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émanant des établissements d’enseignement et de
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Ò 	Å��	!ºÝ	!��¸ Ã 	Ë²â	!ÀnºÝ	!º¶»���	!ÀØ��¯��
¯�� ^�� ® 	¹�
å�	 Ö ¯�²â¯Y¸�� � �&¯ Ã ºÝ	VÐ \�Ã °Ø² � á � ]Y] 	¹¯��Ø�Y	 ½ ��·¹À Ã ��	!�²³	��
¯�� ^ ��	v¸¹	r°�°�	A° á ¿!À�	 � È Á 	¹À ` á�Ã � Ã ¸!��° \ 	r° Ò 	 \�]�ÓlÔ@\ �
¸ Z ·¹����¯ � ²â	!À¶� \Ù½�½ ���
°±	!¯���À;��	F¸!	°�� \ÂÁÙ\�Ã ²���	¾° á ¿!À�	 ��½ ��¯�� ²³	¹¯��
À ��	!º \ ���&¯�	¹À��Ä¯ Ã ºa��� ] ° ½ 	!��º Ã À=��� \ ºÝ·!² Ã ����	¹�n¸!	i���Ä¸¹¯�º�	 ] °V	r°�Ú� \�½Y½ ��· á 	 ] �Y	¹�[¸¹	Ý°±� \ÂÁÙ\�Ã ² \ÂÁ 	¹¸ ½ ²³¯�À¶��	Ý��	¹¸!¯�² �Xg ²³	rÛ \�] ���
¯ Ì 	¹²â	 \ 	!° ` ·¹² Ã³] 	 m �
	!	 ] »�² \ °
�&¯ Ã � ] ° \ ¸!¸¹	 ½ °±·/��	 ½è\ �É° Ã ¸ Ãâ½ 	¹���[¸!	�
¯Y� ^�ÍÒ 	F° Ã 	 ] À�����	!ºÝ	!��¸ Ã 	¹�[°���¿¹À;¸ áè\ ²â	¹¯Y��	¹¯YÀ�	¹º�	 ] °ÝºÝ	!À;� Ã �
	¹¸!°�	¹¯��
À;��	F° á ¿!À�	 Ô@\Â^ ² Ã À Ö 	 Ó²³	¹ÀÉ°C	r° Ò 	 \Ù]�ÓlÏØá�Ã ² Ãâ½Y½ 	 Ö ��ºÝ	 ] å�	¹� ½ ��¯��K²³	¹¯��/� Ã À ½ � ]�Ã » Ã ² Ã °±·¶	r°¶²³	¹À/ºÝ� ^ 	 ] À��&¯�� Ã ²³ÀKºa� � ] °\ ¸¹¸¹������·!À Í Ò 	K¸¹� ] À�	¹� Á 	!� \�Ã ��	C¸!	¹Àd°���� Ã À \Ù]�] ·¹	!Ài¯ ] À
��¯ Á 	 ]�Ã �¾°±�
¿¹À \ å���· \ »�²³	Kå�����¸¹	�� ²³	¹¯��
Àå�� \�] �Y	¹À��&¯ \ ² Ã °�·¹À á ¯�º \ÙÃâ] 	!À Í Ò 	 ²³	¹¯���À�¯ Ã ÀX·!å \ ²³	¹º�	 ] °��
	¹¸!� ]�]è\�Ã À�À \�] °±	 ½ ��¯��X² \ � Ã ¸ á 	¹À
À�	V��	!À	 ] À�	 Ã å ] 	¹º�	 ] °±ÀNÀ�¸ Ã 	 ] ° Ã�� �&¯�	!À��Ä¯Ú� Ã ²âÀMºa��� ] °i°�� \�] À�º Ã À Í Ò 	;��	¹º�	¹�
¸ Ã 	C°±��¯YÀ/²³	¹ÀM	 ] À�	 Ã å ]è\Ù] °�À�
	 ] ¸!� ] °±�
·¹À \ ¯F¸¹��¯���ÀË��	Mº�� ] ¸!¯���À
¯�ÀÅÀ�¸¹��² \�Ã ��	��&¯ Ã ºL� � ] °Ë��� ]Y] ·¹	M²���	 ]&ÁÄÃ 	i��	MÀ�¯ Ã³Á ��	M¸!	!°�°�	Á � Ã 	 Í Ò 	 ½ 	 ] À
	 ½è\ �
° Ã ¸¹¯�² Ã ¿!��	¹º�	 ] °�� Ò 	 ]�]_^Së 	 ] � Ã À ÓàÏØÃâ] 	 \ ¯��&¯ Ã ºa� \ Ð \�Ã °N¸!� ]���\Ù] ¸¹	�°±��¿!À°���°¾	!°¾ºL� \ 	 ] ¸¹��¯�� \ å�·¹	�� ½ ��¯���À
¯ Ã³Á ��	K� \�] À ² \ ��	!¸ á 	¹�
¸ á 	 Í Ò 	K�
	¹º�	¹��¸ Ã 	 ã¾Ã ¸¹��² \ À bd\�] ¯�À
À�	
�&¯ Ã ºL� \ ·!°�·/�Ú��¯ ] 	 \�Ã ��	 ½ ��·¹¸ Ã 	!¯�À�	 Í ® 	¹ÀË�
	¹º \ ���&¯�	!À 	r°Å¸¹� ] À�	 Ã ²âÀ ��\�Ã³] À Ã �&¯�	N²³	d°±	!º ½ À��&¯�� Ã ²ºa� \ ¸!� ] À \ ¸¹�
· � ] °n°���¿¹Àn² \ ��å�	!ºÝ	 ] °Ø¸¹� ] °�� Ã »Y¯�·��N²�� \ »í��¯�° Ã À
À�	!ºÝ	 ] °n�Y	 ¸!	Ë°±� \ÂÁÙ\�Ã ² Í_` 	Ë°�� \ÂÁÙ\�Ã ²\ ·r°±·/��· \ ² Ã À
· \ ¯aÀ�	 Ãâ] ��¯ h�\ »í��� \ °±� Ã ��	 ë �����Y	¹² \ÙÃ ÀV��	 m 	¹¸ á 	!��¸ á 	K	 ]ajà] ÐÑ����º \ ° Ã �&¯�	 � � Ã � Ã å�·½�\ � ® 	!��å�	 Ö ¯�²â¯Y¸�� Í Ò 	¾À�¯ Ã À ��	!¸¹� ]Y]è\�Ã À
À \�] °�	M��	¹ÀVº�� ^ 	 ] ÀVº Ã À��Cº \ � Ã À ½ ��À Ã ° Ã � ]Ý\�Ã³] À Ã �&¯�	�Y	¶² � \�Ã �Y	K�
	��¹¯Y	[��	¶² \�½è\ �É°i��	!ÀMºÝ	!º¶»���	!Ài��	¶¸!	¶² \ »í��� \ °±� Ã ��	 � �&¯�	¶¸¹	CÀ�� Ã °i� \�] Ài²â	K¸ \ ���
	�Y	¹ÀM	 ] À�	 Ã å ] 	!ºÝ	 ] °�À��Ä¯Y	��!� \�Ã 	¹¯ ²â	 ½ ² \�Ã À Ã � �Ú� \ À
À�¯��
	¹�N��¯ ½ ��¯��iº�	¹ÀM�Y·¹º \ ��¸ á 	!À \ ��º Ãâ]�Ã À Ó°�� \ ° Ã³Á 	¹À Í Ò 	 ½ 	 ] À
	A	 ]S½è\ �
° Ã ¸!¯�² Ã 	¹��� j À \ »í	!²â²â	 Ö ¯Y°���¯�� �ØÔLÃ ¸ á 	¹² Ô@\ �
¸¹¯�À � ® 	!��å�	 Ö ¯�²â¯�¸�� �c � Ã ¸ ® � ½ 	 ]�\��$`V\ ° á_^vm ��¯�» Ãâ] 	 \ ¯ ��ÏØá�Ã ² Ãâ½�½ 	 ë Ã \�Ã À ��Z�\ » Ã 	 ]Y] 	 ` ² \�Ã � \�] � �ÚÍ Í³ÍÒ 	 ½ 	 ] À�	F·¹å \ ²â	!ºÝ	 ] °�� gd] ° á � ]_^�Ö � ] �fm ��º \ÙÃâ]éë ��¯����&¯ Ã!��Öd\%ÁÄÃ � g ¯�»$	¹� � Ò Í Ï�ÍfÖ � Óº�	 ] å�	¹� �$ä ¯ ^LÔ ·¹² \Ù] �¹� ] �íã �#"!² ã � Á 	!²â² Ã�½ ��¯��Å²³	¹¯�� Ã º ½ 	¹�
°�¯���» \ »�²â	M»$� ]�] 	 á ¯�º�	¹¯����&¯ Ã�\À
¯A	 ] °���	!°�	 ]�Ã �V¯ ] 	 \ º¶» Ãâ\�] ¸!	¾��	 °±� \%ÁÙ\�Ã ²�	rÛÄ°±�%$¹º�	¹º�	 ] ° \ å��
· \ »Y²â	 ÍÄ× ] À \ ²³¯Y° \ º Ã ¸ \ ²&�KºÝ	!À¸!��²â²³¿¹å�¯Y	¹À gd] ° á � ]&^���m ��º \�Ãâ]'��ÔL\ °�° á�Ã \ À � Ò �Ä¸¹	!² ^Ä]'��Z ²³��� Ãâ\�]'��Ô@\ Û Ã ºÝ	 ��g�( � \#��` áè\ ��²â	!À ��ÔLÃ Ó¸*) \ "!² �&g ²³	rÛ \�] �Y��	 ��ÏØÃ 	!����	 �ÄÏ�\ À
¸ \ ² �YÊ º�	¹� �YÔL\ º \ ����¯ ��Ô@\ �É° Ã³] 	r° °���¯�À ¸!	¹¯�Û \ÂÁ 	!¸��&¯ Ã �!� \�Ã½�\ �
° \ å�·M��	N»$� ] ÀÅºÝ��ºÝ	 ] °�À Í× ]}½ 	!° Ã °N¸¹��¯�¸¹��¯��FºÝ	!À \ º Ã À �íÌ ��º 	!° Ö � � Ò Ã 	r° ã Ãâ]è\#��`V\ � Ã³] 	[	!° ` ·!��� Ã ¸ �kgd] å�¿¹²³		r° ã¾Ã ¸!��² \ À ÍÅ×¾] 	}º�	 ] ° Ã � ] À ½ ·¹¸ Ã \ ²³	�� g ² È 	 ] �&¯ Ã À \ ¯�� \ ¸¹	!�
° \ÙÃâ] 	!ºÝ	 ] ° \�½�½ ��·¹¸ Ã 	!�a¸!	�Y��¸!¯�ºÝ	 ] ° Í× ] 	A°±�
¿¹À¶¸ áè\ ²â	¹¯Y��	¹¯YÀ�	 ½ 	 ] À�·!	 ½ ��¯��¶º \ Ð \ º Ã ²³²â	v��º�	¹À ½�\ ��	 ] °�À � º�	¹ÀKÐÑ��¿¹�
	¹À \ ������·!ÀZ ²â��� Ã \�]'�Úë 	 ] ��+â° � Ò Í ëdÍ 	r° ® ·¹» \�� À \�] À/��¯�»�² Ã 	¹� ` á�\�] ° \ ² ��`V\ ��� ��c � Ã ) \ 	r°Cº�	¹ÀM°���¿¹À/¸ á 	!��ÀÔL\ �
° Ãâ] 	!° c ²³À \YÍ Ò 	 ½ 	 ] À�	 \ ¯�À
À Ã � e=\ ²³·¹� Ã 	 �XZ ²â� �fÕ ²â· \��fZ � \Ù] �¹� Ã À�	A	r° ä ·!� \ �
� ÍØ× ] ¸!² Ã³]�Ú���Ä	 Ã ²,�[ºÝ� ] ¸!��¯�À Ã³] Ò 	 \�]�Ól` áè\ �
²â	¹À ÍÒ 	C°�	¹�
º Ã³] 	 ½�\ �d²³	 ½ ²³¯�À Ã º ½ ���
° \�] °C�$º�	¹��¸ Ã � Öi\ÂÁ�Ã �-�&¯ Ã Ð \�Ã °dº�� ] »í� ]Yá 	¹¯��d¸ áè\ �&¯�	
�
��¯��Ë	!° À \Ù] À.�Ä¯ Ã �
	 ] ��	 ] À�	!� \�Ãk½�\ ÀÅ²/� \ ¯0�
��¯������ á ¯ Ã Í
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8,9�:0;�<=9?>` 	r°�°±	N° á ¿¹À�	/À¹� Ãâ] À�¸¹� Ã °Å� \Ù] ÀÅ² \¶½ �
��»�²â·!º \ ° Ã �&¯�	d��	N² \ ¸¹��º ½è\ � \�Ã À
� ] ��	Nå�� \�½�á 	!À Í�ã ��¯�À½ ��� ½ ��À�� ] ÀX� \�] À�² \Ë½ �
	¹º Ã ¿¹�
	 ½è\ �
° Ã 	Ø��	=¸¹	=º \�] ¯�À�¸!� Ã ° ½ ²³¯�À Ã 	¹¯��
À \ ²âå���� Ã ° á º�	¹ÀÚ�Y	 �
	¹¸ á 	!��¸ á 	�Y	MºÝ��° Ã ÐÑÀ À Ã º Ã ² \�Ã �
	¹À=� \�] ÀË�Y	Må�� \�] ��ÀËå�� \Ù½�á 	¹À Í�h�\ À�	¹¸!� ] ��	 ½è\ �É° Ã 	i��	M¸¹	r°�°�	N° á ¿¹À
	M°±� \ÙÃ °±	�Y	�²���·r°±¯��Y	[��	¹À \ �
»í���
	¹À
¸¹	 ] ¸¹	¹À/��	 � ¸ á�Ã 	¹�
À � À
°���¯�¸r°±¯��
	;��	;��� ]�] ·!	¹À ½ ��¯��M² \ �Ä¯Y	¹²â²³	¶² \ º�· Ó° á �Ä��	 Ã³]�Ã ° Ã \ ²³	A��	L��	¹¸!� ]�]è\ÙÃ À�À \�] ¸!	@��	LºÝ��° Ã ÐÑÀ \ ·!°±·L��· Á 	¹²³� ½�½ ·¹	 Í ã ��¯�À ½ �
·¹À
	 ] °±� ] ÀA¯ ]º��Ä��¿¹²³	ÝÀÉ°±�Ä¸ áè\ À
° Ã �&¯�	 ½ ��¯��¶² \ å�· ] ·¹� \ ° Ã � ]�\ ²³· \ °�� Ã �
	Ý�Y	AÀ
°���¯�¸r°±¯��
	 \ ��»$����	!À�¸!	 ] °±	!À � » \ À
·À
¯�� ²³	¹À ��»�À�	!� ÁÙ\ ° Ã � ] À ��	d²���·r°±¯��Y	dÀ
° \ ° Ã À
° Ã �&¯�	 ��	¹ÀV�Y� ]�] ·!	¹ÀV�
·¹	¹²³²â	!À Í�cn]#�è]'�Ä] ��¯�ÀV�Y·!° \ÙÃ ²â²³� ] À�Y	¹¯�Û \ � \Ù½ ° \ ° Ã � ] À/�Y	Ý²�� \ ²³å���� Ã ° á ºÝ	¶�Y	Ý�
	¹¸¹� ]�]è\�Ã À�À \Ù] ¸¹	Ý��	 º���° Ã ÐÑÀMÀ Ã º Ã ² \�Ã ��	¹À��a��	!À \�½ÄÓ½ ² Ã ¸ \ ° Ã � ] À ½è\ �É° Ã ¸¹¯�² Ã ¿¹�
	¹À ÍYh�\C½ �
	¹º Ã ¿!��	d¸!� ] ¸!	¹� ] 	M² \ �
	¹¸¹� ]�]è\�Ã À�À \Ù] ¸¹	M��� ��» �
	r°±ÀË	ÜÛ�°�� \�Ã °±À ��	² \CÁÄÃ ��	!��» \ À�À
	/�
·¹À
��²â¯Y° Ã � ]F½ ��¯�� ² � Ãâ] ��	ÜÛ \ ° Ã � ] å�����À�À Ã ¿¹�
	 Íèh�\ ��	¹¯ÄÛ Ã ¿¹º�	 \�½�½ ² Ã ¸ \ ° Ã � ]A\ ·!°�·�Y· Á 	!²â� ½Y½ ·!	 ½ ��¯��Ë² \CÁ�Ã À�¯ \ ² Ã À \ ° Ã � ] ��	N²���· Á ��²³¯Y° Ã � ] ��	 ½ ��� �
	!°±ÀÅ²³��å Ã ¸ Ã 	!²âÀ Í
@+A�BC:EDGF�H2I�JK>_¸¹��º ½è\ � \�Ã À
� ] ��	Ëå�� \�½�á 	¹À � ��	¹¸!� ]�]è\ÙÃ À�À \�] ¸!	 �Y	ËºÝ��° Ã ÐÑÀ � å�· ] ·¹� \ ° Ã � ];\ ²³· \ °�� Ã �
	 �Ã³] ��	ÜÛ \ ° Ã � ] º¶¯�²³° Ã º�	¹� Ãâ\�� · Á ��²â¯Y° Ã � ] ��	 ½ �
�0�
	!° ²³��å Ã ¸ Ã 	!² �_ÁÄÃ À�¯ \ ² Ã À \ ° Ã � ]
LNM2:�F7MPO'H6MRQ�I�> jà] ÐÑ����º \ ° Ã �Ä¯Y	
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^`_):/Bbadc�F4Be>ÌËá 	i°�� ½�Ã ¸d��Ð�° áYÃ À ° á 	¹À Ã À Ã À å�� \�½�á ¸¹��º ½è\ � Ã À
� ]�ÍÄjà] ° á 	 � ��À
° ½è\ �
°V��Ðk° á�Ã ÀVº \�] ¯�À�¸!� Ãâ½ °
f 	 ½ �
� ½ ��À�	¶À
	 Á 	!� \ ² \ ²âå���� Ã ° á ºÝÀËÐÑ��� �è] � Ã³] åFÀ Ã º Ã ² \ � ½è\ °�°±	!� ] À Ãâ] ² \ ��å�	Kå�� \Ù½�á À ÍíÌËá 	[À�	 Ó¸!� ] � ½è\ �
°¾��ÐØ° á�Ã À¾° á 	¹À Ã Ài��	 \ ²âÀ f Ã ° á ° á 	¶À
°�¯�� ^ ��Ðn¯�À�	!� � ²³	CÀ ^ ÀÉ°±	¹º�À \ À¾° á 	K¯ ] ��	!��² ^ÄÃ³] å� \ ° \ � ] f á�Ã ¸ á ° á 	 Ãâ]YÃ ° Ãâ\ ² ½è\ °�°�	¹� ] �
	¹¸¹��å ]�Ã ° Ã � ] º�	!° á ���YÀ f 	!��	C�Y	 Á 	!²â� ½ 	¹� Í�g 	 ½ ��� ½ ��À
	\ À
°±�Ä¸ áè\ ÀÉ° Ã ¸@º�����	!²ËÐÑ��� � \�] ����º å�	 ] 	¹� \ ° Ã � ] �ÙÐM°±��	!	¹À � » \ À
	¹� � ] ��»�À�	!� ÁÙ\ ° Ã � ] ÀÝ��Ði° á 	ÀÉ° \ ° Ã ÀÉ° Ã ¸ \ ²=À
°±¯Y� ^ ��Ð ��	 \ ² � \ ° \YÍXjà] ° á 	A° á�Ã �
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· \ ² Ã ÀÉ°±	¹À � \�] À ¯ ] ��·¹¸!���V	 ] °���� Ã ÀV� Ã ºÝ	 ] À Ã � ] À Í�h ��¯�° Ã ² Ã À \ ° Ã � ] ��	iº�����¿!²â	!À½�\ � \ º�·!°���·!À �ß��¯[��	Åº����Y¿¹²â	!Àf� Ã� ·!��	 ] °�À-	�	¹ÀÉ° ] ·¹¸!	¹À�À \�Ã �
	 ½ ��¯Y�få�· ] ·¹��	!� �N² \ ÐÑ� Ã Àf��	¹À \ �
»���	!À�Y� ] °Ë² \ ÀÉ°±�
¯�¸!°�¯���	N��	!À�À
	¹º¶»�²³	 �¶¸¹	!²â²³	i��� ¯ ] ¸ á $ ] 	 \ÂÁ 	¹¸N»í	 \ ¯�¸!��¯ ½ ��	M� \ º Ã � ¸ \ ° Ã � ] À � ��� ]ÄÓ]�\�] °N¯ ] 	 Ã º ½ ��	!À�À Ã � ] �Ú� \ �
»���	���°±��¯ � ¯�� � 	r°N��	¹À \ �
»���	!À �Ä¯ Ã � ] °N²â	¹ÀM¸ \ � \ ¸!°±·!� Ã À
° Ã �&¯�	¹ÀM��	!À½ 	¹¯ ½ ² Ã 	¹��À ½è\ �K	rÛ�	¹º ½ ²â	 �Ä¯ Ã À�� ] °;�Y	¹À \ �
»���	!À ½ ²³¯Y° ��° � ² Ã ÐÑ����º�	¹À Í�Ï�\ �¶¸!� ] À
·��&¯�	 ] ° �Ø½ ��¯Y��
· ½ � ] ���
	 \ ¯S»í	!À�� Ã³] ��	 å�· ] ·!��	¹�C��	¹À \ ��»$����	!À�¸!	 ] ¸!	¹À \ ¯�Û}¸ \ � \ ¸r°±·!� Ã ÀÉ° Ã �Ä¯Y	¹À¶� Ã Á 	!��À�	!À � ��	] ��º¶»��
	¹¯�ÛLº�����¿!²â	!À �Y	Cå�· ] ·¹� \ ° Ã � ](\ ²³· \ °�� Ã �
	M��	CÀÉ°±�
¯�¸!°�¯���	!À \ ��»$���
	¹À�¸!	 ] °±	!Ài� ] °¾·!°±· ½ ��� Ó½ ��À
·¹À � �Y� ] °¾¯ ] 	KÀ ^Ä] ° á ¿¹À
	 ½ 	¹¯Y°�$r°±��	N¸!� ] À�¯Y²³°±·!	N� \�] À�� ´%� � ��Í
h � ·!°±¯Y��	v��	¹À ½ �
� ½ � Ã ·!°�·¹À[��	!À�ÀÉ°±�
¯�¸!°�¯���	!ÀÝ��	Få�� \�½�á 	¹À;��·!	¹²âÀ[	r°;À�¯��É°±��¯�°Ý² \ ��	 ½ ���Ä��¯�¸ Ó° Ã � ] ��	!À¾ÀÉ°±��¯Y¸!°±¯Y��	¹À \ ¯�Ûaº�$¹º�	¹À ½ ��� ½ � Ã ·!°±·!À¾	!À
°¾��� ] ¸/¯ ] ° á ¿!ºÝ	/	¹À
À�	 ] ° Ã 	¹² �&¯ Ã ¸¹� ] ¸¹	¹� ] 	� Ã�� ·¹��	 ] °±ÀÅ����º \�Ãâ] 	¹ÀË��	N��	!¸ á 	¹�
¸ á 	 Í
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ã ��¯�À ½ ��� ½ ��À
� ] À[� \Ù] À[¸¹	Fº \�] ¯�À�¸!� Ã °;¯ ] ºÝ�Ä��¿¹²³	 ½ ��¯��[² \ å�· ] ·¹� \ ° Ã � ]«\ ²â· \ °±� Ã ��	Ý��	À ^ À
°±¿!ºÝ	!À¾�Y	 � ¸ á�Ã 	!��À ¯Y° Ã ² Ã À \ °±	!¯���À Í
8 �$"í#%��� � �k#��Ñ�$"X�
h 	M¸ áè\�½YÃ °±�
	  ½ ��·!À�	 ] °�	K¯ ] 	M·!°�¯���	NÀ
° \ ° Ã À
° Ã �&¯�	i��	!À \ ��»$����	!À�¸¹	 ] ¸¹	!ÀÅ��	 � ¸ á�Ã 	!��ÀË�
·¹	¹²³²â	!À

�&¯ Ã�\;½ 	!��º Ã ÀË��� 	rÛÄ°�� \�Ã ��	N¯ ] ¸!	¹�É° \�Ã³]L] ��º¶»���	N��	 ½ �
� ½ � Ã ·!°�·¹ÀÅÀ�¯�� ¸¹	!À¾ÀÉ°±�
¯�¸!°�¯���	!À \ �
»í���
	¹À Ó¸!	 ] °±	!À ½�\ �
° Ã ¸¹¯Y² Ã ¿!��	!À Í
� ½è\ �É° Ã �n��	 ¸¹	r°�°�	¾·r°±¯���	 ��] ��¯�À \%Á � ] À ��· Á 	¹²â� ½�½ ·¾¯ ] º��Ä��¿¹²³	Ë��	då�· ] ·¹� \ ° Ã � ]Ý\ ²â· \ °±� Ã ��	» \ À�·VÀ
¯��f²³	¹À���»�À�	!� ÁÙ\ ° Ã � ] À �Ù½ 	¹�
ºÝ	r°�° \Ù] °f��	 ½ �
���Y¯ Ã �
	 ��	!À \ ��»Y��	¹À ½ ���Ä¸ á 	¹ÀØ�Y	¹ÀfÀ ^ ÀÉ°±¿!ºÝ	!ÀØ��	

� ¸ á�Ã 	!��ÀÅ��·!	¹²âÀ Í�h 	MºÝ�Ä��¿¹²³	 Ãâ] °�¿¹å��
	M² � 	 ] À
	¹º¶»�²³	M��	¹À ½ �
� ½ � Ã ·!°�·¹À��&¯�	 ] ��¯�À \ÂÁ � ] À ��»�À�	!� Á ·!	¹ÀÀ
¯��Å²â	!ÀË��� ]�] ·!	¹À ��·!	¹²â²³	¹À Íã ��¯�À \ÂÁ � ] À��Y· �è]�Ã �Y	¹¯�Û Á 	¹�
À Ã � ] À���¯NºÝ�Ä��¿¹²³	 �Â² \ Á 	!��À Ã � ] ��	Ø» \ À
	Ø¸¹� ] À Ã ÀÉ°±	 �Ë¸¹� ] À
°���¯ Ã ��	¯ ] 	¾À
·¹� Ã 	 ��� \ ��»��
	¹À Ãâ] ��· ½ 	 ] � \�] °�À \ ¯ÄÛ ½ ��� ½ � Ã ·r°±·!À ½ �
��¸ á 	¹À=��	¹À \ ��»$���
	¹À�¸!	 ] ¸!	¹ÀV�Y	 � ¸ áYÃ 	¹�
À�
·¹	!²â²â	!À Í�Öi\�] À ² \/Á 	¹�
À Ã � ] ·!°±	 ] ��¯�	 ��] ��¯YÀ \ÂÁ � ] ÀË¸ á 	¹��¸ á ·��CºÝ�Ä��·!² Ã À
	¹�=²â	!À � Ã� ·!��	 ] °�À �l¸!��º Ó½ ���É°±	¹º�	 ] °�À[¯Y° Ã ² Ã À \ °±	!¯���À � ½ ��¯Y�[² \ å�· ] ·¹� \ ° Ã � ] ��� ¯ ] À ^ À
°�¿¹º�	a�Y	 � ¸ á�Ã 	!��À Ính 	 ½ ��� � ² ��	²���¯�° Ã ² Ã À \ °±	!¯�� Ãâ]�� ¯�	¹� \ À
¯��d² \ ÀÉ°±��¯Y¸!°±¯Y��	 \ ��»$����	!À�¸¹	 ] °±	¶��»�°±	 ] ¯�	 ÍÚh 	KºÝ�Ä��¿¹²³	 ½ ��� ½ ��À
· ½ 	¹� Óº�	!° \ÙÃâ] À Ã ��	/å�· ] ·!��	!� �Y	¹À À ^ À
°�¿¹º�	¹À ��	 � ¸ á�Ã 	!��À ¸¹��º ½ ²³	!°±À � ¸¹��º ½ �
	 ]è\Ù] ° ��	!ÀÅ¯Y° Ã ² Ã À \ °±	!¯���À\ ¯�Û ½ �
� � ²âÀ ÁÙ\ � Ã ·!À Íh�\ � å�¯���	 � Í � ºÝ� ] °���	Ý²â	���·¹À
¯�²³° \ °¶�Y	 ² \ ��·!°�	¹¸r° Ã � ] ��	AÀ
��¯�À Ól\ �
»���	!À��&¯ \ À Ã Ó À Ã º Ã ² \ÙÃ ��	!À	 ] °±��	Å²³	ËÀ ^ À
°�¿¹º�	 �Y	 � ¸ á�Ã 	!��Àn��	Å��·rÐÑ·¹��	 ] ¸¹	�� ZXÃ å Í � Í � Í \ 	�	!°=²â	ËÀ ^ ÀÉ°±¿!ºÝ	Å��	 � ¸ á�Ã 	¹�
À \ �
° Ã � ¸ Ã 	¹²��»Y°±	 ] ¯ ½è\ �Øå�· ] ·¹� \ ° Ã � ]�\ ²â· \ °±� Ã ��	 � Z�Ã å Í � Í � Í » 	 Í&ã ��¯�À ½ ��¯ Á � ] À ��»�À�	!� Á 	!� À
¯��n² \iÁÄÃ À�¯ \ ² Ã À \�Ó° Ã � ] �Ä¯Y	V��	Vº¶¯Y²³° Ã³½ ²â	!ÀXº���° Ã ÐÑÀ�� ] °Ø·!°�·Vº Ã À�	 ] ¸¹���
��	¹À ½ � ] � \�] ¸!	Ë	 ] °±�
	V²â	!Àf��	!¯�Û[ÀÉ°±��¯Y¸!°±¯Y��	¹À Íh 	N��·r° \�Ã ²���	N² � 	rÛ�	¹º ½ ²³	i��	N² \�� å�¯Y��	 � Í � 	!À
° ��·!¸¹� Ã °Å� \�] À ² \ À
	¹¸r° Ã � ]  Í  Í��YÍ ´ Í
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` 	!À���·!À�¯�² ° \ °�Àk°±	 ] ��	 ] ° � ÁÙ\ ² Ã ��	¹�Ú²â	¹À ½ 	¹�ÉÐÑ����º \�] ¸!	¹À���	n² � á 	¹¯�� Ã ÀÉ° Ã �&¯�	 ½ ��¯���² \ �
	¹¸ á 	!��¸ á 	�Y	dº���° Ã ÐÑÀ �&¯ \ À Ã Ó À Ã º Ã ² \�Ã ��	¹À�� \�] À ��	¹À \ ��»$����	!À�¸¹	 ] ¸¹	!ÀV��	 � ¸ á�Ã 	!��À Í�Ö � \ ¯Y°���	 ½�\ �
° � ²³	 Ð \�Ã °=��	�Y·!°±	!¸!°�	¹�d�Y	¹ÀdÀ
��¯�À Ól\ �
»���	!À��&¯ \ À Ã Ó À Ã º Ã ² \�Ã �
	¹À 	 ] °±�
	K²³	KÀ ^ ÀÉ°±¿!ºÝ	/��	 � ¸ á�Ã 	!��À ��	K�
·!ÐÑ·!��	 ] ¸¹	C	r°²³	CÀ ^ ÀÉ°±¿!ºÝ	[��	 � ¸ á�Ã 	!��Àiå�· ] ·¹�
·¶°±	 ] � � ºÝ� ] °���	!���&¯�	¶²â	CºÝ�Ä��¿¹²³	K�Y	[å�· ] ·!� \ ° Ã � ](\ ²â· \ °±� Ã ��	½ ��� ½ ��À�·N�
	 ½ �
����¯ Ã °Å��	!À ÀÉ°±�
¯�¸!°�¯���	!À \ �
»í����	¹À
¸¹	 ] °�	¹À ½ ���Ä¸ á 	¹ÀÅ��	N² \ �
· \ ² Ã °�· Í
�?�'������&n����� � ��� �'�����'! �	� � � ! ��,.����! �	����&

h�\ �
	¹¸ á 	!��¸ á 	;��� Ã º \ å�	!À Ãâ] ��	rÛ�·¹	!ÀM» \ À
·¹	¶À
¯��M²â	/¸¹� ] °�	 ] ¯ � � ` � ] °�	 ] ° Ó » \ À
	¹� Ã º \ å�	/��	 Ó°�� Ã 	 ÁÙ\ ² � � `Vë jlm 	 	���·¹À Ã å ] 	 ² � 	 ] À
	¹º¶»Y²â	=��	¹À�°�	¹¸ á�]YÃ �&¯�	¹À ½ 	¹�
ºÝ	r°�° \�] °f² \ ��	!¸ á 	¹�
¸ á 	Å��� Ã º \ å�	¹À	r°���	Ø���Ä¸¹¯�º�	 ] °�À \ ¯�� Ã � ÁÄÃ À
¯�	¹²³À�� \�] Àk��	Øå�� \Ù] ��	¹À�» \ À�	¹À���	Ø�Y� ]�] ·!	¹À Í�h 	f°±	!��º�	 � Ã³] ��	ÜÛ \ ° Ã � ]» \ À�·!	CÀ�¯Y�¾²³	/¸!� ] °±	 ] ¯ �CÀ Ã å ]YÃ�� 	��&¯�	C²³	 ½ ���Ä¸¹	!À�À�¯YÀi��	/��	¹¸ á 	¹��¸ á 	[¯Y° Ã ² Ã À
	M��	¹À Ãâ] ÐÑ����º \ ° Ã � ] À	ÜÛÄ°±� \ÙÃ °±	!ÀØ��¯;¸¹� ] °�	 ] ¯Ý�Y	¹À Ã º \ å�	!À�	!²â²â	!À Ó º $!ºÝ	!À ½ ²³¯Y° ��° �Ä¯Y	 �Y	¹ÀØº�·!° \�Ó ��� ]Y] ·¹	!À �ßº���° Ó ¸¹²â·!À ��Y	¹À�¸!� Ã³½ ° Ã � ] À-	 \ �
��¯Y°±·!	¹À º \Ù] ¯Y	¹²â²³	¹º�	 ] ° ÍÖ ¯ ½ � Ã³] °=��	 Á ¯Y	d��	¾² � ¯Y° Ã ² Ã À \ °±	!¯�� � ¯ ] À ^ ÀÉ°±¿¹º�	 `Vë jlm�Ã ��· \ ² � �Y	 Á � \�Ã ° ½ 	¹�
ºÝ	r°�°���	d�Ú��	rÐ ÓÐÑ	!¸!°�¯�	¹�Ø��	!ÀØ��	��Ä¯�$!°±	!ÀØÀ�·!º \�] ° Ã �&¯�	¹Àf°�	¹²³²â	¹À �&¯�	 �à°�����¯ Á 	Ë��	¹À Ã º \ å�	¹ÀX¸¹� ] °�	 ]è\�] °n¯ ] 	 Á � Ã °±¯��
	�
��¯�å�	 � Í�Ô@\�Ã Àd¸¹	C° ^Ä½ 	[��	[��	��Ä¯�$!°±	!ÀN	¹À
°M°���¿!ÀM� Ã�� ¸ Ã ²â	�� ºÝ	r°�°���	¶	 ] �Ä	¹¯ Á �
	 �A¸ \ ¯YÀ�	[��	[² \� Ã³Á 	!��À Ã °±·N��	!À Ã³] À
° \�] ¸¹	!À¾�Y	K¸ áè\ �Ä¯Y	C¸¹� ] ¸¹	 ½ °d� \�] À ²â	¹À Ã º \ å�	¹À Í�h 	!À¾À ^ À
°±¿!ºÝ	!À \ ¸r°±¯�	!²âÀ ��	 Ó½ ��À
	 ] °=	¹À�À
	 ] ° Ã 	¹²³²â	¹º�	 ] °=À�¯Y�=²�� \Ù]è\ ² ^ À
	V��	¹À=¸ \ � \ ¸r°±·¹� Ã ÀÉ° Ã �&¯�	!ÀØ» \ À ]�Ã Á 	 \ ¯ Ã À�À�¯Y	¹Àn��	Å² � Ã º \ å�	°�	¹²³²â	¹À �&¯�	a²â	!À;¸¹��¯�²³	¹¯��
À � ²³	¹À[°±	ÜÛ�°�¯���	!ÀÝ	r° ²³	¹À¶ÐÑ���
ºÝ	!À Í=` 	 ½ 	 ] � \�] ° �=Ã ² 	¹À
°�	 ] ¸¹���
	L	ÜÛÄ°±��$ Óº�	¹º�	 ] °�� Ã� ¸ Ã ²³	A��� 	rÛ ½ � Ã ºÝ	!�;��	¹À�¸¹� ] ¸¹	 ½ °±À À
·¹º \�] ° Ã �Ä¯Y	¹À � ²�� \�Ã ��	F��	v¸ \ � \ ¸r°±·¹� Ã ÀÉ° Ã �&¯�	!À» \ À ]�Ã Á 	 \ ¯ Í�Êi]A½è\ �
²â	Å��	 ��ÐÑ��À�À
·¾À
·¹º \�] ° Ã �Ä¯Y	 � � �àÀ�	¹º \�] ° Ã ¸Åå \�½ � � ��� � 	 ÍY` 	¹�É° \�Ã³] À=À ^ À
°�¿¹º�	¹À¯�° Ã ² Ã À
	 ] °N��	¹À/¸ \ � \ ¸r°±·¹� Ã ÀÉ° Ã �&¯�	!ÀK�Y	 ½ ²³¯�À áè\ ¯Y° ]�Ã Á 	 \ ¯}°�	¹²â²³	¹À��&¯�	�² \F½ ��·!À�	 ] ¸¹	Ý��	 ÁÄÃ À \ å�	!À� \�] À�² � Ã º \ å�	���¯C² \ �
	¹¸¹� ]�]è\�Ã À�À \Ù] ¸¹	=��	=² � ��� Ã 	 ] ° \ ° Ã � ] ��	 ²�� Ã º \ å�	 � ½ ���É°±� \ÙÃ °�� ½è\Â^ À \ å�	
	 ½ ��¯Y�	 ] � Ã ¸ á�Ã �Ë²�� Ã³] ��	ÜÛ \ ° Ã � ]F½è\ �Ë²â	M¸!� ] °±	 ] ¯ ÍcØ]v½ ²â¯YÀ ��	!ÀV°±	¹¸ áY]�Ã �&¯�	!À �Ú� \�]�\ ² ^ À�	d	!°Ë��� Ãâ] ��	rÛ \ ° Ã � ]'� ��	 ] ��¯ Á 	 \ ¯�Ûv¸!� ] ¸¹	 ½ °±ÀË�Ú� Ã³] °�	¹� Ó\ ¸!° Ã � ] À�� ] °/��	��&¯ Ã À ½ ��¯�� ½ 	!��º�	!°
°±��	;²�� \ ¸!¸¹¿!À��F��	!ÀK¸!� ] °±	 ] ¯YÀ ÁÄÃ À
¯�	¹²³À � ´�� � Í�h 	¹À/��	��&¯ $!°�	¹À�Y	¹ÀÅ¯Y° Ã ² Ã À \ °�	¹¯��
À ½ 	!¯ Á 	 ] ° ½ �
	 ] ���
	N� Ã�� ·¹�
	 ] °±	!À ÐÑ���
ºÝ	!ÀM�
� ²â	¹À/��	��&¯ $!°�	¹À ½è\ �/² � 	rÛ�	!º ½ ²³	�� � �&¯�	!� ^ » ^ 	ÜÛ \ º ½ ²³	 � 	 ��½ ��¯��K²³	¹À%�Ä¯Y	¹²â²³	¹À/² � ¯Y° Ã ² Ã À \ °�	¹¯��ÐÑ��¯�� ]YÃ °Ý¯ ] 	 Ã º \ å�	L�
	 ½ �
·¹À
	 ] ° \ ° Ã³Á 	���	¹À Ã º \ å�	¹À;��	!¸ á 	¹�
¸ á ·¹	!À Í¾` 	!°
°±	 Ã º \ å�	 ½ 	!¯Y°
$!°±�
	 ½ �
���Y¯ Ã °�	 ½�\ �K²���¯�° Ã ² Ã À \ °±	!¯��M��¯ Ã À�À
¯�	 ��� ¯ ] ·!¸ áè\�] ° Ã ²â²³� ] �Y	Ý² \ » \ À
	 ��� Ã º \ å�	!À Íh 	¾À ^ À
°�¿¹º�	i��	!¸ á 	¹�
¸ á 	M	 ] À�¯ Ã °±	d²³	¹À Ã º \ å�	¹Àn��	¾² \ ¸¹��²³²â	¹¸r° Ã � ] ²â	¹À ½ ²â¯YÀ À Ã º Ã ² \ÙÃ ��	!À �C² \��	��&¯ $r°±	/À�	!²â� ] ²â	!ÀÅ¸ \ � \ ¸!°�·¹� Ã À
° Ã �&¯�	¹À Ã³] ��	rÛ�·!	¹À�� µÙ � ¼�� �

� ²â	¹À���	��&¯ $r°±	!À ½�\ �f¸¹�
�#�&¯ Ã À � � �&¯�	¹� ^ » ^ À%)�	!°�¸ á � 	 ½ ��¯��f²³	¹À%�Ä¯Y	¹²â²³	¹Àf²���¯�° Ã ² Ã À \ °±	!¯���¸¹��·!	Ë¯ ]��	¹À
À Ãâ] �Y¯(���Ä¸¹¯�º�	 ] °M�
	¹¸ á 	!��¸ á · Í�h � Ãâ] °�	¹�
Ð \ ¸¹	C¯�° Ã ² Ã À \ °±	!¯��Å��� Ã ° \ ²â����À ½ 	!��º�	!°�°���	K��	��	¹À
À Ãâ] 	¹�V²³	¹À 	¹� ] 	!À�&¯ Ã ¸!��º ½ ��À
	 ] °V²�� Ã º \ å�	Ë	!° ��	 � Û�	¹� ²â	!¯���À \ °�°�� Ã »Y¯Y°±À=��	i¸!��¯�²â	!¯�� �°±	rÛÄ°�¯���	N��¯v°±� \ �
	¹¸r°±� Ã ��	 � µ�¼ � � � � ¼�� �
� ��� \ ¯Y°±�
	¹À¶º�·!° á ���Y	¹À¶¯Y° Ã ² Ã À�	 ] °¶� Ã ��	¹¸r°±	!ºÝ	 ] °¶¯ ]éÁ 	!¸!°±	!¯��;¸¹� ] À
° Ã °±¯�· ��	 ÁÙ\ ²â	!¯���À ] ¯ ÓºÝ·!� Ã �&¯�	!À \ À
À��Ä¸ Ã ·!	¹À \ ¯�Û�¸ \ � \ ¸r°±·!� Ã ÀÉ° Ã �Ä¯Y	¹Ài��	[²�� Ã º \ å�	N��	¹¸ á 	¹��¸ á ·¹	 � � �&¯�	!� ^ » ^ ÐÑ	 \�Ó°±¯��
	¹À � 	 Í�ÏX\ �Å	rÛ�	¹º ½ ²â	 � À�� ]Lá�Ã À
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��¯Y° ��¯A² \ À�¯ ½�Ó½ ��	¹À
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°K¯Y° Ã ² Ã À�·!	 ½ ��¯Y�/�Y·!°±	!¸!°�	¹�C	r° \�]è\ ² ^ À
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À \�] ¸¹	�Y	K¸!����	��&¯ \ À Ã Ó À Ã º Ã ² \�Ã �
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� ½ ��À�� ] À¾��	 ÁÄÃ À
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·¹À Ã³] � Ã �&¯�	 ] °;��	¹À�»�²â�Ä¸¹ÀC��	v¸¹�Ä��	ÀÉ° \ »Y²â	¹À 	 ] °±�
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¸¹� Ã ° ÍÚ` 	C¸ á�\�½�Ã °���	K¸¹��º ½ ���
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��	!À ½ � ] � \�] ¸¹	;��	[å�� \�½�á 	!ÀM	!°N²â	C��·!° \�Ã ²X��	
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����� 	 ��
 ��������� � �%��� ���-� &n����� �'� � �	����
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°±	A° á ¿¹À
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��������� �������@JA��K�D'G ��� LM$N":OP�M)Q+H ���&� G = (V, E)  . 0*+ "�/32 , ,$� � ���', . � e ,$� e′ 7 ,$ SR "*+�>$� ,-� 7 � �$��� . �$� ,-� 7 , ) 8 , . � ,$�65!) , E -�. 7 �&� �! , e = {u, v} ,$� e′ = {u′, v′} � � . � 7 ,-���( ) � �&% "*+�>$� ,-� �$� {u, v} = {u′, v′} 
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	�	r°=µdº¶¯�² ° Ã Ól\ �%$!°±	!À � e3

	!°
e4

	 Í�h 	Vå�� \�½�á 	 ��	V² \�� å�¯Y��	 ´ Í ´ Í »
�&¯ \Ù] °��;²â¯ Ã!� 	!À
°¾¯ ] 	rÛ�	¹º ½ ²â	M�Y	/å�� \�½�á 	/À Ã º ½ ²â	 Í

e5
e2

v1
e3

e4

v2

e1

v4

e6

v3� \ 	
e2

v1

v2

e1

v4

v3

e4

e3

�ß» 	
FHG IHK?PDNQPDR5S �Ceuf �C]Ze*YqcCe 
 p^\�� y e*YgR � \�[Cb fv[C]Q_`X 
 p^\�� y e eu_ ����[Cb 
 p^\�� y e	Y�XQf �C]ZeDN

��������� ���������A�! #"%$'&'(*) &'G�$'�F$'� " )Q+
� . 0*+ "�/32 ,�,-�$� 7 �&�1/ )" . "*�&+�,(� 8 �&) , R � �$� ,  . / ) � . 0 ,$��, . � 7 " . � ) , / )" . �!" . � �$+���� � ,$��, . �
798 "*+�>$� ,-� ��������� ���������A������D�� L�� "%$'&'(*),+H ���', . � G = (V, E) ,$� G′ = (V ′, E ′) 7 ,$ NR�0*+ "�/32 ,-�  G′ ,-�$�  . � �� �$% 0*+ "�/32 , 7 , G � . ���M4
G′ ≺ G � �$� ) ,-��� +���� � �-� . 7 �&���'� . � �$ �! �" . � ,-� � � . �" S4$+ � ��4-,-�$#% V ′ ⊆ V% E ′ ⊆ E% ∀{u, v} ∈ E ′ � � . " u ∈ V ′ ,$� v ∈ V ′ 
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� ,$ +���/ 7 , v

. ��� 4 N−(v) , +�,-� /  N+(v) / ,-�$� ) 8 , . � ,$�65!) , 7 ,-� � ���(��,$� � {u | (u, v) ∈ E}
, +�,-� /  {u | (v, u) ∈ E /� -�. "�/'/ ,$)&) ,  *��� �$� . � 7 , v � �� �� ���(��,$� � " 7�� " �-, . �&� - v � ) 8 , . � ,$�65!) ,
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|N (v)| / ,-�$� "�/'/ ,$):4 7 , 0*+ 4�, . ��+ " . � , +�,-� /  7 , 0*+�4(� ��+ � " . � � +�,-� /  7 , 0*+�4�/ 7  � ���(��,$� v ,$�
,-�$� . ��� 4 d−(v) , +-,-� /  d+(v) � +�,-� / d(v) /���������� ��������� � �
	 (F$�� �*)���	 (*) �� �N+
� . , � 2#"�� . , � "�/'/ ,$):4-,�"* �-�$� /#"*+ �-�� +-� , +�,-� /  � 2 ,$�(� . / ,-�$�( . , �,4 �! , . �-, 7 , � ���(��,$�&�
(v1, v2, · · · , vn) � ,$)&) , �! , ∀i ∈ [1, · · · , n− 1], {vi, vi+1} ∈ E , +-,-� /  (vi, vi+1) ∈ E /�9= "
) � . 0* ,$ + 7 ,�)" � 2#"�� . , , +-,-� /  � 2 ,$�(� . / �-��+ +�,-� / � . 7 "* . ���65!+�, 798 "*+�>$� ,-� , +�,-� /  "*+ �-��/(�! �
)" �-��� / � � , . � 
��������� �����������A�
	��FEFG ),+-�. "�/'/ ,$)&) , ��� �$) ,(�� �$�&+ �$ �&� � �� � � 2 ,$�(� . (v1, v2, · · · , vn) � ,$) �! , v1 = vn



��������� �����������A��� (� +H ���&� G  . 0*+ "�/32 , ��+ �', . �M4  -�. 7 �&� �! , G ,-�$�  . 0*+ "�/32 , " ��� �$) ���! , , ÖËg ä � , . +�4 �Q4$+�, . �-,-�)"�� ,$+ �(� . ��) � 0*�', " . 0*)"*� � ,! 7 �&+-, �$� , 7 " ��� �$) � � 0*+ "�/32�" /�� 8 �&) . , �-� . ���', . � "* �$ . ��� �$) , 
��������� ����������&A�! #" $ &'(*)�EP� �'�*)�#N)��%$ �'" �M) � )N�,� E����'�*)�#N)Q+
� . 0*+ "�/32 , G ,-�$� 7 �&� �-� .3. , R , , +�,-� / ��
��+ � ,$��, . � �-� .3. , R ,�/ �$� � / �� + � �� � ,�/#"*�&+�, 7 , � ���(%
��,$�&� {u, v} �&) , R � �$� ,� . , � 2#"�� . , , +�,-� / �� 2 ,$�(� . / 7 � . � ) ,-� 7 ,$ SR , R ��+�4$�(�&�M4-�(� � . � u ,$�
v 

��������� ����������'A�
	 � ��&�� � $ �,�M)�E����'�*)�#N)Q+H ���&� G  . 0*+ "�/32 ,  -�. "�/'/ ,$)&) , �-��� / � �!" . � ,-� �-� .3. , R ,-� 7 , G ) ,-� / )  � 0*+ " . 7 ��� �� ��$%0*+ "�/32 ,-� �-� .3. , R ,-� G′ 7 , G 

. �



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


��������� �������@? *A���*)ND�� G G )Q+-�. "�/'/ ,$)&) , �
,$ �&)&) , 798  . 0*+ "�/32 , ��+ �', . � 4�� �� � � ���(��,$� v � ,$) �! , d+(v) = 0 

��������� �������@?�������$NE,� �*),+-�. "�/'/ ,$)&) , + " �$� . , 798  . 0*+ "�/32 , ��+ �', . �M4 , +�,-� /  . � . ��+ �', . �M4�/�� �� � � ���(��,$� v⊥
� ,$) �! , �

∀v ∈ V | v 6= v⊥
�&) , R � �$� ,� . � 2 ,$�(� . , +�,-� /   . , � 2#"�� . ,�/ 7 , v⊥

- v 

��������� �������@?�?A�)( "��N":) �'" ��)N�,�M�Q+H ���&� G  . 0*+ "�/32 ,�" ��� �$) ���! ,���+ �', . �M4 �-� .3. , R ,  G ,-�$�  . "*+P5!+�,�� 8 �&) , R � �$� ,� .  . ���! ,
� ���(��,$� v⊥

+ " �$� . , ,�� 4 �  ��� /�,$� � ∀v ∈ V � � ,$) �! , v 6= v⊥ � � . " d−(v) = 1 

× ]@\
	 » 	�� T = (V, E) Á · 	�Ã��� |E| = |V | − 1 �� ° d−(v⊥) = 0 Íh�� å 	±\�½�á����� ² \ � å�¯ 	�� ´ Í�� � À
° ¯ ]A\
	 » 	�����	�Ã��¹] °±· Í ® \�	�\ ¸ Ã³]� � Ö ·!Ð Í µ�´ 	 � ÀÉ°V² � À � ºÝº � °
v1

� ° À � À Ð � ¯ Ã ²³² � À � Ö ·rÐ Í µ
� 	VÀ ��] ° ² � ÀËÀ � ºÝº � °�À v4
� v5

� ° v6
Í

v2

v1

v3

v6v5v4

FHGJIHK?PDN��OR ��b�\�p �Cp�e	a9p`XZeub$_��DN

��������� �������@?�JA�)( "��N":)���� �F$'� " ) �;$N"��F" )�� LM$�� " )Q+H ���&� T = (V, E)  . "*+P5!+-, � T ,-�$�  . "*+P5!+-,�5!� . "*�&+-, �$� � �� � � ���(��,$� v 7 , V / � �-��� 7 , "* / )  � 7 ,$ NR �$ � �-,-�-� ,$ +�� , � �,  ∀v ∈ V, d+(v) ≤ 2 /�! )  �� 0 4 . 4$+ "*) ,$��, . � � � . "�/'/ ,$) ,$+ " "*+P5!+-," % "*�&+�,�� �� � "*+P5!+�,� S4$+ � � " . � )"�/ +�� / + � 4$� 4$# ∀v ∈ V, d+(v) ≤ k 

h$#�\
	 » 	��%�� ² \�� å�¯ 	�� ´ Í�� � À
°¾¯ ]a\
	 » 	�� » Ãâ]�\�Ã&	���Í
��������� �������@?+ ���*�'" OP� +H ���&� G = (V, E) ,$� W = {G1, · · · , Gk} )" 7 4 �-��� / � �$�&� �'� . , . �-��� / � �!" . � ,-� �-� .3. , R ,-�
7 , G  -�. 7 �&� �! , G ,-�$�  . , �
��+ >$� �$� � �� ���) ,-� Gi

� � . � 7 ,-��"*+P5!+�,-� 
j ² � À
° ¸¹² \�Ã&	 �&¯ � ° � ¯Y° \
	 » 	�� � 	�� À ½�Í Ð ��	 $r° 	 � ÀÉ° ¯ ] å 	±\�½�á�� À Ã º ½ ² �ÙÍ

��������� �������@?+� �� " ��$ � � ��)ND'" +H ���', . � T  . "*+�5!+�,(,$� v  . � ���(��,$� 7 , T 9= "�/ +�� �
� . 7 ,$ + 7 , v � . ��� 4-, profT (v) ,-�$� )"
) � . 0* ,$ + 7  � 2 ,$�(� . 7 ,�)"�+ " �$� . , - v 

Öi\Ù] À¾² # \'	 » 	��(�� ² \�� å�¯ 	�� ´ Í�� � ² \¶½�	�� Ð ��]��� ¯ 	)� ¯aÀ � ºÝº � ° v4
� À
° �� 2 Í��������� �������@? �A��* $ D,�M)FD'" +-�. "�/'/ ,$)&) , 2#"* � ,$ + 798  . "*+P5!+�, T � . ���M4-, h(T ) )"�) � . 0* ,$ + 7  / )  ��) � . 0 � 2 ,$�(� . 7 " . �

T  = "62#"* � ,$ + ,-�$� 7 4�� . �', /#"*+
h(T ) = max

v∈V
profT (v)

. �
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h$#�\
	 » 	��%�� ² \�� å�¯ 	�� ´ Í�� \ ¯ ]�Náè\ ¯Y° � ¯ 	)�� 2 Í��������� �������@? �A�)( "��N":)IE���D �'"%$'�,� +H ���&� G = (V, E)  . 0*+ "�/32 , �-� .3. , R , . � . ��+ �', . � 4  � . "*+P5!+�, �-��  + " . � T = (VT , ET )7 , G ,-�$�  . � �� ��$% 0*+ "�/32 , 7 , G � ,$) �! , VT = V � ET ⊆ E � ,$� T ,-�$�  . "*+P5!+�, 
h�\�� å�¯ 	�� ´ Í�� º ��] ° 	�� ¯ ] å 	�\�½�á� G � ° �� ¯�Û �� À � À \
	 » 	�� ÀÅ¸ � ¯ Á�	�\�] °±À ½ � À
À Ã »�² � À Í

� \ 	 �ß» 	 �ß¸
	
FHGJIK PDN �5R S �Oeuf �C]Ze c�� \�p �Cp�e*Y x a9[ 	Ap^\�b _�Y.N � \� �qb 
 p^\�� y e

G
N ����	eu_ � x gY�a9b _ncCe*Y

\�p �Cp�e*Y x a9[ 	$p^\�b$_�YqcCe
G
N

��������� �������@? &A��� )N&F" � �!)N�,�!$,����� � &F$N"#G�$ � $,� " � E�) � � $ ���M$NE�)N�FEP)Q+
= " ��"*��+ � �-, 798 " 7�� " �-, . �-, M 798  . 0*+ "�/32 ,���+ �', . �M4 G = (V, E) ,-�$� )" ��"*� + � �-, 7 , � "*�&)&) ,
|V | × |V | � ,$)&) ,��! ,�#

M(v, v′) =

{

1 � 8 �&) , R � �$� ,� . "*+ � e 7 , E � ,$) �! , e = (v, v′)
0 �$� . � .

h�\�� å�¯ 	�� ´ Í�� º ��] ° 	�� ² \ º \ ° 	�Ã ¸ �(� # \
� � \ ¸ �!] ¸ �K\ À�À � ¸ Ã · �K\ ¯aå 	±\�½�á�� ��� ² \�� å�¯ 	�� ´ Í µ Í
v1 v2 v3 v4

v1 0 1 1 0
v2 0 0 1 0
v3 0 0 0 1
v4 0 0 0 0

FHG IHK?PDN��OR���\�_`p`X x e	c�� \9c��`\ x eub x eg\9Y�Y�a x X �*e	\�[ 
 p^\�� y e	cCe>]o\ w�
 [Cp�e PDN�� N

:  �"��í� � �� �	� R #Â��W � �Ñ &�
h��¶]� º¶» 	�� �� ® ° 	±\�á ² � 	d\ ·!°±· Ãâ] ° 	�� � ¯ Ã ° ½è\
	 ® ° 	±\Ùá ² � 	 � ´�µ � � À�¯ 	 ² � À \
	 » 	�� ÀM» Ã³]è\�Ã�	�� À½!� ¯ 	 ² # ·!°�¯ �� �� ² \ º ��	
½�á� ² � å Ã&� �� ² \ ÀÉ° 	 ¯Y¸!°±¯ 	�� ��� À 	 ·¹À �Â\ ¯�Û � ¯ ÁÄÃâ\ ¯�Û Í=h �L½	�Ã³] ¸ Ã³½ �¸ ��] À Ã À
° � � \ À
À � ¸ Ã&� 	 ¯ ]�]� º¶» 	�� �(¸ áè\ �&¯ � À � ºÝº � ° �� ² #�\
	 » 	�� » Ãâ]è\�Ã�	�� � ���]�]è\�] ° \�Ã³] À Ã¯ ]�iÃâ] Ð ��	 º \ ° Ã���] �&¯ \�] ° Ã ° \ ° Ã³Á�� À�¯ 	 ² \ ¸ � º ½ ² � Û Ã °±· �� ¸ áè\ ¸!¯ ] �� À À � ¯�À Ól\
	 » 	�� À �� ² # \'	 » 	��

��� � · ½è\
	 ° � ´ � � � Í�c$	 À á�%Á � � � ��\[½	�� ¯ Á ·��&¯ � À Ã�]� ¯�ÀÅ¸ ��] À Ã�� · 	���] À ¯ ]�%� Û ½	�� À�À Ã&��]@\
	�Ã ° á�Óº�·!° Ã �&¯ �%� ° À ��](\
	 » 	��%� # · ÁÙ\ ²³¯ \ ° Ã&��] T �
² �M]� º¶» 	��%�� ® ° 	±\�á ² � 	 �� ² #�\
	 » 	�� T ��\ ¯�å�º �¹] °�·

��� 1 � À
°;² �A]� ºC» 	�� º Ãâ]�Ã º \ ² ��� 	�� å Ã À
° 	�� À ] ·¹¸ � À�À \�Ã&	�� À���² # · ÁÙ\ ²³¯ \ ° Ã���] ��� ² # � Û ½	�� À�À Ã&��]\'	�Ã ° á º�·!° Ã �&¯ � À�¯ 	 ¯ ]L½	�� ¸ � À
À � ¯ 	¹ÍÒ �¹\�]�ÓÉÔL\
	 ¸ Z · �� ¯ \ ½	���½!� À�·v¯ ]� � ÛÄ° �¹] À Ã&��] � ¯ ]� º¶» 	�� �� ® ° 	±\Ùá ² � 	;\ ¯�Û \
	 » 	�� À½ ² \�]è\ÙÃ&	�� À�� � �!� � ° \ ¯�Û \
	 » 	�� À¶å�· ] · 	±\ ¯�Û � � ´ ��ÍXh # Ã&� · � � À
° �� ¸ ��] À Ã&� · 	�� 	 �� À ��½ · 	±\ ° � ¯ 	 À
n Ól\�Ã�	�� À �/² \N½ ² \ ¸ � ��� À ��½ · 	±\ ° � ¯ 	 À » Ãâ]è\�Ã�	�� À Í�g¾Ãâ] À Ã � ² � ]�� º¶» 	�� ��� ® ° 	±\�á ² � 	 À
¯ 	 ² � À \
	 » 	�� Àå�· ] · 	±\ ¯�Û � ÀÉ° � · ��]�Ã ¸ � ºÝº � ·r° \�] °Ë² �d]� ºC» 	�� º Ãâ]YÃ º \ ² �� 	�� å Ã À
° 	�� À ] ·¹¸ � À�À \�Ã&	�� À.�¶² # · ÁÙ\�Ó²³¯ \ ° Ã&��] � # ¯ ]���� Û ½�	�� À
À Ã���] n Ól\�Ã�	���Í

. �
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��������� �������@? 'A���9� ���F" ) ��) � � " $ ('G )N" +H ���&� v  . � ���(��,$� � . � ,$+ . , 798  . "*+P5!+-, T / � �-�,4 7 " . � k + 1 �$ � �-,-�-� ,$ +�� {vi}0≤i≤k
� ,$) �

�! , � �$� i ≤ j � "*) ��+�� σ(vi) ≥ σ(vj)
 = , . ���65!+�, 7 , H � + "F2 ) ,$+ σ(v) 7  � ���(��,$� v ,-�$�

7 4�� . � /#"*+ #

σ(v) =











1 �$� v ,-�$�  . , �
,$ �&)&) , 7 , T

max
0≤i≤k

(σ(vi) + i) �$� v / � �-��� 7 , k + 1 �$ � �-,-�-� ,$ +�� vi

�l´ Í ´ 	

Öi\Ù] Ài² � ¸ \ À �� À \
	 » 	�� À¾» Ãâ]è\ÙÃ&	�� À � ² �K]� º¶» 	�� ��� ® ° 	±\�á ² � 	 ·!° �¹]� ¯ ���]�]� ² � À¾º $!º � À
	 ·¹À
¯�²³° \ °±À �&¯ � ² # \ ²³å ��	
Ã ° á º � ��	
Ã å Ã³]è\ ²nÀ�¯ 	 ² � À \'	 » 	�� À[» Ã³]è\�Ã&	�� À ÍfÖ �F½ ²³¯�À � ² # � ÛÄ° �!] À Ã���] � ¯]�� º¶» 	�� �� ® ° 	±\�á ² � 	X\ ¯�ÛCå 	�\�½�á� À ��	�Ã��¹] °±·!À�À \Ù] ÀØ¸ ^ ¸¹² �V]� ��� º \�]��Ë\ ¯�¸¹¯ ]�� º ����Ã � ¸ \ ° Ã&��]
��� ² \ � · ��]�Ã ° Ã&��] µ�� Íh�\�� å�¯ 	�� ´ Í � Í�\ º ��] ° 	�� ¯ ] � Û � º ½ ² � � ¯ ¸ \ ²³¸¹¯�² � ¯ ]� ºC» 	�� �� ® ° 	±\�á ² � 	 À�¯ 	 ¯ ]�
� Û ½	�� À�À Ã���] n Ól\�Ã�	�� ��� ° ´ Í�� Í »vÀ�¯ 	 ¯ ] å 	±\Ù½�á�%��	�Ã��¹] °±·MÀ \�] À ¸ ^ ¸¹² ��Í

a b d

g c

f

eOp1

1

+

/

4Op2

Expr=Op2(Op1(a b d) + ( / (g c) f) e e)

e 1123

1 1 2 1

11
� \ 	 1 1 1

1 3

4

4

3

�Ñ» 	
FHGJIK$PDN��OR �1a9f �Cp�e/cCe��$_`p^\ y ]Zeup/R�� \�+e�� �Cp�e*Y�Y�XZa9b

n
l \�XQp�e \
	 e x Y�a9bg\�p �Cp�e�c�� � 	D\�]Q[E\�_`XZa9b��

���� 
 p^\�� y eva9p`XZeub _��vY \�b5Y x s x ]ZeDN
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����� � ���(���	� �1�"
/
/�	� � � �'�'& �'�1� �'� �"
H&� �'�	�
h�\ ¸ � º ½è\
	�\�Ã À ��] �� À/å 	±\Ù½�á� À � ÀÉ°C² # ¯ ] ��� À ½�	�� »�²³¿¹º � ÀM¸!² \ À
À Ã �&¯ � ÀK² ��	 À%�&¯ � ² #���] ¯�° Ã Ó² Ã À � ¸ � °�° � ÀÉ° 	 ¯Y¸!°±¯ 	�� �� ���]�] · � Àa¸ � º�º � º ��� ¿!² � �� 	��¹½	 ·¹À �!] ° \ ° Ã&��]�ÍÅcØ] å�· ] · 	±\ ² � ² \¸ � º ½è\
	±\ÙÃ À ��] �� å 	±\�½�á�� À;¸ ��] À Ã ÀÉ° � � ·!° \ »�² Ã�	 ¯ ]� ¸ �
	�	�� À ½!��]�è\Ù] ¸ � �¹] ° 	�� ² � À;À � ºÝº � °�À

� °¶² � À \
	 $!° � À �� À¶À
° 	 ¯�¸r°±¯ 	�� À �&¯ � ² #���] ¸ á� 	 ¸ á� �@¸ � º ½�\
	�� 	¹Í�` � °�° �A½	�� »�²â·!º \ ° Ã �&¯ ��� ÀÉ°
� · �è]�Ã�� �è\�] À/² \ ² Ã °�°�· 	±\ °±¯ 	�� ¸ � º�º � ·r° \�] °/¯ ]}½	�� »Y²â¿¹º �����	�� ¸ á� 	 ¸ á� � # � � ������+ /32 � �$��,
� � ¯ �! #"��$�&% � � ������+ /32 � �$��, 	 �� å 	±\Ù½�á� À Í�Öi\�] ÀM¸ � °
° � À � ¸!° Ã&��]'�Ú]� ¯�À ½	 ·¹À �¹] ° ��] À/² � À \ ²³å �ÙÓ
	
Ã ° á º � À ¸!² \ À
À Ã �Ä¯ � À ½!� ¯ 	 ² \%	�� ¸ á� 	 ¸ á� � # Ã À � º ��	
½�á�Ã À�º � � ° �� �&¯ \ À Ã ÓàÃ À � º ��	�½Yá�Ã À
º � �è\Ù] À² � ÀËå 	�\�½�á� À Í
�	��
��� �����������������������! "�$#��&%��"�"�'�
h��Ë½	�� »�²â¿!º � � # � � ������+ /32 � �$��, 7 , 0*+ "�/32 ,-� ,)(+* / 	��rÁÄÃ&�¹] ° � � ·r° � 	 º Ãâ]� 	 À Ã ² \ ÀÉ° 	 ¯Y¸!°±¯ 	��

������ ¯�ÛÝå 	±\Ù½�á� À � ÀÉ°V² \ º�$¹º � À Ã ��]�]� ° Ã&�¹] ° ½è\ À=¸ � º ½ ° ����� ² # ·r° Ã �&¯ � ° \ å � ��� À À � º�º � °±À Í
��������� �������@J *A��, � ��� �'" &'(�� � � ) ��)���"%$'&'(*) � �-,  + +
� ,$ SR�0*+ "�/32 ,-� G1 = (V1, E1)

,$� G2 = (V2, E2)
� � . �/.1032�452�687:9<;�0 � 7 4 . ���M4 /#"*+ G1 ∼

G2 � � 8 �&) , R � �$� ,  . , 5!� � , �$���'� . φ : V1 → V2
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{vi, vj} ⊂ V1 � � . " (vi, vj) ∈ E1
�$� (φ(vi), φ(vj)) ∈ E2
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	 ° \ å �Â\�] °f² � Àfº�$¹º � À ½	���½�	�Ã ·r°±·!À-	 Í�h�\ ¸¹² \ À�À Ã�� ¸ \ ° Ã���] �� ÀØÀ � º�º � °±À ½ � ¯Y° \ ² ��	 À $!° 	��¯�° Ã ² Ã À
· �i½!� ¯ 	 � ·r° � ¸!° � 	 ² #�Ã À � º ��	
½�á�Ã À
º ��� ¯v² � �&¯ \ À Ã Ó�Ã À � º ��	
½�á�Ã À�º � ��%�� ¯�Û \
	 » 	�� À Íh�\ ¸ ��] À
° 	 ¯�¸r° Ã���] �� Ài¸¹² \ À�À � À � # ·��&¯ Ã ÁÙ\ ² �!] ¸ � � À
° �$� � ¸!°�¯�· ���!] ¯Y° Ã ² Ã À \�] °¾¯ ]�KÁÙ\
	
Ã \�] ° �
� ¯ ½	
Ãâ] ¸ Ãâ½!� � # ·r° Ã �Ä¯ � ° \ å � ¸ \�]��]�Ã �&¯ � � ·¹¸ 	�Ã ° ��\�] À�² \ À � ¸!° Ã���] ½	 ·!¸¹· ���¹] ° �ÙÍVÖi\�] ÀÝ¸ � °�° �\Ù½�½	�� ¸ á� � ² # ·r° Ã �&¯ � °�° � ¸ \�]��]�Ã �&¯ ��� # ¯ ] À � ¯�À Ól\
	 » 	�� ¸ ��	�	�� À ½!��]�F\ ¯ ½ ²â¯YÀ ½!� ° Ã °=º � ° Ð ��	 ºÝ·½�\
	 ² � À Ãâ]��Ã ¸ � À �� ÀV¸¹² \ À�À � À �� À � ²âÀ �� ² \ 	�\ ¸ Ã³]� � ��	��	�� ² � Û Ã ¸ � å 	�\�½�á�Ã �Ä¯ � ¯�À
¯ � ² 	 Í ® Ã �� ¯ÄÛÀ � ¯�À Ól\
	 » 	�� À ��] °¶¯ ]� º�$¹º � ·r° Ã �Ä¯ � °�° � ¸ \�]��]�Ã �&¯ ���X\ ² �
	 À Ã ²âÀ \�½Y½è\
	 ° Ã&�!]�]�¹] °��L² \ º�$¹º �¸!² \ À
À �%� # ·��&¯ Ã Á�\ ² �¹] ¸ ��Íh�� À \ � � ¸!° \ ° Ã���] À ��� À Ã³]��Ã ¸ � À �� ¸!² \ À
À � ÀdÀ ��] °M·r° \ »�² Ã&� À ��!½ ¯ Ã À¾² � À¾Ð � ¯ Ã ²â² � À �� ² # \'	 » 	��Á
� 	 À ² \%	�\ ¸ Ã³]��Í � ² #�Ã³]�Ã ° Ã \ ² Ã À \ ° Ã&�Ù]'� ¸ áè\ �&¯ � Ð � ¯ Ã ²â² � À �ÅÁ���Ã ° \ °
° 	�Ã »�¯ � 	 ² # Ãâ]��Ã ¸ � 1 �

¸ ��	�	�� À ½ ��]�Ó
��\�] °��[² \¶½	�� º Ã ¿ 	�� ¸!² \ À
À �%� # ·��&¯ Ã Á�\ ² �¹] ¸ � � Á
��Ã&	 ² #�� Û � º ½ ² � �� ² \�� å�¯ 	�� ´ Í � Í�\ 	 Í
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1 1
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v2 v3
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ÏX\
	 ² \ À�¯ Ã ° � � ² �M½	�� ¸ � À�À
¯�À � À
° Ã °±· 	±\ ° Ã Ð�= ½!� ¯ 	 ¸ áè\ �&¯ � À � º�º � ° v ]���] �!] ¸ �
	�� ¸¹² \ À�À�· �° � ²,�&¯ � ² # �¹] À � º¶»Y² � �� À � ²³À �� v \�½�½�\
	 ° Ã&�¹]Y]�¹] °��[¯ ]� ¸¹² \ À�À ��� # ·��Ä¯ Ã³ÁÙ\ ² �!] ¸ � � ��] ¸ \ ²³¸¹¯�² �² # ·r° Ã �Ä¯ � °�° � ¸ \�]��]�Ã �&¯ � c(v) ÍYÊi]F]� ° � C
² # �¹] À � º¶»�² � �� ÀË·!° Ã �&¯ � °
° � À ��Ã ÀÉ° Ã³] ¸!° � À � »�° �¹] ¯ � À Í® ¯ 	 ² #�� Û � º ½ ² � �� ² \�� å�¯ 	�� ´ Í � Í \�� À � ¯�²âÀ¾² � ÀdÀ � ºÝº � °�À v1, v2, v3

� ° v6
��] °d² # �¹] À � º¶»Y² � ��
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² � ¯ 	 À � ²âÀ � · ���A¸!² \ À
À�·¹À Í�h�� ÀM·!° Ã �&¯ � °�° � ÀN¸ \�]��]�Ã �&¯ � À \ À�À � ¸ Ã · � ÀNÀ ��] ° 1 ½!� ¯ 	 ² � ÀiÀ � ºÝº � °�À
v2, v3

� ° v6
� ° 11 ½!� ¯ 	 ² � À � º�º � ° v1

Í�Öi\�] ÀÅ¸ � ¸ \ À � C = {1, 11} ÍÊi] ¸ ��] ÀÉ° 	 ¯ Ã ° � ·¹À ��	 º \�Ã À ² \�]�� ¯ Á�� ²â² � ¸!² \ À
À � � # ·��&¯ Ã³ÁÙ\ ² �¹] ¸ ��Í ® ��Ã ° cmin

² \;½ ²â¯YÀ ½!� ° Ã ° �·r° Ã �Ä¯ � °�° � �� ² # �¹] À � ºC»�² � C Í ® ��Ã ° imax

² # Ãâ]�YÃ ¸ � º \ Û Ã º \ ² ��� ¸¹² \ À�À � � # ·��&¯ Ã³ÁÙ\ ² �¹] ¸ � ��² # \'	 » 	���Í�h$#��!] À � º¶»�² � �� ÀXÀ � º�º � °±À ���] °�² # ·!° Ã �&¯ � °
° � ¸ \�]��]�Ã �&¯ � � À
°�·¹å \ ² � � cmin

¸ ��] À
° Ã °�¯ �¯ ]�Ý]�� ¯ Á�� ²â² � ¸!² \ À
À ��� # ·��&¯ Ã³ÁÙ\ ² �¹] ¸ � ���] °K² # Ãâ]���Ã ¸ ��� À
° � Û�· � imax + 1 Í�Öi\�] À/² # � Û � º ½ ² �
��� ² \�� å�¯ 	�� ´ Í � Í�\�� ² � À À � º�º � °±À v2, v3

� ° v6
½ ��	 ° �!] ° ² \/½ ²â¯�À ½ � ° Ã ° � ·r° Ã �Ä¯ � °�° � ¸ \�]��]�Ã �&¯ �

cmin = 1 ����] ² � ¯ 	 \ � � ¸!° �(���] ¸d² # Ãâ]���Ã ¸ ���� ¸¹² \ À�À � 2 � ° ��] � »�° Ã&�!] °V² \ ¸¹² \ À�À Ã�� ¸ \ ° Ã���] �� ² \
� å�¯ 	�� ´ Í � Í » Í

� ² # Ã °±· 	±\ ° Ã&��] À
¯ Ã³ÁÙ\�] ° ���!��] ¸ \ ²â¸!¯�² � ² � Àd·r° Ã �&¯ � °�° � Àd¸ \�]��]YÃ �&¯ � À = v1
\�½ � ¯ 	 ·r° Ã �Ä¯ � °�° �

11 � v5
\¶½ � ¯ 	 ·!° Ã �&¯ � °�° � 22 � ° v8

\C½ � ¯ 	 ·!° Ã �&¯ � °�° � 12 Í�h�� À � º�º � ° v1

�&¯ Ã�½!��	 ° � ² \C½ ²â¯YÀ½!� ° Ã ° � ·!° Ã �&¯ � °
° � �[¸ � °
° �/Ã °�· 	±\ ° Ã&��] ¸ ��] À
° Ã °±¯ � ² \ ¸¹² \ À�À �%� # ·��&¯ Ã ÁÙ\ ² �!] ¸ � 3
� Z�Ã å Í ´ Í ´�� 	 Í

1 1

1

1 1

1

1

2 2

2

v4

v7

v5

v2 v3

v6

v8

�v1

�

� �

�
�

FHG IHK?PDNQP.LOR �/]o\9Y�Y�e*Yqc�� �*k [CX 	D\�]Zeub x e � ]o\ w b�cO[ �Cp�a x e*Y�Y`[5Y�N

Ï � ¯ 	¾Á · 	
Ã�� � 	 �&¯ � ² # \
	 » 	�� T1
� ÀÉ° Ã À � º �
	�½�á� � ² # \'	 » 	�� T2

�!��] ¸ ��] À
° 	 ¯ Ã °d¯ ](\
	 » 	�� T
����] °f² \ 	±\ ¸ Ãâ]� ¸ ��] ° Ã&�¹] ° � Û \ ¸!° � º �¹] ° �� ¯�Û � ²âÀ�=�² \ 	±\ ¸ Ãâ]� �� T1

� °Ø¸ � ²â² � �� T2
ÍÙh�� À \
	 » 	�� À

T1
� ° T2

À ��] ° Ã À � º ��	�½�á�� À � À Ã � °dÀ � ¯�² � º �¹] °¾À Ã ² � ¯ 	 À 	±\ ¸ Ãâ]� À 	�� À ½!� ¸r° Ã Á�� À \�½�½è\'	 ° Ã��¹]�]��¹] °
�[² \ º�$¹º � ¸!² \ À
À �%� # ·��&¯ Ã³ÁÙ\ ² �¹] ¸ ��Í` � °�° �@\�½�½	�� ¸ á��@½è\
	 ¸¹² \ À�À � À � # ·��Ä¯ Ã³ÁÙ\ ² �!] ¸ �L\ ² # \ÂÁÙ\�] ° \ å � ��� ² Ã À
° � 	 ² \ ° � ° \ ² Ã °±· �� ÀÃ À � º ��	
½�á�Ã À
º � À �� À � ¯�À Óà\
	 » 	�� À��&¯ # Ã ² � Û Ã À
° � �è\Ù] ÀN¯ ]S\'	 » 	���ÍkÌ � ¯Y° � Ð ��Ã À � ¸ � °�° � º�·!° á� ���
� À
° � · �è]�Ã&�N½!� ¯ 	 ² � À \
	 » 	�� À � ° ]���]v½ � ¯ 	 ² � ÀËå 	�\�½�á� À Í

h�� À[° � ¸ á�]�Ã �&¯ � À � Û áè\ ¯YÀ
° Ã Á�� À � ·!¸ 	�Ã ° � À�¸ Ã Ó �� À
À�¯�À � �Ä¯ Ã ¸ á� 	 ¸ á�¹] ° �(° 	�� ¯ Á
� 	 ² \ À � ²â¯ Ó° Ã&��] ��½ ° Ã º \ ² � å�² � » \ ² �/\ ¯ ½�	�� »�²³¿¹º �%� #�jÉä � ° � # j ® ä À � ¯ � 	��!] ° �� À¾¸ ��] ° 	±\�Ã³] ° � À �� ¸ � º Ó½ ² � Û Ã °±·i·!² �!Á · �ÙÍ�Ö # \ ¯Y° 	��M½è\
	 ° � ¸ � ÀË° � ¸ áY]�Ã �&¯ � À À ��] ° Ãâ]è\'�è\�½ °�· � À.�¶² \ 	�� ¸ á� 	 ¸ á����� �Ä¯ \ À Ã ÓÃ À � º ��	
½�á�Ã À
º � � � �,  ² \ º Ã À �(�¹] ¸ ��	�	�� À ½!��]�è\�] ¸ �K\%Á
� ¸N° � ²³· 	�\�] ¸ �%� # � 	�	�� ¯ 	¹Í
�	��
�� 
 ����%����
	+��� ���������"�"��� ���  "�!#��&%������'�
Ï � ¯ 	 · ÁÄÃ ° � 	 ² �K½	�� »�²³¿¹º � ��� ¸ � º ½ ² � Û Ã °�·Nº �!] ° Ã&��]Y] ·K¸ Ã Ó �� À
À�¯�À � ��K]� º¶» 	�� ¯�À � Àiº�· Ó° á���� À � #�\�½�½	�� Û Ã º \ ° Ã&��] ��] °K·r°±· � Û ½ ² ��	 · � À Í�Öd\�] À/¸ � ¸ ��] ° � ÛÄ° ��� ��] ¸ á� 	 ¸ á� ¯ ] �! #"��$�&%
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� ² � Û Ã À
° � �� ¯�Û \�½�½	�� ¸ á� À \ ¯ �&¯ \ À Ã ÓàÃ À � º ��	
½�á�Ã À
º � =$² \[½	�� º Ã ¿ 	�� ¸ ��] ¸ � 	�]� ² � À \ ²³å �ÙÓ
	
Ã ° á º � À \�½Y½ � ²â·¹À \ ²âå �
	�Ã ° á º � À��A¸ ��	�	�� ¸!° Ã���] � # � 	�	�� ¯ 	�� � ¯ � ° � ²³· 	±\Ù] ¸ � � #�� 	�	�� ¯ 	 �&¯ Ã À ��] °¯�° Ã ² Ã À
·¹À ½!� ¯ 	 ° 	�� ¯ Á
� 	 ² \ À � ²³¯Y° Ã���] ��½ ° Ã º \ ² � �è\�] ÀN² � ¸ \ À �� å 	±\�½�á�� À ½ � 	 °�¯ 	 »$·¹À � ¯ �Ä¯ Ã¸ ��] ° Ã��¹]�]�!] ° ��� À ���]Y] · � À Ã º ½�\
	 Ð \�Ã ° � À Í�� � ÀM° � ¸ á�]�Ã �Ä¯ � À��Ä¯ ÃØ\ À�À
¯ 	��!] °K¯ ]� À � ²³¯Y° Ã���] ��½ÄÓ° Ã º \ ² ��	�� �Ä¯ Ã ¿ 	��¹] °K¯ ] ° � º ½ À � Û ½!��]�¹] ° Ã&� ² ��\�] À/² �[½�Ã�	����� ÀK¸ \ À Í���\ À � ¸ ��]��Ý\�½�½�	�� ¸ á�
� ·¹À Ã å ]� ² � ÀXºÝ·r° á���� À � #�\�½�½	�� Û Ã º \ ° Ã&��]�Í�� � À�° � ¸ á�]YÃ �&¯ � ÀØÀ ��] °Ø·¹å \ ² � º �!] ° \
�è\Ù½ °±· � À �è\Ù] À² � ¸ \ À ��� ² � ÀËå 	�\�½�á� ÀËÀ ��] ° ½!� 	 °�¯ 	 »$·¹À ÍèÌ � ¯Y° � Ð ��Ã À ��� ²³² � À ]� å \
	�\�] ° Ã À
À �!] ° ½�\ ÀË° � ¯0� � ¯ 	 ÀË² \À � ²â¯�° Ã&��] ��½ ° Ã º \ ² ��� º \�Ã À � ²â² � À ��] ° ² #�\ÂÁ�\Ù] ° \ å �(� # ¯ ]���	 ·¹À � ²â¯Y° Ã&��] �!] ° � º ½ À ½ � ²	� ]� º Ã \ ² Í

ã � ¯�À ½�	 ·¹À �¹] ° ��] À �è\�] À ¸ � °�° � À � ¸!° Ã&��] ¯ ]A\�½!� 	 �¹¯ ��� À ½�	�Ãâ] ¸ Ãâ½�\ ² � À \�½�½	�� ¸ á� À�&¯ � ² #���]° 	�� ¯ Á��%�è\�] ÀÅ² \ ² Ã °
°±· 	�\ °±¯ 	��i½!� ¯ 	 ² \ 	 ·¹À � ²â¯�° Ã&��] � ¯ �&¯ \ À Ã Ó�Ã À � º ��	
½�á�Ã À�º ���� å 	�\�½�á� À Í

� Æ ð Æ ð Æ � 
 ����� � � ���	������ ��/� � ��� �XÞ � 	#" � � � ��� �
��� À º�·!° á�� �� À��[° � ²â· 	�\�] ¸ � � #�� 	�	�� ¯ 	 À ��] °d» \ À�· � ÀdÀ
¯ 	 ¯ ]� ¸ � º ½è\
	�\�Ã À ��] À
° 	 ¯�¸!°�¯ 	�� ²â² �½�\
	 ² � ¸ \ ²³¸¹¯�² � # ¯ ]����Ã À
° \Ù] ¸ � � # · ��Ã ° Ã&��] ��� å 	±\Ù½�á� À � �Y´ � �Y´ ��Í��$# Ã&� · � � ÀÉ° �� � ·r° � 	 º Ãâ]� 	² \A½ ²â¯YÀ ½ � ° Ã ° � À�·��Ä¯ �¹] ¸ � � # ��½ · 	±\ ° Ã&��] À � # · ��Ã ° Ã&��] �Ä¯ Ã ° 	±\Ù] À
Ð ��	 º � ¯ ] å 	�\�½�á���!] ² # \ ¯Y° 	��½�\
	 º Ã ² \ À�¯�»�ÀÉ° Ã °±¯Y° Ã&��]'� ² # Ãâ] À � 	 ° Ã&��] � ¯ ² \ À
¯ ½�½	�� À�À Ã&��]�½è\
	 � Û � º ½ ² �ÙÍ � ² � ÀÉ°v¸¹² \ À�À Ã �&¯ �

� # \ À
À � ¸ Ã�� 	 ¯ ] ¸ � �Y° �}¸ áè\ �Ä¯ � ��½ · 	�\ ° Ã���] � # · ��Ã ° Ã&��] ¸ ��] À Ã�� · 	 · � = \ÙÃâ] À Ã �fÃ ² � À
° ½!� À�À Ã »�² �
���¶½ ��]� · 	�� 	(�YÃ�� · 	�� ºÝº �¹] °¾¸ áè\ �&¯ ����½ · 	�\ ° Ã���] � # · ��Ã ° Ã&��]'� À � ² ��] ² # Ã º ½ �
	 ° \Ù] ¸ � �&¯ # ��] ²â¯ Ã\ À�À � ¸ Ã���Í���\�� · �è]�Ã ° Ã���] ��� ¸ � À¾Ð ��] ¸!° Ã���] À �� ¸ � ��° � ÀÉ°¾Ð �
	 ° � º �!] ° � · ½ �!]�è\�] ° � �� ² #�\�½�½ ² Ã Ó¸ \ ° Ã���]�Í

× ]�æ � ® ä � ÀÉ° ���] ¸ � · �è]�Ã ¸ � ºÝº � ² \ À�·��&¯ �¹] ¸ ��� # ��½ · 	±\ ° Ã&��] À � # · ��Ã ° Ã&��] �� ¸ � ��°dº Ã Ó]YÃ º \ ²&�Ä¯ Ã�½ � ¯Y°.$!° 	��M\Ù½�½ ² Ã �&¯�· � �¶² # ¯ ] �� ÀËå 	�\�½�á� À ½ � ¯ 	 �&¯ # ¯ ]aÃ À � º ��	
½�á�Ã À�º ���� À � ¯�À Óå 	±\�½�á�� À � Û Ã ÀÉ° �ÙÍ
��\C½ ²³¯ ½è\
	 ° ��� À \ ²âå ��	
Ã ° á º � À ½ � ¯ 	 ° 	�� ¯ Á
� 	 ² \ À � ²â¯�° Ã&��] ��½ ° Ã º \ ² � À ��] °V» \ À�·¹À À�¯ 	 ² #�\ ² Óå ��	�Ã ° á º ����� 	�� ¸ á� 	 ¸ á����� � ´��_µ ��Í�Õ ° \�] ° ���]�] ·¹ÀM¯ ] å 	�\�½�á� G = (V, E) � °d¯ ] å 	±\Ù½�á�

G′ = (V ′, E ′) �
¯ ]v\'	 » 	�� ��(	�� ¸ á� 	 ¸ á� � À
° ½�	�� å 	�� À
À Ã³Á
� º �¹] °Ë¸ ��] À
° 	 ¯ Ã ° Í�� áè\ �&¯ � À � ºÝº � °

��\�] ÀM² #�\
	 » 	�� ¸ ��	�	�� À ½ ��]� �A¯ ]� º Ã À � �¹] ¸ ��	�	�� À ½!��]��\�] ¸ �;½è\'	 ° Ã�� ²³² � �� ÀMÀ � ºÝº � °�À �� GÁ
� 	 ÀM² � À¾À � º�º � °±À �� G′ Í�� ¯ � · ½è\
	 ° � ² �K½	�� º Ã�� 	 À � º�º � ° ��� G � À
°iº Ã À �!] ¸ ��	�	�� À ½ ��]�Ó
��\�] ¸ �Ý\ÂÁ�� ¸ ¸ áè\ �&¯ � À � ºÝº � ° �� G′ Í � ² �¹] 	 ·¹À
¯�²³° � |V ′| À � º�º � °±À Ã À
À�¯�À �� ² \ 	�\ ¸ Ã³]� ��² # \'	 » 	�� �� 	�� ¸ á� 	 ¸ á� � ° \ÙÃâ] À Ã |V ′| ¸ á� º Ã³] À ½ � À�À Ã »�² � À.�[¸ � °
° � ·!° \�½ �ÙÍ���\ å�· ] · 	±\ ° Ã&��] �� À·r° \�½!� À À�¯ Ã Á�\Ù] ° � À � À
° �¹] À
¯ Ã ° � å�¯ Ã�� · �¾½è\
	 ² � ¸ � �Y° �� À ��½ · 	±\ ° Ã&��] À � # · ��Ã ° Ã���]�Í�� #�� À
°.� ��Ã&	��
�&¯ � ² \ º Ã À � �¹] ¸ ��	�	�� À ½ ��]�è\�] ¸ �V\ÂÁ�� ¸V² � ¸ � �Y°�² � ½ ²â¯�À�Ð \�Ã »Y² �$� ÀÉ° \ � � ¯Y°±· ��Í�� #�� À
° �!] �&¯ � ²��&¯ �À ��	 ° � ¯ ]�\ ²³å ��	�Ã ° á º � �� 	�� ¸ á� 	 ¸ á�)� ¯ ½ ²â¯YÀf¸ � ¯ 	 °Ø¸ á� º Ã³]�Í���\d½�	�� º Ã ¿ 	�� À � ²â¯�° Ã&��] ° 	�� ¯ Á · �° � ²³² � �&¯ � ° � ¯�À ² � À À � º�º � °±À �� G

À ��] °Vº Ã À �¹] ¸ ��	�	�� À ½ ��]�è\�] ¸ �(	��!½	 ·!À �!] ° � ¯ ]� À � ²³¯Y° Ã���]
��½ ° Ã º \ ² �A½è\
	 	�\�½�½!��	 ° \ ¯ñ¸ � ��° � # · ��Ã ° Ã&��]'� ¸ # � À
° � �YÃ&	�� ² # ¯ ]�� ��� À�º �!Ã ²â² � ¯ 	�� À[º Ã À � �¹]¸ ��	�	�� À ½ ��]��è\�] ¸ ���!] ° 	�� ² � À �� ¯�ÛFå 	±\�½Yá� À Í

��� À ½!� 	 Ð ��	 º \�] ¸ � À � # ¯ ] ° � ² \ ²âå �
	�Ã ° á º ��� · ½!�¹]��!] °�Ð �
	 ° � º �!] ° � ¯ ]� º¶» 	�� � # ·r° \ °�À
� Û ½ ² ��	 ·¹À[² ��	 À ��� ² \ ¸ ��] À
° 	 ¯�¸r° Ã&��] ��� ² #�\
	 » 	�� �� 	�� ¸ á� 	 ¸ á� �Ä¯ ÃV½ � ¯Y° $!° 	�� � Û ½!��]�!] ° Ã&� ²
��\�] À/² �;½�Ã&	�� �� À/¸ \ À Í�Ö � À á� ¯ 	
Ã ÀÉ° Ã �&¯ � À ½!� 	 º � °�° \�] ° � #�� À
° Ã º � 	 ² \ ��Ã ÀÉ° \�] ¸ � �Ä¯ Ã À
· ½è\
	��¯ ] À � º�º � ° �� ² # \
	 » 	����� 	�� ¸ á�� 	 ¸ á�� �@¯ ]� Ð � ¯ Ã ²â² � ��] °C·!°±· ½	���½ � À
· � À �è\�] ÀK² � »�¯Y° ��
	 · � ¯ Ã&	�� ² \ ° \�Ã ²â² ���� ² #�\
	 » 	��(�� 	�� ¸ á� 	 ¸ á� � ´�´ � � Í
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 � � �� � ç � � �  � � �  � � � � � � � � �

�$# ¯ ]� �� À \�½�½	�� ¸ á�� À � # \Ù½�½	�� Û Ã º \ ° Ã&��] ² � À ½ ²â¯�ÀÅ¸ � ºÝºC¯ ]� ÀÅ¸ ��] ¸ � 	�]� ² \�	�� ² \ Û \ ° Ã&��]½�	�� » \ » Ã ² Ã À
° � � ´�´�´ � � � � ´ � � � Í � � ½	�Ã³] ¸ Ã³½ � �� ¸ � À[ºÝ·r° á���� À � À
°;² � À
¯ Ã³ÁÙ\�] ° =��(¸ áè\ �&¯ �\Ù½�½è\
	
Ã&� º �¹] ° ½ � À
À Ã »�² ��� ÀÉ° \ À�À � ¸ Ã · � ¯ ]�A½�	�� » \ » Ã ² Ã °±· �&¯ � ² # \�½Y½è\
	�Ã�� º �¹] °KÀ ��Ã °C¸ ��á · 	��¹] °½!� ¯ 	 ² \ º Ã À � �¹] ¸ ��	�	�� À ½ ��]�è\�] ¸ ��Í � � °
° �a]� ° Ã&��] ��a½	�� » \ » Ã ² Ã °�· � #�\�½�½è\'	�Ã&� º �!] ° ½ � ¯Y°
$r° 	��iÁ ¯ � ¸ � º�º � ¯ ]� º � À
¯ 	�� ��� À Ã º Ã ² \
	�Ã °±· �!] ° 	�� ² � ÀVÀ � ºÝº � °�À"= ½ ²â¯�À ² � À À � º�º � °±ÀVÀ ��] °À Ã º Ã ² \�Ã&	�� À � \ ¯ Á ¯ �� À ¸ \
	�\ ¸!°�· 	
Ã À
° Ã �&¯ � À � · �è]�Ã�� À ½ � ¯ 	 ² # \Ù½�½ ² Ã ¸ \ ° Ã&��] 	 ��½ ²â¯�À=² \M½	�� » \ » Ã ² Ã °±·
�&¯ # Ã ²³ÀkÀ ��Ã��¹] °�º Ã À �¹] ¸ ��	�	�� À ½!��]�è\�] ¸ � � À
°X·¹² �!Á · ��Í �¾Ãâ] À Ã � �Ë² # Ãâ]YÃ ° Ãâ\ ² Ã À \ ° Ã&��] ����]N½ � ¯Y°X¯Y° Ã ² Ã À � 	¯ ]� º � À
¯ 	�� �� À Ã º Ã ² \
	
Ã °�· �!] ° 	�� ² � À�À � º�º � °±À�» \ À
· � À�¯ 	 �� À \ °
° 	�Ã »�¯Y°�À � ÛÄ° 	
Ãâ] À
¿��&¯ � À � °�� � ¯Ã³] ° 	�Ã³] À�¿��&¯ � À \ ¯ÄÛAÀ � ºÝº � °�À Í����i½	�� ¸ � À�À
¯�À � ÀÉ° Ã °±· 	±\ ° Ã Ð Í � ¸ á�\ �&¯ �MÃ °�· 	±\ ° Ã&��]'� ��] 	 ·!· ÁÙ\ ²â¯ �² \�½	�� » \ » Ã ² Ã °�· �&¯ � ��� ¯�Û À � ºÝº � °�À;À ��Ã��¹] ° º Ã À �!] ¸ ��	�	�� À ½ ��]��è\�] ¸ � �¹] Ð ��] ¸r° Ã&��] ��� ² \¸ ��á · 	��¹] ¸ � �� ² � ¯ 	=Á���Ã À Ãâ]�\ å � ² � ¸ \ ² ÍÄÊi] ¯Y° Ã ² Ã À �¾\�Ã³] À Ã ² # Ãâ] Ð �
	 º \ ° Ã���] À�¯ 	 ² � ¸ ��] ° � ÛÄ° � ² � ¸ \ ²½!� ¯ 	 Ð \�Ã&	�� ¸ 	�� +³° 	�� � ¯ � ·!¸ 	�� +â° 	�� ² \ º � À
¯ 	��(��� À Ã º Ã ² \
	
Ã °±· �!] ° 	�� ² � À �� ¯�Û À � ºÝº � °�À Í � ² � ÀÉ°¸!² \�Ã�	 �&¯ � À Ã ² # �¹] À � ºC»�² � �� À Á
��Ã À Ãâ] À � # ¯ ] À � ºÝº � ° u ��] °f·!°±· º Ã À �¹] ¸ ��	�	�� À ½!��]��\�] ¸ �Å\ÂÁ
� ¸² #��!] À � º¶»�² � �� À Á
��Ã À Ãâ] À � # ¯ ] À � º�º � ° v �

² \d½	�� » \ » Ã ² Ã °�·��&¯ � u
¸ ��	�	�� À ½ ��]��� � v � À
°Ø·!² �!Á · �½ ¯ Ã À%�Ä¯ � ² � ¯ 	 ¸ ��] ° � ÛÄ° � ² � ¸ \ ² � À
°¾¸ ��á · 	��!] ° Í �dÃâ] À Ã � ¯ ]�/½è\�Ã�	�� �� À � ºÝº � °�À ½ � ¯ 	 ² \ �&¯ � ²â² �² \ � ·¹¸ Ã À Ã���]�� # \Ù½�½è\
	
Ã&� º �¹] ° ] # ·!° \�Ã ° ½è\ Àn° 	
Ã³ÁÄÃ \ ² �V½!� ¯Y° Á���Ã&	 À \N½	�� » \ » Ã ² Ã °�· � #�\�½�½è\'	�Ã&� º �!] °\ ¯�å�º �¹] ° � 	 � ¯ �YÃ º Ãâ] ¯ � 	V\ ¯FÐÑ¯ 	)� °��[º � À�¯ 	�� ��� À Ã °�· 	±\ ° Ã&��] À � ² �!ÁÙ\�] ° \�Ã³] À Ã ² # \ º¶» Ã å�¯ ( °�· Í× ]� ° � ¸ á�]�Ã �Ä¯ � � #�\ ¸¹¸!·¹²â· 	±\ ° Ã&��] � ¯ ½	�� ¸ � À
À�¯�À Ã °±· 	�\ ° Ã Ð \ ·!°±· ½	���½ � À
· � �!] � � ¼ ��Í�× ]�º Ã À � �¹] ¸ ��	�	�� À ½ ��]�è\�] ¸ ��� · �è]�Ã ° Ã Á��%� ÀÉ° �$� � ¸!°±¯Y· � � ¿¹À ² ��	 À��&¯ # ¯ ]@\�½�½è\
	
Ã&� º �!] ° ��� À � º Óº � °�À � ÀÉ°��
¯�å�·CÀ�¯ � À \ ºÝº �¹] °N¸ ��á · 	��¹] ° �ßÀ Ã ² \ º � À�¯ 	�� �� À Ã º Ã ² \'	�Ã °�· � · ½�\ À�À � ¯ ] ¸ � 	 ° \�Ã³]À � ¯ Ã ² � °��&¯ #�� ²â² � � À
°¾º \ Û Ã º \ ² �i½!� ¯ 	 ² � À ��� ¯�ÛaÀ � ºÝº � °�À-	 Í��dÃâ] À Ã � ² ��	 À � # ¯ ]@\�½�½è\'	�Ã&� º �!] °

� · �è]�Ã ° Ã Ð � ² \Ý½	�� » \ » Ã ² Ã °±· ½ � ¯ 	 �&¯ � ² � ÀiÀ � ºÝº � °�À \�½�½�\
	��!Ã ²â²³·¹À ¸ ��	�	�� À ½!��]��!] ° \ ¯ÄÛ \ ¯�° 	�� ÀÀ � º�º � °±À �� À å 	±\�½�á�� À � À
° � Û�· � � 	¹· 	���Í
ã � ¯�À \ÂÁ���] À ½	���½ � À�·d¯ ]� º�·!° á� ��� » \ À
· � À
¯ 	 ² � À=° � ¸ áY]�Ã �&¯ � À �� 	�� ² \ Û \ ° Ã&��]'�_½ � ¯ 	 ² \

	�� ¸ ��]�]è\�Ã À�À \�] ¸ � � #�� » � � °�À �è\�] À�² � À ÁÄÃ&� · � À � Ð \ÙÃ »�² � 	 ·¹À � ²â¯Y° Ã&��] � � ´ � Í �$# \ ²âå ��	
Ã ° á º � ¸ � º ½ ² � °
� À
° � ·!¸ 	�Ã ° �è\�] ÀÅ² � ¸ á�\�½�Ã ° 	�� � Í
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 " ����� � kÞ � ��� � �����èÞ ��� � �
ã � ¯�ÀÅ° 	�� ¯ Á���] Àd·¹å \ ² � º �!] ° �è\Ù] À¾² \ ² Ã °
°±· 	±\ °�¯ 	�� �� Àdº�·!° á� ��� À � # \Ù½�½	�� Û Ã º \ ° Ã&��] » \�ÓÀ
· � ÀVÀ�¯ 	 ¯ ] ½�	�Ãâ] ¸ Ãâ½!� ��¾á�\ ¸ áè\ å ���� À À � ¯�À Ó ÀÉ° 	 ¯Y¸!°±¯ 	�� À À Ã º Ã ² \�Ã&	�� À � ¼ � � ´�¼ �Ú½!� ¯ 	 ² \%� ·r° � ¸ Ó° Ã&��] �� ¸ ���� À Ã º Ã ² \�Ã&	�� �è\Ù] ÀC¯ ]}½	�� å 	±\ º�º ��Í�� � ÀCº�·!° á�� �� ÀKÀ ��] ° \Ù½�½ ² Ã �&¯�· � ÀKÀ
¯ 	 �� À\'	 » 	�� À Í��$# Ã&� · � � À
° �� 	�� å 	�� ¯ ½!� 	 �è\�] ÀK¯ ]�� º�$¹º � ¸ \ °±·!å ��	�Ã�� ² � À/À � ¯�À Ól\
	 » 	�� À/À Ã º Ã ² \�Ã&	�� ÀÁÄÃâ\ ¯ ]� Ð ��] ¸r° Ã&��] ��Náè\ ¸ áè\ å ��Í����M½	
Ãâ] ¸ Ãâ½!�(� # ¯ ]� Ð ��] ¸r° Ã���] ��Máè\ ¸ á�\ å � � ÀÉ° � # \ °�° 	
Ã »�¯ � 	��

�;¸ áè\ �&¯ � ·¹²³·¹º �¹] ° e �
¯ ] ¸ ���� ��/áè\ ¸ áè\ å � h(e) Í�� � ¸ � ����� À
° ° � ² �&¯ � À Ã �� ¯ÄÛa·¹²â·!º �!] °±À

a � ° b Á · 	
Ã�� �!] ° h(a) 6= h(b) �Ú\ ² ��	 À a 6= b Í ® ÃX½�\
	 ¸ ��] ° 	�� h(a) = h(b) \ ² ��	 À a � ° b
À ��] °

��� ÀÅ¸ \�]���Ã&�è\ °±À ½ � ° �¹] ° Ã&� ²³À ½ � ¯ 	 ² \ º Ã À � �¹] ¸ ��	�	�� À ½ ��]�è\�] ¸ ��ÍÏ � ¯ 	 � ·!° � 	 º Ãâ]� 	 À Ã �� ¯�ÛÝÀ � ¯YÀ Ól\'	 » 	�� À \�½Y½è\
	 ° Ã&�!]�]�¹] °�K² \ º $!º � ¸ \ °±·¹å ��	�Ã���� ² \ Ð ��] ¸ Ó° Ã&��] ���Máè\ ¸ áè\ å � ¯Y° Ã ² Ã À � �� À Á�� ¸!° � ¯ 	 À ¸ \'	±\ ¸r°±· 	
Ã ÀÉ° Ã �&¯ � À �� ÀÅÀ � ¯�À Óà\
	 » 	�� À Í ��� ÀË¸ \'	±\ ¸r°±· 	
Ã À Ó° Ã �&¯ � À=¯�° Ã ² Ã À
· � À ½ � ¯ Á��!] ° ¸ ��] ¸ � 	�]� 	��&½è\
	$� Û � º ½ ² ��� ² � À � ¸¹¸!¯ 	�	��¹] ¸ � À � # ¯ ] ¸ � 	 ° \�Ã³] ° � ½!�)��À � º�º � °±À(� ¼ � �!� ² � ¯ 	 ·r° Ã �&¯ � °�° ������ À Ãâ] Ð ��	 º \ ° Ã&��] À¾ÀÉ° 	 ¯�¸!°�¯ 	�� ²â² � À�� �� å 	 ·!À � ° \�Ã ²³² � � ¯ À � ¯�À Ó
� �
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\'	 » 	����iÍ Í³Í 	 � ¯ \ ² ��	 À 	 ·!¯Y° Ã ² Ã À � 	 ² � À ¸ ���� À ���á�\ ¸ áè\ å � � · ����¸ \ ²³¸¹¯�²³·¹ÀAÀ
¯ 	 ² � ÀAÀ � ºÝº � °�À¸ ��] ° �!] ¯YÀ �è\Ù] À¾² � À � ¯�À Óà\
	 » 	�� ¸ � º�º �(��\�] À�� ´%¼ � ÍÖi\Ù] À(� ¼ � �!� ² #�� » � � ¸r° Ã Ð � ÀÉ°i¸ � º ½è\'	±\ »�² � �Ý² #�\�½�½�	�� ¸ á�C½è\'	 ¸!² \ À
À � À � # ·��&¯ Ã³ÁÙ\ ² �¹] ¸ � � Á���Ã�	À � ¸r° Ã&��] ´ Í µ Í ´ Í�� 	 � �MÀ \ÂÁ���Ã�	������ ¯�Û;À � ¯�À Ól\
	 » 	�� À ��� º $!º � ¸ � ��� ��Åáè\ ¸ áè\ å � À ��] °=¸ ��] À Ã&� · 	 ·!À¸ � º�º � À Ã º Ã ² \�Ã�	�� À Í�ëV\ ÛÄ° � 	 � ´�¼ � ¯Y° Ã ² Ã À � ¯ ]�v\�½�½�	�� ¸ á�A½ ²³¯�ÀC¸ � º ½ ²â¿!° � =�² \ Ð ��] ¸!° Ã&��] ��á�\ ¸ áè\ å �%� À
°¾¯Y° Ã ² Ã À
· �è\�] À ² � »�¯Y° �� ² Ã º Ã ° � 	 ² � ÀË¸ � º ½è\
	�\�Ã À ��] À �!] ° 	�� ² � À À � ¯�À Ól\
	 » 	�� À Í ���á�\ ¸ áè\ å � �� À ���]Y] · � À � ÀÉ° ¯�° Ã ² Ã À
· � ¸ � ºÝº � ¯ ] � ² ° 	�� ½!� ¯ 	 · Á�Ã ° � 	 �� ¸ � º ½è\'	�� 	 �� À \
	 » 	�� À
�&¯ Ãk]��/½!� ¯ Á��¹] ° ½è\ ÀÅÀ � ¸ �
	�	�� À ½!��]�	���ÍÒ Ãâ\�] å ,$� "*)� � ¼ � �C\'���½ ° �¹] °@¯ ]� ° � ¸ á�]YÃ �&¯ � �«² # Ã º \ å � ��� ² # \�½Y½	�� ¸ á� ½è\
	 ¸¹² \ À�À � À
� # ·��Ä¯ Ã³ÁÙ\ ² �!] ¸ ��� ·!¸ 	�Ã ° ���è\�] À/² \ À � ¸!° Ã&��] ´ Í µ Í ´ Í�� � �vÀ \ÂÁ
��Ã&	����� ¯�Û}À � ¯�À Óà\
	 » 	�� À ½ �
	 ° \Ù] °/² \º�$¹º � ·!° Ã �&¯ � °
° � À ��] ° ¸ ��] À Ã&� · 	 ·!À ¸ � ºÝº � À Ã º Ã ² \�Ã&	�� À Í�Ï � ¯ 	 ë \ ÛÄ° � 	 ,$� "*)� � ¸ � °V·r° Ã �&¯ � ° \ å �
� À
°�¯Y° Ã ² Ã À
·n¸ � º�º �=½	 · Ó ° 	±\�Ã ° � º �!] °��¾² # ·r° \�½!� �� ¸ � º ½è\'	±\�Ã À ��] �� À�À � ¯�À Ól\
	 » 	�� À ÍÙÖi\�] À�² � ¯ 	\Ù½�½	�� ¸ á� ���] � � � ¸r°±¯ � ¯ ]��M½�áè\ À � ��(	±\��Ý]�� º �¹] ° �¹] ¸ � º ½è\'	±\�] ° ��� ¯�Û � ��� ¯�ÛA² � À À � ¯�À Ó\'	 » 	�� À ¸ ��] ° �!] ¯�À �è\�] À¾¯ ]�� º�$¹º � Ð \ º Ã ²â² � ��/áè\ ¸ áè\ å ��ÍíÏ � ¯ 	 ¸ � Ð \�Ã�	�� �èÃ ²âÀË¸ \ ²â¸!¯�² �!] °¾¯ ]�
�YÃ À
° \�] ¸ ���!] ° 	�� ² � À �� ¯�ÛÝÀ � ¯YÀ Ól\'	 » 	�� À��&¯ Ã�½	��¹]� �¹] ¸ � º ½ ° � ² # ·!° Ã �&¯ � ° \ å �)��¾áè\ ¸ áè\ å ��Í ��\
�YÃ À
° \�] ¸ � d(T, T ′) � �¹] ° 	�� �� ¯ÄÛ \
	 » 	�� À T � ° T ′ ¸ ��	�	�� À ½ ��]�;\ ¯ 	�\�½�½!��	 ° �¹] ° 	�� ² � À�À � ºÝº � °�À¸ � º�º¶¯ ] À.� T � ° T ′ � °¾² �M]� º¶» 	�� ° � ° \ ² ��� À � º�º � °±À �� T � ° T ′ Í$Êi]L\ =

d(T, T ′) =
|T ∩ T ′|
|T ∪ T ′|

��� T∩T ′ � ·¹À Ã å ]� ² # �¹] À � ºC»�² � �� À�À � ºÝº � °�À�¸ � º�º¶¯ ] À � T � ° T ′ �!] ° � 	 º � � # ·r° Ã �Ä¯ � °�° �
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Z>[ 8 7<7 - /�_ U�S[U]S>8 7<: P=8 B�[ : 8 Q0/ S�U 7 S�U ^ P `)7"g � ;r[ 7 � Q P a U ;r; U a U / : � ; - Z P Q6Z P=8 `):=` Q9B 7 U0P<h ` U�S.- / 7
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:q{ g � >

� ; - `):�` Q6B 7 U0P<h ` " [ U ^ ` / ` P - ; U a U / : � γ ∈ [2, 3]
ZWQ6[ P ; U 7 P `)7 U - [ m SAV@8 / : U�P - _ : 8 Q0/ 7 P ` U ; 7

� {�� ! g
' U a8Q S�c ; U�S�U ^ ` / ` P - : 8 Q0/ - ; ` - : Q 8RP1U2S�U x -3P - B�y 7 8`U : ? ;rB U�P : _0Q6auB 8 / U ; U 7 S�U [ m a ` _ - �

/ 8 7 a U 7 S ` _ P<8 :�7 S.- / 7 ; U Z -3P - ^ P - Z>f U Z P ` _ ` S[U / :Hg ' U Z P Q%_ U 7<7 [ 7 S ` a -3P1P.U?-HhXU _}[2/�^ P - Z�f U
" [ 8 _0Q0/ : 8+U / : [2/}Z U : 8 : /�Q9auB P.U�S�U 7 Q6a$a U :=7 n0

g�� _�f -3" [ U 8 :=` P4- : 8 Q0/A�"[ /�/�Q9[ hXU�- [ 7 Q6a$a U :
U 7<: -h6 Q6[ :�` -HhXU _ m -)P.& : U 7 : m ≤ n0

>-" [ 8[P1U ; 8RU / : _ U 7 Q6a!a U : $ m S>8 * ` P.U / :�7�7 Q6a$a U :=7 S ` 6.$
Z P `"7 U / :�7 S.- / 7 ; - 7<: P [�_ : [ P1U g ' U Z -3P4- a c : P1U m U 7<: />m ` O IWMNBKJ MCB gS� U Z P Q%_ ` S ` : P -3S [ 8 : ; U _ - �
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IWM H w H MZDCEGFHB5DGJi�fQ0/ 7 [�Z�ZWQ 7 UY" [ U ; - Z P Q6B - B 8 ; 8 :�` Π " [ V [ / /[Q6[ hXU�- [ 7 Q6a!a U : 7 Q 8 : _�Q0/ / U _ :�`
$ [2/ 7 Q6a$a U : u S [ P `)7 U�- [ S ` Z U / S%S�U ; - _0Q0/2/ U _ : 8	h%8 :=` d(u)

: � `�� g { � >�S[U _ U 7 Q6a!a U :Hg
v / - -98 / 7 8
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v d(v)

: { g 	 >

? Z P=c 7 t
`): - Z U 7 ��; U a4Q S�c ; U Z P Q S [ 8 : [2/k^ P - Z�f U]$ n0 + t

7 Q6a!a U :�7 U : mt -3P.& : U 7"g
' U ^ P4- Z�f U�P `)7 [�; : - :�` h Q9;r[ U hXU0P 7 [2/T^ P4- Z�f U 7 - / 7 ` _�f U ;r; U : U ; " [ U ; - Z P Q9B - B 8 ; 8 :=` " [ V [2/

7 Q6a!a U : ZWQ 7=7 c�S�U k
; 8+U / 7 � 7 [ 8 : [2/ U ;+Q 8�U /WZ�[ 8 7=7 - /�_ U -4h3U _ γ = 2.9 ± 0.1

: h Q 8RP / ^6[ P1U
{ g { � > g ' - ;+Q 8XU /}Z�[ 8 7=7 - /�_ U�U 7q: Q9B 7 U0P<h ` U ZWQ6[ P ; U 7�7 ( 7<: c a U 7 / - : [ P1U ; 7 � $ Z�;r[ 7 8RU [ P 7 8 / 7<: - / :=7
S[U ; U [ P h%8RU : : -98 ;	; U�S�8 * ` P1U / : U8$�S[U 7 8 / 7q: - / :�7 S�8 * ` P.U / :=7 > g ?p8 / 7 8 � _ U :=: U Z P Q6Z P<8 `1:�` S�U ;RQ 8
U / Z�[ 8 7=7 - /�_ U U 7q: 8 / h�-)P=83- / : U -4h3U _ ; U : U a$Z 7 � U : [2/ BWQ0/ a4Q S�c ; UTS Q 8 : Z P Q S [ 8RP1U [ / U
S>8 7<: P=8 B�[ : 8 Q0/ S Q0/ : ; U 7 _ -3P4- _ :=` P<8 7<: 8R" [ U 7 / U h#-3P<8RU / : Z - 7 -HhXU _ ; U : U a!Z 7"g ' - / ^6[ P1U { g { �
a4Q0/ : P1Uq" [ U ; -�S�8 7q: P<8 B�[ : 8 Q0/ P (k) U 7q: 8 / S ` Z U / S.- / : U^S [ /�Q6a�B P.UqSAV@8 :=` P4- : 8 Q0/ 7 t

g
' U a4Q S�c ; U;S�U x -3P4- B�y9B - 7 8 � ? ;	B U0P : 8 / S>8R" [ U�" [ U ; - @CM J B FIF�O3E�@}D U : ; V O3F=F5O£@IBGDCKLDCEGF IWM H��

w H MZDCEGFHB5DGJ 6 Q6[ U / : [2/ P s ; U}8 a$ZWQ P : - / : S.- / 7 ; U]S ` h3U ;+Q6Z�Z U a U / : S�U 7 ^ P4- Z�f U 7~7 - / 7 ` _�f U ;	; U g
�:- / 7 � {�� ! � 8 ; 7 a4Q0/ : P.U / : " [ U 7 8 ; V [2/ S[U 7 S�U [ m a ` _ - / 8 7 a U 7 U 7<: Q6a 8 7 S [+a8Q S�c ; U � - ;+Q P 7
; U 7 Z P Q6Z P=8 `):=`"7 7 - / 7\` _�f U ;	; U / U 7 Q�/ : Z�;	[ 7 h ` P<8 /�` U 7)g �:- / 7 [2/ Z P.U a 8RU0PqU m U a!Z�; U �
; V�- :<: - �
_�f U a U / : Z P `��O` P.U / : 8RU ; U 7q: U /�; U1h ` S [ba8Q S�c ; U �
[ / /�Q6[ hXU - [ 7 Q6a!a U : U 7<: _�Q0/ / U _ :�` -Hh3U _
[ / U ` ^ - ; U Z P Q6B - B 8 ; 8 :=` $ / V]8 a$ZWQ P : U_" [ U ; 7 Q6a$a U : u S�U ; - 7<: P [�_ : [ P1U U m 8 7<: - / : U :HQ0/ -
Π(u) = const > g � ; 7 Z P Q6[ hXU / : " [ V [2/ : U ;�a4Q S>c ; U a c / U;$ [ / UuS>8 7<: P=8 B�[ : 8 Q0/ U m ZWQ0/ U / : 8RU ;r; U g
�:- / 7 ; U 7 U _�Q0/ SU m U a$Z�; U ��; U ^ P - Z>f U _�Q0/ 7 8RS ` P ` - [ / /�Q9auB P.U'S�U 7 Q6a$a U :=7 n

/ m>`Sg��
_�f -3" [ U `): - Z U ��[ / 7 Q6a!a U : U 7<:�7<` ; U _ : 8 Q0/ / ` - ; ` - : Q 8RP1U a U / : U :�7 U _�Q0/ / U _ : U - [ m - [ : P.U 7
7 Q6a!a U :�7 U / P.U 7 Z U _ : - / : ; V�- :=: - _�f U a U / : Z P `��O` P.U / : 8RU ; g �:- / 7 [2/ : U ;�a4Q S�c ; U ��a & a U 7 8 ; -
;+Q 8�U / Z�[ 8 7=7 - /�_ U8U 7<: Q6B 7 U0P<h ` U - [ S ` B�[ : S [ Z P Q%_ U 7=7 [ 7 � P (k)

/ V U 7<: Z - 7 7q: - : 8 Q0/2/ -98RP1U +_0Q6a!a U n U 7q: _�Q�/ 7<: - / : U : " [ U ; U /[Q6auB P1U�SAV�-3P.& : U 7 _ P Q#" : -4h3U _A; U : U a$Z 7 � 8 ; h 8+U / : [ / a8Q �
a U / : : " [ - / S t ' n2 �WQ��-; U ^ P4- Z�f U - :=: U)8 / : ; U 7q: - : [ : S�U ^ P - Z�f U _0Q6a$Z>; U : � S.- / 7 ; U�" [ U ;
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a U / : SAV [ / U S�8 7<: P<8 B�[ : 8 Q�/ S[U 7 S�U ^ P `)7t7 [ 8	h#- / : [2/ U ;RQ 8WU / Z�[ 8 7=7 - /�_ U 7<: - : 8 Q�/2/ -98+P.U _�Q6a!a U
Q�/FZ U [ : ; V Q9B 7 U0P<hXU0P 7 [ P ; - / ^9[ P.U { g { � g
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�
2
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m = n0 = 5
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� - / 7 S[U 7 : P4-4h#- [ m P ` _ U / :=7 � ? ;rB U�P : U : x -3P4- B�y 7 8 Q0/ : Z P Q9ZfQ 7<` [2/ a4Q S�c ; U `): U / S [ S [
a4Q S�c ; U Q P=8 ^ 8 / U ;�� � ! + [ / Z P Q _ U 7=7 [ 7 S[ULP.U0S�8RP1U _ : 8 Q�/ S�U 7 -)P.& : U 7 U 7<: 8 / :=` ^ P `9g ' U a4Q S>c ; U
S[U)h%8RU / : - ;+Q P 7 ; U 7 [ 8	h#- / : + Z -)P : - / : S�V [2/ ^ P4- Z�f U'$ n0

7 Q6a$a U :=7 � $ _�f -3" [ U `): - Z U ��Q0/
Z P Q%_ c�S[U _0Q6a!a U 7 [ 8 : +

� ?�h3U _t[2/ U Z P Q6B - B 8 ; 8 :�` p
� Q�/ -�6 Q6[ : U m

/�Q6[ h3U ;r; U 7 -3P.& : U 7 S�U Z�[ 8 7 [2/ 7 Q6a!a U : u
_�f�Q 8 7 8

- ; ` - : Q 8+P.U a U / : [2/ 8 � Q P a ` a U / :"g ' U 7A7 Q6a$a U :=7 S�U 7<: 8 / - : 8 Q0/ 7 Q0/ : 7=` ; U _ : 8 Q�/2/ `"7 -Hh3U _
[2/ U Z P Q9B - B 8 ; 8 :=` Π(u)

: h Q 8RP � Q P au[�; U : { g 	 >1> g
� ?�h3U _u[2/ U Z P Q6B - B 8 ; 8 :�` q

�fQ0/ P.U0S�8RP<8 ^ U m -3P1& : U 7 + Q0/ 7<` ; U _ : 8 Q0/ / U [2/ 7 Q6a!a U : u U :
[2/ U -)P.& : U e 8 7=7 [ U�S�U _ U 7 Q6a!a U : - ; ` - : Q 8+P.U a U / : [2/ 8 � Q P a ` a U / : � Q0/ 7 [�Z�Z P<8 a U e U :
Q0/+; -4P.U a!Z�; - _ U Z -3P [2/ U -3P.& : U e′ P1U ; 83- / : ; U 7 Q6a!a U : u U : [2/ 7 Q6a!a U : v

7 U ;RQ0/+; -
;RQ 8fS�U^S�8 7q: P=8 B�[ : 8 Q0/ Π(v)

g
� ?�h3U _u[2/ U Z P Q9B - B 8 ; 8 :=` 1− p− q

�WQ0/ -h6 Q6[ : U [2/ /�Q9[ hXU�- [ 7 Q6a!a U : -4h3U _ m -3P.& : U 7
hXU�P 7 [ / 7 Q6a$a U : u

_�f�Q 8 7 86-HhXU _}; - Z P Q9B - B 8 ; 8 :=` Π(u)
g

� U /�Q6[ h3U - [$a8Q S�c ; U Z U�P a U : Z�;	[ 7 S�U ; 8 B U0P :�` " [ - / : - [!^ P4- Z�f U Q6B : U /l[ g v / /[Q : U;" [ U
ZWQ6[ P ; U 7 h#- ; U [ P 7 p = q = 0

��; U a4Q S�c ; U _0Q P.P1U 7 ZfQ0/ S - [ba4Q S�c ; U Q P<8 ^ 8 / U ; P1U 7<: P=8 _ : 8 � S�U
x -3P - B�y 7 8 � ? ;	B U0P :"g

, 8 ; V Q0/$_�f U�P _�f U^$ 7 8 au[�; U�P ; U ^ P - Z�f U�S[U _�Q6;	; - BWQ P4- : 8 Q0/ S�U 7 - _ : U [ P 7 SAV PuQ6;	; ( L QlQ S Z -)P
U m U a!Z�; U �[Q0/ / m U0P - q = 0

_ -3P [2/ U � Q 8 7 " [ U S�U [ m - _ : U [ P 7 Q�/ : 6 Q6[ ` S.- / 7 [2/ a & a U / ;	a �
; U ; 8RU / U 7<: `): - B�; 8 : � U : 8 ;./ V ( - Z - 7 S�UuP.U�S>8RP.U _ : 8 Q0/ g �:- / 7 ; U ^ P - Z�f U;S [ @ U B U / P1U)h#- /�_�f U �
[ /�; 8+U /FZ U [ : & : P1U 7 [�Z�Z P<8 a ` Z�[ 8 7 P.U a$Z�; - _ ` Z -3P [2/ ; 8RU / h3U�P 7 [2/ U - [ : P.U Z - ^ U g �:- / 7 _ U
_ - 7 �GQ�/ />m U0P - q
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' V�- ;r^XQ P=8 : f�a U�S�U x -)P y9B - 7 8 � ? ;	B U0P : Z U [ : -98 7<` a U / : & : P.U:-3S.- Z :�` $ ; - ^ ` / ` P - : 8 Q�/ SAV [2/
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7 [ 8	h#- / : + ; V�- ;r^3Q P=8 : f�a U _�Q6a!a U /�_ U -4h3U _A[2/ 7 8 a!Z�; U 7 Q6a!a U : P4- _ 8 / U v1
g � _�f -)" [ U `): - Z U �

Q�/ P -�6 Q9[ : U [ / 7 Q6a!a U : v U : [2/ -3P _ (u, v) SAV [2/ 7 Q6a$a U : u S�U ; V�-3P B P.U]U m 8 7q: - / : h3U�P 7 ; U
7 Q6a!a U : v

g ' U 7 Q6a$a U : u U 7<: _�f�Q 8 7 86-HhXU _}; - Z P Q6B - B 8 ; 8 :�` Π(u) S�U ; - � Q P au[�; U : { g 	 > g
' - / ^6[ P1U { g {�� a4Q0/ : P1U [ / U m U a$Z>; UzS�U _ P ` - : 8 Q0/ SAV [2/ -)P B P1U4U / 7 [ 8	h#- / : ; U a4Q S>c ; U

S[U x -3P y9B - 7 8 � ? ;	B U0P :
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v / : P Q6[ h3U\S.- / 7 ; - ; 8 :=:=` P4- : [ P1U [2/ U _ - :�` ^XQ P<8RU�S�U a4Q S>c ; U 7T`): U / S [ 7 S�U x -)P - B�y 7 8 �
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U : ; U _�f�Q 8 m - ; ` - : Q 8RP.U [2/ 8 � Q P a U4SAV�- [ : P1U Z -)P :Hg ' Q P 7 S�U ; V7-h6 Q6[ : SAV [ / /�Q6[ h3U - [ 7 Q6a$a U :
u
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P4- :=: - _�f ` ; U 7 Q9a$a U : /�Q6[ hXU ;	; U a U / : _ P `"`Sg ?�hXU _�[2/ U Z P Q6B - B 8 ; 8 :�` p
��; U 7 Q6a!a U : v
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	-,



� �������7�-� � �/��� � � � ��� � �6���
���= � � �0@>?�1 ; # � 
��);�8N89@��D% #

� � D^D �x0	�H*-, 7/! � .<�H0-, .Y* � � 0[, 7��x3;: �H< 5J> � �.�F! 5 0 >$� �)�-*-3 >A5 �+0 � 5 7?�1, >KI � 2,�Y*&�10 > �F!K� T ,$� � .� �*[0	�#� 5 , >$�A5?T * >B5 �+0 �	�4,(�	�4G � 24,3�C* 5 ,A* 5?> *-0	�^7�� 5 �40 < * 5 ,A, � 0-3,�#� � 0-, 7 �1, � 24,$� � *he � 2��47Z,4M UW7< � � � 5J>\D � 5 0[, 2b. 5 �	�10 > �F!K� T ,+� � .<� � *-0&� > �17?7�� < � � < �A5 2 > 2n7�� � ,$�C*	�p7 �1,\G � �H< :	�4,S3��+0[, 5 �[2 � 24,,+�+0 > �	�1, � �AT&� �1,4M" � 0-,S7��L3 � ,4�	�4, � �6T � � �1,63��10[3��1,1�	� 
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�*�+*-, � � > � �+*[.�+0-,S*-0	� � 5 , >$�A5?T * >B5 �+0G�	�1,4�	�4G � 24, �C* 5 ,6* 5?> *-0	�p7 � 5 �40 < * 5 ,A, � 0-3��=M � �< :-210	� DLQ 0	�a3�� �+� �4, < �+0	���10 �C*	�17 �Y*&�@,+� �6> � � * � > � *he �F! � >A> � � 3 > � T-5 7 5?> 2 � �	�a3;: � �C*	� � 2 < � � q> � 5�� �HM � 0 � M � > � � � 0-, 7��],6cY, >AQ1D �%�	� 
 3;: 5 � � ,3�F!`*-0 * >A5 7 5 , � > �1* � � 5?> � D � c�10 � � �+0 >$� �+*[.�< 7Z*-, 5 �1* � ,E3��40 > � 5 0	�1,A�	� � 2 < � �6> � 5�� �1,1M " � 0-,/7 � � 2 � 7 5?> 2 � 7��1, D �)� 5 
 3 � >B5 �+0-, �H<-< � �6> 2��1, JS3��4,
� 2 < � �d> � 5 � �1,E,+�+0 > 7 5 2,�1,�JS7��4* � 3��H0 > �10C*�M'
 5 7/!0�+0 < � �10	��7 !K�be � D < 7 ���-*��	�h3 > � � � 0 > �10 < : � ,+�
�&� � 2,� � 3 >A5 �+0 � 7 � � 2 < � �6> � 5�� �(�C* 5 3,�+0 >B5 �40 > 7��4, 
 3;: 5 � � ,a3�� �+� �1, < �H0	� � 0 > , � * D � 0Y*[,A3 �65?> �	�
> : Q ,+�u. � 3��+0-0 ��� >$� �u*-0&� I � �6> � � 3 >A5 . 5?> 2 �-* � � 0 > 7 �g< : � ,+���	� � 2,� � 3 >B5 �H0�M � 0	� I � 5 ,j7 � > : Q ,$�,+�+* > �10C*	� � 3,� � 2 < � �d> � 5 � �u0&�@,6* T-5 � � 3�� �6> � 5 0	� D �40 > < 7Z*-,��C*	� �	� >$�AQ , � � � �4, D �)� 5 
 3 � >A5 �+0[,1M
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 3;: 5 � � ,j, > �Y3 � 24,1M � D � 5 0-,��	�V3��+0-0 ��� >$� �87��80	� D �-* 
 3;: 5 � � �40%�C*	�1, >B5 �H0 � 7 � > � D < ,��	�
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D 0 � � D � � �C*	���C*	�/7 � : � * > �1* � �	�/7 ! � �AT	� �P3 � � � > 7��+G � �A5?> : D^5 �C*	� D �10 > � .<�13/,+�+0L0&� D\T	� ��"!O247Z2 D �10 > ,1M%E � 0-,k*-0	� � �6T � � �1,63��10[3����	� 
 3;: 5 � � , �i< 7Z*[, 5 7 c � �	� �	�Y31* D �10 > , JP, > �Y3 � � � � < 7Z*[,
	�:



� �������7�-� � �/��� � � � ��� � �6���

7 �1* � : 5 2 � � � 3;: 5 , � >B5 �+0 �4, > 0-243��1,6, � 5 � � � 
 0 �"! � ,6,A* � � � *-0	�S0 � . 5 G � >B5 �+0 � � 3 � 3��=M w 5 0-, 5 � � Q ,7 � � , �C*F!`*-0 � 2 < � �d> � 5 � �/3�� DLD �10-3,� J � > � �$� �10-3,� D\T	� 2 � � �H0^. � �1,A, � c<� � �	�87��E,A* T q � 5 . 5 ,$� � �10,+�+*-, q 3 � > 21G� �A5 �1, � 
 0 �&� I � 3 5 7 5J> � � 7 � 0 � . 5 G � >A5 �+0 � 3�� D^D �A�+0L7 ! � D �10 >A5 �+0-0[2*� � 0-,j7 � < � � � qG � �H< :&� < � 21342��	�40 > M�� �+* > � I � 5 , � 7 � : 5 2 � � � 3;: 5 , � >B5 �+01�F!O*[0 � 2 < � �6> � 5�� �/,A* � �	� > �6Q ,y0	� D\T	� �1*he0 5 .<� � *he#�1, > < �1* I � 2��C*	�40 > �HM � 0 � M � > � 7 �/3;:	� D^5 0 � T ,$�H7Z*2�F!O*[0%�	�Y31* D �10 > 0	� �-2 < � ,6,$� < � ,7 �1, X+X � 2 < � �6> � 5�� �4, � � 0-,@7 � T � ,+� �	�1�	�H0-0-2��4,(�C*	�L0	�+*-, � .<�+0[,g2 > *	� 5 2�� O < �+* � *-0 � �AT	� �3,�+0 > �40 � 0 > �C*	�47��C*	�1, X � ����� 217Z2 D �40 > , Q M � 0 �AQ GH7��mG+210[2 � � 7�� � *[0�* >A5 7 5 , � > �1* � 3;:&� � 3;:&� J3,�+0-3 5 7 5 � � *-0&� < �65 ,$�2�	�#�-213 5 , 5 �+0 � �H< 5 �	� � * ,+� 5 0 �F!`*-0 � 2 < � �6> � 5�� � O : 5 2 � � � 3;: 5 , � >B5 �+0 > :-2 qD � >A5 �C*	� Q � > 7 � DL5 0 5ZD^5 , � >B5 �+03�[*n0	� DgT	� �A�	� � 2 < � �6> � 5�� �4,AJ < � � 3��H* �A5 � < �+* � � >A> � 5 0	� � �/*-0�&�h34* D �40 > O�� 313 Q , � �=< 5 �	� Q M�A � � 3��+0[,A2��C*	�40 > � 5 7 �4, >�� � � �N�Y*"!O*-0&� � �AT � � �4,A3,�10-3,���	� 
 3;: 5 � � ,
� �1, < �43 > �]*-0&� < � � < �A5 2 > 2 �&�S,A2 < � � � T[5 7 5J> 2 ,A2 D � 0 >B5 �C*	� � *),$� 5 0 �F!`*-0 D � D �g0 5 .� � * �	�S7 �: 5 2 � � � 3;: 5 �HM[UW7F�1, > < �+,6, 5ZT 7����C*	�97 !`*-0 �	�4, � 2 < � �d> � 5 � �1, � ,$�H*-, q > : Q4D ���F!`*-0 � * >$� � � 2 < � �6> � 5�� ��[* D � D �P0 5 .<� � * � � 5?> 2 > 2 < �+, 5?>B5 �+0-0-2y.<�+7 �+0 > � 5 � � D �40 > < 7Z*[,R: � * > � � 0-,F7 � : 5 2 � � � 3;: 5 � < �+* �I � 3 5 7 5?> � � ,$�+0 � 343 Q ,/3 � �E5 7��1, > < 7Z*-, � 213��40 > � �+* < 7?*-,E,$�H7Z7 5 3 5J> 2*�Y*&�a7�� � 2 < � �6> � 5�� ���C* 5 � * � � 5?>���7 �a3��+0 > �40 5�� M D 0 � � D � > � 7�� � ,P7 �]< � � < �65 2 > 2�� D < 5 �A5 �C*	� l
� �������7� ���"�<'���� ���  ��O�"�����
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_ �p< � � < �A5 2 > 2\,A* � 7 � 7 � � G<�1* � �	�S7/! � �6T	� �(�1, > *[0	�S3��+0[,A2��C*	�40-3��2� 5 � �13 > � � *Ye � T ,+� � . � q>A5 �+0[, �C*	�90	�+*-,E.<�40	�+0-,*�F!`2 > � T 7 5 � Mh_ �1,/217?2 D �10 > ,��	�97/! � �6T � � �1,63��40-3�� �+0 >E> �40	� � 0[3�� J � > � �3,�+0-3,�10 > � 21,^,A* � *-0%0 5 .<� � * 5 0 > � �6D 2,� 5 � 5�� �#�	�$7 ! � �6T	� �=M � !0�4, > 7��n0 5 .� � * �C* 5 3��+0[3 5 7 5 � � *

D^5 �4*he^7 ! � 343 Q , � �H< 5 �	� � *he#�	�+0[0-2��4, O � �17 � >B5 .� D �10 > J 7 � > � 5 7Z7 ���	� 7/! � �6T	� � Q � > 7 � � �13;:	� � 3;:	�
� � 3 � 3,� � *m,+� 5 0��F!`*-0 � 2 < � �d> � 5 � �=M
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 G+* � � �hM � � � < � 24,$�10 > � < �+* � *-0	� : � * > �1* � h

� 7 � � 5 , >$�A5ZT * >B5 �+0 D � c�10-0&�.�	�4,K247Z2 D �40 > ,� � 0-,P7 �1,P0 5 .<� � *he �	�1, � �6T	� �4,1M[_ �4, � 5 , > �65ZT * >B5 �H0-,.� T ,$� � .+2,�1,*�+0 > �	�4, � 7Z7?* � �4,xG � *-,A, 5 �40-0	�1,4M_ � � < 5 3 � �	�V3;: � �C*	�a3��H* �AT �u3�� �$� �4, < �+0	� � *p0 5 .� � * � � 0-,j7/! � �AT	� �N�.-n7��1,x217?2 D �10 > ,P,+�+0 > 7 �< 7Z*-,E0	� D\T	� �4*he � 0 5 .� � * �	�97 ! � �6T	� �a7 � < 7Z*-,/7 � � G<�=M
�*�+*-, � � D � >6> �+0-,/7 �\< � � < �A5 2 > 2 �[M P < �H* � 7��1,E, > � *-3 > * � �4, � �6T � � �1,63��40 > �1,4M
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576�8:9'(<; (<= > '(�%"%$%' *,�,"%' + )  ,��� � �(�&. �&)*"�� ��� � + ) �(�!),' �������  9��)9� ��6 ��$�* + $���� � �&) � �  ,� � �
� �,'(�&$��L;

���= ��� � 1A< 
 1 8N;!�(;�1�� -)#&8'�D;�F #&@����
w < �AQ , � .� 5�� 2 > *	� 5 2\7 �1,u3 � � � 3 > 2 �A5 , >B5 �Y*&�1,a, >$� *-3 > * � �17?7��1,��&�1,a,6cY, >BQ1D �1, �	� 
 3;: 5 � � , � � qT � � �1,A3,�10 > , � 0	�H*-,V0&�+*-, ,+� D^D �4, 5 0 > 2 � �1,A,621,)JL7��4* � 3��+0 > �40C*�M E � 0-, *[0	� � �6T � � �1,63��40-3��3�	�


 3;: 5 � � , � 0	�+*[,(� 5 , >B5 0-G+*	�H0-, �	�1*he > c < �1,(�"!O247Z2 D �10 > , l 7��4, 
 3;: 5 � � ,(� > 7 �1,��	�+,A, 5 � � ,1M%�N�H*-,0&�+*-,/,$� D^D �1, 5 0 > � �$� �+G+24,E,A* � 7 � � 2 < � �6>B5J>B5 �+0%�	�93��4,/217Z2 D �40 > , � *�,$� 5 0 �	�1,/0 5 .<� � *he � � 0-,7/! � �AT	� � � 
 04�F! 5 �	�10 >A5 
 � � *-0	�j24.<�40 > *	�47Z7��j, > � � > 24G 5 �y3�� DLD *[0	�-�	� � 2 < � �6>A5?>B5 �+0��	�1,R247Z2 D �40 > ,,+�17 �+0n7 �1* �F> c < �=M-_ ��
 G+* � � �[M P M � ,6*-G+G Q,� � �C*F!`*-0	� > �17?7�� < � � < �65 2 > 2N� e 5 , > �HM 
h* � 3�� >A> � 
 G+* � �,+�+0 >(� � < � 21,+�10 > 2,�1, �K< �H* � 3;: � �C*	�n0 5 .<� � *G� � 0-,@7 ! � �AT&� � � 7 �1, < � � < � �6>B5 �+0-,��	� 
 3;: 5 � � , < � �
� �H<-< � �6> � *p0&� D\T	� �N�F!`217?2 D �10 > , > � > � 7�� � 0-,x7��80 5 .� � *p3,� �$� �1, < �+0&� � 0 > M[_ � 
 G+* � � D �+0 > � �7 � � 21,6*-7 > � > �	�g7 � 3,�+0-, >$� *-3 >B5 �+0 �F!`*-0	� 3 � �d> ���F!O247Z2b. � >B5 �H0 < �+* � 7 !K�10-,+� D\T 7����	�1, � �AT	� �1,N�	�7 � T � ,$�%�	�#�	�+0-0[2��1,4MF_ � 3 � �6> �#�F!`217Z2b. � >B5 �+0 >$� � �-* 5?> 7 � I � 2��C*	�40-3�� �F! �H<-< � �A5J>B5 �H0 O D �)�-2 q7 5 ,62�� < � � 7 � 3��+*[7��1* � Q �F!`*-0 < � 5 0 > �	�]3��)� � �&�+0-0-2,�1, (x, y)

< �+* � 7/!0�40-,$� D\T 7��(�	�1,@3��+* �AT �1,
� ,A,$�Y3 5 2��4, � *he � �AT	� �1,*�	�g7 � T � ,$�3�	�3�&�+0-0-2,�1,1M A � � �be � D < 7 � � 5 7�c � 5 3 5 C � �6T	� �4,N� � 0-, 7 �
T � ,$� > �47Z,A�C*	�97 �\< � � < � �6>A5 �+0 �	� 
 3;: 5 � � , � *�0 5 .<� � * X �4, > �	� P � � M
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 + ),)9������� � * �5$�� � ��"%' + ) �&.!3,'�$%' 	 �9�

�*�+*-,:� T ,$� � .<�H0-,:�C*F! 5 7C,$�.�	�1,6, 5 0	�j*-0&� > �10	� � 0-3��PGH210-2 � � 7 ���&� � 2 < � �d>B5?>A5 �+0 �	�4,K247Z2 D �40 > ,,+�17 �+0 7��\0 5 .<� � * � � 0-,a7/! � �6T	� �=M �*�+*-, � .<�+0-, D � �[217 5 ,A2 3�� >6> � > �40	� � 0[3�� < � � 7 � 3��+* �AT �4�	�7 � 
 G+* � � �[M P M T M D 0 � � D � � �C*	� �C*	�g7 �]< � � < � �6>A5 �+0 �	�4, 
 3;: 5 � � ,V3 � � � > � * I * � � > J D �4,A* � �
		�



� �������7��� � �/��� � � � ��� � �����

�C*	�L7 !K�+0 �&�1,A3,�10	�'� � 0-,g7 � : 5 2 � � � 3;: 5 � � �AT � � �4,A3,�10 > �=M � 0 � M � > � 7��1, 0 5 .� � *Ye < � �Y3;:	�1,3�	�7 � � � 3 5 0	�83�� �+� �1, < �H0	�	�10 > � *heL0 5 .� � *he#� � 0-,j7 �1,$�C*	�47Z,y,$� > � �H*[.<�40 > 7��1, � 2 < � �6> � 5�� �1,y3�� �+� �1, q< �+0	� � 0 > � *he � 5 M 2 � �40 > ,aG � � 0	�-, > : Q4D �4,��	�1, �	�H0-0-2��4,3�C* 5 ,+�+0 > 317 � ,A,62��1, < 7?*-, T � ,�� � 0-,7 � : 5 2 � � � 3;: 5 �=M'A � � 3,�+0-,62��C*	�10 > � 5 7F�1, > 7��+G 5 �C*	���	� > � �+*[.� � 7��4, � 2 < � �d> � 5 � �4,��10�,A* � 0	� D\T	� �� � 0-,g3,�1,\0 5 .<� � *he �N< � �AD � >A> � 0 > *[0	�p: 5 2 � � � 3;: 5 , � >A5 �+0 � � 3 � 3��%�&�1, �	�Y31* D �40 > ,1M@AF7Z*-,3�+0
�&�1,A3,�10	� � � 0-,P7 � : 5 2 � � � 3;: 5 � �h< 7?*-,j7 �1, � 2 < � �d> � 5 � �4,P,$� I �H0 > � � � �1, lh5 7	0F!K�1, > < 7Z*-,x0-213,�1,6, � 5 � ��&�a,A* T q � 5 . 5 ,$� � 7��1,-�	�+0-0-2,�1,A�F!`*-0 D � D � � 2 < � �6> � 5�� � �10 < 7?*-, 5 �1* � ,P,$�+*[, q � 2 < � �d> � 5 � �1,E3 � � 7 �0&� D\T	� ���	���	�Y31* D �10 > ,��4, >*� � 5 ,$�H0-0 � T 7 � < �+* � *-0&�a0 � . 5 G � >A5 �+0%� � 3 � 3,� � �+* � 7 � � , 5 7v0F!K�1, >< 7Z*-, < � �d>B5 0&�10 > �	�]3 � 2�� � �	�4, ,+�+*-, q > : Q1D �1,1M w 5 0-, 5 � < 7Z*-,��H0 ,,!O247�� 5 G+0	� �	�]7 � � � 3 5 0	� ��< 7Z*[,7 �1, 
 3;: 5 � � ,V,+�+0 > < � 2,�	� D^5 0 � 0 > ,�� � 0-,/7��a0 5 .<� � *��	�97 � : 5 2 � � � 3;: 5 �HM�*�+*-, � � D � >6> �+0-,/7 �\< � � < �A5 2 > 2a,6* 5 . � 0 > � < �+* � 7 �1, � �AT � � �1,A3,�10-3,�1,*�	� 
 3;: 5 � � , l
����� ����!#"%$&"����	�21�
 ��< � �.9 ! $�!#� 67	.8%9 6.! � 8�������
� �2����1'���54 *�.:*�� ��&'�9� ��$�&'� ��&'� ��� �!&7� ��& &'+9)!� �!��� �2. 4 �!�#"������ * 1'��&����!� &'+9)!� �!��� � . 4 �!�#"������

_ � � �47 � >A5 �+0 �	�a3,� D < �+, 5?>A5 �+0%�&�1,80 5 .� � *he � �-2 
 0 5 ��� D < 5��65 �C*	� D �10 > � �1, >VD �+0 > � 2��a,6* �7 �(
 G+* � � �[M P M
���= ��� "$@A<>;� % @ �(;�1�� -)#&8:@4*(3D*,#&8E# � % @ �9G � 1 *(;�#&8 - / ���9;=?�;�8N@	�9# � *,8

� *-,+�C*F! J < � 21,$�40 > � 0	�+*-, � .�+0-, �-2 > � �6DL5 0-2R3�� �6> � 5 0	�4, < � � < �A5 2 > 24, � D < 5��65 �C*	�4,F�C* 5 3��H0-3�� � 0	�40 >7/! 5 0 > 21G � � 7 5?> 2.�	�1, � �AT � � �1,A3,�10-3,�1,.�	� 
 3;: 5 � � ,1M D * >$� �87��1, < � � < �65 2 > 21, < � �d> � G+2,�1, < � � 7 � > � > � q7 5?> 2.�	�4, � �6T � � �1,63��10[3��1, �=<-< � �d> �10 � 0 > J 3�� >A> �P3 � > 21G<� �A5 � < � �d>B5 34*-7 5?Q�� ���"! � �6T	� �4, � 0&�+*-, � .�+0-,3;:&� � 3;:[2 Jp3 � � � 3 > 2 �A5 ,$� � �	�1,�� � � +9.9.:�����54 ����+9. +:���!� ������� � Jp7/! 5?D � G<� �	�1, >$� � . � *he �&� � 5 �10-0	� >��� �!. ��� �C* 5 �+0 > ,+�+*-7��b.+2V7 ! 5ZD < � �d> � 0[3��A�	� 7 �@< � � < �65 2 > 2 �&� � � DL5 
 3 � >A5 �+0 < �+* � 3�� D < � �10	� � �� > �10-,6* 5?> � D �)�-217 5 ,$� � 7��4,�� 5 M 2 � �10 > , > c < �4,.�&� < 7 � 0 > �4,DK � � � L M A � � 3,�N�C*	�80	�+*[,y0"! � .<�H0-, < � ,
> �+*-,K7�� D � D �y3�� D < � �6> � D �10 > �C* � 0 > JV7 !K� � G � 0 5 , � >A5 �+0 � > 7 � 317 � ,A, 5 
 3 � >B5 �+03�&�1,7�	�Y31* D �40 > ,247��43 > � �+0 5 �Y*&�1, � 0	�+*[, < �+*[.�+0-,\,+�+* <� �+0-0&� � 7/!0� e 5 , > �10-3,� �	�^3 � > 21G� �A5 �1,��F!O* >B5 7 5 , � > �4* � ,9,$� q7 �+0&7��n3�� D < � �6> � D �40 > < 7Z*[, �+* D � 5 0-,3� � G � 0 5 ,62%�	�m3��4,4�	� � 0 5 � � ,1M/EN�$7 !`* >B5 7 5 , � > �4* �9> �AQ ,�[21,$� � �	�+0[0-2 J�7/!O* >A5 7 5 , � > �1* � � e > � � D � D �40 >SD 2 > :	�)� 5 �Y*&� � 7 � , > � *-3 > * � � � �AT � � �4,A3��40 > � �	� q. � � 5?> � 5 M 2 � � � �10]3�� �6> � 5 0-, < � 5 0 > , � > � > � �/3,� DLD *-0	� < �+* � �	�4, * >B5 7 5 , � > �4* � , �H<-< � �6> �40 � 0 > J*[0	� D � D �V3 � > 24G<� �A5 �HM�E � 0-,j3�� >6> ��� < >B5 �Y*&� � 0&�+*-, < � � < �+,$�H0-, �	�u3 � � � 3 > 2 �A5 ,$� � 3����C*	�a7/!0�H0
�=<-< �47Z7 � � � � � 0-,j3,� D � 0C*-,A3 �A5J> *[0	�!� � � +9.9.:�"�54 � ��+9. +:���!� ��� ��� �10 �-2 > � �AD^5 0 � 0 > 7 �1,�� 5 M 2 � �10 > �4,, > � � > 24G 5 �4,��	� , > � *-3 > * � � >A5 �+0 �	�97/! � �6T � � �1,63��40-3�� �	� 
 3;: 5 � � ,1MA��+* � 3�� D < � �10	� � �S7 � , > � � > 21G 5 � �	�S: 5 2 � � � 3;: 5 , � >B5 �H0 �	�1,��	�H0-0-2��4,3�&�4� 5 M 2 � �10 > , 5 0&� 5 q. 5 �-*-, � 7 ! 5 �-2 � 7 � * � � 5?> 2 > 2%�"! � .<� 5�� � 343 Q , � * 3��+0 > �10C*�,62 D � 0 >B5 �Y*&�%�	�1,4�&�h34* D �40 > ,S217 �13 q>$� �+0 5 �C*	�1,��C* 5 3,�+0-, >B5?> *	�10 > 7 ! � �6T � � �1,63��10[3��1�	� 
 3;: 5 � � ,4M$#-� < �10	� � 0 > � � � 0-,a*[0 ,+�+*-3 5 ,��-*
� �1, < �43 > �	� 7 � . 5 � < �A5 .+2����	�4, < � � ,+�+0-0	�4, � ,$�4*-7��97 � , > � *[3 > * � � � �AT � � �4,A3��40 > �(�&�1,8,6cY, >AQ1D �1,
�&� 
 3;: 5 � � , � 2 > 2p3 �H< > * � 2,�HMF_ �1,S0&� D ,3�	�1, 
 3;: 5 � � ,4� > � 2 < � �d> � 5 � �4,\,$�+0 > � 7 � � , 5 0&� 5 , < � q0 5ZT 7 �1,�� � 0-,x7 � T � ,+� �	�N�	�+0-0-2,�1, �"!O2 > *	�	�N� >j5 7 0	�+*[,-�1, > � 5&% 3 5 7 ���	� >A5�� � � �	�1,x3��+0-347Z*-, 5 �+0[,�C* � 0 > � *S3�� D < � �6> � D �40 > �	�4,F* >B5 7 5 , � > �4* � ,4M(' 01� M � > � 3,� �d> � 5 0	�1, < � �6>B5 �1, �	�E7 ! � �AT � � �1,A3,�10-3,�< �1*h.<�10 > 3�� �+� �1, < �H0	� � � J �	�1, � 2 < � �6> � 5�� �1,��F! 5 0-, > � 7?7 � >A5 �+0 �	�]7��+G 5 3 5 �17Z,N�	�+0 > 7 � , > � *[3 > * � ��4, >/> � > � 7 � D �10 >E5 0&�-2 < �10	� � 0 > � �	�97 � , > � � > 21G 5 ���	�9: 5 2 � � � 3;: 5 , � >A5 �+0 �	�1,A�	�+0[0-2��4,N�	�97/!O* >A5 q7 5 , � > �4* � M E(! � * > � � < � �d> � 3�� D^D ���+0)7/! � D �10 >A5 �+0-0[2 < 7?*-,u: � * > � �+0)0	�\347 � ,6,$� � � 3�� �6> � 5 0	� q
D �10 > < � ,u0	�H, 5ZD � G<�4,N�	�g7 � D � D � I �� �+0-, �Y*&�\0	�+,u3,�+* �+�A5 � � , � � D^5 0 5 , > � � >B5JI , � � > 7�� I � 5?>�"! 5 G+0	� � � � 7 � ,62 D � 0 >B5 �C*	� � ,6,$�Y3 5 2,� J@3;: � �Y*&�V247Z2 D �10 > 0	�+*[,.� D <�� 3;:	�*�F!`2 > � T 7 5 � 7��4,y7 � 5 ,:�	�, > � *-3 > * � � >A5 �+0 �40 I �+0[3 >B5 �+0 �-* > c < � �F!`217Z2 D �40 > , � ,,! 5 7F�be 5 , > ���	� > �47Z7 �1, < � � < �65 2 > 21,4M
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#-� D^D � � � 0-,m*-0 > �17a3��H0 > �be > � 5 7u0	�+*-, �4, >m> �6Q , � 5&% 3 5 7 � �F! 5 �	�40 >B5 
 � � 7��4, I � 3 > �1* � ,�[2 > � �AD^5 0 � 0 > 7��3;:	� 5 eI�&��, >$� *-3 > * � � >B5 �+0 �	�4,%�	�+0[0-2��4, � 0&�+*-,p0	�H*-,n,+� DLD �1, T � ,621,p,6* �7 � ,+�1*-7 � 5 0 I � �AD � >B5 �+0 � 5 , < �+0 5ZT 7 � < �+* � � 5 M 2 � �10-3 5 � � 7��4, I � D^5 7?7��4,*�"!O* >A5 7 5 , � > �1* � , � Jn, � .<� 5 �7 �1, < � � < �65 2 > 21, , >$� *-3 > * � �17Z7 �1, �&�1, � �6T	� �4,1M E � 0-,\7��4* � , > � � . � *he � � 5 �40-0	� > ��� �!. � K � � � L ,+�T � ,$�40 > ,A* � �	�4, D �1,A* � �1,y3�� D\T-5 0 � > � 5 � �4, > �17?7��4,��C*	�V7��/0	� DgT	� �*�	�&
 > � � :-7�� � O E 2 I M X � � 
 �13=M
� M � Q � � 0-,j7�� T * > �	�u3 � � � 3 > 2 �A5 ,+� � 7 � I � �6D �N�	�u7/! � �6T � � �1,63��40-3��a2 > *	� 5 2��=M w 5 0-, 5 � 7 � > � *he �	�
� � D^5 
 3 � >B5 �+0%�F!`*-0 � �AT	� � < �4* > � >$� �924. � 7?*-29G ��C 3,� � *�0	� D\T	� ���	� 
 > � � :-7 � � JS, � � � 3 5 0	�=M
E � 0-,V0&� > � �@3 � , � 0&�+*-, � .<�+0-,/.Y*J�C*F! 5 7 � e 5 , > � I � 2��C*	� DLD �10 > � � � 0-,8*-0	� � �6T � � �1,63��10[3��

�&� 
 3;: 5 � � , � *-0 �+* < 7Z*-, 5 �1* � , � 2 < � �6> � 5�� �4, O �	� > �4, > , � �"! 5?D � G�1, � M?MJM Q �	� > �6Q ,@: � * > �	�4G � 2=M_ �^0	� D\T&� �2�	� 
 > � � :-7�� � 2 > � 0 >@> �6Q , I � �6> � D �40 > 3,� �$� 217?2 � *G�	�4G � 2#�	�1, ,$� D^D � > , � � 0[, 7 �,+�+*-, q � �6T	� � � 3��47Z* 5 q 3 5 < � � � > �+* > ,$�+0m,$�40-,��10m7 �g< � 24,$�40-3�� �	� > �17?, � 2 < � �6> � 5�� �4, l 7/! 5 0	� 5 3��*�	�
� � D^5 
 3 � >B5 �+0 �	�g7/! � �AT	� � O(+������ 7��90	� D\T	� �3�	� 
 > � � :-7�� � J]7 � � � 3 5 0&� Q 3�� �+� �1, < �H0	� � *J�	�1G � 2�[*�,$� DLD � > 7 � < 7Z*-, � � D^5 
 2�J^, � .� 5�� � 7��9,$� DLD � > �	� < 7Z*[, I � �6> �	�1G � 2�� � 0-,87 ! � �AT&� �HM w 
 0
�"!O2 > *	� 5 � � 7��9,$�C*	�47�� >A> �@, >$� *-3 > * � �17��	�1, � �6T � � �1,63��10[3��1, �	� 
 3;: 5 � � , � 0	�H*-, � .�+0-, 3;:&� � 3;:[2 J,6* <-< �65ZD � � 3,�1, ��* 1'����� $�+9����� )!$�. � � +9& ���;D O E 2 I M P � Q O Jm7 � D � 0 5ZQ,� �4�	�]7/!O247 � G � G<� �	�FE"� 5 7 qT � � G<� � K � P�G L Q �C* 5 � < � � � , 5?> �40 >�� 7 !`24. � 7?* � >A5 �+01�	�V7 � , > � *-3 > * � � ,$�+*-, q H � 3,�10 > �=M-_ � > �13;:-0 5 �C*	�
�"!O247 � G � G<�1�1, > 7 � ,A* 5 . � 0 > � O �+0 � �H<[< �47Z7��1�C*	� σ(v) 3�� �$� �4, < �+0	� � * 0	� DgT	� �2�	� 
 > � � :-7�� ��[*,+� DLD � > v

O E 2 I M X � � 
)�13HM � M � QL� � > d(v) 3�� �+� �1, < �H0	� � *J�	�4G � 2 �	� v
Q l

HJI�KMLMLONQPQR%SUT�V?W%X
YMX
Z
T = (V, E)[]\+P%^_K�`Ba_S�b=c W%XdY�XdZ.e�fgW%hQiMe

Ts = (Vs, Es)jk
Ts := Tl
⊥s:=
X
W%m�noVMZ�pMZ�fqc W%X
YMX
Z

Tsr s
σs := σ(⊥s)t
R := {v ∈ Vs | d(v) = maxu∈Vs

d(u)}uH�vJw+xOLy^{z,`OP
∃r ∈ R | r 6=⊥s |�} σs = d(r) ~ xO� a�PHQH

Tr := �
� i � − W%XdY�XdZ�p�Z Ts
Z{V�X�W%m{noV�e5Z{V

rH�[
Ts := Ts \ TrH�j
σs := σ(⊥s)H k
R := {v ∈ Vs | d(v) = maxu∈Vs

d(u)}H�l ~ � LBw+xOLO^�z,`BPH�r]\+P%^_K�`Ba�LBP
Ts
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w 5 0-, 5 � > � 0 > �Y*"! 5 7)� e 5 , > �P*-0 � 2 < � �d> � 5 � ��� � 0-,K7 ! � �AT	� �.�&�+0 > 7��.�	�1G � 2-�4, > 21G � 7 � *\0&� D\T	� ��&� 
 >$� � :[7�� � J7 � � � 3 5 0	�1�	�n7/! � �AT	� � O �H<-< �17?2 ��* 1'�����($�+9��� )!$�. ��� +9& ���=D<� EV2 I M P � Q � 7�� � , �+0,6* <-< �65ZD �x3,� � 2 < � �d> � 5 � ��� > ,$�+0\3,�+0 > �40Y* O ,�! 5 7?�4, > � 5 M 2 � �40 > �	�x7 � � � 3 5 0	� Q M D 0(� Th>B5 �40 > � 7 � � ,*[0 � �6T	� �1�	�H0 > 7 �1, � 2 < � �6> � 5�� �1, �	� < 7Z*[, I � �6> �	�4G � 22�+0 > 2 > 2L,6* <-< �65ZD 21, � � >95 7:�10 � 21,6*-7 > �*[0 � �6T	� �a247 � GH*-2��C* 5 � � < � 24,$�10 > �3�40J�C*	�47��C*	�9,$� �d> �97 ! � �6T	� � �����'��.:����� � � 7 � ��87�!� 1'��&'� � �	�97 �, > � *-3 > * � � � �AT � � �1,A3,�10 > � 5 0 5?>B5 � 7��=M
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T � � & ��* 1'����� $�+9��� u
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d+(u)
� �

u
����� *� �!.3�!� & $�� "����"� � � ��� ��8 .:���

σ(⊥)
� �2.0� � � ��+9& ��� �2. 4 �!�#"����

T
�

#-�),+�+0 > 3��4, �!�#"��������
�����'��.:�����(� �Y* 5 0	�+*[, 5 0 > 2 � �4,A,$�40 > < �+* � 24. � 7?*	� � 7 � , > � � > 24G 5 �J�	�
� � D^5 
 3 � >B5 �+0%�	�4,8, > � *-3 > * � �4, � �6T � � �1,63��40 > �1,V2 > *&� 5 2,�1,1M
E � 0-,a7�� T * > �	�4�-2 
 0 5 � 7��4,�� 5 M 2 � �10 > �4,a, >$� � > 21G 5 �1,��	�g, > � *-3 > * � � >B5 �H0 �	�1,��	�Y31* D �40 > ,247��43 > � �+0 5 �Y*&�1, � 0	�H*-, � .�+0-,82 > *	� 5 2��	�90	� DgT	� �4*-,$�4, D 2 > �65 �C*	�4, O � 5 , > �65ZT * >A5 �+0 �&�1,*�	�1G � 21, �: � * > �4* � � 7 � � G<�1* � � 3�� D < �H, 5?>A5 �+0��	�4,u0 5 .� � *Ye � M?MJM Q 3 � 7?31*-7?2��4,u,A* � 7��1, � �AT&� �1, q ,+�Y*&�17�� >A> �4�	�7 � T � ,$�N�	�*�	�+0-0-2,�1,4M)�*�+*-, � .�+0-,j3;:&� � 3;:[2 J 5 �	�10 >A5 
 � � �&�1, > �10	� � 0-3��4,j3,� DLD *-0	�1,y,A* � 3��4,

D �1,6* � �4, < �+* � 3,� �6> � 5 0[,V* >A5 7 5 , � > �1* � ,�� > �-2 
 0 5 � � 5 0-, 5 �	�1,V3 � > 21G<� �65 �4,83,� D < � �d> � D �40 > � 7��4,1M#-� < �40	� � 0 > � 7 �\< 7?* < � �d> �	�1, D �1,6* � �4,80&�@7 � 5 ,6,$�40 > �H<-< � � ��� >$� � � *-31*-0&� > �10	� � 0-3�� � �+* T-5 �40,+�+0 > , 5ZD^5 7 � 5�� �1, < �+* � 7 � �Y* � , 5 q > � > � 7 5?> 2.�	�1,y* >A5 7 5 , � > �1* � ,1M 
 �1*-7 7 �E0	� D\T	� �A�	� 
 > � � :-7�� � J@7 �
� � 3 5 0	� �	�4, � �AT&� �1, q ,+�Y*&�17�� >A> � < �4* >a> � � �-* 5 � �g7 �1,�� 5 M 2 � �40 > �1, > �10	� � 0-3��4, �	�S, >$� *-3 > * � � >B5 �+0�&�1, � �AT	� �1,1M D 0n0&� > �*�C*	� 3,� >A> � D � D �/3 � � � 3 > 2 �A5 , >A5 �C*	� � . � 5J> 2 > 2 � � > �40Y*&� < � � � 5 �10-0&� > ����!. � K � � � LC< �+* � 3 � � � 3 > 2 �A5 ,$� � 7 �1, I � D^5 7Z7 �1,F�&� < 7 � 0 > �4,1M _ �A
 GH* � � �[M G M � D �H0 >$� � 7 � � 2 < � �d>B5?>A5 �+0�&�1,E. � 7��4* � ,A�	� 
 >$� � :-7 � � JS7 � � � 3 5 0	� < �+* � 7 !K�10-,+� D\T 7����	�4, � �AT	� �1, q ,$�C*	�47�� >6> �4,1M
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D 0 5 �&�10 >B5 
 � � J < � �6>A5�� �	�\7 � 3��+* �6T �4�&�\7 �#
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Initialisation

Edition de l’arborescence

Construction de l’arbre−squelette

Initialisation Ajout fichier

* creation du
  repertoire racine

* choix du niveau
  d’insertion
* choix du repertoire
  d’accueil

* verification de la
  composition du niveau
* controle de la hauteur

Creation sous−dossier

Ajout repertoires volumineux

* choix de la taille du repertoire
* Choix du niveau d’insertion
* Choix du repertoire d’accueil

Type comportement

* choix de la famille
  d’utilisateur
* tirage du nombre de
  Strahler
* type de ramification
* taille de l’arbre−
  squelette

* controle du nombre de Strahler
* Ajout/suppression de fichiers
  a la racine
* Duplication de motifs
  arborescents

Adaptation au comportement
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��^ �Fa�C�k e 1 `L. ? Q  C **]Lj i . c f[. ] ` 1ED#a ^ *@]na�i*i-*�]n] e0._^ 1ED�a ^ cWh*cW*tc . j e xA1ED e c4Jl�#**]k e 1 `-. ������������������� 8 o a ^ *)( ` ] . hga�j e0._^ jK**c f	. (+*�hgh0*\1,*�s �(e c4Jl�#**]��|]+*�i ._^ 1,* v � * f * ^ 1OJ ^ j-8

1,J ^ ] ^,. jK(=*bJ fFf ( . i � *c1ED ep^ 1,* C,Jyj e0.l^ �#( . ]n] eg  (+*�8 ^5. aF] ^ *�i ._^ ] e 1 ` ( ._^ ] f Jl]VhZJtj . jKJlh e j ` 1,*�]e cRJ|�#**]S/ba e i . c f	. ]+* ^ j�h@*i�Fa�C{i^J�( � 1ED#a ^ * f J�(Lj-8 hZJ�zOJl]=*215*21 .l^F^F` *�]Y1ED e c4Jl�#*�] f[. a5(�a ^ *]=**aFh@*�c eg^ a�jK*U1,*Y_qhpc i . c f (+* ^ 1 f (   ]S1,* � D ���"e cRJl��**]-8�iL*>/ba e **]Jj jK(   ] ` h0*�k `�f	. a,( a ^ * eg^ o15*/C5J|j e@._^ �#( . ]L] ep  (+*! a1EDNJla�j+(+* f J�(Jj^8 h0*�] e cRJ|�#**] Q *�j"��] ._^ j . z�jK* ^ a,**] f J�(A(+**i ._^ ]JjK(na�i�j e@._^1�a ] e � ^ Jlh *�j ^F` iL**]L] e j+* ^ ji1 ._^ i"a ^ j+**c f ]Y1,*Vi^Jlhpi*aFh ]na fFf h ` c4* ^ j:J e (+*2orhZJ ] e c f h@*QJ ^ Jlh�X�]=*15**] e c4Jl�#**] ] 1 e ] f	._^Fe z�h0**]Y1 e (=**i�j+**cW* ^ j v�#Veg^ ] e 8 ^5. aF]XJ�k ._^ ]�i �,._e ] e 1,* ^ * i ._^ ] e 1 ` (=*-(X/ba,*h@**] e cRJl��**] ] 1Fa��qa�C k e 1 `-.%f	. a,(�]LDgJPG[(KJ ^ i �Fe (715**] ` jKJ f *�]71,*m(+*�i ._^ ]JjK(LaFi�j e0._^ 1Fa ] e � ^ Jlh*�j�h e c e jK*-(	h0* ^,. ctz,(=*!1ED . zjB=*�jn]Wo i . c f J�(+*L( v Y . aF]@j+(KJ�kPJ e hph ._^ ]\1 ._^ io�a ^ *�( ` ] . hgaRj e0.l^j+**c f[. (+**hph0*21EDN* ^ k e ( ._^ s e c4Jl�#**]��|]+*�i ._^ 1,*�8F] ._e j � u �@e c4Jl�#**] f[. a5(da ^ *	c ep^ aRjK*71,*�k e 1 `L.Fv

�=�B�q�B����$ %'& ������( ���� � � ���*��)*�-������� ���� �,+=�R�@�.-0/�� ���1+=��� �y��� ��b������q�
2 J-]=**�_cW* ^ j:Jyj e0.l^ 1ED e c4Jl�#**]RJ f	. a,(mz�a�j!1,* x . a,( ^Fe (ma ^ * f J�(Jj e j e0._^ 1,*�hfD e cRJ|�#*�* ^( ` � e@._^ ] v�� **]7( ` � e@._^ ]V] ._^ j i .l^ ]Lj+(na e jK**]7* ^ i ._^ ] e 1 ` (KJ ^ je15**] f ( ._f ( ep` j ` ]31ED �,. c . � `�^F`*e j `  hfD �5. c . � `*^F`�e j `V` j:J ^ j<1 ` _ ^Fe *1]na,(�hZJb1 e ]Lj+( e z�a�j e@._^ 15*71 e G ` (=* ^ j�] f J�(KJlc   j+(+*�]�k e ]na5**hg]36j+*43bojna,(+*P8 eg^ jK* ^ ] e j ` 8 vpv�v 9 v.5 * cWh*cW*�8�h@**] f ( ._f ( ep` j ` ]d� `L. c ` jK( e /ba,**]<15*	h0J)( ` � e0._^%f **a�k�* ^ j2h�jK(=*a ^ iL( e j   (=*\15*�i ._^ ]Lj+(naFi�j e@._^ 15*�h0Jm( ` � e@._^~v6#Veg^ ] e 8Fh@* f ( . i-*�]n]na�]Q1,*	]+*��_c4* ^ j:J|j e0._^ ]+*	zOJl]=*]La,(=h0*�] f ( ._f ( eg` j ` ] f�� X�] e /ba,**]k1,*KhMD e c4Jl�#*k*�j~* ^ JlaFi�a ^ i-Jl]=]na,( h0*�] f ( .lf ( ep` j ` ]=] ` c4J ^ j e /ba,**] v

��^ * ` jKJ f *e1,*\(+*�i ._^�^ J e ]L]KJ ^ i-*	i ._^ ] e ]JjK*\oW(=**�#( . a f *-(<* ^ j+(+*\**hph0**]diL*-(Jj:J ep^ **]X( ` � e0._^ ] f[. a5(* ^ 1 ._^F^ *L(�a ^ * eg^ jK*L( f ( ` jKJ|j e@._^ ] ` cRJ ^ j e /ba,* v/�k. aRjK*�x .le ]-8:i-*!(+*��#( . a f *�c4* ^ j�] ` c4J ^ j e /ba,*
`<¡�`
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f **aRjr]LDgJ�k ` (+*L( f J�(Jj e i�aFh ep  (=**cW* ^ je1 ` h e i-J|j\*�jc1 ._e j ep^ j ` �#(=*-( ^F` iL**]L]KJ e (+**cW* ^ jb1,**]�i ._^F^ J e ]�o]+J ^ iL**]bv\t	wHpM�Cw�p vY . aF] e hghga�]LjK( ._^ ]=]na5(:a ^ * 3a**c f h0*�hZJi1 e ]{i*a�hpj `�f[. a,(�a ^ *�c ` j �5. 1,*UJla�j . c4J|j e /�a5*U1,*U(+*<o��( . a f *-(/h@**]S( ` � e@._^ ] ] ` c4J ^ j e /ba,*�]A* ^ jK(=*X*�hgh@**]X6 � e � v �Fv�� 9 v�� a,(/hZJQ_q�la,(+* �Fv�� v zE8 ._^�f ( ` ]+* ^ jK*h@*<( ` ]naFh�j:J|jA1ED#a ^ *�]+*��_cW* ^ j:J|j e0._^ JlaRj . c4J|j e /ba,*<1,*?hMD e c4Jl�#*U* ^��-._^ *�] �5. c . �  *^ *�]K]+**h ._^ a ^iL( e j   (=*�i . h . ( e c ` jK( e /ba,* v��1^ (+*�cRJP(+/ba,*>/ba,*i1Fa f	._eg^ jl15*�kRa5*�] ` c4J ^ j e /�a5*�8liL*�jLjK* f J�(Jj e j e0._^f ( ` ]=* ^ jK*c1,**]21 ` xdJ|a�j�]c6Bh@**]X( . a5**]X1,* hZJtk ._e j�a,(=*�] ._^ j3J|]n] e c e h ` **]<o�hMD . ctz,(=*e1Fa�k `*�Fe i*aFh@*�9 v5 J ^ ]mh@*%i^Jl]41ED�a ^ *}]=**�_cW* ^ jKJ|j e@._^ ]=**c e o�J|a�j . c4J|j e /ba,* f JP(�a ^ a�j e h e ]KJ|j+**a,( � aFc4J eg^ 8 ._^. z�j e * ^ j a ^ * f J�(Jj e j e0.l^ /ba e (+*�]n]+*�ctzFh@*Ro(i-*�hgh@*)1,*�hZJR_q�la,(+* �Fv�� v i v �1^ ^,. jK*m/ba,*m1OJ ^ ]	iL*i-Jl]-8 hfD�aRj e h e ]+J|jK*�a,(lJ eg^ j ` �#( ` ]=**]�i ._^�^ J e ]L]KJ ^ i-**]QvXt	w�pM�Cw�p�hpa eFf *-(ncW*�jLj:J ^ j;1,*i1 e ]Lj ep^ �_a,*L(/h0*�]( . a,*�]X15*	h0Jtk ._e j�a,(=*71,* hMD . ctz,(=*7*�ji1Fa%x ._^ 1�1,* hMD e c4Jl�#* vpv

6fJ#9 6Bz 9 6Bi^9���
	����������������������� ��� !"��#��$��%'&)(*&,+�-.%/�10 +��2(*#3���546(3798:�2(*#3�;-.<,+�#�+�%=(*����>�4
?�7@!"��#��$��%BA
&)(*&,+�-.%C(*D�&"-.�2(*&,+�EFD��G��&G4IHJ7@!"��#��$��%'&)(*&,+�-.%K!"����+LAM(*D�&"-.�2(*&,+�E'D����

�Y. c{cW* e hghga�]LjK( `@f ( ` i ` 1,**c{c4* ^ j^8~1OJ ^ ]�h0*{i^J�1,(=*R1,*{hZJ�]+*��_c4* ^ j:J|j e0._^ 1ED#a ^ * e cRJ|�#*�8hfDN* 3�jK(KJ|i�j e@._^ 1,*�] . zjB=*�jn]F1ED eg^ j ` (+h�jm*�]Lj�a ^ * jONli � *!(=**h0J|j e k#**cW* ^ j@i . c f h0* 35*R/�a e (+*L/�a e *-(Jjj+(   ]	] . a�k�* ^ j	hMD eg^ jK*L(Lk#* ^ j e0.l^ 1ID�a ^ a�j e h e ]KJyjK**a5(F6 � e � v �Fv s 9 vQP J�(�i ._^ j+(+*�8�1,J ^ ]�h0*@i-J�1,(=*F1,*h0J k e 1 `-. 8da ^ . zjB=*�j�1ED eg^ j ` (+h�j f **aRj h�jK(+* i^JP(KJli�j ` ( e ] `�f JP(}] ._^ c . a�k�**cW* ^ j f ( ._f (=*|*�jiPDN*�]Lj�i-*�jnjK* ep^ x . (nc4J|j e0._^ /�a edf *L(ncW*�jm1ED *43�jK(+J e (=*%h0**] . zjB=*�jn]W15* f (+**c e *L( f hZJ ^ 8 i^JP(@h0**a5(c . a�k�**cW* ^ j�]+*e1 e ]Lj ep^ �_a,*71�a}c . a�k�**cW* ^ j��_h . z,JlhI1,* h0Jti^Jlc ` (+J v

���R	�����TSB��UV?BWX��&V���Y��<"����+���<Z���[(*%����Y�[(;\�#�D�<"� ���� �

2 DNJlhg� . ( e j � cW*	aRj e h e ] ` 1,J ^ ]1iL**]"j+(KJ�kPJla 3 $ �`� &:f	. a,(VhMD *43�jK(+Jli�j e0._^ 1ED . zjB=*�jn]71,* f (=**c e *-(f hZJ ^ 1OJ ^ ]Va ^ *	k e 1 `-. (+* f	. ]=*	]La,(�hMDNJ ^ Jlh[]R]=*71Fa c . a�k�**cW* ^ j v /^ a�j e h e ]+J ^ jdh0*�]?]Lj:J ^ 1OJ�(=1F]^ P  C 8 ._^ i ._^ ]Lj+(na e j%h0*}i � Jlc f 15*�k#**i�jK*�a,(n]�1,*�1 `�f hZJ|i-**cW* ^ j�1,*�](zFh . i*]R1,*�hMD e c4Jl�#*6 � e � v �Fv`_ v z 9 v /^ ]La e j+*�8 f J�( a ^ f ( . iL**]n]LaF]b1IDgJ ^ JlhR]�]+* �Fep` (+J�(ni �Fe /ba,*�$ _ u & 8 ._^�. zRj e * ^ j�a ^ **�]Lj e c4J|j e@._^ 1Fa c . a�k�**cW* ^ j �_h . zOJlh~1,*@hZJmi-Jlc ` (KJ i . c{c4*�hMD e hghpaF]Lj+(+*	hZJ4_F�_a,(+* ��va_ v i v 2 *�]z�h . i*]b15*(hMD e c4Jl�#*m1 ._^ j@h@*mc . a�k#*�c4* ^ jF1 e G   (=*�1,* iL**hpa e 1,*mhZJ i-Jlc ` (KJ ] ._^ j�i ._^ ] e 1 ` ( ` ]i . c{c4*7J fFf J�(JjK* ^ J ^ jQo�a ^�. zjB=*�ji1,* f (+**c e *L( f h0J ^~vb f J�(Jj e (E1,*Ki-*�] ep^ x . (LcRJ|j e0._^ ]-8 ._^ i ._^ ]JjK(La e j=a ^ {WvC�*c*dOrYx~}fehgMi^rH�S6 5V` x v � u 9 f *-(Lc4*�jnjKJ ^ j
15*21 ` jK*L(nc eg^ *L(;1,J ^ ]�hfD e cRJ|�#* 5 � 8bhMD * ^ ]+**crzFh0*X1,**] fFe 35*�hg];/ba e i . (=(+**] f[.l^ 1,* ^ j>o�hMD . zjB=*�j;1,*f (+**c e *L( f hZJ ^~v

j<¡�¡
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9 re{WvC�*c*dOrcx~}fehgMi^rH�;xjr>t	wKrH{FpMrHwUt;:zv���r:�H�Zdj�Irep�{Wv�yjr$g-p��	v�p�w:r7��r�:<:0r c*dOr>= dj�4t	p �ar�: v7t1e'daw? v@:0rJdjw 1 �O} p<:~vHt`t5v�w��dpMrH�O�BAC:+}fehgMi^rH�ED>rH� 0 �Hp��5eC�GFf�O} p<:~vHt`t5v�wH�dpMrH�O�Uvhd�H.eC�	x�I�q
J ^ *@x ._e ]1h@*@cRJ|]+/ba,*F1ED . zjB=*�j . z�jK* ^ aI89a ^ *�]+*��_c4* ^ j:J|j e0._^ 8�zOJl] ` *�]na,( a ^ Jlhp� . ( e j � cW*15* i-( ._e ]L]KJ ^ iL*R1,*�]F( ` � e0._^ ] ep^ ] fFe ( ` 1,**]rj+**i �F^�e /ba,**]F15* h e � ^ *m1,* f JP(Lj:J|�#*R1,*�])*^J|a 3[8?**]JjJ fFf h e /ba ` *bo hMD . zjB=*�jt$ K � & v 2 J�jK*�i �F^Fe /ba,*F15*@]+**�lc4* ^ jKJ|j e@._^ a�j e h e ] ` *�]=*@zOJl]=*ta ^Fe /�a5**cW* ^ j]La,(?hMD eg^ x . (nc4J|j e@._^�f�� ]�] e /ba,*b15*	hfD e cRJ|�#*�8�]KJ ^ ] ep^ jK*-( f ( ` j:J|j e0._^ ] ` c4J ^ j e /�a5*\1�a}i ._^ jK* ^ a v2 *?cRJ|]+/ba,*?i . (=(+*�] f	._^ 1OJ ^ jYo�hMD e c4Jl�#*Y15*�h0JQ_q�_a,(=* �Fva_ *�]Lj�c .l^ j+( ` ]na5(�h0JQ_q�_a,(=* �FvN� v J v2 DNJ fFf h e i-J|j e@._^ 1�a�c4Jl]=/�a5*�1ED . zjB=*�jWo�hfD e cRJ|�#*�]=**�_cW* ^ j ` * f *-(ncW*�j)1ED . z�jK* ^Fe (�hMD . zjB=*�j)1,*f (+**c e *L( f hZJ ^ ]+**�lc4* ^ j ` 6 � e � v �Fv � v z 9H8j/ba e (=* f ( ` ]=* ^ jK*�h@**]Y1 ._^F^F` **]>/ba,* ^5. aF]�a�j e h e ] .l^ ]A* ^* ^ jK( ` *c15* ^5. jK(=*�c ` j �,. 1,* f[. a,(dhZJtc e ]=*7* ^ i . (=(+**] f[.l^ 1OJ ^ iL*c1ID . znB=*�j�] v

6dJ`9 6Bz 9���
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2 D ` j:J f *i/ba e k e * ^ j;* ^ ]na e jK*?i ._^ i-*-( ^ *�hZJ�c . 1 ` h e ]+J|j e@._^ 15*�hfD . zjB=*�jK]=**�_cW* ^ j ` *43�j+(KJ e jA1,*h0Jrk e 1 `L. ] . aF]dx . (ncW*71,* �#(+J fF� * v
G�HJIKHPO MOT�PRQ�Q"P�PRT�WKX PRQVSTS�N9P[SF\9PRQUS UWV/U P Y"NXS V P�NZY6[ N9X UWV U T�WKX

2 * f	. ] e j e@._^F^ *�c4* ^ jQ1OJ ^ ]"h@*�i ._^ jK*43�j+*)1Fa f JP(KJ�1 e �_cW*\1ID ep^ 1,*435J|j e0._^ �#( . ]n] ep  (=*b( ` 1Fa e jh@*di � Jlc f 15**]�c ` j �,. 1,**]Ka�j e h e ]KJ|zFh0*�] f[. a,(KhZJ�i . c f J�(+J e ] ._^ 1,*�] . znB=*�j�];*�j f JP(�i ._^ ] ` /ba,* ^ j15*	h@**a,(L] f J�(Jj e j e0._^ ] v2 J<( ` 1FaFi�j e0._^ 15*/hMD eg^ x . (LcRJyj e0.l^ Jla ^Fe k#*-Jlae1Fa zFh . i f **a�j e c f h e /ba,*L( a ^ */] . aF]�o�]=**�_cW* ^ j:Jyj e0.l^15*1hMD e c4Jl�#* v /^ *HGI*�j^8�h0Jb( ` 1FaFi�j e0.l^(f J�(�z�h . i*]�]La fFf ( e cW*Q1,*�]<1 ` jKJ e hp]Y1,*1hfD e cRJ|�#*i*�j^8a1,**a�3
j<¡]\
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�L._^ *�]�i . h . ( e c ` jK( e /ba,**cW* ^ j f ( . i � **]Y/ba e 1 e G   (=* ^ j f J�(�h0J j+*43�j�a5(+*31OJ ^ ]�hfD e cRJl��* . ( e � eg^ J|h0*f **aRk#* ^ j2h�j+(+*�xaF] e@._^F^F` **]X1OJ ^ ]?hfD e cRJl��*"] . aF]Jo ` i � J ^ j e hgh ._^F^F` * vP J�( ._fFf	. ] e j e@._^ 8`1,*�] fF�F`�^,. c  *^ *�]>1,*1]La,(Jo ]+*��_c4* ^ j:J|j e0._^ f **aRk#* ^ jXJ f�f J�(KJ�
gjK(=*21�amxdJ e j15*�h0Jm( ` 1Fa�i�j e@._^�f J�(?zFh . i*] v /^ *LG[*�j-8qa ^ f�e 3a**h�1OJ ^ ]VhfD e cRJ|�#* 5 � i . (+(=**] f[._^ 1�o�a ^ zFh . i15* 8 × 8 f�e 3a**hp])1,*(hMD e c4Jl�#*W* ^ f h@* ep^ *�( ` ] . hpa�j e@._^~v�� (L8:a ^ zFh . iR1,* 8 × 8 f�e 3a**hp])1OJ ^ ]hfD e cRJ|�#*m* ^[f h@* eg^ *R( ` ] . hpa�j e@._^-f **aRj@i ._^ j+* ^Fe (b1,*�] f[. (Jj e@._^ ]\1,*!( ` � e0._^ ]b1,* i . aFh@**a,(	jK(   ]1 e G ` (+* ^ jK**];1OJ ^ ]�h@*di^Jl] . � h0*dz�h . idi ._^ j e * ^ j�a ^ i ._^ j . a,(A* ^ jK(=*21 e G ` (+* ^ jn] . zjB=*�jn] v 2 * fFe 3a*�hi . (+(=**] f[._^ 1OJ ^ j31OJ ^ ]"hfD e cRJl��* 5 � ]+*L(KJ f J�(?i ._^ ] ` /ba,* ^ j a ^ c ` hZJ ^ �#*e1,*riL**]Vi . aFh@**a,(L]2*�j]=*-(+J41 ._^ i�jK(   ]21 e G ` (=* ^ jQ15**] f�e 3a**hp] 5 � J�k ._e ] eg^ J ^ jn]2/ba e i . (+(+*�] f	._^ 1,* ^ jeo41,*�]"zFh . i�]i1,*f�e 3a**hp] �5. c . �  *^ *�] v 5 J ^ ]�iL*%i^Jl]L8;15* f *�j e jK*�]m( ` � e0._^ ] f **aRk#* ^ j�J fFf J�(+J�
gj+(+*�JlaRj . a,(m1,*�]x ( ._^ j ep  (+*�]i1,* hMD . zjB=*�j v5 DNJla�j+(+* f J�(Lj-8Kh0**] . znB=*�j�]�] ._^ jR*43�jK(+J e jn]41,*%xdJlE ._^ JlaRj . c4J|j e /ba,*�8 f J�(41 ` jK*�i�j e0._^ 1,*�L._^ *�];1 ._^ jKh0*�c . a�k�**cW* ^ jA1 e G   (=*<1,*di-*�hga e 1,*dhZJ"i-Jlc ` (KJ v
	 h�xdJla�j f ( ` i e ]=*-(S/ba,*?h0*�cRJl]=/ba,*1ID . znB=*�j . z�jK* ^ a ^ *ri ._^ j e * ^ j f Jl] ^F` iL**]L]KJ e (+**cW* ^ jQ*435Jli�j+**cW* ^ j�hfD . znB=*�j21,* f (=**c e *L( f hZJ ^~vP J�(;*43a**c f h0*P8 ] e hMD ._^ i .l^ ] e 1   (=*Va ^�f hZJ ^ _ 35*21OJ ^ ]�h0*L/ba,**hqa ^�f *L(n] ._^F^ Jl��*2(=**]Lj+*V]Jj:J|j e /ba,*P8J|h . (L] e h~**]Jj e c f	. ]n] e zFh@* f	. a,(VhZJmc ` j �,. 15*b1ED *43�jK(+Jli�j e0._^�f J�(7J ^ J|hR]�]+*)15*tc . a�k#*�c4* ^ j31,*1 ` jK*�i�j+*-(mh@* f ( . jKJl� ._^Fe ]Lj+* f a e ]=/�a5* ] .l^ c . a�k#*�c4* ^ j ^ *1 e G   (=* f Jl]R15*}iL**hga e 1�a x ._^ 1 v� . aF] f[. aRk ._^ ]>J eg^ ] e[. zF]+*L(Lk#*L(�x ( ` /ba,**c{c4* ^ jda ^ f ( . zFh   cW*21,*V] . a�]Jo 1 ` jK*�i�j e0._^ 1,*VhMD . zjB=*�j. a�15* f	. (Jj e0.l^ ]71,*�hMD . zjB=*�j v0# hMD eg^ k�*-(n]=*�89h@* f ( . i ` 1 ` 1EDN* 3�jK(KJ|i�j e@._^ f *�a�j eg^ i�hga,(=*F1OJ ^ ] h@*c4Jl]=/�a5*R1ED . zjB=*�jb1,*�] fFe 35*�hg]\J fFf J�(Lj+* ^ J ^ j)Jla�x ._^ 1 v 2 . (n]+/baED#a ^�. znB=*�j�]+*R1 `*f h0Jli-*41ED�a ^ *e cRJ|�#*"]La,(?hMDNJla�jK(=*�8F] ._^ 1 `*f h0Jli-*�c4* ^ ji* ^ jK(+J�
 ^ *71ID�a ^ * f JP(Lj?h0*Q(+**i . a�kj(+*�c4* ^ jQ1,* iL*-(LjKJ eg^ ]z�h . i*]X1Fa�x ._^ 1E8 c4J e ]?i-*�hZJR* ^ jK(KJ�
 ^ *bJlaF]n] e hfDgJ fFf J�( e j e@._^ 1,* ^,. a�k#*-Jla 3 zFh . i*]21Fa x ._^ 1 /�a e^ D ` j:J e * ^ j f Jl] f ( ` ]+* ^ j�]Y1,J ^ ]KhMD e c4Jl�#* f ( ` i ` 15* ^ jK* v 5 J ^ ]KhZJ f hpa f J�(JjA1,**]�i^Jl]L8 hMD **]Jj e c4J|j e0._^1�amc . a�k#*�c4* ^ jY1,*�]�zFh . i�]U1 ` i . a�k#*L(Lj�] f J�(A(KJ f�f[. (Jj>o hMD e c4Jl�#* f ( ` i ` 1,* ^ jK*�8 ^ *�]na e j f J|]�h@*c . a�k�**cW* ^ j��lh . zOJ|hO1,*"h0J�i^J|c ` (KJ58n*�j�i-*�]�zFh . i*]�] .l^ j>Jlh . (n]UJl]n] . i eg` ]Yo�hfD . znB=*�jU1,* f (=**c e *-(f hZJ ^~v � *�hZJ e c f h e /ba,*?hZJ f ( ` ]+* ^ i-*e1,* f *�j e j+**]U( ` � e0._^ ]�i . (=(+*�] f	._^ 1OJ ^ jiJ|amx ._^ 1!1,*VhMD e c4Jl�#** ^ z . (=1Fa,(+*e1,* hfD . znB=*�ji* ^ c . a�k#*�c4* ^ j v� a�j+(+* h0*�]X15**a 3 eg^ i ._^ k `�^Fe * ^ j�]�c4* ^ j e0._^�^F` ]?i e o 1,*�]n]LaF]-8 1OJ ^ ]Vh@* f ( . z�h   cW*71,*	hZJtc e ]=** ^ i . (+(+*�] f	._^ 1OJ ^ i-*�1ID . znB=*�j�]c1OJ ^ ]�hZJ(k e 1 `L. 8�h@**] . zjB=*�j�] ^ J|j�a,(=**hp]r] .l^ jr] . aRk#* ^ jmJP(Lj e i*aRoh ` ] v�� **h0J e c f h e /ba,*e1,**]71 ` x . (LcRJ|j e0._^ ]Vh . i-Jlh0*�]Q1,*�]3( ` � e0._^ ]3Jla 3a/ba,*�hgh0*�] e h9xdJla�j3h�jK(=*rj . h ` o(+J ^ j v � * f * ^ 1OJ ^ j^8�c4h�c4*	] e h0*�]Vi-J�(KJli�j ` ( e ]Jj e /�a5**]Q15**]Q( ` � e@._^ ]?kPJ�( e * ^ jQ1,J ^ ]�h0* jK**c f ]L8�h0J]JjK(LaFi�jna,(+*41Fa-k .le ] ep^ Jl�#*m1ED#a ^ *4( ` � e0._^ (+*�]Lj+*R(+*�hZJ|j e k�**cW* ^ jr]Jj:Jlz�h0* v /^ JP1Fc4*�jnjKJ ^ jriL*�jnj+*]La fFf	. ] e j e@._^ 8 ^,. aF] f ( ._f	. ] .l^ ]>1OJ ^ ]�i-*�c4J ^ aF]niL( e j>1,*�a 3 c ` j �,. 1,**] f	. a,(�hZJ�c e ]=*Q* ^ i . (�o(=**] f[._^ 1OJ ^ iL*b1,*�] . zjB=*�j�]21OJ ^ ]VhZJ@k e 1 `-. **]L]+* ^ j e *�hgh0*�c4* ^ j"zOJ|] ` *�]1]na5(Vh0J f ( e ]=*c* ^ i . c f j+*15*	hfD ep^ x . (LcRJ|j e0._^ ]na5(Vh0Jt]LjK(LaFi�jna,(+*\1,*�] . zjB=*�jn] v
G�HJIKH� ��WKS)[ V SJT�P V U T�WKX YUQ��"SFW��US�� [ N N U X"W UWV U T�WKX"P

�Y. c{cW*�cW* ^ j e@._^F^F` * ^@eg^ j+( . 1FaFi�j e0._^ 8 ^5. aF]l(+Jlc4* ^,._^ ]�hZJ"i . c f J�(KJ e ] .l^ 1ED . zjB=*�j�]S1OJ ^ ]h0Jrk e 1 `L. otxdJ e zFh0*3( ` ] . hga�j e0._^ o@a ^�f ( . zFh   c4*715*	i . c f J�(KJ e ] .l^ 1,* �#(KJ f�� **] v� h0Jl]n] e /ba,**cW* ^ j-8 ._^@f **a�jA(=* f ( ` ]+* ^ jK*-(�a ^ * f J�(Lj e j e@._^rf J�(/] ._^ ��(KJ fF� *<1EDgJP1CB+Jli-* ^ i-*i1,*�]( ` � e@._^ ]\6BA # C 91$ D � 8 � _ K & v�a.le j a ^ * f JP(Lj e j e@._^ O = {r1, r2, · · · , rn} (+* f ( ` ]=* ^ j:J ^ j�a ^�. zjB=*�jr]=**�_cW* ^ j ` * 3Rj+(KJ e j15*	h0Jrk e 1 `L.Fv 2 *�A # C Jl]L] . i ep` o{h0J f J�(Lj e j e0._^ O ]-D *43 f ( e c4* i . c�cW*1]La e j ��������� ��������������� 2 � 1��"&�')( �3' ,����/&3����&�'�& ! 2 ���W���W�"! ���! ��M8 8
9 rQy�w=vHt#"Orcx~} v`x iLv%$:rH�&$:rexjr:�ew�'My�p eC�5� G = (VG, EG) xjr
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A�dj���eC{F{RrH� ui x`v��5� :0r2y�w=vHt#"Or
G

� p<:Ir=�#p0�H� rGdj�IrQv�w � � r e = {ui, uj} ∈ EG rH�O�dwKrQxjrJd��c��eC{F{RrH��� ui rH� uj �HpZ:0r:�Xw�'My�p eC�5�
$OeCw�wKr:� t1eC�	x`v��O� r:� ri rH� rj ��eC�O�Yv`x iLv%$:rH�O��r:�\x`v��5�
:0r>t;:zv���p�{Wv�yjr-q

	 h	**]Jj f[. ]n] e zFh0*P8 f[. a5(�i-*L(LjKJ eg^ *�]>J f�f h e i^J|j e0._^ ]L8`/ba,*1hMD . ( e * ^ jKJ|j e@._^ 1,**]<JP(+h�j+**]36d1 e G ` (+* ^ oi e J|j e0._^ * ^ jK(+* h@*�] . c{c4*�ji1,*e1 `*f J�(LjX*�j?h@*�] . c{cW*�ji1EDNJ�(+( e k ` *�9~B . a5*�a ^ (��_h0* vP J�(KJlhph   h0**cW* ^ j-8 e hY*43 e ]JjK*%hZJ f	. ]n] e z e h e j ` 1EDNJl]L] e � ^ *-(m1,*�]4JyjnjK( e zFaRj�]mJla 3 ` h ` c4* ^ j�]m1Fa��(KJ fF� * v.5 J ^ ]ViL*	i-Jl]-8 ._^ JPG[**i�jK*\o{i � Jli*a ^ 1,**]�] . c�cW*�jn]da ^ * ^ ]+*�ctzFh@*c1EDNJ|jLjK( e zFa�jn]di . (�o(=**] f[._^ 1OJ ^ j4o�15**]m1 ._^F^�` **] f ( ._f (=**]WJla 3s( ` � e0._^ ] v@Pk. a,(�i � Jli*a ^ *�1,**]m1,*�a 3 c ` j �5. 1,*�]f ( ._f	. ] ` **]L8 ^,. aF] f ( ` ]=* ^ jK*L( ._^ ]�hfDN* ^ ]+*�ctzFh@*c1,*�]3J|jLjK( e zFa�jn]2/ba,* ^,. aF]QJ�k ._^ ]2(+*�jK* ^ aF] f[. a5(h0Jti . c f J�(+J e ] ._^ 1,*�]V�#(+J fF� *�]i1OJ ^ ]?h0*�]d]+*�i�j e@._^ ]�i . (=(+*�] f	._^ 1OJ ^ j+**] v
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� � JP/�a5* . zjB=*�j *�]Lj~1 ._^ iS(=* f ( ` ]=* ^ j `�f J�(~] ._^ �#(KJ f�� *l1EDNJ�1CB+JliL* ^ iL*A1,**] ( ` � e0.l^ ] G(VG, EG) vP J�(=hZJd]na e jK*P8 ^,. aF] ^ *Kx *-( ._^ ] f Jl]=h0Ji1 e ]Lj eg^ i�j e@._^ * ^ jK(=*�h0J<( ` � e0._^ r 1,*�hMD e c4Jl�#*k*�j h0*K] . c�cW*�j
u Jl]n] . i eg` 1OJ ^ ]Vh@*�A # C v�1^ (+J fFf **hgh@*!/ba,* N (u) 1 ` ] e � ^ *}hfDN* ^ ]+*�ctzFh0*�1,*�] ] . c{cW*�j�]@k ._e ] eg^ ]4o u 6 5"` x v � _ 9 vP J�(!Jlz�aF]R1,* ^,. j:Jyj e0.l^ ]-8 ._^ ^,. jK* NO(r) hfDN* ^ ]+*�ctzFh0*1,**]R( ` � e0._^ ]41,*�h0J f J�(Jj e j e0.l^ O 8JP1CB+Jli-* ^ jK**]2o r 1OJ ^ ]�h@* f hZJ ^�e cRJ|�#* v
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2 J�_F�_a,(+* �Fv D v J c .l^ j+(+*�a ^ * 35*�c f h0*�1,* 1,*�a 3 e c4Jl�#**]m* 3Rj+(KJ e jK*�]41ED#a ^ �qa�3 k e 1 `-.Fv2 * f ( . i-*�]n]LaF]�1ED *43�jK(+Jli�j e0._^ *�j1,* ]+*��_c4* ^ j:J|j e0._^ 1,**] . zjB=*�j�] 15* f (=**c e *L( f hZJ ^ 1 ` iL( e jf ( ` i ` 1,*�c�cW* ^ j f ( . 1Fa e j?h0*�] f J�(Jj e j e0._^ ]>* ^ xdJlaF]L]+**]�i . aFh0*�a,(n]i1,* hZJb_F�_a,(+* �Fv D v z v�1^ (+*�cRJP(+/ba,* e i e /ba,* h0*�]rc4Jl]+/ba,*�])1ED . zjB=*�j eg^ i�hga,* ^ j)1,*�] �-._^ **]@i . (+(+*�] f	._^ 1OJ ^ jFJlax .l^ 1 1,*�hMD e c4Jl�#* v 5 DgJlaRjK(+* f J�(Jj^8 ._^ f **a�j . zF]+*L(Lk�*-(�]na5( i-*�j�*43a*�c f h@*-hfDN*HGI*�j 1,*-]na,(�o]=**�_cW* ^ jKJ|j e@._^ 1 T Jla	h e ]n]KJ|�#* f J�(=zFh . i*] � 1OJ ^ ]�h0J f J�(Lj e j e@._^ 1Fa � Jla�j^8 .l^ (+*�h   k#*�hZJ f ( ` ]+* ^ i-*15* ^,. ctz,(+*�aF]+*�] f *�j e jK*�] ( ` � e0._^ ] * ^ z . (+1Fa5(+*A1,*�hMD . zjB=*�j v � **]k( ` � e0._^ ]�15*�j+(   ]=xdJ e zFh0*/]La,(LxdJliL*i . (+(=**] f[._^ 1,* ^ jco!1,**] zFh . i�]31,*@hMD e c4Jl�#* . ( e � ep^ Jlh0*\(+*��#( . a f J ^ je1,*�] f�e 3a**hp]31,*m1 e G ` (=* ^ jK*�]�L._^ *�] �,. c . �  �^ **])6 e i e 8�h0*	c4J ^ jK*^J|a ^,._e (X1�a f *L(n] .l^F^ Jl�#*c*�j�h0J �L._^ *rj+*43�j�a5( ` *�k#*-(JjK*F1,*�]z�a e ]L] ._^ ]K9 v2 **]��#(KJ f�� **]>1IDgJ�1 B+Jli-* ^ i-*315**]>( ` � e@._^ ]UJl]n] . i eg` ]>Jla 3 f J�(Jj e j e0._^ ]�] ._^ j f ( ` ]+* ^ j ` ]d]La,(�h0J_F�_a,(+* �Fv D v i v 2 D . zjB=**i�j e xI1,**]�c ` j �,. 1,*�] f ( ._f	. ] ` **]�i ._^ ] e ]JjK*2o	i . c f J�(+*L(�h@**]K]Lj+(naFi�j�a,(=**]U1,*��(KJ fF� **]XJP_ ^ 1ED ` kPJlhga5*-(da ^ * cW**]La,(+*e1,* ] e c e hZJ�( e j ` * ^ j+(+*	h0*�] . zjB=*�jn] v� . aF] f ( ` ]+* ^ j ._^ ];1OJ ^ ]/h0**]:]+**i�j e@._^ ]S/ba e ]na e k#* ^ jKh0**]S15**a 3tc ` j �,. 1,**]S/ba,* ^,. aF] f ( .lf[. o] ._^ ] f	. a,(dhZJti . c f J�(KJ e ] .l^ 1ED . zjB=*�jn]�z,Jl] ` *�]La,(dhZJtc e ]=*7* ^ i . (=(+**] f[.l^ 1OJ ^ iL*e1,* �#(KJ f�� **] v
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2 J f (=**c eg  (=*1c ` j �5. 1,*Q/�a5* ^,. aF] f ( ._f	. ] ._^ ] f[. a5(�hZJrc e ]=*Q* ^ i . (+(=**] f[._^ 1OJ ^ iL*\1ID . z�oB=*�j�];1OJ ^ ]�hZJ�k e 1 `L. o	zOJl]n]=*Q( ` ] . hga�j e0._^ **]Jj ep^ ] fFe ( ` *21,*�]�j+**i �F^Fe /ba,**]>15*2(=**hZJ�3,Jyj e0.l^{f ( . zOJ�oz e h e ]Lj+*�$ � �
� 8 u�K & *�j f hga�] f J�(Lj e i�aFh ep  (+*�c4* ^ jS1,*�hZJ1c ` j �5. 1,* f	. a,(/h@*d]na e k e 1ID . znB=*�j�];1OJ ^ ]�h0Jk e 1 `-.�f ( ._f	. ] ` * f J�( C . c e h0JWrH�Av@:zq $ D � &wv 2 *X1 e Jl�#(KJ|c�cW*<1,*"h0Je_F�_a,(+* �Fv u ( ` ]na�c4*Vh0*dx ._^ i<oj e0._^�^ **cW* ^ j�� `*^F` (KJlh	1,*1h0J�c ` j �5. 1,* v 2 * f ( eg^ i egf *X**]Lj�h0*"]La e kPJ ^ j � J f (   ]�hZJri ._^ ]Lj+(naFi�j e@._^1�a}A # C 8�hMD 'H�MvHtOr��i .l^ ] e ]LjK*\ot]La fFf ( e cW*-(dh0*�] f *�j e jK*�]<( ` � e0._^ ]Y( ` ]LaFhpjKJ ^ ji1ED#a ^ 1 ` xdJlaRji1,*]La,(Jo ]+*��_c4* ^ j:J|j e0._^ i . c�cW* f ( ` ]+* ^ j ` o@h0J�]=**i�j e0.l^ ��v � v s v

de similarite
Calcul des mesures

Construction des RAGs Simplification des RAGs

RAGs

Assignations definitives

Etape 2
Etape 3

Objets segmentes
RAGs simplifies

Representation par graphe d’adjacence
de regions (RAG)

Processus de relaxation progressif

Matrice de

similarite des regions

(coherence des voisinages)

Ajustement des

Calcul de la mesure de similarite des objets

Etape 7
Etape 1

Etape 5

Etape 4

Etape 6
Seuillage

similarites

Selection des regions
par aire relative
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2 * f ( . iL**]L]naF]<1,*Vc e ]+*X* ^ i . (+(=**] f	._^ 1,J ^ i-*Q1,**]?A # C ]�]+*31 ` ( . aFh0*QJ eg^ ] e � a ^ *1c4*�]na,(=*15*�] e c e hZJP( e j `�ep^Fe j e Jlh@*b* ^ j+(+*{h0*�]	] . c{c4*�j�]71,*�]b1,*�a 3�A # C ]e(+* f ( ` ]+* ^ jKJ ^ jth0*�] . zjB=*�jn]	k e o1 `-. *�]Ljri^Jlhpi*aFh ` * 6 'H�MvHtOr���9 v � *�jnjK*�c4*�]na,(=*R*�]Lj e j ` (KJ|j e k#*�c4* ^ j�i . (+( e � ` *4* ^ x ._^ i�j e@._^ 1,*h0J(i ._^ jK( e zFaRj e0.l^ 1Fa�k ._e ] eg^ Jl��*@h . i^Jlhk1,**]	] . c{cW*�j�]46�'H� vHtOr��I9 v 2 J%c4*�]na,(=*W15*�] e c e hZJP( e j `` k . hpa,*Fo{i � J�/ba,* ` jKJ f *)* ^ x .l^ i�j e0._^ 1Fa�k ._e ] ep^ Jl�#*	i ._^ ] e 1 ` ( `|v05 a5(KJ ^ j�iL*�jnj+* ` jKJ f *�8 iL*-(�ojKJ eg^ **]<1 ` i e ] e0._^ ]<1,* c e ]+*7* ^ i . (+(+*�] f	._^ 1OJ ^ i-* f *�a�k#* ^ jQh�jK(+*e1 ` _ ^Fe j e k�**]c6 'H�MvHtOr��[9 v1Pk. a,(
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c eg^�e c e ]+*L(�h@*	z5(na e j21 T o�hZJ�]na,(�o�]=**�_cW* ^ j:Jyj e0.l^ 8 ^,. aF]X1 ` i e 1 ._^ ]X1,*e1 ` zFaRjK*-(Vh0* f ( . iL**]n]LaF]e j ` (KJ|j e x f J�(?h0*�]i( ` � e0._^ ]i/ba e ] .l^ jVh0*�] f hgaF]?] e � ^Fe _qi^J|j e k�**] v � . aF] f	. a�k .l^ ]"i ._^ ] e 1 ` (=*-(X/ba,*f hgaF]�hZJ ]na,(JxdJli-*315*1hZJe( ` � e0._^ **]Jj e c f[. (Lj:J ^ j+*�8 f hpaF]�h0Jc( ` � e@._^ *�]Lj�] e � ^�e _qi-J|j e k#* v b i � J�/ba,*e j ` (KJ|j e0._^ 8?1,* ^,. a�k�**hgh@**]W( ` � e0._^ ]{]=*-( ._^ j f ( e ]+*�]m* ^ i . c f jK*�* ^ x ._^ i�j e0._^ 1,*�h0*�a,(@j:J e hgh@* v� *�jnj+*r]Lj+(KJ|j ` � e *�6�'H� vHtOr��A9>(=* ^ x . (Li-*�h0*e( ` ]naFh�j:J|j . z�j+* ^ a v b h0Jm_ ^ 1Fa f ( . iL**]L]naF]315*�c e ]=*
* ^ i . (+(+*�] f	._^ 1OJ ^ i-*c1,**]2( ` � e0._^ ]L8 ._^ i-Jlhgi�aFh0* a ^ *�c4*�]na,(=*b1,*	] e c e hZJ�( e j ` * ^ jK(=*rh@**] . zjB=*�jn]z,Jl] ` *�]La,(?hZJt]na5(LxdJliL*\15**] . zjB=*�jn]?c e ]+*7* ^ i . (+(+*�] f	._^ 1OJ ^ i-*R6 'H�MvHtOr	�O9 v� . aF] ep^ j+( . 1Fa e ] ._^ ]k1OJ ^ ]:hZJV]=**i�j e0.l^ �Fv s v � h0JVcW**]La,(+*>15*�] e c e hZJ�( e j ` * ^ jK(+*Y1,**a 3)( ` � e0._^ ]z,Jl] ` *@]na,(�h@**]7J|jLjK( e zFa�jn]Q1,*�]7( ` � e0._^ ]3/ba,* ^,. aF]3J�k ._^ ]e(+*�jK* ^ a�]71OJ ^ ]�iL*�jnj+*@c ` j �,. 1,* v 2 J]=**i�j e0.l^ �Fv s v s 1 ` j:J e hgh@*�hZJ fF� Jl]=*215*"] e c f h e _Fi^J|j e0._^ 1�am�#(+J fF� *X1EDNJ�1CB+JliL* ^ iL*Q*�j�h0J	c ` j �,. 15*15*	c e ]=*7* ^ i . (=(+*�] f	._^ 1OJ ^ i-* f J�(<(+*�hZJ 35J|j e0._^ *�]LjX1 ` i-( e jK*e* ^ ]+*�i�j e0._^ �Fv s v`_ v
G�H O�HLI 
 N9PRQVSFN Y"N P�T-[ T�S V S�T U \ N9X U S�N Y"NZQ�� SF\ZYKT�WKX"P

 Jlz e jna,**hph0*�c4* ^ j-8 .l^ i^J�(+Jli�j ` ( e ]+*@a ^�. znB=*�j f J�("]KJ(i . a�h0**a5(-8~]+JmjK*43�jna,(+*m*�j ]+Jmx . (ncW* v� *%] ._^ j�h@**]@iL( e j   (=**]@k e ]na5**hg]F/ba,*%hfD ._^ a�j e h e ]+*�h0* f hpaF]@] . a�k#* ^ j f	. a,(m1 e G ` (=* ^ i e *L()1,**a�3. zjB=*�jn] v #Veg^ ] e 8�h0*�]>J|jLjK( e zFa�jn] f ( ._f (+*�]<Jla 3R( ` � e0.l^ ]>Jl]L] . i ep` ]>J|a 3 ] . c{c4*�j�]�i . (+(=**] f[._^ 1,* ^ jh@* f hga�]d] . a�k�* ^ j7oF1,*�]Vi-J�(KJ|i�j ` ( e ]Lj e /ba,**]<1,* i . aFh0*�a,(-8O15* j+*43�j�a5(+* . a�1,*�x . (ncW* vP~. a,(?i . c f J�(=*-(<1,*�a 3�( ` � e0.l^ ]iJP_ ^ 1ED ` kPJlhga5*-(dh0*�a,(d] e c e hZJ�( e j ` 8 ^,. aF] f	. a�k ._^ ]�a�j e h e ]=*-(h@**] f J�(KJ|c   jK(+*�])*43�j+( eg^ ]   /ba,*�]WJl]n] . i eg` ])Jla 3-] . c{c4*�j�]c1Fa[�#(KJ fF� * v 	 hY*�]LjmJ ep^ ] e�f	. ]n] e zFh@*1ID ` k�J|hga,*L(�h0J�] e c e hZJP( e j ` 1,*{i . aFh0*�a,(-8 1,*{x . (ncW* . a-h0J�] e c e hZJP( e j ` �_h . zOJlh@*F* ^ jK(=*R1,*�a 3|( ` o� e0._^ ] v*5 J ^ ] ^,. ]Vj+(KJ�kPJla 3[8 ._^ i .l^ ] e 1   (=*b/ba,*r] e 15**a 3 ( ` � e0._^ ]21 e G   (+* ^ jVx . (Lj+**cW* ^ j f[. a5(hfD�a ^ * . amhMDNJla�j+(+*X1,**]�i^J�(+Jli�j ` ( e ]Lj e /ba,*�]Y1,*2( ` � e0._^ ];(+*�jK* ^ a5**]-85Jlh . (n]A**hph0**] ^ *V] ._^ j f Jl]�] e c e oh0J e (=**] v �1^ J fFf **hph0*tiL*�jnj+* f ( .lf ( ep` j ` 8~hZJmt	wOe:t	w�p 'H� '4x~} v�gH��eCw t	�fp eC� v � **h0J ] e � ^Fe _,*)/ba,* f[. a5(/ba,*Y1,**a 3b( ` � e0.l^ ]�] ._e * ^ j i .l^ ] e 1 ` ( ` **]:i . c{c4*�] e c e hZJ e (+*�]-8^*�hgh0*�]k1 ._e k�* ^ jlh�jK(+* f ( . i � **] f[. a5(j . a�j+**]?h0*�a,(n]?i^JP(KJli�j ` ( e ]Jj e /ba,*�] v
2 **]R1,**]Li-( epf jK*�a,(n]!15*�( ` � e0._^ ]R1 ._e k#* ^ j�h�jK(=*�J�1OJ f j ` ]!o-hZJ|( ` ] . hgaRj e0.l^ 1,*�]�1 ._^F^�` **] v2 *�])1 ._^F^�` **]b/�a5* ^,. aF]�cRJ ^Fegf a�h ._^ ] ] ._^ jF1,*�xdJ e zFh@*W( ` ] . hga�j e0._^ i . h . ( e c ` jK( e /ba,*F*�jr� `-. oc ` j+( e /�a5* v�P JP(�i ._^ ] ` /ba,* ^ j^8RhMD#a�j e h e ]KJ|j e0._^ 15*21,*�]niL( egf jK**a5(n]�] ._fF�Fe ]Lj e /ba ` ]Q6:r-q y`qbh0*�]U1,*�]niL( egf oj+**a,(L]>1,*Vi . aFh@**a,(U*�j<15*Vx . (Lc4* ^,. (nc4Jlh e ] ` ] ^ P�� C o � $ K�K & 9K] ._^ j ep^ J fFf ( ._f ( eg` ] f	. a,( ^5. jK(=*J fFf h e i^J|j e0._^ v 2 D eg^ x . (nc4J|j e@._^ ]La,( hZJmjK* 3�j�a,(=* ^ DN*�]Lj f Jl] ^,._^ f hpaF]7*43 f h ._e jKJlzFh@*b1Fa xdJ e jQ1Fa] . aF]�o ` i � J ^ j e hph ._^�^ Jl�#*W/ba e J|jLj `�^ a5* h0*�]�jK* 3�j�a,(=**] v!#"eg^ ] e 8 ^,. jK(+*�i �,._e 3s*�]Lj)15* i ._^ ] e 1 ` (+*L(15**]{i^J�(+Jli�j ` ( e ]Lj e /ba,**] ` h ` cW* ^ jKJ e (=**]F1,*�i . a�h0**a5(W*�jW1,*(x . (ncW* f[. a,(m1 ` iL( e (=*%h0**]m( ` � e@._^ ] v� . aF]21 ` _ ^�e ]n] ._^ ]31,J ^ ]"h@**] f J�(+Jl�#(KJ fF� **]X/ba e ]La e k�* ^ j1h@**]21,**]Li-( epf jK*�a,(n]21,*ri . aFh@**a,(X*�jQ1,*x . (ncW*7/�a5* ^5. aF]?a�j e h e ] ._^ ]Y1OJ ^ ]?hZJtc ` j �,. 1,* v

�=��~�B���B� �%����(_�y������R�=� +=� (_� � �B���=�
2 Jmi . aFh0*�a,(X**]Lj1hZJ�i^J�(+Jli�j ` ( e ]Lj e /ba,*rh0J f hpaF]Vx ( ` /ba,*�c�cW* ^ j1aRj e h e ] ` * f[. a,("h0JW(=**i � *L(ni � **�j1h0J�c e ]+*\* ^ i . (=(+**] f[.l^ 1OJ ^ iL*)1,*)1 ._^F^F` **]1cta�hpj e c ` 1 e J f J�("h@*�i ._^ jK* ^ a v�P J�(Lc e h0*�]3J f of ( . i � **]di�hZJl]L] e /ba,*�]-8 ._^ f **a�jdi e j+*-(�h@**] �Fe ]Jj . �#(+Jlc{c4*�]U1,*Vi . a�h0**a5(n]�$ �n� 8 D � 8 �
� � & /ba e ] ._^ j15**] . aRj e hp]	x ( ` /ba,*�c�cW* ^ j@a�j e h e ] ` ] f[. a5(thZJ�c e ]+*W* ^ i . (+(+*�] f	._^ 1OJ ^ i-*!1ED e c4Jl�#*m*�jF1,*mk e o

1 `-.Fv 2 Jb1 ` _ ^Fe j e0._^ 1ED�a ^ *31 e ]Lj:J ^ i-*21OJ ^ ]U1,**]>*�] f J|i-**]<15*1i . a�h0**a5(U1 e G ` (+* ^ jn]�$ D � 8 � _ K & **]Jj` �`Jlh@**cW* ^ jdjK(   ]?aF] e j ` * v
j<¡��
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P~. a,( ^,. j+(+* f ( . zFh ` c4J|j e /ba,*�8yhMD �Fe ]Jj . ��(KJlc{c4*A1,*�i . aFh@**a,(L]S1ED#a ^ *<( ` � e0.l^t^ D **]Lj f Jl]l( ` **h oh@**cW* ^ j f *-(Lj eg^ * ^ j f a e ]=/�a5*	h@**]i( ` � e0.l^ ]d] ._^ jX1,* f *�j e jK* ]na5(LxdJliL*\*�j�i ._^ j e * ^F^ * ^ j f **a�1ED eg^ ox . (nc4J|j e@._^~v�P J�(?i .l^ ] ` /�a5* ^ j^8 ^,. aF]XJ�k .l^ ]Vi �5._e ] e 1,* i ._^ ] e 1 ` (+*L(?h0*71,*�]ni-( egf j+**a,(�i . h . ( e c ` oj+( e /�a5*}h@* f hgaF]{] e c f h@*�8So ]KJ�k .le ({hZJ�i . a�h0**a5(�c . ]#* ^�^ * 1ED#a ^ *( ` � e0._^ vZ� * f	. ]=* Jlh . (n]�h@*f ( . zFh   cW*Q1Fa(i �5._e 3R1,*�hMD **] f JliL*31,*�i . aFh0*�a,(n] v � . aF]<J�k ._^ ]�i �5._e ] e hMD **] f JliL*�A C � f a e ]=/ba,*h0Jt]+*��_c4* ^ j:J|j e0._^%f ( . 1Fa e ji1,*�]X( ` � e@._^ ] �,. c . �  *^ *�]X1,J ^ ]?i-*�j2*�] f J|i-*\1,* i . aFh@**a,(L] v�1^ 1 ` _ ^Fe j hZJ c4*�]na,(=* 1,*}] e c e hZJ�( e j ` i . aFh@**a,( ρc(r, r

′) * ^ jK(=*�1,**a�3�( ` � e@._^ ] r *�j r′

J eg^ ] e �

ρc(r, r
′) = (1− |R̄(r)− R̄(r′)|

255
)(1− |V̄ (r)− V̄ (r′)|

255
)(1− |B̄(r)− B̄(r′)|

255
) 6 �Fv ��9

2 **]?kPJlh0*�a,(n] R̄ 8 V̄ *�j B̄ ] ._^ jVi . c f ( e ]+**]i* ^ j+(+* 0 *�j 255 v�1^m^5. jK* e i e /�a5*"] e h@**]A1,**a�3R( ` � e@._^ ]K] .l^ j�x . (Lj+**cW* ^ j;1 e G ` (=* ^ jK*�]�]La,(�hfD�a ^ 1,*�]�i-J ^ Jla 3i . aFh@**a,(L8aJ|h . (L]�h0J	cW**]La,(+*21,*"] e c e hZJP( e j ` ρc ]=*-(KJ	xdJ e zFh@* v 2 J�cW**]La,(+* ρc k ` ( e _,*"hZJ f ( ._f ( ep` j `1IDgJlz�] . ( f j e@._^~v J ^ *�k�J|h0**a5(<1,* ρc
f ( . i � *e1,* 1 ep^ 1 e /ba,*�a ^ *�x . (Lj+*	] e c e h0J�( e j `lv

�=��~�B���� �%����(_�y������R�=� +=��� � � �-�
J ^ *b( ` � e@._^ f **a�j ` �`J|h0**cW* ^ j2h�j+(+*ri-J�(KJ|i�j ` ( e ] ` * f J�(21,**]21,**]Li-( epf jK*�a,(n]Q1,*rx . (Lc4* v � **]15**]niL( epf jK*�a,(n] f *�a�k#* ^ jQh�jK(+* i�hZJl]L] ` ]i* ^ 1,*�a 3�i^Jyj ` � . ( e **] � a ^ *e(=* f ( ` ]+* ^ j:J|j e0._^ zOJl] ` *	]na,(�oxdJ|i-*3*�jda ^ *7(=* f ( ` ]+* ^ j:J|j e0._^ zOJ|] ` *�i ._^ j . a5(�$ � �n� &wv P~. a,(dhZJ f (+*�c ep  (=*1i^J|j ` � . ( e *P8Rh@**] f J�(KJyoc   j+(+*�]/i ._^ ] e 1 ` ( ` ]�] ._^ j;1 ` iL( e jn]K]na,(/h0J1]na,(JxdJli-* eg^ j ` ( e **a,(=*<1,*dhZJ3( ` � e@._^~v �1^�f **a�jKi e jK*L(/h0*�]c . cW* ^ j�] ep^ kPJ�( e J ^ jn]-8Fh@**]�i^J�(+Jli�j ` ( e ]Lj e /ba,**]i1,*	hZJ@z .�� j+*e* ^ �_h . zOJ ^ j+*\15*�h0Jm( ` � e@._^ i . c{c4*

* 3a**c f h0*�])1,*!1,*�]ni-( egf j+**a,(L]F1,* iL* j,] f * v 2 J�]=**i ._^ 1,*�J f�f ( . i � *(i .l^ ] e 1   (=* hZJ � `-. c ` j+( e *15*rhZJ@x ( .l^ j eg  (+*\1,**]2( ` � e0._^ ] v 2 *�]Q1,*�]niL( egf jK**a5(n]Q15* � . a,( e *-(i*�j1h0*e1,*�]niL( egf jK**a5(31,*	i ._^ j . a,(^ P � C o � ] .l^ jX1,*�]2* 3a**c f h0*�]X15*\15**]niL( epf jK*�a,(n]2J fFf JP(LjK* ^ J ^ j2o@i-*�jLjK*	i^J|j ` � . ( e *t$ K�K & v5 J ^ ]�h0**] e c4Jl�#**] 5 � 8 h@**]@i .l^ j . a,(L]@] ._^ j f J�(Jj e i*aFh eg  (=**cW* ^ jth e ]L] ` ]L8?* ^ (+J e ] ._^ 1,*(h0J( ` 1Fa�i�j e@._^ f JP(mzFh . i�]R1,*�hfD e cRJ|�#*�* ^ f h@* eg^ *( ` ] . hga�j e0._^~v #Veg^ ] e 8�h0**]41,**]Li-( egf j+**a,(L] zOJl] ` ]x ( ._^ j ep  (+*�] ._^ j�c ._ep^ ]<J f�f ( ._f ( eg` ] f[. a5(<1 ` iL( e (=* h0**]<( ` � e@._^ ]<1OJ ^ ] ^,. jK(=* i ._^ jK* 3�jK* v
2 *�1,*�]ni-( egf j+**a,(�1,*�x . (Lc4* (+*�j+* ^ a 1 ._e j�h�jK(=* eg^ kPJ�( e J ^ j�Jla 3�1 ` x . (nc4J|j e@._^ ]ma�]na,*�hgh0*�]j+**hph0**]Y/�a5*�hZJ)( . j:J|j e0._^ 8�hZJ	jK(KJ ^ ]nh0J|j e@._^ *�j?h@*1i � J ^ �#**cW* ^ jX1ED ` i � *�hgh0* v�5 * f hpaF]-8 e hI1 ._e jYh�jK(=*j . h ` (KJ ^ jUJla 3W1 ` x . (LcRJ|j e0._^ ]�� `-. c ` j+( e /ba,*�]U15**]Y( ` � e@._^ ] v �K^ *LG[*�j^8bh0J x . (Lc4*i1,*VhZJ f hpa f J�(Jj15**] . zjB=*�j�]<JP(Lj e i*aFh ` ]�i � J ^ �#*7* ^ jK(+*715**a 3 e c4Jl�#**];1 e G ` (+* ^ j+**]<* ^ (+J e ] ._^ 1,*�]dc . a�k#*�c4* ^ jn]h . i-Jla 3 Jla ^Fe k�*^Jla 1,*�]!J�(Jj e i�aFhZJyj e0.l^ ]6:r-q y`q�c . a�k�**cW* ^ j!1,*�] c4*�ctz,(=**]R1ID�a ^ � aFc4J ep^ 9 v#Veg^ ] e 8�i-*-(Jj:J ep^ **]�( ` � e@._^ ] f **a�k�* ^ j h�jK(=*�1 ` x . (Lc ` **]!1,* c4J ^Feg  (+*�1 e G ` (+* ^ jK*�1,**]�JlaRjK(+*�]( ` � e@._^ ]</ba e i . c f	. ]=* ^ j�hMD . zjB=*�j vJ ^ 1,**]Li-( epf jK*�a,( ` h ` cW* ^ j:J e (+*�k ` ( e _ J ^ j@h0*�] f ( ._f ( eg` j ` ] f ( ` i ` 1,* ^ jK**]W**]Jj@hZJ gJe�����r�rH���y@:
ehg:v��O� r eCw�pMrH�O� ':rR6 5"` x v � K 9>1,*�h0JF( ` � e0._^~v#	 h9]=*-(+J4(+*�jK* ^ a}i . c{cW*\15**]niL( epf jK*�a,(215*	x . (Lc4*1,J ^ ] ^,. j+(+*\J fFf ( . i � * v

�������� ���������	����
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ehg:v��O��r�:zv)x�p�{RrH�5�Hp eC�Rxhd7t;:�d`�y�w=v��	x $��C� ' F wKr:� tIq t;:�d`�<tOrH�fp�� $��C� '.IWxhdwKr $H�Mv��jy@:0r-q
2 J\_F�_a,(+* �Fvg� c ._^ jK(=*215**a 34*43a*�c f h@**];1,*"z .�� jK**]A* ^ �_h . zOJ ^ jK*�]36 (+* f ( ` ]=* ^ j ` **]<* ^mf	._eg^ oj e hph ` ]K9;1,*e( ` � e@._^ ]\6d* ^ ��( e ] ` 9 v

h

l
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h

l
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5 *�a 3 i^JP(KJli�j ` ( e ]Jj e /ba,*�]e1,*�hZJ(z . � jK*F* ^ �_h . zOJ ^ jK*@] ._^ j	a�j e h e ] ` *�]�i . c{c4* ` h ` c4* ^ j�]e1Fa15**]niL( epf jK*�a,(i1,*�x . (ncW* �� hMD '�:
eC�jy`v��fp eC� ^,. j ` * el(r) 1,* hZJ)( ` � e@._^ r 8Fi . (=(+*�] f	._^ 1Jla�(KJ|j e0. * ^ j+(+* hZJ � J|a�jK*�a,( h
1,* hZJtz .�� j+*7* ^ �_h . zOJ ^ j+*7*�j�]KJ�hZJ�(L�#**a5( l v� hMD�r $ $:rH�O�fw�p $Hp�� ' ^5. j ` * ecc(r) 1,*1hZJ\( ` � e0._^ 8Ri . (+(=**] f	._^ 1�J|a!(KJ|j e0. * ^ jK(+*"hZJr]La,(LxdJliL*31,*hZJ)( ` � e0.l^ *�j�hZJt]na5(LxdJliL*\15*	]+J{z .�� jK*7* ^ �_h . z,J ^ jK* v2 D ` h .l^ �`J|j e0._^ *�j�hfDN*�i*iL* ^ jK( e i e j ` ] ._^ j�1,*�a 3 ep^ x . (nc4J|j e0._^ ](i . c f h ` c4* ^ jKJ e (=**] � 1OJ ^ ]hfDN* 3a**c f h0*1,*�hZJ�_q�_a,(=* �Fvg� v Ja8�hfD ` h ._^ �#J|j e@._^ 15*�hZJ ( ` � e@._^ *�]Lj�Jl]L]+* � (=* f ( ` ]=* ^ j:J|j e k�*�1,*h0J x . (ncW*�8~c4J e ]31OJ ^ ]	hMD *43a*�c f h@*F1,*�hZJ�_q�_a5(+* �Fvg� v zI89hZJ(]+*�aFh0* eg^ x . (nc4J|j e@._^ ]La,( hMD ` h .l^ �`Jyoj e0._^ ^ * f *-(ncW*�j f Jl]31,*F1 e ]Lj eg^ �la,*-(VhZJR( ` � e@._^ 1,*thfDN* 3a**c f h0*c1ED�a ^ *F( ` � e0._^ (+**i�j:J ^ �_aFhZJ e (+*/ba e ]-D eg^ ]Li-( e je1OJ ^ ]�h0J c4h�c4*rz .�� jK*c* ^ �_h . zOJ ^ j+* v 2 D **i*iL* ^ jK( e i e j ` 8�/ba e cW**]na5(+*F* ^ /ba,**h@/ba,*] . (Lj+*�h0*2� j:Jla 3R1ED . i�i*a f J|j e@._^ �Q1,* hZJ)( ` � e0.l^(f J�(>(+J fFf	. (LjXot]+J{z .�� j+*Q* ^ �_h . zOJ ^ jK*P8,**]JjVa ^ *ep^ x . (LcRJ|j e0._^�^F` iL**]L]KJ e (+*\1OJ ^ ]?i-* i-Jl] v

�1^ ^,. jK*�/ba,* h@**](cW**]na5(+**]�1,*�hfD ` h ._^ �#J|j e@._^ *�j�15* hfDN*�i*iL* ^ jK( e i e j ` 1,*�]�( ` � e0._^ ](] ._^ jep^ k�JP( e J ^ j+**]2Jla 3�jK(+J ^ ]Jx . (nc4J|j e@._^ ]djK*�hgh@**]X/�a5*thZJW( . jKJ|j e@._^ 8qhZJ�jK(+J ^ ]nh0J|j e@._^ *�j1h0J�j+(KJ ^ ]Lx . (�oc4J|j e0._^ 1ID ` i � **hph0*F*�j ] ._^ j\1 ._^ itj . h ` (KJ ^ jK*�]eJla 3�1 ` x . (LcRJ|j e0._^ ]"h . i^J|h0**]Q1,*@hMD . zjB=*�j v 5 J ^ ]h@*@i^Jl]e1ED#a ^ i � J ^ �#*�c4* ^ jb1ED ` i � **hgh@*�89hfD . znB=*�je1OJ ^ ]	] ._^-ep^ j ` ��(KJlh e j ` **]Jjr] . aFc e ]eJla cWh*cW*xdJ|i�jK*�a,(31ED ` i � **hgh@* v0#Veg^ ] e 8 . a�j+(+*th@**] ep^ x . (nc4J|j e0._^ ]?]La,(�hZJmz .�� jK*b* ^ �_h . zOJ ^ jK*P8 ^,. aF]1i .l^ ] e o1 ` ( .l^ ]�hfDgJ e (+*Y(+**h0J|j e k#* a(r) 6 5V` x v �`� 9?1ED#a ^ *X( ` � e0.l^ r f J�(S(KJ f�f[. (JjUo h0J�]na,(JxdJli-*X1,*?hMD . zjB=*�j15* f (+**c e *L( f hZJ ^ Jla,/ba,**h *�hgh0*3J fFf J�(Jj e * ^ j v
�������� �������������  B� 2 & 2 & 7��]��� 	"&�')( %��"& 24�)�W� ���38
� � x%'�
A�Op��:+} v�p�wKrQw:r�:zv��dp ? r a(r) x~} dj�IrQw 'My�p eC� r vHt`t5v�w�� rH�	v��O� A dj� ehgMi^rH� O $OeC{F{Rr 'H�Mv��O�
:0r\w=v��dp e�rH�O�dw:r�:zvW�Jdjw<HLv%$:rcxjr�:zv4w�'My�p eC� r rH�B:zvF�Jdaw<HLv%$:rbxjr
:+}fehgMi^rH� O q � ��v

a(r) =
|r|
|O|

e� |r| F wKr:� tIq |O| IWx%':�Hpzy��Ir :0r7�5eC{�g-wKrexjrYt	p �ar�:g�exjr :zv4w�'My�p eC� r F wKr:� tIq?xjr :+}fehgMi^rH� O I�q
j<¡��



��� �������	��
���������
���������������� 
�� � ������� ��������� � �����"!��#����

2 J(c4*�]na,(=*F1,*@] e c e hZJ�( e j ` 15*tx . (ncW* ρf (r, r

′) * ^ jK(+*m1,*�a 3�( ` � e@._^ ] r *�j r′ **]Lje1 ` _ ^Fe *i . c{c4*1]La e j �

ρf (r, r
′) =

1

2

( min(ecc(r), ecc(r′))

max(ecc(r), ecc(r′))
+

min(el(r), el(r′))

max(el(r), el(r′))

) min(a(r), a(r′))

max(a(r), a(r′))
6 �Fv s�9

2 J cW**]na5(+*)1,*r] e c e h0J�( e j ` 1,*�x . (ncW*bJ ` j `t^5. (nc4Jlh e ] ` * f JP("hZJ41 e k e ] e0._^ ] ]�]Lj ` c4J|j e /ba,*f J�(rh@*�c4J 3 e cta�c v 2 *�])( ` � e0._^ ]c1 .le k#* ^ j)h�j+(+* f ( . i � **]Fo�hZJ%x ._e ]\1Fa f	._eg^ jc1,*�k�a,*mh . i^Jlh
6i^J�(+Jli�j ` ( e ]Lj e /ba,*�]�1,*/hZJ�z .�� j+*l* ^ �_h . z,J ^ jK*�9I*�j=�_h . zOJlh56fJ e (+*l(=**hZJyj e k�*�9 f	. a,(�h�jK(=*/i ._^ ] e 1 ` ( ` **]i . c{c4*1] e c e h0J e (=**] v �1^ (+*�j+( . aRk#* e i e hZJ f ( ._f ( ep` j ` 1EDgJ|zF] . ( f j e@._^~v
�=��~�B����$ � �����=��� + � ��� � �w��F�y� ���

� . aF]kJ�k ._^ ] eg^ jK( . 1Fa e j9a ^ * ^,. a�k#*�hgh0*KcW**]La,(+*;1,*�] e c e h0J�( e j ` �_h . zOJlh0*?* ^ jK(=*Y1,*�a 3\( ` � e0._^ ]z,Jl] ` *V]La,(Kh0**]KcW**]La,(+*�];15*V] e c e hZJP( e j ` 15*�i . aFh@**a,( ρc 6 � . (nc v 6 �Fv � 9+9l*�j;1,*dx . (Lc4* ρf 6 � . (Lc v
6 �Fv s 9+9 f ( ` ]=* ^ j ` **]Q1,J ^ ]?h0*�] f J�(KJl��(KJ fF� **] f ( ` i ` 1,* ^ jn] v2 J cW**]na5(+*�1,*�] e c e h0J�( e j ` �_h . zOJlh0* ρ(r, r′) * ^ jK(=*�1,**a 3�( ` � e0._^ ] r *�j r′ **]Lj�1 ` _ ^Fe *i . c{c4*1]La e j �

ρ(r, r′) = ρc(r, r
′).ρf(r, r

′) 6 �Fva_ 92 J{kPJlh@**a,( ρ(r, r′) J fFf J�(Lj e * ^ jQo�hfD ep^ j+*-(Jk�J|hgh0* [0, 1] v P hpaF]"h0J{cW**]La,(+*c1,*r] e c e hZJP( e j ` *�]Ljf ( . i � *b1,* 1 8 f hga�]"h0*�]Q( ` � e@._^ ]�] ._^ j�] e c e hZJ e (+*�] v�� a,J ^ 1�h@**]Q15**a 3 ( ` � e0._^ ]21 e G   (+* ^ j f[. a,(hfD�a ^ 15**];1,**a 3W15**]niL( epf jK*�a,(n]L8j*�hgh@**] ^ *�] ._^ j f Jl]K] e c e hZJ e (+*�] v 2 J f ( ._f ( eg` j ` 1EDNJlzF] . ( f j e0._^ **]Jjep^ 1Fa e jK* f J�(?h0*�]ni ��` c4J{cta�hpj epf h e i^J|j e xI1,* hMD ` /baOJ|j e0._^ 6 �Fva_ 9 v
G�H O�HPO �dT-[ �USJT��"Q V U TJWKX Y"N9P Y/S V ���VN Y	� V Y�
 V Q N9XVQ N YVN9P SF\ZYKT�WKX"P

� . aF]eJ�k ._^ ]�c4* ^ j e0._^�^F` 1OJ ^ ]�hZJm]=**i�j e0._^ ��v � v s 8�hZJ f ( ` ]=* ^ iL*W15* ^,. ctz,(=**aF]=**] f *�j e jK*�]( ` � e@._^ ]<1Fa5*cJ|a}z,(La e ji* ^ �#* ^ 1,( `	f J�(dh@*�] . a�]Jo ` i � J ^ j e hgh ._^ Jl�#*�] f J|j e Jlhl6 f ( . zFh   c4*�]<1,*	]na,(�o]=**�_cW* ^ jKJ|j e@._^ 94*�j�Jla f ( . i-*�]n]LaF] J|a�j . c4J|j e /ba,* 1IDN* 3Rj+(KJli�j e@._^ 1,**] . zjB=*�j�]�6 f ( ` ]+* ^ i-*�1,*f�e 3a**hp]7J fFf JP(LjK* ^ J ^ jcJla�x ._^ 1O9 vQP~. a,( ` k e j+*-(�iL**] eg^ i ._^ k `�^Fe * ^ jn]e*�j\Jlc ` h e0. (=*-(�hZJ c e ]+*b* ^i . (+(=**] f[._^ 1OJ ^ iL*\15**] . zjB=*�j�]-8 ^,. aF]iJ�k ._^ ] ep^ j+( . 1Fa e jda ^ * ` jKJ f * f ( ` h e c eg^ J e (=*X15*	] e c f h e _�oi-J|j e@._^ 1,*�]rA # C ]W6�'H� vHtOr �1,*�hZJR_q�_a5(+* �Fv u 9 v 5 J ^ ] i-*�jnjK* fF� Jl]+*P8 ^5. aF]1xaF] e0._^F^5._^ ] h0*�]( ` � e@._^ ]b6d*�j f JP(Vi ._^ ] ` /ba,* ^ j h0*�]V] . c{c4*�j�]X1,**]"A # C ]:9<1,* f *�j e j+*	jKJ e hph0*3/ba e ( ` ]naFh�jK* ^ jQ1,*h0Jt]na,(�o�]=**�_cW* ^ j:Jyj e0.l^~v� . aF]R1 e ]Lj eg^ �la ._^ ]�jK( ._e ]�i^J|] f	. a,(mh0J xa�] e0.l^ 1,*( ` � e0._^ ] � 6 e 9�h@**]W( ` � e0._^ ]�jK(   ] f *<oj e j+**]m] ._^ j(] ]�]Jj ` c4J|j e /ba,**cW* ^ j xa�] e0.l^F^F` *�]!J�k#*�i�hMD#a ^ 1,* h0**a5(n]�k ._e ] eg^ ]L836 ege 9@h@**] ��(KJ ^ 15*( ` � e@._^ ]d] ._^ jVi ._^ ]=*-(Lk ` *�]3*�jc6 egege 9�h@**]<( ` � e0.l^ ]<1,*�j:J e hgh@*"c . ]�* ^F^ *c/ba e ( ` ]na�hpjK* ^ j215*	h0J@]na,(�o]=**�_cW* ^ jKJ|j e@._^ ] ._^ j�xaF] e@._^F^F` **]�]=**aFh@**cW* ^ jd]LD e h[* 3 e ]Lj+*1a ^ *3( ` � e@._^ 1,J ^ ]�h@**a,(�k ._e ] eg^ Jl�#*X1,*i . aFh@**a,( f ( . i � * v 	 i e 8�h0J�i . aFh0*�a,(b1ID�a ^ *�( ` � e0._^ r′ **]Ljri ._^ ] e 1 ` ( ` * f ( . i � *R1,* hZJ�i . a�h0**a5(1ID�a ^ *X( ` � e@._^ r ] e hZJVc4*�]na,(=*<1,*?] e c e h0J�( e j ` i . aFh0*�a,( ρc(r, r
′) 6 � . (nc v 6 �Fv � 9+9~**]Lj;* ^ o 1,*�]n] . aF]1ID�a ^ i-*L(LjKJ eg^ ]+*�a e h δc ∈ [0, 1] v� . (Lc4*�hgh0*�c4* ^ j^8�] ._e * ^ j ε1 < ε2 1,*�a 3 ]+*�a e hp] f[. a,(1hMDNJ e (+*b(=**h0J|j e k#*ti . c f ( e ]Q* ^ jK(=* 0 *�j

1 v � . aF]di .l^ ] e 1 ` ( ._^ ]di � J�/ba,*e( ` � e@._^ r ]=**h .l^ ] ._^ J e (+*Q(=**h0J|j e k#* a(r) 6 5"` x v �`� 9 v1�j._e j r′ h0J
( ` � e@._^ k ._e ] eg^ *21,* r hZJ f hga�] f ( . i � *Vi . h . ( e c ` jK( e /ba,**cW* ^ jQ6 pdqdr-q r′ = maxri∈N (r)ρc(ri, r) 9 v2 *�]�h ._e ]Y1,*�xaF] e@._^ 1,**]X( ` � e0._^ ]d] ._^ j�h0*�]d]na e k�J ^ j+**] �

j \�¢



� ����� � ��� ��
|�y�K�_�<� ����#���y���B�#
��

6 e 9 ] e a(r) < ε1 8,Jlh . (L]dhZJ)( ` � e@._^ r **]JjV]La fFf ( e c ` * f J�(�xa�] e0.l^ 15* r J�k#**i r′ 86 ege 9m] e a(r) ≥ ε2 8OJlh . (n] r *�]Lj�a ^ *e( ` � e0.l^�f *-(Jj ep^ * ^ jK*e*�j .l^�^ *	h0Jt]na f�f ( e c4* f Jl]L86 egege 9�] e ε1 ≤ a(r) < ε2 89] e ρc(r, r
′) > δc 8 ._^ xaF] e0._^F^ * r *�j r′ i^J�( r *�]Lj	i ._^ ] e 1 ` ( ` *i . c{c4*�a ^ *Q( ` � e0._^ ( ` ]LaFhpjKJ ^ j<1,*1h0J�]na5(Jo�]=**�_cW* ^ jKJ|j e@._^ 1Fa xdJ e jY/baED **hph0*�] f ( ` ]+* ^ jK* ^ jj . a�ji15*	cWh*cW*�a ^ * ] e c e h e j�a,15*Vi . h . ( e c ` j+( e /ba,* v� *�jnjK* ` jKJ f *�J f	. a,(@z�a�jW1,*%]na fFf ( e cW*-(rh0**] f *�j e jK*�]F( ` � e0._^ ]F( ` ]LaFhpjKJ ^ j�] . aRk#* ^ j41Faz5(na e ji1,* ]+**�lc4* ^ jKJ|j e@._^~v2 JF_q�_a,(=* �Fv K c ._^ j+(+*	a ^ * 3a**c f h0*\1,*	hZJ@] e c f h e _qi-J|j e@._^ 1,*�]1A # C ]i1,*	hMD *43a*�c f h@*e1,*h0Jb_q�_a,(=* �Fv D v 2 **]i�   i � *�]2( . aF�#*�] eg^ 1 e /ba,* ^ j�h0*�]<( ` � e0._^ ]</ba e�.l^ j ` j ` xaF] e@._^F^F` **] v

6dJ`9ds � ] . c�cW*�jn] 6BzO9ds � ] . c{c4*�j�]���
	�������B���F+�������+L\=H (*&,+�-.%2���O!�#�<)(*�����O! �����[(Z\�#�D�<"� ���� � L �O!�<�	�#�+�-.%�!��
D�!"+�-.%�% 	O�O!Q!"-.%'&
��	O!,+�#�% 	O�O!Z�=(*<@���O!����OH����O!V<"-.D�#3�O! �

2 D ` j:J f *c/�a e ]na e j1i ._^ ] e ]Lj+*)omi . c f J�(+*L(Vh@**] . zjB=*�jn]"k e J{a ^ *tc e ]=*c* ^ i . (=(+*�] f	._^ 1OJ ^ i-*15**]�A # C ]?] e c f h e _ ` ] v
G�H O�H� 
 T�PRN N9X Q�W/S�SFN9P ��W�XVY V X"Q�N Y"N9P[W�� 
bN U P � V P�\9N PRQVSTSJN9P

Y/S V ���VN9P
2 * f ( . i-*�]n]na�]b1,*{c e ]+*m* ^ i . (=(+*�] f	._^ 1OJ ^ i-*R*�]Lj�zOJl] ` ]La,(�a ^ Jlhp� . ( e j � cW* e j ` (+J|j e x;1,*

(=**h0J 35J|j e@._^ /ba e (KJP] ^ * f ( . �#(+*�]n] e k#*�c4* ^ jrh0J ] e c e h0J�( e j ` * ^ jK(=*�h@**]e( ` � e0.l^ ]7* ^�f (+* ^ J ^ j\* ^i . c f jK*�hZJ%] e c e hZJ�( e j ` 1,*{h0*�a,(�k ._e ] ep^ Jl�#* v 5 J ^ ]	a ^ *�jK*�hgh0*WJ f�f ( . i � *�8=hfD ` k�J|hgaOJ|j e0._^ 15*�h0J] e c e h0J�( e j ` * ^ jK(=*�h@**]�( ` � e0.l^ ] **]Lj . zRjK* ^ a,* f J�(=i . ctz ep^ J e ] ._^ 1,*�hZJ�] e c e hZJP( e j `�ep^Fe j e Jlh@*<6zOJl] ` *]La,(�h0**]A1,*�]niL( egf jK**a5(n]:9A*�jU1,**]UJ BLaF]JjK*�c4* ^ jn]�]LaFi*iL**]n] e x]e6 (+* ^ x . (niL**cW* ^ j . a f `*^ Jlh e ]KJ|j e0._^ 9~* ^x .l^ i�j e0._^ 1,*	hMD eg^ x . (nc4J|j e@._^ 1Fa}i ._^ jK* 3Rj+*�h . i-JlhS6�pdqdr-q�h@**]i( ` � e0.l^ ]<1Fa(k ._e ] ep^ Jl�#*^9 v
�=��~��$9�B� �������*��� ��� ���B� �,+=���
	 �q� )����y� �����-�

2 **]?( ` � e0._^ ]k1,*���(KJ ^ 15*�]na5(LxdJliL*�x . (ncW* ^ j:h0**] f J�(Jj e *�]�h@**] f hgaF]�] e � ^Fe _Fi^J|j e k#*�]?1,*�] . zjB=*�j�]L8f J�( i ._^ ] ` /ba,* ^ j-8:h0J%cW**]La,(+*m1,*{] e c e hZJ�( e j ` * ^ j+(+*�i-**]\( ` � e0.l^ ]e**]Lj	h0J f hgaF] f *L(Lj eg^ * ^ j+*m* ^j+*-(Lc4*W1ED e c f[. (Jj:J ^ i-*W*�j)15* f ( ` i e ] e@._^~v 2 D ` k�J|hgaOJ|j e0._^ 1,*�hZJ}] e c e h0J�( e j ` * ^ j+(+* h@**]\( ` � e0._^ ]1IDgJ e (+* e c f[. (Lj:J ^ j+* ^ *b1 ._e j f Jl]2h�j+(+*�xdJ|aF]n] ` * f J�("h@**] f *�j e j+**]X( ` � e0._^ ]�k ._e ] eg^ *�] v �/^ *LG[*�j-8h@**]>( ` � e@._^ ]>15* f *�j e jK*1]La,(LxdJliL* f *�a�k#* ^ j2h�jK(=*1h0*3( ` ]LaFhpjKJ|j>1,*�]i*-(+(=**a,(L]<1,*1]=**�_cW* ^ j:Jyj e0.l^!. a15**] e c f ( ` i e ] e0._^ ]l1Famc4Jl]=/�a5*X15*VhfD . znB=*�jA1,* f (+*�c e *-( f h0J ^~v�5 J ^ ]�iL*?i^Jl]L8j*�hgh@**] f	. a,(+(+J e * ^ j
j \Bj
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f `*^ Jlh e ]+*-(@h0J�c4*�]na,(=*1,*%] e c e hZJP( e j ` 1,*�]�h0J�(n��**]F( ` � e0.l^ ]WJ�k ._e ] eg^ J ^ j+**] vVP J�(�i ._^ ] ` /ba,* ^ j^8^5. aF] f ( .lf[. ] ._^ ]?a ^ *m{Fp0��r)rH� $OeCw�wKr:� t1eC�	x`v��&$:r eCw=x=eC�O�&':r31,**]X( ` � e0._^ ]<1OJ ^ ]?h0*�]?A # C ] v�a.le * ^ jR1,**a 3 A # C ] ] e c f h e _ ` ] G *�j G′ 6�k ._e (m]=**i�j e0._^ �Fv s v s *�j 'H�MvHtOr  � e � v �Fv u 9i . (+(=**] f[._^ 1OJ ^ j�]YJla 3 . zjB=*�j�]Uo�i . c f J�(+*L( O *�j O′ (+**] f *�i�j e k#*�c4* ^ j v � . aF]�i^J|hgi*a�h ._^ ]A1OJ ^ ]a ^ f (+*�c e *-(/jK*�c f ]�h0*�]�cW**]La,(+*�]>1,*�] e c e hZJ�( e j `�eg^Fe j e J|h0**] f[. a5(�i � J�/ba,* f J e (=*i1,*Q( ` � e@._^ ];1,*
G *�j G′ 6 'H�MvHtOr � � e � v �Fv u 9 v �/^ ]na e jK*P8~hMDNJlhg� . ( e j � cW* f ( . i   1,* e j ` (+J|j e k#**cW* ^ j vQ�a._e j νi a ^]=**a e h eg^ k#*L(n]+*�c4* ^ j f ( ._f[. (Lj e@._^F^ *�hAo i 8=h0* ^ a�c ` ( . 1,*�hfD e j ` (KJ|j e0._^~v b i � J�/ba,* e j ` (+J|j e@._^ i^5. aF]�i ._^ ] e 1 ` ( ._^ ]VhfD . znB=*�j2( ` 1�a e j Oi 6d(=**] f v O′

i 9e6 5"` x v D�� 9i/ba e *�]LjVi . c f[. ] ` 1,**]X( ` � e0._^ ]15* O 6d(+*�] f~v O′ 9>1EDNJ e (=*7(+*�hZJ|j e k#*"]na f ` ( e **a5(+*cJla%]+**a e h νi 6�'H� vHtOr�� � e � v ��v u 9 v�������� ��������������� +-,.&/�U24� '�%�� � Oi

8
� ��vHt`tOr�:<:0r ehgMi^rH�Uw�'+xhdjp�� Oi xjr�:+}fehgMi^rH� O D0A :+} p�� 'Hw=v��dp eC� i D6:zvet5v�w��dp��fp eC��� r�:<:0r c*dOr>=

r ∈ Oi �Hp a(r) > νi DYv ? r $ r ∈ O q#Veg^ ] e 8 ._^ 1 ` zFaRjK*7J�k#*�i1h0*�] f hpaF]��#(KJ ^ 1,**]U( ` � e0._^ ];*�j ._^ ep^ j+( . 1Fa e jU15**]Y( ` � e@._^ ];1,* f hpaF];* ^f hgaF] f *�j e jK*�]Xo�i � J�/ba,* e j ` (KJ|j e0._^ 1Fa f ( . iL**]n]LaF]X1,* c e ]+*7* ^ i . (+(+*�] f	._^ 1OJ ^ i-* vb hMD e j ` (KJyj e0.l^ i 8 f[. a5(�i � J�/ba,* f J e (+*�1,*�( ` � e0._^ ] (r, r′) 15**] . zjB=*�jn] ( ` 1Fa e j�] Oi *�j
O′

i (+**] f *�i�j e k#*�c4* ^ j^8 ._^ i-Jlhgi�aFh0*�h0J-cW**]na5(+*�1,*�] e c e hZJP( e j ` J BLaF]Jj ` * γi(r, r
′) * ^ j+(+* r *�j

r′ v � *�jLjK*�cW**]na5(+*�1,* ] e c e h0J�( e j ` J BLa�]Lj ` *�1 `*f * ^ 1 15*�hZJ-cW**]La,(+* 1,*�] e c e hZJ�( e j `(eg^Fe j e J|h0*
γ0(r, r

′) = ρ(r, r′) 6BzOJ|] ` *m]na,(�h0**]c1,**]Li-( egf j+**a,(L]-8�k ._e (�hZJ(x . (ncraFh0* 6 �Fv`_ 9=9\*�j)1,* h0J�] e c e oh0J�( e j ` 1,**]@k .le ] ep^ Jl�#*�]mo�hMD e j ` (KJ|j e0._^ i − 1 6�'H� vHtOr � � e � v �Fv u 9 v �1^ _ 3a*�1,**a�3 ]+*�a e hp]F1,*] e c e h0J�( e j ` δmin < δmax
v ��e h0J kPJlh@**a,( γi(r, r

′) **]Lj eg^ x ` ( e **a,(=*Xo δmin 8 ._^ i ._^ ] e 1   (=*2/ba,*Vh0*�]( ` � e@._^ ] ^ *�]+*"i . (+(=**] f[._^ 1,( ._^ j B+JlcRJ e ]A*�j ^,. aF];_ 3 ._^ ]�hZJ�k�J|h0**a5( γi(r, r
′) o 0 v b hMD eg^ k#*L(n]+*P8] e h0J}kPJlh0*�a,( γi(r, r

′) *�]Lj@]La f�` ( e **a,(=*�o δmax *�j ^ * f ( ` ]=* ^ jK* f J|])1EDNJlctz e �_a	� j ` J�k#*�i(h0*�]J|a�jK(=**]F( ` � e0.l^ ]-8 .l^ 1 ` i e 1,*!/ba,*%i-*�]W( ` � e@._^ ]t] ._^ jW1 ` _ ^�e j e k#*�c4* ^ j�c e ]=**])* ^ i . (+(=**] f[._^ o1,J ^ i-*e*�j .l^ J|]n] e � ^ * γi(r, r
′) o 1 6�'H� vHtOr�� � e � v �Fv u 9 v


���������������������������! #"%$ "&$('�)�*
O
�+"

O′ ,- .(�/)�'�0�1� 2�3�54 $ "%6� &�7"%$('�)�*
t89 $()�$ "&$:�!.($(*%�; %<=��*&�� 2��*?>	�A@B$(0C$(.:�! 2$ "%�;*ED
O,O′ F�GHGJI�KML+N�OQPRTSU�VBW

i
>��

1 X t YHZB[ WM�\
(Oi,O′

i) := selectionneRegions(O,O′, i) G�G]IEKML+NBO3^_ SU�V�W
(r, r′) ∈ Oi ×O′

i` a [ (r, r′)
��*%"b0c�! 2dB��6;� X�e �W#�f

γi(r, r
′) := γi−1(r, r′)
;g a [ �B��
�


γi(r, r
′) := h '�0C�i��)�*?�7"%$('�)Ajk'�$(*&$()��!l���D r, r′,Oi,O′

i
F�GHG=IEKML+NBOCm
;-

γi(r, r′) :=
*%�;��$(.(.:�!l���D

γi(r, r′) F�G�G=IEKnL�NBO�o
;8 Y�[ �Ba [
 9 Y�[ �USU�V�W
;R 0C$(*&�;pk)�q�'� 2 2�;*%�i'�)����!) h �BD Oi,O′
i,O,O′ FrGHG]IEKML+NBOco
;\ Y�[ �iSU�V�W

�Z��#3-.<,+�&.���$�G������ �Q<"-hH 	O�BD�<"� ��� ��+�!"� ��%�HO-.<,<"�O!"� -.%���(*%�HO� �10f-.?BW,��&"!

5 J ^ ] h0*@zFa�je1IDgJli�i ` h ` (=*-( hZJ i ._^ k#*L(n�#* ^ i-*41,*�hMDNJlhg� . ( e j � cW*c1,*F(=**h0J 35J|j e@._^ 8 .l^ _ 35*�h@*^5. ctz,(=*R1ED e j ` (KJyj e0.l^ ]bo t j . a5(n])1,*�z . aFi*h@* v 2 *�])*43 f ` ( e cW* ^ j:J|j e0._^ ]�c ._^ jK(=* ^ j)/ba,*mxdJ e (+*iL( .�� jK(=* t J|aRo 1,*�hZo�1,* 10 ^ DNJlc ` h e0. (=* f Jl]	h0*W( ` ]LaFhpjKJ|jc1,*mh0J�c e ]=*W* ^ i . (+(+*�] f	._^ 1OJ ^ i-*4*�jcWh*cW*"iL( ` *\15**]<1 ` �#(KJ�1,J|j e@._^ ]>1Fa xdJ e j>1�a%j+(KJ e jK*�c4* ^ jY1,**] f *�j e j+**]<( ` � e0.l^ ] v 2 DNJlhp� . ( e j � cW*��v � 1 ` iL( e j	h0J f ( . i ` 1Fa5(+*R15*mc e ]+*m* ^ i . (=(+*�] f	._^ 1OJ ^ i-* v 2 **] ` j:J f *�]ri . (+(+*�] f	._^ 1OJ ^ j)o}h0J_F�_a,(+* �Fv u ] ._^ j eg^ 1 e /ba ` **]i* ^�e jKJlh e /�a5* v
j \�¡



� ����� � ��� ��
|�y�K�_�<� ����#���y���B�#
��
2 D ` j:J f *>1ID ep^Fe j e Jlh e ]KJyj e0.l^ 6����������	��
���������������������������������
�������������9U_ 3a*�8 f	. a,(�i � J�/ba,*i . a f h@* (r, r′) ∈ O ×O′ hZJrkPJlh@**a,( ep^Fe j e Jlh@* γ0(r, r

′) = ρ(r, r′) 6 � . (Lc v 6 �Fv`_ 9=9 vJ ^ * f J e (=*�1,*�( ` � e0._^ ]!**]Lj�1 e jK*������! ���"� h . (L]+/ba,*�]+J�cW**]La,(+*�1,* ] e c e hZJ�( e j ` J ` j `J|]n] e � ^F` * o 1 . a 0 v 2 J x .l^ i�j e0._^ 1,*}i . c f * ^ ]KJyj e0.l^ 1�a k .le ] ep^ Jl�#*�*�]Lj�1 ` i-( e j+*1OJ ^ ]�h0J]=**i�j e0.l^ �Fv s va_Rv s v 2 *b1 ` j:J e hk15**] f ( . i ` 1Fa5(+**]#���	����

$��%���*�j&�'�$����($��)�*��������+�*���,��	��-���**]Jj
1 ._^F^F` 1OJ ^ ]�h0J@]+**i�j e@._^ �Fv s va_�v`_ v
�=��~��$9�� . /���� �����-��� �1+ ���� ��� � �w��F�y� ���0/ (_� � ���y� -:� ���� � + �21 ���B���B� � ) �

� . aF]kJlhgh ._^ ]�1OJ ^ ]�iL*�jnj+*�]=**i�j e0._^�f ( ` ]+* ^ j+*-(�hZJ H.eC�&$H�fp eC�Wxjr $OeC{QtOrH�5�-v��fp eC�Fxhd ? eCp0�Hp��	v�yjr
φi

f[. a,(dhZJ@i . (+(+*�i�j e0._^ 1,* hZJt] e c e h0J�( e j ` * ^ jK(=*	h@**]<( ` � e@._^ ] v 2 *e(��_h0*71,* φi **]LjX1EDNJ BLaF]JjK*L(Vh0J] e c e h0J�( e j ` * ^ jK(+*W1,*�a 3|( ` � e0._^ ]e* ^ x ._^ i�j e0.l^ 15*mhZJ(] e c e hZJP( e j ` 1,*{h0*�a,(n] k .le ] ep^ Jl�#*�] ^,. j ` *
κi
v # a�j+(+*�c4* ^ jm1 e j^8 f hpaF]th0*�]tk ._e ] ep^ Jl�#*�]t] ._^ j�] e c e hZJ e (+*�]-8 f hpaF] e hY**]Jj f ( . zOJlzFh@*R/ba,*%h0*�]( ` � e@._^ ]d]=*	i . (+(=**] f[._^ 1,* ^ j2*�j eg^ k#*L(n]=**cW* ^ j v2 Jrx ._^ i�j e@._^ φi(r, r

′) *�]Lj?a�j e h e ] ` * f	. a,(�xdJ e (+*"iL( .�� jK(=* . a!1 ` i-( . � jK(=*�hZJr] e c e h0J�( e j ` * ^ jK(=*15**a 34( ` � e0.l^ ] r *�j r′ * ^ x .l^ i�j e0._^ 1,*�hZJ i ._�F` (+* ^ i-*315*Vh@**a,(L]�k ._e ] eg^ Jl��**]A(+*�]LjK(=* ep^ jn] NOi
(r)

*�j NO′
i
(r′) (=**] f *�i�j e k#*�c4* ^ j v�/^ i ._^ ] ` /ba,* ^ i-*P8�hZJrcW**]La,(+*315*�] e c e h0J�( e j ` γi(r, r

′) * ^ j+(+*�h0*�]>( ` � e0.l^ ] ` k . hpa,*�]+*�h ._^ h0Jx .l^ i�j e0._^ 1,*1i . c f * ^ ]+J|j e@._^ φi(r, r
′) zOJ|] ` *"]na,(�h0J�cW**]La,(+*315*"] e c e hZJ�( e j ` 1,**]�k ._e ] eg^ Jl�#**]YohfD ` j:J f * i− 1

�

γi(r, r
′) = γ0(r, r

′) + φi(NOi
(r),NO′

i
(r′)) 6 �Fv � 9

� . aF] f ( ` ]+* ^ j ._^ ]41OJ ^ ]@a ^�f (=**c e *-(tj+**c f ]@hZJ�cW**]La,(+*�1,*%] e c e hZJP( e j ` 1,*(k ._e ] eg^ Jl�#*�81 `*^,. j ` * κi(r, r
′) zOJl] ` *�]na,(�h0*�c4* e hph0**a5(1i . a f hZJl��*W/ba,*{hMD ._^ f *�a�j ` j:J|zFh e (7* ^ jK(=*mh0*�]	k ._e o] eg^ ]\1,* r *�j�h0*�]	k ._e ] eg^ ]e1,* r′ v ��^ i ._^ ]LjK(La e j	h@*{��(KJ fF� *�z epf J�(Jj e i . c f h@*�j i . c f	. ] ` 1,*�]k ._e ] eg^ J|�#**] NOi
(r) 1,* r 1ED#a ^ * f J�(Lj;*�j NO′

i
(r′) 1,* r′ 1EDNJla�j+(+* f J�(Lj v 2 *�]YJP(+h�j+**]�] ._^ j f[._^ o1 ` ( ` **] f JP(1hZJ{c4*�]na,(=*)1,*t] e c e hZJP( e j ` γi−1(r, r

′) * ^ jK(=*th0*�]3( ` � e0._^ ]3omhfD ` j:J f * i − 1 v � . aF]` j:Jlz�h e ]L] ._^ ]Q* ^ ]na e jK*th@*ti . a f hZJl��*b1,* f	._e 1F]"c4J 3 e cta�c C ]na5(1h0*��#(KJ f�� *tz epf J�(Lj e i . c f h0*�j$ u � & /ba e (+* f ( ` ]=* ^ jK*?h0JVcW* e hph0*�a,(+*AJl]L] . i e J|j e@._^ 1,*�]l( ` � e0.l^ ] k ._e ] eg^ *�]l* ^ jK*-(Lc4*U1,*�] e c e hZJP( e j `�lh . zOJ|h0* v � *�jQJlhg� . ( e j � cW*3J ` j ` aRj e h e ] `1f J�( �R�,. V . a�xdJ ^ 1,* � rH�>v@:zq 1OJ ^ ]?h@*	i ._^ jK* 3Rj+*c15*�h0Jc e ]=*7* ^ i . (=(+**] f[.l^ 1OJ ^ iL*b1ED . zjB=*�j�]�$ � �]K &wv.5 J ^ ]�h0*�a,(n]djK(+J�k�J|a 3[8 h@**] . zjB=*�j�]�] ._^ j21 ` _ ^Fe ]2of hgaF] e **a5(n] ^Fe k�*^Jla�3W1,*21 ` j:J e h 6 �Feg` (KJ�(Li �Fe *i1,* f J�(Jj e j e0.l^ ]:9 v 2 *�i . a f h0Jl�#*i1,* f	._e 1F]Kc4J 3 e c4Jlh*�]Lj�i^J|hgi*a�h ` ]na5(�h@**]d�#(+J fF� *�]Xo{i � JP/�a5* ^Fe k#*-Jla1IDgJlz�]LjK(+Jli�j e0._^ v2 JW_F�_a,(+* �FvN� c ._^ jK(=* a ^ * 35*�c f h0*\1,*�i . a f h0Jl�#*e1,* f[.le 1F]?c4J 3 e ctaFc v 2 *	�#(KJ fF� *\1,*k ._e ] eg^ J|�#**]Vz egf JP(Lj e j+**h?/ba,* NOi(r) = {r0, r1} *�j NO′i(r
′) = {r′0, r′1, r′2} **]Lj3(+* f ( ` ]=* ^ j `]La,(�hZJb_q�_a5(+* �Fvg� v Jm*�jVhZJtc4J|j+( e iL*71,*	c4*�]na,(=**]X1,* ] e c e h0J�( e j ` γi−1(rl, r

′
k) i . (+(=**] f	._^ 1,J ^ jK*]La,(�h0J\_q�la,(+* �Fvg� v z v 2 Jc_q�_a5(+* ��vg� v i e hghpaF]Lj+(+*?h0*Vi . a f hZJl�#*X1,* f[._e 1F]�c4J 3 e craFc v 2 *�]<J�(=h�jK*�]* ^ j+(KJ e jdi .l^ j eg^ a�(+* f ( ` ]=* ^ jK* ^ j1h0*�]di . a f h0*�]X(=*�j+* ^ aF] (r0, r

′
0) *�j (r1, r

′
1)
v

�1^ ^5. jK*�/ba,* h@**]W( ` � e0._^ ] ^ *�] .l^ j f Jl] ^F` iL**]L]KJ e (+**cW* ^ jmi . a f h ` *�]�J�k#*�i h@*�cW* e hgh@**a,(i-J ^ 1 e 1OJ|j v P J�(X*43a**c f h@*�8 ._^ J γi−1(r1, r
′
0) > γi−1(r1, r

′
1) 8�i-* f * ^ 1OJ ^ j1h0JF( ` � e0._^ r1 J ` j `J|]n] . i ep` *4o}h0J�( ` � e@._^ r′1

v 2 D . zjB=*�i�j e x<1,*{hZJ�(+*�i � *-(Li � *!1Fa-i . a f h0Jl�#*W1,* f	._e 1F] cRJ 3 e ctaFc*�]Lj\1,*�c4J 3 e c e ]+*L("h0J ] . c{c4*�6 . a hZJ c . ]#* ^�^ *�931,*�] f	._e 1�]31,**]cJ�(=h�jK*�]e(+*�j+* ^ a,*�] f	. a,(�h@*i . a f h0Jl�#* v 2 * f[._e 1F]�c . ]#* ^ ^,. j ` C̄ 1Fa i . a f h0Jl�#* C 8bi . (+(+*�] f	._^ 1�o	hZJ c . ]#* ^F^ *315**] f	._e 1F]
15**]FJ�(=h�j+**]F1Fa i . a f h0Jl�#* C v�#"eg^ ] e 8 i . a f h0*L( r0 J�k#*�i r′0 *�j r1 J�k#*�i r′1 6Bh@* f	._e 1F]�c . ]�* ^1�a-i . a f hZJ|�#*F**]Jj C̄ = 0.45 9 eg^ 1Fa e j a ^ * f hgaF]�x . (JjK*{] e c e h0J�( e j ` �_h . zOJlh0*b/�a5*�h@*{i . a f h0Jl�#*

j \]\



��� �������	��
���������
���������������� 
�� � ������� ��������� � �����"!��#����


r′2

r′1

r′0
r0

r1

6fJ`9

γi−1 r′0 r′1 r′2
r0 � v D � v s � v �
r1 � v u � v � � v s

6z 9
r′2

r′1

r′0
r0

r1

6i�9���
	�������B����-.D����[(*#3� ��� � -.+���!@�2( �h+�� D��

(r0, r
′
1) 8 (r1, r

′
0) 15* f	._e 1F]dc . ]�* ^ C̄ = 0.4 v

5 J ^ ]�hZJW1 ` _ ^�e j e@._^ 15*thZJ{] e c e h0J�( e j ` * ^ j+(+*th@**]�k ._e ] eg^ Jl�#**]21,* r *�j r′ 8 ._^�f ( ._f	. ]+*b1,*f (+* ^ 1,(+*W* ^ i ._^ ] e 1 ` (KJ|j e0._^ hZJ!1 e G ` (+* ^ i-*W1,*{i^J�(=1 eg^ J|h e j ` 1ED#a ^ * f J�(Lj\*�j�h@* f[._e 1F] c . ]�* ^
C̄ 1Fa cW* e hgh@**a,(�i . a f h0Jl�#*W1EDgJ|a�jK(=* f J�(Jj v #"ep^ ] e 8 h0J�cW**]La,(+*41,* ] e c e hZJP( e j ` 1,*�]rk .le ] ep^ Jl�#*�]j e * ^ 1,(KJ i . c f j+*�o�hZJ�x ._e ]m1,*}h0J�] e c e h0J�( e j ` ]na,({hZJ�]Lj+(naFi�j�a,(=* 1,*�]�k ._e ] eg^ Jl��**]-8S*�jR15*}h0J] e c e h0J�( e j ` * ^ jK(=*�h@**]�( ` � e@._^ ]�1,*Ki-*�] k ._e ] eg^ J|�#**]�1OJ ^ ]=hMD **] f Jli-*A1,*�]k1,*�]niL( egf jK**a5(n] v 2 Jdc4*�]na,(=*
15*	] e c e h0J�( e j ` 1,*�k ._e ] eg^ Jl�#* κi(r, r

′) **]LjX1 .l^F^F` * f J�(dh0Jrx . (ncraFh0* �

κi(r, r
′) =

min(|NOi
(r)|, |NO′

i
(r′)|)

max(|NOi
(r)|, |NO′

i
(r′)|) .C̄ 6 �Fv D#9

2 J{kPJlh@**a,( κ 1 ` i-( . � jV] e h0**]�]Lj+(naFi�j�a,(=**]315**]"k ._e ] eg^ Jl��**]i1 e G   (=* ^ j"x . (LjK*�c4* ^ jQ1,*�i^J�(=1 e o^ Jlh e j `3. a%] e h0**]i( ` � e@._^ ] ^ * ] .l^ j f J|]�] e c e h0J e (=**];1OJ ^ ]?hMD **] f JliL*\15**]X1,**]Li-( epf jK*�a,(n] v
P~. a,(\Jl]n]La,(+*L( a ^ * eg^ �Fa,* ^ iL*�] e � ^Fe _qi-J|j e k#*)15*{h0J ] e c e hZJ�( e j `e. a�1 e ]n] e c e hZJP( e j ` 1Fa k ._e o] eg^ J|�#*c1,J ^ ]�h0* f ( . i-*�]n]na�]31EDNJ BLaF]Lj+**cW* ^ j^8 ._^ i ._^ ] e 1   (+*	jK( .le ]?i^Jl]21EDNJ BLaF]Lj+**cW* ^ j1]=**h ._^ h0JkPJlh@**a,(A1,* κi(r, r

′)
� 6 e 9 ._^ xdJ e jKi-( .�� j+(+*?hZJ ] e c e hZJ�( e j ` * ^ j+(+*�h0**];( ` � e0.l^ ]K] e h0*�a,(n]Kk ._e ] ep^ Jl�#*�]]=*ti . (+(+*�] f	._^ 1,* ^ j�x . (Lj+**cW* ^ j^8?6 epe 9 ._^ xdJ e jQ1 ` i-( .�� j+(+*�hZJ�] e c e h0J�( e j ` ] e h0*�]Vk ._e ] eg^ Jl��**]"] ._^ jj+(   ]Y1 e G ` (+* ^ jn]U*�j76 egege 9�h0*�]�k ._e ] eg^ J|�#**] ^ *�] ._^ j f Jl]YJ|]n]+* � ] e c e hZJ e (+*�] . a41 e ]L] e c e h0J e (=**] f[. a5(f (+* ^ 1,(+* a ^ *71 ` i e ] e@._^ 8,*�j ._^(^ * c . 1 e _O* f J|]dhZJtcW**]na5(+*71,* ] e c e hZJ�( e j ` * ^ jK(+*�h@**]<( ` � e@._^ ] v�a.le * ^ j α1 *�j α2 ∈ [0, 1] 15**a 3 ]=**a e hg] f	. a,(71 e G ` (+* ^ i e *-(1iL**]�jK( ._e ]Vi^Jl] v 2 Jmk�J|h0**a5(31,*

φi(NOi
,NO′

i
) **]LjX1 ` _ ^Fe *	i . c{c4*�]La e j �

φi(NOi
,NO′

i
) =







1
2α1

κi(r, r
′)− 1

2 8q] e κi(r, r
′) ≤ α1

1
2(1−α2)

κi(r, r
′)− α2

2(1−α2) 8q] e α1 < κi(r, r
′) ≤ α2

0 8q] eg^,.l^
6 �Fv u#9

5 J ^ ]}h0J f (KJ|j e /ba,*P8 ._^ i . a f *�hfD ep^ jK*-(JkPJlhgh@* 1,*�]�kPJlh@**a,(L] f	. ]L] e z�h0**] f	. a,( κ * ^ j+( ._e ]f	. (Jj e0.l^ ] ` �#Jlh0*�] v � **h0J@] e � ^Fe _O*7/ba,* α1 = 1
3 *�j α2 = 2

3
v

�=��~��$9��$ � �B�*�����,(_���������*�/� ��+=�q� (_� + �����y��) ���� �
2 . (L]S1Fa f ( . i-*�]n]na�];15*dc e ]+*>* ^ i . (+(=**] f[._^ 1OJ ^ iL*�8 hZJVc4*�]na,(=*<1,*d] e c e hZJ�( e j ` 1ED#a ^ * f J e (=*

15*W( ` � e@._^ ] f **aRjbJyjnjK* eg^ 15(+*ta ^ *�kPJlh@**a,(1j+(   ] f ( . i � *m1,* 1 6B] e c e hZJP( e j ` cRJ 3 e cRJlh@*�9 . a�Jlai ._^ jK(+J e (=*(a ^ *(kPJlh0*�a,(rjK(   ] f ( . i � *�1,* 0 6] e c e h0J�( e j ` c eg^Fe cRJlh@*�9 v�5 J ^ ]�h0* f (=**c e *L(ti^Jl]L8
j \)(
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|�y�K�_�<� ����#���y���B�#
��
.l^[f *�a�j�i ._^ ] e 1 ` (+*L(F/ba,*%hZJ cW**]La,(+*!1,*(] e c e h0J�( e j ` * ^ jK(=*(h0*�]F( ` � e0._^ ]b**]Lj�]La5]{]KJlc{cW* ^ j` h0*�k ` * f	. a,( f (+* ^ 1,(=*�hZJb1 ` i e ] e0.l^ 1,*1cW*�jLjK(+*Q* ^ i . (+(+*�] f	._^ 1OJ ^ i-*�h@**]>1,*�a 3R( ` � e0._^ ] v65 J ^ ]h@*31,*�a 3 eg  cW* i^Jl]L8 ._^ ]na fFf[. ]+*\/�a5*	h@**]<( ` � e@._^ ]�] ._^ j�j+( ._f%f **a%] e c e hZJ e (+*�] f	. a,(d]=*�i . (=(+**]�of	._^ 15(+*X*�j ._^ 1 ` i e 1,*215*2(+JlzOJ e ]n]+*L(�h0J	cW**]La,(+*X1,*�] e c e hZJ�( e j ` * ^ jK(=*"iL**]Y( ` � e@._^ ];o�h0J1k�J|h0**a5(c eg^�e c4Jlh0* f	. ]L] e z�h0* v #Veg^ ] e 8bh0* f ( . iL**]n]LaF]��_h . zOJlhO15*"c e ]+*X* ^ i . (=(+**] f[.l^ 1OJ ^ iL*3**]Jj<Jli�i ` h ` ( `f a e ]=/�a5*	h0J@c4*�]na,(=*\15*	] e c e h0J�( e j ` * ^ jK(=*�iL*-(Jj:J ep^ **]i( ` � e0.l^ ]<**]Jj21 ` _ ^Fe j e k#**cW* ^ ji_ 3 ` * v2 J}c e ]=*4* ^ i . (+(=**] f	._^ 1,J ^ i-*R1,**]rA # C ]b*�]LjFJ|i*i ` h ` ( ` * f J�(	hMD eg^ jK( . 1�aFi�j e0._^ 1,*W1,**a�3` j:J f **] v1P (+*�c ep  (+*�c4* ^ j^8 ._^ _ 3a*�a ^ *1] e c e h0J�( e j `d^ aFhgh@*Q* ^ j+(+*�h@**]>( ` � e@._^ ]Y/ba e�^ *�]+*"i . (=(+**]�of	._^ 15( ._^ j f ( . zOJlzFh@**cW* ^ jUB+Jlc4J e ]F6 f ( . i ` 1�a,(+* ���	���$

���%�� 1,*�hMD 'H� vHtOr ��1,*@hMDNJlhp� . ( e j � cW*�lh . zOJ|h�9 v 5 **a 3 eg  c4*�c4* ^ j^8 ._^ i ._^ ] e 1   (+*�/ba,*s15**a 3 ( ` � e0._^ ]}]+*[i . (+(=**] f	._^ 15* ^ j ] e h0**a5(cW**]La,(+* 1,* ] e c e hZJ�( e j ` **]Lj�]na5]{]KJ|c�cW* ^ j ` h0*�k ` *�*�j�]-D e h ^ DT] J f J|]�1EDNJlctz e �_a	� j ` J�k�**i1IDgJlaRjK(+*�]�( ` � e0._^ ]�6 pdqdr-q�]-D e h ^ DN* 3 e ]Lj+*�JlaFi*a ^ i-J ^ 1 e 1OJ|j f	. j+* ^ j e **h f	. a,( h0J c e ]+*�* ^ i . (�o(=**] f[._^ 1OJ ^ iL*�J�k�**i%hMD#a ^ * . a[hMDNJla�j+(+*�( ` � e@._^ 9 v � *�jnjK* ` j:J f *(i . (+(=**] f	._^ 1 o�h0J f ( . i ` 1Fa,(=*
�'�$����(��)�*	�������+�*���,��	��-��1,* hMD 'H� vHtOr �1,* hMDNJlhg� . ( e j � cW*V�_h . zOJlh v�a.le j δ a ^ ]+**a e hY15*(c e ]+*�* ^ i . (+(=**] f[._^ 1OJ ^ iL*�8S*�j�] ._e j β h@* ]+*�a e hY1EDgJ|ctz e �la	� j `lv 2 *�]i ._^ 1 e j e@._^ ] ^F` i-**]L]KJ e (+*�])o(a ^ *{c e ]+*F* ^ i . (+(+*�] f	._^ 1OJ ^ i-*W1 ` _ ^Fe j e k#*m1 `�^,. j ` * f J�( r ≈ r′

* ^ jK(+*e1,*�a 3�( ` � e0.l^ ] r *�j r′ ] ._^ jX1 ` _ ^Fe *�]�i . c{c4*�]La e j �

r ≈ r′ ⇐⇒







γ(r, r′) > θ
γ(r, r′)− γ(r, r′j) > β, ∀r′j 6= r′ ∈ O′

γ(r, r′)− γ(ri, r
′) > β, ∀ri 6= r ∈ O

6 �Fv � 9
2 J f (+*�c ep  (+*/i ._^ 1 e j e@._^ 1OJ ^ ]U6 �Fv � 9 k ` ( e _O*Ka ^ *Kx . (LjK*/kPJlh@**a,(�1,*Kh0J�c4*�]na,(=*;15*�] e c e hZJP( e j `* ^ jK(+*�h0*�]S( ` � e0._^ ]/i ._^ ] e 1 ` ( ` **] v 2 **]A1,*�a 3 eg  cW*i*�jKjK( ._e ] eg  c4*�i ._^ 1 e j e@._^ ]SJl]L]na,(=* ^ jU/�aID e h ^ D ]J f J|];1IDgJlaRjK(+*�]Ki^J ^ 1 e 1OJ|jn] f[. jK* ^ j e **hp] f[. a,(/hZJ1c e ]=*<* ^ i . (=(+*�] f	._^ 1OJ ^ i-*�8biPDN*�]LjYoe1 e (+*</baED e h^ D ]�J f J|]>� 1EDNJlctz e �_a	� j ` � v �/^}f (KJ|j e /ba,*�8 ._^ _ 35* β = 0.08 *�j θ = 0.8 v2 J h e c e j:J|j e0._^ 1,*�]%c e ]+**]R* ^ i . (=(+*�] f	._^ 1OJ ^ i-* f J�( iL**]%i .l^ 1 e j e0._^ ]�6 ��v � 9 ._^ j f[. a5(. zjB=**i�j e xa1ED ` k e j+*-(9hfDgJlz ._^ 1,J ^ i-*S15*KxdJ|aF]n]=**]~Jl]n] e � ^ J|j e@._^ ] v �K^ *HGI*�j^8�i . c�cW* h0* f ( . i-**]L]naF]~**]Jje j ` (KJ|j e x�8_h0J cW**]La,(+*X1,*V] e c e h0J�( e j ` γ ` k . hga5*QJla{xa,(A*�jYo�cW**]La,(+*X1,*�hZJ f ( e ]+*X* ^ i . c f jK*i1Fak ._e ] eg^ J|�#* v J ^ i . a f hZJl�#*U/ba eR` j:J e j:h@*�cW* e hgh0*�a,( o"a ^ * ` jKJ f * i f **a�j:i � J ^ ��*-(loVhMD ` j:J f * i+1 v� D **]Jj f	. a,(+/ba .le 8 ^,. aF] ^ * f (=* ^,._^ ])1,*�1 ` i e ] e0.l^ 1 ` _ ^Fe j e k�*R/ba,* h . (n]=/�a5* h0*�] f	. ]n] e z e h e j ` ]1IDgJlaRjK(+*�]?i^J ^ 1 e 1OJ|jn]?] ._^ j ` i-J�(Lj ` **] v�Re a ^ * f J e (=*Q1,*2( ` � e0._^ {r, r′} k ` ( e _O* r ≈ r′ 6 � . (nc v 6 �Fvg� 9=9H8�a ^ *1c e ]=*Q* ^ i . (+(=**] f[._^ o1,J ^ i-*e1 ` _ ^Fe j e k�* f *�a�jXh�jK(=*e*LG[**i�jna ` * v.# h . (n]-8 f[. a5(�j . a�j j ≥ i ._^ J �

γj(r, r
′) = 1

∀rk ∈ O, rk 6= r, γj(rk, r
′) = 0

∀r′l ∈ O′, r′l 6= r′, γj(r, r
′
l) = 02 * f ( . i-*�]n]na�]Q1,*	c e ]+*e* ^ i . (=(+*�] f	._^ 1OJ ^ i-*b1 ` i-( e j�i e o 1,*�]n]LaF]Q*�]Lj2*LG[**i�jna `rf J�(?hZJ f ( . oi ` 1Fa5(+* ���$����($��)�*	�������+�*���,��	��-��1,*	hMDNJlhg� . ( e j � cW*V�lh . zOJ|h �Fv � *�j e h~i . (+(+*�] f	._^ 1 o{hfD 'H�MvHtOr

�1Fa�1 e Jl�#(KJ|c�cW*Q1,* h0Jtc ` j �,. 1,*71,* hZJ)_q�la,(+* �Fv u v
b hMD e ]L]na,*�1,*�i-* f ( . i-**]L]naF]R1,*}c e ]=*�* ^ i . (+(=**] f	._^ 1,J ^ i-*P8 .l^ 1 e ] f	. ]+*�1,* 15**a 3 * ^ o]=**ctz�h0**] R *�j R′ 1,*!( ` � e@._^ ]F1,* O *�j O′ (+**] f *�i�j e k#*�c4* ^ jR/ba e>.l^ j ` j ` cta�jna,**hph0*�c4* ^ jc e ]=**]2* ^ i . (=(+*�] f	._^ 1OJ ^ i-* v 2 D . zjB=*�i�j e xKc4J eg^ jK* ^ J ^ j^8	**]Jje1ED ` kPJlhga5*-("h0JmcW**]na5(+*)1,*r] e c e h0Jyo( e j ` * ^ jK(=*	h@**] . zjB=*�j�] O *�j O′ * ^ x ._^ i�j e0.l^ 15**]XJ fFf JP( e *�c4* ^ j�]i/ba e�._^ j ` j ` *HGI*�i�j�a ` ] v

j \��
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2 JmcW**]La,(+*)15*t] e c e hZJ�( e j ` * ^ jK(+*b1,**a 3 . zjB=*�j�]3/ba,* ^,. aF]7J�k ._^ ] eg^ jK( . 1�a e jVi . (=(+*�] f	._^ 1o�hZJ%c . ]�* ^F^ *41,**])J e (=**]\(+**h0J|j e k#*�]c1,*�]b( ` � e@._^ ]	c e ]+**]\* ^ i . (=(+*�] f	._^ 1OJ ^ i-* v b h0J�_ ^ 1Faf ( . i-**]L]naF]~1,*/c e ]=*l* ^ i . (=(+*�] f	._^ 1OJ ^ i-*26 'H�MvHtOr��31,*KhZJY_q�la,(+* �Fv u 9�8�hZJ�cW**]La,(+*S1,*K] e c e hZJP( e j `
θ(O,O′) * ^ jK(=* O *�j O′ *�]LjVi^Jlhpi*aFh ` *�i . c�cW*1]La e j �

θ(O,O′) =
1

2
(
∑

r∈R

a(r) +
∑

r′∈R′

a(r′)) 6 �Fv K`9
�1^ (+J fFf **hgh@*m/�a5* a(r) (=* f ( ` ]=* ^ jK*(hfDgJ e (+*m(+*�hZJ|j e k�*41ED#a ^ *4( ` � e0._^ r f J�(c(KJ fFf	. (Jjbo}hZJ]La,(LxdJ|i-*e1,* hMD . zjB=*�jc6 5"` x v �#� 9 v2 J@c4*�]na,(=*e1,* ] e c e h0J�( e j ` θ ` kPJlhpa,*�hZJ f ( ._f	. (Lj e0._^ c . ]#* ^�^ *e1,**]2J e (=**]>15**] . zjB=*�jn]i/�a e.l^ j ` j ` c e ]=**] * ^ i . (=(+*�] f	._^ 1OJ ^ i-* v � **h0J�] e � ^Fe _O*S/ba,*�hfD .l^ i-Jlhgi�aFh0*A1OJ ^ ]�a ^�f (+*�c e *-(~j+**c f ]h@**]<J e (+*�]Y(=**hZJyj e k�**]�j . jKJlh0*�]>/baED . i*i�a f * ^ j?h0*�]>( ` � e0._^ ]Y1,*�]<* ^ ]=**ctzFh@**] R *�j R′ f J�(U(KJ fFf	. (Jjo@h0J�]La,(LxdJ|i-*\1,**] . zjB=*�j�] O *�j O′ (=**] f *�i�j e k#*�c4* ^ j v 2 J@cW**]na5(+*\1,* ] e c e h0J�( e j ` i . (=(+*�] f	._^ 1J|h . (L]<o{h0Jtc . ]�* ^F^ *\1,* i-*�]i1,**a 3%kPJlh@**a,(L] v
� . c f h@*43 e j ` b i � J�/ba,* e j ` (KJ|j e0._^ i 15*�h0J�z . aFi*h@* f ( ep^ i epf Jlh0*P8 ._^ i ._^ ] e 1   (=*%i � J�/ba,*

i . a f h@* (r, r′) ∈ Oi ×O′
i
v �a.le * ^ j V̄ *�j V̄ ′ h@*�i^J�(=1 eg^ Jlh c . ]#* ^ 1,* Oi *�j O′

i J|a}i . a,(n]i1,*�]e j ` (KJ|j e0._^ ] i ∈ [1, t] v 2 J�z . aFi*h@* eg^ jK*L( ^ *e**]JjQ* 3 ` i*aRj ` * V̄ V̄ ′ x ._e ] v1P~. a,(?i � J�/ba,*\*43 ` i�a�j e@._^15*�h0Jtz . a�i*h0* ep^ j+*-( ^ *�8 ._^ i ._^ ] e 1   (+* h@**]dk ._e ] ep^ Jl�#*�]X15* r *�j r′ v �j._e * ^ j v̄ *�j v̄′ h@* ^5. ctz,(=*c . ]#* ^ 1,*dk ._e ] eg^ ]A1,* r *�j r′ (+*�] f **i�j e k�**cW* ^ j v 2 *�i-Jlhgi�aFh,1,*?h0J i ._^ jK( e zFa�j e0._^ 1�a{k ._e ] eg^ Jl��*6 � **i v ��v s v`_�v s 9(a�j e h e ]+*�hMDNJlhp� . ( e j � cW* 15*�i . a f h0Jl�#*�1,* f[._e 1F]%cRJ�3 e cRJ|h7J fFf h e /ba ` ]na5(}h@*
��(KJ fF� *Vz epf J�(Jj e i . c f h@*�j;1,*�]�k .le ] ep^ Jl�#*�] v � *�jYJlhp� . ( e j � cW* ^F` i-*�]n] e jK* (v̄ + v̄′)

5
2
.lf�` (KJ|j e0._^ ]

$ u � &wv�#"ep^ ] e 8_hZJ i . c f h@*43 e j ` c . ]#* ^F^ *Q15*VhfDgJlhp� . ( e j � c4*��_h . z,JlhO**]Jj Θ(tV̄ V̄ ′(v̄ + v̄′)
5
2 ) 8aJ�k�**i

t a ^�^,. ctz,(=*3_ 3 ` 1ID e j ` (+J|j e@._^ ] v2 *�c4* e hgh@**a,(�i^Jl]W1,*%i . c f h@*43 e j ` **]Jj�Jlh . (n]F* ^ j+**c f ]�i ._^ ]Jj:J ^ j�6 Ω(t2
5
2 9H8S*�jmh@* fFe (=*

15**]"i-Jl]Q*�]Lj O(tnm[(n − 1) + (m− 1)]
5
2 8[J�k#*�i n *�j m 8 h0* ^,. crz,(+*\1,*b( ` � e@._^ ]i1,* O *�j

O′ (=**] f **i�j e k#**cW* ^ j v �1^ ^,. j+*�/ba,* h0*�i^Jl]rh0* f�e (+* ^ D **]Jj f Jl])( ` Jlh e ]Lj+* ` j:J ^ jF1 ._^F^F` /baED e hi . (+(=* f	._^ 1�ota ^ �#(+J fF� *Q1EDgJP1CB+Jli-* ^ i-*715**]<( ` � e0.l^ ]�i . c f h@*�j v � *7/ba e **]Lj e c f	. ]L] e z�h0* f[. a5(15**]?i^J�(JjK*�]21,* ]=**�_cW* ^ j:Jyj e0.l^ ]<1 ._^ j�h0* ^,. ctz,(+*715*\( ` � e@._^ ]<1 `�f Jl]L]+* _Rv
G�H O�HBG � WKX"Q�S-QVPRT�WKX

� . aF]�k�* ^,.l^ ]F1,*R1 ` _ ^Fe (c1,J ^ ]tiL*�jnj+*m]=**i�j e0._^ a ^ * f (+**c eg  (+*{c ` j �,. 1,* f[. a5(�h0J�c e ]=** ^ i . (+(=**] f	._^ 1,J ^ i-*c1ED . zjB=*�jn]Q1OJ ^ ]Vh0Jtk e 1 `-. o�xdJ e zFh@*7( ` ] . hgaRj e0.l^~v 2 J{c ` j �,. 15*\*�]Lj"zOJl] ` *]La,(/a ^�f ( . iL**]n]LaF]A1,*i(+*�hZJ 35J|j e0._^�f ( . z,Jlz e h e ]JjK*Y/ba e i ._^ ] e ]JjK*Xo1a�j e h e ]+*-(�hMD eg^ x . (nc4J|j e@._^ ]na,(/h@*k ._e ] eg^ J|�#*/h . i^Jlh�1,**]~( ` � e0._^ ] f[. a5( i . c f * ^ ]+*L( hfD e c f ( ` i e ] e0._^ 15**]~1,**]Li-( epf jK*�a,(n]~1,*�]k( ` � e@._^ ] v� . aF]>J�k ._^ ] ep^ jK( . 1Fa e jKa ^ * ^,. a�k�**hgh@*?c4*�]na,(=*Q1,*�] e c e hZJ�( e j ` * ^ jK(=*"h@**];( ` � e0._^ ];J�1,J f j ` *J|a 3W1 ._^F^�` **]U*�j�a ^ *?jK*�i �F^Fe /ba,*21,*�] e c f h e _qi-J|j e@._^ 1,*�]��#(+J fF� *�]U1EDNJ�1CB+J|i-* ^ i-**]Y1,**];( ` � e0._^ ]f	. a,( ` h e c ep^ *-(�h0**]<( ` � e@._^ ]<( ` ]na�hpj:J ^ jX1Fa%z,(La e ji15*	]=**�_cW* ^ jKJ|j e@._^�. a�1,* hMD e c f ( ` i e ] e0._^ 1Fac4Jl]=/�a5*\15*	hfD . zjB=*�j vJ ^ *WJla�jK(=*�i ._^ jK( e zFaRj e0.l^ i ._^ iL*-( ^ *�hZJ c e ]+*F* ^ i . (+(=**] f[._^ 1OJ ^ iL* f ( . �#(=**]L] e k�*415**]e(+*<o� e0._^ ]?]=**h .l^ h0*�a,(2J e (=*\(=**h0J|j e k#* v � *�jnj+* ^,. aRk#**hph0*cJ fFf ( . i � *�8�i . crz eg^F` *bo{a ^ f ( . i-**]L]naF]Q1,*
j \��
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]=**a e hgh0Jl�#*�8 f *L(ncW*�jXo@hMDNJlhp� . ( e j � cW*X1,* f ( e k e h ` � e *L(�h0*�]<( ` � e0._^ ] e c f[. (Jj:J ^ j+**]<1,*�] . zjB=*�jn] v
2 J1]+*�i�j e0._^ /ba e ]La e j f[. (JjK*�]La,(/hZJ f ( ` ]+* ^ jKJ|j e@._^ 1ED�a ^ *iJla�j+(+*�c ` j �,. 15*>/ba,* ^,. aF]SJ�k ._^ ]1 ` k#*�h ._f�f�` * f	. a,( hZJdc4h�c4* f ( . zFh ` c4J|j e /�a5* v � *�jLjK*�]+**i ._^ 1,*YJ fFf ( . i � *Y**]Jj a ^ *YJ�1,J f j:Jyj e0.l^15*	h0Jtc ` j �,. 1,* � *�a,( e ]Lj e /ba,*71 ` iL( e jK*e1OJ ^ ]?h@*�i � J fFe jK(+* s v

� '�� � ��6 .�� 4(3 . 3�� 8�;	�~6=;�
��(3
� . aF] f ( ` ]+* ^ j ._^ ]W1OJ ^ ]@iL*�jLjK*%]+*�i�j e@._^ hZJ�1,*�a 3 eg  c4*(c ` j �,. 15*�/ba,* ^,. aF]WJ�k ._^ ] ` hZJyoz . ( ` * v � *�jLjK*tc ` j �,. 15*)J�1OJ f jK*thfD � **a,( e ]Lj e /ba,* f[. a5("hZJ{i . c f J�(+J e ] ._^ 15*t�#(KJ fF� **]71 ` i-( e j+*

1,J ^ ]?h0* i � J f�e jK(=* s v J ^ *	k�a,* � `�^F` (+Jlh0*e1,* hZJ@c ` j �,. 15* f ( ._f	. ] ` *e**]Lj21 ._^�^F` * ]na5(Vh@*71 e Jyo��(KJlc{c4*<15*"hZJ7_q�_a5(+* ��v � � v�5 J ^ ]�a ^mf (=**c e *-(/j+**c f ]-8 ^,. aF] f ( . i ` 1 ._^ ]Yo�h0J	i ._^ ]Lj+(naFi�j e@._^1ID�a ^�5 # C o f J�(Jj e (;1�amA # C * ^W. ( e * ^ j:J ^ j�h0*�]UJP(+h�j+**]UJP_ ^ 1ED . z�jK* ^Fe (Ka ^ *X(+* f ( ` ]+* ^ jKJ|j e@._^� �Feg` (KJ�(Li �Fe /ba,*��F1,*�i � JP/�a5* . znB=*�jR6 'H�MvHtOr  1,*�hZJ�_q�_a5(+* �Fv � � 9 v 2 *�] 5 # C ]	] ._^ j\* ^ ]La e j+*i . c f J�( ` ]�o hMDNJ e 1,*�1ED#a ^ *�J�1OJ f jKJ|j e@._^ 1,* h0J k#*L(n] e0._^ �1,* hfD � **a,( e ]Lj e /ba,* 6k ._e (�]+**i�j e@._^s v � v s v s 9e1 ._^ j ^,. a�]b(KJ fFf *�h ._^ ]rh0* f ( eg^ i egf * v 2 * f ( . i-*�]n]LaF]F1,*mc e ]=*R* ^ i . (=(+*�] f	._^ 1OJ ^ i-*15**] 5 # C ]r]LDN*HGI*�i�j�a5*�* ^ 1,**a 3 ` jKJ f **] v 2 J f (+**c eg  (+* ` jKJ f *{i .l^ ] e ]LjK*4o}i-Jlhgi�aFh0*L( a ^ * ^ o]=**ctz�h0*b15*)1,**]Li-( egf j+**a,(L]�]LjK(LaFi�jna,(+*�hg]1]La,(1h@**]"] . c{c4*�j�]Q15**] 5 # C ]W6 'H�MvHtOr ��1,*thZJm_q�_a,(=*��v � � 9 f a e ] ^5. aF]di*h0Jl]n] e _ .l^ ]dh0*�]�] . c{c4*�j�]>* ^ xdJlc e hph0*�]36�'H� vHtOr��S9 v � . aF]?a�j e h e ] ._^ ]U* ^ ]La e j+*hfD ` j e /�a5*�j:J|�#* . z�j+* ^ a f	. a,( hZJ(i ._^ ]Lj+(naFi�j e@._^�f ( . �#(=**]L] e k�*R1,*�c . j e x]7/baOJl] e o�] e c e hZJ e (+*�] v 2 Jf ( ._f J|�`J|j e@._^ 6 'H�MvHtOr �I9S*�]Lj�zOJl] ` *1]na5(�hfD � ] f[. j �F  ]+*3/ba,*21,**a 3�] . c�cW*�jn]�]JjK(LaFi�jna,(+*�hgh0*�c4* ^ j] e c e h0J e (=**]\6fJ fFf J�(JjK* ^ J ^ j7oma ^ *tc4h�c4* xdJlc e hph0*�9�i . (+(=**] f[._^ 1,* ^ j\o�h0J�cWh*cW*b( ` � e@._^ 1OJ ^ ]hfD . zjB=*�j?] e hZJt] . aF]Jo ]LjK(LaFi�jna,(+*�6 pdqdr-qqh0*�]d] . c{c4*�j�]>_qhp]:9Y1,* iL**]�] . c{c4*�j�]d]=*\(=**]L]+**crzFh0* ^ j v

Construction des RAGs Construction des DAGs
Calcul des parametres

structurels

Classification
des sommets

Etape 4
Mise en correspondance

Etape 5

par propagation

RAGs

Etape 2
Etape 3

Objets segmentes

Etape 1

Representation par graphe d’adjacence
de regions oriente sans cycles (DAG)

DAGs
Processus de reconnaissance de motifs

de similarite des objets
Calcul de la mesure

Etape 6

���
	��������B� � +[(*#�<)(*���$� ��� � 0T(*����<"-FH-��� ����D�<,+�!,&,+�EFD����
� . aF] f ( ._f	. ] ._^ ]\1OJ ^ ]	a ^-f (+**c e *L(1jK*�c f ]	a ^ *�jK*�i �F^Fe /�a5* f	. a,( . ( e * ^ jK*L(�h@**]\J�(=h�jK*�]15**]�A # C ]U* ^ k�a,*Q1ID ep^ j+( . 1Fa e (+*?a ^ * ^,. j e@._^ 1,* ��eg` (+J�(ni ��e *i* ^ jK(=*"h@**];( ` � e0._^ ] v �K^ *LG[*�j-8Rh0Jc ` j �,. 1,* � **a5( e ]Jj e /�a5*W*�]Lj\**]L]+* ^ j e *�hgh0*�c4* ^ j zOJl] ` *�]na,( h0*�] i^J�(+Jli�j ` ( e ]Lj e /ba,**]�]JjK(LaFi�jna,(+*�hgh0*�]15**] 5 # C ] v
� (L8 ^,. aF]k1 e ] f[. ] ._^ ]k1ED ep^ x . (LcRJ|j e0._^ ] f ( .lf (+*�]SJla 3\( ` � e@._^ ]-8�i . c�cW*�hZJ?]na,(JxdJli-*P8h0J@i . aFh@**a,( . a�* ^ i . (=*�h0J@x . (ncW*71ED�a ^ *c( ` � e@._^~v � . aF]2J�k ._^ ]�i �,._e ] e 1ED *43 f h ._e j+*-(?hZJ@]La,(LxdJliL*15**]Q( ` � e@._^ ]X* ^}eg^ jK( . 1Fa e ]KJ ^ j�a ^ * �Fep` (KJP(ni �Fe *�]La,("h@**]�] . c{c4*�j�]djK(+J�1Fa e ]KJ ^ jVhMD e c f[. (Lj:J ^ i-*1ID�a ^ *\( ` � e@._^ 1OJ ^ ]?a ^�. zjB=*�j v2 *>1,*�a 3 eg  c4*YJl] f **i�jS1,*�hfDgJ�1,J f j:Jyj e0.l^ 15*�hZJ�c ` j �,. 1,*�� `*^F` ( e /ba,*�i ._^ iL*-( ^ *�hMD eg^ j+( . 1FaFi�oj e0._^ 1,*VhMD eg^ x . (LcRJyj e0.l^ i . h . ( e c ` jK( e /ba,*d]na5(�h0*�]U( ` � e@._^ ] v 2 * f ( . i-*�]n]LaF]>1,*Vi ._^ ]JjK(LaFi�j e0._^ 1,*

j \��
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c . j e x]9]+*�zOJl]=*�]na5(�h@**] f J�(KJ|c   jK(+*�]�]JjK(LaFi�jna,(+*�hg]?15**]:] . c{c4*�j�] *�jk1,**a�3b( ` � e@._^ ]~1,*�i . aFh@**a,(L]j+(   ]b1 e G ` (+* ^ j+**] f **a�k�* ^ jFh�jK(+*�c e ]+*�]b* ^ i . (=(+**] f[.l^ 1OJ ^ iL* ] e **hph0*�]�]=*mi . (+(+*�] f	._^ 1,* ^ jF1Faf	._ep^ j;1,*�k�a,*1]Lj+(naFi�j�a,(=**h v #Veg^ ] e 8 ^,. a�]>J�k ._^ ] eg^ jK( . 1�a e j;1OJ ^ ]�hZJ f ( . i ` 1Fa,(=*Q1,*2(+*�i ._^F^ J e ]�o]+J ^ iL*)1,*tc . j e x]-8�a ^ * ^,. j e@._^ 1,*R�"e : 'Hw=v��&$:rFv`x`vHt	� v��dp ? rFJ|a 3�1 ` x . (LcRJ|j e0._^ ]�]JjK(LaFi�jna,(+*�hgh0*�]/ba e9f (+* ^ 1 * ^ i . c f j+*�hMD eg^ x . (nc4J|j e@._^ i . h . ( e c ` j+( e /�a5*Q1,*�]2( ` � e@._^ ] v5 J ^ ] hZJm]=**i�j e0._^ �Fv`_�v � 8 ^5. aF]71 ` i-( e k ._^ ]	h0J�jK*�i �F^Fe /�a5*W15*@i ._^ ]JjK(LaFi�j e0._^ 1,*�] 5 # C ]\of J�(Lj e (S1,*�]�A # C ];(+* f ( ` ]+* ^ jKJ ^ jdh0*�] . zjB=*�jn] v � . aF];1 ` j:J e hgh .l^ ]S* ^ ]La e j+*Vh0J	c ` j �,. 1,* f[. a5(�h0Ji�hZJl]L] e _qi^J|j e0._^ 15**]�] . c{c4*�j�]<* ^ xdJlc e hph0**];1OJ ^ ]Vh0Jt]+**i�j e@._^ ��va_�v s *�j2* ^ _ ^ 8qh0* f ( . iL**]L]naF]21,*i ._^ ]JjK(na�i�j e@._^ 1,* c . j e x]U/�a,Jl] e o�] e c e hZJ e (+*�]U*�]LjX1 ` iL( e j21,J ^ ]?hZJt]=**i�j e0._^ s v � v s v
G�H �?HLI � WKX"P U S)Q"Q U TJWKX Y	�EQ"X M���� � V S W � 
bN U

5 J ^ ]dh0*Vc4h�c4*2**] f ( e jY/ba,* f[. a,(�h0J�c ` j �5. 1,* f J�(Y(=**h0J 35J|j e@._^mf ( . zOJlz e h e ]Lj+*)6 � **i v �Fv s 9H8^5. aF]�J�k ._^ ]R1 ` i e 1 ` 1,* f ( e k e h ` � e *-(@h@**]W( ` � e0._^ ]m1EDNJ e (+* e c f[. (Jj:J ^ j+* v 2 *�A # C **]Jj�1 .l^ ij+(KJ ^ ]Lx . (Lc ` * ^�5 # C 6 5"` x v � � 9A* ^R. ( e * ^ jKJ ^ j�h@**]UJ�(+h�jK*�]U1,*�]Y( ` � e@._^ ]A1EDNJ e (=*�h0J f hgaF] ` h@*�k ` *k�*-(L]Vh@**]<( ` � e0.l^ ]�k ._e ] ep^ **] f hpaF] f *�j e j+**] v2 **];*43 f ` ( e * ^ i-**] ._^ j�c ._^ jK( ` /�a5*Vh0J i ._^ ] e 1 ` (KJ|j e0._^ 1EDNJla�jK(=**] . ( e * ^ j:Jyj e0.l^ ] ^ DNJlc ` h e@. (+*f Jl]?hZJ@c e ]+*7* ^ i . (+(=**] f	._^ 1,J ^ i-*R6 . (+1,(=*	]La,(?h0*�]X( ` � e@._^ 1,* f hga�] f ( . i � *	i . aFh@**a,(L8,1,* f hga�]f ( . i � *�x . (ncW*�8OJP(nz,(=*\(=**i . a�kj(KJ ^ jX1,* i .�T j�c ep^Fe cta�c�9 v2 J"i ._^ ]Lj+(naFi�j e@._^ 1Fa 5 # C D = (VD, ED) o f JP(Lj e (?1FatA # C G = (VG, EG) ]-D *LG[**i�jna,*i . c{c4*	]na e j v&�1^ J VD = ED *�j ED = EG
.�� h0**]QJ�(+h�jK*�]31,* EG ] .l^ j31,**]7JP(ni*]F6fJ�(=h�jK*�]. ( e * ^ j ` ]K9 v 5 J ^ ] a ^ f (+*�c e *-("j+**c f ]-89i � J�/ba,*�i . c f[. ]KJ ^ jK*@i ._^F^ * 3a*41Fa A # C 6 5V` x v �]K 9

*�]Lj2Jl]L] . i eg` *eo@a ^ *�i . c f	. ]KJ ^ j+*�i ._^�^ *43a*\1Fa 5 # C v 2 **]d] . c�cW*�jn]<* ^ jK(+J ^ j�]i1,*�]�i . c f[. o]+J ^ jK*�]di ._^F^ *43a**]<1Fa 5 # C (=* f ( ` ]=* ^ jK* ^ j�h@**]Y( ` � e@._^ ]U/�a eI._^ jda ^ *7J e (=*"]La f�` ( e **a,(=*7ori-*�hgh@*15*Vj . aF]�h@**a,(L]�k .le ] ep^ ] v �a._e j e = {u, u′} a ^ *QJ�(+h�jK*31,* G v 2 DgJP(ni"i . (+(=**] f[._^ 1OJ ^ j e 1OJ ^ ] D

*�]Lj . ( e * ^ j ` *71,* u k#*L(n] u′ 6 pdqdr-q e = (u, u′) 9�] e a(u) > a(u′) 8OJ�k#**i a(u) hMDNJ e (=*Q(+*�hZJ|j e k�*31,*h0J)( ` � e0._^ r J|]n] . i ep` *\Jla%] . c�cW*�j u 6 5"` x v �`� 9 v
# _ ^ 1,* ^ DNJ�k ._e (e/�aID�a ^ ]+*�aFh 5 # C i ._^F^ * 35* f	. a,( i � J�/ba,* . zjB=*�j^8 ^,. aF]\J�k .l^ ]�i �5._e ] e1IDgJ B . a�jK*L(�a ^ ] . c{c4*�jA_qi�j e x uracine i . c�cW*i(KJli eg^ *i1Fa 5 # C D v �1^ J B . a�jK*�a ^ *QJ�(+h�jK*X1,*h0JQ(KJ|i eg^ *�k#*L(n]/i � J�/ba,*?] . c�cW*�j?1,* D J.]`J ^ jKa ^ 15**�#( ` * ^ jK(+J ^ j ^ a�h v�#Veg^ ] e 8yh0*�] ]naFi�i-*�]n]+*�a,(n]15*�h0J�(+Jli ep^ * uracine ] ._^ j�h0*�]c( ` � e@._^ ]e1EDNJ e (=*W(=**h0J|j e k#* ` h@*�k ` *4*�jrh@**] x **a e hgh@**]71,*{i-* 5 # Ci . (+(=**] f[._^ 1,* ^ jUJla 3)( ` � e0._^ ]?1,* f hga�] f *�j e j+*�]na5(LxdJliL* v �1^�^,. j+*>/ba,*dx ( ` /ba,*�c�cW* ^ j-8 f hga�] a ^] . c{c4*�jk*�]Lj f ( . i � *;1,*�h0Ji(+Jli ep^ *�8 f hpaF] ] ._^ 1,**�#( ` *�]Lj ` h0*�k ` 8P* ^ (KJ e ] .l^ 1,*�hZJ?]na,(JxdJli-* ` h@*�k ` *

15*�hZJX( ` � e0._^ J|]n] . i ep` * v 5"` ] . (LcRJ e ]-8 e hj*43 e ]JjK*�a ^ i � **c eg^ 6 5"` x v ��D 9k15* f a e ] h0*�] . c{cW*�j~_qi�j e xk�*-(L]Vi � J|i*a ^ 1,**]?] . c�cW*�jn]<1Fa 5 # C v� a5( h0J�_q�_a,(=* �Fv � � v Ja8 ._^ c .l^ j+(+* h0*�] 5 # C ] i ._^ ]LjK(La e jn]�o f J�(Lj e (�1,*�] A # C ]�1,*hfDN* 3a**c f h0*71,*	hZJ)_q�la,(+* �Fv D v 2 D . zjB=*�j2Jl]L] . i eg` Jla 5 # C 1,* �`JlaFi � *\**]Jj"i ._^ ]Jj e jna ` 1,*e1,**a�3i . c f[. ]+J ^ jK*�] i ._^�^ *43a**] v #"ep^ ] e 8yh@*�] . c�cW*�jk_qi�j e x *�]LjS(=**h ep` J|a 3t] . c{c4*�j�]:i . (+(=**] f[._^ 1OJ ^ j;oh0J\( ` � e@._^ h0J f hgaF]��#( . ]n]+*21,*"i � J�/ba,*1i . c f	. ]KJ ^ j+*F6 1,**a 3RJ�(Li�9 v 2 *?jK( .le ] ep  cW*XJ�(ni�i ._^�^ **i�jK*h@*r] . c�cW*�jX_qi�j e xSoma ^ ] . c�cW*�j2(+* f ( ` ]+* ^ jKJ ^ j a ^ *t�#( . ]n]=*)( ` � e0.l^ 1 ._^ j�h@**]�k ._e ] eg^ **]"] ._^ jj . a�j+**] f hga�] f *�j e j+**]c6Bh@*�] . c{cW*�jiJ�a ^ 1,**�#( ` * ^ jK(+J ^ j ^ aFhZ9 v� . aF]W1 e ] f[. ] ._^ ]W1 ` ] . (nc4J e ]W15**]m]JjK(LaFi�jna,(+*�]R1,*��#(KJ fF� **] . ( e * ^ j ` ] f[. a5(�h0J c e ]=*�* ^i . (+(=**] f[._^ 1OJ ^ iL* v 2 J c ` j �5. 1,* f ( ._f	. ] ` *�]=*�1 ` ( . aFh0* * ^ 1,*�a 3 jK*�c f ] vYP (=**c eg  (=**cW* ^ j^8^5. aF]�i-Jlhgi�aFh ._^ ]�a ^ * ^ ]+**crzFh0*315*1c4*�]na,(=**]d]JjK(na�i�j�a5(+**hph0*�]>/ba,*�hMD ._^ Jl]L] . i e *7ori � J�/ba,* ] . c�ocW*�j v � *�]%c ` jK( e /ba,**] ^,. aF](]=*-(Lk�* ^ jJlh . (n]�o�i*hZJ|]n] e _O*-(mh0**]m] . c{c4*�j�] f J�(�(=**]n]=**ctz�hZJ ^ iL*
j \�
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]JjK(LaFi�jna,(+*�hgh0* v 2 Jm1,*�a 3 eg  cW* fF� Jl]=*b1,*	hZJ�c ` j �,. 1,* i .l^ i-*L( ^ *�hZJ�i ._^ ]JjK(LaFi�j e0._^ 1,**]�c . j e x]/baOJ|] e o ] e c e hZJ e (+**]e1OJ ^ ]@h0*�] 5 # C ]L8/zOJl] ` *(]na,(@hfD ` j e /�a5*�j:J|�#* . z�j+* ^ a�h . (L]b1,*(h0J fF� Jl]=*!1,*i�hZJl]L] e _qi^J|j e0._^ v
G�H �?HPO � V Q�S V P�P�T �"Q V U T�W�XZY"N9P[P�WB[ [ N U P

5 J ^ ](i-*�jnjK*�]=**i�j e0.l^ 8 ^,. a�]�1 ` iL( e k ._^ ]%hfDN* ^ ]+*�ctzFh0*1,**](c ` j+( e /�a5**] eg^ j+( eg^ ]   /ba,*�]!/ba,*^5. aF]raRj e h e ] ._^ ]71OJ ^ ]ri-*�jnj+*�J fFf h e i-J|j e@._^ f[. a,( ^5. aF])J e 1,*L(co�1 ` j+**i�jK*-(rh0**] f J�(Jj e **]\/�a,Jl] e o] e c e h0J e (=**];* ^ jK(=*�h@**] 5 # C ] v
�=��$~��9�B� ����� �-� ���y���~�=���

� . aF]UJ�k ._^ ];(+*�jK* ^ a�i . c{c4*di-J�(KJ|i�j ` ( e ]Lj e /ba,**]�]Lj+(naFi�j�a,(=**hgh@**]A1,*?i � J�/ba,*V] . c{cW*�j u 8 h0*�]j+( ._e ]dc ` jK( e /ba,**]d]La e kPJ ^ j+**] �� h0*71,*��#( ` 1Fa�] . c{cW*�j^8a1 `*^5. j `	f J�( δ(u)� h0* ^,. crz,(+*71,* ] . c�cW*�jn]<1Fa�] . aF]�o 5 # C * ^ (+Jli ep^F` * ^ u 8O1 `*^5. j ` f J�( ν(u)� h0* ^,. crz,(+*71,* � j+(KJ � h0*-(<1�a}] . c�cW*�j-8,1 `�^,. j ` f JP( σ(u) 6 5"` x v s � 92 *)1,*��#( ` δ(u) j+(KJ�1Fa e j1h0J�i-J�(KJli�j ` ( e ]Jj e /�a5*r]Lj+(naFi�j�a,(=**hph0*rh . i-Jlh0*\1Fa�] . c�cW*�j v �Re h0J4( ` o� e0._^ r J|]n] . i ep` *iJla�] . c�cW*�j u **]JjUJ�1CB+JliL* ^ jK*Xo71,* ^,. crz,(+*�aF]+*�]U( ` � e@._^ ]-8#Jlh . (n] h@*>1,**��( ` 1,*
u *�]Lj ` h0*�k `|v 2 * ^5. ctz,(=*21,*V] . c{cW*�j�];1Fa ] . aF]�o 5 # C ν(u) i-J f jna,(+*Vh0* ^,. ctz,(=*215*Q( ` � e0.l^ ]
/ba e�^ *t] ._^ j f Jl]31 e (+*�i�j+**cW* ^ jeJ�1CB+J|i-* ^ j+**]eo r 8�c4J e ]2/ba e�f *�a�k#* ^ j\h�jK(+*)J|jnj+* eg^ j+**]Q15* f a e ]
r ]na e kPJ ^ j�a ^ *r] ` /ba,* ^ i-*m1,*b( ` � e0._^ ]3J�1CB+JliL* ^ jK*�]-8E* ^ (+**] f *�i�jKJ ^ j hMD . ( e * ^ j:J|j e0._^ 1Fa 5 # C v

j \��
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�/^ _ ^ 89h0* ^,. ctz,(+*F15* � jK(KJ � h0*L( σ(u) *�]Lj	a�j e h e ] `rf	. a,(�cW**]La,(+*L( h0*tj:J|a 3�1,*F(+Jlc e _qi^Jyj e0.l^1�a�] . a�]Jo 5 # C * ^ (+Jli ep^F` * ^ u v*5 J ^ ]Va ^ i-*L(LjKJ eg^ ]+* ^ ]-8 h@* ^5. ctz,(=*c1,* � jK(+J � h@*-( ` kPJlhga5*�h0J��i-* ^ j+(KJlh e j ` �Q1ED�a ^ ] . c�cW*�ji1,J ^ ]?hZJt]JjK(na�i�j�a5(+* v

�1^ ^,. jK*�/ba,* δ 8 ν *�j σ ^ DNJ fFf J�(Jj e * ^F^ * ^ j f Jl]�Jla c4h�c4* ep^ j+*-(Jk�J|hgh0*|1,*[kPJlh0*�a,(n] v� . aF] ^,. (LcRJlh e ] ._^ ]/h0*�]�kPJlh@**a,(L]U15*Vi � JP/�a5*1c ` jK( e /ba,* eg^ 1 `*f * ^ 1OJ|c�cW* ^ j^8n1,*�c4J ^Feg  (+*Xo�iL*/baED **hph0*�]AJ fFf J�(Jj e * ^F^ * ^ jYo�hfD ep^ j+*-(Jk�J|hgh0* [0, 1] v � . aF]Ki^Jlhpi*aFh ._^ ]SJ eg^ ] e 8 f	. a,(/i � J�/ba,*V] . c{c4*�j
u 8Fh@**]�kPJlh@**a,(L] δ̃(u) 8 ν̃(u) *�j σ̃(u) i . c{c4* eg^ 1 e /ba ` 1OJ ^ ]?h0J�]=**i�j e0.l^ s v � v � v � v

�=��$~��9�� �r� � � ���y� ( ���B� �,+=��� � ��� �B�w���� + � �*�*� �-� ���
ε � ��� � �w��q����R�

2 * f ( . iL**]n]LaF]X1,*�i ._^ ]LjK(LaFi�j e0._^ 15* xdJ|c e hgh0*�]A1,*�] . c{cW*�j�] ε o�] e c e hZJ e (+*�]A**]LjX1 ` i-( e j<1OJ ^ ]h0Jt]+*�i�j e@._^ s v � v � v s v2 J x . (LctaFh@*�6 s v s 9 f *-(Lc4*�jnj:J ^ j 1,*s1 ` jK*L(nc eg^ *L( ] e 1,*�a 3 ] . c�cW*�jn] u *�j v ] .l^ j ε o] e c e h0J e (=**];1,*�k e * ^ j^8 J�k#*�i�h@**]djK( ._e ]dc ` j+( e /ba,*�]dc4* ^ j e0.l^F^F` *�]?i e o 1,**]L]naF] �

(δ̃(u)− δ̃(v))2 + (ν̃(u)− ν̃(v))2 + (σ̃(u)− σ̃(v))2 < ε 6 �FvN� 9
b hMD e ]L]na�1Fa f ( . i-*�]n]na�]-8 ._^�. z�j e * ^ j�a ^�` j e /ba,*�jKJl�#* λ 1,**]�] . c�cW*�jn]<1,* D *�j D′ * ^ L

xdJ|c e hgh0*�]U15*	] . c{c4*�j�] ε o ] e c e h0J e (=**] v2 J7_q�_a,(=* �Fv �
� v z{c .l^ j+(+*?h0*i( ` ]na�hpj:JyjU15*�h0J�i*hZJ|]n] e _qi^Jyj e0.l^ 15**]�] . c{c4*�j�] f J�(K] e c e hZJP( e j `]JjK(LaFi�jna,(+*�hgh0*b1,**] 5 # C ]e1,*@h0J4_q�_a5(+* �Fv �
� v J v J ^ *�c4h�c4*ri . aFh@**a,(Q**]Lj aRj e h e ] ` * f	. a,(1a ^ *cWh*cW*1kPJlh0*�a,(<1ED ` j e /ba,*�jLjK* v
G�H �?H� � V Q�WKX"P U S�Q"Q U T�WKXZYVN9P [ W U T���P���Q V P�T��yPRT-[ T�S V T�S�N9P

5 J ^ ]miL*�jnj+* ` j:J f *�8 ._^ e 1,* ^ j e _O*�1,*�]mc . j e x]F/�a,Jl] e o�] e c e hZJ e (+*�] f J�( f ( ._f Jl�`Jyj e0.l^~v 2 *1 ` j:J e hE1,* h0J�c ` j �,. 1,*�� `*^�` ( e /ba,*c*�]LjX1 ._^�^F` 1,J ^ ]?hZJ@]+*�i�j e0._^ s v � v s v � . a�]�aRj e h e ] ._^ ]>1OJ ^ ]iL*�jLjK*\J fFf h e i-J|j e@._^ hZJtk�*-(n] e0._^ �e1,* hMD � **a5( e ]Jj e /�a5* v5 J ^ ]1hMDNJlhp� . ( e j � cW*1� `�^F` ( e /ba,*P8 ]+*�aFh0*rhMD eg^ x . (LcRJyj e0.l^ ]LjK(LaFi�jna,(+*�hgh@*�6�jK(KJP1Fa e j+* f JP("hMD ` j e o/ba,*�j:Jl��* * ^ xdJ|c e hgh0*^9c**]Jj�* 3 f h ._e j ` * f[. a,(�h0J�i ._^ ]Lj+(naFi�j e@._^ 1,*}c . j e x]�] e c e hZJ e (+*�] v 5 J ^ ]^5. jK(=*ti^Jl]L8 ^,. aF] ^ * f[. a�k ._^ ] f Jl] ^,. aF]3_,*-(1a ^�e /ba,**cW* ^ j\Jla�3�1,*�]ni-( egf j+**a,(L] ]LjK(LaFi�jna,(+*�hg]L8i-J�(b15**a 3 . zjB=*�j�]FJ.]#J ^ j)1,*�]tc4h�c4*�]�i-J�(KJ|i�j ` ( e ]Lj e /ba,**]�]LjK(LaFi�jna,(+*�hgh@**] f **aRk#* ^ jmh�jK(+*41 e G ` o(=* ^ j�] v � . aF] f ( ._f	. ] ._^ ]\1ID ep^ j+( . 1Fa e (+*ta ^ f J�(+Jlc   jK(=*F*43�jK( eg^ ]   /ba,* 6Bh0J i . aFh@**a,( c . ]#* ^�^ *15**]Y( ` � e@._^ ]K9AJC_ ^ 1,*2(+* ^ x . (niL*-(�hZJ f (+*�c ep  (=*V]La fFf	. ] e j e0.l^ 1 .l^F^F` * f J�(KhZJ ] e c e hZJ�( e j ` ]Lj+(naFi<ojna,(+*�hgh@*X15**]�] . c{c4*�j�] v 2 J	i . aFh@**a,(�c . ]�* ^F^ *Q1ED#a ^ *2( ` � e0._^ r Jl]n] . i eg` *2o�a ^ ] . c�cW*�j u *�]Lj^5. j ` * (R̄(r), V̄ (r), B̄(r))T 8 . � R̄(r) 8 V̄ (r) *�j B̄(r) i . (+(=**] f	._^ 15* ^ j>o�h0J�kPJlh@**a,(/c . ]#* ^F^ *]La,(?h0*�]di^J ^ J|a 3�( . a��#*�8�k�*-(JjQ*�j?zFh0*�a(=**] f **i�j e k#**cW* ^ j21,* hZJ)( ` � e@._^ r v2 D eg^ x . (LcRJyj e0.l^ ]La,(:h0J�i . aFh@**a,(k1,**]k( ` � e0._^ ]k**]Jj a�j e h e ] ` *�i . c{c4* f J�(+Jlc   jK(=*U1,*�i ._^ j+( �_h@*o{hZJ��"e : 'Hw=v��&$:r)v`x`vHt	� v��dp ? r)Jla 31 ` x . (nc4J|j e@._^ ] v � D **]JjeoR1 e (+*\/ba,* f hpaF]Vh@**]2( ` � e0._^ ]X(+* f ( ` o]=* ^ j ` **] f JP(Vh@**]�] . c{c4*�j�] s *�j s′ /ba,*rhfD ._^ i . c f J�(=*�] ._^ j f ( . i � **]3* ^ jK*L(ncW*c1,*�i . a�h0**a5(6 1 e ]Jj:J ^ i-*�**aFi�h e 1 e * ^�^ *�9�8 f hga�]�h@* f ( . i-**]L]naF]41,* f ( ._f Jl�`J|j e0._^ **]Jj�j . h ` (KJ ^ jWJla�3�i � J ^ �#*<ocW* ^ jn])1,**]@] . aF]�o�]Lj+(naFi�j�a,(=**] v � . aF] eg^ j ` �#( ._^ ]Fo�hZJ c ` j �,. 1,*m� `�^F` ( e /ba,*(a ^ J�BLaF]Lj+**cW* ^ j15*	h0J�j . h ` (+J ^ iL*eJla 3�1 e G ` (+* ^ i-*�]X/baED e hI*43 e ]JjK*e* ^ jK(=* h0**] ` j e /�a5*�jnj+*71,**]i* ^ ]+*�ctzFh0*�] C(s) *�j
j�(y¢
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C(s′) 1,*1]LaFi*iL**]L]+**a5(n]X1,* s *�j s′ (+**] f *�i�j e k#*�c4* ^ j^8 f JP(�a ^ *1cW**]La,(+*Q1,*"] e c e hZJP( e j ` i . a�h0**a5(
ρ′

c(s, s
′) 1 ` _ ^Fe * i . c�cW*�]na e j �

ρ′
c(s, s

′) = 1−
√

∑

C∈{R,V,B}

(C̄R(s) − C̄R(s′))2 6 ��v � �#9
2 J ^,. j e@._^ 1,* τ o ] e c e h0J�( e j ` 1,*{hZJ�1 ` _ ^Fe j e0.l^ _ K *�]LjbJlh . (n]1c . 1 e _ ` *F* ^ ^,. j e@._^ 1,* τ ��Hp�{Fp<:zv�w�p�� ')v`x`vHt	� v��dp ? rFo�hZJ�i . aFh@**a,( v #"ep^ ] e 8 1,**a 3 * ^ ]+**crzFh0*�]31,*t] . c�cW*�jn] C *�j C ′ ] ._^ j1 ` _ ^Fe ]?i . c{c4* τ o�] e c e h0J e (=**]�]LD e hg]�k ` ( e _O* ^ j �

D1(C, C ′) ≤ τ.ρ′
c 6 ��v �
��9

J�k#*�i D1 hZJ@cW**]na5(+*e1,*e1 e ]L] e c e hZJ�( e j ` 1ED ` j e /ba,*�j:Jl�#*46 5"` x v _#� 9 v	 i e 8qhMDNJlhp� . ( e j � cW* f ( eg^ i egf JlhE1,*\(+*�i ._^F^ J e ]L]KJ ^ iL*c15*�c . j e x] s v`_ *�]Lj eg^ i � J ^ � `lv 2 J f ( . oi ` 1Fa5(+*)( ` i*a5(n] e k#*)15* f ( .lf Jl�`J|j e0._^ s v s *�]Lj�h0J�cWh*cW*bo{hMD *43Ri-* f j e@._^ 1,*�hZJ�h e � ^ *���1,*	jK**]Jj15* τ o�] e c e hZJP( e j ` 8CJla,/ba,*�h e hRxdJ|a�jUJ B . a�j+*-(/h0*di ._^ jK(��_h0*�a,(A1,*dj . h ` (KJ ^ i-*di . c�cW* eg^ 1 e /ba ` 1OJ ^ ]hfD ` /baOJ|j e@._^ 6 ��v �
� 9 v
2 . (L]Q1,*�hZJ f ( ._f Jl�`J|j e0._^ 1,*rc . j e x]-8qhfD . (+1,(=*\1,J ^ ]"h@*-/ba,*�h�] ._^ j"k e ] e j ` ]"h@**]�] . c{c4*�j�]2Ja ^ * eg^ �qa,* ^ i-* v 5 J ^ ]@iL*�jnj+*�J fFf h e i-J|j e@._^ 8 ^,. a�]F1 e ] f[. ] ._^ ])1ID�a ^ * eg^ x . (LcRJyj e0.l^ ]La,(@hMD e c@of	. (Jj:J ^ iL*e1,**]i( ` � e0.l^ ] � hMDNJ e (=*3(+*�hZJ|j e k�*m6 5"` x v �`� 9 v�# _ ^ 1,*�xdJ�k . ( e ]+*L(dhZJ@i . c f JP(KJ e ] ._^ 1,*�]f J e (=**]>/ba e ] ._^ j?h0**] f hgaF] f ( . i � **]i* ^ j+*-(ncW*71,*�]La,(LxdJliL*�8 ^,. aF]iJ�k ._^ ]?i �,.le ] e 1,*1k e ] e jK*L(�h0*�]] . c{c4*�j�] f JP( . (+1,(=*71 ` iL( ._e ]n]+J ^ jV]=**h ._^ h0*�a,(iJ e (=*3(+*�hZJ|j e k�* v 2 * f ( . iL**]L]naF]X1,* f ( ._f Jl�`Jyj e0.l^1 ` zFa�j+*�h0Jti . c f J�(+J e ] ._^(f J�(dh@**]i1,*�a 3%] . c�cW*�jn]i_Fi�j e x]</ba e (+* f ( ` ]+* ^ j+* ^ j1h@**] . zjB=*�j�] v2 J�_F�_a,(+* �Fv �
� v i e hghpaF]Lj+(+*(h@*�( ` ]LaFhpjKJ|jW1Fa f ( . iL**]L]naF]41,* f ( ._f J|�`J|j e@._^ J fFf h e /ba ` Jla 35 # C ]b1,*�hZJ!_q�_a,(=* �Fv �
� v z v 2 **]�i . a�h0**a5(n]b(=* f ( ` ]=* ^ jK* ^ j�h@**] xdJlc e hgh@**]315*m] . c�cW*�jn]	] e c e oh0J e (=**]c6Bh . (n]X1,*�hZJ�i ._^ ]JjK(LaFi�j e0._^ 1,**]1c . j e x]-8qh0J{i . aFh@**a,(X1,**] f J�(+* ^ j�]3J ` j `rf ( ._f Jl� ` *r]La,(h@**]�] . c{c4*�j�]�]naFi�i-**]L]+*�a,(n]K9 v 2 **] f J�(Jj e **]Y15**] 5 # C ]di . h . ( ` **]Y* ^ ( . a��#*1i . (+(+*�] f	._^ 1,* ^ jXJlac . j e x /baOJl] e o�] e c e h0J e (=*X/ba e J ` j ` e 1,* ^ j e _ `|v
2 J�(+*�i ._^�^ J e ]L]KJ ^ i-*m1,**] . zjB=*�jn] ^ *@]+*@zOJl]=* f Jl]�]La,(�hZJmc e ]=*)* ^ i . (+(=**] f	._^ 1,J ^ i-*m1,*�]] . c{c4*�j�]U_Fi�j e x]Y1,*�] 5 # C ] v 2 * f ( . iL**]n]LaF]iJ f	. a,(�zFa�j<1,*Q(+**i ._^F^ J � jK(=*Q1,*�]dc . j e x]26] . aF]�o5 # C ]:9>1OJ ^ ]�h@**] 5 # C ] v 2 **]<* ^ ]+**crzFh0*�]21,*�] . c{c4*�j�] S 15* D *�j S ′ 15* D′ J fFf J�(JjK* ^ J ^ jo�1,**]�c . j e x]@] ._^ j e 1,* ^ j e _ ` ]�i . c�cW*%] . c{cW*�j�]{c e ]F* ^ i . (=(+**] f[.l^ 1OJ ^ iL* v � * ] ._^ j i-*�]* ^ ]+*�ctzFh@**]i/ba,* ^5. aF]?a�j e h e ] ._^ ] f[. a5( ` kPJlhga5*-(dhZJ@] e c e hZJP( e j ` * ^ jK(=*�h@**]<1,*�a 3 . zjB=*�j�] v

�=��$~��$9�B� � �����=��� + � ��� � �w��F�y� ��� + �����.-0/*� ���
� . aF]�a�j e h e ] ._^ ]>1,J ^ ]?i-*�jnjK*	c ` j �5. 1,* h0J�cWh*cW*�cW**]na5(+*e1,*	] e c e h0J�( e j ` 1,**] . zjB=*�j�]X/ba,*iL**hph0*i/ba,* ^5. aF]UJ�k ._^ ];1 ` _ ^Fe�f	. a,(Kh0J c ` j �,. 1,* f J�(;(+**h0J 35J|j e@._^@f ( . zOJlz e h e ]LjK*\6�k ._e (K]+**i�j e@._^��v s v`_�v � 9 v

�=��$~��$9�� �r� � ( �w� ���� �
� . aF]dk#* ^,._^ ]i1,* f ( ` ]+* ^ jK*-(i1OJ ^ ]?i-*�jLjK* ]+*�i�j e0._^ a ^ *�]=**i ._^ 1,*cJ fFf ( . i � * f[. a5(dhZJrc e ]=** ^ i . (+(=**] f	._^ 1,J ^ i-*|1ED . zjB=*�jn] 1OJ ^ ]}h0J k e 1 `-. zOJl]L]+* ( ` ] . hga�j e0._^ v 2 J c ` j �5. 1,*�**]Jj a ^ *

j�(�j
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JP1OJ f jKJ|j e@._^ 15* hMD � *�a,( e ]Lj e /ba,* f	. a,({hZJ�(+*�i � *-(Li � *�1,*}c . j e x]m/baOJl] e o�] e c e h0J e (=**])1OJ ^ ]R1,*�]��(KJ fF� **]i1 ` iL( e jK*e1OJ ^ ]?h@*�i � J fFe jK(+* s 1,* i-*�jnj+* j �F  ]=* v5 J ^ ]:iL*�jnj+*<J fFf ( . i � *�8yhZJ?c e ]+*A* ^ i . (=(+**] f[.l^ 1OJ ^ iL*>**]Jj zOJ|] ` *�]na,(�hMD eg^ x . (nc4J|j e@._^ ]Lj+(naFi<ojna,(+*�hgh@*>1,**] . znB=*�j�]A/ba,*�hMD ._^ i � *L(ni � *2o�i . c f J�(=*-( v 2 *�]A1 ._^F^F` **];*43�jK( eg^ ]   /ba,*�]YJla�3m( ` � e0._^ ]6]na,(JxdJli-*P8qi . a�h0**a5(:9�] ._^ j�a�j e h e ] ` **] f	. a,(<(=* ^ x . (Li-*L(Vh@**]di . c f JP(KJ e ] ._^ ]�zOJl] ` **]V]LjK(LaFi�jna,(+* v� . aF]UJ�k ._^ ] eg^ jK( . 1�a e jKa ^ *�j+**i �F^Fe /ba,*215*Vi ._^ ]Lj+(naFi�j e@._^ 15* 5 # C ]Yo f J�(Jj e (S15**]�A # C ](=* f ( ` ]=* ^ j:J ^ jrh0**] . znB=*�j�]\JP_ ^ 1EDNJ fFf	. (JjK*-( a ^ * ^,. j e0.l^ 1,* ��eg` (+J�(ni ��e *F* ^ j+(+*{h0**] ` h ` c4* ^ jn]15**](�#(+J fF� *�] v �/^ ]=*�zOJl]KJ ^ j ]na,((hfDgJ e (+*�(+*�hZJ|j e k#*1,**]R( ` � e0._^ ]R*�j(hfDgJ B . a�jR1ID�a ^ ] . c�cW*�j_Fi�j e x~(KJli eg^ *P8 ^,. aF]di ._^ ]JjK(na e ] .l^ ]?a ^ a ^Fe /ba,*���(KJ fF� *�i ._^F^ *43a* . ( e * ^ j ` ]+J ^ ]?i ]�i*h@* i . c{c4*c . 1   h@*31,*e(+* f ( ` ]+* ^ jKJ|j e@._^~v2 J"]=**i .l^ 1,*XJ�1OJ f j:J|j e0._^ /�a5* ^,. aF]lJ�k ._^ ]AJ f�f[. (Jj ` *>o1hZJ�c ` j �,. 1,*�� `*^F` ( e /�a5*�i ._^ i-*-( ^ *h0J ^,. j e0.l^ 1,*"j . h ` (KJ ^ i-*3JP1OJ f jKJ|j e k#* v �/^ *LG[*�j-8 f hpaF]�h@**]Y( ` � e@._^ ]�i . (=(+**] f[.l^ 1OJ ^ jiJla�3 ] . c�ocW*�jn]3omi . c f J�(+*L(V] ._^ j f ( . i � *�]3* ^ jK*-(Lc4*c1,*ri . aFh@**a,(L8 f hpaF] .l^ **]Jj1j . h ` (+J ^ j3Jla�3 1 ` x . (�oc4J|j e0._^ ]~1,*d]JjK(na�i�j�a5(+* f	. a,(:hfD e 1,* ^ j e _qi-J|j e@._^ 1,*�c . j e x] v � *�jnj+* ` j:J f * f *-(Lc4*�jS1ED ` k e j+*-( a ^ *(=**i ._^F^ J e ]n]+J ^ i-*	] ]�]Jj ` c4J|j e /ba,*e*-(=( ._^F` *e1,* ]LjK(LaFi�jna,(+*�]V] e c f h0*�] v5 J ^ ]1hZJ�]+*�i�j e0._^ /ba e ]na e j^8 ^,. aF] f ( ` ]+* ^ j ._^ ]"a ^ * ^ ]+**crzFh0*c1,*b( ` ]na�hpj:Jyj�]"]La,("h@**]X1,**a�3c ` j �,. 1,**]i/ba,* ^,. aF]dk�* ^,._^ ]21,* f ( ._f	. ]+*L( v
� ' � � ��� � 	�6 ,�6 �

� . aF]3J�k ._^ ]Vj+**]Jj ` h0**]�c ` j �5. 1,*�] f	. a,(?h0J{c e ]=*\* ^ i . (+(=**] f	._^ 1,J ^ i-*c1ED . zjB=*�jn]"]La,(Q1,*�]] ` /ba,* ^ i-*�]?k e 1 `-.te ]n]La,**]<1,*Q1 . i�aFcW* ^ j:J e (+*�] � � A 	 ^ �V� Jla�x . (nc4J|j ^ P�� C o�s v 2 **] . zjB=*�jn]]=**�_cW* ^ j ` ] ] ._^ j!*43�jK(+J e jn]R1,*�] e c4Jl�#*�] 5 � 1,* j:J e hgh@* 76 × 92 fFe 3a**hp]�o a ^ *�( ` ] . hga�j e0._^j+**c f[. (+**hph0*21EDN* ^ k e ( ._^ 1,*�a 3 e c4Jl�#*�] f J�(?]+*�i ._^ 1,* v2 **]%] ` /ba,* ^ i-**]}a�j e h e ] ` *�]R1OJ ^ ]%i-**] j+(KJ�kPJla 3O] ._^ j e ]L]na,*�]�15**]!1 . i*aFcW* ^ jKJ e (=**] k e 1 `L.� � A 	 ^ �Z�	ep^ j e jnaFh ` **]��Gc*d,v%$JdR: �:dawKrirH�m{ '+x�p���rHw�w=v��&':r D 
 r6:+} v�w g-wKrBA :+}fe'd ? w=v�yjr D 9 r $ "5v��&$HwKr*�j��3p�w=v�y`vC���\*�jKi ._^ j e * ^F^ * ^ j f (   ]A1,*�D����r� e c4Jl�#*�]?1,*�]+/ba,**hph0*�] .l^ j ` j ` * 3Rj+(KJ e j�]/h@**] . zjB=*�j�] vb a ^ *�( ` ] . hga�j e0._^ j+**c f[. (+**hph0*1,* c ._ep^ ]!1,*�s e c4Jl�#*�]��|]=**i .l^ 1,*�8dh0J zOJl]=*�15*�1 ._^F^F` **]i . (+(=**] f[._^ 1�o@D_s�c eg^ a�j+**]>1,*�k e 1 `L.Fv P~. a,(�h@**]Y* 3 f�` ( e * ^ i-*�]-8 � �r� . zjB=*�j�]di . (+(=**] f	._^ 1,J ^ jio15**] f *L(n] .l^F^ **] ._^ j ` j ` i �,._e ] e ]2J|h ` Jyj ._e (+**cW* ^ j<1,J ^ ]�hZJ@zOJl]=*c1,*\1 ._^�^F` *�] v 2 JF_q�_a5(+* �Fv ��sc ._^ jK(=*�a ^ J f *L(nE�a1,*�]?] ` /ba,* ^ i-*�]1a�j e h e ] ` **] f	. a,(dh0*�]�jK*�]Lj�] v

6fJ#9 6Bz 9 6Bi^9���R	������� SB���������������O!Z��� !�	OEFD���%�HO�O!@+�!"!"D��O!9���Y�[( ?=(.!"� ��� ��-.%�% 	O�O!J�

G�HG�HLI � �?N [ � S�N9P Y"N SFN ��Q	� U N9P
� . aF]�J�k ._^ ] ` k�J|hga ` h@**] f *-(Lx . (nc4J ^ i-*�]!1,* ^,. ]%c ` j �,. 15**]!1OJ ^ ](h0*�i .l^ j+*43�jK*�1,* h0J(=*-/ba,h�jK* f J�(�hfDN* 3a**c f h0* v 2 *�]r])]R]Jj   c4*�])1,*W(+**i � *-(ni � * f J�(	hMD *43a**c f h@* f ( ` ]=* ^ jK* ^ j@h0* f hga�]

j�(y¡



��� ����� ����� � �������

] . a�k�* ^ j�h0*e( ` ]na�hpj:JyjQ* ^ jK*L(ncW*\15* k c4* e hgh@**a,(=**]dc e ]=**]X* ^ i . (+(=**] f	._^ 1,J ^ i-*m$ � _ K 8 D � &wv J ^. zjB=*�jX(+*�j . a5( ^F` **]JjX1 ` _ ^�e i . c{c4*1i . (+(=**i�jV] e9e hE*�]Lj f ( . i � *\1,* hMD . zjB=*�ji(+*L/�a5h�jK* v� . aF]mJ�k ._^ ]@i . c f J�( ` h0*�])( ` ]naFh�j:J|jn]F1,* ^,. ]tc ` j �,. 1,**]mJ�k#*�i(hZJ c ` j �,. 1,* 	 A ^ $ Kr� &aRj e h e ] ` *S1OJ ^ ]�h@*�])]�]Lj   c4* � 	 ^ P 2 	 i e j,]�$ � _ K & v 2 DNJlhg� . ( e j � cW*SJ ` j `�e c f h ` cW* ^ j ` * ^ a�j e h e ]KJ ^ j^5. jK(=*�cW**]La,(+*X1,*?] e c e hZJ�( e j ` * ^ j+(+*�h0*�];( ` � e@._^ ]KzOJl] ` *�]na,( ^,. ]A1,*�]niL( egf jK**a5(n]76 � . (nc v 6 �Fva_ 9+9 v2 JdxdJ e z�h0*S/baOJlh e j ` 15**]?1 ._^F^F` **] e c f h e /ba,*?/�a5*�hMD eg^ x . (nc4J|j e@._^ ]La,( hZJdjK*43�jna,(+*;**]Jj h e ]n] ` *A*�j�h0*�]c . cW* ^ j�]�i . h . ( e c ` jK( e /ba,**]A1ED . (=1,(+*V]na f ` ( e **a5(<orhZJ c . ]�* ^F^ * ^ *"] ._^ j f Jl]>(=* f ( ` ]=* ^ j:J|j e x] v� (L8 hZJ�c ` j �5. 1,* 	 A ^ **]Lj{zOJ|] ` *%]La,(�i-**]{i^JP(KJli�j ` ( e ]Jj e /ba,*�]�] ._fF��e ]Lj e /ba ` **]-8S*�hgh@*!**]Lj f JP(i ._^ ] ` /ba,* ^ j"c ._ep^ ]>*H]�i-Jli-*cJ�k#*�ic1,*�]215**]niL( epf jK*�a,(n] f hga�]d�#( . ]L] e *-(n] v5 *�a 3�* 35*�c f h0**]Y1,*7(+*L/�a5h�jK*�] f[. a5( ^,. ]�c ` j �,. 1,**]>* ^ i . c f J�(+J e ] ._^ J�k#*�i�hZJrc ` j �,. 15*	 A ^ ] .l^ j f ( ` ]+* ^ j ` ]%]na5( h0*�]4_q�_a5(+**] �Fv � _ 8 ��v � � *�j ��v ��D v 2 **]m]ni . (+**](] . aF] h@**] e c4Jl�#**]i . (+(=**] f[._^ 1,* ^ jeomh0J�cW**]La,(+*c1,*t] e c e hZJ�( e j ` 1ED . zjB=*�jn] θ 6 � . (nc v �Fv K 9 v 2 D . znB=*�j3(=*-/ba,h�jK*F**]Jj* ^ i^JP1,( ` 1,*Q( . aF��* v 2 Jb_q�la,(+* ��v � _ f ( ` ]=* ^ jK* h@**]Y( ` ]LaFhpjKJ|j�]>15*�hZJrc ` j �,. 15* 	 A ^ 8FhZJe_q�_a,(=*��v � � i . (=(+*�] f	._^ 1�Jla ( ` ]LaFhpjKJ|j�]41,* ^5. jK(=* c ` j �5. 1,* f J�(4(+*�hZJ 35J|j e0._^�f ( . zOJlz e h e ]JjK*�*�jmh0*�]( ` ]LaFhpjKJ|j�]i1,* ^,. j+(+*�c ` j �,. 15* � **a,( e ]Jj e /ba,* ] ._^ jVc ._^ jK( ` ]?]na5(�h0Jb_q�_a,(=* �Fv ��D v
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	�� ���� � � �C	�&.��-h��� 8 � � �Q�$�O!"D�<"�O!$��� !,+���+��[(*<,+�&�	K( �3�OH �[(/<"�OEFD���&"� � -.D�<$���O! �
�$��+�������D�<"�O!Z��+�!"�O!9��%�HO-.<,<"�O!,� -.%���(*%�HO���
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	�&.��-F���2�=(*< <"���[( ��(*&,+�-.% ��<"-.?=(*?�+���+�!,&"�C� �$�O!,D�<"�O! ���2!,+���+��[(*<,+�&�	
( �3�OH �[( <"�OEFD���&"� � -.D�<@���O!�� �$��+�������D�<"�O!9��+�!"�O!Z��%�HO-.<,<"�O!,� -.%���(*%�HO���

2 D *43a**c f h0*<15*<(+*-/ba,h�jK*c6fJ#9 e hphgaF]JjK(+*�hMDNJ f j e j�a51,*Y1,* ^5. ]/c ` j �,. 1,*�]Ao3(+*�j+( . aRk#*-(/h@*�cWh*cW*. zjB=*�j<1,J ^ ]>1 e G ` (+* ^ j+**]di ._^ 1 e j e0.l^ ] � h0**]�c4*�]na,(=**]<1,*"] e c e h0J�( e j ` ]/] ._^ j ` h@*�k ` **]dcWh*cW*"] e h@*k e * e h �,. c{c4*\J fFf J�(KJ � ji1OJ ^ ]X1,*�a 3�] ` /�a5* ^ iL**]71 e G ` (+* ^ j+**] v Pk. a,( ^5. ]i1,**a 3}c ` j �,. 15**]-8�h0Jf ( ` ]=* ^ iL*b1,* i-J ^ 1 e 1OJ|j�]L8 e ]L]naF]X1ED#a ^ Jla�jK(=* f hZJ ^ /ba,*	hZJ)(=*-/ba,h�jK*�8 f ( . 1Fa e ]+* ^ j?a ^ cW* e hgh@**a,(]Li . (=*b/ba,*tiL*-(Jj:J ep^ ] . zjB=*�jn] f ( . k�* ^ J ^ j71�a cWh*cW* f h0J ^ /ba,*�hZJm(+*L/�a5h�jK* v � **h0J4*�]Lj31 T o�h0J
j�( \
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	�� ���� �B� � -.&,<"���
	�&.��-h��� ����D�<,+�!,&,+�EFD�� � �$�O!,D�<"�O! ���$!"+���+��[(*<,+�&�	2( �3�OH2�[( <"�OE'D���&"�
� -.D�<@���O!	� �$��+�������D�<"�O!Z��+�!"�O!9��%�HO-.<,<"�O!,� -.%���(*%�HO���

/baOJ|h e j ` 1Famc4Jl]+/ba,*2/ba e 1 ` _ ^Fe j�hfD . zjB=*�j;1,* f (+*�c e *-( f hZJ ^~v 2 *"c4Jl]+/ba,*X1ED . zjB=*�jY**]Jj . z�j+* ^ a15*tcRJ ^Feg  (+*)J|a�j . c4J|j e /ba,* f J�("a ^ *mJ ^ Jlh[]R]=*)1Fa�c . a�k�**cW* ^ j�$ K � & *�j ^ *@i . (+(=**] f	._^ 1 f Jl]* 35Jli�j+**cW* ^ j!o hMD . zjB=*�jW1,* f (+*�c e *-( f h0J ^ i ._^ jK* ^ a 1,J ^ ]{hMD e c4Jl�#*�6Bh@**] f J�(Jj e **]{]Lj:Jyj e /ba,*�]f **aRk#* ^ j ^ * f J|]<h�jK(=*71 ` j+**i�j ` *�] f J�(dhMDNJ ^ Jlh[]�]+*Q15*�c . aRk#**cW* ^ jn]X*�ji1,* f *�j e jK*�]>( ` � e0._^ ]>1Fax .l^ 1�/�a e ` jKJ e * ^ j i-Jli �F` **]e1OJ ^ ] h@**] e cRJl��**] f ( ` i ` 1,* ^ j+**]	] ._^ j ] . a�k#* ^ j ep^ i*hpaF]+*�]71OJ ^ ]�h@*c4Jl]=/�a5*�9 v5P J�(Vi ._^ ] ` /ba,* ^ j^89hZJ{c ` j �,. 1,* ^ *t]+*L(KJ f J|]"i^J f JlzFh@*b1,*tcW*�jLjK(=*b* ^ i . (+(=**] f[._^ o1,J ^ i-*@i . (+(=**i�jK**cW* ^ j h@**] . znB=*�j�]7* ^ (KJ e ] ._^ 1,*rhMD e c f ( ` i e ] e0._^ 1Fa�c4Jl]+/ba,*F1,*@hfD . zjB=*�j v �1^^5. jK*;/ba,*�hZJ?c ` j �5. 1,* 	 A ^ **]Jj hZJP(n�#*�c4* ^ j f `*^ J|h e ] ` * f J�( hMD e c f ( ` i e ] e0.l^ 1,**]l15**]niL( epf jK*�a,(n] �h0J}c ` j �,. 15* a�j e h e ]+*W*43Ri*hpaF] e k#**cW* ^ j@hfD ep^ x . (LcRJ|j e0._^ ]La,(th0*�]ti^JP(KJli�j ` ( e ]Jj e /ba,*�])1,*�])( ` � e0._^ ]]+J ^ ]i*43 f h ._e j+*-(dh0Jt]LjK(LaFi�jna,(+*\1,* hZJ f J�(Lj e j e@._^~v#Veg^ ] e 8�hfDgJ fFf[. (Lj<1,* hfD ep^ x . (nc4J|j e0._^ ]na,(?h@*"k ._e ] ep^ Jl�#* f *-(Lc4*�j<1,* h e c e jK*-(�h0*�] f ( . zFh   c4*�]
1ID e c f ( ` i e ] e@._^ 1,*�]�1,**]Li-( egf j+**a,(L]�h eg` *?odhZJ�xdJ e zFh0*k( ` ] . hpa�j e@._^ 1,**] 1 .l^F^F` *�] v 2 Jdi ._^ ] e 1 ` (KJyj e0.l^1�a�k ._e ] eg^ J|�#*<1OJ ^ ]/h@*di ._^ j+*43�jK*X1Fa f J�(+J�1 e �lc4*>1ID ep^ 1,*435J|j e0._^ ��( . ]L] eg  (+*<*�]LjUJlh . (n]	BLaF]Jj e _ ` * v5 J ^ ]�hfDN* 3a**c f h0*!1,*�(+*L/ba,h�j+*s6z 9H8/h@**]m1,**a�3�c4* e hgh@**a,(L]ti^J ^ 1 e 1,J|j�] f	. a,(@hZJ�c ` j �,. 15*f J�(Y(=**hZJ�3,Jyj e0.l^ 8n*�jdh@**]Y/baOJyjK(+*"c4* e hgh@**a,(L]�i-J ^ 1 e 1OJ|jn] f	. a,(�h0Jrc ` j �5. 1,* � **a5( e ]Jj e /�a5*Q(+* f ( ` o]=* ^ jK* ^ jVh@*1cWh*cW* . zjB=*�ji/�a5*	h0Jb(+*L/ba,h�j+* v 2 **]XJla�j+(+*�] . zjB=*�jn]<(+*�j . a,( ^F` ] ^ *�i . (+(=**] f[._^ 1,* ^ jf Jl]lJla�c4h�c4* . zjB=*�j v � * f * ^ 1,J ^ j^8_h@**] ]LjK(LaFi�jna,(+*�]l1,*�]l1,**a�3 . znB=*�j�]�i ._^ ] e 1 ` ( ` ]i6Ba ^t�,. c{c4*15**z . a�j!J�k�**i a ^ f J ^ j:J|h ._^ x ._^ i ` *�jma ^ *}i � **c e ]=* i*h0J e (=*�9r] ._^ jmjK(   ] f ( . i � **]mhMD#a ^ *�1,*hfDgJ|a�jK(=* v 2 J j ._f[. h . � e *<1,**] . zjB=*�j�]Y*�]Lj�]na5]{]KJ|c�cW* ^ j�] e c e h0J e (=* f	. a,(;/�a5*1h0*�]�c ` j �,. 15**];1,*c e ]=*7* ^ i . (=(+*�] f	._^ 1OJ ^ i-* ^ * ] ._e * ^ j f Jl] f *-(Ljna,(nz ` *�] f J�(dhZJF1 e G ` (+* ^ i-* i . h . ( e c ` jK( e /ba,* v

2 **]k1,**a�3\*43a**c f h0*�]:c ._^ jK(=* ^ j hMD eg^ j ` (+h�j~1,*�hMD#a�j e h e ]KJ|j e0._^ 1,*�hfD ep^ x . (LcRJ|j e0._^ ]na,( hZJd]Lj+(naFi<ojna,(+* f	. a,(di . c f * ^ ]+*L(�h0JrxdJ e z�h0**]L]+*315**]i1,**]Li-( egf j+**a,(L]V]La,(dh0*�]<1 ._^F^F` **] v 5 J ^ ]?hZJtc ` j �,. 15*f J�(A(+**h0J 35J|j e@._^@f ( . zOJlz e h e ]LjK*P8 ._^ 1 ` c4J�(=(+* f J�(Ka ^ *VcW**]La,(+*X1,*�] e c e h0J�( e j ` * ^ jK(=*Vh@**] f J e (+*�]15*{] . c{c4*�j�]3/baED ._^ J BLaF]Lj+* e j ` (KJ|j e k�**cW* ^ je* ^ xdJ e ]KJ ^ j i-( .�� j+(+* . a|1 ` i-( .�� j+(+*@hZJmkPJlh@**a,(Q1,*] e c e h0J�( e j ` * ^ x .l^ i�j e0._^ 1,*@hZJW(+**]L]+*�ctzFhZJ ^ i-*F1,*rh0**a5(n]Vk ._e ] eg^ J|�#**] v05 J ^ ]1i-*�jnjK*mJ fFf ( . i � *P8h0J	]JjK(+J|j ` � e *?i .l^ ] e ]LjK*Qo	aRj e h e ]=*-(KhZJ�]Lj+(naFi�j�a,(=*1h . i^J|h0*<1,*�] . zjB=*�j�] f[. a,(U(+JP] ^ *-(�a ^ *Vc4*�]na,(=*15*1] e c e hZJ�( e j ` zOJl] ` *�]na,(�h0**]�i^J�(+Jli�j ` ( e ]Lj e /ba,*�]>1,**]Y( ` � e0._^ ] v 5 J ^ ]�hfDgJ f�f ( . i � * � **a,( e ]Lj e /ba,*P8.l^ f ( ._f	. ]+*�1,*�(+* ^ k�*-(L]+*-(mh0* f ( . zFh   c4* v 2 * f ( . i-**]L]naF]41 ` z�a�jK* f J�(�a ^ *�i^J f j�a,(=*15*}h0J] e c e h0J�( e j ` ]na,(�hZJ@]Lj+(naFi�j�a,(=*b*�jVaRj e h e ]=*7* ^ ]La e j+*	h@**] f ( .lf ( ep` j ` ]dk e ]na,*�hgh@**]i1,**]X( ` � e0.l^ ] f[. a5(�la e 1,*L(dh0* f ( . iL**]L]naF]X1,* f ( .lf Jl�`J|j e0._^ v�1^ ^,. jK* /ba,*}h0*�]R( ` ]naFh�j:J|jn] f ( . 1�a e jn] f JP(�h0J c ` j �,. 15* � *�a,( e ]Lj e /ba,* ] ._^ j cW* e hph0*�a,(n]f	. a,("h0**]715**a 3�(+*-/ba,h�jK*�]�c ._^ jK( ` **]7* ^ *43a**c f h0* v0#"ep^ ] e 8�h0J ]Lj+(naFi�j�a,(=*W15**] . zjB=*�j�] ]+*�ctzFh@*
j�(�(
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h�jK(=*	a ^ * eg^ x . (LcRJyj e0.l^ /ba e (+*�]LjK* ]Jj:JlzFh@* f[. a5(dh0**] . zjB=*�jn]QJ f (   ]?] . aF]Jo ` i � J ^ j e hph ._^ J|�#* v

G�HG�HPO ��SF\9Q�T�PRT�WKXZYVN9P [ \ U �VWdY"N9P
J ^ *@i . c f J�(+J e ] ._^ 15**] f *-(Jx . (nc4J ^ iL**]31,*�]1jK( ._e ]Vc ` j �,. 1,**]"]na,(1a ^ * ^ ]=**ctzFh@*)1,* � �r�. zjB=*�jn]�6 (+* f ( ` ]=* ^ j:J ^ j)1,**] f *L(n] ._^F^ *�]:9	i �5._e ] e ]\Jlh ` J|j .le (+*�c4* ^ j71OJ ^ ]	hZJ(zOJ|]+*W1,*41 ._^F^F` **]*�]Lj f ( ` ]=* ^ j ` *r]na5(dhZJb_q�_a5(+* �Fv ��u v 2 Jb_F�_a,(+* c ._^ jK(=*1hZJ f ( ` i e ] e@._^ 6k ._e (Y1 ` _ ^�e j e@._^ _B_ 9Y1,*i � J�/ba,*�c ` j �,. 1,* f[. a,(i1 e G ` (=* ^ j�] ^,. crz,(+*�]X15*	i-J ^ 1 e 1OJ|jn]di ._^ ] e 1 ` ( ` ] k v
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	�&.��-F���O!2� -.D�<$�B+�� 	�<"��%'&"�O!��.(*����D�<"!2���
k
>�%�-.� ?�<"� ���

�$��+�������D�<"!VH (*%��B+���(*&"!9<"��&"��%'D�!J�
2 **] f *L(Lx . (LcRJ ^ i-**]X1,*�hZJ�c ` j �,. 1,* 	 A ^ ] ._^ j ^ *�jnjK*�c4* ^ j eg^ x ` ( e **a,(=**]QJla 3�c ` j �5. 1,*�]/ba,* ^,. aF]7J�k ._^ ] f ( ._f	. ] ` **]31OJ ^ ]1i-*�i � J fFe jK(=*�8 i^J�(1iL**hph0*�o i e **]Jj"x . (JjK*�c4* ^ j f�`�^ Jlh e ] ` * f JP(hfD e c f ( ` i e ] e0._^ 1,*�])1,**]Li-( egf j+**a,(L]@]na,(th@**]c( ` � e0._^ ] v 2 *�])1,**a�3 Jla�j+(+*�]tc ` j �,. 1,*�]r]+*�ctzFh@* ^ ji . c f * ^ ]+*L(mi-*�jnj+* hZJ|i*a ^ *}�#(�N|i-*o�hMD#a�j e h e ]KJ|j e0._^ 1,* h0J�]Lj+(naFi�j�a,(=* 1,*�] . zjB=*�j�] v 2 **]41,**a�3

J fFf ( . i � *�] f ( ` ]+* ^ j ` **]X1OJ ^ ]di-*1i � J fFe j+(+* f ( . 1Fa e ]+* ^ j<1,**]<( ` ]LaFhpjKJ|j�]�i . c f J�(KJ|zFh0*�] v 2 D � *�aRo( e ]Jj e /ba,*F*�]Lj f hga�] f ( ` i e ]=*�]La,( h0*�] j+( ._e ]�c4* e hph0**a5(+**]Q( `*f	._^ ]=**]cJlh . (n]7/ba,*{hZJ c ` j �5. 1,* f JP((=**h0J 35J|j e@._^ . G[(+*ma ^ *(cW* e hph0*�a,(+* f ( ` i e ] e0.l^[f[. a5(th0*�])( `�f[._^ ]+**]F15* f hgaF]b1,* K�i^J ^ 1 e 1OJyj�] v5 J ^ ]	hZJ c ` j �5. 1,* f JP(\(=**h0J 35J|j e@._^ 8 h0J(]LjK(LaFi�jna,(+*{�_h . zOJlh@*)1,**] . znB=*�j�] ^ D **]Jj f J|] f ( e ]=*m* ^i . c f jK*A*�j-8 1,**a 3��#( . ]n]=**]k( ` � e0._^ ] /ba e ] .l^ j�]naa]�]+Jlc{c4* ^ j f ( . i � *�]lJla	k�ab1,*�]k1,*�]niL( egf jK**a5(n]f	. a,(Qh�jK(=*tc e ]+*�]Q* ^ i . (+(=**] f[._^ 1OJ ^ iL* f *�a�k#* ^ j ep^ 1Fa e (+*ra ^ *rx . (JjK*tcW**]La,(+*)15*@] e c e h0J�( e j `|v� *�] f ( . z�h   cW**]�] ._^ j ` k e j ` ]e1OJ ^ ]�hfDgJ fFf ( . i � * � *�a,( e ]Lj e /ba,*@i^J�(�h0J ]Lj+(naFi�j�a,(=*��_h . zOJlh@*b1,*�]. zjB=*�jn]-8_h@*�k ._e ] ep^ Jl�#*�h . i-Jlhj*�jKh0*�] i^JP(KJli�j ` ( e ]Jj e /ba,*�]S1,*�j:J e hgh@*U*�jA1,*di . aFh0*�a,( ] .l^ jKi . ctz ep^F` *�]f	. a,(dhfD e 1,* ^ j e _qi-J|j e@._^ 1,*�]Vc . j e x]�i . c�cra ^ ]i* ^ jK(=* h0**]i1,*�a 3 . znB=*�j�]2o@i . c f J�(=*-( v�5 J ^ ]?h@*i-J�1,(=*X15*dhZJ�c ` j �,. 1,* f J�(A(+**h0J 35J|j e@._^ 8yi-*L(Lj:J eg^ *�];1 ` i e ] e@._^ ]S1 ` _ ^Fe j e k�**] f *�a�k#* ^ jYh�jK(+* f ( e ]=*f	. a,(�h0**]<( ` � e@._^ ]>15*1j:J e hgh0* e c f	. (LjKJ ^ jK* v � **]iJ|]n] e � ^ J|j e0._^ ] ^ *�] .l^ j f Jl]<(+*�c e ]+**]<* ^ i^JlaF]=*h . (n]b1,**] e j ` (+J|j e@._^ ]r]La e kPJ ^ j+**] v #Veg^ ] e 8k1,**a 3�( ` � e0._^ ] e c f[. (Jj:J ^ j+**]FJ�k#*�i�1,**]�i^JP(KJli�j ` ( e ]�oj e /ba,*�]1k e ]na,*�hgh@**]�] e c e hZJ e (+*�] f **a�k�* ^ j\h�j+(+*�c e ]+*�]7* ^ i . (=(+*�] f	._^ 1OJ ^ i-*{]KJ ^ ]1j+* ^Fe (�i . c f j+*
15*	h@**a,(�k ._e ] eg^ Jl�#* v � **hZJ f **a�j ep^ 1Fa e (+*1a ^ *�x . (Lj+*�] e c e h0J�( e j ` * ^ j+(+* h0*�] . zjB=*�jn] v P J�(?i ._^ jK(=*iL*�jLjK* i ._^ _q�la,(KJ|j e0._^�^ *�]+*L(KJ f J|] f ( e ]=** ^ i . c f j+* f J�(�hfD � **a,( e ]Lj e /ba,*�/ba e **hgh@*�8S1 ` i e 1,*

j�( �
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15**]iJl]L] e � ^ J|j e@._^ ]U* ^ x ._^ i�j e0.l^ 1,**]di-J�(KJ|i�j ` ( e ]Lj e /ba,**]�]JjK(LaFi�jna,(+*�hgh0*�]<1,**] . zjB=*�jn] v 2 J)(+*�hZJ 35Jyoj e0._^�f ( . zOJlz e h e ]LjK*"i^J f jna,(+*�hZJ@]Lj+(naFi�j�a,(=*)Jla�xa,(X*�jQo{cW**]La,(+*\1,**] e j ` (KJyj e0.l^ ]iJlh . (n]i/ba,*rh0Jc ` j �,. 1,* � **a5( e ]Jj e /�a5*	h0Jti ._^ ] e 1   (+*e1   ]Vh@*71 `*f J�(LjX1,* hZJtc e ]=*7* ^ i . (=(+*�] f	._^ 1OJ ^ i-* v

G�HG�H� � S U \~S V U T�W�XVP Y �BT-[ V YKN9P
2 **]U1,**]Li-( egf j+**a,(L]>/ba,* ^,. aF]>J�k .l^ ]>1 ` _ ^Fe ]�]na5(�h0*�]U( ` � e@._^ ]�] ._^ j eg^ kPJ�( e J ^ j�];Jla 3{jK(+J ^ ]�ox . (nc4J|j e@._^ aF]La,**hph0*�]1jK**hph0*�]3/ba,*�hZJmjK(+J ^ ]LhZJ|j e0._^ 8 hZJ�( . j:Jyj e0.l^ *�j h@*@i � J ^ �#*�c4* ^ je1ED ` i � **hph0* v2 *�] f *L(Lx . (LcRJ ^ i-*�]Y1,*�]<1,**a 3mc ` j �5. 1,*�] f ( ._f[. ] ` *�] ^ *1] ._^ j f J�(�i ._^ ] ` /ba,* ^ j f Jl]>Jlh�j ` ( ` *�]f J�(di-*�]�j+(KJ ^ ]Jx . (nc4J|j e0._^ ] v2 **]3Jlhpj ` (KJyj e0.l^ ]i1ED e cRJ|�#**]?jK*�hgh0*�]2/ba,*rhZJ{kPJ�( e J|j e0._^ 1,*ri ._^ jK(+Jl]Lj+*�8[1ED ep^ jK* ^ ] e j `b. a hMD eg^ oj+( . 1FaFi�j e0.l^ 1,*@z,(na e j f **a�k�* ^ j f `*^ Jlh e ]+*-("hZJ c e ]+*b* ^ i . (=(+*�] f	._^ 1OJ ^ i-*W1OJ ^ ]�h@*@i^Jl]71,*�h0Jc ` j �,. 1,* f J�(4(=**h0J 35J|j e@._^ /ba e ]+*}zOJl]=* ]na5(mh0*�]R1,*�]niL( egf jK**a5(n]�1,*�]R( ` � e@._^ ] v 5 J ^ ]mh@*}i-Jl]15* hZJ c ` j �5. 1,* � *�a,( e ]Lj e /ba,*�8K]+*�aFh"h@* f J�(KJ|c   jK(+*�1,*}] e c e h0J�( e j ` i . h . ( e c ` jK( e /ba,*�6 � . (Lc v

6 �Fv � � 9=9;**]JjiJlh�j ` ( `Vf J�(�iL**]�i � J ^ �#**cW* ^ jn]�i-*2/�a e ^ * f *L(Lj�a5(nz	* f Jl] . amjK(   ] f *�a hZJ	c e ]+*X* ^i . (+(=**] f[._^ 1OJ ^ iL* v� . aF]�J�k ._^ ](j+**]Lj ` hZJs( . zFaF]Lj+**]L]+*�1,* hZJ c ` j �5. 1,* f J�(!(+*�hZJ 35J|j e0._^ J|a 3�Jlh�j ` (KJ|j e0._^ ]1ID e cRJl��**] v 2 **]3_q�la,(+*�] �Fv � � *�j �Fv �]K ( ` ]LaFc4* ^ j h0**]Q( ` ]LaFhpjKJ|j�] v 2 *@�#(+J fF�Fe /�a5*)1,*th0J4_q�_a,(=*��v � � c ._^ j+(+*mh0J f ( ` i e ] e@._^ ]na5(th0*�]�D}cW* e hph0*�a,(n]\( ` ]naFh�j:J|jn] f[. a,(ra ^ *�Jlhpj ` (KJyj e0.l^ 1ED e c4Jl�#*iL( ._e ]n]+J ^ jK* v 2 J c ` j �,. 1,*i**]Jj;*43�jK(=h*cW**cW* ^ jY( . zFaF]JjK*XJla 3�kPJ�( e J|j e0._^ ]?1,*�i ._^ j+(KJl]JjK*�i . c{c4*h@*�c .l^ j+(+*�h0Jb_q�_a,(=* ��v � � v � hgh0*7*�]Lj ` �#Jlh0*�c4* ^ j?]Jj:Jlz�h0*eJla 3 k�JP( e Jyj e0.l^ ]>1ED eg^ jK* ^ ] e j `|v
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�98 aF]9:�k 8 ^ ] f<;L` ]�= ^ j `?> : ^ ]di�= i � : fFe j ; = > =*a 3%c ` j � 8 > =*]dz@:|] ` =�]V]La ; h�:ti 8 c f : ; : e ] 8 ^> =�� ; : fF� =�] f 8 a ; h�:�c e ]A=B= ^ i 8 ;A; =�] f 8 ^<> : ^ i�= >DC 8 zFE�=�j�] > : ^ ]�h�:@k e1>F` 8 > : ^ ]"h�= i 8 ^ j4= 3�j4=> a f : ; : >�e �_cG= >DC�ep^<> =43H:|j e 8 ^ � ; 8 ]L] eg �; = v 5 : ^ ](i�=�i 8 ^ jA=43�j4=JIdh C#eg^ x 8 ; cK:yj e 8 ^ =�]Lj f :laRk ; =

= ^7; : e ] 8 ^7> a%] 8 aF]Jo ` i � : ^ j e hgh 8 ^F^ :|�L= v #"eg^ ] e IRh1=�]dc ` j � 8 > =*]di�h�:l]L] e�M aH=*] > = ; =�i 8 ^�^ : e ]L]4: ^ i�=z<:l] ` =*]%]na ; h1=�i 8 ^ j4= ^ a�I M a e a�j e h e ]A= ^ jmh1= f hgaF] ] 8 a�kN= ^ j > =*] > =�]ni ;Legf jA=*a ; ](] 8 f��Fe ]Jj e1M a ` ]f 8 a ; i�: ; :|i�j `�;ne ]A= ; h�=*] ;L` � e 8 ^ ]�I:] 8 ^ j�x 8 ; jA=*cG= ^ j f `*^ :lh e ] ` =*] > : ^ ] ^ 8 j ; = f<; 8 zFh ` cK:yj e1M a<=>DC�e c f<;L` i e ] e 8 ^ ]La ; h�=*] > 8 ^F^F` =�] v2 : fH; =*c eg �; =�c ` j � 8 > = f<; 8 f 8 ] ` =O=*]Jj eg^ ] fFe�;n` = > =�]rc ` j � 8 > =*] > = ; =*h�:�3<:yj e 8 ^ fH; 8 z@:�oz e h e ]LjA= v 2 :%c ` j � 8 > =P=�Q(=*i�j�a<={a ^ ={c e ]A=P= ^ i 8 ;A; =*] f 8 ^<> : ^ i�=�z@:l] ` ={]na ; a ^ =�cG=*]na ; = > =] e c e h1: ;ne j ` i�:lhgi�aFh ` =R= ^ j ; =1h�=*] ;L` � e 8 ^ ] v � hgh�= ; = f<;L` ]A= ^ j4=�a ^ =S:lc ` h e 8 ; :|j e 8 ^P> =�]�j4=�i �F^Fe�M aH=*]> = ; =*h1: 3H:|j e 8 ^(f 8 a ; h1=�] 8 zTE�=�jn]�k e�>F` 8 > =�x$: e zFh1= ;L` ] 8 hga�j e 8 ^ c 8 >F` h e ] ` ] f : ;U> =�]�A # C ] v2 : > =*a 3 ep  cG=�c ` j � 8 > =G=�]Lj�a ^ =O: > : f jV:|j e 8 ^W> ={h�:(c ` j � 8 > = � =�a ;ne ]Lj e1M a<= f<;n` ]A= ^ j ` => : ^ ]1i�=�jnjA=rj ��  ]A= v 5 : ^ ]1i�=�jnj4=X: fFf<; 8 i � =JI 8 ^ aRj e h e ]�= > =*] f : ; :lc   j ; =*] eg^ j ;Leg^ ]  �M a<=*] f 8 a ;i 8 c f : ; = ; h�=*]�]Jj ; a�i�j�a ; =*] > =�] 8 zTE�=�j�] v 2 =*]d] 8 c�cG=�jn]�] 8 ^ j?i�h�:l]L] e _ ` ] f : ;Y; =*]n]�=*ctz�h�: ^ i�=NI<=�j> =*a 3 ] 8 c{cG=�j�] f 8 ; jV: ^ j"a ^ =tcWh*cG= ` j e�M a<=�jLj4= 8 ^ j�a ^ =r]Jj ; a�i�j�a ; = M a@:l] e o�] e c e h1: e1; = v 2 C#eg^ ox 8 ; cO:|j e 8 ^ i 8 h 8 ;Le c ` j ;Le1M a<=?=*]Jj�aRj e h e ] ` =X= ^ i 8 ctz ep^ : e ] 8 ^ o(h�: i 8 c f : ; : e ] 8 ^ ]Lj ; aFi�jna ; =�hgh�=f 8 a ; : e1> = ; o�h1:@i 8 ^ ]Jj ; aFi�j e 8 ^7> =�]Vc 8 j e x]�] e c e h�: e�; =�] v2 =*]Z: fFf<; 8 i � =�] fH; 8 > a e ]�= ^ j > =�z 8 ^ ] ;n` ]LaFhpj4:|j�] > : ^ ]dh�=1i 8 ^ jA=43�j4= > a f : ; : >Fe �_cG= >�C#eg^ o> =43H:|j e 8 ^ � ; 8 ]n] ep �; = v 2 = > 8 cO: ep^ = >�C : fFf h e i�:|j e 8 ^[> =�i�=*]?c ` j � 8 > =�] f =�a�kL= ^ jVi 8 ^ i�= ;n^ = ; h1:
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; =*i � = ; i � = > = f h�: ^ ]�k e�>F` 8 M a e i 8 ^ j e = ^F^ = ^ j{a ^ 8 zTE�=�j > 8 ^F^F` I h C#eg^ kN= ^ jV: e�; =�] ` cO: ^ j e�M a<=> =*] f h1: ^ ]mk e1>�` 8 = ^ i � : f�e j ; =*] 8 a ]Li  �^ =*] v 5 C :|a�j ; = f : ; j�I 8 ^ ^ 8 j4= M a<=�h1=�] c ` j � 8 > =�]^DC = 3 f h 8 e j4= ^ j f :l]	h C#eg^ x 8 ; cO:|j e 8 ^ jA=*c f 8 ; =*hph1= > =*] > 8 ^F^F` =*] � 8 ; c e ] f 8 a ; h C = 3�j ; :|i�j e 8 ^W> acO:l] M aH= > =�c 8 a�kL=�cO= ^ j v 2 :	c e ]A=9= ^ i 8 ;A; =*] f 8 ^H> : ^ i�= ^ = ^�` i�=�]n] e j4=S:laFi*a ^ = ep^ x 8 ; cO:|j e 8 ^M a@: ^ j>o�h1: > ] ^ :|c e�M aH= > =�] > 8 ^�^F` =�] v #Veg^ ] e I ^ 8 ]�c ` j � 8 > =�]�] 8 ^ j�� `�^F`�;Le1M a<=*] =�j ^ 8 ^ ] f�` oi e _ M a<=�]mo�h�:%k e�>F` 8 v � hgh�=*] f =*aRkL= ^ jWh�j ; =
: fFf h e�M a ` =�] f 8 a ; h�:}c e ]A=K= ^ i 8 ;�; =�] f 8 ^<> : ^ i�=>DC�e cK:l�N=*]�]JjV:|j e1M a<=*] v�/^�f = ; ] f =*i�j e kN= > =ri�=*]"j ; :�kJ:la 3(I ^ 8 aF] = ^ k e ]A:l�L= 8 ^ ] >�C : fFf h e1M a<= ; =�j : > : f j4= ; h�=*]"c ` oj � 8 > =*] f 8 a ; h1=�] e cO:l�L=�][= ^ f h1= eg^ = ;L` ] 8 hga�j e 8 ^ = ^ >F` _ ^�e ]n]A: ^ j > = ^ 8 a�kL=�:la 3 > =�]ni ;negf ojA=*a ; ]�]La ; h1=�] ;L` � e 8 ^ ]�IF: > : f j ` ] :la 3 > 8 ^F^F` =*] ^ 8 ^K>�` � ; : >F` =�] v � 8 aF] fH; 8 E�=�j 8 ^ ] ` � :lh1=�cO= ^ jh C : > : f j4:|j e 8 ^ > =*] > =�a 3[c ` j � 8 > =*]bo h�: ; =*i � = ; i � =2=�jth C�ep^<> =43H:|j e 8 ^ >�C#e cO:l�L=*]	]Lj4:|j e�M a<=*]�I> : ^ ]?h1=�a ;deg^ j ` � ; :|h e j `lv �/^ _ ^ I ^ 8 aF]9:�k 8 ^ ]�cO= ^ j e 8 ^F^F` o f hga�] e =�a ; ] ; = f<;Le ]�=*] > : ^ ]?i�= i � :�of�e j ; =Vh�=*] f<; 8 zFh   cO=�]�h eg` ]Uo	h C#e c f<;n` i e ] e 8 ^�> a cO:l] M a<= >�C 8 zTE�=�jY=43�j ; : e jY:la�j 8 cO:|j e�M aH=*cG= ^ j v�/^ f = ; ] f =�i�j e kL= >Fe1; =*i�j4=Wo�i�=@j ; :�kJ: e h)I ^ 8 aF]	] 8 a � : e jA= ;ne 8 ^ ]"jA=*]Jj4= ; h1=�] f = ; x 8 ; cK: ^ i�=*] > =�]c ` j � 8 > =*] f<; 8 f 8 ] ` =*]?]na ; a ^ =�z@:l]�= > = > 8 ^F^F` =*] >�C 8 zTE�=�j�]Z=43�j ; : e jn] > = h�:	k e�>F` 8 :�kL=�i f<;n` oi e ] e 8 ^ I�j4=�hg] M a<= h1=*] � e1> = 8 � zTE�=�i�j > a�]Lj4: ^<> : ;�> ^ P � C o �Fv
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2 :�cK: eg^ j4= ^ : ^ i�= > a�i 8 > =U=43 e ]LjV: ^ j =�]Lj�h C :li�j e k e j `�fH;neg^ i egf :lh1= > : ^ ]/a ^�f<; 8 E�=�j > = >�` kL=<oh 8 fFf =*cG= ^ j h 8 � e i e =�h v�� hph1= 8 i*i�a f = f hga�] > = Kr��� > =�h C :li�j e k e j ` j 8 jV:lh�= � � �"! # f 8 a ; a ^{f = ; ] 8 ^ o^ =*h > =�ur�%$�K��"� > =�h C =�Q(=*i�j e x j ; :�kN: e hgh1: ^ j ]La ; h�= f<; 8 E�=�j&� _ s # v�5 = f a e ] M a<=�h M a<=�] : ^F^�` =*]�I > =^ 8 ctz ; =*a 3 8 a�j e hg]�=�j�jA=*i �F^�e1M a<=*] 8 ^ j ` cG= ; � `?f 8 a ; : e1> = ; $�h�:�cK: eg^ j4= ^ : ^ i�=dh 8 � e i e =*hgh�= v �1^f =*aRj"i e j4= ; j 8 a�j >�C :lz 8 ;A> h�=*]�] ]�]Lj   cG=*] > =r�L=�]Lj e 8 ^ > =	kN= ; ] e 8 ^ ] > a f<; 8 E�=�jVjA=*hp] M a<= � � �8 a � aFz kL= ; ] e 8 ^~v � =�] 8 a�j e hg] f = ; cO=�jnjA= ^ jB:la 3 >F` kN=*h 8 fFf =*a ; ] > =@i 8 ^ ]�= ; kL= ; a ^ �Fe ]Lj 8 ;ne�M aH=> =tkL= ; ] e 8 ^ ] > a h 8 � e i e =*h v 5 =*] 8 a�j e hg]R: e1> : ^ j'$(h�: >F` j4=�i�j e 8 ^W> =�i*h 8 ^ =*] > : ^ ]�h1=ri 8 > = 8 ^ j
:|aF]n] e x$: e j h�=*a ; : f�f : ;ne j e 8 ^ > : ^ ]	h�=*] >Fe 3 > = ;n^Fep �; =�]?: ^F^F` =*](� �)! I ! _ I � I *�* I � _ ! I +�� # v �/^
=�QD=�j I9h C = 3 e ]LjA= ^ i�= > =�i�h 8 ^ =�] > : ^ ] h1=@i 8 > = f =*aRj ep^ j ; 8 > a e�; = > = ^ 8 ctz ; =�aF]A=�] ep^ ]Lj4:lz e h e j ` ]> : ^ ]	a ^ =[: fFf h e i :|j e 8 ^ h 8 � e i e =�hgh�= � a ^ i � : ^ �L=*cG= ^ j > : ^ ]	a ^ =�c ` j � 8 > = f =�a�jX= ^ j ; : ��^ = ;f hgaF] e =*a ; ]{i � : ^ �L=�cO= ^ j�] > : ^ ] > = ^ 8 ctz ; =*a�]A=*][:la�j ; =*]�c ` j � 8 > =*] > a f<; 8 � ; :lc�cG= v � =*]8 a�j e hg]�] 8 ^ j = 3�j ;-, cO=�cO= ^ jVaRj e h�=*]Z:la�3 >F` kN=*h 8 fFf =*a ; ] v2 =*]/cO: ^ :|�L= ; ] >�C#`�M a epf =�] > = >F` kL=�h 8 fFf =*cG= ^ j 8 arh1= ; =*] f 8 ^ ]4:lzFh�= > a f<; 8 E�=�j 8 ^ j/z(=�] 8 ep^>DC a ^ ={k e ] e 8 ^ f hpaF]��lh 8 z@:|h1= > ={h C#` k 8 hgaRj e 8 ^ > a f<; 8 E�=�j f 8 a ; e1> = ^ j e/. = ; h1=*] f<; 8 zFh   cO=�] 8 ah�=*]@i � : ^ �L=*cG= ^ jn]{cO: E�=�a ; ] v J ^�^ 8 a�kN= :la j,] f = >�C 8 a�j e hp] > =(k e ]La@:lh e ]4:|j e 8 ^ > =*]Jj ep^F` ]G:la 3; =*] f 8 ^ ]4:lzFh�=*] > a >F` kL=*h 8 fFf =*cG= ^ j�:�i 8 c{cG= ^ i ` $�k 8 e1; h1=SE 8 a ;?;n` i�=�c�cG= ^ j v �1^ j ; 8 a�kN=
: eg^ ] e(> =�] 8 a�j e hg]�i 8 c�cG= � � � ]ni�: ^ � � _ u # f = ; cO=�jnj4: ^ j > ="k e ]La@:lh e ]A= ; :la ^Fe kN= :la > = >�` jV: e hg]> =�h1:�h e � ^ = > =�i 8 > =10 : ^ :lhR]�]�= >�C a ^2. i �Fe = ;43 h C#` k 8 hga�j e 8 ^ > a i 8 > =50 M a<=*hph1=*]%h e � ^ =�] > =i 8 > = 8 ^ j ` j ` : E 8 aRj ` =�]�Iq]La fFf<;Le c ` =*]�Iqc 8 >Fe6.q` =�]�I M a e :�=�Q(=*i�j�a ` i�=�]?c 8 >Fe/. i :|j e 8 ^ ]�]na ; h�=i 8 > =NI M a<=�hgh1=�] f 8 ; j e 8 ^ ] > a(i 8 > =�] 8 ^ j ep^ ]Lj4:lzFh�=*]�I vpv�v73�v 2 =1h 8 � e i e =�h � � � � ; :lz8� � _ * # f = ; cO=�j> =%k e ]na@:lh e ]�= ; h C�` k 8 hpa�j e 8 ^ >�C a ^�f<; 8 E�=�jO:la ^Fe kN= :la > = >F` jV: e hg] > a . i �Fe = ; 0Bh�= f<; 8 E�=�jG=*]Jj
: ^ :lhR]�] `93�v � =�j 8 a�j e h(: e1> =:$ ;n`*f 8 ^<>H; =B:la 3 M a<=*]Jj e 8 ^ ]�j4=�hgh1=�] M a<= � M a<=�hgh1=R=*]Lj?h1: f : ; j e = > afH; 8 E�=�j h�: f hpaF]B:li�j e kN=<; � a@: ^<> 8 ^ j ` j ` i ;n`�` ]�I9c 8 >Fe/.F` ]�I�]na f�f<;ne c ` ]1h1=�] . i �Fe = ; ]�I�=�j f : ;M a e ; � 8 c{cO= ^ j�h�=*]dj4=li � =*]�] 8 ^ jLo.=*hph1=*] >Fe ]Lj ;ne z�a ` =�] :|a 3 >F` kL=*h 8 fFf =*a ; ]>; vpv�v73�v � = ^ 8 a�kN= :laj,] f = >�C 8 a�j e hg] f = ; cG=�j�:la 3 ; =�] f 8 ^ ]4:|zFh1=�] >�C :�k 8 e1; a ^ =�k�a<=��_h 8 z<:lh1= > =�h C :|i�j e k e j ` :laRj 8 a ; > afH; 8 E�=�j I e hp] f =�a�kL= ^ j : eg^ ] e9f hga�]?x$:|i e h�=*cG= ^ j e1> = ^ j e6. = ; h1=�] ` h ` cO= ^ jn] M a e=f 8 ]A= ^ j f<; 8 zFh   cO=
=�j f 8 a ; h1=�] M a<=�hg] e h�x$:la�jO= ^ �L:l�L= ;�f hga�] > =�c 8 ]N= ^ ] v b h C#eg^ kL= ; ]�=NI�h1= ; =*] f 8 ^ ]4:lz�h1= f =�a�je�> = ^ j e/. = ; a ^ = f `�;Le 8 > = > =V]JjV:lz e h e j `U> : ^ ]�h1= f<; 8 E�=�j =�j : eg^ ] e i � 8 e ] e1; > =�h e k ; = ; a ^ =�kL= ; ] e 8 ^x 8 ^ i�j e 8 ^F^ =*hgh�= :la%i*h e = ^ j v5 : ^ ]"i�=ri � : f�e j ; =NI ^ 8 a�] f<; 8 f 8 ] 8 ^ ]Va ^ = ^ 8 a�kN=*hgh�= c ` j � 8 > = f 8 a ; h1: >F` j4=�i�j e 8 ^ =�j1h1:k e ]na@:lh e ]A:|j e 8 ^S> =Kh C#` k 8 hgaRj e 8 ^?> =�c 8 j e x] > : ^ ]=h1=Ki 8 > = �@?'?BA 2 C 8�C E�=EDEFHG6IH=EJKF > =LD 8�MON ; =QP ><; =D 8�MOM =EPRFTS�:OJKF ;KU DEF U<; = >WV F4:XGYS/S V = >WU D 8 > =ZJ 8 U<; D�=BD4[@:XPW\L=X: U D 8 U<; J > =]S C^VE_ 8 S U F-G 8 P >�C^U PN ; 8 E�=`F A 2 =QJ >WVE_ =QS 8�NWN = U<; J&J 8 P"FTG/PRF V�; =QJ-J V J > = _ 8 G ;UMaU =QSYS�=QJ N : ; FHG�=QJ >WU D 8 > = 8 P"F&D4[<:XPW\ V I b
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=`F�D 8�MOM =EP"F A �98 U J2: _ 8 PWJ�DQG6F V S C 8 U F-GYS � ��� JKD :XP�� � _�� # MRU G N = ; M =EF > = _ GYJ U :XS/GYJA= ; S1=EJD4[<:XPW\L= M =EPRF-JY: U PWG _ =�: UO> = > V FV: GYSYJ > =&S1: SYG/\�P<= > = D 8 > = A � = N =QP > : PRF�IRD�= > = ; PWG1= ; P<= N = U F> V F4=EDEFA= ; =EF MO8 PRF ; = ; S1=QJ V`_ 8 S U FHG 8 PWJ N S U JLD 8�MON S1=�� =QJ D 8XM(M =@S1=EJ D4[<:XPW\L= M =EPRF-JY: U P G _ =�: U> = >WV F4:XGYS/J >WU C S 8 D > = D 8 > =:0 MG8 FHG6I 3 A P : ; M G S�=QJ G/P I 8 ; M : F-G 8 P J MRU =@S C 8 P]J 8 U [@:XG/FA= =��aF ; :XG ; =NI8 P N = U F DEG/F4= ; S1= >WV N S�:XD�= M =QP"F >�C^U P C S 8 D > = D 8 > = > = N U G/J U P<='I 8 PWDEF-G 8 P 0 8 UU P<='DQS�: J-JA= 3_ = ; J U P<=Y: U F ; =��)S�: J U NWN ; =EJ-JKG 8 P >DC U P C S 8 D > = D 8 > = D 8 ;A; =QJ N 8 P > :XP"F $ U P<= C 8 U DES1=JI U P F4=EJKF�IU P<= I 8 P DEFHG 8 P��9S�:@I U JKG 8 P > = > = U �%I 8 PWD`FHG 8 PWJ�I 8 U : U D 8 P"F ; :XG ; = S C V DQS1: F4= M =EPRF >�C^U P<= I 8 PWD`FHG 8 P
=EP N S U JKG1= UH; J J 8 U J�� I 8 PWDEF-G 8 PWJ A�� 8 U F4=QJ�D�=EJ MRU =EJKF-G 8 PWJ ; =ES � _ =QP"F > = S C :XP@:XS"!aJA= > = MO8 FHG/I J> =D 8 > = A$# : M V FH[ 8 > = MRU =�P 8 U J N ; 8�N(8 J 8 PWJP=EJKF G/PWJ N G ;-V = > =�S�: M V FH[ 8 > = [<= U<; G/JKFHG MRU =N ;-V J�=QP"F V = > :XPWJTS1=%D4[@: N G6F ; = % > =ZD�=EFKF4=%FH[&�EJA= N 8 U<; S�: ; =QD 8 PWP@:XG/J-JA:XPWD�= > = MG8 FHG6I J MaU :XJ-G'�JKG M GYS1:XG ; =QJ A# = N ; G/PWDQG N = > =OS C : SY\ 8 ; G/F-[ M = N ; 8�N(8 J V =QJ F S�=BJ U G _ :XP"F A)( :XP J U P N ; = M G1= ; F4= MON J�I 8 PD 8 PWJ F ;-U G/F U PO: ; C ; =NIF: N N =ES V+*�, g ,�-/. �1032 *5476 c*d -8* 0305e12 'Z0�9 � � 3�; = N ;-V J�=QP"FV: PRF S�::[WG V�; : ; D4[WG�=J�!aPRF4:1� G MRU = > = D4[@: MRU = _ = ; J-G 8 P >WU D 8 > = J 8 U<; D�= > 8 PWP VZMRU = S C 8 PBJ 8 U [@:XG6F4=Z:XP@: S:!aJA= ; A<; 8 U<;D�=QS1:HI P 8 U J U F-GYSYG/J 8 P J U P : P@:XS:!aJ�= U<; J=!aP"FV:1� G MaU = �@?'? � K7% # N(8 U<; =��aF ; :XG ; =�S C : ; C ; =�J�!aP>�F4:1� G MRU =@D 8�M(N S1=EF > =@D4[@: MRU = _ = ; J-G 8 P > =@D4[@: MRU = . D4[WG1= ; MaU G P 8 U JLGYP"F V�; =EJ-J�= > :XPWJLS1= >WV N � F> = _ = ; J-G 8 PWJ A � 8 U J U FHGYS/GYJ 8 PWJS=EPWJ U G6F4= U P<=O: > : N FV: F-G 8 P > = S1: _ = ; J-G 8 P _7> = S C [<= UH; GYJ FHG MaU =N 8 U<; S�: ; =ED 8 P P@:XGYJKJ4:XP D�= > = MG8 FHG6I J:J-G M GYS1:XG ; =QJ : . P > = >WV F4=QD`F4= ; S1=EJ%I ; :X\ M =QP"FHJ > =OD 8 > =JKG M GYS1:XG ; =QJ > : PWJZS�=QJ?9 � � JZD 8 ;A; =EJ N 8 P > : PRF�: U � _ = ; J-G 8 PWJ D 8 PWJ V D U FHG _ =QJ A 9 U D 8 = U<; > = S1:FA=QD4[WP G MRU =NIaP 8 U JY: _ 8 PWJ U P<= M =QJ U<; = > = J-G M G/S�: ; G/F V J N V DEG .@MRU = MRU G>D 8�M]C GYP<= S C GYP I 8 ; M : FHG 8 PJ V M :XP"FHG MaU =9=`F JKF ;KU DEF U<; =ESYS�= N(8 UH; G > =EPRF-G . = ; D�= MRU G@=QJ F D 8 PWJ FV:XP"F =EF D�= MRU G :'D4[@:XPW\ VZ> : PWJS�=D 8 > = A �98 U J N ; 8�N 8 J 8 PWJ V \ :XS1= M =EP"F U PH= M V FH[ 8 > = > = _ GYJ U :XSYG/J4: F-G 8 P N 8 U<; N ;-V JA=QP"FA= ;S C V`_ 8 S U FHG 8 P > =]S�:OJKF ;-U D`F U<; = >WU D 8 > = MRU G J 8 U SYGY\XP<=Z$(S�:OI 8 GYJ S1=QJ MO8 FHG/I J D 8 PWJKF4:XP"FHJS=`F:S1=EJMG8 F-G/I J MRU G 8 P"F VE_ 8 S U V A# = D4[@: N G/F ; =R=EJKF 8 ; \ :XP GYJ V D 8�MOM =&J U G/F A@( : PWJ U P<= N ; = M G � ; = JA=EDEFHG 8 P�I P 8 U J > V FV: GYSYS 8 PWJS1: M V FH[ 8 > = N = ; M =EF-F4:XP"F >�C 8�C FA=QPWG ; S1=EJ�: ; C ; =EJBJ=!aP"FV:1� G MRU =EJG:XPWP 8 F V JB$ N : ; F-G ; > U D 8 > =J 8 U<; D�= �@?%?]A<( : PWJ S1: JA=EDEFHG 8 P % A � A � A % I"P 8 U JLGYP"F ; 8 >WU GYJ 8 PWJ S�: M =QJ UH; = > = J-G M GYS1: ; G6F V =QP"F ; =S�=QJ J 8XM(M =EF-J > =QJ : ; C ; =QJ C :XJ V =ZJ U<; S C GYP I 8 ; M :dFHG 8 P JKF ;-U D`F U<; =QS/S1=B=EF&J V M :XP"F-G MRU = MaU = P 8 U JU FHGYS/GYJ 8 PWJ N 8 U<; S�: N [@: JA= > =BDES�:XJKJ-G . D : F-G 8 P > =QJ'J 8�MOM =EFHJ N : ; JKG M GYS�: ; G/F V A�# : JA=EDEF-G 8 P + A _> V D ; G/F S1: N [<:XJA= > = >WV FA=QDEF-G 8 P > =QJ MG8 FHG6I J(JKG M GYS�: G ; =EJ > :XPWJ S�= D 8 > = AA# : F4=ED4[WPWG MaU = > =_ G/J U :XS/GYJA: FHG 8 P[=QJ F9=QPWJ U G/FA= N ;-V J�=QP"F V = > : PWJ S�:]JA=EDEF-G 8 P + A * A
3CBED 5 �?F �HGJI �76KG)L �+F MON �QP�ISRTI N � �JU F GVP�WXL	
 � N �

# : ; = N ;KV JA=EP"FV: F-G 8 P > U D 8 > = J 8 U<; D�= J 8 U J I 8 ; M = >�C : ; C ; = J�!aPRF4:1� G MRU =U=EJKF U P<=U: NWN ; 8 D4[<=DES�:XJKJ-G MaU =:$ZS C :XP@: S:!aJA= >WU D 8 > =]� Y)! I Y
Z"! I !�Z I +�� # A@# = N ; G/PWDQG N = =QJ F > = MG8 > V SYG/JA= ; S1: JKF ;-U D��F U<; =B[ G V�; : ; D4[ G MRU = >WU D 8 > = >WVE. PWG1= N : ; S1=QJ V S V M =QP"F-J:J=!aP"FV:1� G MRU =EJ%FA=QS/J MaU =(S�=QJ:DQS1:XJ-J�=QJ�IS�=QJ I 8 P DEFHG 8 PWJ�IWS1=EJ G > =QP"F-G . = U<; J�I S1=QJ C 8 U DES1=EJ�I - 2\[O0 _ 8 G ; J�=QD`FHG 8 P Y A � A Z A Z 3 A
( : PWJZD�=QJZF ; : _ : U �(I<S�: F4=QD4[ PWG MRU = >DC =�� F ; :XD`FHG 8 P >�C : ; C ; =EJZJ=!aP"FV:�� G MRU =QJX=EJKF C :XJ V = J U<;S C : NWN ; 8 D4[<= >WV D ; G6F4= > :XPWJ]� ]^% # A`_ D4[@: MaU =BJ 8�MOM =`F u =QJKF :XJ-J 8 DEG V S1='F\! N = >�C^V S V M =QP"F [ G V �; : ; D4[ G MRU = >WU J 8�MOM =`F P 8 F V t(u) 0ba^c7d@e<e I�f3gih I<j7k7l>h@j@e<enm7g1o(I A6A/A 3 N = ; M =`F-FV: PRF >�C G > =EPRF-G . = ;S�=:D 8�MON 8 J4:XP"F J�! P"F4:1� G MRU = ; = N ;-V J�=QP"F V Aqp S�=�� GYJKFA=CY)+7% F\! N =EJ&J�!aPRF4:1� G MRU =EJ > :XP J S1: _ = ; J-G 8 P> =QJ�9 � � J MaU = S C 8 P U FHGYS/GYJ�=NI > 8 P"F&S1: N S U N : ; F J 8 P"F J U N = ;�r U J N(8 UH; P 8 F ; =B: NWN S/GYD :dFHG 8 P A

s�t�u
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( : PWJ(S1:8J U G/FA= > =D�=D4[<: N G/F ; =JI P 8 U JOD 8 P J-G > V�; 8 PWJ N _ = ; JKG 8 P J >�C^U P . D4[WG1= ; J 8 U<; D�=

f1, f2, · · · , fN

AS; 8 UH; D4[@:XD U P<= > =EJ _ = ; JKG 8 PWJ fi I 8 P =�� F ; :XG6FZS C 9 � � D 8XM(N S�=EF :XJ-J 8 DEG V Ti

A
# = N ; G/PWDQG N =Z=QJ F > =&D 8�MON : ; = ; S1=EJ N : G ; =EJ >DC : ; C ; =EJ J U DQD�=EJ-JKG _ =EJ Ti I Ti+1 =`F >�C G > =QP"FHG . = ; S1=EJJ 8 U Jb� : ; C ; =EJ MaU :XJ-G'� J-G M G/S�:XG ; =EJ A3; 8 U<; D�=ES�:HI	P 8 U J U FHG/SYGYJ 8 PWJ U P<=P: > : N FV:dFHG 8 P > =]S1: _ = ; J-G 8 P
Z > =�S C [<= UH; GYJ FHG MaU = N ;-V J�=QP"F V = > :XP J(S�=�D4[<: N G/F ; = % > U M :XP U J-D ; G/F A # :8J�=QDEF-G 8 P MRU G J U G6F; : NWN =QS/S1='S1= N ; G/PWDQG N = > =ZS1:(DES�:XJKJ-G . D : F-G 8 P > =QJTJ 8�MOM =`FHJ N : ; J-G M GYS1: ; G6F V =`F G/PRF ; 8 >WU G6F U P<=P 8 U _ =ESYS�= M =EJ U<; = > =%JKG M GYS1: ; G6F V : > : N F V =%$BS�: N ; 8�C S V M :dFHG MRU = A
3CB�� 5��EP����)L�� 6AP�G)L�� F MTN ����� � � N G!�

( : PWJ S�: N ; = M G � ; = V FV: N = > = S�: M G/JA= =QP]D 8 ;A; =QJ N(8 P > :XPWD�=NI�P 8 U J \ ; 8 U N 8 PWJ S1=QJ J 8XM(M =EF-J> =QJ+: ; C ; =EJ Ti =EF Ti+1
> = > = U � _ = ; JKG 8 P J D 8 P J V D U FHG _ =EJ =EPZI$: M GYS/S1=QJ > = J 8�MOM =EFHJ J-G M G/S�:XG ; =QJ A# =EJ&J 8�M(M =EF-J9: NWN : ; F4=EP@:XP"F $ U P<= M , M ='I$: M G/SYS1=&J 8 P"F&S1=EJ ; :XDQG/P<=QJ N 8 F4=EPRF-G1=ESYS1=EJ > =%J 8 U Jb�

: ; C ; =QJ MRU :XJKG"� J-G M GYS1:XG ; =QJ A5# :TD 8 PWJKF ;-U D`FHG 8 P > =QJ I$: M G/SYS�=QJ<J C : NWN U G1= J U<; U PH= > GYJ FV:XP D�= d(u, v)> VE. PWG�=B=QP"F ; = > = U ��J 8�M(M =EF-J u =`F v
A

( : PWJ]D�=`F-FA= JA=EDEFHG 8 P�I P 8 U J >WVE. PWGYJKJ 8 PWJ U P<= P 8 U _ =ESYS�= M =QJ UH; = > = J-G M G/S�: ; G/F V N(8 U<; S1:DES�:XJKJ-G . D : F-G 8 P > =QJ J 8�MOM =EFHJ >DC : ; C ; =EJ&J�!aPRF4:1� G MRU =EJ > =%D 8 > =:J 8 U<; D�= A( : PWJ S�: _ = ; JKG 8 P \ V P V�; G MRU = > =TS C [<= U<; G/JKF-G MRU =NIRS1: M =QJ UH; = > = J-G M G/S�: ; G/F V =QP"F ; = S1=EJ J 8�M �M =EF-J�=QJ F C :XJ V =J U<; S C GYP I 8 ; M : FHG 8 P J F ;-U DEF UH; =QS/S1= A # = N ; G/PWDQG N =
=EJKF > = DQS1:XJ-J�= ;P> :XP J U P<=M , M =@I$: M GYSYS�= S�=QJ J 8�MOM =`FHJ > 8 P"F S1=EJ N ; 8�N ; G V F V J JKF ;-U D`F U<; =QSYS�=QJ J 8 P"F N ; 8 D4[<=QJ A@( :XPWJ P 8 F ; =N ; 8�C S V M : FHG MRU = > =OD 8�MON : ; :XGYJ 8 P > = D 8 > =JI G/S�=QJ F%G MON(8 ; FV:XP"F > =OD 8 PWJKG >WV�; = ; S C :XJ N =EDEF'J V �M :XP"FHG MRU = > =QJ V S V M =EPRF-J A 9TG/PWJ-G ILP 8 U JO: _ 8 PWJ D4[ 8 GYJKG >�C G/P"F ; 8 >WU G ; = S C GYP I 8 ; M : FHG 8 P J U<; S�=F\! N = >WU J 8�MOM =`F > :XPWJ&P 8 F ; = M =QJ U<; = > =ZJKG M GYS1: ; G6F V : . P > = DQS�: J-JA= ; S�=QJ&J 8�MOM =`FHJ JKF ;-U D��F U<; =ESYS�= M =QP"F N ; 8 D4[<=EJ =`F > =:F\! N = V�MRU G _ : S1=QP"F-J > :XPWJ U P<= M , M = I$: M G/SYS�= A
"$#&%$#(' )+*-,/.103254768,/.:9�;54<.1;=9>6@?-?-6

#�ACB GYJ F A PWD�D C A J V D J U>E SFDQJ N E(G N E G V F V J JKF EKU DEF U>E DESYSFDQJ B DQJ&J G MOM DEFHJ u DEF v E D N E DEP B SFDN E GYP DQG N D B D%S A M V F-[ G B D:\ V P VHE GFI U D(0 _�G G E % A Y A Y 3 AJ G�U J B V`. PWG/J-J G PWJ]S AKB G/JKF A PWDHD(JKF EKU DEF U>E DESYSFD dstruct(u, v) D G MOM DOS AKB GFL VHE DQPWD�DMDQP"F E DF ENG G/J M V F E GOI U DQJ@G/P"F E G/PWJ���I U DQJ D A S/D U S V DEJ@J U>E SODEJ J G MOM D`FHJ u DEF v
A

# DQJ M V F E GOI U DEJPI U D P GXU J A _�G PWJ D4[ G G/J-G B D E DEF�DEPWG E N G�U>E D4[ A I U D J G M(M DEF u J G PRF QR SOD B DE\ E-V B U J G MOM DEFTS B V P G F V δ(u)R SOD:P G MZC E D B D'J G M(M DEF-J B U J G�U Jb� A E C E DUDEP E A DEGYP V DEP u S B V P G F V N A E ν(u)R SOD:P G MZC E D B D � F E A [ SOD E B U J G M(M DEFHS B V P G F V N A E σ(u)
A

#�A D G M]C G/P A GYJ G P B D DHDEJ M V F E GOI U DEJ N D E M D`F U P>D B DQJKD E G N FHG G PZD G MON S �`F�D B D S A J-G6F U A FHG G PJ F EKU DEF U>E DESYSOD BWV U P J G MOM D`F u
BXA PWJ&S V�A E C E D'J=!aP"F A � GOI U D AZY P[D\LZD`FTS>SOD B DE\ E-V δ(u) GYP B GFI U DS A E A M G . D A FHG G PBS G D A SOD B U J G MOM DEF u S"S A F A G/SYSFD B U J G�U Jb� A E C E D ν(u)

M DQJ U>E D S V G MON G�E F A PWDHDB U J G M(M DEF A U P G _ D A U [WG V�E A E D4[WGOI U DPD`F SFD@P G M]C E D B D � F E A [WSFD E σ(u) D A N F U>E D�DEP]I U DESOI U DJ G�E FND'S A�^ D�DQP"F E A SYG6F V�_ B U J G M(M DEF BXA PWJ S A JKF E-U D`F U>E D 0 _�G G E S A`B V`. PWG6FHG G P %ba 3 A#�AMB G/JKF A PWDHDBJ F E-U DEF U�E DQS/SOD dstruct(u, v) DQJKF C A J V DBJ U>E SFDQJ _ A SFD U>E J P G�E M A S/GYJ V DQJ δ̃, ν̃, σ̃B DQJ M V F E GOI U DEJ]0dc G�E M A 0 % A Y 3K3 A<Y SYSOD%D G�ENE DEJ N G P B $(S A M DEJ U>E D B D J-G M GYS A E G6F V B VE. PWGFD BXA PWJS A M V FH[ G B D'\ V P VHE GOI U D(0ec G�E M A 0 % A % 3K3 Q
ρstruct(u, v) = ((δ̃(u)− δ̃(v))2 + (ν̃(u)− ν̃(v))2 + (σ̃(u)− σ̃(v))2 0 + A Y 3

s�t^s
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# G�E J B D S A D G MON A E A GYJ G P B D D G B D�S GYS@DEJKF:G M(N G�E F A P"F B DZD G PWJ-G B VHE D E B DQJ J G MOM D`FHJ B DM , M D F\! N D J V M A P"FHGFI U D A	� [ A I U D J G M(M DEF u
BWV U P 9 � � DQJ F A JKJ G DQG V $ U P F\! N D t(u)0 B V DES A E A FHG G PWS�I G P DEFHG G PWS A L7DQD`F A F-G G PZS C G�U DESOD N GXU>E S A6A/A 3 A J G�U J U F-GYSYG/J G P J%D�DQJ%F\! N DQJ N G�U�EA M V SYG G�E D E S A M DQJ U>E D B D B G/JKF A PWDHDUDQP"F E D%SODQJ@J G MOM D`FHJ A� G�U F BWV�A C G�E B S"G/S P V DEJKF N A JLD G [ VHE DEP"F B D D G MON A E D E B DEJ J G M(M DEF-J B D F\! N DQJ D G MON S �`F�D��M DQP"F B V D G�ENE-V S V J A); A E D��1D MON SODbS U P�D D�� N E DEJ-JKG G P A E G6FH[ M V F-GOI U D d�
��[DEF U P>D B V DQS A E A FHG G P

m5o� k G P"F U P>D M , M D J F E-U DEF U�E D BWV 9 � �:A (�A PWJTSODQJ B D U � D A JHS P G�U J G C F�DQP G PWJ U P A E C E DD G PWJ FHG/F UWV BWV U P A E C E DO$ B D U � I D U G/SYSFDQJ`Q�SFDQJ'G B DEP"FHG . D U>E J?d DEF��ZS�I D U GYS/SODEJ B D S V G N VHE A F�D U�E

 N G�U�E S V D�� N E DEJ-JKG G P A E G6FH[ M V F-GOI U D d�
�� �RSFD F\! N D�m5o�CD`F SOD B V DQS A E A FND U>E k]J G P"F SFDQJ I D U GYS/SODQJB U J G MOM D`F B V DES A E A FHG G P N G�U>E S V G/PWJKF E-U D`FHG G P m5o� k A�� D N DQP BXA P"FTS<SODEJ B D U � GYP JKF EKU DEF-G G P JJ G P"F B G L V�E DQP"FNDQJ DEF P>D D G PWJKF-G/F U DQP"F N A J U P M G FHG/I B D D G B D JKG M GYS A G E D A 9&GYPWJKG&S S A J(D U SFDG/P I G�E M A F-G G P(J U>E S A J F EKU DEF U>E DUDQJ FTG/PWJ U�� J A P"F�D AJ G�U J M G B V SYG/J G P J%D�DEFKF�D B G L V�E DQP DHD N A EZU P�D JNDED G P B D B GYJ F A PWD�D dtype(u, v) DQP"F E D SODEJF\! N DQJ t(u) D`F t(v)

A #�A J G S U F-G G P S A N S U JBJKG MON SOD JND E A G/F B D�D G PWJKG B V�E D E S V V \ A SYG6F V JKF E GYD`F�DDEP"F E D SODEJ B D U � F\! N DQJ A�� D N DQP BXA PRFHSRDHDEFKF�D M DQJ U�E D=DQJKFLF ENG N JKF E G/DEF�D A�� P(D4[>D E D4[>D J GXU _ DEPRF $G B DQP"F-G . D E B D M G F-G/I J J-G M G/S A G E DQJZDQP N D E M DEFKF A P"F U P>D D�D E F A GYP�D F G S VHE A PWD�D A U � B V I G�E M A F-G G PWJ6���-�� B DQJ M G FHG6I J�I U GLP>D J G P"F N A J%JKF E GYD`F�D M DQP"F%G B DQP"FHGFI U DQJHS M A GYJ E DQJKJND M]C S A PRF-JHS<J=!aP"F A � G'�I U D M DEP"F N ENG D4[>DEJ AJ; G�U>E D�DQS A S P GXU J A _�G P J B VE. P G B GFL VHE DQP"F�DEJ DQS A J-J(DQJ B D F\! N DQJ N G�U>E SODEJF\! N DQJ]J�!aPRF A � GOI U DEJ �@?%? S!DQP J(D C A J A P"FBJ U>EZU P�D B V`. PWG/F-G G P D MON G E GOI U D B D D�D I U D S V G PD G PWJKG B � E D'D G MOM D:J-G M GYS A G E D G�U P G P A#�A B GYJ F A P DHD dtype(u, v) DEJKF B VE. P GOD'D G MOM D J U G6FUQ
dtype(u, v)

{

0 S J-G t(u) D`F t(v)
A NWN A E F-GODQP P>DQP"F&$ U P>D M , M D:DES A JKJND

1 S J-G/P G P 0 + A % 3
( DEJ$D��1D M(N SFDQJ B DTDES A JKJNDEJ B D F\! N DQJ U FHG/SODQJLJ G P"F SODEJ C G�U DESODEJKf&gih������qm^c7j DEF��&gZJKG S V G PDEJKF:G/P"F VHE DQJKJ V N A E SOD J U G _ G B DZJKF EKU DEF U>E DEJ:G/F VHE A FHG _ DQJH�<DEF DQS A J-JNDEJHS JKF EKU DEF U>E DEJ DEF U PWG G PWJTJKGS V G P D4[>D E D4[>D $ J U G _:E D B DEJ F\! N DEJ BWV�A \ EKV \ A FHG G P A5� G�U F�DEJ SFDQJ<DQS A J-J(DQJ N D U _ DQP"F , F E D E D B V`. PWGODEJJ(DQS G P DHD5I U D D4[ A D U P D G P J-G B � E DTD G MOM D V I U G _ A SODEPRF A U _aU B D&S V VE_�G S U F-G G P B DTD G B D A&(�A PWJP G F E D$D��1D MON SFD N E-V D V B DQP"FTS U P�D B V DES A E A FHG G P B D DES A JKJND%0\a<c7d@e<e 3 �@?'? I U G>DQJ F M G B G . V D DQPU P>D]JKF E-U D`F U>E D 0be�nh! `a" 3 M A GYJ=I U G D G PWJ(D E _ D S A M , M D%JKF E-U D`F U>E DBGYP"F�D E P>DbS7DEJKF:D G PWJ-G B VHEKVD G MOM D U P D G B D:G B DQP"FHGFI U D A J G�U J P�D B V F A GYS/S G PWJ N A J SODQJ A U F E DQJ@DES A JKJNDQJ@G/DQGeS N U GYJ(I U D:SOD U�EB VE. PWG6FHG G P B V N DEP B B DBS A FH=XD4[>D $ EKV J GXU B E DbS@DEF N A J:JND U SOD M DEPRF J U>E S A \ E A M(M A G E D �@?'?U FHGYS/GYJ V D G/DQG A

"$#&%$#$# )+*-,/.10325476�%3?'&)(50 ?-6
# DQJ B D U � B GYJ F A P DHDQJTJKF EKU DEF U>E DESYSFDQJ dstruct 0ec G�E M A 0 + A Y 3K3 DEFTJ U>E SOD F\! N D dtype 0ec G�E M A0 + A % 3-3 M �QP>DEP"FT$BS ACB GYJKF A PWD�D:\�S G C A SOD d(u, v) Q

d(u, v) = [1 + (w(u) + w(v))dtype(u, v)]dstruct(u, v) 0 + A Z 3(�A PWJ]S A I G�E M U SOD0 + A Z 3 S w(u) DQJ F U P>D _ A SOD U�E EKV DQS/SOD B V FND E M G/P A P"F U P+*-, 6�.1. S G�U U PI A DEF�D U>E BWV G MON G�E F A PWDHDbS B U F\! N D t(u)
BWV U P J G M(M DEF u

A � G SODEJ&F\! N DEJ B DQJ:J G MOM D`FHJTD G M �N A E-V J u DEF v J G PRF BXA PWJ U P>D M , M DTDQS A J-J(D B DTF\! N D�S A S G�E J d(u, v) V I U G _ A U F $ZS A B G/JKF A PWDHD
s�t�/
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J F EKU DEF U>E DESYSOD dstruct(u, v)
A � G FNDQS P V DQJKF N A JZSFD D A JHS 6���-�� dtype = 1 S A S G�E J d(u, v) DQJKF]J U �N VHE GOD U>E D J-GLSFDQJ:F\! N DEJZJ G PRF D G PWJ-G B VHEKV J%D G MOM DBG M(N G�E F A P"FHJ AJ# D N G G B J w

BWV U P F\! N D DQJ FU FHGYSFD N G�U�E J G�U SYG/\�P>D E D�D E F A G/PWJ F\! N DQJ B DZD4[ A P \�D M DQP"FHJTS G�E J B DZS V VE_�G S U FHG G P B D D G B D A`; A E
D��1D MON SODbS JKG P G�U J N G�E F G PWJZP G F E D GYP"F VHE-, F]J U>E S V VE_�G S U FHG G P B D S V�A E D4[WG6F�DEDEF U�E D�S A S G�E J'F G�U FSFDQJ F\! N DEJ B D&J G M(M DEF-J�I U G>D G PWD�D E P>DQP"F B DQJ B V DES A E A FHG G PWJ \�S G C A SFDQJ 0 D G MOM D@SFDQJ I G PWD`FHG G PWJHSSFDQJBDES A JKJNDQJ�S - 2b[ 3 J(D ENG PRFOG M(N G�E F A P"FHJ�S A S G�E J`I U D SFDQJBF\! N DEJ E DQS A FHG6I JB$ S V G MON S V M DEPRF A FHG G P0 D G MOM D SODEJ D�� N E DQJ-JKG G P JHS SODEJ B V DQS A E A F-G G PWJ�S SFDQJ]J F E-U DEF U�E DQJ G6F VHE A FHG _ DEJHS - 2\[ 3 JND ENG P"F N D UN D E FHG/P>DQP"FHJ A@(5A PWJ D�DEFPD���D M(N SOD�S G P N G�U>E(E A . �1D E U P�D _ A SOD U>E V SOD _�V D w

N G�U>E SODEJ J G M(M DEF-JB D F\! N D I G�E M DQSYJ 0 J F EKU DEF U>E DbSXI G PWD`FHG G PWS)DQS A J-JND 3 DEF U PZI A G C SOD N G G B J A U � A U F E DQJ F\! N DQJ A^; GXU>EU P N G G/PRF B D _ U D P�D U F E D�S F G�U J<SODEJ N G G B J w N G�U>E F G�U J�SFDQJ�J G M(M DEF-J B DQJ)9 � � J G PRF . � V J $ 1
A

J G�U J U F-GYS/GYJ G PWJ S A�B G/JKF A PWDHD d(u, v)
B D S A I G�E M U SODT0 + A Z 3 N G�U>E E-V N A E F-G E SFDQJ J G MOM D`FHJ B D

Ti D`F Ti+1 DEP I A M GYS/SODQJ B DTJ G M(M DEF-J V I U G _ A SODEP"FTSRD G MOM D B V D E G/F BXA PWJ S A M V FH[ G B D [>D U>E GYJb�F-GOI U D \ V P VHE GFI U DB0 � DQD A % A Y A Y A % 3 Anp DQGeS B D U �(J G M(M DEF-J J G P"F D G PWJ-G B VHEKV J D G M(M D ε � JKG M GYS A G E DQJJKG<S A B GYJ F A P DHD%\�S G C A SOD d(u, v) DQJ F JKF E G/DEF�D M DEP"F&G/P I VHE GOD U>E D%$ ε
A 9TGYP J-G&S S A D G P B G/FHG G P B D%S AI G�E M U SFD 0 % A % 3 B D%S A M V FH[ G B D'\ V P VHE GOI U DUDQJ FTS BXA P J P G F E D A NWN SYG/D A F-G G PZS E D MON S A D V D N A E Q

d(u, v) < ε# DQJ J G MOM DEFHJ B DEJ A E C E DEJ Ti D`F Ti+1 J G P"F A S G�E J EKV N A E FHG/J DEP L I A M GYSYSFDQJ B GYJKF-GYPWD`F�DEJ N A ESFD N ENG DHDEJ-J U J BZV V FHGOI U D`F A \�D B VE. PWG N A E S V�A SY\ G�E G/F-[ M D % A Y A
	 B�
 ��� F �HGJI���KG)L\� F MON ��� � G)L��b� �JLH� L\�EP�L�I N �

#�A N E D M G:� E D N [ A J(D B D@S A M GYJ(D$DQP D G�ENE DQJ N G P B>A PWDHD I U D P G�U J _ DQP G PWJ B D B V D E G E D BXA PWJS A J(DQDEF-G G P N E-V D V B DQP"F�D E-V N A E FHG/F SODEJ J G M(M DEF-J B D D4[ A D U P>D B DQJ B D U � _ D E J-G G PWJ D G PWJ V D U FHG _ DQJ
i D`F i + 1 DQP I A M GYSYSFDQJ A J G�U J%P>D N G�U _�G PWJ B V FND E M G/P>D E $ DHDOJKF A�B D I U DQSYJ%J G PRF%SFDQJ'J G�U J��A E C E DQJ I U G	J G P"F D�L7DQDEF-G _ D M DQP"F$I U A JKG"� J-G M GYS A G E DQJ A�� D`F-FND B D U � G � M D N [ A JNDTD G PWJKGYJKFND DQP U P>DA P A S:!aJ(D]DEP N E(G I G P B D U>E I U GLF ENG�U _ D D`F M A E I U DOF G�U J%SODQJ'J G�U J�� A E C E DQJ G B DEP"FHG .WV J%D G MOM DI U A J-G"� J-G M G/S A G E DQJ A(�A PWJ DHD`F-FND A NWN S/GYD A FHG G PWS SFDQJ J F EKU DEF U>E DEJ BWV�A E C E DQJ J�!aPRF A � GOI U DEJ E D N E-V J(DQP"F�DEP"FLS A [ G VHE A E �D4[ GOD B U D G B D A 9TG/PWJ-GeS N G�U>E U PBJ G MOM DEF u

B G P P V BXA PWJ U P 9 � � S�S A F G F A SYG6F V B U J GXU J�� A E C E DI A G/F N A E FHGFD GYP"F V \ E A P"F�D B D'S V GYPWJ F EKU DEF-G G P B VE. PWGFD N A E SOD:J G MOM D`F u
A � PP>D N D U F B GYJ-J G DEGOD EU P(J G M(M DEF A PWD , F E D B D J(DQJ J U DEDHDQJKJND U>E J B>A PWJ S V�A E C E D@D A E D4[ A I U D V S V M DQP"F B U J GXU J�� A E C E DD G�ENE DQJ N G P B $ U P>D�J G�U Jb� D G M(N G J A P"F�D B D�S V V S V M DEP"F [WG V�E A E D4[WGOI U D N A E DQP"F BXA PWJOS V�A E C E D A

9&GYPWJKG&S"S A E DQD G PWP A G/J-J A PWDHD B D M G F-G/I J J-G M G/S A G E DEJ BXA P J SFDQJ$9 � � J B G G/FLD G PWJ-G B VHE D E U P>D&JKG M G"�S A E G6F V I U G N E DQP B DQP D G PWJ-G B VHE A FHG G P S V DEPWJND M]C SOD B DBS A J G�U Jb� JKF E-U D`F U>E D B D B D U � J G M(M DEF-JD G MON A E-V J N G�U�E V F A C SYG E U P>D D G�E(E DEJ N G P BXA P DHD A>#�A _ D E J-G G P B D S V [>D U>E G/JKF-GOI U D A�BXA N F V D BXA PWJD�D D A J`DQJ FBS A _ D E J-G G P Z I U G G B DQP"F-G . D(S A JKG M GYS A E G6F V DQP"F E D B DEJ]J GXU J�� JKF EKU DEF U>E DEJCDQP"FHG:� E DEJ0 _�G G E JNDEDEFHG G P % A Y A % A * 3 A
; G�U>E G N FHG M G/JND E SFDQJ%D G MON A E A GYJ G PWJ B DOJ G MOM D`FHJ A NWN A E F�DEP A P"FB$ U P>D M , M DBI A M GYS/SODB D:J G MOM D`FHJ V I U G _ A SFDQP"FHJ�SWP G�U J A _�G PWJ D4[ G GYJ-G B DTF E GOD E SODEJ J G M(M DEF-J N A E G�E B E D:SOD�� G/D G \ E A �N [WGOI U D A 9&GYPWJKG&S P G�U J&I A _�G�E GYJ G PWJTS V A NWN A E GOD M DQP"F B D JKF EKU DEF U>E DEJ G B DQP"FHGFI U DQJ A U PWG _ D A U B UFND��aF�D A _ A P"F B D'D G PWJKG B V�E D E B DQJ N A G E DQJ B D'J G M(M DEF-J@J-G M G/S A G E DQJ A

s�t��
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J G�U J%P V A _�G PWJ N A J A N N G�E F V B D M G B G . D A F-G G P J'$�S V A S/\ G�E G/FH[ M D B D N ENG N A \ A FHG G P N ENG �N G J V BXA P J S A _ D E J-G G PB\ V P VHE GFI U D B D S V [>D U>E GYJ FHGOI U D A�# D N ENG DHDEJ-J U J D G MON SOD`F BZV G B DQP"FHG . D A FHG G PB D%J G�U Jb� A E C E DEJ JKG M GYS A G E DQJ DEJKF B V D E G6F BXA PWJ S A J(DQD`FHG G P % A Y A % A * A
_ S V GYJ-J U D B U N E(G D�DQJ-J U JHS P G�U J&D G PWP A GYJKJ G PWJ&SODEJTJ G M(M DEF-J�I U G E D N E-V JNDQP"FNDQP"F%SODQJ C S G DEJB D:D G B D'J-G M GYS A G E DQJ A U D GXU>E J B DEJ B GFL VHE DEP"F�DQJ _ D E JKG G P J B U . D4[WGOD E D G PWJKG B V�E-V A J G�U J A _�G PWJN ENG N G J VLU P�D G/P"F�D E I A DHD B D _ G/J U A S/GYJ A FHG G P N G�U>E N E-V JNDEPRFND E $@S V U FHG/SYGYJ A F�D U>E U P>D _ G/J-G G P'\�S G C A SODB DOS V V`_�G S U FHG G P B U D G B D AJ#�A FNDQD4[WP GOI U D B D _ G/J U A SYGYJ A FHG G P DEJKF N EKV JNDEP"F V D BXA PWJ:S A JNDQD`FHG G PI U G�J U G/F A

	 B�� � F G N I ��P � N MON�� LH� OP���L��VP�G)L\� F
(�A PWJ&D�DEFKF�DZJ(DQD`FHG G PWS P G�U J B V D E G _�G P JTS A FNDQD4[WPWGFI U D B D _ GYJ U A S/GYJ A FHG G P I U D P GXU J A _�G PWJB VE_ DES G N N V D N G�U>E N E-V J(DQP"F�D E SOD E-V J U S6F A F B D@S V G B DEP"FHG . D A F-G G P B D C S G DQJ B D D G B D@J-G M GYS A G E D A UD G�U>E J B DQJ _ D E J-G G PWJ:J U DQDHDEJ-JKG _ DEJ BZV U P M , M D . D4[WGOD E J GXU>E D�D AJ#�V G C�� DQD`FHG6I3DQJKF B D]J GXU SYG/\�P>D ESFDQJ VE_ �EP>D M DQP"F-JBG MON G�E F A P"F-J BXA PWJZS V V`_�G S U FHG G PWS�F�DESYJ�I U D S A E DEI A DEF G�E GYJ A FHG G P B D D G B DbS SFDB V N S A DHD M DEPRF B D'D G B DbS G�U SODEJ D4[ A PW\�D M DEPRF-J BWV G M(N S V M DQP"F A FHG G PMDEF BWV�A E D4[WG/FNDQDEF U>E D A

"$#��=#(' 	`0 .16@4�
�25*�$;�6 (503,1*�$;�6
#�A _ GYJ U A S/GYJ A FHG G P U F-GYS/GYJND SOD N E GYPWDEG N D5DQJ(I U GYJKJ V BXA P J S A . \ U>E D + A Y A-� [ A I U D A E C E DTJ�!aP>�F A � GOI U D Ti

N GXU>E D4[ A I U D _ D E JKG G P i
B D S V VE_�G S U FHG G P BWV U P . D4[WGOD E J G�U>E DHDKDQJ F B DQJKJ-G/P V DQPU FHGYS/GYJ A P"F U P>D F�DED4[WPWGFI U D B D E D N EKV JNDEP"F A F-G G P %�� ( N A E P G _ D A U � JKG M GYS A G E DZ$ S A FNDQD4[WP GOI U D^ GYDEGYDQSFD N S G F _ B V D E G6F�D BXA P J � Y � # A

�������������������! �"�#%$��! &#%'��!(*),+.-/+.-0"�1324-05 �!(*)6 �+.-�78(9+.-/-0'�+.-/$!-0".5 :#%5�;.5-8 � �<9)='&#>1��!?="6-8 
T1

-0'
T2
�

@ P A E C E D A NWN A E A�A F D G MOM D U P>D C A P B D _ D E F-GYD A SOD�S G�B S A E A DEGYP>DKDQJ F E D N EKV J(DQP"F V D $\ A U D4[>D�DEF SFDQJLI D U G/SYSFDQJ $ B E(G G/FND An#�A J F E-U DEF U�E D [WG VHE A E D4[WGFI U D B DTS V�A E C E D=DQJ F M G B V SYG/J V D N A E
s�t*C
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U P D\LZD`F _ GYJ U DQS B DLJ G�U J�� DQPWJ(D M]C SODQJ F E A�B U G6F N A E B DQJ�� G P>DQJ E DEDEF A PW\ U S A G E DQJ A"� [ A I U D P G _ D A U[ G VHE A E D4[ GOI U D B D8S V�A E C E D D G PWJ FHG6F U D U P>D8J GXU J�� C A P B D _ D E F-GYD A SOD A � D`F-FND J GXU J�� C A P B D DQJ FJ U C B G _ GYJ V D$DEP N S U JKGOD U>E J�� G P>DEJ E DEDEF A PW\ U S A G E DQJ I U G B VE. PWGYJKJNDQP"F SODEJ B G L V�E DQP"F-J J G MOM DEFHJ B UP G _ D A U A@(�A PWJ@S V D���D M(N SOD B D S A . \ U>E D + A Y S SFDQJ J G M(M DEF-J B, C, D DEF E
A NWN A E FHGFDQPWP>DEP"F A UM , M D PWG _ D A U [WG V�E A E D4[WGOI U DbS9GYSYJ J G P"F B G P D E D N E-V J(DQP"F V J D G M(M D B DEJ V S V M DEP"FHJ BWV U P>D M , M DC A P B D _ D E F-GYD A SOD A7#!A P G F-G G P B D J U DQD�DQJKJND U�E DQJ F F E A�B U G/FND N A E S V�A SYG/\�P>D M DEPRF [ G�E G�� G PRF A S B DEJE DQD`F A PW\XSODQJ GYP"F E A � C A P B DEJ A 9TGYP J-G&S B DEJ E DEDEF A PW\�SFDQJ BZV U P�D C A P B D GYPWJKD E G/FHJ�DQP"F E D SODEJ C G�E B JJ U N VHE GFD U>E J�DEF GYP I V�E GOD U>E J BWV U P E DEDEF A PW\�SFD r J-G/F UWV B>A PWJ S A C A P B DB$ \ A U D4[>D E D N EKV JNDEP"F�DQP"FB DQJ J U DQD�DQJ-J(D U>E J B U J G MOM DEF A J-J G DQG V A U E DQD`F A P \�SOD r

Aq(�A PWJTS V D��1D MON SOD B DZS A . \ U>E D + A Y SSFD:J G MOM DEF D
B D'S V�A E C E D T1

A N G�U>E J U DQDHDEJ-J(D U>E J SODEJ J G MOM D`FHJ I D`F J
A

#�A . \ U>E D + A % M G P"F E D U P D��1D MON SOD B D�S A F�DED4[WPWGFI U D B D _ GYJ U A S/GYJ A FHG G P A NWN SYGOI UWV D $U P A E C E D J=!aP"F A � GFI U D BWV U P>D I G PWD`FHG G P5J-G M(N SFD AK#�V A E C E D J=!aP"F A � GOI U D DEJKF E D N E-V JNDEPRF V DQPU FHGYS/GYJ A P"F U P A SY\ G�E G/F-[ M D B D B DQJ-JKGYP BWV�A E C E D DES A JKJ-GOI U D%0 A 3 D`F3DQP U F-GYS/GYJ A PRF P G F E D FNDQD4[WP GOI U DB D _ G/J U A S/GYJ A FHG G P 0 C 3 A

������� ���	����
/5�;.5-8  �<9)='&#>1��!?�"6-8 2��! �"�#%$��! �8 ���#%5 ".)6-����0'��6(9+.-,70$ #*  ��!?�"6-�� #�� -0' -0)".'���$��! &#%)�' $ # '-87�.).�!?="6-8 +.- 78(*"6  ���)6 (�� ;.5&#����8 ���;�� �
# DQJ89 � � J BWV U P D G B D%F\! N GOI U D �@?'? D G PWJKF-G/F U V B D N S U JKGOD U�E J M GYS/SYGFD E J B DZS/GY\�P>DEJ&J G P"FF E �EJ S A E \�DQJ 0 B G�� A GYP>DEJ B D M G/SYS/GOD E J B D J G MOM D`FHJ 3 M A G/J N A J�F E �QJ N E(G I G P B J 0bY�� $@* �@PWG _ D A U � 3 A

9&GYPWJKG&S SODQJ A E C E DQJ A NWN A E A G/J-JNDEP"FUDQP C A P B DEJ _ D E FHG/D A SFDQJ . P>DEJUDEF%[ A U FNDQJ A)#!A _ A E G A F-G G P B DS A N E(G I G P B D U>E B DEJ A E C E DQJ:J�! P"F A � GOI U DQJ�DQJ F:F E A�B U G6F�D N A E S V V N A GYJ-J(D U>E B DBS A C A P B D�0 _�G G ESFDQJ . \ U>E DEJ + A Z DEF + A * N G�U�E B DQJ D A N F U>E DQJ BWV V D E A PWJ E-V DQSYSFDQJ 3 A; G�U>E J GXU SYG/\�P>D E S A JKF EKU DEF U>E DbS"P G�U J A _�G PWJ G/PRF ENG B U G6F U P D\LZD`F B D ^ D G�U JKJ-GYP J G M]C E A \ V J _ SD G MOM D:G/S A V F V%U FHG/SYGYJ V A _ DEDZJ U DQDE�EJ BXA PWJ BZV A U F E DEJ GXU FHG/SYJ B D _ GYJ U A SYG/J A F-G G P � Y
Z � S ]^% #eSXDQPA NWN SYGFI U A P"F U P�DTF�D�� F U>E D U PWG"� B G M DQPWJKG G P P>DQS/SOD B D _ A E G A F-G G P B D:S A S U M GYP A PWDHD A@#�A _ G/J U A S/G"�J A FHG G P]D G M(N S �EFND DEJKFLG MON S V M DQP"F V D _ G A SFD J=!aJ F � M D B D _ G/J U A S/GYJ A FHG G P B D \ E A N [>DQJ � U SYG N � + # A
9 N E �EJ A _�G G E B DEJ-JKGYP V F G�U J&SODQJ A E C E DQJ B D F G�U F�DEJTSFDQJ _ D E J-G G PWJ D G PWJ-G B VHEKV DQJ B U . D4[WGFD E SP G�U J A � D4[ G PWJ SODEJ D G�ENE DQJ N G P B>A PWDHDEJ A � G M(M D&G/S DQJKF$D�� N SYGFI UWV BXA PWJ S A JNDEDEF-G G P + A Z S V F A P"FB G PWP V J N A E C E DQJ T1, · · · , TN

N G�U>E SFDQJ _ D E JKG G PWJ B D . D4[WGOD E J f1, · · · , fN S G P:P�D D4[�D E D4[�D B DEJD G�ENE DQJ N G P BXA PWD�DQJ�I U V DQP"F E D B DQJ _ D E J-G G PWJ&J U DEDHDQJKJ-G _ DQJ Ti D`F Ti+1

A � P E D N E-V JNDQP"FNDBD4[ A I U DD G�ENE DQJ N G P BXA PWD�D DEP"F E D SFDQJ E DEDEF A PW\�SFDQJ B DEJ%J G MOM D`FHJ E A DQGYP�DQJ B DEJ%J G�U Jb� A E C E DEJ%JKG M GYS A G E DQJ
s�t
t
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DEP B DEJ-J-G/P A P"F B DEJ F U C DEJHS D G MOM D J U>E S A . \ U>E D + A Y A@# DEJ F U C DQJ J G P"F I A DQGYSFDQJ $ZGYP"FND E N E-V FND E A� V G/SYJBJ G PRF B E(G G/F-J D`FO[ G�E G � G P"F A U �7SLSODQJBF U C DEJ M G P"F E DQP"F(SODQJ C S G DEJ B DD G B D I U G E DQJKFNDQP"FD G PWJ F A P"FHJ A U . S B DQJ _ D E J-G G PWJ AS# DEJ A E C E DEJ J�!aPRF A � GOI U DEJ D��aF E A G6FHJ%J G P"F G�E B G PWP V J�S�DEF B UD G B DBD G PWJ F A P"F%D G�ENE DEJ N G P B $ B DQJ'J GXU J�� A E C E DQJ'D G PWJKF A P"FHJHS<$ S A M , M D N S A D�D AJ# DQJ:F U C DEJG/PWDQS/GYP V J G/P B GOI U DEP"F I U D B U D G B D A V F V B V N S A D V B>A PWJ@S V�A E C E D J�!aPRF A � GOI U D A�( DQJ@F U C DEJPI U GJ(D D ENG GYJNDEP"F F E AbB U GYJ(DQP"F U P>D GYP _ D E JKG G P B D C S G DEJ B D D G B D A/Y FLD G MOM D S V G�E B E D B DQJLJ G M(M DEF-JB D [ A U F$DQP C A J B>A PWJ S A _aU D:D G�E(E DEJ N G P B $ZS V G�E B E D BWV A NWN A E G/FHG G P B DQJ I E A \ M DEP"FHJ B DTD G B DB>A PWJTSFD . D4[WGOD E S B DZS G PW\�J F U C DQJ&GYP B GFI U DQP"F B DQJTI E A \ M DQP"FHJ B D]D G B D I U G G PRF V F V B V N S A D VD G PWJKG B V�E A C SFD M DQP"F B>A PWJ:SOD . D4[WGFD E J G�U>E D�D A # DEJ:GYPWJ(D E FHG G PWJ5D`F:J U N N E DEJ-J-G G PWJ B DBS/GY\�P�DQJ B DD G B D A NWN A E A G/J-J(DQP"FZD G MOM D B DEJ E-V \�G G P J B>A PWJZS V A E C E D]I U G P>D J G P"F N A J D G PWP>DEDEF V DQJ N A EB DQJLF U C DQJ A1Y P . PWSRS V V N A G/J-J(D U>E B DQJLF U C DEJ F E A�B U G/FLS A I U A P"F-G/F V B D SYG/\�P>DEJ B D&D G B D B U M G FHG6IG B DQP"F-G . V A
# DQJ'F U C DEJ N D U _ DQP"F , F E D B DQJ-JKGYP V J B D B D U � M A PWG � E DEJ AJ(�A PWJ U P>D N E D M G � E D _ D E JKG G PZSD G MOM D GYSXDEJKF M G P"F E-V N G�U�E SFDQJ J G MOM D`FHJ F $ I

B D&S A . \ U>E D + A Y S SFDQJLF U C DQJ J G P"F B DQJKJ-GYP V JB D N U G/J&SFD C G�E B B ENG G6F B U J G M(M DEF B>A PWJ S A _ D E J-G G P i
A U C G�E B \ A U D4[>D B D%S A E A DEGYP>D BXA PWJS A _ D E J-G G P i + 1

AH#!A B D U � G � M DBJ G S U F-G G PZS U F-GYS/GYJ V D N G�U>E SFDBJ G MOM D`F E
B DBS A . \ U>E D + A Y SSFDTF U C D DEJKF B DEJ-J-G/P V B D I A ��G P $ E DED G�U _:E G E SODEJ B D U � J G M(M DEF-J M G/J DEP�D G�ENE DQJ N G P BXA PWD�D�D`FSFD U>E J J U DEDHDQJKJND U>E J 0 K, L 3 DQP U FHG/SYG/J A P"F U P D�L7DEF B D'F E A PWJ N A E DEPWDHD A J G�U J A _�G PWJ E DEFNDQP U S AB D U � G � M D _ D E JKG G P I U G>P G�U J JND M]C SFD M DEGYSYSFD U>E D N G�U>E GYP B GOI U D E DES A G E D M DEPRF SOD \ ENGXU N D M DEP"FB DJ G M(M DEF-J BXA PWJOSODEJ M G F-G/I J A�#!A JNDED G P B D G N F-G G P N G�U>E SOD B DEJ-JKGYP B DQJ D G�U JKJ-GYP J A U PA _ A P"F A \�D N S U J&J U C F-GYS A � G<P G�U J E DQ\ A E B G PWJ5DEP B V F A GYS/J SODQJ B D U � J G MOM D`FHJ H

B D S A . \ U>E D+ A Y S"SFD F U C D=I U G D G PWP�DQDEFNDTSFDQJ B D U �OJ G MOM D`FHJLP>D JND M]C SFD N A J , F E D A SYGY\XP V A _ DQD SOD J G M(M DEFB D:S V�A E C E D T2

AXY P E-V A SYG/F V SRD V DQJ F U PKD�L7DEF BWV G N F-GOI U D J U>E N E DQP A PRF B�� A U E D MON SYG/J-J A \�D A _ DQDS V D\LZD`F D G�U J-JKGYP A #�V U F-GYS/GYJ A FHG G P B DZS A]B D U � G � M D A S/FND E P A FHG _ D N G�U>E B DQJKJ-G/P>D E SFDQJ&F U C DQJHSZI U GU FHGYS/GYJ(D S A J U N D E N G J-G6FHG G P A _ DQD%F E A PWJ N A E DEPWDHDbS D G�E(E GY\�D:DHD N ENG C S � M D A
#�A . \ U�E D + A Z M G PRF E D SFD E-V J U S6F A F B D@S A FNDQD4[WPWGFI U D B D _ GYJ U A SYG/J A F-G G P J U>E B D U � _ D E J-G G PWJBZV U P . D4[WGFD E BWV DQP _ G ENG P ]"+ � SYG/\�P>DEJ B D(D G B D �@?'?]AV(�A PWJ%S A E D N EKV JNDEP"F A F-G G P B D(\ A U D4[>DbSS V D\LZD`F B D(D G�U JKJ-GYP JZP V�A N A J V F VOU FHG/SYG/J V AH# DEJ J G MOM D`FHJ'J G P"F D G S G�E-V J N A E'U P>D F�DQG/P"F�D I U GG/P B GFI U D@SOD U�E F\! N D �@?'? S DQP U F-GYSYG/J A P"F B GFL VHE DEP"F�DQJLF�DEGYP"F�DEJ N G�U>E SFDQJLDQS A J-J(DQJ�SaSFDQJ I G PWD`FHG G PWJHSSFDQJ M V FH[ G B DEJHS	SODQJ�D�� N E DQJ-JKG G P JHS SFDQJ B V DES A E A FHG G PWJHS>SFDQJ JKF EKU DEF U>E DEJ:G/F VHE A FHG _ DQJ=DEFTSODQJ JKF E-U D��F U>E DEJ D G P B G/FHG G PWP>DESYSFDQJ A@# DQJ F U C DQJ J G PRF D G S G�EKV JPDEP U F-GYSYG/J A P"F U P>D'F�DQG/P"F�D:S V \7� E D M DQP"F N S U JI G PWD V D I U D SODQJZJ G MOM D`FHJ]D G PWP>DEDEF V J A$#�A E D N E-V JNDEPRF A FHG G P B D B E(G G/FND M G P"F E D SODQJ M , M DEJB G PWP V DQJ A � DEF-FND]I G GYJb� DEG&S SODEJ J G M(M DEF-J5DEF SODQJ F U C DQJTJ G P"F:D G S G�EKV J�DEP U FHG/SYG/J A P"F U P>D]FNDQGYP"FNDB GFL VHE DEP"F�D:0 B VE. PWGOD A S V A F G G E D M DEP"F 3 N GXU>E D4[ A I U D M G FHG6I G B DQP"FHG . V A1# DQJ F U C DQJ J G P"F B DQJKJ-GYP V JA _ DQD S V D�L7DEF B D F E A P J N A E DQPWD�D M DEPRF-G G P P V DQG'� B DEJ-J U J A)# DQJ:J G MOM D`FHJ EKV J U S/F A PRF B DBS V GYPWJ(D E �F-G G P G�U S A J U N N E DEJ-J-G G P B D D G B D�SaD V DQJ F@$ B G E D&SFDQJ J G MOM DEFHJLP G P A NWN A E DEGYSYS V J�S�J G P"F D G S G�E-V JB DZ\ E GYJ A`#�A . \ U>E D + A Z A C M G P"F E D%DQS A G E D M DEP"F N S U JKGOD U�E J VE_�V P>D M DQP"F-J DQP"F E D]SODEJ B D U � _ D E �JKG G P J Q SFD C S G D � A V F V J U NWN E G M V S>$OS V D�� DHD N FHG G P B D I U DESOI U DQJTSYGY\XP>DQJ B D%D G B D%GYP B GOI UWV DEJN A E SODEJ . S A M DEP"FHJ E(G�U \�DEJ A U M GYSYGFD U An# DQJ C S G DQJ A DEF B G P"F V F V G/P _ D E J V J J A PWJ A _�G G E J U C GB D M G B G . D A FHG G PWJ A@# DQJ I E A \ M DEP"FHJ D DEF E J G PRF E DEJKF V J D G PWJ F A P"F-J AJ G�U J N G�U _�G PWJ%F G�U F�DEI G GYJ G C J(D E _ D E U P>D(SYG M G/F A FHG G P$�P G F E D M V FH[ G B D A�� GODEP I U D(SODEJI E A \ M DQP"FHJ D DEF E J G GODQP"FBD G PWJ F A P"FHJ�S G/SYJZJ G P"FBG B DQP"FHG . V J 0dDEF B DQJKJ-GYP V J 3 D G MOM D U P DQPn�J(D M]C SOD B D M U S/FHG N SODEJ C S G DQJ A U SYGOD U BWV U P(JND U SZDEF M , M D C S G DbSRD G MOM D G P N D U F S V G C JND EK_ D EN G�U>E SODEJ C S G DEJ A DEF B

AS#�A E A G/J G P DQJ F I U D A DEF B D G�ENE DEJ N G P B DEP"F $ B DEJ]J GXU J�� A E C E DQJ
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JKG MON SODEJ B>A PWJ S V A E C E D&J=!aP"F A � GFI U D�S A S G�E J I U D D D`F E J G P"F@D G PWJKF-G/F U V J B D N S U JKGOD U>E J J G�U J��A E C E DQJ5I U G P>D N A E F A \�DEP"F N A J U P M , M D N A E DQP"F Aq(�A PWJ&DHD`F5D���D M(N SOD�S A DEF B J G PRF B D U �M V F-[ G B DQJO\�S G C A SODEJHS F A P B G/J]I U D D DEF E J G P"F B DEJ DEPWJND M]C SODEJ B DJ G MOM DEFHJ E D N EKV J(DQP>�F A P"F B D'P G M]C E D U J(DQJ B V DES A E A FHG G PWJ BZV U P�D M , M D I G PWD`FHG G P A ! A P"FTJ U C G B DEJ M G B G . D A FHG G PWJ0 C S G D C 3 A � G MOM D&P G F E D M V FH[ G B D M D`F DEP D G�E(E DEJ N G P BXA P DHD U PWGFI U D M DQP"F B DQJ E A DQG/P>DQJ B DJ G�U Jb� A E C E DEJHS�G/S N D U F A NWN A E A�A F E D U P>D]S A E \�D I U A P"FHG/F V B DBJ G�U J�� I E A \ M DEPRF-J A � P P G F�D I U DbSJKG G P SFD J G�U [ A G/FND�S G P N D U F VE_ G6F�D E DHDEF D\LZD`F N A E U P N ENG DHDQJKJ U J * *-, . 2 -�,�6 , ,�6 \ ENG�U N A P"F SODEJDEPWJND M]C SFDQJ B D M G F-G/I J D G P"FHG/\ U J N A E F A \�D A P"F SOD M , M D N A E DQP"FPDEP U P JND U SWDEF M , M D M G F-G/I A
"$#��=# % 	`6@, 0���@?-* &39�0 .�* &325, ��6 9>6@2 �5;

; S U J-GOD U>E J A M V SYG G�E A FHG G PWJ N D U _ DQP"F , F E D A � G�U F V DEJ $ S A FNDQD4[WP GOI U D B D _ GYJ U A SYG/J A F-G G P C A �JKGOI U D B V D E G6F�D%DQG'� B DEJ-J U J A`; E D M G � E D M DEPRFHS S V U FHG/SYG/J A FND U>E N D U F U FHG/SYGYJ(D E SFDC0 6���-�*�� .n- .�� 2 *�6�� .N G�U>E SFDHI U DQS<SFDQJ A E C E DQJ J=!aP"F A � GFI U DQJ J G P"F M G P"F EKV J A�� F A PRF B G P P V U P PWG _ D A U B D B V F A GYS/JHSJ(D U SFD M DQP"F]SFDQJ%J G MOM DEFHJ B DOF\! N D(J=!aP"F A � GOI U D BWV U P PWG _ D A U J U N VHE GOD U>E A U PWG _ D A U J V SFDQD��F-G G P P V S7DEF:SFDQJ D G�ENE DQJ N G P B>A PWDHDEJ A J-J G DEG V DEJHS�J G P"F A � D4[ V J A � DQS A N D E M DEF B DBJ-G MON S/G . D E S A_ G/J U A S/GYJ A FHG G P DEP�J U NWN E G M A P"F@SODEJ B V F A GYS/J B U D G B D I U G A NWN A E A GYJKJNDQP"F D G M(M D B DEJ C A P B DEJJ U NWN S V M DQP"F A G E DEJT$OS ACB ENG G/F�D B DEJ _ GYJ U A S/GYJ A FHG G PWJ B DQJ B G L V�E DQP"FNDQJ _ D E J-G G PWJB0 -������ SODEJ&J G M �M DEF-J F, G, · · · , L B D@S A . \ U>E D + A Y 3 A @ PCD�L7DEF J-G M G/S A G E D N D U F , F E D G C F�DQP U DQP A�BXA N F A P"FLS AI G PWDEF-G G P B D B G/JKF A PWDHD%J U>E S A J F EKU DEF U>E D dstruct 0 _�G G E JNDEDEFHG G P + A % A Y 3 A�#�A B G L V�E DEPWDHD E-V J-G B D
s�t��



����� ��� ��� �
	 � ��� ������ � � �
B>A PWJTSFD:I A G/F=I U DZSFD D4[ A PW\�D M DEPRF B DZS A B GYJKF A PWD�D J F E-U DEF U�E DQS/SOD%G MON SYGFI U D N G F�DQP"F-GODQS/SOD M DEPRFS V G B DQP"F-G . D A FHG G P B D M G F-G/I J B GFL VHE DEP"FHJHS A S G�E J I U D S V G DEDQS U J-G G P B D B V F A G/SYJ BXA PWJ S A _ G/J U A �S/GYJ A FHG G P A N G�U�E JND U S D\LZD`F B D M G P"F E D E M G G/PWJ B D D G�ENE DQJ N G P B>A PWDHDEJ N G�U�EZU P>D M G/JND DQPD G�ENE DQJ N G P BXA PWD�D B V � $BD A S/D U S V D A
	 B 	 ��� �  ��GVP�G!�

; G�U>E _ A SYG B D E SODQJ E-V J U S/F A FHJ�S P G�U J A _�G PWJ A NWN S/GOI UWV S A M V FH[ G B D D G MON S �`F�D J U>E B G/I �I V�E DEPRFNDQJ _ D E JKG G P J BWV U P . D4[WGFD E D��aF E A G/F B D B G L V�E DQP"FNDQJ _ D E JKG G PWJ BWV U P N ENG � DEF �@?'? S D`F_XVHE G . V SODEJ V`_�G S U FHG G PWJ B D M G F-G/I J B V F�DEDEF V DQJ$DEP G/PWJ N DQD`F A P"F M A P U DESYSFD M DQP"FLSOD D G B D J G�U>E DHD A#�V D��1D MON SFD:D G PWJKG B V�E-V D G PWDHD E P>D U P N ENG \ E A MOM DTD G M(N SFDEF B D'F E A G6F�D M DEPRF BWV G M A \�DQJ BZV A N �N ENG � G M A FHG _ D M DQP"F:+ � � � S/GY\�P>DEJ B DBD G B D A � U G6F�D A U � B G/J-D U J-JKG G PWJ A _ DQDOSODQJ B VE_ DQS G NWN D U>E J�SP G�U J:J A _�G PWJUI U D SODQJ _ D E J-G G PWJ'D G�E(E DEJ N G P B DEPRF $ U P�DBJ U DEDHDQJKJ-G G P B D E DEI A DEF G�E GYJ A FHG G PWJ B DD G B D]$ N DEF-G/F�D V D4[�DQSYSFD Aq#�A . \ U�E D + A * M G P"F E D S A _ GYJ U A S/GYJ A FHG G P B D]J-G'� _ D E J-G G PWJ BWV U P B DEJ. D4[WGOD E J'D G P"FNDQP A P"F N E �QJ B DOY)+ � � S/GY\�P�DQJ B D D G B D B DBP G F E D C A JND �@?'?]A)#�A D G�U SFD U>E B DEJJ G MOM D`FHJLGYP B GOI U D SOD@F\! N D&J=!aP"F A � GOI U D B DQJ J G MOM D`FHJ A<# DEJ F U C DEJ G P"F S A D G�U SOD U�E B DEJ J G M �M DEF-JPI U V G/SYJ M DEFKF�DQP"F=DQP�D G�ENE DEJ N G P BXA PWDHD A
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J G�U J N G�U _�G PWJ E A N G B D M DQP"F G B DEPRF-G . D E I U DESOI U DEJ � G P�DQJ B U D G B D G�B B DQJ D4[ A PW\�D M DEP"FHJG M(N G�E F A P"FHJ G P"FUD U SYGFD U 0 SODEJ � G P�DQJ M A E I UWV D C � I BXA P J%S A . \ U�E D + A * 3 AJ; G�U�E SOD E DQJKFND B UD G B D�S"SODEJ F U C DQJ N A E A SYS:�QSFDQJ I U G N A E D G�U�E DQP"F SODEJ _ D E J-G G PWJ B D \ A U D4[>D $ B ENG G/F�D B>A PWJLS V G M A \�D\XS G C A SODT0ec G/\ A + A * A�A 3 G/P B GFI U DQP"F B DQJ C S G DQJ B D@D G B D@D G PWJ F A P"F-J GXU N E DEJNI U D D G PWJ F A P"F-J A�� S G �C A SOD M DEPRFHS)P G�U J N G�U _�G PWJ A �]E M D E I U D SOD P G M]C E D B D SYGY\XP>DQJ B D D G B D J V DQJ F \ E AbB U DQS/SOD M DEPRFEKV B U G/F A U . S B DEJ _ D E J-G G PWJ A� G P DHDQP"F ENG PWJb� P GXU J M A GYP"F�DEP A P"FTJ U>E SFDQJ _ U DQJ B D B V F A GYS/J]0 . \ U>E DQJ + A * A C � I 3 A`#!A . \ U>E D+ A * A C%M G P"F E D B D U �ZJ U NWN E DQJKJ-G G PWJ DEPRF E D S A _ D E J-G G PXY DEF S A _ D E JKG G P % B U D G B D Ai#�A N E D M G:� E DDEJKF U P�D C G�U DQSOD f3gih 0 A NWN E(G � G M A FHG _ D M DQP"FTZ � SYGY\XP>DQJ B D D G B D 3 D`F S A J(DQD G P B D DQJ F U PDEPWJND M]C SFD B D B V DQS A E A F-G G PWJ B D _ A E G A C SFDQJLS G D A SFDQJ 0bY��%S/GY\�P�DQJ B D D G B D 3 A># D F U C D=I U G J V N A E DSFDQJ B D U � C S G DQJ J U NWN E G M V J D G�ENE DEJ N G P B $ U P C S G D B D D G B D I U G:DQJKF E DEJKF V GYPWD4[ A PW\ V SdS G D A SYG/J VDEP"F E D&SODEJ B D U � N G�E FHG G PWJ B D D G B DTJ U NWN E G M V DEJ An#�A . \ U�E D + A * A D M G PRF E D U P>D M G B G . D A F-G G PN S U J D G MON SOD��1D�S G MON SYGFI U A P"F B D U � I G PWDEF-G G P J?f��MDEF f�� A�#�A M GYJ(D]DEP D G�E(E DQJ N G P BXA PWD�D AB V F�DEDEF V:U P C S G D BWV G/PWJKF E-U D`FHG G P	��
�
�
� BXA PWJAf��UD`F U P>DTS A E \�D&J F EKU DEF U>E D:D G P B G6FHG G PWP>DQS/SOD
m�f BXA PWJ�f�� I U G<J G P"FTD G PWJKF A P"FHJ A J G�U J P G F G PWJ V \ A SOD M DQP"F U P N D`FHG/F C G�U F B D'D G B D�I U G AM GY\ E-V B D S A I G PWDEF-G G P+f�� _ D E J f�� A7( D N S U J�S P GXU J N GXU _�G P J _�G G E B DEJ V S V M DQP"FHJ B D D G B D@$ S A. P B D S A I G PWD`FHG G P f��XS � U JKF�DPDEP B DQJ-J G�U J B U C S G D m�f S�I U G G P"F V F V M G/J DQP D G�ENE DQJ N G P B>A PWDHD A� D N DEP BXA P"FHS GYS P V ! A N A J B D(F U C DEJ I U G D G PWP�DQDEFNDQP"FBS V G/PRF V \ E A SYG6F V B U D G PRFNDQP U B D f�� D`F
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