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�b�B�b�i�Q�` �U�a�1�h�V ���M�/ �B�b �Q�7�i�2�M �/�2�b�+�`�B�#�2�/ �B�M �i�?�2 �+�Q�M�b�i���M�i�@�B�M�i�2�`���+�i�B�Q�M �U�*�A�V �K�Q�/�2�H �r�?�B�+�?

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

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

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

�i�?���i �B�b �m�b�m���H�H�v �H���`�;�2�` �i�?���M �i�?�2 �`�2�b�B�b�i���M�+�2 �[�m���M�i�m�KR�[ = h/ e2 = �k�8:�3 �F�Õ�X ���b�b�m�K�@

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

�2�M�2�`�;�v �Q�7 �i�?�2 �a�1�h �B�b �;�B�p�2�M �#�v �(�e�k�)

E �2�H(N ) =
(eN � C�;V�; � C�bV�b� C�/V�/)2

2C�
C� = C�; + C�b+ C�/ �U�k�X�k�V



�k�X�R �Z�m���M�i�m�K �/�Q�i�b �R�R

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

���/�/ �i�?�2N �i�? �2�H�2�+�i�`�Q�M �i�Q �i�?�2 �b�v�b�i�2�K

� (N ) = E �2�H(N ) � E �2�H(N � 1) =
e

C�
[(N � 1/2)e � C�;V�; � C�bV�b� C�/V�/] ; �U�k�X�j�V

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

�i�?�2 ���K�Q�m�M�ie� i Vi �r�B�i�? �i�?�2 �H�2�p�2�`���`�K

� i =
Ci

C�
: �U�k�X�9�V

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

� E ���/�/ = � (N + 1) � � (N ) =
e2

C�
= EC : �U�k�X�8�V

�h�?�2 �2�M�2�`�;�vE �2�H���b �� �7�m�M�+�i�B�Q�M �Q�7V�; �B�b �b�?�Q�r�M �B�M �6�B�;�X �k�X�R�U�+�V �7�Q�` �/�B�z�2�`�2�M�i �M�m�K�#�2�`�b �Q�7

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

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

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

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

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

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

�b�?�Q�r�b �i�?�2 �2�H�2�+�i�`�Q�+�?�2�K�B�+���H �T�Q�i�2�M�i�B���H� (N ) �Q�7 �i�?�2 �B�b�H���M�/ ���M�/ �i�?�2 �`�2�b�2�`�p�Q�B�`�b� �b/ �/ �X �o���@

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

f �6�. (E) �H�2���/�B�M�; �i�Q �#�`�Q���/�2�M�B�M�; �Q�7 �i�?�2 �2�H�2�+�i�`�Q�+�?�2�K�B�+���H �T�Q�i�2�M�i�B���H ���`�Q�m�M�/ �� �p���H�m�2 �b�2�i �#�v

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

�i�?�2 �B�b�H���M�/ �i�?�2�`�2 �B�b �� �H���/�/�2�` �Q�7 �/�B�b�+�`�2�i�2 �b�i���i�2�b ���p���B�H���#�H�2�X �� �+�?���M�;�2 �B�MV�; �b�?�B�7�i�b �i�?�2 �2�H�2�+�@

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

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

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

�H�2�p�2�H� (N +1) �B�b ���H�B�;�M�2�/ �r�B�i�? �i�?�2 �b�Q�m�`�+�2 ���M�/ �/�`���B�M �UV�b= V�/ �V ���M�/ �i�`���M�b�T�Q�`�i �B�b �T�Q�b�b�B�@

�#�H�2 �r�?�B�H�2 ���i �b�H�B�;�?�i�H�v �/�B�z�2�`�2�M�i �p�Q�H�i���;�2 �U�r�B�i�? �� �/�B�z�2�`�2�M�+�2 �H���`�;�2�` �i�?���M �i�?�2 �#�`�Q���/�2�M�B�M�;

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

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

�b�T�B�F�2�b �B�M �+�Q�M�/�m�+�i���M�+�2 ���b �� �7�m�M�+�i�B�Q�M �Q�7V�; ���b �b�?�Q�r�M �B�M �6�B�;�X �k�X�R�U�/�V�X

�q�?�2�MV�b�/= V�/ � V�b6= 0�- �i�?�2 �r�B�M�/�Q�r ���i �r�?�B�+�? �i�`���M�b�T�Q�`�i �B�b �T�Q�b�b�B�#�H�2 �#�`�Q���/�2�M�b �r�?�B�+�?

�;�B�p�2�b �`�B�b�2 �i�Q �b�Q �+���H�H�2�/ �*�Q�m�H�Q�K�# �/�B���K�Q�M�/�b �(�8�N�- �e�j�) ���b �b�?�Q�r�M �B�M �6�B�;�X �k�X�k�X �q�B�i�?�B�M �i�?�2

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



�R�k �*�?���T�i�2�` �k�"���+�F�;� �̀Q�m�M�/

N- 1 N+ 1

��(
N

) =
�� S

��(N+1) =
��
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��Eadd/��g

slope:
Cg/(Cg+Cd)

slope:
-Cg/CS
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��(N)
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��
d

��(N)

��(N+1)
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eVsd
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g
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(c)

��Eadd

�'�J�H�V�S�F ���������*�Q�m�H�Q�K�# �/�B���K�Q�M�/�b�X �U���V�1�t�2�K�T�H���`�v �+�Q�M�}�;�m�`���i�B�Q�M �Q�7 �*�Q�m�H�Q�K�#
�#�H�Q�+�F���/�2 ���M�/�U�#�V�r�?�2�M �#�Q�i�? �b�Q�m�`�+�2 ���M�/ �/�`���B�M ���`�2 ���H�B�;�M�2�/ �r�B�i�? �i�r�Q �+�Q�M�b�2�+�@
�m�i�B�p�2 �H�2�p�2�H�b �Q�M �i�?�2 �B�b�H���M�/�X�U�+�V�A�H�H�m�b�i�`���i�B�Q�M �Q�7 �i�?�2 �+�m�`�`�2�M�i �i�?�`�Q�m�;�? �i�?�2 �a�1�h
�/�2�p�B�+�2 ���b �� �7�m�M�+�i�B�Q�M �Q�7V�; ���M�/V�b�/�X �q�B�i�?�B�M �/���`�F �`�2�;�B�Q�M�b �i�`���M�b�T�Q�`�i �B�b �T�Q�b�b�B�#�H�2
�r�?�B�H�2 �r�?�B�i�2 �`�2�;�B�Q�M�b �B�M�/�B�+���i�2�/ �#�H�Q�+�F���/�2�X �S�Q�b�B�i�B�Q�M�b �Q�7 �U���V ���M�/ �U�#�V ���M�/ �r���v�b
�i�Q �/�2�i�2�`�K�B�M�2� E ���/�/ ���M�/� �; ���`�2 �B�M�/�B�+���i�2�/�X ���/���T�i�2�/ �7�`�Q�K �(�8�N�)�X

�h�?�2 ���/�/�B�i�B�Q�M �U���M�/ �+�?���`�;�B�M�;�V �2�M�2�`�;�v� E ���/�/ ���M�/ �;���i�2 �+�Q�m�T�H�B�M�;� �; �Q�7 �i�?�2 �a�1�h �/�2�p�B�+�2

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

���������� �"�S�U�J�ö�D�J�B�M �B�U�P�N

�q�?�2�M �i�?�2 �/�B�K�2�M�b�B�Q�M�b �Q�7 �i�?�2 �B�b�H���M�/ �#�2�+�Q�K�2 �b�K���H�H�2�` �i�?���M �i�?�2 �6�2�`�K�B �r���p�2�H�2�M�;�i�?� F =

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

�i�Q �i�?�2 �b�v�b�i�2�K ���`�B�b�2�b �/�m�2 �i�Q �[�m���M�i�m�K �+�Q�M�}�M�2�K�2�M�i �(�8�3�)�X �h�?�B�b �b�B�M�;�H�2�@�T���`�i�B�+�H�2 �H�2�p�2�H

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

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

���`�i�B�}�+�B���H ���i�Q�K�b �Q�` �[�m���M�i�m�K �/�Q�i�b �U�Z�.�V�X �6�Q�` �2�t���K�T�H�2�- �B�M �+���b�2 �Q�7 �i�?�2 �T���`�i�B�+�H�2 �B�M �� �#�Q�t

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

�7�Q�` �2�p�2�`�v �/�B�K�2�M�b�B�Q�M �(�8�3�)

En =
� 2~2

2m� L2
n2: �U�k�X�e�V

���M�Q�i�?�2�` �2�t���K�T�H�2 �B�b �� �T�m�`�2�H�v �?���`�K�Q�M�B�+ �+�Q�M�}�M�2�K�2�M�i �T�Q�i�2�M�i�B���H �UV(r ) = 1
2m� ! 2

0r 2�V�-

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

�i�2�`�B�b�2�/ �#�v �[�m���M�i�m�K �M�m�K�#�2�`�bn ���M�/l �(�8�3�)

En;l = (2 n + jl j + 1) ~! 0: �U�k�X�d�V



�k�X�R �Z�m���M�i�m�K �/�Q�i�b �R�j
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�'�J�H�V�S�F �����������`�i�B�}�+�B���H ���i�Q�K�X �U���V�1�t�2�K�T�H���`�v �+�Q�M�}�;�m�`���i�B�Q�M �r�?�2�`�2 �i�?�2 �2�t�+�B�i�2�/
�b�i���i�2 �Q�7 �i�?�2 �b�B�M�;�H�2�@�T���`�i�B�+�H�2 �b�T�2�+�i�`�m�K �7���H�H�b �r�B�i�?�B�M �i�?�2 �#�B���b �r�B�M�/�Q�r�X�U�#�V�1�t�@
�T�2�`�B�K�2�M�i���H�H�v �Q�#�i���B�M�2�/� E ���/�/ ���b �� �7�m�M�+�i�B�Q�M �Q�7N �B�M �b�B�H�B�+�Q�M�X�U�+�V�h�`���M�b�T�Q�`�i
�i�?�Q�m�;�? �� �[�m���M�i�m�K �/�Q�i ���i �i�?�2 �}�`�b�i �2�H�2�+�i�`�Q�M �H�2�p�2�H ���b �� �7�m�M�+�i�B�Q�M �Q�7V�; ���M�/V�b�/�X
�P�M�2 �2�t�+�B�i�2�/ �b�i���i�2� �1�a(2) �B�b �B�M�/�B�+���i�2�/�X ���/���T�i�2�/ �7�`�Q�K �(�8�N�- �e�e�)�X

�h�?�2 �b�B�M�;�H�2�@�T���`�i�B�+�H�2 �2�M�2�`�;�v �B�b �m�b�m���H�H�v �b�K���H�H�2�` �i�?���M �i�?�2 �+�?���`�;�B�M�; �2�M�2�`�;�ve2/ C� �X �A�M

���/�/�B�i�B�Q�M �i�Q �i�?�2 �Q�`�#�B�i���H �b�i���i�2�b�- �2�H�2�+�i�`�Q�M�b �i�?���i ���`�2 �+�Q�M�}�M�2�/ �B�M �� �b�B�H�B�+�Q�M �H���i�i�B�+�2 �?���p�2

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

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

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

E(N ) = E �2�H(N ) +
X

N

En �U�k�X�3�V

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

� E ���/�/ = EC + � E �U�k�X�N�V

�r�?�2�`�2� E = EN +1 � EN �B�b �i�?�2 �b�B�M�;�H�2�@�T���`�i�B�+�H�2 �H�2�p�2�H �b�T���+�B�M�;�X �h�?�2 �b�B�M�;�H�2�@�T���`�i�B�+�H�2 �b�T�2�+�@

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

�b�i���i�2 �i�?���i �7���H�H �r�B�i�?�B�M �i�?�2 �#�B���b �r�B�M�/�Q�r �H�2���/�b �i�Q �B�M�+�`�2���b�2�/ �i�`���M�b�T�Q�`�i �U�b�2�2 �6�B�;�X �k�X�j�U���-�+�V�V�X

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

�/�2�T�2�M�/�2�M�i �}�H�H�B�M�; ���b �b�?�Q�r�M �B�M �6�B�;�X �k�X�j�U�#�-�+�V �(�e�9�- �e�8�)�X �h�?�2 �b�T�B�M ���M�/ �p���H�H�2�v �}�H�H�B�M�; �+���M

�#�2 �b�i�m�/�B�2�/ �7�m�`�i�?�2�` �B�M �K���;�M�2�i�Q�@�b�T�2�+�i�`�Q�b�+�Q�T�v �7�`�Q�K �i�?�2 �b�H�Q�T�2@� E ���/�/
@B �(�e�8�- �e�e�)�X



�R�9 �*�?���T�i�2�` �k�"���+�F�;� �̀Q�m�M�/

���������� �$�P�V�Q�M�F�E �R�V�B�O�U�V�N �E�P�U�T

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

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

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

�i�Q �Q�M�2 �;���i�2V�;�R(�;�k) ���M�/ �`�2�b�2�`�p�Q�B�`V�/(�b) �2���+�? ���b �b�?�Q�r�M �B�M �6�B�;�X �k�X�9�U���V�X �a�B�K�B�H���` �i�Q �i�?�2

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

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

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

�B�b �Q�#�i���B�M�2�/E �2�H(N ) = 1/2 �o�*�o �X �h�?�2 �+�?���`�;�B�M�; �2�M�2�`�;�B�2�b �Q�7 �� �.�Z�. ���`�2 �i�?�2�M �/�2�}�M�2�/

���b �(�e�R�)

EC1(2) =
e2

C1(2)

1

1 � C2
�K

C1C2

�U�k�X�R�y�V

EC�K =
e2

C�K

1
C1C2
C2

�K
� 1

�U�k�X�R�R�V

C1(2) = C�/(�b) + C�;�R(�k) + C�K �U�k�X�R�k�V

�r�?�2�`�2C1(2) �B�b �i�?�2 �b�m�K �Q�7 �+���T���+�B�i���M�+�2�b �`�2�H�2�p���M�i �7�Q�` �Z�. �R�U�k�V�X �6�B�;�m�`�2�b �k�X�9�U�#�@�/�V �b�?�Q�r

�i�?�2 �.�Z�. �Q�+�+�m�T���i�B�Q�M �M�m�K�#�2�`�b(N1; N2) ���b �� �7�m�M�+�i�B�Q�M �Q�7V�;�R ���M�/V�;�k �B�M �/�B�z�2�`�2�M�i

�`�2�;�B�K�2�b �Q�7 �+�Q�m�T�H�B�M�;�X �q�?�2�MC�K ! 0 �#�Q�i�? �/�Q�i�b ���`�2 �+�Q�K�T�H�2�i�2�H�v �/�2�+�Q�m�T�H�2�/ ���M�/ �Q�+�@

�+�m�T���i�B�Q�M �Q�7 �#�Q�i�? �/�Q�i�b �B�b �i�m�M�2�/ �B�M�/�2�T�2�M�/�2�M�i�H�v �m�b�B�M�;V�;�R(�;�k) ���b �b�?�Q�r�M �B�M �6�B�;�X �k�X�R�U�#�V�X

�A�M �i�?�2 �Q�T�T�Q�b�B�i�2 �H�B�K�B�iC�K ! C1(2) �- �i�?�2 �/�Q�i�b ���`�2 �+�Q�K�T�H�2�i�2�H�v �+�Q�m�T�H�2�/ ���M�/ �#�2�?���p�2

�2�z�2�+�i�B�p�2�H�v ���b �H���`�;�2 �b�B�M�;�H�2 �Z�. �r�B�i�? �Q�+�+�m�T���i�B�Q�MN1 + N2 �i�?���i �B�b �2�[�m���H�H�v �+�Q�m�T�H�2�/

�i�QV�;�R(�;�k) ���b �b�?�Q�r�M �B�M �6�B�;�X �k�X�9�U�/�V�X �h�?�2 �K�Q�b�i �B�M�i�2�`�2�b�i�B�M�; �B�b �i�?�2 �B�M�i�2�`�K�2�/�B���i�2 �+���b�2

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

�P�M�H�v ���i �i�?�2�b�2 �i�`�B�T�H�2 �T�Q�B�M�i�b �B�b �i�`���M�b�T�Q�`�i �i�?�`�Q�m�;�? �i�?�2 �.�Z�. �T�Q�b�b�B�#�H�2�- ���b �B�H�H�m�b�i�`���i�2�/ �B�M

�6�B�;�X �k�X�9�U�2�V�X �A�M �i�?�2 �?�B�;�?V�b�/ �#�B���b �`�2�;�B�K�2 �i�?�2 �i�`�B�T�H�2 �T�Q�B�M�i�b �i�m�`�M �B�M�i�Q �b�Q �+���H�H�2�/ �#�B���b �i�`�B�@

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

�+���M �#�2 �Q�#�i���B�M�2�/ �(�e�R�- �e�j�)�X �a�Q �7���` �Q�M�H�v �+���T���+�B�i�B�p�2 �+�Q�m�T�H�B�M�; �p�B�� �i�?�2 �K�m�i�m���H �+���T���+�B�i���M�+�2

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

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

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

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

�$�I�B�S�H�F �R�V�C�J�U�6�B�`�b�i�- �i�?�2 �+���b�2 �Q�7 �Q�p�2�`���H�H �Q�/�/ �.�Z�. �T���`�B�i�v �B�b �/�B�b�+�m�b�b�2�/ �r�B�i�? �i�?�2

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

�#�vj0i = (1 ; 0) ���M�/j0i = (0 ; 1) �`�2�T�`�2�b�2�M�i�B�M�; �i�?�2 �2�H�2�+�i�`�Q�M �#�2�B�M�; �2�B�i�?�2�` �B�M �i�?�2 �H�2�7�i



�k�X�R �Z�m���M�i�m�K �/�Q�i�b �R�8
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�'�J�H�V�S�F ���������.�Z�.�X �U���V�a�+�?�2�K���i�B�+ �Q�7 �� �.�Z�.�X �1���+�? �Z�. �B�b �+�Q�m�T�H�2�/ �i�Q �Q�M�2 �`�2�b�2�`�@
�p�Q�B�` ���M�/ �;���i�2 ���M�/ �i�?�2�`�2 �B�b �K�m�i�m���H �+�Q�m�T�H�B�M�; �#�2�i�r�2�2�M �i�?�2 �Z�.�b�X �h�`���M�b�T�Q�`�i
�+�?���`���+�i�2�`�B�b�i�B�+ �i�?�`�Q�m�;�? �� �.�Z�. ���b �� �7�m�M�+�i�B�Q�M �Q�7 �#�Q�i�? �;���i�2 �p�Q�H�i���;�2�b �B�M �i�?�2
�`�2�;�B�K�2 �Q�7 �r�2���F�U�#�V�B�M�i�2�`�K�2�/�B���i�2�/�U�+�V���M�/ �b�i�`�Q�M�;�U�/�V�+�Q�m�T�H�B�M�;�X ���/���T�i�2�/
�7�`�Q�K �(�e�R�)�X

�Q�` �`�B�;�?�i �/�Q�i�X �q�B�i�? �b�B�;�M�B�}�+���M�i �i�m�M�M�2�H �+�Q�m�T�H�B�M�; �#�2�i�r�2�2�M �i�r�Q �Z�.�b�- �2�H�2�+�i�`�Q�M�b ���`�2 �M�Q

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

�Q�`�#�B�i���H�bj�i = � � j0i � � � j1i �H�2���/�B�M�; �i�Q �#�2�M�/�B�M�; �Q�7 �i�?�2 �?�Q�M�2�v�+�Q�K�# �H�B�M�2�b�X �.�2�}�M�B�M�;"

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

���M�/ �+���M �i���F�2 �i�?�2 �b�v�b�i�2�K �7�`�Q�K �i�?�2 �U�R�-�y�V �i�Q �i�?�2 �U�y�-�R�V �b�i���i�2�- �i�?�2 �>���K�B�H�i�Q�M�B���M �Q�7 �i�?�B�b

�i�r�Q �H�2�p�2�H �b�v�b�i�2�K �B�b �;�B�p�2�M �#�vH " = � "
2 � z�X �h�?�2 �i�m�M�M�2�H �+�Q�m�T�H�B�M�;tc = � c/2 �T�`�Q�p�B�/�2�b

�i�?�2 �Q�z �/�B���;�Q�M���H �i�2�`�K�b �`�2�T�`�2�b�2�M�i�B�M�; �i�`���M�b�B�i�B�Q�M�b �#�2�i�r�2�2�M �#�Q�i�? �b�i���i�2�bH � c = � � c
2 � x

�b�m�+�? �i�?���i �i�?�2 �Q�p�2�`���H�H �>���K�B�H�i�Q�M�B���M ���M�/ �2�B�;�2�M�2�M�2�`�;�B�2�b ���`�2 �(�e�k�)

H (t) = �
� c

2
� x �

"
2

� z �U�k�X�R�j�V

EC� = �
1
2

p
"2 + � 2

c �U�k�X�R�9�V

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

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

�b�T�H�B�i�i�B�M�; �Q�72tc = � c ���b �b�?�Q�r�M �B�M �6�B�;�X �k�X�8�U���V ���M�/ �i�?�2 �b�v�b�i�2�K �?���b �2�[�m���H �T�`�Q�#���#�B�H�B�i�v

�i�Q �#�2 �7�Q�m�M�/ �B�M �i�?�2 �U�R�-�y�V �Q�` �U�y�-�R�V �b�i���i�2�X ���i �x�2�`�Q �K���;�M�2�i�B�+ �}�2�H�/�- �#�Q�M�/�B�M�; ���M�/ ���M�i�B�@

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

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

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

�K�2���b�m�`�2�K�2�M�i�b �Q�7 �i�?�2 �+�?���`�;�2 �+�Q�?�2�`�2�M�+�2 �i�B�K�2 �+���M �#�2 �T�2�`�7�Q�`�K�2�/ �(�e�d�)�X �q�?�2�M �/�`�B�p�2�M



�R�e �*�?���T�i�2�` �k�"���+�F�;� �̀Q�m�M�/

(1,0) (0,1)

T0
(1,1)

S(1,1)

S(1,1)

S(0,2)

S(0,2)

S(0,2)

S(0,2)

T0(0,2)
T-(0,2)

T+(0,2)

T0(1,1)

S(1,1)
T-(1,1)

T+(1,1)
T0(1,1)

T0(0,2)
S(1,1)

�� c J(��)

EST

EZ

Singlet

Triplet

�'�J�H�V�S�F ���������.�Z�. �2�M�2�`�;�v �/�B���;�`���K�X �U���V�.�Z�. �B�M �i�?�2 �Q�/�/ �T���`�B�i�v �+�Q�M�}�;�m�`���i�B�Q�M
���i �i�?�2 �2�t���K�T�H�2 �Q�7 �� �U�R�-�y�V �i�Q �U�y�-�R�V �+�?���`�;�2 �i�`���M�b�B�i�B�Q�M�X �h�m�M�M�2�H �+�Q�m�T�H�B�M�; �#�2�i�r�2�2�M
�i�?�2 �/�Q�i�b �H�2���/�b �i�Q ���M ���p�Q�B�/�2�/ �+�`�Q�b�b�B�M�;�X�U�#�V�.�Z�. �B�M �i�?�2 �2�p�2�M �T���`�B�i�v �+�Q�M�}�;�m�@
�`���i�B�Q�M ���i �i�?�2 �2�t���K�T�H�2 �Q�7 �� �U�R�-�R�V �i�Q �U�y�-�k�V �+�?���`�;�2 �i�`���M�b�B�i�B�Q�M�X �a�T�B�M �b�B�M�;�H�2�i ���M�/
�i�`�B�T�H�2�i �b�i���i�2�b ���`�2 �7�Q�`�K�2�/ �U�b�v�K�K�2�i�`�B�+ �i�`�B�T�H�2�i �b�i���i�2�b �M�Q�i �b�?�Q�r�M�V�X �h�?�2 �i�`�B�T�H�2�i�b
�`�2�K���B�M�b �B�M �i�?�2 �U�R�-�R�V �+�?���`�;�2 �+�Q�M�}�;�m�`���i�B�Q�M ���b �� �7�m�+�M�i�B�Q�M �Q�7" �X�U�+�V�*�Q�K�T�H�2�i�2
�b�T�2�+�i�`�m�K �Q�7 ���M �2�p�2�M �T���`�B�i�v �.�Z�. �r�?�B�+�? �B�M�+�H�m�/�2�b �i�?�2 �b�v�K�K�2�i�`�B�+ �i�`�B�T�H�2�i �b�i���i�2�b
�b�T�H�B�i �Q�z �#�vEz �- �i�?�2 �i�`�B�T�H�2�i�b �Q�7 �U�y�-�k�V �+�?���`�;�2 �+�Q�M�}�;�m�`���i�B�Q�M �b�T�H�B�i �Q�z �#�vE �a�h ���M�/
�i�?�2 �i�`�B�T�H�2�i ���p�Q�B�/�2�/ �+�`�Q�b�b�B�M�;�b ���i �H���`�;�2�`" �X �*�Q�m�T�H�B�M�; �#�2�i�r�2�2�M �/�B�z�2�`�2�M�i �b�T�B�M
�M�m�K�#�2�` �B�b �M�2�;�H�2�+�i�2�/ �/�m�2 �i�Q �b�K���H�H �b�T�B�M�@�Q�`�#�B�i ���M�/ �?�v�T�2�`�}�M�2 �+�Q�m�T�H�B�M�;�b�X

�7���b�i �U�M�Q�M�@���/�B���#���i�B�+���H�H�v�V �i�?�`�Q�m�;�? �i�?�2 ���M�i�B�@�+�`�Q�b�b�B�M�; �m�b�B�M�; ���M �Q�b�+�B�H�H���i�B�M�; �p�Q�H�i���;�2"(t)

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

�r�?�2�`�2 �2�H�2�+�i�`�Q�M �B�M�i�2�`�7�2�`�2�M�+�2 �B�b �Q�#�b�2�`�p�2�/ �(�e�3�)�X

�1�B�V�M�J �T�Q�J�O �C�M�P�D�L�B�E�F�6�Q�` �2�p�2�M �.�Z�. �T���`�B�i�v �U�2�p�2�M �i�Q�i���H �M�m�K�#�2�` �Q�7 �2�H�2�+�i�`�Q�M�b�V�- �2�H�2�+�@

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



�k�X�R �Z�m���M�i�m�K �/�Q�i�b �R�d

���`�2 �7�Q�`�K�2�/�X �h�?�2 �b�T�B�M �b�B�M�;�H�2�i ���M�/ �i�`�B�T�H�2�i �b�i���i�2�b ���`�2 �/�2�}�M�2�/ ���b �7�Q�H�H�Q�r�b �(�e�j�)

jSi = ( j"#i � j#"i )/
p

2; �U�k�X�R�8�V

jT0i = ( j"#i + j#"i )/
p

2; �U�k�X�R�e�V

jT+ i = j""i ; �U�k�X�R�d�V

jT� i = j##i : �U�k�X�R�3�V

�A�M ���/�/�B�i�B�Q�M �i�Q �i�?�2�b�2 �b�T�B�M �+�Q�M�}�;�m�`���i�B�Q�M�b�- �i�?�2 �2�H�2�+�i�`�Q�M�b �+���M �#�2 �+�Q�M�}�;�m�`�2�/ ���+�`�Q�b�b

�i�?�2 �i�r�Q �Z�.�b �B�M �i�?�2 �U�R�-�R�V �Q�` �U�y�-�k�V �+�?���`�;�2 �b�i���i�2 �/�m�2 �i�Q �}�M�B�i�2 �i�m�M�M�2�H �+�Q�m�T�H�B�M�;�X ���b

�B�M�i�2�`�@�/�Q�i �i�m�M�M�2�H�H�B�M�; �T�`�2�b�2�`�p�2�b �b�T�B�M�- �Q�M�H�v �U�R�-�R�V �b�B�M�;�H�2�i�U�i�`�B�T�H�2�i�V �b�i���i�2�b �+�Q�m�T�H�2 �i�Q �U�y�-�k�V

�b�B�M�;�H�2�i�U�i�`�B�T�H�2�i�V �b�i���i�2�b�X �q�?�2�M �#�Q�i�? �2�H�2�+�i�`�Q�M�b ���`�2 �B�M �i�?�2 �b���K�2 �/�Q�i �U�y�-�k�V�- �b�B�M�;�H�2�i ���M�/

�i�`�B�T�H�2�i �b�i���i�2�b ���`�2 �b�T�H�B�i �#�vE �a�h �r�?�B�+�? �+���M �#�2 �Q�M �i�?�2 �Q�`�/�2�` �Q�7 �R �K�2�o �(�e�N�) ���b �i�?�2 �i�`�B�T�H�2�i

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

�K�2�i�`�v �U�S���m�H�B �2�t�+�H�m�b�B�Q�M �T�`�B�M�+�B�T�H�2�V�X �>�Q�r�2�p�2�`�- �/�2�2�T �B�M �i�?�2 �U�R�-�R�V �+�?���`�;�2 �+�Q�M�}�;�m�`���@

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

J0 = 4t2
c/ EC�K �B�M �i�?�2 �>�m�#�#���`�/ ���T�T�`�Q�t�B�K���i�B�Q�M �(�e�j�)�X ���b �� �`�2�b�m�H�i �Q�7 �b�T�B�M �+�Q�M�b�2�`�p���@

�i�B�Q�M ���M�/ �/�B�z�2�`�2�M�i �b�B�M�;�H�2�i�@�i�`�B�T�H�2�i �b�T�H�B�i�i�B�M�;�b �7�Q�` �i�?�2 �U�R�-�R�V ���M�/ �U�y�-�k�V �+�Q�M�}�;�m�`���i�B�Q�M�- �i�?�2

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

�i�?�2 ���p�Q�B�/�2�/ �+�`�Q�b�b�B�M�; �7�Q�` �i�?�2 �b�B�M�;�H�2�i ���b �b�?�Q�r�M �B�M �6�B�;�X �k�X�8�U�+�V�X ���/�/�B�i�B�Q�M���H�H�v�- ���i �}�M�B�i�2

�K���;�M�2�i�B�+ �}�2�H�/ �i�?�2 �i�?�`�2�2 �i�`�B�T�H�2�i �b�i���i�2�b ���`�2 �b�T�H�B�i �#�v �i�?�2 �w�2�2�K���M �2�M�2�`�;�vEz = g� B B

���M�/ �i�?�2 �/�B���;�`���K �`�2�/�m�+�2�b �i�Q �� �i�r�Q �H�2�p�2�HS ���M�/T0 �b�v�b�i�2�K �B�M �� �b�K���H�H �`���M�;�2 �Q�7 �/�2�i�m�M�B�M�;

���b �b�?�Q�r�M �B�M �6�B�;�X �k�X�8�U�#�V �r�B�i�? �2�M�2�`�;�B�2�b �(�e�j�- �d�y�)

ES� (1; 1) = ES� (0; 2) = �
1
2

p
"2 + � 2

c �U�k�X�R�N�V

ET0 (1; 1) = "/2 �U�k�X�k�y�V

�r�?�2�`�2ET� (1; 1) = "/2 � g� B B ���M�/ET0 (0; 2) = � " /2 + EST ���`�2 �b�T�H�B�i �Q�z ���M�/ �i�?�2

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

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

�i�`�B�T�H�2�i �b�i���i�2�b �U�H�Q�+�F�2�/ �B�M�i�Q �i�?�2 �U�R�-�R�V �+�Q�M�}�;�m�`���i�B�Q�M�V �/�m�2 �i�Q �b�T�B�M �+�Q�M�b�2�`�p���i�B�Q�M�- �r�?�B�H�2 �i�?�2

�b�B�M�;�H�2�i �+���M �i�`���M�b�B�i�B�Q�M �#�2�i�r�2�2�M �� �U�R�-�R�V ���M�/ �U�y�-�k�V �+�?���`�;�2 �+�Q�M�}�;�m�`���i�B�Q�M�X �a�T�B�M �#�H�Q�+�F���/�2

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

�r�?�B�H�2 �7�Q�` �i�?�2 �Q�T�T�Q�b�B�i�2 �b�B�;�M �Q�7V�b�/ �i�`���M�b�T�Q�`�i �B�b �T�Q�b�b�B�#�H�2 �(�e�N�)�X �a�T�B�M �#�H�Q�+�F���/�2 �T�H���v�b

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

�b�i���i�2�b �p�B�� �i�?�2 �+�?���`�;�2 �+�Q�M�}�;�m�`���i�B�Q�M ���b �/�B�b�+�m�b�b�2�/ �B�M �a�2�+�i�B�Q�M �k�X�k�X�8�X



�R�3 �*�?���T�i�2�` �k�"���+�F�;� �̀Q�m�M�/

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

�Z�.�b �(�e�N�- �d�R�- �d�k�) �#�m�i ���H�b�Q �#�2�i�r�2�2�M �/�Q�M�Q�`�b �(�d�j�) ���M�/ �?�v�#�`�B�/ �/�Q�M�Q�`�@�/�Q�i �/�2�p�B�+�2�b �(�d�9�- �d�8�)�X

������ �4�J�M�J�D�P�O �T�Q�J�O �R�V�C�J�U�T

�A�M �b�2�K�B�+�Q�M�/�m�+�i�B�M�; �/�2�p�B�+�2�b�- �i�?�2 �+�?���`�;�2 ���M�/ �b�T�B�M �/�2�;�`�2�2 �Q�7 �7�`�2�2�/�Q�K �Q�7 �b�B�M�;�H�2 �2�H�2�+�i�`�Q�M�b
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�i�?�2 �Q�i�?�2�` �b�T�B�M �+���M �#�2 �T�2�`�7�Q�`�K�2�/�X�U�/�V�Z�m���M�i�m�K �b�i���i�2 �i�Q�K�Q�;�`���T�?�v �Q�7 �� �"�2�H�H
�b�i���i�2 �T�`�2�T���`�2�/ �m�b�B�M�; �� �i�r�Q�@�[�m�#�B�i �;���i�2 �#���b�2�/ �Q�M �H���`�;�2 �w�2�2�K���M �/�B�z�2�`�2�M�+�2�X�U�2�V
�*�?���M�;�2 �B�M �/�`�B�p�2 �7�`�2�[�m�2�M�+�v �Q�7 �[�m�#�B�i �R ���b �[�m�#�B�i �k �Q�b�+�B�H�H���i�2�b �#�2�i�r�2�2�M �i�r�Q �b�i���i�2�b
�Q�p�2�` �i�B�K�2 �/�2�K�Q�M�b�i�`���i�B�M�; �+�Q�M�/�B�i�B�Q�M���H �`�2�b�Q�M���M�i �/�`�B�p�B�M�;�X ���/���T�i�2�/ �7�`�Q�K �(�j�e�-
�9�9�- �R�y�8�)�X

�&j" ; "i ; j" ; #i ; j#; "i ; j#; #i �' �(�R�y�9�)

H �B�M�i=

0

B
B
B
B
@

Ez 0 0 0

0 �E z
2 � J

4
J
2 0

0 J
2 � �E z

2 � J
4 0

0 0 0 � Ez
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C
C
C
C
A

�U�k�X�k�9�V

�r�B�i�?J = 2t2
c

U� " � �E z
+ 2t2

c
U� "+ �E z

�#�2�B�M�; �i�?�2 �>�2�B�b�2�M�#�2�`�; �2�t�+�?���M�;�2 �B�M�i�2�`���+�i�B�Q�M �b�i�`�2�M�;�i�?�X

�"���b�2�/ �Q�M �i�?�B�b �B�M�i�2�`���+�i�B�Q�M �i�?�2�`�2 ���`�2 �i�?�`�2�2 �r���v�b �i�Q �+�Q�M�b�i�`�m�+�i �� �i�r�Q �[�m�#�B�i �;���i�2�X



�k�X�k �a�B�H�B�+�Q�M �b�T�B�M �[�m�#�B�i�b �k�8

�&�Y�D�I�B�O�H�F �H�B�U�F�6�Q�` �>�2�B�b�2�M�#�2�`�; �2�t�+�?���M�;�2 �Q�M�H�v�- �r�?�2�M�E z � J �- �i�?�2 �Q�z �/�B���;�Q�M���H

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

���H�H�Q�r�b �`�2���H�B�b���i�B�Q�M �Q�7 �� �a�q���S �;���i�2�X �*�Q�K�#�B�M�2�/ �r�B�i�? �b�B�M�;�H�2 �[�m�#�B�i �`�Q�i���i�B�Q�M�b ���H�Q�M�; �i�?�2z

���t�B�bR(1)/(2)
z (� ) �U�Q�7 �[�m�#�B�i �R ���M�/ �k�V �� �*�L�P�h �+���M �#�2 �+�Q�M�b�i�`�m�+�i�2�/ �B�M �}�p�2 �b�i�2�T�b�,U�*�L�P�h =

R(1)
z (� /2) R(2)

z (� � /2) U� 1/2
�a�q���S R(1)

z (� )U� 1/2
�a�q���S �X �h�?�2 �2�t�+�?���M�;�2 �B�M�i�2�`���+�i�B�Q�M �b�i�`�2�M�;�i�?J �+���M

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

�B�M �+�Q�m�T�H�2�/ �Z�.�b ���M�/ �/�Q�M�Q�`�b �(�9�k�- �R�y�d�- �R�y�3�) ���M�/ �b�m�#�@�M�b
p

�a�q���S �Q�T�2�`���i�B�Q�M�b �?���b �#�2�2�M

���+�?�B�2�p�2�/ �r�B�i�? �� �}�/�2�H�B�i�v �m�T �i�Q90�W�X �:���i�2 �}�/�2�H�B�i�v �B�b �+�?���`�;�2 �M�Q�B�b�2 �H�B�K�B�i�2�/ ���M�/ �+�Q�m�H�/

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

" �r�?�B�+�? �?���b �/�2�K�Q�M�b�i�`���i�2�/ �B�K�T�`�Q�p�2�/ �M�Q�B�b�2 �T�2�`�7�Q�`�K���M�+�2 �(�9�e�)�X

�1�I�B�T�F �H�B�U�F�q�?�2�M�E z � J �/�Q�K�B�M���i�2�b�-j" ; #i ���M�/j#; "i ���`�2 �2�B�;�2�M�b�i���i�2�b �Q�7 �i�?�2 �b�v�b�@

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

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

�/�B�z�2�`�2�M�+�2 �2�[�m���H�b� �X �h�?�2 �*�S�>���a�1 �;���i�2 �+���M �#�2 �+�Q�M�b�i�`�m�+�i�2�/ �B�M �� �b�B�M�;�H�2 �7���b�i �T�m�H�b�2 �#�v

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

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

�Q�M ���M �B�M�i�`�B�M�b�B�+ �/�B�z�2�`�2�M�+�2 �(�R�y�9�) �B�M�E z ���M�/ �m�b�B�M�; �� �K�B�+�`�Q�@�K���;�M�2�i �(�j�e�)�X �q�B�i�? �i�?�2

�H���i�i�2�` �� �`�Q�i���i�B�Q�M �+���M �#�2 �T�2�`�7�Q�`�K�2�/ �r�B�i�?�B�M �8�y �M�b ���M�/ �� �"�2�H�H �b�i���i�2 �}�/�2�H�B�i�v �Q�7F = 89�W

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

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

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

�3�F�T�P�O�B�O�U �H�B�U�F�a�B�K�B�H���` �i�Q �i�?�2 �?�v�T�2�`�}�M�2 �B�M�i�2�`���+�i�B�Q�M �#�2�i�r�2�2�M �i�?�2 �/�Q�M�Q�` �M�m�+�H�2���`

���M�/ �2�H�2�+�i�`�Q�M �b�T�B�M�- �;�B�p�B�M�; �`�B�b�2 �i�Q �9 �H�2�p�2�H �b�v�b�i�2�K �r�B�i�? �/�B�b�i�B�M�+�i �/�`�B�p�2 �7�`�2�[�m�2�M�+�B�2�b�- ���M

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

�b�i�`�m�+�i�2�/ �#���b�2�/ �Q�M �i�?�2 �i�m�M���#�H�2 �2�t�+�?���M�;�2 �B�M�i�2�`���+�i�B�Q�MJ ���M�/ �b�T�B�M �`�2�b�Q�M���M�+�2 �i�2�+�?�M�B�[�m�2�b

�U�1�a�_�f�1�.�a�_�V�X �q�?�B�H�2 ���iJ = 0 �b�B�M�;�H�2 �b�T�B�M�b �+���M �#�2 �/�`�B�p�2�M �m�M�+�Q�M�/�B�i�B�Q�M���H �Q�M �i�?�2 �b�2�+�@

�Q�M�/ �b�T�B�M �/�m�2 �i�Q ���M �2�[�m���H �2�M�2�`�;�v �/�B�z�2�`�2�M�+�2�- ���iJ > 0 �/�B�b�i�B�M�+�i �/�`�B�p�2 �7�`�2�[�m�2�M�+�B�2�b �7�Q�`�K

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

�i�?�2 �b�2�+�Q�M�/ �b�T�B�M ���b �b�?�Q�r�M �B�M �6�B�;�X �k�X�d�U�+�V�X �h�?�B�b �?���b �#�2�2�M �/�2�K�Q�M�b�i�`���i�2�/ �(�9�9�- �R�y�N�) ���M�/

�B�b �B�H�H�m�b�i�`���i�2�/ �B�M �6�B�;�X �k�X�d�U�2�V �r�?�2�`�2 �i�r�Q �/�B�z�2�`�2�M�i �/�`�B�p�2 �7�`�2�[�m�2�M�+�B�2�b �7�Q�` �[�m�#�B�i �R ���`�2

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

�+�Q�M�i�`�Q�H�H�2�/ �`�Q�i���i�B�Q�M �r�B�i�? �;���i�2 �}�/�2�H�B�i�v �Q�7 �m�T �i�QF = 98�W �r�B�i�?�B�M �k �’�b �?���b �#�2�2�M �/�2�K�Q�M�@

�b�i�`���i�2�/�X �� �7���b�i�2�` �;���i�2 �+�Q�m�H�/ �#�2 �T�2�`�7�Q�`�K�2�/ �r�?�2�M �+�Q�K�#�B�M�2�/ �r�B�i�? �1�.�a�_ ���M�/ �b�i�`�Q�M�;

�K�B�+�`�Q�@�K���;�M�2�i�b �(�R�y�y�- �R�y�N�)�X



�k�e �*�?���T�i�2�` �k�"���+�F�;� �̀Q�m�M�/

���������� �4�J�O�H�M�F�U���U�S�J�Q�M�F�U �R�V�C�J�U

�A�M�b�i�2���/ �Q�7 �2�M�+�Q�/�B�M�; �[�m���M�i�m�K �B�M�7�Q�`�K���i�B�Q�M �B�M �� �b�B�M�;�H�2 �b�T�B�M�- �i�?�2 �b�B�M�;�H�2�i�@�i�`�B�T�H�2�i �US�@T0�V

�[�m�#�B�i �K���F�2�b �m�b�2 �Q�7 �i�?�2Sz = 0 �b�m�#�b�T���+�2 �Q�7 �i�?�2 �+�Q�K�#�B�M�2�/ �i�r�Q �2�H�2�+�i�`�Q�M �b�T�B�M �b�i���i�2�b

���b �/�2�}�M�2�/ �B�M �1�[�X �U�k�X�R�e�V ���M�/ �b�?�Q�r�M �B�M �6�B�; �k�X�8�U�#�V�- �r�?�2�`�2 �i�?�2 �b�v�K�K�2�i�`�B�+ �i�`�B�T�H�2�i�b ���`�2

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

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

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

���#�Q�p�2 �(�R�y�d�- �R�y�3�- �R�R�y�)�X �J�Q�`�2�Q�p�2�`�- �i�?�2Sz = 0 �b�m�#�b�T���+�2 �B�b �T�`�Q�i�2�+�i�2�/ �7�`�Q�K �Q�p�2�`���H�H

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

�2���`�H�v �:�����b �#���b�2�/ �B�K�T�H�2�K�2�M�i���i�B�Q�M�b �(�R�R�R�)�X �"�v �i�`���M�b�7�Q�`�K�B�M�; �1�[�X �U�k�X�k�j�V �B�M�i�Q �� �b�B�M�;�H�2�i

�i�`�B�T�H�2�i �#���b�B�b ���M�/ �K���F�B�M�; �b�B�K�B�H���` ���T�T�`�Q�t�B�K���i�B�Q�M�b �B�M �i�?�2 �`�2�;�B�K�2U � " � tc ���M�/

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

�#�v �(�R�y�9�)

HST0 =
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�>�2�`�2J (") = 1
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q
2t2

c + 1
4(U � ")2 �B�b �i�?�2 �2�t�+�?���M�;�2 �B�M�i�2�`���+�i�B�Q�M ���M�/� Ez =

�E z �+�Q�b� �B�b �i�?�2 �H�Q�+���H �w�2�2�K���M �2�M�2�`�;�v �/�B�z�2�`�2�M�+�2 �r�B�i�?� ("; t c) �#�2�B�M�; ���M ���M�;�H�2 �B�M�i�`�Q�@

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

�T�?���b�2 �U�`�Q�i���i�B�Q�M�b ���H�Q�M�; �i�?�2z ���t�B�b�V�- �r�?�B�H�2 �i�?�2 �H�Q�+���H �w�2�2�K���M �/�B�z�2�`�2�M�+�2 �/�`�B�p�2�b �Q�b�+�B�H�H���@
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�l�b�B�M�; �_�6 �i�2�+�?�M�B�[�m�2�b�- ���M �a�1�h �+���M �#�2 �Q�T�2�`���i�2�/ ���i �7�`�2�[�m�2�M�+�B�2�b �H���`�;�2�` �i�?���M �R�y�y �J�>�x�-

�r�?�2�`�2 �#���M�/�r�B�/�i�? ���M�/ �b�2�M�b�B�i�B�p�B�i�v �H�B�K�B�i���i�B�Q�M�b �+���M �#�2 �Q�p�2�`�+�Q�K�2�X ���/�/�B�i�B�Q�M���H�H�v�- �_�6

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

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

�_�6 �`�2���/�Q�m�i ���`�2 �2�t�T�H���B�M�2�/ �B�M �i�?�2 �M�2�t�i �b�2�+�i�B�Q�M�b �b�i���`�i�B�M�; �r�B�i�? �i�?�2 �B�M�i�`�Q�/�m�+�i�B�Q�M �Q�7

�`�2�b�Q�M���i�Q�`�b�X

���������� �3�F�T�P�O�B�U�P�S

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

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

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

�i�?�2 �B�K�T�2�/���M�+�2 �Q�7 �i�?�2 �+�Q���t�B���H �H�B�M�2 �UZ0 = �8�y �Õ�V�X �A�M �K�B�+�`�Q�r���p�2 �2�M�;�B�M�2�2�`�B�M�; �(�R�9�3�)�- �i�?�2

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

�T�Q�`�i �M�2�i�r�Q�`�F�- ���b �b�?�Q�r�M �B�M �6�B�;�X �k�X�R�k�U���V�- �r�B�i�? �B�M�+�Q�K�B�M�; �r���p�2�bV 1
�B�M���M�/V 2

�B�M�7�`�Q�K �T�Q�`�i

�R ���M�/ �k �B�b �`�2�T�`�2�b�2�M�i�2�/ ���b

 
V 1

�Q�m�i

V 2
�Q�m�i
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S11 S12

S21 S22

!  
V 1

�B�M

V 2
�B�M

!

: �U�k�X�k�d�V

�h�?�2 �K���i�`�B�t �2�H�2�K�2�M�i�bSxy �/�2�i�2�`�K�B�M�2 �r�?���i �7�`���+�i�B�Q�M �Q�7 �i�?�2 �r���p�2 �Q�`�B�;�B�M���i�B�M�; �7�`�Q�K

�T�Q�`�iy �B�b �i�`���M�b�7�2�`�`�2�/ �i�Q �T�Q�`�ix �USxy = V x
�Q�m�i

V y
�B�M

�V�X �h�?�m�b�-S11 ���M�/S22 ���`�2 �i�?�2 �`�2�~�2�+�@

�i�B�Q�M �+�Q�2�{�+�B�2�M�i�b �Q�7 �T�Q�`�i �R ���M�/ �k�- �r�?�B�H�2S12 ���M�/S21 ���`�2 �i�?�2 �`�2�p�2�`�b�2 ���M�/ �7�Q�`�r���`�/

�i�`���M�b�K�B�b�b�B�Q�M�X �h�?�2 �+�Q�K�T�H�2�i�2S�@�K���i�`�B�t �Q�7 �� �+�B�`�+�m�B�i �+���M �#�2 �K�2���b�m�`�2�/ �m�b�B�M�; �� �p�2�+�i�Q�`�@
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�'�J�H�V�S�F �����������A�K�T�2�/���M�+�2 �K���i�+�?�B�M�;�X �U���V�h�r�Q �T�Q�`�i �M�2�i�r�Q�`�F �b�+���i�i�2�`�B�M�; �K���i�`�B�t�X
�U�#�V�A�H�H�m�b�i�`���i�B�Q�M �Q�7 �� �K���i�+�?�B�M�; �M�2�i�r�Q�`�F �#�2�i�r�2�2�M �i�?�2 �H�B�M�2 �B�K�T�2�/���M�+�2Z0 ���M�/
�/�2�p�B�+�2 �B�K�T�2�/���M�+�2Z �/ �X�U�+�V�J���i�+�?�B�M�; �+���M �#�2 ���+�?�B�2�p�2�/ �#�v ���/�/�B�M�; ���M �B�M�/�m�+�i�Q�`
L �r�?�B�+�? �7�Q�`�K�b �� �`�2�b�Q�M���i�Q�` �r�B�i�? �i�?�2 �T���`���b�B�i�B�+ �+���T���+�B�i���M�+�2C�T ���M�/ �/�2�p�B�+�2
�B�K�T�2�/���M�+�2Z �/ �i�?���i �B�b �T���`���K�2�i�`�B�b�2�/ �#�v �� �+���T���+�B�i���M�+�2C�/ ���M�/ �`�2�b�B�b�i���M�+�2R�/ �B�M
�T���`���H�H�2�H�X�U�/�V�1�[�m�B�p���H�2�M�i �+�B�`�+�m�B�i �Q�7 �U�+�V �r�?�2�M �Q�T�2�`���i�B�M�; ���i �`�2�b�Q�M���M�+�2 �U! = ! r �V
�r�B�i�?C0 = C�T+ C�/ ���M�/R�2�7�7= L/ C0R�/ �X

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

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

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

�B�b �i�v�T�B�+���H�H�v �K�2���b�m�`�2�/ �B�M �H�Q�;���`�B�i�?�K�B�+ �m�M�B�i�bP (�/�"�K) = 10 � �H�Q�;10

�
P

�R �K�q

�
�r�B�i�? �`�2�b�T�2�+�i

�i�Q �R �K�q�X �a�B�K�B�H���`�H�v�- �i�?�2 �K���;�M�B�i�m�/�2 �Q�7 �i�?�2S�@�K���i�`�B�t �2�H�2�K�2�M�i�b�- �`�2�T�`�2�b�2�M�i�B�M�; �;���B�M ���M�/

�H�Q�b�b�- �B�b �i�v�T�B�+���H�H�v �K�2���b�m�`�2�/ �B�M �/�2�+�B�#�2�H�bSxy (�/�" ) = 10 � �H�Q�;10

�
P x

�Q�m�i
P y

�Q�m�i

�
= 20 � �H�Q�;10

�
V x

�Q�m�i
V y

�Q�m�i

�
�X

�A�M �_�6 �`�2�~�2�+�i�Q�K�2�i�`�v�- �Q�M�2 �T�Q�`�i �Q�7 �i�?�2 �M�2�i�r�Q�`�F �B�b �i�2�`�K�B�M���i�2�/ �#�v �i�?�2 �/�2�p�B�+�2 �r�?�B�+�?

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

S11 ���M�/S21 ���`�2 �i�?�2 �K�Q�b�i �`�2�H�2�p���M�i �r�?�B�+�? �/�2�b�+�`�B�#�2 �i�?�2 �`�2�~�2�+�i�B�Q�M� �Q�7 �i�?�2 �b�B�;�M���H ���M�/

�i�?�2 �i�`���M�b�K�B�b�b�B�Q�MT �Q�7 �i�?�2 �b�B�;�M���H �i�Q �i�?�2 �/�2�p�B�+�2 �U�b�2�2 �6�B�;�X �k�X�R�k�U�#�V�V�X �:�B�p�2�M �i�?�2 �B�M�T�m�i

�B�K�T�2�/���M�+�2 �Q�7 �i�?�2 �H�B�M�2�-Z0�- ���M�/ �i�?�2 �B�K�T�2�/���M�+�2 �Q�7 �i�?�2 �/�2�p�B�+�2 ���M�/ �K���i�+�?�B�M�; �M�2�i�r�Q�`�F�-

Z �- �i�?�2 �`�2�~�2�+�i�B�Q�M ���M�/ �i�`���M�b�K�B�b�b�B�Q�M �+�Q�2�{�+�B�2�M�i �B�b �/�2�}�M�2�/ ���b

� =
Z � Z0

Z + Z0
�U�k�X�k�3�V

T =
2Z

Z + Z0
: �U�k�X�k�N�V

�q�B�i�?�Q�m�i ���M�v �K���i�+�?�B�M�; �i�Q �i�?�2 �H�B�M�2Z = Z �/ � Z0 ���M�/� ! 1 ���M�/T ! 0�- �r�?�B�+�? �K�2���M�b

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

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



�k�X�j �_���/�B�Q�@�7�`�2�[�m�2�M�+�v �`�2�~�2�+�i�Q�K�2�i�`�v �j�8

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

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

�T���`���b�B�i�B�+ �+���T���+�B�i���M�+�2C�T�- �/�2�p�B�+�2 �+���T���+�B�i���M�+�2C�/ ���M�/ �`�2�b�B�b�i���M�+�2R�/ �r�?�B�+�? �B�b �b�?�Q�r�M

�B�M �6�B�;�X �k�X�R�k�U�+�V�X �"�Q�i�?C�/ ���M�/R�/ �/�2�T�2�M�/ �Q�M �/�2�p�B�+�2 �T���`���K�2�i�2�`�b�X �h�?�2 �B�K�T�2�/���M�+�2 �Q�7

�i�?�2 �`�2�b�Q�M���M�i �+�B�`�+�m�B�i �B�M �6�B�;�X �k�X�R�k�U�+�V �B�b �;�B�p�2�M �#�v

Z = i!L +
R�/

1 + i!R �/C0
; �U�k�X�j�y�V

C0 = C�T+ C�/: �U�k�X�j�R�V

�_�2�b�Q�M���M�+�2 �Q�+�+�m�`�b �r�?�2�M �i�?�2 �`�2���+�i���M�+�2 �B�b �x�2�`�Q �U�A�K(Z ) = 0 �V�X �h�?�B�b �`�2�b�m�H�i�b �B�M �� �`�2�b�Q�M���M�i

�7�`�2�[�m�2�M�+�v �Q�7

! r =

s
1

LC0

�
1 �

L
R2

�/C0

�
�

r
1

LC0
�U�k�X�j�k�V

�r�?�B�+�? �+���M �#�2 ���T�T�`�Q�t�B�K���i�2�/ �7�Q�` �i�v�T�B�+���H �2�t�T�2�`�B�K�2�M�i���H �T���`���K�2�i�2�`�bL/ R2
�/C0 � 1�X �a�m�#�@

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

�`�2�b�Q�M���M�+�2 ���i! = ! r + � ! �B�b �(�R�9�3�)

Z =
L

C0R�/
+ i!L +

1
i!C 0

�U�k�X�j�j�V

=
L

C0R�/
+

i
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�
! 2L �

L
LC0

�
�U�k�X�j�9�V

�
L

C0R�/
+

i
wr

(2� !! r L) �U�k�X�j�8�V

= R�2�7�7+ i2

r
L
C0

� !
! r

�U�k�X�j�e�V

�r�B�i�?R�2�7�7= L/ C0R�/ �r�?�B�+�? �B�H�H�m�b�i�`���i�2�b �?�Q�r �i�?�2 �`�2�b�Q�M���i�Q�` �+���M �K���i�+�? �i�?�2 �?�B�;�? �`�2�@

�b�B�b�i���M�+�2 �Q�7 �i�?�2 �/�2�p�B�+�2 �i�Q ���M �2�z�2�+�i�B�p�2 �`�2�b�B�b�i���M�+�2�X �q�?�2�MR�2�7�7= �8�y �Õ �i�?�2 �`�2�b�Q�M���i�Q�`

�B�b �T�2�`�7�2�+�i�H�v �K���i�+�?�2�/ �i�Q �i�?�2 �+�Q���t�B���H �H�B�M�2 �b�m�+�? �i�?���i ���i �`�2�b�Q�M���M�+�2j� j ! 0 ���M�/ ���r���v

�7�`�Q�K �`�2�b�Q�M���M�+�2j� j ! 1�X ���M �2�t���K�T�H�2 �Q�7 �� �T�2�`�7�2�+�i�H�v �K���i�+�?�2�/ �`�2�b�Q�M���i�Q�` �B�b �b�?�Q�r�M

�B�M �6�B�;�X �k�X�R�j�U���V�X �A�M ���/�/�B�i�B�Q�M �i�Q �i�?�2 �K���i�+�?�B�M�;�- ���M�Q�i�?�2�` �B�K�T�Q�`�i���M�i �T���`���K�2�i�2�` �B�b �i�?�2

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

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

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

�[�m�#�B�i�b �U�b�2�2 �a�2�+�i�B�Q�M �k�X�k�X�8 �V�X ���i �b�m�+�? �Q�T�2�`���i�B�Q�M �T�Q�B�M�i�- �i�?�2 �`�2�b�B�b�i���M�+�2 �Q�7 �i�?�2 �a�1�h �B�b

�Q�M �i�?�2 �Q�`�/�2�` �Q�7 �� �`�2�b�B�b�i���M�+�2 �[�m���M�i�m�KRQ = h/ e2 = �k�e �F�Õ�X �h�?�m�b�- �� �`�2�b�Q�M���i�Q�` �7�Q�`

�_�6 �`�2���/�Q�m�i�- �i�?���i �+�Q�M�M�2�+�i�b �i�Q �i�?�2 �b�Q�m�`�+�2 �Q�7 �i�?�2 �a�1�h �/�2�p�B�+�2�- �b�?�Q�m�H�/ �#�2 �K���i�+�?�2�/ �i�Q ��

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

�Q�M �i�?�2 �Q�`�/�2�` �Q�7 �R�y�y���R�y�y�y �M�>�X ���M�v �+�?���M�;�2�b �B�M �i�?�2 �2�H�2�+�i�`�Q�b�i���i�B�+ �2�M�p�B�`�Q�M�K�2�M�i �Q�7 �i�?�2

�a�1�h�- �b�m�+�? ���b �+�?���M�;�2�b �B�M �i�?�2 �+�?���`�;�2 �+�Q�M�}�;�m�`���i�B�Q�M �Q�7 �� �M�2���`�#�v �[�m���M�i�m�K �/�Q�i �U�[�m�#�B�i�V�-

�`�2�b�m�H�i �B�M �� �+�?���M�;�2 �Q�7 �i�?�2 �a�1�h �Q�T�2�`���i�B�Q�M �T�Q�B�M�i �r�?�B�+�? �i�`���M�b�H���i�2�b �B�M�i�Q �� �+�?���M�;�2 �B�M
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�k�X�9 �S���`���K�2�i�`�B�+ ���K�T�H�B�}�+���i�B�Q�M �9�N

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

�T�`�Q�+�2�b�b �� �i�`���M�b�7�Q�`�K���i�B�Q�M �i�Q �[�m���/�`���i�m�`�2�b �r�B�i�? �� �T�Q�r�2�` �;���B�M �Q�7G�- Î ! Î 0 =
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�2�p�2�M �#�2�H�Q�r �7�Q�` �T�?���b�2�@�b�2�M�b�B�i�B�p�2 ���K�T�H�B�}�2�`�b �/�m�2 �i�Q �b�[�m�2�2�x�B�M�;�X

�S�?�v�b�B�+���H�H�v�- �T���`���K�2�i�`�B�+ ���K�T�H�B�}�+���i�B�Q�M �B�b ���+�?�B�2�p�2�/ �B�M �� �K�B�t�B�M�;�f�b�+���i�i�2�`�B�M�; �T�`�Q�+�2�b�b�-

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

�Q�` �K�2�/�B�m�K ���b �B�H�H�m�b�i�`���i�2�/ �B�M �6�B�;�X �k�X�R�N�X �.�2�T�2�M�/�B�M�; �Q�M �i�?�2 �M�Q�M�@�H�B�M�2���`�B�i�v �b�Q �+���H�H�2�/

�i�?�`�2�2�@�r���p�2 �U� (2) �M�Q�M�@�H�B�M�2���`�B�i�v�V �Q�` �7�Q�m�`�@�r���p�2 �K�B�t�B�M�; �U� (3) �M�Q�M�@�H�B�M�2���`�B�i�v�V

! �T�m�K�T= ! �b�B�;�M���H+ ! �B�/�H�2�` �U�k�X�e�y�V

! �T�m�K�T+ ! �T�m�K�T= ! �b�B�;�M���H+ ! �B�/�H�2�` �U�k�X�e�R�V

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

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

�A�M �i�?�B�b �+�Q�M�i�2�t�i �B�i �K���F�2�b �b�2�M�b�2 �i�Q �/�B�b�+�m�b�b �i�?�2 �M�Q�i�B�Q�M �Q�7 �� �/�2�;�2�M�2�`���i�2 ���M�/ �M�Q�M�@

�/�2�;�2�M�2�`���i�2 �T���`���K�2�i�`�B�+ ���K�T�H�B�}�2�` �r�?�B�+�? �B�b �B�H�H�m�b�i�`���i�2�/ �B�M �6�B�;�X �k�X�k�y�X �� �T���`���K�2�i�`�B�+

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

�2�`���i�2 �r�B�i�?�B�M �i�?�2�B�` �#���M�/�r�B�/�i�?! �b�B�;�M���H� ! �B�/�H�2�`�X �� �M�Q�M�@�/�2�;�2�M�2�`���i�2 ���K�T�H�B�}�2�`�- �r�?�2�`�2

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

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

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

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

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

�7�Q�m�`�@�r���p�2 �T�`�Q�+�2�b�b �i�?�2 ���K�T�H�B�}�2�` �B�b ���H�r���v�b �/�2�;�2�M�2�`���i�2�X �q�?�2�M �Q�T�2�`���i�B�M�; �i�?�2 �T�m�K�T
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�'�J�H�V�S�F �����������U�L�Q�M�V�.�2�;�2�M�2�`���i�2 �T���`���K�2�i�`�B�+ ���K�T�H�B�}�2�`�X�h�?�2 �/�B�z�2�`�2�M�+�2 �#�2�@
�i�r�2�2�M �� �M�Q�M�@�/�2�;�2�M�2�`���i�2 ���M�/ �/�2�;�2�M�2�`���i�2 �T���`���K�2�i�`�B�+ ���K�T�H�B�}�2�` �B�b �B�H�H�m�b�i�`���i�2�/�X
���`�`�Q�r�b �`�2�T�`�2�b�2�M�i �2�t�2�K�T�H���`�v �T�m�K�T�- �b�B�;�M���H ���M�/ �B�/�H�2�` �7�`�2�[�m�2�M�+�B�2�b ���M�/ �;���B�M �T�`�Q�@
�}�H�2�b ���`�2 �B�M�/�B�+���i�2�/�X �"���+�F�;�`�Q�m�M�/ �+�Q�H�Q�m�` �B�M�/�B�+���i�2�b �i�?�`�2�2 �U�#�2�B�;�2�V �Q�` �7�Q�m�` �U�H�B�;�?�i
�#�H�m�2�V �r���p�2 �K�B�t�B�M�; �T�`�Q�+�2�b�b�X

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

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

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

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

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

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

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

�b�?�Q�r�M �B�M �6�B�;�X�k�X�k�y�X

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

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

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

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

�/�2�;�2�M�2�`���i�2 ���K�T�H�B�}�2�` �B�b �T�?���b�2�@�b�2�M�b�B�i�B�p�2 �r�?�2�M! �b�B�;�M���H= ! �B�/�H�2�`�b�m�+�? �i�?���i �b�B�;�M���H ���M�/ �B�/�H�2�`

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

�6�B�;�X �k�X�k�y �T�?���b�2�@�T�`�2�b�2�`�p�B�M�; �Q�T�2�`���i�B�Q�M �Q�7 �� �/�2�;�2�M�2�`���i�2 ���K�T�H�B�}�2�` �B�b �b�?�Q�r�M�- �r�?�2�`�2 �i�?�2

�b�B�;�M���H �U�;�`�2�2�M ���`�`�Q�r�V �B�b �Q�M �Q�M�2 �b�B�/�2 �Q�7 �i�?�2 �;���B�M �T�`�Q�}�H�2 �U�H�2�7�i �Q�7! 0�V �r�?�B�+�? �;�2�M�2�`���i�2�b ��

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

! 0�V�X �q�?�2�M �i�?�2 �b�B�;�M���H �B�b �2�t���+�i�H�v ���i �i�?�2 �+�2�M�i�`�2 �Q�7 �i�?�2 �`�2�b�Q�M���M�i �K�Q�/�2 �U�/�B�`�2�+�i�H�v ���i! 0�V

�i�?�2 ���K�T�H�B�}�2�` �B�b �T�?���b�2�@�b�2�M�b�B�i�B�p�2�X

�������������� �+�P�T�F�Q�I�T�P�O �K�V�O�D�U�J�P�O �E�F�W�J�D�F�T

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

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

�7�2�+�i �(�R�3�d�) �B�M �� �b�m�T�2�`�+�Q�M�/�m�+�i�Q�`�@�B�M�b�m�H���i�Q�`�@�b�m�T�2�`�+�Q�M�/�m�+�i�Q�` �i�m�M�M�2�H �D�m�M�+�i�B�Q�M �U�C�Q�b�2�T�?�b�Q�M



�8�k �*�?���T�i�2�` �k�"���+�F�;� �̀Q�m�M�/

�D�m�M�+�i�B�Q�M�V �;�B�p�2�b �`�B�b�2 �i�Q �� �M�Q�M�@�H�B�M�2���` �B�M�/�m�+�i���M�+�2

L J =
h/2 e

2�I 0 �+�Q�b'
�U�k�X�e�k�V

�r�?�2�`�2I 0 ���M�/' �B�b �i�?�2 �b�m�T�2�`�+�Q�M�/�m�+�i�B�M�; �+�`�B�i�B�+���H �+�m�`�`�2�M�i ���M�/ �T�?���b�2 �/�B�z�2�`�2�M�+�2 ���+�`�Q�b�b

�i�?�2 �D�m�M�+�i�B�Q�M�X �S���`���K�2�i�`�B�+ ���K�T�H�B�}�+���i�B�Q�M �(�R�3�3�- �R�3�N�) ���M�/ �b�[�m�2�2�x�B�M�; �(�R�N�y�- �R�N�R�) �?���p�2

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

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

�+�B�`�+�m�B�i�b �7�Q�` �[�m���M�i�m�K �+�Q�K�T�m�i���i�B�Q�M �(�R�N�)�X �_�2���/�Q�m�i �B�M �2�t�T�2�`�B�K�2�M�i�b �m�b�B�M�; �b�m�T�2�`�+�Q�M�@

�/�m�+�i�B�M�; �+�B�`�+�m�B�i�b �?���b �#�2�2�M �;�`�2���i�H�v �B�K�T�`�Q�p�2�/ �(�R�d�e�- �R�N�k���k�y�j�) �i�?�`�Q�m�;�? �7�m�`�i�?�2�` ���/�p���M�+�2�b

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

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

�`�2�b�Q�M���i�Q�`�b �#���b�2�/ �Q�M �D�m�M�+�i�B�Q�M ���`�`���v�b �Q�` �r�B�i�? �D�m�M�+�i�B�Q�M�b �B�M �i�?�2 �b�m�T�2�`�+�Q�M�/�m�+�i�B�M�; �[�m���M�@

�i�m�K �B�M�i�2�`�7�2�`�2�M�+�2 �/�2�p�B�+�2 �U�a�Z�l�A�.�V �;�2�Q�K�2�i�`�v �(�R�N�3�- �R�N�N�)�X �q�?�2�M �~�m�t�@�/�`�B�p�2�M �p�B�� �� �b�2�+�@

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

�7�`�2�[�m�2�M�+�v�V �B�b �`�2���H�B�b�2�/ �(�k�y�R�- �k�y�9�)�X ���M �2�z�2�+�i�B�p�2 �7�Q�m�`�@�r���p�2 �K�B�t�B�M�; �T�`�Q�+�2�b�b �B�b ���+�?�B�2�p�2�/

�r�?�2�M �T�m�K�T�2�/ �i�?�`�Q�m�;�? �i�?�2 �b�B�;�M���H �T�Q�`�i �U�+�m�`�`�2�M�i �/�`�B�p�2�M�V �(�R�N�d�- �k�y�9�)�X �S�?���b�2�@�T�`�2�b�2�`�p�B�M�;

���K�T�H�B�}�+���i�B�Q�M �M�2���` �i�?�2 �[�m���M�i�m�K �H�B�K�B�i �(�R�N�d�- �k�y�8�- �k�y�e�) �U�R�y�y�W���e�9�W �2�{�+�B�2�M�+�v�V ���M�/

�b�[�m�2�2�x�B�M�; �(�R�N�j�- �k�y�d�) �?���b �#�2�2�M �/�2�K�Q�M�b�i�`���i�2�/�X �A�M ��� /4 �`�2�b�Q�M���i�Q�` �b�?�m�M�i�2�/ �#�v ��

�a�Z�l�A�. �(�k�y�k�) �� �b�B�K�B�H���` �7�Q�m�`�@�r���p�2 �K�B�t�B�M�; ���K�T�H�B�}�2�` �i�?���i �B�b �T�m�K�T�2�/ �i�?�`�Q�m�;�? �i�?�2 �b�B�;�@

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

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

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

�K�B�+�`�Q�r���p�2 �T�Q�`�i �(�k�y�9�- �k�y�e�)�X �"�2�b�B�/�2�b �b�m�+�? �/�2�;�2�M�2�`���i�2 ���K�T�H�B�}�2�`�b�- �� �M�Q�M�@�/�2�;�2�M�2�`���i�2

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

�#�2�2�M �/�2�K�Q�M�b�i�`���i�2�/ �U�C�Q�b�2�T�?�b�Q�M �T���`���K�2�i�`�B�+ �+�Q�M�p�2�`�i�2�`�- �C�S�*�V �(�k�y�y�- �k�y�3���k�R�y�)�- ���M�/ �Q�T�@

�2�`���i�B�Q�M �M�2���` �i�?�2 �[�m���M�i�m�K �H�B�K�B�i �B�b ���+�?�B�2�p�2�/ ���M�/ �b�[�m�2�2�x�B�M�; �B�b �Q�#�b�2�`�p�2�/�X �� �C�S�*

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

�b�2�T���`���i�2�/ �i�`���M�b�K�B�b�b�B�Q�M �H�B�M�2�b�X �� �i�`���p�2�H�H�B�M�; �r���p�2 �T���`���K�2�i�`�B�+ ���K�T�H�B�}�2�` �U�h�q�S���V �2�t�@

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

�F�B�M�2�i�B�+ �B�M�/�m�+�i���M�+�2 �K���i�2�`�B���H �(�k�R�R�) ���M�/ �m�b�B�M�; �� �H���`�;�2 ���K�Q�m�M�i �Q�7 �C�Q�b�2�T�?�b�Q�M �D�m�M�+�i�B�Q�M�b

�U�C�h�q�S���V �(�k�y�j�- �k�R�k�)�X �*�Q�K�T���`�2�/ �i�Q �M�Q�M�@�H�B�M�2���` �`�2�b�Q�M���i�Q�` �#���b�2�/ �C�S���b�- �� �U�C�V�h�q�S��

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

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

�`�2���+�?�2�/�X �h�v�T�B�+���H �p���H�m�2�b ���`�2 �k�k�W ���M�/ �d�8�W �2�{�+�B�2�M�+�v �7�Q�` �i�?�2 �h�q�S�� ���M�/ �C�h�q�S��

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

�}�+���i�B�Q�M �Q�7 �U�M�Q�M�V�/�2�;�2�M�2�`���i�2 ���K�T�H�B�}�+���i�B�Q�M �B�b �m�b�m���H�H�v �M�Q�i ���T�T�H�B�2�/ �i�Q �U�C�V�h�q�S���b�X ��
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�'�J�H�V�S�F �����������C�Q�b�2�T�?�b�Q�M �D�m�M�+�i�B�Q�M �#���b�2�/ ���K�T�H�B�}�2�`�b�X�a�m�K�K���`�v �Q�7 �C�Q�b�2�T�?�@
�b�Q�M �D�m�M�+�i�B�Q�M �#���b�2�/ ���K�T�H�B�}�2�`�b �B�M�+�H�m�/�B�M�; �b�+�?�2�K���i�B�+�b�- �K�B�+�`�Q�;�`���T�?�b ���M�/ �K���B�M
�T���`���K�2�i�2�`�b�X�U���V�G�m�K�T�2�/�@�2�H�2�K�2�M�i ���M�/�U�#�V� /4 �#���b�2�/ �M�Q�M�@�H�B�M�2���` �`�2�b�Q�M���i�Q�`�-
�U�+�V�C�Q�b�2�T�?�b�Q�M �T���`���K�2�i�`�B�+ �+�Q�M�p�2�`�i�2�`�-�U�/�V�a�Z�l�A�. ���K�T�H�B�}�2�` ���M�/�U�2�V�C�h�q�S���X
�A�K���;�2�b �`�2�T�`�Q�/�m�+�2�/ �7�`�Q�K �(�R�N�d�- �k�y�k�- �k�y�j�- �k�R�y�- �k�R�3�)�X

�i�?�2�Q�`�v �7�Q�` �;�2�M�2�`���i�B�Q�M �Q�7 �b�[�m�2�2�x�2�/ �b�i���i�2�b �B�M �� �C�h�q�S�� �?���b �#�2�2�M �/�2�p�2�H�Q�T�2�/ �(�k�R�j�)�X

�6�B�M���H�H�v�- ���M�Q�i�?�2�` �i�v�T�2 �Q�7 �K�B�+�`�Q�r���p�2 ���K�T�H�B�}�2�` �#���b�2�/ �Q�M �� �.�* �+�m�`�`�2�M�i �#�B���b�2�/ �a�Z�l�A�.

�?���b �#�2�2�M �/�2�K�Q�M�b�i�`���i�2�/ �(�k�R�9�- �k�R�8�)�X �h�Q ���+�?�B�2�p�2 ���K�T�H�B�}�+���i�B�Q�M�- �i�?�2 �a�Z�l�A�. �B�b �+�m�`�@

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

�i�?�`�Q�m�;�? �i�?�2 �a�Z�l�A�. ���i �� �;�B�p�2�M �~�m�t �#�B���b �T�Q�B�M�i�X �L�Q�B�b�2 �T�2�`�7�Q�`�K���M�+�2 �+�H�Q�b�2 �i�Q �`���/�B�Q�@

�7�`�2�[�m�2�M�+�v �T�Q�r�2�`�2�/ �C�S���b �B�M �T�?���b�2�@�T�`�2�b�2�`�p�B�M�; �K�Q�/�2 �?���b �#�2�2�M ���+�?�B�2�p�2�/ �(�k�R�e�)�- �?�Q�r�2�p�2�`�-

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

�#���b�2�/ ���K�T�H�B�}�2�`�b �B�b �;�B�p�2�M �B�M �6�B�;�X �k�X�k�R�X

�J�Q�b�i �C�S���b �Q�T�2�`���i�2 �B�M �i�?�2 �7�2�r �:�>�x �`�2�;�B�K�2 �+�Q�K�T���i�B�#�H�2 �r�B�i�? �b�m�T�2�`�+�Q�M�/�m�+�i�B�M�; �+�B�`�@

�+�m�B�i�b �7�Q�` �[�m���M�i�m�K �+�Q�K�T�m�i���i�B�Q�M�- �r�?�B�H�2 �a�Z�l�A�. ���K�T�H�B�}�2�`�b �T�2�`�7�Q�`�K �#�2�b�i �B�M �i�?�2 �b�m�#�@�R�@

�:�>�x �`�2�;�B�K�2 �#�m�i �Q�T�2�`���i�B�Q�M ���i �?�B�;�?�2�` �7�`�2�[�m�2�M�+�v �B�b �T�Q�b�b�B�#�H�2 �(�k�R�d�- �k�R�3�)�X �_�2�+�2�M�i�H�v�- �C�S���b

�Q�T�2�`���i�B�M�; �B�M �i�?�2 �b�m�#�@�R�@�:�>�x �`�2�;�B�K�2 �?���p�2 �#�2�2�M �/�2�K�Q�M�b�i�`���i�2�/ �(�k�R�N�)�X �q�?�B�H�2 �C�S���b �?���p�2

�b�m�T�2�`�B�Q�` �M�Q�B�b�2 �T�`�Q�T�2�`�i�B�2�b �/�m�2 �i�Q �� �T���`���K�2�i�`�B�+ ���K�T�H�B�}�+���i�B�Q�M �T�`�Q�+�2�b�b�- �a�Z�l�A�. ���K�T�H�B�@

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

�.�* �+�m�`�`�2�M�i�b�X �*�Q�K�T���`�2�/ �i�Q �>�1�J�h ���K�T�H�B�}�2�`�b�- �C�S���b ���`�2 �M�Q�i ���b �b�i�`���B�;�?�i�7�Q�`�r���`�/ �i�Q

�Q�T�2�`���i�2 ���M�/ �`�2�[�m�B�`�2 ���/�/�B�i�B�Q�M���H �+�B�`�+�m�B�i �+�Q�K�T�Q�M�2�M�i�b �B�M ���/�/�B�i�B�Q�M �i�Q �r�2�H�H�@�i�m�M�2�/ ���M�/ �H�Q�r

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



�8�9 �*�?���T�i�2�` �k�"���+�F�;� �̀Q�m�M�/

������ �4�J�M�J�D�P�O �R�V�C�J�U �T�V�N�N�B�S�Z �B�O�E �C�F�O�D�I�N�B�S�L�T

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

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

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

���T�T�2�M�/�B�t �1�X �h���#�H�2�X �k�X�R �b�m�K�K���`�B�b�2�b �/�B�z�2�`�2�M�i �r���v�b �i�Q �B�K�T�H�2�K�2�M�i �b�T�B�M �[�m�#�B�i�b �B�M �b�B�H�B�+�Q�M

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

�b�T�B�M
�[�m�#�B�i

�b�B�M�;�H�2
�[�m�#�B�i
�;���i�2

�i�r�Q �[�m�#�B�i
�;���i�2

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

jli
Sz =
� 1/2

B ���+ J �-�E z �a�.�h�-
���M�+�B�H�H��
�S�a�"

�Y �b�T�B�M1/2 �b�v�b�i�2�K
�Y �2�H�2�+�i�`�B�+���H �i�r�Q�@�[�m�#�B�i �;���i�2
� �K���;�M�2�i�B�+ �b�B�M�;�H�2�@�[�m�#�B�i �;���i�2
� �`�2���/�Q�m�i �`�2�b�2�`�p�Q�B�` �Q�` ���M�+�B�H�H��

jlli
Sz = 0

J �-� Ez �+���T���+�B�i�B�p�2�-
�2�t�+�?���M�;�2

�S�a�"
�Y �2�H�2�+�i�`�B�+���H �b�B�M�;�H�2�@�[�m�#�B�i �;���i�2
�Y �B�M�B�i�B���H�B�b���i�B�Q�M�- �`�2���/�Q�m�i
�Y �H�Q�r�@�}�2�H�/ �Q�T�2�`���i�B�Q�M
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���������� �4�0�* �O�B�O�P�X�J�S�F �U�S�B�O�T�J�T�U�P�S�T

�6�m�H�H�v�@�/�2�T�H�2�i�2�/ �b�B�H�B�+�Q�M�@�Q�M�@�B�M�b�m�H���i�Q�` �U�6�.�@�a�P�A�V �M���M�Q�r�B�`�2 �i�2�+�?�M�Q�H�Q�;�v ���H�H�Q�r�b �7�Q�`�K���i�B�Q�M

�Q�7 �Z�.�b �B�M �� �i�`���M�b�B�b�i�Q�` �U�r�`���T�@���`�Q�m�M�/ �;���i�2�V �;�2�Q�K�2�i�`�v�X �6���#�`�B�+���i�B�Q�M �T�`�Q�+�2�b�b�2�b �7�Q�` �b�m�+�?

�b�B�M�;�H�2�@�2�H�2�+�i�`�Q�M �/�2�p�B�+�2�b �?���p�2 �#�2�2�M �/�2�p�2�H�Q�T�2�/ ���i �*�1���@�G�2�i�B �(�3�N�- �k�k�y���k�k�k�) �Q�M �� �j�y�y �K�K

�*�J�P�a �T�H���i�7�Q�`�K �m�b�B�M�; �R�N�j �M�K �.�l�o �H�B�i�?�Q�;�`���T�?�v�X �P�M�2 �Q�7 �i�?�2 �F�2�v ���+�?�B�2�p�2�K�2�M�i�b �i�Q

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

�`�2�b�B�b�i �i�`�B�K�K�B�M�;�X

�6���#�`�B�+���i�B�Q�M �B�b �#���b�2�/ �Q�M �� �a�P�A �r���7�2�` �+�Q�M�b�B�b�i�B�M�; �Q�7 �� �3�8�y �’�K �i�?�B�+�F �a�B �b�m�#�b�i�`���i�2�-

�R�9�8 �’�K �i�?�B�+�F �#�m�`�B�2�/ �Q�t�B�/�2 �U�"�P�s�V ���M�/� 10�M�K �i�?�B�+�F �a�B �H���v�2�` ���i �i�?�2 �b�m�`�7���+�2�X �h�?�2 �i�?�B�M

�8�d



�8�3 �*�?���T�i�2�` �j�1�t�T�2�`�B�K�2�M�i���H �K�2�i�?�Q�/�b
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�'�J�H�V�S�F ���������a�B �M���M�Q�r�B�`�2 �i�`���M�b�B�b�i�Q�` �7���#�`�B�+���i�B�Q�M�X�L���M�Q�r�B�`�2 ���M�/ �;���i�2 �T���i�i�2�`�M�@
�B�M�; �B�b �T�2�`�7�Q�`�K�2�/ �m�b�B�M�; �� �.�l�o �H�B�i�?�Q�;�`���T�?�v ���M�/ �`�2�b�B�b�i �i�`�B�K�K�B�M�; �T�`�Q�+�2�b�b�X �6�Q�`�@
�K���i�B�Q�M �Q�7 �i�m�M�M�2�H �#���`�`�B�2�`�b �B�b ���+�?�B�2�p�2�/ �m�b�B�M�; �b�T���+�2�`�b�X �a�T���+�2�` ���M�/ �b�Q�m�`�+�2�f�/�`���B�M
�7�Q�`�K���i�B�Q�M �B�b �B�H�H�m�b�i�`���i�2�/�X ���/���T�i�2�/ �7�`�Q�K �(�k�k�y�- �k�k�R�)�X

�H���v�2�` ���M�/ �b�m�#�b�i�`���i�2 ���`�2 �/�Q�T�2�/ �r�B�i�? �T�?�Q�b�T�?�Q�`�m�b ���i �� �+�Q�M�+�2�M�i�`���i�B�Q�M �Q�7 �8� �R�y�R�d�+�K� �j

���M�/ �R� �R�y�R�8�+�K� �j �`�2�b�T�2�+�i�B�p�2�H�v�X �h�Q �7�Q�`�K �� �M���M�Q�r�B�`�2 �i�`���M�b�B�b�i�Q�` �/�2�p�B�+�2�- �� �M���M�Q�r�B�`�2 �B�b

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

�6�Q�` �2���+�? �T���i�i�2�`�M�B�M�; �b�i�2�T �m�b�B�M�; �.�l�o �H�B�i�?�Q�;�`���T�?�v�- �� �#�Q�i�i�Q�K ���M�i�B�@�`�2�~�2�+�i�B�p�2 �+�Q���i�B�M�;

�U�"���_�*�V ���M�/ �`�2�b�B�b�i �B�b �b�T�m�M �Q�M�i�Q �i�?�2 �a�P�A �r���7�2�`�X �h�?�2 �b�K���H�H�2�b�i �7�2���i�m�`�2 �b�B�x�2 �i�?���i

�+���M �#�2 �Q�#�i���B�M�2�/ �D�m�b�i �m�b�B�M�; �.�l�o �B�b �3�y �M�K�- �?�Q�r�2�p�2�`�- �m�b�B�M�; �`�2�b�B�b�i �i�`�B�K�K�B�M�; �7�2���i�m�`�2�b

�/�Q�r�M �i�Q �8 �M�K �+���M �#�2 �Q�#�i���B�M�2�/ ���b �B�H�H�m�b�i�`���i�2�/ �B�M �6�B�;�X �j�X�R�X ���7�i�2�` �i�?�2 �`�2�b�B�b�i �U���M�/

�"���_�*�V �B�b �i�`�B�K�K�2�/ �i�Q �i�?�2 �/�2�b�B�`�2�/ �r�B�/�i�?�- �� �M���M�Q�r�B�`�2 �B�b �2�i�+�?�2�/ ���M�/ ���M�v �`�2�b�B�b�i �B�b

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

�T�`�Q�+�2�b�b�X �h�?�2 �;���i�2 �b�i���+�F �+�Q�M�b�B�b�i�b �Q�7 �� �i�?�B�M �y�X�3 �M�K �H���v�2�` �a�B�P2�- �R�X�N �M�K �H���v�2�` �Q�7 �?�B�;�?�@�F

�/�B�2�H�2�+�i�`�B�+ �>�7�a�B�P�L �7�Q�H�H�Q�r�2�/ �#�v �� �8 �M�K �i�?�B�+�F �H���v�2�` �Q�7 �h�B�L ���M�/ �8�y �M�K �Q�7 �T�Q�H�v�@�a�B �r�B�i�?



�j�X�R �6���#�`�B�+���i�B�Q�M �8�N

(a) (b)

(c) (d)

BOX

Si-NW

TiNPoly-Si HfSiON

BOX

Source Drain

10nm

�'�J�H�V�S�F ���������L���M�Q�r�B�`�2 �i�`���M�b�B�b�i�Q�` �/�2�p�B�+�2�X �U���V�h�1�J �B�K���;�2�b �Q�7 �� �M���M�Q�r�B�`�2
�i�`���M�b�B�b�i�Q�` �/�2�p�B�+�2 ���H�Q�M�; �i�?�2 �;���i�2 ���M�/�U�#�V�b�Q�m�`�+�2�f�/�`���B�M�X �A�K���;�2 �+�Q�m�`�i�2�b�v �Q�7
�.�` �a�v�H�p���B�M �"���`�`���m�/�- �*�1�� �G�2�i�B�- �:�`�2�M�Q�#�H�2�X�U�+�V�a�B�K�m�H���i�B�Q�M �Q�7 �i�?�2 �2�H�2�+�i�`�Q�M
�T�`�Q�#���#�B�H�B�i�v �/�B�b�i�`�B�#�m�i�B�Q�M �B�M �i�?�2 �M���M�Q�r�B�`�2 �B�M �� �+�`�Q�b�b�@�b�2�+�i�B�Q�M ���H�Q�M�; �i�?�2 �;���i�2
�Uy�@�/�B�`�2�+�i�B�Q�M�V �7�Q�` �� �#���+�F�@�;���i�2 �p�Q�H�i���;�2 �Q�7V�"�: = � 1 �o ���M�/�U�/�VV�"�: = � 10 �o�-
�b�?�Q�r�B�M�; �7�Q�`�K���i�B�Q�M �Q�7 �� �b�B�M�;�H�2 �Q�` �� �/�Q�m�#�H�2 �Z�. �`�2�b�T�2�+�i�B�p�2�H�v�X �_�2�T�`�Q�/�m�+�2�/
�7�`�Q�K �(�k�k�j�)�X

���M �2�[�m�B�p���H�2�M�i �Q�t�B�/�2 �i�?�B�+�F�M�2�b�b �Q�7 �R�X�j �M�K�X �h�Q �7���#�`�B�+���i�2 �b�Q�m�`�+�2 ���M�/ �/�`���B�M �`�2�b�2�`�p�Q�B�`�b�-

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

�/�Q�T�B�M�; �U�G�.�.�V�X �6�B�M���H�H�v �� �b�2�+�Q�M�/ �b�T���+�2�` ���M�/ �b���H�B�+�B�/���i�B�Q�M ���H�H�Q�r�b �i�Q �+�Q�M�i���+�i �i�?�2 �/�2�p�B�+�2

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

�� �M���M�Q�r�B�`�2 �r�B�/�i�?W ���M�/ �;���i�2 �H�2�M�;�i�?L �; �`���M�;�B�M�; �7�`�Q�K �R�y �’�K �/�Q�r�M �i�Q �R�y �M�K ���`�2

�7���#�`�B�+���i�2�/ �Q�M �i�?�2 �b���K�2 �+�?�B�T�X �h�`���M�b�K�B�b�b�B�Q�M �2�H�2�+�i�`�Q�M �K�B�+�`�Q�b�+�Q�T�2 �U�h�1�J�V �B�K���;�2�b �Q�7 ��

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

�/�2�p�B�+�2 ���H�Q�M�; �i�?�2 �b�Q�m�`�+�2�f�/�`���B�M ���`�2 �b�?�Q�r�M �B�M �6�B�;�X �j�X�k�U���-�#�V �`�2�b�T�2�+�i�B�p�2�H�v�X

�q�?�2�M �Q�T�2�`���i�B�M�; �i�?�2 �M���M�Q�r�B�`�2 �i�`���M�b�B�b�i�Q�` ���i �� �T�Q�b�B�i�B�p�2 �;���i�2 �p�Q�H�i���;�2�- �i�`���M�b�T�Q�`�i �B�b

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

�?���M�+�2�/ �2�H�2�+�i�`�B�+ �}�2�H�/�X �h�?�B�b �+�Q�`�M�2�` �2�z�2�+�i �B�b �i�?�2 �#���b�B�b �7�Q�` �7�Q�`�K���i�B�Q�M �Q�7 �Z�.�b�X �*�Q�K�#�B�M�2�/

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

�H�Q�+���H�B�b�2�/ �Z�.�b ���i �+�`�v�Q�;�2�M�B�+ �i�2�K�T�2�`���i�m�`�2 �(�k�k�k�- �k�k�j�)�X �.�2�T�2�M�/�B�M�; �Q�M �i�?�2 �M���M�Q�r�B�`�2

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

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

�p�Q�H�i���;�2�b�- �i�v�T�B�+���H�H�v �� �b�B�M�;�H�2 �Z�. �B�b �7�Q�`�K�2�/ ���b �b�?�Q�r�M �B�M �6�B�;�X �j�X�k�U�+�V�- �r�?�B�H�2 ���i �K�Q�`�2



�e�y �*�?���T�i�2�` �j�1�t�T�2�`�B�K�2�M�i���H �K�2�i�?�Q�/�b

�M�2�;���i�B�p�2 �#���+�F�@�;���i�2 �p�Q�H�i���;�2�b�- �/�Q�m�#�H�2 �Z�.�b ���`�2 �7�Q�`�K�2�/ ���b �b�?�Q�r�M �B�M �6�B�;�X �j�X�k�U�/�V�X �A�M

�/�2�p�B�+�2�b �Q�7W < 60 �M�K�- �7�Q�`�K���i�B�Q�M �Q�7 �/�Q�m�#�H�2 �Z�.�b �r�B�i�? �B�M�+�`�2���b�2�/ �/�B�b�Q�`�/�2�` ���M�/ �b�i�`�Q�M�;

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

�M�Q�i �T�Q�b�b�B�#�H�2�X

������ �.�F�B�T�V�S�F�N�F�O�U �T�F�U�V�Q

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

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

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

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

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

���������� �%�J�M�V�U�J�P�O �S�F�G�S�J�H�F�S�B�U�P�S �B�O�E �X�J�S�J�O�H
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Rd = 260 k�� ,
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fr = 407 MHz
Qload = 141

|��
|

�'�J�H�V�S�F ���������S���`���H�H�2�H �`�2�b�Q�M���i�Q�`�X �U���V�_�2�b�Q�M���M�i �+�B�`�+�m�B�i �r�B�i�? �B�M�/�m�+�i�Q�`L �B�M �T���`�@
���H�H�2�H �i�Q �/�2�p�B�+�2 �UR�/ �-C�/ �V ���M�/ �T���`���b�B�i�B�+ �+���T���+�B�i���M�+�2 �i�?���i �B�b �+�Q�m�T�H�2�/ �i�Q �i�?�2 �H�B�M�2
�p�B��C�+�X�U�#�V�1�[�m�B�p���H�2�M�i �b�2�`�B�2�b �`�2�b�Q�M���M�i �+�B�`�+�m�B�i �`�2�T�`�2�b�2�M�i���i�B�Q�M �+�H�Q�b�2 �i�Q �`�2�b�Q�@
�M���M�+�2! r �X�U�+�V�*�B�`�+�m�B�i �b�B�K�m�H���i�B�Q�M �#���b�2�/ �Q�M �2�t�T�2�`�B�K�2�M�i���H �p���H�m�2�b �7�`�Q�K �(�R�d�y�)�X
�q�B�i�? �b�B�K�B�H���` �T�?�v�b�B�+���H �b�m�`�7���+�2 �K�Q�m�M�i �+�Q�K�T�Q�M�2�M�i�b�- �i�?�2 �T���`���H�H�2�H �`�2�b�Q�M���M�i �+�B�`�@
�+�m�B�i �?�2�H�T�b �i�Q ���+�?�B�2�p�2 �;�Q�Q�/ �K���i�+�?�B�M�; �+�Q�K�#�B�M�2�/ �r�B�i�? ���M �B�K�T�`�Q�p�2�/ �[�m���H�B�i�v
�7���+�i�Q�` �+�Q�K�T���`�2�/ �i�Q �T�`�2�p�B�Q�m�b �b�2�`�B�2�b �+�B�`�+�m�B�i�b �(�R�e�k�)�X

�r�?�B�+�? �/�2�i�2�`�K�B�M�2�b �i�?�2 �`�2�~�2�+�i�B�Q�M �+�Q�2�{�+�B�2�M�i� = Z � Z0
Z + Z0

�X �h�?�2 �`�2�b�Q�M���M�+�2 �7�`�2�[�m�2�M�+�v! r

���M�/ �[�m���H�B�i�v �7���+�i�Q�`�b �Q�7 �b�m�+�? �� �+�B�`�+�m�B�i ���`�2 �(�k�j�e�)

! r �
1

p
L(C0 + C�+)

; �U�9�X�R�y�V

Q�2�t�i=
C0 + C�+

C2
�+Z0

p
L(C0 + C�+); �U�9�X�R�R�V

Q�B�M�i=

r
C0 + C�+

L
R�/: �U�9�X�R�k�V

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

�T���`���K�2�i�2�`�b�- �7�Q�` �r�?�B�+�?L/ R2
�/C0 � 1 ���M�/C�+< C 0 �B�b �7�m�H�}�H�H�2�/�- ���`�2

�_�2[Z (! r )] =
L

R �/ (C0+ C�+)

L
R2

�/ (C0+ C�+)
+

�
1 � C0

C0+ C�+

� 2 �
L

C2
�+R�/

(C0 + C�+) ; �U�9�X�R�j�V

�A�K[Z (! r )] = �
1

q
C2

�+
C(C0+ C�+)

+

q
L

C0+ C�+

�
1 � C0

C0+ C�+

�

�
1 � C0

C0+ C�+

� 2
+ L

R2
�/ (C0+ C�+)

; �U�9�X�R�9�V

�
1
! r

�
C0 + C�+

C�+
L! 2

r �
1

C�+

�
�U�9�X�R�8�V



�9�X�k �S���`���H�H�2�H �?�B�;�?�@Q �`�2�b�Q�M���i�Q�` �d�d

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

Z �2�[ =
L

C2
�+R�/

(C0 + C�+) +
i
!

�
C0 + C�+

C�+
L! 2 �

1
C�+

�
�U�9�X�R�e�V

� R�2�7�7+
i

! r

�
C0 + C�+

C�+
2L! r � !

�
�U�9�X�R�d�V

= R�2�7�7+ i2

p
(C0 + C�+)L

C�+

� !
! r

�U�9�X�R�3�V

= R�2�7�7+ i2

r
L �2�7�7

C�+

� !
! r

: �U�9�X�R�N�V

�h�?�B�b �b�?�Q�r�b �i�?���i �i�?�2 �T���`���H�H�2�H �+�B�`�+�m�B�i �+���M �#�2 ���T�T�`�Q�t�B�K���i�2�/ �#�v ���M �2�[�m�B�p���H�2�M�iL �2�7�7R�2�7�7C�+

�b�2�`�B�2�b �`�2�b�Q�M���M�i �+�B�`�+�m�B�i ���i �`�2�b�Q�M���M�+�2 ���b �b�?�Q�r�M �B�M �6�B�;�X �9�X�k�U�#�V�X �h�?�2 �2�z�2�+�i�B�p�2 �p���H�m�2�b

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

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

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

�p���H�m�2�b �Q�7C0�-L ���M�/R�/ �X �h�?�B�b �?���b �#�2�2�M �/�2�K�Q�M�b�i�`���i�2�/ �B�M ���M �2�t�T�2�`�B�K�2�M�i �(�R�d�y�)�- �r�?�2�`�2
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�b�2�`�B�2�b �`�2�b�Q�M���i�Q�` �+�Q�M�}�;�m�`���i�B�Q�M �r�B�i�? �b�B�K�B�H���` �b�m�`�7���+�2 �K�Q�m�M�i �+�Q�K�T�Q�M�2�M�i�b �(�R�e�k�- �R�e�j�)�X
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�6�B�;�X �k�X�R�d�V�X �6�Q�H�H�Q�r�B�M�; �i�?�2�b�2 �;�m�B�/�2�H�B�M�2�b�- �r�?�2�`�2 �i�?�2 �+���T���+�B�i���M�+�2 �B�b �`�2�/�m�+�2�/ �K�Q�`�2 �i�?���M
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�*�Q�M�b�B�/�2�`�B�M�; �i�?�2 �7�`���+�i�B�Q�M �Q�7 �B�M�T�m�i �T�Q�r�2�` �i�?���i �B�b �i�`���M�b�7�2�`�`�2�/ �i�Q �i�?�2 �/�2�p�B�+�21 � j � j2
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�M�Q�B�b�2 �i�2�K�T�2�`���i�m�`�2 �U�i�v�T�B�+���H�H�v ���K�T�H�B�}�2�` �H�B�K�B�i�2�/�V�- �i�?�2 �K�B�M�B�K�m�K �B�M�i�2�;�`���i�B�Q�M �i�B�K�2 �i�Q

���+�?�B�2�p�2 �a�L�_= 1 �B�b

t �K�B�M=
8kB

e2

(1 + � )2

�
C0 + C�+

Q�B�M�i! r

T�M

� 2
�U�9�X�k�N�V
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�7���+�i�Q�`Q�B�M�i�B�b �T�`�2�b�2�M�i�2�/ �m�b�B�M�; ���M �Q�T�i�B�K�B�b�2�/ �S�*�" �/�2�b�B�;�M ���M�/ �� �H�Q�r�@�H�Q�b�b �U�H���`�;�2R�/ �V

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



�3�k �*�?���T�i�2�` �9�6���b�i ���M�/ �b�2�M�b�B�i�B�p�2 �;���i�2�@�#���b�2�/ �_�6�@� �̀2���/�Q�m�i
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�'�J�H�V�S�F ���������S�*�" ���M�/ �L�#�L �B�M�/�m�+�i�Q�`�X �U���V�h�Q�T ���M�/�U�#�V�#�Q�i�i�Q�K �H���v�2�` �Q�7 �i�?�2
�S�*�" �r�B�i�? �b�Q�H�/�2�`�2�/ �+�Q�K�T�Q�M�2�M�i�b ���M�/ �7�m�M�+�i�B�Q�M �B�M�/�B�+���i�2�/�X�U�+�V�J�B�+�`�Q�@�;�`���T�? �Q�7
�� �k�e�@�i�m�`�M �L�#�L �b�T�B�`���H �B�M�/�m�+�i�Q�`�X �A�K���;�2 �+�Q�m�`�i�2�b�v �Q�7 �.�` �A�K�i�B���x ���?�K�2�/�X�U�/�V
���b�b�2�K�#�H�2�/ �S�*�" �r�B�i�? �b�Q�H�/�2�`�2�/ �+�Q�K�T�Q�M�2�M�i�b�- �B�M�/�m�+�i�Q�` ���M�/ �Z�. �+�?�B�T�X

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

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

�`���M�;�B�M�; �7�`�Q�K �j�y���e�y�y �M�> �B�b ���+�?�B�2�p�2�/�X �A�K�T�H�2�K�2�M�i���i�B�Q�M �Q�7 �� �r�2�H�H�@�K���i�+�?�2�/ �`�2�b�Q�M���i�Q�` �Q�7

�?�B�;�? �[�m���H�B�i�v �7���+�i�Q�` �Q�T�2�`���i�B�M�; �B�M �i�?�2 �e�y�y���3�y�y �J�>�x �#���M�/ �B�b �T�`�2�b�2�M�i�2�/ �7�Q�` �+�Q�K�T���i�B�#�B�H�B�i�v

�r�B�i�? �� �C�Q�b�2�T�?�b�Q�M �T���`���K�2�i�`�B�+ ���K�T�H�B�}�2�`�X

�6�B�;�m�`�2 �9�X�9�U���-�#�V �b�?�Q�r �i�?�2 �S�*�" �/�2�b�B�;�M �+�Q�M�b�B�b�i�B�M�; �Q�7 �K�m�H�i�B�T�H�2 �H�Q�r �7�`�2�[�m�2�M�+�v �H�B�M�2�b

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

�`�2���/�Q�m�i �b�B�;�M���H�X �h�?�2 �r���p�2�;�m�B�/�2 �B�b �K���i�+�?�2�/ �i�Q �8�y �Õ �K�B�M�B�K�B�b�2�/ �B�M �H�2�M�;�i�? �7�Q�` �`�2�/�m�+�2�/

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

�b�2�H�2�+�i�2�/ ���`�2���b �Q�7 �i�?�2 �#�Q�i�i�Q�K �H���v�2�`�X �h�?�2 �S�*�" ���H�H�Q�r�b �#���+�F�@�;���i�B�M�; �Q�7 �i�?�2 �Z�. �+�?�B�T

���M�/ �Q�z�2�`�b �b�T���+�2 �7�Q�` ���M �B�M�/�m�+�i�Q�` �+�?�B�T�X ���M �2�t���K�T�H�2 �L�#�L �b�T�B�`���H �B�M�/�m�+�i�Q�` �r�B�i�? �3 �’�K

�7�2���i�m�`�2 �b�B�x�2 ���M�/ �k�e �i�m�`�M�b �B�b �b�?�Q�r�M �B�M �6�B�;�X �9�X�9�U�+�V ���M�/ �i�?�2 �7�m�H�H�v ���b�b�2�K�#�H�2�/ �S�*�"

�B�M�+�H�m�/�B�M�; �+�Q�K�T�Q�M�2�M�i�b �7�Q�` �}�H�i�2�`�B�M�;�- �B�M�/�m�+�i�Q�` ���M�/ �Z�. �+�?�B�T �B�b �b�?�Q�r�M �B�M �6�B�;�X �9�X�9�U�/�V�X

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

���b �/�2�K�Q�M�b�i�`���i�2�/ �m�b�B�M�; �b�B�K�m�H���i�B�Q�M�b �B�M �6�B�;�X �9�X�j�- �b�2�H�2�+�i�B�Q�M �Q�7 ���M ���T�T�`�Q�T�`�B���i�2 �+�Q�m�@

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

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

�B�b �}�`�b�i �+�?���`���+�i�2�`�B�b�2�/ ���i �9 �E �r�B�i�?�Q�m�i �� �[�m���M�i�m�K �/�2�p�B�+�2�X �6�B�;�m�`�2 �9�X�8�U���V �b�?�Q�r�b �i�?�2

�`�2�~�2�+�i�B�Q�M �+�Q�2�{�+�B�2�M�i �7�Q�` �/�B�z�2�`�2�M�i �+�Q�K�#�B�M���i�B�Q�M�b �Q�7C�+ ���M�/L �X �6�Q�`C�+ = 218 �7�6 ���M�/

L = 100 �M�>�- �i�?�2 �`�2�b�Q�M���i�Q�` �B�b �r�B�i�?�B�M �i�?�2 �/�2�b�B�`�2�/ �7�`�2�[�m�2�M�+�v �#�m�i �b�i�`�Q�M�;�H�v �Q�p�2�`�@�+�Q�m�T�H�2�/

���M�/ �?���b �� �H�Q�rQ�H�Q���/�X �� �+�m�b�i�Q�K �K���/�2 �K�B�+�`�Q�b�i�`�B�T �;���T �+���T���+�B�i�Q�` �r�B�i�?C�+ � 40 �7�6



�9�X�k �S���`���H�H�2�H �?�B�;�?�@Q �`�2�b�Q�M���i�Q�` �3�j

QD chipInductor chip

Prf �   2Prf

|�
|

|�
|

Cc = 218 fF
L = 100 nH
fr = 725 MHz
Qload = 40

Cc = 36 fF
L = 100 nH
fr = 1036 MHz
Qload = 308

Cc = 40 fF
L = 170 nH
fr = 735 MHz
Qload = 201

Cc = 39 fF
L = 170 nH
fr = 616 MHz
Qload = 790

10 k� 100 pF 

�'�J�H�V�S�F ���������_�2�b�Q�M���i�Q�` �Q�T�i�B�K�B�b���i�B�Q�M �7�Q�` �y�X�e���y�X�3 �:�>�x�X �U���V�_�2�b�Q�M���M�+�2 ���i
�9 �E �r�B�i�?�Q�m�i �Z�. �/�2�p�B�+�2 �+�Q�M�M�2�+�i�2�/ �7�Q�` �/�B�z�2�`�2�M�i �p���H�m�2�b �Q�7C�+ ���M�/L �X �U�#�V
�a�+�?�2�K���i�B�+ ���M�/ �B�K���;�2 �Q�7 �i�?�2 �`�2�b�Q�M���M�i �+�B�`�+�m�B�i �r�B�i�? �B�M�/�m�+�i�Q�` ���M�/ �Z�. �+�?�B�T
�b�?�Q�r�M�X�U�+�V�6�B�M���H �`�2�b�Q�M���M�+�2 �r�B�i�? �i�?�2 �Z�. �/�2�p�B�+�2 �+�Q�M�M�2�+�i�2�/ ���i �j�y �K�E�X



�3�9 �*�?���T�i�2�` �9�6���b�i ���M�/ �b�2�M�b�B�i�B�p�2 �;���i�2�@�#���b�2�/ �_�6�@� �̀2���/�Q�m�i

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

�[�m�2�M�+�v �`���M�;�2�X �l�b�B�M�;L = 170 �M�> ���M �m�M�/�2�`�@�+�Q�m�T�H�2�/ �`�2�b�Q�M���M�+�2 �B�M �i�?�2 �/�2�b�B�`�2�/ �`���M�;�2

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

�6�B�;�X �9�X�8�U�+�V ���M�/ ���M �Q�p�2�`�@�+�Q�m�T�H�2�/ �`�2�b�Q�M���M�+�2 ���i �e�R�e �J�>�x �r�B�i�?Q�H�Q���/= 790 �B�b ���+�?�B�2�p�2�/�X

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

�k�j�8 �7�6 �7�`�Q�K �i�?�2 �S�*�" ���M�/ �B�M�/�m�+�i�Q�` ���M�/ �R�R�3 �7�6 �7�Q�` �i�?�2 �Z�. �+�?�B�T �B�b �Q�#�i���B�M�2�/�XR�/ ���M�/

C�+ ���`�2 �+���H�+�m�H���i�2�/ �7�`�Q�KQ�H�Q���/���M�/� = Z0
R �2�7�7

�- �b�2�2 �1�[�X �U�k�X�9�y�- �9�X�R�N�- �9�X�R�k�V ���b

R�/ =
Z0 + R�2�7�7

R�2�7�7
! r LQ �H�Q���/ �U�9�X�j�y�V

C�+=
�
R�/R�2�7�7! 2

r

� � 1/2
�U�9�X�j�R�V

���M�/ �b�?�Q�r�M �B�M �6�B�;�X �9�X�8�X

���������� �$�I�B�S�H�F �T�F�O�T�J�U�J�W�J�U�Z

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

�`�2�b�Q�M���M�i �+�B�`�+�m�B�i �B�b �/�2�K�Q�M�b�i�`���i�2�/ �m�b�B�M�; �Z�.�b �7�Q�`�K�2�/ �B�M �� �M���M�Q�r�B�`�2 �i�`���M�b�B�b�i�Q�` �Q�7 �j�y �M�K

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

�i�?�2 �M���M�Q�r�B�`�2 �r�B�i�? �� �b�i�`�Q�M�; �;���i�2 �+�Q�m�T�H�B�M�;� ���b �b�?�Q�r�M �B�M �6�B�;�X �9�X�e�U���V�X �h�?�2 �7�Q�`�K���i�B�Q�M

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

�7�Q�` �#�Q�i�? �Z�.�b ���`�2 �Q�#�b�2�`�p�2�/ �B�M �i�?�2 �T�?���b�2 �Q�7 �i�?�2 �`�2�~�2�+�i�2�/ �b�B�;�M���H ���b �b�?�Q�r�M �B�M �6�B�;�X �9�X�e�U�#�V

�7�`�Q�K �r�?�B�+�? �� �;���i�2 �+�Q�m�T�H�B�M�;� � 0:9 �B�b �2�b�i�B�K���i�2�/�X �h�?�2 �b�B�;�M���H �Q�`�B�;�B�M���i�B�M�; �7�`�Q�K �2���+�?

�Z�. �+���M �#�2 �/�B�b�i�B�M�;�m�B�b�?�2�/ �#���b�2�/ �Q�M �� �b�B�;�M�B�}�+���M�i �/�B�z�2�`�2�M�+�2 �B�M �i�?�2I �+�?���M�M�2�H ���b �b�?�Q�r�M

�B�M �6�B�;�X �9�X�e�U�+�V�X

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

�� �Z�. �i�Q �� �`�2�b�2�`�p�Q�B�` �B�b �+�Q�M�b�B�/�2�`�2�/�X �h�?�2 �/�Q�i�@�i�Q�@�`�2�b�2�`�p�Q�B�` �i�`���M�b�B�i�B�Q�M �U�.�_�h�V ���iV�: =

0:53 �o ���M�/V�a�. = 0 �K�o �B�b �b�2�H�2�+�i�2�/�- �r�?�2�`�2 �Q�M�2 �Z�. �B�b �K�Q�b�i�H�v �+�Q�m�T�H�2�/ �i�Q �Q�M�2 �Q�7

�i�?�2 �`�2�b�2�`�p�Q�B�`�b�X �h�?�2 �`�2�~�2�+�i�B�Q�M �+�Q�2�{�+�B�2�M�i �Q�7 �i�?�2 �`�2�b�Q�M���i�Q�` �B�b �b�?�Q�r�M �B�M �6�B�;�X �9�X�e�U�/�V�X

�6�B�;�m�`�2 �9�X�e�U�2�V �b�?�Q�r�b �i�?���i �B�M ���/�/�B�i�B�Q�M �i�Q �� �b�?�B�7�i �B�M �`�2�b�Q�M���M�i �7�`�2�[�m�2�M�+�v ���i �i�?�2 �.�_�h�-

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

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

�T�Q�M�2�M�i�b�X �� �+�?���M�;�2 �Q�7� C�/ = 0:4 �7�6 ���M�/� R�/ = �e�d�y �F�Õ �B�b �+���H�+�m�H���i�2�/�- �#�v �}�i�i�B�M�;

�i�?�2 �K�Q�/�2�H �T�`�2�b�2�M�i�2�/ �B�M �i�?�2 �T�`�2�p�B�Q�m�b �b�2�+�i�B�Q�M�b�X ���i �i�?�2 �.�_�h�-Q�H�Q���/= 448 �B�b �Q�#�i���B�M�2�/�X

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

�Q�/�b �(�R�9�d�)�- ���b �2�t�T�H���B�M�2�/ �B�M �a�2�+�i�B�Q�M �j�X�k�X�8�- �i�Q �T�`�Q�p�B�/�2 �� �/�2�p�B�+�2�@�b�T�2�+�B�}�+ �#�2�M�+�?�K���`�F �Q�M

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

�H���i�B�Q�M �r�B�i�? �+���H�B�#�`���i�2�/ �+�?���`�;�2 �2�[�m�B�p���H�2�M�i �Q�7� q�`�K�b= �R�9�3 �’�2���M�/ �7�`�2�[�m�2�M�+�v �Q�7 �k:�j �F�>�x



�9�X�k �S���`���H�H�2�H �?�B�;�?�@Q �`�2�b�Q�M���i�Q�` �3�8

Source

Drain

�'�J�H�V�S�F ���������.�Q�i�@�i�Q�@�`�2�b�2�`�p�Q�B�` �i�`���M�b�B�i�B�Q�M�X�U���V�a�+�?�2�K���i�B�+ �p�B�2�r �Q�7 �i�?�2 �M���M�Q�r�B�`�2
�/�2�p�B�+�2 ���H�Q�M�; �i�?�2 �;���i�2 ���M�/ �b�Q�m�`�+�2�@�/�`���B�M �/�B�`�2�+�i�B�Q�M�X �6�Q�`�K���i�B�Q�M �Q�7 �+�Q�`�M�2�` �/�Q�i�b
���M�/ �/�Q�i�@�i�Q�@�`�2�b�2�`�p�Q�B�` �i�`���M�b�B�i�B�Q�M �U�.�_�h�V �B�b �B�M�/�B�+���i�2�/�X�U�#�V�a�i���#�B�H�B�i�v �/�B���;�`���K �Q�7
�i�?�2 �/�2�p�B�+�2 ���b �� �7�m�M�+�i�B�Q�M �Q�7 �;���i�2 ���M�/ �b�Q�m�`�2�@�/�`���B�M �p�Q�H�i���;�2 �b�?�Q�r�B�M�; �*�Q�m�H�Q�K�#
�/�B���K�Q�M�/ �Z�. �+�?���`���+�i�2�`�B�b�i�B�+�b�X�U�+�V�a�B�;�M���H�b �Q�`�B�;�B�M���i�B�M�; �7�`�Q�K �i�?�2 �i�r�Q �+�Q�`�M�2�`
�Z�.�b ���`�2 �/�B�b�i�B�M�;�m�B�b�?�2�/ �#�v �� �/�B�z�2�`�2�M�+�2 �B�M �i�?�2I �+�?���M�M�2�H�X�U�/�V�a�?�Q�r�b �i�?�2
�`�2�~�2�+�i�B�Q�M �+�Q�2�{�+�B�2�M�i ���b �� �7�m�M�+�i�B�Q�M �Q�7V�: �r�?�2�`�2 �� �b�?�B�7�i �B�M �7�`�2�[�m�2�M�+�v �B�b �Q�#�b�2�`�p�2�/
���i �i�?�2 �i�`���M�b�B�i�B�Q�M�X�U�2�V�*�H�Q�b�2�@�m�T �Q�7 �i�?�2 �+�?���M�;�2 �Q�7 �i�?�2 �`�2�b�Q�M���M�+�2 �Q�T�2�`���i�B�M�; ���r���v
���M�/ ���i �i�?�2 �i�`���M�b�B�i�B�Q�M�X
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�'�J�H�V�S�F ���������*�?���`�;�2 �b�2�M�b�B�i�B�p�B�i�v�X�U���V�S�Q�r�2�` �b�T�2�+�i�`�m�K �Q�7 �i�?�2 �`�2�~�2�+�i�2�/ �b�B�;�M���H
�b�?�Q�r�B�M�; �i�?�2 �_�6 �+���`�`�B�2�` ���M�/ �b�B�/�2�@�#���M�/�b �/�m�2 �i�Q �;���i�2�@�p�Q�H�i���;�2 �K�Q�/�m�H���i�B�Q�M�X�U�#�V
�a�B�/�2�@�#���M�/ �a�L�_ ���b �� �7�m�M�+�i�B�Q�M �Q�7 �_�6 �7�`�2�[�m�2�M�+�v ���M�/�U�+�V�_�6 �T�Q�r�2�`�X

�T�`�Q�/�m�+�2�b �b�B�/�2�@�#���M�/�b �r�B�i�? �� �a�L�_= 25 �/�" ���b �b�?�Q�r�M �B�M �6�B�;�X �9�X�d�U���V�- �r�?�2�M �Q�T�2�`���i�B�M�;

���i �i�?�2 �b�i�2�2�T�2�b�i �T�Q�B�M�i �Q�7 �i�?�2 �.�_�h �r�B�i�? �Q�T�i�B�K���H �_�6 �7�`�2�[�m�2�M�+�vf 0 = �e�R�8:�N �J�>�x ���M�/

�T�Q�r�2�P̀0 = � 119 �/�"�K ���b �b�?�Q�r�M �B�M �6�B�;�X �9�X�d�U�#�-�+�V�X �h�?�B�b �i�`���M�b�H���i�2�b �B�M�i�Q �� �+�?���`�;�2

�b�2�M�b�B�i�B�p�B�i�v �Q�7�q = � q/(
p

2BW 10
�a�L�_

20 ) = �R:�j �’�2/
p

�>�x �r�B�i�?BW �#�2�B�M�; �i�?�2 �`�2�b�Q�H�m�i�B�Q�M

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

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

�� �b�m�`�7���+�2 �K�Q�m�M�i �b�2�`�B�2�b �`�2�b�Q�M���i�Q�` �(�R�e�k�)�- ���M�/ �B�b �2�M���#�H�2�/ �#�v �i�?�2 �B�M�+�`�2���b�2�/Q�H�Q���/�U�#�v ��

�7���+�i�Q�` �Q�7 �k�8�V �Q�7 �i�?�2 �`�2�b�Q�M���i�Q�` ���M�/ �`�2�/�m�+�2�/ �T���`���b�B�i�B�+ �+���T���+�B�i���M�+�2 �U�#�v �9�y�W�V�X �h�?�B�b �`�2�@

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

�_�6�@�a�1�h �b�2�M�b�B�i�B�p�B�i�B�2�b �(�R�8�9�)�X

���������� �7�J�E�F�P���N�P�E�F �S�F�B�E�P�V�U

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

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

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

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

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

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

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

�i�?�2 �;���i�2�b �(�k�j�3�)�- �`���i�?�2�` �i�?���M �b�i�2�T�T�B�M�; �Q�7 �2���+�? �;���i�2�- �r�?�B�+�? �`�2�K�Q�p�2�b ���M�v �i�B�K�2 �b�T�2�M�i

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

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

�i�`�m�K �A�M�b�i�`�m�K�2�M�i���i�B�Q�M �S�*�A�@�2 �/�B�;�B�i�B�x�2�` �+���`�/�V �r�B�i�? �b�m�{�+�B�2�M�i �K�2�K�Q�`�v�- �r�?�B�+�? �B�b ���#�H�2
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�'�J�H�V�S�F ���������o�B�/�2�Q�@�K�Q�/�2 �`�2���/�Q�m�i�X�U���V�q���p�2�7�Q�`�K�b �7�Q�` �7���b�i ���+�[�m�B�b�B�i�B�Q�M �m�b�B�M�;
�� �/�B�;�B�i�B�x�2�`�X�U�#�V�a�i���#�B�H�B�i�v �/�B���;�`���K �Q�#�i���B�M�2�/ �r�B�i�?�B�M �d�y�y �K�b�X�U�+�V�w�2�`�Q �#�B���b
�T�2���F �r�B�i�? �G�Q�`�2�M�i�x�B���M �}�i ���+�+�Q�K�T���M�B�2�/ �#�v ���/�/�B�i�B�Q�M���H �T�2���F�b�X

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

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

�6�B�;�X �9�X�3�U���V�- �r�?�2�`�2 �� �b�H�Q�r �`���K�T �B�b ���T�T�H�B�2�/ �i�Q �i�?�2 �}�`�b�i �;���i�2 �r�?�B�H�2 �i�?�2 �b�2�+�Q�M�/ �;���i�2

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

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

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

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

���M�/ �i�?�2 �K�2���b�m�`�2�K�2�M�i �i�B�K�2 �/�2�T�2�M�/�b �Q�M �i�?�2 �b���K�T�H�B�M�; �`���i�2 �U�a�_�V ���M�/ �i�?�2 �M�m�K�#�2�` �Q�7

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

�[�m�2�M�+�B�2�bf Gi ���b �7�Q�H�H�Q�r�b

�a�_<
1

t �K�B�M
N �K�2���b= NG1NG2 �U�9�X�j�k�V

f G1 =
�a�_
NG1

f G2 = f G1NG2 �U�9�X�j�j�V

t �K�2���b=
N �K�2���b

�a�_
> N G1NG2t �K�B�M �U�9�X�j�9�V

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

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

�i�B�K�2t �K�B�M�r�?�B�+�? �B�b �`�2�/�m�+�2�/ ���b �i�?�2 �b�2�M�b�B�i�B�p�B�i�v �B�M�+�`�2���b�2�b�X �h�?�2 �a�L�_ �Q�7 �i�?�2 �K�2���b�m�`�2�K�2�M�i

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

�#�B���b �p�Q�H�i���;�2�b ���M�/ �i�?�2 �H�Q�r�@�7�`�2�[�m�2�M�+�v �C�S�� �#�B���b ���`�2 �}�H�i�2�`�2�/�X �h�?�2 �C�S�� ���M�/ �+�B�`�+�m�H���i�Q�`�b

���`�2 �}�i�i�2�/ �r�B�i�? �+�`�v�Q�T�2�`�K �b�?�B�2�H�/�b �i�?���i �r�B�i�?�b�i���M�/ �}�2�H�/�b �m�T �i�Q �R�8�y�y �:�X

�h�?�2 �C�S�� �B�b �� �H�Q�r �[�m���H�B�i�v �7���+�i�Q�` �UQ�C�S��< 100�V �b�m�T�2�`�+�Q�M�/�m�+�i�B�M�; �`�2�b�Q�M���i�Q�` �+�Q�M�b�B�b�i�@

�B�M�; �Q�7 �� �a�Z�l�A�. �H�Q�Q�T ���`�`���v �U�e �a�Z�l�A�.�b�V �r�B�i�? �i�m�M���#�H�2 �B�M�/�m�+�i���M�+�2 �b�?�m�M�i�2�/ �#�v �� �}�t�2�/

�+���T���+�B�i���M�+�2 ���b �b�?�Q�r�M �B�M �6�B�;�X �9�X�R�y�U���-�#�V�X �6���#�`�B�+���i�B�M�; �� �H�Q�r�@�7�`�2�[�m�2�M�+�v �C�S�� �`�2�[�m�B�`�2�b

�+���`�2�7�m�H �2�M�;�B�M�2�2�`�B�M�; �Q�7 �i�?�2 �+���T���+�B�i���M�+�2 ���M�/ �a�Z�l�A�.�b �(�R�d�e�)�X �h�?�2 �K���B�M �C�S�� �+�?���`�@

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

�/�v�M���K�B�+ �`���M�;�2�X �6�Q�` �� �C�S�� �+�Q�K�T���i�B�#�H�2 �r�B�i�? �_�6 �`�2�~�2�+�i�Q�K�2�i�`�v�- �� �`�2�b�Q�M���M�i �7�`�2�[�m�2�M�+�v

�#�2�H�Q�r �R �:�>�x �B�b �/�2�b�B�`�2�/�X �J�Q�`�2�Q�p�2�`�- �i�?�2 �`�2�b�Q�M���M�+�2 �b�?�Q�m�H�/ �?���p�2 �� �b�m�{�+�B�2�M�i�H�v �H�Q�r

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

�7�Q�` �B�M�T�m�i �T�Q�r�2�`�b �m�T �i�Q� 120�/�"�K �U�T�Q�r�2�` ���i �r�?�B�+�? �K���t�B�K�m�K �b�2�M�b�B�i�B�p�B�i�v �B�b ���+�?�B�2�p�2�/

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



�N�y �*�?���T�i�2�` �9�6���b�i ���M�/ �b�2�M�b�B�i�B�p�2 �;���i�2�@�#���b�2�/ �_�6�@� �̀2���/�Q�m�i
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�'�J�H�V�S�F ���������1�t�T�2�`�B�K�2�M�i���H �b�2�i�m�T�X�a�+�?�2�K���i�B�+ �Q�7 �i�?�2 �b�2�i�m�T �B�b �b�?�Q�r�M �Q�M �i�?�2 �H�2�7�i
���M�/ �B�K���;�2�b ���`�2 �b�?�Q�r�M �Q�M �i�?�2 �`�B�;�?�i�X �h�?�2 �C�S�� �B�b �B�M�i�2�;�`���i�2�/ �B�M�i�Q �i�?�2 �`�2�~�2�+�@
�i�Q�K�2�i�`�v �+�B�`�+�m�B�i ���i �K�B�H�H�B�E�2�H�p�B�M �i�2�K�T�2�`���i�m�`�2�X �h�?�2 �`�2�b�Q�M���i�Q�` �B�b �7�Q�`�K�2�/ �m�b�B�M�;
�� �L�#�L �b�T�B�`���H �B�M�/�m�+�i�Q�` ���M�/ �[�m���M�i�m�K �/�Q�i�b ���`�2 �7�Q�`�K�2�/ �B�M �� �b�B�H�B�+�Q�M �M���M�Q�r�B�`�2
�i�`���M�b�B�b�i�Q�`�X

�i�?�2 �Q�p�2�`���H�H �+���T���+�B�i���M�+�2C ���M�/ �i�?�2 �+�`�B�i�B�+���H �D�m�M�+�i�B�Q�M �+�m�`�`�2�M�iI 0 ���b �7�Q�H�H�Q�r�b �(�R�d�e�)

! �C�S��=
1

p
LC

�U�9�X�j�8�V

Q�C�S��= Z0! �C�S��C �U�9�X�j�e�V

L j =
' 0

I 0
�U�9�X�j�d�V

P�K���t / I 2
0 �U�9�X�j�3�V

�r�?�2�`�2L �B�b �i�?�2 �Q�p�2�`���H�H �B�M�/�m�+�i���M�+�2�X �6�Q�` �� �C�S�� �Q�T�2�`���i�B�M�; ���i �� �7�2�r �:�>�x �i�v�T�B�+���H �p���H�m�2�b

���`�2C = 5 �T�6 �U�Q�p�2�`�H���T �+���T���+�B�i�Q�`�- ���M�/ �b�i�`���v �+���T���+�B�i���M�+�2�V ���M�/L = 100 �T�> �U�D�m�M�+�i�B�Q�M

���M�/ �b�i�`���v �B�M�/�m�+�i���M�+�2�V �(�k�y�9�)�X �A�M �i�?�B�b �H�Q�r�@�7�`�2�[�m�2�M�+�v �/�2�b�B�;�M�- �B�M�b�i�2���/ �Q�7 �� �b�B�M�;�H�2 �a�Z�l�A�.

���M ���`�`���v �Q�7 �a�Z�l�A�.�b �B�b �b�2�H�2�+�i�2�/ �i�Q �K���B�M�i���B�M �b�m�{�+�B�2�M�i �/�v�M���K�B�+ �`���M�;�2 ���M�/ �#���M�/�r�B�/�i�?

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

�U�r�B�i�? �i�?�2 �M�m�K�#�2�` �Q�7 �a�Z�l�A�.�b�V �r�?�B�H�2 �i�?�2 �C�Q�b�2�T�?�b�Q�M �B�M�/�m�+�i���M�+�2 �`�2�K���B�M�b �m�M�+�?���M�;�2�/�X



�9�X�j �C�Q�b�2�T�?�b�Q�M �S���`���K�2�i�`�B�+ ���K�T�H�B�}�2�` �N�R

(d) (e)

(c)

SQUID array

Linear 
resonator

Parametric 
regime

Bistable 
regime JPA 

resonance

Cp

Cj

Cj

capacitor

�'�J�H�V�S�F �����������C�S�� �i�m�M�B�M�;�X �U���V�h�?�2 �C�S�� �/�2�p�B�+�2 �b�+�?�2�K���i�B�+�- �+�?�B�T ���M�/ �T���+�F���;�B�M�;�X
�U�#�V�a�1�J �K�B�+�`�Q�@�;�`���T�? �Q�7 �i�?�2 �a�Z�l�A�. ���`�`���v �i�?���i �7�Q�`�K�b �i�?�2 �C�S�� �`�2�b�Q�M���i�Q�`�X
�U�+�V�h�?�2 �C�S�� �`�2�b�Q�M���M�+�2 �B�b �i�m�M���#�H�2 �B�M �7�`�2�[�m�2�M�+�v �#�v �T���b�b�B�M�; �� �+�m�`�`�2�M�iI �#�B���b

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



�N�k �*�?���T�i�2�` �9�6���b�i ���M�/ �b�2�M�b�B�i�B�p�2 �;���i�2�@�#���b�2�/ �_�6�@� �̀2���/�Q�m�i

�'�J�H�V�S�F �����������C�S�� �;���B�M�X �U���V�C�S�� �;���B�M ���b �� �7�m�M�+�i�B�Q�M �Q�7 �T�m�K�T �T�Q�r�2�` ���M�/�U�#�V
�7�`�2�[�m�2�M�+�v ���i �}�t�2�/I �#�B���b�7�Q�` �� �b�K���H�H ���/�/�B�i�B�Q�M���H �b�B�;�M���H ���i �7�`�2�[�m�2�M�+�vf �X �U�+�V
�C�S�� �;���B�M �T�`�Q�}�H�2 �r�?�2�M �i�m�M�2�/ �i�Q �d�8�9 �J�>�x �7�Q�` �/�B�z�2�`�2�M�i �b�B�;�M���H �T�Q�r�2�`�X �:���B�M �B�b
�`�2�/�m�+�2�/ �r�B�i�? �B�M�+�`�2���b�B�M�; �T�Q�r�2�` �/�m�2 �i�Q �b���i�m�`���i�B�Q�M�X�U�/�V�C�S�� �;���B�M �T�`�Q�}�H�2 �r�?�2�M
�i�m�M�2�/ �i�Q �d�e�8 �J�>�x�X ���i �?�B�;�?�2�` �7�`�2�[�m�2�M�+�v�- �7�m�`�i�?�2�` ���r���v �7�`�Q�K �i�?�2 �#�B�@�b�i���#�B�H�B�i�v
�T�Q�B�M�i �H���`�;�2�` �#���M�/�r�B�/�i�? ���i �`�2�/�m�+�2�/ �K���t�B�K���H �;���B�M �B�b ���+�?�B�2�p�2�/�X

�+�1�" �U�V�O�J�O�H�h�?�2 �C�S�� �B�b �i�m�M���#�H�2 �B�M �7�`�2�[�m�2�M�+�v �7�`�Q�K �8�y�y���3�y�y �J�>�x�- ���b �b�?�Q�r�M �B�M

�6�B�;�X �9�X�R�y�U�+�V�- �#�v �T���b�b�B�M�; �� �+�m�`�`�2�M�iI �#�B���b�i�?�`�Q�m�;�? �� �+�Q�B�H �i�?���i �+�?���M�;�2�b �i�?�2 �~�m�t �i�?�`�Q�m�;�?

�i�?�2 �M�2���`�#�v �a�Z�l�A�.�b�X ���i �H�Q�r �/�`�B�p�2 �T�Q�r�2�`�- �i�?�2 �C�S�� �#�2�?���p�2�b �H�B�F�2 �� �H�B�M�2���` �`�2�b�Q�M���i�Q�`

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

�B�M �6�B�;�X �9�X�R�y�U�/�-�2�V�X ���i �?�B�;�? �T�Q�r�2�`�- �i�?�2 �M�Q�M�@�H�B�M�2���`�B�i�v �Q�7 �i�?�2 �C�Q�b�2�T�?�b�Q�M �D�m�M�+�i�B�Q�M�b �K���M�@

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

�2�p�2�M�i�m���H�H�v �i�?�2 �C�S�� �`�2���+�?�2�b �� �#�B�@�b�i���#�H�2 �`�2�;�B�K�2 �(�R�d�e�)�- �r�?�2�`�2 �� �/�B�T �B�M �i�?�2 �K���;�M�B�i�m�/�2

�b�B�;�M���H �B�b �Q�#�b�2�`�p�2�/�X �h�Q ���+�?�B�2�p�2 �;���B�M ���i �� �/�2�b�B�`�2�/ �7�`�2�[�m�2�M�+�v�- �i�?�2 �C�S�� �B�b �}�`�b�i �i�m�M�2�/

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

�b�+���M ���b �b�?�Q�r�M �B�M �6�B�;�X �9�X�R�y�U�+�@�2�V�X �S���`���K�2�i�`�B�+ �;���B�M �+���M �#�2 �Q�#�i���B�M�2�/ �7�Q�` �b�K���H�H �B�M�@

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

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



�9�X�j �C�Q�b�2�T�?�b�Q�M �S���`���K�2�i�`�B�+ ���K�T�H�B�}�2�` �N�j
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�'�J�H�V�S�F �����������C�S�� �Q�T�2�`���i�B�Q�M �T�`�B�M�+�B�T�H�2�X �U���V�a�+�?�2�K���i�B�+ �Q�7 �i�?�2 �C�S�� �i�`���M�b�7�2�`
�7�m�M�+�i�B�Q�M�X �a�K���H�H �K�Q�/�m�H���i�B�Q�M �B�M �i�?�2 �C�S�� �T�m�K�T �T�Q�r�2�` �H�2���/ �i�Q �H���`�;�2 �K�Q�/�m�H���@
�i�B�Q�M�b �B�M �i�?�2 �T�?���b�2 �Q�7 �i�?�2 �`�2�~�2�+�i�2�/ �b�B�;�M���H�X�U�#�V�a�+�?�2�K���i�B�+ �B�H�H�m�b�i�`���i�B�Q�M �Q�7 �i�?�2
�C�S�� �Q�T�2�`���i�B�Q�M �T�`�B�M�+�B�T�H�2 �B�M �T�?���b�2�@�T�`�2�b�2�`�p�B�M�; �K�Q�/�2 �B�M �i�?�2IQ �T�H���M�2�X �A�M �i�?�2
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�+�Q�B�M�+�B�/�2�b �r�B�i�? �i�?�2LC �`�2�b�Q�M���i�Q�`�X �h�?�2LC �`�2�b�Q�M���i�Q�` �B�b �7�Q�`�K�2�/ �#�v �i�?�2 �T���`���H�H�2�H �+�Q�K�#�B�@

�M���i�B�Q�M �Q�7 �� �L�#�L �b�T�B�`���H �B�M�/�m�+�i�Q�`L = 170 �M�>�- �T���`���b�B�i�B�+ �+���T���+�B�i���M�+�2 ���M�/ �i�?�2 �[�m���M�i�m�K

�/�Q�i �/�2�p�B�+�2 �UC�T + C�/ = 380 �7�6�V�- ���H�H �+�Q�m�T�H�2�/ �i�Q �i�?�2 �_�6 �H�B�M�2 �p�B�� �� �+�Q�m�T�H�B�M�; �+���T���+�@

�B�i�Q�` �UC�+ = 37 �7�6�V ���b �b�?�Q�r�M �B�M �6�B�;�X �9�X�N�X �� �`�2�b�Q�M���M�+�2 �B�M �i�?�2 �`�2�~�2�+�i�B�Q�M �+�Q�2�{�+�B�2�M�i

� = j� j �2�t�T(i� ) �B�b �Q�#�b�2�`�p�2�/ ���if �_�6 = 1/2 �
p

L(C�++ C�T+ C�/) = 621:9 �J�>�x �r�B�i�?

�� �H�Q���/�2�/ �[�m���H�B�i�v �7���+�i�Q�` �Q�7Q�H�Q���/= 966 � 8�- �B�K�T�2�/���M�+�2Z =
p

L/( C�T+ C�++ C�/) =

650 
 �- �`�2�i�m�`�M �H�Q�b�b �Q�7 �j �/�" ���M�/ �T�?���b�2 �b�?�B�7�i> 180� �U�Q�p�2�`�@�+�Q�m�T�H�2�/�V ���b �b�?�Q�r�M �B�M

�6�B�;�X �9�X�R�j�U�#�V�X �q�?�2�M �Q�T�2�`���i�B�M�; ���i �� �+�?���`�;�2 �B�M�b�i���#�B�H�B�i�v �B�M �i�?�2 �Z�. �/�2�p�B�+�2�- �i�?�2 �`�2�b�@

�Q�M���i�Q�` �`�2���+�?�2�b �T�2�`�7�2�+�i �K���i�+�?�B�M�; ���b �T�`�2�p�B�Q�m�b�H�v �Q�#�b�2�`�p�2�/ �B�M �6�B�;�X �9�X�e�U�2�V�X �h�?�2 �C�S��

�B�b �Q�T�2�`���i�2�/ �B�M �T�?���b�2�@�T�`�2�b�2�`�p�B�M�; �K�Q�/�2�- �r�?�2�`�2 �i�?�2�`�2 �B�b ���M �Q�z�b�2�i� f = f �C�S�� � f �_�6

�#�2�i�r�2�2�M �i�?�2 �C�S�� �T�m�K�T �7�`�2�[�m�2�M�+�v �Uf �C�S���V ���M�/f �_�6�- �b�Q �T�Q�r�2�` �7�`�Q�K �i�?�2 �C�S�� �T�m�K�T �B�b

�i�`���M�b�7�2�`�`�2�/ �Q�M�i�Qf �_�6 ���M�/f �C�S��+ � f �U�7�Q�m�`�@�r���p�2 �K�B�t�B�M�;�V �p�B�� �/�Q�m�#�H�2�@�b�B�/�2�#���M�/ �T�?���b�2

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

� f �j�/�"
�_�6 = 0:65 �J�>�x ���M�/ �i�?�2 �C�S��� f �j�/�"

�C�S�� = 6 �J�>�x�X �h�?�B�b �T�m�i�bf �C�S�� ���i �i�?�2 �2�/�;�2 �Q�7

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

�r�?�B�H�2 �K���t�B�K�B�x�B�M�; �;���B�M ���if �_�6�X �q�?�2�M �i�m�M�2�/ ���M�/ �T�m�K�T�2�/�- �� �;���B�M �Q�7 �R�d �/�" �B�b ���+�?�B�2�p�2�/

���i f �_�6 ���b �b�?�Q�r�M �B�M �6�B�;�X �9�X�R�j�U�/�V�X �h�?�2 �/�2�+�`�2���b�2 �B�M �;���B�M �M�2���`f �_�6 �B�b �H�B�F�2�H�v �/�m�2 �i�Q �H���`�;�2



�N�e �*�?���T�i�2�` �9�6���b�i ���M�/ �b�2�M�b�B�i�B�p�2 �;���i�2�@�#���b�2�/ �_�6�@� �̀2���/�Q�m�i

parametric 
ampli��cation

LC resonator

|��
|

RF

�'�J�H�V�S�F �����������C�S�� ���M�/LC �`�2�b�Q�M���i�Q�`�X �U���V�C�S�� �T�?���b�2 �`�2�b�T�Q�M�b�2 ���b �� �7�m�M�+�@
�i�B�Q�M �T�m�K�T �T�Q�r�2�` ���M�/ �7�`�2�[�m�2�M�+�v�X �h�?�2 �`�2�;�B�K�2 �Q�7 �T���`���K�2�i�`�B�+ ���K�T�H�B�}�+���i�B�Q�M
�+�Q�B�M�+�B�/�2�b �r�B�i�? �i�?�2 �`�2���/�Q�m�i �`�2�b�Q�M���i�Q�` �r�?�B�+�? ���`�2 �#�Q�i�? �?�B�;�?�H�B�;�?�i�2�/�X�U�#�V�J���;�@
�M�B�i�m�/�2 ���M�/ �T�?���b�2 �Q�7 �i�?�2 �`�2�~�2�+�i�B�Q�M �+�Q�2�{�+�B�2�M�i �b�?�Q�r�B�M�; �i�?�2 �`�2���/�Q�m�i �`�2�b�Q�M���i�Q�`
�UQ�H�Q���/= 966 � 8�V�X�U�+�V�:���B�M �T�`�Q�}�H�2 �Q�7 �i�?�2 �C�S�� �r�?�2�M �i�m�M�2�/ �+�H�Q�b�2 �i�Q �i�?�2
�`�2���/�Q�m�i �`�2�b�Q�M���i�Q�` �7�`�2�[�m�2�M�+�v �U�j�@�/�"�@�#���M�/�r�B�/�i�? �Q�76 �J�>�x�V�X�U�/�V�C�S�� �;���B�M ���M�/
�2�b�i�B�K���i�2�/ �b�v�b�i�2�K �M�Q�B�b�2 �i�2�K�T�2�`���i�m�`�2 ���if �_�6 ���b �� �7�m�M�+�i�B�Q�M �Q�7 �_�6 �B�M�T�m�i �T�Q�r�2�`
�b�?�Q�r�B�M�; �b���i�m�`���i�B�Q�M ���i �?�B�;�? �B�M�T�m�i �T�Q�r�2�` �U�R�@�/�"�@�+�Q�K�T�`�2�b�b�B�Q�M ���i� 121 �/�"�K�V�X



�9�X�j �C�Q�b�2�T�?�b�Q�M �S���`���K�2�i�`�B�+ ���K�T�H�B�}�2�` �N�d

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

�8�y �Õ�X

�/�P�J�T�F �U�F�N�Q�F�S�B�U�V�S�F�6�B�;�m�`�2 �9�X�R�j�U�+�V �b�?�Q�r�b �i�?�2 �C�S�� �;���B�M ���M�/ �i�?�2 �2�z�2�+�i�B�p�2 �M�Q�B�b�2

�i�2�K�T�2�`���i�m�`�2 �+�H�Q�b�2 �i�Qf �_�6 ���b �� �7�m�M�+�i�B�Q�M �Q�7P�_�6�X �R�@�/�"�@�+�Q�K�T�`�2�b�b�B�Q�M �B�b �Q�#�b�2�`�p�2�/ ���i

� 121 �/�"�K�X �"���b�2�/ �Q�M ���K�T�H�B�}�2�` �;���B�M �2�b�i�B�K���i�B�Q�M�b �UG�>�1�J�h = 27 � 2 �/�"�V ���M �2�z�2�+�i�B�p�2

�M�Q�B�b�2 �i�2�K�T�2�`���i�m�`�2T�M�Q�B�b�2= 2:5+1 :4
� 0:9 �E �r�B�i�? �i�?�2 �C�S�� �Q�z �U�+�Q�M�b�B�b�i�2�M�i �r�B�i�? �i�?�2 �+�`�v�Q�;�2�M�B�+

���K�T�H�B�}�2�` �b�T�2�+�B�}�+���i�B�Q�M�b�V ���M�/ �� �K�B�M�B�K�m�K �M�Q�B�b�2 �i�2�K�T�2�`���i�m�`�2 �Q�7T�M�Q�B�b�2= 200+110
� 73 �K�E

�#���b�2�/ �Q�M �i�?�2 �a�L�_ �B�K�T�`�Q�p�2�K�2�M�i �r�B�i�? �i�?�2 �C�S�� �Q�M �B�b �Q�#�i���B�M�2�/�X �h�?�2 �2�z�2�+�i�B�p�2 �M�Q�B�b�2

�i�2�K�T�2�`���i�m�`�2 �r�B�i�? �i�?�2 �C�S�� �Q�M �B�M�+�`�2���b�2�b �r�B�i�? �B�M�+�`�2���b�B�M�; �T�Q�r�2�` �/�m�2 �i�Q �b���i�m�`���i�B�Q�M�X

�h�?�2�`�2 ���`�2 �K�m�H�i�B�T�H�2 �+�Q�M�i�`�B�#�m�i�B�Q�M�b �i�QT�M�Q�B�b�2�- �+���T�i�m�`�2�/ �B�M �1�[�X �U�9�X�j�N�V�X �h�?�2 �+�Q�M�i�`�B�#�m�i�B�Q�M

�Q�7 �i�?�2 �+�`�v�Q�;�2�M�B�+ ���K�T�H�B�}�2�`T�>�1�J�h
G�C�S��

= 50+28
� 18 �K�E ���M�/T�C�S�� ���M�/T�b�v�b�r�?�B�+�? ���`�2 �2�b�i�B�K���i�2�/

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

�#�B�H�B�i�v�XT�b�v�b�+���M �?���p�2 �+�Q�M�i�`�B�#�m�i�B�Q�M�b �7�`�Q�K �i�?�2 �`�2�b�Q�M���i�Q�` �+�B�`�+�m�B�i �UT�+�B�`�+�V ���M�/ �i�?�2 �Z�.

�/�2�p�B�+�2 �UT�Z�. �V�,T�b�v�b= (1 � j � j2)T�+�B�`�++ kT�Z�. �(�R�9�N�)�- �r�?�2�`�2k �B�b �i�?�2 �7�`���+�i�B�Q�M �Q�7 �i�?�2 �`�7

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

���/�B���#���i�B�+���H�H�v �r�?�2�M �i�?�2 �i�m�M�M�2�H �`���i�2 �B�b �H���`�;�2�` �i�?���M �i�?�2 �_�6 �/�`�B�p�2 ���M�/ �?�2�M�+�2k = 0�X

�"���b�2�/ �Q�M ���M �B�M�+�`�2���b�2 �B�MT�M�Q�B�b�2�Q�735+24
� 13 �K�E �r�?�2�M �Q�T�2�`���i�B�M�; ���i �� �+�?���`�;�2 �i�`���M�b�B�i�B�Q�M

�U�r�?�2�`�2j� j �/�2�+�`�2���b�2�b �7�`�Q�K0:5 �i�Q0�V�-T�C�S�� = 47+35
� 30 �K�E ���M�/T�+�B�`�+= 142+94

� 54 �K�E �B�b

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

�Q�M���M�i �+�B�`�+�m�B�i ���M�/ �� �C�S�� �2�{�+�B�2�M�+�v �Q�7 �j�e�W �Q�7 �i�?�2 �[�m���M�i�m�K �H�B�K�B�i �U�2�[�m�B�p���H�2�M�i �i�Q� 1:5

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

�T�Q�B�M�i �(�R�N�d�- �k�y�8�- �k�y�e�)�X

���������� �2�% �E�F�W�J�D�F

�h�?�2 �B�K�T�`�Q�p�2�K�2�M�i�b �B�M �i�?�2 �a�L�_ �Q�7 �;���i�2�@�#���b�2�/ �`�2���/�Q�m�i �r�B�i�? �i�?�2 �C�S�� ���`�2 �#�2�M�+�?�K���`�F�2�/

�m�b�B�M�; �� �Z�.�@�i�Q�@�`�2�b�2�`�p�Q�B�` �+�?���`�;�2 �i�`���M�b�B�i�B�Q�M �U�.�_�h�V ���M�/ �B�M�i�2�`�@�/�Q�T���M�i�f�/�Q�i �+�?���`�;�2 �i�`���M�@

�b�B�i�B�Q�M �U�A�.�h�V �B�M �� �*�J�P�a �b�B�H�B�+�Q�M �M���M�Q�r�B�`�2 �}�2�H�/�@�2�z�2�+�i �i�`���M�b�B�b�i�Q�` �/�2�p�B�+�2 �r�B�i�? �+�?���M�M�2�H

�r�B�/�i�? ���M�/ �;���i�2 �H�2�M�;�i�? �Q�7 �j�y �M�K �b�B�K�B�H���` �i�Q �i�?�2 �T�`�2�p�B�Q�m�b �/�2�p�B�+�2 �B�M �a�2�+�i�B�Q�M �9�X�k�X�j�X �6�B�;�@

�m�`�2 �9�X�R�9�U���V �b�?�Q�r�b �� �b�+�?�2�K���i�B�+ �H�B�M�2�@�+�m�i �Q�7 �i�?�2 �/�2�p�B�+�2 ���H�Q�M�; �i�?�2 �;���i�2�X �Z�.�b �7�Q�`�K �B�M �i�?�2

�+�Q�`�M�2�`�b �Q�7 �i�?�2 �/�2�p�B�+�2 ���M�/ �?���p�2 �� �b�i�`�Q�M�; �+�Q�m�T�H�B�M�; �i�Q �i�?�2 �;���i�2� �.�_�h = 0:86�X ���/�/�B�i�B�Q�M�@

���H�H�v�- �;�B�p�2�M �i�?�2 �/�Q�T�B�M�; �/�2�M�b�B�i�v�- ���M ���p�2�`���;�2 �Q�7 �8 �U�T�?�Q�b�T�?�Q�`�m�b�V �/�Q�M�Q�`�b ���`�2 �2�t�T�2�+�i�2�/

�B�M �i�?�2 �/�2�p�B�+�2 �+�?���M�M�2�H �(�d�9�) ���M�/ �Q�M�2 �/�Q�M�Q�` �B�b �Q�#�b�2�`�p�2�/ �B�M �i�?�2 �/�2�p�B�+�2 �i�?���i �B�b �+�Q�m�T�H�2�/

�i�Q �Q�M�2 �Q�7 �i�?�2 �`�2�b�2�`�p�Q�B�`�b ���M�/ �#�Q�i�? �Z�.�b�X �h�?�2 �/�Q�M�Q�` �B�b �B�/�2�M�i�B�}�2�/ �B�M �6�B�;�X �9�X�R�9�U�#�V ���b

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



�N�3 �*�?���T�i�2�` �9�6���b�i ���M�/ �b�2�M�b�B�i�B�p�2 �;���i�2�@�#���b�2�/ �_�6�@� �̀2���/�Q�m�i

Source

Drain

�'�J�H�V�S�F �����������Z�m���M�i�m�K �/�Q�i �/�2�p�B�+�2�X �U���V�a�+�?�2�K���i�B�+ �+�`�Q�b�b�@�b�2�+�i�B�Q�M �Q�7 �i�?�2 �Z�.
�/�2�p�B�+�2 ���H�Q�M�; �i�?�2 �;���i�2�- ���M�/ �i�?�2 �b�Q�m�`�+�2 ���M�/ �/�`���B�M�- �b�?�Q�r�B�M�; �i�r�Q �Z�.�b �B�M �i�?�2 �i�Q�T
�+�Q�`�M�2�`�b �Q�7 �i�?�2 �M���M�Q�r�B�`�2 ���M�/ �� �/�Q�M�Q�` �B�M �i�?�2 �+�?���M�M�2�H�X �h�`���M�b�B�i�B�Q�M�b ���i �r�?�B�+�?
�K�2���b�m�`�2�K�2�M�i�b ���`�2 �T�2�`�7�Q�`�K�2�/ ���`�2 �B�M�/�B�+���i�2�/�X�U�#�V�S�?���b�2 �`�2�b�T�Q�M�b�2 �Q�7 �i�?�2 �/�2�p�B�+�2
���b �� �7�m�M�+�i�B�Q�M �Q�7V�: ���M�/V�"�: �b�?�Q�r�B�M�; �K�m�H�i�B�T�H�2 �H�B�M�2�b �Q�`�B�;�B�M���i�B�M�; �7�`�Q�K �+�Q�`�M�2�`
�Z�.�b ���M�/ �Q�M�2 �H�B�M�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q �i�?�2 �/�Q�M�Q�`�X

�#�Q�i�? �Z�.�b�X �h�?�2 �A�.�h ���M�/ �.�_�h �i�?���i ���`�2 �/�B�b�+�m�b�b�2�/ �7�m�`�i�?�2�` �B�M �i�?�2 �M�2�t�i �b�2�+�i�B�Q�M�b ���`�2

�?�B�;�?�H�B�;�?�i�2�/�X

���������� �$�I�B�S�H�F �T�F�O�T�J�U�J�W�J�U�Z

�h�Q �#�2�M�+�?�K���`�F �+�?���`�;�2 �b�2�M�b�B�M�; �r�B�i�? ���M�/ �r�B�i�?�Q�m�i �i�?�2 �C�S���- �i�?�2 �+�?���`�;�2 �b�2�M�b�B�i�B�p�B�i�v

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

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

�/�B�`�2�+�i�B�Q�M �B�M �6�B�;�X �9�X�R�9�U���V�X �q�?�2�M �Q�T�2�`���i�B�M�; ���i �i�?�2 �.�_�h �� �+���T���+�B�i�B�p�2 �b�?�B�7�i �Q�7 �i�?�2

�`�2�b�Q�M���M�+�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q� C�/ = 0:5 �7�6 �B�b �Q�#�b�2�`�p�2�/�X

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

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

�2�[�m�B�p���H�2�M�i ���K�T�H�B�i�m�/�2� q�`�K�b���M�/ �i�?�2 �a�L�_ �Q�7 �b�B�/�2�#���M�/�b ���T�T�2���`�B�M�; ���if �_�6 � f ���* �B�b

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

�p�Q�H�i���;�2 �Q�z�b�2�i �B�b �b�?�Q�r�M �B�M �6�B�;�X �9�X�R�8�U���V �r�B�i�? ���M�/ �r�B�i�?�Q�m�i �i�?�2 �C�S���X �q�B�i�? �i�?�2 �C�S��

�Q�M �� �a�L�_ �2�M�?���M�+�2�K�2�M�i �B�b �Q�#�b�2�`�p�2�/ ���M�/ �i�?�2 �T�Q�B�M�i ���i �r�?�B�+�? �i�?�2 �K���t�B�K�m�K �a�L�_ �B�b

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

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

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

�M�Q�B�b�2 �+�H�Q�b�2 �i�Q �i�?�2 �_�6 �+���`�`�B�2�` �B�b �Q�#�b�2�`�p�2�/�- ���b �b�?�Q�r�M �B�M �6�B�;�X �9�X�R�8�U�#�V�- �r�?�B�+�? �`�2�b�m�H�i�2�/

�B�M �� �b�i�`�Q�M�; �`�2�/�m�+�i�B�Q�M �B�M �a�L�_ ���i �H�Q�rf ���* �/�m�2 �i�Q ���M �2�H�2�p���i�2�/ �M�Q�B�b�2 �~�Q�Q�`�X �h�?�2 �M�Q�B�b�2

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



�9�X�j �C�Q�b�2�T�?�b�Q�M �S���`���K�2�i�`�B�+ ���K�T�H�B�}�2�` �N�N

RF RF

RF

�'�J�H�V�S�F �����������*�?���`�;�2 �b�2�M�b�B�i�B�p�B�i�v�X �U���V�6�B�M�2 �i�m�M�B�M�; �Q�7 �i�?�2 �;���i�2 �p�Q�H�i���;�2 �Q�z�b�2�i�X
�>�B�;�?�2�b�i �a�L�_ �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �i�?�2 �b�i�2�2�T�2�b�i �b�H�Q�T�2 �Q�7 �i�?�2 �.�_�h�X�U�#�V�a�B�;�M���H�@�i�Q�@
�M�Q�B�b�2 �`���i�B�Q ���b �� �7�m�M�+�i�B�Q�M �Q�7 �K�Q�/�m�H���i�B�Q�M �7�`�2�[�m�2�M�+�v ���iP�_�6 = � 120 �/�"�K ���M�/
�H�Q�r�@�7�`�2�[�m�2�M�+�v �H�B�M�2 �}�H�i�2�` �7�m�M�+�i�B�Q�M�X�U�+�V�S�Q�r�2�` �#�`�Q���/�2�M�B�M�; �Q�7 �i�?�2 �b�2�H�2�+�i�2�/ �i�`���M�@
�b�B�i�B�Q�M �r�B�i�? �H�B�M�2�@�b�?���T�2 �b�?�Q�r�M �B�M�b�2�i�X �h�?�2 �`�2�;�B�K�2 �Q�7 �b�B�;�M�B�}�+���M�i �T�Q�r�2�` �#�`�Q���/�@
�2�M�B�M�; �B�b �B�M�/�B�+���i�2�/ �#�v �� �/���b�?�2�/ �H�B�M�2�X�U�/�V�a�L�_ ���b �� �7�m�M�+�i�B�Q�M �Q�7P�_�6�X �h�?�2
�T�Q�r�2�` ���i �r�?�B�+�? �C�S�� �b���i�m�`���i�B�Q�M �U�/�Q�i�i�2�/�V ���M�/ �b�B�;�M�B�}�+���M�i �T�Q�r�2�` �#�`�Q���/�2�M�B�M�;
�Q�+�+�m�`�b �U�/���b�?�2�/�V �B�M�/�B�+���i�2�/�X�U�2�V�*�?���`�;�2 �b�2�M�b�B�i�B�p�B�i�v ���iP�_�6 = � 130 �/�"�K ���b ��
�7�m�M�+�i�B�Q�M �Q�7 �+�?���`�;�2 �2�[�m�B�p���H�2�M�i �K�Q�/�m�H���i�B�Q�M ���K�T�H�B�i�m�/�2



�R�y�y �*�?���T�i�2�` �9�6���b�i ���M�/ �b�2�M�b�B�i�B�p�2 �;���i�2�@�#���b�2�/ �_�6�@� �̀2���/�Q�m�i

f ���* > 10 �F�>�x �Q�+�+�m�`�b �/�m�2 �i�Q �H�B�M�2 �}�H�i�2�`�B�M�;�X ���M �Q�T�2�`���i�B�Q�M �7�`�2�[�m�2�M�+�v �Q�7f ���* = 50 �F�>�x

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

�K�2�M�i ���M�/ ���K�T�H�B�i�m�/�2 �`�2�/�m�+�i�B�Q�M �/�m�2 �i�Q �}�H�i�2�`�b �Q�M �i�?�2 �H�B�M�2 �B�b �+���H�B�#�`���i�2�/�, �Q�M�H�v �R�R�W

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

�#�2�H�Q�r �T�Q�r�2�` �#�`�Q���/�2�M�B�M�;P�_�6 < � 130 �/�"�K �i�?�2 �H�Q�r�@�7�`�2�[�m�2�M�+�v �M�Q�B�b�2 �B�b �7�m�`�i�?�2�` �`�2�@

�/�m�+�2�/�X �6�B�;�m�`�2 �9�X�R�8�U�+�V �b�?�Q�r�b �i�?�2 �7�m�H�H�@�r�B�/�i�? �?���H�7 �K���t�B�K�m�K �Q�7 �i�?�2 �b�2�H�2�+�i�2�/ �.�_�h �U�b�2�2

�B�M�b�2�i�V ���b �� �7�m�M�+�i�B�Q�M �Q�7P�_�6 �i�Q �/�2�i�2�`�K�B�M�2 �i�?�2 �K���t�B�K�m�K �T�Q�r�2�` �#�2�7�Q�`�2 �T�Q�r�2�` �#�`�Q���/�@

�2�M�B�M�;�X �l�b�B�M�; �� �K�Q�/�2�H �Q�7 �6�q�>�J= 
 0

q
1 + P�_�6

Pp
2

�� �M���i�m�`���H �H�B�M�2�@�r�B�/�i�? �Q�7
 = �R�y�8 �’�o

���M�/Pp
2 = � 110 �/�"�K �B�b �2�t�i�`���+�i�2�/�- �r�?�2�`�2Pp

2 �B�b �i�?�2 �T�Q�r�2�` ���i �r�?�B�+�? �b�B�;�M�B�}�+���M�i

�T�Q�r�2�` �#�`�Q���/�2�M�B�M�; �U�7���+�i�Q�` �Q�7
p

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

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

�i�?�2 �C�S���- �B�b �`�2�[�m�B�`�2�/ ���M�/ �i�?�2 �_�6 �/�B�b�i�m�`�#���M�+�2 ���i �i�?�2 �/�2�p�B�+�2 �;���i�2 �B�b �+���H�+�m�H���i�2�/ ���b

V �T�T
�_�6 = 2C�+

C�++ C�T+ C�/
Q�H�Q���/V �T�T

�B�M�- �+�Q�`�`�2�b�T�Q�M�/�B�M�;�- �7�Q�` �2�t���K�T�H�2�- �i�QV �T�T
�_�6 = �R�j �’�o �7�Q�` ���M �B�M�T�m�i

�_�6 �T�Q�r�2�` �Q�7� 130 �/�"�K�X

�L�2�t�i�- �i�?�2 �a�L�_ ���b �� �7�m�M�+�i�B�Q�M �Q�7P�_�6�- �r�B�i�? ���M�/ �r�B�i�?�Q�m�i �i�?�2 �C�S���- �B�b �b�?�Q�r�M �B�M

�6�B�;�X �9�X�R�8�U�/�V�X ���M �B�K�T�`�Q�p�2�K�2�M�i �Q�7 �m�T �i�Q �3 �/�" �B�M �a�L�_ �B�b �Q�#�b�2�`�p�2�/ �r�B�i�? �i�?�2 �C�S��

���i �H�Q�r �_�6 �T�Q�r�2�`�X �A�`�`�2�b�T�2�+�i�B�p�2 �Q�7 �r�?�2�i�?�2�` �i�?�2 �C�S�� �B�b �m�b�2�/�- �7�Q�`P�_�6 �#�2�i�r�2�2�M� 130

���M�/� 120 �/�"�K �i�?�2 �a�L�_ �H�2�p�2�H�b �Q�z ���b �i�?�2 �.�_�h �#�2�;�B�M�b �i�Q �#�2�+�Q�K�2 �T�Q�r�2�` �#�`�Q���/�2�M�2�/�-

���M�/ �i�?�2 �a�L�_ �/�`�Q�T�b ���#�`�m�T�i�H�v �7�Q�` �T�Q�r�2�`�b ���#�Q�p�2� 110 �/�"�K�X �q�B�i�? �i�?�2 �C�S�� �Q�M �i�?�2�`�2

�B�b ���M ���/�/�B�i�B�Q�M���H �/�2�+�`�2���b�2 �B�M �a�L�_ �2�p�B�/�2�M�i ���#�Q�p�2� 120 �/�"�K ���b �i�?�2 �C�S�� �b���i�m�`���i�2�b�X

�h�?�B�b �b�?�Q�r�b �i�?���i �i�?�2 �C�S�� �+���M �2�B�i�?�2�` �#�2 �m�b�2�/ �i�Q �B�M�+�`�2���b�2 �i�?�2 �a�L�_ �#�2�v�Q�M�/ �r�?���i

�+�Q�m�H�/ �Q�i�?�2�`�r�B�b�2 �#�2 ���+�?�B�2�p�2�/�- ���M�/�f�Q�` �i�Q �T�`�Q�p�B�/�2 �i�?�2 �b���K�2 �a�L�_ �#�m�i ���i ���#�Q�m�i �R�y �/�"

�H�2�b�b �_�6 �T�Q�r�2�`�- �r�B�i�? �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�; �`�2�/�m�+�i�B�Q�M �B�M �i�?�2 �/�B�b�i�m�`�#���M�+�2 �Q�7 �i�?�2 �Z�.

�#�2�B�M�; �K�2���b�m�`�2�/�- ���M�/ �B�i�b �M�2�B�;�?�#�Q�m�`�b�X �6�B�M���H�H�v�- �6�B�;�X �9�X�R�8�U�2�V �b�?�Q�r�b �i�?�2 �Q�T�i�B�K���H �+�?���`�;�2

�b�2�M�b�B�i�B�p�B�i�v�- �+���H�+�m�H���i�2�/ ���b�q = � q�`�K�b/(
p

2 � BW � 10
�a�L�_

20 )�- ���b �� �7�m�M�+�i�B�Q�M �Q�7 �+�?���`�;�2

�2�[�m�B�p���H�2�M�i �K�Q�/�m�H���i�B�Q�M ���K�T�H�B�i�m�/�2 �U���iP�_�6 = � 130 �/�"�K�V�- �r�?�B�+�? �b�?�Q�r�b �i�?���i �#�2�b�i

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

�i�?�2 �C�S�� �B�b �y:�k�8 �’�2/
p

�>�x �+�Q�K�T���`�2�/ �i�Q �y:�8 �’�2/
p

�>�x �r�B�i�?�Q�m�i �i�?�2 �C�S���- �Q�m�i�T�2�`�7�Q�`�K�B�M�;

�T�`�2�p�B�Q�m�b �K�2���b�m�`�2�K�2�M�i�b �m�b�B�M�; �_�6�@�a�1�h �(�R�8�9�) ���M�/ �;���i�2�@�#���b�2�/ ���T�T�`�Q���+�?�2�b �(�k�j�e�)�X

���������� �7�J�E�F�P���N�P�E�F �J�N�Q�S�P�W�F�N�F�O�U�T

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

�+���M �#�2 �Q�#�b�2�`�p�2�/ �B�M �7���b�i �p�B�/�2�Q�@�K�Q�/�2 �K�2���b�m�`�2�K�2�M�i�b�X �6�B�;�m�`�2 �9�X�R�e �b�?�Q�r�b �K�2���b�m�`�2�K�2�M�i�b

�Q�#�i���B�M�2�/ �r�B�i�?�B�M �k �b �2���+�? ���i �/�B�z�2�`�2�M�i �T�Q�r�2�`P�_�6 ���M�/ �r�B�i�? �i�?�2 �C�S�� �2�B�i�?�2�` �Q�M �Q�` �Q�z�X

���i P�_�6 = � 130 �/�"�K ���M�/ �r�B�i�? �i�?�2 �C�S�� �Q�z �i�?�2 �*�Q�m�H�Q�K�# �/�B���K�Q�M�/ �+�?���`���+�i�2�`�B�b�i�B�+

�B�b �#���`�2�H�v �p�B�b�B�#�H�2 ���b �b�?�Q�r�M �B�M �6�B�;�X �9�X�R�e�U���V�X �h�?�2 �b�B�;�M���H �B�K�T�`�Q�p�2�b �b�B�;�M�B�}�+���M�i�H�v �r�?�2�M



�9�X�j �C�Q�b�2�T�?�b�Q�M �S���`���K�2�i�`�B�+ ���K�T�H�B�}�2�` �R�y�R

VSD = 0 mV VSD = 0 mV VSD = 0 mV

JPA o��
��130 dBm

JPA o��
��120 dBm

JPA on
��130 dBm

�'�J�H�V�S�F �����������6���b�i �K���T�b�X�6���b�i �K���T�b ���b �B�M�i�`�Q�/�m�+�2�/ �B�M �a�2�+�i�B�Q�M �9�X�k�X�9 ���i�U���V
P�_�6 = � 130 �/�"�K �r�B�i�? �i�?�2 �C�S�� �Q�z�-�U�#�VP�_�6 = � 120 �/�"�K �r�B�i�? �i�?�2 �C�S��
�Q�z ���M�/�U�+�VP�_�6 = � 130 �/�"�K �r�B�i�? �i�?�2 �C�S�� �Q�M�X �G�B�M�2�@�+�m�i�b ���iV�a�. = 0 �K�o
�/�2�K�Q�M�b�i�`���i�2 �i�?�2 �a�L�_ ���i �2���+�? �b�2�i�i�B�M�;�X

�B�M�+�`�2���b�B�M�; �i�?�2 �T�Q�r�2�` �i�QP�_�6 = � 120 �/�"�K ���b �b�?�Q�r�M �B�M �6�B�;�X �9�X�R�e�U�#�V�X �� �b�B�K�B�H���`

�B�K�T�`�Q�p�2�K�2�M�i �B�b ���+�?�B�2�p�2�/ �r�?�2�M �m�b�B�M�;P�_�6 = � 130 �/�"�K �#�m�i �r�B�i�? �i�?�2 �C�S�� �Q�M ���b

�b�?�Q�r�M �B�M �6�B�;�X �9�X�R�e�U�+�V�- �r�?�B�+�? ���+�?�B�2�p�2�b �� �M�2���`�H�v �B�/�2�M�i�B�+���H �a�L�_ ���b �/�2�K�Q�M�b�i�`���i�2�/ �B�M

�i�?�2 �H�B�M�2�@�+�m�i�b ���bV�a�. = 0 �K�o �#�2�H�Q�r �2���+�? �}�;�m�`�2�X �h�?�2 �7���b�i �K���T�b ���i �/�B�z�2�`�2�M�i �_�6

�T�Q�r�2�` �r�B�i�? ���M�/ �r�B�i�?�Q�m�i �i�?�2 �C�S�� �?�B�;�?�H�B�;�?�i ���;���B�M�- �i�?���i �r�?�B�H�2 �m�b�B�M�; �i�?�2 �C�S�� �H�2���/�b �i�Q

���M �B�M�+�`�2���b�2 �B�M �i�?�2 �a�L�_�- �B�i ���/�/�B�i�B�Q�M���H�H�v ���H�H�Q�r�b �Q�T�2�`���i�B�Q�M ���i �H�Q�r�2�` �B�M�T�m�i �T�Q�r�2�` �r�?�B�H�2

���+�?�B�2�p�B�M�; �B�/�2�M�i�B�+���H �a�L�_ �`�2�/�m�+�B�M�; �i�?�2 �Q�p�2�`���H�H �/�B�b�i�m�`�#���M�+�2 �Q�7 �i�?�2 �_�6 �b�B�;�M���H �Q�M�i�Q �i�?�2

�[�m���M�i�m�K �/�2�p�B�+�2�X

���������� �*�O�U�F�S���E�P�U �D�I�B�S�H�F �U�S�B�O�T�J�U�J�P�O

�A�M �� �+�Q�m�T�H�2�/ �.�Z�.�- �S���m�H�B �b�T�B�M �#�H�Q�+�F���/�2 ���H�H�Q�r�b �7�Q�` �/�B�`�2�+�i �b�B�M�;�H�2�i�@�i�`�B�T�H�2�i �`�2���/�Q�m�i

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

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

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

�#�2 �`�2�[�m�B�`�2�/�X �J�Q�`�2�Q�p�2�`�- ���b �i�?�2 �b�B�M�;�H�2�i�@�i�`�B�T�H�2�i �b�T�H�B�i�i�B�M�; �B�b �i�?�2 �#���b�B�b �7�Q�` �`�2���/�Q�m�i�- �i�?�2

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

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

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

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



�R�y�k �*�?���T�i�2�` �9�6���b�i ���M�/ �b�2�M�b�B�i�B�p�2 �;���i�2�@�#���b�2�/ �_�6�@� �̀2���/�Q�m�i

(1,0) (2,0)

(2,1)(1,1)

��

JPA o�� JPA on

�'�J�H�V�S�F �����������A�M�i�2�`�@�/�Q�M�Q�`�f�/�Q�i �+�?���`�;�2 �i�`���M�b�B�i�B�Q�M�X �U���V�1�p�2�M�@�T���`�B�i�v �A�.�h �#�2�@
�i�r�2�2�M �� �/�Q�M�Q�` ���M�/ �Z�. �B�M �i�?�2 �/�2�p�B�+�2�X �1�z�2�+�i�B�p�2 �2�H�2�+�i�`�Q�M �Q�+�+�m�T���i�B�Q�M �UN �/�Q�i�-
N �/�Q�M�Q�`�V �B�M�/�B�+���i�2�/�- �m�T �i�Q ���M ���`�#�B�i�`���`�v �Q�z�b�2�i�X�U�#�V�*�H�Q�b�2�@�m�T �Q�7 �i�?�2 �A�.�h ���i
�/�B�z�2�`�2�M�i �2�t�i�2�`�M���H �}�2�H�/Bz �X �a�B�;�M���H �b�H�Q�r�H�v �/�B�b���T�T�2���`�b �r�B�i�? �B�M�+�`�2���b�B�M�; �}�2�H�/
�B�M�/�B�+���i�B�M�; �2�p�2�M �+�?���`�;�2 �T���`�B�i�v�X�U�+�V�L�Q�`�K���H�B�x�2�/ �T�?���b�2 �`�2�b�T�Q�M�b�2 ���H�Q�M�; �i�?�2 �/�2�@
�i�m�M�B�M�; ���t�B�b" �B�M �U���V �r�B�i�? ���M�/ �r�B�i�?�Q�m�i �i�?�2 �C�S�� �7�Q�` �i�r�Q �/�B�z�2�`�2�M�i �B�M�i�2�;�`���i�B�Q�M
�i�B�K�2�b �U�i�`���+�2�b �Q�z�b�2�i �#�v �R�X�8 �B�M� � �7�Q�` �+�H���`�B�i�v�V�X�U�/�V�a�L�_ �Q�#�i���B�M�2�/ �7�`�Q�K �i�`���+�2�b
���b �b�?�Q�r�M �B�M �U�#�V ���b �� �7�m�M�+�i�B�Q�M �Q�7 �B�M�i�2�;�`���i�B�Q�M �i�B�K�2 �r�B�i�? �C�S�� �Q�M ���M�/ �Q�z�X �G�B�M�2���`
�2�t�i�`���T�Q�H���i�B�Q�M ���M�/ �a�L�_= 1 �B�b �B�M�/�B�+���i�2�/ �m�b�B�M�; �/�Q�i�i�2�/ �H�B�M�2�b�X

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

�b�B�H�B�+�Q�M�@�#���b�2�/ �[�m���M�i�m�K �+�Q�K�T�m�i�B�M�; ���`�+�?�B�i�2�+�i�m�`�2�b �(�8�y�- �8�j�- �R�j�j�)�X

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

�K���`�F�2�/ �m�b�B�M�; �� �/�Q�M�Q�`�@�/�Q�i �A�.�h�X �6�B�;�m�`�2 �9�X�R�d�U���V �b�?�Q�r�b �i�?�2 �A�.�h �B�M �i�?�2 �M�Q�`�K���H�B�b�2�/

�T�?���b�2 �`�2�b�T�Q�M�b�2 ���b �� �7�m�M�+�i�B�Q�M �Q�7V�: ���M�/V�"�: �- �r�?�2�`�2 �i�?�2 �/�Q�M�Q�` �i�`���M�b�B�i�B�Q�M �+���M �#�2

�B�/�2�M�i�B�}�2�/ �/�m�2 �i�Q �� �b�i�`�Q�M�;�2�` �+�Q�m�T�H�B�M�; �i�QV�"�: �U�/�Q�M�Q�` �`�2�b�B�/�2�b �/�2�2�T�2�` �B�M �i�?�2 �+�?���M�M�2�H�-

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

�[�m���H�B�i�v �7���+�i�Q�` �B�b �i�v�T�B�+���H�H�v �Q�#�b�2�`�p�2�/ ���b �b�m�K�K���`�B�b�2�/ �B�M ���T�T�2�M�/�B�t �.�X �6�B�;�m�`�2 �9�X�R�d�U�#�V

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

�i�?���i �i�?�2 �A�.�h �B�b �Q�7 �2�p�2�M �T���`�B�i�v �(�R�d�k�)�- �r�?�2�`�2 �b�B�M�;�H�2�i ���M�/ �i�`�B�T�H�2�i �b�i���i�2�b ���`�2 �7�Q�`�K�2�/�X ���b



�9�X�j �C�Q�b�2�T�?�b�Q�M �S���`���K�2�i�`�B�+ ���K�T�H�B�}�2�` �R�y�j

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

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

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

�H���`�;�2 �+�m�`�p���i�m�`�2 ���i �x�2�`�Q �/�2�i�m�M�B�M�; �U�b�2�2 �6�B�;�X �k�X�8 ���M�/ �1�[�X �U�k�X�9�N�V�V�X �A�M �6�B�;�X �9�X�R�d�U�#�V �i�?�2

�A�.�h �b�?�B�7�i�b �i�Q�r���`�/�b �?�B�;�?�2�`V�: �r�B�i�? �B�M�+�`�2���b�B�M�; �}�2�H�/�- �r�?�B�+�? �B�M�/�B�+���i�2�b �i�?���i �i�?�2 �U�k�-�y�V

�+�?���`�;�2 �+�Q�M�}�;�m�`���i�B�Q�M �B�b �7�Q�m�M�/ ���i �T�Q�b�B�i�B�p�2 �/�2�i�m�M�B�M�;" �r�?�2�`�2 �i�?�2T� �U�R�-�R�V ���M�/S�U�k�-�y�V

�b�i���i�2�b �+�`�Q�b�b�X �A�M �i�?�B�b ���M���H�v�b�B�b �� �U�R�-�R�V�@�U�k�-�y�V �+�?���`�;�2 �Q�+�+�m�T���i�B�Q�M �B�b ���b�b�B�;�M�2�/ �i�Q �i�?�2 �A�.�h

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

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

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

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

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

�`�2���/�Q�m�i �#���b�2�/ �Q�M �_�6 �`�2�~�2�+�i�Q�K�2�i�`�v �+���M �#�2 �T�2�`�7�Q�`�K�2�/ �U�r�?�2�M �i�?�2 �+�Q�M�i�`�Q�H �6�1�h �;���i�2

�p�Q�H�i���;�2V�q�G �B�b ���#�Q�p�2 �i�?�`�2�b�?�Q�H�/�V �#�v ���T�T�H�v�B�M�; ���M �_�6 �K�Q�/�m�H���i�B�Q�M �p�B�� �i�?�2 �/���i���@�H�B�M�2

�U�m�b�B�M�; ���M �Q�M�@�S�*�" �#�B���b �i�2�2�V �i�Q ���MLC �`�2�b�Q�M���M�i �+�B�`�+�m�B�i �K���/�2 �7�`�Q�K �� �b�m�`�7���+�2 �K�Q�m�M�i

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

�B�b ���K�T�H�B�}�2�/ ���i �K�m�H�i�B�T�H�2 �b�i���;�2�b�- �7�Q�H�H�Q�r�2�/ �#�vIQ �@�/�2�K�Q�/�m�H���i�B�Q�M �U�b�2�2 �a�2�+�i�B�Q�M �j�X�k�X�9�V

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

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

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

� � � � 2Q�H�Q���/� C�// C�h �U�b�2�2 �a�2�+�i�B�Q�M �k�X�j�V �r�B�i�?Q�H�Q���/�#�2�B�M�; �i�?�2 �H�Q���/�2�/ �[�m���H�B�i�v �7���+�i�Q�`

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

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

�+�B�`�+�m�B�i �B�b �Q�T�2�`���i�2�/ �B�M �� �/�B�H�m�i�B�Q�M �`�2�7�`�B�;�2�`���i�Q�` �r�B�i�? �� �#���b�2 �i�2�K�T�2�`���i�m�`�2 �Q�750 �K�E

�U�E�2�H�p�B�M�Q�t �E�9�y�y�V�X

�%�$ �D�I�B�S�B�D�U�F�S�J�T�B�U�J�P�O�h�Q �#�2�;�B�M�- �i�?�2 �K�2�K�Q�`�v �+�2�H�H �B�b �+�?���`���+�i�2�`�B�b�2�/ �i�?�`�Q�m�;�? �i�`���M�b�T�Q�`�i

�K�2���b�m�`�2�K�2�M�i�b�X �A�M �6�B�;�X �8�X�R�U�#�V �i�?�2 �b�Q�m�`�+�2�@�/�`���B�M �+�m�`�`�2�M�iI �a�. �i�?�`�Q�m�;�? �i�?�2 �[�m���M�i�m�K

�/�2�p�B�+�2 ���b �� �7�m�M�+�i�B�Q�M �Q�7V�.�G ���M�/V�q�G ���i �� �b�Q�m�`�+�2�@�/�`���B�M �#�B���b �Q�7V�a�. = 1 �K�o �B�b �b�?�Q�r�M�X

�q�?�2�M �i�?�2 �+�Q�M�i�`�Q�H �6�1�h �B�b �Q�T�2�`���i�2�/ �#�2�H�Q�r �i�?�`�2�b�?�Q�H�/ �U�i�?�2�Q�z�b�i���i�2�V�- �i�?�2 �;���i�2 �Q�7 �i�?�2

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

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

�i�B�K�2�b�+���H�2 �Q�7 �� �b�2�+�Q�M�/�- ���b �/�2�K�Q�M�b�i�`���i�2�/ �H���i�2�` �Q�M�X �6�Q�` �K�2���b�m�`�2�K�2�M�i�b �r�?�2�`�2V�q�G �B�b

�`���K�T�2�/ �b�H�Q�r�H�v �U���b �B�M �6�B�;�X �8�X�R�U�#�V�V�- �i�?�2 �[�m���M�i�m�K �/�2�p�B�+�2 �;���i�2 �p�Q�H�i���;�2 �i�2�M�/�b �i�Q0�o �r�?�2�M

�i�?�2 �+�Q�M�i�`�Q�H �6�1�h �B�b�Q�z�X �P�M�+�2 �i�?�2 �+�Q�M�i�`�Q�H �6�1�h �B�b �Q�T�2�`���i�2�/ �r�2�H�H ���#�Q�p�2 �i�?�`�2�b�?�Q�H�/ �i�?�2

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

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

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

�p�Q�H�i���;�2 �B�b �2�b�i�B�K���i�2�/ ���bV �Z
�i�? = 0:63�o �U�7�Q�`V�q�G > 1:05 �o �V�- ���M�/ �i�?�2 �+�Q�M�i�`�Q�H �6�1�h

�i�?�`�2�b�?�Q�H�/ �Q�7V �6�1�h
�i�? = 0:37�o �B�b �Q�#�i���B�M�2�/ �m�b�B�M�;V �6�1�h

�i�? = V�q�G � V�.�G ���i (V�q�G; V�.�G) =



�R�R�k �*�?���T�i�2�` �8�_���M�/�Q�K�@���+�+�2�b�b � �̀2���/�Q�m�i
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�'�J�H�V�S�F ���������a�2�i�m�T ���M�/ �i�`���M�b�T�Q�`�i �+�?���`���+�i�2�`�B�b���i�B�Q�M�X �U���V�J�2�K�Q�`�v �+�2�H�H �U�?�B�;�?�@
�H�B�;�?�i�2�/ �m�b�B�M�; �� �/���b�?�2�/ �#�Q�t�V ���M�/ �K�2���b�m�`�2�K�2�M�i �+�B�`�+�m�B�i �b�+�?�2�K���i�B�+�- �B�M�+�H�m�/�B�M�;
�a�1�J �K�B�+�`�Q�;�`���T�?�b �Q�7 �i�?�2 �+�Q�M�i�`�Q�H �6�1�h ���M�/ �[�m���M�i�m�K �/�2�p�B�+�2�X �*�Q�M�i�`�Q�H ���M�/
�K�2���b�m�`�2�K�2�M�i �b�B�;�M���H�b ���`�2 �/�2�H�B�p�2�`�2�/ �i�Q �i�?�2 �[�m���M�i�m�K �/�2�p�B�+�2 �p�B�� �i�?�2 �+�?���M�M�2�H �Q�7
�i�?�2 �+�Q�M�i�`�Q�H �6�1�h�X�U�#�V�h�`���M�b�T�Q�`�i �i�?�`�Q�m�;�? �i�?�2 �[�m���M�i�m�K �/�2�p�B�+�2 ���b �� �7�m�M�+�i�B�Q�M
�Q�7V�.�G ���M�/V�q�G �B�M�/�B�+���i�B�M�; �i�?�2 �i�?�`�2�b�?�Q�H�/ �p�Q�H�i���;�2 �Q�7 �i�?�2 �+�Q�M�i�`�Q�H �6�1�h ���M�/
�[�m���M�i�m�K �/�2�p�B�+�2 ���iV�"�: = 0 �o�X�U�+�V�h�m�`�M�@�Q�M �+�?���`���+�i�2�`�B�b�i�B�+ �Q�7 �i�?�2 �[�m���M�i�m�K
�/�2�p�B�+�2 ���b �� �7�m�M�+�i�B�Q�M �Q�7V�"�: �r�?�2�M �i�?�2 �6�1�h �B�b �#�B���b�2�/ �r�2�H�H ���#�Q�p�2 �i�?�`�2�b�?�Q�H�/ ���i
V�q�G = 1 :3�o�X�U�/�V�A�H�H�m�b�i�`���i�B�Q�M �Q�7 �i�?�2 �M���M�Q�r�B�`�2�@�#���b�2�/ �[�m���M�i�m�K �/�2�p�B�+�2 �+�`�Q�b�b�@
�b�2�+�i�B�Q�M �U���H�Q�M�; �i�?�2 �;���i�2 ���M�/ �b�Q�m�`�+�2�@�/�`���B�M �/�B�`�2�+�i�B�Q�M�V �m�M�/�2�` �?�B�;�? �#���+�F�@�;���i�2 �#�B���b
���M�/ �M�2���`�@�i�?�`�2�b�?�Q�H�/ �i�Q�T�@�;���i�2 �#�B���b�- �b�m�+�? �i�?���i �� �b�B�M�;�H�2 �[�m���M�i�m�K �/�Q�i �7�Q�`�K�b�X�U�2�V
�*�Q�m�H�Q�K�# �/�B���K�Q�M�/�b �B�M�/�B�+���i�B�M�; �� �b�B�M�;�H�2 �[�m���M�i�m�K �/�Q�i �B�M �i�?�2 �[�m���M�i�m�K �/�2�p�B�+�2
���i V�"�: = 10 �o�X



�8�X�k �*�Q�M�/�B�i�B�Q�M���H �`�2���/�Q�m�i �R�R�j

(1:02; 0:65)�o ���M�/V�"�: = 0 �o�X ���M ���/�/�B�i�B�Q�M���H �i�m�M�B�M�; �T���`���K�2�i�2�` �7�Q�` �/�2�p�B�+�2�b �#���b�2�/ �Q�M

�a�P�A �i�2�+�?�M�Q�H�Q�;�v �B�b �i�?�2 �#���+�F�@�;���i�2 �p�Q�H�i���;�2V�"�: ���T�T�H�B�2�/ �i�Q �i�?�2 �b�m�#�b�i�`���i�2 �r�?�B�+�? ���z�2�+�i�b

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

�A�M �6�B�;�X �8�X�R�U�+�V�-I �a�. ���b �� �7�m�M�+�i�B�Q�M �Q�7V�.�G ���M�/V�"�: �r�B�i�? �i�?�2 �+�Q�M�i�`�Q�H �6�1�h �#�B���b�2�/ ���i

V�q�G = 1:3�o �U�Q�M�b�i���i�2�V �B�b �b�?�Q�r�M�X ���bV�"�: �B�M�+�`�2���b�2�b�-V Q
�i�? �B�b �`�2�/�m�+�2�/ ���M�/ �+�H�Q�b�2 �i�Q

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

�r�B�/�2�` �b�T���+�B�M�; ���i �H���`�;�2V�"�: �X �� �r�B�/�2 �b�T���+�B�M�; �+�Q�m�H�/ �b�m�;�;�2�b�i �7�Q�`�K���i�B�Q�M �Q�7 �� �b�B�M�;�H�2 �Z�. �B�M

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

�Z�.�b�- �Q�M�2 �B�M �2���+�? �+�Q�`�M�2�`�X �"���+�F�@�;���i�2 �B�M�/�m�+�2�/ �i�m�M�B�M�; �#�2�i�r�2�2�M �� �b�B�M�;�H�2 ���M�/ �/�Q�m�#�H�2 �Z�.

�+�Q�M�}�;�m�`���i�B�Q�M �B�b �2�t�T�2�+�i�2�/ �7�`�Q�K �b�B�K�m�H���i�B�Q�M�b �(�k�k�j�)�X �6�Q�`�K���i�B�Q�M �Q�7 �� �b�B�M�;�H�2 �7�2�r�@�2�H�2�+�i�`�Q�M

�[�m���M�i�m�K �/�Q�i ���iV�"�: = 10 �o �m�M�/�2�` �i�?�2 �;���i�2 �Q�7 �i�?�2 �[�m���M�i�m�K �/�2�p�B�+�2 �B�b �+�Q�M�}�`�K�2�/ �B�M

�6�B�;�X �8�X�R�U�2�V�- �r�?�B�+�? �b�?�Q�r�b �+�H�2���` �*�Q�m�H�Q�K�# �/�B���K�Q�M�/�b �U���iV�q�G = 1:3�o�V�X �� �}�`�b�i ���/�/�B�i�B�Q�M

�2�M�2�`�;�v �Q�7 ���#�Q�m�i16�K�2�o �B�b �2�b�i�B�K���i�2�/�- �/�2�K�Q�M�b�i�`���i�B�M�; �b�i�`�Q�M�; �+�Q�M�}�M�2�K�2�M�i �+�Q�K�T���i�B�#�H�2

�r�B�i�? �T�`�2�p�B�Q�m�b �K�2���b�m�`�2�K�2�M�i�b �(�d�9�- �k�k�k�)�X �6�B�;�m�`�2 �8�X�R�U�/�V �b�?�Q�r�b �+�`�Q�b�b�@�b�2�+�i�B�Q�M���H �p�B�2�r�b

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

�Z�. �r�2�H�H�@�+�Q�m�T�H�2�/ �i�Q �#�Q�i�? �b�Q�m�`�+�2 ���M�/ �/�`���B�M �`�2�b�2�`�p�Q�B�`�b�X �h�?�2 �#���+�F�@�;���i�2 �B�b �b�2�i �i�QV�"�: =

10�o �B�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �2�t�T�2�`�B�K�2�M�i�b �i�Q �7�Q�`�K �� �b�B�M�;�H�2 �Z�. �K�2�K�Q�`�v �+�2�H�H �r�?�2�`�2 �b�B�M�;�H�2

�2�H�2�+�i�`�Q�M�b ���`�2 �b�i�Q�`�2�/ ���M�/ �`�2���/ �Q�m�i�X

�3�' �D�I�B�S�B�D�U�F�S�J�T�B�U�J�P�O�L�2�t�i�- �i�?�2LC �`�2�b�Q�M���M�i �+�B�`�+�m�B�i �B�b �+�?���`���+�i�2�`�B�b�2�/ �#�v �K�2���b�m�`�B�M�;

�i�?�2 �K���;�M�B�i�m�/�2 �Q�7 �i�?�2 �`�2�~�2�+�i�B�Q�M �+�Q�2�{�+�B�2�M�ij� j ���b �� �7�m�M�+�i�B�Q�M �Q�7V�q�G ���b �b�?�Q�r�M �B�M

�6�B�;�X �8�X�k�U���V�X �G�Q�r�2�`�B�M�; �Q�7 �i�?�2 �`�2�b�Q�M���M�+�2 �7�`�2�[�m�2�M�+�v �B�b �Q�#�b�2�`�p�2�/ �r�?�2�M �i�?�2 �+�Q�M�i�`�Q�H �6�1�h

�B�b �Q�T�2�`���i�2�/ ���#�Q�p�2 �i�?�`�2�b�?�Q�H�/ �UV�q�G > 0:63�o�V �/�m�2 �i�Q �i�?�2 ���/�/�B�i�B�Q�M���H �+���T���+�B�i���M�+�2 �Q�7

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

�+���T���+�B�i���M�+�2C�h �U���b�b�m�K�B�M�; �i�?�2 �M�Q�K�B�M���H �B�M�/�m�+�i���M�+�2L = 390 �M�>�V ���M�/ �[�m���H�B�i�v �7���+�i�Q�`

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

�K�2�K�Q�`�v �+�2�H�H �+�B�`�+�m�B�i �i�QC�h �Q�7105�7�6 �B�b �+���H�+�m�H���i�2�/�X ���/�/�B�i�B�Q�M���H�H�v�- �i�?�2�`�2 �B�b �� �`�2�/�m�+�i�B�Q�M

�Q�7Q�H�Q���/�r�?�2�M �i�?�2 �6�1�h �B�b �B�M �i�?�2�Q�M�b�i���i�2�X �h�?�2 �[�m���H�B�i�v �7���+�i�Q�` ���M�/ �+���T���+�B�i���M�+�2

�T�H���v ���M �B�K�T�Q�`�i���M�i �`�Q�H�2 �B�M �i�?�2 �b�B�;�M���H�@�i�Q�@�M�Q�B�b�2 �`���i�B�Q �U�a�L�_�V �Q�7 �i�?�2 �T�?���b�2 �`�2�b�T�Q�M�b�2�X

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

�K�2���b�m�`�2�K�2�M�i�b �(�R�e�k�)�- �r�?�2�`�2 �/�B�`�2�+�i �`�2���/�Q�m�i �B�b �T�2�`�7�Q�`�K�2�/�X �h�Q �+�?���`���+�i�2�`�B�b�2 �i�?�2 �B�K�T���+�i

�Q�7 �6�1�h �Q�M �;���i�2�@�#���b�2�/ �`�2���/�Q�m�i �Q�7 �i�?�2 �[�m���M�i�m�K �/�2�p�B�+�2�- �i�?�2 �T�?���b�2 �`�2�b�T�Q�M�b�2 �Q�7 �i�?�2

�`�2�b�Q�M���M�i �+�B�`�+�m�B�i �B�b �2�t���K�B�M�2�/ ���b �� �7�m�M�+�i�B�Q�M �Q�7V�.�G �7�Q�` �K�m�H�i�B�T�H�2V�q�G �U�b�2�2 �6�B�;�X �8�X�k�U�+�V�V�-

�m�b�B�M�; ���M �_�6 �K�Q�/�m�H���i�B�Q�M ���i �7�`�2�[�m�2�M�+�vf �_�6 = 313 �J�>�x ���M�/ �T�Q�r�2�`P�_�6 = � 88�/�"�K�X

�a�i���`�i�B�M�; �r�B�i�? �i�?�2 �+�Q�M�i�`�Q�H �6�1�h �r�2�H�H ���#�Q�p�2 �i�?�`�2�b�?�Q�H�/ �UV�q�G = 1:3�o�V�- �B�M �i�?�2 �b�i�`�Q�M�;

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

�i�?�2 �[�m���M�i�m�K �/�2�p�B�+�2 ���`�2 �Q�#�b�2�`�p�2�/ �r�?�2�M �`���K�T�B�M�;V�.�G �U�#�H�m�2 �i�`���+�2�V�X �h�?�2 �T�2���F�b �`�2�K���B�M
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�'�J�H�V�S�F ���������_�6 �+�?���`���+�i�2�`�B�b���i�B�Q�M�X �U���V�J���;�M�B�i�m�/�2 �Q�7 �i�?�2 �`�2�~�2�+�i�B�Q�M �+�Q�2�{�+�B�2�M�i
���b �� �7�m�M�+�i�B�Q�M �Q�7V�q�G �U�r�B�i�?V�.�G = 0 :4�o ���M�/V�"�: = 10 �o�V�X�U�#�V�h�Q�i���H �`�2�b�@
�Q�M���i�Q�` �+���T���+�B�i���M�+�2C�h �U�r�B�i�?L = 390 �M�>�V ���M�/ �[�m���H�B�i�v �7���+�i�Q�`Q�H�Q���/���b ��
�7�m�M�+�i�B�Q�M �Q�7V�q�G�X�U�+�V�S�?���b�2 �`�2�b�T�Q�M�b�2 ���i �j�R�j �J�>�x ���b �� �7�m�M�+�i�B�Q�M �Q�7V�.�G �7�Q�`
�/�B�z�2�`�2�M�iV�q�G �b�?�Q�r�B�M�; �i�?�`�2�2 �*�Q�m�H�Q�K�# �Q�b�+�B�H�H���i�B�Q�M�b �Q�M�H�v �r�?�2�M �i�?�2 �+�Q�M�i�`�Q�H �6�1�h
�B�b �Q�T�2�`���i�2�/ ���#�Q�p�2 �i�?�`�2�b�?�Q�H�/�X �h�`���+�2�b ���`�2 �Q�z�b�2�i �7�Q�` �+�H���`�B�i�v ���M�/ �7�2���i�m�`�2�b �Q�`�B�;�B�@
�M���i�B�M�; �7�`�Q�K �+�?���`�;�2 �i�`���M�b�B�i�B�Q�M�b �r�B�i�?�B�M �i�?�2 �+�Q�M�i�`�Q�H �6�1�h �B�i�b�2�H�7 ���`�2 �B�M�/�B�+���i�2�/ ���b
�U?�V�X�U�/�V�*�Q�m�H�Q�K�# �/�B���K�Q�M�/�b �K�2���b�m�`�2�/ �B�M �i�?�2 �T�?���b�2 �`�2�b�T�Q�M�b�2 �UV�"�: = 10 �o
���M�/V�q�G = 1 :3�o�V�X



�8�X�k �*�Q�M�/�B�i�B�Q�M���H �`�2���/�Q�m�i �R�R�8

�B�M�B�i�B���H�H�v �p�B�b�B�#�H�2 ���bV�q�G �B�b �`�2�/�m�+�2�/�- �i�?�Q�m�;�? �� �#���+�F�;�`�Q�m�M�/ �b�B�;�M���H �#�2�;�B�M�b �i�Q �/�Q�K�B�M���i�2 ���b

�i�?�2 �+�Q�M�i�`�Q�H �6�1�h �2�M�i�2�`�b �i�?�2 �r�2���F �B�M�p�2�`�b�B�Q�M �`�2�;�B�K�2�- �r�?�2�`�2 �i�?�2 �6�1�h �;���i�2 �+���T���+�B�i���M�+�2

�b�i�`�Q�M�;�H�v �/�2�T�2�M�/�b �Q�M �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�MV�q�G ���M�/V�.�G �U�r�?�B�+�? �#�Q�i�? �/�2�i�2�`�K�B�M�2

�i�?�2 �2�z�2�+�i�B�p�2 �6�1�h �;���i�2�@�b�Q�m�`�+�2 �p�Q�H�i���;�2�V�X �A�M �i�?�B�b �`�2�;�B�K�2�- �i�?�2 �_�6 �K�Q�/�m�H���i�B�Q�M ���M�/

V�.�G �`���K�T �B�b �T�B�+�F�2�/ �m�T �B�M �i�?�2 �/�B�b�T�2�`�b�B�p�2 �`�2�b�T�Q�M�b�2 �Q�7 �i�?�2 �`�2�b�Q�M���i�Q�` ���b ���M ���/�/�B�i�B�Q�M���H

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

�r�?�2�MV�q�G < 0:5�o �i�?�2 �+�Q�M�i�`�Q�H �6�1�h �B�b �#�2�H�Q�r �i�?�`�2�b�?�Q�H�/ ���M�/ �i�?�2 �/�B�b�T�2�`�b�B�p�2 �`�2�b�T�Q�M�b�2

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

�#�v?�V �r�?�B�+�? �/�2�T�2�M�/ �Q�MV�q�G ���M�/ ���`�2 ���i�i�`�B�#�m�i�2�/ �i�Q �b�B�M�;�H�2�@�2�H�2�+�i�`�Q�M �i�m�M�M�2�H�H�B�M�; �2�p�2�M�i�b �B�M

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

�6�1�h �+�H�Q�b�2 �i�Q �i�?�`�2�b�?�Q�H�/�X �6�B�;�X �8�X�k�U�/�V �b�?�Q�r�b �i�?�2 �T�?���b�2 �`�2�b�T�Q�M�b�2 ���b �� �7�m�M�+�i�B�Q�M �Q�7V�.�G

���M�/V�a�. �U�r�B�i�? �i�?�2 �+�Q�M�i�`�Q�H �6�1�h �r�2�H�H ���#�Q�p�2 �i�?�`�2�b�?�Q�H�/�V�- �b�?�Q�r�B�M�; �*�Q�m�H�Q�K�# �/�B���K�Q�M�/�b

�Q�7 �i�?�2 �Z�. �B�M �i�?�2 �b���K�2 �p�Q�H�i���;�2 �`�2�;�B�Q�M ���b �i�?�2 �i�`���M�b�T�Q�`�i �K�2���b�m�`�2�K�2�M�i�b �B�M �6�B�;�X �8�X�R�U�2�V�X

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

���+�+�m�K�m�H���i�B�Q�M �`�2�;�B�K�2�- �i�?�2 �6�1�h �+�?���M�M�2�H �?���b �M�2�;�H�B�;�B�#�H�2 �B�K�T���+�i �Q�M �i�?�2 �_�6 �`�2���/�Q�m�i�X

���������� �$�I�B�S�H�F �T�F�O�T�J�U�J�W�J�U�Z

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

�B�K�T���+�i �Q�7 �i�?�2 �6�1�h �+�B�`�+�m�B�i �T���`���b�B�i�B�+ �`�2�b�B�b�i���M�+�2 ���M�/ �+���T���+�B�i���M�+�2 �Q�M �;���i�2�@�#���b�2�/ �`�2���/�@

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

�� �b�K���H�H�@���K�T�H�B�i�m�/�2 �b�B�;�M���H �Q�7 �7�`�2�[�m�2�M�+�vf ���* = 303 �>�x �B�b ���T�T�H�B�2�/ �Q�M�i�Q �i�?�2 �/���i���@�H�B�M�2

�U�B�M ���/�/�B�i�B�Q�M �i�Q �i�?�2 �/�`�B�p�2 ���if �_�6�V ���M�/ �i�?�2 �a�L�_ �B�M �/�" �Q�7 �i�?�2 �b�B�/�2�@�#���M�/�b ���T�T�2���`�B�M�; �B�M

�i�?�2 �7�`�2�[�m�2�M�+�v �b�T�2�+�i�`�m�K ���if �_�6 � f ���* ���`�2 �K�Q�M�B�i�Q�`�2�/ �U�b�2�2 �a�2�+�i�B�Q�M �j�X�k�X�8�V�X �h�?�2 �T�2���F

���K�T�H�B�i�m�/�2 �Q�7 �i�?�2 �b�B�;�M���H �U0:2�K�o�V �+�Q�`�`�2�b�T�Q�M�/�b �i�Q �� �+�?���M�;�2 �Q�7� q�`�K�b= 0:00578e �B�M �i�?�2

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

�a�L�_ �B�b �Q�T�i�B�K�B�b�2�/ �#�v �i�m�M�B�M�; �i�?�2 �+�B�`�+�m�B�i �T���`���K�2�i�2�`�bV�.�G�-f �_�6 ���M�/P�_�6 ���b �b�?�Q�r�M �B�M
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�b�B�i�B�p�B�i�v �K�2���b�m�`�2�K�2�M�i ���b �� �7�m�M�+�i�B�Q�M �Q�7�U���V�/���i���@�H�B�M�2 �p�Q�H�i���;�2V�.�G�-�U�#�V�+���`�`�B�2�`
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�;���i�2�@�#���b�2�/ �`�2�~�2�+�i�Q�K�2�i�`�v �B�b �H�B�K�B�i�2�/ �#�v �i�?�2LC �`�2�b�Q�M���i�Q�` �#���M�/�r�B�/�i�? �r�?�B�+�? �B�b ���#�Q�m�i

10�J�>�x �r�?�2�M �i�?�2 �`�2�b�Q�M���i�Q�` �B�b �+�Q�m�T�H�2�/ �i�Q �i�?�2 �[�m���M�i�m�K �/�2�p�B�+�2�X

���������� �&�M�F�D�U�S�P�O �S�F�U�F�O�U�J�P�O �U�J�N�F
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�Q�z�X ���/�/�B�i�B�Q�M���H�H�v�- �i�?�2 �6�1�h �`�2�b�B�b�i���M�+�2R�6�1�h �7�Q�`�K�b �� �p�Q�H�i���;�2 �/�B�p�B�/�2�` �7�Q�` �i�?�2 �/���i���@
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� � � � 2Q�H�Q���/� C�: / C�h �U�b�2�2 �a�2�+�i�B�Q�M �k�X�j�V�X �A�M �6�B�;�X �8�X�8�U�/�-�2�V�- �T�2���F�b �B�M �i�?�2 �T�?���b�2 ���`�2

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

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

�b�Q�m�`�+�2 �Q�` �/�`���B�M �2�H�2�+�i�`�Q�M �`�2�b�2�`�p�Q�B�`�b�X �6�Q�` �2���+�? �K�2���b�m�`�2�K�2�M�i �Q�M�H�v �Q�M�2 �hi �B�b �b�2�i �i�Q �i�?�2

�Q�M�b�i���i�2 �r�?�B�H�2 �i�?�2 �Q�i�?�2�` �B�b�Q�z���M�/ �i�?�2 �b���K�2 �_�6 �7�`�2�[�m�2�M�+�v �B�b �m�b�2�/ �i�Q �T�2�`�7�Q�`�K �`�2���/�@

�Q�m�i�X �A�M �i�?�2 �M�2�t�i �b�2�+�i�B�Q�M�- �i�?�2 �2�z�2�+�i �Q�7 �i�m�`�M�B�M�; �i�?�2 �+�Q�M�i�`�Q�H �6�1�h�b �hi �Q�z�B�b �b�i�m�/�B�2�/ �#�v

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

�?�B�;�?�H�B�;�?�i�2�/ �B�M �;�`�2�v �B�M �6�B�;�X �8�X�8�U�/�-�2�V�- �r�B�i�? �i�?�2 ���B�K �i�Q �}�M�/ �Q�T�i�B�K���H �Q�T�2�`���i�B�Q�M �p�Q�H�i���;�2

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

���������� �0�Q�F�S�B�U�J�P�O �H�V�J�E�F�M�J�O�F�T

�6�Q�` �� �/�v�M���K�B�+���H �`���M�/�Q�K�@���+�+�2�b�b �`�2���/�Q�m�i �b�+�?�2�K�2�- �hi �b�?�Q�m�H�/ �7�m�H�}�H �b�2�p�2�`���H �`�2�[�m�B�`�2�@

�K�2�M�i�b�, �A�M �i�?�2�Q�M�b�i���i�2�- �hi �b�?�Q�m�H�/ �#�2 �b�m�{�+�B�2�M�i�H�v �+�Q�M�/�m�+�i�B�p�2 �i�Q ���H�H�Q�r �?�B�;�?�@�b�2�M�b�B�i�B�p�B�i�v

�;���i�2�@�#���b�2�/ �`�2���/�Q�m�i �Q�7 �i�?�2 �b�2�H�2�+�i�2�/ �[�m���M�i�m�K �/�2�p�B�+�2�X �A�M �i�?�2�Q�z�b�i���i�2�- �hi �b�?�Q�m�H�/ �#�2

�b�m�{�+�B�2�M�i�H�v �`�2�b�B�b�i�B�p�2 �i�Q �#�H�Q�+�F �i�?�2 �_�6 �b�B�;�M���H �i�Q�r���`�/�b �/�2�b�2�H�2�+�i�2�/ �+�2�H�H�b ���M�/ �`�2�i���B�M �i�?�2

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

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

�`�2�[�m�B�`�2�K�2�M�i�b�X

�5�S�B�O�T�J�T�U�P�S �P�Q�F�S�B�U�J�P�O �W�P�M�U�B�H�F���b �� �}�`�b�i �b�i�2�T �i�Q�r���`�/�b �/�v�M���K�B�+���H�H�v �Q�T�2�`���i�B�M�; �i�?�2

�+�B�`�+�m�B�i�- �b�m�B�i���#�H�2�Q�M���M�/�Q�z�b�i���i�2 �p�Q�H�i���;�2�b �7�Q�` �i�?�2 �+�Q�M�i�`�Q�H �6�1�h �;���i�2 �U�B�X�2�X �i�?�2�?�B�;�?�-

V �>
�q�Gi �- ���M�/�H�Q�r�-V �G

�q�Gi �- �b�B�;�M���H �H�2�p�2�H�b�V ���`�2 �B�/�2�M�i�B�}�2�/�X �A�M �6�B�;�X �8�X�e�U���-�#�V�- �i�?�2 �T�?���b�2 �Q�7 �i�?�2

�`�2�~�2�+�i�2�/ �b�B�;�M���H �7�`�Q�K �i�?�2 �`�2�b�Q�M���i�Q�` ���b �� �7�m�M�+�i�B�Q�M �Q�7V�.�G ���M�/V�q�Gi �B�b �b�?�Q�r�M�X �h�?�`�2�2

�`�2�;�B�Q�M�b �+���M �#�2 �B�/�2�M�i�B�}�2�/�, �h�?�2�Q�M�`�2�;�B�Q�M �7�Q�`V�q�Gi > 0:9 �o�- �r�?�2�`�2 �b�B�M�;�H�2 �2�H�2�+�i�`�Q�M

�i�m�M�M�2�H�H�B�M�; �B�b �Q�#�b�2�`�p�2�/�- �i�?�2�Q�z�`�2�;�B�Q�M �7�Q�`V�q�Gi < 0:7 �o�- �r�?�2�`�2 �M�Q �i�`���M�b�B�i�B�Q�M�b ���`�2

�Q�#�b�2�`�p�2�/ ���M�/ �}�M���H�H�v�- �7�Q�` �y�X�d �o< V �q�Gi < 0:9 �o �i�?�2�7�Q�`�#�B�/�/�2�M�`�2�;�B�Q�M�X �A�M �i�?�2 �H���i�i�2�`�-

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

�Q�7 �i�?�2 �+�Q�M�i�`�Q�H �6�1�h�- �i�?�2 �T�?���b�2 �p���`�B�2�b �H���`�;�2�H�v �(�k�9�k�)�X �h�?�B�b �`�2�;�B�Q�M �b�?�Q�m�H�/ �#�2 ���p�Q�B�/�2�/

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

�B�M �i�?�2 �/�B�;�B�i���H�Q�M���M�/�Q�z�b�i���i�2�b�- �i�?�2 �T�?���b�2 �+�?���M�;�2� � ���b �� �7�m�M�+�i�B�Q�M �Q�7V�.�G �7�Q�` �+�2�H�H �R

���M�/ �k �B�b �b�?�Q�r�M �B�M �6�B�;�X �8�X�e�U�+�-�/�V�- �`�2�b�T�2�+�i�B�p�2�H�v�- ���iV �G�U�>�V
�q�Gi = 0:5(1:2) �o�X �h�?�2�`�2 �B�b �� �+�H�Q�b�2

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



�R�k�9 �*�?���T�i�2�` �8�_���M�/�Q�K�@���+�+�2�b�b � �̀2���/�Q�m�i

�'�J�H�V�S�F ���������*�Q�M�i�`�Q�H �i�`���M�b�B�b�i�Q�` �H�Q�;�B�+ �b�i���i�2�b�X�S�?���b�2 �`�2�b�T�Q�M�b�2 �Q�7�U���V�Z1 ���M�/
�U���VQ2 ���b �� �7�m�M�+�i�B�Q�M �Q�7V�.�G�-V�q�G�R �UV�q�G�k = 0 �o�V ���M�/V�q�G�k �UV�q�G�R= 0 �o�V
�`�2�b�T�2�+�i�B�p�2�H�v�X�U�+�-�/�V�G�B�M�2 �+�m�i�b ���iV �G

�q�G = 0 :5 �o ���M�/V �>
�q�G = 1 :2 �o �B�M �U���-�#�V

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

�i�?�2 �[�m���M�i�m�K �/�2�p�B�+�2�b �Zi ���i �K�B�H�H�B�E�2�H�p�B�M �i�2�K�T�2�`���i�m�`�2�X �A�M �� �b�+���H�2�/ �m�T ���`�+�?�B�i�2�+�i�m�`�2�-

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

�+�2�H�H�b �r�B�H�H �#�2 �2�b�b�2�M�i�B���H�X

�%�J�T�D�I�B�S�H�F �N�P�E�F�M���b ���H�`�2���/�v �Q�#�b�2�`�p�2�/ �B�M �i�?�2 �T�`�2�p�B�Q�m�b �b�B�M�;�H�2�@�K�2�K�Q�`�v �+�2�H�H �2�t�T�2�`�@

�B�K�2�M�i �U�b�2�2 �a�2�+�i�B�Q�M �8�X�k�X�j�V�- �i�?�2 �p�Q�H�i���;�2 �Q�M �i�?�2 �Z�. �;���i�2V�: �/�2�+���v�b �Q�p�2�` �i�B�K�2 �r�?�2�M

�i�?�2 �6�1�h �B�b �b�r�B�i�+�?�2�/ �i�Q �i�?�2�Q�z�b�i���i�2�X �A�M �Q�`�/�2�` �i�Q �/�2�i�2�`�K�B�M�2 ���M ���T�T�`�Q�T�`�B���i�2 �p�Q�H�i���;�2

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

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

�+�Q�M�b�B�/�2�`�2�/ ���b �b�?�Q�r�M �B�M �6�B�;�X �8�X�d�U���V�X �A�i �+�Q�M�b�B�b�i �Q�7 �i�?�2 �6�1�h�Q�z�b�i���i�2 �+�?���M�M�2�H �`�2�b�B�b�i���M�+�2

R�6�1�h�- �i�?�2 �;���i�2 �H�2���F���;�2 �`�2�b�B�b�i���M�+�2R�: �- ���M�/ �i�?�2 �+�2�H�H �+���T���+�B�i���M�+�2C�+�2�H�H�XR�: �+�Q�K�#�B�M�2�b

�i�?�2 �6�1�h ���M�/ �Z�. �;���i�2 �H�2���F���;�2�b ���M�/C�+�2�H�H�B�b �i�?�2 �T���`���H�H�2�H �b�m�K �Q�7 �i�?�2 �Z�. �;���i�2 �+���@

�T���+�B�i���M�+�2C�: ���M�/ �i�?�2 �B�M�i�2�`�+�Q�M�M�2�+�i ���M�/ �b�i�Q�`���;�2 �+���T���+�B�i���M�+�2C�a�X �h�?�2 �/�B�b�+�?���`�;�2 �Q�7

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

I �a�. �i�?�`�Q�m�;�? �i�?�2 �[�m���M�i�m�K �/�2�p�B�+�2 �Q�p�2�` �i�B�K�2�X ���b �b�?�Q�r�M �B�M �6�B�;�X �8�X�d�U���V�-V�.�G = 0:68�o

�B�b �+�Q�M�b�i���M�i �r�?�B�H�2V�q�G �b�r�B�i�+�?�2�b �7�`�Q�K �i�?�2�?�B�;�?�H�2�p�2�H �UV �>
�q�G�V �i�Q ���H�Q�r�H�2�p�2�H �UV �G

�q�G�V ���i

t = 0 �X �h�?�2 �T�m�H�b�2 ���K�T�H�B�i�m�/�2 �B�b �b�2�i �i�Q �y�X�8 �o ���M�/ �i�?�2 �T�m�H�b�2 �Q�z�b�2�i �B�b �p���`�B�2�/ �2�M�b�m�`�B�M�;



�8�X�j �a�2�[�m�2�M�i�B���H �`�2���/�Q�m�i �R�k�8
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�'�J�H�V�S�F ���������J�2�K�Q�`�v �+�2�H�H �/�B�b�+�?���`�;�2 �K�Q�/�2�H�X �U���V�1�[�m�B�p���H�2�M�i �+�B�`�+�m�B�i �Q�7 �� �b�B�M�;�H�2
�K�2�K�Q�`�v �+�2�H�H ���M�/ �T�m�H�b�B�M�; �b�+�?�2�K�2 �7�Q�` �+�?���`�;�2 �`�2�i�2�M�i�B�Q�M ���M���H�v�b�B�b�X�U�#�V�a�Q�m�`�+�2�@
�/�`���B�M �+�m�`�`�2�M�iI �a�. �i�?�`�Q�m�;�? �i�?�2 �[�m���M�i�m�K �/�2�p�B�+�2 ���b �� �7�m�M�+�i�B�Q�M �Q�7 �i�B�K�2 ���7�i�2�`
�b�r�B�i�+�?�B�M�; �i�?�2 �+�Q�M�i�`�Q�H �i�`���M�b�B�b�i�Q�` �i�Q �i�?�2�Q�z�b�i���i�2V �G

�q�G = 0 :5 �o �UV�a�. = 2 �K�o�-
V�.�G = 0 :68�o�V�X �a�B�M�;�H�2 �2�H�2�+�i�`�Q�M �i�`���M�b�B�i�B�Q�M�b ���`�2 �Q�#�b�2�`�p�2�/ ���M�/ �T�2���F �T�Q�b�B�i�B�Q�M�b
���`�2 �B�M�/�B�+���i�2�/ �#�v?�X �h�?�2 �B�M�b�2�i �b�?�Q�r�bI �a�. ���b �� �7�m�M�+�i�B�Q�M �Q�7V�.�G �r�?�2�`�2 �i�?�2 �b���K�2
�i�`���M�b�B�i�B�Q�M�b ���`�2 �Q�#�b�2�`�p�2�/�X�U�+�V�.�2�+���v �Q�7 �i�?�2 �p�Q�H�i���;�2 �Q�M �i�?�2 �Z�. �;���i�2V�: ���b
�� �7�m�M�+�i�B�Q�M �Q�7 �i�B�K�2 �Q�M�+�2 �i�?�2 �+�Q�M�i�`�Q�H �i�`���M�b�B�b�i�Q�` �B�b �b�r�B�i�+�?�2�/ �Q�z�X �.���i���@�T�Q�B�M�i�b
�U�+�B�`�+�H�2�b�V ���`�2 �Q�#�i���B�M�2�/ �7�`�Q�K �i�?�2 �T�2���F �T�Q�b�B�i�B�Q�M�b �U?�V �B�MI �a�. ���M�/ �b�Q�H�B�/ �H�B�M�2�b ���`�2
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�'�J�H�V�S�F ���������*�`�Q�b�b�#���`�X �U���V�L�B�M�2 �Z�. �H�B�M�2���` ���`�`���v �B�H�H�m�b�i�`���i�B�M�; �7���#�`�B�+���i�B�Q�M ���M�/
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�Q�M�2�@�H�B�M�2 ���T�T�`�Q���+�?�X�U�#�V�Z�. �#���b�2�/ �+�`�Q�b�b�#���` ���`�+�?�B�i�2�+�i�m�`�2 �r�?�2�`�2 �� �b�B�M�;�H�2 �;���i�2
�p�Q�H�i���;�2 �B�b �b�?���`�2�/ �#�2�i�r�2�2�M �K�m�H�i�B�T�H�2 �[�m�#�B�i�b�X�U�+�V�h�?�`�2�2 �/�B�K�2�M�b�B�Q�M���H �B�H�H�m�b�i�`���@
�i�B�Q�M �Q�7 �i�?�2 ���`�+�?�B�i�2�+�i�m�`�2 �B�M �U�#�V�X�U�/�V�*�`�Q�b�b�#���` ���`�+�?�B�i�2�+�i�m�`�2 �#���b�2�/ �Q�M �/�Q�M�Q�`�b�X
�_�2�T�`�Q�/�m�+�2�/ �7�`�Q�K �(�j�d�- �8�R�- �8�k�)�X



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

(a) (b)

�'�J�H�V�S�F ���������>�v�#�`�B�/ ���`�+�?�B�i�2�+�i�m�`�2�b�X �U���V�>�v�#�`�B�/ �Z�. �b�T�B�M ���M�/ �M�m�+�H�2���` �b�T�B�M �b�m�`�@
�7���+�2 �+�Q�/�2 ���`�+�?�B�i�2�+�i�m�`�2 �i�?���i �`�2�H���t�2�b �/�2�M�b�B�i�v ���M�/ �/�Q�M�Q�` �B�K�T�H���M�i���i�B�Q�M �T�`�2�+�B�b�B�Q�M
�m�b�B�M�; �Z�. �#���b�2�/ �/���i�� �[�m�#�B�i�b ���M�/ �b�?�m�i�i�H�B�M�; �Q�7 �i�?�2 �Z�. �2�H�2�+�i�`�Q�M �b�T�B�M �Q�M�i�Q �i�?�2
�/�Q�M�Q�`�X�U�#�V�6�H�B�T�@�~�Q�T �[�m�#�B�i �7�Q�`�K�2�/ �m�b�B�M�; �� �Z�. �2�H�2�+�i�`�Q�M ���M�/ �/�Q�M�Q�` �M�m�+�H�2���`
�b�T�B�M�X �_�2�T�`�Q�/�m�+�2�/ �7�`�Q�K �(�8�9�- �k�e�R�)�X

�)�Z�C�S�J�E�q�?�2�M �/�Q�M�Q�` �b�T�B�M�b ���M�/ �2�H�2�+�i�`�Q�M �b�T�B�M�b ���`�2 �+�Q�K�#�B�M�2�/ �B�M �� �b�B�M�;�H�2 �?�v�#�`�B�/

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

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

�A�M ���M ���`�+�?�B�i�2�+�i�m�`�2 �m�b�B�M�; �2�H�2�+�i�`�Q�M �b�T�B�M�b �B�M �Z�.�b ���b �/���i�� �[�m�#�B�i�b ���M�/ �/�Q�M�Q�` �M�m�+�H�2���`

�b�T�B�M�b ���b �K�2���b�m�`�2�K�2�M�i �[�m�#�B�i�b �(�8�9�)�- ���b �b�?�Q�r�M �B�M �6�B�;�X �e�X�d�U���V�- �`�2�[�m�B�`�2�K�2�M�i�b �Q�M �/�Q�M�Q�`

�T�H���+�2�K�2�M�i �T�`�2�+�B�b�B�Q�M ���`�2 �`�2�H���t�2�/ ���M�/ �B�M�i�2�`�@�/�Q�M�Q�` �/�B�b�i���M�+�2 �m�T �i�Q �R �’�K �+�Q�m�H�/ �#�2 �`�2�@

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

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

�*�L�P�h�b �Q�M �i�?�2 �/�Q�M�Q�`�f�/�Q�i �b�v�b�i�2�K�b �#���b�2�/ �Q�M �1�a�_�f�L�J�_ �i�`���M�b�B�i�B�Q�M�b�X �6�m�`�i�?�2�` �+�Q�M�i�`�Q�H

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

���M�/ �K���M�B�T�m�H���i�B�Q�M �B�b �T�2�`�7�Q�`�K�2�/ �m�b�B�M�; �;�H�Q�#���H �1�a�_�X �"�B�b�K�m�i�? �/�Q�M�Q�`�b �b�T�B�M�b ���`�2 �2�M�p�B�@

�b�B�Q�M�2�/ �B�M �i�?�B�b ���`�+�?�B�i�2�+�i�m�`�2 �/�m�2 �i�Q �� �b�i�`�Q�M�; �?�v�T�2�`�}�M�2 �B�M�i�2�`���+�i�B�Q�M�X �_�2���/�Q�m�i �#���b�2�/ �Q�M

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

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

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

���#�Q�p�2 ���b �b�?�Q�r�M �B�M �6�B�;�X �e�X�d�U�#�V�- �i�?�2 �`�2�[�m�B�`�2�K�2�M�i�b �Q�M �T�H���+�2�K�2�M�i �T�`�2�+�B�b�B�Q�M ���M�/ �b�T���+�B�M�;

�#�2�i�r�2�2�M �/�Q�M�Q�`�b �+���M �#�2 �`�2�H���t�2�/ �(�k�e�R�- �k�e�k�)�X �h�?�B�b �b�Q �+���H�H�2�/ �~�B�T�@�~�Q�T �[�m�#�B�i �B�b �2�M�+�Q�/�2�/

�B�M �i�?�2j"+i ���M�/j#*i �b�i���i�2�b �r�?�2�M �i�?�2 �2�H�2�+�i�`�Q�M �B�b �#�`�Q�m�;�?�i �+�H�Q�b�2 �i�Q �i�?�2 �/�Q�M�Q�` �U�M�2���` �i�?�2

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

�b�T�B�M ���M�/ �+���M �#�2 �i�`���M�b�7�2�`�`�2�/ �Q�M�i�Q �i�?�2 �~�B�T�@�~�Q�T �b�i���i�2�b �m�b�B�M�; �1�a�_�X �h�`���M�b�B�i�B�Q�M�b �#�2�i�r�2�2�M

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

�}�2�H�/�b �U�b�2�+�Q�M�/�@�Q�`�/�2�` �T�`�Q�+�2�b�b�V�X �h�?�2 �2�H�2�+�i�`�B�+ �/�B�T�Q�H�2 �Q�7 �i�?�2 �M�2���`�H�v �B�Q�M�B�x�2�/ �/�Q�M�Q�` ���z�2�+�i�b

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

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



�R�9�9 �*�?���T�i�2�` �e�a�+���H���#�H�2 ��� �̀+�?�B�i�2�+�i�m� �̀2�b

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

�b�i�`�m�+�i�m�`�2�b �B�M �6�B�;�X �e�X�d�U�#�V�X

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

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

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

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

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

�i�B�Q�M �(�k�e�j�)�X

�-�P�O�H���S�B�O�H�F �B�Q�Q�S�P�B�D�I�F�T�A�M ���/�/�B�i�B�Q�M �i�Q �b�?�Q�`�i ���M�/ �B�M�i�2�`�K�2�/�B���i�2 �`���M�;�2 �+�Q�m�T�H�B�M�; ���b

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

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

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

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

�/�2�M�b�2 �[�m�#�B�i �K�Q�/�m�H�2�b �`���i�?�2�` �i�?���M �T�`�Q�p�B�/�B�M�; �+�Q�m�T�H�B�M�; �#�2�i�r�2�2�M �B�M�/�B�p�B�/�m���H �[�m�#�B�i�b �(�8�y�)�X

1 2 3 4 5 6 7 8 9

t = t2

�'�J�H�� ���������G�Q�M�;�@�`���M�;�2 �+�Q�m�T�H�B�M�;�X �U���V�*�Q�m�T�H�B�M�; �Q�7 �i�r�Q
�.�Z�.�b �p�B�� �� �K�B�+�`�Q�r���p�2 �`�2�b�Q�M���i�Q�`�X�U�#�V�1�H�2�+�i�`�Q�M
�b�?�m�i�i�H�B�M�; ���H�H�Q�r�b �i�Q �#�`�B�M�; �/�B�b�i���M�i �b�T�B�M�b �i�Q�;�2�i�?�2�` �Q�M�@
�/�2�K���M�/�X �_�2�T�`�Q�/�m�+�2�/ �7�`�Q�K �(�k�8�9�- �k�e�9�)�X

�a�T�B�M�@�T�?�Q�i�Q�M �+�Q�m�T�H�B�M�; �7�Q�H�H�Q�r�b

�i�?�2 ���T�T�`�Q���+�? �Q�7 �+�B�`�+�m�B�i�@�[�m���M�i�m�K�@

�2�H�2�+�i�`�Q�/�v�M���K�B�+�b �U�*�Z�1�.�V�- �r�?�B�+�?

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

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

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

�b�m�+�? �b�T�B�M�@�T�?�Q�i�Q�M �+�Q�m�T�H�B�M�; �B�b ��

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

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

���b �b�?�Q�r�M �B�M �6�B�;�X �e�X�3�U���V�X ���+�?�B�2�p�@

�B�M�; �b�m�{�+�B�2�M�i �+�Q�m�T�H�B�M�; �`�2�[�m�B�`�2�b �p�2�`�v

�+���`�2�7�m�H �i�m�M�B�M�; ���M�/ �+�B�`�+�m�B�i �/�2�b�B�;�M

�#�m�i �� �b�T�B�M�@�T�?�Q�i�Q�M �B�M�i�2�`�7���+�2 �?���b

�#�2�2�M �/�2�K�Q�M�b�i�`���i�2�/ �(�k�e�8�)�X ���/�/�B�@

�i�B�Q�M���H�H�v�- �b�i�`�Q�M�; �T�?�Q�i�Q�M �+�Q�m�T�H�B�M�; �i�Q

�i�?�2 �+�?���`�;�2 �/�2�;�`�2�2 �(�k�e�e�- �k�e�d�) �Q�7 �7�`�2�2�@

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

�Q�m�i �(�k�e�9�- �k�e�3�) �Q�7 �� �Z�. �?���b �#�2�2�M
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�a�?�m�i�i�H�B�M�; �+���M �#�2 �T�2�`�7�Q�`�K�2�/ �#�v �� �b�2�`�B�2�b �Q�7 �;���i�2�b ���M�/ ���T�T�`�Q�T�`�B���i�2�H�v �i�B�K�2�/ �T�m�H�b�2�b ���b

�b�?�Q�r�M �B�M �6�B�;�X �e�X�3�U�#�V �Q�` �m�b�B�M�; �� �b�m�`�7���+�2 ���+�Q�m�b�i�B�+ �r���p�2 �U�a���q�V�X �1�H�2�+�i�`�Q�M �i�`���M�b�7�2�` �m�b�B�M�;
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�a���q�b �?���b �#�2�2�M �/�2�K�Q�M�b�i�`���i�2�/ �B�M �:�����b �(�k�e�N�)�X ���M �B�K�T�H�2�K�2�M�i���i�B�Q�M �7�Q�` �b�B�H�B�+�Q�M �b�T�B�M

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

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

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

�;���i�2�b �?���b �#�2�2�M �/�2�K�Q�M�b�i�`���i�2�/ �(�k�8�9�- �k�d�y�) ���M�/ �/�2�+�Q�?�2�`�2�M�+�2 �/�m�`�B�M�; �i�?�2 �b�?�m�i�i�H�B�M�; �T�`�Q�+�2�b�b

�B�b �b�i�m�/�B�2�/ �(�k�d�R�- �k�d�k�)�X

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

�+�Q�m�H�/ �B�K�T���+�i �i�?�2 �b�T�2�2�/ ���M�/ �}�/�2�H�B�i�v �Q�7 ���M ���`�+�?�B�i�2�+�i�m�`�2 �(�k�d�j�) ���M�/ �`�2�[�m�B�`�2�b �7�m�`�i�?�2�`

�b�i�m�/�v�X

���������� �4�V�S�G�B�D�F �D�P�E�F �B�S�D�I�J�U�F�D�U�V�S�F �C�B�T�F�E �P�O �N�V�M�U�J���F�M�F�D�U�S�P�O �N�F�E�J�B�U�P�S�T

�J�m�H�i�B�@�2�H�2�+�i�`�Q�M �Z�.�b�- �Q�7 �� �b�B�x�2 �H���`�;�2�` �i�?���M �i�v�T�B�+���H �7�2�r �2�H�2�+�i�`�Q�M �Z�.�b�- �+���M �#�2 �Q�T�2�`�@

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

�2�t�+�?���M�;�2 �?���b �#�2�2�M �T�`�Q�T�Q�b�2�/ �#�2�i�r�2�2�M �/�Q�M�Q�` �2�H�2�+�i�`�Q�M �b�T�B�M�b �(�k�d�9�) ���M�/ �b�B�M�;�H�2�i�@�i�`�B�T�H�2�i

�[�m�#�B�i�b �B�M �.�Z�.�b �(�k�d�8�) ���M�/ �K�2�/�B���i�2�/ �2�t�+�?���M�;�2 �?���b �#�2�2�M �2�t�T�H�Q�`�2�/ �B�M �:�����b �#���b�2�/

�/�2�p�B�+�2�b �(�k�d�e���k�d�N�)�X �A�M �i�?�B�b �b�2�+�i�B�Q�M ���M �2�H�2�+�i�`�Q�M �b�T�B�M �#���b�2�/ �b�m�`�7���+�2 �+�Q�/�2 ���`�+�?�B�i�2�+�i�m�`�2

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

�i�?�2 �`�2�[�m�B�`�2�K�2�M�i�b �Q�M �i�?�2 �B�M�i�2�`�@�Z�. �b�T���+�B�M�; �U�m�T �i�Q �j�y�y �M�K�V �r�?�B�+�? �7���+�B�H�B�i���i�2�b �7���#�`�B�+���@

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

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

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

�������������� �.�V�M�U�J���F�M�F�D�U�S�P�O �2�% �B�T �N�F�E�J�B�U�P�S

�h�r�Q �b�B�M�;�H�v �Q�+�+�m�T�B�2�/ �Z�.�b �B�M �b�B�H�B�+�Q�M �r�B�i�? �� �/�B���K�2�i�2�` �Q�7 �8�y �M�K ���`�2 �+�Q�M�b�B�/�2�`�2�/�X �A�M �b�m�+�?

�Z�.�b �� �H���`�;�2 �+�?���`�;�B�M�; �2�M�2�`�;�v �Q�7 �R�y �h�>�x ���M�/ �Q�`�#�B�i���H ���M�/ �p���H�H�2�v �2�t�+�B�i�2�/ �b�i���i�2�b �Q�M �i�?�2

�Q�`�/�2�` �Q�7 �y�X�R���R �h�>�x ���`�2 �2�t�T�2�+�i�2�/ �(�3�y�- �N�R�- �k�3�y�) ���b �b�?�Q�r�M �B�M �6�B�;�X �e�X�N�U���V �U�2�t�+�B�i�2�/ �b�i���i�2�b

���`�2 �B�M�/�B�+���i�2�/ �#�v �/���b�?�2�/ �H�B�M�2�b�V�X �A�M �#�2�i�r�2�2�M �i�?�2 �i�r�Q �b�K���H�H �Z�.�b�- �� �K�m�H�i�B�@�2�H�2�+�i�`�Q�M
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�� �H�2�p�2�H �b�T���+�B�M�; �Q�M �i�?�2 �Q�`�/�2�` �Q�7� �J = 10 �:�>�x �B�b �2�t�T�2�+�i�2�/ ���b �B�H�H�m�b�i�`���i�2�/ �#�v �i�?�2
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�M�m�K�#�2�`�- �B�H�H�m�b�i�`���i�2�/ �#�v �� �7�m�H�H�v �Q�+�+�m�T�B�2�/ �}�`�b�i �H�2�p�2�H�- �i�?�2 �K�2�/�B���i�Q�` �?���b �Q�p�2�`���H�H �b�T�B�M �y�X
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�'�J�H�V�S�F ���������J�2�/�B���i�Q�` ���`�+�?�B�i�2�+�i�m�`�2�X �U���V�G�2�p�2�H �/�B���;�`���K �Q�7 �i�r�Q �b�B�M�;�H�2 �Z�.�b�- �H�2�7�i
���M�/ �`�B�;�?�i�- �r�B�i�? ���M �2�t�i�2�M�/�2�/ �K�2�/�B���i�Q�` �Z�. �B�M �i�?�2 �+�2�M�i�`�2�X �J�2�/�B���i�2�/ �2�t�+�?���M�;�2
�B�b �T�2�`�7�Q�`�K�2�/ �p�B�� �p�B�`�i�m���H �Q�+�+�m�T���i�B�Q�M �Q�7 �H�2�p�2�H �k �Q�7 �i�?�2 �K�2�/�B���i�Q�` �/�Q�i�X ���/���T�i�2�/
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���H�H�2�H�B�b���i�B�Q�M �r�?�2�`�2 �Q�M�2 ���M�+�B�H�H�� �B�M�i�2�`���+�i�b �r�B�i�? �i�r�Q �/���i�� �[�m�#�B�i�b ���i �i�?�2 �b���K�2 �i�B�K�2�X �h�Q

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

�r�?�B�+�? �+���M �#�2 �/�Q�M�2 �#�v �#�`�B�M�;�B�M�; �i�?�2 �.�Z�. �B�M �i�?�2 �U�y�-�k�V �+�?���`�;�2 �+�Q�M�}�;�m�`���i�B�Q�M�X �S���`�B�i�v

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

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

�#�Q�i�?X ���M�/Z �b�i���#�B�H�B�x�2�`�b �r�B�i�?�Q�m�i ���M�v �+�?���M�;�2 �Q�7 �#���b�B�b �U�M�Q �>���/���K���`�/�b �`�2�[�m�B�`�2�/ �+�Q�K�@

�T���`�2�/ �i�Q �6�B�;�X �e�X�R�U�+�V�V �(�R�j�j�)�X �6�B�M���H�H�v�- �;�H�Q�#���H �1�a�_ �/�Q�2�b �M�Q�i ���z�2�+�i �i�?�2 ���M�+�B�H�H�� �i�?���i �B�b

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

�+�Q�K�T���+�i �?�B�;�?�@�}�/�2�H�B�i�v �`�2���/�Q�m�i �r�B�i�?�B�M �K�B�+�`�Q�b�2�+�Q�M�/�b �U�b�2�2 �*�?���T�i�2�` �9�V�X

�h�?�2 �B�M�+�`�2���b�2�/ �b�T���+�B�M�; �#�2�i�r�2�2�M �/���i�� ���M�/ �K�2���b�m�`�2�K�2�M�i �[�m�#�B�i�b�- �2�M���#�H�2�/ �#�v �i�?�2

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

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

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

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

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

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

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

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

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

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

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

�/�Q�i �Q�M �� �+�?���`�;�2 �`�2�H���t���i�B�Q�M �i�B�K�2�b�+���H�2 �Q�7T1 �r�?�B�+�? �i�v�T�B�+���H�H�v �Q�+�+�m�`�b �r�B�i�?�B�M �R�y �M�b �;�B�p�2�M

�� �i�m�M�M�2�H �+�Q�m�T�H�B�M�; �Q�7 �R �:�>�x �(�k�3�R�) ���M�/ �i�?�m�b �i�?�2 �H�2���F���;�2 �2�`�`�Q�` �}�t�2�b �B�i�b�2�H�7�X �>�Q�r�2�p�2�`�-

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

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

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

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

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

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

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

�i�`���M�b�7�Q�`�K�B�M�; ���H�H �2�t�T�2�`�B�K�2�M�i���H �M�Q�B�b�2 �B�M�i�Q �S���m�H�B �2�`�`�Q�`�b �(�k�3�k���k�3�e�)�X �h�?�2 �K�2�/�B���i�2�/ �i�r�Q�@

�[�m�#�B�i �2�t�+�?���M�;�2 �+���M �#�2 �Q�7
p

�a�q���S �Q�` �*�S�>���a�1 �;���i�2 �+�?���`���+�i�2�` �/�2�T�2�M�/�B�M�; �Q�M �� �H�Q�+���H

�w�2�2�K���M �/�B�z�2�`�2�M�+�2 ���b �/�B�b�+�m�b�b�2�/ �B�M �a�2�+�i�B�Q�M �k�X�k�X�k�X �� �*�w �M�2�2�/�b �i�Q �#�2 �B�K�T�H�2�K�2�M�i�2�/

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



�R�9�3 �*�?���T�i�2�` �e�a�+���H���#�H�2 ��� �̀+�?�B�i�2�+�i�m� �̀2�b

�b�B�M�;�H�2 �[�m�#�B�i ���M�/ �i�r�Q �i�r�Q�@�[�m�#�B�i �;���i�2�b �U
p

�a�q���S�@�#���b�2�/�V�- �Q�` �Q�7 �i�r�Q �b�B�M�;�H�2 �[�m�#�B�i �;���i�2�b

���M�/ �� �b�B�M�;�H�290� �+�Q�M�i�`�Q�H�H�2�/ �T�?���b�2 �;���i�2 �U�*�S�>���a�1�@�#���b�2�/�V�X �l�b�B�M�; ���M �2�t�T�2�`�B�K�2�M�i���H�H�v

�K�Q�i�B�p���i�2�/ �`�2�H���i�B�Q�M �#�2�i�r�2�2�M �b�B�M�;�H�2p1 ���M�/ �i�r�Qp2 �[�m�#�B�i �2�`�`�Q�` �`���i�2�b �Q�7p1 = 0:1p2�- �i�?�2

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

�B�b �y�X�3�e�W �U�*�S�>���a�1�V �Q�` �y�X�d�d�W �U
p

�a�q���S�V �(�k�3�d�)�X ���/�/�B�i�B�Q�M���H�H�v�- �r�?�2�M �}�t�B�M�;p2 = 0:5�W

�� �i�?�`�2�b�?�Q�H�/ �Q�M �i�?�2 �H�2���F���;�2 �2�`�`�Q�`p�H�2���F�+���M �#�2 �Q�#�i���B�M�2�/ �r�?�B�+�? �B�b �y�X�k�3�W �U�*�S�>���a�1�V

�Q�` �y�X�k�j�W �U
p

�a�q���S�V ���M�/ �m�T �i�Q �y�X�e�e�W �r�?�2�M ���b�b�m�K�B�M�; �M�Q �;���i�2 �2�`�`�Q�`�b �Up2 = 0�V

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

�2�`�`�Q�`�b�X

�������������� �%�F�W�J�D�F �E�F�T�J�H�O�T

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

�2�H�2�+�i�`�Q�M �Z�. �K�2�/�B���i�Q�`�b �#���b�2�/ �Q�M �T�H���M���` �a�B�@�J�P�a�- ���b �b�?�Q�r�M �B�M �6�B�;�X �k�X�e�U�#�V ���M�/ �/�B�b�@

�+�m�b�b�2�/ �B�M ���T�T�2�M�/�B�t ���- �?���p�2 �#�2�2�M �/�2�p�2�H�Q�T�2�/�X �6�B�;�m�`�2 �e�X�R�y�U���V �b�?�Q�r�b ���M �B�M�B�i�B���H �/�2�b�B�;�M

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

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

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

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

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

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

�+�Q�m�H�/ �#�2 �b�i�m�/�B�2�/�X �_�2���/�Q�m�i �+�Q�m�H�/ �#�2 �T�2�`�7�Q�`�K�2�/ �m�b�B�M�; �i�r�Q �a�1�h �b�i�`�m�+�i�m�`�2�b �Q�` �#�v

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

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

�i�Q �i�?�2 �Q�i�?�2�`�X �A�M �� �M�2�t�i �b�i�2�T�- ���7�i�2�` �?���p�B�M�; �B�/�2�M�i�B�}�2�/ �� �b�m�B�i���#�H�2 �K�2�/�B���i�Q�` �b�B�x�2�- �i�?�2

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

�� �/�2�b�B�;�M ���b �b�?�Q�r�M �B�M �6�B�;�X �e�X�R�y�U�#�V�X �a�m�+�? �� �/�2�b�B�;�M �`�2�[�m�B�`�2�b ���M ���/�/�B�i�B�Q�M���H �;���i�2 �H���v�2�`

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

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

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

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

������ �*�O�U�F�H�S�B�U�J�P�O

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

�Q�7 �� �H���`�;�2�@�b�+���H�2 �[�m���M�i�m�K �+�Q�K�T�m�i�2�` ���`�2 �B�M�i�`�Q�/�m�+�2�/ ���M�/ �b�Q�H�m�i�B�Q�M�b �i�Q �2�{�+�B�2�M�i�H�v �/�2�H�B�p�@
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�'�J�H�V�S�F �����������J�2�/�B���i�Q�` �Z�. �/�2�p�B�+�2�b�X �U���V�.�2�b�B�;�M �Q�7 �� �p���`�B���#�H�2 �b�B�x�2 �K�2�/�B���i�Q�`
�/�Q�i �U�Q�`���M�;�2�V �i�?���i �+�Q�m�T�H�2�b �i�Q �i�r�Q �K�m�H�i�B�@�Z�. �b�i�`�m�+�i�m�`�2�b �U�;�`�2�2�M�V�X �_�2�b�2�`�p�Q�B�`�b
���`�2 �B�M�/�B�+���i�2�/ �B�M �#�H�m�2 ���M�/ �`�2���/�Q�m�i �+���M �#�2 �T�2�`�7�Q�`�K�2�/ �m�b�B�M�; �a�1�h�b �U�`�2�/�V �Q�`
�;���i�2�@�#���b�2�/ �b�2�M�b�Q�`�b�X�U�#�V�.�2�b�B�;�M �Q�7 �� �}�t�2�/ �b�B�x�2 �K�2�/�B���i�Q�` �r�B�i�? �i�r�Q �K�m�H�i�B�@�Z�.
�b�i�`�m�+�i�m�`�2�b ���M�/ �� �b�B�M�;�H�2 �`�2�b�2�`�p�Q�B�` �+�Q�M�M�2�+�i�2�/ �i�Q �i�?�2 �K�2�/�B���i�Q�`�X �*�Q�H�Q�m�`�b �B�M�/�B�+���i�2
�;���i�2�b �7���#�`�B�+���i�2�/ �B�M �i�?�2 �b���K�2 �b�i�2�T �U�H���v�2�`�V�X

�2�`�B�M�; �`�2�[�m�B�`�2�/ �+�Q�M�i�`�Q�H ���M�/ �K�2���b�m�`�2�K�2�M�i �b�B�;�M���H�b �m�b�B�M�; �B�M�i�2�;�`���i�2�/ �+�H���b�b�B�+���H �+�B�`�+�m�B�i�b

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

���������� �&�M�F�D�U�S�P�O�J�D�T �J�O �B �G�V�M�M���T�U�B�D�L �Q�S�P�D�F�T�T�P�S
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�'�J�H�� �����������Z�m���M�i�m�K �T�`�Q�+�2�b�b�Q�`�X�a�+�?�2�K���i�B�+
�Q�7 �� �7�m�H�H�@�b�i���+�F �[�m���M�i�m�K �T�`�Q�+�2�b�b�Q�`�X
���/���T�i�2�/ �7�`�Q�K �(�k�3�3�)�X

�'�V�M�M���T�U�B�D�L���b �B�M�i�`�Q�/�m�+�2�/ �B�M �a�2�+�i�B�Q�M �j�X�k�-

�b�B�M�;�H�2 �[�m�#�B�i �Q�T�2�`���i�B�Q�M �`�2�[�m�B�`�2�b �;�2�M�2�`���i�B�Q�M �Q�7

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

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

�7���b�i �/�B�;�B�i�B�x���i�B�Q�M �Q�7 �� �b�K���H�H �b�B�;�M���H �Q�`�B�;�B�M���i�B�M�;

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

�T�H�2 �b�i���;�2�b�X �6�Q�` �H���`�;�2�@�b�+���H�2 ���`�+�?�B�i�2�+�i�m�`�2�b �i�?�2

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

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

�i�2�K�T�2�`���i�m�`�2 �p�B�� �� �b�2�T���`���i�2 �H�B�M�2 �m�b�B�M�; �`�Q�Q�K�@

�i�2�K�T�2�`���i�m�`�2 �2�H�2�+�i�`�Q�M�B�+�b�- �B�b �M�Q�i �p�B���#�H�2 �(�j�9�)�X

�J�Q�`�2�Q�p�2�`�- �H�Q�r�@�H���i�2�M�+�v �b�B�;�M���H �T�`�Q�+�2�b�b�B�M�; ���M�/

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

�+�Q�`�`�2�+�i�B�Q�M �b�+�?�2�K�2�b�X �6�m�`�i�?�2�`�K�Q�`�2�- �i�Q �Q�T�2�`�@

���i�2 ���M�v �[�m���M�i�m�K �+�Q�K�T�m�i�2�`�- �� �+�Q�K�T�B�H�2�` ���M�/



�R�8�y �*�?���T�i�2�` �e�a�+���H���#�H�2 ��� �̀+�?�B�i�2�+�i�m� �̀2�b

28Silicon

(a) (b)

(c)
Coupling Spacing

Direct < 100 nm

Mediator < 350 nm

Floating gate < 10 � m

Shuttling < 100 � m

Resonator < 10mm

Long-range coupler

�'�J�H�V�S�F �����������.�2�M�b�2 �Q�` �K�Q�/�m�H���`�X �U���V�J�m�H�i�B�@�H���v�2�` �+�?�B�T �/�2�b�B�;�M �7�Q�` �/�B�`�2�+�i �B�M�@
�i�2�;�`���i�B�Q�M �Q�7 �+�H���b�b�B�+���H �+�Q�M�i�`�Q�H �+�B�`�+�m�B�i�b �r�B�i�? �� �/�2�M�b�2 �[�m�#�B�i ���`�+�?�B�i�2�+�i�m�`�2�X�U�#�V
�J�Q�/�m�H���` ���T�T�`�Q���+�? �i�?���i ���H�H�Q�r�b �7�Q�` �B�M�i�2�;�`���i�B�Q�M �Q�7 �b�K���H�H �/�2�M�b�2 �[�m�#�B�i ���`�`���v�b
�r�B�i�? �+�Q�M�i�`�Q�H �+�B�`�+�m�B�i�b ���M�/ �2�H�2�+�i�`�Q�M�B�+�b �Q�M �i�?�2 �b���K�2 �+�?�B�T �#�v �m�b�B�M�; �H�Q�M�;�@�`���M�;�2
�+�Q�m�T�H�2�`�b�X�U�+�V�a�m�K�K���`�v �Q�7 �2�t�T�2�+�i�2�/ �B�M�i�2�`�@�[�m�#�B�i �b�T���+�B�M�; �7�Q�` �/�B�z�2�`�2�M�i �B�M�i�2�`�@
�[�m�#�B�i �+�Q�m�T�H�B�M�; �b�i�`���i�2�;�B�2�b�X �_�2�T�`�Q�/�m�+�2�/ �7�`�Q�K �(�8�y�- �8�j�)�X

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

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

�7�`�Q�K �� �?�B�;�?�@�H�2�p�2�H ���H�;�Q�`�B�i�?�K �i�Q �H�Q�r�@�H�2�p�2�H �b�B�;�M���H �/�2�H�B�p�2�`�v �B�b �b�?�Q�r�M �B�M �6�B�;�X �e�X�R�R�X �J���M�v

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

���i �� �i�2�K�T�2�`���i�m�`�2 �#�2�H�Q�r �k�y�y �K�E�- �Q�` ���i �?�B�;�?�2�` �i�2�K�T�2�`���i�m�`�2 �b�i���;�2�b�X �A�M�i�2�;�`���i�B�Q�M �Q�7

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

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

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

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

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

���M�/ �K�Q�/�2�`���i�2 �T�Q�r�2�` �+�Q�M�b�m�K�T�i�B�Q�M �(�8�y�- �8�j�- �k�3�N�)�X �P�i�?�2�` �b�v�b�i�2�K�b ���`�2 �H�B�F�2�H�v �i�Q �#�2

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

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

���i �i�2�K�T�2�`���i�m�`�2�b �Q�7 �R���9 �E�X



�e�X�j �A�M�i�2�;�`���i�B�Q�M �R�8�R

�2�V�C�J�U �B�S�D�I�J�U�F�D�U�V�S�F �M�J�N�J�U�B�U�J�P�O�T�"���b�2�/ �Q�M �i�?�2 �B�M�i�2�`�@�[�m�#�B�i �b�T���+�B�M�; �i�?���i �+���M �#�2

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

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

�6�B�`�b�i�H�v�- �� �+�Q�K�T�H�2�i�2�H�v �/�2�M�b�2 ���`�+�?�B�i�2�+�i�m�`�2 �#���b�2�/ �Q�M �/�B�`�2�+�i �[�m�#�B�i �+�Q�m�T�H�B�M�; �(�8�j�)�- �r�?�B�+�?

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

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

�b�?�Q�r�M �B�M �6�B�;�X �e�X�R�k�U���V�X �Z�m�#�B�i�b �UQ�V ���`�2 �7�Q�`�K�2�/ �B�M �b�B�M�;�H�2 �Z�.�b ���M�/ �M�2���`�2�b�i �M�2�B�;�?�#�Q�m�`

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

�2�t�T�2�`�B�K�2�M�i���H �B�K�T�H�2�K�2�M�i���i�B�Q�M �T�`�2�b�2�M�i�2�/ �B�M �*�?���T�i�2�` �8�- �B�M�p�Q�H�p�B�M�; �L�#�L �B�M�/�m�+�i�Q�`�b �r�B�i�?

�?�B�;�?�2�` �[�m���H�B�i�v �7���+�i�Q�`�b �Q�7Q�H�Q���/= �9�y�y���N�y�y�- ���b �T�`�2�b�2�M�i�2�/ �B�M �*�?���T�i�2�` �9 ���M�/ �_�2�7�X �(�k�j�e�)�X

�h�?�2 �b�2�H�2�+�i�2�/ �`�2�b�Q�M���i�Q�` �T���`���K�2�i�2�`�b �7�Q�` �i�?�2 �b�B�K�m�H���i�B�Q�M�b ���`�2C�+= 90 �7�6�-C�T = 480 �7�6�-

R�T = 800 �F
 ���M�/L = 405 �M�> �r�?�B�+�? �v�B�2�H�/�b �� �`�2�b�Q�M���i�Q�` �Q�T�2�`���i�B�M�; ���i� 300 �J�>�x

�r�B�i�? �� �[�m���H�B�i�v �7���+�i�Q�` �Q�7 �9�y�y�X �h�?�2 �i�`���M�b�B�b�i�Q�` �K�Q�/�2�H�- �b�2�2 �1�[�X �U�e�X�j�V�- �T�`�Q�p�B�/�2�b �p���H�m�2�b

�7�Q�` �i�?�2 �6�1�h �`�2�b�B�b�i���M�+�2 ���M�/ �+���T���+�B�i���M�+�2 �#���b�2�/ �Q�M �� �b�2�H�2�+�i�2�/ �6�1�h �r�B�/�i�?W ���M�/ �;���i�2

�H�2�M�;�i�?L �;�X �� �b�i�Q�`���;�2 �+���T���+�B�i���M�+�2 �Q�7C�a = 90 �7�6 ���M�/ �� �i�`���M�b�B�b�i�Q�` �r�B�i�?W = �R�y �’�K

���M�/L �; = 30 �M�K ���`�2 �B�M�B�i�B���H�H�v �+�Q�M�b�B�/�2�`�2�/�- �`�2�T�`�2�b�2�M�i�B�M�; �i�?�2 �2�t�T�2�`�B�K�2�M�i���H �b�2�i�m�T �B�M



�R�8�e �*�?���T�i�2�` �e�a�+���H���#�H�2 ��� �̀+�?�B�i�2�+�i�m� �̀2�b

�*�?���T�i�2�` �8�X �6�Q�` �i�?�2 �b�B�M�;�H�2�i�@�i�`�B�T�H�2�i �b�i���i�2 �/�2�T�2�M�/�2�M�i �/�2�p�B�+�2 �+���T���+�B�i���M�+�2C�: �- �� �b�B�;�M���H

�Q�`�B�;�B�M���i�B�M�; �7�`�Q�K ���M �B�M�i�2�`�@�/�Q�i �i�`���M�b�B�i�B�Q�M �U�A�.�h�V �r�B�i�? �� �i�m�M�M�2�H �+�Q�m�T�H�B�M�;� c = 20 � �2�o

���M�/ �H�2�p�2�` ���`�K� = 0:5 �B�b �+�Q�M�b�B�/�2�`�2�/�- �r�?�2�`�2C�: �+�?���M�;�2�b �#�v� C�: = 1 �7�6 �7�`�Q�K

�i�?�2 �;�2�Q�K�2�i�`�B�+���H �p���H�m�2 �Q�7� 10 ���6 �r�?�2�M �i�m�M�M�2�H�H�B�M�; �B�b ���H�H�Q�r�2�/ �(�d�y�)�X �"���b�2�/ �Q�M �i�?�2

�+���H�+�m�H���i�B�Q�M�b �Q�7R�: �B�M �a�2�+�i�B�Q�M �8�X�j�X�k�-R�: �B�b ���b�b�m�K�2�/ �i�Q �#�2 �K�m�+�? �;�`�2���i�2�` �i�?���M �i�?�2 �_�6

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

�p���H�m�2�b�- �i�?�2 �K���;�M�B�i�m�/�2 �Q�7 �i�?�2 �b�B�K�m�H���i�2�/ �`�2�~�2�+�i�B�Q�M �+�Q�2�{�+�B�2�M�i �B�b �b�?�Q�r�M �B�M �6�B�;�X �e�X�R�8�U�#�V

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

�6�1�h �B�b�Q�z�- �� �`�2�b�Q�M���M�+�2 �r�B�i�? �b�B�K�B�H���` �7�`�2�[�m�2�M�+�v ���M�/ �[�m���H�B�i�v �7���+�i�Q�` �i�Q �i�?�2 �2�t�T�2�`�B�K�2�M�i

�B�M �(�k�j�e�) �B�b �Q�#�b�2�`�p�2�/�X �q�?�2�M �i�?�2 �6�1�h �B�b�Q�M�- �i�?�2�`�2 �B�b �� �b�?�B�7�i �B�M �7�`�2�[�m�2�M�+�v ���M�/ �� �+�?���M�;�2

�B�M �[�m���H�B�i�v �7���+�i�Q�` �b�B�K�B�H���` �i�Q �i�?�2 �2�t�T�2�`�B�K�2�M�i �b�?�Q�r�M �B�M �6�B�;�X �8�X�8�U�#�V�X �q�?�2�M �i�?�2 �6�1�h �B�b

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

�i�?�2 �b�i���i�2�@�/�2�T�2�M�/�2�M�i �;���i�2�@�#���b�2�/ �b�B�;�M���H �i�Q �#�2 �/�2�i�2�+�i�2�/�X

�h�?�2 �a�L�_ �/�2�T�2�M�/�b �Q�M �K�m�H�i�B�T�H�2 �+�B�`�+�m�B�i �+�Q�K�T�Q�M�2�M�i�b �#�m�i �i�?�Q�b�2 �i�?���i ���z�2�+�i �i�?�2 �T�?�v�b�@

�B�+���H �/�B�K�2�M�b�B�Q�M�b �Q�7 �i�?�2 �+�2�H�H �K�Q�b�i �b�B�;�M�B�}�+���M�i�H�v ���`�2W ���M�/C�a�X �A�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �b�B�K�m�H���@

�i�B�Q�M�b �i�?�2 �a�L�_ ���b �� �7�m�M�+�i�B�Q�M �Q�7W ���M�/C�a �B�b �Q�#�i���B�M�2�/�X �h�?�`�Q�m�;�?�Q�m�i �i�?�2 �b�B�K�m�H���i�B�Q�M�b

�i�?�2 �;���i�2 �H�2�M�;�i�? �B�b �}�t�2�/ �i�Q �� �b�K���H�H �p���H�m�2 �Q�7L �; = 20 �M�K�- �r�?�B�+�? �F�2�2�T�b �i�?�2 �6�1�h

�`�2�b�B�b�i���M�+�2 ���i �� �K�B�M�B�K�m�K�- �b�2�2 �6�B�;�X �e�X�R�9�U�#�V�- �7�Q�` �� �;�B�p�2�MW ���M�/ ���/�/�B�i�B�Q�M���H�H�v �`�2�/�m�+�2�b

�m�M�/�2�b�B�`�2�/ �2�z�2�+�i�b �b�m�+�? ���b �+�?���`�;�2�@�B�M�D�2�+�i�B�Q�M ���M�/ �+�H�Q�+�F �7�2�2�/�@�i�?�`�Q�m�;�? �r�?�2�M �b�r�B�i�+�?�B�M�;

�i�?�2 �6�1�h �#�2�i�r�2�2�M �i�?�2�Q�M���M�/�Q�z�b�i���i�2 �U�b�2�2 �a�2�+�i�B�Q�M �8�X�j�X�k�V�X �6�Q�` �2�p�2�`�v �+�Q�K�#�B�M���i�B�Q�M

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

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

�B�M �6�B�;�X �e�X�R�e�U���V �r�?�B�+�? �B�M�+�`�2���b�2�b �#�Q�i�? �r�B�i�? �B�M�+�`�2���b�B�M�;C�a ���M�/W �7�`�Q�K �N�y �7�6 �m�T �i�Q

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

�i�`���M�b�B�i�B�Q�M �Q�7� c = 20 � �2�o ���M�/� = 0:5�V �B�b �`�2�+���H�+�m�H���i�2�/ �7�Q�` �2���+�? �T�Q�B�M�i�- �#�2�+���m�b�2

���M�v �`�2�/�m�+�i�B�Q�M �B�M �[�m���H�B�i�v �7���+�i�Q�` �Q�7 �i�?�2 �`�2�b�Q�M���i�Q�` �Q�` �� �+�?���M�;�2 �B�M �i�?�2R�6�1�hC�a�@�}�H�i�2�`

�7�m�M�+�i�B�Q�M �`�2�b�m�H�i�b �B�M �� �`�2�/�m�+�2�/ �_�6 ���K�T�H�B�i�m�/�2 ���i �i�?�2 �Z�. �/�2�p�B�+�2�X �h�?�2 �Q�#�i���B�M�2�/Q�H�Q���/

�`���M�;�2�b �7�`�Q�K �d�e�3 ���i �H�Q�rC�a ���M�/ �H���`�;�2W �i�Q �j�8 ���i �H���`�;�2C�a ���M�/ �b�K���H�HW�X �h�?�2 �`�2�b�m�H�i�@

�B�M�; �Q�T�i�B�K���H �_�6 �Q�T�2�`���i�B�Q�M �T�Q�r�2�` �B�b �b�?�Q�r�M �B�M �6�B�;�X �e�X�R�e�U�#�V �r�B�i�? �p���H�m�2�b �`���M�;�B�M�; �7�`�Q�K

P�_�6 = � 124�/�"�K �i�QP�_�6 = � 92�/�"�K�X �6�B�M���H�H�v�- �i�?�2 �a�L�_ ���b �� �7�m�M�+�i�B�Q�M �Q�7W ���M�/

C�a �B�b �b�?�Q�r�M �B�M �6�B�;�X �e�X�R�e�U�+�V �7�Q�` ���M �B�M�i�2�;�`���i�B�Q�M �i�B�K�2 �Q�7 �9 �’�b �U�K�m�+�? �b�?�Q�`�i�2�` �i�?���M �i�?�2

�+�Q�?�2�`�2�M�+�2 �i�B�K�2 �Q�7 �2�H�2�+�i�`�Q�M �b�T�B�M�b �B�M28�a�B�-T �
2 � 100 � �b�V�- �� �M�Q�B�b�2 �i�2�K�T�2�`���i�m�`�2 �Q�7 �9 �E

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

�i�?�2 �2�t�T�2�+�i�2�/ �`�2�i�2�M�i�B�Q�M �i�B�K�2� ���M�/ �i�?�2�`�K���H �p�Q�H�i���;�2 �M�Q�B�b�2V�_�J�a �7�Q�` �� �;�B�p�2�M �b�i�Q�`���;�2

�+���T���+�B�i���M�+�2C�a �B�b �b�?�Q�r�M �B�M �6�B�;�X �e�X�R�e�U�/�V�X �h�?�2 �a�L�_ �/�2�+�`�2���b�2�b ���bW �/�2�+�`�2���b�2�b �U�Q�M

�b�i���i�2R�6�1�h �B�M�+�`�2���b�2�b�V�- �r�?�B�+�? �+���M �#�2 �+�Q�K�T�2�M�b���i�2�/ �#�v �/�2�+�`�2���b�B�M�;C�a�- �#�m�i �Q�M�H�v ���i �i�?�2

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



�e�X�j �A�M�i�2�;�`���i�B�Q�M �R�8�d

�'�J�H�V�S�F �����������a�L�_ �b�B�K�m�H���i�B�Q�M�b�X �U���V�o���H�m�2 �Q�7 �i�?�2 �+�Q�m�T�H�B�M�; �+���T���+�B�i���M�+�2C�+

�i�Q ���+�?�B�2�p�2 �T�2�`�7�2�+�i �K���i�+�?�B�M�; ���M�/�U�#�V�K���t�B�K�m�K �T�Q�r�2�`P�_�6 �#�2�H�Q�r �T�Q�r�2�`
�#�`�Q���/�2�M�B�M�; ���b �� �7�m�M�+�i�B�Q�M �Q�7 �i�`���M�b�B�b�i�Q�` �r�B�/�i�?W ���M�/ �b�i�Q�`���;�2 �+���T���+�B�i���M�+�2C�a�X
�U�+�V�a�B�;�M���H�@�i�Q�@�M�Q�B�b�2 �`���i�B�Q ���b �� �7�m�M�+�i�B�Q�M �Q�7W ���M�/C�a�X�U�/�V�_�2�i�2�M�i�B�Q�M �i�B�K�2�
���M�/ �p�Q�H�i���;�2 �M�Q�B�b�2V�_�J�a ���b �� �7�m�M�+�i�B�Q�M �Q�7C�a�X



�R�8�3 �*�?���T�i�2�` �e�a�+���H���#�H�2 ��� �̀+�?�B�i�2�+�i�m� �̀2�b

�i�?�2�Q�z�b�i���i�2 �U�b�2�2 �a�2�+�i�B�Q�M �8�X�j�X�k�V�- ���M�/ �B�M�+�`�2���b�B�M�; �i�?�2 �i�?�2�`�K���H �M�Q�B�b�2V�_�J�a�X �*�Q�M�i�Q�m�`

�H�B�M�2�b �B�M�/�B�+���i�2�/ �a�L�_�b �Q�7 �e ���M�/ �R ���M�/ �� �#�H���+�F �b�i���` �`�2�T�`�2�b�2�M�i�b �i�?�2 �2�t�T�2�`�B�K�2�M�i���H �+�Q�M�@

�}�;�m�`���i�B�Q�M �T�`�2�b�2�M�i�2�/ �B�M �*�?���T�i�2�` �8�X �6�Q�` �� �[�m�#�B�i �T�B�i�+�? �Q�7 �R�y�y �M�K�- �� �b�2�i �Q�7 �T���`���K�2�i�2�`�b

�UW = 100 �M�K�-C�a = 25 �7�6�V �r�B�i�? �a�L�_> 1 �+���M �#�2 �B�/�2�M�i�B�}�2�/ �i�?���i �b�2�2�K �7�2���b�B�#�H�2 �i�Q �#�2

�7���#�`�B�+���i�2�/ �r�B�i�?�B�M ���M ���T�T�`�Q�t�B�K���i�2 �R�y�y �M�K� �R�y�y �M�K �7�Q�Q�i�T�`�B�M�i�- �+�Q�K�K�2�M�b�m�`���i�2 �r�B�i�?

�� �Z�. �T�B�i�+�? �B�M �� �/�2�M�b�2 ���`�`���v �U�b�2�2 �i�?�2 �7�Q�H�H�Q�r�B�M�; �b�2�+�i�B�Q�M �7�Q�` �� �7�Q�Q�i�T�`�B�M�i �2�b�i�B�K���i�B�Q�M�V�X
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�h�Q �#�2�;�B�M�- �� �}�2�H�/ �Q�t�B�/�2 �B�b �;�`�Q�r�M �Q�M �� �#���`�2 �U�?�B�;�?�@�`�2�b�B�b�i�B�p�B�i�v�V �b�B�H�B�+�Q�M �r���7�2�` �r�?�B�+�? �B�b
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�� �7�2�r �Q�m�i�H�B�2�`�b�X
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�T�`�Q�#�H�2�K �U�T�Q�b�b�B�#�H�v �B�M�b�m�{�+�B�2�M�i �K�2�i���H �2�i�+�?�B�M�;�V�- �r�?�B�H�2 �� �b�K���H�H �M�m�K�#�2�` �Q�7 �/�2�p�B�+�2 �b�?�Q�r�b



�R�d�N

�'�J�H�V�S�F �"�������h�`���M�b�T�Q�`�i �+�?���`���+�i�2�`�B�b�i�B�+�X �U���V�a�1�h �+�m�`�`�2�M�iI �a�1�h ���b �� �7�m�M�+�i�B�Q�M �Q�7
�i�Q�T�@�;���i�2 ���M�/ �#���`�`�B�2�` �p�Q�H�i���;�2�b �b�?�Q�r�B�M�; �i�m�`�M�@�Q�M ���M�/ �/�2�T�H�2�i�B�Q�M �+�?���`���+�i�2�`�B�b�i�B�+ �Q�7
�Q�M�2 �a�1�h �/�2�p�B�+�2 ���i �`�Q�Q�K�@�i�2�K�T�2�`���i�m�`�2�X�U�#�V�h�m�`�M�@�Q�M ���M�/ �/�2�T�H�2�i�B�Q�M �Q�7 �Q�M�2 �a�1�h
���i �9 �E�X�U�+�@�7�V�a�i���i�B�b�i�B�+�b �Q�#�i���B�M�2�/ �7�`�Q�K �K�2���b�m�`�2�K�2�M�i�b �Q�7 �R�3 �/�2�p�B�+�2�b �Q�M �i�?�2
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�+�?���`���+�i�2�`�B�b�i�B�+�b ���`�2 �b�?�Q�r�M �B�M �6�B�;�X ���X�d �U���i �� �a�1�h �b�Q�m�`�+�2�@�/�`���B�M �#�B���b �Q�7 �R �K�o�V�X
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�� �}�t�2�/ �#���`�`�B�2�` �"�R �p�Q�H�i���;�2 �Q�7V�"�R = 1:5 �o�X �.�m�2 �i�Q �#���`�`�B�2�`�@�i�Q�@�#���`�`�B�2�` �H�2���F���;�2�- �#�Q�i�?
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�6�Q�` �/�2�p�B�+�2 �R�- �� �b�i�`�Q�M�; �`�2�b�T�Q�M�b�2 �Q�7 �i�?�2 �`�2�b�Q�M���i�Q�` �i�Q �+�?���M�;�2�b �B�M �i�?�2 �a�1�h �i�Q�T�@�;���i�2

���`�2 �Q�#�b�2�`�p�2�/ ���b �b�?�Q�r�M �B�M �6�B�;�X ���X�3�X ���i �H�Q�rV�h�: �- �i�?�2 �`�2�b�Q�M���i�Q�` �B�b �#���/�H�v �K���i�+�?�2�/

�/�m�2 �i�Q �i�?�2 �H���`�;�2 �`�2�b�B�b�i���M�+�2 �Q�7 �i�?�2 �a�1�h ���b �b�?�Q�r�M �B�M �i�?�2 �K���;�M�B�i�m�/�2 �Q�7 �i�?�2 �`�2�~�2�+�i�B�Q�M

�+�Q�2�{�+�B�2�M�i �B�M �6�B�;�X���X�3�U���V�X �*�H�Q�b�2 �i�QV�h�: = 2:5 �o �i�?�2 �`�2�b�Q�M���i�Q�` �;�Q�2�b �i�?�`�Q�m�;�? �T�2�`�7�2�+�i

�K���i�+�?�B�M�; ���M�/ �i�?�2 �`�2�b�Q�M���M�+�2 �b�2�i�i�H�2�b ���if r = 153:7 �J�>�x �r�?�2�M �� �+�Q�K�T�H�2�i�2 �a�1�h �+�?���M�M�2�H

�B�b �7�Q�`�K�2�/�X �6�`�Q�K �i�?�2 �b�?�B�7�i �Q�7 �i�?�2 �`�2�b�Q�M���M�+�2�- �� �T���`���b�B�i�B�+ �+���T���+�B�i���M�+�2 �Q�7 �y�X�3�d �T�6 �r�B�i�?

�i�?�2 �a�1�h �+�?���M�M�2�H �Q�z�- ���M�/ �y�X�3�N �T�6 �r�B�i�? �i�?�2 �a�1�h �+�?���M�M�2�H �Q�M �B�b �Q�#�i���B�M�2�/�X �6�`�Q�K

�i�?�2 �+�Q�m�T�H�B�M�; �+�Q�2�{�+�B�2�M�i� = 1:77 ���M �a�1�h �`�2�b�B�b�i���M�+�2 �Q�7 �9�d �F�Õ �B�b �Q�#�i���B�M�2�/ ���iV�h�: =

2:9 �o �U�b�2�2 �1�[�X �U�k�X�j�e�- �k�X�9�y�V�V�X �6�`�Q�K �i�`���M�b�T�Q�`�i �K�2���b�m�`�2�K�2�M�i�b �b�?�Q�r�M �B�M �i�?�2 �T�`�2�p�B�Q�m�b

�b�2�+�i�B�Q�M�- �*�Q�m�H�Q�K�# �Q�b�+�B�H�H���i�B�Q�M�b ���`�2 �2�t�T�2�+�i�2�/ ���iV�h�: > 2:9 �o�- �r�?�B�+�? �b�?�Q�m�H�/ �H�2���/ �i�Q ��

�b�m�/�/�2�M �+�?���M�;�2�b �Q�7 �i�?�2 �a�1�h �`�2�b�B�b�i���M�+�2�X �A�M �6�B�;�X ���X�3�U�#�V�- �r�?�B�+�? �b�?�Q�r�b �i�?�2 �K���;�M�B�i�m�/�2

�Q�7 �i�?�2 �`�2�~�2�+�i�B�Q�M �+�Q�2�{�+�B�2�M�i ���b �� �7�m�M�+�i�B�Q�M �Q�7V�h�: ���M�/ �7�`�2�[�m�2�M�+�v�- �i�?�2�b�2 �+�?���M�;�2�b �B�M

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

�?�Q�K�Q�/�v�M�2 �/�2�i�2�+�i�B�Q�M ���i �� �}�t�2�/ �7�`�2�[�m�2�M�+�v�- �i�?�2�b�2 �Q�b�+�B�H�H���i�B�Q�M�b �Q�#�b�2�`�p�2�/ �B�M �i�?�2 �Q�z�b�2�i

�+�Q�`�`�2�+�i�2�/ �p�Q�H�i���;�2� V�_�6 �+�H�2���`�H�v �+�Q�B�M�+�B�/�2 �r�B�i�? �i�?�2 �*�Q�m�H�Q�K�# �Q�b�+�B�H�H���i�B�Q�M�b �Q�#�b�2�`�p�2�/ �B�M

�i�`���M�b�T�Q�`�i�- ���b �b�?�Q�r�M �B�M �6�B�;�X ���X�3�U�+�V�- �/�2�K�Q�M�b�i�`���i�B�M�; �`���/�B�Q�@�7�`�2�[�m�2�M�+�v �`�2���/�Q�m�i �Q�7 �i�?�2

�a�1�h�X

�$�I�B�S�H�F �T�F�O�T�J�O�H

���7�i�2�` �+�?���`���+�i�2�`�B�b���i�B�Q�M �Q�7 �i�?�2 �a�1�h �B�M �i�`���M�b�T�Q�`�i ���M�/ ���i �`���/�B�Q�@�7�`�2�[�m�2�M�+�v�- �+�?���`�;�2 �b�2�M�b�B�M�;

�Q�7 �Z�.�b �7�Q�`�K�B�M�; �m�M�/�2�` �;���i�2�b �:�R ���M�/ �:�j �B�b ���i�i�2�K�T�i�2�/ �B�M �/�2�p�B�+�2 �R�X �6�Q�`�K�B�M�; �Q�7 �Z�.�b
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�'�J�H�V�S�F �"�������_�6 �a�1�h�X �U���V�J���;�M�B�i�m�/�2 �Q�7 �i�?�2 �`�2�~�2�+�i�B�Q�M �+�Q�2�{�+�B�2�M�ij� j ���b �� �7�m�M�+�@
�i�B�Q�M �Q�7 �7�`�2�[�m�2�M�+�v �b�?�Q�r�B�M�; �i�?�2 �`�2���/�Q�m�i �`�2�b�Q�M���i�Q�` ���i �/�B�z�2�`�2�M�iV�h�: �X�U�#�Vj� j ���b
�� �7�m�M�+�i�B�Q�M �Q�7V�h�: ���M�/ �7�`�2�[�m�2�M�+�v �b�?�Q�r�B�M�; �T�2�`�B�Q�/�B�+ �K�Q�/�m�H���i�B�Q�M�b �Q�7 �i�?�2 �`�2���/�@
�Q�m�i �`�2�b�Q�M���M�+�2�X�U�+�V�a�1�h �+�m�`�`�2�M�i ���M�/ �/�2�K�Q�/�m�H���i�2�/ �U�?�Q�K�/�v�M�2 �/�2�i�2�+�i�B�Q�M�V �_�6
���K�T�H�B�i�m�/�2 ���i �}�t�2�/ �7�`�2�[�m�2�M�+�v ���b �� �7�m�M�+�i�B�Q�M �Q�7V�h�: �- �r�?�B�+�? �b�?�Q�r�b ���M �B�/�2�M�i�B�+���H
�Q�b�+�B�H�H���i�B�Q�M �T���i�i�2�` �B�M �#�Q�i�? �K�2���b�m�`�2�K�2�M�i�b�X

�B�b �+�Q�K�T�H�B�+���i�2�/ �/�m�2 �i�Q �H�2���F���;�2 �#�2�i�r�2�2�M �;���i�2�b �"�R�- �"�k�- �:�k ���M�/ �:�9 �r�?�B�+�? ���`�2 ���H�H

�+�Q�M�M�2�+�i�2�/ �i�Q �i�?�2 �b���K�2 �p�Q�H�i���;�2 �b�Q�m�`�+�2 �Q�7 �R�X�d �o �i�Q �7�Q�`�K �i�?�2 �a�1�h�X

�h�Q �#�2�;�B�M�- �i�`���M�b�T�Q�`�i �i�?�`�Q�m�;�? �i�?�2 �a�1�h ���b �� �7�m�M�+�i�B�Q�M �Q�7V�:�R ���M�/V�h�: �B�b �Q�#�i���B�M�2�/

�i�Q �2�b�i�B�K���i�2 �i�?�2 �+���T���+�B�i�B�p�2 �+�Q�m�T�H�B�M�; �Q�7 �� �p�Q�H�i���;�2 �Q�M �:�R �i�Q �i�?�2 �a�1�h ���b �b�?�Q�r�M �B�M

�6�B�;�X ���X�N�U���V�X �� �H�2�p�2�`�@���`�K �Q�7� �:�R = 0:4 �B�b �Q�#�i���B�M�2�/ �7�`�Q�K �i�?�2 �b�H�Q�T�2 �Q�7 �i�?�2 �i�`���M�b�B�i�B�Q�M�b�X

�A�M �� �b�B�K�B�H���` �K�2���b�m�`�2�K�2�M�i �� �H�2�p�2�`�@���`�K �Q�7� �:�j = 0:32 �B�b �Q�#�i���B�M�2�/ �7�Q�` �:�j�X �G�2�p�2�`�@���`�K

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

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

�a�1�h �B�b �#�B���b�2�/ ���i �i�?�2 �K���t�B�K�m�K �T�Q�B�M�i �Q�7 �i�`���M�b�+�Q�M�/�m�+�i���M�+�2 �Q�7 �Q�M�2 �Q�7 �i�?�2 �*�Q�m�H�Q�K�#

�Q�b�+�B�H�H���i�B�Q�M�b �B�M �� �`�2�;�B�K�2 �Q�7 �/�2�M�b�2 �*�Q�m�H�Q�K�# �Q�b�+�B�H�H���i�B�Q�M�b ���b �b�?�Q�r�M �B�M �6�B�;�X ���X�N�U�#�V�X �h�?�2

�`�2�b�2�`�p�Q�B�` �;���i�2 �_�: �B�b �b�2�i �i�Q �j �o �i�Q ���H�H�Q�r �H�Q���/�B�M�; �Q�7 �2�H�2�+�i�`�Q�M�b �7�`�Q�K �i�?�2 �`�2�b�2�`�p�Q�B�`

�B�M�i�Q �i�?�2 �Z�. �b�i�`�m�+�i�m�`�2�X �1�H�2�+�i�`�Q�M�b ���`�2 �H�Q���/�2�/ �p�B�� �;���i�2 �:�9 ���M�/ �:�k �r�?�B�+�? �`�2�b�B�/�2 ���i

�R�X�d �o�X �*�Q�M�b�2�[�m�2�M�i�H�v�- �� �i�`���T�T�B�M�; �T�Q�i�2�M�i�B���H �7�Q�` �2�H�2�+�i�`�Q�M�b �m�M�/�2�` �:�R �Q�` �:�j �B�b �2�t�T�2�+�i�2�/

�i�Q �7�Q�`�K ���iV�:�R/ �:�j > 1:7 �o�X �� �K�2���b�m�`�2�K�2�M�i �Q�7 �i�?�2 �/�B�z�2�`�2�M�i�B���H �+�m�`�`�2�M�i �i�?�`�Q�m�;�?

�i�?�2 �a�1�hdI �a�1�h
dV�:�j

���b �� �7�m�M�+�i�B�Q�M �Q�7V�:�R ���M�/V�:�j �B�b �b�?�Q�r�M �B�M �6�B�;�X ���X�N�U�+�V�X �J�m�H�i�B�T�H�2



�R�3�9 �*�?���T�i�2�` ���a�i�m�/�v �Q�7 �_�6�@�a�1�h�b �B�M �a�B�@�J�P�a �i�2�+�?�M�Q�H�Q�;�v

(b)

�'�J�H�V�S�F �"�������*�?���`�;�2 �b�2�M�b�B�M�;�X �U���V�a�1�h �+�m�`�`�2�M�i ���b �� �7�m�M�+�i�B�Q�M �Q�7 �i�Q�T�@�;���i�2 ���M�/
�:�R �;���i�2 �p�Q�H�i���;�2�- �b�?�Q�r�B�M�; �+���T���+�B�i�B�p�2 �+�Q�m�T�H�B�M�; �Q�7V�:�R �i�Q �i�?�2 �a�1�h �/�2�p�B�+�2�X�U�#�V
�*�Q�m�H�Q�K�# �Q�b�+�B�H�H���i�B�Q�M�b �B�M �a�1�h �+�m�`�`�2�M�i �r�B�i�? �i�?�2 �#�B���b �T�Q�B�M�i �7�Q�` �+�?���`�;�2 �b�2�M�b�B�M�;
�B�M�/�B�+���i�2�/�X�U�+�V�.�B�z�2�`�2�M�i�B���H �a�1�h �+�m�`�`�2�M�i ���b �� �7�m�M�+�i�B�Q�M �Q�7V�:�R ���M�/V�:�j �r�?�2�M
�i�?�2 �a�1�h �B�b �#�B���b�2�/ ���i �i�?�2 �#�B���b �T�Q�B�M�i �b�?�Q�r�M �B�M �U�#�V�X

�r�B�/�2 �b�i�`�m�+�i�m�`�2�b ���`�2 �Q�#�b�2�`�p�2�/ �B�M �i�?�2 �#���+�F�;�`�Q�m�M�/ �i�?���i �+�Q�m�T�H�2 �#�Q�i�? �i�Q �:�R ���M�/ �:�j

���M�/ ���`�2 ���i�i�`�B�#�m�i�2�/ �i�Q �i�?�2 �a�1�h �K�Q�p�B�M�; �i�?�`�Q�m�;�? �K�m�H�i�B�T�H�2 �*�Q�m�H�Q�K�# �Q�b�+�B�H�H���i�B�Q�M�b �/�m�2

�i�Q �M�Q�M�@�x�2�`�Q �;���i�2 �H�2�p�2�`�@���`�K�b� �:�R/ �:�j �U�M�Q �a�1�h �i�Q�T�@�;���i�2 �+�Q�K�T�2�M�b���i�B�Q�M �B�b �T�2�`�7�Q�`�K�2�/�V�X

���/�/�B�i�B�Q�M���H�H�v�- �p�2�`�v �`�2�;�m�H���` �7�2���i�m�`�2�b �b�i�`�Q�M�;�H�v �+�Q�m�T�H�2�/ �i�QV�:�j ���M�/ �r�2���F�H�v �+�Q�m�T�H�2�/ �i�Q

V�:�R ���`�2 �Q�#�b�2�`�p�2�/ ���iV�:�j > 1:7 �o �r�?�B�+�? ���`�2 ���i�i�`�B�#�m�i�2�/ �i�Q �7�Q�`�K���i�B�Q�M �Q�7 �� �Z�. �m�M�/�2�`

�:�j ���M�/ �`�2�T�`�2�b�2�M�i �b�B�M�;�H�2 �2�H�2�+�i�`�Q�M �H�Q���/�B�M�; �2�p�2�M�i�b�X ���b�b�m�K�B�M�; �� �H�2�p�2�`�@���`�K �Q�7� = 0:15

�7�Q�V̀�:�j �i�Q �i�?�2 �B�b�H���M�/ �m�M�/�2�`�M�2���i�?�- �b�B�K�B�H���` �i�Q �r�?���i �B�b �K�2���b�m�`�2�/ �7�Q�` �i�?�2 �a�1�h �i�Q�T�@

�;���i�2�- �i�?�2 �b�2�T���`���i�B�Q�M �Q�7 �i�?�2 �`�2�;�m�H���` �H�B�M�2�b �B�M�/�B�+���i�2�b �� �+�?���`�;�B�M�; �2�M�2�`�;�v �Q�7EC � 5 �K�2�o

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

�#�2 ���+�?�B�2�p�2�/ �m�b�B�M�; �b�H�B�;�?�i�H�v �M�2�;���i�B�p�2 �p�Q�H�i���;�2�b �Q�M �i�?�2 �+�Q�M�}�M�2�K�2�M�i �;���i�2 �*�:�X �6�m�`�i�?�2�`

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

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

�%�F�W�J�D�F �T�U�B�C�J�M�J�U�Z

�A�M �i�?�B�b �B�M�B�i�B���H �#���i�+�? �Q�7 �/�2�p�B�+�2�b�- �7�Q�`�K���i�B�Q�M ���M�/ �+�?���`�;�2 �b�2�M�b�B�M�; �Q�7 �Z�.�b �r���b �+�Q�K�T�H�B�+���i�2�/
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�b���H �Z�m���M�i�m�K �*�Q�K�T�m�i�2�`�ô�X�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �_�Q�v���H �a�Q�+�B�2�i�v ���, �J���i�?�2�K���i�B�+���H�-

�S�?�v�b�B�+���H ���M�/ �1�M�;�B�M�2�2�`�B�M�; �a�+�B�2�M�+�2�b�9�y�y�U�R�3�R�3�V�- �N�d���R�R�d�- �U�R�N�3�8�V �U�+�B�i�X �Q�M �T�X �k�V�X

�(�3�) �J�X ���X �L�B�2�H�b�2�M ���M�/ �A�X �G�X �*�?�m���M�;�X�Z�m���M�i�m�K �*�Q�K�T�m�i���i�B�Q�M ���M�/ �Z�m���M�i�m�K �A�M�@

�7�Q�`�K���i�B�Q�M�X �*���K�#�`�B�/�;�2�, �*���K�#�`�B�/�;�2 �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�- �k�y�R�y �U�+�B�i�X �Q�M �T�X �j�V�X

�(�N�) �S�X �a�?�Q�`�X �ó���H�;�Q�`�B�i�?�K�b �7�Q�` �[�m���M�i�m�K �+�Q�K�T�m�i���i�B�Q�M�, �/�B�b�+�`�2�i�2 �H�Q�;���`�B�i�?�K�b ���M�/ �7���+�@

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

�a�+�B�2�M�+�2�- �R�k�9���R�j�9�- �U�R�N�N�9�V �U�+�B�i�X �Q�M �T�X �j�V�X

�(�R�y�) �G�X �E�X �:�`�Q�p�2�`�X �ó�� �7���b�i �[�m���M�i�m�K �K�2�+�?���M�B�+���H ���H�;�Q�`�B�i�?�K �7�Q�` �/���i���#���b�2 �b�2���`�+�?�ô�X

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

�T�m�i�B�M�; �@ �a�h�P�* �ö�N�e�- �k�R�k���k�R�N�- �U�R�N�N�e�V �U�+�B�i�X �Q�M �T�X �j�V�X

�k�R�d



�k�R�3 �"�B�#�H�B�Q�;�`���T�?�v

�(�R�R�) �A�X �E���b�b���H�- �C�X �q�?�B�i�}�2�H�/�- ���X �S�2�`�/�Q�K�Q�@�P�`�i�B�x�- �J�X�@�>�X �u�m�M�;�- ���M�/ ���X ���b�T�m�`�m�@

�:�m�x�B�F�X �ó�a�B�K�m�H���i�B�M�; �*�?�2�K�B�b�i�`�v �l�b�B�M�; �Z�m���M�i�m�K �*�Q�K�T�m�i�2�`�b�ô�X���M�M�X �_�2�p�X �S�?�v�b�X

�*�?�2�K�X�e�k�U�R�V�- �R�3�8���k�y�d�- �U�k�y�R�y�V �U�+�B�i�X �Q�M �T�X �j�V�X

�(�R�k�) �J�X �>�2���/�@�:�Q�`�/�Q�M ���M�/ �1�X ���`�i���+�?�Q�X �ó�*�?�2�K�B�b�i�`�v �Q�M �i�?�2 �+�Q�K�T�m�i�2�`�ô�X�S�?�v�b�B�+�b

�h�Q�/���v�e�R�U�9�V�- �8�3���e�j�- �U�k�y�y�3�V �U�+�B�i�X �Q�M �T�X �j�V�X

�(�R�j�) �h�X �P�M�B�b�?�B�X�Z�m���M�i�m�K �*�Q�K�T�m�i���i�B�Q�M���H �*�?�2�K�B�b�i�`�v�X �a�B�M�;���T�Q�`�2�, �a�T�`�B�M�;�2�` �a�B�M�;���@

�T�Q�`�2�- �k�y�R�3�- �R���9�e �U�+�B�i�X �Q�M �T�X �j�V�X

�(�R�9�) �w�X �u���M�; �2�i ���H�X �ó�J�B�t�2�/�@�[�m���M�i�m�K�@�/�Q�i �b�Q�H���` �+�2�H�H�b�ô�X�L���i�m� �̀2 �*�Q�K�K�m�M�B�+���i�B�Q�M�b

�3�U�R�V�- �R�j�k�8�- �U�k�y�R�d�V �U�+�B�i�X �Q�M �T�X �j�V�X

�(�R�8�) �J�X �_�2�B�?�2�`�- �L�X �q�B�2�#�2�- �E�X �J�X �a�p�Q�`�2�- �.�X �q�2�+�F�2�`�- ���M�/ �J�X �h�`�Q�v�2�`�X �ó�1�H�m�+�B�/���i�B�M�;

�`�2���+�i�B�Q�M �K�2�+�?���M�B�b�K�b �Q�M �[�m���M�i�m�K �+�Q�K�T�m�i�2�`�b�ô�X�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �L���i�B�Q�M���H

���+���/�2�K�v �Q�7 �a�+�B�2�M�+�2�b�R�R�9�U�k�N�V�- �d�8�8�8���d�8�e�y�- �U�k�y�R�d�V �U�+�B�i�X �Q�M �T�X �j�V�X

�(�R�e�) �.�X �S�X �.�B�o�B�M�+�2�M�x�Q�X �ó�h�?�2 �S�?�v�b�B�+���H �A�K�T�H�2�K�2�M�i���i�B�Q�M �Q�7 �Z�m���M�i�m�K �*�Q�K�T�m�i���@

�i�B�Q�M�ô�X�6�Q�`�i�b�+�?�`�B�i�i�2 �/�2�` �S�?�v�b�B�F�9�3�U�N�@�R�R�V�- �d�d�R���d�3�j�- �U�k�y�y�y�V �U�+�B�i�X �Q�M �T�T�X �9�- �R�j�e�V�X

�(�R�d�) �h�X �.�X �G���/�/�- �6�X �C�2�H�2�x�F�Q�- �_�X �G���~���K�K�2�- �u�X �L���F���K�m�`���- �*�X �J�Q�M�`�Q�2�- ���M�/ �C�X �G�X

�P�ö�"�`�B�2�M�X �ó�Z�m���M�i�m�K �+�Q�K�T�m�i�2�`�b�X�ô�L���i�m� �̀2�9�e�9�U�d�k�3�8�V�- �9�8���8�j�- �U�k�y�R�y�V �U�+�B�i�X �Q�M

�T�X �9�V�X

�(�R�3�) �G�X �J�X �o���M�/�2�`�b�v�T�2�M�- �J�X �a�i�2�z�2�M�- �:�X �"�`�2�v�i���- �*�X �a�X �u���M�M�Q�M�B�- �J�X �>�X �a�?�2�`�r�Q�Q�/�-

���M�/ �A�X �G�X �*�?�m���M�;�X �ó�1�t�T�2�`�B�K�2�M�i���H �`�2���H�B�x���i�B�Q�M �Q�7 �a�?�Q�`�ö�b �[�m���M�i�m�K �7���+�i�Q�`�B�M�;

���H�;�Q�`�B�i�?�K �m�b�B�M�; �M�m�+�H�2���` �K���;�M�2�i�B�+ �`�2�b�Q�M���M�+�2�X�ô�L���i�m� �̀2�9�R�9�U�e�3�e�e�V�- �3�3�j���3�3�d�-

�U�k�y�y�R�V �U�+�B�i�X �Q�M �T�X �9�V�X

�(�R�N�) �J�X �>�X �.�2�p�Q�`�2�i ���M�/ �_�X �C�X �a�+�?�Q�2�H�F�Q�T�7�X �ó�a�m�T�2�`�+�Q�M�/�m�+�i�B�M�; �+�B�`�+�m�B�i�b �7�Q�` �[�m���M�i�m�K

�B�M�7�Q�`�K���i�B�Q�M�, ���M �Q�m�i�H�Q�Q�F�X�ô�a�+�B�2�M�+�2 �U�L�2�r �u�Q�`�F�- �L�X�u�X�V�j�j�N�U�e�R�k�9�V�- �R�R�e�N���d�9�-

�U�k�y�R�j�V �U�+�B�i�X �Q�M �T�T�X �8�- �8�k�V�X

�(�k�y�) �_�X �"���`�2�M�/�b �2�i ���H�X �ó�a�m�T�2�`�+�Q�M�/�m�+�i�B�M�; �[�m���M�i�m�K �+�B�`�+�m�B�i�b ���i �i�?�2 �b�m�`�7���+�2 �+�Q�/�2

�i�?�`�2�b�?�Q�H�/ �7�Q�` �7���m�H�i �i�Q�H�2�`���M�+�2�ô�X�L���i�m� �̀2�8�y�3�U�d�9�N�d�V�- �8�y�y���8�y�j�- �U�k�y�R�9�V �U�+�B�i�X �Q�M

�T�X �8�V�X

�(�k�R�) �C�X �E�2�H�H�v �2�i ���H�X �ó�a�i���i�2 �T�`�2�b�2�`�p���i�B�Q�M �#�v �`�2�T�2�i�B�i�B�p�2 �2�`�`�Q�` �/�2�i�2�+�i�B�Q�M �B�M �� �b�m�T�2�`�+�Q�M�@

�/�m�+�i�B�M�; �[�m���M�i�m�K �+�B�`�+�m�B�i�ô�X�L���i�m� �̀2�8�R�N�U�d�8�9�R�V�- �e�e���e�N�- �U�k�y�R�8�V �U�+�B�i�X �Q�M �T�X �8�V�X

�(�k�k�) �.�X �a�i�B�+�F�- �q�X �E�X �>�2�M�b�B�M�;�2�`�- �a�X �P�H�K�b�+�?�2�M�F�- �J�X �C�X �J���/�b�2�M�- �E�X �a�+�?�r���#�- ���M�/

�*�X �J�Q�M�`�Q�2�X �ó�A�Q�M �i�`���T �B�M �� �b�2�K�B�+�Q�M�/�m�+�i�Q�` �+�?�B�T�ô�X�L���i�m� �̀2 �S�?�v�b�B�+�b�k�U�R�V�- �j�e���j�N�-

�U�k�y�y�e�V �U�+�B�i�X �Q�M �T�X �8�V�X

�(�k�j�) �.�X �h�X �*�X ���H�H�+�Q�+�F �2�i ���H�X �ó�� �K�B�+�`�Q�7���#�`�B�+���i�2�/ �B�Q�M �i�`���T �r�B�i�? �B�M�i�2�;�`���i�2�/ �K�B�+�`�Q�r���p�2

�+�B�`�+�m�B�i�`�v�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�R�y�k�U�9�V�- �U�k�y�R�j�V �U�+�B�i�X �Q�M �T�X �8�V�X



�"�B�#�H�B�Q�;�`���T�?�v �k�R�N

�(�k�9�) �*�X �C�X �"���H�H���M�+�2�- �h�X �S�X �>���`�i�v�- �L�X �J�X �G�B�M�F�2�- �J�X ���X �a�2�T�B�Q�H�- ���M�/ �.�X �J�X �G�m�+���b�X

�ó�>�B�;�?�@�6�B�/�2�H�B�i�v �Z�m���M�i�m�K �G�Q�;�B�+ �:���i�2�b �l�b�B�M�; �h�`���T�T�2�/�@�A�Q�M �>�v�T�2�`�}�M�2 �Z�m�#�B�i�b�ô�X

�S�?�v�b�B�+���H �_�2�p�B�2�r �G�2�i�i�2�`�b�R�R�d�U�e�V�- �y�e�y�8�y�9�- �U�k�y�R�e�V �U�+�B�i�X �Q�M �T�X �8�V�X

�(�k�8�) �C�X �S�`�2�b�F�B�H�H�X �ó�Z�m���M�i�m�K �*�Q�K�T�m�i�B�M�; �B�M �i�?�2 �L�A�a�Z �2�`�� ���M�/ �#�2�v�Q�M�/�ô�X�Z�m���M�i�m�K

�k�U�C�m�H�v�V�- �d�N�- �U�k�y�R�3�V �U�+�B�i�X �Q�M �T�X �8�V�X

�(�k�e�) �*�X �>�X �"�2�M�M�2�i�i ���M�/ �:�X �"�`���b�b���`�/�X �ó�Z�m���M�i�m�K �+�`�v�T�i�Q�;�`���T�?�v�, �S�m�#�H�B�+ �F�2�v �/�B�b�@

�i�`�B�#�m�i�B�Q�M ���M�/ �+�Q�B�M �i�Q�b�b�B�M�;�ô�X�h�?�2�Q� �̀2�i�B�+���H �*�Q�K�T�m�i�2�` �a�+�B�2�M�+�2�8�e�y�U�S�R�V�- �d���R�R�-

�U�k�y�R�9�V �U�+�B�i�X �Q�M �T�X �8�V�X

�(�k�d�) ���X �E�X �1�F�2�`�i�X �ó�Z�m���M�i�m�K �+�`�v�T�i�Q�;�`���T�?�v �#���b�2�/ �Q�M �"�2�H�H�ö�b �i�?�2�Q�`�2�K�ô�X�S�?�v�b�B�+���H

�_�2�p�B�2�r �G�2�i�i�2�`�b�e�d�U�e�V�- �e�e�R���e�e�j�- �U�R�N�N�R�V �U�+�B�i�X �Q�M �T�X �8�V�X

�(�k�3�) �1�X �E�M�B�H�H�- �_�X �G���~���K�K�2�- ���M�/ �:�X �C�X �J�B�H�#�m�`�M�X �ó�� �b�+�?�2�K�2 �7�Q�` �2�{�+�B�2�M�i �[�m���M�i�m�K

�+�Q�K�T�m�i���i�B�Q�M �r�B�i�? �H�B�M�2���` �Q�T�i�B�+�b�ô�X�L���i�m� �̀2�9�y�N�U�e�3�R�e�V�- �9�e���8�k�- �U�k�y�y�R�V �U�+�B�i�X �Q�M

�T�X �8�V�X

�(�k�N�) �G�X �_�X �a�+�?�`�2�B�#�2�` ���M�/ �>�X �"�H�m�?�K�X �ó�Z�m���M�i�m�K �+�Q�K�T�m�i���i�B�Q�M�, �a�B�H�B�+�Q�M �+�Q�K�2�b �#���+�F�ô�X

�L���i�m� �̀2 �L���M�Q�i�2�+�?�M�Q�H�Q�;�v�N�U�R�k�V�- �N�e�e���N�e�3�- �U�k�y�R�9�V �U�+�B�i�X �Q�M �T�X �8�V�X

�(�j�y�) �C�X �C�X �G�X �J�Q�`�i�Q�M�- �.�X �_�X �J�+�*���K�2�v�- �J�X ���X �1�`�B�F�b�b�Q�M�- ���M�/ �a�X ���X �G�v�Q�M�X �ó�1�K�#�`���+�B�M�;

�i�?�2 �[�m���M�i�m�K �H�B�K�B�i �B�M �b�B�H�B�+�Q�M �+�Q�K�T�m�i�B�M�;�ô�X�L���i�m� �̀2�9�d�N�U�d�j�d�j�V�- �j�9�8���j�8�j�- �U�k�y�R�R�V

�U�+�B�i�X �Q�M �T�T�X �8�- �R�j�d�V�X

�(�j�R�) �E�X �a���2�2�/�B �2�i ���H�X �ó�_�Q�Q�K�@�h�2�K�T�2�`���i�m�`�2 �Z�m���M�i�m�K �"�B�i �a�i�Q�`���;�2 �1�t�+�2�2�/�B�M�; �j�N

�J�B�M�m�i�2�b �l�b�B�M�; �A�Q�M�B�x�2�/ �.�Q�M�Q�`�b �B�M �a�B�H�B�+�Q�M�@�k�3�ô�X�a�+�B�2�M�+�2�j�9�k�U�e�R�e�y�V�- �3�j�y���3�j�j�-

�U�k�y�R�j�V �U�+�B�i�X �Q�M �T�T�X �8�- �k�y�V�X

�(�j�k�) �*�X �>�X �u���M�; �2�i ���H�X �ó�a�B�H�B�+�Q�M �[�m���M�i�m�K �T�`�Q�+�2�b�b�Q�` �m�M�B�i �+�2�H�H �Q�T�2�`���i�B�Q�M ���#�Q�p�2 �Q�M�2

�E�2�H�p�B�M�ô�X���`�s�B�p �T� �̀2�T�`�B�M�i �R�N�y�k�X�y�N�R�k�e�- �R���N�- �U�k�y�R�N�V �U�+�B�i�X �Q�M �T�T�X �8�- �R�N�- �k�y�- �R�N�N�V�X

�(�j�j�) �S�X �:�2�`�#�2�`�i ���M�/ �6�X �_�m�2�b�b�X �ó�h�?�2 �L�2�t�i �.�2�+���/�2 �B�M �Z�m���M�i�m�K �*�Q�K�T�m�i�B�M�; �� ���M�/

�>�Q�r �i�Q �S�H���v�ô�X�"�Q�b�i�Q�M �*�Q�M�b�m�H�i�B�M�; �:� �̀Q�m�T�- �U�k�y�R�3�V �U�+�B�i�X �Q�M �T�X �8�V�X
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�Q�M �T�T�X �N�- �R�R���R�j�V�X

�(�e�y�) �G�X �S�X �E�Q�m�r�2�M�?�Q�p�2�M�- �*�X �J�X �J���`�+�m�b�- �S�X �G�X �J�+�1�m�2�M�- �a�X �h���`�m�+�?���- �_�X �J�X �q�2�b�i�@

�2�`�p�2�H�i�- ���M�/ �L�X �a�X �q�B�M�;�`�2�2�M�X �ó�1�H�2�+�i�`�Q�M �h�`���M�b�T�Q�`�i �B�M �Z�m���M�i�m�K �.�Q�i�b�ô�X�J�2�b�Q�@

�b�+�Q�T�B�+ �1�H�2�+�i� �̀Q�M �h� �̀��M�b�T�Q�`�i�U�E�H�m�r�2�`�V�- �R�y�8���k�R�9�- �U�R�N�N�d�V �U�+�B�i�X �Q�M �T�X �N�V�X

�(�e�R�) �q�X �p���M �/�2�` �q�B�2�H �2�i ���H�X �ó�1�H�2�+�i�`�Q�M �i�`���M�b�T�Q�`�i �i�?�`�Q�m�;�? �/�Q�m�#�H�2 �[�m���M�i�m�K �/�Q�i�b�ô�X

�_�2�p�B�2�r�b �Q�7 �J�Q�/�2�`�M �S�?�v�b�B�+�b�d�8�U�R�V�- �R���k�k�- �U�k�y�y�k�V �U�+�B�i�X �Q�M �T�T�X �N�- �R�9�- �R�8�V�X

�(�e�k�) �u�X �o�X �L���x���`�Q�p ���M�/ �u�X �J�X �"�H���M�i�2�`�X�Z�m���M�i�m�K �h� �̀��M�b�T�Q�`�i�X �*���K�#�`�B�/�;�2�, �*���K�@

�#�`�B�/�;�2 �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�- �k�y�y�N �U�+�B�i�X �Q�M �T�T�X �N�- �R�y�- �R�8�V�X



�k�k�k �"�B�#�H�B�Q�;�`���T�?�v

�(�e�j�) �_�X �>���M�b�Q�M�- �G�X �S�X �E�Q�m�r�2�M�?�Q�p�2�M�- �C�X �_�X �S�2�i�i���- �a�X �h���`�m�+�?���- ���M�/ �G�X �J�X �E�X �o���M�@

�/�2�`�b�v�T�2�M�X �ó�a�T�B�M�b �B�M �7�2�r�@�2�H�2�+�i�`�Q�M �[�m���M�i�m�K �/�Q�i�b�ô�X�_�2�p�B�2�r�b �Q�7 �J�Q�/�2�`�M �S�?�v�b�B�+�b

�d�N�U�9�V�- �R�k�R�d���R�k�e�8�- �U�k�y�y�d�V �U�+�B�i�X �Q�M �T�T�X �R�y�- �R�R�- �R�9�- �R�d�- �R�3�- �j�y�V�X

�(�e�9�) �q�X �>�X �G�B�K �2�i ���H�X �ó�P�#�b�2�`�p���i�B�Q�M �Q�7 �i�?�2 �b�B�M�;�H�2�@�2�H�2�+�i�`�Q�M �`�2�;�B�K�2 �B�M �� �?�B�;�?�H�v �i�m�M�@

���#�H�2 �b�B�H�B�+�Q�M �[�m���M�i�m�K �/�Q�i�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�N�8�U�k�9�V�- �k�9�k�R�y�k�- �U�k�y�y�N�V

�U�+�B�i�X �Q�M �T�T�X �R�j�- �R�d�j�V�X

�(�e�8�) �q�X �>�X �G�B�K�- �*�X �>�X �u���M�;�- �6�X ���X �w�r���M�2�M�#�m�`�;�- ���M�/ ���X �a�X �.�x�m�`���F�X �ó�a�T�B�M �}�H�H�B�M�; �Q�7

�p���H�H�2�v�@�Q�`�#�B�i �b�i���i�2�b �B�M �� �b�B�H�B�+�Q�M �[�m���M�i�m�K �/�Q�i�X�ô�L���M�Q�i�2�+�?�M�Q�H�Q�;�v�k�k�U�j�j�V�- �j�j�8�d�y�9�-

�U�k�y�R�R�V �U�+�B�i�X �Q�M �T�X �R�j�V�X

�(�e�e�) �_�X �*�X �*�X �G�2�Q�M �2�i ���H�X �ó�*�Q�?�2�`�2�M�i �b�T�B�M �+�Q�M�i�`�Q�H �Q�7 �b�@�- �T�@�- �/�@ ���M�/ �7�@�2�H�2�+�i�`�Q�M�b �B�M ��

�b�B�H�B�+�Q�M �[�m���M�i�m�K �/�Q�i�ô�X���`�s�B�p �T� �̀2�T�`�B�M�i �R�N�y�k�X�y�R�8�8�y�- �U�k�y�R�N�V �U�+�B�i�X �Q�M �T�T�X �R�j�- �k�R�-

�k�j�- �k�e�V�X

�(�e�d�) �C�X �_�X �S�2�i�i���- ���X �*�X �C�Q�?�M�b�Q�M�- �*�X �J�X �J���`�+�m�b�- �J�X �S�X �>���M�b�Q�M�- ���M�/ ���X �*�X �:�Q�b�b���`�/�X

�ó�J���M�B�T�m�H���i�B�Q�M �Q�7 �� �b�B�M�;�H�2 �+�?���`�;�2 �B�M �� �/�Q�m�#�H�2 �[�m���M�i�m�K �/�Q�i�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r

�G�2�i�i�2�`�b�N�j�U�R�3�V�- �R���9�- �U�k�y�y�9�V �U�+�B�i�X �Q�M �T�X �R�8�V�X

�(�e�3�) ���X �*�?���i�i�2�`�D�2�2 �2�i ���H�X �ó�� �b�B�H�B�+�Q�M�@�#���b�2�/ �b�B�M�;�H�2�@�2�H�2�+�i�`�Q�M �B�M�i�2�`�7�2�`�Q�K�2�i�2�` �+�Q�m�T�H�2�/

�i�Q �� �7�2�`�K�B�Q�M�B�+ �b�2���ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �"�N�d�U�9�V�- �y�9�8�9�y�8�- �U�k�y�R�3�V �U�+�B�i�X �Q�M �T�X �R�e�V�X

�(�e�N�) �L�X �a�X �G���B �2�i ���H�X �ó�S���m�H�B �a�T�B�M �"�H�Q�+�F���/�2 �B�M �� �>�B�;�?�H�v �h�m�M���#�H�2 �a�B�H�B�+�Q�M �.�Q�m�#�H�2

�Z�m���M�i�m�K �.�Q�i�ô�X�a�+�B�2�M�i�B�}�+ �_�2�T�Q�`�i�b�R�U�R�V�- �R�R�y�- �U�k�y�R�R�V �U�+�B�i�X �Q�M �T�T�X�R�d�- �R�3�- �j�k�V�X

�(�d�y�) �_�X �J�B�x�m�i���- �_�X �J�X �P�i�t�Q���- ���X �*�X �"�2�i�x�- ���M�/ �J�X �6�X �:�Q�M�x���H�2�x�@�w���H�#���X �ó�Z�m���M�i�m�K

���M�/ �i�m�M�M�2�H�B�M�; �+���T���+�B�i���M�+�2 �B�M �+�?���`�;�2 ���M�/ �b�T�B�M �[�m�#�B�i�b�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �"

�N�8�U�9�V�- �y�9�8�9�R�9�- �U�k�y�R�d�V �U�+�B�i�X �Q�M �T�T�X �R�d�- �j�N�- �9�j�- �9�9�- �R�8�e�V�X

�(�d�R�) �J�X �:�X �"�Q�`�b�2�H�H�B �2�i ���H�X �ó�S���m�H�B �b�T�B�M �#�H�Q�+�F���/�2 �B�M �m�M�/�Q�T�2�/ �a�B�f�a�B�:�2 �i�r�Q�@�2�H�2�+�i�`�Q�M

�/�Q�m�#�H�2 �[�m���M�i�m�K �/�Q�i�b�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�N�N�U�e�V�- �R���9�- �U�k�y�R�R�V �U�+�B�i�X �Q�M

�T�T�X �R�3�- �j�k�V�X

�(�d�k�) ���X �*�X �"�2�i�x �2�i ���H�X �ó�.�B�b�T�2�`�b�B�p�2�H�v �.�2�i�2�+�i�2�/ �S���m�H�B �a�T�B�M�@�"�H�Q�+�F���/�2 �B�M �� �a�B�H�B�+�Q�M

�L���M�Q�r�B�`�2 �6�B�2�H�/�@�1�z�2�+�i �h�`���M�b�B�b�i�Q�`�ô�X�L���M�Q �G�2�i�i�2�`�b�R�8�U�d�V�- �9�e�k�k���9�e�k�d�- �U�k�y�R�8�V

�U�+�B�i�X �Q�M �T�T�X �R�3�- �9�j�V�X

�(�d�j�) �"�X �q�2�#�2�` �2�i ���H�X �ó�a�T�B�M �#�H�Q�+�F���/�2 ���M�/ �2�t�+�?���M�;�2 �B�M �*�Q�m�H�Q�K�#�@�+�Q�M�}�M�2�/ �b�B�H�B�+�Q�M

�/�Q�m�#�H�2 �[�m���M�i�m�K �/�Q�i�b�ô�X�L���i�m� �̀2 �L���M�Q�i�2�+�?�M�Q�H�Q�;�v�N�U�e�V�- �9�j�y���9�j�8�- �U�k�y�R�9�V �U�+�B�i�X

�Q�M �T�X �R�3�V�X

�(�d�9�) �J�X �l�`�/���K�T�B�H�H�2�i�� �2�i ���H�X �ó�*�?���`�;�2 �.�v�M���K�B�+�b ���M�/ �a�T�B�M �"�H�Q�+�F���/�2 �B�M �� �>�v�#�`�B�/

�.�Q�m�#�H�2 �Z�m���M�i�m�K �.�Q�i �B�M �a�B�H�B�+�Q�M�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �s�8�U�j�V�- �y�j�R�y�k�9�- �U�k�y�R�8�V

�U�+�B�i�X �Q�M �T�T�X �R�3�- �k�e�- �N�d�- �R�R�j�V�X



�"�B�#�H�B�Q�;�`���T�?�v �k�k�j

�(�d�8�) �S�X �>���`�p�2�v�@�*�Q�H�H���`�/ �2�i ���H�X �ó�*�Q�?�2�`�2�M�i �+�Q�m�T�H�B�M�; �#�2�i�r�2�2�M �� �[�m���M�i�m�K �/�Q�i ���M�/ ��

�/�Q�M�Q�` �B�M �b�B�H�B�+�Q�M�ô�X�L���i�m� �̀2 �*�Q�K�K�m�M�B�+���i�B�Q�M�b�3�U�R�V�- �R�y�k�N�- �U�k�y�R�d�V �U�+�B�i�X �Q�M �T�T�X �R�3�-

�k�d�V�X

�(�d�e�) �6�X ���X �w�r���M�2�M�#�m�`�; �2�i ���H�X �ó�a�B�H�B�+�Q�M �[�m���M�i�m�K �2�H�2�+�i�`�Q�M�B�+�b�ô�X�_�2�p�B�2�r�b �Q�7 �J�Q�/�2�`�M

�S�?�v�b�B�+�b�3�8�U�j�V�- �N�e�R���R�y�R�N�- �U�k�y�R�j�V �U�+�B�i�X �Q�M �T�T�X �R�3�- �R�N�V�X

�(�d�d�) �_�X �J���m�`���M�/ �2�i ���H�X �ó�� �*�J�P�a �b�B�H�B�+�Q�M �b�T�B�M �[�m�#�B�i�ô�X�L���i�m� �̀2 �*�Q�K�K�m�M�B�+���i�B�Q�M�b�d�-

�R�j�8�d�8�- �U�k�y�R�e�V �U�+�B�i�X �Q�M �T�X �R�N�V�X

�(�d�3�) �a�X �:�Q�b�r���K�B �2�i ���H�X �ó�*�Q�M�i�`�Q�H�H���#�H�2 �p���H�H�2�v �b�T�H�B�i�i�B�M�; �B�M �b�B�H�B�+�Q�M �[�m���M�i�m�K �/�2�p�B�+�2�b�ô�X

�L���i�m� �̀2 �S�?�v�b�B�+�b�j �U�R�V�- �9�R���9�8�- �U�k�y�y�d�V �U�+�B�i�X �Q�M �T�X �R�N�V�X

�(�d�N�) �J�X �:�X �"�Q�`�b�2�H�H�B �2�i ���H�X �ó�J�2���b�m�`�2�K�2�M�i �Q�7 �p���H�H�2�v �b�T�H�B�i�i�B�M�; �B�M �?�B�;�?�@�b�v�K�K�2�i�`�v

�a�B�f�a�B�:�2 �[�m���M�i�m�K �/�Q�i�b�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�N�3�U�R�k�V�- �R�k�j�R�R�3�- �U�k�y�R�R�V �U�+�B�i�X

�Q�M �T�X �R�N�V�X

�(�3�y�) �*�X �>�X �u���M�; �2�i ���H�X �ó�a�T�B�M�@�p���H�H�2�v �H�B�7�2�i�B�K�2�b �B�M �� �b�B�H�B�+�Q�M �[�m���M�i�m�K �/�Q�i �r�B�i�? �i�m�M�@

���#�H�2 �p���H�H�2�v �b�T�H�B�i�i�B�M�;�ô�X�L���i�m� �̀2 �*�Q�K�K�m�M�B�+���i�B�Q�M�b�9�U�J���v�V�- �R���3�- �U�k�y�R�j�V �U�+�B�i�X �Q�M

�T�T�X �R�N�- �k�R�- �R�9�8�V�X

�(�3�R�) �s�X �J�B�- �*�X �:�X �S�û�i�2�`�7���H�p�B�- �:�X �"�m�`�F���`�/�- ���M�/ �C�X �_�X �S�2�i�i���X �ó�>�B�;�?�@�_�2�b�Q�H�m�i�B�Q�M

�o���H�H�2�v �a�T�2�+�i�`�Q�b�+�Q�T�v �Q�7 �a�B �Z�m���M�i�m�K �.�Q�i�b�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �G�2�i�i�2�`�b�R�R�N�U�R�d�V�-

�R�d�e�3�y�j�- �U�k�y�R�d�V �U�+�B�i�X �Q�M �T�X �R�N�V�X

�(�3�k�) �:�X �.�`�2�b�b�2�H�?���m�b�X �ó�a�T�B�M�@�P�`�#�B�i �*�Q�m�T�H�B�M�; �1�z�2�+�i�b �B�M �w�B�M�+ �"�H�2�M�/�2 �a�i�`�m�+�i�m�`�2�b�ô�X

�S�?�v�b�B�+���H �_�2�p�B�2�r�R�y�y�U�k�V�- �8�3�y���8�3�e�- �U�R�N�8�8�V �U�+�B�i�X �Q�M �T�X �R�N�V�X

�(�3�j�) �1�X �_���b�?�#���X �ó�a�2�K�B�+�Q�M�/�m�+�i�Q�`�b �r�B�i�? �� �H�Q�Q�T �Q�7 �2�t�i�`�2�K���ô�X�a�Q�p�X �S�?�v�b�X�@�a�Q�H�B�/ �a�i���i�2

�k�- �R�R�y�N�- �U�R�N�e�y�V �U�+�B�i�X �Q�M �T�X �R�N�V�X

�(�3�9�) �G�X �S�2�i�B�i �2�i ���H�X �ó�a�T�B�M �G�B�7�2�i�B�K�2 ���M�/ �*�?���`�;�2 �L�Q�B�b�2 �B�M �>�Q�i �a�B�H�B�+�Q�M �Z�m���M�i�m�K �.�Q�i

�Z�m�#�B�i�b�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �G�2�i�i�2�`�b�R�k�R�U�d�V�- �y�d�e�3�y�R�- �U�k�y�R�3�V �U�+�B�i�X �Q�M �T�X �k�y�V�X

�(�3�8�) �J�X �"�`�m�b�i�Q�H�Q�M ���M�/ �1�X �:�B���K�2�H�H�Q�- �2�/�b�X�1�H�2�+�i� �̀Q�M �S��� �̀��K���;�M�2�i�B�+ �_�2�b�Q�M���M�+�2�X �>�Q�#�Q�@

�F�2�M�- �L�C�- �l�a���, �C�Q�?�M �q�B�H�2�v �� �a�Q�M�b�- �A�M�+�X�- �k�y�y�N �U�+�B�i�X �Q�M �T�X �k�y�V�X

�(�3�e�) �C�X �C�X �G�X �J�Q�`�i�Q�M �2�i ���H�X �ó�a�Q�H�B�/�@�b�i���i�2 �[�m���M�i�m�K �K�2�K�Q�`�v �m�b�B�M�; �i�?�2 �j�R�S �M�m�+�H�2���`

�b�T�B�M�ô�X�L���i�m� �̀2�9�8�8�U�d�k�R�e�V�- �R�y�3�8���R�y�3�3�- �U�k�y�y�3�V �U�+�B�i�X �Q�M �T�X �k�y�V�X

�(�3�d�) �*�X �:�2�`�`�v ���M�/ �S�X �E�M�B�;�?�i�X�A�M�i� �̀Q�/�m�+�i�Q�`�v �Z�m���M�i�m�K �P�T�i�B�+�b�X �*���K�#�`�B�/�;�2�, �*���K�@

�#�`�B�/�;�2 �l�M�B�p�2�`�b�B�i�v �S�`�2�b�b�- �k�y�y�9 �U�+�B�i�X �Q�M �T�X �k�y�V�X

�(�3�3�) �:�X �S�B�+�� �2�i ���H�X �ó�>�v�T�2�`�}�M�2 �a�i���`�F �2�z�2�+�i �Q�7 �b�?���H�H�Q�r �/�Q�M�Q�`�b �B�M �b�B�H�B�+�Q�M�ô�X�S�?�v�b�B�+���H

�_�2�p�B�2�r �" �@ �*�Q�M�/�2�M�b�2�/ �J���i�i�2�` ���M�/ �J���i�2�`�B���H�b �S�?�v�b�B�+�b�N�y�U�R�N�V�- �R���R�y�- �U�k�y�R�9�V

�U�+�B�i�X �Q�M �T�X �k�R�V�X



�k�k�9 �"�B�#�H�B�Q�;�`���T�?�v

�(�3�N�) �_�X �J���m�`���M�/ �2�i ���H�X �ó�� �*�J�P�a �b�B�H�B�+�Q�M �b�T�B�M �[�m�#�B�i�ô�X�L���i�m� �̀2 �*�Q�K�K�m�M�B�+���i�B�Q�M�b

�d�U�R�V�- �R�j�8�d�8�- �U�k�y�R�e�V �U�+�B�i�X �Q�M �T�T�X �k�R�- �8�d�V�X

�(�N�y�) ���X �*�`�B�T�T�� �2�i ���H�X �ó�1�H�2�+�i�`�B�+���H �a�T�B�M �.�`�B�p�B�M�; �#�v �;�@�J���i�`�B�t �J�Q�/�m�H���i�B�Q�M �B�M �a�T�B�M�@

�P�`�#�B�i �Z�m�#�B�i�b�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �G�2�i�i�2�`�b�R�k�y�U�R�j�V�- �R�j�d�d�y�k�- �U�k�y�R�3�V �U�+�B�i�X �Q�M

�T�X �k�R�V�X

�(�N�R�) �J�X �o�2�H�/�?�Q�`�b�i �2�i ���H�X �ó���M ���/�/�`�2�b�b���#�H�2 �[�m���M�i�m�K �/�Q�i �[�m�#�B�i �r�B�i�? �7���m�H�i�@�i�Q�H�2�`���M�i

�+�Q�M�i�`�Q�H�@�}�/�2�H�B�i�v�ô�X�L���i�m� �̀2 �L���M�Q�i�2�+�?�M�Q�H�Q�;�v�N�U�R�k�V�- �N�3�R���N�3�8�- �U�k�y�R�9�V �U�+�B�i�X �Q�M

�T�T�X �k�R���k�j�- �d�9�- �R�y�9�- �R�k�N�- �R�9�8�- �R�d�j�- �R�N�3�- �R�N�N�V�X

�(�N�k�) �:�X �q�Q�H�7�Q�r�B�+�x �2�i ���H�X �ó�*�Q�M�/�B�i�B�Q�M���H �+�Q�M�i�`�Q�H �Q�7 �/�Q�M�Q�` �M�m�+�H�2���` �b�T�B�M�b �B�M �b�B�H�B�+�Q�M

�m�b�B�M�; �b�i���`�F �b�?�B�7�i�b�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �G�2�i�i�2�`�b�R�R�j�U�R�8�V�- �R�8�d�e�y�R�- �U�k�y�R�9�V �U�+�B�i�X �Q�M

�T�X �k�R�V�X

�(�N�j�) ���X �G���m�+�?�i �2�i ���H�X �ó�1�H�2�+�i�`�B�+���H�H�v �+�Q�M�i�`�Q�H�H�B�M�; �b�B�M�;�H�2�@�b�T�B�M �[�m�#�B�i�b �B�M �� �+�Q�M�i�B�M�m�Q�m�b

�K�B�+�`�Q�r���p�2 �}�2�H�/�X�ô�a�+�B�2�M�+�2 ���/�p���M�+�2�b�R�U�j�V�- �2�R�8�y�y�y�k�k�- �U�k�y�R�8�V �U�+�B�i�X �Q�M �T�X �k�R�V�X

�(�N�9�) �1�X �_���a�>�"�� ���M�/ �o�X �a�>�1�E���X �ó�1�H�2�+�i�`�B�+�@�.�B�T�Q�H�2 �a�T�B�M �_�2�b�Q�M���M�+�2�b�ô�X �R�N�N�R�- �R�j�R��

�k�y�e �U�+�B�i�X �Q�M �T�X �k�R�V�X

�(�N�8�) �o�X �L�X �:�Q�H�Q�p���+�?�- �J�X �"�Q�`�?���M�B�- ���M�/ �.�X �G�Q�b�b�X �ó�1�H�2�+�i�`�B�+�@�/�B�T�Q�H�2�@�B�M�/�m�+�2�/ �b�T�B�M �`�2�b�@

�Q�M���M�+�2 �B�M �[�m���M�i�m�K �/�Q�i�b�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �" �@ �*�Q�M�/�2�M�b�2�/ �J���i�i�2�` ���M�/ �J���@

�i�2�`�B���H�b �S�?�v�b�B�+�b�d�9�U�R�e�V�- �U�k�y�y�e�V �U�+�B�i�X �Q�M �T�X �k�R�V�X

�(�N�e�) �E�X �*�X �L�Q�r���+�F�- �6�X �>�X �G�X �E�Q�T�T�2�M�b�- �u�X �o�X �L���x���`�Q�p�- ���M�/ �G�X �J�X �E�X �o���M�/�2�`�b�v�T�2�M�X

�ó�*�Q�?�2�`�2�M�i �+�Q�M�i�`�Q�H �Q�7 �� �b�B�M�;�H�2 �2�H�2�+�i�`�Q�M �b�T�B�M �r�B�i�? �2�H�2�+�i�`�B�+ �}�2�H�/�b�X�ô�a�+�B�2�M�+�2 �U�L�2�r

�u�Q�`�F�- �L�X�u�X�V�j�R�3�U�8�3�8�8�V�- �R�9�j�y���R�9�j�j�- �U�k�y�y�d�V �U�+�B�i�X �Q�M �T�X �k�R�V�X

�(�N�d�) �J�X �S�B�Q�`�Q�@�G���/�`�B���`�2 �2�i ���H�X �ó�1�H�2�+�i�`�B�+���H�H�v �/�`�B�p�2�M �b�B�M�;�H�2�@�2�H�2�+�i�`�Q�M �b�T�B�M �`�2�b�Q�M���M�+�2

�B�M �� �b�H���M�i�B�M�; �w�2�2�K���M �}�2�H�/�ô�X�L���i�m� �̀2 �S�?�v�b�B�+�b�9�U�R�y�V�- �d�d�e���d�d�N�- �U�k�y�y�3�V �U�+�B�i�X �Q�M

�T�T�X �k�R�- �k�e�V�X

�(�N�3�) �s�X �q�m �2�i ���H�X �ó�h�r�Q�@���t�B�b �+�Q�M�i�`�Q�H �Q�7 �� �b�B�M�;�H�2�i�@�i�`�B�T�H�2�i �[�m�#�B�i �r�B�i�? ���M �B�M�i�2�;�`���i�2�/

�K�B�+�`�Q�K���;�M�2�i�ô�X�S�L���a�R�R�R�U�j�j�V�- �U�k�y�R�9�V �U�+�B�i�X �Q�M �T�T�X �k�R�- �k�e�V�X

�(�N�N�) �1�X �E���r���F���K�B �2�i ���H�X �ó�1�H�2�+�i�`�B�+���H �+�Q�M�i�`�Q�H �Q�7 �� �H�Q�M�;�@�H�B�p�2�/ �b�T�B�M �[�m�#�B�i �B�M �� �a�B�f�a�B�:�2

�[�m���M�i�m�K �/�Q�i�X�ô�L���i�X �L���M�Q�X�N�U�N�V�- �e�e�e�- �U�k�y�R�9�V �U�+�B�i�X �Q�M �T�T�X �k�R�- �k�e�- �R�N�N�V�X

�(�R�y�y�) �C�X �u�Q�M�2�/�� �2�i ���H�X �ó�� �[�m���M�i�m�K�@�/�Q�i �b�T�B�M �[�m�#�B�i �r�B�i�? �+�Q�?�2�`�2�M�+�2 �H�B�K�B�i�2�/ �#�v �+�?���`�;�2

�M�Q�B�b�2 ���M�/ �}�/�2�H�B�i�v �?�B�;�?�2�` �i�?���M �N�N�X�N�W�ô�X�L���i�m� �̀2 �L���M�Q�i�2�+�?�M�Q�H�Q�;�v�R�j�U�k�V�- �R�y�k��

�R�y�e�- �U�k�y�R�3�V �U�+�B�i�X �Q�M �T�T�X �k�R�- �k�8�- �k�e�V�X

�(�R�y�R�) �E�X �h���F�2�/�� �2�i ���H�X �ó�� �7���m�H�i�@�i�Q�H�2�`���M�i ���/�/�`�2�b�b���#�H�2 �b�T�B�M �[�m�#�B�i �B�M �� �M���i�m�`���H �b�B�H�B�+�Q�M

�[�m���M�i�m�K �/�Q�i�ô�X�a�+�B�2�M�+�2 ���/�p���M�+�2�b�k�U�3�V�- �2�R�e�y�y�e�N�9�- �U�k�y�R�e�V �U�+�B�i�X �Q�M �T�T�X �k�R�- �k�e�-

�j�y�- �R�N�3�V�X



�"�B�#�H�B�Q�;�`���T�?�v �k�k�8

�(�R�y�k�) �C�X �J�X �1�H�x�2�`�K���M�- �_�X �>���M�b�Q�M�- �G�X �>�X �q�B�H�H�2�K�b �p���M �"�2�p�2�`�2�M�- �"�X �q�B�i�F���K�T�-

�G�X �J�X �E�X �o���M�/�2�`�b�v�T�2�M�- ���M�/ �G�X �S�X �E�Q�m�r�2�M�?�Q�p�2�M�X �ó�a�B�M�;�H�2�@�b�?�Q�i �`�2���/�@�Q�m�i �Q�7

���M �B�M�/�B�p�B�/�m���H �2�H�2�+�i�`�Q�M �b�T�B�M �B�M �� �[�m���M�i�m�K �/�Q�i�ô�X�L���i�m� �̀2�9�j�y�U�e�N�N�3�V�- �9�j�R���9�j�8�-

�U�k�y�y�9�V �U�+�B�i�X �Q�M �T�T�X �k�R�- �k�N�- �R�N�3�V�X

�(�R�y�j�) �C�X �C�X �S�H�� �2�i ���H�X �ó�� �b�B�M�;�H�2�@���i�Q�K �2�H�2�+�i�`�Q�M �b�T�B�M �[�m�#�B�i �B�M �b�B�H�B�+�Q�M�X�ô�L���i�m� �̀2

�9�3�N�U�d�9�R�d�V�- �8�9�R���8�- �U�k�y�R�k�V �U�+�B�i�X �Q�M �T�T�X �k�j�- �j�R�V�X

�(�R�y�9�) �J�X �o�2�H�/�?�Q�`�b�i �2�i ���H�X �ó�� �h�r�Q �Z�m�#�B�i �G�Q�;�B�+ �:���i�2 �B�M �a�B�H�B�+�Q�M�ô�X�L���i�m� �̀2�8�k�e�- �9�R�y��

�9�R�9�- �U�k�y�R�8�V �U�+�B�i�X �Q�M �T�T�X �k�k�- �k�9���k�e�- �R�R�N�- �R�9�3�- �R�N�N�V�X

�(�R�y�8�) �h�X �J�2�m�M�B�2�`�- �o�X �1�X �*���H���/�Q�- ���M�/ �G�X �J�X �E�X �o���M�/�2�`�b�v�T�2�M�X �ó�1�{�+�B�2�M�i �+�Q�M�i�`�Q�H�H�2�/�@

�T�?���b�2 �;���i�2 �7�Q�` �b�B�M�;�H�2�@�b�T�B�M �[�m�#�B�i�b �B�M �[�m���M�i�m�K �/�Q�i�b�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �"

�3�j�U�R�k�V�- �R�k�R�9�y�j�- �U�k�y�R�R�V �U�+�B�i�X �Q�M �T�T�X �k�k�- �k�9�V�X

�(�R�y�e�) �C�X �_�X �a�+�?�`�B�2�z�2�` ���M�/ �S�X ���X �q�Q�H�z�X �ó�_�2�H���i�B�Q�M �#�2�i�r�2�2�M �i�?�2 ���M�/�2�`�b�Q�M ���M�/ �E�Q�M�/�Q

�>���K�B�H�i�Q�M�B���M�b�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r�R�9�N�U�k�V�- �9�N�R���9�N�k�- �U�R�N�e�e�V �U�+�B�i�X �Q�M �T�X �k�k�V�X

�(�R�y�d�) �C�X �_�X �S�2�i�i�� �2�i ���H�X �ó�*�Q�?�2�`�2�M�i �J���M�B�T�m�H���i�B�Q�M �Q�7 �*�Q�m�T�H�2�/ �1�H�2�+�i�`�Q�M �a�T�B�M�b �B�M

�a�2�K�B�+�Q�M�/�m�+�i�Q�` �Z�m���M�i�m�K �.�Q�i�b�ô�X�a�+�B�2�M�+�2�j�y�N�U�8�d�9�9�V�- �k�R�3�y���k�R�3�9�- �U�k�y�y�8�V �U�+�B�i�X

�Q�M �T�T�X �k�8�- �k�e�- �j�y�V�X

�(�R�y�3�) �"�X �J�X �J���m�M�2 �2�i ���H�X �ó�*�Q�?�2�`�2�M�i �b�B�M�;�H�2�i�@�i�`�B�T�H�2�i �Q�b�+�B�H�H���i�B�Q�M�b �B�M �� �b�B�H�B�+�Q�M�@�#���b�2�/

�/�Q�m�#�H�2 �[�m���M�i�m�K �/�Q�i�ô�X�L���i�m� �̀2�9�3�R�U�d�j�3�R�V�- �j�9�9���j�9�d�- �U�k�y�R�k�V �U�+�B�i�X �Q�M �T�T�X �k�8�-

�k�e�- �R�d�9�V�X

�(�R�y�N�) �.�X �J�X �w���D���+ �2�i ���H�X �ó�_�2�b�Q�M���M�i�H�v �/�`�B�p�2�M �*�L�P�h �;���i�2 �7�Q�` �2�H�2�+�i�`�Q�M �b�T�B�M�b�ô�X�a�+�B�2�M�+�2

�j�8�N�U�e�j�d�9�V�- �9�j�N���9�9�k�- �U�k�y�R�3�V �U�+�B�i�X �Q�M �T�X �k�8�V�X

�(�R�R�y�) �a�X �6�Q�H�2�i�i�B�- �>�X �"�H�m�?�K�- �.�X �J���?���H�m�- �o�X �l�K���M�b�F�v�- ���M�/ ���X �u���+�Q�#�v�X �ó�l�M�B�p�2�`�b���H

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

�T�Q�H���`�B�x���i�B�Q�M�ô�X�L���i�m� �̀2 �S�?�v�b�B�+�b�8�U�R�k�V�- �N�y�j���N�y�3�- �U�k�y�y�N�V �U�+�B�i�X �Q�M �T�X �k�e�V�X

�(�R�R�R�) �>�X �"�H�m�?�K �2�i ���H�X �ó�.�2�T�?���b�B�M�; �i�B�K�2 �Q�7 �:�����b �2�H�2�+�i�`�Q�M�@�b�T�B�M �[�m�#�B�i�b �+�Q�m�T�H�2�/ �i�Q

�� �M�m�+�H�2���` �#���i�? �2�t�+�2�2�/�B�M�; �k�y�y� �b�ô�X�L���i �S�?�v�b�d�U�k�V�- �R�y�N���R�R�j�- �U�k�y�R�R�V �U�+�B�i�X �Q�M

�T�X �k�e�V�X

�(�R�R�k�) �J�X �.�X �a�?�m�H�K���M�- �P�X �1�X �.�B���H�- �a�X �S�X �>���`�p�2�v�- �>�X �"�H�m�?�K�- �o�X �l�K���M�b�F�v�- ���M�/

���X �u���+�Q�#�v�X �ó�.�2�K�Q�M�b�i�`���i�B�Q�M �Q�7 �1�M�i���M�;�H�2�K�2�M�i �Q�7 �1�H�2�+�i�`�Q�b�i���i�B�+���H�H�v �*�Q�m�T�H�2�/

�a�B�M�;�H�2�i�@�h�`�B�T�H�2�i �Z�m�#�B�i�b�ô�X�a�+�B�2�M�+�2�j�j�e �U�e�y�d�3�V�- �k�y�k���k�y�8�- �U�k�y�R�k�V �U�+�B�i�X �Q�M �T�T�X �k�e�-

�k�d�V�X
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�(�R�j�N�) �l�X �>���M�F�2�- �u�X �J�X �:���H�T�2�`�B�M�- ���M�/ �E�X ���X �*�?���Q�X �ó�6�B�M�B�i�2�@�7�`�2�[�m�2�M�+�v �b�?�Q�i �M�Q�B�b�2

�B�M �� �b�B�M�;�H�2�@�2�H�2�+�i�`�Q�M �i�`���M�b�B�b�i�Q�`�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �"�8�y�U�j�V�- �R�8�N�8���R�e�y�j�- �U�R�N�N�9�V

�U�+�B�i�X �Q�M �T�X �j�k�V�X

�(�R�9�y�) �C�X �"�X �C�Q�?�M�b�Q�M�X �ó�h�?�2�`�K���H ���;�B�i���i�B�Q�M �Q�7 �1�H�2�+�i�`�B�+�B�i�v �B�M �*�Q�M�/�m�+�i�Q�`�b�ô�X�S�?�v�b�B�+���H

�_�2�p�B�2�r�j�k�U�R�V�- �N�d���R�y�N�- �U�R�N�k�3�V �U�+�B�i�X �Q�M �T�T�X �j�j�- �9�e�V�X

�(�R�9�R�) �>�X �L�v�[�m�B�b�i�X �ó�h�?�2�`�K���H ���;�B�i���i�B�Q�M �Q�7 �1�H�2�+�i�`�B�+ �*�?���`�;�2 �B�M �*�Q�M�/�m�+�i�Q�`�b�ô�X�S�?�v�b�B�+���H

�_�2�p�B�2�r�j�k�U�R�V�- �R�R�y���R�R�j�- �U�R�N�k�3�V �U�+�B�i�X �Q�M �T�T�X �j�j�- �9�e�V�X

�(�R�9�k�) �q�X �a�+�?�Q�i�i�F�v�X �ó�B�#�2�` �b�T�Q�M�i���M�2 �a�i�`�Q�K�b�+�?�r���M�F�m�M�;�2�M �B�M �p�2�`�b�+�?�B�2�/�2�M�2�M �1�H�2�F�i�`�B�x�@

�B�i� �i�b�H�2�B�i�2�`�M�ô�X���M�M���H�2�M �/�2�` �S�?�v�b�B�F�j�e�k�U�k�j�V�- �8�9�R���8�e�d�- �U�R�N�R�3�V �U�+�B�i�X �Q�M �T�X �j�j�V�X

�(�R�9�j�) ���X �L�X �E�Q�`�Q�i�F�Q�p�X �ó�A�M�i�`�B�M�b�B�+ �M�Q�B�b�2 �Q�7 �i�?�2 �b�B�M�;�H�2�@�2�H�2�+�i�`�Q�M �i�`���M�b�B�b�i�Q�`�ô�X�S�?�v�b�B�+���H

�_�2�p�B�2�r �"�9�N�U�R�8�V�- �R�y�j�3�R���R�y�j�N�k�- �U�R�N�N�9�V �U�+�B�i�X �Q�M �T�X �j�j�V�X

�(�R�9�9�) ���X �L�X �E�Q�`�Q�i�F�Q�p ���M�/ �J�X ���X �S�����H���M�2�M�X �ó�*�?���`�;�2 �b�2�M�b�B�i�B�p�B�i�v �Q�7 �`���/�B�Q �7�`�2�@

�[�m�2�M�+�v �b�B�M�;�H�2�@�2�H�2�+�i�`�Q�M �i�`���M�b�B�b�i�Q�`�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�d�9�U�k�e�V�- �9�y�8�k��

�9�y�8�9�- �U�R�N�N�N�V �U�+�B�i�X �Q�M �T�X �j�j�V�X

�(�R�9�8�) �"�X �a�i���`�K���`�F�- �h�X �>�2�M�M�B�M�;�- �h�X �*�H���2�b�Q�M�- �S�X �.�2�H�b�B�M�;�- ���M�/ ���X �L�X �E�Q�`�Q�i�F�Q�p�X �ó�:���B�M

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

�S�?�v�b�B�+�b�3�e�U�9�V�- �k�R�j�k���k�R�j�e�- �U�R�N�N�N�V �U�+�B�i�X �Q�M �T�X �j�j�V�X

�(�R�9�e�) �S�X �.�m�i�i�� ���M�/ �S�X �J�X �>�Q�`�M�X �ó�G�Q�r�@�7�`�2�[�m�2�M�+�v �~�m�+�i�m���i�B�Q�M�b �B�M �b�Q�H�B�/�b�, �R�f�7 �M�Q�B�b�2�ô�X

�_�2�p�B�2�r�b �Q�7 �J�Q�/�2�`�M �S�?�v�b�B�+�b�8�j�U�j�V�- �9�N�d���8�R�e�- �U�R�N�3�R�V �U�+�B�i�X �Q�M �T�X �j�j�V�X

�(�R�9�d�) �_�X �C�X �a�+�?�Q�2�H�F�Q�T�7�X �ó�h�?�2 �_���/�B�Q�@�6�`�2�[�m�2�M�+�v �a�B�M�;�H�2�@�1�H�2�+�i�`�Q�M �h�`���M�b�B�b�i�Q�` �U�_�6�@

�a�1�h�V�, �� �6���b�i ���M�/ �l�H�i�`���b�2�M�b�B�i�B�p�2 �1�H�2�+�i�`�Q�K�2�i�2�`�ô�X�a�+�B�2�M�+�2�k�3�y�U�8�j�e�d�V�- �R�k�j�3��

�R�k�9�k�- �U�R�N�N�3�V �U�+�B�i�X �Q�M �T�T�X �j�j�- �j�3�- �3�9�V�X

�(�R�9�3�) �.�X �S�Q�x���`�X�J�B�+� �̀Q�r���p�2 �1�M�;�B�M�2�2�`�B�M�; �6�Q�m�`�i�? �1�/�B�i�B�Q�M�X �k�y�y�8 �U�+�B�i�X �Q�M �T�T�X �j�j�- �j�8��

�j�d�V�X

�(�R�9�N�) �h�X �J�C�H�H�2�`�- �h�X �*�?�Q�B�- �a�X �>�2�H�H�K�C�H�H�2�`�- �E�X �1�M�b�b�H�B�M�- �h�X �A�?�M�- ���M�/ �a�X �a�+�?�º�M�X �ó��

�+�B�`�+�m�B�i ���M���H�v�b�B�b �Q�7 ���M �B�M �b�B�i�m �i�m�M���#�H�2 �`���/�B�Q�@�7�`�2�[�m�2�M�+�v �[�m���M�i�m�K �T�Q�B�M�i �+�Q�M�i���+�i�ô�X

�_�2�p�B�2�r �Q�7 �a�+�B�2�M�i�B�}�+ �A�M�b�i�`�m�K�2�M�i�b�3�9�U�3�V�- �y�3�j�N�y�k�- �U�k�y�R�j�V �U�+�B�i�X �Q�M �T�T�X �j�3�- �N�d�V�X

�(�R�8�y�) �.�X �C�X �_�2�B�H�H�v�- �*�X �J�X �J���`�+�m�b�- �J�X �S�X �>���M�b�Q�M�- ���M�/ ���X �*�X �:�Q�b�b���`�/�X �ó�6���b�i �b�B�M�;�H�2�@

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

�N�R�U�R�e�V�- �R�e�k�R�y�R�- �U�k�y�y�d�V �U�+�B�i�X �Q�M �T�X �j�3�V�X

�(�R�8�R�) �*�X �"���`�i�?�2�H �2�i ���H�X �ó�6���b�i �b�2�M�b�B�M�; �Q�7 �/�Q�m�#�H�2�@�/�Q�i �+�?���`�;�2 ���`�`���M�;�2�K�2�M�i ���M�/ �b�T�B�M

�b�i���i�2 �r�B�i�? �� �`���/�B�Q�@�7�`�2�[�m�2�M�+�v �b�2�M�b�Q�` �[�m���M�i�m�K �/�Q�i�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �"�3�R�U�R�e�V�-

�R�e�R�j�y�3�- �U�k�y�R�y�V �U�+�B�i�X �Q�M �T�X �j�3�V�X



�"�B�#�H�B�Q�;�`���T�?�v �k�k�N

�(�R�8�k�) �a�X �C�X ���M�;�m�b�- ���X �C�X �6�2�`�;�m�b�Q�M�- ���X �a�X �.�x�m�`���F�- ���M�/ �_�X �:�X �*�H���`�F�X �ó�� �b�B�H�B�+�Q�M

�`���/�B�Q�@�7�`�2�[�m�2�M�+�v �b�B�M�;�H�2 �2�H�2�+�i�`�Q�M �i�`���M�b�B�b�i�Q�`�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�N�k�U�R�R�V�-

�R�R�k�R�y�j�- �U�k�y�y�3�V �U�+�B�i�X �Q�M �T�X �j�3�V�X

�(�R�8�j�) ���X �����b�b�B�K�2�- �:�X �C�Q�?���M�b�b�Q�M�- �:�X �q�2�M�/�B�M�- �_�X �C�X �a�+�?�Q�2�H�F�Q�T�7�- ���M�/ �S�X �.�2�H�b�B�M�;�X

�ó�_���/�B�Q�@�6�`�2�[�m�2�M�+�v �a�B�M�;�H�2�@�1�H�2�+�i�`�Q�M �h�`���M�b�B�b�i�Q�` ���b �_�2���/�Q�m�i �.�2�p�B�+�2 �7�Q�` �Z�m�#�B�i�b�,

�*�?���`�;�2 �a�2�M�b�B�i�B�p�B�i�v ���M�/ �"���+�F���+�i�B�Q�M�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �G�2�i�i�2�`�b�3�e�U�R�8�V�- �j�j�d�e��

�j�j�d�N�- �U�k�y�y�R�V �U�+�B�i�X �Q�M �T�X �j�3�V�X

�(�R�8�9�) �>�X �"�`�2�M�M�B�M�;�- �a�X �E���7���M�Q�p�- �h�X �.�m�i�v�- �a�X �E�m�#���i�F�B�M�- ���M�/ �S�X �.�2�H�b�B�M�;�X �ó���M �m�H�@

�i�`���b�2�M�b�B�i�B�p�2 �`���/�B�Q�@�7�`�2�[�m�2�M�+�v �b�B�M�;�H�2�@�2�H�2�+�i�`�Q�M �i�`���M�b�B�b�i�Q�` �r�Q�`�F�B�M�; �m�T �i�Q �9�X�k �E�ô�X

�C�Q�m�`�M���H �Q�7 ���T�T�H�B�2�/ �S�?�v�b�B�+�b�R�y�y�U�R�R�V�- �U�k�y�y�e�V �U�+�B�i�X �Q�M �T�T�X �j�3�- �9�k�- �3�e�- �R�y�y�V�X

�(�R�8�8�) �J�X �*�X �*���b�b�B�/�v �2�i ���H�X �ó�a�B�M�;�H�2 �b�?�Q�i �+�?���`�;�2 �/�2�i�2�+�i�B�Q�M �m�b�B�M�; �� �`���/�B�Q�@�7�`�2�[�m�2�M�+�v

�[�m���M�i�m�K �T�Q�B�M�i �+�Q�M�i���+�i�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�N�R�U�k�k�V�- �k�k�k�R�y�9�- �U�k�y�y�d�V �U�+�B�i�X

�Q�M �T�X �j�3�V�X

�(�R�8�e�) �C�X �J���b�Q�M �2�i ���H�X �ó�� �?�B�;�? �b�T�2�2�/ �`���/�B�Q�@�7�`�2�[�m�2�M�+�v �[�m���M�i�m�K �T�Q�B�M�i �+�Q�M�i���+�i �+�?���`�;�2

�/�2�i�2�+�i�Q�` �7�Q�` �i�B�K�2 �`�2�b�Q�H�p�2�/ �`�2���/�Q�m�i ���T�T�H�B�+���i�B�Q�M�b �Q�7 �b�T�B�M �[�m�#�B�i�b�ô�X�S�?�v�b�B�+�� �1�,

�G�Q�r�@�/�B�K�2�M�b�B�Q�M���H �a�v�b�i�2�K�b ���M�/ �L���M�Q�b�i�`�m�+�i�m� �̀2�b�9�k�U�9�V�- �3�R�j���3�R�e�- �U�k�y�R�y�V �U�+�B�i�X

�Q�M �T�T�X �j�3�- �R�R�d�V�X

�(�R�8�d�) �h�X �J�C�H�H�2�` �2�i ���H�X �ó���M �B�M �b�B�i�m �i�m�M���#�H�2 �`���/�B�Q�@�7�`�2�[�m�2�M�+�v �[�m���M�i�m�K �T�Q�B�M�i �+�Q�M�i���+�i�ô�X

���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�N�d�U�k�y�V�- �k�y�k�R�y�9�- �U�k�y�R�y�V �U�+�B�i�X �Q�M �T�X �j�N�V�X

�(�R�8�3�) �a�X �>�2�H�H�K�C�H�H�2�` �2�i ���H�X �ó�P�T�i�B�K�B�x���i�B�Q�M �Q�7 �b���K�T�H�2�@�+�?�B�T �/�2�b�B�;�M �7�Q�` �b�i�m�#�@�K���i�+�?�2�/

�`���/�B�Q�@�7�`�2�[�m�2�M�+�v �`�2�~�2�+�i�Q�K�2�i�`�v �K�2���b�m�`�2�K�2�M�i�b�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�R�y�R�U�9�V�-

�U�k�y�R�k�V �U�+�B�i�X �Q�M �T�X �j�N�V�X

�(�R�8�N�) �L�X ���`�2�b �2�i ���H�X �ó�a�2�M�b�B�i�B�p�2 �_���/�B�Q�@�6�`�2�[�m�2�M�+�v �J�2���b�m�`�2�K�2�M�i�b �Q�7 �� �Z�m���M�i�m�K �.�Q�i

�#�v �h�m�M�B�M�; �i�Q �S�2�`�7�2�+�i �A�K�T�2�/���M�+�2 �J���i�+�?�B�M�;�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r ���T�T�H�B�2�/�8�U�j�V�-

�y�j�9�y�R�R�- �U�k�y�R�e�V �U�+�B�i�X �Q�M �T�X �j�N�V�X

�(�R�e�y�) �6�X �S�2�`�b�b�Q�M�- �*�X �J�X �q�B�H�b�Q�M�- �J�X �a���M�/�#�2�`�;�- �:�X �C�Q�?���M�b�b�Q�M�- ���M�/ �S�X �.�2�H�b�B�M�;�X �ó�1�t�@

�+�2�b�b �.�B�b�b�B�T���i�B�Q�M �B�M �� �a�B�M�;�H�2�@�1�H�2�+�i�`�Q�M �"�Q�t�, �h�?�2 �a�B�b�v�T�?�m�b �_�2�b�B�b�i���M�+�2�ô�X�L���M�Q

�G�2�i�i�2�`�b�R�y�U�j�V�- �N�8�j���N�8�d�- �U�k�y�R�y�V �U�+�B�i�X �Q�M �T�T�X �j�N�- �9�y�V�X

�(�R�e�R�) �E�X �.�X �S�2�i�2�`�b�b�Q�M�- �*�X �:�X �a�K�B�i�?�- �.�X ���M�/�2�`�b�Q�M�- �S�X ���i�F�B�M�b�Q�M�- �:�X ���X �*�X �C�Q�M�2�b�-

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

�/�Q�i �+�Q�m�T�H�2�/ �i�Q �� �`�2�b�Q�M���i�Q�`�ô�X�L���M�Q �G�2�i�i�2�`�b�R�y�U�3�V�- �k�d�3�N���k�d�N�j�- �U�k�y�R�y�V �U�+�B�i�X �Q�M

�T�T�X �j�N�- �9�j�V�X

�(�R�e�k�) �J�X �6�X �:�Q�M�x���H�2�x�@�w���H�#���- �a�X �"���`�`���m�/�- ���X �C�X �6�2�`�;�m�b�Q�M�- ���M�/ ���X �*�X �"�2�i�x�X �ó�S�`�Q�#�B�M�;

�i�?�2 �H�B�K�B�i�b �Q�7 �;���i�2�@�#���b�2�/ �+�?���`�;�2 �b�2�M�b�B�M�;�ô�X�L���i�m� �̀2 �*�Q�K�K�m�M�B�+���i�B�Q�M�b�e�- �e�y�3�9�-

�U�k�y�R�8�V �U�+�B�i�X �Q�M �T�T�X �j�N���9�k�- �d�8���d�d�- �3�e�- �3�N�- �R�R�j�- �R�R�d�- �R�k�k�- �R�N�8�V�X



�k�j�y �"�B�#�H�B�Q�;�`���T�?�v

�(�R�e�j�) �J�X �:�X �>�Q�m�b�2 �2�i ���H�X �ó�_���/�B�Q �7�`�2�[�m�2�M�+�v �K�2���b�m�`�2�K�2�M�i�b �Q�7 �i�m�M�M�2�H �+�Q�m�T�H�B�M�;�b ���M�/

�b�B�M�;�H�2�i�@�i�`�B�T�H�2�i �b�T�B�M �b�i���i�2�b �B�M �a�B�,�S �[�m���M�i�m�K �/�Q�i�b�X�ô�L���i�m� �̀2 �+�Q�K�K�m�M�B�+���i�B�Q�M�b�e�-

�3�3�9�3�- �U�k�y�R�8�V �U�+�B�i�X �Q�M �T�T�X �j�N���9�j�- �d�8�- �d�d�V�X

�(�R�e�9�) �J�X �1�b�i�2�`�H�B�- �_�X �J�X �P�i�t�Q���- ���M�/ �J�X �6�X �:�Q�M�x���H�2�x�@�w���H�#���X �ó�a�K���H�H�@�b�B�;�M���H �2�[�m�B�p�@

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

�R�3�R�k�X�y�e�y�8�e�- �U�k�y�R�3�V �U�+�B�i�X �Q�M �T�T�X �j�N�- �9�k���9�9�V�X

�(�R�e�8�) �_�X ���b�?�Q�Q�`�B �2�i ���H�X �ó�a�B�M�;�H�2�@�2�H�2�+�i�`�Q�M �+���T���+�B�i���M�+�2 �b�T�2�+�i�`�Q�b�+�Q�T�v �Q�7 �� �7�2�r �2�H�2�+�i�`�Q�M

�#�Q�t�ô�X�S�?�v�b�B�+�� �"�, �*�Q�M�/�2�M�b�2�/ �J���i�i�2�`�R�3�N�U�R�@�9�V�- �R�R�d���R�k�9�- �U�R�N�N�j�V �U�+�B�i�X �Q�M �T�X �j�N�V�X

�(�R�e�e�) �6�X �S�2�`�b�b�Q�M�- �*�X �J�X �q�B�H�b�Q�M�- �J�X �a���M�/�#�2�`�;�- ���M�/ �S�X �.�2�H�b�B�M�;�X �ó�6���b�i �`�2���/�Q�m�i �Q�7 ��

�b�B�M�;�H�2 �*�Q�Q�T�2�`�@�T���B�` �#�Q�t �m�b�B�M�; �B�i�b �[�m���M�i�m�K �+���T���+�B�i���M�+�2�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �"

�3�k�U�R�j�V�- �R�j�9�8�j�j�- �U�k�y�R�y�V �U�+�B�i�X �Q�M �T�X �j�N�V�X

�(�R�e�d�) �*�X �*�B�+�+���`�2�H�H�B ���M�/ ���X �C�X �6�2�`�;�m�b�Q�M�X �ó�A�K�T�2�/���M�+�2 �Q�7 �i�?�2 �b�B�M�;�H�2�@�2�H�2�+�i�`�Q�M �i�`���M�b�B�b�i�Q�`

���i �`���/�B�Q�@�7�`�2�[�m�2�M�+�B�2�b�ô�X�L�2�r �C�Q�m�`�M���H �Q�7 �S�?�v�b�B�+�b�R�j�- �U�k�y�R�R�V �U�+�B�i�X �Q�M �T�X �j�N�V�X

�(�R�e�3�) �C�X �A�X �*�Q�H�H�2�b�b �2�i ���H�X �ó�.�B�b�T�2�`�b�B�p�2 �_�2���/�Q�m�i �Q�7 �� �6�2�r�@�1�H�2�+�i�`�Q�M �.�Q�m�#�H�2 �Z�m���M�i�m�K

�.�Q�i �r�B�i�? �6���b�i �`�7 �:���i�2 �a�2�M�b�Q�`�b�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �G�2�i�i�2�`�b�R�R�y�U�9�V�- �y�9�e�3�y�8�-

�U�k�y�R�j�V �U�+�B�i�X �Q�M �T�T�X �j�N�- �R�R�d�V�X

�(�R�e�N�) ���X �*�Q�i�i�2�i�- �*�X �J�Q�`���- ���M�/ �h�X �E�Q�M�i�Q�b�X �ó�J�2�b�Q�b�+�Q�T�B�+ ���/�K�B�i�i���M�+�2 �Q�7 �� �/�Q�m�#�H�2

�[�m���M�i�m�K �/�Q�i�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �"�3�j�U�R�k�V�- �R�k�R�j�R�R�- �U�k�y�R�R�V �U�+�B�i�X �Q�M �T�T�X �9�R��

�9�j�V�X

�(�R�d�y�) �A�X ���?�K�2�/�- ���X �*�?���i�i�2�`�D�2�2�- �a�X �"���`�`���m�/�- �C�X �C�X �G�X �J�Q�`�i�Q�M�- �C�X ���X �>���B�;�?�- ���M�/

�J�X �6�X �:�Q�M�x���H�2�x�@�w���H�#���X �ó�S�`�B�K���`�v �i�?�2�`�K�Q�K�2�i�`�v �Q�7 �� �b�B�M�;�H�2 �`�2�b�2�`�p�Q�B�` �m�b�B�M�;

�+�v�+�H�B�+ �2�H�2�+�i�`�Q�M �i�m�M�M�2�H�B�M�; �i�Q �� �[�m���M�i�m�K �/�Q�i�ô�X�*�Q�K�K�m�M�B�+���i�B�Q�M�b �S�?�v�b�B�+�b�R�U�R�V�-

�e�e�- �U�k�y�R�3�V �U�+�B�i�X �Q�M �T�T�X �9�R�- �9�k�- �d�e�- �d�d�V�X

�(�R�d�R�) �C�X �o�2�`�/�m�B�D�M�- �J�X �o�B�M�2�i�- ���M�/ �a�X �_�Q�;�;�2�X �ó�_���/�B�Q�@�7�`�2�[�m�2�M�+�v �/�B�b�T�2�`�b�B�p�2 �/�2�i�2�+�i�B�Q�M

�Q�7 �/�Q�M�Q�` ���i�Q�K�b �B�M �� �}�2�H�/�@�2�z�2�+�i �i�`���M�b�B�b�i�Q�`�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�R�y�9�U�R�y�V�-

�R�y�k�R�y�d�- �U�k�y�R�9�V �U�+�B�i�X �Q�M �T�X �9�k�V�X

�(�R�d�k�) �J�X �.�X �a�+�?�`�Q�2�`�- �J�X �C�m�M�;�- �E�X �.�X �S�2�i�2�`�b�b�Q�M�- ���M�/ �C�X �_�X �S�2�i�i���X �ó�_���/�B�Q �6�`�2�[�m�2�M�+�v

�*�?���`�;�2 �S���`�B�i�v �J�2�i�2�`�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �G�2�i�i�2�`�b�R�y�N�U�R�e�V�- �R�e�e�3�y�9�- �U�k�y�R�k�V �U�+�B�i�X

�Q�M �T�T�X �9�j�- �9�9�- �R�y�k�V�X

�(�R�d�j�) �a�X �C�X �*�?�Q�`�H�2�v �2�i ���H�X �ó�J�2���b�m�`�B�M�; �i�?�2 �*�Q�K�T�H�2�t ���/�K�B�i�i���M�+�2 �Q�7 �� �*���`�#�Q�M �L���M�@

�Q�i�m�#�2 �.�Q�m�#�H�2 �Z�m���M�i�m�K �.�Q�i�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �G�2�i�i�2�`�b�R�y�3�U�j�V�- �y�j�e�3�y�k�-

�U�k�y�R�k�V �U�+�B�i�X �Q�M �T�X �9�j�V�X



�"�B�#�H�B�Q�;�`���T�?�v �k�j�R

�(�R�d�9�) �.�X �C�X �A�#�#�2�`�b�Q�M�- �G�X ���X �A�#�#�2�`�b�Q�M�- �:�X �a�K�B�i�?�b�Q�M�- �C�X ���X �>���B�;�?�- �a�X �"���`�`���m�/�- ���M�/

�J�X �6�X �:�Q�M�x���H�2�x�@�w���H�#���X �ó�G�Q�r�@�i�2�K�T�2�`���i�m�`�2 �i�m�M���#�H�2 �`���/�B�Q�@�7�`�2�[�m�2�M�+�v �`�2�b�Q�M���i�Q�`

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

�G�2�i�i�2�`�b�R�R�9�U�R�k�V�- �R�k�j�8�y�R�- �U�k�y�R�N�V �U�+�B�i�X �Q�M �T�T�X �9�8�- �d�3�V�X

�(�R�d�8�) ���X ���X �*�H�2�`�F�- �J�X �>�X �.�2�p�Q�`�2�i�- �a�X �J�X �:�B�`�p�B�M�- �6�X �J���`�[�m���`�/�i�- ���M�/ �_�X �C�X

�a�+�?�Q�2�H�F�Q�T�7�X �ó�A�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �[�m���M�i�m�K �M�Q�B�b�2�- �K�2���b�m�`�2�K�2�M�i�- ���M�/ ���K�T�H�B�}�+���@

�i�B�Q�M�ô�X�_�2�p�B�2�r�b �Q�7 �J�Q�/�2�`�M �S�?�v�b�B�+�b�3�k�U�k�V�- �R�R�8�8���R�k�y�3�- �U�k�y�R�y�V �U�+�B�i�X �Q�M �T�T�X �9�e�-

�9�3�V�X

�(�R�d�e�) �_�X �o�B�D���v�- �J�X �>�X �.�2�p�Q�`�2�i�- ���M�/ �A�X �a�B�/�/�B�[�B�X �ó�A�M�p�B�i�2�/ �_�2�p�B�2�r ���`�i�B�+�H�2�, �h�?�2 �C�Q�b�2�T�?�@

�b�Q�M �#�B�7�m�`�+���i�B�Q�M ���K�T�H�B�}�2�`�ô�X�_�2�p�B�2�r �Q�7 �a�+�B�2�M�i�B�}�+ �A�M�b�i�`�m�K�2�M�i�b�3�y�U�R�R�V�- �R�R�R�R�y�R�-

�U�k�y�y�N�V �U�+�B�i�X �Q�M �T�T�X �9�e�- �8�k�- �3�N�- �N�y�- �N�k�V�X

�(�R�d�d�) ���X �_�Q�v ���M�/ �J�X �.�2�p�Q�`�2�i�X �ó�A�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �T���`���K�2�i�`�B�+ ���K�T�H�B�}�+���i�B�Q�M �Q�7 �[�m���M�@

�i�m�K �b�B�;�M���H�b �r�B�i�? �C�Q�b�2�T�?�b�Q�M �+�B�`�+�m�B�i�b�ô�X�*�Q�K�T�i�2�b �_�2�M�/�m�b �S�?�v�b�B�[�m�2�R�d�U�d�V�- �d�9�y��

�d�8�8�- �U�k�y�R�e�V �U�+�B�i�X �Q�M �T�X �9�e�V�X

�(�R�d�3�) �.�X �>�X �a�H�B�+�?�i�2�`�X �ó�Z�m���M�i�m�K �C�m�K�T�b ���M�/ �J�2���b�m�`�2�K�2�M�i �"���+�F���+�i�B�Q�M �B�M �� �a�m�T�2�`�@

�+�Q�M�/�m�+�i�B�M�; �Z�m�#�B�i�ô�X �S�?�. �i�?�2�b�B�b�X �l�M�B�p�2�`�b�B�i�v �Q�7 �"�2�`�F�2�H�2�v�- �k�y�R�R �U�+�B�i�X �Q�M �T�T�X �9�e�-

�9�d�- �N�j�- �N�9�V�X

�(�R�d�N�) �6�X �.�X �P�X �a�+�?���+�F�2�`�i�X �ó�� �S�`���+�i�B�+���H �Z�m���M�i�m�K�@�G�B�K�B�i�2�/ �S���`���K�2�i�`�B�+ ���K�T�H�B�}�2�`

�"���b�2�/ �Q�M �i�?�2 �C�Q�b�2�T�?�b�Q�M �_�B�M�; �J�Q�/�m�H���i�Q�`�ô�X �S�?�. �i�?�2�b�B�b�X �u���H�2 �l�M�B�p�2�`�b�B�i�v�- �k�y�R�j

�U�+�B�i�X �Q�M �T�X �9�e�V�X

�(�R�3�y�) �_�X �o�B�D���v���`���;�?���p���M�X �ó�C�Q�b�2�T�?�b�Q�M �"�B�7�m�`�+���i�B�Q�M ���K�T�H�B�}�2�`�ô�X �S�?�. �i�?�2�b�B�b�X �l�M�B�p�2�`�@

�b�B�i�v �Q�7 �"�2�`�F�2�H�2�v�- �k�y�y�3 �U�+�B�i�X �Q�M �T�X �9�e�V�X

�(�R�3�R�) �J�X �>�X �.�2�p�Q�`�2�i ���M�/ �_�X �C�X �a�+�?�Q�2�H�F�Q�T�7�X �ó���K�T�H�B�7�v�B�M�; �[�m���M�i�m�K �b�B�;�M���H�b �r�B�i�?

�i�?�2 �b�B�M�;�H�2�@�2�H�2�+�i�`�Q�M �i�`���M�b�B�b�i�Q�`�ô�X�L���i�m� �̀2�9�y�e�U�e�d�N�N�V�- �R�y�j�N���R�y�9�e�- �U�k�y�y�y�V �U�+�B�i�X

�Q�M �T�X �9�3�V�X

�(�R�3�k�) �*�X �J�X �*���p�2�b�- �C�X �*�Q�K�#�2�b�- �w�X �C�B���M�;�- ���M�/ �a�X �S���M�/�2�v�X �ó�Z�m���M�i�m�K �H�B�K�B�i�b �Q�M �T�?���b�2�@

�T�`�2�b�2�`�p�B�M�; �H�B�M�2���` ���K�T�H�B�}�2�`�b�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r ���3�e�U�e�V�- �y�e�j�3�y�k�- �U�k�y�R�k�V �U�+�B�i�X

�Q�M �T�T�X �9�3�- �8�y�- �3�3�V�X

�(�R�3�j�) �>�X ���X �>���m�b ���M�/ �C�X ���X �J�m�H�H�2�M�X �ó�Z�m���M�i�m�K �L�Q�B�b�2 �B�M �G�B�M�2���` ���K�T�H�B�}�2�`�b�ô�X�S�?�v�b�B�+���H

�_�2�p�B�2�r�R�k�3�U�8�V�- �k�9�y�d���k�9�R�j�- �U�R�N�e�k�V �U�+�B�i�X �Q�M �T�T�X �9�3�- �8�y�V�X

�(�R�3�9�) �.�X �S�X �>�Q�r�b�Q�M ���M�/ �_�X �"�X �a�K�B�i�?�X�S��� �̀��K�2�i�`�B�+ ���K�T�H�B�}�2�`�b�X �G�Q�M�/�Q�M �, �J�+�:�`���r�@

�>�B�H�H�- �R�N�d�y �U�+�B�i�X �Q�M �T�X �9�N�V�X

�(�R�3�8�) �:�X �*�2�`�m�H�H�Q ���M�/ �a�X �.�2 �a�B�H�p�2�b�i�`�B�X �ó�l�H�i�`���7���b�i �Q�T�i�B�+���H �T���`���K�2�i�`�B�+ ���K�T�H�B�}�2�`�b�ô�X

�_�2�p�B�2�r �Q�7 �a�+�B�2�M�i�B�}�+ �A�M�b�i�`�m�K�2�M�i�b�d�9�U�R�V�- �R���R�3�- �U�k�y�y�j�V �U�+�B�i�X �Q�M �T�X �9�N�V�X



�k�j�k �"�B�#�H�B�Q�;�`���T�?�v

�(�R�3�e�) �.�X �"�2�H�H ���M�/ �6�X �>�v�/�2�X �ó�o���`���+�i�Q�`�@�/�B�Q�/�2 �T���`���K�2�i�`�B�+ ���K�T�H�B�}�2�`�b�ô�X�S� �̀Q�+�2�2�/�B�M�;�b �Q�7

�i�?�2 �A�M�b�i�B�i�m�i�B�Q�M �Q�7 �1�H�2�+�i�`�B�+���H �1�M�;�B�M�2�2�`�b�R�R�R�U�R�y�V�- �R�e�N�e�- �U�R�N�e�9�V �U�+�B�i�X �Q�M �T�X �9�N�V�X

�(�R�3�d�) �"�X �.�X �C�Q�b�2�T�?�b�Q�M�X �ó�h�?�2 �/�B�b�+�Q�p�2�`�v �Q�7 �i�m�M�M�2�H�H�B�M�; �b�m�T�2�`�+�m�`�`�2�M�i�b�ô�X�_�2�p�B�2�r�b �Q�7

�J�Q�/�2�`�M �S�?�v�b�B�+�b�9�e�U�k�V�- �k�8�R���k�8�9�- �U�R�N�d�9�V �U�+�B�i�X �Q�M �T�X �8�R�V�X

�(�R�3�3�) �>�X �w�B�K�K�2�`�X �ó�S���`���K�2�i�`�B�+ ���K�T�H�B�}�+���i�B�Q�M �Q�7 �K�B�+�`�Q�r���p�2�b �B�M �b�m�T�2�`�+�Q�M�/�m�+�i�B�M�;

�C�Q�b�2�T�?�b�Q�M �i�m�M�M�2�H �D�m�M�+�i�B�Q�M�b�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�R�y�U�d�V�- �R�N�j���R�N�8�- �U�R�N�e�d�V

�U�+�B�i�X �Q�M �T�X �8�k�V�X

�(�R�3�N�) �C�X �J�v�;�B�M�/�- �L�X �6�X �S�2�/�2�`�b�2�M�- �P�X �>�X �a�Q�2�`�2�M�b�2�M�- �"�X �.�m�2�?�Q�H�K�- ���M�/ �J�X �h�X �G�2�p�B�M�@

�b�2�M�X �ó�G�Q�r�b�M�Q�B�b�2 �T���`���K�2�i�`�B�+ ���K�T�H�B�}�+���i�B�Q�M ���i �j�8 �:�>�x �B�M �� �b�B�M�;�H�2 �C�Q�b�2�T�?�b�Q�M

�i�m�M�M�2�H �D�m�M�+�i�B�Q�M�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�j�8�U�R�V�- �N�R���N�j�- �U�R�N�d�N�V �U�+�B�i�X �Q�M �T�X �8�k�V�X

�(�R�N�y�) �"�X �u�m�`�F�2 �2�i ���H�X �ó�P�#�b�2�`�p���i�B�Q�M �Q�7 �T���`���K�2�i�`�B�+ ���K�T�H�B�}�+���i�B�Q�M ���M�/ �/�2���K�T�H�B�}�+���i�B�Q�M

�B�M �� �C�Q�b�2�T�?�b�Q�M �T���`���K�2�i�`�B�+ ���K�T�H�B�}�2�`�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r ���j�N�U�8�V�- �k�8�R�N���k�8�j�j�-

�U�R�N�3�N�V �U�+�B�i�X �Q�M �T�X �8�k�V�X

�(�R�N�R�) �_�X �J�Q�p�b�?�Q�p�B�+�? �2�i ���H�X �ó�P�#�b�2�`�p���i�B�Q�M �Q�7 �x�2�`�Q�@�T�Q�B�M�i �M�Q�B�b�2 �b�[�m�2�2�x�B�M�; �p�B�� ��

�C�Q�b�2�T�?�b�Q�M�@�T���`���K�2�i�`�B�+ ���K�T�H�B�}�2�`�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �G�2�i�i�2�`�b�e�8�U�R�k�V�- �R�9�R�N��

�R�9�k�k�- �U�R�N�N�y�V �U�+�B�i�X �Q�M �T�X �8�k�V�X

�(�R�N�k�) �.�X �>�X �a�H�B�+�?�i�2�`�- �*�X �J�C�H�H�2�`�- �_�X �o�B�D���v�- �a�X �C�X �q�2�#�2�`�- ���X �"�H���B�b�- ���M�/ �A�X �a�B�/�/�B�[�B�X

�ó�Z�m���M�i�m�K �w�2�M�Q �2�z�2�+�i �B�M �i�?�2 �b�i�`�Q�M�; �K�2���b�m�`�2�K�2�M�i �`�2�;�B�K�2 �Q�7 �+�B�`�+�m�B�i �[�m���M�i�m�K

�2�H�2�+�i�`�Q�/�v�M���K�B�+�b�ô�X�L�2�r �C�Q�m�`�M���H �Q�7 �S�?�v�b�B�+�b�R�3�U�8�V�- �y�8�j�y�j�R�- �U�k�y�R�e�V �U�+�B�i�X �Q�M

�T�T�X �8�k�- �3�3�V�X

�(�R�N�j�) �_�X �o�B�D���v �2�i ���H�X �ó�a�i���#�B�H�B�x�B�M�; �_���#�B �Q�b�+�B�H�H���i�B�Q�M�b �B�M �� �b�m�T�2�`�+�Q�M�/�m�+�i�B�M�; �[�m�#�B�i �m�b�B�M�;

�[�m���M�i�m�K �7�2�2�/�#���+�F�ô�X�L���i�m� �̀2�9�N�y�U�d�9�R�3�V�- �d�d���3�y�- �U�k�y�R�k�V �U�+�B�i�X �Q�M �T�T�X �8�k�- �3�3�V�X

�(�R�N�9�) �_�X �o�B�D���v�- �.�X �>�X �a�H�B�+�?�i�2�`�- ���M�/ �A�X �a�B�/�/�B�[�B�X �ó�P�#�b�2�`�p���i�B�Q�M �Q�7 �Z�m���M�i�m�K �C�m�K�T�b �B�M ��

�a�m�T�2�`�+�Q�M�/�m�+�i�B�M�; ���`�i�B�}�+�B���H ���i�Q�K�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �G�2�i�i�2�`�b�R�y�e�U�R�R�V�- �R�R�y�8�y�k�-

�U�k�y�R�R�V �U�+�B�i�X �Q�M �T�T�X �8�k�- �3�3�V�X

�(�R�N�8�) �*�X �1�B�+�?�H�2�`�- �*�X �G���M�;�- �C�X �J�X �6�B�M�F�- �C�X �:�Q�p�2�M�B�m�b�- �a�X �6�B�H�B�T�T�- ���M�/ ���X �q���H�H�`���z�X

�ó�P�#�b�2�`�p���i�B�Q�M �Q�7 �1�M�i���M�;�H�2�K�2�M�i �#�2�i�r�2�2�M �A�i�B�M�2�`���M�i �J�B�+�`�Q�r���p�2 �S�?�Q�i�Q�M�b ���M�/ ��

�a�m�T�2�`�+�Q�M�/�m�+�i�B�M�; �Z�m�#�B�i�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �G�2�i�i�2�`�b�R�y�N�U�k�9�V�- �k�9�y�8�y�R�- �U�k�y�R�k�V

�U�+�B�i�X �Q�M �T�T�X �8�k�- �3�3�V�X

�(�R�N�e�) �u�X �*�?�2�M �2�i ���H�X �ó�J�m�H�i�B�T�H�2�t�2�/ �/�B�b�T�2�`�b�B�p�2 �`�2���/�Q�m�i �Q�7 �b�m�T�2�`�+�Q�M�/�m�+�i�B�M�; �T�?���b�2

�[�m�#�B�i�b�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�R�y�R�U�R�3�V�- �R�3�k�e�y�R�- �U�k�y�R�k�V �U�+�B�i�X �Q�M �T�T�X �8�k�-

�3�3�V�X



�"�B�#�H�B�Q�;�`���T�?�v �k�j�j

�(�R�N�d�) �J�X �>���i�`�B�/�;�2�- �_�X �o�B�D���v�- �.�X �>�X �a�H�B�+�?�i�2�`�- �C�X �*�H���`�F�2�- ���M�/ �A�X �a�B�/�/�B�[�B�X �ó�.�B�b�T�2�`�@

�b�B�p�2 �K���;�M�2�i�Q�K�2�i�`�v �r�B�i�? �� �[�m���M�i�m�K �H�B�K�B�i�2�/ �a�Z�l�A�. �T���`���K�2�i�`�B�+ ���K�T�H�B�}�2�`�ô�X

�S�?�v�b�B�+���H �_�2�p�B�2�r �"�3�j�U�R�j�V�- �R�j�9�8�y�R�- �U�k�y�R�R�V �U�+�B�i�X �Q�M �T�T�X �8�k�- �8�j�- �3�3�- �N�d�V�X

�(�R�N�3�) �J�X ���X �*���b�i�2�H�H���M�Q�b�@�"�2�H�i�`���M ���M�/ �E�X �q�X �G�2�?�M�2�`�i�X �ó�q�B�/�2�H�v �i�m�M���#�H�2 �T���`���K�2�i�@

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

�`�2�b�Q�M���i�Q�`�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�N�R�U�3�V�- �y�3�j�8�y�N�- �U�k�y�y�d�V �U�+�B�i�X �Q�M �T�T�X �8�k�-

�3�3�V�X

�(�R�N�N�) �J�X ���X �*���b�i�2�H�H���M�Q�b�@�"�2�H�i�`���M�- �E�X �.�X �A�`�r�B�M�- �:�X �*�X �>�B�H�i�Q�M�- �G�X �_�X �o���H�2�- ���M�/ �E�X �q�X

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

�C�Q�b�2�T�?�b�Q�M �K�2�i���K���i�2�`�B���H�ô�X�L���i�m� �̀2 �S�?�v�b�B�+�b�9�U�R�k�V�- �N�k�N���N�j�R�- �U�k�y�y�3�V �U�+�B�i�X �Q�M

�T�T�X �8�k�- �3�3�V�X

�(�k�y�y�) �L�X �"�2�`�;�2���H �2�i ���H�X �ó�S�?���b�2�@�T�`�2�b�2�`�p�B�M�; ���K�T�H�B�}�+���i�B�Q�M �M�2���` �i�?�2 �[�m���M�i�m�K �H�B�K�B�i

�r�B�i�? �� �C�Q�b�2�T�?�b�Q�M �`�B�M�; �K�Q�/�m�H���i�Q�`�ô�X�L���i�m� �̀2�9�e�8�U�d�k�N�9�V�- �e�9���e�3�- �U�k�y�R�y�V �U�+�B�i�X �Q�M

�T�T�X �8�k�- �3�3�V�X

�(�k�y�R�) �h�X �u���K���K�Q�i�Q �2�i ���H�X �ó�6�H�m�t�@�/�`�B�p�2�M �C�Q�b�2�T�?�b�Q�M �T���`���K�2�i�`�B�+ ���K�T�H�B�}�2�`�ô�X���T�T�H�B�2�/

�S�?�v�b�B�+�b �G�2�i�i�2�`�b�N�j�U�9�V�- �y�9�k�8�R�y�- �U�k�y�y�3�V �U�+�B�i�X �Q�M �T�X �8�k�V�X

�(�k�y�k�) �*�X �1�B�+�?�H�2�` �2�i ���H�X �ó�P�#�b�2�`�p���i�B�Q�M �Q�7 �h�r�Q�@�J�Q�/�2 �a�[�m�2�2�x�B�M�; �B�M �i�?�2 �J�B�+�`�Q�r���p�2

�6�`�2�[�m�2�M�+�v �.�Q�K���B�M�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �G�2�i�i�2�`�b�R�y�d�U�R�R�V�- �R�R�j�e�y�R�- �U�k�y�R�R�V �U�+�B�i�X

�Q�M �T�T�X �8�k�- �8�j�- �3�3�V�X

�(�k�y�j�) �*�X �J���+�F�H�B�M �2�i ���H�X �ó�� �M�2���`�@�[�m���M�i�m�K�@�H�B�K�B�i�2�/ �C�Q�b�2�T�?�b�Q�M �i�`���p�2�H�B�M�;�@�r���p�2 �T���`���@

�K�2�i�`�B�+ ���K�T�H�B�}�2�`�ô�X�a�+�B�2�M�+�2�j�8�y�U�e�k�8�3�V�- �j�y�d���j�R�y�- �U�k�y�R�8�V �U�+�B�i�X �Q�M �T�T�X �8�k�- �8�j�-

�3�3�V�X

�(�k�y�9�) �C�X �u�X �J�m�i�m�b �2�i ���H�X �ó�.�2�b�B�;�M ���M�/ �+�?���`���+�i�2�`�B�x���i�B�Q�M �Q�7 �� �H�m�K�T�2�/ �2�H�2�K�2�M�i �b�B�M�;�H�2�@

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

�#�B���b �H�B�M�2�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�R�y�j�U�R�k�V�- �R�k�k�e�y�k�- �U�k�y�R�j�V �U�+�B�i�X �Q�M �T�T�X �8�k�-

�N�y�V�X

�(�k�y�8�) �S�X �>�X �"�`�v���M�i�- �_�X �J�Q�p�b�?�Q�p�B�+�?�- ���M�/ �"�X �u�m�`�F�2�X �ó�L�Q�B�b�2 �`�B�b�2 �B�M �M�Q�M�/�2�;�2�M�2�`���i�2

�T���`���K�2�i�`�B�+ ���K�T�H�B�}�2�`�b�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �G�2�i�i�2�`�b�e�e�U�k�y�V�- �k�e�9�R���k�e�9�9�- �U�R�N�N�R�V

�U�+�B�i�X �Q�M �T�T�X �8�k�- �N�d�V�X

�(�k�y�e�) �a�X �"�Q�m�i�B�M�- �.�X �J�X �h�Q�v�H�B�- ���X �o�X �o�2�M�F���i�`���K���M�B�- ���X �q�X �1�/�/�B�M�b�- �A�X �a�B�/�/�B�[�B�- ���M�/ ���X

�"�H���B�b�X �ó�1�z�2�+�i �Q�7 �>�B�;�?�2�`�@�P�`�/�2�` �L�Q�M�H�B�M�2���`�B�i�B�2�b �Q�M ���K�T�H�B�}�+���i�B�Q�M ���M�/ �a�[�m�2�2�x�B�M�;

�B�M �C�Q�b�2�T�?�b�Q�M �S���`���K�2�i�`�B�+ ���K�T�H�B�}�2�`�b�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r ���T�T�H�B�2�/�3�U�8�V�- �R���k�R�-

�U�k�y�R�d�V �U�+�B�i�X �Q�M �T�T�X �8�k�- �N�d�V�X

�(�k�y�d�) �G�X �w�?�Q�M�; �2�i ���H�X �ó�a�[�m�2�2�x�B�M�; �r�B�i�? �� �~�m�t�@�/�`�B�p�2�M �C�Q�b�2�T�?�b�Q�M �T���`���K�2�i�`�B�+ ���K�T�H�B�@

�}�2�`�ô�X�L�2�r �C�Q�m�`�M���H �Q�7 �S�?�v�b�B�+�b�R�8�U�R�k�V�- �R�k�8�y�R�j�- �U�k�y�R�j�V �U�+�B�i�X �Q�M �T�X �8�k�V�X



�k�j�9 �"�B�#�H�B�Q�;�`���T�?�v

�(�k�y�3�) �L�X �_�Q�+�? �2�i ���H�X �ó�q�B�/�2�H�v �h�m�M���#�H�2�- �L�Q�M�/�2�;�2�M�2�`���i�2 �h�?�`�2�2�@�q���p�2 �J�B�t�B�M�; �J�B�@

�+�`�Q�r���p�2 �.�2�p�B�+�2 �P�T�2�`���i�B�M�; �M�2���` �i�?�2 �Z�m���M�i�m�K �G�B�K�B�i�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �G�2�i�i�2�`�b

�R�y�3�U�R�9�V�- �R�9�d�d�y�R�- �U�k�y�R�k�V �U�+�B�i�X �Q�M �T�X �8�k�V�X

�(�k�y�N�) �"�X ���#�/�Q�- �6�X �a�+�?���+�F�2�`�i�- �J�X �>���i�`�B�/�;�2�- �*�X �_�B�;�2�i�i�B�- ���M�/ �J�X �.�2�p�Q�`�2�i�X �ó�C�Q�b�2�T�?�b�Q�M

���K�T�H�B�}�2�` �7�Q�` �[�m�#�B�i �`�2���/�Q�m�i�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�N�N�U�R�e�V�- �R�e�k�8�y�e�- �U�k�y�R�R�V

�U�+�B�i�X �Q�M �T�X �8�k�V�X

�(�k�R�y�) �C�X�@�.�X �S�B�H�H�2�i�- �1�X �6�H�m�`�B�M�- �6�X �J���H�H�2�i�- ���M�/ �"�X �>�m���`�/�X �ó�� �+�Q�K�T���+�i �/�2�b�B�;�M �7�Q�`

�i�?�2 �C�Q�b�2�T�?�b�Q�M �K�B�t�2�`�, �h�?�2 �H�m�K�T�2�/ �2�H�2�K�2�M�i �+�B�`�+�m�B�i�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b

�R�y�e�U�k�k�V�- �k�k�k�e�y�j�- �U�k�y�R�8�V �U�+�B�i�X �Q�M �T�T�X �8�k�- �8�j�V�X

�(�k�R�R�) �"�X �>�Q �1�Q�K�- �S�X �E�X �.���v�- �>�X �:�X �G�2�.�m�+�- ���M�/ �C�X �w�K�m�B�/�x�B�M���b�X �ó�� �r�B�/�2�#���M�/�- �H�Q�r�@

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

�3�U�3�V�- �e�k�j���e�k�d�- �U�k�y�R�k�V �U�+�B�i�X �Q�M �T�X �8�k�V�X

�(�k�R�k�) �h�X �*�X �q�?�B�i�2 �2�i ���H�X �ó�h�`���p�2�H�B�M�; �r���p�2 �T���`���K�2�i�`�B�+ ���K�T�H�B�}�2�` �r�B�i�? �C�Q�b�2�T�?�b�Q�M

�D�m�M�+�i�B�Q�M�b �m�b�B�M�; �K�B�M�B�K���H �`�2�b�Q�M���i�Q�` �T�?���b�2 �K���i�+�?�B�M�;�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b

�R�y�e�U�k�9�V�- �R���8�- �U�k�y�R�8�V �U�+�B�i�X �Q�M �T�X �8�k�V�X

�(�k�R�j�) ���X �G�X �:�`�B�K�b�K�Q ���M�/ ���X �"�H���B�b�X �ó�a�[�m�2�2�x�B�M�; ���M�/ �[�m���M�i�m�K �b�i���i�2 �2�M�;�B�M�2�2�`�B�M�; �r�B�i�?

�C�Q�b�2�T�?�b�Q�M �i�`���p�2�H�H�B�M�; �r���p�2 ���K�T�H�B�}�2�`�b�ô�X�M�T�D �Z�m���M�i�m�K �A�M�7�Q�`�K���i�B�Q�M�j �U�R�V�- �k�y�-

�U�k�y�R�d�V �U�+�B�i�X �Q�M �T�X �8�j�V�X

�(�k�R�9�) ���X �E���K���H�- ���X �J���`�#�H�2�b�i�Q�M�2�- ���M�/ �J�X �.�2�p�Q�`�2�i�X �ó�a�B�;�M���H�@�i�Q�@�T�m�K�T �#���+�F ���+�i�B�Q�M

���M�/ �b�2�H�7�@�Q�b�+�B�H�H���i�B�Q�M �B�M �/�Q�m�#�H�2�@�T�m�K�T �C�Q�b�2�T�?�b�Q�M �T���`���K�2�i�`�B�+ ���K�T�H�B�}�2�`�ô�X�S�?�v�b�B�@

�+���H �_�2�p�B�2�r �"�d�N�U�R�3�V�- �R�3�9�j�y�R�- �U�k�y�y�N�V �U�+�B�i�X �Q�M �T�X �8�j�V�X

�(�k�R�8�) �J�X �J�C�+�F ���M�/ �_�X �J�+�.�2�`�K�Q�i�i�X �ó�_���/�B�Q�@�7�`�2�[�m�2�M�+�v ���K�T�H�B�}�2�`�b �#���b�2�/ �Q�M �/�+

�a�Z�l�A�.�b�ô�X�a�m�T�2� �̀+�Q�M�/�m�+�i�Q�` �a�+�B�2�M�+�2 ���M�/ �h�2�+�?�M�Q�H�Q�;�v�k�j�U�N�V�- �y�N�j�y�y�R�- �U�k�y�R�y�V

�U�+�B�i�X �Q�M �T�X �8�j�V�X

�(�k�R�e�) �J�X �J�C�+�F�- �C�X �"�X �E�v�+�B���- ���M�/ �C�X �*�H���`�F�2�X �ó�a�m�T�2�`�+�Q�M�/�m�+�i�B�M�; �[�m���M�i�m�K �B�M�i�2�`�7�2�`�2�M�+�2

�/�2�p�B�+�2 ���b �� �M�2���`�@�[�m���M�i�m�K�@�H�B�K�B�i�2�/ ���K�T�H�B�}�2�` ���i �y�X�8 �:�>�x�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b

�G�2�i�i�2�`�b�d�3�U�d�V�- �N�e�d���N�e�N�- �U�k�y�y�R�V �U�+�B�i�X �Q�M �T�T�X �8�j�- �3�3�V�X

�(�k�R�d�) �G�X �a�T�B�2�i�x�- �E�X �A�`�r�B�M�- �J�X �G�2�2�- ���M�/ �C�X ���m�K�2�M�i���/�Q�X �ó�L�Q�B�b�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7

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

���K�T�H�B�}�2�`�b �B�M �i�?�2 �9���3 �:�>�x �`���M�;�2�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�N�d�U�R�9�V�- �R�9�k�8�y�k�-

�U�k�y�R�y�V �U�+�B�i�X �Q�M �T�X �8�j�V�X

�(�k�R�3�) �J�X �J�C�+�F�- �*�X �q�2�H�x�2�H�- ���M�/ �C�X �*�H���`�F�2�X �ó�a�m�T�2�`�+�Q�M�/�m�+�i�B�M�; �[�m���M�i�m�K �B�M�i�2�`�7�2�`�2�M�+�2

�/�2�p�B�+�2 ���K�T�H�B�}�2�`�b ���i �;�B�;���?�2�`�i�x �7�`�2�[�m�2�M�+�B�2�b�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�3�k�U�R�N�V�-

�j�k�e�e���j�k�e�3�- �U�k�y�y�j�V �U�+�B�i�X �Q�M �T�X �8�j�V�X



�"�B�#�H�B�Q�;�`���T�?�v �k�j�8

�(�k�R�N�) �a�X �a�B�K�#�B�2�`�Q�r�B�+�x�- �o�X �o�2�b�i�2�`�B�M�2�M�- �G�X �:�`�º�M�#�2�`�;�- �C�X �G�2�?�i�B�M�2�M�- �J�X �S�`�m�M�M�B�H���- ���M�/ �C�X

�>���b�b�2�H�X �ó�� �~�m�t�@�/�`�B�p�2�M �C�Q�b�2�T�?�b�Q�M �T���`���K�2�i�`�B�+ ���K�T�H�B�}�2�` �7�Q�` �b�m�#�@�:�>�x �7�`�2�[�m�2�M�@

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

�+�Q�M�/�m�+�i�Q�` �a�+�B�2�M�+�2 ���M�/ �h�2�+�?�M�Q�H�Q�;�v�j�R�U�R�y�V�- �R�y�8�y�y�R�- �U�k�y�R�3�V �U�+�B�i�X �Q�M �T�T�X �8�j�-

�3�3�V�X

�(�k�k�y�) �a�X �"���`�`���m�/ �2�i ���H�X �ó�.�2�p�2�H�Q�T�K�2�M�i �Q�7 �� �*�J�P�a �_�Q�m�i�2 �7�Q�` �1�H�2�+�i�`�Q�M �S�m�K�T�b �i�Q �"�2

�l�b�2�/ �B�M �Z�m���M�i�m�K �J�2�i�`�Q�H�Q�;�v�ô�X�h�2�+�?�M�Q�H�Q�;�B�2�b�9�U�R�V�- �R�y�- �U�k�y�R�e�V �U�+�B�i�X �Q�M �T�T�X �8�d�-

�8�3�- �R�j�3�V�X

�(�k�k�R�) �s�X �C�2�?�H�- �u�X�@�J�X �L�B�[�m�2�i�- ���M�/ �J�X �a���M�[�m�2�`�X �ó�a�B�M�;�H�2 �/�Q�M�Q�` �2�H�2�+�i�`�Q�M�B�+�b ���M�/ �[�m���M�@

�i�m�K �7�m�M�+�i�B�Q�M���H�B�i�B�2�b �r�B�i�? ���/�p���M�+�2�/ �*�J�P�a �i�2�+�?�M�Q�H�Q�;�v�ô�X�C�Q�m�`�M���H �Q�7 �S�?�v�b�B�+�b�,

�*�Q�M�/�2�M�b�2�/ �J���i�i�2�`�k�3�U�R�y�V�- �R�y�j�y�y�R�- �U�k�y�R�e�V �U�+�B�i�X �Q�M �T�T�X �8�d�- �8�3�V�X

�(�k�k�k�) �"�X �o�Q�B�b�B�M �2�i ���H�X �ó�6�2�r�@�2�H�2�+�i�`�Q�M �2�/�;�2�@�b�i���i�2 �[�m���M�i�m�K �/�Q�i�b �B�M �� �b�B�H�B�+�Q�M �M���M�Q�r�B�`�2

�}�2�H�/�@�2�z�2�+�i �i�`���M�b�B�b�i�Q�`�ô�X�L���M�Q �G�2�i�i�2�`�b�R�9�U�9�V�- �k�y�N�9���k�y�N�3�- �U�k�y�R�9�V �U�+�B�i�X �Q�M �T�T�X �8�d�-

�8�N�- �R�R�j�- �R�k�y�V�X

�(�k�k�j�) �.�X �C�X �A�#�#�2�`�b�Q�M �2�i ���H�X �ó�1�H�2�+�i�`�B�+�@�}�2�H�/ �i�m�M�B�M�; �Q�7 �i�?�2 �p���H�H�2�v �b�T�H�B�i�i�B�M�; �B�M �b�B�H�B�+�Q�M

�+�Q�`�M�2�` �/�Q�i�b�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�R�R�j�U�8�V�- �y�8�j�R�y�9�- �U�k�y�R�3�V �U�+�B�i�X �Q�M �T�T�X �8�N�-

�R�R�j�V�X

�(�k�k�9�) �J�X �6�X �:�Q�M�x���H�2�x�@�w���H�#���X �ó�a�B�M�;�H�2 �/�Q�M�Q�` �/�2�i�2�+�i�B�Q�M �B�M �b�B�H�B�+�Q�M �M���M�Q�b�i�`�m�+�i�m�`�2�b�ô�X

�S�?�. �i�?�2�b�B�b�X �l�M�B�p�2�`�b�B�i�v �Q�7 �*���K�#�`�B�/�;�2�- �k�y�R�k �U�+�B�i�X �Q�M �T�T�X �e�y�- �e�8�V�X

�(�k�k�8�) �A�X ���?�K�2�/�X �ó�_���/�B�Q�@�6�`�2�[�m�2�M�+�v �*���T���+�B�i�B�p�2 �:���i�2�@�#���b�2�/ �a�2�M�b�B�M�; �7�Q�` �a�B�H�B�+�Q�M

�*�J�P�a �Z�m���M�i�m�K �1�H�2�+�i�`�Q�M�B�+�b�ô�X �S�?�. �i�?�2�b�B�b�X �l�M�B�p�2�`�b�B�i�v �Q�7 �*���K�#�`�B�/�;�2�- �k�y�R�3

�U�+�B�i�X �Q�M �T�X �e�y�V�X

�(�k�k�e�) ���X �*�?���i�i�2�`�D�2�2�X �ó�a�B�H�B�+�Q�M �L���M�Q�/�2�p�B�+�2 �Z�m�#�B�i�b �"���b�2�/ �Q�M �Z�m���M�i�m�K �.�Q�i�b ���M�/

�.�Q�T���M�i�b�ô�X �S�?�. �i�?�2�b�B�b�X �l�M�B�p�2�`�b�B�i�v �*�Q�H�H�2�;�2 �G�Q�M�/�Q�M�- �k�y�y�8 �U�+�B�i�X �Q�M �T�X �e�y�V�X

�(�k�k�d�) �h�X �>�2�B�M�x�2�H�X�J�2�b�Q�b�+�Q�T�B�+ �1�H�2�+�i� �̀Q�M�B�+�b �B�M �a�Q�H�B�/ �a�i���i�2 �L���M�Q�b�i�`�m�+�i�m� �̀2�b�X �q�A�G�1�u�@

�o�*�>�- �k�y�y�d �U�+�B�i�X �Q�M �T�X �e�R�V�X

�(�k�k�3�) ���X �*�X �C�Q�?�M�b�Q�M�X �ó�*�?���`�;�2 �a�2�M�b�B�M�; ���M�/ �a�T�B�M �.�v�M���K�B�+�b �B�M �:�����b �Z�m���M�i�m�K

�.�Q�i�b�ô�X �S�?�. �i�?�2�b�B�b�X �>���`�p���`�/ �l�M�B�p�2�`�b�B�i�v�- �k�y�y�8 �U�+�B�i�X �Q�M �T�T�X �e�R�- �d�y�V�X

�(�k�k�N�) �G�X �.�B�*���`�H�Q�X �ó�J�2�b�Q�b�+�Q�T�B�+ �1�H�2�+�i�`�Q�M�B�+�b �"�2�v�Q�M�/ �.�* �h�`���M�b�T�Q�`�i�ô�X �S�?�. �i�?�2�b�B�b�X

�>���`�p���`�/ �l�M�B�p�2�`�b�B�i�v�- �k�y�y�d �U�+�B�i�X �Q�M �T�X �e�R�V�X

�(�k�j�y�) �6�X �J�m�2�H�H�2�` �2�i ���H�X �ó�S�`�B�M�i�2�/ �+�B�`�+�m�B�i �#�Q���`�/ �K�2�i���H �T�Q�r�/�2�` �}�H�i�2�`�b �7�Q�` �H�Q�r �2�H�2�+�i�`�Q�M

�i�2�K�T�2�`���i�m�`�2�b�ô�X�_�2�p�B�2�r �Q�7 �a�+�B�2�M�i�B�}�+ �A�M�b�i�`�m�K�2�M�i�b�3�9�U�9�V�- �y�9�9�d�y�e�- �U�k�y�R�j�V �U�+�B�i�X

�Q�M �T�X �e�R�V�X



�k�j�e �"�B�#�H�B�Q�;�`���T�?�v

�(�k�j�R�) �1�X �J�v�F�F� �M�2�M �2�i ���H�X �ó�_�2�/�m�+�B�M�; �+�m�`�`�2�M�i �M�Q�B�b�2 �B�M �+�`�v�Q�;�2�M�B�+ �2�t�T�2�`�B�K�2�M�i�b �#�v

�p���+�m�m�K�@�B�M�b�m�H���i�2�/ �+���#�H�2�b�ô�X�_�2�p�B�2�r �Q�7 �a�+�B�2�M�i�B�}�+ �A�M�b�i�`�m�K�2�M�i�b�3�d�U�R�y�V�- �R�y�8�R�R�R�-

�U�k�y�R�e�V �U�+�B�i�X �Q�M �T�X �e�j�V�X

�(�k�j�k�) �G�X �C�X �S�X �.�2�?�Q�H�H���B�M�X �ó�>�B�;�?�@�}�/�2�H�B�i�v �K�B�+�`�Q�r���p�2 �+�Q�M�i�`�Q�H �Q�7 �b�B�M�;�H�2�@���i�Q�K �b�T�B�M �[�m�#�B�i�b

�B�M �b�B�H�B�+�Q�M�ô�X �S�?�. �i�?�2�b�B�b�X �l�L�a�q�- �k�y�R�9 �U�+�B�i�X �Q�M �T�X �e�j�V�X

�(�k�j�j�) �C�X �A�X �*�Q�H�H�2�b�b ���M�/ �.�X �C�X �_�2�B�H�H�v�X �ó�J�Q�/�m�H���` �+�`�v�Q�;�2�M�B�+ �B�M�i�2�`�+�Q�M�M�2�+�i�b �7�Q�` �K�m�H�i�B�@

�[�m�#�B�i �/�2�p�B�+�2�b�ô�X�_�2�p�B�2�r �Q�7 �a�+�B�2�M�i�B�}�+ �A�M�b�i�`�m�K�2�M�i�b�3�8�U�R�R�V�- �R�R�9�d�y�e�- �U�k�y�R�9�V �U�+�B�i�X

�Q�M �T�X �e�8�V�X

�(�k�j�9�) �*�X �"���`�i�?�2�H�- �.�X �C�X �_�2�B�H�H�v�- �*�X �J�X �J���`�+�m�b�- �J�X �S�X �>���M�b�Q�M�- ���M�/ ���X �*�X �:�Q�b�b���`�/�X

�ó�_���T�B�/ �a�B�M�;�H�2�@�a�?�Q�i �J�2���b�m�`�2�K�2�M�i �Q�7 �� �a�B�M�;�H�2�i�@�h�`�B�T�H�2�i �Z�m�#�B�i�ô�X�S�?�v�b�B�+���H �_�2�@

�p�B�2�r �G�2�i�i�2�`�b�R�y�j�U�R�e�V�- �R�e�y�8�y�j�- �U�k�y�y�N�V �U�+�B�i�X �Q�M �T�T�X �d�k�- �R�N�3�- �k�y�N�V�X

�(�k�j�8�) ���X �q�2�b�i �2�i ���H�X �ó�:���i�2�@�#���b�2�/ �b�B�M�;�H�2�@�b�?�Q�i �`�2���/�Q�m�i �Q�7 �b�T�B�M�b �B�M �b�B�H�B�+�Q�M�ô�X�L���i�m� �̀2

�L���M�Q�i�2�+�?�M�Q�H�Q�;�v�R�9�U�8�V�- �9�j�d���9�9�R�- �U�k�y�R�N�V �U�+�B�i�X �Q�M �T�T�X �d�8�- �R�y�9�- �R�N�d�V�X

�(�k�j�e�) �A�X ���?�K�2�/ �2�i ���H�X �ó�_���/�B�Q�@�6�`�2�[�m�2�M�+�v �*���T���+�B�i�B�p�2 �:���i�2�@�"���b�2�/ �a�2�M�b�B�M�;�ô�X�S�?�v�b�B�+���H

�_�2�p�B�2�r ���T�T�H�B�2�/�R�y�U�R�V�- �y�R�9�y�R�3�- �U�k�y�R�3�V �U�+�B�i�X �Q�M �T�T�X �d�8���d�d�- �R�y�y�- �R�8�8�- �R�8�e�- �R�8�3�V�X

�(�k�j�d�) �.�X �h�X �a���M�F�X �ó�6���b�i�- ���+�+�m�`���i�2 �a�i���i�2 �J�2���b�m�`�2�K�2�M�i �B�M �a�m�T�2�`�+�Q�M�/�m�+�i�B�M�; �Z�m�#�B�i�b�ô�X

�S�?�. �i�?�2�b�B�b�X �l�* �a���M�i�� �"���`�#���`���- �k�y�R�9 �U�+�B�i�X �Q�M �T�T�X �3�R�- �R�3�d���R�3�N�V�X

�(�k�j�3�) �C�X �a�i�2�?�H�B�F�- �u�X�@�u�X �G�B�m�- �*�X �J�X �Z�m�B�M�i���M���- �*�X �1�B�+�?�H�2�`�- �h�X �_�X �>���`�i�F�2�- ���M�/ �C�X �_�X

�S�2�i�i���X �ó�6���b�i �*�?���`�;�2 �a�2�M�b�B�M�; �Q�7 �� �*���p�B�i�v�@�*�Q�m�T�H�2�/ �.�Q�m�#�H�2 �Z�m���M�i�m�K �.�Q�i

�l�b�B�M�; �� �C�Q�b�2�T�?�b�Q�M �S���`���K�2�i�`�B�+ ���K�T�H�B�}�2�`�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r ���T�T�H�B�2�/�9�U�R�V�-

�y�R�9�y�R�3�- �U�k�y�R�8�V �U�+�B�i�X �Q�M �T�T�X �3�e�- �3�3�- �R�8�3�V�X

�(�k�j�N�) �6�X �C�X �a�+�?�m�T�T �2�i ���H�X �ó�_���/�B�Q�@�7�`�2�[�m�2�M�+�v �`�2�~�2�+�i�Q�K�2�i�`�v �Q�7 �� �[�m���M�i�m�K �/�Q�i �m�b�B�M�;

���M �m�H�i�`���@�H�Q�r�@�M�Q�B�b�2 �a�Z�l�A�. ���K�T�H�B�}�2�`�ô�X���`�s�B�p �T� �̀2�T�`�B�M�i �R�3�R�y�X�y�8�d�e�d�- �U�k�y�R�3�V �U�+�B�i�X

�Q�M �T�X �3�3�V�X

�(�k�9�y�) �C�X �J�X �>�Q�`�M�B�#�`�Q�Q�F �2�i ���H�X �ó�6�`�2�[�m�2�M�+�v �K�m�H�i�B�T�H�2�t�B�M�; �7�Q�` �`�2���/�Q�m�i �Q�7 �b�T�B�M �[�m�#�B�i�b�ô�X

���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�R�y�9�U�R�y�V�- �R�y�j�R�y�3�- �U�k�y�R�9�V �U�+�B�i�X �Q�M �T�T�X �R�R�y�- �R�8�j�V�X

�(�k�9�R�) �C�1�.�1�* �a�Q�H�B�/ �a�i���i�2 �h�2�+�?�M�Q�H�Q�;�v ���b�b�Q�+�B���i�B�Q�M�X�.�.�_�k �a�.�_���J �b�T�2�+�B�}�+���i�B�Q�M�X

�k�y�y�8 �U�+�B�i�X �Q�M �T�T�X �R�R�N�- �R�8�3�V�X

�(�k�9�k�) ���X �_�Q�b�b�B�- �_�X �w�?���Q�- ���X �a�X �.�x�m�`���F�- ���M�/ �J�X �6�X �:�Q�M�x���H�2�x�@�w���H�#���X �ó�.�B�b�T�2�`�b�B�p�2

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

���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�R�R�y�U�k�R�V�- �k�R�k�R�y�R�- �U�k�y�R�d�V �U�+�B�i�X �Q�M �T�X �R�k�j�V�X

�(�k�9�j�) �*�X �1�B�+�?�2�M�#�2�`�;�2�` ���M�/ �q�X �:�m�;�;�2�M�#�C�?�H�X �ó�*�?���`�;�2 �B�M�D�2�+�i�B�Q�M �Q�7 ���M���H�Q�;�m�2 �*�J�P�a

�b�r�B�i�+�?�2�b�ô�X�A�1�1 �S� �̀Q�+�2�2�/�B�M�;�b �: �*�B� �̀+�m�B�i�b�- �.�2�p�B�+�2�b ���M�/ �a�v�b�i�2�K�b�R�j�3�U�k�V�- �R�8�8�-

�U�R�N�N�R�V �U�+�B�i�X �Q�M �T�X �R�k�e�V�X



�"�B�#�H�B�Q�;�`���T�?�v �k�j�d

�(�k�9�9�) �u�X �a�m�M�- �w�X �G�B�m�- �s�X �G�B�- �C�X �_�2�M�- �6�X �w�?�2�M�;�- ���M�/ �u�X �a�?�B�X �ó���M���H�v�i�B�+���H �;���i�2 �7�`�B�M�;�2

�+���T���+�B�i���M�+�2 �K�Q�/�2�H �7�Q�` �M���M�Q�b�+���H�2 �J�P�a�6�1�h �r�B�i�? �H���v�Q�m�i �/�2�T�2�M�/�2�M�i �2�z�2�+�i ���M�/

�T�`�Q�+�2�b�b �p���`�B���i�B�Q�M�b�ô�X�C�Q�m�`�M���H �Q�7 �S�?�v�b�B�+�b �.�, ���T�T�H�B�2�/ �S�?�v�b�B�+�b�8�R�U�k�d�V�- �k�d�8�R�y�9�-

�U�k�y�R�3�V �U�+�B�i�X �Q�M �T�X �R�k�d�V�X

�(�k�9�8�) �.�X �C�X �_�2�B�H�H�v�X �ó�1�M�;�B�M�2�2�`�B�M�; �i�?�2 �[�m���M�i�m�K�@�+�H���b�b�B�+���H �B�M�i�2�`�7���+�2 �Q�7 �b�Q�H�B�/�@�b�i���i�2

�[�m�#�B�i�b�ô�X�M�T�D �Z�m���M�i�m�K �A�M�7�Q�`�K���i�B�Q�M�R�U�R�V�- �R�8�y�R�R�- �U�k�y�R�8�V �U�+�B�i�X �Q�M �T�X �R�j�9�V�X

�(�k�9�e�) �C�X �J�X �>�Q�`�M�B�#�`�Q�Q�F �2�i ���H�X �ó�*�`�v�Q�;�2�M�B�+ �*�Q�M�i�`�Q�H ���`�+�?�B�i�2�+�i�m�`�2 �7�Q�` �G���`�;�2�@�a�+���H�2

�Z�m���M�i�m�K �*�Q�K�T�m�i�B�M�;�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r ���T�T�H�B�2�/�j �U�k�V�- �y�k�9�y�R�y�- �U�k�y�R�8�V �U�+�B�i�X

�Q�M �T�X �R�j�9�V�X

�(�k�9�d�) �>�X �>�Q�K�m�H�H�2 �2�i ���H�X �ó�� �`�2�+�Q�M�}�;�m�`���#�H�2 �+�`�v�Q�;�2�M�B�+ �T�H���i�7�Q�`�K �7�Q�` �i�?�2 �+�H���b�b�B�+���H �+�Q�M�@

�i�`�Q�H �Q�7 �[�m���M�i�m�K �T�`�Q�+�2�b�b�Q�`�b�ô�X�_�2�p�B�2�r �Q�7 �a�+�B�2�M�i�B�}�+ �A�M�b�i�`�m�K�2�M�i�b�3�3�U�9�V�- �U�k�y�R�d�V

�U�+�B�i�X �Q�M �T�T�X �R�j�9�- �R�8�R�V�X

�(�k�9�3�) �*�X �>�Q�`�b�K���M�- ���X �:�X �6�Q�r�H�2�`�- �a�X �.�2�p�B�i�i�- ���M�/ �_�X �o�X �J�2�i�2�`�X �ó�a�m�`�7���+�2 �+�Q�/�2 �[�m���M�@

�i�m�K �+�Q�K�T�m�i�B�M�; �#�v �H���i�i�B�+�2 �b�m�`�;�2�`�v�ô�X�L�2�r �C�Q�m�`�M���H �Q�7 �S�?�v�b�B�+�b�R�9�U�R�k�V�- �R�k�j�y�R�R�-

�U�k�y�R�k�V �U�+�B�i�X �Q�M �T�X �R�j�8�V�X

�(�k�9�N�) �.�X �G�Q�b�b ���M�/ �.�X �S�X �.�B�o�B�M�+�2�M�x�Q�X �ó�Z�m���M�i�m�K �+�Q�K�T�m�i���i�B�Q�M �r�B�i�? �[�m���M�i�m�K �/�Q�i�b�ô�X

�S�?�v�b�B�+���H �_�2�p�B�2�r ���8�d�U�R�V�- �R�k�y���R�k�e�- �U�R�N�N�3�V �U�+�B�i�X �Q�M �T�X �R�j�e�V�X

�(�k�8�y�) �o�X �*�2�`�H�2�i�i�B�- �q�X ���X �*�Q�B�b�?�- �P�X �:�v�r���i�- ���M�/ �.�X �G�Q�b�b�X �ó�_�2�+�B�T�2�b �7�Q�` �b�T�B�M�@�#���b�2�/

�[�m���M�i�m�K �+�Q�K�T�m�i�B�M�;�ô�X�L���M�Q�i�2�+�?�M�Q�H�Q�;�v�k�d�- �9�8�- �U�k�y�y�9�V �U�+�B�i�X �Q�M �T�T�X�R�j�e�- �R�j�d�V�X

�(�k�8�R�) �"�X �1�X �E���M�2 �2�i ���H�X �ó�Z�m���M�i�B�x�2�/ �+�Q�M�/�m�+�i���M�+�2 �B�M �[�m���M�i�m�K �r�B�`�2�b �r�B�i�? �;���i�2�@

�+�Q�M�i�`�Q�H�H�2�/ �r�B�/�i�? ���M�/ �2�H�2�+�i�`�Q�M �/�2�M�b�B�i�v�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�d�k�U�k�e�V�-

�j�8�y�e���j�8�y�3�- �U�R�N�N�3�V �U�+�B�i�X �Q�M �T�X �R�j�d�V�X

�(�k�8�k�) �h�X ���X �"�����`�i�- �L�X �C�Q�p���M�Q�p�B�+�- �*�X �_�2�B�+�?�H�- �q�X �q�2�;�b�+�?�2�B�/�2�`�- ���M�/ �G�X �J�X �E�X �o���M�@

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

�� �[�m���/�`�m�T�H�2�@�[�m���M�i�m�K�@�/�Q�i �/�2�p�B�+�2�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�R�y�N�U�9�V�- �y�9�j�R�y�R�-

�U�k�y�R�e�V �U�+�B�i�X �Q�M �T�X �R�j�3�V�X

�(�k�8�j�) �a�X �a�X �E���H���M�i�`�2 �2�i ���H�X �ó�J���+�?�B�M�2 �G�2���`�M�B�M�; �i�2�+�?�M�B�[�m�2�b �7�Q�` �b�i���i�2 �`�2�+�Q�;�M�B�i�B�Q�M

���M�/ ���m�i�Q�@�i�m�M�B�M�; �B�M �[�m���M�i�m�K �/�Q�i�b�ô�X�M�T�D �Z�m���M�i�m�K �A�M�7�Q�`�K���i�B�Q�M�U���T�`�B�H�V�- �R��

�R�y�- �U�k�y�R�d�V �U�+�B�i�X �Q�M �T�X �R�j�3�V�X

�(�k�8�9�) ���X �_�X �J�B�H�H�b�- �.�X �J�X �w���D���+�- �J�X �C�X �:�m�H�H���M�b�- �6�X �C�X �a�+�?�m�T�T�- �h�X �J�X �>���x���`�/�- ���M�/ �C�X �_�X

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

�[�m���M�i�m�K �/�Q�i�b�ô�X�L���i�m� �̀2 �*�Q�K�K�m�M�B�+���i�B�Q�M�b�U�k�y�R�N�V�- �U�k�y�R�3�V �U�+�B�i�X �Q�M �T�T�X �R�j�3�-

�R�9�9�- �R�9�8�V�X



�k�j�3 �"�B�#�H�B�Q�;�`���T�?�v

�(�k�8�8�) �*�X �C�X �p���M �.�B�2�T�2�M �2�i ���H�X �ó���m�i�Q�K���i�2�/ �i�m�M�B�M�; �Q�7 �B�M�i�2�`�@�/�Q�i �i�m�M�M�2�H �+�Q�m�T�H�B�M�;�b �B�M

�[�m���M�i�m�K �/�Q�i ���`�`���v�b�ô�X�R�- �R���N�- �U�k�y�R�3�V �U�+�B�i�X �Q�M �T�X �R�j�3�V�X

�(�k�8�e�) �C�X �.�X �h�2�b�F�2 �2�i ���H�X �ó�� �K���+�?�B�M�2 �H�2���`�M�B�M�; ���T�T�`�Q���+�? �7�Q�` ���m�i�Q�K���i�2�/ �}�M�2�@�i�m�M�B�M�; �Q�7

�b�2�K�B�+�Q�M�/�m�+�i�Q�` �b�T�B�M �[�m�#�B�i�b�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�R�R�9�U�R�j�V�- �R�j�j�R�y�k�- �U�k�y�R�N�V

�U�+�B�i�X �Q�M �T�X �R�j�3�V�X

�(�k�8�d�) �S�X �a�?�Q�`�X �ó�S�Q�H�v�M�Q�K�B���H�@�h�B�K�2 ���H�;�Q�`�B�i�?�K�b �7�Q�` �S�`�B�K�2 �6���+�i�Q�`�B�x���i�B�Q�M ���M�/ �.�B�b�+�`�2�i�2

�G�Q�;���`�B�i�?�K�b �Q�M �� �Z�m���M�i�m�K �*�Q�K�T�m�i�2�`�ô�X�a�A���J �C�Q�m�`�M���H �Q�M �*�Q�K�T�m�i�B�M�;�k�e�U�8�V�-

�R�9�3�9���R�8�y�N�- �U�R�N�N�d�V �U�+�B�i�X �Q�M �T�X �R�j�3�V�X

�(�k�8�3�) �a�X �.�X �6�`���M�+�2�b�+�?�B�- �G�X �>�m�i�B�M�- �_�X �J���m�`���M�/�- �G�X �"�Q�m�`�/�2�i�- �>�X �"�Q�?�m�b�H���p�b�F�v�B�- ���M�/

���X �*�Q�`�M���X �ó�a�P�A �i�2�+�?�M�Q�H�Q�;�v �7�Q�` �[�m���M�i�m�K �B�M�7�Q�`�K���i�B�Q�M �T�`�Q�+�2�b�b�B�M�;�ô�X�k�y�R�e �A�1�1�1

�A�M�i�2�`�M���i�B�Q�M���H �1�H�2�+�i� �̀Q�M �.�2�p�B�+�2�b �J�2�2�i�B�M�; �U�A�1�.�J�V�- �R�j�X�9�X�R���R�j�X�9�X�9�- �U�k�y�R�e�V �U�+�B�i�X

�Q�M �T�X �R�j�3�V�X

�(�k�8�N�) �G�X �h�`�B�7�m�M�Q�p�B�+ �2�i ���H�X �ó�G�Q�M�;�@�/�B�b�i���M�+�2 �b�T�B�M�@�b�T�B�M �+�Q�m�T�H�B�M�; �p�B�� �~�Q���i�B�M�; �;���i�2�b�ô�X

�S�?�v�b�B�+���H �_�2�p�B�2�r �s�k�U�R�V�- �y�R�R�y�y�e�- �U�k�y�R�k�V �U�+�B�i�X �Q�M �T�T�X �R�j�N�- �R�9�y�V�X

�(�k�e�y�) ���X �*�Q�`�M�� �2�i ���H�X �ó�1�H�2�+�i�`�B�+���H�H�v �/�`�B�p�2�M �2�H�2�+�i�`�Q�M �b�T�B�M �`�2�b�Q�M���M�+�2 �K�2�/�B���i�2�/ �#�v �b�T�B�M��

�p���H�H�2�v���Q�`�#�B�i �+�Q�m�T�H�B�M�; �B�M �� �b�B�H�B�+�Q�M �[�m���M�i�m�K �/�Q�i�ô�X�M�T�D �Z�m���M�i�m�K �A�M�7�Q�`�K���i�B�Q�M

�9�U�R�V�- �e�- �U�k�y�R�3�V �U�+�B�i�X �Q�M �T�X �R�9�y�V�X

�(�k�e�R�) �:�X �h�Q�b�B �2�i ���H�X �ó�a�B�H�B�+�Q�M �[�m���M�i�m�K �T�`�Q�+�2�b�b�Q�` �r�B�i�? �`�Q�#�m�b�i �H�Q�M�;�@�/�B�b�i���M�+�2 �[�m�#�B�i

�+�Q�m�T�H�B�M�;�b�ô�X�L���i�m� �̀2 �*�Q�K�K�m�M�B�+���i�B�Q�M�b�3�U�R�V�- �9�8�y�- �U�k�y�R�d�V �U�+�B�i�X �Q�M �T�X�R�9�j�V�X

�(�k�e�k�) �:�X �h�Q�b�B�- �6�X ���X �J�Q�?�B�v���/�/�B�M�- �a�X �h�2�M�#�2�`�;�- ���X �G���m�+�?�i�- ���M�/ ���X �J�Q�`�2�H�H�Q�X �ó�_�Q�#�m�b�i

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

�b�B�H�B�+�Q�M�ô�- �R���d�- �U�k�y�R�d�V �U�+�B�i�X �Q�M �T�X �R�9�j�V�X

�(�k�e�j�) �a�X �E�X �:�Q�`�K���M �2�i ���H�X �ó�a�B�M�;�H�2�i�@�i�`�B�T�H�2�i �K�B�M�m�b �K�B�t�B�M�; ���M�/ �`�2�H���t���i�B�Q�M �H�B�7�2�i�B�K�2�b �B�M

�� �/�Q�m�#�H�2 �/�Q�M�Q�` �/�Q�i�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�R�R�k�U�k�9�V�- �k�9�j�R�y�8�- �U�k�y�R�3�V �U�+�B�i�X

�Q�M �T�X �R�9�9�V�X

�(�k�e�9�) �s�X �J�B�- �C�X �o�X �*���/�v�- �.�X �J�X �w���D���+�- �C�X �a�i�2�?�H�B�F�- �G�X �6�X �1�/�;�2�- ���M�/ �C�X �_�X �S�2�i�i���X �ó�*�B�`�@

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

�b�B�H�B�+�Q�M�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b�R�R�y�U�9�V�- �y�9�j�8�y�k�- �U�k�y�R�d�V �U�+�B�i�X �Q�M �T�X �R�9�9�V�X

�(�k�e�8�) �s�X �J�B �2�i ���H�X �ó�� �+�Q�?�2�`�2�M�i �b�T�B�M���T�?�Q�i�Q�M �B�M�i�2�`�7���+�2 �B�M �b�B�H�B�+�Q�M�ô�X�L���i�m� �̀2�8�8�8�U�d�e�N�3�V�-

�8�N�N���e�y�j�- �U�k�y�R�3�V �U�+�B�i�X �Q�M �T�T�X �R�9�9�- �R�3�d�V�X

�(�k�e�e�) ���X �a�i�Q�+�F�F�H���m�b�2�` �2�i ���H�X �ó�a�i�`�Q�M�; �*�Q�m�T�H�B�M�; �*���p�B�i�v �Z�1�. �r�B�i�? �:���i�2�@�.�2�}�M�2�/

�.�Q�m�#�H�2 �Z�m���M�i�m�K �.�Q�i�b �1�M���#�H�2�/ �#�v �� �>�B�;�? �A�K�T�2�/���M�+�2 �_�2�b�Q�M���i�Q�`�ô�X�S�?�v�b�B�+���H

�_�2�p�B�2�r �s�d�U�R�V�- �y�R�R�y�j�y�- �U�k�y�R�d�V �U�+�B�i�X �Q�M �T�T�X �R�9�9�- �R�3�d�V�X



�"�B�#�H�B�Q�;�`���T�?�v �k�j�N

�(�k�e�d�) �s�X �J�B�- �C�X �o�X �*���/�v�- �.�X �J�X �w���D���+�- �S�X �q�X �.�2�2�H�K���M�- ���M�/ �C�X �_�X �S�2�i�i���X �ó�a�i�`�Q�M�;

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

�j�8�8�U�e�j�k�R�V�- �R�8�e���R�8�3�- �U�k�y�R�d�V �U�+�B�i�X �Q�M �T�T�X �R�9�9�- �R�3�d�V�X

�(�k�e�3�) �S�X �a�+���`�H�B�M�Q �2�i ���H�X �ó���H�H�@�J�B�+�`�Q�r���p�2 �*�Q�M�i�`�Q�H ���M�/ �.�B�b�T�2�`�b�B�p�2 �_�2���/�Q�m�i �Q�7 �:���i�2�@

�.�2�}�M�2�/ �Z�m���M�i�m�K �.�Q�i �Z�m�#�B�i�b �B�M �*�B�`�+�m�B�i �Z�m���M�i�m�K �1�H�2�+�i�`�Q�/�v�M���K�B�+�b�ô�X���`�s�B�p

�T� �̀2�T�`�B�M�i �R�d�R�R�X�y�R�N�y�e�- �U�k�y�R�d�V �U�+�B�i�X �Q�M �T�T�X �R�9�9�- �R�3�d�V�X

�(�k�e�N�) �_�X �S�X �:�X �J�+�L�2�B�H �2�i ���H�X �ó�P�M�@�/�2�K���M�/ �b�B�M�;�H�2�@�2�H�2�+�i�`�Q�M �i�`���M�b�7�2�` �#�2�i�r�2�2�M �/�B�b�i���M�i

�[�m���M�i�m�K �/�Q�i�b�ô�X�L���i�m� �̀2�9�d�d�U�d�j�e�8�V�- �9�j�N���9�9�k�- �U�k�y�R�R�V �U�+�B�i�X �Q�M �T�X �R�9�8�V�X

�(�k�d�y�) �h�X ���X �"�����`�i�- �J�X �a�?���}�2�B�- �h�X �6�m�D�B�i���- �*�X �_�2�B�+�?�H�- �q�X �q�2�;�b�+�?�2�B�/�2�`�- ���M�/ �G�X �J�X

�o���M�/�2�`�b�v�T�2�M�X �ó�a�B�M�;�H�2�@�b�T�B�M �*�*�.�ô�X�L���i�m� �̀2 �L���M�Q�i�2�+�?�M�Q�H�Q�;�v�R�R�U�9�V�- �j�j�y���j�j�9�-

�U�k�y�R�e�V �U�+�B�i�X �Q�M �T�X �R�9�8�V�X

�(�k�d�R�) �>�X �6�H�2�M�i�D�2 �2�i ���H�X �ó�*�Q�?�2�`�2�M�i �H�Q�M�;�@�/�B�b�i���M�+�2 �/�B�b�T�H���+�2�K�2�M�i �Q�7 �B�M�/�B�p�B�/�m���H �2�H�2�+�i�`�Q�M

�b�T�B�M�b�ô�X�L���i�m� �̀2 �*�Q�K�K�m�M�B�+���i�B�Q�M�b�3�U�R�V�- �8�y�R�- �U�k�y�R�d�V �U�+�B�i�X �Q�M �T�X �R�9�8�V�X

�(�k�d�k�) �h�X �6�m�D�B�i���- �h�X ���X �"�����`�i�- �*�X �_�2�B�+�?�H�- �q�X �q�2�;�b�+�?�2�B�/�2�`�- ���M�/ �G�X �J�X �E�X �o���M�/�2�`�@

�b�v�T�2�M�X �ó�*�Q�?�2�`�2�M�i �b�?�m�i�i�H�2 �Q�7 �2�H�2�+�i�`�Q�M�@�b�T�B�M �b�i���i�2�b�ô�X�M�T�D �Z�m���M�i�m�K �A�M�7�Q�`�K���i�B�Q�M

�j �U�R�V�- �k�k�- �U�k�y�R�d�V �U�+�B�i�X �Q�M �T�X �R�9�8�V�X

�(�k�d�j�) �"�X �"�m�Q�M���+�Q�`�b�B �2�i ���H�X �ó�L�2�i�r�Q�`�F ���`�+�?�B�i�2�+�i�m�`�2 �7�Q�` �� �i�Q�T�Q�H�Q�;�B�+���H �[�m���M�i�m�K �+�Q�K�@

�T�m�i�2�` �B�M �b�B�H�B�+�Q�M�ô�X�Z�m���M�i�m�K �a�+�B�2�M�+�2 ���M�/ �h�2�+�?�M�Q�H�Q�;�v�9�U�k�V�- �y�k�8�y�y�j�- �U�k�y�R�N�V �U�+�B�i�X

�Q�M �T�X �R�9�8�V�X

�(�k�d�9�) �o�X �a�`�B�M�B�p���b���- �>�X �s�m�- ���M�/ �C�X �J�X �h���v�H�Q�`�X �ó�h�m�M���#�H�2 �a�T�B�M�@�Z�m�#�B�i �*�Q�m�T�H�B�M�; �J�2�@

�/�B���i�2�/ �#�v �� �J�m�H�i�B�2�H�2�+�i�`�Q�M �Z�m���M�i�m�K �.�Q�i�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �G�2�i�i�2�`�b�R�R�9�U�k�k�V�-

�k�k�e�3�y�j�- �U�k�y�R�8�V �U�+�B�i�X �Q�M �T�T�X �R�9�8�- �R�9�e�V�X

�(�k�d�8�) �a�X �J�2�?�H�- �>�X �"�H�m�?�K�- ���M�/ �.�X �S�X �.�B�o�B�M�+�2�M�x�Q�X �ó�h�r�Q�@�[�m�#�B�i �+�Q�m�T�H�B�M�;�b �Q�7 �b�B�M�;�H�2�i�@

�i�`�B�T�H�2�i �[�m�#�B�i�b �K�2�/�B���i�2�/ �#�v �Q�M�2 �[�m���M�i�m�K �b�i���i�2�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �"�N�y�U�9�V�-

�y�9�8�9�y�9�- �U�k�y�R�9�V �U�+�B�i�X �Q�M �T�X �R�9�8�V�X

�(�k�d�e�) �h�X ���X �"�����`�i�- �h�X �6�m�D�B�i���- �*�X �_�2�B�+�?�H�- �q�X �q�2�;�b�+�?�2�B�/�2�`�- �G�X �J���`�F�- ���M�/ �E�X �o���M�@

�/�2�`�b�v�T�2�M�X �ó�*�Q�?�2�`�2�M�i �b�T�B�M�@�2�t�+�?���M�;�2 �p�B�� �� �[�m���M�i�m�K �K�2�/�B���i�Q�`�ô�X�L���i�m� �̀2 �L���M�@

�Q�i�2�+�?�M�Q�H�Q�;�v�R�k�U�R�V�- �k�e���j�y�- �U�k�y�R�e�V �U�+�B�i�X �Q�M �T�X �R�9�8�V�X

�(�k�d�d�) �s�X �*�`�Q�Q�i �2�i ���H�X �ó�.�2�p�B�+�2 ���`�+�?�B�i�2�+�i�m�`�2 �7�Q�` �*�Q�m�T�H�B�M�; �a�T�B�M �Z�m�#�B�i�b �p�B�� ���M �A�M�@

�i�2�`�K�2�/�B���i�2 �Z�m���M�i�m�K �a�i���i�2�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r ���T�T�H�B�2�/�R�y�U�9�V�- �y�9�9�y�8�3�- �U�k�y�R�3�V

�U�+�B�i�X �Q�M �T�X �R�9�8�V�X

�(�k�d�3�) �6�X �E�X �J���H�B�M�Q�r�b�F�B �2�i ���H�X �ó�a�T�B�M �Q�7 �� �K�m�H�i�B�2�H�2�+�i�`�Q�M �[�m���M�i�m�K �/�Q�i ���M�/ �B�i�b �B�M�i�2�`�@

���+�i�B�Q�M �r�B�i�? �� �M�2�B�;�?�#�Q�`�B�M�; �2�H�2�+�i�`�Q�M�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r �s�3�U�R�V�- �R�R�y�9�8�- �U�k�y�R�d�V

�U�+�B�i�X �Q�M �T�X �R�9�8�V�X



�k�9�y �"�B�#�H�B�Q�;�`���T�?�v

�(�k�d�N�) �6�X �J���`�i�B�M�b �2�i ���H�X �ó�L�2�;���i�B�p�2 �a�T�B�M �1�t�+�?���M�;�2 �B�M �� �J�m�H�i�B�2�H�2�+�i�`�Q�M �Z�m���M�i�m�K �.�Q�i�ô�X

�S�?�v�b�B�+���H �_�2�p�B�2�r �G�2�i�i�2�`�b�R�R�N�U�k�k�V�- �R���8�- �U�k�y�R�d�V �U�+�B�i�X �Q�M �T�X �R�9�8�V�X

�(�k�3�y�) �*�X �>�X �u���M�;�- �q�X �>�X �G�B�K�- �L�X �a�X �G���B�- ���X �_�Q�b�b�B�- ���X �J�Q�`�2�H�H�Q�- ���M�/ ���X �a�X �.�x�m�`���F�X

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

�S�?�v�b�B�+���H �_�2�p�B�2�r �"�3�e�U�R�R�V�- �R�R�8�j�R�N�- �U�k�y�R�k�V �U�+�B�i�X �Q�M �T�X �R�9�8�V�X

�(�k�3�R�) �E�X �q���M�;�- �*�X �S���v�2�i�i�2�- �u�X �.�Q�p�x�?�2�M�F�Q�- �S�X �q�X �.�2�2�H�K���M�- ���M�/ �C�X �_�X �S�2�i�i���X

�ó�*�?���`�;�2 �`�2�H���t���i�B�Q�M �B�M �� �b�B�M�;�H�2�@�2�H�2�+�i�`�Q�M �a�B�f�a�B�:�2 �/�Q�m�#�H�2 �[�m���M�i�m�K �/�Q�i�ô�X�S�?�v�b�@

�B�+���H �_�2�p�B�2�r �G�2�i�i�2�`�b�R�R�R�U�9�V�- �R���8�- �U�k�y�R�j�V �U�+�B�i�X �Q�M �T�X �R�9�d�V�X

�(�k�3�k�) �w�X �*���B ���M�/ �a�X �*�X �"�2�M�D���K�B�M�X �ó�*�Q�M�b�i�`�m�+�i�B�M�; �a�K���H�H�2�` �S���m�H�B �h�r�B�`�H�B�M�; �a�2�i�b �7�Q�`

���`�#�B�i�`���`�v �1�`�`�Q�` �*�?���M�M�2�H�b�ô�X�a�+�B�2�M�i�B�}�+ �_�2�T�Q�`�i�b�N�U�R�V�- �R�R�k�3�R�- �U�k�y�R�N�V �U�+�B�i�X �Q�M

�T�X �R�9�d�V�X

�(�k�3�j�) �.�X �:�Q�i�i�2�b�K���M�X �ó�h�?�2 �>�2�B�b�2�M�#�2�`�; �_�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �Z�m���M�i�m�K �*�Q�K�T�m�i�2�`�b�ô�X

���`�s�B�p �T� �̀2�T�`�B�M�i �N�3�y�d�y�y�e�- �U�R�N�N�3�V �U�+�B�i�X �Q�M �T�X �R�9�d�V�X

�(�k�3�9�) �a�X �����`�Q�M�b�Q�M ���M�/ �.�X �:�Q�i�i�2�b�K���M�X �ó�A�K�T�`�Q�p�2�/ �b�B�K�m�H���i�B�Q�M �Q�7 �b�i���#�B�H�B�x�2�` �+�B�`�+�m�B�i�b�ô�X

�S�?�v�b�B�+���H �_�2�p�B�2�r ���d�y�U�8�V�- �y�8�k�j�k�3�- �U�k�y�y�9�V �U�+�B�i�X �Q�M �T�X �R�9�d�V�X

�(�k�3�8�) �J�X �_�X �:�2�H�H�2�` ���M�/ �w�X �w�?�Q�m�X �ó�1�{�+�B�2�M�i �2�`�`�Q�` �K�Q�/�2�H�b �7�Q�` �7���m�H�i�@�i�Q�H�2�`���M�i ���`�+�?�B�@

�i�2�+�i�m�`�2�b ���M�/ �i�?�2 �S���m�H�B �i�r�B�`�H�B�M�; ���T�T�`�Q�t�B�K���i�B�Q�M�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r ���3�3�U�R�V�-

�y�R�k�j�R�9�- �U�k�y�R�j�V �U�+�B�i�X �Q�M �T�X �R�9�d�V�X

�(�k�3�e�) �J�X �:�m�i�B�û�`�`�2�x�- �G�X �a�p�2�+�- ���X �o���`�;�Q�- ���M�/ �E�X �_�X �"�`�Q�r�M�X �ó���T�T�`�Q�t�B�K���i�B�Q�M �Q�7 �`�2���H�@

�B�b�i�B�+ �2�`�`�Q�`�b �#�v �*�H�B�z�Q�`�/ �+�?���M�M�2�H�b ���M�/ �S���m�H�B �K�2���b�m�`�2�K�2�M�i�b�ô�X�S�?�v�b�B�+���H �_�2�p�B�2�r

�� �3�d�U�j�V�- �y�j�y�j�y�k�- �U�k�y�R�j�V �U�+�B�i�X �Q�M �T�X �R�9�d�V�X

�(�k�3�d�) �w�X �*���B�- �J�X ���X �6�Q�;���`�i�v�- �a�X �a�+�?�����H�- �a�X �S���i�Q�K���F�B�- �a�X �*�X �"�2�M�D���K�B�M�- ���M�/ �C�X �C�X �G�X

�J�Q�`�i�Q�M�X �ó�� �a�B�H�B�+�Q�M �a�m�`�7���+�2 �*�Q�/�2 ���`�+�?�B�i�2�+�i�m�`�2 �_�2�b�B�H�B�2�M�i ���;���B�M�b�i �G�2���F���;�2

�1�`�`�Q�`�b�ô�X���`�s�B�p �T� �̀2�T�`�B�M�i �R�N�y�9�X�R�y�j�d�3�- �U�k�y�R�N�V �U�+�B�i�X �Q�M �T�X �R�9�3�V�X

�(�k�3�3�) �G�X �:�2�+�F�- ���X �E�`�m�i�?�- �>�X �"�H�m�?�K�- �a�X �p���M �q�����b�2�M�- ���M�/ �a�X �>�2�B�M�2�M�X �ó�*�Q�M�i�`�Q�H �1�H�2�+�@

�i�`�Q�M�B�+�b �6�Q�` �a�2�K�B�+�Q�M�/�m�+�i�Q�` �a�T�B�M �Z�m�#�B�i�b�ô�X���`�s�B�p �T� �̀2�T�`�B�M�i �R�N�y�j�X�y�9�3�d�k�- �U�k�y�R�N�V

�U�+�B�i�X �Q�M �T�T�X �R�9�N�- �R�8�R�V�X

�(�k�3�N�) �C�X �S�X �:�X �p���M �.�B�D�F�- �1�X �*�?���`�#�Q�M�- ���M�/ �6�X �a�2�#���b�i�B���M�Q�X �ó�h�?�2 �2�H�2�+�i�`�Q�M�B�+ �B�M�i�2�`�@

�7���+�2 �7�Q�` �[�m���M�i�m�K �T�`�Q�+�2�b�b�Q�`�b�ô�X�J�B�+� �̀Q�T� �̀Q�+�2�b�b�Q�`�b ���M�/ �J�B�+� �̀Q�b�v�b�i�2�K�b�e�e�- �N�y��

�R�y�R�- �U�k�y�R�3�V �U�+�B�i�X �Q�M �T�T�X �R�8�y�- �R�8�R�V�X

�(�k�N�y�) �C�X �S�X �:�X �p���M �.�B�D�F �2�i ���H�X �ó�h�?�2 �B�K�T���+�i �Q�7 �+�H���b�b�B�+���H �+�Q�M�i�`�Q�H �2�H�2�+�i�`�Q�M�B�+�b �Q�M �[�m�#�B�i

�}�/�2�H�B�i�v�ô�X���`�s�B�p �T� �̀2�T�`�B�M�i �R�3�y�j�X�y�e�R�d�e�- �U�k�y�R�3�V �U�+�B�i�X �Q�M �T�T�X �R�8�R�- �R�8�k�V�X



�"�B�#�H�B�Q�;�`���T�?�v �k�9�R

�(�k�N�R�) �"�X �S���i�`�� �2�i ���H�X �ó�*�`�v�Q�@�*�J�P�a �*�B�`�+�m�B�i�b ���M�/ �a�v�b�i�2�K�b �7�Q�` �Z�m���M�i�m�K �*�Q�K�T�m�i�B�M�;

���T�T�H�B�+���i�B�Q�M�b�ô�X�A�1�1�1 �C�Q�m�`�M���H �Q�7 �a�Q�H�B�/�@�a�i���i�2 �*�B� �̀+�m�B�i�b�8�j�U�R�V�- �j�y�N���j�k�R�- �U�k�y�R�3�V

�U�+�B�i�X �Q�M �T�T�X �R�8�R�- �R�8�k�V�X

�(�k�N�k�) �J�X �h�X �_���?�K���M ���M�/ �h�X �G�2�?�K���M�M�X �ó�� �R�y �#�B�i �+�`�v�Q�;�2�M�B�+ �*�J�P�a �.�f�� �+�Q�M�p�2�`�i�2�`�ô�X

�k�y�R�9 �A�1�1�1 �8�d�i�? �A�M�i�2�`�M���i�B�Q�M���H �J�B�/�r�2�b�i �a�v�K�T�Q�b�B�m�K �Q�M �*�B� �̀+�m�B�i�b ���M�/ �a�v�b�i�2�K�b

�U�J�q�a�*���a�V�X �A�1�1�1�- �k�y�R�9�- �N���R�k �U�+�B�i�X �Q�M �T�X �R�8�R�V�X

�(�k�N�j�) �E�X �_���+�x�F�Q�r�b�F�B�- �L�X �J���`�F�m�H�B�+�- �"�X �>�2�`�b�?�#�2�`�;�- ���M�/ �C�X �*�`���M�B�M�+�F�t�X �ó�� �N�X�k���R�k�X�d

�:�>�x �q�B�/�2�#���M�/ �6�`���+�i�B�Q�M���H�@�L �a�m�#�b���K�T�H�B�M�; �S�G�G �B�M �k�3 �M�K �*�J�P�a �q�B�i�? �k�3�y �7�b

�_�J�a �C�B�i�i�2�`�ô�X�A�1�1�1 �C�Q�m�`�M���H �Q�7 �a�Q�H�B�/�@�a�i���i�2 �*�B� �̀+�m�B�i�b�8�y�U�8�V�- �R�k�y�j���R�k�R�j�- �U�k�y�R�8�V

�U�+�B�i�X �Q�M �T�X �R�8�R�V�X

�(�k�N�9�) �q�X�@�h�X �G�B�M�- �>�X�@�u�X �>�m���M�;�- ���M�/ �h�X�@�>�X �E�m�Q�X �ó�� �R�k�@�#�B�i �9�y �M�K �.���* ���+�?�B�2�p�B�M�;

�a�6�.�_ �= �d�y �/�" ���i �R�X�e �:�a�f�b ���M�/ �A�J�. �I ���e�R�/�" ���i �k�X�3 �:�a�f�b �q�B�i�? �.�1�J�.�_�w

�h�2�+�?�M�B�[�m�2�ô�X�A�1�1�1 �C�Q�m�`�M���H �Q�7 �a�Q�H�B�/�@�a�i���i�2 �*�B� �̀+�m�B�i�b�9�N�U�j�V�- �d�y�3���d�R�d�- �U�k�y�R�9�V

�U�+�B�i�X �Q�M �T�X �R�8�R�V�X

�(�k�N�8�) �>�X ���X �>�Q�K�m�H�H�2�X �ó�*�`�v�Q�;�2�M�B�+ �2�H�2�+�i�`�Q�M�B�+�b �7�Q�` �i�?�2 �`�2���/�@�Q�m�i �Q�7 �[�m���M�i�m�K �T�`�Q�+�2�b�@

�b�Q�`�b�ô�X �S�?�. �i�?�2�b�B�b�X �h�l �.�2�H�7�i �l�M�B�p�2�`�b�B�i�v�- �k�y�R�N �U�+�B�i�X �Q�M �T�X �R�8�k�V�X

�(�k�N�e�) �E�X �E�B�K ���M�/ �:�X �C�2�Q�M�;�X �ó�S�`�Q�b�T�2�+�i�b �Q�7 �6�m�i�m�`�2 �a�B �h�2�+�?�M�Q�H�Q�;�B�2�b �B�M �i�?�2 �.���i���@

�.�`�B�p�2�M �q�Q�`�H�/�ô�X�6�m�i�m� �̀2 �h� �̀2�M�/�b �B�M �J�B�+� �̀Q�2�H�2�+�i� �̀Q�M�B�+�b�X �>�Q�#�Q�F�2�M�- �L�C�- �l�a���, �C�Q�?�M

�q�B�H�2�v �� �a�Q�M�b�- �A�M�+�X�- �k�y�R�e�- �R���k�R �U�+�B�i�X �Q�M �T�T�X �R�8�3�- �R�e�y�V�X

�(�k�N�d�) �A�M�i�2�H�@�L�2�r�b�`�Q�Q�K�X�A�M�i�2�H �l�M�p�2�B�H�b �L�2�r �h�Q�Q�H�b �B�M �A�i�b ���/�p���M�+�2�/ �*�?�B�T �S���+�F���;�B�M�;

�h�Q�Q�H�#�Q�t�X �k�y�R�N �U�+�B�i�X �Q�M �T�X �R�8�3�V�X

�(�k�N�3�) �J�X �"�Q�?�`�X�A�M�i�2�H�, �h�2�+�?�M�Q�H�Q�;�v �G�2���/�2�`�b�?�B�T�X �k�y�R�d �U�+�B�i�X �Q�M �T�X �R�e�y�V�X

�(�k�N�N�) �.�X �J�Q�`�Q�x�Q�p �2�i ���H�X �ó�.�2�b�B�;�M ���M�/ �*�?���`���+�i�2�`�B�b���i�B�Q�M �Q�7 �h�B�i���M�B�m�K �L�B�i�`�B�/�2 �a�m�#���`�@

�`���v�b �Q�7 �E�B�M�2�i�B�+ �A�M�/�m�+�i���M�+�2 �.�2�i�2�+�i�Q�`�b �7�Q�` �S���b�b�B�p�2 �h�2�`���?�2�`�i�x �A�K���;�B�M�;�ô�X�C�Q�m�`�M���H

�Q�7 �G�Q�r �h�2�K�T�2� �̀��i�m� �̀2 �S�?�v�b�B�+�b�R�N�j�U�j�@�9�V�- �R�N�e���k�y�k�- �U�k�y�R�3�V �U�+�B�i�X �Q�M �T�X �R�e�y�V�X

�(�j�y�y�) ���X �_�Q�b�b�B�- �h�X �h���M�i�i�m�- �6�X �1�X �>�m�/�b�Q�M�- �u�X �a�m�M�- �J�X �J�º�i�i�º�M�2�M�- ���M�/ ���X �a�X �.�x�m�@

�`���F�X �ó�a�B�H�B�+�Q�M �J�2�i���H�@�Q�t�B�/�2�@�b�2�K�B�+�Q�M�/�m�+�i�Q�` �Z�m���M�i�m�K �.�Q�i�b �7�Q�` �a�B�M�;�H�2�@�2�H�2�+�i�`�Q�M

�S�m�K�T�B�M�;�ô�X �U�C�m�M�2�V�- �R���R�R�- �U�k�y�R�8�V �U�+�B�i�X �Q�M �T�T�X �R�d�R���R�d�j�V�X

�(�j�y�R�) �a�X �C�X ���M�;�m�b�- ���X �C�X �6�2�`�;�m�b�Q�M�- ���X �a�X �.�x�m�`���F�- ���M�/ �_�X �:�X �*�H���`�F�X �ó�:���i�2�@�/�2�}�M�2�/

�[�m���M�i�m�K �/�Q�i�b �B�M �B�M�i�`�B�M�b�B�+ �b�B�H�B�+�Q�M�ô�X�L���M�Q �G�2�i�i�2�`�b�d�U�d�V�- �k�y�8�R���k�y�8�8�- �U�k�y�y�d�V

�U�+�B�i�X �Q�M �T�X �R�d�j�V�X

�(�j�y�k�) �.�X �J�X �w���D���+�- �h�X �J�X �>���x���`�/�- �s�X �J�B�- �E�X �q���M�;�- ���M�/ �C�X �_�X �S�2�i�i���X �ó�� �`�2�+�Q�M�}�;�@

�m�`���#�H�2 �;���i�2 ���`�+�?�B�i�2�+�i�m�`�2 �7�Q�` �a�B�f�a�B�:�2 �[�m���M�i�m�K �/�Q�i�b�ô�X���T�T�H�B�2�/ �S�?�v�b�B�+�b �G�2�i�i�2�`�b

�R�y�e�U�k�k�V�- �R���8�- �U�k�y�R�8�V �U�+�B�i�X �Q�M �T�X �R�d�9�V�X



�k�9�k �"�B�#�H�B�Q�;�`���T�?�v

�(�j�y�j�) �C�X �S�X �.�2�?�Q�H�H���B�M�- �C�X �C�X �S�H���- �1�X �a�B�2�r�- �E�X �u�X �h���M�- ���X �a�X �.�x�m�`���F�- ���M�/ ���X �J�Q�`�2�H�H�Q�X

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

�M�Q�H�Q�;�v�k�9�U�R�V�- �y�R�8�k�y�k�- �U�k�y�R�j�V �U�+�B�i�X �Q�M �T�X �R�d�8�V�X

�(�j�y�9�) �:�X �.�X �6�m�+�?�b�- �o�X �o�X �.�Q�#�`�Q�p�B�i�b�F�B�- �.�X �J�X �h�Q�v�H�B�- �6�X �C�X �>�2�`�2�K���M�b�- ���M�/ �.�X �.�X

���r�b�+�?���H�Q�K�X �ó�:�B�;���?�2�`�i�x �.�v�M���K�B�+�b �Q�7 �� �a�i�`�Q�M�;�H�v �.�`�B�p�2�M �a�B�M�;�H�2 �Z�m���M�i�m�K

�a�T�B�M�ô�X�a�+�B�2�M�+�2�j�k�e�U�8�N�8�N�V�- �R�8�k�y���R�8�k�k�- �U�k�y�y�N�V �U�+�B�i�X �Q�M �T�X �R�d�8�V�X

�(�j�y�8�) �.�X �1�X ���M���;�M�Q�b�i�Q�m�- �J�X �J�Q�`�i�Q�M�- �C�X �S���T���T�Q�H�v�K�2�`�Q�m�- ���M�/ �*�X �:�X �*�?�`�B�b�i�Q�/�Q�m�H�Q�m�X

�ó�� �y �@ �8�8�@�:�>�x �+�Q�T�H���M���` �r���p�2�;�m�B�/�2 �i�Q �+�Q�T�H���M���` �b�i�`�B�T �i�`���M�b�B�i�B�Q�M�ô�X�A�1�1�1 �h� �̀��M�b�@

���+�i�B�Q�M�b �Q�M �J�B�+� �̀Q�r���p�2 �h�?�2�Q�`�v ���M�/ �h�2�+�?�M�B�[�m�2�b�8�e�U�R�V�- �R���e�- �U�k�y�y�3�V �U�+�B�i�X �Q�M

�T�X �R�d�d�V�X

�(�j�y�e�) �a�X �:�X �J���Q�- �*�X �h�X �>�r���M�;�- �q�m �_�m�2�v�@�"�2�2�B�- ���M�/ �*�X �>�X �*�?�2�M�X �ó���M���H�v�b�B�b�Q�7 �+�Q�T�H���@

�M���` �r���p�2�;�m�B�/�2�@�i�Q�@�+�Q�T�H���M���` �b�i�`�B�T�H�B�M�2 �i�`���M�b�B�i�B�Q�M�b�ô�X�A�1�1�1 �h� �̀��M�b���+�i�B�Q�M�b �Q�M �J�B�@

�+� �̀Q�r���p�2 �h�?�2�Q�`�v ���M�/ �h�2�+�?�M�B�[�m�2�b�9�3�U�R�V�- �k�j���k�N�- �U�k�y�y�y�V �U�+�B�i�X �Q�M �T�X �R�d�d�V�X
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