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_ac	TAbahs{�U6W�]��0|}m�XZ]4mM �~ZWp`	TA~Z]*hsW�]0[�`4~Zo�m�|}X�`	]r �~ZWz³�W3Y�ÑA`	TAmsW3`	TA~Z]0hsW�]:³�TA~ac	]*W�`* �~amuU6Wp¢7TAX�`r|}m�U6W�c0hsW3_ah�~Z]
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Å W0_ac	T}åZ`	WpoaW*Y�W�`4`	WrT�Y�Y�|A]4msTAX�_�TA~ac"c	W�U6W�c	Y�msW�c"`	TA~Z]2hsW�]"W�XZ]	W�m�w)X�|}X�`	]0 �~am�TAX�`zo�!�U6Wr]4~a_a_�TAc4`	W�czo�~�¸
c|}X�`�Y�W�]zoaW�~�Ã«oaW�c4Xams{�c	W�]�oa[�Y�W�XaXamsW�]���é�|}c4UVm�W�~�Ã�yaY�W�c4`|}m�XZ]�U«ilTAX�`0_�|}c4`4msY�~ah�ms{�c	W�U6W�X�`�U�|}c	 �~Z[�]pÞZ»'�Ò§�(
¬^®@»FÌ@�*�@� o�~eY�TAh�hs{�w W�S2|}UVm�h�hsW�¡*~Z[�c4m�XeoaWzé�TAm�`4msW�c	]���»H�)(�¤¿�©¾�¬��*¨Ä±6y)_ac	T}¢7W�]	]	W�~ac:oaWzU�|}`4vZ[�U�|Ë¸
`4ms �~ZW�]0|}~«h�Â�Y�[�W x TA~ams]0�0c4U�|}XZoÄoaW¿é�TAm�`4msW�c	]�oaTAX�`:³�Wrw�|}c	oaW�c|}ms]0`	TA~A³4TA~ac	]0W�X«U6[�U6TAm�c	W\]	W�]0Y�TAc4c	W�Y�`4msTAXZ]
oaW��¿qJTAÁïm�h"U6TAX�`4c|}m�`� �~ZW�`	TA~a`VhsW©U6TAXZoaW�_�TA~an)|}m�`\¢7|AY�m�hsW�U6W�X�`e|�n TAm�c�_ah�~Z]VoaWÀd)d�]4~ac6´)µ�� Å W�`4msW�XZ]
gÄc	W�U6W�c	Y�msW�c@U6TAXJU6W�X�`	TAc�y%�3�u�A���������Z� �3ª«��±¿��°�¾��*�^yMèî|+*s`4c	WeoaW«S%TAX�¢7[�c	W�XZY�W�]6g«hjilk0Xam�n W�c	]4m�`	[�oaW
é�TAm�`4msW�c	]%_�TA~ac%hsW�]�¢j|}ba~ahsW�~�ÃeY�TA~ac	]%o�il[�hsW�Y�`4c	TAXams �~ZW�o�ms]4_�W�XZ]	[�]%W�Xeh�msY�W�XZY�W)� Å W*Y�c	TAms]2 �~ZW0Y)ilW�]4`-h�~am� �~am�U«iæ|
¢j|}m�`"_ac	W�XZo�c	W¿Y�TAXZ]	Y�msW�XZY�W3o�~�U6[�`4msW�c0 �~ZW%³�W�n TA~ah�|}ms]0W�Ã�W�c	Y�W�czW�`�]	~ac4`	TA~a`�yZoaWrh�|\U�|}Xams{�c	W¿oaWrhjilW�ÃaW�c	Y�W�c��
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�&6^AP;D9`3�GKMOAPCF9Q6 ,<,
��T8?\�oC AP;DIÑ,S.�!+?Y�&INaQ=YIN6^A]?BADCb9^6
	o9QG8I�3+5�CF=Y?\a<IN�"M�9QGKLbING�;U� ,��
® Ö ® î �V���Û�Z�B�\²&�u����� Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö ®�

® Ö ® Ö ® ê��&�\�u�&�u�&�n���>���������\�Ç�t�¯²���B����B� Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö ®�
® Ö ® Ö ³ á ��O X�&�n���>���������HÞó�\�\�Ç�� X�O���	�n�\ ���Û���n�\� Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö ®��
® Ö ® Ö�� ì �&�uñ\�N�\����\�Ç�u�&�� X�&�V�ø�>�u�������HÞó�� X�O���&�#²���\����\�Û� Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö ®D°

® Ö ³ á �&�� ���V�ø�>�u�������\���u�u����Þã�� q�O�O��#²�O�\���&�\�u� Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö ®��
® Ö ³ Ö ® á ��O X�&�n���>���������\�&�Û���Ç�HÞó�� X�O���&�#²���\����\�Û�#�S�O���O�S�>��æN�u���Û�S�>�����O��� ÖÇÖ�Ö�Ö�Ö ®��
® Ö ³ Ö ³ á ��O X�&�n���>���������\�&�Û���Ç�HÞó�� X�O���&�#²���\����\�Û�#�S�O�«²���O�u�Û���S²�>���������\�Ç�\�1ôB�&��� Ö�Ö ³Z®

® Ö ³ Ö ³ Ö ® í �S�>��æN�u�4�\�+���Ò�\���k���Û���\�B�u�����ä�\��8�Q�����V����²���\����\�Û�`�S�O�\�8�RÞã�&�u�S�O²&�
²���B����B� Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö ³ �

® Ö ³ Ö ³ Ö ³ í �S�>��æN�u�Ç�HÞóñ\���k�����O���O � X�&� Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö ³�
í �\�\�u�N²øñ\�Ç X�O�u�����S�O��� Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö ³��
í �\�\�u�N²øñ\��é��&²&�u���u�������� Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö ³��

® Ö ³ Ö�� î �V������&�u�Ý���Ý���� ����u��Ò�B��� X����ñ\�N�\��#�B���Û��� ���V���>���������\�&�Û��� Ö�Ö�ÖÇÖ�Ö�Ö�Ö�� ´
® Ö�� á �&�� ���V�ø�>�u�������S�O�\�Ç�HÞã�� q�>����º²&���\����\�Û� Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�� ®

® Ö��BÖ ® � �u���B²���\�O�Zô�²&���\²&��B�u�ä�\�Ç�t�±���������N�B���S���\� ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�� ³
® Ö��BÖ ® Ö ® ÷ ���\�\���u�������HÞó�\���u���\� õ �&�\�u�& ±�\�����S��� Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�� ³
® Ö��BÖ ® Ö ³ × �O���>²&���&�u���Û�����n�\��«�HÞó�\���u���\� õ �&�\�u�& ±�\�����S��� Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö����

® Ö��BÖ ³ ÷ ���\�\���u�������\�Ç�t�¯�Û��� ���V�ø�U�����O� �S���\�Ç�HÞó�\�\���� X�O���	²&���\����\� Ö�Ö�ÖÇÖ�Ö�Ö�Ö�� µ
® Ö��BÖ�� á ��O X�&�n���>���������S���\�Ç�HÞó�� X�O���&�º²�O�\���&�\�u�«�S�O���O�\�O��æN�u���Û�S�>�u�t�O���	�\�Ç�òÞó�� X�O��� � �
® Ö��BÖ µ á ��O X�&�n���>���������S���\�Ç�HÞó�� X�O���&�º²�O�\���&�\�u�«�S�O�«²&�t�O�Û�u���\²]�>�u�������\�Ç�\�1ôZ���� Ö�Ö µn³

® Ö��BÖ µ Ö ® í �S�>��æN�u�!�S���B���B����N�\�O����«�\�Ç�Q�����V�u�#²���\����\�Û� Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö µn³
® Ö��BÖ µ Ö ³ í �S�>��æN�u�!�S���B����Þãñ\���Û�u�������> X ��� ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö µn°

® Ö µ × ���B²���B�u���O� ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö µ"�
��T8?\�oC AP;DI$#H.�!)?�=@9Q;D�KT�9QLb9<a^CbI¯=Y?ZADT�_N=Y?ZADCRE�G�I%	K9QG�I"?S38?\�8AP_nI'&�Lb?�38_VAPINMOADCF9Q6�38IN�
=Y9`38IN� �`,
³ Ö ® î �V���Û�Z�B�\²&�u����� Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö Z®
³ Ö ³ Ù ���O�B�ÛÚb���Û q�>�u�����B�º X�O�u�\ñ\�O���������n�\��º�B���S�O���u�&�#����& X�&�V�ø�O���u�� Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö  �

³ Ö ³ Ö ® ÷ ���\�\���u�������\�Ç�òÞó��Û���u�������\���S�O���Û� Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö  �
³ Ö ³ Ö ³ ÷ ���\�\���u�������\�Ç�t�¯�\���t�>���>�������q�B���S�O���u� Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö >µ
³ Ö ³ Ö�� ÷ ���\�\���u�����\�«�\�Ç�RÞã���Zé���k���\�Û�Ç�&�«�\�Ç�t�±Úb�&�u ��&���B�u���\���S�O���Û�� Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö �
³ Ö ³ Ö µ ÷ �&�u�²������O���\�&�Ý ��N�\��#�S�>�º�����>�\�ÛÚb���Û q�U�����O�\�º ����u�\ñB�������O���n�\��Ò�\���S�>���u�&� Ö ��

³ Ö�� ï�é>�O���\�>���������\�Ç�t��Úb���B²&���������HÞã�O�\�S�O�k���&�S�O�\²&���O���Û���\� õ ��\�Û� ±�B���!�S���� X�N�\� Ö�Ö�Ö ��
³ Ö��BÖ ® î �V���u�N�\�\²�������� Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö ��
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³ Ö��BÖ ³ í �S�O�0æZ�Û�Ç�\�Ç�t�¯²���VéO��ôZ���u���HÞó�\��ñ\���k�����O���O � X�Ý²���B����B� Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö O°
³ Ö��BÖ � � ñS�>�u���\��Úb�����&���S²�>������� Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö ��³
³ Ö��BÖ µ ïoôZ�\���������>�������%�\�Ç�t�±Úb���B²&���������HÞã�O�\�S�>�Û���&�S�O�\²&��Ü¯�\�� ��Z�\� Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö �>µ

³ Ö µ Ø �" ����Û�\ñ\�����������Ý q�U��ñ\�& q�>�u���n�\���\���\���O�S�O�Z�����Ü¯�t�¯�\�����&²&���������\��� ��Z�\�&� Ö�Ö�Ö ���
³ Ö µ Ö ® Õ �Q��u�>�������\�#��B�u� ��\�����Û���&�«�u�\�«���&�#�u���B� õ �&�\�u�& ±�\���� �S���\� Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö ���

³ Ö µ Ö ® Ö ® ï4�V�>�����u�	�&�����\²���\�u�������\�Ç�\��Nô��u���B� õ �&�\�u�& ±�\���� �S���\� Ö�Ö�Ö�Ö�Ö ���
³ Ö µ Ö ® Ö ³ î �V�u��u�Û�²������O���&�«�B�\�������\�Ç�\�&�Zô��u�O�\� õ ��\�Û� ±�\���� �S���\� Ö�Ö�Ö�Ö�Ö ��°
³ Ö µ Ö ® Ö�� Ø �&���B���u ���«�&��²&���\���Û X�&�º���u���O�\���B�t�O���u�� Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö ���

³ Ö µ Ö ³ Õ �Q��u�>�������\�# ����u�\ñB�������O���n�\�� �S���\�&���&���& X�&�n���O���Û�� Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö ���
³ Ö µ Ö ³ Ö ® ÷ ���S�\�0�������\�#�\�&�Ý���Q��u�>�������\�º��Þã�&�u���Û�������&���\�Ç�\���t�>���>�������'�S�O�\�� °>´
³ Ö µ Ö ³ Ö ³ ÷ ���S�\�0�������\�4�\�&�*���Q��u�>�������\�4�HÞó���BéO��k���\�Û�Ý���*�B�«Úb�&�u ��&�u�\�u� �S���B���° �

³ Ö  × ���\²&���\�Û����� Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö °�
��T�?\�KC AP;DI��H.���_nA]IZMOAPCF9Q6 38IN�"=Y9`38IZ��38?S6K��G�6�IZ�&�K?SM�I M�9QG�LFING8; ���
�BÖ ® î �V���u�N�\�\²�������� Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö °O°�BÖ ³ ÷ ���\�\���u�����\�4�B���RÞã�&�u���Û�������&�)�\�#�t�	�B���t�U�ø�>�u����� �S���\�&�*�>�S�O�B�u���)Ü��t�	�B�&���&²&�u�����"�\�&�

 X�N�\�&� ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö °���BÖ �  ���\²&�u�����B�#�Û���Û�\²&�u�\���>�n�u��Ý�O�S�O�Z����&�äÜ¯���±�\�&�u�²&�u�������\�&�Ý ��Z�B�� Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö ° ��BÖ��BÖ ® Ø �N²]�O�����u�>�������%�HÞó�\���^�����V�#�S�O�\���òÞó��Û�S�O²&��²&���\����\� Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö �O´�BÖ��BÖ ³  ���B²&���������Û�u�u�\²����\�u�O�V��� νE

�O�u�Û�Z²&���&�ÇÜ��RÞã�&�u���Û����� �S�O�\�
Em
SE

[
µM

] Ö�Ö�Ö�Ö�Ö ��³�BÖ��BÖ �  ���B²&���������Û�u�u�\²����\�u�O�V��� νD

�O�Û�u�N²�����Ü¯�t�¯�\�����>�ø�U�����O�'�S���B�
Dm

SD

[
µM

] Ö�Ö ��
�BÖ µ ïoôZ�u���O²����������\��� X�N�\�&�#�S�O�#���u�O�\�ÛÚb�O�u X�>�������% ����u�\ñB�������O���n�\� �\���\� Ö�Ö�Ö�Ö�Ö�Ö�Ö ��°�BÖ µ Ö ® ÷ ���S�\�0���������HÞã�B�\�Ç�\���BéO������������>�\�ÛÚb���Û q�U�����O�% X�O�u�\ñ\�O���������n�\� �S�O�\� Ö�Ö�Ö�Ö ��°�BÖ µ Ö ³ � �Û�Z²&��\�\�Û���0���&���>�u��é�����Þã��ôZ�u���O²����������\��� X�N�\�&� Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö ����BÖ µ Ö � î � �S�\��B²���B���RÞà�"!Û�\�Û�u� ���V�«�\���u��B��� TH Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö ��³
�BÖ  � ñS�O�u���\�Ç�\��Úb�����&���S²�>������� Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö ���BÖ � × ���\²&���\�Û����� Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö ���

��T�?\�KC AP;DI$#8.��%_N�]G�LbAP?ZAD� %�%
µ Ö ® î �V���u�N�\�\²�������� Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö ���
µ Ö ³ × �t�O�Û�u� �S²]�>�u�������\�&�Ò�\�1ôB�&���)�\�ä�RÞã�� q�>���º²�O�\���&�\�*�&Þà�>�\�\�Bæ��O�V�#�u�\�*���&�* ��Z�B��)�\�&�u�²&�u��>®P´�´

µ Ö ³ Ö ® î �B��V��� �S²]�>�u�������\�&�Ý ��N�\�� Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö ®P´O´
µ Ö ³ Ö ³ × ���O�u�Û���S²�>���������\�Ç�òÞó��B�u� ��\���Ç�\�&���B�0ôZ����«Ü��S�>�Û�����º�\�&�� ��N�\��«���B��V��� �S�� Ö ®P´�³

µ Ö ³ Ö ³ Ö ® × ���O�u�Û���S²�>�������%�\�&�#�\�0ôZ�&���ºéN���#Ü�éN���#�\��#�S�>�ÛæN²�&�n�u�u�&�Ý�\�&�#²���O�u�Û��O®]´V³
µ Ö ³ Ö ³ Ö ³ × ���O�u�Û���S²�>���������\�&�Ý�\�1ôZ����ºéN���«Ü"éN���#�B�� ��Z�B�������\���\�#�\�u�N²øñ\� Ö ®P´ �

µ Ö � á ��O X�&�n���>���������HÞó�\�\�Ç�� X�O���	²&���\����\�#�\�Ç�kæZ�V�uñ�&�Û� Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö ®P´�
µ Ö��BÖ ® � �Û��u�&�V�ø�>�u�������\�Ç�òÞó�� X�O���Ý�\�Ç�ÛæN�V��ñ�&&�u� Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö ®P´�
µ Ö��BÖ ³ � ñS�>�u�±�\�ÇÚb���'����\²]�>�u�����)(Q��é>�O���S�U�����O���B���t�¯Úb���\²�����������Þà�O�B�S�O�Û�u��S�>�\²�¯Ü

�B�� ��Z�B� Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö ®P´�°
µ Ö��BÖ � � ñS�>�u� �HÞà�>�S�O��æN�Û� �B� ���YÚb���\²������O� ��Þà�O�B�S�O�Û�u��S�>�\²� Ü��\�  X�N�\� µM

(
�>�\�\����²]�>�u�����q�\�Ç�t�±���u�O�\�ÛÚb�O�u X�>�������% ����u�\ñB�������O���n�\� �\���\�+* Ö�Ö�Ö�Ö�Ö�Ö�Ö ®P´��
µ Ö �BÖ��BÖ ® ï�é>�O���S�>�������"�\��)é>�O�u���>�������\�4���N²]�>����4�B�ä�t��Úb���\²��������X��Þà�O�B�S�O�Û�u� õ

�\�O�\²��Ü"�\�� X�N�\� Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö ®P´��
µ Ö �BÖ��BÖ ³ í �\�\����²]�U�����O�%�\�Ç�t�±���u�O�\�kÚb���u X�>�������% ����u�Bñ\�����O�����n�\�$* Ö�Ö�Ö�Ö ®�®]´
µ Ö �BÖ��BÖ�� ïoôN���u�O²&�u�������\�&�Ý�Q�����n�u�# X�N�S�O�Nô Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö ®�®P³

µ Ö��BÖ µ × ���O�u�Û���S²�>���������\�&�Ý�\�1ôZ����«Ü¯�S�>�Û�����#�\��« ��Z�B��#�\�����²����&� Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö ®�®P³
µ Ö��BÖ  î � �S�\��B²���B���\�Û�\���º�u�\�«���&�«�u��Û�\�����>���#�B�����±²�t�>�u�u� �S²]�U�����O� Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö ®�® �
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µ Ö µ í �\�\����²]�>�u�������Q���\�#���±�u�&�� X�&�V�ø�>�u�������HÞó�� X�O���&�º�u�&������� Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö ®�®��
µ Ö µ Ö ® á ��O X�&�n���>���������\�Ç�òÞó�� X�O�����&ñ\���\�Û��� Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö ®�®��
µ Ö µ Ö ³ á ��O X�&�n���>���������\�Ç�òÞó�� X�O�����&�^��O�\��� Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö ®D³Z®

µ Ö  × ���B²���B�u���O� ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�Ö�ÖÇÖ�Ö�Ö�Ö ®D³ �
��9Q6KMVLFG��]CF9Q6 InA��4In;U��4INMOADC��^IN� ,�# �
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Ø �%�u�&²�&�n���\��é��&�����\�Q� ���V�"�\���RÞã�&���&²&���Û���\���N�B�q�&�±�\���òÞó���BÚb�O�u X�>�����N�B�X�2�Q��Û X���±Ü2����éN���u�����
�O�k��� �S²����������\�*²���\�\�>ð��u�u�)�\�±��Û�u���K�����>�\�\���Û���O�V���O� �S�N�\�&���O�\�B��� Ö ï4�����+��Û���O� !Û���B�u�HÞóñn�\�Z�B�u��Û��V���
�S�>�\�±�\�&�¯�\�� X�O���\�&���HÞã�O�\�B����²�>������� ��� &&��é>�O�u������u������n�\���òÞó���B�u�Q�²&�u�����@�\���u�B�ÛÚF�O²&�21o���%²�O�n�u��3����
�n�S�O�����u�#�S�O�\�)�òÞã�O���Û� õ �O���� ���V�ø�>���u�41P���#���B���S�O�O���B���Û���Q�O���51N���� X�&�u�\�Û�21V���«�\�O q�O���\�# ���\��²]�O�\�O�X����
�O�B�\����²]�>�u�����\�* ±�\�0���� ���B�t�O�51Z�&�n�u�u���O�B�u�u�&� Ö
í �S�O�k�����Ò�HÞó�\�\�Ç�� X�O���Ý�n�\ X�&�u���N�B��²���\����\�51B����²�O�néN����V���HÞã��ôN�����>���u�ä����#���BÚb���Û q�>�u�����B�*²&���\�u� õ

�\�&�u�&��	²&�� X ��Ç�^�&�Û�u���\�&�n�u��	�&��Úb���\²����������B���òÞã�O�\�B����²�>��������²�O�\²�&�u�\�&�21H����«�����>�����&�61<���&�ä�>�S�O��æN�Û��
�\�B���º����#���V�u��u�B� �&�u�� Ö ßÝ�\�Ç�� q�O�O�ä²�O�\���&�\�º�u�Ç�\� �S�\�0�#²�� � ��	�\�\�� X�>���Û��²&�Ç³ D �\���\�1ôZ����#²�O���>² õ
�u��u���u�&�Ý�S�>�ä���&�\�u��²�O X�Q�����>�n�u��«���Û��²øñ\�Û�� q�U�����n�\�&�87 R, V,B 9 Ö^Ø Þã�O�S�O�0æN�u���HÞã�B�\���� q�O�O���B�²�&�u�Û�����
���&�\��u�O���& X�&�V�"�\���t���u�&�� X�&�V����514²OÞó��k�%Ü��\���u�21o�\�����2�S�O�k�����u�����B�\��±�&�s�B�;:^��u�&�V������u�&�����O�\�¯�\�
�u��������u���k�����n�\��������\�0ôZ�&���«���\²&���\�«�S�>�\�Ý�B�\�� $� ��Ç�u�&���������u���u�&�u�Û� ±�\�����B���\���n�\��������\�0ôZ�&���«�\�
�Û��������\�#�\���Û�����\²&�u��51\�&��²�41S�u�&�������\��²�u�0��&&�u���\�Ç�u�&�u�Û� ±�\���O�\²&���n�HÞó���H�&Þà�>�����«�\�Ç�\� �S�\��� Ö
è ��O�\ ������B�61`�t���\���\�S�O�k���B��� ��&�uñ\�N�\����\���u��O X�&�n���>������� �HÞã�� q�>����Ç²�O�\���&�\�u���u���V���S�O�u�&��

�Û�\�Ý�B��	�>�\�\�u�N²øñ\�&�Ý�&�2�\��éO�]�O�Nô��\���O�u�����O�B�\�����N�B�����S�O�B�Ý�\��:��&�u�&�n�u�ä�&�u�S�O²&��Ý²���\����\�Û�61<²�O X ��
�RÞã�������B�Û���Û�Ý���%�S���\�Û� îøÖ ®Ç��ôN���u�O���u�Ç�\�=< × å á�> ´Z®6? Ö

Approches
de segmentation

d'images couleurs

Techniques de segmentation
monochrome

- Seuillage d'histogramme,
- Regroupement dans l'espace des 
attributs,
- Approches régions,
- Détection de contours,
- Approches floues,
- Réseaux de neurones
- Approches physiques
- Combinaison de certaines 
citées ci-dessus

Espaces couleurs

RGB
YIQ
YUV
I1I2I3
HSI
Nrgb
CIE L*u*v*
CIE L*a*b*
Espaces hybrides

@BADCFE ¾+(�GIH �0_a_ac	T�YvZW�]�Y�TA~ac|}UVU6W�X�`�~a`4m�h�ms]	[�W�]0W�X«]	W�w)U6W�X�`|}`4msTAXîo�i m�U�|}w W�]�Y�TA~ahsW�~ac	]��
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� �O�Û X��²�&���\�;:^��Û��V���&���O�\�\�Û�Z²øñB��61��\���\���>�����O�\�Ý�B�u��Û��V���&���S�O�\����� ��;DIN=ÑCFIn;�MUT�?\�KC AP;DI �B�
²�Ç �� ������Û�	�\�Ç��ñ�&&�u�21<�\�B���kæZ�V�uñ�&�Û���\���\�����������>�\ñ\���n�\�ä�\��� X����ñ\�N�\�&���Q��Û X���u���O�V�Ý�B���Û��� ��� õ
���&�X������� X�O����"²&���\���&�\�u���u�&�����s�\��Nôs� æN�Q��%��Þà�O�B�\�u�N²øñ\��X�\���k�����\²&�u�� Ö)Ø �@�B�u� �� &&�u��²]�>�u����O�u���
²���B�u���k����Ü��5:^�²&�u�\����\�\�X�O�S�>��æN�u�"�u�\�>�����O���±�B�X�RÞã�� q�O�O���� ²�O�\�u���\��u�O�V���n�HÞó�\�\���u�&������� �&�Û���\�
��\�Û� ±�B�����B�±�\�0ôZ�&���ä²&���\�\��ôZ��Ç�\��²&���\����\�Û�	�\�\�0Úb���u ��� Ö � �O�	�\���\�O�t�]æV�>�����\���òÞó�� X�O���21B²��� �� õ
��ñ\�N�\�&�ä²�O�\�Û�u�u�\���u��V�Ç²øñS�>�N�B�¯�u��O����������u�&���u�O�\�S�O�V������ä�B�0ôZ����ä²�O�\�\��ôZ�&���u��Û�^�&²&���O�V�Ç�����O�2���&�
�\�u�&�\��²�>���#�Z���������Û�� Ö
Ø ���u�²&���\�\��²�>���&�����Û�����HÞà�>�\�\�u�N²øñ\�&�¯�\���S�B���±������u��O�����\��²�O X ��X�B��¯��B�u� ��\���&�±�\�q�B�0ôZ����

²���B�\��ôZ��#�B���V�#�t���\�u� !Û�&²&�u�����%�\�O�\�º�RÞã�&�u�S�O²&�	²�O�\���&�\�Ò�\�O�\�\�	�S�>���u�u�O�\²&��Ü��\�&�º�n�S�O���&�#�\�ä�Q�����V�u�
²���B����B�u� ÖOØ �	�u��O X�&�n���>�������±�Û�&éN���&�n�4�O�����Û��Ü	�\�����&²&���&�+�&�4²&���\�Û�u�u�\���u�º�����²&�t�O�Û�u�&�4�\�º�\�1ôB�&����²&���u�Û�� õ
�^�O�\�S�O�V��Ü±²øñS�O²&�\���B��²��«�n�S�O�O�� Ö^× ���u���Ç�\�����&²&���������\��«²&�t�O�Û�u��«�\���B�0ôZ����#²���Û�u��Û�^�O�\�S�O�V�Ý�O�Zô
�n�S�O���&�*�\���Q�����V���4²&���\����\�Û�*�Q��B� �&�u�u�«����O���& X�&�n�)��:��&²&���B��ä�\�O�+�\�\�Ý�O�S�O�0æZ�Û�«�\�Ý�RÞãñB���Û�u�����u�O X ��
²���B����B� Ö<× ���u�����O�S�>��æN�u�	é>���O�^�O�B�����#Ü¯�t�±�\�����²����������B��«�\�;:^��Û��V���� ��Z�\�&�#�\�Ç�òÞó��Û�S�O²�Ç²&���\���&�\�61
�n�\�Z�Û���V�4���&� �&���\��o�\�º�òÞó��Û�S�O²&�ºÜÝÚb���k���*�\��\�Û���u�º�\�Ò�Q�����n�u� ÖOá ���\�o�òÞóñnæN�Q�O��ñ�&�u�Ò²�� � ±�\�\�& X�&�V�4�O� õ
 X���u�#�n�HÞãÜ�²øñ\�O�n�\�ä ��Z�B�#��Û�Ò�O�Û�u�N²���#�B�\�Ý²&�t�O�Û�u���\�«�\�0ôZ�&���61V�����u��O X�&�n���>�������"�HÞó�� X�O����4²&���\����\�Û�
�^�&�B�«�\���B² �����Û���>�^���Û�\��Ç²&�� X ����\���\�u�O�\� && X�	�B���B�&���&²&�u�������\��« ��Z�B�� Ö
� ���\�#²&���� 1B�\�O�\�«�O�������\�)²øñ\��Û²øñ\��ÝÜ±��ôN�u���O���u�	�\���RÞã�&�\�u�& ±�\���	�\��#�Q�����n�u�º�\���RÞã�&�u�S�O²&��²���B����B�

²�&�Zô±�n�\�\�O�\�S�O�k������\�\�&�V�+�O�Zô� X�N�\�&�61U�N�B�º�\���\�+�>�\�^�&�����B� �&�Q�����V�u�o ��Z�S�>�Zô �)�&���N�B�B²�O�\�Û�u�����B��V�
�\�q�Û���\� õ ��B�u� ��\���Ý�\�ä�RÞã�&�\�u�& ±�\���«�\�&�º�Q�����V���+�\�Ý�òÞó��Û�S�O²�Ý²���B����B� Öní ���\�u�D1V�\���\�Ò�O�������\�+�O�S�>��æN�u�&�
²øñS�O²&�\���\��#�Q�����n�u�Ò�\�ä�òÞó��u�\�O²�	²&���\����\�51B����Û� X�O�u�n�S�>�n�º�N�B�	²øñS�O�n�\���Q�����V�Ò��Û�º�\���\�Ò���% ������\�
�u�\�Û²�&�B�����\���¯�HÞ �&�u�u�"²�O�\�u���\��Û��²&�� � X�±�B� �Q�����n�	 X�N�S�O� ÖH× ���u���"�\�>�����O���HÞã�� X�B�u�²&���Û������é>�%�\�O�\�
²���B�\�\���Û�4é���Û�o���«�uñ\����Û���+�\�&�K�Û���\� õ ��\�Û� ±�B���� �S���\� Ö>× Þã�&�Û�4�>���\�Û�V�N�B�Ò�S�O�B�K��� �&IZM�9Q6�3�M>T8?\�KCbA];UI 1
�\���\�)�O�������B���\���\�\���+�\���u���B� õ �&�\�u�& ±�\��� �S�O�� ��N�\�#²]�O�u�O²&�u��Û���u�«�S�>�)�u�ÇÚb�O�\²&�u�����"�HÞã�O�\�S�>�Û���&�S�O�\²&�
�>�u�u��k�ø�O�V���^�O�\�#²øñS�O�n�\���^�O���V�«�\�Ç�òÞó��Û�S�O²�Ç�Û�����B����Û����Þà�O�B�S�O�Û�u��S�>�\²��Ü"�\�� ��N�\� Ö
× ��Q��\�S�>�n�61^²&�&�Û����Úb�O�\²&�u�������HÞã�O�\�S�O�k���&�S�O�\²&�±Ü"�\�� ��Z�B���B�u��Û��V�����\���B�� ±�\�Û��\�Û��ä���u�Û���� õ

�t�O�Û���u�� Ö�è ���B���\�Û���Q���u���B���O�����u���B�X�\�����&²&���&������Ç ��Z�\�&�Ç�\�X�RÞã�&�u�S�>²��²���\����\�Ç�S�>���B�\�q�>�S�O��æN�Û�
�Û�u�u�\²����\�u�O�����\�±���"Úb���B²&����������Þà�O�B�S�O�Û�u��S�>�\²�¯ÜX�\�2 ��Z�\� Ö^× Þã�&�Û���Q���\�Û�N�B���K�B���\�ä�B���\�ä�Û�� � X�&�
���V���&�u�&�u�u�&�«Ü±�t�� ����Û�\ñ\�����������« X�>��ñB� X�>�����N�B�21n�&�#�B���\�º�\�O�Û�u��²�B��� &&�u�& X�&�n�ÒÜ±�t�� X���Û�\ñ\������������ X� õ
��ñ\�& q�U�����n�\� �\���\�Ç�\���V�«�\���B�Ý�\�Û��Û��V�����B�Ý����«���Q����U����B�u�«�\�Ç�S�O�Û���\�O�\�«²�Ç�u�&²���B��²øñS�O�B�����Û� Ö
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÷ �O�B�4��� AP;D9QCR�C �N=YI¯MUT8?\�oC AP;DI 1>�B���\�+�\�u�O�^���Û���\�4�\�B�º�����>�\�ÛÚb���Û q�U�����O�� ����u�\ñB�������O���n�\� �\���\�
�\��²���u����Úb���\²&�u�������HÞã�O�\�S�O�k���&�S�O�\²&�¯Üq�\�2 ��N�\�� ��&�Û�ø�O�V�Ý����N��BéN�Û���\�&�	���Q����U�����O�\�Ý��Þã�&�u���Û�����
���	�\���\�����>�ø�>�u�������S�O�\��Ý�B���������u�O�V���\��	�&���& X�&�n�u�ä�k���u�B²&���B���O�V��� �S���\�	�Û�^�&²� �S�n�\� ���V�Ç�O�\�O�B���&�	Ü
�\�>���u���B�u���\� & ��ä�\�Ç�\�����&²&���������\��# ��N�\�� Ö<× �&�Û�������u�O�\�ÛÚb�O�u X�>�������q�Q��Û X���«�HÞà�>�^���Z�����º�O���Û� ���V�
Ü¯�òÞó��ôN�u���O²������O���\����^�O���V���# ��Z�\�O�Zô�²�O���>²&���&�u�����O�V�«���&�« X�N�\�� Ö
è �O�\�±�\�Û��u�&�V�����\�"�&�\�u�\�0�����\�&�Zô� ��&�uñ\�N�\��±�B��²�t�>�u�u� �S²]�U�����O�Y�\�&�¯�\�0ôZ������\���RÞã�� q�>���"�Þã�O� õ

�\�ZæV�O�V�)�u�\�4����4 ��Z�B����\�����&²&���&� ÖN÷ �O�B�)��� EHG8?BAP;UC��Z=@IXMUT8?\�oC AP;DI 1O�\�O�\�+�O�S�O�0æN�u���\�4����4�Û��u�B���ø�U���
�\���Û��� ���V���>�������%���B�u��n�\���]é��&²��B�O���Û�� X����ñ\�N�\�21B�O�\�\�����n�\�&��Ü±�\�\�Ç�� X�O����²�O�\���&�\�#�\���ÛæN�V��ñ�&�u�
����Ü@�B��%�� q�O�O��"²���B����B�u� Ö*è �O�\�q�����\�\�����\�q�O�����Û�X�RÞã��� �S�\�&�\²���\��X�S�O�u�O  &����Û��q�B�²�&�u�u�O���Û���Ü
�\�>���u�Ç�>�������Û���uñ\ X�ä�]éO�>�n���\�Ç²&���\²���\�u���Û�\���\�O���Û�	���u�Pé>�O���H�&�«�B�u��Û��V���&�ä�n�\�&���n�\����Q��u�Û�^�&²&�u��é��&� Ö
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��� �!� � "$#&%('*)�+,#�-�.0/1.32	4�-657#98	/;:<4�=(8 #�=>'
Ø �2�^�&�u²&��B�u�������\������²�O�\���&�\�±��k�"�\�'�\ñ\�&�\��  &�\���Û��u�Q�²��ø�O�V�"�\�&�"�\�u���B�u�������&�±�\ñVæN�u���n�\�&�61

�\ñVæN�u�������O�����n�\�&�º�&�«�\�kæN²øñ\�����O�����n�\�&�@? ÖSØ Þã��é������B�������%���&²øñ\�\�����������N�B���¯�^�&�u ����61B�O��²���B�u�#�\���u� &²���
�\�&�u�\����51\���	�B�&é��&�����B�^�& X�&�n���\���B�� ±�\�Û��Zô��kæN�Û��&& X�&�«�\�Ç�u��B�u��Û��V�ø�U�����O���B���t�±²�O�\���&�\�61\²øñ\�O²�\�
�]æV�>�n���\�&���\�Û���\�Û���&�u��Ç�\ñVæN�u���N�B��61��\ñVæN�u���������O���n�\��Ç��� �\�kæN²øñ\� õ éN���u�\�&�����&���\�O�Û�u��²�B��� &&�u�&� <BA��DC �O´ 1
á &�é ��� 1*E)�O�S´O´�? Ö
è�Ö E)�O�\�B��n�\�u�O�\²GFO���\�Û���Q���u�X�\�q�Û����Û���\�Q���²�����u�\�O²�&�±�\�q�Û��\�Û��Û��V�ø�>�u�����Y��Ñ�n�S�>�u�u��ÚF� õ

 ���������*�\�Ç�ÛæN�Û� & ����²�� � ��	�òÞó�������\�k���u�Ý�t�%�S���B�u�¯® Ö ® <HE)�O�S´O´�? (
I ����K�ÛæN�Û� & ���+�\�º�\�Û�� X�O���Û����n�\�B�Û���V�+�S�O�u�&�4�u�\�o�t�Ý�uñ\����Û���*�\�º�t�����u��²øñ\�u�O q�>�u��²&�����+�KJ±�u���B�u��
����#²&���\���&�\�u�«�Q��BéO��V� �&���Û�Ç���B���&�n�\����S�O�«���� �����O�\���ä�\�����u�O���#²�O�\���&�\�u�«�\�Û�� X�O���Û��61

I ����*�ÛæN�Û� & ���«���\ ����\�O�\²� õ ²øñ\�Û�� ����S�O�B²���KJ��\�\�	²&�� ��^���u�O�V���	�Û��\�Û��Û��V�����t�����\ ����S�>�\²�Ý�&�
�B��Zô�²&�� ��^���u�O�V���&�����¯²øñ\�u�� ����\�O�\²�41

I ����#�kæZ�k��&& X�&�Ý�Q��Û²��Z���\�&�����N�B�H����V�u��V�ä�B���n�S�>�n�u���S�&�«�t�±�Q��u²&��B�u������ñn�\ X�O���\�ä�u�\� !Û�&²&�u��é��
�B�����±²���B����B�#����B���������u�O�V�#�t���u����n�u�21S���±���\ ����S�>�\²�	�����t�±���U���\�u�>�������01

I ����)�ÛæN�Û� & ���º��Þà�UôZ�&�Ò���B�\��Q��\�\�O�V���Ò�n�\�Q�u�&�u�\�0���&�n�Ò�\�ä ��&�uñ\�N�\��)�Û���>�����Û�����n�\��)�^�&�u ��&�Û�ø�O�V�
�B���B�²�O�u�u�&���&�#�����\���\�«�^���Û�u���\���	����«�\�0é���Û�u�&�Ý²&�� X�Q���u�O�V���� Ö

L	M > &ON�N&B�9QP &!P�&ON&;�(&9BR)<&9#=Ë>(S�9TNð<�=5(�9VU6"�&�P &ONXW	<D"YP &ONXP�&z?'Br;=�" ? &�"�(�B[Z�B�>}<�?*&\ZA9'>�$�< &<'" > 9 % ] &�N�9*%�;	? & &ONð<X^s=�"�(&> 9B "\?*&�;4< &�"�(59'>}<_W�( &ON�N_W &�>\B�> >�&�)�&a`bR�B $5&dc�egfih



��� ������� � � � � ���
	 �  ��� � � � � � � � ���
	��� � 
�� � � ������ 
 ����� ���� 

���������������������! �"#�%$�"# &���

'('
)* +
,'-/.
+
02131
4, 5
46/78
+
02131
4,

���������������9�:�� &;<�=�>�@?!��AB������������������DC $FE�����"#GH��I=�:��GH�J$�G>�@�

KML�KMN�O=PRQ=KTSUQV=W�W�XYSUW�ZUZU[=Q=K\ Q=XYV=Q \ N�]UQ=^_^_Q=K

KML�KMN�O=PRQS�`/acbdNfe

KML�KMN�O=PRQS�` e�V=gh]Ui_KYijN�i_W�ZS�` i_P�e�k�Q=K
KML�KMN�O=PRQ=KlSUQ\ XYi_P�e�i_XYQ=KmXY[=Q=^_^_Q=KnporqsqTt�uwvDx�t
qmy@ust:zjzjz/{

KML�KMN�O=PRQ=KlSUQV=W�W�XYSUW�ZUZU[=Q=KZUW�XYP�e�^_i_KY[=Q=K
KML�KMN�O=PRQ=KlSUQ\ XYi_P�e�i_XYQ=K| i_XMN�]UQ=^_^_Q=K

KML�KMN�O=PRQ=KlSUQN�[=^_[ | i_KYi_W�Z

KML�KMN�O=PRQ=K\ Q=XYV=Q \ N�]UQ=^_^_Q=PRQ}ZdN]UZUij~�W�XYPRQ=K

(T, L, S)

(T, S, I)

(I1, I2, I3)

(R, V,B)

(r∗, v∗, b∗)

(x, y, z) (X, Y, Z)

(Y ′, I ′, Q′)

(Y ′, U ′, V ′)

(L∗, a∗, b∗)

(L∗, u∗, v∗)

@BA CFE G (�G HFq�YvZ[�U�|�]4m�UV_ah�m.å�[@oaW�]*¢7|}UVm�h�hsW�]roaW\]4Â�]4`	{�U6W�]�oaW3c	W�_ac	[�]W�X�`|}`4msTAXÒoaW3h�|©Y�TA~�¸
hsW�~ac�� ò:|}X�µ)µ��ð�

× �&�u�u�������Û�u�Ç��Û�Ý�\��O�\ ������\�«���������HÞ �&�u�u����ôZñS�O�\�k����éO��²�O�Ý���`��ôZ���k�����\���B�� ±�\�Û��Zô��O�B�u�u�&�Ý�kæZ� õ
��&& X�&�4�\�#�u�&�\�u�&�u��V���>�������X�\�O�ÛÚb�������u�Q�²&���S�n�\�&�)ÜÇ�B�\�«�O�\�\����²�>�������±�S�O�k����²�\��� &�Û� ÖO× �&�Û���« ±�\�0�����u�\�\�
�\�ä�kæN�Û��&& X�&�º�\�Ý�u��B�u��Û��V�ø�U�����O�%�\�ä����²&���\���&�\�)�u��B�%�\����²&�����«���Ý²øñ\�O�0ôX�\�%�kæZ�k��&& X�	�B�ä�u�&�\�u�&�u�&� õ
�ø�>�u���������� X����Zô��O�S�O�Z���Ç�O�Zô%�����>�����& X�&�V���#�HÞó�\�\���� X�O���Ý²���\����\�«�n�\ ���Û���n�\���\���B�\�� Ö

���O���f� � #l�9� #�-�.0/1.32	4�-65�� =7-7# 2�� /9��# -d=�� )&'32�� =7#

ßÝ�\�*�� X�O���+�n�\ X�&�u���N�B�Ò�u�Ò�\���S�B���K²�� � X�)�\�\�Ò q�>�u�u��²�*³ D �B�Ò�\�1ôB�&���51>²�O���O²����&�u���Û��K�S�O�o����\�Û�
²�� ��Q�����O�V�u��+���u��²øñ\�u�O q�>�u���n�\�&� (R, V,B)

ÖZØ ���u��O X�&�n���>�������q��Þã�� q�O�O��)²���\����\�Û�*�&�%�u�&�����O�\�*�&�Û�
�\�Ñ���u�O���u� ���V�¯�\���\�O�¯�\��éO�]�O���n�\�Ò²���\�Û���k����Ü�²�Û���¯�B�\���S�O�k�����u�����@�HÞó�\�\���� X�O��� I �&� �Û���\� õ
��\�Û� ±�B����

Ri
�O�\�Q�������u�&�������B� Ö�× ñS�O²&�\�\�X�\����u��O�����\���O���\�u�4�B�&���&²&�u�����u�q²&�� ��^���Û�"�\�X�B�0ôZ����
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²&���\�\��ôB�&�)�Pæ��O�V�+���&�� '�& X�&��²]�>���O²�����Û���k�����n�\�&� ÖO÷ �O�\�4���ä�\���\�\���u�����±�B�#�t�ä�Û��� ���V�ø�U�����O�¯�\�u���Q���Û��
�S�>� á^Ö�� �\²GFO�&� < � �\²]°��4?D1\���&���Û��������\�#�\�O��é��&�V�Ý�Û��Û�^�&²&���&�Ý����#�n�S�>�u�u�Ç²�O�\�\���u�����B�#�u�\�0éO�>�n�u�� (

I I = ∪Ri
1 i ∈ [1...n] 1S� J I ��Û���RÞã�� q�O�O�ä²�O�\�Û�u�����B��Ç�\�� n �Û��������\� Ri

Ö
I Ri ∩ Rj = 0 �Q���\�º���O�B� i 6= j 1 i �&� j ∈ [1...n] 1
I Pred(Ri) = éN�u�O�`�^�O�\�º�����Z� i ∈ [1...n] 1 Pred ���ø�O�V���\���\�u�&�\��²�>�«�HÞóñ\�� �������B����u�21
I Pred(Ri ∪ Rj) = ÚF�>�Zô 1S�^���B�º�����B� i 6= j �&���Q���\�º���O�B�«²���B�\���Ç�\�Ç�u�&�����O�\�«�O� !u�O²&��V���&� Ö

Ø ��q�\��Zô �\�Û� �� &�Û��X²���\�B���������\�X�� ��^���Û��V�X�N�B�2²øñS�O�n�\���\�1ôZ��ä�B�����q�O�\�S�>�Û���&�\���qÜY�\�\���u��B���
�Û��������Ç�&�K�N�B�Ò�òÞó��B�u� ��\���+�\�&�K�Û��������\��²�� ��^�O�u�+�òÞó�� X�O��� Ö]Ø �*�B�u��B��²]�U�K ����8�&���\���O²�+��k�o���+²�u�0��&&�u�
�Q��Û X���u�ø�>�n�o�HÞã�O�������� X�&�u�&�o��¯�Û��������\��������B�0ôZ����o�n�\�\�S�>�Û�ø�>����V�4�\�&�4�\�u�O�\�u���&���&��²�O�����Û�� ��&���Û���n�\�&�
�Û�� ����t�>���u�&�61N�\���\�\���Û���O�V�ä�O���\�Û�`�t�"�u�&�� X�&�V�ø�>�u����� Ö<Ø �"�\��Û�\� &&�u�Ç²�O�\�\���u�������Q��Û X���ä�\���\��:��&�u��B²���&�
������Û��������\���O� !u�O²&��V���&� Ö ï4���5:^�&�61o�Û�\�±�t� �S���\�Û�2® Ö ³ 1��\���\�±�Q���BéO���\�¯�\���Û�u���\���B��ÇéZ���u�\�&����� ���V�
�u�u�������Û��������\� (D���4Úb���\� 1U�RÞà�>�\�\�]�>���Û���\���)�&�K���+�\���u�n�\�Ò�Û���\���+²&�t�O��� Ö � �O�\�K�Q���BéO�����8������u�²&���\�k���u�B���u�41
�����\�u�&�\��²�>�«²øñ\�����u�`�\���0� �&�u�u��éN���O�`�Q���\�#�����\���Û�n�\�Ç�&���òÞã�O�\�\��O�01\ X�O���ÒÚF�O�Zô��Q���\�#����\�«�\�B����� Ö
Ø �±�u�&�u�\�0�ø�>�ä�HÞó�\�\�¯�u�&�� ���V�ø�>�u��������Û�	�\�\�±�� q�O�O���HÞó�&�u���n�\���u���&�����2�\�
���t�O�Q���� �41S�KJ�²øñ\�O²�\�

�\�&�«�\�0ôZ����#��k�ä�������n�\�����Ç�u�&���������±�u��O������Ü¯�t�O�n�\�&�����	���`�>�\�S�O�k�����&�V� Ö

@BA CFE G (�� H ºMÃaW�UV_ahsW¿oaWrc	[�w)msTAXZ]*|Ao}³4|AY�W�X�`	W�]��

��� �!��� � )<.
	74 5(#�+ 57#9+,#l�9� #�-�.0/\.02	4�- 5�� 2&� / ��#�+ : 4!=(8	#�=('*+
á �n�t�#�����u�u��u�>���\�Û�4²���B²��Û�S�O�V�����#�u��O X�&�n���>���������HÞã�� q�>����`�&�Û�4�>�^���B�S�O�V���+�&�K�\�Û����� �S�n�\�+�\��\�B���

��� �S���B����O�\�\�&��$��´ 1#�\� ²���B�Û�ø�U���Û�� ��\������ ������� �\��\�B���+(#���ä�HÞã��ôZ���Û�u�@�\�O���\�  X����ñ\�N�\�
�\�B��é��&�u�Û������Ç�^���B�Ý�����Û��� ���V�ø�U�����O���HÞó�\�\���� X�O��� < Ø�ì ´�´4? ÖQØ ��²øñ\���1ô��\���t�¯���²øñB�\���n�\��ÜX�B�u�������u�&�
�&�Û�*�\�����²]�U�+²]�O�)���S�\�&�^�&�\�q�B�q²�O�n�u��n���\���òÞó�� X�O���41O�\�&�*���Q��u�>�������\�)ÜÇ�5:^�²&�u�\��Ò�O�\� &�Ò�RÞã���ø�O�Q�«�\�
�Û��� ���V�ø�U�����O���&���u�\�k�����Z��1S�\�&���O� !Û�&�u�ÝÜ¯��ôZ�u���O���u� Ö<÷ �Ç�\�� ±�\�Û��Zô��O�B���&�\�u�«���V�«���&�V���Ç�\�Ç²���O�u�Û��
����#�\��:��&�u��V�u��� X����ñ\�N�\��#��ôZ���Û���O�V���&� < × � �" 1 Ø�ì ´�´ 1 × å á > ´B®6? Ö
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ßÝ�\�Ç�� X�O���ä�^�&�B� �&���Û�Ç�u��O X�&�n�u��Ç�����O²��Ü (
I �����\�����&²&�������2�\��²�O�n�u���\�Û�ä�S�O�Û��±�Û�\���t�"�u�²øñB��u²øñB�¯�\��Ý�\���Û²���V�����n�\���u����\�u�&�u��V�u��Ç�O���u����
�\�Ç�RÞã�� q�O�O�21

I ���"²&���\�k���u�B²&���������\����u�&�����O�\�#�S�O��(
I �O�S�O�0æZ�Û�Ç�u�S�>�u�t�O���	�\���\�t�>���� X�O���21
I ²�t�>�u�u� �S²]�U�����O���\����\�1ôZ����q�S�O���O�S�>��æN�u�2�B� ���Y�\���Û���Û���\�Z�����O��²���B����B�%�S�O�\���\� �&�u�S�O²&�
²���\����\� Ö

Ø �¯�\�����&²&���������\��«²�O�n�u���\�Û�Ý²&���\���&�\�#�\�Ç�u�&���"�S�O���O�Q���u�B��Ç�S�O�\�«�\�O�«�u���]é>�O�Zô����«�\���\�«�\�O�\�
Úb�Z²�O�����u�&�u���\�ä�u�\���t���u�&�� ���V�ø�>�u����� �HÞó�� X�O���&���S�O�Ç²���B�Û���Û�\²&�u����� �\���u�&�������B� Ö`Ø ��� ��&��ñB�Z�\�&���B�
²���B�Û���Û�\²&�u�������\���u�&�������B�)�\�O�)�O�S�O�0æZ�Û�Ý�Û�S�>�u�t�O���#�\�q�\���O�"�� X�O���#�S�>�u²�O�\�u�&�n�*²���u�u�Ý�� q�O�O�«� �S�q�B�
�u�&���u���B�^�&�o�\�&�4�\�0ôZ����o²&���\�\��ôB�&�4�u�&�u�Q�²&���O�V�+���*�\�u�&�\��²�>���B�u�������u�)�Q���\�o²&���\�k���u�B���u�Ò����K�u�&�������B� Ö>Ø �&�
 X����ñ\�N�\�&���\�#�u�&�� ���V�ø�>�u�����¯�\�O��²���O�u�Û���S²�>�������±�\�#�B�0ôZ����4�O�u�Û�Z²&���&�n�4Ü	²øñS�O�n�\�«�\�0ôZ�&� Pq

�B���Q�����n�
²���B����B�

XPq

1 q �O�����O�V�#�\��®±Ü N 1 N �&�ø�>�n�Ý���Ç�\�O ±�\�Û���\���\�1ôB�&���«²�O X�Q�����>�n���RÞã�� q�O�O� Ö\÷ �O�\�ä���
²]�O�o�\�º�òÞó��Û�S�O²&� (R, V,B) 1>²�º�Q�����V�o��Û�+�Û��\�Û��Û��V���«�S�O�K�\�¯�Q�����V��²&���\����\�K�\���V�+���&�o²�N���Û�\���\�\�&��
�S�O�\���RÞã�&�u�S�>²� (R, V,B) �Û���V�Ç�����²&�� ��^���u�O�V���&��²���\����\� (

R(Pq), V (Pq), B(Pq)
) �\� �\�0ôZ�� Pq

Ö
× ��+ ��&��ñB�Z�\�&�+�u�\�\�Q���Û��V�º�n�\�«���&�+�\�0ôZ����+�O�\�S�>�Û���&�S�O�V�*Ü��B�\�« '�& X�#�Û��������"�\���\�\�&�V�*�\�O���Û���O�\²&�
Ü��\�Y�N�\�O���%�\�X�^�O���V����²���\����\�Û���S�>�\���RÞã�&�u�S�O²&�%²�O�\���&�\� ÖK× ñS�O²&�\���\�%²&��±�n�S�>����±�B���S�\�0���B�\�
²���O�u�Û�#�\�#�\�0ôZ�&�����\�#�RÞã�� q�>��� ÖUØ ��4�\�1ôZ����4�Û���V�)�O���O�u���>�u�u�����\�&�+�O�Zô¯�B�;:^��u�&�V����+²&�t�O�Û�u��4²&���\�k���u�B�����&�
�&�)�\�\�Ý�u�&���������u�&²���B�Û���Û�\���u�Ý�&�Û�*�\�q�&�\�u�& ±�\���Ý�\�Ý�\�0ôZ�&���+²���B�\��ôZ��º�O�u�Û�����\�&�ÒÜÇ�\�\�Ý '�& X�«²&�t�O�Û�u� Ö
Ø �&�* ��&�uñ\�N�\��+�\�«�u�&�� ���V�ø�>�u�������\�0���� �&�B�&�u�u������n�\�\éN���&�\�\��V�*�HÞ �&���Û�Ý�u�O�\���\� ���V�)�&éO�Z�n�\�&��

²���B�u����&�u�&�V�+�N�B�#²øñS�O�n�\�«�\�0ôZ�&�B�\���0�4�O�B�S�O�Û�u��\���o�\�# X�O�\� &�Û�Ò²�&�Û���O���\�ºÜ	�\�\�#�\�&�4�u��O�����\�o�u�²&���\� õ
���Û�\���u�� ÖZ× �Ý���O���u���\�B� ���V�Ò�B�u��Û��V���ä�\��*���� ����u��4�S�>�\�Ò�\�&�Ò²�O�Ò�S�>�Û����²�\�����&�u�4�KJX���<��k�º�\�p�X²&�������B�
�\�²&���\�&��Ü	�n�\�&�����*�u�&���������O�\�S�>�Û������V���B�¯�\�0ôZ�� Ö�× �&��²]�>���u�\�kéN����B�\��V�+�\�O���O � X�&�n�o�^�O�\�o����o�B�0ôZ����
�\�u�&�u�&�n�u�±�S�O�B���t� ����B�q�\�������>�\�u�0�����O�@�&�n�u�u�X�\��ZôY�u�&�����O�\� ÖK× Þó��Û�±�^���B�u�n�\���+���&�� ��&�uñ\�Z�B����B�
�u�&�� X�&�V�ø�>�u�������S���\�&��²�O�\�u����&�Û��V�����*�\�&���u�*�HÞã�O�\�S�O�k���&�S�O�\²&�º�HÞó�\�±�\�1ôB�&�N�O�Zô��\�;:^��Û��V���&�o�Û��������\� Ö
÷ �O�\�Ç²�"�\�Û� ����&�	²øñS�O�\�0���Û�21`�\���B���B�u��Û��V���&�u���B���u���B�Ç�HÞã�O�Q���u� ���&�	���&²øñ\�\���n�\�&���B���Û��� ��� õ

�ø�>�u�������\�&�Û���&�� ��&�Û�ø�O�V���&� �Z�&�BéN�u�¯�\�\�"�>�S�O��æN�Û�±�u�S�U���t�>�����B�¯�òÞó�� X�O�����O���\�Û�K�n�HÞó�\�\���O�\�O��æN�u�¯�B�
�t�%�\���Û�u�u���B�B���������\����Q�����V���Ç²&���\���&�\�u�Ç�S�>�\���B�@�&�u�S�O²&�X²&���\����\� Ö8è ���\���&éO�Z�n�\�&�u���B����B�u�\�0���"���&�
 X����ñ\�N�\�&�����u�Û�\��Ç�\�"���%�u��O X�&�n���>������� �S���\� Ö�× �� � X�±�B�u�²&��\�& X ���V�61`�\���\�Ç��ôB�O ����B��u�O�\�����&�
 X����ñ\�N�\�&�Ý�S�>�u��&�	�u�B�ä�òÞã�O�S�>��æN�u�Ç�u�\�>�����O�����]é>�O�V�ä�HÞó�&�u�\�\����ä����Ý�O�\�\�Û�Z²øñB��ä�Z���������u�O�V�Ý������\�O�u�����\�
�\�Ç²���O�u�Û���S²�>������� �S���\�Ç�\�&�«�^�����V���#²�O�\���&�\�u�«�S�O�B���B���&�u�S�O²&��²&���\����\� Ö
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× �� � X���\���\���òÞã�]é����B�%éZ� �\�Û�²&��\�& X ���V��1#�B� �B�� ±�\�Û��\�Û��� X����ñ\�N�\�&���\� �u��O X�&�n���>�������
��ôB���Û�u��V� Ö � �O�Û X�<²&������� õ ²�D1V�\���\�*�^�O�Bé����B�Ò�\���Û�����\���\�&�*����) X����ñ\�N�\�&�*�n�\�^�O�S�O�0æN�u��V�Ò�\���Û�²&�u� ���V�
�RÞã�� q�O�O�21o�B�u��éN������O�t�O�V�±�����\���Û�^���Û���u�����'�u�\�>�����O�����\�&�X�B�0ôZ����614�\��²�&�����&�"�S�O�u�&��X�u�\���òÞã�O�S�O�0æN�u���\�
���%�\���k���u���\�B�u�������\�&���Q�����n�u��²���B����B�u� Ö � ���\�������Z����Ç²&��� X����ñ\�N�\��51`�t���\�&²���Û����� �HÞã�O�Û�u�N²���&�Ç�\��
�\�1ôZ����	� �S� �\�¯²�O�\�Û�u�u�\���u�¯�\�&���u��O�����\�ä��Û���\���S�O���u���Q���¯�\�Û��\��²]�>���O�u�Û�Z²&���¯�O� ²&�u��� &�Û�¯�B���������Û���&�Û�
�\�O�\²Ç�u���0�ºéN���O�`�Û�����#ÚF�O�Nô Ö

���f� � � � #l�9� #�-�.0/1.02	4!-6-7#<.Q.0# 5%� 2�� / ��#�+ :<4�=78	#�=>'*+ % /\'$/�-(/!8�� +,#9+Q% /1.02	/!8	#
Ø Þã�B�\�	�\�&�Òé�������º��ôZ�\�����0���&��Ò�\�O�u ��<�òÞó��\�Û� ±�\���ä�\�&�º ��&��ñB�Z�\�&�º��ôZ���Û�ø�>�n�u��º�&�Û�#�RÞà�>�S�O��æN�Û�Ý�Û�S� õ

�u�t�O���q�\���òÞó�� X�O���q� �S� �\���u�&²���\�k���Û�\���Û������¯�\��:��&�u�&�n�u����u�&�������B�¯�t�2²�O X�Q�����>�n� Ö+× �&�Û����é��������u�
�\�0éN���u������B��Zô%�O�\�\�Û�Z²øñB��º�Û����O�%�t�Ç���²øñB�\���n�\���B�u�������u�&�«�^���B�Ò�u�&²���B�Û���Û�\���Û�	���&�Ò�Û��������\� Ö ï4���S�O� õ
���O�V�"�HÞã�B�s�\�1ôZ�� 1o�òÞã�O�\�\�Û�Z²øñ\���>�u²�&�\�S�O�V�u��²&���\�u���Û�u��Ü��S�>�t�]æ��&�¯�òÞó�� X�O���q�B���u������%�Û���Û�u���n�\������
�\�1ôZ����ºéO�����Û���\�#�n�\�`�O�n���\�&�«�\�u���B�u�������&�#²�������u�� X�����u���n�\��º�B�u�N²øñ\��«�\�Ç²�&������#�\���\�0ôZ�&�`²���\�u�O�V�«�u�
�Û����Û���\�Q��V�¯� �\�Y�\�X�u�²&���\�k���u�B���u�X���&���u�&�����O�\���>�@Úb�\���&��Ü� X�&�u�\�Û�q�\�Y�S�O�t�]æ��O��� Ö8í �òÞó���Vé��&�u�u�41
�RÞà�O�B�\�u�N²øñ\�Ç�\��Û²�&�\�S�O�V�����u���\���S�B����²�� � ����\�\���Û�\²²&��Û�u���O���\���\��éN���u���O�\�#�u�S�U���t�>����«�\���òÞó�� X�O���
�&���\���N²���]æ��O�V�Ç�\����\�Û���\�Û���&�u��	²&�����O�u�� ��&�u�u���N�B����\�;:^��Û��V���&� Ö`Ø ��� ��&�uñ\�N�\��	�B�¯�u��O X�&�n���>�������
�S�>�±²�Û�����Û���O�\²&���&�"�S�>��Úb�\�u�������\�%�Û��������\�±²&���\�k�����u�\��V�"����"�O�\�B�u�N²øñ\��"�O�Û²�&�\�S�O�V���&� Ö)è �O�\�¯�\�
�\�Û��Û��V���&�u���\�X�S�O�����&�X�>�\�\�u�N²øñ\�&�q�\�&�u²�&�\�S�O�V�u��%�n�\���u���V����� &���^�&�s��ôB�B�����0����&�X�B� ÚF�O�0�"�\���t�
²&�� X�B����ôZ�0���	�\�&�Ý�� q�>���� Ö
Ø ��) X����ñ\�N�\�&�)�B�Ý�Û��� ���V�ø�U�����O���\�O�)�O�S�O�0æZ�Û�«�u�S�>�u�t�O���#�\�u�0éN�����&�����&�V�4��Û�u��V�u��������& X�&�n�)�RÞã���n�u�� õ

�O²����������u�S�U���t�>���	�&�n�u�u�Ç���&�#�\�0ôZ�&��� Ö\Ø �&�«�\�;:^��Û��\²&��«��V���Û�Ç����# ��&�uñ\�N�\��#�\�Ç²&�Ç� æN�Q�Ç�\�u�PéN���&�\�\��V�
�\�Û���\²&���S�>��� ���V�Ò�\���²�Û����&&�u�&���Z���������Û��º�S�>�#����«�\�Û��\��²]�>�u�#�n�\�8�u���V���S�O�#��ôB�& X�B��� (

I ���Ò�\���Û�ø�>�\²�4�&�n�u�u�+���&�H²�O�\���&�\�u�`�\�4�B��ZôÇ�B�0ôZ���� 7F���&�\��u�O���& X�&�n�H�t�º�\���Û�ø�>�\²�+ï4�\²&�����B����B�\� 9 < ì �*FN´V³�1
× �O� �B®5?D1

I �����\���Û²���V�����n�\���u���S�O�\������é��O���u���S�O������Þã�\�s�\�0ôZ�&�# X�&�u�\�Û����S�O�"�t�2é>�O���&�\�"�HÞó�\� ���u�O�\����V�
���Z²�O� < �HØ � � 1  
	 ï í ´B®�? 1

I �B��²&�u�0��&�Û���HÞóñ\�� ������&�\��0����²&�������Û�� ��&�u�u���n�\���\�4���º�u��O�������&��²&���\�Û�`�\�+�u�²&���\�k���u�B²&�������=< Ù«ç �V°�?D1
I �B��²&�u�0��&�Û��Úb���\�\�Ç�u�B���RÞà�>�S�O��æN�Û�	�\��«����ôN���\�Û���²���\����\� < ÷�ì2á ���2? Ö
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� �O�Û X�Q���&�º�O�\�B�u�N²øñ\��«�O�Û²�&�\�S�O�V���&�61S�����u�&�� ���V�ø�>�u�����q�S�O�Ò²&�u�����u�u�O�\²�ä�\�	�u�&�����O�\�Ò²&���\�u���Û�u��Ü
��ôZ�\�����u�&�K�RÞã�� q�O�O�4ÜÝ�S�>�Û�����8�\�*�Û����Û���\�Q� ���V���K���\�0�����O�Zô��B�*�\�1ôZ�����²�O�\�\��ôZ�&�4�O�\�Q����������Û X�&�61D�&�oÜ
ÚF�O���Û�Ý²&�u�Oð����Û�Ý²&��Zô õ ²&�H�u�O�\�º�\�\�ä�\���\�\���ä²&���V�����>���V���Ý�HÞà�>� !u�O²�&�\²�����º�HÞóñ\�� ������&�\��0��� ÖBØ ��Ò����Û X�&�
�u���V�Ý�u�&���²��������\�\�&�ä�\�� q�O�B� &�Û�Ç�\�&�u��u ����B���Û�u�Ç���2�O���]�>�u�����Û�Ç�S�O���\�u� õ ���u�O���u� ���V���\���RÞã�� q�>��� ÖB÷ �
 q�>�\� &&�u�«���u����U����éO�21n�\�	�B���Bé���O�Zôq�\�0ôZ�&���Ò�Û���V�#� !Û�O�B���&�#�O�ZôX���&�u ��� !Û�B�u�n�HÞãÜ±²�ä�n�\�ä�t���Û��������q�&�
²���B�u�#�\�Ç²�O�\�Û�u�u�\²������O���B���Û��Û�^�&²&�����\���\�#������������#�\�Û��\��²]�>�u�# X���º����\�t�>²� Ö\Ø �¯�\���\�S�O�k�#�\�Ç²�&�
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í�ÖÒÙ �u�& X��O����� è�ÖÒç ���u�&�ä�\�Û���Q���u�&�n�%�\� �O���O���u�0��ñ\ ����\�2²�Û�����Û���O�B²�2�\���Û��������\�X�\���V�����

�\�u�& X����¯���&�u �����Û�X�����\�1ôZ��#��sñS�O�B�qÜ �V�O�\²øñ\� < Ù«ç �V°�? Ö)Ø �&�X�B�0ôZ����"éO�����Û���\�"�\� ���&�u ����Û���V�
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�S�O�k�����)�\�	²&�	�\�1ôB�&�����#���Ý�\�u�N²�&�u�u�B�#��Û�«�Û��0����Û� ÖB× ��Q��\�\�O�V��1\���� X����ñ\�N�\�Ý�\�²&��u�Û���u���òÞó�B���������u�>�������
�\�ä�u�u�����*�Û��\�����Ò�B���V�#���&�Òé>�O���&�\�u�*�u���V�#�\�p��²������*Ü¯� !Û�\�k���� Ö\÷ �ä�\���\�51B²&�&�u�u�	 ��&��ñB�Z�\�	�����&�\�S�O�\²&�
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�B���������u��51<�&�����X�\�����²����������\�±²&���V�����\�Û�	�Q��B���\�>���\�Û������ ���V�ä�O ���������u�&�«����B�ä���N²]�>�����u�>������� Ö<× Þó��k�
�O���B�u�ä�n�\� ÷�Ö � �\�V� !q��� E ÖºØ �>�Û���S�U��� 1) X�O�����>�\�u�Û�Çå Ö  �O����� í � Ö 1Ò�B�u���Q���u�&�V���\�\� �O�\�B�u�N²øñ\�
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�S�O�#����#�������\�&�ºÚb��u ���&�#Úb���u ���&�#�S�O�«���&�#�\�0ôZ����#²���V�u���\�u�Ý�O���\�u�H�B�&���&²&�u��
< �HØ � ��1  	 ï í ´Z®6? Ö
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ï4�\²�����\����\�\�� X�UôZ�� X�O���ä��V�u�u���t�±²�O�\���&�\�«�\���B�0ôZ��8Ü��O���Û����&������²������&�#�\����\�0ôZ�&���«�\�Ç�t�¯�u�&�����O�
��'²�O�\�u�¯�\��²&���\�k���u�B²&������� Ö�î �Ò�u��Û�\���u���\��²���u�u���\�u� õ �u�&�� ���V�ø�>�u�������B�\���u�\� õ �u�&�� ���V�ø�>�u�������B�
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�S�>�Û�ø�>�����\�&���]�O�Nô 7 Ø � ï 9 ���Û�u���\���t�q ����u�Bñ\�����O�����Ç X�>��ñ\�& q�U�����n�\� < á � �V°�? Ö`á �&�������������&�u ����\� õ
���������"���&�����O�����n�\�41���� Ø � ï ��Û�±�\���S�B���q�\�O������²���&�u�%�n�\�qÚb���Û X���t������ ����u�¯��V���Û�%�\�&�Zô��S�>�u�u���\�
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�\�ä�t���������B�ä�\�	�\�O�Û���O���ä�B��#�]�>�Zô 1B������O�V�#�n�HÞã�O�B�����^�\�ä�u��O X�&�n���>�������01N�\��Q��B���&�u�Û��V���������� ���V�
�\�&�Ç q�O�Û�n�\��\�Û�����\���u�t�O�Nô��n�\�+�Û���V����²���B���S�\����²&�� � X�±����Ç ����\�� q�����N²]�O�Zô2�\���òÞó�&é>�O���\�>�������2�\�
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�\�u�N²øñ\�&� ÖSØ ��Ò X����ñ\�N�\��Ò�\���u�&�� X�&�V�ø�>�u�����%�\�O�Ò²&�t�O�Û�u���\²]�>�u�����%�Û�\�\�Q���u�&�V�«�N�B��²øñS�O�n�\���n�S�O�����B�
�^�O���V���º�B���S�\�0�«�\�\�Ç²���O�u�Û�Ç�\�Ç�\�0ôZ���� ÖSØ Þã�O�u�Q�²��«��Û�u��V�u����8�\�Ç²&��« X����ñ\�N�\�&���Û��Û���\���S�>�\�«�t�± ����u�
��±��éN���\�&�\²�#�\�Ò²��o�N�\�O����o�\�º�Q�����V���o� �S�±�B�º²���B�Û���Û�\���Û�Ò����o²&�t�O�Û�u�&���\�º�\�1ôZ���� ÖO÷ ��Zô¯�O�\�\�Û�Z²øñ\�&�
�\�u���\²���S�O����+� ���Û����V��(N²�&�����&�Ò�n�\���O�S�O�0æZ�Û��V�#�\���u�&²&���& X�&�V�º�t���\���k���Û���\�B�u�����X�\��Ò�^�����V���Ò²&���\����\�Û�
�S�O�\�«�RÞã�&�u�S�O²&�21S���Ý²&�������#�n�\�8�>�S�O��æN�Û��V������«ñ\���Û�u�������> X ��� Ö
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,S.�#H. #H.F, W�68?SL��8�I�3�I�Lb? 3KCF�&AP;UCb[oG`ADCb9Q6s38IN���49QCF6^AD�"M�9QGKLbING�;U�"3�?\6K��Lk51IN���?SM�I�M�9QG�LFING8;

è �O�\���O�������\�	�\�Û��Û��V���&���\�&�Zô  X����ñ\�N�\�&����Þà�O�\�O��æN�u�"�\�&���n�S�>������\�"�^�O���V����²&���\���&�\�u���O�B�\��� õ
�n�\�&��ÇÜq���X�u�&�� ���V�ø�>�u�������HÞã�� q�>����²&���\����\� Ö�Ø �q�\�Û� �� &&�u�� ��&�uñ\�N�\���&�Û�����u�u�B�±�\�±�RÞà�O�������Û����ñB X�
�\�&� ×)õ  ��]�O�\� Ö<× �&�Ý�O�������Û����ñB X����k�Ý�\�O�u�Ç�u�B�����± X���\�� ����u�>�������"�\���²]�>�u�u�&�#�\����\���Û�ø�>�\²�&�Ýï4�\²&��� õ
�\����\�B��ä�&�V���u��²øñS�O�n�\�±�Q�����n��²&���\���&�\���&�Ý����²��V�u�u���B�����u�PéN�0�����\��²øñ\�O²�\�B�±�\��Ý²���O�u�Û��	�&���\�Û� õ
�Û��\²&�I< ì �>² �V°�? Ö`Ø �q ����\�� X�����>�u�������\��²�¯²�Û��� &�u���\�²&��u�Û���u�¯�t�q�Û�²øñ\�&�u²øñ\����ôZñS�O�B�Û���0é��¯�\�±�u���B�u��
����)�S�O�Û�u���u�����\�+�Q���u�Û���\����)�\�ä�B�0ôZ����*�&�%²���O�u�Û�� ÖBØ Þã�� X�\���O�V�ø�>�u�����¯�B���u�&²&�u�ä�\�Ý²�&�Û���Ý X����ñ\�N�\���HÞã�&�Û�
�S�>���&�VéZ�����O�O�]�O�\�����^���B�����2�u�&�� X�&�V�ø�>�u����� Ö+Ø Þã�O���O���u�0��ñ\ ��q�\�&� ×)õ  X��O�\�¯���&�\��u�O���& X�&�V�X�Z���������Û�
�\�&²�&�u�u�0���±���X²&���\�S�O���u�u�O�\²�"�X�\�u�����u�8�\�2�B�� ±�\�Û� K �\�±²&�t�O�Û�u�� Ö�í �\� &&�	�\�2�������O�O���O���]�>�u�����Û�Ç�\��
�\�1ôZ������n�\��éO���V��²øñ\�O²�\�@�\���\�\��������Ç²�&�n�u�u�&���\�"���u�]éZ�0���¯���\���u�t�O�Zô��\�&� K ²���O�u�Û��618�RÞà�O�������Û����ñB X�
²&���\�u���Û�u�21S�Q���\�#²øñS�O�n�\�����u��u�>�������01\Ü (

I �>�u�u�����\�&�º�����\�«����#�\�1ôB�&���#�\���òÞó�� X�O���ÝÜ"�t�±²���O�u�Û�Ç�t�±�\���\�«�\�u�N²øñ\�21
I  ��&�Û���Û�ÇÜ !Û�O�\�#���&��²&��V���Û����\�Ç�����]éN���u���\���²���O�u�Û����O���\�u�H²&���\�k�����u�\��&� Ö
Ø Þà�>�������Û���uñ\ X���&�Û���0���&�u� !Û�\�u�n�HÞãÜ%²�±�n�HÞó�\��²&�u��� &�Û���S�O�Û���Û�\�	�t���Û���O�\�������u�>���������\��ä²�t�>�u�u�&�	���

�\�&�*²&��V���Û��º�B�Ý���u�]éZ�0���«�u�O���*�>�u�u����n� ÖnØ ���S�O�\�u��® Ö µ��\�Û��Û��V���	���«�u��Û�\�����>�)�\���t��²���O�u�Û���S²�>�������"�\��
�\�1ôZ����ä�S�O���t�% ��&�uñ\�N�\�±�\�&� ×)õ  X��O�\�Ç�]é��&²X�B�;:^��u�&�V����Ç���\���u�t�O�������U�����O�\�º�\�&��²&��V���Û����\�"�����]éN���u�
�\�"²øñS�>�N�B�q²���O�u�Û� ÖKá �\�Ç�����\���\�u��® Ö µ#7R� 9 1H����Ç²�&�n�u�u�&���\�������]éN���u�¯�\����u�1ô ²���O�u�Û������V������� �BôZ��
�\�ä q�O�B� &�Û�	�O���]�>�u�����Û�Ý���#�\���B�#�^���Zé����\�#²&���\�k�ø�>�u��º�n�\� �²&�t�O�Û�u��#�O�n�º�&���ä�\�&�u�²&�u��&� (Z����Ò�\�0ôZ����
�\�&�±�u�&�����O�\�

R2
�&�

R4
�u���V���O�Û�u�N²���&�¯Ü����� '�& X�X²���O�u�Û�21K�u���B��²�� � X�X���&�±�\�0ôZ�&�����B��¯�u�&�����O�\�

R5
�&�

R6

Ö�í �òÞó���VéO��u�Û�21�����¯�\�1ôZ������\���t���Û��������
R1
�Û���V���O�u�Û�����B��"Ü2�\�&�Zô'²���O�u�Û��¯�\���Û�u���\²����� Ö

Ø � �\���\�u�@® Ö µ#7F� 9 �\�Û��u�&�V���������u�&�u�\�0�ø�>�X�\���t� ²�t�>�u�u� �S²]�U�����O�s�\�&�%�\�1ôB�&�����S�O�X�t�  X����ñ\�N�\���\��
×)õ  X��O�\�Ò�n�S�>�\�%���&�Ò²&��V���Û��#�\�Ý�����]éN���u�Ý�\�&�º²���O�u�Û��º�Û���V� �BôZ��Ò�\�ä X�O�\� &�u�����V�u����>²&���0é��Ý�\�Ý�u������
�Û���Û�u�Ý�n�HÞó�����)�Û�����&�V�Ò�Û�>�����O � X�&�V�º�\�Û�Z²øñ\�&�Ò�\�&�Ò²&��V���Û��Ò�Û��&���)�\��*²�t�>�u�u�&� ÖZØ ��Ò�B�0ôZ����)�B�ä�òÞó�� X�O���
�Û���V�"�\���&�s�>�u�u�N²����"�O�Nô��\��:��&�u��V�u��"²���O�u�Û��"�\�&�u�²�����&�61)�]é��&²��Û��\��� ���V�"�n�\����n�\�����Û�u��B�u�"�\�
²&�t�O�Û�u���\²]�>�u�������\�\�&�	�O�Zô��Û�²�O�BéN�u� ���V�u���\��Ý�\���k���u���\�B�u�����\�«²&�������Û�� ��&�u�u���n�\�&�«�\��Ý�u��O�����\�

R5
�&�

R6

Ö^× �²�� ����V���u���\������n�\�������u�&�u�\�0�ø�>���\���t�"²�t�>�u�u� �S²]�U�����O���\�&�ä�\�1ôZ����«�\�&�^�&�\�2��� &�«Úb���Û�u� ���V�
�\���òÞó���B�������O�������>�u���O���\�&�*²&��V���Û�� ÖB÷ ���\���\�61n²���u�u�Ý ��&�uñ\�Z�B���B�²�&�u�Û�����Ý�t��²�O�\�S�O���u���>�\²�Ý���B�u���O�u�S�\�
�\�O ±�\�u���B��²&�t�O�Û�u�&�äÜ¯�u�&²���B�Û���Û�\���Û� Ö
í �\�%�HÞó���B���&�\���+�\�&�Ò�Û��u�B���ø�U���)���\�\�&�^�&�\�S�O�V�u�º�\���t�Ç�^���Û���u�����"���B�������O���Ò�\��*²��V�u�u��Ò�\�ä���u�]éZ�0���41

Ù�Ö ß�²øñ\��æ��O X�%�&� ì@Öóí�Ö`í �u�\�����\�u�O�^���Û��V�Ç�\�¯�Û��� ���V���&�����&�	�� X�O���&�	²���B����B�u�	�&� �Z���������u�O�V�	�\�
�O�B�\�u�&�n�u���Û���O����²�O X�Q�&�u�����0Ú�<ãß í �Oµ2? Ö�Ø Þà�O�������Û����ñB X��²�� � X�&�\²�X�]é��&²q�\�\���u�&�\����²���O�u�Û�X�B���V������
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� | � � Xam�`4m�|}h�ms]|}`4msTAX�|}hs[�|}`	TAm�c	W*oaW�]:Y�W�X�`4c	W�]-oaW�w)c|Ë¸
n�m�`	[roaWrYv�|A �~ZW3Y�h�|A]	]	W

� b�� � Xam�`4m�|}h�ms]|}`4msTAXFm�X�`	W�c|AY�`4m�n WJoaW�]ÄY�W�X�`4c	W�]�oaW
w)c|�n�m�`	[¿oaWpY	v�|A �~ZW¿Y�h�|A]	]	W

@BA CFE G (�� H �0[�]4~ah�`|}`	]@oaW6h�|^Y�h�|A]	]4m.å�Y�|}`4msTAX oaW�]3_am.Ã�W�hs]\oaW�hji m�U�|}w Wîd)��� � | �¿_�|}c3hjiæ|}h�w TAc4m�`4vaU6W�oaW�]6S:¸
U6W�|}XZ] � 	 TAX�µ�d��ð�

²�N���u�B���\�\�&��+�\�"²�&�n�u�u���\�#���u�PéN�0���#²�O�u�u�&�u�Q���\�\�&�V�ºÜ	���	²���\����\�4 ��Pæ��&�\�\���\�º�����B�)����4�\�1ôZ����4�B�
�òÞó�� X�O��� ÖPØ �ä X����ñ\�N�\�*²���\�Û���k���#Üä�Û����²&�u�����B�\��4�>���]�U�������u� ���V���\�¯�\�1ôZ��N�S�O�u ��n�����\�K���&���\�0ôZ�&���o�B�
�òÞó�� X�O���#���#Ü±�O�Û�u�����\��*²�Ý�\�0ôZ���Ü�����²���O�u�Û�ä�\�O�n�º����²��V�u�u�	�\�ä�����]éN���u�Ý�&�Û�#���Ý�\���\�Ò�B�u�N²øñ\� Ö\× �&�u�u�
²���O�u�Û�ä��k�º²&���\�u���\��Û��	²&�� � X���t��²�t�>�u�u�Ý�V�O���\�O�V��� ÖZØ �ä²&��V���Û�	�\�ä�O���]éN�����Ý�\�ä����²&�t�O�Û�u�ä���O���S�O�V�u�
��k�" X���±Ü !Û���\�51o���"�\��²�� ��B�u��\�¯�\�%éN��²&���O���u�&���&�Û�"���B²�u�& X�&�V��� Ö�Ø �2 ����Û��Ü !Û���\���\��¯²&��V���Û��
�\��q²�t�>�u�u�&�qÚF�O�0�q���n�u��ké���B���%�\� ²&�Z�d��²���&�V���HÞã�O�\�\�Û��V�����u���>���2�\���V������� 3�������Û�%�HÞà�>�u�u�B�u�������\�
²���VéO��u�O��\²&� ÖKá �4����²�� ��B���&�\���\�¯éN��²��������u��	�>�u�u����V�Ç�\� �Û��\�����\�u�&�\�&�u��Û X���\�¯�&���n�\�"���±�B�� ±�\�Û�
�\��²�t�>�u�u�&�	²�Û��&��	�Û��Û�u�����BÚb��Û����B�ÝÜ��\�2�\�O ±�\�u���\��²�t�>�u�u�&�ä X�UôZ�� X�O�H�\�Û��\�����&�u ����\�41^�>�����Û���B�\�
�\���BéO�������²���O�u�Û����k�%²&�u��&�2�]é��&²2�Q���\��²��V�u�u���B�����u�PéN�0�����t� ²���B����B�X�\� �\�0ôZ��«²&���\�u���\��Û� Ö*Ø �
²�� ��B�u��\�+�\�«éN��²&�u�����Û��+�\��²�&�*�\�&�ZôX²���O�u�Û��)��Û�Ò�O�����u�+�u�& X���+Ü �&��Û� ÖZ× �&�Ò�O�����O�u���uñ\ ��º��k�Ò�Û����u��Û�
!Û�\�u�n�HÞãÜ"²�Ç�n�\�������\�� ±�B�u���\�Ç²���O�u�Û��������n�\�������\�� ±�B�u�� X�UôZ�� X�O�^��Þã�0����u�>�������\�#�Û�����«�U�u���&���V� Ö

Ø � �S���B�u�'® Ö '�������B�Û���Û�2��� �Û��u�B���ø�U���\�@����²�t�>�u�u� �S²]�U�����O� �B����\�0ôZ������\� �òÞó�� X�O���2�\� ��� � õ
���\�Û��® Ö � 7F� 9 �S�O�)�O�B�\�u�&�n�u���Û���O���«²&�� X�Q�&�u���u��Ú�1O�O�B���&�N����X�B�����������O�V�4����4�S�O�u�O  &&���Û��+�u�&²�� � X�O�\�\�&�
�S�O�4����)�O�B�u��\�Û� ÖNØ ���B�� ±�\�Û�#�\�Ý²&�t�O�Û�u�&�*�Ç�&�u� �BôZ�äÜÇ�u�1ô"�\�\���u�n�HÞó���Bæ"�Ç�u�1ô"�u�&�����O�\�4�S�O�\�)�òÞó�� X�O���41
 q�>���4�\���B�Ò�Q���Bé��O�\�Ò²&���\�Û���>���&�*�n�\�Ý���&�*�\�1ôZ����)�\�&�Ò�u�&�����O�\�

R4
���

R5
�u�O�n�º�O�u�Û�����B��*Ü��\�\�Ý '�& X�

²���O�u�Û� Ö�í �òÞó���Vé��&�u�u�41H���&�ä�\�1ôZ����ä�\�±�t�X�u��O�����
R1
�u���V�Ç�>�u�u�����\�&�ÇÜq���u�O���ä²&�t�O�Û�u�&�	�\�;:^��Û��V���&� Ö8× ���

��ôZ� ��\���q�������\�k���Û�X���XÚF�O�0���n�\�%²&�&�Û���� ��&��ñB�Z�\�X�HÞó��Û�"�Q��k�����\��V���q�N�B�%�^�O�\�±�t��²���B�Û���Û�\²&�u�������B�
²���O�u�Û��«��n�\���\�u���\�O�\���&� Ö
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,S.�#H. #H.�# W�68?SL��8�I�3)50T�CR�&A]9Qa<;D?S=Ñ=@IZ�

Ø ÞãñB���Û�u�����u�O X ��	�HÞó�\�\�Ç�� q�O�O�	²���B����B���Û��\�Û��Û��V�����\�\����Û�u�� X�>�������%�\�Ç���"�B�u���S�>�\���������Ý�HÞã�O� õ
�S�>�u���u�����'�\�&�%²�O�\���&�\�u�%�B��%�\�1ôZ������\�2�RÞã�� q�>��� Ö ß���ñ\���Û���O�����O � ���²&���\����\�X��Û�q�� ��\�t�>�n�u���S�O�
�\�B�X�k���u�B²&���B�u� � D ²&�� ��^���Û����\��²������\����Ç�u�&�^�&�u�&����\�O�Ç�\����^�����V���Ç�n�\�+²���V������\�B��V�±²øñS�>²�\�\�
���ä�\�� ��\�u�Ý�\�	�\�1ôB�&���*²���V���&�n�\�#�S�O�\�#�RÞã�� q�>���#�&�#²�O���>²&���&�u���u��Ò�S�O�º����\�*²���\����\� Ö\ù �S�>�\��²øñS�O�n�\�
²&�� X�Q���u�O�V���)²���\����\�8�&�Û��²&�Z�B��Ò�Û�\� �Ý�\�0���61D�RÞãñ\���Û�u�������> X ���²�O�\���&�\�K²&���V������V���>���\�Û� 2563 ²������\���� Ö
î �+�\�&²��Û�u�0���q�B�\�X�O���O�\�B�X�\���O²�� �� ������Û�±²�X�N�B�)��Þà�����\²&����� !Û�\�Û�n�HÞà�>�����Û���n�\���^�&�Ñ�HÞã�O�B�u��\�Û��Ü
�RÞà�O�\�O��æN�u�&�Ò�\���u�&²&���& X�&�V� < Ø�ì ´O´4? Ö ßÝ�\�ä�u�����B�������q²&���\�u���Û�u����>���«Ü��Û��n�S�O�V�u���S�&�#�òÞó�� X�O���«²���B����B�º��
�\��²&���\�Û���\�&���O�V�#�n�\�Ç���&�º�\�0���º�\���Q�����\�ÒÚb���k���61Z q�>���Ò²&�&�Û�����u�O���B�u�����%�B���\�\���\�� X�O�Bé>�O���Ò�Û��u�B���ø�U���
²�O�#��������u�Ç�Û��u�B X��Ü¯�\�\�Ç�\�Û� õ �Û��� ���V���>������� Ö
Ø ���\�u���\²���^�q����\�&���O�#�B��"�\�u�N²�&�\�\�Û��"�HÞã�O�S�O�0æZ�Û���HÞóñ\���k�������u�O � X�&�±²���B�u���k����Ü��O�S�>��æN�u�&�¯�t�

�\���Û�u�u���B�B�������@�\�O�\�±�RÞã�&�u�S�O²&�%²�O�\���&�\���\�&�¯�^�O���V����²���\����\�Û���\�q q�O�B� &�Û�%Ü� ��&�Û���Û�q�����éN���\�&�\²�
�Û�����o�\�� �&���\�&�+ÜäÚb���Û�u���²&���\²�&�V�����U�����O�\�����N²]�>������\�#�Q�����V�u�o²�O�\���&�\�u���n�\�#�B���\�4�O�B�^�&�����\� e'h���z�� 1
�Û�����¯�B�� ����\�&�"�\���òÞó��u�\�O²���u�&�t�>�u��éO� ���V�±éN���\�&�"�\���^�����V���¯²�O�\���&�\�u�"�n�\�#²�O�u�u�&�u�Q���\�\�&�V�%�O�Nô
� i<r rFfUz�� �Û��S�O�u�O�V�º����)�\�;:^��Û��V���* X�N�\�� ÖZá ���\�*�òÞóñnæN�Q�O��ñ�&�u�ä����\�&���O��� ���V�Ò�O�\ ����u���n�HÞãÜ�²øñS�O�n�\�
 ��Z�B���&�Û���>�u�u�N²�����\�B��²���O�u�Û�±�\���\�0ôZ����61<�����\�Û���\� && X���\�±�����B�&���&²&�u�����2�B��	²&�t�O�Û�u��Ý�\�²&��Û���O���u��
Ü������u�&�� ���V�ø�>�u�����Y�^�&�B� õ �&���Û���O�Q���u�B�q�S�O��²����\�)�\���t���\�&�u�²&�u�������B��¯ ��Z�\�&� Öo× ��¯ ��&�uñ\�Z�B��
�O�Q���B�u���Û�u��V��Ü��t�%²&�t�O�Û�u� �S²]�>�u�������B��Ç�\�0ôZ�&�����S�O���RÞã���V����Û X�&�\�t�>���u���\�"�\�&�Zô �&���O�^�&�Ç�u�\²&²��Û�u�0é��� (
�\�B�	�&���O�^���B�	�\�&�u�²������O���B��# ��Z�\�&�Ò���«�\�\���&���O�Q�	�\�	²&�t�O�Û�u���\²]�>�u�����%�B��#�\�1ôB�&���º�&Þà�>�\�\�Bæ��O�V�Ý�Û�\�
����# ��Z�\�&�#�\�&�u�²����� Ö
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� ���\�Ò²���� 1B���^��ôZ���Û�u���\��Nô��O�\�B�u�N²øñ\��«�Q���u�Û���\���� (B�òÞã�O�\�\�Û�Z²øñ\�ä q�O�Û�����\�O���«�&�º�òÞã�O�\�\�Û�Z²øñ\�Ýé��² õ
�����Û���&����� Ö+Ø �Ñ�\�u�& X� &�u�����u�O���u������%²&�� X�Q���u�O�V����q²���\����\�Û�%�u�&�S�O�Û� ���V��1º�������&�q���Û�����X�u�&�u�\�0�ø�>�u�
�u���V�«�&�\�u�\�0���	Úb�\�Û�����B�\�� ÖSØ Þà�O�B�\�u�N²øñ\��é��&²&���O�u���&�����Ý���u�O���u�	²øñS�O�n�\�Ç�\�1ôZ��H²&�� X ��	�\��éO�²&�u��\�«�S�>�\�
�òÞó��Û�S�O²�Ç²&���\���&�\� Ö
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è ���\�Çé��&�\���\���\�XéO�����Ç�n�HÞó�\�� X�N�\�"��k�±�\� �S�\�)�S�O���\�\� ����\���\�X�òÞó��u�\�O²�X²���\����\��Ü�Úb���Û�u�
²���B²��V�u���>�u���������N²]�O�����\�+�Q�����V���8²&���\���&�\�u� ÖUØ �&�o�>�\�\�u�N²øñ\�&�K X�O�u�O���S�O����`�>�S�O��æN�Û��V���t�#�\���k���Û���\�B�u�����
�\�Ç�t�¯�\�Û� !Û�²������O���\�Ç²&����^�����V���«�u�\��²øñS�O²&�\�\���\���²�O X�Q�����>�n�u���²���B����B� Ö<Ø Þà�>�S�O��æN�Û�� X�O�Û�����S�>���
²���B�u���k���Ý�\���\²�Ü��O�S�O�0æZ�Û��º���\�\�&�^�&�\�S�O � X�&�V�Ò����Ò�u�u�����*ñ\���Û�u�������> X ����® D �\�O�n�Ò²øñS�O²&�\��²���Û�u�� õ
�^�O�\�"Ü	�\�\�º�&�Û�u�� X�>���������\�#���ÝÚb���\²��������±�\�#�\�&�\�u�0���º�B�#�\�u���\�O�\�������u�*�\�&�4�^�O���V���K²���\����\�Û�4�\�u� !Û�&���&�
�u�\�«�\�B��²&�� ��^���u�O�V��� Ö
Ø �&�±�Q�����V����²�O�\���&�\�u���HÞã�B�\�% $� ��X�Û��������Y�Û�%�\�u� !Û�&�u�u��V�¯�Û�\�±�\�Ñ���V����ké>�O���������X�����\���HÞã�B�\�

²�� ��Q�����O�V�u�Ý���Ò�RÞãñ\���Û�u�������> X ��	® D �O�u�Û�Z²&���ÝÜ�²&�&�u�u�ä²&�� X�Q���u�O�V���«éO���O���O�u�+�\�u�&�u�&�n�u��º�B�q�\��²Ý�Û�\�
²�* '�& X�)���V���&�Ûé>�O����� ÖDØ Þã�O�S�O�0æN�u�Ò�B�Ò²øñS�O�n�\�#ñB���Û�u�����u�O X ��#® D ²&���\�Û���Û�u�Ò�\�O�\²ºÜä�B�&���&²&�u���²&����\��²�51
�n�\�4�^�&�Bé��&�V���Û��\�Û��u�&�V������\���B�u���&�\�u�Ç�Û��������\���\�"²�O�\���&�\�u�Ç�\��:��&�u��V�u��618�S�>���òÞó���\�&�n�u���S²�>�������2�\�&�
���V���&�Ûé>�O������¯����"�\�&���� ������O�V� ÖoØ �&�X���V����ké>�O������¯�\�����²����&�q�u�&����� ²øñS�O�n�\��²�� ��Q�����O�V�u���Q��Û X���u���&�V�
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²���B����B�u�#�u�O�n�Ý���B²���B�u��#�\�O�\�«²�&�Ý�S�>���O���������\��� &&�\��Ò�^�&�u ��&�«�\�Ç�u�����Û���Bé��&�«����« ��Z�B�� Ö
÷ �O�\�K�t� �S���\�Û�Ý® Ö � 7b² 9 1D������\��Zô��\��²���\�Ò�RÞãñ\���Û�u�������> X ����\�)�t�«²�� ��Q�����O�V�u� R ²&���u�Û��Û�^���B�\��V�

�u�&�u�Q�²&�u��éO� ���V�4�O�Nô��Û��������\�B7
R1

1
R5

1
R6 9 �&�F7

R2
1
R3

1
R4 9 �\�*�òÞó�� X�O�����\�*�t� �S���\�Û�ä® Ö � 7F� 9 1]���O�\�\���
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�S�O�Ç���"²øñ\�O�0ô �\�&��²&�� X�Q���u�O�V�����²�O�\���&�\�u�Ç�B�u�������u�&��Ç�&���S�O���t�� ��&�uñ\�Z�B���B�X�\�����&²&�������Y�B����\��²&�
�HÞóñ\���k�������u�O � X�&� <  ���\´B®5? Ö
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ê Ö�Õ ñ\���O�\�\�&�����2�>�ÇÚb�B�u��V�����&���B�u� ����&�u��Üs�����\�B�������� �Û��� ���V�ø�U�����O���S�>���>�\�\�u�N²øñ\� �u� õ
²�\�Û�u�0é��2�&���\�u�&�S�O�V���&� ²���\�Û���\�&���>�u�����s�\��ZÚÇ²�� ��^�O���O�V���&�%���Û�u�\�&�%�\���u�u�����X�&�u�S�>²���²&���\����\�Û�
�\�;:^��Û��V��� < Õ � êä°���? ÖºØ Þã�O�S�>��æN�u���\��²&����\�&�BÚb��ñ\���k�������u�O � X�&�q�Q��u ��&�%�\���\�&�u��Û X���\��%���2�\��²
�HÞóñ\���k�������u�O � X�������\���\�q�Û��\�Û��u�&�V�ø�>�u��Ú ÖºØ �&�q��ôN�u�u� X�Y�\���òÞó���V���&�Ûé>�O�������\����� ������O�V�"²�2�\��²��Û���V�
�O���O�u�º�\�����&²&���&� Ö^Ø ��«�\�0ôZ�&���#�\���V�����&�«�\��éO�]�O�Zô��O�\�S�O�k������\�\�&�V�äÜ¯²&���\��²�²���B�Û���0���\�&�V�Ý���¯�\�u�& X� &�u�
�u�&������� ÖHØ �¯�\�u�N²�&�u�Û�\�Ç��Û���Û����u��Û�¯�u�\�����%�\���BéO������¯�� X�O�����\�¯²���V�u��S�O�V���\���\���t�%�Û��������2�\�Û�²� õ
�\� � ���V���\�����&²&���&� Ön× ���u�u�#�O�\�\�Û�Z²øñB�º�^�&�u ��&�o�\�º ��&�u�u�u�*��±��éZ���\��B²�#���&�o ��Z�B��o²&���u�Û��Û�^���B�S�O�V�
�O�Zô �B�;:^��u�&�V������u�&�������B���\�X�RÞã�� q�>���¯�O� Úb�\�Ç�&��Ü� ���Û�\�u���\�&���0����u�>�������\� Ö8× �&�Û���X�O�\�\�Û�Z²øñ\����k�
�u�&�\�u���u���S�O� 	±ÖãîøÖoÕ ñV�ø�����¯�O�+�&�Ñ X�O�n�u���O�V���n�\�%²���u�u�q ��&��ñB�Z�\����k�±�\���\���d��²]�O²&�%�u�)���&��²&��  õ
�^�O���O�V���&�ä²&���\���&�\�u���B�u�������u�&��«�u���V�ä�\�²&���u�Û����&�� < Õ A á ��´4? Ö  ���Û���\��²�&�Û����²���\�k�ø�>���>�������01S²&��Û���O���B�
�O�B�u��\�Û�����V���S�O���t���u�\�0�����\�u�0éZ�����&�����¯�������u�\�O²�&� (L∗, a∗, b∗) �&� (L∗, u∗, v∗) �Q���\���\�&éO����O�\�^�&�
���&�\�u�«�O�������Û����ñB X�&� < × �� �O´ 1 á ²øñ � � ? Ö
á^ÖHÙ �� X���S�O�V���u�&�\�u�&�\�@²&�¯�\�u���\²���^���HÞà�>�S�O��æN�Û�±�u�&²�\�Û�u��éO�"�\��Çñ\���Û���O�����O � ���61Q X�O���Ý���O�\���Û�

�\�t�>²��«�S�>�\�ä�\����Û�S�O²��²�������u�� X�����Û���n�\���S�O�k����²�\������ < Ù �� '�V³�? Ö<í ²øñS�>�N�B�±���u����U�����O�01\�\�\�Ç���u�O�\� õ
Úb���u X�>�u�����s�\� A��>�uñn�\�\�&� Ø �N�&é�� �\�&���Q�����n�u�%²�O�\���&�\�u���\�&���B�0ôZ�����Ü �>�S�O��æN�Û�����k���5:^�²&�u�\��41
�^�&�u ��&�Û�ø�O�V���\�\� í �S�O�0æZ�Û�%�� × �� X�Q���u�O�V��� � �Û���\²&���S�O���-7 í�× � 9 Ö ï+�Y�5:^�&��1��òÞã�UôZ�q�B�u���B²���\�O�4�u� õ
�u�\�0�ø�O�V���B��²&�&�Û��� í�× � �&�Û�����±�B���\���\���u²&�u�� ����\�O�V� ÖQØ ���B�u�N²��B�\�u���O�S�>��æN�u�±���¯�\�u�& X������DôB�"� �S�
�HÞó�����ôN�u���O���u�������B��²������\���\�ä�Û��\�Û��Û��V�ø�>�u��Ú Ö�Ø �&�	�\�1ôB�&���Ý�u��B�u��Û��V���&�Ç�S�O�ä²&�±�\��²��Û���V���u�������Û��	�B�
�òÞó�� X�O���¯�B�u�������u�&�X�����u���\�%�RÞã�0����u�>������� �u�\�0é>�O�V��� ÖoØ �%�\�u�N²�&�u�Û�\�¯�Þã�O�u���&�u�%�����Û�u�n�HÞó���)�HÞöæÑ���B���\�±�B�
 X�N�\�&�#�u���O�\���S²�>���0Úb�ºÜ"�\�&�u�²����� Ö

� Öã÷�Ö`× ñ\�&�\���&� 	¯Ö`á �\�2�\�Û���^�O�u��V�Ç�HÞó�B�u�������u�&���RÞãñB���Û�u�����u�O X ��Ç�\��äñ\�� �������B����u��Ý�^���B�ä�\� õ
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�\�;:^��Û��\²&�q�&�n�u�u�X��������V�u��\�Û�����&���\�&���\�1ôZ������O�\�\�O�Û�u��S�O�V�±�O�@éO�����Û���S�O�O�X�\�Y�\�0ôZ��+²&��V���u�O�Ò�������
 X�PæO��\�\���\�&�*���n�u��\�Û���u��+�\��)�\�1ôB�&���+�\��²�� '�& X�ºéO�����Û���S�>��� ÖVØ �Ç�\���Û²���V�u���n�\���u�«�\�«�òÞó���V���&�\�u�0���#��k�
�\���\�B��±�S�>�	�t�q�Û��Q���\�Û�"Ü%�òÞó���^�&���>�u��\�Ý�\� á �O�^�&� Ö^Ø Þóñ\���Û���O�����O � ����\�&�	é>�O���&�\�u�	��Þãñ\�O X���O��\�&�����
��k���O�����Û�	²�O�\�Û�u�u�\�0� Ö`÷ �>�\��²����ñB���Û�u�����u�O X ��21<�Û�²øñ\�&�u²øñ\�&�����&�	 ��Z�\�&���u��éZ����V��Ü��u�&²øñ\��Û²øñ\������&�
�u�&�������B�#ñ\�� ���� &�B��#������V�u��\�Û�����Ç�\�Ç�RÞã�� q�O�O�ä���>�\�#����B���#²�O X�B�u���\�Ç���&�\�u�«²�O�\���&�\�u� Ö
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Ø Þà�>�S�O��æN�Û�4�\��8ñ\���Û���O�����O � ���o® D �B�&é��&�����B�^�&�)�B�u�²&��\�& X ���V����� &�Û�4�\�4ÚF� ����Ç�Û�²�B�u�u�0é��)� �S�
�\���u�&�Û�u�u����\�\�Û�ä�òÞó��� �S�\��B²���\�%�u�&²���ZéZ�Û� ���V�º�B�ä�t�Ç�\���Û���Û���\�Z�����O���B��Ò�B�;:^��u�&�V���Ò ��N�\�� ÖN× ��Q�� õ
�S�>�n�61S�\��� ��Z�\�&�«�\�����\���Û²��Û�S�O�\������S�O�#�RÞà�O�\�O��æN�u�Ç�HÞóñ\���Û���O�����O � ���	® D �Q��BéO��V� �����u�Ç��ôZ�u���O�0���
�&�%�O�S�>��æN���O�V�)�u�� ±�\�0�ø�O�\�& X�&�V�+�\���\�Û���&�\�u�+²�O X�Q�����>�n�u��)²���B����B�u� Önî �S�&Þà�O�O���*�O���O�u�4�\���òÞã�O�S�O�0æN�u�«�\�
�RÞãñ\���Û�u�������> X ���²&���\���&�\� Ö�Ø �� X����ñ\�N�\���t���\���B���Û�� ��\���¯�Q���\���O�S�>��æN�u�&���RÞãñ\���Û�u�������> X ���²&���\���&�\�
²&���\�u���Û�u��Ü���:��&²&���B����\�\���u�� X�\���%�\���S�O�u�����>�u�����Y�\��"é>�O���&�\�u�¯²&���V����n�\�&�q�S�>�\�"����"²&������\���&� Ö ï4�
��:�����14���&�" X�N�\��"�Û���V�q�S�>�\�X²&��²]�O�X�O�u�Û�� �������¯�O�Nô ²������\����"�]æV�>�n�X���&�"�\���\�¯Úb���k���&�"é>�O����\�Û�"�&�
�\�B���Û�� ��\���Ò²�� ��S�O�u�O���Û����ÜÇ�B�X�Û��\���S�^�&�u ��&�)���&�\�4��ôN���u�O²&�u����� ÖnØ Þó���B²���Vé��&�\���&�V�Ò X� !Û��B�4�\�«²�&�Û���
 ��&�uñ\�Z�B���u��Û���\�Ç�S�>�\�«�òÞã� !Û�\�Û�u� ���V�«�\�&����²�>�«�\���u�&�\��� Ö

 ÒÖ A��\�u�\�O������� �&���O�ä�\�Û���Q���u�&�n�%�\���\�²&�� ��^���Û��%�����\�Û���\� & ����� �RÞà�>�S�O��æN�Û���\�2�B���\�Û����B�u�
ñ\���Û�u�������> X ���	³ D 1 (R,B) 1 (R, V ) ��� (B, V ) < A á � ´�´�? Ö8× ñ\�O�n�\�"ñ\���k�������u�O � X�±³ D ��k���O�����Û�
�S�0���Û�q�&� K  ��Z�\�&�±�u�O�n�"�B�&���&²&�u��"�S�O�±�B�\���u�&²øñ\��Û²øñ\���B�� q�UôZ�� q�����N²]�O�ZôY�\�&�¯²���V���&�n�\�"�\��
²&������\���&� ÖnØ �ä�B�� ±�\�Û� K �\�Ý X�N�\��ÒÜ��\�����&²&���&�º��k�ºÚb���\�Û�\�<�S�O�*�òÞó�B���������u�>���&�\�4�&�Ò�\�\�Ý���^�&���>�u�����X�\�
Úb�\�Û�������\�Ç�Û��������\�#�Q��u ��&� �\�S�O���& X�&�V�«�HÞã�O�B���&�\���#�RÞã�� q�O�O�ä�u�&�� ���V���&� Ö
Ø �2�\�&�u�²������O���\��¯ ��Z�B��±�Q��B�¯�O�\�u�Û� �&�u�u���Û�]�O�����u�&�%����Z���������u�O�V���\�&�"�O�\�\�Û�Z²øñB��" X�O�u�\ñ\� õ

���������n�\�&��²�� � X����� �������B���\�@�\�O�Û���O��� �\����]�O�Nô 7 Ø � ï 9 ��� ��� �S���u���O���� ����Û�\ñ\�����������n�\� Ö#Ø4Ö
á ñ\�>ÚF�O�u�&�*FO�����Ç�O�o�B�u���Q���u�&�V�Ç�HÞà�>�\�\�����n�\��	�RÞà�>�������Û���uñ\ X�Ç�\� Ø � ï��Û�\���òÞóñ\���Û���O�����O � �� � D �S�O�\�
�RÞã�&�u�S�O²&�Ý²&�����O�u�� ��&�u�u���N�B� CIE(L, u∗, v∗) < á � A ���4? ÖNØ ��B�Ò�O�B�\�u�N²øñ\��²���\�Û���k���ÝÜ��Û��\�\���u���S�O�\�)�\�
�\�Û� ����&�º��� ��\�«�����B�u�\�0�Ý��Þà�O²&�n�\���Û�����������S�O�«�\� �S���u�u���V�>�\�u�Û���� Ö^Ø Þóñ\���k�����O���O � X�ä�O���B�u���S�0���u���&�Û�
�&�\�u�\�0���X�O�S�O�0æN�u���S�O���\�Ñ�O�������Û����ñB X�±�B� Ø � ï � �S�Y�B�X�\�����&²&���&��������\�;:^��Û��V���� X�N�\�&���&�Y�\�Û� õ
�Û��\²&� Ö ßÝ�\���O�\�B�u�N²øñ\�Ç�u�� ������O���Û�Ý�&�Û�Ý�\�u�O�^���Û����S�O� Ù�Ö^ë ����>�\�����Ý�O� < ë�áB÷ ´Z®5? Ö<Ø Þóñ\���Û���O�����O � ��
�
D �&�Û��²]�>��²�B���±�����B�\�¯Úb���\²&�u�����������V�O�Û���uñ\ X���n�\��æ2��Û���O�B�\�����N�B��±�Q���\������ ������&�Ý�RÞã���\²���\��B²�¯�\�
���@�\��� õ ��n�\���\�u�O�S�O�\�������u���\��q²�t�>�u�u�&��ÜY�\�����&²&���&� Ö ßÝ� �S�0�����>�����Q��Û X���q�&�\�u�B�������\�2�u�B�\�\�u�� X�&�
����± ����\�� q�����N²]�>�Zô@�\���òÞóñ\���k�����O���O � X� � D �Q���\���\���V�O�Û�\��±�n�\������± X�O�u�n�\�&�\�u�¯�B�u���B²���\�O�Zô Ö
 ���S�O��� ���V��1S�RÞà�O�������Û����ñB X�Ý�\� Ø � ï �&�Û�	�O�\�\�����n�\��Üq²���	ñ\���Û���O�����O � �� �S���u�u���KJ2²øñS�O�n�\���S�O�u�Û���
�\�����&²&���Ý²���Û�u�&�u�Q���\�%ÜÇ�\�X X�N�\� Ö ß��\���\ñS�O�Û�Ý�\��²���O�u�Û���S²�>�������"�\��*�\�0ôZ�&���)�O�Zô�²&�t�O�Û�u��*�O�Û�u�N²���&��
�O�Nô� X�N�\�&�#�\�&�u�²&�u����^�&�u ��&�«�HÞó���B�u��\���«�òÞó�� X�O���ä�Û��� ���V�u�� Ö
á^Ö � Ö � �O��F������O�O�\�u���Q���Û��V�o�B�*�\�����&²&���&�K����8 ��Z�\�&���O�u�Û�Z²&������O�Nô�²�t�>�u�u�&�K�\�O�\�8�òÞóñ\���k�����O���O � X�

�
D �����O²�XÜ��\�&� �S�0���Û��� X���Û�\ñ\�����������N�B�� < � 	�Ø � �4? ÖK÷ �O�\���B�Y�\�Û� �������u� ��\�618�òÞóñ\���Û���O�����O � ��
�
D ���u�������\�O�`��k���S�0���u���S�O���\��Nô �S�0���Û��ä���O�\�u�Û���&�\�	�HÞó�²�O�Û� õ � æN�^�&�	�\��:��&�u��V�u� ÖHØ �q�B�;:^��u�&�\²���\��
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�\��Nô�ñB���Û�u�����u�O X ���«�>���\�Û�`���B���&�n�\���Q��Û X���ä�\�ÇÚF�O���u�Ç�u�&�u�u�O�Û�����«����� ��Z�\�&�«�\�u���\²���S�O�Zô��S�>���B�\�
�\���\�O�u�����>�u�����Ç�\�&�4²������\������\���V�����Ý�Q���\�\���>���������B�Ò�\�1ôB�&���K��Û���u���O�\���S²�>���0é�� Ö ß��\�º�\���t�>���>���������O�S�O� õ
�ø�>�u��éO���&�Û�	�O�\�\�����n�\��Ç�Q���\�«��ôN�u���O���u������� ��Z�\�&� ÖQ× ���u�����\��Û�\� &&�u�����Q����U�����O���&�Û�	�O�S�O�B���>���0é��Ç²]�>�
������¯�Q��u ��&���>�Zô  X�N�\�&���B�X�&Þã������B�\�u��!Û�\�u�n�HÞãÜ��\�B�X²&��Û���O���B������ ����u���&���Û����O�@²&��Û���O���B����\���Û�² õ
�������\� Ö ï4�2��:�����1Q�u���\��Nô2 ��Z�B����\�u�N²øñ\��ä�òÞó�\���B���òÞã�O�B�u�u���u���u��B²���V���Û��V���\�B���O�V�	�����B���t�U�ø�>�u�����
�O�S�O�Z�ø�>�u��é��41\���Ç�\�Û�Z²&��Û�u�\�Ý��Û�ä�O�Û� �&�u�Ç�S�O�\�«�t�¯�\���u�&²&���������S�O�\���t�>�N�B������	�����º���&�\�\��V�äÜ��&Þã�����&�\�\�u� Ö
Ø ���u�Û�N�B�Ò���&�o ��Z�B��o�B�Ò�Q��BéO��V�+�\���B� �&�u�u�*�\�����>���&�K���������Û�u�n�\�Ò���*�B�� ±�\�Û�Ò X�UôZ�� ±�\  �HÞã�0���&���>�u�����\�
�\���\�B�Ý�&�Û�#�U�u���&���V��1n�RÞà�O�������Û����ñB X�*��Û�º�O�u���&�u� ÖNØ ��Ò�Û��Û�\�����>���*�\��Q��\�B��V�º�\�Ý�t���ø�O�������º�\�ä�RÞã�&���& X�&�n�
�Û�u�u�\²����\�u�O�V�Ý�Z���������Û�	�^�O�\�#���&���O�^�&���>�u�����\�Ò X���Û�\ñ\�����������N�B�� Ö

��� �d��� �K-�.0)&'��<.0+ #<. 8	2&� 2 .0#�+ 57#�+ � )<.
	74 5(#�+ 57#9+,#l�9� #�-�.0/1.32	4�- -7#<.Q.0#
× �&�u�u�	�\�Û� �� &�Û�Ý�\�O�Û�u�����\�ä²øñS�>�\���u�u�ä�B���\�#���^�&�u ����)�HÞà�>�\�\�u�&ñ\��B�\��51\�S�O�Û X�<���&�Ò�\�O ±�\�u�&�\�u�&�

���&²øñ\�\���n�\�&�Ò�\�«�Û��� ���V�ø�U�����O�X�HÞó�� X�O���&�4²���B����B�u�61n�\�&�ZôX�O�\�B�u�N²øñ\��*�\�u�&�S�O�V�Ò�&�q²&�� X�Z���«�u���0�+���&�
���V���&���O²��������\�«�u�S�U���t�>����#�&�V���u�����&�Ý�\�1ôZ����51S�u���0���t�¯�\���Û�^�O�u���u�������\�&�ä�Q�����V�u��²&���\����\�Û�Ý�Û��\�Û��u�&�V�ø�O�V�
���&�#�\�0ôZ����#�S�O�\�«�RÞã�&�u�S�O²&�Ç²�������u�� X�����u���n�\� Ö
Ø �&�� X����ñ\�N�\�&���S�O�u�&��Ç�u�B���òÞã�O�S�O�0æZ�Û���Û�S�>�����O�����\����� q�O�O��ä�n�\�o�u��O�u���\�Q��V�Ç��� �\�0éN���u�&�V�����&�

�\�0ôZ�&���)��%�Û��������\�)ñ\�� ���� &�B��61n�\�O�\�\��V�#�B�ä�Q���\�Ò�Û��Û�\�����>���)�����Û�u�n�\�Ý����²�u�0��&&�u���HÞà�>�������O X�&���>�u�����
���±�\�Ò�u��\�O���>�u��������Û�4�O�S�O�B�u�#Üä�RÞã�� q�O�O�*Üä�O�S�O�0æZ�Û�� Ö�× �&�^�&�\�S�O�V��1V�����u�Û�n�\�Ò�RÞã�� q�O�O�)�&�Û��Úb�O�Û���& X�&�V�
�\�u�B�����&�214���#�\�&éN���&�V�X�u� &���\�p�X²&�������\���Û�&�u�u���BéO��X����"�Û��������\�"ñ\�� ���� &&�\�� Ö*Ø Þó�� X�O�����Û��� ���V���&�
�u�&�u�\�0�ø�O�V���ä�\��Q��\���O�����u�)�\�������u�&���&²&���������\�&�º����Û X�&�61Z�\���òÞó���u�B�u�ä�B�	²���B�Û���Û�\²&�u�������B��º�Û��������\�61
�\���\�Û��\��²]�>�Ò�B���������Û�ä���#�\���u�&���t�>���ä�\�&�#�u�&�\����� ÖZØ �&�ºé>�O���&�\�u�º�Q��k�����\��V���&�#�\�	�Û��\�����º�Û���V�ºÚb���\²������O�
�\��4�� q�>����4Ü��Û��� ���V���&�+�&�+�\�&�)�Û��Û�\�����>���+�>�Û���&�\�\�\� Ö ßÝ�" q�>�Bé>�O���K�u��O�t�O���Ò�\�«�òÞó��\�Û� ±�\���º�\�«²�&�
�S�O�u�O  &����Û��8�^�&�B����V���u�>ðt�B����\�\�)�u�\� õ �u�&�� ���V�ø�>�u�����Ç�����\�\�)�u�O�\� õ �u��O X�&�n���>������� ÖUë ��\�&���O��� ���V��1
�\���^�O�Û� õ ���u�O���u� ���V�ºéN���&�n���S�>��������*����«�\��ÚF�O�B�u���B��²&��� æZ�Q���\�Ç X����ñ\�N�\�� Ö
Ø �&�� ��&��ñB�Z�\�&���S�O�Û��&�)�Û�\�����ä²���O�u�Û���S²�>���������\�#�B�0ôZ����o²�O�\�u����&�Û��V�+�n�HÞã�B�\�#�u�&����������Û�+²&���\�k��� õ

���\�&���\���\�0ôZ����"²���\�B��ôZ��q�O�\�S�O�k���&�S�O�V�XÜ �B�\�� $� ���²���O�u�Û� Ö ï4������¯�\�����&²&���&�V�q����"�\�;:^��Û��V���&�
²���O�u�Û��«�\�Ç�\�0ôZ�&���#�S�O�«�>�S�O��æN�Û���B��«�n�S�O���&�Ý�\�Ç�Q�����V�u�#²���\����\�Û�«�S�O�\�«�\����Û�S�O²�Ç²&���\���&�\�«�������&�
 X�N�\�&�º����\�Û��u�&�\²���S�O�Ò�òÞã�O�S�O�0æZ�Û�	�HÞóñ\���k�����O���O � X�&� ÖB× ���V���u�O���Û� ���V�«�O�Zô% X����ñ\�N�\�&�#�HÞà�>�S�O��æN�Û�
�u�S�U���t�>���#�\�Ý�òÞó�� X�O���21O²��Ò�O�\�\�Û�Z²øñB��º�\�&²�&�u�u�0���&�n�º�^�&�%�\���S�O���>  &����u�&� ÖZè ��O�\ ������\�51V�^�&�%�HÞó��V���Û�
�������)������\�\�&�V�«²�� ��B���ä�\���t���Û��S�>�Û���0�������q�Û�S�>�����O���Ý�\��#�B�0ôZ����º�\��²�O�\���&�\�u�º�Û� ±�B�t�O�\���� <  ���S´B®�? Ö
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Ø ��« ��&��ñB�Z�\�&�#�\���u�&�� ���V�ø�>�u�������B�&�u�u�Ç²���\�Û����&&�u�&�n���n�\�Ç���&�#�u�&�������B�º²���B�Û���0���\�&�V�Ý�B��«�u���B� õ
�&�\�u�& X�\����+�\�����)�\�Ý�RÞã�&�\�u�& ±�\���#�\��)�\�0ôZ�&���+²���B�Û���0���S�>�n�)�RÞã�� q�O�O� Ö�Ø ���u�&²���B�Û���Û�\²&�u�����X�\��)�u�&�����O�\�
�&Þã��:��&²&���B�Ý�&�X��:��&²&�ø�>�n�)²øñS�>�N�B�Ý�\�1ôZ��SÜ��\�\�«���+�\�\�«�u�&�\���«�u�&�����O� ÖV× ���u���«�\�& q�>�u²øñ\�«�\�Û��u�&�V�����\��
���� ������&�o�����u�Û�N�B�Ý�\�O�\�*�B���B���u�Q���Û���\�)�S�O�)�\�Ý²&���\�S�>���u�u�O�\²&�ä�Ç�\�u�����u�B�u�\�)���&�)�Û��������\�+�HÞã�4:^�²&���>�������
�\�&�«�\�0ôZ���� Ö
Ø Þã�� q�>�����B�2�t� �S���\�Û�Ñ® Ö °@�u�&�\�u�&�u��V�u� �B� �\�&���O���Ý�O���u�O�\�\���\�2�RÞã�� q�O�O���O�u���O���S�O�����\�2�t� � õ

���B�u�q® Ö � 7F� 9 ÖQè ���\�	�Q���BéO���\�	²&���\�Û���>���&�	�n�HÞó������Û�	�\�����²]�U�ä�\���\�²&���\�&�	�u�������\�0ôZ�&� P1
�O�\�S�O�k������V�

Ü �t�@�Û��������
R5
����ÜY�t� �u�&�������

R6

Ö � �O�\�q�Û��Q���\�\�Û�2ÜY²&��� æN�^���\���Û�����\�>�������014���&�q ��&�uñ\�Z�B��
�\�"�Û��� ���V�ø�U�����O� �\���\�"�u�\�B�^���Û��V�±�n�\�"����Ç�\�0ôZ�&���Ç�O�\�\�O�Û�u����B�\��V���\���B���O�@ ������B��Ü�²&����u���B� õ
�&�\�u�& ±�\���&�"�&�"²�O�\�u����&�Û��V���N�B������¯�\�1ôZ����¯�Q��Zé���V�q�O���B�u� �����u���Û����Û���\�Q��"�� �u�O�\� õ ��\�Û� ±�\����
�S�O�\�«�\�Ç�\�0ôZ���� Ö
� �O�\�Ò²&��t� 1V²��* X����ñ\�N�\�&�Ò�u�O�n�*�S�O�Û��&�º�u�\�)���&�*²&���\²&��B�u�º�\���t�Ç���������n�\� �S���\���\�²&�u�0���Ò�\�O�\�)�t�

�\�Û� �� &&�u�Ç�S�O�k�����Ç�\��²���S�O�u�O�����>�\ñ\� Ö<÷ �O�\�ä�����Û�²&���\�\���S�O�Û�u���41S�\���\�Ý�\�u���Q���Û���\���\�\���\���S�B���������
�\�*�t�«�u�&�� X�&�V�ø�>�u����� �S���\�*�HÞã�B�\�Ò�� q�O�O�)²&���\����\� Ö � �O�u ��V�����B�u��K����8���&²øñ\�\���N�B��4�\�*�u��O X�&�n���>�������
�S�O�\����Þã�� q�O�O��«²���B����B�u���S�O�u�B��ä�\�O�\�ä���������Û����u�>���B�u�21B�\���\�Ý�^���Zé����\�Ý��²&�`��\²&���u���\���k�����B���\��«����
 ��&�uñ\�Z�B��#�\�Ç�u�&�� ���V�ø�>�u�������S�O�\�Ç�S�O�«�O�S�>��æN�u�Ç�u�\�>�����O���	�B���RÞã�� q�>���Ý�B��� X����ñ\�N�\��#�B��²&�t�O�Û�u� � õ
²�>���������\�Ç�\�0ôZ�&���# ��&�u���O�V������Z�&�BéN�u�Ç���&�#²���\²&��B�u�Ý�B�����¯���������n�\���S���B� Ö

R5

R6

P1

@BADCFE G (��-Hï��[�`|}m�huoaWrhji m�U�|}w W¿TAc4m�w)m�X�|}hsW)�
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E+������Ü��\�Û��u�n�\��µV´��O�B�¯�N�B���\�O�\�"���%�Û���\²&�º�HÞã�O�B���O q�>�u���Û��±����¯�O²��������\�¯ñn�\ X�O���\�&�61K�t�2 ����u�
�����n�S�>�u�������\��²���\²&��B�u� �S�O�\�ä���&�u���\��é��&�����\�Q��� q�U��ñ\�& q�>�u���n�\�& X�&�n�«�O� �O²&���O�Nô������]é>�O�Zô��B�
Ø4Ö � �>�\�ñ��N�B���X���V���u�N�\�\�0�«�t���\�O���������\���Û���\� õ ��\�Û� ±�B��� �\���2��@®����" < � �>� �"�? Ö^÷ �O�\�Ý²���\�O��� õ
�����>�\ñ\�21U�\���B���O�������\�8�\�Û��Û��V���&�4�t�Ý�B���S�\�0���������HÞó�\�±�Û���\� õ ��B�u� ��\��� �\���¯�O���\�u�n�n�\�º�Û����\�Û���\²&���S�>����
²]�O�u�O²&�u��Û���Û�u���n�\�&� < ç#ì �">� ? Ö

,S. �H.F,S.F, ��_���6�CbAPCF9Q6 3+50GK6 �&9^G�� 	uIN6K�IN=�[KLFI 	K9QG

á ����� I �\����\�Û� ±�\�����\���u��Úb��Û��\²&�±²���B�Û���0���\���\� N �&��� ���V�u� Pq, q ∈ [1..N ]
Ö^Ø ��Ý����& X�&�V���

�\� I �N�B�*�Q���u� &�\�&�V�¯�\�\�X²��k�ø�O���\���\�u���B�u��������²�� � ±�\�B�X²&���\�Û�u���u�\��V���\�Ñ�u�O�\� õ ��\�Û� ±�\��� A
�\�

I
ÖKØ �&�±���� ���V�����\� I �n�\�)�\�%�Q���u� &�\�&�n�"�\�O��²&�&�u�u�%�\�Û���\�u���&�u�%�O�\�\�O�Û�u����B�\��V�¯�>�����Û���O�Y�u���\� õ
��\�Û� ±�B���º²&�� X�B��� ���V���O���Û�Ò�\�"�\�Û�²�&�\��V� ÖNá �\�\���B�4�^���Zé����\�4���\��V�u���S�&��²���O���Û� ���V��������&��� ���V�u�
�\� I �n�\���O�\�S�O�k������\�\�&�V�ä�\�� X�O�\� &&�u�Ç²�&�Û���O���\��Ü A

���ä²&��Zô��n�\�8�HÞöæ��O�\�S�O�k������\�\�&�V�ä�S�>�61
A
�&�Û�

�O���O�u�o�B��u�����\�#²&�� X ��º�\�"�Û���\� õ ��\�Û� ±�B���#���Û�\���S�>���u�*���"�\�&�+�B� I Ö � �O�4²&���V���Û�21V�u�B�òÞã�O�\�S�O�k���&�S�O�\²&�
�\������� ���V�����\� I Ü��\�Y�Û���\� õ ��B�u� ��\���X�HÞã�&�Û�¯�\�O���B���S�O���u�41`�\���\���^���Zé����\���O���O�u�Ç���\�B���n�\������
�\��O�u�º�HÞã�O�\�\�O�Û�u��S�O�B²�#�\�º²øñ\�O�n�\�#���� ���V�+Üä²øñS�>�N�B���Û���\� õ ��B�u� ��\���º�B���S�\���u�u�O�V�)�O���\�Û�B�\�¯�Û���\� õ
��\�Û� ±�B���!�S�����\� I Ö
÷ �� q�>�\� &&�u�q�B���\��Úb�O�u �������218�\�'�u�O�\� õ ��\�Û� ±�\��� 6�IVA

A
�\� I ��k�"�\���\�\�º�S�O���\�\�%Úb���\²��������

²]�O�u�O²&�u��Û���Û�u���n�\� IA �n�\�K�\�u�&�\�2�t�¯é>�O���&�\�Ý´X�Q���\����������� ���V���Ý�\� I ��Þà�O�B�S�O�Û�u��S�>�n�ä�S�O�äÜ A
���

�t��é>�O����\��®Ç�Q���\�#²�&�Zô��n�\�8�O�\�\�O�Û�u����B�\��V�ÝÜ
A
(

IA : I → {0, 1}. 7k® Ö ® 9
ßÝ� �u���B� õ �&�\�u�& ±�\��� 	K9QG A �\� I ��k���\���\�\���S�O���\�B� Úb�O�\²&�u����� �HÞã�O�\�\�O�Û�u��S�O�B²� µA

�N�B�
�O�u�Û�Z²&����Ü"²øñS�O�n�\������& X�&�V� Pq

�\� I �\���B�� ±�\�Û���Û��� µA(Pq)
�>�\�S�O�k����\�O�V�äÜ"�òÞó���V�u��Ûé>�O����� [0, 1] 1

�n�\�`���\�B���n�\�������B����Û����Þà�O�B�S�O�Û�u��S�>�\²���\�Ç�òÞó���� ���V� Pq
Ü¯²�Ç�Û���\� õ ��\�Û� ±�B��� (

µA : I → [0, 1] 7w® Ö ³ 9
Pq 7→ µA(Pq).

7k® Ö � 9
÷ �O�\�4���Ò²]�>�4�S�O�Û�u��²&�\��������KJ µA

�\�º�\�Û��\�"�n�\�#�\�&��é>�O���&�\�u���&�V�O����4Ü	´	�O��®�1O���Ò�u�O�\� õ ��\�Û� ±�\���
�S��� A ��Û���\���u�O�\� õ ��\�Û� ±�\�����B�&���\� I Ö
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,S. �H.R,S.�# ��?\;D?SMOA]_N;UCF�&ADCFEHG8IZ�¯3+50GK6 �&9^G�� 	uIN6K�IN=�[KLFI 	K9QG
Ø ��«�\�Û���\²&���S�O����º²�O���>²&���&�u���Û�����n�\��«�HÞó�\���u���\� õ �&�\�u�& ±�\�����S��� A �\� I �u�O�n� (
I !+I��]G8�K�49<;PA"38I A õ+× ���u�u�	�\�u�& X� &�Û�ä²]�>���O²�����Û���k�����n�\���\�&�u���O�\�	�òÞó��B�u� ��\�����\��Ò����& X�&�V���
�B� I �n�\�º�O�\�S�O�k������\�\�&�V�"�O�� ������\���\���Q�� Ü A

Ö4á �O���u�\�\�Q���k��1o�B�O��� supp(A) 1���k�¯�t�
�\�O�Û�u���	�\� I �Û�\�«�t�O�n�\�&�����	�t��Úb���B²&���������HÞã�O�\�S�O�k���&�S�O�\²&� µA

�HÞó��k�ä�S�>�#�N�B����� (

supp(A) = {Pq ∈ I / µA(Pq) 6= 0}. 7k® Ö µ 9
I !+?%T8?SG`APING�;	3�I A õHØ �äñS�O�Z����B�o²�O�u�u�&�u�Q���\�¯�>�±�\���B��Úb���k�o�B����Û�º�]é��&²º���&�N�B��N�\�±���� ���V�
�B� I �>�\�S�O�k�����&�V��Ü A Ö�Ø �XñS�O�B�u��\�51H�\�O�u�� h(A) 1��B���u���\� õ �&�\�u�& ±�\���%�\��� A �\� I ��k���t�
�B���\�#���u�O�\�\��é>�O����\�#�\�Û���Û���S�O�#���¯Úb���\²����������HÞà�>�\�S�O�k����\�O�\²� (

h(A) = sup
Pq∈I

µA(Pq).
7w® Ö  9

I !+I�689 �Q?SG 38I A
õ«Ø �"�\�Pæ��O�@�B� A 1��\�O��� noy(A) 1��&�Û���òÞó��B�u� ��\���¯�\�&�Ç����& X�&�V���Ç�\� I

�Q���\�#����Û�N�B����«����Úb���\²&�u�������HÞã�O�\�\�O�Û�u��S�O�B²�Ç�\� A é>�O�Z��® (

noy(A) = {Pq ∈ I / µA(Pq) = 1}. 7k® Ö � 9
I α 	øM�9QG8�4IÑ3+5�G�6 �9QG�� 	�IN6��IN=�[oLbI 	K9QG õÝá ���0�	���±�u���B� õ �&�\�u�& ±�\���%�S��� A �\�±�òÞó��B�u� ��\���
�B�ä�u��Úb��Û��\²&� I �&�º�Û�����*�\�%�Û��\��� α ²&�� X�B�u���)��V�u�u��´����	® Önî �Q��k�«�O���O�u�)�^���Û�u���\�����\�ä�B��\�\���u�
�B�@�Û���\� õ ��\�Û� ±�B�����\�&�

Aα
�B� I �O�u�Û�Z²&����Ü A �^�O�\�Ç²���u��B��� 1���Y�Û����²&�u�����B�S�O�V�Ç�����\�Ç����

�&���& X�&�n�u�+�\� I �n�\�Q�O�B�S�O�Û�u���&�\�\��V�ÒÜ A �PéO�²Ý�\�q�\�&���u�Ý�O�X X�����\�4����O�QÜ α Ö � ���\�)�\�X�u��B���
�B���\�\� α ∈ [0, 1] 1\�òÞ α õ ²���\�Q�ä�B���Û���\� õ ��B�u� ��\���!�S��� A �\� I ��Û���\� �S�\����²�� � X�ä���	�Û���\� õ
�&�\�u�& ±�\���Ý�\���

Aα = {Pq ∈ I / µA(Pq) ≥ α} �B� I 1n�\���V�)�t��Úb���\²������O��²�O���>²&���&�u���Û�����n�\� IAα

�&�Û�«���&�����	�n�\� (
IAα(Pq) = 1 �u�8�&�«�Û��\��� ���V���u� µA(Pq) ≥ α. 7k® Ö ° 9

Ø Þ α õ ²���\�Q���HÞã�B�2�u���B� õ �&�\�u�& ±�\��� �S��� A ��k�	�\�O�\²�²&�� X�Q���Û����B��ä�&���& X�&�n�u�ä�\� I �\���V�ä���
�B����Û����Þà�O�B�S�O�Û�u��S�>�\²��Ü A �&�Û���u�\�Q��Û���&�\�«������V�O�8Ü α Ö
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Ø Þó�� X�O���Ò²���\����\� I ²&���\�k�����u�\�«�òÞó��\�Û� ±�B���«�\�«�u��Úb��u�&�\²�Ý�\�� N �\�1ôB�&����7 P1

1 P2
1 Ö0Ö�Ö Pq

1 Ö�Ö0Ö 1 PN 9
�]é��² 1 6 q 6 N

ÖZá �O��� Cj
�\�q�Û���\� õ ��B�u� ��\��� �S���X�\� I 1n�\� �S�\�Q�S�O�+���ÇÚb���\²&�u�������HÞã�O�\�S�>�Û���&�S�O�\²&�

µCj

Ö\è ���\�Ò²���\�Û���\�&�u���B�#�N�B���t���Û��� ���V�ø�U�����O� �S���\�	�B� I ²&���\�u���Û�u�ÇÜ±�\���S�B���º�\�B���#Ü¯�O�\�O��æN�u�&� K
�u���B� õ �&�\�u�& ±�\������S���\� Cj, 1 6 j 6 K �&�����&�\�u��Úb���B²&�������\���HÞã�O�\�\�O�Û�u��S�O�B²� µCj

�O�Û�u�N²���&�� Ö8Ø �&�
�\��O�u��+�HÞã�O�\�\�O�Û�u��S�O�B²�«�\�«²øñS�O�n�\���\�0ôZ�&�S�O�Zô"�Û���\� õ ��B�u� ��\���&� �\���\� Cj

�u���V�)²���B�Û���Û�\���u�+�\�º���&�����
�u���k�����n�\� (

K∑

j=1

µCj
(Pq) = 1 , ∀ Pq ∈ I. 7w® Ö � 9

÷ ���\���\�51��Q���\�¯²øñS�O�n�\���u�O�\� õ ��\�Û� ±�\�����S��� Cj
1����Ò��ôZ���Û�����O�' ������B�±�\� �\�0ôZ�� Pq

�\���V�����
�\��O�u�Ç�HÞã�O�\�S�O�k���&�S�O�\²&��Ü Cj

��k�Ý�B�;:^��u�&�V�Ý�B��´ (

0 <
N∑

q=1

µCj
(Pq) 6 N , ∀j = 1, ..., K. 7k® Ö � 9

Ø ���B�u�N²��Û�u�\���\���Û��� ���V�ø�U�����O� �\���\���u�Ç�\�&²�� ��Q���u�����&�\��u�O���& X�&�V�«����N�\�>���Û���\ñS�O�Û����u�\² õ
²�&�u�u�0é��&�Ý�n�\���u���V� (

I �����\ñ\�O�u���\�ÇÚb�����&���S²�>���������N�B���Q��Û X�����\���B���S�\���«����«�\��:��&�u�&�n�u�Ý�Û���\� õ ��B�u� ��\���&� �S���B�Ý���
�HÞó���B�������O�����u�&�*����\�Û�«Úb�O�\²&�u�����\�#��Þà�O�B�S�O�Û�u��S�>�\²���O�u�Û�Z²&���&��61

I �\�B���\ñS�>�u����Þà�O�\�O��æN�u���n�\�« X�N�\���\������"Úb���\²������O�\�"�HÞà�>�\�S�O�k����\�O�\²���\��X�u���\� õ �&�\�u�& ±�\���&�
�S�O�\��� �S� �\�� ��&�Û���Û�2�� ��éZ���\��B²�����&�%���Û���\�Q����\�2�B�0ôZ����%�S�O�k�ø�O����O�V���\�&���\�u���B�u�������&�
²&�������Û�� ��&�u�u���n�\�&�º�u�� X���t�O���u�&� Ö

I ���Ç�BñS�O�u���\�«�\��Úb�����&���S²�>�������X�\�O�\�+�t�O�n�\�&�����º�\���\�)�\�&�\�\���Û���\�+�\�&�*�Û���\� õ ��\�Û� ±�B���� �S���\� Cj
1

�\�&�º�u�O�\� õ ��\�Û� ±�\����*�\�&�u�
Ck
²�O�n�u��S�>�n�Ò�����\�)���&�Ò�\�1ôZ����)�\���V�*���&�Ò�\�&���u�&�Ò�HÞã�O�\�S�>�Û���&�S�O�\²&�

�O�Nô��u���B� õ �&�\�u�& ±�\���� �S���\� Cj
�u���V�� q�DôB�� q�>�Zô Ö

Ck = {Pq
��� k = �>�u�� X�Uô

j

(
µCj

(Pq)
)
, j = 1, ..., K}. 7w® Ö ®]´ 9

I ���X�\ñS�>�u����Þà�O�\�O��æN�u����2²&�� ��^���u�O�V���&�ä²�O�\�\��ôZ�&���\��Ý�\�0ôZ����ä�>�\�S�O�k����\�O�V���O�Zô��&�\�u�& ±�\���&�
Ck
�n�\�#�Q��Û X�����\���Û�²&���\�Û�u�u�\���u�����&���B�;:^��u�&�V������u�&�����O�\�¯�\���òÞó�� X�O���21K�\�u�N�\�\�����O�V���O���\�u�

�RÞã�� q�O�O���u��O X�&�n�u�� Ö�î �8��k��ÜX�B�O���&�ä�n�\��������u���B� õ �&�\�u�& ±�\���� �\���\� Cj
�O���\�Û�`�n�\�±���&�Ý�Û���\� õ

�&�\�u�& ±�\���&�Ý�B�&���
Ck
�HÞã���V��&�O�u��V���S�O�«�\�Ç�Û��t�U�����O�\�º�\�Ç²�O�\�\��ôZ�0���Ç��V���Û������#�\�1ôZ���� Ö
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Ø � �\���\�u��® Ö ���������\�Û�u�u�¯²���\�Û�Z²&��u�Û�\���B�X�Û��� ���V�ø�U�����O� �S�O�\�218��@�S�O�k�ø�O�V���HÞó�\�\�q�� q�>���¯�\�
�kæZ�V�uñ�&�Û���Û�� ��\���Ý²�� ��^�O�u�����Þã�\���O�B�\�]�O���Û���\�����Û�\�ºÚb���\�%éO��Û� Ö<Ø Þã�� q�O�O�ä²�O�\�Û�u�����B�	�òÞó��\�Û� ±�B���
�\�Ò�u�&Úb�&�u�&�\²� Isynth

�&�4�\�O�\�4²���B�u���B��u�O�\�4�\��Nô¯�u�O�\� õ ��\�Û� ±�\���� �S���B�4�O�u�Û�Z²&���&�+Ü	�òÞã�O�\�\��O�±�u�O�\���
Crouge

�&�Ý�O��Úb���B��éO��Û� Cvert
1\�\� �S�\�����\�O�«����B�u�ºÚb���\²��������\�#�HÞã�O�\�S�>�Û���&�S�O�\²&� µCrouge

��� µCvert

Ö
÷ �O�B���\� �\�u�& X����X�u� ��\�61*�t�Y�BñS�O�u���B�2Úb�����&���S²�>���������Q��u ��&�%�HÞã���\���u�t�O�����Û��"���&�qÚb���\²������O�\�

�HÞã�O�\�\�O�Û�u��S�O�B²�Ç�\��«�\�1ôZ����º�O�Zô��\��:��&�u�&�n�u�#�u���B� õ �&�\�u�& ±�\���� �S���\� ÖSØ �� �S���\�Û��Ç® Ö � 7F� 9 �&�Ç® Ö � 7b² 9
�Û��\�Û��u�&�V����V���u�&�u�Q�²&�u��éO� ���V��������B����Û��Ç�HÞã�O�\�S�O�k���&�S�O�\²&���B�¯²øñS�O²�B�@�\�&�Ç�\�0ôZ���� Pq

�B� Isynth

�O���Û���\� õ ��B�u� ��\���%�S�O� Cvert
�&���O� �u���\� õ �&�\�u�& ±�\���%�\��� Crouge

Ö`á �B��²�� �\���\�u�&�61`�Q���\�	²øñ\�O²�\�
�\�&�"�\�0ôZ����61K�t��é>�O���&�\�±���\���u�t�O���X�\�'�\�&���u���HÞã�O�\�\�O�Û�u��S�O�B²����k�X�Û��\�Û��Û��V���&���S�>�¯�\�'�\��éO�]�O� �\�
���Û��� ÖHí ���\�u�D1H�u�\�Ç�����\���\�u��® Ö � 7b� 9 �\���B�����¯�\��O�u���HÞà�>�\�S�O�k����\�O�\²���O� �u�O�\� õ ��\�Û� ±�\���$�\��� Cvert

�&�Û������&é��418�\���\�Ç�RÞã���n�u��\�Û���u�¯�\�Y�\�1ôZ��4��k���&����é��� Ö�è ���\���Q���Bé��O�\���>���\�Û��²���B�Û�ø�U������n�\�����"�\��O�u�
�HÞã�O�\�\�O�Û�u��S�O�B²�����\�0���t�>���O���u�O�\� õ ��\�Û� ±�\��� �\��� Cvert

��Û�Ý����&éO���Q���\�«���&�«�\�0ôZ����#²���Û�u�&�u�Q���\�S�O�V�
�O� Úb���\� é���k�¯�\���òÞó�� X�O���"Ü��u��O X�&�n�u��51o�&��ÚF�O���\���"�Q���\��������\�1ôB�&����²���Û�u�&�u�Q���\�S�O�V�±Ü��òÞã�O�\�\��O�
�Û���\�����\�Ç�RÞã�� q�O�O�	Ü¯�u�&�� X�&�V���� Ö
Ø �#�\ñS�O�Û�*�HÞã�O�S�>��æN�u�+�\�&�K�\�&�ZôÇÚb���\²��������\�8�HÞã�O�\�S�O�k���&�S�O�\²&� µCvert

�&� µCrouge

�Q��Û X���8�\�+ X���u�u�u�
Ü !Û���B�o���&���\�&���u�&�)��Þà�O�B�S�O�Û�u��S�>�\²�#�\� �S�\���4Ü	�òÞó�&���O�^�Ò�\�u�&²��B��V��� ÖBá �\�\�Q���u���B�4�N�B�#�\���\�+�O�Q���B�u��� õ
�Û�����\�«�>���\�Û�H�O�Zô��u��Û�\�����>���#�B�u��Û��V���&�Ý�Û�\�«���&� �S���\�Û��Ç® Ö � 7F� 9 ���Ç® Ö � 7F� 9 ÖSØ ���\�B���\��²&�&�Û�����O�S�O�0æN�u�
�&�Û�	�B��ÚF�O²&���������&�#�òÞó��ôN���u�O²&�u�������\�&�ä�\�&�Zô2�Û���\� õ ��B�u� ��\���&�ä�\�����

Cvert
���

Crouge
���u�Û�\���\�������\ñ\�O�u�

�\���B�&Úb���'����\²]�>�u����� ÖZí ���0���u�ä�HÞã��ôZ� ��\���41\�^�O�\�#�t� �S�O�\�u�¯® Ö � 7b� 9 1Z����#�B����Û��«�HÞã�O�\�S�O�k���&�S�O�\²&���O� õ
�u��n�\���Û���V�±�\� 0.82 �^�O�\�Ç������\�1ôB�&����²���Û�u�&�u�Q���\�S�O�V�±�O�Y�\���u�n�\�X²��V�u���O�D1 0.15 �Q���\�����&���\�1ôZ����
²&���u�Û��u�Q���\�\�O�V�äÜ¯�RÞà�O�B�\�]�O���&� 0.89 �^���B�#����«�\�1ôZ����#²&���u�Û��Û�^���B�S�O�V�	�>��Úb�O�\� Ö
Ø ���\ñS�>�u�%�\�q�\�&Úb���'�� �S²]�>�u�����Y�^�&�u ��&�±��Þà�O�Q���B�u�����O�Zô@�\�&�Zô��Û���\� õ ��\�Û� ±�B������\�&�u�

Cvert
�&�

Crouge
��ôN���u�O���u�«�\����\��Nô��u���\� õ �&�\�u�& ±�\���&� �\���\� Cvert

�&� Crouge
�u����������Ç�\�Û���\²&���Q���&é��N�n�\���\�O�\�

���%�\��Û²�u���B���������\� �\�u�N²�&�u�Û�\���B���Û��� ���V���>������� �S���\�"�\�Û�²&��\�&�n� Ö�Ø �&�!�S���\�Û��"® Ö � 7bÚ 9 �&�"® Ö � 7b� 9
�������B�Û���Û��V�º���	�u�&�u�\�0�ø�>�º�\�Ç²�&�Û�����\ñ\�O�u�Ç�\���\��Úb�����&���S²�>���������&�« ����V���Û��V�«�n�\�Ç���&�º�\��Nô�²���O�u�Û��«�\�
�\�1ôZ����Ç���V���&�u�X�\���Û�u���\���B��� Ö ï+�Y�5:^�&��18�Û�\��²&�� �S���\�Û��61����&�Ç�\�0ôZ������B�@Úb���\� é��&�Û���&���\�Y�\���u�n�\�
²&��V���u�O�#�u���V�X�O�Û�u���O�\��XÜ��\�\�� '�& X��²&�t�O�Û�u���\���\�0ôZ�&���¯²�O�u�u�&�u�Q���\�S�>�n�q�O�'�u�O�\� õ ��\�Û� ±�\�����B�&�
Cvert

1����O�\�\���4�N�B�Ý����+�\�0ôZ�&���4�\�«�òÞã�O�\�B�]�O���u���B���«�u���V�*�O�u�Û�����B��)Ü�����²�t�>�u�u�«�\�«�\�1ôZ����+�Û��\�Û��u�&�V����
�S�>�������u���B� õ �&�\�u�& ±�\�����\���

Crouge

Ö ßÝ�\�Ç�\ñS�>�u���\�����O�Q��������u�>�������q�Q��Û X���«�HÞà�>�u�u�����\�&�Ý²øñS�>²�\���\��
�\�1ôZ����ÝÜX�RÞã�B�\���B��ä�B��Zô�²���O�u�Û��ä���	�\�O�\�ä���Z����B���\�ä�RÞã�� q�>�����\�u�&�u�&�n�u��¯�Û�\�ä��� �S�O�\�u�X® Ö � 7Fñ 9 ��
���O�^�&���������>�n�o²øñS�O²&�\�q�\�&�*�B�0ôZ����)�B�Ý���Ç²&���\����\�+�\���u���B� õ �&�\�u�& ±�\���Ý�\���º�>�\�n�\��<���\�O�\�S�O�k������V��1V�HÞó�KJ
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���	�B���u�n�\��²�&�V�����>�Hé���k��1<�òÞã�O�\�B�]�O���u�O�\�����&�����	Úb���\��é��&�Û� Ö
Ø Þó�� X�O�����u��O X�&�n�u����\�"�t� �S�O�\�u��® Ö � 7F� 9 ��k���O�B���&�N�B�X�>�\� &&���\�B�X�>�S�O��æN�Û�¯��Y²&�� ��^���u�O�V���&�

²���B�\��ôZ��4�n�\�Z�^�&�u ��&�o�\�Ò�Û�²�O�\�Û�u�u�\���u�º����K�u�u�����K�Û��������\�K²���\�k���0���S�O�V�o�òÞó�� X�O���+���\�0�����O��� (>���)�\���Û�n�\�
²�&�n�u���O�`�Û��\�Û��Û��V��������\���&�01\�òÞã�O�\�B�]�O���u�&�\�u�&�u�&�n�u���&���Û���\���Ç�&�«���	Úb���\���u�&�\�u�&�u��V�u�����é��&�Û� Ö
î �^��ôB���Û�u�21N�S�O�\�*�t�Ç�����Û���&���>�u�\�u�41N�B�;:^��u�&�V����* X����ñ\�N�\�&�Ò�\�Ý�u��O X�&�n���>�������'�\���\�ä��Þã�� q�O�O��+²��� õ

���&�\�u� Öo× �&�± ��&��ñB�Z�\�&���Û�q�\���Û�����\���\�&�V���&�u�u�&�V�����&����� ���V�±�S�>������\�� q�>�\� &&�u���\�q�\� �S�\����������Û���\� õ
��\�Û� ±�B���� �S���\�±���±����\�� q�O�B� &�Û�X��Þà�O�\�O��æN�u�&�±���&���\��:��&�u�&�n�u���Úb�O�\²&�u�����\���HÞã�O�\�S�O�k���&�S�O�\²&� Ö+× � õ
�^�&�\�S�O�V�61S�\���\�«�Q���Bé��O�\�61S���O�B��²�� � X���Q���\�#���¯�\�u�&�u��V���>���������B��� X����ñ\�N�\��#�B���Û��� ���V�ø�U�����O�
�\�&�Û���41Z�\���Û�u���\���B��Ò����* X����ñ\�N�\��*�\�	�Û��� ���V�ø�U�����O�q�S�O�Ò�O�S�O�0æN�u�ä�Û�S�>�u�t�O���Ý�\�&�º ��&��ñB�Z�\�&�Ò�\�ä�u�� õ
 X�&�V�ø�>�u�������S�>�#²�t�>�u�u� �S²]�U�����O���\�Ç�\�0ôZ���� Ö

��� � ��� � #l�9� #�-�.0/1.32	4�- �74�=7#;5�� 2�� / �!#�+ : 4!=(8	#�=('*+ % /\' /�-(/!8�� +,#;+Q% /1.02 /�8	#
57#98d� 2&� / ��#

è ���\�K�]é����B�KéN���n�\�*�òÞó�\�\�)�\��� X����ñ\�N�\�&�K�\�*�t�#�u�&�� ���V�ø�>�u�������\���u���*�S�O���O�S�>��æN�u�)�u�S�U���t�>���4��k�
�t�«²�Û�����Û���O�\²&�º�\�*�u��O�����\� ÖOØ Þã�O���O���u�0��ñ\ ��4�\�²&���\�*�\�º X�O�\� &�u�+�\���S�O���u�)�HÞà�>���u�&����K����K�\�0ôZ�&���8é������u���B�
Ü����X�Û����������&��²&���\�u�Ý�\��²&���\�k���u�B²&������� Ö � �O�\�ä²&��t� 1Q���`��k�	�u�O�Bé��&�n�	�\�²&��u�u�O���Û�±�\��²�� ��S�O�Û������&�
²���B����B�u�Ò�B�ä�\�&�Zô%�B�0ôZ���� ÖB× ��Q��\�S�>�n�61B���^�&�Û�º�\�O�ÛÚb�����*�B����²�����«�\�	�\�&²���\��*�u���B��Zôq�\�0ôZ�&���+é������u���B�
�]æV�O�V�±�B���é>�O����\�Û��²&�������Û�� ��&�u�u���n�\�&�Ç�\�;:^��Û��V���&�± q�>���Ç�\�u�N²øñ\�&�61��>�\�S�O�k�����&�\�\�&�n�����Y�B����Ü��B�\�
 '�& X�ä�u��O����� Ö
× Þã�&�Û���O���\�u�«�n�\� í�Öºì ����ñS�O�B�\�  �]�O�B�ñ �&� è�Ö*ç ���\�Û�S� Fn�����\�Û��u�&�V����V���\� �>�������Û���uñ\ X���B�

�u�&�� X�&�V�ø�>�u����� �S�O�Û���u�B�X�\�B��²�Û�����Û���O�B²���\���Û��������\�"²���B�\���&�2Ü �\�\�� ��&�uñ\�N�\���B���Û��� ���V�ø� õ
������� �S���\� < ì�ç �V°�? Ö8Ø ����O�Z����B�u�Ç�\�&�u�²�����V���S�O�\�Ç�\� �\�Û� �����	�u� ��\�����&�Ç�\�0ôZ�����²���V�u���\�u�Ç�S�>�
�����u�&�\�����t�O���¯�B�Ñ X�N�\�\���X��Þã�\�Y�����O�B����V��²���B����B� ÖKØ Þã�O�������u�0��ñ\ ��±�\�q²�u�O���u�u�O�\²&�q�\�X�u��O�����\����k�
�O�\�\�����n�\�º�B�\���n�\�& X�&�n�+�Û�\�+���&�4�\�0ôZ����4�\��� õ ²���V�u���\�u�4²�O�+�����o�u�B�\�^�O�u��V�*�n�\�«�u��B���+���&�4�\�0ôZ������\��� õ
²���V�u���\�u�±�O�\�S�O�k������\�\�&�V�"Ü2�\��¯�Û��������\���\�\��Úb�O�u ��� ÖKØ ���u���\�%�t��Úb�����&���S²�>�������01�²øñS�O�n�\���u�&�����O�
²���B�Û���Û�\���u�q�S�>���òÞã�O�������u�0��ñ\ ��±�\�q²�u�O���u�u�O�\²&�%�\�q�Û��������\��Úb���u ��X���X�B�Dæ��O���HÞó�\���u�O�\� õ ��\�Û� ±�\���
�S���"�\�«�\�1ôB�&��� ÖVØ ��)�O�B�u��\�Û�)�B�u���Q���u�&�V�Ò�>�����Û���\�«²]�O��²�\���������4�\�&���u�&�*��Þà�O�B�S�O�Û�u��S�>�\²�«�\�&�)�B�0ôZ����
²���V�u���\�u���O�Nô��\�;:^��Û��V���«�Û���\� õ ��\�Û� ±�B���� �S���B� Ö
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� | � � U�|}w WroaW¿]4Â�X�`4vZ{�]	W�m�Xam�`4m�|}hsW
Isynth

� b��\��W�w)c	[�]6o�iæ|}_a_�|}c4`	W�X�|}XZY�WÄm�Xam�`4m�|}~�Ã
oaW�] _am.ÃaW�hs] |}~Î]	TA~Z]�¸ðW�XZ]	W�U3bahsW���TA~
Cvert

|}_ac	{�]"h�|@_av�|A]	WroaW�¢�~aê�ê�m.å�Y�|}`4msTAX

� � í�á ï ÷ ï
 ß � ��î  Kîk×Òí4Ù#îkÕÇè

� Y����*W�w)c	[�]�o�iæ|}_a_�|}c4`	W�X�|}XZY�WÀm�Xam�`4m�|}~�Ã
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Ø �ä�\����Û�ä�HÞã�O�\�\�O�Û�u��S�O�B²���HÞó�\���\�1ôB�&��Ü±�B�%�u���B� õ �&�\�u�& ±�\��� �S���%�&�Û�#��éO�>���\�Ý�u������%�\�B�äÚb���\² õ
������� �N�B�+�u���&�n��²&�� X�Z���"�\���t���\���k�ø�O�B²�Xï+�B²�����\���&�\�\�¯�n�\�+�u�&�S�O�Û�q�t���Q���u�0���������S�O�\���òÞó�� X�O�����\�
�\�0ôZ�&��²���B�u���B��u���\�"²�&�����¯�\�@�B�0ôZ��4���¯�\���\�Ç�\�Û�Z²øñB�X�>�\�S�O�k����\�O�V�±�O� �\�Pæ��O�Y�\� �u�O�\� õ ��\�Û� ±�\���
�S���2�����HÞó�\�\�¯�\���Û���O�\²����V���Û�¯�t�q²&���\���&�\�ä�B���\�0ôZ��K²���V�u���\�	²&���\�u���\��Û�¯�&�����X²&���\���&�\�	 ��Pæ���B�\�
�\����\�0ôZ�&���Ç�\�Ñ�\�Pæ��O�Ñ�\�Ñ�Û���\� õ ��B�u� ��\���$�S��� Ö�Ø ���u���\�X�t���\ñS�O�Û�q�\�X�\�&Úb���'�� �S²]�>�u����� 1`�����\�0ôZ��
²���V�u���\�#��k�	�>�u�u�����\�ÇÜ"�t�±�Û����������^���B�#�t�O�n�\�&�����ä�����\�&���u�Ç�HÞã�O�\�S�>�Û���&�S�O�\²&�Ç��Û�Ý�����B���\�#�&���&éO� Ö
ì@Ö  �O�n���O���B�#�\�u���Q���Û����Þã�B�u�������u�&�4�t�����O�����n�\� �S�O�\�Ý�Q���\�4Úb�\�Û�����B�\��+���&�+�u��Û�\�����>���+�\���\���\�u����\�Û�

�O���O���u�0��ñ\ ���H�B�Ò�u�&�� ���V�ø�>�u����� <  �O�S´B®5? ÖDî �Z�B�u���Q���u�)�\�*�\��éN���Û��8�t�«�u�&�� ���V�ø�>�u����������\��Zô����ø�O�Q�� Ö
Ø �@�\�Û� �� &�Û���B�²�O X�Q���u���òÞó�� X�O����²�O�\���&�\�q�&� ���Û�������� X�O���&�X�S�>�\�q����u�n�\�&������q����X�\�0ôZ����X�Û���V�
²]�O�u�O²&�u��Û���u�&�Ý�\�O�Ý�RÞã�B���\�&�Ý�u�u������²&���\�\����Ý�\��²&�� ��^���u�O�V���&� 7 R 1 V 9 1 7 V 1B 9 �&�87 B 1R 9 Ö^Ø Þã�O�S�O�0æN�u�
�\��²øñS�O²�B�\���\�&���u�u�����«�� X�O����ºÚb�O�\�u�\�0�«���u�O���ºÚF�O ���������Ò�\��²&�t�O�Û�u�&�Ý�\���\�1ôB�&��� Ö^Ø Þó���\�&�Ç�\�����"Úb�B�u���O�
�5:^�²����\�&�	�����Û�Ò�\�Ý�t���u�²&���\�\�����ø�O�Q�ä�&�Û�#�B�	²���B�u���B��u�&�º�n�HÞó�\�\�	�Û��������q�&�Û�#�\���Û���\� õ ��B�u� ��\���	�B�
�\�0ôZ�&���#²�O�\�\��ôZ�&�	�O�Û�u���O�\����O�Zô� '�& X�&�#²�t�>�u�u�&�Ý²&���\�k���u�B�����&�«�����Û�#�\��#���Û�����«�>�S�O��æN�Û�� Ö � ���\�«²�&�t� 1
²øñS�O�n�\�¯�\�1ôZ��o�B�¯�òÞó�� X�O���Ç²���B����B�	��k�Ç²]�O�u�O²&�u��u���u�±�\�O�	�\�2éO�²&�u��\�Ç�\�¯�B����Û����HÞã�O�\�S�>�Û���&�S�O�\²&�
�O�ZôY²���O�u�Û��±²&���\�Û�u�u�\�0���&�±�����Û���\�&�±���Û������²�t�>�u�u� �S²]�U�����O�\� Ö�Ø Þã�� q�>���X�&�Û�"�>�����Û�� ��Z�\�&�����u����S�O���\�
�����>�\ñ\�Ç�HÞã�O� !u�O²&��\²&���\�Ç�Û��������\� 7 ë�í ê 9 �KJ�²øñS�O�n�\���\�0ôZ��`²&���\�k�����u�\�Ç�\���\�Z�&�\���\���O���O�\ñB� Ö<Ø �
�\���k�ø�O�B²�Ò�&�V���u�#�B��Zô��\�N��\�\�o��Û���\�\�º�\���Û���O�\²�Ò��V���Û�º���&���\��O�u��o�HÞà�>�\�S�O�k����\�O�\²�Ò�\��4�\�1ôZ����o�O�Zô
²���O�u�Û�� Ö ß����>�������Û���uñ\ X�K�\�+Úb�\�u�����Ç�\�+�u��O�����\�HÚb�O�\�\�+�u�\���òÞã�O�S�>��æN�u� �S�O�\�+�\� ë�í ê@�u�²&���\�k���u�B�������&�
�u�&�������B�*�&�%�\�u�&�u�&�\²�Ç� �\�q�\�äÚb�O�\�u�\���+�\�\�ä�Û��� ���V���>�������q�\�ä�òÞó�� X�O��� ÖV× ��Q��\�S�>�n�61B�RÞà� !Û�B�Û���& X�&�V�
�\��«�S�>���O  &&�u�u��#�Û��n�\�����\�O�«�òÞã�O�����O�u���uñ\ ��Ý�&�Û���\�����²�>� Ö
÷ �O�\�4���Ò²]�>�\�u�#�\�#���Ý²&�u�����u���>�\²�#�\�#�Û��������\�51 Ù�Ön× �>�u�u�O�¯�&� � ÖVØ �O ±�Q��Û�o�\�u�O�^���Û��V�+�HÞã�O���Û����&�

���&�#�\�0ôZ����#��V���Û�Ç��Zô������O²�ÇÜ"�\���\�Û��\��²]�>���HÞóñ\�� ������&�\��0��� Hom(P1, P2)
��V���Û���B��Zô��\�1ôZ���� P1

�&� P2
< ×ºØ ���4? Ö � ���\�Ý²��ÚF�>���u�41S�����Ý�B�u�������u�&�V�Ý�B��ä�Û��\�Û��Û��V�ø�>�u�����B�	�ÛæN ±�Q�������n�\����^�O�\�Ý�RÞã�&�\�u�& ±�\���

�\��)���ZÚb���u X�>�������\���B�²�&�u�u�O���Û��Ò���Ò�B�� !Û��Zô��\��� &&�����&� ÖNØ ÞãñB�� X�O����\�&���u�#��V���Û�ä²�&�Ò�\�&�Zô��\�1ôB�&���+��k�
�&é>�O���\��qÜ2�S�O�Û�u�����\��¯²&�� ��^���u�O�V���&�±�\� P1

�&� P2
�S�O�\�¯�RÞã�&�u�S�O²&�%²�O�\���&�\���������	�
����������������������

� ���������������� (T, L, S) �&�ÝÜ¯�òÞã�O���\�	�\�&��²&���\�q X�&�u�\�Û��«�u�\�0é>�O�V���� (
I S1

�&� S2
1\����« X�&�u�\�Û��«�\�Ç���U���\�u�>���������\��«�\�1ôB�&��� P1

��� P2
1

I δT 1 δL �&� δS 1S����#�&²]�O�k���«��V�u�u������#²&�� ��^���u�O�V���&� (T, L, S) �\��«�\�1ôZ���� P1
�&� P2

Ö
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× ñS�O²&�\�\�±�B��²�&�	 ���u�B�u��ä��Û�ä��\�Û�\���u�±�\�&²�u�0�����\�± X�O�\� &�u�Ç�kæZ ��^�������n�\�41Q�&���B�����������O�V�«�Q���\�
²øñS�>²�\�\���HÞó������ä�u�u�����#�ÛæN ±�Q�����&���B���Û�u���\²�����(

I Ø �&���kæN ±�^�O����#�B�²�Û��é>�O�V�����&�ºéO�>����B�u�«�\�Ç���>�u�\���U�����O� S1
��� S2

�u�O�n� (
I $��q�D
 (N²�ä�kæN ±�^�O������Û�Ò�B���������u�«�n�S�O�\�%���Çé>�O����\�)�\�Ý���>�u�\���>�u��������k�ÒÚF�O���\���41V²���Û�u�&�u�Q��� õ
�S�O�V�ÝÜ¯�\����\�1ôB�&���#�\�Ç²&���\���&�\�u���O²øñB�u�� X�>�����n�\��«�O�Û�u�N²�������O�����Û��� Ö

I�� ��� (\²&���kæN ±�^�O������k���B���������Û�	���O�u�u�n�\�����±éO�>����B�#�\�Ç���>�u�\���>�u�������&�Û�«Úb���k��� Ö
I�� W�
H���	! (<²���ÛæN ±�Q�����Ç��k�	�B�u�������u�ä�����Û�u�n�\���t�±é>�O���&�\�«�\���u�>���B���>�u�������HÞó��Û�Ý�S�O���u�����\� õ
�S²�>���0é�� Ö

I Ø �&�Ò�ÛæN ±�Q������)�\�²&�u��é>�O�V�*���&�Ò�\��:��&�u��V�u�Ò�²�O�Û�u�Ò�&�n�u�u�Ý����)²�O X�Q�����>�n�u�� δT 1 δL ��� δS �u�O�n�
����#�Û�\��é>�O�V��� (
I�� �����&� (N�S�O�B�º²�Ý²]�O�51B�òÞó�²�O�Û�Ò�HÞó��Û�º�S�O�Ò�Û�����B���S²�>���0ÚH�&�Ò�\�	�Q��B�Ò�S�O� �����Û�ä�B�u�������u�«�Q���\�
�\�&²���B��«�HÞó�\�\���O���Û��V�>�u�������&�V���u� P1

�&� P2

Ö
I�� ��Ô���� (\�u�`�RÞã�&²]�O�k�«��k�ä�Û�����\� �S²]�U����Ú Ö
I $��%W���� (8�Û�)�RÞã�&²]�O�k����Û��éN���O�� X�&�V���Û�����B���S²�>���0Ú*�����B���\�\���\������BÚb�O�u X�>�������\�	�� X�Q��� õ
�ø�>�n�u��«�Q���\�«�t�±�\�&²���u���O����Þà�O�O�u��O��«�����\�������&�#�\��Zô��B�0ôZ���� P1

�&� P2

Ö
Ø �¯�\ñS�O�Û���B�ÇÚb������ �S²]�U�����O��²&���\�Û���Û�u�ÇÜ��Z���������Û��Ò�B��#Úb���\²������O�\�#�����\�]�O���u�&�º�S�O�# ����u²&�]�O�Nô��Q���\�

�\� �S�\���q���&�XÚb���B²&�������\�X�HÞà�>�\�S�O�k����\�O�\²� Ü@²��q�ÛæN ±�Q�����&� ÖºØ �&� �S���\�Û��2® Ö �Y����® Ö ®P´Y�\�Û��Û��V���&�n�
²&��ÝÚb�O�\²&�u�����\���HÞã�O�\�S�>�Û���&�S�O�\²&���Q���\�����&�Ý�kæZ ��^��������\�²&�u�0éO�>�n�ä���&��é>�O����\�Û� S1

��� δL Ö^Ø �&�ä�Û��\�����
SGRIS

1 SPUR
1 δLPETIT

�&� δLGRAND
�Û���V�����&�o�S�>���O  &&�u�u��K�^�&�u ��&�Û�ø�O�V���B�º�\���\�\���K�����Úb���\²������O�\�

�HÞã�O�\�\�O�Û�u��S�O�B²���O�Nôq�B�;:^��u�&�V���Ò�kæN ±�^�O���� ÖBØ �&�#�O�B�u�u��)Úb���\²������O�\�*�Û���V�#²�O�\�Û�u�u�\�0����*�\�ä���� $� ��
 X�O�\� &�u� Ö
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Ø ��²&���\�k���u�B²&���������\���\�Û��\��²]�>���HÞóñ\�� ������&�\��0��� Hom(P1, P2)
�u�ÇÚF�O���«�&���Þó���B�u�\�����O�V�«�\�����O� õ

�Û���\�\�& X�&�n�«ñn�\ X�O��� Ö\Ø Þó���\�&�	�\���S�O�Û�Ç��Û�«��Þà�O�O�u��O��#���&�º�\�&�Zô��\�1ôB�&��� P1
�&� P2

�n�S�O�B������º�&²]�O�k���
�&�n�u�u�±����Ý²�� ��^�O���O�V���&� (T, L, S) �Û���V�	ÚF�O���B���� Ö ßÝ�2�\�Û� ����&� !Û����\�±�u�1ô�� &�O����Ý�\�±²&�Z���Q��u�>�������
�Q��Û X���X�B���B���S�\���614�&�sÚb���\²��������'�\��X�ÛæN ±�Q�����&�X�>�u�u�N²�����Ü S1

�&� S2
14��� �k���u�>���&�������\��Úb�\�u�����
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�\��#�&²]�O�k���«��V�u�u�����&�#²�� ��Q�����O�V�u�� (T, L, S) 7bé��O���Ò���O�\����O��® Ö ® 9 ÖBØ ��«�ÛæN ±�Q�����&�#��� X� !Û�\�u²&�\���&�
�\�u�0éN�����&�����&�V�º²�&�Ý�&²]�O�k���«�S�O�#�u�O�\�Q���Û��Ü¯²&��Zô��&�� ����n�\�Û²�\���� Ö
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× ���� &�O����#�Û���V���\���S�B������S�O��(
I � (S���±�\�²&���Û�������HÞã�O���Û����&� P1

�&� P2
��k�Ý�B�\���n�\�& X�&�n���S�>�u����u�B�����±²�� ��Q�����O�V�u���B�����\ �� õ

�S�>�\²� Ö
I �	��
 (B�t�����\ ����S�>�\²�Ý��Û�«�B���\���BéO�]�O���\�Û��éN������������ q�O���Ò�&���B�u��\�O�V���O�\�u�Û�H���²&�� X�Z���	���
²&�� X�Q���u�O�V���Ç���>�u�\���U�����O� Ö

I� � � � � (S����º�u�u�����#²�� ��Q�����O�V�u��«�u���V���B�u�������u�&��# X�O���º���±���>�u�\���U�����O���&�Û���\�Û��éN����������� Ö
I� � � � � (�²&�� � X�*�\�u�&²��B� � X�&�n�+ X�O���o��"�\�Û��S�>�n�+���Ý���&���V���º�O�B�ø�>�n����"²���B�u���B����U�����O�
�n�\���t�±�u�>���\�u�>������� Ö

I � � � (P�òÞã�O���Û��V�>�u�����ä�u�+�\�²&���\�+�S�>�K�>�S�O��æN�Û�4�\���²�� ��Q�����O�V�u��8�\�4���&���V���+�&���\�+�u�>���\�u�>������� Ö
I � ���)(B����Òé>�O����\�Û�Ò�\�&�#�\��Nô%�\�1ôZ����Ò�u���V�º�u�u���%�B�;:^��u�&�V����#���#���&�\�º�>���u�&�V�>�������q�B�	�^�&�B�#�S�>�
�Û��ÚF�O���u� Ö

ßÝ�Ñ�\�&�ZôZ� && X��!Û��Ñ�\�X� &&�����&�61��\�²&�u�����S�O�\�����"�ø�O�B���]�>� ® Ö ³ 1��\�²&���\�$�S�S�O��� ���V���B�q�òÞóñ\�� �� õ
����B����u�%���'�\�����B��"�\��Nô��\�1ôB�&���¯�����\�\����"Ü2�S�>�Û�������\�����2 X����ñ\�N�\�%�B��²�N���^�&���>�u�����Y���B���&�n�\�
�\�u�&²�&�\� � X�&�V���&�ä�\��	�B�;:^��u�&�V���	�&²]�O�k��� Ö�Ø �'�S���\�Û�%® Ö ®�®��B���\�\�±�����Û²øñ\� X�%����B����>�K�\���t�X �� õ
��ñ\�N�\���B�u�������u�&� Ö

ì �&�uñ\�N�\�� δL δT δSØ  NíäîwçºØ ï õ õ
Ø�� �  NíäîwçºØ ï õ  ZíÝîwçºØ ï ��� ì2Õ 	 ï è
� � á�� �  ZíÝîwçºØ ï ��� ì2Õ 	 ï è  ZíÝîwçºØ ï  ZíÝîwçºØ ï ��� ì2Õ 	 ï è
� � á�� Ù  ZíÝîwçºØ ï ��� ì2Õ 	 ï è  ZíÝîwçºØ ï  ZíäîwçÒØ ï
á�� Ù õ  ZíÝîwçºØ ï  ZíäîwçÒØ ï

����� E G (�� H S%TAXZo�m�`4msTAXZ]*o�i vZTAU6TAw [�XZ[�m�`	[pW�X�`4c	WpoaW�~�Ã�_am.Ã�W�hs]
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÷ �&���O�����HÞã�B�\���� q�>���
Ü"�u��O X�&�n�u��

P1

P2

P2

S1 S2 δL δT δS ������0Ú Ö  �����&��Ú Ö  �����&��Ú Ö ���'��0Ú Ö ���'��0Ú Ö

¡ � � qé���q�t"º xé�k �
¡ � � qé��rq�t"º xé�k �

é�º�t � tè�����º �¡ �0���*�
é�º�t � tè����rº �¡ �0���*�

é�º�t � tè����rº �¡ �0���*�

è^[�`4vZT�oaW�]zoaW¿Y�T�TA_�[�c|}`4msTAXÒÞ
L L + s Sep

l + S + t l + S + T S + T

ª�®V»²®©¬©��¨�� á¿ª«�*±p�0�©®©¬©��¨��

@BADCFE G�(�G�G HÐq�Y	vZ[�U�|6w [�XZ[�c|}huoaW¿Y�TAXZ]4`4c4~ZY�`4msTAX�o�~�_ac	[�o�msY�|}`0o�i vZTAU6TAw [�XZ[�m�`	[)�

� �>����ôZ�& X�\���21��u�)�\���\�&���\�1ôB�&������Û���ÛæN ±�Q�������u���S�O� � ßÝê(���±���X�Û�²�O�\� � í	áZÙ ï Ø �HÞã�O�\� &�
����\�Û�Ké>�O���&�\�u�o�\�º���U���\�u�>�������±�&�o���&�oÚb���\²������O�\�o�HÞã�O�\�\�O�Û�u��S�O�B²�«�O�Û�u�N²���&��51O���*�ø�O�\���]�O�X® Ö ®#���\�\���n�\�
�n�\���t�� ��&��ñB�Z�\�#�Z���������Û��#�u�&��� � � � � � Öná �B��é>�O�V�)���º�ø�>�\����O��® Ö ³ 1O����+�\�&�ZôX�\�0ôZ�&���4�u�O�n�Ò�O���Û����&�*�Û�
7 δL ��k�  ZíÝîwçºØ ï �O� ì2Õ 	 ï è 9 �&�#�Û� 7 δT ��k�  ZíÝîwçºØ ï 9 �&�#�Û� 7 δS ��k�  ZíÝîwçºØ ï 9 ÖSØ Þã�Z���������u�>�������
�\���u��u ���������\���\���Û�u���n�\�����������B���u���O�B�\²&�u����� �S�O���\�&��Úb���B²&�������\���HÞã�O�\�S�>�Û���&�S�O�\²&�@ ����V���Û��V�
��²�)�òÞó���V���&� �&���\���t�������O���n�\�'�\���\�%�S�>�\�¯���X�\�u�N²�&�u�u�B���B�%�u�&�� X�&�V�ø�>�u�����Ñ��Þã�\�B���� X�O����²���\����\� Ö
× �&�^�&�\�S�O�V��18������\�� ��\�u�&�Zô �u�&�\�������u�&�N�B�����S�O��²&�&�Û���� X����ñ\�N�\�¯�\�& q�O�B�\��V���\� �u�&���t�O�O�±�\�����²�>�
�\�&�^�&�\�S�O�V���\�Ç�òÞó�� X�O���äÜX�>�S�O��æN�Û�� Ö
í �\�&ÚF�>�B�«�HÞó�5:^�²&�u�\����\�\���O�S�>��æN�u���Û�S�>�����O�����B���RÞã�� q�>���21N�\�\�Ç�u�&²���B�\���>�\�\�u�N²øñ\�Ç²�O�\�u���Û����Ü

�O�\�O��æN�u�&�*�����B���Û�u���\�Z�����O���B��Ò�Q�����n�u�*²&���\����\�Û�Ò²]�>���O²�����Û���u�O�V�Ò����)�\�0ôZ����*�B�ä�òÞó�� X�O���ºÜ��u�&�� ���V���&� Ö
Ø Þó��\�Û� ±�\�����B��q�B�0ôZ�����²&���\�k�����u�S�O�V�X�òÞó�� X�O���%�&�Û�X�\�u� !Û�������S�O�\�X�\� �&�u�S�>²��²&���\����\�51�Úb���u X�O�V�
�O���\�u�B�\��)�n�S�O���&�)�B�Ý�Q�����V�u�4²���\����\�Û� ÖNá �&�� ���V���&�)�B�\�Ý�� q�>���º²�O�\���&�\�4�u��éZ����V�*�O���O�u�+ÜÇ���\�&�n�u���S�&�
²&��Ò�n�S�>���� ÖS× ñS�O�n�\�ä�u��O�������\�ä�RÞã�� q�>���#�u�Ý²�� ��^�O�u�ä�B�ä�\�1ôB�&���)²���B�\��ôZ��«�>�u�u�����\�&�ºÜ��B�\�ä $� ��
²&�t�O�Û�u���O�u�Û�Z²&���&�ÇÜ�²øñS�>²�\���\�Ç²��«�n�S�O�O�� Ö
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Ø �q�^�����V�±²���q�\�q�t���Û��� ���V�ø�U�����O�Ñ�HÞó�� X�O�����²���B����B�u�±�S�>��²���O�u�Û���S²�>�������Y�B�%�\�0ôZ�&���±�&�Û�¯���
²���B�Û���Û�\²&�u�����s�\��q²�t�>�u�u�&�q�\���\�0ôZ�&���q�&���\�Û��u�&�\²� Ö«× ������ õ ²�#�&Þà�>�\�\�\�����u�B�%���&�X²&���\²�&�B���q�\�����
�����O���n�\���S���\�����²&���\�Û���\�&���O�V�������²�t�>�u�u�&�%�\���\�0ôZ����X²&�� � X���\��q�u���\� õ �&�\�u�& ±�\���&� �S���B� Ö*Ø �&�
 X����ñ\�N�\�&�	�\�"²���B�Û���Û�\²&�u�������B��Ç²���O�u�Û��Ç�u�¯�\�0éN���u�&�V�Ç�� �\��Nô ²]�>�u����O�u���&� (H�RÞà�O�\�O��æN�u� �S���\�¯�\�&�
�n�S�O���&���B���Q�����n�u�#²���B����B�u�«�����òÞã�O�S�O�0æN�u� �S���B���B���ñ\���k�������u�O � X�&� Ö

,S. �H. #8.F, W�68?SL �`�I 	K9QG�I�38IN�X6�G�?\a<IN�q38I2�49QCF6^AD�¯M�9QGKLbING�;U�

÷ �O�\�%���Y���0�u�u����U���\�Û�21+�òÞó�\�\�2�B��� ��&��ñB�Z�\�&�q�\���Û�&Úb�&�u��B²���HÞã�O�S�O�0æN�u� �S�O�\�2�\�&���N�\�O������B�
�^�O���V���¯²&���\���&�\�u�"�&�Û�X�òÞã�O�����O�u���uñ\ ��X�\�&�  ���'�&æ ×)õwì �]�>�\�61+�\�Û���^�O�u���S�O��å Öà×äÖ*ç ����B��F < ç ��� �Z®6? Ö
× �&�Û���	���&²øñ\�\���N�B����é>�O���\�����	�\�&���u���HÞã�O�\�\�O�Û�u��S�O�B²�Ç�\��²øñS�O�n�\�Ç�\�1ôZ��H�\���RÞã�� q�>���äÜ¯²øñS�>²�\�\�Ç�\�&�
²���O�u�Û��«²���B�Û���Û�\���u�� Ö
á ����� N �\�0ôZ�&���º�HÞó�\�\�Ç�� q�O�O�ä�\���Û�&Úb��Û��\²&� I = P1, P2, . . . , Pq, . . . , PN

Ö � �O�\�#²���B�Û���Û�\���Û�����&�
K ²&�t�O�Û�u�&�Ý�\�Ç�\�1ôZ����51\�òÞã�O�������u�0��ñ\ ����\��  �×#ì  ����\�� X���u������²&�u��� &�Û� J �B���S�\�`�\�O� (

J =

N∑

q=1

K∑

k=1

(
µCk

(Pq)
)m

d2(vk,XPq).
7k® Ö ®�® 9

�KJ µCk
(Pq)

��k�o���+�\����Û�*��Þà�O�B�S�O�Û�u��S�>�\²�)�\���B�0ôZ�� Pq
Ü��t�#²���O�u�Û� Ck

1 d2(vk,XPq)
��k�o���«�B���Û���O�\²&�

ï4�\²�����\����\�\�Ý�S�O�\�«�RÞã�&�u�S�O²&��²���B����B�º��V���Û�Ç���	�Q�����V�Ò²���\����\�
XPq

�&�
vk
���	²�&�V���u�Ç�\���O���]éN�������B�

�t�¯²���O�u�Û� Ck

ÖQØ Þã�O�����O�u���uñ\ ��	�\��  �×#ì �\�&²��Û�u�0���±�RÞà� !Û�B�Û���& X�&�V�Ý��Þã�\���S�O���>  &����u� m �n�\�8�Q��Û X���
�\�Ò�Û�������K���Ò²&�Z�d��²���&�V�4�\��Q��B�S�O�V�+�\�¯�\�&���u�*�HÞà�>�\�S�O�k����\�O�\²�#�B�º²øñS�O�n�\�#�\�1ôZ��\ÜÝ�\�\�º²&�t�O�Û�u� ÖOØ �
²�Û����&&�u� J ��Û���\�\�#��Û�u�&�\�4�n�S�O�\�u�>�����N�B�º�^�O�\�\��Û��#�S�>���t�ä�B�\���Û���O�\²&� m �\�¯�\��O�u�#�HÞã�O�\�S�>�Û���&�S�O�\²&�
�\�	²øñS�>�N�B���B�0ôZ���Ü±²øñS�O�n�\�Ç²���O�u�Û� ÖSá �± X���\�� ����u�>�������"²���\�B�\���ºÜ±�\�\���S�O�k���0�����O�q���B�u�� X�O���«�\�&� N
�\�0ôZ�&���#�\� I �&� K ²���O�u�Û�� Ö
Ø Þã�O�������u�0��ñ\ ��ä�Q��Z���O�����Û� �&�u�u�Ç�\�²&�u�0�«�S�O�«�����Û²øñ\� X���Û�\��é>�O�V� (

�äAP?\�4IY,@� Ø �	�\�O ±�\�u�Ý�\�	²&�t�O�Û�u�� K Ü�²���B�Û���Û�\���Û�	��k�ºÚb���\�Û�\�Q�S�O�Ò�RÞã�Z���������u�>���&�\�+�]é��² 2 6 K 6

N 1N�O���\�Û�S�n�\�Ý���	éO�>����B�)�B� m 1V���&�����#�N�B� m > 1
Ön÷ �>�\�*���������O�B�\�Ý X� !Û���Û���u�º�\��)²]�>�61

m ��Û� �BôZ��Ü�³ Ö
�äAP?\�4I # � Ø ��*²�N���u�B���\�\�&��º�\�&�Ò²&��V���Û��#�\�Ý�����]éN���u�

vk
�\�&� K ²���O�u�Û�� Ck

�u���V�º���\���u�t�O�����Û���4�B�
 X�O�\� &�u�Ç�>���]�U�������u� Ö
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�äA]?\�4I �'� Ø �&���B����Û�����Þà�O�B�S�O�Û�u��S�>�\²���\��²øñS�O²�B�Ñ�\����\�1ôB�&��� Pq
�\� I �O�Nô ²�t�>�u�u�&� Ck

�u���V�
�&é>�O���B��«�S�O� (

µCk
(Pq) =

( 1
d2(vk ,XPq )

)
2

m−1

K∑
k=1

( 1
d2(vk ,XPq )

)
2

m−1

1 6 k 6 K ; 1 6 q 6 N. 7w® Ö ®P³ 9

�äA]?\�4I #s� Ø �&�ä²&��V���Û��	�\�&�ä²&�t�O�Û�u��Ý�u���V�ä X���ÝÜ !Û���\��ÜX�\�O�Û�u���«�\��Ý�\��O�u��Ý�HÞã�O�\�S�O�k���&�S�O�\²&�±�\�
�����\�«����«���� ���V���#²�O��²&�\���&�������u�Ò�\�Ç�òÞó�&�ø�>�^� � (

vk =

N∑
q=1

(µCk
(Pq))

m
XPq

N∑
q=1

(µCk
(Pq))m

1 6 k 6 K. 7k® Ö ® � 9

�äA]?\�4I �'� Ø �X�\�u�N²�&�u�Û�\�¯��k�"�O���O�u�Ç�u�&�����&�u�qÜ��S�O�k�����Ç�\�q�òÞó�&�ø�>�^� � � �\�Ñ�\�% ��&�Û���u�XÜ !Û���B������
�\���BéO�]�O�Zô��B����Û��#�HÞã�O�\�S�>�Û���&�S�O�\²&�Ç�\��«�\�1ôB�&���#�>�Zô��\��:��&�u�&�n�u��#²&�t�O�Û�u�� Ö<Ø ���\�u�N²�&� õ
�u�\�«�Þã�O�Û� �&�u�������Û�u�n�\�	����º�B�;:^��u�&�\²�&�#��V���Û�Ç����*éO�>����B�u�º�\�&�#�\��O�u��#��Þà�O�B�S�O�Û�u��S�>�\²�
²]�O��²�\�����o�����Û�o�\�º�B��Zô±�����&���>�u�����B�K�Û�\²²&��u�Û��éO��)�u���V�+���ZÚb��u����\�Û��oÜä�\�"�u�&�\��� Ö�× �º�Û��\���
��Û� �BôZ�Ç�S�O�«�òÞó�B�u���������>�u��\�)�&���Û��Û���\�Ç²&�u��� &�Û����Þà�O�Û� ��� Ö

ßÝ�B�º�O�B�u�u�*�O���u��Û�S�>���0é��+²�O�\�u���Û���*ÜÝ���\���u�t�O�����Û���������\��O�u��K�HÞã�O�\�S�O�k���&�S�O�\²&� µCk
(Pq)

����Ü�����B� õ
�\�B���u�*���&��²�&�n�u�u�&�)�B�#�����]éN���u�º�\��4�B�;:^��u�&�V����4²&�t�O�Û�u�&� ÖV÷ �>�\�������B�����&��²]�O�51��òÞã�O�������u�0��ñ\ ��4�\�&�  K×#ì
²&���Vé���Û�����&���\����� &�«�\�� ±�B�u��B�u��«é>�O�u���O�V���&�#�\�Ç²�&�Ý�O�������Û����ñB X�Ý���V�Ý�����Ç�\�Û���^�O�u��&� <BA�ñ\�"��°�? Ö
ï4�±�O�B�\�����N�\�O�V�8�\���Û�²&�u� ���V�K²�&�K�O�������Û����ñB X���Û�\���òÞó�� X�O���o�B�*��� �\���\�u��® Ö�� 7R� 9 1P�\���B���O�B���&�\���\�

���*�Û��u�B���ø�U�o�\�Û��Û��V���º�&�%�S���\�Û�ä® Ö ®D³ Ö>á �&�������òÞó���\�0�����O�������>�u���O�ä�O����>���O���u�+�\�&�o²&��V���Û��4�&�K�u�&�������òÞó���u�\�Û�
�S�>�\�����&�N�B��4�u�O�n���\�Û���	������\�1ôZ����51H���&���u�&�u�\�0�ø�>�u���Q��Zé���V��é>�O�u����	²&���\�u���\��u�O�\��� ���V��1H²&�� � X�±���
 ����V���Û��V�Ç���&���B��Zô �� q�>������\�"���O�^�&���	�B��!�S���\�Û���® Ö ®D³ 7R� 9 �&��® Ö ®D³ 7b� 9 Ö`Ø ���Û�u�n�\�"���&�  K×#ì ���V�
�Û�²�O�\�Û�u�u�\�0�K������u�1ôÇ²���O�u�Û��61D�����\��Úb�����&���S²�>���������Þó��Û��ÚF�O�0���+����4:��&²&���O�V�o����8�\�0ôZ�&����Ü�����²&�t�O�Û�u�+�Q���\�
���O�n�\������4���)�\�&���u�)�HÞã�O�\�S�O�k���&�S�O�\²&�Ò�&���O�������*�\���\�������é�� ÖOØ ��K�u�&�u�\�0�ø�>�u�K�\�)²���u�u�Ò²���O�u�Û���S²�>���������u���V�
�J��²øñ\�&�Ý�&�2�4:^�²��ø�O�V���\���t�O�Q��8Ü¯²øñS�>�N�B���\�1ôB�&�`�u���B�Ý���¯Úb�O�u ����HÞã�B�\��²&���\����\�«²�O�u�u�&�u�Q���\�S�>�n�ÝÜ
���q²���O�u�Û�"Ü����O�n�\����������K�O�\�S�O�k������V� ÖHí �S� �\�¯ �����Nô�éN���Û�S�O�����u�&�ä������u�&�u�\�0�ø�>�u�61H�RÞã�������N�B�&�u�u�±�HÞó�\�\�
²&�t�O�Û�u�«�\��²���Û�u��Û�^�O�\�X�\�O�*�B�²�&�u�u�O���Û� ���V�ºÜÇ�t��²&���\���&�\�+ X�PæO��\�\���\�&�*�\�1ôZ����4�n�\�<���Ç²&�� ��^���Û��V�
7 ÚF�O�\�u�Û��±²&���\����\�Û� 9 Ö8í ���\�Û� 18�^�O�\����� �S�O�\�u��® Ö ®P³ 7R� 9 1`���&���\�1ôB�&�����\�q�����Û��������

R2
�Û���V�"�O�u�Û�����B��

Ü��\�&�Zô'²���O�u�Û����\�;:^��Û��V���&�61����O�\�\���¯�N�B������"�\�1ôB�&���¯�\�&�"�u��O�����\�
R5
�&�

R6
�u�O�n�X�O�Û�u�N²�����Ü��t�

 $� ��¯²���O�u�Û� Ö ï4�Ñ�O�B�\�����N�\�O�V�Ç�\�"�\���BéO�]�O�@�òÞã�O�����O�u���uñ\ ����\�&�  �×#ì �u�\���òÞó�� X�O�����\�"�ÛæN�V��ñ�&&�u�21
���2�\���BéO����������\�0���t�>�����u�>������� �O����>���O���u�q�\���²�&�n�u�u�&�q�\�&��²&�t�O�Û�u�&�X�\�O�\�\���\����u�&�u�\�0�ø�>�u���B�;:^��u�&�V���
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� | � �0[�]4~ah�`|}` oaW h�|PY�h�|A]	]4m.å�Y�|}`4msTAXÉoaW�]
_am.Ã�W�hs]Ä_�TA~acÄ~aXZWç_ac	W�UVms{�c	WRm�Xam�`4m�|}h�ms]|}`4msTAX
oaW�]zY�W�X�`4c	W�]0oaW�]zY�h�|A]	]	W�]

� b�� ��[�]4~ah�`|}` oaW h�| Y�h�|A]	]4m.å�Y�|}`4msTAXÎoaW�]
_am.Ã�W�hs]ä_�TA~acÓ~aXZW ]	W�Y�TAXZoaW m�Xam�`4m�|}h�ms]|}`4msTAX
oaW�]zY�W�X�`4c	W�]*oaW�]zY�h�|A]	]	W�]

@BA CFE G (�G � H S-h�|A]	]4m.å�Y�|}`4msTAXÐoaW�]@_am.ÃaW�hs]VoaW©hji m�U�|}w W�oaW�]4Â�X�`4vZ{�]	W©_�|}c@hjiæ|}h�w TAc4m�`4vaU6W«oaW�] 	 S%è |�n W�Y
m = 2

y
K = 6

Y�h�|A]	]W�]�y�hji m�Xam�`4m�|}h�ms]|}`4msTAX�oaW�]�Y�W�X�`4c	W�]�oaW�]�Y�h�|A]	]	W�]z[�`|}X�`*|}hs[�|}`	TAm�c	W)�

�\��²�&�Zô����B�u��n�\�«�\�Û�²�&�\� � ���V��²�� � X�ä�òÞó�������\�Û�u�u�Ý�òÞó�� X�O�����\�Ç�t� �S���B�u�¯® Ö ®D³ 7b� 9 Ö ï4���5:^�&�61S���&�
�\�0ôZ�&���Ç²���B�Û���0���S�>�n�����&�Ç�u��O�����\�

R5
�&�

R6
�u���V���\�X�B���Bé���O���O�Û�u�����\���Ü����� $� ��"²���O�u�Û�21`�����Z�

²�� � ��X����±�\�1ôZ������\��¯�Û��������\�
R2
�&�

R4

ÖKí �òÞó���Vé��&�u�Û�21o����±�B�0ôZ������\�&�¯�u��O�����\�
R1
���

R3
�Û���V�

�O�u�Û�Z²&���&�#Ü±�\��Nô�²���O�u�Û��#�\��:��&�u�&�n�u�� Ö � ���B�º���B�u��\���º�\�\��²&�t�O�Û�u���\²]�>�u�����X�\��#�\�1ôZ����Ò���>�u���ÛÚF�>�����>�n�u�21
���QÚF�O�\�\�u�O���#���\���u�t�O�����Û��)����#²&��V���Û��ä�O�Zô��\���\�#�\�Û�Z²øñ\�&�Ý�B��«²�&�n�u�u�&�ä�u�&����#�\����\�;:^��Û��V���&�«²�t�>�u�u�&� Ö
Ø Þã�O�������u�0��ñ\ ��	�\�&�  �×#ì �&�Û�	�B�\���\�O�u���\���u���]é>�O���`�Q���\���t�¯ ����u������Z�&�BéN�u���\���\�O ±�\�u�&�\�u�&�

�\�u�N²�&�\�\�Û�� �S�O�\����B�º�u�&�� X�&�V�ø�>�u����� ÖUí ���\�u�D1 	¯Ö > Ö�Ø ��  ��� á^Ö ß Ö�Ø �&�º�òÞó�B���������u��V���Q���\�����X�B��o�B�\�
�\�u�& X� &�Û�¯�u��O X�&�n���>�����������B�u��n�\���S�O�� ±�B�������u�&�\�����t�O��� < Ø�Ø ��´�? Ö8Ø Þóñ\���k�����O���O � X�q® D �\�"²øñS�O�n�\�
²�� ��Q�����O�V�u�	²���B����B�º��k���O�S�O�0æZ�Û���S�O�º�RÞà�>�\�\�u�N²øñ\� 
 � � � � 
�� ������� � � ��� �����%� �S���\���\�����&�u ����\�&�º���&�
�u�&�\�����äñS�O�Z�����&�	�S�O�	�n�\���B����� X�0���&�n�Ý���&�	�\��:��&�u��V�u�	 X�N�\�&�	�\�u�&�u�&�n�u�Ç�S�O�\�����q²�� ��Q�����O�V�u� Ö`× �&�
�u�&�\�����K�\�����&�u ����\�&���u�\�K²øñS�O�n�\�#²&�� X�Q���u�O�V���Ò�B���S�\���u�Û��V�+���&�KÚb�u�O�n�u� &&�u��o�\����\�O���O�����&����B��� &�\�&���Û�² õ
�ø�O�B�����&�)�B�Ý�RÞã�&�u�S�O²&�ä²&�������Û�� ��&�u�u���n�\� � D ÖnØ ��*�S�O���>�����&���&�\��� &�\�&�4�u�&²&�ø�>�\�����&�Ò�>���\�Û�S�\���S�B���)�\���V�Ò���
�^�O�\�\�t�U�����O���\�Ò�\�0ôZ����K�&�Û�4�Û�\�Q��u����\�Û�#Ü	�\�±�Û��\���B�\� �S�\���u�u�&�V�+�\�Ò X�O�\� &�u�*���u�O�u�u� &�Û�Ò���&�o²&�t�O�Û�u��4�B�
�\�0ôZ�&���4�&�)����\�Û�)²&��V���Û��*�\�&éN���&�\�\�&�n�*���&�+²��V�u�u��*�\�«�����]éN���u�«�\��)²���O�u�Û��)�\�&�u�²&�u��&� ÖZØ Þã�O�������u�0��ñ\ ��
�\��  �×#ì ��Û�X�O�����u�±�O�\�\�����n�\��� �\�s�HÞã�J���\�&�����2�^�O�u���u�����Y�\��"²�&�V���u�&�X�B���O���]éN�������> X�&�����O���O�V�
�O���B�u�H���±�u��O X�&�n���>������� Ö
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Ø Þà�>�������Û���uñ\ X�Ò�\�Ý²&���\�k���u�B²&�������q�B�Ý²&�t�O�Û�u��*�\�u�O�^���Û�Ý�\�O� � ÖZë �Û�²�X�&� � ÖNØ �O ±�Q��k�*�&�Û�Ò�\��éN���Û�
�&���B��ZôÇ���ø�O�Q��8�Û�\²²&��u�Û��éO�� < ëÇØ ´�³�? ÖDØ �O�u�`�\�4���º�\�u�& X� &�u�o�&�ø�>�^�41P�òÞó�B���������u�>���&�\�<Úb���\�u�B���`�����\�� ±�B�u�
 X�UôZ�� X�O� Nbmax

�\�ä²&�t�O�Û�u�&�ÒÜ�²���\�k���Û�\���Û� ÖNØ Þà�O�������Û����ñB X�º�B��  �×#ì �&�Û�º�O�\�\�����n�\��Ü��RÞã�� q�O�O�#� �S�
�HÞó�&é>�O���\��������²&��V���Û����\�¯�����]éN���u�¯�\�� Nbmax

²���O�u�Û��Ç�\�¯�\�1ôZ���� Ö8× �� � X���t�qé>�O���&�\���\� Nbmax

�&�Û����� &�Ç����&éO��21`�RÞã�� q�>�����&�Û���O���O�u�	�Û�\� õ �u��O X�&�n�u�� Ö � ���\�u����\�Û��²���O�u�Û��Ç�\�"�\�0ôZ�&�����Q��BéO��V�±�>���\�Û�
²&���u�Û��u�Q���\�B�u�¯�O�� '�& X���N�\�O���±�����\���0é���V���B���\²�Úb�B�u���O�\�\�� ÖHØ �q�Û�²�O�\�\�¯�&���O�Q�±�\�u�N²�&&�\�¯Üq²&��
Úb�\�Û�����B�`�S�O�H�\���O�������u�0��ñ\ ����u�Q�²� �S�n�\�+�HÞã�O�S�O�0æZ�Û�4�\��8²&��V���Û����\�+�����]éN���u���\��8²&�t�O�Û�u�� ÖDØ �)�Û��Û�\�����>�
�\�Ç�\�&�^�&�\���\���\²Ç�S�O�«�\���\�� ��\�u�Ç�\�Ç²���O�u�Û��«²�O�\�u���\��Û�������u�#�B���RÞã���\���u�t�O�����u�>������� Ö
Ø Þà�>�������Û���uñ\ X�Ý�\��  �×#ì �&�Û�Ý��V�>��� ���V���O�Û�u�N²����Ü¯�RÞ í �S�O��æN�Û���&� × �O X�Q�����>�n�u�� � �u���\²���S�O���&�

7 í�× � 9 �S�>��å Ööõ  ÒÖ 	 �O�\�«���o�>� Ö < 	 � × ´V³�? ÖDØ Þã��� !Û�²&�u��ÚZ��k�K��Þà�O�B�\�����N�B��`�òÞã�O�������u�0��ñ\ ��8�\��  �×#ì �\�O�\�
�\�¯�&�u�S�>²�«²���B����B�4 X����Zô��O�S�>�B���#�n�\�#�RÞã�&�u�S�O²&� 7 R, V,B 9 Ü��t�ä�\�����&²&�������¯�&�)Ü	���ä�u�&�S�O�u�>�������¯�\��
²&�t�O�Û�u��Ç�&�@�\�Û��Û��\²&� ÖKØ �%�u�²øñ\�\���n�\�X�B���Û��� ���V���>������� �\�&éO����O�\�^�&�X��²���B���&Þã��:��&²&�u�\�q�n�\�"�Q���\�
�\�B� ����B�º�\�#�òÞó�� X�O���+�Û����&²&�u�����\�B��º�S�>�o�òÞó�B�u���������>�u��\� ÖDØ ��4�\�1ôB�&���K�\�º²���u�u� ����\�Ò�u���V�4²�O���O²����&�u���Û��
�S�>�Ò���&�º²�N���Û�\���\�\�&��º�B��#�Q�����V���*²���B����B�u�º�\�Û� !Û�&�u��#�Û�\�#�òÞã�UôZ�ä�\�Û���\²&���S�>�^�\�&�\�\�0�º�\�	�RÞ í�× � �Q���\�
�����u���O�\�O��æN�u�&�«�S�O�#�òÞã�O�������u�0��ñ\ ����\��  �×#ì � �\���B��²&���\�k���u�B���u�Ç����#²���O�u�Û�� Ö
× ��k�ø�O���\���O�B�u��\�Û���B�u���Q���u�&�V�ä�\�Ç ��Z�B���S�&�º����²&�u��� &�Û� J Ü¯ ����\�� X���u��)�Q���\�«�t�±�\�����&²&���������\��

²&�t�O�Û�u�� Ö8í �S� �\�¯���&�\����²&�� X�Z���"�\�"�t���\��� õ ��n�\���\�u�O�S�O�\�������u���\�&��²&�t�O�Û�u�&�61�å Öà×äÖKè �Z�O�u�S�O ��&���O� Ö
 ��Z�B���S�&�n�º�t�¯�\���\�\���u�������\�&�Ý�B����Û����HÞà�>�\�S�O�k����\�O�\²�Ç�\�&�Ý�B�0ôZ����«�O�Zô�²&�t�O�Û�u����Q���\�#�\�Ç�S�O�#�u�u���
�Q��S�>�����Û������&�	²���O�u�Û����\���V������Ý�\�0ôZ����ÝÚb���Û X�&�V���\��ä�^�������u��	�Û��������\�Ý�S�O�\�	�RÞã�� q�>���=< è éZ� çºç ´V³4? Ö
Ø Þã�O�u�Q�²��¯�u�S�U���t�>�Ò�2�&�V�O���& X�&�V�±�&�u�����V���&���u�%�O�Zô  K×#ì �S�>� í�Ö > Öà×(Ø ���@C(�&�"�O�D1K�\�O�±�òÞã�O�\�Q���k�
�HÞó�\�\�* X�&�u�\�Û�Ò�\�*�\���Û�u�� X���t�O�Û�����K���N²]�O���+��±²øñS�>�N�B�º�\�0ôZ�&� < Ø8Ø�Ø ´�´�? ÖO× �&�Û���* X�&�u�\�Û�Ò�\�*�\���Û�u�� ������O�u�0���
���Z²�O���4�&�Û��Úb���\²&�u�������\�*�t�«�u��Q���\�Û�ºÜ«�\�±���u�O�\����V��²���\����\� ÖUØ �)²]�>��²�B�N�B��o�B����Û��o��Þà�O�B�S�O�Û�u��S�>�\²�
�\�&�Ç�\�0ôZ����Ç�O�Zô ²&�t�O�Û�u�&���&�Û���O�����u�	 ��N�\���S�±� �S� �\�"�\�;:^��Û��\²&�����������&���\��Ç�\�O�@ñ\�O X����&�\�&���\��
�O�Z���u�&�¯�^�O�\�¯�t�2²&���\�Û�u�u�\²��������'�\��¯²&�t�O�Û�u�� Ö)× �&�Û�����\�u���u���&�s²&�� X�Z���%�\���RÞã���BÚb���u X�>�u����� �u�\�>����� õ
²&�������Û�� ��&�u�u���n�\�)�Q��u ��&���HÞà�> X�&�����O�u����u�&�\�u���\���& X�&�V�4���&�4�u��Û�\�����>���o�\�#�t�ä²&�t�O�Û�u� �S²]�>�u�������\��4�\�1ôZ���� Ö
� �O�\���u���B�u�������" ��&�uñ\�Z�B����S�O�u�&����u�\�����&�  �×#ì 1+����"�u�&�u�\�0�ø�>�u���B����� �Û��� ���V���>�������s�B� õ

�Q��\�B��V���B�u���B²���\�O���& X�&�n�Ç�B�Y�\�� ��\�u�"�\��²���O�u�Û����BôZ�q���B�������O���& X�&�V�	�&���\���t���\���Û���Û���\�Z�����O���\��
�Q�����V�u�o²�O�\���&�\�u�4�S�>�\���òÞó��Û�S�O²&� Ö ß��\�«�O�S�O�Z�ø�>�u�������\�#�òÞã�O���O���u�0��ñ\ ��4�\��  �×#ì �\� �S�\�����\��4²&�u��� &�Û��
�Q��Û X���u�ø�>�n�ä�\���u�u���BéO���²&�±�\�� ±�B�u�±���Z���� X�O�8�\�±²&�t�O�Û�u�&� Ö`è �]�O�\ ������\�61Q²���Ç�O���O���u�0��ñ\ ��Ç�� ��^���Û�
�\�&�«²�t�>�u�u�&�Ý�&�n�\���\�Û���S�O�B����#�����\��«�n�S�O���&�Ý�B���Q�����n�u�#²���B����B�u�«�u�\ñB��u���n�\�� Ö
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è ���\���]é��O�\��éN� �N�B�X�\�&��²&�u�0��&�Û����S���\���\�"�u�&���u�O�\�^�& X�&�V�����\����\�0ôZ�&�����Q��BéO��V�±���� ������&�ä���
�u�\� õ �Û��� ���V�ø�U�����O�����Z����n�\���S�O�«�\�\��²�Û�����Û���O�\²&���B���u�&�����O�\� ÖSÙ�Öàù±Ö�× ñB��2��� 	±Ö^Ø ���u��B�u��B�\��V�
²���u�������\��41� q�>���±²&�&�u�u��Úb�����51o�S�O�B�������\�B���\���\�Û��\�B�u����'²�� ��B�u���òÞó���BÚb���Û q�U�����O�Y�u�\�>�����O���%�B�
�òÞó�� X�O��� < ×ºØ ´V³�? ÖPØ �# ��&��ñB�Z�\�4�Û�+�\�²&�� X�Q���Û�4����\��Zô��\ñS�O�Û����u�\²&²��Û�u�0é���o�O�u�Û�Z²&�t�O�V�8�\�B�*�>�S�O��æN�Û�
�S���\���\�±�t���\���k���Û���\�B�u�������\����Q�����n�u�ä²&���\���&�\�u�ä�u�\�0éZ�����HÞó�\�\�±Úb�B�u���O�2�\�±�Û��������\�	�>� !u�O²�&�V���� Ö`Ø �
²���B�Û���Û�\²&�u�����Ç�\�&�`²���O�u�Û��8�u�4ÚF�O�0�`�S�O�H�RÞà�>�S�O��æN�Û� �S���\�+�\�&�8�N�\�O����8�\�4�Q�����n�u�61]�Û�\�\�Q���u�&�8�u�\ñ\�&�u���N�B��
�&���\�����]æ���� r 1`²&�q���]æO���Y���ø�O�V���\�Ñ�S�O�u�O  &&���Û�"�\�X���� ��&�uñ\�N�\� Ö�Ø ���²���O�u�Û����Û���V��²&���\�k���u�B�����&�
�\�¯ X�O�\� &&�u�¯�0����u�>���0é��±�B�"�u������±�Û���Û�u���n�\�"������n�S�O���&�Ç�\�¯Úb���u ��±�u�Bñ\��Û���n�\���&�Ç�\�"���]æO���@²&���\�n�
�@�\�Û�����Û� 14�&�\�����O�^�&�n�q�t� �\���\�X�����>�\�\��²&���\²&��V���u�>���������\�2�Q�����n�u�X²&���\����\�Û� ÖºØ Þó���\�0�����O�������>�u�����Ñ�B�
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���u��u�"�Q���\���u�����u�O�Bé��&�����&���>�B���Û����B��²���]é��&²q�òÞó�� X�O���¯�B�u��éO��X�\����\�0ôZ����Ç�\���V�±������\��éO�]�O�Zô �Û���V�
²�� ��\�Û���¯��V�u�u������"�\�&�Zô �u�&�\�����"���B���� q�>�Zô��\�Û�²&��\�&�n�u� Öº× ����\�;:^��Û��V�����u�&�\�������Q��Û X���u�u��V�q�B�
�S�O�k�����u�����B�\��«�òÞó��Û�S�O²&�±²���B����B�Ý�&���S�O���>�����&���&�\��� &�\�&�«�u�²��ø�O�B�����&� Ö^Ø �&�	�\�1ôB�&���Ý²���\�B��ôZ����\�O�n�ä���&�
²���B����B�u���Û���V�±���\²���\�u�&���S�O�B���\�Ñ�\�O���O�����&����B��� &�\�"�u�&²&���O�\�����X�\� �S�\���u�u�&�V�"�\�\�q�Û�������� ÖK× �� � X�
²���Ç�O���O���u�0��ñ\ ��	Úb���\�Û�\���ä����\�&���O��� ���V�	�B�\�±�� X�O�����u�B� õ �Û��� ���V�u��21��\�\�±²&�u�����u���>�\²�±�B�¯�u��O�����\�
�u�\�ä�òÞó�� X�O�����O���B�u�o�Û��� ���V�u��¯��k���O�\�\�����n�\�&�±����B�u���������>�n�Ý�\���Û�� ��\����²�u�0��&&�u�±�\���u�� ������O�u�0�����\�&�
²���B����B�u���\����Û��������\� Ö>Ø Þã� !Û�\�k��� ���V�4�B�Ò�\�� ��\�u�&�Zô��u��B�����K�u�&�N�B���o�\�O�K²&�&�Û���º ��&�uñ\�Z�B�*�&�Û���B�����²]�>�
�^�O�\�#���B�u��\���#�\�Ç�^���B���Û��Û�\�����>��� Ö
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÷ �O�B��²�#�\�Û� ����&�K²øñS�>�\���u�u�21>�\���\���PéO���\�4�\�Û��Û��V���#�\�¯²&��k�ø�O���±�\�� ±�B�u�º�\�*���²øñB�\���n�\�&�4�\�º�u�&� õ
 ���V�ø�U�����O���HÞó�� X�O���&�K²&���\����\�Û� Ö>è ���\�K�\���\�K�u�� � �������V���&�u��Û�u�&�+�O�Zô� X����ñ\�N�\�&�o�\�*�u��O X�&�n���>�������
�HÞó�� X�O���&�K²&���\����\�Û�o�5:^�²����S�>�n���u���0�o�\�B�#�O�S�O�0æN�u�Ò�Û�S�>�u�t�O���)�B�º�òÞó�� X�O���41]�u���0�o�B�\�º²���O�u�Û���S²�>���������\��
�\�1ôZ����#�\�O�«�O�S�O�0æN�u�Ç�\�Ç�t�±�\���Û�u�u���B�B�������%�\�&�Ý�Q�����V�u�#²���\����\�Û���O�u�Û�Z²&������O�Nô��\�1ôB�&���«�S�O�B���RÞã�&�u�S�>²�
²&���\���&�\� Ö
Ø ��º ��&�uñ\�N�\��ÒÚb�O�\�\��&�º�u�B�º�\�\���>�S�O��æN�Û�	�u�S�U���t�>�����\�	�òÞó�� X�O���«�Û�\�\�Q���u�&�n�«�n�HÞó�\�\���Û��������q�&�Û�

²&�� X�Q���Û��Ò�B�#�\�0ôZ����o²&���\�\��ôB�&�4�^�O�u�u�&�S�O�V�+�\�&��éO�>����B�u�o²&�����O�u�� ��&�u�u���N�B��8��� &&���\�Û�Z²øñ\�&� ÖVØ Þã�O�S�O�0æN�u�
�Û�S�>�����O���Ý�Þó�5:^�²����\������S�O���]æV�O�V�«�òÞó�� X�O�����&�«�&���B�u��\�O�V�«�\��«�\�&²���Û�����B�#�\�	Úb�\�u�����01\��Þà�O�O�u����>�������
�����\���\��éN���u���O���Û�\��é>�O�V�Ý�\���O���\���\�u����\�Û�Ý²&�u�0��&�Û�� Ö � ���\��²�&�t� 1S�\���\�� ��\�u�&�Zô��u��B�����«�\�&�^�&�\�S�O�V�
�\�ä�òÞó�� X�O���Ý�O�S�O�0æZ�Û��	�Û���V��Ü¯� !Û�\�k���� Ö<ë ��\�&���O��� ���V��1Z����*éO�>����B�u�º�\��²&��#�Û��\�����º�Û���V�#�\����²&�����&�ºÜ
�\�����&�u ����\�&��²�O�«�������«�Û���V�	������&�ÝÜ"�\�&�ä�\���Û�ø�>�\²�&�61< X�&�u�\�u�O�V�ä�RÞã�&²]�O�k����V���Û���\�&�Zô�²���\����\�Û�Ý�\�O�\�
�\����Û�S�O²&�21<�n�\�`�\�Ç�u� ��&&�u��V�ä�\�O�«�\�O���Û���^�&�u²&��B�u�������\��«²&���\���&�\�u� <HE)�O�S´�´�? Ö
Ø Þã�Z���������u�>���������\�¯� &���������� �\�"²&�u��� &�Û��!�S���\���Q��Û X���Ç�HÞó�5:^�²&�u�\����\�\���O�\�O��æN�u�¯�Û�S�>�u�t�O���±�\�

�RÞã�� q�O�O���u�O�\�Ç�]é�������Ü��\�u�&�\�\�Û�¯�\�"�\�²&���u�������\���S�O���Û���Q���\�	�RÞà�>���u�&�V�>���������B��Ç�\�0ôZ�&��� Ö�Ø �%���������n�\�
�S�O�\���u� ��\�����S�>�u�\�u�&�����%�^�O�\�"�\���S�B���"�����\�&���u���HÞã�O�\�\�O�Û�u��S�O�B²����Þã�\� �\�1ôB�&�«Ü �B�;:^��u�&�V����"�Û� õ
�������\�«�&�Ý�Q���\����V�O��� ���V���u�&�\�\���Û���RÞã��� �S�\�&�\²�Ç�\���òÞã� !Û�\�k��� ���V�Ý�\��Ý�u�&�\�������Û�\�ä���¯�N�\�O���0���Ç�\���t�
�Û��� ���V�ø�U�����O���\����� X�O���&� Ö
Ø ��" ��&��ñB�Z�\�&�"�\���u��O X�&�n���>���������S�O�Û��&�X�Û�\�"�t��²���O�u�Û���S²�>���������\��"�\�1ôZ����¯�Û�\�\�Q���u�&�V�q�n�\�

²øñS�>�N�B���Û�������� ��k�Ç²�� ��^�O�u��"�\�"�\�1ôZ����ä²���\�B��ôZ����O�\�S�O�k���&�S�O�V��Ü��\�\�" '�& X��²�t�>�u�u���O�Û�u�N²����
ÜY²øñ\�O²�\� �B��%�n�S�O�O����\���^�����V���q²&���\����\�Û� Ö#á ��� ���V���&�%�\�\���� X�O����²���B����B�q�u��éN����V���>�����Û�qÜ
���\��V��� �S������&�±�n�S�O���&�¯�\���^�O���V����²���\����\�Û�±���B�u��n�\�"�S�O���\�u� !Û�&²&�u�����Ñ�B���òÞó��\�Û� ±�\���%�\�&�¯�\�0ôZ����
�\�Ý�òÞó�� X�O���#�S�>�\�Ò�RÞã�&�u�S�O²&�	²�O�\���&�\� Ö � �O�Û X�<²&��º ��&�uñ\�Z�B��61N�\���B�º�]é����B�º�\���k�����\���\�����&�º�O�\�B�u�N²øñ\��
�S�>�u��&�¯�u�\���òÞã�O�S�O�0æZ�Û�q�\�&�¯�n�S�O���&�¯�\�%�Q�����V����²���B����B�u�±�\��²&���������S�O�Û���¯�Û�\�¯�t���\�&�u�²������O���\��
 ��Z�B��#����\�Û��u�&�\²���S�O�#�RÞà�O�\�O��æN�u����Þãñ\���Û�u�������> X ��� Ö
Ø ������²øñB�\���n�\�&�	�S�O�Û���Ý�u�\�Ý�òÞã�O�S�O�0æN�u�Ç�\��Ý�n�S�O���&�ä�\���^�O���V����²���B����B�u���\�²&��u�Û���u��V���\�Û��u�n�\�

�u���B���&�¯�t��²&���\�S�>���u�u�O�\²&���2�B�u���O�u�)�\�'�\�� ±�\�Û���\��²���O�u�Û��"Ü2�\�����&²&���&� Ö+÷ ���\���\�61K���*��Û�"�\�O�ÛÚb�����
�\�&����²]�>���\���\�²&���\�&�Ý�n�HÞó�\���\�1ôB�&���O�\�S�O�k������V�ä�O���\���2ÜX�\�\��²���O�u�Û���\���B�\�� ÖH× Þó��k���^�O�\�u�n�\���8����
�O�������Û����ñB X�&�Ò�\�Ç²���O�u�Û���S²�>������� �S���B��²&���\�Û����&&�u��V���n�\��²øñS�O�n�\���\�0ôZ��H�O�\�S�O�k������V���\���\�#�O�� ������\�
�O�Nô��\�;:^��Û��V���&�«²�t�>�u�u�&�Ý�&���B�u��Û��\²&� Ö^Ø ��«�\��O�u����HÞã�O�\�S�>�Û���&�S�O�\²&�Ç�\�Ç²øñS�O�n�\���\�0ôZ��8Ü"²øñS�O²&�\�\�
�\�&��²&�t�O�Û�u����u���V�±��é>�O���\�&�61��u���0�±Ü��S�O�k�����Ç�\�X�t���\���k�ø�O�\²&�q²&���\���&�\���S�O�\���òÞó��u�\�O²�41K�Û������Ü��S�>�Û�����
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�HÞó�\�%²]�>��²�B�^�HÞóñ\�� ������&�\��0�����u�S�U���t�>��� ÖZ× �� � ��Ý�\�O�\�º�òÞã�]é����B�Ò�\�Û��u�&�V���21B�òÞã�O�����O�u���uñ\ ��º�\��  �����&æ
×)õkì ��O�\�º�Û��k���	�RÞà�O�������Û����ñB X�#�\�Ý�u��Úb��u�&�\²���B��º ��&�uñ\�Z�B��º�\�Ý²���O�u�Û���S²�>�������'�S�O�\�	�\�Ý�\�0ôZ����Ò�S�>�
�O�S�O�0æN�u�#�\�&�)�n�S�>����)�\�«�^�O���V���4²&���\���&�\�u� ÖN× ��)�O�������u�0��ñ\ ���K�u���V�)�\������O�S�O�Z����)ÜÇ�òÞó���\�&�V�����\²]�>�u�����
�\��²&�t�O�Û�u�&�	�����O�\�\�t�>���u�&�#�&�ä�u���V�	��Þà�O�Z�ø�O�V�	�B���\�Ý�^�&�ÛÚb���Û q�O�V�u�Ý�n�\�±�B���\�	²&���\�S�O���u�Û���\�ä�����B�� ±�\�Û�
�\�Ç²���O�u�Û����¯�\�u�����u� Ö
÷ �O�\�)����²]�O�B�u���\�Ý����²&�t�O�Û�u� �S²]�>�u�����"�\���\�1ôB�&���+�S�O�*�O�S�>��æN�u���HÞóñ\���k�������u�O � X�&�61��\�B�ÝñVæN�^�>��ñ�&&�u�

����B����>��� ���V�Ý�O�\ ����Û�Ç��Û�ä�n�\��²øñS�>�N�B�� ��Z�\���\���òÞó��Û�S�O²��²���Û�u�&�u�Q���\�2Ü��\�\��²�t�>�u�u���\���\�0ôZ�&��� Ö
Ø �ä�u�&�� X�&�V�ø�>�u�������HÞã�� q�>����K²���\�Û���k���º�S�>�\���\�¯�\�Û� ����&���u� ��\�4Üä�\�����&²&���&�4�&�4��ôN�����>���u�*²�&�� X�N�\�&�
�S�O���òÞã�O�S�O�0æZ�Û�q�\�&�±ñ\���Û���O�����O � ����® D �\�&�¯²�� ��^�O���O�V���&�±²�O�\���&�\�u�±�O�Ñ�S�O�±�RÞà�>�S�O��æN�Û�q�\�%�RÞãñB��� õ
�����O���O � X� � D ²�O�\���&�\� Ö4÷ �O�\�"�\� �u�²&���\�'���& X�\�514�t�2�Û��� ���V�ø�U�����O���Þã�O�\�\�\�����u�\�¯����¯ ��Z�\�&�
�\�&�u�²�������Q���\�#²���O�u�Û���S�&�#���&���B�0ôZ���� Ö
Ø Þã�O�S�>��æN�u�X�\��±ñB���Û�u�����u�O X ����® D �Û�\�\�Q���u�&�V�"�N�B�%�òÞã�O�S�O�0æN�u���\�%�t���\�u� !Û�²&�u�����Y�\��±�Q�����n�u�

�u�\�ä����Ý�\�;:^��Û��V���&��²�� ��Q�����O�V�u��	²&���\���&�\�u�ä�^�&�u ��&�	�B�±�\���k�����\���\�&�ä���&�ä�n�S�O�O����\�±�Q�����n�u� Ö^ç ���&�
�n�\��²���u��� ñVæN�^�>��ñ�&&�u� �\���u���0���S�O�%�u��� !Û���\�Û�%é��&�u���\��21#���Ñ q�"!Û���u�0�����B��� X����ñ\�N�\�&���HÞà�>�S�O��æN�Û�
�HÞóñ\���k�������u�O � X�&����ôZ�\�������u��V�"�\�� X�O�\� &&�u�% X�O�Û�����S�>���q����¯ñ\���Û�u�������> X ���%® D Ö4Ø �������\�Û�\��B�¯�\�
�òÞó�� ��\�t�>�n���>�������"�\��# ��&�uñ\�N�\��º��Þà�O�\�O��æN�u���B���òÞóñ\���k�������u�O � X� � D ��ôB�B�����n�\�ä�N�B���^�&���B�	�����]é>�O�Zô
��ôZ�\�������u��V�"�\���Û�²���� ���V�"�RÞãñ\���Û�u�������> X ��q²&���\���&�\� Ö � ���\�k�ø�O�V�614�u��B�����\�\���O�\�B�u�N²øñ\��é��²������Û���&�����
�^�&�u ��&�#�B�	�u�&�S�O�u�&�«����Ò²�t�>�u�u�&�#�\���\�1ôB�&���º�&���\�u�&�u��B²� ÖQØ ��# ��&�uñ\�N�\��º��Þà�O�\�O��æN�u� �\���\���HÞóñ\���k��� õ
�����> X ��	�\�Û��u�&�V����&�ä�S�>�\�Ý²&�Ç²øñS�O�\�0���u�Ç���n�u�u�N�\�\���u��V�«���"�B�O���������\���S�����O���\��éO�]�O���\���òÞó��Û�u�� X� õ
�������2�\�±���q�n�S�O���������\�¯�t�X�u��O X�&�n���>���������HÞó�� X�O���&�ä�S�O�ä�t�q�\� �S�\�0�����O�2�HÞó�\�\�¯ ���u�B�u�¯�HÞó��V���Û���\���
�S���\� ÖKî �)�u�&���O�0���O�\�^�O�Û���B�Y�HÞó��ôZ�\�������u����t���B�O�������@��Þã���\²�&�Û���0���\�B�X�\�O�Ñ�S�O���u�\���t���n�S�>�����u�"�\�q���
�u�&�� X�&�V�ø�>�u�����01> q�>�����\���u�&²&���& X�&�V�+�u�\�4�RÞà�O�\�O��æN�u�#�B�#�òÞóñ\���k�������u�O � X�*� �S�"�\�«�\�����²����&�)����4 ��Z�B�� Ö
× Þã�&�Û���^���B��²�&�Û���"���>���u�O� �n�\���\���B���B�u���Q���u�O�\�Ç�\�"�\�&éO����O�\�^�&�Ç�\�\�"�\���BéO������"�O�\�B�u�N²øñ\�X�B�

�\�&�u�²������O� �\�&�q ��Z�\�&�X�Q���\���t� �u�&�� ���V�ø�>�u�����s�HÞó�� X�O����"²&���\���&�\�u���S�O�X�\�\���O�S�O�0æZ�Û� �\���\���B�
�òÞóñ\���k�����O���O � X�K²���B����B� Ö>× �&�Û���º�>�S�O��æN�Û�*�B�u�������u�4�B��o²&���\²&��B�u�o�\�*�t�« X���Û�\ñ\������������ q�U��ñ\�& q�>�u���n�\�
�S���\� Ö
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L/BlTWRhbdD{]GJIQSRUkjJ\HKF/_|DSbEcSFuFXcSQSQnbdF[bdDGFC}mcSJIHKJ\FuQnbdRKD^T[F~L\bdcSHKJ\cSV[FuBEF[FXbjL\RKZ\FCBEcjk{QSR�kjJ/HKFuBEQSQPBlVXTWJ\DPBED^T
� ]GJ/FIVXZ/rdRhbdDSF@]GbdDSDSJ\DmTIDPBERKFXFWBEDGL/J � ]GJ/FIDmcPBErEJ/FI]SJ�Q�bdRhD^TWF@L\bdcSHhJ/cSVXFI]PBEDSFqH���J/FXQPBEL/J�L/bdcSHhJ/cSV\t
� bdoMoMJMLONSBE}mcSJYDmcPBErdJ8]SJ�QnbdRhDmT[Fq]GZ\yPDSRUT@cGDSJ�L\HxBEFXF[J�]GJ�QSR�kGJ\HKF\_�HKB�FXJ/rdoMJ/D^TWBlTWRhbdD(L\bdDSF[RhFXT[J �
Rh]SJ/D^TWRUyPJ/V-L\J/FYDmcPBErEJ/FYB�yPD�]SJ�L/bdDGFXTWVXcSRKVXJwHhJ/FML/HxBlF[F[J\F�]SJ{QSRUkjJ\HKF/t�ACBlDSF�H���J\F[QPBEL\JwL\bdcSHKJ\cSV/_�HhJ/F
QnbdRKD^T[FIL/bdcGHKJ/cGV[F-F[bdD^T-FXbdRhT3VXJ/rdVXbdcSQnZ/F-J/D�DmcPBErdJ\F-F[RhT[cSZ/F3]SBEDSF-]SJ/F-�\bdDSJ/FMBEQGQ�J\HKZ/J\F3o8b�]SJ\F3J\T
L/BEVWBEL?TWZ\V[RKFXZ/J\FpQSBEV�cSDSJs��bdV�TWJsL\bdDSL/J\D^TWVWB�TWRKbED�HhbjL/BEHKJ~]SJsQnbdRKD^TWF\_SF[bERhT�]SRhF[QnJ/VXF[Z/F�]PBlDSF�]SJ/F��\bdDSJ/F �
��BERh�SHKJ~L/bdDGL/J/D^T[VWBlT[RKbdD�]SJ�Q�bERKD^TWF�FXZ/QPBEV[BED^TuHhJ/F�]SRUi�Z\V[J\DmT[F�o8b�]SJ/F�J?TpL/bdDSF�TWRUTWcPBED^TpHKJ\F�elBEHKHhZ/J/F\t

ACBEDGF�L/J~o8Z\o8bERKV[Jl_dDSbdcGF�DSbdcGF�QSVXbdQ�bEF[bdDSF<]SJuL\bdDSF�TWV[cGRKV[JpHKJ\F<L\HxBEFXF[J\F�]SJ~QSRUkjJ/HhF<J\DY]SZ?TWJ/L?TOBED^T
HhJ/F�]SRhi�Z/VXJ/D^TWFvoMbj]SJ\F�QSV[Z\F[J/D^T[F@]PBEDGFqH���J\F[QPBEL\J8L\bdcSHhJ/cSV\t>�6bdcSVvL/J-��BERhV[JE_�H���RKo8BErdJIJ\FXT@BEF[FXbjL\RKZ/J �
cSDGJ�oMb�]SZ/HhRKFWB�TWRKbED(QSVXbd�PBE�SRhHKRhFXTWJ8]SbdD^TMH���NSRKF�TWbdrEVWBEoMo8J8L/bdcGHKJ/cGV3V[J/QGV[Z/FXJ/D^TWJ{H���J/F�TWRKo8BlT[RKbdD�]SJ:HxB
��bdDGL\TWRhbdD�]SJ:]SJ\DSF[RUTWZ:]SJ:QSV[bE�PBE�SRhHKRhT[Z�]	��BEQSQSBEV[RUTWRKbED�]SJ/F-L/bEcSHKJ\cSV[FMBEFXF[b�L/RKZ\J/FMBEcjk�QSRUkjJ/HhF/t��pbdcSF
L\bdDSF[Rh]SZ/VXbdDSF~}�cGJIH���RKo8BErdJ � BEDPBEHU�jFXJ/V~J/FXTuL/bdDGFXTWRUTWcSZ\J@]SJ

N
QSR�kjJ/HKF

Pq

_
q = [1..N ]

L`BEV[BEL\T[Z/V[RhF[Z\F
QPBlVsHKJ/F�QnbdRKD^T[FsL/bdcSHhJ/cSVXF

XPq

]PBEDSFvH���J/FXQPBEL/J-L\bdcSHKJ\cSVM�
R, V,B � }�cGR L/bdDSF�TWRUTWcSJ-H���J/FXQPBEL\JM]GJMVXZ?z��Z\V[J/DGL/J

χ
t�¡jcSVvL/J?TvJ/F[QSBEL/Jl_6DSbEcSF�]SZ\yPDGRKF[FXbdDSFvcSD(o8BERhHKHxBlrdJq]GJ

L3 Q�bdRhD^TWF
Xl

_
l = [1..L3]

_�bd¢
L
]SZ/FXRKrdDSJ@HKJIDSbEoI�SV[J3]GJ3DSRheEJ`BEcjk£B`edJ/L-HhJ/F[}mcSJ\HKFsHhJ/FsL/bEo8QnbdFWBlDmT[J/FsL\bdcSHKJ\cSV[FsFXbdD^T�}mcPBED^TWRUyPZ/J\F/t

¤ RKDSFXR�_nLONPBE}mcSJ3L/J\HKHhcSHKJq]SJIH���NSRhFXTWbErdVWBEoMoMJvL\bdcSHhJ/cSV
H(Xl)

VXJ/QSVXZ/F[J\D^TWJMHKJ@DGbdoI�SVXJI]SJ3QSR�kGJ\HKF
Pq
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L`BEV[BEL\T[Z/VXRKF[Z\F�QPBEV�]SJ\F~QnbdRKD^T[F�L/bdcSHhJ/cSVXF
XPq

RK]SJ\DmT[RK}mcSJ\F~Blc{QnbdRKD^T
Xl

t
ACBEDSF�L/J\F�L/bdDS]GRhTWRhbdDSF\_�]SZ?TWJ/L?TWJ\VqHhJ/FsoMbj]SJ\FsV[J?ejRhJ/D^T � o8J?T[T[V[J3J/D Z\e�Rh]SJ/DSL\J-HKJ/F��\bdDSJ/FA@\oMblz

]PBEHhJ/F"@-]SJ�H���J\F[QPBlL/J�L\bdcSHhJ/cSVvL/bdDGFXTWRUTWcSZ\J/FI]GJ�QnbdRKD^TWFv]SRUTWF�@?o8b�]PBEcjkB@3J\T@L`BEV[BEL\T[Z/V[RhF[Z\J/FIQPBlVq]SJ\F
DSRheEJ`BEc�k£Z/HhJ\eEZ/Fs]SJ3H���NSRhFXT[bdrdVWBlo8oMJqL\bdcSHhJ/cSV\t	�~bEcSF�BEHKHhbdDSFpLONSJ/VXLONSJ/V � J?k�T[VWBERhV[JIL\J/F�Q�bERKD^TWFCoMblz
]PBEcjk�}mcSR�L/bdDGFXTWRUTWcSJ\D^TIcSD�F[bdcSF z J\DSF[J\oI�SHKJ�]SJ

χ
}mcSJYDSbdcGF@]SZ\F[RKrEDSbdDSFvQPBEVqHxB:F[cSRUTWJML/bdoMoMJ8HhJ

F[bdcGF�z J\DSF[J\oI�SHhJvoMb�]SJEt
�aBEVXo8R�HKJ\F ]SRhi�Z/VXJ/D^TWJ\F oMZ\TWNGbj]SJ\F ]	��J?k�TWV[BEL\T[RKbdD3]GJ/F QnbdRKD^T[F o8b�]PBEc�k�_�HxBpo8bEV[QSNSbEHKbdrdRhJ�o�BlT[NSZ?z

o�B�TWRK}mcSJp�SRhDPBERKVXJuBq]SZ/oMbdD^TWVXZu}mc	��J/HKHhJuZ?TOBERUT�cSDgbEcGTWRhHnQnJ/V���bdV[o8BED^T<Q�bdcGV�HKJ\cSV�]GZ\TWJ\L\T[RKbdD	_jF[cSV�TWbdcjT
]PBEDSF@HKJYL/BE]SV[Jg]GJgo8b�]SJ/F@]SJ���bdVXo8J\FIF[QSNGZ/V[Rh}mcSJ/FDCFEHG�I	�KJMLON�t�G>B QSV[J\o8RQP/V[J�QPBEVXT[RKJ8]SJgL/JgLONPB z
QSRhT[V[J�RKD^T[V[b�]ScSRhT�]GbdDSLuHKBso8bdVXQSNSbdHhbdrdRhJ�o�B�TWNSZ\o�BlT[RK}mcSJl_^J\T<QSHKcSF�F[QnZ/L\RhyP}mcSJ\o8J\D^T�HxB�oMbdV[QSNGbdHKbdrERKJ
o�B�TWNSZ\o�BlT[RK}mcSJ��SRhDPBERKVXJ�J\TsHhJ/F�TWVWBlDSFX��bdVXo�B�TWRKbEDSF�o8bdVXQSNSbdHhbdrdRh}�cGJ/FpZ/HKZ\o8J\D^TOBERhV[J/Fp}mcSR>�wFXbdD^TsBEF z
F[b�L/RhZ/J/F\t

¡�tSR6cGV[QSRhDjz AuNGRKHKHU�8B-oMbdD^TWVXZs}mcSJqQGV[J/DG]SV[JvHxBI]SZ\L/RhF[RKbED � QPBlVXTWRhV�]SJ�H���BEDPBEHU��F[JC]SJ�H���J\F[QPBEL\Jq]GJ
V[Z?��Z/V[J\DSL/J3}mc	��cSD Q�bERKD^TsBEQGQPBEVXT[RKJ\DmTCbdc£D	��BEQSQPBEV�TWRhJ/D^TsQPBEFCBEc F[bdcSF z J\DSF[J\oI�SHKJ3oMb�]SJ@J\FXT�QPBEV���bdRKF
]SRQTML\RKHKJ�CFR�A�EUG�JMVMN�t � J/L\R|J/FXT<]	��BEcGTWBED^T�QSHhcSF�]SZ/HhRKL/BlT�Q�bdcGV�HhJ/F�QnbdRKD^TWF�FXJ~FXRhTWcSBED^T�]PBlDSF<]GJ/F��/bdDSJ\F
]SJ�TWVWBlDSF[RUTWRKbED�J\D^TWV[JqHKJ\FpelBEHhHKZ/J\F�J\T~HKJ/FpoMbj]SJ\F/t � J/L\R6DGbdcSF~BEoAP\DSJ � L/bEDSF[Rh]SZ/VXJ/Vp}�cGJqTWbEcGTuQnbdRhDmT
]SJ�H���J/FXQPBEL/J�L\bdcSHKJ\cSV�BEQSQPBlVXTWRhJ/D^T�QSHhcSF bdcMo8bdRhDSF BEcMF[bEcSF�z J/DSFXJ/oI�SHhJ~oMb�]SJEt � ��J/F�T�QnbdcSVX}mcSbdRSDSbEcSF
BEHKHhbdDSFM]SZ\ySDSRKVgFXcSVgH���J/DSFXJ/oI�GHKJ ]SJ£VXZ\��Z\V[J/DGL/J

χ
cSD F[bdcGF�z J\DSF[J\oI�SHhJXWPbdcY@\oMbj]SJ#@{L`BlVWBEL?TWZ/VXRKFXZ

QPBEVqFWBw��bdDSL?TWRhbdD ]	��BEQSQPBlVXTWJ\DPBEDSL\JEt � J?T[T[JY��bdDSL\T[RKbdD(]	� BlQSQPBEV�TWJ/DSBEDSL/JgQnJ/VXo8J?TI]	��BEFXF[b�L/RKJ\V/_6Q�bdcGV
LONPBEL\cSD£]SJ/FsQnbdRhDmT[F/_ncSD£]SJ\rdV[ZI]GJIL/bdDjy|BEDSL\J3J/D£H���Z\eEZ/DSJ\o8J\D^T[Z

Xl \']_^U`2a>bSc�d6aS^He%c	f1gMh t ¤ RKDSFXR�_]PBEDSF�HxBsFXJ/L/bEDS]SJuQSBEVXT[RKJ�]SJpL/JpLONPBEQSRUTWV[Jl_mDSbdcSF�QSV[Z\F[J\DmT[bdDSF�L\bdoMo8J\DmT�DSbEcSF<QGV[bdQnbdF[bEDSF<]���Z?eEBlHKcSJ\V
HxB@��bdDGL\TWRhbdDg]	��BEQSQPBlVXTWJ\DPBEDSL\J � cSD�oMbj]SJ � QPBlVXTWRhV�]SJ�H���BEDPBEHU��F[Js]SJ�H���NSRhFXTWbErdVWBEoMoMJ~L\bdcSHKJ\cSV/t

¤ yPDg]SJuo8J?T[TWVXJuJ\DgZ\e�RK]SJ\DSL/JuHKJ/F�o8b�]SJ/F<]SJCH���J\F[QPBEL\JCL/bEcSHKJ\cSV/_�DSbdcSF�DSbdcSF�QGV[bdQnbdF[bEDSF�]	��BEDPB�z
Hh��F[J\V�L/J\TXTWJ-��bdDSL?TWRKbED ]�� BEQGQPBEVXT[J/DPBlDSL/J � cGD�oMbj]GJ � H�� BERh]SJ3]	��cSDSJML/bdo@�SRKDPBlRKF[bED£]SJ/FvbdcGT[RKHKFs]GJ
�PBEFXJv]GJvHKB3o8bdVXQSNSbdHhbdrdRhJuo8BlTWNSZ\o�B�TWRK}mcSJiWPbdcSJ�}mcSJvDSbdcSF�QSVXZ/F[J\D^TWbdDSF~]PBEDSF�HKB3T[V[bdRhF[RQP/oMJCQPBEV�TWRKJ
]SJ�L/J�LONPBEQGRhTWVXJEt
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G>B{oMbdV[QGNSbdHKbErdRKJ3o8BlTWNGZ/o8BlTWRh}�cGJMJ\FXT3DGZ/J�J\D$#"J&%�'�]	��cSDSJYL\bdHKHKBE�nbdVWBlT[RKbdD£]GJ�(3t
)wB�TWNSJ\V[bdD
J?T�]SJ+*Gt>¡jJ\V[VWBjt�AuJ�#"J&%,' � #"J&%#VG_�L/J\FqBlcGTWJ\cSV[F�bdD^TsJ\F[F[J\D^TWRKJ\HKHhJ/oMJ/D^T�o8RhFsBEc£QnbdRKD^TsHhJ/FsDSblTWRKbEDSF
]SJMTWV[BEDSFX��bEV[o8BlTWRhbdDSF�J/D(T[bdcGT@bdc V[RhJ/D	_>HhJ/F@bEQ�Z\VWBlT[RKbdDSFv]	��bdcGeEJ/VXT[cSV[Jl_ ]SJM��J/V[oMJ\T[cSV[J8J\T@HKJ/Fqo8b�z
]8P\HKJ\Fq�nbjbEHKZ/J\DSF/t�G>B{oMbdVXQSNSbdHhbdrdRKJ@o�BlT[NSZ/o8BlT[RK}mcSJ-V[J\Q�bdFXJ�FXcSVqHhJ/FvL/bdDGL/J/QjTWFI]SJ8HxBgTWNSZ\bdV[RhJ-]SJ/F
J\DSF[J\oI�SHKJ\F�J\T�F/��RKDSFXQSRKVXJ~J\F[FXJ/D^TWRhJ/HKHhJ/oMJ/D^T�]GJCHxBsTWbdQnbdHhbdrdRKJl_^]SJ/F�QSV[bd�SBE�SRKHhRhT[Z/F J\T�]SJuHKBvTWNGZ/bdVXRKJp]SJ/F
rdV[BEQSNSJ\F/t.- HhHKJ J\FXT>L/bEDSFXT[V[cSRUTWJ � QPBEV�TWRhV	]SJ TWV[BEDSF���bdV[o8BlTWRhbdDSF�J\T>]SJ L\bdo8QSBEVWBERhF[bdDGF	J/D^TWVXJ H���J/DSFXJ/oI�GHKJ
� BEDPBlHh��F[J\VvJ?T�cSD J/DSFXJ/oI�SHhJ-QSV[Z\]SZ\yPDGR�bEc�Z\HKZ/oMJ/D^T�F�TWV[cGL\TWcGVWBED^T`t � J-]SJ\V[DSRhJ/V�J/F�Tq]GJMF�TWVXcSL\T[cSV[J
L\bdDSDmcSJ3J\TCrdZ/DSZ\VWBEHhJ/oMJ/D^TsQSHhcSFuFXRKoMQSHKJq}mcSJ3H���J/DSFXJ/oI�GHKJ@]GJ3]SZ/QPBlVXT`t�G ��Z\HKZ/oMJ/D^TsF�TWVXcSL\T[cSVWBED^TsJ\FXT
]SZ?yPDSR QSBEVCF[bED bEV[RKrERKDSJ���bdc£J\DSL/bEV[J3F[bED L\J/D^TWVXJ � J?T�QPBEVCF[BYFXTWVXcSL\T[cSV[Jlt ¤ cjk QSV[bEQSV[RhZ\TWZ\FCrdZ\bdo8Z�zT[V[RK}mcSJ\Fa]SJ<LONPBE}mcSJ�Z\HKZ\o8J\DmTaFXT[V[cSL?TWcSV[BED^T���F���o8Z?TWV[RhJE_�L/bdD^eEJ?kjRhT[ZE_ERhF[bET[V[bdQGRKJE_ J?TWLEt � L\bdV[VXJ/FXQ�bdDG]IcSDSJFXRKrdDSRUyPL`B�TWRKbEDYrdZ/bEo8Z?TWV[Rh}mcSJsbdc:FXT[V[cSL?TWcSV[BEHKJ�]SJ\FpT[VWBEDSF���bdV[o8BlT[RKbdDSF�BEF[FXbjL\RKZ\J/F/t

G�JsQSV[RhDSL/RhQ�JC��bEDS]PBEoMJ/D^TOBlH	]SJsHxBIoMbdVXQSNSbdHhbdrdRKJ~L/bdDGF[RKF�TWJ � L/bdoMQPBEVXJ/V�H���J\DSF[J\oI�SHhJ � BlDPBEHh��FXJ/V
� cSDMJ/DSFXJ/oI�GHKJ�QSV[Z\]SZ\ySDSRnBEQSQnJ/HKZ�Z\HKZ\o8J\DmT�F�TWV[cGL\TWcGVWBED^T`_�BlySDM]���J\D�J?k�T[VWBERhV[J�]SJ\F<L/BEVWBEL?TWZ\V[RKF�TWRh}�cGJ/F
F�TWV[cGL\TWcGVWBEHhJ/F-bdc�o8bdVXQSNSbdHhbdrdRh}�cGJ/F/t ¡jbdD�V0/dHhJgJ/FXT8]SbdDGL{]SJgT[VWBEDSF���bdV[oMJ/V-H���J\DSF[J\oI�SHKJ � Z\T[cS]SRhJ/V
J\D cSD�J/DGF[J/o@�SHKJ ]GJ FXT[V[cSL?TWcSVXJ£rdZ/DSZ\VWBEHhJ/oMJ/D^TYQGHKcSFYFXRKoMQSHKJl_�FWBEDSF�J/D BEHUTWZ/VXJ/V8F[J/FgQGV[RKDGL/RKQSBEHKJ\F
L/BEVWBEL?TWZ\V[RKF�TWRh}�cGJ/FCrdZ\bdoMZ\TWVXRK}mcSJ\F/t G�J/FCT[VWBEDGFX��bdVXo�BlT[RKbdDGF~oMbdV[QGNSbdHKbErdRK}mcSJ\FuHKJ\FCQSHhcSFCF[Rho8QGHKJ/FuF[bdD^T
H���Z\V[bdFXRKbdDgJ?T~HKB3]SRKHKBlTOBlT[RKbdD�_�RhF[FXcSJ/Fp]SJ/FpbdQnZ/V[BlTWRhbdDSF�J/DGF[J/o@�SHKRhFXTWJ\F�]	� Bl]S]SRhT[RKbdDgJ?Tp]SJ�F[bdcSF�TWV[BEL\T[RKbdD
]SZ?yPDSRhJ/F�QPBEV1){RhD32Eb.4�F�2�R C5)wBlT76�8�_n¡jJ\V?V:9�N�t

;=<>;�<@? ACBEDGFIHKJLHNMOFQPIRTS�UVBEWXMOYLHNMOF[Z\HNF\]OHKW3R

G ��Z\V[bdFXRKbdD-�SRhDPBERhV[J�]	��cSD-J/DGF[J/o@�SHKJ
χ
QPBEV H���Z\HKZ/oMJ/D^T F�TWVXcSL\T[cSVWBED^T

S
_^DGbETWZ\J

Eb
S
(χ)

_dJ\FXT�]SZ\ySDSRKJ
QPBlV^*Gtm¡jJ/VXVWB � QPBEVXT[RKV ]GJpHKBCF[bdcGFXTWV[BEL\T[RKbdDMJ/DGF[J/o@�SHKRhFXTWJ�]GJ\)�RKD32lb_4�F�2mR�_^DSbET[Z/J

	
_^F[bdcGF�HKBC��bdV[oMJ�Z

E
b
S(χ) = χ	 Š = {Xl / SXl

⊂ χ, Xl ∈ χ}.
�>9jt`# �

bd¢
SXl

]GZ/F[RhrdDSJMH���Z/HhZ/oMJ/D^TvFXTWVXcSL\T[cSVWBlDmT
S
L\J/D^TWVXZYBEc�Q�bdRhD^T

Xl

_>J\T
Š
HhJ-FX��o8Z?TWVXRK}mcSJ�]GJ

S
QPBEV

V[BEQSQnbdVXT � F[bdD bdVXRKrdRhDSJEt�G ��Z\V[bdFXRKbdD ]GJ
χ
QPBEV

S
F\��J�kGQGV[RKoMJ3]SbdDGLIJ/D£T[J/V[oMJ/Fs]���RhDmT[J/VXF[J/L?TWRhbdD£]SJ/F

J\DSF[J\oI�SHKJ\F�V[Z/FXcSHhTWBED^TWF�]SJ�HxBIT[VWBEDSFXHxBlT[RKbdD�]SJ
χ
QSBEV

S
t
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G>J\F�QSV[bdQGV[RKZ?TWZ\FpJ\F[FXJ/D^TWRhJ/HKHhJ/F�]SJ�H���Z/VXbdF[RhbdDg�SRhDPBERKVXJCF[bEDmT Z
��� D^elBEV[RKBEDSL\JpQSBEV TWV[BEDSF[HKBlTWRhbdD�Z

∀ t ∈ R3, χt	S = (χ	S)t

B`edJ\L
χt = {Xl + t,Xl ∈ χ}

t
� � bdoMQPBlT[RK�SRhHKRUTWZ~BfeEJ/LvHKJ\FpNGbdo8blTWNSZ?TWRKJ\F�Z

χ	 S = 1
λ
(λχ	 λS), λ ∈ R+.

� � VXbdRKFXFWBEDSL\JAZGF[R
χ ⊂ ψ

BlHKbdVXF
χ	 S ⊂ ψ 	 S.

� � bdoMQnbdF[RUTWRKbEDgQPBEVWBlHKH P\HKJ Z
(χ ∩ ψ) 	 S = (χ	 S) ∩ (ψ 	 S),

χ	 (R ∪ S) = (χ	 R) ∩ (χ	 S).

� ¤ DmT[RUz J?k�TWJ\DSF[RUejRUTWZ ZfF[R
G ∈ S

BEHhbdV[F
χ	S ⊆ χ

_
G
Z\TOBlDmT�HhJ�L\J/D^TWVXJ�]SJ�H���Z/HhZ/oMJ/D^T>FXT[V[cSL?TWcSV[BED^T`t

¤ c�VXJ/r^BlV[]�]GJuL/J?T[T[Ju]SJ\V[DSRQP/V[JpQSVXbdQSV[RhZ\T[ZE_mRKH|BEQGQPBEVWB��KT�}mcSJuFXR�H���Z\HKZ/oMJ/D^T�FXT[V[cSL?TWcSV[BED^T�L\bdD^TWRKJ\D^T
F[bdD@bdV[RhrdRKDSJl_ H���J/DSFXJ/oI�SHhJ<T[VWBEDSF���bdV[oMZ�QSBEVaH���Z\V[bdFXRKbdDqJ/FXT RKDSL\HKcSF6]PBEDSF H���J\DSF[J\oI�SHhJ�]SJ�]GZ/QPBEV�T`t � J\T[T[J
V[J\o�BEVX}mcSJ��XcSFXT[RhyPJ�HKBI]SZ/DSbEo8RhDPBlTWRhbdDY]SJ�H���bdQnZ/V[BlTWRhbdD	t

;=< ;=<>; A BED\F\H JLHNM^F P\R S@] PIHNS@]
JL]
JLH@MOF[ZGHNF\]OHKW3R

G�B�]SRhHxBlTWBlTWRhbdD3�SRKDSBERKVXJp]GJ
χ
QPBEV

S
_mDSbET[Z/J

Db
S
(χ)

_mJ/F�T�]SZ?yPDSRhJ � QPBEVXT[RKV ]SJ~H���BE]S]SRUTWRhbdD3J/DSFXJ/o3z
�SHKRhFXT[JC]SJ�){RKDX2Eb.4�F02mR�_|DSblTWZ/J

⊕
_STWJ\HKHhJC}mcSJAZ

D
b
S(χ) = χ⊕ Š = {Xl / SXl

∩ χ 6= ∅, Xl ∈ χ}.
� 9jt 9 �

G�B�]SRKHKBlTOBlT[RKbdD%�SRhDPBERhV[Jw]GJ
χ
QPBEV

S
F/��J?kjQSVXRKoMJw]SbdDGL J/D TWJ\V[oMJ/F8]	��cSDSRKbED ]SJ/FYJ\DSF[J\oI�SHhJ/F

V[Z\F[cSHUTOBED^T~]SJqHKB-T[VWBEDGF[HxB�TWRKbED�]GJ
χ
QPBEV

S
t�G>J\FuQSVXRKDSL\RKQPBlHKJ/F�QGV[bdQGV[RKZ?TWZ\F~]SJqHxB-]SRKHKBlTOB�TWRKbEDY�SRKDSBERKVXJ

F[bdD^T Z
��� D^elBEV[RKBEDSL\JvQSBEV�TWV[BEDSF[HKBlTWRhbdD Z

∀ t ∈ R3, χt ⊕ S = (χ⊕ S)t.

� � bdoMQnbdF[RUTWRKbEDgJ/D�F[Z/VXRKJ Z
(χ⊕ R) ⊕ S = χ⊕ (R⊕ S),

(χ	 R) 	 S = χ	 (R⊕ S).

� AuRhFXT[V[RK�GcGTWRUejRUTWZCQSBEV�VWBEQSQnbdV�T � H���cGDSRKbdD Z
(χ ∪ ψ) ⊕ S = (χ⊕ S) ∪ (ψ ⊕ S).

� � bdoMQPBlT[RK�SRhHKRUTWZ~BfeEJ/LvHKJ\FpNGbdo8blTWNSZ?TWRKJ\F�Z
χ⊕ S = 1

λ
(λχ⊕ λS), λ ∈ R+.

� � VXbdRKFXFWBEDSL\JAZGF[R
χ ⊂ ψ

BlHKbdVXF
χ⊕ S ⊂ ψ ⊕ S.

� -ak�TWJ\DSF[RUejRUTWZiZ�FXR
G ∈ S

BlHKbdVXF
χ ⊆ χ⊕S

bd¢
G
]SZ\F[RhrdDSJ�HKJ�L/J\DmT[V[J�]GJ<H���Z\HKZ/oMJ/D^T�FXT[V[cSL?TWcSV[BED^T`t

� J\T[T[J�]SJ/VXDSR P\V[JsQSVXbdQSV[RhZ\T[ZsJ?kjQSHKRh}mcSJsHKJuT[J/VXo8Js]SJ�]SRhHxBlTWBlTWRhbdD	t - D:J\i�J\T`_PHhbdV[FX}mcSJsHKJCL\J/D^TWVXJq]GJ
H���Z/HhZ/oMJ/D^TpFXTWVXcSL\T[cSVWBlDmTsBEQSQPBEV�TWRhJ/D^T � H���Z/HKZ\o8J\D^TuF�TWV[cGL\TWcGVWBED^T`_�HxB3edJ\V[F[RhbdD£]SRhHxBlT[Z/J�]SJ@H���J\DSF[J\oI�SHhJ
L/bdD^T[RKJ/D^T�H���J\DSF[J\oI�SHKJ�]SJ�]SZ\QPBEV�T`t
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- D'QSV[BlTWRh}mcSJE_ H���Z\V[bdFXRKbdD%J\TMHKB ]GRKHxB�TOBlT[RKbdD �GRKDPBERhV[J\FMFXbdD^T�V[BEV[J\o8J\D^T8cjTWRKHhRKFXZ/J/F3FXJ/cSHhJ/F\t G�J\cSV[F
L\bdoI�SRhDPBERKFXbdDSF�]SbdDGDSJ/D^TCDSBERKFXFWBEDSL\J � ]SJ/cjk BEcGT[V[J\F~bdQnZ/V[BlTWRhbdDSFpo8bEV[QSNSbEHKbdrdRh}mcSJ/F�}mcSJIFXbdD^TCH���bdc�z
eEJ/VXT[cSV[Jv�SRhDPBERKVXJCJ\T�HKBI��J/V[oMJ\T[cSV[Js�GRKDPBERhV[Jlt

G ��bEcGedJ\VXTWcGV[JY�SRhDPBERhV[J-]SJ
χ
QPBEV

S
_6DGbETWZ\J

Ob
S
(χ)

_6J\FXTIH���J\DSF[J\oI�SHhJ8VXZ/F[cGHhTOBlDmT@]	��cSDSJYZ\V[bdFXRKbdD
�SRhDPBERhV[J�]SJ

χ
F[cGRhe�RKJ ]���cSDGJ ]SRKHKBlTOB�TWRKbED"�SRhDPBERhV[Jw]GJ H���J/DSFXJ/oI�GHKJ Z\V[b�]SZ QPBEV�HKJwF���o8Z?TWV[Rh}mcSJ£]SJ

H���Z\HKZ/oMJ/D^T�F�TWVXcSL\T[cSVWBED^T
S

Z

O
b
S
(χ) = (χ	 S) ⊕ Š,

� 9jt L �
TWBEDS]SRhFu}mcSJ-HxB8��J\V[oMJ\T[cSV[JI�GRKDPBERhV[Jq]SJ

χ
QPBEV

S
_	DSbET[Z/J

Fb
S
(χ)

_�J/FXT�HhJ@VXZ/F[cGHhTOB�Ts]	��cSDSJ3]SRhHxBlTWBlTWRhbdD
�SRhDPBERhV[JCFXcSRhe�RKJs]���cSDGJvZ\V[bdFXRKbdD:�SRhDPBERhV[JsQPBEV�HhJsFX��oMZ\TWVXRK}mcSJ�]SJ�H���Z/HhZ/oMJ/D^T�F�TWV[cGL\TWcGVWBED^T

S
Z

F
b
S
(χ) = (χ⊕ S) 	 Š.

� 9jt ' �

¤ QPBEV�TWRKV�]GJ/FaQGV[bdQSVXRKZ?TWZ/F>]SJ�H���Z/VXbdF[RhbdD�J\T�]SJ�HxB�]SRhHxBlTWBlTWRhbdDC�SRhDPBERKVXJ/F\_`DSbdcSF�QnbdcGedbEDSF6J\D@]SZ\]ScSRhV[J
}mcSJ[Z

� H���bEcGedJ\VXTWcGV[J�J\T�HKB3��J\V[oMJ\T[cSV[Js�SRhDPBERhV[J/F�FXbdD^T�TWbdcGT[J/F�]SJ\cjk Z
z�RKD^elBEV[RKBED^TWJ/F�QSBEV�TWVWBlDSF[HKBlTWRhbdDXZ

Ob
S
(χt) = (Ob

S
(χ))t

_
Fb

S
(χt) = (Fb

S
(χ))t

_
z�L/V[bERKF[F[BED^TWJ\F Z�F[R

χ ⊆ ψ
BlHKbdVXF

O
b
S
(χ) ⊆ O

b
S
(ψ)

_
F[R
χ ⊆ ψ

BlHKbdVXF
Fb

S
(χ) ⊆ Fb

S
(ψ),z�RK]SJ\o8QnbETWJ\D^TWJ/F Z

Ob
S
(Ob

S
(χ)) = Ob

S
(χ)

_
Fb

S
(Fb

S
(χ)) = Fb

S
(χ)

_
� H���bEcGedJ\VXTWcGV[J�J/F�TuBlDmT[RUz J?k�TWJ\DSF[RUedJ[ZPF[R

G ∈ S
BlHKbdVXF

Ob
S
(χ) ⊆ χ

_
� HKB@��J/VXo8J?TWcSVXJsJ/FXT~J?k�T[J/DSFXRhedJ7ZPF[R

G ∈ S
BEHKbdVXF

F
b
S
(χ) ⊇ χ

t
G ��bEcGedJ\VXTWcGV[J�oMbdVXQSNSbdHhbdrdRK}mcSJaQ�J\V[oMJ\T�]	��Z/HKRho8RhDSJ/V�]GJ/F�Z/HKZ\o8J\D^TWF�]SJ<H���J\DSF[J\oI�SHhJ�FXcSV�HKJ/}mcSJ\HmJ/HKHhJ

J\FXT~BEQSQSHhRK}mcSZ\JvQSBEV�H���bdQnZ/VWB�TWRKbEDg]	��Z\V[bdFXRKbdD�t � J/FpZ/HKZ\o8J\D^TWF�DSJ�F[bdD^TpQPBEF�VXJ/L/VXZ/Z\FuQPBEV�HKBIF[cSRUTWJ�HKbdVXF
]SJqH���bdQnZ/VWB�TWRKbED{]SJ@]SRKHKBlTOBlT[RKbdD�tSG ��J\DSF[J\oI�SHKJ@V[Z/FXcSHhTWBED^TC]	��cSDSJ@bdcGedJ\VXT[cSV[J3J\FXTs]SbEDSL@QSHhcSFCVXZ/rdcSHhRKJ\V
}mcSJ�H���J/DGF[J/o@�SHKJsRhDSRhT[RxBEHnQPBEV�FXcSQSQSVXJ/F[FXRKbdD{]SJ/F�QnJ\T[RhTWJ\F�RKV[VXZ/rdcGHxBEVXRhTWZ\F/t ¤ H���RKD^edJ\V[FXJE_PH���bdQnZ/V[BlTWRhbdDg]SJ
��J\V[oMJ\TWcGV[JvB3Q�bdcGVpJ?i�J?Tp]SJ @?HKRKFXF[J\V"@CH���J/DSFXJ/oI�GHKJsF[cGV~HhJ/}mcSJ/H�J\HKHhJsJ/FXT~BEQGQSHKRh}�cGZ/J�J/D�L/bdo@�SHxBED^T�HhJ/F
QnJ\T[RhTWF @�TWV[bEcSF"@CJ\TpJ\D{VXJ/HKRKBED^T�HKJ\F�Z/HhZ/oMJ/D^TWF�J/D^T[V[JvJ/cjk�t
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ACBEDSF�HKJsL/BE]SVXJs]SJ�H���BEDPBEHU�jFXJC]SJ�]SbdDGDSZ/J\F~oIcGHhTWRh]SRKoMJ/DGF[RKbEDSDSJ/HhHKJ\F/_ � t�E�bETXTWJ�z9G�J/L\bjL\}YB-BEQSQSHhRUz
}mcSZ@HhJ/FpbdcGTWRhHKF�]SJqHxB-o8bEV[QSNSbEHKbdrdRhJCo8BlTWNSZ\o�B�TWRK}mcSJ��SRhDPBERhV[J � HKBM]GZ\TWJ\L\T[RKbdD ]GJ/FuoMb�]SJ/F~BEF[FXbjL\RKZ\F
BEcjk ]SRhi�Z/VXJ/D^TWJ\FsL/HxBlF[F[J\F�J/D QSV[Z\F[J\DSL/JDCFEHG JX#	N�t � J\TXTWJ-BEQSQGV[b�LONSJ3o8bEDmT[V[J3FXJ/FsHKRho8RUTWJ\F~HhbdV[FX}�c���J\HKHKJ
J/F�TuL\bdDG��V[bEDmT[Z/J � ]GJ/FpL/HxBlF[F[J\FuVXJ/HxB�TWRheEJ/oMJ/D^T�QSVXbjLONSJ\FuHhJ/F�cSDSJ\F~]SJ\FCBEcjTWV[J\F/_|QSVXZ/F[J\D^TOBED^TC]GbdDSLvcSD
]SJ/rEV[Z@]GJ@LONSJ?eEBlcSLONSJ/oMJ/D^TsRho8QnbdV�TOBED^T`t���t�A@tBI�NSBEDSr�J?T�*Gt z@(3tn�6bdF�TOBERhV[JvbdD^TCQSVXbdQnbdF[ZqcSDSJIBlcGTWVXJ
F[bdHhcGTWRhbdDvJ/D3J\i�J/L?TWcPBlDmT�FXbdRhT6cSDSJ�bEQ�Z\VWBlT[RKbdDq]	��Z\V[bdFXRKbdD@�SRKDPBlRKV[Jl_ F[bdRUTacSDGJ�bdQnZ/VWB�TWRKbED@]SJ�]GRKHxB�TOBlT[RKbdD
�SRKDSBERKVXJ~FXJ/HKbEDgHxB@L\bdDSL`B`e�RhT[Zs]SJCHKBq��bdDSL?TWRKbEDY]SJs]SJ\DSF[RUTWZC]SJsQGV[bd�PBl�SRKHhRhTWZpJ/F�TWRho8Z\JCQPBEV<HxB@oMZ\T[NSbj]GJ
]Sc:DSbf�^BEc C I	� J#L�N�t
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ACBEDSF�HxB%HKRUT[TWZ\VWBlT[cSV[Jl_�RKHsJ�kjRKFXT[J(]SRUi�Z\V[J\DmT[J/F�o8Z?TWNSb�]SJ\F{]SJ ]SZ?TWJ/VXo8RhDPBlT[RKbdD ]SJ HxB���bdDSL?TWRKbED
]	��BEQSQPBEV�TWJ\DPBEDSL\J<�PBlF[Z/J\F6FXbdRhT>FXcSV�]SJ/F�Z\elBEHhcPBlTWRhbdDSF	]GJ�oMJ/FXcSV[J\F6QGNm��FXRK}mcSJ/F\_lFXbdRhT�FXcSV>]SJ/F�o8Z?TWNSb�]SJ\F
]	��BEQSQSVXJ/D^TWRhF[FWBlrdJ-CFR�A����MN�t G���bd� �XJ\L\T[Rh��Z\TWBED^T6]GJ o8J?T[TWVXJ J/D�Z\e�Rh]SJ/DSL\J�HKJ/F�]GRhi�Z/V[J\D^TWF�oMbj]SJ\F>BEF[FXbjL\RKZ\F
� LONPBEL\cSDSJ�]SJ/F�L\HxBEFXF[J\F � ]GZ\TWJ\L\T[J/V/_PDGbdcSF�BEHhHKbdDSF<LONSJ/VXLONSJ/V � L`BlVWBEL?TWZ/VXRKFXJ/V�HKJuF[bdcSF z J\DSF[J\oI�SHKJ�WSbdc
o8b�]SJl_�DSblTWZ

M
t	��bdcSVsL\J/HxBj_�DSbdcGFs]SJ\eEbdDSF�]SZ\ySDSRKVCHKB���bdDSL?TWRKbED ]	��BEQSQPBEV�TWJ\DPBEDSL\JM]GJ/FsQnbdRKD^TWFCBEc

F[bdcGF�z J\DSF[J\oI�SHhJ WPbEcwoMbj]SJvBlTXTWJ\FXTOBlDmT/_�QnbdcSV�LONPBlL/cSD ]GJ/FuQnbdRhDmT[F
Xl

_|cSD{]SJ/rEV[Zv]SJ@L\bdDGy|BEDGL/J@J\D
H���Z\eEZ/DSJ\o8J\DmT�Z

Xl \']_^ `+aAbSc�d6aS^3e%c	f1gMh _�J\T�L\J � QPBEV�TWRhV�]SJCH���J\DSF[J\oI�SHhJu]SJsVXZ\��Z/VXJ/DSL\J χ L/bEDSFXT[RhTWcGZ
]SJ/F

L3 Q�bdRhD^TWF
Xl, l ∈ [1..L3]

t
G>J\Fso8b�]SJ\FCQ�J\cGedJ\D^T��?TWV[J3L/BEVWBlL\TWZ\V[RhF[Z/FsQSBEVs]SJ/Fs�\bdDSJ\Fv]GJ3H���J/F[QSBEL/J3L\bdcSHKJ\cSVCbd¢ HKB8��bdDSL?TWRKbED

]SJM]SJ/DSFXRhT[Z�]SJ8QSV[bd�SBE�SRKHhRhT[ZIF[bdcGF�z �[BlL/J/D^T[J � HKB�]SRhFXT[V[RK�GcGTWRhbdD ]SJ/FqQ�bdRhD^TWFvQSV[Z\F[J/D^T[JY]SJ/Fqo�B kGRho�B
HKb�L`BEc�k�t�ACBlDSF HKJ�L`BE]GV[J�]SJ�DSbETWVXJ�Z?TWcS]SJl_dH���J/F�TWRho�BlT[RKbdD�]SJ�L/J\TXTWJ���bEDSL\T[RKbdDI]GJ�]SJ\DSF[RUTWZ�J\FXT J?i�J\L\TWcGZ/J
QPBEVqHKJM�SRxBERhFq]GJYH���NSRKF�TWbdrEVWBEoMo8J[L

D
L/bEcSHKJ\cSV@}mcSR�BlT[T[V[RK�GcSJ � LONSBE}mcSJgQ�bERKD^T

Xl

HKJMDSbdo@�SV[JY]GJ
QSRUkjJ\HKF>]SJ�H���RKo8BErdJ ]SJ�L/J?T[T[J�L/bEcSHKJ\cSV/t��~bEcSF6QnbdcSVXV[RhbdDSF>]SRKVXJ/L?TWJ/oMJ/D^T6DSbdVXo�BEHhRKFXJ/V	L\J\T6NSRKF�TWbdrdV[BEoMo8J
L
D
]SJ�F[bdV�TWJ:}mcSJ�T[bdcGT[J/FMHKJ/F3elBEHhJ/cSVXFM]GJ/FML/J/HhHKcSHhJ/F3FXbdRKJ\DmTMRhDSL/HhcSF[J\FM]SBEDSFMH���RKD^TWJ\VXelBEHKHhJ

[0, 1]
J\T

Q�J\V[oMJ\TXTOBED^TvBERhDSF[R ]GJMHhJIL/bEDSF[Rh]SZ/VXJ/V�L/bdoMoMJ3cSDSJ3��bdDSL?TWRKbED£]	� BlQSQPBEV�TWJ/DSBEDSL/J � cSD o8b�]SJEtE)wBERhF
]PBEDSF@HKJYL/BEF3bd¢�HKJ\FIL/HKBEF[FXJ/F3J\D�QSV[Z\F[J/DGL/J�F[bdD^T3DSbEDjz Z\}�cGRKQSVXbd�PBE�SHhJ/F\_aHxB���bdDSL\T[RKbdD(NSRKF�TWbdrdV[BEoMo8J
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QSVXZ/FXJ/D^TWJ£]SJ\Fgo�B kGRho�B HKb�L`Blcjk"]SbdD^TgHKJ\F�elBEHKJ\cSV[F�DSbdV[o8BEHhRKF[Z\J/FMQ�J\cGedJ\D^T �?TWVXJwTWV P/FY]SRUi�Z\V[J\DmT[J/F
HhJ/F-cSDSJ\F�]SJ\FYBEcGT[V[J\F/tKG>B yPrEcSV[J 9jt`#woMbdD^TWV[J:J\D'QPBEV�TWRhL/cSHhRKJ/V3H���J?i�J?TM]	��cGDSJwDSbEV[o8BEHKRhFWBlT[RKbdD FXcSV
cSD NSRKF�TWbdrEVWBEoMo8Jwo8bdDGblz ]SRho8J\DSF[RhbdDSDSJ\H

H
t��pbdcSFwQnbdcGeEbdDSF�V[J\o�BEVX}mcSJ/V�}mc	��RhH�J/FXTwRKoMQ�bEF[F[Rh�SHKJ

]	��cGT[RKHKRhF[J\VucSD£TWJ\H NSRKF�TWbdrEVWBEoMo8JvDSbdVXo�BlHKRKFXZ@L\bdo8oMJ@��bdDGL\TWRhbdD£]	��BEQSQPBlVXTWJ\DPBEDSL\J � cGD oMb�]SJEt�- D
J?i�J?T`_ FXR�TWJ/H�Z\TOBlRhT3HhJYL`BEF\_ HKJYQnbdRhDmT

Xl1

bE¢�H���NGRKFXT[bdrdV[BEo8oMJMQSV[Z\F[J/D^T[J{cSD%o8B�kjRKoIcGo HhbjL/BEH�_�DSJ
QnbdcSVXVWBERUT �[BEo�BlRKF �?TWV[JqL/bdDGF[RK]GZ/V[ZvL/bEo8oMJscSDwQnbdRhDmTpoMbj]SBEH	QScSRhF[}mcSJqF[bdD{]SJ/rdVXZq]�� BEQGQPBEVXT[J/DPBlDSL/J
DSJuF[J/V[BERhT�}�cGJv]GJ

0.19
t � J\T�J�kGJ\o8QGHKJsF[Rho8QGHKJpo8bdD^T[V[JC�SRhJ/Dg}mcSJ�HxBv��bdDSL\T[RKbdD�]	� BlQSQPBEV�TWJ/DSBEDSL/J�DSJ

QnJ/cGTpQPBlF �\TWVXJ�L/bdDSF�TWVXcSRhT[Jv]GRKV[J\L\T[J/oMJ/D^T � QSBEVXT[RKV�]SJ\F~DGRhedJ/BEcjk:]GJvH���NGRKFXT[bdrdV[BEo8oMJuL\bdcSHhJ/cSV\t
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�6bEFXTOBlRKV[J3J?T7C�BEF[FXJ/cSVsbEDmT�oMbdD^TWVXZ3}mcSJ3DSbdcSFsQnbdcGe�RhbdDSFsL`BlVWBEL?TWZ/VXRKFXJ/VscSD oMbj]SJ@L/bdoMo8JqcSDSJ
�\bdDSJv]SJqH���J\F[QPBlL/Jvbd¢{HKBI��]SQwFXbdcSF�z �[BEL/J\D^TWJ � HxB3]SRhFXT[V[RK�GcGTWRhbdDg]SJ/F~Q�bERKD^TWF�J/F�TuL\bdDSFXRK]SZ\V[Z/JvL/bEo8oMJ
HhbjL/BEHKJ\o8J\DmT�L\bdDSL`B`eEJ/C���C�VX#d_l�6bdF VX# N�tl�~bEcSF BEHhHKbdDGF�]GbdDSL�DGbdcSF BEQGQScG�dJ\V F[cGVaL/J?T[T[J�BEF[FXJ/V�TWRKbED@QnbdcSV
L\bdDSFXT[V[cSRhV[J�cSDSJv��bdDSL?TWRKbED�]�� BEQGQPBEVXT[J/DPBlDSL/J@BEc{FXbdcSF z J/DGF[J/o@�SHKJ WPbdc�o8b�]SJ � QPBlVXTWRhV�]SJvH���BEDPBEHU�jFXJ
]SJ�HKBIL/bdD^edJ�kjRhTWZv]SJ�H���NSRhFXTWbErdVWBEoMoMJuL/bEcSHKJ\cSV/t

;=<��1<>; D FI]^S*E�Y R P\R SN] � MOF �ORGF�H JLB P U �\F 	\HNY JLM�� W3] 	�	 R � M��\SNR �IW

G � BlDPBEHh��FXJw]SJ{HxB�L\bdD^edJ�kGRUTWZ£]	��cSD�NGRKFXT[bdrdV[BEo8oMJ:L/bdcGHKJ/cGV�QPBEFXF[J QSBEV�H���RhDmT[J/VXo8Z\]SRxBERhV[Jg]	��cSD
T[J/FXTqQnbdcGelBED^T �\TWVXJ8J?i�J\L\T[cSZ�J\D(LONPBE}mcSJ8Q�bERKD^T�]SJMH���J/F[QSBEL/JML/bdcGHKJ/cGV/t � JMT[J/F�TqelB:Q�J\V[oMJ\T[T[V[JM]SJ
]SZ?TWJ\V[oMRKDSJ\VsHKJ-F[J\DSFq]GJ8L\bdD^edJ?kjRUTWZM]SJ8HKBY��bdDSL\T[RKbdD NSRhFXT[bdrdVWBlo8oMJEt�G>J-FXJ/DSFv]SJMFWB:L/bdD^edJ�kjRhTWZ8J/D
cSDgQnbdRhDmT

Xl

J/FXT�bd�GTWJ\Dmc�QSBEV�H���BEDPBlHh��F[J~]SJ/F�elBEVXRxBlT[RKbdDGF<]SJuFWB@elBEHKJ\cSV�oMbf�dJ\DSDSJsF[cGV�cSDg]Sbdo8BERKDGJ
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L/cS�GRK}mcSJ
Dλ(Xl)

]GJ HxBEVXrdJ/cGV
λ
L\J/D^TWVXZ BEc QnbdRKD^T

Xl

_
λ
Z\TWBED^TgRKoMQPBERhV-Q�bdcGVY]SJ/FgV[BERKFXbdDSFY]GJ

FX��oMZ\TWVXRKJs]Sc�]Sbdo8BERhDSJCL/cG�SRK}mcSJ�]	��bd�SFXJ/VXelBlT[RKbdD�BEcjTWbdcSV�]Sc�QnbdRKD^T
Xl

t
�6bdF�TOBERhV[J J?T C�BEF[FXJ/cSVgbEDmTYo8bdD^T[V[Zw}mcSJ£]SBEDSFgcSDSJw�/bdDSJ£bE¢�HxB���bEDSL\T[RKbdD�NGRKFXT[bdrdV[BEo8oMJ

HJ/F�T~HhbjL/BEHKJ\o8J\D^T�L/bdDGL`B`edJl_nHKB@elBEHKJ\cSV�o8bf�EJ/DSDSJv]SJ
H
F[cSV�HhJ/F�]Sbdo8BERKDGJ/F�L/cG�SRK}mcSJ\Fp]���bd�GF[J/V�elBlTWRhbdD

Dλ(Xl)
J/FXT6cSDSJ���bdDSL?TWRhbdD�]SZ/L\V[bdRhF[FWBlDmT[J�]SJ�HxB�HKBEV[rdJ\cSV

λ
]SJ�L/J\Fa]Sbdo8BERhDSJ/F\t � DmeEJ/VXF[J/oMJ/D^T/_EF[R H J/F�T

HKb�L`BEHhJ/oMJ/D^TCL\bdD^edJ�kGJl_>FWBYelBEHKJ\cSVso8bf�EJ/DSDSJ-FXcSVsHKJ\Fs]Sbdo8BERKDSJ\FCL/cG�SRK}mcSJ\Fq]	��bd�SFXJ/V�eEB�TWRKbED
Dλ(Xl)J/F�T-cSDSJY��bdDSL?TWRhbdD�L/VXbdRKFXFWBED^TWJg]GJgHxBwHKBEV[rdJ\cSVI]SJgL\J/F-]Sbdo8BERhDSJ/F\ta�6BEV3L/bdDGF[Z/}mcSJ\D^T`_�L/bdDGF[RK]GZ/V[bEDSF

]SJ/c�k�elBEHKJ\cSV[FIQGV[b�LONSJ/F-J\T-]GRKFXT[RKDSL?TWJ\F
λ1

J\T
λ2

V[J\HxBlT[RhedJ\o8J\D^T3QSV[b�LONSJ\FMH���cGDSJg]SJgH���BEcGT[V[Jlt �6bdcGV
]SZ\T[J/VXo8RhDSJ/V-HKb�L`BlHKJ/oMJ/D^T-HhJ�FXJ/DSF�]SJ�elBEVXRxBlT[RKbdD�]GJwHxB elBEHhJ/cSVMo8bf�EJ/DSDSJ{]SJ

H
_�LE��J/FXT � ]GRKV[J�HKJ

F[J\DSF�]SJCHKB@L/bEDmeEJ?kjRhT[Zs]SJCH���NSRhFXT[bdrdVWBlo8oMJ
H
J/DgcGDgQ�bdRhD^T

Xl

_GRhHP��BEcGT�]�� BE�nbdVX]gJ/FXT[RKoMJ/V�HxBqelBEHhJ/cSV
o8bf�EJ/DSDSJ

ĤDλ1

(Xl)
]SJ H���NSRhFXTWbErdVWBEoMoMJgL/bdcSHhJ/cSV

H
F[cGVYHKJ{]Sbdo8BERKDSJ�L/cG�SRK}mcSJ ]���bd�GF[J/V�elBlTWRhbdD

Dλ1
(Xl)

t � J?T[T[JvJ\FXT[RKo8BlTWRhbdDYJ/F�Tu]GZ\yPDSRhJsQPBEV Z

ĤDλ1

(Xl) =

∑
Y∈Dλ1

(Xl)
H(Y)

λ1
3 ,

�>9�t 8 �
bd¢

λ1
3 J/FXT@HKJ3edbEHKcSoMJ8]Gc(]Sbdo8BERhDSJ3L/cS�GRK}mcSJ�]���bd�GF[J/V�elBlTWRhbdD Dλ1

(Xl)
t�AuJ�HKB�o �/oMJ-o�BEDGR P/VXJE_

RKH ��BEcGT@J/DSFXcSRhT[J�J\FXTWRho8J\V@HKB�elBEHKJ\cSV@oMbf�dJ\DSDSJ
ĤDλ2

(Xl)
FXcSVIcSD ]Gbdo�BlRKDSJML/cS�GRK}mcSJY]	��bd�SFXJ/V�eEB z

TWRhbdD
Dλ2

(Xl)
]GJqHKBEV[rdJ\cSV

λ2

HKZ\r#P/VXJ/oMJ/D^TpF[cSQnZ/VXRKJ/cGV[J � L/J\HKHhJv]Gcw]Sbdo8BERhDSJ
Dλ1

(Xl)
t�G>BMelBEHhJ/cSV

o8bf�EJ/DSDSJ
ĤDλ2

(Xl)
J/FXTp]SZ?yPDSRhJvQSBEV/Z

ĤDλ2

(Xl) =

∑
Y∈Dλ2

(Xl)
H(Y)

λ2
3 ,

�>9�t % �
bd¢

λ2
3 J\FXT~HKJueEbdHKcSoMJs]Sc�]Sbdo8BERKDGJCL/cS�GRK}mcSJv]	��bE�SF[J\VXelBlTWRhbdD Dλ2

(Xl)
t

R6VXbdRKF�L/BEF�]SJsyPrdcSVXJvQnJ/cjedJ/D^TuBEHKbEV[F�F[J�QSVXZ/FXJ/D^TWJ\V Z
� FXR

ĤDλ1

(Xl) > ĤDλ2

(Xl)
_^HKBuelBEHKJ\cSV o8bf�EJ/DSDSJ�]SJ

H
J/F�T�cSDSJ���bdDSL?TWRKbEDM]GZ/L/VXbdRKFXFWBED^T[Jp]GJ

λJ?T<H���NGRKFXT[bdrdV[BEo8oMJ
H
J/FXT�L\bdDSFXRK]SZ\V[Z�L/bdoMoMJ�HKb�L`BEHhJ/oMJ/D^T���������	�
�qJ/D

Xl

� L\bdDS]SRUTWRKbEDI}mcSJ
HhJsF[J/DGF~]SJ�HKB-L\bdD^edJ�kGRUTWZv]SJ

H
F[bdRUT�F[cSQSQnbdFXZv]GZ\yPDSR>]PBlDSF�HKJs]Sbdo8BERhDSJCL/cG�SRK}mcSJ

Dλ2
(Xl)

t
� FXR

ĤDλ1

(Xl) < ĤDλ2

(Xl)
_6HxB:eEBlHKJ/cGV@oMb �EJ/DSDGJg]SJ

H
J\FXT3cSDGJ���bdDSL?TWRKbED L/VXbdRKFXFWBED^TWJ�]Sc

QPBlVWBEo7P\T[V[J
λ
_PJ?TuH���NGRKFXT[bdrdV[BEo8oMJ

H
J/F�TuL\bdDSFXRK]SZ\V[Z�L/bdoMoMJvHhbjL/BEHKJ\o8J\D^T������
������gJ/D

Xl

_
� L\bdDS]SRUTWRhbdD(}mcSJYHhJ8FXJ/DSF@]SJYHxB�L/bdD^eEJ?kjRhT[ZY]SJ

H
F[bdRUT@FXcSQSQnbdF[Zg]SZ?yPDSR<]PBEDSFqHKJM]Sbdo8BERKDSJ

L\cS�SRK}mcSJv]	��bd�SFXJ/VXelBlT[RKbdD
Dλ2

(Xl)
t

� FXR
ĤDλ1

(Xl) = ĤDλ2

(Xl)
_PHhJsF[J\DSF~]GJvHKBIL/bdD^eEJ?kjRhT[Zq]SJ

H
DSJ�QnJ/cGTpQPBEF �?TWV[J�]SZ?TWJ\V[oMRKDSZlt
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� HSJ\FXT � DSbET[J/V }mcSJ�HhJ�V[Z\F[cSHUTOBlT ]GJ�L/J�TWJ\FXT�D	��B�BEcSL\cSDSJ�F[RhrdDSRUyPL`BlT[RKbdD@F[RSHhJ�F[J\DSF�]SJ�HxBCL\bdD^edJ�kGRUTWZ
]SJ
H
D���J\FXT�QPBEF ]SZ?yPDSRS]SBEDSF�HKJ�eEbdRKFXRKDPBlrdJ�]SJ�H���bd�GF[J/V�elBlTWRhbdD

Xl

td��bdFXTWBERKVXJ�J\T C�BEFXF[J/cGV�bEDmT o8bdD^T[V[Z
}mcSJ�L/J?T[T[JqHhRKoMRhTOB�TWRKbED8B`elBERUT�Q�J\c{]	��RKD2WPcSJ/DGL/J7C���C�VX#	N�t

�~DgoMb�]SJuQnbdcGelBED^T �?TWV[JuL`BEV[BEL\T[Z/V[RhF[ZCQSBEV�cSDGJs�/bdDSJu]SJCH���J/FXQPBEL\JsL/bdcSHhJ/cSV<bd¢gHxB���bdDSL?TWRKbEDYNSRKF z
T[bdrdVWBlo8oMJ

H
J\FXT<L/bdDSFXRK]SZ\V[Z\JCL/bdoMoMJpHhbjL/BEHKJ\o8J\D^T�L/bdDSL/B`edJE_jDSbdcSF�BEHKHhbdDSF o8BERKD^T[J/DPBED^T<J\i�J/L?TWcSJ\V/_

J\DwLONPBE}mcSJ@Q�bdRhD^T`_PHKJsT[J/FXTu]SJ@L\bdD^edJ�kGRUTWZq}�cGJ@DSbdcGF~edJ\DSbdDSF~]SJ@]GZ\yPDSRhV/tn�6bEcSV~L\J/HKBG_|RKD^TWVXbj]ScGRKF[bEDSF
cSDGJu��bdDSL?TWRKbEDY�SRKDSBERKVXJE_mDSbET[Z/JsL/bEDSL

(Xl)
QSV[J\DPBED^T�HKJ\F�elBEHKJ\cSV[F

0
bdc

1
FXcSRhelBED^T�HhJuVXZ/F[cGHhTOB�T�]ScgTWJ\FXT

]SJ�L\bdD^edJ?kjRUTWZv]SJ�HxB@��bdDSL?TWRhbdD:NSRKF�TWbdrdV[BEoMo8J
H
Blc�QnbdRhDmT

Xl

t
G�J�V[Z/FXcSHhTWBlT�]Sc:TWJ\FXTp]SJ�L/bdD^eEJ?kjRhT[ZqJ\FXTp]SbdDSDGZv]GJvHKBI��B��/bdD:FXcSRhelBED^TWJ[Z

��� HxBI��bdDSL?TWRhbdDgNSRKF�TWbdrEVWBEoMo8J H J\FXTpHKb�L`BlHKJ/oMJ/D^T�L\bdDSL/BfeEJqJ\D
Xl

Z
		� ��
 � L/bEDSL (Xl) �

#d_
��� ����� L/bEDSL (Xl) �

�Gt
�~bEcSF�B`edbEDSF�J\i�J/L?TWcSZuL/J~T[J/F�T�]SJuL\bdD^edJ�kGRUTWZCFXcSV�H���NGRKFXT[bdrdV[BEo8oMJ�oMbdDSblz ]SRKoMJ/DSFXRKbdDGDSJ/H

H(Xl)QSVXZ/FXJ/D^TWZqJ/D{ySrdcSV[J 9jt`#d_PL/Jv]SJ\V[DSRhJ/V�L/bdoMQnbdVXTWBED^T~]GJqDSbEoI�SV[J\cjk�QSRhL/F/t � H>J\FXT~]SRQTML/RhHKJs]SJv]SZ\L/RK]GJ/V
� QPBEV�TWRhVC]SJMH���BEDPBEHU�jFXJ3]SJ

H
F[R H���RKD^T[J/VXelBEHhHKJ

[175 − 255]
L/bdVXV[J\F[QnbdDS] � cSD oMbj]SJ3cGDSRK}mcSJ-bdc �

QSHhcSF[RhJ/cSVXF~oMb�]SJ/F\t�¡�cSVuLONPBlL/cSDSJ@]SJ/FpyPrdcSVXJ/F�9�t 9S��B � _ 9jt 9S��� � J?T�9�t 9S��] � _|HhJ/FuVXZ/FXcSHhTWBlTWFp]ScwT[J/FXTu]SJL\bdD^edJ?kjRUTWZMJ\i�J/L\T[cSZ�J\D(LONPBlL/cSD ]GJ/FvQ�bdRhD^TWF�Q�bEcSV�]SRhi�Z/VXJ/D^TWJ\FqHKBEV[rdJ\cSV[F
λ1

J?T
λ2

]GJ/Fv]Sbdo8BERKDSJ\F
L\cS�SRK}mcSJ\FI]	��bd�SFXJ/VXelBlT[RKbdD(F[bdD^T3VXJ/QSVXZ/F[J\D^TWZ/F3J\D��SHKJ\c	t6�~bdcSF@Q�bdcjedbdDSFqedbdRhVq}mcSJYL\J�TWJ\FXT3VXZ/QnbdDS]
T[bdc��XbdcSVXF #v]SBEDSFpHKJ/F��\bdDSJ/Fp]SJ�H���J/FXQPBEL\JvbE¢{H���NSRhFXT[bdrdVWBlo8oMJuQSVXZ/FXJ/D^TWJqcSD{QGRKLEt ¤ RKDSFXR�_SHhJ/F�QSRhL/F�]SJ
��BERh�SHKJuBEoMQSHKRUTWcS]SJuF[bdD^T~BEcSFXF[R>�SRKJ\D:]SZ\T[J/L\T[Z/Fp}mcSJqHhJ/F�QSRhL/F�]SJs��bdV�TWJ�BEoMQSHKRUTWcS]GJEt

�~Z/BEDSoMbdRKDGF/_�DSbdcSF QnbdcGeEbdDSF bd�GF[J/V�edJ\V�FXcSV HKBpyPrdcGV[J19jt 9S��B � }mcSJ�H���NSRhFXT[bdrdVWBlo8oMJ�J/FXT�L\bdDSFXRK]SZ\V[ZL\bdo8oMJ HhbjL/BEHKJ\o8J\DmT	L/bdDSL/B`edJ�QnbdcSV�]GJ�T[V P/F>DSbEoI�SV[J\cjkvQnbdRKD^TWF�}mcSRmFXJ�FXRhT[cSJ/D^T�J/Dq]SJ/NSbEV[F>]SJ/F��/bEDSJ/F
oMbj]SBEHKJ\F/t�G>JqTWJ/F�T�]SJIL\bdD^edJ?kjRUTWZ-J/F�T�]SbdDSLIT[V P/FuF[J/DGF[RK�GHKJ � HxB8QSV[Z\F[J/DGL/J-]SJ3�SVXcSRhTuHKbdVXF[}mcSJ

λ1

J\T
λ2

FXbdD^Tu]GJ���BlRK�SHhJ/F�elBEHKJ\cSV[F\t � JqVXZ/FXcSHhTWBlTpQSV[bfe�RKJ\DmTpZ\r^BEHKJ\o8J\D^T�]ScwDSbEDjz VXJ/F[QnJ/L?Tu]GJvHKB3]SZ\yPDGRhTWRhbdD
]SJ3HKBYL/bdD^eEJ?kjRhT[Z8]SJ3H���NGRKFXT[bdrdV[BEo8oMJv]PBEDSF�HKJ\FC�/bEDSJ/F���V[bdD^T[R P/VXJ/FsFXRhTWcGZ/J/FsJ\D^TWV[J-HhJ/FsoMbj]SJ\FsJ\T�HhJ/F
elBEHhHKZ/J\F/t

¤ H���RKD^edJ\V[FXJE_PH���cGT[RKHKRhFWBlT[RKbdDM]SJsTWVXbdQ:rdVWBlDS]SJ/F�elBEHKJ\cSV[F�]GJ
λ1

J\T
λ2

DSJ�QnJ/VXo8J?T~QSBEF�]	��J?i�J\L\T[cSJ/V
cSHUTWZ\V[RKJ\cSV[J\o8J\D^T�cSDSJ�BlDPBEHh��FXJuyPDSJs]SJsHKB@L/bEDmeEJ?kjRhT[ZsL/bdoMoMJuH���RKHhHKcSF�TWVXJ~HKBqyPrdcSVXJ 9jt 9S��] � t3- D:J\i�J\T/_H�� BEDSBEHh��F[J~]SJsHxB@��bEDSL\T[RKbdDYNGRKFXT[bdrdV[BEo8oMJ���BERhT�BEHKbdVXF��SRhJ/DgV[J\F[FXbdVXT[RKV�L\RKDS}8o8b�]SJ/F\t	CV/_GcSDSJsRKDGL/J/V�TWR�z
T[cS]SJ@J�kjRKFXT[JIF[cGVCHKJ\FuoMbj]SJ\F~L\bdV[VXJ/FXQ�bdDG]PBED^T�BEcjkw]SJ\cjk QGRKL/F~]SJIH���NSRhFXT[bdrdVWBlo8oMJsF[RUTWcSZ\FuJ/D^T[V[JIHhJ/F
DSRUedJ/BEcjk

175
J\T

255
tP�~bEcSF~DGJvQnbdcGeEbdDSFpQPBEF�]SZ\L/RK]GJ/V�F[R�L\J\TpRKD^TWJ\VXelBEHhHKJCVXJ/QSVXZ/F[J\D^TWJ@cGD{oMbj]GJsbdc

�SRhJ/D:HKJsVXJ/L\bdcGe�V[J\o8J\DmT~]SJ�]SJ\cjk:oMbj]SJ\F�]SRhi�Z/VXJ/D^TWF\t
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Dλ1

��$
Dλ2

B

G�J/FaelBEHhJ/cSVXF6]GJ
λ1

J\T
λ2

]SJ?eEBlDmT �\T[V[J�QSVXbjLONGJ/F H���cSDGJ�]SJ<H���BEcGTWVXJE_�DSbdcSF6L/bdDGF[RK]GZ/V[bEDSF ]SZ\F[bdVXo�BERhF
]SJ\cjkM]Sbdo8BERhDSJ/F L\cS�SRK}mcSJ\F�]SJpHxBlV[rdJ\cSV[F T[J/HKHhJ/F�}mcSJ

λ1 = λ
J?T
λ2 = λ+2

_
λ
Z?TOBED^T<cSD�QSBEVWBEo7P\T[V[J

� B �XcSF�TWJ\V�}mcSR|J\FXT�RKoMQPBERhVaQnbdcSV�]SJ/F�V[BERKFXbdDSF ]SJpFX��oMZ\TWVXRKJ�]ScM]Sbdo8BERhDSJ�L/cG�SRK}mcSJ~BEcGT[bdcSV ]ScMQ�bERKD^T
Xl

tn�6bEcSV~HKB3F[cSRUTWJv]SJqH���Z?TWcS]GJE_|DSbdcSFpL/bEDSF[Rh]8P/VXJ/V[bEDSFu}mcSJvHxB3elBEHKJ\cSV�]SJ
λ
]GbdRhT �\T[V[JvZ/r^BlHKJ � 83bdc

� 6jt
� J/QnJ/DG]PBED^T`_ }mcSJ\HKHKJ�}�cGJgF[bdRUT3HxB{elBEHhJ/cSVq]SJ

λ
_aHKJ�V[Z/FXcSHhTWBlT3]Sc�T[J/FXT-]GJYL/bdD^eEJ?kjRhT[Z�QGV[Z/FXJ/D^TWJ

]SJ\F~RhV[VXZ/rdcSHKBEV[RUTWZ\F/t3- D�J\i�J\T/_nL\JvT[J/F�T~DGJqVXZ/QnbdDS]�QPBEF #qcSDGRK}mcSJ/oMJ/D^Tp]PBEDGF~HhJ/F��/bdDGJ/Fp]SJqH���J\F[QPBlL/J
bd¢ H���NSRhFXT[bdrdVWBlo8oMJ@QSVXZ/FXJ/D^TWJ8]SJ/FvDSRheEJ`BEc�k Z/HKJ?edZ\F/t��aBEV�L\bdDSF[Z\}mcSJ/D^T`_�QnbdcSVvBOTMDSJ/V�HKB:]GZ\TWJ\L\T[RKbdD
]SJ\F�Q�bdRhD^TWFsoMbj]PBlcjk�_	DSbdcSF�QSVXbdQnbdF[bdDGFv]���Z?TWcS]SRhJ/V�HKJ3VXZ/FXcSHhTWBlT�]SJ-H���BEDPBEHU��F[JI]SJ-HKB:L\bdD^edJ�kGRUTWZM]SJ
H���NSRhFXT[bdrdVWBlo8oMJ<J\D-LONPBE}mcSJpQ�bdRhD^T J\T�J\D8FXbdD3edbdRhF[RKDSBErdJE_EB`eEBlDmT�]SJ�]GZ/L/Rh]SJ/V�]Sc-]SJ\rdV[Z�]SJ�L\bdDGy|BlDSL/J
}mcSJIDGbdcSFCQnbdcGeEbdDSFsBEL\L/bdVX]SJ/VuJ/D£H���Z\eEZ/DSJ\o8J\D^T

Xl \']_^H`+aDbSc�d6aS^He%c	f1gMh t � J\TXTWJ3BlDPBEHh��FXJqelB �\T[V[JJ?i�J\L\TWcGZ/JvQPBEV�HxB3QSNSBEF[J�]SJs��cS�\�/RhySL`BlT[RKbdD	t
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;=< ��<�� � 	\]OYLR P\R � ����� HND�� ]
JLHNM^F

G�B�QSNPBlF[Jp]SJp��cG�/�/RUyPL`B�TWRKbEDML\bdDSFXRKFXT[J � Z\elBEHhcSJ/V�HKB���bdDGL\TWRhbdD-]	��BEQSQPBEV�TWJ\DPBEDSL\J
µM

BEFXF[b�L/RKZ\JpBEc
F[bdcGF�z J\DSF[J\oI�SHhJ3WPbdc�o8b�]SJ J?T�L/J J/D�LONPBl}�cGJ<QnbdRKD^T

Xl

]SJ�H���J/FXQPBEL\J L/bdcSHhJ/cSV\tf�aBlVXTOBlDmT>]Gcv��BERUT	}mc	��cSD
o8b�]SJIQnJ/cjTXz �?TWVXJ3L/bdDSFXRK]SZ\V[Z-L/bEo8oMJIcSDSJ-�\bdDSJ3]SJ-H���J/FXQPBEL\J3L/bdcSHhJ/cSVsbE¢ HKB���bdDSL?TWRKbED£]SJ-]SJ/DSFXRhT[Z
]SJ3QSVXbd�PBE�SRhHKRUTWZvJ/FXT�HhbjL/BEHKJ\o8J\D^TCL/bEDSL`B`edJDC��6bdF VX# N�_�DSbdcGFqBlHKHKbEDSFuJ�kGQGHKbdRUTWJ/V~HKJ\FsV[Z/FXcSHhTWBlTWFu]Sc£TWJ/F�T
]SJ3L/bEDmeEJ?kjRhT[Z8]GZ/L/VXRhTvQSVXZ/L/Z\]SJ/oMoMJ/D^TvQ�bdcGVsZ\elBEHKcGJ/VsHKJ3]GJ/rdVXZM]GJML\bdDGy|BlDSL/JM}mcSJ-DSbdcSF�QnbdcGedbEDSF
BEL/L\bdV[]GJ/V�J/D H���Z\eEZ/DSJ\o8J\DmT

Xl \']_^ `2a�bSc�d6aS^-e%c	f1gMh t���bdcSV�L/J\HxBG_�DGbdcSFvBEHKHhbdDSFCL\bdDSFXRK]SZ\V[J/V�}mc	��cSDQ�bERKD^T
Xl

Bg]	��BEcGTWBED^TvQSHKcSFs]GJMLONSBEDSL/J\Fq]�� �?TWV[J-oMbj]SBEHa}mcSJ-F[J\FqQnbdRhDmT[FCedbdRhF[RhDSFsF[bdD^TvZ/rdBEHKJ\o8J\DmT
L/bdDGF[RK]GZ/V[Z\F�L/bdoMo8JsoMb�]PBEcjk�t

AuZ\yPDGRKF[FXbdDSF�HxB���bdDSL?TWRhbdD
f �"+-# � Z?elBEHKcSZ\J�BEcqQnbdRhDmT Xl

_fVXJ/QSVXZ/F[J\D^TOBED^T HhJ Q�bEcSV[L\J/D^TOBErEJ<]SJ�QnbdRKD^T[F
edbdRhF[RhDSF�RhDSL/HhcSFY]PBEDGFYcSD ]Sbdo8BERKDGJ{L\cS�SRK}mcSJ£]���bd�GF[J/V�elBlTWRhbdD

Dλ(Xl)
J?T:Q�bdcGV�}mcSRCHKB���bdDSL?TWRKbED

NSRKF�TWbdrEVWBEoMo8J�J\FXT�L/bdDSFXRK]SZ\V[Z\JCL/bdoMoMJpHhbjL/BEHKJ\o8J\D^T<L\bdDSL/BfeEJEt�G�BveEBlHKJ/cGV<]SJ~HxBs��bdDSL?TWRKbED
f �"+-# � BEcQ�bERKD^T

Xl

F\��J�kjQSV[Rho8J�QPBEV/Z

f �"+-# � (Xl) =

∑
Y∈Dλ(Xl)

L/bdDGL
(Y)

λ3
,

�>9�t 6 �
bd¢

λ3 J/F�TpHKJCedbEHKcSoMJs]Sc�]Sbdo8BERKDSJuL/cS�SRh}mcSJ�]	��bE�SF[J\VXelBlTWRhbdD�L/J/D^T[V[Z�J/D
Xl

t
�~DSJveEBlHKJ/cGVp��BERh�SHKJs]GJ

f �"+-# � (Xl)
RhDS]SRK}mcSJv}mcSJIHhJqQnbdRKD^T

Xl

DSJqQ�bdFXF P\]SJI}mcSJIQnJ/c ]GJqQnbdRKD^T[F
edbdRhF[RhDSFsbd¢ H���NSRKF�TWbdrEVWBEoMo8JvJ/F�TvL/bdDSFXRK]SZ\V[Z3L\bdo8oMJIHhbjL/BEHKJ\o8J\DmTCL/bdDSL/B`edJEt�ACBlDSF�L/J/F�L\bdDS]SRUTWRKbEDSF/_
DSbdcSF�FXcSQSQnbdF[bdDGF~}mcSJvHKJsQnbdRKD^T

Xl

B3QnJ/c{]SJ�LONPBEDSL\J/Fu]�� �?TWV[JvoMbj]PBlH�t2G>J�]SJ\rdV[Zv]	��BEQSQPBlVXTWJ\DPBEDSL\J
� cSDYoMb�]SJu]	��cSDYT[J/HnQ�bdRhD^T

Xl

]SbdRUT�]SbEDSL
�\T[V[Ju��BlRK�SHhJpJ?T�QSVXbjLONSJu]SJ �Gt � D^edJ/VXF[J\o8J\DmT/_PcSDSJuelBEHhJ/cSV
Z/HhJ\edZ\JY]SJ

f �"+-# � (Xl)
RKDS]GRK}mcSJ�}mcSJ8H���NSRKF�TWbdrEVWBEoMo8J3J\FXT3L\bdDSL/BfeEJYQnbdcSV@HKB{o8B �XbdVXRhTWZ-]SJ\F@QnbdRKD^T[F

edbdRhF[RhDSF/tj�~bdcGF�F[cGQSQ�bEF[bdDSF�BlHKbdVXF<}mcSJ
Xl

Bv]SJu��bdV�TWJ/F<LONPBEDSL\J/F�]	� �\T[V[JCcGDgQ�bdRhD^T�oMbj]SBEH�tmACBlDSF�L/J\F
L/bdDG]SRhT[RKbdDSF\_

µM(Xl)
]SbdRUT �\T[V[JvQSV[b�LONSJ�]SJ

1
t

ACBEDSFscSD ]SbEo�BERhDSJ@L\cS�SRh}�cGJ3]	��bE�SF[J\VXelBlTWRhbdD
Dλ(Xl)

_�F/��RKH6� BgBEcGTWBED^T�]SJ3Q�bERKD^TWFueEbdRKFXRKDSFubd¢
H���NSRKF�TWbdrEVWBEoMo8J�J\FXT�L/bEDSF[Rh]SZ/VXZ3L/bdoMo8JqHKb�L`BEHhJ/oMJ/D^TCL\bdDSL/BfeEJ-}�cGJM]GJIQ�bERKD^TWFueEbdRKFXRKDSFsbE¢£H���NSRKF�TWblz
rdVWBlo8oMJ�D	��J\FXT QSBEF L/bEDSF[Rh]SZ/VXZ�L/bdoMoMJ<HhbjL/BEHKJ\o8J\DmT6L/bEDSL`B`edJ (

f �"+-# � (Xl) = 0.5
) _�HKJ�QnbdRhDmT6L/J\D^TWVWBlH

Xl

BC]GbdDSL�BEcGTWBED^T ]SJ�LONPBlDSL/J\F�]�� �?TWV[J�oMb�]PBEH�}�cGJpDGbdD3o8b�]PBEH�tEAuBEDSF L/J\F L/bdDG]SRhT[RKbdDSF\_EHKB~��bdDSL?TWRKbED
]SJ8��cG�/�/RUyPL`B�TWRKbED(]SbdRUT��?TWVXJ�]SZ?yPDSRKJ8]SJYFXbdVXT[J�}mcSJYHhJ8]SJ\rdV[Z�]	� BlQSQPBEV�TWJ/DSBEDSL/J�]SJ�L\JYQ�bERKD^T � cSD
o8b�]SJCFXbdRhT�Z\r^BEH �

0.5
t
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¤ ySD�]GJsDSJsQPBEF���B`edbEV[RKFXJ/V�HhJ/F�QnbdRKD^T[F�bd¢gHxBq��bEDSL\T[RKbdD
f �"+-# � (Xl)

QSVXZ/F[J\D^TWJvcSDSJCelBEHKJ\cSV�Z\HKJ\eEZ/J
bdc"cSDSJ:elBEHKJ\cSVM��BlRK�SHhJE_ HKB ��bdDGL\TWRhbdD�]SJ���cG�/�/RUyPL`B�TWRKbED"]SbERhT �\T[V[JwF���o8Z?TWV[Rh}mcSJwBlcGTWbdcGV8]Sc"Q�bERKD^T
(
f �"+-# � (Xl), µM(Xl)

)
= (0.5, 0.5)

t-G>B%��bEDSL\T[RKbdD ]SJ���cG�/�/RUyPL`B�TWRKbED }mcSJ�DSbdcSFwB`edbdDSF{LONSbdRhF[RKJ
]	��cGT[RKHKRhF[J\V�QnbdcSV�]SZ\L/V[RhV[J�HKJuL/bdoMQ�bEVXTWJ\o8J\D^T�]SJ

f �"+-# � J/FXTpcSDGJ π z ��bdDSL?TWRhbdDg]SZ\ySDSRKJs]SJ�HKBIo�BEDGR P/VXJFXcSRhelBED^TWJsJ?TpV[J/QGV[Z/FXJ/D^TWZ\J@FXcSV�HxBIyPrdcSVXJ�9jt L>C R�A
���ON Z




F[R
f �"+-# � (Xl) < a

BEHKbdVXF
µM(Xl) = 0,F[R

a < f �"+-# � (Xl) < 1 − a
BEHKbEV[F

µM(Xl) = 1
2

+ 1
2
sin π

1−2a

(
f �"+-# � (Xl) −

1
2

)
,

F[R
f �"+-# � (Xl) > 1 − a

BEHKbEV[F
µM(Xl) = 1,

� 9jt V �

bd¢
a
J/FXTpcSD�QPBEV[BEo7P\TWVXJ � B �XcSFXT[J/V\t

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
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f �"+-# � (Xl)

µM(Xl)


�� �� � ��� ���:+-# ��$*),+-# .	0 &(��� &(�*$ ��# &(# �"�
µM

� �-&(?>1:�"��!'��?,+-# 1�#:�
π
;�� +-# ��$*),+-# & � � �

a = 0.2
B

�aR�kGJ\V3HxB elBEHKJ\cSV3]Sc�QPBEV[BEoAP?TWVXJ
a
V[J?ejRhJ/D^T � L\bdDSFXRK]SZ\V[J/V-}mc	��cSD'QnbdRhDmT

Xl

]GbdD^T8oMbdRhDSF3]SJ
100 × a � ]SJ@QnbdRhDmT[FpeEbdRKFXRKDSF

Y
F[RhT[cSZ/Fp]PBEDGFuHKJv]Sbdo8BERhDSJ�L/cS�SRh}mcSJ

Dλ(Xl)
L/BEVWBEL?TWZ\V[RKFXZ/F~QPBEV

L\bdDSL
(Y) = 1

_6J/FXT-cGD�Q�bdRhD^T-B`�^BED^T3TWV P/F3QnJ/c�]SJgLONSBEDSL/J\F-]	� �?TWVXJgo8b�]PBEH�t��6RUkjJ/VqHxB{elBEHhJ/cSVI]Gc
QPBlVWBEo7P\T[V[J

a
VXJ\e�RKJ\DmTqZ/rdBEHKJ\o8J\DmT � L/bEDSF[Rh]SZ/VXJ/Vv}�c���cSD(Q�bdRhD^T

Xl

_�J\DmT[bdcSVXZ8]PBlDSFqFXbdD�eEbdRKFXRKDPBlrdJ
]SJ£QGHKcSFg]SJ

100 × (1 − a) � ]SJ£Q�bERKD^TWFYT[J/HKFg}mcSJ HKB V[Z/QnbdDSFXJ BEc T[J/F�T:F[bdRUT:Z/r^BEHhJ �
1
_�J\FXT

cSD£QnbdRhDmTCB`�^BED^T�]SJ@��bEVXTWJ\FCLONPBEDGL/J/F�]	� �\T[V[J3oMbj]SBEH�tn�6bEcSVCoMbdD^TWV[J\VCH���RKD2WPcSJ/DGL/JI]SJ@H���B �XcSFXT[J/oMJ/D^T
]Sc QPBlVWBEo7P\T[V[J

a
cGTWRhHKRhF[Z Blc L\bdcSVXF�]GJ£L/J\TXTWJ QSNPBlF[J ]SJ ��cS�\�/RhySL`BlT[RKbdD	_<DSbdcSF�B`edbEDSF:Z\elBEHKcGZ HxB

��bdDGL\TWRhbdD�]�� BEQGQPBEVXT[J/DPBlDSL/J � cSDgo8b�]SJ~BEF[FXbjL\RKZ\J � H���NSRhFXTWbErdVWBEoMoMJ�o8bdDGblz ]SRho8J\DSF[RhbdDSDSJ\H
H
]SJ~HxB

yPrEcSV[J 9jt # � H�� BERh]SJ�]SJIHKB-��bdDGL\TWRhbdDw]GJq��cS�\�/RhySL`BlT[RKbdD�QSV[Z\L/Z\]SJ/D^TWJ3QnbdcSV~]SRhi�Z/VXJ/D^TWJ\F~elBEHhJ/cSVXFu]SJ
a� edbdRhV�yPrdcSVXJ/FI9jt '|��B � � 9jt '|��L �[� t
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�~bdcSF8Q�bEcGedbdDGFYV[J\o�BEVX}mcSJ/V8F[cSV8L/J/F8yPrdcSVXJ/F�}mcSJwHKbdVXF[}mcSJwHhJ{QSBEVWBEo7P\T[V[J
a
J/F�T�yGkjZ � cSDSJ

elBEHKJ\cSVuTWV P/F�QSVXbjLONSJM]SJ �G_�HKB���bdDSL?TWRKbED£]	� BlQSQPBEV�TWJ/DSBEDSL/J � cSD o8b�]SJ
µM

RhF[F[cGJM]GJML\J\TXTWJ-QSNPBEFXJ
]SJ~��cG�/�/RUyPL`B�TWRKbEDYQSV[Z\F[J\DmT[Js]SJCDSbEoI�SV[J\cSF[J\F�RKVXV[Z\rdcSHxBlV[RhT[Z/F�L/bdoMoMJ~H���RhHKHKcGFXTWVXJ�HxBqySrdcSV[JG9jt '|��B � t � J\F]SJ/VXDSR P\V[J\FIQ�J\cGedJ\D^T �?TWVXJgHKZ/rMP/V[J\o8J\D^T3BlTXTWZ/DmcSZ\J/F\_ TWbdcGTIJ/D�V[J\F[QnJ/L?TOBED^TMHxB�FXTWVXcSL\T[cSV[J:]SJ�H���NSRKF�TWblz
rdVWBlo8oMJsRKDSRUTWRKBEH�_jJ/D£BEcGrdo8J\D^TOBED^T~HxB3eEBlHKJ/cGV~]ScwQPBEVWBloAP?TWV[J

a
� yPrdcSVXJ 9jt '|��� �[� tn�6BEVuL\bdD^TWV[Jl_�FXR a]SJ\e�RhJ/D^TsTWVXbdQ£QSV[b�LONSJ3]SJ3HKB8elBEHKJ\cSV

0.5
� yPrdcSVXJ 9jt '|��L �[� _�HKJ\FCeEBlHKJ/cGV[FC]SJ3HKB8��bdDSL?TWRhbdD ]	��BEQSQPBlVXTWJ�zDPBEDSL\J � cSDMoMbj]SJ�VXZ/F[cGHhTOBlDmT[J�]SJ\e�RKJ\DSDSJ\DmT��SRKDSBERKVXJ/F/_EL/J�}mcSR|Q�J\cGT�J/D^TWV[B �xDSJ\V�HxBso8RhF[J�J\D�Z\e�Rh]SJ/DSL\J

]SJ�o8b�]SJ\F�QPBEVWBlF[RhT[J/F\t
�~Z`BlDSo8bERKDSF\_�¡nt�R�cSV[QSRhDjz A~NSRKHhHh�:B�oMbdD^TWVXZ@}mcSJ3HKBMelBEHKJ\cSVCBl]SZ/}mcPBlT[JI]SJ

a
QnbdcSV~Z\elBEHhcSJ/V~cSDSJ

TWJ\HKHKJ~��bdDSL\T[RKbdDg]�� BEQGQPBEVXT[J/DPBlDSL/J � cSD{oMb�]SJs]SbdRUT �\TWVXJsyGkjZ/J �
a = 0.2

C R�A
���MN�t

;=< ��<�� � F �GSNMOHKJL]
JLHNM^FQP\R SN]�� MOF�� JXHNMOF[P U ]�� �G] WLJLR�FI]^F � R�� �\F 	 M�P\R

�~bdcSF@B`edbdDSF@]SZ\yPDGR�HxB:��bdDSL?TWRKbED�]	��BEQSQSBEVXT[J/DPBEDGL/J � cGD o8b�]SJ
µM

QnJ/VXo8J?T[TWBED^T@]	��RKDG]SRK}mcSJ\V
]PBEDSF�}�cGJ/HKHhJ oMJ/F[cGV[J£HKJ\FYQnbdRKD^TWF�F[bdD^T:F[cGF[L/J\QGTWRh�SHKJ\Fg]	� �\TWVXJ£o8b�]PBEc�k�t��6bdcGVYL/J\HxBG_<DSbdcSF:B`edbEDSF
L/bdDGF[RK]GZ/V[Z�}mc	��cSDwQnbdRhDmT�J\FXT~F[cSFXL/J\QGTWRh�SHKJ�]	� �\T[V[Jvo8b�]PBEH	FXR�H���NSRKF�TWbdrEVWBEoMo8J~J/F�TuL\bdDSF[Rh]SZ/VXZ�L/bdoMo8J
HKb�L`BEHhJ/oMJ/D^TqL/bdDSL/B`edJgJ/D%L\JYQ�bERKD^T3J\TI]PBEDSFIHhJ�edbERKF[RhDPBErdJ8L/cS�GRK}mcSJg]SJYL\JgQ�bERKD^T`t � JgL/VXRhT?P\V[JY]GJ
L/bdD^eEJ?kjRhT[ZIBEQSQGHKRK}mcSZvJ/D{LONPBE}mcSJIQnbdRhDmT

Xl

BMQ�J\V[oMRKF�]	��J?k�TWV[BERKVXJE_nBEQSV P/FucGDSJ@QSNSBEF[Jq]SJq��cS�\�/RUyPL`B�z
TWRhbdD	_dcSDGJ~��bdDSL?TWRhbdD8]�� BEQGQPBEVXT[J/DPBlDSL/J~Z\elBEHKcSBED^T<HhJ~]GJ/rdVXZ~]SJpL/bEDGy|BEDSL\Ju}mcSJ~DSbdcSF<Q�bdcjedbdDSF�QSHKBEL/J\V
]PBEDSF�H���Z?edZ/DGJ/oMJ/D^T Z

Xl \']_^ `+a%bSc�d6aS^ e%c	f1gMh t�~bdcSFuB`edbdDSFCe�c FXcSVC}mcSJ\HK}mcSJ/FuJ?kjJ/oMQSHKJ\FC}mc	��RKH�J/FXTC]SRQTML/RhHKJ�]SJIrdBEVWBED^T[RKV�}mcSJIL/J?T[T[J@��bdDSL?TWRKbED
]	��BEQSQPBEV�TWJ\DPBEDSL\J � cGD�oMb�]SJCV[J_WSP\T[JsyP]8P/HhJ/oMJ/D^T�HxBIF�TWVXcSL\T[cSV[J�oMbj]PBlHKJu]GJsH���J/F[QSBEL/Js]SJ�VXZ\��Z/VXJ/DSL\J
χ
t �pDSJ@BlDPBEHh��FXJvQGHKcSF�QnbdcSF[FXZ/Jv]SJvL/J\TXTWJ���bdDSL?TWRKbED:elB-Q�J\V[oMJ\TXTWV[J�]SJvF/��Bli�VWBEDGLONSRKV�]SJ�L/J\FpRKV[VXZ/rdc�z

HxBEVXRhT[Z/F�}mcSR�QnbdcSVXVWBERhJ/D^T�L/bdDG]ScSRKVXJ � HKBIo8RhF[JsJ\D{Z?ejRh]SJ/DGL/J�]SJ�o8b�]SJ\FpDGbdD:F[RKrEDSRhyPL/BlTWRU��F/t
AuRKFXQ�bdF[BED^TqBEHKbdVXFs]Sc(FXbdcSF z J/DGF[J/o@�SHKJ[WPbdc o8b�]SJ

M
L/BEVWBlL\TWZ\V[RhF[Z-QPBEV�FWBg��bdDSL?TWRhbdD ]	� BlQSQPBEV z

TWJ\DPBEDSL\J
µM

_nDSbdcGFuQnbdcGedbEDSFso�BlRKD^TWJ\DPBED^Tu]GZ\yPDSRhVuHhJ/FubEcGTWRhHKFpo8bdVXQSNSbdHhbdrdRh}�cGJ/F�}mcSJIDSbdcGFsBEHKHhbdDSF
BEQSQSHhRK}mcSJ\VvQSBEV�HxB:F[cSRUTWJ � L/JMF[bEcSF�z J/DSFXJ/oI�SHhJAWPbEc(]PBEDGFqHhJM�GcGTI]	��J?k�T[VWBERhV[JMHKJ/F�QnbdRKD^T[FqoMbj]SBEcjk
L/bdDGFXTWRUTWcPBlDmT�HhJ/F�oMbj]SJ\F�BEF[FXbjL\RKZ\F � LONPBlL/cSDSJv]SJ\F~L\HxBEFXF[J/F�]SJ�QSR�kjJ/HKF � ]SZ?TWJ/L?TWJ\V/t
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Xl

H(Xl)
µM(Xl)

� &��
a = 0.05

0.0

0.5

1.0

0 51 102 204 255153  

Xl

H(Xl)
µM(Xl)

� 	��
a = 0.2

0.0

0.5

1.0

0 51 102 204 255153  

Xl

H(Xl)
µM(Xl)

� ���
a = 0.45
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µM

!*1�) �5&(#%$ .=)	�	��� ��#%$ �"! �5&(?,��1�� ! .��
a
�
λ = 7

� B
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7���2 ��;<2>=?5q1 7���� � 5M7����

AuJ/F@elBEHhJ/cSVXFqZ\HKJ?edZ/J\FI]SJ
µM(Xl)

L/bEV[V[J\F[QnbdDS]SJ\D^T � ]SJ\FIQnbdRKD^TWFvF[cGF[L/J\QGTWRh�SHKJ\FI]	��BEQSQPBlVXTWJ\DSRKV
BEcjkYo8b�]SJ/F�]SJsH���J/FXQPBEL/JsL\bdcSHhJ/cSV\_GTOBEDG]SRKF�}mcSJ�]SJ\F�elBEHKJ\cSV[F���BERh�SHKJ\F�]SJ

µM(Xl)
L\bdV[VXJ/FXQ�bdDG]SJ/D^T �

]SJ/FpQnbdRKD^TWF�FXJvT[V[bdcjeEBlDmTpQSVXbd�PBE�GHKJ/oMJ/D^Tp]PBEDGF~HhJ/F�elBEHKHhZ/J/F�FXZ/QPBlVWBED^T~HKJ/F�oMbj]GJ/F/t�G ��bd� �XJ\L\TWRU� ]SJ�HKB
QSV[b�L/Z\]ScSVXJ3]SJ3o8RhF[JqJ/D Z\e�RK]GJ/DSL\JM]GJ/FsoMbj]SJ\FCJ/F�T�]	��BEL/L\V[b��hTWV[J@HKJIL\bdD^TWVWBlFXTWJ3J\D^TWV[J-HhJ/FCoMbj]GJ/FCJ?T
HKJ\F�eEBlHKHKZ\J/F\t

�6bdcSVqL/J\HxBG_�DSbdcSFqQSV[bEQ�bdFXbdDSFq]SJ�oMbj]GRhyPJ\VqHKB:��bdDGL\TWRhbdD(]�� BEQGQPBEVXT[J/DPBlDSL/J � cSD oMbj]SJ
µM

�
H���BERK]GJs]	��bEQ�Z\VWBlT[J/cSVXF~oMbdV[QGNSbdHKbErdRK}mcSJ\FHWPbdcSFp]SJqT[J/HhHKJsF[bEVXTWJv}mcSJ@HhJ/Fp]SJ/rEV[Z/Fp]	��BEQSQPBlVXTWJ\DPBEDSL\J@]SJ\F
Q�bERKD^TWF6o8b�]PBEcjk@F[bERKJ/D^T�BlcSF[FXRSQSV[b�LONSJ\F }�cGJ�Q�bdFXF[Rh�SHKJ�]GJG#�TOBEDG]SRKF }mcSJ�HhJ/F ]GJ/rdVXZ/F ]	��BEQSQPBlVXTWJ\DPBEDSL\J
]SJ/F�QnbdRKD^T[F�F[RhT[cSZ/F�]PBlDSF�HKJ/F�elBEHhHKZ/J\F�F[bERKJ/D^TpHKJsQGHKcSF�QSVXbjLONGJ/FpQ�bdFXF[Rh�SHKJs]SJ �Gt

� H�J?kjRKF�TWJv]SRhi�Z/VXJ/D^TWJ\Fu]SZ?yPDSRhT[RKbdDGFp]GJ/FpbdQ�Z\VWBlT[RKbdDGF�o8bdVXQSNSbdHhbdrdRh}�cGJ/FHWPbdcGJ/Fp]SJq�SBEF[Jv}mcSJqFXbdD^T
H���Z/VXbdF[RhbdDwJ?TCHxBM]SRKHKBlTOB�TWRKbED>WSbdcSJ/F[C�¡GA�JL#d_�E=) J:9�N�t �pDSJIoMZ\TWNGbj]SbEHKbdrdRhJs]SJIL\bdDSFXT[V[cSL?TWRhbdD ]SJ@T[J/HhF
bdQnZ/VWB�TWJ/cGV[F�oMbdVXQSNSbdHhbdrdRK}mcSJ\FKWSbdcSF�L\bdDSF[RhFXT[J � TWV[BE]ScSRhV[J~HKJ/F<V[J\HxBlT[RKbdDSF�J/DGF[J/o@�SHKRhFXTWJ\F�]SJ~H���Z/V[bEF[RKbED
J\T�]SJ HxB ]SRKHKBlTOB�TWRKbED"�SRhDPBERhV[J/FMJ/D VXJ/HKBlTWRhbdDSF-��bdDSL\T[RKbdDGDSJ/HhHKJ/F\t��6bdcSV�L/J/HKBG_�RKH���BEcGT�T[bdcGT�]	� Bl��bdVX]
]SZ\ySDSRKVpL/J � }mcSbdR�L/bdVXV[J/FXQ�bEDS]SJ/D^TsHhJ/F~]SRhi�Z/VXJ/D^TWF~bdQ�Z\VWBlT[J/cSVXFu]	��cSDSRhbdD J?TC]	��RKD^TWJ\V[FXJ/L\T[RKbdD{cGTWRhHKRhF[Z/F
QPBEV�L\J/FpV[J/HKBlTWRhbdDSF\t

;=< �1<@? � � BEWX]
JXHNMOF\Y R�FIYLR 	 ZGSNHNY:JXR�Y Y �IW SNR�Y Y M��\Y�� R�F\Y R 	 ZGSNR�Y��\M �IY

	�
��
���
�� ��� 		� ����� � � � � � ��� � � ����� ��� ��� � � ��� � � � � � ��!#" � � �%$ �&� �

¡jbdRKJ\D^T
A
J\T

B
]SJ\cjk�F[bdcSF z J\DSF[J\oI�SHKJ\F WSbdcSF�]SJMH���J/DSFXJ/oI�SHhJ

χ
]SZ\yPDGRKF�V[J\F[QnJ/L\T[RheEJ/oMJ/D^T@QSBEV

HKJ\cSV[F ��bdDGL\TWRhbdDSF ]�� BEQGQPBEVXT[J/DPBlDSL/J
µA

J\T
µB

t.G�J/F ]SJ\cjkMF[bdcGF�z J\DSF[J\oI�SHhJ/F WPbdcSF
A
J\T

B
F[bEDmT�Z\r^BEcjk

F[R�HhJ/cSVXFI��bdDSL?TWRKbEDSFI]	��BEQSQPBlVXTWJ\DPBEDSL\J:QSV[J\DSDSJ/D^TMHxB{o �\o8J�elBEHhJ/cSV@J/D%TWbdcGTIQ�bdRhD^T
Xl

_aL/J:}mcSR�FXJ
TWV[BE]ScSRUT�QPBEV/Z

∀ Xl ∈ χ, µA(Xl) = µB(Xl).
�>9�t J �

AuJ�o �\o8Jl_EHhJ�F[bdcSF z J\DSF[J\oI�SHKJHWSbdc
A
J\FXT�RKDGL/HKcGF ]PBEDSF HhJ�F[bEcSF�z J/DSFXJ/oI�SHhJ$WPbdc

B
F[RSHKBu��bdDSL?TWRKbED

]	��BEQSQPBEV�TWJ\DPBEDSL\JC]SJ
A
QSVXJ/DS]g]SJ\F�elBEHKJ\cSV[F�RhDG��Z/VXRKJ\cSV[J\F�bdcgZ\r^BEHKJ\F � HKBv��bdDSL?TWRhbdDY]	��BEQSQPBlVXTWJ\DPBEDSL\J

]SJ
B
_PL\J/L/R�QnbdcSV�T[bdcSF�HKJ\F�Q�bdRhD^TWF

Xl

t

A ⊆ B
F[F[R

∀ Xl ∈ χ, µA(Xl) 6 µB(Xl).
�>9jt`# � �
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AuZ?yPDSRKVuHKJvF[bdcSF z J\DSF[J\oI�SHKJ�WSbdc V[J\QSV[Z\F[J\DmTWBED^TvH���RKD^TWJ\V[F[J\L\T[RKbdD{]SJI]SJ\cjk£FXbdcSF�z J/DSFXJ/oI�GHKJ/F�WSbdcSF
A
J\T

B
VXJ\e�RKJ\D^T � ]SZ\ySDSRKV�HKJ�]SJ\rdV[Zp]	��BEQSQPBlVXTWJ\DPBEDSL\J~]Gc�QnbdRKD^T

Xl

BEc8F[bdcGF�z J\DSF[J\oI�SHhJ WPbEc
A∩B

_
� QSBEVXT[RKVu]GJ/FC]SJ\rdV[Z\Fs]	��BEQSQPBEV�TWJ\DPBEDSL\J

µA(Xl)
J?T
µB(Xl)

tE(�Z\DSZ/V[BEHKJ\o8J\D^T`_nRKH�J/FXTvBl]So8RhF~}mcSJ3HhJ
]SJ\rdV[Z�B`eEJ/L�HKJ\}mcSJ/HSLONSBE}mcSJ�Q�bdRhD^T

Xl

BEQSQPBEV�TWRhJ/D^T �
A∩B

J\FXT�HKJ�QSHKcSFaQ�J?TWRhT ]SJ/F ]SJ\cjk3]GJ/rdVXZ/F�B`edJ/L
HhJ/F[}mcSJ\HKF RhHPBEQSQPBlVXTWRhJ/D^T �

A
J\T �

B
C I	BE]3%:8�N�t1G>Bs��bEDSL\T[RKbdD3]	��BEQSQSBEVXT[J/DPBEDGL/J

µC

]GcMFXbdcSF z J/DGF[J/o@�SHKJ
WPbEc�VXZ/FXcSHhTWBED^T

C
_PV[J\QSV[Z\F[J\DmTWBED^T

A ∩ B
_PQ�J\cGTp]SbdDSL �\T[V[J�]SZ?yPDSRKJsQSBEV Z

∀ Xl ∈ χ, µC(Xl) = min (µA(Xl), µB(Xl)) ,
� 9jt`#&# �

HKB@��bdDSL\T[RKbdD
min

]SZ\F[RhrdDPBED^T�H���bdQnZ/V[BlTWJ\cSV�o8RhDSRKo@cSo{t
AuJYHKB�o �/oMJMo�BEDGR P/VXJE_>]SZ?yPDSRKVvHKJMF[bEcSF�z J/DSFXJ/oI�SHhJ%WPbdc

A ∪ B
L\bdDSF[RhFXT[J � ]SZ?yPDSRhVqHhJ�]SJ\rdV[Z

B`edJ\LCHKJ\}mcSJ/HPTWbEcGT�QnbdRKD^T
Xl

]SJ
χ
BEQSQSBEVXT[RKJ/D^T �

A∪B
t+G ��cGDSRKbdD8]SJ/F<]SJ/c�kYFXbdcSF�z J/DSFXJ/oI�GHKJ/F WPbdcSF

A
J\T

B
J\FXT~HKJ�F[bdcGF�z J\DSF[J\oI�SHhJ WPbEc

D
L/bdoMQ�bEF[Zv]SJ/FpQ�bERKD^TWF

Xl

L`BEV[BEL\T[Z/VXRKF[Z\F~rEZ/DSZ\VWBEHhJ/oMJ/D^TpQPBEV
HhJMQGHKcSFvrdVWBlDS](]SJ\F@]SJ\cjk�]SJ/rEV[Z/Fq]	��BEQSQPBEV�TWJ\DPBEDSL\J

µA(Xl)
J\T
µB(Xl)

t�G�JMF[bdcSF z J\DSF[J\oI�SHKJ7WPbdc
D
_�DSbET[Z

D = A ∪ B
_	Q�J\cGT �\T[V[J-BEHhbdV[FC]GZ\yPDSR QSBEVsFWBY��bdDSL?TWRhbdD£]	��BEQSQPBEV�TWJ\DPBEDSL\J

µD(Xl)
]GJ3HxB

��B��\bdD:F[cSRUelBED^TWJ[Z
∀ Xl ∈ χ, µD(Xl) = max (µA(Xl), µB(Xl)) ,

� 9jt`#_9 �
bd¢

max
]SZ/FXRKrdDSJ�H���bdQnZ/V[BlTWJ\cSV�o8B�kjRKoIcSo�t

R�bdcGT�L/bEo8oMJ@]PBlDSFsHxB�T[NSZ/bdVXRKJI]GJ/FsJ/DGF[J/o@�SHKJ\FvL\HxBEFXF[Rh}�cGJ/F/_�L/J/Fs]GZ\yPDSRUTWRhbdDSFCL\bdDS]ScSRhF[J\DmTqBEc�k
QSVXbdQSVXRKZ\T[Z/F�FXcSRhelBED^TWJ\F Z

� BlF[F[b�L/RKBlTWRUe�RhTWZ~]SJ
∩
J\Tp]SJ

∪
_

� L\bdoMoIcGTOB�TWRhe�RUTWZu]GJ
∩
J\T�]SJ

∪
_

� A∪ ∅ = A, A∪ χ = χ
_

� A∩ χ = A, A ∩ ∅ = ∅
_

� A∪ B ⊇ A ⊇ A∩ B
_

� A∩ (B′ ∪ B′′) = (A∩ B′) ∪ (A ∩ B′′)
_

� A∪ (B′ ∩ B′′) = (A∪ B′) ∩ (A ∪ B′′)
_

G�J/FgbdQnZ/V[BlTWJ\cSV[F
min

J\T
max

F[bdD^T:rdZ\DSZ/V[BEHKJ\o8J\DmTYLONSbdRKFXRKFYQnbdcSV�]SZ\yPDGRKVYH���RhDmT[J/VXF[J/L?TWRhbdD J\T
H���cSDGRKbdDg]SJv]SJ\cjk�F[bdcGF�z J\DSF[J\oI�SHhJ/F-WPbdcSFpL`BEV�RhHKF�QSVXZ/FXJ/VXeEJ/D^TsQSVXJ/FX}�cGJqTWbEcSF�HKJ/F�VXZ/F[cGHhTOB�TWF�RKFXF[cSFp]SJ
HKB@TWNSZ\bdV[RhJsL/HxBlF[F[Rh}mcSJ�]SJ/F�J/DGF[J/o@�SHKJ\F/t
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� J/QnJ/DS]PBlDmT/_�RhH�J?kjRKF�TWJv]	��BEcGTWVXJ/F~bdQ�Z\VWBlT[J/cSVXF~QnbdcSV�T[VWBE]ScGRKV[J�H���RhDmT[J/VXF[J/L?TWRhbdD{J?TuH���cGDSRKbdD�WPbEcSJ/F\t
G�JqLONSbERUk�]SJqL/J/F~bdQnZ/VWB�TWJ/cGV[Fu]GZ/QnJ/DS] ]GJ/FuQGV[bdQSVXRKZ?TWZ/F~}mcSJ@DSbEcSFu]SZ\F[RhV[bdDSFpL/bEDSF[J\VXedJ\VCJ\TuF[cSV�TWbdcjT
]SJ�HKJ\cSV�L/bdoMQ�bEVXTWJ\o8J\D^T`tSG�J/FpbdQnZ/V[BlTWJ\cSV[FpHKJ\FpQGHKcSF�L/bEDSDmcSFuFXbdD^T~HhJ/FpDSbdVXo8J\F�T[V[RKBEDSrdcSHKBERKVXJ/F<Q�bdcGV
H���RKD^TWJ\V[FXJ/L\T[RKbdDgJ?TpHKJ/F�L\bdDSbdVXo8J\F�TWV[RKBEDSrdcGHxBERhV[J/F<Q�bEcSV�H���cSDSRhbdD	t
	�
��
���
�� � � � � ��
 ! � � � � ���� � 
 ! � �%� 
 � 	 � � � � 	 � 
 � �

�~DSJCDGbdV[oMJpT[V[RKBEDSrdcSHKBERKVXJv��T�z DSbdVXo8J � _mDSbET[Z/J TN _jJ\FXT�]GZ\yPDSRhJuL\bdo8oMJpcSDSJu��bdDGL\TWRhbdD�]GJC]SJ/c�kelBEV[RKBE�SHKJ\F
x
J\T
y
]SZ\ySDSRKJ\F@]PBEDGFqH���RhDmT[J/V�eEBlHKHKJ

[0, 1]
t � J?T[T[J�TXz DSbdV[oMJ-QSV[J\DS] FXJ/FqelBEHhJ/cSVXFq]SBEDSF@HhJ

o �\o8JsRhD^TWJ/V�elBEHKHhJuJ\T�eEZ/V[RUyPJE_|}mcSJ\HKHKJ\F�}�cGJvFXbdRKJ\D^T~HhJ/F�elBEV[RKBE�SHhJ/F
x
_
y
_
z
J\T
t
]SJ�H���RhDmT[J/V�eEBlHKHKJ

[0, 1]
_

HKJ\F�QSV[bdQGV[RKZ?TWZ\FpFXcSRhelBED^T[J/F Z
� L\bdo8o@cGTOBlT[Rhe�RhT[Z�Z

TN(x, y) = TN(y, x)
_

� BEFXF[b�L/RKBlTWRUejRUTWZ�Z
TN(x, TN(y, z)) = TN(TN(x, y), z)

_
� oMbdDSbET[bdDSRhJ�Z

TN(x, y) ≤ TN(z, t)
F[R
x ≤ z

J?T
y ≤ t

_
� Z\HKZ/oMJ/D^TpDSJ\cGTWVXJ+#[Z

TN(x, 1) = x
_

� Z\HKZ/oMJ/D^T~BE�SFXbdV[�SBED^T���Z
TN(x, 0) = 0

t
- TWBED^T ]SbdDGDSZ/J\F HKJ\F QSV[bEQSV[RhZ\TWZ\Fa]SJ�L/J/F bEQ�Z\VWBlT[J/cSVXF/_lT[bdcGTabdQ�Z\VWBlT[J/cSV

TN
QnJ/cGTaF[J/V�e�RKV � ]GZ\yPDSRhV

H���RKD^TWJ\V[FXJ/L\T[RKbdD�]SJI]GJ/cjk{F[bEcSF�z J/DSFXJ/oI�SHhJ/F WSbdcSF/t�G ��bdQnZ/V[BlTWJ\cSV
min

edZ\V[RUy|BED^TuT[bdcGTWJ\FuL\J/FCQSVXbdQSVXRKZ?z
TWZ\F/_�RhH~QnJ/cjT �\T[V[J L\bdDSF[Rh]SZ/VXZ£L/bdoMoMJ{cSDGJ TXz DGbdV[oMJEt�¡jbdRUT

C
HKJwFXbdcSF z J/DGF[J/o@�SHKJXWPbEc V[Z/FXcSHhTWBED^T

]SJ�H���RhD^TWJ/VXF[J\L\TWRhbdD(]GJ/F3]SJ\cjk FXbdcSF z J/DGF[J/o@�SHKJ\F WPbdcSF
A
J\T

B
]SJ
χ
]SZ/L\V[RhT[F@QPBlV@HKJ\cSV[Fq��bdDSL\T[RKbdDGF

]	��BEQSQPBEV�TWJ\DPBEDSL\J
µA

J\T
µB

tP�pbdcSF�]SZ\ySDSRKFXF[bdDSFpHxB@��bEDSL\T[RKbdD:]	��BEQSQPBlVXTWJ\DPBEDSL\J
µC

QPBlV/Z

∀ Xl ∈ χ, µC(Xl) = TN(µA(Xl), µB(Xl)).
�>9�t #"L �

AuJC��B��/bED:BEDPBEHhbdrdcSJ � HxBqT�z DSbdVXo8Jl_jcGDSJCTXz L/bdDSbEV[oMJuedZ\V[RhySJE_S}mcSJ\HKHKJ\F�}mcSJsF[bERKJ/D^T�HhJ/F�elBEVXRxBE�GHKJ/F
x
_
y
_
z
J?T
t
]SZ?yPDSRhJ/F�]PBEDSF

[0, 1]
_SHhJ/F�QSVXbdQSV[RhZ\T[Z/F�F[cSRUelBED^TWJ/F Z

� L\bdo8o@cGTOBlT[Rhe�RhT[Z�Z
TCN(x, y) = TCN(y, x)

_
� BEFXF[b�L/RKBlTWRUejRUTWZ�Z

TCN(x, TCN(y, z)) = TCN(TCN(x, y), z)
_

� oMbdDSbET[bdDSRhJ�Z
TCN(x, y) ≤ TCN(z, t)

FXR
x ≤ z

J\T
y ≤ t

_
� Z\HKZ/oMJ/D^TpDSJ\cGTWVXJ ��Z

TCN(x, 0) = x
_

� Z\HKZ/oMJ/D^T~BE�SFXbdV[�SBED^T�#[Z
TCN(x, 1) = 1

t
¤ cYe�cg]SJCL\J/F�QSVXbdQSVXRKZ\T[Z/F\_GDSbdcGF�Q�bEcGedbdDGF�L/bdDSFXRK]SZ\V[J\V�H���bdQnZ/VWB�TWJ/cGV

TCN
L/bEo8oMJucSDGJCcSDSRhbdD

]SJI]SJ\cjk£FXbdcSF z J/DGF[J/o@�SHKJ\F�WPbdcSF\tBG ��bEQ�Z\VWBlT[J/cSV
max

eEZ/V[RUyPJI�SRhJ/D T[bdcGTWJ\FCL/J\FsQSV[bEQSV[RhZ\TWZ\FCJ\TCQ�J\cGT
]SbdDSL �?TWVXJ3L/bdDSFXRK]SZ\V[Z3L\bdo8oMJIcSDGJ-T�z L\bdDSbdVXo8Jlt�¡jbdRUT

D
HKJ@F[bdcSF z J\DSF[J\oI�SHKJ3VXZ/FXcSHhTWBED^T�]SJ-H���cSDSRKbED
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WPbEcSJ�]SJ~]GJ/cjkMFXbdcSF�z J/DSFXJ/oI�GHKJ/F WPbdcGF
A
J\T

B
]SJ
χ
]GZ/L/VXRhT[F<QPBlV HKJ/cGV[F ��bdDSL?TWRKbEDSF�]	� BlQSQPBEV�TWJ/DSBEDSL/J

µA

J\T
µB

t�G>BI��bdDSL\T[RKbdDg]�� BEQGQPBEVXT[J/DPBlDSL/J
µD

BlF[F[b�L/RhZ/J �
D
J/FXTp]SZ?yPDSRhJvQSBEV Z

∀ Xl ∈ χ, µD(Xl) = TCN(µA(Xl), µB(Xl)).
� 9jt`# ' �

G�J/F3TXz DSbdVXo8J\F3J\T3TXz L/bdDGbdV[oMJ/F3HhJ/F3QSHhcSF-L/bdcSV[BEoMo8J\DmTIcGTWRhHKRKFXZ/J\F3]PBEDSF3HKB£T[NSZ/bEV[RKJ�]SJ/FMF[bdcGF�z
J\DSF[J\oI�SHKJ\F$WPbdcSF�F[bEDmTpVXZ/F[cGo8Z\J/Fp]PBEDSF�HKJCTWBE�SHhJ`BEc 9jt`#dt

∩
bdcgTXz DSbdV[oMJ

∪
bdcgTXz L\bdDSbdVXo8J DSbEo

TN1(µA(Xl), µB(Xl)) =

min(µA(Xl), µB(Xl))

TCN1(µA(Xl), µB(Xl)) =

max(µA(Xl), µB(Xl))

I	BE]SJ/N
TN2(µA(Xl), µB(Xl)) =

µA(Xl).µB(Xl)

TCN2(µA(Xl), µB(Xl)) =

µA(Xl) + µB(Xl)) − µA(Xl).µB(Xl))

QSV[bd�SBE�SRKHhRKF�TWJ
TN3(µA(Xl), µB(Xl)) =

max(µA(Xl) + µB(Xl) − 1, 0)

TCN3(µA(Xl), µB(Xl)) =

min(µA(Xl) + µB(Xl), 1)

G�c32�BEF[RhJ�4�RhL/�

����� � �	��� ��� �*)># ��)>� &(?,�"! $ ; #:+-�*68�"!���$ $ ; �"+-#:+-�*68�"!��
	����� 	��<B

� J/Fs]GZ\yPDSRUTWRhbdDSFu]GJ/FCbdQnZ/V[BlTWRhbdDSF~]	��RhD^TWJ/VXF[J\L\TWRhbdD J?Ts]	��cSDSRKbED WPbdcSJ\FuedbEDmT�QnJ/VXo8J?T[T[V[J@]GJ@TWV[B�z
]ScGRKV[JvHKJ\FuVXJ/HxB�TWRKbEDSF~J\DSF[J\oI�SHhRKFXT[J/F~]SJ/FCbEQ�Z\VWBlT[RKbdDSF~]	��Z/V[bEF[RKbEDwJ\TC]SJ@]SRhHxBlTWBlTWRhbdD:�SRKDSBERKVXJ/Fp]PBEDSFCHhJ
L\bdD^TWJ?k�T[Jq]SJ\F�F[bdcSF z J\DSF[J\oI�SHKJ\F WSbdcSF/t

;=<��I<>; � ��BEW3]
JLHNM^FIY 	 MOW �
	IM^SNM��OH� �\R�Y �GM��IR�Y B�S@B 	 R�F^JX]OHKW3R�Y

R�bdcGTWJ@bdQ�Z\VWBlT[RKbdD�oMbdV[QSNGbdHKbdrERK}mcSJ/WPbdcSJ@cGTWRhHKRKFXJ�cSD£Z/HhZ/oMJ/D^TCF�TWV[cGL\TWcGVWBED^T�WPbEc
S
]SZ?yPDSR6QPBEV

FXbdDIL/J\D^TWV[J�J?T QPBlVaF[bED3]Sbdo8BERKDSJ�L\cS�SRK}mcSJ�]SJ�HxBlV[rdJ\cSV
γ
_�o8BERKF6BEcSFXF[R�_�L/bEo8oMJ�T[bdcGTaF[bdcSF z J\DSF[J\oI�SHKJ

WPbEc	_�QPBEVMFWB ��bEDSL\T[RKbdD"]	� BlQSQPBEV�TWJ/DSBEDSL/JwBEQSQnJ/HhZ/J�RKL/R���bdDGL\TWRhbdD�FXTWVXcSL\T[cSVWBlDmT[J J\T8DSbET[Z/J
ν
t �~DSJ

bdQnZ/V[BlTWRhbdDsoMbdV[QSNGbdHKbdrERK}mcSJ�WPbEcSJ�J/D^TWVXJ<HKB���bEDSL\T[RKbdD�]	��BEQSQPBlVXTWJ\DPBEDSL\J<]GJ�H���J\DSF[J\oI�SHhJ � BEDSBEHh��F[J\V>J\T
HKBp��bdDSL?TWRhbdDIFXT[V[cSL?TWcSV[BED^TWJ

ν
]SJ�H���Z/HKZ\o8J\D^T FXT[V[cSL?TWcSV[BED^T�L/bdDGF[RKF�TWJ � L\J/D^TWVXJ/V H���Z\HKZ/oMJ/D^TaFXTWVXcSL\T[cSVWBlDmT

J\D LONSBE}mcSJ-Q�bdRhD^T
Xl

J?T�]SJ3V[Z/BEHKRhF[J/VucSDSJ3bdQnZ/V[BlTWRhbdD BEc£F[J\RKD ]Sc ]Sbdo8BERhDSJ
Dγ(Xl)

]GJMH���J\F[QPBlL/J
L\bdcSHKJ\cSV�L/J\D^TWV[ZvJ/D

Xl

]GZ/HKRho8RUTWZ~QPBEV�H���Z/HhZ/oMJ/D^T�FXT[V[cSL?TWcSV[BED^T
S
t

�~bEcSF�LONSbERKF[RhF[FXbdDSFM]SJwQSVXJ/DS]GV[JwcGDSJ{elBEHhJ/cSV-]SJ
γ
RKoMQPBERhV[JgQnbdcSVM]SJ/F8VWBERhF[bdDSFM]SJ�FX��oMZ\TWVXRKJ

]Scw]Sbdo8BERKDSJ�L\cS�SRK}mcSJ@BEcGT[bdcSVu]Gc Q�bERKD^TuL\J/D^TWV[BEH�t�G>B�]SZ?yPDSRUTWRKbED{]SJqHxB-��bdDSL\T[RKbdD{FXT[V[cSL?TWcSV[BED^TWJ
νBEFXF[b�L/RhZ/J � H���Z\HKZ/oMJ/D^T�FXT[V[cSL?TWcSV[BED^T�WPbEc@]SZ\Q�J\DS]I]ScIQGV[bd�SHQP/oMJ � VXZ/F[bEcS]SV[Jlt�- HhHKJ�J/F�T ]SbdDGL���bdDGL\TWRhbdD

]SJ\F�L`BEV[BEL\T[Z/V[RhFXT[RK}mcSJ/F�}mcSJvDSbdcSF�eEbdcSHKbEDSF�J?k�TWV[BERKVXJ�]Sc{FXbdcSF z J/DGF[J/o@�SHKJ/WPbdc � BEDPBEHU��F[J/V\t
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G>J\Fg��bdDSL\T[RKbdDGFgFXTWVXcSL\T[cSVWBlDmT[J/F�HKJ\FgQSHKcSFgcGF[cSJ\HKHKJ\F:F[bdD^T�HKJ\FY��bdDSL\T[RKbdDGFg]SJ T ��Q�J �SRKDSBERKVXJ���yjz
rdcSVXJ 9jt 8S��B �[� _>T[VWBEQnZ/�\b�� ]SBEHKJ{��ySrdcSV[J!9jt 8S��� �[� bdc J/DGL/bdVXJ�N^��Q�J\V[�nbdHKRh}�cGJ � yPrdcSVXJ�9jt 8S��L �[� t��CcPBlDS]DSbdcSF�L\J/D^TWVXbdDSF�H���Z/HhZ/oMJ/D^T�F�TWV[cGL\TWcGVWBED^TpJ/D:cSD:QnbdRKD^T

Xl

]SJsH���J/FXQPBEL/JsL\bdcSHhJ/cSV\_SH���BEoMQSHKRUTWcS]SJp]SJsHKB
��bdDSL?TWRKbED�FXT[V[cSL?TWcSV[BED^TWJs]SZ\Q�J\DS]:]SJuHKB@]SRhFXTOBlDSL/JC]GcYQ�bERKD^T�L\bdDSF[Rh]SZ/VXZ

Xl

� F[J\F�Q�bERKD^TWF�edbdRhF[RKDGF
Y
_

DSbET[Z/J
(Y − Xl)

t

1.0

 
0.0

0.4

0.6

0.8

0.2

0

(Y − Xl)

ν(Y − Xl)

γ−1
2
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Xl

1.0

 
0.0

0.4

0.6

0.8

0.2

0

(Y − Xl)

ν(Y − Xl)

γ−1
2
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Xl

1.0

 
0.0

0.4

0.6

0.8

0.2

0

(Y − Xl)

ν(Y − Xl)

γ−1
2

� ��� �:+-# ��$*),+-# ! $*�*1 ��$*1��'&(#%$ �
2 � � ����	 +-?>)��%1:� �"��#%$*� �"����# 1�#
� +-)># $

Xl


�� �� � ��� ���:+-# ��$*),+-#:!�!*$*�*1 ��$*1��'&(#%$ �"! �"+-1��'&(6768��#%$�1�$*)>?>),! �"�"! B

	�
��
 	�
�� � �
	 � ��� � ��� � ��� � ��� � 
 	 � � ��� � �� � 
 � ��� ��� � � � � � � � 	 � 	 � � ��� $ ��� � �

¡jbdRhTIcSD"FXbdcSF z J/DGF[J/o@�SHKJ�WPbdc
A
]SJ
χ
]SZ\ySDSR�QPBEV3F[B£��bEDSL\T[RKbdD%]	��BEQSQPBlVXTWJ\DPBEDSL\J

µA

J?TMcSD
Z/HhZ/oMJ/D^T�FXT[V[cSL?TWcSV[BED^T WSbdc DSbETWZ

S
]GZ\yPDSR FXcSV�cSD ]Sbdo8BERKDSJqL/cS�GRK}mcSJ

Dγ

J?T�L`BEV[BEL\T[Z/V[RhF[Z-QPBEVsF[B
��bdDSL?TWRKbEDgFXTWVXcSL\T[cSVWBlDmT[J

ν
t�G���Z/VXbdFXRKbdD�WPbdcGJv]GJ

µA

DSbET[Z/J
ES

[
µA

] J\FXTp]SZ\ySDSRKJ�QPBEV/Z

∀ Xl ∈ χ, ES

[
µA(Xl)

]
= inf

Y∈Dγ(Xl)
TCN [µA(Y), CP (ν(Y − Xl))] ,

�>9�t #_8 �
bd¢

Dγ(Xl)
]SZ/FXRKrdDSJwHKJw]Gbdo�BlRKDSJ{L/cS�SRh}mcSJ ]	��bd�SFXJ/VXelBlT[RKbdD ]GJ H���J/FXQPBEL/JwL/bdcSHhJ/cSV�]SJ HxBlV[rdJ\cSV

γ]SZ/HhRKoMRhT[ZIQPBEVqH���Z/HKZ\o8J\D^TqF�TWVXcSL\T[cSVWBED^T
S
L/J\D^TWV[Z�J/D

Xl

_>J\T@bd¢
CP

]SZ/FXRKrdDSJMcSD bEQ�Z\VWBlT[J/cSV WPbdc
]SJ L\bdo8QGHKZ/oMJ/D^TWBlTWRhbdD	t G���bdQnZ/V[BlTWJ\cSVY]SJ£L\bdo8QGHKZ/oMJ/D^TWBlTWRhbdD']	��cSD F[bEcSF�z J/DSFXJ/oI�SHhJXWPbdc HhJ QSHKcGF
L/bdcGVWBEoMo8J\D^T�cGTWRhHKRhF[ZCJ\FXTp]SZ\ySDSR>QPBEV C I	BE] %:8"N Z

CP
(
ν(Y − Xl)

)
= 1 − ν(Y − Xl).

�>9jt`#.% �
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AuJ���B��/bdD@RK]SJ\DmT[RK}mcSJl_lHKBp]SRhHxBlTWBlTWRhbdD/WPbdcSJ<]SJ
µA

QPBEV�H���Z/HKZ\o8J\D^TaF�TWV[cGL\TWcGVWBED^T�WSbdc
S
J\FXTa]SZ\yPDGRKJ

QPBlV/Z
∀ Xl ∈ χ, DS

[
µA(Xl)

]
= sup

Y∈Dγ(Xl)

TN [µA(Y), ν(Y − Xl)] .
� 9jt #.6 �

� bdoMo8JwH���Z/V[bEF[RKbED�J\T:HKB ]SRKHKBlTOBlT[RKbdD WPbdcSJ\FgF/��J?kjQSVXRKoMJ/D^T�J/D ��bdDSL?TWRKbED ]SJ TXz DSbdV[oMJ/FgJ?T:]SJ
T�z L/bEDSbdV[oMJ/F\_GTWbEcGTWJ�cGT[RKHKRhFWBlT[RKbdD8]	��cSDSJ�TXz DGbdV[oMJsJ\Tp]SJ�FWB3TXz L/bdDGbdV[oMJs]ScPBEHhJCyPrdcSV[BED^Tp]PBEDSFpHKJCTWB�z
�SHhJ`BEc 9�t # ]SbEDSDSJ�DPBERhF[FWBlDSL/J � ]SJ\F>bdQ�Z\VWBlT[RKbdDGF	]	��Z/V[bEF[RKbEDsJ\T>]SJ ]SRhHxBlTWBlTWRhbdDiWSbdcSJ/F�]GRKFXT[RKDSL?TWJ\F C E�)�J:8EBON�t
� t E�HhbjLON�B ]SV[J\F[FXZwcSD�V[Z\L`BEQSRUTWcSHKBlTWRU�p]SJgTWbdcGT[J/FMHKJ\FM]GZ\yPDSRUTWRhbdDSF3J?kjRhFXTOBlDmT[J/FMJ\TMJ?kjQSHhRKL\RhTWZl_ QnbdcSV
LONPBlL/cSDSJ{]SJ�L/J/F8]SZ\ySDSRhT[RKbdDSF\_ HKJ\FM]GRhi�Z/V[J\D^TWJ/F8QSV[bEQSV[RhZ\TWZ\F8o8BlT[NSZ/o8BlTWRh}mcSJ/F3J?T�oMbdV[QGNSbdHKbErdRK}mcSJ\F
eEZ/V[RUyPZ/J\F�bdc DSbdD QPBEVsHhJ/FsbdQnZ/V[BlTWRhbdDSFC]	��Z/VXbdF[RhbdDSFsJ?T�]SJ-]SRKHKBlTOBlT[RKbdDGF WPbEcSJ/FvBEFXF[b�L/RKZ\J/F\t>ACBEDSF�cSD
J\F[QPBEL\J�DSbdD-o�BlRKHKHhZE_l¡�t#R�cSVXQSRKDjz AuNSRhHKHh�vBsoMbdD^TWVXZ�}�cGJ�HxBuTXz DSbdVXo8J�J?T�HxBuT�z L/bEDSbdoMJ�]SZ\ySDSRKJ\F QPBEV G t
I	BE]GJ/NwFXbdD^TC�SRhJ/D£Bl]PBEQGT[Z/J/F � HxB-]SZ?TWJ/L?TWRhbdD ]SJ\FuoMbj]SJ\F C R�A
���MN�t � ��J\FXTCHKB8V[BERKFXbdDwQnbdcSVpHxBE}mcSJ\HKHhJ
DSbEcSF�cGTWRhHKRKFXbdDSF�HKB@TXz DSbdV[oMJ

TN1

J\TpHKB@TXz L\bdDSbdVXo8J
TCN1

]ScgTOBE�GHKJ`Blc 9�t #dt
�~bEcSF>Q�bdcjedbdDSF6BEHhbdV[F�J�kGQGV[RKoMJ/V�H���Z\V[bdFXRKbdD/WPbEcSJ�J\T�HxB�]SRhHxBlTWBlTWRhbdDiWPbEcSJ�BlQSQSHKRh}mcSZ/J � HxB���bdDGL\TWRhbdD

]	��BEQSQSBEVXT[J/DPBEDGL/J � cSD�o8b�]SJ
µM

_>DSbETWZ\J/FvV[J\F[QnJ/L\T[RheEJ/oMJ/D^T
ES

[
µM

] J\T
DS

[
µM

] _�]GJ8HKBg��B �/bdD
FXcSRhelBED^TWJ Z

∀ Xl ∈ χ, ES

[
µM(Xl)

]
= inf

Y∈Dγ(Xl)
max [µM(Y), 1 − ν(Y − Xl)] ,

� 9jt # V �
∀ Xl ∈ χ, DS

[
µM(Xl)

]
= sup

Y∈Dγ(Xl)

min [µM(Y), ν(Y − Xl)] .
� 9jt # J �

�~bEcSFgDSbdcSFgQGV[bdQnbdF[bEDSFY]	��RKHhHKcSF�TWV[J\V�HhJ/FYJ?i�J?TWF:]SJ L\J/F:bdQnZ/VWB�TWRKbEDSF�]	��Z/VXbdF[RhbdD J\T:]GJ£]SRKHKBlTOB�z
T[RKbdD WPbdcSJ\FYJ/D L\bdDSF[Rh]SZ/V[BED^T

µM

_�HKB ��bdDSL?TWRhbdD']	��BEQSQSBEVXT[J/DPBEDGL/J � cGD o8b�]SJ�V[J/QGV[Z/FXJ/D^TWZ\J QPBEV
HKB�yPrdcGV[J�9jt5%Gt � J\T[T[JY��bdDSL?TWRKbED(J/F�T-bd�GT[J/DmcSJ:BEQSV P/FIHKBwQSNPBlF[Jg]SJ���cG�/�/RUyPL`B�TWRKbED ]SZ/L\V[RUTWJYBlc�LONPB�z
QSRUTWVXJ 9jt LGt LYB`edJ\LIHKJ\F~elBEHKJ\cSV[F~F[cSRUelBED^TWJ/F Z

λ = 7
J?T
a = 0.2

t�G>BMyPrEcSV[J 9�t 6-RKHKHhcSFXT[V[J�HxB-��bdDSL?TWRKbED
F�TWV[cGL\TWcGVWBED^TWJ

ν
cjTWRKHhRKFXZ/JM}�cGR�J\FXT3]SJ8T �jQnJY�SRhDPBERhV[J�Z\r^BEHhJ � #YQnbdcSVvTWbdcGFIHKJ\F@QnbdRKD^TWFvedbdRhF[RhDSF

YRhDSL/HhcSF�]PBEDSF�HhJs]Sbdo8BERKDSJuL/cS�SRh}mcSJ�]	��bE�SF[J\VXelBlTWRhbdD
Dγ(Xl)

_
γ
Z\TWBED^T�yGkjZqZ\r^BEH � 6jt

A@��BEQSV P/FYH���Z\}�cSBlTWRhbdD 9�t #"Vj_�H���bEQ�Z\VWBlT[RKbdD%]	��Z/VXbdF[RhbdD WPbEcSJ B`edJ\L cSD'T[J/HpZ/HhZ/oMJ/D^T�F�TWVXcSL\T[cSVWBED^T
VXJ\e�RKJ\DmT � B�i�J\L\TWJ\V �

ES

[
µM(Xl)

] HKJ�QSHhcSF6�SBEFa]SJ\Fa]SJ\rdV[Z\Fa]	��BEQSQSBEVXT[J/DPBEDGL/J�]SJ\FaQnbdRKD^T[F�eEbdRKFXRKDSF
YFXJ�F[RhT[cPBED^T ]PBlDSF

Dγ(Xl)
t � DmeEJ/VXF[J/oMJ/D^T/_�H���bEQ�Z\VWBlT[J/cSV ]GJ�]SRKHKBlTOBlT[RKbdD WPbdcSJ�B�i�J\L\TWJ �

DS

[
µM(Xl)

]

HhJs]SJ/rdVXZ�]	� BlQSQPBEV�TWJ/DSBEDSL/J�HhJsQSHKcSF�Z\HKJ\eEZ�QPBEV[oMR	L\J/cjk�]SJ\F�edbdRhF[RKDGFp]GJ
Xl

t
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Xl

µM(Xl)
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G�BIyPrEcSV[J�9jt VMRhHKHhcSFXT[V[JCHhJ/F�V[Z\F[cSHUTOBlT[F�]SJ�L/J/FpbdQnZ/V[BlTWRhbdDSF�oMbdV[QSNGbdHKbdrERK}mcSJ/F WPbdcSJ\F/tn�~bdcGFpQnbdcjz
edbdDGFsL/bdDSF�TOBlT[J/VCFXcSVCHKB8yPrdcSVXJ 9jt VP��B � }mcSJ3H���bdQnZ/V[BlTWRhbdDw]	��Z/VXbdF[RhbdDXWPbdcGJIZ/HKBEV[rdRUTuHhJ/FpeEBlHKHKZ\J/F\_�QnJ/V z
o8J?T[TWBED^TIBERhDSF[R cGDSJ�oMJ/RhHKHKJ\cSV[J3FXZ/QPBlVWBlT[RKbdD�]SJ/Fqo8b�]SJ/F\ta�pZ`BEDGo8bdRhDSF/_�L\J\TXTWJ�bEQ�Z\VWBlT[RKbdD ]SRKoMRKDmcSJ
Z/r^BlHKJ/oMJ/D^T�HhJC]SJ\rdV[Zs]	��BEQSQSBEVXT[J/DPBEDGL/J�]SJ/F�QnbdRKD^T[F�F[RUTWcSZ\Fp]SBEDSF�HKJ\F�o8b�]SJ\F/_GQnbdcGelBED^T�HhRKoMRhTWJ\V<HhJ/cSV
]SZ\T[J/L?TWRKbED	t��pbdcSFYQSBEV[HhbdDSF�]SBEDSF�L\J L`BlFY]	��BE�PBERhF[F[J\VYHKJ\F�oMbj]GJ/F/t ¤ H���RhDmeEJ/VXF[JE_<HxB yPrdcSVXJ 9jt VP��� �o8bEDmT[V[Js}mcSJqH���bdQ�Z\VWBlT[RKbdDg]GJv]GRKHxB�TOBlT[RKbdD%WSbdcSJvZ/HxBlV[rdRUT�HKJ\FpoMb�]SJ/F\_Po�BERhF�V[J\NPBEcSFXF[J@Z\r^BEHhJ/oMJ/D^T�HKJ\F
elBEHKHhZ/J/F\t � J/F8]SJ/VXDSR P\V[J/F8F[bdD^T�]SbdDSL�V[Z?TWV[Z\L/RhJ/F/_�L/J{}mcSR~VXRKFX}�cGJ{]SJ���BERKVXJg��cSF[RhbdDSDSJ\V8]SJ\cjk"o8b�]SJ\F
]SRKF�TWRhDSL\T[F�o�BERhF�QSVXbjLONSJ\F~]SBEDSF�H���J/FXQPBEL/J�L\bdcSHKJ\cSV/t
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� bdoMo8JvQnbdcSVpHxB-o8bdVXQSNSbdHhbdrdRhJso�BlT[NSZ/o8BlT[RK}mcSJ�L/HKBEF[FXRK}mcSJE_nH���Z/VXbdF[RhbdD�J\TCHKBM]GRKHxB�TOBlT[RKbdD WPbEcSJ/F
FXbdD^TaV[BEV[J\o8J\DmT�cGT[RKHhRKF[Z\J/F�]SJ�o8BEDSR P\V[J RhF[bdHhZ/JEt G>J\cSV[F6L/bdo@�SRKDPBlRKF[bEDSF�]SbdDSDGJ/D^TaZ\r^BEHhJ/oMJ/D^T�DPBERKFXFWBEDGL/J
� ]SJ\cjk{BEcGT[V[J/F�bdQnZ/V[BlTWRhbdDSF�oMbdVXQSNSbdHhbdrdRK}mcSJ\F�}mcSJvF[bdD^TpH���bdcGeEJ/VXT[cSV[J�J?T~HKB@��J/VXo8J?TWcSVXJ WSbdcSJ/F\t

G ��bEcGedJ\VXTWcGV[J WPbEcSJI]SJ
µM

QPBEV
S
_�DSbET[Z/J

OS

[
µM

] _�J\FXTsHKBM��bdDSL?TWRhbdDw]	��BEQSQSBEVXT[J/DPBEDGL/J3V[Z\F[cSH�z
TWBED^T<]���cSDGJuZ/VXbdF[RhbdD[WPbdcSJp]SJ

µM

FXcSRhe�RhJp]���cSDGJu]SRhHxBlTWBlTWRhbdD WPbdcGJu]SJpHxBC��bdDSL?TWRhbdD8]�� BEQGQPBEVXT[J/DPBlDSL/J
QSVXZ/L\Z/]SJ\o8oMJ/D^T<Z/V[b�]SZ\JEt2G�B�yPrdcSVXJG9�t J�o8bEDmT[V[Jp}mcSJuH���bdQnZ/V[BlTWRhbdD-]	��bdcGedJ\VXT[cSV[J~F[cSQSQGV[RKoMJpHKJ/F�RhV[V[Z�z
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rdcSHKBEV[RUTWZ/F6]SJ���BERh�SHKJ�BEo8QGHKRhT[cS]SJ�}mcSRSF[J�T[V[bdcGeEJ/D^T � HxBuQnZ/VXRKQSNGZ/V[RhJ�]SJ\F�oMb�]SJ/F\_EJ\T�}mcSRGF[bdD^T�]SZ?yPDSRKJ\F
F[cSV~]SJ/F~RKD^TWJ\VXelBEHhHKJ/Fp]SbdD^TuHxB-HxBEVXrdJ/cSVpJ/F�TCRhDG��Z/VXRKJ/cGV[J � L/J\HKHKJ�]Sc£]Gbdo�BlRKDSJ�]SJqH���Z/HKZ\o8J\D^TuF�TWV[cGL\TWc�z
VWBED^T�WSbdc

γ
t �aBEV-L\bdD^TWV[Jl_ DSbdcGFMQnbdcGeEbdDSF-Z/rdBEHKJ\o8J\DmTIbd�SF[J\VXeEJ/V-}mcSJ:HKJY]SJ\rdV[Z:]	��BEQSQSBEVXT[J/DPBEDGL/J

]SJ/F�Q�bdRhD^TWF�FXRhTWcGZ/F�]PBlDSF�HKJ\F�oMbj]SJ\F�J/F�T�]SRho8RhD�cGZ~FXR	HxBvHxBEVXrdJ/cSV<]SJCL\J/F�]SJ\V[DSRhJ/V[F�J\FXT�RhDG��Z/VXRKJ\cSV[JuBEc
]Sbdo8BERKDGJ

Dγ(Xl)
t

0.0

0.5

1.0

0 51 102 204 255153

Xl

µM(Xl)
OS

[
µM(Xl)

]
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µM

�
γ = 7

� B

¤ H���RKD^edJ\V[FXJE_GH���bEQ�Z\VWBlT[RKbdD8]SJu��J/VXo8J?TWcSVXJ WPbdcGJC]SJ
µM

QPBEV
S
_GDSblTWZ/J

FS

[
µM

] _GJ\FXT�HhJuVXZ/F[cGHhTOB�T
]	��cSDSJM]SRKHKBlTOBlT[RKbdDDWPbdcSJMF[cGRhe�RKJ-]	��cSDSJMZ/VXbdF[RhbdD WPbdcSJlt � J?T[T[J8bdQnZ/V[BlTWRhbdD Q�J\V[oMJ\T�]SJML/bEoI�SHKJ\VsHKJ\F
RKVXV[Z/rEcSHxBEVXRhT[Z/Fp]SZ\yPDGRKJ/F�FXcSVs]SJ/FsRhD^TWJ/V�elBEHKHhJ/FC]SbEDmT�HKB�HxBlV[rdJ\cSVCJ/F�T�RKDG��Z\V[RhJ/cSVXJ � L/J/HhHKJq]Sc ]Sbdo8BERKDSJ
]SJYH���Z\HKZ/oMJ/D^T@FXTWVXcSL\T[cSVWBlDmT/_ L/bEo8oMJYHKJ8o8bEDmT[V[JYHKB{yPrdcGV[J�9jt`# �Gta�aBEV@L/bdDSFXZ/}mcSJ\DmT/_�]SJ/cjk o8b�]SJ\F
]SRKF�TWRhDSL\T[Fao8BERKF�QSV[b�LONSJ\F Q�J\cGedJ\DmT ��cGF[RKbEDSDSJ/VaJ/D3cSD3FXJ/cSHSoMb�]SJ�QPBlVaH���BEQSQGHKRKL/BlTWRhbdD�]SJ�HxB���J/VXo8J?TWcSVXJ
WPbdcSJlt

� J/FpJ?kjJ/oMQSHKJ\F�o8bdD^T[V[J/D^Tp}mcSJvH���BEQSQSHhRKL`B�TWRKbED�]	��cSDSJ�bdcGeEJ/V�TWcSVXJqbdc�]	��cSDSJ���J/VXo8J?TWcSVXJqB`eEJ/LvcSD
Z/HhZ/oMJ/D^T�FXT[V[cSL?TWcSV[BED^T�]SJCT ��Q�Js�GRKDPBERhV[J~F[cSV�HKB@��bdDSL\T[RKbdD�]	� BlQSQPBEV�TWJ/DSBEDSL/J � cSD:oMbj]GJuDSJsQnJ/VXo8J?T
QPBEF�T[bdc��XbdcSVXF�]SJ�o8J?T[TWVXJsJ/D�Z\e�RK]GJ/DSL\JqHhJ/F�o8b�]SJ\F�J/D�QSV[Z\F[J/DGL/JEt
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�
γ = 7

� B

+-,�� ��5q1:; �\9���=?5@1
ACBEDGF L/J�LONPBEQGRhTWVXJE_EBEQSV P\F�B`edbdRhV RKD^TWVXbj]GcSRhT6HKJ\F bdQnZ/VWB�TWJ/cGV[F oMbdV[QSNGbdHKbdrERK}mcSJ/F��SRhDPBERKVXJ/F ]GJ��PBEFXJE_

DSbEcSFIB`edbEDSF3]SZ\ySDSR�HhJ8FXbdcSF�z J/DSFXJ/oI�GHKJ%WPbEc o8b�]SJ
M

L`BEV[BEL\T[Z/V[RhF[Z8QPBEV@F[B{��bdDSL?TWRhbdD(]	��BEQSQSBEVXT[J?z
DPBlDSL/J

µM

t � J\TXTWJ3��bdDSL?TWRhbdD£RKDS]GRK}mcSJI]PBlDSF�}�cGJ/HKHhJIoMJ/F[cGV[J-HKJ\FCQ�bERKD^TWFsFXbdD^T�F[cSFXL/J/QjTWRK�GHKJ/F�]	� �\T[V[J
L\bdDSF[Rh]SZ/VXZ/F6L/bdoMo8J�]SJ\F Q�bERKD^TWF�o8b�]PBEc�k�t � J\F Q�bERKD^TWF�o8b�]PBEc�kvL`BEV[BEL\T[Z/V[RhF[J\DmTaHKJ\FaoMbj]SJ\F6QGV[Z/FXJ/D^TWF
]PBlDSF�H���J/F[QSBEL/J�L/bEcSHKJ\cSV/_SL\bdV[VXJ/FXQ�bdDG]PBED^TCBlcjk:L/HKBEF[FXJ/F�]SJ�QSR�kGJ\HKF � ]SZ\T[J/L?TWJ/V\t

�6bEcSVCLONPBE}mcSJ3QnbdRhDmT
Xl

]SJIH���J\DSF[J\oI�SHKJq]SJ@VXZ\��Z\V[J/DGL/J
χ
_�cSDwT[J/FXTC]SJIL/bEDmeEJ?kjRhT[Z3J/F�TsJ\i�J/L?TWcSZ

BlySD ]SJ�]GZ\TWJ\V[oMRKDSJ\VqFXR�H���NSRhFXT[bdrdVWBlo8oMJIJ/F�T3HKb�L`BlHKJ/oMJ/D^TvL/bEDSL`B`edJgbEc(L/bEDmeEJ?kjJ:J/D L\J�QnbdRKD^T/t G>B
QSVXbdQnbdVXT[RKbdDM]SJuQnbdRhDmT[F<eEbdRKFXRKDSF<Q�bdcGV�HKJ\F[}mcSJ\HKF�H���NGRKFXT[bdrdV[BEo8oMJ�J/F�T�L/bEDSF[Rh]SZ/VXZuL/bEo8oMJ~HhbjL/BEHKJ\o8J\D^T
L\bdDSL`B`eEJ�Q�J\V[oMJ\T ]SJ�L/bdDSF�TWVXcSRKVXJ�HKbdVXFa]SJ�HKB~QSNSBEF[J�]SJ���cG�/�/RUyPL`B�TWRKbEDIcSDSJ���bEDSL\T[RKbdDI]�� BEQGQPBEVXT[J/DPBlDSL/J
� cSD�o8b�]SJsRhDS]SRK}mcPBlDmT�HKJs]SJ\rdV[Z�]SJvL/bdDjy|BEDSL\Jv]SBEDSF�H���Z\eMP/DSJ\o8J\DmT Z

Xl \']_^K`2a%bSc�d6aS^ e%c	f1gMh t� J/QnJ/DG]PBED^T`_ L\J\T[T[Jg��bdDSL\T[RKbdD(]	� BlQSQPBEV�TWJ/DSBEDSL/J � cSD%oMbj]GJYDSJgL/bEV[V[J\F[QnbdDS]%QPBEFIT[bdc��XbdcGV[F �
HKB(FXT[V[cSL?TWcSVXJ£o8b�]PBEHhJ{]SJ£H���J\DSF[J\oI�SHhJ

χ
t�A~J/FgRKVXV[Z\rdcSHxBlV[RhT[Z/FMQ�J\cGedJ\D^T{L\bdDS]ScGRKV[J � HxB(oMRKFXJ J/D

Z?ejRh]SJ/DGL/J�]SJ�o8b�]SJ\F�DSbdD:F[RhrdDSRhySL`BlT[Rh��F/tG�6bdcGVpF\��J\DwB�i�V[BEDSLONSRhV/_SDSbEcSF�QSV[bdQnbdFXbdDSF�]	��BEQSQSHhRK}mcSJ\V�]SJ/F
T[VWBEDSF���bdV[o8BlT[RKbdDSF<o8bEV[QSNSbEHKbdrdRh}mcSJ/FKWPbdcSJ\F � HKBq��bdDSL?TWRKbEDg]	� BlQSQPBEV�TWJ/DSBEDSL/J � cSD�o8b�]SJ

µM

RKF[FXcSJ
]SJpHxBvQSNPBEFXJu]SJ���cS�\�/RhySL`BlT[RKbdD	t � ��J/F�T�QnbdcSV[}mcSbER�DSbEcSF�B`edbEDSF�]SZ?yPDSRn]PBEDSF<HxB�F[J\L/bdDS]GJCQPBEV�TWRKJp]SJpL/J
LONPBlQSRhT[V[J HKJ\F>bdQ�Z\VWBlT[J/cSVXF>o8bdVXQSNSbdHhbdrdRh}�cGJ/F�WPbEcSF>Z/HKZ\o8J\D^TOBERhV[J/F�}mcSJ�F[bEDmT�H���Z\V[bdFXRKbdDsJ?T6HKB�]SRKHKBlTOB�TWRKbED
WPbEcSJ/F\t
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�~bdcSF�B`edbEDSF{J\DSF[cGRhTWJ BEQGQSHKRh}�cGZ£L/J/F:bdQnZ/V[BlTWRhbdDSFgFXcSV:cSDSJ£��bdDSL?TWRKbED ]�� BEQGQPBEVXT[J/DPBlDSL/J � cSD
o8b�]SJlt6��bdcSVqL/J/HKBG_>DSbdcSF@B`edbdDSF@LONSbdRKFXR<cGD Z/HhZ/oMJ/D^TIF�TWV[cGL\TWcGVWBED^TIFXRKoMQSHKJM]SJMT �jQnJ��GRKDPBERhV[Jlt � J\F
J?kjJ/oMQSHhJ/FCbdD^T�oMbdD^TWVXZI}mcSJ3H���bdQnZ/VWB�TWRKbEDw]	��Z/VXbdF[RhbdD WPbdcSJIZ\HxBEVXrdRhTuHKJ\FuelBEHKHhZ/J/F\_�L\J3}mcSR Q�J\V[oMJ\Ts]GJ
o8RhJ/cjk£]SRKF�TWRKDGrdcSJ/VvHKJ\Fq]GRhi�Z/V[J\D^TWF@oMb�]SJ/F\_>T[bdcGTqJ/D ]GRKoMRKDmcPBED^TvHKJ\Fq]SJ\rdV[Z\FI]	��BEQSQPBlVXTWJ\DPBEDSL\J�]SJ\F
Q�bERKD^TWF�F[RUTWcSZ\F<]PBlDSF�HhJ/F�oMb�]SJ/F\tj�6BEV<BERKHhHKJ/cGV[F/_^H���bEQ�Z\VWBlT[RKbdD-]SJ~]SRKHKBlTOBlT[RKbdD�WSbdcSJuZ\HxBEVXrdRhT�HhJ/F�o8b�]SJ\F
o�BlRKF�VXJ/NPBEcGF[F[JvHKJ\F�elBEHKHhZ/J/F\t

¤ yPD£]SJqDSJIL\bdDSF[J\VXeEJ/Vs}mcSJIHhJ/FCB`elBED^TOBlrdJ/FC]GJIL/J\FC]SJ/c�k bdQnZ/V[BlTWRhbdDSF~o8bdVXQSNSbdHhbdrdRh}�cGJ/F$WPbdcSJ\F
Q�bEcSV�HxB�]SZ\T[J/L\T[RKbdD�]SJ/F<o8b�]SJ/F\_mRKHPDSbdcGF�F[J\oI�SHhJ~Rho8QnbdVXTWBED^T�]	��Z\TWJ\DS]SVXJuH���J\i�J\T<]SJ~HxB�]SRKHKBlTOBlT[RKbdD3J\D
cSD�QnbdRhDmT�QSVXbjLONGJu]	��cSDYoMbj]GJ~J?T�]SJ~V[J\FXTWVXJ/RhDS]SV[J~H���J\i�J\T�]SJ~H���Z/V[bEF[RKbED8J\DYL/J~Q�bdRhD^T<QnbdcSV�QSVXZ/F[J\VXeEJ/V
HKJ8o8b�]SJEt ¤ c%L\bdD^TWVWBlRKV[Jl_aFXR�cSD%QnbdRKD^TIJ\FXT-FXRhTWcGZY]PBEDSF@cSDSJYelBEHKHhZ/Jl_6FXbdD�]SJ/rEV[Zg]	��BEQSQPBlVXTWJ\DPBEDSL\J
]SbdRUT �\TWVXJ8VXZ/]ScGRhTvQPBEV�H���bdQnZ/V[BlTWRhbdD ]	��Z\V[bdFXRKbdD<WPbdcGJ8J?T@DSJMQPBEF �?TWV[J8BEL\L/J/D^T[cSZYQPBEV�HKB:]GRKHxB�TOBlT[RKbdD
WPbdcSJltm�aBEV�L\bdDSF[Z\}mcSJ/D^T`_jRKHSFXJ/V[BERhT�RKD^T[Z/V[J\F[F[BED^T�]	��Z/VXbj]GJ/V�bdcM]SJ�]SRKHKBlTWJ\V QSHKcSF�bdcMoMbdRKDSFaHxBC��bdDSL?TWRKbED
]	��BEQSQPBEV�TWJ\DPBEDSL\J � cSD@oMb�]SJ

µM

F[J/HhbdDvHxB�HKb�L`BEHhRKF[BlTWRhbdDu]SJ�LONPBE}mcSJ<Q�bERKD^T�L/bdDSFXRK]SZ\V[Z�]PBEDSF>H���J\F[QPBEL\J
L/bdcGHKJ/cGV/t � J?T[TWJvDSbET[RKbdD:]SJ�HhbjL/BEHKRhFWBlT[RKbdD8Q�J\cGT �\TWVXJqRhD^TWV[b�]ScSRUTWJC]SBEDSF�HxB3]SZ?yPDSRhT[RKbdD:]SJ\Fp��bEDSL\T[RKbdDSF
FXT[V[cSL?TWcSV[BED^TWJ/F�L`BlVWBEL?TWZ/VXRKF[BED^TwHhJ/FgZ/HhZ/oMJ/D^TWF�FXT[V[cSL?TWcSV[BED^TWF>WPbdcSF\_�cGTWRhHKRKFXZ/FgHhbdV[Fg]SJ\F{bEQ�Z\VWBlT[RKbdDSF
o8bEV[QSNSbEHKbdrdRh}mcSJ/F$WPbdcGJ/F/t � J/QnJ/DS]PBlDmT/_	HKJ\F~��bdDGL\TWRhbdDSF~FXTWVXcSL\T[cSVWBlDmT[J/FvBEFXF[b�L/RKZ\J/F � L/J/FsbEQ�Z\VWBlT[RKbdDSF
o8bEV[QSNSbEHKbdrdRh}mcSJ/F�WPbdcSJ\F�]GZ/QnJ/DS]SJ\D^T�]	��cSDSJ�]SRhFXTWBEDSL/J�FXZ/QPBEV[BED^T�HKJ�QnbdRKD^T

Xl

]SJ/F�QnbdRKD^TWF eEbdRKFXRKDSF
YRKDSL\HKcSF�]PBEDSF�HKJu]Sbdo8BERKDSJu]	��bE�SF[J\VXelBlTWRhbdD

Dγ(Xl)
]SZ\HKRho8RUTOBED^T�H���Z\HKZ\o8J\DmT�FXTWVXcSL\T[cSVWBlDmT-WPbEc�L\J/D^TWVXZ

J/D
Xl

t
�~bdcSF<BEHhHKbdDSF ]GbdDSLuo8BERhDmT[J/DPBlDmT�eEbdRKV�L/bEo8oMJ/D^T<]SZ\yPDGRKV�]SJuDGbdcGedJ/BEcjk8bdQnZ/V[BlTWJ\cSV[F<o8bdVXQSNSbdHhblz

rdRK}mcSJ\F3WPbdcSF cjTWRKHhRKF[BED^T ]SJ\F�Z\HKZ\o8J\DmT[F FXT[V[cSL?TWcSV[BED^TWF WPbdcSF�FXQ�Z\L/RhyS}�cGJ/oMJ/D^T<BE]PBEQGT[Z/F � H���J?k�T[VWBEL?TWRKbED
]SJ/F�oMbj]GJ/F/t
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ACBEDGF6HhJ�LONSBEQSRhT[V[J�QSVXZ/L/Z\]SJ/D^T/_EDSbdcGF6B`eEbdDSFa]GZ\yPDSRmHhJ�FXbdcSF z J/DGF[J/o@�SHKJ WPbdcvo8b�]SJ
M

L/BEVWBlL\TWZ\V[RhF[Z
QPBlVsFWB���bEDSL\T[RKbdD£]	��BEQSQSBEVXT[J/DPBEDGL/J

µM

}�cGR�Z?elBEHKcSJ3HhJ-]SJ/rdVXZ-]	� BlQSQPBEV�TWJ/DSBEDSL/JM]SJMLONPBE}mcSJMQ�bERKD^T
Xl

]SJMH���J/FXQPBEL\J�]SJ8V[Z\��Z\V[J\DSL/J
χ
� cSD(o8b�]SJEt G ��J?k�TWV[BEL\T[RKbdD�]SJ/F@Q�bdRhD^TWFvo8b�]PBEcjk�_�L/BEVWBlL\TWZ\V[RhF[Z/F

QPBlV�cSD{]GJ/rdVXZv]�� BEQGQPBEVXT[J/DPBlDSL/J � cSD{oMb�]SJsZ/HhJ\edZ�QnJ/VXo8J?T[TWV[B3]SJ�]SZ\T[J/L\T[J/VpHKJ\F�o8b�]SJ/F\t
ACBEDGFMHKB HKRUT[TWZ\VWBlT[cSV[Jl_a]SJ:DSbEoI�SV[J\cSF[J\FMT[J/LONSDGRK}mcSJ/FM]SJ:]SZ?TWJ/L?TWRhbdD"]GJ/F-o8b�]SJ\F3F[bdD^T-��bdDS]SZ\J/F

FXcSV-H���BEQSQSHhRKL`B�TWRKbED ]SJgTWV[BEDSFX��bEV[o8BlTWRhbdDSFIoMbdV[QGNSbdHKbErdRK}mcSJ\F3L/bdoI�GRKDPBED^T-]SJ\F8bEQ�Z\VWBlT[RKbdDSF3]GJ��SBEF[J
T[J/HKHhJ/F�}mcSJ@H���Z\V[bdFXRKbdD:J?TuHKBM]SRhHxBlTWBlTWRhbdD<C R�A
���ON�t � bdo8oMJ�DSbdcSF~LONSJ/VXLONSbdDSF � Rh]SJ/D^TWRUyPJ/VpHKJ\F~QnbdRhDmT[F
oMbj]SBEcjk�_GDSbEcSFpBEHKHhbdDSF�]GZ\yPDSRhV�]SJ/F�T[VWBEDSF���bdV[o8BlT[RKbdDSF<o8bEV[QSNSbEHKbdrdRh}mcSJ/FKWPbdcSJ\Fp]Gc�FXbdcSF z J/DGF[J/o@�SHKJ
WPbEc

M
L\bdoI�SRhDPBED^T3HhJ/F3bdQnZ/V[BlTWRhbdDSF@]���Z\V[bdFXRKbdD%J\TI]SJg]SRKHKBlTOB�TWRKbED WPbdcGJ/F-BlyPD%]SJY��BlL/RKHhRhT[J/VvH���J?kmz

T[VWBEL?TWRKbEDg]SJqL\J/FpQ�bERKD^TWF�oMbj]SBEcjk�t�G ��RhDmT[Z/V �\T�]SJvL/J\F~bdQnZ/V[BlTWRhbdDSF�QSVXbfejRhJ/D^Tp]SJvH���J\i�J\T�]SJ�H���Z/VXbdF[RhbdD
}mcSR�B3TWJ/DG]PBEDSL\J � Z\HxBEVXrdRKV�HKJ/F�elBEHhHKZ/J\F/_STWBEDS]SRhF~}mcSJvHxB-]SRKHKBlTOB�TWRKbEDYZ\T[J/DS]{HKJ/Fp�/bEDSJ/F~o8b�]PBEHhJ/F/t � J?z
QnJ/DS]SBED^T`_�L/J/F�bdQ�Z\VWBlT[RKbdDGF�oMbdVXQSNSbdHhbdrdRK}mcSJ\F�bdD^T�Z\r^BEHKJ\o8J\D^T�]SJ\F�J\i�J\T[F�DSZ?��BEFXT[J/F�FXcSV�HKBv]GZ\TWJ\L\T[RKbdD
]SJ\Fso8b�]SJ\F/t�- D J\i�J\T/_	HxB�]GRKHxB�TOBlT[RKbdDwB�TWJ/DG]PBEDSL\J � VXJ/NPBlcSF[FXJ/V�HKJ\FCeEBlHKHKZ\J/FuTWBEDS]SRhFC}mcSJ3H���Z/VXbdF[RhbdD
B-TWJ/DG]PBEDSL\J � ]SRho8RhDmcSJ/V�HKJv]SJ\rdV[Zq]	� BlQSQPBEV�TWJ/DSBEDSL/J@]SJ/FCQnbdRhDmT[F~FXRhT[cSZ/F~]PBEDSF~HKJ/FpoMbj]SJ\F/t � H6DGbdcSF
��BEcjT�]SbdDSL3LONSJ\V[LONSJ\V � �nZ/DSZ?yPL/RhJ/V�]SJ-H���RKD^TWZ\V �?Ts]SJ-L/J\FqbdQnZ/V[BlTWRhbdDSFuT[bdcGT�J\D�F\� Bli�VWBlDSLONSRKFXFWBED^Tq]SJ
HhJ/cSVXF�RKDSL\bdD^edZ/DGRKJ/D^T[F~QnbdcSV�HKB-]GZ\TWJ\L\T[RKbdD:]SJ\F~oMbj]GJ/F/t

- DwFXJ@V[Z?��Z/V[BED^TsBEcjk�]GZ\yPDSRUTWRhbdDSF�]SJ@H���Z\V[bdFXRKbdD:J?Tu]SJqHxB-]SRKHKBlTOB�TWRKbED%WPbdcSJ\FuQSVXbdQnbdF[Z\J/Fu]SBEDSFuHhJ
LONPBlQSRhT[V[J�QGV[Z/L\Z/]SJ\D^T`_ L\J/FIbdQnZ/V[BlTWRhbdDSF�oMbdV[QSNGbdHKbdrERK}mcSJ/F���bdD^TqRKD^TWJ\VXedJ\DSRKVqcSDSJ���bEDSL\T[RKbdD�FXTWVXcSL\T[cjz
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VWBED^T[J
ν
L`BEV[BEL\T[Z/VXRKFWBlDmTpcSD�Z/HhZ/oMJ/D^TpFXT[V[cSL?TWcSV[BED^TiWSbdcwL\cS�SRK}mcSJ

S
t � J\T[T[Jq��bdDGL\TWRhbdD:FXT[V[cSL?TWcSV[BED^TWJ

DSJu]GZ/QnJ/DS]gDSRn]SJ~HxBv��bEDSL\T[RKbdD8]	� BlQSQPBEV�TWJ/DSBEDSL/JuL/bdDSFXRK]SZ\V[Z\JE_GDGR�]SJ~HxBvHKb�L`BEHhRKFWB�TWRKbED3]SJ/F�QnbdRhDmT[F�e�RhF
� ejRhF�]SJ/FpoMbj]SJ\F/t

�6bdcSV�Z/V[b�]SJ\V�J\T�]GRKHxB�TWJ/V�QSHhcSF�bdcgoMbdRKDGF<HKBq��bdDSL?TWRKbEDY]	��BEQSQPBEV�TWJ\DPBEDSL\J � cSDgoMbj]SJl_jFXJ/HhbdDg}mcSJ
HKJqQ�bdRhD^TCL/bEDSF[Rh]SZ/VXZIJ/F�T�F[RhT[cSZI]PBlDSFCcSD£oMbj]GJIbdc ]PBlDSFscSDSJ@elBEHhHKZ\JE_nDSbdcSFsQSVXbdQnbdF[bdDGFC]SJI]SZ?yPDSRhV
]SJ/F���bdDSL?TWRhbdDSF�FXT[V[cSL?TWcSV[BED^TWJ/Fu}�cGR>T[RKJ\DSDSJ/D^T~L/bdoMQGT[Jv]GJ@HxB3HhbjL/BEHKRhFWBlT[RKbdDY]GcwQnbdRKD^T�]PBEDGF~H���J\F[QPBEL\J
L/bdcGHKJ/cGV/t

� ��J\FXT{BERKDGF[Ru}mcSJ£]SBEDSFgL/J£LONSBEQSRhT[V[Jl_�DSbdcSF:BlHKHKbEDSF�]SZ?yPDSRhVY]SJ£DSbdcjedJ`Blcjk bdQnZ/VWB�TWJ/cGV[FgoMbdV�z
QSNSbdHhbdrdRh}�cGJ/F-WPbdcSFuBE]PBEQGT[Z/F � HxB8]GZ\TWJ\L\T[RKbdD ]GJ/FCoMbj]GJ/F/_ncGT[RKHKRhFWBED^Tp]SJ\Fu��bdDSL?TWRKbEDSF~F�TWVXcSL\T[cSVWBED^T[J/F
F[QnZ/L\RhyP}mcSJ\F/t>�~bEcSFCedJ\V[V[bEDSFsJ/DSFXcSRhT[J3L/bdoMoMJ/D^TsJ?k�T[VWBERhV[JIHhJ/FC]SRUi�Z\V[J\DmT[Fso8b�]SJ\FCJ/D QSVXZ/F[J\DSL/J-QPBlV
H���BEQSQSHhRKL/BlTWRhbdD�]	��cSDSJ TWVWBlDSFX��bdVXo�B�TWRKbED oMbdVXQSNSbdHhbdrdRK}mcSJ£L\bdoI�SRhDPBED^T�L/J\FwDSbdcjedJ`Blcjk bEQ�Z\VWBlT[J/cSVXF
o8bEV[QSNSbEHKbdrdRh}mcSJ/FKWPbdcSF�F[cGRhe�RKJ�]SJ�H���BEQSQGHKRKL/BlTWRhbdD�]���cSDGJvQGNPBEF[Jv]SJ�]SZ?��cS�/�\RhyPL/BlTWRhbdD	t
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¤ yPD�]SJ:o8J?T[T[V[JgJ/D�Z\e�Rh]SJ/DSL\J{HhJ/F-oMbj]SJ\F3]SJ:H���J/FXQPBEL/J:L\bdcSHKJ\cSV/_ DGbdcSF-LONSJ/VXLONSbdDSF � Z/V[b�]SJ\V
bdc%]SRKHKBlTWJ\V@QSHhcSF-bdc%o8bERKDSFIHKBw��bdDSL?TWRKbED�]	� BlQSQPBEV�TWJ/DSBEDSL/J � cSD�o8b�]SJYJ\D"LONPBl}�cGJ{QnbdRKD^T3FXJ/HhbdD
FWB HhbjL/BEHKRhFWBlT[RKbdD%]PBEDGFYH���J/FXQPBEL/J£L\bdcSHhJ/cSV\t��~bEcSFYF[cGQSQ�bEF[bdDSF:}mc	��cSD Q�bERKD^T

Xl

B ]	��BEcGTWBED^TgQSHKcGF
]SJ-LONPBEDSL\J/Fv]	� �\TWVXJ8HhbjL/BEHKRhF[Zq]PBEDSF�cSD o8b�]SJ3}mcSJMF[J\F�eEbdRKFXRKDSF�RhDSL/HhcSFs]PBEDSF�HhJ3]Sbdo8BERKDSJ@L/cS�SRh}mcSJ
Dγ(Xl)

bdD^T�]SJ\F�]SJ/rdVXZ/F�]	��BEQSQPBlVXTWJ\DPBEDSL\J � cSD8oMb�]SJ�Z/HhJ\eEZ/F�J\T�L\JE_d}mcSJ�HKJ\F Q�bERKD^TWFaeEbdRKFXRKDSF FXbdRKJ\D^T
QSV[b�LONSJ\F�bdcYZ\HKbdRhrdDSZ/F�]ScYQnbdRhDmT<L/bEDSF[Rh]SZ/VXZEt � ��J/F�T�QnbdcSV[}mcSbER�RhHnDGbdcSF�FXJ/oI�SHhJuQnJ/V�TWRKDGJ/D^T�]SJ~DSJCQPBlF
TWJ\DSRKV�L\bdoMQGTWJs]SJsHKBI]SRKF�TOBEDGL/JsF[Z\QPBEV[BED^T~cGD�QnbdRhDmT�eEbdRKFXRKDg]Sc:QnbdRKD^T�L\bdDSFXRK]SZ\V[ZE_Po8BERhF�]SJsQSVXJ/DS]SVXJ
J/D�L\bdDSF[Rh]SZ/V[BlTWRhbdD�HKJ\FI]SJ\rdV[Z\F3]	� BlQSQPBEV�TWJ/DSBEDSL/Jg]GJ/F3QnbdRKD^TWFqedbdRhF[RKDGFIQ�bEcSVI]SZ?yPDSRKV@HKJ/FI��bEDSL\T[RKbdDSF
FXT[V[cSL?TWcSV[BED^TWJ/F\t

-�D:J?i�J?T`_SL\bdDSF[Rh]SZ/VXbdDSF�HhJCQ�bERKD^T
Xl

J\T�cSD:QnbdRKD^T�eEbdRKFXRKD
Y
RhDSL/HhcSF�]PBlDSF�HKJC]Gbdo�BlRKDSJ~L/cS�SRh}mcSJ

]	��bd�SF[J\VXelBlT[RKbdD
Dγ(Xl)

tj¡jR|HhJ~]SJ\rdV[Zp]	��BEQSQPBlVXTWJ\DPBEDSL\J � cSD�oMbj]GJp]GJ
Y
J/F�T�Z\HKJ\eEZE_�RKHPJ\FXT�RhD^TWZ/VXJ/F z

FWBED^T�]SJuHhJ~QSVXJ/DS]GV[JCJ\DYL/bdoMQGT[J~QnbdcSV<H���Z\elBEHKcSBlTWRhbdD-]SJuHKBv]SRhHxBlTWBlTWRhbdD WPbdcSJuBEc�QnbdRhDmT
Xl

_mo�BERhF<]GJ
DSJ�QPBEFpJ/D�TWJ/DGRKV�L/bdoMQGT[JvQnbdcSVpH���bdQnZ/V[BlTWRhbdDg]	��Z/V[bEF[RKbEDDWPbEcSJEtnAuJvHxB-o �\o8Jso8BEDSRQP/VXJE_PF[R>HhJv]GJ/rdVXZ
]	��BEQSQPBEV�TWJ\DPBEDSL\Jg]SJ

Y
J\FXT3��BERh�SHKJl_6L\JYQ�bERKD^T3]SJ?ejV[BERhT �\TWVXJYQSVXRKFIJ\D�L\bdoMQGTWJYcGDSRK}mcSJ\o8J\DmTIQ�bdcGV

H���bdQnZ/VWB�TWRKbEDY]	��Z/V[bEF[RKbED>WSbdcSJvBEc�Q�bdRhD^T
Xl

J?T~DGbdD{QnbdcSV�H���bEQ�Z\VWBlT[RKbdDY]GJq]SRhHxBlTWBlTWRhbdDAWSbdcSJEt
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�~bEcSF�]SZ?yPDSRKFXF[bdDGF�HKJ\F�DSbdcjedJ/HhHKJ\F�bdQnZ/V[BlTWRhbdDSF�]	��Z\V[bdFXRKbdD�J\T�]SJ~]SRKHKBlTOB�TWRKbED[WSbdcSJ/F�BEQSQSHhRK}mcSZ/J\F �
HKB@��bdDSL\T[RKbdD:]	��BEQSQSBEVXT[J/DPBEDGL/J � cGDwoMbj]SJ

µM

_PDSblTWZ/J\F~VXJ/FXQ�J\L\TWRUedJ\o8J\DmT
Em
SE

[
µM

] J?T
Dm

SD

[
µM

] _
]SJ�HKBIo�BEDGR P/VXJCF[cGRhelBED^TWJ[Z

∀ Xl ∈ χ, E
m
SE

[
µM(Xl)

]
= inf

Y∈Dγ(Xl)
max [µM(Y), 1 − νE(Y)] ,

��LGt`# �
∀ Xl ∈ χ, D

m
SD

[
µM(Xl)] = sup

Y∈Dγ(Xl)

min [µM(Y), νD(Y)] ,
��LGt 9 �

bd¢
Dγ(Xl)

]GZ/F[RhrdDSJ8HKJ�]Gbdo�BlRKDSJ-]	��bd�SFXJ/VXelBlT[RKbdD(L/cS�SRh}mcSJ�]SJ�HxBEVXrdJ/cSV
γ
_
νE

Z?TOBED^TIHKB���bdDGL\TWRhbdD
F�TWV[cGL\TWcGVWBED^TWJqBEFXF[b�L/RKZ\J �

SE
QnbdcSV�H���bdQnZ/V[BlTWRhbdDg]	��Z/VXbdF[RhbdDDWSbdcSJ�J\T

νD

HKB3��bEDSL\T[RKbdD:FXT[V[cSL?TWcSV[BED^TWJ
BEFXF[b�L/RhZ/J �

SD
QnbdcSV@H���bdQ�Z\VWBlT[RKbdD ]SJY]GRKHxB�TOBlT[RKbdD WPbdcGJEt � J\FI]SJ/c�k ��bdDSL?TWRhbdDSF@F�TWVXcSL\T[cSVWBED^T[J/F-DSJ

]SZ\Q�J\DS]SJ\DmTCQSHKcSF~]SJ/Fu]SRKF�TOBEDSL\J/FCFXZ/QPBlVWBED^TsHhJqQnbdRKD^T
Xl

]SJ/FCQnbdRhDmT[FpeEbdRKFXRKDSF
Y
_no�BlRKF�]SJ/Fu]SJ/rdVXZ/F

]	��BEQSQSBEVXT[J/DPBEDGL/J�]SJ/FpQnbdRKD^TWF�eEbdRKFXRKDSF
Y
t
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� bdoMo8J:DSbEcSF8H�� B`eEbdDSFMo8bdD^T[V[Z�]PBEDSFMHKJ:LONPBEQGRhTWVXJ{QGV[Z/L\Z/]SJ\D^T`_�H���bEQ�Z\VWBlT[RKbdD�]	��Z/VXbdF[RhbdD WSbdcSJ
]SZ?yPDSRhJIB`edJ\LIcSDSJv��bdDSL\T[RKbdD�FXT[V[cSL?TWcSV[BED^TWJI]GJqT ��Q�J@�SRKDPBlRKV[JvBEQGQSHKRh}�cGZ/J � HxB-��bdDSL?TWRKbED{]	��BEQSQSBEVXT[J?z
DPBlDSL/J � cSD�oMb�]SJ-BgQ�bdcGVsJ\i�J\Tq]	��Z\HxBEVXrdRKV~HKJ\F�elBEHhHKZ\J/F/_�o�BERhFCZ/rdBEHKJ\o8J\DmT�]GJM]GRKoMRKDmcSJ/VsHhJ3]SJ/rEV[Z
]	��BEQSQSBEVXT[J/DPBEDGL/J�]SJ\F�QnbdRhDmT[F F[RUTWcSZ\F ]PBEDSF HhJ/F oMb�]SJ/F\td�aBlV�BERKHhHKJ/cGV[F/_�HxB~]SRKHKBlTOBlT[RKbdD WPbdcGJ�Z/HxBlV[rdRUTaHhJ/F
oMbj]GJ/F�T[bdcGT�J\D�VXJ/NPBlcSF[F[BED^T~HhJC]SJ\rdV[Zs]	��BEQSQSBEVXT[J/DPBEDGL/J�]SJ/F�QnbdRhDmT[F�F[RUTWcSZ\F�]PBEDSF�HhJ/F�elBEHhHKZ/J\F/t ¤ yPD
]SJ�DSJ���Z\DSZ\ySL/RKJ\V }mcSJ�]SJ/F�B`elBED^TOBlrdJ/F ]GJ�L/J/F ]GJ/cjkIbdQ�Z\VWBlT[RKbdDGFaoMbdV[QSNGbdHKbdrERK}mcSJ/F\_lRhHjDGbdcSF ��BEcS]GVWBERUT
QPBlVXedJ\DSRKV � Z\V[b�]SJ/VvHxBg��bdDSL?TWRhbdD�]�� BEQGQPBEVXT[J/DPBlDSL/J

µM

]SBEDSF@HhJ/F�elBEHKHhZ/J/F�F[BEDSF@H���Z\V[b�]SJ/Vv]PBEDGFqHhJ/F
�\bdDSJ/F�oMbj]SBEHKJ\F/_GJ?T � ]SRhHxBlT[J/V

µM

]PBEDSF�HKJ\F�o8b�]SJ\F�FWBEDSFpHxBI]GRKHxB�TWJ/V�]PBEDSF�HKJ\F�eEBlHKHKZ\J/F/C R�A
���MN�t
- Dq]�� BEcjTWV[J\F�TWJ/VXo8J\F/_fFXR^cSDqQnbdRhDmT>J\FXT�F[cGF[L/J\QGTWRh�SHKJ�]	��BEQSQSBEVXT[J/DSRhV � cGDqoMbj]GJE_`DSbEcSF�BEHKHhbdDSF	]SRhHxB�z

T[J/V HKB~��bdDSL?TWRKbEDI]	��BEQSQPBEV�TWJ\DPBEDSL\J
µM

J/D3L\J�Q�bdRhD^T ]SJ�o8BEDSRQP/V[J � V[J\DG��bdV[L\J/V HhJ�]SJ/rEV[Z�]SJ�L\bdDGy|BlDSL/J
}mcSJ8DSbdcSFqQ�bdcjedbdDSF@BEL/L\bdV[]GJ/V@J\D H���BEQSQSBEVXT[J/DPBEDGL/JM]SJ�L\J�QnbdRKD^T � cSD(o8b�]SJEt��6BEVqL\bdD^TWVXJE_aDGbdcSF
BEHhHKbdDGFvZ\V[b�]SJ/VqHKJMo8bERKDSF�QnbdF[FXRK�SHhJ8HKB���bdDSL?TWRhbdD(]	��BEQSQSBEVXT[J/DPBEDGL/JYJ\D L/J8Q�bdRhD^T@]SJ�o�BEDGR P/VXJ � DSJ
QPBlFsQSV[J\DS]SV[JMHKJ@V[RKFX}mcSJ-]SJ-V[Z/]GcSRKVXJ3HKJ3]SJ\rdV[Z3]SJ-L\J\T[T[J-L/bdDGyPBEDSL/Jlt � DmeEJ/VXF[J/oMJ/D^T/_6FXR HKJ3QnbdRKD^TsJ\FXT
FXcSF[L\J/QGT[RK�SHhJC]	��BEQSQPBEV�TWJ\DSRKV � cGDSJCelBEHKHhZ/JE_�DSbdcGF�BEHKHhbdDSF�Z/V[b�]SJ\V�HKJCQSHhcSF�QnbdF[FXRK�SHhJuHKBq��bdDSL?TWRKbEDY]	��BEQjz
QPBlVXTWJ\DPBEDSL\J�J/D3L\J�Q�bERKD^T`_�V[Z\]ScSRKF[BED^T�BERhDSF[R�HKJ<Q�J\c3]SJ�L/bEDGy|BEDSL\J�}mcSJ�DSbdcGF�BEL/L\bdV[]SRhbdDSF �XcSF[}mc	��BEHKbEV[F
J\D H�� BlQSQPBEV�TWJ/DSBEDSL/J3]GJML\J3Q�bERKD^T � cSD o8b�]SJl_�TWbdcjTsJ/D ]SRKHKBlTOBlDmTuHKJIoMbdRhDSFCQnbdF[FXRK�SHhJIHxB���bdDGL\TWRhbdD
]	��BEQSQSBEVXT[J/DPBEDGL/J�J/D�L/JvQ�bERKD^T�]SJ�o8BEDSR P\V[J � DSJ�QPBEFpBEcGrdo8J\D^TWJ/V�L\Jq]GJ/rdVXZv]GJvL\bdDGy|BlDSL/Jlt
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�6bdcSV<L/J\HxBG_�DSbdcSF<QSV[bEQ�bdFXbdDSF<]SJ~��BERhV[JpRKD^TWJ\VXeEJ/DSRhV�HxBvDSbET[RKbdDM]SJuHhbjL/BEHKRhFWBlT[RKbdD3]GJCLONPBE}mcSJCQnbdRhDmT
Xl

]PBEDSF�H���J/F[QSBEL/JCL\bdcSHhJ/cSV\_GBEc�F[J/RhDg]SJ/F�]SZ\yPDGRhTWRhbdDSF<]SJ/F���bEDSL\T[RKbdDSF<FXT[V[cSL?TWcSV[BED^TWJ/F�BlF[F[b�L/RhZ/J\F�BEcjk
Z/HhZ/oMJ/D^TWF�F�TWV[cGL\TWcGVWBED^TWF-WPbdcGFpcjTWRKHhRKFXZ/F�HKbEV[F�]SJ\F~bEQ�Z\VWBlT[RKbdDSF�]���Z\V[bdFXRKbdD:J\Tp]SJ�]SRhHxBlTWBlTWRhbdDAWSbdcSJ/F\t

��< ��<@? � M � ]OSNHNYL]
JLHNM^F P U �\F ��M^HNF J PI]OF\Y S�UVR�Y �G]�� R � M��\SNR �1W

ACBEDSF�H���J/FXQPBEL\J3L/bdcSHhJ/cSV\_	DSbdcGFsQ�bdcjedbdDSF�HhbjL/BEHKRhF[J/V~LONPBE}mcSJ-QnbdRKD^T
Xl

F[J/HhbdD F[bdD ]SJ\rdV[Z3]�� BEQ�z
QPBEV�TWJ/DSBEDSL/J � cSD%oMbj]GJEt
- D%J\i�J\T/_ F[R

µM(Xl)
J/FXTMZ\HKJ\eEZgJ\T-QSVXbjLONGJg]SJ

1
_aDGbdcSF3L/bEDSF[Rh]SZ/VXbdDSF

}mcSJ@HhJ@QnbdRKD^T
Xl

B�]SJq��bEVXTWJ\FCLONPBEDGL/J/Fu]	� BlQSQPBEV�TWJ/DGRKV � cSD oMbj]SJlt � DmeEJ/VXF[J/oMJ/D^T/_�F[R µM(Xl)
J/F�T

��BERK�GHKJ3J\Tq]SbdDGL�QSVXbjLONSJ8]SJ
0
_>DSbdcSFvL/bdDGF[RK]GZ/V[bEDSF@}mcSJ8HKJMQ�bdRhD^T

Xl

B�]SJ8��bdV�TWJ\FqLONPBlDSL/J\FI]	� �\TWVXJ
F[RUTWcSZ�]PBEDGF~cSDGJvelBEHhHKZ/Jlt�G>B-��bdDGL\TWRhbdD:]	��BEQSQPBEV�TWJ\DPBEDSL\J

µM

QnJ/cGT~]SbdDSL �\T[V[JvRKD^TWVXbj]GcSRhT[Js]PBEDSFpHKJ\F
QPBEV[BEoAP?TWVXJ/F�]SJC]SZ?yPDSRhT[RKbdDM]SJ\F���bdDSL?TWRKbEDSF�F�TWV[cGL\TWcGVWBED^TWJ\F�BEFXF[b�L/RKZ\J/F�Blcjk8bdQ�Z\VWBlT[RKbdDGF<]	��Z/VXbdF[RhbdDYJ?T
]SJ@]GRKHxB�TOBlT[RKbdD�WPbdcGJ/F/_�]SJIFXbdVXT[J@}mcSJIL\J/FCbdQnZ/V[BlTWRhbdDSFpo8bEV[QSNSbEHKbdrdRh}mcSJ/FpQSV[bfeEbj}mcSJ\DmTCcSD£J\i�J\Tu}�cGR
]SZ/QnJ/DG]{]SJ�HKB-HhbjL/BEHKRhFWBlT[RKbdDM]SJ�LONPBE}mcSJvQnbdRKD^T`t

�~Z`BlDSo8bERKDSF\_aHKJ\F-o8b�]SJ/F3J?T-HKJ\FIeEBlHKHKZ\J/F3FXbdD^T-F[Z/QSBEV[Z\J/F�QSBEV3]SJ/F-�\bdDSJ/F-}mcSJ�DSbdcSF-BlQSQ�J\HKbdDGF
�/bdDGJ/F~��VXbdD^TWRQP/V[J\Fubd¢{HxB-��bdDSL\T[RKbdD�]	��BEQSQPBlVXTWJ\DPBEDSL\J � cGD o8b�]SJvQSV[Z\F[J\DmT[JI]SJ\FuelBEV[RKBlTWRhbdDSF�HKb�L`BEHhJ/F
RKoMQ�bEVXTOBlDmT[J/F\tMG ��Z\TWcG]SJ�]SJ�L/J\F�elBEVXRxBlT[RKbdDGF6elBCDSbdcSF�QnJ/VXo8J?T[TWVXJ�]	��BOTMDSJ/V�HKBCHKb�L`BEHhRKFWB�TWRKbEDv]GJ/F�]SRhi�Z?z
V[J\DmT[F�Q�bdRhD^TWF�]PBEDSF�H���J\F[QPBEL\J~L\bdcSHhJ/cSV\t:- D�J\i�J\T/_^F[R|HxBuelBEVXRxBlT[RKbdD3]GJpHKBu��bdDSL?TWRKbEDM]�� BEQGQPBEVXT[J/DPBlDSL/J �
cSDMo8b�]SJ�J/F�T�Z\HKJ\eEZ/JpJ/D8cSD�QnbdRKD^T

Xl

]GbdDSDSZl_�L\J/HKBvFXRKrdDSRUyPJ�}mcSJpL/JpQ�bdRhD^T<J\FXT�e�VWBERhF[J/o@�SHxBE�GHKJ/oMJ/D^T
F[RUTWcSZ � HKBg��VXbdD^TWRQP/V[JMJ/D^T[V[J�cGDSJ��\bdDSJ�oMb�]PBEHKJ3J?T@cGDSJ8elBEHhHKZ/Jl_�bdc(J\DSL/bEV[J � HxB:Q�Z\V[RhQSNSZ/VXRKJ-]	��cSD
o8b�]SJ C R��KVMJON�t��6BEV�L\bdD^TWV[Jl_mF[RnHxBseEBlV[RxB�TWRKbED3HKb�L`BEHhJ�J/FXT<��BERK�GHKJ�J/D�L/JpQ�bdRhD^T

Xl

_mL/J\HxB�RKoMQSHKRh}mcSJ�}mcSJ
L/J~Q�bdRhD^T<J\FXT<ejV[BERKFXJ/oI�GHxBE�SHhJ/oMJ/D^T�HKb�L`BEHhRKFXZ�]PBEDSF<cSDSJC�\bdDSJubE¢�HxBs��bdDSL?TWRhbdD�]	��BEQSQSBEVXT[J/DPBEDGL/J � cSD
o8b�]SJqQSV[Z\F[J/D^T[J3]SJI��BERK�GHKJ/F�elBEV[RKBlTWRhbdDSF\t � J\L/R QnJ/cjTsRKDS]GRhi�Z/V[J\o8oMJ/D^T~L/bdVXV[J\F[QnbdDS]SVXJ � cSDSJ@elBEHhHKZ/J
bdc � cSDSJ��/bdDGJqoMbj]SBEHKJlt

G�BwySrdcSV[J LGt #goMbdD^TWVXJYcSDSJY��bEDSL\T[RKbdD�]	��BEQSQSBEVXT[J/DPBEDGL/JgoMbdDSblz ]SRKoMJ/DSFXRKbdDGDSJ/HhHKJ
µA

BEF[FXbjL\RKZ\J
� cSD'F[bdcSF z J\DSF[J\oI�SHKJDWPbdc

A
J\TYcGDSJwJ\FXTWRho�B�TWRKbED

gµA

]SJ\F8elBEV[RKBlTWRhbdDSF-HKb�L`BlHKJ/F-]SJ{L/J?T[TWJ���bdDSL�z
TWRhbdD8]�� BEQGQPBEVXT[J/DPBlDSL/JltS�~bEcSF�V[J\o�BlV[}mcSbdDSF<}mcSJ

gµA

Q�bEF[F P\]SJs]SJ\F�elBEHKJ\cSV[F�F[RhrdDSRhySL`BlT[RhedJ\F�QnbdcSV�HKJ\F
Q�bERKD^TWF~F[RhT[cSZ/Fu]PBEDSFCHhJ/F~�/bdDSJ\Fu��V[bEDmT[R P\V[J/FuJ\Ts]SJ\FuelBEHKJ\cSV[Fp��BERK�GHKJ/F~]PBEDSFuHKJ/F~�/bdDGJ/FCoMbj]SBEHKJ\FuBERhDSF[R
}mcSJq]SBEDSFpHKJ/F�elBEHKHhZ/J\F/t|�aBlVpL\bdDSFXZ/}mcSJ/D^T/_	H���cGTWRhHKRhFWBlT[RKbdD8]SJqHKB3F[J/cGHKJvRKDG��bdVXo�B�TWRKbEDgRKF[FXcSJv]SJqH���Z?TWcS]GJ
]SJ/F�elBEVXRxBlT[RKbdDSF<HKb�L`BEHhJ/F�]GJvHKB@��bdDSL?TWRKbED�]�� BEQGQPBEVXT[J/DPBlDSL/J � cSD:o8b�]SJsDSJ�QnJ/V[oMJ\T�QSBEF�]SJ�]SZ/L\RK]SJ\V
]SJ�HxBIHhbjL/BEHKRhFWBlT[RKbdD8J?kGBEL\T[J�]	��cGD{QnbdRKD^T�]PBlDSF�H���J/F[QSBEL/J�L/bEcSHKJ\cSV/t
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Xl

µA(Xl)
gµA
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B

�~bEcSFIQSVXbdQ�bEF[bdDSFq]	��J?kjQSHKbERhTWJ\V@L\bdD��XbdRhDmT[J/oMJ/D^TIHKB���bdDGL\TWRhbdD(]�� BEQGQPBEVXT[J/DPBlDSL/J � cGD o8b�]SJ8J\T
cSDGJ�J/F�TWRho�BlT[RKbdD�]SJ\FaelBEV[RKBlTWRhbdDSF�HhbjL/BEHKJ\F�]GJ�HxB���bdDSL?TWRhbdD@]	��BEQSQSBEVXT[J/DPBEDGL/J � cSDIoMbj]SJ�QnbdcSV�o8J?T[T[V[J
J\DgZ\e�RK]SJ\DSL/JuHKJ/F�Q�bdRhD^TWF�oMb�]PBEcjk�tj�~bdcSF�L/bdDSFXRK]SZ\V[bdDGF�}mcSJCHKJ~]SJ/rEV[ZC]	��BEQSQSBEVXT[J/DPBEDGL/J � cSDgoMb�]SJ
]	��cSD QnbdRhDmT~oMbj]PBlH�J/FXTCZ/HKJ?edZqJ\TC}mcSJ@H���J/FXT[RKo8BlTWRhbdDg]SJ\FuelBEV[RKBlTWRhbdDSF�HKb�L`BEHhJ/F�]SJqHxBM��bEDSL\T[RKbdD�]	��BEQjz
QPBlVXTWJ\DPBEDSL\J � cSDwoMb�]SJ�J/D cSD�TWJ\H�QnbdRhDmTpJ\FXTu��BlRK�SHhJEtPAuJqo�BlDSR P\V[J�BEDPBlHKbdrdcGJE_PDSbdcGF~L\bdDSF[Rh]SZ/VXbdDSF
}mc	��cSD Q�bdRhD^TsL`BEV[BEL\T[Z/VXRKF[Z3QSBEVscSD£��BERK�GHKJ@]GJ/rdVXZM]�� BEQGQPBEVXT[J/DPBlDSL/J � cSD o8b�]SJIJ?T�QPBEVscSDGJ-��BlRK�SHhJ
elBEVXRxBlT[RKbdDYHhbjL/BEHKJ~]SJ�HxBI��bdDSL?TWRhbdDg]	��BEQSQPBEV�TWJ\DPBEDSL\J � cSD�o8b�]SJsJ\FXTpF[RUTWcSZ�]PBEDGFpcGDSJseEBlHKHKZ\JEt

�~DGJwJ/F�TWRho�BlT[RKbdD�]SJ\F8elBEV[RKBlTWRhbdDSF-HKb�L`BlHKJ/F-]SJ{HxB£��bdDSL?TWRKbED']	��BEQSQPBlVXTWJ\DPBEDSL\J � cGD�o8b�]SJ�J/D
LONPBl}�cGJwQnbdRKD^T

Xl

_�DSbETWZ\J
gµM

(Xl)
_ J\FXTYbE�GTWJ\D�cGJwJ/D"J\i�J/L?TWcPBED^T�HxB o8bf�dJ\DSDSJ�]SJ/F8]SRhi�Z/VXJ/DSL\J/F

J\DmT[V[JCHhJ~]GJ/rdVXZC]	��BEQSQPBEV�TWJ\DPBEDSL\JC]ScYQnbdRKD^T
Xl

J\T�HhJ/F<]SJ/rdVXZ/F�]�� BEQGQPBEVXT[J/DPBlDSL/Js]SJ\F�QnbdRKD^TWF�edbERKF[RhDSF
Y
RhDSL/HhcSFI]PBlDSF3HKJg]SbEo�BERhDSJ�L\cS�SRh}�cGJ�]���bd�GF[J/V�elBlTWRhbdD

Dβ(Xl)
L\J/D^TWVXZ:J/D

Xl

J?T-]SJ:HxBEVXrdJ/cGV
β
_

β
Z?TOBED^TqRKoMQPBERKVXJ3Q�bEcSVq]GJ/FIV[BERKFXbdDSFv]SJ8F���o8Z?TWV[RhJ�]Sc�]Sbdo8BERKDGJML\cS�SRh}�cGJYBEcGT[bdcSVv]Sc QnbdRKD^T

Xl

t
G ��BEo8QGHKRhT[cS]SJ

gµM
(Xl)

J/F�Tp]SZ\yPDGRKJ�QPBEV/Z

gµM
(Xl) =

∑
Y∈Dβ(Xl)

|µM(Xl) − µM(Y)|

β3
,

� LGt L �
bd¢

β3 V[J/QGV[Z/FXJ/D^TWJvHKJCeEbdHKcGo8Js]SZ\HKRho8RUTWZuQSBEV�HKJs]Sbdo8BERhDSJC]	��bd�SFXJ/VXelBlT[RKbdD Dβ(Xl)
t

�~bEcSFuBlHKHKbEDSF�o8BERKD^TWJ\DPBED^TpQ�bEcGedbdRhV�]SZ\ySDSRKV�]SJvDSbdcGeEJ/HhHKJ/F���bdDSL?TWRhbdDSF�FXT[V[cSL?TWcSV[BED^TWJ\FCBEFXF[b�L/RKZ\J/F
BEc�k'bEQ�Z\VWBlT[RKbdDSF8o8bEV[QSNSbEHKbdrdRh}mcSJ/FM]	��Z/V[bEF[RKbED�J\Tg]GJw]SRhHxBlTWBlTWRhbdD WSbdcSJ/F�QSV[J\DPBED^TgJ/D L\bdoMQGTWJ{HxB
HhbjL/BEHKRhFWBlT[RKbdDM]SJ�LONPBE}mcSJvQ�bERKD^T

Xl

]PBlDSF�H���J/F[QSBEL/J�L/bEcSHKJ\cSV/t
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�~bdcSF~]SRKFXQ�bEF[bdDSFp]SJq]SJ/cjkwRKDj��bdV[o8BlTWRhbdDSF�]GRKFXT[RKDSL?TWJ\F~QnJ/VXo8J?T[TOBlDmT~]SJqHKb�L`BEHhRKF[J\V�LONPBE}mcSJIQnbdRhDmT
]PBEDSFsH���J\F[QPBlL/J3L/bEcSHKJ\cSV/_ � F[BfeEbdRKV Z	F[bdD ]SJ\rdV[Z3]	��BEQSQSBEVXT[J/DPBEDGL/J � cSD o8b�]SJIJ?T�H���J/FXT[RKo8BlTWRhbdDw]GJ
HxB8elBEVXRxBlT[RKbdD�HKb�L`BlHKJ@]GJ3HxB8��bdDGL\TWRhbdD ]	��BEQSQSBEVXT[J/DPBEDGL/J � cSD oMbj]SJlt ¤ RKDSFXR�_ncSD Q�bdRhD^TsBY]SJI��bdV�TWJ\F
LONPBEDSL\J/Fv]	� �\TWVXJ-o8b�]PBEH6F[R F[bED�]SJ\rdV[Z-]	��BEQSQSBEVXT[J/DPBEDGL/J � cGD oMb�]SJ3J/F�TqZ\HKJ?edZ-J\TvF[R H�� Blo8QSHhRhT[cS]SJ
]SJ/F�elBEV[RKBlTWRhbdDSF�HhbjL/BEHKJ\F�]SJvHxB3��bdDSL\T[RKbdD:]	��BEQSQSBEVXT[J/DPBEDGL/J � cSD{o8b�]SJ�J/F�T~��BERh�SHKJltP�aBlVpL\bdD^TWVXJE_ncSD
Q�bERKD^TqB�]SJ-��bdV�TWJ/FvLONPBEDGL/J/F@]	� �?TWVXJ�F[RUTWcSZM]PBEDGFqcSDGJ8elBEHKHhZ/J3FXR<FXbdD(]SJ\rdV[ZM]	��BEQSQPBlVXTWJ\DPBEDSL\J � cSD
o8b�]SJ�J/F�T���BERh�SHKJ�J\T�F[RnH���BEoMQSHKRUTWcS]SJ�]GJ/F<elBEVXRxBlT[RKbdDGF�HhbjL/BEHKJ\F�]SJuHKBv��bdDSL?TWRhbdD�]	��BEQSQSBEVXT[J/DPBEDGL/J � cSD
o8b�]SJ-J/F�T@��BERh�SHKJ3Z\r^BEHhJ/oMJ/D^T`t"- DGyPD	_�cSD QnbdRhDmTvJ\FXTI]�� BEcjTOBED^TIQGHKcSFvF[cSFXL/J\QGTWRh�SHKJ8]	� BlQSQPBEV�TWJ/DGRKV �
cSDSJv�/bdDGJv��VXbdD^TWR P\V[J�}mcSJ@H�� Blo8QSHhRhT[cS]SJu]GJ/F~elBEVXRxBlT[RKbdDGF�HKb�L`BEHhJ/F�]SJvHxBI��bdDSL?TWRhbdD{]�� BEQGQPBEVXT[J/DPBlDSL/J �
cSD:o8b�]SJsJ\FXTpZ/HhJ\edZ\JEt

� J/F3QSVXbdQSV[RhZ\T[Z/F@HhbjL/BEHKJ\FqDGJ�TWRhJ/DSDSJ\D^T3QPBEFIL\bdoMQGTWJ8}�c���cSD%oMbj]GJ8J\FXT3cSDGJY�/bdDGJg]SJ�H���J\F[QPBEL\J
L/bdDGFXTWRUTWcSZ�]SJ�QnbdRKD^TWF>oMbj]SBEcjkseEbdRKFXRKDSF\t � ��J\FXT6Q�bdcGV[}mcSbdRmDSbdcGFaBEHhHKbdDGF	TWJ/DGRKV�L/bEo8QGT[J<]GJ/F�QSV[bdQGV[RKZ?TWZ\F
]SJ/F�QnbdRhDmT[F�edbdRhF[RhDSF�QnbdcSV�BOTMDSJ\V�H���J/FXT[RKo8BlTWRhbdD�]Gc�]GJ/rdVXZv]�� BEQGQPBEVXT[J/DPBlDSL/J�]Sc:QnbdRKD^T�L\bdDSF[Rh]SZ/VXZ �
cSDwoMb�]SJEt|ACBlDSF~cGDSJ@�\bdDSJvo8b�]PBEHhJE_SHhJ/F�LONPBEDSL\J/FCQnbdcSV�cSD{Q�bERKD^Tp]	� �?TWVXJ@oMbj]PBlH	F[bdD^TuBEL/L\V[cSJ\FCF[R
F[J\F�edbdRhF[RKDGF�HKJCFXbdD^T�Z/r^BlHKJ/oMJ/D^T/t ¤ H���RhDmeEJ/VXF[JE_GDSbdcSF�L\bdDSF[Rh]SZ/VXbdDSF�}mc	��cSD�Q�bdRhD^T�oMbj]PBlH�J\DmT[bdcSVXZv]GJ
Q�bERKD^TWF�eEbdRKFXRKDSF�DSbED{oMbj]SBEcjkgDGJvQnJ/cjT�QPBEFpBEQSQPBlVXTWJ\DSRKV � cSDGJq�\bdDSJ�o8b�]PBEHhJEt

¤ yPD%]SJgoMJ\TXTWV[J�J/D%Z\e�RK]GJ/DSL\JgHKJ/F3oMb�]SJ/F\_aDSbdcGF3Z/V[b�]SbdDGFI��bdVXT[J/oMJ/D^T3HxB���bdDSL\T[RKbdD(]	� BlQSQPBEV z
TWJ\DPBEDSL\J � cSD(oMbj]GJ

µM

]PBlDSF@HhJ/F��/bdDGJ/F@]GJ�H���J/FXQPBEL\J8L\bdcSHKJ\cSVvL/bdVXV[J/FXQ�bEDS]PBED^T3Blcjk elBEHKHhZ/J/F�J?T
DSbdcSF3H���Z\V[b�]SbdDSFIT[V P\FI��BERK�SHhJ/oMJ/D^TI]SBEDSF-HKJ\F3�/bdDSJ\F-o8b�]PBEHhJ/F/t6ACBEDGFMHhJ/F3�\bdDSJ/F3��VXbdD^TWR P\V[J\F/_ RhH�J/F�T
Z/r^BlHKJ/oMJ/D^TqbdQSQnbdVXT[cSD(]���Z\V[b�]SJ/VIHKB:��bEDSL\T[RKbdD�]	� BlQSQPBEV�TWJ/DSBEDSL/J � cSD oMbj]GJ8HhJ�QSHhcSFqQnbdFXF[RK�GHKJ�]GJ
o�BlDSR P\V[J � �SRhJ/D�RKDS]SRUe�RK]ScPBlHKRKFXJ/V�HKJ\Fp]GRhi�Z/V[J\D^TWF�o8b�]SJ\F � J�k�TWVWBlRKV[Jlt

G���Z/VXbdF[RhbdD WPbEcSJI��BERhTuBEQSQnJ/H � cSD£Z/HhZ/oMJ/D^TsF�TWV[cGL\TWcGVWBED^T/WPbdc£FXQ�Z\L/RUyP}mcSJ
SE

L/BEVWBlL\TWZ\V[RhF[ZIQPBlV
FWB8��bEDSL\T[RKbdD F�TWVXcSL\T[cSVWBED^T[J

νE

}mcSRaJ\FXTs]GZ\yPDSRhJIQnbdcSVCLONPBlL/cSD ]SJ\FsQ�bdRhD^TWF~eEbdRKFXRKDSF
Y
RhDSL/HhcSFu]PBlDSF

HKJp]Sbdo8BERKDGJ~L\cS�SRK}mcSJ
Dγ(Xl)

t �~DYQnbdRhDmT�J/F�T�L/bdDGF[RK]GZ/V[Z~L/bdoMoMJuBEQGQPBEVXT[J/DPBlDmT � cSDSJuelBEHhHKZ\JuB`edJ\L
cSD�]GJ/rdVXZ~]SJpL/bEDGy|BEDSL\Ju]	��BEcGTWBED^T�QGHKcSF�Z/HhJ\eEZu}mcSJpF[J/F<Q�bERKD^TWF edbERKF[RhDSF�F[bdD^T<Z/r^BEHhJ/oMJ/D^T�L/bdDGF[RK]GZ/V[Z\F
L/bdoMoMJwBEQGQPBEVXT[J/DPBlDmT � cSDSJ{eEBlHKHKZ\JEt��6bEcSV�]SJ{TWJ/HhF�QnbdRKD^T[FMeEbdRKFXRKDSF\_<HKB elBEHKJ\cSV�]GJwHxB ��bdDSL?TWRKbED
FXT[V[cSL?TWcSV[BED^TWJ ]SbERhT �\TWVXJwQSVXbjLONGJ ]SJ

1
BlyPD�}mc	��RKHhF8RhD^TWJ/V�e�RKJ/DGDSJ/D^Tg]PBlDSF�H���bdQnZ/V[BlTWRhbdD�]	��Z\V[bdFXRKbdD�t

¤ H���RKD^eEJ/V[FXJE_�cSD QnbdRKD^TgJ\FXT:]	��BEcGTWBED^T:QSHKcGFgL/bdDSFXRK]SZ\V[Z£L\bdo8oMJ£BEQGQPBEVXT[J/DPBlDmT � cSD oMbj]GJ }mcSJ
F[J\FsQ�bdRhD^TWFueEbdRKFXRKDSFCFXbdD^T�Z/r^BlHKJ/oMJ/D^TsL\bdDSFXRK]SZ\V[Z/FsL\bdoMo8J3BlQSQPBEV�TWJ/DSBED^T � cSDSJ3�/bEDSJ3o8b�]PBEHhJEt�G>B
elBEHKJ\cSVu]SJ

νE

J/D£L\J/FsQnbdRKD^T[FuedbdRhF[RhDSFC]SbdRUTu]GbdDSL �\T[V[JIHKB�QSHhcSFu��BERh�SHKJvQ�bEF[F[Rh�SHKJqQ�bEcSVCHKRho8RUTWJ\VpHhJ/cSV
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QPBlVXTWRhL/RhQPBlTWRhbdD � H���bdQnZ/V[BlTWRhbdDY]	��Z/VXbdF[RhbdD�WPbdcSJlt
�6bEcSV�L\J/HxBj_jDSbEcSF�QSVXbdQ�bEF[bdDSF<HxB���bdDSL\T[RKbdD8FXT[V[cSL?TWcSV[BED^TWJ

νE

_GBlF[F[b�L/RhZ/J � H���bdQnZ/VWB�TWRKbEDM]���Z\V[bdFXRKbdD
WPbEcSJ�]SZ\yPDGRKJsQPBEV Z

{
νE(Y) = 1

F[R
[µM(Y).(1 − gµM

(Y))] 6 TH,

νE(Y) = 1 − µM(Xl)
FXRKDSbED

,

� LGt ' �
bd¢

TH
J/F�T~cGD{FXJ/cSRhH	yGkjZvQSBEV�H���cGTWRhHKRKF[BlTWJ\cSV/t

G ��J�kjQSV[J\F[F[RhbdD
µM(Y).(1− gµM

(Y))
DSJuQGV[J/DG]gcSDSJuelBEHhJ/cSV<Z/HKJ?edZ\JC}mcSJCF[R�HKJ~]SJ/rdVXZC]	��BEQSQPBlV�z

T[J/DPBEDGL/J � cGD�oMbj]GJ3]Sc�QnbdRhDmT
Y
J\FXTvZ/HhJ\eEZ8J?TqFXR H���J/F�TWRKo8BlT[RKbdD ]GJ/FselBEV[RKBlTWRhbdDSFCHhbjL/BEHKJ\FsBEcGT[bdcSV

]SJ@L/JIQnbdRKD^T~edbdRhF[RKDwJ/FXTs��BlRK�SHhJEt ¤ RhDSF[R�_�L\J\T[T[JIJ?kjQSVXJ/FXF[RKbED DGbdcSFCQnJ/VXo8J?Ts]SJIoMJ/FXcSV[J\VCHKJq]SJ/rdVXZ3]SJ
L\bdDGy|BEDGL/J-}mcSJ8DGbdcSF�Q�bEcGedbdDGFqBlL/L/bEV[]SJ\VqBlc ��BERUTs}mcSJ-HKJ3QnbdRKD^T

Y
BEQGQPBEVXT[RKJ\DSDSJ � cSD o8b�]SJEt�¡jR

H���J�kGQGV[J/FXF[RhbdD
µM(Y).(1 − gµM

(Y))
J/F�T�RKDG��Z\V[RKJ\cSV[Jqbdc£Z/rdBEHKJ@BEc£F[J\cSRKH

TH
_nHKJqQ�bERKD^TueEbdRKFXRKD

YJ\FXTML/bdDGF[RK]GZ/V[Z�L/bEo8oMJYD	��BEQSQPBlVXTWJ\DPBED^T8QPBEF � cSD"oMb�]SJEt�ACBlDSF-L/J�L`BEF\_ HxB elBEHKJ\cSV3]SJ:HxB ��bdDSL�z
T[RKbdD F�TWVXcSL\T[cSVWBED^T[JMJ\D L/J-Q�bERKD^TCedbERKF[RhD£J/F�TsyGkjZ/J �

1
Q�bEcSVC}mc	��RKH RhDmT[J/V�ejRhJ/DSDGJ3QSHKJ\RKDSJ\o8J\DmTC]PBEDSF

H���bdQnZ/V[BlTWRhbdDY]	��Z/VXbdF[RhbdD�WPbdcSJlt
� D^edJ\V[F[J\o8J\D^T`_PF[R�H���J?kjQSVXJ/F[FXRKbdD µM(Y).(1− gµM

(Y))
J/FXT�F[cSQnZ/VXRKJ/cGV[JsBEc�F[J/cGRKH

TH
_mHhJuQnbdRKD^T

eEbdRKFXRKD
Y
J\FXT�L/bdDSFXRK]SZ\V[Z~L/bdoMo8J�Z?TOBED^T�F[RhT[cSZp]PBEDSF�cSDSJ~�/bdDSJpoMbj]PBlHKJEt - D8J\i�J\T`_�F[bED�]SJ\rdV[Zp]	��BEQjz

QPBlVXTWJ\DPBEDSL\J � cSDqo8b�]SJ�J/F�TaZ\HKJ\eEZ<J?TaHKB�eEBlHKJ/cGV�]GJ<H���J\FXTWRho�B�TWRKbEDC]SJ/F�elBEV[RKBlTWRhbdDSF	HhbjL/BEHKJ\F�]SJ
µM(Y)J\FXT���BERh�SHKJltG��bdcSV�}mcSJ�L/JsQnbdRhDmT<edbdRhF[RhDgD	��RhD^TWJ/V�e�RKJ/DGDSJsQPBEF�]PBlDSF�H���bdQnZ/VWB�TWRKbED�]	��Z/VXbdF[RhbdD	_SHKBqelBEHKJ\cSV

]SJuHxBv��bEDSL\T[RKbdD8FXTWVXcSL\T[cSVWBlDmT[Js]SbdRUT �\T[V[Ju��BlRK�SHhJEtm�~bEcSF�QSVXbdQ�bEF[bdDSF�]SJCHxBvyGkjJ/V�BEc�L/bdoMQSHKZ\o8J\D^T�]Sc
]SJ\rdV[Z�]	��BEQSQSBEVXT[J/DPBEDGL/J � cGD{oMbj]GJC]Sc�Q�bdRhD^T

Xl

t
G>BYyPrdcSVXJ[LGt 9YVXJ/QSVXZ/F[J\D^TWJ�HhJIV[Z\F[cSHUTOBlT�]GJMH���bEQ�Z\VWBlT[RKbdD{]	��Z\V[bdFXRKbdD WPbEcSJ

Em
SE

[
µM

] BEQSQGHKRK}mcSZ\J
� HxBM��bEDSL\T[RKbdD{]	� BlQSQPBEV�TWJ/DSBEDSL/J@o8bdDGblz ]SRho8J\DSF[RhbdDSDSJ\HKHhJ

µM

]GJIHxB3yPrdcSVXJ 9jt5%Gt�¡jcSV~L/J\TCJ?kjJ/oMQSHKJl_
DSbEcSF�Q�bEcGedbdDGF�V[J/o8BEVX}�cGJ/V�}mcSJsH���Z\V[bdFXRKbdD%WSbdcSJ�BI�SRhJ/DgZ/HKBEV[rER�HhJ/F�elBEHKHhZ/J\F�J\T�HhJ/F��\bdDSJ\F���V[bdD^TWRQP/VXJ/F
T[bdcGT8J/D QSVXZ/F[J\VXelBED^TgHhJ/F�oMb�]SJ/F\t<A~J QSHKcGF/_�H���bdQ�Z\VWBlT[RKbdD�]	��Z/VXbdF[RhbdD WPbEcSJ D	��B(QPBEF8]SRKoMRKDmcSZ:HhJ/F
]SJ\rdV[Z\F�]	� BlQSQPBEV�TWJ/DSBEDSL/Jv]SJ\FpQnbdRhDmT[F�F[RhT[cSZ/F�]PBlDSF�HKJ/F�oMb�]SJ/F\t

G ��RhD^TWJ/V�edJ\DmT[RKbdD ]SJ\FvQnbdRhDmT[FCedbdRhF[RhDSF�]PBEDSF�H���bdQnZ/V[BlTWRhbdD ]	��Z/VXbdF[RhbdD WPbdcSJ-]SZ\Q�J\DS](]SJ-H�� B �XcGFXTWJ�z
oMJ/D^T�]SJpHxBseEBlHKJ/cGV ]Sc�FXJ/cSRhH

TH
tmAuBEDSF�L/J\T<J?kjJ\o8QSHhJE_mDSbdcGF�B`edbEDSF�J�kGQGV[RKoMZ

TH
FXbdcSF�HxBC��bdV[oMJ Z

TH = 0.5(1 − 0.1) = 0.45
t -�D£DGbdcSF~yjkSBlDmTCcSDSJ@T[J/HKHhJvelBEHhJ/cSVp]SJ

TH
_|DSbEcSFsB`edbdDGFsL/bdDSFXRK]SZ\V[Z

}mc	��cSDIQnbdRKD^T6J/F�T HKb�L`BEHhRKFXZ ]PBEDSF6cSDIoMbj]SJ�F[RjF[bdD@]SJ/rdVXZ�]	��BEQSQSBEVXT[J/DPBEDGL/J � cSDIoMbj]SJ�J/F�T F[cGQ�Z\V[RKJ\cSV
�

0.5
J?TCF[R�H���J/F�TWRho�BlT[RKbdDg]GJ/F~elBEVXRxBlT[RKbdDGF�HKb�L`BEHhJ/F�]SJvHxBM��bEDSL\T[RKbdD�]	��BEQSQPBEV�TWJ\DPBEDSL\J@J/F�TCRhDG��Z/VXRKJ/cGV[J

�
0.1

]PBEDSF�FXbdD�eEbdRKFXRKDPBlrdJEt
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]
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E

m
SE

[
µM

] �
γ = 7 � β = 5 � TH = 0.45

� B

� bdo8oMJ DSbdcGF�H�� B`eEbdDSF>o8bEDmT[V[Z�BEcvQPBEV[BErdVWBlQSNSJ^9jt 'St 9jt #E_`H���bdQnZ/VWB�TWRKbEDs]	��Z\V[bdFXRKbdD WPbdcGJ�L\HxBEFXF[Rh}�cGJ
Q�J\V[oMJ\Tq]	��Z/HxBlV[rdRhVsHKJ/FvelBEHKHhZ/J/F\_�o�BlRKFsTWJ\DS] o8BEHKNSJ\cSV[J\cSF[J\o8J\D^T � ]GRKoMRKDmcSJ/V�HhJ/Fv]SJ/rdVXZ/Fq]	� BlQSQPBEV z
TWJ\DPBEDSL\JM]GJ/F�Q�bERKD^TWFCFXRhT[cSZ/F�]PBEDGFsHKJ/FsoMb�]SJ/F\t G>BgySrdcSV[J[Ljt LgQnJ/V[oMJ\T�]���RhHKHKcGFXTWVXJ/V~HKJ/Fs]GRhi�Z/V[J\DSL/J\F
J/D^TWVXJ3H���bdQnZ/VWB�TWRKbED ]	��Z/V[bEF[RKbEDXWPbdcSJ3L\HxBEFXF[RK}mcSJ3J?T�H���bdQnZ/VWB�TWRKbED ]	��Z/V[bEF[RKbEDXWPbdcSJ3}mcSJ-DSbdcGFCedJ/DGbdDSF
]SJ�]SZ\ySDSRKV\t

0.0

0.5

1.0

0 51 102 204 255153

Xl

µM(Xl)
Em
SE

[
µM(Xl)

]ES

[
µM(Xl)

]
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µM

]
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E
m
SE

[
µM

] B

G�B~L/bdoMQPBEV[BERKFXbdDI]SJ�L\J/F VXZ/F[cGHhTOB�TWF oMJ\T J\D3Z\e�RK]GJ/DSL\J�H���BEQSQnbdVXTa]SJ�H���bdQnZ/V[BlTWRhbdD@]	��Z/VXbdF[RhbdD�WPbdcGJ
QSV[bEQ�bdFXZ/Jlt � J\HKHKJ�z L\R�D���Z\V[b�]SJ�HKB���bdDGL\TWRhbdD@]�� BEQGQPBEVXT[J/DPBlDSL/J

µM

}mcSJ�]SBEDSFaHhJ/F�eEBlHKHKZ\J/F�J\T6DSJ�oMbj]GRhyPJ
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QPBlFpHKB@��bdDSL?TWRKbED�]�� BEQGQPBEVXT[J/DPBlDSL/J � cSD�o8b�]SJsQnbdcSV�HKJ\F�Q�bdRhD^TWF�F[RUTWcSZ\F�]PBEDSF�HKJ\F��/bdDGJ/Fpo8b�]PBEHhJ/F/t

��<��1<�� �1M^F � JLHNMOFTY:JLW���� J��1W3]OF JLR
νD

]^Y Y M � HNB�R � SN] P\HNSN]
JX]
JLHNMOF �GM��IR
D

m
SD

[
µM

]

�6bEcSV�o8J?T[TWVXJ�J/DMZ\e�RK]SJ\DSL/JpHKJ\F�o8b�]SJ/F\_^DSbdcSF�LONSJ\V[LONSbEDSF � ]SRKHKBlTWJ\VaTWV P/F���bdVXT[J/oMJ/D^T�HxBC��bdDGL\TWRhbdD
]	��BEQSQSBEVXT[J/DPBEDGL/Jp]PBEDSF�HKJ\F��/bdDSJ\F<]GJ~H���J\F[QPBEL\J�L/bdcSHhJ/cSV�L\bdV[VXJ/F[QnbdDS]SBED^T�BEc�k-o8b�]SJ\F�J?T � ]SRhHxBlT[J/V HhJ
QSHhcSF~��BlRK�SHhJ/oMJ/D^TuQnbdFXF[RK�GHKJI]PBlDSFCHKJ\FuelBEHKHhZ/J\FuJ\TCHKJ/Fu�/bdDSJ\Fu��V[bEDmT[R P\V[J/F\tBG>B���bdDSL?TWRhbdD FXT[V[cSL?TWcSV[BED^TWJ
νD

BlF[F[b�L/RhZ/J � H���bEQ�Z\VWBlT[RKbdD ]SJM]SRKHKBlTOB�TWRKbEDXWPbdcSJMF[cSRUTvHKJ-o �\o8J-QSVXRKDSL\RKQnJ-}�cGJ�L/J\HKcSR�]SJMHxBg��bdDSL�z
T[RKbdD:FXT[V[cSL?TWcSV[BED^TWJ

νE

t - HKHhJsJ?kjQSHhbdRhT[JsHKJ�]SJ/rEV[Zv]	� BlQSQPBEV�TWJ/DSBEDSL/J � cSDwoMbj]GJsJ\T~H���BEo8QGHKRhT[cS]SJ~]SJ/F
elBEVXRxBlT[RKbdDSF�HhbjL/BEHKJ\F~]SJ@HxB8��bdDGL\TWRhbdDw]�� BEQGQPBEVXT[J/DPBlDSL/J � cGD£o8b�]SJ@QnbdcSV~HKb�L`BEHhRKFXJ/V�cSD£QnbdRKD^TC]SBEDSF
H���J\F[QPBEL\J�L/bdcSHhJ/cSV\t

G>BY]SRKHKBlTOB�TWRKbEDDWPbEcSJ@��BERUTsBEQSQnJ/H � cSD£Z/HhZ/oMJ/D^TsF�TWV[cGL\TWcGVWBED^T/WPbdc FXQ�Z\L/RhyS}�cGJ
SD

L/BEVWBlL\TWZ\V[RhF[Z
QPBlV6F[B~��bdDSL?TWRKbED@FXT[V[cSL?TWcSV[BED^TWJ�FXQ�Z\L/RUyP}mcSJ

νD

J\T ]SZ\yPDGRjQnbdcSV6LONPBE}mcSJ�QnbdRKD^T�edbdRhF[RhD
Y
]Sc3]Sbdo8BERKDGJ

L\cS�SRK}mcSJ
Dγ(Xl)

t �~DwQ�bdRhD^TuJ\FXTCL\bdDSFXRK]SZ\V[ZIL\bdo8oMJvBEQSQPBlVXTWJ\DPBED^T � cSDSJ@�\bdDSJIoMb�]PBEHKJvB`edJ\LIcSD
]SJ\rdV[Z8]SJYL\bdDGy|BEDGL/JY]	��BEcGTWBED^TIQSHhcSF@Z\HKJ?edZY}mcSJYFXJ/F3QnbdRKD^T[FveEbdRKFXRKDSFqF[bdD^T3Z\r^BEHKJ\o8J\D^T@L\bdDSF[Rh]SZ/VXZ/F
L\bdo8oMJ�BEQSQPBlVXTWJ\DPBED^T � cSDSJ��\bdDSJ�oMb�]PBEHKJlt �6bdcGVa]SJ�TWJ/HhFaQnbdRKD^T[F�eEbdRKFXRKDSF\_lHKB�elBEHhJ/cSV�]SJ�HKB���bdDGL\TWRhbdD
F�TWV[cGL\TWcGVWBED^TWJs]GbdRhT �\TWVXJCyGkjZ/J � cSDGJCeEBlHKJ/cGV�]SJ

1
B�yPDg}mc	��RhHKF<RKD^TWJ\VXe�RKJ\DSDSJ/D^T�]PBlDSF�H���bdQnZ/VWB�TWRKbED�]SJ

]SRhHxBlTWBlTWRhbdD�WSbdcSJEt ¤ H���RKD^eEJ/V[FXJE_>cSD Q�bERKD^T�J/F�T@]	��BEcGTWBED^TvQSHKcSF�L\bdDSF[Rh]SZ/VXZ8L\bdoMo8J-BEQGQPBEVXT[J/DPBlDmT �
cSDGJ{elBEHKHhZ/J:}mcSJwFXJ/FYQnbdRhDmT[FMeEbdRKFXRKDSFMF[bEDmT�Z/r^BlHKJ/oMJ/D^T8L/bdDGF[RK]GZ/V[Z\F�L\bdo8oMJ{BEQSQPBEV�TWJ\DPBED^T � cSDSJ
elBEHhHKZ/Jlt�G�B-elBEHKJ\cSVu]SJ

νD

J/D L\J/FsQnbdRKD^TWF�edbERKF[RhDSFu]GbdRhT �\T[V[JIHKB8QSHhcSF~��BERh�SHKJ�QnbdF[FXRK�SHhJ@QnbdcSVpHKRho8RUTWJ/V
HhJ/F�J\i�J\T[F~]GJvH���bEQ�Z\VWBlT[RKbdDY]GJv]GRKHxB�TOBlT[RKbdD7WPbdcSJlt

�~bEcSFsQSV[bEQ�bdFXbdDSFCHKB8��bdDSL?TWRhbdD£FXT[V[cSL?TWcSV[BED^TWJ
νD

BEF[FXbjL\RKZ/J � H���bdQ�Z\VWBlT[RKbdD{]SJ3]SRhHxBlTWBlTWRhbdDDWSbdcSJ
]SZ?yPDSRhJsQPBEV Z

{
νD(Y) = 1

FXR
[µM(Y).(1 − gµM

(Y))] > TH,

νD(Y) = µM(Xl)
F[RhDSbdD

.

� LGt 8 �
¡jR�H���J?kjQSV[J\F[FXRKbdD

µM(Y).(1− gµM
(Y))

J\FXT�FXcSQ�Z\V[RhJ/cSVXJ�BEcgF[J\cSRKH
TH

_jHhJCQ�bERKD^T�eEbdRKFXRKD
Y
J/FXT

L\bdDSF[Rh]SZ/VXZ�L\bdo8oMJMZ\TOBlDmTIF[RhT[cSZ�]SBEDSFIcSDGJY�/bdDGJ�oMbj]PBlHKJ-L`BEV@F[bdD ]GJ/rdVXZY]	��BEQSQPBEV�TWJ\DPBEDSL\J � cSD
oMbj]GJ�J/F�T3Z/HhJ\eEZgJ\T3HKB�elBEHKJ\cSV@]GJ

gµM
(Y)

J\FXTI��BlRK�SHhJEt�ACBEDSF3L\JYL`BlF/_ HKB�elBEHKJ\cSV@]GJgHxB���bEDSL\T[RKbdD
F�TWV[cGL\TWcGVWBED^TWJ

νD(Y)
J\FXT�yjkGZ\J �

1
J/DYL\JCQ�bERKD^T<eEbdRKFXRKD8Q�bdcGV<}mc	��RKH|RKD^T[J/VXe�RhJ/DSDSJuQSHKJ\RKDSJ\o8J\DmT�QnbdcSV

H���bdQnZ/V[BlTWRhbdDY]SJ�]SRhHxBlTWBlTWRhbdDAWSbdcSJEt
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� DmeEJ/VXF[J/oMJ/D^T/_lFXR µM(Y).(1−gµM
(Y))

J/F�T6RhDG��Z/VXRKJ\cSV[J�BEc�FXJ/cSRhH
TH

_`HKJaQ�bdRhD^T
Y
J/F�T6L\bdDSFXRK]SZ\V[Z

L/bdoMoMJ�FXRhT[cSZ{]SBEDSF�cGDSJ�elBEHhHKZ\J�bEc']PBEDGF�cSDSJ{�/bdDGJ{��V[bEDmT[R P\V[JEt�AuBEDSF�L\JwL/BEF/_�HxB£elBEHKJ\cSV8]GJ{HKB
��bdDSL?TWRKbED F�TWVXcSL\T[cSVWBED^T[J�J/F�TqyjkGZ\JYBEc�]SJ/rEV[ZM]	� BlQSQPBEV�TWJ/DSBEDSL/J � cGD(oMbj]SJ3]Gc(QnbdRKD^TvL/J\DmT[VWBEH

XlQ�bEcSV�}mcSJ�L/JvQ�bdRhD^T�D	��RKD^TWJ\VXe�RKJ\DSDSJ�QPBEF�]PBEDGFpH���bEQ�Z\VWBlT[RKbdDg]SJ�]SRhHxBlTWBlTWRhbdD	t
G�BMyPrdcSVXJ�LGt 'YV[J\QSV[Z\F[J\DmT[J-HKJvV[Z/FXcSHhTWBlTC]GJIH���bdQnZ/VWB�TWRKbED{]SJ@]SRKHKBlTOBlT[RKbdD

Dm
SD

[
µM

] BEQSQSHhRK}mcSZ/J �
HxBC��bdDSL?TWRhbdD-]	� BlQSQPBEV�TWJ/DSBEDSL/J � cSD�oMbj]GJ

µM

]GJ~HKBsySrdcSV[JI9jt5%Gt�¡jcGV<L\J\T<J?kjJ/oMQSHKJl_^DSbdcSF�QnbdcGedbEDSF
V[J\o�BEVX}mcSJ/VC}mcSJ3H���bEQ�Z\VWBlT[RKbdD{]SJ3]SRKHKBlTOB�TWRKbEDDWPbEcSJ-BY�SRKJ\D£Q�J\V[oMRKF~]	��Z?TWJ\DS]SV[J3HhJ/FsQSHKBlTWJ/BEcjk{]SJ3HKB
��bdDSL?TWRKbEDg]	� BlQSQPBEV�TWJ/DSBEDSL/J � cSD�o8b�]SJs]PBEDGFpHhJ/F��\bdDSJ/FpoMbj]PBlHKJ/F�FWBEDSF�VXJ/NPBEcGF[F[J\V~HhJ/F�elBEHKHhZ/J\F/t
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D

m
SD

[
µM

] �
γ = 7 � β = 5 � TH = 0.45

� B

� bdo8oMJIQnbdcSVCH���bEQ�Z\VWBlT[RKbdD ]���Z\V[bdFXRKbdD WPbdcGJE_	H���RhDmT[J/V�edJ/D^T[RKbdD ]SJ\FvQnbdRhDmT[FuedbERKF[RhDSFsQnbdcSVCH���bdQnZ?z
VWBlT[RKbdD:]SJq]SRKHKBlTOB�TWRKbED WPbdcSJq]SZ/QnJ/DS]w]SJ@H�� B �XcGFXTWJ\o8J\D^Tu]SJqHxB3elBEHKJ\cSV�]Sc F[J\cSRKH

TH
J?kjQSV[Rho8ZvF[bEcSF

HxB@��bdVXo8J Z
TH = 0.5(1 − 0.1) = 0.45

t
� bdo8oMJ DSbEcSF:H���BfeEbdDSFgoMbdD^TWVXZ BEc QPBEVWBlrdVWBEQGNSJ 9jt 'St 9�t #d_<H���bdQnZ/VWB�TWRKbED�]SJ ]SRKHKBlTOB�TWRKbED WPbdcGJ

L/HKBEF[FXRK}mcSJsQnJ/V[oMJ\T�]SJ�]SRKHKBlTWJ\V�HKJ\F�o8b�]SJ\F/_Go8BERhF�TWJ\DS]:o�BEHhNSJ/cGV[J/cGF[J/oMJ/D^T � V[J\NPBEcSFXF[J\VpHhJ/F�]SJ\rdV[Z\F
]	��BEQSQPBEV�TWJ\DPBEDSL\Ju]SJ\F�QnbdRKD^TWF�F[RUTWcSZ\F<]SBEDSF�HhJ/F�elBEHKHhZ/J/F\t+G�BsyPrdcGV[J�Ljt 8�Q�J\V[oMJ\T<]	��RhHKHhcSFXT[V[J/V HhJ/F�]SRhi�Z?z
V[J\DSL/J\F<J\DmT[V[JpH���bdQnZ/VWB�TWRKbED3]SJ�]SRKHKBlTOBlT[RKbdD WPbdcSJpL/HKBEF[FXRK}mcSJ�J\T�HxBs]SRhHxBlTWBlTWRhbdD WSbdcSJp}�cGJ~DSbEcSF edJ/DGbdDSF
]SJg]SZ?yPDSRKV\t G>B L/bdoMQPBEV[BERKFXbdD�]SJgL\J/F-V[Z\F[cSHUTOBlT[F3o8J?T3J/D�Z\e�RK]GJ/DSL\J�H�� BlQSQ�bEVXTI]GJ�H���bEQ�Z\VWBlT[RKbdD ]GJ
]SRKHKBlTOB�TWRKbED�WPbdcGJ8QSVXbdQnbdF[Z\J8}mcSR�]SRhHxBlT[JIQSV[RhDSL/RhQPBEHhJ/oMJ/D^TsHxBY��bdDGL\TWRhbdD ]	��BEQSQPBEV�TWJ\DPBEDSL\J

µM

]PBlDSF
HKJ\F<oMbj]GJ/F�FWBEDSF�o8b�]SRhySJ/V HxB���bdDSL?TWRKbED8]	��BEQSQSBEVXT[J/DPBEDGL/J � cSDYoMbj]SJpQnbdcSV�HKJ/F�QnbdRKD^TWF<F[RUTWcSZ\F<]PBlDSF
HKJ\F�eEBlHKHKZ\J/F\t
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DS

[
µM

] ��$��"��1 � +	�$ ��#%1:!�� &(� ? 0 +-� ���'&($*),+-#/.���.=)>? &($'&($*),+-# � +-1:�
D

m
SD

[
µM

] �
γ = 7

� B

�8, � ���82�4 	q;<2>=?5q1 7���� � 5M7���� ��	�4 2�4 	q1����5v4 � 	�2>=?5q1 � 5�4�� �g5� 
�\5 �v= �M9�� ��5@9��

��<��I<@? ACBEDGFIHKJLHNMOFTP U��IF\R FIM � �OR�SNS@R J WX]^FIY�� M W 	 ] JLHNMOF 	 M W���	\MOSNM��^H� �IR �GM��IR

�~bEcSFveEJ/DSbEDSFq]GJ8]SZ?yPDSRhVv]GJ8DSbEcGedJ\HKHKJ\F�bdQ�Z\VWBlT[RKbdDGFs]	��Z\V[bdFXRKbdD J\Tq]SJM]SRKHKBlTOB�TWRKbED�WPbdcGJ/F@QnJ/V z
oMJ\TXTOBED^T�]	��Z/VXbj]SJ\VqbEc�]SJM]SRhHxBlT[J/VCQSHhcSF�bdc o8bdRhDSFsHxBY��bdDGL\TWRhbdD ]	��BEQSQPBEV�TWJ\DPBEDSL\J � cSD o8b�]SJ-J/D
��bdDGL\TWRhbdDY]SJsHKB@HKb�L`BlHKRKF[BlTWRhbdDM]ScgQ�bERKD^T�]PBEDGF�H���J/F[QSBEL/JsL\bdcSHKJ\cSV/t�G>B@��bdDSL\T[RKbdDg]�� BEQGQPBEVXT[J/DPBlDSL/JsVXZ?z
FXcSHhTWBED^T�]SJ�LONPBEL\cSDSJ�]SJ�L/J\FpbEQ�Z\VWBlT[RKbdDSF�o8bdVXQSNSbdHhbdrdRh}�cGJ/F�]GZ/L/VXRhT�J\DSL/bEV[J�cSDSJs��bdDSL?TWRhbdDg]	��BEQSQPBEV z
T[J/DPBEDGL/J � cSD{oMb�]SJEt ¤ RKDSFXR�_SFXR�DSbdcSF�DSblTWbdDSF��CcGDSJsTWVWBlDSFX��bdVXo�B�TWRKbEDYo8bEV[QSNSbEHKbdrdRh}mcSJsBEQSQGHKRK}mcSZ\J
BEc�F[bdcSF z J\DSF[J\oI�SHKJ�WSbdc

M
_jHhJuFXbdcSF�z J/DSFXJ/oI�GHKJ�WPbdc

Mt
VXZ/F[cGHhTOBlDmT�]SJCL\J\T[T[JCTWV[BEDSFX��bEV[o8BlTWRhbdD8J\FXT

L/BEVWBEL?TWZ\V[RKFXZsQPBEV�cSDSJs��bdDGL\TWRhbdD:]	��BEQSQPBEV�TWJ\DPBEDSL\J � cSD:oMbj]SJl_SDSbET[Z/J
µMt

t
�~bEcSF3B`edbdDGFIejc�]SBEDSFIHhJYLONPBEQSRUTWVXJ�QSVXZ/L/Z\]SJ/D^TM}mcSJgHxB�L/bdo@�SRKDPBlRKF[bED(]SJ\F3bdQ�Z\VWBlT[RKbdDGFq]	��Z/VXblz

FXRKbdD J?T3]SJg]SRhHxBlTWBlTWRhbdD Q�J\cGT3]SbdDGDSJ/V3DPBlRKF[F[BEDSL\J � ]SJ/FIT[VWBEDGFX��bdVXo�BlT[RKbdDGF@]SRUTWJ/F@]	��bEcGedJ\VXTWcGV[Jgbdc
]SJs��J\V[oMJ\TWcGV[JEt CV/_GDSbdcSF�edJ\DSbdDSF~]SJq]GZ\yPDSRhV�]SJ/F���bdDSL?TWRKbEDSF�FXT[V[cSL?TWcSV[BED^TWJ/F~]SRKF�TWRhDSL\T[J/F�Q�bEcSV�LONPB�z
L\cSDSJC]SJ\F�bdQnZ/VWB�TWRKbEDSF�]	��Z/VXbdF[RhbdDYJ?T�]SJs]SRhHxBlTWBlTWRhbdD WPbdcSJ\F/tPACBlDSF�L/J\F�L/bdDG]SRhT[RKbdDSF\_jHKB@L/bEoI�SRKDSBERKFXbdD
]	��cSDSJ8TWJ/HhHKJ8Z/V[bEF[RKbED WPbdcSJ�F[cSRUejRhJY]	��cSDSJY]GRKHxB�TOBlT[RKbdD<WPbdcSJ�DSJY]SZ?yPDSRhTIQPBEFIcSDGJ�TWV[BEDSFX��bEV[o8BlTWRhbdD
]	��bdcGeEJ/V�TWcSVXJqRh]SJ/oMQ�blTWJ/D^T[JEt
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�~Z`BlDSo8bERKDSF\_^DSbdcSF�BEHKHhbdDSF�]SZ\ySDSRKV�HxBsTWV[BEDSFX��bEV[o8BlTWRhbdD ��L\bdoMo8JpZ\TWBED^T�HKBvL\bdoI�SRhDPBERKFXbdDM]	��cGDSJ
Z/VXbdF[RhbdD WSbdcSJ

Em
SE

[
µM

] ]SJ�HxB���bdDSL?TWRKbEDq]	��BEQSQSBEVXT[J/DPBEDGL/J � cSDqo8b�]SJ
µM

F[cSRUe�RKJ�]	��cGDSJ<]GRKHxB�TOBlT[RKbdD
WPbdcSJ

Dm
SD

]GJYHxBw��bdDGL\TWRhbdD ]	��BEQSQSBEVXT[J/DPBEDGL/JgV[Z\F[cSHUTOBED^T-]SJgH���Z\V[bdFXRKbdD WPbdcSJg]SJ
µM

QSV[Z\L/Z\]SJ/D^TWJlt
�~bdcGF-BfeEbdDSF3LONSbERKF[R�]	��J?i�J\L\T[cSJ/V-L/J\F-bdQ�Z\VWBlT[RKbdDGFI]PBEDSF3L\J\T-bdVX]SV[JgJ?T-DSbdD%]PBEDGF3H���bdV[]SVXJYRKD^eEJ/V[FXJ
BlyPD�]	��RKDG]SRhe�RK]GcPBEHKRhF[J\V@BEc�oMRKJ\cjk(HKJ/F@]SRhi�Z/VXJ/D^TWF3oMbj]GJ/FIJ\D�QGV[Z/FXJ/DSL\JEt � J\TXTWJYT[VWBEDSF���bdV[o8BlT[RKbdD��
BEQSQSHhRK}mcSZ\J�BEc8FXbdcSF z J/DGF[J/o@�SHKJ$WPbdc

M
]GbdDSDSJ�DPBERhF[F[BEDSL/J � cSDMDSbdcGeEJ`BEc8F[bdcSF z J\DSF[J\oI�SHKJ-WPbdc

Mt

]SZ\ySDSR�QPBEV�F[B-��bdDGL\TWRhbdD:]	��BEQSQPBEV�TWJ\DPBEDSL\J � cSD�o8b�]SJl_GDSbET[Z/J
µMt

_GT[J/HhHKJC}mcSJ7Z

µMt(Xl) = t (µM(Xl)) = D
m
SD

[
E

m
SE

[
µM(Xl)

]]
.

��Ljt % �
-�D�BEQSQGHKRK}mcPBlDmT�L\J\TXTWJ-TWVWBlDSFX��bdVXo�B�TWRKbED£o8bdVXQSNSbdHhbdrdRh}�cGJ � � HxBY��bdDSL?TWRKbED ]�� BEQGQPBEVXT[J/DPBlDSL/J �

cSD-o8b�]SJ
µM

QSV[Z\F[J/D^T[Z/JuFXcSV HxBuySrdcSV[JI9jt5%G_lDSbdcSF�bd�GT[J/DSbEDSF�HKJ�VXZ/F[cGHhTOB�T�RKHKHhcSFXT[V[Z<QPBEV HxBuySrdcSV[J-Ljt %Gt
�~bdcGFpQnbdcGeEbdDSF�L/bEDSFXTWBlTWJ\Vp}mcSJvH���BEQSQGHKRKL/BlTWRhbdD�]GJvH���Z\V[bdFXRKbdD WSbdcSJ�F[cSRUe�RKJ�]SJ�HxBI]SRhHxBlTWBlTWRhbdDAWSbdcSJvB
Q�J\V[oMRKF<]	��Z\HxBEVXrdRKV<HKJ\F�elBEHKHhZ/J/F�FWBEDSF�]SZ\rdVWBl]SJ/V�HhJ/F�oMbj]GJ/F/t � J\TXTWJsTWV[BEDSFX��bEV[o8BlTWRhbdD�oMbdV[QGNSbdHKbErdRK}mcSJ
WPbdcSJ:VXJ\TWRhJ/D^T-]SbdDGL�HhJ/FMB`elBED^TOBErdJ\F-]SJ:L/J/FM]SJ\cjk%bdQnZ/V[BlTWRhbdDSF3oMbdV[QSNGbdHKbdrERK}mcSJ/F WPbdcSF-FWBlDSF �?TWVXJ
J/D^T � LONSZ/JvQPBEV�HhJ/cSVXFpRhDSL/bEDmeEZ/DSRhJ/D^TWF\t
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µM

�
γ = 7 � β = 5 � TH = 0.45

� B

�~bdcSFqQ�bEcGedbdDGFIZ/r^BlHKJ/oMJ/D^T@L/bdoMQPBEVXJ/VvHKJ�QGV[Z/L\Z/]SJ\D^T-V[Z/FXcSHhTWBlT � L/J\HKcSR�]SJYH���bdcjedJ/V�TWcSVXJ%WPbdcGJ
L/HKBEF[FXRK}mcSJ-L/bdoMoMJIL/J\HKHKJ3]GZ\yPDSRhJ-J\TvRKHhHKcSF�TWV[Z\JIQPBEV�HKBgySrdcSV[J 9jt Jg]Sc QPBEVWBlrdVWBEQGNSJ 9jt5'Gt 9jt 9jt�- D V[J�z
QSV[J\DPBED^T<L/J/F�]SJ\cjk8V[Z/FXcSHhTWBlTWF�F[cGV<HKBsySrdcSV[JiLGt 6j_^DSbdcGF<QnbdcGeEbdDSF�L/bdDSF�TOBlT[J/V<}�cGJ~HKBsT[VWBEDGFX��bdVXo�BlT[RKbdD
o8bEV[QSNSbEHKbdrdRh}mcSJ WPbdcGJ@}mcSJ@DGbdcSFuQGV[bdQnbdF[bEDSF~QnJ/VXo8J?Tu]GJ@oMRKJ/c�k:o8J?T[T[V[JvJ/D Z?ejRh]SJ/DGL/J@HhJ/Fpo8b�]SJ\F
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}mcSJMH���bdcGeEJ/VXT[cSV[J-oMbdV[QGNSbdHKbErdRK}mcSJIL\HxBEFXF[Rh}�cGJEt"- D�J?i�J?T`_>HKJ\FvoMb�]SJ/F�DSJ-F[bEDmTqQPBEFvBE�SBERKFXF[Z/FvJ\TvHhJ/F
elBEHhHKZ/J\F�HKJ\F�F[Z/QSBEVWBED^TpDSJ�F[bEDmTpQPBlFpL\bdoI�SHhZ/J\FpQSBEV�DSbET[V[JsTWV[BEDSFX��bEV[o8BlTWRhbdD	t
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[
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]
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�~Z/BEDSoMbdRKDGF/_�L/bEo8oMJ H���BEQSQSHhRKL`B�TWRKbED�]SJ HxB TWV[BEDSFX��bEV[o8BlTWRhbdD � Blc FXbdcSF�z J/DSFXJ/oI�GHKJ WSbdc
M��bdcGV[DSRUT8cGDSJ{��bdDGL\TWRhbdD�]	� BlQSQPBEV�TWJ/DSBEDSL/J BEc'oMbj]GJ

µMt

QSV[Z\F[J\DmTWBED^T:J/DSL\bdV[J{]SJ/F8RKVXV[Z/rEcSHxBEVXRhT[Z/F/_
DSbEcSF�BEHKHhbdDSF�RUTWZ\V[J/V�QGHKcSFXRKJ/cGV[F���bdRhF�L/J?T[TWJsT[VWBEDSF���bdV[o8BlT[RKbdDYoMbdVXQSNSbdHhbdrdRK}mcSJ WPbdcSJ �XcSFX}mc	� � bd�GT[J/DSRhV
HKB�F�TOBE�GRKHKRhFWBlT[RKbdD@]SJ~HKBC��bdDSL\T[RKbdDM]	��BEQSQPBlVXTWJ\DPBEDSL\J � cSD8o8b�]SJ�V[Z\F[cSHUTOBED^TWJlt���HhcSF�QSV[Z\L/RhF[J/oMoMJ/D^T`_ �
LONPBl}�cGJpRUTWZ\VWBlT[RKbdDI]GJ�VWBEDSr

j
_EDGbdcSF�BEHKHhbdDSF6J\i�J/L\T[cSJ/V�HKBuTWVWBlDSFX��bdVXo�B�TWRKbED ��]Sc-FXbdcSF�z J/DSFXJ/oI�GHKJ$WPbdc

(Mt)
j−1 _n]GZ/L/VXRhTpQPBEVpFWB-��bdDSL?TWRKbED{]	��BEQSQSBEVXT[J/DPBEDGL/J

(µMt)j−1 _PVXZ/F[cGHhTOBlDmT~]SJqHxBITWV[BEDSFX��bEV[o8BlTWRhbdD
�wJ?i�J\L\T[cSZ/J � H���RUTWZ\VWBlT[RKbdD"]SJ VWBEDSr

(j − 1)
t��~blTWbdDSFg}mcSJ L/J?T[T[J T[VWBEDGFX��bdVXo�BlT[RKbdD � DSZ/L\J/F[FXRhT[J

H���Z?eEBlHKcPBlT[RKbdD � LONPBE}mcSJ�RhTWZ\VWBlT[RKbdD ]SJ\Fq��bdDGL\TWRhbdDSF�FXT[V[cSL?TWcSV[BED^TWJ\F
νE

J\T
νD

BEFXF[b�L/RKZ\J/F � LONPBEL\cSDSJ
]SJ\F�bdQ�Z\VWBlT[RKbdDGF�]	��Z\V[bdFXRKbdD:J?T~]GJv]GRKHxB�TOBlT[RKbdD7WPbdcSJ\F/t

��<��I<>; � W3M � B�P �1W3R H JLBEW3]
JLH �OR P UVRGF JLWX]�� JLHNM^F[P\R�Y 	 M�PIR�Y

¡jbdRUT � HxBsTWV[BEDSFX��bEV[o8BlTWRhbdD3]Sc�FXbdcSF z J/DGF[J/o@�SHKJ WPbdc
M

}mcSR�L\bdDSFXRKFXT[J � RhT[Z/V[J\V�HxBsTWVWBlDSFX��bdVXo�B z
T[RKbdD � �XcGF[}mc	� � bd�jTWJ/DGRKV HKBCFXTOBl�SRKHhRKFWB�TWRKbED@]SJ\F�elBEHhJ/cSVXF ]SJ�HxBu��bEDSL\T[RKbdD3]	��BEQSQSBEVXT[J/DPBEDGL/J � cGDMoMb�]SJ
VXZ/F[cGHhTOBlDmT[JEt+G�JuQSVXbjL\J/FXF[cSF�RUTWZ\VWBlT[Rh��F/��BEV[V �\TWJ~HKbdVXF[}mcSJpHKJ\F<]SRUi�Z\V[J\DSL/J\F�J/D^TWVXJuHhJ/F�eEBlHKJ/cGV[F�]SJ/F<]SJ/rdVXZ/F
]	��BEQSQSBEVXT[J/DPBEDGL/J�L`BEHhL/cSHhZ/J\FpHhbdV[F�]GJv]GJ/cjk:RUTWZ\VWBlT[RKbdDSF�F[cSL\L/J/FXF[RUedJ/FuF[bdD^TpDmcSHKHhJ/F�J/D:TWbEcGTpQ�bdRhD^T

Xl

t
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� J\T[T[J3TWVWBlDSFX��bdVXo�B�TWRKbED � BE�nbdcGT[RhT � HKBg]SJ/FXL/V[RhQGTWRhbdD£]	��cSD F[bdcSF z J\DSF[J\oI�SHKJ WPbEc
MT

]SZ/L\V[RUT
QPBEV�HKB@��bdDSL\T[RKbdD:]	��BEQSQSBEVXT[J/DPBEDGL/J

µMT

J?Tp]SZ\yPDGRKJsQPBEV Z
MT = T(M) = t

∞(M),J?T
µMT(Xl) = (µMt(Xl))

∞ ,B`eEJ/L7Z
(µMt(Xl))

j = D′
SD

[
E′

SE

[
(µM(Xl))

j−1 ]]
,J?T

(µMt(Xl))
0 = µM(Xl).G�BYyPrEcSV[J[LGt VYRKHhHKcSF�TWVXJ@HKJ\FsJ\i�J\T[Fv]GJMH���cjTWRKHhRKF[BlTWRhbdD:RhTWZ\VWBlT[RheEJ3]SJ3HxB�T[VWBEDSF���bdV[o8BlT[RKbdD{o8bdVXQSNSblz

HKbdrERK}mcSJ WPbdcSJ �MFXcSVIHhJ8FXbdcSF�z J/DSFXJ/oI�GHKJ%WPbEc
M

]SZ?yPDSR�QSBEV@HKB:��bdDGL\TWRhbdD(]�� BEQGQPBEVXT[J/DPBlDSL/J � cSD
o8b�]SJ

µM

]SJ@HKBMyPrdcGV[J 9�t %Gt�¡jcGVuL/J\FuyPrdcGV[J/F\_�HKB-��bdDGL\TWRhbdDw]�� BEQGQPBEVXT[J/DPBlDSL/J
µM

RKDGRhTWRKBEHKJuJ/FXTuV[J�z
QSV[Z\F[J\DmT[Z/JvJ/D:DSbdRhV/_jHxBq��bdDGL\TWRhbdDg]	��BEQSQPBlVXTWJ\DPBEDSL\J�V[Z/FXcSHhTWBED^T�]SJsH���BEQSQGHKRKL/BlTWRhbdDM]SJ

j
RUTWZ/V[BlTWRhbdDSF�]GJ

HxB3TWV[BEDSFX��bEV[o8BlTWRhbdD ��J/F�TCVXJ/QSVXZ/F[J\D^TWZ/J-J\D �SHKJ\cwJ?TsHxB3��bdDSL?TWRKbEDw]	��BEQSQPBlVXTWJ\DPBEDSL\JIV[Z\F[cSHUTOBED^Tu]SJ@HKB
(j + 1)

R P\o8JCBEQSQSHhRKL`B�TWRKbEDY]SJ�L/J?T[TWJsT[VWBEDSF���bdV[o8BlT[RKbdDYJ\FXT~V[J\QSV[Z\F[J/D^T[Z/J@J\D{VXbdcSrdJlt
G�B yPrdcSVXJ LGt VP��B � RhHKHKcGFXTWVXJgH���J\i�J\T�]SJwHKB TWV[BEDSF���bdV[o8BlTWRhbdD ��FXcSVYHhJ{FXbdcSF�z J/DSFXJ/oI�GHKJ WPbEc

M

(j = 0)
_	bd�GT[J/DPBlDmTqBERhDSF[RaHKJIFXbdcSF�z J/DSFXJ/oI�GHKJ WPbdc V[Z\F[cSHUTOBED^T�]SZ\L/V[RUT�QPBEVsF[Bg��bEDSL\T[RKbdD£]	��BEQSQSBEVXT[J?z

DPBEDSL\J
(µMt)1 L\bdV[VXJ/FXQ�bdDG]PBED^T � HKB�QGV[J/oMR P\V[J RUTWZ/V[BlTWRhbdDC]SJ�HxB�T[VWBEDGFX��bdVXo�BlT[RKbdD � t �6bEcSV�BEQSQSHhRK}mcSJ/V

HxBuT[VWBEDSF���bdV[o8BlT[RKbdD3oMbdV[QGNSbdHKbErdRK}mcSJ ��FXcSV�L/J?T[TWJpDSbdcjedJ/HhHKJ���bdDSL?TWRhbdD-]	� BlQSQPBEV�TWJ/DSBEDSL/J � cSD�oMb�]SJE_
DSbdcSFvJ/F�TWRho8bdDGFqHhJ/F�eEBlV[RxB�TWRKbEDSFsHKb�L`BEHhJ/Fs]SJ8HxBg��bdDSL?TWRKbED�]	��BEQSQSBEVXT[J/DPBEDGL/J

(µMt)1 V[Z\F[cSHUTOBED^T[JEt ¤
QPBEV�TWRKV6]SJ�L/J?T[TWJ�DSbEcGedJ\HKHKJ�J/FXT[RKo8BlTWRhbdD	_�DSbdcSF�L\bdDSFXT[V[cSRhF[bdDGF ]SJ�DSbdcGeEJ/HKHhJ/F ��bdDGL\TWRhbdDSF F�TWVXcSL\T[cSVWBED^T[J/F
BEF[FXbjL\RKZ\J/F~BEcjk:bdQnZ/V[BlTWRhbdDSF�]	��Z/VXbdF[RhbdD{J?Tp]SJq]GRKHxB�TOBlT[RKbdD%WSbdcSJ/Fp}mcSR>Q�J\V[oMJ\TXTWJ/D^T~]	��BEQSQSHhRK}mcSJ/V�cGDSJ
DSbdcGeEJ/HhHKJq��bERKFuHKB8TWV[BEDSF���bdV[o8BlTWRhbdD�o8bdVXQSNSbdHhbdrdRh}�cGJ �

(j = 1)
_�Q�bEcSVubd�jTWJ/DGRKVCcSD£DGbdcGedJ/BEc F[bdcGF�z

J/DSFXJ/oI�GHKJAWSbdc ]SZ\L/V[RUTIQPBlV@cSDSJ8DSbdcGeEJ/HhHKJ8��bEDSL\T[RKbdD�]	� BlQSQPBEV�TWJ/DSBEDSL/J
(µMt)2 t G�B�yPrdcSVXJ LGt VP��� �RKHhHKcSF�TWV[JsL\J@VXZ/F[cGHhTOB�T`t|�~bEcSFuRUTWZ/VXbdDSFp]SJ@DGbdcGedJ/BEc L\J@QSVXbjL\J/F[FXcSF �XcSFX}mc	� � bd�GTWJ\DSRKV�HKBMF�TOBE�SRhHKRhFWBlT[RKbdD

]SJ�HxB@��bdDGL\TWRhbdD:]	��BEQSQPBEV�TWJ\DPBEDSL\JvVXZ/FXcSHhTWBED^TWJEt
G>J£QGV[b�L/J/FXF[cSF�J/F�T:FXTWBE�SRKHhRKFXZ£BEQSV P/FgF[J\QGT�RhT[Z/VWB�TWRKbEDSF�L\bdo8oMJ H���RhHKHKcGFXTWVXJ{HKB(yPrdcSVXJ<LGt VP��L � bd¢DSbdcSF�QnbdcGeEbdDSF�edbdRhV�}�cGJqL\RKDS}YoMb�]SJ/F�F[bEDmTpoMRKF�J\DwZ\e�Rh]SJ/DSL\JEt�G>BMF�TOBE�GRKHKRhFWBlT[RKbdD8J/F�Tubd�jTWJ/DmcSJvL`BlV

(µMt)6 = (µMt)7 J/DwT[bdcGT~Q�bdRhD^T
Xl

t � H�J/F�TuZ\r^BEHKJ\o8J\D^T~Rho8QnbdV�TOBED^T�]SJqL/bdDSF�TOBlT[J/V~}�cGJqQnbdcSVpHKJ\F
Q�bERKD^TWF L/BEVWBEL?TWZ\V[RKFXZ/F�QPBEV�HKJ\F<]GJ/rdVXZ/F�]	� BlQSQPBEV�TWJ/DSBEDSL/J � cSD�oMbj]GJ�HKJ/F�QSHhcSF�Z/HKJ?edZ\F/_mH���bdQnZ/VWB�TWRKbEDM]GJ
]SRKHKBlTOB�TWRKbED7WPbEcSJ�B3QSV[bdQSBErdZCL\Jv]GJ/rdVXZs]	� BlQSQPBEV�TWJ/DSBEDSL/JvBEc�kgQnbdRKD^TWF<edbdRhF[RKDGF�}�cGR	F[bdD^T�J\cjkmz o �/oMJ
L/bdDGF[RK]GZ/V[Z\FCL/bEo8oMJqHhbjL/BEHKRhF[Z\F~]PBlDSFCcSD oMb�]SJEt�AuJIo8BEDSRQP/V[JqZ/}mcSRUeEBlHKJ/D^T[JE_nH���bdQ�Z\VWBlT[RKbdD�]	��Z/VXbdF[RhbdD
WPbdcSJpJ/D8cSD�QnbdRhDmT�B`�dBED^T�cSDMTWV P\F���BlRK�SHhJ�]SJ/rdVXZ~]�� BEQGQPBEVXT[J/DPBlDSL/J � cSD8o8b�]SJpBqQGV[bdQPBlrdZ�L/Ju]GJ/rdVXZ
]	��BEQSQPBEV�TWJ\DPBEDSL\J8Blcjk QnbdRKD^TWFCeEbdRKFXRKDSFs}mcSR FXbdD^TvJ/cjk BlcSF[FXR�HhbjL/BEHKRhF[Z\Fu]PBEDGFvL\J\TXTWJ3elBEHKHhZ/JIbdc ]PBlDSF
cSDSJ��/bEDSJs��V[bdD^TWRQP/VXJsQSV[b�LONSJ�]SJ�L/J?T[TWJ�elBEHKHhZ/Jlt
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µM(Xl) = (µMt)0
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Xl

µM(Xl)
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��$
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Xl

µM(Xl)

(µMt)7

(µMt)6

� ��� � +-# ��$*),+-#:!�.	0 &(��� &(�*$ ��# &(# �"�
(µMt)6

��$
(µMt)7
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��< �1<�� �&F � �\R�F � R P\R S�UV]�� �\Y:JXR 	 R�F^J P �[YLR �IH@S
TH

�~bdcSF�QSVXbdQnbdF[bdDGF�]���Z?TWcS]SRhJ/V H���RhD�WPcSJ\DSL/J�]Sc-F[J\cSRKH
TH

F[cGV�HhJ/F VXZ/F[cGHhTOB�TWF bd�GT[J/DmcSF<BEQSV P/F�BEQSQSHhRUz
L`BlT[RKbdDg]GJsHxB@TWV[BEDSF���bdV[o8BlTWRhbdDYoMbdV[QGNSbdHKbErdRK}mcSJ � t|ACBlDSF�H���J?kjJ/oMQSHKJuQSV[Z\L/Z/]GJ/D^T`_|DSbdcGF~B`eEbdDSF�yGkjZ
HKJqF[J/cGRKH

TH
� HxBMeEBlHKJ/cGV Z

TH = 0.5(1 − 0.1) = 0.45
tBG ��B �XcSFXT[J/oMJ/D^T�]SJ

TH
� L\J\T[T[J3eEBlHKJ/cGV

F[RhrdDSRhySJI}mcSJ-DSbdcSFsFXcSQSQnbdF[bdDGFq}mc	��cSD Q�bdRhD^TsJ/F�TqFXRhT[cSZ3]PBEDSFscGD oMb�]SJ3F[R FXbdD ]SJ/rdVXZ3]	��BEQSQPBEV�TWJ�z
DPBEDSL\J � cSD�oMbj]GJ~J\FXT�FXcSQnZ/V[RhJ/cSV �

0.5
J\T�F[RnH���J/FXT[RKo8BlTWRhbdD3]SJ\F<elBEV[RKBlTWRhbdDSF HhbjL/BEHKJ\F�]GJuHxBs��bdDSL?TWRhbdD

]	��BEQSQPBEV�TWJ\DPBEDSL\J � cSD:o8b�]SJuJ\FXT�RhDG��Z/VXRKJ/cGV[J �
0.1
t ¤ c:LONPBlQSRhT[V[J 9jt LGt LG_GDGbdcSF�B`edbdDGF�L/bdDSF�TWVXcSRhT�HKB

��bdDSL?TWRKbED�]	��BEQSQPBlVXTWJ\DPBEDSL\J � cSD�o8b�]SJu]GJ~TWJ\HKHhJ~FXbdVXT[JC}mcSJCHKJ~Q�bERKD^T
Xl

}mcSR�BIBEcGTWBED^T�]SJ~LONPBEDSL\J/F
]	� �\TWVXJqHhbjL/BEHKRhF[Zs]PBlDSFucSD{o8b�]SJ�}mcSJ@]SBEDSFucGDSJqelBEHhHKZ/Jl_PF[bdRUT~Bli�J\L\T[Z@]	��cSDw]GJ/rdVXZ@]	��BEQSQPBlVXTWJ\DPBEDSL\J
� cSD{oMb�]SJ

µM(Xl) = 0.5
t

� J/L/R>J�kGQGHKRK}mcSJ�}mcSJvHKJ\F�eEBlV[RxB�TWRKbEDSF�]SJ
TH

DSJ�Q�bdV�TWJ\DmTp}mcSJvF[cSVpH���J/F�TWRho�BlT[RKbdD8]SJ/F�elBEV[RKBlTWRhbdDSF
HKb�L`BEHhJ/F-]SJ HKB ��bEDSL\T[RKbdD"]	� BlQSQPBEV�TWJ/DSBEDSL/J � cSD oMbj]SJ�L/bEo8oMJ{HhJ{oMbdD^TWVXJwHhJ�TWBE�SHKJ/BEc LGt`#dtKG>B
yPrdcSVXJ�LGt J o8bEDmT[V[JYHhJ/FI]GRhi�Z/V[J\D^TWFIVXZ/F[cGHhTOB�TWF3bd�GT[J/DmcSF3QPBlVIH���BEQSQSHhRKL/BlTWRhbdD�]GJYHxB{T[VWBEDGFX��bdVXo�BlT[RKbdD
o8bEV[QSNSbEHKbdrdRh}mcSJ � BfeEJ/LvHKJ\F�eEBlHKJ/cGV[F�F[cSRUelBED^TWJ/F�]SJ

TH
Z

TH
0.5(1 − 0.2) 0.5(1 − 0.1) 0.5(1 − 0.2) 0.5(1 − 0.3) 0.5(1 − 0.4) 0.5(1 − 0.5)

� 0.5 � 0.45 � 0.4 � 0.35 � 0.3 � 0.25
�aRhrdcSVXJ�Z LGt JP��B � LGt JP��� � LGt JP��L � LGt JS��] � LGt JP��J � Ljt JP� � �

����� � �	� ����� &(�*) &($*),+-#:!�.�� ? & �5&(?,��1�� .��
TH

B

�~bdcSF~Q�bEcGedbdDGFuL/bEDSFXTWBlTWJ\VuF[cGV~HhJ/F�yPrdcSVXJ/F�Ljt JP��B � � LGt JP��� � }mcSJ@QSHhcSFpHxB3eEBlHKJ/cGV~]Sc{F[J\cSRKH THJ/F�T���BERK�SHhJE_jQSHKcSF�HhJ/F�oMbj]GJ/F�V[Z\F[cSHUTOBED^T[FpFXbdD^TpHxBEVXrdJ/F\t � J\TXTWJsyPrdcSVXJso8bEDmT[V[JsZ\r^BEHKJ\o8J\D^T�}�cGJvDGbETWVXJ
BEQSQSVXbjLONGJvJ\FXTpV[J\HxBlT[RheEJ/oMJ/D^T�V[bd�GcSFXT[J�e�RhF � e�RKF�]SJ�H�� B �XcGFXTWJ\o8J\D^T�]SJ

TH
_SL`BEV�}mcSJ\HKHKJs}mcSJ�FXbdRhT�HKB

elBEHKJ\cSV�]SJ
TH

LONSbdRKFXRKJl_SHKJso �/oMJsDSbdoI�GV[J�]SJ�o8b�]SJ\F�J/FXTpoMRKF�J\D{Z?e�RK]SJ\DSL/Jlt
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µM(Xl)
(µMt)8

� � ��� �"!*1�?>$'&($�.�� ? & $*�'&(#:! � +-�*6A&($*),+-#
(µMt)8

� +-1��
TH = 0.25
����� � ���3��� # �:1:��# �"��.=1 !'��1�)>?

TH
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γ = 7 � β = 5

� B



�+� �.��� ���O=�� 08� 08& �9*���� 
���:�����
)��; �#�

�8,�� � ��	 ��� 7�� 7���E9	�
��= �{;=	s2>=\5q1

¤ QGV P/F@BEQSQSHhRKL/BlTWRhbdD£]SJMHxBgTWVWBlDSFX��bdVXo�B�TWRKbED � _>DSbdcSFvbd�GT[J/DSbEDSF@HhJMFXbdcSF z J/DGF[J/o@�SHKJ7WPbdc
MT

]SZ\L/VXRhTsQPBlVuHxBM��bdDSL\T[RKbdDw]	� BlQSQPBEV�TWJ/DSBEDSL/J � cGD oMb�]SJ
µMT

t�G�J/FsQnbdRKD^TWF~o8b�]PBEc�k QnJ/cGeEJ/D^T �\T[V[J
��BEL\RKHhJ/oMJ/D^T@]GZ\TWJ\L\T[Z/FMQPBEVIcSDGJgQSNPBEFXJg]SJg]SZ\��cG�/�/RUyPL`B�TWRKbED%BEQSQSHhRK}mcSZ/J � HxB{��bdDGL\TWRhbdD ]	��BEQSQSBEVXT[J?z
DPBlDSL/J

µMT

_6QnJ/VXo8J?T[TWBED^T@]	��J?k�T[VWBERhV[J�]Gc F[bdcGF�z J\DSF[J\oI�SHhJ%WPbdc
MT

HhJ8FXbdcSF z J/DGF[J/o@�SHKJYDGJ\T
M

T

L\bdDSFXT[RhT[cSZI]SJ\FCQ�bERKD^TWF~o8b�]PBEcjk�t�G>J\FCQnbdRKD^TWF~o8b�]PBEc�kwZ?TOBED^Ts]GZ\yPDSRhFCL/bEo8oMJ@HhJ/FCQnbdRKD^T[Fu]SbdD^TsHhJ
]SJ\rdV[Z:]	��BEQSQSBEVXT[J/DPBEDGL/J � cSD"o8b�]SJgJ\FXT8Z/HKJ?edZl_�HhJ/cSV-J�kjT[VWBEL?TWRhbdD	_ }mcSR�J/F�T�H���bE� �XJ\TM]SJ:HxB£QSNSBEF[J
]SJ�]SZ?��cS�/�\RhyPL/BlTWRhbdD	_SJ\FXT~bd�GT[J/DmcSJvQPBEV�cSDSJ

α
z L/bdcGQ�Js]Sc�F[bEcSF�z J/DSFXJ/oI�SHhJ WSbdc

MT
t�G>B3elBEHKJ\cSV�]SJ

H��
α
z L/bEcSQ�J-BlQSQSHKRh}mcSZ/J � HxBY��bdDSL?TWRKbED ]�� BEQGQPBEVXT[J/DPBlDSL/J

µMT

J\FXTq]SJ
0.5
_�F[J\cSRKH ]	��RKDGL/J/V�TWRUTWcS]SJMBEc

]SJ\H � ]ScG}�cGJ/H�cSDgQnbdRKD^T�BIQGHKcSF�]SJsLONSBEDSL/J\F�]	� �?TWVXJvHhbjL/BEHKRhF[Zp]PBEDSF�cGD�oMb�]SJC}mcSJs]PBEDGF�cSDSJCelBEHKHhZ/Jlt
G�J�V[Z/FXcSHhTWBlT�yPDPBEH�J\FXTpRKHhHKcSF�TWVXZCQPBEV�HxBIyPrEcSV[J LGt`# �3bd¢�F[RUkgo8b�]SJ/F�FXbdD^T~]GZ\TWJ\L\T[Z/F/_nJ/D{B �XcSF�TOBED^T

HhJ�F[J/cGRKH
TH

� HxBCelBEHKJ\cSV
0.35

t ¤ RKDSFXR�_dQnbdcSV�LONPBl}�cGJuQnbdRKD^T
Xl

_^HKBselBEHhJ/cSV
µMT(Xl)

DGbdcSF�RKDS]SRh}mcSJ
FXR�HKJsQnbdRKD^T

Xl

J/FXT~L/bEDSF[Rh]SZ/VXZvbEc�DGbdD{L\bdoMo8JCoMb�]PBEH�t

0.0

0.5

1.0

0 51 102 204 255153

Xl

µM(Xl)
µMT(Xl)
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� �")�� � &($*),+-# �
γ = 7 � β = 5 � TH = 0.35

� B

�~bEcSF~QnbdcGeEbdDSFpDSbET[J/Vp}�cGJqFXR�DGbdcSF~Bfe�RhbdDSF�J\i�J/L?TWcSZq]SRKVXJ/L\T[J/oMJ/D^T~H��
α
z L\bdcSQnJsF[cSVpHxBI��bdDGL\TWRhbdD

]	��BEQSQSBEVXT[J/DPBEDGL/J � cSD"oMb�]SJ
µM

V[Z\F[cSHUTOBED^T-cSDGRK}mcSJ/oMJ/D^TM]SJ:HxB QGNPBEF[J:]SJg��cS�\�/RUyPL`BlT[RKbdD�_ H���BEHUz
rdbEV[RhT[NSoMJI]SJ-]SZ\��cG�/�/RUyPL`B�TWRKbED�BlcSVWBERUTsoMRKFsJ/D Z\e�Rh]SJ/DSL\J 6YoMbj]GJ/F/_�J\DSrdJ\DS]SVWBlDmTvHKB:]GZ\TWJ\L\T[RKbdD ]SJ
oMbj]GJ/F�QPBEV[BEF[RUTWJ\F�L/bdoMo8JsH���RhHKHhcSFXT[V[JuHKB@yPrdcSVXJ LGt #�#dt
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µM

B

��,�� � 5q1�; �/9���=\5q1

G�B3]SZ?TWJ\L\TWRhbdD�]SJ/Fpo8b�]SJ\F�]PBEDSFpcSD�J/F[QSBEL/JvL/bdcGHKJ/cGV�L/bdDSFXRKF�TWJ � J�k�TWVWBlRKV[J�HhJ/F�QnbdRKD^TWF�oMbj]SBEcjk
]SJ3H���J/DGF[J/o@�SHKJ

χ
t � J/FvQ�bdRhD^TWFsoMbj]PBlcjk ]GZ\yPDSRhF[FXJ/D^T@HhJ/Fs]SRUi�Z\V[J\DmT[F�o8b�]SJ/Fs]GJMH���J\F[QPBlL/J-L/bdcGHKJ\cSV

BEF[FXbjL\RKZ\FCBEcjkw]SRUi�Z\V[J/D^T[J/FCL\HxBEFXF[J/Fu]SJIQSR�kGJ\HKF � ]SZ\T[J/L?TWJ/V\t � J?T[TWJ3J�k�TWVWBlL\TWRhbdDwJ\FXTsVXJ/DS]GcSJ3Q�bEF[F[Rh�SHKJ
rdV � L/J � H�� BEQGQSHKRhL`BlT[RKbdD�RhT[Z/VWB�TWRheEJI]	��Z/VXbdF[RhbdDSFCJ?T�]SJ3]SRKHKBlTOB�TWRKbEDSF WSbdcSJ/FsFXcSVsHxBM��bdDSL\T[RKbdDw]	� BlQSQPBEV z
TWJ\DPBEDSL\J � cSD�oMbj]SJl_GoMbj]GRhy|BED^T�BlRKDSFXR	Q�bEcSV�LONPBE}mcSJvQ�bERKD^T

Xl

HhJs]SJ/rEV[Z�]SJ�L/bdDjy|BEDSL\Jv}mcSJ�DSbEcSF
BEL/L\bdV[]GbdDSF�J/D�H���Z\eMP/DSJ\o8J\DmT Z

Xl \']_^K`2aAbSc�d6aS^Ke%c	f1gMh t�~bdcSF~B`edbdDGFue�cw]PBEDGFuHKJvLONPBEQGRhTWVXJqQGV[Z/L\Z/]SJ\D^Ts}mcSJ@H���bdQnZ/V[BlTWRhbdD:]	��Z/V[bEF[RKbEDDWPbEcSJIBMQ�bdcGV~J?i�J?T
]	��Z/HxBlV[rdRhV�HKJ/FpelBEHKHhZ/J/F\_|o�BERhF�Z/r^BEHhJ/oMJ/D^T~]SJ@]SRho8RhDmcSJ/VpHKJv]SJ/rEV[Z@]�� BEQGQPBEVXT[J/DPBlDSL/J � cSD oMbj]GJq]SJ\F
Q�bERKD^TWFqF[RhT[cSZ/F3]SBEDSFIHhJ/FI�\bdDSJ/F3oMb�]PBEHKJ\F/t ¤ H���RKD^eEJ/V[FXJE_ H���bEQ�Z\VWBlT[RKbdD ]SJg]SRhHxBlTWBlTWRhbdD WSbdcSJYZ\HxBEVXrdRhT
HKJ\F�o8b�]SJ/F�T[bdcGTpJ/D�V[J\NPBEcSFXFWBED^T~HKJ\F�eEBlHKHKZ\J/F\t ¤ yPD�]SJ�DSJ�r^BEVX]SJ/V�}mcSJ�HKJ\FpBfelBED^TWBErdJ/F�]SJ�L\J/Fp]SJ/cjk
bdQnZ/VWB�TWRKbEDSF�o8bdVXQSNSbdHhbdrdRh}�cGJ/F ]PBEDGF�HKJ�FXJ/DSF<]SJuHKBv]SZ?TWJ\L\TWRhbdD�]GJ/F�oMb�]SJ/F\_�DGbdcSF<BfeEbdDSF�]GZ\yPDSR|]PBlDSF
L/J~LONPBEQSRUTWV[J~]SJ/c�kYDSbEcGedJ/BEcjkgbEQ�Z\VWBlT[J/cSVXF�QnJ/V[oMJ\TXTOBED^T�]	��Z\V[b�]SJ/V<bdcY]SJu]SRKHKBlTWJ\V�QGHKcSF<bdcYoMbdRKDSF�HKB
��bdDSL?TWRKbEDg]	� BlQSQPBEV�TWJ/DSBEDSL/J � cSD�o8b�]SJsF[J\HKbdD:HKBIHKb�L`BEHhRKFWB�TWRKbED�]Sc�Q�bERKD^T�]PBEDSF�H���J\F[QPBEL\J�L/bdcSHhJ/cSV\t

�~bdcSFaB`edbdDSF FXcSQSQnbdF[Z�}�c���cSD3QnbdRhDmTaQ�J\cGT �?TWVXJ�HKb�L`BEHhRKFXZ ]PBEDSF H���J\F[QPBlL/J�L\bdcSHKJ\cSVarEV � L\J � FXbdDI]SJ�z
rdV[Zp]	��BEQSQPBlVXTWJ\DPBEDSL\J � cGDYo8b�]SJpJ\T<rdV � L/J � H���J/F�TWRKo8BlT[RKbdD-]SJ\F<elBEV[RKBlTWRhbdDSF�HKb�L`BlHKJ/F�]SJ~HxBs��bdDSL?TWRKbED
]	��BEQSQPBEV�TWJ\DPBEDSL\J � cSDgoMbj]GJEt ¤ RKDGF[R�_�DSbdcGF�B`edbdDSF�L\bdDSFXRK]SZ\V[ZC}mc	��cSDgQnbdRKD^T�B`�dBED^T�cSDg]SJ\rdV[ZC]�� BEQ�z
QPBEV�TWJ/DSBEDSL/J � cSD{oMb�]SJ�Z/HKJ?edZvJ\TpcSDSJ���BERh�SHKJCJ\FXT[RKo8BlTWRhbdDg]SJ/F�elBEV[RKBlTWRhbdDSF�HhbjL/BEHKJ\F�]SJvHxBI��bdDSL?TWRKbED
]	��BEQSQPBEV�TWJ\DPBEDSL\J � cSDgoMbj]GJuJ/F�T�F[RUTWcSZu]PBEDSF�cGDgo8b�]SJEt �~DGJuelBEHKJ\cSV<��BERh�SHKJ�]Scg]GJ/rdVXZC]	��BEQSQPBEV�TWJ�z
DPBEDSL\J � cSD{o8b�]SJsJ?T~]GJqH���J\FXTWRho�B�TWRKbEDY]SJ/F�elBEV[RKBlTWRhbdDSF�HhbjL/BEHKJ\F�L`BEV[BEL\T[Z/VXRKF[J�cSD�QnbdRKD^T�F[RUTWcSZ�]PBlDSF
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cSDGJ:elBEHhHKZ\JEt ¡�R�H���J/FXT[RKo8BlTWRhbdD(]GJ/F-eEBlV[RxB�TWRKbEDSF@HhbjL/BEHKJ\FIQSV[J\DS]�]SJ/F-elBEHKJ\cSV[F3Z\HKJ\eEZ/J\F/_�HKJgQnbdRKD^T3J\FXT
FXRhTWcGZs]PBEDSF�cSDSJv�/bEDSJs��V[bdD^TWRQP/VXJsJ/D^TWVXJvcGD{oMbj]GJsJ\TpcSDSJselBEHKHhZ/Jlt

� J\TXTWJ�DSblTWRKbED@]SJ�HhbjL/BEHKRhFWBlT[RKbdDvBCZ?TWZ�RhDmT[V[b�]ScSRUTWJ�]PBEDSF HhJ/F ]GZ\yPDSRUTWRhbdDSFa]GJ/F DSbdcjedJ/HhHKJ\Fa��bdDSL?TWRKbEDSF
F�TWV[cGL\TWcGVWBED^TWJ\F WPbEcSJ/F�BEF[FXbjL\RKZ/J\F�BEc�kMbdQ�Z\VWBlT[RKbdDGF�]���Z\V[bdFXRKbdDMJ\T<]SJu]GRKHxB�TOBlT[RKbdD WSbdcSJ/F\t�G>B�DSbdcGeEJ/HhHKJ
bdQnZ/V[BlTWRhbdD3]	��Z/VXbdF[RhbdD7WSbdcSJpQ�J\V[oMJ\T�]	��Z/V[b�]SJ\V�HKBC��bdDSL\T[RKbdD-]	��BEQSQSBEVXT[J/DPBEDGL/J � cSD8o8b�]SJ�QSVXRKDSL\RKQPB z
HhJ/oMJ/D^Tu]SBEDSFCHhJ/F~elBEHhHKZ\J/FuJ?TCHhJ/FuVXZ/rdRhbdDSFp��V[bdD^TWRQP/VXJ/F/_�FWBEDGFC]SRKoMRKDmcSJ\V~HhJ/F~]SJ/rdVXZ/FC]�� BEQGQPBEVXT[J/DPBlDSL/J
]SJ\F8QnbdRhDmT[F-F[RhT[cSZ/F-]PBlDSF8HhJ/F-oMbj]SJ\F/t ¤ H���RKD^edJ\V[FXJE_�HxB£DSbdcjedJ/HhHKJ:bdQnZ/V[BlTWRhbdD%]SJ{]GRKHxB�TOBlT[RKbdD WSbdcSJ
QnJ/VXo8J?T�]	��Z\HxBEVXrdRKV�HKJ/F�oMb�]SJ/F�F[BEDSFpV[J/NSBEcSF[FXJ/VpHKJ\F�eEBlHKHKZ\J/F\t

¤ QPBlVXTWRhV<]GJCL/J\F�]SJ/c�kgDSbdcjedJ/HhHKJ\F�bdQnZ/VWB�TWRKbEDSF<oMbdVXQSNSbdHhbdrdRK}mcSJ\F/_mDSbdcGF�B`edbdDSF�]GZ\yPDSR�cSDSJsDSbEcjz
eEJ/HKHhJ{T[VWBEDSF���bdV[o8BlT[RKbdD"o8bdVXQSNSbdHhbdrdRh}�cGJ>WSbdcSJ£QnJ/V[oMJ\TXTOBED^T�]	��J�k�TWVWBlRKV[JwHKJ/F�o8b�]SJ/F�J/D QSVXZ/F[J\DSL/J
L\bdo8oMJ�Z\TWBED^T�HKBvL\bdoI�SRhDPBERKFXbdD-]	��cSDSJuZ\V[bdFXRKbdD[WPbdcGJu]SJpHxBs��bdDSL?TWRKbED8]	��BEQSQSBEVXT[J/DPBEDGL/J � cSD�oMb�]SJ
FXcSRhe�RKJ8]	��cSDSJY]SRhHxBlTWBlTWRhbdD WPbdcSJlt �pbdcSF@RUTWZ\V[bdDSF@BEHKbEV[FvL/JYQSVXbjL\J/FXF[cSF �XcSFX}mc	� � F�TOBE�SRhHKRhFWBlT[RKbdD ]SJ8HxB
��bdDGL\TWRhbdD�]	��BEQSQPBEV�TWJ\DPBEDSL\J�V[Z\F[cSHUTOBED^T[JEt�G�J/F�Q�bdRhD^TWF>o8b�]PBEc�k�F[bdD^TaBEHKbEV[F>J?k�TWV[BERhT[F>QPBEV>cSDSJ

α
z L/bdcSQnJ

]SJ�HKB@��bdDSL\T[RKbdD:]	��BEQSQSBEVXT[J/DPBEDGL/J � cGD�oMb�]SJsV[Z\F[cSHUTOBED^TWJlt
¤ QPBEVXT[RKV>]SJ\FaQnbdRKD^TWF�oMbj]PBlcjk�]SZ?TWJ/L?TWZ\F/_ERhHmV[J/F�TWJ � RK]GJ/D^TWRUyPJ/V>HKJ\F6]GRhi�Z/V[J\D^TWFaoMb�]SJ/F�]SJ�H���J\F[QPBlL/J

L\bdcSHKJ\cSVv}�cGR�FXbdD^T3BEFXF[b�L/RhZ/FIBlcjk L/HKBEF[FXJ/F@]GJ�QSR�kGJ\HKFv]PBEDSFvH���RKo8BErdJlt�ACBEDGF@HKJMQSVXbjLONPBlRKD LONPBEQSRUTWV[Jl_
DSbEcSFpBEHKHhbdDSF�QSVXZ/FXJ/D^TWJ\VuHxB3QSVXbjL\Z/]ScGV[Jv]SJ�L/HxBlF[F[RUyPL`B�TWRKbEDg]SJ/FpQSRUkjJ\HKFpBlyPD�]SJ�QSV[b�]ScSRhV[JscSDGJqRho�BErEJ
FXJ/rdoMJ/D^TWZ\JEt
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ACBEDGFIL/JYoMZ/oMbdRhV[JE_>DSbEcSFIQSVXZ/F[J\D^TWbdDSF3cGDSJgo8Z?TWNSb�]SJ8]SJYF[J\rdoMJ/D^TOBlT[RKbdD�]	��RKo8BErdJ/FqL/bdcGHKJ/cGV[F

QPBlV�L/HxBlF[F[RUyPL`B�TWRKbED�]GJvQGRUkjJ/HhFp�SBEF[Z\JqFXcSV�H���BEDPBEHU�jFXJ�]SJ�H���NSRKF�TWbdrdV[BEoMo8J~L/bdcSHhJ/cSV\t � J\TXTWJ�TWJ/LONGDSRK}mcSJ
L\bdo8QGV[J/DG]�TWV[bERKF�QGNPBEF[J\F:F[cSL\L/J/FXF[RUedJ/F{BE�nbdcGT[RKF[F[BED^T � HxB�]SZ\T[J/L\T[RKbdD ]SJ\Fgo8b�]SJ\FY]PBEDSFgH���J\F[QPBlL/J
L\bdcSHKJ\cSV�F[cSRUe�RKJ�]	��cSDSJuQGNPBEF[Jp]SJpL/HKBEF[FXRhyPL/BlTWRhbdD8]GJ/F�QSRUkjJ/HhF�]SJ~H���Rho�BlrdJ�F/��BEQSQGcG�^BED^T�FXcSV�HKJ/F�oMbj]GJ/F
]SZ?TWJ\L\TWZ\F/t

�6bEcSVg]SZ\T[J/L?TWJ/VgHhJ/FYoMb�]SJ/F\_�cSDSJ£QGV[J/oMR P\V[J{QSNPBEFXJ£]SJ ��cS�/�\RhyPL/BlTWRhbdD�QnJ/VXo8J?Tg]	��J?k�TWV[BERKVXJ ]SJ
H���NSRhFXT[bdrdVWBlo8oMJ�L\bdcSHKJ\cSV�cSDSJ���bdDSL?TWRKbEDM]�� BEQGQPBEVXT[J/DPBlDSL/J � cSDMoMbj]SJ�L/BEVWBEL?TWZ\V[RKF[BED^T�HKJ�]SJ/rEV[Z~BfeEJ/L
HhJ/}mcSJ/H>cSD{Q�bERKD^TpJ/FXT~F[cGF[L/J\QGTWRh�SHKJq]	��BEQSQPBEV�TWJ\DSRKV � cGDwoMbj]SJlt � J\TXTWJq��bEDSL\T[RKbdD:]	��BEQSQPBlVXTWJ\DPBEDSL\J �
cSD(o8b�]SJMJ/FXT3BEHKbdVXFqoMb�]SRhyPZ\J8HhbdV[Fv]	��cSDSJYFXJ/L\bdDS]SJYQGNPBEF[J�]	� BlDPBEHh��FXJE_ � H���BERK]GJ8]	��cSDSJ8TWVWBlDSFX��bdV z
o8BlTWRhbdD�oMbdVXQSNSbdHhbdrdRK}mcSJ WPbdcSJsRUTWZ\VWBlT[RhedJlt8G>BITWVXbdRKFXR P/oMJuQGNPBEF[Jl_S]SRUTWJs]SJs]SZ?��cS�/�\RhyPL/BlTWRhbdD	_jQ�J\V[oMJ\T
]	��J?k�T[VWBERhV[JpHKJ/F�QnbdRKD^T[F<oMbj]SBEcjk-rdV � L/J � cSDSJ

α
z L\bdcSQnJp]GJuHxBC��bdDGL\TWRhbdDM]	� BlQSQPBEV�TWJ/DSBEDSL/J~o8b�]SRUyPZ/Jlt

¡jbdcGF@H���N^��Q�bET[N8P/FXJ�L\bdo8o@cSDSZ/oMJ/D^TqBE]SoMRKFXJ-}�c�� � LONSBE}mcSJ�oMbj]GJ8L\bdV[VXJ/F[QnbdDS]�cSDSJ8L/HxBlF[F[J8]SJ
QSR�kjJ/HKF\_GHKB@QSNPBEFXJs]SJCL\HxBEFXF[RhySL`BlT[RKbdDY]GJ/F�QSR�kGJ\HKF�F\� BlQSQScG�dBED^T~FXcSV�HKJ\F�oMbj]SJ\F�]SZ?TWJ/L?TWZ\F�elBIL\bdDSF[RhFXT[J/V
T[bdcGTs]	��BE�nbdV[] � Rh]SJ/D^T[RhyPJ\VCHKJ\FC]SRhi�Z/VXJ/D^TWFsoMb�]SJ/FsBlF[F[b�L/RhZ/F � LONPBlL/cSDSJ-]SJ\FsL/HKBEF[FXJ/F/_�QGcSRKF � L\HxBEF z
FXRhyPJ\V~H���J\DSF[J\oI�SHKJ�]SJ\FuQSR�kjJ/HKFp]SJvH���RKo8BErdJsJ\DwHKJ\FuBlF[F[RhrdDPBED^TuBEcjk{]SRUi�Z\V[J/D^T[J/FuL\HxBEFXF[J\F~L\bdDSFXT[V[cSRUTWJ\F/t
G>BqL\HxBEFXF[RUyPL`BlT[RKbdD8]SJ/F�QSRUkjJ/HhF<QnJ/VXo8J?T�]	��bd�GT[J/DSRhV<cGDSJCRKo8BErdJ�]	��Z\T[RK}mcSJ?T[TWJ\F/t �~DSJsBlDPBEHh��FXJuJ/D�L/bdo3z
QnbdFWBlDmT[J/F8L/bdDSDGJ?kjJ/F8]SJwL\J\T[T[JwRho�BErEJg]	��Z?TWRh}�cGJ\T[T[J/F8Q�J\V[oMJ\TM]	��J?k�TWV[BERKVXJ{HhJ/FM]SRhi�Z/VXJ/D^TWJ\F�V[Z\rdRKbEDSF
L\bdDSFXT[RhT[cPBED^T�H���RKo8BErdJlt
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ACBEDSF�L/J-LONPBlQSRhT[V[JE_�DGbdcSFvBEHKHhbdDSFC]SBEDSF�cSD QSV[J\o8RhJ/VuT[J/oMQSF�QSV[Z\F[J/D^T[J/V@]GJ/cjk oMZ\T[NSb�]SJ/F�L/HKBEF�z
F[Rh}�cGJ/Fu]GJ@L/HKBEF[FXRhyPL/BlTWRhbdD�]SJ/F~QSRUkjJ/HhF~]GJ@H���RKo8BErdJsF\� BlQSQScG�dBED^TsF[cSV~HKJ\FuoMbj]SJ\F~]GZ\TWJ\L\T[Z/F/t�ACBEDSFucSD
F[J\L/bdDS] T[J/oMQSF/_nDSbdcGFsBEHKHhbdDSF�oMbdD^TWV[J\V~H���RhD^TWZ/V �\Tuo�BERhF�Z/r^BEHhJ/oMJ/D^T~HKJ/F~HKRho8RUTWJ/F�]SJqHxBMo8Z?TWNSb�]SJ@]GJ
F[J\rdo8J\D^TOBlT[RKbdD�]���Rho�BErEJ/FML/bdcSHhJ/cSVXFY}mcSJ£DSbdcGFYQSV[bEQ�bdFXbdDSF\t��6bdcGVYL/J\HxBG_�DSbdcSFgDGbdcSFgBEQGQScSRKJ\V[bdDGF
F[cSV�]SRUi�Z\V[J\DmT[J/FvRKo8BErdJ\FCL/bdcGHKJ/cGV[F/t G>B:QSV[J\o8RQP/VXJ3J/FXTvcSDGJ8Rho�BErEJI]SJ-FX��D^TWN8P\F[J8RKDSFXQSRKVXZ/J-]SJ-L/J\HKHKJ
}mcSJ8DGbdcSFqBfeEbdDSFqQSV[Z\F[J/D^T[Z/JY]PBlDSFqHhJ3QPBEV[BErdVWBlQSNSJ�#dt 9�t 9gJ\TvQnbdcSVvHxBE}mcSJ\HKHKJ@DSbdcSFqL/bdDSDSBERKFXF[bdDSFvHKJ
DSbdoI�GV[J3B�QGV[RKbEV[R�]SJ3V[Z\rdRKbdDGFuQSVXZ/F[J\D^TWJ/Fv]PBEDGFsH���RKo8BErdJvBERKDGF[Ra}mcSJ3HhJ/cSVXFCL`BlVWBEL?TWZ/VXRKF�TWRK}mcSJ\F/t � J\T[T[J
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λ

Z
λ = 5J?T

λ = 7
t�G>B�yPrdcSVXJG'St 8vQSVXZ/F[J\D^TWJsHKJ\F�VXZ/F[cGHhTOB�TWF�]GJ/F�Z?eEBlHKcPBlT[RKbdDGF<]SJ\F���bdDSL?TWRhbdDSF�]	� BlQSQPBEV�TWJ/DSBEDSL/J

� cSDwoMb�]SJqQnbdcSV�LONPBlL/cSDSJ@]SJqL\J/FpeEBlHKJ/cGV[Fp]SJ
λ
t�¡jcSVpL/J?T[TWJ�yPrdcGV[JE_nHKJ�]SJ\rdV[Zv]	��BEQSQPBlVXTWJ\DPBEDSL\J �

cSD oMbj]SJ-]SJMLONPBE}mcSJ8Q�bERKD^T
Xl

J/F�T@VXJ/QSVXZ/F[J\D^TWZ/J�rdV � L\J � cSD�L/b�]SJ8]GJ8L\bdcSHKJ\cSV/t - D�J\i�J\T`_>QSHhcSF
HKB-elBEHhJ/cSVp]SJ

µM(Xl)
J/FXTuZ/HhJ\edZ\J:��VXJ/FXQ	t���BERh�SHKJ � _PQSHhcSFpHxB8L\bdcSHhJ/cSV~]SJ@L\J@QnbdRKD^T~J/FXTCV[bdcSrEJY��V[J/FXQ	t�SHhJ/cSJ � t

- D�L\bdo8QSBEVWBED^T�HhJ/F�yPrdcSVXJ1'Gt5'|��L � J\T 'St 8j_^DSbdcGF�L\bdDSF�TOBlT[bdDSF�}�cGJuHKJ\F�]SJ/rdVXZ/F�]	��BEQSQPBEV�TWJ\DPBEDSL\J �cSD:oMbj]GJC]SJ/F�QnbdRhDmT[F�bd¢:H���NSRhFXTWbErdVWBEoMoMJ~QSVXZ/FXJ/D^TWJ�]SJ\FpQGRKL/F�FXbdD^T�Z/HhJ\edZ\F/_PJ?T�L/Js}mcSJ�H���BEoMQSHKRUTWcS]SJ
]SJ\F�QSRKL\FpFXbdRhT���BlRK�SHhJubdc�Z/HhJ\edZ\JEt

¤ QGV P/F�HKBqQSNSBEF[JC]GJu��cS�/�\RhyPL/BlTWRhbdD	_�DSbdcSF�Q�bdcjedbdDSF�L\bdDSF�TOBlT[J/V�FXcSV�HKJ\F�yPrdcGV[J/F 'St 8G��B � J\T�'St 8S��� �}mcSJ8]SJ8DGbdoI�SVXJ/cjk�QnbdRKD^TWF
Xl

FXbdD^T@FXcSF[L\J/QGT[RK�SHhJ/F@]�� �?TWV[J8o8b�]PBEc�k L`BEVvRKHhF�Q�bdFXF P\]SJ/D^TIcGD ]SJ/rEV[Z
]	��BEQSQSBEVXT[J/DPBEDGL/J � cSD3oMbj]GJ�Z/HhJ\eEZ�J\T�L/Jl_E}mcSJ

λ
F[bdRUT Z/r^BlH � 8ubdc � 6�t � J/QnJ/DG]PBED^T`_d]SBEDSF HKJ\F ]SJ\cjk

L/BEF/_dL\J/F ��bdDGL\TWRhbdDSF ]�� BEQGQPBEVXT[J/DPBlDSL/J � cSD-oMbj]SJ�QSV[Z\F[J/D^T[J/D^T�]GJ/F RKVXV[Z\rdcSHxBlV[RhT[Z/F\tE��bdcSV F/��J/DMBli�VWBlDjz
LONSRhV/_jDSbdcSF�BEQGQSHKRh}�cGbdDSF�HKBqTWV[BEDSFX��bEV[o8BlTWRhbdD�oMbdV[QGNSbdHKbErdRK}mcSJ � FXcSV�HxB@��bEDSL\T[RKbdDY]�� BEQGQPBEVXT[J/DPBlDSL/J
� cSD�o8b�]SJsQnbdcSV�J\D{J�kjT[VWBERhV[JsHhJ/F�]SRhi�Z/VXJ/D^TWF�QnbdRKD^T[F�o8b�]PBEcjk�t
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λ
�
a = 0.2

� B



�+� �+����� !1�>�?;����� 
 ��;X0�� *M;��i
 �%��!�� :	�+*M�)��*M��08�i= �8;�� ���'=�� � ���

�1<��1<�� � 	\]OY R P U ]OF\]OS*E�YLR PIR SN] � MOF � JLHNM^F P U ]�� �G] WLJLR�FI]^F � R � �\F 	 M�P\R

µM
��] ���\S@H�� ] JLHNMOFTPIR SN] J WX]^FIY�� M W 	 ] JLHNMOF 	 M W �
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- elBEHKcSZ\J3HKbdVXFC]SJ3HKBYQSNPBEFXJ3]SJ3��cS�/�\RhyPL/BlTWRhbdD	_nHxB���bdDSL?TWRhbdD£]	��BEQSQPBEV�TWJ\DPBEDSL\J � cGD oMb�]SJIQSVXZ?z
FXJ/D^TWJ�]SJCDGbdoI�SVXJ/cSFXJ/F�RKVXV[Z/rEcSHxBEVXRhT[Z/F�]SbdD^T�RKH�J/FXT�DGZ/L/J\F[F[BERKVXJs]SJsF/��Bli�VWBEDSLONGRKV�BlySD�]GJs]SZ\T[J/L\T[J/V�HhJ/F
oMbj]GJ/FuJ\D£QSV[Z\F[J\DSL/J-]PBEDGFsH���J/F[QSBEL/JIL\bdcSHhJ/cSV\t � J/FsoMb�]SJ/F~F[bdD^T�oMRKFpJ/D£Z\e�Rh]SJ/DSL\J3QPBEVCH�� BlQSQSHKRhL`B�z
T[RKbdD ]GJMHKB8TWV[BEDSF���bdV[o8BlTWRhbdD oMbdV[QGNSbdHKbErdRK}mcSJ WPbdcSJ � }mcSR L/bEDSF[RhFXTWJ � RUTWZ/VXJ/VsHKB8TWV[BEDSFX��bEV[o8BlTWRhbdD
oMbdV[QGNSbdHKbErdRK}mcSJ�WPbEcSJ ���XcSF[}mc	� � FXTWBE�SRhHKRKF[BlTWRhbdD:]SJ@HKBM��bdDGL\TWRhbdDw]�� BEQGQPBEVXT[J/DPBlDSL/J � cSD oMbj]GJqVXZ?z
FXcSHhTWBED^TWJEt � J?T[T[J{TWV[BEDSF���bdV[o8BlTWRhbdD�oMbdV[QSNGbdHKbdrERK}mcSJ �gL/bEoI�SRKDGJgcSDSJ�bdQ�Z\VWBlT[RKbdD�]	��Z/VXbdF[RhbdD WSbdcSJ
]SJvHxB3��bdDSL?TWRhbdD{]�� BEQGQPBEVXT[J/DPBlDSL/J � cSD{o8b�]SJ

µM

F[cSRUe�RKJ�]	��cSDSJ@]GRKHxB�TOBlT[RKbdD WPbEcSJq]GJqHKB-��bdDGL\TWRhbdD
]	��BEQSQSBEVXT[J/DPBEDGL/JYVXZ/F[cGHhTOBlDmT[JEt G�J�QSVXbjL\J/F[FXcSF3RhT[Z/V[BlTWRU��F\� BEVXV �?TWJYHhbdV[FX}�cGJ�HKJ\F@]SRUi�Z\V[J\DSL/J\F@J/D^T[V[JYHhJ/F
]SJ\rdV[Z\F ]	��BEQSQPBlVXTWJ\DPBEDSL\J�L`BEHhL/cSHhZ/F HhbdV[F6]SJ�]SJ\cjk3RUTWZ\VWBlT[RKbdDSF�F[cGL/L/J\F[FXRhedJ\F<FXbdD^T�DmcSHKHhJ/FaJ\DITWbdcjT Q�bERKD^T
Xl

]SJ�H���J/F[QSBEL/J�L/bEcSHKJ\cSV/t
G�J/F:bdQnZ/V[BlTWRhbdDSFgoMbdV[QSNGbdHKbdrERK}mcSJ/F�]	��Z\V[bdFXRKbdD J\T�]SJ ]SRhHxBlTWBlTWRhbdD WSbdcSJ/F:��bdD^T{BEQSQnJ/H � ]SJ\cjk

Z\HKZ/oMJ/D^T[FsFXTWVXcSL\T[cSVWBlDmT[F WSbdcSFsF[QnZ/L\RhyP}mcSJ\F
SE

J\T
SD

]SZ\yPDGRKFsF[cGVvcGD ]Gbdo�BlRKDSJIL\cS�SRh}�cGJ
Dγ

t � HKF
FXbdD^TgL`BEV[BEL\T[Z/VXRKF[Z\FgQPBEVYHhJ/cSVXF���bdDSL?TWRhbdDSF�F�TWVXcSL\T[cSVWBED^T[J/F:F[QnZ/L\RhyP}mcSJ\F

νE

J\T
νD

_<L`BEHhL/cSHhZ/J\F�QnbdcSV
LONPBl}�cGJ�QnbdRhDmT

Xl

J\T-Z?elBEHKcSZ\J/F-J/D�LONPBE}mcSJ:QnbdRKD^TIeEbdRKFXRKD
Y
RhDSL/HhcSF3]PBEDSF3HhJg]Sbdo8BERKDGJ�L/cG�SRK}mcSJ

Dγ(Xl)
t � J\F@��bdDSL?TWRhbdDSFvFXTWVXcSL\T[cSVWBlDmT[J/F

νE

J\T
νD

��bdD^T@RhDmT[J/V�edJ/DGRKV@H���J\FXT[RKo8BlTWRhbdD ]SJ/F@elBEVXRxBlT[RKbdDGF
HhbjL/BEHKJ\F�]SJ�HxB@��bdDGL\TWRhbdD:]	��BEQSQPBEV�TWJ\DPBEDSL\J � cSD�o8b�]SJC}mc	��RKH�F\� BlrdRhT�]���Z?eEBlHKcSJ\V/t
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G�J�]SJ/rEV[Z�]	��BEQSQPBlVXTWJ\DPBEDSL\J � cGDMoMb�]SJ�J\T�H���J\FXT[RKo8BlTWRhbdD@]SJ�HKBuelBEV[RKBlTWRhbdD@HhbjL/BEHKJ<]SJ�HxBu��bdDGL\TWRhbdD
]	��BEQSQSBEVXT[J/DPBEDGL/J � cGD{oMbj]GJsQ�J\V[oMJ\T[T[J/D^T~]SJ�HKb�L`BEHhRKF[J\V�cSD{Q�bERKD^T�]PBEDSF�H���J\F[QPBEL\J�L/bdcSHhJ/cSV\t ¤ RhDSF[R�_
cSDMQnbdRKD^T�B�]SJ���bdVXT[J/F�LONPBEDGL/J/F<]	� �\TWVXJ�F[RhT[cSZ�]PBEDSF�cSDMoMbj]SJv��V[J\F[Q	t^]PBlDSF<cGDSJ�eEBlHKHKZ\J � FXR|F[bdDM]SJ/rEV[Z]	��BEQSQSBEVXT[J/DPBEDGL/J � cSD oMbj]SJvJ/F�TCZ\HKJ\eEZg��V[J/FXQ	t���BlRK�SHhJ � J\T~F[R6H���BEo8QGHKRhT[cS]SJC]GJ/FuelBEVXRxBlT[RKbdDSF�HhbjL/BEHKJ\F]SJ�HKB3��bEDSL\T[RKbdD:]	��BEQSQPBlVXTWJ\DPBEDSL\JqJ\FXTp��BERK�GHKJEt �~D�Q�bdRhD^T�J/FXT~QSVXbd�PBE�SHhJ/oMJ/D^T�F[RUTWcSZ�J\DmT[V[JqcSD{oMb�]SJ
J?T<cGDSJpelBEHhHKZ\J�F[R|H���BEoMQSHKRUTWcS]SJ�]SJ/F�elBEV[RKBlTWRhbdDSF HKb�L`BlHKJ/F ]GJ~HKBs��bEDSL\T[RKbdD-]	��BEQSQPBlVXTWJ\DPBEDSL\JuJ\FXT<Z/HKJ?edZ\JEt

�~DGJwJ/F�TWRho�BlT[RKbdD�]SJ\F8elBEV[RKBlTWRhbdDSF-HKb�L`BlHKJ/F-]SJ{HxB£��bdDSL?TWRKbED']	��BEQSQPBlVXTWJ\DPBEDSL\J � cGD�o8b�]SJ�J/D
LONPBl}�cGJgQ�bdRhD^T@QnJ/cGT �\TWVXJYbd�GT[J/DmcSJYJ\D�J\i�J/L?TWcPBED^T-HKB{oMb �EJ/DSDGJg]SJ/FI]GRhi�Z/V[J\DSL/J\FIJ/D^T[V[JgHKJ8]SJ/rEV[Z
]	��BEQSQSBEVXT[J/DPBEDGL/J£]Sc QnbdRKD^T

Xl

L/bdDGF[RK]GZ/V[Z£J?T:HKJ\FY]SJ/rEV[Z/F:]	��BEQSQSBEVXT[J/DPBEDGL/J ]SJ/FgQnbdRhDmT[F�edbERKF[RhDSF
RhDSL/HhcSFg]PBEDSF�HKJ ]SbEo�BERhDSJ£L/cG�SRK}mcSJ ]	��bd�SF[J\VXelBlT[RKbdD L/J\DmT[V[Z�J/D

Xl

J\T{]SJ HxBEVXrdJ/cSV
β
yGkjZ/J �

5



� � � �����	��
����� �+���/&?= *M� ���� =

L/bdoMoMJCNPBE�SRUTWcSJ\HKHhJ/oMJ/D^T�]PBEDGFpHKBIHKRUT[TWZ\VWBlT[cSV[Jlt
�~bdcSFpQSVXbdQ�bEF[bdDSFp]SbdDGL@]	��RKHhHKcSF�TWV[J\V�QPBEV�HxB3yPrdcGV[J 'St %-HKJ�VXZ/F[cGHhTOB�Tu]SJvH���Z\elBEHhcPBlT[RKbdDg]SJ\F~elBEVXRxB�z

TWRhbdDSF�HKb�L`BEHhJ/F>]SJ�HKBp��bdDGL\TWRhbdD@]�� BEQGQPBEVXT[J/DPBlDSL/J � cSDIoMbj]SJ�]SJ<HxBpySrdcSV[J 'St 8S��B � t��~bdcSF�edbf�dbEDSF �SRKJ\D}mcSJ3H���BEoMQSHKRUTWcS]SJ�]SJ\FCelBEV[RKBlTWRhbdDSFpHKb�L`BEHhJ/Fu]GJIHxB8��bEDSL\T[RKbdD ]�� BEQGQPBEVXT[J/DPBlDSL/J � cSD£oMbj]GJ@J/F�T�QSHKcGF
Z/HhJ\edZ\JIQnbdcSVuHhJ/F~Q�bdRhD^TWFuFXRhT[cSZ/F~]PBEDSFCHhJ/F~�/bdDSJ\Fu��V[bEDmT[R P\V[J/F~}mcSRaFXZ/QPBEVXJ/D^T�HKJ\FuoMbj]GJ/Fu]GJ/FuelBEHhHKZ/J\F/_
}mcSJ�Q�bdcGV�HKJ/F�QnbdRKD^T[F�F[RhT[cSZ/F�FXbdRhTpBEc:L\bjJ\cSV�]SJ/F�oMbj]SJ\F/_PFXbdRhT�]SBEDSFpHKJ/F�elBEHhHKZ\J/F/t
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λ = 5 � a = 0.2
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¤ QSV P/FvB`edbdRhVue�c L\bdoMo8J\DmTCJ/FXT[RKoMJ/VsHhJ/FuelBEVXRxBlT[RKbdDSF~HKb�L`BEHhJ/F~]SJ-HxB8��bdDGL\TWRhbdD£]	��BEQSQPBlVXTWJ\DPBEDSL\J
� cSD o8b�]SJl_�DSbdcGF�BEHKHhbdDSFuo8BERhDmT[J/DPBlDmTCRKHKHhcSFXT[V[J\VuHKJ\FCV[Z\F[cSHUTOBlT[Fs]SJ3H���BEQSQGHKRKL/BlTWRhbdD�]SJ3HxB�T[VWBEDSF���bdV�z
o�B�TWRKbED�oMbdVXQSNSbdHhbdrdRK}mcSJ WSbdcSJ � L/bdDSFXRKF�TOBED^T � RhT[Z/VXJ/V-cSDSJ{bdQ�Z\VWBlT[RKbdD�]	��Z/VXbdF[RhbdD WPbEcSJ{FXcSRhe�RhJ
]	��cSDSJwbEQ�Z\VWBlT[RKbdD�]SJw]GRKHxB�TOBlT[RKbdD WPbdcGJ �XcSFX}�c�� � F�TOBE�GRKHKRhFWBlT[RKbdD%]SJ{HxB£��bdDSL?TWRKbED']	��BEQSQPBlVXTWJ\DPBEDSL\J
V[Z\F[cSHUTOBED^TWJlt G�J/F�Z/HhZ/oMJ/D^TWFsF�TWVXcSL\T[cSVWBED^T[F WSbdcSF�HKRhZ/FsBEc�k£bdQnZ/V[BlTWRhbdDSFC]	��Z/VXbdF[RhbdD J\T�]SJ3]GRKHxB�TOBlT[RKbdD
WPbdcSJ\F�F[bdD^T�]GZ\yPDSRhF�F[cSV�cGDg]Sbdo8BERKDSJ~L/cS�GRK}mcSJs]SJCHKBEV[rEJ/cSV

γ
_
γ
Z?TOBED^T�Rho8QPBlRKV[J�QnbdcSV�]GJ/F�VWBlRKF[bEDSF

]SJ�FX��oMZ\TWVXRKJs]Sc�]Sbdo8BERhDSJCL/cG�SRK}mcSJlt
G>J\Fq��bdDGL\TWRhbdDSFvFXT[V[cSL?TWcSV[BED^TWJ/F

νE

J?T
νD

BEFXF[b�L/RhZ/J/F � L\J/FIZ\HKZ/oMJ/D^T[FqF�TWV[cGL\TWcGVWBED^TWF WPbdcSFv��bdD^T
RKD^TWJ\VXeEJ/DSRhVpcGD{FXJ/cSRhH

TH
}mc	��RKH�F/��BErdRUT�]	��B �XcSFXT[J/V\t��pbETWbEDSF�}�cGJqL\bdDG��bdVXo8Z\o8J\DmT~BEc�k:bd�SFXJ/VXelBlT[RKbdDGF

}mcSJ�DSbdcSF�B`e�RKbdDSF ��BlRhTWJ\F ]PBEDSF HhJ�QPBEV[BErdVWBlQSNSJ-LGt 8 � QGV[bdQnbdF ]SJ�H���RKD2WPcSJ/DGL/J�]SJ�H���B �XcSF�TWJ\o8J\DmT�]SJ�L\J
F[J\cSRKH�_GHKbEV[F[}mcSJ�HKB@eEBlHKJ/cGV�]SJ

TH
J\FXT���BERK�GHKJE_jHKJ\FpoMb�]SJ/F�]SZ?TWJ\L\TWZ\F~FXbdD^TpHKZ/rMP/V[J\o8J\D^T~QGHKcSF�HKBEV[rdJ\F/t
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G�J/F8]SZ\yPDGRhTWRhbdDSFM]SJ/FM��bdDSL?TWRKbEDSF8F�TWVXcSL\T[cSVWBED^T[J/FgBEFXF[b�L/RhZ/J/F�BEcjk"bdQnZ/V[BlTWRhbdDSF-]	��Z/V[bEF[RKbED'J\T�]SJ
]SRhHxBlTWBlTWRhbdD[WPbdcSJ\F�TWRKJ\DSDSJ\DmT�L\bdoMQGTWJs]SJ\F�Q�bERKD^TWF�eEbdRKFXRKDSF�RhDSL/HhcSF�]PBlDSF�HKJC]Gbdo�BlRKDSJ~L/cS�SRh}mcSJs]	��bd�jz
FXJ/VXelBlT[RKbdD{]SJ@HKBEV[rEJ/cSV

γ
t��~D QnbdRhDmTuB8]GJ/FuLONSBEDSL/J\F�BEL/L\V[cSJ\Fu]	� �\T[V[JIoMb�]PBEH�F[R�F[J\FuQnbdRKD^T[FpeEbdRKFXRKDSF

HhJvFXbdD^TsZ/rdBEHKJ\o8J\DmT/t|� HKcSF~HKJv]Sbdo8BERKDSJ�L\cS�SRK}mcSJqL`BEV[BEL\T[Z/VXRKFWBlDmT~H���Z/HhZ/oMJ/D^T~FXTWVXcSL\T[cSVWBlDmTuJ/F�TCHxBlV[rdJl_
QSHhcSFsHKJ3DGbdoI�SVXJM]GJMQnbdRhDmT[FCedbdRhF[RhDSF�QSV[RhFsJ/D L/bdoMQGTWJ-J\FXTvRKoMQ�bEVXTOBlDmT/t	ACBlDSFqL\J/FvL/bdDG]SRhT[RKbdDSF\_�HhJ/F
LONPBlDSL/J\Fu}mc	��cSDwQnbdRKD^T�FXcSF[L\J/QGT[RK�SHhJq]	� �\T[V[Jvo8b�]PBEH�F[bdRUT~L\bdDSFXRK]SZ\V[ZvL/bdoMo8JsoMb�]PBEH	J\DwQSVXJ/DPBED^T~J/D
L\bdDSF[Rh]SZ/V[BlTWRhbdDg�nJ`BEcSL\bdcSQ�]SJ�Q�bERKD^TWF�edbERKF[RhDSF�F[bEDmTp]	��BEcGTWBED^TpQSHKcSF�VXZ/]ScGRhTWJ\F/t
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λ = 5, a = 0.2, β = 5, γ = 3, TH = 0.35.
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o�BlRKF[bED	t#G�J/F�QSR�kGJ\HKF�V[J\QSV[Z\F[J\DmTWBED^T�HhJ/F�]SRhi�Z/VXJ/D^TWJ\F<bEoI�SV[J\F<FXbdD^T��GRKJ/D8BEFXF[RKrEDSZ/F � HxBso �\o8J�L\HxBEFXF[JEt
CCRhF[cSJ\HKHKJ\o8J\D^T`_GHKBIL/HKBEF[FXRhyPL/BlTWRhbdDg]SJ/FpQSR�kGJ\HKF�J\FXTpFWBlT[RKF���BERKF[BED^TWJEt
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λ = 5, a = 0.2, β =

5, γ = 3, TH = 0.35
� B

�1<��I<>; ��R�� 	 R�F JL]
JLHNM^F[P\R S�UVH 	 ]��OR�� Z R�]OF\Y �

�~bEcSFqQGV[Z/FXJ/D^TWbEDSFIo8BERKD^TWJ\DPBED^TqHKJ/F�VXZ/F[cGHhTOB�TWF@bE�GTWJ\D�cGF@QPBEVqBEQSQGHKRKL/BlTWRhbdD£]SJMDSbET[V[JMo8Z?TWNSb�]SJ
FXcSVacSDGJ�RKo8BErdJ�L/bEcSHKJ\cSV6]GRhi�Z/V[J\D^TWJE_lQSV[Z\F[J\DmT[Z/J�FXcSVaHKBpyPrdcGV[J 'Gt 9 �S��B � t � J?T[T[J�RKo8BErdJ�J/F�T L/bEDSFXT[RhTWcGZ/J]SJu�SRKHhHKJ/F�]SJu}�cSBlTWVXJsL/bdcSHhJ/cSVXF�]SRUi�Z\V[J\DmT[J/F�J?T�QSV[Z\F[J\DmTWBED^T�]SJCDSbEoI�SV[J\cSF[J\F�bdoI�SVXJ/F�J?T�]SJ\F�V[J_WPJ\T[F/t

� bdoMo8JwQ�bdcGVgH���RKo8BErdJ�QSV[Z\L/Z/]GJ/D^TWJl_~H�� BEDSBEHh��F[Jw]SJ£L/J?T[TWJ Rho�BErEJwL/bEcSHKJ\cSVgJ/F�T{J?i�J\L\T[cSZ/J J/D
yGkGBED^TpHKJ\F�elBEHKJ\cSV[F�]SJ\FpQSBEVWBEo7P\T[V[J\Fp]GJvHKB@��B��/bED�FXcSRhelBED^T[J7Z

λ = 5, a = 0.2, β = 5, γ = 3, TH = 0.35.

¤ QGV P/F�8�RhT[Z/V[BlTWRhbdDSF	]SJ HKB�TWV[BEDSFX��bEV[o8BlTWRhbdDCoMbdV[QSNGbdHKbdrERK}mcSJ � _fHKJ\F�o8b�]SJ\F	F[bdD^T�J?k�T[VWBERUTWF�L/bEo8oMJ
H���RhHKHKcGFXTWVXJaHKB�ySrdcSV[JO'St 9L#d_/J\T 8�oMb�]SJ/F>F[bEDmT6BEHhbdV[F�Rh]SJ/D^T[RhyPZ\F/t �~bEcSF6QnbdcGeEbdDSF6BEHKbEV[F	L\HxBEFXF[J/V�HKJ\F>QSRUkjJ/HhF
]SJMH���RKo8BErdJqejRhF � e�RKFv]SJ/FqL/HKBEF[FXJ/F@L\bdDSF�TWV[cGRhTWJ\F/t�G�J/FvyPrdcSVXJ/F 'St 9�9S��B � J?T 'St 9&9S��� � QSV[Z\F[J\DmT[J/D^T3HhJ/FVXZ/F[cGHhTOB�TWFv]SJ�HKB�L\HxBEFXF[RhySL`BlT[RKbdD ]SJ\FIQSRUkjJ\HKFse�RKF � e�RKFq]Sc(oMbj]GJ8HhJMQGHKcSFvQSV[b�LONSJlta�pbdcSF@QnbdcGeEbdDSF
L\bdDSFXTWBlTWJ\Vq}mcSJMHKJ\F�]SRhi�Z/VXJ/D^TWJ\Fq�SRhHKHhJ/Fs]SJ-L/bEcSHKJ\cSV[FvF[bdD^Tq�SRKJ\D�J�k�TWVWBlRhTWJ\F�J\TqF[JM]SRKF�TWRKDGrdcSJ/D^T��SRhJ/D
]Sc:��bdDS]:FXcSV�HKJ/}mcSJ\H�J/HhHKJ/F�FXbdD^TpQ�bdFXZ/J\F/t
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λ = 5, a = 0.2, β = 5, γ =

3, TH = 0.35
� B

�g,�� ��5q1:; �\9���=?5@1
¤ QGV P/FqB`edbdRhVsQSV[Z\F[J\DmT[Z�HhJ3QSV[RhDSL/RhQ�JI]���Rh]SJ/D^TWRUyPL`B�TWRKbED ]GJMLONSBEL/cSD�]SJ/FvoMbj]SJ\Fs]SZ\T[J/L?TWZ/F\_6DGbdcSF

B`edbEDSF�]SZ?yPDSRn]SJ/cjk�oMZ\TWNGbj]SJ\F�]SJ~L/HKBEF[FXRhyPL/BlTWRhbdD8]GJ/F�QSR�kjJ/HKF<}mcSRnT[RKJ\DSDSJ/D^T�L/bdoMQGTWJ~F[bdRUT�]GJ/F��SBEVX�^z
L\J/D^TWVXJ/F�]SJ/F�L\HxBEFXF[J/F\_PF[bdRUT�]Sc:o8b�]SJCHhJsQSHKcGF�QSV[b�LONSJlt|�~bdcSFpB`edbEDSF�J/DSFXcSRhT[J�BEQSQSHhRK}mcSZsHxBqo8Z?TWNSb�]SJ
]SJ-FXJ/rdoMJ/D^TOB�TWRKbED WPbEcSJ8QGV[Z/FXJ/D^TWZ\J�]PBlDSFqL\J8oMZ/oMbdRhV[J � ]SRhi�Z/VXJ/D^TWJ\F@Rho�BErEJ/FsL/bEcSHKJ\cSV[F\t G�B:QSVXJ?z
oMR P\V[J�J\FXTMcSDSJgRho�BlrdJ�]SJgF���DmT[N8P/FXJwB`eEJ/L:cSD%DSbdoI�GV[JgL/bEDSDmc"]SJgL\HxBEFXF[J\F/_ ]SbdD^T3HhJ/F3DmcPBErEJ/F-]SJ
QnbdRKD^T[F�BEF[FXbjL\RKZ/F�FXbdD^T~]GJ���bEV[oMJ/F�rdHhbd�ScSHKBERKVXJ/F/t

G>B L/bdDGDPBERKFXFWBEDGL/J:B QSVXRKbdVXR<]Sc�DGbdoI�SVXJY]SJgoMbj]SJ\F � ]SZ?TWJ/L?TWJ\V-BERKDSFXR�}mcSJgHKBwFXT[V[cSL?TWcSVXJg]SJ/F
DmcPBErEJ/F ]SJ�QnbdRKD^T[F DSbdcSF�BCQnJ/VXo8RhF ]SJ�oMJ\T[T[V[J�J\D-Z\e�RK]SJ\DSL/J�H���RhDmT[Z/V �\T J?T�HKJ/FaHKRKoMRhT[J/F�]SJ�HxB~o8Z?TWNSb�]SJ
}mcSJYDGbdcSFIQSVXbdQnbdF[bdDGF/t �pbdcSF3B`eEbdDSF3J\i�J/L?TWRUedJ/oMJ/D^T-QSc�}mcPBlDmT[RhyPJ\VIHKJ8V[Z\F[cSHUTOBlT@]SJYHxB�L/HKBEF[FXRhyPL/B�z
T[RKbdD�]SJ/F3QSR�kjJ/HKFq]SJgH���RKo8BErdJ-J\D�cGTWRhHKRKF[BED^T@HhJ/FqbdcGTWRhHKFvL/HKBEF[FXRK}mcSJ/F3}mcSJgFXbdD^T3HKJMTOBEc�k ]	��J/VXV[J\cSV3]SJ
L\HxBEFXF[RhySL`BlT[RKbdDgJ?T�HxB3o�B�TWV[RhL/JC]GJvL\bdDG��cSFXRKbdD�t

�~bEcSFwB`eEbdDSF�J/DSFXcSRhT[J�FXJ/rdoMJ/D^TWZ ]SJ\cjk RKo8BErdJ/FgL\bdcSHhJ/cSVXF � H���BERK]GJ ]SJ DSbETWVXJ(BlQSQSV[b�LONSJ J/D
L\bdDSF[Rh]SZ/V[BED^T�HhJ/F�eEBlHKJ/cGV[F�]SJ

λ
_
γ
J?T
TH

BERKDSFXRPyGkjZ/J/F\tP�~bEcSF�B`edbEDSF�bd�SFXJ/V�edZC}mcSJCHhJ/F�V[Z\F[cSHUTOBlT[F�]SJ
HKB:L\HxBEFXF[RUyPL`BlT[RKbdD ]SJ\F@QSR�kGJ\HKF�F[bEDmTqe�RKF[cGJ/HKHhJ/oMJ/D^TvFWBlT[RKF���BERKF[BED^TWF/_>�SRhJ/D }mcSJ�HhJ/FvD�cSBErdJ/Fq]SJ�QnbdRhDmT[F
BEFXF[b�L/RhZ/FpBEcjk:]GRhi�Z/V[J\D^TWJ/F�VXZ/rdRhbdDSF�DSJ�F[bERKJ/D^TpQPBEF�]SJs��bdVXo8J\F�rdHKbE�ScSHxBlRKV[J\F/t

E�RhJ/DI}mcSJ�L\J\TXTWJ�QSVXbjL\Z/]ScGV[J�FXbdRhT6F[J\DSF[Rh�SHKJ � H���B �XcSF�TWJ/oMJ/D^Ta]SJ/F QSBEVWBEo7P\T[V[J\F
λ
J\T
γ
_�DSbdcGF B`edbdDSF

bd�jTWJ/Dmc ]SJ/F�VXZ/F[cGHhTOB�TWFs]SJ3FXJ/rdoMJ/D^TOB�TWRKbED F[BlTWRhFX��BERhFWBED^TsQnbdcSVsH���J\DSF[J\oI�SHhJI]SJ/F�Rho�BErEJ/FCL\bdDSF[Rh]SZ/VXZ/F
B`edJ\LqHhJso �\o8J �XJ/c�]SJ�QPBEVWBloAP?TWV[J\F/_ � FWB`eEbdRKV

λ = 5
J?T
γ = 3

t
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ACBEDGF L/J�oMZ/oMbdRKVXJE_ DSbdcSF�B`eEbdDSF�QSV[bEQ�bdFXZ�cSDSJ�DGbdcGedJ\HKHhJ�o8Z?TWNSb�]SJ�]GJ�F[J/rEo8J\DmTWBlTWRhbdDI]	��RKo8BErdJ\F
L\bdcSHKJ\cSV[F�QSBEV�L/HxBlF[F[RUyPL`B�TWRKbEDg]SJ�QSRUkjJ/HhF/t

�~bEcSF�L/bdDGF[RK]GZ/V[bEDSF�}�cGJvHhJ/F�VXZ/rdRhbdDSF�]SJsH���Rho�BlrdJuL\bdcSHKJ\cSV�L\bdDSFXT[RhT[cSJs]SJ/F�J\DSF[J\oI�SHKJ\F�]SJ�QSRUkjJ/HhF
L\bdDSDSJ�kGJ\F@BlQSQPBEV�TWJ/DSBED^T � cSDGJMo �/oMJ3L/HKBEF[FXJ-]SJ-QSRUkjJ/HhF/t G�J-QSVXbd�SH P\o8J@L/HKZ-]SJ-HKBYF[J/rEo8J\DmTWBlTWRhbdD
VXZ/F[Rh]SJp]PBEDSF<HxBqL\bdDSF�TWV[cGL\TWRhbdD�]GJ/F�L\HxBEFXF[J/F<]SJuQGRUkjJ/HhF/t��6bdcGV�L/J\HxBG_mDSbEcSF�BEDSBEHh��F[bEDSF�HKBv]SRhFXT[V[RK�GcGTWRhbdD
]SJ\F@QnbdRKD^T[FqL\bdcSHKJ\cSV[FqV[J\QSV[Z\F[J/D^TWBED^T3HKJ\F@QSR�kGJ\HKFv]PBEDSFqH���J/FXQPBEL/J8L/bdcGHKJ/cGV/t�G�bdV[Fq]SJ�L\J\T[T[JYBEDSBEHh��F[Jl_
H���Rho�BErEJCJ/F�TCBEFXF[b�L/RhZ/J � cSDSJqo8b�]SZ\HKRKF[BlTWRhbdDYQSVXbd�PBE�GRKHKRhFXT[Jsbd¢wH���NSRhFXT[bdrdVWBlo8oMJuL\bdcSHKJ\cSVpV[J/QGV[Z/FXJ/D^TWJ
H���J\FXTWRho�B�TWRKbEDI]SJpHxBC��bdDSL?TWRKbEDM]GJp]GJ/DSFXRhTWZp]SJpQSV[bE�PBE�SRhHKRhT[Z�]	��BEQSQPBlV[RhT[RKbdD3]GJ/F�Q�bdRhD^TWF�L/bdcGHKJ/cGV[F�BEF[FXblz
L\RKZ/FaBEcjkqQSR�kGJ\HKF\tMG ��BEDPBEHU�jFXJ�]SJ�H���NSRKF�TWbdrdV[BEoMo8J L\bdcSHKJ\cSVaL\bdDSFXRKFXT[J � VXJ/LONSJ\V[LONSJ\V�HKJ/F��/bEDSJ/F oMbj]SBEHKJ\F
]SJ-H���J\F[QPBEL\J-L/bdcSHhJ/cSV\_�L`BEV[BEL\T[Z/VXRKF[Z\J/FvQPBEV�]SJ3��bdV�TWJ/F�]SJ\DSF[RUTWZ\Fq]SJ-QnbdRKD^T[FsL/bdcSHhJ/cSVXF/t6¡jbdcGFvH���N^��Qnblz
T[N8P/FXJvL\bdoMoIcSDSZ\o8J\DmT�BE]SoMRKF[Ju}�c���cSD:oMbj]GJC]SJsH���J/FXQPBEL\JvL\bdV[VXJ/FXQ�bdDG] � cGDSJ�L/HxBlF[F[Js]GJsQSRUkjJ/HhF/_jHxB
L\bdDSFXT[V[cSL?TWRhbdD�]SJ\F�L/HKBEF[FXJ/F<V[J\e�RhJ/D^T�]SbEDSL � RK]SJ\DmT[RhyPJ\V<HhJ/F�Q�bERKD^TWF�o8b�]PBEc�kML/bdDSF�TWRUTWcPBED^T<HKJ\F<oMbj]GJ/F
QSVXZ/FXJ/D^TWFp]PBEDSF�H���J\F[QPBEL\JqL\bdcSHhJ/cSV\t

�~bEcSF�]SZ\yPDGRKF[FXbdDSFp]PBEDSFpcSD�QSV[J\o8RhJ/V�T[J/oMQSF�cSDSJ���bdDSL?TWRKbED�]�� BEQGQPBEVXT[J/DPBlDSL/J � cSD{oMb�]SJ�BlyPD
]	��J/F�TWRho8J\V HKJ�]SJ\rdV[Zp]SJ�L/bdDjy|BEDSL\J~}mcSJpDSbdcSF�QnbdcGeEbdDSF<BEL/L\bdV[]SJ\V � H���Z?e#P/DGJ/oMJ/D^T Z�@ h \ bSc�d6aS^��'c�a�]_d! 
f�"$#%" \']_^ `+aAbSc�d6aS^ e%c	f1gMh�f+\/h'& \']4b�g��'\(�'c�`2h \_`�# @�tG��bdcSV�L/J\HxBG_�DSbdcGF�cGTWRhHKRKFXbdDSF�cSDSJ

π
z���bdDSL?TWRKbED�}mcSR

T[RKJ/D^TvL/bEo8QGT[J8]���cSD TWJ\FXTqHKb�L`BEH ]SJML/bEDmeEJ?kjRhT[Z�]SJ8H���NSRKF�TWbdrEVWBEoMo8JqJ\i�J/L?TWcSZ8J/D LONPBl}�cGJ�QnbdRKD^Tv]SJ
H���J\F[QPBEL\J<L\bdcSHhJ/cSV\tOG>BpV[Z/QnbdDSFXJ�J\DILONPBE}mcSJ<Q�bdRhD^T���bEcSV[DSRhJ<QSBEV6L\J\TXTWJ

π
z ��bdDGL\TWRhbdDvL/bdDSF�TWRUTWcSJ�HKJ�]SJ/rEV[Z

]	��BEQSQSBEVXT[J/DPBEDGL/J3]Sc QnbdRKD^TCL\bdDSFXRK]SZ\V[Z � cSD oMbj]SJlt	� HKcGFCHKJI]GJ/rdVXZ3]	� BlQSQPBEV�TWJ/DSBEDSL/J � cGD oMb�]SJ
J\FXT~Z/HKJ?edZl_nQGHKcSF�HKJ�QnbdRKD^TpL/bEDSF[Rh]SZ/VXZqJ\FXT~F[cSFXL/J/QjTWRK�GHKJv]	� BlQSQPBEV�TWJ/DGRKV � cGDwoMbj]SJlt�G ��cGT[RKHhRKFWB�TWRKbEDY]SJ
L\J�T[J/F�T~]GJvL\bdDSL/Bfe�RUTWZ�Q�J\V[oMJ\T�]SJ�]SZ?TWJ\L\TWJ\V~]GJ/FpL/HxBlF[F[J\F�DSbdD�Z/}mcSRKQGV[bd�PBl�SHKJ\F/t

� J/QnJ/DG]PBED^T`_nRKH	J\FXT~]SRQTML\RKHKJu]SJqrdBEVWBED^T[RKV�}mcSJvHxBI��bdDSL?TWRKbED�]�� BEQGQPBEVXT[J/DPBlDSL/J � cGD{oMbj]GJqBlRKDSFXR
Z?eEBlHKcSZ\J~VXJ WSP?TWJuyP]�P/HKJ\o8J\D^T�HxBvFXT[V[cSL?TWcSVXJCo8b�]PBEHhJ�]SJCH���J\F[QPBEL\JuL\bdcSHKJ\cSV/t � J?T[TWJu]SJ/VXDSR P\V[JuQGV[Z/FXJ/D^TWJ
rdZ\DSZ/V[BEHKJ\o8J\D^T�]SJ�DSbdoI�SVXJ/cSFXJ/F~RKV[VXZ/rdcGHxBEVXRhTWZ\F�J?T~HKB3F[RKoMQSHhJsBEDPBEHU��F[J�]SJ/F�]SJ\rdV[Z\F~]�� BEQGQPBEVXT[J/DPBlDSL/J
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DSJwQnJ/VXo8J?TYQPBlF�]SJ{]SZ\T[J/L\T[J/VgHhJ/FMQ�bdRhD^TWF�oMb�]PBEcjk�t��~bdcGFYQSV[bEQ�bdFXbdDSF8]SJ oMbj]SRUyPJ/V-L\J/FY]SJ\rdV[Z\F
]	��BEQSQPBEV�TWJ\DPBEDSL\J � cSD oMbj]GJ � H���BERK]SJ@]	��bEQ�Z\VWBlT[J/cSVXFvoMbdVXQSNSbdHhbdrdRK}mcSJ\FiWPbEcSF�]SJ3TWJ/HhHKJIFXbdVXT[J3}mcSJ
HKJ\F�]SJ/rdVXZ/Fp]	��BEQSQPBEV�TWJ\DPBEDSL\Jv]GJ/FpQ�bdRhD^TWF�oMbj]PBlcjkgFXbdRKJ\DmTpBlcSF[FXR�QGV[b�LONSJ/F�}mcSJvQ�bdFXF[Rh�SHKJs]SJ #dt

G>J\FsbdQnZ/VWB�TWRKbEDSFCoMbdV[QSNGbdHKbdrERK}mcSJ/F~]SJ3�PBEFXJ3}mcSJ-F[bdD^T�H���Z/VXbdF[RhbdD J?T�HxBY]SRhHxBlTWBlTWRhbdDDWSbdcSJ/FsQnbdF z
F P\]SJ/D^T�]SJ/F QGV[bdQSVXRKZ?TWZ/F RhD^TWZ/VXJ/FXFWBED^TWJ\F�]PBEDSF HhJ�F[J\DSF�]SJ�HxBC]GZ\TWJ\L\T[RKbdD3]SJ\F o8b�]SJ\F/_do8BERKF6QSV[Z\F[J\DmT[J/D^T
Z/r^BlHKJ/oMJ/D^Ts]GJ/FsJ\i�J\T[F�DSZ\��BEF�TWJ\F/t - D J\i�J\T`_�H���Z\V[bdFXRKbdDwZ/HxBlV[rdRUTCHKJ\FuelBEHKHhZ/J\F/_�o8BERhFuJ/HhHKJ3BgBlcSF[FXR TWJ/D�z
]PBEDSL\J � ]SRho8RhDmcSJ/V�HhJ/F�]SJ\rdV[Z\F~]	��BEQSQSBEVXT[J/DPBEDGL/Jv]SJ/FpQ�bERKD^TWF�FXRhTWcGZ/Fp]PBEDSF�HKJ\F��/bdDSJ\F~oMb�]PBEHKJ\F/tGAuJ
o �\o8Jl_GHKB-]GRKHxB�TOBlT[RKbdD8Z/HxBlV[rdRUT�HKJ\F�o8b�]SJ/F�o8BERhF�B3Z/r^BEHhJ/oMJ/D^T�TWJ\DS]PBEDGL/J � VXJ/NPBlcSF[FXJ/VuHhJ/F�elBEHhHKZ/J\F/t

� ��J\FXTYQnbdcSVX}mcSbdR�_�DSbEcSF�QSVXZ/FXJ/D^TWbdDGFY]SJ/F�bdQ�Z\VWBlT[RKbdDGFMoMbdVXQSNSbdHhbdrdRK}mcSJ\F WPbdcSJ\F�cGT[RKHKRhFWBED^T-]SJ\F
Z/HhZ/oMJ/D^TWF�FXT[V[cSL?TWcSV[BED^TWFUWSbdcSF�F[QnZ/L/RUyP}mcSJ/F\_GBl]PBEQGT[Z/F � DSbET[V[JpQSV[bE�SH P\o8J�]SJp]SZ\T[J/L?TWRKbED�]SJ\F<oMbj]GJ/F/t
�~bdcGFgB`edbdDSFg]GZ\yPDSRu]SJ/FYZ\HKZ\o8J\DmT[FgFXT[V[cSL?TWcSV[BED^TWF WPbdcGFY]SbdD^TgHhJ/F���bdDGL\TWRhbdDSF8FXTWVXcSL\T[cSVWBlDmT[J/F:]SZ�z
Q�J\DS]SJ\DmTu]SJ@HKB8HhbjL/BEHKRhFWBlT[RKbdDY]GJ@LONPBE}mcSJ3QnbdRhDmTp]PBlDSFuH���J\F[QPBEL\JIL/bEcSHKJ\cSV/tn�~bEcSFCB`edbEDSFCL`BlVWBEL?TWZ/VXRKFXZ
HxBsHKb�L`BlHKRKF[BlTWRhbdD3]	��cSD�QnbdRhDmT<QPBEV�F[bED�]SJ\rdV[Z~]	� BlQSQPBEV�TWJ/DSBEDSL/J � cSD8o8b�]SJpJ\T<QPBEV�H���J/F�TWRKo8BlT[RKbdD3]SJ\F
elBEV[RKBlTWRhbdDSFsHKb�L`BlHKJ/F�]SJ8HxB:��bdDSL\T[RKbdD�]	��BEQSQPBEV�TWJ\DPBEDSL\J � cSD(o8b�]SJEt ¤ RKDSFXR�_�cSD QnbdRhDmTqL`BlVWBEL?TWZ/VXRKFXZ
QPBEV6cSD3]SJ/rEV[Z�]	��BEQSQSBEVXT[J/DPBEDGL/J�Z/HhZ\eEZv��V[J\F[Q	t���BERK�GHKJ � J\T cSDSJ�J\FXTWRho�B�TWRKbED@]SJ\F eEBlV[RxB�TWRKbEDSF>HKb�L`BEHhJ/Fa]GJHxB���bdDSL\T[RKbdD�]	� BlQSQPBEV�TWJ/DSBEDSL/Js��BERh�SHKJpJ/F�T�L/bEDSF[Rh]SZ/VXZsL/bdoMo8J~Z\TWBED^T�HKb�L`BEHhRKFXZ~]PBlDSF�cSDgoMbj]SJI��VXJ/F[Q�t
cSDSJCelBEHhHKZ/J � t �~DSJCelBEHhJ/cSV<Z/HhJ\edZ\J�]SJsH���J/F�TWRKo8BlT[RKbdDM]SJ/F�elBEVXRxBlT[RKbdDGF�HKb�L`BlHKJ/F<L`BEV[BEL\T[Z/VXRKF[Ju]SJ/F�QnbdRKD^T[FF[RUTWcSZ\Fp]SBEDSF�]SJ/F��\bdDSJ/F���V[bEDmT[R P\V[J/F\_SJ/D^T[V[Jvo8b�]SJ/F�J?T�eEBlHKHKZ\J/F\t

� J/L/RPDGbdcSF QnJ/V[oMJ\T ]	��Z\V[b�]SJ/V bEcM]GJ�]SRKHKBlTWJ\VaQSHhcSF bdc-oMbdRKDSF6HxBu��bdDGL\TWRhbdD3]	��BEQSQPBlVXTWJ\DPBEDSL\J � cSD
o8b�]SJ�J/D{��bdDSL\T[RKbdD�]SJqL/J\TXTWJqHKb�L`BEHhRKFWB�TWRKbED	tG�pbdcSF~Q�bdcjedbdDSFuBERKDGF[R>Z/VXbj]SJ\V~HKB-��bEDSL\T[RKbdD�]	��BEQSQPBEV�TWJ�z
DPBEDSL\J�]PBEDSF�HKJ\F�elBEHhHKZ\J/F J\T�HhJ/F��/bdDGJ/F���V[bdD^TWRQP/VXJ/F/_dT[bdcGT�J/D8L/bdDGF[J/V�elBED^T�HhJ/F�]SJ/rEV[Z/F�]	��BEQSQPBlVXTWJ\DPBEDSL\J
]SJ/FqQ�bERKD^TWFqF[RhT[cSZ/Fq]PBEDSF@HKJ/FvoMbj]SJ\F/t ¤ H���RhDmeEJ/VXF[JE_6H���bdQnZ/VWB�TWRKbED ]GJY]SRKHKBlTOB�TWRKbED£Q�J\V[oMJ\TI]���Z\HxBEVXrdRKV
HKJ\FpoMb�]SJ/F�FWBlDSF~VXJ/NPBlcSF[FXJ/VCHhJ/F�elBEHKHhZ/J/F\t�G � BEQGQSHKRhL`BlT[RKbdDYRUTWZ\VWBlT[RhedJ�]SJvH���bdQnZ/V[BlTWRhbdDg]	��Z/V[bEF[RKbED�WPbdcGJ
F[cSV-HKBw��bdDSL\T[RKbdD%]	��BEQSQSBEVXT[J/DPBEDGL/J � cGD"oMbj]GJgF[cSRUejRhJg]	��cSDSJ�]SRKHKBlTOBlT[RKbdD WPbdcSJ:FXcSV8HKBw��bdDSL?TWRKbED
]	��BEQSQPBEV�TWJ\DPBEDSL\J~VXZ/F[cGHhTOBlDmT�]SJpH���bdQnZ/V[BlTWRhbdD3]	��Z/V[bEF[RKbED8QnJ/VXo8J?T<]GJpoMJ\TXTWVXJpJ\D�Z?ejRh]SJ/DGL/JpHKJ/F�QnbdRKD^T[F
o8b�]PBEc�k�_jJ\Tp]SbdDGLE_PHKJ\F�o8b�]SJ/F\t

�~DSJ ��bdRhF�HKJ/F>oMbj]GJ/F>RK]SJ\D^TWRhySZ/F/_fHhJ/F�L\HxBEFXF[J/F�]SJ�QSRUkjJ\HKF�F[bEDmTaBEHhbdV[F	L\bdDSF�TWV[cGRhTWJ\F/t�G>BpL\HxBEFXF[RUyPL`BlT[RKbdD
]SJ/F QGRUkjJ/HhF ]SJ�H���RKo8BErdJ�Q�J\cGT<BEHKbEV[F �?TWVXJpoMRKFXJ�J/D-b�J/cGe�VXJ~B�yPD-]	� BlF[F[RhrdDSJ\V LONPBE}mcSJ�QSRUkjJ\H � FWBsL/HKBEF[FXJ
]	��BEQSQPBEV�TWJ\DPBEDSL\JEt�G>B�FXJ/rdoMJ/D^TWBlTWRhbdD�]SJ<H���Rho�BlrdJaD	��J/F�TabE�GTWJ\D�cGJ<}mc	��BEQSV P/F6BEDPBEHU�jFXJ�]SJ<HKB�L/bdDGDSJ?kjRhT[Z
]SJ/F�QSR�kjJ/HKF�]GJvH���Rho�BlrdJu]	��Z\T[RK}mcSJ?T[TWJ\F
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�~bEcSF@B`eEbdDSFIBlQSQSHKRh}mcSZ-DSbETWVXJMBEHKrdbEV[RhT[NSoMJIF[cSVvcSDSJMRKo8BErdJ3L\bdcSHhJ/cSV�]SJMFX��D^TWN8P\F[JYJ?T@FXcSVv]SJ/F
Rho�BErEJ/F-L/bdcGHKJ/cGV[FgBlySD�]	��Z\elBEHKcGJ/V�H���RhD�WPcSJ\DSL/J{]SJ/F�]SRhi�Z/VXJ/D^TWFYQSBEVWBEo7P\T[V[J\F�DSZ\L/J/FXFWBERhV[J\F � DSbET[V[J
oMZ\T[NSbj]GJEtSG�J/F�T[V[bdRhF�QPBEVWBloAP?TWV[J\F � B �XcSFXT[J/V�F[bdD^T Z

� λ
ZSHxBEVXrdJ/cGV�]Sc:]Sbdo8BERKDSJuL/cS�SRh}mcSJ�]	��bE�SF[J\VXelBlTWRhbdD:Q�J\V[oMJ\TXTOBED^Tp]SJ�L`BEV[BEL\T[Z/VXRKF[J\V�HKJsFXJ/DSFp]SJ

HKBIL/bdD^eEJ?kjRhT[Zq]SJ�H���NSRhFXT[bdrdVWBlo8oMJ~L\bdcSHhJ/cSV\_
� γ

Z�HxBEVXrdJ/cGVu]Sc£]SbEo�BERhDSJ@L\cS�SRh}�cGJI]SZ\ySDSRKFXFWBED^T�HKJ\FCZ/HhZ/oMJ/D^TWFuFXTWVXcSL\T[cSVWBlDmT[F�WPbdcSF�BlF[F[b�L/RhZ/F
BlcjkgbdQnZ/V[BlTWRhbdDSF�]	��Z/VXbdF[RhbdD:J\Tp]SJ�]SRhHxBlTWBlTWRhbdD%WPbdcGJ/F/_

� TH
ZlF[J\cSRKHSQnJ/VXo8J?T[TWBED^T ]SJ�]SZ?yPDSRKVaHKJ/FaQ�bdRhD^TWFaeEbdRKFXRKDSF RhDSL/HhcSF ]PBlDSF HKJ�]Gbdo�BlRKDSJ<L/cS�SRh}mcSJ�]SJ

HKBEV[rEJ/cSV
γ
]SJ?eEBlDmTpRhDmT[J/V�edJ/DGRKV�HKbdVXF�]SJ\F~]SRUi�Z\V[J\DmT[J/F�bdQnZ/V[BlTWRhbdDSF�]	��Z/VXbdF[RhbdD:J\Tp]SJs]SRhHxBlTWBlTWRhbdD

WSbdcSJ/F\t
G � BlDPBEHh��FXJ3]SJ-H���RKo8BErdJv]SJ-FX��D^TWN8P\F[JMJ\T�HKJ\FsJ?kjJ/oMQSHhJ/F�}mcSJ-DSbdcSF�B`edbEDSFqQGV[Z/FXJ/D^TWZ\FqoMbdD^TWVXJ/D^T

}mcSJ�HKJ\F�V[Z/FXcSHhTWBlTWF�FXbdD^TuF[BlTWRhFX��BERhFWBED^TWF�HhbdV[FX}mcSJ
λ = 5

J\T
γ = 3

t�G>B3elBEHhJ/cSV�]Gc{FXJ/cSRhH
TH

QnJ/VXo8J?T
]	��B �XcSF�TWJ\V3HxB QPBEV�TWRhL/RKQSBlTWRhbdD�]GJ/F-Q�bERKD^TWF@eEbdRKFXRKDSF@RKDSL\HKcSFI]SBEDSF3HKJ�]Sbdo8BERKDSJ8L/cS�GRK}mcSJg]SZ?yPDSRKFXFWBED^T
H���Z\HKZ/oMJ/D^T<FXT[V[cSL?TWcSV[BED^THWPbdcgBlcjkY]GRhi�Z/V[J\D^TWJ/F�bdQ�Z\VWBlT[RKbdDGF<oMbdV[QGNSbdHKbErdRK}mcSJ\F/t�¡jbdDgRhD�WPcSJ\DSL/JuF[cSV<HxB
]SZ?TWJ\L\TWRhbdD:]SJ/FpoMbj]SJ\F�V[J\FXTWJvL/J\Q�J\DS]PBED^T~HKRho8RUTWZ/Jlt

�~bEcSFvBfeEbdDSFvBEQSQGHKRK}mcSZ3DGbETWVXJ3o8Z?TWNSb�]SJ � ]SJ/F�Rho�BErEJ/FCbd¢ HxBYL\bdcSHhJ/cSVsJ\FXTvV[J\QSV[Z\F[J/D^T[Z/J�]SBEDSF
H���J\F[QPBEL\Js�

R, V,B � tl¡jR�L/J?T J\F[QPBEL\J�J/F�T L\J/HKcGR�}mcSR�J/F�T HhJ<QSHhcSFacjTWRKHhRKFXZE_`RhH�D���J\FXT QSBEF6T[bdc��XbdcSVXF BE]GZ/}mcPBlTQnbdcSVpHxB-F[J\rdo8J\D^TOBlT[RKbdD{]	��Rho�BlrdJ/FpL/bdcGHKJ/cGV[F/t - D J\i�J\T/_�RhH�J?kjRKF�TWJIcGDSJq��bdV�TWJvL/bdVXV[Z\HxBlT[RKbdD�J/D^TWVXJ@HhJ/F
]SRUi�Z\V[J\DmT[J/FqL/bdoMQ�bEFWBED^TWJ\F

R
_
V
J\T
B
t � H�F[J/V[BERhTvRhDmT[Z/VXJ/F[F[BED^TI]	��J/D^e�RKF[BErdJ\V@]	��BEcGT[V[J/FqJ/FXQPBEL/J\FI]SJ

VXJ/QSVXZ/F[J\D^TOBlT[RKbdDqL/bdcSHhJ/cSV\_fbd¢vHKJ/F>bdQnZ/V[BlTWRhbdDSF>oMbdV[QSNGbdHKbdrERK}mcSJ/F�QSV[J\DS]SVWBlRKJ/D^T6cSDIBlcGTWVXJ�FXJ/DSF\t��pD@J\F�z
QPBlL/J�]SJpV[J/QGV[Z/FXJ/D^TOB�TWRKbED�]SJ�T ��Q�JpQnJ/V[L\J/QGT[cSJ/HhHKJ\o8J\DmT�cSDGRh��bdVXo8J�L\bdo8oMJ�HKJ\F�FX��FXT P/oMJ/F

(L∗, a∗, b∗)bdc
(L∗, u∗, v∗)

bEc cGD£J/F[QSBEL/J-]SJ3L\bdcSHKJ\cSV[FsN^���SVXRK]SJ3]SZ?edJ\HKbdQSQnZ3QPBEVC�qtGC�BEDG]SJ/Dm�SVXbdcSL 2EJMF[J\VWBERUT
QnJ/cGT�z �?TWV[J�oMRKJ\cjkgBl]PBEQGT[ZvJ?TpQ�bdcGV[VWBlRhT���bdcGV[DSRhV�]SJ�o8J\RKHhHKJ/cGV[F�VXZ/F[cGHhTOB�TWF C C�BED � ��N�t

�~bEcSFsB`edbdDGF/_�BEc£L\bdcSVXFC]SJIL\JITWVWB`elBERhH�_PQSHhcSFCQPBEV�TWRhL/cSHhR P/VXJ/oMJ/D^Tp��bjL/BEHKRhF[ZvDSbETWVXJ3BlTXTWJ/D^T[RKbdD FXcSV
HKBvQSNSBEF[JC]���J�kjT[VWBEL?TWRhbdD�]SJ\F�oMbj]SJ\F/t � HnF[J/V[BERhT<RKD^T[Z/V[J\F[F[BED^T�]SJuLONGJ/V[LONGJ/V � Bl]PBEQGT[J/V�bEc�]SZ?edJ/HhbdQSQnJ/V
cSDGJ�T[J/LONSDGRK}mcSJvF[QnZ/L/RUyP}mcSJv]SJ�L/HxBlF[F[RUyPL`B�TWRKbEDg]SJ/F�QSR�kGJ\HKF � QPBEV�TWRKV�]SJ/F�oMbj]SJ\F�]SZ\T[J/L\T[Z/F\t

G>BuF[J\rdoMJ/D^TOBlT[RKbdDq]	��RKo8BErdJ/F6L/bdcGHKJ/cGV[FaL\bdDSFXRKFXT[J � QPBlVXTWRUTWRhbdDSDSJ\V�cGDSJ�RKo8BErdJ�J\D3V[Z/rERKbdDSF6L/bdDGFXTWR�z
T[cSZ/J\Fw]SJ QSRUkjJ\HKF�L/bdDSDGJ?kjJ/F QnbdFXF[Z/]SBED^T ]SJ\FwQSVXbdQSV[RhZ\T[Z/F�L/bdHhbdV[Rho8Z?TWV[Rh}mcSJ/FgFXRKoMRKHxBlRKV[J\F/t G � BEFXQ�J\L\T
FXQPBlTWRhblz L\bdHKbEV[RKoMZ\T[V[Rh}�cGJqFXJ/oI�SHhJ3Z/r^BlHKJ/oMJ/D^T�Rho8QnbdVXTWBED^T`t�G�BgoMZ\T[NSbj]GJM]GZ\edJ\HKbdQGQ�Z\J8]PBlDSF�L/J-o8Z�z
oMbdRKVXJ F[J �PBlF[J J/F[FXJ/D^TWRhJ/HhHKJ/oMJ/D^T:FXcSV{cGDSJ BEDPBEHU�jFXJ L/bdHhbdV[Rho8Z?TWV[Rh}mcSJw]PBlDSF:H���J/F[QSBEL/J L/bEcSHKJ\cSV:J\T
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H���BEF[QnJ/L?T�F[QSBlTWRKBEH�D	��J/F�T�QSV[RhF�J/D:L\bdDSF[Rh]SZ/V[BlTWRhbdDY}mcSJ�HKbEV[F�]SJuH���BEDPBEHU�jFXJCJ/D:L\bdo8QnbdF[BED^TWJ/F�L\bdDSDSJ�kjJ/F
]SJCH���Rho�BErEJpZ?TWRh}�cGJ\TWZ\JEt � H�F[J\VWBERUT�RKD^TWZ\V[J\F[FWBlDmT�]���cGT[RKHhRKF[J\V<H���RhDG��bdVXo�BlT[RKbdD-FXQPBlTWRKBEHKJ~BEcgQSHhcSF�T0/ET�]PBlDSF
DSbET[V[J oMZ\TWNGbj]SJlt �6bdcGV�L\J/HKBG_fH���NSRKF�TWbdrEVWBEoMo8J�DSJ�F[J\VWBERUT>QSHKcSF � QSVXJ/DS]SVXJ<J\DqL\bdDSFXRK]SZ\VWBlT[RKbdD	t G>J\F6o8B�z
TWVXRKL/J\FC]SJIL\bjb�L/L\cSV[VXJ/DSL\J/F�L/bEcSHKJ\cSV[Fsbdc£HhJ/FC]GJ/rdVXZ/Fs]SJIL\bdDSDSJ�kjRhTWZ3]GJ/FsF[bEcSF�z J/DSFXJ/oI�SHhJ/F�]SJIQGRUkjJ/HhF
Q�bEcSV[V[BERKJ\DmT �\TWVXJgJ?kjQSHhbdRhT[Z/F3QnbdcSV3L/bEDSFXT[V[cSRhV[JgHxBw��bEDSL\T[RKbdD�]	��BEQSQSBEVXT[J/DPBEDGL/J � cSD"oMb�]SJEt � J\T[T[J
��bdDSL?TWRKbED']	��BEQSQPBlVXTWJ\DPBEDSL\JE_<}�cGRuRKD^T P/rdVXJwL/bED��XbdRKD^T[J/oMJ/D^T�]GJ/FYRhDG��bdV[o8BlT[RKbdDSF-FXcSV�HKB�V[Z\QPBEV�TWRhT[RKbdD
F[QPB�TWRxBlHKJ�]SJ\F<QGRUkjJ/HhF�]GJ~L\bdcSHKJ\cSV[F�QSVXbjLONGJ/F�J?T�F[cSV�HxBs]SRhFXTWVXRK�ScjTWRKbED3L/bdHhbdV[Rho8Z?TWV[Rh}mcSJE_�Q�bEcSV[V[BERhT�BEHhbdV[F
�\T[V[J�oMbj]SRUyPZ/J�QSBEV ]SJ/F�bdQnZ/V[BlTWJ\cSV[F�oMbdV[QGNSbdHKbErdRK}mcSJ\F�WPbdcSF�BlySDM]GJp]GZ\TWJ\L\T[J/V�HKJ/F L\HxBEFXF[J\F<]SJ�QGRUkjJ/HhF
}mcSR�L/bdVXV[J\F[QnbdDS]SJ\DmTuBEcjkgV[Z/rERKbdDSF�]SBEDSF�H���RKo8BErdJlt

�~bdcSF�B`eEbdDSF ]SZ?edJ/HhbdQSQnZ�cSDSJ�oMZ\T[NSbj]GJ�]SJ�F[J\rdoMJ/D^TOBlT[RKbdD-B`�dBED^T�cSD-Q�bdcjedbdRhVaZ/HhJ\eEZ�]SJ�F[Z\QPBEVWB z
TWRhbdD�]SJ/F6o8b�]SJ/F\t � J/L\RjJ\FXT6bd�GTWJ\DmcIrdV � L/J � H���Z\HxBEVXrdRKFXF[J/oMJ/D^T>RUTWZ/V[BlTWRU��]SJ/F�eEBlHKHKZ\J/F\t_-�DqL/bdD^T[V[J/QSBEVXT[RKJE_
HxB:QSV[b�L/Z\]ScSVXJ�TWJ\DS] � ��BERhV[JM]SRKFXQPBEVWB��KTWVXJ-HKJ/FqQ�J?TWRUTWF@oMb�]SJ/F\t�E�RhJ/D�}�cGJYHxB�o8bdVXQSNSbdHhbdrdRhJ3o�BlT[NSZ?z
o�B�TWRK}mcSJ$WPbEcSJCBlTXTWZ\D�cGJuL/J~QSNSZ\DSbdo7P/DSJ~]SJu]SRhF[QPBlV[RhT[RKbdD-]SJ\F�QnJ\T[RhTWF�]Sbdo8BERhDSJ/F�bd¢�H���NGRKFXT[bdrdV[BEo8oMJ
J/F�T�L/bdDGL`B`edJ�QPBEV�VWBEQSQnbdV�T � HxB@oMbdVXQSNSbdHhbdrdRKJ�o8BlTWNGZ/o8BlTWRh}�cGJuL/HKBEF[FXRK}mcSJl_GRKH�F[J\VWBERUT�RKD^T[Z/V[J\F[F[BED^T~]GJ
V[J\LONSJ/VXLONSJ/V�]SJ�DSbdcGeEJ`BEc�kMbdQ�Z\VWBlT[J/cSVXF o8bEV[QSNSbEHKbdrdRh}mcSJ/F�WSbdcSF�}mcSRPL/bdDGF[J/V�edJ\VWBERhJ/D^T�cSD8QnbdcGeEbdRKV ]GJ
F[Z\QPBEVWB�TWRKbEDg]SJ/Fpo8b�]SJ\F�RKoMQ�bdV�TOBED^T�T[bdcGT�J\D{QSVXZ/FXJ/VXelBED^T~HKJ\F�Q�J?TWRhT[F�o8b�]SJ/F�FXRKrdDGRhyPL/BlTWRU��F/t
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AuJ3DSbEF �XbdcSVXF/_�T[bdcGTsHhJIoMbdDS]SJqF/��BEL/L\bdV[]SJ � ]GRKV[J@}�cGJ3HxB�QnJ/VXL/J/QjTWRKbED£]SJIHxB8L/bdcSHhJ/cSVuJ/FXT � HxB
�XbdDGL\TWRhbdD�]SJ:HxB QGNm��FXRK}mcSJE_�]SJ:HKB QSN^�jFXRKbdHhbdrdRhJYJ\TM]SJ:HxB QGFX��LONSbdHhbdrdRKJlt � J/QnJ/DG]PBED^T`_�F[R��pJ�4�T[bdD	_
��bdcGDSrqJ?T�){B�k 4�J\HKHnRKHKHhcSFXT[V[J\DmT�]SBEDSF�HKBsHKRhTXTWZ\VWBlT[cSV[J�HhJ/F��PBEF[J\F�]SJpHxB�L/bEcSHKJ\cSV/_^]	��BEcGT[V[J\F�DSbdoMF�F[bdD^T
VXZ/rdcSHhR P\V[J/oMJ/D^T�bdcG�SHKRhZ/F�L/bdoMoMJ!(sb�J\TWNGJMbEc � NSJ?ejVXJ/cSH<Q�bEcSV�V[J/QGV[Z/FXJ/D^TWJ\VIHKJ\F@BlcGTWVXJ/Fv]Sbdo8BERKDSJ\F
}mcSJgFXbdD^T-HxBwQSN^��F[RhbdHKbErdRKJ8J\T3HKBwQSFX��LONSbEHKbdrdRhJEt3R�bdcGT[JYHxB ]GRQTML/cSHUTWZ8]SJgHxBwL\bdoMQSV[Z\NSJ/DSFXRKbdD%]SJ�HxB
QnJ/VXL/J/QjTWRKbED ]SJIHKB8L/bEcSHKJ\cSVuDSJ@F[JIVXZ/F[cGo8Jq]SbdDSLIQSBEFCcSDSRh}mcSJ/oMJ/D^T � ]GJ/FCHhbdDSrdcSJ\cSV[F~]	��bdDS]SJIJ?T �
]SJ\F�eEBlHKJ/cGV[F�]PBEDSF�cSD:F��jF�T?P\o8Jv]SZ\ySDSR�t

¡jR6�~J�4�TWbdD£BMQ�J\V[oMRKFp]	��J/DSHhJ\edJ\VucSDGJ@QPBEV�TC]ScwV �\eEJE_n]SJ@HKB8o8BErdRhJsJ\TC]Gc o@��FXT P/V[JqJ/D^TWbEcSVWBED^T
HhJIQSNSZ\DSbdo7P/DSJ3]SJ3HKB�L/bEcSHKJ\cSV/_	HhJ/FCQGV[J/oMR P\V[J\FsFX��D^TWN8P\F[J/F���cSVXJ/D^T�Z/HKBE��bEV[Z/J\FsQ�J\c BfelBED^T ¤ V[RKF�TWbET[J
J?T�F[J/Fp]SRhF[L/RhQSHKJ\F/C59�N��ftS�6bdcSV�L\J\T[T[J�o �\o8JCQnZ/VXRKb�]SJE_GL/J/V�TOBERhDSF�BEcGT[J/cSVXF�bdD^T~o �/oMJCRhDS]SRK}mcSZs}mcSJ�HhJ/F
rdVXJ/L\F DSJ�eEb �dBERKJ\D^T QPBEF HKB~DPB�TWcSVXJ�]SJ�HKB~o �/oMJ<��B��\bdDI}mcSJ�DGbdcSF/_EB`edJ/L�cSD3bjJ\RKHmQSVXJ/F[}mcSJ�B`eEJ/cSrdHhJ�BEc
�SHhJ/c:J\TuBEcgedJ\VXT����~Z/BEDSoMbdRKDGF/_SLl��J\FXT � ¤ V[RKF�TWbET[Js}mcSJqQnJ/cjedJ/D^TuV[J\eEJ/DSRhV�HKJ/F�QSVXJ/oMR P\V[J/F�oMZ\T[NSbj]GJ/F
]SJ~L/HKBEF[FXRhyPL/BlTWRhbdD	_dTOBlDmT�Q�bEcSV�HhJ/F�L/bdcSHhJ/cSVXF�}mcSJCQnbdcSV<HKJ\F<J\F[Q�P/L/J\F�BEDSRho�BEHhJ/F\t -�DgJ?i�J?T`_�RKH|QSVXbdQ�bEF[J
cSDGJ~L\HxBEFXF[RhySL`BlT[RKbdD-]Sc8o8bdDG]SJpBEDSRKo8BEHSJ\D�FXZ/QPBEV[BED^T�HhJ/F�BEDSRho�BEc�k3J/D8]SJ/c�k�rEV[bdcSQnJ/F�QSVXRKDSL\RKQPBEc�k>Z
HhJ/FCedJ\VXT[Z/�SVXZ/F@J?T@HhJ/FsRhDmeEJ/V�TWZ/�GV[Z/F\t �pDSJ-F[J\L/bdDS]GJ�]SZ\L/bdoMQ�bEF[RhT[RKbdD£QnJ/VXo8J?T[TWBERhTs]GJM]GRKFXT[RKDSrEcSJ/VsHhJ/F
BEDGRKo8BEcjksQnbdDS]SBED^Ta]SJ\F6b�J/cj��F6]SJ\FaBlcGTWVXJ/F/_ J?T BERhDSF[R^]GJ<FXcSRhT[J<QPBlV�]GRKLONSbET[bdoMRKJ/F�FXcSL/L\J/FXF[RheEJ/F FXcSRhelBED^T
]SRUi�Z\V[J\DmT[J/F�L`BlVWBEL?TWZ/VXRKF�TWRK}mcSJ\F/t

ACBEDGF�cGD@BEcjTWV[J ]Gbdo�BlRKDSJl_/HKJ\F�L/bdcGHKJ/cGV[F>Z\TWBERKJ\DmT>L\HxBEFXF[Z\J/F�HKRKDGZ`BERhV[J/oMJ/D^T�F[cSRUeEBlDmT>HhJ/F�RhDSFXTWBED^TWF>]SJ
HKB �XbdcSVXDSZ/Jl_^o�BERhFaJ\DMZ?TOBED^T T[bdc��XbdcSVXF L/bdoMQnbdF[Z\J/F�]SJ�DSbdRhV J\T�]GJ��SHxBEDGLEt ¤ RKDSFXR�_lHxBCHKcGo8RQP/V[J<�SHxBlDSLONSJ
]Sc{o8Rh]SR	L P/]SJvFWBMQSHxBEL\JvBEc �[BEcGDSJ�QScSRKF~BEc�V[bdcGrdJ?z bdVWBEDGrdZEt ¤ cwL/bEcSLONSJ/V~]Sc�F[bdHhJ/RKH�_SHKJ�L\V[Z/QGcSF[L\cSHKJ
QPBlF[F[J@]Sc e�RKbdHhJ\TuBEcwedJ\VXT! �_nQScSRhFCBEcw�SHKJ\c ��bdDSL/Z@B`eEBlDmTC}�cGJIHxBMD�cGRhTCDGJ@��BEF[FXJ3BEQSQSBEVWB �hTWVXJqHhJ@DSbdRhV
CFLON�t�ACBEDSF8L/J\TXTWJ{F[cSRUTWJE_�DSbEcSF8VXJ\T[V[bdcGeEbdDSF8F[J/QjT�L\bdcSHKJ\cSV[F8QSV[RhDSL/RhQPBEHhJ/F3}mcSR�F[J\V[bdD^TYQSBEV8HKB£F[cSRUTWJ
BEFXF[b�L/RhZ/J/FuBEcjk�FXJ/QGTuFWB`edJ\cSV[F[C 'MN�_nQGcSRKF~BEcjk{F[J\QGTCDGbETWJ\Fu]SJqoIcSF[Rh}mcSJEt#" TWV[BEDSrdJ\o8J\DmT/_�L\J@F��jF�T?P\o8J
F\��RhDSF[QSRhV[J-]SJ\FvT[bdDPBEHhRhTWZ\Fs]Sc L/RKJ\H�BEc(L\bdcSVXFv]GJ8HKB �XbEcSV[DSZ\J8J?T@DGbdD�]GJ8H�� BEVXL3J/D�L/RKJ\H }mcSR�_�DSbEcSFqHhJ
F[BfeEbdDSFp]SZ/FXbdV[o8BERhF/_SVXZ/F[cGHhTWJ�]SJ�HKBI]SZ/L\bdo8QnbdFXRhTWRhbdDg]SJ�HxBIHhcSoMR P/VXJEt
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ACBEDSFvL/J-QSNSZ\DSbdo7P/DSJ-DPB�TWcSVXJ/H�_ ¤ V[RhFXTWblTWJ3D	� � B`eEBlRhTsRh]SJ/D^TWRUyPZ-}mcSJ7L�L\bdcSHKJ\cSV[F[Z�HhJ3V[bdcSrEJE_�HKJ
edJ\VXTgJ?TYHKJ��SHhJ/c	t � HuDSJ{Q�bEcGelBERhT8]SbdDSL{F[J\VXe�RKVY]GJw�PBEFXJ QnbdcSV�]GZ\TWJ\V[oMRKDSJ\V8HhJ/F8]SRhi�Z/VXJ/D^TWJ\FYL/bdc�zHKJ\cSV[FIQGV[Z/FXJ/D^TWJ\F-]PBEDSF3HKBwDPBlT[cSV[Jlt A P/F3H�� BlDmT[RK}mcSRUTWZE_�HKJ\FIQSVXJ/oMR P/VXJ/FI�SBEF[J\FM]GJYHxBwL\bdcSHhJ/cSV\_ ]SJYHKB
L/HKBEF[FXRhyPL/BlTWRhbdDgJ\T�]SJ�H�� BEDSBEHh��F[Js]GJv]GbdDSDSZ\J/FpZ\TOBlRKJ/D^Tp]SbdDGLvQnbdFXZ/J/F\t

G���NSRhFXTWbERKV[J:]SJwHxB L/bdcSHhJ/cSV8J\T�]SJwHKB L\HxBEFXF[RhySL`BlT[RKbdD"D	� B QPBEF8L/bdDSDmc ]SJ{rdVWBlDS]SJ/F�Z\edbEHKcGT[RKbdDSF
]PBEDSFgHhJ/FYFXR P\L/HKJ\Fg}mcSRCF[cGRhe�RKVXJ/D^T`_�HhJ/FY]GRhi�Z/V[J\D^TWFgQnJ/cSQSHhJ/FgFXJ£�PBEFWBlDmT:FXcSV:HKJ\FYL/bdDGDPBERKFXFWBEDGL/J/F:J?T
HKJ\FvJ\V[VXJ/cSVXF@]SJ\F (sV[J/L\F/t � J/QnJ/DS]SBED^T`_aHKBgL/bdoMQ�bEF[RhT[RKbdD ]SJ\F@L\bdcSHKJ\cSV[FvZ\eEbdHKcGJYB`edJ\L�]SJMDSbdcGeEJ`BEc�k
QSRKrEo8J\DmT[F6cjTWRKHhRKFXZ/F�Q�bdcGVaQnJ/RKDG]SV[J<HKJ/F6��B � J\DSL/J\F/_EHhJ/F6o8bdF[B � }mcSJ\Fabdc3HhJ/F6F[L/cGHKQGT[cSV[J\F/t ¤ cIyPH�]SJ/F � rEJ/F/_
HxBIL\bdcSHKJ\cSV�]SJ?ejRhJ/D^TpcSD:o8bf�EJ/D�]SJ�L/HxBlF[F[RUyPL`B�TWRKbEDYJ\TpDSbdD:QSHhcSF�cSDSJ�o8BlTWRQP/VXJ � Z\TWcG]SRKJ\V/t - D:J\i�J\T/_
F[bdcGFIH���J/oMQSRKVXJ�VXbdo�BlRKD	_>HKJ8�SHKJ\c�Z\TWBERhT@L/bdDSFXRK]SZ\V[ZgL\bdo8oMJ�cGDSJgL/bdcGHKJ/cGVIQ�bEcSVIHKJ\F@�PBlV[�PBEVXJ/F\_ HKJ\F
QSRKZ?TWbdDGF~J?TCHKJ\F~L/B`eEBlHKRKJ\V[FpF[Jq]SRKF�TWRKDGrdcPBERhJ/D^TpQPBEVp]SJ/F~RKDSFXRKrdDSJ\F~J?TCHhJ/Fu]GVWBEQnJ`BEc�k�V[bdcSrEJ/FuJ?TC�SHKBEDSL\F
]PBEDSF�HKJpL/RhV[}mcSJl_jJ?TWLEt ¤ cYL/bdcGV[F�]GJ/F�FXR P\L/HKJ\F/_mHKJ\F<L\bdcSHhJ/cSVXF�]SJ?ejRhJ/DSDGJ/D^T�cSDMedZ/VXRhTWBE�SHKJpHxBlDSr^BErdJpB`edJ\L
HxB3DPBERhF[F[BEDSL/Jv]SJ\F~L\bdcSHKJ\cSV[FpNSZ\VWBEHh]SRK}mcSJ\F~rdZ\DSZ/V[BEHKJ\o8J\D^TuBlF[F[b�L/RhZ/J\F � H���NSRKF�TWbdRhV[Js]SJ\F � VXbdRKF[BE]SJ\F~J?T
� HxBgLONSJ\elBEHhJ/VXRKJ3J/cGV[bdQnZ/J\DSDSJEt G�J/FvL/bdcGHKJ/cGV[F�QSV[RhDSL/RhQPBEHhJ/FCFXJ8V[BEQSQSVXbjLONSJ\D^T@]SJ\Fq]GJ/cjk @\Z\o�BlcjkB@�Z
H���bdV�J\TuH���BE�/cSV\t � J/FC]SJ\V[DSRQP/VXJ/FuFXbdD^TCL\bdDSF[Rh]SZ/VXZ/J\FCL/bdoMoMJq]SRUe�RKDSJ\F~J?TCQnJ/V[oMJ\TXTWJ\DmTu]SJ@]GZ/F[RhrdDSJ\VuHKJ
L/bdoMo8BEDS]SJ\o8J\DmT/_/HKB�]SRKrEDSRhT[Z J\T>HhJ VWBEDGrp]GJ L/J/c�k�}mcSR^HKJ\F	J?kjNSRh��J\DmT/t_- DvVXJ/HhRKrdRhbdD	_?J/HKHhJ/F	F\��bEV[r^BEDGRKF[J\D^T
J/D �[BlcSDSJ?z V[bdcGrdJ�QnbdcSV�HKJ\FaL/bEcSHKJ\cSV[F QnbdHU��T[NSZ/RhFXT[J/FaJ?T J\DI�SHKJ\cjz eEJ/V�T QnbdcSVaHhJ/F6o8bdDGbETWNSZ\RKF�TWJ/F\_���BlRKFWBlDmT
cSDSJMDSJ\TXTWJ8]SRKF�TWRKDGL\TWRhbdD B`edJ/L8HKJ\FvL\bdcSHhJ/cSVXF@QPB ��J/DSDGJ/FvL/HxBlF[F[Rh}mcSJ/FY��V[bEcSrdJ-J\TqDSbdRhV � t>�6BEVvHxB:F[cSRUTWJE_]SJ/FIBEF[FXbjL\RxBlT[RKbdDSFvHKRhDSrdcSRhFXT[RK}mcSJ/F�bdD^T@Z\TWZ8��BERhT[J/FvQ�bdcGVqTWbEcGTWJ\FIHKJ\F@L/bEcSHKJ\cSV[FqJ?kjRKF�TOBED^TWJ\F3}mcSR<FXbdD^T
V[J\FXTWZ\J/FMQ�bEcSV3HxB QSHhcSQPBEV�T �XcSF[}mc	� � BEc��XbdcSVX]	��N�cGR/Z HKJYeEJ/VXTMVXJ/QSVXZ/F[J\D^TWJwH���J\F[QnZ/V[BEDSL/Jl_ HKJgVXbdcSrdJgHKB
edJ\DSrdJ`BlDSL/Jvbdc�HxB3L/VXcPBEcGT[ZE_|HKJsDSbERKV�HxBIQnJ/RhDSJ�]	��BEo8bEcSV�J\TpHxB3oMbdVXT/_SHKJs�GHxBEDSLsHKB3QScSV[J?TWZl_nHKBIedZ/VXRhT[Z
J\T�HKBuF[RhDSL/Z\V[RhT[ZE_dHhJ �[BEcSDGJpHKBu]SbdoMRKDSBlTWRhbdD@J?T<H�� BlV[V[bEr^BEDSL\JE_EHhJ�L/J\DS]SVXZpJ?T�HKJ��nJ/RhrdJ�HxBCVXcSF[Jl_^HKJ��SBEV[RhbdHKZ
HxBI�SRh�`BEVXV[J\V[RKJl_GHKB3��BlDmTWBERKFXRKJCJ?TpH���RKDSF�TOBE�SRhHKRUTWZE_mH�� BEVXrdJ/D^T�HKBIo8Z?y|BEDSL\JvJ?TpHxB �[BEHhbdcSF[RhJE_jJ\TWL7C59�N�t
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F[RQP/L/HhJ/F\_acSDSJgQGHKcSFIrEVWBEDS]GJ:BlT[T[J/D^TWRhbdD�J/F�T-Q�bdV�TWZ\JY]PBEDSF3HKBwQSV[BlTWRh}�cGJ
QSRKL?TWcSV[BEHKJsFXcSVuHhJ/FpDmcPBEDSL\J/F/_�J\T~HKJ\FpelBEHhJ/cSVXF~]SJ�TWJ\RKD^TWJ\FuFXbdD^TCBEc{L/J\DmT[V[JI]GJvT[bdcGTWJ\FuHhJ/FpRKD^edJ\DmT[RKbdDGF
J\TYT[NSZ/bEV[RKJ\FY]SJ HKB(L/bEcSHKJ\cSV/t -�D #_9OL��G_ � H���cSDSRheEJ/VXF[RhT[Zw]	� ~k���bdV[]	_ �pbd�nJ/V�T�(sV[bdFXF[J?TWJ/F�TWJ QScS�GHKRKJ
H���J/FXFWBER�� \ �'c�h c #?\ FXcSVqHKB�L\bdcSHhJ/cSV\_�bd¢�RhH V[J\QSV[J\DS] HKJ\F�F[J/QjTIL/bEcSHKJ\cSV[FvBED^TWRh}mcSJ/FqJ/D��£BEQSQnbdVXTWBED^TcSDSJY]GRKoMJ/DSFXRKbdD F[cSQGQSHKZ\o8J\DmTWBERKVXJ�QnbdcSVILONSBEL/cSDGJY]	��J/D^TWVXJgJ/HKHhJ/FAZ6HKB{L/HKBEVXT[Z�]	��cSDSJ�L/bdcSHhJ/cSV\t � H<BBEcSFXF[R���BERUT`_�J\T-QnbdcSV3HKBwQSV[J\o8RQP/VXJ���bdRKF\_aHKB ]SRKF�TWRKDGL\TWRhbdD J\DmT[V[JgHhJ/F3L/bEcSHKJ\cSV[F3J?T-HKJYDSbERKV/_�HKJg�GHxBEDSL
J\TuHKJvrdV[RhF/t�¡jJ/HhbdD F[B8TWNSZ\bdV[RhJE_PTWbEcGTWJ\FCHKJ\F~L\bdcSHKJ\cSV[FuF[bdD^T � Z/r^BEHhJq]GRKFXTWBEDSL\J@]Sc DGbdRKVpJ\Tu]Sc �SHKBEDSLE_
RKDSFXQSRKV[BED^TvcSDSJYVXJ/QSVXZ/F[J\D^TOBlT[RKbdD ]GJYL/J\FIL/bdcGHKJ/cGV[F@FXbdcSFqHxB���bEV[oMJ8]SJ8]SJ/c�k ]SbEcS�SHKJ\F@L�/dDSJ/F\t � HKcGF
TOBEVX]	_8G�Z\bdDPBEVX]�]GJ8CuRKDSL\R�T[VWB`elBERKHhHKJ/V[BqZ\r^BEHKJ\o8J\D^T�F[cSV�L\JvQGV[RKDGL/RKQnJC]	��bdQPBlL/RhT[ZCJ\T�]GJ�T[VWBEDGF[QPBEVXJ/DSL\J
J/D�cGTWRhHKRhFWBED^T�]SJ\FpeEJ/V[VXJ/F~L/bdHhbdV[Z\FpQnbdcSV�bd�GF[J/V�edJ\VuHKJ\F�L/bdcSHhJ/cSVXF�}�cGR�FXbdD^T #%"���"_a "$#%"'\'] bdc g��igMd��	h d \']QPBEV L\JpoMZ/HKBEDSrdJ�J\T�}mcSRP]SZ\Q�J\DS]SJ/D^T�]SJ/F�J\i�J\T[F�]SJ�H���BERKV\_l]SJ�FXbdD8Z\QPBERhF[F[J\cSV/_mBlRKDSFXRS}mcSJ�]SJ/F�F[cSV���BEL/J\F
QSHKcGF bdc-o8bERKDSF VXZ WPZ\LONSRKFXFWBED^T[J/F/t � J/F�Z?TWcS]SJ\F�BEQSQnbdVXT[J/D^T�B`edJ/LpL/J\HKHhJ/F ]SJI(sV[bdFXF[J?TWJ/F�TWJ�HKJ\F QSV[Z\o8RhL/J\F
]SJ�HxBIDSblTWRKbEDg]SJ�FWBlT[cSVWBlT[RKbdD�_S]SZ\eEJ/HhbdQSQnZ/Jv]PBEDSF�HKJ\F�J/FXQPBEL/J\FuL\bdcSHKJ\cSV[F�cSD:QnJ/c�QSHKcGF�TWBEV[]�t
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� J\TXTWJ-TWNSZ\bdV[RhJI��cGTvL/bdoMQSHhZ\TWZ\J-J/D #.%X#&#-QPBEV �PbdVXF[RKcGF[C 8�N�_�cSD�BEFXT[V[bdDGbdo8J3yPDGHxBEDS]SBERKFC}mcSR�bdV z
]SbEDSDPBIF[QSBlTWRKBEHKJ\o8J\DmT<HKJ\F�L/bEcSHKJ\cSV[F\_SL/VXZ`BED^T�]PBlDSF�cSDgQSVXJ/oMRKJ/V�TWJ\o8QSF�HKJCQSVXJ/oMRKJ\V�L/J\V[L\HKJCLONSVXbdo8B�z
T[RK}mcSJC]SJuH���NSRKF�TWbdRhV[Jp}�c���RhH�Z\T[J/DS]GRhT�QPBlV�HxB@FXcSRhT[J � cSDSJuF[QSN8P\V[Jltn¡jcSV�L\J\T[T[Js]SJ/VXDSR P\V[Jl_GHKJu�SHxBEDGLuJ\T�HhJ
DSbERKV�F[JvF[RUTWcSJ � LONPBlL/cSDSJ@]SJ/F~J?k�TWVXZ/oMRhTWZ\F/t�G�JqVXbdcSrdJl_�HhJ��SHKJ\c	_|HKJsedJ\VXT`_nHKJ �[BEcSDGJqFXbdD^TCV[Z\QPBEV�TWRKF �
HKB�FXcSVX��BlL/JpJ/D�F\��Z\L/HKBERKV[BED^T�bdc�J\D�F/��BEFXF[bdoI�GV[RKFXFWBED^T<F[cSRUelBED^T<}mc	��J/HhHKJ�F[JpVWBlQSQSV[b�LONSJp]Sc��GHxBEDSL�bdcM]Sc
DSbERKV/t2G � B kGJuL/J/D^T[VWBEH	VXJ/HhRxBED^T�HhJ/F�J�k�TWV[Z\o8RUTWZ\F�J/F�T�H���B�kjJC]SJ/F�rEV[RKF\t�G>BIVXJ/QSVXZ/F[J\D^TOBlT[RKbdD:bdVXRKrdRhDPBEHKJl_^J/D
yPDGDSbdRKF\_SJ/F�Tp]SbdDSDSZ\JqFXcSV�HxB@yPrEcSV[J ¤ t 9-BERKDSFXR	}mc	��cSDSJ�TWVWBl]ScSL\T[RKbdD:J\D���V[BED �`BlRKF �XcSF�TWJvJ/D�]SJ/FXF[bdcGF/t
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� NSBERKV ¤ VX�SV[J�J\T��GHKZ (�VXRKF�L\VWBERhJ E�HKJ\c{Q � HKJ
�pbEcSrdJsQ � HhJ *dBEcSDSJ�Q � HKJ ){bdRhF[RhF[F[cGV[Js]SJvQ�bEo8oMJ C�J/VXT�]GJvrEV[RKF E�HhJ/c:L/RhJ/H
��bdcSrdJ *dBEcGDSJ (sV[RhF C�J\VXT E�HKJ\c
�6bdcSVXQSV[J *dBlcSDSJ/W|BEoMo8J (sV[RKF�F[bdcSVXRKF C�J/V�T~rdBE�/bdD E�HhJ/cg��bdDSL\Z
CuRKbdHhJ\T E�V[cGD{DSbERKV (sV[RhF�DSbdRhV C�J\VXTpDSbdRhV � DS]GRKrdb�~bERKV
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�~bEcSF3V[J?TWV[bEcGedbdDGF-BEc�L/J\DmT[V[J:]SJgHKBwF[QSN�P/V[Jl_ HKJ\FIL/bdcGHKJ/cGV[F3L/bEDSF[Rh]SZ/VXZ/J/F3L\bdoMo8JYQGV[RKDGL/RKQSBEHKJ\F
QPBlV �PbdV[FXRKcSF ZGHKJ~V[bdcGrdJE_jHKJ �[BlcSDSJE_jHKJ~rdV[RhF�L/bdDGF[RK]GZ/V[ZuL/bdoMo8J~HKJ~o8Z\HxBEDSrEJu]SJC�GHxBEDSL~J\T�]SJuDSbdRKV\_jHhJ
eEJ/VXTuJ\TuHKJv�SHKJ\c	t ¤ edJ\LIL/J?T[T[JIDSbdcGeEJ/HhHKJvL/HxBlF[F[RUyPL`B�TWRKbED{]SJ\FCL/bEcSHKJ\cSV[F\_�DSbEcSFuFXbdo8oMJ/FpTWV P/FuQGV[b�LONSJ/F
]SJ\F�FX��FXT P/oMJ/Fp]SJsV[J\QSV[Z\F[J\DmTWBlTWRhbdD:o8b�]SJ\V[DSJCL\bdoMo8JCHhJCFX��F�T?P/oMJ G�cSo8RhDPBEDSL\J?zR6J\RKD^TWJ�z�¡GBlT[cSVWB�TWRKbED
�
L, T, S � t � J?T[T[J8]SRhF[QnbdF[RUTWRhbdD£F[QPB�TWRxBlHKJIQnJ/VXo8J?T�]SJ8oMJ\TXTWVXJ3J/D B`elBED^TvHKJ\F�BED^TOBErdbEDSRKFXo8J\F E�HxBEDGL?z
�pbdRKV\_ ��bdcSrdJ�z9E�HhJ/c:J\TI*dBEcGDSJ?z�C�J/VXTp}mcSR�FXJ/V[bEDmT~V[J\QSV[RhF��SRKJ\D{QGHKcSF�TWBEV[]:QPBEV��pJ/V[RhDSrS_SJ\D # J:9 �Gt
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XV IIe

FXR P/L\HKJl_aHKJ\FIL/bEcSHKJ\cSV[FIFXbdD^T-L/bdoMoMJ�HKJ\FIb�]SJ/cSVXF3J\T3HhJ/FIF[B`edJ/cGV[F/_�]SJ\F3QSNSZ�z
DSbdo7P/DSJ\F-J\TM]SJ/FMb�L/L/cGQPBlTWRhbdDSF3FXL/RKJ\D^TWRhyS}�cGJ/F @\F[J\L/bdDS]GJ/F"@�}�cGR�DSJ{]GZ/QnJ/DS]SJ\D^T�}mcSJ�]Sc�F[c��XJ?T�J?T
]SJvFWB�QnJ/VXL/J/QjTWRKbED	t�A~J/FuLONGJ/V[LONGJ/cSVXFv]GJ@HxB3yPD ]Gc

XV IIe
F[RQP/L/HhJqbEDmT~Z\T[cS]SRhZ@HKJ\F~VXJ/HKBlTWRhbdDSF�J/D^TWVXJ

HxB-HKcSoMR P\V[J�J\TuHxB-L/bdcGHKJ/cGV/_no�BERhF�FWBEDSFuJ/D£BEQGQ�bdV�TWJ\V~cSDGJIV[Z\J/HKHhJqRhD^TWJ/VXQSV[Z?TOBlT[RKbdD�QSN^��F[Rh}�cGJEt ¤ elBED^T
�~J�4�TWbdD	_�HxB L/bEHKbdVXRKoMZ\TWVXRKJYFXJwQSHKBEL/J�J/D^T[V[JwHKB FXL/RhJ/DSL\JwJ\T8HxB o8BErdRKJ:bd¢"HxB HKcSoMR P\V[Jg]SZ?TWVXcSRhT8HKJ\F
L/bdcGHKJ/cGV[F~BEHKbdVXF�}�cGJqH���bdo@�SV[J�HKJ\F~QGV[b�]ScSRhT/t ¤ eEJ/L3�pJ�4�T[bdD	_|HxB-V[Z?��VWBEL?TWRKbED{]Sc{VWB`�dbED HKcSoMRKDGJ/cjk:DGJ
QSV[b�]ScSRUT�QPBEF�F[J\cSHKJ\o8J\D^T@HKBY]SZ/L\bdo8QnbdFXRhTWRhbdD ]SJ-HxBgHKcGo8RQP/V[J@�SHxBEDGLONSJ8o8BERhFsBEcSFXF[R�FWB�V[J/L\bdoMQ�bdFXRUz
TWRhbdD�J\DgRKD^edJ\V[FWBlDmT�HhJuoMZ/L/BEDSRKFXo8J~J\T�J\DgQSV[b�]ScSRhFWBED^T � DSbdcGeEJ`BEc:L/J?T[T[Jso �\o8JpHKcSoMR P\V[J C5%�N�t � J\T[T[J
F[bdHhRK]SJvTWNSZ\bdV[RhJIF[J3�SBEFWBERUTCFXcSVscSD QSNSZ\DSbdo7P/DSJ3HKBEV[rdJ\o8J\D^TCbd�SFXJ/V�edZ-J\Ts��BEL\RKHhJ � VXJ/QSVXbj]ScGRKV[J@Q�bdcGV
TWbdcjT�NSbdoMo8JCL\cSHhT[RheEZs]SJ�H���Z/Qnbj}mcSJl_P]SJ\eEJ/DPBED^TuBEHKbEV[F�QnbdcSV C�bdHUTOBERhV[JuHhJsQSV[bErdVWBEoMoMJCcSDSRUedJ/VXF[J\H�]GJ
H���RK]SZ/BEH�]GJ/F�HKcSoMR P\V[J\F/C 6�N Z

� & \']_^�`+a�� gMd ] �'\ gM` f+\[]"\4b�^ b�#�d6a �_d b�gM`���� gMd ] �'\ gM`�� f+\ # g��1c�a�]	�/f+c�aS^ �	
�g��_`+a bSc #�^4\
\_a�]"c�d `2a�\ �'c�`2h \_`�# b�#�d6e d6^�d��M\	��b�#�d6e%c # fMd gMh \	��	`+d3h `2dK\']_^�b�#'c'b�#?\�� � \']/e "_h gMa �+\'] f+\
�'\'] ]"\4b�^ # g��1c�a�]>a�gMd ]']"\_aS^/^9c�`+^4\']Dh \'] �'c�`+h \_` #?]�f+\>h g a�gM^�`�#?\���\_^ h \'] ]"\4b�^ #%"_`+aSd ]
\_a�]"\_e �	h \	��#%"�� " �	
+d ]�\_a�]"\_e �	h \ f+\ f+\']']_`1] `+a c ��� \_^���� c #_e%\_aS^Kh g �	h gMa �	
S\_`�#��G>J\F�J?kjQ�Z\V[RhJ/DSL\J/F�]SJv�~J�4�TWbdDg��bdDSL?TWRhbdDSDPBERhJ/D^T�VXJ/HxB�TWRheEJ/oMJ/D^T��SRhJ/D	_Go �\o8JsB`eEJ/Lv]SJ/F�QSVXbj]ScGRhTWF

@\QPBEcjejVXJ/F @8L/bdoMoMJMHhJ8]GRKF[}mcSJ8]SRhe�RhF[ZMJ/D FXJ/QGT3FXJ/L?TWJ/cGV[F:� yPrdcSVXJ ¤ t L � L/bdVXV[J\F[QnbdDS]PBED^TIBEcjk�F[J\QGTL/bdcGHKJ/cGV[F J\T�]GbdD^T�HxBuVXbETOBlT[RKbdD@]SbdDSDPBlRhT cSDGJ�RKo8BErdJ�FXJ/cSHhJ/oMJ/D^T�rdVXRKF � TWV[Jlt � J�V[Z\F[cSHUTOBlT Z\TOBlRhT L\bdDSF[b�z
HKRh]SZ�QPBEV�HhJ/F<L/bdDSDSBERKFXFWBEDSL\J/F�J?T�HKJ\F�L\V[bf�^BEDGL/J/F�]GJCH���Z/Qnbj}mcSJl_GB`eEJ/LsH���BOTMV[o8BlT[RKbdD-L/HKBEF[FXRK}mcSJ~}�cGJCHKJ\F
L/bdcGHKJ/cGV[FvF[J�FXRhT[cSJ/D^T � Z/r^BlHKJM]SRKF�TOBEDSL\J8]GJ�HxB:HKcGo8RQP/V[J-J?TI]SJ\FqTWZ\D8P/�GV[J/F\_aFXcSV@HKB�HhRKrdDSJ-]	��bdoI�GV[JE_
J/D^TWVXJ�HKcGo8RQP/V[J<J\T bE�SF[L\cSV[RUTWZEtMG ��J�kGQnZ/VXRKJ\DSL/J�]Sc3]GRKF[}mcSJ�VXZ/FXcSo8J�]SbdDSL�HhJ�QSNSZ\DSbdo7P/DSJ�J/D-cSDSJ�T[NSZ/b�z
V[RhJCQPBEV���BERhT[JEt8G�J\FpFXJ/QGT~L/bEcSHKJ\cSV[F�FXbdD^T~HhJsV[bdcGrdJE_SH���bEVWBEDSrEJE_SHhJ��[BEcSDSJl_SHKJCeEJ/VXT/_PHKJs�SHhJ/c	_GH���RKDS]SRhrdbIJ?T
HKJ�e�RKbdHhJ\T/t1G�J~DSbERKV�J\T�HKJp�SHKBEDSL�bdD^T�]GRKF[QSBEV[cMQScSRhF[}mcSJpHKJ/cGV<VXZ/cSDSRhbdDM]SbdDSDSJpHKJ��SHKBEDSLpJ\T�}mcSJuHhJ�DSbdRKV
J/F�T~QSBEV�L/bdDGF[Z/}mcSJ\D^TCcSD�L/bdVXQSF�}mcSR>DSJ�V[Z WSZ/LONSRUT~QSBEF�HKJ/F�V[B`�dbdDSF\t
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)wBERhFMT[V P\F�e�RhTWJl_�BEQSV P\FgB`edbdRhV8L\Z/HhZ/�SVXZwHKJ\F�FXJ/QGT�L/bdcSHhJ/cSVXF�DSJ�4�TWbdDGDSRKJ\DSDSJ/F\_�]SJ{DSbdoI�SVXJ/cSFXJ/F
eEbdRUk�e�RKJ\DSDSJ/D^T�HhJ/FuL\bdD^TWVXJ/]SRhV[JIJ\D£QSV[bdQnbdF[BED^TscSDSJ3BlcGTWVXJ3BEQSQSVXbjLONGJEt ¤ HxB8yPD£]Gc

XV IIIe
_�F[bdRUT

QSVXJ/FX}�cGJucSDMF[RQP/L/HhJpBEQSV P\F<HKBso8RhF[J�J/D8Z\e�RK]GJ/DSL\J~]SJpHxBs]SZ\L/bdoMQnbdF[RUTWRKbED3]SJ~HKBsHKcSoMR P\V[J��SHKBEDSLONSJl_^]SJ/F
DPB�TWcSV[BEHKRhFXTWJ\F�J/D^TWVXJ/QSVXRKV[J\D^Ts]SJ/F~V[J\LONSJ/VXLONSJ/F�QnbdcSVpL/bdoMQSV[J\DS]SVXJ@HKJ\FuVXJ/HxB�TWRKbEDSF�J/D^TWVXJ@HKJ\FuL\bdcSHKJ\cSV[F\t
G ��J/DSrdbEcSJ/oMJ/D^T�]GJ/F�DSBlTWcSV[BEHKRhFXT[J/F/_^]GJ/F�J\D^TWbdoMbdHKbErdRKF�TWJ/F�J?T�]SJ\F��nbETOBEDGRKFXT[J/F�Q�bEcSV<H���Z?TWcS]GJ~]SJ\F�L\bdcjz
HhJ/cSVXFsJ/FXTvHhRKZ3BEc�k QSV[bE�SH P\o8J\Fs]SJ-L/HxBlF[F[RUyPL`B�TWRKbED	tE- D J\i�J\T`_�Ll��J\FXT � L/J\TXTWJ-o �/oMJ3Z/Qnbj}mcSJ-}mcSJ-F[J
]SZ?edJ\HKbdQSQnJ/D^TMHKJ\F-rdVWBEDG]SJ/F-J/D^T[V[J/QGV[RKFXJ/FM]SJ:L/HKBEF[FXRhyPL/BlTWRhbdD�]SJ/FMBEDGRKo8BEcjk�_a]SJ\F8oMRKDGZ/VWBlcjk J?TM]SJ/F
eEZ/rdZ?TOBEcjk�_	L\bdoMo8JvHxBMQSV[J\o8RQP/V[JqbjJ\cGe�V[JIFXcSVuHKB�V[Z\QPBEV�TWRhT[RKbdD�]SJ\FCJ/FXQ�P\L/J/FseEZ/rdZ?TOBEHhJ/FCQScG�SHKRhZ/JvQPBEV
� BEVXH C�bED G�RKDSDPBlJ/cSF~J/D #_6ML&6jt -�D #_6,'1JG_nHKJvDPBlT[cSVWBlHKRKF�TWJ���VWBED �`BERhFG(sJ/bdVXrdJ�G�bdcGRKF\)wBEV[RhJ�G�J/L\HKJ\V[L
� bdoqTWJg]SJDE�cGi�bdD�Z/L\V[RhT>Z$@�� \ ]"\_`2hUe%c �.\_a f+\ � gMd!#?\�`+a�\>e "_^�
Sc	f+\ d6a�]_^ #�` �_^�d��M\ \_^ a�gM^ ` #?\_h6h \	�
� & \']_^3f+\�e%\_^ ^ #?\ \_a�]"\_e �	h \ih \'](�	
Sc"]"\'] 	`+d ]"\�#?\']']"\_e �	h \_aS^ \_^Kf+\ ] "4b�g #?\$# �'\_h6h \'] 	`+d3fMd ���$#?\_aS^3h \']
`+a�\'] f+\'] gM`2^ #?\'] @vBfelBED^T~]	��B �XbdcGT[J/V @ c�� �'c�e e%\_a �'\/h g%] "4b�g # gM^ d c�a \_^ c��>] & g #�#��_^4\ h g7]_d6e d6h g #�d6^ "
\_aS^ #?\Af+\_`��Xd6a�fMd��"d fM`1] � @lt � rdDPBE�8¡jLONGRhi�J/V[o
	SHKHhJ/V/_�DPBlT[cSVWBEHhRKF�TWJ3BEcjTWV[RhLONSRKJ\D	_�L/bEDSF[Rh]8P/VXJM}mc	��RKH ��BlcGT
T[VWBERUTWJ/V�HhJ/FpL/bdcGHKJ/cGV[F~BfeEJ/LqcSDSJvo �\o8J�oMZ\TWNGbj]SJ�]SJvL/HKBEF[FXRhyPL/BlTWRhbdD	_PJ\DwHKJ\cSVpBEL/L\bdV[]SBED^TucSD{bdV[]GV[J
DPB�TWcSVXJ/H�_^L\bdoMo8J�QnbdcSV�HKJ\F�BEDGRKo8BEcjk3bEc�HKJ\F<QGHxBED^TWJ\F/t � J~T[VWB`elBERKHGQ�J\V[oMJ\T[T[VWBERUT�BEHKbEV[F�]SJuFXRKoMQSHKRUyPJ/V
HhJ-T[VWB`elBERKHa]SJ�]SJ\F[L\V[RKQjTWRKbED�]SJ\FqDSBlTWcSV[BEHKRhFXT[J/F�]SJ�HKBYyPD(]Sc

XV IIIe
F[R P\L/HhJE_�J/D(B`�^BED^TIcGDSJ8�SBEF[J

L\bdo8o@cSDSJpQ�bdcGV�]GZ/L/VXRKVXJuHKJ\F<L\bdcSHhJ/cSVXF<]SJ\F�QPBEQGRKHKHhbdDSF\_d]SJ/F<bdRKFXJ`BEc�k�_m]SJ\F<eEZ/rdZ?TOBEcjk�_j]SJ/F�QGRKJ/VXV[J\F/_UthtUt
G ��J\D^TWbdoMbdHKbErdRKF�TWJ�J?T3rdV[BfeEJ/cSV ){bEF[J/F �~BEV[VXRKF@F\��RhDSF[QGRKV[Jg]GJ/FITWV[B`eEBlcjk�]Sc���V[BED �`BlRKF G�J>E�HhbdD��

QnbdcSV~]SZ\yPDGRKVCHhJ@DSbdo@�SV[JI]GJIL/bdcGHKJ/cGV[Fs}mc	��RKH�J/FXT�QnbdFXF[RK�GHKJ@]���bd�jTWJ/DGRKVsB`edJ\LITWVXbdRKF~L/bdcSHhJ/cSVXFu��bdDS]SB�z
oMJ/D^TOBlHKJ/F\t ¤ QPBEV�TWRhVI]Sc�V[bdcSrEJg]SJ � RKDPBE�GV[Jgbd�GT[J/Dmc'QSBEV-BEHKHhRxBEDGL/J�]Gc"FXbdcGi�V[JgJ\TM]Sc�oMJ/V[L\cSV[Jl_
]Sc �[BEcSDGJ�]���cSD�F[cGHh��cSVXJ�]�� BEVXF[J\DSRKL:J\TM]	��cSD��SHKJ\c"]���bdcjTWV[J\o8J\V/_ RhH�]SZ/oMbdD^TWVXJ:}�c���RhH�J/F�T�QnbdF[FXRK�SHhJ
]SJ£VXJ/QSVXbj]GcSRKVXJwTWbdcjTWJ/F:HhJ/FgBEcjTWV[J\F:L/bdcSHhJ/cSVXF��$G�J£oMZ/HxBlDSrdJ ]SJ£L\J/FgTWVXbdRKF�L/bdcSHhJ/cSVXFY��bdDS]PBlo8J\Djz
TWBEHKJ\Fq]SbEDSDSJ/D^T/_6]SJ\cjk � ]SJ\cjk�_6TWVXbdRKFqBEcGT[V[J\F@L/bEcSHKJ\cSV[FqRKD^TWJ\V[oMZ/]SRKBERKVXJ/F Z�H���bdVWBEDGrdJE_>HKJ-edJ\VXT@J\TIHhJ
QnbdcSVXQSV[Jlt G�JML/J\V[L/HhJ�]SJ\F@L\bdcSHKJ\cSV[Fvbdc�L/J/VXL/HhJ8LONSVXbdo8BlTWRh}�cGJ8}mc	��RKH�]SZ?edJ/HhbdQSQnJ�VXJ/QSVXJ/DS]�BlHKbdVXFvL\J/F
T[V[bdRhF<L\bdcSHKJ\cSV[F<��bdDS]PBEoMJ/D^TWBEHKJ\F/_�@\HKJ\F�QSHhcSF�bdQSQnbdFXZ/J/F @l_GFXZ/QPBlV[Z/J\F�QPBEV�HhJ/F<]SRhi�Z/VXJ/D^TWJ\F�L/bdcSHhJ/cSVXF�RhDjz
T[J/V[oMZ/]GRxBERhV[J/F<L/bdoMoMJuHKJuQSV[Z\F[J/D^T[JqHKBqyPrdcSVXJ ¤ t 'St8G ��J/DSFXJ/oI�GHKJs]SbdDGDSJscSD:]SRKFX}mcSJs]SZ/L\bdcSQnZ�J/D #"V
L\bdcSHKJ\cSV[FvBEHhHxBED^T�]Sc V[bEcSrdJ8BEc�VXbdcSrdJ�z QnbdcSVXQSV[J-J/D�QPBEFXFWBED^TqQPBEV�HKJ\Fv]GRhi�Z/V[J\D^TWFv�SHKJ\cSFqJ?T �[BEcSDSJ\F/t
� NPBlL/cSDSJ�]SJ�L\J/F@L\bdcSHhJ/cSVXF@J/F�TIJ\DSF[cSRUTWJ8]SRhe�RKFXZ/J8J/D ]SRhF[}mcSJ\F@L/bEDSL/J\DmT[V[Rh}�cGJ/F3F[J\HKbdD�cSD ]SJ\rdV[Z8]SJ
F[BlTWcSV[BlTWRhbdDwL\V[bdRhF[F[BED^T`t �aRhDPBEHhJ/oMJ/D^T`_|DSbdcGFCbd�GT[J/DSbdDGF/L&%���T[bdDPBEHhRhTWZ\F~QnbdcSV~F[J\cSHKJ\o8J\DmT LML8TWJ\V[oMJ/F
HhRKDSrdcGRKFXT[RK}mcSJ\F/t ¤ cYL/J\DmT[V[Jl_ �uBlV[V[RhF �8QGV[Z/FXJ/D^TWJuHKJpQSV[RhDSL/RhQ�J�]SJ~HxB�FX��D^TWN8P\F[JsF[bEcSFXT[VWBEL?TWRheEJu]SJ\F�L\bdcjz
HhJ/cSVXFucGT[RKHKRhF[Zv]PBEDSFuHKJ/Fu]Sbdo8BERKDSJ\Fu]SJ@H���RKoMQSV[J\F[F[RhbdD	_|QSVXRKDSL\RKQnJqbdQGQ�bdFXZ � HxB-TWNSZ\bdV[RhJIJ\TsBEcjkwRK]SZ\J/F
]SJv�pJ�4�TWbED{}mcSR>BE]G]SRhT[RKbdDSDGJCHKJ\FpL\bdcSHhJ/cSVXF/t

¤ QGV P/F@B`edbdRhVvZ?TWcS]GRKZ-HxB:o8RhDSZ/V[BEHKbErdRKJl_�HKB:rEZ/bdHhbdrdRKJl_	HxBg�nbETOBlDSRK}mcSJl_�H�� BlV[LONSZ\bdHKbdrERKJE_E(�b�J\T[NSJ-F[J
QPBlF[F[RhbdDSDSJ�QnbdcSV�HKB L\bdcSHhJ/cSV8BEQSV P/F�cGD'edbf�^BlrdJwJ\D � TOBEHhRKJ:J/DT#_6&6 �Gt ¤ H���bdQSQnbdF[Z�]Sc�QGNm��FXRKL/RhJ/D
�pJ�4�TWbED	_jRhHP�PBEFXJuFWB�TWNSZ\bdV[RhJ~FXcSV�HxB�]ScPBEHhRhTWZ�HhcSo8RQP/VXJ�vbd�SFXL/cSVXRhT[ZE_mF[cSV<HKJ\F<L\bdD^TWVWBlFXTWJ\F�L\bdDSF[Z\L/cGT[Rh��F
J?T�F[RhoIcSHUTOBEDSZ\F/_^HhJ~TWbEcGT�B`eEJ/LCcSDGJue�RKF[RhbdD-TWV P\F�QnbjZ?TWRK}mcSJltj¡jbdDYb�J/cGe�VXJuL/bEo8QnbdVXT[J~Z\r^BEHhJ/oMJ/D^T�]���RhDjz

��� � ��C � Q"C��ET.C � � A��J�E%C*I%I ADK � C� ��K � �DC ��E�C � ����� �2J1S#E � � ��Q"A �'A>I"S�Q"ADK � T�C=Q%E"K�ADI�J �>S�� � � C I�T�A�� �E%C � Q"C IWL�E%S%� �C I
I �1A �!S�� Q �DC*I 6 K#E �C*I,) � K �'K�E"C*E "��XC*IWQ"E%K#A>I ��K � �DC ��E�I6 K��1T�S$�&C� Q%S �DC*I �.Q"A �DADI �C I6 ��E%C � Q&S#J�J1S#E"C ���C��Q �'C � �'C� . �'C
E"K���L#C C Q �DC�� S�� �1C
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rdZ/DGRKJ/cGF[J/FqL/bdDGF[RK]GZ/VWB�TWRKbEDSF�L/bdoMo8J-HKB�QnJ/VXF[RKF�TOBEDGL/J�]GJ/F@L\bdcSHhJ/cSVXFqFXcSV@HKB�VXZ\TWRhDSJ-J\T@HxBYe�RKF[RhbdD(]GJ
HxBvL/bdcSHhJ/cSV<L/bdoMoMJucSDgJ\DSF[J\oI�SHKJl_GQSVXJ/DPBlDmT�J/DgL/bEo8QGT[JCHKJ~F[c��XJ?T�J\T�H���RKDS]SRUe�RK]ScMJ/DgL\bdDSF[Rh]SZ/V[BlTWRhbdD	t
�6bdcGV�HKcSR�_jRhH�D	� �:B3}mcSJ�HKJC�SHhJ/c:J\T�HhJ �[BEcSDGJsL/bdoMo8JuL/bdcSHhJ/cSVXF�J/D^TWRQP/V[J\o8J\D^T�QScSV[J\F/_|B`edJ\L�HKJ��[BEcSDGJ
Q�bEcSVuHKB8HKcGo8RQP/V[J�J?TsHKJv�SHKJ\c QnbdcSVuH���bEoI�SV[Jlt	¡�bdD ]SRh}�cGJILONSV[bEo�BlT[RK}mcSJ���yPrEcSV[J ¤ t 8 � L/bEDmT[RKJ\DmTCcSDL /ET[Z7@\QnbdF[RUTWRh� @pBEHKHKBED^T�]Sc �[BEcGDSJ�BEc:V[bdcGrdJCZ\eEbj}mcPBlDmTpcSDGJqB�TWoMbdF[QSN�P/V[Js]GJCejRhJsJ\T�]	��J\i�bdV�T`_SJ?T�cSD
L /ET[Z @?DSZ/r^B�TWRh� @sBEHhHxBED^T�]ScwV[bdcSrEJqBlcw�SHhJ/cwbE¢wHKJ\F~FXJ/D^TWRho8J\D^TWFp]	��RhDS}mcSRKZ?TWcS]GJ@J\T~]SJvDSbdF�TOBEHhrdRKJ�]Sblz
o8RhDSJ/D^T/t^¡jbdD8BEQSQGV[b�LONSJ�J/FXT�T[V P/F�QSNGRKHKbEF[bdQSNGRK}mcSJE_lQSV[b�LONSJ�]ScMQSFX��LONSb�z e�RKFXcSJ/H|J\T�]SJ�HKBCQSN^��F[RKbEHKbdrdRhJE_
o�BlRKF�VXJ/FXT[JsTWbdc��XbEcSV[F�]SRhV[RKrEZ/JueEJ/V[FpL/J�}mc	��RKH>BEQGQ�J\HKHKJ @ h'& \$#�#'\_`�# f+\�� \�� ^9c�a @lt

¡jRPHKJ\cSV[F�]SJ/c�k-TWNSZ\bdV[RhJ/F�F/��bdQSQnbdF[J\D^T`_�J/HKHhJ/F�F[JpL/bEo8QSHQP\T[J/D^T�Z/r^BEHhJ/oMJ/D^T`t - DMJ\i�J\T/_�L\bdoMo8J�DSbEcSF
H���B`edbdDSFsZ?edb�}mcSZ-QSV[Z\L/Z/]GJ/oMo8J\DmT/_�HxB�QnJ/VXL/J\QGTWRhbdD ]SJ3HxB�L\bdcSHhJ/cSVsDSJ3FXJ3HKRho8RUTWJvQPBEF � cSDSJ-FXRKoMQSHKJ
BEQSQSVXbjLONGJvQGNm��FXRK}mcSJ@J?TpHKJ/F�Rh]SZ/J\Fp]GJ (sbjJ?TWNSJsFXJ/VXbdD^TuVXJ/QSVXRKF[J\F~QSBEV�HxBIF[cGRhTWJ�J?T~o �/oMJ�J/DSFXJ/RhrdDSZ/J\F
C V�NCFJON�t � ��J/FXT{J/D #"V �X#£}mcSJ H���BEQSQSVXbjLONSJwQSN^�jFXRKbdHhbdrdRh}�cGJwelB%J\DGyPD TWVXbdcGedJ\Vg}mcSJ/Hh}�cGJ/F�V[Z/QnbdDSFXJ/F\_
B`edJ/L�HKJ:oMZ/]SJ\L/RhD"J?T�QSN^��F[RhL/RhJ/D R�NGbdo�BlF ��bEcSDSr(}mcSR�J�kGQnbdFXJ{F[B TWNGZ/bdVXRKJ:F[J\HKbdD�HxBE}mcSJ\HKHhJgH���bjJ\RKH
Q�J\cGTqV[Z`BlHKRKFXJ/V�HxB:FX��D^TWN�P/F[J�]SJ8T[bdcGTWJ\F@HhJ/F�L/bdcGHKJ/cGV[F@rEV � L\J � HxBgQ�J\V[L\J/QGT[RKbdD�]SJ8T[V[bdRhFvHhbdDSrdcGJ/cSVXF
]	��bdDS]SJ\F/t � H�J/F�T�BEVXV[RheEZ � L\J\TXTWJIL\bdDSL/HhcSF[RhbdDwJ\D£V[J\o�BEVX}mcPBED^TC}mc	��RKH�Z\TWBERhT~RKoMQ�bEF[F[Rh�SHKJs}mcSJ@LONPBE}mcSJQPBEV�TWRKL\cSHKJ�QSNSblTWbdFXJ/DSFXRK�SHhJ ]SJ HKB(V[Z?TWRKDGJwL/bEDmT[RKJ\DSDSJ cSDGJ£RKDGyPDGRhTWZ{]SJ QPBlVXTWRhL/cSHhJ/F8Q�J\V[oMJ\T[TWBED^TYHKB
V[J\L/bdDSDSBERKFXFWBEDSL\Js]	��cSDSJCL\bdcSHKJ\cSV/tS¡jcSV�HhJuQSVXRKDSL\RKQnJu]	��BE]S]GRhTWRhbdDY]SJ\F�L/bEcSHKJ\cSV[F\_SRKHnL/bdDGF[RK]�P/V[JuL/bdoMo8J
L/bdcGHKJ/cGV[F���bdDS]PBEoMJ/D^TWBEHKJ\F�HhJ�V[bdcSrEJE_mHKJ�edJ\VXT�J\T<HKJ�e�RKbdHhJ\TiC`# �ON�t � J?T[TWJp]SJ\V[DSRQP/V[J~L/bdcGHKJ/cGV�QSBEVWBERhF[F[BED^T
�SHKJ\c � F[J\F3F[cSL\L/J/FXF[J\cSV[F\_<HhJ�QSVXRKDSL\RKQnJY]SJYHKBwTWNSZ\bdV[RhJ8TWVXRKLONSVXbdo8BlTWRh}�cGJ�]SJ?ejRhD^T-HKJ�VXbdcSrdJl_aedJ\VXT-J?T
�SHKJ\c	t�¡jJ\FMT[VWB`elBEcjk���cSVXJ/D^T8L/bdoMQSHKZ?TWZ\FMQSBEV �~J/Hho8NGbdHhT[�YJ/D #"V&%&%£J\TM]SbEDSD8P/VXJ/D^T8HKJ b�#�d6a �_d bS\Df+\
^ #�d���g #�d gMa �'\ �"d ]_`S\_h6h \ bdc ^�
 "'c #_d \ ^ #�d �	
�#?c�e7gM^�d 	`S\ f+\���c�`+a �  �� \_h e�
Sc�h ^	� C #&#	N�t
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¡jR�HhJ/F3QSVXRKDSL\RKQnJ/F3Bl]S]SRhT[Rh��FI]GJgHxB L/bEcSHKJ\cSV3QSV[bfe�RKJ\DSDSJ\DmTMQSVXRKDSL\RKQPBlHKJ/oMJ/D^T@]SJ/F-V[J\LONSJ/VXLONSJ/F8]SJ
FXL/RKJ\D^TWRhyS}�cGJ/F�L/bdoMoMJ��~J�4�T[bdD�bdc ��bdcSDSrS_GL/J�F[bdD^TpHKJ\F�Q�J\RKD^TWVXJ/F�}mcSR	yPDPBlHKRKFXJ/VXbdD^T�HKJCQSVXRKDSL\RKQnJs]SJ
HKB�F��jD^T[N8P/FXJgF[bdcSF�TWV[BEL\T[RhedJlt ¤ RKDSFXR�_>� NSRKHhRKQSQ uT[T[b ��cSDSrdJMDSJ8eEbf�^BERUTI}mcSJ�T[V[bdRhFvL\bdcSHhJ/cSVXFq��bdDS]SB�z
oMJ/D^TOBlHKJ/FpF[cGVuFWB8QPBEHKJ?T[T[JAZnHKJv�SHKJ\c	_nHKJvV[bdcSrEJqJ?TCHKJ �[BEcSDGJEt � H6]SZ?yPDSRUTCF[J\FCV[J\LONSJ/VXLONSJ/FsL\bdoMo8J `2a
e "_h gMa �+\[f+\ �'c�aSa�gMd ]']	gMa �'\'] e7gM^�
 "_e7gM^�d �'c  ] �_d \_aS^ d � 	`�\']	�-f+\ �'c�e �	d6a�gMd ]"c�a�] e �"]_^�d �'c  4e7g �Md 	`S\']
\_^Uf+\�]_d �MaSd � � gM^ d c�a�] ] ��e �_c�h d 	`�\'] t� J\TXTWJ3F��jD^T[N8P/FXJMHhcSR�Q�J\V[oMRhT~]	��bE�GTWJ\DSRKV~cSDSJ3F[QGN8P/VXJ3bd¢£HKJ\FuL/bEcSHKJ\cSV[FCQGcSV[J\FsF[bdD^TsFXRhTWcGZ/J/FsFXcSV
H���Z\}�cSBlTWJ\cSV�B`eEJ/LCHhJpDGbdRKV�J\T<HKJp�SHKBEDSL � LONPBlL/cSDg]SJ\F�Q /dHKJ\F~��yPrdcGV[J ¤ t % � t��~bdcGF<QnbdcGeEbdDSF��3eEbdRKV�RKL\RcSDGJsFX��D^TWN8P\F[Jv]Sc:]SRKFX}�cGJsLONSV[bdo8BlT[RK}mcSJC]SZ?edJ\HKbdQSQnZ�QPBEV �~BEV[VXRKF�J?T�]SJsHxBqF[QSN8P\V[J�]SJ �PbdVXF[RKcGF/tS�6BEV
HKBIF[cSRUTWJE_GRKH�L\V[RUTWRK}mcPBIHhJ/F�FXL/RKJ\D^TWRhyS}�cGJ/F�L`BEV�RhHKF�bEDmT�DGZ/rdHhRKrdZCHhJ/F�J?i�J?TWF�]SJsHxBIL\bdcSHhJ/cSV\_SHKJ\F�VWBEQSQnbdV�TWF
J\DmT[V[J�J/HhHKJ\F�QPBEV�cSDSRhbdD:bdc �Xcjk�TOBEQnbdF[RUTWRhbdD	_GVXJ/QSVXJ/DPBlDmTp}mcSJ\HK}mcSJ/FpRK]GZ/J/F�]SZ?edJ\HKbdQSQnZ/J\FuQPBlV1(�b�J\T[NSJEt

G�J/F VXZ/QnbdDSFXJ/F � L/J\F }mcSJ/F�TWRKbEDSFa��cSVXJ/D^T�BEQSQnbdV�TWZ/J\F QPBEV6HKJ�LONGRKoMRKFXT[JE_�){RKLONGJ/H3- cSrMP/DSJ � NSJ?e�V[J/cGH�_
]SRhV[J\L\TWJ\cSV�]SJ�HxB ){BEDmcG��BEL\T[cSV[J�]SJ\FI(�bd�nJ/HhRKDSF�J/D #"V:9,'St � J\TXTWJs��bdDSL?TWRKbEDgHKJsQnbdcSF[FXJ � F\��RhD^TWZ/VXJ/FXF[J/V
BEc�k:QSV[bE�SH P\o8J\Fp]GJqHKB3T[J/RhDmT[cSV[J�J?T~]GbdDSLv]SJqHKB3L/bdcSHhJ/cSV\t � H�F[JvV[J\DS]wV[BEQSRK]GJ/oMJ/D^TpL/bdoMQGTWJ�}mcSJv]SJDSbEoI�SV[J\cjk-QSVXbd�SHQP/oMJ/F�DSJ�edJ\DPBERKJ\D^T�QPBlF<]SJ\F<QGRKrdoMJ/D^TWF\_do8BERKF ]SJpH���bdQGT[RK}mcSJ�cGT[RKHhRKF[Z\J�Z^H���b�J/RKH�td��bdcSV
L\J/HxBj_�RhH6TWV[BERhT[J@FXL/RKJ\D^TWRhyS}�cGJ/oMJ/D^T�H���BEQSQPBlV[J/DGL/JI]SJ\FsL/bdcGHKJ/cGV[FsJ\TCF[cSV�TWbdcGTCHKJ/FuL/bdD^TWV[BEFXT[J/F�bd�GT[J/DmcSF
QPBlV ]SJ/c�k3L/bEcSHKJ\cSV[F$C #_9�N�t ¤ edJ\L�cSDSJ�BEQSQGV[b�LONSJ�QSFX��LONSb�z e�RKFXcSJ/HhHKJE_lRKH�o8bEDmT[V[J�}mc	��cSDSJ�L\bdcSHKJ\cSV ]SbEDSDSJ
� cSDSJvL/bdcGHKJ/cGVuB`edbERKF[RhDPBED^TWJ�cSDGJ@DmcPBEDSL\J@L\bdo8QGHKZ/oMJ/D^TWBERKVXJC]PBEDSF~HKJsTWbED	_P}mcSJ@HhJ/F�L/bdcGHKJ/cGV[FpL/bdo3z
QSHhZ/oMJ/D^TOBlRKV[J\F6bEQSQ�bEF[Z/J\F F/��Z/L\HxBERhV[J/D^T o@cGTWcSJ\HKHhJ/oMJ/D^TaJ?T }mcSJ�HhJ/F DSbEDjz L\bdo8QGHKZ/oMJ/D^TWBERKVXJ/F�QPBEVWBlRKF[FXJ/D^T
T[J/V[DGJ/F/t>��bdcSVsHKB�TWJ/RhD^TWcSVXJ3]SJ/F�HxBlRKDSJ\F/_�RhHaoMJ\TvBEc QnbdRKD^TscGD ]GRKF[}mcSJ-LONSVXbdo8BlTWRh}�cGJ3]SJ+6&9�QPBEV�TWRhJ/F
}mcSR�]GZ\yPDSRUT-HKJ\F3D�cSBEDSL/J\F8]GJ/F-L/bdcGHKJ/cGV[F-BlyPD%]SJgVXJ/LONSJ\V[LONSJ\V�cSDGJgNPBEV[oMbdDSRhJYJ/D^T[V[J:J/HhHKJ/Fg��yPrdcGV[J
¤ t 6 � t � J\Q�J\DS]PBED^T/_So�BlHKrdVXZ~HhJ/F�DGbdoI�SVXJ/cSFXJ/F�BEDSDGZ/J/F�]GJCV[J\LONSJ/VXLONSJE_ � NSJ?e�V[J/cGH�DSJCQPBEV�e�RKJ/D^T�QSBEF �]SZ\L/bdcjejVXRKV�HKB-HhbdR�}mcSR�V P/rdHhJsH���NPBEVXo8bdDGRKJC]SJ\F�L/bdcSHhJ/cSVXF
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G>J\F TWVWB`elBEcjkI]SJ � NSJ?ejVXJ/cSH|RhD�WPcSJ\D �	P\V[J/D^T���bdVXT[J/oMJ/D^T T[bdcGTWJ\F�HKJ/F Z\L/bdHhJ/F ]	��BEV�TWF J\T�HhJ/F L\bdcSVWBlDmT[F
BEVXT[RKF�TWRK}mcSJ\F�L/bEDmT[J/oMQ�bEVWBERhDSF�L\bdo8oMJCHhJuQnbdRKD^TWRhHKHhRKF[oMJE_^H���Rho8QGV[J/FXF[RhbdDSDSRhF[oMJE_^H���J?kjQSVXJ/FXF[RKbEDSDSRKFXo8Jl_SHKJ
L/cS�GRKF[oMJE_�J\TWLlt � J\TXTWJM�PBEF[J-FXL/RKJ\D^TWRhyS}�cGJ8B:QnJ/V[oMRKFCBEcjk QnJ/RhDmT[V[J\Fv]GJML\J\TXTWJ-Z/Qnbj}mcSJM]SJ-V[J\Q�J\DSF[J\V
HxB:L/bdcGHKJ/cGV/t��aBEVqJ?kjJ/oMQSHhJE_>HKJ\F@QnJ/RKD^T[V[J/Fq]SJMHxB�ySD(]Sc

XIXe
FXR P\L/HKJML/bEo8oMJ8¡jJ/cSV[BlTIJ?T-¡jRhrdDPBEL

bdD^TsZ\T[Z �XcSF[}mc	� � ]SZ/L\bdoMQ�bdFXJ/VsH���J\DSF[J\oI�SHKJ@]SJ/FsFXcSVX��BEL\J/F�J/D QnbdRKD^T[FCL/bdHhbdV[Z\F/_�FWBEDSFsHhJ/FCoMZ/HKBEDSrdJ\V/_
]SbdDSDSBED^T@DPBlRKF[F[BEDSL\J�BEc�Q�bERKD^TWRhHKHKRhF[oMJEt � ��J\FXT@H���bjJ\RKH ]Sc�F[QnJ/L?TOBlT[J/cSVq}�cGR<QnJ/VXo8J?T@]SJMV[J\L/bdoMQnbdF[J\V
H���J/DSFXJ/oI�GHKJs]SJ�H���b�J/cGe�V[Jlt

¤ HxB~o �\o8J�Z/Qnbj}mcSJl_EJ\D�#"V:8MJG_�}mcSJ/Hh}mcSJ/F Z?edZ/DGJ/oMJ/D^TWF�RKoMQnbdVXTWBED^TWF�o�BEVX}mc8P/VXJ/D^T HKJ\Fa]SbEo�BERhDSJ/F
]SJpHxBqL\HxBEFXF[RUyPL`BlT[RKbdD-J?T�]SJ~HxB�L/bdcSHhJ/cSV<B`edJ\LCDSbETWBEo8oMJ/D^T�HxB�QScS�GHKRKL/BlTWRhbdD-]SJ/F�TWV[BfelBEc�k�]GJ � NPBEVXHKJ\F
ACBEV@4�RKD FXcSVCHxBM]SZ/FXbdV[o8BERhF~L\Z/H P\�SV[J@L/HxBlF[F[RUyPL`B�TWRKbEDw]SJ\FCJ/FXQ�P\L/J/FvBEDGRKo8BEHKJ\FpJ?TsH���Z\eEbdHKcjTWRKbED{]SJ\FsJ/F z
Q�P\L/J\F/t � J\TXTWJ�o �\o8J:BEDGDSZ/Jl_^*dBEo8J\F )wB�k 4�J\HKH�L/bEDGyPV[oMJ:HKJ\F3QSV[RhDSL/RhQ�J\FM]GJ ��bEcSDSr L/bdDSL\J/VXDPBED^T
HxB8e�RhF[RKbED£N�cGo�BERhDSJ@J?T�]SJ\e�RhJ/D^TvHKJIQSVXZ/L\cSV[FXJ/cSV�]SJ3HKB�L/bdHhbdV[Rho8Z?TWVXRKJE_|HKB�F[L\RKJ/DGL/J-]SJ3oMJ/F[cGV[J3]SJ3HKB
L/bdcGHKJ/cGV/tE- D J\i�J\T/_	F[R HhJ/FsBlVXTWRhFXT[J/F�B`elBERKJ\DmTCL/bdoMQSV[RhFC]SJ\QScSRKFs}mcSJ\HK}mcSJ\FqBlDSDSZ/J\F�}�cGJ3HKJ/FsL\bdcSHhJ/cSVXF
Q�J\cGedJ\D^T �\T[V[JMbd�GT[J/DmcSJ/F@B`edJ/LMF[J\cSHKJ\o8J\D^TqT[V[bdRhFvL\bdcSHhJ/cSVXFvQGV[RKo8BERhV[J/F\_	HKJ\F�QSN^�jFXRKL\RKJ/DGFqJ\D(Z\TWBERKJ\D^T
V[J\FXTWZ\FCBEc�FXTWBE]SJq]SJ/FG6-L\bdcSHKJ\cSV[Fp]SJq�~J�4�TWbdD	t - D{T[VWB`elBERKHhHxBED^T�B`edJ\LI]SJ\F~]SRhF[}mcSJ\FuL/bEHKbdVXZ/F � VXbETOB�z
TWRhbdD:VWBEQSRh]SJE_ ){B�k 4�J\HKH>QSV[bEQ�bdF[B8L\bdo8oMJsL/bEcSHKJ\cSV[F���bdDS]PBlo8J\DmTWBEHKJ\F�HKJsV[bEcSrdJE_|HhJ�eEJ/V�TuJ?TuHhJv�GHKJ/c �
�~Z/BEDSoMbdRKDSF RhHS]SZ/L\HxBEV[Bs}�cGJpT[bdcGT TWVXRKQSHhJ\T ]GJpL\bdcSHhJ/cSVXF�]GbdD^T<HKBCL/bdo@�SRKDPBlRKF[bED3J/DMZ/r^BEHhJ/F }mcPBED^T[RhTWZ\F
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]SbEDSDSJ�HKJ:�SHxBlDSL:Q�J\cGT �?TWVXJ{LONSbERKF[R�L\bdo8oMJgL/bEcSHKJ\cSV[F-��bdDS]PBlo8J\DmTWBEHKJ\FDC`#"L�N�t )wB�k 4<J/HhHpJ\FXT�BEcSFXF[R
L\bdDSDmc�QnbdcSVsFXJ/F�J?kjQnZ/VXRKJ/DGL/J/Fq]	��BEQSQPBEVXRKJ\o8J\DmTsBlyPD ]SJ-]SZ\T[J/V[oMRKDGJ/VCHhJ/F�}mcPBED^TWRUTWZ/F�]SJ3VXbdcSrdJl_�]SJ
eEJ/VXT�J?Tv]SJ3�SHKJ\c DSZ/L\J/F[F[BERKVXJ/F�QnbdcSVsbd�GT[J/DSRhVCHxBYL\bdcSHhJ/cSVCyPDSBEHKJI]GZ/F[RhV[Z\J�C��~b.4 J��j_GC�BED ����NC # 'MN�t G�J
T[V[RxBlDSrdHKJu]SRhT�]SJ )wB�k 4<J/HhH�]GZ/L/bEcSHxB-]SJvF[J/F�TWV[B`eEBlcjk�t � J�TWVXRxBEDGrdHKJCQnJ/VXo8J?Tp]SJqQGV[Z\eEbdRKV�HhJvVXZ/FXcSHhTWBlT
]	��cSD o8Z\HxBEDGrdJI]SJ-]SJ\cjk L/bEcSHKJ\cSV[F\_�QScSRKFX}mcSJ-HKJ/F�L\bjbdVX]SbdDSDGZ/J/F�]SJ-L\J/F�]SJ/VXDSR P\V[J\FqF\� BE]G]SRhT[RKbdDSDGJ/D^T
J?T�Q�J\V[oMJ\T�Z\r^BEHhJ/oMJ/D^T�]	� �YL/BEHKL\cSHKJ\V�Q�bEcSV�HxBqQSV[J\o8RQP/V[J~��bdRKF<]SJ/F�Z/L/BEVXT[F�J/D^TWVXJsHKJ\F�L/bdcSHhJ/cSVXF�B`�^BED^T
cSD�V[Z\J/H�FXJ/DSF\_nQGcSRKFX}�cGJ���bEDS]SZ/F�FXcSV~]GJ/F�o8J\F[cSVXJ/FpQSFX��LONSbEQSN^�jFXRK}mcSJ\F/t

¤ c£yPH ]GJ/FvBEDSDSZ\J/F\_�]SJ-QSHKcSFsJ\D QSHKcSFs]GJMFXL/RhJ/D^TWRUyP}mcSJ/F�J\TqBEV�TWRhFXTWJ\FCTWJ\DmT P/VXJ/D^Tv]	��Z\HxBE�nbdVXJ/VscSD
F��jF�T?P\o8J�bdVXr^BEDSRhFWBED^T HhJ/F L\bdcSHKJ\cSV[F FXJ/HhbdD-]SJ/F�Z/L/BEVXT[F Q�J\V[L\J/QGT[cSJ/HhF/t.G�J�Q�J\RKD^TWVXJ�BEoMZ/V[RhL`BERhD ){cGDSF[J\HKH
QSVXbdQnbdFWBucGDSJ�F[QGN8P/VXJpLONGV[bdo8BlTWRh}mcSJE_�}mc	��RhH�T[V[bdcjeEBCRhDSF[c2T8F[BED^TWJ�BEc@o8bdoMJ/D^Ta]SJ�HxB~V[Z`BlHKRKFXJ/V � H���BERK]GJ
]SJqQ�J?TWRUTWJ/F~F[cSV���BEL/J\FCQnJ/RKD^T[J/F/t - D J\i�J\T/_�HKJ\FuL\bdcSHKJ\cSV[F~QScSVXJ/FCbdD^Tu]SJ/F[@?L/HxBlVXTWZ\F"@�]SRhi�Z/VXJ/D^TWJ\FC}mc	��RhH
J\FXT<RKoMQ�bdFXF[Rh�SHKJ�]SJp]SRhF[QnbdF[J\V<FXcSV<H���Z\}mcPBlTWJ\cSV�]SJ~HKBvFXQSN8P\V[J ZmHhJ �[BlcSDSJpJ/FXT�QSHKcGF�L\HxBERhV }mcSJuHhJpVXbdcSrdJl_
}mcSR�J/F�TIHhcSRUz o �\o8JqQSHKcSFvL/HKBERKVs}mcSJ8HKJ3e�RKbdHhJ\T���¡�J/FvV[J/LONGJ/V[LONGJ/F-BE�nbdcGT[RKV[J\D^TqJ\D #"JX#.8 � cSD � c�h c #
� ^ h g�] bd¢£RhHaQSVXbdQ�bEF[J3cSDSJ3L\HxBEFXF[RUyPL`BlT[RKbdDwDPBlTWcGV[J/HhHKJqbd¢£LONPBEL\cSD�]GJ/FCTWbEDSFsL/bdoMQnbdFWBED^TsFXbdD BEV[�GV[JJ\FXT3]SZ?TWJ\V[oMRKDSZ � QPBEVXT[RKVq]SJYTWVXbdRKFveEBlHKJ/cGV[F%Z6HxBwHhcSoMRKDPBEDGL/JE_>HKB{TWJ\RKD^TWJYJ?T3HxB{FWBlT[cSVWBlT[RKbdD ��yPrdcGV[J
¤ t V � t�G ��Z/LONSJ\HKHhJuedJ\VXTWRhL`BEHhJCF[JuL/bdoMQ�bEF[JC]SJ # �@elBEHKJ\cSV[F<L/bdoMQSV[RhF[J\F�J/D^TWVXJsHKJ~DSbdRKV<J\T�HhJu�SHKBEDSLl_jQScGRKF
HhJ/F�]SRUi�Z\V[J/D^T[J/FpL/bdcSHhJ/cSVXF�F[bdD^T~bdV[]GbdDSDSZ\J/F�J/D�DSJ�F[J�y|BED^T�}mc	� � FXbdD{b�J/RhH	]SJ�QnJ/RKD^T[V[JEt

¤ QGV P/F�HKBqoMbdVXT�]SJ ){cGDSF[J\HKH�_�F[bED � c�h c # � ^�h g�] V[J\FXTOBIcGDSJCedZ\V[RhTWBE�SHhJuV[Z?��Z/VXJ/DSL\Js]PBEDSF�]GJCDSbdo3z�SVXJ/cjk@]Sbdo8BERhDSJ/F�F[L\RKJ/D^T[RhyP}mcSJ\F/t^�pZ`BEDSoMbdRhDSF/_ L/J\VXTWBERKDSF6F[QnZ/L\RxBEHhRKFXT[J/F6o8b�]SJ/VXDSJ/FaBEcSV[BERKJ\DmT6F[bEcSNPBERUTWZ
}mc	��RKH�Z/HxBl��bdVXJuFXbdD:FX��FXT P/oMJ � H�� BlRK]SJ~]SJ/F�oMbf�dJ/DGFpL\bdHKbEV[RKoMZ\T[V[Rh}�cGJ/F�QSHKcSF�o8b�]SJ/VXDSJ/F\_PBlyPD:]	� �gBlQjz
QnbdVXT[J/V�cSDGJvQGHKcSF�rdV[BEDS]SJsQSVXZ/L\RKF[RhbdD	t
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�~DSJsBlQSQSV[b�LONSJCFXJ/oI�GHxBE�SHhJ � L\J/HhHKJp]SJ ){cSDGF[J/HhH���cGT�o8RhF[JpJ/DgQSHKBEL/J � HxB@o �/oMJpZ/Qnbj}mcSJCQSBEV�HKJ
LONSRKoMRKF�TWJ~BEHKHhJ/o8BEDS] sF�TK4�BlHK]	t �~DSJu��bERKF � HxB@VXJ\TWV[BERhT[JuJ?T�BEQSV P/F�]SJ\F�BEDSDSZ\J/F�]SJuV[J/LONGJ/V[LONGJv}mcSR�HKcSR
bdD^T�QnJ/VXo8RhF<]	��bd�GT[J/DSRhV�cSDgQGV[RUk��pbd��J\H�J\D #"J��#Jj_jRhHnJ\D^TWV[J\QSV[RUT�]SJCL\HxBEFXF[J\V�HKJ\F�L/bEcSHKJ\cSV[F<F[cSRUeEBlDmT�cSD
FX��FXT P/oMJYQSVXJ/DPBED^T3J\D�L/bdDGF[RK]GZ/VWB�TWRKbED(HKJ\F@FXJ/DSF[BlTWRhbdDSFI}mc	��J/HhHKJ/FqQSV[b�L/cGV[J/D^T/_ao8BERKFv]	��cSDSJYo8BEDSRQP/V[J
HKRhDSZ`BERhV[JltS�6bEcSV�L/J/HKBG_PRKH�]SZ\yPDGRhTpHKJ�FX��F�T?P/oMJ7ZPHxB3QSV[bEQ�bdV�TWRhbdD:]SJ�L/bdcSHhJ/cSV�bdc @\L\bdcSHKJ\cSV�QSHKJ\RKDSJ#@l_SHKB
QSV[bEQ�bdV�TWRhbdD@]SJ��GHxBEDSL�J\T�HxB~QSV[bdQnbdV�TWRKbEDI]SJ�DSbdRhV/t � HSZ/HKBE��bEV[J�cGDM]GRKF[}mcSJ�LONGV[bdo8BlTWRh}mcSJ�L/bEo8QnbdF[Z�]GJ
9,'uT[bdDSFaZ\r^BEHhJ/oMJ/D^T J\F[QPBEL\Z/F\_^HKJ/F6L/bdcGHKJ/cGV[F QSHhJ/RhDSJ/F\_lJ\D3QPBEVXTWBED^T ]SJ 'sL/bdcSHhJ/cSVXF6��bdDG]PBEoMJ/D^TOBEHhJ/F ZEHKJ
�[BEcSDSJl_GHhJuV[bEcSrdJE_jHKJ~�SHKJ\cYbdcGT[V[J/oMJ/V�J\T�HhJ~edJ\VXT�]���J/BEc	t CFXTK4�BEHh]g]SZ\yPDGRhT�QSBEV�HxBvF[cSRUTWJCHhJ/F�L\bdcSHhJ/cSVXF
L/HKBERKVXJ/F�J?T:HKJ\FYL/bdcGHKJ/cGV[FY��bdDSL\Z/J\F �XcGF[}mc	��BEc DGbdRKV8J\T:�SHKBEDSLE_ � QPBEVXT[RKV8]SJ/F�9,'%L\bdcSHKJ\cSV[F�QSHKJ\RKDSJ\F
]SJM]SZ/QPBlVXTqJ\TvJ/D oMb�]SRhy|BlDmT�HhJ/F�QSVXbdQ�bEVXTWRhbdDSF�]SJM�SHxBlDSL-J\Tq]SJ8DGbdRKV\t � J\T[T[J�BlQSQSV[b�LONSJMV[J �/cGT@cSD
L/J\VXTOBlRKD�Z\LONSb3QPBEVXo8R|HhJ/F�BlVXTWRhFXT[J/F�]SJCH���Z/Qnb�}�cGJuL/bEo8oMJE_mJ/D^T[V[JsBEcjTWV[Jl_jHhJ~NGbdHKHKBEDS]PBERhF^){bdDS]GV[RxBlD	t � HQScS�SHhRKJl_EJ/D #"J�'1Vj_dHKJ � c�h c # �/g #�e%c�a ��� gMaS`8gMh bd¢-RKHSoMbdD^TWVXJp}mcSJ�HhJ/F�L/bdo@�SRKDPBlRKF[bEDSF ]SJpL/J\VXTOBlRKDSJ\FL/bdcGHKJ/cGV[F�F[bdD^TCBErdV[Z/BE�SHhJ/F�J\Tp]	��BEcGT[V[J/F~DSbdD	t�G>B-V[J/LONGJ/V[LONGJI]SJvL/J\TXTWJvNPBEVXo8bdDGRKJC� �GT~Z/r^BlHKJ/oMJ/D^TpHKJ
L/J\DmT[V[J�]SJ��SRhJ/D:]SJ/F�J\DSF[J\RKrdDSJ\o8J\D^TWF�]PBEDSF�HhJ/F�Z/L\bdHKJ\F�]	� BlVXT`t ¤ cDE�BEcSNSBEcSF��f_ � T[TWJ\D{QGV[bdQnbdFWBlRhT�]SJ\FHKbdRhF�]SRKL?TWZ/J\FIQPBEV @ h g a�gM^�`�#?\ @�]SbEDmT@RKH�J/F�T3Q�bEF[F[Rh�SHKJM]	� ��T[V[bdcjedJ/V3cGDSJ�edZ\V[RUTOBE�SHhJ8NSBEV[oMbdDSRhJ8]SJ\F
L/bdcGHKJ/cGV[F/_GJ/D�V[J/QGV[J/DSBED^TuHhJ/F�RK]GZ/J/F�]SJ�(sbjJ?TWNSJ�bdc:]SJ � NSJ?e�V[J/cGHUCFVON�t

�aRKDPBlHKJ/oMJ/D^T/_GL/JvD	��J/F�Tu}mc	��BEcw]GZ/�ScGT~]Sc
XXe

FXR P/L\HKJs}mc	��cSDSJqL/bdoMo8RhF[FXRKbdDgFXL/RKJ\D^TWRhyS}�cGJ@B3Z\T[Z
o8RhF[JgJ\D'QSHKBEL/J�Q�bEcSV-]SZ\yPDGRKV-]SJ�o�BEDGR P/VXJ:bd� �XJ/L?TWRUedJ�HKJ/FML/bEcSHKJ\cSV[F\t - D #"J#LX#d_ HKB � c�e e d ]']_d c�a� aS^4\$#�a�gM^�d c�a�gMh \ f+\ih'& � �_h gMd!# g �+\ bdc � �

�
BvZ/HxBl��bdVXZ�cSDY]SRKBErdVWBlo8oMJ�DSbdVXo�BlHKRKFXZ�]SJ/F<L/bdcGHKJ/cGV[F�L\bdV�z

V[J\F[QnbdDS]PBED^T � cGD @\bd�SFXJ/VXelBlT[J/cSV3oMbf�dJ\D @�F[bdcGF3cSD%Z/L/HKBERKV[BErdJM]SJgV[Z?��Z/VXJ/DSL\JE_ QSVXRKDSL\RKQPBlHKJ/oMJ/D^T �
QPBEV�TWRKV�]GJ/FuT[VWB`elBEcjk�]SJ )wB�k 4�J\HKH�t � JqFX��FXT P/oMJ@FXJ/VWB8QPBEV�HxB-F[cSRUTWJqo8b�]SRhySZsQPBEV\)wBEL ¤ ]SBEo Q�bdcGV
}mc	��cGD3Z/L`BlVXT }mcSR�F[Z\QPBEVXJ�]SJ/c�kIL\bdcSHKJ\cSV[F6F[bdRUTaQGV[bdQnbdVXT[RKbdDGDSJ/H � HKB~]SRUi�Z\V[J/DGL/J�]GJ�F[J\DSFWBlT[RKbdD�tMG�J/F6]SRUz
edJ\V[F J\T DSbdoI�SVXJ/cjkqTWV[B`eEBlcjkI]GJ�HxB � � - J\T ]GJ�)wBEL ¤ ]PBEo�_EL/bEcSVWBEoMoMJ/D^T VXJ/QSVXRKFaJ?T J?kjQSHhRKL\RhTWZ\Fa]PBlDSF
� O,Q�S � �DADI%I"C �C � Q�T � C�1I"C�ADL ��C �&C� Q S�E"Q"A>I Q"A
	��1C � E���J1S�E#� � S#E�� � A'Q"C ��Q%C�� " ? E%K#J�A �1IHC � ��	 ��	 )
� C�A��)S�E C � �!� M

�DC �)S�L���C�" � �#C ��T.C I C �1I"C�ADL �1S � Q%IGS��1I%I"A A � � �1I Q"E%C*I�	 ��C���S�� T.A � I = ' .� �'C*C<. �BS�� T.C�E � K � C&K � � Q Q"C� . �DC  �S � � S�� I�K.T.A�+ S Q"K��.Q"C I �DC*IYJ5C � I *C*IWS#E Q%ADI Q"A
	 ��C*IWT.C � � *J K1	 ��C=T�S �1I �DC*I�T.K$�)S#A ��C IYT.C � � S�E � � A Q%C � Q ��E%C<.XT � T.C*I"A'L�� C Q�T�C
� � C�P.J�E"C I"I"ADK �=J �DS�I;Q%A�	 ��C
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HKB:HhRhTXTWZ/V[BlTWcGV[J-BEL?TWcSJ\HKHKJl_�bdD^TvQ�J\V[oMRKF�HxBgoMRKF[J-J\D(QSHKBEL/J-]SJ\F@�PBEFXJ/Fq]SJ8HKBgL/bdHhbdV[Rho8Z?TWV[RhJIL/bEDmT[J/o3z
QnbdVWBlRKDSJMBERhDSF[R }mcSJ8HxB:]SZ\yPDGRhTWRhbdD ]SJ�DSbEcGedJ/BEcjk(J/F[QSBEL/J\FIL/bdHhbdV[Rho8Z?TWVXRK}mcSJ/F\_�TWbEc��XbdcSVXFqcGT[RKHhRKF[Z\F�J\T
HKBEV[rdJ\o8J\D^T�V[J\QSV[RhFp]SBEDSF�HKJ\F�TWVWB`elBEcjkgF[L/RhJ/D^TWRUyP}mcSJ/F~BEL?TWcSJ\HKF C��~b.4 J��S_|¡2P?e2J&%MN�t

R�bdcGTWJ\FgL/J\F:BfelBEDGL/Z/J\F:F[L/RhJ/D^TWRUyP}mcSJ/FgJ?T:QSN^��F[RKbEHKbdrdRh}mcSJ/FYbEDmTY]SZ/FXbdV[o8BERKF8Q�J\V[oMRKF8]SJ£o8RhJ/cjk
L\bdo8QGV[J/DG]SV[J-HKJ\F�QSV[RhDSL/RhQ�J\Fv]GJ8HKB:QnJ/VXL/J\QGTWRhbdD�]GJ8HKB:L\bdcSHhJ/cSV�}mcSJML/JMF[bdRUTqQGNm��FXRK}mcSJ/oMJ/D^T/_6QSN^�^z
FXRKbdHhbdrdRK}mcSJ\o8J\D^T�bdc QSF��jLONGbdHKbdrERK}mcSJ/oMJ/D^T/t�R�bdcGT[J/FCHhJ/FuQGV[Z/L\RKFXRKbdDSF~BEQSQnbdV�TWZ/J\FCQPBEVpL/J\FsBEQSQGV[b�LONSJ/F
bdD^T@Q�J\V[oMRKFv]SJYL/bEo8QnJ/DSFXJ/VIHhJ/F@BEQSQSVXbfkjRho�BlT[RKbdDGFvrEV[bdFXF[R P\V[J\FI]SJ/FqTWJ/VXo8J\FIHKRhDSrdcSRhFXT[RK}mcSJ/FvcGT[RKHKRhF[Z\F
�XcSFX}mc	� � o8BERKD^TWJ\DPBED^T`t

� =����\=?5���4 	 ���g=��
C`# NAC@t � NSJ\elBERhF�z

� \_a #_d��-d��"d �$#?\������
	��  ���������  � \'] \']_^gMe bS\'] f+\ih g �<gMd ]"c�a�f+\ih g � 
+d �'c #%"'\ _){B �KT[V[RKFXJC]	� �~RhFXTWbERKV[Js]GJvH�� ¤ VXT/_ �~DGRhedJ\V[FXRhTWZ�]SJ G�RKHhHKJ LG_ *EcSRKD 9 � ���Gt
C 9�N ) t�E�V[cSF[BlTWRhDYz

��d ]_^4c�d!#?\ f+\'] � c�`2h \_`�#?] _ � NPBEoMQSF �aHKBEo8o8BEVXRKbdD	_ # J#V#LGt
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Ê ] �#�w�µ ��ÊV� a ¯,�
Ê ] �"ÌÝË � � � a �cb a ¯,²
Ê ] �w_�f5e,f9�,a �p¯�b
���"��!#�"% ����� � a Ç[¯
� X eO$ �y·&� a �#� a ±O�
��e ] � X 5 � a �Kb a ¯,²
��e,f`f5�3g�d���$"eO$"i � � a ,¯ a /� a �KÇ[
��e�Z�$ � e�YOg�µ��Z#Y��w� ] � � a �¶¯ a ��b
��e�Z ] � � %[��_ 5 � a �#�
� ] eO�"%vË � ¸ ��Ê¾� µ � � � Y!#�"Y�a Ç[
� ] Z#_ � f9�wYµ � a �p¯,b a �c��²
��Z � !#�"Y#_Nd � µ �Õ� � a Ç[
�*�,]`] e�Y �Ö� a �,´
� � X ��Y#%tµ � a ¯�´
��� �"Y �Ö�Õ×u� a Ç��
��� �"Y#�v¸ �Õ�¾� a ��� a �p± a ¯,´ a Ç¶´
��� �1� � �w_ Ú�� a �p¯,b
��� �1� ] ��Z X µ � % � a �p¯�b a �c�¶ a �c��´
��� Z#Y#� WÝ� g � � a Ç[
��· %¬g � e,\�\|�w_`_9�we,Y · Y¶f5� ] Y � f9�we�Y �,X ��!�� X � %^$ X � �Üg

]5� �,�,a �c�,´
� e Xw� Y¶f5e�Y#� WÝ� a ¯O�
� eSiSZ�� ] �"� ��� g W�� a �c± a ¯O�
� e�Z�f � Y#$"� ÚV� a �Kb
� � ] �w�n� ] �¾µ � a �c¯,b
� �,] �ße,Y ��� a ¯,b
� �,] +É�wY � � a �K�#�
� �"Y#�ÛÓ � a �Kb
� ���P�"Y#��e Ñß� a ¯,²
� e�Z�� � � ] f � % � � � a �/�
% X \ � � �,] \���! Ê ' �cb¡¯,²

º�� Y ��� a �cb a ¯,²
º � XwX � ] � � d � a �c���
º e�Y¶f � ��Y#�Íµ � a ¯�Ç>³�¯/� a ��² a ��´
º e ] � ] e�g Ú£�,] � � _Éµ � � � a Ç[±
º e ] _`�wZ#_ Ê¾��Ñß� a �c��� a �c�¶
�m� ]5� Z�! �Ö� a ¯,b
�m� XwX �"f Ê¾� a ��Ç[
�meS�"f � � ��� Ë �#Ú e,Y�a �p¯,b a �c��� a �c�¶ a �K��´
� ] ��$"Zr¸ � a Ç[
� ] e � ��Z#_*Ë � a �K��´
� ] e�_9_`�"f9��_`f9�V� � a �c��²
¸ � e Ñß� g Ñn� a Ç[
¸ �,] \ � Y#$�� Ê¾� % � a ¯,b
¸ �,]`] ��_Æµ � a �K��� a �c��
¸N� X \ � e X f9�Ö¸ � Ú�� a �c�,Ç
¸N� ] �wY�� % � a �c���
· f9f9��Y ��� a �c��Ç a �c��´
� � � Y��ÛÒ � ¸ � a �,� a �p± a Ç¶´
'm� Y � !#� �Ö� a ¯,´
'm� Y#!#��Y#_9% �DÚV� a �c��Ç a �c��´
'Ö� eO!,� � d � a Ç¶�
' ��f9f X � ]É��� a ¯�b
'ÖX ��� W�� a �K��´
' e�+ �,X ��_9%[� WÝ� a �p a �K�¶±
' Z ] Z#�,e XwX Z º�� a ¯,b
d � \��n� ] f W�� a �c± a ¯� a ¯/� a ��´ a Ç[
d � f9f9Z � f5� Ú�� a �cb
d � Z¬Ë � ¸ � a Ç[
d��¾� X e�Y ���Õ� � a �c�,�
d���$ X � ] $V� d�µ �c���
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dh�"$�e�\¾f5� � � a ��Ç[
dh�"� Ñß� � � a ¯�b a Ç�Ç
dh�"Z#Y#� Ñß� ¸ � a Ç[
dh���<+ ÊV� Ë ��� � a Ç[
dh��\ÃÓ � Ë � a Ç�Ç
dh��Y#Y � �"Z#_ � ��ÚV� a �K���
dhZtÓ � a Ç��
dhZOf9f5Z � f5� ÚV� a ¯�²
µ ��¹ f ] �m¸ � a �#� a ±O�
µ � $ Ê ! � \ �V� d � a �c��´
µ � $ � � ] �md � a �p± a ¯, a ¯/� a �KÇ[
µ � $ × Z#�"��Yrd � a ¯,�
µ � Y��`Z#Y � f � � �ÕÑß� a �Kb
µ � f � � ] e,Y�� � a ,�
µ � ) +�� XwX����Õ� � a �p¯�b a �c�/� a �c��´
µe�� �;� !#!#��\|� � !#� �¬ÊV� a �#�
µe�Y#! ] � � Y W�� a �c�,´
µZ#% � � ] �`��� ��� a �Kb a ¯,²
µZ#Y#_`� XwX�Ê¾� ¸ � a �K�¶±
5N�<+�f9e�Y ·&� a �p¯�b a �c�¶¯ a �c��� a �c�¶ a �K�#�
5NeSe ] ! � \ ���Õ� � a Ç[
:Ö��X � Y#!�� ] � � a ¯�´
:Ö� f � Ó ��·&� a ¯,´
: _�f	+ ��X !yË � a �c�,´
W��,] % Ñß� ¸ � a ¯,b
W��,] % � Z ] _`f � � a �K���
W �"f ] e�Zrµ � a ¯O� a ¯�b
W^�#� \ �Ö���V� a Ç��
W^� � X � �#� g º e X �w�,Z#�"f Ñß� a �p± a ¯S�
W e�_�f � � ] � ��� g�� � a ,¯ a �±c³O,b a �¶¯ a ´�² a ��Ç[
W^] �w$"� 'Û� a ¯,´
�Æ�"!#! �y�V� a ¯,´
�Æe � �Íµ �#Ú£� Y¬!#� ] a �c��´
�ÆZ#Y���� WÝ�(:u� a �c��
ÑO� �,�V� � a �p
Ñ�� % � � � ¯,´

ÑO� Y#%[Z ] � � a ¯,b
Ñ $ � �"f`f5�wY��h� � a ¯,´
Ñ $ � ���ß� ] \� XwX � ]*·&� a �c���
Ñ � ]9]9�v��� a ,�
Ñ ��Z ]9� f � � a �c�#�
ÑS�;� Ì �,] ��Y#%�evd � a ¯O� a ¯,b
ÑS� �wY¬¸ � a �cb
Ñ �w��Y � $ WÝ� a �c�#�
Ñ �wY �;�Û�V� a �#�
Ñ f ] Z�� W�� g-Ó � a ¯,b
Ñ Z#YyÓ � a �,� a �p± a ¯,´
� e�\|�wY � � �ÛÑß� a ¯,´
� e�Z#� � Y#� Ê¾� a ´�²
��] �"\�� � Z ÊV� a �cbp³�¯O�
� Z ]`� �wYOg � � � XwX��rÑß� a �¯ a /� a ��� a �,Ç a ±S� a ±�± a

±,b a �c²¶±
�Æ$ � � ��� \ �Û�Ö� a ¯,�
Ú£� Y#!#��Y[� ] e�Z#$&%��-5 � a �p a Ç¶b a �p¯,± a �c�¶±
Ú£� _9_9�"Z ] � � a �±K³�,b a �¶¯
Ú �wY#$"��d � !#�,a �K��²
Ú e X f � � ] ��a �c��¯
Ë � Y#� ��� a ��� a �c± a Ç¶´
Ó � Yr¸ � a Ç#�
Ó � Y#� ��� g º�� a Ç[
Ó � Z �V� 'u� Ó � a �Kb a ¯,²
Ó£e,Z#Y#� �Ö� a �p¯�b a �c�,Çp³n�c�#�
Ó£Z�Y ·&���V� a ¯,b
� � !#� � d ��Ê¾� a �¶¯ a �¶± a ±�² a ±O�
� �#� Y#�|� ���V� a �¯ a ��
�PZ�$&%,� ] Ñß� a �p±
�PZ�� � � �V� a �Kb a ¯,²
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·&��� ÊN�#�#] eO$ � �"_N$"e�Z ]9� \�\|��Y¶f�ZOf5� X �w_`����_��"Y_`����\|��Y¶f � f5��e�Yy!�����\ � ����_*$"e�Z X ��Z ] _ �¬�¾�Í�����
����� Ñ $ � ��\ � _`�w\ �#X � $ �D!#�"_�Ì � \|� X�X �"_V!#�¬_ � _`f � \|��_�!#� ] � �#] ��_`��Y¶f � f9�we�YØ!#� X � $�e�ZSg

X ��Z ] � Ú£� Y ²,²>�-�Æ�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í�¾�Í�Í�¾�Í�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í�����
���Õ¯ % )O��\ �#X �Ö!#� ] ���,�we�Y#_ � !�� � $��"Y¶f5��_ ���¾�Í�¾�Í�Í�¾�Í�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í���p±
����� �É� ��] ��_`��Y¶f � f5�we,Y!#� X ����\ � �,� !#�m_ � Y¶f ��� _9�¾! � Y#_ X ���"_ �;� $"�m$�e�Z X ��Z ]Í®

R, V,B
°3�|�Í� ¯�¯

����Ç �É��_`Z X f � f5_Å!#� Xw� $ Xw� _9_`� $ $ � f5��e�Yv!���_ � �!)�� X _Å!#� X ���w\ � ��� �����;®L�¶°£�;��]�X � �,X ��e ] ��f � \|�
!���_ � g/\|� � Y�_¾� º e�Y ²��1�=�«�Í�Í�¾�m�Í�¾�Í�¾�Í�Í�¾�Í�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í� ¯�Ç

���Õ �É��_`Z X f � fÖ!#� Xw� $ Xw� _9_`� $ $ � f5��e�Y�!#�"_ � � )O� X _ !#� X ���w\ � ���¾!#� X � $ ��Z ] � �,�Õ�;®L�¶°N�;��]
���#�#] �"Y¶f5�w_`_ � �,�Í$"e�\ � �1f5��f9��Ì£� º e�Y ²��1�=� �¾�Í�Í�¾�Í�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í� ¯�

��� � � �w_`f ] ���#Z�f5��e�YD!#�"_ � e���Y[f9_�$�e�Z X ��Z ] _É!#� X ���w\ � ���Ne ] �����wY ��X �Æ!#� X � $ ��Z ] � ���(�#®-�¶°3�¡� ¯�±
���Õ± � �"f � � X !#� X ����\ � �,� e ] �w����Y �,X � �V�m�Í�¾�Í�¾�Í�Í�¾�Í�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í� ���
����´ ·/X�X Z#_�f ]9� f5��e�YD!#Z �#] eS$��"_9_`Z#_N!��Í_`����\|��Y¶f � f5��e�Y��;e�Z#�m!���Z#Y#�m�w\ � ��� !#�m_ � Y¶f �#� _9� � �¶±
����b º e�Y�$"f5��e�Yt!�� �,�#�;��] f5�"Y � Y#$"�¾! ��Z#Y � �!)�� X _9� X e�Y

S1

�D�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í� ��b
�����c² º e�Y�$"f5��e�Yt!�� �,�#�;��] f5�"Y � Y#$"�¾! ��Z#Y � �!)�� X _9� X e�Y

δL
���Í�Í�Í�¾�Í�¾�Í�Í�¾�Í�¾�m�Í�¾�Í� ��b

������� Ñ $ � ��\ � ����Y#� ]5�,X !��Í$"e�Y#_�f ] Z�$"f5��e�Y¬!#Z ��] ��!��w$ � fÉ!�� � e�\�e,����Y#�"��f9� � �Í�Í�¾�m�Í�¾�Í� Ç#�
�����p¯ ��Xw� _9_`� $ $ � f5��e�YÛ!#��_ � �!)�� X _^!#� X ���w\ � ���*!#�Æ_ � Y¶f ��� _9� �;�,]^X � �,X �,e ] ��f � \|��!#�"_ º�� µ

� �,��$
m = 2

a
K = 6

$ X � _`_9��_"a X ����Y#��f9� �,X �w_ � f5��e�Y¬!#��_¾$���Y¶f ] ��_V!#��_Í$ Xw� _9_`��_V�1f � Y¶f
��X � � f5e�� ] � �£�m�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í�¾�Í�Í�¾�Í�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í� Ç�Ç

¯O��� �É� ��] ��_`��Y¶f � f5�we,Y!���Z#Y � �w_�f5e�� ]5� \|\��N\�e,Y#e�g/!��w\|��Y#_`�we�Y#Y�� X Y#e ] \ �,X �w_9� �v�m�Í�¾�Í� �±
¯O�Õ¯ Ê Y �,X�� _`�©!#� X � $�e�Y¶�,� )O��f9�»!#� X � � ��_`f9e�� ]5� \�\|�r\|e�Y#e�g}!#�w\|��Y�_9�we,Y#Y#� X

H
� e�Z ]

!����ß� ] �"Y¶f5��_ Xw�,] ���"Z ] _�!���_Æ!#e�\ � �wY#�"_*$�Z��#�wi[Z#�"_N!���e��#_`� ] � � f5�we,Y
Dλ1

�"f
Dλ2

�É�¾�Í� ���
¯O��� º e�Y�$"f5��e�Yt!�� �,�#�;��] f5�"Y � Y#$"�

µM

�"� �,X Z����Ö_9� X e�Y¬Z#Y#�
π
g=Ìze�Y#$1f5�we,Y � �,��$

a = 0.2
�k� ���

¯O��Ç %�� �,X Z � f5��e�Y¬!#� X � Ìze�Y#$"f9�we�Y!�� �,�#�;�,] f5�"Y � Y#$"�
µM

_9Z���� � Y¶f !#� �P� ] �"Y[f9��_ � �,X ��Z ] _
!��

a
®
λ = 7

°3���¾�Í�Í�¾�Í�¾�Í�Í�Í�Í�Í�¾�Í�¾�Í�Í�¾�Í�m�¾�Í�¾�Í�Í�¾�Í�¾�Í�Í�Í�Í�Í�¾� �¶
¯O�Õ º e�Y�$"f5��e�Y#_*_�f ] Z#$"f9Z ]5� Y¶f9��_ $"e�Z ]9� \�\|��Y¶f�ZOf5� X �w_`����_ � �Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í� ±,²
¯O� � º e�Y�$"f5��e�Yt!�� �,�#�;��] f5�"Y � Y#$"� �uZ#Y¬\|eO!#� \�e�Y�e�g/!#��\��"Y#_9��e�Y#Y#� XwX �

µM

�§�¾�m�Í�¾�Í� ±�¯
¯O�Õ± º e�Y�$"f5��e�Yt_`f ] Z#$1f5Z ]9� Y¶f5�Í�#�wY � � ] � � �¾�Í�¾�Í�Í�¾�Í�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í� ±�¯
¯O��´ % ] e�_9��e�Y«�"fm!#� X � f � f5��e�Y �;e�Z#�"_ ���#�#X ��i[Z#���"_ � X � Ìze�Y#$1f5��e�Y«!�� �,�#�;�,] f5�"Y � Y#$"�

µM®
γ = 7

° ±,�
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¯O�Õb �É��_`Z X f � f !�� X ��e�ZO��� ] f5Z ] � �;e,Z#� ���#�#X ��i[Z#����� Xw� Ìze,Y#$"f9�we�Y¬!�� �,�#�;�,] f5�"Y � Y#$"�
µM®

γ = 7
°1� �Í�¾�Í�Í�¾�Í�¾�Í�Í�Í�Í�Í�¾�Í�¾�Í�Í�¾�Í�m�¾�Í�¾�Í�Í�¾�Í�¾�Í�m�¾�Í�Í�¾�Í� ±�Ç

¯O���K² �É��_`Z X f � f�! ��Z#Y���Ìz� ] \��1f5Z ] ���;e,Z#� �,���#X ��iSZ���� � X � Ìze�Y#$1f5�we,YV!�� �,�#�;��] f5�"Y � Y#$"�
µM®

γ = 7
°1� �Í�¾�Í�Í�¾�Í�¾�Í�Í�Í�Í�Í�¾�Í�¾�Í�Í�¾�Í�m�¾�Í�¾�Í�Í�¾�Í�¾�Í�m�¾�Í�Í�¾�Í� ±�

����� %A_`f9�w\ � f5��e�Yt!#�"_É� �,] � � f9�we�Y�_ X eS$ �,X ��_
gµA

!���Z�Y#�ÍÌze,Y#$"f9�we�Yt!�� �,�#�#�,] f9��Y � Y�$��
µA

�N� ´O�
����¯ �É��_`Z X f � fÉ!#� X ��� ] e�_9��e�Y��;e�Z#�

E
m
SE

[
µM

] ®
γ = 7

a
β = 5

a
TH = 0.45

°1���Í�¾�Í�¾� ´�Ç
���Õ� � e�\ �;�,]9� �w_`e�YH!#�"_ ] ��_`Z X f � f5_ue��Of5��Y[Z#_ �;��]uX ��e � � ]5� f9�we�Y !���� ] e�_`�we�Y �;e,Z#�t$ Xw� _�g

_`�wi[Z#�
ES

[
µM

] �"fÆ$��"Z )¬e���f9��Y[Z#_ �;�,]�X ��e � � ]9� f5��e�YD!���� ] e�_9��e�Y
Em
SE

[
µM

] �k�¾�Í�¾� ´�Ç
����Ç �É��_`Z X f � fÉ!#� X � !#� X � f � f5��e�Y �;e,Z#�

Dm
SD

[
µM

] ®
γ = 7

a
β = 5

a
TH = 0.45

°1�Q�Í�¾� ´/�
���� � e�\ �;�,]9� �w_`e�Ym!#��_ ] �"_9Z X f � f9_he���f5�"Y[Z#_ �#�,]hX ��e � � ]5� f9�we�YÖ!��£!�� X � f � f9�we�Y �#e�Z#�^$ Xw� _�g

_`�wi[Z#�
DS

[
µM

] �"f�$��"Z )me��Of5��Y[Z#_ �;��]�X ��e � � ]5� f9�we�Y !#�^!#� Xw� f � f9�we�Y �;e�Z��
D

m
SD

[
µM

]
®
γ = 7

°1� �Í�¾�Í�Í�¾�Í�¾�Í�Í�Í�Í�Í�¾�Í�¾�Í�Í�¾�Í�m�¾�Í�¾�Í�Í�¾�Í�¾�Í�m�¾�Í�Í�¾�Í� ´¶±
���(� �É��_`Z X f � f�!#� Xw� f ]9� Y#_�Ìze ] \ � f5��e�Y�� �,�#�#X �wi[Z#�"� � X � Ìze�Y#$"f9�we�Yv!�� ���#�;�,] f5��Y � Y#$�� �

Z#Y¬\|eO!#�
µM

®
γ = 7

a
β = 5

a
TH = 0.45

°1�@�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�Í�Í�Í�¾�Í�¾� ´,´
����± � e�\ �;�,]9� �w_`e�Y©!#��_mÌze�Y#$1f5��e�Y#_m!�� �,�#�;�,] f5�"Y � Y#$"� ] ��_9Z X f � Y[f¾!#� X � �,�#��X �w$ � f5��e�Y�!#�

Xw� f ]5� Y�_`Ìze ] \ � f9�we�YV\�e ]`�#� e X e�����iSZ�� �;e�Z#�����1f£!#� X � ���#�#X ��$ � f9�we�Y¾!#� X ��e�Z��,� ] f9Z ] �
�;e,Z#�m$ X � _9_9��i[Z#� �¾�Í�¾�Í�Í�¾�m�Í�¾�Í�¾�Í�Í�¾�Í�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�Í�Í�Í�¾�Í�¾� ´,b

���Õ´ � �1f5�"$"f5��e�Y�!#�"_ \|eO!���_ �;�,]N�,�#�#X �w$ � f5�we,Yt��f5� ]5� f9���,�¾!#� X � f ]9� Y#_�Ìze ] \ � f5��e�Yy\�e ] g
�#� e X e��,�wi[Z#��� ®

γ = 7
a
β = 5

a
TH = 0.45

°3� �¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�Í�Í�Í�¾�Í�¾� bO�
���Õb · Y �#Z#��Y#$"�!�ZH_9��Z�� X

TH
_`Z ]uX �"_ ] �"_9Z X f � f9_�e���f9��Y[Z#_ �,�#]`� _ �,���#X ��$ � f9�we�Y»!#� X �

f ]5� Y#_�Ìze ] \ � f9�we�Yt\|e ]9��� e X e,���wi[Z#��� ®
γ = 7

a
β = 5

°1�^�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í�¾�Í� b,Ç
�����K² µeS!#�"_A!#�"f9��$"f9��_ �,��]9� _ X �N���;� _9��!��*!#�"ÌzZ������ $ $ � f5�we,Y ®

γ = 7
a
β = 5

a
TH = 0.35

°3�¾b�
�����,� % )Sf ]9� $"f9�we�Yu!#�"_^\�eS!#��_ �;�,]�X �

α
g/$�e,Z � �Å!#� X � Ìze�Y#$"f9�we�YV!�� ���#�;�,] f5��Y � Y#$��É��Y#��f9� �,X �

µM

�;�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í�¾�Í�Í�¾�Í�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�Í�Í�Í�¾�Í�¾� b/�
Ç#��� � � �P� ] �"Y[f9_N\|eS!#��_���!#��Y¶f5� $ ��_ ���Í�¾�Í�¾�Í�Í�¾�Í�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�Í�Í�Í�¾�Í�¾�É�c²�¯
Ç#��¯ ��Xw� _9_`� $ $ � f5��e�Y4!#�"_ � � )O� X _D$�e ]9] �"_ � e�Y#! � Y[f9_ � Z ) � e,�wY¶f5_D$"e�Z X ��Z ] _

XPq

�w!���YOg
f9�wi[Z#��_ � Z � e��wY¶f

Xl1

�S�w_ ���O��_É!#��_É� �,]�� $���Y¶f ] ��_N!#��_Æ$ Xw� _9_`��_ ���¾�Í�Í�Í�Í�Í�¾�Í�¾�É�c²,�
Ç#�Õ� ��Xw� _9_`� $ $ � f5��e�Y4!#�"_ � � )O� X _D$�e ]9] �"_ � e�Y#! � Y[f9_ � Z ) � e,�wY¶f5_D$"e�Z X ��Z ] _

XPq

�w!���YOg
f9�wi[Z#��_ �

Xl1

�S��_ �u�S��_Æ!�Z\|eO!�� X � �#X Z#_ �#] eS$ � � � �¾�Í�Í�¾�Í�¾�Í�Í�Í�Í�Í�¾�Í�¾�É�c²�Ç
Ç#��Ç · \ � ���Ö!#�m_ � Y¶f �#� _`�V�#��$ �#] e�\ � f9�wi[Z#� �«�Í�Í�¾�Í�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�Í�Í�Í�¾�Í�¾�É�c²/�
Ç#�� �É��_`Z X f � f5_ !�� X ���"� �,X Z � f5��e�Yy!#� Xw� Ìze�Y#$1f5��e�Y�!�� �,�#�;��] f5�"Y � Y#$"� �vZ#Y«\|eS!#� � e�Z ]

!#� �P� ] �"Y[f9��_É� �,X �"Z ] _�!#�
λ
®
a = 0.2

°1�à�¾�Í�Í�¾�Í�m�¾�Í�¾�Í�Í�¾�Í�¾�Í�m�¾�Í�Í�¾�Í�É�c²�´
Ç#�(� %A_`f9�w\ � f5��e�Ym!#��_�� �,] � � f5��e�Y#_ X eS$ ��X ��_�!�� X � Ìze�Y�$"f5��e�YÍ!�� ���#�;�,] f5��Y � Y#$�� �NZ#Y¾\�eS!#�

� e�Z ]
β = 5

®
λ = 5

a
a = 0.2

°1���Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í�¾�Í�Í�¾�Í�¾�m�Í�¾�Í�Í�¾�É���c²
Ç#��± ÊN�#�#X ��$ � f9�we�Y©!#� X � f ]9� Y#_`Ìze ] \ � f5��e�Y©\�e ]`�#� e X e�����iSZ�� �;e�Z#��� � ����$

γ = 3
�1f

TH = 0.35
®
λ = 5

a
a = 0.2

a
β = 5

°1�¡�Í�¾�Í�Í�Í�Í�Í�¾�Í�¾�Í�Í�¾�Í�m�¾�Í�¾�Í�Í�Æ�,���
Ç#�Õ´ �É� �#] ��_`��Y¶f � f9�we�Y�_t!#��_ � e���Y[f9_v\|eO! � Z )Ø� )Sf ]9� ��f9_ ®

λ = 5
a
a = 0.2

a
β = 5

a
γ = 3 TH = 0.35

° ���p¯
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Ç#��b Ñ � )t\|eS!#��_���!#��Y¶f5� $ ��_ ®
λ = 5

a
a = 0.2

a
β = 5

a
γ = 3

a
TH = 0.35

°1���Í�m�¾�Í�¾�É���c¯
Ç#���c² %�f9�wi[Z#�"f � ���Ö!#�"_ � � )O� X _ �#] e,f9e,f �S� �"_É!#��_ � $ X � _9_9�"_N$"e�Y#_�f ] Z���f5�"_ �£�¾�Í�Í�¾�m�Í�¾�Í�É���c�
Ç#����� ��Xw� _9_`� $ $ � f5��e�Yt!#�"_ � � )O� X _*�O��_ �u�S��_Æ!���_É� �,]�� $"��Y¶f ] ��_N!#��_É$ Xw� _9_`��_ ���Í�¾�m�Í�¾�Í�É���c�
Ç#���p¯ ��Xw� _9_`� $ $ � f5��e�Yt!#�"_ � � )O� X _*�O��_ �u�S��_Æ!�Z\|eO!�� X � �#X Z#_ �#] eS$ � � ���¾�Í�Í�¾�m�Í�¾�Í�É���p
Ç#���c� �É��_`Z X f � fÉ!#� X � _`����\|��Y¶f � f5��e�Yy!#� X ���w\ � ��� $"e�Z X ��Z ] !#�m_ � Y¶f �#� _`� ���Í�Í�¾�m�Í�¾�Í�É���p
Ç#���KÇ 5Æe�\�� ] �©!#�©\�eS!#��_y!#�1f5�"$"f5�"_��"fyf � Z ) !���� ]`] ��Z ] !#�Þ$ Xw� _9_`� $ $ � f5��e�YQ_9� X e�Y X �"_

!����ß� ] �"Y¶f5��_�� �,X ��Z ] _
TH

� e�Z ] !#� �P� ] ��Y¶f9_��"$ �,] f`g=f �O� ��_�!#�£� ] Z���fh� � Z�_9_9����Y � !#!���f5��Ì
� �,��$

γ = 3
�P�Í�¾�Í�Í�¾�Í�¾�Í�Í�Í�Í�Í�¾�Í�¾�Í�Í�¾�Í�m�¾�Í�¾�Í�Í�¾�Í�¾�Í�Í�Í�Í�Í�¾�É�����

Ç#���p 5Æe�\�� ] �©!#�©\�eS!#��_y!#�1f5�"$"f5�"_��"fyf � Z ) !���� ]`] ��Z ] !#�Þ$ Xw� _9_`� $ $ � f5��e�YQ_9� X e�Y X �"_
!����ß� ] �"Y¶f5��_�� �,X ��Z ] _

TH
� e�Z ] !#� �P� ] ��Y¶f9_��"$ �,] f`g=f �O� ��_�!#�£� ] Z���fh� � Z�_9_9����Y � !#!���f5��Ì

� �,��$
γ = 5

�P�Í�¾�Í�Í�¾�Í�¾�Í�Í�Í�Í�Í�¾�Í�¾�Í�Í�¾�Í�m�¾�Í�¾�Í�Í�¾�Í�¾�Í�Í�Í�Í�Í�¾�É���c´
Ç#����� 5Æe�\�� ] �©!#�©\�eS!#��_y!#�1f5�"$"f5�"_��"fyf � Z ) !���� ]`] ��Z ] !#�Þ$ Xw� _9_`� $ $ � f5��e�YQ_9� X e�Y X �"_

!����ß� ] �"Y¶f5��_�� �,X ��Z ] _
TH

� e�Z ] !#� �P� ] ��Y¶f9_��"$ �,] f`g=f �O� ��_�!#�£� ] Z���fh� � Z�_9_9����Y � !#!���f5��Ì
� �,��$

γ = 7
�P�Í�¾�Í�Í�¾�Í�¾�Í�Í�Í�Í�Í�¾�Í�¾�Í�Í�¾�Í�m�¾�Í�¾�Í�Í�¾�Í�¾�Í�Í�Í�Í�Í�¾�É���c´

Ç#���p± · \ � ��� $�e�Z X ��Z ] � � e�Z#_9� � �Í�¾�m�Í�¾�Í�¾�Í�Í�¾�Í�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í�É���cb
Ç#���c´ W e��wY¶f9_�\�eS! � Z )D!#�"f9��$1f5��_N! � Y#_ X ���"_ �;� $"�m$�e�Z X ��Z ]Í®

R, V,B
°3�Í�Í�Í�¾�Í�¾�m�Í�¾�Í�É�p¯,²

Ç#���cb �É��_`Z X f � f5_Í!#� Xw� $ X � _`_9� $ $ � f9�we�YÞ!#�"_ � � )O� X _V!�� X ���w\ � ��� � � e�Z#_`� � ®
λ = 5, a =

0.2, β = 5, γ = 3, TH = 0.35
°3���¾�Í�Í�¾�Í�¾�Í�Í�Í�Í�Í�¾�Í�¾�Í�Í�¾�Í�¾�m�Í�¾�Í�É�p¯O�

Ç#�Õ¯,² · \ � ��� $�e�Z X ��Z ] � �n� � Y#_ � �Í�¾�m�Í�¾�Í�¾�Í�Í�¾�Í�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í�É�p¯�¯
Ç#�Õ¯O� W e��wY¶f9_�\�eS! � Z )D!#�"f9��$1f5��_N! � Y#_ X ���"_ �;� $"�m$�e�Z X ��Z ]Í®

R, V,B
°3�Í�Í�Í�¾�Í�¾�m�Í�¾�Í�É�p¯�¯

Ç#�Õ¯�¯ ��Xw� _9_`� $ $ � f5��e�Y¬!#��_ � � )O� X _ !#� X ����\ � ���Ö$�e�Z X ��Z ] � �n� � Y�_ � ®
λ = 5, a = 0.2, β =

5, γ = 3, TH = 0.35
°1�Ù�Í�¾�Í�m�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í�¾�Í�Í�¾�Í�¾�Í�m�¾�Í�Í�Æ�c¯,�

ÊV�Õ¯ ÑS�#�#��] �m$ �#] e�\ � f9�wi[Z#�Ö!#�1��� X e �#� ��� �;�,]Éº e ] _9�wZ�_ � �m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í�É�c���
ÊV��� � �w_9i[Z#�m!#� 5Æ�<+�f5e,Y � �¾�Í�Í�¾�m�Í�¾�Í�¾�Í�Í�¾�Í�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í�É�c�¶¯
ÊV��Ç � �w_9i[Z#�m!#�"_N$"e�Z X ��Z ] _�!#�¾µe�_9�"_ ¸ �,]9] �w_ ���Í�¾�Í�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í�É�c�,Ç
ÊV�Õ � �w_9i[Z#�m!#�"_N$"e�Z X ��Z ] _�!#�¾�meS�"f � � � �Í�¾�Í�Í�¾�Í�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í�É�c�¶
ÊV� � ÑS�#�#��] ��_Æ$ �#] e,\ � f9�wi[Z#�"_�!#�Í�ÆZ#Y����m��Y �c´�²�b��§�Í�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í�É�c�#�
ÊV�Õ± � �w_9i[Z#�m!#�"_N$"e�Z X ��Z ] _�!#� ��� �"� ] �"Z X=� �¾�Í�Í�¾�Í�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í�É�c�¶±
ÊV��´ Ñ[� _�f � \��me�Z �,] � ] �Ö!#�¾µZ#Y�_9� X�X=� �¾�Í�¾�Í�Í�¾�Í�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í�É�c��´
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����� µ¬�"f � eO!#�"_É!#�m$�eSe � � ]5� f9�we�Yt!���$���! � Y¶fÆ!#� X � _`f ]5� f9�������Ö!#�ÖÌzZ#_9��e�Yy!#��_É�"$ �,] f5_ �Í� Ç¶²
���Õ¯ � e,Y#!#��f9�we�Y�_*!�� � e�\|e�����Y�����f9�Ö��Y¶f ] �m!#��Z ) � � )O� X _ �¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í� Ç¶²
¯O��� WA] �wY#$"� �;�,X ��_�f�g/Y#e ] \|��_��"fÉf�g/$�e,Y#e ] \|��_m����µ b� � �-�¬�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í� ��b
����� Ú£��] � � f5�we,Y#_�!#� Xw� � ��X ��Z ] !#�

TH
���¾�Í�¾�Í�Í�¾�Í�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í� b¶¯

Ç#��� µ � f ] �w$��t!��$"e�Y�ÌzZ#_`�we�Y X e ] _9i[Z#� X �"_ � � )O� X _u_9e�Y¶f�$ X � _9_9�"_|�S��_ �«�S�w_Û!#�"_v� �,]�� g
$"��Y¶f ] ��_Æ!#��_É$ X � _`_9��_ ���¾�Í�Í�¾�m�Í�¾�Í�¾�Í�Í�¾�Í�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í�É���KÇ

Ç#�Õ¯ µ � f ] �w$��¾!#�u$�e,Y�ÌzZ#_9��e�Y X e ] _9i[Z#� X ��_ � � )O� X _ _9e,Y[fm$ X � _`_9�"_ �O��_ �v�S�w_ !�ZÞ\|eS!#� X �
��X Z#_ �#] eO$ � � �(�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í�¾�Í�Í�¾�Í�¾�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í�É���p

ÊV��� ��]5� !#Z#$"f9�we�YtÌ ]9� Y�� � �w_9�Ö!�� Xw� _ �#����] �Í!#� º e ] _`�wZ#_ �»�m�Í�¾�Í�Í�¾�Í�¾�Í�Í�¾�m�Í�¾�Í�É�c���
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