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

�G�Q�`�b �/�2 �H�� �i�`���M�b�K�B�b�b�B�Q�M�- �H�2�b �b�B�;�M���m�t ���M���H�Q�;�B�[�m�2�b �b�m�#�B�b�b�2�M�i �/�2�b �T�2�`�i�m�`�#���i�B�Q�M�b�X �G�2�b �/�2�m�t �T�`�B�M�+�B�T���H�2�b
�b�Q�m�`�+�2�b �/�2 �T�2�`�i�m�`�#���i�B�Q�M �b�Q�M�i �H�� �/�B�b�i�Q�`�b�B�Q�M�- �B�X�2�X�- �m�M�2 �Q�T�û�`���i�B�Q�M �}�t�2 ���T�T�H�B�[�m�û�2 ���m �b�B�;�M���H�- �2�i �H�2 �#�`�m�B�i�-
�B�X�2�X�- �m�M �T�`�Q�+�2�b�b�m�b ���H�û���i�Q�B�`�2 �/�2 �T�2�`�i�m�`�#���i�B�Q�M �(�b�?���M�M�Q�M�n�+�Q�K�K�m�M�B�+���i�B�Q�M�n�R�N�9�N�)�X �G�2 �#�`�m�B�i �2�b�i
�m�M �û�H�û�K�2�M�i �+�H�û �/���M�b �H�� �i�?�û�Q�`�B�2 �/�2 �H�ö�B�M�7�Q�`�K���i�B�Q�M�- �+���` �+�ö�2�b�i �H�m�B �[�m�B �p�� �7�Q�M�/���K�2�M�i���H�2�K�2�M�i �H�B�K�B�i�2�` �H��
�+���T���+�B�i�û �/�ö�m�M �b�v�b�i���K�2 �¨ �i�`���M�b�K�2�i�i�`�2 �/�2 �H�ö�B�M�7�Q�`�K���i�B�Q�M�X �G�2 �#�`�m�B�i �2�b�i ���/�/�B�i�B�7 �2�i �T�2�m�i ���i�`�2 �B�M�i�2�`�M�2
�U�#�`�m�B�i �i�?�2�`�K�B�[�m�2�- �#�`�m�B�i �û�H�2�+�i�`�Q�M�B�[�m�2�- �2�i�+�X�V �Q�m �2�t�i�2�`�M�2 �U�B�M�i�2�`�7�û�`�2�M�+�2�b�- �2�i�+�X�V ���m �b�v�b�i���K�2 �c �H�� �T�H�m�T���`�i

�8



�@ �*�?�X�k �*�Q�K�K�m�M�B�+���i�B�Q�M�b ���+�Q�m�b�i�B�[�m�2�b

�/�m �i�2�K�T�b�- �B�H �2�b�i �K�Q�/�û�H�B�b�û �T���` �m�M �T�`�Q�+�2�b�b�m�b �/�2 �#�`�m�B�i �#�H���M�+ �;���m�b�b�B�2�M ���/�/�B�i�B�7 �U���q�:�L�R�V�X �l�M�2
�K�Q�/�û�H�B�b���i�B�Q�M �T�H�m�b ���p���M�+�û�2 �T�`�2�M�/�`�� �2�M �+�Q�K�T�i�2 �m�M �#�`�m�B�i �+�Q�H�Q�`�û�X

�G�ö�m�M �/�2�b ���T�T�Q�`�i�b �K���D�2�m�`�b �/�2 �*�X �1�X �a�?���M�M�Q�M �2�b�i �/�ö���p�Q�B�` �K�Q�M�i�`�û �[�m�2 �H�� �T�`�û�b�2�M�+�2 �/�2 �#�`�m�B�i
�B�K�T�H�B�[�m�2 �[�m�ö�B�H �2�t�B�b�i�2 �m�M�2 �H�B�K�B�i�2 �B�M�7�`���M�+�?�B�b�b���#�H�2 �/�2 �i�`���M�b�K�B�b�b�B�Q�M �T�Q�m�` �i�Q�m�i �b�v�b�i���K�2 �/�2 �+�Q�K�K�m�M�B�@
�+���i�B�Q�M�X �S�Q�m�` �H�2 �K�Q�M�i�`�2�`�- �*�X �1�X �a�?���M�M�Q�M �b�ö���T�T�m�B�2 �b�m�` �H�� �M�Q�i�B�Q�M �/�ö�2�M�i�`�Q�T�B�2�X

�1�M�i�`�Q�T�B�2�b�X�G�ö�2�M�i�`�Q�T�B�2 �/�2 �a�?���M�M�Q�MH (Y) �/�ö�m�M�2 �p���`�B���#�H�2 ���H�û���i�Q�B�`�2Y �2�b�i �/�Q�M�M�û�2 �T���` �H�� �`�2�H���i�B�Q�M

H (Y) = �
nX

i =1

pY (yi ) log2[pY (yi )]; �U�k�X�R�V

�Q�M �H�� �p���`�B���#�H�2 ���H�û���i�Q�B�`�2 �2�b�i �/�û�}�M�B�2 �b�m�` �m�M �2�M�b�2�K�#�H�2 �/�2n �b�v�K�#�Q�H�2�byi �Ui 2 [1; n]�V ���T�T���`�i�2�M���M�i �¨
�m�M ���H�T�?���#�2�i �/�Q�M�M�û�- ���p�2�+ �T�Q�m�` �+�?���+�m�M �m�M�2 �T�`�Q�#���#�B�H�B�i�û �/�ö���T�T���`�B�i�B�Q�MpY (yi )�X �1�t�T�`�B�K�û�2 �2�M �#���b�2 �k�-
�H�� �[�m���M�i�B�i�ûH (Y ) �`�2�T�`�û�b�2�M�i�2 �H�2 �M�Q�K�#�`�2 �K�Q�v�2�M �/�2 �#�B�i�b �M�û�+�2�b�b���B�`�2�b �T�Q�m�` �+�Q�/�2�` �/�2�b �i�B�`���;�2�b �/�2Y �-
�B�X�2�X�- �7�Q�m�`�M�B�i �m�M�2 �K�2�b�m�`�2 �/�ö�B�M�+�2�`�i�B�i�m�/�2 �/�2 �H�� �p���`�B���#�H�2 ���H�û���i�Q�B�`�2Y �X

�a�B �H�ö�Q�M �+�Q�M�b�B�/���`�2 �/�2�m�t �p���`�B���#�H�2�b ���H�û���i�Q�B�`�2�b �b�i���i�B�b�i�B�[�m�2�K�2�M�i �H�B�û�2�bX �2�iY �- �H�ö�2�M�i�`�Q�T�B�2 �+�Q�M�/�B�@
�i�B�Q�M�M�2�H�H�2H (X jY ) �2�t�T�`�B�K�2 �H�ö�B�M�+�2�`�i�B�i�m�/�2 �/�2 �H�� �p���`�B���#�H�2X �H�Q�`�b�[�m�2 �H�� �p���`�B���#�H�2Y �2�b�i �+�Q�M�M�m�2�X �1�H�H�2
�b�ö�û�+�`�B�i

H (X jY ) = �
X

i;j

pX jY (x j jyi )pY (yi ) log2[pX jY (x j jyi )]: �U�k�X�k�V

�A�M�7�Q�`�K���i�B�Q�M �K�m�i�m�2�H�H�2 �2�i �+���T���+�B�i�û�X�1�M �+�Q�M�b�B�/�û�`���M�i �m�M �+���M���H ���v���M�i �2�M �2�M�i�`�û�2 �m�M�2 �p���`�B���#�H�2
���H�û���i�Q�B�`�2X �2�i �`�2�b�i�B�i�m���M�i �2�M �b�Q�`�i�B�2 �m�M�2 �p���`�B���#�H�2 ���H�û���i�Q�B�`�2Y �- �H�ö�B�M�7�Q�`�K���i�B�Q�M �K�m�i�m�2�H�H�2I (X; Y )
�[�m���M�i�B�}�2 �H�2 �M�Q�K�#�`�2 �/�2 �#�B�i�b �i�`���M�b�K�B�b �b���M�b �2�`�`�2�m�`�b ���m �`�û�+�2�T�i�2�m�`�X �G�ö�B�M�7�Q�`�K���i�B�Q�M �K�m�i�m�2�H�H�2 �b�ö�2�t�T�`�B�K�2
�2�M �7�Q�M�+�i�B�Q�M �/�2 �H�ö�2�M�i�`�Q�T�B�2 �/�2 �a�?���M�M�Q�M �2�i �/�2 �H�ö�2�M�i�`�Q�T�B�2 �+�Q�M�/�B�i�B�Q�M�M�2�H�H�2�- �i�2�H�H�2 �[�m�2

I (X; Y ) = H (X ) � H (X jY ): �U�k�X�j�V

���B�M�b�B�- �H�� �+���T���+�B�i�û �K���t�B�K���H�2 �/�ö�m�M �+���M���H �b�ö�Q�#�i�B�2�M�i �2�M �i�`�Q�m�p���M�i �H�� �/�B�b�i�`�B�#�m�i�B�Q�M �/�2 �b�v�K�#�Q�H�2�b �û�K�B�b
�[�m�B �K���t�B�K�B�b�2 �H�ö�B�M�7�Q�`�K���i�B�Q�M �K�m�i�m�2�H�H�2

C = max
pX

[I (X; Y )]: �U�k�X�9�V

�.���M�b �H�2 �+���b �/�ö�m�M �+���M���H �/�û�T�Q�m�`�p�m �/�2 �T�2�`�i�m�`�#���i�B�Q�M�b�- �B�X�2�X�- �i�2�H �[�m�2H (X jY ) = 0 �- �H�2 �+���M���H �/�2 �T�`�Q�T���;���@
�i�B�Q�M �M�2 �i�`���M�b�K�2�i �[�m�2 �H�ö�B�M�7�Q�`�K���i�B�Q�M �m�i�B�H�2 �,I (X; Y ) = H (X )�X ���m �+�Q�M�i�`���B�`�2�- �/���M�b �H�2 �+���b �/�ö�m�M �+���M���H
�i�`���b �#�`�m�B�i�û�-H (X jY ) = H (X )�- �2�i �H�2 �+���M���H �M�2 �i�`���M�b�K�2�i ���m�+�m�M�2 �B�M�7�Q�`�K���i�B�Q�M �m�i�B�H�2 �,I (X; Y ) = 0 �X

�*���M���H �;���m�b�b�B�2�M�X�.���M�b �H�2 �+���b �;���m�b�b�B�2�M �U���p�2�+ �m�M �#�`�m�B�i ���q�:�L�V�- �B�H �2�t�B�b�i�2 �m�M�2 �2�t�T�`�2�b�b�B�Q�M ���M���H�v�@
�i�B�[�m�2 �/�2 �H�� �+���T���+�B�i�û �U�k�X�9�V�- �/�Q�M�M�û�2 �T���` �H�2 �i�?�û�Q�`���K�2 �/�2 �a�?���M�M�Q�M�@�>���`�i�H�2�v�- �,

CAW GN = B log2(1 +
PS

pB B
) [bit=s]; �U�k�X�8�V

�Q�MB �2�b�i �H�� �H���`�;�2�m�` �b�T�2�+�i�`���H�2 �/�m �b�B�;�M���H �U�p�Q�B�` �b�2�+�i�B�Q�M �b�m�B�p���M�i�2�V�-Ps�- �H�� �T�m�B�b�b���M�+�2 �/�m �b�B�;�M���H�- �2�i
pB �- �H�� �/�2�M�b�B�i�û �/�2 �T�m�B�b�b���M�+�2 �b�T�2�+�i�`���H�2 �/�m �#�`�m�B�i�X ���B�M�b�B�- �H�� �+���T���+�B�i�û �/�û�T�2�M�/ �/�m �`���T�T�Q�`�i �b�B�;�M���H �b�m�`
�#�`�m�B�i �U�_�a�"�VPS=pB B �2�i �/�2 �H�� �H���`�;�2�m�` �b�T�2�+�i�`���H�2B �X �S���` ���B�H�H�2�m�`�b�- �H�2 �_�a�" �/�û�T�2�M�/ �û�;���H�2�K�2�M�i�- �2�M�i�`�2
���m�i�`�2�b�- �/�2B �X

���B�M�b�B�- �H�Q�`�b�[�m�2 �H�2 �_�a�" �2�b�i �7���B�#�H�2�- �B�X�2�X�- �i�`���b �T�2�i�B�i �/�2�p���M�i �R�-CAW GN �/�û�T�2�M�/ �H�B�M�û���B�`�2�K�2�M�i �/�m
�`���T�T�Q�`�iPS=pB �,

CAW GN = B log2(1 +
PS

pB B
) �

PS

pB
(loge(2)) � 1 �T�Q�m�`

PS

pB B
� 0; �U�k�X�e�V

�R�X���q�:�L �, ���#�`�û�p�B���i�B�Q�M �/�m �i�2�`�K�2 ���M�;�H���B�b ���/�/�B�i�B�p�2 �q�?�B�i�2 �:���m�b�b�B���M �L�Q�B�b�2�X

�e



�k�X�R �ú�H�û�K�2�M�i�b �/�2 �H�� �i�?�û�Q�`�B�2 �/�2 �H�ö�B�M�7�Q�`�K���i�B�Q�M

�2�i�- �H�Q�`�b�[�m�2 �H�2 �_�a�" �2�b�i �7�Q�`�i�- �B�X�2�X�- �i�`���b �;�`���M�/ �/�2�p���M�i �R�-CAW GN �/�û�T�2�M�/ �H�Q�;���`�B�i�?�K�B�[�m�2�K�2�M�i �/�m
�_�a�" �,

CAW GN = B log2(1 +
PS

pB B
) � B log2(

PS

pB B
) �T�Q�m�`

PS

pB B
� 1: �U�k�X�d�V

�G�� �}�;�m�`�2�k�X�k�`�2�T�`�û�b�2�M�i�2 �H�ö�û�p�Q�H�m�i�B�Q�M �/�2 �H�� �+���T���+�B�i�û �T�Q�m�` �m�M�2 �H���`�;�2�m�` �b�T�2�+�i�`���H�2 �2�i �m�M�2 �/�2�M�b�B�i�û �/�2
�T�m�B�b�b���M�+�2 �b�T�2�+�i�`���H�2 �/�m �#�`�m�B�i �+�Q�M�b�i���M�i�2�b�- �B�X�2�X�- �2�M �7���B�b���M�i ���m�;�K�2�M�i�2�` �H�� �T�m�B�b�b���M�+�2 �`�2�Ï�m�2PS�X

�6�B�;�m�`�2�k�X�k �� �*���T���+�B�i�û �/�m �+���M���H ���q�L�: �2�M �7�Q�M�+�i�B�Q�M �/�m �_�a�" �T�Q�m�`B = 1 �F�>�x�X

�G�� �}�;�m�`�2�k�X�j�T�2�`�K�2�i �/�ö�Q�#�b�2�`�p�2�` �H�2 �+�Q�K�T�Q�`�i�2�K�2�M�i �/�2 �H�� �+���T���+�B�i�û �2�M �7�Q�M�+�i�B�Q�M �/�2 �H�� �H���`�;�2�m�`
�b�T�2�+�i�`���H�2�- �T�Q�m�` �m�M �`���T�T�Q�`�i �T�m�B�b�b���M�+�2 �`�2�Ï�m�2 �b�m�` �/�2�M�b�B�i�û �/�2 �T�m�B�b�b���M�+�2 �b�T�2�+�i�`���H�2 �/�m �#�`�m�B�i �+�Q�M�b�i���M�i�X

�6�B�;�m�`�2�k�X�j �� �*���T���+�B�i�û �/�m �+���M���H �/�2 �T�`�Q�T���;���i�B�Q�M ���q�:�L �2�M �7�Q�M�+�i�B�Q�M �/�2 �H�� �H���`�;�2�m�` �b�T�2�+�i�`���H�2�-
�T�Q�m�`PS=pB = 102 �b� 1�X

�_�û�;�B�Q�M�b �H�B�K�B�i�2�b�X�P�M �b�2 �T�H���+�2 �/���M�b �H�2 �+���b �/�ö�m�M �`���T�T�Q�`�iPS=pB �+�Q�M�b�i���M�i�X �a�B �H�� �H���`�;�2�m�` �b�T�2�+�i�`���H�2
�/�B�K�B�M�m�2�- �H�� �+���T���+�B�i�û ���/�Q�T�i�2 �H�2 �+�Q�K�T�Q�`�i�2�K�2�M�i �/�û�+�`�B�i �T���` �H�ö�û�[�m���i�B�Q�M �U�k�X�d�V�- �B�H�H�m�b�i�`�û�- �b�m�` �H�� �}�;�m�`�2
�k�X�j�- �T���` �H�� �`�û�;�B�Q�M �/�2 �H�� �H���`�;�2�m�` �b�T�2�+�i�`���H�2 �H�B�K�B�i�2�X �.���M�b �+�2�i�i�2 �`�û�;�B�Q�M�- �H�2�b �p���`�B���i�B�Q�M�b �/�2B ���m�`�Q�M�i �m�M
�7�Q�`�i �B�K�T���+�i �b�m�`CAW GN �X ���m �+�Q�M�i�`���B�`�2�- �b�B �H�� �H���`�;�2�m�` �b�T�2�+�i�`���H�2 ���m�;�K�2�M�i�2�- �H�� �+���T���+�B�i�û ���/�Q�T�i�2 ���H�Q�`�b
�H�2 �+�Q�K�T�Q�`�i�2�K�2�M�i �/�û�+�`�B�i �T���` �H�ö�û�[�m���i�B�Q�M�k�X�e�- �B�H�H�m�b�i�`�û�- �b�m�` �H�� �}�;�m�`�2�k�X�j�- �T���` �H�� �`�û�;�B�Q�M �/�2 �H�� �T�m�B�b�b���M�+�2
�H�B�K�B�i�2�X �.���M�b �+�2�i�i�2 �`�û�;�B�Q�M�- �H�2�b �p���`�B���i�B�Q�M�b �/�2B ���m�`�Q�M�i �m�M �7���B�#�H�2 �B�K�T���+�i �b�m�`CAW GN �X �*�2�H�� �K�Q�M�i�`�2
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�T�H�m�b �7���B�#�H�2�X

�.���M�b �/�2�b �+�Q�M�/�B�i�B�Q�M�b �/�2 �+�?���K�T �T�`�Q�+�?�2�- �H�2�b �/�B�K�2�M�b�B�Q�M�b �/�2 �H�� �i���+�?�2 �7�Q�+���H�2�- �B�X�2�X�- �H�2 �p�Q�H�m�K�2 �/���M�b
�H�2�[�m�2�Hy(t; ~x0) �2�b�i3 �/�" �2�M �/�2�b�b�Q�m�b �/�m �K���t�B�K�m�K �/�2 �+�2�H�H�2�@�+�B�- �b�Q�M�i �+���`���+�i�û�`�B�b�i�B�[�m�2�b �/�ö�m�M�2 �7�Q�`�K�2
�Q�#�H�Q�M�;�m�2 ���m�i�Q�m�` �/�m �T�Q�B�M�i �7�Q�+���H�- �b�B�i�m�û �¨ �H�� �/�B�b�i���M�+�2 �7�Q�+���H�2F �/�2 �H�ö���M�i�2�M�M�2�- �+�Q�K�K�2 �`�2�T�`�û�b�2�M�i�û�2
�b�m�` �H�� �}�;�m�`�2�k�X�e�X �S�Q�m�` �/�2�b �b�B�;�M���m�t �K�Q�M�Q�+�?�`�Q�K���i�B�[�m�2�b�- �H�� �H�Q�M�;�m�2�m�`L �2�i �H�� �H���`�;�2�m�`l �/�2 �H�� �i���+�?�2
�7�Q�+���H�2 �b�Q�M�i �/�Q�M�M�û�2�b �T���`

L = 7 � (
F
D

)2 �2�i l = �
F
D

; �U�k�X�R�8�V

�Q�MD �2�b�i �H�� �H���`�;�2�m�` �/�2 �H�ö���M�i�2�M�M�2 �2�i� �H�� �H�Q�M�;�m�2�m�` �/�ö�Q�M�/�2 �/�m �b�B�;�M���H�X ���B�M�b�B�- �H�� �/�û�i�2�+�i�B�Q�M �/�2 �H��
�T�Q�b�B�i�B�Q�M �K���t�B�K�m�K �T�2�`�K�2�i �/�2 �H�Q�+���H�B�b�2�` �H�� �b�Q�m�`�+�2�X �1�M �+�?���K�T �H�Q�B�M�i���B�M�- �b�2�m�H �H�ö���M�;�H�2 �/�ö�B�M�+�B�/�2�M�+�2
�T�2�m�i ���i�`�2 �2�b�i�B�K�û�X

�*�2�i�i�2 �K�û�i�?�Q�/�2 �/�2 �H�Q�+���H�B�b���i�B�Q�M �2�b�i �m�M�2 �K�û�i�?�Q�/�2 �+�H���b�b�B�[�m�2 �T���` �`�2�i���`�/ �2�i �b�Q�K�K���i�B�Q�M �U�_�a�V�X �G��
�7�Q�`�K���i�B�Q�M �/�2 �p�Q�B�2�b �T�2�m�i �û�;���H�2�K�2�M�i ���i�`�2 �`�û���H�B�b�û�2 �T���` �/�2�b �K�û�i�?�Q�/�2�b �/�ö�Q�T�i�B�K�B�b���i�B�Q�M�- �Q�M �2�H�H�2 �2�b�i
�b�Q�H�m�i�B�Q�M �/�ö�m�M �T�`�Q�#�H���K�2 �/�ö�Q�T�i�B�K�B�b���i�B�Q�M�- �Q�m �2�M�+�Q�`�2 �T���` �/�2�b �K�û�i�?�Q�/�2�b �?���m�i�2 �`�û�b�Q�H�m�i�B�Q�M �T���` �/�û�+�Q�K�@
�T�Q�b�B�i�B�Q�M�X �G�2 �`�û�b�m�H�i���i �Q�#�i�2�M�m �/���M�b �H�ö�û�[�m���i�B�Q�M�k�X�R�9�T�2�m�i ���i�`�2 �B�M�i�2�`�T�`�û�i�û �+�Q�K�K�2 �m�M�2 �+�Q�M�p�Q�H�m�i�B�Q�M
�b�T���i�B���H�2 �/�2 �H�� �`�û�T�Q�M�b�2 �/�2 �H�ö���M�i�2�M�M�2�X �G�ö�B�/�2�M�i�B�}�+���i�B�Q�M �2�i �H�� �H�Q�+���H�B�b���i�B�Q�M�- �B�X�2�X�- �H�� �/�B�`�2�+�i�B�p�B�i�û �2�i �H��
�T�Q�b�B�i�B�Q�M �/���M�b �H�ö�2�b�T���+�2�- �/�2 �H�� �b�Q�m�`�+�2 �T�Q�m�`�`�Q�M�i �/�Q�M�+ ���i�`�2 �`�û���H�B�b�û�2�b �T���` �/�û�+�Q�M�p�Q�H�m�i�B�Q�M�- ���p�2�+ �/�2�b
���H�;�Q�`�B�i�?�K�2�b �/�û�/�B�û�b �i�2�H�b �[�m�2 �.���J���a�N �Q�m �H�� �7���K�B�H�H�2 �/�2�b ���H�;�Q�`�B�i�?�K�2�b �?���m�i�2 �`�û�b�Q�H�m�i�B�Q�M �/�2 �i�v�T�2
�*�G�1���L�- �T�Q�m�` �M�2 �+�B�i�2�` �[�m�ö�2�m�t�X

�N�X�.���J���a �, ���#�`�û�p�B���i�B�Q�M �/�m �i�2�`�K�2 ���M�;�H���B�b �.�2�+�Q�M�p�Q�H�m�i�B�Q�M ���T�T�`�Q���+�? �7�Q�` �i�?�2 �J���T�T�B�M�; �Q�7 ���+�Q�m�b�i�B�+ �a�Q�m�`�+�2�b
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�@ �*�?�X�k �*�Q�K�K�m�M�B�+���i�B�Q�M�b ���+�Q�m�b�i�B�[�m�2�b

�.���M�b �H�2 �+���b �/�m �+�?���K�T �H�Q�B�M�i���B�M�-k~xS � ~xi k � F + id sin(� 0)�- �Q�Md �2�b�i �H�� �/�B�b�i���M�+�2 �B�M�i�2�`�@�û�H�û�K�2�M�i�-
F �2�b�i �H�� �/�B�b�i���M�+�2 �7�Q�+���H�2�- �B�X�2�X�- �H�� �/�B�b�i���M�+�2 �2�M�i�`�2 �H�2 �`�û�b�2���m �2�i �H�� �b�Q�m�`�+�2�- �2�i� 0 �2�b�i �H�ö���M�;�H�2 �2�M�i�`�2 �H��
�b�Q�m�`�+�2 �2�i �H�2 �`�û�b�2���m �T���` �`���T�T�Q�`�i �¨ �H�� �M�Q�`�K���H�2 �¨ �H�ö���t�2 �/�m �`�û�b�2���m�X �*�2�i�i�2 ���T�T�`�Q�t�B�K���i�B�Q�M �2�b�i �p���H���#�H�2
���m�@�/�2�H�¨ �/�2 �H�� �/�B�b�i���M�+�2 �/�2 �6�`���m�M�?�Q�7�2�`dF r �- �/�û�}�M�B�2 �i�2�H�H�2 �[�m�2

dF r =
2D 2f

c0
: �U�k�X�R�e�V

�6�B�;�m�`�2�k�X�e �� �h���+�?�2 �7�Q�+���H�2 �2�M �+�?���K�T �H�B�#�`�2�X

�.���M�b �+�2�i�i�2 ���T�T�`�Q�t�B�K���i�B�Q�M�- �Q�M �T�2�m�i �2�b�i�B�K�2�` �H�� �`�û�T�Q�M�b�2 ���M�;�m�H���B�`�2R(� ) �/�ö�m�M �`�û�b�2���m �/�2N
�û�H�û�K�2�M�i�b �/�B�b�+�`�2�i�b�- �T�Q�m�` �m�M�2 �Q�M�/�2 �/�ö���M�;�H�2 �/�ö�B�M�+�B�/�2�M�+�2� 0�X �1�H�H�2 �2�b�i �/�Q�M�M�û�2 �T���`

R(� ) =
1
N

�
�
�
�
�
�

sinc

h
1
2kD (sin � � sin � 0)

i

sinc

h
1
2kd(sin � � sin � 0)

i

�
�
�
�
�
�
; �U�k�X�R�d�V

�Q�Mk = 2 �=� �2�isinc �2�b�i �H�� �7�Q�M�+�i�B�Q�M �b�B�M�m�b �+���`�/�B�M���H�X �a�B �H�ö�û�+���`�i�2�K�2�M�i �2�M�i�`�2 �H�2�b �û�H�û�K�2�M�i�b �/�2 �H�ö���M�i�2�M�M�2
�2�b�i �B�M�7�û�`�B�2�m�` �¨ �H�� �/�2�K�B�@�H�Q�M�;�m�2�m�` �/�ö�Q�M�/�2�- �Q�M �T�2�m�i ���T�T�`�Q�t�B�K�2�` �H�� �`�û�T�Q�M�b�2 ���M�;�m�H���B�`�2 �2�M �H�ö�û�+�`�B�p���M�i

R(� ) �
1
N

�
�
�
�sinc

�
1
2

kD (sin � � sin � 0)
� �
�
�
� : �U�k�X�R�3�V

�6�B�;�m�`�2�k�X�d �� �_���v�Q�M�M�2�K�2�M�i �/�ö���M�i�2�M�M�2�b �/�2 �3 �û�H�û�K�2�M�i�b �+�Q�`�`�2�+�i�2�K�2�M�i �û�+�?���M�i�B�H�H�Q�M�M�û�2 �U�}�;�m�`�2 �/�2
�;���m�+�?�2�V �2�i �b�Q�m�b�@�û�+�?���M�i�B�H�H�Q�M�M�û�2 �U�}�;�m�`�2 �/�2 �/�`�Q�B�i�2�V ���p�2�+f = 3 �F�>�x�-c0 = 340 �K�f�b �2�i� 0 = 0 � �X

�G�� �}�;�m�`�2�k�X�d�`�2�T�`�û�b�2�M�i�2 �H�2 �`�2�M�/�2�K�2�M�iR(� ) �M�Q�`�K���H�B�b�û �/�ö�m�M �`�û�b�2���m �/�2 �3 �û�H�û�K�2�M�i�b �T�Q�m�` �m�M�2
�Q�M�/�2 �B�M�+�B�/�2�M�i�2 �M�Q�`�K���H�2 �U� 0 = 0 � �V �2�i �/�2 �7�`�û�[�m�2�M�+�2f = 3 �F�>�x�X �G�2 �b�B�M�m�b �+���`�/�B�M���H �7���B�i ���T�T���`���W�i�`�2
�m�M �H�Q�#�2 �T�`�B�M�+�B�T���H �2�i �/�2�b �H�Q�#�2�b �b�2�+�Q�M�/���B�`�2�b�X �G�2 �+���b �Q�M �H�2 �`�û�b�2���m �2�b�i �+�Q�`�`�2�+�i�2�K�2�M�i �û�+�?���M�i�B�H�H�Q�M�M�û �2�b�i
�`�2�T�`�û�b�2�M�i�û �¨ �;���m�+�?�2 �/���M�b �H�� �}�;�m�`�2�k�X�d�X �a�B �H�ö�û�+���`�i�2�K�2�M�i �2�M�i�`�2 �H�2�b �û�H�û�K�2�M�i�b �2�b�i �b�m�T�û�`�B�2�m�` �¨ �H�� �/�2�K�B�@
�H�Q�M�;�m�2�m�` �/�ö�Q�M�/�2�- �H�2 �/�û�M�Q�K�B�M���i�2�m�` �/�2 �H�ö�û�[�m���i�B�Q�M�k�X�R�d�/�2�p�B�2�M�i �T�H�m�b �7���B�#�H�2 �[�m�2 �R �2�i �2�M�i�`���W�M�2 �m�M�2
���K�T�H�B�}�+���i�B�Q�M �/�2�b �H�Q�#�2�b �b�2�+�Q�M�/���B�`�2�b �, �Q�M �/�B�i �[�m�2 �H�2 �`�û�b�2���m �2�b�i �b�Q�m�b�@�û�+�?���M�i�B�H�H�Q�M�M�û�- �+�Q�K�K�2 �`�2�T�`�û�b�2�M�i�û
�¨ �/�`�Q�B�i�2 �/���M�b �H�� �}�;�m�`�2�k�X�d�X �.���M�b �+�2�i�i�2 �+�Q�M�}�;�m�`���i�B�Q�M�- �Q�M �p�Q�B�i �/�Q�M�+ ���T�T���`���W�i�`�2 �T�û�`�B�Q�/�B�[�m�2�K�2�M�i �/�2�b
�H�Q�#�2�b �/�Q�M�i �H�ö���K�T�H�B�i�m�/�2 �2�b�i �û�;���H�2 �¨ �+�2�H�H�2 �/�m �H�Q�#�2 �T�`�B�M�+�B�T���H �c �+�2 �b�Q�M�i �H�2�b �H�Q�#�2�b �/�2 �`�û�b�2���m�X �G�� �H���`�;�2�m�`
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�k�X�k �ú�H�û�K�2�M�i�b �/�ö���+�Q�m�b�i�B�[�m�2

�� �/�m �H�Q�#�2 �T�`�B�M�+�B�T���H �2�i �/�2�b �H�Q�#�2�b �/�2 �`�û�b�2���m �2�b�i �/�Q�M�M�û�2 �T���`sin(�� ) = �=D �X �G�� �T�`�û�b�2�M�+�2 �/�2 �H�Q�#�2�b
�/�2 �`�û�b�2���m �B�M�/�m�B�i �m�M�2 �B�M�/�û�i�2�`�K�B�M���i�B�Q�M �b�m�` �H�ö���M�;�H�2 �/�ö�B�M�+�B�/�2�M�+�2�X

�_�û�+�B�T�`�Q�[�m�2�K�2�M�i�- �T�Q�m�` �m�M �`�û�b�2���m �/�ö�û�K�2�i�i�2�m�`�b�- �m�M�2 �Q�M�/�2 �T�2�m�i�@���i�`�2 �7�Q�+���H�B�b�û�2 �2�M ���T�T�H�B�[�m���M�i �m�M
�`�2�i���`�/� � i �b�m�` �+�?���[�m�2 �p�Q�B�2 �/�ö�û�K�B�b�b�B�Q�M �/�ö�m�M�2 ���M�i�2�M�M�2 �/�ö�û�K�2�i�i�2�m�`�b�X �G�2�b �T�`�Q�T�`�B�û�i�û�b �/�2 �7�Q�+���H�B�b���i�B�Q�M
�U�H���`�;�2�m�` �2�i �H�Q�M�;�m�2�m�`�V �2�i �/�2 �`���v�Q�M�M�2�K�2�M�i �b�Q�M�i ���H�Q�`�b �B�/�2�M�i�B�[�m�2�b �¨ �+�2�H�H�2�b �/�m �7�Q�`�K�2�m�` �/�2 �`�û�b�2���m �2�i
�/�2 �`���v�Q�M�M�2�K�2�M�i �p�m �T�`�û�+�/�œ�2�K�K�2�M�i�X
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�j �%�*�Q�K�K�m�M�B�+���i�B�Q�M�b �K�Q�M�Q�@�û�H�û�K�2�M�i

�j�X�R�A�M�i�`�Q�/�m�+�i�B�Q�M

�l�M �b�v�b�i���K�2 �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M �i�`���M�b�K�2�i �/�2 �H�ö�B�M�7�Q�`�K���i�B�Q�M �/���M�b �H�2 �K�B�H�B�2�m �/�2 �T�`�Q�T���;���i�B�Q�M �2�M�i�`�2
�m�M �û�K�2�i�i�2�m�` �U�h�t�V �2�i �m�M �`�û�+�2�T�i�2�m�` �U�_�t�V ���m �i�`���p�2�`�b �/�ö�m�M �+���M���H �/�2 �T�`�Q�T���;���i�B�Q�M �U�+�7�X �}�;�m�`�2�k�X�R�V�X
�G�2�b �K�Q�/�m�H�2�b �h�t �2�i �_�t �T�2�m�p�2�M�i ���i�`�2 �+�Q�M�b�i�B�i�m�û�b�- �B�M�/�û�T�2�M�/���K�K�2�M�i�- �/�ö�m�M �Q�m �T�H�m�b�B�2�m�`�b �û�H�û�K�2�M�i�b�-
�+�2 �[�m�B �+�Q�M�/�m�B�i ���B�M�b�B �¨ �T�H�m�b�B�2�m�`�b �+�Q�M�}�;�m�`���i�B�Q�M�b�X �l�M�2 �+�Q�M�}�;�m�`���i�B�Q�M �2�b�i �/�û�}�M�B�2 �T���` �H�2 �M�Q�K�#�`�2
�/�ö�2�M�i�`�û�2�b�f�b�Q�`�i�B�2�b �U�A�f�P�R�V�- �Q�M �H�2�b �û�K�2�i�i�2�m�`�b �b�Q�M�i �H�2�b �2�M�i�`�û�2�b �2�i �H�2�b �`�û�+�2�T�i�2�m�`�b�- �H�2�b �b�Q�`�i�B�2�b �/�m �b�v�b�i���K�2
�/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M�X �G�2�b �[�m���i�`�2 �T�`�B�M�+�B�T���m�t �b�+�?�û�K���b �/�2 �i�`���M�b�K�B�b�b�B�Q�M �b�Q�M�i ���H�Q�`�b �,

� �a�A�a�P �U�2�M�i�`�û�2 �m�M�B�[�m�2 �@ �b�Q�`�i�B�2 �m�M�B�[�m�2�V �c
� �J�A�a�P �U�K�m�H�i�B�T�H�2�b �2�M�i�`�û�2�b �@ �b�Q�`�i�B�2 �m�M�B�[�m�2�V �c
� �a�A�J�P �U�2�M�i�`�û�2 �m�M�B�[�m�2 �@ �K�m�H�i�B�T�H�2�b �b�Q�`�i�B�2�b�V �c
� �J�A�J�P �U�K�m�H�i�B�T�H�2�b �2�M�i�`�û�2�b �@ �K�m�H�i�B�T�H�2�b �b�Q�`�i�B�2�b�V�X
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�T�`�Q�T�Q�b�û�b �/���M�b �H�� �b�2�+�i�B�Q�M�j�X�9�X

���#�Q�`�/���M�i �/�2�b �T�`�û�Q�+�+�m�T���i�B�Q�M�b �T�H�m�b �T�`���i�B�[�m�2�b�- �H�� �b�2�+�i�B�Q�M�j�X�8�T�`�û�b�2�M�i�2 �H�2 �/�B�b�T�Q�b�B�i�B�7 �2�t�T�û�`�B�K�2�M�i���H
�[�m�B �T�2�`�K�2�i �H�� �`�û���H�B�b���i�B�Q�M �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M�b �2�M �m�H�i�`���b�Q�M�b �T�`�Q�+�?�2�b �a�A�a�P �2�i �J�l�@�a�A�a�P �/���M�b �H�ö���B�`�X
�G�2 �T�`�Q�i�Q�i�v�T�2 �/�2 �/�B�b�T�Q�b�B�i�B�7 �[�m�2 �M�Q�m�b ���p�Q�M�b �+�Q�M�Ï�m �2�i �B�K�T�H�û�K�2�M�i�û �2�b�i �+���`���+�i�û�`�B�b�û ���+�Q�m�b�i�B�[�m�2�K�2�M�i �2�M
�+�?���K�#�`�2 ���M�û�+�?�Q�[�[�m�2�d�- �2�i �H�2�b �+�Q�M�}�;�m�`���i�B�Q�M�b �2�M �B�M�i�û�`�B�2�m�` �[�m�2 �M�Q�m�b ���p�Q�M�b �`�2�i�2�M�m�2�b �T�Q�m�` �H�2�b �K�2�b�m�`�2�b
�2�t�T�û�`�B�K�2�M�i���H�2�b �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M�b �b�Q�M�i �/�û�i���B�H�H�û�2�b�X �S�Q�m�` �+�?���+�m�M�2 �/�ö�2�M�i�`�2 �2�H�H�2�b�- �H�2�b �`�û�b�m�H�i���i�b �/�2
�"�1�_ �Q�#�i�2�M�m�b �2�M �7�Q�M�+�i�B�Q�M �/�m �_�a�" �b�Q�M�i �T�`�û�b�2�M�i�û�b�X

�1�M�}�M�- �H�� �b�2�+�i�B�Q�M�j�X�d�2�b�i �/�û�/�B�û�2 �¨ �H�� �+�Q�M�+�H�m�b�B�Q�M �/�m �+�?���T�B�i�`�2�j�X

�j�X�k �*�?�B�`�T�b �H�B�M�û���B�`�2�b

�G�� �K�Q�/�m�H���i�B�Q�M �/�2 �7�`�û�[�m�2�M�+�2 �H�B�M�û���B�`�2�- ���m�b�b�B ���T�T�2�H�û�2 �+�?�B�`�T �H�B�M�û���B�`�2 �U�Q�m �b�B�K�T�H�2�K�2�M�i �+�?�B�`�T�V�- �2�b�i
�m�M�2 �K�Q�/�m�H���i�B�Q�M �T���` �û�i���H�2�K�2�M�i �/�2 �b�T�2�+�i�`�2�X �*�2�i�i�2 �i�2�+�?�M�B�[�m�2 �� �û�i�û �/�û�p�2�H�Q�T�T�û�2 �T���` �C�X �_�X �E�H���m�@
�/�2�` �/���M�b �H�2�b ���M�M�û�2�b �R�N�e�y ���}�M �/�ö���K�û�H�B�Q�`�2�` �H�2�b �T�2�`�7�Q�`�K���M�+�2�b �/�2�b �b�v�b�i���K�2�b �a�P�L���_ �2�i �_���.���_
�(�F�H���m�/�2�`�n�i�?�2�Q�`�v�n�R�N�e�y�)�X �G�� �7�Q�`�K�m�H���i�B�Q�M �+�Q�M�i�B�M�m�2 �/�ö�m�M �+�?�B�`�Tcn �2�b�i �/�Q�M�M�û�2 �T���`

cn (t) = DT;� (t) sin( n (t)) ; �U�j�X�R�V

�Q�M n (t) �2�b�i �H�� �T�?���b�2 �B�M�b�i���M�i���M�û�2�X
�S�Q�m�` �b�2 �T�`�û�K�m�M�B�` �/�ö���`�i�2�7���+�i�b ���m�/�B�#�H�2�b �¨ �H�ö�û�K�B�b�b�B�Q�M�- �/�m�b ���m�t �b���m�i�b �/�2 �7�`�û�[�m�2�M�+�2 �2�M�i�`�2 �H�2�b

�b�v�K�#�Q�H�2�b �b�m�+�+�2�b�b�B�7�b�- �û�;���H�2�K�2�M�i ���T�T�2�H�û�b �û�p���b�B�Q�M �/�2 �7�`�û�[�m�2�M�+�2�b�- �Q�M ���T�T�H�B�[�m�2 �m�M �7�2�M���i�`���;�2 �/�2 �h�m�F�2�v
DT;� (t) �/���M�bcn (t)�X �G�2 �+�?�Q�B�t �/�ö�m�M �i�2�H �7�2�M���i�`���;�2 �� �û�i�û �7���B�i �T���` �a�i�B�K�b�?�Q�T�- �/�m�`���M�i �H�� �T�?���b�2 �B�M�B�i�B���H�2
�/�2 �_���.�- ���}�M �/�ö���T�Q�/�B�b�2�` �m�M�B�[�m�2�K�2�M�i �H�2�b �2�t�i�`�û�K�B�i�û�b �/�m �+�?�B�`�T �i�Q�m�i �2�M �+�Q�M�b�2�`�p���M�i �m�M�2 �7�Q�`�K�2 �7���+�B�H�2
�¨ �B�K�T�H�û�K�2�M�i�2�` �2�M �û�H�2�+�i�`�Q�M�B�[�m�2 �2�K�#���`�[�m�û�X �1�M �2�z�2�i�- �m�M �i�`�Q�T �;�`���M�/ �û�+���`�i �/�2 �7�`�û�[�m�2�M�+�2 �b�m�` �m�M

�8�X�G�Q�_���q���L �, �T�`�Q�i�Q�+�Q�H�2 �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M �_�6 �#���b �/�û�#�B�i �2�i �¨ �i�`���b �H�Q�M�;�m�2 �T�Q�`�i�û�2 �U�T�H�m�b�B�2�m�`�b �/�B�x���B�M�2�b �/�2 �F�B�H�Q�@
�K���i�`�2�b�V ���p�2�+ �m�M�2 �7���B�#�H�2 �+�Q�M�b�Q�K�K���i�B�Q�M�X

�e�X�"�S�a�E �, ���#�`�û�p�B���i�B�Q�M �/�m �i�2�`�K�2 ���M�;�H���B�b �"�B�M���`�v �S�?���b�2�@�a�?�B�7�i �E�2�v�B�M�;�X
�d�X�l�M�2 �+�?���K�#�`�2 ���M�û�+�?�Q�[�[�m�2�- �Q�m �+�?���K�#�`�2 �b�Q�m�`�/�2�- �2�b�i �m�M�2 �b���H�H�2 �/�Q�M�i �i�Q�m�i�2�b �H�2�b �T���`�Q�B�b ���#�b�Q�`�#�2�M�i �H�2�b �Q�M�/�2�b �b�Q�M�Q�`�2�b�-

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

�i�2�K�T�b �+�Q�m�`�i �+�Q�M�i�`���B�M�i �H�ö�û�K�2�i�i�2�m�` �¨ �m�M �+�?���M�;�2�K�2�M�i �i�`�Q�T �`���T�B�/�2 �/�2 �b�Q�M �+�Q�K�T�Q�`�i�2�K�2�M�i�- �+�2 �[�m�B
�T�2�m�i �T�`�Q�/�m�B�`�2 �m�M �T�?�û�M�Q�K���M�2 �/�2 �/�B�b�i�Q�`�b�B�Q�M �2�i �2�M�;�2�M�/�`�2�` �m�M�2 �b�Q�`�i�2 �/�2 �+�H���[�m�2�K�2�M�i �/���M�b �H�2 �b�T�2�+�i�`�2
���m�/�B�#�H�2�X �l�M�2 �7�2�M���i�`�2 �/�2 �h�m�F�2�v�- �/�2 �T���`���K���i�`�2� �2�i �/�2 �i���B�H�H�2T �U�i�2�K�T�b �b�v�K�#�Q�H�2 �/�m �+�?�B�`�T�V�- �b�ö�û�+�`�B�i
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�G�� �}�;�m�`�2�j�X�R�`�2�T�`�û�b�2�M�i�2 �m�M�2 �7�2�M���i�`�2 �/�2 �h�m�F�2�v�- �/�2 �/�m�`�û�2T�- �T�Q�m�` �m�M�2 �p���H�2�m�` �T���`�i�B�+�m�H�B���`�2 �/�m
�T���`���K���i�`�2� �X

�6�B�;�m�`�2�j�X�R �� �6�2�M���i�`�2 �/�2 �h�m�F�2�v �/�2 �T���`���K���i�`�2� = 0 :5 �2�i �/�2 �/�m�`�û�2T�X

�G�� �T�?���b�2 n �/�ö�m�M �+�?�B�`�T �H�B�M�û���B�`�2 �/�û�T�2�M�/ �/�2�b �T�m�H�b���i�B�Q�M�b �/�2 �/�û�T���`�i! 0 �2�i �/�ö���`�`�B�p�û�2! 1�- �2�t�T�`�B�K�û�2�b
�2�M �`���/�B���M�b�- ���B�M�b�B �[�m�2 �/�2T �2�i �b�ö�û�+�`�B�i

 n (t) = n
� !
2T

t2 + ! 0t; �U�j�X�j�V

�Q�M
� ! = j! 1 � ! 0j = 2 �B; �U�j�X�9�V

���p�2�+B �- �H�� �H���`�;�2�m�` �/�2 �#���M�/�2 �/�m �+�?�B�`�T�- �2�in�- �H�2 �b�B�;�M�2 �/�m �+�Q�2�{�+�B�2�M�i �/�B�`�2�+�i�2�m�` �/�m �+�?�B�`�T�- �+�`�Q�B�b�b���M�i
�Un = 1 �V �Q�m �/�û�+�`�Q�B�b�b���M�i �Un = � 1�V�- �2�i �/�û�}�M�B �T���`

n =
! 1 � ! 0

j! 1 � ! 0j
: �U�j�X�8�V

�.���M�b �H�2 �+���b �/�ö�m�M �+�Q�2�{�+�B�2�M�i �/�B�`�2�+�i�2�m�` �+�`�Q�B�b�b���M�i�- �Q�M �T���`�H�2 �û�;���H�2�K�2�M�i �/�2 �+�?�B�`�T �K�Q�M�i���M�i�- �+�Q�K�K�2
�b�m�` �H�� �}�;�m�`�2�j�X�k�- �2�i �T�Q�m�` �m�M �+�Q�2�{�+�B�2�M�i �/�B�`�2�+�i�2�m�` �/�û�+�`�Q�B�b�b���M�i�- �Q�M �T���`�H�2 �/�2 �+�?�B�`�T �/�2�b�+�2�M�/���M�i�X �G��
�T�?���b�2 n (t) �2�b�i �[�m���/�`���i�B�[�m�2�- �+�2 �[�m�B �T�2�`�K�2�i �/�ö���p�Q�B�` �m�M�2 �7�`�û�[�m�2�M�+�2 �B�M�b�i���M�i���M�û�2f i (t) �H�B�M�û���B�`�2 �U�/�ö�Q�M
�H�2 �M�Q�K �/�2 �H�� �K�Q�/�m�H���i�B�Q�M�V �i�2�H�H�2 �[�m�2

f i (t) =
@ n (t)

@t
= n

� !
T

t + ! 0: �U�j�X�e�V

�P�M �i�`�Q�m�p�2�`���- �/���M�b �H�ö���M�M�2�t�2�� �- �H�2 �/�û�i���B�H �/�2 �H�� �7�Q�`�K�m�H���i�B�Q�M �/�B�b�+�`���i�2 �/�ö�m�M �+�?�B�`�T �2�M �m�i�B�H�B�b���M�i �H�� �T�?���b�2
�+�m�K�m�H�û�2�X �*�2�i�i�2 �7�Q�`�K�m�H���i�B�Q�M �b�2�`�� �m�i�B�H�B�b�û�2 �/���M�b �H�2 �`�2�b�i�2 �/�m �i�`���p���B�H �T�`�û�b�2�M�i�û �/���M�b �+�2 �K���M�m�b�+�`�B�i �T�Q�m�`
�H�2�b �b�B�K�m�H���i�B�Q�M�b �2�i �H�2�b �K�2�b�m�`�2�b �2�t�T�û�`�B�K�2�M�i���H�2�b�X

�G�� �}�;�m�`�2�j�X�k�/�Q�M�M�2 �m�M �2�t�2�K�T�H�2 �/�2�b �`�2�T�`�û�b�2�M�i���i�B�Q�M�b �i�2�K�T�Q�`�2�H�H�2�- �7�`�û�[�m�2�M�i�B�2�H�H�2 �2�i �i�2�K�T�b�@
�7�`�û�[�m�2�M�+�2 �/�ö�m�M �+�?�B�`�T �H�B�M�û���B�`�2 �K�Q�M�i���M�i �7�2�M���i�`�û �U�h�m�F�2�v�- �/�2 �T���`���K���i�`�2� �V �/�2 �7�`�û�[�m�2�M�+�2 �+�2�M�i�`���H�2f c�-
�/�2 �H���`�;�2�m�` �/�2 �#���M�/�2B �2�i �/�2 �i�2�K�T�b �b�v�K�#�Q�H�2T�- �¨ �H�� �7�`�û�[�m�2�M�+�2 �/�ö�û�+�?���M�i�B�H�H�Q�M�M���;�2f e�X �A�+�B�- �H�ö�m�i�B�H�B�b���@
�i�B�Q�M �/�2 �H�� �7�2�M���i�`�2 �/�2 �h�m�F�2�v �T�2�`�K�2�i �û�;���H�2�K�2�M�i �/�2 �`�2�b�T�2�+�i�2�` �H�� �/�û�}�M�B�i�B�Q�M �/�2 �C�X �_�X �*���`�b�Q�M �T�`�û�b�2�M�i�û�2
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�@ �*�?�X�j �*�Q�K�K�m�M�B�+���i�B�Q�M�b �K�Q�M�Q�@�û�H�û�K�2�M�i

�6�B�;�m�`�2�j�X�k �� �a�T�2�+�i�`�Q�;�`���K�K�2 �/�ö�m�M �+�?�B�`�T �H�B�M�û���B�`�2 �K�Q�M�i���M�i �Uf c = 18:5�F�>�x�-B = 3 �F�>�x�-
T = 1024 �û�+�?���M�i�B�H�H�Q�M�b �¨f e = 44:1�F�>�x�V ���p�2�+ �m�M�2 �7�2�M���i�`�2 �/�2 �h�m�F�2�v �U� = 0 :5�V�X �a�T�2�+�i�`�2 �2�M �p���H�2�m�`�b
���#�b�Q�H�m�2�b �2�i �7�Q�`�K�2 �/�ö�Q�M�/�2 �/�m �+�?�B�`�T�- �`�2�b�T�2�+�i�B�p�2�K�2�M�i �¨ �;���m�+�?�2 �2�i �2�M �/�2�b�b�Q�m�b �/�m �b�T�2�+�i�`�Q�;�`���K�K�2�X

���m �+�?���T�B�i�`�2�k�X �1�M �2�z�2�i�- �H�� �T�m�B�b�b���M�+�2 �b�T�2�+�i�`���H�2�- �+�Q�M�i�2�M�m�2 �/���M�b �H�ö�B�M�i�2�`�p���H�H�2[f c � B=2 ; f c+ B=2]�- �`�2�@
�T�`�û�b�2�M�i�2 �2�M�p�B�`�Q�M82 %�U�b���M�b �7�2�M���i�`���;�2�V �2�i100 %�U���p�2�+ �7�2�M���i�`���;�2�V �/�2 �H�� �T�m�B�b�b���M�+�2 �b�T�2�+�i�`���H�2 �i�Q�i���H�2
�/�m �+�?�B�`�T �/�2 �H�� �}�;�m�`�2�j�X�k�X

�S���`�K�B �H�2�b ���p���M�i���;�2�b �/�m �+�?�B�`�T �H�B�M�û���B�`�2�- �Q�M �i�`�Q�m�p�2 �b�� �7���+�B�H�B�i�û �¨ ���i�`�2 �/�û�i�2�+�i�û �T���` �+�Q�`�`�û�H���i�B�Q�M�X
�*�2�i�i�2 �Q�T�û�`���i�B�Q�M �2�b�i �+�Q�K�T���`���#�H�2 �¨ �H�� �+�Q�K�T�`�2�b�b�B�Q�M �/�ö�B�K�T�m�H�b�B�Q�M �2�M �_���.���_�X �G�� �}�;�m�`�2�j�X�j�K�Q�M�i�`�2
�H�ö�2�M�p�2�H�Q�T�T�2 �/�2�b �+�Q�K�T�`�2�b�b�B�Q�M�b �/�ö�B�K�T�m�H�b�B�Q�M �/�ö�m�M �+�?�B�`�T �H�B�M�û���B�`�2 �K�Q�M�i���M�i ���p�2�+ �H�m�B�@�K���K�2 �U���m�i�Q�+�Q�`�`�û�@
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�M�2�i�i�2 ���m�;�K�2�M�i���i�B�Q�M �/�2�b �H�Q�#�2�b �b�2�+�Q�M�/���B�`�2�b�X �S�Q�m�` �H�� �7�Q�`�K�2 �T�Q�H�v�M�Q�K�B���H�2�- �+�ö�2�b�i �H�ö�B�M�p�2�`�b�2 �, �H�� �H���`�;�2�m�`
�/�m �H�Q�#�2 �T�`�B�M�+�B�T���H �2�b�i ���m�;�K�2�M�i�û�2�- �2�i �H�2 �M�Q�K�#�`�2 �/�2 �H�Q�#�2�b �b�2�+�Q�M�/���B�`�2�b �/�B�K�B�M�m�2�X �*�2�b �Q�#�b�2�`�p���i�B�Q�M�b
�b�ö�2�t�T�H�B�[�m�2�M�i �T���` �H�2 �7���B�i �[�m�2 �H�� �7�Q�`�K�2 �T�Q�H�v�M�Q�K�B���H�2 �T�Q�b�b���/�2 �m�M �T�H���i�2���m �2�M �7�`�û�[�m�2�M�+�2 ���m�t �2�M�p�B�`�Q�M�b
�/�m �+�2�M�i�`�2 �/�2 �b�� �`�2�T�`�û�b�2�M�i���i�B�Q�M �U�+�7�X �}�;�m�`�2�j�X�3�V�- ���H�Q�`�b �[�m�2 �H�� �7�Q�`�K�2 �H�Q�;�B�b�i�B�[�m�2 �p���`�B�2 �`���T�B�/�2�K�2�M�i ���m
�K���K�2 �2�M�/�`�Q�B�i�X
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�H�� �+�Q�`�`�û�H���i�B�Q�M �/�ö�m�M�2 �7�Q�`�K�2 ���p�2�+ �m�M�2 ���m�i�`�2�- �T�Q�m�` �m�M �K���K�2 �b�B�;�M�2 �/�2 �T�2�M�i�2�- �2�M�i�`���W�M�2 �H�ö���T�T���`�B�i�B�Q�M
�/�2 �H�Q�#�2�b �/�ö�B�M�i�2�`�+�Q�`�`�û�H���i�B�Q�M �`�2�H���i�B�p�2�K�2�M�i �b�B�;�M�B�}�+���i�B�7�b�X �P�`�- �T�H�m�b �H�2 �M�B�p�2���m �/�2 �H�ö�B�M�i�2�`�+�Q�`�`�û�H���i�B�Q�M �2�b�i
�7���B�#�H�2�- �T�H�m�b �H�� �b�2�M�b�B�#�B�H�B�i�û ���m �#�`�m�B�i �/�2 �H�� �/�û�K�Q�/�m�H���i�B�Q�M �b�2�`�� �7���B�#�H�2�- �B�X�2�X�- �T�H�m�b �H�� �/�B�b�i�B�M�+�i�B�Q�M �2�M�i�`�2
�m�M�2 ���m�i�Q�+�Q�`�`�û�H���i�B�Q�M �2�i �m�M�2 �B�M�i�2�`�+�Q�`�`�û�H���i�B�Q�M �b�2�`�� �b�B�K�T�H�2 �¨ �2�z�2�+�i�m�2�` �H�Q�`�b �/�2 �H�� �/�û�i�2�+�i�B�Q�M�X

�.�2 �K���M�B���`�2 �¨ �K�B�2�m�t �[�m���M�i�B�}�2�` �H�2�b �M�B�p�2���m�t �`�2�H���i�B�7�b �/�2�b �B�M�i�2�`�+�Q�`�`�û�H���i�B�Q�M�b�- �H�ö�2�M�b�2�K�#�H�2 �/�2�b
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�T�Q�H�v�M�Q�K�B���H �Uf c = 18:5 �F�>�x �2�iB = 3 �F�>�x�V�X

�K���t�B�K�� �/�2�b �2�M�p�2�H�Q�T�T�2�b �/�2�b �+�Q�`�`�û�H���i�B�Q�M�b�- �M�Q�`�K���H�B�b�û�2�b �T���` �H�2�m�` �K���t�B�K�m�K�- �2�b�i �`�2�T�`�û�b�2�M�i�û �}�;�m�`�2
�j�X�R�k�- �b�Q�m�b �7�Q�`�K�2 �K���i�`�B�+�B�2�H�H�2�X �P�M �`�2�i�`�Q�m�p�2 �H�2�b �`�û�b�m�H�i���i�b �T�`�û�b�2�M�i�û�b �b�m�` �H�� �}�;�m�`�2�j�X�R�R�- �û�H���`�;�B�b ���m�t
�T�2�M�i�2�b �K�Q�M�i���M�i�2�b �2�i �/�2�b�+�2�M�/���M�i�2�b �/�2 �+�?���[�m�2 �7�Q�`�K�2�X ���B�M�b�B �H�2�b �B�M�i�2�`�+�Q�`�`�û�H���i�B�Q�M�b �¨ �¨ �b�B�;�M�2�b �/�2 �T�2�M�i�2
�/�B�z�û�`�2�M�i�b �T�`�û�b�2�M�i�2�M�i �/�2�b �H�Q�#�2�b �/�ö���K�T�H�B�i�m�/�2 �`�2�H���i�B�p�2 ���m�i�Q�m�` �/�2� 25�/�" �c �2�i �+�2�H�H�2�b �¨ �b�B�;�M�2�b �/�2 �T�2�M�i�2
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�/�Q�M�+ �2�M�i�`���W�M�2�` �T�H�m�b �/�ö�2�`�`�2�m�`�b �[�m�2 �/���M�b �H�2 �+���b �/�2 �+�?�B�`�T�b �H�B�M�û���B�`�2�b �b�2�m�H�b�X �1�M �2�z�2�i�- �T�H�m�b �H�2 �M�B�p�2���m �/�2
�H�ö�B�M�i�2�`�+�Q�`�`�û�H���i�B�Q�M �2�b�i �û�H�2�p�û�- �2�i �T�H�m�b �H�� �/�B�b�i�B�M�+�i�B�Q�M �2�M�i�`�2 �H�2�b �b�v�K�#�Q�H�2�b �b�2�`�� �b�2�M�b�B�#�H�2 �¨ �H�� �T�`�û�b�2�M�+�2
�/�2 �#�`�m�B�i�X

�*�2�T�2�M�/���M�i�- �+�Q�K�K�2 �Q�M �T�2�m�i �H�2 �p�Q�B�` �b�m�` �H�� �}�;�m�`�2�j�X�R�R�- �H�2�b �T�Q�b�B�i�B�Q�M�b �/�2�b �K���t�B�K�� �/�2�b �B�M�i�2�`�@
�+�Q�`�`�û�H���i�B�Q�M�b �b�Q�M�i ���b�b�2�x �û�H�Q�B�;�M�û�b�- �T�Q�m�` �+�?���[�m�2 �7�Q�`�K�2 �/�2 �+�?�B�`�T�- �/�m �K���t�B�K�m�K �/�2 �H�ö���m�i�Q�+�Q�`�`�û�H���i�B�Q�M�X
���p�2�+ �H�ö�?�v�T�Q�i�?���b�2 �/�ö�m�M�2 �#�Q�M�M�2 �b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �T�Q�m�` �H�2 �/�û�+�Q�/���;�2�- �B�H �2�b�i ���H�Q�`�b �T�Q�b�b�B�#�H�2 �/�2 �+�Q�M�i�`�2�`
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�H�Q�#�2�b �/�ö���K�T�H�B�i�m�/�2 �`�2�H���i�B�p�2 ���m�i�Q�m�` �/�2� 25�/�"�X �P�M �+�Q�M�i�`�2 ���B�M�b�B �H�ö���m�;�K�2�M�i���i�B�Q�M �/�m �"�1�_ �T�`�û�+�û�/�2�M�i�2
�/�m�2 ���m�t �H�Q�#�2�b �/�ö�B�M�i�2�`�+�Q�`�`�û�H���i�B�Q�M�X
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�6�B�;�m�`�2�j�X�R�j �� �L�B�p�2���m �/�2�b �2�M�p�2�H�Q�T�T�2�b �/�2�b �+�Q�`�`�û�H���i�B�Q�M�b �2�M�i�`�2 �H�2�b �+�?�B�`�T�b �H�B�M�û���B�`�2�- �H�Q�;�B�b�i�B�[�m�2 �2�i
�T�Q�H�v�M�Q�K�B���H �Uf c = 18:5�F�>�x �2�iB = 3 �F�>�x�V�- �¨ �H�ö�2�M�/�`�Q�B�i �/�m �K���t�B�K�m�K �/�2 �H�ö���m�i�Q�+�Q�`�`�û�H���i�B�Q�M�X

�j�X�9 �J�Q�/���H�2 �/�2 �"�1�_

�P�M �b�2 �T�Q�b�2 �H�� �[�m�2�b�i�B�Q�M �/�2 �H�ö�û�p���H�m���i�B�Q�M �/�m �"�1�_ �2�M �7�Q�M�+�i�B�Q�M �/�m �_�a�" �2�i �/�m �i�2�K�T�b �b�v�K�#�Q�H�2T
�T�Q�m�` �m�M �+�?�B�`�T �H�B�M�û���B�`�2�X �P�M �T�`�Q�T�Q�b�2 �T�Q�m�` �+�2 �7���B�`�2 �m�M �K�Q�/���H�2 ���M���H�v�i�B�[�m�2 �/�2 �"�1�_�X �P�M �+�Q�M�b�B�/���`�2
�[�m�2 �H�2 �b�B�;�M���H �`�2�Ï�my(t) �2�b�i �K�Q�/�û�H�B�b�û �T���`

y(t) = Ax (t) + w(t); �U�j�X�R�R�V

�Q�Mx(t) �2�b�i �H�2 �b�B�;�M���H �û�K�B�b�- �/���M�b �M�Q�i�`�2 �+���b �m�M �+�?�B�`�T �K�Q�M�i���M�i�- �M�Q�i�ûc+ (t) = c1(t)�- �Q�m �/�2�b�+�2�M�/���M�i�-
�M�Q�i�ûc� (t) = c� 1(t)�- �2�iw(t) �H�2 �#�`�m�B�i�- �/�Q�M�i �H�� �/�2�M�b�B�i�û �/�2 �T�m�B�b�b���M�+�2 �b�T�2�+�i�`���H�2pb �2�b�i �b�m�T�T�Q�b�û�2
�+�Q�M�b�i���M�i�2 �/���M�b �H�� �#���M�/�2 �/�m �b�B�;�M���Hx(t)�X �G�ö�2�z�2�i �/�2 �H�� �T�`�Q�T���;���i�B�Q�M �2�b�i �B�+�B �b�B�K�T�H�B�}�û �c �B�H �b�2 �i�`���/�m�B�i
�D�m�b�i�2 �T���` �m�M �7���+�i�2�m�` �/�2 �i�`���M�b�K�B�b�b�B�Q�M ���X

�.�û�i�2�+�i�B�Q�M �T���` �+�Q�`�`�û�H���i�B�Q�M�X�S�Q�m�` �/�û�i�2�+�i�2�` �H�� �T�`�û�b�2�M�+�2 �/�ö�m�M �+�?�B�`�T �2�i �B�/�2�M�i�B�}�2�` �b�ö�B�H �b�ö���;�B�i �/�ö�m�M
�b�v�K�#�Q�H�2 �K�Q�M�i���M�i �Q�m �/�2�b�+�2�M�/���M�i�- �B�X�2�X�- �/�û�+�Q�/�2�` �H�ö�B�M�7�Q�`�K���i�B�Q�M�- �Q�M �m�i�B�H�B�b�2 �H�ö�Q�T�û�`���i�B�Q�M �/�2 �+�Q�`�`�û�H���i�B�Q�M�X
�S�Q�m�` �m�M �b�B�;�M���Hy(t)�- �+�Q�M�i�2�M���M�i �m�M �+�?�B�`�Tcm (t)�- �Q�Mm = � �- �Q�M �2�z�2�+�i�m�2 �H�� �+�Q�`�`�û�H���i�B�Q�M ���p�2�+ �m�M �+�?�B�`�T
cn �- �Q�Mn = � �- �i�2�H�H�2 �[�m�2

Smn = A
Z + 1

�1
cm (t)cn (t)dt +

Z + 1

�1
w(t)cn (t)dt: �U�j�X�R�k�V

�.���M�b �H�2 �+���b �Q�Mm = n�- �H�ö�Q�T�û�`���i�2�m�`Smn �`�2�T�`�û�b�2�M�i�2 �m�M�2 ���m�i�Q�+�Q�`�`�û�H���i�B�Q�M�- �2�i�- �/���M�b �H�2 �+���b �Q�M
m 6= n�- �H�ö�Q�T�û�`���i�2�m�`Smn �`�2�T�`�û�b�2�M�i�2 �m�M�2 �B�M�i�2�`�+�Q�`�`�û�H���i�B�Q�M�- �û�;���H�2�K�2�M�i ���T�T�2�H�û�2 �+�Q�`�`�û�H���i�B�Q�M �+�`�Q�B�b�û�2�X
�S�Q�m�` �b�B�K�T�H�B�}�2�` �H�� �b�m�B�i�2 �/�2�b �+���H�+�m�H�b�- �Q�M �T�Q�b�2

Cmn =
Z + 1

�1
cm (t)cn (t)dt �2�i Wn (t) =

Z + 1

�1
w(t)cn (t)dt: �U�j�X�R�j�V

�.�2�M�b�B�i�û �/�2 �T�`�Q�#���#�B�H�B�i�û�X�P�M �7���B�i �H�ö�?�v�T�Q�i�?���b�2 �[�m�2 �H�2 �#�`�m�B�i �2�b�i �;���m�b�b�B�2�M �2�i �/�Q�M�+ �[�m�2 �H�2�b �p���@
�`�B���#�H�2�bSmn �b�Q�M�i �;���m�b�b�B�2�M�M�2�b�X �P�M �T�2�m�i ���H�Q�`�b �û�+�`�B�`�2 �H�� �/�2�M�b�B�i�û �/�2 �T�`�Q�#���#�B�H�B�i�û �/�2Smn �- �/�2 �K�Q�v�2�M�M�2
�b�i���i�B�b�i�B�[�m�2< S mn > �2�i �/�2 �p���`�B���M�+�2� 2
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�i�?�û�Q�`�B�[�m�2 �/�2 �b�Q�M �`���v�Q�M�M�2�K�2�M�i�- �+�Q�K�T���`���i�B�p�2�K�2�M�i ���m�t �B�M�/�B�+���i�B�Q�M�b �/�m �+�Q�M�b�i�`�m�+�i�2�m�`�X �.�2 �T�H�m�b�- �m�M
�/�û�+���H���;�2 �T���` �`���T�T�Q�`�i �¨ �H�� �T�Q�b�B�i�B�Q�M �y �/�2�;�`�û �2�b�i �/�? �� �H�� �/�B�{�+�m�H�i�û �/�ö�B�M�b�i���H�H���i�B�Q�M �/�2 �H�ö�1�*�J �/���M�b

�j�9



�j�X�8 �1�t�T�û�`�B�2�M�+�2�b

�6�B�;�m�`�2�j�X�k�y �� �.�B���;�`���K�K�2�b �/�2 �/�B�`�2�+�i�B�p�B�i�û �2�M �û�K�B�b�b�B�Q�M �U�¨ �;���m�+�?�2�V �2�i �2�M �`�û�+�2�T�i�B�Q�M �U�¨ �/�`�Q�B�i�2�V �/�m
�K�Q�M�Q�@�û�H�û�K�2�M�i �2�M �+�?���K�#�`�2 ���M�û�+�?�Q�[�[�m�2�- �T�Q�m�` �m�M �+�?�B�`�T �H�B�M�û���B�`�2 �Uf c = 19:5�F�>�x�-B = 1 �F�>�x �2�i

T = 88200�û�+�?���M�i�B�H�H�Q�M�b �T�Q�m�`f e = 88:2�F�>�x�V�X ���M�;�H�2�b �/�ö�Q�m�p�2�`�i�m�`�2 �¨� 3 �/�" �, � t = 44 � �- �2�M
�û�K�B�b�b�B�Q�M�- �2�i� e = 30 � �- �2�M �`�û�+�2�T�i�B�Q�M�X

�H�2 �+���B�b�b�Q�M�- ���m�t �p�m�2�b �/�2 �b�2�b �/�B�K�2�M�b�B�Q�M�b�X �G�2�b �x�Q�M�2�b �`�Q�m�;�2�b �`�2�T�`�û�b�2�M�i�2�M�i �H�2�b ���M�;�H�2�b �/�ö�Q�m�p�2�`�i�m�`�2 �¨
� 3 �/�"�- � t �2�i� e�X �P�M �� �/�Q�M�+ �m�M �û�H�û�K�2�M�i �û�[�m�B�p���H�2�M�i �2�M �û�K�B�b�b�B�Q�M �2�i �2�M �`�û�+�2�T�i�B�Q�M�X

�*���H�B�#�`���i�B�Q�M �/�m �K�Q�M�Q�@�û�H�û�K�2�M�i���}�M �/�2 �+�Q�M�M���W�i�`�2 �H�� �b�2�M�b�B�#�B�H�B�i�û �/�m �K�Q�M�Q�@�û�H�û�K�2�M�i �2�M �û�K�B�b�b�B�Q�M
�2�i �2�M �`�û�+�2�T�i�B�Q�M�- �Q�M �m�i�B�H�B�b�2 �H�2 �K�B�+�`�Q �/�2 �K�2�b�m�`�2 �h�J�R �2�i �H�2 �+���H�B�#�`���i�2�m�` �a�*�@�R�- �/�Q�M�i �H�2�b �+���`���+�i�û�`�B�b�i�B�[�m�2�b
�b�Q�M�i �/�û�i���B�H�H�û�2�b �/���M�b �H�ö���M�M�2�t�2�" �U�p�Q�B�` �2�M �T���`�i�B�+�m�H�B�2�` �}�;�m�`�2�b�"�X�k�2�i�"�X�j�V�X �G�2 �+���H�B�#�`���i�2�m�` �a�*�@�R�- �[�m�B
�p�B�2�M�i �b�ö�2�K�K���M�+�?�2�` �b�m�` �H�2 �K�B�+�`�Q �/�2 �K�2�b�m�`�2�- �û�K�2�i �m�M �b�B�;�M���H �b�B�M�m�b�Q�[�/���H �¨1 �F�>�x �/�Q�M�i �H�2 �M�B�p�2���mL sc1

�T�2�m�i ���i�`�2 �`�û�;�H�û �¨94 �Q�m110�/�"�U���V�X �.���M�b �m�M �T�`�2�K�B�2�` �i�2�K�T�b�- �Q�M �û�[�m�B�T�2 �H�2 �h�J�R ���p�2�+ �H�2 �a�*�@�R �2�i �Q�M
�`�û�+�m�T���`�2 �H�2�b ���K�T�H�B�i�m�/�2�b �`�2�Ï�m�2�bA94 �2�iA110 �+�Q�`�`�2�b�T�Q�M�/���M�i ���m�t �/�2�m�t �p���H�2�m�`�b �/�2L sc1�X �G�� �}�;�m�`�2
�j�X�k�R�`�2�T�`�û�b�2�M�i�2 �H�2�b �b�B�;�M���m�t �2�M�`�2�;�B�b�i�`�û�b �T�Q�m�` �+�2�b �/�2�m�t �p���H�2�m�`�b�X �P�M �û�i���#�H�B�i ���B�M�b�B �H�2�b �+�Q�`�`�2�b�T�Q�M�/���M�+�2�b
�b�m�B�p���M�i�2�b

A94 � 0:278� 108 �l�X���X �T�Q�m�L̀ sc1 = 94 �/�"�U���V �U�j�X�9�8�V

�2�i
A110 � 1:703� 108 �l�X���X �T�Q�m�L̀ sc1 = 110 �/�"�U���V�X �U�j�X�9�e�V

�.���M�b �m�M �/�2�m�t�B���K�2 �i�2�K�T�b�- �Q�M �T�H���+�2 �m�M �K�Q�M�Q�@�û�H�û�K�2�M�i �¨1 �K �/�m �K�B�+�`�Q �h�J�R�X �l�M �b�B�;�M���H�- �/�Q�M�i
�H�2�b �T���`���K���i�`�2�b �b�Q�M�i �B�/�2�M�i�B�[�m�2�b �¨ �+�2�m�t �T�`�û�+�û�/�2�K�K�2�M�i �+�B�i�û�b �T�Q�m�` �H�2 �+���H�B�#�`���i�2�m�`�- �2�b�i �û�K�B�b �p�B�� �H�2
�K�Q�M�Q�@�û�H�û�K�2�M�i�- ���m �M�B�p�2���m �K���t�B�K�m�K�X �G�ö���K�T�H�B�i�m�/�2 �/�m �b�B�;�M���H �2�M�`�2�;�B�b�i�`�û �T���` �H�2 �h�J�R�- �M�Q�i�û�2AME �-
�T�2�`�K�2�i �/�2 �[�m���M�i�B�}�2�` �H�2 �M�B�p�2���m �/�2 �H�� �T�m�B�b�b���M�+�2 ���+�Q�m�b�i�B�[�m�2 �/�m �K�Q�M�Q�@�û�H�û�K�2�M�i�- �M�Q�i�ûL ME �X �G��
�}�;�m�`�2�j�X�k�k�`�2�T�`�û�b�2�M�i�2 �+�2 �b�B�;�M���H�X �G�2�b �`�û�b�m�H�i���i�b �Q�#�i�2�M�m�b ���p�2�+ �H�2 �+���H�B�#�`���i�2�m�` �M�Q�m�b �T�2�`�K�2�i�i�2�M�i�- �T���`
�T�`�Q�T�Q�`�i�B�Q�M�M���H�B�i�û�- �/�ö�û�+�`�B�`�2 �[�m�2�- �T�Q�m�` �m�M �K�Q�M�Q�@�û�H�û�K�2�M�i �2�M �û�K�B�b�b�B�Q�M�- �Q�M �� �,

AME � 4:238� 106 �l�X���X�- �+�Q�`�`�2�b�T�Q�M�/���M�i �¨L ME = 78 �/�" �a�S�G �T�Q�m�` �H�2 �M�B�p�2���m �K���t�B�K�m�K:
�U�j�X�9�d�V

�S�Q�m�` �}�M�B�`�- �Q�M �T�H���+�2 �/�2�m�t �K�Q�M�Q�@�û�H�û�K�2�M�i�b �7���+�2�@�¨�@�7���+�2 �2�i �/�B�b�i���M�i�b �/�ö1 �K �H�ö�m�M �/�2 �H�ö���m�i�`�2�X �l�M �b�B�@
�;�M���H �B�/�2�M�i�B�[�m�2 �¨ �+�2�H�m�B �T�`�û�+�û�/�2�K�K�2�M�i �m�i�B�H�B�b�û �2�b�i �û�K�B�b �p�B�� �m�M �K�Q�M�Q�@�û�H�û�K�2�M�i �2�b�i �2�M�`�2�;�B�b�i�`�û �T���`
�H�ö���m�i�`�2�X �G�ö���K�T�H�B�i�m�/�2 �/�m �b�B�;�M���H �`�2�Ï�m�- �M�Q�i�û�2Aelectret �- �T�2�`�K�2�i �/�2 �[�m���M�i�B�}�2�` �H�� �b�2�M�b�B�#�B�H�B�i�û �/�m �K�B�+�`�Q�@
�T�?�Q�M�2 �/�m �K�Q�M�Q�@�û�H�û�K�2�M�i�- �M�Q�i�û�2Selectret �X �G�� �}�;�m�`�2�j�X�k�j�`�2�T�`�û�b�2�M�i�2 �+�2 �b�B�;�M���H�X �G�2 �`�û�b�m�H�i���i �Q�#�i�2�M�m
�T�`�û�+�û�/�2�K�K�2�M�i �M�Q�m�b �T�2�`�K�2�i �/�ö�û�+�`�B�`�2 �[�m�2�- �T�Q�m�` �m�M �K�Q�M�Q�@�û�H�û�K�2�M�i �2�M �`�û�+�2�T�i�B�Q�M�- �Q�M �� �,

Aelectret � 2:491� 107 �l�X���X�- �+�Q�`�`�2�b�T�Q�M�/���M�i �¨Selectret = � 70�/�" �a�S�G �T���` �M�B�p�2���m: �U�j�X�9�3�V

�j�8



�@ �*�?�X�j �*�Q�K�K�m�M�B�+���i�B�Q�M�b �K�Q�M�Q�@�û�H�û�K�2�M�i

�6�B�;�m�`�2�j�X�k�R �� ���K�T�H�B�i�m�/�2�b �`�2�Ï�m�2�b �T���` �m�M �K�B�+�`�Q�T�?�Q�M�2 �h�J�R�- �û�[�m�B�T�û �/�ö�m�M �+���H�B�#�`���i�2�m�` �a�*�@�R �¨
�M�B�p�2���m �`�û�;�H���#�H�2 �,94�/�"�U���V �U�}�;�m�`�2 �/�m �?���m�i�V �2�i110�/�"�U���V �U�}�;�m�`�2 �/�m �#���b�V�X

�6�B�;�m�`�2�j�X�k�k �� �a�B�;�M���H �b�B�M�m�b�Q�[�/���H �¨1 �F�>�x �û�K�B�i �T���` �m�M �K�Q�M�Q�@�û�H�û�K�2�M�i �2�i �`�2�Ï�m �T���` �m�M �K�B�+�`�Q�T�?�Q�M�2
�h�J�R�- �T�H���+�û �¨1 �K�X

�*�2�b �/�B�z�û�`�2�M�i�2�b �û�i���T�2�b �+�Q�M�b�i�B�i�m�2�M�i ���B�M�b�B �H�� �T�?���b�2 �/�2 �+���H�B�#�`���i�B�Q�M �+�Q�K�T�H���i�2 �/�m �K�Q�M�Q�@�û�H�û�K�2�M�i�- �2�M

�6�B�;�m�`�2�j�X�k�j �� �a�B�;�M���H �b�B�M�m�b�Q�[�/���H �¨1 �F�>�x �û�K�B�b �T���` �m�M �K�Q�M�Q�@�û�H�û�K�2�M�i �2�i �`�2�Ï�m �T���` �m�M ���m�i�`�2
�K�Q�M�Q�@�û�H�û�K�2�M�i�- �T�H���+�û �¨1 �K�X

�û�K�B�b�b�B�Q�M �2�i �2�M �`�û�+�2�T�i�B�Q�M�X ���B�M�b�B �Q�M �T�2�m�i �p�û�`�B�}�2�` �[�m�2 �H�2 �M�B�p�2���m �/�ö�û�K�B�b�b�B�Q�M �T�`�Q�/�m�B�i �T���` �H�ö���K�T�H�B�}�+���@
�i�2�m�` �2�i �H�2 �K�Q�M�Q�@�û�H�û�K�2�M�i �M�2 �/�û�T���b�b�2 �T���b �H�� �H�B�K�B�i���i�B�Q�M �/�ö�2�t�T�Q�b�B�i�B�Q�M �b�Q�M�Q�`�2 �b�Q�m�?���B�i�û�2 �/�280�/�"�U���V�-
�+�B�i�û�2 �/���M�b �H�� �b�2�+�i�B�Q�M �T�`�û�+�û�/�2�M�i�2�X

�j�X�8�X�k�G�B�2�m�t �2�i �+�Q�M�}�;�m�`���i�B�Q�M�b

�G�2�b �i�2�b�i�b �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M�b �b�Q�M�i �2�z�2�+�i�m�û�b �2�M �B�M�i�û�`�B�2�m�`�- �¨ �H�ö�A�M�b�i�B�i�m�i �G���M�;�2�p�B�M�- �2�i�- �T�H�m�b �T�`�û�@
�+�B�b�û�K�2�M�i�- �/���M�b �m�M�2 �b���H�H�2 �/�û�/�B�û�2 ���m�t �2�t�T�û�`�B�K�2�M�i���i�B�Q�M�b ���+�Q�m�b�i�B�[�m�2�b �U�_�9�3�V�- �m�M�2 �#�B�#�H�B�Q�i�?���[�m�2�f�b���H�H�2
�/�2 �`�û�m�M�B�Q�M �U�_�8�y�V�- ���B�M�b�B �[�m�2 �H�2�b �+�Q�m�H�Q�B�`�b ���/�D���+�2�M�i�b �¨ �+�2�b �/�2�m�t �b���H�H�2�b�X �G�� �}�;�m�`�2�j�X�k�9�`�2�T�`�û�b�2�M�i�2
�H�ö���;�2�M�+�2�K�2�M�i �/�2�b �H�B�2�m�t�X �G�� �b���H�H�2 �_�9�3 �+�Q�M�i�B�2�M�i �/�2�b �/�B�b�T�Q�b�B�i�B�7�b �2�t�T�û�`�B�K�2�M�i���m�t �2�i �/�m �K�Q�#�B�H�B�2�`�- �/�Q�M�i

�j�e



�j�X�8 �1�t�T�û�`�B�2�M�+�2�b

�H�2�b �i���B�H�H�2�b �2�i �H�2�b �?���m�i�2�m�`�b �p���`�B�2�M�i �U�#�m�`�2���m�t�- ���`�K�Q�B�`�2�b�- �2�i�+�X�V�- �Q�z�`���M�i ���B�M�b�B �H�� �T�Q�b�b�B�#�B�H�B�i�û �/�2 �+�Q�M�}�@
�;�m�`���i�B�Q�M�b �T�H�m�b �Q�m �K�Q�B�M�b �+�Q�K�T�H�2�t�2�b �U�Q�#�b�i���+�H�2�b �Q�z�`���M�i �/�2�b �T�Q�b�b�B�#�B�H�B�i�û �/�2 �`�û�~�2�t�B�Q�M�b ���+�Q�m�b�i�B�[�m�2�b
�b�B�;�M�B�}�+���i�B�p�2�b�V�X �G�� �b���H�H�2 �_�8�y �/�B�b�T�Q�b�2 �/�ö�m�M�2 �#�B�#�H�B�Q�i�?���[�m�2 �b�m�` �i�Q�m�i�2 �b�� �H�Q�M�;�m�2�m�` �2�i �/�2 �K�Q�[�m�2�i�i�2
���m �b�Q�H�- �+�2 �[�m�B ���i�i�û�M�m�2 �7�Q�`�i�2�K�2�M�i �H�2�b �`�û�~�2�t�B�Q�M�b�X �G�2�b �+�Q�m�H�Q�B�`�b�- �[�m���M�i �¨ �2�m�t�- �+�Q�M�b�i�B�i�m�2�M�i �/�2 �H�Q�M�;�b
�2�b�T���+�2�b �/�û�;���;�û�b �T�2�`�K�2�i�i���M�i �/�2 �K�m�H�i�B�T�H�2�b �`�û�~�2�t�B�Q�M�b�X

�6�B�;�m�`�2�j�X�k�9 �� �G�B�2�m�t �T�Q�m�` �H�ö�2�t�T�û�`�B�K�2�M�i���i�B�Q�M �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M�b �m�H�i�`���b�Q�M�Q�`�2�b �2�M �B�M�i�û�`�B�2�m�`�X

�.���M�b �+�2 �+�?���T�B�i�`�2�- �H�� �i�`���M�b�K�B�b�b�B�Q�M �b�ö�2�z�2�+�i�m�2 �2�M�i�`�2 �m�M �K�Q�M�Q�@�û�H�û�K�2�M�i �û�K�2�i�i�2�m�` �2�i �/�2�m�t �K�Q�M�Q�@
�û�H�û�K�2�M�i�b �`�û�+�2�T�i�2�m�`�b�- �b�m�` �H�2�b�[�m�2�H�b �Q�M �i�`���M�b�K�2�i�i�`�� �b�û�T���`�û�K�2�M�i �U�+�Q�M�}�;�m�`���i�B�Q�M �J�l�@�a�A�a�P�V�X �P�M �T�Q�m�`�`��
���B�M�b�B �`�û���H�B�b�2�` �/�2�m�t �K�2�b�m�`�2�b �T���` �+�Q�M�}�;�m�`���i�B�Q�M�X �*�?���[�m�2 �T�Q�b�B�i�B�Q�M �/�2 �`�û�+�2�T�i�2�m�` �b�2�`�� �M�Q�i�û�2

K x
y ; �U�j�X�9�N�V
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�[�m���H�B�i�û �/�2 �H�� �+�Q�K�K�m�M�B�+���i�B�Q�M �/�2 �T���`�7���B�i�2 �U���+�+�2�T�i���#�H�2 �T�Q�m�`Sc

2�V �¨ �M�m�H�H�2 �U�K���m�p���B�b�2 �T�Q�m�`Sa
1 �V�X �1�M
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�b���H�H�2�X �.���M�b �H�� �x�Q�M�2 �/�2�b �m�H�i�`���b�Q�M�b �T�`�Q�+�?�2�b�- �2�i �T�H�m�b �T���`�i�B�+�m�H�B���`�2�K�2�M�i �/���M�b �H�� �#���M�/�2 �/�2 �7�`�û�[�m�2�M�+�2
���m�i�Q�m�` �/�2f c�- �H�2 �#�`�m�B�i ���K�#�B���M�i �/�2 �H�� �b���H�H�2 �2�b�i �i�`���b �7���B�#�H�2 �2�i �+�Q�M�b�i���M�i�X ���B�M�b�B�- �+�2 �/�2�`�M�B�2�` �T�Q�m�`�`�� ���i�`�2
�û�p���H�m�û �2�i �b�Q�M �û�M�2�`�;�B�2 �`�2�i�`���M�+�?�û�2 �/�2 �+�2�H�H�2 �/�2�b �+�?�B�`�T�b �T�Q�m�` �m�M �+���H�+�m�H �/�m �_�a�" �T�H�m�b �T�`�û�+�B�b�X

�6�B�;�m�`�2�j�X�j�y �� �a�T�2�+�i�`�2 �/�m �#�`�m�B�i ���K�#�B���M�i �/�2 �H�� �b���H�H�2 �_�9�3 �b���M�b ���H�i�û�`���i�B�Q�M �/�m �+���M���H �/�2
�T�`�Q�T���;���i�B�Q�M �b�m�` �m�M�2 �/�m�`�û�2 �/�220�b�X

�G�2 �"�1�_ �2�t�T�û�`�B�K�2�M�i���H �K�Q�v�2�M�- �2�b�i�B�K�û �¨ �T���`�i�B�` �/�2 �H�� �i�`���M�b�K�B�b�b�B�Q�M �/�2520 �+�?�B�`�T�@�b�v�K�#�Q�H�2�b�- �T�Q�m�`
�+�?���[�m�2 �M�B�p�2���m �/�2 �#�`�m�B�i�- �2�b�i �`�2�T�`�û�b�2�M�i�û �b�m�` �H�� �}�;�m�`�2�j�X�j�R�X �A�H �2�b�i �b�m�T�2�`�T�Q�b�û ���m �`�û�b�m�H�i���i ���M���H�v�i�B�[�m�2
�/�m �"�1�_�- �T�`�û�b�2�M�i�û �¨ �H�� �b�2�+�i�B�Q�M �T�`�û�+�û�/�2�M�i�2�- �T�Q�m�` �m�M �i�2�K�T�b �b�v�K�#�Q�H�2T = 768 �û�+�?���M�i�B�H�H�Q�M�b �¨ �m�M�2
�7�`�û�[�m�2�M�+�2 �/�ö�û�+�?���M�i�B�H�H�Q�M�M���;�2f e = 44:1�F�>�x�X

�1�M �T�`�2�K�B���`�2 �Q�#�b�2�`�p���i�B�Q�M�- �Q�M �T�2�m�i �p�Q�B�` �[�m�2 �H�2�b �`�û�b�m�H�i���i�b �2�t�T�û�`�B�K�2�M�i���m�t �Q�#�i�2�M�m�b �p���H�B�/�2�M�i �M�Q�i�`�2
�K�Q�/���H�2 �/�2 �"�1�_�X �1�M �2�z�2�i�- �Q�M �Q�#�i�B�2�M�i �m�M �+�Q�K�T�Q�`�i�2�K�2�M�i �i�`���b �T�`�Q�+�?�2 �/�2 �+�2�H�m�B �/�Q�M�M�û �T���` �H�2 �K�Q�/���H�2�-
���p�2�+ �m�M�2 �7���B�#�H�2 �/�B�b�T�2�`�b�B�Q�M �/�2�b �p���H�2�m�`�b �K�2�b�m�`�û�2�b �T���` �`���T�T�Q�`�i ���m�t �K�2�b�m�`�2�b ���M���H�v�i�B�[�m�2�b�X �S�Q�m�` �H�2
�+���b �T�`�û�b�2�M�i�- �Q�M �+���H�+�m�H�2 �m�M�2 �2�`�`�2�m�` ���#�b�Q�H�m�2 �K�Q�v�2�M�M�2 �/�ö�2�M�p�B�`�Q�M9 % �/�2�b �p���H�2�m�`�b �2�t�T�û�`�B�K�2�M�i���H�2�b �T���`
�`���T�T�Q�`�i ���m �K�Q�/���H�2�X �*�2�i�i�2 �p�û�`�B�}�+���i�B�Q�M�- �+�Q�K�T�H�û�K�2�M�i���B�`�2 �/�2�b �b�B�K�m�H���i�B�Q�M�b �2�z�2�+�i�m�û�2�b �¨ �H�� �b�2�+�i�B�Q�M
�j�X�9�- �T�2�`�K�2�i �/�Q�M�+ �/�2 �+�Q�M�}�`�K�2�` �H�� �D�m�b�i�2�b�b�2 �/�m �K�Q�/���H�2 �T�`�Q�T�Q�b�û�X
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�@ �*�?�X�j �*�Q�K�K�m�M�B�+���i�B�Q�M�b �K�Q�M�Q�@�û�H�û�K�2�M�i

�6�B�;�m�`�2�j�X�j�R �� �"�1�_ �2�t�T�û�`�B�K�2�M�i���H �K�Q�v�2�M �2�M �7�Q�M�+�i�B�Q�M �/�m �_�a�" �+�Q�K�T���`�û ���m �K�Q�/���H�2 �/�2 �"�1�_ �,
520 �+�?�B�`�T�b �T���` �M�B�p�2���m �/�2 �_�a�"�- �/�2 �i�2�K�T�b �b�v�K�#�Q�H�2T = 1536 �û�+�?���M�i�B�H�H�Q�M�b �¨f e = 88:2�F�>�x�X

�j�X�d �*�Q�M�+�H�m�b�B�Q�M

�*�2 �+�?���T�B�i�`�2 �� �T�2�`�K�B�b �/�ö�û�p���H�m�2�` �H�2�b �+���T���+�B�i�û�b �2�i �H�2�b �H�B�K�B�i�2�b �/�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b �a�A�a�P�- �2�M
�B�M�i�û�`�B�2�m�`�- �[�m�B �m�i�B�H�B�b�2�M�i �/�2�b �m�H�i�`���b�Q�M�b �T�`�Q�+�?�2�b�X

�P�M �� �K�Q�M�i�`�û�- �/���M�b �H�� �b�2�+�i�B�Q�M�j�X�k�- �[�m�2 �H�ö�m�i�B�H�B�b���i�B�Q�M �/�2 �+�?�B�`�T�b �H�B�M�û���B�`�2�b �K�Q�M�i���M�i �2�i �/�2�b�+�2�M�/���M�i�-
�+�Q�K�K�2 �b�v�K�#�Q�H�2�b�- �T�2�`�K�2�i �/�2 �`�û���H�B�b�2�` �/�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b �`�Q�#�m�b�i�2�b �7���+�2 ���m �#�`�m�B�i�X �*�2�i�i�2 �K�Q�/�m�@
�H���i�B�Q�M �T�2�`�K�2�i �m�M �/�û�+�Q�/���;�2 �b�B�K�T�H�2 �T���` �+�Q�`�`�û�H���i�B�Q�M ���p�2�+ �H�2�b �+�?�B�`�T�b�X �G�2 �T�`�B�t �/�2 �+�2�i�i�2 �`�Q�#�m�b�i�2�b�b�2�-
�B�H�H�m�b�i�`�û �T���` �H�2�b �`�û�b�m�H�i���i�b �/�m �K�Q�/���H�2 �/�2 �"�1�_ �/���M�b �H�� �b�2�+�i�B�Q�M�j�X�9�- �2�b�i �m�M �/�û�#�B�i �`�û�/�m�B�i�- �T�m�B�b�[�m�2 �/�B�@
�`�2�+�i�2�K�2�M�i �H�B�û ���m �i�2�K�T�b �b�v�K�#�Q�H�2�X ���}�M �/�ö���K�û�H�B�Q�`�2�` �H�2�b �+���T���+�B�i�û�b �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M�- �H�� �b�2�+�i�B�Q�M�j�X�j
�T�`�Q�T�Q�b�2 �/�2�m�t �i�v�T�2�b �/�ö�Q�T�i�B�K�B�b���i�B�Q�M �, �H�2 �`�2�+�Q�m�p�`�2�K�2�M�i �/�2 �b�v�K�#�Q�H�2�b �2�i �H�ö�û�H���`�;�B�b�b�2�K�2�M�i �/�m �/�B�+�i�B�Q�M�@
�M���B�`�2 �/�2 �b�v�K�#�Q�H�2�b �/�2 �k �¨ �e �û�H�û�K�2�M�i�b�X �G�� �T�`�2�K�B���`�2 ���T�T�`�Q�+�?�2 �T�2�`�K�2�i �/�2 �`�û�/�m�B�`�2 �H�ö�B�M�i�2�`�p���H�H�2 �2�M�i�`�2
�k �b�v�K�#�Q�H�2�b �/�ö�2�M�p�B�`�Q�M25 %�- �i�Q�m�i �2�M �+�Q�M�b�2�`�p���M�i �m�M�2 �T�m�B�b�b���M�+�2 �/�ö�û�K�B�b�b�B�Q�M �+�Q�M�b�i���M�i�2�X �G�� �b�2�+�Q�M�/�2
���D�Q�m�i�2 �9 �b�v�K�#�Q�H�2�b�- �B�b�b�m�b �/�2 �K�Q�/�m�H���i�B�Q�M�b �/�2 �7�`�û�[�m�2�M�+�2 �M�Q�M�@�H�B�M�û���B�`�2�b�- ���m�t �k �b�v�K�#�Q�H�2�b �B�b�b�m�b �/�2 �H��
�K�Q�/�m�H���i�B�Q�M �/�2 �7�`�û�[�m�2�M�+�2 �H�B�M�û���B�`�2 �/�û�D�¨ �m�i�B�H�B�b�û�b�X �G�2 �/�û�#�B�i �b�2 �p�Q�B�i ���B�M�b�B �K�m�H�i�B�T�H�B�û �T���` �j�X �L�û���M�K�Q�B�M�b
�+�2�i�i�2 �/�2�`�M�B���`�2 ���T�T�`�Q�+�?�2 �2�b�i �T�H�m�b �b�2�M�b�B�#�H�2 ���m �#�`�m�B�i�X

�1�M�b�m�B�i�2�- �H�� �b�2�+�i�B�Q�M�j�X�8�T�`�Q�T�Q�b�2 �H�2 �/�û�p�2�H�Q�T�T�2�K�2�M�i �/�ö�m�M �/�B�b�T�Q�b�B�i�B�7 �2�t�T�û�`�B�K�2�M�i���H �T�2�`�K�2�i�i���M�i
�H�ö�û�K�B�b�b�B�Q�M �2�i �H�� �`�û�+�2�T�i�B�Q�M �/�2 �b�B�;�M���m�t �+�Q�M�i�2�M���M�i �/�2�b �m�H�i�`���b�Q�M�b �T�`�Q�+�?�2�b�X �G�� �T�B�2�`�`�2 ���M�;�m�H���B�`�2 �/�2 �+�2
�/�B�b�T�Q�b�B�i�B�7 �2�b�i �H�2 �/�û�p�2�H�Q�T�T�2�K�2�M�i �/�ö�m�M �K�Q�M�Q�@�û�H�û�K�2�M�i �û�K�2�i�i�2�m�`�f�`�û�+�2�T�i�2�m�`�X �G�� �K�Q�#�B�H�B�i�û �/�m �/�B�b�T�Q�b�B�i�B�7
�� �T�2�`�K�B�b �H�� �`�û���H�B�b���i�B�Q�M �/�2 �K�2�b�m�`�2�b �/���M�b �/�B�p�2�`�b�2�b �+�Q�M�}�;�m�`���i�B�Q�M�b �T�?�v�b�B�[�m�2�b �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M �a�A�a�P
�2�M �B�M�i�û�`�B�2�m�`�X �.�2 �7���B�i�- �+�2 �b�v�b�i���K�2 �b�2 �`�û�p���H�2 �2�M�b�m�B�i�2 �i�Q�m�i �¨ �7���B�i ���/���T�i�û �T�Q�m�` �/�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b
�B�M�i�û�`�B�2�m�`�2�b �a�A�a�P�- �2�M �+�Q�M�}�;�m�`���i�B�Q�M �G�P�a �2�i �T�Q�m�` �H�2�b �+���b �Q�M �H�2 �`�û�+�2�T�i�2�m�` �b�2 �i�`�Q�m�p�2 �/���M�b �H�ö���M�;�H�2
�/�ö�Q�m�p�2�`�i�m�`�2 �/�2 �H�ö�û�K�2�i�i�2�m�`�- �+�Q�K�K�2 �H�2 �K�Q�M�i�`�2�M�i �H�2�b �`�û�b�m�H�i���i�b �T�`�û�b�2�M�i�û�b �/���M�b �H�2 �i���#�H�2���m�j�X�R�X �1�M
�b�Q�`�i���M�i �/�2 �H�� �x�Q�M�2 �+�Q�m�p�2�`�i�2 �T���` �H�ö���M�;�H�2 �/�ö�Q�m�p�2�`�i�m�`�2 �/�2 �H�ö�û�K�2�i�i�2�m�`�- �H�� �/�û�;�`���/���i�B�Q�M �/�m �"�1�_ �U���m�i�Q�m�`
�/�25 %�V �K�2�i �2�M �H�m�K�B���`�2 �/�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b �+�Q�M�b�B�/�û�`�û�2�b �+�Q�K�K�2 ���+�+�2�T�i���#�H�2�b�X �*�2 �T�?�û�M�Q�K���M�2
�T�2�m�i �b�ö�2�t�T�H�B�[�m�2�` �T���` �H�ö���#�b�2�M�+�2 �/�ö�m�M �i�`���D�2�i �/�B�`�2�+�i �/�2 �T�`�Q�T���;���i�B�Q�M �2�i �H�� �T�`�û�b�2�M�+�2 �/�2 �T�H�m�b�B�2�m�`�b
�i�`���D�2�i�b �B�M�/�B�`�2�+�i�b�- �2�M�;�2�M�/�`���M�i �T���` �+�Q�M�b�û�[�m�2�M�i �H�ö���T�T���`�B�i�B�Q�M �/�ö�A�1�a�X �.���M�b �H�2�b �+���b �/�2 �+�Q�M�}�;�m�`���i�B�Q�M�b
�L�G�P�a�- �2�t�+�2�T�i�B�Q�M �7���B�i�2 �/�m �+���b �Q�M �H�ö�m�M �/�2�b �i�`���D�2�i�b �B�M�/�B�`�2�+�i�b �b�2�K�#�H�2 �T�`�û�/�Q�K�B�M���M�i �U�+�7�X �T�Q�b�B�i�B�Q�MSf

1 �V�-
�H�� �/�û�;�`���/���i�B�Q�M �b�ö���+�+�2�M�i�m�2 �2�i �K���M�2 �¨ �/�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b �+�Q�M�b�B�/�û�`�û�2�b �+�Q�K�K�2 �K���m�p���B�b�2�b �p�Q�B�`�2
�M�m�H�H�2�b�X �*�2�b �`�û�b�m�H�i���i�b �b�m�;�;���`�2�M�i �[�m�2 �H�2 �b�v�b�i���K�2 �2�t�T�û�`�B�K�2�M�i���H �i�2�H �[�m�2 �T�`�û�b�2�M�i�û �/���M�b �+�2 �+�?���T�B�i�`�2
�M�ö�2�b�i �T���b ���/���T�i�û ���m�t �+�Q�K�K�m�M�B�+���i�B�Q�M�b �2�M �+�Q�M�}�;�m�`���i�B�Q�M �L�G�P�a�X

�G�2 �/�B�b�T�Q�b�B�i�B�7 �� �T�2�`�K�B�b �û�;���H�2�K�2�M�i �/�ö�2�z�2�+�i�m�2�` �m�M�2 �p���H�B�/���i�B�Q�M �2�t�T�û�`�B�K�2�M�i���H�2 �/�m �K�Q�/���H�2 �/�2 �"�1�_
�B�M�i�`�Q�/�m�B�i �¨ �H�� �b�2�+�i�B�Q�M�j�X�9�X �1�M �+�Q�K�T���`���M�i �H�2�b �`�û�b�m�H�i���i�b �2�t�T�û�`�B�K�2�M�i���m�t ���m �K�Q�/���H�2 �/�2 �"�1�_ �T�`�Q�T�Q�b�û
�T�`�û�+�û�/�2�K�K�2�M�i�- �Q�M �Q�#�b�2�`�p�2 �/�2�b �+�Q�K�T�Q�`�i�2�K�2�M�i�b �b�B�K�B�H���B�`�2�b �2�i �+�Q�?�û�`�2�M�i�b ���p�2�+ �H�2�b �`�û�b�m�H�i���i�b �B�b�b�m�b �/�2�b
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�j�X�d �*�Q�M�+�H�m�b�B�Q�M

�B�M�i�û�;�`���i�B�Q�M�b �M�m�K�û�`�B�[�m�2�b �U�+�7�X �}�;�m�`�2�j�X�R�9�V �T�Q�m�` �H�2�b �+�Q�M�}�;�m�`���i�B�Q�M�b �G�P�a �/���M�b �H�ö���M�;�H�2 �/�ö�Q�m�p�2�`�i�m�`�2
�/�2 �H�ö�û�K�2�i�i�2�m�` �U�B�X�2�X�- �2�M �2�t�+�H�m���M�i �H�� �T�Q�b�B�i�B�Q�MSc

2�V�X �*�2�T�2�M�/���M�i�- �/���M�b �H�2�b �+���b �/�2 �+�Q�M�}�;�m�`���i�B�Q�M �G�P�a
�?�Q�`�b �/�2 �H�ö���M�;�H�2 �/�ö�Q�m�p�2�`�i�m�`�2 �/�2 �H�ö�û�K�2�i�i�2�m�` �2�i �L�G�P�a�- �Q�M �p�Q�B�i �[�m�2 �H�2 �K�Q�/���H�2 �M�ö�2�b�i �T�H�m�b ���/���T�i�û�X �1�M
�2�z�2�i�- �H�� �M�Q�i�B�Q�M �/�2 �K�m�H�i�B�@�i�`���D�2�i �M�ö�2�b�i �T���b �B�M�i�û�;�`�û�2 ���m �K�Q�/���H�2�X

�1�M�}�M�- �Q�M �K�Q�M�i�`�2 �[�m�2 �H�2 �/�B�b�T�Q�b�B�i�B�7 �2�t�T�û�`�B�K�2�M�i���H ���p�2�+ �H�2�b �T���`���K���i�`�2�b �+�?�Q�B�b�B�b �M�ö�2�b�i �T���b �+���T���#�H�2
�/�ö�2�z�2�+�i�m�2�` �/�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b �K�m�H�i�B�@�m�i�B�H�B�b���i�2�m�`�b�X �G�2�b �`�û�b�m�H�i���i�b �T�`�û�b�2�M�i�û�b �/���M�b �H�2 �i���#�H�2���m�j�X�k
�K�Q�M�i�`�2�M�i �#�B�2�M �[�m�2 �/�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b�- �T�`�û�+�û�/�2�K�K�2�M�i �`�û���H�B�b�û�2�b ���p�2�+ �m�M �"�1�_ �/�20 %�- �p�Q�B�2�M�i �+�2
�/�2�`�M�B�2�` ���m�;�K�2�M�i�2�` �`���/�B�+���H�2�K�2�M�i�- �T�Q�m�` ���i�i�2�B�M�/�`�2 �2�M�p�B�`�Q�M20 %�¨ 50 %�X �1�M �2�z�2�i�- �H�2�b �K�Q�M�Q�@�û�H�û�K�2�M�i�b
�`�û�+�2�T�i�2�m�`�b �M�2 �/�B�b�T�Q�b�2�M�i �T���b �/�ö�B�M�7�Q�`�K���i�B�Q�M �[�m�B �T�Q�m�`�`���B�i �H�2�m�` �T�2�`�K�2�i�i�`�2 �/�2 �b�û�T���`�2�` �/�2�m�t �b�B�;�M���m�t
�K�û�H���M�;�û�b �H�2�m�` �T���`�p�2�M���M�i �b�B�K�m�H�i���M�û�K�2�M�i ���p�2�+ �H�� �K���K�2 ���K�T�H�B�i�m�/�2�X ���}�M �/�2 �T�Q�m�p�Q�B�` �+�Q�K�K�m�M�B�[�m�2�`
�b�B�K�m�H�i���M�û�K�2�M�i�- �2�i �/�2 �K���M�B���`�2 �2�{�+���+�2�- ���p�2�+ �/�2�m�t �K�Q�M�Q�@�û�H�û�K�2�M�i�b �`�û�+�2�T�i�2�m�`�b�- �H�ö�m�M�2 �/�2�b �b�Q�H�m�i�B�Q�M�b
�2�M�p�B�b���;�û�2�b �2�b�i �H�ö���K�û�H�B�Q�`���i�B�Q�M �/�2 �H�� �T���`�i�B�2 �û�K�2�i�i�`�B�+�2 �/�2 �H�� �+�?���B�M�2 �/�2 �i�`���M�b�K�B�b�b�B�Q�M�X

���B�M�b�B�- �H�ö�û�K�B�b�b�B�Q�M �T���` �m�M�2 ���M�i�2�M�M�2 �+�Q�M�b�i�B�i�m�û�2 �/�2 �T�H�m�b�B�2�m�`�b �K�Q�M�Q�@�û�H�û�K�2�M�i�b �T�Q�m�`�`���B�i �T�2�`�K�2�i�i�`�2
�H�ö���K�û�H�B�Q�`���i�B�Q�M �/�2 �H�� �[�m���H�B�i�û�- �/�ö�m�M�2 �T���`�i�- �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M�b �/���M�b �/�2�b �+�Q�M�}�;�m�`���i�B�Q�M�b �L�G�P�a �2�i�-
�/�ö���m�i�`�2 �T���`�i�- �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M�b �K�m�H�i�B�@�m�i�B�H�B�b���i�2�m�`�b�X �G�2 �+�?���T�B�i�`�2 �b�m�B�p���M�i �û�i�m�/�B�2 �+�2�i�i�2 �T�Q�b�b�B�#�B�H�B�i�û�X
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�9 �%�*�Q�K�K�m�M�B�+���i�B�Q�M�b �K�m�H�i�B�@�û�H�û�K�2�M�i�b

�9�X�R�A�M�i�`�Q�/�m�+�i�B�Q�M

�l�M �b�v�b�i���K�2 �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M �a�A�a�P�- �2�M �m�H�i�`���b�Q�M�b �T�`�Q�+�?�2�b�- �i�2�H �[�m�2 �T�`�û�b�2�M�i�û �/���M�b �H�2 �+�?���T�B�i�`�2
�j�- �T�2�`�K�2�i �H�� �`�û���H�B�b���i�B�Q�M �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M�b ���û�`�Q�T�Q�`�i�û�2�b �2�M �m�H�i�`���b�Q�M�b �T�`�Q�+�?�2�b �/�2 �#�Q�M�M�2 �[�m���H�B�i�û
�T�Q�m�` �/�2�b �+�Q�M�}�;�m�`���i�B�Q�M�b �G�P�a�X �*�2�T�2�M�/���M�i�- �Q�M �� �K�Q�M�i�`�û �[�m�2 �/�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b �/�2 �+�2�i�i�2 �[�m���H�B�i�û�-
�2�z�2�+�i�m�û�2�b �¨ �H�ö���B�/�2 �/�2 �K�Q�M�Q�@�û�H�û�K�2�M�i�b�- �M�2 �b�Q�M�i �T���b �T�Q�b�b�B�#�H�2�b �T�Q�m�` �/�2�b �+�Q�M�}�;�m�`���i�B�Q�M�b �L�G�P�a�- ���B�M�b�B
�[�m�2 �T�Q�m�` �/�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b �K�m�H�i�B�@�m�i�B�H�B�b���i�2�m�`�b�X

�S�Q�m�` �i�2�M�i�2�` �/�2 �T���H�H�B�2�` �+�2�b �B�M�+�Q�M�p�û�M�B�2�M�i�b�- �Q�M �+�?�2�`�+�?�2 �¨ ���K�û�H�B�Q�`�2�` �H�ö�m�i�B�H�B�b���i�B�Q�M �/�2 �H�� �T�m�B�b�b���M�+�2
�/�2 �H�ö�û�K�2�i�i�2�m�` �2�i �H�� �+���T���+�B�i�û �/�2 �+�Q�M�i�`�¬�H�2 �/�2 �H�� �/�B�`�2�+�i�B�p�B�i�û �/�m �+�?���K�T ���+�Q�m�b�i�B�[�m�2 �û�K�B�b�X �G�2 �T���b�b���;�2
�/�ö�m�M �K�Q�M�Q�@�û�H�û�K�2�M�i �¨ �m�M�2 ���M�i�2�M�M�2�- �+�Q�M�b�i�B�i�m�û�2 �/�2 �T�H�m�b�B�2�m�`�b �K�Q�M�Q�@�û�H�û�K�2�M�i�b�- �T�2�`�K�2�i �/�2 �`�û�T�Q�M�/�`�2
�¨ �+�2�b �#�2�b�Q�B�M�b�X ���b�b�Q�+�B�û�2 �¨ �H�� �K�û�i�?�Q�/�2 �/�2 �7�Q�+���H�B�b���i�B�Q�M �T���` �`�2�i�Q�m�`�M�2�K�2�M�i �/�m �i�2�K�T�b�- �+�2 �`�û�b�2���m
�+�Q�M�b�i�B�i�m�2 �m�M �J�B�`�Q�B�` �¨ �`�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H �U�J�_�h�V �U�+�7�X �b�2�+�i�B�Q�M�9�X�k�V�X �*�2 �/�2�`�M�B�2�` �T�2�`�K�2�i �/�2
�`�û���H�B�b�2�` �/�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b �7�Q�+���H�B�b�û�2�b �/���M�b �H�ö�2�b�T���+�2 �;�`�•�+�2 �¨ �H�� �/�B�p�2�`�b�B�i�û �b�T���i�B���H�2�- �B�X�2�X�- �2�M �i�B�`���M�i
�T�`�Q�}�i �/�2�b �K�m�H�i�B�@�i�`���D�2�i�b�X �G�2 �b�v�b�i���K�2 �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M ���B�M�b�B �+�Q�M�b�i�B�i�m�û �b�ö�B�M�b�+�`�B�i �/���M�b �H�� �7���K�B�H�H�2
�/�2�b �i�`���M�b�K�B�b�b�B�Q�M�b �¨ �K�m�H�i�B�T�H�2�b �2�M�i�`�û�2�b �U�+�7�X �b�2�+�i�B�Q�M�j�X�R�V�X �.���M�b �+�2 �+�?���T�B�i�`�2�- �M�Q�m�b �û�i�m�/�B�Q�M�b �H�2�b �+���b
�/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M�b �J�A�a�P �2�i �J�l�@�J�A�a�P�X

�9�X�R�X�R�ú�i���i �/�2 �H�ö���`�i

�*�Q�K�K�2 �û�p�Q�[�m�û �/���M�b �H�2 �+�?���T�B�i�`�2�k�- �H�2�b �T�`�2�K�B�2�`�b �b�v�b�i���K�2�b �a�P�L���_ �Q�M�i �p�m �H�2 �D�Q�m�` �/�m�`���M�i
�H�� �/�2�m�t�B���K�2 �/�û�+�2�M�M�B�2 �/�m �s�s���K�2 �b�B���+�H�2�X �G�2�b ���p���M�+�û�2�b�- �B�b�b�m�2�b �/�2 �H�� �`�2�+�?�2�`�+�?�2 �K�B�H�B�i���B�`�2�- �/�m�`���M�i
�H�� �a�2�+�Q�M�/�2 �;�m�2�`�`�2 �K�Q�M�/�B���H�2 �T�2�`�K�2�i�i�2�M�i �H�2 �/�û�p�2�H�Q�T�T�2�K�2�M�i �/�2 �M�Q�K�#�`�2�m�t �/�B�b�T�Q�b�B�i�B�7�b �b�Q�M�Q�`�2�b �2�i
�m�H�i�`���b�Q�M�Q�`�2�b�- �K�Q�M�Q �Q�m �K�m�H�i�B�@�û�H�û�K�2�M�i�b �U�`�û�b�2���m �/�2 �`�û�+�2�T�i�2�m�`�b �2�i�f�Q�m �/�ö�û�K�2�i�i�2�m�`�b�V�X �S���` �H�� �b�m�B�i�2�-
�/�2�b �i�`���p���m�t �b�m�` �H�ö�B�K���;�2�`�B�2 �K�û�/�B�+���H�2�- �2�X�;�X�- �û�+�?�Q�;�`���T�?�B�2 �2�i �`���/�B�Q�;�`���T�?�B�2 �(�r�Q�Q�n�b�?�Q�`�i�n�k�y�y�k�)�-
�b�Q�M�i �K�2�M�û�b�X �§ �T���`�i�B�` �/�2�b ���M�M�û�2�b �R�N�3�y�- �H�� �`�2�+�?�2�`�+�?�2 �b�m�` �H�2�b �K���i�û�`�B���m�t �T�B�û�x�Q�û�H�2�+�i�`�B�[�m�2�b �2�i �H��
�K�B�M�B���i�m�`�B�b���i�B�Q�M �/�2�b �+�Q�K�T�Q�b���M�i�b �û�H�2�+�i�`�Q�M�B�[�m�2�b �7���+�B�H�B�i�2�M�i �H�� �7���#�`�B�+���i�B�Q�M �/�2 �`�û�b�2���m�t �/�2 �+���T�i�2�m�`�b �¨
�2�M�+�Q�K�#�`�2�K�2�M�i �`�û�/�m�B�i�X �G�2 �+�?���K�T �/�ö���T�T�H�B�+���i�B�Q�M �/�2�b �`�û�b�2���m�t ���+�Q�m�b�i�B�[�m�2�b �U���m�/�B�#�H�2 �2�i �m�H�i�`���b�Q�M�b�V
�b�ö���;�`���M�/�B�i �c �Q�M �T�2�m�t �+�B�i�2�` �H�2�m�` �m�i�B�H�B�b���i�B�Q�M �2�M �û�K�B�b�b�B�Q�M�- �2�X�;�X�- �/���M�b �H�2 �/�Q�K���B�M�2 �/�m �b�T�2�+�i���+�H�2 �p�B�p���M�i
�(�#�m�M�i�B�M�;�n�H�B�M�2�n�k�y�y�8�)�- �2�M �`�û�+�2�T�i�B�Q�M�- �2�X�;�X�- �/���M�b �H�2 �/�Q�K���B�M�2 �/�2 �H�� �`�2�+�?�2�`�+�?�2 �b�m�` �H�� �H�Q�+���H�B�b���i�B�Q�M �/�2
�b�Q�m�`�+�2�b �b�Q�M�Q�`�2�b �(�/�2�K�Q�M�i�B�b�n�B�/�2�M�i�B�}�+���i�B�Q�M�n�k�y�R�N�)�- �Q�m �#�B�2�M �2�M�+�Q�`�2 �2�M �û�K�B�b�b�B�Q�M �2�i �2�M �`�û�+�2�T�i�B�Q�M�-
�2�X�;�X�- �T�Q�m�` �H�2 �+�Q�M�i�`�¬�H�2 �M�Q�M �/�2�b�i�`�m�+�i�B�7 �(�b�+�?�K�2�`�`�n�7�m�M�/���K�2�M�i���H�b�n�k�y�R�e�)�X

�Z�m�2 �+�2 �b�Q�B�i �T�Q�m�` �+�Q�m�p�`�B�` �/�2 �;�`���M�/�b �2�b�T���+�2�b �Q�m �T�Q�m�` ���K�û�H�B�Q�`�2�` �H�� �T�`�û�+�B�b�B�Q�M �2�i �H�� �K���M�B���#�B�H�B�i�û
�/�2 �T�2�i�B�i�b �/�B�b�T�Q�b�B�i�B�7�b�- �H�2 �+�Q�M�i�`�¬�H�2 �/�2 �H�� �/�B�`�2�+�i�B�p�B�i�û �/�2 �H�� �T�`�Q�T���;���i�B�Q�M �B�b�b�m�2 �/�ö�m�M �`�û�b�2���m �/�ö�û�H�û�K�2�M�i�b
�2�b�i �+�`�m�+�B���H�X �A�H �2�t�B�b�i�2 �T�H�m�b�B�2�m�`�b �K�û�i�?�Q�/�2�b �T�Q�m�` ���i�i�2�B�M�/�`�2 �+�2 �#�m�i�X �S���`�K�B �2�H�H�2�b�- �Q�M �T�2�m�i �+�B�i�2�` �H�2
�T�H���+�2�K�2�M�i �T���`�i�B�+�m�H�B�2�` �/�2�b �û�H�û�K�2�M�i�b �/�ö�m�M �`�û�b�2���m ���}�M �[�m�2 �+�2 �/�2�`�M�B�2�` ���/�Q�T�i�2 �H�� �7�Q�`�K�2 �M�û�+�2�b�b���B�`�2 ���m
�+�Q�K�T�Q�`�i�2�K�2�M�i �/�B�`�2�+�i�B�7 �b�Q�m�?���B�i�û�X �P�M �`�2�i�`�Q�m�p�2 �+�2 �+���b �/�2 �}�;�m�`�2 �/���M�b �H�� �b�Q�M�Q�`�B�b���i�B�Q�M �/�ö�û�p���M�2�K�2�M�i�b
�2�i �/�2 �H�B�2�m�t�- ���p�2�+ �/�2�b �`�û�b�2���m�t �/�ö�2�M�+�2�B�M�i�2�b�- �b�m�b�T�2�M�/�m�b �2�i �K�Q�M�i�û�b �2�M �7�Q�`�K�2 �/�2 �? �C �@�- ���}�M �/�2 �+�Q�m�p�`�B�`
�H�ö�2�M�b�2�K�#�H�2 �/�m �T�m�#�H�B�+ �(�#�m�M�i�B�M�;�n�H�B�M�2�n�k�y�y�8�)�X �l�M �i�v�T�2 �/�2 �+�Q�M�i�`�¬�H�2 �/�B�z�û�`�2�M�i�- �;�û�M�û�`���H�2�K�2�M�i �m�i�B�H�B�b�û
���p�2�+ �/�2�b �`�û�b�2���m�t �H�B�M�û���B�`�2�b�- �2�b�i �H�2 �+�Q�M�i�`�¬�H�2 �/�2 �T�?���b�2 �(�Q�H�v�K�T�m�b�n�B�M�i�`�Q�/�m�+�i�B�Q�M�n�k�y�y�9�)�X �*�2�i�i�2
�K�û�i�?�Q�/�2 �/�Q�i�2 �m�M �`�û�b�2���m �/�ö�û�H�û�K�2�M�i�b �/�2 �H�� �+���T���+�B�i�û �/�2 �K�Q�/�B�}�2�` �b�� �/�B�`�2�+�i�B�p�B�i�û �û�H�2�+�i�`�Q�M�B�[�m�2�K�2�M�i�-
�b���M�b �K�Q�/�B�}�2�` �H�� �/�B�b�T�Q�b�B�i�B�Q�M �/�2�b �û�H�û�K�2�M�i�b�X
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�+�Q�M�}�;�m�`���i�B�Q�M�b �G�P�a �2�i �L�G�P�a�X

�*�2 �+�?���T�B�i�`�2 �b�ö���`�i�B�+�m�H�2 �2�M �d �b�2�+�i�B�Q�M�b�X �h�Q�m�i �/�ö���#�Q�`�/�- ���T�`���b �H�ö�B�M�i�`�Q�/�m�+�i�B�Q�M �/�2 �H�ö�m�i�B�H�B�b���i�B�Q�M �/�2�b
���M�i�2�M�M�2�b ���+�Q�m�b�i�B�[�m�2�b �2�i �/�2�b �K�û�i�?�Q�/�2�b �/�2 �+�Q�M�i�`�¬�H�2 �/�2 �H�� �/�B�`�2�+�i�B�p�B�i�û ���b�b�Q�+�B�û�2�b�- �û�p�Q�[�m�û�2�b �¨ �H�� �b�2�+�@
�i�B�Q�M�9�X�R�- �H�� �b�2�+�i�B�Q�M�9�X�k�T�`�û�b�2�M�i�2 �T�H�m�b �2�M �/�û�i���B�H �H�2 �7�Q�M�+�i�B�Q�M�M�2�K�2�M�i �/�m �T�`�Q�+�2�b�b�m�b �/�2 �`�2�i�Q�m�`�M�2�K�2�M�i
�i�2�K�T�Q�`�2�H �2�i �b�Q�M ���T�T�H�B�+���i�B�Q�M �T�Q�m�` �`�û���H�B�b�2�` �m�M�2 �7�Q�+���H�B�b���i�B�Q�M ���p�2�+ �m�M �b�v�b�i���K�2 �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M
�J�A�a�P�X �l�M�2 �;�û�M�û�`���H�B�b���i�B�Q�M �/�m �K�Q�/���H�2 �/�2 �"�1�_ �T�`�û�b�2�M�i�û ���m �+�?���T�B�i�`�2�j �2�b�i �2�M�b�m�B�i�2 �T�`�Q�T�Q�b�û�2 �/���M�b
�H�� �b�2�+�i�B�Q�M�9�X�j�X

�S�m�B�b�- �H�� �b�2�+�i�B�Q�M�9�X�9�2�b�i �/�û�/�B�û�2 ���m �/�B�b�T�Q�b�B�i�B�7 �2�t�T�û�`�B�K�2�M�i���H �T�2�`�K�2�i�i���M�i �H�� �`�û���H�B�b���i�B�Q�M �/�2 �+�Q�K�@
�K�m�M�B�+���i�B�Q�M�b �2�M �m�H�i�`���b�Q�M�b �T�`�Q�+�?�2�b �J�A�a�P �2�i �J�A�a�P�@�J�l �/���M�b �H�ö���B�`�X �.�2 �K���M�B���`�2 ���M���H�Q�;�m�2 �¨ �H��
�b�2�+�i�B�Q�M�j�X�8�- �H�2 �T�`�Q�i�Q�i�v�T�2 �[�m�2 �M�Q�m�b ���p�Q�M�b �/�û�p�2�H�Q�T�T�û �2�b�i �+���`���+�i�û�`�B�b�û ���+�Q�m�b�i�B�[�m�2�K�2�M�i �2�M �+�?���K�#�`�2
���M�û�+�?�Q�[�[�m�2�X �G�2�b �+�Q�M�}�;�m�`���i�B�Q�M�b �2�M �B�M�i�û�`�B�2�m�`�- �T�Q�m�` �T���`�i�B�2 �B�/�2�M�i�B�[�m�2�b �¨ �+�2�H�H�2�b �/�m �+�?���T�B�i�`�2�j�- �[�m�2
�M�Q�m�b ���p�Q�M�b �`�2�i�2�M�m�2�b �T�Q�m�` �H�2�b �K�2�b�m�`�2�b �2�t�T�û�`�B�K�2�M�i���H�2�b �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M�b �b�Q�M�i �/�û�i���B�H�H�û�2�b�X �S�Q�m�`
�+�?���+�m�M�2 �/�ö�2�M�i�`�2 �2�H�H�2�b�- �H�2�b �`�û�b�m�H�i���i�b �/�2 �"�1�_ �Q�#�i�2�M�m�b �2�M �7�Q�M�+�i�B�Q�M �/�m �_�a�" �b�Q�M�i �T�`�û�b�2�M�i�û�b�X

�1�M�b�m�B�i�2�- �H�� �b�2�+�i�B�Q�M�9�X�8�û�i�m�/�B�2 �H�ö�B�K�T���+�i �/�2 �H�� �`�û�/�m�+�i�B�Q�M �/�m �i�2�K�T�b �b�v�K�#�Q�H�2 �b�m�` �H�� �[�m���H�B�i�û �/�2�b
�+�Q�K�K�m�M�B�+���i�B�Q�M�b �T�Q�m�` �T�H�m�b�B�2�m�`�b �+�Q�M�}�;�m�`���i�B�Q�M�b �2�M �B�M�i�û�`�B�2�m�` �T�`�û�b�2�M�i�û�2�b �/���M�b �H�� �b�2�+�i�B�Q�M �T�`�û�+�û�/�2�M�i�2�X

�G�� �b�2�+�i�B�Q�M�9�X�e�û�i�m�/�B�2�- �[�m���M�i �¨ �2�H�H�2�- �H�� �`�Q�#�m�b�i�2�b�b�2 �¨ �H�� �K�Q�#�B�H�B�i�û �2�i �¨ �H�� �b�i���i�B�Q�M�M���`�B�i�û �/�m �+���M���H
�2�i �b�Q�M �B�K�T���+�i �b�m�` �H�� �[�m���H�B�i�û �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M �T�Q�m�` �/�B�z�û�`�2�M�i�b �b�+�?�û�K���b �/�2 �i�`���M�b�K�B�b�b�B�Q�M�X

�1�M�}�M�- �H�� �b�2�+�i�B�Q�M�9�X�d�2�b�i �/�û�/�B�û�2 �¨ �H�� �+�Q�M�+�H�m�b�B�Q�M �/�2 �+�2 �+�?���T�B�i�`�2�9�X

�9�X�k�_�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H

�.���M�b �+�2�i�i�2 �T���`�i�B�2�- �Q�M �2�t�T�H�B�+�B�i�2 �T�H�m�b �2�M �/�û�i���B�H �H�2 �T�`�Q�+�2�b�b�m�b �/�2 �`�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H�- �H��
�+�Q�M�b�i�`�m�+�i�B�Q�M �/�ö�m�M �J�_�h �2�i �H�ö�m�i�B�H�B�b���i�B�Q�M �/�2 �+�2 �/�2�`�M�B�2�` �¨ �/�2�b �}�M�b �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M�X

�9�X�k�X�R�_�2�M�p�2�`�b�2�K�2�M�i �/�m �i�2�K�T�b

�G�ö�û�[�m���i�B�Q�M �/�2 �T�`�Q�T���;���i�B�Q�M�- �b���M�b �b�Q�m�`�+�2�- �/�ö�m�M �+�?���K�T ���+�Q�m�b�i�B�[�m�2p(~r)�- ���m �T�Q�B�M�i~r�- �b�ö�û�+�`�B�i
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= 0 ; �U�9�X�R�V

�Q�Mc(~r) �2�b�i �H�� �+�û�H�û�`�B�i�û �/�2 �H�ö�Q�M�/�2 �2�i� (~r) �2�b�i �H�� �K���b�b�2 �p�Q�H�m�K�B�[�m�2 �/�m �K�B�H�B�2�m ���m �T�Q�B�M�i~r�X �*�2�i�i�2
�û�[�m���i�B�Q�M �2�b�i �B�M�p���`�B���M�i�2 �T���` �`�2�M�p�2�`�b�2�K�2�M�i �/�m �i�2�K�T�b�- �/�m �7���B�i �/�2 �H�� �/�û�`�B�p�û�2 �b�2�+�Q�M�/�2 �T���` �`���T�T�Q�`�i ���m
�i�2�K�T�b�X �1�M �2�z�2�i�- �+�Q�M�b�B�/�û�`�Q�M�b �m�M�2 �b�Q�m�`�+�2 �;�û�M�û�`���M�i �m�M�2 �Q�M�/�2 �/�B�p�2�`�;�2�M�i�2�- �M�Q�i�û�2p(~r; t )�X �G�ö�B�M�p���`�B���M�+�2
�T���` �`�2�M�p�2�`�b�2�K�2�M�i �/�m �i�2�K�T�b �b�B�;�M�B�}�2 �[�m�2�- �b�Bp(~r; t ) �2�b�i �b�Q�H�m�i�B�Q�M �/�2 �H�ö�û�[�m���i�B�Q�M �U�9�X�R�V�- ���H�Q�`�bp(~r; � t)
�2�b�i �û�;���H�2�K�2�M�i �b�Q�H�m�i�B�Q�M �/�2 �+�2�i�i�2 �K���K�2 �û�[�m���i�B�Q�M�X �G�2�b �Q�M�/�2�bp(~r; t ) �2�ip(~r; � t) �b�Q�M�i �`�2�b�T�2�+�i�B�p�2�K�2�M�i
���T�T�2�H�û�2�b �Q�M�/�2 �/�B�`�2�+�i�2 �2�i �Q�M�/�2 �/�m���H�2�X ���B�M�b�B�- �H�ö�Q�M�/�2 �/�m���H�2 �+�Q�M�p�2�`�;�2 �p�2�`�b �H�2 �T�Q�B�M�i �b�Q�m�`�+�2 �/�2 �H�ö�Q�M�/�2
�/�B�`�2�+�i�2�- �T�2�m �B�K�T�Q�`�i�2 �H�� �+�Q�K�T�H�2�t�B�i�û �/�m �K�B�H�B�2�m �/�2 �T�`�Q�T���;���i�B�Q�M�- �i���M�i �[�m�ö���m�+�m�M �T�?�û�M�Q�K���M�2 �/�B�b�b�B�T���i�B�7
�B�M�i�2�M�b�2�- �2�i �/�Q�M�+ �M�2 �T�Q�m�p���M�i ���i�`�2 �M�û�;�H�B�;�û�- �M�ö�B�M�i�2�`�p�B�2�M�i�X

�P�M �T�Q�m�`�`���B�i �T�2�M�b�2�` �[�m�2 �H�� �b�Q�H�m�i�B�Q�Mp(~r; � t) �M�ö�2�b�i �T���b �T�?�v�b�B�[�m�2 �T�m�B�b�[�m�2 �M�ö�û�i���M�i �T���b �+���m�b���H�2�X
�1�M �`�û���H�B�i�û�- �+�2�i�i�2 �+�Q�M�/�B�i�B�Q�M �M�û�+�2�b�b���B�`�2 �2�b�i �`�2�K�T�H�B�2 �2�M �+�Q�M�b�B�/�û�`���M�i �/�2�b �b�Q�H�m�i�B�Q�M�b �/�2 �H�ö�û�[�m���i�B�Q�M �U�9�X�R�V
�#�Q�`�M�û�2�b �2�M �i�2�K�T�b�X �1�M �i�`���p���B�H�H���M�i �b�m�` �m�M �B�M�i�2�`�p���H�H�2 �/�2 �i�2�K�T�b �}�M�B�- �2�X�;�X�- �H�ö�B�M�i�2�`�p���H�H�2I RT = [0 ; T0]�-
�H�� �+�Q�M�M���B�b�b���M�+�2 �/�2 �H�ö�Q�M�/�2 �/�B�`�2�+�i�2p(~r; t )�- �T�Q�m�`t 2 I RT �- �T�2�`�K�2�i ���H�Q�`�b �/�2 �;�û�M�û�`�2�` �H�ö�Q�M�/�2 �/�m���H�2
p(~r; 2T0 � t)�- �/�Q�M�i �H�� �;�û�M�û�`���i�B�Q�M �/�û�#�m�i�2 ���m �i�2�K�T�bT0 �2�i �b�2 �i�2�`�K�B�M�2 ���m �i�2�K�T�b2T0 �X �G�� �}�;�m�`�2�9�X�k
�B�H�H�m�b�i�`�2 �m�M�2 �Q�M�/�2 �/�B�`�2�+�i�2�- ���H�H���M�i �/�ö�m�M �T�Q�B�M�i �b�Q�m�`�+�2S �¨ �m�M �T�Q�B�M�iM �- �/���M�b �m�M �B�M�i�2�`�p���H�H�2 �/�2 �i�2�K�T�b
�}�M�B�- �2�i �H�ö�Q�M�/�2 �/�m���H�2 ���b�b�Q�+�B�û�2 �T���`�+�Q�m�`���M�i �H�2 �+�?�2�K�B�M �B�M�p�2�`�b�2�X

�9�N



�@ �*�?�X�9 �*�Q�K�K�m�M�B�+���i�B�Q�M�b �K�m�H�i�B�@�û�H�û�K�2�M�i�b

�6�B�;�m�`�2�9�X�k �� �S�`�Q�T���;���i�B�Q�M �/�ö�m�M�2 �Q�M�/�2 �/�B�`�2�+�i�2p(~r; t ) �2�M�i�`�2 �m�M �T�Q�B�M�i �b�Q�m�`�+�2S �2�i �m�M �T�Q�B�M�iM �-
�/���M�b �m�M �B�M�i�2�`�p���H�H�2 �/�2 �i�2�K�T�b �}�M�BI RT = [0 ; T0]�- �2�i �b�Q�M �`�2�M�p�2�`�b�û �i�2�K�T�Q�`�2�H�- �H�ö�Q�M�/�2 �/�m���H�2

p(~r; 2T0 � t)�X

�9�X�k�X�k�J�B�`�Q�B�` �¨ �`�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H

�.���M�b �H�� �T�`���i�B�[�m�2�- �`�2�b�i�2 �¨ �b���p�Q�B�` �+�Q�K�K�2�M�i �2�M�;�2�M�/�`�2�` �+�2 �+�?���K�T �`�2�i�Q�m�`�M�û �i�2�K�T�Q�`�2�H�H�2�K�2�M�i�X �S�Q�m�`
�+�2�H���- �J�X �6�B�M�F �2�i ���H�X �T�`�Q�T�Q�b�2�M�i �H�2 �+�Q�M�+�2�T�i �/�2 �+���p�B�i�û �¨ �`�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H�- �[�m�B �m�i�B�H�B�b�2 �H�2 �T�`�B�M�+�B�T�2
�/�2 �>�m�v�;�2�M�b�X �G�� �+���p�B�i�û �2�b�i �+�Q�M�b�i�B�i�m�û�2 �/�ö�m�M�2 �b�m�`�7���+�2 �/�2 �+�Q�M�i�`�¬�H�2 �7�2�`�K�û�2� �- �/�û�H�B�K�B�i���M�i �m�M �p�Q�H�m�K�2
�/���M�b �H�2�[�m�2�H �Q�M �+�?�2�`�+�?�2 �¨ �`�2�i�Q�m�`�M�2�` �H�2 �+�?���K�T�X �.���M�b �H�� �T�`�2�K�B���`�2 �û�i���T�2 �/�m �`�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H�-
�H�2 �+�?���K�T �û�K�B�b �T���` �m�M�2 �b�Q�m�`�+�2 ���m �b�2�B�M �/�2 �H�� �+���p�B�i�û �2�b�i �2�M�`�2�;�B�b�i�`�û �2�M �7�Q�M�+�i�B�Q�M �/�m �i�2�K�T�b �2�M �i�Q�m�i �T�Q�B�M�i
�/�2� �X �.���M�b �m�M �b�2�+�Q�M�/ �i�2�K�T�b�- �+�?���[�m�2 �T�Q�B�M�i �/�2 �H�� �b�m�`�7���+�2 �`�û�û�K�2�i �2�M �+�?�`�Q�M�Q�H�Q�;�B�2 �B�M�p�2�`�b�2 �H�2 �+�?���K�T
�2�M�`�2�;�B�b�i�`�û�X �J�X �6�B�M�F �2�i ���H�X �K�Q�M�i�`�2�M�i ���H�Q�`�b �[�m�2 �H�� �b�Q�H�m�i�B�Q�Mp(~r; � t) �2�b�i �2�M�;�2�M�/�`�û�2 ���m �b�2�B�M �/�m �p�Q�H�m�K�2
�/�2 �H�� �+���p�B�i�û �(�+���b�b�2�`�2���m�n�i�B�K�2�@�`�2�p�2�`�b���H�n�R�N�N�k�)�X �1�M �`�û���H�B�i�û�- �B�H �M�ö�2�b�i �T���b �M�û�+�2�b�b���B�`�2 �/�2 �+���T�i�2�` �H�2
�+�?���K�T �2�M �+�?���[�m�2 �T�Q�B�M�i�- �K���B�b�- �/�ö���T�`���b �H�2 �i�?�û�Q�`���K�2 �/�2 �a�?���M�M�Q�M�@�L�v�[�m�B�b�i�- �m�M �û�+�?���M�i�B�H�H�Q�M�M���;�2
�i�Q�m�i�2�b �H�2�b �/�2�K�B�@�H�Q�M�;�m�2�m�`�b �/�ö�Q�M�/�2 �U�Q�m �T�H�m�b �2�t���+�i�2�K�2�M�i �/�2 �H�� �T�H�m�b �T�2�i�B�i�2 �H�Q�M�;�m�2�m�` �/�ö�Q�M�/�2 �T�`�û�b�2�M�i�2
�b�m�` �H�2 �`�û�b�2���m�V �2�b�i �b�m�{�b���M�i�X �L�û���M�K�Q�B�M�b�- �H�� �`�û���H�B�b���i�B�Q�M �/�ö�m�M�2 �i�2�H�H�2 �+���p�B�i�û �¨ �`�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H
�M�û�+�2�b�b�B�i�2�`���B�i �m�M �M�Q�K�#�`�2 �7���`���K�B�M�2�m�t �/�ö�û�H�û�K�2�M�i�b�X �1�M �2�z�2�i�- �+�2 �/�2�`�M�B�2�` �+�`�Q�B�i ���p�2�+ �H�2 �+���`�`�û �/�2 �H�� �i���B�H�H�2
�+���`���+�i�û�`�B�b�i�B�[�m�2 �b�Q�m�b�@�i�2�M�/���M�i �H�2 �p�Q�H�m�K�2 �¨ �+�Q�M�i�`�¬�H�2�`�X

�6�B�;�m�`�2�9�X�j �� �S�?���b�2�b �/�ö���T�T�`�2�M�i�B�b�b���;�2 �U�¨ �;���m�+�?�2�V �2�i �/�2 �7�Q�+���H�B�b���i�B�Q�M �U�¨ �/�`�Q�B�i�2�V �/�m �`�2�i�Q�m�`�M�2�K�2�M�i
�i�2�K�T�Q�`�2�H �/���M�b �m�M�2 �+���p�B�i�û �/�û�H�B�K�B�i�û�2 �T���` �m�M�2 �b�m�`�7���+�2 �/�2 �+�Q�M�i�`�¬�H�2� �X

�*�ö�2�b�i �T�Q�m�` �+�2�i�i�2 �`���B�b�Q�M �[�m�2 �J�X �6�B�M�F �2�i ���H�X �Q�M�i �B�M�i�`�Q�/�m�B�i �H�2�b �K�B�`�Q�B�`�b �¨ �`�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H
�U�J�_�h�V�X �l�M �J�_�h �2�b�i �m�M �2�M�b�2�K�#�H�2 �/�ö�û�K�2�i�i�2�m�`�b�@�`�û�+�2�T�i�2�m�`�b �`�2�T�`�û�b�2�M�i���M�i �m�M�2 �7�`���+�i�B�Q�M �/�2 �H�� �b�m�`�@
�7���+�2 �/�2 �+�Q�M�i�`�¬�H�2� �X �l�M �J�_�h�- ���T�`���b �H�ö���+�[�m�B�b�B�i�B�Q�M �/�ö�m�M�2 �Q�M�/�2 �/�B�`�2�+�i�2�- �T�2�`�K�2�i ���H�Q�`�b �/�2 �;�û�M�û�`�2�` �m�M�2
���T�T�`�Q�t�B�K���i�B�Q�M �/�2p(~r; � t)�X �S�H�m�b�B�2�m�`�b �K�B�b�2�b �2�M �¾�m�p�`�2 �2�t�T�û�`�B�K�2�M�i���H�2�b �Q�M�i �T�2�`�K�B�b �/�2 �K�Q�M�i�`�2�` �[�m�2
�+�2�i�i�2 ���T�T�`�Q�t�B�K���i�B�Q�M �û�i���B�i �b�m�{�b���M�i�2 �T�Q�m�` �`�û���H�B�b�2�` �m�M�2 �#�Q�M�M�2 �7�Q�+���H�B�b���i�B�Q�M �(�}�M�F�n�i�B�K�2�n�R�N�N�d�c
�+���b�b�2�`�2���m�n�H�B�K�B�i�b�n�R�N�N�y�)�X �*�2�i�i�2 �K�û�i�?�Q�/�2 �/�2 �7�Q�+���H�B�b���i�B�Q�M ���/���T�i���i�B�p�2 �� �û�;���H�2�K�2�M�i �û�i�û �û�i�m�/�B�û�2
�/���M�b �/�2�b �2�M�p�B�`�Q�M�M�2�K�2�M�i�b �+�Q�K�T�H�2�t�2�b�- �2�X�;�X�- �/�2�b �7�Q�`���i�b �/�2 �i�B�;�2�b �Q�m �/�2�b �+���p�B�i�û�b �+�?���Q�i�B�[�m�2�b �(�/�2�`�Q�/�2�n�`�Q�#�m�b�i�n�R�N�N�8�c
�/�`���2�;�2�`�n�Q�M�2�+�?���M�M�2�H�n�R�N�N�d�)�X �G�2�b �/�Q�K���B�M�2�b �/�ö���T�T�H�B�+���i�B�Q�M �/�m �K�B�`�Q�B�` �¨ �`�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H
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�9�X�k �_�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H

�6�B�;�m�`�2�9�X�9 �� �S�?���b�2�b �/�ö���T�T�`�2�M�i�B�b�b���;�2 �U�¨ �;���m�+�?�2�V �2�i �/�2 �7�Q�+���H�B�b���i�B�Q�M �U�¨ �/�`�Q�B�i�2�V �/�m �`�2�i�Q�m�`�M�2�K�2�M�i
�i�2�K�T�Q�`�2�H ���p�2�+ �m�M �J�_�h�- �B�X�2�X�- �m�M�2 �7�`���+�i�B�Q�M �/�2 �H�� �b�m�`�7���+�2 �/�2 �+�Q�M�i�`�¬�H�2� �/�ö�m�M�2 �+���p�B�i�û�X

�b�Q�M�i �M�Q�K�#�`�2�m�t�X �S���`�K�B �2�m�t �Q�M �T�2�m�i �+�B�i�2�`�- �T���` �2�t�2�K�T�H�2�- �H�2 �+�Q�M�i�`�¬�H�2 �M�Q�M�@�/�2�b�i�`�m�+�i�B�7 �(�+�?���F�`�Q�m�M�n�i�B�K�2�n�`�2�p�2�`�b���H�n�R�N�N�8�)�-
�H�ö�?�v�T�2�`�i�?�2�`�K�B�2 �(�i�?�Q�K���b�n�m�H�i�`���b�Q�M�B�+�n�R�N�N�e�)�- �H�� �;�û�M�û�`���i�B�Q�M �/�ö�Q�M�/�2 �/�2 �+�?�Q�+ �(�i�?�Q�K���b�n�i�B�K�2�n�`�2�p�2�`�b���H�n�R�N�N�e�)
�Q�m �2�M�+�Q�`�2 �H�ö�B�K���;�2�`�B�2 �(�r���M�;�n�b�v�M�i�?�2�i�B�+�n�k�y�y�9�)�X �G�2�b �}�;�m�`�2�b�9�X�j�2�i�9�X�9�/�Q�M�M�2�M�i �/�2�b �`�2�T�`�û�b�2�M�i���@
�i�B�Q�M�b �/�2�b �/�2�m�t �û�i���T�2�b �/�m �T�`�Q�+�2�b�b�m�b �/�2 �`�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H�- �/���M�b �m�M�2 �+���p�B�i�û �2�i ���p�2�+ �m�M �J�_�h�X

�9�X�k�X�j�_�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H �2�i �i�û�H�û�+�Q�K�K�m�M�B�+���i�B�Q�M�b

�a�m�B�i�2 ���m �b�m�+�+���b �/�m �i�`���M�b�7�2�`�i �/�2 �/�Q�M�M�û�2�b �2�M�i�`�2 �/�2�m�t �M���p�B�`�2�b �2�M �m�i�B�H�B�b���M�i �m�M �J�_�h �(�2�/�2�H�K���M�M�n�B�M�B�i���H�n�k�y�y�k�c
�b�Q�M�;�n�Q�p�2�`�p�B�2�r�n�k�y�R�e�)�- �+�2 �/�2�`�M�B�2�` �2�b�i �/�2�p�2�M�m �m�M �/�Q�K���B�M�2 �/�2 �`�2�+�?�2�`�+�?�2 �K���D�2�m�` �/���M�b �H�2 �/�Q�K���B�M�2
�/�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b�X ���H�Q�`�b �[�m�2 �H�2�b �`�û�~�2�t�B�Q�M�b �B�M�i�2�`�7���`�2�M�i �/���M�b �H�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b �b���M�b �}�H �+�H���b�@
�b�B�[�m�2�b�- �/�2�b �2�t�T�û�`�B�2�M�+�2�b �¨ �H�ö�û�+�?�2�H�H�2 �m�H�i�`���b�Q�M�B�[�m�2 �Q�M�i �K�Q�M�i�`�û �[�m�2 �H�2 �J�_�h �i�B�`�2 �T�`�Q�}�i �/�2 �+�2�b �K�m�H�i�B�@
�i�`���D�2�i�b�- �K���K�2 �/���M�b �/�2�b �2�M�p�B�`�Q�M�M�2�K�2�M�i�b �7�Q�`�i�2�K�2�M�i �K�m�H�i�B�@�/�B�z�m�b�2�m�` �(�/�2�`�Q�/�2�n�i���F�B�M�;�n�k�y�y�j�)�X
�.�2 �T�H�m�b�- �B�H �� �û�i�û �K�Q�M�i�`�û �[�m�2 �H�ö�m�i�B�H�B�b���i�B�Q�M �/�ö�m�M �J�_�h ���K�û�H�B�Q�`�2 �H�2 �+���`���+�i���`�2 �`�Q�#�m�b�i�2 �/�m �+���M���H
�(�2�H�@�b���H�H���#�B�n�2�t�T�2�`�B�K�2�M�i���H�n�k�y�R�y�)�X �1�M �2�z�2�i�- �+�Q�K�K�2 �H�2 �K�Q�M�i�`�2 �h�X �.�m�#�Q�B�b �(�/�m�#�Q�B�b�n���T�T�H�B�+���i�B�Q�M�n�k�y�R�j�)�-
�b�Q�M �m�i�B�H�B�b���i�B�Q�M �T�2�`�K�2�i �,

� �m�M�2 �7�Q�`�i�2 �`�û�/�m�+�i�B�Q�M �/�2�b �T�?�û�M�Q�K���M�2�b �/�ö�A�1�a �c
� �m�M�2 �K�B�b�2 �2�M �T�H���+�2 �b�B�K�T�H�B�}�û�2 �/�2 �b�v�b�i���K�2�b �K�m�H�i�B�@���M�i�2�M�M�2�b �b���M�b �+�Q�/���;�2 �b�T�û�+�B�}�[�m�2 �c
� �/�2�b �B�M�i�2�`�7�û�`�2�M�+�2�b �2�M�i�`�2 �m�i�B�H�B�b���i�2�m�`�b �U�A�1�l�V �i�`���b �7���B�#�H�2�b �c
� �m�M�2 �b�û�+�m�`�B�b���i�B�Q�M ���+�+�`�m�2 �X

�S�Q�m�` �K�2�i�i�`�2 �2�M �û�p�B�/�2�M�+�2 �+�2�b �T�`�Q�T�`�B�û�i�û�b�- �M�Q�m�b ���H�H�Q�M�b �i�Q�m�i �/�ö���#�Q�`�/ �K�Q�M�i�`�2�` �[�m�2 �H�2 �`�2�i�Q�m�`�M�2�K�2�M�i
�i�2�K�T�Q�`�2�H �+�Q�M�b�B�b�i�2 �¨ ���T�T�H�B�[�m�2�` �m�M �}�H�i�`���;�2 ���/���T�i�û ���m�t �/�Q�M�M�û�2�b �¨ �i�`���M�b�K�2�i�i�`�2�X

�ú�i���T�2 �/�ö���T�T�`�2�M�i�B�b�b���;�2���m �+�Q�m�`�b �/�2 �+�2�i�i�2 �û�i���T�2�- �H�2 �T�Q�B�M�iS �b�m�` �H�2�[�m�2�H �Q�M �+�?�2�`�+�?�2 �¨ �7�Q�+���H�B�b�2�`
�T���` �`�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H �û�K�2�i �m�M �b�B�;�M���H �+�Q�M�M�m�- �M�Q�i�ûx(t)�X �G�2 �b�B�;�M���Hy(t) �2�M�`�2�;�B�b�i�`�û �b�m�` �m�M
�û�H�û�K�2�M�i �/�m �J�_�h �¨ �H�� �T�Q�b�B�i�B�Q�MM �T�2�m�i �b�ö�û�+�`�B�`�2 �2�M �7�Q�M�+�i�B�Q�M �/�2 �H�� �`�û�T�Q�M�b�2 �B�K�T�m�H�b�B�Q�M�M�2�H�H�2hSM (t)
�/�m �K�B�H�B�2�m�- �B�X�2�X�- �/�m �+���M���H �2�M�i�`�2 �H�2�b �T�Q�B�M�i�bS �2�iM �,

y(t) = x(t) � hSM (t) + w(t); �U�9�X�k�V

�Q�M� �2�b�i �H�ö�Q�T�û�`���i�2�m�` �/�2 �+�Q�M�p�Q�H�m�i�B�Q�M �2�iw(t) �m�M �#�`�m�B�i �b�m�T�T�Q�b�û �#�H���M�+�- ���/�/�B�i�B�7 �2�i �;���m�b�b�B�2�M�X �l�M�2
�Q�T�û�`���i�B�Q�M �/�2 �/�û�+�Q�M�p�Q�H�m�i�B�Q�M�- �T���` �2�t�2�K�T�H�2 �T���` �+�Q�`�`�û�H���i�B�Q�M�- �/�m �b�B�;�M���H �`�2�Ï�my(t) �T���` �H�2 �b�B�;�M���H �û�K�B�b
x(t) �T�2�`�K�2�i �/�ö�2�t�i�`���B�`�2 �U�m�M�2 ���T�T�`�Q�t�B�K���i�B�Q�M �/�2�V �H�� �`�û�T�Q�M�b�2 �B�K�T�m�H�b�B�Q�M�M�2�H�H�2hSM (t) �/�m �K�B�H�B�2�m�X �.���M�b
�H�� �i�2�`�K�B�M�Q�H�Q�;�B�2 �/�2�b �`���/�B�Q�@�+�Q�K�K�m�M�B�+���i�B�Q�M�b �M�m�K�û�`�B�[�m�2�b�- �Q�M �/�B�i �[�m�2 �+�2�i�i�2 �Q�T�û�`���i�B�Q�M �/�ö���T�T�`�2�M�i�B�b�b���;�2
�T�2�`�K�2�i ���m �J�_�h �/�2 �? �b�Q�M�/�2�` �@ �H�2 �+���M���H �/�2 �T�`�Q�T���;���i�B�Q�M�X �P�M �b�m�T�T�Q�b�2�`�� �B�+�B �m�M�2 �2�b�i�B�K���i�B�Q�M �T���`�7���B�i�2
�/�2hSM (t)�- �[�m�B �M�ö�2�b�i ���B�M�b�B �T���b �/�û�;�`���/�û�2 �T���` �H�� �T�`�û�b�2�M�+�2 �/�m �#�`�m�B�i�X

�ú�i���T�2 �/�2 �7�Q�+���H�B�b���i�B�Q�M���m �+�Q�m�`�b �/�2 �+�2�i�i�2 �û�i���T�2�- �Q�M �û�K�2�i�- �/�m �T�Q�B�M�iM �- �H�� �+�Q�M�p�Q�H�m�i�B�Q�M �/�m
�b�B�;�M���Hs(t) �¨ �7�Q�+���H�B�b�2�` ���p�2�+ �H�� �`�û�T�Q�M�b�2 �B�K�T�m�H�b�B�Q�M�M�2�H�H�2 �/�m �K�B�H�B�2�m�- �`�2�M�p�2�`�b�û�2 �i�2�K�T�Q�`�2�H�H�2�K�2�M�i �2�i
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�@ �*�?�X�9 �*�Q�K�K�m�M�B�+���i�B�Q�M�b �K�m�H�i�B�@�û�H�û�K�2�M�i�b

�M�Q�i�û�2hSM (� t)�X �G�2 �b�B�;�M���Hz(t)�- �`�2�Ï�m ���m �T�Q�B�M�iS�- �b�ö�û�+�`�B�i

z(t) = [ s(t) � hSM (� t)] � hMS (t) + w(t); �U�9�X�j�V

�Q�M�- �+�2�i�i�2 �7�Q�B�b�-hMS (t) �2�b�i �H�� �`�û�T�Q�M�b�2 �B�K�T�m�H�b�B�Q�M�M�2�H�H�2 �/�m �+���M���H �2�M�i�`�2 �H�2�b �T�Q�B�M�i�bM �2�iS�X �*�Q�K�K�2 �Q�M
�b�m�T�T�Q�b�2�`�� �B�+�B �[�m�2 �H�2 �K�B�H�B�2�m �/�2 �T�`�Q�T���;���i�B�Q�M �2�b�i �`�û�+�B�T�`�Q�[�m�2�- �H�2�b �`�û�T�Q�M�b�2�b �B�K�T�m�H�b�B�Q�M�M�2�H�H�2�bhSM (t) �2�i
hMS (t) �b�Q�M�i �û�;���H�2�b�X �1�M �B�M�i�`�Q�/�m�B�b���M�ih(t) = hSM (t) = hMS (t)�- �H�2 �b�B�;�M���H �û�K�B�bs(t) �2�b�i �/�Q�M�+ �}�H�i�`�û
�T���` �H�� �7�Q�M�+�i�B�Q�M �/�2 �i�`���M�b�7�2�`�ih(� t) � h(t)�X �G�2 �`�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H �2�b�i ���B�M�b�B �m�M �}�H�i�`�2 ���/���T�i�û
�p�B�b�@�¨�@�p�B�b �/�2 �H�� �`�û�T�Q�M�b�2 �B�K�T�m�H�b�B�Q�M�M�2�H�H�2 �/�m �K�B�H�B�2�m�X

�J�m�H�i�B�@�û�H�û�K�2�M�i�b �2�i �`�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H�a�B �Q�M �+�Q�M�b�B�/���`�2 �K���B�M�i�2�M���M�i �H�2 �+���b �/�ö�m�M �J�_�h
�+�Q�M�b�i�B�i�m�û �/�2N �û�H�û�K�2�M�i�b �û�K�2�i�i�2�m�`�b�@�`�û�+�2�T�i�2�m�`�b �2�i �m�M �û�H�û�K�2�M�i �/�B�b�i���M�i �b�m�` �H�2�[�m�2�H �Q�M �b�Q�m�?���B�i�2 �7�Q�+���@
�H�B�b�2�`�- �Q�M �b�2 �i�`�Q�m�p�2 �2�t���+�i�2�K�2�M�i �/���M�b �H�2 �+���b �/�ö�m�M �b�+�?�û�K�� �/�2 �i�`���M�b�K�B�b�b�B�Q�M �J�A�a�P�X �G�ö�û�i���T�2 �/�ö���T�T�`�2�M�@
�i�B�b�b���;�2 �T�2�`�K�2�i �/�ö�2�t�i�`���B�`�2�- �M�Q�M �T���b �m�M�2 �`�û�T�Q�M�b�2 �B�K�T�m�H�b�B�Q�M�M�2�H�H�2�- �K���B�b �i�Q�m�i�2�b �H�2�b �`�û�T�Q�M�b�2�b �2�M�i�`�2 �H�2
�T�Q�B�M�iS �2�i �H�2�b �T�Q�B�M�i�bM i �/�m �J�_�h�X �1�M �M�Q�i���M�i �+�2�b �`�û�T�Q�M�b�2�bhi (t)�-i 2 [1; N ] ; �H�2 �b�B�;�M���H �7�Q�+���H�B�b�û �b�m�`
S�-z(t)�- �b�ö�û�+�`�B�i ���H�Q�`�b

z(t) = s(t) �
NX

i =1

hi (� t) � hi (t) + w(t): �U�9�X�9�V

�G�Q�`�b�[�m�2 �H�2�b �+�Q�M�/�B�i�B�Q�M�b �b�Q�M�i �`�û�m�M�B�2�b�- �b�B �H�2 �K�B�H�B�2�m �2�b�i �M�Q�M �/�B�b�b�B�T���i�B�7 �2�i �[�m�2 �H�2 �M�Q�K�#�`�2 �/�ö�Q�m�p�2�`�@
�i�m�`�2�b �2�b�i �B�M�}�M�B�- �B�X�2�X�- �[�m�2 �H�2 �M�Q�K�#�`�2 �/�2 �T�Q�B�M�i�b �/�ö���+�[�m�B�b�B�i�B�Q�M �/�2 �H�ö�û�i���T�2 �/�ö���T�T�`�2�M�i�B�b�b���;�2 �2�b�i �B�M�}�M�B�-
�+�2�i�i�2 �2�t�T�`�2�b�b�B�Q�M �2�b�i �2�t���+�i�2�X �a�B �+�2�b �+�Q�M�/�B�i�B�Q�M�b �M�2 �b�Q�M�i �T���b �`�2�K�T�H�B�2�b�- �B�H �� �û�i�û �K�Q�M�i�`�û �[�m�ö�m�M �K�B�H�B�2�m
�+�Q�K�T�H�2�t�2 �U�/�ö���m�i���M�i �T�H�m�b �[�m�2 �H�� �#���M�/�2 �T���b�b���M�i�2 �2�b�i �H���`�;�2�V ���B�/�2 �¨ �K���B�M�i�2�M�B�` �H�� �p���H�B�/�B�i�û �/�2 �+�2�i�i�2
�2�t�T�`�2�b�b�B�Q�M �(�}�M�F�n�i�B�K�2�n�R�N�N�k�c�+���b�b�2�`�2���m�n�i�B�K�2�@�`�2�p�2�`�b���H�n�R�N�N�k�)�X �P�M �� ���H�Q�`�b

NX

i =1

hi (� t) � hi (t) � A� (t) �U�9�X�8�V

�Q�MA �`�2�T�`�û�b�2�M�i�2 �H�ö���K�T�H�B�i�m�/�2 �/�m �}�H�i�`�2�- �2�i ���B�M�b�B

z(t) = As(t) + w(t): �U�9�X�e�V

�P�M �T�2�m�i �û�;���H�2�K�2�M�i �;�û�M�û�`���H�B�b�2�` �+�2�i�i�2 �2�t�T�`�2�b�b�B�Q�M ���m �+���b �/�ö�m�M �b�+�?�û�K�� �/�2 �i�`���M�b�K�B�b�b�B�Q�M �J�A�a�P�@�J�l�-
�Q�M �m�M �J�_�h �/�2N �û�H�û�K�2�M�i�b �û�K�2�i�i�2�m�`�b�@�`�û�+�2�T�i�2�m�`�b �+�Q�K�K�m�M�B�[�m�2 ���p�2�+ �m�M �M�Q�K�#�`�2K �/�ö�û�K�2�i�i�2�m�`�b�@
�`�û�+�2�T�i�2�m�`�b �/�B�b�i�B�M�+�i�b �U�K�Q�M�Q�@�û�H�û�K�2�M�i�b�V�X �G�2 �b�B�;�M���H �`�2�Ï�m �T���` �H�2p�@���K�2 �`�û�+�2�T�i�2�m�`�- �T�Q�m�`p 2 [1;K ]�-
�b�ö�û�+�`�B�i ���H�Q�`�b

zp(t) =
KX

j =1

NX

i =1

sj (t) � hji (� t) � hip (t) + w(t); �U�9�X�d�V

�Q�Mhji �2�b�i �H�� �`�û�T�Q�M�b�2 �B�K�T�m�H�b�B�Q�M�M�2�H�H�2 �/�m �K�B�H�B�2�m �2�M�i�`�2 �H�ö�m�i�B�H�B�b���i�2�m�` �¨ �H�� �T�Q�b�B�i�B�Q�MSj �2�i �H�ö�û�H�û�K�2�M�ii �/�m
�J�_�h�X �G�� �}�;�m�`�2�9�X�8�`�2�T�`�û�b�2�M�i�2�- �/���M�b �m�M�2 �+�Q�M�}�;�m�`���i�B�Q�M �K�m�H�i�B�@�û�H�û�K�2�M�i�b�- �H�ö�û�K�B�b�b�B�Q�M �2�i �H�� �`�û�+�2�T�i�B�Q�M
�/�2�b �û�i���T�2�b �/�ö���T�T�`�2�M�i�B�b�b���;�2 �2�i �/�2 �7�Q�+���H�B�b���i�B�Q�M �/�ö�m�M �J�_�h �p�2�`�b �H�2p�@���K�2 �K�Q�M�Q�@�û�H�û�K�2�M�i�X �1�M �b�û�T���`���M�i
�H�2 �b�B�;�M���H �7�Q�+���H�B�b�û �b�m�` �H�2p�@���K�2 �`�û�+�2�T�i�2�m�` �/�2�b ���m�i�`�2�b�- �Q�M �T�2�m�i �û�+�`�B�`�2

zp(t) = sp(t) �
NX

i =1

hip (� t) � hip (t)

| {z }
��

+
KX

j =1 ;j 6= p

NX

i =1

sj (t) � hij (� t) � hip (t)

| {z }
�#

+ w(t): �U�9�X�3�V

�G�2 �i�2�`�K�2�� �/�2 �H�ö�û�[�m���i�B�Q�M �U�9�X�3�V �`�2�T�`�û�b�2�M�i�2 �H�2 �b�B�;�M���H �7�Q�+���H�B�b�û �b�m�` �H�2p�@���K�2 �`�û�+�2�T�i�2�m�`�X �G�� �+�Q�M�p�Q�H�m�@
�i�B�Q�M �/�2�b �`�û�T�Q�M�b�2�b �B�K�T�m�H�b�B�Q�M�M�2�H�H�2�b �2�b�i �m�M�2 �Q�T�û�`���i�B�Q�M �/�ö���m�i�Q�+�Q�`�`�û�H���i�B�Q�M�X �G�2�m�` �b�Q�K�K�2 �+�Q�M�p�Q�H�m�û�2 ���m
�b�B�;�M���Hsp(t) �2�M�;�2�M�/�`�2 �m�M�2 �7�Q�+���H�B�b���i�B�Q�M �b�T���i�B�Q�@�i�2�K�T�Q�`�2�H�H�2 �b�m�` �H�2p�@���K�2 �`�û�+�2�T�i�2�m�`�- �B�X�2�X�- �m�M�2 �+�Q�M�+�2�M�@
�i�`���i�B�Q�M �/�ö�û�M�2�`�;�B�2 �¨ �+�2 �T�Q�B�M�i�X �G�� �+�Q�K�T�`�2�b�b�B�Q�M �i�2�K�T�Q�`�2�H�H�2 �[�m�B �2�M �`�û�b�m�H�i�2 �T�2�`�K�2�i �/�2 �`�û�/�m�B�`�2 �i�`���b
�7�Q�`�i�2�K�2�M�i �H�2�b �T�`�Q�#���#�B�H�B�i�û�b �/�ö���T�T���`�B�i�B�Q�M �/�ö�A�1�a�X

�8�k



�9�X�k �_�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H

�6�B�;�m�`�2�9�X�8 �� �6�Q�+���H�B�b���i�B�Q�M �/�ö�m�M �b�B�;�M���Hs(t) �T���` �`�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H �`�û���H�B�b�û ���p�2�+ �m�M �J�_�h �/�2
N �û�H�û�K�2�M�i�b �b�m�` �H�2p�@���K�2 �K�Q�M�Q�@�û�H�û�K�2�M�i�X

�G�2 �i�2�`�K�2�# �/�2 �H�ö�û�[�m���i�B�Q�M �U�9�X�3�V �2�b�i �m�M �i�2�`�K�2 �/�ö�B�M�i�2�`�7�û�`�2�M�+�2 �[�m�B �`�û�b�m�H�i�2 �/�2�b �7�Q�+���H�B�b���i�B�Q�M�b
�b�m�` �H�2�b ���m�i�`�2�b �`�û�+�2�T�i�2�m�`�b �[�m�2 �H�2p�@���K�2�X �G�� �+�Q�M�p�Q�H�m�i�B�Q�M �/�2�b �`�û�T�Q�M�b�2�b �B�K�T�m�H�b�B�Q�M�M�2�H�H�2�b �2�b�i �B�+�B �m�M�2
�Q�T�û�`���i�B�Q�M �/�ö�B�M�i�2�`�+�Q�`�`�û�H���i�B�Q�M�X �.���M�b �H�2 �+���b �/�ö�m�M �2�b�T���+�2 �H�B�#�`�2�- �+�2�b �B�M�i�2�`�7�û�`�2�M�+�2�b �p�Q�M�i �`�û�b�m�H�i�2�` �/�2 �H��
�T�`�û�b�2�M�+�2 �/�2 �H�Q�#�2�b �/�2 �`�û�b�2���m�t�X �.���M�b �m�M �2�b�T���+�2 �+�Q�K�T�H�2�t�2 �Q�M �H�2�b �+���M���m�t �+�Q�M�b�B�/�û�`�û�b �b�Q�M�i �/�û�+�Q�`�`�û�H�û�b�-
�H�2�b �B�M�i�2�`�7�û�`�2�M�+�2�b �b�2�`�Q�M�i ���H�û���i�Q�B�`�2�b�X

���}�M �/�2 �[�m���M�i�B�}�2�` �+�2 �T�?�û�M�Q�K���M�2�- �Q�M �m�i�B�H�B�b�2 �H�2 �`���T�T�Q�`�i �? �b�B�;�M���H �b�m�` �B�M�i�2�`�7�û�`�2�M�+�2�b �@ �U�_�a�A�V�- �M�Q�i�û
RSI p(t)�- �/�2 �H�ö�û�M�2�`�;�B�2 �/�m �b�B�;�M���H �7�Q�+���H�B�b�ûE a

p �¨ �H�ö�û�M�2�`�;�B�2 �/�2�b �B�M�i�2�`�7�û�`�2�M�+�2�bE b
p�- ���m �T�Q�B�M�i �/�mp�@���K�2

�`�û�+�2�T�i�2�m�` �(�M���[�p�B�n���T�T�H�B�+���i�B�Q�M�n�k�y�y�N�)�X �G�Q�`�b �/�m �/�û�+�Q�/���;�2 �/�2 �H�ö�B�M�7�Q�`�K���i�B�Q�M �¨ �H�� �`�û�+�2�T�i�B�Q�M�- �B�X�2�X�-
�¨ �H�ö�B�M�b�i���M�i �/�2 �/�û�+�B�b�B�Q�Mt = td�- �H�2 �_�a�A �b�ö�û�+�`�B�i

RSI p(td) = 10 log10
E a

p (td)

E b
p(td)

: �U�9�X�N�V

�S�H�m�b �H�� �p���H�2�m�` �/�m �_�a�A �2�b�i �û�H�2�p�û�2�- �T�H�m�b �H�2 �`�B�b�[�m�2 �/�ö�A�1�l �2�b�i �7���B�#�H�2�X �.���M�b �H�2 �+���b �/�ö�m�M�2 ���M�i�2�M�M�2�- �H�2
�b�B�;�M���H �b�m�` �H�2 �`�û�+�2�T�i�2�m�` �2�b�i �2�M�;�2�M�/�`�û �T���` �H�2�b �B�M�i�2�`�7�û�`�2�M�+�2�b �+�Q�M�b�i�`�m�+�i�B�p�2�b �/�2�b �+�?���K�T�b �û�K�B�b �T���` �H�2�b
N �û�H�û�K�2�M�i�b�X �G�ö�û�M�2�`�;�B�2 �2�b�i ���H�Q�`�b �/�Q�M�M�û�2 �T���`

E a
p / N 2: �U�9�X�R�y�V

�G�2�b �B�M�i�2�`�7�û�`�2�M�+�2�b �`�û�b�m�H�i�2�M�i �/�2�b �+�Q�M�i�`�B�#�m�i�B�Q�M�b �/�m�2�b ���m�tK � 1 ���m�i�`�2�b �7�Q�+���H�B�b���i�B�Q�M�b �T���` �H�2�bN �û�K�2�i�@
�i�2�m�`�b�X �.���M�b �H�2 �+���b �b�m�b�@�K�2�M�i�B�Q�M�M�û �/�ö�m�M �K�B�H�B�2�m �+�Q�K�T�H�2�t�2�- �H�ö�û�M�2�`�;�B�2 �/�2 �H�� �b�Q�K�K�2 �/�2 �+�2�b �B�M�i�2�`�7�û�`�2�M�+�2�b
���H�û���i�Q�B�`�2�b �2�b�i ���H�Q�`�b �/�Q�M�M�û�2 �T���`

E b
p / N (K � 1): �U�9�X�R�R�V

�G�ö�2�{�+���+�B�i�û �/�ö�m�M �J�_�h �2�b�i �/�Q�M�+ �H�B�K�B�i�û�2 �T���` �H�2 �M�Q�K�#�`�2 �/�ö�m�i�B�H�B�b���i�2�m�`�b �b�m�` �H�2�b�[�m�2�H�b �+�2 �/�2�`�M�B�2�` �T�2�m�i
�7�Q�+���H�B�b�2�` �T���` �`���T�T�Q�`�i �¨ �b�Q�M �M�Q�K�#�`�2 �/�ö�û�H�û�K�2�M�i�b�X �S�H�m�b �H�2 �M�Q�K�#�`�2 �/�ö�û�H�û�K�2�M�i�b �/�2 �H�ö���M�i�2�M�M�2 �2�b�i �;�`���M�/
�/�2�p���M�i �H�2 �M�Q�K�#�`�2 �/�ö�m�i�B�H�B�b���i�2�m�`�b�- �T�H�m�b �H�2 �_�a�A �2�b�i �7�Q�`�i�- �B�X�2�X�- �T�H�m�b �H�ö�A�1�l �2�b�i �7���B�#�H�2�- �2�i �B�M�p�2�`�b�2�K�2�M�i�X
�.���M�b �H�2 �+���b �/�ö�m�M �_�a�A �û�H�2�p�û�- ���m�+�m�M�2 �B�K�T�H�û�K�2�M�i���i�B�Q�M �T���`�i�B�+�m�H�B���`�2 �T�Q�m�` �H�2 �/�û�+�Q�/���;�2 �¨ �H�� �`�û�+�2�T�i�B�Q�M
�M�ö�2�b�i �M�û�+�2�b�b���B�`�2�X �G�� �T�`�Q�#���#�B�H�B�i�û �/�ö�B�M�i�2�`�+�2�T�i�B�Q�M �2�i �/�2 �/�û�+�Q�/���;�2 �2�M �i�Q�m�i �T�Q�B�M�i �/�B�z�û�`�2�M�i �/�2 �+�2�H�m�B �/�2
�7�Q�+���H�B�b���i�B�Q�M �2�b�i ���H�Q�`�b �i�`���b �#���b�b�2�X

�S�H�m�b�B�2�m�`�b �K�û�i�?�Q�/�2�b�- ���m�i�`�2�b �[�m�2 �H�2 �`�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H�- �T�2�`�K�2�i�i�2�M�i �/�2 �+�Q�K�T�2�M�b�2�`�- �Q�m �/�ö�û�p�B�@
�i�2�`�- �H�ö�A�1�a �2�i �H�ö�A�1�l �#�B�2�M �T�H�m�b �2�{�+���+�2�K�2�M�i �[�m�2 �+�2 �/�2�`�M�B�2�`�X �S���`�K�B �+�2�b �K�û�i�?�Q�/�2�b�- �Q�M �T�2�m�i �+�B�i�2�`�- �/�2
�K���M�B���`�2 �M�Q�M �2�t�?���m�b�i�B�p�2�- �H�2 �}�H�i�`���;�2 �B�M�p�2�`�b�2 �U�x�2� �̀Q �7�Q� �̀+�B�M�;�V �(�b�K���H�H�2�v�n�2�[�m���H�B�x���i�B�Q�M�n�R�N�N�9�) �Q�m �2�M�@
�+�Q�`�2 �/�2�b �K�û�i�?�Q�/�2�b �Q�T�i�B�K���H�2�b �/�ö�2�b�i�B�K���i�B�Q�M �/�2 �H�ö�2�`�`�2�m�`�- �2�X�;�X�- �H�ö�2�b�i�B�K���i�2�m�` �J�J�a�1�R�(�/�v�b�i�Q�n�+�Q�K�K�m�M�B�+���i�B�Q�M�n�k�y�R�3�)�X
�*�2�T�2�M�/���M�i�- �+�2�i�i�2 �+�Q�K�T�2�M�b���i�B�Q�M �b�2 �7�2�`�� ���m �/�û�i�`�B�K�2�M�i �/�2 �H�ö�û�M�2�`�;�B�2 �7�Q�+���H�B�b�û�2�X

�R�X�J�J�a�1 �, ���#�`�û�p�B���i�B�Q�M �/�m �i�2�`�K�2 ���M�;�H���B�b �J�B�M�B�K�m�K �J�2���M �a�[�m���`�2 �1�`�`�Q�`�X
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�@ �*�?�X�9 �*�Q�K�K�m�M�B�+���i�B�Q�M�b �K�m�H�i�B�@�û�H�û�K�2�M�i�b

�9�X�j �J�Q�/���H�2 �/�2 �"�1�_ �K�m�H�i�B�@�û�H�û�K�2�M�i�b

�G�2 �K�Q�/���H�2 �/�2 �"�1�_ �T�`�û�b�2�M�i�û �/���M�b �H�2 �+�?���T�B�i�`�2�j �T�2�`�K�2�i �/�2 �T�`�û�p�Q�B�` �H�� �p���H�2�m�` �/�m �i���m�t �/�ö�2�`�`�2�m�`
�¨ �H�� �`�û�+�2�T�i�B�Q�M�- �T�Q�m�` �m�M�2 �û�K�B�b�b�B�Q�M �K�Q�M�Q�@�û�H�û�K�2�M�i�- �2�M �7�Q�M�+�i�B�Q�M �/�m �i�2�K�T�b �b�v�K�#�Q�H�2 �2�i �/�m �_�a�"�X

�P�M �+�?�2�`�+�?�2 �¨ �;�û�M�û�`���H�B�b�2�` �+�2 �K�Q�/���H�2 ���}�M �/�2 �T�Q�m�p�Q�B�` �H�ö���T�T�H�B�[�m�2�` �/���M�b �H�2 �+���b �/�ö�m�M�2 �û�K�B�b�b�B�Q�M
�K�m�H�i�B�@�û�H�û�K�2�M�i�b �7�Q�+���H�B�b�û�2�X �P�M �M�Q�i�2N �H�2 �M�Q�K�#�`�2 �/�ö�û�H�û�K�2�M�i�b �+�Q�M�b�i�B�i�m���M�i �H�ö���M�i�2�M�M�2�X �.���M�b �H�2 �+���b
�B�/�û���H�- �Q�M �7���B�i �H�ö�?�v�T�Q�i�?���b�2 �[�m�2 �H�2�b ���K�T�H�B�i�m�/�2�b �/�2�b �`�û�T�Q�M�b�2�b �B�K�T�m�H�b�B�Q�M�M�2�H�H�2�b �/�m �+���M���H �2�M�i�`�2 �H�2�b
�û�H�û�K�2�M�i�b �/�2 �H�ö���M�i�2�M�M�2 �2�i �H�2 �`�û�+�2�T�i�2�m�`�b �b�Q�M�i �û�;���H�2�b�X �P�M �2�M �/�û�/�m�B�i ���H�Q�`�b �[�m�2 �H�� �7�Q�+���H�B�b���i�B�Q�M �T���`
�`�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H �T�2�`�K�2�i �m�M�2 �K�m�H�i�B�T�H�B�+���i�B�Q�M�- �/�ö�m�M �7���+�i�2�m�`N �- �/�2 �H�ö���K�T�H�B�i�m�/�2 �¨ �H�� �`�û�+�2�T�i�B�Q�M�X
�1�M �`�2�T�`�2�M���M�i �H�� �7�Q�`�K�2 ���M���H�v�i�B�[�m�2 �/�m �K�Q�/���H�2�- �B�X�2�X�- �H�ö�û�[�m���i�B�Q�M �U�j�X�j�j�V�- �H�2 �"�1�_ �K�m�H�i�B�@�û�H�û�K�2�M�i�b�- �M�Q�i�û
rN �- �Q�M �H�ö�û�M�2�`�;�B�2 �/�2 �+�?���[�m�2 �û�H�û�K�2�M�i �2�b�i �H�� �K���K�2�- �b�ö�û�+�`�B�i
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: �U�9�X�R�k�V

�A�+�B�- �H�2�b �2�z�2�i�b �/�m�b �¨ �H�ö���m�;�K�2�M�i���i�B�Q�M �/�2 �H�ö�û�M�2�`�;�B�2 �U�T�H�m�b�B�2�m�`�b �û�H�û�K�2�M�i�b�V �2�i �H�� �7�Q�+���H�B�b���i�B�Q�M �b�Q�M�i �+�Q�M�7�Q�M�@
�/�m�b�X �a�B �K���B�M�i�2�M���M�i �Q�M �`���B�b�Q�M�M�2 �¨ �û�M�2�`�;�B�2 �û�K�B�b�2 �+�Q�M�b�i���M�i�2�- �[�m�2�H �[�m�2 �b�Q�B�i �H�2 �M�Q�K�#�`�2 �/�ö�û�H�2�K�2�M�i �/���M�b
�H�2 �`�û�b�2���m�- �H�2 �"�1�_ �b�ö�û�+�`�B�i

rN =
1
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erfc

" p
NA

p
Cnn � Cnn 0

2
p

pb

#

: �U�9�X�R�j�V

�P�M �b�ö���T�2�`�Ï�Q�B�i �[�m�2 �H�2 �"�1�_ �/�û�T�2�M�/ �K���B�M�i�2�M���M�i �/�2
p

N ���m �H�B�2�m �/�2N �X �*�2�i�i�2 ���K�û�H�B�Q�`���i�B�Q�M �/�m �"�1�_
�2�b�i �/�m�2 ���m �;���B�M �/�ö���M�i�2�M�M�2�X �P�M ���T�T�H�B�[�m�2 ���H�Q�`�b �H�� �K���K�2 �/�û�K���`�+�?�2 �[�m�B�- ���m �+�?���T�B�i�`�2�j�- �� �T�2�`�K�B�b
�/�ö�û�+�`�B�`�2 �H�ö���T�T�`�Q�t�B�K���i�B�Q�M �/�m �K�Q�/���H�2 �/�2 �"�1�_�- �û�[�m���i�B�Q�M �U�j�X�9�9�V�- �2�M �T���`�i���M�i �/�2 �b�� �7�Q�`�K�2 ���M���H�v�i�B�[�m�2
�U�j�X�j�j�V�X ���B�M�b�B�- �H�ö���T�T�`�Q�t�B�K���i�B�Q�M �/�m �K�Q�/���H�2 �/�2 �"�1�_ �K�m�H�i�B�@�û�H�û�K�2�M�i�b �U�9�X�R�j�V �b�ö�û�+�`�B�i
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5 : �U�9�X�R�9�V

�.���M�b �H�2 �+���b �Q�MN = 1 �- �Q�M �p�û�`�B�}�2 �#�B�2�M �[�m�ö�Q�M �`�2�i�`�Q�m�p�2r �- �H�� �p���H�2�m�` �T�Q�m�` �H�2 �+���b �K�Q�M�Q�@�û�H�û�K�2�M�i�-
�T�`�û�b�2�M�i�û�2 ���m �+�?���T�B�i�`�2 �T�`�û�+�û�/�2�M�i�- �2�i �[�m�2�- �T���` �+�Q�M�b�û�[�m�2�M�i�- �Q�M �û�+�`�B�i �#�B�2�M �H�2 �"�1�_ �i�2�H �[�m�2r1 = r �X

�G�� �}�;�m�`�2�9�X�e�T�`�û�b�2�M�i�2 �H�2�b �`�û�b�m�H�i���i�b �/�2 �H�ö�B�M�i�û�;�`���i�B�Q�M �M�m�K�û�`�B�[�m�2 �/�2�9�X�R�k�X �G�2�b �p���H�2�m�`�b �/�2 �i�2�K�T�b
�b�v�K�#�Q�H�2 �b�Q�M�i �B�/�2�M�i�B�[�m�2�b �¨ �+�2�H�H�2�b �m�i�B�H�B�b�û�2�b �T�Q�m�` �H�2 �+���b �/�m �K�Q�M�Q�@�û�H�û�K�2�M�i �U�+�7�X �}�;�m�`�2�j�X�R�9�V�X

�1�M �+�Q�K�T���`���M�i �+�2�b �`�û�b�m�H�i���i�b �¨ �+�2�m�t �/�m �K�Q�/���H�2 �K�Q�M�Q�@�û�H�û�K�2�M�i �U�+�7�X �}�;�m�`�2�j�X�R�9�V�- �Q�M �+�Q�M�b�i���i�2
�[�m�2 �H�2 �T���b�b���;�2 �¨ �m�M�2 �û�K�B�b�b�B�Q�M �K�m�H�i�B�@�û�H�û�K�2�M�i�b �7�Q�+���H�B�b�û�2 ���K�û�H�B�Q�`�2 �b�B�;�M�B�}�+���i�B�p�2�K�2�M�i �H�2�b �`�û�b�m�H�i���i�b �/�2
�"�1�_�X �A�+�B�- �/���M�b �H�2 �+���b �/�ö�m�M�2 �û�K�B�b�b�B�Q�M �b�m�` �3 �û�H�û�K�2�M�i�b�- �Q�M �T�2�m�i �Q�#�b�2�`�p�2�`�- �T���` �2�t�2�K�T�H�2�- �H�� �p���H�2�m�` �/�2
�"�1�_ �T�Q�m�` �m�M �_�a�" �/�2� 40�/�" �2�i �m�M �i�2�K�T�b �b�v�K�#�Q�H�2T = 4096 �û�+�?���M�i�B�H�H�Q�M�b�X �G�� �p���H�2�m�` �/�2 �"�1�_�-
�T�Q�m�` �+�2�b �T���`���K���i�`�2�b�- �2�b�i �B�+�B �/�24 %�X �1�M �;���`�/���M�i �H�2�b �K���K�2�b �T���`���K���i�`�2�b �/�ö�Q�#�b�2�`�p���i�B�Q�M�- �Q�M �p�Q�B�i �[�m�2
�H�� �p���H�2�m�` �/�2 �"�1�_�- �/���M�b �H�2 �+���b �/�m �K�Q�M�Q�@�û�H�û�K�2�M�i�- �2�b�i �/�240 %�X �P�M �T�2�m�i �/�Q�M�+ �û�i���#�H�B�` �[�m�2 �H�2 �T���b�b���;�2
�/�ö�m�M�2 �û�K�B�b�b�B�Q�M �K�Q�M�Q�@�û�H�û�K�2�M�i �¨ �m�M�2 �û�K�B�b�b�B�Q�M �K�m�H�i�B�@�û�H�û�K�2�M�i�b �T�2�`�K�2�i �/�2 �`�û�/�m�B�`�2 �/�ö�m�M �7���+�i�2�m�` �R�y
�H�2 �"�1�_ �U�T�Q�m�` �3 �û�H�û�K�2�M�i�b�V�X
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�9�X�9 �1�t�T�û�`�B�2�M�+�2�b

�6�B�;�m�`�2�9�X�e �� �A�M�i�û�;�`���i�B�Q�M �M�m�K�û�`�B�[�m�2 �/�m �K�Q�/���H�2 �/�2 �"�1�_ �;�û�M�û�`���H�B�b�û �¨ �m�M�2 �û�K�B�b�b�B�Q�M
�K�m�H�i�B�@�û�H�û�K�2�M�i�b ���p�2�+N �4 �3�- �T�Q�m�` �T�H�m�b�B�2�m�`�b �p���H�2�m�`�b �/�2 �i�2�K�T�b �b�v�K�#�Q�H�2 �Uf c = 18:5�F�>�x �2�i

B = 1 �F�>�x�V�X

�9�X�9�1�t�T�û�`�B�2�M�+�2�b

���T�`���b �b�ö���i�`�2 �B�M�i�û�`�2�b�b�û�- �/���M�b �H�2 �+�?���T�B�i�`�2�j�- ���m �/�B�b�T�Q�b�B�i�B�7 �2�t�T�û�`�B�K�2�M�i���H �K�Q�M�Q�@�û�H�û�K�2�M�i �T�2�`�K�2�i�i���M�i
�/�2 �`�û���H�B�b�2�` �/�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b �a�A�a�P�- �Q�M �T�`�û�b�2�M�i�2 �¨ �T�`�û�b�2�M�i �m�M �`�û�b�2���m �K�m�H�i�B�@�û�H�û�K�2�M�i�b�X �*�2 �`�û�b�2���m
�2�b�i �+�Q�M�b�i�B�i�m�û �/�2�b �K���K�2�b �û�H�û�K�2�M�i�b �[�m�2 �+�2�m�t �B�M�i�`�Q�/�m�B�i�b ���m �+�?���T�B�i�`�2 �T�`�û�+�û�/�2�M�i �U�+�7�X �}�;�m�`�2�j�X�R�d�V�X
�*�Q�K�K�2 �T�Q�m�` �H�2 �K�Q�M�Q�@�û�H�û�K�2�M�i�- �B�H �2�b�i �i�Q�m�i �/�ö���#�Q�`�/ �+���`���+�i�û�`�B�b�û �2�M �2�M�p�B�`�Q�M�M�2�K�2�M�i ���M�û�+�?�Q�[�[�m�2 �U�+�7�X
�}�;�m�`�2�9�X�N�V ���}�M �/�ö�û�p���H�m�2�` �T�`�û�+�B�b�û�K�2�M�i �b�Q�M �`���v�Q�M�M�2�K�2�M�i ���+�Q�m�b�i�B�[�m�2�X �1�M�b�m�B�i�2�- �B�H �2�b�i �m�i�B�H�B�b�û �T�Q�m�`
�`�û���H�B�b�2�` �/�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b �J�A�a�P �2�i �J�A�a�P�@�J�l�X �G�2�b �T�2�`�7�Q�`�K���M�+�2�b �/�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b �b�Q�M�i
�+�Q�K�T���`�û�2�b �¨ �+�2�H�H�2�b �/�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b �a�A�a�P�X

�9�X�9�X�R�.�B�b�T�Q�b�B�i�B�7 �2�t�T�û�`�B�K�2�M�i���H �2�i �K�û�i�?�Q�/�2�b

�l�M�2 ���M�i�2�M�M�2 �K�m�H�i�B�@�û�H�û�K�2�M�i�b�- �û�K�2�i�i�`�B�+�2�@�`�û�+�2�T�i�`�B�+�2�- �� �û�i�û �/�û�p�2�H�Q�T�T�û�2 �/���M�b �H�2 �+���/�`�2 �/�2 �+�2�i�i�2
�i�?���b�2�- ���}�M �/�ö���m�;�K�2�M�i�2�` �H�2�b �+���T���+�B�i�û�b �/�m �/�B�b�T�Q�b�B�i�B�7 �2�t�T�û�`�B�K�2�M�i���H �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M �a�A�a�P�X

���M�i�2�M�M�2 �K�m�H�i�B�@�û�H�û�K�2�M�i�b�*�2�i�i�2 ���M�i�2�M�M�2 �K�m�H�i�B�@�û�H�û�K�2�M�i�b �2�b�i �H�B�M�û���B�`�2�- �/�2 �H���`�;�2�m�`dMRT �- �2�i
�+�Q�M�b�i�B�i�m�û�2 �/�2N �û�H�û�K�2�M�i�b �U�+�7�X �b�2�+�i�B�Q�M�j�X�8�V�- �`�û�;�m�H�B���`�2�K�2�M�i �/�B�b�T�Q�b�û�b�- ���p�2�+ �m�M �T���bdME �X �G�2�b �K�Q�M�Q�@
�û�H�û�K�2�M�i�b �m�i�B�H�B�b�û�b �T�`�û�b�2�M�i�2�M�i �/�2�b �+���`���+�i�û�`�B�b�i�B�[�m�2�b �B�/�2�M�i�B�[�m�2�b �¨ �+�2�H�H�2�b �2�t�T�H�B�+�B�i�û�2�b �/���M�b �H�2 �+�?���T�B�i�`�2
�j �2�i �/�û�i���B�H�H�û�2�b �/���M�b �H�ö���M�M�2�t�2�*�X �*�2�b �/�2�`�M�B�2�`�b �b�Q�M�i �}�t�û�b �b�m�` �m�M�2 �+�Q�`�M�B���`�2 �2�M ���H�m�K�B�M�B�m�K �T�2�`�+�û�2 �¨
���M�;�H�2 �/�`�Q�B�i�X �l�M�2 �B�K�T�`�2�b�b�B�Q�M �j�. �2�M �S�G�� �T�2�`�K�2�i �/�ö���b�b�2�K�#�H�2�` �H�� �+�Q�`�M�B���`�2 ���p�2�+ �m�M �T�B�2�/ �/�2 �K�B�+�`�Q�-
�7���+�B�H�B�i���M�i ���B�M�b�B �b�� �K�B�b�2 �2�M �T�H���+�2�X �G�� �T�?�Q�i�Q�;�`���T�?�B�2 �/�m �`�û�b�2���m �2�b�i �p�B�b�B�#�H�2 �b�m�` �H�� �}�;�m�`�2�9�X�d�X

�6�B�;�m�`�2�9�X�d �� ���M�i�2�M�M�2 �H�B�M�û���B�`�2 �K�m�H�i�B�@�û�H�û�K�2�M�i�b�- �/�2 �H���`�;�2�m�`dMRT = 40 �+�K �2�i �+�Q�K�T�Q�b�û�2 �/�2
N = 8 �K�Q�M�Q�@�û�H�û�K�2�M�i�b�- �2�b�T���+�û�b �`�û�;�m�H�B���`�2�K�2�M�i �/�ö�m�M �T���bdME = 5 �+�K�X
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�@ �*�?�X�9 �*�Q�K�K�m�M�B�+���i�B�Q�M�b �K�m�H�i�B�@�û�H�û�K�2�M�i�b
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�i�2�H �+���b �/�2 �}�;�m�`�2�X �G�2 �`�û�b�m�H�i���i �Q�#�i�2�M�m �K�Q�M�i�`�2 �#�B�2�M �H�2�b �2�z�2�i�b �/�ö�B�M�i�2�`�7�û�`�2�M�+�2�b �2�M�i�`�2 �H�2�b �/�B�z�û�`�2�M�i�b
�û�H�û�K�2�M�i�b �û�K�2�i�i�2�m�`�b �/�2 �H�ö���M�i�2�M�M�2�- ���p�2�+ �H�ö���T�T���`�B�i�B�Q�M �/�2 �H�Q�#�2�b �/�2 �`�û�b�2���m�t�X �G�2 �M�Q�K�#�`�2 �/�2 �H�Q�#�2�b�- �M�Q�i�û
N lobes�- �2�b�i �û�;���H ���m �M�Q�K�#�`�2 �2�M�i�B�2�` �/�ö�B�M�i�2�`�p���H�H�2�b �/�2 �L�v�[�m�B�b�i �/���M�b �H�ö�2�b�T���+�2 �`�û�+�B�T�`�Q�[�m�2[� � ; � ]�- �B�X�2�X�-

N lobes =
�

2dME

�

�
; �U�9�X�R�8�V

�Q�MdME �2�b�i �H�ö�û�+���`�i �B�M�i�2�`�@�û�H�û�K�2�M�i �2�i� �H�� �H�Q�M�;�m�2�m�` �/�ö�Q�M�/�2 �/�m �b�B�;�M���H �û�K�B�b�X �G�� �T�Q�b�B�i�B�Q�M ���M�;�m�H���B�`�2
� n �/�mn�@���K�2 �H�Q�#�2 �2�b�i �/�Q�M�M�û�2 �T���`

� n = arcsin
�

n�
dME

�
: �U�9�X�R�e�V

�S�Q�m�` �H�2 �+���b �/�2 �b�B�;�M���m�t �¨ �H���`�;�2 �#���M�/�2�- �+�2�i �2�z�2�i �2�b�i ���i�i�û�M�m�û�X �P�` �+�Q�K�K�2 �M�Q�m�b �b�Q�K�K�2�b �/���M�b �H�2
�+���b �/�2 �b�B�;�M���m�t �¨ �#���M�/�2 �û�i�`�Q�B�i�2�- �M�Q�m�b �M�2 �T�`�Q�}�i�Q�M�b �T���b �/�2 �+�2�i�i�2 ���i�i�û�M�m���i�B�Q�M�X �G�ö���T�T�H�B�+���i�B�Q�M �/�2�b
�7�Q�`�K�m�H�2�b �T�`�û�+�û�/�2�M�i�2�b �M�Q�m�b �T�2�`�K�2�i �#�B�2�M �/�2 �`�2�i�`�Q�m�p�2�` �8 �H�Q�#�2�b�- �B�X�2�X�- �m�M �H�Q�#�2 �T�`�B�M�+�B�T���H �2�i �/�2�m�t �H�Q�#�2�b
�/�2 �`�û�b�2���m �b�v�K�û�i�`�B�[�m�2�b�- �/�Q�M�i �H�2�b �T�Q�b�B�i�B�Q�M�b ���M�;�m�H���B�`�2�b �b�Q�M�i� 1 � 20� �2�i� 2 � 44� �X �P�M �� �B�+�B �H�2 �T�H�m�b
�T�2�i�B�i �M�Q�K�#�`�2 �/�2 �H�Q�#�2�b �/�2 �`�û�b�2���m �T�Q�b�b�B�#�H�2 ���p�2�+ �M�Q�b �K�Q�M�Q�@�û�H�û�K�2�M�i�b�X �1�M �2�z�2�i�- �+�Q�K�K�2 �+�2 �M�Q�K�#�`�2
�/�û�T�2�M�/ �/�2 �H�ö�û�+���`�i�2�K�2�M�i �B�M�i�2�`�@�û�H�û�K�2�M�i �/�2 �H�ö���M�i�2�M�M�2�- �M�Q�m�b ���p�Q�M�b �+�Q�M�b�i�`�m�B�i �H�ö���M�i�2�M�M�2 ���p�2�+ �H�2 �T�H�m�b
�T�2�i�B�i �T���b �T�Q�b�b�B�#�H�2�- �B�X�2�X�- �8 �+�K�X
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�9�X�9 �1�t�T�û�`�B�2�M�+�2�b

�6�B�;�m�`�2�9�X�R�k �� �.�B���;�`���K�K�2�b �/�2 �/�B�`�2�+�i�B�p�B�i�û �2�M �û�K�B�b�b�B�Q�M �/�2 �H�ö���M�i�2�M�M�2 �UN = 8 �û�H�û�K�2�M�i�b�V�- �H�Q�`�b�[�m�2
�H�2�b �?���m�i�@�T���`�H�2�m�`�b �û�K�2�i�i�2�M�i �b�B�K�m�H�i���M�û�K�2�M�i �m�M �+�?�B�`�T �H�B�M�û���B�`�2 �Uf c = 19:5�F�>�x�-B = 1 �F�>�x �2�i

T = 88200�û�+�?���M�i�B�H�H�Q�M�b �T�Q�m�`f e = 88:2�F�>�x�V�X

�9�X�9�X�k�G�B�2�m�t �2�i �+�Q�M�}�;�m�`���i�B�Q�M�b

�h�Q�m�i �+�Q�K�K�2 �T�Q�m�` �H�2 �/�B�b�T�Q�b�B�i�B�7 �2�t�T�û�`�B�K�2�M�i���H �a�A�a�P�- �H�2 �b�v�b�i���K�2 �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M �J�A�a�P �2�b�i
�û�p���H�m�û �2�M �+�Q�M�}�;�m�`���i�B�Q�M�b �`�û�2�H�H�2�b�X ���}�M �/�2 �T�Q�m�p�Q�B�`�- �T���` �H�� �b�m�B�i�2�- �+�Q�K�T���`�2�` �H�2�b �/�2�m�t �+���K�T���;�M�2�b �/�2
�K�2�b�m�`�2�b�- �H�2�b �H�B�2�m�t �/���M�b �H�2�b�[�m�2�H�b �b�Q�M�i �K�B�b�2�b �2�M �T�H���+�2 �H�2�b �+�Q�M�}�;�m�`���i�B�Q�M�b �b�Q�M�i �H�2�b �K���K�2�b �[�m�2 �+�2�m�t
�T�`�û�b�2�M�i�û�b ���m �+�?���T�B�i�`�2�j �U�+�7�X �}�;�m�`�2�j�X�k�9�V�- �B�X�2�X�- �H�2�b �b���H�H�2�b �_�9�3 �2�i �_�8�y�- ���B�M�b�B �[�m�2 �H�2 �+�Q�m�H�Q�B�` ���/�D���+�2�M�i
�¨ �+�2�b �b���H�H�2�b�- ���m �b�2�B�M �/�2 �H�ö�A�M�b�i�B�i�m�i �G���M�;�2�p�B�M�X

�1�M �`�2�T�`�2�M���M�i �H�� �M�Q�i���i�B�Q�M �B�M�i�`�Q�/�m�B�i�2 �¨ �H�ö�û�[�m���i�B�Q�M �U�j�X�9�N�V�- �Q�M ���m�`��K = M �- �T�m�B�b�[�m�2 �M�Q�m�b
�i�`���B�i�Q�M�b �/���M�b �+�2 �+�?���T�B�i�`�2 �/�2�b �b�+�?�û�K���b �J�A�a�P �2�i �J�l�@�J�A�a�P�X �G�2�b �M�Q�m�p�2�H�H�2�b �+�Q�M�}�;�m�`���i�B�Q�M�b�- �p�2�M���M�i
�b�ö���D�Q�m�i�2�` �¨ �+�2�H�H�2�b �/�û�D�¨ �T�`�û�b�2�M�i�û�2�b�- �b�Q�M�i �/�2�b �p���`�B���i�B�Q�M�b �/�2 �+�2�b �/�2�`�M�B���`�2�b �2�i �b�Q�M�i �B�/�2�M�i�B�}�û�2�b �T���`
�H�ö���D�Q�m�i �/�ö���b�i�û�`�B�b�[�m�2�b �X �S���` �2�t�2�K�T�H�2 �b�B �H�� �+�Q�M�}�;�m�`���i�B�Q�M�bM x �T�Q�b�b���/�2 �/�2�m�t �p���`�B���i�B�Q�M�b�- �2�H�H�2�b �b�2�`�Q�M�i
�`�2�b�T�2�+�i�B�p�2�K�2�M�i �B�/�2�M�i�B�}�û�2�b �T���`M x� �2�iM x�� �X �G�2�b �/�B�z�û�`�2�M�i�b �i�v�T�2�b �/�2 �+�Q�M�}�;�m�`���i�B�Q�M�b �b�Q�M�i �`�2�;�`�Q�m�T�û�b
�b�2�H�Q�M �H�2�b �i�`�Q�B�b �+�H���b�b�2�b �T�`�û�b�2�M�i�û�2�b ���m �+�?���T�B�i�`�2 �T�`�û�+�û�/�2�M�i�X

�G�� �T�`�2�K�B���`�2 �+�H���b�b�2 �/�2 �+�Q�M�}�;�m�`���i�B�Q�M�b �`���b�b�2�K�#�H�2 �/�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b �J�A�a�P �G�P�a �¨ �+�Q�m�`�i�2
�/�B�b�i���M�+�2�- �2�M �b���H�H�2 �_�9�3 �U�+�7�X �}�;�m�`�2�j�X�k�8�V�X �h�`�Q�B�b �p���`�B���i�B�Q�M�b �/�2 �H�� �+�Q�M�}�;�m�`���i�B�Q�MM b �b�Q�M�i ���D�Q�m�i�û�2�b�X �h�Q�m�i
�/�ö���#�Q�`�/�- �H�� �+�Q�M�}�;�m�`���i�B�Q�MM b� �`�2�T�`�2�M�/ �H�� �+�Q�M�}�;�m�`���i�B�Q�MM b�- �K���B�b �2�M �T�H���Ï���M�i �H�2 �J�12 �T�H�m�b �T�`�Q�+�?�2
�/�m �J�11�X �1�M�b�m�B�i�2�- �H�� �+�Q�M�}�;�m�`���i�B�Q�MM b�� �2�b�i �m�M�2 �i�`���M�b�H���i�B�Q�M �/�2 �H�� �+�Q�M�}�;�m�`���i�B�Q�MM b �b�m�` �H�ö���t�2 �/�2
�T�`�Q�T���;���i�B�Q�M�- �+�2 �[�m�B �H�ö�û�H�Q�B�;�M�2 �/�m �J�_�h�X �1�M�}�M�- �H�� �+�Q�M�}�;�m�`���i�B�Q�MM b��� �`�2�T�`�2�M�/ �H�� �+�Q�M�}�;�m�`���i�B�Q�M
M b�� �- �K���B�b �2�M �T�H���Ï���M�i �H�2 �J�12 �T�H�m�b �T�`�Q�+�?�2 �/�m �J�11�X �G�� �}�;�m�`�2�9�X�R�j�`�2�T�`�û�b�2�M�i�2 �+�2�b �+�Q�M�}�;�m�`���i�B�Q�M�b�X
�a�m�` �+�2�i�i�2 �}�;�m�`�2�- ���B�M�b�B �[�m�2 �b�m�` �H�2�b �b�m�B�p���M�i�2�b�- �H�2 �J�_�h �2�b�i �`�2�T�`�û�b�2�M�i�û �T���` �H�� �/�2�K�B�@�2�H�H�B�T�b�2 �#�H�2�m�2�X

�G�� �/�2�m�t�B���K�2 �+�H���b�b�2 �+�Q�`�`�2�b�T�Q�M�/ �¨ �/�2�b �+�Q�M�}�;�m�`���i�B�Q�M�b �T�Q�m�` �/�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b �J�A�a�P �G�P�a
�¨ �K�Q�v�2�M�M�2 �/�B�b�i���M�+�2 �U�+�7�X �}�;�m�`�2�j�X�k�e�V�- �¨ �H���[�m�2�H�H�2 �p�B�2�M�i �b�ö���D�Q�m�i�2�` �m�M�2 �p���`�B���i�B�Q�M�- �M�Q�i�û�2M d� �- �T�Q�m�`
�H���[�m�2�H�H�2 �H�� �/�B�b�i���M�+�2 �B�M�i�2�`�@�`�û�+�2�T�i�2�m�` �2�b�i ���#���B�b�b�û�2 �¨ �b�Q�M �K�B�M�B�K�m�K�X �G�� �}�;�m�`�2�9�X�R�9�/�Q�M�M�2 �m�M�2 �`�2�T�`�û�@
�b�2�M�i���i�B�Q�M �/�2 �+�2�b �+�Q�M�}�;�m�`���i�B�Q�M�b�X

�G�� �i�`�Q�B�b�B���K�2 �+�H���b�b�2 �`�û�m�M�B�i �/�2�b �+�Q�M�}�;�m�`���i�B�Q�M�b �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M �J�A�a�P �L�G�P�a�- �/���M�b �H�2 �+�Q�m�H�Q�B�`
�2�i �2�M �_�8�y �U�+�7�X �}�;�m�`�2�j�X�k�d�V�X �*�2�b �+�Q�M�}�;�m�`���i�B�Q�M�b �b�Q�M�i �`�2�T�`�û�b�2�M�i�û�2�b �b�m�` �H�� �}�;�m�`�2�9�X�R�8�X
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�@ �*�?�X�9 �*�Q�K�K�m�M�B�+���i�B�Q�M�b �K�m�H�i�B�@�û�H�û�K�2�M�i�b

�6�B�;�m�`�2�9�X�R�j �� �*�Q�M�}�;�m�`���i�B�Q�M�b �J�A�a�P �G�P�a �2�M �_�9�3 �2�M�i�`�2 �m�M �J�_�h �U�/�2�K�B�@�2�H�H�B�T�b�2 �#�H�2�m�2�V �2�i �/�2�b
�`�û�+�2�T�i�2�m�`�b�X �*�Q�M�}�;�m�`���i�B�Q�MM a �U�/�2�K�B�@�2�H�H�B�T�b�2�b �`�Q�m�;�2�b�V �, �`�û�+�2�T�i�2�m�`�b �T�`�Q�+�?�2�b �/�m �J�_�h �2�i

�b�v�K�û�i�`�B�[�m�2�K�2�M�i �/�B�b�T�Q�b�û�b �T���` �`���T�T�Q�`�i �¨ �H�ö���t�2 �/�2 �T�`�Q�T���;���i�B�Q�M �U�~���+�?�2 �T�Q�B�M�i�B�H�H�û�2�V�X �*�Q�M�}�;�m�`���i�B�Q�M
M b �U�i�`�B���M�;�H�2�b �p�2�`�i�b�V �, �`�û�+�2�T�i�2�m�`�b �T�`�Q�+�?�2�b �/�m �J�_�h �2�i ���H�B�;�M�û�b �b�m�` �H�ö���t�2 �/�2 �T�`�Q�T���;���i�B�Q�M�X
�o���`�B���i�B�Q�M �?� �@ �/�2 �H�� �+�Q�M�}�;�m�`���i�B�Q�MM b ���p�2�+ �/�B�K�B�M�m�i�B�Q�M �/�2 �H�� �/�B�b�i���M�+�2 �B�M�i�2�`�@�`�û�+�2�T�i�2�m�`�b�X

�o���`�B���i�B�Q�M�b �?�� �@ �2�i �?� � � �@ �/�2 �H�� �+�Q�M�}�;�m�`���i�B�Q�MM b ���p�2�+ �i�`���M�b�H���i�B�Q�M �b�m�` �H�ö���t�2 �/�2 �T�`�Q�T���;���i�B�Q�M
�2�i �/�B�K�B�M�m�i�B�Q�M �/�2 �H�� �/�B�b�i���M�+�2 �B�M�i�2�`�@�`�û�+�2�T�i�2�m�`�b�X �*�Q�M�}�;�m�`���i�B�Q�MM c �U���`�+�b �/�2 �+�2�`�+�H�2 �p�B�Q�H�2�i�b�V �,

�`�û�+�2�T�i�2�m�`�b �û�H�Q�B�;�M�û�b �/�m �J�_�h �2�i ���b�v�K�û�i�`�B�[�m�2�K�2�M�i �/�B�b�T�Q�b�û�b �T���` �`���T�T�Q�`�i �¨ �H�ö���t�2 �/�2 �T�`�Q�T���;���i�B�Q�M�X

�6�B�;�m�`�2�9�X�R�9 �� �*�Q�M�}�;�m�`���i�B�Q�M�b �J�A�a�P �G�P�a �/���M�b �H�2 �+�Q�m�H�Q�B�` �2�M�i�`�2 �m�M �J�_�h �U�/�2�K�B�@�2�H�H�B�T�b�2 �#�H�2�m�2�V�-
���m �+�2�M�i�`�2 �/�m �+�Q�m�H�Q�B�`�- �2�i �/�2�b �`�û�+�2�T�i�2�m�`�b�X �*�Q�M�}�;�m�`���i�B�Q�MM d �U�/�2�K�B�@�+�2�`�+�H�2�b �Q�`���M�;�2�b�V �, �`�û�+�2�T�i�2�m�`�b

�b�v�K�û�i�`�B�[�m�2�K�2�M�i �/�B�b�T�Q�b�û�b �T���` �`���T�T�Q�`�i �¨ �H�ö���t�2 �/�2 �T�`�Q�T���;���i�B�Q�M �U�~���+�?�2 �T�Q�B�M�i�B�H�H�û�2�V�- �û�H�Q�B�;�M�û�b
�K�Q�v�2�M�M�2�K�2�M�i �U�R�V �2�i �7�Q�`�i�2�K�2�M�i �U�k�V �/�m �J�_�h�X �o���`�B���i�B�Q�M �?� �@ �/�2 �H�� �+�Q�M�}�;�m�`���i�B�Q�MM d ���p�2�+

�û�H�Q�B�;�M�2�K�2�M�i �B�/�2�M�i�B�[�m�2 �p�B�b�@�¨�@�p�B�b �/�m �J�_�h �2�i �/�B�K�B�M�m�i�B�Q�M �/�2 �H�� �/�B�b�i���M�+�2 �B�M�i�2�`�@�`�û�+�2�T�i�2�m�`�b�X

�e�y
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�T�Q�m�` �H�2 �T�`�2�K�B�2�` �2�i �H�2 �b�2�+�Q�M�/ �`�û�+�2�T�i�2�m�`�X �G�2 �"�1�_ �2�b�i �T�H�m�b �û�H�2�p�û �T�Q�m�` �H�2 �b�2�+�Q�M�/ �`�û�+�2�T�i�2�m�`�- �/�m
�7���B�i �/�2 �b�� �T�Q�b�B�i�B�Q�M �T���` �`���T�T�Q�`�i �¨ �H�ö�û�K�2�i�i�2�m�`�- �B�X�2�X�- �/�2 �H�� �T�H�m�b �7���B�#�H�2 �[�m���M�i�B�i�û �/�ö�û�M�2�`�;�B�2 �T�Q�`�i�û�2
�T���` �H�2 �i�`���D�2�i �/�B�`�2�+�i�X �S�Q�m�` �/�2�b �b�+�?�û�K���b �J�A�a�P �2�i �J�l�@�J�A�a�P�- �Q�M �Q�#�b�2�`�p�2 �/�2�b �/�û�;�`���/���i�B�Q�M�b �T�H�m�b
�B�K�T�Q�`�i���M�i�2�b �b�m�` �H�2 �T�`�2�K�B�2�` �`�û�+�2�T�i�2�m�`�- ���p�2�+ �m�M �"�1�_ �/�25:4 %�U�+�Q�M�i�`�20 %�T�Q�m�` �H�2 �b�2�+�Q�M�/ �`�û�+�2�T�i�2�m�`�V
�2�i �`�2�b�T�2�+�i�B�p�2�K�2�M�i31:2 % �U�+�Q�M�i�`�21:2 % �T�Q�m�` �H�2 �b�2�+�Q�M�/ �`�û�+�2�T�i�2�m�`�V�X �G�� �/�B�z�û�`�2�M�+�2 �/�2�b �p���H�2�m�`�b �/�2
�"�1�_ �2�M�i�`�2 �H�2�b �`�û�+�2�T�i�2�m�`�b �b�ö�2�t�T�H�B�[�m�2 �T���` �H�� �T�Q�b�B�i�B�Q�M �/�m �b�2�+�Q�M�/ �`�û�+�2�T�i�2�m�`�- �[�m�B �b�2 �i�`�Q�m�p�2 �¨ �H�� �H�B�K�B�i�2
�G�P�a�f�L�G�P�a�- �2�i �[�m�B�- �/�2 �+�2 �7���B�i�- �`�2�Ï�Q�B�i �/�2�b �+�Q�M�i�`�B�#�m�i�B�Q�M�b �/�2�b �i�`���D�2�i�b �B�M�/�B�`�2�+�i�b �T�H�m�b �B�K�T�Q�`�i���M�i�2�b�X
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�9�X�d �*�Q�M�+�H�m�b�B�Q�M

�G�2�b �K�2�b�m�`�2�b �û�i���M�i �2�z�2�+�i�m�û�2�b �¨ �T�m�B�b�b���M�+�2 �/�ö�û�K�B�b�b�B�Q�M �+�Q�M�b�i���M�i�2�- �H�ö�û�M�2�`�;�B�2 �`�2�Ï�m�2 �T���` �H�2�b �`�û�+�2�T�i�2�m�`
�2�M �J�l�@�J�A�a�P �2�b�i �T�H�m�b �7���B�#�H�2�- �+�2 �[�m�B �2�t�T�H�B�[�m�2 �H�ö���m�;�K�2�M�i���i�B�Q�M �/�m �"�1�_ �T���` �`���T�T�Q�`�i ���m �J�A�a�P�X

�*�ö�2�b�i �/�Q�M�+ �H�¨ �m�M�2 �B�H�H�m�b�i�`���i�B�Q�M �/�2 �H�� �`�Q�#�m�b�i�2�b�b�2 �/�2 �H�� �7�Q�+���H�B�b���i�B�Q�M �T���` �`�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H �c
�H�ö�m�i�B�H�B�b���i�B�Q�M �/�ö�m�M �J�_�h �M�ö�2�b�i �T���b �B�K�T���+�i�û�2 �T���` �H�ö���T�T���`�B�i�B�Q�M �/�ö�m�M �Q�#�b�i���+�H�2 ���T�`���b �H�ö�û�i���T�2 �/�ö���T�@
�T�`�2�M�i�B�b�b���;�2�- �/�m �K�Q�B�M�b �i���M�i �[�m�2 �+�2 �/�2�`�M�B�2�` �M�ö�2�b�i �T���b �i�`�Q�T �T�`�Q�+�?�2 �/�m �T�Q�B�M�i �/�2 �7�Q�+���H�B�b���i�B�Q�M�X �*�2�i�i�2
�`�Q�#�m�b�i�2�b�b�2 �/�2 �H�� �7�Q�+���H�B�b���i�B�Q�M �T���` �`�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H �T�2�`�K�2�i�- �K���H�;�`�û �H�� �T�2�`�i�m�`�#���i�B�Q�M �/�m �K�B�H�B�2�m
�/�2 �T�`�Q�T���;���i�B�Q�M �T���` �m�M �Q�#�b�i���+�H�2�- �/�ö�2�z�2�+�i�m�2�` �/�2�b �7�Q�+���H�B�b���i�B�Q�M�b �/�Q�M�i �H�� �[�m���H�B�i�û �M�ö�2�b�i �T���b �/�û�;�`���/�û�2�X

�9�X�d�*�Q�M�+�H�m�b�B�Q�M

�*�2 �+�?���T�B�i�`�2 �� �T�2�`�K�B�b �/�ö�û�p���H�m�2�` �H�2�b �+���T���+�B�i�û�b �2�i �H�2�b �H�B�K�B�i�2�b�- �2�M �B�M�i�û�`�B�2�m�`�- �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M�b
�2�M �m�H�i�`���b�Q�M�b �T�`�Q�+�?�2�b �b�2�H�Q�M �H�2 �b�+�?�û�K�� �/�2 �i�`���M�b�K�B�b�b�B�Q�M �J�A�a�P �2�i �J�l�@�J�A�a�P�X

���T�`���b ���p�Q�B�` �T�`�û�b�2�M�i�û�- �/���M�b �H�� �b�2�+�i�B�Q�M�9�X�k�- �H�2�b �T�`�B�M�+�B�T�2�b �/�m �`�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H ���B�M�b�B �[�m�2
�H�ö�m�i�B�H�B�b���i�B�Q�M �/�m �J�_�h�- �H�� �b�2�+�i�B�Q�M�9�X�j�� �T�`�û�b�2�M�i�û �m�M�2 �;�û�M�û�`���H�B�b���i�B�Q�M �/�m �K�Q�/���H�2 �/�2 �"�1�_ ���m �+���b
�K�m�H�i�B�@�û�H�û�K�2�M�i�b�X �G�2 �K�Q�/���H�2�- ���B�M�b�B �û�i�2�M�/�m�- �T�2�`�K�2�i �/�ö�û�p���H�m�2�` �[�m���H�B�i���i�B�p�2�K�2�M�i �H�� �/�B�K�B�M�m�i�B�Q�M �/�m
�"�1�_ �2�M �T���b�b���M�i �/�ö�m�M �b�v�b�i���K�2 �a�A�a�P �¨ �m�M �b�v�b�i���K�2 �J�A�a�P�- �¨ �_�a�" �+�Q�M�b�i���M�i�X �G�ö�2�t�2�K�T�H�2 �+�?�Q�B�b�B�- ���p�2�+
�m�M�2 ���M�i�2�M�M�2 �/�2 �?�m�B�i �û�H�û�K�2�M�i�b�- �2�i �¨ �_�a�" �+�Q�M�b�i���M�i�- �7���B�i ���T�T���`���W�i�`�2 �m�M�2 �/�B�K�B�M�m�i�B�Q�M �/�m �"�1�_ �/�ö�m�M
�7���+�i�2�m�` �R�y�X

�1�M�b�m�B�i�2�- �/���M�b �H�� �b�2�+�i�B�Q�M�9�X�9�- �H�2 �T�`�Q�i�Q�i�v�T�2 �/�2 �J�_�h �H�B�M�û���B�`�2 �¨ �3 �û�H�û�K�2�M�i�b �2�b�i �T�`�û�b�2�M�i�û�- �T�2�`�K�2�i�@
�i���M�i ���B�M�b�B �H�ö�û�K�B�b�b�B�Q�M �7�Q�+���H�B�b�û�2 �2�i �H�� �`�û�+�2�T�i�B�Q�M �/�2 �b�B�;�M���m�t �2�M �m�H�i�`���b�Q�M�b �T�`�Q�+�?�2�b�X �*�Q�K�K�2 �H�2 �/�B�b�T�Q�b�B�i�B�7
�K�Q�M�Q�@�û�H�û�K�2�M�i�- �+�2 �/�2�`�M�B�2�` �2�b�i �+���`���+�i�û�`�B�b�û �2�M �+�?���K�#�`�2 ���M�û�+�?�Q�[�[�m�2�- ���}�M �/�2 �;���`���M�i�B�` �b�Q�M �#�Q�M �7�Q�M�+�@
�i�B�Q�M�M�2�K�2�M�i �/���M�b �/�2�b �+�Q�M�/�B�i�B�Q�M�b �+�Q�M�i�`�¬�H�û�2�b �2�i �/�ö�Q�#�b�2�`�p�2�` �H�2�b �B�M�i�2�`���+�i�B�Q�M�b �B�M�i�2�`�@�û�H�û�K�2�M�i�b �/�m �J�_�h�X
�G�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b �`�û���H�B�b�û�2�b �T���` �+�2 �/�B�b�T�Q�b�B�i�B�7 �b�Q�M�i �û�p���H�m�û�2�b�- �T�Q�m�` �m�M �b�+�?�û�K�� �/�2 �i�`���M�b�K�B�b�b�B�Q�M
�J�l�@�J�A�a�P�- �2�M �+�Q�M�/�B�i�B�Q�M�b �`�û�2�H�H�2�b �2�i �/���M�b �H�2�b �K���K�2�b �2�M�p�B�`�Q�M�M�2�K�2�M�i�b �[�m�ö���m �+�?���T�B�i�`�2 �T�`�û�+�û�/�2�M�i�X
�G�2�b �`�û�b�m�H�i���i�b �[�m�B �2�M �/�û�+�Q�m�H�2�M�i �K�2�i�i�2�M�i �2�M �H�m�K�B���`�2 �m�M �;���B�M �b�B�;�M�B�}�+���i�B�7 �/�2 �_�a�"�- �m�M�2 ���K�û�H�B�Q�`���i�B�Q�M
�/�m �"�1�_ �2�i �/�2 �K�2�B�H�H�2�m�`�2�b �T�2�`�7�Q�`�K���M�+�2�b �2�M �T�`�û�b�2�M�+�2 �/�ö�Q�#�b�i���+�H�2�b �2�i �/�2 �+�Q�M�}�;�m�`���i�B�Q�M �L�G�P�a �T���`
�`���T�T�Q�`�i �¨ �m�M�2 �+�Q�K�K�m�M�B�+���i�B�Q�M �a�A�a�P�X

�S�m�B�b�- �H�� �b�2�+�i�B�Q�M�9�X�8�û�i�m�/�B�2 �H�� �T�Q�b�b�B�#�B�H�B�i�û �/�ö�m�M �b�m�`�/�B�K�2�M�b�B�Q�M�M�2�K�2�M�i �/�m �i�2�K�T�b �b�v�K�#�Q�H�2 �T�Q�m�` �+�2
�/�B�b�T�Q�b�B�i�B�7 �2�t�T�û�`�B�K�2�M�i���H�X �P�M �K�Q�M�i�`�2 ���B�M�b�B �[�m�2 �H�2 �_�a�" �2�i �H�2 �"�1�_ �T�2�m�p�2�M�i ���i�`�2 �+�Q�M�b�2�`�p�û�b �i�Q�m�i �2�M
�/�B�p�B�b���M�i �H�2 �i�2�K�T�b �b�v�K�#�Q�H�2 �T���` �m�M �7���+�i�2�m�` �9�- �2�M �+�Q�M�}�;�m�`���i�B�Q�M�b �G�P�a�- �+�Q�m�`�i�2 �/�B�b�i���M�+�2 �2�i �+�?���K�T
�T�`�Q�+�?�2�- �T���` �m�M �7���+�i�2�m�` �k �¨ �9�- �2�M �+�Q�M�}�;�m�`���i�B�Q�M�b �G�P�a�- �¨ �K�Q�v�2�M�M�2 �/�B�b�i���M�+�2�- �2�i �T���` �m�M �7���+�i�2�m�` �k�- �2�M
�+�Q�M�}�;�m�`���i�B�Q�M�b �L�G�P�a�X ���B�M�b�B�- �m�M �+�?���M�;�2�K�2�M�i �/�2 �H�� �p���H�2�m�` �/�m �i�2�K�T�b �b�v�K�#�Q�H�2�- ���/���T�i�û �¨ �H�� �+�Q�M�}�@
�;�m�`���i�B�Q�M �b�Q�m�?���B�i�û�2�- �+�Q�M�/�m�B�`���B�i �¨ �m�M�2 ���m�;�K�2�M�i���i�B�Q�M �/�250 �¨ 75 % �/�m �/�û�#�B�i �/�2 �H�� �+�Q�K�K�m�M�B�+���i�B�Q�M�X

�1�M�}�M�- �H�� �b�2�+�i�B�Q�M�9�X�e�û�i�m�/�B�2 �H�ö�B�K�T���+�i �/�2 �H�� �K�Q�#�B�H�B�i�û �2�i �/�2 �H�� �b�i���i�B�Q�M�M���`�B�i�û �/�m �+���M���H�- �B�H�H�m�b�i�`���M�i �H��
�`�Q�#�m�b�i�2�b�b�2 �/�ö�m�M�2 �7�Q�+���H�B�b���i�B�Q�M �T���` �`�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H�X �.�ö�m�M�2 �T���`�i�- �Q�M �K�Q�M�i�`�2 �[�m�2 �H�� �+�Q�M�+�2�M�@
�i�`���i�B�Q�M �/�ö�û�M�2�`�;�B�2 �/�ö�m�M �b�B�;�M���H ���m �p�Q�B�b�B�M���;�2 �/�ö�m�M �T�Q�B�M�i �T�2�`�K�2�i �m�M�2 �+�Q�K�K�m�M�B�+���i�B�Q�M �/�2 �i�`���b �#�Q�M�M�2
�[�m���H�B�i�û�- �K���B�b �B�K�T�Q�b�2 �m�M�2 �i�`���b �7���B�#�H�2 �K���`�;�2 �/�2 �/�û�T�H���+�2�K�2�M�i �/�m �`�û�+�2�T�i�2�m�`�X �.�ö���m�i�`�2 �T���`�i�- �H�� �7�Q�`�i�2
�+�Q�M�i�`�B�#�m�i�B�Q�M �/�2�b �i�`���D�2�i�b �B�M�/�B�`�2�+�i�b �/���M�b �+�2 �T�`�Q�+�2�b�b�m�b ���K�û�H�B�Q�`�2 �b�B�;�M�B�}�+���i�B�p�2�K�2�M�i �H�� �`�Q�#�m�b�i�2�b�b�2 �/�m
�b�B�;�M���H �¨ �H�ö�û�i���T�2 �/�2 �7�Q�+���H�B�b���i�B�Q�M �7���+�2 ���m�t �K�Q�/�B�}�+���i�B�Q�M�b �/�m �K�B�H�B�2�m �/�2 �T�`�Q�T���;���i�B�Q�M�X

�G�2�b �K�2�b�m�`�2�b �`�û���H�B�b�û�2�b �/���M�b �+�2 �+�?���T�B�i�`�2 �b�Q�M�i �B�/�û���H�2�b�- �/���M�b �H�2 �b�2�M�b �Q�M �H�2�b �`�û�+�2�T�i�2�m�`�b �m�i�B�H�B�b�û�b �b�Q�M�i
�/�2�b �K�Q�M�Q�@�û�H�û�K�2�M�i�b �+�Q�M�Ï�m�b �2�t�T�H�B�+�B�i�2�K�2�M�i �T�Q�m�` �+�2 �i�`���p���B�H �/�2 �`�2�+�?�2�`�+�?�2�X �G�2 �+�?���T�B�i�`�2 �b�m�B�p���M�i �û�i�m�/�B�2
�/�2�b �+���b �/�ö���T�T�H�B�+���i�B�Q�M�b �`�û�2�H�b �/�m �J�_�h�- ���p�2�+ �/�2�b �`�û�+�2�T�i�2�m�`�b �;�`���M�/ �T�m�#�H�B�+ �i�2�H�b �[�m�2 �/�2�b �b�K���`�i�T�?�Q�M�2�b�X

�e�N





�8 �%�*�Q�K�K�m�M�B�+���i�B�Q�M�b ���T�T�H�B�[�m�û�2�b �@ �J�_�h �2�i
�b�K���`�i�T�?�Q�M�2

�8�X�R�A�M�i�`�Q�/�m�+�i�B�Q�M

�.���M�b �H�2 �+�?���T�B�i�`�2 �T�`�û�+�û�/�2�M�i �U�+�7�X �+�?���T�B�i�`�2�9�V�- �m�M �b�v�b�i���K�2 �J�A�a�P �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M�b ���û�`�Q�T�Q�`�i�û�2�b
�2�M �m�H�i�`���b�Q�M�b �T�`�Q�+�?�2�b �� �û�i�û �û�i�m�/�B�û�X �a�� �+���T���+�B�i�û �¨ �K�2�i�i�`�2 �2�M �¾�m�p�`�2 �/�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b �B�M�i�û�`�B�2�m�`�2�b
�/�2 �#�Q�M�M�2 �[�m���H�B�i�û �T�Q�m�` �/�2�b �+�Q�M�}�;�m�`���i�B�Q�M�b �G�P�a �2�i �L�G�P�a �� �û�i�û �K�Q�M�i�`�û�2�X �G�2�b �K�Q�M�Q�@�û�H�û�K�2�M�i�b
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�+�Q�K�K�2 �T�`�û�+�û�/�2�K�K�2�M�i�- �2�M �7�Q�M�+�i�B�Q�M �/�2 �H�ö�B�M�i�2�`�p���H�H�2 �2�M�i�`�2 �+�?���[�m�2 �+�?�B�`�T �û�K�B�b�- �2�i �Q�M �b�m�T�2�`�T�Q�b�2 �H�2�b
�`�û�T�Q�M�b�2�b �B�K�T�m�H�b�B�Q�M�M�2�H�H�2�b ���m �p�Q�B�b�B�M���;�2 �/�m �K���t�B�K�m�K �/�2 �H�� �T�`�2�K�B���`�2 �/�ö�2�M�i�`�2 �2�H�H�2�b�X �P�M �+�Q�M�b�i���i�2�-
�b�m�` �H�� �}�;�m�`�2�8�X�3�- �[�m�2 �H�2�b8 �`�û�T�Q�M�b�2�b �B�K�T�m�H�b�B�Q�M�M�2�H�H�2�b �b�Q�M�i �K���B�M�i�2�M���M�i �#�B�2�M �2�M �T�?���b�2 �H�2�b �m�M�2�b ���p�2�+
�H�2�b ���m�i�`�2�b�X

�6�B�;�m�`�2�8�X�3 �� �*�Q�K�T���`���B�b�Q�M�- ���T�`���b �T�`�Q�+�2�b�b�m�b �/�2 �`�û�@�û�+�?���M�i�B�H�H�Q�M�M���;�2�- �/�2�b �`�û�T�Q�M�b�2�b
�B�K�T�m�H�b�B�Q�M�M�2�H�H�2�b�- ���m �p�Q�B�b�B�M���;�2 �/�2 �H�2�m�` �K���t�B�K�m�K�- �T�Q�m�` �+�?���[�m�2 �+�?�B�`�T�- �û�K�B�b �b�m�+�+�2�b�b�B�p�2�K�2�M�i �T���` �m�M
�û�H�û�K�2�M�i �/�m �J�_�h �, ���K�T�H�B�i�m�/�2�- �T���` �#�H�Q�+ �/�ö�û�+�?���M�i�B�H�H�Q�M�b�- �/�2 �+�?���[�m�2 �`�û�T�Q�M�b�2 �B�K�T�m�H�b�B�Q�M�M�2�H�H�2�- �T�Q�m�`
�m�M�2 �7�2�M���i�`�2 �/�ö�Q�#�b�2�`�p���i�B�Q�M �/�ö�2�M�p�B�`�Q�M0:9�K�b ���m�i�Q�m�` �/�m �K���t�B�K�m�K �/�2 �H�� �`�û�T�Q�M�b�2 �B�K�T�m�H�b�B�Q�M�M�2�H�H�2

�/�m �+�?�B�`�T �R�X

�d�3



�8�X�9 �1�t�T�û�`�B�2�M�+�2�b

�*�2�T�2�M�/���M�i�- �Q�M �M�Q�i�2 �[�m�2 �H�ö���D�Q�m�i �/�ö�m�M�2 �û�i���T�2 �/�2 �`�û�@�û�+�?���M�i�B�H�H�Q�M�M���;�2 �`�2�T�`�û�b�2�M�i�2 �m�M �+�Q�?�i �2�M
�i�2�K�T�b �2�i �2�M �+���H�+�m�H �M�Q�M �M�û�;�H�B�;�2���#�H�2 ���m �b�2�B�M �/�2 �H�ö�û�i���T�2 �/�ö�2�b�i�B�K���i�B�Q�M �/�m �+���M���H �/�2 �T�`�Q�T���;���i�B�Q�M�X �S���`
�2�t�2�K�T�H�2�- �/���M�b �H�2 �+���b �T�`�û�b�2�M�i�û �+�B�@�/�2�b�b�m�b�- �H�2 �i�2�K�T�b �/�ö�2�t�û�+�m�i�B�Q�M �T�Q�m�` �H�ö�2�b�i�B�K���i�B�Q�M �m�M�B�/�B�`�2�+�i�B�Q�M�M�2�H�H�2
�2�b�i �T�H�m�b �B�K�T�Q�`�i���M�i �[�m�2 �T�Q�m�` �H�ö�2�b�i�B�K���i�B�Q�M �#�B�/�B�`�2�+�i�B�Q�M�M�2�H�H�2�X �1�M �2�z�2�i�- �i�Q�m�i �/�ö���#�Q�`�/ �3 �û�K�B�b�b�B�Q�M�b
�/�B�b�i�B�M�+�i�2�b �b�Q�M�i �M�û�+�2�b�b���B�`�2�b �T�Q�m�` �2�b�i�B�K�2�` �H�2�b �+���M���m�t �J�_�h�f�b�K���`�i�T�?�Q�M�2 ���m �H�B�2�m �/�ö�m�M �b�2�m�H�X �1�M�b�m�B�i�2�-
�H�2 �b�B�;�M���H �b�B�M�m�b�Q�[�/���H �T�2�`�K�2�i�i���M�i �/�2 �+���H�+�m�H�2�` �H�2 �+�Q�2�{�+�B�2�M�i �/�2 �`�û�@�û�+�?���M�i�B�H�H�Q�M�M���;�2 ���D�Q�m�i�210�b �/�ö�û�K�B�b�@
�b�B�Q�M�X �§ �+�2�b �û�i���T�2�b �p�B�2�M�M�2�M�i �b�ö���D�Q�m�i�2�` �H�2�b �i�2�K�T�b �/�2 �+���H�+�m�H �M�û�+�2�b�b���B�`�2�b �T�Q�m�` �H�ö�û�i�m�/�2 �b�T�2�+�i�`���H�2 �2�i
�H�2 �`�û�@�û�+�?���M�i�B�H�H�Q�M�M���;�2 �/�2�b �`�û�T�Q�M�b�2�b �B�K�T�m�H�b�B�Q�M�M�2�H�H�2�b�X �G�� �T�2�`�i�B�M�2�M�+�2 �/�2 �+�2�i�i�2 ���T�T�`�Q�+�?�2 �b�2�`�� �/�Q�M�+
�/�û�T�2�M�/���M�i�2 �/�2�b �+���T���+�B�i�û�b �/�2 �+���H�+�m�H �/�2�b �/�B�b�T�Q�b�B�i�B�7�b �m�i�B�H�B�b�û�b �U�Q�`�/�B�M���i�2�m�`�- �i�û�H�û�T�?�Q�M�2�- �2�i�+�X�V�X

�8�X�j�X�8�G�B�M�û���`�B�i�û �/�m �i�`���B�i�2�K�2�M�i ���m�/�B�Q �2�K�#���`�[�m�û

�.�2 �M�Q�K�#�`�2�m�t �b�K���`�i�T�?�Q�M�2�b �/�m �K���`�+�?�û �2�K�#���`�[�m�2�M�i �m�M �+�2�`�i���B�M �M�Q�K�#�`�2 �/�ö�û�i���;�2�b �/�2 �i�`���B�i�2�K�2�M�i
���m�/�B�Q�- ���M���H�Q�;�B�[�m�2 �2�i�f�Q�m �M�m�K�û�`�B�[�m�2�- �T�Q�m�` �H�2�b�[�m�2�H�b �B�H �2�b�i �i�`���b �/�B�{�+�B�H�2 �/�ö�Q�#�i�2�M�B�` �H�2�b �/�û�i���B�H�b ���m�T�`���b
�/�2�b �+�Q�M�b�i�`�m�+�i�2�m�`�b�X �l�M �T�Q�B�M�i �+�`�m�+�B���H �[�m�B �/�Q�B�i ���i�`�2 �p�û�`�B�}�û �2�b�i �H�� �H�B�M�û���`�B�i�û �2�M �û�K�B�b�b�B�Q�M �2�i �2�M �`�û�+�2�T�i�B�Q�M�X
�1�M �2�z�2�i�- �H�� �T�`�û�b�2�M�+�2 �/�2 �;���B�M ���/���T�i���i�B�7 �¨ �H�� �`�û�+�2�T�i�B�Q�M �Q�m �/�ö�m�M �+�Q�M�i�`�¬�H�2 �M�Q�M �H�B�M�û���B�`�2 �/�2 �H�� �T�m�B�b�b���M�+�2
�/�ö�û�K�B�b�b�B�Q�M �T�Q�m�`�`���B�i �p�2�M�B�` �#�B���B�b�2�` �H�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b �7�Q�+���H�B�b�û�2�b �[�m�2 �M�Q�m�b �+�?�2�`�+�?�Q�M�b �¨ �K�2�i�i�`�2 �2�M
�T�H���+�2 ���p�2�+ �H�2 �J�_�h�X

�h�Q�m�i �/�ö���#�Q�`�/�- �Q�M �p�û�`�B�}�2 �[�m�2 �H�2 �p�Q�H�m�K�2 �/�m �i�û�H�û�T�?�Q�M�2 �� �#�B�2�M �m�M�2 �T�`�Q�;�`�2�b�b�B�Q�M �H�B�M�û���B�`�2�X �S�Q�m�`
�+�2 �7���B�`�2�- �Q�M �û�K�2�i �T�H�m�b�B�2�m�`�b �7�Q�B�b �H�2 �K���K�2 �b�B�;�M���H �2�M ���m�;�K�2�M�i���M�i �T�`�Q�;�`�2�b�b�B�p�2�K�2�M�i �H�2 �p�Q�H�m�K�2 �/�m
�b�K���`�i�T�?�Q�M�2 �U�B�M�/�B�+���i�2�m�` �7�Q�m�`�M�B �T���` �H�ö�A�>�J �/�m �b�K���`�i�T�?�Q�M�2�V�X �G�2�b �b�B�;�M���m�t �b�Q�M�i �2�M�`�2�;�B�b�i�`�û�b �T���` �m�M
�û�H�û�K�2�M�i �/�m �J�_�h�X �G�2�b �`�û�b�m�H�i���i�b �Q�#�i�2�M�m�b �K�Q�M�i�`�2�M�i �#�B�2�M �m�M�2 �û�p�Q�H�m�i�B�Q�M �H�B�M�û���B�`�2 �/�2 �H�ö���K�T�H�B�i�m�/�2
�`�2�Ï�m�2 �+�Q�?�û�`�2�M�i�2 �T���` �`���T�T�Q�`�i ���m�t �`�û�;�H���;�2�b �/�m �p�Q�H�m�K�2 �/�m �b�K���`�i�T�?�Q�M�2�X �§ �i�B�i�`�2 �/�ö�2�t�2�K�T�H�2�- �Q�M
�+�Q�M�b�B�/���`�2 �H�2 �+���b �/�2 �/�2�m�t �û�K�B�b�b�B�Q�M�b �/�ö�m�M �K���K�2 �+�?�B�`�T�- �p�B�� �H�2 �b�K���`�i�T�?�Q�M�2�- �¨ �p�Q�H�m�K�2 �K���t�B�K�m�K
�2�i �¨ �K�B�@�p�Q�H�m�K�2�X ���T�`���b �+�Q�K�T�`�2�b�b�B�Q�M �/�m �+�?�B�`�T �`�2�Ï�m�- �T�Q�m�` �H�2 �+���b �K�B�@�p�Q�H�m�K�2�- �Q�M �+�Q�M�b�i���i�2 �[�m�2 �b�Q�M
�B�M�i�2�M�b�B�i�û �K���t�B�K�m�K �`�2�T�`�û�b�2�M�i�250; 75 % �/�m �K���t�B�K�m�K �/�2 �H�� �+�Q�K�T�`�2�b�b�B�Q�M �/�m �+�?�B�`�T �`�2�Ï�m �/���M�b �H�2
�+���b �/�m �p�Q�H�m�K�2 �K���t�B�K�m�K�X

�1�M�b�m�B�i�2�- �Q�M �p�û�`�B�}�2 �[�m�2 �H�� �`�û�+�2�T�i�B�Q�M �b�m�` �H�2�b �K�B�+�`�Q�T�?�Q�M�2�b �/�m �b�K���`�i�T�?�Q�M�2 �2�b�i �2�H�H�2 ���m�b�b�B �H�B�M�û���B�`�2�X
�S�Q�m�` �+�2 �7���B�`�2�- �Q�M �û�K�2�i �T�H�m�b�B�2�m�`�b �7�Q�B�b �H�2 �K���K�2 �+�?�B�`�T�- �p�B�� �m�M �K�Q�M�Q�@�û�H�û�K�2�M�i �/�m �J�_�h�- �2�M ���m�;�K�2�M�@
�i���M�i �T�`�Q�;�`�2�b�b�B�p�2�K�2�M�i �b�Q�M �p�Q�H�m�K�2 �U���K�T�H�B�i�m�/�2 �/�m �+�?�B�`�T �b�v�M�i�?�û�i�B�b�û �T���` �H�� �#���b�2�V�X �G�2�b �b�B�;�M���m�t �b�Q�M�i
�2�M�`�2�;�B�b�i�`�û�b �T���` �H�2 �K�B�+�`�Q�T�?�Q�M�2 �/�m �b�K���`�i�T�?�Q�M�2�X �G�2�b �`�û�b�m�H�i���i�b �Q�#�i�2�M�m�b�- �i�Q�m�i �+�Q�K�K�2 �T�`�û�+�û�/�2�K�K�2�M�i�-
�K�Q�M�i�`�2�M�i �#�B�2�M �m�M�2 �û�p�Q�H�m�i�B�Q�M �H�B�M�û���B�`�2 �+�Q�?�û�`�2�M�i�2 �/�2 �H�ö���K�T�H�B�i�m�/�2 �`�2�Ï�m�2�- �T���` �`���T�T�Q�`�i ���m�t �`�û�;�H���;�2�b
�/�m �p�Q�H�m�K�2 �/�m �K�Q�M�Q�@�û�H�û�K�2�M�i�X �h�Q�m�D�Q�m�`�b �¨ �i�B�i�`�2 �/�ö�2�t�2�K�T�H�2�- �Q�M �`�2�T�`�2�M�/ �/�2�m�t �b�B�;�M���m�t�- �/�Q�M�i �H�ö�m�M �¨
�H�� �K�Q�B�i�B�û �/�m �p�Q�H�m�K�2 �/�2 �H�ö���m�i�`�2�X ���T�`���b �+�Q�K�T�`�2�b�b�B�Q�M�- �Q�M �+�Q�M�b�i���i�2 �[�m�2 �H�2 �K���t�B�K�m�K �T�Q�m�` �H�2 �+�?�B�`�T �¨
�m�M �p�Q�H�m�K�2 �/�Q�M�M�û �`�2�T�`�û�b�2�M�i�250; 87 % �/�m �K���t�B�K�m�K �T�Q�m�` �H�2 �+�?�B�`�T �û�K�B�b ���m �/�Q�m�#�H�2 �/�2 �+�2 �p�Q�H�m�K�2�X

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

�8�X�9�1�t�T�û�`�B�2�M�+�2�b

���T�`���b ���p�Q�B�` �û�i�m�/�B�û�- �/���M�b �H�2 �+�?���T�B�i�`�2�9�- �H�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b �7�Q�+���H�B�b�û�2�b �2�M�i�`�2 �m�M �J�_�h �2�i �m�M �Q�m
�T�H�m�b�B�2�m�`�b �K�Q�M�Q�@�û�H�û�K�2�M�i�b �B�M�/�û�T�2�M�/���M�i�b�- �Q�M �b�ö�B�M�i�û�`�2�b�b�2 �K���B�M�i�2�M���M�i ���m�t �+�Q�K�K�m�M�B�+���i�B�Q�M�b �7�Q�+���H�B�b�û�2�b
�2�M�i�`�2 �m�M �J�_�h �2�i �m�M �b�K���`�i�T�?�Q�M�2�X �G�2 �/�B�b�T�Q�b�B�i�B�7 �2�t�T�û�`�B�K�2�M�i���H �+�Q�K�T�H�2�i �2�b�i �i�Q�m�i �/�ö���#�Q�`�/ �T�`�û�b�2�M�i�û�X
�1�M�b�m�B�i�2�- �Q�M �û�i�m�/�B�2 �H�ö�B�K�T���+�i �/�2 �H�� �M�Q�M�@�+�Q�@�H�Q�+���H�B�b���i�B�Q�M �b�m�` �H�� �[�m���H�B�i�û �/�2 �H�� �7�Q�+���H�B�b���i�B�Q�M�- �B�X�2�X�- �H�ö�B�K�T���+�i
�b�m�` �H�� �+�Q�K�T�`�2�b�b�B�Q�M �/�2 �+�?�B�`�T�b�X �1�M�}�M�- �H�2 �b�v�b�i���K�2 �J�_�h�f�b�K���`�i�T�?�Q�M�2 �2�b�i �m�i�B�H�B�b�û �T�Q�m�` �`�û���H�B�b�2�` �/�2�b
�+�Q�K�K�m�M�B�+���i�B�Q�M�b �J�A�a�P�X

�8�X�9�X�R�.�B�b�T�Q�b�B�i�B�7 �2�t�T�û�`�B�K�2�M�i���H

�G�2 �b�v�b�i���K�2 �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M �7�Q�+���H�B�b�û �J�A�a�P �[�m�B �M�Q�m�b �B�M�i�û�`�2�b�b�2 �B�+�B �2�b�i �/�Q�M�+ �+�Q�M�b�i�B�i�m�û �/�m
�J�_�h�- �T�`�û�b�2�M�i�û ���m �+�?���T�B�i�`�2 �T�`�û�+�û�/�2�M�i�- �2�i �/�ö�m�M �b�K���`�i�T�?�Q�M�2�- �T�`�û�b�2�M�i�û �¨ �H�� �b�2�+�i�B�Q�M�8�X�k�X �*�Q�K�K�2
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�i�B�Q�M�- �i�Q�m�i �2�M �`�2�b�i���M�i �/���M�b �H�ö���M�;�H�2 �/�ö�Q�m�p�2�`�i�m�`�2 �/�m �J�_�h �U�+�Q�M�}�;�m�`���i�B�Q�MM b�V�- �Q�m �¨ �H�� �H�B�K�B�i�2 �2�M�i�`�2
�G�P�a �2�i �L�G�P�a �U�+�Q�M�}�;�m�`���i�B�Q�MM c�V�- �H�2 �J�� �M�ö�2�b�i �T�H�m�b �/���M�b �H�� �i���+�?�2 �7�Q�+���H�2�X �*�2�b �+���b �T���`�i�B�+�m�H�B�2�`�b
�b�Q�M�i �B�H�H�m�b�i�`�û�b �b�m�` �H�� �}�;�m�`�2�8�X�R�8�X �.�2 �T�H�m�b�- �+�Q�K�K�2 �H�ö�� �K�Q�M�i�`�û �H�� �+���`���+�i�û�`�B�b���i�B�Q�M �/�m �K�B�+�`�Q�T�?�Q�M�2�- �+�2
�/�2�`�M�B�2�` �2�b�i �K�Q�B�M�b �b�2�M�b�B�#�H�2 �H�Q�`�b�[�m�ö�B�H �2�b�i �Q�`�B�2�M�i�û �¨ �H�ö�Q�T�T�Q�b�û �/�2 �H�ö���t�2 �/�2 �T�`�Q�T���;���i�B�Q�M�X

�6�B�;�m�`�2�8�X�R�8 �� �a�+�?�û�K���i�B�b���i�B�Q�M �/�ö�m�M�2 �i���+�?�2 �7�Q�+���H�2 �U�p�2�`�i �+�H���B�`�V �Q�#�i�2�M�m�2 �T���` �H�ö�û�K�B�b�b�B�Q�M �7�Q�+���H�B�b�û�2
�/�ö�m�M �+�?�B�`�T �T���` �m�M �J�_�h �b�m�` �H�2 �b�K���`�i�T�?�Q�M�2�- ���p�2�+ �m�M�2 �2�b�i�B�K���i�B�Q�M �#�B�/�B�`�2�+�i�B�Q�M�M�2�H�H�2�- �T�Q�m�` �H��

�+�Q�M�}�;�m�`���i�B�Q�MM b �U�b�+�?�û�K�� �/�2 �;���m�+�?�2�V �2�i �T�Q�m�` �H�� �+�Q�M�}�;�m�`���i�B�Q�MM c �U�b�+�?�û�K�� �/�2 �/�`�Q�B�i�2�V�X �.�ö���T�`���b
�H�2�b �T�`�Q�T�`�B�û�i�û�b �/�2 �7�Q�`�K���i�B�Q�M �/�2 �p�Q�B�2�b�- �H�� �i���+�?�2 �7�Q�+���H�2 �K�2�b�m�`�2 �2�M�p�B�`�Q�M14�K �/�2 �H�Q�M�; �2�i0:19�K �T�Q�m�`

�H�� �+�Q�M�}�;�m�`���i�B�Q�MM b �2�i �2�M�p�B�`�Q�M0:01�K �/�2 �H�Q�M�; �2�i �/�2 �H���`�;�2 �T�Q�m�` �H�� �+�Q�M�}�;�m�`���i�B�Q�MM c�X

�§ �i�B�i�`�2 �/�ö�2�t�2�K�T�H�2�- �H�� �}�;�m�`�2�8�X�R�e�B�H�H�m�b�i�`�2 �H�� �+�Q�K�T���`���B�b�Q�M �/�2�b �+�Q�K�T�`�2�b�b�B�Q�M�b �/�2 �+�?�B�`�T�b �K�Q�M�i���M�i�b
�2�i �/�2�b�+�2�M�/���M�i�b �T�Q�m�` �H�2 �J�� ���p�2�+ �m�M�2 �2�b�i�B�K���i�B�Q�M �#�B�/�B�`�2�+�i�B�Q�M�M�2�H�H�2 �T�Q�m�` �H�� �+�Q�M�}�;�m�`���i�B�Q�MM c�X �P�M
�Q�#�b�2�`�p�2 �#�B�2�M �[�m�2 �H�2�b �H�Q�#�2�b �b�2�+�Q�M�/���B�`�2�b�- �T�Q�m�` �H�2�b �/�2�m�t �i�v�T�2�b �/�2 �+�Q�`�`�û�H���i�B�Q�M�b�- �Q�M�i �m�M �M�B�p�2���m �i�`���b
�T�`�Q�+�?�2 �/�2 �+�2�H�m�B �/�m �H�Q�#�2 �T�`�B�M�+�B�T���H�X ���B�M�b�B�- �H�� �T�`�Q�#���#�B�H�B�i�û �/�2 �/�û�+�B�b�B�Q�M ���p�2�+ �2�`�`�2�m�` �2�b�i �/�Q�M�+ �i�`���b �7�Q�`�i�2�X
�G�2�b �`�û�b�m�H�i���i�b �+�Q�K�T�H�2�i�b �/�2�b �+�Q�M�}�;�m�`���i�B�Q�M�bM b �2�iM c �b�Q�M�i �/�B�b�T�Q�M�B�#�H�2�b �/���M�b �H�ö���M�M�2�t�2�. �X

�1�M ���m�;�K�2�M�i���M�i �H�� �/�B�b�i���M�+�2 �J�_�h�f�b�K���`�i�T�?�Q�M�2 �2�i �2�M �b�2 �T�H���Ï���M�i �/���M�b �m�M �2�M�p�B�`�Q�M�M�2�K�2�M�i �`�û�p�2�`�@
�#�û�`���M�i �U�+�Q�M�}�;�m�`���i�B�Q�M�bM d �2�iM d� �V�- �Q�M �Q�#�i�B�2�M�i �/�2�b �`�û�b�m�H�i���i�b �b�B�K�B�H���B�`�2�b ���m�t �+�Q�M�}�;�m�`���i�B�Q�M�bM a �2�i
M a� �X

�6�B�M���H�2�K�2�M�i�- �H�2�b �[�m���i�`�2 �i�v�T�2�b �/�2 �7�Q�+���H�B�b���i�B�Q�M �b�Q�M�i �/�û�;�`���/�û�b �T�Q�m�` �H�� �+�Q�M�}�;�m�`���i�B�Q�MM e�X �G�ö���m�;�@
�K�2�M�i���i�B�Q�M �/�2 �H�� �/�B�b�i���M�+�2 �7�Q�+���H�2 �H���B�b�b�2 �b�m�T�T�Q�b�2�` �m�M�2 �i���+�?�2 �7�Q�+���H�2 �T�H�m�b �;�`���M�/�2�- �2�i �/�Q�M�+ �/�2 �K�2�B�H�H�2�m�`�b
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�8�X�9 �1�t�T�û�`�B�2�M�+�2�b

�6�B�;�m�`�2�8�X�R�e �� �1�M�p�2�H�Q�T�T�2�b �/�2�b �+�Q�K�T�`�2�b�b�B�Q�M�b �/�2 �+�?�B�`�T�b �U���m�i�Q�+�Q�`�`�û�H���i�B�Q�M �2�M �#�H�2�m �2�i
�B�M�i�2�`�+�Q�`�`�û�H���i�B�Q�M �2�M �`�Q�m�;�2�V�- �T�Q�m�` �m�M�2 �û�K�B�b�b�B�Q�M �/�2 �+�?�B�`�T �K�Q�M�i���M�i�- �/���M�b �H�2 �+���b �/�2 �H�� �+�Q�M�}�;�m�`���i�B�Q�M

M c�- �T�Q�m�` �H�2 �K�B�+�`�Q�T�?�Q�M�2 �/�ö���K�#�B���M�+�2 �U�J���V ���p�2�+ �m�M�2 �2�b�i�B�K���i�B�Q�M �#�B�/�B�`�2�+�i�B�Q�M�M�2�H�H�2�X

�`�û�b�m�H�i���i�b �[�m�2 �T�Q�m�` �H�� �+�Q�M�}�;�m�`���i�B�Q�MM d�- �+�2 �[�m�B �b�ö���p���`�2 �M�2 �T���b ���i�`�2 �H�2 �+���b�X �.�2 �7���B�i�- �H�� �+�Q�M�}�;�m�`���i�B�Q�M
M e �2�b�i �#�B�2�M �T�H�m�b �T�`�Q�+�?�2 �/�2 �H�ö�B�M�i�2�`�b�2�+�i�B�Q�M �/�m �+�Q�m�H�Q�B�`�- �2�i �/�Q�M�+ �/�m �K�m�` �/�m �7�Q�M�/�- �[�m�2 �H�2�b ���m�i�`�2�b
�+�Q�M�}�;�m�`���i�B�Q�M�b�X �P�M �b�m�T�T�Q�b�2 �[�m�ö�Q�M �b�2 �i�`�Q�m�p�2 �T�H�m�i�¬�i �/���M�b �m�M�2 �+�Q�M�}�;�m�`���i�B�Q�M �/�2 �+�?���K�T �/�B�z�m�b�- �+�2 �[�m�B
�2�M�i�`���W�M�2 �m�M�2 �/�û�;�`���/���i�B�Q�M �T�H�m�b �B�K�T�Q�`�i���M�i�2 �/�m �7���B�i �/�2 �H�� �M�Q�M�@�+�Q�@�H�Q�+���H�B�b���i�B�Q�M �û�K�2�i�i�2�m�`�@�`�û�+�2�T�i�2�m�`�X
�G�2�b �`�û�b�m�H�i���i�b �+�Q�K�T�H�2�i�b �/�2�b �+�Q�M�}�;�m�`���i�B�Q�M�bM d�-M d� �2�iM e �b�Q�M�i �/�B�b�T�Q�M�B�#�H�2�b �/���M�b �H�ö���M�M�2�t�2�. �X

�G�2�b �û�+���`�i�b �`�2�H���i�B�7�b �/�2�b �+�Q�K�T�`�2�b�b�B�Q�M�b�- �T�Q�m�` �+�?���[�m�2 �K�B�+�`�Q�T�?�Q�M�2�- �K�û�i�?�Q�/�2 �/�ö�2�b�i�B�K���i�B�Q�M �2�i �+�Q�M�}�@
�;�m�`���i�B�Q�M�- �b�Q�M�i �`���b�b�2�K�#�H�û�b �/���M�b �H�2 �i���#�H�2���m�8�X�R�X

�1�b�i�B�K���i�B�Q�M�l�M�B�/�B�`�2�+�i�B�Q�M�M�2�H�H�2�"�B�/�B�`�2�+�i�B�Q�M�M�2�H�H�2
�J�B�+�`�Q�T�?�Q�M�2�J�o �J�� �J�o �J��

�*�Q�M�}�;�m�`���i�B�Q�M

M a 8 6 8 3
M a� 7 7 5 3
M b 10 8 6 1
M c 8 8 5 � 1
M d 6 7 6 1
M d� 7 9 5 6
M e 1 5 1 1

�h���#�H�2���m �8�X�R �� �ú�+���`�i�b �`�2�H���i�B�7�b �/�2�b �+�Q�K�T�`�2�b�b�B�Q�M�b�- �2�M �/�"�- ���m �M�B�p�2���m �/�m �J�o �2�i �/�m �J���- ���p�2�+
�2�b�i�B�K���i�B�Q�M�b �m�M�B�/�B�`�2�+�i�B�Q�M�M�2�H�H�2 �2�i �#�B�/�B�`�2�+�i�B�Q�M�M�2�H�H�2�- �T�Q�m�` �H�2�b �+�Q�M�}�;�m�`���i�B�Q�M�bM a�-M a� �-M b�-M c�-

M d�-M d� �2�iM e�X

�*�Q�M�}�;�m�`���i�B�Q�M�b �L�G�P�a�1�M �b�ö�B�M�i�û�`�2�b�b���M�i ���m�t �/�2�m�t �+�Q�M�}�;�m�`���i�B�Q�M�b �L�G�P�a �`�2�b�i���M�i�2�b�-M f �2�iM g�-
�Q�M �K�2�i �û�;���H�2�K�2�M�i �2�M �H�m�K�B���`�2 �H�� �`�2�H���i�B�Q�M �2�M�i�`�2 �H�� �M�Q�M�@�+�Q�@�H�Q�+���H�B�b���i�B�Q�M �û�K�2�i�i�2�m�`�@�`�û�+�2�T�i�2�m�` �2�i �H�ö���b�@
�T�2�+�i �`�û�p�2�`�#�û�`���M�i �/�2 �H�ö�2�M�p�B�`�Q�M�M�2�K�2�M�i�X �G�� �[�m���H�B�i�û �/�2 �7�Q�+���H�B�b���i�B�Q�M �b�m�` �H�2 �J�o �2�i �H�2 �J���- ���p�2�+ �m�M�2
�2�b�i�B�K���i�B�Q�M �m�M�B�/�B�`�2�+�i�B�Q�M�M�2�H�H�2�- �2�b�i �i�Q�m�D�Q�m�`�b �#�Q�M�M�2�X �P�M �+�Q�M�b�i���i�2 �m�M�2 �i�`���b �M�2�i�i�2 �/�B�b�i�B�M�+�i�B�Q�M �/�2�b �+�Q�K�@
�T�`�2�b�b�B�Q�M�b �/�2 �+�?�B�`�T�b�- �+�Q�K�T���`���#�H�2 �¨ �+�2�H�H�2 �Q�#�i�2�M�m�2 �T�Q�m�` �H�2�b �+�Q�M�}�;�m�`���i�B�Q�M�b �G�P�a �T�`�û�+�û�/�2�M�i�2�b�X �S�Q�m�`
�H�ö�2�b�i�B�K���i�B�Q�M �#�B�/�B�`�2�+�i�B�Q�M�M�2�H�H�2�- �Q�M �Q�#�b�2�`�p�2 �m�M�2 �#�Q�M�M�2 �[�m���H�B�i�û �/�2 �7�Q�+���H�B�b���i�B�Q�M �b�m�` �H�2 �J�o �2�i�- ���p�2�+
�m�M�2 �H�û�;���`�2 �/�û�;�`���/���i�B�Q�M�- �b�m�` �H�2 �J���- �H�Q�`�b�[�m�2 �H�2�b �+�Q�M�i�`�B�#�m�i�B�Q�M�b �K�m�H�i�B�@�i�`���D�2�i�b �b�Q�M�i �7�Q�`�i�2�b �U�+�Q�M�}�;�m�`���@
�i�B�Q�MM g�V�X �G�� �7�Q�`�+�2 �/�2 �+�2�b �+�Q�M�i�`�B�#�m�i�B�Q�M�b �2�b�i �H�B�û�2 �¨ �H�ö���b�T�2�+�i �`�û�p�2�`�#�û�`���M�i �/�m �+�Q�m�H�Q�B�`�- ���B�M�b�B �[�m�ö�¨ �b��
�;�û�Q�K�û�i�`�B�2�X

�Z�m���M�i �¨ �H�� �+�Q�M�}�;�m�`���i�B�Q�MM f �- �H�� �b���H�H�2 �_�8�y�- �/���M�b �H���[�m�2�H�H�2 �Q�M �i�`�Q�m�p�2 �/�2 �H�� �K�Q�[�m�2�i�i�2 ���m �b�Q�H
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�@ �*�?�X�8 �*�Q�K�K�m�M�B�+���i�B�Q�M�b ���T�T�H�B�[�m�û�2�b �@ �J�_�h �2�i �b�K���`�i�T�?�Q�M�2

�2�i �m�M�2 �#�B�#�H�B�Q�i�?���[�m�2 �b�m�` �H�ö�2�M�i�B���`�2 �b�m�`�7���+�2 �/�ö�m�M �/�2�b �K�m�`�b�- �`�2�T�`�û�b�2�M�i�2 �m�M �2�M�p�B�`�Q�M�M�2�K�2�M�i �T�2�m �`�û�p�2�`�@
�#�û�`���M�i�- �B�X�2�X�- ���p�2�+ �m�M�2 �7�Q�`�i�2 �+���T���+�B�i�û �/�ö���#�b�Q�`�T�i�B�Q�M ���+�Q�m�b�i�B�[�m�2�X �1�M �+�Q�M�b�û�[�m�2�M�+�2�- �H�2�b �`�û�b�m�H�i���i�b �/�2�b
�+�Q�K�T�`�2�b�b�B�Q�M�b �/�2 �+�?�B�`�T�b ���p�2�+ �2�b�i�B�K���i�B�Q�M �#�B�/�B�`�2�+�i�B�Q�M�M�2�H�H�2 �7�Q�M�i ���T�T���`���W�i�`�2 �/�2�b �û�+���`�i�b �`�2�H���i�B�7�b �i�`���b
�7���B�#�H�2�b�- �2�M�i�`�20 �/�" �2�i2 �/�"�- �T���` �`���T�T�Q�`�i �¨ �H�� �+�Q�M�}�;�m�`���i�B�Q�MM g�- �T�Q�m�` �H���[�m�2�H�H�2 �H�2�b �û�+���`�i�b �`�2�H���i�B�7�b
�b�Q�M�i �+�Q�K�T�`�B�b �2�M�i�`�24 �/�" �2�i7 �/�"�X �P�M �Q�#�b�2�`�p�2 �/�Q�M�+�- �2�M�i�`�2 �H�2�b �/�2�m�t �+�Q�M�}�;�m�`���i�B�Q�M�b�- �m�M�2 ���i�i�û�M�m���i�B�Q�M
�/�25�/�" �b�m�` �H�2 �J�o �2�i �/�24 �/�" �b�m�` �H�2 �J���X ���B�M�b�B�- �+�2�i�i�2 ���i�i�û�M�m���i�B�Q�M �2�b�i �H�2 �b�B�;�M�2 �/�ö�m�M�2 �i�`���b �7�Q�`�i�2
�/�û�;�`���/���i�B�Q�M �/�2 �H�� �[�m���H�B�i�û �/�2 �7�Q�+���H�B�b���i�B�Q�M �b�m�` �H�2�b �/�2�m�t �K�B�+�`�Q�T�?�Q�M�2�b�X �.���M�b �+�2�i�i�2 �+�Q�M�}�;�m�`���i�B�Q�M�- �Q�M
�T�2�m�i �/�Q�M�+ �b�ö���i�i�2�M�/�`�2 �¨ �m�M�2 �/�û�i�2�+�i�B�Q�M ���p�2�+ �m�M�2 �i�`���b �7�Q�`�i�2 �T�`�Q�#���#�B�H�B�i�û �/�ö�2�`�`�2�m�`�X
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�K���M�B���`�2 �;�û�M�û�`���H�2�- �H�ö�B�K�T�`�û�+�B�b�B�Q�M �/�2�b �+�Q�K�T�`�2�b�b�B�Q�M�b �/�2 �+�?�B�`�T�b �2�i �H�� �/�B�K�B�M�m�i�B�Q�M �/�ö�û�M�2�`�;�B�2 �`�2�Ï�m�2�- �+���m�@
�b�û�2 �T���` �H�2 �M�Q�M�@�+�Q�@�H�Q�+���H�B�b���i�B�Q�M �û�K�2�i�i�2�m�`�@�`�û�+�2�T�i�2�m�`�- �2�M�i�`���W�M�2�M�i �/�2�b �/�û�;�`���/���i�B�Q�M�b �p���`�B���#�H�2�b �/�2 �"�1�_�X
�S�H�m�b �H�2�b �K�B�+�`�Q�T�?�Q�M�2�b �b�Q�M�i �û�H�Q�B�;�M�û�b �/�m �?���m�i�@�T���`�H�2�m�`�- �T�H�m�b �H�� �/�û�;�`���/���i�B�Q�M �/�m �"�1�_ �2�b�i �;�`���M�/�2�X �h�Q�m�i

�3�d



�@ �*�?�X�8 �*�Q�K�K�m�M�B�+���i�B�Q�M�b ���T�T�H�B�[�m�û�2�b �@ �J�_�h �2�i �b�K���`�i�T�?�Q�M�2

�/�ö���#�Q�`�/�- �T�Q�m�` �H�2 �+���b �/�m �J�o�- �K���H�;�`�û �m�M�2 �+�Q�@�H�Q�+���H�B�b���i�B�Q�M �`�2�H���i�B�p�2�K�2�M�i �#�Q�M�M�2�- �H�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b
�`�û���H�B�b�û�2�b �b�Q�M�i �K�û�/�B�Q�+�`�2�b�X �G�2 �"�1�_�- �b�m�` �H�ö�2�M�b�2�K�#�H�2 �/�2�b �+�Q�M�}�;�m�`���i�B�Q�M�b�- �2�b�i �/�ö�2�M�p�B�`�Q�M24 %�X

�1�M�b�m�B�i�2�- �T�Q�m�` �H�2 �+���b �/�m �J���- �Q�M �H�� �M�Q�M�@�+�Q�@�H�Q�+���H�B�b���i�B�Q�M �2�b�i �T�H�m�b �B�K�T�Q�`�i���M�i�2�- �Q�M �/�B�b�i�B�M�;�m�2 �/�2�m�t
�+���b�X �.���M�b �H�2 �T�`�2�K�B�2�` �+���b�- �B�X�2�X�- �T�Q�m�` �H�� �+�Q�M�}�;�m�`���i�B�Q�MM a�- �+�Q�K�K�2 �H�2 �J�� �2�b�i �/���M�b �H�� �i���+�?�2 �7�Q�+���H�2�-
�H�2 �"�1�_ ���b�b�Q�+�B�û �2�b�i �i�`���b �b�B�K�B�H���B�`�2 �¨ �+�2�H�m�B �+���H�+�m�H�û �T�Q�m�` �H�2 �J�o�X �.���M�b �H�2 �b�2�+�Q�M�/ �+���b�- �B�X�2�X�- �T�Q�m�` �H�2�b
�+�Q�M�}�;�m�`���i�B�Q�M�bM a� �-M c �2�iM f �- �Q�M �`�2�K���`�[�m�2 �m�M�2 �7�Q�`�i�2 ���m�;�K�2�M�i���i�B�Q�M �/�m �"�1�_�- �/�ö�2�M�p�B�`�Q�M20 %�-
�/�m�2 �¨ �H�ö���m�;�K�2�M�i���i�B�Q�M �/�2 �H�� �/�B�b�i���M�+�2 �/�m �J�� ���p�2�+ �H�� �i���+�?�2 �7�Q�+���H�2�X �G�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b �b�Q�M�i ���H�Q�`�b
�[�m���H�B�}�û�2�b �/�2 �M�m�H�H�2�b �/�ö���T�`���b �M�Q�i�`�2 �û�+�?�2�H�H�2 �/�ö�û�p���H�m���i�B�Q�M�X

�*�2�T�2�M�/���M�i�- �T�Q�m�` �m�M�2 �2�b�i�B�K���i�B�Q�M �#�B�/�B�`�2�+�i�B�Q�M�M�2�H�H�2�- �m�M�2 �+�Q�M�}�;�m�`���i�B�Q�M �L�G�P�a �¨ �7�Q�`�i�2 ���i�i�û�M�m���i�B�Q�M
�U�+�Q�K�K�2 �H�� �+�Q�M�}�;�m�`���i�B�Q�MM f �V �T�2�`�K�2�i �/�ö�Q�#�i�2�M�B�` �/�2 �K�2�B�H�H�2�m�`�b �`�û�b�m�H�i���i�b �[�m�ö�m�M�2 �+�Q�M�}�;�m�`���i�B�Q�M �¨
�H�� �H�B�K�B�i�2 �G�P�a�f�L�G�P�a �2�M �2�M�p�B�`�Q�M�M�2�K�2�M�i �`�û�p�2�`�#�û�`���M�i �U�+�Q�K�K�2 �H�� �+�Q�M�}�;�m�`���i�B�Q�MM c�V�X �1�M �2�z�2�i�-
�H�2 �"�1�_ �+���H�+�m�H�û �b�m�` �H�2 �J�o �/�B�K�B�M�m�2 �/�25 % �2�i �+�2�H�m�B �+���H�+�m�H�û �b�m�` �H�2 �J�� �/�28 %�X �S�Q�m�` �+�2�b �/�2�m�t
�+�Q�M�}�;�m�`���i�B�Q�M�b�- �m�M�2 �/�û�i�2�+�i�B�Q�M �+�Q�`�`�2�+�i�2 �/�m �H�Q�#�2 �T�`�B�M�+�B�T���H �`�2�b�i�2 �/�B�{�+�B�H�2�X �J���B�b�- �B�H �b�2�K�#�H�2 �M�û���M�K�Q�B�M�b
�[�m�2 �H�ö���i�i�û�M�m���i�B�Q�M �/�m �K�B�H�B�2�m �H�B�K�B�i�2 �H�û�;���`�2�K�2�M�i �H�2�b �B�M�i�2�`�7�û�`�2�M�+�2�b�- �2�i �/�Q�M�+ �H�2�b �2�`�`�2�m�`�b �/�2 �/�û�+�Q�/���;�2�X
�l�M�2 ���m�i�`�2 �b�m�T�T�Q�b�B�i�B�Q�M�- �T�Q�m�` �H�� �+�Q�M�}�;�m�`���i�B�Q�MM f �- �2�b�i �[�m�2 �H�� �K���D�2�m�`�2 �T���`�i�B�2 �/�m �b�B�;�M���H �û�K�B�b �T���`
�H�2 �J�_�h �2�b�i �`�û�~�û�+�?�B�2 �T���` �H�� �T�Q�`�i�2 �/�2 �H�� �#�B�#�H�B�Q�i�?���[�m�2�X ���B�M�b�B�- �Q�M �T�Q�m�`�`���B�i ���b�b�B�K�B�H�2�` �H�� �T�Q�`�i�2 �¨ �m�M�2
�b�Q�m�`�+�2 �T�H�m�b �T�`�Q�+�?�2 �/�m �b�K���`�i�T�?�Q�M�2�- �+�2 �[�m�B ���m�`���B�i �T�Q�m�` �2�z�2�i �/�ö���p�Q�B�` �m�M�2 �i���+�?�2 �7�Q�+���H�2 �T�H�m�b �û�i�2�M�/�m�2�X
�P�M �M�Q�i�2 �û�;���H�2�K�2�M�i �[�m�2 �H�� �/�B�z�û�`�2�M�+�2 �/�2 �T�m�B�b�b���M�+�2 �/�ö�û�K�B�b�b�B�Q�M �2�M�i�`�2 �H�2 �J�_�h �2�i �H�2 �b�K���`�i�T�?�Q�M�2
�T�Q�m�`�`���B�i �T�`�û�b�2�M�i�2�` �m�M �/�û�b���p���M�i���;�2 �T�Q�m�` �+�2�i�i�2 �K�û�i�?�Q�/�2�- �+�Q�K�T���`�û�2 �¨ �H�ö���T�T�`�Q�+�?�2 �m�M�B�/�B�`�2�+�i�B�Q�M�M�2�H�H�2�X
�*�2�T�2�M�/���M�i�- �Q�M �+�Q�M�b�B�/���`�2 �[�m�2 �K���H�;�`�û �H�� �7���B�#�H�2 �T�m�B�b�b���M�+�2 �T�Q�i�2�M�i�B�2�H�H�2 �/�ö�û�K�B�b�b�B�Q�M�- �H�ö�2�b�i�B�K���i�B�Q�M �/�m
�+���M���H �`�2�b�i�2 �/�2 �T�`�û�+�B�b�B�Q�M �b�m�{�b���M�i�2�- �2�M �T���`�i�B�+�m�H�B�2�` �/�m �7���B�i �/�2 �H�ö�m�i�B�H�B�b���i�B�Q�M �/�2 �H�� �+�Q�K�T�`�2�b�b�B�Q�M �/�2
�+�?�B�`�T�b�X

�*�Q�K�T���`���B�b�Q�M �a�A�a�P�f�J�A�a�P�S�Q�m�` �+�Q�M�+�H�m�`�2 �+�2�i�i�2 �b�2�+�i�B�Q�M�- �M�Q�i�Q�M�b �[�m�2 �/�2�b �K�2�b�m�`�2�b �a�A�a�P �Q�M�i
�û�i�û �`�û���H�B�b�û�2�b �2�M �T���`���H�H���H�2 �/�2�b �K�2�b�m�`�2�b �J�A�a�P �T�`�û�+�û�/�2�K�K�2�M�i �T�`�û�b�2�M�i�û�2�b�X �G�� �+�Q�K�T���`���B�b�Q�M �/�2�b �"�1�_
�K�Q�v�2�M�b �T�2�`�K�2�i �/�2 �7���B�`�2 �i�`�Q�B�b �`�2�K���`�[�m�2�b�X �h�Q�m�i �/�ö���#�Q�`�/�- �/���M�b �H�2 �+���b �/�ö�m�M�2 �/�B�b�T�Q�b�B�i�B�Q�M �7�Q�`�i�2�K�2�M�i
�M�Q�M�@�+�Q�@�H�Q�+���H�B�b�û�2 �2�i �H�Q�`�b�[�m�2 �H�2 �b�K���`�i�T�?�Q�M�2 �2�b�i �b�B�i�m�û ���m �p�Q�B�b�B�M���;�2 �/�m �`�û�b�2���m�- �H�2 �"�1�_ �2�b�i �K�2�B�H�H�2�m�`
�2�M �a�A�a�P �[�m�ö�2�M �J�A�a�P ���p�2�+ �m�M�2 �2�b�i�B�K���i�B�Q�M �#�B�/�B�`�2�+�i�B�Q�M�M�2�H�H�2 �U�J�� �T�Q�m�`M a �2�iM a� �V�X �1�M �2�z�2�i�- �H�2�b
�"�1�_ �K�Q�v�2�M�b �Q�#�i�2�M�m�b �b�Q�M�i �2�M�p�B�`�Q�M �/�2�m�t �7�Q�B�b �T�H�m�b �7���B�#�H�2�b �2�M �a�A�a�P�X �1�M�b�m�B�i�2�- �/���M�b �H�2 �+���b �Q�M �H�2
�J�o �2�b�i �m�i�B�H�B�b�û�- �H�2 �"�1�_ �`�2�b�i�2 �H�û�;���`�2�K�2�M�i �K�2�B�H�H�2�m�` �2�M �a�A�a�P �[�m�ö�2�M �J�A�a�P �U�H�2 �"�1�_ �a�A�a�P �p���H���M�i �H�2�b
�i�`�Q�B�b �[�m���`�i�b �/�m �"�1�_ �J�A�a�P�V�X �1�M�}�M�- �H�Q�`�b�[�m�2 �H�� �7�Q�`�K�2 �/�2�b �i���+�?�2�b �7�Q�+���H�2�b �i�2�M�/ �p�2�`�b �H�� �H�B�K�B�i�2 �/�2
�`�û�b�Q�H�m�i�B�Q�M �U�7�Q�`�K�2 �b�T�?�û�`�B�[�m�2 ���p�2�+ �m�M �`���v�Q�M �/�2 �H�ö�Q�`�/�`�2 �/�2 �H�� �/�2�K�B�@�H�Q�M�;�m�2�m�` �/�ö�Q�M�/�2�V �/���M�b �H�2�b �+���b
M c �2�iM f �- �H�2�b �"�1�_ �K�Q�v�2�M�b �b�Q�M�i �K�2�B�H�H�2�m�`�b �2�M �J�A�a�P �[�m�ö�2�M �a�A�a�P�- �[�m�2�H�b �[�m�2 �b�Q�B�2�M�i �H�� �K�û�i�?�Q�/�2
�/�ö�2�b�i�B�K���i�B�Q�M �2�i �H�2 �K�B�+�`�Q�T�?�Q�M�2�X �G�2�b �û�+���`�i�b �Q�#�b�2�`�p�û�b �p�Q�M�i �/�25 % �¨ 50 % �2�M �J�A�a�P �T���` �`���T�T�Q�`�i ���m
�a�A�a�P�X

�8�X�8���T�T�H�B�+���i�B�Q�M �? �`�û���H�B�b�i�2 �@

���}�M �/�2 �b�2 �`���T�T�`�Q�+�?�2�` �/�2 �+���b �/�ö�m�i�B�H�B�b���i�B�Q�M �T�H�m�b �T�`�Q�+�?�2�b �/�2 �+�2�m�t �`�û�;�m�H�B���`�2�K�2�M�i �b�Q�m�K�B�b �¨ �a�h�A�J�@
�a�>�P�S �T���` �H�2�b �B�M�/�m�b�i�`�B�2�H�b�- �Q�M �`�û���H�B�b�2 �m�M�2 �+���K�T���;�M�2 �/�2 �K�2�b�m�`�2�b �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M�b �7�Q�+���H�B�b�û�2�b �2�M�i�`�2
�m�M �J�_�h �2�i �m�M �b�K���`�i�T�?�Q�M�2 �2�M �2�M�p�B�`�Q�M�M�2�K�2�M�i �/�B�{�+�B�H�2�X �.�2 �K���M�B���`�2 ���M���H�Q�;�m�2 �¨ �H�� �b�2�+�i�B�Q�M�8�X�9�- �Q�M
�û�p���H�m�2 �/�2�b �b�+�?�û�K���b �/�2 �i�`���M�b�K�B�b�b�B�Q�M �J�A�a�P �2�i �J�l�@�J�A�a�P�X �G�2 �K���K�2 �/�B�b�T�Q�b�B�i�B�7 �2�t�T�û�`�B�K�2�M�i���H �2�b�i �m�i�B�@
�H�B�b�û�- �2�M ���D�Q�m�i���M�i �m�M �M�Q�m�p�2���m �b�K���`�i�T�?�Q�M�2 �T�Q�m�` �H�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b �J�l�@�J�A�a�P�- �m�M �a���K�b�m�M�; �a�d�X
�.���M�b �H�� �b�m�B�i�2 �/�2 �+�2�i�i�2 �b�2�+�i�B�Q�M�- �H�2�b �b�K���`�i�T�?�Q�M�2�b �>�Q�M�Q�` �S�H���v �2�i �a���K�b�m�M�; �a�d �b�2�`�Q�M�i �`�2�b�T�2�+�i�B�p�2�K�2�M�i
�M�Q�K�K�û�b �b�K���`�i�T�?�Q�M�2 �R �2�i �b�K���`�i�T�?�Q�M�2 �k�X

�8�X�8�X�R�G�B�2�m�t �2�i �+�Q�M�}�;�m�`���i�B�Q�M�b

�G�2�b �H�B�2�m�t �+�?�Q�B�b�B�b �T�Q�m�` �+�2�i�i�2 �+���K�T���;�M�2 �b�Q�M�i �H�2�b �b�Q�m�i�2�`�`���B�M�b �/�2 �H�ö�û�+�Q�H�2 �J�A�L�1�a �S���`�B�b�h�2�+�?�-
�b�B�i�m�û�b ���m�t ���#�Q�`�/�b �/�m �D���`�/�B�M �/�m �G�m�t�2�K�#�Q�m�`�;�- �¨ �S���`�B�b�X �*�2�b �b�Q�m�i�2�`�`���B�M�b �b�Q�M�i �+�Q�K�T�Q�b�û�b �/�2 �+�Q�m�H�Q�B�`�b
�û�i�`�Q�B�i�b�- �T���`�7�Q�B�b �i�Q�`�i�m�2�m�t�- ���m�t �T���`�Q�B�b �B�`�`�û�;�m�H�B���`�2�b �7���B�i�2�b �/�2 �p�B�2�B�H�H�2�b �T�B�2�`�`�2�b�- ���m�t �b�Q�H�b �+�Q�K�T�Q�b�û�b
�/�2 �/���H�H�2�b �/�2 �#�û�i�Q�M �2�i �/�2 �i�2�`�`�2 �#���i�i�m�2 �2�i ���m�t �T�H���7�Q�M�/�b �2�M�+�Q�K�#�`�û�b �/�2 �T���b�b���;�2�b �/�2 �+�•�#�H�2�b �2�i �/�2
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�8�X�8 ���T�T�H�B�+���i�B�Q�M �? �`�û���H�B�b�i�2 �@

�/�B�p�2�`�b�2�b �+�Q�M�/�m�B�i�2�b �U�2���m�t�- �+�?���m�z���;�2�- �;���x�- �2�i�+�X�V�X �*�2�i �2�M�p�B�`�Q�M�M�2�K�2�M�i �2�b�i �+�Q�K�T���`���#�H�2 �¨ �+�2 �[�m�ö�Q�M �T�2�m�i
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�/�ö���i�i�2�B�M�/�`�2 �+�2�i�i�2 �[�m���H�B�i�û �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M�- �b�m�` �H�2 �J�o�- �T�Q�m�` �H�� �+�Q�M�}�;�m�`���i�B�Q�M �G�P�aM h �X �G�Q�`�b�[�m�2
�H�� �/�B�b�i���M�+�2 �2�M�i�`�2 �H�2 �b�K���`�i�T�?�Q�M�2 �2�i �H�2 �`�û�b�2���m �2�b�i �T�H�m�b �;�`���M�/�2�- �B�X�2�X�- �T�Q�m�` �H�� �+�Q�M�}�;�m�`���i�B�Q�MM j �-
�Q�M �Q�#�b�2�`�p�2 �m�M �T�`�2�K�B�2�` �b�i���/�2 �/�2 �/�û�;�`���/���i�B�Q�M �/�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b �7�Q�+���H�B�b�û�2�b �b�m�` �J�o ���p�2�+ �m�M�2
�2�b�i�B�K���i�B�Q�M �m�M�B�/�B�`�2�+�i�B�Q�M�M�2�H�H�2�X

�G�Q�`�b�[�m�ö�Q�M �û�i�m�/�B�2 �H�2�b �`�û�b�m�H�i���i�b �B�b�b�m�b �/�m �J���- �+�Q�K�K�2 �H�� �/�û�;�`���/���i�B�Q�M �/�2 �H�� �7�Q�+���H�B�b���i�B�Q�M �2�b�i �B�+�B
�T�H�m�b �B�K�T�Q�`�i���M�i�2�- �H�2 �"�1�_ ���m�;�K�2�M�i�2 �b�B�;�M�B�}�+���i�B�p�2�K�2�M�i�X �1�M �2�z�2�i�- �H�2�b �"�1�_ �K�2�b�m�`�û�b�- �+�Q�K�T�`�B�b �2�M�i�`�2
25 %�2�i46 %�- �T�2�`�K�2�i�i�2�M�i �/�2 �[�m���H�B�}�2�` �+�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b �/�2 �K���m�p���B�b�2�b �Q�m �M�m�H�H�2�b�X �1�t�+�2�T�i�B�Q�M �7���B�i�2
�/�m �J�� �T�Q�m�` �H�� �+�Q�M�}�;�m�`���i�B�Q�MM j �- �Q�M �`�2�K���`�[�m�2 �[�m�2 �H�� �M�Q�M�@�+�Q�@�H�Q�+���H�B�b���i�B�Q�M �û�K�2�i�i�2�m�`�@�`�û�+�2�T�i�2�m�` ��
�i�Q�m�D�Q�m�`�b �m�M �2�z�2�i �/�û�H�û�i���`�2 �b�m�` �H�� �+�Q�K�K�m�M�B�+���i�B�Q�M �/���M�b �H�2 �+���b �/�ö�m�M�2 �2�b�i�B�K���i�B�Q�M �#�B�/�B�`�2�+�i�B�Q�M�M�2�H�H�2 �T���`
�`���T�T�Q�`�i �¨ �m�M�2 �2�b�i�B�K���i�B�Q�M �m�M�B�/�B�`�2�+�i�B�Q�M�M�2�H�H�2�X
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�*�2 �+�?���T�B�i�`�2 �� �T�2�`�K�B�b �/�ö�û�i�m�/�B�2�` �H�2 �+�Q�K�T�Q�`�i�2�K�2�M�i �/�2 �M�Q�i�`�2 �b�v�b�i���K�2 �/���M�b �m�M �+���/�`�2 �`�û���H�B�b�i�2
�/�B�{�+�B�H�2�- �+�2 �[�m�B �M�Q�m�b �T�2�`�K�2�i �/�ö�û�p���H�m�2�` �H�2�b �+���T���+�B�i�û�b �2�i �H�2�b �H�B�K�B�i�2�b�- �2�M �B�M�i�û�`�B�2�m�`�- �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M�b
�7�Q�+���H�B�b�û�2�b �J�A�a�P �2�i �J�l�@�J�A�a�P �2�M �m�H�i�`���b�Q�M�b �T�`�Q�+�?�2�b ���p�2�+ �m�M �Q�m �T�H�m�b�B�2�m�`�b �b�K���`�i�T�?�Q�M�2�b�X

�G�� �b�2�+�i�B�Q�M�8�X�k�T�2�`�K�2�i �i�Q�m�i �/�ö���#�Q�`�/ �/�2 �T�`�û�b�2�M�i�2�` �H�2 �? �`�û�+�2�T�i�2�m�` �@ �/�2 �M�Q�i�`�2 �b�v�b�i���K�2 �/�2 �+�Q�K�@
�K�m�M�B�+���i�B�Q�M �K�m�H�i�B�@�û�H�û�K�2�M�i�b�- ���m�t �+���`���+�i�û�`�B�b�i�B�[�m�2�b �B�M�7�û�`�B�2�m�`�2�b �¨ �+�2�H�H�2 �/�ö�m�M �`�û�+�2�T�i�2�m�` �B�/�û���H�- �+�Q�K�K�2
�M�Q�i�`�2 �K�Q�M�Q�@�û�H�û�K�2�M�i�X �§ �+�2�i ���b�T�2�+�i �b�ö���D�Q�m�i�2 �m�M�2 �M�Q�M�@�+�Q�@�H�Q�+���H�B�b���i�B�Q�M �K���`�[�m�û�2 �2�M�i�`�2 �H�2 �?���m�i�@�T���`�H�2�m�`
�/�m �b�K���`�i�T�?�Q�M�2 �2�i �b�2�b �K�B�+�`�Q�T�?�Q�M�2�b�X ���}�M �/�ö�û�i�m�/�B�2�` �2�M�i�B���`�2�K�2�M�i �H�2 �M�Q�m�p�2���m �b�v�b�i���K�2 ���B�M�b�B �+�Q�M�b�i�B�@
�i�m�û�- �H�� �b�2�+�i�B�Q�M�8�X�j�T�`�Q�T�Q�b�2 �T�H�m�b�B�2�m�`�b �K�û�i�?�Q�/�2�b �/�ö�2�b�i�B�K���i�B�Q�M �/�m �+���M���H �/�2 �T�`�Q�T���;���i�B�Q�M�X �*�2�i�i�2
�T�H�m�`���H�B�i�û �/�ö�2�b�i�B�K���i�B�Q�M�b �/�m �+���M���H �K�2�i �2�M �H�m�K�B���`�2 �H�� �M�û�+�2�b�b�B�i�û �/�ö�m�M�2 �û�i���T�2 �/�2 �`�û�@�û�+�?���M�i�B�H�H�Q�M�M���;�2
�2�i �/�ö�m�M �T�`�Q�i�Q�+�Q�H�2 �/�û�/�B�û �2�M �+���b �/�2 �/�û�b�v�M�+�?�`�Q�M�B�b���i�B�Q�M �/�2�b �?�Q�`�H�Q�;�2�b �B�M�i�2�`�M�2�b�X

�G�2�b �b�2�+�i�B�Q�M�b�8�X�9�2�i�8�X�8�T�`�û�b�2�M�i�2�M�i �H�2�b �+���K�T���;�M�2�b �/�2 �K�2�b�m�`�2�b �/�m �b�v�b�i���K�2 �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M
�2�z�2�+�i�m�û�2�b �/���M�b �/�B�p�2�`�b �2�M�p�B�`�Q�M�M�2�K�2�M�i�b �c �2�H�H�2�b �M�Q�m�b �T�2�`�K�2�i�i�2�M�i ���B�M�b�B �/�ö�û�i�m�/�B�2�`�- �/�2 �7���Ï�Q�M �;�H�Q�#���H�2�-
�b�2�b �+���T���+�B�i�û�b �2�i �b�2�b �H�B�K�B�i�2�b �b�2�H�Q�M �H�� �K�û�i�?�Q�/�2 �/�ö�2�b�i�B�K���i�B�Q�M �2�K�T�H�Q�v�û�2�X

�.���M�b �m�M �T�`�2�K�B�2�` �i�2�K�T�b�- �Q�M �b�2 �+�Q�M�+�2�M�i�`�2 �b�m�` �H�2�b �`�û�b�m�H�i���i�b �Q�#�i�2�M�m�b �2�M �m�i�B�H�B�b���M�i �m�M�2 �2�b�i�B�K���i�B�Q�M
�m�M�B�/�B�`�2�+�i�B�Q�M�M�2�H�H�2�X �*�2�i�i�2 �K�û�i�?�Q�/�2 �T�2�`�K�2�i �/�2 �`�û���H�B�b�2�` �/�2�b �7�Q�+���H�B�b���i�B�Q�M�b �/�2 �i�`���b �#�Q�M�M�2 �[�m���H�B�i�û�- �[�m�2�H�b
�[�m�2 �b�Q�B�2�M�i �H�2 �K�B�+�`�Q�T�?�Q�M�2 �m�i�B�H�B�b�û �2�i �H�2 �i�v�T�2 �/�2 �+�Q�M�}�;�m�`���i�B�Q�M �U�G�P�a �2�i �L�G�P�a�V�X �G�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b
�2�z�2�+�i�m�û�2�b �b�Q�M�i �/�2 �[�m���H�B�i�û �T���`�7���B�i�2 �/���M�b �H�2 �+���b �/�ö�m�M �2�M�p�B�`�Q�M�M�2�K�2�M�i �`�2�H���i�B�p�2�K�2�M�i �`�û�p�2�`�#�û�`���M�i
�+�Q�K�K�2 �H�ö�B�M�i�û�`�B�2�m�` �/�2 �H�ö�B�M�b�i�B�i�m�i �G���M�;�2�p�B�M�X �P�M �Q�#�i�B�2�M�i ���B�M�b�B �/�2�b �`�û�b�m�H�i���i�b �M�2�i�i�2�K�2�M�i �b�m�T�û�`�B�2�m�`�b�-
���p�2�+ �/�2�b �û�+���`�i�b �/�2 �"�1�_ �2�M�i�`�25 % �2�i50 % �T���` �`���T�T�Q�`�i �¨ �m�M �b�+�?�û�K�� �/�2 �i�`���M�b�K�B�b�b�B�Q�M �a�A�a�P�- �2�M
�T���`�i�B�+�m�H�B�2�` �T�Q�m�` �H�2�b �+�Q�M�}�;�m�`���i�B�Q�M�b �L�G�P�a�X �P�M �`�2�K���`�[�m�2 �û�;���H�2�K�2�M�i�- �T�Q�m�` �/�2�b �+�Q�M�}�;�m�`���i�B�Q�M�b �G�P�a�-
�[�m�2 �H�ö�Q�`�B�2�M�i���i�B�Q�M �/�m �b�K���`�i�T�?�Q�M�2 �2�i�- �/�Q�M�+�- �T���` �2�t�i�2�M�b�B�Q�M�- �+�2�H�H�2 �/�2�b �K�B�+�`�Q�T�?�Q�M�2�b �M�ö�B�K�T���+�i�2 �T���b
�H�2�b �`�û�b�m�H�i���i�b�X �1�M �+�?���M�;�2���M�i �/�2 �H�B�2�m�- �/���M�b �m�M �2�M�p�B�`�Q�M�M�2�K�2�M�i �T�H�m�b �? �`�û���H�B�b�i�2 �@�- �B�X�2�X�- �¨ �H�� �;�û�Q�K�û�i�`�B�2
�B�`�`�û�;�m�H�B���`�2 �2�i ���p�2�+ �m�M�2 ���i�i�û�M�m���i�B�Q�M �T�H�m�b �B�K�T�Q�`�i���M�i�2�- �Q�M �M�Q�i�2 �m�M�2 ���m�;�K�2�M�i���i�B�Q�M �b�B�;�M�B�}�+���i�B�p�2 �/�m
�"�1�_�- �2�M �T���`�i�B�+�m�H�B�2�` ���p�2�+ �m�M�2 �2�b�i�B�K���i�B�Q�M �m�M�B�/�B�`�2�+�i�B�Q�M�M�2�H�H�2�- ���p�2�+ �m�M�2 ���m�;�K�2�M�i���i�B�Q�M �2�M�i�`�210 % �2�i
40 %�X �G�2 �`�2�i�Q�m�`�M�2�K�2�M�i �i�2�K�T�Q�`�2�H �M�2 �+�Q�K�T�2�M�b�2 �[�m�2 �T���`�i�B�2�H�H�2�K�2�M�i �H�ö���i�i�û�M�m���i�B�Q�M�- �2�i �H�2 �b�v�b�i���K�2 �2�b�i
�/�Q�M�+ �i�Q�m�D�Q�m�`�b �b�2�M�b�B�#�H�2 ���m �#�`�m�B�i�X

�.���M�b �m�M �b�2�+�Q�M�/ �i�2�K�T�b�- �H�ö�m�i�B�H�B�b���i�B�Q�M �/�ö�m�M�2 �K�û�i�?�Q�/�2 �/�ö�2�b�i�B�K���i�B�Q�M �#�B�/�B�`�2�+�i�B�Q�M�M�2�H�H�2 �K�2�i �2�M �H�m�@
�K�B���`�2�- �T�Q�m�` �H�2�b �+�Q�M�}�;�m�`���i�B�Q�M�b �G�P�a�- �H�ö���b�T�2�+�i �T�`�B�K�Q�`�/�B���H �/�2 �H�ö�Q�`�B�2�M�i���i�B�Q�M �2�i �/�2 �H�� �T�Q�b�B�i�B�Q�M �/�m
�`�û�b�2���m�X �1�M �2�z�2�i�- �Q�M �� �T�m �K�2�b�m�`�2�` �H�ö�B�K�T���+�i �/�2 �H�� �M�Q�M�@�+�Q�@�H�Q�+���H�B�b���i�B�Q�M �û�K�2�i�i�2�m�`�@�`�û�+�2�T�i�2�m�` �b�m�` �H�2
�`�û�+�2�T�i�2�m�` �/�m �b�v�b�i���K�2 �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M�X �S�H�m�b �+�2�i�i�2 �/�2�`�M�B���`�2 �2�b�i �;�`���M�/�2�- �T�H�m�b �H�2�b �[�m���H�B�i�û�b �/�2
�7�Q�+���H�B�b���i�B�Q�M �2�i �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M �b�2 �/�û�;�`���/�2�M�i�X ���B�M�b�B�- �+�2�`�i���B�M�2�b �+�Q�M�}�;�m�`���i�B�Q�M�b �T�2�`�K�2�i�i�2�M�i �/�2�b
�+�Q�K�K�m�M�B�+���i�B�Q�M �T���`�7���B�i�2�b �¨ �K�û�/�B�Q�+�`�2�b �U�T�Q�m�` �m�M �"�1�_ �2�M�i�`�20 % �2�i25 %�V �b�m�` �H�2 �J�o�- ���H�Q�`�b �[�m�2 �H�2�b
�+�Q�K�K�m�M�B�+���i�B�Q�M�b �b�Q�M�i �T�`�2�b�[�m�2 �i�Q�m�D�Q�m�`�b �B�K�T�Q�b�b�B�#�H�2�b �U���p�2�+ �m�M �"�1�_ �2�M�i�`�240 %�2�i50 %) �b�m�` �H�2 �J��
�T�Q�m�` �H�ö�2�M�b�2�K�#�H�2 �/�2�b �+�Q�M�}�;�m�`���i�B�Q�M�b�X �S�Q�m�` �/�2�b �+�Q�K�K�m�M�B�+���i�B�Q�M�b ���û�`�Q�T�Q�`�i�û�2�b �2�i �7�Q�+���H�B�b�û�2�b �J�_�h�f�b�@
�K���`�i�T�?�Q�M�2 �2�M �B�M�i�û�`�B�2�m�`�- �H�ö�m�i�B�H�B�b���i�B�Q�M �/�2 �+�2�i�i�2 �K�û�i�?�Q�/�2 �/�ö�2�b�i�B�K���i�B�Q�M �2�b�i �/�ö���m�i���M�i �T�H�m�b �/�û�H�B�+���i�2
�[�m�2 �H�� �T�Q�b�B�i�B�Q�M �`�2�H���i�B�p�2 �/�2�b �K�B�+�`�Q�T�?�Q�M�2�b�- �T���` �`���T�T�Q�`�i �¨ �+�2�H�H�2 �/�2 �b�Q�M �?���m�i�@�T���`�H�2�m�`�- �2�b�i �p���`�B���#�H�2
�/�ö�m�M�2 �K���`�[�m�2 �/�2 �b�K���`�i�T�?�Q�M�2 �¨ �m�M�2 ���m�i�`�2�X

�G�2 �b�v�b�i���K�2 �/�2 �+�Q�K�K�m�M�B�+���i�B�Q�M �T�`�û�b�2�M�i�û �B�+�B �2�b�i �/�Q�M�+ �m�i�B�H�B�b���#�H�2 �T�Q�m�` �/�2�b ���T�T�H�B�+���i�B�Q�M�b �b�2�K�B�@
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�@ �*�?�X�8 �*�Q�K�K�m�M�B�+���i�B�Q�M�b ���T�T�H�B�[�m�û�2�b �@ �J�_�h �2�i �b�K���`�i�T�?�Q�M�2

�T�`�Q�7�2�b�b�B�Q�M�M�2�H�H�2�b �Q�M �/�2�b �b�K���`�i�T�?�Q�M�2�b �b�Q�M�i �m�i�B�H�B�b�û�b�X �G�2 �7���B�#�H�2 �+�Q�?�i �2�i �H�� �7���+�B�H�B�i�û �/�ö�m�i�B�H�B�b���i�B�Q�M �`�2�@
�T�`�û�b�2�M�i�2�M�i �m�M ���i�Q�m�i �K���D�2�m�`�X �*�2�T�2�M�/���M�i�- �H�� �+�Q�M�/�B�i�B�Q�M �M�û�+�2�b�b���B�`�2 �¨ �H�ö�m�i�B�H�B�b���i�B�Q�M �/�ö�m�M �i�2�H �b�v�b�i���K�2�-
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