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créer un tableau freqp à |T | éléments;
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5 ��6�7 h e d�´&8 } `7V]U k Wv^aV;W�§�b7Y-�5>2Y 3�� c b ^ap�`7[]T�Y k `7[]T�V]b i

S;T�U�V?Y7T�X�V�^�Wv^aT�X�Vl��U�b k b�Y�W k Y7U k m�b7Vlm�b7V]Y7[]gh�
^aghT�X�VlW"m�b�t�[aW�X�m�b7V?Y7T�X�V]`7��U�b7X�Y7b7V;V]U�[ k b7V'Y k U�V r^ab7[]V7e :DX bH±~bH^���Y7b7V&m�b7[]X�ghb7[]V�§�T�ghb7X_^ k b7U�[�^�W�g khk b�W�U�t���b7X_^ab7[�Y7b���U�g;ghX��qU�b�V]U�[ k W ��U�[]bH^a`�m�b7VY k U�V�^ab7[]V7egf�W�[Kb��
b7��� k b�V]U�[ � I_����= �j��� k b�X�T��=��[]b�m�b�Y k U�V�^ab7[]VK��U�[]V"W���[��7V kyx `H^�W���b-m�b�m�b7V]Y7[]gh� r^aghT�X�b7V�^?X�U k e b §�b7Y%
�������������X�T�U�V'b7X�T��
^ab7X�T�X�V'm�b7U��~e
��b7V'm�b7V]Y7[]gh�
^aghT�X�V¯��[]T�m�U�g�^ab7V¯V]T�X_^'��T�ghX�V
��[]`7Y7ghV]b7V���U�b=Y7b khk b7V�m�b7V�Y k U�V�^ab7[]V�T��
^ab7X�U�V��qW�[%
�����������e°��b7V���T�^ag�Z\V;m�`7Y7T�U
§�b7[�^aV��qW�[%
����������
Y7T�X_^aghb7X�X�b7X_^'b7X���T 7 b7X�X�b S�C g�^ab7��V7��Y7b ��U�gqY7T�[][]b7V]��T�X�m&w�� k U�VDm�U�m�T�U�� k blm�b k W�^�W�g khk b'��T 7 b7X�X�bm�b�Y7b7U��FT��
^ab7X�U�V;W�§�b7Y=�5>2Y 3�� e�n�b�� k U�V7��Y7b7[�^�W�ghX�V?Y k U�V�^ab7[]Vl��b7U
§�b7X_^�X�b��qW�V W�§�T�gh[?m�b�m�b7V]Y7[]gh� r^aghT�X�e

S;T�U�V�W�§�T�X�V�T���V]b7[�§�`?��U x 
�����������bH^¯�5>2Y 3�� X x T�X_^��qW�V���[]T�m�U�g�^ k b7VA� � ��b7VA[]`7V]U k ^�Wv^aV7�j��W�ghV
k b7V=ghX_^ab7[]��[]`H^�Wv^aghT�X�VK^ab7X�m�b7X_^=§�b7[]V k b7V=� � ��b7V"Y7T�X�Y k U�V]ghT�X�V7e���b&[ W�k b�gh����T�[�^�W�X_^"m�b k WF^ab7X�V]ghT�XW�[�^a`7[]ghb khk b�W=`H^a`���ghV'b7X�`H§�ghm�b7X�Y7b��qW�[ k b7V?m�b7U��FW k t�T�[]g�^ap���b7V7e-
���������� W"^a[]T�U
§�` k b7V¯§�W k b7U�[]V k b7V� k U�V�` k bH§�`7b7VK��T�U�[ k b7V��qWv^aghb7X_^aV���T�[�^aV�m�b7V�V]U�g�^ab7V�m x Wv^ap�`7[]T�V]Y k `7[]T�V]b�e��5>2Y 3�� W�m�`7Y7T�U
§�b7[�^"m�b
Z�W�gh� k b7VD§�W k b7U�[]V���T�U�[ k b7V��qWv^aghb7X_^aV¯m�b k W�Y k W�V]V]b B3H�I	�-@ e
S;T�U�V¯��T�U
§�T�X�V¯m�gh[]b ghY7gq��U�b k b7V�[]`7V]U k ^�Wv^aV§�T�X_^ mqW�X�V k b�� � ��b�V]b7X�V?bH^lV]b�Y7T���� k �H^ab7X_^�e 
���������� W�X�m��5>2Y 3�� T�X_^lW�U�V]V]g���T�X_^a[]`���U�b�m�b7V
§�W k b7U�[]V ` k bH§�`7b7V;m�b k W"^ab7X�V]ghT�X�W�[�^a`7[]ghb khk b�Y�W�[aW�YH^a`7[]ghV]b7X_^ k b7V �qWv^aghb7X_^aV w�[]ghV]��U�b�e��b7V���`H^ap�T�m�b7V�T�X_^�Z�W�g�^�W����qW�[aW�
h^a[]b-��U�b�Y7b7[�^�W�ghX�VKWv^]^a[]gh��U
^aV�X�b�V]b7�=� k b7X_^K�qW�V � ^a[]b�V]ght�X�g�¬ rY�Wv^ag�Z\V"��T�U�[=m�`H¬qX�gh["m�b7V=��[]T�¬ k V"��[]T�X�T�V�^aghY7V7e b §�b7Y 
������������9X�T�U�V-W�§�T�X�V-[]b7��W�[]��U�` k b7V=g�^ab7��VY7T�[][]b7V]��T�X�mqW�X_^lw k W�V]g�^aUqWv^aghT�X�m�b Z�W���g khk b'bH^?W�U���b���W���b7X�V¯m x U�[]ghX�b�e)fAT�U�[l�5>2Y 3�� � kyx U
^ag k g�^a`'m�b7Vb���W���b7X�V;Y7T�X�Y7b7[]XqW�X_^ k b7V?^a[]ght k87 Y7`7[]ghm�b7V?b7V�^�V]T�U���ghVlw�m�ghV]Y7U�V]V]ghT�X�e



��������� ��� � � � B
f�W�[]��g k b7V9�qWv^aghb7X_^aV9m�b�Y k W�V]V]b¯ghX�Y7T�X�X�U�b����5>2Y 3�� bH^ 
�����������V]T�X_^�m x W�Y7Y7T�[]mK��T�U�[�b7X"Y k W�V]V]b7[

�?� mqW�X�V k blt�[]T�U���b w�[]ghV]��U�b�e b U�^aT�^�W k ��X�T�U�V¯W�§�T�X�V�^a[]T�U
§�` ��U�b d � �qWv^aghb7X_^aV�m�b Y k W�V]V]b ghX�Y7T�X�X�U�b��[]`7V]b7X_^ab7X_^�m�b7V []ghV]��U�b7V;[]b k Wv^ag�§�b7��b7X_^ w kyx Wv^ap�`7[]T�V]Y k `7[]T�V]b�e

����� � 5HG7EKI

�������������b7[]��bH^;m�bKY7T�X�V�^a[]U�gh[]bKU�X«Y k U�V�^ab7[]ghX�t�W�����[]T�Y�p�`"W�§�b7Y=��b7U�m�bKY�p�bH§�W�U�Y�p�b7��b7X_^�T�Um�b�m�`7Y7T�U
§�[]gh[?U�X&b7X�V]b7�=� k b�m�b�Y k U�V�^ab7[]VlW�§�b7Y�Y�p�bH§�W�U�Y�p�b7��b7X_^�e°� x W k t�T�[]g�^ap���bl��b7U
^?^a[]T�U
§�b7['U�X�b�qW�[�^ag�^aghT�X&m�b7Vl^a[aW�X�VaW�YH^aghT�X�V7��V x g k�7 b7X�b��
ghV�^ab�U�X�b�e G W�ghVlg k X�b�X x b7X�Y7[]`7b7[aW-�qW�V;W�[�^ag�¬qY7ghb khk b7��b7X_^���qW�[;T�����T�V]g�^aghT�X�w�m x W�U
^a[]b7V���`H^ap�T�m�b7V7��`H^�W�X_^�m�T�X�X�`"��U x g k V]b=�qW�V]b"V]U�[ k W�[]b7Y�p�b7[]Y�p�b-m�b"��T�^ag�Z\VY�W�Y�p�`7V;mqW�X�V k b7Vlm�T�X�X�`7b7V7e
S;T�U�VDW�§�T�X�V�§�U-��U x 
�����������W�����T�[�^ab'm�b7VD[]`7V]U k ^�Wv^aV�ghX_^a`7[]b7V]VaW�X_^aV¯W�U=X�g�§�b�W�U-m�b kyx ghX_^ab7[]��[]`H^�W r^aghT�XFbH^�m�b kyx b��
� k T�g�^�Wv^aghT�X�m�b7V;Y k U�V�^ab7[]V7e~��b7V;Y�p�bH§�W�U�Y�p�b7��b7X_^aV���b7[]��bH^]^ab7X_^�m x T��
^ab7X�gh[ � k U�V]ghb7U�[]V��T�ghX_^aVDm�b §�U�b;bH^'m�b Y7b Z�W�g�^�U�X�b;��b7g khk b7U�[]b'Y�W�[aW�YH^a`7[]ghVaWv^aghT�X��qW�[�[aW�����T�[�^'W�U���W�U
^a[]b7V¯��`H^ap�T�m�b7V7eS;T�U�VlW�§�T�X�V g khk U�V�^a[]`;Y7b k W=V]U�[ k b7V?��b7X�Y�p���W�[���V
	 H � ����>�>�� ��
 >3I�@ �=bH^�� =2I�B3C�=�� T���X�T�U�V?[]b7Y�p�b7[ rY�p�ghT�X�V�U�X Y k U�V�^ab7[]ghX�t²W�����[]T�Y�p�`�e'S;T�U�V&W�§�T�X�V�W�U�V]V]g;U
^ag k ghV]`�m�b7V�m�T�X�X�`7b7V&��`7m�ghY�W k b7V k T�[]V�m�Un�ghV]Y7T|§�b7[ 7�� pqW khk b7X�t�b7f�u�n�n � C�C � e~S;T�U�V�W�§�T�X�V�m�`7Y7T�U
§�b7[�^Km�b7V�Y k U�V�^ab7[]V�m�b=�qWv^aghb7X_^aV�Y7T�[][]b7V r��T�X�mqW�X_^¯W�U��-m�g�±~`7[]b7X_^aVDV�^�W�m�b7V�m�bl¬q��[]T�V]blm�U�Z\T�ghb c X�g�§�b�W�U�m�blt�[aW�§�g�^a`?m x U�X�b p�`7�qWv^ag�^ab i e_n�b?^ab k VY k U�V�^ab7[]Vlm�`7Y7[]g�^aV �qW�[ k b7Vlb���W���b7X�V V]U�[ k b7Vl�qWv^aghb7X_^aV7����b7U
§�b7X_^���bH^]^a[]b�b7XF`H§�ghm�b7X�Y7bKm�b7V?Z�W�YH^ab7U�[]V��T�U�[�b7V�^agh��b7[ k W�t�[aW�§�g�^a`�m�b k W�¬q��[]T�V]b�m�U Z\T�ghb�e9S;T�U�V"W�§�T�X�VKZ�W�g�^"W����qW�[aW�
h^a[]b���U�b k ��U�b7V"g�^ab7��V

k gh`7VlW�U��FV�^�W�m�b7V;V]`H§ �7[]b7V�m�b k W=��W k W�m�ghb�e
fAT�U�[?m�b7V W���� k ghY�Wv^aghT�X�V�b7X R b7� G ghX�ghX�t�� k b�Y�p�bH§�W�U�Y�p�b7��b7X_^;b7V�^ W�U�V]V]g~^a[��7V?gh����T�[�^�W�X_^�e3f�W�[b��
b7��� k b�� k b"Y�p�bH§�W�U�Y�p�b7��b7X_^�b7V�^�V]T�U�pqW�g�^�W�� k bK��T�U�[�[]b7t�[]T�U���b7[�m�b7V��qW�t�b7V��'b7� T�U«m�b7V�U
^ag k ghVaW r^ab7U�[]V7�
bH^ k W"XqW�§�ght_Wv^aghT�X�mqW�X�V k b7V?p 7 ��b7[ r m�T�Y7U���b7X_^aV I ���.G�� C�C!K e � b k W=Y7T�[][]b7V]��T�X�mFw=m�g�±~`7[]b7X_^aV��T�ghX_^aV;m�b"§�U�b=��T�U�[�Y k W�V]V]b7[ k W��qW�t�b"T�U kyx U
^ag k ghVaWv^ab7U�[7eqn�W�X�V k b"Y�W�V�m�b"Y k U�V�^ab7[]V�m x U
^ag k ghVaWv^ab7U�[]V7�W�U
^a[]b7��b7X_^ m�g�^lm�b7V Y7T����=U�XqW�U
^a`7V m x ghX_^a`7[ � ^���U�X�U
^ag k ghVaWv^ab7U�['��b7U
^l^a[��7V ��ghb7X�W����qW�[�^ab7X�gh[lw-� k U rV]ghb7U�[]VAY7T����=U�XqW�U
^a`7V9Y�W�[Ag k ��b7U
^�W�§�T�gh[9� k U�V]ghb7U�[]V9Y7b7X_^a[]b7V�m x ghX_^a`7[ � ^�ev} b7��W�[]��U�T�X�VA��U�b¯� k U�V]ghb7U�[]VY7T����=U�XqW�U
^a`7V¯m�ghV�^aghX�YH^ab7V���b7U
§�b7X_^ W�U�V]V]g~W�§�T�gh[�U�X&[]b7Y7T�U
§�[]b7��b7X_^?mqW�X�V k b7U�[]V¯ghX_^a`7[ � ^aV c Y�p�bH§�W�U rY�p�b7��b7X_^;m x g�^ab7��V i Y7b���U�g9b7V�^;��T�V]V]gh� k b�W�§�b7Y 
�����������e
S;T�U�V;W�§�T�X�V;bH±~b7YH^aU�`KU�X�b���[]b7��g �7[]b�b�� r��`7[]gh��b7X_^�Wv^aghT�X�m�b"m�`7Y7T�U
§�b7[�^ab=m�bKY7T����=U�XqW�U
^a`7V;V]U�[;m�b7V�m�T�X�X�`7b7V�ghV]V]U�b7V�m�b�¬qY�p�ghb7[]V�m�b�^a[aW�Y7b

m x U�X=V]bH§�b7U�[D��W�X�mqWv^�W�gh[]b¯m�b - [aW�X�Y7b / ` k `7Y7T���} 1 n"e���b7V�Y k U�V�^ab7[]V���b7U
§�b7X_^ � ^a[]b?b7X�V]U�g�^ab?U
^ag k ghV]`7V��T�U�[Km�g�§�b7[]V]b7V-W���� k ghY�Wv^aghT�X�V�m�b���b7[]V]T�X�XqW k ghVaWv^aghT�X���Y7T�����b��qW�["b��
b7��� k b k WF[]b7Y7T�����W�X�mqWv^aghT�Xm�b&m�T�Y7U���b7X_^aV-W�U��²U
^ag k ghVaWv^ab7U�[]V7eAS;T�U�V-W���T�[]m�T�X�V"Y7b���T�ghX_^"bH^-`H§�W k U�T�X�V kyx W�����T�[�^"m x 
����������
mqW�X�V k b�Y�pqW���g�^a[]b � e

��T�[]V"m�U�n�ghV]Y7T|§�b7[ 7�� pqW khk b7X�t�b�f�u�n�n � C�C.h �9X�T�U�V-W�§�T�X�V=Y7T����qW�[]` 
����������)bH^��5>2Y 3��
V]U�[;m�b7V;m�T�X�X�`7b7V�[]b k Wv^ag�§�b7V�w kyx Wv^ap�`7[]T�V]Y k `7[]T�V]b�e°S;T�U�V�W�§�T�X�V�T���V]b7[�§�`"��U�b k b7V Y k U�V�^ab7[]V���[]T�m�U�g�^aVV]T�X_^-m�g�±~`7[]b7X_^aV7����W�ghV kyx ghX_^ab7[]��[]`H^�Wv^aghT�X m�b7V-[]`7V]U k ^�Wv^aVK^ab7X�m�§�b7[]V k b7V"� � ��b7V"Y7T�X�Y k U�V]ghT�X�V7e���b7Vm�b7U���W k t�T�[]g�^ap���b7VAT�X_^D��ghV�b7X-`H§�ghm�b7X�Y7b k b?[ W�k b'gh����T�[�^�W�X_^�m�b k W;^ab7X�V]ghT�X�W�[�^a`7[]ghb khk b���T�U�[�m�`H¬qX�gh[m�b7V?��[]T�¬ k V'��[]T�X�T�V�^aghY7V7e � bH^]^ab�Y7T����qW�[aW�ghV]T�X&W=W�U�V]V]g~��T�X_^a[]` kyx W�§�W�X_^�W�t�b�m x 
���������� w"��[]T�m�U�gh[]b
m�gh[]b7YH^ab7��b7X_^ k b7VKm�b7V]Y7[]gh�
^aghT�X�V�m�b7VKY k U�V�^ab7[]V7e :DX²bH±~bH^��9U�X�b�`H^�W���b�m�b���T�V�^ r ^a[aW�g�^ab7��b7X_^�b7V�^"X�` rY7b7V]VaW�gh[]b=��T�U�[�Y�W k Y7U k b7[ k b7V�m�b7V]Y7[]gh�
^aghT�X�V�m�b7V�Y k U�V�^ab7[]V���[]T�m�U�g�^aV��qW�[K�5>2Y 3�� e � bH^]^ab=`H^�W���b=b7V�^m�` k ghY�Wv^ab�bH^=��b7U
^=Y7T�X�m�U�gh[]b&w�X�b�^a[]T�U
§�b7[=W�U�Y7U�X�b&m�b7V]Y7[]gh�
^aghT�X²��T�U�[KU�XªY k U�V�^ab7[7e�n�b&� k U�V7� k b7Vm�b7V]Y7[]gh�
^aghT�X�VlV x W�§ �7[]b7X_^���T�ghX�V?��[]`7Y7ghV]b7V;��U�bKY7b khk b7Vl��[]T�m�U�g�^ab7Vl�qW�[�
�����������e
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����� � :"IF8'G��F%�5H:"I
S;T�U�V¯W�§�T�X�V���[]T���T�V]` U�X�b X�T�U
§�b khk bl��`H^ap�T�m�b���X�T�����`7b�
������������v��T�U�[Dm�`7Y7T�U
§�[]gh[�m�b7V�Y k U�V r^ab7[]V�wo�qW�[�^agh[=m�bFm�T�X�X�`7b7V���UqW k g�^�Wv^ag�§�b7V7��U
^ag k ghVaW�X_^-m�b�Z�W 9 T�X�T�[]ght�ghXqW k b k b7V-��T�^ag�Z\V"Z\b7[]��`7V=Z\[]` r��U�b7X_^aV7eV
����������ªV]` k b7YH^aghT�X�X�b�m�b7V�Y7T�X�Y7b7�
^aV�w��qW�[�^agh[lm�U�^a[]b7g khk ghV'm�b7V���T�^ag�Z\V'Z\b7[]��`7V Z\[]`7��U�b7X_^aV7eS;T�U�V¯U
^ag k ghV]T�X�V k b7V¯W k t�T�[]g�^ap���b7V�[]`7Y7b7X_^aV'm�b;u�n�n­��T�U�[Dm�`7Y7T�U
§�[]gh[ k b7V���T�^ag�Z\V�Z\b7[]��`7VDZ\[]`7��U�b7X_^aV7�Y7b���U�g���b7[]��bH^ U�X�b�[]b7Y�p�b7[]Y�p�bKb � Y�W�Y7bKV]U�[ m�b�t�[aW�X�m�b7V ��UqW�X_^ag�^a`7V m�b�m�T�X�X�`7b7V7e � T�X_^a[aW�gh[]b7��b7X_^W�U��"��`H^ap�T�m�b7VAb��
ghV�^�W�X_^ab7V7��X�T�^a[]b'W�����[]T�Y�p�b'X x U
^ag k ghV]bD�qW�V�m�b¯��b7V]U�[]b't k T��qW k bDm�b'V]gh��g k W�[]g�^a`�b7X_^a[]b

k b7Vl^a[aW�X�VaW�YH^aghT�X�V7����W�ghV?b7V�^;�qW�V]`7bKV]U�[ U�X�Y7[]g�^ �7[]b�m x `H§�W k UqWv^aghT�X�m x U�X���T�^ag�Z�Z\b7[]��`�Z\[]`7��U�b7X_^�W�� r��b k ` Z]_": ?�� V :"bH^���U�g?b7V�^�Y7T�����T�V]`&m�b kyx X"> [ >�]�?5_@?5Z : ?&bH^-m�b k W 89>3_@8965_":��+^D:
Z >3_qe�S;T�^aT�X�V=��U�b k bY�W k Y7U k m�b�Y7b7V ��b7V]U�[]b7V;bH^ k W=V]` k b7YH^aghT�XFm�b7V;Y k U�V�^ab7[]V []b7��U�g �7[]b7X_^�U�X�Z�W�gh� k b�Y7T 	 ^;m�b�Y�W k Y7U k e

�������������b7[]��bH^Am�b�Y7T�X�V�^a[]U�gh[]b�U�XKY k U�V�^ab7[]ghX�t�W�����[]T�Y�p�`¯W�§�b7Y'��b7UKm�b�Y�p�bH§�W�U�Y�p�b7��b7X_^DT�U�m�bm�`7Y7T�U
§�[]gh[lU�X�b7X�V]b7�=� k b�m�b�Y k U�V�^ab7[]VlW�§�b7Y�Y�p�bH§�W�U�Y�p�b7��b7X_^�e�
���������� U
^ag k ghV]b;U�X�gh��U�b7��b7X_^ m�b7U���qW�[aW�� �H^a[]b7V c

minfr
bH^

M i �AghX_^aU�g�^ag�Z\V�bH^=V]gh��� k b7VKw�Y7T�����[]b7X�m�[]b�e minfr
^a[aW�m�U�g�^ k b�X�T��=��[]b��ghX�gh�=U�� m x ` k `7��b7X_^aVKmqW�X�V k b7V�Y k U�V�^ab7[]VK[]`7V]U k ^�Wv^aV7�9bH^Km�T�X�Y k W�t�[aW�X�U k W�[]g�^a`=m�b7V"[]`7V]U k ^�Wv^aV7e M^a[aW�m�U�g�^ k b�X�T��=��[]b«��ghX�gh�=U�� m�b�^a[aW�X�VaW�YH^aghT�X�V&m�g�±~`7[]b7X_^ab7V�b7X_^a[]b Y�pqW���U�bo�qW�gh[]b«m�b«Y k U�V�^ab7[]VT��
^ab7X�U�V7eD��b�X�T��=��[]b�m�b&Y k U�V�^ab7[]V"[]`7V]U k ^�Wv^aV"X x b7V�^-�qW�VK¬
�
`��qW�[ kyx U
^ag k ghVaWv^ab7U�[7����W�ghV�b7V�^-��T�[]X�`gh��� k ghY7g�^ab7��b7X_^��qW�[ k Wl��`H^ap�T�m�b¯m�b¯V]` k b7YH^aghT�X�e5fAT�U�[A[]b7Y�p�b7[]Y�p�b7[�U�X"Y k U�V�^ab7[]ghX�t�W�����[]T�Y�p�`�� M m�T�g�^

W�§�T�gh[�U�X�b?§�W k b7U�[A��[]T�Y�p�blm�b minfr
e�S;T�^aT�X�V���U x U�X�Y k U�V�^ab7[ E []b7V�^ab F Y7T�X_^ab7XqW�X_^�m�b7V�^a[aW�X�VaW�YH^aghT�X�VX�T�X�Y k W�V]V]`7b7V7����b7U
^?W����qW�[aW�
h^a[]b�e�R�gqX�T�U�V¯m�`7V]gh[]T�X�V¯Y k W�V]V]b7[�^aT�U
^ab7V k b7VD^a[aW�X�VaW�YH^aghT�X�V7� M m�T�g�^ � ^a[]b`7t_W k w S �~bH^ minfr

m�T�g�^ � ^a[]b-[]b k Wv^ag�§�b7��b7X_^�Z�W�gh� k b"��T�U�[���U�b�Y�pqW���U�b-^a[aW�X�VaW�YH^aghT�X W����qW�[aW�ghV]V]bW�U���T�ghX�V?mqW�X�V U�X���T�^ag�Z9Z\b7[]��`�Z\[]`7��U�b7X_^�e
S;T�U�V'T��
^ab7X�T�X�V?U�X�b�m�b7V]Y7[]gh�
^aghT�X���Wj�
gh��W k b m�b�Y�pqW���U�b�Y k U�V�^ab7['V]T�U�V'Z\T�[]��b;m x U�X�b�Y7T�Xj�]T�X�Y r^aghT�X�m x g�^ab7��V7�AZ�W�Y7g k b7��b7X_^=b��
� k T�g�^�W�� k b�Y7T�����b&X�T�U�V kyx W�§�T�X�V=§�U�V]U�[-m�b7V���b7X�Y�p���W�[���V-bH^�m�b7Vm�T�X�X�`7b7Vl��`7m�ghY�W k b7V7e�S;T�U�VlW�§�T�X�V?��T�X_^a[]` kyx ghX_^a`7[ � ^'m�b�m�`7Y7T�U
§�[]gh['m�gh[]b7YH^ab7��b7X_^?Y7b7V?m�b7V]Y7[]gh�
^aghT�X�V

k T�[]V�m�b?X�T�^a[]b'Y7T����qW�[aW�ghV]T�X=W�§�b7Y kyx W k t�T�[]g�^ap���b'�5>2Y 3�� ��U�g
��[]T�m�U�g�^�m�b7V�Y k U�V�^ab7[]V�Y�p�bH§�W�U�Y�pqW�X_^aV��W�ghV�X�`7Y7b7V]V]g�^ab�U�X�b�`H^�W���b�m�b���T�V�^ r ^a[aW�g�^ab7��b7X_^���T�U�[�Y�W k Y7U k b7[ k b7V�m�b7V]Y7[]gh�
^aghT�X�V7e9} b7��W�[]��U�T�X�V��U�b X�T�U�V�X x bH±~b7YH^aU�T�X�V¯W�U�Y7U�X�Y7T�X_^a[ W�k b?V]U�[ k b?Y�p�bH§�W�U�Y�p�b7��b7X_^'`H§�b7X_^aU�b k m x g�^ab7��V�b7X_^a[]b k b7V�Y k U�V r^ab7[]V7e � b�Y�p�bH§�W�U�Y�p�b7��b7X_^ ��b7U
^lW�U�V]V]g�W�����T�[�^ab7[¯m�b7V?ghX
Z\T�[]��Wv^aghT�X�VDghX_^a`7[]b7V]VaW�X_^ab7V?V]U�[ k W�Y�W�[aW�YH^a` r[]ghVaWv^aghT�X�m�bKY k W�V]V]b�T�UF��T�X_^a[]b7[ m�b7V [ W�k b7V � k U�VlT�U���T�ghX�V?gh����T�[�^�W�X_^aVlm�b�Y7b7[�^�W�ghX�V g�^ab7��V7e�S;T�U�VW�§�T�X�VlW�U�V]V]g�`H§�W k U�` m�b;Z�W 9 T�X���UqW�X_^ag�^�Wv^ag�§�b k b []b7Y7T�U
§�[]b7��b7X_^?m�b;^a[aW�X�VaW�YH^aghT�X�V7��V]U�[¯m�b7V?m�T�X�X�`7b7VghV]V]U�b7V¯m�b;V]b7[�§�b7U�[]V'��W�X�mqWv^�W�gh[]b7V�m�b - [aW�X�Y7b / ` k `7Y7T�� } 1 n"�_mqW�X�V kyx T��
^agh��U�blm�b m�`H§�b k T�����b7[¯m�b7VW���� k ghY�Wv^aghT�X�V?m�b R b7� G ghX�ghX�t-�qW�V]`7b7V;V]U�[ m�b7V;Y k U�V�^ab7[]V m x U
^ag k ghVaWv^ab7U�[]V7e�9W&m�UqW k g�^a`=��[]`7V]b7X_^ab�mqW�X�V k W&X�T�^aghT�Xom�b-Y7T�X�Y7b7�
^���X�T�U�V k W�ghV]V]b=b7X_§�ghVaW�t�b7[ k W&��T�V]V]gh��g k g�^a`Km�b^a[aW�§�W�g khk b7['V]U�[ k b7Vlm�T�X�X�`7b7Vl^a[aW�X�V]��T�V]`7b7V7e � b k W-V]b7[aW�g�^lU�X��qW�V gh����T�[�^�W�X_^'§�b7[]V k W=��ghV]b�W�UF��T�ghX_^m x U�X�b-��`H^ap�T�m�b=m�b=��g r Y k U�V�^ab7[]ghX�t���T�U�[�Z\T�[]��b7[�U�X�b-��g r �qW�[�^ag�^aghT�X�W�����[]T�Y�p�`7b c w k W�Z\T�ghV�V]U�[ k b7V^a[aW�X�VaW�YH^aghT�X�V�bH^DV]U�[ k b7V�g�^ab7��V i evS;T�U�V���T�U�[][]ghT�X�VAb7X=bH±~bH^�W�mqW��
^ab7[�X�T�V���b7V]U�[]b7V�m�b'Z�W 9 T�X E m�UqW k F e
6 k X�b�V]b7[aW�g�^?W k T�[]V��qW�V'X�`7Y7b7V]VaW�gh[]b�m�b�[]`�W k ghV]b7[�b7X&[]`�W k g�^a` k W�^a[aW�X�V]��T�V]g�^aghT�X I } � C"d � K � k b7V¯��b7V]U�[]b7V
E ^a[aW�X�V]��T�V]`7b7V F ��T�U
§�W�X_^ � ^a[]b&m�`H^ab7[]��ghX�`7b7V=mqW�X�V kyx W k t�T�[]g�^ap���b=Y�W k Y7U k W�X_^=X�T�V=��b7V]U�[]b7V=V]U�[ k b7Vm�T�X�X�`7b7V;T�[]ght�ghXqW k b7V7en�W�X�V k b�Y�pqW���g�^a[]b � �¯X�T�U�V���[]T���T�V]T�X�V&U�X V 7 V�^ �7��bom�b«[]b7Y7T�����W�X�mqWv^aghT�X4m�b«m�T�Y7U���b7X_^aV�qW�V]`FV]U�[�m�b7V�Y7T����=U�XqW�U
^a`7V=m x ghX_^a`7[ � ^�e�S;T�U�V-U
^ag k ghV]T�X�V"m�b7V�Y k U�V�^ab7[]V�Y�p�bH§�W�U�Y�pqW�X_^aV���[]T�m�U�g�^aVW�§�b7Y)
����������oV]U�['m�b7V'm�T�X�X�`7b7V?ghV]V]U�b7V'm�b�V]b7[�§�b7U�[]Vl��W�X�mqWv^�W�gh[]b7V���T�U�[¯V]gh�=U k b7[DU�X�b�U
^ag k ghVaWv^aghT�XmqW�X�V �	� } b S�®=e�S;T�U�V�Y7T����qW�[]T�X�V k b7V�[]`7V]U k ^�Wv^aV�W�§�b7YlY7b7U��=T��
^ab7X�U�VDb7X=U
^ag k ghVaW�X_^AU�X�b?�qW�[�^ag�^aghT�Xm x U
^ag k ghVaWv^ab7U�[]V Wv¬qXFm x `H§�W k U�b7[ kyx W�����T�[�^lm�b�X�T�^a[]b���`H^ap�T�m�b�e
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?>@�� bcMON	egHBf	IGFJMONm@[@Z@Z@[@Z@Z@Z@[@Z@Z@[@Z@Z@[@Z@Z@[@Z@Z@Z@[@Z@Z@[@Z@Z@[@]\_�
�DX�Y7T�X�Y k U�V]ghT�X�m�U�Y�pqW���g�^a[]bj����X�T�U�V W�§�T�X�Vl`H§�T���U�` k W"X�`7Y7b7V]V]g�^a`�m x W�§�T�gh[?U�X�VW��V�^ �7��b�m�b�[]b rY7T�����W�X�mqWv^aghT�X"m�b m�T�Y7U���b7X_^aVD��U�gqV]T�g�^¯W�U
^aT�X�T���b���pq����[]ghm�b��_bH^��qW�V]` V]U�[Dm�b7V�Y k U�V�^ab7[]V���T�U
§�W�X_^Y�W��
^ab7[ k b7V'm�g�±~`7[]b7X_^aVlY7b7X_^a[]b7Vlm x ghX_^a`7[��H^aVlm�b7V?U
^ag k ghVaWv^ab7U�[]V7e
��b7V?Y k U�V�^ab7[]V?Y�p�bH§�W�U�Y�pqW�X_^aV;��[]T�m�U�g�^aV�qW�[��5�'�'�d�>� c YHZfe�Y�pqW���g�^a[]bj� i ��b7[]��bH^]^ab7X_^;m�b�[]`�W k ghV]b7[?Y7b�m�b7[]X�ghb7[l��T�ghX_^�e�};W�����b k T�X�Vl��U�b�X�T�U�VX�T�U�V"� k W��7T�X�V"mqW�X�V k b�Y7T�X_^ab���^ab&m�b �	� }���S�® c YHZfe�Y�pqW���g�^a[]b Sji T�� k b7V"U
^ag k ghVaWv^ab7U�[]V���b7U
§�b7X_^Y7T�X�V]U k ^ab7[�m�b7V�m�T�Y7U���b7X_^aV�Y�W�[aWv^a`7[]ghV]`7V��qW�[�m�b7V�b7X�V]b7�=� k b7V�m�bK^ab7[]��b7V7e � pqW���U�b-Y k U�V�^ab7[�b7V�^�U�X��g r V]bH^ c YHZfe�V]b7YH^aghT�X��
e � i Y7T�����T�V]`"m x U�X«b7X�V]b7�=� k b"m�b"^ab7[]��b7V���U�gAY7T�[][]b7V]��T�X�m w k W�m�b7V]Y7[]gh�
^aghT�Xm�U�Y k U�V�^ab7[7��bH^;m x U�X�b7X�V]b7�=� k b�m x U
^ag k ghVaWv^ab7U�[]V7eS;T�U�V���[]T���T�V]T�X�V�mqW�X�V�Y7b"Y�pqW���g�^a[]bKU�X«VW��V�^ �7��b"m�b"[]b7Y7T�����W�X�mqWv^aghT�X�m�bKm�T�Y7U���b7X_^aV��qW�V]`

V]U�[¯m�b7V?Y k U�V�^ab7[]V'm x U
^ag k ghVaWv^ab7U�[]V I n�� � C � K V]T�U�V¯Z\T�[]��b m�b���g r V]bH^aV7e�S;T�^a[]b;VW��V�^ �7��b�b7V�^lW�U
^aT�X�T���bbH^�pq����[]ghm�b-m�b=^<����b-Y7T khk W���T�[aWv^aghT�XF§�g�W k W�Y7T�X_^ab7X�U�e��DX bH±~bH^���X�T�^a[]b=��`H^ap�T�m�b=V x W����qW�[]b7X_^ab�W�U¬ k ^a[aW�t�b��qW�V]`�V]U�[ k b�Y7T�X_^ab7X�Uª��W�ghV�U
^ag k ghV]b�W�U�V]V]g¯m�b7VK^ab7Y�p�X�gh��U�b7V=m�b�¬ k ^a[aW�t�b�Y7T khk W���T�[aWv^ag�Z c YHZfeY�pqW���g�^a[]b2� i eS;T�U�V `H§�W k U�T�X�VlX�T�^a[]b�VW��V�^ �7��b�b7X�V]gh�=U k W�X_^?m�b7V Y7T�X�V]U k ^�Wv^aghT�X�Vlm�b�m�T�Y7U���b7X_^aV t�[���Y7b�w-m�b7V¬qY�p�ghb7[]V�m�b"^a[aW�Y7b"m�b=V]b7[�§�b7U�[]V���W�X�mqWv^�W�gh[]b7V;��U�g�V x W����qW�[]b7X_^ab7X_^"w�U�X�b"Z\U
^aU�[]b=U
^ag k ghVaWv^aghT�XFmqW�X�V
�	� }���S�®=e���b���`7Y�W�X�ghV]��b�m�b�[]b7Y7T�����W�X�mqWv^aghT�X�b7V�^ t�`7X�`7[]gh��U�b�w=�qW�[�^agh['m�U���T���b7X_^?T�����T�U�[Y�pqW���U�b�Y k U�V�^ab7[7�
V]T�X_^ ghX�m�gh��U�`7V k b7V?U
^ag k ghVaWv^ab7U�[]V¯bH^ k W"m�b7V]Y7[]gh�
^aghT�X&m�U�Y k U�V�^ab7[?V]T�U�V?Z\T�[]��b�m x U�X�bY7T�Xj�]T�X�YH^aghT�X m�b�^ab7[]��b7V7eAS;T�U�VKY7T����qW�[]T�X�V k b7V�[]`7V]U k ^�Wv^aVKm�b�[]b7Y7T�����W�X�mqWv^aghT�X�V�T��
^ab7X�U�V=W�§�b7Ym�b7VDY k U�V�^ab7[]V�Y�p�bH§�W�U�Y�pqW�X_^aV¯��[]T�m�U�g�^aV��qW�[7�5�'�'�d�>����W�§�b7Y k b7VD[]`7V]U k ^�Wv^aV�T��
^ab7X�U�V�b7X�U
^ag k ghVaW�X_^�m�b7V�qW�[�^ag�^aghT�X�V'm x U
^ag k ghVaWv^ab7U�[]V?Z\T�[]��`7b7Vl�qW�[��FN��;� c YHZfeqV]b7YH^aghT�X)�
e �
e�� i e
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� T�����b X�T�U�V kyx W�§�T�X�V�§�U©b7X©Y7T�X�Y k U�V]ghT�X­m�U©Y�pqW���g�^a[]b���� g k b7V�^«X�`7Y7b7V]VaW�gh[]bªmqW�X�V�X�T�^a[]bY7T�X_^ab���^abom�b«V]b«�qW�V]b7[�V]U�[&m�b7V&Y k U�V�^ab7[]V&��T�U�[�bH±~b7YH^aU�b7[&m�b7V&[]b7Y7T�����W�X�mqWv^aghT�X�V7e � pqW�Y7U�X m�bY7b7V�Y k U�V�^ab7[]V�m�T�g�^��H^a[]b=m�`7Y7[]g�^��qW�[�U�X«b7X�V]b7�=� k b=m�bK^ab7[]��b7V�[]b �q`H^�W�X_^�m�b7V�Y7b7X_^a[]b7V�m x ghX_^a`7[��H^��~bH^�qW�[AU�X"b7X�V]b7�=� k b¯m x U
^ag k ghVaWv^ab7U�[]V7e � b7V�m�b7U��Kb7X�V]b7�=� k b7VAZ\T�[]��b7X_^AU�X"��g r V]bH^ c YHZfejV]b7YH^aghT�XE�
e � i e � b k W`7Y�W�[�^ab�m�T�X�Y-^aT�U
^ab7V k b7V���`H^ap�T�m�b7V�m�b�Y k U�V�^ab7[]ghX�tF��U�gDX�b���[]`7V]b7X_^ab7X_^-�qW�V�m�b�m�b7V]Y7[]gh�
^aghT�X�V�m�b7VY k U�V�^ab7[]VDT��
^ab7X�U�V c YHZfe�Y�pqW���g�^a[]b5��bH^¯W�X�X�b��
b21 i e_�5�'�'�d�>�FVaWv^aghV�Z�W�g�^�� k b7ghX�b7��b7X_^�Y7b7VDY7T�X_^a[aW�ghX_^ab7V7e
� b7V"Y k U�V�^ab7[]V"W�ghX�V]gDm�`H¬qX�ghVK��b7[]��bH^]^ab7X_^"m�b���` k W�X�t�b7[�m�b7VK��[]ghX�Y7gh��b7V�U
^ag k ghV]`7V�mqW�X�V k b7V�VW��V r^ �7��b7V�m�bF[]b7Y7T�����W�X�mqWv^aghT�X�V=Y7T khk W���T�[aWv^ag�Z\VKbH^��qW�V]`7V�V]U�[ k b�Y7T�X_^ab7X�U�e7�DX4bH±~bH^��¯��b7V�Y k U�V�^ab7[]VV]T�X_^;Z\T�[]��`7V b7X�V]bK�qW�VaW�X_^;V]U�[ k b7V Y7T�X_^ab7X�U�V�m�b7V;m�T�Y7U���b7X_^aV7e�n�W�X�V k b�Y�W�V;m x �5�'�'�d�>���
Y�pqW���U�bY k U�V�^ab7[�b7V�^�m�`7Y7[]g�^��qW�[ k b7V-^ab7[]��b7V��qW�[�^�W�t�`7V��qW�[ k b7V�U
^ag k ghVaWv^ab7U�[]V-m�bFY7b�Y k U�V�^ab7[7e43 k b7V�^�m�T�X�Y��T�V]V]gh� k b;m x bH±~b7YH^aU�b7[ k b7V¯[]b7Y7T�����W�X�mqWv^aghT�X�V�m�b;Z�W��7T�X�Y7T khk W���T�[aWv^ag�§�b*5���T�U�[¯U�X&U
^ag k ghVaWv^ab7U�[Dm x U�XY k U�V�^ab7[7��[]b7Y7T�����W�X�m�b7[ k b7Vlm�T�Y7U���b7X_^aVl��U x g k X x W=�qW�V Y7T�X�V]U k ^a`7VlbH^ ��U x T�X_^ Y7T�X�V]U k ^a`7V k b7VlW�U
^a[]b7VU
^ag k ghVaWv^ab7U�[]V�m�U Y k U�V�^ab7[7e9S;T�U�V���T�U
§�T�X�VKW�U�V]V]g�W�§�T�gh[�U�X�b�W�����[]T�Y�p�b�T�[]ghb7X_^a`7b-V]U�[ k b=Y7T�X_^ab7X�U65

��T�U�[lU�XFm�T�Y7U���b7X_^ X�T�U
§�b khk b7��b7X_^ W�[][]g�§�`�mqW�X�V �	� }���S�®=��X�T�U�Vl��T�U
§�T�X�V U
^ag k ghV]b7[ kyx b7X�V]b7�=� k bm�b7V�Y k U�V�^ab7[]V�Y7T�����bK¬ k ^a[]b�e~S;T�^aT�X�V���U�b(� [ ^�\P: X�^�6 ^FU
^ag k ghV]b k W��(�7��b=W�����[]T�Y�p�b-��W�ghV�V]U�[�m�b7VY k U�V�^ab7[]V�[]b7��[]`7V]b7X_^�W�X_^ k b7V;m�g�±~`7[]b7X_^aV;Y7b7X_^a[]b7V�m x ghX_^a`7[��H^;m x U�X«V]b7U k U
^ag k ghVaWv^ab7U�[ c YHZfe°V]b7YH^aghT�X ��e Sji e�DX U
^ag k ghVaW�X_^�X�T�V�Y k U�V�^ab7[]V7��X�T�U�V���T�U
§�T�X�V�[]b7Y7T�����W�X�m�b7[�U�X m�T�Y7U���b7X_^KW�U�� U
^ag k ghVaWv^ab7U�[]V�m�b7VY k U�V�^ab7[]Vl��U�g~V x W����qW�[]ghb7X_^ k b�� k U�V?�qW�['[aW�����T�[�^lW�U���^ab7[]��b7V7eqS;T�U�VlW khk T�X�V¯X�T�U�V?Y7T�X�Y7b7X_^a[]T�X�VlV]U�[Y7b�^<����b�m�b�[]b7Y7T�����W�X�mqWv^aghT�X�V7e
{ ����� ����� � �?����� <�L�� <=��C 7!� <���<=�I%
���������/ 8:9
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1 6 8

57��6�7�b�e\c 8 M X�b��
b7��� k b�m�b�Y k U�V�^ab7[]V m x U
^ag k ghVaWv^ab7U�[]V?��[]T�m�U�g�^aV W�§�b7Y �5�'�'�d�>�
S;T�U�Vl§�Ty��T�X�V�mqW�X�V;Y7bH^]^ab"W���� k ghY�Wv^aghT�X&^aT�U
^ kyx ghX_^a`7[��H^;m�U�Y�p�bH§�W�U�Y�p�b7��b7X_^�`H§�b7X_^aU�b k m�b7V;U
^ag r

k ghVaWv^ab7U�[]V'b7X_^a[]b k b7V'Y k U�V�^ab7[]V7�
bH^l�(�7��b k b���T�V]V]gh� k b;Y�p�bH§�W�U�Y�p�b7��b7X_^;m�b7V'^ab7[]��b7V7e
��b�^�W�� k b�W�U�b�e\c
��T�X_^a[]b�m�b7VKY k U�V�^ab7[]VK��[]T�m�U�g�^aV��qW�[E�5�'�'�d�>����W�§�b7Y k b7U�[]V�m�b7V]Y7[]gh�
^aghT�X�V�bH^ k b7V�ghm�b7X_^ag�¬°W�X_^aV�m�b7VU
^ag k ghVaWv^ab7U�[]V'Y7T�X_^ab7X�U�V mqW�X�V?Y7b7VlY k U�V�^ab7[]V7eq��b�Y�p�bH§�W�U�Y�p�b7��b7X_^;m x U
^ag k ghVaWv^ab7U�[]V'��b7[]��bH^?m�b�Y�W��
^ab7[
k b7U�[]V�m�g�§�b7[]V�Y7b7X_^a[]b7V¯m x ghX_^a`7[��H^�eEd�U�[DY7bH^¯b��
b7��� k b���^a[]T�ghV�Y7b7X_^a[]b7V¯m x ghX_^a`7[��H^¯T�X_^�`H^a` m�`H^ab7YH^a`7V¯��T�U�[
kyx U
^ag k ghVaWv^ab7U�[0cO5Ee��Sf �­bH^¯V]`7Y7U�[]g�^a`�� k b7VD��[]T�^aT�Y7T k b7V /��0g bH^h3 g �_bH^ k W��	�7Y�p�b�e���b;Y�p�bH§�W�U�Y�p�b7��b7X_^m�b=^ab7[]��b7V���b7[]��bH^�m�b-Y�W��
^ab7[�m�g�±~`7[]b7X_^aV�Y7T�X_^ab���^ab7V7e��DX bH±~bH^�� k b"^ab7[]��bH��i �?j���k?l i«W�V]V]T�Y7gh`-W�U^ab7[]��b�m^n�o�n"X�blY7T�[][]b7V]��T�X�m��qW�V¯W�U��(�7��blY7T�X_^ab���^ab;��U�b V x g k b7V�^'W�V]V]T�Y7gh` W�§�b7Y k b'^ab7[]��b � n k �`p�q~e} b7��W�[]��U�T�X�V-W�U�V]V]g?��U�b&X�T�U�V-��T�U
§�T�X�V-T��
^ab7X�gh["m�b7V-Y k U�V�^ab7[]V=T�� k W�m�b7V]Y7[]gh�
^aghT�Xª��` k W�X�t�bm�g�±~`7[]b7X_^aV�V]Uj�]bH^aV7e g W�[�b��
b7��� k b�� k bKY k U�V�^ab7[�X ◦ c"b7V�^�m�`7Y7[]g�^��qW�[.��i �?j���k?l i�� k q l�r � q r�l � �Ek qsi � nbH^ut k�v�� e$3 k b7V�^�m�g � Y7g k b�m�b&m�`7t_W�t�b7[-m�U�V]b7X�V�w«�qW�[�^agh["m�b kyx W�V]V]T�Y7g�Wv^aghT�X²m�b�^aT�U�V=Y7b7V-^ab7[]��b7V7eM X�^ab k Y k U�V�^ab7[;��b7U
^Z�H^a[]bK��[]T�m�U�g�^;Y�W�[;X�T�U�V�[]b7Y�p�b7[]Y�p�T�X�V�m�b7V���T�^ag�Z\V?Z\b7[]��`7V c YHZfe°V]b7YH^aghT�X)��e\c i e��U
^a[]b7��b7X_^�m�g�^�� k b7V�U
^ag k ghVaWv^ab7U�[]V 2

�
4
bH^

5
T�X_^�Y7T�X�V]U k ^a`«m�b7V&m�T�Y7U���b7X_^aV�W �_W�X_^ k b7V�^ab7[]��b7V��i �?j���k?l i bH^ k q l�r � q r�l ����W�ghV�g k V�T�X_^=W�U�V]V]g�^aT�U�V"Y7T�X�V]U k ^a`�m�b7V"m�T�Y7U���b7X_^aV"Y�W�[aW�YH^a`7[]ghV]`7V"�qW�[

�Ek qsi � n�bH^�t k�v�� e
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S;T�^aT�X�V&��U�b«V]g�U�X U
^ag k ghVaWv^ab7U�[�b7V�^�^a[��7V&ghX_^a`7[]b7V]V]`«�qW�[ k b�������bH^���U x g k b7V�^ k b�V]b7U k �'X�T�U�VX x W khk T�X�V��qW�V k b«m�`H^ab7YH^ab7[�W�§�b7Y �5�'�'�d�>��e'S;T�U�V���[]b7X�T�X�VFb7X)Y7T����
^ab k b7V&ghX_^a`7[��H^aV�Y7T����=U�X�V�qW�[�^�W�t�`7V"�qW�[KU�Xªt�[]T�U���b�m x U
^ag k ghVaWv^ab7U�[]V7e9��b�X�T��=��[]b���ghX�gh��W k m x U
^ag k ghVaWv^ab7U�[]VK�qW�[KY k U�V�^ab7["b7V�^X�`�W�X���T�ghX�V?��T�m�g�¬°W�� k b��
bH^ Y7T�[][]b7V]��T�X�m«W�UF�qW�[aW�� �H^a[]b

minfr
e

���aQ ��E�G78 ��G +�< % >�< 8':���� EKIZ+FE*(95H:"IF%
n�W�X�V-Y7bH^]^ab�V]b7YH^aghT�X���X�T�U�V-��[]`7V]b7X_^aT�X�V k b7V=�qW�V]b7V�m�b�X�T�^a[]b&VW��V�^ �7��bFm�b&[]b7Y7T�����W�X�mqWv^aghT�X

I n�� � C � K e / T�U
^�Y7T�����b k b�VW��V�^ �7��bom�b G T��qW�V]p�b7[&bH^FW k e c YHZfe¯V]b7YH^aghT�X ��e\c i �¯X�T�U�V�W�§�T�X�V&U�X��[]T�Y7b7V]V]U�VAT�± r�k ghX�b�bH^AU�XK��[]T�Y7b7V]V]U�VAT�X r�k ghX�b�[]`�W k ghVaW�X_^�m�b7V9[]b7Y7T�����W�X�mqWv^aghT�X�V7e���T�[]V9m�U���[]T�Y7b7V]V]U�VT�± r�k ghX�b�� k b7V�Y k U�V�^ab7[]VFm x U
^ag k ghVaWv^ab7U�[]V�V]T�X_^FZ\T�[]��`7V c Y k U�V�^ab7[]VFm x M };� ��T�U�[ G T��qW�V]p�b7[FbH^�W k e i e��b«��[]ghX�Y7gh��b�m�b«X�T�^a[]b«��[]T�Y7b7V]V]U�VFT�X r�k ghX�b�b7V�^�m�b«Y�W k Y7U k b7[�U�X ^�W�U�� m�b«[]b7Y7T�U
§�[]b7��b7X_^Fb7X_^a[]bU�X�m�T�Y7U���b7X_^�bH^�Y�pqW�Y7U�X4m�b7V�Y k U�V�^ab7[]V�Wv¬qX�m�bFm�`H^ab7[]��ghX�b7[ k b7V-U
^ag k ghVaWv^ab7U�[]V=��T�^ab7X_^aghb khk b7��b7X_^ghX_^a`7[]b7V]V]`7V;�qW�[ k b�m�T�Y7U���b7X_^�e
g T�U�[�m�`H¬qX�gh[ k bK^�W�U��«m�b-[]b7Y7T�U
§�[]b7��b7X_^���g k b7V�^���T�V]V]gh� k b"m x U
^ag k ghV]b7[;m�b7V���b7V]U�[]b7V�Y k W�V]V]gh��U�b7VY7T�����b k b7V�Y7T�b
	�Y7ghb7X_^aV�m�b e�W�Y7Y�W�[]m��'n�ghY7b��¯T�U � T�V]ghX�b�e � khk b7V�V]T�X_^&X�T�^�W�����b7X_^�U
^ag k ghV]`7b7V�b7XY k U�V�^ab7[]ghX�tKbH^?b7X&[]b7Y�p�b7[]Y�p�b�m x ghX
Z\T�[]��Wv^aghT�X I - 1 � � K e G W�ghV¯b khk b7V¯��[]b7X�X�b7X_^lb7X�Y7T����
^ab k b X�T��=��[]bm�b"^ab7[]��b7V�m�UoY k U�V�^ab7[7�~Y7b=��U�g���T�V]b=U�Xo��[]T�� k �7��b"Y�W�[ k b"Y�p�bH§�W�U�Y�p�b7��b7X_^Km�b"^ab7[]��b7V�b7X_^a[]b k b7VY k U�V�^ab7[]V bH^ k b���` k W�X�t�b�m�b�m�g�±~`7[]b7X_^aV V]Uj�]bH^aV;mqW�X�V k W=m�`H¬qX�g�^aghT�XFm x U�X�Y k U�V�^ab7[ V]T�X_^;��T�V]V]gh� k b7V7e
} b7��[]b7X�T�X�V'X�T�^a[]b�b��
b7��� k b c YHZfe�^�W�� k b�W�U b�e\c i ��g k b7V�^'^aT�U
^?w�Z�W�g�^¯��T�V]V]gh� k b;m x T��
^ab7X�gh[¯U�X&Y k U�V r^ab7["Y7T�����b

C1
��` k W�X�t�b�W�X_^"m�g�±~`7[]b7X_^aV=V]Uj�]bH^aV c���
 i �?j���k?l i k q l�r � q r�l�� bH^ � �Ek qsi � n t k�v����vi eS;T�^aT�X�V W�U�V]V]g9��U�b

C1
bH^

C2
T�X_^ b7X�Y7T����=U�X k b�^ab7[]��b 
 i �?j���k?l i�e

d�T�ghb7X_^ D U�X�m�T�Y7U���b7X_^ W �_W�X_^ Y7T�����b�m�b7V]Y7[]gh�
^aghT�X
KD ³�� m^n�o�n �El^l�� 
 i �?j���k?l i n ����v`r�l

k q l�r � q r�l�� n � ��n�� r�� � k b7VlV]Y7T�[]b7V;T��
^ab7X�U�V;�qW�[ C1
bH^

C2
V]T�X_^ k b7V V]U�g�§�W�X_^aVO5

Jaccard(D, Ci) =
|KD∩KCi

|
|KD∪KCi

| C1 → 2
8
→ 25% C2 → 2

6
→ 33%

Cosine(D, Ci) =
|KD∩KCi

|√
|KD|×|KCi

|
C1 → 2√

24
→ 40, 8% C2 → 2√

12
→ 57, 7%

Dice(D, Ci) =
2|KD∩KCi

|
|KD|+|KCi

| C1 → 2×2
10

→ 40% C2 → 2×2
8

→ 50%

��b7V�Y k U�V�^ab7[]V C1
bH^

C2
T�X_^ k b"�(�7��b"X�T��=��[]b=m�b=^ab7[]��b7V�Y7T����=U�X�V�W�§�b7Y k b"m�T�Y7U���b7X_^ D eG W�ghV9Y7T�����b C1

��` k W�X�t�b�m�g�±~`7[]b7X_^aV�V]Uj�]bH^aV7�vVaW;m�b7V]Y7[]gh�
^aghT�XKb7V�^�� k U�VAt�[aW�X�m�b�e�3 k b7V�^�m�`7VaW�§�W�X_^�W�t�`�qW�[�[aW�����T�[�^Dw
C2
��bH^DT��
^aghb7X_^Dm�b7V�V]Y7T�[]b7VD� k U�V�Z�W�gh� k b7V7e � b?Y�W�VDm�b'¬qt�U�[]b?X�b?m�T�g�^��qW�V�V]bl��[]T�m�U�gh[]bmqW�X�V X�T�^a[]b�VW��V�^ �7��bKm�b�[]b7Y7T�����W�X�mqWv^aghT�X�e

��^�W�X_^=m�T�X�X�`&��U�b&Y7b7V=��b7V]U�[]b7V=X�b�V]T�X_^-m�T�X�Y��qW�V=W�mqW��
^a`7b7V-w�X�T�^a[]b���[]T�� k �7��b��9X�T�U�V=b7X��[]T���T�V]T�X�V"U�X�b&��U�g'X�b&��[]b7X�mª�qW�V=b7X�Y7T����
^ab k WF^�W�g khk b-m�b k W�m�b7V]Y7[]gh�
^aghT�X²m�U�Y k U�V�^ab7[7e � bH^]^ab��b7V]U�[]b��°X�T�^a`7b
CR

�qY7T�[][]b7V]��T�X�moW�U���T�U�[]Y7b7X_^�W�t�bKm�bK^ab7[]��b7V;m�U�m�T�Y7U���b7X_^���U�gAV]T�X_^���[]`7V]b7X_^aV
mqW�X�V k W=m�b7V]Y7[]gh�
^aghT�XFm�U�Y k U�V�^ab7[ c YHZfe�m�`H¬qX�g�^aghT�X cy� i e
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O 8�8 < OQ< : 6��289> [ T > < ?9 = O 8 628 < 6 [ 4 < 6F9�6.: 6�� [ 6 < KCi

6;:G9 = O 8 628 < 6 [ 4 < 6F9 = O :16 < 6 < AD: 6 O � < UCi
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CR(D, Ci) =
|KD ∩ KCi

|
|KD|

∗ 100.

};W�����b k T�X�V���U�b�V]g C
b7V�^KU�X Y k U�V�^ab7[���[]T�m�U�g�^��qW�[ �5�'�'�d�>����W k T�[]V C ³ c X �

g(X) i e d
W�m�b7V rY7[]gh�
^aghT�X
KC

Y7T�[][]b7V]��T�X�moW�U«��T�^ag�Z�Z\b7[]��`KZ\[]`7��U�b7X_^
X
��bH^�V]b7V�U
^ag k ghVaWv^ab7U�[]V UC

Y7T�[][]b7V]��T�X�m�b7X_^
w kyx b7X�V]b7�=� k b g(X)

e
g T�U�[�U�X m�T�Y7U���b7X_^&bH^&U�X Y k U�V�^ab7[7�¯V]g k bF^�W�U��¨m�b�[]b7Y7T�U
§�[]b7��b7X_^�b7V�^�� k U�V�t�[aW�X�m ��U x U�XY7b7[�^�W�ghX�V]b7U�g k ��W k T�[]V k b�m�T�Y7U���b7X_^ b7V�^�[]b7Y7T�����W�X�m�`�W�U��FU
^ag k ghVaWv^ab7U�[]V?m�UFY k U�V�^ab7[7eS;T�U�V�¬
�
T�X�V�U�XoV]b7U�g k ��ghX�gh�=U��dm�b=[]b7Y7T�U
§�[]b7��b7X_^�X�T�^a`

mincr
eSd�g

CR(D, Ci) ≥ mincr
�

W k T�[]VlX�T�U�V []b7Y7T�����W�X�m�T�X�V k b�m�T�Y7U���b7X_^ D W�U��FU
^ag k ghVaWv^ab7U�[]V UCi

c YHZfe°W k t�T�[]g�^ap���bZ� i e�9W«§�W k b7U�[-m�b mincr
ghX��qU�b7X�Y7b���ghb7X�b7X_^ab7X�m�U k b�X�T��=��[]b�m�b�m�T�Y7U���b7X_^aV�[]b7Y7T�����W�X�m�`7V7e

gDk U�V k W-§�W k b7U�[ m�b mincr
W�U�t���b7X_^ab��°� k U�V k b�X�T��=��[]bKm�bKm�T�Y7U���b7X_^aV�[]b7Y7T�����W�X�m�`7V m�gh��ghX�U�b�e3 k Z�W�U
^�m�T�X�Y�U�X�Y7T�����[]T���ghVKb7X_^a[]bFU�X�X�T��=��[]b�` k bH§�`�m�b�[]b7Y7T�����W�X�mqWv^aghT�X�V"��U�gl[]b7X�m�[aW�g�^ k bVW��V�^ �7��bK��b7U�W�t�[]`�W�� k b�bH^ U
^ag k ghVaW�� k b;��T�U�[ k b7VlU
^ag k ghVaWv^ab7U�[]V7�
bH^ �qW�V;W�V]V]b�P�m�b�[]b7Y7T�����W�X�mqWv^aghT�X�V��U�gAW�����T�[�^ab7[aW�g�^l��b7U�m x U
^ag k g�^a`�e

Q 0�RS�S 7	��
T
'(�U� � W k Y7U k m�b7V []b7Y7T�����W�X�mqWv^aghT�X�VVW�X 
�E'(Y��+ 
��� 5 D U�X�m�T�Y7U���b7X_^�� C U�X�b7X�V]b7�=� k bKm�b�Y k U�V�^ab7[]V7�°bH^ mincr k b�V]b7U�g k ��ghX�gh�=U��m�b�[]b7Y7T�����W�X�mqWv^aghT�X�e
Z[���+�%$� Z5

reco(D) kyx b7X�V]b7�=� k b"m�b7V�U
^ag k ghVaWv^ab7U�[]V�w&��U�g�X�T�U�V�W khk T�X�V;[]b7Y7T�����W�X�m�b7[ k b"m�T�Y7U r��b7X_^ D en�`7��U
^
\ �%$� .�+�%$�� C ∈ C ] �E	� 
��^	

CR(D, C) ≥ mincr
�E0��S ��

reco(D) = reco(D) ∪ UC ;�_) �^	
�_) \ �%$� } bH^aT�U�[]X�b7[

reco(D);`�ghX
d�U�[ X�T�^a[]b�b��
b7��� k b��qT�XFT��
^aghb7X_^ k b7Vl[]`7V]U k ^�Wv^aV V]U�g�§�W�X_^aVO5
8 KC1

³�� 
 i �?j���k?l i k q l�r � q r�l �Ek q r � n t k�v���� � CR ³ �,� R e8 KC2
³�� m^n�o�n 
 i �?j���k?l i � � CR ³ �,� R e8 KC3
³�� k q l�r � q r�l ��� p l p � p v`r k � l � � � � CR ³ c A � B�R e

8 KC4
³�� 
 i �?j���k?l i � n k 
 p�q � � CR ³ c A � B�R e

8 KC5
³�� �Ea �|�sr ��k o kJb ��r�� � CR ³ CQR e

� x T�[]m�[]b�m�b7V"Y k U�V�^ab7[]V"b7V�^ k b�V]U�g�§�W�X_^ 5
C1

w�`7t_W k g�^a`�W�§�b7Y C2
�A��U�ghV

C3
w�`7t_W k g�^a`�W�§�b7Y C4

�
bH^�b7X
¬qX

C5
e �9§�b7Y

mincr
¬
�
`"w � CQR � k b�m�T�Y7U���b7X_^ D b7V�^�[]b7Y7T�����W�X�m�`KW�U���U
^ag k ghVaWv^ab7U�[]Vlm�b7VY k U�V�^ab7[]V C1

bH^
C2
e°S;T�U�V []b7��W�[]��U�T�X�V ��ghb7XF��U�b

C1
bH^

C2
T��
^aghb7X�X�b7X_^ k b��(�7��b�V]Y7T�[]b�e
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n�W�X�V k bD��U
^Am x `H§�W k U�b7[9X�T�^a[]bDVW��V�^ �7��b¯m�b�[]b7Y7T�����W�X�mqWv^aghT�X�V7�7X�T�U�VAW�§�T�X�VAU
^ag k ghV]`�m�b7V�¬qY�p�ghb7[]Vm�b�^a[aW�Y7b���[]T|§�b7XqW�X_^�m�b�V]b7[�§�b7U�[]V���W�X�mqWv^�W�gh[]b7V?m�b `q[aW�X�Y7b / ` k `7Y7T�� } 1 n"e
n�W�X�V�Y7b7V�b��
��`7[]gh��b7X_^�Wv^aghT�X�V7��X�T�U�V�Y7T����qW�[]T�X�V k W«[]`�W k g�^a`�m�b7V�Y7T�X�V]U k ^�Wv^aghT�X�V=m�b7V�U
^ag k ghVaW r^ab7U�[]V?W�§�b7Y�m�b7V?[]b7Y7T�����W�X�mqWv^aghT�X�V�V]gh�=U k `7b7V¯�qW�['X�T�^a[]b�VW��V�^ �7��b�e�3 k X x �&W"�qW�V'm x `H§�W k UqWv^aghT�X�m�b7V[]b7Y7T�����W�X�mqWv^aghT�X�Vl�qW�[ k b7V;U
^ag k ghVaWv^ab7U�[]V7eqS;T�^a[]bKVW��V�^ �7��b"b7V�^�§�gh[�^aU�b k e°S;T�U�V�`H§�W k U�T�X�V kyx W�����T�[�^��mqW�X�V-X�T�^a[]bFW���� k ghY�Wv^aghT�X��9m�b kyx U
^ag k ghVaWv^aghT�X m�b7V�Y k U�V�^ab7[]V-Y�p�bH§�W�U�Y�pqW�X_^aV���[]T�m�U�g�^aV=�qW�[(�5�'�'�d�>��qW�[ [aW�����T�[�^�w�m�b7V��qW�[�^ag�^aghT�X�Vlm x U
^ag k ghVaWv^ab7U�[]V?Z\T�[]��`7b7V;�qW�[Z�FN��;� c YHZfe°V]b7YH^aghT�X)�
e �
e�� i e�};W�����b r

k T�X�V?��U�bE�FN��;�OU
^ag k ghV]b k b7Vl��T�^ag�Z\V'Z\[]`7��U�b7X_^aV7�°bH^ b7V�^;X�T�^�W�����b7X_^ U
^ag k ghV]`�mqW�X�V U�XFVW��V�^ �7��bKm�b[]b7Y7T�����W�X�mqWv^aghT�X²��[]T���T�V]`F�qW�[ G T��qW�V]p�b7[�bH^�W k e c YHZfe�V]b7YH^aghT�X$��e\c i e$3 k Z\T�U�[]X�g�^-U�X�b��qW�[�^ag�^aghT�Xm�b7V;^ab7[]��b7V�bH^�m�b7V�U
^ag k ghVaWv^ab7U�[]V Y7b=��U�gAV]ght�X�g�¬qbK��U�b"��b7U«m�b"Y7b7X_^a[]b7V�m x ghX_^a`7[��H^�V]T�X_^�Y�W��
^a`7V��qW�[U
^ag k ghVaWv^ab7U�[7e
��6 < 9�>78E8@?96 <
��b7V9m�T�X�X�`7b7V9Y7T�X_^aghb7X�X�b7X_^hc � B U
^ag k ghVaWv^ab7U�[]V c k b7V�^a[aW�X�VaW�YH^aghT�X�V i bH^ � B � B g�^ab7��V7e���b7V9g�^ab7��V�V]T�X_^m�b7V;^ab7[]��b7V;b���^a[aW�g�^aV�m�b7V��qW�t�b7V E2/2G ��Y7T�X�V]U k ^a`7b7V��qW�[ k b7V;U
^ag k ghVaWv^ab7U�[]V ��b7X�mqW�X_^�U�X�b"��`7[]ghT�m�bm x U�X���T�ghVKT����g�d� B � �qW�t�b7V=T�X_^-`H^a`&Y7T�X�V]U k ^a`7b7V7e � b k W�Y7T�[][]b7V]��T�X�m�b7X���Ty��b7X�X�b�w b�� b��qW�t�b7V

Y7T�X�V]U k ^a`7b7V=�qW�["U
^ag k ghVaWv^ab7U�[KbH^=�qW�[l�]T�U�[7e � pqW���U�b��qW�t�b�b7V�^�m�`7Y7[]g�^ab��qW�["U�X���Wj�
gh�=U�� m�b c C^ab7[]��b7VlT��
^ab7X�U�V�W�§�b7Y�U�X�b���^a[aW�YH^ab7U�[ �qW�V]`�V]U�[ k W"Z\[]`7��U�b7X�Y7bKm�b7V ��T�^aVlV]ght�X�g�¬qY�Wv^ag�Z\V7��m�`H§�b k T�����`w,`q[aW�X�Y7b / ` k `7Y7T��1} 1 n"e g T�U�[�� k U�V=m x ghX
Z\T�[]��Wv^aghT�X�VKV]U�[ k W«Y7T khk b7YH^ab�bH^ k W«��[]`7�qW�[aWv^aghT�Xªm�b7Vm�T�X�X�`7b7V7�°V]b�[]b7��T�[�^ab7[;w kyx W�X�X�b��
b2�le
� �=>�: >�89> < 6
�9W�V]gh�=U k Wv^aghT�X V]b m�`7[]T�U k b m�b k W���W�X�g �7[]b V]U�g�§�W�X_^ab�e g []`�W k W�� k b7��b7X_^��lm�b7V�Y k U�V�^ab7[]V�V]T�U�VZ\T�[]��b�m�b���g r V]bH^aV c YHZfe
V]b7YH^aghT�X b�e\c i V]T�X_^lm�`7Y7T�U
§�b7[�^aV;b7XFU
^ag k ghVaW�X_^��5�'�'�d�>� T�U
�FN��;�'�qw=�qW�[�^agh[m�b kyx b7X�V]b7�=� k b�m�b7V�m�T�X�X�`7b7V�ghV]V]U�b7V�m�b7V�¬qY�p�ghb7[]V�m�b�^a[aW�Y7b�e/�DX�V]U�g�^ab��D��T�U�[-Y�pqW���U�b�m�T�Y7U���b7X_^

D ��[]`7V]b7X_^&mqW�X�V�Y7b7V�¬qY�p�ghb7[]V�m�b�^a[aW�Y7b�� k b�VW��V�^ �7��b�m�`H^ab7[]��ghX�bFb7X4U
^ag k ghVaW�X_^ k b7V�Y k U�V�^ab7[]V7� k b7VU
^ag k ghVaWv^ab7U�[]VlV]U�����T�V]`7V��H^a[]bKghX_^a`7[]b7V]V]`7V��qW�[ D c X�T�^a`7V
UsersR(D) i e � bH^�b7X�V]b7�=� k bKY7T�[][]b7V]��T�X�mW�U��oU
^ag k ghVaWv^ab7U�[]V�w&��U�g k b=VW��V�^ �7��b�W�U�[aW�g�^�[]b7Y7T�����W�X�m�` k b=m�T�Y7U���b7X_^�mqW�X�V�U�XoY7T�X_^ab���^ab�[]`7b km x U
^ag k ghVaWv^aghT�X�e��DX�V]U�g�^ab�� k b&VW��V�^ �7��b�§�`7[]g�¬qb�w kyx W�ghm�b&m�b7V=¬qY�p�ghb7[]V�m�b&^a[aW�Y7b��DV]g k b7V-U
^ag k ghVaWv^ab7U�[]V��U�g�W�§�W�ghb7X_^�[]`7b khk b7��b7X_^�Y7T�X�V]U k ^a` k b"m�T�Y7U���b7X_^ c X�T�^a`7V Users(D) i W�U�[aW�ghb7X_^�`H^a`-W�§�ghV]`7V��qW�[ k bVW��V�^ �7��b c gye b�eqV]T�X_^;��[]`7V]b7X_^aV;mqW�X�V

UsersR(D) i e} b7��W�[]��U�T�X�V���U�b�V]g X�T�U�V&W�§�ghT�X�V�U
^ag k ghV]`�m�b7V�¬qY�p�ghb7[]V�m�b�^a[aW�Y7b�m�b�V]b7[�§�b7U�[]V �'b7� T�� k b7Vb7X�V]b7�=� k b7V�m�bFm�T�Y7U���b7X_^aV�bH^�m�T�X�YFm�b�^ab7[]��b7V-V]T�X_^�Y7T�X�X�U�V�bH^�[]b k Wv^ag�§�b7��b7X_^�V�^�W�� k b�mqW�X�V k b^ab7����V7�~X�T�U�V�W�U�[]ghT�X�V���U W���� k gh��U�b7[�m�b7V�^ab7Y�p�X�gh��U�b7V�Y k W�V]V]gh��U�b7V�m�b"§�W k ghmqWv^aghT�X�Y7T�����b"Y7T�U���b7[
k b7V;m�T�X�X�`7b7V�b7X«m�b7U��~��m�`7Y7T�U
§�[]gh[ k b7V;Y k U�V�^ab7[]V�V]U�[ k W���[]b7��g �7[]bK�qW�[�^aghb��qm�`H^ab7[]��ghX�b7[;m�b7V�[]b7Y7T�� r��W�X�mqWv^aghT�X�V;w��qW�[�^agh[;m�b7V�m�T�Y7U���b7X_^aV�m�b k W�V]b7Y7T�X�m�b-�qW�[�^aghb��°bH^�§�`7[]g�¬qb7[�V]U�[ k b7V�Y7T�X�V]U k ^�Wv^aghT�X�V^aT�Uj�]T�U�[]V?V]U�[lY7bH^]^ab�V]b7Y7T�X�m�b��qW�[�^aghb�e�S;`�W�X���T�ghX�V7�
��T�U�[?U�XFV]b7[�§�b7U�[ ��W�X�mqWv^�W�gh[]b�� k b7V?b7X�V]b7�=� k b7Vm�b"m�T�Y7U���b7X_^aV�bH^�� k U�V�V]��`7Y7g�W k b7��b7X_^�m�b"^ab7[]��b7V���b7U
§�b7X_^[�H^a[]b"^a[��7V�m�g�±~`7[]b7X_^aV�b7X_^a[]b"m�b7U��«��` r[]ghT�m�b7V7e � b k W�[]b7X�m�m�g 	�Y7g k b�U�X�bK��[]b7��g �7[]b�V]gh�=U k Wv^aghT�X&bH^;`H§�W k UqWv^aghT�XFm�b7V;[]`7V]U k ^�Wv^aV VaW�X�V;[]bH^aT�U�[p�U���W�ghX�e�S;T�U�V�U
^ag k ghV]T�X�V�m�T�X�Y k W&�(�7��b-��`7[]ghT�m�b-��T�U�[�m�`7Y7T�U
§�[]gh[ k b7V�Y k U�V�^ab7[]V�bH^KY�W k Y7U k b7[ k b7V[]b7Y7T�����W�X�mqWv^aghT�X�V7e
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S;T�U�VFU
^ag k ghV]T�X�V�U�X�b ��bH^ag�^abo§�W k b7U�[���T�U�[ mincr

m�b Z�W��7T�X w�[]b7Y7T�����W�X�m�b7[FU�X­X�T��=��[]b
gh����T�[�^�W�X_^lm�b�m�T�Y7U���b7X_^aV7e

mincr
b7V�^;¬
�
`Kw(� CQR e

��b7V []`7V]U k ^�Wv^aV V]T�X_^;`H§�W k U�`7V t�[���Y7b�W�U��F��b7V]U�[]b7V;V]U�g�§�W�X_^ab7VO5

?98?X"698
(D) =

|Users(D) − UsersR(D)|
|Users(D)|

rhit(D) =
|UsersR(D) ∩ Users(D)|

|UsersR(D)|
��bl^�W�U���m x ?98?X"698l`H§�W k U�b k bl��T�U�[]Y7b7X_^�W�t�b;m x U
^ag k ghVaWv^ab7U�[]VD��U�g°T�X_^¯Y7T�X�V]U k ^a` mqW�X�V k W�[]`�W k g�^a`lU�Xm�T�Y7U���b7X_^���U�g�X�b k b7U�[�W&�qW�V�`H^a`-[]b7Y7T�����W�X�m�` k T�[]V�m�b k W�V]gh�=U k Wv^aghT�X�e°��b"^�W�U�� ��X�6 : c []b7Y7T�� r��b7X�mqWv^aghT�X�p�g�^ i ��b7V]U�[]b k W���UqW�X_^ag�^a`�m x U
^ag k ghVaWv^ab7U�[]V���U�g�T�X_^?[]`7b khk b7��b7X_^¯Y7T�X�V]U k ^a` k b;m�T�Y7U���b7X_^���qW�[]��g�Y7b7U�� ��U�gDT�X_^K[]bk�7U�V�U�X�b�[]b7Y7T�����W�X�mqWv^aghT�X«V]U�[�Y7b�m�T�Y7U���b7X_^�e9n�b���T�X�V�[]`7V]U k ^�Wv^aV�Y7T�[ r[]b7V]��T�X�m�b7X_^�m�T�X�YKw�U�XF^�W�U�����Ty��b7X�m x ?98?X"698��qW�V bH^;U�XF^�W�U��F��Ty��b7X ��X�6 :?` k bH§�`�e
S;T�U�V&§�b7[][]T�X�VFmqW�X�V k b7V&b��
��`7[]gh��b7X_^�Wv^aghT�X�V&��U�b k b7V�^�W�U�� ��X�6 :�V]T�X_^F�qW�V7�?Y7b ��U�g�V]ght�X�g�¬qb

��U x U�X)X�T��=��[]b�gh����T�[�^�W�X_^�m x U
^ag k ghVaWv^ab7U�[]V�T�X_^�[]bk�7U m�b7V&[]b7Y7T�����W�X�mqWv^aghT�X�V���T�[�^�W�X_^&V]U�[&m�b7Vm�T�Y7U���b7X_^aV���U x g k V&X x T�X_^��qW�V�Y7T�X�V]U k ^a`«b7X)[]`�W k g�^a`�e g b7U
^ r �H^a[]bo��U x g k V�W�U�[aW�ghb7X_^&`H^a`oghX_^a`7[]b7V]V]`7V�qW�["Y7b7V-m�T�Y7U���b7X_^aV7�A��W�ghVKX�T�U�V=X�b���T�U
§�T�X�V=�qW�V k b�§�`7[]g�¬qb7[7e g T�U�["Y7b k W
�Ag k V]b7[aW�g�^=X�`7Y7b7V]VaW�gh[]bm x bH±~b7YH^aU�b7[�m�b7V�b��
��`7[]gh��b7X_^�Wv^aghT�X�V�mqW�X�V�m�b7V�Y7T�X�m�g�^aghT�X�V�[]`7b khk b7V�m x U
^ag k ghVaWv^aghT�X��°W�§�b7Y�U�Xo[]bH^aT�U�[m�b7V;U
^ag k ghVaWv^ab7U�[]V7eS;`�W�X���T�ghX�V7� kyx W�V]V]T�Y7g�Wv^aghT�X4m�b«Y7b7V&m�b7U��¨^�W�U�� ��b7[]��bH^&m�b�Y7T����qW�[]b7[�m�g�±~`7[]b7X_^aV&[]`7V]U k ^�Wv^aVm x b��
��`7[]gh��b7X_^�Wv^aghT�X�e$d�g¯U�X�b�b��
��`7[]ghb7X�Y7b&Y7T�X�m�U�g�^-w�U�X²^�W�U��²m x ?98?X"698�� k U�V"�qW�V"��U x U�X�bFW�U
^a[]b��W k T�[]V-T�X4��b7U
^�Y7T�X�Y k U�[]bF��U�b kyx b��
��`7[]ghb7X�Y7bFb7V�^���b7g khk b7U�[]b&w Y7T�X�m�g�^aghT�X���U�b k b&^�W�U�� rhit
V]T�g�^

V]U���`7[]ghb7U�[7e
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���� 9 ��� 9��/=�����= � � ��
���� =�; ��� ;>4�� 
 : ����� 9 ;��! � #"%$'&

n�bFZ�W��7T�X¨w ��[]b7X�m�[]b�b7X¨Y7T����
^ab�^aT�U�V k b7V�U
^ag k ghVaWv^ab7U�[]V7��X�T�U�V�W�§�T�X�V�¬
�
`���T�U�[#�5�'�'�d�>���
minfr

w c CQR bH^
M

w c c YHZfe9^�W�� k b�W�U b�e�� i e � b k W�Y7T�[][]b7V]��T�X�m�w�U�XªX�T��=��[]b���ghX�gh��W k m�b c �
U
^ag k ghVaWv^ab7U�[]V��qW�[�Y k U�V�^ab7[7e'�9§�b7Y�Y7b�V]b7U�g k m�b-Z\[]`7��U�b7X�Y7b��AX�T�U�V�T��
^ab7X�T�X�V2�^bg� C �q�&��T�^ag�Z\V�Z\b7[]��`7VZ\[]`7��U�b7X_^aV7e��^b-Y k U�V�^ab7[]V�T�X_^�`H^a`Kb���^a[aW�g�^aV7e~��bKX�T��=��[]bK��Ty��b7X«m x U
^ag k ghVaWv^ab7U�[]V �qW�[;Y k U�V�^ab7[�b7V�^�m�b�Ec�e���b�Y�p�bH§�W�U�Y�p�b7��b7X_^���Ty��b7X�m�b7V�U
^ag k ghVaWv^ab7U�[]Vlb7V�^�m�b B U
^ag k ghVaWv^ab7U�[]V7eq�9W�^�W�g khk b���Ty��b7X�X�b"m�b7Vm�b7V]Y7[]gh�
^aghT�X�V�m�b7VKY k U�V�^ab7[]V�b7V�^Km�b � g�^ab7��V7e'�DX ��Ty��b7X�X�b��Qc�� B g�^ab7��V�V]T�X_^KY7T����=U�X�V�b7X_^a[]b k b7Vm�b7V]Y7[]gh�
^aghT�X�V m�b7V Y k U�V�^ab7[]V7e

minfr G P J M �
��������������������� ������� :;%
<����=���$�Z���?� ���/Q3 / /Q3 *
/Q3

minfr
, *12

/0' / *1+ '
/0'

minfr
2 *1,

57��6�7�b�e�� 8 3�X
Z\T�[]��Wv^aghT�X�V?V]U�[ k b7VlY k U�V�^ab7[]V m x U
^ag k ghVaWv^ab7U�[]Vl��[]T�m�U�g�^aV W�§�b7Y �5�'�'�d�>�
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��bFVW��V�^ �7��b�W []b7Y7T�����W�X�m�` c�c � � � m�T�Y7U���b7X_^aV c YHZfe�^�W�� k b�W�U6b�e � i Y7bF��U�g Y7T�[][]b7V]��T�X�m¨b7X��Ty��b7X�X�b=w%��� B m�T�Y7U���b7X_^aV�[]b7Y7T�����W�X�m�`7V��qW�[��]T�U�[�w�U�X«U
^ag k ghVaWv^ab7U�[7eqS;T�U�V�[]b7��W�[]��U�T�X�V���U�b� CQR m�b7V'm�T�Y7U���b7X_^aV?[]b7Y7T�����W�X�m�`7V¯T�X_^?`H^a`�Y7T�X�V]U k ^a`7V7e
��b;^�W�U�����Ty��b7X&m x���� X�� � b7V�^?m�b�c B � B�R e��b�^�W�U��F��Ty��b7X

rhit
b7V�^�m�b2�
� � R e

�!�#"����A�����B��C1��� :;%
���Z�B�0D4��C :;%
���Z�B�0D4��C P ���A�����B��C1���!���?�?�����&%
C��qs?�
���?�?�����&%
C��qs?� �q� échec G P J rhit G P J ¦1��<#��C1�7s�� s��?��C�� ����� s?�t7v>v>wyx,z /(/0-
*1) /Q3AO 3 2$O 2 )('
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S;T�U�VAW�§�T�X�V9bH±~b7YH^aU�` k W?�(�7��bDb��
��`7[]ghb7X�Y7b�b7XKU
^ag k ghVaW�X_^��FN��;�4��T�U�[���[]T�m�U�gh[]b�U�X�b��qW�[�^ag�^aghT�Xm�b7V�U
^ag k ghVaWv^ab7U�[]V7e � bH^�W k t�T�[]g�^ap���b�U
^ag k ghV]b�m�b7U��«�qW�[aW�� �H^a[]b7V�5 k b"V]b7U�g k ��ghX�gh�=U�� m�bKZ\[]`7��U�b7X�Y7b
minfr

��T�U�[ k W=m�`7Y7T�U
§�b7[�^ab"m�b7V;��T�^ag�Z\V'Z\[]`7��U�b7X_^aV7��bH^ k b�X�T��=��[]b�m�b�Y k U�V�^ab7[]V k
U
^ag k ghV]`���T�U�[ k b�qW�[�^aghT�X�X�b7��b7X_^�e�S;T�U�V�W�§�T�X�V�¬
�
`

minfr
w c�� R ��T�U�[;m�b7V�[aW�ghV]T�X�V�W k t�T�[]g�^ap���gh��U�b7V7e1�DX«bH±~bH^��W�§�b7Y&Y7b&V]b7U�g k �9X�T�U�V"T��
^ab7X�T�X�V������ � b�����T�^ag�Z\V�Z\[]`7��U�b7X_^aV7e4d�g'X�T�U�V"�qW�ghV]V]T�X�V"Y7bH^]^ab�§�W k b7U�[K�qW�[b��
b7��� k b?w�c�b R �vX�T�U�VDW�§�T�X�V�� k U�V�m�b5�
� � ��g khk ghT�X�V�m�b?��T�^ag�Z\V�Z\[]`7��U�b7X_^aVDY7b?��U�g
[]b7X�m=^a[��7V�m�g 	�Y7g k b

kyx b��
`7Y7U
^aghT�XFm�b kyx W k t�T�[]g�^ap���b;m�b��qW�[�^aghT�X�X�b7��b7X_^�e
��b�Y�p�T�gs�&m�UFX�T��=��[]b�m�b�Y k U�V�^ab7[]V b7V�^ m�` k ghY�Wv^�e_� �_W�X_^ ��U�b k ��U�b7V Y7T�X�XqW�ghV]VaW�X�Y7b7V V]U�[ k b7Vlm�T�X rX�`7b7V�t�[���Y7b�W�U���[]`7V]U k ^�Wv^aV���[]T�m�U�g�^aV-�qW�[#�5�'�'�d�>����X�T�U�V�W�§�T�X�V�¬
�
` k

w � � � ��m�b���W�X�g �7[]b�w
T��
^ab7X�gh[�b7X ��Ty��b7X�X�b � g�^ab7��V��qW�[�Y k U�V�^ab7[ c Y7T�����b k b7V�Y k U�V�^ab7[]VKm x �5�'�'�d�>� i e�S;T�U�V"W�§�T�X�VKb7X[]`�W k g�^a`�T��
^ab7X�U)�^b=Y k U�V�^ab7[]V7e�S;T�U�V []b7��W�[]��U�T�X�V;��U x ghY7gy� k b7V []`7V]U k ^�Wv^aV V]T�X_^ ^a[��7V;ghX�V]U�	�VaW�X_^aV c YHZfe^�W�� k b�W�U�b�e � i e_��b?^�W�U�����Ty��b7X�m x���� X�� � b7V�^¯m�b � ��� � R ��bH^ k b?^�W�U��-��Ty��b7X rhit

m�b����\c R e_n�b � k U�V7�
k bKX�T��=��[]b"m�b"m�T�Y7U���b7X_^aV�[]b7Y7T�����W�X�m�`7V;b7V�^�^a[��7V��qW�V7e��DX«bH±~bH^���V]b7U k b7��b7X_^[�d�EcX��m�T�Y7U���b7X_^aVV]T�X_^l[]b7Y7T�����W�X�m�`7V7e � b k W"[]b7��[]`7V]b7X_^ab�b7X���Ty��b7X�X�b���T�ghX�V'm x U�X�m�T�Y7U���b7X_^l[]`7Y7T�����W�X�m�` c�� � � bb���W�YH^ab7��b7X_^ i �qW�[��]T�U�[-bH^��qW�[-U
^ag k ghVaWv^ab7U�[7e � b7[�^ab���^a[]T��4m�bF[]b7Y7T�����W�X�mqWv^aghT�X�V=��b7U4m�`7[]T�U
^ab7[
kyx U
^ag k ghVaWv^ab7U�[7����W�ghVlghY7g�Y x b7V�^ ^a[��7V ��b7U���T�U�[ U�X�VW��V�^ �7��b�T���`7[aWv^aghT�X�X�b k e

d�gDX�T�U�V�¬
�
T�X�V
k
w%�^b���m�b-Z�W��7T�X²w�T��
^ab7X�gh[�� k T�t�gh��U�b7��b7X_^! k b-�(�7��b-X�T��=��[]b-m�b�Y k U�V�^ab7[]V��U x W�§�b7Y2�5�'�'�d�>���d�FN��;�©X�b;��[]T�m�U�g�^¯�qW�V'm�b;Y k U�V�^ab7[]V'V]ght�X�g�¬qY�Wv^ag�Z\V�mqW�X�V k b;V]b7X�V'T���U�X&Y k U�V�^ab7[c �qW�[]��g k b7VOc � T��
^ab7X�U�V i []b7t�[]T�U���b�w k U�g�V]b7U k cX��b=U
^ag k ghVaWv^ab7U�[]V7e

S;T�U�V�W�§�T�X�V�b7X�V]U�g�^abF¬
�
`
k
wQ� Y k U�V�^ab7[]V7e7��� � �"�«m�T�Y7U���b7X_^aV�T�X_^�`H^a`�[]b7Y7T�����W�X�m�`7V c YHZfe^�W�� k b�W�U�b�e � i e
��b;^�W�U��&��Ty��b7X�m x���� X�� � T��
^ab7X�U�b7V�^c�g��� � R e#��b R m�b7V?m�T�Y7U���b7X_^aV?[]b7Y7T�����W�X�m�`7V

T�X_^-`H^a`�Y7T�X�V]U k ^a`7V7e � b�^�W�U���b7V�^ k `7t �7[]b7��b7X_^-� k U�V"Z�W�gh� k b���U�b k b7V=[]`7V]U k ^�Wv^aV=T��
^ab7X�U�V�W�§�b7Y k b7VY k U�V�^ab7[]V¯��[]T�m�U�g�^aV¯W�§�b7Yj�5�'�'�d�>��e g W�[¯Y7T�X_^a[]b�� k bl^�W�U�����Ty��b7X ��X�6�$�b7V�^'m�b � � � R Y7b;��U�g�b7V�^'��ghb7X
ghX
Z\`7[]ghb7U�[lw �5�'�'�d�>��e
�DX«U
^ag k ghVaW�X_^ k b7V;Y k U�V�^ab7[]V�Y�p�bH§�W�U�Y�pqW�X_^aV���[]T�m�U�g�^aV �qW�[[�5�'�'�d�>����X�T�U�V�W�§�T�X�V�m�T�X�YKT��
^ab7X�Um�b?��b7g khk b7U�[]V9[]`7V]U k ^�Wv^aV�V]U�[�X�T�V�m�T�X�X�`7b7V7e_S;T�U�V�W�§�T�X�V�W�U�V]V]g
Y7T�X�V�^�Wv^a`?��U x g k b7V�^Dm�` k ghY�Wv^�m x U
^ag k ghV]b7[U�X W k t�T�[]g�^ap���b�X�`7Y7b7V]V]g�^�W�X_^�m�b"¬
�
b7[ k bKX�T��=��[]b=m�b=Y k U�V�^ab7[]V7�~`H^�W�X_^�m�T�X�X�`=��U�b kyx T�X«m�ghV]��T�V]b�AA T ��6
% ��6�m x W�U�Y7U�X�bKghX
Z\T�[]��Wv^aghT�X&V]U�[ k b7VlU
^ag k ghVaWv^ab7U�[]V7e
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S;T�U�V�W�§�T�X�VA��[]T���T�V]`¯U�XKVW��V�^ �7��b'm�b�[]b7Y7T�����W�X�mqWv^aghT�X�m�b¯m�T�Y7U���b7X_^aVA�qW�V]`¯V]U�[Am�b7VAY k U�V�^ab7[]Vm x U
^ag k ghVaWv^ab7U�[]V9V]T�U�V k WlZ\T�[]��b¯m�b¯��g r V]bH^aV7�vY7T�����b�Y7b7U��"��[]T�m�U�g�^aVA�qW�[ �5�'�'�d�>��e � b7V�Y k U�V�^ab7[]V�V]T�X_^m�`7Y7[]g�^aVA�qW�[�m�b7VAb7X�V]b7�=� k b7VAm�b�^ab7[]��b7V9��U�g�V]T�X_^AU
^ag k ghV]`7V���T�U�[9Y�W k Y7U k b7[�U�X�^�W�U���m�b¯[]b7Y7T�U
§�[]b7��b7X_^W�§�b7Y k Wlm�b7V]Y7[]gh�
^aghT�XKm x U�X"m�T�Y7U���b7X_^A��U�g�V]b7[aW;`H§�b7X_^aU�b khk b7��b7X_^�[]b7Y7T�����W�X�m�`�e|S;T�^a[]b¯VW��V�^ �7��b¯b7V�^W�U
^aT�X�T���b?bH^Dpq����[]ghm�b�eq�DX-bH±~bH^���X�T�U�VDbH±~b7YH^aU�T�X�VDU�X�blm�`7Y7T�U
§�b7[�^ab m�blY k U�V�^ab7[]VDm x U
^ag k ghVaWv^ab7U�[]VAb7XV]b��qW�VaW�X_^AV]U�[ k bDY7T�X_^ab7X�UKm�b7V9m�T�Y7U���b7X_^aV7�|bH^AX�T�X�V]U�[ k b7V���[]`HZ\`7[]b7X�Y7b7V7�jT�U�m�b7VAX�T�^ab7V�m�T�X�X�`7b7VA�qW�[m�b7VlU
^ag k ghVaWv^ab7U�[]V�Y7T�����b��SA T ��� $����v��� � % O T < �28���bH^2N � � � � ��� c YHZfe�Y�pqW���g�^a[]b[� i ��T�U k b7V'm�T�Y7U���b7X_^aVb7U�� r �(�7��b7V7e'� x W�V]��b7YH^&Y7T khk W���T�[aWv^ag�Z b7V�^&T��
^ab7X�U t�[���Y7b«w k W m�`H^ab7YH^aghT�X¨m�b7V�ghX_^a`7[��H^aV��qW�[�^�W�t�`7Vb7X_^a[]b k b7V�m�g�±~`7[]b7X_^aV�U
^ag k ghVaWv^ab7U�[]V7e g T�U�[�U�X�b-U
^ag k ghVaWv^aghT�X�mqW�X�V �	� }���S�®=��X�T�U�V�X�T�U�V�V]T�����b7VY7T�X�Y7b7X_^a[]`=V]U�[ k b7V Z\T�X�YH^aghT�X�V m�bK¬ k ^a[aW�t�b�bH^�m�b"m�ghV�^a[]gh��U
^aghT�XFm�bKm�T�Y7U���b7X_^aV7e~S;`�W�X���T�ghX�V7�qX�T�U�V��T�U�[][]ghT�X�V�^aT�U
^¯w�Z�W�g�^���bH^]^a[]b?b7X�� k W�Y7blU�X-VW��V�^ �7��b Y7T khk W���T�[aWv^ag�Z�b7X���[]T���T�VaW�X_^¯w�U�X�U
^ag k ghVaWv^ab7U�[m x U�X�Y k U�V�^ab7[7��m�b7VDm�T�Y7U���b7X_^aVD��U x g k X x W��qW�VDY7T�X�V]U k ^a`7VDbH^��qW�[�Y7T�X_^a[]bl��U�b k b7V�W�U
^a[]b7VDU
^ag k ghVaWv^ab7U�[]Vm�U�Y k U�V�^ab7[ T�X_^;Y7T�X�V]U k ^a`�e
S;T�U�V?W�§�T�X�V?`H§�W k U�`;X�T�^a[]b���`H^ap�T�m�b;b7X&U
^ag k ghVaW�X_^�m�b7V'¬qY�p�ghb7[]V'm�b;^a[aW�Y7b�m�b�V]b7[�§�b7U�[]Vl��W�X�mqW r^�W�gh[]b7V7evS;T�U�V�W�§�T�X�V�bH±~b7YH^aU�`?m�b7V�b��
��`7[]gh��b7X_^�Wv^aghT�X�V�W�§�b7Y?m�b7V�Y k U�V�^ab7[]V�T��
^ab7X�U�VDW�§�b7Yc�5�'�'�d�>��bH^W�U�V]V]g�W�§�b7Y�m�b7V¯�qW�[�^ag�^aghT�X�V���[]T�m�U�g�^ab7V��qW�[ �FN��;�'e�d�U�[¯X�T�V�m�T�X�X�`7b7V7� k b7V�[]`7V]U k ^�Wv^aV�T��
^ab7X�U�V¯V]T�X_^��b7g khk b7U�[]V"W�§�b7Y �5�'�'�d�>��e � b7V-b��
��`7[]gh��b7X_^�Wv^aghT�X�V"Y7T�[][]b7V]��T�X�m�b7X_^�w�U�X�b�V]gh�=U k Wv^aghT�X m�b�Z\T�X�Y r^aghT�X�X�b7��b7X_^ m�b�X�T�^a[]b�VW��V�^ �7��b�m�b�[]b7Y7T�����W�X�mqWv^aghT�X�e
S;T�^aT�X�Vl��U�bKY7b�Y7T�X_^ab���^abKb7V�^;m�g 	�Y7g k b��
bH^X�T�U�V�W�§�T�X�V-Y7T�X�V�^�Wv^a`&U�X�X�T��=��[]b&gh����T�[�^�W�X_^"m�b&[]b7Y7T�����W�X�mqWv^aghT�X�VKX�T�X�V]U�g�§�ghb7V=m x bH±~bH^�e �DX��b7[]V]��b7YH^ag�§�b��~g k b7V�^�m�T�X�Y k T�t�gh��U�bKm x bH±~b7YH^aU�b7[�m�b7V;^ab7V�^aV�V]U���� k `7��b7X_^�W�gh[]b7V;mqW�X�V�m�b7V�Y7T�X�m�g�^aghT�X�V[]`7b khk b7V W�§�b7YKU�X�[]bH^aT�U�[lm�b7V U
^ag k ghVaWv^ab7U�[]V?V]U�[ k b7Vl[]b7Y7T�����W�X�mqWv^aghT�X�V7eE3 k V]b7[aW�g�^;W�U�V]V]g�ghX_^a`7[]b7V]VaW�X_^m�bo��T�m�g�¬qb7[�m�b7V&VW��V�^ �7��b7VFm�b«[]b7Y7T�����W�X�mqWv^aghT�X4b��
ghV�^�W�X_^aV&b7X �¨ghX_^a`7t�[aW�X_^
�5�'�'�d�>����bH^&m�b

Y7T����qW�[]b7[ k b7V []`7V]U k ^�Wv^aV;W�§�b7Y k b7VlVW��V�^ �7��b7V;T�[]ght�ghXqW�U��~e
} b7��W�[]��U�T�X�V���U�b�X�T�^a[]b�VW��V�^ �7��b���T�U�[][aW�g�^�[]b7��� k W�Y7b7[ k b���`7Y�W�X�ghV]��bDm�b�V]` k b7YH^aghT�X�m�b7VAY7T�X_^ab rX�U�VDw;b7X�[]b7t�ghV�^a[]b7[AmqW�X�V kyx b7V]�qW�Y7b'm�b'V�^aT�Y �vW�t�b'm�b k W � ��[aW�S;T�m�b c YHZfejV]b7YH^aghT�X c�e���e�� i e g W�[�b��
b7��� k b����T�U�[�U�Xom�T�Y7U���b7X_^�� k b"VW��V�^ �7��b-��T�U�[][aW�g�^�Y�W k Y7U k b7[ k b7V�^�W�U��«m�b=[]b7Y7T�U
§�[]b7��b7X_^��qW�[�[aW�����T�[�^�wY�pqW���U�b�Y k U�V�^ab7[7e��9W&��[]ghT�[]g�^a`"m�Uom�T�Y7U���b7X_^�V]b7[aW�g�^�W k T�[]V k b"^�W�U��om�b-[]b7Y7T�U
§�[]b7��b7X_^���Wj�
gh�=U��^a[]T�U
§�` c T�U k W���Ty��b7X�X�b��qe7e7e i eq��ghX�V]gy��X�T�U�VD��T�U�[][]ghT�X�V�T��
^ab7X�gh[�m�b7V�Y7T�X_^ab7X�U�V¯V]b k T�X k b7V�m�g�±~`7[]b7X_^aVY7b7X_^a[]b7V�m x ghX_^a`7[��H^;m�b7V U
^ag k ghVaWv^ab7U�[]V7�
bH^;X�T�X�� k U�VlV]b k T�X k b7V Y7b7X_^a[]b7V;m x ghX_^a`7[��H^;��W|�]T�[]g�^�W�gh[]b7V7e� x U
^ag k ghVaWv^aghT�X�m�b7V�Y k U�V�^ab7[]V���T�U�[ k W�[]b7Y7T�����W�X�mqWv^aghT�X�m�b"m�T�Y7U���b7X_^aV�T�U«��T�U�[ k W�V]` k b7YH^aghT�Xm�b7VKY7T�X_^ab7X�U�VKm�b k W � ��[aW�S;T�m�b���X�`7Y7b7V]V]g�^ab���U�b�Y7b7VKY k U�V�^ab7[]V�V]T�ghb7X_^�Z\[]`7��U�b7����b7X_^���ghV�wK�]T�U�[7e��blm�`H§�b k T�����b7��b7X_^¯m x U�X�bl§�b7[]V]ghT�X�ghX�Y7[]`7��b7X_^�W k b?m x �5�'�'�d�>����b7[]��bH^]^a[aW�g�^�W k T�[]V�m�b ��[]T���T�V]b7[DU�XVW��V�^ �7��b-��V]b7U�m�T�^ab7����V�[]`7b k e�S;`�W�X���T�ghX�V7�°X�T�U�V���T�U
§�T�X�V�V]U�����T�V]b7[���U�b k b7V�Y7b7X_^a[]b7V�m x ghX_^a`7[��H^m�b7V�U
^ag k ghVaWv^ab7U�[]V"X�bFY�pqW�X�t�b7X_^��qW�V���[]U�V]��U�b7��b7X_^���bH^�mqW�X�V�Y7bFY�W�V�U
^ag k ghV]b7["U�X4��[]T�Y7b7V]V]U�V���U�g[]b7Y�p�b7[]Y�p�b"��`7[]ghT�m�gh��U�b7��b7X_^ k b7VlY k U�V�^ab7[]V;m x U
^ag k ghVaWv^ab7U�[]V c �qW�[lb��
b7��� k b�^aT�U�V k b7VlV]T�gh[]V i e
n�W�X�V k W �qW�[�^aghbh3H3H3��vX�T�U�VDW���T�[]m�T�X�V k b¯��[]` r Y�pqW�[]t�b7��b7X_^Dm x ghX
Z\T�[]��Wv^aghT�X�mqW�X�V k b7V�Y�W�Y�p�b7V�mqW�X�V

kyx T��
^agh��U�b¯m�b'm�ghV]��T�V]b7[�m x U�X=��[]T�Y7b7V]V]U�VDW�YH^ag�Zqm�b'[]b7Y�p�b7[]Y�p�blbH^�m�b'Y7T khk b7YH^ab¯m�b'm�T�Y7U���b7X_^aV���T�U�[ k b7VY�pqW�[]t�b7['mqW�X�V¯U�X�b � ��[aW�S;T�m�b�e�};W�����b k T�X�V���U x U�X�b � ��[aW�S;T�m�b;X�b�m�ghV]��T�V]b;W�YH^aU�b khk b7��b7X_^¯��U�b;m�bm�T�Y7U���b7X_^aV'��[]T|§�b7XqW�X_^?m�b V]T�U�[]Y7b7V'm x ghX
Z\T�[]��Wv^aghT�X=^ab khk b7VD��U�b�m�b7V¯V]b7[�§�b7U�[]V?��W�X�mqWv^�W�gh[]b7V r Y�W�Y�p�b7VT�U�m�b7V Y�pqW�
�X�b7V;VaWv^ab khk g�^ab7V7e
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�1@Vn bcMON	egHBf	IGFJMONm@[@Z@Z@[@Z@Z@Z@[@Z@Z@[@Z@Z@[@Z@Z@[@Z@Z@Z@[@Z@Z@[@Z@Z@[@ A,^O?
n�W�X�V=Y7bH^]^ab&m�b7[]X�g �7[]b&�qW�[�^aghb��9X�T�U�V-W���T�[]m�T�X�V k b7V"VW��V�^ �7��b7V-m�b&��[]` r Y�pqW�[]t�b7��b7X_^-m�b�m�T�Y7U r��b7X_^aVDmqW�X�V k b7VDY�W�Y�p�b7V7��mqW�X�V kyx T����]b7YH^ag�Z�m�b m�T�^ab7[DU�X�b � ��[aW�S;T�m�b m x U�X���[]T�Y7b7V]V]U�V¯m x W�Y7��U�ghV]g�^aghT�XW�U
^aT���Wv^agh��U�b�m�bKX�T�U
§�b�W�U��«m�T�Y7U���b7X_^aV c YHZfe°V]b7YH^aghT�X c�e � i e°n�W�X�V�Y7bKY�pqW���g�^a[]b��°X�T�U�V;Z�W�ghV]T�X�V U�X`H^�Wv^�m�b kyx W�[�^Dm�b7V¯��`H^ap�T�m�b7VDm�b ��[]` r Y�pqW�[]t�b7��b7X_^¯m x ghX
Z\T�[]��Wv^aghT�X=mqW�X�V k blY�W�Y�p�b m x U�X�XqW�§�ght_Wv^ab7U�[T�U�m x U�XFV]b7[�§�b7U�[ ��W�X�mqWv^�W�gh[]b c YHZfe
Y�pqW���g�^a[]b c i e�� x T����]b7YH^ag�ZAm�b�Y7b���[]T�Y7`7m�`��qW�U�V]V]g�W�����b k ` T � ��K � $"!

� X�6�8N]��°b7V�^�m x W���` k ghT�[]b7[ k W���UqW k g�^a`Km�b=V]b7[�§�ghY7b c$# %
5 i ��Y7b=��U�g�V]b"^a[aW�m�U�g�^��qW�[�U�X�b-W�Y7Y7` k `7[aWv^aghT�Xm�U�Y�pqW�[]t�b7��b7X_^�bH^�U�X�b�m�gh��ghX�U
^aghT�X²m�U�^ab7����V=m�b k Wv^ab7X�Y7b�e � bH^]^ab�m�b7[]X�g �7[]b�Y7T�[][]b7V]��T�X�m4w k Wm�U�[]`7bKb7X_^a[]b k b���T���b7X_^ T�� kyx U
^ag k ghVaWv^ab7U�['�qW�[ kyx ghX_^ab7[]��`7m�g�W�gh[]b�m�bKV]T�X�XqW�§�ght_Wv^ab7U�[ m�b7��W�X�m�b�U�Xm�T�Y7U���b7X_^�bH^ k b"��T���b7X_^�T��oV]T�XoXqW�§�ght_Wv^ab7U�[�T��
^aghb7X_^�U�X�b-[]`7��T�X�V]b�e g T�U�[�Y7b k W
� k b7V���`H^ap�T�m�b7VW�X_^aghY7gh��b7X_^ k b7V�W�Y7Y �7V�m�b7V�U
^ag k ghVaWv^ab7U�[]V-bH^�Y�pqW�[]t�b7X_^�mqW�X�V k bFY�W�Y�p�b k b7V�ghX
Z\T�[]��Wv^aghT�X�V=��U�g T�X_^U�X�bKZ\T�[�^ab"��[]T��qW���g k g�^a`�m x �H^a[]b=Y7T�X�V]U k ^a`7b7V7e M X«m�b7V���[]T�� k �7��b7V�b7V�^�m�bK^a[]T�U
§�b7[ k b"��T�X�`7��U�g k gh��[]bb7X_^a[]b k b&t_W�ghX�m�b&%�T^d���bH^ kyx U
^ag k ghVaWv^aghT�X V]U���� k `7��b7X_^�W�gh[]b&m�bF�qW�X�m�b��qW�V]VaW�X_^ab�ghX�m�U�g�^ab��qW�[ k b7V��[]` r Y�pqW�[]t�b7��b7X_^aV7e��b���[]` r Y�pqW�[]t�b7��b7X_^&��b7U
^&V x bH±~b7YH^aU�b7[&m�b�^a[]T�ghV���W�X�g �7[]b7V 5�b7X_^a[]b k b7V�XqW�§�ght_Wv^ab7U�[]V�Y k ghb7X_^aVbH^ k b7V&V]b7[�§�b7U�[]V��'b7���?b7X_^a[]b k b7V&XqW�§�ght_Wv^ab7U�[]V&Y k ghb7X_^aV&bH^ k b7V&V]b7[�§�b7U�[]V���W�X�mqWv^�W�gh[]b7V7�¯bH^�b7X_^a[]b
k b7V�V]b7[�§�b7U�[]V���W�X�mqWv^�W�gh[]b7V;bH^ k b7V�V]b7[�§�b7U�[]V �'b7��e�S;T�U�V���T�[�^aT�X�V�U�X�b=Wv^]^ab7X_^aghT�X«�qW�[�^aghY7U k g �7[]bKW�Um�b7[]X�ghb7[lY�W�V ��U�g9V]b�[aW�����[]T�Y�p�b k b�� k U�Vlm�b �	� }���S�®=e

�,�
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& L©>	�lGH5 � 57IFE�5�>�< %

��b7V¯��`H^ap�T�m�b7V�m�b;��[]` r Y�pqW�[]t�b7��b7X_^¯U
^ag k ghV]`7b7VDmqW�X�V k b7V�m�g�±~`7[]b7X_^aV¯Y7T�X_^ab���^ab7V'Y7g�^a`7V¯��[]`7Y7`7m�b7� r��b7X_^�����b7U
§�b7X_^(�H^a[]b�Y k W�V]V]`7b7V-V]b k T�X�m�b7U��ªZ�W���g khk b7V7eA�9W«��[]b7��g �7[]b�Y7T�[][]b7V]��T�X�m4W�U�����`H^ap�T�m�b7VW�XqW k ��VaW�X_^ k b7V �qW�t�b7V�

�
����b7X�Y7T�U�[]V;m�bKY7T�X�V]U k ^�Wv^aghT�X�m�b�Z�W��7T�X�w-^a` k `7Y�pqW�[]t�b7[�w kyx W�§�W�X�Y7b k b7Vgh��W�t�b7V7� k b7V;T����]bH^aV�ghX�Y k U�V7�°bH^ k b7V k ghb7X�V7e°�9W�m�b7U��
g �7��b�Z�W���g khk b�m�bK��`H^ap�T�m�b7V;b7V�^��qW�V]`7b"V]U�[�m�b7V`H^aU�m�b7V'V�^�Wv^aghV�^agh��U�b7V¯m�b7V¯V]U�Y7Y7b7V]V]ghT�X�V'm x M };��bH^ k W�[]b7Y�p�b7[]Y�p�b�m�b;��T�^ag�Z\V�m x W�Y7Y �7V'b7X�U
^ag k ghVaW�X_^ k b7Vp�ghV�^aT�[]gh��U�b7V�m�b�Y7T�X�X�b��
ghT�X�e g W�[]��g k b7V�m�g�±~`7[]b7X_^ab7V�^ab7Y�p�X�gh��U�b7VKU
^ag k ghV]`7b7V7��X�T�U�V�^a[]T�U
§�T�X�V=�������U�g¯[]b7��[]`7V]b7X_^ab kyx p�ghV�^aT�[]gh��U�b-V]T�U�VKZ\T�[]��b�m x U�X�b�Z\T�[��H^"T��²Y�pqW���U�b&W�[]��[]b�Y7T�[][]b7V]��T�X�m�w�m�b7V"V]` r��U�b7X�Y7b7V¯m x M };�FW�Y7Y7`7m�`7b7V7e�S;T�U�VD��[]`7V]b7X_^aT�X�V'����� mqW�X�V k b'�qW�[aW�t�[aW���p�b?V]U�g�§�W�X_^�e�S;T�U�V�§�b7[][]T�X�V��U�bKm x W�U
^a[]b7V ��`H^ap�T�m�b7V Y7T�����b k W=m�`7Y7T�U
§�b7[�^ab"m�b�[��7t k b7Vlm x W�V]V]T�Y7g�Wv^aghT�X��
V]T�X_^�W�U�V]V]g9U
^ag k ghV]`7b7V7e
��b7V���`H^ap�T�m�b7V���b7U
§�b7X_^�W�U�V]V]g_�H^a[]b'V]U���m�g�§�ghV]`7b7V�V]b k T�X"��U x b khk b7V�V]T�ghb7X_^�V]`7��U�b7X_^aghb khk b7V c T�± r�k ghX�b iT�UªT�X r�k ghX�b�e�n�W�X�V"Y7b�m�b7[]X�ghb7[KY�W�V7� k T�[]V]��U x U�XªU
^ag k ghVaWv^ab7U�[�m�b7��W�X�m�b�U�Xªm�T�Y7U���b7X_^�� k b�V]b7[�§�b7U�[

�'b7��� k b�V]b7[�§�b7U�[���W�X�mqWv^�W�gh[]b�T�U k b&Y k ghb7X_^���[]`7m�g�^ k W«[]b7��U>�H^ab�V]U�g�§�W�X_^ab�bH^���[]` r Y�pqW�[]t�b�gh����` rm�g�Wv^ab7��b7X_^ k b�m�T�Y7U���b7X_^=��[]`7m�g�^-W�UªY k ghb7X_^�e�n�W�X�V k b�Y�W�V=V]`7��U�b7X_^aghb k � k b7V"m�T�Y7U���b7X_^aV=m�`H^ab7YH^a`7VY7T�����b&��T�^ab7X_^aghb khk b7��b7X_^"ghX_^a`7[]b7V]VaW�X_^aV���T�U�[ kyx U
^ag k ghVaWv^ab7U�[7��V]T�X_^���[]` r Y�pqW�[]t�`7V-��b7X�mqW�X_^ k b7V=��` r[]ghT�m�b7VlY7[]b7U�V]b7V7e

����� ��� � � 9 ��
 9 � : 4
� ��= � 6 	 ��� 4���= � ��= � ; 	�� � � 9 ;��/=�6�=�� �
��b7V���b7V]U�[]b7V�U
^ag k ghV]`7b7V;��T�U�[;`H§�W k U�b7[ k b7V���b7[�Z\T�[]��W�X�Y7b7V;m�b=Y7b7V���`H^ap�T�m�b7V7��V]T�X_^��qW�V]`7b7V�V]U�[m�b7VAX�T�^aghT�X�V���U�b¯X�T�U�VAW�§�T�X�V9`H§�T���U�`7b7V�mqW�X�V k bDY�pqW���g�^a[]b c�e|};W�����b k T�X�V���U�b k T�[]V]��U x U�XKm�T�Y7U���b7X_^��[]`7V]b7X_^�mqW�X�V U�XFY�W�Y�p�bKb7V�^ []b7m�b7��W�X�m�`��°W k T�[]V?Y7b k W-Y7T�[][]b7V]��T�X�m�w-U�X X�6�$�e�d�g�U�XFm�T�Y7U���b7X_^ b7V�^

m�b7��W�X�m�`?U�X�b?��[]b7��g �7[]b¯Z\T�ghV7�jbH^Dm�T�X�Y?X x b7V�^D�qW�V���[]`7V]b7X_^�mqW�X�V k b'Y�W�Y�p�b���Y7b k W���[]T|§�T���U�blU�X [ 6 ���He��b7V=��b7[�Z\T�[]��W�X�Y7b7V"m x U�XªY�W�Y�p�b&V]T�X_^=X�T�^�W�����b7X_^"`H§�W k U�`7b7V=W�§�b7Y k b�^�W�U��²m�b&p�g�^ c YHZfe9V]b7YH^aghT�X�Vc�e\c�e��obH^ c�e\c�e � i Y�W k Y7U k `Fw �qW�[�^agh[-m�b7V�¬qY�p�ghb7[]V�m�b�^a[aW�Y7b���U�glb7X�[]b7t�ghV�^a[]b7X_^�^aT�U
^ab kyx W�YH^ag�§�g�^a`�m�UY�W�Y�p�b�e
��b7V m�g�±~`7[]b7X_^ab7V;��b7V]U�[]b7V ��T�U
§�W�X_^c�H^a[]b�U
^ag k ghV]`7b7V?V]T�X_^ k b7V V]U�g�§�W�X_^ab7VO5
8 ��b � �28%9 � [ �28�$=Y7T�[][]b7V]��T�X�m W�U�^�W�U��4m�b�p�g�^�m�b7V�m�T�Y7U���b7X_^aV���[]` r Y�pqW�[]t�`7V c X�T��=��[]bFm�bm�T�Y7U���b7X_^aVA��[]` r Y�pqW�[]t�`7VAY7T�X�V]U k ^a`7VA�qW�[ k WlV]U�g�^ab��qW�[ k b7V9U
^ag k ghVaWv^ab7U�[]V7��m�g�§�ghV]`��qW�[ k b�X�T��=��[]b^aT�^�W k m�b�m�T�Y7U���b7X_^aV ��[]` r Y�pqW�[]t�`7V i �
8 ��b�^�W�U��¨m�b � � ?%O V $ �����^A O Y � ���«Y7T�[][]b7V]��T�X�m W�U¨X�T��=��[]b�m�b�m�T�Y7U���b7X_^aV���[]` r Y�pqW�[]t�`7V&bH^Y7T�X�V]U k ^a`7V;�qW�[ k W=V]U�g�^ab��qW�[ k b7V U
^ag k ghVaWv^ab7U�[]V7�
m�g�§�ghV]`��qW�[ k b�X�T��=��[]b�^aT�^�W k m�b�[]b7��U>�H^ab7V7�
8 ��b�^�W�U���� AJ8%9 � T A ���^AJ8�$ � �^A�� Y � �&[]b7��[]`7V]b7X_^ab k b�^aT�^�W k m�b k W�^�W�g khk b-m�b7V=m�T�Y7U���b7X_^aV"��[]` rY�pqW�[]t�`7V�bH^�Y7T�X�V]U k ^a`7V��qW�[ k W�V]U�g�^ab�� m�g�§�ghV]` �qW�[ k b ^aT�^�W k m�b k W�^�W�g khk b«m�b7V�m�T�Y7U���b7X_^aVm�b7��W�X�m�`7V7�
8 �9W�� AJ8%9 � T A ���^AJ8�$ �U]�A � T 6 <�< � ��b7V�^=Y�W k Y7U k `7b�t�[���Y7b&W�U ^aT�^�W k m�b k W�^�W�g khk b-m�b7V"m�T�Y7U���b7X_^aV��[]` r Y�pqW�[]t�`7V;��U�g�X�b�V]T�X_^;�qW�V Y7T�X�V]U k ^a`7V �qW�[ k W=V]U�g�^ab��qW�[ k b7V U
^ag k ghVaWv^ab7U�[]V7e
�;X�VW��V�^ �7��bKm�b���[]` r Y�pqW�[]t�b7��b7X_^�b7V�^;b
	�Y�W�Y7b���V]g k b�[]b7X�m�b7��b7X_^�� k b7V []b7��U>�H^ab7V�VaW�U
§�`7b7V�bH^ k W�qW�X�m�b=�qW�V]VaW�X_^ab=VaW�U
§�`7b-V]T�X_^�` k bH§�`7b7V7e��9W��qW�X�m�b=�qW�V]VaW�X_^ab-t_W�V]��g khk `7b�m�T�g�^��H^a[]b"��ghb7X«b7X_^ab7X�m�U�b

k W=� k U�V'Z�W�gh� k b���T�V]V]gh� k b�e���b�^�W�U���m�b�p�g�^lt k T��qW k m�UFY�W�Y�p�b�b7V�^;W�U�V]V]g9W���` k ghT�[]`;t�[���Y7b�W�UFX�T��=��[]bm�b=[]b7��U>�H^ab7V�VaW�U
§�`7b7V7e�S;T�^aT�X�V���U�b k b7V�X�T�^aghT�X�V;bH^ k b7V���b7V]U�[]b7V���[]`7V]b7X_^a`7b7V7��X�T�U�V�V]b7[]T�X_^�U
^ag k b7VmqW�X�V k b�Y�pqW���g�^a[]b � e
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����� c g []b7m�ghYH^aghT�X r �q� rAg W�[�^ag�W ksr ��Wv^aY�p�ghX�t i�� �!R � �
	Db7V�^KU�X T�U
^ag k ^a[��7V�U
^ag k ghV]`"mqW�X�V k b7V���` r^ap�T�m�b7V=��[]`7V]b7X_^a`7b7V�mqW�X�V-Y7b�Y�pqW���g�^a[]b�e � khk b���b7[]��bH^-b7X�bH±~bH^-m�b�[]b7��[]`7V]b7X_^ab7[ kyx p�ghV�^aT�[]gh��U�b�m�b7Vm�T�Y7U���b7X_^aVKY7T�X�V]U k ^a`7V"bH^Km x bH±~b7YH^aU�b7[=m�b7VK��[]`7m�ghYH^aghT�X�V7e�� kyx T�[]ght�ghX�b��9����� b7V�^"U�XªW k t�T�[]g�^ap���bm�b�Y7T�����[]b7V]V]ghT�X�m�b�m�T�X�X�`7b7V;�qW�V]`�V]U�[ k b7Vl��T�m � k b7VlV�^�Wv^aghV�^agh��U�b7Vlm�b ��W�[���T|§�e � b k W-Y7T�[][]b7V]��T�X�mw�[]`�W k ghV]b7[;U�X�b"��[]`7m�ghYH^aghT�X�V]U�[ k bKY�W�[aW�YH^ �7[]b"b7XoY7T�U�[]V�m x b���W���b7X«m�U«��T�^�w�Y7T�����[]b7V]V]b7[7e � bH^]^ab��[]`7m�ghYH^aghT�X�b7V�^;bH±~b7YH^aU�`7b"t�[���Y7b�W�U��F��T�^aVl��[]`7Y7`7m�b7����b7X_^�b���W���ghX�`7V7e
n�W�X�V k b�Y7T�X_^ab���^ab�m�U R b7��� kyx W k t�T�[]g�^ap���b�Z\T�X�YH^aghT�X�X�b�m�b k W��(�7��b���W�X�g �7[]b���VaW�U
Zl��U�b k b7V��[]`7m�ghYH^aghT�X�VDX�b;��T�[�^ab7X_^'�qW�V�V]U�[¯m�b7V¯Y�W�[aW�YH^ �7[]b7V7����W�ghVDV]U�[�m�b7V ��};�De�} b7��W�[]��U�T�X�V���U�b;��T�U�[ k WY7T�����[]b7V]V]ghT�X�� k b=X�T��=��[]b=m�b=Y�W�[aW�YH^ �7[]b7V�b7V�^�¬qX�g�bH^�Y7T�X�X�U�e g T�U�[�U�XoV]b7[�§�b7U�[ �'b7��� kyx b7X�V]b7�=� k bm�b7V?m�T�Y7U���b7X_^aV?b7V�^lY7T�X�X�U�bH^?[]b k Wv^ag�§�b7��b7X_^?V�^�W�� k b�e g T�U�['U�X�V]b7[�§�b7U�[l��W�X�mqWv^�W�gh[]b�� k WK��`H^ap�T�m�bV x W���� k gh��U�b�V]U�[ kyx b7X�V]b7�=� k b�m�b7V ��};� m�`��aw�[]b7X�Y7T�X_^a[]`7b7V7e���W�ghV k b�X�T��=��[]b�m�b�Y7b7V ��};� `H^�W�X_^` k bH§�`�bH^;b7X�Y7T�X�V�^�W�X_^abK`H§�T k U
^aghT�X��
Y7b k W-��T�V]b�m�b7V;��[]T�� k �7��b7Vlm x b
	�Y�W�Y7g�^a`�e� x p�ghV�^aT�[]gh��U�b�m�b7V W�Y7Y �7V b7V�^ []b7��[]`7V]b7X_^a`K�qW�[?U�X�b�Z\T�[��H^ m�b���[]T�Z\T�X�m�b7U�[ � ³ }��Od��
T��F} b7V�^ k bX�T��=��[]b=m�b7V�W�Y7Y �7V��qW�V]V]`7V7��bH^ d k b"X�T��=��[]b-m x `H^�W���b7V�w&��[]`7m�gh[]b�e �;X X�
�U�moY7T�[][]b7V]��T�X�m w&U�X�b

��};�D�9bH^=W�U²X�T��=��[]b�m�b�Z\T�ghV�T��²b khk b�W�`H^a`�Y7T�X�V]U k ^a`7b�eS3 k � W�U�X�b�[aW�Y7ghX�b���T�U�[KY�pqW���U�b ��};�Y�W�X�m�ghmqWv^ab�e � Y�pqW���U�b=[]b7��U>�H^ab=V]U�[�U�X�b ��};�D��U�X�b"��ghV]bKw��]T�U�[;b7V�^�Z�W�g�^ab�V]U�[�Y7bH^]^abKZ\T�[��H^�W�ghX�V]g
��U�bKV]U�[ k W k ghV�^ab�m�b7V�u�m�b7[]X�g �7[]b7V ��};� §�ghV]g�^a`7b7V7e��9W�¬qt�U�[]b �
e\cK��[]`7V]b7X_^ab=U�X�b��
b7��� k bKm�bKY7bH^]^abV�^a[]U�YH^aU�[]bFW�§�b7YF} ³ c&bH^ d ³ ��e$d�U�[-Y7bH^]^ab�¬qt�U�[]b�� kyx ��};� A

W�`H^a`�Y7T�X�V]U k ^a`7b cy��Z\T�ghV7e
C
W«`H^a`

§�ghV]g�^a`7b2�"Z\T�ghV W���[��7V U�X�b�Y7T�X�V]U k ^�Wv^aghT�X�m�b A
e

����� 7 �
e\c 8 ���
b7��� k b�m�b�V�^a[]U�YH^aU�[]b�U
^ag k ghV]`7b��qW�[������ ��T�U�[ k W=��[]`7m�ghYH^aghT�XFm x ��};�

� x W k t�T�[]g�^ap���b�U
^ag k ghV]b�U�X4W�U
^a[]b&�qW�[aW�� �H^a[]b&b7X�� k U�V=m�bF} bH^�d�����U�g?Y7T�[][]b7V]��T�X�m4W�U�V]b7U�g k��ghX�gh�=U�� ��T�U�[ k b7V ��};�ªY�W�X�m�ghmqWv^ab7V7e d�b7U k V k b7V;m�T�Y7U���b7X_^aV�m�T�X_^ k W���[]T��qW���g k g�^a`�m�b"V]` k b7YH^aghT�Xb7V�^;V]U���`7[]ghb7U�[]bKw-Y7bKV]b7U�g k �
V]T�X_^�Y�W�X�m�ghmqWv^aV7e
S;T�U�VD§�b7[][]T�X�V?W�§�b7Y k b7V�m�g�±~`7[]b7X_^aV¯VW��V�^ �7��b7V¯��[]`7V]b7X_^a`7V?�qW�[ k W�V]U�g�^ab��_��U�b;Y7bH^]^ab�W�����[]T�Y�p�b b7V�^[]b k Wv^ag�§�b7��b7X_^?b
	�Y�W�Y7b���W�ghV?��[]`7V]b7X_^ab�m�b7V ghX�Y7T�X_§�`7X�ghb7X_^aV c YHZfe
��`H^ap�T�m�b�m�b�S�W�X�T���T�U k T�V'bH^;W k e i en�b;� k U�V7��Y7bH^]^ab�V�^a[]U�YH^aU�[]b�b7V�^ k T�U�[]m�b;w���bH^]^a[]b;b7X�� k W�Y7b���bH^'m�b7��W�X�m�b;m�b7V'[]b7V]V]T�U�[]Y7b7V?��W�Y�p�ghX�b7VbH^'U�X&��W�ghX_^aghb7X�w?�]T�U�[¯gh����T�[�^�W�X_^�e�n�g�§�b7[]V'��`7Y�W�X�ghV]��b7V¯V]T�X_^lW k T�[]V���ghV�b7X�
�U
§�[]b���T�U�[ k gh��g�^ab7[

k W"^�W�g khk b�m�b k W=V�^a[]U�YH^aU�[]b�e
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��b7V¯VW��V�^ �7��b7V?m�b;��[]` r Y�pqW�[]t�b7��b7X_^?m�b;m�T�Y7U���b7X_^aV'V]T�X_^'Y k W�V]V]gh��U�b7��b7X_^'T�[]t_W�X�ghV]`7V¯V]b k T�X k b7U�[Y7T�X_^ab���^ab"m x U
^ag k ghVaWv^aghT�X�e�n�W�X�V;U�X���[]b7��ghb7[?^ab7����V7�qX�T�U�V ��[]`7V]b7X_^aT�X�V k b7VlVW��V�^ �7��b7V���U�g���b7U
§�b7X_^�H^a[]b���ghV'b7XF� k W�Y7b k T�[]V]��U�b k b7VlW�YH^ab7U�[]VlV]T�X_^ m�b7VlXqW�§�ght_Wv^ab7U�[]V?Y k ghb7X_^aV?bH^ m�b7VlV]b7[�§�b7U�[]V��'b7��e �DX rV]U�g�^ab���X�T�U�V�W���T�[]m�T�X�V k b¯Y�W�V�T��=Y7b?V]T�X_^ k b7V�V]b7[�§�b7U�[]VD��W�X�mqWv^�W�gh[]b7VA��U�g
b7X_§�T�ghb7X_^Dm�b7V�m�T�Y7U���b7X_^aVW�U��oXqW�§�ght_Wv^ab7U�[]V�Y k ghb7X_^aV7e���b=m�b7[]X�ghb7[�Y7T�X_^ab���^ab-b7V�^�Y7b k U�g�T��om�b7V�m�T�Y7U���b7X_^aV�m�b=V]b7[�§�b7U�[]V �'b7�V]T�X_^���[]` r Y�pqW�[]t�`7V mqW�X�V m�b7V;Y�W�Y�p�b7V;m�b�V]b7[�§�b7U�[]V���W�X�mqWv^�W�gh[]b7V7e
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��b7VK��`H^ap�T�m�b7V k b7V�� k U�VK�qW�V]gh��U�b7VKY7T�X�V]ghV�^ab7X_^=wF��[]` r Y�pqW�[]t�b7[ k b7V�m�T�Y7U���b7X_^aV k gh`7V�W�U m�T�Y7U r��b7X_^lb7X�Y7T�U�[]V?m�b�Y7T�X�V]U k ^�Wv^aghT�X��qW�[ kyx U
^ag k ghVaWv^ab7U�[Dt�[���Y7b�w"V]T�X&XqW�§�ght_Wv^ab7U�[ �'b7��eq��b7V?U
^ag k g�^�W�gh[]b7VY7T�����bWH � $�5 %78E6 � � � %�z��?bH^
	 � ���>A � < ��
9z���Z\T�X�YH^aghT�X�X�b7X_^'V]U�[¯Y7b;��[]ghX�Y7gh��blb7X�Y7T���� k `7��b7X_^�m x U�XXqW�§�ght_Wv^ab7U�[DV]U�[ k W���W�Y�p�ghX�b?m�b kyx U
^ag k ghVaWv^ab7U�[7e�3 k V�W�XqW k ��V]b7X_^ k W��qW�t�b 

�
����b7X�Y7T�U�[]V�m�blY7T�X�V]U ksr^�Wv^aghT�X���m�`H^ab7YH^ab7X_^ k b7Vl�qW k ghV]b7VlY7T�[][]b7V]��T�X�mqW�X_^�W�U�� k ghb7X�V7��bH^ ��[]` r Y�pqW�[]t�b7X_^�Y7b7V r m�b7[]X�ghb7[]V7e
n�b�X�T��=��[]b7U��ª^a[aW�§�W�U���m�bF[]b7Y�p�b7[]Y�p�b�V]b�V]T�X_^�Y7T�X�Y7b7X_^a[]`7V�V]U�[ k b7V-W�[][aW�X�t�b7��b7X_^aV-m�b���[]` rY�pqW�[]t�b7��b7X_^ b7X_^a[]b k b�XqW�§�ght_Wv^ab7U�['Y k ghb7X_^?bH^ k b7V'V]b7[�§�b7U�[]V��'b7��es1'b7V�^�W�§�[]T�V bH^ � U�X�pqW � 1 � � � 	�T�X_^��[]T���T�V]`-U�Xo��T�m � k b"��T�U�[ k W�m�ghV]V]`7��ghXqWv^aghT�X�V]��`7Y7U k Wv^ag�§�b=m�b=m�T�Y7U���b7X_^aV�m�U R b7��e���b-��T�^ab7U�[m�b"��[]`7m�ghYH^aghT�X�b7V�^�V]g�^aU�`KV]U�[ k b�V]b7[�§�b7U�[ �'b7����bH^�b7V�^��qW�V]`KV]U�[ k W���[]T��qW���g k g�^a`���U x U�X«U
^ag k ghVaWv^ab7U�[Y7T�X�V]U k ^�W�X_^AU�XKm�T�Y7U���b7X_^ i Y7T�X�V]U k ^ab¯U�XKm�T�Y7U���b7X_^ j e � bD^a[aW�§�W�g k ��T�X_^a[]bD��U�b k b7VAW�Y7Y �7VAT���V]b7[�§�`7VV]U�[;U�X�V]b7[�§�b7U�[��'b7�«��b7U
§�b7X_^Z�H^a[]b�b7��� k Ty��`7V;Y7T�����b�U�X�bKb
	�Y�W�Y7bKV]T�U�[]Y7bKm x ghX
Z\T�[]��Wv^aghT�X&��T�U�[��g k T�^ab7[ k b���[]` r Y�pqW�[]t�b7��b7X_^�e �DX�bH±~bH^�� k b7Vl[]b7X�m�b7��b7X_^aV;T��
^ab7X�U�V §�W�[]ghb7X_^ b7X_^a[]b � ��� bH^ � ��� e
� x W k t�T�[]g�^ap���b"��ghV�W�U ��T�ghX_^��qW�[ g W�m���W�XqW���pqW�X bH^ ��T�t�U k � g � � �
	���b7[]��bH^�m�b���T�[]X�b7[ k W��UqW�X_^ag�^a`�m�b��qW�X�m�b��qW�V]VaW�X_^ab¯V]U���� k `7��b7X_^�W�gh[]bDU
^ag k ghV]`7b�e � bH^�W k t�T�[]g�^ap���b�b7V�^A�qW�V]`�V]U�[ k b7V�t�[aW���p�b7Vm�b"m�`7��b7X�mqW�X�Y7b � � � � � 	y�°`7��U�g�§�W k b7X_^�w������/W�§�b7Y=} `7t_W k w c�e°��b7V ^ab7V�^aV�T�X_^�`H^a`KbH±~b7YH^aU�`7V�b7X

V]gh�=U k W�X_^�bH^�[]b��]T�UqW�X_^�m�b7V�¬qY�p�ghb7[]V�m�b-^a[aW�Y7b-m�b-V]b7[�§�b7U�[]V7e g T�U�[�U�X Y7T�X�V]T�����Wv^aghT�XoW�Y7Y7[]U�b-m�b� ��� m�b k W��qW�X�m�b��qW�V]VaW�X_^ab�� k b ^ab7����V¯m�b k Wv^ab7X�Y7b�m�gh��ghX�U�b m�bZ��� � e
� x `H^aU�m�b���T�X_^a[]b�W�U�V]V]g~��U�b
k b���[]`7Y�pqW�[]t�b7��b7X_^lm�b�V]b7[�§�b7U�[]V
�'b7�FW�U��&Y k ghb7X_^aV¯ghX�m�g�§�ghm�U�b k V���b7U
^l[]`7m�U�gh[]b k b;^ab7����V'm�b k Wv^ab7X�Y7bm�bj�^b � ��W�ghV?m�T�U�� k b k b�^a[aWv¬qY�m�U�[]`7V]b�W�U�e

n x W�U
^a[]b7V `H^aU�m�b7V;V]b��qW�V]b7X_^�V]U�[ k b7Vl[��7t k b7V m x W�V]V]T�Y7g�Wv^aghT�X c YHZfe�V]b7YH^aghT�X)�
e\c i ��T�U�[l��[]`7m�gh[]b k b7Vm�T�Y7U���b7X_^aV9Y7T�X�V]U k ^a`7V9V]U�[9U�X�V]b7[�§�b7U�[7evS�W�X�T���T�U k T�V�bH^�W k e � S�u�� � c 	_T�X_^9��[]T���T�V]`DU�X"W k t�T�[]g�^ap���bm�b�[]b7Y�p�b7[]Y�p�b�m x W�V]V]T�Y7g�Wv^aghT�X�V¯T�[]m�T�X�X�`7b7V'b7X�V]b��qW�VaW�X_^?V]U�[ kyx W k t�T�[]g�^ap���bu� g }23�®�}23 � � � d + � � 	ye} b7��W�[]��U�T�X�V ��U�b kyx W�����[]T�Y�p�b�b7V�^;m�g�±~`7[]b7X_^ab�m�b�Y7b khk b�m x ��t�[aW �?W k bH^"d�[]g �vW�X_^ � �*d � b��>�*d � � 	���U�g
[]b7Y�p�b7[]Y�p�b7X_^�m�b7V&��T�^ag�Z\V�V]`7��U�b7X_^aghb k V7el� x W k t�T�[]g�^ap���bF��b7[]��bH^&m x b���^a[aW�gh[]b«m�b7V&��T�^ag�Z\V�mqW�X�V k b7V¬qY�p�ghb7[]V¯m�b ^a[aW�Y7b7V¯m�b V]b7[�§�b7U�[]V �'b7��e � b7V'��T�^ag�Z\V�V]T�X_^'b7X�V]U�g�^ab U
^ag k ghV]`7VD�qW�[�U�X&W�U
^a[]b;W k t�T�[]g�^ap���b[]`�W k ghVaW�X_^ k b7V?��[]`7m�ghYH^aghT�X�V7e�} b7��W�[]��U�T�X�Vl��U�b k b7V'^ab7Y�p�X�gh��U�b7V �qW�V]`7b7V V]U�[ k W"[]b7Y�p�b7[]Y�p�bKm�b�[��7t k b7Vm x W�V]V]T�Y7g�Wv^aghT�X�����b7[]��bH^]^ab7X_^�m�bFm�`7[]g�§�b7[�m�b7V�m�T�X�X�`7b7V kyx T�[]m�[]b���Wj�
gh��W k c ^�W�g khk b���Wj�
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Y�W�X�m�ghmqWv^aV i ��T�U�[�U�X²V]b7U�g k m�b�Z\[]`7��U�b7X�Y7b�m�T�X�X�`7b�e�� k T�[]V���U�b������ Y7T�X�V]ghm �7[]b�V]b7U k b7��b7X_^"m�b7VV]T�U�V r V]`7��U�b7X�Y7b7Vlm x W�Y7Y �7V¯mqW�X�V k b7V�^a[aW�X�VaW�YH^aghT�X�V c k W�§�W k b7U�[D��Wj�
gh��W k b'b7V�^0d i e���b7V¯Y7T����qW�[aW�ghV]T�X�VW�§�b7Y������ bH^ k b7VDt�[aW���p�b7V�m�b7V¯m�`7��b7X�mqW�X�Y7b7V'T�X_^���T�X_^a[]` ��U�b Y7bH^'W k t�T�[]g�^ap���b'b7V�^¯� k U�VDb
	�Y�W�Y7b�e
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S;T�U�V���T�U
§�T�X�V�Z\T�[]�=U k b7[A��U�b k ��U�b7VDY7[]g�^agh��U�b7V�Y7T�X�Y7b7[]XqW�X_^ k b7V���`H^ap�T�m�b7V���U�b?X�T�U�V�§�b7X�T�X�V�m�b��[]`7V]b7X_^ab7[7e g []b7��g �7[]b7��b7X_^�� k W=Z\T�[�^abKV]T khk ghY7g�^�Wv^aghT�X�m�b k W���W�Y�p�ghX�b�m�U�Y k ghb7X_^;��b7U
^�b7X_^a[aW�ghX�b7[ m�b7V��[]T�� k �7��b7V�m x b
	�Y�W�Y7g�^a`�bH^"U�X�b�V]U�[]Y�pqW�[]t�b�[]`7V]b�W�U²��U�g¯��b7U
§�b7X_^=[aW k b7X_^agh[�m�b�Z�W��7T�X²gh����T�[�^�W�X_^ab

k W ��W�Y�p�ghX�b�Y k ghb7X_^ab���V]U�[�^aT�U
^�V]g;Y7b khk b r Y7g ��[]b7X�m k W m�`7Y7ghV]ghT�X¨m�b���[]` r Y�pqW�[]t�b7[7e � T�X�Y7b7[]XqW�X_^ k b7V��`H^ap�T�m�b7V&T�� k b7V&V]b7[�§�b7U�[]V��'b7�­��[]b7X�X�b7X_^ kyx ghX�g�^ag�Wv^ag�§�b�� kyx W���` k ghT�[aWv^aghT�X�m�b k W %�T^d¨m�b«Z�W��7T�X
t k T��qW k b��'gh��� k gh��U�b«��U�b ^aT�U�V k b7VFV]b7[�§�b7U�[]V �'b7�©V]T�ghb7X_^�Y�W��qW�� k b7VFm�b ��[]`7m�gh[]b k b7V�m�T�Y7U���b7X_^aVY7T�X�V]U k ^a`7V7e�®�[lY7b k W-b7V�^���b7U�[]`�W k ghVaW�� k b�b7X���[aWv^agh��U�b�e

S;T�U�V?X�b�X�T�U�VlWv^]^�W�[]m�T�X�V'�qW�V?V]U�[?Y7b�Y7T�X_^ab���^ab�Y�W�[?Y7b7Vl��`H^ap�T�m�b7V'V]b��qW�V]b7X_^ b��
Y k U�V]g�§�b7��b7X_^V]U�[�m�b7VDm�T�Y7U���b7X_^aV�m�`��aw�Y7T�X�V]U k ^a`7V7e_n�W�X�V k b'Y7T�X_^ab���^ablm x U�X�b � ��[aW�S;T�m�b�� k b'��[]` r Y�pqW�[]t�b7��b7X_^�m�b^ab k V m�T�Y7U���b7X_^aV�X�bK��[]`7V]b7X_^ab-W�U�Y7U�X�ghX_^a`7[��H^�e�S;T�U�V §�T�U k T�X�V�W|�]T�U
^ab7[;m�bKX�T�U
§�b�W�U��«m�T�Y7U���b7X_^aV��U�b k b7V U
^ag k ghVaWv^ab7U�[]V?m�b �	� }���S�®O��T�U�[][]T�X_^�W k T�[]V?Y7T�X�V]U k ^ab7[ �qW�[ k W=V]U�g�^ab�e
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��b7V"��`H^ap�T�m�b7V"m�b���[]`7Y�pqW�[]t�b7��b7X_^=b7X_^a[]b k b7VKXqW�§�ght_Wv^ab7U�[]V"Y k ghb7X_^aVKbH^ k b7V"V]b7[�§�b7U�[]V-��W�X�mqW r^�W�gh[]b7V7�DX�b�V]T�X_^&�qW�V�^a[��7V�[]`7�qW�X�m�U�b7V7eG`°W�X4bH^�W k e � ` � � e �,� 	;T�X_^���[]T���T�V]`�U�X�b«W�����[]T�Y�p�b���U�gY7T����
^ab�V]U�[ k b�V]b7[�§�b7U�[���W�X�mqWv^�W�gh[]b���T�U�[=��[]`H§�T�gh["��U�b k b�m�T�Y7U���b7X_^=��ghV"b7X�Y�W�Y�p�b���T�U�[][aW�g�^Z�W�gh[]bF[]`HZ\`7[]b7X�Y7b«w U�X¨Z\U
^aU�[�W�Y7Y �7V�b7X V]b��qW�VaW�X_^�V]U�[ k b�Y7T�����[]b7V]V]b7U�[�m�b�m�T�X�X�`7b7VF�����«e'��bV]b7[�§�b7U�[ ��W�X�mqWv^�W�gh[]b���[]T�¬�^ab�m�b�^ab7����Vl��T�[�^lb7X_^a[]b k b7Vl[]b7��U>�H^ab7V m�b kyx U
^ag k ghVaWv^ab7U�[¯��T�U�[lb7X_§�Ty��b7[m�b7V�m�T�Y7U���b7X_^aV�W�U�Y�W�Y�p�b=m�U«XqW�§�ght_Wv^ab7U�[;Y k ghb7X_^�e���b7V�[]`7V]U k ^�Wv^aV�m�b"V]gh�=U k Wv^aghT�X�Vl��T�X_^a[]b7X_^���U�b
k b���[]` r Y�pqW�[]t�b7��b7X_^�Y7T��=��ghX�`�W�§�b7Y�U�X4t�[aW�X�m¨Y�W�Y�p�b�m�b�XqW�§�ght_Wv^ab7U�[�bH^ k W m�b k ^�W r Y7T�����[]b7V]V]ghT�Xc Y7T�����[]b7V]V]ghT�X¨m�b7V&m�T�X�X�`7b7V�w ^a` k `7Y�pqW�[]t�b7[ i �¯��b7U
^&[]`7m�U�gh[]b k W k Wv^ab7X�Y7b-�]U�V]��U x w����
� � � e � bH^]^ab[]`7m�U�YH^aghT�X�m�b ^ab7����V�m�b k Wv^ab7X�Y7b b7V�^?W�U�m�`H^a[]gh��b7X_^¯m�b k W��qW�X�m�b;�qW�V]VaW�X_^ab c �]U�V]��U x w�c�b � m x U
^ag k g rVaWv^aghT�X�V]U���� k `7��b7X_^�W�gh[]b i e
} b7��W�[]��U�T�X�V?��U x g k Z�W�U
^?��U�b k b7V'm�T�Y7U���b7X_^aV?V]T�ghb7X_^lmqW�X�V k b;Y�W�Y�p�b�m�UV]b7[�§�b7U�['��W�X�mqWv^�W�gh[]b?��T�U�[/�H^a[]b;b7X_§�Ty��`7VlW�U�Y k ghb7X_^�e�®�[DY7b k W�X x b7V�^'�qW�V¯`H§�ghm�b7X_^?W�§�b7Y k W���T k g�^agh��U�bm�b=[]b7��� k W�Y7b7��b7X_^���U�g�ghX�m�U�g�^�U�X�b-Y7b7[�^�W�ghX�b"m�U�[]`7b-m�b"§�ghb=m x U�Xom�T�Y7U���b7X_^�mqW�X�V k b"Y�W�Y�p�b�e9®�X��b7U
^�m�T�X�Y=��b7X�V]b7[���U x w�^ab7[]��b"Y7b=V]T�X_^�V]U�[�^aT�U
^ k b7V�m�T�Y7U���b7X_^aV���T���U k W�gh[]b7V;��U�gAZ\b7[]T�X_^ kyx T����]bH^m�b���[]` r Y�pqW�[]t�b7��b7X_^�e
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S;T�U�V�W���T�[]m�T�X�V���W�ghX_^ab7XqW�X_^ k b7VA^ab7Y�p�X�gh��U�b7VDm�b'��[]` r Y�pqW�[]t�b7��b7X_^�m�b?m�T�Y7U���b7X_^aV�m�b?V]b7[�§�b7U�[]V
�'b7���°mqW�X�V U�XFY�W�Y�p�bKm�b�V]b7[�§�b7U�[���W�X�mqWv^�W�gh[]b�e

��b7V���`H^ap�T�m�b7V�T�� k b7V-V]b7[�§�b7U�[]V �'b7�¨T�X_^ kyx ghX�g�^ag�Wv^ag�§�b�V]T�X_^�[aW�[]b7V7e ��W�[��vWv^aT�V�bH^ � p�[]T�XqW ��g
� � � �,� 	°T�X_^¯��[]T���T�V]` ��U�b k b7V�V]b7[�§�b7U�[]V �'b7��b7X_§�T�ghb7X_^'[]`7t�U k g �7[]b7��b7X_^ k b7V2c � m�T�Y7U���b7X_^aV k b7VD� k U�V��T���U k W�gh[]b7V�W�U��oV]b7[�§�b7U�[]V���W�X�mqWv^�W�gh[]b7V7e�3 k V�T�X_^�`H§�W k U�` k W���b7[�Z\T�[]��W�X�Y7b"m�b=Y7bH^]^ab-V�^a[aWv^a`7t�ghb=b7XU
^ag k ghVaW�X_^l� k U�V]ghb7U�[]V ¬qY�p�ghb7[]V;m�b�^a[aW�Y7b7V;m�bKV]b7[�§�b7U�[]V �'b7����bH^;T�X_^�Y7T�X�V�^�Wv^a`K��U x g k b7V�^���T�V]V]gh� k b�m�b��[]`H§�T�gh[�� k U�V�m�b � ��� m�b7V�[]b7��U>�H^ab7V"m x U�X Y k ghb7X_^�e � �'b7[�^BP7��W�X bH^ d�b k ^BP7b7[ � � d � � 	�T�X_^K��[]T���T�V]`
U�X�b�W�����[]T�Y�p�b���[]b7XqW�X_^ b7XFY7T����
^ab k W"V]g�^aUqWv^aghT�X&t�`7T�t�[aW���p�gh��U�b�m�b7VlV]b7[�§�b7U�[]V;��W�X�mqWv^�W�gh[]b7V7e��;XV]b7[�§�b7U�[ �'b7�=b7X_§�b7[][aW�m�b7V�m�T�Y7U���b7X_^aVAV]` k b7YH^aghT�X�X�`7V�W�U��KV]b7[�§�b7U�[]V���W�X�mqWv^�W�gh[]b7V���U�g�V]T�X_^���[]T�Y�p�b7Vm�b7V;Y k ghb7X_^aV m�b�Y7bKV]b7[�§�b7U�[��'b7��e~} b7��W�[]��U�T�X�V ��U�b"Y7b7V ^ab7Y�p�X�gh��U�b7V�b��
ght�b7X_^ k W-Y7T�T���`7[aWv^aghT�X�m�b7VV]b7[�§�b7U�[]V��'b7���qbH^;��U�bKY7bH^]^ab�`H^aU�m�bKX x `H§�W k U�b��qW�V k W=[]`7m�U�YH^aghT�X�m�UF^ab7����V m�b k Wv^ab7X�Y7b�e

g W�[]��g k b7V�W�����[]T�Y�p�b7V�T�� k b7V;V]b7[�§�b7U�[]V���W�X�mqWv^�W�gh[]b7V ��[]b7X�X�b7X_^ k W�m�`7Y7ghV]ghT�X�m�b"��[]` r Y�pqW�[]t�b7[7�X�T�U�V�^a[]T�U
§�T�X�VAm�b7V9��[]T�m�U�g�^aV�Y7T�����b7[]Y7g�W�U��~��Y7T�����b�U�X�V]b7[�§�b7U�[A��W�X�mqWv^�W�gh[]b�pqW�[]m �?W�[]b���[]T���T�V]`
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k b7VFgh��W�t�b7V�bH^�T����]bH^aVFY7T�X_^ab7X�U�V�mqW�X�V k b7V��qW�t�b7V 

�
���De 3 k X x �­W��qW�VFm�b �qW�X�m�b �qW�V]VaW�X_^abV]U���� k `7��b7X_^�W�gh[]b=Y7T�X�V]T�����`7b"Y�W�[�Y7b k W�Y7T�[][]b7V]��T�X�m��]U�V�^ab-w&U�X�b-W�X_^aghY7gh�qWv^aghT�X�m�b7V�[]b7��U>�H^ab7V�m�UY k ghb7X_^�e���b?^ab7����VDm�b k Wv^ab7X�Y7blb7V�^�[]`7m�U�g�^DV]U�[�m�b7VDm�T�Y7U���b7X_^aV�W �_W�X_^¯U�X�t�[aW�X�m-X�T��=��[]blm x gh��W�t�b7V7e
� b�V]b7[�§�b7U�[l��W�X�mqWv^�W�gh[]blU
^ag k ghV]b W�U�V]V]g kyx A�9�A T $16 Y � � ��K � ���?X���U�g�[aWvZ\[aW�ghY�p�g�^ k b7V¯m�T�Y7U���b7X_^aV k b7V¯� k U�V��T���U k W�gh[]b7V�m�U«Y�W�Y�p�b�e���b k T�t�ghY7ghb k 	 � % < z�� � �	� � � 	���[]` k �H§�b-W�U�V]V]gDw�^ag�^a[]bK��[]`H§�b7X_^ag�Z k b7V k ghb7X�V�bH^
k b7V gh��W�t�b7V?ghX�Y k U�VlmqW�X�V m�b7V;m�T�Y7U���b7X_^aV7e

u�gh� bH^�W k e � u�u 
 ��� 	 T�X_^���[]T���T�V]`FU�X�bF��`H^ap�T�m�bFm�b���[]` r Y�pqW�[]t�b7��b7X_^�V]`7��U�b7X_^aghb k V�^�Wv^aghV r^agh��U�b�eS3 k V���[]`7Y7T�X�ghV]b7X_^=U�X�b�W�XqW k ��V]b���`7[]ghT�m�gh��U�b-m�b7V=W�Y7Y �7VKm�b7V"U
^ag k ghVaWv^ab7U�[]V���T�U�[�b7X²b���^a[aW�gh[]bm�b7V���T�^ag�Z\V bH^�t�`7X�`7[]b7[�m�b7V k ghV�^ab7V�m x T����]bH^aV�w���[]` r Y�pqW�[]t�b7[7e���b=X�T��=��[]b"m x T����]bH^aV�w���[]` r Y�pqW�[]t�b7[b7V�^ k gh��g�^a`���bH^ k W=^�W�g khk b�m�U�m�ghV]��U�b"W khk T�U�`���T�U�[ k b���[]` r Y�pqW�[]t�b7��b7X_^���b7U
^c�H^a[]b"W|�]U�V�^a`7bKmO��XqW���g r��U�b7��b7X_^�e��9W���`7[]ghT�m�b�U
^ag k ghV]`7b���T�U�[ k W-Y7T khk b7YH^ab�m�b�m�T�X�X�`7b7V;b7V�^�m�b �g��p�b7U�[]b7V7e�3 k VlT�X_^;��T�X_^a[]`��U�b kyx W�U�t���b7X_^�Wv^aghT�X���T�V]V]gh� k b�m�U�^�W�U��Fm�bKp�g�^;m�b7V�T����]bH^aV;��[]` r Y�pqW�[]t�`7V;b7V�^�b7X_^a[]bE�,� � bH^ ��� � e
S;`�W�X���T�ghX�V7��[]b7��W�[]��U�T�X�V���U�b k b7VDb��
��`7[]ghb7X�Y7b7V¯T�X_^�`H^a` []`�W k ghV]`7b7VDmqW�X�V�U�X�b7X_§�gh[]T�X�X�b7��b7X_^ ��W�Y�W rm�`7��gh��U�b  ��~bH^���U x g k X x �oW&�qW�V�m x ghX
Z\T�[]��Wv^aghT�X�V;V]U�[ k b7V�^ab7Y�p�X�gh��U�b7V�U
^ag k ghV]`7b7V���T�U�[ k W�[]b7Y�p�b7[]Y�p�bm�b7V;��T�^ag�Z\V7�
X�g�V]U�[ k W=Y7T�X�V]T�����Wv^aghT�X&V]U���� k `7��b7X_^�W�gh[]b�m�b��qW�X�m�b��qW�V]VaW�X_^ab�e

� W�X�tFbH^"W k e � � � � � c 	�T�X_^�U
^ag k ghV]` k b7V�[��7t k b7V�m x W�V]V]T�Y7g�Wv^aghT�X�V�W�§�b7Y�U�X�b���[]ghV]b-b7X Y7T����
^ab-m�b
kyx T�[]m�[]b��qZ\T�[]��W�X_^�W�ghX�V]g9m�b7V�V]`7��U�b7X�Y7b7V�m x W�Y7Y �7V7�~��T�U�[;[]`�W k ghV]b7[;m�U���[]` r Y�pqW�[]t�b7��b7X_^�e �;X�b"`H^�W���bm x W�����[]b7X_^aghV]VaW�t�b�b7V�^�bH±~b7YH^aU�`7b�V]U�[�m�b7V�¬qY�p�ghb7[]V�m�bF^a[aW�Y7b7V���T�U�[�Y7T�X�V�^ag�^aU�b7[�U�X4b7X�V]b7�=� k b�m�b[��7t k b7V�W �_W�X_^�Y�pqW�Y7U�X�b�U�X�b�Y7T�X
¬°W�X�Y7b���ghX�gh�=U���e � b7V�[��7t k b7V�V]T�X_^�b7X�V]U�g�^ab�U
^ag k ghV]`7b7V-��T�U�[ k W��[]`7m�ghYH^aghT�X�e
� x W k t�T�[]g�^ap���b m�b���[]`7m�ghYH^aghT�X�Z\T�U�[]X�g�^?U�X�b7X�V]b7�=� k b�m�b�m�T�Y7U���b7X_^aV?��[]`7m�g�^aVlw"�qW�[�^agh[m�b k W�V]`7��U�b7X�Y7b&Y7T�U�[aW�X_^ab�m x W�Y7Y �7V"m x U�X U
^ag k ghVaWv^ab7U�[7�~bH^"U�X V]b7U�g k ��ghX�gh�=U�� m�b�Y7T�X
¬°W�X�Y7b�e	�;X
��T�ghX_^;ghX�X�T|§�W�X_^;m�b k b7U�[ VW��V�^ �7��b"b7V�^�m�bK��[]T���T�V]b7[�W�U�V]V]g9U�X�bK^ab7Y�p�X�gh��U�bKm�bKY�W�Y�p�b"��[]`7m�ghYH^ag�Z�b7X��T�m�g�¬°W�X_^ k WK��T k g�^agh��U�b m�b�[]b7��� k W�Y7b7��b7X_^?m�b7V?T����]bH^aV?mqW�X�V k b�Y�W�Y�p�b��qW�[ kyx W|�]T�U
^'m�b k WK��[]ghV]b�b7XY7T����
^ab�m�b k W"Z\[]`7��U�b7X�Y7b"m x W�Y7Y �7V;m�b7VlZ\U
^aU�[]V T����]bH^aV7e

��T�T�X�bH^�1'pqW�[]t�pqW�§�W�X � �S1 � � 	�T�X_^ ��[]T���T�V]`�U�XFVW��V�^ �7��b�m�b���[]` r Y�pqW�[]t�b7��b7X_^ T�� k b7V?��[]`7m�ghY r^aghT�X�V�V]T�X_^�[]`�W k ghV]`7b7V�b7Xo^ab7XqW�X_^KY7T����
^ab=m�b7V���[]T�¬ k V�m�b7V�U
^ag k ghVaWv^ab7U�[]V�m�U V]b7[�§�b7U�[K��W�X�mqWv^�W�gh[]b�e��b�VW��V�^ �7��b�b7V�^=U�X�b&W�[]Y�p�g�^ab7YH^aU�[]b�p�gh`7[aW�[]Y�p�gh��U�b�m�b�V]b7[�§�b7U�[]V=��W�X�mqWv^�W�gh[]b7V7��T��²Y�pqW���U�b&Y�W�Y�p�b
Y7T�X�XqW�
h^ k b;��[]T�¬ k m�U�Y�W�Y�p�b�m�b�X�g�§�b�W�U�ghX
Z\`7[]ghb7U�[7e���b���[]T�¬ k m x U�X&Y�W�Y�p�b�b7V�^?U�X&t�[aW���p�b §�W k U�`���T��U�X&V]T�����bH^¯b7V�^'U�X�b ��};�«W�§�b7Y�V]T�X�X�T��=��[]b;m�b;Y7T�X�V]U k ^�Wv^aghT�X��_U�X&W�[]Y u → v

[]b7��[]`7V]b7X_^ab k blZ�W�g�^��U�b
v
b7V�^¯§�ghV]g�^a`;W���[��7V

u
eq�­Y�pqW���U�b�[]b7��U>�H^ab�m x U�X&U
^ag k ghVaWv^ab7U�[7� k b ��T�^ab7U�[�m�b;��[]`7m�ghYH^aghT�X�t�`7X �7[]bU�X�b k ghV�^ab�m x ��};�¨V]U�V]Y7b7�
^agh� k b7VKm x �H^a[]b�Y�pqW�[]t�`7b7VK�qW�[ kyx U
^ag k ghVaWv^ab7U�[�b7X Z\T�X�YH^aghT�X m�b k W��qW�t�b�V]U�[

k W���U�b khk b=g k V]b�^a[]T�U
§�b�e9�9W k ghV�^ab=b7V�^K^a[aW�X�V]��ghV]b�w�U�X Y�W�Y�p�b�W�����b k ` �f��W�XqW�t�b7[  =��U�g k W�X�Y7b�W k T�[]VU�X�b=��[]T�Y7`7m�U�[]b"m�b"��ghV]b"w��]T�U�[;m�b"V]T�X«t�[aW���p�b"bH^���[]T��qW�t�b k W���ghV]bKw��]T�U�[�W�U��«W�U
^a[]b7V�Y�W�Y�p�b7VY7T�X�Y7b7[]X�`7V7e¯} b7��W�[]��U�T�X�V=��U�b k b7V=T����]bH^aV-ghX�Y k U�V=mqW�X�V-m x W�U
^a[]b7V-X�b�V]T�X_^��qW�V-��[]ghV=b7X�Y7T����
^abmqW�X�V k b"t�[aW���p�b���bH^���U�b kyx U
^ag k ghVaWv^aghT�X�m�b k W��qW�X�m�b=�qW�V]VaW�X_^ab-W�U�t���b7X_^ab"m�b"Z�W��7T�X«��UqW�m�[aWv^agh��U�bV]U�[ k b;^ab7����V?m x U
^ag k ghVaWv^aghT�X�m�b k b7U�[?b��
��`7[]gh��b7X_^�Wv^aghT�X�e���b�^�W�U��&m�b�p�g�^?T��
^ab7X�UFb7V�^lghX_^a`7[]b7V]VaW�X_^O5
� ��� � � �q��W�ghV?Y7b k W-Y7T�X�Y7b7[]X�bKV]b7U k b7��b7X_^��q� � []b7��U>�H^ab7V7�°Y7b���U�g9b7V�^;��b7U�V]ght�X�g�¬qY�Wv^ag�Zfe

� U�X�pqW-bH^Ye�W�Y7Y7T�U�m � � e � � 	�T�X_^lU
^ag k ghV]`�U�X�b���`H^ap�T�m�b�V]gh��g k W�gh[]b ��T�U�[?m�`H¬qX�gh[ k b7Vl��[]T�¬ k V?m�b7VU
^ag k ghVaWv^ab7U�[]V¯wK�qW�[�^agh[Dm�b;¬qY�p�ghb7[]V¯m�b;^a[aW�Y7b7V'm�U�m�`7�qW�[�^ab7��b7X_^?m x ghX
Z\T�[]��Wv^agh��U�blm�b kyx U�X�g�§�b7[]V]g�^a` m�b1'T�V�^aT�X�e°��b7Vl^�W�U��Fm�b�p�g�^ T��
^ab7X�U�V;V]T�X_^;m�U��(�7��b�T�[]m�[]b���U�bKY7b7U���m�bK��T�T�XFbH^�1'pqW�[]t�pqW�§�W�X�e
µ
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S;T�^aT�X�V=��U x woY�W�U�V]b�m�b k W�XqWv^aU�[]b&m�b7V-m�T�X�X�`7b7V-U
^ag k ghV]`7b7V"��T�U�[ k b7V=b��
��`7[]gh��b7X_^�Wv^aghT�X�V7� k b7V`H^aU�m�b7V m�b���T�T�X�bH^�1'pqW�[]t�pqW�§�W�X��
m�b � U�X�pqW�bH^�e�W�Y7Y7T�U�m��qbH^ m�b�u�gh� bH^;W k e
X�b�V]T�X_^ �qW�Vl[]b7��[]` rV]b7X_^�Wv^ag�§�b7V;m�b�[]`7b khk b7VlY7T�X�m�g�^aghT�X�V?m�b�Z\T�X�YH^aghT�X�X�b7��b7X_^�e
n�W�§�ghV]T�X � n�W�§ � � 	�W���[]T���T�V]`KU�X�b"W�����[]T�Y�p�b�^a[��7V;m�g�±~`7[]b7X_^abKm�b�Y7b khk b7V ��U�b"X�T�U�V�W�§�T�X�V;��[]` rV]b7X_^a`7b7V7e°��b7V?��[]`7m�ghYH^aghT�X�V'V]T�X_^l�qW�V]`7b7VlV]U�[ k b�Y7T�X_^ab7X�UFm�b7V?�qW�t�b7V'§�ghV]g�^a`7b7V?bH^ k W"V]gh��g k W�[]g�^a`?b7X_^a[]b

k b7V?m�T�Y7U���b7X_^aV7e°��b7Vl�qW�t�b7V []`7Y7b7����b7X_^ Y7T�X�V]U k ^a`7b7V V]T�X_^ U
^ag k ghV]`7b7V?Y7T�����b�U�XF��T�m � k b���T�U�[lT�[ rm�T�X�X�b7[ k b7V k ghb7X�VAm�b k W;�qW�t�b'b7X-Y7T�U�[]V�m�b?Y7T�X�V]U k ^�Wv^aghT�X"m�b'Z�W��7T�X-w�m�`H^ab7[]��ghX�b7[���U�b k V�m�T�Y7U���b7X_^aV��[]` r Y�pqW�[]t�b7[7e�� x W�XqW k ��V]b�m�U�Y7T�X_^ab7X�U�m�b7Vl�qW�t�b7V?Y7T�[][]b7V]��T�X�m�w"ghm�b7X_^ag�¬qb7[ k b7V?��T�^aV'U
^ag k ghV]`7V'mqW�X�V
k W;m�`H¬qX�g�^aghT�X=m�b7V k ghb7X�VA§�b7[]V�m x W�U
^a[]b7VDm�T�Y7U���b7X_^aV�t�[���Y7blW�U��-�qW k ghV]b7V 

�
���De_��b?VW��V�^ �7��bl`H^aU�m�ghb
k W�V]gh��g k W�[]g�^a`=b7X_^a[]b k b7V k ghb7X�V"m x U�X�b&��[]`7Y7`7m�b7X_^ab��qW�t�b�W�§�b7Y k b7V=�qW�t�b7V k gh`7VK��T�U�["Y7T�X�V�^a[]U�gh[]b k b��T�m � k b�e���b7Vl`H§�W k UqWv^aghT�X�V¯��T�X_^a[]b7X_^l��U x g k �&W=U�X���T�^ab7X_^aghb k V]ght�X�g�¬qY�Wv^ag�Z���T�U�[ k W"��[]`7m�ghYH^aghT�X&�qW rV]`7b;V]U�[ k b Y7T�X_^ab7X�U�m�b7V'�qW�t�b7V �'b7��e � b ^<����b;m x W�����[]T�Y�p�b�X x b7V�^'�qW�V¯[]`�W k ghVaW�� k b?mqW�X�V �	� }���S�®=�Y�W�[ k b7V m�T�Y7U���b7X_^aV ��[]`7V]b7X_^aV;mqW�X�V;U�X�b � ��[aW�S;T�m�b�X�b�V]T�X_^;�qW�V k gh`7Vlb7X_^a[]b�b7U��~e

����� � :"IF8'G��F%�5H:"I
��b7V���`H^ap�T�m�b7V;��U�bKX�T�U�V�W�§�T�X�V���[]`7V]b7X_^a`7b7V7�~bH^�V]��`7Y7g�W k b7��b7X_^;Y7b khk b7V U
^ag k ghVaW�X_^ m�b7V�V]b7[�§�b7U�[]V��W�X�mqWv^�W�gh[]b7V7�7V]T�X_^9�qW�V]`7b7VAU�X�gh��U�b7��b7X_^AV]U�[ k b7V ��};��bH^ k b7V�p�ghV�^aT�[]gh��U�b7V�m�bDY7T�X�V]U k ^�Wv^aghT�X�e �AT�U
^ab7VY7b7V=��`H^ap�T�m�b7V"X�b&��b7U
§�b7X_^���[]`7m�gh[]b���U�b&m�b7V-m�T�Y7U���b7X_^aV"��U�g'V]T�X_^-m�`��aw��qW�V]V]`7V-�qW�[ k b�Y�W�Y�p�b�e

� bH^]^ab-V�^a[aWv^a`7t�ghb=ghX_^ab7[]m�g�^�m�b"^a[]T�U
§�b7[�bH^�m�b-��[]` r Y�pqW�[]t�b7[�m�b7V�m�T�Y7U���b7X_^aV�X�T�U
§�b�W�U�� mqW�X�V �	��r}���S�®=ejS;`�W�X���T�ghX�V7��X�T�U�V�W�§�T�X�VA[]b7��W�[]��U�`�m�b7V9^ab7Y�p�X�gh��U�b7V�bH^�m�b7VA��T�ghX_^aV�ghX_^a`7[]b7V]VaW�X_^aV7�vY7T�����b
kyx U
^ag k ghVaWv^aghT�X�m�b���T�^ag�Z\V7��m�b�[]`7t k b7VKm x W�V]V]T�Y7g�Wv^aghT�X�� kyx W|�]T�U
^Km�b��qW�[aW�� �H^a[]b7V�Y7T�����b k W&^�W�g khk b-W ksr
k T�U�`7b�W�UF��[]` r Y�pqW�[]t�b7��b7X_^;bH^ k W=m�U�[]`7b�m�b k W=��`7[]ghT�m�b�m x W�����[]b7X_^aghV]VaW�t�b�m�b7V pqW���g�^aU�m�b7VlbH^ t�T � ^aV
m�b7V U
^ag k ghVaWv^ab7U�[]V7e

� b7V�`H^aU�m�b7V�^a[aW�§�W�g khk b7X_^�m�T�X�Y=m�b=��W�X�g �7[]bKZ\b7[]��`7b"V]U�[ k b7V ��};��Y7T�[][]b7V]��T�X�mqW�X_^�W�U��«m�T�Y7U r��b7X_^aV�m�`��aw&[]b7X�Y7T�X_^a[]`7V7e � b k W&gh��� k gh��U�b"W k T�[]V���U�b�V]g k b7V�U
^ag k ghVaWv^ab7U�[]V�Y7T�X�V]U k ^ab7X_^KV]T�U
§�b7X_^Km�b7VX�T�U
§�b�W�U��Fm�T�Y7U���b7X_^aV7�qW k T�[]V k b7V?��`H^ap�T�m�b7V?m�b���[]`H§�ghV]ghT�X��qW�V]`7b7V V]U�[ k b7V?p�ghV�^aT�[]gh��U�b7VlW���` k ghT�[]b r[]T�X_^ ��b7U k b7V ��b7[�Z\T�[]��W�X�Y7b7Vlm�U�Y�W�Y�p�b�e
��b7V W�����[]T�Y�p�b7V �qW�V]`7b7V;V]U�[ k b�Y7T�X_^ab7X�U�m�b7V m�T�Y7U���b7X_^aVl[]b7��[]`7V]b7X_^ab7X_^�W k T�[]V?U�X�b�W k ^ab7[]XqWv^ag�§�bghm�`�W k b���T�U�[�[]`�W k ghV]b7[Am�b7V���[]`7m�ghYH^aghT�X�V�V]U�[�m�b7V�m�T�Y7U���b7X_^aV°�aW���W�ghV9Y7T�X�V]U k ^a`7V��qW�[ k b7V�U
^ag k ghVaWv^ab7U�[]V7eS;`�W�X���T�ghX�V7�
Y7b khk b�m�bKn�W�§�ghV]T�X�V]b��qW�V]b�V]U�[ k b7V k ghb7X�Vlb7X_^a[]b k b7Vlm�T�Y7U���b7X_^aV


�
���De~®�[lmqW�X�V k bY7T�X_^ab���^abKm x U�X�b � ��[aW�S;T�m�b�� k b7Vlm�T�Y7U���b7X_^aV X�b�V]T�X_^;�qW�V k gh`7Vl��pq��V]gh��U�b7��b7X_^�b7X_^a[]bKb7U��~e
��U­¬qXqW k �?g k �qW�[aW�
h^Fm�T�X�Y ghX_^a`7[]b7V]VaW�X_^�m�b []`�W k ghV]b7[�m�U ��[]` r Y�pqW�[]t�b7��b7X_^�b7X U
^ag k ghVaW�X_^�m�b7VghX
Z\T�[]��Wv^aghT�X�V9m�bl� k U�VDpqW�U
^DX�g�§�b�W�U���U�b k b7V ��};�D��Y7T�����b k b7V���T�^aV r Y k `7V�T�U-m�b7VD^ab7[]��b7V�b���^a[aW�g�^aVm�b�m�T�Y7U���b7X_^aV7eAn�b�Y7bH^]^ab�Z�W��7T�X���X�T�U�VK��T�U
§�T�X�V=W k T�[]V�T�U
§�[]gh[ k b�VW��V�^ �7��b�m�b���[]` r Y�pqW�[]t�b7��b7X_^§�b7[]V�m�bFX�T�U
§�b�W�U���m�T�Y7U���b7X_^aV�W �_W�X_^�U�X k ghb7Xª^ap�`7��Wv^agh��U�bFW�§�b7YFY7b7U��4m�`��awoY7T�X�V]U k ^a`7V7e�S;T�U�Vm�`H§�b k T�����b7[]T�X�V Y7b7V;��T�ghX_^aVlmqW�X�V k b7V ��[]T�Y�pqW�ghX�VlY�pqW���g�^a[]b7V7e
n�W�X�V k boY�pqW���g�^a[]b ���lX�T�U�VF`H§�W k U�T�X�V kyx W�����T�[�^�m�b kyx U
^ag k ghVaWv^aghT�X¨m�bo^ab7[]��b7VFY�W�[aW�YH^a`7[]ghVaW�X_^

k b7V-m�T�Y7U���b7X_^aV-��T�U�[ k W«[]b7Y�p�b7[]Y�p�b�m�b�[]`7t�U k W�[]g�^a`7V=mqW�X�V k b7V�W�Y7Y �7Vu3�X_^ab7[]X�bH^�m�b7V�U
^ag k ghVaWv^ab7U�[]V7eS;T�U�V'��[]T���T�V]T�X�V¯U�X�b�X�T�U
§�b khk b�Y�W�[aW�YH^a`7[]ghVaWv^aghT�X�m�b7V'U
^ag k ghVaWv^ab7U�[]V�V]b��qW�VaW�X_^?V]U�[ k W�m�`H^ab7YH^aghT�X&m�b��T�^aV�`7��b7[]t�b7X_^aV c � k U�V'W�mqW��
^a`7b�mqW�X�V¯U�X&��U
^'��[]`7m�ghYH^ag�Z i e�n�W�X�V k b Y�pqW���g�^a[]b � �_X�T�U�V'��[]`7V]b7X_^aT�X�V



c � � � ����� �����	��� ��� � � � ��������� � 	 � ��� � � �$# � ��� ���H� � ����� � ������� ��� � � � ��� � �
U�X X�T�U
§�b�W�U VW��V�^ �7��b-m�b=��[]` r Y�pqW�[]t�b7��b7X_^�m�b-m�T�Y7U���b7X_^aV�U
^ag k ghVaW�X_^�Y7bH^]^ab-Y�W�[aW�YH^a`7[]ghVaWv^aghT�X�e � bVW��V�^ �7��boW ��T�U�[�T�[]ght�ghXqW k g�^a`�m�b���T�U
§�T�gh[���[]` r Y�pqW�[]t�b7[�m�b7V�m�T�Y7U���b7X_^aV�X�T�X¨Y7T�X�V]U k ^a`7V��qW�[ k b�qW�V]V]`�e
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�;¬qX¨m�b�m�`H¬qX�gh[�U�X¨VW��V�^ �7��b�m�b���[]` r Y�pqW�[]t�b7��b7X_^�m�b�m�T�Y7U���b7X_^aV�X�T�X¨Y7T�X�V]U k ^a`7V�mqW�X�V k b�qW�V]V]`���X�T�U�V-W�§�T�X�V=Y7T�X�Y k U�w k WF¬qX�m�UªY�pqW���g�^a[]b ����U x g k b7V�^-X�`7Y7b7V]VaW�gh[]b&m x U
^ag k ghV]b7[ k b7VK^ab7[]��b7VY�W�[aW�YH^a`7[]ghVaW�X_^ k b7V�m�T�Y7U���b7X_^aV���[]`7Y7`7m�b7����b7X_^&Y7T�X�V]U k ^a`7V��qW�[ k b7V�U
^ag k ghVaWv^ab7U�[]V7��W�U k ghb7U4m�b�V]b�qW�V]b7['m�gh[]b7YH^ab7��b7X_^?V]U�[ k b7V ��};�De��;X&VW��V�^ �7��b�m�b���[]` r Y�pqW�[]t�b7��b7X_^l�qW�V]`�V]U�['Y7b���[]ghX�Y7gh��b;V]b7[aW�g�^W k T�[]V?^aT�U
^�w-Z�W�g�^;W�mqW��
^a`Kw �	� }���S�® ��T�U�[l^a` k `7Y�pqW�[]t�b7[�w kyx W�§�W�X�Y7b�m�bKX�T�U
§�b�W�U���m�T�Y7U���b7X_^aV��T�U
§�W�X_^ ��T�^ab7X_^aghb khk b7��b7X_^lghX_^a`7[]b7V]V]b7[ k b7VlU
^ag k ghVaWv^ab7U�[]V7e
g T�U�[��]U�V�^ag�¬qb7[ kyx b7��� k T�g�m�bl^ab7[]��b7VD��U�g�m�b7��W�X�m�blm�b7VD^a[aW�g�^ab7��b7X_^aV�V]U���� k `7��b7X_^�W�gh[]b7VDbH^�m�T�X�YU�X«Y7b7[�^�W�ghX«Y7T � ^��~X�T�U�V���b7V]U�[]T�X�V kyx gh���qW�YH^;m�b kyx U
^ag k ghVaWv^aghT�X�m x ��};��T�U«m�b"^ab7[]��b7V�b���^a[aW�g�^aV�m�bY7b7V ��};�D��V]U�[ k W�m�`H^ab7YH^aghT�Xªm�b�[]`7t�U k W�[]g�^a`7VKmqW�X�V k b7V-W�Y7Y �7V-m�b7V=U
^ag k ghVaWv^ab7U�[]VKb7X�U
^ag k ghVaW�X_^Km�b7V¬qY�p�ghb7[]V?m�b�^a[aW�Y7b�m�b�V]b7[�§�b7U�[]V;��W�X�mqWv^�W�gh[]b7V7e�S;T�U�V?��[]T���T�V]T�X�V?��T�U�[?Y7b k W"U�X���[]T�Y7`7m�`�m x `H§�W k UqW r^aghT�X«m�b=[]`7t�U k W�[]g�^a`7V�mqW�X�V�U�XoY7T�X_^ab���^ab���[]`7m�ghYH^ag�Zf��V]b-�qW�VaW�X_^�V]U�[�U�X�b=��b7V]U�[]b-��U�b=X�T�U�V�W�§�T�X�VW�����b k `7b CQTS � n�� � � 	yeA��b7VK[]`7V]U k ^�Wv^aVKT��
^ab7X�U�V"W�§�b7Y�Y7bH^]^ab���b7V]U�[]b���b7[]��bH^]^ab7X_^"m�b�V]��`7Y7g�¬qb7[m�b7V Y7T�X�m�g�^aghT�X�Vlm x U
^ag k ghVaWv^aghT�X�m x U�X�VW��V�^ �7��bKm�b���[]` r Y�pqW�[]t�b7��b7X_^;m�b�m�T�Y7U���b7X_^aV7e

c � �



c � � � ����� �����	��� ��� � ���%��� � � ����� �Z� �Y� � � � � � � � � �H� � � ����� � � � � �����%�%� � � �!����� �
��b7V-b��
��`7[]gh��b7X_^�Wv^aghT�X�V-��T�X_^a[]b7X_^ k W�V]U���`7[]ghT�[]g�^a`&m�b7V-^ab7[]��b7V-Z�W�Y7bFW�U�� ��};�DeDS;T�U�V-X�T�U�VY7T�X�Y7b7X_^a[]T�X�V�W k T�[]VlV]U�[ k b7Vl^ab7[]��b7V m�b7V;m�T�Y7U���b7X_^aV;Y7T�X�V]U k ^a`7V;��T�U�[ m�`H¬qX�gh[ k b7V t�T � ^aV m�b7V;U
^ag k g rVaWv^ab7U�[]V7e°S;T�U�V ��[]T���T�V]T�X�VlU�X�b���`H^ap�T�m�b�m�b�m�`H^ab7YH^aghT�X�m�b�Y7b7[�^�W�ghX�V'^ab7[]��b7Vl��U�b�X�T�U�V W�����b k T�X�V

�f��T�^aV'`7��b7[]t�b7X_^aV  �^a[aW�m�U�ghVaW�X_^ k b7V¯^ab7X�mqW�X�Y7b7V m�b7V?U
^ag k ghVaWv^ab7U�[]V � �9n � c 	ye>� khk b7V¯V]T�X_^ m�`H^ab7[]��ghX�`7b7Vb7X_^a[]b=m�b7U��«��`7[]ghT�m�b7V7e~��b"��[]ghX�Y7gh��bKb7V�^�m x ghm�b7X_^ag�¬qb7[ k b7V;^ab7[]��b7V�[]`HZ\`7[]b7X�Y7`7V��qW�[;m�b7V�m�T�Y7U���b7X_^aVm�T�X_^ k b�X�T��=��[]b�m�b�Y7T�X�V]U k ^�Wv^aghT�X�V�b7V�^=b7X²pqW�U�V]V]b�V]ght�X�g�¬qY�Wv^ag�§�b-b7X_^a[]b k b7V�m�b7U��²��`7[]ghT�m�b7V7e9��b7V^ab7[]��b7V�m�`H^ab7YH^a`7V�Y7T�����bK`7��b7[]t�b7X_^aV���T�U�[�U�X«U
^ag k ghVaWv^ab7U�[lV]T�X_^�W k T�[]V U
^ag k ghV]`7V;��T�U�[ k bKY�W�[aW�YH^a` r[]ghV]b7[;V]U�[ k W���`7[]ghT�m�b�W�XqW k ��V]`7b�e � b7V�X�T�U
§�b�W�U�����[]T�¬ k V U
^ag k ghVaWv^ab7U�[]V?V]b7[]T�X_^�U
^ag k ghV]`7Vl�qW�[ k W-V]U�g�^ab��T�U�[ m�`H¬qX�gh[lU�X�X�T�U
§�b�W�U�VW��V�^ �7��bKm�b���[]` r Y�pqW�[]t�b7��b7X_^;m�b�m�T�Y7U���b7X_^aV7e
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�9W�Y7T�X�XqW�ghV]VaW�X�Y7b�m�U Y7T�����T�[�^ab7��b7X_^�m�b7V�U
^ag k ghVaWv^ab7U�[]V k T�[]V�m�b kyx W�Y7Y �7VKw kyx ghX
Z\T�[]��Wv^aghT�X�b7V�^ghX_^a`7[]b7V]VaW�X_^�m�bF� k U�V]ghb7U�[]V-��T�ghX_^aV-m�b�§�U�b�e/�DX4�qW�[�^aghY7U k ghb7[7��g k ��b7[]��bH^�m x W�§�T�gh[-U�X�bF§�ghV]ghT�X�m�b7V��T�m�b7V-m x W�Y7Y �7V�w k W«Y7T�X�XqW�ghV]VaW�X�Y7bFbH^�[]b7��[]`7V]b7X_^ab�V]U�[ k b�� k W�X�Y7T�����b7[]Y7g�W k U�X4b7Xj�]b7U4gh����T�[ r^�W�X_^�e���b7V-^a[aW�§�W�U�����T�[�^�W�X_^�V]U�[ k W«��T�m�` k ghVaWv^aghT�X²m�U4Y7T�����T�[�^ab7��b7X_^�wo�qW�[�^agh[=m�b7V-^a[aW�Y7b7V�m�bXqW�§�ght_Wv^aghT�X�U
^ag k ghV]b7X_^�b7V]V]b7X_^aghb khk b7��b7X_^ k b7V�m�ghV�^a[]gh��U
^aghT�X�VDV]T�U�V r b��
��T�X�b7X_^aghb khk b7V7e���b7V¯� k U�V�Y7T�X�X�U�b7VV]T�X_^ k b7V k T�ghV V]b k Z r V]gh��g k W�gh[]b7V7�
U
^ag k ghV]`7b7V mqW�X�V�m�b"X�T��=��[]b7U���^a[aW�§�W�U���m�b"��T�m�` k ghVaWv^aghT�X�m�U�^a[aWv¬qY

�'b7� � � � R R � �
� g Wj� � b��S1 � ` + �,� �9�9W�X ��� W 	ye g W�[]��g k b7V���U�b7V�^aghT�X�V���U�gD[]b7V�^ab7X_^=w kyx `H^aU�m�b���Y7g r^aT�X�V k b�Y�p�T�gs� m�U²^<����b&m�b�^a[aW�Y7b7V"��[]U
^ab7V-w�b��
� k T�g�^ab7[���T�U�["T��
^ab7X�gh[ k b���b7g khk b7U�[���T�^ab7X_^aghb k m�bY�W�[aW�YH^a`7[]ghVaWv^aghT�X c X�T�^a[]b���U
^;mqW�X�V Y7bH^]^ab�V]b7YH^aghT�X i eS;T�U�V�`H^aU�m�ghT�X�V���T�U�[�Y7b k W k b7V���T�V]V]gh��g k g�^a`7V;m�b=Y�W�[aW�YH^a`7[]ghVaWv^aghT�X«w&�qW�[�^agh[;m�b7V�^a[aW�Y7b7V�m x W�Y7Y �7Vm�b7V&U
^ag k ghVaWv^ab7U�[]V�w²m�b7V�X�g�§�b�W�U�� m x W���V�^a[aW�YH^aghT�X¨m�g�±~`7[]b7X_^aV c ��};� bH^�^ab7[]��b7V i b7X `H^aU�m�g�W�X_^ k W[]`7t�U k W�[]g�^a`�bH^ k b7U�[���T�^ab7X_^aghb k ��[]`7m�ghYH^ag�Zfe � bH^]^ab�`H^aU�m�b���b7[]��bH^�m�b�m�`H^ab7YH^ab7[�V]g k b7V�U
^ag k ghVaWv^ab7U�[]V[]bH^aT�U�[]X�b7X_^�V]T�U
§�b7X_^DV]U�[ k b7VA�(�7��b7V ��};�&T�U"V]U�[Am�b7V�m�T�Y7U���b7X_^aV���T�[�^�W�X_^�V]U�[ k b7VA�(�7��b7VAV]Uj�]bH^aV7e��U
^a[]b7��b7X_^;m�g�^���Y7b k W=��b7[]��bH^ m�b�VaW�§�T�gh[lV]g k b7V W�Y7Y �7V;U
^ag k ghVaWv^ab7U�[]V'T�X_^;U�X�b�[]b k Wv^ag�§�b�Y7T�X�V]ghV�^�W�X�Y7bmqW�X�V k b�^ab7����V7�DY7b���U�g b7V�^�U�X¨��T�ghX_^�Y�W���g�^�W k mqW�X�V�U�X�b�W���� k ghY�Wv^aghT�X�m�b���[]` r Y�pqW�[]t�b7��b7X_^�m�bm�T�Y7U���b7X_^aV7e
S;T�U�VDbH±~b7YH^aU�T�X�VDU�X�b W�XqW k ��V]blm�b7V�W�Y7Y �7V�m x U
^ag k ghVaWv^ab7U�[]V�b7X-U
^ag k ghVaW�X_^�m�b7V�¬qY�p�ghb7[]VDm�b?^a[aW�Y7b?m�bV]b7[�§�b7U�[]V���W�X�mqWv^�W�gh[]b7V7�7b7XKV]b��qW�VaW�X_^AV]U�[ k b7V ��};� � n�� � � 	_bH^ k b7V�^ab7[]��b7V9b���^a[aW�g�^aV�m�b7V9m�T�Y7U���b7X_^aVY7T�X�V]U k ^a`7V7e�S;T�U�V Y7T����qW�[]T�X�V k b7Vl[]`7V]U k ^�Wv^aV T��
^ab7X�U�V�W�§�b7YKY7b7V;m�b7U���W�����[]T�Y�p�b7V � �9n � ��� 	ye
n�W�X�V k b"[]b7V�^ab=m�UoY�pqW���g�^a[]b��~X�T�U�V�U
^ag k ghV]b7[]T�X�V k b"��T�^F6�$ � [ Y7T�����bK^ab7[]��b"t�`7X�`7[]gh��U�b=��T�U�[

m�`7V]ght�X�b7[ k b7V
��};� T�U k b7Vl^ab7[]��b7V7e
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g T�U�[?[]`�W k ghV]b7['X�T�^a[]b�`H^aU�m�b���X�T�U�Vlm�bH§�T�X�VlV]b7t���b7X_^ab7[lX�T�Vlm�T�X�X�`7b7Vlm�b�Z�W��7T�XFw=V]U�g�§�[]b kyx `H§�T r
k U
^aghT�X«bH^�Y7T����qW�[]b7[ k b7V�Y7T�X�V]U k ^�Wv^aghT�X�V�m�b7V�U
^ag k ghVaWv^ab7U�[]V�V]b k T�Xom�g�±~`7[]b7X_^ab7V���`7[]ghT�m�b7V�m�b=^ab7����V7�bH^ Y7b k W=��T�U�[ k b7V ��};� bH^;W�U�V]V]g k b7V'^ab7[]��b7V7e g T�U�[lY�pqW���U�b�U
^ag k ghVaWv^ab7U�[7��X�T�U�VlY7T�X�V�^a[]U�ghV]T�X�Vlm�b7U��V]`7[]ghb7V�VW���=��T k gh��U�b7V;X�T�^a`7b7V Su

bH^
St

c YHZfe°¬qt�U�[]b ��e\c i e��9W���[]b7��g �7[]bK[]b7��[]`7V]b7X_^ab kyx b7X�V]b7�=� k bKm�b7V[]b7��U>�H^ab7V�bH±~b7YH^aU�`7b7V�V]U�[Am�b7V	��};�De � b7V�ghX
Z\T�[]��Wv^aghT�X�V~V]T�X_^AT�[]m�T�X�X�`7b7VAY�p�[]T�X�T k T�t�gh��U�b7��b7X_^9V]b k T�X
kyx T�[]m�[]b�m�b�Y7T�X�V]U k ^�Wv^aghT�X�e�} b7��W�[]��U�T�X�Vl��U x U�X�b���};� ��b7U
^��H^a[]b�Y7T�X�V]U k ^a`7b�w-� k U�V]ghb7U�[]V?[]b7��[]ghV]b7VbH^;m�T�X�Y"W����qW�[aW�
h^a[]b�w�m�g�±~b7[]b7X_^aV ghX�V�^�W�X_^aV mqW�X�V

Su
e°�9W-V]b7Y7T�X�m�b"V]`7[]ghb�Y7T�[][]b7V]��T�X�m�W�U��F�(�7��b7V

[]b7��U>�H^ab7V���W�ghV k b7V ��};�²V]T�X_^;[]b7��� k W�Y7`7b7V �qW�[ k b7V?^ab7[]��b7V wj
k b7VlY�W�[aW�YH^a`7[]ghVaW�X_^ c 1 ≤ j ≤ 10 i e
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����� 7 ��e\c 8 ��b7V m�b7U���V]`7[]ghb7V VW���=��T k gh��U�b7Vl`H^aU�m�gh`7b7V

� b7V;V]`7[]ghb7V;V]T�X_^;b7X�V]U�g�^abKm�`7Y7T�U���`7b7V;b7X�V]`7��U�b7X�Y7b7V�m�b�^�W�g khk b�`7t_W k b�e°�9W=^�W�g khk b��
X�T�^a`7b T
�qY7T�[ r[]b7V]��T�X�m�wFU�Xª��T�U�[]Y7b7X_^�W�t�b�m�U²X�T��=��[]b�^aT�^�W k m�b�[]b7��U>�H^ab7V7e �;Xªm�`7Y7T�U��qW�t�b�V]b k T�X k b�X�T��=��[]bm�bK[]b7��U>�H^ab7V�b7V�^���[]`HZ\`7[]`=w�U�X�m�`7Y7T�U��qW�t�b=m�gh[]b7YH^ab7��b7X_^;Z\T�X�YH^aghT�X�m�U�^ab7����V;Y�W�[�U�X�U
^ag k ghVaWv^ab7U�[��b7U
^�^a[��7V���ghb7X W�§�T�gh[�bH±~b7YH^aU�`���b7U m�b-Y7T�X�V]U k ^�Wv^aghT�X�V�§�T�gh[]b�W�U�Y7U�X�b-��b7X�mqW�X_^KU�X�b-��`7[]ghT�m�b=[]b r

k Wv^ag�§�b7��b7X_^ k T�X�t�U�b c m�b7��g r �]T�U�[]X�`7b��
�]T�U�[]X�`7b��?e7e7e i e � b k W«��b7[]��bH^=m�T�X�Y�U�X���b7g khk b7U�[�V]U�g�§�g'm�b7VY7T�X�V]U k ^�Wv^aghT�X�V7e

����� 7 ��e�� 8�g []T�Y7`7m�`�m x W�XqW k ��V]b
�9W²¬qt�U�[]b ��e��²g khk U�V�^a[]b k b«��[]T�Y7`7m�`oU
^ag k ghV]`�e g T�U�[ k W²��[]b7��g �7[]b�V]`7��U�b7X�Y7b X�T�^a`7b Q1

�?X�T�U�V
Y�W k Y7U k T�X�V k W�[]`7t�U k W�[]g�^a` W�§�b7Y k W�V]`7��U�b7X�Y7b�V]U�g�§�W�X_^ab;X�T�^a`7b Q2

e
®�X�[]`7g�^ �7[]b Y7b���[]T�Y7b7V]V]U�V��]U�V]��U x wY7b���U�b�^aT�U
^ kyx b7V]�qW�Y7bFm�b7V�V]`7��U�b7X�Y7b7V�V]T�g�^�Y7T�U
§�b7[�^�e��9Wo��[]b7��g �7[]b&V]`7��U�b7X�Y7b�U
^ag k ghV]`7b&mqW�X�V k b7VY7T����qW�[aW�ghV]T�X�V'§�W�[]ghb7X_^ m�b
Qi

w
Qi+n/2

c W�§�b7Y
n k b�X�T��=��[]b�^aT�^�W k m�b�V]`7��U�b7X�Y7b7V i e� x `7Y�W�[�^ab7��b7X_^'b7X_^a[]b;m�b7U���V]`7��U�b7X�Y7b7V7��X�T�^a` ∆
��b7V�^'m�`H¬qX�ghb;Y7T�����b k b X�T��=��[]b m�b;V]`7��U�b7X�Y7b7V

k b7VlV]`7�qW�[aW�X_^�e�d�U�[lX�T�^a[]b�b��
b7��� k b�� kyx `7Y�W�[�^ab7��b7X_^ b7X_^a[]b Q1
bH^

Q2
b7V�^;`7t_W k w � e
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�;X�b���W�X�g �7[]b=Y k W�V]V]gh��U�b-m x `H§�W k U�b7[ k W&[]`7t�U k W�[]g�^a`"m�b7VKW�Y7Y �7VKU
^ag k ghVaWv^ab7U�[]V�b7V�^Km�b�Y�W k Y7U k b7[ k W

� �B9 %78%9�AJ8 � �lm�b7V�[]b7��U>�H^ab7V7e � bH^]^ab []b7m�T�X�mqW�X�Y7b;��b7U
^/�H^a[]b ghX_^ab7[]��[]`H^a`7b Y7T�����b?g khk U�V�^a[aW�X_^ k b?Y7T�� r��T�[�^ab7��b7X_^�m�b kyx U
^ag k ghVaWv^ab7U�[7e g W�[�b��
b7��� k b���U�X�Y7T�����T�[�^ab7��b7X_^���T�X�T k g�^ap�gh��U�b c W�Y7Y �7VDY7T�X�Y7b7X_^a[]`7VV]U�[¯��b7U�m x g�^ab7��V i W�U�[aW�U�X�b�[]b7m�T�X�mqW�X�Y7b;` k bH§�`7b�W k T�[]V���U x U�X&Y7T�����T�[�^ab7��b7X_^¯� k U�V�m�ghV]��b7[]V]` c W�Y rY �7V []`7�qW�[�^aghVlV]U�[;U�XFt�[aW�X�m�X�T��=��[]b�m x g�^ab7��V i W�U�[aW-U�X�b�Z�W�gh� k b�[]b7m�T�X�mqW�X�Y7b�eS;`�W�X���T�ghX�V7� k Wl[]b7m�T�X�mqW�X�Y7b�X�b���[]b7X�mK�qW�V�b7XKY7T����
^abDU�X�b���`7[]ghT�m�b��qW�[�[aW�����T�[�^AwlU�X�b¯W�U
^a[]b�en�b�Y7b�Z�W�g�^���b khk b�X x b7V�^ �qW�V W�mqW��
^a`7b�w=X�T�^a[]b�Y7T�X_^ab���^ab�eqn�b�� k U�V7�
g k b7V�^ X�`7Y7b7V]VaW�gh[]b�m x U
^ag k ghV]b7[¯U�X�b
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CQTS(Qi, Qj)
Y�W k Y7U k b k W&��[]T���T�[�^aghT�Xom�b�[]b7��U>�H^ab7VKm�b Qi

��T�[�^�W�X_^�V]U�[�m�b7V�g�^ab7��V�m�b
Qj
e

gDk U�V k b7V�W�Y7Y �7VFV]T�X_^FV]gh��g k W�gh[]b7V�b7X_^a[]b k b7V�m�b7U�� V]`7��U�b7X�Y7b7V7� ^a[aW�m�U�ghVaW�X_^FW k T�[]V�U�X�bo��b7g khk b7U�[]b[]`7t�U k W�[]g�^a`��
� k U�V Y7bH^]^ab���[]T���T�[�^aghT�X�b7V�^;` k bH§�`7b�e
g []b7X�T�X�VAU�X"b��
b7��� k b��jV]T�ghb7X_^Am�b7U��"V]`7��U�b7X�Y7b7V Q1 =<C, B, A, B, D>

bH^
Q2 =<A, B, B, B,

C >
�~T�XoT��
^aghb7X_^

CQTS(Q1, Q2) ³ � ��� e � b k W�V]ght�X�g�¬qb"��U�b � ��� m�b7V�ghX
Z\T�[]��Wv^aghT�X�V;Y7T�X_^ab7X�U�b7V
mqW�X�V

Q1
Y7T�[][]b7V]��T�X�m�b7X_^lw�m�b7V'W�Y7Y �7V'bH±~b7YH^aU�`7V'mqW�X�V

Q2
e�d�g

Q1 =<C, B, A, B, B>
��T�X�T��
^aghb7X_^

W k T�[]V*c ����� e
� ��� ��� ����� 	 ;>:W6�=�� � 9 � : 4
� �
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CQTS

b7V�^KY�W k Y7U k `7b�V]U�[KY�pqW���U�b��qW�gh[]b�m�b�V]`7��U�b7X�Y7b7V=V]b k T�X X�T�^a[]b���[]T�Y7`7m�`�m x W�XqW k ��V]b c YHZfe¬qt�U�[]b ��e�� i ���qW�[ U
^ag k ghVaWv^ab7U�['bH^;b7X���Ty��b7X�X�bKV]U�[l^aT�U�V k b7VlU
^ag k ghVaWv^ab7U�[]V7e
S;T�U�V�`H§�W k U�T�X�VDmqW�X�V�U�X���[]b7��ghb7[�^ab7����V k W�§�W k b7U�[Dm�b CQTS

b7X���Ty��b7X�X�b;V]U�[D^aT�U�V k b7VDU
^ag r
k ghVaWv^ab7U�[]V7�_b7X�Z\T�X�YH^aghT�X�m�b kyx `7Y�W�[�^ab7��b7X_^¯b7X_^a[]b�m�b7U���V]`7��U�b7X�Y7b7V c YHZfe�V]b7YH^aghT�X ��e\c�e\c i �_V]U�[¯Y�pqW�Y7U�X�bm�b7V;m�b7U���V]`7[]ghb7V c ��};� bH^ ^ab7[]��b7V i e�DX�V]U�g�^ab���X�T�U�V���[]`7V]b7X_^aT�X�V k W&m�ghV�^a[]gh��U
^aghT�X�m�b7V�U
^ag k ghVaWv^ab7U�[]V�V]b k T�X k W�§�W k b7U�[���Wj�
gh��W k bKm�b
CQTS

T��
^ab7X�U�b��qW�['Y�pqW�Y7U�X�W�§�b7Y k b7V'V]`7��U�b7X�Y7b7V;�qW�V]`7b7V V]U�[ k b7V ��};� bH^lV]U�[ k b7V'^ab7[]��b7V7e�n�W�X�V
k b�[]b7V�^abKm�U�Y�pqW���g�^a[]b�� k W=§�W k b7U�[l��Wj�
gh��W k b;m�b CQTS

b7V�^;X�T�^a`7b
cqmax

e
n�W�X�V=Y�pqW�Y7U�X�b�m�b�Y7b7V=b��
��`7[]gh��b7X_^�Wv^aghT�X�V7�AX�T�U�V=Y7T�X
Z\[]T�X_^aT�X�V k b7V"[]`7V]U k ^�Wv^aV"m�b kyx W�����[]T�Y�p�b�qW�V]`7bKV]U�[ k b7V
��};�²W�§�b7YKY7b7U���T��
^ab7X�U�V;b7X�U
^ag k ghVaW�X_^ k b7Vl^ab7[]��b7V7e

 %78E8 � ��� � $16 < 6 � � ��� T % � � <�= � $ �X9 �S;T�U�V�U
^ag k ghV]T�X�V k W-^aT�^�W k g�^a`�m�b7V�m�T�X�X�`7b7V�w�X�T�^a[]b"m�ghV]��T�V]g�^aghT�X�e � b7V�m�T�X�X�`7b7V�V]T�X_^�ghV]V]U�b7V�m�bV]b7[�§�b7U�[]V���W�X�mqWv^�W�gh[]b7V r Y�W�Y�p�b7VAT���`7[aWv^aghT�X�X�b k V�m�b�`q[aW�X�Y7b �l` k `7Y7T��O}���n � W�b7X=V]U�[AU�X�b¯m�U�[]`7b¯m�bc��"��T�ghV7eO� khk b7V'Y7T�X�Y7b7[]X�b7X_^��,��c�U
^ag k ghVaWv^ab7U�[]V'bH^l[]b7��[]`7V]b7X_^ab7X_^�� k U�V?m�b c�� bK��g khk ghT�X�VDm�b�[]b7��U>�H^ab7V¬ k ^a[]`7b7V�V]U�[�m�b7V�m�T�Y7U���b7X_^aV�m�b"^<����b=^ab���^ab���Y7b-��U�g�Y7T�[][]b7V]��T�X�m b7Xo��Ty��b7X�X�b�w#�^b �,��[]b7��U>�H^ab7V�qW�[�U
^ag k ghVaWv^ab7U�[7e � pqW���U�b�m�T�Y7U���b7X_^�b7V�^"m�`7Y7[]g�^��qW�[ c � ^ab7[]��b7V7e g T�U�[K� k U�V�m x ghX
Z\T�[]��Wv^aghT�X�V�V]b[]b7��T�[�^ab7[;w kyx W�X�X�b��
b2�le
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�9W�¬qt�U�[]b ��e �&��[]`7V]b7X_^ab k W���Ty��b7X�X�b-m�b7V�§�W k b7U�[]V�m�b CQTS

T��
^ab7X�U�b7V�V]U�[ kyx b7X�V]b7�=� k b=m�b7VU
^ag k ghVaWv^ab7U�[]V7�vb7X-Z\T�X�YH^aghT�X=m�b kyx `7Y�W�[�^ab7��b7X_^Db7X_^a[]b m�b7U��-V]`7��U�b7X�Y7b7V?W�XqW k ��V]`7b7V7e�n�g�±~`7[]b7X_^ab7V�^�W�g khk b7Vm�b V]`7��U�b7X�Y7b7V?V]T�X_^'U
^ag k ghV]`7b7V c T ³ c��d���d�
�Eb��sc � �_bH^u� ��� i e g W�[�b��
b7��� k b�� k b ��[]b7��ghb7[D��T�ghX_^�m x U�X�bY7T�U�[]��b'ghX�m�gh��U�b k W ��Ty��b7X�X�b?m�b7V�§�W k b7U�[]VAm�b CQTS
T��
^ab7X�U�b7VDW�§�b7Y?m�b7V�V]`7��U�b7X�Y7b7V�Y7T�X�V]`7Y7U
^ag�§�b7V
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����� 7 ��e � 8 f¯W k b7U�[l��Ty��b7X�X�b�m�b CQTS
b7XFZ\T�X�YH^aghT�XFm�b kyx `7Y�W�[�^ab7��b7X_^ m�b7V;V]`7��U�b7X�Y7b7V

�9§�b7Y k b7V�^ab7[]��b7V7� k b7V�Y7T�U�[]��b7V�T��
^ab7X�U�b7V�T�X_^�^aT�U
^ab7V�m�b7V�§�W k b7U�[]V�m�b CQTS
V]U���`7[]ghb7U�[]b7V�w

Y7b khk b7V�T��
^ab7X�U�b7V=W�§�b7Y k b7V���};�De %�U�b k ��U�b�V]T�g�^ k b=^<����b�m x g�^ab7��� k W&§�W k b7U�[���Ty��b7X�X�b���Wj�
gh��W k bm�b
CQTS

b7V�^;[]`�W k ghV]`7b k T�[]V]��U�b kyx `7Y�W�[�^ab7��b7X_^ b7V�^ k b�� k U�Vl��bH^ag�^ c ∆ = 0 i e g T�U�[ k b7V ��};�D��Y7bH^]^ab§�W k b7U�[���Ty��b7X�X�b���Wj�
gh��W k b"X x b7V�^"�qW�V�^a[��7VKm�g�±~`7[]b7X_^ab�V]b k T�X k W&^�W�g khk b=m�b7VKV]`7��U�b7X�Y7b7V=`H^aU�m�gh`7b7Vc b7X_^a[]b ���
� b � bH^2��b � i e � b k W&V]ght�X�g�¬qb"��U x b7X ��Ty��b7X�X�b=U�X�b-ghX
Z\T�[]��Wv^aghT�XFV]U�[���UqWv^a[]b=mqW�X�V�U�X�bV]`7��U�b7X�Y7b�m�T�X�X�`7b��
b7V�^?§�W k ghm�b;��T�U�['��[]`7m�gh[]b k b7V'W�Y7Y �7Vlm�b k WKV]`7��U�b7X�Y7b�V]U�g�§�W�X_^ab�e
��b7V?m�g�±~`7[]b7X�Y7b7VV]T�X_^�� k U�V���W�[]��U�`7b7V�W�§�b7Y k b7V;^ab7[]��b7V7e CQTS
b7V�^�Y7T�����[]ghV�b7X_^a[]b ��c � bH^ b�b � Y7b-��U�g�Y7T�[][]b7V r��T�X�m&wK��UqW�V]gh��b7X_^'U�X�b;ghX
Z\T�[]��Wv^aghT�X-V]U�['m�b7U��~e
��b7V¯^ab7[]��b7V'b���^a[aW�g�^aV¯m�b7V'm�T�Y7U���b7X_^aV¯Y7T�X�V]U k ^a`7VW�����T�[�^ab7X_^;m�T�X�YKX�bH^]^ab7��b7X_^;� k U�V;m x ghX
Z\T�[]��Wv^aghT�X&�qW�[ [aW�����T�[�^;W�U�� ��};�D�°Wv¬qX�m�bKm�`H^ab7YH^ab7[;m�b7V[]`7t�U k W�[]g�^a`7V?bH^;��[]`7m�gh[]b�m�b�Z\U
^aU�[]V;W�Y7Y �7V7e

S;T�U�V=[]b7��W�[]��U�T�X�V"��U x W�U�V]V]g?��ghb7Xª��T�U�[ k b7V ��};� ��U�b k b7VK^ab7[]��b7V7� k WF§�W k b7U�[K��Ty��b7X�X�b�m�b
CQTS

m�`7Y7[]T 
h^l[aW���ghm�b7��b7X_^lb7X�Z\T�X�YH^aghT�X�m�b kyx `7Y�W�[�^ab7��b7X_^lm�b7V V]`7��U�b7X�Y7b7V7e~�9W=��`7[]ghT�m�b�m�b�§�W k g rm�g�^a`Km x U�X�b=��[]`7m�ghYH^aghT�X�b7V�^�m�T�X�YK^a[��7V�Y7T�U�[�^ab�e �;X«VW��V�^ �7��b=m�b=��[]` r Y�pqW�[]t�b7��b7X_^�m�b=m�T�Y7U���b7X_^aVm�T�g�^"m�T�X�Y�Y�W k Y7U k b7[Km�b7V=��[]`H§�ghV]ghT�X�V"m x W�Y7Y �7V=VaW�Y�pqW�X_^���U�b�Y7b khk b7V r Y7g'W�U�[]T�X_^=U�X�b�Z�W�gh� k b���T�[�^a`7b�en�b=� k U�V7� k W�m�U�[]`7b-m�b k W���`7[]ghT�m�b"m x W�XqW k ��V]b=m�T�g�^Z�H^a[]b-W�mqW��
^a`7b=b7X«Z\T�X�YH^aghT�X«m�b=Y7b khk b"T��«§�W�V]b��T�[�^ab7[ k b7V ��[]`H§�ghV]ghT�X�V7e gDk U�V Y7bH^]^ab�m�b7[]X�g �7[]b�b7V�^ k T�ghX_^�W�ghX�b���� k U�V k W-��`7[]ghT�m�b�m x W�XqW k ��V]b�m�T�g�^��H^a[]bt�[aW�X�m�b���T�U�[ Y7T�X�XqW�
h^a[]b�V]U�	�VaW�����b7X_^ k b7VlpqW���g�^aU�m�b7V m�b7V U
^ag k ghVaWv^ab7U�[]V7e
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b7X�Z\T�X�YH^aghT�XFm�b

∆
��T�U�[ U�X�b�^�W�g khk b�m�bKV]`7��U�b7X�Y7b7Vm�T�X�X�`7b��¯b7V�^&[]b7��[]`7V]b7X_^a`7b«�qW�[�U�X�b���UqW�V]g r m�[]T�g�^ab�e���b7V�m�[]T�g�^ab7V�T��
^ab7X�U�b7V&V]b k T�X k b7V�m�g�±~`7[]b7X_^ab7V§�W k b7U�[]V;m�b T

�°T�X_^;U�X�Y7T�b
	�Y7ghb7X_^�m�bK[]`7t�[]b7V]V]ghT�X�m�b � � �,� Y7b"��U�g9��T�X_^a[]b�U�X�b"b��
Y7b khk b7X_^abKY7T�[][]` r
k Wv^aghT�X�e

����� 7 ��e � 8 ����� k ghY�Wv^aghT�X"m�U k T�t_W�[]g�^ap���b'W�U��Y7T�U�[]��b7V;m�b k W"¬qt�U�[]b ��e � c ��};� i
����� 7 ��e b 8 ����� k ghY�Wv^aghT�X"m�U k T�t_W�[]g�^ap���b¯W�U��Y7T�U�[]��b7V m�b k W=¬qt�U�[]b ��e � c �Ab7[]��b7V i

�9W k T�g?V]T�U�V r b��
��T�X�b7X_^aghb khk b k g�W�X_^ CQTS
bH^

∆
V x b��
��[]gh��b�W k T�[]V�m�b k Wo��W�X�g �7[]bFV]U�g�§�W�X_^ab�ed�T�ghb7X_^

cqmax k W¨§�W k b7U�[«��Wj�
gh��W k b m�b CQTS
bH^

k
U�X�b�Y7T�X�V�^�W�X_^ab���X�T�U�V W�§�T�X�V m�T�X�Y 5

log(CQTS) = −kT log(∆) + log(cqmax)
��T�� −kT

b7V�^ k b�Y7T�b
	�Y7ghb7X_^;m�gh[]b7YH^ab7U�[lm�b k W=m�[]T�g�^ab�e

log(CQTS) = log(∆−kT ) + log(cqmax)

log(
CQTS

cqmax
) = log(∆−kT )

CQTS

cqmax
= ∆−kT

m�T�X�Y
CQTS = cqmax.∆−kT

� b7V���[]b7��g �7[]b7V�Y7T�X�V�^�Wv^�Wv^aghT�X�V�V]U�t�t �7[]b7X_^Km x bH±~b7YH^aU�b7[Km�b7V�`H^aU�m�b7V�� k U�V�W�����[]T�Z\T�X�m�ghb7V�m�b k WY�W��qW�Y7g�^a`�m�b
CQTS

w���T�m�` k ghV]b7[ k b-Y7T�����T�[�^ab7��b7X_^�m�b7V�U
^ag k ghVaWv^ab7U�[]V7e'�DX bH±~bH^���Y7T�����b=X�T�U�V
kyx W�§�T�X�V�`H§�T���U�`�W�U�m�`7��U
^¯m�b Y7bH^]^ab V]b7YH^aghT�X�� k b7V k T�ghV�V]T�U�V r b��
��T�X�b7X_^aghb khk b7V�[]b7��[]`7V]b7X_^ab7X_^?U�X�bl§�T�ghbghX_^a`7[]b7V]VaW�X_^ab"��T�U�[ k W=��T�m�` k ghVaWv^aghT�X�m�U�Y7T�����T�[�^ab7��b7X_^ m�b7V U
^ag k ghVaWv^ab7U�[]V � �9W�X ��� W 	ye

��b7V9¬qt�U�[]b7V ��e �;bH^ ��e � ��[]`7V]b7X_^ab7X_^ k Wlm�ghV�^a[]gh��U
^aghT�X�m�b7VAU
^ag k ghVaWv^ab7U�[]V�V]b k T�X k W?§�W k b7U�[9��Wj�
gh��W k bm�b
CQTS

�_[]b7V]��b7YH^ag�§�b7��b7X_^?��T�U�[ k b7V ��};�«bH^ k b7VD^ab7[]��b7V7e cqmax
b7V�^'ghX�m�gh��U�`7b;b7X&W���V]Y7ghV]V]b�e
��b

X�T��=��[]b�m x U
^ag k ghVaWv^ab7U�[]V?Y7T�[][]b7V]��T�X�m�w kyx T�[]m�T�X�X�`7b�e�9§�b7Y k b7V
��};�D�qX�T�U�V;Y7T�X�V�^�Wv^aT�X�V7����U x w kyx b��
Y7b7�
^aghT�X�m�b7V;b���^a[��7��b7V7� k W-[]`7�qW�[�^ag�^aghT�X�b7V�^�[]b k W r^ag�§�b7��b7X_^'p�T���T�t �7X�b�e g T�U�[ cqmax
Y7T�����[]ghV]b;b7X_^a[]b � � bH^Yc ����� ��T�X�W ���KU
^ag k ghVaWv^ab7U�[]V c �,� � m�U

^aT�^�W k·i e
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����� 7 ��e � 8 n�ghV�^a[]gh��U
^aghT�X)m�b7V�U
^ag k ghVaWv^ab7U�[]VV]b k T�X cqmax
c ��};� i

0

20

40

60

80

100

120

140

0 10 20 30 40 50 60 70 80 90 100

N
br

e 
d’

ut
ili

sa
te

ur
s

cqmax (%)

����� 7 ��e � 8 n�ghV�^a[]gh��U
^aghT�X)m�b7V�U
^ag k ghVaWv^ab7U�[]VV]b k T�X cqmax
c �Ab7[]��b7V i

�9W�[]`7�qW�[�^ag�^aghT�X«b7V�^K� k U�V�Y7T�X�Y7b7X_^a[]`7b�V]U�[�m�b7V�§�W k b7U�[]V�` k bH§�`7b7VKm�b cqmax
��T�U�[ k b7V�^ab7[]��b7V7ec � � U
^ag k ghVaWv^ab7U�[]V c �d� � m�U�^aT�^�W k·i T�X_^ U�X�b cqmax

V]U���`7[]ghb7U�[]b�w � ��� eqn�b�� k U�V7�1� � U
^ag k ghVaWv^ab7U�[]VT�X_^;U�X�b
cqmax

ghX
Z\`7[]ghb7U�[]b�w�c ��� Y7T�X_^a[]b �,�-U
^ag k ghVaWv^ab7U�[]V?��T�U�[ k b�Y�W�V m�b7V���};�De � b k W-��T�X_^a[]bm�T�X�Y���U�b k b7Vl^ab7[]��b7Vl��[]T�m�U�ghV]b7X_^;m�b���b7g khk b7U�[]V'[]`7V]U k ^�Wv^aV7e

� ��� ��� � : � 9
�
S;T�U�V=W�§�T�X�V-��T�X_^a[]`�b7X�W�XqW k ��VaW�X_^"m�b7V"^a[aW�Y7b7V=[]`7b khk b7V"m�b�XqW�§�ght_Wv^aghT�X ��U�b k b7VK^ab7[]��b7V"m�` rY7[]g�§�W�X_^ k b7V�m�T�Y7U���b7X_^aV�Y7T�X�V]U k ^a`7V���b7[]��bH^]^ab7X_^�U�X�b-m�b7V]Y7[]gh�
^aghT�X�� k U�V���U�ghV]VaW�X_^ab=��U�b k b7V ��};�DeS;T�U�V�W�§�T�X�V�T���V]b7[�§�`'U�X�b¯Y7b7[�^�W�ghX�b¯Y7T�p�`7[]b7X�Y7b'm�b7V�W�Y7Y �7V�W�§�b7Y k b7V9^ab7[]��b7VAt�[���Y7b¯w;X�T�^a[]b���`H^ap�T�m�bm x W�XqW k ��V]b�e� x b��
� k ghY�Wv^aghT�X�m�b�Y7b7V9m�g�±~`7[]b7X�Y7b7V9b7X_^a[]b ��};��bH^�^ab7[]��b7V�^aghb7X_^9w kyx `H^ab7X�m�UK��T�V]V]gh� k b�m�U�X�T��=��[]bm x g�^ab7��V7e
��b�X�T��=��[]b�m�b�^ab7[]��b7VlY7[]T�g�^'§�g�^ab���U�ghV?b7V�^ k gh��g�^a` [aW���ghm�b7��b7X_^l�qW�[ k b�§�T�Y�W���U k W�gh[]b�m�b7V

k W�X�t�U�b7V7eq��bKX�T��=��[]b�m x ��};�²b7V�^;��T�^ab7X_^aghb khk b7��b7X_^l^a[��7V t�[aW�X�m c Y7T��=��ghXqW�ghV]T�X�m�b7V ^ab7[]��b7V i e°��b7Vm�b7U��Fb7X�V]b7�=� k b7V;T�X_^;m�b7V Y7[]T�ghV]VaW�X�Y7b7V ^a[��7V m�g�±~`7[]b7X_^ab7V V]U�g�§�W�X_^ kyx `H§�T k U
^aghT�X�m�b7V;W�Y7Y �7V7e
��b7V�b��
��`7[]gh��b7X_^�Wv^aghT�X�V�T�X_^KW�U�V]V]gD��ghV�b7X `H§�ghm�b7X�Y7b���U x g k b7V�^KX�`7Y7b7V]VaW�gh[]b�m�b�Y�W k Y7U k b7[�[]`7t�U r

k g �7[]b7��b7X_^�m�b7V���[]`H§�ghV]ghT�X�V�m x W�Y7Y �7V�mqW�X�V�U�X VW��V�^ �7��b�m�b���[]` r Y�pqW�[]t�b7��b7X_^�e9��b7V���[]`H§�ghV]ghT�X�V�T�X_^b7XobH±~bH^�U�X�b=^a[��7V�Y7T�U�[�^ab-��T�[�^a`7b�e��9W&m�U�[]`7b-m�b k W���`7[]ghT�m�b=m x W�XqW k ��V]b=��b7[]��bH^]^�W�X_^�m�b-Y�W k Y7U k b7[m�b7V���[]`H§�ghV]ghT�X�V7��m�T�g�^��H^a[]b=W�mqW��
^a`7b=b7X«Z\T�X�YH^aghT�X�m�b"Y7b khk bKT���§�W�V]b=��T�[�^ab7[ k b7V���[]`H§�ghV]ghT�X�V7e gDk U�VY7bH^]^ab�m�b7[]X�g �7[]bFb7V�^ k T�ghX_^�W�ghX�b���� k U�V k Wo��`7[]ghT�m�b�m x W�XqW k ��V]b�m�T�g�^ �H^a[]b�t�[aW�X�m�bF��T�U�[�W�����[]b7X�m�[]bV]U�	�VaW�����b7X_^ k b7VlpqW���g�^aU�m�b7V m�b7V U
^ag k ghVaWv^ab7U�[]V7e
S;T�U�V�W�§�T�X�VKW�U�V]V]gDV]T�U k ght�X�` k W&Y�W��qW�Y7g�^a`=ghX_^a`7[]b7V]VaW�X_^ab�m�b k W&V]b k Z r V]gh��g k W�[]g�^a`���U�g���b7[]��bH^�m�b��T�m�` k ghV]b7[ k b�^a[aWv¬qY �'b7��bH^ k b�Y7T�����T�[�^ab7��b7X_^lm�b7V U
^ag k ghVaWv^ab7U�[]V7e�3 k �qW�[aW�
h^lghX_^a`7[]b7V]VaW�X_^;m�b���T�U�[ rV]U�g�§�[]b�mqW�X�V�Y7bH^]^ab�§�T�ghb�b7X V]b��qW�VaW�X_^KV]U�[KX�T�^a[]b���b7V]U�[]b�m�b�[]`7t�U k W�[]g�^a` CQTS

bH^"m x bH±~b7YH^aU�b7[m�b7V b��
��`7[]gh��b7X_^�Wv^aghT�X�VlY7T���� k `7��b7X_^�W�gh[]b7V7e
��b7V=bH±~T�[�^aV=bH^ k b7VK^ab7����V=m�b�Y�W k Y7U k V]U���� k `7��b7X_^�W�gh[]b7V=��T�U�["b���^a[aW�gh[]b�bH^=t�`7[]b7[=m�b7V"^ab7[]��b7Vm�b«m�T�Y7U���b7X_^aV&Y7T�X�V]U k ^a`7V7�'V]T�X_^�m�T�X�Y��]U�V�^ag�¬q`7V&`H^�W�X_^�m�T�X�X�`«��U�b k b7V�^ab7[]��b7V�W�����T�[�^ab7X_^&m�b7VghX
Z\T�[]��Wv^aghT�X�V¯m�b���b7g khk b7U�[]b���UqW k g�^a`�mqW�X�V U�X���U
^;��[]`7m�ghYH^ag�Zfe
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g T�U�[�U�X�b���b7g khk b7U�[]b�Y�W�[aW�YH^a`7[]ghVaWv^aghT�X�m�b7V�U
^ag k ghVaWv^ab7U�[]V7�Dg k b7V�^�[]b7Y7T�����W�X�m�`�m x U
^ag k ghV]b7[ k b7V^ab7[]��b7V�m�`7Y7[]g�§�W�X_^ k b7V�m�T�Y7U���b7X_^aV���U x g k V�T�X_^�Y7T�X�V]U k ^a`7V7e9n�W�X�V�Y7bH^]^ab�V]b7YH^aghT�X��~X�T�U�V���[]T���T�V]T�X�Vm x W 	�X�b7[�Y7bH^]^ab Y�W�[aW�YH^a`7[]ghVaWv^aghT�X b7X m�`H^ab7YH^�W�X_^�Y7b7[�^�W�ghX�V�^ab7[]��b7V7� W�����b k `7V �f��T�^aV�`7��b7[]t�b7X_^aV  ��^a[aW�m�U�ghVaW�X_^ k b7V�t�T � ^aV�bH^ k b7VA^ab7X�mqW�X�Y7b7VDm�b7V�U
^ag k ghVaWv^ab7U�[]V � �9n � c 	ye�n�b?Y7bH^]^ab'Z�W��7T�X��vX�T�U�V�T��
^ab7X�T�X�Vm�b7V;��[]T�¬ k V �f��[]`7m�ghYH^ag�Z\V  �� k U�V;W�mqW��
^a`7V;w-U�X�Y7T�X_^ab���^abKm�b���[]` r Y�pqW�[]t�b7��b7X_^�e
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� � = � � =
S;T�U�V'm�`H¬qX�ghV]V]T�X�V?U�X&VW��V�^ �7��b�m�b�§�W�[]g�W�� k b7V¯Wv^]^�W�Y�p�`7b7Vlw"U�X&U
^ag k ghVaWv^ab7U�[7e � b7V'§�W�[]g�W�� k b7V�Y7T�[ r[]b7V]��T�X�m�b7X_^�w=m�b7V?^ab7[]��b7V?m�b k W k W�X�t�U�b�Z\[aW�X>��W�ghV]b c T�UFW�U
^a[]b i []`7�qW�[�^aghb�b7X�� k U�V]ghb7U�[]V?Y�Wv^a`7t�T�[]ghb7VY7T�����b��qW�[�b��
b7��� k b��9U�X ^ap �7��b c §�`7t�`H^�W k �9W�X�gh��W k ��W�U
^aT���T���g k b���e7e7e i �9U�X ^<����b c W�YH^aghT�X���V]U�V r��b7X�V7�D[]gh[]b���Y k W�V]V]gh��U�b�����T����?e7e7e i �DU�X�V]U�����T�[�^ c ¬ k ���Am�T�Y7U���b7X_^�W�gh[]b����=U�V]gh��U�b��?e7e7e i T�U�^aT�U
^abW�U
^a[]b�Y�Wv^a`7t�T�[]ghb�e
� pqW�Y7U�X=m�b'Y7b7V�^ab7[]��b7V�b7V�^DWv±~b7YH^a`'m x U�X�b?��T�X�m�`7[aWv^aghT�XK[]b �q`H^�W�X_^ k b¯X�g�§�b�W�U"m x gh����T�[�^�W�X�Y7b¯m�U^ab7[]��b���T�U�[ kyx U
^ag k ghVaWv^ab7U�[7e � b7V ��T�X�m�`7[aWv^aghT�X�V?V]T�X_^;Y�W k Y7U k `7b7Vl�qW�[lg�^a`7[aWv^aghT�X�W�U�Z\U�[lbH^�w=��b7V]U�[]b��U�b kyx U
^ag k ghVaWv^ab7U�[lW�Y7Y �7m�b-w�U�X«m�T�Y7U���b7X_^���T�U
§�W�X_^��H^a[]bKm�`7Y7[]g�^��qW�[ k b7V ^ab7[]��b7V;Y7T�[][]b7V]��T�X�mqW�X_^c YHZfeqt�b7V�^aghT�XFm�b k W-��b7[]V]T�X�XqW k ghVaWv^aghT�X&m�b k W � ��[aW�S;T�m�b��°V]b7YH^aghT�X c�e���e�� i e� x b7X�V]b7�=� k b m�b Y7b7V�^ab7[]��b7VF[]b7��[]`7V]b7X_^abªU�X b7V]�qW�Y7bªW k t�`7��[]gh��U�b �=U k ^aghm�gh��b7X�V]ghT�X�X�b k mqW�X�V

k b7��U�b k `H§�T k U�b k bD��[]T�¬ k t k T��qW k m�b kyx U
^ag k ghVaWv^ab7U�[7e7��b7V9m�g�±~`7[]b7X_^ab7VAY�Wv^a`7t�T�[]ghb7VAW�ghX�V]g���U�b k b7V�[]b k Wv^aghT�X�Vb7X_^a[]b k b7V'Y�Wv^a`7t�T�[]ghb7V'V]T�X_^lV�^aT�Y ��`7b7V c �qW�['b��
b7��� k b�mqW�X�V?U�X&�qW�V]b�m�b�m�T�X�X�`7b7V7��YHZfe
W�X�X�b��
b[� i m�b��W�X�g �7[]b�w-��T�U
§�T�gh[l[]b7Y7T�X�V�^ag�^aU�b7[ k W=Y�p�[]T�X�T k T�t�ghb�m x `H§�T k U
^aghT�XFm�b�Y�pqW���U�b�^ab7[]��b�e

g []b7X�T�X�V U�X�b��
b7��� k b�Y7T�X�Y7b7[]XqW�X_^�m�b7Vl§�ghm�`7T�VO5

t1
5°� x U
^ag k ghVaWv^ab7U�[¯§�ghV]ghT�X�X�b�U�XF¬ k � m x W�YH^aghT�X�W�§�b7YKm�b7V;W�U
^aT���T���g k b7V7e{ ��� s �.� � <�� / 
�: � ��%&�

�����
�/
{ ��� s �.� � <��  
�: DAL �

� ��� <���C/
{ ��� s �.� � <�� 2 
 � ��L�L � � �� �$%/

t2
5°� x U
^ag k ghVaWv^ab7U�['[]b7t_W�[]m�b�U�X�m�T�Y7U���b7X_^�W�gh[]b�V]U�[ k b7V W�[]��[]b7V
{ ��� s �.� � <�� / 
�: � ��%&�
�����
� �������
�/ /

{ ��� s �.� � <��  
�: DAL �
� ��� <���C/

{ ��� s �.� � <�� 2 
 � ��L�L � � �� �$% ��������%&��C'�(�
<$�
�/ /
t3

5°� x U
^ag k ghVaWv^ab7U�[¯§�ghV]ghT�X�X�b�U�X�m�T�Y7U���b7X_^�W�gh[]b�V]U�[ k b7V W�U
^aT���T���g k b7V
{ ��� s �.� � <�� / 
�: � ��%&�
�����
� �������
� /

{ ��� s �.� � <��  
�: DAL �
� ��� <���C/

{ ��� s �.� � <�� 2 
 � ��L�L � � �� �$% ��������%&��C'�(�
<$�
�/  
t4

5°� x U
^ag k ghVaWv^ab7U�['[]b7t_W�[]m�b�U�X�b�`7��ghV]V]ghT�X�V]U�[ k b�V]��T�[�^�W�U
^aT���T���g k b
{ ��� s �.� � <�� / 
�: � ��%&�
�����
� �������
�2 /

{ ��� s �.� � <��  
�: DAL �
� ��� <���C/

{ ��� s �.� � <�� 2 
 � ��L�L � � �� �$% ��������%&��C'�(�
<$�
� 
 L � � �/  /



� � ���F� � �!� � ����� � � �Y���E� � � ��� � 	 � � � � c�c�b

� �
	��
	 � 	 ��� 4���=���= � 	 � =�� � : 4
� �	� 	 6�=�;��/=����S= �
� T����
^ab�^ab7X�UFm�U�Y7T�X_^ab���^ab���U�b�X�T�U�V W�§�T�X�Vl¬
�
`���[]`7Y7`7m�b7����b7X_^��qY�pqW���U�b�^ab7[]��b���b7U
^��H^a[]b[]b7��[]`7V]b7X_^a`�mqW�X�VKU�X []b7� �7[]b�Y�p�[]T�X�T k T�t�gh��U�b�e���b7V�¬qt�U�[]b7V ��e � bH^���e � g khk U�V�^a[]b7X_^ kyx `H§�T k U
^aghT�Xom�b7V^ab7[]��b7Vhn jEl p�bH^ n ������r m�blX�T�^a[]blb��
b7��� k b�e_S;T�U�V�[]b7��W�[]��U�T�X�VD��U�b k b'^ab7[]��b A�� $ %�b7V�^¯m�T���ghXqW�X_^�qW�[¯[aW�����T�[�^lW�U�^ab7[]��b A � ��� �He
�9WK��T�X�m�`7[aWv^aghT�X�m�U�^ab7[]��b*n jEl p=V]U�[ k WK��`7[]ghT�m�b ]t2, t3]

b7V�^l`7t_W k bw ��e_� khk b;W�U�t���b7X_^ab;b7X�Y7T�[]b�W���[��7V¯Y7bH^]^ab���`7[]ghT�m�b�e g W�[¯Y7T�X_^a[]b�� k W���T�X�m�`7[aWv^aghT�X�m�U�^ab7[]��b"n ������rV�^�W�t�X�bKw�c�e
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nb ³ c��vV]b7U k b k W ��`7[]ghT�m�b¯��[]`7Y7`7m�b7X_^ab c i mqW�X�V k W m�`H¬qX�g�^aghT�X i b7V�^D��[]ghV]b¯b7X=Y7T����
^ab�e���b�^ab7[]��bb7V�^�W k T�[]V?`7��b7[]t�b7X_^;V]g�VaW���T�X�m�`7[aWv^aghT�X�W-V]gh��� k b7��b7X_^ W�U�t���b7X_^a`�b7X_^a[]b k b7Vlm�b7U�����`7[]ghT�m�b7V7e

�9W���`H^ap�T�m�b=m�b=m�`H^ab7YH^aghT�Xom x `7��b7[]t�b7X�Y7b7V�b7V�^�W���� k gh��U�`7b"��T�U�[�Y�pqW���U�b=^ab7[]��b�e�� x b7X�V]b7�=� k bm�b7V���T�^aV;`7��b7[]t�b7X_^aV�m�`H^ab7YH^a`7V�V]U�[�U�X�b=��`7[]ghT�m�bK��T�U�[;U�XoU
^ag k ghVaWv^ab7U�[lb7V�^�W k T�[]V;U
^ag k ghV]`���T�U�[ k bY�W�[aW�YH^a`7[]ghV]b7[7e
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�9WªY�W�[aW�YH^a`7[]ghVaWv^aghT�X m�b7V�U
^ag k ghVaWv^ab7U�[]V��qW�V]`7b V]U�[ k b7V&��T�^aV&`7��b7[]t�b7X_^aV7�l��b7U
^%�H^a[]boU
^ag k ghV]`7bmqW�X�VKm�g�±~`7[]b7X_^aV"Y7T�X_^ab���^ab7V"m x W�Y7Y �7V=w kyx ghX
Z\T�[]��Wv^aghT�X��~W�YH^ag�Z\V c W�Y7Y �7V"W�U R b7� i T�U �qW�V]V]g�Z\V c ^a` k ` rm�g�±~U�V]ghT�X i e
g W�[�b��
b7��� k b���Y7T�X�XqW�ghV]VaW�X_^ k b7V-��T�^aV-`7��b7[]t�b7X_^aV�m x U�X4U
^ag k ghVaWv^ab7U�[ c T�U4m�bF� k U�V]ghb7U�[]V i �DU�Xm�g�±~U�V]b7U�[���b7U
^�W�X_^aghY7gh��b7[ bH^�m�g�±~U�V]b7[;U�X«Y7b7[�^�W�ghXF^<����b"m x ghX
Z\T�[]��Wv^aghT�X�bH^�U�X�Y7T�X_^ab7X�UoY7T�p�`7[]b7X_^W�§�b7Y k b7V `H§�T k U
^aghT�X�Vlm�b7V ghX_^a`7[��H^aV m�bKY7bH^;U
^ag k ghVaWv^ab7U�[7e� khk b7V���[]`7V]b7X_^ab7X_^�W�U�V]V]g¯U�X²t�[aW�X�m ghX_^a`7[��H^"��T�U�[ k b���[]` r Y�pqW�[]t�b7��b7X_^ c YHZfe9Y�pqW���g�^a[]b � i bH^ k W[]b7Y7T�����W�X�mqWv^aghT�X"m�blm�T�Y7U���b7X_^aV c YHZfe�Y�pqW���g�^a[]b�� i e g W�[�b��
b7��� k b���w��qW�[�^agh[�m�b7VD��T�^aV�`7��b7[]t�b7X_^aV7�g k b7V�^¯ghX_^a`7[]b7V]VaW�X_^?m x W�X_^aghY7gh��b7[Dm�b7V¯[]b7Y�p�b7[]Y�p�b7V?m x ghX
Z\T�[]��Wv^aghT�X�V�bH^'m�b ��[]T���T�V]b7[ k b7V�[]`7V]U k ^�Wv^aV'W�U��U
^ag k ghVaWv^ab7U�[]V7e?��b«Y�pqW���g�^a[]boV]U�g�§�W�X_^F��[]T���T�V]b kyx U
^ag k ghVaWv^aghT�X4m�b7V���T�^aV&`7��b7[]t�b7X_^aVF��T�U�[ k b«��[]` rY�pqW�[]t�b7��b7X_^lm x ghX
Z\T�[]��Wv^aghT�X�e���b7V?m�T�Y7U���b7X_^aV?[]`7Y7U���`7[]`7Vlt�[���Y7b�W�U��&��T�^aV'`7��b7[]t�b7X_^aV?V]T�X_^ W k T�[]VY�pqW�[]t�`7b7V;mqW�X�V U�X�Y�W�Y�p�bKbH^;m�ghV]��T�X�gh� k b7V?��T�U�[lm x W�U
^a[]b7V;U
^ag k ghVaWv^ab7U�[]V7e

� ��� � :"IF8'G��F%�5H:"I
��b7VFb��
��`7[]gh��b7X_^�Wv^aghT�X�V&��U�b X�T�U�V�W�§�T�X�VF��b7X�`7b7VFV]U�[Fm�b7V�¬qY�p�ghb7[]VFm�bo^a[aW�Y7bom�b V]b7[�§�b7U�[]V

��W�X�mqWv^�W�gh[]b7V7��T�X_^'��T�X_^a[]` k W�V]U���`7[]ghT�[]g�^a`lm�b kyx U
^ag k ghVaWv^aghT�X"m�b7V�^ab7[]��b7V¯m�`7Y7[]g�§�W�X_^ k b7V�m�T�Y7U���b7X_^aVY7T�X�V]U k ^a`7V Z�W�Y7b"W�U�����};�²m�b�Y7b7V�m�T�Y7U���b7X_^aV7e g T�U�[;Y7b k W
�qU�X�b�X�T�U
§�b khk b���b7V]U�[]bKm�b�[]`7t�U k W�[]g�^a`7Vm�b7V�W�Y7Y �7VKW�`H^a`-ghX_^a[]T�m�U�g�^ab"mqW�X�V�U�X ��U
^���[]`7m�ghYH^ag�Zfe � bH^]^ab-��b7V]U�[]b=��b7[]��bH^�b7X bH±~bH^�m�b-m�`H^ab7[ r��ghX�b7[ k W���UqW�X_^ag�^a`�m x ghX
Z\T�[]��Wv^aghT�X«§�W k ghm�b-V]U�[KU�X�b�V]`7��U�b7X�Y7b&��T�U�[���[]`7m�gh[]b�m�b7V=W�Y7Y �7VKV]U�[KU�X�bV]`7��U�b7X�Y7b�V]U�g�§�W�X_^ab�e
��b7V'b��
��`7[]gh��b7X_^�Wv^aghT�X�V�T�X_^lW�U�V]V]g°Z�W�g�^¯[]b7V]V]T�[�^agh[ k W�X�`7Y7b7V]V]g�^a`�m�b;m�`H^ab7[]��ghX�b7[Z\[]`7��U�b7����b7X_^ k b7V���[]`H§�ghV]ghT�X�V�Y�W�[�b khk b7V�T�X_^�U�X�b�[aW���ghm�bF��`7[]b7���
^aghT�X�e�n x T�� kyx gh����T�[�^�W�X�Y7b&m�bm�ghV]��T�V]b7[7�9�qW�[�b��
b7��� k b�mqW�X�VKU�X VW��V�^ �7��b�m�b���[]` r Y�pqW�[]t�b7��b7X_^"m�b�m�T�Y7U���b7X_^aV7�9m x U�X�b�t�b7V�^aghT�Xm�b k W�m�U�[]`7b=m�b k W���`7[]ghT�m�b"U
^ag k ghV]`7bK��T�U�[�[]`�W k ghV]b7[�m�b7V���[]`7m�ghYH^aghT�X�V7��bH^�m�b=�qW�[aW�� �H^a[]b7V���T�U�[ k W��T�m�g�¬qb7[7e�S;T�U�V�W�§�T�X�V�W�U�V]V]glT���V]b7[�§�`�U�X�Y7T�����T�[�^ab7��b7X_^�V]b k Z r V]gh��g k W�gh[]b-m�bFX�T�^a[]bF��b7V]U�[]b�b7XZ\T�X�YH^aghT�X�m�U�^ab7����V7e��9W�V]b k Z r V]gh��g k g�^aU�m�b�b7V�^;^a[��7V;U
^ag k ghV]`7b�mqW�X�V k W���T�m�` k ghVaWv^aghT�X&m�U�^a[aWv¬qY �'b7��e3 k V]b7[aW�g�^Dm�T�X�YlghX_^a`7[]b7V]VaW�X_^¯m�bl��T�U�[]V]U�g�§�[]b mqW�X�VDY7bH^]^abl§�T�ghb?bH^�m x bH±~b7YH^aU�b7[¯m�b7V�b��
��`7[]gh��b7X_^�Wv^aghT�X�VV]U���� k `7��b7X_^�W�gh[]b7V ��T�U�[ W���T�U
^agh[lw�U�XF`H§�b7X_^aU�b k ��T�m � k b�m�U�Y7T�����T�[�^ab7��b7X_^lm�b7V;U
^ag k ghVaWv^ab7U�[]V7e�9WoY�W�[aW�YH^a`7[]ghVaWv^aghT�Xªm�b7V�U
^ag k ghVaWv^ab7U�[]V=m�T�g�^-m�T�X�YFV]b��qW�V]b7[�V]U�[ k b7V=^ab7[]��b7V-m�b7V�m�T�Y7U���b7X_^aV��U x g k VDT�X_^�Y7T�X�V]U k ^a`7V7e�S;T�U�V�W�§�T�X�V¯��[]T���T�V]`lm x W 	�X�b7[�Y7bH^]^ablY�W�[aW�YH^a`7[]ghVaWv^aghT�X-b7X�X�blV]` k b7YH^aghT�X�XqW�X_^��U�b&Y7b7[�^�W�ghX�V�^ab7[]��b7V"W�����b k `7VK��T�^aVK`7��b7[]t�b7X_^aV7e g T�U�["Y7b k W
��X�T�U�V=W�§�T�X�V"m�`H¬qX�g¯U�X�b���`H^ap�T�m�bm�b�m�`H^ab7YH^aghT�X¨m x `7��b7[]t�b7X�Y7b7V7eu� khk bFY�W k Y7U k b k bFX�T��=��[]b�m�b�Z\T�ghV���U x U�X¨^ab7[]��bFZ�W�g�^�[]`HZ\`7[]b7X�Y7b«wU�Xom�T�Y7U���b7X_^�Y7T�X�V]U k ^a`"V]U�[�U�X�b=��`7[]ghT�m�b�����U�ghV�Y7T����qW�[]b"Y7bH^]^ab"§�W k b7U�[�W�§�b7Y=Y7b khk b"T��
^ab7X�U�b=V]U�[U�X�b&��`7[]ghT�m�b���[]`7Y7`7m�b7X_^ab�eQd�g k WF§�W�[]g�Wv^aghT�X b7V�^-V]U���`7[]ghb7U�[]b�w�U�XªY7b7[�^�W�ghXªV]b7U�g k �AW k T�[]V k b�^ab7[]��bb7V�^�U�X���T�^-`7��b7[]t�b7X_^�e��9W«Y�W�[aW�YH^a`7[]ghVaWv^aghT�X�m x U�X�U
^ag k ghVaWv^ab7U�["V]U�[�U�X�b���`7[]ghT�m�b�Y7T�[][]b7V]��T�X�m4w
kyx b7X�V]b7�=� k b m�b7V¯��T�^aVD`7��b7[]t�b7X_^aV¯m�`H^ab7YH^a`7V'V]U�[�Y7bH^]^ab;��`7[]ghT�m�bl�qW�[�[aW�����T�[�^¯w k W���[]`7Y7`7m�b7X_^ab�e � b7V��[]T�¬ k V;U
^ag k ghVaWv^ab7U�[]V ��[]`7V]b7X_^ab7X_^�U�X«ghX_^a`7[��H^�gh����T�[�^�W�X_^ ��T�U�[ k W�m�g�±~U�V]ghT�X�Y7gh� k `7bKm x ghX
Z\T�[]��Wv^aghT�XW�U��FU
^ag k ghVaWv^ab7U�[]V7� k W-[]b7Y7T�����W�X�mqWv^aghT�X&bH^ k b���[]` r Y�pqW�[]t�b7��b7X_^;m�b�m�T�Y7U���b7X_^aV7e

n�W�X�V k b'Y�pqW���g�^a[]b � �vX�T�U�V���[]T���T�V]T�X�V�U�X=X�T�U
§�b�W�U�VW��V�^ �7��b?m�b?��[]` r Y�pqW�[]t�b7��b7X_^�W�����b k ` g []b rZ\bH^aY�p1�D��e � b m�b7[]X�ghb7[DU
^ag k ghV]b k W�Y�W�[aW�YH^a`7[]ghVaWv^aghT�X-m�b7V�U
^ag k ghVaWv^ab7U�[]V��qW�V]`7b V]U�[ k b7VD��T�^aV�`7��b7[]t�b7X_^aV��T�U�[ ��[]` r Y�pqW�[]t�b7[ m�b7V m�T�Y7U���b7X_^aV;mqW�X�V U�X�Y�W�Y�p�b�e�S;T�U�V bH±~b7YH^aU�T�X�V;U�X�b���[]b7��g �7[]b�`H§�W k UqWv^aghT�Xm�b�Y7bKVW��V�^ �7��b�mqW�X�V k b�Y7T�X_^ab���^abKt�`7X�`7[aW k m�b7V V]b7[�§�b7U�[]V���W�X�mqWv^�W�gh[]b7V r Y�W�Y�p�b7V7e
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�1@�� bcMON	egHBf	IGFJMONm@[@Z@Z@[@Z@Z@Z@[@Z@Z@[@Z@Z@[@Z@Z@[@Z@Z@Z@[@Z@Z@[@Z@Z@[@ Aq`q�
� b�Y�pqW���g�^a[]b�Y7T�[][]b7V]��T�X�m�w k W"[]`�W k ghVaWv^aghT�X���[aWv^agh��U�b�m�b�X�T�V?^a[aW�§�W�U��&V]U�[ k b���[]` r Y�pqW�[]t�b7��b7X_^m�b¯m�T�Y7U���b7X_^aVAmqW�X�V k b7VAY�W�Y�p�b7V7e�S;T�U�VAm�`7Y7[]g�§�T�X�V�U�X"X�T�U
§�b�W�U"VW��V�^ �7��b'm�b¯��[]` r Y�pqW�[]t�b7��b7X_^��qW�V]`V]U�[ k W�m�`H^ab7YH^aghT�Xom x ghX
Z\T�[]��Wv^aghT�XF`7��b7[]t�b7X_^ab � �9n � �
	ye � b-VW��V�^ �7��b�W���T�U�[�T�[]ght�ghXqW k g�^a`�m�b"^a[]T�U r§�b7[�m�b X�T�U
§�b�W�U���m�T�Y7U���b7X_^aV�V]U�V]Y7b7�
^agh� k b7V¯m x ghX_^a`7[]b7V]V]b7[ k b7VDU
^ag k ghVaWv^ab7U�[]V7e � b7V�m�T�Y7U���b7X_^aV¯X x T�X_^W���[]ghT�[]g�W�U�Y7U�X k ghb7X�V�m�gh[]b7YH^aV c W�U V]b7X�V�pq����b7[�^ab���^ab i W�§�b7Y�m x W�U
^a[]b7V���[]`7Y7`7m�b7����b7X_^KY7T�X�V]U k ^a`7V7�Y7T�X_^a[aW�gh[]b7��b7X_^�W�U�����`H^ap�T�m�b7VAY k W�V]V]gh��U�b7VA��U�g�X�b¯V]b¯�qW�V]b7X_^���U�b'V]U�[ k b7V9p�ghV�^aT�[]gh��U�b7V9m�b¯Y7T�X�V]U k ^�W r^aghT�X�V�bH^ k b7V k ghb7X�V�pq����b7[�^ab���^ab7V c YHZfe�Y�pqW���g�^a[]b � i e�n�blY7b'Z�W�g�^��vX�T�^a[]b?VW��V�^ �7��blb7V�^¯W�V]V]b�P W��=��g�^aghb7U��~e��b7V¯��T�^aVD`7��b7[]t�b7X_^aV c YHZfe�Y�pqW���g�^a[]b � i m�`H^ab7YH^a`7V'V]U�[¯U�X�b;��`7[]ghT�m�b V]T�X_^'ghXj�]b7YH^a`7V�mqW�X�V¯U�X���T�^ab7U�[m�b []b7Y�p�b7[]Y�p�b�V]U�[ k b"!²b7���_m�blZ�W��7T�X�w�^a[]T�U
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z)�Cy}v8�|�:�E�)v8�:�Ev8�:���8�)�8�}~4y}v8x)�|��z)v?y�~M�E�E�EvÄÊ�¾��`~M��y}�E�Rz)v {8v8xb� z)vÄy�~M�E�E�EvÃÉ��%vCy\ÀM~��|v8{8���:�:v8�){8v8�
# x)�|�Axq� ¾:�8�)x)�E�|v8�:v8�TyYz)v8�Y���8�)�8�}~4y}v8x)�|�8�
$�%'& 
 ������(*) �,+�Ç«u*-,Â/.

FCC1 021 �:�My}�V����z)vHy�~M�E�E�Ev2É"354��

� �
(i = 1; FCCi.générateur 6= �; i + +) 687 �����

FCCi.fermeture = �;
FCCi.fréquence = 0;
FCCi 0 �Hv8�b �Ç��E���|x)�|vTÎ

FCCi
Ò�4 1 �)�|�bz)x)�Vy��.~���v8�|�:vCy}x)�|vHz)v,{��`~M�Ax)v����8�)�8�}~4y}v8x)��3��

� � � 

� �

c ∈ FCCi 687 ��������
(c.fréquence ≥ minfr) 7 % 
 ���
FCi = FCi ∪ {c};9 � ���

9 � ��

� �
FCCi+1 0 �Hv8�b  �Hv8�)v8�}~4y}���ÐÎ

FCi
Ò�4 1 {8�|�8v8���Ev8�����8�)�8�}~4y}v8x)�|�Y����x)����� �Vy}�8�}~4y}�E������:�É"39 � ��

� �

����� 

� ��� ���
FC =

⋃i−1
j=1 {FCj.fermeture, FCj.fréquence};

ufv��`~M�|{8��x)�|�,z)v��.~�w`~M�|v�z)vRz)���)�)�8v8�,�Ax)�¨��v8�|�:vCy,�Ev�{6~M�E{8x)��z)v8�,�:�My}�V���Y��v8�|�:�8�HvCy,z)v8�H���|�O 
�Ax)v8�){8v8��v8��y%vCÓ;v8{Cy}x)���`~M�¨�.~½�����){Cy}�E���/� #&, � �%$ 93.&) 4@#�Î�{C�i�T~M�E�����|�Vy}�)�:v«Õ�ÒO�Tu�~Q�����){Cy}�E�����Ax)�`���8�)È8�|v
�Ev8�¨�)��xNÀ�v6~Mxb�R���8�)�8�}~4y}v8x)�|�8���8� ~M�)��v8�E�Ev(� #&, ��� #&,E#&4G'*->9(4�Î�{C�i�T~M�E�����|�Vy}�)�:v 
TÒO���Y�My}���)�¨�Axq� v8�E�Ev8��xNy}�l 
�E�E�|v8�Ty�x)�)v������){Cy}�E���R
 ) 96.3#&-��Ax)�N�)�|v8�)z�v8���`~M�}~M�:ÈCy}�|v!x)��v8�)�|v8��w)�Ev«z)v����8�)�8�}~4y}v8x)�|��vCy¨x)�)v�y}�}~M�b 
�}~M{Cy}�E���q�qvCy��Ax)�¨�|vCy}��x)�|�)v��Ev8�H���8�)�8�}~4y}v8x)�|��{8���Ty}v8�Ax)��z`~M�)�,{8vCy|y}v�y}�}~M�)�}~M{Cy}�E���q�E� #&, ��� #&,E#&4G'*->9(4
��x)�|�E���)�)v\�Ev8�2�:�My}�V���,z)v:y�~M�E�E�Ev���~6ÌT~M�Ty��Ev8x)��Î��l �ÉsÒQ�)�|v8�:�Ev8�|���Vy}v8�:��v8��{8���:��x)� � Á �ÃÂ + ¼ 
�"��[vCyvCÓ;v8{Cy}x)v:z)v8xb���8�.~M�T~M��v8�8�fufv��)�|v8�:�Ev8�Hv8��y��E�|�|x�zq� (*� ) �$� ) �ÃvCy�v8��y # x)��y}�V�`���`~M�,�Ev8�H�)�|���)�|�E�Cy}�8�
É\vCy�Êb�[ufv:�|v8{8���)z��8�.~M�T~M��vR�8�E�E�:�E�)v��Ev8�,���8�)�8�}~4y}v8x)�|�2�Ax)�!�|���Ty2�E�){8�Ex)��z`~M�)���Ev8���:�My}�V���Q��v8�|�:�8�
���|�8�Ax)v8�Ty}�?z)� # ¾�{6~M�E{8x)�E�8�8��{6~M��{8v8�©���8�)�8�}~4y}v8x)�|��À����Ty?���8�)�8�|v8�©�Ev8���:Ë8�:v8�\�:�My}�V���:��v8�|�:�8��Î�{C�i�
y}�)�8���|È8�:vRÉsÒO�
;!��
 �	���'<���<>= ;�9() .($ #". .39() .��G#&, .3#&BR9�$ #". 0
L ) , BC9(-85 �8� #&46BC=��64@= � )$#&,$- .39(,$-��64@= � )$#&,$-/. �
;!��
 �	���'<���<@? ;�9() . $ #". .&)37$#&4 �G#&, .3#&BR9�$ #". 0
L ) , BC9(-85 �#� #&46BC= ,E9(, �A�64@= � )$#&,$-E.39(,$- ,E9(, �A�64@= � )$#&,$-/. �
A (B<�
 ��C
) �D=FEHG��	� ��� 9 � 7 ����

�JI	�K? eme < % 7 & 7 & ��L 
�9(5:#&,$- I ) , #&, .3#&BR9�$ # 02# D2=&,E=&4G'*->#&) 4@. 02#- '*5�$�$ # 5 � #&-

S = {s1, s2, . . . , sj}
) ,�#&, .3#&BR9�$ # 02# � 5 � $��$�:.39() .��G#&, .3#&BR9�$ #".102#

I
9!M ∪sk = I

�8
 5
∃sa ∈ S

- � ���
I ⊆ h(sa)

� '�$ 9(4@.
h(I) = h(sa)

�
�[��xNy!{8���:�:v!(*� ) �$� ) �O� �3.�� 
 0ÏxNy}�E�E�E�|v«x)�)vY��y}�|x){Cy}x)�|vYzq� ~M�|w)�|v�z)vY�`~M{��`~M��vY����x)�¨��y}�b{�NMv8�

�Ev8�%�:�My}�V��� � » < ��u�¼�¼�"��bÇ�vCy|y}v���y}�|x){Cy}x)�|vY~H�Cy}���:�bz)�V�`�8v«����x)�¨����xNÀ����E�¨��y}�b{�NMv8�!z)v8�%�E�N�����|�\~4y}�E���)�
�|x)�)�)�E�8�:v8�Ty�~M�E�|v8��{8���:�:vH�.~2��v8�|�:vCy}x)�|vM�K�Y��x)��xNy}�E�E�E�|���)���Ev8���)�My�~4y}�E���)�«�|x)�VÀM~M�Ty}v8�8�

�[Ç�Ç
i
{8���Ty}�Ev8�TyY�Ev8��{6~M�)z)�Ez`~4y}��{8���:�����|�8��z)vHy}�|���E�«{��`~M�:�)�* 

O D2=&,E=&4G'*->#&) 41 `�:�My}�V��z)vHy�~M�E�E�Ev½���
O � #&46BC#&-8) 4@#R `�:�My}�V�f��v8�|�:�H{6~M�)z)�Ez`~4y��)�|�bz)x)�Vy��`~M���.~2��v8�|�:vCy}x)�|v,z)v D2=&,E=&4G'*->#&) 4O�
O �64@= � )$#&,E�"#� 6{8���:�Ny}v8x)����y}�b{�N4~M�Ty·�Ev����|�8�Ax)v8�){8v!z)x2���8�)�8�}~4y}v8x)��Î�v8�E�Ev�v8��y·�8�T~M�Ev%¾��.~«���|�8�Ax)v8�){8vz)xÄ�:�My}�V����v8�|�:�ÐÒO�
�[Ç

i
~��.~��:Ë8�:vH��y}�|x){Cy}x)�|v��\~M�E�«{8���|�|v8�|�����)z ~Mxb�?�:�My}�V������v8�|�:�8�����|�8�Ax)v8�Ty}�8�

�Y�ÄvO�Nv8�:�)�EvH{8���:�)�EvCy�zq� vO�N�8{8xNy}�E���Äv8��yY�)�|�8�|v8�Ty}�2z`~M�)���.~��|v8{Cy}�E���ÃÇ½� PN�
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$�%'& 
 ������(*) �����Hv8�b �Ç��E���|x)�|v
��

� � � 

� �,y}�}~M�)�}~M{Cy}�E���

t
z)v B 687 �����

Gt 0 Âbx)w)�|vCysÎ
FCCi.générateur

�
t
Ò�4 1 �Ev8�����8�)�8�}~4y}v8x)�|�Y{8���Ty}v8�Ax)�Yz`~M�)�Y�.~2y}�}~M�)�}~M{Cy}�E��� t

3
��

� ��� 

� �

g ∈ Gt 687 ��������
(g.fermeture = �) 7 % 
 ���
g.fermeture = t; 1 �E�)�Vy}�.~M�E�E�|vY~6À�v8{��Ev8���Vy}v8�:�«z)v,�.~�y}�}~M�)�}~M{Cy}�E��� t

3
����� 

�

g.fermeture = g.fermeture ∩ t;9 � ���
g.fréquence + +;9 � ��

� �

9 � ��

� �
����� 

� ��� ��� ⋃{c ∈ FCCi | c.fermeture 6= �};

$�%'& 
 ������(*) ��	��Hv8�b  �Hv8�)v8�}~4y}���
1 ��x)�|�E���)�)v8���Ev8���:�My}�V���«z)v��[Ç i

�Ax)�f�`~M��y�~M��v8�TyY�Ev8x)��Î��l �ÉsÒ%�)�|v8�:�Ev8�|���Vy}v8�:��3
�E�)�|v8��yY�E�Ty}�

FCCi+1.générateur�|v8�Ev8{Cy
p.item1, p.item2, . . . , p.itemi, q.itemi���|���

FCi.générateur p
�
FCi.générateur q���)v8�|v

p.item1 = q.item1, . . . , p.itemi−1 = q.itemi−1, p.itemi < q.itemi;

1 É ere �Cy�~M��vHzq� �8�.~M�T~M��v( `�)�|���)�|�E�Cy}�8�HÉ�vCy½Ê�3
��

� � � 

� �

p ∈ FCCi+1.générateur 687 �������

� ��� 

� ���l '�|��x)�i 'v8�)�|v8��w)�Ev
s
z)v

p 687 ��������
(s /∈ FCi.générateur) 7 % 
 ����|x)�)�)�|�E�:v8�

p
z)v

FCCi+1.générateur;9 � ���
9 � ��

� �

9 � ��

� �
1 Ê eme �Cy�~M��vHzq� �8�.~M�T~M��vM�b���©�8�E�E�:�E�)vY�Ev8�«�)��xNÀ�v6~Mxb�?���8�)�8�}~4y}v8x)�|���Ax)�;À����Ty�z)���)�)v8��z)v8�«��v8�|�:�8�z)� # ¾\{6~M�E{8x)�E�8��Î À����E��y}�)�8���|È8�:v\ÉsÒ? K���Ã�|x)�)�)�|�E�:v��Ev8�Y�)��xNÀ�v6~Mxb� Î���:�ÉsÒ  '���8�)�8�}~4y}v8x)�|���Ax)�·�|���Ty
�E�){8�Ex)��z`~M�)��x)�Ä�:�My}�V�f��v8�|�:�H���|�8�Ax)v8�Ty½z)v��[Ç

i
3

��

� � � 

� �
p ∈ FCCi+1.générateur 687 �����

Sp 0 Âbx)w)�|vCysÎ
FCi.générateur

�
p
Ò�4 1 ���8�)�8�}~4y}v8x)�|��{8���Ty}v8�Ax)�½z`~M�)� p

3
��

� ��� 

� �

s ∈ Sp 687 ��������
(p ⊆ s.fermeture) 7 % 
 ����|x)�)�)�|�E�:v8�

p
z)v

FCCi+1.générateur;9 � ���
9 � ��

� �

9 � ��

� �
����� 

� ��� ��� ⋃{c ∈ FCCi+1};
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��� ��� � ������� � � ��� � ������� � ��� ���! ���" ���� � !$9(BC9@D2=&,E=&5/->=
� ¡�� ����� ¦«¹ � ¬©¥ �	��

�������������������

Ç����:�:v!�)��x)����� ~6À����)�·Àbx�z`~M�)���.~½�|v8{Cy}�E����Ñ)� Êb�4�Ev�{6~M�E{8x)�bz)v«���A!$9(BC9@D2=&,E=&5/->=�zq� x)���:�My}�V�N��v8�|�:�
v8��y,�|�E�:�)�EvM��»[��x)�H�.~F0*5/%*#&4:D2#&,E�"#C���E�[�|x <RyHz)v�z)�Cy}v8�|�:�E�)v8�½�Ev2�)����w)�|v2y}�My�~M�[zq� �Vy}v8�:�Qz)v8�½y}��xNy}v8�
�|v8�Hy}�}~M�)�}~M{Cy}�E���)�8�q»¨x)�E�8�;x)�)v������E�Q�Ev2�:�My}�V����v8�|�:��{8���:�)�E�Cy}v8�:v8�TyQ�����|�:�M���E�[�)v��|v8��y}v��)�Ex)�Q�Axq� ¾
�|vCy}�}~M�){��)v8�Y�EvQ�)�|�bz)x)�Vy�z)vH�}~����|�8�Ax)v8�){8v�vCy�z)v,�|���Ä�)����w)�|vHzq� �Vy}v8�:�8�Nz)v,�.~��|���:�:vQ�)�|�8{8�8z)v8�Ty}vM�
�Y~M�)��v8�E���)���Ev8�«�����|��x)�Ev8�? 

divergence(X) =
∑

t∈g(X)

|f(t)| − F(X) × |X|

!$9(BC9@D2=&,E=&5/->=
(X) =

F(X) × |X |
divergence(X) + (F(X) × |X |)Ô2� ���

!$9(BC9@D2=&,E=&5/->=
(X) =

F(X) × |X |∑
t∈g(X) |f(t)| .

»[��x)�Y�:vCy|y}�|v�{8v8�.~:v8�F�,xNÀb�|vM���E�q�F~MxNyQ~ # ��xNy}v8�Yx)�Ã{��`~M�:� !$9(BC9@D2=&,E=&5/->=2¾:�.~R��y}�|x){Cy}x)�|v2{8���i 
�|v8�|�����)z`~M�TyQ¾�x)�Ä�:�My}�V�f��v8�|�:�,{6~M�)z)�Ez`~4y2Î �[Ç�Ç�Ò«��x?x)�Ä�:�My}�V�f��v8�|�:�H���|�8�Ax)v8�Ty�Î �[Ç�ÒO�
ufv�{6~M�E{8x)�·z)vR�.~\�|���:�:v�z)v8�,�Vy}v8�:�Qz)v8�Hy}�}~M�)�}~M{Cy}�E���)�Qz)v

X
�8� vCÓ;v8{Cy}x)v:z`~M�)� � #&, � �%$ 93.&) 4@#C�

¿'���F~MxNy:~M�E���|��~ # ��xNy}v8��x)�)v©�E�)��y}�|x){Cy}�E��� ~M�)�|È8����� �E�){8�|�8�:v8�Ty�~4y}�E���Íz)v?�.~Ä���|�8�Ax)v8�){8vM�%z)v��F~*;8��� ¾
~ # ��xNy}v8�½¾:���A!$9(BC9@D2=&,E=&5/->=,z)x ���8�)�8�}~4y}v8x)�½�Ev,�)����w)�|v�zq� �Vy}v8�:��z)v��.~�y}�}~M�)�}~M{Cy}�E���ÄvO�)~M�:�E�)�8v�Î�{C�i�
~M�E�����|�Vy}�)�:v K�ÒO�
$�%'& 
 ������(*) � � �Hv8�b �Ç��E���|x)�|v �Ä�bz)�V�`�
��

� � � 

� �,y}�}~M�)�}~M{Cy}�E���

t
z)v B 687 �����

Gt 0 Âbx)w)�|vCysÎ
FCCi.générateur

�
t
Ò�4 1 �Ev8�����8�)�8�}~4y}v8x)�|�Y{8���Ty}v8�Ax)�Yz`~M�)���.~�y}�}~M�)�}~M{Cy}�E��� t

3
��

� � � 

� �

g ∈ Gt 687 ��������
(g.fermeture = �) 7 % 
 ���
g.fermeture = t; 1 �E�)�Vy}�.~M�E�E�|vY~6À�v8{��Ev8���Vy}v8�:�«z)v,�.~�y}�}~M�)�}~M{Cy}�E��� t

3
����� 

�

g.fermeture = g.fermeture ∩ t;9 � ���
g.fréquence ++;
g.homogénéité+= |t|; 1 ��

� � % � � 7 % ��� % I � %"! ( 
�) 
 & <��B<�����< 39 � ��

� �

9 � ��

� �
����� 

� ��� ��� ⋃{c ∈ FCCi/c.fermeture 6= �};

ÔQ~M�)�!��� ~M�E�����|�Vy}�)�:v��)�|�E�){8�E�`~M� �3.�� 
 0����|�Kx)�\{6~M�)z)�Ez`~4y!v8��y!���|�8�Ax)v8�Ty6�N~M�E���|�%~6ÀM~M�Ty�z)v���� ~ # ��xb 
y}v8�Hz`~M�)� �[Ç

i
�;�E�[�F~MxNyH�:vCy|y}�|v�¾ # ��x)�Q�|��� !$9(BC9@D2=&,E=&5/->=C�;»[��x)�H{8v8�.~N�;�)��x)�Hz)�VÀb�E�|���)�Q�Ev��)�|�bz)x)�Vy

z)vQ�.~H���|�8�Ax)v8�){8vQvCy«z)x��)����w)�|v½zq� �Vy}v8�:�!z)v½�.~H��v8�|�:vCy}x)�|v½�`~M�!��� ~M�){8�Ev8�)�)v�ÀM~M�Ev8x)�!zq�A!$9(BC9@D2=&,E=&5/->=
Î�{C�i�K~M�E�����|�Vy}�)�:v �TÒO�
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 ������(*) ���ÃÇ«u*-,Â/. �Ä�bz)�V�`�

FCC1 0 1 �:�My}�V���«z)vHy�~M�E�E�Ev�É"354��

� �
(i = 1; FCCi.générateur 6= �; i + +) 687 �����

FCCi.fermeture = �;
FCCi.fréquence = 0;
FCCi 0 �Hv8�b �Ç��E���|x)�|vTÎ

FCCi
Ò�4 1 �)�|�bz)x)�Vy��.~2��v8�|�:vCy}x)�|vHz)v�{��`~M�Ax)v����8�)�8�}~4y}v8x)��3��

� ��� 

� �

c ∈ FCCi 687 ��������
(c.fréquence ≥ minfr) 7 % 
 ���
c.homogénéité = c.fréquence×|c.fermeture|)

c.homogénéité
; 1 � 7 % ��� % I � %"! ( 
�) 
 & <��B<�����< 3

FCi = FCi ∪ {c};9 � ���
9 � ��

� �
FCCi+1 0 �Hv8�b  �Hv8�)v8�}~4y}���ÐÎ

FCi
Ò�4 1 {8�|�8v8���Ev8�����8�)�8�}~4y}v8x)�|������x)����� �Vy}�8�}~4y}�E���\��:�É"39 � ��

� �

����� 

� ��� ���
FC =

⋃i−1
j=1 {FCj.fermeture, FCj.fréquence, FCj.homogénéité};

� ¡�� 	�
�¥�®
� � ¥�¬ � ¥�
�¶�¦«¹�²�³C°2º
»¨�|v8�)���)�[x)�2vO�Nv8�:�)�Ev%�|�E�:�)�EvM�8xNy}�E�E�E�|��z`~M�)� � » < ��u�¼�¼�"��Ð{8���Ty}v8�`~M�Ty%Õ�y}�}~M�)�}~M{Cy}�E���)��vCy�Õ��Vy}v8�:�8�

�Y��x)���N�N���)���EvH�|v8x)�E�
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