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j� j1 := max
1� i � d

j� i j �	L 1 �� �P�S �N�B�Y�J�N�V�N �O�P�S�N�
;

j� j1 :=
dX

i =1

j� i j �	L 1���O�P�S�N�
;
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vu
u
t

dX

i =1

� 2
i �	L 2���O�P�S�N�
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 �E�J�W�J�E�F�E �J�O�U�P
�G�P�V�S �T�U�B�D�L�T�
 �M�F�B�E�J�O�H �U�P �B �U�I�F�P�S�F�U�J�D�B�M �Q�F�B�L �C�B�O�E�X�J�E�U�I �P�G ������ �(�#���T �Q�F�S �T�U�B�D�L��

�l�4



�l �b�U���a�c�3 �;�a�C�0�c

�"�T �D�P�N�Q�V�U�F�S�T �B�S�F�
 �J�O�I�F�S�F�O�U�M�Z �B�O�E �E�V�F �U�P �Q�S�B�D�U�J�D�B�M �M�J�N�J�U�B�U�J�P�O�T�
 �D�P�O�T�U�S�B�J�O�F�E �U�P �D�P�N�Q�V�U�B�U�J�P�O�T
�P�O �B �o�O�J�U�F �T�F�U �P�G �O�V�N�C�F�S�T�
 �E�J�T�D�S�F�U�J�[�B�U�J�P�O �P�G �U�I�F �Q�S�P�C�M�F�N �T�Q�B�D�F �J�T �B �G�V�O�E�B�N�F�O�U�B�M �Q�B�S�U �P�G
�B�M�M �B�M�H�P�S�J�U�I�N�T �B�O�E �N�F�U�I�P�E�T �E�F�B�M�J�O�H �X�J�U�I �	�P�V�S �B�Q�Q�S�P�Y�J�N�B�U�J�P�O �P�G�
 �Q�I�Z�T�J�D�B�M �S�F�B�M�J�U�Z �P�S �P�U�I�F�S
�D�P�O�U�J�O�V�P�V�T �E�B�U�B�� �*�O �D�P�N�Q�V�U�B�U�J�P�O�B�M �T�D�J�F�O�D�F�
 �U�I�F �D�I�P�J�D�F �P�G �U�I�F �E�J�T�D�S�F�U�J�[�B�U�J�P�O �T�D�I�F�N�F �U�P
�C�F �V�T�F�E �G�P�S �U�I�J�T �U�B�T�L �J�T �H�F�O�F�S�B�M�M�Z �S�F�T�U�S�J�D�U�F�E �C�Z �U�I�S�F�F �Q�S�B�H�N�B�U�J�D �S�F�B�T�P�O�T�� �8�F �X�B�O�U �U�I�F
�T�D�I�F�N�F�
 �J���F�� �U�S�B�O�T�G�P�S�N�B�U�J�P�O �P�G �U�I�F �Q�S�P�C�M�F�N �J�O�U�P �B �E�J�T�D�S�F�U�F �B�O�E �U�I�V�T �B�Q�Q�S�P�Y�J�N�B�U�F�E �G�P�S�N�

�U�P �C�F �F�B�T�J�M�Z �B�Q�Q�M�J�D�B�C�M�F�
 �U�I�F �F�S�S�P�S �P�G �U�I�J�T �B�Q�Q�S�P�Y�J�N�B�U�J�P�O �U�P �C�F �T�N�B�M�M�
 �B�O�E �U�I�F �U�S�B�O�T�G�P�S�N�F�E
�Q�S�P�C�M�F�N �U�P �C�F �D�P�N�Q�V�U�B�C�M�F �J�O �B�O �B�E�F�R�V�B�U�F �B�N�P�V�O�U �P�G �U�J�N�F�� �5�I�F �T�U�S�B�J�H�I�U�G�P�S�X�B�S�E �D�I�P�J�D�F �J�T
�U�I�V�T �B �H�S�J�E���C�B�T�F�E �B�Q�Q�S�P�B�D�I�� �)�P�X�F�W�F�S�
 �N�P�T�U �P�G �T�B�J�E �B�Q�Q�S�P�B�D�I�F�T �G�B�M�M �W�J�D�U�J�N �U�P �U�I�F �T�P���D�B�M�M�F�E
�D�V�S�T�F �P�G �E�J�N�F�O�T�J�P�O�B�M�J�U�Z�
 �B �Q�I�S�B�T�F �P�S�J�H�J�O�B�U�J�O�H �G�S�P�N �#�F�M�M�N�B�O �<�#�F�M�����> �O�P�X�B�E�B�Z�T �P�G�U�F�O �V�T�F�E
�U�P �E�F�T�D�S�J�C�F �U�I�F �F�Y�Q�P�O�F�O�U�J�B�M �J�O�D�S�F�B�T�F �P�G �H�S�J�E �Q�P�J�O�U�Tn = O(N d) �S�F�M�B�U�J�W�F �U�P �U�I�F �E�J�N�F�O�T�J�P�O
d �P�G �U�I�F �H�S�J�E�� �5�I�J�T �F�Y�Q�P�O�F�O�U�J�B�M �S�F�M�B�U�J�P�O �S�F�O�E�F�S�T �U�I�F�N�
 �E�V�F �U�P �N�F�N�P�S�Z �B�O�E �D�P�N�Q�V�U�B�U�J�P�O�B�M
�M�J�N�J�U�B�U�J�P�O�T�
 �F�n�F�D�U�J�W�F�M�Z �V�O�V�T�B�C�M�F �G�P�S �N�P�E�F�S�B�U�F�� �B�O�E �I�J�H�I�F�S���E�J�N�F�O�T�J�P�O�B�M �Q�S�P�C�M�F�N�T�
 �T�V�D�I �B�T
�E�B�U�B �N�J�O�J�O�H�
 �S�F�H�S�F�T�T�J�P�O�
 �B�O�E �W�B�S�J�P�V�T �P�U�I�F�S �T�D�F�O�B�S�J�P�T �F�Y�U�F�O�T�J�W�F�M�Z �E�J�T�D�V�T�T�F�E �C�Z �#�V�O�H�B�S�U�[ �B�O�E
�(�S�J�F�C�F�M �<�#�(�����>�
 �#�V�T�F �<�#�V�T�����>�
 �)�F�J�O�F�D�L�F �<�)�F�J�����>�
 �B�O�E �1�p�º�H�F�S �<�1�p�����>�� �4�Q�B�S�T �H�S�J�E�T �B�S�F �U�I�F
�S�F�T�V�M�U �P�G �B �D�P�T�U �U�P �C�F�O�F�o�U �P�Q�U�J�N�J�[�B�U�J�P�O �E�F�T�J�H�O�F�E �U�P �S�F�E�V�D�F �U�I�F �O�V�N�C�F�S �P�G �H�S�J�E �Q�P�J�O�U�T �X�I�J�M�F
�L�F�F�Q�J�O�H �U�I�F �F�S�S�P�S �J�O�U�S�P�E�V�D�F�E �C�Z �U�I�F�T�F �D�I�B�O�H�F�T �T�N�B�M�M �<�#�(�����>�
 �B�O�E �B �W�J�B�C�M�F�
 �X�F�M�M���F�T�U�B�C�M�J�T�I�F�E
�T�P�M�V�U�J�P�O �U�P �N�J�U�J�H�B�U�F �U�I�J�T �Q�S�P�C�M�F�N��

�5�I�J�T �D�I�B�Q�U�F�S �B�J�N�T �U�P �J�O�U�S�P�E�V�D�F �U�I�F �H�F�O�F�S�B�M �B�T�Q�F�D�U�T �P�G �T�Q�B�S�T�F �H�S�J�E�T �V�T�F�E �U�I�S�P�V�H�I�P�V�U �U�I�J�T �U�I�F�T�J�T��
�8�F �X�J�M�M�
 �J�O �U�I�F �H�J�W�F�O �P�S�E�F�S�
 �M�P�P�L �B�U �U�I�F �E�F�o�O�J�U�J�P�O �P�G �T�Q�B�S�T�F �H�S�J�E�T �B�O�E �U�I�F�J�S �D�P�N�Q�P�T�J�U�J�P�O �G�S�P�N
�S�F�H�V�M�B�S �H�S�J�E�T�
 �U�I�F �I�J�F�S�B�S�D�I�J�D�B�M �I�B�U �C�B�T�J�T �G�V�O�D�U�J�P�O�T�
 �T�Q�B�U�J�B�M�M�Z �B�E�B�Q�U�J�W�F �T�Q�B�S�T�F �H�S�J�E�T�
 �B�O�E �o�O�B�M�M�Z
�D�P�O�D�M�V�E�F �X�J�U�I �B�O �P�W�F�S�W�J�F�X �P�G �S�F�H�S�F�T�T�J�P�O �P�O �T�Q�B�S�T�F �H�S�J�E�T��

�" �N�P�S�F �U�I�P�S�P�V�H�I �B�O�E �J�O���E�F�Q�U�I �E�J�T�D�V�T�T�J�P�O �P�G �T�Q�B�S�T�F �H�S�J�E�T�
 �U�I�F�J�S �P�S�J�H�J�O�
 �E�F�S�J�W�B�U�J�P�O�
 �B�O�E �V�T�F�

�D�B�O �B�H�B�J�O �C�F �G�P�V�O�E �J�O �U�I�F �M�J�U�F�S�B�U�V�S�F �C�Z �#�V�O�H�B�S�U�[ �B�O�E �(�S�J�F�C�F�M �<�#�(�����>�
 �#�V�O�H�B�S�U�[�
 �1�p�º�H�F�S�

�B�O�E �;�J�N�N�F�S �<�#�1�;�����>�
 �#�V�T�F �<�#�V�T�����>�
 �)�F�J�O�F�D�L�F �<�)�F�J�����>�
 �B�O�E �1�p�º�H�F�S �<�1�p�����>��

�l�Y�S �b�U���a�c�3 �;�a�C�0 �+�R�L�U�R�c�C�j�C�R�N

�5�I�S�P�V�H�I�P�V�U �U�I�J�T �U�I�F�T�J�T�
 �X�F �G�P�M�M�P�X �U�I�F �D�P�N�N�P�O �S�F�T�U�S�J�D�U�J�P�O�T �U�P �G�V�O�D�U�J�P�O�T �P�G �U�Z�Q�Ff : 
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 = 0 �� �/�P�U�F �U�I�B�U
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�O�P�S�N�B�M�J�[�F�E �U�P �o�U�
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(0; 0; 1)

(0; 1; 0)
(1; 1; 0)

(1; 0; 0)

(0; 0; 1)
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n
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�
�
� i 2 I l

o
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�U�I�F �T�P���D�B�M�M�F�E �T�V�C�H�S�J�E�T�
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n :=

[

 l

j l j1 � n

=
�
x l ;i 2 
 l

�
� jl j1 � n
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�X�J�U�I �T�Q�B�D�J�O�Hh = 2 � n �� �/�P�U�F �U�I�B�U �C�Z �V�T�J�O�H �P�E�E �J�O�E�F�Y �W�B�M�V�F�T�
 �U�I�F�S�F �B�S�F �O�P �E�V�Q�M�J�D�B�U�F �Q�P�J�O�U�T
�P�O �B�M�M �D�P�N�C�J�O�F�E �T�V�C�H�S�J�E�T�� �4�J�N�J�M�B�S�M�Z�
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x l ;i 2 
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�
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 (1 )
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l1 = 1 l1 = 2 l1 = 3

l2 = 1

l2 = 2

l2 = 3
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 (1 )
3 �B�O�E
 (1)
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 �U�I�F �E�J�n�F�S�F�O�D�F �C�F�J�O�H
�J�O�E�J�D�B�U�F�E �C�Z �U�I�F �M�J�O�F �T�F�Q�B�S�B�U�J�O�H �U�I�F�N �	�M�F�G�U�
�� �5�I�F �D�P�N�Q�P�T�J�U�J�P�O �P�G �U�I�F �H�S�J�E�T �	�S�J�H�I�U�

�J�T �I�J�H�I�M�J�H�I�U�F�E �C�Z �P�Q�B�D�J�U�Z �B�O�E �T�J�[�F �P�G �U�I�F �H�S�J�E �Q�P�J�O�U�T��

�T�F�F �'�J�H�V�S�F ������ �G�P�S �B�O �J�M�M�V�T�U�S�B�U�J�P�O�� �5�I�F �D�I�P�J�D�F �P�G �T�V�C�H�S�J�E�T �J�T �C�B�T�F�E �P�O �U�I�F �D�P�O�U�S�J�C�V�U�J�P�O �P�G
�U�I�F �G�V�O�D�U�J�P�O �T�Q�B�D�F �T�Q�B�O�O�F�E �C�Z �U�I�F �B�T�T�P�D�J�B�U�F�E �I�J�F�S�B�S�D�I�J�D�B�M �C�B�T�J�T �G�V�O�D�U�J�P�O�T�
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 �B�O�E
�J�T �F�M�B�C�P�S�B�U�F�E �J�O �N�P�S�F �E�F�U�B�J�M �C�Z �#�V�O�H�B�S�U�[ �B�O�E �(�S�J�F�C�F�M �<�#�(�����>�� �"�O �F�Y�B�N�Q�M�F �E�F�D�P�N�Q�P�T�J�U�J�P�O
�P�G �T�Q�B�S�T�F �H�S�J�E�T �B�O�E �S�F�H�V�M�B�S �H�S�J�E�T �J�O�U�P �U�I�F�J�S �T�V�C�H�S�J�E�T �D�B�O �C�F �T�F�F�O �J�O �'�J�H�V�S�F ��������
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 �Q�J�F�D�F�X�J�T�F �Q�P�M�Z�O�P�N�J�B�M�
 �.�F�Y�J�D�B�O �I�B�U�
 �P�S �#���T�Q�M�J�O�F
�C�B�T�J�T�� �*�O �U�I�F �D�P�O�U�F�Y�U �P�G �U�I�J�T �U�I�F�T�J�T�
 �X�F �M�J�N�J�U �P�V�S�T�F�M�W�F�T �U�P �U�I�F �V�T�F �P�G �U�I�F �I�J�F�S�B�S�D�I�J�D�B�M �Q�J�F�D�F�X�J�T�F
�N�V�M�U�J�M�J�O�F�B�S �C�B�T�J�T �G�V�O�D�U�J�P�O�T�
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�5�I�Fd���E�J�N�F�O�T�J�P�O�B�M �I�J�F�S�B�S�D�I�J�D�B�M �I�B�U �C�B�T�J�T �J�T �B �D�P�N�Q�P�T�J�U�J�P�O �P�G �U�I�F �T�U�B�O�E�B�S�E �P�O�F���E�J�N�F�O�T�J�P�O�B�M
�I�B�U �G�V�O�D�U�J�P�O

' (x) = max (1 � j xj; 0) : �	�������


�5�P �D�P�N�Q�M�F�N�F�O�U �U�I�F �Q�S�F�W�J�P�V�T�M�Z �E�F�o�O�F�E �I�Z�Q�F�S�D�V�C�F
 = [0 ; 1]d�
 �X�F �F�Y�Q�B�O�E �U�I�J�T �G�V�O�D�U�J�P�O�
 �V�T�J�O�H
�E�J�M�B�U�J�P�O �B�O�E �U�S�B�O�T�M�B�U�J�P�O�
 �U�P �B �T�F�U �P�G �G�V�O�D�U�J�P�O�T �T�Q�B�O�O�J�O�H �U�I�F �J�O�U�F�S�W�B�M[0; 1] �E�F�o�O�F�E �B�T

' l;i (x) := '
�
2l x � i

�
; �	�������
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 �X�F �V�T�F �B �U�F�O�T�P�S��
�Q�S�P�E�V�D�U���C�B�T�F�E �B�Q�Q�S�P�B�D�I�
 �S�F�T�V�M�U�J�O�H �J�O

' l ;i (x ) :=
dY

k=1

' lk ;i k (xk ) : �	�������
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�8�F �B�H�B�J�O �M�J�N�J�U �U�I�F �J�O�E�F�Y �W�F�D�U�P�S�T �U�Pi 2 I l �	�T�F�F �&�R�V�B�U�J�P�O �	�������
�
�� �5�I�J�T �M�J�N�J�U�B�U�J�P�O �D�S�F�B�U�F�T�

�G�P�S �B �o�Y�F�E �M�F�W�F�Ml�
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Ŵl ;i :=
n

' l0;i0(x )
�
�
� l0 � l ; i0 2 I l0; ' l0;i0(x l ;i ) 6= 0

o
�	���������


�C�F �U�I�F �T�F�U �P�G �B�M�M �O�P�O���[�F�S�P �C�B�T�J�T �G�V�O�D�U�J�P�O�T �P�G �U�I�F �G�V�M�M �I�J�F�S�B�S�D�I�J�D�B�M �C�B�T�J�T �G�P�S �F�B�D�I �Q�B�S�F�O�U �M�F�W�F�M
l0 �P�Gl �� �"�O�B�M�P�H�P�V�T �U�P �U�I�F�J�S �Q�S�F�W�J�P�V�T �E�F�o�O�J�U�J�P�O�T �X�F �O�P�X �F�Y�Q�B�O�E �U�I�F �S�F�M�B�U�J�P�O�J�T �Q�B�S�F�O�U �P�G�U�P
�Q�P�J�O�U�T �C�Z �T�V�Q�Q�P�S�U �P�G �U�I�F �C�B�T�J�T �G�V�O�D�U�J�P�O�T �P�O �Q�B�S�F�O�U �T�V�C�T�Q�B�D�F�T�
 �J���F��x i0;l0 �J�T �Q�B�S�F�O�U �P�Gx i ;l �J�n

' l0;i0(x ) 2 Ŵl ;i �� �'�P�S �B �T�Q�B�U�J�B�M�M�Z �B�E�B�Q�U�J�W�F �T�Q�B�S�T�F �H�S�J�E~
 (1)
n �X�F �U�I�F�O �S�F�R�V�J�S�F

x l ;i 2 ~
 (1)
n ) Ŵl ;i �

[
~Wl

j l j1 � d+ n� 1

�	���������


) 8 ' l0;i0(x ) 2 Ŵl ;i : i0 2 ~I l0 �	���������


) 8 ' l0;i0(x ) 2 Ŵl ;i : x l0;i0 2 ~
 (1)
n �	���������


�J���F�� �X�F �S�F�R�V�J�S�F �U�I�B�U�
 �J�G �B �Q�P�J�O�Ux i ;l �J�T �Q�S�F�T�F�O�U �J�O �B �	�T�Q�B�U�J�B�M�M�Z �B�E�B�Q�U�J�W�F�
 �T�Q�B�S�T�F �H�S�J�E�
 �Q�B�S�F�O�U
�Q�P�J�O�U�T �I�B�W�F �U�P �C�F �Q�S�F�T�F�O�U �J�O �U�I�B�U �H�S�J�E �B�T �X�F�M�M �	�&�R�V�B�U�J�P�O �	���������
�
�� �&�R�V�J�W�B�M�F�O�U�M�Z �B�M�M �C�B�T�J�T
�G�V�O�D�U�J�P�O�T�
 �U�I�B�U �D�B�O �Q�P�U�F�O�U�J�B�M�M�Z �D�P�O�U�S�J�C�V�U�F �U�P �U�I�J�T �Q�P�J�O�U�
 �P�G �B�M�M �Q�B�S�F�O�U �T�V�C�T�Q�B�D�F�T �I�B�W�F �U�P �C�F
�Q�S�F�T�F�O�U �J�O �U�I�F �H�S�J�E �	�&�R�V�B�U�J�P�O�T �	���������
 �B�O�E �	���������
�
 �3�F�N�F�N�C�F�S �U�I�B�U �U�I�F �T�F�U�T~Wl �B�O�E~
 (1)

n �B�S�F
�C�B�T�F�E �P�O �U�I�F �o�M�U�F�S�F�E �J�O�E�F�Y �T�F�U~I l �J�O�T�U�F�B�E �P�GI l �
 �B�O�E �U�I�V�T �N�P�E�J�o�F�E �G�P�S �B�E�B�Q�U�J�W�F �H�S�J�E�T�
 �C�V�U
�P�U�I�F�S�X�J�T�F �J�E�F�O�U�J�D�B�M �U�P �U�I�F �T�F�U�TWl �P�S
 (1)

n �P�G �O�P�O���B�E�B�Q�U�J�W�F �H�S�J�E�T �S�F�T�Q�F�D�U�J�W�F�M�Z�� �/�P�U�F �U�I�B�U �G�P�S

�k�:



�l�Y�: �`�3�<�a�3�c�c�C�R�N �R�N �b�U���a�c�3 �;�a�C�0�c

�¶

�'�J�H�V�S�F ���������5�X�P���E�J�N�F�O�T�J�P�O�B�M �T�Q�B�U�J�B�M�M�Z �B�E�B�Q�U�J�W�F �T�Q�B�S�T�F �H�S�J�E �	�S�J�H�I�U�
 �D�S�F�B�U�F�E �G�S�P�N �U�I�F �S�F�H�V�M�B�S
�H�S�J�E
 (1 )

2 �	�M�F�G�U�
�� �5�I�F �J�M�M�V�T�U�S�B�U�F�E �S�F�o�O�F�N�F�O�U �Q�S�P�D�F�T�T �	�M�F�G�U �U�P �S�J�H�I�U�
 �F�Y�Q�B�O�E�T �B
�T�J�O�H�M�F �Q�P�J�O�U �	�S�F�E�
 �B�O�E �B�E�E�T �B�M�M �J�U�T �D�I�J�M�E�S�F�O�
 �B�T �X�F�M�M �B�T �J�U�T �Q�B�S�F�O�U�T �J�G �U�I�F�Z �I�B�W�F
�O�P�U �C�F�F�O �Q�B�S�U �P�G �U�I�F �H�S�J�E �C�F�G�P�S�F �	�Z�F�M�M�P�X�
��

�U�I�F �I�J�F�S�B�S�D�I�J�D�B�M �I�B�U �C�B�T�J�T �G�V�O�D�U�J�P�O�T �U�I�F�S�F �D�B�O �B�U �N�P�T�U �C�F �P�O�F �E�J�S�F�D�U �Q�B�S�F�O�U �G�P�S �B �Q�P�J�O�U �Q�F�S
�E�J�N�F�O�T�J�P�O�
 �B�T �U�I�F�S�F �J�T �P�O�M�Z �P�O�F �T�V�Q�Q�P�S�U�J�O�H �C�B�T�J�T �G�V�O�D�U�J�P�O �G�P�S �B �Q�P�J�O�U �Q�F�S �T�V�C�T�Q�B�D�F��

�5�I�F �Q�S�F�E�J�D�B�U�FP �J�T �V�T�V�B�M�M�Z �D�P�O�T�U�S�V�D�U�F�E �C�Z �S�F�o�O�F�N�F�O�U �J�O �D�P�O�T�J�E�F�S�B�U�J�P�O �P�G �U�I�F �V�O�E�F�S�M�Z�J�O�H
�E�B�U�B�T�F�U�
 �N�F�B�O�J�O�H �P�O�F �P�S �N�P�S�F �Q�S�P�N�J�T�J�O�H �H�S�J�E �Q�P�J�O�U�T �B�S�F �D�I�P�T�F�O �B�O�E �T�P�N�F �	�P�S �B�M�M�
 �D�I�J�M�E�S�F�O
�P�G �U�I�J�T �Q�P�J�O�U �B�S�F �B�E�E�F�E �U�P �U�I�F �H�S�J�E�
 �B�T �X�F�M�M �B�T�
 �U�P �V�Q�I�P�M�E �U�I�F �D�I�B�S�B�D�U�F�S�J�T�U�J�D�T �O�P�U�F�E �B�C�P�W�F�
 �B�M�M
�Q�B�S�F�O�U�T �P�G �U�I�F �B�E�E�F�E �Q�P�J�O�U�T �J�G �U�I�F�Z �B�S�F �O�P�U �B�M�S�F�B�E�Z �Q�S�F�T�F�O�U�� �"�O �F�Y�B�N�Q�M�F �P�G �B �U�X�P���E�J�N�F�O�T�J�P�O�B�M
�T�Q�B�U�J�B�M�M�Z �B�E�B�Q�U�J�W�F �T�Q�B�S�T�F �H�S�J�E �B�O�E �U�I�F �D�P�O�T�U�S�V�D�U�J�P�O �U�I�F�S�F�P�G �D�B�O �C�F �G�P�V�O�E �J�O �'�J�H�V�S�F �������� �'�P�S
�G�V�S�U�I�F�S �E�F�U�B�J�M�T�
 �T�V�D�I �B�T �U�I�F �D�I�P�J�D�F �P�G �H�S�J�E �Q�P�J�O�U�T �U�P �S�F�o�O�F�
 �X�F �S�F�G�F�S �U�P �1�p�º�H�F�S �<�1�p�����>��

�l�Y�: �`�3�<�a�3�c�c�C�R�N �R�N �b�U���a�c�3 �;�a�C�0�c

�5�I�F �H�F�O�F�S�B�M �J�E�F�B �P�G �S�F�H�S�F�T�T�J�P�O �J�T �U�P �D�S�F�B�U�F �B �S�F�D�P�O�T�U�S�V�D�U�J�P�Ou �P�G �B�O �V�O�L�O�P�X�O �N�V�M�U�J�W�B�S�J�B�U�F
�G�V�O�D�U�J�P�Of �
 �C�B�T�F�E �P�O �B �T�F�U �P�GM �Q�P�U�F�O�U�J�B�M�M�Z �O�P�J�T�Z �T�B�N�Q�M�F�T �U�I�F�S�F�P�G�
 �U�I�F �T�P���D�B�M�M�F�E �U�S�B�J�O�J�O�H
�E�B�U�B �T�F�U

T := f (xm ; ym ) j 
 � RgM
m=1 ; �	���������


�B�H�B�J�O �X�J�U�I �I�Z�Q�F�S�D�V�C�F
 = [0 ; 1]d �B�O�E �S�F�T�U�S�J�D�U�J�P�O �U�Pf : 
 ! R �� �� �/�P�U�F �U�I�B�U �X�F �D�B�O �U�I�V�T �B�M�T�P
�V�T�F �S�F�H�S�F�T�T�J�P�O �B�T �B �G�P�S�N �P�G �C�J�O�B�S�Z �D�M�B�T�T�J�o�D�B�U�J�P�O�� �8�F �D�B�O �J�O�U�F�S�Q�S�F�U �S�F�H�S�F�T�T�J�P�O �B�T �M�F�B�S�O�J�O�H �U�I�F
�U�I�S�F�T�I�P�M�Eu (x) = 0 �C�F�U�X�F�F�O �U�X�P �D�M�B�T�T�F�T�
 �E�F�O�P�U�F�E �C�Z �U�I�F �W�B�M�V�F�T� 1 �B�O�E1�
 �X�I�F�S�Fju (xm )j
�J�O�E�J�D�B�U�F�T �U�I�F �D�F�S�U�B�J�O�U�Z �X�J�U�I �X�I�J�D�Ixm �C�F�M�P�O�H�T �U�P �D�M�B�T�Tsign (u (xm )) �� �5�I�J�T �B�Q�Q�S�P�B�D�I �D�B�O
�F�W�F�O �C�F �B�E�B�Q�U�F�E �G�P�S �O�P�O���C�J�O�B�S�Z �D�M�B�T�T�J�o�D�B�U�J�P�O �Q�S�P�C�M�F�N�T �<�1�p�����>��

�� �'�P�S �U�I�F �E�F�o�O�J�U�J�P�O �P�G �S�F�H�S�F�T�T�J�P�O �P�O �T�Q�B�S�T�F �H�S�J�E�T�
 �X�F �B�D�U�V�B�M�M�Z �E�P �O�P�U �I�B�W�F �U�P �J�N�Q�P�T�F �U�I�J�T �M�J�N�J�U�B�U�J�P�O �B�O�E �D�P�V�M�E
�D�I�P�P�T�Ff : Rd ! R�� �)�P�X�F�W�F�S�
 �B�T �X�F �I�B�W�F �S�F�T�U�S�J�D�U�F�E �P�V�S�T�F�M�W�F�T �U�P �T�Q�B�S�T�F �H�S�J�E�T �X�J�U�Ij@f = 0 �
 �T�B�N�Q�M�F�T �P�V�U�T�J�E�F
�P�G �U�I�F �E�F�o�O�F�E �I�Z�Q�F�S�D�V�C�F �X�P�V�M�E �O�P�U �N�B�L�F �N�V�D�I �T�F�O�T�F�� �'�V�S�U�I�F�S�N�P�S�F�
 �X�F �I�F�S�F�B�G�U�F�S �B�T�T�V�N�F �U�I�B�U �B�M�M �T�B�N�Q�M�F
�Q�P�J�O�U�Tx 2 [0; 1]d ��

�k�9



�l �b�U���a�c�3 �;�a�C�0�c

�5�P �S�F�D�P�O�T�U�S�V�D�U �U�I�F �G�V�O�D�U�J�P�Ou �G�S�P�N �U�I�F �T�B�N�Q�M�F�T �P�Gf �
 �T�P �U�I�B�U

u : 
 (1)
n ! R; f : 
 ! R; �B�O�Eu � f; �	���������


�X�F �F�N�Q�M�P�Z �U�I�F �D�P�N�N�P�O�M�Z �V�T�F�E �M�F�B�T�U �T�R�V�B�S�F�T �B�Q�Q�S�P�B�D�I �J�O �D�P�N�C�J�O�B�U�J�P�O �X�J�U�I �B �5�J�L�I�P�O�P�W
�S�F�H�V�M�B�S�J�[�B�U�J�P�O

u = arg min
u2 V (1)

n

 
1

M

MX

m=1

(ym � u (xm ))2 + � C(u)

!

; �	���������


�X�J�U�I� �D�P�O�U�S�P�M�M�J�O�H �U�I�F �U�S�B�E�F���P�n �C�F�U�X�F�F�O �U�I�F �N�F�B�O �T�R�V�B�S�F �F�S�S�P�S �	�.�4�&�
 �B�O�E �U�I�F �T�N�P�P�U�I�O�F�T�T
�F�O�T�V�S�F�E �C�Z �U�I�F �X�F�J�H�I�U���E�F�D�B�Z �S�F�H�V�M�B�S�J�[�B�U�J�P�O �G�V�O�D�U�J�P�O�B�MC(u) �<�1�p�����>�� �'�P�S �T�B�J�E �G�V�O�D�U�J�P�O�B�M �X�F
�V�T�F �U�I�F �F�B�T�Z �U�P �D�B�M�D�V�M�B�U�F

C(u) = j� j22; �	���������


�X�I�J�D�I �F�Y�Q�M�P�J�U�T �U�I�F �J�O�U�S�J�O�T�J�D �T�N�P�P�U�I�O�F�T�T �P�G �U�I�F �I�J�F�S�B�S�D�I�J�D�B�M �C�B�T�J�T �G�V�O�D�U�J�P�O�T �B�O�E �U�I�V�T �V�T�V�B�M�M�Z
�M�F�B�E�T �U�P �T�J�N�J�M�B�S �S�F�T�V�M�U�T �D�P�N�Q�B�S�F�E �U�P �U�I�F �O�P�S�N �P�G �U�I�F �H�S�B�E�J�F�O�U �P�Gf �
 �B�T �N�F�O�U�J�P�O�F�E �B�O�E
�E�J�T�D�V�T�T�F�E �C�Z �1�p�º�H�F�S �<�1�p�����>��

�5�I�F �T�P�M�V�U�J�P�O �P�G �&�R�V�B�U�J�P�O �	���������
 �J�O �D�P�N�C�J�O�B�U�J�P�O �X�J�U�I�	���������
�D�B�O �C�F �P�C�U�B�J�O�F�E �C�Z �T�F�U�U�J�O�H �U�I�F
�H�S�B�E�J�F�O�U �P�G �U�I�F �J�O�O�F�S �U�F�S�N �U�P �[�F�S�P�
 �B�O�E �H�J�W�F�O �C�Z �U�I�F �M�J�O�F�B�S �T�Z�T�U�F�N �P�G �F�R�V�B�U�J�P�O�T

�
1

M
BB | + � 1

�
� =

1
M

B y; �	���������


�X�I�F�S�Fy �J�T �B �W�F�D�U�P�S �P�G �T�J�[�FM �D�P�O�U�B�J�O�J�O�H �U�I�F �Q�P�U�F�O�U�J�B�M�M�Z �O�P�J�T�Z �F�W�B�M�V�B�U�J�P�O�T �P�Gf �
1 �U�I�F �J�E�F�O�U�J�U�Z
�N�B�U�S�J�Y�
 �B�O�EB �U�I�F �N�B�U�S�J�Y

B =
�
bx 1 ; bx 2 ; : : : ; bx M

�
�	���������


=

0

B
B
B
B
B
@

' 1 (x1) ' 1 (x2) � � � ' 1 (xM )
' 2 (x1) ' 2 (x2) � � � ' 2 (xM )

������
������

' N (x1) ' N (x2) � � � ' N (xM )

1

C
C
C
C
C
A

�	���������


�D�P�O�U�B�J�O�J�O�H �U�I�F �F�W�B�M�V�B�U�J�P�O�T �P�G �U�I�F �C�B�T�J�T �G�V�O�D�U�J�P�O�T' i �B�U �U�I�F �T�B�N�Q�M�F �Q�P�J�O�U�Txm �<�1�p�����>�� �5�I�F
�T�P�M�V�U�J�P�O �P�G �U�I�J�T �T�Z�T�U�F�N �P�G �M�J�O�F�B�S �F�R�V�B�U�J�P�O�T �	�4�-�&�
�
 �J�O �U�V�S�O�
 �D�B�O �C�F �D�P�N�Q�V�U�F�E �C�Z �B�Q�Q�M�Z�J�O�H �B
�T�P�M�W�F�S�
 �T�V�D�I �B�T �U�I�F �D�P�O�K�V�H�B�U�F �H�S�B�E�J�F�O�U �	�$�(�
 �B�M�H�P�S�J�U�I�N �<�)�4������ �4�I�F�����>�
 �X�I�J�D�I �X�F �X�J�M�M �V�T�F
�U�I�S�P�V�H�I�P�V�U �U�I�J�T �U�I�F�T�J�T��

�-�P�P�L�J�O�H �B�U �U�I�F �D�P�N�Q�V�U�B�U�J�P�O�B�M �D�P�T�U �P�G �U�I�F �Q�S�P�D�F�T�T �E�F�T�D�S�J�C�F�E �B�C�P�W�F�
 �X�F �D�B�O �T�F�F �U�I�B�U �U�I�F �T�P�M�W�F�S
�J�U�T�F�M�G �J�T �R�V�J�U�F �D�I�F�B�Q �J�O �D�P�N�Q�B�S�J�T�P�O �U�P �U�I�F �U�X�P �N�B�U�S�J�Y �N�V�M�U�J�Q�M�J�D�B�U�J�P�O�T

v := B | � �	���������


v0 := B v �	���������


�J�U �I�B�T �U�P �D�B�M�D�V�M�B�U�F �F�B�D�I �J�U�F�S�B�U�J�P�O �<�1�)�1�����>�� �"�T �&�R�V�B�U�J�P�O �	���������
 �J�T �O�P�U�I�J�O�H �N�P�S�F �U�I�B�O �B�O �F�W�B�M�V��
�B�U�J�P�O �P�Gu (xm ) �G�P�S �U�I�F �Q�P�J�O�U�Tf xm j 1 � m � M g �J�O �B �T�J�O�H�M�F �P�Q�F�S�B�U�J�P�O �	�T�F�F �&�R�V�B�U�J�P�O�T �	���������


�k�f



�l�Y�: �`�3�<�a�3�c�c�C�R�N �R�N �b�U���a�c�3 �;�a�C�0�c

�B�O�E �	���������
�
�
 �X�F �B�M�T�P �S�F�G�F�S �U�P �J�U �B�T�N�V�M�U�J���F�W�B�M�V�B�U�J�P�O�B�O�E �U�P �&�R�V�B�U�J�P�O �	���������
 �B�T�U�S�B�O�T�Q�P�T�F�E
�N�V�M�U�J���F�W�B�M�V�B�U�J�P�O�� �5�I�F �N�V�M�U�J�Q�M�J�D�B�U�J�P�O �X�J�U�I �N�B�U�S�J�YB �B�O�E �D�P�O�U�F�O�U�T �U�I�F�S�F�P�G �J�N�Q�M�Z �B�O �F�W�B�M�V��
�B�U�J�P�O �P�G �B�M�M �C�B�T�J�T �G�V�O�D�U�J�P�O�T' i �B�U �B�M�M �Q�P�J�O�U�T �P�G �F�W�B�M�V�B�U�J�P�Oxm �
 �M�F�B�E�J�O�H �U�P �B�O �B�Q�Q�S�P�B�D�I �X�J�U�I
�D�P�T�UO (N � M )�� �)�P�X�F�W�F�S�
 �X�J�U�I �S�F�H�B�S�E�T �U�P �U�I�F �I�J�F�S�B�S�D�I�J�D�B�M �I�B�U �C�B�T�J�T �G�V�O�D�U�J�P�O�T �J�O�U�S�P�E�V�D�F�E
�J�O �4�F�D�U�J�P�O �������
 �U�I�J�T �B�Q�Q�S�P�B�D�I �T�F�F�N�T�
 �B�U �M�F�B�T�U �J�O �U�I�F�P�S�Z�
 �U�P �C�F �O�B�­�W�F�
 �B�T �U�I�F�S�F �D�B�O �P�O�M�Z �C�F
�P�O�F �O�P�O���[�F�S�P �F�W�B�M�V�B�U�J�P�O' l ;i (xm ) �G�P�S �B�M�M �J�O�E�J�D�F�Ti �G�P�S �B �H�J�W�F�O �Q�P�J�O�Uxm �B�O�E �T�V�C�T�Q�B�D�FWl ��
�5�I�F �P�C�K�F�D�U�J�W�F �P�G �U�I�J�T �U�I�F�T�J�T �J�T �U�P �E�F�W�F�M�P�Q �B�M�H�P�S�J�U�I�N�T �G�P�S �N�V�M�U�J���F�W�B�M�V�B�U�J�P�O �B�O�E �U�S�B�O�T�Q�P�T�F�E
�N�V�M�U�J���F�W�B�M�V�B�U�J�P�O �U�I�B�U �Q�F�S�G�P�S�N �O�P�U �P�O�M�Z �J�O �U�I�F�P�S�Z�
 �C�V�U �B�M�T�P �J�O �Q�S�B�D�U�J�D�F �P�O �U�I�F �(�1�6�
 �C�F�U�U�F�S �	�P�O
�S�F�H�V�M�B�S �B�O�E �B�E�B�Q�U�J�W�F �T�Q�B�S�T�F �H�S�J�E�T�
 �U�I�B�O �U�I�F�
 �B�U �U�I�F �U�J�N�F �P�G �X�S�J�U�J�O�H�
 �Q�S�J�N�B�S�J�M�Z �V�T�F�EO (N � M )
�T�P�M�V�U�J�P�O��

�k�e





�k �7���c�j �`�3�<�a�3�c�c�C�R�N ���I�<�R�a�C�j�@�L�c �8�R�a �b�U���a�c�3
�;�a�C�0�c

�8�J�U�I �U�I�F �N�B�U�I�F�N�B�U�J�D�B�M �G�P�V�O�E�B�U�J�P�O �P�G �S�F�H�S�F�T�T�J�P�O �P�O �T�Q�B�S�T�F �H�S�J�E�T �J�O�U�S�P�E�V�D�F�E �J�O �U�I�F �M�B�T�U �T�F�D�U�J�P�O
�P�G �U�I�F �Q�S�F�W�J�P�V�T �D�I�B�Q�U�F�S�
 �X�F �D�B�O �O�P�X �M�P�P�L �B�U �T�P�N�F �F�Y�J�T�U�J�O�H �B�M�H�P�S�J�U�I�N�T �U�I�F�S�F�P�G�� �8�F �X�J�M�M �C�F�H�J�O
�U�I�J�T �D�I�B�Q�U�F�S �C�Z �P�V�U�M�J�O�J�O�H �B �G�F�X �D�P�N�N�P�O �Q�S�P�Q�F�S�U�J�F�T �B�O�E �S�F�T�U�S�J�D�U�J�P�O�T �U�I�B�U �J�O�p�V�F�O�D�F �U�I�F�J�S
�D�P�N�Q�P�T�J�U�J�P�O�� �5�I�F �N�B�J�O �T�F�D�U�J�P�O�T �U�I�F�O �E�J�T�D�V�T�T�F�T �B �T�J�N�Q�M�F �S�F�D�V�S�T�J�W�F �T�U�S�B�U�F�H�Z�
 �G�P�M�M�P�X�F�E �C�Z �U�I�F
�D�P�N�N�P�O�M�Z �V�T�F�E �T�U�S�F�B�N�J�O�H �B�M�H�P�S�J�U�I�N�
 �F�Y�Q�S�F�T�T�J�O�H �B �T�U�S�B�J�H�I�U�G�P�S�X�B�S�E �B�Q�Q�S�P�B�D�I �U�P �D�P�N�Q�V�U�F
�U�I�F �P�Q�F�S�B�U�P�S�TB | � �B�O�EB v�
 �B�O�E �o�O�B�M�M�Z �U�I�F �T�V�C�T�Q�B�D�F���M�J�O�F�B�S �B�M�H�P�S�J�U�I�N �Q�S�F�T�F�O�U�F�E �C�Z �1�G�B�O�E�F�S�

�)�F�J�O�F�D�L�F�
 �B�O�E �1�p�º�H�F�S �<�1�)�1�����>�
 �F�N�Q�M�P�Z�J�O�H �B�O�
 �B�U �M�F�B�T�U �J�O �U�I�F�P�S�Z�
 �N�P�S�F �G�B�W�P�S�B�C�M�F �T�U�S�B�U�F�H�Z��

�#�B�T�F�E �P�O �&�R�V�B�U�J�P�O�T �	���������
 �B�O�E �	���������
 �B�O�E �U�I�F �S�F�T�V�M�U�J�O�H �T�Z�T�U�F�N �P�G �M�J�O�F�B�S �F�R�V�B�U�J�P�O�T �	�4�-�&�

�	���������
�
 �X�F �F�Y�D�M�V�T�J�W�F�M�Z �G�P�D�V�T �P�O �U�I�F �N�V�M�U�J���F�W�B�M�V�B�U�J�P�OB | � �B�O�E �U�I�F �U�S�B�O�T�Q�P�T�F�E �N�V�M�U�J��
�F�W�B�M�V�B�U�J�P�OB v�
 �B�T �U�I�F�Z �Q�P�T�F �U�I�F �C�J�H�H�F�T�U �Q�P�U�F�O�U�J�B�M �G�P�S �Q�S�P�C�M�F�N���T�Q�F�D�J�o�D �P�Q�U�J�N�J�[�B�U�J�P�O�� �/�P�U�F
�U�I�B�U �U�I�F �D�I�P�J�D�F �P�GC(u) = j� j22 �T�J�N�Q�M�J�o�F�T �B �Q�P�U�F�O�U�J�B�M �U�I�J�S�E �O�P�O���U�S�J�W�J�B�M �P�Q�F�S�B�U�P�S �U�P �U�I�F �J�E�F�O�U�J�U�Z
�N�B�U�S�J�Y�� �" �Q�S�P�Q�F�S�U�Z �F�Y�Q�M�P�J�U�B�C�M�F �C�Z �B�M�M �B�M�H�P�S�J�U�I�N�T �C�F�M�P�X �J�T �U�I�F �G�B�D�U �U�I�B�U �U�I�F �J�O�E�J�W�J�E�V�B�M �T�Q�B�S�T�F
�H�S�J�E �G�V�O�D�U�J�P�O �F�W�B�M�V�B�U�J�P�O�T �Q�F�S�G�P�S�N�F�E �C�ZB | � �B�S�F �D�P�N�Q�M�F�U�F�M�Z �J�O�E�F�Q�F�O�E�F�O�U �G�S�P�N �F�B�D�I �P�U�I�F�S
�B�O�E �U�I�V�T �T�J�N�Q�M�F �U�P �Q�B�S�B�M�M�F�M�J�[�F�� �'�P�SB v�
 �U�I�F �S�F�T�V�M�U�T �B�S�F �B�D�D�V�N�V�M�B�U�F�E �Q�F�S �C�B�T�J�T �G�V�O�D�U�J�P�O �X�I�J�D�I
�X�P�V�M�E �T�V�H�H�F�T�U �B �Q�B�S�B�M�M�F�M�J�[�B�U�J�P�O �P�W�F�S �U�I�F �H�S�J�E �Q�P�J�O�U�T �J�O�T�U�F�B�E�� �%�V�F �U�P �U�I�F �T�J�[�F �P�G �U�I�F �N�B�U�S�J�YB �

�J�U �J�T �O�P�U �G�F�B�T�J�C�M�F �U�P �F�Y�Q�M�J�D�J�U�M�Z �B�T�T�F�N�C�M�F �J�U�� �8�I�J�M�F �X�F �D�P�V�M�E �S�F�E�V�D�F �U�I�J�T �T�J�[�F �G�S�P�NN � M �
N
�C�F�J�O�H �U�I�F �O�V�N�C�F�S �P�G �H�S�J�E �Q�P�J�O�U�T�
M �C�F�J�O�H �U�I�F �O�V�N�C�F�S �P�G �E�B�U�B �Q�P�J�O�U�T �U�P �F�W�B�M�V�B�U�F�
 �U�PN � N
�C�Z �D�P�N�C�J�O�J�O�HB �B�O�EB | �U�PBB | �
 �B�T �X�F �H�F�O�F�S�B�M�M�Z �D�P�O�T�J�E�F�SN �U�P �C�F �T�J�H�O�J�o�D�B�O�U�M�Z �T�N�B�M�M�F�S
�U�I�B�OM �
 �B �T�U�P�S�B�H�F �S�F�R�V�J�S�F�N�F�O�U �P�GO

�
N 2�

�X�P�V�M�E �T�U�J�M�M �C�F �J�N�Q�S�B�D�U�J�D�B�M �G�P�S �B�U �M�F�B�T�U �M�B�S�H�F�S �H�S�J�E�T��
�'�V�S�U�I�F�S�N�P�S�F�
 �B�TB �D�P�O�T�J�T�U�T �P�G �C�B�T�J�T �G�V�O�D�U�J�P�O �F�W�B�M�V�B�U�J�P�O�T �P�G �B�M�M �C�B�T�J�T �G�V�O�D�U�J�P�O�T �P�O �B�M�M �E�B�U�B
�Q�P�J�O�U�T �B�O�E �U�I�F �I�B�U �C�B�T�J�T �G�V�O�D�U�J�P�O �I�B�T �P�O�M�Z �P�O�F �O�P�O���[�F�S�P �F�W�B�M�V�B�U�J�P�O �Q�F�S �Q�P�J�O�U �Q�F�S �T�V�C�T�Q�B�D�F�

�U�I�F�S�F �X�P�V�M�E �C�F �B �D�P�O�T�J�E�F�S�B�C�M�F �B�N�P�V�O�U �P�G �V�O�O�F�D�F�T�T�B�S�Z �G�V�O�D�U�J�P�O �F�W�B�M�V�B�U�J�P�O�T �C�Z �J�U�T �F�Y�Q�M�J�D�J�U
�D�S�F�B�U�J�P�O�� �/�P�U�F �U�I�B�UB �
 �O�F�W�F�S�U�I�F�M�F�T�T�
 �J�T �O�P�U �B �T�Q�B�S�T�F �N�B�U�S�J�Y�
 �F�T�Q�F�D�J�B�M�M�Z �X�I�F�O �X�F �F�N�Q�M�P�Z
�B�E�B�Q�U�J�W�F �T�Q�B�S�T�F �H�S�J�E�T�
 �X�I�J�D�I �B�J�N �U�P �S�F�E�V�D�F �U�I�F �B�N�P�V�O�U �P�G �V�O�J�N�Q�P�S�U�B�O�U�
 �J���F�� �[�F�S�P �P�S �D�M�P�T�F��
�U�P���[�F�S�P�
 �F�W�B�M�V�B�U�J�P�O�T �J�O �D�P�N�Q�B�S�J�T�P�O �U�P �B �G�V�M�M �T�Q�B�S�T�F �H�S�J�E�� �'�P�S�U�V�O�B�U�F�M�Z�
 �U�I�F�T�F �F�W�B�M�V�B�U�J�P�O�T �B�S�F
�D�P�N�Q�B�S�B�U�J�W�F�M�Z �D�I�F�B�Q�
 �X�J�U�I �B �D�P�T�U �P�GO(d)�
 �B�O�E �U�I�V�T �D�B�O �C�F �D�P�N�Q�V�U�F�E �P�O �U�I�F �p�Z�
 �X�I�J�D�I �B�M�T�P
�H�J�W�F�T �V�T �B�O �P�Q�Q�P�S�U�V�O�J�U�Z �U�P �T�F�M�F�D�U �X�I�J�D�I �C�B�T�J�T �G�V�O�D�U�J�P�O�T �U�P �F�W�B�M�V�B�U�F �G�P�S �X�I�J�D�I �E�B�U�B �Q�P�J�O�U�T��

�k�Y�S �� �`�3�,�n�a�c�C�q�3 ���U�U�a�R���,�@

�" �T�J�N�Q�M�F �B�M�H�P�S�J�U�I�N �G�P�S �U�I�F �P�Q�F�S�B�U�P�SB | � �X�P�V�M�E �C�F �B �S�F�D�V�S�T�J�W�F �E�F�T�D�F�O�U �U�I�S�P�V�H�I �U�I�F �U�S�F�F
�P�G �T�V�C�T�Q�B�D�F�T �B�O�E �E�J�N�F�O�T�J�P�O�T �G�P�S �F�B�D�I �E�B�U�B �Q�P�J�O�Uxm �� �#�Z �F�W�B�M�V�B�U�J�O�H �U�I�F �E�J�N�F�O�T�J�P�O�T �T�V�C�T�F��
�R�V�F�O�U�M�Z�
 �X�F �D�B�O �F�Y�Q�M�P�J�U �U�I�F �U�F�O�T�P�S �Q�S�P�E�V�D�U �D�P�N�Q�P�T�J�U�J�P�O �P�G �P�V�S �C�B�T�J�T �G�V�O�D�U�J�P�O�T�
 �B�T �X�F �P�O�M�Z

�k�O
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l 1 = 1 l 1 = 2 l 1 = 3

l 2 = 1

l 2 = 2

l 2 = 3

�'�J�H�V�S�F ���������5�I�F �S�F�D�V�S�T�J�W�F �F�W�B�M�V�B�U�J�P�O �B�M�H�P�S�J�U�I�N �G�P�S �B �T�J�O�H�M�F �E�B�U�B �Q�P�J�O�U �	�D�S�P�T�T�
�� �4�P�M�J�E �B�S�S�P�X�T
�J�O�E�J�D�B�U�F �U�I�F �Q�B�U�I�T �U�B�L�F�O�
 �M�F�B�E�J�O�H �U�P �U�I�F �H�S�J�E �Q�P�J�O�U �B�O�E �C�B�T�J�T �G�V�O�D�U�J�P�O �X�I�J�D�I
�T�V�Q�Q�P�S�U�T �U�I�F �E�B�U�B �Q�P�J�O�U�
 �J�O�E�J�D�B�U�F�E �C�Z �U�I�F�J�S �I�J�H�I�M�J�H�I�U�F�E �E�P�N�B�J�O�� �8�F �C�F�H�J�O �C�Z
�U�I�F �S�F�D�V�S�T�J�W�F �E�F�T�D�F�O�U �B�U �U�I�F �S�P�P�U �	l = (1 ; 1)�
 �J�O �U�I�F �M�B�T�U �E�J�N�F�O�T�J�P�O �	d = 2 �
��
�/�P�U�F �U�I�B�U�
 �J�O �U�I�J�T �F�Y�B�N�Q�M�F�
 �X�F �D�B�O �D�B�D�I�F �U�I�F �P�O�F���E�J�N�F�O�T�J�P�O�B�M �S�F�T�V�M�U�T �G�P�Sd = 2 ��
�$�P�N�Q�B�S�F �'�J�H�V�S�F ������ �G�P�S �U�I�F �S�F�T�Q�F�D�U�J�W�F �C�B�T�J�T �G�V�O�D�U�J�P�O�T�� �<�)�1�����>

�I�B�W�F �U�P �D�B�M�D�V�M�B�U�F �U�I�F �P�O�F���E�J�N�F�O�T�J�P�O�B�M �F�W�B�M�V�B�U�J�P�O� ld ;i d ' ld ;i d (xmd ) �P�O�D�F �G�P�S �E�J�N�F�O�T�J�P�Od �B�O�E
�D�B�O �U�I�F�O �N�V�M�U�J�Q�M�Z �U�I�J�T �S�F�T�V�M�U �X�J�U�I �U�I�F �S�F�T�V�M�U �P�G �U�I�F �D�P�S�S�F�T�Q�P�O�E�J�O�H �T�V�C�U�S�F�F�
 �J���F�� �U�I�F �T�V�N �P�G
�U�I�F �D�P�N�Q�P�O�F�O�U�T �J�O �U�I�F �S�F�N�B�J�O�J�O�Hd � 1 �E�J�N�F�O�T�J�P�O�T �	�T�F�F �'�J�H�V�S�F �������
 �<�)�1�����>�� �/�P�U�F �U�I�B�U �G�P�S �B
�E�F�T�D�F�O�U �J�O �B �o�Y�F�E �E�J�N�F�O�T�J�P�O�
 �U�I�F �S�F�T�V�M�U�J�O�H �U�S�F�F �P�G �C�B�T�J�T �G�V�O�D�U�J�P�O�T �J�T �C�J�O�B�S�Z �B�O�E �U�I�V�T �U�I�F
�E�J�S�F�D�U�J�P�O �P�G �U�S�B�W�F�S�T�B�M �J�T �F�B�T�Z �U�P �D�B�M�D�V�M�B�U�F��

�5�P �D�P�N�Q�V�U�F �U�I�F �P�Q�F�S�B�U�P�SB v�
 �X�F �D�B�O �B�E�B�Q�U �U�I�F �B�M�H�P�S�J�U�I�N �E�F�T�D�S�J�C�F�E �B�C�P�W�F�� �8�F �T�U�J�M�M �F�N�Q�M�P�Z
�U�I�F �T�B�N�F �U�S�B�W�F�S�T�B�M �T�D�I�F�N�F�
 �I�P�X�F�W�F�S�
 �X�F �O�P�X �T�V�N �V�Q �U�I�F �Q�B�S�U�J�B�M �S�F�T�V�M�U�Tvm ' k (xm ) �G�P�S �F�B�D�I
�C�B�T�J�T �G�V�O�D�U�J�P�O �J�O�E�J�W�J�E�V�B�M�M�Z �J�O�T�U�F�B�E �P�G �D�B�M�D�V�M�B�U�J�O�H �B �X�F�J�H�I�U�F�E �T�V�N �Q�F�S �E�B�U�B �Q�P�J�O�U �<�)�1�����>��

�8�I�J�M�F �C�P�U�I �B�M�H�P�S�J�U�I�N�T �B�S�F �P�Q�U�J�N�B�M �J�O �U�F�S�N�T �P�G �N�V�M�U�J���E�J�N�F�O�T�J�P�O�B�M �C�B�T�J�T �G�V�O�D�U�J�P�O �F�W�B�M�V�B�U�J�P�O�T�

�X�F �P�O�M�Z �F�W�B�M�V�B�U�F �P�O�F �N�V�M�U�J���E�J�N�F�O�T�J�P�O�B�M �C�B�T�J�T �G�V�O�D�U�J�P�O �Q�F�S �T�V�C�T�Q�B�D�F �Q�F�S �Q�P�J�O�U �B�O�E �F�W�F�O �D�B�D�I�F
�T�P�N�F �P�G �U�I�F �P�O�F���E�J�N�F�O�T�J�P�O�B�M �F�W�B�M�V�B�U�J�P�O�T �G�P�SB | � �
 �U�I�F�Z �Q�P�T�F �J�N�Q�M�F�N�F�O�U�B�U�J�P�O�B�M �D�I�B�M�M�F�O�H�F�T��
�1�B�S�B�M�M�F�M�J�[�B�U�J�P�O �D�B�O �C�F �E�P�O�F �T�U�S�B�J�H�I�U�G�P�S�X�B�S�E �P�W�F�S �U�I�F �E�B�U�B �Q�P�J�O�U�T�
 �I�P�X�F�W�F�S �U�I�F �P�Q�F�S�B�U�P�SB v
�X�P�V�M�E �U�I�F�O �S�F�R�V�J�S�F �T�Z�O�D�I�S�P�O�J�[�F�E �B�D�D�F�T�T �U�P �T�V�N �V�Q �U�I�F �Q�B�S�U�J�B�M �S�F�T�V�M�U�T�� �"�E�E�J�U�J�P�O�B�M�M�Z�
 �U�I�F
�S�F�D�V�S�T�J�W�F �T�U�S�V�D�U�V�S�F �P�G �U�I�F�T�F �B�M�H�P�S�J�U�I�N�T �S�F�O�E�F�S �U�I�F�N �E�J�q�D�V�M�U �U�P �C�F �D�P�N�Q�F�U�J�U�J�W�F�M�Z �J�N�Q�M�F�N�F�O�U
�P�O �U�I�F �(�1�6�� �
 �B�O�E �U�I�F�J�S �O�F�F�E �G�P�S �B �N�V�M�U�J���E�J�N�F�O�T�J�P�O�B�M �B�D�D�F�T�T �T�D�I�F�N�F �P�G �U�I�F �H�S�J�E �Q�P�J�O�U�T �G�V�S�U�I�F�S
�D�P�N�Q�M�J�D�B�U�F�T �N�B�U�U�F�S�T��

�� �8�I�J�M�F �$�6�%�" �T�V�Q�Q�P�S�U�T �S�F�D�V�S�T�J�W�F �G�V�O�D�U�J�P�O �D�B�M�M�T�
 �U�I�F �T�J�[�F �P�G �U�I�F �D�B�M�M �T�U�B�D�L�T �J�T �D�P�O�T�J�E�F�S�B�C�M�Z �N�P�S�F �M�J�N�J�U�F�E �U�I�B�O �P�O
�D�F�O�U�S�B�M �Q�S�P�D�F�T�T�J�O�H �V�O�J�U�T �	�$�1�6�T�
�� �'�V�S�U�I�F�S�N�P�S�F�
 �U�I�F �D�B�M�M �T�U�B�D�L�T �B�S�F�
 �E�V�F �U�P �U�I�F�J�S �T�J�[�F�
 �N�P�T�U �M�J�L�F�M�Z �B�M�M�P�D�B�U�F�E �J�O
�M�P�D�B�M �	�P�S �Q�P�T�T�J�C�M�Z �T�I�B�S�F�E�
 �N�F�N�P�S�Z�
 �X�I�J�D�I �X�P�V�M�E �M�F�B�E �U�P �B �T�J�H�O�J�o�D�B�O�U �J�N�Q�B�D�U �P�O �Q�F�S�G�P�S�N�B�O�D�F �P�W�F�S �B �Q�S�J�N�B�S�J�M�Z
�S�F�H�J�T�U�F�S �V�T�J�O�H �O�P�O���S�F�D�V�S�T�J�W�F �J�N�Q�M�F�N�F�O�U�B�U�J�P�O��
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�"�M�H�P�S�J�U�I�N �������4�U�S�F�B�N�J�O�H �B�M�H�P�S�J�U�I�N �G�P�S �U�I�F �N�V�M�U�J���F�W�B�M�V�B�U�J�P�OB | � ��

�'�V�O�D�U�J�P�O�#�s�…�{�…�&� �̂s�~�J�T
�*�O�Q�V�U ���-�F�W�F�M �W�F�D�U�P�Sl �
 �J�O�E�F�Y �W�F�D�U�P�Si �
d���E�J�N�F�O�T�J�P�O�B�M �E�B�U�B �Q�P�J�O�Uxm

�0�V�U�Q�V�U ��s = ' l ;i (xm )

s  1
�G�P�Sk  1 �U�Pd �E�P

s  s � ' lk ;i k (xmk ) = s � �.�s�Š�	1 � j 2lk � xmk � i k j; 0�

�S�F�U�V�S�Os

�1�S�P�D�F�E�V�S�F�.�‡�~�†�{�&� �̂s�~�4�†�„�w�s�•�{�€�y�J�T
�*�O�Q�V�U ���4�Q�B�S�T�F �H�S�J�E
 �
 �E�B�U�B �T�F�UT�
 �T�V�S�Q�M�V�T�F�T�
�0�V�U�Q�V�U ��v = B | �

�Q�B�S�B�M�M�F�M �G�P�S�B�M�Mxm 2 T �E�P
vm  0
�G�P�S�B�M�M(l ; i ) 2 
 �E�P

vm  vm + � l ;i � �#�s�…�{�…�&� �̂s�~�	l ; i ; xm �


�"�M�H�P�S�J�U�I�N �������4�U�S�F�B�N�J�O�H �B�M�H�P�S�J�U�I�N �G�P�S �U�I�F �U�S�B�O�T�Q�P�T�F�E �N�V�M�U�J���F�W�B�M�V�B�U�J�P�OB v��

�1�S�P�D�F�E�V�S�F�.�‡�~�†�{�&� �̂s�~�4�†�„�w�s�•�{�€�y�5�„�s�€�…�‚�•�…�w�v�J�T
�*�O�Q�V�U ���4�Q�B�S�T�F �H�S�J�E
 �
 �E�B�U�B �T�F�UT�
 �W�F�D�U�P�Sv
�0�V�U�Q�V�U ��v0 = B v

�Q�B�S�B�M�M�F�M �G�P�S�B�M�M(l ; i ; k) 2 
 �E�P
v0

k  0
�G�P�S�B�M�Mxm 2 T �E�P

v0
k  v0

k + vm � �#�s�…�{�…�&� �̂s�~�	l ; i ; xm �
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�*�O �D�P�O�U�S�B�T�U �U�P �U�I�F �S�F�D�V�S�T�J�W�F �B�M�H�P�S�J�U�I�N �E�F�T�D�S�J�C�F�E �J�O �U�I�F �Q�S�F�W�J�P�V�T �T�F�D�U�J�P�O�
 �U�I�F �T�P���D�B�M�M�F�E
�T�U�S�F�B�N�J�O�H �B�M�H�P�S�J�U�I�N �J�T �B�O �J�U�F�S�B�U�J�W�F �B�M�H�P�S�J�U�I�N �B�O�E �U�S�J�F�T �U�P �F�Y�Q�M�P�J�U �U�I�F �Q�S�P�Q�F�S�U�J�F�T �P�G �N�P�E�F�S�O
�I�B�S�E�X�B�S�F�� �%�V�F �U�P �U�I�J�T�
 �J�U �J�H�O�P�S�F�T �N�P�T�U �B�T�Q�F�D�U�T �P�G �U�I�F �C�B�T�J�T �G�V�O�D�U�J�P�O�T�� �5�I�F �V�O�P�Q�U�J�N�J�[�F�E
�B�M�H�P�S�J�U�I�N �G�P�S �U�I�F �P�Q�F�S�B�U�P�SB | � �D�B�O �C�F �F�Y�Q�S�F�T�T�F�E �B�T �B �M�P�P�Q �P�W�F�S �B�M�M �H�S�J�E �Q�P�J�O�U�T�
 �F�W�B�M�V�B�U�J�O�H
�U�I�F �D�P�S�S�F�T�Q�P�O�E�J�O�H �C�B�T�J�T �G�V�O�D�U�J�P�O �B�U �F�B�D�I �Q�P�J�O�U �J�O�E�J�W�J�E�V�B�M�M�Z�� �"�H�B�J�O�
 �U�I�F �E�B�U�B �Q�P�J�O�U�Txm �B�S�F
�F�W�B�M�V�B�U�F�E �J�O �Q�B�S�B�M�M�F�M�
 �T�F�F �"�M�H�P�S�J�U�I�N ��������B v �D�B�O �C�F �F�W�B�M�V�B�U�F�E �M�B�S�H�F�M�Z �J�E�F�O�U�J�D�B�M �U�PB | � �

�I�P�X�F�W�F�S �G�P�S �J�U �X�F �Q�B�S�B�M�M�F�M�J�[�F �P�W�F�S �U�I�F �H�S�J�E �Q�P�J�O�U�T �U�P �B�W�P�J�E �U�I�F �O�F�F�E �G�P�S �Q�P�U�F�O�U�J�B�M�M�Z �D�P�T�U�M�Z
�T�Z�O�D�I�S�P�O�J�[�B�U�J�P�O�
 �B�T �U�I�F �S�F�T�V�M�U�T �B�S�F �B�D�D�V�N�V�M�B�U�F�E �Q�F�S �H�S�J�E �Q�P�J�O�U �	�T�F�F �"�M�H�P�S�J�U�I�N �������
��

�5�I�F �P�C�W�J�P�V�T �E�S�B�X�C�B�D�L �P�G �U�I�F �T�U�S�F�B�N�J�O�H �B�M�H�P�S�J�U�I�N �J�T�
 �U�I�B�U �J�U �F�T�T�F�O�U�J�B�M�M�Z �D�P�N�Q�V�U�F�T �U�I�F �G�V�M�M
�N�B�U�S�J�Y �N�V�M�U�J�Q�M�J�D�B�U�J�P�O�
 �N�F�B�O�J�O�H �U�I�B�U �J�U �F�W�B�M�V�B�U�F�T �F�W�F�S�Z �C�B�T�J�T �G�V�O�D�U�J�P�O �B�U �F�W�F�S�Z �E�B�U�B �Q�P�J�O�U�

�J�O�F�W�J�U�B�C�M�Z �M�F�B�E�J�O�H �U�P �B �M�P�U �P�G �[�F�S�P���F�W�B�M�V�B�U�J�P�O�T�� �'�V�S�U�I�F�S�N�P�S�F�
 �U�I�F �B�M�H�P�S�J�U�I�N �G�P�SB v �Q�B�S�B�M�M�F�M�J�[�F�T
�P�W�F�S �U�I�F �H�S�J�E �Q�P�J�O�U�T�� �(�F�O�F�S�B�M�M�Z�
 �X�F �D�P�O�T�J�E�F�S �U�I�F �O�V�N�C�F�S �P�G �E�B�U�B �Q�P�J�O�U�T �U�P �C�F �M�B�S�H�F �F�O�P�V�H�I �U�P
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�T�B�U�V�S�B�U�F �U�I�F �O�F�F�E �G�P�S �Q�B�S�B�M�M�F�M�J�T�N �P�O �D�P�O�D�V�S�S�F�O�U �(�1�6�T�
 �I�P�X�F�W�F�S�
 �X�F �B�M�T�P �F�Y�Q�F�D�U �U�I�F �O�V�N�C�F�S �P�G
�H�S�J�E �Q�P�J�O�U�T �U�P �C�F �O�P�U�J�D�F�B�C�M�Z �T�N�B�M�M�F�S�� �5�I�J�T �N�B�Z �M�F�B�E �U�P �Q�S�P�C�M�F�N�T �F�Y�Q�M�P�J�U�J�O�H �U�I�F �G�V�M�M �Q�P�U�F�O�U�J�B�M
�Q�S�P�W�J�E�F�E �C�Z �U�I�F �I�B�S�E�X�B�S�F�
 �T�F�F �)�F�J�O�F�D�L�F �B�O�E �1�p�º�H�F�S �<�)�1�����> �G�P�S �E�F�U�B�J�M�T��

�3�F�H�B�S�E�M�F�T�T �P�G �J�U�T �Q�S�P�C�M�F�N�T�
 �U�I�J�T �B�M�H�P�S�J�U�I�N �T�U�J�M�M �Q�F�S�G�P�S�N�T �O�P�U�B�C�M�Z �X�F�M�M �J�O �Q�S�B�D�U�J�D�F�� �"�O �J�N�Q�P�S�U�B�O�U
�B�T�Q�F�D�U �G�P�S �U�I�J�T �J�T �U�I�F �G�B�D�U �U�I�B�U �B�M�M �Q�B�S�B�M�M�F�M �U�I�S�F�B�E�T �Q�S�P�D�F�T�T �U�I�F �T�B�N�F �H�S�J�E �Q�P�J�O�U�T �J�O �T�F�R�V�F�O�D�F
�	�U�I�V�T �U�I�F �O�B�N�F �T�U�S�F�B�N�J�O�H�
�
 �X�I�J�D�I �M�F�B�E�T �U�P �B �W�F�S�Z �D�B�D�I�F���G�S�J�F�O�E�M�Z �C�F�I�B�W�J�P�S�� �"�T �B �S�F�T�V�M�U�
 �U�I�J�T
�B�M�H�P�S�J�U�I�N �E�P�F�T �O�P�U �E�F�Q�F�O�E �B�T �N�V�D�I �P�O �N�F�N�P�S�Z �M�B�U�F�O�D�Z �B�O�E �C�B�O�E�X�J�E�U�I �B�T �U�I�F �S�F�D�V�S�T�J�W�F
�B�M�H�P�S�J�U�I�N �E�F�T�D�S�J�C�F�E �J�O �U�I�F �Q�S�F�W�J�P�V�T �T�F�D�U�J�P�O�
 �F�n�F�D�U�J�W�F�M�Z �B�D�D�F�T�T�J�O�H �U�I�F �N�F�N�P�S�Z �J�O �B �S�B�O�E�P�N
�G�B�T�I�J�P�O�� �"�E�E�J�U�J�P�O�B�M�M�Z�
 �B �X�J�E�F �W�B�S�J�F�U�Z �P�G �T�U�B�O�E�B�S�E �I�B�S�E�X�B�S�F���C�B�T�F�E �P�Q�U�J�N�J�[�B�U�J�P�O�T �D�B�O �C�F
�F�B�T�J�M�Z �J�N�Q�M�F�N�F�O�U�F�E�
 �T�V�D�I �B�T �G�P�S �F�Y�B�N�Q�M�F�
 �Q�S�F���G�F�U�D�I�J�O�H �P�G �E�B�U�B �J�O�U�P �D�B�D�I�F�T �P�S �S�F�H�J�T�U�F�S�T �B�O�E
�M�P�P�Q �V�O�S�P�M�M�J�O�H�� �5�I�F �D�P�N�C�J�O�B�U�J�P�O �P�G �T�U�S�V�D�U�V�S�F �B�O�E �P�Q�U�J�N�J�[�B�U�J�P�O�T �Q�P�T�T�J�C�M�F �I�B�T�
 �J�O �U�I�F �Q�B�T�U�

�C�F�F�O �Q�S�P�W�F�O �U�P �N�B�L�F �V�Q �G�P�S �U�I�F �N�B�O�Z �V�O�O�F�D�F�T�T�B�S�Z �F�W�B�M�V�B�U�J�P�O�T �J�U �D�P�N�Q�V�U�F�T �J�O �U�F�S�N�T �P�G
�Q�F�S�G�P�S�N�B�O�D�F �B�O�E �I�B�T �M�F�E �U�P �J�U �C�F�J�O�H �U�I�F �D�P�N�N�P�O�M�Z �V�T�F�E �B�M�H�P�S�J�U�I�N �G�P�S �S�F�H�S�F�T�T�J�P�O �P�O �T�Q�B�S�T�F
�H�S�J�E�T �<�)�F�J������ �)�1�����>�� �" �L�F�Z �B�T�Q�F�D�U �J�O �U�I�F�T�F �B�T�D�F�S�U�B�J�O�N�F�O�U�T �J�T �U�I�F �G�B�D�U �U�I�B�U �U�I�F �P�W�F�S�I�F�B�E
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�B�M�H�P�S�J�U�I�N �P�O �T�Q�B�U�J�B�M�M�Z �B�E�B�Q�U�J�W�F �T�Q�B�S�T�F �H�S�J�E �T�D�F�O�B�S�J�P�T��
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�8�F �C�F�H�J�O �B�H�B�J�O �X�J�U�I �U�I�F �4�%�4�4 �%�3�� �E�B�U�B �T�F�U�
 �B �C�B�T�F �H�S�J�E �P�G �M�F�W�F�M �U�X�P�
���� �T�V�S�Q�M�V�T���C�B�T�F�E
�S�F�o�O�F�N�F�O�U �T�U�F�Q�T �F�B�D�I �S�F�o�O�J�O�H���� �Q�P�J�O�U�T �S�F�o�O�F�E �Q�F�S �T�U�F�Q �X�J�U�I �B �N�B�Y�J�N�V�N �P�G������ �$�( �T�P�M�W�F�S
�J�U�F�S�B�U�J�P�O�T�
 �B�O�E �B �S�F�H�V�M�B�S�J�[�B�U�J�P�O �G�B�D�U�P�S �P�G ��� ���� �ï�� ��

�*�G �X�F �M�P�P�L �B�U �U�I�F �B�C�T�P�M�V�U�F �E�V�S�B�U�J�P�O �P�G �U�I�F �T�V�C�T�Q�B�D�F���B�E�B�Q�U�J�W�F �B�M�H�P�S�J�U�I�N �G�P�S �U�I�F �P�Q�F�S�B�U�P�SB | �
�J�O �D�P�N�Q�B�S�J�T�P�O �U�P �J�U�T �U�X�P �D�P�N�Q�F�U�J�U�P�S�T �'�J�H�V�S�F ���������
 �U�I�F �T�V�C�T�Q�B�D�F���M�J�O�F�B�S �B�O�E �U�I�F �T�U�S�F�B�N�J�O�H
�B�M�H�P�S�J�U�I�N�
 �X�F �D�B�O �T�F�F �U�I�B�U �J�U�
 �E�F�Q�F�O�E�J�O�H �P�O �U�I�F �D�I�P�T�F�O �U�I�S�F�T�I�P�M�E �W�B�M�V�F�T �B�O�E �S�F�o�O�F�N�F�O�U �T�U�F�Q�T�

�Q�F�S�G�P�S�N�T �T�J�N�J�M�B�S �P�S �T�P�N�F�X�I�B�U �X�P�S�T�F �U�I�B�O �U�I�F �T�U�S�F�B�N�J�O�H �B�M�H�P�S�J�U�I�N �B�O�E �O�P�U�B�C�M�Z �X�P�S�T�F �U�I�B�O
�U�I�F �T�V�C�T�Q�B�D�F���M�J�O�F�B�S �B�M�H�P�S�J�U�I�N�
 �X�J�U�I �U�I�F �F�Y�D�F�Q�U�J�P�O �P�G �U�I�F �I�J�H�I�F�S �S�F�o�O�F�N�F�O�U �T�U�F�Q�T �X�I�F�S�F �U�I�F
�T�V�C�T�Q�B�D�F���M�J�O�F�B�S �B�M�H�P�S�J�U�I�N �S�V�O�T �J�O�U�P �N�F�N�P�S�Z���S�F�M�B�U�F�E �Q�S�P�C�M�F�N�T �	�E�F�T�D�S�J�C�F�E �J�O �4�F�D�U�J�P�O �����������
��
�5�I�J�T �D�P�N�Q�B�S�J�T�P�O�
 �I�P�X�F�W�F�S�
 �J�O�D�M�V�E�F�T �U�I�F �Q�S�F�Q�B�S�B�U�J�P�O �T�U�F�Q�T �S�F�R�V�J�S�F�E �G�P�S �F�B�D�I �B�M�H�P�S�J�U�I�N�� �%�V�F
�U�P �P�V�S �J�N�Q�M�F�N�F�O�U�B�U�J�P�O �P�G �U�I�F �T�V�C�T�Q�B�D�F���B�E�B�Q�U�J�W�F �B�M�H�P�S�J�U�I�N �B�T �N�P�E�V�M�B�S �T�P�M�V�U�J�P�O �X�I�J�D�I �B�M�M�P�X�T
�V�T �U�P �T�X�J�U�D�I �P�V�U �U�I�F �J�N�Q�M�F�N�F�O�U�B�U�J�P�O �P�G �U�I�F �T�V�C���B�M�H�P�S�J�U�I�N�T �	�T�U�S�F�B�N�J�O�H �B�O�E �T�V�C�T�Q�B�D�F���M�J�O�F�B�S�
�

�B�O �B�E�E�J�U�J�P�O�B�M �Q�S�F�Q�B�S�B�U�J�P�O �T�U�F�Q �J�T �S�F�R�V�J�S�F�E�� �5�I�J�T �Q�S�F�Q�B�S�B�U�J�P�O �T�U�F�Q �I�B�T �B�H�B�J�O �P�O�M�Z �U�P �C�F
�F�Y�F�D�V�U�F�E �P�O�D�F �U�I�F �H�S�J�E �D�I�B�O�H�F�T �B�O�E �J�T �U�I�F �N�B�J�O �S�F�B�T�P�O �G�P�S �U�I�F �E�J�n�F�S�F�O�U �F�Y�F�D�V�U�J�P�O �U�J�N�F�T �P�G
�U�I�F �T�V�C�T�Q�B�D�F���M�J�O�F�B�S �B�M�H�P�S�J�U�I�N �B�O�E �U�I�F �T�V�C�T�Q�B�D�F���B�E�B�Q�U�J�W�F �B�M�H�P�S�J�U�I�N �X�J�U�I �U�I�S�F�T�I�P�M�E���W�B�M�V�F�T
�P�Gp = 0 �B�O�Eu = 0 �	�D�P�N�Q�B�S�F �'�J�H�V�S�F ���������
�� �/�P�U�F �U�I�B�U �U�I�F �T�V�C�T�Q�B�D�F���B�E�B�Q�U�J�W�F �B�M�H�P�S�J�U�I�N �X�J�U�I
�U�I�J�T �U�I�S�F�T�I�P�M�E �X�J�M�M �B�M�X�B�Z�T �T�F�M�F�D�U �U�I�F �T�V�C�T�Q�B�D�F���M�J�O�F�B�S �B�M�H�P�S�J�U�I�N �G�P�S �B�M�M �T�V�C�H�S�J�E�T��

�&�Y�D�M�V�E�J�O�H �B�M�M �Q�S�F�Q�B�S�B�U�J�P�O �T�U�F�Q�T �	�P�G �U�I�F �T�V�C�T�Q�B�D�F���M�J�O�F�B�S �B�O�E �T�V�C�T�Q�B�D�F���B�E�B�Q�U�J�W�F �B�M�H�P�S�J�U�I�N�T�

�Z�J�F�M�E�T �B �T�J�H�O�J�o�D�B�O�U �D�I�B�O�H�F �J�O �S�V�O���U�J�N�F �	�'�J�H�V�S�F ���������
�� �/�P�X �U�I�F �T�V�C�T�Q�B�D�F���B�E�B�Q�U�J�W�F �B�M�H�P�S�J�U�I�N
�X�J�U�Ip = 0 �B�O�Eu = 0 �Q�F�S�G�P�S�N�T �T�J�N�J�M�B�S �U�P �U�I�F �T�V�C�T�Q�B�D�F���M�J�O�F�B�S �B�M�H�P�S�J�U�I�N�
 �B�T �J�U �T�I�P�V�M�E �	�X�J�U�I �U�I�F
�O�P�U�B�C�M�F �F�Y�D�F�Q�U�J�P�O �P�G �S�F�o�O�F�N�F�O�U �T�U�F�Q�T���� �B�O�E���� �X�I�J�D�I �T�U�J�M�M �T�I�P�X �T�P�N�F �J�N�Q�B�D�U �P�G �U�I�F �F�Y�D�F�T�T�J�W�F
�N�F�N�P�S�Z �V�T�F�
 �I�P�X�F�W�F�S�
 �J�O�F�Y�Q�M�J�D�B�C�M�Z �U�P �V�T�
 �U�I�J�T �T�F�F�N�T �U�P �C�F �S�F�E�V�D�F�E�
�� �8�F �B�S�F�
 �E�F�Q�F�O�E�J�O�H �P�O
�U�I�F �T�F�M�F�D�U�F�E �U�I�S�F�T�I�P�M�E �W�B�M�V�F�T�
 �B�C�M�F �U�P �M�F�T�T�F�O �P�S �S�F�N�P�W�F �U�I�F �J�N�Q�B�D�U �P�G �U�I�F �N�F�N�P�S�Z���S�F�M�B�U�F�E
�J�T�T�V�F�T �F�O�D�P�V�O�U�F�S�F�E �P�O �U�I�F �T�V�C�T�Q�B�D�F���M�J�O�F�B�S �B�M�H�P�S�J�U�I�N �	�E�J�T�D�V�T�T�F�E �J�O �4�F�D�U�J�P�O �����������
�
 �M�F�B�E�J�O�H �U�P
�T�Q�F�F�E���V�Q �P�W�F�S �U�I�J�T �B�M�H�P�S�J�U�I�N �G�P�S �U�I�F �S�F�o�O�F�N�F�O�U���T�U�F�Q�T���� �B�O�E �I�J�H�I�F�S�� �'�P�S �U�I�F �P�Q�F�S�B�U�P�SB v�

�X�F �D�B�O �P�C�T�F�S�W�F �B �T�J�N�J�M�B�S �C�F�I�B�W�J�P�S �X�I�F�O �U�B�L�J�O�H �J�O�U�P �B�D�D�P�V�O�U �U�I�F �C�F�I�B�W�J�P�S �P�G �U�I�J�T �P�Q�F�S�B�U�P�S
�G�P�S �U�I�F �T�U�S�F�B�N�J�O�H �B�O�E �T�V�C�T�Q�B�D�F���M�J�O�F�B�S �B�M�H�P�S�J�U�I�N�T �	�'�J�H�V�S�F ���������
��

�8�I�J�M�F �X�F �U�S�J�F�E �U�P �U�V�O�F �U�I�F �U�I�S�F�T�I�P�M�E �W�B�M�V�F�T �B�D�D�P�S�E�J�O�H �U�P �U�I�F �Q�S�P�Q�F�S�U�J�F�T �P�G �U�I�F �H�S�J�E�T �B�O�E
�T�V�C�H�S�J�E�T �J�O�W�P�M�W�F�E �J�O �U�I�J�T �T�D�F�O�B�S�J�P �	�T�F�F �"�Q�Q�F�O�E�J�Y �" �5�B�C�M�F �"���� �G�P�S �E�F�U�B�J�M�T�
 �B�O�E �F�W�B�M�V�B�U�F�E
�E�J�n�F�S�F�O�U �D�P�N�C�J�O�B�U�J�P�O�T�
 �X�F �D�B�O �T�F�F �U�I�B�U �U�I�F�J�S �T�F�M�F�D�U�J�P�O �J�T �O�P�U �Q�F�S�G�F�D�U�� �*�E�F�B�M�M�Z�
 �X�F �X�P�V�M�E �X�B�O�U
�B �S�V�O���U�J�N�F �C�F�U�U�F�S �U�I�B�O �C�P�U�I�
 �U�I�F �T�V�C�T�Q�B�D�F���M�J�O�F�B�S �B�M�H�P�S�J�U�I�N �B�O�E �U�I�F �T�U�S�F�B�N�J�O�H �B�M�H�P�S�J�U�I�N�
 �B�T
�X�F�M�M �B�T �D�P�N�C�J�O�B�U�J�P�O �P�G �U�I�F�T�F �U�I�B�U �E�P�F�T �O�P�U �S�F�R�V�J�S�F �B�T �N�V�D�I �N�F�N�P�S�Z �B�T �U�I�F �T�V�C�T�Q�B�D�F���M�J�O�F�B�S
�B�M�H�P�S�J�U�I�N �B�M�P�O�F�
 �U�I�V�T �B�W�P�J�E�J�O�H �N�F�N�P�S�Z���S�F�M�B�U�F�E �Q�S�P�C�M�F�N�T�� �&�T�Q�F�D�J�B�M�M�Z �J�O �'�J�H�V�S�F ���������
 �X�F
�D�B�O �P�C�T�F�S�W�F �U�I�B�U �U�I�F �H�S�J�E �Q�P�J�O�U���C�B�T�F�E �T�F�M�F�D�U�P�S �C�S�J�O�H�T�
 �B�U �M�F�B�T�U �J�O �U�I�J�T �T�D�F�O�B�S�J�P�
 �O�P �C�F�O�F�o�U
�B�U �B�M�M�� �5�I�F �P�W�F�S�I�F�B�E �J�O�U�S�P�E�V�D�F�E �C�Z �S�V�O�O�J�O�H �U�I�F �T�U�S�F�B�N�J�O�H �L�F�S�O�F�M �J�O �T�V�D�D�F�T�T�J�P�O �U�P �U�I�F
�T�V�C�T�Q�B�D�F���M�J�O�F�B�S �P�O�F �T�F�F�N�T �U�P �C�F �M�B�S�H�F�S �U�I�B�O �U�I�F �P�W�F�S�I�F�B�E �P�G �U�I�F �T�V�C�T�Q�B�D�F���M�J�O�F�B�S �B�M�H�P�S�J�U�I�N
�P�W�F�S �U�I�F �T�U�S�F�B�N�J�O�H �B�M�H�P�S�J�U�I�N �G�P�S �U�I�F �T�V�C�H�S�J�E�T �X�J�U�I �P�O�M�Z �B �G�F�X �O�V�N�C�F�S �P�G �Q�P�J�O�U�T�� �)�P�X�F�W�F�S�

�X�F �D�B�O �B�M�T�P �P�C�T�F�S�W�F �U�I�B�U �U�I�F �Q�P�J�O�U���C�B�T�F �T�F�M�F�D�U�P�S �I�B�T �B �T�J�H�O�J�o�D�B�O�U �J�O�p�V�F�O�D�F �G�P�S �U�I�F �I�J�H�I�F�S
�S�F�o�O�F�N�F�O�U �T�U�F�Q�T�
 �F�T�Q�F�D�J�B�M�M�Z �B�T �U�I�F �T�U�S�F�B�N�J�O�H���B�M�H�P�S�J�U�I�N �J�T �S�F�R�V�J�S�F�E �P�O �U�I�F�T�F �T�U�F�Q�T �E�V�F �U�P
�U�I�F �I�J�H�I �N�F�N�P�S�Z���D�P�O�T�V�N�Q�U�J�P�O �P�G �U�I�F �T�V�C�T�Q�B�D�F���M�J�O�F�B�S �B�M�H�P�S�J�U�I�N�� �8�F �P�S�J�H�J�O�B�M�M�Z �E�F�T�J�H�O�F�E
�U�I�F �V�U�J�M�J�[�B�U�J�P�O �U�I�S�F�T�I�P�M�E �U�P �I�B�O�E�M�F �U�I�F �Q�S�P�C�M�F�N�T �F�O�D�P�V�O�U�F�S�F�E �J�O �U�I�F�T�F �T�U�F�Q�T�
 �I�P�X�F�W�F�S �P�V�S
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�U�I�S�F�T�I�P�M�E���W�B�M�V�F�T �G�P�S �U�I�J�T �T�U�F�Q �I�B�W�F �Q�S�P�W�F�O �U�P �C�F �F�J�U�I�F�S �U�P�P �B�H�H�S�F�T�T�J�W�F �	�J�O �D�B�T�F �P�Gu = 2 � 10� 7

�B�O�Eu = 5 � 10� 7�
�
 �U�I�V�T �O�P�U �T�F�M�F�D�U�J�O�H �F�O�P�V�H�I �M�B�S�H�F �T�V�C�H�S�J�E�T �U�P �C�F �F�Y�F�D�V�U�F�E �X�J�U�I �U�I�F
�T�U�S�F�B�N�J�O�H �B�M�H�P�S�J�U�I�N �B�O�E �U�I�F�S�F�G�P�S�F �O�P�U �S�F�T�P�M�W�J�O�H �N�F�N�P�S�Z �Q�S�P�C�M�F�N�T�
 �P�S �U�P�P �M�B�Y �	�J�O �D�B�T�F
�P�Gu = 1 � 10� 7�
�
 �M�F�B�E�J�O�H �U�P �Q�F�S�G�P�S�N�B�O�D�F���Q�F�O�B�M�U�J�F�T �C�Z �T�F�M�F�D�U�J�O�H �U�P�P �N�B�O�Z �T�V�C�H�S�J�E�T �U�P �C�F
�F�Y�F�D�V�U�F�E �X�J�U�I �U�I�F �T�U�S�F�B�N�J�O�H �B�M�H�P�S�J�U�I�N �	�'�J�H�V�S�F ���������
�� �#�B�T�F�E �P�O �U�I�F�T�F �P�C�T�F�S�W�B�U�J�P�O�T�
 �X�F �D�B�O
�D�P�O�D�M�V�E�F �U�I�B�U �B �S�F�M�B�U�J�W�F �N�F�B�T�V�S�F�
 �T�V�D�I �B�T �V�U�J�M�J�[�B�U�J�P�O �N�B�Z �O�P�U �C�F �U�I�F �C�F�T�U �D�I�P�J�D�F�
 �B�T �J�U �J�T �F�B�T�J�M�Z
�J�O�p�V�F�O�D�F�E �C�Z �U�I�F �O�V�N�C�F�S �P�G �V�T�F�E �Q�P�J�O�U�T �P�O �U�I�F �T�V�C�H�S�J�E�� �" �Q�S�P�C�B�C�M�Z �C�F�U�U�F�S �T�P�M�V�U�J�P�O �X�P�V�M�E
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 �B �Q�P�J�O�U���U�I�S�F�T�I�P�M�E �P�Gp = 4 �I�B�T �C�F�F�O �Q�S�P�W�F�O �U�P �C�F �U�I�F �C�F�T�U �P�W�F�S�B�M�M �T�F�M�F�D�U�J�P�O �	�J�O
�P�V�S �M�J�N�J�U�F�E �T�F�U �P�G �U�F�T�U�F�E �Q�B�S�B�N�F�U�F�S�T�
 �P�U�I�F�S �U�I�B�Op = 0 �G�P�S �C�P�U�I �P�Q�F�S�B�U�P�S�T�
B | � �B�O�EB v�
 �T�F�F
�G�P�S �F�Y�B�N�Q�M�F �'�J�H�V�S�F�T �������� �B�O�E ���������� �0�O �U�I�J�T �T�D�F�O�B�S�J�P�
 �I�P�X�F�W�F�S�
 �B �Q�P�J�O�U���U�I�S�F�T�I�P�M�E �P�Gp = 8
�Q�F�S�G�P�S�N�T �O�P�U�B�C�M�Z �C�F�U�U�F�S �U�I�B�Op = 4 �G�P�SB v �P�O �U�I�F �o�O�B�M �T�J�Y �S�F�o�O�F�N�F�O�U �T�U�F�Q�T �	�'�J�H�V�S�F ���������
��
�*�U �N�B�L�F �T�F�O�T�F�
 �U�I�B�U�
 �G�P�S �T�P�N�F �X�P�S�L�M�P�B�E�T�
 �U�I�F �C�F�T�U �Q�P�J�O�U �U�I�S�F�T�I�P�M�E �W�B�M�V�F �U�F�O�E�T �U�P �C�F �I�J�H�I�F�S
�G�P�SB v �U�I�B�O �G�P�SB | � �E�V�F �U�P �U�I�F �V�T�F �P�G �B�U�P�N�J�D�T �J�O �U�I�F �T�V�C�T�Q�B�D�F���M�J�O�F�B�S �B�M�H�P�S�J�U�I�N�
 �X�I�J�D�I
�J�O�U�S�P�E�V�D�F�T �B�O �B�E�E�J�U�J�P�O�B�M �P�W�F�S�I�F�B�E �P�O �B �Q�F�S �H�S�J�E���Q�P�J�O�U �C�B�T�J�T�
 �B�T �U�I�F �S�F�T�V�M�U�T �P�G �U�I�J�T �P�Q�F�S�B�U�P�S
�B�S�F �B�D�D�V�N�V�M�B�U�F�E �Q�F�S �H�S�J�E���Q�P�J�O�U �	�C�Z �V�T�F �P�G �T�B�J�E �B�U�P�N�J�D�T�
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�'�P�S �U�I�F �U�F�O���E�J�N�F�O�T�J�P�O�B�M �(�B�V�T�T�J�B�O �E�B�U�B �T�F�U �X�F �D�B�O �B�H�B�J�O �P�C�T�F�S�W�F �T�J�N�J�M�B�S �S�F�T�V�M�U�T �X�J�U�I �S�F�T�Q�F�D�U �U�P
�U�I�F �Q�S�F�W�J�P�V�T �F�W�B�M�V�B�U�J�P�O�T �P�G �U�I�J�T �E�B�U�B �T�F�U �G�P�S �U�I�F �T�V�C�T�Q�B�D�F���M�J�O�F�B�S �B�H�P�S�J�U�I�N �B�O�E �U�I�F �F�W�B�M�V�B�U�J�P�O�T
�P�G �U�I�F �o�W�F���E�J�N�F�O�T�J�P�O�B�M �(�B�V�T�T�J�B�O �E�B�U�B �T�F�U �	�'�J�H�V�S�F�T ���������� �U�P �����������
�� �%�V�F �U�P �U�I�F �I�J�H�I�F�S
�L�F�S�O�F�M �F�Y�F�D�V�U�J�P�O �U�J�N�F�T�
 �U�I�F �Q�S�F�Q�B�S�B�U�J�P�O �T�U�F�Q�T �B�S�F �S�F�M�B�U�J�W�F�M�Z �T�N�B�M�M �J�O �D�P�N�Q�B�S�J�T�P�O �U�P �Q�S�F�W�J�P�V�T
�T�D�F�O�B�S�J�P�T�
 �I�P�X�F�W�F�S�
 �U�I�F�J�S �J�N�Q�B�D�U �D�B�O �T�U�J�M�M �C�F �P�C�T�F�S�W�F�E �	�'�J�H�V�S�F�T ���������� �B�O�E �����������
�� �8�F �B�S�F
�B�H�B�J�O �V�O�B�C�M�F �U�P �P�V�U���Q�F�S�G�P�S�N �U�I�F �T�V�C�T�Q�B�D�F���M�J�O�F�B�S �B�M�H�P�S�J�U�I�N��
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�5�I�F �)�*�(�(�4 �E�B�U�B �T�F�U �Q�S�P�W�J�E�F�T�
 �J�O �D�P�N�Q�B�S�J�T�P�O �U�P �U�I�F �Q�S�F�W�J�P�V�T�M�Z �E�J�T�D�V�T�T�F�E �T�D�F�O�B�S�J�P�T�
 �E�J�n�F�S�F�O�U
�B�O�E �J�O�U�F�S�F�T�U�J�O�H �S�F�T�V�M�U�T�� �8�F �B�H�B�J�O �V�T�F�E �U�I�F �T�D�F�O�B�S�J�P �H�J�W�F�O �J�O �5�B�C�M�F �������
 �I�P�X�F�W�F�S�
 �M�J�N�J�U�F�E �J�U
�U�P �U�F�O �S�F�o�O�F�N�F�O�U �T�U�F�Q�T �E�V�F �U�P �U�I�F �M�B�S�H�F �F�Y�F�D�V�U�J�P�O �F�O�D�P�V�O�U�F�S�F�E �J�O �U�I�F �M�B�U�F�S �T�U�F�Q�T��

�&�W�F�O �X�J�U�I �B�M�M �Q�S�F�Q�B�S�B�U�J�P�O �T�U�F�Q�T �J�O�D�M�V�E�F�E�
 �U�I�F �T�Q�F�F�E���V�Q �P�G �U�I�F �T�V�C�T�Q�B�D�F���M�J�O�F�B�S �B�M�H�P�S�J�U�I�N �P�W�F�S
�U�I�F �T�U�S�F�B�N�J�O�H �B�M�H�P�S�J�U�I�N �J�T �M�B�S�H�F�M�Z �P�O�F �G�P�S �P�Q�F�S�B�U�P�SB | � �
 �X�J�U�I �B �U�S�F�O�E �U�P �C�F �T�M�J�H�I�U�M�Z �N�P�S�F
�U�I�B�O �P�O�F �P�O �U�I�F �M�B�T�U �U�I�S�F�F �S�F�o�O�F�N�F�O�U �T�U�F�Q�T �G�P�S �B �Q�P�J�O�U �U�I�S�F�T�I�P�M�E �P�Gp = 4 �B�O�E �V�U�J�M�J�[�B�U�J�P�O
�U�I�S�F�T�I�P�M�E�T �P�Gu = 1 � 10� 2 �B�O�Eu = 1 � 10� 3 �	�'�J�H�V�S�F�T ���������� �B�O�E �����������
�� �5�I�J�T �T�I�P�X�T
�U�I�B�U �X�F �D�B�O �J�O�E�F�F�E �C�F�B�U �U�I�F �T�V�C�T�Q�B�D�F���M�J�O�F�B�S �B�M�H�P�S�J�U�I�N �	�B�U �M�F�B�T�U �P�O �T�P�N�F �T�D�F�O�B�S�J�P�T �G�P�S
�U�I�F �P�Q�F�S�B�U�P�SB | � �
�
 �F�W�F�O �J�G �X�F �F�O�D�P�V�O�U�F�S �O�P �Q�F�S�G�P�S�N�B�O�D�F���Q�F�O�B�M�U�J�F�T �E�V�F �U�P �J�U�T �N�F�N�P�S�Z��
�S�F�R�V�J�S�F�N�F�O�U�
 �B�T �X�F�M�M �B�T �U�I�F �T�U�S�F�B�N�J�O�H �B�M�H�P�S�J�U�I�N �	�F�W�F�S �T�P �T�M�J�H�I�U�M�Z�
 �C�Z �B �D�M�F�W�F�S �D�P�N�C�J�O�B�U�J�P�O
�P�G �C�P�U�I �B�M�H�P�S�J�U�I�N�T��

�'�P�S �U�I�F �O�P�O���U�S�B�O�T�Q�P�T�F�E �N�V�M�U�J �F�W�B�M�V�B�U�J�P�OB v �X�F �B�M�T�P �D�P�O�W�F�S�H�F �U�P�X�B�S�E�T �B �T�Q�F�F�E���V�Q �P�G �P�O�F�

�I�P�X�F�W�F�S �B�S�F �O�P�U �B�C�M�F �U�P �F�Y�D�F�F�E �J�U �	�'�J�H�V�S�F�T ���������� �B�O�E �����������
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�#�B�T�F�E �P�O �U�I�F �S�F�T�V�M�U�T �B�C�P�W�F�
 �X�F �D�B�O �D�P�O�D�M�V�E�F �U�I�B�U �U�I�F �T�V�C�T�Q�B�D�F���B�E�B�Q�U�J�W�F �B�M�H�P�S�J�U�I�N �J�T �B�C�M�F �U�P
�P�V�U�Q�F�S�G�P�S�N �U�I�F �T�U�S�F�B�N�J�O�H �B�M�H�P�S�J�U�I�N �C�Z �T�J�N�J�M�B�S �N�B�S�H�J�O�T �B�T �U�I�F �T�V�C�T�Q�B�D�F���M�J�O�F�B�S �B�M�H�P�S�J�U�I�N�
 �C�V�U
�J�T �P�O �N�B�O�Z �T�D�F�O�B�S�J�P�T �O�P�U �O�P�U�B�C�M�Z �G�B�T�U�F�S �U�I�B�O �U�I�F �T�V�C�T�Q�B�D�F���M�J�O�F�B�S �B�M�H�P�S�J�U�I�N �J�U�T�F�M�G�� �)�P�X�F�W�F�S�

�X�F �B�M�T�P �D�P�V�M�E �P�C�W�J�B�U�F �U�I�F �I�J�H�I �N�F�N�P�S�Z �V�T�B�H�F �P�G �U�I�F �T�V�C�T�Q�B�D�F���M�J�O�F�B�S �B�M�H�P�S�J�U�I�N �U�P �T�P�N�F
�F�Y�U�F�O�U�
 �C�Z �D�P�N�C�J�O�J�O�H �J�U �X�J�U�I �U�I�F �T�U�S�F�B�N�J�O�H �B�M�H�P�S�J�U�I�N �B�O�E �U�I�V�T �Q�S�P�W�J�E�F �T�Q�F�F�E���V�Q�T �T�J�N�J�M�B�S
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�4�U�S�F�B�N�J�O�H �	�5�V�O�F�E�

�4�V�C�T�Q�B�D�F���-�J�O�F�B�S �	�#�M�P�D�L���4�J�[�F ���


�4�V�C�T�Q�B�D�F���"�E�B�Q�U�J�W�F �	p = 0 ; u = 0 �


�4�V�C�T�Q�B�D�F���"�E�B�Q�U�J�W�F �	p = 0 ; u = 1 � 10� 6 �


�4�V�C�T�Q�B�D�F���"�E�B�Q�U�J�W�F �	p = 0 ; u = 5 � 10� 7 �


�4�V�C�T�Q�B�D�F���"�E�B�Q�U�J�W�F �	p = 0 ; u = 2 � 10� 7 �

�4�V�C�T�Q�B�D�F���"�E�B�Q�U�J�W�F �	p = 4 ; u = 0 �


�4�V�C�T�Q�B�D�F���"�E�B�Q�U�J�W�F �	p = 4 ; u = 1 � 10� 6 �


�4�V�C�T�Q�B�D�F���"�E�B�Q�U�J�W�F �	p = 4 ; u = 5 � 10� 7 �


�4�V�C�T�Q�B�D�F���"�E�B�Q�U�J�W�F �	p = 4 ; u = 2 � 10� 7 �


�'�J�H�V�S�F �����������"�C�T�P�M�V�U�F �E�V�S�B�U�J�P�O �P�G �U�I�F �T�V�C�T�Q�B�D�F���B�E�B�Q�U�J�W�F �B�M�H�P�S�J�U�I�N �J�O �D�P�N�Q�B�S�J�T�P�O �U�P �U�I�F
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�4�V�C�T�Q�B�D�F���"�E�B�Q�U�J�W�F �	p = 0 ; u = 0 �


�4�V�C�T�Q�B�D�F���"�E�B�Q�U�J�W�F �	p = 0 ; u = 5 � 10� 7 �

�4�V�C�T�Q�B�D�F���"�E�B�Q�U�J�W�F �	p = 4 ; u = 0 �


�4�V�C�T�Q�B�D�F���"�E�B�Q�U�J�W�F �	p = 4 ; u = 5 � 10� 7 �

�4�V�C�T�Q�B�D�F���"�E�B�Q�U�J�W�F �	p = 8 ; u = 0 �


�4�V�C�T�Q�B�D�F���"�E�B�Q�U�J�W�F �	p = 8 ; u = 5 � 10� 7 �

�4�V�C�T�Q�B�D�F���"�E�B�Q�U�J�W�F �	p = 16 ; u = 0 �


�4�V�C�T�Q�B�D�F���"�E�B�Q�U�J�W�F �	p = 16 ; u = 5 � 10� 7 �
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