �i�?���i �B�7max(CAC, CBC) �
p

0.5 = 0.707�i�?�2�MCAB �K���v �2�p�2�M �#�2 �y�X

�h�?�m�b �r�2 �+���M ���b�b�m�K�2CAB < CAC, CBC < 1�X

�G�2�i �m�b �/�2�}�M�2 �?�B�;�? �/�Q�K�2�b�i�B�+ �T�`�2�b�b�m�`�2 �B�MA ���bmCA ���M�/ �?�B�;�? �/�Q�K�2�b�i�B�+ �T�`�2�b�b�m�`�2 �B�MC ���b

mCH�X �q�2 ���b�b�m�K�2 �i�?���i �#�Q�i�?AE ���M�/CE �b�i���`�i �B�M �T�Q�r�2�` ���M�/�- �7�Q�` �b�B�K�T�H�B�+�B�i�v�-C �?���b �M�Q ���`�K�v

�b�Q �i�?���iCE �+���M�M�Q�i �T�B�+�F �r���` ���;���B�M�b�iBC �i�Q ���p�Q�B�/ �/�2�K�Q�+�`���i�B�x���i�B�Q�M�X �6�Q�` �b�B�K�T�H�B�+�B�i�v �r�2 ���b�b�m�K�2

�i�?���i �?�B�;�? �/�Q�K�2�b�i�B�+ �T�`�2�b�b�m�`�2 �Q�+�+�m�`�b ���i �i�?�2 �b���K�2 �i�B�K�2 �#�Q�i�? �B�MA ���M�/C �U���i �`���i�2h�V�X �l�M�/�2�`

�i�?�2�b�2 �+�B�`�+�m�K�b�i���M�+�2�b �i�?�2 �+�?�Q�B�+�2 �Q�7BC �B�b �b�B�K�T�H�2�, �B�7mC = mCH ���M�/ �i�?�2 �`�2�p�Q�H�m�i�B�Q�M���`�v �+�Q�M�b�i�`���B�M�i

�#�B�M�/�b �B�MC mCH + gBC � 1 � b(1 � h)�- �i�?�2�MC �r�B�H�H �/�2�K�Q�+�`���i�B�x�2�X

�h�Q ���M���H�v�x�2 �i�?�2 �B�M�i�2�`�2�b�i�B�M�; �+���b�2 �r�2 ���b�b�m�K�2CAB �B�b �b�Q �H�Q�r �i�?���i �r�B�i�?�Q�m�iC �i�?�2�`�2 �r�Q�m�H�/ �#�2

�M�Q �/�2�K�Q�+�`���i�B�x���i�B�Q�M�X �u�2�i �r�2 ���H�b�Q ���b�b�m�K�2 �i�?���imCH + gBC � 1 � b(1 � h) �b�Q �i�?���i �i�?�2 �/�Q�K�B�M�Q
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C �r�Q�m�H�/ �7���H�H �U�/�2�K�Q�+�`���i�B�x�2�V �r�?�2�MmC = mCH�X

�L�Q�i�2 �i�?���i �M�Q�r �i�?�2 �+�?�Q�B�+�2 �Q�7AE �B�b ���;���B�M �i�Q �}�;�?�iB�X �L�Q�i�2 �i�?���iCAB �B�b �H�Q�r �b�Q �i�?���i

mAH + gAB � 1 � b(1 � h)�- �b�Q �i�?���i �M�Q �r���` �Q�` �/�2�K�Q�+�`���i�B�x���i�B�Q�M �b�?�Q�m�H�/ �Q�+�+�m�` �#�2�+���m�b�2 �Q�7 �i�?�2

�/�B�`�2�+�i �T�`�2�b�2�M�+�2 �Q�7B�X �>�Q�r�2�p�2�` �B�7 �i�?�2 �+�Q�M�/�B�i�B�Q�MmAH + gAB + gAC � 1 � b(1 � h) �?�Q�H�/�b�-

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

�Q�7AE �B�b ���;���B�M �#�2�i�r�2�2�M �/�2�K�Q�+�`���i�B�x���i�B�Q�M �Q�` �}�;�?�i�B�M�;B�X �q���` �r�B�H�H ���;���B�M �Q�+�+�m�` ���b �H�Q�M�; ���b

mH � 1 � (cA + cB)�X

�R�X�N�X�9 �1�t�i�2�M�b�B�Q�M�, �*�Q�`�`�2�H���i�B�Q�M ���+�`�Q�b�b �S�Q�H�B�+�B�2�b �B�M �*�Q�m�M�i�`�B�2�b

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

�/�2�+�`�2���b�B�M�; �7�m�M�+�i�B�Q�M �Q�7 �/�B�b�i���M�+�2 �B�M �T�Q�H�B�+�v�XC(pB, p0
A ) = f (pB � p0

A ) �r�B�i�?¶f (pB� p0
A )

¶(pB� p0
A ) < 0�X �A�M

�i�?�B�b �+���b�2 �B�7 �i�?�2 �T�Q�H�B�+�vg(pB) �B�b �`�2�p�2���H�2�/ �i�Q �#�2 �#���/�- �i�?�2�`�2 �B�b �� �i�`���/�2�@�Q�z �i�?���iAC �B�b �7���+�B�M�;�,

�+�?�Q�Q�b�2pA �r�?�B�+�? �B�b �M�Q�r �K�Q�`�2 �H�B�F�2�H�v �i�Q �#�2 �#���/ �Q�` �b�Q�K�2p0
A �i�?���i �B�b �H�2�b�b �H�B�F�2�H�v �i�Q �#�2 �#���/ �#�m�i �B�b

�� �H�2�b�b �Q�T�i�B�K���H �T�Q�H�B�+�v�X

�A�7pB �B�b �;�Q�Q�/ �i�?�2�MpA = 0 �B�b �T�B�+�F�2�/�- �r�?�2�`�2���b �B�7 �B�i �B�b �#���/ ���b�b�m�K�2 �b�Q�K�2p0
A �B�b �T�B�+�F�2�/�X �h�?�2�M

�i�?�2 �2�t�T�2�+�i�2�/ �2�t ���M�i�2 �m�i�B�H�B�i�v �Q�7 �i�?�2 �+�B�i�B�x�2�M�b �B�b�,

AC = 1 + g I

�
p (p, B, t)

�
(p̃ (p, A, t) � p (p, A, t)( gH (p, A, t) � gL(p, A, t))

�
+

(1 � p (p, B, t)
�

(p̃ 0(p0, A, t) � p (p0, A, t)( gH (p0, A, t) � gL(p0, A, t))
�

� p0
A

�
,

�r�?�2�`�2 �i�?�2 �H���b�i �i�2�`�K� p0
A �`�2�T�`�2�b�2�M�i�b �i�?�2 �m�i�B�H�B�i�v �H�Q�b�b �7�`�Q�K �K�Q�p�B�M�; ���r���v �7�`�Q�K �i�?�2 �B�/�2���H �T�Q�H�B�+�v�X

�a�m�#�b�i�B�i�m�i�B�M�; �B�M �+�Q�`�`�2�H���i�B�Q�M�b �r�B�i�?C0= C(pB, p0
A )�,

vAC = 1 + g I

�
C

q
p (p, A, t)(1 � p (p, A, t))

q
p (p, B, t)(1 � p (p, B, t))

�
gH (p, A, t) � gL(p, A, t)

�

� C0
q

p (p0, A, t)(1 � p (p0, A, t))
q

p (p, B, t)(1 � p (p, B, t))
�

gH (p0, A, t) � gL(p0, A, t)
�

� p0
A

�
.

�h�?�2 �i�`���/�2�@�Q�z �B�M �T�B�+�F�B�M�;p0
A �B�b �i�?���i �K�Q�p�B�M�; �B�i ���r���v �7�`�Q�KpA = 0 �B�M�+�`�2���b�2�bp0

A �#�m�i �H�Q�r�2�`�b

C0�X
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�L�Q�i�B�+�2 �i�?���i �B�7 �� �T�Q�H�B�+�vp0
A �2�t�B�b�i�b �i�?���i �B�b �+�H�Q�b�2 �i�QpA �r�?�B�+�? �B�b �[�m�B�i�2 �+�Q�`�`�2�H���i�2�/ �r�B�i�?pB ���b

�� �`�2�b�m�H�i �#�m�i �B�b �� �r�2�H�H�@�i�`�B�2�/ �Q�m�i �T�Q�H�B�+�v �b�Q �i�?���ip (p0, A, t) �B�b �2�B�i�?�2�` �p�2�`�v �?�B�;�? �Q�` �p�2�`�v �H�Q�r �U�H�B�i�i�H�2

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

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

�H�B�F�2�H�v�V�X

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

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

�p���H�m�2 �Q�7BC �i�QAC �U���M�/ �i�?�2�`�2�7�Q�`�2 �i�?�2 �+�?���M�+�2 �Q�7 �r���`�V �B�M�+�`�2���b�2�b�X �a�Q �r�?�2�M �� �M�2�r �B�M�b�i�B�i�m�i�B�Q�M

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

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

AC�ö�b �Q�T�i�B�K���HpA �X �q�B�i�?�Q�m�i �r�`�B�i�B�M�; �/�Q�r�M �i�?�2 ���M���H�v�b�B�b�- �B�i �B�b �+�H�2���` �i�?���i �D�m�b�i ���bAC �7���+�2�b �� �i�`���/�2�@

�Q�z �Q�7 �K�Q�p�B�M�; ���r���v �7�`�Q�KpA = 0�- �b�Q �/�Q�2�bBC�X �a�Q �B�7 ���p�Q�B�/�B�M�; �r���` �K�2���M�b �K�Q�p�B�M�; �i�Qp0
B � 0�-

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

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

�R�X�N�X�8 �1�t�i�2�M�b�B�Q�M�, �h�?�2 �h�B�K�B�M�; �Q�7 �i�?�2 �q���`

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

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

BC�X �>�Q�r�2�p�2�` �i�?�B�b �b�?�Q�m�H�/ �M�Q�i �M�2�+�2�b�b���`�B�H�v �r�Q�`�F �i�?�B�b �r���v ���b �B�i �B�b �M���i�m�`���H �i�Q ���b�b�m�K�2 �i�?���i �b�i���`�i�B�M�;

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

�r���`�X �S�Q�r�2�H�H �U�R�N�N�j�V �/�B�b�i�B�M�;�m�B�b�?�2�b �#�2�i�r�2�2�M �õ�#�m�i�i�2�`�b�ö ���M�/ �õ�;�m�M�b�ö�- �i�?�2�`�2�7�Q�`�2 �r�2 �+���M �i�?�B�M�F �i�?���i ���H�H

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

�H�2�i �m�b ���b�b�m�K�2 �i�?���i �r���`�b ���`�2 �H�2�b�b �+�Q�b�i�H�v �B�M �H�Q�r�@�T�`�2�b�b�m�`�2 �T�2�`�B�Q�/�b�,cL
A < cH

A �X �"�v �b�2�i�i�B�M�;cH
A = cA

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

�"�2�7�Q�`�2 �i�?�2 ���M���H�v�b�B�b �M�Q�i�B�+�2 �i�?���i �B�i �+�Q�m�H�/ �#�2 �i�?���icL
A � cH

A �i�Q�Q�- �B�M �r�?�B�+�? �+���b�2 �r�2 �;�2�i �#���+�F

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

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

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

�+�Q�K�K�B�i �i�?�2 �;�2�M�Q�+�B�/�2 �U�J�m�2�H�H�2�` �k�y�y�y�V�- �r�?�B�+�? �b�?�Q�m�H�/ �#�2 �#�2�i�i�2�` ���p���B�H���#�H�2 �B�M �?���`�/ �i�B�K�2�b�X

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

�?���/ �b�i���`�i�2�/ �B�M �i�?�2 �?�B�;�? �T�2�`�B�Q�/ �r�B�i�?cL
A = cH

A �i�?�2�M �r�2 �F�M�Q�r �i�?���i �i�?�2 �+�Q�M�/�B�i�B�Q�M �i�?�2 �+�Q�K�K�B�i�@

�K�2�M�i �+�Q�M�b�i�`���B�M�i �K�m�b�i �#�2 �#�B�M�/�B�M�;�,mH + g � 1 � b(1 � h) ���M�/ �i�?�2 �r���` �B�b �b�i���`�i�2�/ �i�Q ���p�Q�B�/

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

�r���` �i�Q �� �H���i�2�` �H�Q�r�@�T�`�2�b�b�m�`�2 �T�2�`�B�Q�/�- �?�2 �r�Q�m�H�/ �#�2 �B�M�b�i���M�i�H�v �Q�p�2�`�i�?�`�Q�r�M ���M�/ �2���`�M �y�X �a�B�K�B�H���`�H�v�-

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

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

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

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

�A�7 �� �r���` �Q�+�+�m�`�b �B�M �� �?�B�;�? �T�2�`�B�Q�/ �UmH + g � 1 � b(1 � h) ���M�/mH + g � 1 � b(1 � h) ���M�/

mH � 1 � (cH
A + cB)�V �i�?�2�M �i�?�2 �r���` �r�B�H�H �Q�+�+�m�` �B�M �i�?�2 �H�Q�r �T�2�`�B�Q�/ �B�7 �i�?�2 �/�B�b�+�Q�m�M�i �7���+�i�Q�` �B�b �?�B�;�?

���M�/h �B�b �?�B�;�? �b�B�M�+�2 �i�?�2�M �i���F�B�M�; �i�?�2 �B�M�B�i�B���i�B�p�2 �i�Q�/���v �?���b �;�`�2���i�2�` �#�2�M�2�}�i�b�,

1 � bh(cH
A + cB)

1� b(1� h)

1 � b
�

1 � (cL
A + cB)

1 � b

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

�Q�+�+�m�`�`�B�M�; �B�M ���M�v �Q�7 �i�?�2 �M�2�t�i �T�2�`�B�Q�/�b �B�M ���M �J�S�1�j�9 �L�Q�i�2 �i�?���imH � 1 � (cL
A + cB) �B�b �B�K�T�H�B�2�/

�#�vmH � 1 � (cH
A + cB)�X �h�?�B�b �2�[�m���i�B�Q�M �+���M �#�2 �`�2���`�`���M�;�2�/ �i�Q�,

bhcH
A � (1 � b(1 � h))cL

A + ( 1 � b)cB

�Q�`�,
bh

1 � b
(cH

A � cL
A ) � cL

A + cB,

�j�9�q�2 �m�b�2

1 � bh(cH
A + cB)(1 + b(1 � h) + b2(1 � h)2 + . . . ) = 1 �

bh(cH
A + cB)

1 � b(1 � h)
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�r�?�B�+�? �?���b �� �M�B�+�2 �B�M�i�2�`�T�`�2�i���i�B�Q�M ���b �i�?�2 �H�2�7�i�@�?���M�/ �b�B�/�2 �B�b �i�?�2 �2�t�T�2�+�i�2�/ �#�2�M�2�}�i�b �U�b���p�2�/ �r���`

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

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

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

�i�?�2 �+���b�2 �r�?�2�M �B�M �i�?�2 �?�B�;�? �T�2�`�B�Q�/ �i�?�2�`�2 �r�Q�m�H�/ �#�2 �/�2�K�Q�+�`���i�B�x���i�B�Q�M �UmH + g � 1 � b(1 � h)

���M�/mH + g � 1 � b(1 � h) ���M�/mH � 1 � (cH
A + cB)�V�X �h�?�2 �Q�M�H�v �T�Q�b�b�B�#�H�2 �r���` �Q�+�+�m�`�b �r�?�2�M ��

�r���` �i�Q�/���v �T�`�2�p�2�M�i�b �/�2�K�Q�+�`���i�B�x���i�B�Q�M �i�Q�K�Q�`�`�Q�r�,mH � 1 � (cL
A + cB) �b�Q �i�?���i �i�?�2 �r���` �B�b �`�2���H�H�v

�+�Q�b�i�H�v �B�M �i�?�2 �?�B�;�? �T�2�`�B�Q�/ �#�m�i �H�2�b�b �b�Q �B�M �i�?�2 �H�Q�r �T�2�`�B�Q�/�,cH
A � 1 � mH � cB � cL

A �X �h�?�B�b �B�b ���M

�B�M�i�2�`�i�2�K�T�Q�`���H �`�2�;�B�K�2�@�+�?���M�;�2 �T�`�2�p�2�M�i�B�Q�M �r���`�X

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

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

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

�r���` �H���i�2�`�X

�R�X�N�X�e ���/�/�B�i�B�Q�M���H �J�2�+�?���M�B�b�K�, �J�Q�/�2�H�B�M�; �1�K�B�;�`���i�B�Q�M

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

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

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

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

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

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

�õ�2�t�B�i�ö �Q�T�i�B�Q�M �U�>�B�`�b�+�?�K���M �R�N�d�y�V �B�M�+�`�2���b�2�b �/�Q�K�2�b�i�B�+ �T�`�2�b�b�m�`�2 �`���i�?�2�` �i�?���M �H�Q�r�2�`�b �B�i�X �G�2�i �m�b

�B�M�p�2�b�i�B�;���i�2 �i�?�2 �K�2�+�?���M�B�b�K�X

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

�r�B�i�? �b�Q�K�2 �+�m�K�m�H���i�B�p�2 �/�B�b�i�`�B�#�m�i�B�Q�MF(y)�X �*�B�i�B�x�2�M�b�ö �B�M�+�Q�K�2�b ���/�/ �m�T �i�Q �R�,
RyH

yL = 1 �U�r�2

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

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

�9�3



�B�M�b�i���M�+�2�- �� �J�m�b�H�B�K �K�Q�p�B�M�; �i�Q �� �*�?�`�B�b�i�B���M �+�Q�m�M�i�`�v �K�B�;�?�i �M�Q�i �}�M�/ �� �K�Q�b�[�m�2 �i�?�2�`�2�- �K�B�;�?�i �#�2

�/�B�b�+�`�B�K�B�M���i�2�/ ���;���B�M�b�i �Q�M �i�?�2 �D�Q�# �K���`�F�2�i�- ���M�/ �b�Q �Q�M�X

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

A i
C �B�b

V stay
A i

C
=

mH

1 � b
yi ,

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

�H�2���/�B�M�; �i�Q �� �m�i�B�H�B�i�v �Q�7

Vemigr
A i

C
=

1
1 � b

yi � c.

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

mH

1 � b
yH > c >

mH

1 � b
yL.

�h�?�B�b �K�2���M�b �i�?���i �i�?�2 �B�M�/�B�p�B�/�m���H�b �r�?�Q ���`�2 �;�Q�B�M�; �i�Q �2�K�B�;�`���i�2 �?���p�2 �i�?�2 �K���b�b�,1 � F
�

1� b
1� mH

c
�

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

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

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

�i�?�2 ���p�2�`���;�2 �B�M�+�Q�K�2 �Q�7 �2�K�B�;�`���M�i�b �B�b �?�B�;�?�2�` �i�?���M �Q�p�2�`���H�H ���p�2�`���;�2 �B�M�+�Q�K�2�,

Z yH

1� b
1� mH

c
yidF( i) �

Z yH

yL
yidF( i),

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

�q���H�i�2�` �l�H�#�`�B�+�?�i �/�B�/ ���H�H �B�M �?�B�b �T�Q�r�2�` �i�Q �T�`�2�p�2�M�i �1���b�i �:�2�`�K���M�b �7�`�Q�K �~�2�2�B�M�; �B�M�i�Q �i�?�2 �q�2�b�i�-

���M�/ �2�p�2�M �2�`�2�+�i�2�/ �i�?�2 �"�2�`�H�B�M �q���H�H �Q�M ���m�;�m�b�i �R�j �R�N�e�R �7�Q�` �i�?�B�b �T�m�`�T�Q�b�2�X

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

V stay
AE

=
1 � mH

1 � b
,

�i�Q

Vemigr
AE

=
1 �

RyH

1� b
1� mH

c
yidF( i) � (mH � 1 + F( 1� b

1� mH
c))

1 � b
.
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�L�Q�i�B�+�2 �i�?���i �D�m�b�i ���b �i�?�2 �2�H�B�i�2 �+���M�M�Q�i �+�`�2�/�B�#�H�v �+�Q�K�K�B�i �i�Q �H�2���p�2 �B�M�+�Q�K�2 ���i �B�i�b �T�`�Q�/�m�+�2�`�- �B�i �+���M�M�Q�i

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

�2�K�B�;�`���i�B�Q�M�X

�h�?�2�`�2�7�Q�`�2 �b�i�2�K�K�B�M�; �i�?�2 �K�B�;�`���i�B�Q�M �Q�7AC �B�b �r�Q�`�i�? �� �~�Q�r �#�2�M�2�}�i �Q�7g �i�Q �i�?�2 �2�H�B�i�2AE�,

g =
Z yH

1� b
1� mH

c
yidF( i) � (1 � F(

1 � b
1 � mH

c)) > 0.

�A�M �r�Q�`�/�b�, �i�?�2 �#�2�M�2�}�i �Q�7 �i�?�2 �r���` �B�M �i�?�B�b �+���b�2 �B�b �i�?���i �B�M �T�2�`�B�Q�/�b �r�?�2�M �i�?�2 �2�H�B�i�2 �i���F�2�b �r�2���H�i�?

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

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

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

AC�ö�b �B�b �i�Q �2�K�B�;�`���i�2�X �L�Q�i�B�+�2 �i�?���i �B�M �i�?�B�b �K�2�+�?���M�B�b�K �i�Q�Q�- �+�m�H�i�m�`���H �T�`�Q�t�B�K�B�i�v �H�2���/�b �i�Q �� �?�B�;�?�2�`

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

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

�2�H�B�i�2 �H�Q�b�2�b�X

�R�X�N�X�d ���/�/�B�i�B�Q�M���H �J�2�+�?���M�B�b�K�, �J�Q�/�2�H�B�M�; ���H�i�`�m�B�b�K

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

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

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

�q�2 �b�?�Q�m�H�/ �i�?�B�M�F �Q�7 �i�?�B�b �B�M �i�2�`�K�b �Q�7 �i�`���M�b�7�2�`�b�- �K�Q�M�2�v�- �Q�` ���B�/ �/�B�`�2�+�i�2�/ ���i �+�B�i�B�x�2�M�bAC �7�`�Q�K

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

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

BC �i�?�2�v �?���p�2 ���M �B�K�K�2�/�B���i�2 �M�2�2�/ �i�Q �?���p�2AC �+�Q�M�b�m�K�2a 2 (0, 1) �m�M�B�i�b �Q�7 �B�M�+�Q�K�2�X �h�?�m�b�,

VBC = min (uBC,
1
a

uAC),

�i�Q �r�?�B�+�? �i�?�2 �Q�T�i�B�K�m�K �B�b �7�Q�m�M�/ �#�v ���H�H�Q�+���i�B�M�;x �i�QBC ���M�/ax �i�QAC�X �A ���b�b�m�K�2 �i�?���ia �B�M�+�`�2���b�2�b

�B�M �+�m�H�i�m�`���H �T�`�Q�t�B�K�B�i�v�X

�8�y



�L�Q�r �r�2 �+���M �b�2�2 �i�?���i �� �i�`���M�b�7�2�` �Q�7a
1+ aSB �r�B�H�H �#�2 �b�2�M�i �7�`�Q�KBC �i�QAC�- �?�Q�r�2�p�2�` �M�Q�i�B�+�2 �i�?���i

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

�T�`�Q�#�H�2�K�, ���M�v �i�`���M�b�7�2�` �7�`�Q�KBC �i�QAC �B�M �H�Q�r �T�`�2�b�b�m�`�2 �T�2�`�B�Q�/�b �r�Q�m�H�/ �#�2 �+�Q�M�}�b�+���i�2�/ �B�K�K�2�/�B�@

���i�2�H�v �#�vAE�- �M�Q�i �`���B�b�B�M�; �i�?�2 �m�i�B�H�B�i�v �Q�7BC �#�v ���M�v�i�?�B�M�;�X �P�M �i�?�2 �Q�i�?�2�` �?���M�/ �B�M �?�B�;�?�@�T�`�2�b�b�m�`�2

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

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

g =
a

1 + a
SB,

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

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

�/�2�7���M�;�2�/ �#�v �/�2�b�i�`�Q�v�B�M�;BC�- �i�?�2 �+�Q�b�i�b �Q�7 �i�?�B�b �/�2�b�i�`�m�+�i�B�Q�M �+�Q�m�H�/ �#�2 �Q�m�i�r�2�B�;�?�2�/ �#�v �i�?�2 �#�2�M�2�}�i�b�X

���M �2�t���K�T�H�2 �?�2�`�2 �K���v �#�2 �i�?�2 �E�Q�`�2���M �q���` �R�N�8�y�@�8�j�X �"�Q�i�? �i�?�2 �H�2���/�2�`�b �Q�7 �i�?�2 �L�Q�`�i�? �U�E�B�K �A�H�@

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

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

�U�a���M�/�H�2�` �R�N�N�N�V�X �h�?�m�b �i�?�2 �+�m�H�i�m�`���H�- �H�B�M�;�m�B�b�i�B�+ ���M�/ �2�i�?�M�B�+ �i�B�2�b �T�`�2�+�B�T�B�i���i�2�/ �i�?�2 �E�Q�`�2���M �q���`�X

�8�R



�*�?���T�i�2�` �k
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�h�?�2�`�2�7�Q�`�2 �`�2�T�`�2�b�b�B�Q�M �r�B�H�H �Q�M�H�v �#�2 �T���B�/ �#�v �i�?�2 �i�r�Q �i�v�T�2�b �Q�7 ���;�2�M�i�b ���b �H�Q�M�; ���b�,

c � c̄ = cnoeno + co(eo � eno) = ynmn
1 � eo

1 � eo + eno
, �U�8�X�k�9�V

���M�/ �i�?�2 �`�B�;�?�i�@�?���M�/ �b�B�/�2 �B�b �/�2�+�`�2���b�B�M�; �B�Meno�- �r�?�B�+�? �K�2���M�b �i�?���i ���beno �B�M�+�`�2���b�2�b �`�2�T�`�2�b�b�B�Q�M

�#�2�+�Q�K�2�b �H�2�b�b ���T�T�2���H�B�M�;�X

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

�K�2�K�#�2�`�b �Q�7 �i�?�2 �Q�H�/ �2�H�B�i�2 �K���F�2 �m�M�B�7�Q�`�K �i�`���M�b�7�2�`�b�- ���M�/ �r�?�2�M �i�?�2�v �/�Q �M�Q�i�X �"�Q�i�? �H�2���/ �i�Q �i�?�B�b

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

�Q�H�/ �2�H�B�i�2 �K�2�K�#�2�`�b �B�b �/�B�z�2�`�2�M�i�X

�S�`�Q�T�Q�b�B�i�B�Q�M �j �;�B�p�2�b �m�b �� �K���B�M �`�2�b�m�H�i �Q�7 �i�?�B�b �b�2�+�i�B�Q�M�, �i�?�2 �?�B�;�?�2�` �B�b �i�?�2 �b�B�x�2 �Q�7 �i�?�2 �Q�p�2�`�H���T
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eno�- �i�?�2 �H�2�b�b �`�2�T�`�2�b�b�B�Q�M �r�B�H�H �#�2 �m�b�2�/�X�k�R �h�?�2 �`�2���b�Q�M �?�2�`�2 �B�b �i�?���i �� �?�B�;�?�2�` �Q�p�2�`�H���T �K�2���M�b �i�?�2

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

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

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

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

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

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

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

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

�8�X�j�X�k �_�2�;�B�K�2 �*�?���M�;�2

�L�Q�r �A �2�t�i�2�M�/ �i�?�2 �;���K�2 �i�Q �i�?�2 �B�M�}�M�B�i�2 �?�Q�`�B�x�Q�M�X �A �r�B�H�H �7�Q�+�m�b �Q�M �J���`�F�Q�p �S�2�`�7�2�+�i �1�[�m�B�H�B�#�`�B���X

�h�?�2 �+�Q�K�K�Q�M �/�B�b�+�Q�m�M�i �7���+�i�Q�` �B�bb�X �.�Q�K�2�b�i�B�+ �T�`�2�b�b�m�`�2 �2�#�#�b ���M�/ �~�Q�r�b �Q�p�2�` �i�B�K�2�, �i�?�2�`�2 �B�b

���Mh �Uh 2 (0, 1)�V �T�`�Q�#���#�B�H�B�i�v �B�M �2���+�? �T�2�`�B�Q�/t �i�?���i �T�`�2�b�b�m�`�2 �r�B�H�H �#�2 �?�B�;�? �B�M �� �/�B�+�i���i�Q�`�b�?�B�T�,

m(t) = mn�X �A�M ���H�H �Q�i�?�2�` �T�2�`�B�Q�/�b �T�`�2�b�b�m�`�2 �B�b �y �U�B�X�2�X �B�M �i�?�2�b�2 �T�2�`�B�Q�/�b �`�2�p�Q�H�m�i�B�Q�M �B�b �+�Q�K�T�H�2�i�2�H�v

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

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

�U���+�2�K�Q�;�H�m ���M�/ �_�Q�#�B�M�b�Q�M �k�y�y�e�V�X

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

�� �F�2�v �T���`�i �B�M �i�?�2 �`�2�b�m�H�i�b�X �q�?�2�M �T�`�2�b�b�m�`�2 �i�m�`�M�b �?�B�;�?�- �i�?�2 �+�B�i�B�x�2�M�b �F�M�Q�r �i�?���i �i�?�2 �2�H�B�i�2 �+���M�M�Q�i

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

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

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

�k�R

¶c̄
¶eno

= � ynmn
1 � eo

(1 � eo + eno)2 < 0 �U�8�X�k�8�V

�k�k�a�2�2 �S�Q�r�2�H�H �k�y�y�9 �7�Q�` �� �;�2�M�2�`���H �i�`�2���i�K�2�M�i �Q�7 �i�?�2 �H�Q�+�F�@�B�M �T�`�Q�#�H�2�K�X
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�i�Q ���p�Q�B�/ �� �`�2�p�Q�H�m�i�B�Q�M �+�Q�m�H�/ �#�2 �b�Q �H���`�;�2 �i�?���i �2�p�2�M �i�?�2 �H���`�;�2�b�i �i�`���M�b�7�2�`�b �i�?���i �i�?�2 �Q�H�/ �2�H�B�i�2 ���`�2

���#�H�2 �i�Q �K���F�2 �B�M �i�?�2 �+�m�`�`�2�M�i �T�2�`�B�Q�/ �/�Q �M�Q�i �b�m�{�+�2 �i�Q �T�H���+���i�2 �i�?�2 �+�B�i�B�x�2�M�b�X �A�M �Q�i�?�2�` �r�Q�`�/�b�- �i�?�2

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

�S�`�Q�T�Q�b�B�i�B�Q�M �9�X �A�M �i�?�2 �J���`�F�Q�p �S�2�`�7�2�+�i �1�[�m�B�H�B�#�`�B�m�K �Q�7 �i�?�2 �;���K�2 �/�2�b�+�`�B�#�2�/ ���#�Q�p�2�- �M�Q �i�`���M�b�7�2�`�b

���`�2 �Q�z�2�`�2�/ �#�v �i�?�2 �2�H�B�i�2 �r�?�2�Mm(t) = 0�X �6�m�`�i�?�2�`�K�Q�`�2�,

�Ç �A�7 �`�2�T�`�2�b�b�B�Q�M �B�b �M�Q�i �i�Q�Q �+�Q�b�i�H�v�,

c �
ynmn

1 � b
1 � eo

1 � eo + eno
, �U�8�X�k�e�V

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

�Q�+�+�m�`�b�X

�Ç �P�i�?�2�`�r�B�b�2�,

�� �A�7 �i�?�2 �+�Q�K�K�B�i�K�2�M�i �+�Q�M�b�i�`���B�M�i �#�B�M�/�b�,

ynmn � yo(1 � b(1 � h))
1 � eo + eno

1 � eo
. �U�8�X�k�d�V

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

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

�H�m�i�B�Q�M �Q�` �`�2�;�B�K�2 �+�?���M�;�2 �Q�+�+�m�`�b�X

�S�`�Q�Q�7�X �A �b�i���`�i �#�v �/�2�`�B�p�B�M�; �i�?�2 �+�Q�K�K�B�i�K�2�M�i �+�Q�M�b�i�`���B�M�i�,

�G�2�K�K�� �8�X �h�?�2 �+�Q�K�K�B�i�K�2�M�i �+�Q�M�b�i�`���B�M�i �#�B�M�/�b ���M�/ �i�`���M�b�7�2�`�b �+���M�M�Q�i ���p�Q�B�/ �� �`�2�p�Q�H�m�i�B�Q�M �B�7 ���M�/

�Q�M�H�v �B�7�,

ynmn � yo(1 � b(1 � h))
1 � eo + eno

1 � eo
. �U�8�X�k�3�V

�A�M �i�?�B�b �+���b�2 �`�2�;�B�K�2 �+�?���M�;�2 �Q�+�+�m�`�b �B�M �i�?�2 �J�S�1�X

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

U r
c(m= mn) =

ynmn

1 � b
1 � eo

1 � eo + eno
, �U�8�X�k�N�V
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�b�Q �i�?�2 �2�H�B�i�2 ���H�i�Q�;�2�i�?�2�` �M�2�2�/ �i�Q �;�B�p�2 �� �i�`���M�b�7�2�`m̂H �i�Q�/���v �r�?�B�+�? �#�`�B�M�;�b �i�?�2 �+�B�i�B�x�2�M�b �i�Q ���M

�2�t�T�2�+�i�2�/ �m�i�B�H�B�i�v �Q�7ynmn
1� b

1� eo
1� eo+ eno

�X �A�b �i�?�2 �2�H�B�i�2 ���#�H�2 ���M�/ �r�B�H�H�B�M�; �i�Q �/�Q �i�?�B�b�\

�h�?�2 �K���t�B�K�m�K �i�`���M�b�7�2�` �i�?���i �i�?�2 �2�H�B�i�2 �i�Q�;�2�i�?�2�` �+���M �Q�z�2�` �B�bm̂H = yo�X �A�7 �i�?�2 �+�B�i�B�x�2�M�b

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

�M�Q�M�@�`�2�p�Q�H�m�i�B�Q�M���`�v �T�2�`�B�Q�/�b�- �r�?�B�+�? �K�2���M�b �i�?���i �i�?�2 �+�B�i�B�x�2�M�ö�b �m�i�B�H�B�i�v �B�b�,

U tr
c (m= mn) =

yo(1 � b(1 � h))
1 � b

, �U�8�X�j�y�V

�r�?�2�`�2 �7�`�Q�K �i�?�2 �M�2�t�i �T�2�`�B�Q�/ �Q�M�r���`�/ �B�M �� �T�`�Q�T�Q�`�i�B�Q�M �Q�71 � h �T�2�`�B�Q�/�b �i�?�2 �+�B�i�B�x�2�M�b �;�2�i �M�Q�i�?�B�M�;

���M�/ �B�M �i�?�2 �`�2�b�i �i�?�2�v �;�2�i �2�p�2�`�v�i�?�B�M�;�X �a�B�M�+�2 �M�Q �K�Q�`�2 �i�?���Myo �+���M �#�2 �i�`���M�b�7�2�`�`�2�/ �i�Q �i�?�2 �+�B�i�B�x�2�M�b�-

�#�m�v�B�M�; �i�?�2 �+�B�i�B�x�2�M�b �Q�z �B�b �M�Q�i ���H�r���v�b �T�Q�b�b�B�#�H�2�X �q�?�2�M�2�p�2�` �i�?�2 �+�B�i�B�x�2�M�b �+���M�M�Q�i �#�2 �#�Q�m�;�?�i �Q�z

�#�2�+���m�b�2 �Q�7 �i�?�2 �}�M�B�i�2 �b�B�x�2 �Q�7yo �UU r
c(m= mn) � U tr

c (m= mn)�V �A �r�B�H�H �b���v �i�?���i �i�?�2 �õ�+�Q�K�K�B�i�K�2�M�i

�+�Q�M�b�i�`���B�M�i�ö �#�B�M�/�b �B�7�,
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���/�/�B�i�B�Q�M�- �i�?�2 �b�?���`�2�/ �?�2�`�Q�2�b ���M�/ �K�2�K�Q�`�B���H�b �b�2�`�p�2 ���b �� �7�Q�+���H �T�Q�B�M�i �7�Q�` �/�B�z�m�b�B�M�; �i�?�2 �+�B�i�B�x�2�M

�K�Q�p�2�K�2�M�i �#�2�i�r�2�2�M �i�?�2 �+�Q�m�M�i�`�B�2�b�X �6�Q�` �B�M�b�i���M�+�2�- �B�M �R�3�9�3 �S�Q�H�B�b�? �;�2�M�2�`���H �"�2�K �/�B�2�/ �7�Q�` �H�B�#�2�`�@

���H�B�b�K �B�M �>�m�M�;���`�v�X �>�2 �#�2�+���K�2 �� �/�m���H �?�2�`�Q �Q�7 �>�m�M�;���`�v ���M�/ �S�Q�H���M�/ ���M�/ �i�?�m�b �B�M �R�N�8�e �i�?�2

�S�Q�H�B�b�? �/�2�K�Q�M�b�i�`���i�B�Q�M�b �/�B�z�m�b�2�/ �i�Q �>�m�M�;���`�v �i�?�`�Q�m�;�? �b�i�m�/�2�M�i�b �;���i�?�2�`�B�M�; ���i �"�2�K�ö�b �b�i���i�m�2�X �A�M

�R�d�N



���M�Q�i�?�2�` �2�t���K�T�H�2�- �:�2�Q�`�;�2 �q���b�?�B�M�;�i�Q�M�ö�b �}�;�m�`�2 �?�2�H�T�2�/ �#�`�B�M�; �i�?�2 �i�?�B�`�i�2�2�M �+�Q�H�Q�M�B�2�b �i�Q�;�2�i�?�2�` �B�M

�i�?�2 �*�Q�M�b�i�B�i�m�i�B�Q�M���H �*�Q�M�p�2�M�i�B�Q�M�X

�e�X�R�X�R �a�2�i�m�T

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

���H�i�Q�;�2�i�?�2�`�, �2�H�B�i�2 �Q�7A �UAE�V�- �+�B�i�B�x�2�M�b �Q�7A �UAC�V�- ���M�/ �+�B�i�B�x�2�M�b �Q�7B �UBC�V�- �2���+�? ���;�;�`�2�;���i�2�/ �B�M�i�Q

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

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

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

�r�Q�`�F �B�MA �B�b �`�2�p�2���H�2�/ �#�v �/�2�K�Q�+�`���+�v �B�MB�XC �B�b �� �`���M�/�Q�K �p���`�B���#�H�2 ���M�/ ���b�b�m�K�2 �7�Q�` �b�B�K�T�H�B�+�B�i�v

�i�?���i �B�i �B�b �#�B�M���`�v�, �2�t ���M�i�2C = CL �r�B�i�? �T�`�Q�#���#�B�H�B�i�v1 � pH ���M�/C = CH �r�B�i�? �T�`�Q�#���#�B�H�B�i�vpH �-

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

�Q�i�?�2�`�X

�h�?�2 �;���K�2 �+�Q�M�b�B�b�i�b �Q�7 �i�r�Q �T�2�`�B�Q�/�b�X �A�M �i�?�2 �}�`�b�i �T�2�`�B�Q�/ �2���+�? �+�B�i�B�x�2�Mi �Q�7A �UAC�V �K���F�2�b ��

�/�2�+�B�b�B�Q�M ���#�Q�m�i �r�?�2�i�?�2�` �i�Q �B�M�p�2�b�i �i�B�K�2 �B�M�i�Q �}�M�/�B�M�; �Q�m�i �?�Q�r �b�B�K�B�H���`BC �B�b�X �*���H�H �i�?�B�b �#�B�M���`�v

�p���`�B���#�H�2 �B�M�p�2�b�i�K�2�M�iIi �X �A�M�p�2�b�i�K�2�M�i �B�b �+�Q�b�i�H�v�- �#�m�i �/�B�z�2�`�2�M�i �+�B�i�B�x�2�M�b �7���+�2 �/�B�z�2�`�2�M�i �b�2���`�+�? �+�Q�b�i�b�,

�K���F�B�M�; �i�?�2 �i�Q�i���H �B�M�p�2�b�i�K�2�M�i �+�Q�b�i �Q�7 �2�t�T�H�Q�`�B�M�;BC �2�[�m���Hci �X �h�?�2 �i�v�T�2�b �Q�7 �+�B�i�B�x�2�M�b �7�Q�H�H�Q�r ��

�+�Q�M�i�B�M�m�Q�m�b �+�m�K�m�H���i�B�p�2 �/�B�b�i�`�B�#�m�i�B�Q�MF�- �r�B�i�? �b�m�T�T�Q�`�i[c, c̄] �r�?�2�`�2F0(c) > 0 �7�Q�` ���H�Hc 2 (c, c̄)�X

���i �i�?�2 �b�i���`�i �Q�7 �i�?�2 �;���K�2�- �+�B�i�B�x�2�M�b ���`�2 �M�Q�i ���r���`�2 �i�?���iBC �B�b �b�B�K�B�H���` �i�Q �i�?�2�K �b�Q �i�?�2�v �+���M

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

BC ���M�/AC�- �i�?�2�v ���`�2 �H�2�b�b �H�B�F�2�H�v �i�Q �H�Q�Q�F �i�Q�r���`�/BC ���b ���M �2�t���K�T�H�2�X �h�?�2 �`�2���b�Q�M �7�Q�` �i�?�B�b

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

�i�?�2�v �;�Q �i�QBC ���M�/ �}�M�/ �i�?���i �B�i �B�b �B�M�/�2�2�/ �M�Q�i �b�B�K�B�H���`�- �i�?���i �b�B�K�T�H�v �+�Q�M�}�`�K�b �i�?�2�B�` �2�t�T�2�+�i���i�B�Q�M�b�X

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

�2�t�T�Q�b�2�/ �i�Q �H�B�#�2�`���H �B�/�2���b �i�?���i �i�?�2�v �/�B�/ �M�Q�i �i�?�B�M�F ���#�Q�m�i�X

�h�?�2 �#�2�M�2�}�i �Q�7 �B�M�p�2�b�i�B�M�; �i�B�K�2 �B�M�i�Q �B�M�p�2�b�i�B�;���i�B�M�; �B�b �i�?���i �i�?�2 �T�Q�b�i�2�`�B�Q�` �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7pH

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

�R�3�y



�i�Q �#�2 �b�B�K�B�H���` �i�?�2�M �� �+�B�i�B�x�2�Mi �r�?�Q �T���v�b �i�?�2 �b�2���`�+�? �+�Q�b�i �/�B�b�+�Q�p�2�`�b �i�?�B�b �T�2�`�7�2�+�i�H�v�, �?�B�b �T�Q�b�i�2�`�B�Q�`

�B�b̂pi
H (C = CH ) = 1�- �r�?�2�`�2���b �B�7AC ���M�/BC ���`�2 �M�Q�i �b�B�K�B�H���` �i�?�2�M �i�?�2 �p�B�2�r �Q�7 �i�?�2 �+�B�i�B�x�2�M �/�Q�2�b

�M�Q�i �+�?���M�;�2�,p̂i
H (C = CL) = pH �X �A�M �r�Q�`�/�b�- �+�B�i�B�x�2�Mi �/�Q�2�b �M�Q�i �#�2�H�B�2�p�2 �2�t ���M�i�2 �i�?�2�`�2 �B�b �K�m�+�?

�b�B�K�B�H���`�B�i�v �#�2�i�r�2�2�M �� �/�B�z�2�`�2�M�i �+�Q�m�M�i�`�vB ���M�/ �?�B�b �Q�r�M �+�Q�m�M�i�`�vA�X �"�m�i �B�7 �i�?�B�b �+�B�i�B�x�2�M �B�b �2�t�T�Q�b�2�/

�i�Q �+�Q�m�M�i�`�vB ���M�/ �+�Q�m�M�i�`�vB �B�b �b�B�K�B�H���` �i�?�2�M �+�B�i�B�x�2�Mi �r�B�H�H �`�2�+�Q�;�M�B�x�2 �i�?�B�b �b�B�K�B�H���`�B�i�v�X �>�Q�r�2�p�2�`�-

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

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

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

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

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

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

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

�r�?�2�i�?�2�`BC �B�b �b�B�K�B�H���` �i�Q �i�?�2�K �2�p�2�M �r�B�i�?�Q�m�i �T���v�B�M�; ���M�v �+�Q�b�i�X �6�B�`�b�i �M���i�m�`�2 �T�B�+�F�b �i�?�2 �i�v�T�2 �Q�7

BC �i�?�2�M �B�7 �i�?�2�`�2 �B�b �r���` �2�t�T�Q�b�m�`�2 �i�?�2�M �T�B�+�F�b �r�?�B�+�? �+�B�i�B�x�2�M�b �;�2�i �2�t�T�Q�b�2�/ �i�Q �i�?�2 �i�`�m�i�? ���#�Q�m�iBC�X

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

�#�2�i�r�2�2�MAC ���M�/BC�X

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

�T�Q�r�2�` ���M�/ �;�2�i�b �i�Q �T�B�+�F �i�?�2�B�` �+�Q�m�M�i�`�v�ö�b �T�Q�H�B�+�v �B�M �� �;�B�p�2�M �T�2�`�B�Q�/t �UIA (t) 2 f AE, ACg�-IB(t) =

BC�V�XAE �B�b �B�M �T�Q�r�2�` ���i �i�?�2 �b�i���`�i �Q�7 �i�?�2 �;���K�2 �B�MA�- ���M�/BC �`�m�H�2�bB�X

�A �M�Q�`�K���H�B�x�2 �i�?�2 �b�B�x�2 �Q�7 �+�Q�m�M�i�`�B�2�b �`�2�b�Q�m�`�+�2�b �i�Q �R �7�Q�` �#�Q�i�? �Q�7 �i�?�2�K�,SA = 1 ���M�/SB = 1�X

�h�?�2 �i�r�Q ���+�i�Q�`�bAE ���M�/AC �M�2�2�/ �i�Q �/�B�p�B�/�2 �i�?�2�B�` �m�M�B�i �`�2�b�Q�m�`�+�2 �m�T ���K�Q�M�; �i�?�2�K�b�2�H�p�2�b�X �l�i�B�H�B�i�B�2�b

���`�2 �;�B�p�2�M �#�v�,

VAE =
¥

å
s= t

bs� t pA (t),

VAC =
¥

å
s= t

bs� t pC(t) =
¥

å
s= t

bs� t (1 + g( IA , t) � pA (t)) ,

�h�?�2 �+�Q�K�K�Q�M �/�B�b�+�Q�m�M�i �7���+�i�Q�` �B�bb�Xg( IA ) �B�b �� �`���M�/�Q�K �p���`�B���#�H�2 �i�?���i �+���T�i�m�`�2�b �i�?�2 �m�M�+�2�`�i���B�M�i�v

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

�R�3�R



�i�?�2 �`�m�H�2 �Q�7AC�- �2�t ���M�i�2 �i�?�B�b �p���`�B���#�H�2 �?���b ���M �2�t�T�2�+�i�2�/ �p���H�m�2 �Q�7E[g(AC)] = 0�X �"�m�i �Q�#�b�2�`�p�B�M�;

�i�?�2 �B�M�+�Q�K�2 �B�MB �m�M�/�2�` �i�?�2 �`�m�H�2 �Q�7BC�-g(BC) �+���M �`�2�p�2���H �B�M�7�Q�`�K���i�B�Q�M �i�QAC ���#�Q�m�i �?�Q�r �?�B�;�?

g(AC) �B�b�Xg(BC) �+���M �#�2 �Q�#�b�2�`�p�2�/ �#�vAC �#�2�7�Q�`�2 �i�?�2 �+�B�i�B�x�2�M�b �M�2�2�/ �i�Q �K���F�2 �� �/�2�+�B�b�B�Q�M �r�?�2�i�?�2�`

�i�Q �`�2�p�Q�H�i �Q�` �M�Q�i�X �h�?�2 �m�i�B�H�B�i�v �Q�7BC �B�b �;�B�p�2�M �#�v�,

VBC =
¥

å
s= t

bs� t (pB(t) + g(BC, t)) , �U�e�X�R�V

�r�?�2�`�2pB(t) �B�b �i�?�2 �T�Q�H�B�+�v �+�?�Q�b�2�M ���M�/g(BC, t) �B�b �i�?�2 �`���M�/�Q�K �p���`�B���#�H�2 �r�?�B�+�? �+���T�i�m�`�2�b �i�?�2

�b�m�+�+�2�b�b �Q�7 �/�2�K�Q�+�`���+�v �B�MB�X

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

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

�_�Q�#�B�M�b�Q�M �U�k�y�y�e�V �K�Q�/�2�H�- �r�?�B�+�? �#�m�B�H�/�b �Q�M �i�?�2 �J�2�H�i�x�2�`�@�_�B�+�?���`�/ �U�R�N�3�R�V �7�`���K�2�r�Q�`�F�-�d �r�?�2�`�2�#�v

�i�?�2 �/�2�+�B�b�B�Q�M �B�b �Q�p�2�` �� �H�B�M�2���` �i���t �`���i�2 �U�r�B�i�? �H�m�K�T�@�b�m�K �`�2�/�B�b�i�`�B�#�m�i�B�Q�M�V�X �a�B�M�+�2 �i�?�2 �2�H�B�i�2�ö�b �`�2�T�`�2�@

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

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

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

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

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

�K�Q�`�2 �H�B�F�2�H�v �b�2�+�2�b�b�B�Q�M �r�B�H�H �#�2 �U�2�X�;�X ���H�2�b�B�M�� ���M�/ �a�T�Q�H���Q�`�2 �R�N�N�d�- ���H�2�b�B�M���- �"���[�B�` ���M�/ �1���b�i�2�`�H�v

�R�N�N�N�V�X �P�M �#���H���M�+�2�- �T�Q�H�B�+�v �/�B�z�2�`�2�M�+�2 �K���v �#�2 �Q�p�2�` ���M�v �/�B�p�B�b�B�Q�M �Q�7 �b�Q�K�2 �p���H�m���#�H�2 �`�2�b�Q�m�`�+�2

�#�2�i�r�2�2�MAE ���M�/AC

�A�M �i�?�2 ���+�2�K�Q�;�H�m�@�_�Q�#�B�M�b�Q�M �U�k�y�y�e�V �7�`���K�2�r�Q�`�F �i�?�2 �/�Q�K�2�b�i�B�+ �B�M�i�2�`���+�i�B�Q�M �B�b �/�2�i�2�`�K�B�M�2�/ �#�v

�i�?�2 �i�?�`�2���i �Q�7 �`�2�p�Q�H�m�i�B�Q�M �U�/�2 �7���+�i�Q �T�Q�r�2�` �Q�7AC�V �r�?�B�+�? �2�#�#�b ���M�/ �~�Q�r�b�X �G�2�i �i�?�B�b �#�2 �+���T�i�m�`�2�/

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

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

���+�i�B�Q�M�X �A�i �B�b �K�Q�/�2�H�2�/ ���b �#�2�B�M�;mH 2 (0, 1) �r�B�i�? �T�`�Q�#���#�B�H�B�i�vh ���M�/mL = 0 �r�B�i�? �T�`�Q�#���#�B�H�B�i�v

�d�q�?�B�+�? �B�M �i�m�`�M �#�m�B�H�/�b �Q�M �U�_�Q�K�2�`�- �R�N�d�8�V�X �.�B�b�i�Q�`�i�B�Q�M���`�v �i���t���i�B�Q�M ���`�B�b�2�b �7�`�Q�K �H���#�Q�`�@�H�2�B�b�m�`�2 �+�?�Q�B�+�2 �Q�7 ���;�2�M�i�b
�Q�7 �/�B�z�2�`�2�M�i �T�`�Q�/�m�+�i�B�p�B�i�v ���M�/ �T�`�2�7�2�`�2�M�+�2�b �b���i�B�b�7�v �i�?�2 �b�B�M�;�H�2 �+�`�Q�b�b�B�M�; �T�`�Q�T�2�`�i�v �Q�p�2�` �i�?�2 �`�2�/�B�b�i�`�B�#�m�i�B�p�2 �i���t �`���i�2�X

�R�3�k



1 � h �U�B�X�2�X �M�Q �i�?�`�2���i�V�X ���7�i�2�` �� �`�2�p�Q�H�m�i�B�Q�M�- ���H�H �B�M�+�Q�K�2 �B�M �i�?�2 �2�+�Q�M�Q�K�v �B�b �7�Q�`�2�p�2�` �i���F�2�M �Q�p�2�` �#�v

�i�?�2 �+�B�i�B�x�2�M�b �#�m�i ���b1 � m�B�b �/�2�b�i�`�Q�v�2�/�-1� m
1� b �B�b �i�?�2 �2�z�2�+�i�B�p�2 �+�Q�b�i �Q�7 �� �`�2�p�Q�H�m�i�B�Q�M�Xm(t) 2 f mH , 0g

�B�b �i�?�2�`�2�7�Q�`�2 �� �K�2���b�m�`�2 �Q�7 �/�Q�K�2�b�i�B�+ �T�`�2�b�b�m�`�2 ���i �i�B�K�2t �B�MA�X

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

�T�H���+�2�,

�R�X �L���i�m�`�2 �/�`���r�b �i�?�2 �i�v�T�2 �Q�7BC �U�b�B�K�B�H���`�f�/�B�b�b�B�K�B�H���`�V�X

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

�b�B�K�B�H���` �i�QA�X

�j�X �1���+�? �+�B�i�B�x�2�Mi �Q�7AC �M�2�2�/�b �i�Q �/�2�+�B�/�2 �r�?�2�i�?�2�` �?�2 �Q�` �b�?�2 �r���M�i�b �i�Q �T���v �i�?�2 �+�Q�b�ici �Q�7

�B�M�p�2�b�i�B�;���i�B�M�; �r�?�2�i�?�2�`B �B�b �b�B�K�B�H���` �i�QA�X

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

�R�X �1�B�i�?�2�`AE �Q�ÀC �B�b �B�M �T�Q�r�2�` �B�MA �UIA (t) 2 [AE, AC, Æ]�V�XIA �B�b ���H�H�Q�+���i�2�/SA = 1�X

�k�X �h�?�2 �b�?�Q�+�Fm(t) �U2 f mL, mH g�V �B�b �`�2���H�B�x�2�/ �B�MA �U�M�Q �b�?�Q�+�F �B�MB�V�X �h�?�2 �i�`�B�T�H�2 �+�Q�M�@

�b�B�b�i�B�M�; �Q�7 �i�?�2 �b�?�Q�+�Fm(t)�- �i�?�2 ���;�2�M�i �B�M �T�Q�r�2�` �B�MA ���M�/B �#�m�B�H�/ �i�?�2 �b�i���i�2 �p�2�+�i�Q�`�,

f m(t), IA (t), IB(t)g�X

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

�K���v �/�2�K�Q�+�`���i�B�x�2 �B�M �Q�`�/�2�` �i�Q ���p�Q�B�/ �� �`�2�p�Q�H�m�i�B�Q�M�V�X

�9�X ���;�2�M�i�b �B�M �T�Q�r�2�` �K���F�2 �/�Q�K�2�b�i�B�+ �/�2�+�B�b�B�Q�M�b�, �r�?�Q�2�p�2�` �B�b �M�Q�r �B�M �T�Q�r�2�` �B�MA �UIA �V �K���F�2�b

���M ���H�H�Q�+���i�B�p�2 �/�2�+�B�b�B�Q�MpA �U�Q�z�2�`�V�X

�8�X �h�?�2 �+�B�i�B�x�2�M�b �Q�7AC �/�2�+�B�/�2 �r�?�2�i�?�2�` �i�Q �`�2�p�Q�H�i �Q�` �M�Q�i�X�3 �A�7 �i�?�2�v �/�2�+�B�/�2 �i�Q �`�2�p�Q�H�i�- �i�?�2�`�2 �B�b

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

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

�R�3�j



�e�Xg(BC, t) �B�b �`�2�p�2���H�2�/ �i�Q ���H�H ���+�i�Q�`�b�X

�d�X �A�7 �i�?�2�`�2 �r���b �� �b�m�+�+�2�b�b�7�m�H �`�2�p�Q�H�i�-AC �#�2�+�Q�K�2�bIA ���M�/ �T�B�+�F�b �T�Q�H�B�+�vp0
A �U�B�X�2�X ���H�H�Q�+���i�2�b �i�?�2

�`�2�b�Q�m�`�+�2�V�X

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

�Q�7 �`�2�p�Q�H�m�i�B�Q�M �B�MA�X �>�Q�r�2�p�2�` �M�Q�i�B�+�2 �i�?���i �i�?�2 �b�m�+�+�2�b�b �Q�7BC �B�b �Q�M�H�v �`�2�p�2���H�2�/ ���7�i�2�` �i�?�2 �`�2�p�Q�H�m�i�B�Q�M�X

�"�m�i �i�?�2 �2�t�T�2�+�i���i�B�Q�M �Q�7BC �`�2�p�2���H�B�M�; �B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�i �r�?�B�+�? �T�Q�H�B�+�B�2�b �r�Q�`�F �B�b �b�m�{�+�B�2�M�i �i�Q

�`���B�b�2 �/�Q�K�2�b�i�B�+ �T�`�2�b�b�m�`�2 �B�MA�X

�e�X�R�X�k �J�Q�/�2�H�B�M�; �a�Q�+�B���H �G�2���`�M�B�M�;

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

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

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

���M�Q�i�?�2�`�X

�_�2�+���H�H �i�?���i �;�`�Q�r�i�?g(AC, t) �/�2�M�Q�i�2�b �i�?�2 �2�t�i�`�� ���p���B�H���#�H�2 �B�M�+�Q�K�2 �m�M�/�2�` �/�2�K�Q�+�`���+�v �B�MA

�#�2�v�Q�M�/ �i�?�2 �m�M�B�i�@�b�B�x�2�/ �`�2�b�Q�m�`�+�2�XAC �B�b ���H�H�Q�r�2�/ �i�Q �Q�#�b�2�`�p�2BC�ö�b �T�Q�H�B�+�v �b�m�+�+�2�b�b �#�2�7�Q�`�2 �+�?�Q�Q�b�B�M�;

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

�/�2�`�B�p�2 �?�Q�r �K�m�+�? �B�M�7�Q�`�K���i�B�Q�MBC �`�2�p�2���H�b �i�QAC�X �_�2�+���H�H �i�?���i �i�?�2�`�2 �B�b �m�M�+�2�`�i���B�M�i�v �Q�p�2�` �i�?�2

�+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i �#�2�i�r�2�2�MA ���M�/B�X

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

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

�B�i �B�b �� �+�Q�M�p�2�M�B�2�M�i �K�2�M�i���H �b�?�Q�`�i�+�m�i�X �A�7 �L�Q�`�i�? �E�Q�`�2���M �+�B�i�B�x�2�M�b �H�Q�Q�F ���i �a�Q�m�i�? �E�Q�`�2���- �i�?�2�v �i�?�B�M�F

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

�i�?���M �B�7 �i�?�2�v �H�Q�Q�F ���i �i�?�2 �l�a�X �A �r�B�H�H �K���F�2 �� �?�Q�b�i �Q�7 �M�Q�M�@�2�b�b�2�M�i�B���H �m�M�`�2���H�B�b�i�B�+ ���b�b�m�K�T�i�B�Q�M�b �i�Q

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

�N�h�?�2 ���T�T�`�Q���+�? �B�b �`�2�H���i�2�/ �i�Q �J�m�F���M�/ ���M�/ �_�Q�/�`�B�F �U�k�y�y�8�V ���M�/ �"�`�2�M�/�2�` ���M�/ �.�`���x�2�M �U�k�y�y�d�V�- �r�?�Q �#�Q�i�? �?���p�2
�� �Q�M�2�@�+�Q�m�M�i�`�v �K�Q�/�2�H�X
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pA �Q�M�H�v �/�2�T�2�M�/�b �Q�M �+�m�H�i�m�`�2�- �#�m�i �M�Q�i �Q�M �B�M�b�i�B�i�m�i�B�Q�M�b�,g(pA , AC) = g(pA , AE)�X �a�Q �B�i �B�b �i�?�2

�B�M�7�Q�`�K���i�B�Q�MAC �;�2�i�b �7�`�Q�KBC�ö�b ���/�Q�T�i�2�/ �T�Q�H�B�+�v �i�?���i �K���F�2�b �+�B�i�B�x�2�M�b ���#�`�Q���/ �p���H�m���#�H�2�- �i�?�2�`�2�7�Q�`�2

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

�7�Q�`AC �F�M�Q�r�B�M�; �i�?���iBC �r�B�H�H �#�2 �i�?�2�`�2 ���M�/ �r�B�H�H �?���p�2 �b�i���`�i�2�/ �õ�2�t�T�2�`�B�K�2�M�i�B�M�;�ö �r�B�i�? �i�?�2 �2�t�T�2�+�i�2�/

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

�B�i �B�b �b�?�Q�r�M �M�Q�i �i�Q �r�Q�`�F�-AC �r�B�H�H �#�2 ���#�H�2 �i�Q �+�?�Q�Q�b�2 �� �/�B�z�2�`�2�M�i �T�Q�H�B�+�v�X

�L�2�t�i ���b�b�m�K�2 �i�?���i �;�`�Q�r�i�?gA (pA , t) ���M�/gB(pB, t) ���`�2 �`���M�/�Q�K �p���`�B���#�H�2�b �i�?���i �+���M �i���F�2

�m�T �Q�M�H�v �i�r�Q �p���H�m�2�b�,gH (pA , A, t) �Q� g̀L(pA , A, t) ���M�/gH (pB, B, t) �Q� g̀L(pB, B, t)�X ���H�b�Q

���b�b�m�K�2 �i�?���i �Q�M�H�v �i�?�2 �p���`�B���M�+�2 �Q�7 �T�Q�H�B�+�B�2�b �/�B�z�2�`�,E[gI (pI , t)] = E[gI (p0
I , t)] = 0,8pA , p0

A 2

[0, 1], I 2 f A, Bg�X ���M�/ �i�?���igI (pI ) 8I 2 f A, Bg �B�b �� �K���`�i�B�M�;���H�2 �Q�p�2�` �i�B�K�2�,E[g(pI , t +

1)jg(pI , 1), ...,g(pI , t)] = g(pI , t), �r�?�2�`�2g(pI , t) �B�b �}�M�B�i�28t�X �a�Q �� �b�B�K�B�H���` �/�2�K�Q�+�`���i�B�+ �+�Q�m�M�i�`�v

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

�+�Q�m�M�i�`�B�2�b ���`�2 �m�M�+�Q�`�`�2�H���i�2�/�- �b�Q �B�7g(pB) �B�b �`�2�p�2���H�2�/ �i�Q �#�2 �#���/ �i�?�2�Mg(pB � e) �b�i�B�H�H �?���b �i�?�2

�b���K�2 �2�t�T�2�+�i�2�/ �p���H�m�2�X

�G�2�i �i�?�2 �+�Q�`�`�2�H���i�B�Q�M �+�Q�2�{�+�B�2�M�i �#�2�i�r�2�2�MgA (p, t) ���M�/gB(p, t) �#�2C(p, t) � 0 ���M�/ �+�Q�M�b�i���M�i

���+�`�Q�b�b �T�Q�H�B�+�B�2�b ���M�/ �i�B�K�2 �UC(p, t) = C�V�X �G�2�ip (p, A, t) = �S�`�Q�#(gA (p, t) = gH (p, A, t)) ���M�/

p (p, B, t) �#�2 �i�?�2 �T�`�B�Q�` �T�`�Q�#���#�B�H�B�i�B�2�b �i�?���i �;�`�Q�r�i�? �B�b �?�B�;�? ���i �i�B�K�2t �7�Q�` �T�Q�H�B�+�vp �B�MA ���M�/B�-

�r�?�B�H�2p̃ (p, A, t) �B�b �i�?�2 �T�Q�b�i�2�`�B�Q�` �T�`�Q�#���#�B�H�B�i�v �+�Q�M�/�B�i�B�Q�M���H �Q�M �;�`�Q�r�i�? �#�2�B�M�; �?�B�;�? �B�MB �7�Q�` �i�?�2

�b���K�2 �T�Q�H�B�+�vp�, p̃ (p, A, t) = �S�`�Q�#(gA (p, t) = gH (p, A, t)jgB(p, t) = gH (p, B, t)) �X

�G�2�K�K�� �d�X �h�?�2 �T�Q�b�i�2�`�B�Q�`�b �`�2�H���i�B�p�2 �i�Q �i�?�2 �T�`�B�Q�`�b ���`�2 �;�B�p�2�M �#�v�,

p̃ (p, A, t) � p (p, A, t) =
C

p (p, B, t)

q
p (p, A, t)(1 � p (p, A, t))

q
p (p, B, t)(1 � p (p, B, t))) .

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

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

�;�`�Q�r�i�? �`���i�2 �Q�7A ���M�/ �H�2�b�b �Q�p�2�` �i�?���i �Q�7B�X �L�Q�i�2 �i�?���i �m�M�+�2�`�i���B�M�i�v �B�b �;�`�2���i�2�b�i �r�?�2�Mp (p, A, t) =

1
2�X �h�?�2�`�2�7�Q�`�2 �B�7B �B�b �2�t�T�2�+�i�2�/ �i�Q �?���p�2 �� �?�B�;�? �;�`�Q�r�i�? �`���i�2 �r�B�i�? �� �p�2�`�v �?�B�;�? �T�`�Q�#���#�B�H�B�i�v

�Up (p, B, t) �B�b �?�B�;�?�V �i�?�2�MB �B�b �H�2�b�b �p���H�m���#�H�2 �i�Q �`�2�p�2���H �B�M�7�Q�`�K���i�B�Q�M �U�B�M �7���+�ilim (p̃ (p, A, t) �
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p (p, A, t)) ! 0 ���bp (p, B, t) ! 0�V�X �A�i �B�b �M�Q�i �� �?�B�;�? �2�t�T�2�+�i�2�/ �;�`�Q�r�i�? �`���i�2 �i�?���i �K���F�2�bB

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

AC�X

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

�:�B�p�2�M �i�?�2 �+�Q�M�b�i�`���B�M�i �Q�MB SB = 1 B �b�B�K�T�H�v �T�B�+�F�bpB = 1�X �h�?�m�b �?���p�B�M�;BC �M�2�t�i �/�Q�Q�` �`�2�p�2���H�b

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

�:�B�p�2�M �i�?�2 �b�m�+�+�2�b�b �Q�7 �i�?�2 �T�Q�H�B�+�v �+�?�Q�b�2�M �#�vBC�-AC �+���M �2�t�T�2�+�i �i�?�2 �b���K�2 �T�Q�H�B�+�v �i�Q �#�2 �K�Q�`�2

�2�z�2�+�i�B�p�2�X �h�?�2 �2�t�T�2�+�i�2�/ �T�`�Q�#���#�B�H�B�i�v �Q�7BC �#�2�B�M�; �#�2�M�2�}�+�B���H �i�QAC �B�b �i�?�m�bp (p, B, t)�X �h�?�2�`�2�7�Q�`�2

�i�?�2 �2�t�T�2�+�i�2�/ �i�Q�i���H �B�M�+�Q�K�2 �B�MA �m�M�/�2�` �i�?�2 �`�m�H�2 �Q�7AC �B�b �2�[�m���H �i�Q�,�R�y

vAC = 1 + p (p, B, t)
�

(p̃ (p, A, t) � p (p, A, t))( gH (p, A, t) � gL(p, A, t))
�

,

�T�H�m�;�;�B�M�; �B�M �G�2�K�K�� �d �r�2 �;�2�i

vAC = 1+ C
q

p (p, A, t)(1 � p (p, A, t))
q

p (p, B, t)(1 � p (p, B, t))
�

gH (p, A, t) � gL(p, A, t)
�

,

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

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

B�X

�R�y

vAC
= 1 + p (p, B, t)

�
(p̃ (p, A, t)gH (p, A, t) + ( 1 � p̃ (p, A, t)) gL(p, A, t)

�

+( 1 � p (p, B, t))
�

(p (p, A, t)gH (p, A, t) + ( 1 � p (p, A, t)) gL(p, A, t)
�

,

���M�/ �m�b�2p (p, A, t)gH (p, A, t) + ( 1 � p (p, A, t)) gL(p, A, t) = 0�X
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�h�?�2�`�2�7�Q�`�2 �/�Q�K�2�b�i�B�+ �T�`�2�b�b�m�`�2 �B�b �2�M�?���M�+�2�/ �B�MA �#�v �i�?�2 �7�Q�H�H�Q�r�B�M�; ���K�Q�m�M�i�,�R�R

g = C
q

p (p, A, t)(1 � p (p, A, t))
q

p (p, B, t)(1 � p (p, B, t))
�

gH (p, A, t) � gL(p, A, t)
�

.

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

�Q�m�i�+�Q�K�2�b �U���M�/ �+�m�H�i�m�`���H �+�Q�M�M�2�+�i�B�Q�M�b ���M�/ �+�Q�K�K�m�M�B�+���i�B�Q�M �#�2�i�r�2�2�MAC ���M�/BC�V�X ���M�/ �B�M�i�2�`�2�b�i�@

�B�M�;�H�vg �B�b �?�B�;�?�2�` �i�?�2 �?�B�;�?�2�` �i�?�2 �m�M�+�2�`�i���B�M�i�v ���#�Q�m�i �T�Q�H�B�+�v �Q�m�i�+�Q�K�2�b �2�B�i�?�2�` �B�MA �Q�B̀ �B�b�X

�L�Q�r �r�2 �+���M �+���H�+�m�H���i�2 �i�?�2 �2�t�T�2�+�i�2�/ �`�B�b�2 �B�M �/�Q�K�2�b�i�B�+ �T�`�2�b�b�m�`�2 �B�MA �;�B�p�2�M �/�B�z�2�`�2�M�i �2�t�T�2�+�@

�i���i�B�Q�M�b ���#�Q�m�i �?�Q�r �b�B�K�B�H���`B �B�b �i�QA�X �6�Q�` �+�B�i�B�x�2�M�b �r�?�Q ���`�2 �m�M�+�2�`�i���B�M ���#�Q�m�i �b�B�K�B�H���`�B�i�v�- �i�?�B�b

�[�m���M�i�B�i�v �B�b�,

gu = ( pH CH + pLCL)
q

p (p, A, t)(1 � p (p, A, t))
q

p (p, B, t)(1 � p (p, B, t))

�
gH (p, A, t) � gL(p, A, t)

�
.

�A�M �+�Q�M�i�`���b�i�- �7�Q�` �+�B�i�B�x�2�M�b ���r���`�2 �Q�7 �i�?�2 �b�B�K�B�H���`�B�i�v�,

gc = CH

q
p (p, A, t)(1 � p (p, A, t))

q
p (p, B, t)(1 � p (p, B, t))

�
gH (p, A, t) � gL(p, A, t)

�
.

�u�Q�m �+���M �b�2�2 �i�?���igc > gu�X �h�?�2 �?�B�;�?�2�` �i�?�2 �M�m�K�#�2�` �Q�7 �+�B�i�B�x�2�M�b ���r���`�2 �Q�7 �b�B�K�B�H���`�B�i�v�- �i�?�2

�K�Q�`�2 �p���H�m���#�H�2 �� �b�B�K�B�H���` �+�Q�m�M�i�`�vBC �B�b�X ���H�b�Q �i�?�2 �K�Q�`�2 �B�M�7�Q�`�K���i�B�Q�M �B�b ���p���B�H���#�H�2�- �i�?�2 �K�Q�`�2

�m�b�2�7�m�HBC �B�b�X

�e�X�R�X�j ���M���H�v�b�B�b

�A �H�Q�Q�F �7�Q�` �i�?�2 �J���`�F�Q�p �S�2�`�7�2�+�i �1�[�m�B�H�B�#�`�B�m�K �U�J�S�1�V �B�M �i�?�2 �B�M�}�M�B�i�2�H�v�@�`�2�T�2���i�2�/ �;���K�2�X �G�2�i �m�b

�?���p�2 �� �H�Q�Q�F ���i �?�Q�rAE �#�2�?���p�2�b �r�?�2�M �`�2�p�Q�H�m�i�B�Q�M���`�v �T�`�2�b�b�m�`�2 �B�b �?�B�;�? �B�M �i�?�2 �T�`�2�b�2�M�i �Um(t) =

�R�R�P�#�b�2�`�p�2 �i�?���i �B�M �?�B�;�? �T�2�`�B�Q�/�b �Q�7 �`�2�p�Q�H�i �T�`�2�b�b�m�`�2 �U�r�?�2�M �+�Q�H�H�2�+�i�B�p�2 ���+�i�B�Q�M �+���M �;�2�i �Q�`�;���M�B�x�2�/�V�-AC �r�Q�m�H�/
�/�2�K���M�/ ���i �H�2���b�i

mH + C
p

p (p, A, t)(1 � p (p, A, t))
p

p (p, B, t)(1 � p (p, B, t))
�

gH (p, A, t) � gL(p, A, t)
�

1 � b
=

mH + g
1 � b

�B�M�b�i�2���/ �Q�7mH
1� b �X

�R�3�d



mH �V�X �A�7 �`�2�p�Q�H�m�i�B�Q�M���`�v �T�`�2�b�b�m�`�2 �B�b �B�M�b�i�2���/ �H�Q�r �i�?�2�MAE �/�Q�2�b �M�Q�i �M�2�2�/ �i�Q �`�2�/�B�b�i�`�B�#�m�i�2 ���M�v�i�?�B�M�;

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

�b���K�2 �T�`�2�b�b�m�`�2 �B�7 �i�?�2�`�2 �B�b �� �r���` �i�?���M �B�7 �i�?�2�`�2 �B�b �M�Q �}�;�?�i�B�M�;�X

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

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

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

�`�2�b�Q�m�`�+�2�b �i�Q �i�?�2 �+�B�i�B�x�2�M�b �b�Q �i�?���i �?�2 �Q�` �b�?�2 �+���M �b�i���v �B�M �T�Q�r�2�`�- �2�p�2�M �i�?�Q�m�;�? �?�2 �Q�` �b�?�2 �+���M�M�Q�i

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

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

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

�B�M �i�?�2 �7�m�i�m�`�2 �r�?�2�M �T�`�2�b�b�m�`�2 �B�b �H�Q�r�X

�S�`�2�b�b�m�`�2 �7�`�Q�K �+�B�i�B�x�2�M�b �r�?�Q �?���p�2 �Q�#�b�2�`�p�2�/BC �B�b �?�B�;�?�2�` �i�?���M �i�?�2 �T�`�2�b�b�m�`�2 �7�`�Q�K �i�?�2 �Q�i�?�2�`

�+�B�i�B�x�2�M�b�X �h�?�m�b �+�B�i�B�x�2�M�b �?���p�2 ���M �B�M�+�2�M�i�B�p�2 �i�Q �}�M�/ �Q�m�i �r�?�2�i�?�2�`BC �B�b �b�B�K�B�H���` �i�Q �i�?�2�K �#�2�+���m�b�2 �B�i

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

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

�*�Q�M�b�B�/�2�` �}�`�b�i �?�Q�r �K�m�+�? �� �+�B�i�B�x�2�M �M�2�2�/�b �i�Q �#�2 �Q�z�2�`�2�/ �r�?�Q �/�Q�2�b �M�Q�i �;�2�i �2�t�T�Q�b�m�`�2 �i�QBC�X

�h�?�B�b �i�`���M�b�7�2�` �M�2�2�/�b �i�Q �#�2m(t) + gu ���b �i�?�2�b�2 �+�B�i�B�x�2�M�b ���`�2 �m�M�+�2�`�i���B�M ���#�Q�m�i �i�?�2 �b�B�K�B�H���`�B�i�v�X

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

�T�H���+���i�B�Q�M�X �h�?�2�b�2 �+�B�i�B�x�2�M�b �F�M�Q�r �r�B�i�? �+�2�`�i���B�M�i�v �i�?���i �i�?�2�v �+���M �H�2���`�M �� �H�Q�i �7�`�Q�KBC�- �r�?���i�2�p�2�`

�i�?�2 �T�Q�H�B�+�v �Q�m�i�+�Q�K�2 �B�MB �B�b �;�Q�B�M�; �i�Q �#�2�- �b�Q �i�?�2�v �M�2�2�/ �i�Q �#�2 �;�B�p�2�Mm(t) + gc�X �h�?�B�b �K�2���M�b

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

���b �H�Q�M�; ���bpH (gc � gu) > ci ���b �7�Q�` �i�?�2�b�2 �+�B�i�B�x�2�M�b �i�?�2 �2�t�T�2�+�i�2�/ �#�2�M�2�}�i�b �Q�m�i�r�2�B�;�? �i�?�2 �i�B�K�2

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

�r���` �B�b �;�B�p�2�M �#�v�,

H̄ = H
�

(pH (1 � pH )(CH � CL))
q

p (p, A, t)(1 � p (p, A, t))
q

p (p, B, t)(1 � p (p, B, t)) �

�R�k�6�Q�` �� �;�2�M�2�`���H �/�B�b�+�m�b�b�B�Q�M �Q�7 �H�Q�+�F�@�B�M �T�`�Q�#�H�2�K�b �b�2�2�, �S�Q�r�2�H�H �k�y�y�9�X

�R�3�3



�
gH (p, A, t) � gL(p, A, t)

��
.

�A�7 �r���` �Q�+�+�m�`�b�- �i�?�2�M �i�?�B�b �K���b�b �B�b �;�`�2���i�2�` �#�vw�- ���M�/ ���H�b�Q �i�?�Q�b�2 �+�B�i�B�x�2�M�b �r�?�Q ���`�2 �B�M �i�?�2 �r���`

���`�2 �M�Q�i �;�Q�B�M�; �i�Q �b�2���`�+�? ���;���B�M�- �i�?�2�`�2�7�Q�`�2 �i�?�Q�b�2 �+�B�i�B�x�2�M�b �i�?���i �b�2���`�+�? �?���p�2 �� �K���b�b(1 � w) H̄ �X

�h�?�m�b �i�?�2 �i�Q�i���H �K���b�b �Q�7 �+�B�i�B�x�2�M�b �r�?�Q �M�2�2�/ �i�Q �#�2 �;�B�p�2�M �?�B�;�?�2�` �i�`���M�b�7�2�`�b �B�bw + ( 1 � w) H̄ �X �h�?�B�b

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

�Q�m�i �i�?�2 �b�B�K�B�H���`�B�i�v �#�2�i�r�2�2�MA ���M�/B�X

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

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

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

mpeace= mH + gu + ( gc � gu) H̄.

�>�Q�r�2�p�2�` �r�B�i�? �r���` �i�?�2 �T�`�2�b�b�m�`�2 �B�b �?�B�;�?�2�`�,

mwar = mH + gu + ( gc � gu)(w + ( 1 � w) H̄ ) = mpeace+ ( gc � gu)w(1 � H̄ ).

�q�?�2�M �r�B�H�H �i�?�2 �/�B�+�i���i�Q�` �;�B�p�2 �m�T �T�Q�r�2�`�\ �P�M�H�v �B�M �i�?�2 �+���b�2 �r�?�2�M �T�`�2�b�b�m�`�2 �B�b �b�Q �?�B�;�? �i�?���i ��

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

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

�r���` �/�2�K�Q�+�`���i�B�x���i�B�Q�M �Q�+�+�m�`�b �B�M �i�?�2 �J���`�F�Q�p �S�2�`�7�2�+�i �1�[�m�B�H�B�#�`�B�m�K �B�7�,

mH + gu + ( gc � gu) H̄ � 1 � b(1 � h), �U�e�X�k�V

�r�?�2�`�2���b ���7�i�2�` �� �r���` �/�2�K�Q�+�`���i�B�x���i�B�Q�M �Q�+�+�m�`�b �B�M �i�?�2 �J���`�F�Q�p �S�2�`�7�2�+�i �1�[�m�B�H�B�#�`�B�m�K �B�7�,

mH + gu + ( gc � gu)(w + ( 1 � w) H̄ ) � 1 � b(1 � h). �U�e�X�j�V

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

(gc � gu)w(1 � H̄ ) �U�e�X�9�V

�R�3�N



�S�`�Q�T�Q�b�B�i�B�Q�M �d �b�?�Q�r�b �i�?���i �+�Q�K�K�Q�M �r���` �2�t�T�2�`�B�2�M�+�2 �K���F�2�b �i�r�Q �+�Q�m�M�i�`�B�2�b �K�Q�`�2 �H�B�F�2�H�v �i�Q

�/�2�K�Q�+�`���i�B�x�2�X �u�Q�m �+���M ���H�b�Q �b�2�2 �i�?���i �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �� �r���` ���M�/ �M�Q �r���` �/�2�T�2�M�/�b �Q�M(gc �

gu)w(1 � H̄ )�X �h�?�m�b �i�?�2 �#�B�;�;�2�` �i�?�2 �/�B�b�+�`�2�T���M�+�v �#�2�i�r�2�2�M ���M �m�M�+�Q�`�`�2�H���i�2�/ ���M�/ �� �+�Q�`�`�2�H���i�2�/

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

�K�Q�`�2 �7�Q�` �b�m�#�b�2�[�m�2�M�i �/�B�z�m�b�B�Q�M �7�Q�` �+�Q�m�M�i�`�B�2�b �r�?�B�+�? �?���p�2 �� �m�M�B�[�m�2 �+�m�H�i�m�`�2�X ���H�b�Q �i�?�2 �#�B�;�;�2�` �i�?�2
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�"�2�M�M�2�i�i�- �.�X �a�+�Q�i�i ���M�/ ���H�H���M �*�X �a�i���K�X �k�y�y�y�X �ó�1�l�:�2�M�2�, �� �*�Q�M�+�2�T�i�m���H �J���M�m���H�X�ô �A�M�i�2�`�M���i�B�Q�M���H

�A�M�i�2�`���+�i�B�Q�M�b �k�e�,�T�T�X�R�d�N���k�y�9�X �r�2�#�b�B�i�2�, �?�i�i�T�,�f�f�2�m�;�2�M�2�b�Q�7�i�r���`�2�X�Q�`�;�X

�"�2�M�M�2�i�i�- �a�+�Q�i�i �. ���M�/ ���H���M �* �a�i���K�X �R�N�N�3�X �ó�h�?�2 �.�2�+�H�B�M�B�M�; ���/�p���M�i���;�2�b �Q�7 �.�2�K�Q�+�`���+�v�, �� �*�Q�K�#�B�M�2�/

�J�Q�/�2�H �Q�7 �q���` �P�m�i�+�Q�K�2�b ���M�/ �.�m�`���i�B�Q�M�X�ô �C�Q�m�`�M���H �Q�7 �*�Q�M�~�B�+�i �_�2�b�Q�H�m�i�B�Q�M �9�k�,�T�T�X�j�9�9���e�e�X

�"�2�M�b�Q�M�- �"�`�2�i�i�- ���/���K �J�2�B�`�Q�r�B�i�x ���M�/ �E�`�B�b�i�Q�T�?�2�` �_���K�b���v�X �k�y�R�9�X �ó�A�M�/�m�+�B�M�; �.�2�i�2�`�`�2�M�+�2 �i�?�`�Q�m�;�?

�J�Q�`���H �>���x���`�/ �B�M ���H�H�B���M�+�2 �*�Q�M�i�`���+�i�b�X�ô �C�Q�m�`�M���H �Q�7 �*�Q�M�~�B�+�i �_�2�b�Q�H�m�i�B�Q�M �8�3�,�T�T�X�j�y�d���j�8�X

�"�2�`�2�M�;�2�`�- �C�2���M�X �R�N�N�9�X �� �>�B�b�i�Q�`�v �Q�7 �i�?�2 �>���#�b�#�m�`�; �1�K�T�B�`�2�X ���/�/�B�b�Q�M �q�2�b�H�2�v �G�Q�M�;�K���M �G�B�K�B�i�2�/�X

�"�2�`�K�2�Q�- �L���M�+�v�X �k�y�y�k�X �ó�h�?�2 �A�K�T�Q�`�i �Q�7 �A�M�b�i�B�i�m�i�B�Q�M�b�X�ô �C�Q�m�`�M���H �Q�7 �.�2�K�Q�+�`���+�v �R�j�,�T�T�X�N�e���R�R�y�X

�"�2�b�H�2�v�- �h�B�K�Q�i�?�v ���M�/ �h�Q�`�b�i�2�M �S�2�`�b�b�Q�M�X �k�y�y�N�X �ó�h�?�2 �P�`�B�;�B�M�b �Q�7 �a�i���i�2 �*���T���+�B�i�v�, �S�`�Q�T�2�`�i�v �_�B�;�?�i�b�-

�h���t���i�B�Q�M�- ���M�/ �S�Q�H�B�i�B�+�b�X�ô ���K�2�`�B�+���M �1�+�Q�M�Q�K�B�+ �_�2�p�B�2�r �N�N�,�T�T�X�R�k�R�3���9�9�X

�"�H���i�i�K���M�- �*�?�`�B�b�i�Q�T�?�2�`�X �k�y�y�N�X �ó�6�`�Q�K �o�B�Q�H�2�M�+�2 �i�Q �o�Q�i�B�M�;�, �q���` ���M�/ �T�Q�H�B�i�B�+���H �T���`�i�B�+�B�T���i�B�Q�M �B�M

�l�;���M�/���X�ô ���K�2�`�B�+���M �S�Q�H�i�B�B�+���H �a�+�B�2�M�+�2 �_�2�p�B�2�r �R�y�j�,�T�T�X�k�j�R���9�d�X

�"�H�m�i�?�- �*�?�`�B�b�i�Q�T�?�X �k�y�y�3�X �E�Q�`�2���X �>�Q�i �a�T�Q�i�b �B�M �:�H�Q�#���H �S�Q�H�B�i�B�+�b�X

�"�Q�H�i�Q�M�- �S���i�`�B�+�F ���M�/ �:�2�`���`�/ �_�Q�H���M�/�X �R�N�N�d�X �ó�h�?�2 �"�`�2���F�m�T �Q�7 �L���i�B�Q�M�b�, �� �S�Q�H�B�i�B�+���H �1�+�Q�M�Q�K�v ���M���H�v�b�B�b�X�ô

�Z�m���`�i�2�`�H�v �C�Q�m�`�M���H �Q�7 �1�+�Q�M�Q�K�B�+�b �T�T�X �T�T�X �R�y�8�d���N�y�X

�"�`�2�+�?�2�`�- �J�B�+�?���2�H ���M�/ �C�Q�M���i�?���M �q�B�H�F�2�M�7�2�H�/�X �k�y�y�y�X �� �a�i�m�/�v �Q�7 �*�`�B�b�B�b�X �l�M�B�p�2�`�b�B�i�v �Q�7 �J�B�+�?�B�;���M �S�`�2�b�b�X

�"�`�2�M�/�2�`�- ���/�B ���M�/ ���H�H���M �.�`���x�2�M�X �k�y�y�d�X �ó�q�?�v �B�b �1�+�Q�M�Q�K�B�+ �S�Q�H�B�+�v �.�B�z�2�`�2�M�i �B�M �L�2�r �.�2�K�Q�+�`���+�B�2�b�\�ô

�L�"�1�_ �q�Q�`�F�B�M�; �S���T�2�` �a�2�`�B�2�b �R�j�9�8�d �R�j�9�8�d�X

�"�`�2�m�B�H�H�v�- �C�Q�?�M�X �R�N�3�8�X �L���i�B�Q�M���H�B�b�K ���M�/ �i�?�2 �a�i���i�2�X �l�M�B�p�2�`�b�B�i�v �Q�7 �*�?�B�+���;�Q �S�`�2�b�b�X

�k�R�9



�"�`�m�#���F�2�`�- �_�Q�;�2�`�b�X �R�N�N�e�X �L���i�B�Q�M���H�B�b�K �_�2�7�`���K�2�/�, �L���i�B�Q�M�?�Q�Q�/ ���M�/ �i�?�2 �L���i�B�Q�M���H �Z�m�2�b�i�B�Q�M �B�M �i�?�2

�L�2�r �1�m�`�Q�T�2�X �*���K�#�`�B�/�;�2 �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X

�"�m�2�M�Q �/�2 �J�2�b�[�m�B�i���- �"�`�m�+�2�X �R�N�3�R�X �h�?�2 �q���` �h�`���T�X �L�2�r �>���p�2�M�, �u���H�2 �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X

�"�m�2�M�Q �/�2 �J�2�b�[�m�B�i���- �"�`�m�+�2�- ���H���b�i���B�` �a�K�B�i�?�- �_���M�/�Q�H�T�? �a�B�p�2�`�b�Q�M ���M�/ �C���K�2�b �J�Q�`�`�Q�r�X �k�y�y�j�X �h�?�2 �G�Q�;�B�+

�Q�7 �S�Q�H�B�i�B�+���H �a�m�`�p�B�p���H�X �J�A�h �S�`�2�b�b�X

�"�m�2�M�Q �/�2 �J�2�b�[�m�B�i���- �"�`�m�+�2�- �C���K�2�b �J�Q�`�`�Q�r�- �_���M�/�Q�H�T�? �a�B�p�2�`�b�Q�M ���M�/ ���H���b�i���B�` �a�K�B�i�?�X �R�N�N�N�X �ó���M �A�M�b�i�B�@

�i�m�i�B�Q�M���H �1�t�T�H���M���i�B�Q�M �Q�7 �i�?�2 �.�2�K�Q�+�`���i�B�+ �S�2���+�2�X�ô ���K�2�`�B�+���M �S�Q�H�B�i�B�+���H �a�+�B�2�M�+�2 �_�2�p�B�2�r �N�j�,�T�T�X�d�N�R���3�y�d�X

�"�m�2�M�Q �/�2 �J�2�b�[�m�B�i���- �1�i�?���M ���M�/ �1�`�B�+ �.�B�+�F�b�Q�M�X �k�y�y�3�X �ó�h�?�2 �S�`�Q�T���;���M�/�� �Q�7 �i�?�2 �.�2�2�/�, �h�2�`�`�Q�`�B�b�K�-

�*�Q�m�M�i�2�`�i�2�`�`�Q�`�B�b�K�- ���M�/ �J�Q�#�B�H�B�x���i�B�Q�M�X�ô ���K�2�`�B�+���M �C�Q�m�`�M���H �Q�7 �S�Q�H�B�i�B�+���H �a�+�B�2�M�+�2 �8�R�,�T�T�X�j�e�9���3�R�X

�"�m�M�+�2�- �o���H�2�`�B�2�X �R�N�N�N�X �a�m�#�p�2�`�b�B�p�2 �A�M�b�i�B�i�m�i�B�Q�M�b�X �*���K�#�`�B�/�;�2 �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X

�"�m�b�?�F�Q�p�B�i�+�?�- �S���m�H�X �k�y�R�k�X �� �*�Q�M�+�B�b�2 �>�B�b�i�Q�`�v �Q�7 �_�m�b�b�B���X �*���K�#�`�B�/�;�2 �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X

�*���`�i�2�`�- �.���p�B�/ �"�X ���M�/ �*�m�`�i�B�b �a�X �a�B�;�M�Q�`�B�M�Q�X �k�y�R�y�X �ó�"���+�F �i�Q �i�?�2 �6�m�i�m�`�2�, �J�Q�/�2�H�B�M�; �h�B�K�2 �.�2�T�2�M�/�2�M�+�2

�B�M �"�B�M���`�v �.���i���X�ô �S�Q�H�B�i�B�+���H ���M���H�v�b�B�b �R�3�,�T�T�X�k�d�R���N�k�X

�*���`�i�H�2�/�;�2�- �"�`�v���M�X �k�y�R�R�X �h�?�2 �q�B�H�H �i�Q �a�m�`�p�B�p�2�, �� �>�B�b�i�Q�`�v �Q�7 �>�m�M�;���`�v�X �* �>�m�`�b�i �� �*�Q �S�m�#�H�B�b�?�2�`�b

�G�i�/�X

�*�?���M�/�`���- �E���M�+�?���M�X �k�y�y�9�X �q�?�v �1�i�?�M�B�+ �S���`�i�B�2�b �a�m�+�+�2�2�/�, �S���i�`�Q�M���;�2 ���M�/ �1�i�?�M�B�+ �>�2���/ �*�Q�m�M�i�b �B�M

�A�M�/�B���X �L�2�r �u�Q�`�F�, �*���K�#�`�B�/�;�2 �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X

�*�?���M�/�`���- �E���M�+�?���M�X �k�y�y�8�X �ó�1�i�?�M�B�+ �S���`�i�B�2�b ���M�/ �.�2�K�Q�+�`���i�B�+ �a�i���#�B�H�B�i�v�X�ô �S�2�`�b�T�2�+�i�B�p�2�b �Q�M �S�Q�H�B�i�B�+�b

�j�,�k�j�8���8�k�X

�*�?���M�/�`���- �E���M�+�?���M�X �k�y�R�k�X �*�Q�M�b�i�`�m�+�i�B�p�B�b�i �h�?�2�Q�`�B�2�b �Q�7 �1�i�?�M�B�+ �S�Q�H�B�i�B�+�b�X �P�t�7�Q�`�/ �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X

�*�?���M�/�`���- �E���M�+�?���M ���M�/ �*�B�H���M�M�2 �"�Q�m�H�2�i�X �k�y�R�k�X �� �"���b�2�H�B�M�2 �J�Q�/�2�H �Q�7 �*�?���M�;�2 �B�M ���M ���+�i�B�p���i�2�/ �1�i�?�M�B�+

�.�2�K�Q�;�`���T�?�v�X �P�t�7�Q�`�/ �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X
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�*�?���b�b���M�;�- �a�v�H�p���B�M ���M�/ �:�2�`���`�/ �S���/�`�Q�B�K�B�[�m�2�H�X �k�y�y�N�X �ó�.�2�7�2�M�b�B�p�2 �q�2���T�Q�M�b ���M�/ �.�2�7�2�M�@

�b�B�p�2 ���H�H�B���M�+�2�b�X�ô ���K�2�`�B�+���M �1�+�Q�M�Q�K�B�+ �_�2�p�B�2�r �N�N�,�T�T�X�k�3�k���3�e�X �?�i�i�T�,�f�f�T�2�`�b�Q�M���H�X�H�b�2�X���+�X�m�F�f�T���/�`�Q�f

�/�2�7�2�M�b�B�p�2�q�2���T�Q�M�b�S���T�2�`�X�T�/�7�X

�*�?�B�Q�x�x���- �:�B���+�Q�K�Q�X �k�y�y�k�X �ó�A�b �h�?�2�`�2 �� �*�H���b�? �Q�7 �*�B�p�B�H�B�x���i�B�Q�M�b�\ �1�p�B�/�2�M�+�2 �7�`�Q�K �S���i�i�2�`�M�b �Q�7 �A�M�i�2�`�M���i�B�Q�M���H

�*�Q�M�~�B�+�i �A�M�p�Q�H�p�2�K�2�M�i�- �R�N�9�e �N�d�X�ô �C�Q�m�`�M���H �Q�7 �S�2���+�2 �_�2�b�2���`�+�? �j�N�,�T�T�X�d�R�R���j�9�X

�*�?�B�Q�x�x���- �:�B���+�Q�K�Q ���M�/ �>�X �1�X �:�Q�2�K���M�b�X �k�y�y�j�X �ó�S�2���+�2 �i�?�`�Q�m�;�? �A�M�b�2�+�m�`�B�i�v�, �h�2�M�m�`�2 ���M�/ �A�M�i�2�`�M���i�B�Q�M���H

�*�Q�M�~�B�+�i�X�ô �C�Q�m�`�M���H �Q�7 �*�Q�M�~�B�+�i �_�2�b�Q�H�m�i�B�Q�M �9�d�,�T�T�X�9�9�j���9�e�d�X

�*�?�`�B�b�i�B���- �6�Q�i�B�M�B�X �k�y�R�k�X ���H�H�B���M�+�2 �6�Q�`�K���i�B�Q�M �B�M �*�B�p�B�H �q���`�b�X �*���K�#�`�B�/�;�2 �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X

�*�?�m�#�B�M�- �a�?���?�`���K ���M�/ �*�?���`�H�2�b �h�`�B�T�T�X �R�N�N�R�X �A�`���M ���M�/ �A�`���[ ���i �q���`�X �q�2�b�i�p�B�2�r �S�`�2�b�b�- �"�Q�m�H�/�2�`�-

�*�Q�H�Q�`���/�Q�X

�*�H���`�F�- �*�?�B�`�b�i�Q�T�?�2�`�X �k�y�R�9�X �h�?�2 �a�H�2�2�T�r���H�F�2�`�b�X �>���H�T�2�` �*�Q�H�H�B�M�b�X

�*�Q�b�2�`�- �G�2�r�B�b�X �R�N�8�e�X �h�?�2 �6�m�M�+�i�B�Q�M�b �Q�7 �a�Q�+�B���H �*�Q�M�~�B�+�i�X �o�Q�H�X �K���` �L�2�r �u�Q�`�F�, �h�?�2 �6�`�2�2 �S�`�2�b�b�X

�.���M�B�2�H�- �1�H�i�Q�M �G�X �k�y�y�y�X �h�?�2 �>�B�b�i�Q�`�v �Q�7 �A�`���M�X �:�`�2�2�M�r�Q�Q�/ �S�`�2�b�b�X

�.���M�M�2�K���M�- �L���i�?���M ���M�/ �1�K�B�H�v �>�2�M�+�F�2�M �_�B�i�i�2�`�X �k�y�R�9�X �ó�*�Q�M�i���;�B�Q�m�b �_�2�#�2�H�H�B�Q�M ���M�/ �S�`�2�2�K�T�i�B�p�2 �_�2�@

�T�`�2�b�b�B�Q�M�X�ô �C�Q�m�`�M���H �Q�7 �*�Q�M�~�B�+�i �_�2�b�Q�H�m�i�B�Q�M �8�3�,�T�T�X�k�k�e���8�j�X

�.���p�2�M�T�Q�`�i�- �*�?�`�B�b�i�B���M�X �k�y�y�d�X �a�i���i�2 �_�2�T�`�2�b�b�B�Q�M ���M�/ �i�?�2 �.�Q�K�2�b�i�B�+ �.�2�K�Q�+�`���i�B�+ �S�2���+�2�X �*���K�#�`�B�/�;�2

�l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X

�/�2 �6�B�;�m�2�B�`�2�/�Q�- �_�m�B ���M�/ �"���`�`�v �q�2�B�M�;���b�i�X �R�N�N�N�X �h�?�2 �_���i�B�Q�M���H�B�i�v �Q�7 �6�2���`�, �S�Q�H�B�i�B�+���H �P�T�T�Q�`�i�m�M�B�b�K ���M�/

�1�i�?�M�B�+ �*�Q�M�~�B�+�i�X �*�Q�H�m�K�#�B�� �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X
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�*�Q�M�+�2�T�i�m���H �6�`���K�2�r�Q�`�F �7�Q�` �A�M�i�2�`�T�`�2�i�B�M�; �_�2�+�Q�`�/�2�/ �>�m�K���M �>�B�b�i�Q�`�v�X �*���K�#�`�B�/�;�2 �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X

�L�v�2�- �C�Q�b�2�T�?�X �k�y�y�9�X �a�Q�7�i �S�Q�r�2�`�, �h�?�2 �J�2���M�b �i�Q �a�m�+�+�2�b�b �B�M �q�Q�`�H�/ �S�Q�H�B�i�B�+�b�X �L�2�r �u�Q�`�F�, �S�m�#�H�B�+ ���z���B�`�b�X

�L�v�2�- �C�Q�b�2�T�?�X �k�y�R�R�X �h�?�2 �6�m�i�m�`�2 �Q�7 �S�Q�r�2�`�X �S�m�#�H�B�+ ���z���B�`�b�- �L�2�r �u�Q�`�F�X

�P�ö�.�Q�M�M�2�H�H�- �:�m�B�H�H�2�`�K�Q ���M�/ �S�?�B�H�B�T�T�2 �a�+�?�K�B�i�i�2�`�X �R�N�3�e�X �h�`���M�b�B�i�B�Q�M�b �7�`�Q�K ���m�i�?�Q�`�B�i���`�B���M �_�m�H�2�X �C�Q�?�M�b

�>�Q�T�F�B�M�b �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X

�P�;�/�2�M�- �a�m�x���M�M�2�X �k�y�y�k�X �a�m�x���M�M�2 �P�;�/�2�M�X �>���`�p���`�/ �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X
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�P�H�b�Q�M�- �J���M�+�m�`�X �R�N�e�8�X �h�?�2 �G�Q�;�B�+ �Q�7 �*�Q�H�H�2�+�i�B�p�2 ���+�i�B�Q�M�c �S�m�#�H�B�+ �:�Q�Q�/�b ���M�/ �i�?�2 �h�?�2�Q�`�v �Q�7 �:�`�Q�m�T�b�X

�>���`�p���`�/ �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X

�P�M�2���H�- �C�Q�?�M ���M�/ �C���`�Q�b�H���p �h�B�`�X �k�y�y�e�X �ó�.�Q�2�b �i�?�2 �.�B�p�2�`�b�B�Q�M���`�v �l�b�2 �Q�7 �6�Q�`�+�2 �h�?�`�2���i�2�M �i�?�2 �.�2�K�Q�+�`���i�B�+

�S�2���+�2�\ ���b�b�2�b�b�B�M�; �i�?�2 �1�z�2�+�i �Q�7 �1�+�Q�M�Q�K�B�+ �:�`�Q�r�i�? �Q�M �A�M�i�2�`�b�i���i�2 �*�Q�M�~�B�+�i�- �R�N�k�R �k�y�y�R�X�ô �A�M�i�2�`�M���i�B�Q�M���H

�a�i�m�/�B�2�b �Z�m���`�i�2�`�H�v �8�y�,�T�T�X�d�8�8���d�N�X

�P�M�2���H�- �C�Q�?�M �_�X ���M�/ �"�`�m�+�2 �.�X �_�m�b�b�2�i�i�X �R�N�N�d�X �ó�h�?�2 �*�H���b�b�B�+ �G�B�#�2�`���H�b �q�2�`�2 �_�B�;�?�i�, �.�2�K�Q�+�`���+�v�-

�A�M�i�2�`�/�2�T�2�M�/�2�M�+�2�- ���M�/ �*�Q�M�~�B�+�i�- �R�N�8�y�@�R�N�3�8�X�ô �A�M�i�2�`�M���i�B�Q�M���H �a�i�m�/�B�2�b �Z�m���`�i�2�`�H�v �9�R�,�T�T�X �k�e�d���k�N�9�X

�P�r�2�M�- �C�Q�?�M �J�X �k�y�R�y�X �h�?�2 �*�H���b�? �Q�7 �A�/�2���b �B�M �q�Q�`�H�/ �S�Q�H�B�i�B�+�b�X �S�`�B�M�+�2�i�Q�M �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X

�S���`�F�- �>���M�b�X �R�N�N�e�X �L�Q�`�i�? �E�Q�`�2���, �A�/�2�Q�H�Q�;�v�- �S�Q�H�B�i�B�+�b�- �1�+�Q�M�Q�K�v�X �S�`�2�M�i�B�+�2 �>���H�H�X

�S���`�F�- �>���M�b�X �k�y�y�k�X �L�Q�`�i�? �E�Q�`�2���, �h�?�2 �S�Q�H�B�i�B�+�b �Q�7 �l�M�+�Q�M�p�2�M�i�B�Q�M���H �q�B�b�/�Q�K�X �G�v�M�M�2 �_�B�2�M�M�2�` �S�m�#�H�B�b�?�2�`�b�X

�S�B�+�F�2�`�B�M�;�- �C�2�z�`�2�v ���M�/ �1�K�B�x�2�i �6�X �E�B�b���M�;���M�B�X �k�y�R�y�X �ó�.�B�p�2�`�b�B�Q�M���`�v �.�2�b�T�Q�i�b�\ �*�Q�K�T���`�B�M�; ���m�i�Q�+�`���+�B�2�b�ö

�S�`�Q�T�2�M�b�B�i�B�2�b �i�Q �l�b�2 ���M�/ �i�Q �"�2�M�2�}�i �7�`�Q�K �J�B�H�B�i���`�v �6�Q�`�+�2�X�ô ���K�2�`�B�+���M �C�Q�m�`�M���H �Q�7 �S�Q�H�B�i�B�+���H �a�+�B�2�M�+�2

�8�9�,�T�T�X�9�d�d���N�j�X

�S�B�M�F�2�`�- �a�i�2�p�2�M�X �k�y�R�R�X �h�?�2 �"�2�i�i�2�` ���M�;�2�H�b �Q�7 �P�m�` �L���i�m�`�2�X �o�B�F�B�M�; �"�Q�Q�F�b�X

�S�H���K�2�M���i�x�- �C�Q�?�M�X �R�N�d�e�X �h�?�2 �a���/ �_�2�~�2�+�i�B�Q�M�b �Q�7 �� �J�Q�M�i�2�M�2�;�`�B�M �B�M �P�t�7�Q�`�/�X �B�M�, �1�X �E���K�2�M�F���, �L���i�B�Q�M�@

���H�B�b�K�- �G�Q�M�/�Q�M�X

�S�Q�b�M�2�`�- �.���M�B�2�H�X �k�y�y�9�X �ó�h�?�2 �S�Q�H�B�i�B�+���H �a���H�B�2�M�+�2 �Q�7 �*�m�H�i�m�`���H �.�B�z�2�`�2�M�+�2�, �q�?�v �*�?�2�r���b ���M�/ �h�m�K�@

�#�m�F���b ���`�2 ���H�H�B�2�b �B�M �w���K�#�B�� ���M�/ ���/�p�2�`�b���`�B�2�b �B�M �J���H���r�B�X�ô ���K�2�`�B�+���M �S�Q�H�B�i�B�+���H �a�+�B�2�M�+�2 �_�2�p�B�2�r

�N�3�,�T�T�X�8�k�N���8�9�8�X

�S�Q�b�M�2�`�- �.���M�B�2�H�X �k�y�y�8�X �A�M�b�i�B�i�m�i�B�Q�M�b ���M�/ �1�i�?�M�B�+ �S�Q�H�B�i�B�+�b �B�M ���7�`�B�+���X �*���K�#�`�B�/�;�2 �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X

�S�Q�r�2�H�H�- �_�Q�#�2�`�i�X �R�N�N�j�X �ó�:�m�M�b�- �"�m�i�i�2�`�- ���M�/ ���M���`�+�?�v�X�ô ���K�2�`�B�+���M �S�Q�H�B�i�B�+���H �a�+�B�2�M�+�2 �_�2�p�B�2�r �3�d�U�R�V�,�T�T�X

�R�R�8���R�j�k�X

�S�Q�r�2�H�H�- �_�Q�#�2�`�i�X �R�N�N�N�X �A�M �i�?�2 �a�?���/�Q�r �Q�7 �S�Q�r�2�`�, �a�i���i�2�b ���M�/ �a�i�`���i�2�;�B�2�b �B�M �A�M�i�2�`�M���i�B�Q�M���H �S�Q�H�B�i�B�+�b�X

�S�`�B�M�+�2�i�Q�M �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X
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�S�Q�r�2�H�H�- �_�Q�#�2�`�i�X �k�y�y�9�X �ó�h�?�2 �A�M�2�{�+�B�2�M�i �l�b�2 �Q�7 �S�Q�r�2�`�X�ô ���K�2�`�B�+���M �S�Q�H�B�i�B�+���H �a�+�B�2�M�+�2 �_�2�p�B�2�r �o�Q�H�X �N�3�,�T�T�X

�k�j�R���9�R�X

�S�Q�r�2�H�H�- �_�Q�#�2�`�i�X �k�y�y�e�X �ó�q���` ���b �� �*�Q�K�K�B�i�K�2�M�i �S�`�Q�#�H�2�K�X�ô �A�M�i�2�`�M���i�B�Q�M���H �P�`�;���M�B�x���i�B�Q�M �o�Q�H�X �e�y�U�L�Q�X

�R�V�,�T�T�X �R�e�N���k�y�j�X

�_���#�m�b�?�F���- ���X ���M�/ �E�2�M�M�2�i�? ���X �a�?�2�T�b�H�2�X �R�N�d�k�X �S�Q�H�B�i�B�+�b �B�M �S�H�m�`���H �a�Q�+�B�2�i�B�2�b�, �� �h�?�2�Q�`�v �Q�7 �.�2�K�Q�+�`���i�B�+

�A�M�b�i���#�B�H�B�i�v�X �*�Q�H�m�K�#�m�b�- �P�?�B�Q�, �J�2�`�`�B�H�H�X

�_���T�T�Q�`�i�- �J�B�F�2�X �k�y�y�N�X �R�3�9�3�, �u�2���` �Q�7 �_�2�p�Q�H�m�i�B�Q�M�X �"���b�B�+ �"�Q�Q�F�b�X

�_�2�M�r�B�+�F�- ���H���M�X �k�y�y�e�X �ó�q�?�v �>�m�M�;���`�v ���M�/ �S�Q�H���M�/ �/�B�z�2�`�2�/ �B�M �R�N�3�N�, �h�?�2 �`�Q�H�2 �Q�7 �K�2�/�B�m�K�@�i�2�`�K �7�`���K�2�b

�B�M �2�t�T�H���B�M�B�M�; �i�?�2 �Q�m�i�+�Q�K�2�b �Q�7 �/�2�K�Q�+�`���i�B�+ �i�`���M�b�B�i�B�Q�M�X�ô �.�2�K�Q�+�`���i�B�x���i�B�Q�M �R�j�,�T�T�X�j�e���8�d�X

�_�B�+�?���`�/�b�- �.�B���M���- �o���H�2�`�B�2 �a�+�?�r�2�#���+�? �*�H�B�7�i�Q�M �J�Q�`�;���M�- �_�B�+�F �q�B�H�b�Q�M ���M�/ �:���`�`�v �u�Q�m�M�;�X �R�N�N�j�X �ó�:�Q�Q�/

�h�B�K�2�b�- �"���/ �h�B�K�2�b ���M�/ �i�?�2 �.�B�p�2�`�b�B�Q�M���`�v �l�b�2 �Q�7 �6�Q�`�+�2�, �� �h���H�2 �Q�7 �a�Q�K�2 �L�Q�i�@�a�Q�@�6�`�2�2 ���;�2�M�i�b�X�ô

�C�Q�m�`�M���H �Q�7 �*�Q�M�~�B�+�i �_�2�b�Q�H�m�i�B�Q�M �j�d�,�T�T�X�8�y�9���j�8�X

�_�B�F�2�`�- �q�B�H�H�B���K �>�X �R�N�e�k�X �h�?�2 �h�?�2�Q�`�v �Q�7 �S�Q�H�B�i�B�+���H �*�Q���H�B�i�B�Q�M�b�X �L�2�r �>���p�2�M�- �*�Q�M�M�X

�_�Q�#�2�`�i�b�- �A�X �q�X �R�N�3�N�X �ó�h�?�2 �_�m�b�b�B���M �A�M�i�2�`�p�2�M�i�B�Q�M �B�M �>�m�M�;���`�v �B�M �R�3�9�N�, �a�Q�K�2 �h�?�Q�m�;�?�i�b ���M�/ �*�Q�M�b�B�/�2�`�@

���i�B�Q�M�b�X�ô �>�m�M�;���`�B���M �a�i�m�/�B�2�b �8�,�T�T�X�9�N���d�j�X �?�i�i�T�,�f�f�2�T���X�Q�b�x�F�X�?�m�f�y�R�9�y�y�f�y�R�9�e�k�f�y�y�y�y�3�f�T�/�7�f�y�9�N�@�y�d�j�X�T�/�7�X

�_�Q�#�2�`�i�b�- �A�X �q�X �k�y�y�9�X �ó�_�m�b�b�B�� �B�M �R�3�9�3 ���M�/ �R�3�9�N�X�ô �1�M�+�v�+�H�Q�T�2�/�B�� �Q�7 �R�3�9�3 �_�2�p�Q�H�m�i�B�Q�M�b �X ���p���B�H���#�H�2 ���i�,

�?�i�i�T�,�f�f�r�r�r�X�Q�?�B�Q�X�2�/�m�f�+�?���b�i���B�M�f�`�x�f�`�m�b�b�B���X�?�i�K�X

�_�Q�+�F�- �E�2�M�M�2�i�? �q�X �R�N�d�y�X �ó�a�+�?�r���`�x�2�M�#�2�`�; �p�2�`�b�m�b �L�B�+�?�Q�H���b �A�- �_�Q�m�M�/ �P�M�2�, �h�?�2 �L�2�;�Q�i�B���i�B�Q�M �Q�7 �i�?�2

�>���#�b�#�m�`�;�@�_�Q�K���M�Q�p ���H�H�B���M�+�2 ���;���B�M�b�i �>�m�M�;���`�v �B�M �R�3�9�N�X�ô ���m�b�i�`�B���M �>�B�b�i�Q�`�v �u�2���`�#�Q�Q�F �T�T�X �R�y�N���9�R�X

�_�Q�2�K�2�`�- �C�Q�?�M�X �R�N�N�3�X �ó�q�?�v �i�?�2 �T�Q�Q�` �/�Q �M�Q�i �2�t�T�`�Q�T�`�B���i�2 �i�?�2 �`�B�+�?�, ���M �Q�H�/ ���`�;�m�K�2�M�i �B�M �M�2�r �;���`�#�X�ô

�C�Q�m�`�M���H �Q�7 �S�m�#�H�B�+ �1�+�Q�M�Q�K�B�+�b �d�y�,�T�T�X�j�N�N���9�k�9�X

�_�Q�2�b�b�H�2�`�- �a�?�B�`�H�v �1�H�b�Q�M ���M�/ �_�2�M�v �J�B�F�H�Q�b�X �k�y�y�j�X �1�m�`�Q�T�2 �R�d�R�8�@�R�N�R�N�X �_�Q�r�K���M ���M�/ �G�B�i�i�H�2�}�2�H�/ �S�m�#�@

�H�B�b�?�2�`�b�- �A�M�+�X

�_�Q�;�2�`�b�- �1�p�2�`�2�i�i �J�X �R�N�N�8�X �h�?�2 �.�B�z�m�b�B�Q�M �Q�7 �A�M�M�Q�p���i�B�Q�M�b�X �L�2�r �u�Q�`�F�, �6�`�2�2 �S�`�2�b�b�X
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�_�Q�K�2�`�- �h�X �R�N�d�8�X �ó�A�M�/�B�p�B�/�m���H �r�2�H�7���`�2�- �K���D�Q�`�B�i�v �p�Q�i�B�M�; ���M�/ �i�?�2 �T�`�Q�T�2�`�i�B�2�b �Q�7 �� �H�B�M�2���` �B�M�+�Q�K�2 �i���t�X�ô

�C�Q�m�`�M���H �Q�7 �S�m�#�H�B�+ �1�+�Q�M�Q�K�B�+�b �T�T�X �T�T�X�R�e�j���3�X

�_�Q�K�b�B�+�b�- �A�;�M���+�X �k�y�y�d�X �6�`�Q�K �.�B�+�i���i�Q�`�b�?�B�T �i�Q �.�2�K�Q�+�`���+�v�, �h�?�2 �"�B�`�i�? �Q�7 �i�?�2 �h�?�B�`�/ �>�m�M�;���`�B���M �_�2�T�m�#�H�B�+

�R�N�3�3�@�k�y�y�R�X �*�Q�H�m�K�#�B�� �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X

�_�Q�b�2�- ���M�/�`�2�r�X �k�y�y�9�X �ó�.�Q �q�2 �_�2���H�H�v �E�M�Q�r �h�?���i �i�?�2 �q�h�P �A�M�+�`�2���b�2�b �h�`���/�2�\�ô ���K�2�`�B�+���M �1�+�Q�M�Q�K�B�+

�_�2�p�B�2�r �N�9�,�T�T�X�N�3���R�R�9�X

�_�Q�b�2�- �_�B�+�?���`�/�X �R�N�N�j�X �G�2�b�b�Q�M�@�.�`���r�B�M�; �B�M �S�m�#�H�B�+ �S�Q�H�B�+�v�, �� �:�m�B�/�2 �i�Q �G�2���`�M�B�M�; ���+�`�Q�b�b �h�B�K�2 ���M�/

�a�T���+�2�X �*�?���i�?���K �>�Q�m�b�2�X

�_�m�b�b�2�i�i�- �"�`�m�+�2�- �C�Q�?�M �P�M�2���H ���M�/ �J�B�+�?���2�H�2�M�2 �*�Q�t�X �k�y�y�y�X �ó�*�H���b�? �Q�7 �*�B�p�B�H�B�x���i�B�Q�M�b�- �Q�` �_�2���H�B�b�K ���M�/
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�a���B�/�2�K���M�- �a�i�2�T�?�2�M�X �k�y�y�R�X �h�?�2 �h�B�2�b �h�?���i �.�B�p�B�/�2�, �1�i�?�M�B�+ �S�Q�H�B�i�B�+�b�- �6�Q�`�2�B�;�M �S�Q�H�B�+�v�- ���M�/ �A�M�i�2�`�M���i�B�Q�M���H

�*�Q�M�~�B�+�i�X �*�Q�H�m�K�#�B�� �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X

�a���K�#���M�B�b�- �L�B�+�?�Q�H���b ���M�/ �J�Q�b�2�b �a�?���v�Q�X �k�y�R�j�X �ó�a�Q�+�B���H �A�/�2�M�i�B�}�+���i�B�Q�M ���M�/ �1�i�?�M�B�+ �*�Q�M�~�B�+�i�X�ô ���K�2�`�B�+���M

�S�Q�H�B�i�B�+���H �a�+�B�2�M�+�2 �_�2�p�B�2�r �R�y�d�,�T�T�X�k�N�9���j�k�8�X

�a���M�/�H�2�`�- �a�i���M�H�2�v�X �R�N�N�N�X �h�?�2 �E�Q�`�2���M �q���`�X �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b �Q�7 �E�2�M�i�m�+�F�v�X

�a���m�M�/�2�`�b�- �.���p�B�/�X �k�y�y�y�X �� �S�v�`�`�?�B�+ �o�B�+�i�Q�`�v�, �h�?�2 �_�m�b�b�B���M �1�K�T�B�`�2 �B�M �R�3�9�3�X �P�t�7�Q�`�/ �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X

�a�+�?�2�H�H�B�M�;�- �h�?�Q�K���b �*�X �R�N�e�y�X �h�?�2 �a�i�`���i�2�;�v �Q�7 �*�Q�M�~�B�+�i�X �>���`�p���`�/ �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X

�a�+�?�`�Q�+�F�@�C���+�Q�#�b�Q�M�- �:�`�2�i�+�?�2�M�X �k�y�R�k�X �ó�h�?�2 �o�B�Q�H�2�M�i �*�Q�M�b�2�[�m�2�M�+�2�b �Q�7 �i�?�2 �L���i�B�Q�M�, �L���i�B�Q�M���H�B�b�K ���M�/ �i�?�2

�A�M�B�i�B���i�B�Q�M �Q�7 �A�M�i�2�`�b�i���i�2 �q���`�X�ô �C�Q�m�`�M���H �Q�7 �*�Q�M�~�B�+�i �_�2�b�Q�H�m�i�B�Q�M �8�e�U�8�V�,�3�k�8���3�8�k�X

�a�+�?�m�H�x�2�- �>���;�2�M�X �R�N�N�y�X �h�?�2 �*�Q�m�`�b�2 �Q�7 �:�2�`�K���M �L���i�B�Q�M���H�B�b�K�X �*���K�#�`�B�/�;�2 �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X

�a�2�m�H�- �C�2�z�`�2�v�X �R�N�N�N�X �ó�ö�P�m�`�b �B�b �i�?�2 �q���v �Q�7 �:�Q�/�ö�, �_�2�H�B�;�B�Q�M�- �A�/�2�M�i�B�i�v�- ���M�/ �A�M�i�2�`�;�`�Q�m�T �*�Q�M�~�B�+�i�X�ô �C�Q�m�`�M���H

�Q�7 �S�2���+�2 �_�2�b�2���`�+�? �j�e�,�T�T�X�8�8�j���e�N�X

�a�?�2���7�2�`�- �h���K�B�` ���M�/ �a�?���m�H �a�?�2�M�?���p�X �k�y�R�k�X �ó�S�Q�H�B�i�B�+���H �*�Q�M�;�`�m�2�M�+�2 ���M�/ �S�Q�H�B�i�B�+���H �a�i���#�B�H�B�i�v�, �_�2�p�B�b�B�i�B�M�;

�i�?�2 �*�Q�M�;�`�m�2�M�+�2 �>�v�T�Q�i�?�2�b�B�b �r�B�i�? �S�`�Q�b�T�2�+�i �h�?�2�Q�`�v�X�ô �C�Q�m�`�M���H �Q�7 �*�Q�M�~�B�+�i �_�2�b�Q�H�m�i�B�Q�M �8�d�,�k�j�k���8�d�X
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�a�?�2�`�B�7�- �J�X�- �J�X �>���`�p�2�v�- �P�X �C�X �q�?�B�i�2�- �"�X �C�X �>�Q�Q�/ ���M�/ �q�X �_�X �a�?�2�`�B�7�X �R�N�e�R�X �ó�A�M�i�2�`�;�`�Q�m�T �+�Q�M�~�B�+�i ���M�/

�+�Q�Q�T�2�`���i�B�Q�M�, �h�?�2 �_�Q�#�#�2�`�b �*���p�2 �2�t�T�2�`�B�K�2�M�i�X�ô �L�Q�`�K���M�- �P�E�, �l�M�B�p�2�`�b�B�i�v �"�Q�Q�F �1�t�+�?���M�;�2 �R�y�X

�a�B�F�F�B�M�F�- �E���i�?�`�v�M ���M�/ �C���+�F�B�2 �a�K�B�i�?�X �k�y�y�k�X �A�M�7�`���b�i�`�m�+�i�m�`�2�b �7�Q�` �*�?���M�;�2�, �h�`���M�b�M���i�B�Q�M���H �P�`�;���M�B�x���i�B�Q�M�b�-

�R�N�8�j�@�N�j�X �l�M�B�p�2�`�b�B�i�v �Q�7 �J�B�M�M�2�b�Q�i�� �S�`�2�b�b�X

�a�B�K�K�2�H�- �:�2�Q�`�;�X �R�N�8�8�X �*�Q�M�~�B�+�i ���M�/ �i�?�2 �q�2�# �Q�7 �:�`�Q�m�T ���{�H�B���i�B�Q�M�b�X �i�`���M�b�H���i�2�/ �#�v �E�m�`�i �q�Q�H�z ���M�/
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�.�B�z�m�b�B�Q�M �Q�7 �G�B�#�2�`���H�B�b�K�X�ô �A�M�i�2�`�M���i�B�Q�M���H �P�`�;���M�B�x���i�B�Q�M �e�y�,�T�T�X�d�3�R���3�R�y�X

�a�B�K�K�Q�M�b�- �"�2�i�? ���M�/ �w���+�?���`�v �1�H�F�B�M�b�X �k�y�y�9�X �ó�h�?�2 �:�H�Q�#���H�B�x���i�B�Q�M �Q�7 �G�B�#�2�`���H�B�x���i�B�Q�M�, �S�Q�H�B�+�v �.�B�z�m�b�B�Q�M

�B�M �i�?�2 �A�M�i�2�`�M���i�B�Q�M���H �S�Q�H�B�i�B�+���H �1�+�Q�M�Q�K�v�X�ô ���K�2�`�B�+���M �S�Q�H�B�i�B�+���H �a�+�B�2�M�+�2 �_�2�p�B�2�r �N�3�,�T�T�X�d�3�R���3�R�y�X
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�a�i�2�B�M�- �C���M�B�+�2 �:�`�Q�b�b�X �R�N�N�e�X �A�K���;�2�- �A�/�2�M�i�B�i�v�- ���M�/ �*�Q�M�~�B�+�i �_�2�b�Q�H�m�i�B�Q�M�X �B�M�, �*�?�2�b�i�2�` �� �*�`�Q�+�F�2�` ���M�/

�6�2�M �P�b�H�2�` �>���K�T�b�Q�M �U�2�/�b�V�, �J���M���;�B�M�; �:�H�Q�#���H �*�?���Q�b�X �q���b�?�B�M�;�i�Q�M �.�*�, �l�M�B�i�2�/ �a�i���i�2�b �A�M�b�i�B�i�m�i�2 �Q�7
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�a�m�;���`�- �S�2�i�2�`�- �S�2�i�2�` �>���M���F ���M�/ �h�B�#�Q�` �6�`���M�F�X �R�N�N�y�X �� �>�B�b�i�Q�`�v �Q�7 �>�m�M�;���`�v�X �A�M�/�B���M�� �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X
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�h���D�7�2�H�- �>�2�M�`�B ���M�/ �C�Q�?�M �*�X �h�m�`�M�2�`�X �R�N�d�N�X ���M �A�M�i�2�;�`���i�B�p�2 �h�?�2�Q�`�v �Q�7 �a�Q�+�B���H �*�Q�M�~�B�+�i�X �A�M�, �h�?�2 �a�Q�+�B���H

�S�b�v�+�?�Q�H�Q�;�v �Q�7 �A�M�i�2�`�;�`�Q�m�T �_�2�H���i�B�Q�M�b�- ���m�b�i�B�M �q�:�- �q�Q�`�+�?�2�H �a �U�2�/�b�V�X �"�`�Q�Q�F�b�f�*�Q�H�2�, �J�Q�M�i�2�`�2�v�c �T�T�X
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�h���`�`�Q�r�- �a�B�/�M�2�v�X �R�N�N�9�X �S�Q�r�2�` �B�M �J�Q�p�2�K�2�M�i�X �*���K�#�`�B�/�;�2 �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X

�h�B�H�H�v�- �*�?���`�H�2�b�X �R�N�d�8�X �h�?�2 �6�Q�`�K���i�B�Q�M �Q�7 �L���i�B�Q�M���H �a�i���i�2�b �B�M �q�2�b�i�2�`�M �1�m�`�Q�T�2�X �S�`�B�M�+�2�i�Q�M �l�M�B�p�2�`�b�B�i�v

�S�`�2�b�b�X

�h�B�H�H�v�- �*�?���`�H�2�b�X �R�N�N�y�X �*�Q�2�`�+�B�Q�M�- �*���T�B�i���H�- ���M�/ �1�m�`�Q�T�2���M �a�i���i�2�b�- ���. �N�N�y�@�R�N�N�k�X �*���K�#�`�B�/�;�2�- �J���,

�"�H���+�F�r�2�H�H�X

�h�B�`�- �C���`�Q�b�H���p�X �k�y�R�y�X �ó�h�2�`�`�B�i�Q�`�B���H �.�B�p�2�`�b�B�Q�M�, �.�B�p�2�`�b�B�Q�M���`�v �h�?�2�Q�`�v �Q�7 �q���` ���M�/ �h�2�`�`�B�i�Q�`�B���H �*�Q�M�~�B�+�i�X�ô

�C�Q�m�`�M���H �Q�7 �S�Q�H�B�i�B�+�b �d�k�,�T�T�X�9�R�j���k�8�X

�h�`�B�T�T�- �*�?���`�H�2�b�X �k�y�y�k�X �� �>�B�b�i�Q�`�v �Q�7 �A�`���[�X �*���K�#�`�B�/�;�2 �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�X

�h�m�H�H�Q�+�F�- �:�Q�`�/�Q�M�X �R�N�d�R�X �ó�h�?�2 �S���`���/�Q�t �Q�7 �_�2�p�Q�H�m�i�B�Q�M�X�ô �S�m�#�H�B�+ �*�?�Q�B�+�2 �R�R�,�T�T�X�3�N���N�N�X

�p���M �1�p�2�`���- �a�i�2�T�?�2�M�X �k�y�y�R�X �>�v�T�Q�i�?�2�b�2�b �Q�M �L���i�B�Q�M���H�B�b�K ���M�/ �q���`�X �B�M�, �L���i�B�Q�M���H�B�b�K ���M�/ �1�i�?�M�B�+

�*�Q�M�~�B�+�i�- �J�A�h �S�`�2�b�b�X

�o�Q�H�/�2�M�- �*�`���B�;�X �k�y�y�e�X �ó�a�i���i�2�b ���b �S�Q�H�B�+�v �G���#�Q�`���i�Q�`�B�2�b�, �1�K�m�H���i�B�M�; �a�m�+�+�2�b�b �B�M �i�?�2 �*�?�B�H�/�`�2�M�ö�b �>�2���H�i�?
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