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

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

���+�i�B�p�B�i�B�2�b �B�bA �X

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

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

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

�.�2�}�M�B�i�B�Q�M �k�U�a�i�Q�+�?���b�i�B�+ �G���M�;�m���;�2�V�X�� �b�i�Q�+�?���b�i�B�+ �H���M�;�m���;�2� „ B+ (A � ) �7�Q�` �i� �̀��+�2�b �Q�p�2�` ���+�i�B�p�B�i�B�2�b

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

@� P �/�Q�K� 
 �[ � ] P [0; 1] ^
¸

� P�/�Q�K�

�[ � ] = 1

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

�.�2�}�M�B�i�B�Q�M �j�U�h�`���+�2 �G���M�;�m���;�2�V�X�:�B�p�2�M �b�i�Q�+�?���b�i�B�+ �H���M�;�m���;�2� �- �i�?�2 �+�Q�`� �̀2�b�T�Q�M�/�B�M�;�i�`���+�2 �H���M�;�m���;�2

TL �Q�7 ���H�H�Q�r�2�/ �i� �̀��+�2�b �B�bTL = t � P �/�Q�K(�) | �( � ) ¡ 0u�X

�k�y �S�`�Q�+�2�b�b �J�B�M�B�M�; �r�B�i�? �G���#�2�H�H�2�/ �a�i�Q�+�?���b�i�B�+ �L�2�i�b



�*�>���S�h�1�_ �k�X �S�_�1�G�A�J�A�L���_�A�1�a �k�X�j�X �S�1�h�_�A �L�1�h�a ���L�. �h�>�1�A�_ �1�s�h�1�L�a�A�P�L�a

�*�Q�M�i�`�Q�H�@�~�Q�r �K�Q�/�2�H�b �/�2�b�+�`�B�#�2 �i�`���+�2 �H���M�;�m���;�2�b�- �r�?�2�`�2 �b�i�Q�+�?���b�i�B�+ �K�Q�/�2�H�b �/�2�b�+�`�B�#�2 �#�Q�i�? �i�`���+�2 ���M�/

�b�i�Q�+�?���b�i�B�+ �H���M�;�m���;�2�b�X �q�2 �`�2�7�2�` �i�Q �i�?�2 �i�`���+�2 �H���M�;�m���;�2 �Q�7 �K�Q�/�2�Hm ���b�i�;(m)�X

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

�Q�7 ���+�i�B�p�B�i�B�2�b ���M�/ �b�B�H�2�M�i ���+�i�B�p�B�i�B�2�b�- �b�Q �7�Q�` ���+�i�B�p�B�i�B�2�bA „ A �- �T���i�?p P (A Y t � u) � �X �q�?�2�M �/�2���H�B�M�; �r�B�i�?

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

�6�m�M�+�i�B�Q�M�i�`���+�2�;�B�p�2�b �i�?�2 �i�`���+�2 �7�Q�` �� �T���i�? �#�v �`�2�K�Q�p�B�M�; �b�B�H�2�M�i ���+�i�B�p�B�i�B�2�b�X �6�Q�` �2�t���K�T�H�2�-

�i�`���+�2(xa; �; by) = xa; by�X

�k�X�j �S�2�i�`�B �L�2�i�b ���M�/ �h�?�2�B�` �1�t�i�2�M�b�B�Q�M�b

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

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

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

�m�b���;�2 �(�k�y�)�X

�.�2�}�M�B�i�B�Q�M �9�U�S�H���+�2�@�i�`���M�b�B�i�B�Q�M �M�2�i�b�V�X�� �T�H���+�2�@�i� �̀��M�b�B�i�B�Q�M �M�2�i �B�b �� �i�m�T�H�2PN = ( P; T; F; M 0)�- �r�?�2� �̀2

P �B�b �� �}�M�B�i�2 �b�2�i �Q�7 �T�H���+�2�b�-T �B�b �� �}�M�B�i�2 �b�2�i �Q�7 �i� �̀��M�b�B�i�B�Q�M�b�- ���M�/F „ (P � T) Y (T � P) �B�b �� �~�Q�r

� �̀2�H���i�B�Q�M�XP X T = H �X �� �K���`�F�B�M�;M �B�b �� �K�m�H�i�B�b�2�i �Q�7 �T�H���+�2�bM PB(P) �i�?���i �B�M�/�B�+���i�2 �� �b�i���i�2 �Q�7 �i�?�2

�M�2�i�- �r�B�i�?M 0 PB(P) �i�?�2 �B�M�B�i�B���H �K���`�F�B�M�;�X

�h�?�2 �b�2�i �Q�7 ���H�H �T�H���+�2�@�i�`���M�b�B�i�B�Q�M �M�2�i�b �B�bPN �X �h�?�2 �b�2�i �Q�7 ���H�H �i�`���M�b�B�i�B�Q�M�b �B�MPN �B�bT ���M�/ �i�?�2 �b�2�i

�Q�7 ���H�H �T�H���+�2�bP�X �6�Q�` �� �M�Q�/�2n P P Y T �B�M �M�2�i(P; T; F; M 0)�- �r�2 �/�2�}�M�2 �T�`�2�/�2�+�2�b�b�Q�` ���M�/ �b�m�+�+�2�b�b�Q�`

�Q�T�2�`���i�B�Q�M�b
 n = t y | (y; x) PF u ���M�/n
 = t y | (x; y) PF u�X

�� �i�`���M�b�B�i�B�Q�Mt �B�b�2�M���#�H�2�/�B�7 ���H�H �i�?�2 �T�H���+�2�bp �r�?�2�`�2(p; t) PF �+�Q�M�i���B�M �� �i�Q�F�2�M�X

�.�2�}�M�B�i�B�Q�M �8�U�S�H���+�2�@�i�`���M�b�B�i�B�Q�M �2�M���#�H�2�K�2�M�i�V�X�6�m�M�+�i�B�Q�Meb�/�2�i�2�`�K�B�M�2�b �r�?�B�+�? �i� �̀��M�b�B�i�B�Q�M�b ��� �̀2 �2�M���#�H�2�/

�B�M �� �;�B�p�2�M �K���`�F�B�M�;�X

eb: PN � P(P) Ñ P(T )

eb((P; T; F; M 0); M ) = t t PT | @p PP 
 
 t ¤ M u

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

�i�Q�F�2�M�b �7�Q�` �B�i�b �Q�m�i�;�Q�B�M�; �i�`���M�b�B�i�B�Q�M�b�X

�.�2�}�M�B�i�B�Q�M �e�U�S�H���+�2�@�i�`���M�b�B�i�B�Q�M �}�`�B�M�; �`�m�H�2�V�X�:�B�p�2�M �M�2�i(P; T; F; M 0) PPN �- �� �}�`�B�M�; � �̀2�H���i�B�Q�M �7�B�`�2„

B(P) � T � B(P) �/�2�b�+�`�B�#�2�b �r�?�B�+�? �i� �̀��M�b�B�i�B�Q�M�b �+���M �}� �̀2 �7�Q�` �� �;�B�p�2�M �K���`�F�B�M�;�- ���M�/ �i�?�2 �M�2�r �K���`�F�B�M�;

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

@m; t; m 1 
 (m; t; m 1) P �7�B�`�2ðñ t Peb(m) ^ m1 = ( mz 
 t) Z t


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

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

�.�2�}�M�B�i�B�Q�M �d�U�G���#�2�H�H�2�/ �T�H���+�2�@�i�`���M�b�B�i�B�Q�M �M�2�i�b�V�X�� �H���#�2�H�H�2�/ �T�H���+�2�@�i� �̀��M�b�B�i�B�Q�M �M�2�i �B�b �� �i�m�T�H�2PN =

(P; T; F; M 0; � )�- �r�?�2� �̀2(P; T; F; M 0) �B�b �� �T�H���+�2�@�i� �̀��M�b�B�i�B�Q�M �M�2�i�X �6�m�M�+�i�B�Q�M� : T Ñ A Y t � u ���b�b�Q�+�B���i�2�b

�2���+�? �i� �̀��M�b�B�i�B�Q�M �r�B�i�? �� �H���#�2�H�X

�S�`�Q�+�2�b�b �J�B�M�B�M�; �r�B�i�? �G���#�2�H�H�2�/ �a�i�Q�+�?���b�i�B�+ �L�2�i�b �k�R



�k�X�j�X �S�1�h�_�A �L�1�h�a ���L�. �h�>�1�A�_ �1�s�h�1�L�a�A�P�L�a �*�>���S�h�1�_ �k�X �S�_�1�G�A�J�A�L���_�A�1�a

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

�#�Q�i�? �b�i�Q�+�?���b�i�B�+�b ���M�/ �H���#�2�H�b�X �A�M ���M �a�i�Q�+�?���b�i�B�+ �G���#�2�H�H�2�/ �S�2�i�`�B �L�2�i�- �i�`���M�b�B�i�B�Q�M�b ���`�2 �;�B�p�2�M �r�2�B�;�?�i�b�-

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

�.�2�}�M�B�i�B�Q�M �3�U�a�i�Q�+�?���b�i�B�+ �G���#�2�H�H�2�/ �S�2�i�`�B �L�2�i�b �U�a�G�S�L�b�V�V�X���M�a�G�S�L�(�R�y�y�) �B�b �� �i�m�T�H�2

(P; T; F; M 0; W; � ) �b�m�+�? �i�?���i(P; T; F; M 0; � ) �B�b �� �H���#�2�H�H�2�/ �T�H���+�2�@�i� �̀��M�b�B�i�B�Q�M �M�2�i�X �� �r�2�B�;�?�i �7�m�M�+�i�B�Q�M

W : T Ñ R+ ���b�b�B�;�M�b �2���+�? �i� �̀��M�b�B�i�B�Q�M �� �r�2�B�;�?�i�X �G���#�2�H�H�B�M�; �7�m�M�+�i�B�Q�M� : T Ñ A Y t � u �i�?�2�M �T� �̀Q�p�B�/�2�b ��

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

�q�?�2�M �i� �̀��M�b�B�i�B�Q�M�bTe „ T ��� �̀2 �2�M���#�H�2�/ �B�M �� �T���`�i�B�+�m�H���` �K���`�F�B�M�;�- �� �i� �̀��M�b�B�i�B�Q�Mt PTe �}� �̀2�b ���+�+�Q� �̀/�B�M�;

�i�Q �i�?�2 �T� �̀Q�#���#�B�H�B�i�v �;�B�p�2�M �#�vW (t )°
t 1PT e

W (t 1) �X �h�?�2 �b�2�[�m�2�M�+�2�b �Q�7 �H���#�2�H�b �;�2�M�2� �̀��i�2�/ �#�v �� �b�2�`�B�2�b �Q�7 �i� �̀��M�b�B�i�B�Q�M�b

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

�a�G�S�L�ö�b �b�i�Q�+�?���b�i�B�+ �H���M�;�m���;�2�X �q�2 ���b�b�m�K�2 �i� �̀��+�2�b �i�Q �2�M�/ �B�M �/�2���/�H�Q�+�F�- �r�?�2� �̀2 �M�Q �i� �̀��M�b�B�i�B�Q�M�b ��� �̀2

�2�M���#�H�2�/�X

�h�?�2 �b�2�i �Q�7 ���H�H �a�G�S�L�b �B�bSN �X
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�j�X�j�X �1�a�h�A�J���h�P�_�a �*�>���S�h�1�_ �j�X �.�A�a�*�P�o�1�_�u �"�u �q�1�A�:�>�h �1�a�h�A�J���h�A�P�L

[xa; b; c; dy5;

xa; c; b; dy4;

xa; b; b; dy2;

xa; b; c; b; dy]

�U���V �G�Q�;EL �X

��

�+

�#

� �/

�U�#�V �S�2�i�`�B �M�2�iEP N �X

wf req wlhpair wrhpair wpairscale wfork walign

a �R�k �R�k �R�k 111
49 �R�k �R�k

b �R�8 �3 �d 35
49 �3 �R�9

c �R�y �9 �8 1 1
49 410

11 �N

d �R�k �R�k �R�k 111
49 11 6

13 �R�k

� �R �R �R �R 129
143 �k

�U�+�V �a�B�t �2�t���K�T�H�2 �2�b�i�B�K���i�Q�`�b�X

�6�B�;�m�`�2 �j�X�k�, �_�m�M�M�B�M�; �2�t���K�T�H�2 �Q�7 ���M �2�p�2�M�i �H�Q�; ���M�/ �� �S�2�i�`�B �M�2�i�- ���M�/ �i�?�2 �2�b�i�B�K���i�Q�`�b�X

�.�2�}�M�B�i�B�Q�M �R�e�U�6�`�2�[�m�2�M�+�v �2�b�i�B�K���i�Q�`�V�X

wf req (L; (P; T; F; M 0))( t) = �K���t(1; � � PL �b�[�+�i(x� (t)y; � ))

�r�?�2� �̀2t PT

�a�B�H�2�M�i �i�`���M�b�B�i�B�Q�M�b ���`�2 ���b�b�B�;�M�2�/ �i�?�2 ���`�#�B�i�`���`�v �r�2�B�;�?�i �Q�7 �R�- �2�[�m�B�p���H�2�M�i �i�Q �� �b�B�M�;�H�2 �Q�#�b�2�`�p���i�B�Q�M �B�M �i�?�2

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

�i�?�2 �`�2�b�m�H�i�b �Q�7 �i�?�B�b �2�b�i�B�K���i�Q�` �Q�M �Q�m�` �`�m�M�M�B�M�; �2�t���K�T�H�2�- �2�X�;�Xwf req (EL; b) = 15 �X �h�?�2wf req �2�b�i�B�K���i�Q�`

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

�j�X�j�X�k ���+�i�B�p�B�i�v�@�S���B�` �6�`�2�[�m�2�M�+�v �1�b�i�B�K���i�Q�`�b

���M ���+�i�B�p�B�i�v�@�S���B�` �1�b�i�B�K���i�Q�` �m�b�2�b �i�?�2 �7�`�2�[�m�2�M�+�v �Q�7 �T���B�`�b �Q�7 �b�m�+�+�2�b�b�Q�` ���+�i�B�p�B�i�B�2�b �i�Q �#�2�i�i�2�` �`�2�~�2�+�i �i�?�2

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

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

�q�2 �}�`�b�i �B�M�i�`�Q�/�m�+�2 �b�Q�K�2 �7�`�2�[�m�2�M�+�v �/�2�}�M�B�i�B�Q�M�b�X �h�?�2 �7�m�M�+�i�B�Q�M�bfreq I ���M�/f req F �+���T�i�m�`�2 �?�Q�r

�Q�7�i�2�M �i�?�2 �H���#�2�H �Q�7 �� �i�`���M�b�B�i�B�Q�M ���T�T�2���`�b ���b �i�?�2 �}�`�b�i�f�H���b�i �B�M �� �i�`���+�2�X �h�?�2 �7�m�M�+�i�B�Q�Mfreq P �i���F�2�b �i�r�Q

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

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

freq I (L; t ) = |[x� (t); : : :y PL ]|

f req F (L; t ) = |[x: : : ; � (t)y PL ]|

f req P (L; s; t ) = � � PL �b�[�+�i(x� (s); � (t)y; � )

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

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

�j�y �S�`�Q�+�2�b�b �J�B�M�B�M�; �r�B�i�? �G���#�2�H�H�2�/ �a�i�Q�+�?���b�i�B�+ �L�2�i�b



�*�>���S�h�1�_ �j�X �.�A�a�*�P�o�1�_�u �"�u �q�1�A�:�>�h �1�a�h�A�J���h�A�P�L �j�X�j�X �1�a�h�A�J���h�P�_�a

�.�2�}�M�B�i�B�Q�M �R�d�U�G�2�7�i ���M�/ �_�B�;�?�i ���+�i�B�p�B�i�v�@�S���B�` �1�b�i�B�K���i�Q�`�b�V�X

wlhpair (L; (P; T; F; M 0))( t) = �K���t(1; f req I (L; t ) + f req F (L; t ) +
¸

sP
 ( 
 t )

f req P (L; s; t ))

wrhpair (L; (P; T; F; M 0))( t) = �K���t(1; f req I (L; t ) + f req F (L; t ) +
¸

sP( t 
 ) 


f req P (L; t; s ))

�r�?�2� �̀2t PT

�h�?�2�`�2 ���`�2 �M�Q �`�2�b�i�`�B�+�i�B�Q�M�b �Q�M �B�M�T�m�i �S�2�i�`�B �M�2�i�b ���M�/ �i�?�2�v �+���M �#�2 �+���H�+�m�H���i�2�/ �B�M �i�B�K�2O(||L || � |F |)�-

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

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

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

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

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

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

�H�Q�; ���`�2 �m�b�2�/ �i�Q �+���H�+�m�H���i�2 �i�?�2 �`�2�b�m�H�i�B�M�; �i�`���M�b�B�i�B�Q�M �r�2�B�;�?�i�b�X �6�Q�` �B�M�b�i���M�+�2�- �r�?�2�`�2 �� �;�B�p�2�M �S�2�i�`�B �M�2�i

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

�i�?�2 �7�`�2�[�m�2�M�+�v �Q�7xa; by �r�B�H�H �M�Q�i �#�2 �m�b�2�/�X �A�M �i�?�2 �`�m�M�M�B�M�; �2�t���K�T�H�2 �B�M �6�B�;�m�`�2�j�X�k�+�-wlhpair (EL; c ) = 4

���M�/wrhpair (EL; c ) = 5 �X

�j�X�j�X�j �J�2���M�@�a�+���H�2�/ ���+�i�B�p�B�i�v�@�S���B�` �6�`�2�[�m�2�M�+�v �1�b�i�B�K���i�Q�`

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

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

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

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

�p���`�B���i�B�Q�M�b �#�2�i�r�2�2�M �K�Q�/�2�H�b �+���M �H�2���/ �i�Q �b�B�;�M�B�}�+���M�i �/�B�z�2�`�2�M�+�2�b �B�M �i�?�2�B�` �+�Q�K�T�`�2�?�2�M�b�B�#�B�H�B�i�v�ô �(�R�R�8�) ���M�/

�i�?�2 �m�b���#�B�H�B�i�v �T�`�B�M�+�B�T�H�2 �Q�7 �K�B�M�B�K�B�x�B�M�; �m�b�2�` �K�2�K�Q�`�v �H�Q���/ �(�R�R�3�- �T�R�k�N�)�X �h�?�2 �K�2���M�@�b�+���H�2�/ ���+�i�B�p�B�i�v�@�T���B�`

�2�b�i�B�K���i�Q�`wpairscale �K�B�i�B�;���i�2�b �i�?�B�b �2�z�2�+�i �#�v �b�+���H�B�M�; �r�2�B�;�?�i�b �#�v ���p�2�`���;�2 �i�`���M�b�B�i�B�Q�M �7�`�2�[�m�2�M�+�v �U|| L ||
|T | �V

�B�M �i�?�2 �H�Q�;L �X

�.�2�}�M�B�i�B�Q�M �R�3�U�J�2���M�@�a�+���H�2�/ ���+�i�B�p�B�i�v�@�S���B�` �6�`�2�[�m�2�M�+�v �1�b�i�B�K���i�Q�`�V�X

pairscale(L; T; t ) =
f req I (L; t ) + f req F (L; t ) +

°
sP( t 
 ) 
 f req P (L; t; s )

|| L ||
|T |

wpairscale (L; (P; T; F; M 0))( t) =

$
&

%

pairscale(L; T; t ) �B�7pairscale(L; T; t ) � 0

1 �Q�i�?�2�`�r�B�b�2
�r�?�2� �̀2t PT

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

�K�Q�`�2 �?�2���p�B�H�v�- �i�?���i �B�b�- �i�?�2 �b���K�2 ���b ���M ���+�i�B�p�B�i�v �Q�7 �K�2���M�@�7�`�2�[�m�2�M�+�v�- �`���i�?�2�` �i�?���M �i�?�2 �2�[�m�B�p���H�2�M�i �Q�7 ���M

���+�i�B�p�B�i�v �Q�+�+�m�`�`�B�M�; �Q�M�+�2 �B�M �i�?�2 �H�Q�;�X �A�M �Q�m�` �`�m�M�M�B�M�; �2�t���K�T�H�2 �Q�7 �6�B�;�m�`�2�j�X�k�+�-||L || = 49�-|T | = 5 ���M�/

�i�?�2 �M�m�K�2�`���i�Q�` �Q�7pairscale �B�b �2�[�m���H �i�Qwrhpair �7�Q�`a�-b�-c ���M�/d�X �h�?�2�M�- �7�Q�` �B�M�b�i���M�+�2wpairscale �Q�7c

�B�b10
49
5

= 1 1
49 �X

�S�`�Q�+�2�b�b �J�B�M�B�M�; �r�B�i�? �G���#�2�H�H�2�/ �a�i�Q�+�?���b�i�B�+ �L�2�i�b �j�R



�j�X�j�X �1�a�h�A�J���h�P�_�a �*�>���S�h�1�_ �j�X �.�A�a�*�P�o�1�_�u �"�u �q�1�A�:�>�h �1�a�h�A�J���h�A�P�L

�j�X�j�X�9 �6�Q�`�F �.�B�b�i�`�B�#�m�i�B�Q�M �1�b�i�B�K���i�Q�`

�h�?�2 �6�Q�`�F �.�B�b�i�`�B�#�m�i�B�Q�M �1�b�i�B�K���i�Q�`wfork �m�b�2�b �� �i�r�Q�@�b�i���;�2 ���T�T�`�Q���+�?�, �B�i �}�`�b�i ���b�b�B�;�M�b �r�2�B�;�?�i�b �i�Q

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

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

�.�2�}�M�B�i�B�Q�M �R�N�U�6�Q�`�F �.�B�b�i�`�B�#�m�i�B�Q�M �1�b�i�B�K���i�Q�`�V�X

pw(L; p) =

$
&

%

|L | �B�7p PM 0

� sP
 p� t Pp
 f req P (L; s; t ) �Q�i�?�2�`�r�B�b�2

placeWeights(L; p) = �K���t(1; pw(L; p))

wfork (L; (P; T; F; M 0))( t) = � pP
 t placeWeights(L; p)
wf req (t)

� t 1Pp
 wf req (t1)
�r�?�2� �̀2t PT

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

�b�m�+�? ���b �r�Q�`�F�~�Q�r �M�2�i�b �(�e�- �T�3�R�)�X �h�?�B�b �B�b ���M �2�/�;�2�@�b�i�`�m�+�i�m�`�2�/ �2�b�i�B�K���i�Q�` �B�M�7�Q�`�K�2�/ �#�v �i�?�2 �b�i�`�m�+�i�m�`�2

�Q�7 �i�?�2 �B�M�T�m�i �M�2�i�X �h�?�2 �+�Q�K�T�H�2�t�B�i�v �B�bO(||L || � |F |)�X �h�?�2wfork �2�b�i�B�K���i�Q�` �b�?���`�2�b �b�B�K�B�H���`�B�i�B�2�b �r�B�i�?

�i�?�2 ���H�T�?�� ���H�;�Q�`�B�i�?�K �(�e�- �T�R�e�d�)�- �B�M �i�?���i �B�i �i�`�2���i�b �� �T�H���+�2 ���b �/�2�}�M�B�M�; �� �M�2�B�;�?�#�Q�m�`�?�Q�Q�/ �Q�7 �`�2�H���i�2�/

���+�i�B�p�B�i�B�2�b �`�2�T�`�2�b�2�M�i�2�/ ���b �i�`���M�b�B�i�B�Q�M�b�X �A�M �Q�m�` �2�t���K�T�H�2 �B�M �6�B�;�m�`�2�j�X�k�- �H�2�ip1 �#�2 �i�?�2 �i�Q�T�@�`�B�;�?�i �T�H���+�2

���M�/p2 �i�?�2 �#�Q�i�i�Q�K�@�`�B�;�?�i �T�H���+�2�X �h�?�2�M�-pw(EL; p 1) = f req P (c; d) + freq P (�; d ) = 5 �-pw(EL; p 2) =

f req P (�; d ) + f req P (b; d) = 7 �-placeWeights(EL; p 1) = 5 �-placeWeights(EL; p 2) = 7 ���M�/wfork

�Q�7d = 5 12
12 + 7 12

13 = 11 6
13 �X

�j�X�j�X�8 ���H�B�;�M�K�2�M�i �1�b�i�B�K���i�Q�`

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

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

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

���b �/�2�b�+�`�B�#�2�/ �B�M �.�2�}�M�B�i�B�Q�M�R�9�X �h�?�2���H�B�;�M�7�m�M�+�i�B�Q�M �i���F�2�b �� �S�2�i�`�B �M�2�i�- �� �b�2�i �Q�7 �}�M���H �K���`�F�B�M�;�b ���M�/ ���M

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

�i�`���+�2 �B�M �i�?�2 �H�Q�;�X

�.�2�}�M�B�i�B�Q�M �k�y�U���H�B�;�M�K�2�M�i �1�b�i�B�K���i�Q�`�V�X

walign (L; (P; T; F; M 0); M F )( t) = |[(x; t ) P ���H�B�;�M((P; T; F; M 0); M F ; L )]|

�r�?�2� �̀2t PT

�h�?�B�b ���H�;�Q�`�B�i�?�K �Q�M�H�v ���T�T�H�B�2�b �i�Q �S�2�i�`�B �M�2�i�b �r�B�i�? ���i �H�2���b�i �Q�M�2 �`�2���+�?���#�H�2 �}�M���H �K���`�F�B�M�;�X �h�?�2 �i�B�K�2

�+�Q�K�T�H�2�t�B�i�v �B�bO(|T| � |���H�B�;�M(PN; M F ; L )|) �T�H�m�b �i�?�2 �i�B�K�2 �i�Q �+�Q�K�T�m�i�2���H�B�;�M�X �h�?�2 ���H�B�;�M�K�2�M�i �2�b�i�B�K���i�Q�`

�?���b �b�B�K�B�H���`�B�i�B�2�b �r�B�i�? �:�.�h�n�a�S�L �/�B�b�+�Q�p�2�`�v �(�R�j�y�)�- �r�?�B�+�? �}�i�b �/�m�`���i�B�Q�M �/�B�b�i�`�B�#�m�i�B�Q�M�b �i�Q ���H�B�;�M�2�/ �H�Q�;�b�X

�A�M �Q�m�` �2�t���K�T�H�2 �B�M �6�B�;�m�`�2�j�X�k�- �i�?�2 �i�`���+�2xa; b; b; dy P EL �?���b �Q�M�2 �}�i�i�B�M�; �T���i�? �i�?�`�Q�m�;�? �i�?�2 �K�Q�/�2�H

�B�M�p�Q�H�p�B�M�; �i�?�2� �i�`���M�b�B�i�B�Q�M�X �h�?�2 �i�`���+�2xa; b; c; b; dy P EL �/�Q�2�b �M�Q�i �}�i �i�?�2 �K�Q�/�2�HEPN �- ���bb �B�b

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

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

�K�Q�p�2 �Q�Mc�X �A�7 �i�?�2 ���H�B�;�M�K�2�M�i�b �+�?�Q�Q�b�2 ��b �7�Q�` �� �H�Q�; �K�Q�p�2�- �i�?�2�Mwalign (EL; EPN; M F ; b) = 14 ���M�/

�j�k �S�`�Q�+�2�b�b �J�B�M�B�M�; �r�B�i�? �G���#�2�H�H�2�/ �a�i�Q�+�?���b�i�B�+ �L�2�i�b



�*�>���S�h�1�_ �j�X �.�A�a�*�P�o�1�_�u �"�u �q�1�A�:�>�h �1�a�h�A�J���h�A�P�L �j�X�9�X �1�o���G�l���h�A�P�L

walign (EL; EPN; M F ; � ) = 2 �X ���H�B�;�M�K�2�M�i�b ���`�2 �M�Q�i ���H�r���v�b �/�2�i�2�`�K�B�M�B�b�i�B�+�- ���M�/ �+�Q�M�b�2�[�m�2�M�i�H�v �M�2�B�i�?�2�`

�B�bwalign �X

�h�?�2 �/�2�b�B�;�M �i�`���/�2�@�Q�z�b �#�2�i�r�2�2�M �2�b�i�B�K���i�Q�`�b ���`�2 �/�B�b�+�m�b�b�2�/ �B�M �i�?�2 �+�Q�M�i�2�t�i �Q�7 �`�2�b�m�H�i�b �B�M �a�2�+�i�B�Q�M�j�X�e�X

�j�X�9 �A�K�T�H�2�K�2�M�i���i�B�Q�M ���M�/ �1�p���H�m���i�B�Q�M

�h�?�2 �b�B�t �2�b�i�B�K���i�Q�`�b �B�M�i�`�Q�/�m�+�2�/ �B�M �a�2�+�i�B�Q�M�j�X�j�r�2�`�2 �B�K�T�H�2�K�2�M�i�2�/ �B�M �i�?�2 �S�`�Q�J �7�`���K�2�r�Q�`�F �(�e�j�)�R�X

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

�`�2�b�m�H�i �r���b �+�Q�M�p�2�`�i�2�/ �i�Q �� �S�2�i�`�B �M�2�i�X �1���+�? �2�b�i�B�K���i�Q�` �r���b �B�M�p�Q�F�2�/ �Q�M �i�?�B�b �S�2�i�`�B �M�2�i�- �`�2�b�m�H�i�B�M�; �B�M

�� �a�G�S�L�X �6�B�M���H�H�v�- �i�?�2 �+�Q�M�7�Q�`�K���M�+�2 �Q�7 �i�?�2 �`�2�b�m�H�i�B�M�; �a�G�S�L �r���b �K�2���b�m�`�2�/ ���;���B�M�b�i �i�?�2 �Q�`�B�;�B�M���H �H�Q�;�X

�6�Q�` �+�Q�K�T���`�B�b�Q�M�- �:�.�h�n�a�S�L �/�B�b�+�Q�p�2�`�v �(�R�j�y�)�- ���M �2�t�B�b�i�B�M�; �b�i�Q�+�?���b�i�B�+ �/�B�b�+�Q�p�2�`�v ���H�;�Q�`�B�i�?�K�- �r���b ���H�b�Q

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

�T�H�m�;�B�M �B�M �S�`�Q�J �e�X�N ���M�/ �H���i�2�` �m�b�2�b �i�?�2 �A�M�/�m�+�i�B�p�2 �J�B�M�2�` �B�M�i�2�`�M���H�H�v ���b ���M �B�M�B�i�B���H �+�Q�M�i�`�Q�H �~�Q�r �/�B�b�+�Q�p�2�`�v

�b�i�2�T�- �r�?�B�+�? �?���b �#�2�2�M �m�T�/���i�2�/ �7�`�Q�K �i�?�2 �;�`���/�B�2�M�i�@�/�2�b�+�2�M�i �T�`�Q�+�2�/�m�`�2 �/�2�b�+�`�B�#�2�/ �B�M �(�R�j�y�)�X �1�t�i�2�`�M���H�H�v�-

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

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

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

�K�2���b�m�`�2�b ���`�2 �b�m�K�K���`�B�x�2�/ ���b �6�B�;�m�`�2�j�X�j�X

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

�2�t�T�2�`�B�K�2�M�i�X �h�`�m�M�+���i�2�/ �1���`�i�? �J�Q�p�2�`�b�ö �.�B�b�i���M�+�2 �U�1�J�V �(�N�8�) �T�`�Q�p�B�/�2�b �� �K�2���b�m�`�2 �2�t�T�`�2�b�b�B�M�; �i�?�2 �+�Q�b�i

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

�m�b�2 �� �K�B�M�B�K�m�K �T�`�Q�#���#�B�H�B�i�v �K���b�b �T���`���K�2�i�2�` �b�2�i�i�B�M�; �Q�7 �y�X�3 �7�Q�` �7�2���b�B�#�B�H�B�i�v�X �1�M�i�`�Q�T�v �S�`�2�+�B�b�B�Q�M �UHP �V

���M�/ �_�2�+���H�H �UHF �V �(�R�y�R�) ���`�2 �b�i�Q�+�?���b�i�B�+ �+�Q�M�7�Q�`�K���M�+�2 �K�2���b�m�`�2�b �#���b�2�/ �Q�M �i�?�2 �2�M�i�`�Q�T�v �Q�7 �2�[�m�B�p���H�2�M�i

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

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

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

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

�b�B�K�T�H�B�+�B�i�v �K�2�i�`�B�+�b �(�3�N�)�- �i�?�Q�m�;�? �i�?�2�b�2 �K�2���b�m�`�2�b ���H�b�Q �?���p�2 �H�B�K�B�i���i�B�Q�M�b�- �B�M�+�H�m�/�B�M�; �b�T�2�+�B�}�+�B�i�v �i�Q �S�2�i�`�B

�M�2�i�b�- ���M�/ �B�M�b�2�M�b�B�i�B�p�B�i�v �i�Q �i�?�2 �b�i�Q�+�?���b�i�B�+ �T�2�`�b�T�2�+�i�B�p�2 �Q�7 �a�G�S�L�b�X �h�?�2 �/�m�`���i�B�Q�M �Q�7 �� �/�B�b�+�Q�p�2�`�v �T�`�Q�+�2�b�b
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