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�S���`���K�2�i�2�` �.�2�b�+�`�B�T�i�B�Q�M �"���b�2 �+���b�2 �p���H�m�2��
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TF �_�Q�i���i�B�Q�M �H�2�M�;�i�?�f�+�H�2���`�@�7�2�H�H�B�M�; �i�B�K�2 �U�v�2���`�b�V �3�3�X�d�9�#
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t �h�B�K�2 �U�v�2���`�b�V

g(t) ���;�2�@�/�2�T�2�M�/�2�M�i �;�`�Q�r�i�? �7�m�M�+�i�B�Q�M 0:13e� 0:01t
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B(t) �h�`���M�b�K�B�b�b�B�Q�M �`���i�2 �Um� 3t � 1�V �1�[�X �U�k�X�j�V
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� �A�K�T���+�i �Q�7 �i�?�B�M�M�B�M�; �Q�M �i�`���M�b�K�B�b�b�B�Q�M �`���i�2 �y
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Ĵ �L�2�i �S�`�2�b�2�M�i �o���H�m�2�- �L�S�o �U$ �V �j�X�j�9
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�i�?�2 �M�m�K�2�`�B�+���H �2�t���K�T�H�2 �B�M �h���?�p�Q�M�2�M �(�k�e�)�X �h�?�2 �2�b�i���#�H�B�b�?�K�2�M�i �+�Q�b�iWp �+�Q�K�2�b �7�`�Q�K �i�?�2
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�b�B�K�B�H���` �2�z�2�+�i�b�X
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y(0) = 0 �X �h�?�2 �7�Q�H�H�Q�r�B�M�; �U�a�m�b�+�2�T�i�B�#�H�2�@�A�M�7�2�+�i�2�/�V �b�v�b�i�2�K �;�Q�p�2�`�M�b �i�?�2 �2�p�Q�H�m�i�B�Q�M �Q�7

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

dx
dt

= g(t)x
�

1 �
(x + y)

K

�
� (P + B(t)y) x

dy
dt

= "g(t)y
�

1 �
(x + y)

K

�
+ ( P + B(t)y) x:

�U�k�X�R�V

���/�/�B�i�B�Q�M���H�H�v�- ���i �i�?�2 �i�?�B�M�M�B�M�; �Ut = T1�V ���M�/ �`�Q�i���i�B�Q�M �i�B�K�2�b �Ut = TF �V �#�Q�i�? �i�B�K�#�2�`

�p�Q�H�m�K�2�b ���`�2 �B�M�b�i���M�i���M�2�Q�m�b�H�v �`�2�/�m�+�2�/ �#�v �i�?�2 �T�`�Q�T�Q�`�i�B�Q�Mh(t) �i�Q �`�2�T�`�2�b�2�M�i �?���`�p�2�b�i�b�X

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

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

�k�d



�k�X

�i�?�2 �T�`�Q�/�m�+�i �Q�7 ���M ���;�2�@�/�2�T�2�M�/�2�M�i �7�m�M�+�i�B�Q�Mg(t) ���M�/ �� �/�2�M�b�B�i�v�f�p�Q�H�m�K�2�@�/�2�T�2�M�/�2�M�i

�7�m�M�+�i�B�Q�M ���b �B�M �*�H���`�F ���M�/ �.�2 �S�`�2�2 �(�k�9�-�k�8�) ���M�/ �h���?�p�Q�M�2�M �(�k�e�)�X �6�m�`�i�?�2�`�K�Q�`�2�- �i�?�2

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

�/�m�+�2�/ �;�`�Q�r�i�? �7�`�Q�K �B�M�7�2�+�i�B�Q�M�X �h�?�2 ���;�2�@�/�2�T�2�M�/�2�M�i �7�m�M�+�i�B�Q�M�-g(t)�- �B�b �T�Q�b�B�i�B�p�2 ���M�/

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

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

�r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2 �i�Q�i���H �7�Q�`�2�b�i �p�Q�H�m�K�2 �(�k�8�-�k�e�)�X �q�?�2�M �+�Q�K�T�2�i�B�i�B�Q�M �U�i�B�K�#�2�` �p�Q�H�@

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

�a�T�2�+�B�}�+���H�H�v�- �r�2 ���b�b�m�K�2 �b�m�b�+�2�T�i�B�#�H�2 �i�B�K�#�2�` �;�`�Q�r�b ���M�M�m���H�H�v ���i �� �`���i�2 �Q�7g(t)(1 �

x+ y
K )�- �r�?�B�+�? �r�2 ���/���T�i�2�/ �7�`�Q�K �i�?�2 �M�m�K�2�`�B�+���H �2�t���K�T�H�2 �B�M �h���?�p�Q�M�2�M �(�k�e�) �K�Q�/�2�H�H�B�M�;

�i�?�2 �;�`�Q�r�i�? �Q�7 �L�Q�`�r���v �a�T�`�m�+�2�X �L�Q�`�r���v �a�T�`�m�+�2 �B�b �b�m�b�+�2�T�i�B�#�H�2 �i�Q �.�Q�i�?�B�b�i�`�Q�K��

�M�2�2�/�H�2 �#�H�B�;�?�i �U�.�L�"�V�- �#�m�i �i�?�2 �b�m�b�+�2�T�i�B�#�B�H�B�i�v �B�b �H�Q�r ���M�/ �`�2�[�m�B�`�2�b �?�B�;�? �B�M�7�2�+�i�B�Q�M

�T�`�2�b�b�m�`�2 �(�j�3�)�X �h�?�2 �+���`�`�v�B�M�; �+���T���+�B�i�v �Q�7 �i�?�2 �T�H�Q�i �B�bK �Um3�V�X �q�2 ���b�b�m�K�2 �B�M�7�2�+�i�2�/

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

0 < " < 1�X �6�m�`�i�?�2�`�K�Q�`�2�- �B�7" = 1�- �i�?�2 �i�Q�i���H ���M�M�m���H �;�`�Q�r�i�? �Q�7 ���H�H �i�B�K�#�2�` �2�[�m���H�b

�i�?�2 ���;�2�@�/�2�T�2�M�/�2�M�i �2�z�2�+�ig(t) �K�m�H�i�B�T�H�B�2�/ �#�v �� �i�Q�i���H �/�2�M�b�B�i�v�f�p�Q�H�m�K�2�@�/�2�T�2�M�/�2�M�i �2�7�@

�7�2�+�i(x + y)
�
1 � x+ y

K

�
�- �b�B�K�B�H���`�H�v �i�Q �*�H���`�F ���M�/ �.�2 �S�`�2�2 �(�k�9�)�- �h���?�p�Q�M�2�M �(�k�e�) ���M�/

�>���H�#�`�B�i�i�2�` ���M�/ �.�2�2�;�2�M �(�k�8�)�X �q�2 �b�2�H�2�+�i�2�/ �i�?�2 �7�m�M�+�i�B�Q�M�bg(t) ���M�/(1� x+ y
K ) �b�Q �;�`�Q�r�i�?

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

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

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

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

�k�3



�k�X

�B�M �H���`�;�2�` �/�B���K�2�i�2�`�b �(�j�N�)�X

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

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

�Q�` �K�B�b�i�- �Q�` �#�v �K�Q�p�2�K�2�M�i �Q�7 �B�M�7�2�+�i�2�/ �T�H���M�i�B�M�; �b�i�Q�+�F �(�9�y�)�X �q�B�i�?�B�M �� �7�Q�`�2�b�i �+�Q�M�i���B�M�@

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

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

�b�T�H���b�?�2�b ���M�/ �r�B�M�/ �(�j�d�- �9�y�)�X �6�Q�`�2�b�i �_�2�b�2���`�+�? �b�i���i�2�b �i�?���i �B�M �i�?�2 �l�E�- �+�Q�M�i�`�Q�H �Q�7

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

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

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

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

�i�?�m�b�- �`�2�/�m�+�2�b �i�?�2 �2�z�2�+�i�B�p�2�M�2�b�b �Q�7 �`���B�M�@�b�T�H���b�?�2�/ �b�T�Q�`�2�b �(�R�d�) ���b �� �i�`���M�b�K�B�b�b�B�Q�M �`�Q�m�i�2�X

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

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

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

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

�p�Q�H�m�K�2 �?���`�p�2�b�i�2�/ ���i �v�2���`t �#�vh(t)�- �r�B�i�?

h(t) =

8
>>>>>><

>>>>>>:


; t = T1

1; t = TF

0; �Q�i�?�2�`�r�B�b�2�X

�U�k�X�k�V

�k�N



�k�X

�q�2 ���b�b�m�K�2 �i�?���i �� �b�B�M�;�H�2 �i�?�B�M�M�B�M�; �Q�+�+�m�`�b �U�B�M�b�i�2���/ �Q�7 ���M�M�m���H �(�k�e�)�V ���i �i�B�K�2T1 � 0

���M�/
 2 [0; 1) �Q�7 �i�?�2 �i�Q�i���H �i�B�K�#�2�` �p�Q�H�m�K�2 �B�b �`�2�K�Q�p�2�/�- �B�M�/�B�b�+�`�B�K�B�M���i�2 �Q�7 �B�i�b �B�M�7�2�+�@

�i�B�Q�M �b�i���i�2�X ���7�i�2�`TF �v�2���`�b�- �i�?�2 �T�H�Q�i �B�b �+�H�2���`�@�7�2�H�H�2�/ �Ux(t) = y(t) = 0 �7�Q�`t > T F �V

���M�/ �H���v�b �#���`�2�X

�q�2 ���H�b�Q ���b�b�m�K�2 �i�?���i �i�?�2 �i�`���M�b�K�B�b�b�B�Q�M �U�b�2�+�Q�M�/���`�v �B�M�7�2�+�i�B�Q�M�V �`���i�2�-B (t)�- �r�?�B�+�?

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

B(t) =

8
>><

>>:

�; t � T1

�e � �
 ; t > T 1:
�U�k�X�j�V

�h�?�2 �i�`���M�b�K�B�b�b�B�Q�M �`���i�2 �B�b �B�M�B�i�B���H�H�v� �X �h�?�B�M�M�B�M�; ���it = T1 �+���M �`�2�/�m�+�2 �i�?�2 �i�`���M�b�@

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

� � 0�X �A�7 �i�?�2�`�2 �B�b ���M �2�z�2�+�i �U� > 0�V�- �B�i�b �B�K�T���+�i �B�M�+�`�2���b�2�b �r�B�i�? �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7

�i�`�2�2�b �i�?�B�M�M�2�/ �U
 �V�X �q�2 ���b�b�m�K�2 �� �/�2�M�b�B�i�v�@�/�2�T�2�M�/�2�M�i �i�`���M�b�K�B�b�b�B�Q�M �i�2�`�K �(�9�R�) �B�M�1�[�X

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

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

�k�X�j�X�k �1�+�Q�M�Q�K�B�+ �K�Q�/�2�H

�q�2 �M�Q�r �/�2�p�2�H�Q�T �i�?�2 �b�B�M�;�H�2 �`�Q�i���i�B�Q�M �a�+�?���2�7�2�`���6���m�b�i�K���M�M �K�Q�/�2�H �7�Q�` �i�?�2 �2�p�2�M�@���;�2�/

�7�Q�`�2�b�i�- �r�?�2�`�2 �i�?�2 �L�S�o �B�M�+�H�m�/�2�b �i�?�2 �2�b�i���#�H�B�b�?�K�2�M�i �+�Q�b�i�- ���M�/ �i�?�2 �#�2�M�2�}�i�b �7�`�Q�K

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

�i�`�2�2�b ���`�2 �T�H���M�i�2�/�- ���K�Q�m�M�i�B�M�; �i�QWp �U� �ö�b�V �B�M �2�b�i���#�H�B�b�?�K�2�M�i �+�Q�b�i�b�X �h�?�B�M�M�B�M�; ���iT1

�j�y



�k�X

���M�/ �+�H�2���`�@�7�2�H�H�B�M�; ���iTF �T�`�Q�/�m�+�2�b �i�?�2 �i�B�K�#�2�` �#�2�M�2�}�i�bHT1 (
; T 1) ���M�/HTF (
; T 1; TF )�-

�#�Q�i�? �K�2���b�m�`�2�/ �B�M � �ö�b�X ���7�i�2�` �+�H�2���`�@�7�2�H�H�B�M�;�- �i�?�2 �H���M�/ �H���v�b �#���`�2 �Ux(t) = y(t) = 0 �7�Q�`

t > T F �V�X �q�2 �/�B�b�+�Q�m�M�i �i�?�2 �`�2�p�2�M�m�2 �7�`�Q�K �?���`�p�2�b�i�B�M�; ���i �i�?�2 �`���i�2r �X �h�?�2�`�2�7�Q�`�2�- �i�?�2

�L�S�o �Q�7 �i�?�2 �T�H�Q�i �U�i�?�2 �Q�#�D�2�+�i�B�p�2 �7�m�M�+�i�B�Q�M�V �B�b

Ĵ (s) = � Wp + HT1 (
; T 1)e� rT 1 + HTF (
; T 1; TF )e� rT F ; �U�k�X�9�V

�r�?�2�`�2s = ( 
; T 1; TF )�X

�G�2�ip1 ���M�/p2 �#�2 �i�?�2 �+�Q�M�b�i���M�i �T�`�B�+�2�b �U� �ö�b �T�2�`m3�V �7�Q�` �i�?�B�M�M�2�/ ���M�/ �+�H�2���`�@�7�2�H�H�2�/

�b�m�b�+�2�T�i�B�#�H�2 �i�B�K�#�2�`�- �`�2�b�T�2�+�i�B�p�2�H�v�X ���b�b�m�K�2p1 � p2�, �i�?�B�M�M�2�/ �i�B�K�#�2�` �B�b �;�2�M�2�`���H�H�v �M�Q�i

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

�#�v �J���+�T�?�2�`�b�Q�M �2�i ���H�X �(�k�3�-�j�y�)�- �r�2 ���b�b�m�K�2 �i�?���i �i�?�2 �/�B�b�2���b�2 �+���m�b�2�b �� �`�2�/�m�+�i�B�Q�M �B�M

�i�?�2 �p���H�m�2 �Q�7 �i�B�K�#�2�` �U�2�X�;�X�- �i�?�`�Q�m�;�? �`�2�/�m�+�2�/ �[�m���H�B�i�v �Q�` �v�B�2�H�/�V�X �A�M �T���`�i�B�+�m�H���`�- �.�L�"

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

�i�`�2�2�- �b�B�;�M�B�}�+���M�i�H�v �`�2�/�m�+�B�M�; �i�B�K�#�2�` �v�B�2�H�/�b ���M�/ �2�p�2�M�i�m���H�H�v �+���m�b�B�M�; �K�Q�`�i���H�B�i�v �(�R�N�)�X

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

�+�2�T�i�B�#�H�2 �i�B�K�#�2�`�- �r�?�2�`�20 � � � 1�X

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

�Q�7 �i�?�2 �T�`�B�+�2 �T�2�`m3 �Q�7 �b�i���M�/�B�M�; �i�B�K�#�2�`�- �i�?�2 �p�Q�H�m�K�2 �Q�7 �i�B�K�#�2�` �T�`�Q�/�m�+�2�/�- ���M�/ �B�7

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

�j�R



�k�X

�#�2�M�2�}�i ���i �i�?�2 �i�?�B�M�M�B�M�; �i�B�K�2�-t = T1�- �B�b

HT1 (
; T 1) = p1h(T1)x(T1) + p1h(T1)�y (T1) �U�k�X�8�V

= p1
 f x(T1) + �y (T1)g ;

���M�/ �i�?�2 �i�Q�i���H �i�B�K�#�2�` �#�2�M�2�}�i ���i �i�?�2 �`�Q�i���i�B�Q�M �i�B�K�2�-t = TF �- �B�b

HTF (
; T 1; TF ) = p2h(TF )x(TF ) + p2h(TF )�y (TF ) �U�k�X�e�V

= p2 f x(TF ) + �y (TF )g :

�q�?�2�`�2�1�[�X �U�k�X�e�V�B�b �� �7�m�M�+�i�B�Q�M �Q�7 �i�?�B�M�M�B�M�; �T�`�Q�T�Q�`�i�B�Q�M �U
 �V ���M�/ �i�B�K�2 �UT1�V �#�2�+���m�b�2

�i�?�2 �p�Q�H�m�K�2�b ���i �`�Q�i���i�B�Q�M�-x(TF ) ���M�/y(TF )�- �/�2�T�2�M�/ �Q�M �i�?�2�b�2 �p���`�B���#�H�2�b�X

�h�?�2 �7�Q�`�2�b�i �K���M���;�2�`�ö�b �i���b�F �B�b �i�Q �K���t�B�K�B�b�2 �i�?�2 �L�S�o �Q�7 �i�?�2 �b�i���M�/ �Q�p�2�` �� �b�B�M�;�H�2

�`�Q�i���i�B�Q�M�X �q�2 �B�M�p�2�b�i�B�;���i�2 �i�r�Q �/�B�z�2�`�2�M�i �K���M���;�2�K�2�M�i �`�2�;�B�K�2�b�X �h�?�2 �}�`�b�i �B�b �i�?�B�M�M�B�M�;

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

�+�Q�M�i�`�Q�H �p���`�B���#�H�2�b�c �i�?�2 �i�?�B�M�M�B�M�; �i�B�K�2 �UT1�V�- �i�?�B�M�M�B�M�; �T�`�Q�T�Q�`�i�B�Q�M �U
 �V�- ���M�/ �`�Q�i���i�B�Q�M

�H�2�M�;�i�? �UTF �V�X �h�?�2�B�` �Q�T�i�B�K���H �p���H�m�2�b �i�?���i �K���t�B�K�B�b�2 �i�?�2 �Q�#�D�2�+�i�B�p�2 �7�m�M�+�i�B�Q�M�1�[�X �U�k�X�9�V

���`�2 �;�B�p�2�M �#�v

s�
tr = ���`�;max

s
Ĵ (s); �r�?�2�`�2s = ( 
; T 1; TF )

�b�m�#�D�2�+�i �i�Q
 2 [0; 1)

TF � T1 � 0

�U�k�X�d�V

�j�k



�k�X

�h�?�2 �b�2�+�Q�M�/ �K���M���;�2�K�2�M�i �`�2�;�B�K�2 �B�b �`�Q�i���i�B�Q�M �Q�M�H�v�- �� �6���m�b�i�K���M�M �K�Q�/�2�H�X �h�?�2 �K���t�@

�B�K�B�b���i�B�Q�M �T�`�Q�#�H�2�K �B�b �+�?�Q�Q�b�B�M�; �i�?�2 �`�Q�i���i�B�Q�M �H�2�M�;�i�? �i�?���i �K���t�B�K�B�b�2�b �i�?�2 �L�S�o�- ���b

�2�t�T�H�Q�`�2�/ �#�v �J���+�T�?�2�`�b�Q�M �2�i ���H�X �(�k�3�)�X �h�?�2 �Q�T�i�B�K���H �b�i�`���i�2�;�v �B�b

s�
r = ���`�;max

TF � 0
Ĵ (s); �r�?�2�`�2s = (0 ; 0; TF ) �U�k�X�3�V

�q�2 �b�Q�H�p�2�/ �i�?�2 �Q�T�i�B�K�B�b���i�B�Q�M�b �T�`�Q�#�H�2�K�b�1�[�X �U�k�X�d�V���M�/�1�[�X �U�k�X�3�V�M�m�K�2�`�B�+���H�H�v �B�M �_

�m�b�B�M�; �i�?�2 �P�T�i�B�K �T���+�F���;�2 ���M�/ �i�?�2 �G�@�"�6�:�a�@�" ���H�;�Q�`�B�i�?�K�X �6�Q�`�1�[�X �U�k�X�d�V�r�2 �`���M �i�?�2

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

�k�X�9 �_�2�b�m�H�i�b

�q�2 �+�Q�K�T���`�2 �i�?�2 �Q�T�i�B�K���H �K���M���;�2�K�2�M�i �b�i�`���i�2�;�B�2�b �r�B�i�?�Q�m�i �/�B�b�2���b�2 �B�M�a�m�#�b�2�+�i�B�Q�M �k�X�9�X�R�X

�A�M�a�m�#�b�2�+�i�B�Q�M �k�X�9�X�k�r�2 �B�M�i�`�Q�/�m�+�2 �/�B�b�2���b�2�- ���M�/ �B�M �B�i�b �}�`�b�i �i�r�Q �b�m�#�b�2�+�i�B�Q�M�b�- �r�2 �H�2�i

�b�m�b�+�2�T�i�B�#�H�2 ���M�/ �B�M�7�2�+�i�2�/ �i�B�K�#�2�` �;�`�Q�r�i�? �#�2 �i�?�2 �b���K�2 �U" = 1�V�- ���M�/ ���b�b�m�K�2 �i�?���i

�i�?�B�M�M�B�M�; �/�Q�2�b �M�Q�i �2�z�2�+�i �i�`���M�b�K�B�b�b�B�Q�M �U� = 0�V�X �q�2 �}�`�b�i �+�Q�K�T���`�2 �Q�T�i�B�K���H �K���M�@

���;�2�K�2�M�i �b�i�`���i�2�;�B�2�b �7�Q�` �i�?�2 �+���b�2 �r�B�i�? �M�Q �`�2�p�2�M�m�2 �7�`�Q�K �B�M�7�2�+�i�2�/ �i�B�K�#�2�` �U� = 0�V

�B�M�a�2�+�i�B�Q�M �k�X�9�X�k�X �a�2�M�b�B�i�B�p�B�i�v ���M���H�v�b�B�b �Q�7 �i�?�2 �`�2�p�2�M�m�2 �7�`�Q�K �� �m�M�B�i �Q�7 �B�M�7�2�+�i�2�/ �i�B�K�@

�#�2�` �`�2�H���i�B�p�2 �i�Q �b�m�b�+�2�T�i�B�#�H�2 �U�B�X�2�X�-� > 0�V �B�b �m�M�/�2�`�i���F�2�M �B�M�a�2�+�i�B�Q�M �k�X�9�X�k�X �6�B�M���H�H�v�-

�r�2 �B�M�i�`�Q�/�m�+�2 ���M�/ �B�M�p�2�b�i�B�;���i�2 �i�?�2 �B�K�T���+�i �Q�7 �i�?�2 �i�?�B�M�M�B�M�; �2�z�2�+�i �U� > 0�V ���M�/ �i�?�2

�`�2�/�m�+�i�B�Q�M �B�M �B�M�7�2�+�i�2�/ �i�B�K�#�2�` �;�`�Q�r�i�? �U" < 1�V �Q�M �i�?�2 �Q�T�i�B�K���H �b�i�`���i�2�;�v�-�a�2�+�i�B�Q�M �k�X�9�X�k�X

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

�`�Q�i���i�B�Q�M �H�2�M�;�i�? �i�?���i �K���t�B�K�B�b�2�b �i�?�2 �L�S�o�1�[�X �U�k�X�9�V�- ���b�b�m�K�B�M�; �i�?���i �i�?�2 �i�?�B�M�M�B�M�;

�j�j



�k�X

�T�`�Q�T�Q�`�i�B�Q�M �U
 �V ���M�/ �i�B�K�2 �UT1�V ���`�2 �}�t�2�/�X �q�2 �/�2�`�B�p�2 �i�?�2 �}�`�b�i �Q�`�/�2�` �+�Q�M�/�B�i�B�Q�M �#�v

�/�B�z�2�`�2�M�i�B���i�B�M�;�1�[�X �U�k�X�9�V�r�B�i�? �`�2�b�T�2�+�i �i�QTF �-

@̂J
@TF

= p2 f x0(TF ) + �y 0(TF )ge� rT F � rp2 f x(TF ) + �y (TF )ge� rT F : �U�k�X�N�V

�a�2�i�i�B�M�;�1�[�X �U�k�X�N�V�2�[�m���H �i�Q �x�2�`�Q ���M�/ �`�2���`�`���M�;�B�M�; �;�B�p�2�b �i�?�2 �Q�T�i�B�K���H �`�Q�i���i�B�Q�M

�H�2�M�;�i�? �+�Q�M�/�B�i�B�Q�M

p2x0(TF ) + �p 2y0(TF ) = rp2 f x(TF ) + �y (TF )g : �U�k�X�R�y�V

�h�?�2 �Q�T�i�B�K���H �`�Q�i���i�B�Q�M �H�2�M�;�i�?�-TF �- �r�?�B�+�? �b���i�B�b�}�2�b �i�?�2 ���#�Q�p�2 �B�b �i�?�2 �T�Q�B�M�i �r�?�2�M �i�?�2

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

�Q�7 �+�H�2���`�@�7�2�H�H�B�M�; ���M�/ �b�i�Q�`�B�M�; �+���b�? �B�M �i�?�2 �#���M�F�V�X �q�2 �+���M �b�?�Q�r �i�?�2 �`�Q�i���i�B�Q�M �H�2�M�;�i�?

TF �i�?���i �b���i�B�b�}�2�b �i�?�B�b �+�Q�M�/�B�i�B�Q�M�-�1�[�X �U�k�X�R�y�V�- �B�b �� �K���t�B�K�m�K �#�v �T�H�Q�i�i�B�M�; �i�?�2 �L�S�o

���b �� �7�m�M�+�i�B�Q�M �Q�7TF �X �6�m�`�i�?�2�`�K�Q�`�2�- �#�v �b�m�#�b�i�B�i�m�i�B�Q�M �Q�7x0(TF ) ���M�/y0(TF ) �7�`�Q�K�1�[�X

�U�k�X�R�V�B�M�i�Q�1�[�X �U�k�X�R�y�V���M�/ �`�2���`�`���M�;�B�M�; �r�2 �+���M �b�B�K�T�H�B�7�v �i�?�2 �+�Q�M�/�B�i�B�Q�M �7�m�`�i�?�2�` �i�Q

�
x + �"y
x + �y

�
g(TF )

�
1 �

(x + y)
K

�
= r + (1 � � )

�
(P + B(TF )y) x

x + �y

�
�U�k�X�R�R�V

�r�?�2�`�2 �r�2 �?���p�2 �m�b�2�/ �i�?�2 �b�?�Q�`�i�?���M�/x = x(TF ) ���M�/y = y(TF )�X

�q�2 �+�Q�M�+�H�m�/�2 �i�?���i �i�?�2 �L�S�o �B�b �K���t�B�K�B�b�2�/ �U�r�X�`�X�i �`�Q�i���i�B�Q�M �H�2�M�;�i�?�V �r�?�2�M �i�?�2 �`���i�2 �Q�7

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

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

�j�9



�k�X

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

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

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

�a�B�K�B�H���`�H�v�- �r�2 �r�B�H�H �M�Q�r �}�M�/ �i�?�2 �Q�T�i�B�K���H �i�?�B�M�M�B�M�; �i�B�K�2 �i�?���i �K���t�B�K�B�b�2�b �i�?�2 �L�S�o�-

�1�[�X �U�k�X�9�V�- ���b�b�m�K�B�M�; �i�?���i �i�?�2 �i�?�B�M�M�B�M�; �T�`�Q�T�Q�`�i�B�Q�M �U
 �V ���M�/ �`�Q�i���i�B�Q�M �i�B�K�2 �UTF �V ���`�2

�}�t�2�/�X �q�2 �/�2�`�B�p�2 �i�?�2 �}�`�b�i �Q�`�/�2�` �+�Q�M�/�B�i�B�Q�M �#�v �/�B�z�2�`�2�M�i�B���i�B�M�;�1�[�X �U�k�X�9�V�r�B�i�? �`�2�b�T�2�+�i

�i�QT1�-

@̂J
@T1

= p1
 f x0(T1) + �y 0(T1)ge� rT 1 � rp1
 f x(T1) + �y (T1)ge� rT 1

+ p2
@

@T1
f x(TF ) + �y (TF )ge� rT F : �U�k�X�R�k�V

�a�2�i�i�B�M�;�1�[�X �U�k�X�R�k�V�2�[�m���H �i�Q �x�2�`�Q ���M�/ �`�2���`�`���M�;�B�M�; ���7�i�2�` �b�m�#�b�i�B�i�m�i�B�Q�M �Q�7x0(TF ) ���M�/

y0(TF ) �7�`�Q�K�1�[�X �U�k�X�R�V�B�M�i�Q�1�[�X �U�k�X�R�k�V�;�B�p�2�b �i�?�2 �Q�T�i�B�K���H �i�?�B�M�M�B�M�; �i�B�K�2 �+�Q�M�/�B�i�B�Q�M

�
x(T1) + �"y (T1)
x(T1) + �y (T1)

�
g(TF )

�
1 �

x(T1) + y(T1)
K

�

= r + (1 � � )
�

(P + B(T1)y(T1)) x(T1)
x(T1) + �y (T1)

�
�U�k�X�R�j�V

�
p2

@
@T1

f x(TF ) + �y (TF )ge� r (TF � T1 )

p1
 (x(T1) + �y (T1))
:

�h�?�2�`�2�7�Q�`�2�- �r�2 �+�Q�M�+�H�m�/�2 �i�?���i �i�?�2 �L�S�o �B�b �K���t�B�K�B�b�2�/ �U�r�X�`�X�i �i�?�B�M�M�B�M�; �i�B�K�2�V �r�?�2�M �i�?�2

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

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

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

�j�8



�k�X

�#�2�M�2�}�i�X�1�[�X �U�k�X�R�j�V�b�?�Q�r�b �i�?���i �B�M�i�`�Q�/�m�+�B�M�; �/�B�b�2���b�2 �?���b ���M �B�K�T���+�i �Q�M �i�?�B�M�M�B�M�;

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

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

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

�i�?�2�`�2�7�Q�`�2�- �i�?�2 �i�B�K�#�2�` �#�2�M�2�}�i ���i �`�Q�i���i�B�Q�M�X

�k�X�9�X�R �L�Q �/�B�b�2���b�2

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

�i�?�B�b �K�Q�/�2�H �#�v �b�2�i�i�B�M�;P = � = 0 �B�M�1�[�X �U�k�X�R�V�X ���H�i�2�`�M���i�B�p�2�H�v�- �#�v �b�2�i�i�B�M�;" = 1 �B�M

�1�[�X �U�k�X�R�V���M�/� = 1 �B�M�1�[�X �U�k�X�8�V�- �i�?�2 �/�B�b�2���b�2 �?���b �M�Q �B�K�T���+�i �Q�M �i�?�2 �i�B�K�#�2�` �#�2�M�2�}�i

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

�M�Q �/�B�b�2���b�2�-

x0(t) = g(t)x(1 �
x
K

): �U�k�X�R�9�V

���i �i�?�2 �i�?�B�M�M�B�M�; �Ut = T1�V ���M�/ �`�Q�i���i�B�Q�M �i�B�K�2�b �Ut = TF �V �i�?�2 �b�m�b�+�2�T�i�B�#�H�2 �i�B�K�#�2�`

�p�Q�H�m�K�2 �B�b �B�M�b�i���M�i���M�2�Q�m�b�H�v �`�2�/�m�+�2�/ �#�v �i�?�2 �T�`�Q�T�Q�`�i�B�Q�Mh(t)�X

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

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

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

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

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

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

�j�e



�k�X

�H�2�M�;�i�? �+�Q�M�/�B�i�B�Q�M �U�1�[�X �U�k�X�R�R�V�V�- �r�?�B�+�? �b�B�K�T�H�B�}�2�b �i�Q

g(TF )
�

1 �
x(TF )

K

�
= r �U�k�X�R�8�V

�r�?�2�M �i�?�2�`�2 �B�b �M�Q �/�B�b�2���b�2�X �6�B�`�b�i�- �M�Q�i�2 �i�?���i �i�?�2 �H�2�7�i�@�?���M�/ �b�B�/�2 �Q�7�1�[�X �U�k�X�R�8�V�B�b ��

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

�G�2�i �i�?�2 �Q�T�i�B�K���H �`�Q�i���i�B�Q�M �H�2�M�;�i�? �r�B�i�?�Q�m�i �i�?�B�M�M�B�M�; �#�2T �
F �X �A�7 �i�?�2 �i�B�K�#�2�` �p�Q�H�m�K�2

�r�B�i�?�Q�m�i �i�?�B�M�M�B�M�; �U
 = 0�V �B�b ���H�r���v�b �H���`�;�2�` �i�?���M �i�?�2 �i�B�K�#�2�` �p�Q�H�m�K�2 �r�B�i�? �i�?�B�M�M�B�M�;

�U
 > 0�V ���it = T �
F �- �B�X�2�X�- �B�7x �M�Q �i�?�B�M(T � 

F ) � x �i�?�B�M(T � 
F )�- �i�?�2�M �7�`�Q�K�1�[�X �U�k�X�R�8�V�B�i �B�b

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

�i�?���i �i�?�B�b �B�b �i�`�m�2 �#�v �b�Q�H�p�B�M�;�1�[�X �U�k�X�R�9�V�m�b�B�M�; �b�2�T���`���i�B�Q�M �Q�7 �p���`�B���#�H�2�b �7�Q�`
 = 0 ���M�/


 > 0 ���M�/ �+�Q�M�b�B�/�2�`�B�M�; �i�?�2 �+���b�2�bT �
F > T 1 ���M�/T �

F � T1�X �a�2�2�a�2�+�i�B�Q�M �k�X�"�7�Q�` �i�?�2

�/�2�i���B�H�b�X

�l�M�/�B�b�i�m�`�#�2�/ �;�`�Q�r�i�? �U�M�Q �i�?�B�M�M�B�M�; �Q�` �`�Q�i���i�B�Q�M �B�M�1�[�X �U�k�X�R�V�V �Q�7 �i�?�2 �7�Q�`�2�b�i �B�b �b�?�Q�r�M

�B�M�6�B�;�m�`�2 �k�X�R�X �h�?�2 �/�2�M�b�B�i�v �/�2�T�2�M�/�2�M�+�2 �Q�7 �i�?�2 �7�Q�`�2�b�i �B�b �?�B�;�?�H�B�;�?�i�2�/ �#�v �i�?�2 �Q�T�i�B�@

�K�B�b�2�/ �i�?�B�M�M�B�M�; ���M�/ �`�Q�i���i�B�Q�M �U�/�Q�i�i�2�/�V �H�B�M�2 �B�M�6�B�;�m�`�2 �k�X�R�- ���b ���7�i�2�` �i�?�B�M�M�B�M�; �`�2�/�m�+�2�b

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

�j�d



�k�X

�6�B�;�X �k�X�R�, �h�B�K�#�2�` �p�Q�H�m�K�2 �i�`���D�2�+�i�Q�`�B�2�b �B�M �i�?�2 ���#�b�2�M�+�2 �Q�7 �/�B�b�2���b�2�X�l�M�/�B�b�i�m�`�#�2�/
�i�B�K�#�2�` �;�`�Q�r�i�? �B�b �i�?�2 �i�?�B�+�F �#�H���+�F �H�B�M�2 �U�1�[�X �U�k�X�R�V�r�B�i�?T1 = 
 = 0 �-TF = 1 �-� = P = 0
���M�/ �Q�i�?�2�` �T���`���K�2�i�2�` �p���H�m�2�b ���b �B�M�h���#�H�2 �k�X�k�V�X �h�?�2 �/���b�?�2�/ �H�B�M�2 �B�b �i�?�2 �i�B�K�#�2�` �p�Q�H�m�K�2
�i�`���D�2�+�i�Q�`�v �Ux(t) �7�`�Q�K�1�[�X �U�k�X�R�V�V �m�M�/�2�` ���M �Q�T�i�B�K�B�b�2�/ �+�H�2���`�@�7�2�H�H�B�M�; �Q�M�H�v �K���M���;�2�K�2�M�i
�`�2�;�B�K�2 �UT1�-
 �- ���M�/TF �;�B�p�2�M �#�v�1�[�X �U�k�X�3�V�7�Q�`� = P = 0 ���M�/ �Q�i�?�2�` �T���`���K�2�i�2�` �p���H�m�2�b ���b
�B�M�h���#�H�2 �k�X�k�V�X �h�?�2 �/�Q�i�i�2�/ �H�B�M�2 �B�b �i�?�2 �i�B�K�#�2�` �p�Q�H�m�K�2 �i�`���D�2�+�i�Q�`�v �Ux(t) �7�`�Q�K�1�[�X �U�k�X�R�V�V
�m�M�/�2�` ���M �Q�T�i�B�K�B�b�2�/ �+�H�2���`�@�7�2�H�H�B�M�; ���M�/ �i�?�B�M�M�B�M�; �K���M���;�2�K�2�M�i �`�2�;�B�K�2 �U�b�Q�H�p�B�M�;�1�[�X �U�k�X�3�V
�7�Q�`� = P = 0 ���M�/ �Q�i�?�2�` �T���`���K�2�i�2�` �p���H�m�2�b ���b �B�M�h���#�H�2 �k�X�k�V�X

�q�2 �?�B�;�?�H�B�;�?�i �i�?���i �i�?�B�M�M�B�M�; �2�t�i�2�M�/�b �i�?�2 �`�Q�i���i�B�Q�M �i�B�K�2 �B�M�6�B�;�m�`�2 �k�X�R�- �r�?�2�`�2 �r�2

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

�2�+�Q�H�Q�;�B�+���H �T���`���K�2�i�2�`�b �U�h���#�H�2 �k�X�k�V�X �h�?�2 �`�Q�i���i�B�Q�M �Q�M�H�v �`�2�;�B�K�2 �?���b ���M �Q�T�i�B�K���H �`�Q�@

�i���i�B�Q�M �H�2�M�;�i�? �Q�7TF � 64�- �r�?�2�M �B�i �B�b �+�H�2���`�@�7�2�H�H�2�/�X �A�M �i�?�2 �Q�T�i�B�K���H �i�?�B�M�M�B�M�; ���M�/

�`�Q�i���i�B�Q�M �`�2�;�B�K�2�- ���T�T�`�Q�t�B�K���i�2�H�v �d�9�W �Q�7 �i�?�2 �i�Q�i���H �p�Q�H�m�K�2 �B�b �i�?�B�M�M�2�/ ���7�i�2�`T1 � 60

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

���7�i�2�`TF � 89 �v�2���`�b�- �i�?�2 �T�H�Q�i �B�b �+�H�2���`�@�7�2�H�H�2�/�X �q�2 �`�2�7�2�` �i�Q �i�?�B�b �i�?�B�M�M�B�M�; ���M�/ �`�Q�i���i�B�Q�M

�j�3



�k�X

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

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

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

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

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

�`�Q�i���i�B�Q�M �Q�M�H�v �U�M�Q �i�?�B�M�M�B�M�;�V�- �Q�` �U�B�B�V �i�?�B�M� �d�y�W �Q�7 �i�?�2 �i�`�2�2�b �H���i�2 �B�M �i�?�2 �`�Q�i���i�B�Q�M�X

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

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

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

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

�Q�` �� �b�K���H�H �;�`�Q�r�i�? �`���i�2�X

�k�X�9�X�k �.�B�b�2���b�2

�L�Q �`�2�p�2�M�m�2 �7�`�Q�K �B�M�7�2�+�i�2�/ �i�B�K�#�2�`

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

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

�U� �V�X �q�2 ���b�b�m�K�2 �i�?���i �i�?�B�M�M�B�M�; �/�Q�2�b �M�Q�i ���z�2�+�i �i�`���M�b�K�B�b�b�B�Q�M �U� = 0�V ���M�/ �i�?���i �i�?�2

�;�`�Q�r�i�? �`���i�2 �Q�7 �B�M�7�2�+�i�2�/ �p�Q�H�m�K�2 �B�b �B�/�2�M�i�B�+���H �i�Q �b�m�b�+�2�T�i�B�#�H�2 �U" = 1�V�c �Q�m�` �#���b�2 �+���b�2

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

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

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

�j�N



�k�X

�i�?�2�`�2 �B�b �M�Q �`�2�p�2�M�m�2 �7�`�Q�K �i�?�2 �B�M�7�2�+�i�2�/ �i�B�K�#�2�` �p�Q�H�m�K�2 �U� = 0�V�X �A�M �i�?�B�b �b�+�2�M���`�B�Q�- �B�7

�r�2 �}�t �i�?�2 �b�i�`���i�2�;�v �B�M �� �i�?�B�M�M�B�M�; ���M�/ �`�Q�i���i�B�Q�M �`�2�;�B�K�2 �i�Q �#�2 �i�?�2 �ó�/�B�b�2���b�2�@�7�`�2�2�ô �Q�M�2�-

�i�?�2�M �i�?�2 �i�Q�i���H �i�B�K�#�2�` �p�Q�H�m�K�2 �7�Q�H�H�Q�r�b �i�?�2 �/���b�?�2�/ �H�B�M�2 �B�M�6�B�;�m�`�2 �k�X�R�X ���M �B�M�+�`�2���b�2�/

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

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

�6�B�;�X �k�X�k�, �.�B�b�2���b�2 �T�`�Q�;�`�2�b�b �+�m�`�p�2�b �m�M�/�2�` �i�?�2 �i�?�B�M�M�B�M�; ���M�/ �+�H�2���`�@�7�2�H�H�B�M�;
�`�2�;�B�K�2�X �1�T�B�/�2�K�B�Q�H�Q�;�B�+���H �T���`���K�2�i�2�`�b ���`�2 �p���`�B�2�/ �#�2�i�r�2�2�M �T���M�2�H�b�- �#�m�i �i�?�2 �K���M���;�2�K�2�M�i
�`�2�;�B�K�2 �B�b �}�t�2�/ �i�Q �i�?�2 �Q�T�i�B�K���H �i�?�B�M�M�B�M�; ���M�/ �+�H�2���`�@�7�2�H�H�B�M�; �Q�M�2 �B�M ���#�b�2�M�+�2 �Q�7 �/�B�b�2���b�2�X �A�M
�2���+�? �T���M�2�H�- �i�?�2 ���M�M�m���H �+�m�K�m�H���i�B�p�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �i�B�K�#�2�` �p�Q�H�m�K�2 �B�M�7�2�+�i�2�/ �Uy(t )

x(t )+ y(t )
���7�i�2�` �b�Q�H�p�B�M�;�1�[�X �U�k�X�R�V�V �B�b �b�?�Q�r�M �7�Q�` �7�Q�m�` �p���H�m�2�b �Q�7 �i�?�2 �i�`���M�b�K�B�b�b�B�Q�M �`���i�2 �U� �V�X �1���+�?
�T���M�2�H �b�?�Q�r�b �`�2�b�m�H�i�b �7�Q�` �� �/�B�z�2�`�2�M�i �+�Q�K�#�B�M���i�B�Q�M �Q�7 �i�?�2 �T�`�B�K���`�v �B�M�7�2�+�i�B�Q�M �`���i�2 �UP�V ���M�/
�;�`�Q�r�i�? �Q�7 �B�M�7�2�+�i�2�/ �i�B�K�#�2�` �`�2�H���i�B�p�2 �i�Q �b�m�b�+�2�T�i�B�#�H�2 �i�B�K�#�2�` �U" �V�X �h�?�2 �i�?�B�M�M�B�M�; ���M�/
�+�H�2���`�@�7�2�H�H�B�M�; �i�B�K�2�b ���`�2 �i�?�2 �/�Q�i�i�2�/ �p�2�`�i�B�+���H �H�B�M�2�b �B�M �2���+�? �T���M�2�H �U�p���H�m�2�b �b�?�Q�r�M �B�M
�h���#�H�2 �k�X�k�- �+���H�+�m�H���i�2�/ �#�v �b�Q�H�p�B�M�;�1�[�X �U�k�X�d�V�7�Q�`� = P = 0 �V�X ���H�H �Q�i�?�2�` �2�+�Q�H�Q�;�B�+���H ���M�/
�2�+�Q�M�Q�K�B�+ �T���`���K�2�i�2�`�b ���`�2 �;�B�p�2�M �B�M�h���#�H�2 �k�X�k�X

�9�y



�k�X

�A�M�6�B�;�m�`�2 �k�X�k�U���V ���M�/ �7�Q�` �b�2�M�b�B�i�B�p�B�i�v ���M���H�v�b�2�b �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �b�2�+�i�B�Q�M�b �Q�7 �i�?�B�b

�T���T�2�`�- �r�2 �b�2�i �i�?�2 �T�`�B�K���`�v �B�M�7�2�+�i�B�Q�MP = 0:0003�- �i�?�2 �#���b�2 �+���b�2 �p���H�m�2 �U�h���#�H�2 �k�X�k�V�X

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

�U�e�9 �v�2���`�b �� �i�?�2 �Q�T�i�B�K���H �r�B�i�?�Q�m�i �i�?�B�M�M�B�M�; �Q�` �/�B�b�2���b�2 �B�M �Q�m�` �K�Q�/�2�H�V�X �6�m�`�i�?�2�`�K�Q�`�2�-

�#�v �b�r�2�2�T�B�M�; �i�?�`�Q�m�;�? �i�`���M�b�K�B�b�b�B�Q�M �`���i�2�b �U� �V �B�M �i�?�2 �`���M�;�2[0; 0:005]�- �r�2 �+���T�i�m�`�2 ��

�H���`�;�2 �p���`�B���i�B�Q�M �B�M �/�B�b�2���b�2 �T�`�Q�;�`�2�b�b �+�m�`�p�2�b�- �b�2�2�6�B�;�m�`�2 �k�X�k�U���V�X �6�Q�` �2�t���K�T�H�2�- �r�B�i�? ��

�H�Q�r �i�`���M�b�K�B�b�b�B�Q�M �`���i�2� = 0:0005�- �i�?�2 �B�M�7�2�+�i�B�Q�M �b�T�`�2���/�b �p�2�`�v �b�H�Q�r�H�v ���7�i�2�` ���`�`�B�p���H�-

���M�/ ���7�i�2�` �e�y �v�2���`�b �H�2�b�b �i�?���M �8�W �Q�7 �i�?�2 �7�Q�`�2�b�i �?���b �#�2�2�M �B�M�7�2�+�i�2�/�X �h�?�2�M �7�Q�` �i�?�2

�i�`���M�b�K�B�b�b�B�Q�M �`���i�2� = 0:001�- ���7�i�2�` �e�y �v�2���`�b ���T�T�`�Q�t�B�K���i�2�H�v �R�8�W �Q�7 �i�?�2 �7�Q�`�2�b�i �?���b

�#�2�2�M �B�M�7�2�+�i�2�/�X �q�?�2�`�2���b �7�Q�` �?�B�;�?�2�` �b�2�+�Q�M�/���`�v �B�M�7�2�+�i�B�Q�M �`���i�2�b�-� = 0:002; 0:005

���7�i�2�` �e�y �v�2���`�b ���T�T�`�Q�t�B�K���i�2�H�v �d�8�W ���M�/ �+�H�Q�b�2 �i�Q �R�y�y�W �Q�7 �i�?�2 �7�Q�`�2�b�i �r�B�H�H �#�2 �B�M�7�2�+�i�2�/�X

�A�M�+�`�2���b�B�M�; �i�?�2 �T�`�B�K���`�v �B�M�7�2�+�i�B�Q�M �UP�V �Q�` �i�`���M�b�K�B�b�b�B�Q�M �`���i�2 �U� �V �r�B�H�H �b�?�Q�`�i�2�M �i�?�2

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

���`�2 �}�t�2�/�X �h�Q �b�2�2 �i�?�B�b�- �r�2 �M�Q�i�2 �i�?���i �i�?�2 �Q�T�i�B�K���H �`�Q�i���i�B�Q�M �H�2�M�;�i�? �+�Q�M�/�B�i�B�Q�M �U�1�[�X

�U�k�X�R�R�V�V ���b�b�m�K�B�M�; �i�?�2 �i�?�B�M�M�B�M�; �T�`�Q�T�Q�`�i�B�Q�M �U
 �V ���M�/ �i�B�K�2 �UT1�V ���`�2 �}�t�2�/ ���M�/ �M�Q

�`�2�p�2�M�m�2 �7�`�Q�K �B�M�7�2�+�i�2�/ �i�B�K�#�2�` �U� = 0�V �#�2�+�Q�K�2�b

g(t)
�

1 �
x(TF ) + y(TF )

K

�
= r + ( P + B(TF )y(TF )) : �U�k�X�R�e�V

���b �i�?�2 �G�>�a �Q�7�1�[�X �U�k�X�R�e�V�B�b �� �T�Q�b�B�i�B�p�2 �/�2�+�`�2���b�B�M�; �7�m�M�+�i�B�Q�M �Q�7TF �- ���M�/ �i�?�2 �_�>�a

�B�b �� �T�Q�b�B�i�B�p�2 �B�M�+�`�2���b�B�M�; �7�m�M�+�i�B�Q�M �Q�7TF �- �i�?�2 �G�>�a ���M�/ �_�>�a �7�m�M�+�i�B�Q�M�b �r�B�H�H �B�M�i�2�`�b�2�+�i

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

�a�2�+�i�B�Q�M �k�X���- �Q�` �+�Q�K�T���`�2�6�B�;�m�`�2 �k�X�j�U���V �i�Q �U�#�V �7�Q�` ���M �2�t���K�T�H�2�X �h�?�2 �2�t�i�2�M�b�B�Q�M �B�b

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

�i�B�Q�M �k�X�9�X�R�- ���M�/ �i�?�B�M�M�B�M�; �`�2�/�m�+�B�M�; �b�2�+�Q�M�/���`�v �B�M�7�2�+�i�B�Q�M �U�6�B�;�m�`�2 �k�X�k�V�X
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�k�X

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

�Q�7 �+�H�2���`�@�7�2�H�H�B�M�; �Q�M�H�v�-�6�B�;�m�`�2 �k�X�9�U���V�X �6�m�`�i�?�2�`�K�Q�`�2�- �i�?�B�M�M�B�M�; �B�b �2�p�2�M �K�Q�`�2 �T�`�Q�}�i���#�H�2

�r�?�2�M �i�?�2 �/�B�b�2���b�2 �b�T�`�2���/�b �b�H�Q�r�H�v �U� < 0:001 �B�M�6�B�;�m�`�2 �k�X�9�U���V�V�X �G�2�b�b �i�B�K�#�2�` �;�2�i�b

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

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

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

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

���;�2�K�2�M�i �`�2�;�B�K�2 �/�2�+�`�2���b�2�b �r�B�i�? �B�M�+�`�2���b�2�/ �i�`���M�b�K�B�b�b�B�Q�M �`���i�2 �U� �V�-�6�B�;�m�`�2 �k�X�9�U���V�V�-

�#�2�+�Q�K�B�M�; �p�2�`�v �b�K���H�H �U< $ 20�V �7�Q�`� > 0:004�X �>�Q�r�2�p�2�`�- �+�Q�K�T���`�B�M�;�6�B�;�m�`�2 �k�X�9�U�#�V

�U�r�?�2�`�2 �r�2 �+�Q�K�T���`�2 �i�?�2 �L�S�o �Q�7 �m�b�B�M�; �i�?�2 �/�B�b�2���b�2�@�7�`�2�2 �b�i�`���i�2�;�v�- �i�?�B�M�M�B�M�; ���M�/ �`�Q�@

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

�T�`�2�b�2�M�+�2 �Q�7 �/�B�b�2���b�2�V �i�Q�6�B�;�m�`�2 �k�X�9�U���V �B�M �i�?�B�b �`�2�;�B�Q�M �U� > 0:004�V�- �r�2 �+�Q�M�+�H�m�/�2 �i�?���i

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

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

�m�M�B�M�7�2�+�i�2�/ �i�B�K�#�2�`

�A�M�a�2�+�i�B�Q�M �k�X�9�X�k�r�2 ���b�b�m�K�2�/ �i�?���i� = 0 �- �� �r�Q�`�b�i�@�+���b�2 �b�+�2�M���`�B�Q �B�M �r�?�B�+�? �i�B�K�#�2�`

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

�Q�T�i�B�K���H �b�i�`���i�2�;�B�2�b �i�Q �i�?�2 �2�z�2�+�i �Q�7 �B�M�7�2�+�i�B�Q�M �Q�M �i�B�K�#�2�` �`�2�p�2�M�m�2 �U�B�X�2�X�-� > 0�V�X �h�?�B�b

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

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

�q�2 ���;���B�M ���b�b�m�K�2 �i�?���i �i�?�B�M�M�B�M�; �/�Q�2�b �M�Q�i ���z�2�+�i �i�`���M�b�K�B�b�b�B�Q�M �U� = 0�V ���M�/ �i�?���i �i�?�2

�;�`�Q�r�i�? �`���i�2 �Q�7 �B�M�7�2�+�i�2�/ �p�Q�H�m�K�2 �B�b �B�/�2�M�i�B�+���H �i�Q �b�m�b�+�2�T�i�B�#�H�2 �U" = 1�V�X
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�k�X

�l�M�/�2�` �/�B�z�2�`�2�M�i �+�Q�K�#�B�M���i�B�Q�M�b �Q�7 �i�?�2 �i�`���M�b�K�B�b�b�B�Q�M �`���i�2 �U� �V ���M�/ �i�?�2 �B�M�7�2�+�i�2�/ �i�B�K�#�2�`

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

�U�1�[�X �U�k�X�3�V�V �+���M �#�2 �+���i�2�;�Q�`�B�b�2�/ �B�M�i�Q �i�r�Q �;�`�Q�m�T�b�-�6�B�;�m�`�2 �k�X�8�U���V�- �U�+�V�X �h�?�2�`�2 �B�b �U�B�V

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

�i�B�K�#�2�` �#�2�7�Q�`�2 �B�M�7�2�+�i�B�Q�M �H�2�b�b�2�M�b �B�i�b �p���H�m�2 �U�?�B�;�?�H�B�;�?�i�2�/ �B�M�6�B�;�m�`�2 �k�X�8�U���V�- �U�+�V�V�X�6�B�;�@

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

�T���`���K�2�i�2�` �b�T���+�2�- �r�?�B�H�2�6�B�;�m�`�2 �k�X�8�U���V ���M�/ �U�+�V �b�?�Q�r �i�?�2 �Q�T�i�B�K���H �b�i�`���i�2�;�v ���i �� �i�`���M�@

�b�2�+�i �Q�7 �i�?�2 �i�`���M�b�K�B�b�b�B�Q�M �`���i�2 �U� = 0:004�V�X ���H�Q�M�; �i�?�B�b �i�`���M�b�2�+�i�- �i�?�2 �i�r�Q �i�v�T�2�b �Q�7

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

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

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

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

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

�H�2�M�;�i�? �7�`�Q�K �i�?�2 �/�B�b�2���b�2�@�7�`�2�2 �Q�M�2�-�6�B�;�m�`�2 �k�X���X�j�B�M�a�2�+�i�B�Q�M �k�X���X �q�?�2�M �i�?�2 �B�K�T���+�i

�Q�7 �B�M�7�2�+�i�B�Q�M �Q�M �i�B�K�#�2�` �`�2�p�2�M�m�2 �B�b �?�B�;�? �U� � 0:5�V�- �i�?�2 �Q�T�i�B�K���H �H�2�M�;�i�? �b�?�Q�`�i�2�M�b

�7�`�Q�K �i�?�2 �/�B�b�2���b�2�@�7�`�2�2 �H�2�M�;�i�? ���b �i�?�2 �i�`���M�b�K�B�b�b�B�Q�M �`���i�2 �U� �V �B�M�+�`�2���b�2�b�-�6�B�;�m�`�2 �k�X���X�j

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

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

�Q�7 �B�M�7�2�+�i�B�Q�M �Q�M �i�B�K�#�2�` �`�2�p�2�M�m�2 �B�b �H�Q�r�2�` �U0:5 < � < 1�V�- �i�?�2�`�2 �B�b �� �i�B�T�T�B�M�; �T�Q�B�M�i

�r�B�i�? �i�?�2 �i�`���M�b�K�B�b�b�B�Q�M �`���i�2 �U� �V�c �#�2�H�Q�r �i�?�B�b �p���H�m�2 ���b �i�?�2 �i�`���M�b�K�B�b�b�B�Q�M �`���i�2 �B�M�+�`�2���b�2�b

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

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

�B�K�T���+�i �Q�7 �B�M�7�2�+�i�B�Q�M �Q�M �i�B�K�#�2�` �`�2�p�2�M�m�2 �U�H�Q�r�2�`� 2 (0:5; 1)�V�- �i�?�2 �H���`�;�2�` �i�?�2 �i�`���M�b�@

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

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

�i�?�2 �L�S�o �Q�7 �7�2�H�H�B�M�; �� �H�Q�r�2�` �v�B�2�H�/ �#�2�7�Q�`�2 �i�?�2�v �#�2�+�Q�K�2 �B�M�7�2�+�i�2�/�X
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�k�X

�6�B�;�X �k�X�8�, �A�K�T���+�i �Q�7 �i�`���M�b�K�B�b�b�B�Q�M �`���i�2 �Q�M �Q�T�i�B�K�B�b�2�/ �K���M���;�2�K�2�M�i �b�i�`���i�2�;�B�2�b
�r�?�2�M �i�?�2�`�2 �B�b �`�2�p�2�M�m�2 �7�`�Q�K �B�M�7�2�+�i�2�/ �i�B�K�#�2�` �U� > 0�V�X�h�?�2 �+�H�2���`�@�7�2�H�H�B�M�; �Q�M�H�v
�`�2�;�B�K�2�- ���M�/ �i�?�2 �i�?�B�M�M�B�M�; ���M�/ �+�H�2���`�@�7�2�H�H�B�M�; �`�2�;�B�K�2 �r�2�`�2 �Q�T�i�B�K�B�b�2�/ �7�Q�` �}�p�2 �/�B�z�2�`�2�M�i
�p���H�m�2�b �Q�7 �i�?�2 �`�2�p�2�M�m�2 �7�`�Q�K �� �m�M�B�i �Q�7 �B�M�7�2�+�i�2�/ �i�B�K�#�2�` �`�2�H���i�B�p�2 �i�Q �b�m�b�+�2�T�i�B�#�H�2 �U� �V �#�v
�b�Q�H�p�B�M�;�1�[�X �U�k�X�3�V���M�/�1�[�X �U�k�X�d�V�X ���H�H �Q�i�?�2�` �T���`���K�2�i�2�` �p���H�m�2�b �r�2�`�2 �?�2�H�/ ���i �i�?�2 �#���b�2 �+���b�2
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�`�Q�i���i�B�Q�M �H�2�M�;�i�?�X �h�?�B�b �;�2�M�2�`���H �`�2�b�m�H�i �7�Q�H�H�Q�r�b �7�`�Q�K �i�?�2 ���b�b�m�K�T�i�B�Q�M �i�?���i �i�?�B�M�M�B�M�;

�`�2�/�m�+�2�b �i�?�2 �i�`���M�b�K�B�b�b�B�Q�M �`���i�2�-@B(TF )
@
 < 0�- ���M�/ �+���M �#�2 �/�2�/�m�+�2�/ �7�`�Q�K�1�[�X �U�k�X�R�e�V

�#�v �M�Q�i�B�M�; �i�?���i �B�M�+�`�2���b�B�M�; �i�?�2 �i�?�B�M�M�B�M�; �2�z�2�+�i �U� �V �`�2�/�m�+�2�bB(TF )�X �l�b�B�M�; �M�m�K�2�`�B�+���H

�K�2�i�?�Q�/�b �r�2 �2�t�T�H�Q�`�2�/ �i�?�B�b �`�2�b�m�H�i �7�m�`�i�?�2�` �i�Q �b�2�2 �?�Q�r �i�?�2 �i�`���M�b�K�B�b�b�B�Q�M �`���i�2 �U� �V ���M�/

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

�b�i�`���i�2�;�v�X �q�2 �b�Q�H�p�2�/�1�[�X �U�k�X�d�V�i�Q �}�M�/ �i�?�2 �Q�T�i�B�K�B�b�2�/ �b�i�`���i�2�;�v �7�Q�` �/�B�z�2�`�2�M�i �+�Q�K�#�B�@
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�k�X

�M���i�B�Q�M�b �Q�7 �i�?�2 �i�`���M�b�K�B�b�b�B�Q�M �`���i�2 �U� �V ���M�/ �i�?�2 �i�?�B�M�M�B�M�; �2�z�2�+�i �U� �V�- �?�Q�H�/�B�M�; ���H�H �Q�i�?�2�`

�T���`���K�2�i�2�`�b ���i �i�?�2 �#���b�2 �+���b�2 �U�6�B�;�m�`�2 �k�X���X�d�B�M�a�2�+�i�B�Q�M �k�X���V�X

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

���M�/ �+���m�b�2 �2�M�Q�m�;�? �/���K���;�2 �i�Q �r���`�`���M�i �+�?���M�;�B�M�; �i�?�2 �b�i�`���i�2�;�v �7�`�Q�K �ó�/�B�b�2���b�2�@�7�`�2�2�ô�-

�B�X�2�X�- �i�?�B�M�M�B�M�; ���M�/ �`�Q�i���i�B�M�; �H���i�2 �i�Q �2�t�T�H�Q�B�i �i�?�2 �7�Q�`�2�b�i �/�2�M�b�B�i�v�@�/�2�T�2�M�/�2�M�i �;�`�Q�r�i�?�-

�6�B�;�m�`�2 �k�X���X�d�B�M�a�2�+�i�B�Q�M �k�X���X �6�m�`�i�?�2�`�K�Q�`�2�- �r�?�2�M �i�?�2 �i�?�B�M�M�B�M�; �2�z�2�+�i �B�b �H�Q�r �U0 �

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

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

�i�B�Q�M �k�X�9�X�k�X �>�Q�r�2�p�2�`�- �r�?�2�M �i�?�2 �i�?�B�M�M�B�M�; �2�z�2�+�i �B�b �K�Q�`�2 �b�m�#�b�i���M�i�B���H �U� > 2�V ���M�/

�i�?�2 �i�`���M�b�K�B�b�b�B�Q�M �`���i�2 �?�B�;�?�2�` �U� > 0:001�V�- �B�M�+�`�2���b�B�M�; �i�?�2 �i�?�B�M�M�B�M�; �2�z�2�+�i �U� �V �2�t�@

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

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

�r�2 �i�?�B�M�X �h�?�2 �ó�/�B�b�2���b�2�@�7�`�2�2�ô �`�Q�i���i�B�Q�M �B�b ���M �m�T�T�2�` �#�Q�m�M�/ �7�Q�` �i�?�2 �`�Q�i���i�B�Q�M �H�2�M�;�i�?

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

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

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

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

�#�2�B�M�; �/�2�b�i�`�Q�v�2�/ �#�v �i�?�2 �/�B�b�2���b�2�X �h�?�2�`�2�7�Q�`�2�- �i�?�2 �K���t�B�K�m�K �L�S�o �B�b �K�m�+�? �?�B�;�?�2�`

�r�?�2�M �i�?�2�`�2 �B�b ���M�v �i�?�B�M�M�B�M�; �2�z�2�+�i �U� > 0�V�X �h�?�2 �F�2�v �`�2�b�m�H�i �Q�7 �B�M�i�`�Q�/�m�+�B�M�; �� �/�2�+�H�B�M�2

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

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

�7�m�M�+�i�B�Q�M�X �q�2 �`�2�@�`���M �i�?�2 �b�B�K�m�H���i�B�Q�M �i�?���i �T�`�Q�/�m�+�2�/�6�B�;�m�`�2 �k�X���X�d�m�b�B�M�; �i�?�2 �7�m�M�+�i�B�Q�M
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�k�X

�
1+ �
 �B�M �T�H���+�2 �Q�7�e � �
 �B�M�1�[�X �U�k�X�j�V���M�/ �7�Q�m�M�/ �� �b�B�K�B�H���` �#�m�i �H�2�b�b �T�`�Q�K�B�M�2�M�i �`�2�b�m�H�i

�U�M�Q�i �b�?�Q�r�M�V�X

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

�U� > 0:0025�V�- �r�B�i�?�Q�m�i �i�?�2 �i�?�B�M�M�B�M�; �B�K�T���+�i�B�M�; �i�?�2 �i�`���M�b�K�B�b�b�B�Q�M �`���i�2�- �i�?�2 �#�2�M�2�}�i

�Q�7 �i�?�B�M�M�B�M�; ���M�/ �+�H�2���`�@�7�2�H�H�B�M�; �Q�p�2�` �+�H�2���`�@�7�2�H�H�B�M�; �B�b �b�K���H�H �U�6�B�;�m�`�2 �k�X�e�U���V�V�X �>�Q�r�2�p�2�`�-

�+�Q�K�T���`�B�M�;�6�B�;�m�`�2 �k�X���X�d�U�2�V �U� = 0�V �B�M�a�2�+�i�B�Q�M �k�X�����M�/�6�B�;�m�`�2 �k�X�e�U���V�- �r�?�2�M �i�?�B�M�@

�M�B�M�; �B�K�T���+�i�b �i�?�2 �i�`���M�b�K�B�b�b�B�Q�M �`���i�2 �U� > 0�V�- �i�?�2 �#�2�M�2�}�i �B�M �L�S�o �Q�7 �i�?�B�M�M�B�M�; ���M�/

�+�H�2���`�@�7�2�H�H�B�M�; �Q�p�2�` �Q�M�H�v �+�H�2���`�@�7�2�H�H�B�M�; ���H�Q�M�2 �#�2�+�Q�K�2�b �K���b�b�B�p�2�X

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

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

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

�i�?�B�M�M�B�M�; �/�Q�2�b �M�Q�i ���z�2�+�i �i�`���M�b�K�B�b�b�B�Q�M �U� = 0�V ���M�/ �i�?���i �`�2�p�2�M�m�2 �7�`�Q�K �� �m�M�B�i �Q�7

�B�M�7�2�+�i�2�/ ���M�/ �� �m�M�B�i �Q�7 �b�m�b�+�2�T�i�B�#�H�2 �i�B�K�#�2�` �p�Q�H�m�K�2�b ���`�2 �2�[�m���H �U� = 1�V�X �A�M �i�?�B�b �b�+�2�@

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

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

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

�A�M �i�?�B�b �b�+�2�M���`�B�Q �r�?�2�`�2 �B�M�7�2�+�i�2�/ �i�B�K�#�2�` �/�Q�2�b �M�Q�i �;�`�Q�r ���i ���H�H �U" = 0�V�- �B�7 �r�2 �}�t

�i�?�2 �b�i�`���i�2�;�v �7�Q�` �i�?�2 �i�?�B�M�M�B�M�; ���M�/ �`�Q�i���i�B�Q�M �`�2�;�B�K�2 �i�Q �#�2 �i�?�2 �ó�/�B�b�2���b�2�@�7�`�2�2�ô �Q�M�2�-

�i�?�2�M �i�?�2 �T�`�Q�T�Q�`�i�B�Q�M �Q�7 �p�Q�H�m�K�2 �B�M�7�2�+�i�2�/ �7�Q�H�H�Q�r�b�6�B�;�m�`�2 �k�X�k�U�+�V ���M�/ �U�/�V�X �6�B�t�B�M�; �i�?�2

�2�T�B�/�2�K�B�Q�H�Q�;�B�+���H �T���`���K�2�i�2�`�b ���M�/ �+�Q�K�T���`�B�M�; �U�+�V ���M�/ �U�/�V �U�r�?�2�`�2" �4 �y�V �i�Q �U���V ���M�/
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�k�X

�U�#�V �B�M�6�B�;�m�`�2 �k�X�k�U�r�?�2�`�2" = 1�V�- �r�?�2�M �i�?�2 �;�`�Q�r�i�? �`���i�2 �Q�7 �B�M�7�2�+�i�2�/ �i�B�K�#�2�` �B�b �H�Q�r�2�`�-

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

�l�M�/�2�` �/�B�z�2�`�2�M�i �+�Q�K�#�B�M���i�B�Q�M�b �Q�7 �i�?�2 �T�`�B�K���`�v �UP�V ���M�/ �i�`���M�b�K�B�b�b�B�Q�M �U� �V �`���i�2�b�-

�i�?�2 �Q�T�i�B�K���H �b�i�`���i�2�;�v �7�Q�` �i�?�2 �i�?�B�M�M�B�M�; ���M�/ �`�Q�i���i�B�Q�M �`�2�;�B�K�2 �B�M �i�?�2" = 0 �b�+�2�M���`�B�Q

�U�6�B�;�m�`�2 �k�X���X�8�B�M�a�2�+�i�B�Q�M �k�X���V �B�b �[�m���H�B�i���i�B�p�2�H�v �b�B�K�B�H���` �i�Q �i�?�2 �Q�T�i�B�K���H �b�i�`���i�2�;�v �B�M

�i�?�2 �b�+�2�M���`�B�Q �i�?���i ���b�b�m�K�2�b �M�Q �`�2�p�2�M�m�2 �7�`�Q�K �B�M�7�2�+�i�2�/ �i�B�K�#�2�` �U� = 0�-�6�B�;�m�`�2 �k�X���X�k

�B�M�a�2�+�i�B�Q�M �k�X���V�X �>�Q�r�2�p�2�`�- �i�?�2 �L�S�o�ö�b ���`�2 �?�B�;�?�2�` �B�M �i�?�2" = 0 �b�+�2�M���`�B�Q�X ���;���B�M�- �r�2

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

�T�`�B�K���`�v �B�M�7�2�+�i�B�Q�M �`���i�2 �UP�V�-�6�B�;�m�`�2 �k�X���X�e�B�M�a�2�+�i�B�Q�M �k�X���X �h�?�2 �Q�T�i�B�K���H �`�Q�i���i�B�Q�M�b

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