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�+�Q�M�b�m�K�T�i�B�Q�M �B�M�b�B�/�2 �i�?�2 �M�2�i�r�Q�`�F �B�b ���p�Q�B�/�2�/ �#�v �m�b�B�M�; �� �`�Q�m�i�B�M�; �i���#�H�2 �B�M �i�?�2 �T�`�Q�i�Q�+�Q�H�X �h�?�2 �T�`�Q�i�Q�+�Q�H �?���b �K���M�v
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�i�?�2 �`�2�b�m�H�i�B�M�; �M�m�K�#�2�` �B�b �;�`�2���i�2�` �+�Q�K�T���`�2�/ �i�Q �i�?�2 �i�?�`�2�b�?�Q�H�/ �b�2�i �h�U�M�V �r�B�H�H �#�2 �+�?�Q�b�2�M ���b �*�> �7�Q�` �i�?���i �`�Q�m�M�/�X �h�?�2
�+�H�m�b�i�2�`�B�M�; �T�`�Q�+�2�b�b �?���b �i�r�Q �T�?���b�2�b �F�M�Q�r�M ���b �i�?�2 �2�b�i���#�H�B�b�?�B�M�; �T�?���b�2 ���M�/ �b�i���#�B�H�B�x���i�B�Q�M �T�?���b�2�X �h�?�2 �7�Q�`�K���i�B�Q�M �Q�7
�+�H�m�b�i�2�`�b �i���F�2�b �T�H���+�2 ���M�/ �K�2�b�b���;�2�@�B�/ �B�b �#�`�Q���/�+���b�i �B�M �i�?�2 �M�2�i�r�Q�`�F �m�b�B�M�; �b�B�;�M���H �b�i�`�2�M�;�i�? ���M�/ �r�B�i�? �i�?�2 �?�2�H�T �Q�7
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�7�Q�H�H�Q�r �i�?�2 �h�.�J�� �b�+�?�2�/�m�H�2 �7�Q�` ���H�H �+�H�m�b�i�2�`�b�X �h�?�2 �/���i�� ���;�;�`�2�;���i�B�Q�M �B�b �T�2�`�7�Q�`�K�2�/ �Q�M �i�?�2 �#���b�B�b �Q�7 �i�?�2 �`�Q�m�i�B�M�; �i���#�H�2
���M�/ �}�M���H�H�v�- �i�?�2 �/���i�� �B�b �b�2�M�i �i�Q �"�a �(�j�y�)�(�j�R�)�X

�9�X �S�`�Q�T�Q�b�2�/ �J�Q�/�2�H�X�h�?�2 �a�1�S �T�`�Q�i�Q�+�Q�H �r���b �B�M�i�`�Q�/�m�+�2�/ �i�Q �K�B�M�B�K�B�x�2 �2�M�2�`�;�v �B�b�b�m�2�b �B�M �i�?�2 �M�2�i�r�Q�`�F �(�j�k�)�(�j�j�)�X
�h�?�2 �a�1�S �T�`�Q�i�Q�+�Q�H �m�b�2�b �r�2�B�;�?�i�2�/ �T�`�Q�#���#�B�H�B�i�v �7�Q�` �*�> �2�H�2�+�i�B�Q�M �B�M �M�Q�`�K���H ���b �r�2�H�H ���b ���/�p���M�+�2 �M�Q�/�2�b�X �h�?�2 �a�1�S
�T�`�Q�i�Q�+�Q�H �/�Q�2�b �M�Q�i �2�M�b�m�`�2 �r�?�2�i�?�2�` �i�?�2 �M�Q�/�2�b ���`�2 �2�z�2�+�i�B�p�2�H�v �/�2�T�H�Q�v�2�/ �Q�` �M�Q�i �B�M �i�?�2 �M�2�i�r�Q�`�F�X
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� �h�?�2 �a�L ���`�2 �b�+���i�i�2�`�2�/ �B�M �� �`���M�/�Q�K �7���b�?�B�Q�M �B�M �i�?�2 �_�Q�A�X
� �h�?�2 �"�a �?���b �� �+�Q�M�i�B�M�m�Q�m�b �T�Q�r�2�` �b�m�T�T�H�v ���M�/ �i�?�2 �a�L ���`�2 �/�2�i�2�`�K�B�M�B�b�i�B�+ �B�M �M���i�m�`�2�X
� �h�?�2 �_�a�a�A �S�H���v�b �� �K���D�Q�` �`�Q�H�2 �B�M �i�?�2 �/�B�b�i���M�+�2 �2�b�i�B�K���i�B�Q�M �#�2�i�r�2�2�M �i�r�Q �M�Q�/�2�b�X
� �h�?�2 �#���i�i�2�`�v �B�b �M�Q�i �`�2�+�?���`�;�2���#�H�2�X

�9�X�k�X �1�M�2�`�;�v �J�Q�/�2�H�X�h�?�2 �1�M�2�`�;�v �K�Q�/�2�H �7�Q�` �i�?�2 �T�`�Q�T�Q�b�2�/ �T�`�Q�i�Q�+�Q�H �b�?�Q�r�M �B�M �i�?�2 �6�B�; �9�X�R�X �6�Q�` �+�Q�K�K�m�M�B�@
�+���i�B�M�;c �#�B�i�b �Q�p�2�` �/�B�b�i���M�+�2d�- �i�?�2 �i�`���M�b�K�B�b�b�B�Q�M �2�M�2�`�;�v �UTE �V �B�b �`�2�[�m�B�`�2�/ ���b �7�Q�H�H�Q�r�b �(�R�e�)�,

TE =

(
c � Eelec + c � E fs � d2; �B�7 �/< d 0

c � Eelec + c � Emp � d4; �2�H�b�2
�U�9�X�R�V

�r�?�2�`�2�-Eelec �4 �1�H�2�+�i�`�B�+���H �2�M�2�`�;�v �UEelec �`�2�[�m�B�`�2�/ �7�Q�` �i�?�2 �+�Q�M�p�2�`�b�B�Q�M �Q�7 �R �#�B�i �Q�7 �/���i�� �i�Q �b�B�;�M���H�V�-E fs �4 �S�Q�r�2�`
���K�Q�m�M�i �7�Q�` �7�`�2�2 �b�T���+�2�-Emp �4 �S�Q�r�2�` ���K�Q�m�M�i �7�Q�` �K�m�H�i�B�T���i�? �K�Q�/�2�H�b�X

d0 =

s
E fs

Emp
�U�9�X�k�V



�9 �o�B�T�m�H �L���`���v���M�- ���X�E�X �.���M�B�2�H

�6�B�;�X �9�X�R�, �1�M�2�`�;�v �J�Q�/�2�H

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

ERX = c � Eelec �U�9�X�j�V

�h�?�2 �2�M�2�`�;�v �`�2�[�m�B�`�2�/ �#�v �i�?�2 �*�H�m�b�i�2�` �J�2�K�#�2�`�UCM E �V �7�Q�` �+�Q�K�K�m�M�B�+���i�B�M�;c �#�B�i�b �B�b ���b �7�Q�H�H�Q�r�b�,

CM E = c � Eelec + c � E fs � dCH �U�9�X�9�V

�r�?�2�`�2dCH �4 �/�B�b�i���M�+�2 �i�Q �*�>�X
�h�?�2 �2�M�2�`�;�v �`�2�[�m�B�`�2�/ �#�v �i�?�2 �*�> �UCHE �V �B�b �+���H�+�m�H���i�2�/ ���b �7�Q�H�H�Q�r�b�,

CHE = c � m(Eelec + E fs � dB + EDA ) �U�9�X�8�V

�r�?�2�`�2m = �+�Q�m�M�i �Q�7 �+�H�m�b�i�2�` �K�2�K�#�2�`�ö�b�-dB �4 �/�B�b�i���M�+�2 �7�`�Q�K �"���b�2 �a�i���i�B�Q�M�-EDA �4 ���;�;�`�2�;���i�B�Q�M �1�M�2�`�;�v�X

�9�X�j�X �h�`�m�b�i �6�m�M�+�i�B�Q�M�X�G�2�i �m�b ���b�b�m�K�2 �i�?���i �i�?�2 �b�2�i �Q�7 �a�L ���b �a �4s1�-s2�-���-sn �B�b �+�Q�p�2�`�B�M�; �i�?�2 �2�M�i�B�`�2 �M�2�i�r�Q�`�F
���`�2���X �h�?�2di ���M�/dj �B�b �i�?�2 �/���i�� �+�Q�H�H�2�+�i�2�/ �#�v �i�?�2 �b�2�M�b�Q�` �M�Q�/�2si ���M�/sj ���i �b���K�2 �K�Q�K�2�M�i�X �A�7 �i�?�2 ���+�+�m�`���+�v �Q�7
�b�2�M�b�Q�` �/���i��di �B�b �?�B�;�?�2�`�- �i�?���M �i�?�2 �i�`�m�b�i �/�2�;�`�2�2 �Q�7di �B�b �;�`�2���i�2�` �i�?���M �i�?�2 �`�2�b�i �Q�7 �i�?�2 �b�2�M�b�Q�` �/���i���X �q�?�2�M �/���i��
di �B�b �i�`�m�b�i�2�/ �#�vdj �- �i�?���Mdi �+�Q�p�2�`�b ���H�H �i�?�2 �T�Q�b�b�B�#�H�2 �/�2�;�`�2�2 �7�Q�` �b�2�M�b�Q�` �/���i���X �h�?�m�b �i�?�2 �i�`�m�b�i �/�2�;�`�2�2 �7�m�M�+�i�B�Q�M �B�b
�`�2�T�`�2�b�2�M�i�2�/ ���b �(�k�8�)�,

t ij = f (j(di � dj )j) �U�9�X�e�V

�r�?�2�`�2t ij = f (j(di � dj )j) 2 [0; 1] ���M�/i; j = 1 ; 2; : : : ; n�X �"���b�2�/ �Q�M �i�?�2 �i�`�m�b�i �7�m�M�+�i�B�Q�Mt ij �- �i�?�2 �i�`�m�b�i �K���i�`�B�t
�+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Qn �M�m�K�#�2�` �Q�7 �b�2�M�b�Q�` �M�Q�/�2�b �+�Q�K�T�m�i�2�b ���H�H �b���K�2 �T���`���K�2�i�2�`�b �m�b�2�/ ���i �i�?�2 �b���K�2 �i�B�K�2 ���b �7�Q�H�H�Q�r�,

T =

2

6
4

t11 � � � t1n
�X�X�X

�X�X�X
�X�X�X

tn 1 � � � tnn

3

7
5 �U�9�X�d�V

�h�?�2 �r�2�B�;�?�i �Q�7 �/���i�� �Udi �V �+�Q�H�H�2�+�i�2�/ �7�`�Q�K �i�?�2 �b�2�M�b�Q�` �M�Q�/�2 �Usi �V �B�bbi �X �A�M �i�?�2 �K���i�`�B�tT �-t ij �`�2�T�`�2�b�2�M�i�b �i�?�2 �i�`�m�b�i
�/�2�;�`�2�2 �Q�7di �i�Qdj �- �#�m�i �/�Q�2�b �M�Q�i �b�?�Q�r �i�?�2 �i�`�m�b�i �/�2�;�`�2�2 �Q�7 ���H�H �/���i�� �r�B�i�? �`�2�b�T�2�+�i �i�Qdi �X �h�?�2 ���+�i�m���H �p���H�m�2 �Q�7di

�B�b �`�2�~�2�+�i�2�/ �#�vt i 1�-t i 2�-: : : �-t in �X �h�?�2�`�2�7�Q�`�2�- �r�2�B�;�?�i �K���i�`�B�tB �+�Q�K�#�B�M�2 ���H�H �i�?�2 ���+�i�m���H �p���H�m�2 �Q�7T �r�B�i�? �� �b�2�i �Q�7 �i�?�2
�M�Q�M�@�M�2�;���i�B�p�2 �K���i�`�B�tA �r�B�i�? �p���H�m�2�ba1�-a2�-: : : �-an �X

2

6
6
6
4

b1

b2
�X�X�X

bn

3

7
7
7
5

= T

2

6
6
6
4

a1

a2
�X�X�X

an

3

7
7
7
5

�U�9�X�3�V

bi = a1t i 1 + a2t i 2 + : : : + an t in �U�9�X�N�V



�� �L�Q�p�2�H ���T�T�`�Q���+�? �7�Q�` �*�H�m�b�i�2�` �>�2���/ �a�2�H�2�+�i�B�Q�M �m�b�B�M�; �h�`�m�b�i �6�m�M�+�i�B�Q�M �B�M �q�a�L�8

bi =
nX

j =1

aj t ij �U�9�X�R�y�V

�h�?�2 �K���i�`�B�tB ���M�/A ���`�2 �b�+���H���` �K�m�H�i�B�T�H�2�b�- �B�7B = TA = �A �X �>�2�`�2�-� �B�b �i�?�2 �1�B�;�2�M�p���H�m�2 �7�Q�` �i�?�2 �+�Q�`�`�2�b�T�Q�M�/�B�M�;
�2�B�;�2�M�p�2�+�i�Q�`A�X �h�?�m�b �i�?�2 �/�2�;�`�2�2 �Q�7 �i�`�m�b�i �B�b �K�2���b�m�`�2�/ ���b�,

bi

bj
=

ai

aj
; i; j = 1 ; 2; : : : ; n �U�9�X�R�R�V

�h�?�2 �M�Q�`�K���H�B�x�2�/bi �B�b�,

bi =
ai

a1 + a2 + : : : + an
�U�9�X�R�k�V

�h�?�2 �/���i�� �7�m�b�B�Q�M �B�b �i�?�2 �T�`�Q�+�2�b�b �i�Q �+�Q�H�H�2�+�i�b �/���i�� �7�`�Q�K �K�m�H�i�B�T�H�2 �b�Q�m�`�+�2�b ���M�/ �;�B�p�2�b �K�2���M�B�M�;�7�m�H �B�M�7�Q�`�K���i�B�Q�M �i�?���i
�B�b �M�Q�i �T�2�`�7�Q�`�K�2�/ �#�v ���M�v �b�B�M�;�H�2 �b�2�M�b�Q�` �M�Q�/�2�X �h�?�2 �Q�#�D�2�+�i�B�p�2 �Q�7 �/���i�� �7�m�b�B�Q�M �B�b �i�Q �2�M�?���M�+�2 �i�?�2 �Z�Q�a ���M�/ ���+�?�B�2�p�2�b
�`�2�H�B���#�H�2 ���M�/ ���+�+�m�`���i�2 �/���i�� �i�`���M�b�K�B�b�b�B�Q�M �B�M �i�?�2 �_�Q�A�X �h�?�2 �/���i�� �7�m�b�B�Q�M �T�`�Q�+�2�b�b ���H�b�Q �K�B�M�B�K�B�x�2�/ �/���i�� �`�2�/�m�M�/���M�+�v
�T�`�Q�#�H�2�K�b ���M�/ �K�B�M�B�K�B�x�2�/ �i�?�2 �2�M�2�`�;�v �+�Q�M�M�B�T�i�B�Q�M �B�M �i�?�2 �q�a�L�X �h�?�2 �/���i�� �7�m�b�B�Q�M �2�t�T�`�2�b�b�B�Q�M �B�b�,

DF =
nX

i =1

bi di �U�9�X�R�j�V

�6�`�Q�K �2�[�m���i�B�Q�M �9�X�R�j �/���i�� �7�m�b�B�Q�M �B�b ���H�b�Q �2�t�T�`�2�b�b�2�/ ���b�,

DF =
P n

i =1 ai di

a1 + a2 + : : : + an
�U�9�X�R�9�V

�9�X�9�X �*�H�m�b�i�2�` �>�2���/ �a�2�H�2�+�i�B�Q�M �S�?���b�2�X�h�?�2 �*�> ���`�2 �b�2�H�2�+�i�2�/ �#�v �m�b�B�M�; �K���t�B�K�m�K �M�Q�/�2�b �_�1 ���M�/ �K�B�M�B�K�m�K
�/�B�b�i���M�+�2 �7�`�Q�K �"�a�X�h�?�2 �M�Q�/�2�b ���`�2 �+���i�2�;�Q�`�B�x�2�/ �B�M�i�Q �i�r�Q �T���`�i�b�X�h�?�2 �}�`�b�i �B�b �M�Q�`�K���H �M�Q�/�2�b ���M�/ �i�?�2 �b�2�+�Q�M�/ �B�b ���/�p���M�+�2�/
�M�Q�/�2�b�X

NP =
P

1 + Nn Na
�U�9�X�R�8�V

AP =
P

1 + Nn Na
(1 + Nn ) �U�9�X�R�e�V

�r�?�2�`�2�-NP �4�a�2�H�2�+�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �Q�7 �M�Q�`�K���H �M�Q�/�2 ���b �*�>�-AP �4 �a�2�H�2�+�i�B�Q�M �T�`�Q�#���#�B�H�B�i�v �Q�7 ���/�p���M�+�2�/ �M�Q�/�2 ���b �*�>�-
Na �4 ���/�p���M�+�2�/ �L�Q�/�2 �T�2�`�+�2�M�i���;�2�-Nn �4 ���K�Q�m�M�i �Q�7 �2�M�2�`�;�v �?�B�;�?�2�` �i�?���M �i�?�2 �M�Q�`�K���H �M�Q�/�2�X

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

T(H ) =

(
P

1� P � ( r mod 1
P ) ; �B�7 �M2 �:

0; �Q�i�?�2�`�r�B�b�2
�U�9�X�R�d�V

�r�?�2�`�2T(H ) = �h�?�`�2�b�?�Q�H�/ �o���H�m�2�-r = �+�m�`�`�2�M�i �M�m�K�#�2�` �Q�7 �`�Q�m�M�/�-P = �h�?�2 �/�2�b�B�`�2�/ �T�2�`�+�2�M�i���;�2 �Q�7 �� �M�Q�/�2 �i�Q �#�2 �*�>�X
�h�?�2 �M�2�rT(H ) �B�b �+���H�+�m�H���i�2�/ �#�v �K�Q�/�B�7�v�B�M�; �B�M �2�[�m���i�B�Q�M �9�X�R�d�X �h�?�2 �r�2�B�;�?�i�2�/ �2�M�2�`�;�v �UE �V ���M�/ �/�B�b�i���M�+�2 �`���i�B�Q

�UD�V ���`�2 �+���H�+�m�H���i�2�/ ���b �7�Q�H�H�Q�r�,

E = ( RE current � (Ea + E t + E r )) �U�9�X�R�3�V

D =
DBS

DL
�U�9�X�R�N�V

�r�?�2�`�2RE current �B�b �+�m�`�`�2�M�i �_�2�b�B�/�m���H �1�M�2�`�;�v�-Ea �B�b ���;�;�`�2�;���i�B�Q�M �1�M�2�`�;�v�-E t �B�b �h�`���M�b�K�B�b�b�B�Q�M �1�M�2�`�;�v�-E r �B�b
�_�2�+�2�T�i�B�Q�M �1�M�2�`�;�v ���M�/DBS �B�b �i�?�2 �/�B�b�i���M�+�2 �7�`�Q�K �i�?�2 �"�a�-DL �B�b �i�?�2 �H�Q�M�;�2�b�i �/�B�b�i���M�+�2 �7�`�Q�K �"�a�X�h�?�2 �M�2�rT(H ) �B�b



�e �o�B�T�m�H �L���`���v���M�- ���X�E�X �.���M�B�2�H

�m�b�2�/ �i�Q ���p�Q�B�/ �i�?�2 �H�Q�r �2�M�2�`�;�v �T�`�Q�#�H�2�K ���M�/ �B�K�T�`�Q�p�2�b �*�> �b�m�`�p�B�p���H �`���i�2�X �"�v �m�i�B�H�B�x�B�M�; �2�[�m���i�B�Q�M �9�X�R�8�- �9�X�R�e�- �9�X�R�d�-
�9�X�R�3�- �9�X�R�N �b�B�K�m�H�i���M�2�Q�m�b�H�v �B�K�T�`�Q�p�2�b �B�M �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �L�Q�`�K���H ���M�/ ���/�p���M�+�2�/ �M�Q�/�2�b�X �h�?�2 �M�2�rT(H ) �7�Q�` �L�Q�`�K���H
���M�/ ���/�p���M�+�2�/ �M�Q�/�2�b ���`�2 �;�B�p�2�M �B�M �2�[�m���i�B�Q�M �9�X�k�y ���M�/ �9�X�k�R �#�2�H�Q�r�X

T(H ) =

(
N P X

1� N P � ( r mod 1
N P

) (a � E + b� D); �B�7 �M2 �:

0; �Q�i�?�2�`�r�B�b�2
�U�9�X�k�y�V

T(H ) =

(
A P X

1� A P � ( r mod 1
A P

) (a � E + b� D); �B�7 �M2 �:

0; �Q�i�?�2�`�r�B�b�2
�U�9�X�k�R�V

�r�?�2�`�2NP X �`�2�T�`�2�b�2�M�i�bNP �r�B�i�? �r�2�B�;�?�i �T���`���K�2�i�2�` �s�-AP X �`�2�T�`�2�b�2�M�i�bAP �r�B�i�? �r�2�B�;�?�i �T���`���K�2�i�2�`X �- ���M�/a; b
���`�2 �i�?�2 �+�Q�2�{�+�B�2�M�i �B�X�2�Xa 2 [0; 1]; b 2 [0; 1] ���M�/a + b = 1 �X

�1�[�m���i�B�Q�M �9�X�k�y ���M�/ �9�X�k�R �B�K�T�`�Q�p�2�b �2�M�2�`�;�v �+�Q�M�b�m�K�T�i�B�Q�M �B�M �i�?�2 �q�a�L�X �h�?�2 �H�Q�M�;�@�/�B�b�i���M�+�2 �M�Q�/�2�b �+�Q�M�b�m�K�2 �K�m�+�?
�K�Q�`�2 �2�M�2�`�;�v �+�Q�K�T���`�2�b �i�Q �b�?�Q�`�i �/�B�b�i���M�+�2 �M�Q�/�2�b�X �h�?�2�`�2�7�Q�`�2 �#�v �m�b�B�M�; �M�2�rT(H ) �7�Q�` �M�Q�`�K���H ���M�/ ���/�p���M�+�2�/ �M�Q�/�2�b
�B�K�T�`�Q�p�2�b �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �a�L ���M�/ �2�M�?���M�+�2�/ �i�?�2 �M�Q�/�2 �_�1 �B�M �i�?�2 �q�a�L�X

�9�X�8�X �S�`�Q�T�Q�b�2�/ �S�`�Q�i�Q�+�Q�H�X�h�?�2 �~�Q�r �+�?���`�i �7�Q�` �i�?�2 �S�`�Q�T�Q�b�2�/ �T�`�Q�i�Q�+�Q�H �B�b �b�?�Q�r�M �B�M �6�B�; �9�X�k�X
�h�?�2 �M�2�i�r�Q�`�F �+�Q�M�b�B�b�i �Q�7 ���/�p���M�+�2�/ �M�Q�/�2�b ���M�/ �M�Q�`�K���H �M�Q�/�2�b�X �h�?�2 �M�2�r �i�?�`�2�b�?�Q�H�/ �p���H�m�2 �K�B�M�B�K�B�x�2�b �i�?�2 �`���M�@

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

���H�;�Q�`�B�i�?�K �R�,�h�?�2 �.���i�� �S�`�2�/�B�+�i�B�Q�M �S�?���b�2
�A�M�B�i�B���H�B�x���i�B�Q�M�,HE �4 �L�Q�/�2 �>�B�;�? �1�M�2�`�;�v�- �> �4 �h�`���M�b�7�Q�`�K�2�/ �>�B�;�? �1�M�2�`�;�v�- �G �4 �h�`���M�b�7�Q�`�K�2�/ �G�Q�r
�1�M�2�`�;�v�- �*�> �4 �*�H�m�b�i�2�` �>�2���/�- �"�a �4 �"���b�2 �a�i���i�B�Q�M �c
Nodei  �`���M�/ �U�y�-�R�V �c
�B�7Nodei > H E �i�?�2�M

�a�2�i �>�nNodei  �>�B�;�? �1�M�2�`�;�v �L�Q�/�2 �c
�2�H�b�2

�a�2�i �G�nNodei  �G�Q�r �1�M�2�`�;�v �L�Q�/�2 �c

�*���H�+�m�H���i�2 �2�M�2�`�;�v �`���/�B�Q �r�2�B�;�?�i �c
�*���H�+�m�H���i�2 �/�B�b�i���M�+�2 �T���`���K�2�i�2�`�b �c
�h�`���M�b�7�Q�`�K �>�nNodei  �> �c
�h�`���M�b�7�Q�`�K �G�nNodei  �G �c
�B�7�U�U�>< �h�U�>�V �� �� �G< �h�U�>�V�V�i�?�2�M

�"�`�Q���/�+���b�i �*�> �K�2�b�b���;�2 �c
�L�Q�/�2�b �`�2�+�2�B�p�2 �K�2�b�b���;�2 �c

�2�H�b�2
�L�Q�M�n�*�> �M�Q�/�2�b �r���B�i �i�B�H�H �K�2�b�b���;�2 �#�`�Q���/�+���b�i�c

�L�Q�/�2�b �`�2�+�2�B�p�2 �B�M�7�Q�`�K���i�B�Q�M �B�M�i�2�M�b�B�i�v �c
�L�Q�/�2�b �`�2�+�2�B�p�2 �K�2�b�b���;�2 �i�Q �D�Q�B�M �*�> �c
�*�> �`�2�+�2�B�p�2 �`�2�[�m�2�b�i �K�2�b�b���;�2 �c
�*�> �b�2�i �h�.�J�� �b�+�?�2�/�m�H�2 �c
�"�`�Q���/�+���b�i �h�.�J�� �b�+�?�2�/�m�H�2 �c
�*�> �`�2�+�2�B�p�2 �/���i�� �c
�*�> �6�m�b�2�/ �/���i�� �c
�*�> �b�2�M�/ �/���i�� �i�Q �"�a �c



�� �L�Q�p�2�H ���T�T�`�Q���+�? �7�Q�` �*�H�m�b�i�2�` �>�2���/ �a�2�H�2�+�i�B�Q�M �m�b�B�M�; �h�`�m�b�i �6�m�M�+�i�B�Q�M �B�M �q�a�L�d

�6�B�;�X �9�X�k�, �6�H�Q�r �*�?���`�i �Q�7 �S�`�Q�T�Q�b�2�/ �S�`�Q�i�Q�+�Q�H



�3 �o�B�T�m�H �L���`���v���M�- ���X�E�X �.���M�B�2�H

�h���#�H�2 �8�X�R�, �S���`���K�2�i�2�` �7�Q�` �a�B�K�m�H���i�B�Q�M

�S���`���K�2�i�2�`�b �l�b�2�/ �o���H�m�2�b
�L�Q�/�2�b �U�L�V �R�8�y
�L�2�i�r�Q�`�F ���`�2�� �U�R�8�y�-�R�8�y�V
�S�Q�b�B�i�B�Q�M �Q�7 �"�a �U�R�8�y�-�d�8�V
E fs �R�y �T�C�f�#�B�i�fm2

Emp �y�X�y�y�R�j �T�C�f�#�B�i�fm4

�UE0 �V �y�X�8 �C
�UERX �V �8�y �M�C�f�#�B�i
�UEDA �V �8 �M�C�f�#�B�i�f�b�B�;�M���H

�6�B�;�X �8�X�R�, �h�?�2 �/�2�T�H�Q�v�K�2�M�i �Q�7 �L�Q�`�K���H �L�Q�/�2�b ���M�/ ���/�p���M�+�2�/ �L�Q�/�2�b

�8�X �a�B�K�m�H���i�B�Q�M �_�2�b�m�H�i�b ���M�/ �1�t�2�+�m�i�B�Q�M ���b�b�2�b�b�K�2�M�i�b�X�h�?�2 �b�B�K�m�H���i�B�Q�M �B�b �T�2�`�7�Q�`�K�2�/ �B�M �J���i�H���# �k�y�R�d���X
�h�?�2 �_�Q�A �B�b �U�R�8�y� �R�8�y�Vm2 ���`�2�� ���M�/ �i�?�2 �/�B�b�i�`�B�#�m�i�B�Q�M �Q�7 �M�Q�/�2�b ���`�2 �/�2�i�2�`�K�B�M�B�b�i�B�+ �B�M �i�?�2 ���`�2���X �h�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7
�*�> �b�2�H�2�+�i�B�Q�M �B�b �R�y�W�X �h�?�2 �T�`�Q�T�Q�b�2�/ �T�`�Q�i�Q�+�Q�H �B�b �+�Q�K�T���`�2�/ �r�B�i�? �i�?�2 �a�1�S �#���b�2�/ �Q�M �b�B�K�m�H���i�B�Q�M �T���`���K�2�i�2�` �(�j�9�) ���b
�b�?�Q�r�M �B�M �h���#�H�2 �8�X�R�X

�h�?�2 �B�M�B�i�B���H �M�2�i�r�Q�`�F �/�2�T�H�Q�v�K�2�M�i �B�b ���b �b�?�Q�r�M �B�M �i�?�2 �6�B�;�m�`�2 �8�X�R�X
�A�M �i�?�2 �6�B�;�m�`�2 �8�X�R �i�?�2 �#�H�m�2 �+�Q�H�Q�` �`�2�T�`�2�b�2�M�i�b �i�?�2 ���/�p���M�+�2�/ �M�Q�/�2�b ���M�/ �i�?�2 �`�2�/ �+�Q�H�Q�` �`�2�T�`�2�b�2�M�i�b �i�?�2 �M�Q�`�K���H

�M�Q�/�2�b�X �h�?�2 �"�a �B�b �H�Q�+���i�2�/ ���i �U�R�8�y�- �d�8�V �Q�M �i�?�2X ���t�B�b ���M�/ �i�?�2Y ���t�B�b �`�2�b�T�2�+�i�B�p�2�H�v ���M�/ �`�2�T�`�2�b�2�M�i�2�/ �r�B�i�? �#�H���+�F
�+�Q�H�Q�`�X �h�?�2 �2�z�2�+�i�B�p�2�M�2�b�b �Q�7 �i�?�2 �T�`�Q�T�Q�b�2�/ �T�`�Q�i�Q�+�Q�H �B�b �+�Q�K�T���`�2�/ �r�B�i�? �`�2�b�T�2�+�i �i�Q �i�?�2 �a�1�S �7�Q�` ���H�B�p�2 �M�Q�/�2�b �B�b �b�?�Q�r�M
�B�M �6�B�;�m�`�2 �8�X�k�- �/�2���/ �M�Q�/�2�b �B�M �6�B�;�m�`�2 �8�X�j�- �M�m�K�#�2�` �Q�7 �T���+�F�2�i �i�`���M�b�K�B�i�i�2�/ �i�Q �"�a �B�M �6�B�;�m�`�2 �8�X�9�- �M�Q�/�2�b �2�H�2�+�i�2�/ ���b �*�>
�B�M �6�B�;�m�`�2 �8�X�8�- �T�2�`�+�2�M�i���;�2 �Q�7 �2�M�2�`�;�v �+�Q�M�b�m�K�2�/ �B�M �6�B�;�m�`�2 �8�X�e�- �T�2�`�+�2�M�i���;�2 �Q�7 �`�2�K���B�M�B�M�; �2�M�2�`�;�v �B�M �6�B�;�m�`�2 �8�X�d ���M�/
�b�m�`�p�B�p���H �`���i�2 �T�2�`�+�2�M�i���;�2 �B�M �6�B�;�m�`�2 �8�X�3 �`�2�b�T�2�+�i�B�p�2�H�v�X

�h�?�2 �`�2�b�m�H�i�b �B�M �6�B�;�m�`�2 �8�X�k �b�?�Q�r�M �i�?���i �i�?�2 �T�`�Q�T�Q�b�2�/ �T�`�Q�i�Q�+�Q�H �?���b �k�N ���H�B�p�2 �M�Q�/�2�b ���7�i�2�` �i�?�2 �}�`�b�i �B�i�2�`���i�B�Q�M �r�?�B�+�?
�B�b �#�2�i�i�2�` �i�?���M �a�1�S�X

�A�M �i�?�2 �6�B�;�m�`�2 �8�X�j �b�?�Q�r�M �i�?�2 �T�`�Q�T�Q�b�2�/ �T�`�Q�i�Q�+�Q�H �`�2�p�2���H�b �#�2�i�i�2�` �T�2�`�7�Q�`�K���M�+�2 �i�?���M �a�1�S �T�`�Q�i�Q�+�Q�H �#�2�+���m�b�2 �B�M
�i�?�2 �T�`�Q�T�Q�b�2�/ �T�`�Q�i�Q�+�Q�H �}�`�b�i �M�Q�/�2 �/�B�2�b ���i �N�N�3 �`�Q�m�M�/�b �r�?�2�`�2 ���b �B�M �a�1�S �T�`�Q�i�Q�+�Q�H �/�B�2�b ���i �9�R�R �`�Q�m�M�/�b�X

���b �b�?�Q�r�M �B�M �i�?�2 �6�B�;�m�`�2 �8�X�9�- �i�?�2 �T���+�F�2�i�b �i�`���M�b�K�B�i�i�2�/ �i�Q �"�a ���`�21:8 � 104 �7�Q�` �i�?�2 �T�`�Q�T�Q�b�2�/ �T�`�Q�i�Q�+�Q�H �r�?�B�H�2 �B�M
�a�1�S �T�`�Q�i�Q�+�Q�H �i�?�2 �p���H�m�21:7 � 104 �?���b �m�b�2�/ �7�Q�` �T���+�F�2�i �i�`���M�b�K�B�b�b�B�Q�M�X

���b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �8�X�8�- �i�?�2 �T�`�Q�T�Q�b�2�/ �T�`�Q�i�Q�+�Q�H �?���b �K�Q�`�2 �M�m�K�#�2�` �Q�7 �M�Q�/�2�b ���b �*�> �+�Q�K�T���`�2�b �i�Q �i�?�2 �a�1�S
�T�`�Q�i�Q�+�Q�H�X �A�i �+���M �#�2 �Q�#�b�2�`�p�2�/ �7�`�Q�K �i�?�2 �}�;�m�`�2 �i�?���i �i�?�2 �M�m�K�#�2�` �Q�7 �*�> �b�i���`�i�b �/�2�+�`�2���b�B�M�; ���7�i�2�` �9�y�y �`�Q�m�M�/�b �B�M
�a�1�S ���M�/ �7�Q�` �i�?�2 �T�`�Q�T�Q�b�2�/ �T�`�Q�i�Q�+�Q�H �M�m�K�#�2�` �Q�7 �*�> �b�i���`�i�b �/�2�+�`�2���b�B�M�; ���7�i�2�` �R�y�y�y �`�Q�m�M�/�b�X �a�Q �r�2 �+���M �b���v �i�?���i �i�?�2
�b�i���#�B�H�B�i�v �T�2�`�B�Q�/ �B�b �?�B�;�?�2�` �7�Q�` �i�?�2 �T�`�Q�T�Q�b�2�/ �T�`�Q�i�Q�+�Q�H �+�Q�K�T���`�2�/ �r�B�i�? �a�1�S�X

�A�M �i�?�2 �6�B�;�m�`�2 �8�X�e �b�?�Q�r�M �i�?���i �i�?�2 �2�M�2�`�;�v �+�Q�M�b�m�K�T�i�B�Q�M �B�b �`�2�/�m�+�2�/ �7�Q�` �i�?�2 �T�`�Q�T�Q�b�2�/ �T�`�Q�i�Q�+�Q�H �+�Q�K�T���`�2�/ �r�B�i�?



�� �L�Q�p�2�H ���T�T�`�Q���+�? �7�Q�` �*�H�m�b�i�2�` �>�2���/ �a�2�H�2�+�i�B�Q�M �m�b�B�M�; �h�`�m�b�i �6�m�M�+�i�B�Q�M �B�M �q�a�L�N

�6�B�;�X �8�X�k�, �L�m�K�#�2�` �Q�7 ���H�B�p�2 �L�Q�/�2�b

�6�B�;�X �8�X�j�, �L�m�K�#�2�` �Q�7 �.�2���/ �L�Q�/�2�b

�6�B�;�X �8�X�9�, �L�m�K�#�2�` �Q�7 �S���+�F�2�i �h�`���M�b�K�B�b�b�B�Q�M �i�Q �"�a



�R�y �o�B�T�m�H �L���`���v���M�- ���X�E�X �.���M�B�2�H

�6�B�;�X �8�X�8�, �L�m�K�#�2�` �Q�7 �L�Q�/�2 �i�Q �#�2�+�Q�K�2 �*�>

�6�B�;�X �8�X�e�, �h�?�2 ���K�Q�m�M�i �Q�7 �2�M�2�`�;�v �+�Q�M�b�m�K�T�i�B�Q�M �U�B�M �W�V

�6�B�;�X �8�X�d�, �h�?�2 �`�2�K���B�M�B�M�; ���K�Q�m�M�i �Q�7 �2�M�2�`�;�v



�� �L�Q�p�2�H ���T�T�`�Q���+�? �7�Q�` �*�H�m�b�i�2�` �>�2���/ �a�2�H�2�+�i�B�Q�M �m�b�B�M�; �h�`�m�b�i �6�m�M�+�i�B�Q�M �B�M �q�a�L�R�R

�6�B�;�X �8�X�3�, �h�?�2 �.�2���i�? �_���i�2 �Q�7 �L�2�i�r�Q�`�F

�a�1�S �T�`�Q�i�Q�+�Q�H�X �A�i �B�b �Q�#�b�2�`�p�2�/ �i�?���i �i�?�2 �2�M�2�`�;�v �+�Q�M�b�m�K�T�i�B�Q�M �B�b ���`�Q�m�M�/ �R�y�y �W �B�M �a�1�S �T�`�Q�i�Q�+�Q�H �7�Q�` �R�9�y�y �`�Q�m�M�/�b
�r�?�2�`�2���b �B�i �B�b ���`�Q�m�M�/ �3�y�W �7�Q�` �R�9�y�y �`�Q�m�M�/�b �B�M �i�?�2 �T�`�Q�T�Q�b�2�/ �T�`�Q�i�Q�+�Q�H�X

�A�M �i�?�2 �6�B�;�m�`�2 �8�X�d �i�?�2 �T�`�Q�T�Q�b�2�/ �T�`�Q�i�Q�+�Q�H �?���b �K�Q�`�2 �`�2�K���B�M�B�M�; �2�M�2�`�;�v �+�Q�K�T���`�2 �i�Q �i�?�2 �a�1�S �T�`�Q�i�Q�+�Q�H �r�?�B�+�?
�?���b ���H�K�Q�b�i �x�2�`�Q �2�M�2�`�;�v �7�Q�` �2���+�? �M�Q�/�2�X

�A�M �i�?�2 �6�B�;�m�`�2 �8�X�3 �i�?�2 �b�m�`�p�B�p���H �`���i�2 �Q�7 �i�?�2 �T�`�Q�T�Q�b�2�/ �T�`�Q�i�Q�+�Q�H �B�b ���`�Q�m�M�/ �R�8�W �r�?�B�+�? �B�b �b�B�;�M�B�}�+���M�i�H�v �#�2�i�i�2�` �B�M
�+�Q�K�T���`�B�b�Q�M �r�B�i�? �a�1�S�X

�e�X �*�Q�M�+�H�m�b�B�Q�M�b�X�h�?�2 �T�`�Q�T�Q�b�2�/ �T�`�Q�i�Q�+�Q�H �T�`�2�p�2�M�i�b �`���M�/�Q�K�M�2�b�b �B�M �i�?�2 �b�2�H�2�+�i�B�Q�M �T�`�Q�+�2�b�b �Q�7 �*�>�X �h�?�2 �M�2�r
�h�?�`�2�b�?�Q�H�/ �p���H�m�2 �+�Q�M�b�B�b�i�b �Q�7 �r�2�B�;�?�i�2�/ �2�M�2�`�;�v ���M�/ �/�B�b�i���M�+�2 �`���i�B�Q �r�?�B�+�? �T�`�2�p�2�M�i �i�?�2 �2�M�2�`�;�v �B�b�b�m�2�b �B�M�b�B�/�2 �i�?�2
�b�2�M�b�Q�` �M�2�i�r�Q�`�F�X �h�?�2 �/���i�� �7�m�b�B�Q�M �K�2�i�?�Q�/ �B�b �m�b�2�/ �B�M �i�?�2 �S�`�Q�T�Q�b�2�/ �T�`�Q�i�Q�+�Q�H �i�Q �;�2�i ���+�+�m�`���i�2 �/���i�� �m�b�B�M�; �i�?�2 �i�`�m�b�i
�7�m�M�+�i�B�Q�M ���M�/ �i�?�2 �2�M�2�`�;�v �K�Q�/�2�H �B�b �m�i�B�H�B�x�2�/ �i�Q �K�B�M�B�K�B�x�2 �2�M�2�`�;�v �i�`�M���b�K�B�b�b�B�Q�M �r�B�i�?�B�M �i�?�2 �M�2�i�r�Q�`�F�X �h�?�2 �b�B�K�m�H���i�B�Q�M
�`�2�b�m�H�i�b �?���p�2 �b�?�Q�r�M �� �#�2�i�i�2�` �H�B�7�2�i�B�K�2�- �b�i���#�B�H�B�i�v �T�2�`�B�Q�/ ���M�/ �b�m�`�p�B�p���H �`���i�2 �7�Q�` �i�?�2 �S�`�Q�T�Q�b�2�/ �T�`�Q�i�Q�+�Q�H �+�Q�K�T���`�2�/ �r�B�i�?
�i�?�2 �a�1�S �T�`�Q�i�Q�+�Q�H�X �A�M �i�?�2 �7�m�i�m�`�2 �7�m�x�x�v �H�Q�;�B�+ ���T�T�`�Q���+�? �r�B�H�H �#�2 �m�b�2�/ �7�Q�` �i�?�2 �*�> �b�2�H�2�+�i�B�Q�M �T�`�Q�+�2�b�b �r�?�B�+�? �2�{�+�B�2�M�i�H�v
�m�i�B�H�B�x�2�/ �2�M�2�`�;�v �+�Q�M�b�m�K�T�i�B�Q�M �B�M�b�B�/�2 �i�?�2 �M�2�i�r�Q�`�F ���M�/ �2�M�?���M�+�2�/ �i�?�2 �b�v�b�i�2�K �T�2�`�7�Q�`�K���M�+�2�X

�_�1�6�1�_�1�L�*�1�a

�(�R�)�J�m�M�B�`�- �a�����/ ���?�K�2�/ ���M�/ �_�2�M�- �"�B���Q ���M�/ �C�B���Q�- �q�2�B�r�2�B ���M�/ �q���M�;�- �"�B�M ���M�/ �s�B�2�- �.�Q�M�;�H�B���M�; ���M�/ �J���- �C�B���M�X�J�Q�#�B�H�2
�r�B�`�2�H�2�b�b �b�2�M�b�Q�` �M�2�i�r�Q�`�F�, ���`�+�?�B�i�2�+�i�m�`�2 ���M�/ �2�M���#�H�B�M�; �i�2�+�?�M�Q�H�Q�;�B�2�b �7�Q�` �m�#�B�[�m�B�i�Q�m�b �+�Q�K�T�m�i�B�M�;�X�* �H�m�b�i�2�` �*�Q�K�T�m�i�B�M�;�- �k�U�j�V�- �T�T�X
�R�R�j���R�k�y�-�U�k�y�y�d�V�X �a�T�`�B�M�;�2�`�X
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�j�X�j�X �*�H���b�b�B�}�+���i�B�Q�M �Q�7 �J���H�B�+�B�Q�m�b �A�M�b�B�/�2�` ���+�i�B�p�B�i�B�2�b�X�o���`�B�Q�m�b ���+�i�B�p�B�i�B�2�b �i�?���i �� �K���H�B�+�B�Q�m�b �B�M�b�B�/�2�` �+���M
�T�2�`�7�Q�`�K �B�M �Q�`�/�2�` �i�Q �?���`�K ���M �Q�`�;���M�B�x���i�B�Q�M �K���B�M�H�v �B�M�+�H�m�/�2�b�, �A�h �a���#�Q�i���;�2�- �h�?�2�7�i �Q�7 �A�M�i�2�H�H�2�+�i�m���H �S�`�Q�T�2�`�i�v�- �6�`���m�/
���M�/ �1�b�T�B�Q�M���;�2 �(�N�)�X �A�M �A�h �b���#�Q�i���;�2�- �� �K���H�B�+�B�Q�m�b �B�M�b�B�/�2�` �K���F�2�b �m�b�2 �Q�7 �T�`�B�p�B�H�2�;�2�/ ���+�+�2�b�b �i�Q �M�2�i�r�Q�`�F �/���i�� ���M�/
�m�b�2�b �B�i �i�Q �/�B�`�2�+�i�H�v �p���M�/���H�B�b�2 ���M �Q�`�;���M�B�x���i�B�Q�M �Q�` ���M �B�M�/�B�p�B�/�m���H �#�v �H�m�M�+�?�B�M�; ���i�i���+�F�b �H�B�F�2 �.�Q�a�- �b�v�#�B�H�- �K���M�@�B�M�@�i�?�2�@
�K�B�/�/�H�2�- �#�Q�i�M�2�i ���M�/ �p���`�B�Q�m�b �Q�i�?�2�` ���i�i���+�F�b�X �a�B�M�+�2 �� �K���H�B�+�B�Q�m�b �B�M�b�B�/�2�` �+���M ���+�+�2�b�b �i�?�2 �Q�`�;���M�B�x���i�B�Q�M�ö�b �`�2�b�Q�m�`�+�2�b�- �b�Q
�B�i �+���M �b�i�2���H �p���`�B�Q�m�b �B�M�M�Q�p���i�B�p�2 �B�/�2���b�- �b�+�?�2�K�2�b ���M�/ �Q�i�?�2�` �2�b�b�2�M�i�B���H ���`�i�2�7���+�i�b �r�?�B�+�? �+�Q�M�b�i�B�i�m�i�2 �p���`�B�Q�m�b �B�M�i�2�H�H�2�+�i�m���H
�T�`�Q�T�2�`�i�B�2�b �Q�7 ���M �Q�`�;���M�B�x���i�B�Q�M�X �� �K���H�B�+�B�Q�m�b �B�M�b�B�/�2�` �+���M ���H�b�Q �T�2�`�7�Q�`�K �7�`���m�/�m�H�2�M�i �i�`���M�b���+�i�B�Q�M�b �i�?���i �+���M ���z�2�+�i
���M �Q�`�;���M�B�x���i�B�Q�M�X �h�?�2 �2�b�T�B�Q�M���;�2 �B�M�+�H�m�/�2�b ���H�H �i�?�Q�b�2 ���+�i�B�p�B�i�B�2�b �r�B�i�? �r�?�B�+�? �� �K���H�B�+�B�Q�m�b �B�M�b�B�/�2�` �+���M �Q�p�2�`�?�2���` �i�?�2
�M�2�i�r�Q�`�F �/���i�� ���M�/ �b�2�H�H �i�?�2 �Q�`�;���M�B�x���i�B�Q�M�ö�b �+�`�B�i�B�+���H �B�M�7�Q�`�K���i�B�Q�M �i�Q �Q�i�?�2�` �`�B�p���H �+�Q�K�T���M�B�2�b�X

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

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



�R�e �J�B�` �a�?���?�M���r���x ���?�K���/�- �a�?���?�B�/ �J�2�?�`���D �a�?���?

�9�X�R�X �_�B�/�;�2 �_�2�;�`�2�b�b�B�Q�M�X�A�7 �i�?�2 �/���i�� �B�b �;�B�p�2�M ���b(x i ; yi ) �r�?�2�`�2�-x i = ( x i 1; x i 2; � � � ; x ip )T �B�b �i�?�2 �B�M�T�m�i ���M�/
yi �B�b �i�?�2 �Q�m�i�+�Q�K�2�- �i�?�2�M �� �H�B�M�2���` �`�2�;�`�2�b�b�B�Q�M �K�Q�/�2�H �+���M �#�2 �r�`�B�i�i�2�M ���b�,

yi = � 1x i 1 + � 2x i 2 + � � � + � px ip�U�9�X�R�V

�r�?�2�`�2�-� 1; � 2; � � � ; � p �`�2�T�`�2�b�2�M�i�b �i�?�2 �`�2�;�`�2�b�b�B�Q�M �+�Q�2�{�+�B�2�M�i�b �7�Q�` �/�B�z�2�`�2�M�ix i �X �h�?�2 ���B�K �Q�7 �H�B�M�2���` �`�2�;�`�2�b�b�B�Q�M �B�b �i�Q
�+�?�Q�Q�b�2 �i�?�Q�b�2� i �7�Q�` �r�?�B�+�? �i�?�2 �`�2�b�B�/�m���H �b�m�K �Q�7 �b�[�m���`�2�b �K�B�M�B�K�B�x�2�X �>�2�M�+�2 �i�?�2 �Q�T�i�B�K�B�x���i�B�Q�M �T�`�Q�#�H�2�K �B�b �7�`���K�2�/ ���b�,

min
�
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4
NX

i =1

(yi �
X

j

� j x ij )2

3

5�U�9�X�k�V

�"�m�i�- �i�?�B�b �K�Q�/�2�H �/�Q�2�b �M�Q�i �;�2�M�2�`���H�B�x�2 �r�2�H�H �7�Q�` �i�?�2 �M�2�r �/���i�� �U�B�X�2�X�- �i�?�2 �/���i�� �r�B�i�? �?�B�;�? �p���`�B���M�+�2�V ���M�/ �?�2�M�+�2 �`�2�b�m�H�i
�B�M�i�Q �Q�p�2�`�}�i�i�B�M�;�X �h�Q �Q�p�2�`�+�Q�K�2 �i�?�B�b �T�`�Q�#�H�2�K�- �i�?�2 �`�B�/�;�2 �`�2�;�`�2�b�b�B�Q�M �B�b �m�b�2�/�- �r�?�B�+�? �+�Q�M�i�B�M�m�Q�m�b�H�v �M���`�`�Q�r�b �/�Q�r�M �i�?�2
�`�2�;�`�2�b�b�B�Q�M �+�Q�2�{�+�B�2�M�i�b ���M�/ �?�2�M�+�2 �T�`�Q�/�m�+�B�M�; �� �b�i���#�H�2 �K�Q�/�2�H �(�R�e�)�X �h�?�2 �`�B�/�;�2 �`�2�;�`�2�b�b�B�Q�M �Q�p�2�`�+�Q�K�2�b �i�?�B�b �T�`�Q�#�H�2�K
�#�v ���/�/�B�M�; �� �+�Q�M�b�i�`���B�M�i �7�Q�` �Q�T�i�B�K�B�x���i�B�Q�M �T�`�Q�#�H�2�K �Q�7 �9�X�k�X �>�2�M�+�2 �i�?�2 �Q�T�i�B�K�B�x���i�B�Q�M �T�`�Q�#�H�2�K �+�Q�`�`�2�b�T�Q�M�/�B�M�; �i�Q ��
�`�B�/�;�2 �`�2�;�`�2�b�b�B�Q�M �+���M �#�2 �r�`�B�i�i�2�M ���b�,

min
�
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4
NX
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(yi �
X

j

� j x ij )2

3

5 ; s:t:
X

j

j� j j2 � 1�U�9�X�j�V

�L�Q�r �i�Q �b�Q�H�p�2 �i�?�B�b �Q�T�i�B�K�B�x���i�B�Q�M �T�`�Q�#�H�2�K�- �r�2 �B�M�i�`�Q�/�m�+�2 �G���;�`���M�;�2 �K�m�H�i�B�T�H�B�2�`� �- ���H�b�Q �F�M�Q�r�M ���b �`�2�;�m�H���`�B�x���i�B�Q�M
�+�Q�M�b�i���M�i�X �>�2�M�+�2�- �_�B�/�;�2 �2�b�i�B�K���i�2 �7�Q�`�̂ = ( �̂ 1; �̂ 2; � � � ; �̂ p)T �B�b �;�B�p�2�M ���b�,

�̂ = arg min
�
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X

j

� j x ij )2

3

5 + �
X

j

j� j j2�U�9�X�9�V

�b�m�#�D�2�+�i�2�/ �i�Q �i�?�2 �+�Q�M�/�B�i�B�Q�M �i�?���i �7�Q�` �2���+�?x ij �-
P

i x ij =N = 0 ���M�/
P

i x ij
2=N = 1 �X �q�?�2�`�2�-

P
j j� j j2 �B�b �i�?�2

�`�2�;�m�H���`�B�x���i�B�Q�M �i�2�`�K ���M�/� �B�b �+�Q�M�b�i���M�i �r�?�B�+�? �+�Q�M�i�`�Q�H�b �i�?�2 ���K�Q�m�M�i �Q�7 �`�2�;�m�H���`�B�x���i�B�Q�M ���T�T�H�B�2�/�X �A�M �Q�m�` �b�i�m�/�v�- �r�2
�?���p�2 �b�2�i� = 1 ���M�/ ���H�H�Q�r�2�/ �K���t�B�K�m�K �B�i�2�`���i�B�Q�M�b �i�Q �R�y�X

�9�X�k�X �G���b�b�Q �_�2�;�`�2�b�b�B�Q�M�X�A�M �� �K�Q�/�2�H �r�?�2�`�2 �� �b�2�i �Q�7 �7�2���i�m�`�2�b ���`�2 �?�B�;�?�H�v �+�Q�`�`�2�H���i�2�/ �i�?�2 �`�B�/�;�2 �`�2�;�`�2�b�b�B�Q�M �r�B�H�H
�/�B�b�i�`�B�#�m�i�2 �r�2�B�;�?�i�b �2�[�m���H�H�v �i�Q ���H�H �i�?�2 �+�Q�`�`�2�H���i�2�/ �7�2���i�m�`�2�b�X ���H�b�Q�- �`�B�/�;�2 �`�2�;�`�2�b�b�B�Q�M �r�B�H�H �b�?�`�B�M�F �i�?�2 �+�Q�2�{�+�B�2�M�i�b �Q�7
�H�2�b�b �B�K�T�Q�`�i���M�i �T�`�2�/�B�+�i�Q�`�b�- �#�m�i �M�2�p�2�` �K���F�2�b �i�?�2�K �x�2�`�Q�X �h�?�B�b �?�B�M�/�2�`�b �i�?�2 �T�`�Q�+�2�b�b �Q�7 �7�2���i�m�`�2 �b�2�H�2�+�i�B�Q�M �B�M �� �K�Q�/�2�H�X
�h�Q �Q�p�2�`�+�Q�K�2 �i�?�2�b�2 �H�B�K�B�i���i�B�Q�M �G���b�b�Q �U�G�2���b�i ���#�b�Q�H�m�i�2 �a�?�`�B�M�F���;�2 ���M�/ �a�2�H�2�+�i�B�Q�M �P�T�2�`���i�Q�`�V �`�2�;�`�2�b�b�B�Q�M �+���M �#�2 �m�b�2�/�-
�r�?�B�+�? �M���`�`�Q�r�b �/�Q�r�M �b�Q�K�2 �Q�7 �i�?�2 �K�Q�/�2�H �+�Q�2�{�+�B�2�M�i�b ���M�/ �b�2�i�b �Q�i�?�2�`�b �i�Q �x�2�`�Q �(�R�d�)�X �A�i �+�Q�K�#�B�M�2�b �i�?�2 �#�2�b�i �7�2���i�m�`�2�b
�Q�7 �`�B�/�;�2 �`�2�;�`�2�b�b�B�Q�M ���M�/ �b�m�#�b�2�i �b�2�H�2�+�i�B�Q�M�X �6�Q�` �� �;�B�p�2�M �/���i��(x i ; yi ) �r�?�2�`�2�-x i = ( x i 1; x i 2; � � � ; x ip )T �B�b �i�?�2 �B�M�T�m�i
���M�/yi �B�b �i�?�2 �Q�m�i�+�Q�K�2�- �i�?�2 �G���b�b�Q �2�b�i�B�K���i�2 �7�Q�`�̂ = ( �̂ 1; �̂ 2; � � � ; �̂ p)T �B�b �;�B�p�2�M ���b�,

�̂ = arg min
�
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5 + �
X
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j� j j�U�9�X�8�V

�b�m�#�D�2�+�i�2�/ �i�Q �i�?�2 �+�Q�M�/�B�i�B�Q�M �i�?���i �7�Q�` �2���+�?x ij �-
P

i x ij =N = 0 ���M�/
P

i x ij
2=N = 1 �X �r�?�2�`�2� �B�b �i�?�2 �+�Q�M�b�i���M�i �r�?�B�+�?

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

j j� j j �?���b �b�m�+�? �2�z�2�+�i �i�?���i �B�i �7�Q�`�+�2�b �b�Q�K�2
�Q�7 �i�?�2 �+�Q�2�{�+�B�2�M�i�b �i�Q �2�t���+�i�H�v �x�2�`�Q �7�Q�` �H���`�;�2 �p���H�m�2 �Q�7� �X �h�?�m�b�- �?�2�H�T�B�M�; �B�M �p���`�B���#�H�2 �b�2�H�2�+�i�B�Q�M ���M�/ �v�B�2�H�/�B�M�; �b�T���`�b�2
�K�Q�/�2�H�b�X �A�M �Q�m�` �b�i�m�/�v�- �r�2 �?���p�2 �b�2�i� = 0 :019 ���M�/ ���H�H�Q�r�2�/ �K���t�B�K�m�K �B�i�2�`���i�B�Q�M�b �i�Q �R�8�y�X

�9�X�j�X �1�H���b�i�B�+ �L�2�i�X�h�?�2 �G���b�b�Q �Q�M�H�v �b�2�H�2�+�i�b �Q�M�2 �p���`�B���#�H�2 ���K�Q�M�; �� �;�`�Q�m�T �Q�7 �p���`�B���#�H�2�b �?���p�B�M�; �?�B�;�? �+�Q�`�`�2�H���i�B�Q�M
���M�/ �/�m�2 �i�Q �+�Q�M�p�2�t �Q�T�i�B�K�B�x���i�B�Q�M �B�i �b�2�H�2�+�i�b �� �H�B�K�B�i�2�/ �M�m�K�#�2�` �Q�7 �7�2���i�m�`�2�b�X �h�?�2�b�2 �T�`�Q�T�2�`�i�B�2�b �Q�7 �G���b�b�Q ���z�2�+�i�b �B�i�b
�T�2�`�7�Q�`�K���M�+�2�X �h�Q �Q�p�2�`�+�Q�K�2 �i�?�B�b �B�b�b�m�2�- �2�H���b�i�B�+ �M�2�i �`�2�;�m�H���`�B�x���i�B�Q�M �i�2�+�?�M�B�[�m�2 �r���b �T�`�Q�T�Q�b�2�/ �(�R�3�)�X �h�?�2 �2�H���b�i�B�+ �M�2�i �+���M
�+�Q�M�i�B�M�m�Q�m�b�H�v �b�?�`�B�M�F �i�?�2 �K�Q�/�2�H �T���`���K�2�i�2�`�b ���M�/ �+���M ���H�b�Q �b�2�H�2�+�i �� �;�`�Q�m�T �Q�7 �p���`�B���#�H�2�b �r�?�B�+�? �?���p�2 �?�B�;�? �+�Q�`�`�2�H���i�B�Q�M�X



�J�B�i�B�;���i�B�M�; �J���H�B�+�B�Q�m�b �A�M�b�B�/�2�` ���i�i���+�F�b �B�M �i�?�2 �A�M�i�2�`�M�2�i �Q�7 �h�?�B�M�;�b �m�b�B�M�; �a�m�T�2�`�p�B�b�2�/ �J���+�?�B�M�2 �G�2���`�M�B�M�; �h�2�+�?�M�B�[�m�2�b�R�d

�6�B�;�X �9�X�R�, �a�B�;�K�Q�B�/ �6�m�M�+�i�B�Q�M

�A�7 �i�?�2 �/���i�� �B�b �;�B�p�2�M ���b(x i ; yi ) �r�?�2�`�2�-x i = ( x i 1; x i 2; � � � ; x ip )T �B�b �i�?�2 �B�M�T�m�i ���M�/yi �B�b �i�?�2 �Q�m�i�+�Q�K�2�- �i�?�2�M �i�?�2 �2�H���b�i�B�+
�M�2�i �2�b�i�B�K���i�2 �7�Q�`�̂ = ( �̂ 1; �̂ 2; � � � ; �̂ p)T �B�b �;�B�p�2�M ���b�,

�̂ = arg min
�

2

4
NX

i =1

(yi �
X

j

� j x ij )2

3

5 + � 2

X

j

j� j j2 + � 1

X

j

j� j j�U�9�X�e�V

�m�M�/�2�` �i�?�2 �+�Q�M�/�B�i�B�Q�M �i�?���i�,
P n

i =1 yi = 0 �-
P n

i =1 x ij = 0 �- ���M�/
P n

i =1 x ij
2 = 1 �- �7�Q�`j = 1 ; 2; � � � ; p�X �r�?�2�`�2� 1 ���M�/� 2

���`�2 �M�Q�M�@�M�2�;���i�B�p�2 �+�Q�M�b�i���M�i�b�X �A�M �Q�m�` �b�i�m�/�v�- �r�2 �?���p�2 �b�2�i� 1 = 0 :2 ���M�/� 2 = 0 :8 �r�B�i�? ���H�H�Q�r�2�/ �K���t�B�K�m�K �B�i�2�`���i�B�Q�M
�i�Q �R�8�y�X

�9�X�9�X �G���b�b�Q �r�B�i�? �G���`�b�X�G���`�b �B�b �� �H�2���b�i�@���M�;�H�2 �`�2�;�`�2�b�b�B�Q�M �i�2�+�?�M�B�[�m�2 �r�?�B�+�? �?�2�H�T�b �i�Q �}�i �`�2�;�`�2�b�b�B�Q�M �K�Q�/�2�H �i�Q ��
�?�B�;�? �/�B�K�2�M�b�B�Q�M���H �/���i���X �A�M �Q�m�` �b�i�m�/�v �r�2 �?���p�2 �m�b�2�/ �i�?�2 �+�Q�K�#�B�M���i�B�Q�M �Q�7 �G���b�b�Q �r�B�i�? �G���`�b �r�?�B�+�? �`�2�b�2�K�#�H�2�b �7�Q�`�r���`�/
�b�i�2�T�@�r�B�b�2 �`�2�;�`�2�b�b�B�Q�M �T�`�Q�+�2�b�b�- �#�m�i ���i �2���+�? �b�i�2�T �B�i �b�2�H�2�+�i�b �i�?�Q�b�2 �2�b�i�B�K���i�2�/ �+�Q�2�{�+�B�2�M�i�b �r�?�B�+�? ���`�2 �B�M �i�?�2 �/�B�`�2�+�i�B�Q�M
�2�[�m�B���M�;�m�H���` �r�B�i�? �i�?�2 �b�[�m���`�2 �Q�7 �`�2�b�B�/�m���H �2�`�`�Q�` �(�R�N�)�X �A�M �B�i�b �B�K�T�H�2�K�2�M�i���i�B�Q�M �7�Q�` �/�2�i�2�+�i�B�M�; �K���H�B�+�B�Q�m�b �i�`���{�+ �B�M �i�?�2
�A�Q�h �/���i���b�2�i�- �r�2 �?���p�2 �b�2�i� �U�+�Q�M�b�i���M�i �r�?�B�+�? �+�Q�M�i�`�Q�H�b �i�?�2 ���K�Q�m�M�i �Q�7 �`�2�;�m�H���`�B�x���i�B�Q�M ���T�T�H�B�2�/�V= 0 :02 ���M�/ �K���t�B�K�m�K
�B�i�2�`���i�B�Q�M �i�Q �8�y�X

�9�X�8�X �G�Q�;�B�b�i�B�+ �_�2�;�`�2�b�b�B�Q�M �U�G�_�V�X�G�Q�;�B�b�i�B�+ �`�2�;�`�2�b�b�B�Q�M �/�2�b�+�`�B�#�2�b �� �b�i���i�B�b�i�B�+���H �K�2�i�?�Q�/ �Q�7 �T�`�2�/�B�+�i�B�M�; �� �#�B�M�Q�@
�K�B���H �2�p�2�M�i�X �G�B�F�2 �Q�i�?�2�` �J���+�?�B�M�2 �G�2���`�M�B�M�; �+�H���b�b�B�}�2�`�b�- �i�?�2 �B�M�T�m�i �/���i�� �+���M �+�Q�M�b�B�b�i �Q�7 �Q�M�2 �Q�` �K�m�H�i�B�T�H�2 �7�2���i�m�`�2�b�X
�h�?�2 �Q�m�i�+�Q�K�2 �7�Q�` �i�?�2 �#�B�M���`�v �H�Q�;�B�b�i�B�+ �`�2�;�`�2�b�b�B�Q�M �B�b �y �Q�` �R �i�?���i �T�2�`�7�Q�`�K�b �� �/�B�z�2�`�2�M�i�B���H �T�Q�b�B�i�B�p�2 �+�H���b�b �+�H���b�b�B�}�+���i�B�Q�M
�7�`�Q�K �i�?�2 �M�2�;���i�B�p�2 �+�H���b�b�X �h�Q �;�B�p�2 �Q�m�i �� �T�`�Q�#���#�B�H�B�b�i�B�+ �p���H�m�2�- �a�B�;�K�Q�B�/ �+�m�`�p�2 �b�?�Q�r�M �B�M �}�;�m�`�2 �9�X�R �B�b �m�b�2�/ �B�M �H�Q�;�B�b�i�B�+
�`�2�;�`�2�b�b�B�Q�M �(�k�y�)�X

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

h(x) = S(w0 + w1x1 + w2x2 + : : : + wn xn )�U�9�X�d�V

�r�?�2�`�2x1; x2; : : : ; xn �/�2�M�Q�i�2�b �i�?�2 �7�2���i�m�`�2�b�-w0; w1; w2; : : : ; wn �/�2�M�Q�i�2�b �i�?�2 �K�Q�/�2�H �r�2�B�;�?�i�b ���M�/S() �`�2�T�`�2�b�2�M�i�b �i�?�2
�b�B�;�K�Q�B�/ �7�m�M�+�i�B�Q�M �B�/�2�M�i�B�}�2�/ �#�v�,

S(Z ) =
1

1 + e� Z�U�9�X�3�V

�h�?�2 �`���M�;�2 �Q�7 �Q�m�i�T�m�i �Q�7S() �B�b �7�`�Q�K �y �i�Q �R�X ���H�H �i�?�2 �p���H�m�2�b �#�2�H�Q�r �y�X�8 �`�2�7�2�` �i�Q �M�2�;���i�B�p�2 �+�H���b�b �r�?�B�H�2 ���b �p���H�m�2�b
�7�`�Q�K �y�X�8 �i�Q �R �B�M�/�B�+���i�2 �� �T�Q�b�B�i�B�p�2 �+�H���b�b�X �q�?�B�H�2 �B�K�T�H�2�K�2�M�i�B�M�; �H�Q�;�B�b�i�B�+ �`�2�;�`�2�b�b�B�Q�M �Q�M �i�?�2 �/���i���b�2�i �r�2 �?���p�2 �b�2�i
�K���t�B�K�m�K �B�i�2�`���i�B�Q�M �Q�7 �R�y�y ���M�/ �m�b�2�/L 2 �M�Q�`�K �7�Q�` �`�2�;�m�H���`�B�x���i�B�Q�M�- ���H�b�Q �r�2 �?���p�2 �m�b�2�/ �"�6�:�a �U�"�`�Q�v�/�2�M �6�H�2�i�+�?�2�`
�:�Q�H�/�7���`�# �a�?���M�M�Q�V �Q�T�i�B�K�B�x���i�B�Q�M ���H�;�Q�`�B�i�?�K �(�k�R�)�X



�R�3 �J�B�` �a�?���?�M���r���x ���?�K���/�- �a�?���?�B�/ �J�2�?�`���D �a�?���?

�9�X�e�X �E�@�L�2���`�2�b�i �L�2�B�;�?�#�Q�`�b �U�E�L�L�V�X�A�M �E�L�L ���H�;�Q�`�B�i�?�K�- �i�?�2 ���B�K �B�b �i�Q �+�H���b�b�B�7�v ���M�v �M�2�r�- �m�M�F�M�Q�r�M �/���i��
�T�Q�B�M�i �#�v ���M���H�v�x�B�M�; �i�?�2 �/���i�� �T�Q�B�M�i�b �U�K�Q�b�i �b�B�K�B�H���` �i�Q �i�?�2 �B�M�T�m�i �Q�` �7�2���i�m�`�2 �b�T���+�2�V �;�B�p�2�M �B�M �i�?�2 �i�`���B�M�B�M�; �b�2�i �(�k�k�)�X
�h�?�2 ���H�;�Q�`�B�i�?�K �r�Q�`�F�b �#�v �}�M�/�B�M�; �i�?�2 �E�@�M�2���`�2�b�i �M�2�B�;�?�#�Q�m�`�b �Q�7 �i�?�2 �M�2�r �/���i�� �T�Q�B�M�i �#�v �m�b�m���H�H�v �m�b�B�M�; �Q�M�2 �Q�7 �i�?�2
�i�?�`�2�2 �/�B�b�i���M�+�2 �K�2���b�m�`�2�b �7�Q�` �+�Q�M�i�B�M�m�Q�m�b �p���`�B���#�H�2 �p�B�x�X �1�m�+�H�B�/�2���M �/�B�b�i���M�+�2 �U�1�m�.�V�- �J���M�?���i�i���M �/�B�b�i���M�+�2 �U�J���.�V �Q�`
�i�?�2 �J�B�M�F�Q�r�b�F�B �/�B�b�i���M�+�2 �U�J�B�.�V �`�2�T�`�2�b�2�M�i�2�/ �#�2�H�Q�r�,

EuD =

vu
u
t

nX

i =1

(x i � yi )2�U�9�X�N�V

MaD =
nX

i =1

jx i � yi j�U�9�X�R�y�V

MiD =

"
nX

i =1

(x i � yi )q

#1=q

�U�9�X�R�R�V

�r�?�2�`�2�-x = ( x1; x2; : : : ; xn )T �� y = ( y1; y2; : : : ; yn )T �`�2�T�`�2�b�2�M�i �i�?�2 �/���i�� �T�Q�B�M�i�b�X
�q�2 �?���p�2 �B�K�T�H�2�K�2�M�i�2�/ �i�?�2 �E�L�L �+�H���b�b�B�}�2�` �7�Q�` �p���`�B�Q�m�b �p���H�m�2�b �Q�7 �E �Q�M �i�?�2 �;�B�p�2�M �/���i���b�2�i�X �h�Q �+�?�Q�Q�b�2 �i�?�2 �Q�T�i�B�K���H

�p���H�m�2 �Q�7 �E �r�2 �Q�#�b�2�`�p�2�/ �i�?���i �i�?�2 ���+�+�m�`���+�v �Q�7 �E�L�L ���H�;�Q�`�B�i�?�K �B�M�+�`�2���b�2�b �r�B�i�?K �#�m�i �7�Q�`K > 10 �i�?�2 ���+�+�m�`���+�v
�b���i�m�`���i�2�b�- �?�2�M�+�2 �+�?�Q�Q�b�2 �i�?�2 �p���H�m�2 �Q�7 �E ���b �R�y�X �q�2 �?���p�2 �m�b�2�/ �1�m�+�H�B�/�2���M �/�B�b�i���M�+�2 �i�Q �}�M�/ �E�@�M�2���`�2�b�i �M�2�B�;�?�#�Q�m�`�b
�7�Q�` �� �M�2�r �/���i�� �T�Q�B�M�i�X

�9�X�d�X �a�m�T�T�Q�`�i �o�2�+�i�Q�` �J���+�?�B�M�2 �U�a�o�J�V�X�A�i �B�b �� �J���+�?�B�M�2 �G�2���`�M�B�M�; �+�H���b�b�B�}�2�` �i�?���i �B�b �+�m�`�`�2�M�i�H�v �`�2�+�2�B�p�B�M�;
�i�?�2 �K�Q�b�i �b�B�;�M�B�}�+���M�i ���i�i�2�M�i�B�Q�M �/�m�2 �i�Q �B�i�b �?�B�;�? �T�2�`�7�Q�`�K���M�+�2 �(�k�j�) ���M�/ �i�?�2 ���#�B�H�B�i�v �i�Q ���H�H�2�p�B���i�2 �i�?�2 �T�`�Q�#�H�2�K �Q�7
�+�H���b�b�B�7�v�B�M�; �M�Q�M�@�H�B�M�2���` �/���i���X �h�v�T�B�+���H�H�v �a�o�J�b ���`�2 �i�?�2 �M�Q�M�@�T�`�Q�#���#�B�H�B�b�i�B�+�- �#�B�M���`�v �+�H���b�b�B�}�2�`�b ���B�K�2�/ ���i �/�B�b�+�Q�p�2�`�B�M�; ��
�?�v�T�2�`�T�H���M�2 �i�?���i �/�B�p�B�/�2�b �i�?�2 �i�r�Q �+�H���b�b�2�b �Q�7 �i�?�2 �i�`���B�M�B�M�; �b�2�i �r�B�i�? �i�?�2 �?�B�;�?�2�b�i �K���`�;�B�M�X

�A�7 �i�?�2 �/���i�� �B�b �;�B�p�2�M ���b( ~xi ; yi ) �r�?�2�`�2�-~xi �`�2�T�`�2�b�2�M�i �i�?�2 �B�M�T�m�i �p�2�+�i�Q�` ���M�/yi �B�b �i�?�2 �Q�m�i�+�Q�K�2 �r�?�B�+�? �B�M�/�B�+���i�2�b
�i�Q �r�?�B�+�? �� �T���`�i�B�+�m�H���`~xi �#�2�H�Q�M�;�b�X �h�?�2 �a�o�J �i�`�B�2�b �i�Q �}�M�/ �� �K���t�B�K�m�K�@�K���`�;�B�M �?�v�T�2�`�T�H���M�2 �r�?�B�+�? �/�B�p�B�/�2�b~xi �B�M�i�Q
�/�B�z�2�`�2�M�i �+�H���b�b�2�b �b�m�+�? �i�?���i �i�?�2 �/�B�b�i���M�+�2 �#�2�i�r�2�2�M �i�?�2 �?�v�T�2�`�T�H���M�2 ���M�/ �i�?�2 �M�2���`�2�b�i �T�Q�B�M�i~xi �7�`�Q�K �2�B�i�?�2�` �+�H���b�b�2�b �B�b
�K���t�B�K�B�x�2�/�X �h�?�2 �2�[�m���i�B�Q�M �Q�7 �� �?�v�T�2�`�T�H���M�2 �B�b �;�B�p�2�M ���b�,

~w � ~x � b = 0�U�9�X�R�k�V

�r�?�2�`�2�-~x �`�2�T�`�2�b�2�M�i �i�?�2 �B�M�T�m�i �p�2�+�i�Q�`�-~w �B�b �i�?�2 �p�2�+�i�Q�` �M�Q�`�K���H �i�Q �?�v�T�2�`�T�H���M�2 ���M�/b �B�b �i�?�2 �B�M�i�2�`�+�2�T�i �U�#�B���b �i�2�`�K�V�X
�h�?�2 �Q�#�D�2�+�i�B�p�2 �Q�7 �a�o�J �B�b �i�Q �K�B�M�B�K�B�x�2�,

"
1
p

pX

i =1

max(0; 1 � yi ( ~w � ~xi � b))

#

+ � k~wk2�U�9�X�R�j�V

�r�?�2�`�2�-max(0; 1� yi ( ~w� ~xi � b)) �`�2�T�`�2�b�2�M�i �i�?�2 �?�B�M�;�2 �H�Q�b�b �7�m�M�+�i�B�Q�M�- �r�?�B�+�? �`�2�i�m�`�M �� �p���H�m�2 �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �/�B�b�i���M�+�2
�7�`�Q�K �K���`�;�B�M �i�Q~xi �- �B�7~xi �B�b �K�B�b�+�H���b�b�B�}�2�/�- �Q�i�?�2�`�r�B�b�2 �`�2�i�m�`�M�b �x�2�`�Q�Xk~wk2 �`�2�T�`�2�b�2�M�i�b �i�?�2 �T�2�M���H�i�v �7�Q�` �B�M�+�Q�`�`�2�+�i
�+�H���b�b�B�}�+���i�B�Q�M�- �r�?�B�+�? �B�b �+�Q�M�i�`�Q�H�H�2�/ �#�v �+�Q�M�b�i���M�i� �X

���T���`�i �7�`�Q�K �H�B�M�2���` �+�H���b�b�B�}�+���i�B�Q�M�- �a�o�J�b �T�2�`�7�Q�`�K �M�Q�M�@�H�B�M�2���` �+�H���b�b�B�}�+���i�B�Q�M �Q�7 �/���i�� �#�v �B�K�T�H�B�+�B�i�H�v �K���T�T�B�M�; ���M
�B�M�T�m�i �p���`�B���#�H�2 �B�M�i�Q �?�B�;�? �/�B�K�2�M�b�B�Q�M���H ���i�i�`�B�#�m�i�2 �b�T���+�2�b �m�b�B�M�; �F�2�`�M�2�H �i�`�B�+�F �(�k�9�)�X

���b �b�m�+�? �a�o�J�b �i�`�B�2�/ �B�M �Q�m�` �r�Q�`�F ���`�2 �+�H���b�b�B�}�2�/ �B�M�i�Q �i�?�`�2�2 �+���i�2�;�Q�`�B�2�b�, �G�B�M�2���` �a�o�J�- �a�o�J �r�B�i�? �_���/�B���H �"���b�B�b
�6�m�M�+�i�B�Q�M �U�_�"�6�V �F�2�`�M�2�H ���M�/ �a�o�J �r�B�i�? �i�?�2 �T�Q�H�v�M�Q�K�B���H �F�2�`�M�2�H�X �h�?�2 �B�M�7�Q�`�K���i�B�Q�M ���#�Q�m�i �i�?�2�B�` �F�2�`�M�2�H�b �B�b �;�B�p�2�M
�#�2�H�Q�r�X

�_���/�B���H �"���b�B�b �6�m�M�+�i�B�Q�M �U�_�"�6�V �B�b �i�?�2 �+�Q�K�K�Q�M �F�2�`�M�2�H �+�?�Q�B�+�2 �i�?���i �B�b �B�K�T�H�2�K�2�M�i�2�/ �B�M �a�o�J�X �:�B�p�2�Mx ���M�/y ���b
�i�?�2 �B�M�T�m�i �7�2���i�m�`�2 �p�2�+�i�Q�`�b�- �i�?�2�M �i�?�2 �_�"�6 �F�2�`�M�2�H �B�b �;�B�p�2�M ���b�,

K (x; y) = exp( �  jjx � yjj2)�U�9�X�R�9�V



�J�B�i�B�;���i�B�M�; �J���H�B�+�B�Q�m�b �A�M�b�B�/�2�` ���i�i���+�F�b �B�M �i�?�2 �A�M�i�2�`�M�2�i �Q�7 �h�?�B�M�;�b �m�b�B�M�; �a�m�T�2�`�p�B�b�2�/ �J���+�?�B�M�2 �G�2���`�M�B�M�; �h�2�+�?�M�B�[�m�2�b�R�N

�r�?�2�`�2�- �/�2�}�M�2�b �i�?�2 �B�M�~�m�2�M�+�2 �Q�7 �b�B�M�;�H�2 �i�`���B�M�B�M�; �2�t���K�T�H�2 �B�M �� �K�Q�/�2�H�- �B�X�2�X�- �B�M�+�`�2���b�2�/ �p���H�m�2 �Q�7 �`�2�b�m�H�i�b �B�M�i�Q �Q�p�2�`�@
�}�i�i�B�M�; ���M�/ �/�2�+�`�2���b�2�/ �p���H�m�2 �`�2�b�m�H�i�b �B�M�i�Q �m�M�/�2�`�@�}�i�i�B�M�; �Q�7 �K�Q�/�2�H�X > 0�- ���M�/ �B�b �Q�7�i�2�M �T���`���K�2�i�`�B�x�2�/ �#�v = 1

2� 2 �-
�r�?�2�`�2� �B�b �� �7�`�2�2 �B�M�/�2�T�2�M�/�2�M�i �T���`���K�2�i�2�`�X �h�?�2�`�2�7�Q�`�2�- �i�?�2 �_�"�6 �F�2�`�M�2�H �#�2�+�Q�K�2�b�,

K (x; y) = exp
�

�
jjx � yjj2

2� 2

�
�U�9�X�R�8�V

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

K (x; y) = ( xT � y + t)c�U�9�X�R�e�V

�r�?�2�`�2x; y �/�2�M�Q�i�2 �B�M�T�m�i �7�2���i�m�`�2 �p�2�+�i�Q�`�b�-t �B�b �� �+�Q�K�T�H�2�t�B�i�v �T���`���K�2�i�2�` �r�?�B�+�? �i�`���/�2�b�@�Q�z �#�2�i�r�2�2�M �?�B�;�?�2�`�@�Q�`�/�2�`
���M�/ �H�Q�r�2�`�@�Q�`�/�2�` �i�2�`�K�b �B�M �i�?�2 �T�Q�H�v�M�Q�K�B���H(t � 0)�- ���M�/c �B�b �i�?�2 �B�M�i�2�;�2�` �2�t�T�Q�M�2�M�i�X �A�7t = 0 �- �i�?�2�M �i�?�2 �F�2�`�M�2�H �B�b
�?�Q�K�Q�;�2�M�2�Q�m�b�X

�A�M �Q�m�` �b�i�m�/�v�- �7�Q�` �a�o�J�- �r�2 �?���p�2 �m�b�2�/L 2 �M�Q�`�K �7�Q�` �`�2�;�m�H���`�B�x���i�B�Q�M �B�M ���H�H �F�2�`�M�2�H �i�v�T�2�b�X �6�Q�` �G�B�M�2���` �a�o�J�-
�K���t�B�K�m�K �B�i�2�`���i�B�Q�M �r���b �b�2�i �i�Q �R�y�y�y�y ���M�/ �F�2�`�M�2�H �+�Q�2�{�+�B�2�M�i �r���b1=N �- �r�?�2�`�2N �B�b �i�?�2 �i�Q�i���H �7�2���i�m�`�2�b �B�M �/���i���b�2�i�X
�6�Q�` �T�Q�H�v�M�Q�K�B���H �F�2�`�M�2�H �i�v�T�2 �i�?�2 �/�2�;�`�2�2 �r���b �+�?�Q�b�2�M �i�Q �#�2 �j�X

�9�X�3�X �G�_ ���M�/ �a�o�J �r�B�i�? �a�i�Q�+�?���b�i�B�+ �:�`���/�B�2�M�i �/�2�+�2�M�i �U�a�:�.�V�X�a�:�. �B�b ���M �2�t�i�2�M�/�2�/ �p�2�`�b�B�Q�M �Q�7 �:�`���/�B�2�M�i
�.�2�b�+�2�M�i ���H�;�Q�`�B�i�?�K �i�?���i �/�2�+�`�2���b�2�b �i�?�2 �M�m�K�#�2�` �Q�7 �+�Q�K�T�m�i���i�B�Q�M �T�2�` �B�i�2�`���i�B�Q�M �#�v �B�M�+�Q�`�T�Q�`���i�B�M�; �`���M�/�Q�K�M�2�b�b �B�M �i�?�2
�H�2���`�M�B�M�; �T�`�Q�+�2�b�b�X �A�i �`�2�T�2���i�2�/�H�v �+�Q�M�b�B�/�2�`�b �� �b�B�M�;�H�2 �Q�` �#���i�+�? �i�`���B�M�B�M�; �2�t���K�T�H�2 ���M�/ �2�p���H�m���i�2�b �i�?�2 �;�`���/�B�2�M�i �Q�7 �i�?�2
�H�Q�b�b �7�m�M�+�i�B�Q�M �i�Q �`�2�/�m�+�2 �i�?�2 �K�Q�/�2�H�ö�b �`�B�b�F�- ���M�/ �?�2�M�+�2 �m�T�/���i�2�b �i�?�2 �T���`���K�2�i�2�`�b �m�b�2�/ �#�v �i�?�2 �K�Q�/�2�H�X �q�?�2�i�?�2�` �B�i �#�2 ��
�b�i�`�B�+�i�H�v �+�Q�M�p�2�t �T�`�Q�#�H�2�K �Q�` �� �M�Q�M�@�+�Q�M�p�2�t �Q�M�2�- �a�:�. �T�2�`�7�Q�`�K�b �#�2�i�i�2�` ���M�/ �b�m�T�T�Q�`�i�b �`�Q�#�m�b�i�M�2�b�b ���M�/ �b�+���H���#�B�H�B�i�v �(�k�8�)�X
�h�?�2 �K���B�M �Q�#�D�2�+�i�B�p�2 �Q�7 �a�:�. ���H�;�Q�`�B�i�?�K �B�b �i�Q �K�B�M�B�K�B�x�2 �i�?�2 �`�2�;�m�H���`�B�x�2�/ �i�`���B�M�B�M�; �2�`�`�Q�`�- �r�?�B�+�? �B�b �i�?�2 �+�Q�K�#�B�M���i�B�Q�M
�Q�7 �2�K�T�B�`�B�+���H �`�B�b�F ���M�/ �i�?�2 �`�2�;�m�H���`�B�x���i�B�Q�M �i�2�`�K�X �h�?�2 �2�K�T�B�`�B�+���H �`�B�b�F �i�2�`�K �K�2���b�m�`�2�b �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�`���B�M�B�M�;
�b�2�i �m�b�B�M�; �� �H�Q�b�b �7�m�M�+�i�B�Q�ML(ŷ; y) �U�i�?���i �;�B�p�2�b �i�?�2 �+�Q�b�i �Q�7 �T�`�2�/�B�+�i�B�M�;ŷ �- �;�B�p�2�M �v ���b �i�?�2 ���+�i�m���H �Q�m�i�T�m�i�V�X �h�?�2
�`�2�;�m�H���`�B�x���i�B�Q�M �i�2�`�K �/�2�+�B�/�2�b �i�?�2 �T�2�M���H�i�v �7�Q�` �i�?�2 �K�Q�/�2�H�ö�b �+�Q�K�T�H�2�t�B�i�v�- �r�?�Q�b�2 �B�K�T���+�i �B�b �/�2�+�B�/�2�/ �#�v �i�?�2 �i�2�`�K�
�U�M�Q�M�@ �M�2�;���i�B�p�2 �?�v�T�2�`�T���`���K�2�i�2�`�V �(�k�e�)�X

�q�2 �?���p�2 �b�i�m�/�B�2�/ �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �a�:�. �m�b�B�M�; �a�o�J ���M�/ �H�Q�;�B�b�i�B�+ �`�2�;�`�2�b�b�B�Q�M�X �a�o�J �m�b�2�b �J���t�@�K���`�;�B�M
�+�H���b�b�B�}�+���i�B�Q�M�- �r�?�2�`�2 �+�Q�`�`�2�+�i �+���i�2�;�Q�`�v �b�+�Q�`�2 �b�?�Q�m�H�/ �#�2 �H���`�;�2�` �U�#�v �� �T�`�2�/�2�}�M�2�/ �K���`�;�B�M�V �i�?���M �i�?�2 �+�Q�H�H�2�+�i�B�p�2 �r�`�Q�M�;
�+���i�2�;�Q�`�v �b�+�Q�`�2�b�X �G�Q�; �H�Q�b�b �U�Q�` �+�`�Q�b�b�@�2�M�i�`�Q�T�v �H�Q�b�b �Q�` �i�?�2 �H�Q�;�B�b�i�B�+ �H�Q�b�b�V �/�2�+�`�2���b�2�b ���b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �+�Q�`�`�2�+�i
�T�`�2�/�B�+�i�B�Q�M �B�M�+�`�2���b�2�b�X �.�m�`�B�M�; �b�B�K�m�H���i�B�Q�M�- �K���t�B�K�m�K �M�m�K�#�2�` �Q�7 �B�i�2�`���i�B�Q�M�b �r���b �b�2�i �i�Q �R�y�y�y�y �r�B�i�?� = 0 :1�- �r�?�2�`�2
� �B�b �� �+�Q�M�b�i���M�i �r�?�B�+�? �B�b �K�m�H�i�B�T�H�B�2�/ �i�Q �`�2�;�m�H���`�B�x���i�B�Q�M �i�2�`�K �i�Q �+�Q�M�i�`�Q�H �i�?�2 �/�2�;�`�2�2 �Q�7 �`�2�;�m�H���`�B�x���i�B�Q�M�X �>�2�`�2 ���;���B�M
�r�2 �?���p�2 �m�b�2�/L 2 �7�Q�` �`�2�;�m�H���`�B�x���i�B�Q�M�X

�9�X�N�X �_���M�/�Q�K �6�Q�`�2�b�i �U�_�6�V �*�H���b�b�B�}�2�`�X�_���M�/�Q�K �6�Q�`�2�b�i �*�H���b�b�B�}�2�` �B�b ���M �1�M�b�2�K�#�H�2 �K�2�i�?�Q�/ �Q�7 �+�H���b�b�B�}�+���i�B�Q�M�-
�r�?�B�+�? �+�Q�K�#�B�M�2�b �i�?�2 �Q�m�i�T�m�i�b �Q�7 �p���`�B�Q�m�b �/�2�+�B�b�B�Q�M �i�`�2�2�b �i�Q �;�2�M�2�`���i�2 �K�Q�`�2 ���+�+�m�`���i�2 �`�2�b�m�H�i�b�X �h�?�m�b�- �B�i �B�b �#���b�2�/ �Q�M
�i�?�2 �b�B�K�T�H�2 �T�?�B�H�Q�b�Q�T�?�v �i�?���i �i�?�2 �+�Q�H�H�2�+�i�B�Q�M �Q�7 �+�H���b�b�B�}�2�`�b �r�B�H�H ���H�r���v�b �T�2�`�7�Q�`�K �#�2�i�i�2�` �i�?���M �� �b�B�M�;�H�2 �+�H���b�b�B�}�2�`�X �h�?�B�b
�+�H���b�b�B�}�2�` �r�Q�`�F�b �r�2�H�H �7�Q�` �H���`�;�2 �/���i���b�2�i�b�- �;�B�p�2�b ���M �2�b�i�B�K���i�2 �Q�7 �2�b�b�2�M�i�B���H �7�2���i�m�`�2�b �B�M �i�?�2 �/���i���b�2�i ���M�/ �T�Q�b�b�2�b�b�2�b
�`�Q�#�m�b�i�M�2�b�b �7�Q�` �M�Q�B�b�2 ���M�/ �Q�m�i�H�B�2�`�b �(�k�d�)�X �A�i ���H�b�Q �/�2�+�`�2���b�2�b �i�?�2 �;�2�M�2�`���H�B�x���i�B�Q�M �2�`�`�Q�` �#�v �`���M�/�Q�K�H�v �b�2�H�2�+�i�B�M�; �b�m�#�b�2�i �Q�7
�7�2���i�m�`�2�b �/�m�`�B�M�; �i�?�2 �b�T�H�B�i�i�B�M�; �Q�7 �� �M�Q�/�2 �U�r�?�B�+�? ���H�b�Q �/�2�+�`�2���b�2�b �i�?�2 �/�2�;�`�2�2 �Q�7 �+�Q�`�`�2�H���i�B�Q�M �#�2�i�r�2�2�M �p���`�B�Q�m�b �;�2�M�2�`���i�2�/
�i�`�2�2�b�V�X �_���M�/�Q�K �6�Q�`�2�b�i �m�b�2�b �i�?�2 �:�B�M�B �A�M�/�2�t �U�:�A�V ���b ���M ���T�T�`�Q�t�B�K���i�B�Q�M �i�Q �+�?�Q�Q�b�2 �i�?�2 �#�2�b�i �b�2�i �Q�7 �7�2���i�m�`�2�b �/�m�`�B�M�;
�i�`�2�2 �7�Q�`�K���i�B�Q�M�X

GI = 1 �
nX

i =1

(pi )2�U�9�X�R�d�V

�r�?�2�`�2�-pi �B�b �i�?�2 �T�`�Q�#���#�B�H�B�i�v �r�B�i�? �r�?�B�+�? ���M �2�H�2�K�2�M�i �B�b �+�H���b�b�B�}�2�/ �i�Q �� �T���`�i�B�+�m�H���` �+�H���b�b�X �.�m�2 �i�Q �i�?�2 �m�b�2 �Q�7 �K�m�H�i�B�T�H�2
�i�`�2�2�b�- �b�Q�K�2 �Q�7 �i�?�2 �7�2���i�m�`�2�b �B�M �i�?�2 �/���i���b�2�i �K���v �#�2 �m�b�2�/ �K�Q�`�2 �i�?���M �Q�M�+�2 �7�Q�` �i�?�2 �i�`���B�M�B�M�; �T�m�`�T�Q�b�2�X �h�?�B�b �B�M�+�`�2���b�2�b
�i�?�2 �+�H���b�b�B�}�2�` �b�i���#�B�H�B�i�v �#�2�+���m�b�2 �� �b�H�B�;�?�i �+�?���M�;�2 �B�M �B�M�T�m�i �K���v �M�Q�i �+���m�b�2 ���M�v �+�?���M�;�2 �B�M �i�?�2 �Q�m�i�T�m�i �Q�7 �+�H���b�b�B�}�2�`�-
�?�2�M�+�2 �K���F�B�M�; �B�i �K�Q�`�2 �`�Q�#�m�b�i ���M�/ ���+�+�m�`���i�2 �(�k�d�)�X
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�`�B�i�?�K�b �7�Q�` �/�2�i�2�+�i�B�M�; �K���H�B�+�B�Q�m�b �B�M�b�B�/�2�` ���i�i���+�F�b �B�M �A�Q�h�- �r�2 �?���p�2 �m�b�2�/ �� �T�Q�T�m�H���` �A�M�i�`�m�b�B�Q�M �/�2�i�2�+�i�B�Q�M �/���i���b�2�i ��
�L�a�G�@�E�.�.�- �i�?�2 �/�2�i���B�H�b �Q�7 �r�?�B�+�? ���`�2 �;�B�p�2�M �B�M �M�2�t�i �b�m�#�@�b�2�+�i�B�Q�M�X

�8�X�R�X �A�M�i�`�Q�/�m�+�i�B�Q�M �i�Q �L�a�G�@�E�.�. �/���i���b�2�i ���M�/ �/���i�� �T�`�2�@�T�`�Q�+�2�b�b�B�M�;�X�L�a�G�@�E�.�. �B�b �i�?�2 �H���i�2�b�i �p�2�`�b�B�Q�M
�Q�7 �E�.�.�N�N �/���i���b�2�i ���M�/ �?���b �#�2�2�M �r�B�/�2�H�v �m�b�2�/ �#�v �`�2�b�2���`�+�?�2�`�b �i�Q �2�p���H�m���i�2 �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2 ���i�i���+�F �/�2�i�2�+�i�B�Q�M
�b�v�b�i�2�K �B�M �A�Q�h �(�e�- �d�- �3�)�X �A�M �L�a�G�@�E�.�. �/���i���b�2�i�- �i�?�2 �i�`���B�M�B�M�; �/���i�� �B�b ���p���B�H���#�H�2 �B�M �ó�E�.�.�h�`���B�M�Y�ô �}�H�2�- �+�Q�M�b�B�b�i�B�M�; �Q�7
�R�k�8�N�d�j �/���i�� �2�M�i�`�B�2�b�- �Q�m�i �Q�7 �r�?�B�+�? �e�d�j�9�j �2�M�i�`�B�2�b �`�2�T�`�2�b�2�M�i �M�Q�M�@�K���H�B�+�B�Q�m�b ���M�/ �8�3�e�j�y �2�M�i�`�B�2�b �`�2�T�`�2�b�2�M�i �K���H�B�+�B�Q�m�b�X



�J�B�i�B�;���i�B�M�; �J���H�B�+�B�Q�m�b �A�M�b�B�/�2�` ���i�i���+�F�b �B�M �i�?�2 �A�M�i�2�`�M�2�i �Q�7 �h�?�B�M�;�b �m�b�B�M�; �a�m�T�2�`�p�B�b�2�/ �J���+�?�B�M�2 �G�2���`�M�B�M�; �h�2�+�?�M�B�[�m�2�b�k�R

�6�B�;�X �9�X�k�, �J�m�H�i�B�@�H���v�2�` �S�2�`�+�2�T�i�`�Q�M �r�B�i�? �b�B�M�;�H�2 �?�B�/�/�2�M �H���v�2�` ���M�/ �Q�M�H�v �Q�M�2 �M�2�m�`�Q�M �B�M �Q�m�i�T�m�i �H���v�2�`

�h�?�2 �i�2�b�i�B�M�; �/���i�� �B�b ���p���B�H���#�H�2 �B�M �ó�E�.�.�h�2�b�i�Y�ô �}�H�2�- �+�Q�M�b�B�b�i�B�M�; �Q�7 �k�k�8�9�j �2�M�i�`�B�2�b�- �Q�m�i �Q�7 �r�?�B�+�? �N�d�R�y �`�2�T�`�2�b�2�M�i �M�Q�M�@
�K���H�B�+�B�Q�m�b ���M�/ �R�k�3�j�j �2�M�i�`�B�2�b �`�2�T�`�2�b�2�M�i �K���H�B�+�B�Q�m�b�X �1���+�? �/���i���b�2�i �?���b �9�R �7�2���i�m�`�2�b ���M�/ �� �b�B�M�;�H�2 �+�H���b�b �H���#�2�H �U���b �b�?�Q�r�M
�B�M �}�;�m�`�2 �8�X�R�V�X ���7�i�2�` ���M���H�v�b�B�M�; �i�?�2 �7�2���i�m�`�2 �Q�7 �/���i���b�2�i�- �r�2 �?���p�2 �+���i�2�;�Q�`�B�x�2�/ �i�?�2�K �B�M�i�Q �7�Q�m�` �+���i�2�;�Q�`�B�2�b�X �*���i�2�;�Q�`�v
�� �A �`�2�T�`�2�b�2�M�i�b �i�?�Q�b�2 �7�2���i�m�`�2�b �r�?�B�+�? �`�2�p�2���H �i�?�2 �T�`�Q�T�2�`�i�B�2�b �Q�7 �h�*�S �+�Q�M�M�2�+�i�B�Q�M �#�2�i�r�2�2�M �b�Q�m�`�+�2 ���M�/ �/�2�b�i�B�M���i�B�Q�M
�M�Q�/�2�X �*���i�2�;�Q�`�v �� �A�A �?�B�;�?�H�B�;�?�i�b �i�?�2 �#���b�B�+ �7�2���i�m�`�2�b �Q�7 �i�?�2 �/���i�� �i�?���i �B�b �#�2�B�M�; �b�?���`�2�/ �Q�p�2�` �� �b�B�M�;�H�2 �+�Q�M�M�2�+�i�B�Q�M
�#�2�i�r�2�2�M �b�Q�m�`�+�2 ���M�/ �/�2�b�i�B�M���i�B�Q�M �M�Q�/�2�b�X �*���i�2�;�Q�`�v �� �A�A�A �`�2�T�`�2�b�2�M�i�b �i�?�Q�b�2 �7�2���i�m�`�2�b �r�?�B�+�? �/�2�T�B�+�i �i�?�2 �b�i���i�m�b �Q�7
�p���`�B�Q�m�b �+�Q�M�M�2�+�i�B�Q�M�b �B�M �i�?�2 �M�2�i�r�Q�`�F �r�B�i�? �� �i�B�K�2 �7�`���K�2 �Q�7 �k �b�2�+�Q�M�/�b�X ���i�i�`�B�#�m�i�2�b �Q�7 �/�2�b�i�B�M���i�B�Q�M �M�Q�/�2�b �B�M �p���`�B�Q�m�b
�+�Q�M�M�2�+�i�B�Q�M�b �B�M �� �M�2�i�r�Q�`�F �r�?�B�+�? �?�2�H�T �i�Q ���M���H�v�b�2 ���M ���i�i���+�F �i�?���i �H���b�i�2�/ �7�Q�` �K�Q�`�2 �i�?���M �k �b�2�+�Q�M�/�b ���`�2 �`�2�T�`�2�b�2�M�i�2�/
�#�v �+���i�2�;�Q�`�v �� �A�o�X �h�?�2 �H���b�i �7�2���i�m�`�2 �`�2�T�`�2�b�2�M�i�b �i�?�2 �+�H���b�b �H���#�2�H �7�Q�` �2���+�? �/���i�� �2�M�i�`�v �U�K���H�B�+�B�Q�m�b �Q�` �M�Q�M�@�K���H�B�+�B�Q�m�b�V
�B�M �i�?�2 �/���i���b�2�i�X ���K�Q�M�; ���H�H �i�?�2 �7�2���i�m�`�2�b�- �b�Q�K�2 �Q�7 �i�?�2�K �`�2�T�`�2�b�2�M�i �p���`�B�Q�m�b �b�m�#�@�7�2���i�m�`�2�b�f���i�i�`�B�#�m�i�2�b�- �i�?�2�v �B�M�+�H�m�/�2�,
�õ�S�`�Q�i�Q�+�Q�H �i�v�T�2�ö�- �õ�a�2�`�p�B�+�2�ö ���M�/ �õ�~���;�ö�- ���M�/ �7�Q�` �i�?�2 �+�Q�K�T�m�i���i�B�Q�M���H �T�m�`�T�Q�b�2�b �r�2 �?���p�2 �+�Q�M�p�2�`�i�2�/ �i�?�2�K �B�M�i�Q �M�m�K�2�`�B�+
�/���i���X �A�M �ö�T�`�Q�i�Q�+�Q�H �i�v�T�2�ö �r�2 �?���p�2 �m�b�2�/ �R�- �k ���M�/ �j �7�Q�` �`�2�T�`�2�b�2�M�i�B�M�; �A�*�J�S �U�A�M�i�2�`�M�2�i �*�Q�M�i�`�Q�H �J�2�b�b���;�2 �S�`�Q�i�Q�+�Q�H�V�-
�h�*�S �U�h�`���M�b�K�B�b�b�B�Q�M �*�Q�M�i�`�Q�H �S�`�Q�i�Q�+�Q�H�V ���M�/ �l�.�S �U�l�b�2�` �.���i���;�`���K �S�`�Q�i�Q�+�Q�H�V �T�`�Q�i�Q�+�Q�H�b �`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2 �õ�b�2�`�p�B�+�2�ö
���i�i�`�B�#�m�i�2 �+�Q�M�i���B�M�2�/ �d�y �/�B�z�2�`�2�M�i �r�2�# �b�2�`�p�B�+�2�b �m�b�2�/ �#�v �i�?�2 �/�2�b�i�B�M���i�B�Q�M �M�2�i�r�Q�`�F�X �o���`�B�Q�m�b ���i�i�`�B�#�m�i�2�b �Q�7 �õ�~���;�ö �7�2���i�m�`�2
���`�2 �b�?�Q�r�M �B�M �}�;�m�`�2 �8�X�k�X

�a�B�M�+�2 �i�?�2 ���p���B�H���#�H�2 �/���i�� �B�M �i�?�2 �/���i���b�2�i �B�b �K�m�H�i�B�/�B�K�2�M�b�B�Q�M���H ���M�/ �i�Q �2�M�?���M�+�2 �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �J���+�?�B�M�2
�G�2���`�M�B�M�; ���H�;�Q�`�B�i�?�K�- �r�2 �?���p�2 �M�Q�`�K���H�B�x�2�/ �i�?�2 �/���i�� �m�b�B�M�; �b�i���M�/���`�/ �b�+���H���`�,

X̂ i =
X i � �

�
�U�8�X�R�V

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

�8�X�k�X �S�2�`�7�Q�`�K���M�+�2 �S���`���K�2�i�2�`�b�X�h�Q �2�p���H�m���i�2 �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �2���+�? �i�`���B�M�2�/ �K���+�?�B�M�2 �H�2���`�M�B�M�; �K�Q�/�2�H�-
�+�Q�M�7�m�b�B�Q�M �K���i�`�B�t �r���b �m�b�2�/�- �i�?���i �B�b �b�?�Q�r�M �B�M �h���#�H�2 �8�X�R�X

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

Accuracy =
TP + TN

TP + FN + FP + TN
�U�8�X�k�V



�k�k �J�B�` �a�?���?�M���r���x ���?�K���/�- �a�?���?�B�/ �J�2�?�`���D �a�?���?

�6�B�;�X �8�X�R�, �o���`�B�Q�m�b �7�2���i�m�`�2�b �Q�7 �L�a�G���E�.�. �/���i���b�2�i �r�B�i�? �+�Q�`�`�2�b�T�Q�M�/�B�M�; �p���H�m�2�b �B�M �i�?�2 �/���i���b�2�i

�6�B�;�X �8�X�k�, ���i�i�`�B�#�m�i�2�b �Q�7 �6�H���; �7�2���i�m�`�2 �B�M �L�a�G���E�.�. �.���i���b�2�i

P recision =
TP

TP + FP
�U�8�X�j�V

Recall =
TP

TP + FN
�U�8�X�9�V



�J�B�i�B�;���i�B�M�; �J���H�B�+�B�Q�m�b �A�M�b�B�/�2�` ���i�i���+�F�b �B�M �i�?�2 �A�M�i�2�`�M�2�i �Q�7 �h�?�B�M�;�b �m�b�B�M�; �a�m�T�2�`�p�B�b�2�/ �J���+�?�B�M�2 �G�2���`�M�B�M�; �h�2�+�?�M�B�[�m�2�b�k�j

�h���#�H�2 �8�X�R�, �*�Q�M�7�m�b�B�Q�M �J���i�`�B�t

���+�i�m���H �o���H�m�2
�S�`�2�/�B�+�i�2�/ �o���H�m�2

�J���H�B�+�B�Q�m�b �L�Q�M�@�K���H�B�+�B�Q�m�b
�J���H�B�+�B�Q�m�b�h�`�m�2 �S�Q�b�B�i�B�p�2 �U�h�S�V �6���H�b�2 �L�2�;���i�B�p�2 �U�6�L�V

�L�Q�M�@�K���H�B�+�B�Q�m�b�6���H�b�2 �S�Q�b�B�i�B�p�2 �U�6�S�V �h�`�m�2 �L�2�;���i�B�p�2 �U�h�L�V

�6�B�;�X �8�X�j�, ���+�+�m�`���+�v �Q�7 �_�B�/�;�2 �`�2�;�`�2�b�b�B�Q�M �7�Q�` �/�2�i�2�+�i�B�M�; �K���H�B�+�B�Q�m�b �A�Q�h �M�2�i�r�Q�`�F �i�`���{�+ �B�M �E�.�.�h�2�b�i�Y �/���i���b�2�i �7�Q�`
�p���`�v�B�M�; �p���H�m�2�b �Q�7�

F 1 � score=
2 � TP

2 � TP + FP + FN
�U�8�X�8�V

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

�q�2 �?���p�2 ���H�b�Q �m�b�2�/ ���`�2�� �l�M�/�2�` �i�?�2 �*�m�`�p�2 �U���l�*�V �Q�7 �� �_�2�+�2�B�p�2�` �P�T�2�`���i�B�M�; �*�?���`���+�i�2�`�B�b�i�B�+ �U�_�P�*�V �+�m�`�p�2 ���b ��
�T�2�`�7�Q�`�K���M�+�2 �K���i�`�B�t�- �r�?�B�+�? �;�B�p�2�b �i�?�2 �Q�p�2�`���H�H �T�2�`�7�Q�`�K���M�+�2 �Q�7 �2���+�? �+�H���b�b�B�}�2�` �m�b�2�/ �B�M �+�H���b�b�B�7�v�B�M�; �i�?�2 �K���H�B�+�B�Q�m�b ���M�/
�M�Q�M�@�K���H�B�+�B�Q�m�b �i�`���{�+ �B�M �E�.�.�h�2�b�i�Y �/���i���b�2�i�X �h�?�2 �p���H�m�2 �Q�7 ���l�* �H�B�2�b �#�2�i�r�2�2�M �(�y�- �R�) ���M�/ �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 ��
�T���`�i�B�+�m�H���` �+�H���b�b�B�}�2�` �B�b �/�B�`�2�+�i�H�v �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q �i�?�2 �p���H�m�2 �Q�7 ���l�* �Q�#�i���B�M�2�/�- �B�X�2�X �� �+�H���b�b�B�}�+���i�B�Q�M �K�Q�/�2�H �B�b �+�Q�M�b�B�/�2�`�2�/
�2�{�+�B�2�M�i �B�7 �B�i�b ���l�* �p���H�m�2 �H�B�2�b �+�H�Q�b�2 �i�Q �R ���M�/ �B�M�2�{�+�B�2�M�i �B�7 �B�i�b �p���H�m�2 �H�B�2�b �+�H�Q�b�2 �i�Q �y�X �"�2�b�B�/�2�b �i�?�2�b�2 �T�2�`�7�Q�`�K���M�+�2
�T���`���K�2�i�2�`�b�- �r�2 �?���p�2 ���H�b�Q �M�Q�i�2�/ �i�?�2 �i�B�K�2 �� �T���`�i�B�+�m�H���` �+�H���b�b�B�}�2�` �i���F�2�b �i�Q �i�`���B�M �Q�M �E�.�.�h�`���B�M�Y �/���i���b�2�i �U�h�`���B�M�B�M�;
�h�B�K�2�V ���M�/ �i�?�2 �i�B�K�2 �B�i �i���F�2�b �i�Q �T�`�2�/�B�+�i �� �H���#�2�H �7�Q�` �/���i�� �B�M �E�.�.�h�2�b�i�Y �/���i���b�2�i �U�h�2�b�i �h�B�K�2�V�X �1�p�B�/�2�M�i�H�v�- �K�Q�`�2 �i�?�2
�i�`���B�M�B�M�; �i�B�K�2 �Q�7 �� �T���`�i�B�+�m�H���` �+�H���b�b�B�}�2�`�- �K�Q�`�2 �+�Q�K�T�m�i���i�B�Q�M �`�2�b�Q�m�`�+�2�b ���`�2 �M�2�2�/�2�/ �7�Q�` ���+�?�B�2�p�B�M�; �+�H���b�b�B�}�+���i�B�Q�M�- ���M�/
�H�2�b�b�2�` �i�?�2 �i�2�b�i �i�B�K�2 �B�M�/�B�+���i�2�b �i�?���i �i�?�2 �+�H���b�b�B�}�2�` �r�B�H�H �?���p�2 �[�m�B�+�F �`�2�b�T�Q�M�b�2�X

�8�X�j�X �S�2�`�7�Q�`�K���M�+�2 �2�p���H�m���i�B�Q�M �Q�7 �p���`�B�Q�m�b �K���+�?�B�M�2 �H�2���`�M�B�M�; ���H�;�Q�`�B�i�?�K�b �7�Q�` �/�2�i�2�+�i�B�M�; �B�M�b�B�/�2�` ���i�@
�i���+�F�b �B�M �A�Q�h�X�A�M �Q�`�/�2�` �i�Q ���M���H�v�b�2 �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �p���`�B�Q�m�b �b�m�T�2�`�p�B�b�2�/ �K���+�?�B�M�2 �H�2���`�M�B�M�; ���H�;�Q�`�B�i�?�K�b �7�Q�`
�/�2�i�2�+�i�B�M�; �B�M�b�B�/�2�` ���i�i���+�F�2�`�b �B�M �A�Q�h �M�2�i�r�Q�`�F�- �i�?�2�v �r�2�`�2 �}�`�b�i �i�`���B�M�2�/ �Q�M �E�.�.�h�`���B�M�Y �/���i���b�2�i ���M�/ �i�?�2�M �i�?�2�B�` �+�H���b�b�B�@
�}�+���i�B�Q�M �T�2�`�7�Q�`�K���M�+�2 �r���b �2�p���H�m���i�2�/ �m�b�B�M�; �E�.�.�h�2�b�i�Y �/���i���b�2�i�X �6�Q�` �i�?�2 �B�K�T�H�2�K�2�M�i���i�B�Q�M �Q�7 �i�?�2�b�2 �K�Q�/�2�H�b�- �r�2 �?���p�2
�m�b�2�/ �B�M�i�2�H �+�Q�`�2 �B�j�@�8�y�y�8�l �*�S�l �! �k�X�y�y�:�>�x � �9�- �_���J�, �9�:�" ���M�/ �Q�T�2�`���i�B�M�; �b�v�b�i�2�K�, �m�#�m�M�i�m �R�9�X�y�9 �G�h�a �U�e�9�#�B�i�V�-
�m�b�B�M�; �a�+�B�F�B�i�@�H�2���`�M ���M�/ �T���M�/���b �T���+�F���;�2�X

�h�Q �+�?�Q�Q�b�2 �i�?�2 �Q�T�i�B�K���H �p���H�m�2 �Q�7 �p���`�B�Q�m�b �+�`�B�i�B�+���H �T���`���K�2�i�2�`�b �B�M �p���`�B�Q�m�b �+�H���b�b�B�}�2�`�b�- �r�2 �?���p�2 �b�B�K�m�H���i�2�/ �i�?�2
�K�Q�/�2�H�b �7�Q�` �/�B�z�2�`�2�M�i �p���H�m�2�b ���b �b�?�Q�r�M �B�M �}�;�m�`�2 �8�X�j �i�Q �8�X�3�X
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�6�B�;�X �8�X�9�, ���+�+�m�`���+�v �Q�7 �G���b�b�Q �`�2�;�`�2�b�b�B�Q�M �7�Q�` �/�2�i�2�+�i�B�M�; �K���H�B�+�B�Q�m�b �A�Q�h �M�2�i�r�Q�`�F �i�`���{�+ �B�M �E�.�.�h�2�b�i�Y �/���i���b�2�i �7�Q�`
�p���`�v�B�M�; �p���H�m�2�b �Q�7�

�6�B�;�X �8�X�8�, ���+�+�m�`���+�v �Q�7 �1�H���b�i�B�+ �L�2�i �7�Q�` �/�2�i�2�+�i�B�M�; �K���H�B�+�B�Q�m�b �A�Q�h �M�2�i�r�Q�`�F �i�`���{�+ �B�M �E�.�.�h�2�b�i�Y �/���i���b�2�i �7�Q�` �p���`�v�B�M�;
�p���H�m�2�b �Q�7� 1 ���M�/� 2

�p���H�m�2�b �Q�7� �- ���M�/ �B�i �B�b �2�p�B�/�2�M�i �7�`�Q�K �i�?�2 �}�;�m�`�2 �i�?���i �K���t�B�K�m�K �/�2�i�2�+�i�B�Q�M ���+�+�m�`���+�v �B�b ���+�?�B�2�p�2�/ �7�Q�`� = 1 �X ���H�b�Q�-
�}�;�m�`�2 �8�X�9 �T�`�Q�p�2�b �i�?���i �K���t�B�K�m�K �/�2�i�2�+�i�B�Q�M ���+�+�m�`���+�v �B�b ���+�?�B�2�p�2�/ ���i� = 0 :02 �7�Q�` �G���b�b�Q �`�2�;�`�2�b�b�B�Q�M�X �q�2 �?���p�2 �i�2�b�i�2�/
�i�?�2 �1�H���b�i�B�+ �L�2�i �7�Q�` �p���`�v�B�M�; �p���H�m�2�b �Q�7� 1 ���M�/� 2 �Q�M �E�.�.�h�2�b�i�Y �/���i���b�2�i�- ���b �b�?�Q�r�M �B�M �}�;�m�`�2 �8�X�8�X �h�?�2 �}�;�m�`�2 �b�?�Q�r�b
�i�?���i �K���t�B�K�m�K ���+�+�m�`���+�v �B�b ���+�?�B�2�p�2�/ �7�Q�`� 1 = 0 :2 ���M�/� 2 = 0 :8�X

�h�?�2 �p���H�m�2 �Q�7K �B�M �E�@�L�2���`�2�b�i �L�2�B�;�?�#�Q�` �+�H���b�b�B�}�2�` �r���b �+�?�Q�b�2�M �i�Q �#�2 �R�y�- �b�B�M�+�2 �i�?�2 �/�2�i�2�+�i�B�Q�M ���+�+�m�`���+�v �b���i�m�`���i�2�b
���7�i�2�K̀ = 10 �U���b �b�?�Q�r�M �B�M �}�;�m�`�2 �8�X�e�V�X �6�B�;�m�`�2 �8�X�d �;�B�p�2�b �i�?�2 �Q�T�i�B�K���H �M�m�K�#�2�` �Q�7 �B�i�2�`���i�B�Q�M�b �7�Q�` �p���`�B�Q�m�b �+�H���b�b�B�}�2�`�b �#�v
���M���H�v�b�B�M�; �i�?�2 �/�2�i�2�+�i�B�Q�M ���+�+�m�`���+�v�X �P�T�i�B�K���H �p���H�m�2�b �7�Q�` �M�m�K�#�2�` �Q�7 �i�`���B�M�B�M�; �b���K�T�H�2�b �m�b�2�/ �i�Q �i�`���B�M �#���b�2 �2�b�i�B�K���i�Q�`
�7�Q�` �_���M�/�Q�K �7�Q�`�2�b�i�- ���/���"�Q�Q�b�i ���M�/ �:�`���/�B�2�M�i �"�Q�Q�b�i�B�M�; �`�2�b�T�2�+�i�B�p�2�H�v ���`�2 �b�?�Q�r�M �B�M �}�;�m�`�2 �8�X�3�X

�h�?�m�b�- ���7�i�2�` �;�2�i�i�B�M�; �i�?�2 �Q�T�i�B�K���H �p���H�m�2�b �7�Q�` �p���`�B�Q�m�b �T���`���K�2�i�2�`�b�- �i�?�2 �/�2�i���B�H�2�/ �`�2�b�m�H�i�b �7�Q�` �/�2�i�2�+�i�B�M�; �K���H�B�+�B�Q�m�b
�B�M�b�B�/�2�` ���i�i���+�F�b �B�M �i�?�2 �A�Q�h �M�2�i�r�Q�`�F �#�v �p���`�B�Q�m�b �b�m�T�2�`�p�B�b�2�/ �K���+�?�B�M�2 �H�2���`�M�B�M�; ���H�;�Q�`�B�i�?�K�b ���`�2 �b�?�Q�r�M �B�M �h���#�H�2 �8�X�k�-
�}�;�m�`�2 �8�X�N ���M�/ �8�X�R�y�X

���7�i�2�` �i�?�Q�`�Q�m�;�? ���M���H�v�b�B�b �Q�7 �T�2�`�7�Q�`�K���M�+�2 �T���`���K�2�i�2�`�b �B�M �i���#�H�2 �8�X�k ���M�/ �}�;�m�`�2 �8�X�N �� �8�X�R�y �7�Q�` �p���`�B�Q�m�b �K���+�?�B�M�2
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�6�B�;�X �8�X�e�, ���+�+�m�`���+�v �Q�7 �E�@�L�2���`�2�b�i �L�2�B�;�?�#�Q�` �+�H���b�b�B�}�2�` �7�Q�` �/�2�i�2�+�i�B�M�; �K���H�B�+�B�Q�m�b �A�Q�h �M�2�i�r�Q�`�F �i�`���{�+ �B�M �E�.�.�h�2�b�i�Y
�/���i���b�2�i �7�Q�` �p���`�v�B�M�; �p���H�m�2�b �Q�7 �E

�6�B�;�X �8�X�d�, ���+�+�m�`���+�v �Q�7 �p���`�B�Q�m�b �+�H���b�b�B�}�2�` �7�Q�` �/�2�i�2�+�i�B�M�; �K���H�B�+�B�Q�m�b �A�Q�h �M�2�i�r�Q�`�F �i�`���{�+ �B�M �E�.�.�h�2�b�i�Y �/���i���b�2�i �7�Q�`
�p���`�v�B�M�; �M�m�K�#�2�` �Q�7 �B�i�2�`���i�B�Q�M�b �/�m�`�B�M�; �i�`���B�M�B�M�; �T�`�Q�+�2�b�b

�:�`���/�B�2�M�i �"�Q�Q�b�i�B�M�;�V �T�2�`�7�Q�`�K �#�2�i�i�2�` �i�?���M �i�?�2 �Q�i�?�2�` �b�i�m�/�B�2�/ �K���+�?�B�M�2 �H�2���`�M�B�M�; �+�H���b�b�B�}�2�`�b �7�Q�` �+�H���b�b�B�7�v�B�M�; �i�?�2 �A�Q�h
�M�2�i�r�Q�`�F �i�`���{�+ �B�M�i�Q �K���H�B�+�B�Q�m�b ���M�/ �M�Q�M�@�K���H�B�+�B�Q�m�b�X ���K�Q�M�; �i�?�2�K �i�?�2 �:�`���/�B�2�M�i �"�Q�Q�b�i�B�M�; �Q�m�i�T�2�`�7�Q�`�K�b �r�B�i�? ���M
���+�+�m�`���+�v �Q�7 �3�R�X�k�N�W ���M�/ ���l�* �p���H�m�2 �Q�7 �y�X�N�e�X ���H�i�?�Q�m�;�? �i�?�2 �i�`���B�M�B�M�; �i�B�K�2 �Q�7 �:�`���/�B�2�M�i �"�Q�Q�b�i�B�M�; ���H�;�Q�`�B�i�?�K �B�b
�b�H�B�;�?�i�H�v �K�Q�`�2 �i�?���M �b�Q�K�2 �Q�7 �i�?�2 �/�B�b�+�m�b�b�2�/ ���H�;�Q�`�B�i�?�K�b�- �i�?�2 �i�2�b�i�B�M�; �i�B�K�2 �B�b �M�Q�K�B�M���H�X

�e�X �*�Q�M�+�H�m�b�B�Q�M�X�A�M �i�?�B�b �T���T�2�`�- �r�2 �?���p�2 �/�B�b�+�m�b�b�2�/ �p���`�B�Q�m�b �+�?���`���+�i�2�`�B�b�i�B�+�b ���M�/ �b�2�+�m�`�B�i�v �`�2�[�m�B�`�2�K�2�M�i�b �Q�7 ���M
�A�Q�h �M�2�i�r�Q�`�F�X �q�2 �?���p�2 ���H�b�Q �/�B�b�+�m�b�b�2�/ �?�Q�r �� �K���H�B�+�B�Q�m�b �B�M�b�B�/�2�` �+���M �#�2 �� �K���D�Q�` �i�?�`�2���i �i�Q �A�Q�h �M�2�i�r�Q�`�F ���M�/ ���M���H�v�b�2�/
�p���`�B�Q�m�b �b�m�T�2�`�p�B�b�2�/ �K���+�?�B�M�2 �H�2���`�M�B�M�; ���H�;�Q�`�B�i�?�K�b �r�?�B�+�? �K���F�2 �i�?�2�K �7���p�Q�m�`���#�H�2 �7�Q�` �/�2�i�2�+�i�B�M�; �b�m�+�? ���i�i���+�F�b �B�M �i�?�2
�A�Q�h �M�2�i�r�Q�`�F�X �A�M �Q�`�/�2�` �i�Q �/�2�K�Q�M�b�i�`���i�2 �i�?���i �i�?�2 �K���+�?�B�M�2 �H�2���`�M�B�M�; �i�2�+�?�M�B�[�m�2�b �+���M �#�2 �m�b�2�/ �i�Q �/�2�i�2�+�i �K���H�B�+�B�Q�m�b
�B�M�b�B�/�2�`�b �B�M �i�?�2 �A�Q�h �M�2�i�r�Q�`�F�- �r�2 �i�`���B�M�2�/ �p���`�B�Q�m�b �b�m�T�2�`�p�B�b�2�/ �K���+�?�B�M�2 �H�2���`�M�B�M�; ���H�;�Q�`�B�i�?�K�b �Q�M �L�a�G�@�E�.�. �/���i���b�2�i�X
�h�?�2 �`�2�b�m�H�i�b �b�?�Q�r �i�?���i �:�`���/�B�2�M�i �"�Q�Q�b�i�B�M�; �i�2�+�?�M�B�[�m�2 �Q�m�i�T�2�`�7�Q�`�K�b �i�?�2 �Q�i�?�2�` �/�B�b�+�m�b�b�2�/ �i�2�+�?�M�B�[�m�2�b�X ���b �T���`�i �Q�7
�7�m�i�m�`�2 �r�Q�`�F�- �M�2�r ���M�/ �m�T�/���i�2�/ �Q�T�i�B�K�B�x���i�B�Q�M �i�2�+�?�M�B�[�m�2�b �+���M �#�2 �m�b�2�/ �i�Q �7�m�`�i�?�2�` �2�M�?���M�+�2 �i�?�2 ���i�i���+�F �/�2�i�2�+�i�B�Q�M
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�(�R�j�)�h�X �1�X �a�2�M���i�Q�`�- �>�X �:�X �:�Q�H�/�#�2�`�;�- ���X �J�2�K�Q� �̀v�- �q�X �h�X �u�Q�m�M�;�- �"�X �_�2�2�b�- �_�X �S�B�2�`�+�2�- �.�X �>�m���M�;�- �J�X �_�2���`�/�Q�M�- �.�X ���X �"���/�2�`�-

�1�X �*�?�Q�r �2�i ���H�X�-�.�2�i�2�+�i�B�M�; �B�M�b�B�/�2�` �i�?� �̀2���i�b �B�M �� � �̀2���H �+�Q�`�T�Q� �̀��i�2 �/���i���#���b�2 �Q�7 �+�Q�K�T�m�i�2�` �m�b���;�2 ���+�i�B�p�B�i�v�- �B�M �S�`�Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2
�R�N�i�? ���*�J �a�A�:�E�.�. �B�M�i�2�`�M���i�B�Q�M���H �+�Q�M�7�2�`�2�M�+�2 �Q�M �E�M�Q�r�H�2�/�;�2 �/�B�b�+�Q�p�2�`�v ���M�/ �/���i�� �K�B�M�B�M�; �U�k�y�R�j�V�- �T�T�X �R�j�N�j���R�9�y�R�X

�(�R�9�)�G�X �G�B�m�- �P�X �.�2 �o�2�H�- �Z�X�@�G�X �>���M�- �C�X �w�?���M�;�- ���M�/ �u�X �s�B���M�;�-�.�2�i�2�+�i�B�M�; ���M�/ �T� �̀2�p�2�M�i�B�M�; �+�v�#�2�` �B�M�b�B�/�2�` �i�?� �̀2���i�b�, �� �b�m�`�p�2�v�- �B�M �A�1�1�1
�*�Q�K�K�m�M�B�+���i�B�Q�M�b �a�m�`�p�2�v�b �� �h�m�i�Q�`�B���H�b�- �p�Q�H�X �k�y�- �M�Q�X �k �U�k�y�R�3�V�- �T�T�X �R�j�N�d���R�9�R�d�X

�(�R�8�)�6�X �G�X �:�`�2�B�i�x�2�`�- �C�X �a�i�`�Q�x�2�`�- �a�X �*�Q�?�2�M�- �C�X �"�2�`�;�2�v�- �C�X �*�Q�r�H�2�v�- ���X �J�Q�Q�`�2�- ���M�/ �.�X �J�m�M�/�B�2�-�l�M�B�M�i�2�M�i�B�Q�M���H �B�M�b�B�/�2�` �i�?� �̀2���i�,
�+�Q�M�i�`�B�#�m�i�B�M�; �7���+�i�Q�`�b�- �Q�#�b�2�`�p���#�H�2�b�- ���M�/ �K�B�i�B�;���i�B�Q�M �b�i� �̀��i�2�;�B�2�b�- �B�M �k�y�R�9 �9�d�i�? �>���r���B�B �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2�`�2�M�+�2 �Q�M �a�v�b�i�2�K
�a�+�B�2�M�+�2�b�X �A�1�1�1 �U�k�y�R�9�V�- �T�T�X �k�y�k�8���k�y�j�9�X

�(�R�e�)�.�X �q�X �J���`�[�m���`�/�i ���M�/ �_�X �.�X �a�M�2�2�-�_�B�/�;�2 � �̀2�;� �̀2�b�b�B�Q�M �B�M �T� �̀��+�i�B�+�2�- �B�M �h�?�2 ���K�2�`�B�+���M �a�i���i�B�b�i�B�+�B���M�- �k�N�- �M�Q�X �R �U�R�N�d�8�V�- �T�T�X �j���k�y�X
�(�R�d�)�_�X �h�B�#�b�?�B�`���M�B�- �_�2�;� �̀2�b�b�B�Q�M �b�?�`�B�M�F���;�2 ���M�/ �b�2�H�2�+�i�B�Q�M �p�B�� �i�?�2 �H���b�b�Q�- �B�M �C�Q�m�`�M���H �Q�7 �i�?�2 �_�Q�v���H �a�i���i�B�b�i�B�+���H �a�Q�+�B�2�i�v�, �a�2�`�B�2�b �"

�U�J�2�i�?�Q�/�Q�H�Q�;�B�+���H�V�- �p�Q�H�X �8�3�- �M�Q�X �R �U�R�N�N�e�V�- �T�T�X �k�e�d���k�3�3�X
�(�R�3�)�>�X �w�Q�m ���M�/ �h�X �>���b�i�B�2�- �_�2�;�m�H���`�B�x���i�B�Q�M ���M�/ �p���`�B���#�H�2 �b�2�H�2�+�i�B�Q�M �p�B�� �i�?�2 �2�H���b�i�B�+ �M�2�i�- �B�M �C�Q�m�`�M���H �Q�7 �i�?�2 �`�Q�v���H �b�i���i�B�b�i�B�+���H �b�Q�+�B�2�i�v�,

�b�2�`�B�2�b �" �U�b�i���i�B�b�i�B�+���H �K�2�i�?�Q�/�Q�H�Q�;�v�V�- �p�Q�H�X �e�d�- �M�Q�X �k �U�k�y�y�8�V�- �T�T�X �j�y�R���j�k�y�X
�(�R�N�)�"�X �1�7�`�Q�M�- �h�X �>���b�i�B�2�- �A�X �C�Q�?�M�b�i�Q�M�2�- �_�X �h�B�#�b�?�B�`���M�B �2�i ���H�X�-�G�2���b�i ���M�;�H�2 � �̀2�;� �̀2�b�b�B�Q�M�- �B�M �h�?�2 ���M�M���H�b �Q�7 �b�i���i�B�b�i�B�+�b�- �p�Q�H�X �j�k�- �M�Q�X

�k �U�k�y�y�9�V�- �T�T�X �9�y�d���9�N�N�X
�(�k�y�)�.�X �q�X �>�Q�b�K�2�` �C�`�- �a�X �G�2�K�2�b�?�Q�r�- ���M�/ �_�X �s�X �a�i�m�`�/�B�p���M�i�- ���T�T�H�B�2�/ �H�Q�;�B�b�i�B�+ � �̀2�;� �̀2�b�b�B�Q�M�- �B�M �C�Q�?�M �q�B�H�2�v �� �a�Q�M�b �U�k�y�R�j�V�- �p�Q�H�X

�j�N�3�X
�(�k�R�)�_�X �"���i�i�B�i�B ���M�/ �6�X �J���b�m�H�H�B�-�"�7�;�b �Q�T�i�B�K�B�x���i�B�Q�M �7�Q�` �7���b�i�2�` ���M�/ ���m�i�Q�K���i�2�/ �b�m�T�2�`�p�B�b�2�/ �H�2���`�M�B�M�;�- �B�M �A�M�i�2�`�M���i�B�Q�M���H �M�2�m�`���H �M�2�i�r�Q�`�F

�+�Q�M�7�2�`�2�M�+�2�X �a�T�`�B�M�;�2�` �U�R�N�N�y�V�- �T�T�X �d�8�d���d�e�y�X
�(�k�k�)�h�X �*�Q�p�2�` ���M�/ �S�X �>��� �̀i�- �L�2��� �̀2�b�i �M�2�B�;�?�#�Q�` �T���i�i�2�`�M �+�H���b�b�B�}�+���i�B�Q�M�- �B�M �A�1�1�1 �i�`���M�b���+�i�B�Q�M�b �Q�M �B�M�7�Q�`�K���i�B�Q�M �i�?�2�Q�`�v�- �p�Q�H�X �R�j�- �M�Q�X �R

�U�R�N�e�d�V�- �T�T�X �k�R���k�d�X
�(�k�j�)�*�X �*�Q� �̀i�2�b ���M�/ �o�X �o���T�M�B�F�-�a�m�T�T�Q�`�i�@�p�2�+�i�Q�` �M�2�i�r�Q�`�F�b�- �B�M �J���+�?�B�M�2 �H�2���`�M�B�M�;�- �p�Q�H�X �k�y�- �M�Q�X �j �U�R�N�N�8�V�- �T�T�X �k�d�j���k�N�d�X
�(�k�9�)�J�X �a�X �J���?�/���p�B�M�2�D���/�- �J�X �_�2�x�p���M�- �J�X �"���`�2�F���i���B�M�- �S�X ���/�B�#�B�- �S�X �"���`�M���;�?�B�- ���M�/ ���X �S�X �a�?�2�i�?�- �J���+�?�B�M�2 �H�2���`�M�B�M�; �7�Q�`

�B�M�i�2�`�M�2�i �Q�7 �i�?�B�M�;�b �/���i�� ���M���H�v�b�B�b�, �� �b�m�`�p�2�v�- �B�M �.�B�;�B�i���H �*�Q�K�K�m�M�B�+���i�B�Q�M�b ���M�/ �L�2�i�r�Q�`�F�b�- �p�Q�H�X �9�- �M�Q�X �j �U�k�y�R�3�V�- �T�T�X �R�e�R���R�d�8�X
�(�k�8�)�:�X �s�m�- �w�X �*���Q�- �"�X�@�:�X �>�m�- ���M�/ �C�X �*�X �S�`�B�M�+�B�T�2�- �_�Q�#�m�b�i �b�m�T�T�Q�`�i �p�2�+�i�Q�` �K���+�?�B�M�2�b �#���b�2�/ �Q�M �i�?�2 � �̀2�b�+���H�2�/ �?�B�M�;�2 �H�Q�b�b �7�m�M�+�i�B�Q�M�-

�B�M �S���i�i�2�`�M �_�2�+�Q�;�M�B�i�B�Q�M�- �e�j �U�k�y�R�d�V�- �T�T�X �R�j�N���R�9�3�X
�(�k�e�)�a�X �J�2�?�`�F���M�Q�Q�M�- �s�X �>�m���M�;�- ���M�/ �C�X ���X �a�m�v�F�2�M�b�- �L�Q�M�@�T��� �̀��H�H�2�H �b�m�T�T�Q�`�i �p�2�+�i�Q�` �+�H���b�b�B�}�2�`�b �r�B�i�? �/�B�z�2� �̀2�M�i �H�Q�b�b �7�m�M�+�i�B�Q�M�b�- �B�M

�L�2�m�`�Q�+�Q�K�T�m�i�B�M�;�- �R�9�j �U�k�y�R�9�V�- �T�T�X �k�N�9���j�y�R�X
�(�k�d�)�h�X �:�X �.�B�2�i�i�2�`�B�+�?�- ���M �2�t�T�2�`�B�K�2�M�i���H �+�Q�K�T���`�B�b�Q�M �Q�7 �i�?� �̀2�2 �K�2�i�?�Q�/�b �7�Q�` �+�Q�M�b�i�`�m�+�i�B�M�; �2�M�b�2�K�#�H�2�b �Q�7 �/�2�+�B�b�B�Q�M �i�`�2�2�b�, �"���;�;�B�M�;�-

�#�Q�Q�b�i�B�M�;�- ���M�/ � �̀��M�/�Q�K�B�x���i�B�Q�M�- �B�M �J���+�?�B�M�2 �H�2���`�M�B�M�;�- �9�y�- �M�Q�X �k �U�k�y�y�y�V�- �T�T�X �R�j�N���R�8�d�X
�(�k�3�)�h�X �>���b�i�B�2�- �a�X �_�Q�b�b�2�i�- �C�X �w�?�m�- ���M�/ �>�X �w�Q�m�- �J�m�H�i�B�@�+�H���b�b ���/���#�Q�Q�b�i�- �B�M �a�i���i�B�b�i�B�+�b ���M�/ �B�i�b �A�M�i�2�`�7���+�2�- �p�Q�H�X �k�- �M�Q�X �j �U�k�y�y�N�V�- �T�T�X

�j�9�N���j�e�y�X
�(�k�N�)�s�X �w�?�m�- �S�X �w�?���M�;�- �s�X �G�B�M�- ���M�/ �u�X �a�?�B�-���+�i�B�p�2 �H�2���`�M�B�M�; �7� �̀Q�K �b�i� �̀2���K �/���i�� �m�b�B�M�; �Q�T�i�B�K���H �r�2�B�;�?�i �+�H���b�b�B�}�2�` �2�M�b�2�K�#�H�2�- �B�M �A�1�1�1

�h�`���M�b���+�i�B�Q�M�b �Q�M �a�v�b�i�2�K�b�- �J���M�- ���M�/ �*�v�#�2�`�M�2�i�B�+�b�- �S���`�i �" �U�*�v�#�2�`�M�2�i�B�+�b�V�- �p�Q�H�X �9�y�- �M�Q�X �e �U�k�y�R�y�V�- �T�T�X �R�e�y�d���R�e�k�R�X
�(�j�y�)�C�X �>�X �6�`�B�2�/�K���M�-�a�i�Q�+�?���b�i�B�+ �;� �̀��/�B�2�M�i �#�Q�Q�b�i�B�M�;�- �B�M �*�Q�K�T�m�i���i�B�Q�M���H �b�i���i�B�b�i�B�+�b �� �/���i�� ���M���H�v�b�B�b�- �p�Q�H�X �j�3�- �M�Q�X �9 �U�k�y�y�k�V�- �T�T�X �j�e�d���j�d�3�X
�(�j�R�)���X �:�m�2�x�x���x�- ���X ���b�B�K�B�- ���X �J�Q�m�`���/�2�- �w�X �h�#���i�Q�m�- ���M�/ �u�X ���b�B�K�B�-�� �K�m�H�i�B�H���v�2�` �T�2� �̀+�2�T�i� �̀Q�M �+�H���b�b�B�}�2�` �7�Q�` �K�Q�M�B�i�Q�`�B�M�; �M�2�i�r�Q�`�F

�i� �̀��{�+�- �B�M �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2�`�2�M�+�2 �Q�M �"�B�; �.���i�� ���M�/ �L�2�i�r�Q�`�F�b �h�2�+�?�M�Q�H�Q�;�B�2�b�X �a�T�`�B�M�;�2�` �U�k�y�R�N�V�- �T�T�X �k�e�k���k�d�y�X

�1�/�B�i�2�/ �#�v�,�.���M�� �S�2�i�+�m
�_�2�+�2�B�p�2�/�,�P�+�i �R�8�- �k�y�k�y
���+�+�2�T�i�2�/�,�C���M �k�y�- �k�y�k�R



�a�+���H���#�H�2 �*�Q�K�T�m�i�B�M�;�, �S�`���+�i�B�+�2 ���M�/ �1�t�T�2�`�B�2�M�+�2�- �A�a�a�L �R�3�N�8�@�R�d�e�d�-�?�i�i�T�,�f�f�r�r�r�X�b�+�T�2�X�Q�`�;
�Ü �k�y�k�R �a�*�S�1�X �o�Q�H�m�K�2 �k�k�- �A�b�b�m�2�b �R�- �T�T�X �k�N���j�3�- �.�P�A �R�y�X�R�k�e�N�9�,�f�b�+�T�2�X�p�k�k�B�R�X�R�3�j�9

�1�a�h�A�J���h�A�P�L �P�6 �h�_���6�6�A�* �J���h�_�A�s �6�_�P�J �G�A�L�E�a �G�P���.
�l�a�A�L�: �:�1�L�1�h�A�* ���G�:�P�_�A�h�>�J

�C�P�a�1�S�> �G �S���*�>�l���l�- ���_�L���" �_�P�u�- �:�P�S���G �E�_�A�a�>�L�����L�. ���L�A�a�> �E�l�J���_ �a���>�� �

���#�b�i�`���+�i�X�h�`���{�+ �J���i�`�B�t �U�h�J�V �B�b �� �`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 ���H�H �i�`���{�+ �~�Q�r�b �B�M �� �M�2�i�r�Q�`�F�X �A�i �B�b �?�2�H�T�7�m�H �7�Q�` �i�`���{�+ �2�M�;�B�M�2�2�`�B�M�; ���M�/
�M�2�i�r�Q�`�F �K���M���;�2�K�2�M�i�X �A�i �+�Q�M�i���B�M�b �i�?�2 �i�`���{�+ �K�2���b�m�`�2�K�2�M�i �7�Q�` ���H�H �T���`�i�b �Q�7 �� �M�2�i�r�Q�`�F ���M�/ �i�?�m�b �7�Q�` �H���`�;�2�` �M�2�i�r�Q�`�F �B�i �B�b �/�B�{�+�m�H�i �i�Q
�K�2���b�m�`�2 �T�`�2�+�B�b�2�H�v�X �G�B�M�F �H�Q���/ ���`�2 �2���b�B�H�v �Q�#�i���B�M���#�H�2 �#�m�i �i�?�2�v �7���B�H �i�Q �T�`�Q�p�B�/�2 �� �+�Q�K�T�H�2�i�2 �h�J �`�2�T�`�2�b�2�M�i���i�B�Q�M�X ���H�b�Q �H�B�M�F �H�Q���/ ���M�/ �h�J
�`�2�H���i�B�Q�M�b�?�B�T �7�Q�`�K�b ���M �m�M�/�2�`�@�/�2�i�2�`�K�B�M�2�/ �b�v�b�i�2�K �r�B�i�? �B�M�}�M�B�i�2 �b�2�i �Q�7 �b�Q�H�m�i�B�Q�M�b�X �P�M�2 �Q�7 �i�?�2 �r�2�H�H �F�M�Q�r�M �i�`���{�+ �K�Q�/�2�H�b �:�`���p�B�i�v �K�Q�/�2�H
�T�`�Q�p�B�/�2�b �� �`�Q�m�;�? �2�b�i�B�K���i�B�Q�M �Q�7 �i�?�2 �h�J�X �q�2 �?���p�2 �T�`�Q�T�Q�b�2�/ �� �:�2�M�2�i�B�+ ���H�;�Q�`�B�i�?�K �U�:���V �#���b�2�/ �Q�T�i�B�K�B�x���i�B�Q�M �K�2�i�?�Q�/ �i�Q �7�m�`�i�?�2�` �i�?�2
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�7�Q�` �e �K�Q�M�i�?�b �(�j�R�)�X �1���+�? �B�M�b�i���M�+�2 �Q�7 �h�J �+�Q�H�H�2�+�i�b �8 �K�B�M�m�i�2�b �Q�7 �i�`���{�+ �#�2�i�r�2�2�M ���H�H �b�Q�m�`�+�2 ���M�/ �/�2�b�i�B�M���i�B�Q�M�X �h�?�2
�`�Q�m�i�B�M�; �K���i�`�B�t ���M�/ �i�Q�T�Q�H�Q�;�v ���`�2 �B�M�+�H�m�/�2�/ �B�M �i�?�2 �/���i�� �b�2�i�X �A�i �+�Q�M�b�B�b�i �Q�7 �R�k �M�Q�/�2�b ���M�/ �8�9 �H�B�M�F�b�X �h�?�2�`�2 ���`�2 �j�k
�m�M�B�@�/�B�`�2�+�i�B�Q�M���H �H�B�M�F�b �#�2�i�r�2�2�M �M�Q�/�2�b ���M�/ �2���+�? �M�Q�/�2�b �?���b ���M �B�M�#�Q�m�M�/ ���M�/ �Q�m�i�#�Q�m�M�/ �H�B�M�F�- �i�?�2�`�2�7�Q�`�2 �� �i�Q�i���H �Q�7 �8�9
�H�B�M�F�b�X �h�?�2 �h�J �Q�7 ���M �B�M�b�i���M�+�2X i �B�b �� �k�. �K���i�`�B�t �Q�712� 12 �B�M �b�B�x�2�- ���M �2�t���K�T�H�2 �B�b �b�?�Q�r�M �B�M �h���#�H�2 �j�X�R�X �1���+�? �p���H�m�2
x ij �B�M �i�?�2 �K���i�`�B�t �/�2�M�Q�i�2�b �i�?�2 �i�`���{�+ �~�Q�r �7�`�Q�K �b�Q�m�`�+�2Si �i�Q �/�2�b�i�B�M���i�B�Q�MD j �X �q�B�i�? �2�H���T�b�2�/ �i�B�K�2 �i�- �i�?�2 �i�`���{�+
�K���i�`�B�t �2�t�i�2�M�/ �i�Q �� �+�Q�K�T�H�2�i�2 �j�. �i�`���{�+ �K���i�`�B�t ���bX 1; X 2; X 3; :::; X i �X
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�T�`�2�+�B�b�2 �h�J �p���H�m�2�b�X �A�M ���#�B�H�2�M�2 �M�2�i�r�Q�`�F�- �8�9 �M�m�K�#�2�`�b �Q�7 �H�B�M�F �H�Q���/�b ���`�2 ���p���B�H���#�H�2 ���b �b�2�2�M �R�. �p�2�+�i�Q�`�X �G�B�M�F �H�Q���/�b
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�6�B�;�X �j�X�k�, �6�H�Q�r�+�?���`�i �7�Q�` �T�`�Q�T�Q�b�2�/ �:��

�j�X�k�X �"���b�B�+�b �Q�7 �:�`���p�B�i�v �J�Q�/�2�H�X�h�?�2 �:�`���p�B�i�v �K�Q�/�2�H ���b �i�?�2 �M���K�2 �b�m�;�;�2�b�i �B�i�b ���M ���/���T�i���i�B�Q�M �Q�7 �L�2�r�i�Q�M�ö�b
�:�`���p�B�i�v �K�Q�/�2�H�X �h�?�B�b �K�Q�/�2�H �B�b ���T�T�H�B�2�/ �B�M �/�B�z�2�`�2�M�i �i�`���M�b�T�Q�`�i���i�B�Q�M �T�`�Q�#�H�2�K�b�- �H�B�F�2 �`�Q���/ �i�`���{�+�- �;�Q�Q�/�b �2�i�+�X �A�M
�B�M�i�2�`�M�2�i �h�J ���H�b�Q �B�i �B�b ���T�T�H�B�2�/ �i�Q �2�b�i�B�K���i�2 �i�`���{�+ �K���i�`�B�t �#�v �i���F�B�M�; �i�?�2 �B�M�;�`�2�b�b ���M�/ �2�;�`�2�b�b �~�Q�r �Q�7 �� �M�Q�/�2 �(�j�k�)�X
�1���+�? �2�M�i�`�v �Q�7 �i�?�2 �h�J�-X ij �`�2�T�`�2�b�2�M�i �i�?�2 �i�`���{�+ �7�`�Q�K �M�Q�/�2i �i�Q �M�Q�/�2j �X �A�i �B�b �+�Q�M�b�B�/�2�`�2�/ �T�`�Q�T�Q�`�i�B�Q�M���H �i�Q ���H�H �i�`���{�+
�~�Q�r�B�M�; �Q�m�i �7�`�Q�Ki �-Tout

i ���M�/ ���H�H �i�`���{�+ �~�Q�r�B�M�; �B�M �i�Qj �-T in
j �X �h�?�2 �i�Q�i���H �i�`���{�+T total =

P n
k=1 T in

k =
P n

k=1 Tout
k �-

�B�b �m�b�2�/ �7�Q�` �M�Q�`�K���H�B�x���i�B�Q�M�X �h�?�2 �2�t�T�`�2�b�b�B�Q�M �7�Q�` �i�?�2 �h�J �2�M�i�`�v �B�b ���b �7�Q�H�H�Q�r�b�,

X ij =
Tout

i � T in
j

T total �U�j�X�j�V

�r�?�2�`�2n �B�b �M�m�K�#�2�` �Q�7 �M�Q�/�2�b �B�M �i�?�2 �M�2�i�r�Q�`�F ���M�/ �i�?�2 �Q�m�i�T�m�i �B�b �� �i�`���{�+ �K���i�`�B�t �Q�7 �s�&n � n�' �/�B�K�2�M�b�B�Q�M�- �r�?�2�`�2
1 � i � n ���M�/1 � j � n�X

�j�X�j�X �S�`�Q�T�Q�b�2�/ �h�J �K�Q�/�2�H�X�h�?�2 �*�Q�M�+�2�T�i �Q�7 �:���- �r���b �B�M�i�`�Q�/�m�+�2�/ ���b ���M �Q�T�i�B�K�B�x���i�B�Q�M �i�2�+�?�M�B�[�m�2 �i�?���i
�K�Q�/�2�H�b ���7�i�2�` �i�?�2 �2�p�Q�H�m�i�B�Q�M �Q�7 �#�B�Q�H�Q�;�B�+���H �#�2�B�M�; �B�M �i�?�2 �M���i�m�`���H �r�Q�`�H�/�X �:�� �B�b �� �?�2�m�`�B�b�i�B�+ �`���M�/�Q�K �b�2���`�+�? �i�?���i
�}�M�/�b �b�m�#�@�Q�T�i�B�K���H �b�Q�H�m�i�B�Q�M�X �h�?�2 �}�`�b�i �b�i�2�T �Q�7 �:�� �B�b �B�M�B�i�B���H�B�x���i�B�Q�M�- �r�?�2�`�2 �� �b�2�i �Q�7 �`���M�/�Q�K �7�2���b�B�#�H�2 �b�Q�H�m�i�B�Q�M �7�Q�` �i�?�2
�Q�T�i�B�K�B�x���i�B�Q�M �B�b �;�2�M�2�`���i�2�/�X �:�� �#���b�B�+ �Q�T�2�`���i�Q�`�b�- �H�B�F�2 �+�`�Q�b�b�Q�p�2�` ���M�/ �K�m�i���i�B�Q�M ���`�2 ���T�T�H�B�2�/ �i�Q �7�Q�`�K �M�2�r �T�Q�T�m�H���i�B�Q�M�X
�h�?�2 �#�2�b�i �b�Q�H�m�i�B�Q�M�b ���`�2 �b�2�H�2�+�i�2�/ �7�`�Q�K �i�?�2 �T�Q�T�m�H���i�B�Q�M�X �h�?�2 �Q�T�2�`���i�B�Q�M�b ���`�2 �`�2�T�2���i�2�/ �m�M�i�B�H �i�?�2 �`�2�b�m�H�i �+�Q�M�p�2�`�;�2�/
�i�Q�r���`�/�b �� �b�m�#�@�Q�T�i�B�K���H �b�Q�H�m�i�B�Q�M �(�j�j�)�X �h�?�2 �;�`���p�B�i�v �K�Q�/�2�H �b�Q�H�m�i�B�Q�M �B�b �T�Q�b�b�B�#�H�2 �i�Q �7�m�`�i�?�2�` �Q�T�i�B�K�B�x�2 �m�b�B�M�; �:�� �i�Q



�1�b�i�B�K���i�B�Q�M �Q�7 �h�`���{�+ �J���i�`�B�t �7�`�Q�K �G�B�M�F�b �G�Q���/ �m�b�B�M�; �:�2�M�2�i�B�+ ���H�;�Q�`�B�i�?�K�j�j

�+�H�Q�b�2�` �K���i�+�? �i�?�2 �H�B�M�F �K�2���b�m�`�2�K�2�M�i�b�X �h�?�2 �Q�T�i�B�K�B�x���i�B�Q�M �r�B�i�? �i�?�2 �?�2�H�T �Q�7 �1�[�X �j�X�R �B�b �/�2�}�M�2�/ ���b �7�Q�H�H�Q�r�b�,

�J�B�M�X kAX � Yk + w kX � X GM k
�a�m�#�D�2�+�i �i�Q

P n
j =1 x ij = I iP n
i =1 x ij = J j

x ij � 0 i = 1 :::n �� j = 1 :::n:
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�r�?�2�`�2�-I i ���M�/J j ���`�2 �i�?�2 �i�Q�i���H �B�M�+�Q�K�B�M�; ���M�/ �Q�m�i�;�Q�B�M�; �i�`���{�+ �7�Q�` �M�Q�/�2i ���M�/ �M�Q�/�2j �`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2 �}�`�b�i �T���`�i
�Q�7 �i�?�2 �Q�#�D�2�+�i�B�p�2 �7�m�M�+�i�B�Q�M �;�B�p�2�b �i�?�2 �/�B�b�i���M�+�2 �Q�7 �+���H�+�m�H���i�2�/ �H�B�M�F �H�Q���/ �7�`�Q�K �i�?�2 �H�B�M�F �K�2���b�m�`�2�K�2�M�i�- �r�?�B�H�2 �i�?�2 �b�2�+�Q�M�/
�T���`�i �+���H�+�m�H���i�2�b �i�?�2 �h�J �b�Q�H�m�i�B�Q�M �/�B�b�i���M�+�2 �7�`�Q�K �i�?�2 �:�`���p�B�i�v �K�Q�/�2�H�X �h�?�2w �B�b �� �r�2�B�;�?�i ���T�T�H�B�2�/ �i�Q �i�?�2 �/�B�b�i���M�+�2
�r�B�i�? �;�`���p�B�i�v �K�Q�/�2�H �B�M �Q�`�/�2�` �i�Q ���/�D�m�b�i �i�?�2 �b�B�;�M�B�}�+���M�+�2 �Q�7 �:�`���p�B�i�v �K�Q�/�2�H �B�M �i�?�2 �Q�T�i�B�K�B�x���i�B�Q�M�X �6�B�`�b�i ���M�/ �b�2�+�Q�M�/
�+�Q�M�b�i�`���B�M�i �K���B�M�i���B�M�b �i�?�2 �+�Q�M�b�2�`�p���i�B�Q�M �Q�7 �i�`���{�+�- �B�X�2�X �i�Q�i���H �i�`���{�+ �B�b �+�Q�M�b�i���M�i�X �h�?�B�`�/ �+�Q�M�b�i�`���B�M�i �K���F�2�b �b�m�`�2 �i�?���i
�i�?�2 �i�`���{�+ �#�2�i�r�2�2�M ���M�v �i�r�Q �M�Q�/�2�b �B�b ���H�r���v�b �T�Q�b�B�i�B�p�2�X �h�?�2 �/�2�i���B�H�b �Q�7 �i�?�2 �T�`�Q�T�Q�b�2�/ �:�� �Q�T�2�`���i�Q�`�b�- �b�?�Q�r�M �B�M �6�B�;�X
�j�X�k�- �7�Q�` �Q�T�i�B�K�B�x���i�B�Q�M �Q�7 �1�[�X �j�X�9 ���`�2 �/�B�b�+�m�b�b�2�/ �#�2�H�Q�r�X

�j�X�j�X�R�X �A�M�B�i�B���H�B�x���i�B�Q�M�X�q�2 �M�2�2�/ �� �b�2�i �Q�7 �`���M�/�Q�K �b�Q�H�m�i�B�Q�M �F�M�Q�r�M ���b �B�M�B�i�B���H �T�Q�T�m�H���i�B�Q�M�X �6�Q�` �K���F�B�M�; �B�M�B�i�B���H
�T�Q�T�m�H���i�B�Q�M�- �� �}�`�b�i �B�M�/�B�p�B�/�m���H �B�b �;�2�M�2�`���i�2�/ �7�`�Q�K �:�`���p�B�i�v �K�Q�/�2�H�X �h�?�2�M ���7�i�2�` �i�?�2 �`�2�K���B�M�B�M�; �T�Q�T�m�H���i�B�Q�M ���`�2
�;�2�M�2�`���i�2�/ �#�v �K���F�B�M�; �`���M�/�Q�K �+�?���M�;�2�b �i�Q �i�?�2 �}�`�b�i �B�M�/�B�p�B�/�m���H �r�?�B�H�2 �K���B�M�i���B�M�B�M�; ���H�H �+�Q�M�b�i�`���B�M�i�b�X �6�Q�` �i�?�B�b �r�2
�B�M�i�`�Q�/�m�+�2 �� �K���i�`�B�t� �Q�7 �/�B�K�2�M�b�B�Q�M �&n � ng �r�?�B�+�? �B�b �/�2�}�M�2�/ ���b�,

� =
�

[B ] � [B ]
� [B ] [B ]

�
: �U�j�X�8�V

B �B�b �� �K���i�`�B�t �Q�7 �b�B�x�2 �Un
2 � n

2 �V�- �r�?�2�`�2 �2���+�? �2�H�2�K�2�M�ibij �i���F�2�b �� �`���M�/�Q�K �p���H�m�2 �7�`�Q�K �i�?�2 �b�2�i �&�@�R�- �R�'�X �h�?�2�`�2�7�Q�`�2�
�+�Q�M�i���B�M�b �`���M�/�Q�K �2�H�2�K�2�M�i�b �Q�7 �R �Q�` �@�R�- ���M�/ �/�m�2 �i�Q �B�i�b ���`�`���M�;�2�K�2�M�i �;�B�p�2�M �B�M �U�R�V�- �i�?�2 �b�m�K �Q�7 �2���+�? �`�Q�r ���M�/ �+�Q�H�m�K�M
�B�b �2�[�m���H �i�Q �y�X �� �`���M�/�Q�K �K�m�H�i�B�T�H�B�2�`�-r �B�b �;�2�M�2�`���i�2�/ �i�Q �+���H�+�m�H���i�2 �`���M�/�Q�K �b�Q�H�m�i�B�Q�M�X �A�7X GM �`�2�T�`�2�b�2�M�i�b �i�?�2 �h�J
�Q�#�i���B�M�2�/ �#�v �;�`���p�B�i�v �K�Q�/�2�H�- �i�?�2�M �i�?�2 �`�2�b�i �Q�7 �B�M�/�B�p�B�/�m���H �+���M �#�2 �+���H�+�m�H���i�2�/ ���b�-

X = X GM + r � �U�j�X�e�V

�1�[�X �j�X�e �B�b �T�Q�b�b�B�#�H�2 �i�Q �2�p���H�m���i�2 �r�B�i�? �K�m�H�i�B�T�H�2 �`�2�T�2�i�B�i�B�Q�M �7�Q�` �/�B�z�2�`�2�M�i �p���H�m�2�b �Q�7r �7�Q�` �;�2�M�2�`���i�B�M�; �K�m�H�i�B�T�H�2 �B�M�@
�/�B�p�B�/�m���H�b�X �a�B�M�+�2 �i�?�2 �b�m�K �Q�7 �`�Q�r�b ���M�/ �+�Q�H�m�K�M�b �Q�7� �B�b �y�- �i�?�2 �M�2�r �B�M�/�B�p�B�/�m���H�b �b���i�B�b�7�v �i�?�2 �}�`�b�i ���M�/ �b�2�+�Q�M�/
�+�Q�M�b�i�`���B�M�i�X

�j�X�j�X�k�X �a�2�H�2�+�i�B�Q�M�X�A�M�/�B�p�B�/�m���H�b �7�Q�` �+�`�Q�b�b�Q�p�2�` ���`�2 �b�2�H�2�+�i�2�/ �m�b�B�M�; �i�?�2 �b�2�H�2�+�i�B�Q�M �Q�T�2�`���i�Q�`�X �6�Q�` �i�?�B�b �T�m�`�T�Q�b�2 ��
�`�Q�m�H�2�i�i�2 �r�?�2�2�H �B�b �B�K�T�H�2�K�2�M�i�2�/�X �_�Q�m�H�2�i�i�2 �r�?�2�2�H ���b �i�?�2 �M���K�2 �b�m�;�;�2�b�i �i���F�2�b �B�M�b�T�B�`���i�B�Q�M �7�`�Q�K �i�?�2 �;���K�2�X �h�?�2
�B�M�/�B�p�B�/�m���H�b ���`�2 �T�H���+�2�/ �Q�M �i�?�2 �r�?�2�2�H ���b �� �T�B�2 �+�?���`�i �b�i�`�m�+�i�m�`�2�X �h�?�2 �}�i�i�2�` �B�M�/�B�p�B�/�m���H�b �Q�+�+�m�T�v �H���`�;�2�` �b�T���+�2 �Q�M �i�?�2
�r�?�2�2�H�X �� �}�t�2�/ �T�Q�B�M�i�2�` �B�b �T�H���+�2�/ �Q�M �i�?�2 �r�?�2�2�H�X �q�?�2�M �i�?�2 �r�?�2�2�H �B�b �b�T�m�M �i�?�2 �B�M�/�B�p�B�/�m���H �i�?���i �i�?�2 �T�Q�B�M�i�2�` �H���M�/�b
�Q�M �B�b �b�2�H�2�+�i�2�/�X �h�?�2 �`�Q�m�H�2�i�i�2 �r�?�2�2�H �T�`�Q�p�B�/�2�b �� �`���M�/�Q�K �b�2�H�2�+�i�B�Q�M �r�?�B�H�2 �;�B�p�B�M�; �T�`�2�7�2�`�2�M�+�2�b �i�Q �i�?�2 �#�2�i�i�2�` �b�Q�H�m�i�B�Q�M�X

�j�X�j�X�j�X �*�`�Q�b�b�Q�p�2�`�X�h�?�2 �+�`�Q�b�b�Q�p�2�` �i���F�2�b �i�r�Q �B�M�/�B�p�B�/�m���H�b ���M�/ �2�t�+�?���M�;�2 �B�M�7�Q�`�K���i�B�Q�M �#�2�i�r�2�2�M �i�?�2�K �i�Q �7�Q�`�K
�M�2�r �B�M�/�B�p�B�/�m���H�b �Q�` �Q�z�b�T�`�B�M�;�X �h�r�Q �B�M�/�B�p�B�/�m���H�bP ���M�/Q ���`�2 �b�2�H�2�+�i�2�/ ���b �T���`�2�M�i�b �r�?�2�`�2P �B�b �i�?�2 �}�i�i�2�` �T���`�2�M�i ���M�/
�i�?�2 �;�2�M�2�`���i�2�/ �Q�z�b�T�`�B�M�; ���`�2C ���M�/D �X �� �`���M�/�Q�K �;�2�M�2 �H�Q�+���i�B�Q�M �r�B�i�? �B�M�/�2�t �B ���M�/ �D �B�b �b�2�H�2�+�i�2�/ �i�Q ���T�T�H�v �+�`�Q�b�b�Q�p�2�`
���b �#�2�H�Q�r�-

cij = pij + � � (pij � qij )
dij = qij + � � (pij � qij )

�U�j�X�d�V

�r�?�2�`�2� �B�b �� �`���M�/�Q�K �M�m�K�#�2�` �B�M �i�?�2 �`���M�;�2 �Q�7[0; b]�X �h�?�2 �`�2�K���B�M�B�M�; �;�2�M�2 �H�Q�+���i�B�Q�M�b �B�MC ���M�/D ���`�2 �/�B�`�2�+�i�H�v
�+�Q�T�B�2�/ �7�`�Q�KP ���M�/Q �`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�B�b �+�`�Q�b�b�Q�p�2�` �B�b �F�M�Q�r�M ���b �i�?�2 �?�2�m�`�B�b�i�B�+ �+�`�Q�b�b�Q�p�2�` �(�j�9�)�X �P�i�?�2�` �+�`�Q�b�b�Q�p�2�`�b
�H�B�F�2�- ���p�2�`���;�2�- ���`�B�i�?�K�2�i�B�+�- �#�H�2�M�/ �2�i�+�X�- ���`�2 ���H�b�Q ���T�T�H�B�+���#�H�2 �B�M �i�?�B�b �T�`�Q�+�2�b�b�X �h�?�2 �?�2�m�`�B�b�i�B�+ �+�`�Q�b�b�Q�p�2�` �B�b �b�m�B�i���#�H�2 �?�2�`�2
�7�Q�` �}�M�/�B�M�; �� �M�2�r �b�Q�H�m�i�B�Q�M �+�H�Q�b�2�` �i�Q �i�?�2 �}�i�i�2�` �T���`�2�M�i ���M�/ �i�?�2 �`���M�;�2 �Q�7 �p���H�m�2�b �7�Q�` �+�?�B�H�/ �;�2�M�2�b ���`�2 ���/�D�m�b�i���#�H�2 �r�B�i�?
b�X �h�?�2 �b���K�2 �B�b �b�?�Q�r�M �B�M �6�B�;�X �j�X�j�X



�j�9 �C�Q�b�2�T�? �G �S���+�?�m���m�- ���`�M���# �_�Q�v�- �:�Q�T���H �E�`�B�b�?�M���- ���M�B�b�? �E�m�K���` �a���?��

�6�B�;�X �j�X�j�, �*�`�Q�b�b�Q�p�2�` �Q�T�2�`���i�B�Q�M

�j�X�j�X�9�X �J�m�i���i�B�Q�M�X�h�?�2 �J�m�i���i�B�Q�M �K���F�2�b �`���M�/�Q�K �+�?���M�;�2 �B�M �;�2�M�2 �p���H�m�2�b�X �h�?�B�b �T�`�Q�+�2�b�b �B�b �;�2�M�2�`���H�H�v �m�b�2�/
�i�Q �T�`�2�p�2�M�i �i�?�2 �b�Q�H�m�i�B�Q�M�b �+�Q�M�p�2�`�;�B�M�; �i�Q �� �H�Q�+���H �Q�T�i�B�K�m�K �T�Q�B�M�i �Q�` �T�`�2�K���i�m�`�2 �+�Q�M�p�2�`�;�2�M�+�2�X �6�Q�` ���M �B�M�/�B�p�B�/�m���H �S
�K�m�i���i�B�Q�M �B�b �T�2�`�7�Q�`�K�2�/ �i�Q �T�`�Q�/�m�+�2 �Q�M�2 �Q�z�b�T�`�B�M�; �* ���b �7�Q�H�H�Q�r�b�-

cij = � � pij �U�j�X�3�V

�r�?�2�`�2� �B�b �� �`���M�/�Q�K �M�m�K�#�2�` �B�M �i�?�2 �`���M�;�2 �Q�7[0; a]�X �h�?�2 �;�2�M�2 �H�Q�+���i�B�Q�M �r�B�i�? �B�M�/�2�ti ���M�/j ���`�2 �`���M�/�Q�K�H�v �b�2�H�2�+�i�2�/�X
�h�?�2 �`�2�b�i �Q�7 �i�?�2 �;�2�M�2 �`�2�K���B�M �m�M�+�?���M�;�2�/�X �>�2�`�2�- �i�?�2 �`���i�2 �Q�7 �K�m�i���i�B�Q�M �B�b �F�2�T�i �i�Q �y�X�k�X

�j�X�j�X�8�X �*�Q�M�b�i�`���B�M�i �o���H�B�/���i�B�Q�M�X�h�?�2 �+�`�Q�b�b�Q�p�2�` ���M�/ �K�m�i���i�B�Q�M �r�?�2�M ���T�T�H�B�2�/ �i�Q �� �b�B�M�;�H�2 �;�2�M�2 �p���H�m�2 �H�2���/�b
�i�Q �p�B�Q�H���i�B�Q�M �B�M �}�`�b�i ���M�/ �b�2�+�Q�M�/ �+�Q�M�b�i�`���B�M�i�b�X �h�?�2�b�2 �p�B�Q�H���i�B�Q�M �Q�7 �+�Q�M�b�i�`���B�M�i�b ���`�2 �?���M�/�H�2�/ �m�b�B�M�; �/�B�`�2�+�i �K�2�i�?�Q�/ ���b
�2�t�T�H���B�M�2�/ �B�M �(�j�8�)�X �h�?�2 �Q�z�b�T�`�B�M�; �Q�7 �+�`�Q�b�b�Q�p�2�` ���M�/ �K�m�i���i�B�Q�M ���`�2 �T�`�Q�+�2�b�b�2�/ �7�Q�` �+�Q�M�b�i�`���B�M�i �p���H�B�/���i�B�Q�M�X �A�7x0

ij ���M�/
x ij �/�2�M�Q�i�2�b �i�?�2 �Q�H�/ ���M�/ �m�T�/���i�2�/ �p���H�m�2�b �7�Q�` �Q�z�b�T�`�B�M�; �s�- �i�?�2 �+�?���M�;�2 �B�M �;�2�M�2 �p���H�m�2 �B�b �+���H�+�m�H���i�2�/ ���b� = x ij � x0

ij �X
�*�?���M�;�2�b ���`�2 �K���/�2 �B�MX ���b �7�Q�H�H�Q�r�b�,

xkl =

8
><

>:

xkl ; �B�7i = k ���M�/j = l
xkl + �

n +1 ; �B�7 �2�B�i�?�2�`i = k �Q�j̀ = l
xkl + �

(n +1) 2 ; �Q�i�?�2�`�r�B�b�2
�U�j�X�N�V

�r�?�2�`�2k = 1 : : : n ���M�/l = 1 :::n�X �h�?�B�b �K���B�M�i���B�M�b �i�?�2 �i�`���{�+ �+�Q�M�b�2�`�p���i�B�Q�M �Q�7 �}�`�b�i �i�r�Q �+�Q�M�b�i�`���B�M�i�b�X �*�Q�M�b�i�`���B�M�i �j
�B�b �?���M�/�H�2�/ �#�v ���b�b�B�;�M�B�M�; �� �T�2�M���H�i�v �i�Q �i�?�2 �}�i�M�2�b�b �7�m�M�+�i�B�Q�M �r�?�2�M �+�Q�M�b�i�`���B�M�i �B�b �p�B�Q�H���i�2�/�X

�9�X �_�2�b�m�H�i�b ���M�/ ���M���H�v�b�B�b�X�h�?�2 �`�2�b�m�H�i�b �Q�#�i���B�M�2�/ �7�`�Q�K �:�`���p�B�i�v �K�Q�/�2�H ���M�/ �i�?�2 �T�`�Q�T�Q�b�2�/ �:�� �7�Q�` �i�?�2 �b���K�2
�i�`���{�+ ���`�2 �+�Q�K�T���`�2�/�X �h�?�2 �i�`���{�+ �B�b �+�Q�H�H�2�+�i�2�/ �7�`�Q�K ���#�B�H�2�M�2 �M�2�i�r�Q�`�F ���p���B�H���#�H�2 �B�M �(�j�R�)�X �h�?�2 �2�`�`�Q�` �B�b �+���H�+�m�H���i�2�/
�m�b�B�M�; �_�Q�Q�i �J�2���M �a�[�m���`�2 �1�`�`�Q�`�U�_�J�a�1�V�X �h�?�2 �_�J�a�1 �B�b �+���H�+�m�H���i�2�/ ���b �7�Q�H�H�Q�r�b�-

RMSE =

r
1
n

(X estimated � X raw )2 �U�9�X�R�V

�S�Q�T�m�H���i�B�Q�M �b�B�x�2 �T�H���v�b ���M �B�K�T�Q�`�i���M�i �`�Q�H�2 �B�M �i�?�2 �T�`�Q�T�Q�b�2�/ �K�Q�/�2�H�X �h�?�2 ���H�;�Q�`�B�i�?�K �B�b �2�t�2�+�m�i�2�/ �7�Q�` �/�B�z�2�`�2�M�i
�T�Q�T�m�H���i�B�Q�M �b�B�x�2 �7�Q�` �i�?�2 �b���K�2 �i�B�K�2 �B�M�b�i���M�+�2t = 1 ���b �b�?�Q�r�M �B�M �6�B�;�m�`�2 �9�X�R�X �A�i �B�b �Q�#�b�2�`�p�2�/ �i�?���i ���#�Q�p�2 �j�y�y�- ���H�K�Q�b�i
�i�?�2 �_�J�a�1 �B�b �`�2���+�?�B�M�; �i�Q �H�Q�r�2�b�i �p���H�m�2�X �� �T�Q�T�m�H���i�B�Q�M �b�B�x�2 �Q�7 �j�y�y �B�b �i���F�2�M ���b �i�?�2 �Q�T�i�B�K���H �b�B�x�2�X �6�B�;�m�`�2 �9�X�k �b�?�Q�r�b
�i�?�2 �+�Q�K�T���`�B�b�Q�M �Q�7 �h�J �p���H�m�2�b �7�Q�` �i�?�2 �T�`�Q�T�Q�b�2�/ �:�� ���M�/ �h�Q�K�Q�;�`���p�B�i�v �T�`�Q�T�Q�b�2�/ �B�M �(�8�)�X �q�2 �Q�#�b�2�`�p�2 �i�?���i �i�?�2
�:�� �2�b�i�B�K���i�B�Q�M ���`�2 �+�H�Q�b�2�` �i�Q �i�?�2 �`�2���H �p���H�m�2�- �r�?�B�+�? �B�b �`�2�T�`�2�b�2�M�i�2�/ ���b �� �/�B���;�Q�M���H �H�B�M�2�X �h�?�2 �_�J�a�1 ���M�/ ���p�2�`���;�2
�2�`�`�Q�` �+�Q�K�T���`�B�b�Q�M �B�b �b�?�Q�r�M �B�M �h���#�H�2 �9�X�k�X �A�i �B�b �Q�#�b�2�`�p�2�/ �i�?���i �i�?�2 �_�J�a�1 �p���H�m�2 �b�?�Q�r�b �;�Q�Q�/ �B�K�T�`�Q�p�2�K�2�M�i �r�?�B�H�2
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�6�B�;�X �9�X�R�, �P�m�i�T�m�i �Q�7 �T�`�Q�T�Q�b�2�/ �:�� �r�B�i�? �S�Q�T�m�H���i�B�Q�M �b�B�x�2 �7�Q�` �i�B�K�2 �B�M�b�i���M�+�2�- �i�4�R�X

�h���#�H�2 �9�X�R�, �1�z�2�+�i�b �Q�7 �T���`���K�2�i�2�`�b �B�M �:�� �Q�T�2�`���i�Q�`�b�X

�U���V �1�z�2�+�i �Q�7� �`���M�;�2 �B�M �K�m�i���i�B�Q�M�X

�o���H�m�2 �Q�7a �:�2�M�2�`���i�B�Q�M �M�m�K�#�2�`
�y�X�k�8 �9�R�d
�y�X�8 �j�9�9
�R �k�9�d
�k �k�8�j
�9 �k�3�y
�3 �j�k�N
�R�e �j�e�8

�U�#�V �1�z�2�+�i �Q�7� �`���M�;�2 �B�M �+�`�Q�b�b�Q�p�2�`�X

�o���H�m�2 �Q�7b �:�2�M�2�`���i�B�Q�M �M�m�K�#�2�`
�R �e�d�3
�k �j�j�d
�9 �k�N�R
�3 �k�9�y
�R�e �k�j�d
�j�k �k�8�R
�e�9 �k�3�d

�i�?�2 ���p�2�`���;�2 �2�`�`�Q�` �B�K�T�`�Q�p�2�K�2�M�i �B�b �H�2�b�b�2�`�X �h�?�B�b �b�?�Q�r�b �i�?���i �i�?�2 �T�`�Q�T�Q�b�2�/ �:�� �2�b�i�B�K���i�B�Q�M �;�B�p�2 �?�B�;�?�2�` ���+�+�m�`���+�v �7�Q�`
�H���`�;�2 �i�`���{�+ �~�Q�r�b �r�?�B�+�? �+�Q�M�i�`�B�#�m�i�2 �K�Q�`�2 �i�Q �i�?�2 �2�M�i�B�`�2 �i�`���{�+�X �h�?�2 �h�J �2�b�i�B�K���i�B�Q�M �7�Q�` �i�B�K�2 �B�M�b�i���M�+�2�bt = 1 �i�Q
�8�y �b�?�Q�r�b �i�?���i �i�?�2 �T�`�Q�T�Q�b�2�/ �:�� �T�`�Q�p�B�/�2�b �B�K�T�`�Q�p�2�/ �`�2�b�m�H�i�b �Q�p�2�` �i�?�2 �B�M�B�i�B���H �:�`���p�B�i�v �K�Q�/�2�H ���M�/ �i�?�2 �h�Q�K�Q�;�`���p�B�i�v
�`�2�b�m�H�i�b ���b �b�2�2�M �B�M �6�B�;�m�`�2 �9�X�j�X

�h�?�2 �2�z�2�+�i�B�p�2�M�2�b�b �Q�7 �K�m�i���i�B�Q�M ���M�/ �+�`�Q�b�b�Q�p�2�` �/�2�+�B�/�2�b �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �:���X �o���`�v�B�M�; �i�?�2 �`���M�;�2 �Q�7 �i�?�2 �`���M�/�Q�K
�K�m�H�i�B�T�H�B�2�`� ���M�/� �7�`�Q�K �i�?�2 �`���M�;�2[0; a] ���M�/[0; b] ���z�2�+�i�b �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2 �T�`�Q�T�Q�b�2�/ �:�� �B�M �K�m�i���i�B�Q�M ���M�/
�+�`�Q�b�b�Q�p�2�` �`�2�b�T�2�+�i�B�p�2�H�v�X �h�?�2 �Q�T�i�B�K���H �p���H�m�2 �Q�7 �i�?�2 �T�`�Q�T�Q�b�2�/ �:�� �7�Q�` �/�B�z�2�`�2�M�i �p���H�m�2�b �Q�7a ���M�/b ���`�2 �b�?�Q�r�M �B�M �h���#�H�2
�9�X�R�X �h�?�2 �T�`�Q�T�Q�b�2�/ ���H�;�Q�`�B�i�?�K �B�b �2�t�2�+�m�i�2�/ �r�B�i�? �/�B�z�2�`�2�M�i �p���H�m�2�b �Q�7a ���M�/b�- ���M�/ �i�?�2 �Q�m�i�+�Q�K�2�b ���`�2 �K�2���b�m�`�2�/ �B�M
�i�?�2 �M�m�K�#�2�` �Q�7 �;�2�M�2�`���i�B�Q�M �i�Q �+�Q�M�p�2�`�;�2 �i�Q ���M �Q�T�i�B�K�B�x�2�/ �b�Q�H�m�i�B�Q�M�X �6�Q�` �K�m�i���i�B�Q�M �h���#�H�2 �9�X�R���-a = 1 �b�?�Q�r�b �i�?�2
�#�2�b�i �`�2�b�m�H�i�- �Q�#�i���B�M�B�M�; �i�?�2 �b�Q�H�m�i�B�Q�M ���i �k�9�d �;�2�M�2�`���i�B�Q�M�b�X �6�Q�` �+�`�Q�b�b�Q�p�2�` �h���#�H�2 �9�X�R�#�-b = 16 �b�?�Q�r�b �i�?�2 �#�2�b�i �`�2�b�m�H�i�-
�Q�#�i���B�M�B�M�; �i�?�2 �b�Q�H�m�i�B�Q�M ���i �k�j�d �;�2�M�2�`���i�B�Q�M�b�X



�j�e �C�Q�b�2�T�? �G �S���+�?�m���m�- ���`�M���# �_�Q�v�- �:�Q�T���H �E�`�B�b�?�M���- ���M�B�b�? �E�m�K���` �a���?��

�U���V �:�`���p�B�i�v
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�U�#�V �h�Q�K�Q�;�`���p�B�i�v
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GA estimation

�U�+�V �:�� �2�b�i�B�K���i�B�Q�M

�6�B�;�X �9�X�k�, �*�Q�K�T���`�B�b�Q�M �Q�7 �p���`�B�Q�m�b �h�J �i�Q �`���r �p���H�m�2 �7�Q�` �B�M�b�i���M�+�2 �i�4�R�X

�h���#�H�2 �9�X�k�, �*�Q�K�T���`�B�b�Q�M �Q�7 �_�J�a�1 ���M�/ ���p�2�`�`���;�2 �2�`�`�Q�` �h�J �B�M�b�i���M�+�2 �i�4�R�X

�:�`���p�B�i�v �J�Q�/�2�H�h�Q�K�Q�;�`���p�B�i�v�:�� �2�b�i�B�K���i�B�Q�M
�_�J�a�1 6:1510� 106 4:7038� 106 4:2787� 106

���p�2�`���;�2 �2�`�`�Q�` 3:4572� 106 2:6660� 106 2:7638� 106

�8�X �*�Q�M�+�H�m�b�B�Q�M�X�h�`���{�+ �K���i�`�B�t �+���H�+�m�H���i�B�Q�M �7�Q�` �H���`�;�2 �A�S �M�2�i�r�Q�`�F �B�b �� �/�B�{�+�m�H�i �i���b�F �/�m�2 �i�Q �B�M�b�m�{�+�B�2�M�i �B�M�7�Q�`�@
�K���i�B�Q�M�X �A�M �i�?�B�b �T���T�2�` �r�2 �?���p�2 �T�`�Q�T�Q�b�2�/ �� �r���v �i�Q �B�K�T�`�Q�p�2 �2�b�i�B�K���i�B�Q�M �7�Q�` �i�`���{�+ �K���i�`�B�t�X �h�?�2 �;�`���p�B�i�v �K�Q�/�2�H
�T�`�Q�p�B�/�2�b �� �`�2���b�Q�M���#�H�2 �2�b�i�B�K���i�B�Q�M �#�m�i �+���M �#�2 �B�K�T�`�Q�p�2�/ �r�B�i�? �:�� �Q�T�i�B�K�B�x���i�B�Q�M�X �>�B�;�?�2�` �T�Q�T�m�H���i�B�Q�M �b�B�x�2 �T�`�Q�p�B�/�2�b
�� �K�Q�`�2 �/�B�p�2�`�b�2 �T�Q�T�m�H���i�B�Q�M �i�?�m�b ���H�H�Q�r�B�M�; �7�Q�` �#�2�i�i�2�` �2�t�T�H�Q�`���i�B�Q�M �Q�7 �i�?�2 �b�2���`�+�? �b�T���+�2�X ���b �i�?�2 �h�J �+�Q�M�b�B�b�i �Q�7 �R�9�9
�2�H�2�K�2�M�i�b�- �b�m�+�? �� �?�B�;�? �/�B�K�2�M�b�B�Q�M���H �b�2���`�+�? �b�T���+�2 �`�2�[�m�B�`�2�b �� �H���`�;�2�` �T�Q�T�m�H���i�B�Q�M �b�B�x�2�X �h�?�2 �:�� �2�b�i�B�K���i�B�Q�M �;�B�p�2�b �`�2���@
�b�Q�M���#�H�2 �`�2�b�m�H�i ���i �T�Q�T�m�H���i�B�Q�M �b�B�x�2 �#�2�v�Q�M�/ �R�y�y�- ���M�/ ���b �B�i �7�m�`�i�?�2�` �B�M�+�`�2���b�2�b �#�2�v�Q�M�/ �j�y�y �M�Q �b�B�;�M�B�}�+���M�i �B�K�T�`�Q�p�2�K�2�M�i
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�6�B�;�X �9�X�j�, �_�J�a�1 �Q�7 �:�`���p�B�i�v �K�Q�/�2�H ���M�/ �T�`�Q�T�Q�b�2�/ �:�� �7�Q�` �/�B�z�2�`�2�M�i �i�B�K�2 �B�M�b�i���M�+�2�b �i�4 �R �i�Q �8�y �� �}�t�2�/ �T�Q�T�m�H���i�B�Q�M
�b�B�x�2�4 �j�y�y�X

�B�b �Q�#�b�2�`�p�2�/�X �P�m�` �T�`�Q�T�Q�b�2�/ �K�Q�/�2�H �b�?�Q�r�b �B�K�T�`�Q�p�2�K�2�M�i �Q�p�2�` �i�?�2 �;�`���p�B�i�v �K�Q�/�2�H �B�M �#�Q�i�? �_�J�a�1 ���M�/ ���p�2�`���;�2 �2�`�`�Q�`�-
�r�?�B�H�2 �+�Q�K�T���`�B�b�Q�M �r�B�i�? �i�Q�K�Q�;�`���p�B�i�v �`�2�b�m�H�i�b �b�?�Q�r�b �B�K�T�`�Q�p�2�K�2�M�i �B�M �_�J�a�1 �p���H�m�2 �b�?�Q�r�b �#�2�i�i�2�` �B�K�T�`�Q�p�2�K�2�M�i �i�?���M
�i�?�2 ���p�2�`���;�2 �2�`�`�Q�`�X �h�?�B�b �b�?�Q�r�b �i�?���i �i�?�2 �T�`�Q�T�Q�b�2 �:�� �2�b�i�B�K���i�B�Q�M �B�b �K�Q�`�2 �b�2�M�b�B�i�B�p�2 �i�Q �i�?�2 �H���`�;�2�` �i�`���{�+ �p���H�m�2�b �r�?�B�+�?
���`�2 �K�Q�`�2 �b�B�;�M�B�}�+���M�i �i�Q �i�?�2 �Q�p�2�`���H�H �K���i�`�B�t�X �P�p�2�`���H�H �i�?�2 �T�`�Q�T�Q�b�2�/ �K�Q�/�2�H �T�`�Q�p�B�/�2�b �B�K�T�`�Q�p�2�K�2�M�i �7�Q�` �i�`���{�+ �K���i�`�B�t
�K�Q�/�2�H ���M�/ �i�?�2�Q�`�2�i�B�+���H�H�v �B�i �+���M �#�2 �m�b�2�/ �r�B�i�? ���M�v �h�J �K�Q�/�2�H �#�v �`�2�T�H���+�B�M�; �i�?�2 �:�`���p�B�i�v �K�Q�/�2�H �7�Q�` ���M �B�K�T�`�Q�p�2�/
�`�2�b�m�H�i�X

�_�1�6�1�_�1�L�*�1�a

�(�R�)�S�X �h�m�M�2�- �J�X �_�Q�m�;�?���M�- �>�X �>���/�/���/�B�- ���M�/ �P�X �"�Q�M���p�2�M�i�m�`�2�-�ó�A�M�i�2�`�M�2�i �i�`���{�+ �K���i�`�B�+�2�b�, �� �T�`�B�K�2�`�-�ô�_�2�+�2�M�i ���/�p���M�+�2�b �B�M
�L�2�i�r�Q�`�F�B�M�;�- �p�Q�H�X �R�- �T�T�X �R���8�e�- �k�y�R�j�X

�(�k�)�u�X �o���`�/�B�- �ó�L�2�i�r�Q�`�F �i�Q�K�Q�;�`���T�?�v�, �1�b�i�B�K���i�B�M�; �b�Q�m�`�+�2�@�/�2�b�i�B�M���i�B�Q�M �i�`���{�+ �B�M�i�2�M�b�B�i�B�2�b �7�`�Q�K �H�B�M�F �/���i���-�ô�C�Q�m�`�M���H �Q�7 �i�?�2 ���K�2�`�B�+���M
�b�i���i�B�b�i�B�+���H ���b�b�Q�+�B���i�B�Q�M�- �p�Q�H�X �N�R�- �M�Q�X �9�j�j�- �T�T�X �j�e�8���j�d�d�- �R�N�N�e�X

�(�j�) �*�X �h�2�#���H�/�B ���M�/ �J�X �q�2�b�i�- �ó�"���v�2�b�B���M �B�M�7�2�`�2�M�+�2 �Q�M �M�2�i�r�Q�`�F �i�`���{�+ �m�b�B�M�; �H�B�M�F �+�Q�m�M�i �/���i���-�ô�C�Q�m�`�M���H �Q�7 �i�?�2 ���K�2�`�B�+���M �a�i���i�B�b�i�B�+���H
���b�b�Q�+�B���i�B�Q�M�- �p�Q�H�X �N�j�- �M�Q�X �9�9�k�- �T�T�X �8�8�d���8�d�j�- �R�N�N�3�X

�(�9�)�C�X �*���Q�- �.�X �.���p�B�b�- �a�X �o���M�/�2�` �q�B�2�H�- ���M�/ �"�X �u�m�- �ó�h�B�K�2�@�p���`�v�B�M�; �M�2�i�r�Q�`�F �i�Q�K�Q�;�`���T�?�v�, �`�Q�m�i�2�` �H�B�M�F �/���i���-�ô�C�Q�m�`�M���H �Q�7 �i�?�2
���K�2�`�B�+���M �b�i���i�B�b�i�B�+���H ���b�b�Q�+�B���i�B�Q�M�- �p�Q�H�X �N�8�- �M�Q�X �9�8�k�- �T�T�X �R�y�e�j���R�y�d�8�- �k�y�y�y�X

�(�8�)�u�X �w�?���M�;�- �J�X �_�Q�m�;�?���M�- �L�X �.�m�7�7�B�2�H�/�- ���M�/ ���X �:�`�2�2�M�#�2�`�;�- �ó�6���b�i ���+�+�m�`���i�2 �+�Q�K�T�m�i���i�B�Q�M �Q�7 �H���`�;�2�@�b�+���H�2 �B�T �i�`���{�+ �K���i�`�B�+�2�b
�7�`�Q�K �H�B�M�F �H�Q���/�b�-�ô���*�J �a�A�:�J�1�h�_�A�*�a �S�2�`�7�Q�`�K���M�+�2 �1�p���H�m���i�B�Q�M �_�2�p�B�2�r�- �p�Q�H�X �j�R�- �M�Q�X �R�- �T�T�X �k�y�e���k�R�d�- �k�y�y�j�X

�(�e�)�>�X �w�?�Q�m�- �G�X �h���M�- �Z�X �w�2�M�;�- ���M�/ �*�X �q�m�- �ó�h�`���{�+ �K���i�`�B�t �2�b�i�B�K���i�B�Q�M�, �� �M�2�m�`���H �M�2�i�r�Q�`�F ���T�T�`�Q���+�? �r�B�i�? �2�t�i�2�M�/�2�/ �B�M�T�m�i ���M�/
�2�t�T�2�+�i���i�B�Q�M �K���t�B�K�B�x���i�B�Q�M �B�i�2�`���i�B�Q�M�-�ô�C�Q�m�`�M���H �Q�7 �L�2�i�r�Q�`�F ���M�/ �*�Q�K�T�m�i�2�` ���T�T�H�B�+���i�B�Q�M�b�- �p�Q�H�X �e�y�- �T�T�X �k�k�y���k�j�k�- �k�y�R�e�X

�(�d�)�a�X �1�m�K�- �C�X �J�m�`�T�?�v�- ���M�/ �_�X �>���`�`�B�b�- �ó�� �7���b�i ���+�+�m�`���i�2 �H�T ���T�T�`�Q���+�? �7�Q�` �i�`���{�+ �K���i�`�B�t �2�b�i�B�K���i�B�Q�M�-�ô �B�M�A�M�i�2�`�M���i�B�Q�M���H �h�2�H�2�i� �̀��{�+
�*�Q�M�;� �̀2�b�b �A�h�*�R�N�- �k�y�y�8�X

�(�3�)�P�X �:�Q�H�/�b�+�?�K�B�/�i�- �ó�A�b�T �#���+�F�#�Q�M�2 �i�`���{�+ �B�M�7�2�`�2�M�+�2 �K�2�i�?�Q�/�b �i�Q �b�m�T�T�Q�`�i �i�`���{�+ �2�M�;�B�M�2�2�`�B�M�;�-�ô �B�M�A�M�i�2�`�M�2�i �a�i���i�B�b�i�B�+�b ���M�/ �J�2�i�`�B�+�b
���M���H�v�b�B�b �U�A�a�J���V �q�Q�`�F�b�?�Q�T�- �T�T�X �R�y�e�j���R�y�d�8�- �k�y�y�y�X

�(�N�)�.�X �C�B���M�;�- �s�X �q���M�;�- ���M�/ �G�X �:�m�Q�- �ó���M �Q�T�i�B�K�B�x���i�B�Q�M �K�2�i�?�Q�/ �Q�7 �H���`�;�2�@�b�+���H�2 �B�T �i�`���{�+ �K���i�`�B�t �2�b�i�B�K���i�B�Q�M�-�ô���1�l�@�A�M�i�2�`�M���i�B�Q�M���H
�C�Q�m�`�M���H �Q�7 �1�H�2�+�i� �̀Q�M�B�+�b ���M�/ �*�Q�K�K�m�M�B�+���i�B�Q�M�b�- �p�Q�H�X �e�9�- �M�Q�X �d�- �T�T�X �e�3�8���e�3�N�- �k�y�R�y�X

�(�R�y�)���X �P�K�B�/�p���` ���M�/ �>�X �a�?���?�?�Q�b�2�B�M�B�- �ó�A�M�i�2�H�H�B�;�2�M�i �B�T �i�`���{�+ �K���i�`�B�t �2�b�i�B�K���i�B�Q�M �#�v �M�2�m�`���H �M�2�i�r�Q�`�F ���M�/ �;�2�M�2�i�B�+ ���H�;�Q�`�B�i�?�K�-�ô �B�M�k�y�R�R
�A�1�1�1 �d�i�? �A�M�i�2�`�M���i�B�Q�M���H �a�v�K�T�Q�b�B�m�K �Q�M �A�M�i�2�H�H�B�;�2�M�i �a�B�;�M���H �S� �̀Q�+�2�b�b�B�M�;�- �T�T�X �R���e�- �A�1�1�1�- �k�y�R�R�X

�(�R�R�)�a�X �J�X �G�2�2�- �.�X �a�X �E�B�K�- �C�X �>�X �G�2�2�- ���M�/ �C�X �a�X �S���`�F�- �ó�.�2�i�2�+�i�B�Q�M �Q�7 �/�/�Q�b ���i�i���+�F�b �m�b�B�M�; �Q�T�i�B�K�B�x�2�/ �i�`���{�+ �K���i�`�B�t�-�ô�*�Q�K�T�m�i�2�`�b ��
�J���i�?�2�K���i�B�+�b �r�B�i�? ���T�T�H�B�+���i�B�Q�M�b�- �p�Q�H�X �e�j�- �M�Q�X �k�- �T�T�X �8�y�R���8�R�y�- �k�y�R�k�X

�(�R�k�)�h�X �P�i�Q�b�?�B�- �u�X �P�?�b�B�i���- �J�X �J�m�`���i���- �u�X �h���F���?���b�?�B�- �E�X �A�b�?�B�#���b�?�B�- ���M�/ �E�X �a�?�B�Q�K�Q�i�Q�- �ó�h�`���{�+ �T�`�2�/�B�+�i�B�Q�M �7�Q�` �/�v�M���K�B�+ �i�`���{�+
�2�M�;�B�M�2�2�`�B�M�;�-�ô�*�Q�K�T�m�i�2�` �L�2�i�r�Q�`�F�b�- �p�Q�H�X �3�8�- �T�T�X �j�e���8�y�- �k�y�R�8�X

�(�R�j�)�C�X �a�m�M�- �a�X �a�m�M�- �E�X �G�B�- �.�X �G�B���Q�- ���X �E�X �a���M�;���B���?�- ���M�/ �o�X �*�?���M�;�- �ó�1�{�+�B�2�M�i ���H�;�Q�`�B�i�?�K �7�Q�` �i�`���{�+ �2�M�;�B�M�2�2�`�B�M�; �B�M �+�H�Q�m�/�@�Q�7�@�i�?�B�M�;�b
���M�/ �2�/�;�2 �+�Q�K�T�m�i�B�M�;�-�ô�*�Q�K�T�m�i�2�`�b �� �1�H�2�+�i�`�B�+���H �1�M�;�B�M�2�2�`�B�M�;�- �p�Q�H�X �e�N�- �T�T�X �e�R�y���e�k�d�- �k�y�R�3�X

�(�R�9�)�u�X �w�m�Q�- �u�X �q�m�- �:�X �J�B�M�- ���M�/ �G�X �*�m�B�- �ó�G�2���`�M�B�M�;�@�#���b�2�/ �M�2�i�r�Q�`�F �T���i�? �T�H���M�M�B�M�; �7�Q�` �i�`���{�+ �2�M�;�B�M�2�2�`�B�M�;�-�ô�6�m�i�m� �̀2 �:�2�M�2� �̀��i�B�Q�M



�j�3 �C�Q�b�2�T�? �G �S���+�?�m���m�- ���`�M���# �_�Q�v�- �:�Q�T���H �E�`�B�b�?�M���- ���M�B�b�? �E�m�K���` �a���?��

�*�Q�K�T�m�i�2�` �a�v�b�i�2�K�b�- �p�Q�H�X �N�k�- �T�T�X �8�N���e�d�- �k�y�R�N�X
�(�R�8�)�J�X �A�b�H���K�- �J�X ���X �_���x�x���[�m�2�- �J�X �J���K�m�M�@�P�`�@�_���b�?�B�/�- �J�X �J�X �>���b�b���M�- ���X ���H�2�H���B�r�B�- ���M�/ ���X ���H���K�`�B�- �ó�h�`���{�+ �2�M�;�B�M�2�2�`�B�M�;

�B�M �+�Q�;�M�B�i�B�p�2 �K�2�b�? �M�2�i�r�Q�`�F�b�, �C�Q�B�M�i �H�B�M�F�@�+�?���M�M�2�H �b�2�H�2�+�i�B�Q�M ���M�/ �T�Q�r�2�` ���H�H�Q�+���i�B�Q�M�-�ô�*�Q�K�T�m�i�2�` �*�Q�K�K�m�M�B�+���i�B�Q�M�b�- �p�Q�H�X �R�R�e�-
�T�T�X �k�R�k���k�k�9�- �k�y�R�3�X

�(�R�e�)�u�X �:�m�Q�- �w�X �q���M�;�- �s�X �u�B�M�- �s�X �a�?�B�- ���M�/ �C�X �q�m�- �ó�h�`���{�+ �2�M�;�B�M�2�2�`�B�M�; �B�M �?�v�#�`�B�/ �b�/�M �M�2�i�r�Q�`�F�b �r�B�i�? �K�m�H�i�B�T�H�2 �i�`���{�+ �K���i�`�B�+�2�b�-�ô
�*�Q�K�T�m�i�2�` �L�2�i�r�Q�`�F�b�- �p�Q�H�X �R�k�e�- �T�T�X �R�3�d���R�N�N�- �k�y�R�d�X

�(�R�d�)�a�X �>�X �/�� �J���i�� ���M�/ �S�X �_�X �:�m���`�/�B�2�B�`�Q�- �ó�_�2�b�Q�m�`�+�2 ���H�H�Q�+���i�B�Q�M �7�Q�` �i�?�2 �H�i�2 �m�T�H�B�M�F �#���b�2�/ �Q�M �;�2�M�2�i�B�+ ���H�;�Q�`�B�i�?�K�b �B�M �K�B�t�2�/ �i�`���{�+
�2�M�p�B�`�Q�M�K�2�M�i�b�-�ô�*�Q�K�T�m�i�2�` �*�Q�K�K�m�M�B�+���i�B�Q�M�b�- �p�Q�H�X �R�y�d�- �T�T�X �R�k�8���R�j�d�- �k�y�R�d�X

�(�R�3�)�6�X �1� �̀i���K ���M�/ �1�X ���p�+�ó�- �ó�� �M�2�r ���T�T�`�Q���+�? �7�Q�` �B�M�i�2�`�M�2�i �i�`���{�+ �+�H���b�b�B�}�+���i�B�Q�M�, �:���@�r�F�@�2�H�K�-�ô�J�2���b�m� �̀2�K�2�M�i�- �p�Q�H�X �N�8�- �T�T�X �R�j�8���R�9�k�-
�k�y�R�d�X

�(�R�N�)�J�X �J�Q�?���K�K���/�B�- �"�X �_�����?�2�K�B�- ���X ���F�#���`�B�- �>�X �J�Q�2�B�M�x���/�2�?�- ���M�/ �"�X �L���b�2�`�b�?���`�B�7�- �ó�:�2�M�2�i�B�+�@�#���b�2�/ �K�B�M�B�K�m�K �+�H���b�b�B�}�+���i�B�Q�M
�2�`�`�Q�` �K���T�T�B�M�; �7�Q�` ���+�+�m�`���i�2 �B�/�2�M�i�B�7�v�B�M�; �T�2�2�`�@�i�Q�@�T�2�2�` ���T�T�H�B�+���i�B�Q�M�b �B�M �i�?�2 �B�M�i�2�`�M�2�i �i�`���{�+�-�ô�1�t�T�2�`�i �a�v�b�i�2�K�b �r�B�i�? ���T�T�H�B�+���i�B�Q�M�b�-
�p�Q�H�X �j�3�- �M�Q�X �e�- �T�T�X �e�9�R�d���e�9�k�j�- �k�y�R�R�X

�(�k�y�)�C�X �S���`�F�- �>�X�@�_�X �h�v���M�- ���M�/ �*�X�@�*�X �C�X �E�m�Q�- �ó�:���@�#���b�2�/ �B�M�i�2�`�M�2�i �i�`���{�+ �+�H���b�b�B�}�+���i�B�Q�M �i�2�+�?�M�B�[�m�2 �7�Q�` �[�Q�b �T�`�Q�p�B�b�B�Q�M�B�M�;�-�ô �B�M�k�y�y�e
�A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �A�M�i�2�H�H�B�;�2�M�i �A�M�7�Q�`�K���i�B�Q�M �>�B�/�B�M�; ���M�/ �J�m�H�i�B�K�2�/�B���- �T�T�X �k�8�R���k�8�9�- �A�1�1�1�- �k�y�y�e�X

�(�k�R�)�C�X �h���M�;�- �:�X �w�?���M�;�- �u�X �q���M�;�- �>�X �q���M�;�- ���M�/ �6�X �G�B�m�- �ó�� �?�v�#�`�B�/ ���T�T�`�Q���+�? �i�Q �B�M�i�2�;�`���i�2 �7�m�x�x�v �+�@�K�2���M�b �#���b�2�/ �B�K�T�m�i���i�B�Q�M
�K�2�i�?�Q�/ �r�B�i�? �;�2�M�2�i�B�+ ���H�;�Q�`�B�i�?�K �7�Q�` �K�B�b�b�B�M�; �i�`���{�+ �p�Q�H�m�K�2 �/���i�� �2�b�i�B�K���i�B�Q�M�-�ô�h� �̀��M�b�T�Q�`�i���i�B�Q�M �_�2�b�2��� �̀+�? �S���`�i �*�, �1�K�2� �̀;�B�M�;
�h�2�+�?�M�Q�H�Q�;�B�2�b�- �p�Q�H�X �8�R�- �T�T�X �k�N���9�y�- �k�y�R�8�X

�(�k�k�)�>�X �w�?�Q�m�- �G�X �h���M�- �6�X �:�2�- ���M�/ �a�X �*�?���M�- �ó�h�`���{�+ �K���i�`�B�t �2�b�i�B�K���i�B�Q�M�, ���/�p���M�+�2�/�@�i�Q�K�Q�;�`���p�B�i�v �K�2�i�?�Q�/ �#���b�2�/ �Q�M �� �T�`�2�+�B�b�2 �;�`���p�B�i�v
�K�Q�/�2�H�-�ô�A�M�i�2�`�M���i�B�Q�M���H �C�Q�m�`�M���H �Q�7 �*�Q�K�K�m�M�B�+���i�B�Q�M �a�v�b�i�2�K�b�- �p�Q�H�X �k�3�- �M�Q�X �R�y�- �T�T�X �R�d�y�N���R�d�k�3�- �k�y�R�8�X

�(�k�j�)�A�X �C�m�p���- �a�X �o���i�Q�M�- ���M�/ �C�X �o�B� �̀i���K�Q�- �ó�Z�m�B�+�F �i�`���{�+ �K���i�`�B�t �2�b�i�B�K���i�B�Q�M �#���b�2�/ �Q�M �H�B�M�F �+�Q�m�M�i �+�Q�p���`�B���M�+�2�b�-�ô �B�M�k�y�y�e �A�1�1�1
�A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �*�Q�K�K�m�M�B�+���i�B�Q�M�b�- �p�Q�H�X �k�- �T�T�X �e�y�j���e�y�3�- �A�1�1�1�- �k�y�y�e�X

�(�k�9�)�.�X �C�B���M�; ���M�/ �:�X �>�m�- �ó�:���`�+�? �K�Q�/�2�H�@�#���b�2�/ �H���`�;�2�@�b�+���H�2 �B�T �i�`���{�+ �K���i�`�B�t �2�b�i�B�K���i�B�Q�M�-�ô�A�1�1�1 �*�Q�K�K�m�M�B�+���i�B�Q�M�b �G�2�i�i�2�`�b�- �p�Q�H�X �R�j�-
�M�Q�X �R�- �T�T�X �8�k���8�9�- �k�y�y�N�X

�(�k�8�)�J�X �J�X �_���?�K���M�- �a�X �a���?���- �l�X �*�?�2�M�;���M�- ���M�/ ���X �a�X ���H�7���- �ó�A�T �i�`���{�+ �K���i�`�B�t �2�b�i�B�K���i�B�Q�M �K�2�i�?�Q�/�b�, �*�Q�K�T���`�B�b�Q�M�b ���M�/ �B�K�T�`�Q�p�2�@
�K�2�M�i�b�-�ô �B�M�k�y�y�e �A�1�1�1 �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2� �̀2�M�+�2 �Q�M �*�Q�K�K�m�M�B�+���i�B�Q�M�b�- �p�Q�H�X �R�- �T�T�X �N�y���N�e�- �A�1�1�1�- �k�y�y�e�X

�(�k�e�)���X �:�m�M�M���`�- �J�X �C�Q�?���M�b�b�Q�M�- ���M�/ �h�X �h�2�H�F���K�T�- �ó�h�`���{�+ �K���i�`�B�t �2�b�i�B�K���i�B�Q�M �Q�M �� �H���`�;�2 �B�T �#���+�F�#�Q�M�2�, �� �+�Q�K�T���`�B�b�Q�M �Q�M �`�2���H
�/���i���-�ô �B�M�S� �̀Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �9�i�? ���*�J �a�A�:�*�P�J�J �+�Q�M�7�2� �̀2�M�+�2 �Q�M �A�M�i�2�`�M�2�i �K�2���b�m� �̀2�K�2�M�i�- �T�T�X �R�9�N���R�e�y�- �k�y�y�9�X

�(�k�d�)�.�X �G�B�- �*�X �s�B�M�;�- �L�X �.���B�- �6�X �.���B�- ���M�/ �:�X �w�?���M�;�- �ó�1�b�i�B�K���i�B�M�; �b�/�M �i�`���{�+ �K���i�`�B�t �#���b�2�/ �Q�M �Q�M�H�B�M�2 ���/���T�i�B�p�2 �B�M�7�Q�`�K���i�B�Q�M �;���B�M
�K���t�B�K�B�x���i�B�Q�M �K�2�i�?�Q�/�-�ô�S�2�2�`�@�i�Q�@�S�2�2�` �L�2�i�r�Q�`�F�B�M�; ���M�/ ���T�T�H�B�+���i�B�Q�M�b�- �p�Q�H�X �R�k�- �M�Q�X �k�- �T�T�X �9�e�8���9�3�y�- �k�y�R�N�X

�(�k�3�)�C�X �w�?���Q�- �>�X �Z�m�- �C�X �w�?���Q�- ���M�/ �.�X �C�B���M�;�- �ó�h�Q�r���`�/�b �i�`���{�+ �K���i�`�B�t �T�`�2�/�B�+�i�B�Q�M �r�B�i�? �H�b�i�K �`�2�+�m�`�`�2�M�i �M�2�m�`���H �M�2�i�r�Q�`�F�b�-�ô�1�H�2�+�i� �̀Q�M�B�+�b
�G�2�i�i�2�`�b�- �p�Q�H�X �8�9�- �M�Q�X �N�- �T�T�X �8�e�e���8�e�3�- �k�y�R�3�X

�(�k�N�)�J�X �1�K���K�B�- �_�X ���F�#���`�B�- �_�X �C���p�B�/���M�- ���M�/ ���X �w���K���M�B�- �ó�� �M�2�r ���T�T�`�Q���+�? �7�Q�` �i�`���{�+ �K���i�`�B�t �2�b�i�B�K���i�B�Q�M �B�M �?�B�;�? �H�Q���/ �+�Q�K�T�m�i�2�`
�M�2�i�r�Q�`�F�b �#���b�2�/ �Q�M �;�`���T�? �2�K�#�2�/�/�B�M�; ���M�/ �+�Q�M�p�Q�H�m�i�B�Q�M���H �M�2�m�`���H �M�2�i�r�Q�`�F�-�ô�h� �̀��M�b���+�i�B�Q�M�b �Q�M �1�K�2� �̀;�B�M�; �h�2�H�2�+�Q�K�K�m�M�B�+���i�B�Q�M�b
�h�2�+�?�M�Q�H�Q�;�B�2�b�- �p�Q�H�X �j�y�- �M�Q�X �e�- �T�X �2�j�e�y�9�- �k�y�R�N�X

�(�j�y�)�q�X �C�X �Z�m�2�B�`�Q�x�- �J�X ���X �*���T�`�2�i�x�- ���M�/ �J�X ���X �.���M�i���b�- �ó�� �K���T�`�2�/�m�+�2 ���T�T�`�Q���+�? �7�Q�` �i�`���{�+ �K���i�`�B�t �2�b�i�B�K���i�B�Q�M �B�M �b�/�M�-�ô�A�1�1�1
���+�+�2�b�b�- �p�Q�H�X �3�- �T�T�X �R�9�N�y�e�8���R�9�N�y�d�e�- �k�y�k�y�X

�(�j�R�)�u�X �w�?���M�;�-���#�B�H�2�M�2 �.���i���b�2�i�- �?�i�i�T�b�,�f�f�r�r�r�X�+�b�X�m�i�2�t���b�X�2�/�m�f �v�x�?���M�;�f� �̀2�b�2��� �̀+�?�f���#�B�H�2�M�2�h�J�f�- �k�y�y�9�X
�(�j�k�)�J�X �_�Q�m�;�?���M�- �ó�a�B�K�T�H�B�7�v�B�M�; �i�?�2 �b�v�M�i�?�2�b�B�b �Q�7 �B�M�i�2�`�M�2�i �i�`���{�+ �K���i�`�B�+�2�b�-�ô���*�J �a�A�:�*�P�J�J �*�Q�K�T�m�i�2�` �*�Q�K�K�m�M�B�+���i�B�Q�M �_�2�p�B�2�r�-

�p�Q�H�X �j�8�- �M�Q�X �8�- �T�T�X �N�j���N�e�- �k�y�y�8�X
�(�j�j�) �J�X �J�B�i�+�?�2�H�H�-���M �B�M�i� �̀Q�/�m�+�i�B�Q�M �i�Q �;�2�M�2�i�B�+ ���H�;�Q�`�B�i�?�K�b�X �J�A�h �T�`�2�b�b�- �R�N�N�3�X
�(�j�9�)���X �>�X �q�`�B�;�?�i�- �ó�:�2�M�2�i�B�+ ���H�;�Q�`�B�i�?�K�b �7�Q�` �`�2���H �T���`���K�2�i�2�` �Q�T�i�B�K�B�x���i�B�Q�M�-�ô �B�M�6�Q�m�M�/���i�B�Q�M�b �Q�7 �;�2�M�2�i�B�+ ���H�;�Q�`�B�i�?�K�b�- �p�Q�H�X �R�- �T�T�X �k�y�8��

�k�R�3�- �1�H�b�2�p�B�2�`�- �R�N�N�R�X
�(�j�8�)�"�X �*�`���2�M�2�M�- ���X �1�B�#�2�M�- ���M�/ �1�X �J���`�+�?�B�Q�`�B�- �ó�>�Q�r �i�Q �?���M�/�H�2 �+�Q�M�b�i�`���B�M�i�b �r�B�i�? �2�p�Q�H�m�i�B�Q�M���`�v ���H�;�Q�`�B�i�?�K�b�-�ô�S� �̀��+�i�B�+���H �>���M�/�#�Q�Q�F

�P�7 �:�2�M�2�i�B�+ ���H�;�Q�`�B�i�?�K�b�, ���T�T�H�B�+���i�B�Q�M�b�- �T�T�X �j�9�R���j�e�R�- �k�y�y�R�X

�1�/�B�i�2�/ �#�v�,�.���M�� �S�2�i�+�m
�_�2�+�2�B�p�2�/�,�L�Q�p �R�j�- �k�y�k�y
���+�+�2�T�i�2�/�,�C���M �k�R�- �k�y�k�R



�a�+���H���#�H�2 �*�Q�K�T�m�i�B�M�;�, �S�`���+�i�B�+�2 ���M�/ �1�t�T�2�`�B�2�M�+�2�- �A�a�a�L �R�3�N�8�@�R�d�e�d�-�?�i�i�T�,�f�f�r�r�r�X�b�+�T�2�X�Q�`�;
�Ü �k�y�k�R �a�*�S�1�X �o�Q�H�m�K�2 �k�k�- �A�b�b�m�2�b �R�- �T�T�X �j�N���8�k�- �.�P�A �R�y�X�R�k�e�N�9�,�f�b�+�T�2�X�p�k�k�B�R�X�R�3�j�e

�� �J�A�*�_�P�a�1�_�o�A�*�1 �.�1�*�P�J�S�P�a�A�h�A�P�L �J�1�h�>�P�. �h�>�_�P�l�:�> �l�a�A�L�: �.�A�a�h�_�A�"�l�h�1�.
�_�1�S�_�1�a�1�L�h���h�A�P�L �P�6 �a�P�l�_�*�1 �*�P�.�1

�P�J���_ ���G�@�.�1�"���:�u � ���L�. �S�ú�h�1�_ �J���_�h�A�L�1�E

���#�b�i�`���+�i�X�h�?�B�b �`�2�b�2���`�+�? �T�`�Q�T�Q�b�2�/ �� �M�Q�p�2�H �/�2�+�Q�K�T�Q�b�B�i�B�Q�M �K�2�i�?�Q�/ �7�Q�` �`�2�7���+�i�Q�`�B�M�; �K�Q�M�Q�H�B�i�?�B�+ ���T�T�H�B�+���i�B�Q�M�b �B�M�i�Q �K�B�+�`�Q�b�2�`�p�B�+�2�b
���T�T�H�B�+���i�B�Q�M�b �m�b�B�M�; �� �M�2�m�`���H �M�2�i�r�Q�`�F �K�Q�/�2�H �U�+�Q�/�2�k�p�2�+�V �7�Q�` �+�`�2���i�B�M�; �+�Q�/�2 �2�K�#�2�/�/�B�M�;�b �7�`�Q�K �i�?�2 �K�Q�M�Q�H�B�i�?�B�+ ���T�T�H�B�+���i�B�Q�M �b�Q�m�`�+�2 �+�Q�/�2�X ���b
�� �_�2�b�m�H�i�- �b�2�K���M�i�B�+���H�H�v �b�B�K�B�H���` �+�Q�/�2 �2�K�#�2�/�/�B�M�;�b ���`�2 �+�H�m�b�i�2�`�2�/ �i�?�`�Q�m�;�? �� �?�B�2�`���`�+�?�B�+���H �+�H�m�b�i�2�`�B�M�; ���H�;�Q�`�B�i�?�K �i�Q �T�`�Q�/�m�+�2 �K�B�+�`�Q�b�2�`�p�B�+�2�b
�+���M�/�B�/���i�2�b �i�Q �`�2�b�2�K�#�H�2 �i�?�2 �/�Q�K���B�M �K�Q�/�2�H �K�Q�`�2 �2�{�+�B�2�M�i�H�v�X �h�?�2 �[�m���H�B�i�v �+�?���`���+�i�2�`�B�b�i�B�+�b �Q�7 �i�?�2 �`�2�b�m�H�i�b �r�2�`�2 �K�2���b�m�`�2�/ �m�b�B�M�; �i�r�Q
�K�2�i�`�B�+�b �7�Q�` �K�2���b�m�`�B�M�; �+�Q�?�2�b�B�Q�M�X �h�?�2�b�2 �K�2�i�`�B�+�b �r�2�`�2 �*�Q�?�2�b�B�Q�M ���i �J�2�b�b���;�2 �G�2�p�2�H �U�*�>�J�V ���M�/ �*�Q�?�2�b�B�Q�M ���i �.�Q�K���B�M �G�2�p�2�H �U�*�>�.�V�X
���H�b�Q�- �7�Q�m�` ���T�T�H�B�+���i�B�Q�M�b �r�2�`�2 �m�b�2�/ ���b �i�2�b�i �+���b�2�b �r�B�i�? �/�B�z�2�`�2�M�i �b�B�x�2�b �`���M�;�B�M�; �7�`�Q�K �b�K���H�H �i�Q �#�B�; ���T�T�H�B�+���i�B�Q�M�b�X �h�?�2 �T�`�Q�T�Q�b�2�/ �K�2�i�?�Q�/
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�j�X�R�X �1�t�i�`���+�i�B�M�; �*�Q�/�2 �1�K�#�2�/�/�B�M�;�b�X�J�2�i�?�Q�/�b ���`�2 �2�t�i�`���+�i�2�/ �7�`�Q�K �+�H���b�b�2�b ���M�/ �+�Q�M�p�2�`�i�2�/ �B�M�i�Q �+�Q�/�2 �2�K�@
�#�2�/�/�B�M�;�b �m�b�B�M�; �i�?�2 �+�Q�/�2�k�p�2�+ �(�k�k�) �K�Q�/�2�H�X �*�Q�/�2 �2�K�#�2�/�/�B�M�;�b ���`�2 �b�M�B�T�T�2�i�b �Q�7 �+�Q�/�2�b �+�?���`���+�i�2�`�B�x�2�/ ���b �� �p�2�+�i�Q�`�@�#���b�2�/
�`�2�T�`�2�b�2�M�i���i�B�Q�M �7�Q�` �� �K���+�?�B�M�2�@�H�2���`�M�B�M�; ���H�;�Q�`�B�i�?�K �i�Q �m�M�/�2�`�b�i���M�/ �i�?�2�b�2 �b�M�B�T�T�2�i�b �Q�7 �+�Q�/�2�b�X

�1�K�#�2�/�/�B�M�;�b ���`�2 �� �K���T�T�B�M�; �Q�7 ���M �Q�#�D�2�+�i �`�2�T�`�2�b�2�M�i�2�/ ���b �p�2�+�i�Q�`�b�X �6�Q�` �2�t���K�T�H�2�- �r�Q�`�/ �2�K�#�2�/�/�B�M�;�b ���`�2 �`�2�T�`�2�@
�b�2�M�i���i�B�Q�M�b �Q�7 �� �r�Q�`�/ �U�Q�` �b�2�[�m�2�M�+�2 �Q�7 �r�Q�`�/�b�V ���b �p�2�+�i�Q�`�b �Q�7 �`�2���H �M�m�K�#�2�`�b �(�k�e�)�X �q�Q�`�/ �2�K�#�2�/�/�B�M�;�b �K���F�2 �B�i �T�Q�b�b�B�#�H�2
�7�Q�` �i�2�t�i�m���H �/���i�� �i�Q �r�Q�`�F �r�B�i�? �� �K���i�?�2�K���i�B�+���H �K�Q�/�2�H�X �*�Q�/�2 �2�K�#�2�/�/�B�M�;�b �?���p�2 �� �b�B�K�B�H���` �#�2�M�2�}�i �i�Q �r�Q�`�/ �2�K�#�2�/�@
�/�B�M�;�b�c �i�?�2�b�2 �2�K�#�2�/�/�B�M�;�b �+���M �+���T�i�m�`�2 �i�?�2 �b�2�K���M�i�B�+�b �Q�7 �i�?�2 �b�Q�m�`�+�2 �+�Q�/�2�X �h�?�2�b�2 �+�Q�/�2 �2�K�#�2�/�/�B�M�;�b �+���M �#�2 �m�b�2�/ �7�Q�`
�b�2�p�2�`���H �i���b�F�b �b�m�+�? ���b �K���H�r���`�2 �/�2�i�2�+�i�B�Q�M�- ���m�i�?�Q�` �B�/�2�M�i�B�}�+���i�B�Q�M�- ���M�/ �`�2�7���+�i�Q�`�B�M�;�X

�j�X�k�X �*�Q�/�2 �1�K�#�2�/�/�B�M�;�b �J�Q�/�2�H�X�h�?�2 �T�`�Q�T�Q�b�2�/ �K�2�i�?�Q�/ �m�b�2�b �i�?�2 �+�Q�/�2�k�p�2�+ �K�Q�/�2�H �+�`�2���i�2�/ �#�v ���H�Q�M �2�i ���H�X
�(�k�k�) �i�Q �Q�#�i���B�M �+�Q�/�2 �2�K�#�2�/�/�B�M�;�b �Q�` �+�Q�M�i�B�M�m�Q�m�b �/�B�b�i�`�B�#�m�i�2�/ �p�2�+�i�Q�`�b �Q�7 �i�?�2 �2�t�i�`���+�i�2�/ �K�2�i�?�Q�/�b�X �*�Q�/�2 �2�K�#�2�/�/�B�M�;�b
�;�B�p�2 �m�b �i�?�2 ���#�B�H�B�i�v �i�Q �}�M�/ �� �b�B�K�B�H���`�B�i�v �#�2�i�r�2�2�M �i�?�2 �2�t�i�`���+�i�2�/ �+�H���b�b�2�b�X

�*�Q�/�2�k�p�2�+ �B�b �� �/�2�2�T �`�2�T�`�2�b�2�M�i���i�B�Q�M �H�2���`�M�B�M�; �K�2�i�?�Q�/�- �r�?�B�+�? �r���b �m�b�2�/ �7�Q�` �T�`�2�/�B�+�i�B�M�; �K�2�i�?�Q�/ �M���K�2�b�X �>�Q�r�2�p�2�`�-
�+�Q�/�2�k�p�2�+ �+�Q�/�2 �2�K�#�2�/�/�B�M�;�b �+���M �#�2 �m�b�2�/ �B�M �Q�i�?�2�` �i���b�F�b ���b �r�2�H�H�X �*�Q�/�2�k�p�2�+ �+�Q�M�p�2�`�i�b �i�?�2 �b�Q�m�`�+�2 �+�Q�/�2 �B�M�i�Q �� �b�2�i
�Q�7 ���#�b�i�`���+�i �a�v�M�i���t �h�`�2�2 �U���a�h�V �T���i�?�b ���M�/ �b�m�K�b �i�?�2�b�2 �T���i�?�b �m�b�B�M�; ���M ���i�i�2�M�i�B�Q�M �K�2�+�?���M�B�b�K�X �h�?�2 ���i�i�2�M�i�B�Q�M
�i�2�+�?�M�B�[�m�2 �r�Q�`�F�b �#�v �;�B�p�B�M�; �K�Q�`�2 �r�2�B�;�?�i �7�Q�` �i�?�2 �B�K�T�Q�`�i���M�i ���a�h �T���i�?�b �i�?���i �`�2�T�`�2�b�2�M�i �i�?�2 �b�Q�m�`�+�2 �+�Q�/�2�X �a�Q�- �i�?�2
�p�2�+�i�Q�` �`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �� �7�m�M�+�i�B�Q�M �B�b ���M ���;�;�`�2�;���i�B�Q�M �Q�7 �r�2�B�;�?�i�2�/ ���a�h �T���i�?�b�X �h�?�2 ���i�i�2�M�i�B�Q�M �K�2�+�?���M�B�b�K �b�?�Q�r�b
�i�?�2 �B�K�T�Q�`�i���M�i ���a�h �T���i�?�b �i�?���i �M�2�2�/ �K�Q�`�2 �7�Q�+�m�b �i�?���M �i�?�2 �Q�i�?�2�` ���p���B�H���#�H�2 �T���i�?�b�X

���a�h �B�b �`�2�T�`�2�b�2�M�i�2�/ �r�B�i�? �#�`���M�+�?�2�b ���M�/ �H�2���p�2�b �b�B�K�B�H���` �i�Q �� �i�`�2�2�X �h�?�2 �7�m�M�+�i�B�Q�M���H �b�i�`�m�+�i�m�`�2 �Q�7 �b�Q�m�`�+�2 �+�Q�/�2
�B�b �`�2�T�`�2�b�2�M�i�2�/ �#�v ���a�h �B�M�b�i�2���/ �Q�7 �� �/�2�i���B�H�2�/ �/�2�b�+�`�B�T�i�B�Q�M �Q�7 �b�Q�m�`�+�2 �+�Q�/�2�X �6�Q�` �2�t���K�T�H�2�- �6�B�;�X �j�X�R �b�?�Q�r�b ���M ���a�h
�`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �� �7���+�i�Q�`�B���H �7�m�M�+�i�B�Q�M�X �h�?�2 �m�i�B�H�B�x���i�B�Q�M �Q�7 ���a�h �B�K�T�`�Q�p�2 �i�?�2 ���+�+�m�`���+�v ���M�/ �i�`���B�M�B�M�; �Q�7 �� �K���+�?�B�M�2
�H�2���`�M�B�M�; �K�Q�/�2�H �(�k�e�)�X

�h�?�2 �;�Q���H �Q�7 �+�Q�/�2�k�p�2�+ �B�b �i�Q �;�2�M�2�`���i�2 �+�Q�/�2 �2�K�#�2�/�/�B�M�;�b �i�?���i �F�2�2�T �i�?�2 �b�2�K���M�i�B�+�b �Q�7 �i�?�2 �b�Q�m�`�+�2 �+�Q�/�2�X �*�Q�/�2�k�p�2�+
�`�2�T�`�2�b�2�M�i �i�?�2 �b�Q�m�`�+�2 �+�Q�/�2 ���b �� �#���; �Q�7 ���a�h �T���i�?�b�c �i�?�2�b�2 �T���i�?�b ���`�2 �;�2�M�2�`���i�2�/ �#�2�i�r�2�2�M �i�?�2 �H�2���p�2�b �Q�7 �i�?�2 ���a�h �i�`�2�2�X
���a�h �T���i�? �B�b �� �T���i�? �#�2�i�r�2�2�M �i�r�Q �H�2���p�2�b �B�M ���M ���a�h �i�`�2�2�X �6�Q�` �2�t���K�T�H�2�- �i�?�2 �+�Q�H�Q�m�`�2�/ �T���i�?�b �B�M �6�B�;�X �j�X�R ���`�2 ���a�h
�T���i�?�b�X �S���i�?�@�+�Q�M�i�2�t�i �B�b �� �b�2�i �Q�7 �i�?�`�2�2 �i�Q�F�2�M�b�- �+�Q�M�b�B�b�i�B�M�; �Q�7 �i�r�Q �i�Q�F�2�M�b �`�2�T�`�2�b�2�M�i �i�?�2 �i�r�Q ���a�h �H�2���p�2�b ���M�/ ���M�Q�i�?�2�`
�i�Q�F�2�M �`�2�T�`�2�b�2�M�i �i�?�2 �T���i�? �#�2�i�r�2�2�M �i�?�2�b�2 �i�r�Q �H�2���p�2�b�X �6�Q�` �2�t���K�T�H�2�- �i�?�2 �`�2�/ �T���i�? �B�M �6�B�;�X �j�X�R �+���M �#�2 �`�2�T�`�2�b�2�M�i�2�/
���b �7�Q�H�H�Q�r�b�,

f n; T imes # MethodCall # Minus #; ng

�h�?�2 �b�B�;�M# �`�2�T�`�2�b�2�M�i �i�?�2 �T���i�? �;�Q�`�B�M�; �i�Q�r���`�/ �i�?�2 �H�2���p�2�b �r�?�B�H�2" �`�2�T�`�2�b�2�M�i �;�Q�B�M�; �i�Q�r���`�/ �i�?�2 �`�Q�Q�i �Q�7 �i�?�2 ���a�h �i�`�2�2�X
�6�Q�` �K�Q�`�2 �/�2�i���B�H�b ���M�/ �B�M�7�Q�`�K���i�B�Q�M �+�?�2�+�F �i�?�2 �Q�`�B�;�B�M���H �T���T�2�` �(�k�k�)�X �6�B�;�X �j�X�k �b�?�Q�r�b �i�?�2 ���`�+�?�B�i�2�+�i�m�`�2 �Q�7 �+�Q�/�2�k�p�2�+
�K�Q�/�2�H �r�B�i�? ���H�H �i�?�2 �T�`�Q�+�2�b�b�2�b �/�2�b�+�`�B�#�2�/ �2���`�H�B�2�`�X

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

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

�j�X�9�X �*�H�m�b�i�2�`�B�M�; �J�2�i�?�Q�/�X�6�Q�H�H�Q�r�B�M�; �i�?�2 �+�Q�M�p�2�`�b�B�Q�M �Q�7 �i�?�2 �b�Q�m�`�+�2 �+�Q�/�2 �B�M�i�Q �+�Q�/�2 �2�K�#�2�/�/�B�M�;�b �#���b�2�/ �Q�M
�+�Q�/�2�k�p�2�+ �K�Q�/�2�H ���M�/ ���;�;�`�2�;���i�B�M�; �+�Q�/�2 �2�K�#�2�/�/�B�M�;�b�- �� �+�H�m�b�i�2�`�B�M�; �K�2�i�?�Q�/ �r���b ���T�T�H�B�2�/�X �_�2�H���i�2�/ �+�H���b�b�2�b ���`�2 �+�H�m�b�@
�i�2�`�2�/ �i�Q�;�2�i�?�2�` �m�b�B�M�; �i�?�2 �+�H�m�b�i�2�`�B�M�; �K�2�i�?�Q�/ �B�M �Q�`�/�2�` �i�Q �;�2�M�2�`���i�2 �� �b�m�B�i���#�H�2 �K�B�+�`�Q�b�2�`�p�B�+�2 �+���M�/�B�/���i�2�X �h�?�2 ���{�M�B�i�v
�S�`�Q�T���;���i�B�Q�M �(�R�N�) ���H�;�Q�`�B�i�?�K �r���b �+�?�Q�b�2�M �7�Q�` �i�?�B�b �T�`�Q�+�2�b�b �#�2�+���m�b�2 �B�i �B�/�2�M�i�B�}�2�b �i�?�2 �b�m�K �Q�7 �+�H�m�b�i�2�`�b �K�B�M�m�b �i�?�2 �M�2�+�2�b�@
�b�B�i�v �i�Q �B�M�/�B�+���i�2 �B�i �B�M ���/�p���M�+�2�X �J�B�+�`�Q�b�2�`�p�B�+�2�b �+���M�/�B�/���i�2�b ���`�2 �B�/�2�M�i�B�}�2�/ �m�b�B�M�; �i�?�2 �T�`�2�p�B�Q�m�b�H�v �K�2�M�i�B�Q�M�2�/ �K�2�i�?�Q�/�b
�+�Q�K�#�B�M�2�/ �r�B�i�? �i�?�2 �+�H�m�b�i�2�`�B�M�; ���H�;�Q�`�B�i�?�K�X



�� �J�B�+�`�Q�b�2�`�p�B�+�2 �.�2�+�Q�K�T�Q�b�B�i�B�Q�M �J�2�i�?�Q�/ �h�?�`�Q�m�;�? �l�b�B�M�; �.�B�b�i�`�B�#�m�i�2�/ �_�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �a�Q�m�`�+�2 �*�Q�/�2�9�j
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�6�B�;�X �j�X�R�, ���a�h �`�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �� �7���+�i�Q�`�B���H �7�m�M�+�i�B�Q�M

�h�?�2 ���{�M�B�i�v �S�`�Q�T���;���i�B�Q�M ���H�;�Q�`�B�i�?�K �B�b �#���b�2�/ �Q�M �i�r�Q �+�Q�M�+�2�T�i�b �i�?���i ���`�2 �T���b�b�B�M�; �K�2�b�b���;�2�b �#�2�i�r�2�2�M �/���i�� �T�Q�B�M�i�b
���M�/ �}�M�/�B�M�; �2�t�2�K�T�H���`�b �(�R�N�)�X �1�t�2�K�T�H���`�b ���`�2 �i�?�2 �+�2�M�i�`�2�b �Q�7 �2���+�? �+�H�m�b�i�2�`�- �r�?�B�+�? �`�2�T�`�2�b�2�M�i �i�?�2 �+�H�m�b�i�2�`�- ���M�/ �2���+�?
�+�H�m�b�i�2�` �+�Q�M�i���B�M�b �� �b�B�M�;�H�2 �2�t�2�K�T�H���`�X ���H�b�Q�- �i�?�2�`�2 ���`�2 �i�r�Q �i�v�T�2�b �Q�7 �i�?�2�b�2 �2�t�+�?���M�;�2�/ �K�2�b�b���;�2�b �#�2�i�r�2�2�M �i�?�2 �/���i��
�T�Q�B�M�i�b�X �h�?�2 �}�`�b�i �i�v�T�2 �B�b �2�t�+�?���M�;�2�/ �#�2�i�r�2�2�M �i�?�2 �/���i�� �T�Q�B�M�i�b ���M�/ �i�?�2 �+���M�/�B�/���i�2 �2�t�2�K�T�H���`�b�- ���M�/ �i�?�2�b�2 �i�v�T�2�b �Q�7
�K�2�b�b���;�2�b ���`�2 �+���H�H�2�/ �U�`�2�b�T�Q�M�b�B�#�B�H�B�i�v�V �K�2�b�b���;�2�b�X �h�?�2�v ���`�2 �m�b�2�/ �i�Q �}�M�/ �i�?�2 �b�i�`�2�M�;�i�? �Q�7 �i�?�2 �H�B�M�F �#�2�i�r�2�2�M �i�?�2 �/���i��
�T�Q�B�M�i�b ���M�/ �i�?�2 �2�t�2�K�T�H���`�b�X

�h�?�2 �U�`�2�b�T�Q�M�b�B�#�B�H�B�i�v�V �K�2�b�b���;�2�b ���`�2 �`�2�T�`�2�b�2�M�i�2�/ �#�vr (i; k ) �B�M �2�[�m���i�B�Q�M �j�X�R �B�K�T�H�B�2�b �B�7 �T�Q�B�M�ik �B�b �}�i �i�Q �#�2 ���M
�2�t�2�K�T�H���` �7�Q�` �T�Q�B�M�ii �X �_�2�b�T�Q�M�b�B�#�B�H�B�i�B�2�b ���`�2 �2�t�+�?���M�;�2�/ �7�`�Q�K �T�Q�B�M�ii �i�Q �2�t�2�K�T�H���` �i�Q �#�2k�,

r (i; k )  s(i; k ) � max
k 0 �b�X�i�X �F�ö6= k

f a(i; k 0) + s(i; k 0)g �U�j�X�R�V

�h�?�2 �b�2�+�Q�M�/ �i�v�T�2 �+�?�2�+�F�b �i�?�2 �b�m�B�i���#�B�H�B�i�v �Q�7 ���M �2�t�2�K�T�H���` �B�M �#�2�B�M�; ���M �2�t�2�K�T�H���` �#�v �b�2�M�/�B�M�; �K�2�b�b���;�2�b �7�`�Q�K �i�?�2
�2�t�2�K�T�H���` �+���M�/�B�/���i�2�b �i�Q �Q�i�?�2�` �/���i�� �T�Q�B�M�i�b �B�M �i�?�2 �+�H�m�b�i�2�`�X �h�?�B�b �i�v�T�2 �Q�7 �K�2�b�b���;�2�b �`�2�7�2�`�`�2�/ �i�Q ���b �U���p���B�H���#�B�H�B�i�v�V
�K�2�b�b���;�2�b�X �h�?�2 �U���p���B�H���#�B�H�B�i�v�V �`�2�T�`�2�b�2�M�i�2�/ �#�va(i; k ) �B�M �2�[�m���i�B�Q�M �j�X�k �b�?�Q�r�b �B�7 �T�Q�B�M�ii �+���M �b�2�H�2�+�i �T�Q�B�M�ik ���b ���M
�2�t�2�K�T�H���`�X ���p���B�H���#�B�H�B�i�B�2�b ���`�2 �2�t�+�?���M�;�2�/ �#�2�i�r�2�2�M �2�t�2�K�T�H���` �+���M�/�B�/���i�2k ���M�/ �/���i�� �T�Q�B�M�ii �b�i���`�i�B�M�; �7�`�Q�Kk�,



�9�9 �P�K���` ���H�@�.�2�#���;�v�- �S�û�i�2�` �J���`�i�B�M�2�F

�6�B�;�X �j�X�k�, �+�Q�/�2�k�p�2�+ �J�Q�/�2�H �(�k�k�)

�h���#�H�2 �j�X�R�, ���;�;�`�2�;���i�B�Q�M �J�2�i�?�Q�/�b

���;�;�`�2�;���i�B�Q�M �J�2�i�?�Q�/ �1�[�m���i�B�Q�M

�J�2���M 1
n

P n
i =1 x i

�a�m�K�K���i�B�Q�M
P n

i =1 x i

�J���t�B�K�m�K x i : x i � x i ; i 6= j 8i; j 2 n
�J�B�M�B�K�m�K x i : x i � x i ; i 6= j 8i; j 2 n

�a�i���M�/���`�/ �.�2�p�B���i�B�Q�M

r P
( x i � x )2

(n � 1)

�o���`�B���M�+�2
P

( x i � x )2

(n � 1)

a(i; k )  min

8
<

:
0; r (k; k) +

X

i 0 �b�X�i�Xi 0=2f i;k g

max f 0; r (i 0; k)g

9
=

;
�U�j�X�k�V

�1�[�m���i�B�Q�M �j�X�j �b�?�Q�r�b �i�?�2 �K�2�i�?�Q�/ �Q�7 �m�T�/���i�B�M�; �b�2�H�7�@���p���B�H���#�B�H�B�i�v �7�Q�` ���M �2�t�2�K�T�H���`�,

a(k; k)  
X

i 0 �b�X�i�Xi 06= k

max f 0; r (i 0; k)g �U�j�X�j�V

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

�J�2�x���`�/ �(�k�y�) �/�2�b�+�`�B�#�2�/ �i�?�2 �b�B�;�M�B�}�+���M�+�2 ���M�/ �2�z�2�+�i�B�p�2�M�2�b�b �Q�7 �K�2�b�b���;�2 �T���b�b�B�M�; ���H�;�Q�`�B�i�?�K�b�- �2�p�2�M �Q�M �+�Q�K�T�H�2�t
�T�`�Q�#�H�2�K�b�X �h�?�m�b�- ���{�M�B�i�v �S�`�Q�T���;���i�B�Q�M �r���b �m�b�2�/ �7�Q�` �Q�m�` �`�2�b�2���`�+�? �T���T�2�` �7�Q�` �+�H�m�b�i�2�`�B�M�; �`�2�H���i�2�/ �+�H���b�b�2�b �i�Q �;�2�M�2�`���i�2
�K�B�+�`�Q�b�2�`�p�B�+�2�b �+���M�/�B�/���i�2�b�X

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



�� �J�B�+�`�Q�b�2�`�p�B�+�2 �.�2�+�Q�K�T�Q�b�B�i�B�Q�M �J�2�i�?�Q�/ �h�?�`�Q�m�;�? �l�b�B�M�; �.�B�b�i�`�B�#�m�i�2�/ �_�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �a�Q�m�`�+�2 �*�Q�/�2�9�8

�6�B�;�X �j�X�j�, �J�2���M ���;�;�`�2�;���i�B�Q�M �J�2�i�?�Q�/

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

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

�i�?�2 �+�Q�M�p�2�`�;�2�M�+�2�X
���H�;�Q�`�B�i�?�K �R �b�?�Q�r�b �i�?�2 �b�i�2�T�b �Q�7 �i�?�2 ���{�M�B�i�v �S�`�Q�T���;���i�B�Q�M ���H�;�Q�`�B�i�?�K�X

���H�;�Q�`�B�i�?�K �R���{�M�B�i�v �S�`�Q�T���;���i�B�Q�M ���H�;�Q�`�B�i�?�K
�R�,�A�M�T�m�i�, f s(i; j )gi;j 2f 1;:::;N g �/���i�� �b�B�K�B�H���`�B�i�B�2�b ���M�/ �T�`�2�7�2�`�2�M�+�2�b
�k�, �P�m�i�T�m�i�, �+�H�m�b�i�2�` ���b�b�B�;�M�K�2�M�i�bĉ
�j�, ���p���B�H���#�B�H�B�i�v �y
�9�, �`�2�T�2���i a ���M�/r �m�T�/���i�2�b �m�M�i�B�H �+�Q�M�p�2�`�;�2�M�+�2
�8�, r (i; k )  s(i; k ) � maxk 0�b�X�i�Xk 06= k f a(i; k 0) + s(i; k 0)g

�e�, a(i; k )  min
n

0; r (k; k) +
P

i 0 �b�X�i�Xi 0=2f i;k g max f 0; r (i 0; k)g
o

�d�, �B�7k 6= i �i�?�2�M
�3�, a(k; k)  

P
i 0 �b�X�i�Xi 06= k max f 0; r (i 0; k)g

�N�, �2�M�/ �B�7
�R�y�,�m�M�i�B�H�+�Q�M�p�2�`�;�2�M�+�2
�R�R�,�_�2�i�m�`�M̂c = argmaxk [a(i; k ) + r (i; k )]

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

�j�X�8�X �J�2�i�`�B�+�b �7�Q�` �1�p���H�m���i�B�M�; �*�H�m�b�i�2�`�B�M�; �J�2�i�?�Q�/ �S�2�`�7�Q�`�K���M�+�2�X�a�B�H�?�Q�m�2�i�i�2 �+�Q�2�{�+�B�2�M�i�- �T�`�2�+�B�b�B�Q�M�- �`�2�@
�+���H�H�- ���M�/ �7�@�K�2���b�m�`�2 �r�2�`�2 �m�b�2�/ �i�Q �/�2�i�2�`�K�B�M�2 �i�?�2 �2�{�+�B�2�M�+�v ���M�/ �i�?�2 �i�?�`�2�b�?�Q�H�/ �Q�7 �i�?�2 �+�H�m�b�i�2�`�B�M�; �K�2�i�?�Q�/ �T���`���K�2�i�2�`�b�X
�a�B�H�?�Q�m�2�i�i�2 �+�Q�2�{�+�B�2�M�is(i ) �(�k�3�) �B�b �� �p���H�B�/���i�B�Q�M �K�2�i�?�Q�/ �7�Q�` �+�H�m�b�i�2�`�2�/ �/���i���X �A�i �K�2���b�m�`�2�b �i�?�2 �b�B�K�B�H���`�B�i�v �Q�7 ���M �Q�#�D�2�+�i
�r�B�i�?�B�M �B�i�b �+�H�m�b�i�2�` ���M�/ �+�Q�K�T���`�2�b �B�i �i�Q �Q�i�?�2�` �+�H�m�b�i�2�`�b�X ���M �Q�#�D�2�+�i �B�b �T�2�`�7�2�+�i�H�v �K���i�+�?�2�/ �i�Q �B�i�b �+�H�m�b�i�2�` �r�?�2�M �B�i �;�2�i�b
�� �b�+�Q�`�2 �Q�7 �R�- ���M�/ �B�i �B�b �B�M�+�Q�`�`�2�+�i�H�v �K���i�+�?�2�/ �r�?�2�M �B�i �;�2�i�b �� �b�+�Q�`�2 �Q�7 �@�R�- �b�Qs(i ) �b�+�Q�`�2 �`���M�;�2�b �7�`�Q�K �@�R �i�Q �R�X �h�?�2
�b�B�H�?�Q�m�2�i�i�2 �+�Q�2�{�+�B�2�M�i �r���b �m�b�2�/ �i�Q �2�p���H�m���i�2 �i�?�2 �2�z�2�+�i�B�p�2�M�2�b�b �Q�7 �i�?�2 �+�H�m�b�i�2�`�B�M�; �K�2�i�?�Q�/ �r�B�i�? �/�B�z�2�`�2�M�i �T���`���K�2�i�2�`�b
�b�2�i�m�T�X �h�?�2 �b�B�H�?�Q�m�2�i�i�2 �+�Q�2�{�+�B�2�M�i �B�b �b�?�Q�r�M �B�M �2�[�m���i�B�Q�M �j�X�9�X

s(i ) =
b(i ) � a(i )

max f a(i ); b(i )g
�U�j�X�9�V

�r�?�2�`�2a(i ) �B�b �i�?�2 �K�2���M �/�B�b�b�B�K�B�H���`�B�i�v �7�Q�` �Q�#�D�2�+�ii �- �+�Q�K�T���`�2�/ �i�Q �i�?�2 �Q�i�?�2�` �Q�#�D�2�+�i�b �B�M �i�?�2 �b���K�2 �+�H�m�b�i�2�`�Xb(i ) �B�b �i�?�2
�b�K���H�H�2�b�i ���p�2�`���;�2 �/�B�b�i���M�+�2 �#�2�i�r�2�2�Mi ���M�/ �Q�i�?�2�` �/���i�� �T�Q�B�M�i�b �B�M �/�B�z�2�`�2�M�i �+�H�m�b�i�2�`�b�X ���H�b�Q�- �� �;�`�B�/ �b�2���`�+�? �r���b �m�i�B�H�B�x�2�/
�B�M �Q�`�/�2�` �i�Q �}�M�/ �i�?�2 �K�Q�b�i �b�m�B�i���#�H�2 �p���H�m�2�b �7�Q�` �i�?�2 �+�H�m�b�i�2�` ���H�;�Q�`�B�i�?�K �T���`���K�2�i�2�`�b�X

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



�9�e �P�K���` ���H�@�.�2�#���;�v�- �S�û�i�2�` �J���`�i�B�M�2�F

�K�2�i�?�Q�/ ���M�/ �?�Q�r �i�?�2 �`�2�i�`�B�2�p�2�/ �`�2�b�m�H�i�b �#�v �i�?�2 �K�2�i�?�Q�/ ���`�2 �`�2�H���i�2�/ �i�Q �i�?�2 �`�2�[�m�2�b�i�2�/ �/���i���X �S�`�2�+�B�b�B�Q�M �B�b �/�2�}�M�2�/ ���b
�b�?�Q�r�M �B�M �2�[�m���i�B�Q�M �j�X�8�X

P =
TP

TP + FP
�U�j�X�8�V

�r�?�2�`�2P �B�b �T�`�2�+�B�b�B�Q�M�-TP �`�2�T�`�2�b�2�M�i �i�`�m�2 �T�Q�b�B�i�B�p�2 �`�2�b�m�H�i�b�- ���M�/FP �`�2�T�`�2�b�2�M�i�b �7���H�b�2 �T�Q�b�B�i�B�p�2 �`�2�b�m�H�i�b�X �h�?�2 �`�2�+���H�H
�/�2�}�M�B�i�B�Q�M �+���M �#�2 �7�Q�m�M�/ �B�M �2�[�m���i�B�Q�M �j�X�e�X

R =
TP

TP + FN
�U�j�X�e�V

�r�?�2�`�2FN �`�2�T�`�2�b�2�M�i�b �7���H�b�2�@�M�2�;���i�B�p�2 �`�2�b�m�H�i�b�X �A�M �Q�`�/�2�` �i�Q �;�2�i �i�?�2 �?���`�K�Q�M�B�+ �K�2���M �Q�7 �T�`�2�+�B�b�B�Q�M ���M�/ �`�2�+���H�H�- �r�2 �m�b�2�/
�6�@�J�2���b�m�`�2 �UF 1�V �i�Q �+���H�+�m�H���i�2 �i�?�2 ���p�2�`���;�2 �Q�7 �i�?�2 �T�`�2�+�B�b�B�Q�M ���M�/ �`�2�+���H�H �K�2�i�`�B�+�b�- �r�?�2�`�2 �R �`�2�T�`�2�b�2�M�i�b �i�?�2 �#�2�b�i �p���H�m�2�-
���M�/ �y �B�b �i�?�2 �r�Q�`�b�i�XF 1 �/�2�}�M�B�i�B�Q�M �+���M �#�2 �7�Q�m�M�/ �B�M �2�[�m���i�B�Q�M �j�X�d�X

F 1 = 2 �
P � R
P + R

�U�j�X�d�V

�j�X�e�X �1�p���H�m���i�B�Q�M �J�2�i�`�B�+�b�X�6�Q�` �i�?�B�b �b�2�+�i�B�Q�M�- �r�2 �+�?�Q�b�2 �K�2�i�`�B�+�b �i�?���i �r�2�`�2 �m�b�2�/ �#�v �Q�i�?�2�` �`�2�b�2���`�+�?�2�`�b�- ���b �r�2�H�H�X
���b �� �`�2�b�m�H�i�- �i�?�2 �+�Q�K�T���`�B�b�Q�M �+���M �#�2 �b�m�B�i���#�H�2 �r�B�i�? �Q�i�?�2�` �/�2�+�Q�K�T�Q�b�B�i�B�Q�M �K�2�i�?�Q�/�b�X �h�?�2�b�2 �`�2�b�2���`�+�?�2�b �(�R�k�)�- �(�R�e�)�- ���M�/
�(�R�9�) �m�b�2�/ �i�?�2�b�2 �K�2�i�`�B�+�b�X

�h�?�2 �}�`�b�i �K�2�i�`�B�+ �B�b �*�Q�?�2�b�B�Q�M ���i �J�2�b�b���;�2 �G�2�p�2�H �UCHM �V �r�?�B�+�? �m�b�2�b �i�?�2 ���p�2�`���;�2 �+�Q�?�2�b�B�Q�M �Q�7 �K�B�+�`�Q�b�2�`�p�B�+�2�b
�B�M�i�2�`�7���+�2�b ���i �i�?�2 �K�2�b�b���;�2 �H�2�p�2�H�X �A�i �B�b �� �`�2�}�M�2�/ �p�2�`�b�B�Q�M �Q�7 �G���+�F �Q�7 �J�2�b�b���;�2 �G�2�p�2�H �*�Q�?�2�b�B�Q�M �#�v ���i�?���M���b�Q�T�Q�m�H�Q�b�2�i
���H�X �(�R�3�)�XCHM �p���H�m�2 �+���M �#�2 �+���H�+�m�H���i�2�/�- ���b �b�?�Q�r�M �B�M �2�[�m���i�B�Q�M �j�X�3�X

CHM =

P
P K

i =1
n i

j =1 CHM j
P K

i =1 ni

�r�?�2�`�2CHM j =

8
<

:

P
( k;m )

fsimM (Op k ;Op m )

j I i j� ( j I i j� 1)=2 if jI i j 6= 1

1 if jI i j = 1

fsimM (Opk ; Opm ) =
(

j res k

T
res m j

j res k

S
res m j

+
j pas k

T
pas m j

j pas k

S
pas m j

)

2

�U�j�X�3�V

ni �`�2�T�`�2�b�2�M�i�b �i�?�2 �M�m�K�#�2�` �Q�7 �i�?�2 �B�M�i�2�`�7���+�2�b �Q�7 �� �K�B�+�`�Q�b�2�`�p�B�+�2i �X k �`�2�T�`�2�b�2�M�i�b �i�?�2 �M�m�K�#�2�` �Q�7 �K�B�+�`�Q�b�2�`�p�B�+�2�b
�+���M�/�B�/���i�2�b �i�?���i �r�2�`�2 �;�2�M�2�`���i�2�/ �7�`�Q�K �i�?�2 �K�Q�M�Q�H�B�i�?�B�+ ���T�T�H�B�+���i�B�Q�M�XCHMj �K�2���b�m�`�2�b �i�?�2 �+�Q�?�2�b�B�Q�M �Q�7 �� �K�B�+�`�Q�b�2�`�p�B�+�2
���i �i�?�2 �K�2�b�b���;�2 �H�2�p�2�H�XOpk ���M�/Opm �`�2�T�`�2�b�2�M�i �i�?�2 �Q�T�2�`���i�B�Q�M�b �i�?���i ���`�2 �T�`�Q�p�B�/�2�/ �#�v �i�?�2 �B�M�i�2�`�7���+�2 �ôI i �ô �Q�7 ��
�K�B�+�`�Q�b�2�`�p�B�+�2�X �h�?�2 �b�B�K�B�H���`�B�i�v �#�2�i�r�2�2�M �i�?�2 �Q�m�i�T�m�i �T���`���K�2�i�2�`�b ���M�/ �i�?�2 �B�M�T�m�i �T���`���K�2�i�2�`�b ���`�2 �+���H�+�m�H���i�2�/ �#�v �i�?�2
�b�B�K�B�H���`�B�i�v �7�m�M�+�i�B�Q�MfsimM �X �h�?�2 �?�B�;�?�2�` �p���H�m�2 �Q�7 �i�?�2CHM �K�2�i�`�B�+ �B�b �i�?�2 �#�2�i�i�2�`�X

�h�?�2 �Q�i�?�2�` �K�2�i�`�B�+ �B�b �*�Q�?�2�b�B�Q�M ���i �.�Q�K���B�M �G�2�p�2�H �UCHD �V�- �r�?�B�+�? �K�2���b�m�`�2�b �i�?�2 ���p�2�`���;�2 �Q�7 �i�?�2 �B�M�i�2�`�7���+�2�b�ö
�+�Q�?�2�b�B�Q�M ���i �i�?�2 �/�Q�K���B�M �H�2�p�2�H�X �A�i �B�b �� �K�Q�/�B�}�2�/ �p�2�`�b�B�Q�M �Q�7 �G���+�F �Q�7 �.�Q�K���B�M �G�2�p�2�H �*�Q�?�2�b�B�Q�M �#�v ���i�?���M���b�Q�T�Q�m�H�Q�b �2�i
���H�X �(�R�3�)�X �h�?�2 �7�Q�`�K���H �/�2�}�M�B�i�B�Q�M �Q�7 �i�?�2 �K�2�i�`�B�+ �B�b �b�?�Q�r�M �B�M �2�[�m���i�B�Q�M �j�X�N�X

CHD =

P
P K

i =1
n i

j =1 CHD j
P K

i =1 ni

�r�?�2�`�2CHD j =

8
<

:

P
( k;m )

fsimD (Op k ;Op m )

j I i j� ( j I i j� 1)=2 if jI i j 6= 1

1 if jI i j = 1

fsimD (Opk ; Opm ) =
jTOp k

T
TOp m j

jTOp k

S
TOp m j

�U�j�X�N�V



�� �J�B�+�`�Q�b�2�`�p�B�+�2 �.�2�+�Q�K�T�Q�b�B�i�B�Q�M �J�2�i�?�Q�/ �h�?�`�Q�m�;�? �l�b�B�M�; �.�B�b�i�`�B�#�m�i�2�/ �_�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �a�Q�m�`�+�2 �*�Q�/�2�9�d

�6�B�;�X �j�X�9�, �>�B�;�? �@ �G�2�p�2�H �_�2�T�`�2�b�2�M�i���i�B�Q�M �Q�7 �i�?�2 �S�`�Q�T�Q�b�2�/ ���H�;�Q�`�B�i�?�K

�h���#�H�2 �9�X�R�, �.�B�K�2�M�b�B�Q�M�b �Q�7 �i�?�2 �h�2�b�i�2�/ ���T�T�H�B�+���i�B�Q�M�b

���T�T�H�B�+���i�B�Q�M �*�H���b�b�2�b �J�2�i�?�Q�/�b �G�Q�* �J�a �M�m�K�#�2�`�b

�C�S�2�i�a�i�Q�`�2 �k�9 �k�N�y �k�y�8�N �9
�a�T�`�B�M�;�"�H�Q�; �9�e �R�8�8 �R�8�8�j �e
�C�6�Q�`�m�K �j�j�8 �k�d�y�k �8�k�-�d�R�N �3
�_�Q�H�H�2�` �R�8�j �d�3�y �k�N�-�R�8�9 �R�R

ni �`�2�T�`�2�b�2�M�i�b �i�?�2 �M�m�K�#�2�` �Q�7 �i�?�2 �B�M�i�2�`�7���+�2�b �Q�7 �� �K�B�+�`�Q�b�2�`�p�B�+�2i �X K �`�2�T�`�2�b�2�M�i�b �i�?�2 �M�m�K�#�2�` �Q�7 �K�B�+�`�Q�b�2�`�p�B�+�2�b
�+���M�/�B�/���i�2�b �i�?���i �r�2�`�2 �;�2�M�2�`���i�2�/ �7�`�Q�K �i�?�2 �K�Q�M�Q�H�B�i�?�B�+ ���T�T�H�B�+���i�B�Q�M�XfsimD �7�m�M�+�i�B�Q�M �+���H�+�m�H���i�2�b �i�?�2 �b�B�K�B�H���`�B�i�v �Q�7
�i�?�2 �Q�T�2�`���i�B�Q�M�b ���i �i�?�2 �/�Q�K���B�M �H�2�p�2�H�XOpk ���M�/Opm �`�2�T�`�2�b�2�M�i�b �i�?�2 �/�Q�K���B�M �i�2�`�K�b �i�?���i ���`�2 �2�t�i�`���+�i�2�/ �7�`�Q�K �i�?�2
�Q�T�2�`���i�B�Q�M�b�X �h�?�2 �?�B�;�?�2�` �p���H�m�2 �Q�7 �i�?�2CHD �K�2�i�`�B�+ �B�b �i�?�2 �#�2�i�i�2�`�X

CHM ���M�/CHD �K�2�i�`�B�+�b �r�2�`�2 �B�M�i�`�Q�/�m�+�2�/ �#�v �C�B�M �2�i ���H�X �(�R�k�)�X �h�?�2�b�2 �K�2�i�`�B�+�b ���`�2 �m�b�2�/ �7�Q�` �K�2���b�m�`�B�M�; �i�?�2
�+�Q�?�2�b�B�Q�M ���i �K�2�b�b���;�2 ���M�/ �/�Q�K���B�M �H�2�p�2�H�b �Q�7 �i�?�2 �K�B�+�`�Q�b�2�`�p�B�+�2�b �i�?�`�Q�m�;�? ���M���H�v�b�B�M�; �i�?�2�B�` �B�M�i�2�`�7���+�2�b�X

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

�9�X �1�t�T�2�`�B�K�2�M�i�b ���M�/ �_�2�b�m�H�i�b�X�h�?�2 �b�2�i�m�T �Q�7 �i�?�2 �2�t�T�2�`�B�K�2�M�i �+�Q�M�b�B�b�i�b �Q�7 �i�2�b�i�B�M�; �7�Q�m�` ���T�T�H�B�+���i�B�Q�M�b �i�Q
�+�Q�K�T���`�2 �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2 �T�`�Q�T�Q�b�2�/ �K�2�i�?�Q�/ ���;���B�M�b�i �Q�i�?�2�` �K�2�i�?�Q�/�b �B�M �i�?�2 �H�B�i�2�`���i�m�`�2�X �h�?�2 �}�`�b�i ���T�T�H�B�+���i�B�Q�M
�B�b �C�S�2�i�a�i�Q�`�2�R�B�b �� �T�2�i �b�i�Q�`�2 �+�Q�K�K�2�`�+�B���H �r�2�#�b�B�i�2 �r�`�B�i�i�2�M �B�M �C���o���- ���M�/ �B�i �B�b �� �K�Q�M�Q�H�B�i�?�B�+ �r�2�# ���T�T�H�B�+���i�B�Q�M �+�Q�M�b�B�b�i�b
�Q�7 �k�9 �+�H���b�b�2�b�X ���H�b�Q�- �B�i �B�b �i�?�2 �b�K���H�H�2�b�i ���T�T�H�B�+���i�B�Q�M �B�M �i�?�2 �2�t�T�2�`�B�K�2�M�i �b�2�i�m�T�X �h�?�2 �b�2�+�Q�M�/ ���T�T�H�B�+���i�B�Q�M �B�b �a�T�`�B�M�;�"�H�Q�;�k�-
�r�?�B�+�? �B�b �� �#�H�Q�;�;�B�M�; �r�2�#�b�B�i�2 �i�?���i �B�b �r�`�B�i�i�2�M �B�M �C���o�� �+�Q�M�b�B�b�i�b �Q�7 �9�e �+�H���b�b�2�b�X �h�?�2 �i�?�B�`�/ ���T�T�H�B�+���i�B�Q�M �B�b �C�6�Q�`�m�K�j �-
�r�?�B�+�? �B�b �� �K�2�b�b���;�B�M�; �#�Q���`�/�b ���T�T�H�B�+���i�B�Q�M �+�Q�M�b�B�b�i�B�M�; �Q�7 �j�j�8 �+�H���b�b�2�b�X �h�?�2 �H���b�i ���T�T�H�B�+���i�B�Q�M �B�b ���T���+�?�2 �_�Q�H�H�2�`�9�-
�r�?�B�+�? �B�b �� �K�Q�M�Q�H�B�i�?�B�+ ���T�T�H�B�+���i�B�Q�M �i�?���i ���H�H�Q�r�b �K�m�H�i�B�T�H�2 �m�b�2�`�b �i�Q �+�`�2���i�2 �#�H�Q�; �b�B�i�2�b ���M�/ �T�Q�b�i�b�X �h�?�2 �b�B�x�2�b �Q�7 �i�?�2�b�2
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�J���M�m���H�H�v �H���#�2�H�2�/ �/���i���b�2�i �B�b �m�i�B�H�B�x�2�/ �i�Q �p���H�B�/���i�2 �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �T�`�Q�T�Q�b�2�/ �?�v�#�`�B�/ �a�� �K�Q�/�2�H�X

�G�a�o�J�X �a�o�J �B�b �Q�M�2 �Q�7 �i�?�2 �K�Q�b�i �m�b�2�/ �b�m�T�2�`�p�B�b�2�/ �H�2���`�M�B�M�; �i�2�+�?�M�B�[�m�2�b �r�?�B�+�? �+���M �T�2�`�7�Q�`�K �`�2�;�`�2�b�b�B�Q�M�- ���M�/
�+�H���b�b�B�}�+���i�B�Q�M�X �>�Q�r�2�p�2�`�- �a�o�J �B�b �r�B�/�2�H�v �m�i�B�H�B�x�2�/ �7�Q�` �+�H���b�b�B�}�+���i�B�Q�M �B�M �J�G�X �a�o�J �+���M �?���M�/�H�2 �b�B�K�T�H�2 ���M�/ �+�Q�K�T�H�2�t
�/���i���b�2�i�b �r�B�i�? �?�B�;�?�2�` ���+�+�m�`���+�v �i�?���M �Q�i�?�2�` ���H�;�Q�`�B�i�?�K�b�X �A�M �+�H���b�b�B�}�+���i�B�Q�M�- �a�o�J �i�`���M�b�7�Q�`�K�b �i�?�2 �/���i�� �T�Q�B�M�i�b ���M�/
�}�M�/ �?�v�T�2�`�T�H���M�2 �r�B�i�? �K���t�B�K�m�K �K���`�;�B�M �7�`�Q�K �K�m�H�i�B�T�H�2 �/�2�+�B�b�B�Q�M �#�Q�m�M�/���`�B�2�b �i�Q �+�H���b�b�B�7�v �i�?�2 �/���i�� �T�Q�B�M�i�b �B�M �M�@
�/�B�K�2�M�b�B�Q�M���H �b�T���+�2 �m�b�B�M�; �i�?�2 �F�2�`�M�2�H �i�`�B�+�F �i�2�+�?�M�B�[�m�2�X �h�?�2 �T�Q�H�v�M�Q�K�B���H�- �H�B�M�2���` �Q�` �:���m�b�b�B���M �_�"�6 �F�2�`�M�2�H �+���M �#�2
�m�i�B�H�B�x�2�/ �i�Q �K�B�M�B�K�B�x�2 �i�?�2 �+�Q�K�T�m�i���i�B�Q�M���H �+�Q�K�T�H�2�t�B�i�v �`�2�H���i�2�/ �i�Q �i�?�2 �T�`�2�/�B�+�i�B�Q�M �Q�7 �M�2�r �/���i�� �T�Q�B�M�i�X �h�`���B�M�B�M�; ���M
�a�o�J �r�B�i�? �� �H�B�M�2���` �F�2�`�M�2�H �B�b �[�m�B�+�F�2�` �i�?���M �r�B�i�? ���M�v �Q�i�?�2�` �F�2�`�M�2�H�X �L�"�, �A�i �B�b ���H�b�Q �� �b�m�T�2�`�p�B�b�2�/ �H�2���`�M�B�M�; �i�2�+�?�M�B�[�m�2
�K���B�M�H�v �m�i�B�H�B�x�2�/ �B�M �i�2�t�i �+�H���b�b�B�}�+���i�B�Q�M�X �L�" �+�H���b�b�B�}�2�`�b ���`�2 �#���b�2�/ �Q�M �i�?�2 �"���v�2�b�ö �i�?�2�Q�`�2�K ���M�/ �Q�+�+�m�`�`�2�M�+�2 �Q�7 ��
�T���`�i�B�+�m�H���` �7�2���i�m�`�2 �B�b �B�M�/�2�T�2�M�/�2�M�i �Q�7 �Q�+�+�m�`�`�2�M�+�2 �Q�7 �Q�i�?�2�` �7�2���i�m�`�2�b�X �A�i �B�b �� �T�`�Q�#���#�B�H�B�b�i�B�+ �#���b�2�/ �K���+�?�B�M�2 �H�2���`�M�B�M�;
�K�Q�/�2�H �i�?���i �T�`�2�/�B�+�i�b �#���b�2�/ �Q�M �i�?�2 �T�`�Q�#���#�B�H�B�i�v �Q�7 �2���+�? �7�2���i�m�`�2�X �L�" �B�b �+���T���#�H�2 �Q�7 �?���M�/�H�2 �?�B�;�? �/�B�K�2�M�b�B�Q�M���H �+�Q�K�T�H�2�t
�/���i���b�2�i�b�X

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



�� �L�Q�p�2�H �a�2�M�i�B�K�2�M�i ���M���H�v�b�B�b �6�Q�` ���K���x�Q�M �.���i�� �r�B�i�? �h�a�� �"���b�2�/ �6�2���i�m�`�2 �a�2�H�2�+�i�B�Q�M�8�d

�6�B�;�X �j�X�k�, �"�H�Q�+�F �/�B���;�`���K �Q�7 �T�`�Q�T�Q�b�2�/ �?�v�#�`�B�/ �a�� �K�2�i�?�Q�/�Q�H�Q�;�v

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

�i�B�Q�M�X �.�h �m�i�B�H�B�x�2�b �i�`�2�2 �b�i�`�m�+�i�m�`�2 �i�Q �+�H���b�b�B�7�v �i�?�2 �/���i�� �#���b�2�/ �Q�M �;�B�p�2�M �+�Q�M�/�B�i�B�Q�M�b �B�M �r�?�B�+�? �`�Q�Q�i �M�Q�/�2 �`�2�T�`�2�b�2�M�i�b �i�?�2
�r�?�Q�H�2 �i�`���B�M�B�M�; �/���i���b�2�i�- �/�2�+�B�b�B�Q�M �`�m�H�2�b �b�m�+�? ���b �"�Q�Q�H�2���M �7�m�M�+�i�B�Q�M ���`�2 �`�2�T�`�2�b�2�M�i�2�/ ���b �#�`���M�+�?�2�b ���M�/ �Q�m�i�T�m�i �+�H���b�b
�H���#�2�H �B�b �`�2�T�`�2�b�2�M�i�2�/ �#�v �2���+�? �H�2���7 �M�Q�/�2�X �h�?�2 �.�h ���H�;�Q�`�B�i�?�K �b�i���`�i�b �r�B�i�? �`�Q�Q�i �M�Q�/�2 �r�?�B�+�? �+�Q�M�i���B�M�b �r�?�Q�H�2 �/���i���b�2�i�X
�h�?�2 �#�2�b�i ���i�i�`�B�#�m�i�2�b ���`�2 �b�2�H�2�+�i�2�/ �m�b�B�M�; �i�?�2 ���i�i�`�B�#�m�i�2 �a�2�H�2�+�i�B�Q�M �J�2���b�m�`�2�X �h�?�2 �/�2�+�B�b�B�Q�M �M�Q�/�2 �B�b �+�`�2���i�2�/ �r�B�i�? �#�2�b�i
���i�i�`�B�#�m�i�2�b�X �h�?�B�b �T�`�Q�+�2�b�b �B�b �`�2�T�2���i�2�/ �m�M�i�B�H �}�M�/�B�M�; �i�?�2 �H�2���7 �M�Q�/�2 �7�Q�` ���H�H �#�`���M�+�?�2�b�X

�j�X�k�X �6�2���i�m�`�2 �a�2�H�2�+�i�B�Q�M �m�b�B�M�; �h�a���X�q�?�2�M �m�b�B�M�; �� �H���`�;�2�` �/���i���b�2�i�- �b�+���H���#�B�H�B�i�v �B�b�b�m�2 ���`�B�b�2�b ���b �i�?�2 �B�M�+�`�2���b�2
�B�M �i�?�2 �7�2���i�m�`�2 �p�2�+�i�Q�` �b�B�x�2�X �h�?�B�b �B�b�b�m�2 �+���M �#�2 �2�H�B�K�B�M���i�2�/ �r�B�i�? �7�2���i�m�`�2 �p�2�+�i�Q�` �Q�T�i�B�K�B�x���i�B�Q�M �#�v �K�B�M�B�K�B�x�B�M�; �B�i�b
�b�B�x�2 �r�?�2�M �F�2�2�T�B�M�; �i�?�2 ���+�+�m�`���+�v �r�B�i�?�Q�m�i �`�2�/�m�+�i�B�Q�M�X �h�?�B�b �T�`�Q�#�H�2�K �B�b �7�`���K�2�/ �B�M �i�?�B�b �b�2�+�i�B�Q�M ���M�/ �B�i�b �b�Q�H�m�i�B�Q�M �B�b
�T�`�Q�T�Q�b�2�/ �#�v �m�i�B�H�B�x�B�M�; �h�a�� ���T�T�`�Q���+�?�X

�j�X�k�X�R�X �S�`�Q�#�H�2�K �7�Q�`�K�m�H���i�B�Q�M�X�A�7 �r�2 �B�M�+�H�m�/�2 ���H�H �i�?�2 �T�Q�b�b�B�#�H�2 �7�2���i�m�`�2�b �B�M �i�?�2 �i�2�b�i�B�M�; �b�2�i�- �i�?�2�M �i�?�2 �B�M�+�`�2���b�2
�B�M �i�?�2 �b�B�x�2 �Q�7 �/���i���b�2�i�b �r�B�H�H �+�`�2���i�2 �H���`�;�2�` �7�2���i�m�`�2 �b�B�x�2 �i�?���i �+�`�2���i�2�b �b�+���H���#�B�H�B�i�v �T�`�Q�#�H�2�K�X �h�?�m�b�- �i�Q �2�H�B�K�B�M���i�2 �i�?�B�b
�T�`�Q�#�H�2�K�- �i�?�2 �7�2���i�m�`�2 �b�2�H�2�+�i�B�Q�M �Q�T�i�B�K�B�x���i�B�Q�M �i�2�+�?�M�B�[�m�2 �B�b �`�2�[�m�B�`�2�/�X ���M �Q�T�i�B�K�B�x���i�B�Q�M �T�`�Q�#�H�2�K �B�b �i�?�2 �K�B�M�B�K�m�K
�M�m�K�#�2�` �Q�7 �b�2�H�2�+�i�B�Q�M �Q�7 �7�2���i�m�`�2�b �7�`�Q�K �i�?�2 �7�2���i�m�`�2�@�b�2�i �Q�7 �H���`�;�2 �b�B�x�2�X ���b �/�B�b�+�m�b�b�2�/ �#�2�7�Q�`�2�- �i�?�2 �h�a�� �?���b �K�Q�`�2 �K�2�`�B�i�b
�b�m�+�? ���b ���+�?�B�2�p�B�M�; �Q�T�i�B�K�B�x�2�/ �}�i�M�2�b�b �p���H�m�2 ���M�/ �2���`�H�v �+�Q�M�p�2�`�;�2�M�+�2 �+�Q�K�T���`�2�/ �i�Q �Q�i�?�2�` �Q�T�i�B�K�B�x���i�B�Q�M ���H�;�Q�`�B�i�?�K�b �H�B�F�2
�S�a�P ���M�/ �:���X ���H�b�Q�- �i�?�B�b �Q�T�i�B�K�B�x���i�B�Q�M ���H�;�Q�`�B�i�?�K �/�Q�2�b �M�Q�i �M�2�2�/ �H���#�2�H�H�2�/ �/���i���b�2�i �7�Q�` �b�2�M�i�B�K�2�M�i �+�H���b�b�B�}�+���i�B�Q�M�X

�j�X�k�X�k�X �J���i�?�2�K���i�B�+���H �K�Q�/�2�H ���M�/ �Q�T�i�B�K�B�x���i�B�Q�M�X�6�`�Q�K �i�?�2 �i�`���B�M�B�M�; �/���i���- �i�?�2 �7�2���i�m�`�2 �p�2�+�i�Q�`�b ���`�2 �2�t�@
�i�`���+�i�2�/ ���M�/ �i�?�2 �Q�T�i�B�K���H �7�2���i�m�`�2 �b�m�#�b�2�i �B�b �b�2�H�2�+�i�2�/ �#�v �m�b�B�M�; �h�a�� ���T�T�`�Q���+�?�X �6�B�;�X �j�X�k �b�?�Q�r�b �i�?�2 �~�Q�r �+�?���`�i �Q�7 �i�?�2
�T�`�Q�T�Q�b�2�/ �h�a�� �#���b�2�/ �7�2���i�m�`�2 �b�2�H�2�+�i�B�Q�M ���T�T�`�Q���+�?�X

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



�8�3 ���M���M�/ �C�Q�b�2�T�? �.���M�B�2�H �.�X�- �C���M���F�B �J�2�2�M�� �J�X

(
�!
FS)�X �h�?�2 �7�2���i�m�`�2�b ���`�2 �B�M�B�i�B���H�B�x�2�/ ���b �i�?�2 �i�m�M�B�+���i�2 �T�Q�T�m�H���i�B�Q�M(

�!
Pp)�X �h�?�2 �7�2���i�m�`�2�b �+���M �F�2�2�T �B�i�b �T�Q�b�B�i�B�Q�M �i�Q�r���`�/�b �i�?�2

�#�2�b�i �7�2���i�m�`�2�X �h�?�2 �#�2�b�i �7�2���i�m�`�2 �B�b �2�t�T�H�Q�`�2�/ ���7�i�2�` �i�?�2 �+�Q�K�T�m�i���i�B�Q�M �Q�7 �}�i�M�2�b�b �p���H�m�2 �Q�7 �2���+�? �7�2���i�m�`�2�X �A�M �i�?�2 �T�`�Q�T�Q�b�2�/
���T�T�`�Q���+�?�- �i�?�2 �7�2���i�m�`�2 �b�m�#�b�2�i �?���p�B�M�; �K�B�M�B�K�m�K �2�`�`�Q�` �`���i�2 �B�M �T�`�2�/�B�+�i�B�Q�M �Q�7 �b�2�M�i�B�K�2�M�i �T�Q�H���`�B�i�v �B�b �+�Q�M�b�B�/�2�`�2�/ ���b �i�?�2
�#�2�b�i �7�2���i�m�`�2�X �h�?�2 �}�i�M�2�b�b �p���H�m�2 �B�b �+���H�+�m�H���i�2�/ �m�b�B�M�; �1�[�X �j�X�R�X

f itness = min (1 � accuracy)�U�j�X�R�V

�>�2�`�2�- ���+�+�m�`���+�v �B�M �i�?�2 �T�`�2�/�B�+�i�B�Q�M �Q�7 �b�2�M�i�B�K�2�M�i �T�Q�H���`�B�i�v �B�b �+�Q�M�b�B�/�2�`�2�/ �i�Q �+���H�+�m�H���i�2 �i�?�2 �2�`�`�Q�` �`���i�2�X ���H�;�Q�`�B�i�?�K
�j�X�R �2�t�T�H���B�M�b �i�?�2 �}�i�M�2�b�b �7�m�M�+�i�B�Q�M �+���H�+�m�H���i�B�Q�M�X

���H�;�Q�`�B�i�?�K �R�,�6�B�i�M�2�b�b �+���H�+�m�H���i�B�Q�M

�S�`�Q�+�2�/�m�`�2�*�Q�K�T�m�i�2 �6�B�i�M�2�b�b �U
�!
Pp�V

�7�Q�`i  1toN �/�Q
�6�B�i �(�B�) �4 �6�B�i�M�2�b�b�6�m�M�+�i�B�Q�M �UPp)( �! i ; :)�V

F it best  Best(F it [])�c
�`�2�i�m�`�MF it best

�S�`�Q�+�2�/�m�`�2�S� �̀Q�+�2�/�m� �̀2 �"�2�b�i �U�6�B�i�V
Best  F it [0]�c
�7�Q�`i  1toN �/�Q

�B�7(F it [i ] < Best ) �i�?�2�M
Best  F it [i ]

�`�2�i�m�`�M�"�2�b�i

�h�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �#�2�b�i �7�2���i�m�`�2
���!
(FS) �B�b �2�t�T�H�Q�`�2�/ ���7�i�2�` �i�?�2 �+�Q�K�T�m�i���i�B�Q�M �Q�7 �}�i�M�2�b�b �p���H�m�2�X

���!
(PD) �B�b �/�2�}�M�2�/ ���b �i�?�2

�/�B�b�i���M�+�2 �#�2�i�r�2�2�M �i�?�2 �7�2���i�m�`�2�b ���M�/ �i�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �#�2�b�i �7�2���i�m�`�2�X �A�i �+���M �#�2 �/�2�i�2�`�K�B�M�2�/ �m�b�B�M�; �1�[�X �j�X�k�X

���!
(PD) = j

���!
(FS) � r and :

�����!
(Pp(x)) j�U�j�X�k�V

�r�?�2�`�2x �`�2�T�`�2�b�2�M�i�b �i�?�2 �T�`�2�b�2�M�i �B�i�2�`���i�B�Q�M�-(r and ) �`�2�T�`�2�b�2�M�i�b �� �`���M�/�Q�K �M�m�K�#�2�` �B�M �i�?�2 �`���M�;�2 �#�2�i�r�2�2�M �y ���M�/ �R�X
(
�!
A ) �B�b �+���H�+�m�H���i�2�/ �m�b�B�M�; �1�[�b�X �j�X�j�- �j�X�9 ���M�/ �j�X�8�X

�!
A =

�!
G
�!
M

�U�j�X�j�V

�!
G = c2 + c3 �

�!
F�U�j�X�9�V

�!
F = 2 :c1�U�j�X�8�V

�>�2�`�2
�!
G �`�2�T�`�2�b�2�M�i�b �i�?�2 �7�Q�`�+�2 �Q�7 �;�`���p�B�i�v ���M�/

�!
F �`�2�T�`�2�b�2�M�i�b �r���i�2�` �~�Q�r ���/�p�2�+�i�B�Q�M �B�M �/�2�2�T �Q�+�2���M �(�R�d�)�Xc1; c2andc3

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

�!
M �B�b �+���H�+�m�H���i�2�/ ���b

�b�?�Q�r�M �B�M �1�[�X �j�X�e�X

�!
M = bPmin + c1:Pmax � Pmin c�U�j�X�e�V

�r�?�2�`�2Pmin ���M�/Pmax �b�?�Q�r�b �i�?�2 �B�M�B�i�B���H ���M�/ �b�2�+�Q�M�/���`�v �b�T�2�2�/�b �i�Q �+�`�2���i�2 �b�Q�+�B���H �B�M�i�2�`���+�i�B�Q�M�XPmin ���M�/Pmax �p���H�m�2�b
���`�2 �+�Q�M�b�B�/�2�`�2�/ ���b �R ���M�/ �9 �`�2�b�T�2�+�i�B�p�2�H�v�X

�����!
(Pp(x)) �B�b �i�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �7�2���i�m�`�2 �r�?�B�+�? �B�b �+���H�+�m�H���i�2�/ �m�b�B�M�; �1�[�X �j�X�d�X

���!
Pp(x) =

� �!
FS +

�!
A :

��!
PD; �B�7r and � 0:5

�!
FS �

�!
A :

��!
PD; �B�7r and < 0:5

�U�j�X�d�V



�� �L�Q�p�2�H �a�2�M�i�B�K�2�M�i ���M���H�v�b�B�b �6�Q�` ���K���x�Q�M �.���i�� �r�B�i�? �h�a�� �"���b�2�/ �6�2���i�m�`�2 �a�2�H�2�+�i�B�Q�M�8�N

�h�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �2���+�? �7�2���i�m�`�2�b
���!
Pp(x) �B�b �m�T�/���i�2�/ ���+�+�Q�`�/�B�M�; �i�Q �i�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �#�2�b�i �7�2���i�m�`�2

�!
FS �m�b�B�M�; �1�[�X �j�X�3�X

������!
Pp(x + 1) =

���!
Pp(x) +

������!
Pp(x + 1)

2 + c1
�U�j�X�3�V

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

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

�h�?�B�b �T�`�Q�+�2�b�b �B�b �`�2�T�2���i�2�/ �m�M�i�B�H �i�?�2 �b���i�B�b�}�2�/ �b�i�Q�T�T�B�M�; �+�`�B�i�2�`�B�Q�M �B�b �Q�#�i���B�M�2�/�X �h�?�m�b�- �i�?�2 �#�2�b�i �Q�T�i�B�K���H �7�2���i�m�`�2 �b�m�#�b�2�i
�B�b �Q�#�i���B�M�2�/ �7�`�Q�K �i�?�2 �P�"�G�@�h�a�� �#���b�2�/ �7�2���i�m�`�2 �b�2�H�2�+�i�B�Q�M �T�`�Q�+�2�b�b�X ���H�;�Q�`�B�i�?�K �j�X�k �2�t�T�H���B�M�b �i�?�2 �Q�T�i�B�K���H �7�2���i�m�`�2
�b�m�#�b�2�i �b�2�H�2�+�i�B�Q�M �r�B�i�? �P�"�G�@�h�a�� �#���b�2�/ �7�2���i�m�`�2 �b�2�H�2�+�i�B�Q�M �T�`�Q�+�2�b�b�X

���H�;�Q�`�B�i�?�K �k�,�6�2���i�m�`�2 �b�2�H�2�+�i�B�Q�M �r�B�i�? �h�m�M�B�+���i�2 �a�r���`�K ���H�;�Q�`�B�i�?�K

�B�M�T�m�i �,�6�2���i�m�`�2 �b�2�i ���b �i�m�M�B�+���i�2 �T�Q�T�m�H���i�B�Q�M
�!
Pp�-N �/�B�K�2�M�b�B�Q�M �Q�7 �7�2���i�m�`�2�b�X

�Q�m�i�T�m�i�,�S�Q�b�B�i�B�Q�M �Q�7 �Q�T�i�B�K���H �#�2�b�i �7�2���i�m�`�2�b
�!
FS

�S�`�Q�+�2�/�m�`�2�S� �̀Q�+�2�/�m� �̀2TSA�nfeature �nselection
�f�f�A�M�B�i�B���H�B�x���i�B�Q�M�c
�A�M�B�i�B���H�B�x�2 �T�Q�T�m�H���i�B�Q�M

�!
Pp�c

�A�M�B�i�B���H�B�x�2 �i�?�2 �T���`���K�2�i�2�`�b
�!
A ;

�!
G;

�!
F ;

�!
M; ���M�/Max iter �c

�a�2�i
�!
Pp �¸ �y�- Pmin �¸ �R�-Pmax �¸�9�c

�r�?�B�H�2x < Max iter �/�Q
�f�f�*�Q�K�T�m�i�2 �}�i�M�2�b�b�c
�*���H�+�m�H���i�2 �T�Q�b�B�i�B�Q�M �Q�7 �#�2�b�i �7�2���i�m�`�2�b

�!
FS �m�b�B�M�; �1�[�X �j�X�R�c

�!
FS  ComputeF itness(

�!
Pp) �m�b�B�M�;�c

�f�f �C�2�i �T�`�Q�T�m�H�b�B�Q�M ���M�/ �b�r���`�K �#�2�?���p�B�Q�m�`�c
c1; c2; c3; r and  Rand() �c
�.�2�i�2�`�K�B�M�2

��!
PD �m�b�B�M�; �1�[�X �j�X�k�-�j�X�j�-�j�X�9�-�j�X�8 ���M�/ �j�X�e�X�c

�*���H�+�m�H���i�2 �i�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �7�2���i�m�`�2�b
���!
Pp(x) �m�b�B�M�; �1�[�X �j�X�d�c

�l�T�/���i�2 �i�?�2 �T�Q�b�B�i�B�Q�M �Q�7 �7�2���i�m�`�2�b �m�b�B�M�; �1�[�X �j�X�3�c

�`�2�i�m�`�M
�!
FS

�9�X �1�t�T�2�`�B�K�2�M�i�b�X�h�?�B�b �b�2�+�i�B�Q�M �/�2�i���B�H�b �r�?�B�+�? �/���i���b�2�i �m�b�2�/ �B�M �i�?�B�b �r�Q�`�F�- �?�Q�r �/���i���b�2�i �B�b �T�`�2�T���`�2�/ �7�Q�` �a�� �#�v
�`�2�K�Q�p�B�M�; �i�?�2 �`�2�/�m�M�/���M�i �/���i�� ���M�/ ���H�b�Q �2�t�T�H���B�M�b �?�Q�r �i�Q �2�p���H�m���i�2 �i�?�2 �T�`�Q�T�Q�b�2�/ �K�Q�/�2�H �7�Q�` �a�� �i���b�F�b�X

�9�X�R�X �.���i���b�2�i�X�h�?�2 �/���i���b�2�i �m�i�B�H�B�x�2�/ �7�Q�` �i�?�B�b �2�t�T�2�`�B�K�2�M�i �B�b ���K���x�Q�M �T�`�Q�/�m�+�i �`�2�p�B�2�r�b �7�`�Q�K �7�Q�m�` �+���i�2�;�Q�`�B�2�b
�b�m�+�? ���b �1�H�2�+�i�`�Q�M�B�+�b�- �h�Q�v�b�- �6�m�`�M�B�i�m�`�2 ���M�/ �*���K�2�`���X �A�i �+�Q�M�b�B�b�i�b �Q�7 ���T�T�`�Q�t�B�K���i�2�H�v �9�3�-�8�y�y �T�`�Q�/�m�+�i �`�2�p�B�2�r�b �2�t�i�`���+�i�2�/
�7�`�Q�K ���K���x�Q�M�X�+�Q�K(https : ==s3:amazonaws:com=amazon� reviews � pds=tsv=index:txt)�X �h�?�2 �/���i���b�2�i ���7�i�2�`
�K���M�m���H �/���i�� �+�H�2���M�B�M�; �T�`�Q�+�2�b�b �?���b �#�2�2�M �i���F�2�M �7�Q�` ���M���H�v�b�B�b�X �h�?�B�b �+�Q�M�i���B�M�b �R�y�y�y �T�Q�b�B�i�B�p�2 �`�2�p�B�2�r�b ���M�/ �R�y�y�y �M�2�;���i�B�p�2
�`�2�p�B�2�r�b �7�Q�` �2���+�? �+���i�2�;�Q�`�v�X �1���+�? �`�2�p�B�2�r �?���b �B�M�7�Q�`�K���i�B�Q�M �r�B�i�? �`���i�B�M�; �U�y���8 �b�i���`�b�V�- �`�2�p�B�2�r�2�` �H�Q�+���i�B�Q�M ���M�/ �M���K�2�-
�`�2�p�B�2�r �/���i�2 ���M�/ �i�B�i�H�2�- �T�`�Q�/�m�+�i �M���K�2 ���M�/ �i�?�2 �`�2�p�B�2�r �i�2�t�i�X �h�?�2 �/���i���b�2�i �r���b �m�M�H���#�2�H�H�2�/ ���M�/ �H���#�2�H�H�2�/ �K���M�m���H�H�v
�r�?�B�H�2 �m�b�B�M�; ���b �i�2�b�i�B�M�; �/���i���X �6�Q�` �i�?���i �T�m�`�T�Q�b�2�- �i�?�2 �`���i�B�M�;�b �Q�7 �T�`�Q�/�m�+�i �`�2�p�B�2�r�b �?���p�2 �#�2�2�M �/�B�p�B�/�2�/ �B�M�i�Q �i�r�Q
�+���i�2�;�Q�`�B�2�b�- �`�2�p�B�2�r�b �r�B�i�? �`���i�B�M�;�b �=�j �H���#�2�H�H�2�/ ���b �T�Q�b�B�i�B�p�2 ���M�/ �i�?�2 �`�2�p�B�2�r�b �r�B�i�? �`���i�B�M�; �I�j �H���#�2�H�H�2�/ ���b �M�2�;���i�B�p�2�X
�h�?�2�b�2 �`�2�p�B�2�r�b �;�Q �i�?�`�Q�m�;�? �/���i�� �+�H�2���M�B�M�; ���M�/ �T�`�2�@�T�`�Q�+�2�b�b�B�M�; �#�2�7�Q�`�2 �;�B�p�2�M ���b �B�M�T�m�i �i�Q �J�G �+�H���b�b�B�}�2�` �#�2�+���m�b�2 �Q�7 �B�i�b
�m�M�b�i�`�m�+�i�m�`�2�/ �7�Q�`�K���i�X

�9�X�k�X �.���i�� �S�`�2�@�S�`�Q�+�2�b�b�B�M�; ���M�/ �*�H�2���M�B�M�;�X�A�M �i�?�B�b �b�2�+�i�B�Q�M�- �T�`�Q�/�m�+�i �`�2�p�B�2�r�b ���7�i�2�` �K���M�m���H �T�`�Q�+�2�b�b�B�M�; ���`�2
�F�2�T�i �B�M �i�?�2 �K�2�K�Q�`�v �7�Q�` �T�`�2�@�T�`�Q�+�2�b�b�B�M�; ���M�/ �+�H�2���M�B�M�;�X �S�`�2�@�T�`�Q�+�2�b�b�B�M�; �Q�7 �/���i�� �`�2�K�Q�p�2�b �m�M�r���M�i�2�/ �/���i�� �B�M�+�H�m�/�B�M�;
�r�2�# ���/�/�`�2�b�b�2�b�- �l�_�G�b ���M�/ �Q�M�H�B�M�2 �H�B�M�F�b�X �h�?�B�b �K�Q�/�m�H�2 ���H�b�Q �B�M�+�H�m�/�2�b �i�Q�F�2�M�B�x���i�B�Q�M ���M�/ �+���b�2 �+�Q�M�p�2�`�b�B�Q�M�X

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



�e�y ���M���M�/ �C�Q�b�2�T�? �.���M�B�2�H �.�X�- �C���M���F�B �J�2�2�M�� �J�X

�h���#�H�2 �8�X�R�, �J�Q�/�2�H �S���`���K�2�i�2�`�b

���H�;�Q�`�B�i�?�K �S���`���K�2�i�2�`�b �o���H�m�2�b
�S�a�P �q�2�B�;�?�i �y�X�k

�*�Q�M�b�i���M�i �k
�:�� �_���i�2 �Q�7 �*�`�Q�b�b�Q�p�2�`�y�X�3

�_���i�2 �Q�7 �J�m�i���i�B�Q�M�y�X�y�R
�S�`�Q�T�Q�b�2�/ �h�a�� Pmin �R

Pmax �9

� �_�2�K�Q�p���H �Q�7 �b�i�Q�T �r�Q�`�/�b�X �J�Q�b�i �Q�7 �i�?�2 �K�Q�`�2 �`�2�;�m�H���`�H�v �m�b�2�/ �b�i�Q�T �r�Q�`�/�b �B�M �1�M�;�H�B�b�? ���`�2 �ó���M�ô�- �ó�Q�7�ô�- �ó���ô�-
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�#���b�2�/ �Q�M �+� �̀Q�b�b�@�b�Q�m� �̀+�2 �b�2�M�i�B�K�2�M�i ���M���H�v�b�B�b �K�Q�/�2�H�b�- �1�M�;�B�M�2�2�`�B�M�; ���T�T�H�B�+���i�B�Q�M�b �Q�7 ���`�i�B�}�+�B���H �A�M�i�2�H�H�B�;�2�M�+�2�-�d�3�- �d�R���3�8�- �k�y�R�N�X

�(�3�)�w�X �u�m���M�- �a�X �q�m�- �6�X �q�m�- �C�X �G�B�m ���M�/ �u�X �>�m���M�;�-�.�Q�K���B�M ���i�i�2�M�i�B�Q�M �K�Q�/�2�H �7�Q�` �K�m�H�i�B�@�/�Q�K���B�M �b�2�M�i�B�K�2�M�i �+�H���b�b�B�}�+���i�B�Q�M�- �E�M�Q�r�H�2�/�;�2�@
�"���b�2�/ �a�v�b�i�2�K�b�-�R�8�8�- �R���R�y�- �k�y�R�3�X

�(�N�)�G�X �a�?���M�;�- �w�X �w�?�Q�m ���M�/ �s�X �G�B�m�- �S���`�i�B�+�H�2 �b�r���`�K �Q�T�i�B�K�B�x���i�B�Q�M�@�#���b�2�/ �7�2���i�m� �̀2 �b�2�H�2�+�i�B�Q�M �B�M �b�2�M�i�B�K�2�M�i �+�H���b�b�B�}�+���i�B�Q�M�- �a�Q�7�i �*�Q�K�@
�T�m�i�B�M�;�- �k�y�U�R�y�V�- �j�3�k�R���j�3�j�9�- �k�y�R�e�X

�(�R�y�)�C�X �S�2�M�M�B�M�;�i�Q�M�- �_�X �a�Q�+�?�2�` ���M�/ �*�X �J���M�M�B�M�;�- �:�H�Q�p�2�, �:�H�Q�#���H �o�2�+�i�Q�`�b �7�Q�` �q�Q� �̀/ �_�2�T� �̀2�b�2�M�i���i�B�Q�M�- �S�`�Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �k�y�R�9
�*�Q�M�7�2�`�2�M�+�2 �Q�M �1�K�T�B�`�B�+���H �J�2�i�?�Q�/�b �B�M �L���i�m�`���H �G���M�;�m���;�2 �S�`�Q�+�2�b�b�B�M�; �U�1�J�L�G�S�V�- �R�8�j�k�@�R�8�9�j�- �k�y�R�9�X

�(�R�R�)�S�X �"�Q�D���M�Q�r�b�F�B�- �1�X �:�`���p�2�- ���X �C�Q�m�H�B�M ���M�/ �h�X �J�B�F�Q�H�Q�p�-�1�M�@�`�B�+�?�B�M�; �q�Q� �̀/ �o�2�+�i�Q�`�b �r�B�i�? �a�m�#�r�Q� �̀/ �A�M�7�Q�`�K���i�B�Q�M�- �h�`���M�b���+�i�B�Q�M�b
�Q�7 �i�?�2 ���b�b�Q�+�B���i�B�Q�M �7�Q�` �*�Q�K�T�m�i���i�B�Q�M���H �G�B�M�;�m�B�b�i�B�+�b�- �8�- �R�j�8���R�9�e�- �k�y�R�d�X

�(�R�k�)�:�X ���M�b���`�B�- �h�X ���?�K���/ ���M�/ �J�X�L�X �.�Q�D���- �>�v�#�`�B�/ �6�B�H�i�2�`���q� �̀��T�T�2�` �6�2���i�m� �̀2 �a�2�H�2�+�i�B�Q�M �J�2�i�?�Q�/ �7�Q�` �a�2�M�i�B�K�2�M�i �*�H���b�b�B�}�+���i�B�Q�M�-
���`���#�B���M �C�Q�m�`�M���H �7�Q�` �a�+�B�2�M�+�2 ���M�/ �1�M�;�B�M�2�2�`�B�M�;�- �k�y�R�N�X

�(�R�j�)�u�X �G�B�m�- �*�X �:�Q���- �w�X �w�?���M�;�- �u�X �G�m�- �a�X �*�?�2�M�- �J�X �G�B���M�; ���M�/ �G�X �h���Q�-�a�Q�H�p�B�M�; �L�S�@�>��� �̀/ �S� �̀Q�#�H�2�K�b �r�B�i�? �S�?�v�b���`�m�K�@�"���b�2�/ ���M�i
�*�Q�H�Q�M�v �a�v�b�i�2�K�- �A�1�1�1�f���*�J �h�`���M�b���+�i�B�Q�M�b �Q�M �*�Q�K�T�m�i���i�B�Q�M���H �"�B�Q�H�Q�;�v ���M�/ �"�B�Q�B�M�7�Q�`�K���i�B�+�b�- �R�9�U�R�V�- �R�y�3���R�k�y�- �k�y�R�d�X

�(�R�9�)���X �L���#���2�B�- �J�X �>���K�B���M�- �J�X�_�X �S���`�b���2�B�- �_�X �a���7�/���`�B�- �h�X �a���K���/�@�a�Q�H�i���M�B�- �>�X �a���K���/�@�a�Q�H�i���M�B���M�/ ���X �:�?���b�b�2�K�B�-�h�Q�T�Q�H�Q�;�B�2�b
���M�/ �T�2�`�7�Q�`�K���M�+�2 �Q�7 �B�M�i�2�H�H�B�;�2�M�i ���H�;�Q�`�B�i�?�K�b�, �� �+�Q�K�T� �̀2�?�2�M�b�B�p�2 � �̀2�p�B�2�r�- �h�Q�T�Q�H�Q�;�B�2�b ���M�/ �T�2�`�7�Q�`�K���M�+�2 �Q�7 �B�M�i�2�H�H�B�;�2�M�i ���H�;�Q�`�B�i�?�K�b�,
�� �+�Q�K�T�`�2�?�2�M�b�B�p�2 �`�2�p�B�2�r�X ���`�i�B�}�+�B���H �A�M�i�2�H�H�B�;�2�M�+�2 �_�2�p�B�2�r�- �9�N�U�R�V�- �d�N���R�y�j�- �k�y�R�e�X

�(�R�8�)�_�X �1�#�2�`�?��� �̀i ���M�/ �C�X �E�2�M�M�2�/�v�-�� �M�2�r �Q�T�i�B�K�B�x�2�` �m�b�B�M�; �T���`�i�B�+�H�2 �b�r���`�K �i�?�2�Q�`�v�- �J�>�a�ö�N�8�X �S�`�Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �a�B�t�i�? �A�M�i�2�`�M���i�B�Q�M���H
�a�v�K�T�Q�b�B�m�K �Q�M �J�B�+�`�Q �J���+�?�B�M�2 ���M�/ �>�m�K���M �a�+�B�2�M�+�2�X

�(�R�e�)�C�X�>�X �>�Q�H�H���M�/�-���/���T�i���i�B�Q�M �B�M �L���i�m� �̀��H ���M�/ ���`�i�B�}�+�B���H �a�v�b�i�2�K�b�, ���M �A�M�i� �̀Q�/�m�+�i�Q�`�v ���M���H�v�b�B�b �r�B�i�?���T�T�H�B�+���i�B�Q�M�b �i�Q �"�B�Q�H�Q�;�v�- �*�Q�M�i� �̀Q�H�-
���M�/ ���`�i�B�}�+�B���H �A�M�i�2�H�H�B�;�2�M�+�2�-�l �J�B�+�?�B�;���M �S�`�2�b�b�X

�(�R�d�)�a�X�a�X �:�`�B�H�H�- �_�X �"�m�v�v���- �A�X �*�?���M���- �J�X �a�B�M�;�? ���M�/ ���X ���#�`���?���K�- �"�l�G�G�1�h�, �S���`�i�B�+�H�2 �a�r���`�K �P�T�i�B�K�B�x���i�B�Q�M �"���b�2�/ �a�+�?�2�/�m�H�B�M�;
�h�2�+�?�M�B�[�m�2 �7�Q�` �S� �̀Q�p�B�b�B�Q�M�2�/ �*�H�Q�m�/ �_�2�b�Q�m� �̀+�2�b�- �C�Q�m�`�M���H �Q�7 �L�2�i�r�Q�`�F ���M�/ �a�v�b�i�2�K�b �J���M���;�2�K�2�M�i�- �k�e�U�k�V�- �j�e�R���9�y�y�- �k�y�R�d�X

�(�R�3�)�a�X �E���m�`�- �G�X�E ���r���b�i�?�B�- ���X�G�X �a���M�;���H ���M�/ �:�X �.�?�B�K���M�-�h�m�M�B�+���i�2 �a�r���`�K ���H�;�Q�`�B�i�?�K�, �� �M�2�r �#�B�Q�@�B�M�b�T�B� �̀2�/ �#���b�2�/ �K�2�i���?�2�m�`�B�b�i�B�+
�T��� �̀��/�B�;�K �7�Q�` �;�H�Q�#���H �Q�T�i�B�K�B�x���i�B�Q�M�- �1�M�;�B�M�2�2�`�B�M�; ���T�T�H�B�+���i�B�Q�M�b �Q�7 ���`�i�B�}�+�B���H �A�M�i�2�H�H�B�;�2�M�+�2�- �N�y�- �R�y�j�8�9�R�- �k�y�k�y�X

�(�R�N�)�J�X �.��� �̀r�B�+�?�- �a�X���X�J�X �L�Q���?�- �L�X �P�K���` ���M�/ �L�X �P�b�K���M�- �*�Q�`�T�m�b�@�"���b�2�/ �h�2�+�?�M�B�[�m�2�b �7�Q�` �a�2�M�i�B�K�2�M�i �G�2�t�B�+�Q�M �:�2�M�2� �̀��i�B�Q�M�, ��
�_�2�p�B�2�r�- �C�Q�m�`�M���H �Q�7 �.�B�;�B�i���H �A�M�7�Q�`�K���i�B�Q�M �J���M���;�2�K�2�M�i�- �R�d�- �k�N�e�- �k�y�R�N�X

�(�k�y�)�*�X�C�X �>�m�i�i�Q ���M�/ �1�X �:�B�H�#�2� �̀i�- �o���.�1�_�, �� �S���`�b�B�K�Q�M�B�Q�m�b �_�m�H�2�@�#���b�2�/ �J�Q�/�2�H �7�Q�` �a�2�M�i�B�K�2�M�i ���M���H�v�b�B�b �Q�7 �a�Q�+�B���H �J�2�/�B�� �h�2�t�i�-
�S�`�Q�+�2�2�/�B�M�;�b �Q�7 �i�?�2 �3�i�? �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2�`�2�M�+�2 �Q�M �q�2�#�H�Q�;�b ���M�/ �a�Q�+�B���H �J�2�/�B���- �A�*�q�a�J�- �k�y�R�9�X

�(�k�R�)���X �"�Q�`�; ���M�/ �J�X �"�Q�H�/�i�-�l�b�B�M�; �o���.�1�_ �a�2�M�i�B�K�2�M�i ���M�/ �a�o�J �7�Q�` �S� �̀2�/�B�+�i�B�M�; �*�m�b�i�Q�K�2�` �_�2�b�T�Q�M�b�2 �a�2�M�i�B�K�2�M�i�- �1�t�T�2�`�i �a�v�b�i�2�K�b
�r�B�i�? ���T�T�H�B�+���i�B�Q�M�b�- �R�R�j�d�9�e�- �k�y�k�y�X

�(�k�k�)�h�X�l�X �>���[�m�2�- �L�X�L�X �a���#�2�` ���M�/ �6�X�J�X �a�?���?�- �a�2�M�i�B�K�2�M�i ���M���H�v�b�B�b �Q�M �H��� �̀;�2 �b�+���H�2 ���K���x�Q�M �T� �̀Q�/�m�+�i � �̀2�p�B�2�r�b�- �A�1�1�1 �A�M�i�2�`�M���i�B�Q�M���H
�*�Q�M�7�2�`�2�M�+�2 �Q�M �A�M�M�Q�p���i�B�p�2 �_�2�b�2���`�+�? ���M�/ �.�2�p�2�H�Q�T�K�2�M�i �U�A�*�A�_�.�V�- �k�y�R�3�X

�(�k�j�)�>�X �*�?�Q�- �a�X �E�B�K�- �C�X �G�2�2 ���M�/ �C�X�a�X �G�2�2�-�.���i���@�/�`�B�p�2�M �B�M�i�2�;� �̀��i�B�Q�M �Q�7 �K�m�H�i�B�T�H�2 �b�2�M�i�B�K�2�M�i �/�B�+�i�B�Q�M���`�B�2�b �7�Q�` �H�2�t�B�+�Q�M�@�#���b�2�/ �b�2�M�i�B�K�2�M�i
�+�H���b�b�B�}�+���i�B�Q�M �Q�7 �T� �̀Q�/�m�+�i � �̀2�p�B�2�r�b�- �E�M�Q�r�H�2�/�;�2�@�"���b�2�/ �a�v�b�i�2�K�b�- �d�R�- �e�R���d�R�- �k�y�R�9�X

�(�k�9�)�_�X �s�B���- �*�X �w�Q�M�; ���M�/ �a�X �G�B�-�1�M�b�2�K�#�H�2 �Q�7 �7�2���i�m� �̀2 �b�2�i�b ���M�/ �+�H���b�b�B�}�+���i�B�Q�M ���H�;�Q�`�B�i�?�K�b �7�Q�` �b�2�M�i�B�K�2�M�i �+�H���b�b�B�}�+���i�B�Q�M�- �A�M�7�Q�`�K���i�B�Q�M
�a�+�B�2�M�+�2�b�- �R�3�R�U�e�V�- �R�R�j�3���R�R�8�k�- �k�y�R�R�X

�(�k�8�)�>�X �E���M�;�- �a�X�C�X �u�Q�Q ���M�/ �.�X �>���M�- �a�2�M�i�B�@�H�2�t�B�+�Q�M ���M�/ �B�K�T� �̀Q�p�2�/ �L���[�p�2 �"���v�2�b ���H�;�Q�`�B�i�?�K�b �7�Q�` �b�2�M�i�B�K�2�M�i ���M���H�v�b�B�b �Q�7 � �̀2�b�i���m� �̀��M�i
� �̀2�p�B�2�r�b�- �1�t�T�2�`�i �a�v�b�i�2�K�b �r�B�i�? ���T�T�H�B�+���i�B�Q�M�b�- �j�N�U�8�V�- �e�y�y�y���e�y�R�y�- �k�y�R�k�X

�(�k�e�)�J�X �:�Q�p�B�M�/���`���D���M�- �a�2�M�i�B�K�2�M�i ���M���H�v�b�B�b �Q�7 �K�Q�p�B�2 � �̀2�p�B�2�r�b �m�b�B�M�; �?�v�#�`�B�/ �K�2�i�?�Q�/ �Q�7 �M���B�p�2 �"���v�2�b ���M�/ �;�2�M�2�i�B�+ ���H�;�Q�`�B�i�?�K�- �A�M�i�X �C�X
���/�p�X �*�Q�K�T�m�i�X �_�2�b�X�- �j�U�9�V�- �R�j�N�R�9�8�- �k�y�R�j�X

�(�k�d�)�:�X �:���m�i���K ���M�/ �.�X �u���/���p�- �a�2�M�i�B�K�2�M�i ���M���H�v�b�B�b �Q�7 �i�r�B�i�i�2�` �/���i�� �m�b�B�M�; �K���+�?�B�M�2 �H�2���`�M�B�M�; ���T�T� �̀Q���+�?�2�b ���M�/ �b�2�K���M�i�B�+ ���M���H�v�b�B�b�-
�a�2�p�2�M�i�? �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2�`�2�M�+�2 �Q�M �*�Q�M�i�2�K�T�Q�`���`�v �*�Q�K�T�m�i�B�M�; �U�A�*�j�V�- �k�y�R�9�X

�(�k�3�)���X �P� �̀i�B�;�Q�b���- �C�X�J�X �J��� �̀i�L�M ���M�/ �_�X�J�X �*���`�`�Q�-�a�2�M�i�B�K�2�M�i ���M���H�v�b�B�b �B�M �6���+�2�#�Q�Q�F ���M�/ �B�i�b ���T�T�H�B�+���i�B�Q�M �i�Q �2�@�H�2���`�M�B�M�;�- �*�Q�K�T�m�i�2�`�b
�B�M �>�m�K���M �"�2�?���p�B�Q�`�-�j�R�- �8�k�d���8�9�R�- �k�y�R�9�X

�(�k�N�)�Z�X �w�Q�m�- �a�X �s�B�2�- �J�X �q�m ���M�/ �u�X �C�m�- �6�B�M�/�B�M�; �i�?�2 �"�2�b�i �*�H���b�b�B�}�+���i�B�Q�M �h�?� �̀2�b�?�Q�H�/ �B�M �A�K�#���H���M�+�2�/ �*�H���b�b�B�}�+���i�B�Q�M�- �"�B�; �.���i��
�_�2�b�2���`�+�?�-�8�- �k���3�- �k�y�R�e�X

�(�j�y�)�o�X �L���M�/�B ���M�/ �a�X ���;�`���r���H�-�S�Q�H�B�i�B�+���H �b�2�M�i�B�K�2�M�i ���M���H�v�b�B�b �m�b�B�M�; �?�v�#�`�B�/ ���T�T� �̀Q���+�?�- �A�M�i�2�`�M���i�B�Q�M���H �_�2�b�2���`�+�? �C�Q�m�`�M���H �Q�7 �1�M�;�B�M�2�2�`�B�M�;
���M�/ �h�2�+�?�M�Q�H�Q�;�v �U�A�_�C�1�h�V�-�j�U�8�V�- �R�e�k�R���R�e�k�d�- �k�y�R�e�X

�(�j�R�)�L�X �_���D�;���M�2�b�?�- �*�X ���b�?���- ���X�h�X �E�2�2� �̀i�?���M�� ���M�/ �E�X �a�m�`�B�v���- �� �?�v�#�`�B�/ �7�2�2�/�#���+�F�@�#���b�2�/ �#�Q�Q�F � �̀2�+�Q�K�K�2�M�/���i�B�Q�M �b�v�b�i�2�K �m�b�B�M�;
�b�2�M�i�B�K�2�M�i ���M���H�v�b�B�b�- �A�C�a�_�*�a�1�A�h�-�j�U�j�V�- �k�9�8�e���j�j�y�d�- �k�y�R�3�X

�(�j�k�)�.�X �J�m�K�i���x ���M�/ �"�X ���?�m�D���- �� �G�2�t�B�+���H ���M�/ �J���+�?�B�M�2 �G�2���`�M�B�M�;�@�"���b�2�/ �>�v�#�`�B�/ �a�v�b�i�2�K �7�Q�` �a�2�M�i�B�K�2�M�i ���M���H�v�b�B�b�- �a�i�m�/�B�2�b �B�M
�*�Q�K�T�m�i���i�B�Q�M���H �A�M�i�2�H�H�B�;�2�M�+�2�- �R�e�8���R�d�8�- �k�y�R�d�X

�(�j�j�) �A�X �:�m�T�i�� ���M�/ �L�X �C�Q�b�?�B�-�1�M�?���M�+�2�/ �h�r�B�i�i�2�` �a�2�M�i�B�K�2�M�i ���M���H�v�b�B�b �l�b�B�M�; �>�v�#�`�B�/ ���T�T� �̀Q���+�? ���M�/ �#�v ���+�+�Q�m�M�i�B�M�; �G�Q�+���H �*�Q�M�i�2�t�i�m���H
�a�2�K���M�i�B�+�- �C�Q�m�`�M���H �Q�7 �A�M�i�2�H�H�B�;�2�M�i �a�v�b�i�2�K�b�- �y�U�y�V�- �k�y�R�N�X



�e�e ���M���M�/ �C�Q�b�2�T�? �.���M�B�2�H �.�X�- �C���M���F�B �J�2�2�M�� �J�X

�(�j�9�)���X �u���/���p ���M�/ �.�X�E�X �o�B�b�?�r���F���`�K���- �� �+�Q�K�T��� �̀��i�B�p�2 �b�i�m�/�v �Q�M �#�B�Q�@�B�M�b�T�B� �̀2�/ ���H�;�Q�`�B�i�?�K�b �7�Q�` �b�2�M�i�B�K�2�M�i ���M���H�v�b�B�b�- �*�H�m�b�i�2�` �*�Q�K�@
�T�m�i�B�M�;�- �k�y�k�y�X

�(�j�8�)�S�X �E���H���`���M�B ���M�/ �a�X �"�`�m�M�/���- �a�2�M�i�B�K�2�M�i ���M���H�v�b�B�b �#�v �S�P�a ���M�/ �D�Q�B�M�i �b�2�M�i�B�K�2�M�i �i�Q�T�B�+ �7�2���i�m� �̀2�b �m�b�B�M�; �a�o�J ���M�/ ���L�L�- �a�Q�7�i
�*�Q�K�T�m�i�B�M�;�- �k�y�R�3�X

�(�j�e�)�.�X���X �E�`�B�b�i�B�v���M�i�B ���M�/ �J�X �q���?�v�m�/�B�-�6�2���i�m� �̀2 �b�2�H�2�+�i�B�Q�M �#���b�2�/ �Q�M �:�2�M�2�i�B�+ ���H�;�Q�`�B�i�?�K�- �T���`�i�B�+�H�2 �b�r���`�K �Q�T�i�B�K�B�x���i�B�Q�M ���M�/ �T�`�B�M�+�B�T���H
�+�Q�K�T�Q�M�2�M�i ���M���H�v�b�B�b �7�Q�` �Q�T�B�M�B�Q�M �K�B�M�B�M�; �+�Q�b�K�2�i�B�+ �T� �̀Q�/�m�+�i � �̀2�p�B�2�r�- �8�i�? �A�M�i�2�`�M���i�B�Q�M���H �*�Q�M�7�2�`�2�M�+�2 �Q�M �*�v�#�2�` ���M�/ �A�h �a�2�`�p�B�+�2
�J���M���;�2�K�2�M�i �U�*�A�h�a�J�V�- �k�y�R�d�X

�(�j�d�)�>�X �C�B���M�;�- �*�X�E�X �E�r�Q�M�;�- �q�X�u�X �S���`�F ���M�/ �E�X�J�X �u�m�-�� �K�m�H�i�B�@�Q�#�D�2�+�i�B�p�2 �S�a�P ���T�T� �̀Q���+�? �Q�7 �K�B�M�B�M�; ���b�b�Q�+�B���i�B�Q�M �`�m�H�2�b �7�Q�` ���z�2�+�i�B�p�2
�/�2�b�B�;�M �#���b�2�/ �Q�M �Q�M�H�B�M�2 �+�m�b�i�Q�K�2�` � �̀2�p�B�2�r�b�- �C�Q�m�`�M���H �Q�7 �1�M�;�B�M�2�2�`�B�M�; �.�2�b�B�;�M�- �k�N�U�d�V�- �j�3�R���9�y�j�- �k�y�R�3�X

�(�j�3�)�_�X �s�B���- �6�X �s�m�- �C�X �u�m�- �u�X �Z�B ���M�/ �1�X �*���K�#�`�B���- �S�Q�H���`�B�i�v �b�?�B�7�i �/�2�i�2�+�i�B�Q�M�- �2�H�B�K�B�M���i�B�Q�M ���M�/ �2�M�b�2�K�#�H�2�, �� �i�?� �̀2�2�@�b�i���;�2 �K�Q�/�2�H �7�Q�`
�/�Q�+�m�K�2�M�i�@�H�2�p�2�H �b�2�M�i�B�K�2�M�i ���M���H�v�b�B�b�- �A�M�7�Q�`�K���i�B�Q�M �S�`�Q�+�2�b�b�B�M�; �� �J���M���;�2�K�2�M�i�- �8�k�U�R�V�- �j�e���9�8�- �k�y�R�3�X

�(�j�N�)�J�X�a�X �1�H�H�B ���M�/ �u�B�@�6���M�-���K���x�Q�M �_�2�p�B�2�r�b�- �#�m�b�B�M�2�b�b ���M���H�v�i�B�+�b �r�B�i�? �b�2�M�i�B�K�2�M�i ���M���H�v�b�B�b�-�k�y�R�e�X
�(�9�y�)�h�X �a�?���B�F�? ���M�/ �.�X �.�2�2�T���-�6�2���i�m� �̀2 �a�2�H�2�+�i�B�Q�M �J�2�i�?�Q�/�b �B�M �a�2�M�i�B�K�2�M�i ���M���H�v�b�B�b ���M�/ �a�2�M�i�B�K�2�M�i �*�H���b�b�B�}�+���i�B�Q�M �Q�7 ���K���x�Q�M �S� �̀Q�/�m�+�i

�_�2�p�B�2�r�b�-�A�M�i�2�`�M���i�B�Q�M���H �C�Q�m�`�M���H �Q�7 �*�Q�K�T�m�i�2�` �h�`�2�M�/�b ���M�/ �h�2�+�?�M�Q�H�Q�;�v�- �j�e�U�9�V�- �k�k�8�@�k�j�y�- �k�y�R�e�X

�1�/�B�i�2�/ �#�v�,�.���M�� �S�2�i�+�m
�_�2�+�2�B�p�2�/�,�L�Q�p �k�e�- �k�y�k�y
���+�+�2�T�i�2�/�,�C���M �k�j�- �k�y�k�R



�a�+���H���#�H�2 �*�Q�K�T�m�i�B�M�;�, �S�`���+�i�B�+�2 ���M�/ �1�t�T�2�`�B�2�M�+�2�- �A�a�a�L �R�3�N�8�@�R�d�e�d�-�?�i�i�T�,�f�f�r�r�r�X�b�+�T�2�X�Q�`�;
�Ü �k�y�k�R �a�*�S�1�X �o�Q�H�m�K�2 �k�k�- �A�b�b�m�2�b �R�- �T�T�X �e�d���d�N�- �.�P�A �R�y�X�R�k�e�N�9�,�f�b�+�T�2�X�p�k�k�B�R�X�R�3�9�y

�.�A�a�h�_�A�"�l�h�1�. ���S�S�G�A�*���h�A�P�L �*�>�1�*�E�S�P�A�L�h�A�L�:
�6�P�_ �_�1�S�G�A�*���h�1�. �a�h���h�1 �J���*�>�A�L�1�a �

�L�A�u���w�A �¹�w�.�A�L�Î �Î�1�G�A�E�1�Gy ���L�. �h�P�G�:�� �P�o���h�J���L z

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

�E�2�v �r�Q�`�/�b�,���T�T�H�B�+���i�B�Q�M �*�?�2�+�F�T�Q�B�M�i�B�M�;�- �_�2�T�H�B�+���i�2�/ �a�i���i�2 �J���+�?�B�M�2�b�- �*�H�Q�m�/ �*�Q�K�T�m�i�B�M�;

���J�a �b�m�#�D�2�+�i �+�H���b�b�B�}�+���i�B�Q�M�b�X�e�3�J�R�9�- �e�3�q�R�8

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

�6�`�Q�K �� �+�H�Q�m�/ �T�`�Q�p�B�/�2�`�ö�b �T�2�`�b�T�2�+�i�B�p�2�- �m�b�B�M�; �`�2�T�H�B�+���i�2�/ �b�i���i�2 �K���+�?�B�M�2 �U�_�a�J�V ���T�T�`�Q���+�? �7�Q�` �7���m�H�i �i�Q�H�2�`���M�+�2 �B�b ��
�7���p�Q�m�`���#�H�2 ���H�i�2�`�M���i�B�p�2 �(�R�) �(�k�) �b�B�M�+�2 �B�i �B�b �� �r�B�/�2�H�v�@�F�M�Q�r�M ���M�/ �B�K�T�H�2�K�2�M�i�2�/ ���T�T�`�Q���+�? ���K�Q�M�; �b�Q�7�i�r���`�2 �/�2�p�2�H�Q�T�2�`�b�-
�i�?�2�`�2 �2�p�2�M �2�t�B�b�i�b �K���M�v �7�`���K�2�r�Q�`�F�b �7�Q�` �#���+�F�@�2�M�/ �T�`�Q�;�`���K�K�B�M�; �b�m�+�? ���b �a�T�`�B�M�; �a�i���i�2 �J���+�?�B�M�2�b�R�X �_�a�J�b �b�B�K�T�H�v
�2�t�2�+�m�i�2 �`�2�T�H�B�+���b �Q�7 �� �b�i���i�2 �K���+�?�B�M�2 �i�Q �?���M�/�H�2 �`�2�[�m�2�b�i�b �B�M �� �/�B�b�i�`�B�#�m�i�2�/ �r���v�X �.�m�`�B�M�; �`�m�M�M�B�M�; �i�B�K�2�- �2���+�? �`�2�T�H�B�+��
�?���M�/�H�2�b �/�B�z�2�`�2�M�i �`�2�[�m�2�b�i�b ���M�/ �2�t�2�+�m�i�2�b �i�?�2�K ���b �B�7 �i�?�2�v ���`�2 �#�2�B�M�; �Q�`�/�2�`�H�v �T�`�Q�+�2�b�b�2�/ �#�v �� �K���B�M �b�i���i�2 �K���+�?�B�M�2�X

���M �2�t���K�T�H�2 �Q�7 �b�i���i�2 �K���+�?�B�M�2 �`�2�T�H�B�+���i�B�Q�M �+���M �#�2 �b�2�2�M �B�M �6�B�;�X �R�X�R�- �r�?�2�`�2 �� �K���b�i�2�` �b�i���i�2 �K���+�?�B�M�2 �Q�M �i�Q�T �B�b
�`�2�T�H�B�+���i�2�/ �Q�p�2�` �i�?�`�2�2 �`�2�T�H�B�+���b�X �a�i���i�2 �K���+�?�B�M�2�b �i�`���M�b�B�i �#�2�i�r�2�2�M �/�2�}�M�2�/ �b�i���i�2�b �b�m�+�? ���b ���- �" ���M�/ �* �r�B�i�? �B�M�+�Q�K�B�M�;
�2�p�2�M�i�b �b�m�+�? ���b �1�R�- �1�k ���M�/ �1�j�X �l�b�B�M�; �� �K���b�i�2�` �`�2�T�H�B�+�� �U�Q�` �b�i���i�2 �K���+�?�B�M�2�V �B�b �/�2�T�2�M�/�2�M�i �Q�M �i�?�2 �+�Q�M�i�2�t�i �Q�7 �m�b���;�2�X
�q�?�2�M �M�Q �K���b�i�2�` �B�b �m�b�2�/�- �`�2�T�H�B�+���b ���`�2 �2�t�T�2�+�i�2�/ �i�Q �2�p�2�M�i�m���H�H�v �#�2 �Q�`�+�?�2�b�i�`���i�2�/ �i�Q �`�2�~�2�+�i �� �b�B�M�;�H�2 �H�Q�;�B�+���H �b�i���i�2
�K���+�?�B�M�2�X �h�?�2 �`�2�T�H�B�+���b �+���M �#�2 �/�2�T�H�Q�v�2�/ �B�M �T�`�Q�t�B�K���i�2 �H�Q�+���i�B�Q�M�b ���b �r�2�H�H ���b �B�M �;�2�Q�;�`���T�?�B�+���H�H�v �/�B�b�i�B�M�+�i �H�Q�+���i�B�Q�M�b �(�j�)
�i�?���i �K���v ���z�2�+�i �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �Q�`�+�?�2�b�i�`���i�B�Q�M ���K�Q�M�; �i�?�2 �`�2�T�H�B�+���b�X

�P�M�2 �Q�7 �i�?�2 �B�K�T�Q�`�i���M�i ���b�T�2�+�i�b �B�M �/�2�T�H�Q�v�B�M�; �_�a�J�b �B�b �7���m�H�i �`�2�+�Q�p�2�`�v�X �_�2�T�H�B�+���b �K���v �T�2�`�B�Q�/�B�+���H�H�v �b���p�2 �b�v�b�i�2�K
�b�i���i�2�- �F�M�Q�r�M ���b �+�?�2�+�F�T�Q�B�M�i�b�- �i�Q �`�2�+�Q�p�2�` �i�Q �� �T���b�i �b�i���i�2 �B�M �i�?�2 �T�`�2�b�2�M�+�2 �Q�7 �� �b�v�b�i�2�K �7���B�H�m�`�2�X �*�?�2�+�F�T�Q�B�M�i�B�M�; �B�b ���H�b�Q
�m�i�B�H�B�b�2�/ �7�Q�` �i�?�2 �+���b�2�b �r�?�2�`�2 �� �M�2�r �`�2�T�H�B�+�� �B�b �B�M�i�`�Q�/�m�+�2�/ �i�Q �i�?�2 �b�v�b�i�2�K �i�Q �m�T�/���i�2 �i�?�2 �`�2�T�H�B�+���ö�b �b�i���i�2 �i�Q �i�?�2 �+�m�`�`�2�M�i
�b�i���i�2 �Q�7 �i�?�2 �_�a�J�X �6�Q�` �_�a�J�b�- �m�b�B�M�; �/�B�z�2�`�2�M�i �+�?�2�+�F�T�Q�B�M�i�B�M�; ���T�T�`�Q���+�?�2�b �K�B�;�?�i �?���p�2 �/�B�z�2�`�2�M�i �+�?���`���+�i�2�`�B�b�i�B�+�b �B�M
�i�2�`�K�b �Q�7 �M�Q�M�@�7�m�M�+�i�B�Q�M���H �T�`�Q�T�2�`�i�B�2�b �Q�7 �i�?�2 �b�v�b�i�2�K�X �6�Q�` �B�M�b�i���M�+�2�- �B�7 �2���+�? �`�2�T�H�B�+�� �F�2�2�T�b �7�m�H�H �`�2�b�i�Q�`�2 �B�M�7�Q�`�K���i�B�Q�M
�b�T�2�+�B�}�+ �i�Q �i�?�2 �`�2�T�H�B�+���- �`�2�/�m�M�/���M�i �`�2�T�H�B�+���i�2�/ �+�?�2�+�F�T�Q�B�M�i�B�M�; �B�M�7�Q�`�K���i�B�Q�M �r�Q�m�H�/ �2�K�2�`�;�2 �b�B�M�+�2 ���H�H �i�?�2 �`�2�T�H�B�+���b
�2�p�2�M�i�m���H�H�v �;�Q �i�?�`�Q�m�;�? �i�?�2 �b���K�2 �2�t�2�+�m�i�B�Q�M �T���i�? ���i �`�m�M�@�i�B�K�2�X �P�M �i�?�2 �Q�i�?�2�` �?���M�/�- �F�2�2�T�B�M�; �� �b�B�M�;�H�2 �+�?�2�+�F�T�Q�B�M�i�B�M�;
�`�2�T�H�B�+�� �r�Q�m�H�/ �`�2�b�m�H�i �B�M �� �b�B�M�;�H�2 �T�Q�B�M�i �Q�7 �7���B�H�m�`�2 �7�Q�` �+�?�2�+�F�T�Q�B�M�i�B�M�; �Q�T�2�`���i�B�Q�M�X

� �h�?�B�b �r�Q�`�F �B�b �b�m�T�T�Q�`�i�2�/ �#�v �h�?�2 �a�+�B�2�M�i�B�}�+ ���M�/ �h�2�+�?�M�Q�H�Q�;�B�+���H �_�2�b�2���`�+�? �*�Q�m�M�+�B�H �Q�7 �h�m�`�F�2�v �U�h�l�"�A�h���E�V �m�M�/�2�` �;�`���M�i �B�/ �R�R�3�1�3�3�d�X
y �A�b�i���M�#�m�H �h�2�+�?�M�B�+���H �l�M�B�p�2�`�b�B�i�v �.�2�T���`�i�K�2�M�i �Q�7 �*�Q�K�T�m�i�2�` �1�M�;�B�M�2�2�`�B�M�; �A�b�i���M�#�m�H�- �h�m�`�F�2�v �U�+�2�H�B�F�2�H�M�B�!�B�i�m�X�2�/�m�X�i�`�V�X
z �A�b�i���M�#�m�H �h�2�+�?�M�B�+���H �l�M�B�p�2�`�b�B�i�v �.�2�T���`�i�K�2�M�i �Q�7 �*�Q�K�T�m�i�2�` �1�M�;�B�M�2�2�`�B�M�; �A�b�i���M�#�m�H�- �h�m�`�F�2�v �U�Q�p���i�K���M�!�B�i�m�X�2�/�m�X�i�`�V �P�_�*�A�.�@�B�/�,�y�y�y�y�@

�y�y�y�R�@�8�N�R�3�@�j�R�9�8�X �*�Q�`�`�2�b�T�Q�M�/�B�M�; ���m�i�?�Q�`�X
1 �?�i�i�T�b�,�f�f�T�`�Q�D�2�+�i�b�X�b�T�`�B�M�;�X�B�Q�f�b�T�`�B�M�;�@�b�i���i�2�K���+�?�B�M�2�f

�e�d



�e�3 �L�B�v���x�B �¹�x�/�B�M�Ï�- �h�Q�H�;�� �P�p���i�K���M

�6�B�;�X �R�X�R�, �a�i���i�2 �K���+�?�B�M�2 �`�2�T�H�B�+���i�B�Q�M

�A�M �i�?�B�b �b�i�m�/�v�- �r�2 �m�i�B�H�B�b�2 �+�?���`���+�i�2�`�B�b�i�B�+�b �b�T�2�+�B�}�+ �i�Q �b�i���i�2 �K���+�?�B�M�2�b �i�Q �B�M�i�`�Q�/�m�+�2 �� �/�B�b�i�`�B�#�m�i�2�/ �+�?�2�+�F�T�Q�B�M�i�B�M�;
���T�T�`�Q���+�? �7�Q�` �_�a�J�b �U�.�*�7�_�a�J�V �i�?���i �b�B�K�T�H�v �/�B�b�i�`�B�#�m�i�2�b �i�?�2 �+�?�2�+�F�T�Q�B�M�i�B�M�; �Q�T�2�`���i�B�Q�M ���M�/ �+�?�2�+�F�T�Q�B�M�i �B�M�7�Q�`�K���i�B�Q�M
���K�Q�M�; �`�2�T�H�B�+���b�X �P�m�` ���T�T�`�Q���+�? �K���F�2�b �B�i �T�Q�b�b�B�#�H�2 �i�Q �m�i�B�H�B�b�2 �/�B�z�2�`�2�M�i �H�2�p�2�H�b �Q�7 �`�2�T�H�B�+���i�B�Q�M �Q�7 �+�?�2�+�F�T�Q�B�M�i�B�M�; �B�M�7�Q�`�@
�K���i�B�Q�M �i�Q �H�2�p�2�`���;�2 �`�2�+�Q�p�2�`�v �Q�p�2�`�?�2���/ ���M�/ �7���m�H�i �i�Q�H�2�`���M�+�2�X �q�2 �m�b�2 �� �b�B�K�T�H�2 �b�i���i�2 �K���+�?�B�M�2 �B�M�b�i���M�+�2�- �B�K�T�H�2�K�2�M�i�2�/
�m�b�B�M�; �b�T�`�B�M�; �b�i���i�2 �K���+�?�B�M�2�b �i�Q �/�2�K�Q�M�b�i�`���i�2 ���M�/ �2�p���H�m���i�2 �Q�m�` ���T�T�`�Q���+�?�X �q�2 �m�b�2 �/�B�z�2�`�2�M�i �M�m�K�#�2�` �Q�7 �`�2�T�H�B�+���b
�`�m�M�M�B�M�; �B�M �� �H�Q�+���H �+�H�m�b�i�2�` ���M�/ �B�M ���K���x�Q�M �r�2�# �b�2�`�p�B�+�2�b �b�2�T���`���i�2�H�v �i�Q �K�2���b�m�`�2 �K�2�K�Q�`�v �+�Q�M�b�m�K�T�i�B�Q�M �7�Q�` �2���+�?
�`�2�T�H�B�+�� ���M�/ �`�2�+�Q�p�2�`�v �i�B�K�2 �7�Q�` �� �#�Q�Q�i�B�M�; �b�i���i�2 �K���+�?�B�M�2 �`�2�T�H�B�+���X �q�2 �+�Q�K�T���`�2�/ �Q�m�` ���T�T�`�Q���+�? �r�B�i�? �i�r�Q �/�B�z�2�`�@
�2�M�i ���T�T�`�Q���+�?�2�b�- �M���K�2�H�v �+�Q�M�p�2�M�i�B�Q�M���H �+�?�2�+�F�T�Q�B�M�i�B�M�; ���M�/ �+�2�M�i�`���H�B�b�2�/ �+�?�2�+�F�T�Q�B�M�i�B�M�;�- �i�Q �2�p���H�m���i�2 �i�?�2 ���/�p���M�i���;�2�b
�B�M �m�b�B�M�; �/�B�b�i�`�B�#�m�i�2�/ �+�?�2�+�F�T�Q�B�M�i�B�M�; �7�Q�` �_�a�J�b�X �_�2�b�m�H�i�b �7�`�Q�K �i�?�2�b�2 �2�t�T�2�`�B�K�2�M�i�b �b�?�Q�r �i�?���i �.�*�7�_�a�J �T�`�Q�p�B�/�2�/
���/�p���M�i���;�2 �B�M �i�2�`�K�b �Q�7 �K�2�K�Q�`�v �+�Q�M�b�m�K�T�i�B�Q�M �+�Q�K�T���`�2�/ �i�Q �+�2�M�i�`���H�B�b�2�/ �+�Q�M�p�2�M�i�B�Q�M���H ���T�T�`�Q���+�?�2�b�X �P�M �i�?�2 �Q�i�?�2�`
�?���M�/�- �.�*�7�_�a�J �T�`�Q�/�m�+�2�b �� �?�B�;�? �`�2�+�Q�p�2�`�v �i�B�K�2 �r�?�2�M �B�i �B�b �+�Q�K�T���`�2�/ �i�Q �+�2�M�i�`���H�B�b�2�/ ���M�/ �+�Q�M�p�2�M�i�B�Q�M���H ���T�T�`�Q���+�?�2�b
�#�2�+���m�b�2 �Q�7 �i�?�2 �2�t�i�`�� �+�Q�K�K�m�M�B�+���i�B�Q�M �Q�p�2�`�?�2���/ �M�2�2�/�2�/ �7�Q�` �+�Q�H�H�2�+�i�B�M�; �T���`�i�B���H �?�B�b�i�Q�`�B�2�b �7�`�Q�K �/�B�z�2�`�2�M�i �`�2�T�H�B�+���b �B�M�b�B�/�2
�� �+�H�m�b�i�2�`�X �>�Q�r�2�p�2�`�- �r�2 �#�2�H�B�2�p�2 �i�?�B�b �Q�p�2�`�?�2���/ �B�b �i�?�2 �+�Q�b�i �Q�7 �Q�#�i���B�M�B�M�; �� �?�B�;�?�2�` �H�2�p�2�H �Q�7 �7���m�H�i �i�Q�H�2�`���M�+�2 �2�b�T�2�+�B���H�H�v
�r�B�i�? �`�2�b�T�2�+�i �i�Q �+�2�M�i�`���H�B�b�2�/ �+�?�2�+�F�T�Q�B�M�i�B�M�;�X �h�?�B�b �b�i�m�/�v �2�t�T���M�/�b �Q�m�` �2���`�H�B�2�` �T�`�2�H�B�K�B�M���`�v �b�i�m�/�v �(�9�) �#�v �T�`�Q�p�B�/�B�M�;
�B�K�T�H�2�K�2�M�i���i�B�Q�M �/�2�i���B�H�b �Q�7 �i�?�2 �.�*�7�_�a�J ���T�T�`�Q���+�? ���M�/ �`�2�b�m�H�i�b �7�`�Q�K �2�t�T�2�`�B�K�2�M�i�b �Q�M �� �`�2���H �+�H�Q�m�/ �2�M�p�B�`�Q�M�K�2�M�i�X

�h�?�2 �`�2�b�i �Q�7 �i�?�2 �T���T�2�` �B�b �Q�`�;���M�B�b�2�/ ���b �7�Q�H�H�Q�r�b�, �A�M �a�2�+�i�X �k �r�2 �`�2�p�B�2�r �`�2�H���i�2�/ �H�B�i�2�`���i�m�`�2�X �A�M �a�2�+�i�X �j �r�2 �2�t�T�H���B�M
�i�?�2 �.�*�7�_�a�J ���T�T�`�Q���+�? �B�M �K�Q�`�2 �/�2�i���B�H�X �1�t�T�2�`�B�K�2�M�i���H ���`�+�?�B�i�2�+�i�m�`�2�- �B�K�T�H�2�K�2�M�i�2�/ ���T�T�`�Q���+�?�2�b �7�Q�` �#�2�M�+�?�K���`�F�B�M�;
�T�m�`�T�Q�b�2�b ���M�/ �b�B�K�m�H���i�B�Q�M �2�M�p�B�`�Q�M�K�2�M�i ���`�2 �B�M�i�`�Q�/�m�+�2�/ �B�M �a�2�+�i�X �9�X �a�2�+�i�B�Q�M �8 �T�`�2�b�2�M�i�b �i�?�2 �`�2�b�m�H�i�b �Q�7 �i�?�2 �2�t�T�2�`�B�K�2�M�i�b
���M�/ �i�?�2 �T���T�2�` �B�b �+�Q�M�+�H�m�/�2�/ �B�M �a�2�+�i�X �e�X

�k�X �_�2�H���i�2�/ �q�Q�`�F�X�h�?�2�`�2 �2�t�B�b�i�b �M�m�K�2�`�Q�m�b �b�i�m�/�B�2�b �i�Q �Q�T�i�B�K�B�b�2 �T�2�`�7�Q�`�K���M�+�2 ���M�/ �`�2�+�Q�p�2�`�v �+�Q�b�i�b �Q�7 �+�?�2�+�F�@
�T�Q�B�M�i�B�M�; ���T�T�`�Q���+�?�2�b �B�M �/�B�b�i�`�B�#�m�i�2�/ �+�Q�K�T�m�i�B�M�;�X �A�M �i�?�B�b �b�i�m�/�v�- �r�2 �b�i�m�/�v �Q�M ���T�T�H�B�+���i�B�Q�M �H�2�p�2�H �+�?�2�+�F�T�Q�B�M�i�B�M�; �r�?�B�+�?
�B�b ���T�T�H�B�2�/ �B�M �� �K�Q�`�2 �b�Q�7�i�r���`�2�@���;�M�Q�b�i�B�+ �r���v �#�v �`�2�H�v�B�M�; �Q�M �Q�T�2�`���i�B�M�; �Q�M �K�2�K�Q�`�v ���b �� �r�?�Q�H�2�c �� �+�Q�K�T���`���i�B�p�2
�/�B�b�+�m�b�b�B�Q�M �#�2�i�r�2�2�M �b�v�b�i�2�K ���M�/ ���T�T�H�B�+���i�B�Q�M �H�2�p�2�H �+�?�2�+�F�T�Q�B�M�i�B�M�; �+���M �#�2 �7�Q�m�M�/ �B�M �(�8�)�X �h�?�2 �r�Q�`�F �/�2�T�B�+�i�2�/ �B�M �(�e�)
�b�i���i�2�b �i�?�2 �M�2�+�2�b�b�B�i�v �7�Q�` �`�2�T�H�B�+���i�2�/ �b�i���i�2 �K���+�?�B�M�2�b �i�Q �;�m���`���M�i�2�2 �i�?���i �K���D�Q�`�B�i�v �Q�7 �`�2�T�H�B�+���b �B�M�b�B�/�2 �� �+�H�m�b�i�2�` �+���M
�+�Q�K�K�m�M�B�+���i�2 �r�B�i�? �2���+�? �Q�i�?�2�` ���M�/ �#�2 �T�`�Q�M�2 �i�Q �M�Q�/�2 �7���B�H�m�`�2�b�X �A�M �+���b�2 �Q�7 �7���B�H�m�`�2�b �Q�M �T�?�v�b�B�+���H �K���+�?�B�M�2�b�- �B�M �Q�`�/�2�`
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�+�H�m�b�i�2�`�X �.�m�`�B�M�; �i�?�2�B�` �#�Q�Q�i�B�M�; �b�2�[�m�2�M�+�2�- �`�2�T�H�B�+���b �T�`�2�T���`�2�b �i�?�2�K�b�2�H�p�2�b �i�Q �T�`�Q�+�2�b�b �2�p�2�M�i�b �@�B�M�B�i�B���H�B�x�2 �H�Q�+���H ���M�/ �b�?���`�2�/



�.�B�b�i�`�B�#�m�i�2�/ ���T�T�H�B�+���i�B�Q�M �*�?�2�+�F�T�Q�B�M�i�B�M�; �7�Q�` �_�2�T�H�B�+���i�2�/ �a�i���i�2 �J���+�?�B�M�2�b�d�j

�6�B�;�X �9�X�k�, �P�p�2�`���H�H ���`�+�?�B�i�2�+�i�m�`�2�X

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

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

�P�M�+�2 �i�?�2 �}�`�b�i �2�p�2�M�i �B�b �b�2�M�/ �i�Q �b�i���i�2 �K���+�?�B�M�2�b�- �B�i �T�`�Q�+�2�b�b�2�b �i�?�B�b �2�p�2�M�i�- �T�2�`�7�Q�`�K�b �M�2�+�2�b�b���`�v �Q�T�2�`���i�B�Q�M�b �Q�M �B�i�b
�p���`�B���#�H�2�b ���M�/ �}�M�B�b�?�2�b �B�i�b �2�t�2�+�m�i�B�Q�M �B�M �Q�`�/�2�` �i�Q �T�`�Q�+�2�b�b �� �M�2�r �2�p�2�M�i�X ���7�i�2�` �2�p�2�M�i �T�`�Q�+�2�b�b�B�M�; �}�M�B�b�?�2�b �+�?�2�+�F�T�Q�B�M�i�B�M�;
�Q�T�2�`���i�B�Q�M�b ���`�2 �T�2�`�7�Q�`�K�2�/�X �.�m�`�B�M�; �Q�m�` �2�t�T�2�`�B�K�2�M�i�b �r�2 �m�b�2 �`�2�T�H�B�+���b �i�Q �b�i�Q�`�2 �+�?�2�+�F�T�Q�B�M�i�B�M�; �B�M�7�Q�`�K���i�B�Q�M ���b �r�2�H�H ���b
�+�Q�Q�`�/�B�M���i�Q�` �M�Q�/�2 �r�?�2�M�2�p�2�` ���M �2�t�i�2�`�M���H �2�M�i�B�i�v �B�b �M�2�+�2�b�b���`�v �7�Q�` �i�?�2 �+�?�2�+�F�T�Q�B�M�i�B�M�; ���T�T�`�Q���+�?�X �h�?�2 �/�2�i���B�H�b �Q�7 �i�?�2
�+�?�2�+�F�T�Q�B�M�i�B�M�; ���T�T�`�Q���+�?�2�b �r�2 �?���p�2 �B�K�T�H�2�K�2�M�i �B�b �2�t�T�H���B�M�2�/ �B�M �K�Q�`�2 �/�2�i���B�H �B�M �a�2�+�i�X �9�X�k�X �.�m�`�B�M�; �+�?�2�+�F�T�Q�B�M�i�B�M�;�-
�r�2 �b�i�Q�`�2 �i�?�2 �+�Q�M�i�2�t�i �Q�7 �i�?�2 �b�i���i�2 �K���+�?�B�M�2 �r�?�B�+�? �B�M�p�Q�H�p�2�b �B�M�T�m�i�b ���M�/ �Q�m�i�T�m�i�b �Q�7 �i�?�2 �+�m�`�`�2�M�i �b�i���i�2�X �A�M�T�m�i�b
�+�Q�M�b�B�b�i �Q�7 �B�M�+�Q�K�B�M�; �2�p�2�M�i�- �2�p�2�M�i �i�B�K�2�b�i���K�T�- �b�Q�m�`�+�2 �b�i���i�2 �Q�7 �i�?�2 �b�i���i�2 �K���+�?�B�M�2 �r�?�B�H�2 �Q�m�i�T�m�i�b �+�Q�M�b�B�b�i �Q�7 �H�Q�+���H ���M�/
�b�?���`�2�/ �p���`�B���#�H�2�b�- �/�2�b�i�B�M���i�B�Q�M �b�i���i�2 �Q�7 �i�?�2 �b�i���i�2 �K���+�?�B�M�2�X ���b �� �`�2�b�m�H�i �Q�7 �+�?�2�+�F�T�Q�B�M�i�B�M�; �T�`�Q�+�2�b�b �B�M �2���+�? �`�2�T�H�B�+���-
�r�?�Q�H�2 �2�t�2�+�m�i�B�Q�M �?�B�b�i�Q�`�v �B�b �`�2�+�Q�`�/�2�/ ���b �� �b�2�[�m�2�M�+�2 �Q�7 �b�i���i�2 �K���+�?�B�M�2 �+�Q�M�i�2�t�i�b �B�M �`�2�T�H�B�+���b ���M�/�f�Q�` �+�Q�Q�`�/�B�M���i�Q�` �M�Q�/�2
�/�2�T�2�M�/�B�M�; �Q�M �i�?�2 ���T�T�H�B�2�/ ���T�T�`�Q���+�?�X

�9�X�k�X �A�K�T�H�2�K�2�M�i�2�/ ���T�T�`�Q���+�?�2�b�X�6�Q�` �Q�m�` �2�t�T�2�`�B�K�2�M�i�b �r�2 �B�K�T�H�2�K�2�M�i�2�/ �7�Q�m�` �/�B�z�2�`�2�M�i ���T�T�`�Q���+�?�2�b �i�Q
�+�Q�K�T���`�2 �i�?�2 �T�2�`�7�Q�`�K���M�+�2 �Q�7 �i�?�2 �/�B�b�i�`�B�#�m�i�2�/ �+�?�2�+�F�T�Q�B�M�i�B�M�; ���T�T�`�Q���+�?�X �A�M�B�i�B���H�H�v �r�2 �B�K�T�H�2�K�2�M�i�2�/ �+�2�M�i�`���H�B�b�2�/
�+�?�2�+�F�T�Q�B�M�i�B�M�; ���T�T�`�Q���+�? �r�?�2�`�2 �+�?�2�+�F�T�Q�B�M�i�B�M�; �B�M�7�Q�`�K���i�B�Q�M �B�b �b�i�Q�`�2�/ �Q�M�H�v �B�M �i�?�2 �+�Q�M�i�`�Q�H�H�2�` �M�Q�/�2�X ���7�i�2�`�r���`�/�b �r�2
�B�K�T�H�2�K�2�M�i�2�/ �+�Q�M�p�2�M�i�B�Q�M���H ���T�T�`�Q���+�? �r�?�2�`�2 �2���+�? �`�2�T�H�B�+�� �b�i�Q�`�2�b ���H�H �i�?�2 �+�?�2�+�F�T�Q�B�M�i�B�M�; �B�M�7�Q�`�K���i�B�Q�M�X �6�B�M���H�H�v �r�2
�B�K�T�H�2�K�2�M�i�2�/ �i�r�Q �p���`�B���M�i�b �Q�7 �Q�m�` ���T�T�`�Q���+�?�, �� �b�i�`�B�T�2�/ �.�*�7�_�a�J �r�?�2�`�2 �2���+�? �`�2�T�H�B�+�� �b�i�Q�`�2�b �� �b�B�M�;�H�2 �T�Q�`�i�B�Q�M �Q�7 �i�?�2
�2�t�2�+�m�i�B�Q�M �?�B�b�i�Q�`�v �U� = 1 �V ���M�/ �� �b�i�`�B�T�2�/ ���M�/ �K�B�`�`�Q�`�2�/ �.�*�7�_�a�J �r�?�2�`�2 �2���+�? �`�2�T�H�B�+�� �b�i�Q�`�2�b �i�r�Q �T�Q�`�i�B�Q�M�b �Q�7 �i�?�2
�2�t�2�+�m�i�B�Q�M �?�B�b�i�Q�`�v �U� = 2 �V�X

�A�M �+���b�2 �Q�7 �+�2�M�i�`���H�B�b�2�/ ���T�T�`�Q���+�?�- �M�Q�M�2 �Q�7 �_�a�J�b �b�i�Q�`�2 ���M�v �Q�7 �i�?�2 �+�?�2�+�F�T�Q�B�M�i�b�c �B�M�b�i�2���/ ���H�H �i�?�2 �+�?�2�+�F�T�Q�B�M�i
�K�2�b�b���;�2�b ���`�2 �b�i�Q�`�2�/ �#�v �i�?�2 �+�Q�M�i�`�Q�H�H�2�` �M�Q�/�2�- �2�M�b�m�`�B�M�; ���H�H �i�?�2 �2�p�2�M�i�b �T�`�Q�+�2�b�b�2�/ �#�v ���H�H �i�?�2 �`�2�T�H�B�+���b ���`�2 �T�2�`�b�B�b�i�2�/�X
�h�Q ���p�Q�B�/ �i�?�2 �+�Q�M�i�`�Q�H�H�2�` �M�Q�/�2 �i�Q �#�2 �� �b�B�M�;�H�2 �T�Q�B�M�i �Q�7 �7���B�H�m�`�2�- �+�2�M�i�`���H�B�b�2�/ �M�Q�/�2 �+���M ���H�b�Q �#�2 �`�2�T�H�B�+���i�2�/�X �q�2 �?���p�2
�H�2�7�i �B�K�T�H�2�K�2�M�i���i�B�Q�M ���M�/ �T�2�`�7�Q�`�K���M�+�2 �2�p���H�m���i�B�Q�M �Q�7 �b�m�+�? �� �b�+�2�M���`�B�Q �7�Q�` �� �7�m�i�m�`�2 �b�i�m�/�v�X



�d�9 �L�B�v���x�B �¹�x�/�B�M�Ï�- �h�Q�H�;�� �P�p���i�K���M

�P�M�2 �Q�7 �i�?�2 �+�?�2�+�F�T�Q�B�M�i�B�M�; ���T�T�`�Q���+�?�2�b �i�?���i �B�b �m�b�2�/ �7�Q�` �#�2�M�+�?�K���`�F�B�M�; �.�*�7�_�a�J ���T�T�`�Q���+�? �B�b �+�Q�M�p�2�M�i�B�Q�M���H
�+�?�2�+�F�T�Q�B�M�i�B�M�;�X �A�M �i�?�B�b ���T�T�`�Q���+�? ���H�H �i�?�2 �`�2�T�H�B�+���b �T�2�`�7�Q�`�K �+�?�2�+�F�T�Q�B�M�i�B�M�; ���7�i�2�` �2���+�? ���M�/ �2�p�2�`�v �2�p�2�M�i �T�`�Q�+�2�b�b�B�M�;�-
�b�i�Q�`�B�M�; �2�t���+�i�H�v �i�?�2 �b���K�2 �+�?�2�+�F�T�Q�B�M�i�b �B�M�7�Q�`�K���i�B�Q�M�X �A�M �+���b�2 �Q�7 ���M�v �7���B�H�m�`�2 �Q�M ���M�v �Q�7 �i�?�2 �_�a�J �B�M�b�i���M�+�2�b�- ���H�H �i�?�2
�+�?�2�+�F�T�Q�B�M�i �B�M�7�Q�`�K���i�B�Q�M �b�?�Q�m�H�/ �#�2 �;���i�?�2�`�2�/ ���M�/ ���T�T�H�B�2�/ �B�M �Q�`�/�2�` �i�Q �D�Q�B�M �#���+�F �i�Q �i�?�2 �_�a�J �+�H�m�b�i�2�`�X �G�B�F�2�r�B�b�2�- ��
�7�`�2�b�?�H�v �#�Q�Q�i�B�M�; �`�2�T�H�B�+�� �b�?�Q�m�H�/ �+�Q�K�K�m�M�B�+���i�2 �r�B�i�? ���f�b�Q�K�2 �`�m�M�M�B�M�; �`�2�T�H�B�+���U�b�V �i�Q �;���i�?�2�` �+�?�2�+�F�T�Q�B�M�i �B�M�7�Q�`�K���i�B�Q�M�X
�J�2�K�Q�`�v �Q�p�2�`�?�2���/ �Q�7 �i�?�B�b ���T�T�`�Q���+�? �B�b �2�t�T�2�+�i�2�/ �i�Q �#�2 �H���`�;�2�` �i�?���M �Q�i�?�2�` ���T�T�`�Q���+�?�2�b�- �b�B�M�+�2 �+�?�2�+�F�T�Q�B�M�i �b�M���T�b�?�Q�i�b
���`�2 �`�2�/�m�M�/���M�i�H�v �b�i�Q�`�2�/ �#�v �`�2�T�H�B�+���b�X

���b �2�t�T�H���B�M�2�/ �B�M �a�2�+�i�X �j�- �r�2 �B�K�T�H�2�K�2�M�i�2�/ �i�r�Q �p���`�B���M�i�b �Q�7 �.�*�7�_�a�J�- �r�B�i�? �`�2�T�H�B�+���i�B�Q�M �7���+�i�Q�`�U� �V �b�2�i �i�Q �Q�M�2 ���M�/
�i�r�Q �`�2�b�T�2�+�i�B�p�2�H�v�- �i�Q �`�2���b�Q�M ���#�Q�m�i �i�?�2 ���K�Q�m�M�i �Q�7 �B�M�+�`�2���b�2 �B�M �i�?�2 �Q�p�2�`�?�2���/ ���b �i�?�2 �`�2�T�H�B�+���i�B�Q�M �7���+�i�Q�` �T���`���K�2�i�2�`
�;�2�i�b �?�B�;�?�2�`�X ���b �/�B�b�+�m�b�b�2�/ �2���`�H�B�2�`�- �2�K�T�H�Q�v�B�M�; �� �?�B�;�?�2�` �H�2�p�2�H �Q�7� �T�`�Q�p�B�/�2�b �K�Q�`�2 �`�2�H�B���#�H�2 �+�?�2�+�F�T�Q�B�M�i�B�M�; ���M�/ ��
�?�B�;�?�2�` �Q�p�2�`�?�2���/ �i�Q �`�2�T�H�B�+���b�X

�q�2 �T�`�Q�p�B�/�2 �Q�m�` �B�K�T�H�2�K�2�M�i���i�B�Q�M�b �7�Q�` �i�?�2 �#�Q�Q�F �b�i�Q�`�2 �b�i���i�2 �K���+�?�B�M�2�9 ���M�/ �+�Q�M�i�`�Q�H�H�2�` �M�Q�/�2�8 �Q�T�2�M�H�v �?�Q�b�i�2�/ �B�M
�� �+�H�Q�m�/ �`�2�T�Q�b�B�i�Q�`�v �b�2�`�p�B�+�2 �i�Q �K���F�2 �Q�m�` �2�t�T�2�`�B�K�2�M�i�b �`�2�T�`�Q�/�m�+�B�#�H�2 �#�v �i�?�2 �b�+�B�2�M�i�B�}�+ �+�Q�K�K�m�M�B�i�v�X

�8�X �1�t�T�2�`�B�K�2�M�i���H �1�p���H�m���i�B�Q�M�X�6�Q�` �i�?�2 �2�t�2�+�m�i�B�Q�M�b �Q�7 �i�2�b�i�b�- �r�2 �m�b�2 �i�r�Q �/�B�z�2�`�2�M�i �2�M�p�B�`�Q�M�K�2�M�i�b�- �� �H�Q�+���H
�+�H�m�b�i�2�` ���M�/ �� �+�H�Q�m�/ �#���b�2�/ �2�M�p�B�`�Q�M�K�2�M�i�X ���H�H �i�?�2 �2�t�T�2�`�B�K�2�M�i�b ���`�2 �+�Q�M�/�m�+�i�2�/ �r�B�i�? �9�- �e�- �3 ���M�/ �R�y �`�2�T�H�B�+���b �B�M �i�?�2
�2�t�T�2�`�B�K�2�M�i���H �2�M�p�B�`�Q�M�K�2�M�i �Q�p�2�` �R�y �`�2�T�2�i�B�i�B�Q�M�b �7�Q�` �2���+�? �2�t�T�2�`�B�K�2�M�i �#�v �b�2�M�/�B�M�; �� �i�Q�i���H �M�m�K�#�2�` �Q�7 �j�e�y�y �`�2�[�m�2�b�i�b
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�#�Q�i�i�H�2�M�2�+�F�- �`�2�T�H�B�+�� �B�b �2�H�B�K�B�M���i�2�/ �/�m�2 �i�Q �i�?�2 �T�`�2�b�2�M�+�2 �Q�7 ���H�i�2�`�M���i�B�p�2�b �i�Q �Q�#�i���B�M �i�?�2 �b���K�2 �/���i�� �r�?�2�M �b�i�`�B�T�B�M�; ���M�/
�K�B�`�`�Q�`�B�M�; �B�b ���T�T�H�B�2�/�X

�6�m�`�i�?�2�`�K�Q�`�2�- �r�2 �B�M�p�2�b�i�B�;���i�2�/ �i�?�2 �i�B�K�2 �b�T�2�M�i �/�m�`�B�M�; �i�?�2 �`�2�b�i�Q�`�B�M�; �Q�7 �� �#�Q�Q�i�B�M�; �`�2�T�H�B�+�� �B�M �6�B�;�X �8�X�j�X �A�i �+���M
�#�2 �b�2�2�M �i�?���i �i�?�2 �/�B�z�2�`�2�M�+�2 �#�2�i�r�2�2�M �/�B�z�2�`�2�M�i ���T�T�`�Q���+�?�2�b �B�b �;�`�2���i�H�v �/�m�2 �i�Q �i�?�2 �+�?�2�+�F�T�Q�B�M�i �/���i�� �+�Q�K�K�m�M�B�+���i�B�Q�M
�T�?���b�2�X

�8�X�k�X �1�t�T�2�`�B�K�2�M�i�b �Q�M �+�H�Q�m�/ �2�M�p�B�`�Q�M�K�2�M�i�X�q�2 ���H�b�Q �`�2�T�2���i �Q�m�` �2�t�T�2�`�B�K�2�M�i�b �Q�M �;�2�Q�;�`���T�?�B�+���H�H�v �/�B�b�@
�i�`�B�#�m�i�2�/�i�j�X�K�2�/�B�m�K�B�M�b�i���M�+�2�b �`�m�M�M�B�M�; �Q�M �� ���K���x�Q�M �q�2�# �a�2�`�p�B�+�2�b �1�H���b�i�B�+ �*�Q�K�T�m�i�2 �*�H�Q�m�/ �U���q�a�@�1�*�k�V�X ���b �T�2�`
�6�B�;�X �8�X�9�- �e �p�B�`�i�m���H �K���+�?�B�M�2�b �7�`�Q�K �j �/�B�z�2�`�2�M�i �`�2�;�B�Q�M�b ���`�2 �m�b�2�/ �7�Q�` �2�t�2�+�m�i�B�M�; �2�t�T�2�`�B�K�2�M�i�b �B�M �+�H�Q�m�/ �2�M�p�B�`�Q�M�K�2�M�i�X
�q�?�B�H�2 �2�t�2�+�m�i�B�M�; �2�t�T�2�`�B�K�2�M�i�b�- �+�Q�M�i�`�Q�H�H�2�` �M�Q�/�2 ���M�/ �K�2�b�b���;�2 �#�`�Q�F�2�` �b�2�`�p�B�+�2 �B�b �B�b�Q�H���i�2�/ ���M�/ �T�Q�b�B�i�B�Q�M�2�/ �Q�M �� �/�B�7�@



�.�B�b�i�`�B�#�m�i�2�/ ���T�T�H�B�+���i�B�Q�M �*�?�2�+�F�T�Q�B�M�i�B�M�; �7�Q�` �_�2�T�H�B�+���i�2�/ �a�i���i�2 �J���+�?�B�M�2�b�d�d

�6�B�;�X �8�X�8�, �J�2�K�Q�`�v �+�Q�M�b�m�K�T�i�B�Q�M �7�`�Q�K �i�?�2 �2�t�T�2�`�B�K�2�M�i�b �B�M �+�H�Q�m�/�X

�6�B�;�X �8�X�e�, �_�2�b�i�Q�`�2 �/�m�`���i�B�Q�M �7�`�Q�K �i�?�2 �2�t�T�2�`�B�K�2�M�i�b �B�M �+�H�Q�m�/�X

�7�2�`�2�M�i �`�2�;�B�Q�M �r�?�B�+�? �B�b �i�Q�i���H�H�v ���T���`�i �7�`�Q�K �_�a�J �B�M�b�i���M�+�2�b�X ���H�H �i�?�2 �_�a�J �B�M�b�i���M�+�2�b �/�B�b�i�`�B�#�m�i�2�/ ���K�Q�M�; �9 �p�B�`�i�m���H
�K���+�?�B�M�2�b ���M�/ �?�2�M�+�2�- �b�T�`�2���/ �i�Q �k �`�2�;�B�Q�M�b�X �6�`�2�b�?�H�v �#�Q�Q�i�B�M�; �`�2�T�H�B�+���b ���`�2 �D�Q�B�M�i �i�Q �+�H�m�b�i�2�` �7�`�Q�K �� �`�2�;�B�Q�M ���T���`�i �7�`�Q�K
�i�?�2 �`�2�;�B�Q�M�b �Q�7 ���+�i�B�p�2 �`�2�T�H�B�+���b�X �"�v �/�Q�B�M�; �b�Q�- �r�?�2�M�2�p�2�` �� �M�2�r �`�2�T�H�B�+�� �D�Q�B�M�b �i�?�2 �+�H�m�b�i�2�`�- �B�i �B�b �M�2�2�/�2�/ �i�Q �;���i�?�2�`
�+�?�2�+�F�T�Q�B�M�i �b�M���T�b�?�Q�i�b �7�`�Q�K �/�B�z�2�`�2�M�i �K���+�?�B�M�2�b �Q�M �;�2�Q�;�`���T�?�B�+���H�H�v �/�B�b�i�`�B�#�m�i�2�/ �`�2�;�B�Q�M�b�X

�6�B�;�m�`�2 �8�X�8 �b�?�Q�r�b �i�?�2 �b���K�2 ���/�p���M�i���;�2 �Q�7 �.�*�7�_�a�J ���T�T�`�Q���+�? �B�M �i�2�`�K�b �Q�7 �K�2�K�Q�`�v �+�Q�M�b�m�K�T�i�B�Q�M�X �.�B�b�i�`�B�#�m�i�2�/
���T�T�`�Q���+�?�2�b �b�T�2�M�/ �H�2�b�b �K�2�K�Q�`�v �b�B�M�+�2 �i�?�2�v �/�B�p�B�/�2 �i�?�2 �?�B�b�i�Q�`�v �/���i�� �i�Q �K�m�H�i�B�T�H�2 �T���`�i�b �/�m�`�B�M�; �i�?�2�B�` �2�t�2�+�m�i�B�Q�M�X
�*�2�M�i�`���H�B�b�2�/ ���T�T�`�Q���+�? �B�b �i�?�2 �#�2�b�i �B�M �i�?�B�b �`�2�b�T�2�+�i�- �M���i�m�`���H�H�v�- �b�B�M�+�2 �B�i �/�Q�2�b�M�ö�i �`�2�[�m�B�`�2 ���M�v �`�2�T�H�B�+�� �i�Q �F�2�2�T ���M�v
�+�?�2�+�F�T�Q�B�M�i�B�M�; �/���i���X

���b �T�2�` �6�B�;�X �8�X�e�- �`�2�b�m�H�i�b �7�`�Q�K �2�t�T�2�`�B�K�2�M�i�b �B�M �+�H�Q�m�/ �2�M�p�B�`�Q�M�K�2�M�i �b�?�Q�r�b �b�Q�K�2 �/�B�z�2�`�2�M�+�2�b �B�M �i�2�`�K�b �Q�7 �`�2�b�i�Q�`�2
�/�m�`���i�B�Q�M �B�M �+�H�Q�m�/ �2�M�p�B�`�Q�M�K�2�M�i�b�X �*�Q�M�p�2�M�i�B�Q�M���H ���T�T�`�Q���+�?�2�b �T�2�`�7�Q�`�K �r�Q�`�b�2 �i�?���M �i�?�2 �`�2�b�i �/�m�2 �i�Q �i�?�2 �7���+�i �i�?���i
�i�?�2 �#�Q�Q�i�B�M�; �`�2�T�H�B�+�� �B�b ���H�r���v�b �B�M �� �;�2�Q�;�`���T�?�B�+���H�H�v �/�B�z�2�`�2�M�i �`�2�;�B�Q�M �i�?���M �i�?�2 �`�2�T�H�B�+�� �i�?���i �T�`�Q�p�B�/�2�b �+�?�2�+�F�T�Q�B�M�i�B�M�;
�B�M�7�Q�`�K���i�B�Q�M�X �G�B�F�2�r�B�b�2�- �7�Q�` �i�?�2 �+�2�M�i�`���H�B�b�2�/ ���T�T�`�Q���+�? �B�i �B�b �;�m���`���M�i�2�2�/ �i�?���i �i�?�2 �#�Q�Q�i�B�M�; �`�2�T�H�B�+�� ���M�/ �i�?�2 �+�Q�Q�`�/�B�M���i�Q�`
���`�2 �B�M �i�?�2 �b���K�2 �`�2�;�B�Q�M�- �r�?�B�+�? �T�`�Q�p�B�/�2�b ���M ���/�p���M�i���;�2 �Q�7 �+�Q�K�K�m�M�B�+���i�B�Q�M �H���i�2�M�+�v �/�m�`�B�M�; �i�?�2 �#�Q�Q�i�B�M�; �i�B�K�2�X �A�M �K�Q�`�2
�`�2���H�B�b�i�B�+ �b�+�2�M���`�B�Q�b �i�?�2�b�2 �K�2���b�m�`�2�K�2�M�i�b �K�B�;�?�i �+�?���M�;�2 �7�Q�`�K �+���b�2 �i�Q �+���b�2�X �� �#�Q�Q�i�B�M�; �`�2�T�H�B�+�� �K�B�;�?�i �M�Q�i ���H�r���v�b
�}�M�/ �i�?�2 �+�?�2�+�F�T�Q�B�M�i �/���i�� �B�M �� �+�H�Q�b�2 �`�2�T�H�B�+�� �B�M �i�2�`�K�b �Q�7 �;�2�Q�;�`���T�?�B�+���H �H�Q�+���i�B�Q�M �Q�` �M�2�i�r�Q�`�F �H���i�2�M�+�v�X �>�Q�r�2�p�2�`�-



�d�3 �L�B�v���x�B �¹�x�/�B�M�Ï�- �h�Q�H�;�� �P�p���i�K���M

�Q�m�` �2�t�T�2�`�B�K�2�M�i�b �T�`�Q�p�B�/�2 �i�?�2 �#�2�b�i ���M�/ �r�Q�`�b�i �+���b�2 �b�+�2�M���`�B�Q�b �m�M�/�2�` �+�2�M�i�`���H�B�b�2�/ ���M�/ �+�Q�M�p�2�M�i�B�Q�M���H ���T�T�`�Q���+�?�2�b
�`�2�b�T�2�+�i�B�p�2�H�v �i�Q �b�?�Q�r �i�?�2 �T�H���+�2 �Q�7 �/�B�b�i�`�B�#�m�i�2�/ �+�?�2�+�F�T�Q�B�M�i�B�M�; ���T�T�`�Q���+�?�2�b �r�B�i�? �i�?�B�b �`�2�b�T�2�+�i�X �6�Q�` �/�B�b�i�`�B�#�m�i�2�/
�+�?�2�+�F�T�Q�B�M�i�B�M�;�- �`�2�b�i�Q�`�2 �/�m�`���i�B�Q�M �B�b ���H�r���v�b �#�2�i�i�2�` �i�?���M �+�Q�M�p�2�M�i�B�Q�M���H ���T�T�`�Q���+�? �2�p�2�M �i�?�Q�m�;�? �i�?�2 �#�Q�Q�i�B�M�; �`�2�T�H�B�+�� �B�b
�B�M �� �/�B�z�2�`�2�M�i �`�2�;�B�Q�M �i�?���M ���H�H �i�?�2 �Q�i�?�2�` �`�2�T�H�B�+���b�X �h�?�B�b �b�B�i�m���i�B�Q�M �B�b �/�m�2 �i�Q �i�?�2 �2�t�T�H�Q�B�i���i�B�Q�M �Q�7 ���H�i�2�`�M���i�B�p�2�b �B�M�b�i�2���/
�Q�7 �`�2�H�v�B�M�; �Q�M �� �b�B�M�;�H�2 �`�2�T�H�B�+���X �P�M �i�?�2 �Q�i�?�2�` �?���M�/�- �7�Q�` �+�H�Q�m�/ �2�t�T�2�`�B�K�2�M�i�b�- �b�i�`�B�T�2�/ ���T�T�`�Q���+�? �?���b �T�2�`�7�Q�`�K�2�/ �b�H�B�;�?�i�H�v
�#�2�i�i�2�` �i�?���M �i�?�2 �b�i�`�B�T�2�/ ���M�/ �K�B�`�`�Q�`�2�/ ���T�T�`�Q���+�? �7�Q�` �b�K���H�H �M�m�K�#�2�` �Q�7 �`�2�T�H�B�+���b �#�m�i �b�i�`�B�T�2�/ ���M�/ �K�B�`�`�Q�`�2�/ ���T�T�`�Q���+�?
�T�2�`�7�Q�`�K�2�/ �K�m�+�? �#�2�i�i�2�` ���b �i�?�2 �M�m�K�#�2�` �Q�7 �`�2�T�H�B�+���b �`�2���+�?�2�/ �i�Q �R�y�X �h�?�B�b �b�B�i�m���i�B�Q�M �b�?�Q�r�b �i�?���i �7�Q�` �B�M�+�`�2���b�2�/ �M�2�i�r�Q�`�F
�H���i�2�M�+�v �K�B�`�`�Q�`�B�M�; �K�B�;�?�i �H�Q�b�2 �B�i�b �T�Q�b�B�i�B�p�2 �2�z�2�+�i �Q�M �`�2�b�i�Q�`�2 �/�m�`���i�B�Q�M �7�Q�` �b�K���H�H �M�m�K�#�2�` �Q�7 �`�2�T�H�B�+���b�X

�e�X �*�Q�M�+�H�m�b�B�Q�M ���M�/ �6�m�i�m�`�2 �q�Q�`�F�X�A�M �i�?�B�b �T���T�2�`�- �/�B�b�i�`�B�#�m�i�2�/ �+�?�2�+�F�T�Q�B�M�i�B�M�; �7�Q�` �i�?�2 �`�2�T�H�B�+���i�2�/ �b�i���i�2
�K���+�?�B�M�2�b �B�b �2�t���K�B�M�2�/ ���M�/ �+�Q�K�T���`�2�/ �r�B�i�? �+�Q�M�p�2�M�i�B�Q�M���H ���T�T�`�Q���+�?�2�b�X �1�b�T�2�+�B���H�H�v �B�M �i�2�`�K�b �Q�7 �7�m�H�H �`�2�T�H�B�+���i�B�Q�M �Q�7
�+�?�2�+�F�T�Q�B�M�i�B�M�; �/���i�� ���M�/ �m�b�B�M�; �� �b�B�M�;�H�2 �M�Q�/�2�- �/�B�b�i�`�B�#�m�i�2�/ �+�?�2�+�F�T�Q�B�M�i�B�M�; ���T�T�`�Q���+�?�2�b �T�`�Q�p�B�/�2 �� �K�2�/�B���i�B�Q�M �T�Q�B�M�i
�i�Q �H�2�p�2�`���;�2 �#�2�i�r�2�2�M �i�?�2 ���K�Q�m�M�i �Q�7 �7���m�H�i �i�Q�H�2�`���M�+�2 �Q�7 �i�?�2 �+�H�m�b�i�2�` �p�2�`�b�m�b �`�2�b�i�Q�`�2 �/�m�`���i�B�Q�M �Q�7 �i�?�2 �`�2�T�H�B�+���b�X �P�m�`
�2�t�T�2�`�B�K�2�M�i�b �b�?�Q�r �i�?���i �m�b�B�M�; �/�B�b�i�`�B�#�m�i�2�/ �+�?�2�+�F�T�Q�B�M�i�B�M�; �T�`�Q�p�B�/�2�b �� �+�2�`�i���B�M ���K�Q�m�M�i �Q�7 �K�2�K�Q�`�v �+�Q�M�b�m�K�T�i�B�Q�M
���/�p���M�i���;�2 ���M�/ �T�`�Q�p�B�/�2�b �r�Q�`�b�2 �U���b �2�t�T�2�+�i�2�/�V �#�m�i �+�Q�K�T���`���#�H�2 �`�2�b�i�Q�`�2 �/�m�`���i�B�Q�M�X �J���B�M ���/�p���M�i���;�2 �Q�7 �m�b�B�M�; ��
�/�B�b�i�`�B�#�m�i�2�/ �+�?�2�+�F�T�Q�B�M�i�B�M�; ���T�T�`�Q���+�? �B�b �i�Q �/�B�b�i�`�B�#�m�i�2 �i�?�2 �+�?�2�+�F�T�Q�B�M�i�B�M�; �B�M�7�Q�`�K���i�B�Q�M ���K�Q�M�; �`�2�T�H�B�+���b �i�Q �T�`�Q�p�B�/�2 ���M
���/�D�m�b�i���#�H�2 �H�2�p�2�H �Q�7 �7���m�H�i �i�Q�H�2�`���M�+�2 �/�m�`�B�M�; �`�2�T�H�B�+���i�2�/ �b�i���i�2 �K���+�?�B�M�2 �2�t�2�+�m�i�B�Q�M�X

�P�m�` �b�i�m�/�B�2�b �+���M �#�2 �2�t�i�2�M�/�2�/ �i�Q �/�2�+�`�2���b�2 �`�2�+�Q�p�2�`�v �i�B�K�2 �Q�p�2�`�?�2���/ ���b �K�m�+�? ���b �T�Q�b�b�B�#�H�2 �B�M �Q�`�/�2�` �i�Q �T�`�Q�p�B�/�2 ��
�#�2�i�i�2�` �i�`���/�2�@�Q�z �#�2�i�r�2�2�M �/�B�b�i�`�B�#�m�i�2�/ �+�?�2�+�F�T�Q�B�M�i�B�M�; ���M�/ �Q�i�?�2�` ���T�T�`�Q���+�?�2�b�X �h�?�Q�m�;�? �K���M�v �T�Q�b�b�B�#�H�2 �B�K�T�`�Q�p�2�K�2�M�i
�Q�T�T�Q�`�i�m�M�B�i�B�2�b �2�t�B�b�i �B�M �Q�m�` �B�K�T�H�2�K�2�M�i���i�B�Q�M�b�- ���H�H�Q�r�B�M�; �`�2�T�H�B�+���b �i�Q �+�Q�K�K�m�M�B�+���i�2 �2���+�? �Q�i�?�2�` �p�B�� ���;�2�M�i�b �i�Q �2�H�B�K�B�M���i�2
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�B�i�b �b�2�M�b�B�M�; ���`�2�� �B�b �r�B�i�?�B�M �i�?�2 �b�2�M�b�B�M�; �`���M�;�2 �Q�7 �Q�M�2 �Q�` �K�Q�`�2 �b�2�M�b�Q�` �M�Q�/�2�b�X �6�Q�` ���`�2�� �+�Q�p�2�`���;�2 �B�M �q�a�L�b�- �i�?�2 �#���b�B�+
�B�/�2�� �B�b �i�Q �}�M�/ �i�?�2 �`�2�/�m�M�/���M�i �M�Q�/�2�b �B�M �� �`�2�[�m�B�`�2�/ ���`�2���- �r�?�B�+�? �B�b ���H�`�2���/�v �m�M�/�2�` �i�?�2 �+�Q�p�2�`���;�2 �Q�7 �b�Q�K�2 �Q�i�?�2�` �M�Q�/�2�b�-
���M�/ �T�m�i �i�?�Q�b�2 �`�2�/�m�M�/���M�i �M�Q�/�2�b �B�M�i�Q �b�H�2�2�T �K�Q�/�2�X �E�2�2�T�B�M�; �H�Q�M�;�2�p�B�i�v ���M�/ �+�Q�p�2�`���;�2 �B�M �K�B�M�/�- �B�M �i�?�B�b �T���T�2�`�- �r�2
�?���p�2 �T�`�Q�T�Q�b�2�/ �� �M�Q�p�2�H ���T�T�`�Q���+�? �i�?���i �B�M�B�i�B���H�H�v �+�Q�M�b�i�`�m�+�i�b �� �?�B�2�`���`�+�?�B�+���H �b�i�`�m�+�i�m�`�2 ���M�/ �T�2�`�B�Q�/�B�+���H�H�v �K�2�M�/�b �B�i�b�2�H�7
�H�Q�+���H�H�v �r�B�i�? �+�Q�M�b�m�H�i���i�B�Q�M �Q�7 �M�2���`�#�v �M�Q�/�2�b �#���b�2�/ �Q�M �M�Q�/�2�b�ö �H�2�p�2�H�X �A�i �}�M�/�b �i�?�2 �`�2�/�m�M�/���M�i �M�Q�/�2�b �B�M �i�?�2 �p�B�+�B�M�B�i�v �Q�7
�+�m�`�`�2�M�i�H�v �+�?���M�;�B�M�; ���`�2�� �Q�M�H�v �r�B�i�? �i�?�2 �B�M�p�Q�H�p�2�K�2�M�i �Q�7 �� �K�B�M�B�K�m�K �M�m�K�#�2�` �Q�7 �b�2�M�b�Q�` �M�Q�/�2�b�X �h�?�m�b�- �7�m�H�H �+�Q�p�2�`���;�2
�B�b �2�M�b�m�`�2�/ �Q�M�H�v �#�v �2�M�;���;�B�M�; �i�?�2 �M�Q�/�2�b �Q�7 �i�?�2 �+�Q�M�+�2�`�M�2�/ ���`�2�� �r�B�i�?�Q�m�i �B�M�p�Q�H�p�B�M�; ���H�H �i�?�2 �M�Q�/�2�b �Q�7 �i�?�2 �r�?�Q�H�2 �i�`�2�2�X

�j�X�R�X �*�Q�M�b�i�`�m�+�i�B�Q�M�X�"���b�2�/ �Q�M �B�M�B�i�B���H �i�`�2�2 �+�Q�M�b�i�`�m�+�i�B�Q�M�- �i�?�2 �b�2�M�b�Q�` �M�Q�/�2�b ���`�2 �+���i�2�;�Q�`�B�x�2�/ �B�M�i�Q �i�?�`�2�2 �i�v�T�2�b
�p�B�x�X�-type0�- type1�- ���M�/type2 �M�Q�/�2�b�XType0 �M�Q�/�2�b ���`�2 �i�?�2 �`�2�/�m�M�/���M�i �b�H�2�2�T �M�Q�/�2�b �r�?�B�+�? ���`�2 �+�m�`�`�2�M�i�H�v �B�M �b�H�2�2�T
�K�Q�/�2 ���M�/ �/�Q �M�Q�i �T���`�i���F�2 �2�B�i�?�2�` �B�M �2�p�2�M�i �/�2�i�2�+�i�B�Q�M �Q�` �B�M ���`�2�� �+�Q�p�2�`���;�2�X �h�?�2�B�` �#�2�?���p�B�Q�` �B�b �2�[�m�B�p���H�2�M�i �i�Q �� �/�2���/
�M�Q�/�2�XType1 �M�Q�/�2�b ���`�2 �i�?�2 �B�M�i�2�`�M���H �M�Q�/�2�b ���M�/ ���H�r���v�b �`�2�K���B�M ���+�i�B�p�2 �7�Q�` �� �}�t�2�/ �/�m�`���i�B�Q�M�XType2 �M�Q�/�2�b ���`�2
�+���H�H�2�/ �M�Q�M�@�`�2�/�m�M�/���M�i �H�2���7 �M�Q�/�2�b �i�?���i �`�2�K���B�M�b �B�M���+�i�B�p�2 �#�m�i �i���F�2 �T���`�i �B�M �i�?�2 �+�Q�p�2�`���;�2 �Q�7 �/�2�T�H�Q�v�2�/ ���`�2���X ���K�Q�M�;
�i�?�2�b�2 �i�?�`�2�2 �i�v�T�2�b �Q�7 �M�Q�/�2�b�-type1 �M�Q�/�2�b �+�Q�M�b�m�K�2�b �K�Q�`�2 �2�M�2�`�;�v ���b �+�Q�K�T���`�2�/ �i�Qtype0 ���M�/type2 �M�Q�/�2�b�X �.�m�`�B�M�;
�T�2�`�B�Q�/�B�+ �i�`�2�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M�- �i�?�2type1 �M�Q�/�2�b�- �r�?�B�+�? �K�2�2�i �i�?�2 �+�`�B�i�2�`�B�� �i�Q �;�Q �i�Q �b�H�2�2�T�- �r�B�H�H �#�2 �T�m�i �B�M�i�Q �b�H�2�2�T
�K�Q�/�2�- �B�X�2�X�-type1 �M�Q�/�2�b �r�B�H�H �#�2 �i�m�`�M�2�/ �i�Q �2�B�i�?�2�`type0 �Q�t̀ype2 �M�Q�/�2�b �/�2�T�2�M�/�B�M�; �m�T�Q�M �i�?�2 �M�2�2�/ �Q�7 �+�Q�p�2�`���;�2 �Q�7
�i�?�2 �H�Q�+���H�2�X �J�Q�`�2�Q�p�2�`�- �#�2�7�Q�`�2 �i�?�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �T�?���b�2 �7�Q�` �i�?�2(n + 1) th �`�Q�m�M�/�- �B�i �B�b �2�M�b�m�`�2�/ �i�?���i �i�?�2 �i�`�2�2 �r���b
�m�M�/�2�` �7�m�H�H �+�Q�p�2�`���;�2 ���M�/ �+�Q�M�M�2�+�i�B�p�B�i�v �B�b �K���B�M�i���B�M�2�/ �i�B�H�H �i�?�2 �2�M�/ �Q�7 �i�?�2nth �`�Q�m�M�/�X

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

�"�2�7�Q�`�2 �i�?�2 �#�2�;�B�M�M�B�M�; �Q�7(n + 1) th �`�Q�m�M�/ �Q�7 �i�`�2�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �T�?���b�2�- �� �M�Q�/�2N (i )�- �r�?�B�+�? �r���b �+�Q�M�b�B�/�2�`�2�/ ���b



�A�K�T�`�Q�p�2�/ �G�Q�+���H�B�x�2�/ �a�H�2�2�T �a�+�?�2�/�m�H�B�M�; �h�2�+�?�M�B�[�m�2�b �i�Q �S�`�Q�H�Q�M�; �q�a�L �G�B�7�2�i�B�K�2�3�8

�h���#�H�2 �j�X�R�, ���#�#�`�2�p�B���i�B�Q�M

�a�?�Q�`�i �L���K�2 �.�2�b�+�`�B�T�i�B�Q�M

�L�U�B�V i th �M�Q�/�2

�a�a�U�L�U�B�V�V �a�H�2�2�T �b�B�;�M���H �7�Q�`i th �M�Q�/�2

�_�1�U�L�U�B�V�V �_�2�K���B�M�B�M�; �2�M�2�`�;�v �7�Q�`i th �M�Q�/�2

�G�1�o�1�G�U�L�U�B�V�V �G�2�p�2�H �Q�7i th �M�Q�/�2

�S�h�U�L�U�B�V�V �L�Q�X �Q�7 �T���+�F�2�i�b �i�`���M�b�7�2�` �#�vi th �M�Q�/�2 �B�M �� �`�Q�m�M�/

���G�A�o�1�U�L�U�B�V�V �h�`�m�2 �B�7i th �M�Q�/�2 �B�b ���H�B�p�2

�*�P�L�a�U�L�U�B�V�V �L�Q�X �Q�7 �+�Q�M�b�2�+�m�i�B�p�2 �`�Q�m�M�/�b �M�Q�/�2 �B �B�b ���+�i�B�p�2

�*�_�G�U�M�V �*�m�`�`�2�M�i �H�2�p�2�H �`�2�+�Q�M�b�i�`�m�+�i �7�Q�` �i�?�2n th �`�Q�m�M�/�X

�*�_�G�U�M�V �4 �U�*�_�G�U�M�@�R�V �Y�R�V �W �K���t�n�H�2�p�2�H�X

�� �*�_�G �p���H�m�2 �Q�7 �j �K�2���M�b �H�2�p�2�H �R�-�k�-�j �r�B�H�H �#�2 �`�2�+�Q�M�b�i�`�m�+�i�2�/�X

�*�>�1�*�E�n�_�1�.�l�L�.���L�*�u�U�L�U�F�V�Vk th �M�Q�/�2 �+�?�2�+�F�b �7�Q�` �`�2�/�m�M�/���M�+�v ���K�Q�M�; �B�i�b �M�2�B�;�?�#�Q�`�b�X

type1 �M�Q�/�2 �B�M �i�?�2nth �i�`�2�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �T�?���b�2 ���M�/ �b�T�2�M�/�b �� �b�B�;�M�B�}�+���M�i ���K�Q�m�M�i �Q�7 �2�M�2�`�;�v�- �+���M �B�M�B�i�B���i�2 �B�i�b
�b�H�2�2�T�B�M�; �T�`�Q�+�2�b�b �#���b�2�/ �Q�M �b���i�B�b�7�v�B�M�; ���M�v �Q�M�2 �Q�7 �i�?�2 �7�Q�H�H�Q�r�B�M�; �+�`�B�i�2�`�B���X

�R�X �L�m�K�#�2�` �Q�7 �T���+�F�2�i�b �i�`���M�b�K�B�i�i�2�/ �#�v �M�Q�/�2N (i ) �B�M �i�?�2 �+�m�`�`�2�M�inth �`�Q�m�M�/�- �B�X�2�X �`�2�T�`�2�b�2�M�i�2�/ ���bPT(N (i )) �-
�B�b �;�`�2���i�2�` �i�?���M �i�?�2 �i�?�`�2�b�?�Q�H�/ �p���H�m�2�X

�k�X �L�m�K�#�2�` �Q�7 �+�Q�M�b�2�+�m�i�B�p�2 �`�Q�m�M�/�b �i�?�2 �M�Q�/�2N (i ) �B�b ���+�i�B�p�2�- �B�X�2�X �`�2�T�`�2�b�2�M�i�2�/ ���bCons(N (i )) �- �B�b �2�[�m���H �i�Q
�i�?�`�2�2�X

�j�X �h�?�2 �H�2�p�2�H �M�m�K�#�2�` �Q�7 �M�Q�/�2N (i ) �B�b �H�2�b�b �i�?���M �Q�` �2�[�m���H �i�Q �i�?�2 �+�m�`�`�2�M�i �H�2�p�2�H �`�2�+�Q�M�b�i�`�m�+�i �7�Q�` �i�?�2nth �`�Q�m�M�/�-
�r�?�B�+�? �B�b �`�2�T�`�2�b�2�M�i�2�/ ���bCRL (n)�X �h�?�B�bCRL (n) �p���H�m�2 �T�H���v�b ���M �B�K�T�Q�`�i���M�i �`�Q�H�2 ���b �i�?�2 �T�`�Q�T�Q�b�2�/ �T�`�Q�i�Q�+�Q�H
�+�H���B�K�b �i�?���i �`���i�?�2�` �i�?���M ���T�T�H�v�B�M�; �i�?�2 �b�H�2�2�T�B�M�; �T�`�Q�+�2�b�b �Q�p�2�` ���H�H �i�?�2 �M�Q�/�2�b �Q�7 �q�a�L �B�M �2���+�? �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M
�T�?���b�2�- �B�i ���T�T�H�B�2�b �Q�M �M�Q�/�2�b �T�`�2�b�2�M�i �B�M �+�2�`�i���B�M �H�2�p�2�H �Q�7 �i�?�2 �i�`�2�2 �B�M �/�B�z�2�`�2�M�i �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �T�?���b�2�X �h�?�B�b �B�b
�M�2�+�2�b�b���`�v �#�2�+���m�b�2 ���H�H �i�?�2 �M�Q�/�2�b �B�M �i�?�2 �/�B�z�2�`�2�M�i �H�2�p�2�H �Q�7 �i�?�2 �i�`�2�2 �/�Q �M�Q�i �+�Q�M�b�m�K�2 �2�M�2�`�;�v �B�M �� �m�M�B�7�Q�`�K
�K���M�M�2�`�X �h�?�2 �M�Q�/�2�b �r�?�B�+�? ���`�2 �+�H�Q�b�2�` �i�Q �i�?�2 �b�B�M�F �+�Q�M�b�m�K�2 �K�Q�`�2 �2�M�2�`�;�v ���b �+�Q�K�T���`�2�/ �i�Q �i�?�2 �M�Q�/�2�b �r�?�B�+�?
���`�2 �7���` ���r���v �7�`�Q�K �b�B�M�F�X �a�Q�- �i�?�2 �M�Q�/�2�b �T�`�2�b�2�M�i �B�M �i�?�2 �?�B�;�?�2�` �H�2�p�2�H �Q�7 �i�?�2 �i�`�2�2 �M�2�2�/ �i�Q �T���`�i�B�+�B�T���i�2 �K�Q�`�2
�7�`�2�[�m�2�M�i�H�v �B�M �i�`�2�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M ���b �+�Q�K�T���`�2�/ �i�Q �M�Q�/�2�b �B�M �H�Q�r�2�` �H�2�p�2�H�X �*�Q�M�b�B�/�2�`�B�M�; �i�?�2 ���#�Q�p�2 �M�2�+�2�b�b�B�i�v�-
�r�2 �+�Q�K�T�m�i�2 �i�?�2CRL (n) = ( CRL (n � 1) + 1)%max level �i�?���i �B�M�/�B�+���i�2�b �m�T �i�Q �r�?�B�+�? �H�2�p�2�H �i�?�2 �M�Q�/�2�b
�r�B�H�H �T���`�i�B�+�B�T���i�2 �B�Mnth �`�Q�m�M�/ �Q�7 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �T�?���b�2�X �6�Q�` �2�t���K�T�H�2�- �B�7 �i�?�2 �*�_�G �p���H�m�2 �B�b �j �i�?�2�M �B�i �K�2���M�b
�i�?���i �M�Q�/�2�b �B�M �H�2�p�2�H �R�- �k�- ���M�/ �j �r�B�H�H �T���`�i�B�+�B�T���i�2 �B�M �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �T�?���b�2�X

�P�M�+�2�- �i�?�2type1 �M�Q�/�2 �L�U�B�V �B�M�B�i�B���i�2�b �B�i�b �b�H�2�2�T�B�M�; �T�`�Q�+�2�b�b�- �B�i �b�2�M�/�b �� �b�H�2�2�T�B�M�; �b�B�;�M���H �+���H�H�2�/ �a�a�U�L�U�B�V�V �i�Q �}�M�/
�M�2�r �T���`�2�M�i�b �7�Q�` ���H�H �Q�7 �B�i�b �+�?�B�H�/�`�2�M �#�2�7�Q�`�2 �B�i �B�b ���H�H�Q�r�2�/ �i�Q �i�m�`�M �B�M�i�Qtype0 �Q�t̀ype2 �M�Q�/�2�X �h�?�2�M �i�?�2 �M�Q�/�2N (i )
�b�i���`�i�b �r�B�i�? �#�`�Q���/�+���b�i�B�M�; ��F IND �nPARENT �K�2�b�b���;�2 �T���+�F�2�i �i�Q �B�i�b �+�?�B�H�/�`�2�M �i�Q �}�M�/ �i�?�2�B�` �M�2�r �T���`�2�M�i�X

���b �T�2�` �i�?�2 ���H�;�Q�`�B�i�?�K�@�R�- �i�?�2 ���+�i�B�p�2 �M�Q�/�2 �L�U�B�V �r���B�i�b �7�Q�` �� �`���M�/�Q�K ���K�Q�m�M�i �Q�7 �i�B�K�2 �m�M�i�B�H ���H�H �B�i�b �+�?�B�H�/�`�2�M
�;�2�i �� �M�2�r �T���`�2�M�i �#�2�7�Q�`�2 �B�i �i�m�`�M�b �B�M�i�Qtype0 �Q�t̀ype2 �M�Q�/�2 �/�2�T�2�M�/�B�M�; �m�T�Q�M �r�?�2�i�?�2�` �B�i �B�b �+�Q�M�b�B�/�2�`�2�/ �i�Q �#�2 ��
�`�2�/�m�M�/���M�i �M�Q�/�2 �r�B�i�? �i�?�2 �b�m�T�T�Q�`�i �Q�7 �B�i�b �M�2���`�#�vtype1 ���M�/type2 �M�Q�/�2�b�X �P�M�+�2 �� �M�Q�/�2N (j )�- �r�?�B�+�? �B�b �� �+�?�B�H�/ �Q�7
�M�Q�/�2N (i )�- �`�2�+�2�B�p�2�b �i�?�2F IND �nPARENT �T���+�F�2�i�- �B�i �B�M�B�i�B���i�2�b �B�i�b �T�`�Q�+�2�b�b �i�Q �}�M�/ �� �M�2�r �T���`�2�M�i �#�v �#�`�Q���/�+���b�i�B�M�;
�� �q���L�h�n�S���_�1�L�h �T���+�F�2�i ���M�/ �r���B�i�b �7�Q�` �� �`���M�/�Q�K ���K�Q�m�M�i �Q�7 �i�B�K�2 �i�Q �/�2�+�B�/�2 �B�i�b �M�2�r �T���`�2�M�i�X �� �M�Q�/�2 �L�U�F�V�-
�r�?�B�+�? �`�2�+�2�B�p�2�b �� �q���L�h�n�S���_�1�L�h �T���+�F�2�i�- �B�b �2�H�B�;�B�#�H�2 �i�Q �#�2�+�Q�K�2 �� �T���`�2�M�i �Q�M�H�v �r�?�2�M �B�i �/�Q�2�b �M�Q�i �r���M�i �i�Q �b�H�2�2�T�-
�B�X�2�X �a�a�U�L�U�F�V�V �B�b �7���H�b�2�- ���M�/ �B�i �B�b �+�m�`�`�2�M�i�H�v ���H�B�p�2�- �B�X�2�X ���G�A�o�1�U�L�U�F�V�V �B�b �i�`�m�2�X �P�M�+�2 �i�?�2 �M�Q�/�2 �L�U�F�V �K�2�2�i�b �B�i�b
�2�H�B�;�B�#�B�H�B�i�v �+�`�B�i�2�`�B���- �B�i �`�2�T�H�B�2�b �#���+�F �� �S���_�1�L�h�n�_�1�S�G�u �T���+�F�2�i �r�B�i�? �B�M�+�H�m�/�B�M�; �B�M�7�Q�`�K���i�B�Q�M �b�m�+�? ���b �H�2�p�2�H �M�m�K�#�2�`
���M�/ �`�2�K���B�M�B�M�; �2�M�2�`�;�v �r�?�B�+�? ���`�2 �`�2�T�`�2�b�2�M�i�2�/ �#�v �G�1�o�1�G�U�L�U�F�V�V ���M�/ �_�1�U�L�U�F�V�V �`�2�b�T�2�+�i�B�p�2�H�v�X �L�Q�r�- �L�U�F�V �B�b �`�2���/�v
�i�Q �#�2�+�Q�K�2 �T���`�2�M�i �Q�7 ���M�v �M�Q�/�2 �B�7 �B�i �B�b �+�?�Q�b�2�M �#�v �� �M�Q�/�2 �L�U�D�V�- �r�?�B�+�? �B�b �H�Q�Q�F�B�M�; �7�Q�` �� �T���`�2�M�i�X �� �M�Q�/�2 �L�U�D�V
�K�B�;�?�i �`�2�+�2�B�p�2 �K�m�H�i�B�T�H�2 �S���_�1�L�h�n�_�1�S�G�u �T���+�F�2�i�b �7�`�Q�K �/�B�z�2�`�2�M�itype0�- type1 �Q�t̀ype2 �M�Q�/�2�b�X �P�m�i �Q�7 ���H�H �i�?�2
�S���_�1�L�h�n�_�1�S�G�u �T���+�F�2�i�b �7�`�Q�K �B�i�b �M�2�B�;�?�#�Q�`�B�M�; �M�Q�/�2�b�- �i�?�2 �M�Q�/�2 �L�U�D�V �+�?�Q�Q�b�2�b �i�?�2 �K�Q�b�i �b�m�B�i���#�H�2 �M�Q�/�2 �L�U�F�V �i�Q
�#�2 �B�i�b �T���`�2�M�i �#���b�2�/ �Q�M �i�?�2 �7�Q�H�H�Q�r�B�M�; �+�`�B�i�2�`�B���X

� �L�Q�/�2 �L�U�D�V �r�B�H�H �;�B�p�2 �� �?�B�;�?�2�` �T�`�B�Q�`�B�i�v �i�Q �� �M�Q�/�2 �L�U�F�V �i�Q �#�2 �B�i�b �T���`�2�M�i �B�7 �G�1�o�1�G�U�L�U�F�V�V �B�b �2�[�m���H �i�Q
�G�1�o�1�G�U�L�U�D�V�V�@�R �`���i�?�2�` �i�?���M �G�1�o�1�G�U�L�U�F�V�V �B�b �2�[�m���H �G�1�o�1�G�U�L�U�D�V�V�X



�3�e �L���+�?�B�F�2�i�� �h���`���b�B���- ���K�m�H�v�� �_���i�M�� �a�r���B�M�- �a�Q�?���K �_�Q�v�- �l�/�B�i �L���`���v���M �E���`

�L�2�p�2�`�i�?�2�H�2�b�b�- �B�i �r�B�H�H �Q�m�i�@�`�B�;�?�i�H�v �`�2�D�2�+�i ���H�H �M�Q�/�2�b �L�U�F�V �B�7 �G�1�o�1�G�U�L�U�F�V�V> �G�1�o�1�G�U�L�U�D�V�V�X
� �"�b�2�/ �Q�M ���#�Q�p�2 �+�`�B�i�2�`�B���- �A�7 �M�Q�/�2 �L�U�D�V �?���b �K�Q�`�2 �i�?���M �Q�M�2 �T�Q�b�b�B�#�H�2 �M�Q�/�2�b �i�?�2�M �B�i �b�2�H�2�+�i�b �B�i�b �T���`�2�M�i �r�?�Q�b�2

�`�2�K���B�M�B�M�; �2�M�2�`�;�v �B�b �?�B�;�?�X �h�?�2 �M�Q�/�2 �L�U�D�V �+�?�Q�Q�b�2�b �L�U�F�R�V �Q�p�2�` �L�U�F�k�V�- �B�7 �G�1�o�1�G�U�L�U�F�R�V�V �B�b �2�[�m���H �i�Q
�G�1�o�1�G�U�L�U�F�k�V�V ���M�/ �_�1�U�L�U�F�R�V�V> �_�1�U�L�U�F�k�V�V�X

���7�i�2�` �M�Q�/�2 �L�U�D�V �b�2�H�2�+�i�b �B�i�b �T���`�2�M�i �7�`�Q�K �i�?�2 �K�m�H�i�B�T�H�2 �S���_�1�L�h�n�_�1�S�G�u �T���+�F�2�i�b�- �B�i �b�2�M�/�b ���M ���*�E�L�P�q�G�@
�1�.�:�1�J�1�L�h �K�2�b�b���;�2 �i�Q �M�Q�/�2 �L�U�F�V�X �q�?�2�M �M�Q�/�2 �L�U�F�V �`�2�+�2�B�p�2�b �i�?�2 ���*�E�L�P�q�G�1�.�:�1�J�1�L�h �T���+�F�2�i�- �B�i
���+�i�b �/�2�T�2�M�/�B�M�; �Q�M �i�?�2 �i�v�T�2 �Q�7 �M�Q�/�2 �B�i �B�b�X �A�7 �B�i �B�b ��type0 �M�Q�/�2 �i�?�2�M �B�i �i�m�`�M�b �i�Qtype1 �M�Q�/�2 ���M�/ �b�2�i�b �B�i�b
�*�>�1�*�E�n�_�1�.�l�L�.���L�*�u�U�L�U�F�V�V �i�Q �i�`�m�2�X ���b �i�?�B�b �M�Q�/�2 �i�m�`�M�b ���+�i�B�p�2 �7�`�Q�K �b�H�2�2�T �K�Q�/�2�- �b�Q�K�2 �Q�7 �B�i�btype2 �M�2�B�;�?�@
�#�Q�`�b �K�B�;�?�i �?���p�2 �i�?�2 �T�Q�b�b�B�#�B�H�B�i�v �i�Q �#�2�+�Q�K�2 �`�2�/�m�M�/���M�i�X �a�Q�- �L�U�F�V �T�2�`�7�Q�`�K�b �� �`�2�/�m�M�/���M�+�v �+�?�2�+�F ���7�i�2�` �� �`���M�/�Q�K
���K�Q�m�M�i �Q�7 �i�B�K�2 ���K�Q�M�; �B�i�btype2 �M�2�B�;�?�#�Q�`�b�- ���M�/ ���H�H �M�Q�/�2�b �7�Q�m�M�/ �i�Q �#�2 �`�2�/�m�M�/���M�i ���`�2 �i�m�`�M�2�/ �i�Qtype0 �M�Q�/�2�b �7�`�Q�K
type2 ���M�/ �T�m�i �i�Q �b�H�2�2�T �K�Q�/�2�X �P�M�+�2 �i�?�2 �`�2�/�m�M�/���M�+�v �+�?�2�+�F �;�2�i�b �Q�p�2�`�- �M�Q�/�2 �L�U�F�V �#�2�+�Q�K�2�b ���M �B�M�i�2�`�M���H �M�Q�/�2 ���M�/
�i�m�`�M�b �i�Qtype1 �M�Q�/�2 ���M�/ �`�2�K���B�M�b ���+�i�B�p�2 �7�Q�` �i�?�2n + 1 th �`�Q�m�M�/�X �A�7 �L�U�F�V �B�btype2 �M�Q�/�2 �i�?�2�M �B�i �i�m�`�M�b �i�Qtype1 �M�Q�/�2
���btype1 ���M�/type2 ���`�2 �#�Q�i�? �+�Q�p�2�`���;�2 �M�Q�/�2�b �A�M�i�2�`�@�+�Q�M�p�2�`�b�B�Q�M �#�2�i�r�2�2�M �i�?�2�b�2 �i�r�Q �i�v�T�2�b �Q�7 �M�Q�/�2�b �/�Q�2�b �M�Q�i �`�2�[�m�B�`�2
�� �`�2�/�m�M�/���M�+�v �+�?�2�+�F ���b �i�?�2 �+�Q�p�2�`���;�2 �r���b ���H�`�2���/�v �2�M�b�m�`�2�/ �m�T �i�Qnth �`�Q�m�M�/�X �A�7 �M�Q�/�2 �L�U�F�V �B�b ��type1 �M�Q�/�2 �i�?�2�M �B�i
�`�2�K���B�M�b ��type1 �M�Q�/�2 ���M�/ �/�Q�2�b �M�Q�i �/�Q ���M�v �`�2�/�m�M�/���M�+�v �+�?�2�+�F ���b �B�i �?���/ ���H�`�2���/�v �#�2�2�M �/�Q�M�2 �#�2�7�Q�`�2 �r�?�2�M �B�i �i�m�`�M�2�/
�i�Qtype1 �M�Q�/�2 �B�M �T�`�2�p�B�Q�m�b �`�Q�m�M�/�b�X

���7�i�2�` �i�?�B�b �T�`�Q�+�2�b�b �;�2�i�b �Q�p�2�`�- �i�?�2 �M�Q�/�2 �L�U�B�V�- �r�?�Q �r���b �r���B�i�B�M�; �7�Q�` �� �`���M�/�Q�K ���K�Q�m�M�i �Q�7 �i�B�K�2�- �r���M�i�b �i�Q �+�?�2�+�F
�r�?�2�i�?�2�` ���H�H �Q�7 �B�i�b �+�?�B�H�/�`�2�M �?���p�2 �`�2�+�2�B�p�2�/ �� �M�2�r �T���`�2�M�i �Q�` �M�Q�i�X �A�i �+���`�`�B�2�b �Q�m�i �� �b�2�[�m�2�M�+�2 �Q�7 �2�p�2�M�i�b �i�?���i �+�Q�K�T�`�B�b�2
�Q�7 �K�2�b�b���;�2 �T���b�b�B�M�; �i�Q ���M�/ �7�`�Q�K �B�i�b �M�2�B�;�?�#�Q�`�b �i�Q �/�2�i�2�`�K�B�M�2 �r�?�2�i�?�2�` �B�i �?���b �#�2�2�M ���#�H�2 �i�Q �;�2�i �`�B�/ �Q�7 ���H�H �B�i�b �+�?�B�H�/�`�2�M�X
�a�i�B�H�H�- �B�7 �L�U�B�V �?���b �� �+�?�B�H�/�- �i�?�2�M �B�i �+���M�M�Q�i �#�2type2 �7�Q�` �i�?�2n + 1 th �`�Q�m�M�/ ���b �B�i �?���b �M�Q�i �#�2�2�M ���#�H�2 �i�Q �H�Q�b�2 ���H�H �B�i�b �+�?�B�H�/
�M�Q�/�2�b�X �a�Q �L�U�B�V �?���b �i�Q �`�2�K���B�Mtype1 �7�Q�` �i�?�2n + 1 th �`�Q�m�M�/ �i�Q�Q�X �L�U�B�V ���;���B�M �i�`�B�2�b �i�Q �;�Q �i�Q �b�H�2�2�T �7�Q�` �i�?�2n + 2 th

�`�Q�m�M�/ ���7�i�2�` �i�?�2 �+�Q�K�T�H�2�i�B�Q�M �Q�7 �i�?�2n + 1 th �`�Q�m�M�/�X �>�Q�r�2�p�2�`�- �B�7 �2�p�2�`�v �+�?�B�H�/ �L�U�D�V �Q�7 �L�U�B�V �+���M �`�2�+�2�B�p�2 �� �M�2�r �T���`�2�M�i�-
�L�U�B�V �;�2�i�b �`�B�/ �Q�7 ���H�H �B�i�b �+�?�B�H�/�`�2�M�- ���M�/ �+�?���M�;�2�b �B�i�b �b�i���i�2 �i�Qtype2 �M�Q�/�2 �7�Q�` �i�?�2n + 1 th �`�Q�m�M�/�X

�P�M�+�2 �i�?�2 �T���`�2�M�i �b�2�H�2�+�i�B�Q�M �T�`�Q�+�2�b�b �;�2�i�b �+�Q�K�T�H�2�i�2�/�- ���H�H �i�?�2type1 �M�Q�/�2�b �r�B�i�? �T���`���K�2�i�2�` �*�>�1�*�E�n�_�1�.�l�L�@
�.���L�*�u�U�L�U�F�V�V ���b �i�`�m�2 �+�?�2�+�F �7�Q�` �`�2�/�m�M�/���M�i �M�Q�/�2�b ���K�Q�M�; �B�i�btype2 �M�2�B�;�?�#�Q�`�b ���M�/ �i�?�2 �M�2�r�H�v �7�Q�m�M�/ �`�2�/�m�M�/���M�i
�M�Q�/�2�b ���`�2 �+�Q�M�p�2�`�i�2�/ �i�Qtype0 ���M�/ �T�m�i �i�?�2�K �i�Q �b�H�2�2�T �K�Q�/�2�X �q�?�2�M �i�?�2n + 1 th �`�Q�m�M�/ �b�i���`�i�b�- �*�P�L�a�U�L�U�B�V�V �7�Q�` ���H�H
�i�?�2type1 �M�Q�/�2�b �B�b �B�M�+�`�2���b�2�/ �#�v �R �i�Q �F�2�2�T �i�`���+�F �Q�7 �i�?�2 �M�Q �Q�7 �+�Q�M�b�2�+�m�i�B�p�2 �`�Q�m�M�/�b �� �M�Q�/�2 �B�b ���+�i�B�p�2�X ���7�i�2�` �2���+�? �M�Q�/�2�b
�b�i���i�2 �;�2�i�b �/�2�+�B�/�2�/�-type1 ���M�/type2 �M�Q�/�2�b �+���M �`�2�b�m�K�2 �B�i�b �i���b�F �Q�7 �2�p�2�M�i �/�2�i�2�+�i�B�Q�M ���M�/ �b�2�M�/ �i�?�2 �/���i�� �T���+�F�2�i�b �i�Q
�i�?�2 �b�B�M�F �i�?�`�Q�m�;�? �i�?�2 �B�M�i�2�`�K�2�/�B���i�2 �M�Q�/�2�b�X �6�Q�` �2���+�? �T���+�F�2�i �#�2�B�M�; �b�2�M�i �i�Q �i�?�2 �b�B�M�F �M�Q�/�2 �#�v �M�Q�/�2 �L�U�B�V�- �S�h�U�L�U�B�V�V
�B�b �B�M�+�`�2���b�2�/ �#�v �R�X

���7�i�2�` �� �+�2�`�i���B�M �M�m�K�#�2�` �Q�7 �i�`�2�2 �`�2�+�Q�M�b�i�`�m�+�i�B�Q�M �T�?���b�2�- �r�?�2�M �i�?�2 �_�1�U�L�U�B�V�V �`�2���+�?�2�b �#�2�H�Q�r �i�?�2 �i�?�`�2�b�?�Q�H�/ �2�M�2�`�;�v�-
�i�?�2�M �M�Q�/�2 �L�U�B�V �M�2�2�/�b �i�Q �/�B�2 �T�2�`�K���M�2�M�i�H�v ���M�/ �r�B�H�H �M�Q�i �#�2 �� �T���`�i �Q�7 �i�?�2 �i�`�2�2 ���M�v�K�Q�`�2�X �>�Q�r�2�p�2�`�- �B�7 �L�U�B�V �B�b ���H�H�Q�r�2�/
�i�Q �/�B�2 �B�K�K�2�/�B���i�2�H�v�- �B�i �K�B�;�?�i �H�2���/ �i�Q �� �+�Q�p�2�`���;�2 �?�Q�H�2�X �A�7 �M�Q�/�2 �L�U�B�V �B�b ��type0 �M�Q�/�2�- �B�i �+���M �#�2 ���H�H�Q�r�2�/ �i�Q �/�B�2
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