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��ì ° édÑuØÜÊ7ÉÜÔ�Ò¬ò«ÔCÞ�9 ×hÎGÊ�ÇÄÛ�Î�Ë�Ç�Î�Í{Û�Ô�Î�Í�Í{ÔJÒ�ÇÄÞ¸Ý&édÅ�ì ° Ù²Î�Û7ÎGÑ�ÔJáWÇGéÜÑuØCÊ�ÉuÔJÒMò:�<;�/(6=�xÅ?>P×WÎGÊ�ÇbÛ7Î�Ë�Ç
Î�Í�Í{ÔJÒ�ÇbÞ¸Ý3ÎGÉuÞ³ë¶ì � Ù²ÌÜË�ÔWÑuÍ�ÇÄÖ�Û¶Æ�ÎtádÈ{Éu×Í{ÔW×hÎGË�È�Ê�ÆuÖ�È{ß�æ ÞuÇÄÌCÊ�Æ«ßÄÈ{Ë�ßÄØuÈ¤Ê�Û¶ÔGÓÓ²Î�ÉCæxÈ�É
ÊxÒ�Ô@�¶ëA3 Î�ÉÜÞB/(6
×hÎGÊ�ÇÄÛ�Ý�â
Å"ÆÜÇÒ�ÇbÍ{ÍlæC�zÉuÔJÒ�É£ßÄÔWÖ�ÌuÍ�Ç�àCÈ�ÊxÐ³ßbÍÏÎ�Û�Û�ÇÄÛ�ëA�D/(�5ÎGÉuÞE��ÔW×zì7ã��OÎ�Í�Û�Ô*ßtÎ�É£ÑTÇßwÆ�ÎGË�Î�ß�Ê�ÇÄË�È��bÇÄÞ
È{ÉÚÊ�ÇÄË�Ö�Û¦Ô�Ó-ßbÍÏÎ�Û�Û�ÇÄÛ©Ô�Ó0ßÄÈ�Ë�ßbØuÈ�Ê�Û í ��ÇbÉ�ñÜôWéF��ÇÄÉ�ñ� �õ=âG/�Ó-Ì�Î�Ë|Ê�È�ßÄØuÍ{Î�ËÈ�ÉzÊ�ÇÄË�ÇÄÛ�Ê©Ê�Ô£ØuÛ©ÆuÇÄË�Ç ÎGË�Ç�Ê�ÆÜÇ
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An elt matrix and a permanent term The corresponding graph and cycle cover
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The DAG G The associated matrices D and N G
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Another path in G The corresponding cycle cover
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/¶ÉuÇ�ÌuË�ÔCÔ�Ó¶Ô�Ó�Ì�Î�Ë|Ê³Ù²ÎhÝ�ÔGÓ�Ê�ÆuÈ�Û�Ê�ÆuÇÄÔWË�ÇÄÖ ÇÄÛ�Û�ÇÄÉhÊ�ÈÏÎ�Í�Í�Ð£ÓÕÔWÍ�Í{ÔJÒ�Û�ÓÕË�ÔWÖ�Ë�ÇbÛ�ØuÍ¤Ê�Û6ÔGÓ}ã�ÍÏÎ #�ÔWÍ{Ç�ÊÎGÉuÞ
� Ê�ÇbÐhÎGÇÄË�Ê í ã ��� YGõ@â �xÉ í ã ��� Y�õ@é�Î©ÍÏÎ�ÉÜ×WØ�Î�×WÇ59 " 37�D/(� È{Û}ßÄÔ�ÉuÛ�Ê�Ë�Øuß�Ê�ÇÄÞRéÎ�ÉuÞ 9<;0È�Û}Û�ÆuÔJÒ�É¡Ê�Ô
ÑTÇ
ßÄÔ�Ö�ÌuÍ�ÇbÊ�Ç�ÓÕÔWË}ëA�D/(��âP�xÉ í �+Î�É�ñ���õ�È�Ê�È�Û�Ì�ÔWÈ�ÉhÊ�ÇÄÞ³ÔWØCÊ�Ê�Æ�ÎGÊ�Ê�ÆuÈ{Û�Í{Î�Éu×WØuÎ�×WÇ 9 È{Û}ÎGßbÊ�ØuÎ�Í{Í¤Ð
È�ÉB��ì ° â
� Ê¶È�Û3ÇÄÎ�Û�Ð«Ê�Ô�áWÇÄË�È�Ó Ð©Ê�ÆuÎGÊ�Ê�Æ�ÎGÊ�Ê�ÆuÇ(ßwÆuÎ�È{É�ÔGÓË�ÇbÞuØußbÊ�È{ÔWÉÜÛ¶Û�ÆuÔJÒ�È�Éu×Ê�ÆuÎGÊ 9 ; È{Û3ëA�D/(�¶æ ßÄÔWÖ�ÌuÍ�ÇbÊ�Ç}È�Û
H�Ì�ÎGË�Û�È�Ö�Ô�ÉuÈ{ÔWØÜÛ I«Ù²È@â ÇGâ�éuÊ�Æ�ÎGÊ�È�É«Ê�ÆuÇ}Ë�ÇÄÞÜØußbÊ�È{ÔWÉª/�ÓÕË�ÔWÖ Î�ÌuË�Ô�ÑuÍ{ÇbÖ ¦ "³ë4�D/��VÊ�Ô 9 ; éuÒ�ÆuÇbË�ÇF¦�È�Û
Î�ßbßÄÇÄÌCÊ�ÇÄÞ�ÑhÐ¢ÎGÉ¢ëA�D/(�çÖ�Î�ßwÆuÈ�ÉuÇ�� éWÊ�ÆuÇ7ÉzØuÖ(Ñ�ÇbËEÔ�ÓTÎ�ßbßÄÇÄÌCÊ�È{ÉÜ×�Ì�ÎGÊ�ÆÜÛEÔ�Ó6� ÙBA�Ý�È{Û�Ê�ÆuÇ7Û�Î�Ö�Ç7Î�Û�Ê�ÆÜÇ
ÉzØuÖ�ÑTÇÄË3Ô�ÓÞuÇbßÄÔWÖ�Ì�Ô�Û�È�Ê�È{ÔWÉÜÛ3Ô�Ó /EÙ�A�Ý�Û�ÆuÔJÒ�È{ÉÜ×Ê�Æ�Î;Ê�/EÙBA�Ý�È�Û�È{É 9 ; Ý&éRÎGÉuÞ�È�Ê3È{Û3Î�Í�Û�ÔÇÄÎ�Û�Ð«Ê�Ô�áWÇÄË�È�Ó Ð
Ê�ÆuÎGÊ<9 ; È{Û3ßÄÔWÖ�ÌuÍ{Ç�Ê�Ç-ØuÉuÞuÇbË<��ì ° ÌuË�Ô #�ÇÄßbÊ�È{ÔWÉÜÛÄâ¢ÙÕÅ"ÆuÇÄÛ�Ç�Î�Ë�Ç-Ê�ÆuÇ0Û�Î�Ö�Ç�ÎGÛ3ê�Ë�Û�Ê�æ ÔWË�ÞÜÇÄË¶ÌuË�Ô #�ÇÄß�Ê�È�ÔWÉuÛÄâ
� ÇbÇ�é�ÓÕÔWË"Ç�â ×uâ¤é í �xÖ�Ö�ð � é	� î �qñ � é � Ê�ÇÄñ�Üé � Ê�Çtñ��;õRÓÕÔWË"Ñ�Î�ß]�z×WË�ÔWØuÉuÞ
Î�ÉuÞ«ÞuÇbê�ÉÜÈ�Ê�È�ÔWÉuÛ"ÔWÉ©ÌuË�Ô #�ÇÄß�Ê�È�ÔWÉuÛÄâ Ý

!3ÔJÒ�ÇbáWÇbËÄéEÒ�ÇÈ�ÉußÄÍ�ØuÞuÇ�Î«ÞÜÈXW�ÇÄË�ÇbÉhÊ(ÌuË�ÔCÔGÓ7ÆuÇbË�Ç�é�Ñ�ÔGÊ�Æ Ê�Ô:�GÇÄÇbÌ¡Ê�ÆuÇ�Ì�Î�ÌTÇÄË-Û�ÇbÍ�ÓÏæ ßÄÔWÉhÊwÎGÈ{ÉuÇbÞ�é�ÎGÉuÞ
Î�Í�Û�Ô�ÑTÇÄßÄÎ�ØuÛ�Ç7Ê�ÆuÇ�ÔWØÜÊ�Í�È{ÉuÇ[Ô�ÓuÊ�ÆuÈ{Û�ÌuË�ÔdÔ�Ó�Û�ÇÄË|áWÇÄÛÊ�Ô�ÌuË�ÇÄÌ�Î�Ë�Ç�Ê�ÆÜÇ7×WË�Ô�ØuÉuÞ(ÓÕÔWË�Û�Ô�Ö�Ç�Û�ØuÑuÛ�Ç �zØuÇbÉzÊ[ÌuË�ÔCÔGÓÕÛ
È{É¦Ê�ÆuÈ{Û"Ì�ÎGÌ�ÇbËÄâ
� � & &~O2�

Ù@ÎhÝ�� Ê¶È{Û�ÔWÑháCÈ�ÔWØuÛ�Ê�Æ�ÎGÊÄé�ÓÕÔWË�Î�ÉhÐ�ÍÏÎGÉu×WØ�Î�×�Ç 9 È�É&37�D/(�¢éT��9 ; È{Û3È{ÉU�P�â�Ù �xÉ�Ó²Î�ß�Êté�È¤Ê�È�Û�ßbÍ{ÇtÎGË
Ê�ÆuÎGÊ"Ê�ÆuÈ�Û"ÆuÔWÍ�ÞuÛ�Î�Í{Û�Ô�ÓÕÔWË�Î�ÉhÐ 9VÈ{É �A�D/(��é¸Î�ÉuÞ©ÑhÐ í 6=�¶ñ � é	�<6���ñWñ�õ�Ê�ÆuÈ�Û"È{Û"Í{ÈX��ÇbÍ�Ð�Ê�Ô�ÆuÔWÍ�Þ©ÓÕÔ�Ë�Î�Í{Í
9VÈ{É©ë4��/(�¢éuÊ�ÔdÔuâ Ý(Å"ÆdØÜÛ3È¤Ê�Û�Ø -�ßÄÇbÛ�Ê�Ô�Û�ÆuÔJÒ �P��æxÆ�Î�Ë�ÞuÉuÇbÛ�ÛÄâ

�¡Ç�ØuÛ�Ç7Ê�ÆuÇ7ßÄÔ�ÉuÛ�Ê�Ë�Øuß�Ê�È{Ô�É�È{É(Ê�ÆuÇ7ÌuË�ÔCÔGÓ¸Ô�Ó¸Å"ÆuÇÄÔ�Ë�ÇÄÖ Yuâ¤ôWâ���Ç�Ê²�+�Ñ�Ç�Ê�ÆuÇ=�P�RæxßbÔWÖ�ÌÜÍ{ÇbÊ�Ç�ÌÜË�ÔWÑuÍ�ÇÄÖ
ßÄÔ�ÉuÛ�È�ÞuÇÄË�ÇÄÞ Ê�ÆuÇÄË�Ç�â,� Ê-Û�Ø -�ßbÇÄÛ}Ê�Ô«Û�ÆuÔJÒ Ê�Æ�ÎGÊ�Ê�ÆÜÇÄË�Ç�È�Û0Î¦Í{Î�Éu×WØ�ÎG×WÇ�9 " ��ì ° é�Ò�È¤Ê�Æ�Ê�ÆuÇ�ÌuË�ÔWÌTÇÄË�ÊxÐÊ�ÆuÎGÊ�Ê�ÆuÇÄË�Ç(È{Û3Î�É�ÇÄÎ�Û�Ð*Ë�ÇbÞuØuß�Ê�È{Ô�É
ÓÕË�ÔWÖ �+��Ê�ÔÊ�ÆÜÇ(ÌuË�ÔWÑuÍ{ÇbÖ5Ô�ÓßÄÔ�Ö�ÌuØCÊ�È{ÉÜ×@��9 ; â�ò*ÔWË�Ç�ÌuË�ÇÄßÄÈ�Û�ÇbÍ�ÐWé
Ò�Ç(Ò�È{Í�Í�ÌuË�ÇbÛ�ÇÄÉhÊ}Î�Ë�ÇÄÞÜØußbÊ�È{ÔWÉ3��Û�ØußwÆ�Ê�Æ�Î;Ê3ÓÕÔWË�Î�ÉhÐ1A�Ò�ÆuÈ{ßwÆ�È�Û�Ê�ÆuÇ�ÎGÞ #�Î�ßÄÇbÉußbÐ*Ö�ÎGÊ�Ë�È¤à«Ô�Ó�Î�×WË�ÎGÌuÆ
� Ô�Ó�Ê�ÆuÇ}Ë�ÇÄÛ�Ê�Ë�È�ßbÊ�ÇbÞ«ÊxÐdÌTÇ}ÞuÇÄÛ�ßÄË�È�Ñ�ÇbÞ
È�É6Ê�ÆuÇ}ÌuË�ÔCÔ�Ó�Ô�Ó�Å"ÆuÇÄÔ�Ë�ÇÄÖ YÜâ�ôWé}� �;ÙBA�Ý 8 ��9 ; Ù �uÙBA�Ý�Ý�â

ì�ÔWÉuÛ�È{ÞuÇbË�Ê�ÆuÇ�ÖÎGÊ�Ë�Èlà� � ÓÕË�Ô�Ö Ê�ÆuÇ7ÌuË�ÔCÔ�Ó¸ÔGÓ¸Å"ÆuÇÄÔWË�ÇÄÖ Yuâ�ô�â�� ÊÆuÎ�ÛEÇ�àÜÎ�ß�Ê�Í¤Ð(ÔWÉÜÇ7ÉuÇÄ×WÎGÊ�È¤áWÇ7ÇbÉzÊ�Ë�Ð�é
È{É*Ì�Ô�Û�È�Ê�È{ÔWÉ í ¨:S ô�� ¨Tõ7ÙÕßÄÔWË�Ë�ÇbÛ�ÌTÔWÉuÞuÈ�Éu×Ê�Ô�Ê�ÆuÇ í ¨]� ¨�õ�ÇÄÉhÊ�Ë|Ð
Ô�Ó�Ê�ÆuÇ�Ö�ÎGÊ�Ë�È¤à ��ÞuÇ�ê�ÉuÇbÞ�Ê�ÆuÇbË�ÇJÝ&âA� Ç
ÉuÔJÒ ßbÔWÉuÛ�È{ÞuÇbË�Ê�ÆuÇ î ÔdÔWÍ{ÇÄÎ�É¦ÖÎ;Ê�Ë�Èlà1� � ÔWÑCÊwÎ�È�ÉuÇÄÞ«ÑhÐ¦Û�Ç�Ê�Ê�È�Éu×¢Ê�ÆuÈ�Û�ÇÄÉhÊ�Ë|Ð©Î�Í{Û�Ô¢Ê�Ôb��ôWâ

Å"ÆuÇ�Ë�ÇbÞuØußbÊ�È{ÔWÉ �3Ò�Ç�ÑuØuÈ�Í{Þ�Ò�È{Í�ÍCÊ�Î
��Ç�Î�×WË�ÎGÌuÆ�� Î�ÛÈ{ÉÜÌuØÜÊtézÎGÉuÞ¢Ò�È{Í{ÍCÔWØÜÊ�ÌuØÜÊ[Î�Ì�Î�Ë|Ê�È{ßbØuÍÏÎGËEÛ�Ê�Ë�È{ÉÜ×
ÇÄÉÜßhÙ7� � Ý�Ê�Æ�Î;Ê¶ÇÄÉÜßÄÔdÞuÇÄÛ�Ê�ÆuÇ�Ö�ÎGÊ�Ë�È¤àª� � ÞuÇÄÛ�ßÄË�È�Ñ�ÇbÞ³Î�ÑTÔ�á�Ç�â � Å"ÆÜÈ{Û¶Û|Ê�Ë�È�Éu×È�Û¶ÎÍ�È{Û|ÊtéTÈ{É
Ë�ÔJÒ¹Ö�Î #�ÔWË
ÓÕÔWË�Ö*é¸Ô�ÓÊ�ÆuÇ(ÇbÉußÄÔdÞuÈ{ÉÜ×WÛ�Ô�Ó�ÇÄÎ�ßwÆ�ÌTÔWÛ�È¤Ê�È{Ô�É Ù ¯ ��±dÝ�È�É�� � â=� Ç(Ò�È{Í�Í�ÇÄÉußbÔCÞuÇ(ÇtÎ�ßwÆ�ÌTÔWÛ�È¤Ê�È�ÔWÉ Ù ¯ ��±dÝ�ÑzÐ
Î�Û|Ê�Ë�È{Éu×�ÇÄÉußWÙ ¯ ��±CÝ�Ë�ÎGÊ�ÆuÇÄË�Ê�Æ�ÎGÉ�Ö�ÇbË�ÇbÍ�Ð¦Ê�ÆÜÇ(ÑuÈ¤Ê¶ÎGÊ�Ê�ÆuÎGÊ�ÌTÔWÛ�È�Ê�È�ÔWÉ�â"Å"ÆuÈ�Û�ÇbÉußÄÔdÞuÈ{ÉÜ×ßÄÔ�ÉuÛ�È�Û�Ê�Û3Ô�ÓÊ�ÆÜÇ
Ê�Ë�È{ÌuÍ�Ç�Ù ¯ R�±8R 
 Ý R�È�ÉuÞuÈ�ßtÎGÊ�È{Éu×¢Ê�ÆuÎGÊ3Ê�ÆuÇ¦Ù ¯ ��±dÝ"ÇÄÉhÊ�Ë|Ð
ÔGÓEÊ�ÆuÇ0ÖÎ;Ê�Ë�ÈlàL� � È�Û 
 â=�¡Ç-Ò�È{Í�Í�ÇÄÉußbÔCÞuÇ0Ê�ÆuÈ�Û3È�É
ÑuÈ�É�Î�Ë�Ð�édÎ�ÉuÞ�Ê�ÆzØuÛ�Ò�Ç3ÉuÇÄÇbÞÇÄÉÜßÄÔdÞuÈ{Éu×�Û[ÔGÓRÊ�ÆÜÇ3Û|ÐCÖ(Ñ�ÔWÍ�Û � Ý���Ù�� R��]�>�Äô �zâ+Å�Ô-Ñ�Ç�Û�ÌTÇÄßbÈ�ê�ßGéCÍ�ÇbÊ�ØuÛ[ÇÄÉÜßÄÔdÞuÇÊ�ÆÜÇ¶ÑuÈ{ÉuÎ�Ë�Ð�ÑuÈ¤Ê�ÛZ�(Î�ÉuÞ�ô¶ÑhÐ
ôWô �(ÎGÉuÞ�ôWôWôWédË�ÇbÛ�ÌTÇÄß�Ê�È�á�ÇÄÍ¤ÐWé�Î�ÉÜÞÒ�Ç¶Ò�È�Í{Í¸Í{Ç�Ê%���
�(Î�ÉuÞJ�
�Üô�ÇbÉußÄÔdÞuÇ¶Ê�ÆÜÇ
Í{Ç�Ó Ê"Î�ÉÜÞ6Ë�È�×WÆhÊ7Ì�Î�Ë�ÇÄÉhÊ�ÆÜÇÄÛ�ÇbÛÄé�Ë�ÇÄÛ�ÌTÇÄß�Ê�È¤áWÇÄÍ¤ÐWé�ÎGÉuÞJ�ÜôWô�Ò�È�Í{Í¸ÇÄÉÜßÄÔdÞuÇ�Ê�ÆÜÇ¶Û�ÇbÖ�È�ßÄÔWÍ�ÔWÉ�âV�3Í{ÍTÈ{ÉuÞÜÈ{ßÄÇbÛ ¯ ÎGÉuÞ±(Ò�È{Í�Í¸Ñ�Ç�Ë�ÇbÌuË�ÇbÛ�ÇÄÉhÊ�ÇÄÞ©ØuÛ�È�Éu× � 8�� Í{Ô�×²¨���ÑuÈ¤Ê�Û�ÙÕÒ�È¤Ê�ÆÍ�ÇtÎ�ÞÜÈ{Éu×��ÄÇbË�ÔWÛ�Ý�éuÎGÉuÞ6ÇtÎGßwÆ¦Ô�Ó�Ê�ÆÜÇÄÛ�Ç���ÑuÈ�Ê�Û[Ò�È�Í{ÍÑTÇ(ÇÄÉÜßÄÔdÞuÇÄÞ�ÎGÛ�Î�ÑTÔJáWÇGâ � Ô�ÓÕÔWË�ÇtÎ�ßwÆöÙ ¯ ��±dÝ&é�ÇbÉußhÙ ¯ ��±dÝ�È�Û�Î�Û�Ê�Ë�È{ÉÜ×Ô�ÓÍ�ÇÄÉu×GÊ�Æ:� �q�¬ôJðCé�ÎGÉuÞ�ÇÄÉÜßhÙ7� � Ý
È{Û�Ê�ÆuÇ(Û�Ê�Ë�È{Éu×ÇÄÉußWÙ|ô��tôJÝ|ÇÄÉÜßhÙ|ô��  WÝ E�E�E ÇbÉußhÙqô�� ¨�ÝqÇÄÉußWÙQ ��Äô�Ý E�E�E ÇÄÉußWÙ�¨]� ¨�Ý&â(�+Ç�Ê�ØuÛ¶ßÄÎ�Í{Í+Ê�ÆÜÈ{Û�Û|Ê�Ë�È{Éu× �ÜÙ �0Ý�â
� Ê�È{Û"ßbÍ{ÇtÎGË7Ê�Æ�ÎGÊ.�(È{Û"ßÄÔ�Ö�ÌuØCÊwÎ�ÑuÍ�Ç�È{É©ØuÉuÈ¤ÓÕÔWË�Ö ��ì ° Ù²Î�ÉuÞ©È{É¦Ó²Î�ß�Ê.�¢È{Û�Î¢ÌuË�Ô #�ÇÄßbÊ�È{ÔWÉ�Ý�â
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Å"ÆuÇ�ÍÏÎ�ÉÜ×WØ�Î�×WÇ 9 È{É^��ì ° È{Û3Ê�ÆuÇ¢Û�ÇbÊ}Ô�Ó�Î�Í�Í�Û|Ê�Ë�È�Éu×WÛ > Û�ØußwÆ³Ê�Æ�Î;Ê > È{Û¶Î6Û�ØuÑuÛ|Ê�Ë�È{Éu×©Ô�Ó[ÇÄÉÜßhÙ��
Ý
ÓÕÔWË"Û�ÔWÖ�Ç�Ö�ÎGÊ�Ë�È¤à9� é�Ò�ÆuÇbË�Ç > Û�Î;Ê�È{Û|ê�ÇÄÛ�Ê�ÆÜÇ}ÓÕÔ�Í{Í{ÔJÒ�È�Éu×�ÌuË�ÔWÌ�ÇbË�Ê�È{ÇÄÛ
Ù|ôJÝ > È�Û"Ô�Ó�Ê�ÆuÇ�ÓÕÔWË�Ö

7�¨ & Ùqô��tô�Ý �#�#�H7�¨ & Ù|ô���±dÝ:�#�#�;7�¨ & Ùqô�� ¨�Ý
7�¨ & ÙL ��tô�Ý �#�#�H7�¨ & ÙQ ���±dÝ:�#�#�;7�¨ & ÙL �� ¨�Ýâââ âââ âââ âââ âââ
7�¨ & Ù ±��tô�Ý �#�#�H7�¨ & Ù¥±���±dÝ

Ò�ÆuÇbË�ÇF� Ù ±��tô�Ý 8 ôWé����
ÙQ �Ý > È�Û"Ô�Ó�Ê�ÆuÇ�ÓÕÔWË�Ö

7�¨ & Ù ¯ � ¯ � ô�Ý �#�#�;7�¨ & Ù ¯ ��±dÝ �#�#�H7�¨ & Ù ¯ � ¨�Ý
7�¨ & Ù ¯ � ô��tô�Ý:�#�#�;7�¨ & Ù ¯ �çô�� ¯ �çô�Ý:�#�#�;7�¨ & Ù ¯ � ô���±dÝ5�#�#�H7�¨ & Ù ¯ � ô�� ¨�Ýâââ âââ âââ âââ âââ âââ âââ
7�¨ & Ù¥±��tô�Ý �#�#�;7�¨ & Ù¥±�� ¯ �çô�Ý �#�#�;7�¨ & Ù¥±���±dÝ

Ò�ÆuÇbË�Ç-È{É©Î�ÞÜÞuÈ�Ê�È{ÔWÉ1�¡Ù¥±�� ¯ � ôJÝ 8 ôWé����ªk�� �
	��©â
ÙLWÝ©Å"ÆuÇ}ÔWÉÜÍ�ÐÒ�ÔWË�Þ > "39PßbÔWÉhÊwÎ�È�ÉuÈ{Éu×�ÇbÉußhÙ�¨ � ¨�Ý�ÎGÛ3Î¢Û�ØuÑuÛ�Ê�Ë�È�Éu×�È�Û

7�¨ & Ù�¨JSÚô�� ¨�Ý
7�¨ & Ù�¨ �tô�Ý:�#�#�;7�¨ & Ù�¨ � ¨�Ý

Å"Æ�ÎGÊ�È{ÛÄédÈ�Ó > È�Û�Î-Û�ØuÑÜÛ�Ê�Ë�È{Éu×(Ô�Ó�ÇÄÉÜßhÙ7� � ÝÓÕÔWË�Î0×�Ë�Î�ÌuÆ:� Û�ÎGÊ�È�Û�Ó ÐdÈ{ÉÜ×-Ê�ÆuÇ�Ë�ÇÄÛ�Ê�Ë�È�ßbÊ�È�ÔWÉuÛ[ÞuÇÄÛ�ßÄË�È{ÑTÇÄÞ
ÇtÎGË�Í{È�ÇÄËbé�Ê�ÆuÇbÉ > È{Û}È{É 9�È�Ó�È�Ê}È�Û0Î©ÌuÈ�ÇÄßÄÇ�Ô�Ó�ÇÄÉußWÙ7� � Ý�Ê�ÆuÎGÊ(ßbÔWË�Ë�ÇÄÛ�Ì�ÔWÉÜÞuÛ-Ê�Ô*Ô�ÉuÇ�ß�ÐdßÄÍ{Ç�È{É�Î©ßbÐdßÄÍ�Ç
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�¡Ç�ÉuÔJÒ ßÄÔWÉÜÛ�È{ÞÜÇÄË�Ê�ÆuÇÞÜÇÄßÄÔ�Ö�ÌTÔWÛ�È¤Ê�È�ÔWÉuÛ�Ô�Ó �ÜÙ > Ý�È{ÉhÊ�Ô7Ò�ÔWË�ÞuÛ+È{É:9£ßÄÔWË�Ë�ÇbÛ�ÌTÔWÉuÞuÈ�Éu×"Ê�Ô7Ê�ÆÜÇ[ÞÜÈXW�ÇÄË�ÇbÉhÊ
� � �"Î�ÉÜÞN��� � ! Ì�ÎGÊ�ÆuÛ�È{É > â

6�ÇbßtÎ�Í�ÍRÊ�ÆuÎGÊ�Ê�ÆuÇ�ÓÕÔWË�ÖÎ�Í�Ì�ÔJÒ�ÇÄË�Û�ÇbË�È�ÇÄÛ�ÓÕÔWË V � �� ÔWÉ«Î�É«È{ÉÜÌuØÜÊ.�ÜÙ > Ý[È{Û"×WÈ¤áWÇÄÉ«ÑhÐ
4

��� ���#;��'&)(*(	( � +, �.- ,�/ �
Ù S-ô�Ý 0 V	� Ù > � Ý �#�#� V	� Ù > 0 Ý

�¡Ç�ßÄÍ{Î�È{Ö Ê�Æ�ÎGÊ}Ê�ÆuÇÄË�ÇÈ{Û-Î«ÑuÈ #�ÇbßbÊ�È¤áWÇ�ßÄÔWË�Ë�ÇbÛ�ÌTÔWÉuÞuÇbÉußÄÇ�Ñ�Ç�ÊxÒ�ÇbÇÄÉ �bæ �}ÎGÉuÞ �bæ � !�Ì�Î;Ê�ÆuÛ0È{É > ÎGÉuÞ
Ê�ÆÜÇ¦ÞuÇÄßbÔWÖ�ÌTÔWÛ�È�Ê�È�ÔWÉuÛ��ÜÙ > Ý 8 > � �#�#� > 0 Û�ØußwÆöÊ�Æ�ÎGÊ 	 0� ; � V�� Ù > � Ý 8 ôWâ ò«ÔWË�Ç©ÌuË�ÇÄßÄÈ�Û�ÇbÍ�ÐWéÊ�ÆuÇ��bæ �
Ì�ÎGÊ�ÆuÛ¶È�É > ÎGË�Ç(È�É�ÑuÈ #�ÇÄßbÊ�È�á�Ç(ßÄÔ�Ë�Ë�ÇbÛ�ÌTÔWÉuÞuÇbÉußÄÇ�Ò�È¤Ê�Æ�ÞÜÇÄßÄÔ�Ö�ÌTÔWÛ�È¤Ê�È�ÔWÉuÛ �uÙ > Ý 8 > � �#�#� > 0 Û�ØußwÆ�Ê�Æ�Î;Ê	 0� ; � V	� Ù > �ÕÝ 8 ôWé�Ò�ÆuÇÄË�Ç > 0 8 �5ÙÕÇ �zØuÈ�áGÎ�Í�ÇÄÉhÊ�Í¤Ð � > 0 � 8 ô�Ý&â /¶ÉOÊ�ÆuÇ�ÔGÊ�ÆuÇbË¦Æ�Î�ÉuÞ�é�Ê�ÆuÇ��bæ � !
Ì�ÎGÊ�ÆuÛ¶È�É > ÎGË�Ç(È�É�ÑuÈ #�ÇÄßbÊ�È�á�Ç(ßÄÔ�Ë�Ë�ÇbÛ�ÌTÔWÉuÞuÇbÉußÄÇ�Ò�È¤Ê�Æ�ÞÜÇÄßÄÔ�Ö�ÌTÔWÛ�È¤Ê�È�ÔWÉuÛ �uÙ > Ý 8 > � �#�#� > 0 Û�ØußwÆ�Ê�Æ�Î;Ê	 0� ; � V	� Ù > �ÕÝ 8 ôWéuÒ�ÆuÇÄË�Ç > 0 78 �çÙ²Ç �dØÜÈ�áGÎ�Í{ÇbÉhÊ�Í�Ð � > 0 �'� ô�Ý&â
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Another path in w:

A path in w:

The corresponding 
     path in r(w):

The corresponding 
     path in r(w):

1 2 2

1 2 2 3 3 4 4 5 5 6 6 1 1 2 2 2 1

1 3 1

1 3 3 4 4 5 5 6 6 1 1 2 2 3 3 1 1 

ã�È{×�ØuË�Ç�����ã�Ë�ÔWÖ Ò�È�ÞÜÊ�ÆCæC� î óÛ�Ê�Ô ��9 ; â
Å�Ô�Û�ÇbÇ�Ê�ÆuÈ�ÛÄéÜê�Ë�Û�Ê�ÉuÔGÊ�È{ßbÇ¶Ê�Æ�Î;ÊtéuÑhÐ¦ßbÔWÉuÛ�Ê�Ë�Øuß�Ê�È�ÔWÉ�é�ÇtÎGßwÆ*ÞuÇbßÄÔWÖ�ÌTÔWÛ�È¤Ê�È{Ô�ÉÒ�È�Ê�Æ > 0 8 �¡ÞuÇbêuÉuÇÄÛ3Î

ØuÉuÈX�zØuÇ �bæ ��Ì�Î;Ê�Æ
È�É > â�ì�ÔWÉháWÇÄË�Û�ÇbÍ�ÐWé¸ÊxÒ�ÔÞuÈ�Û�Ê�È�ÉußbÊ �bæ �7Ì�ÎGÊ�ÆuÛ�È{É > ×WÈ�á�Ç-Ë�È{Û�Ç}Ê�Ô�ÞuÈ{Û|Ê�È{ÉÜßbÊ�ÞuÇÄßbÔWÖ�Ì�ÔGæ
Û�È¤Ê�È�ÔWÉuÛ�Ô�Ó=�ÜÙ > Ý"È{ÉhÊ�Ô�Ò�ÔWË�ÞuÛ�È{É 90â�Ù.�çÆhÐ�\ ì�ÔWÉuÛ�È{ÞuÇbË3Ê�ÆÜÇ0ê�Ë�Û�Ê¶ÊxÒ�Ô6ÇÄÞÜ×WÇÄÛ�Ù ¯ ��±dÝ�Î�ÉuÞöÙ ¯ ��± !lÝ"Ò�ÆuÇÄË�ÇÊxÒ�Ô�Ì�ÎGÊ�ÆuÛ0ÞÜÈXW�ÇÄËÄâÅ"ÆuÇß�ÐCßbÍ{È�ß�Û�ÆuÈ�Ó Ê}ÓÕË�Ô�Ö ±�È{É��uÙ > Ý�Ò�È{Í�ÍEË�ÇÄÎ�ßwÆÚô6Î;Ê(Î«ÞuÈXW�ÇÄË�ÇÄÉhÊ-Ê�È{Ö�Ç¢Ê�Æ�ÎGÉ Ê�ÆÜÇßbÐdßbÍ{È{ß�Û�ÆuÈ�Ó Ê"ÓÕË�ÔWÖ ± ! âÅ"ÆzØuÛ�Ò�Ç0ÔWÑCÊwÎ�È�É©ÊxÒ�Ô�ÞuÈ{Û|Ê�È{ÉÜßbÊ�ÞuÇbßÄÔWÖ�Ì�Ô�Û�È�Ê�È{ÔWÉÜÛÄâ Ý

ã�ÔWË(Ê�ÆÜÇ6ßtÎ�Û�Ç > 0 78 �[éÔWÑuÛ�ÇÄË�á�Ç¦Ê�Æ�ÎGÊ �¬È{Û0Ê�ÆuÇ6Í{Î�Û�Ê�Í{ÇbÊ�Ê�ÇbË(Ô�Ó > 0 â���Ç�Ê > 0 8 > !0 ��â³ã�ÔWË > 0Ê�Ô©ÑTÇ¢È{É�90é�È�Ê�Ö�ØÜÛ�Ê}Æ�ÎtáWÇ�Î¦Ì�ÎGÊ�Æ�ÓÕË�ÔWÖ ô¢È{É�Ê�ÆÜÇ�Í�ÇbÓ Ê�Ö�ÔWÛ|Ê¶ßbÔWÍ{ØuÖ�É�Ê�Ô³ô¢È�É �nÒ�È�Ê�ÆÜÔWØÜÊ}Î�ÉhÐ£ô�È�É
È{ÉhÊ�ÇÄË�Ö�ÇÄÞÜÈÏÎGÊ�Ç�ÌTÔWÛ�È¤Ê�È{Ô�ÉuÛÄâEÅ"ÆÜÈ{Û"È{Û"ÌTÔWÛ�Û�È{ÑÜÍ{Ç¶ÔWÉÜÍ�Ð�È�Ó > !0 Æ�ÎGÛ3Î�ÌuÎGÊ�Æ¦ÓÕË�Ô�Ö ô}È{É6Ê�ÆuÇ�Í{Ç�Ó Ê�Ö�ÔWÛ�Ê�ßÄÔWÍ�ØuÖ�É
Ê�Ô¦Ê�ÆuÇ1 ¦È�É�È�Ê�Û�Ë�È{×�ÆzÊ�Ö�Ô�Û�Ê�ßbÔWÍ{ØuÖ�É�â¢ë�ÔJÒ}é�È¤Ê�È{Û�ÇÄÎ�Û�Ð
Ê�Ô©Û�ÇbÇ�Ê�Æ�ÎGÊ}ÞuÇbßÄÔWÖ�Ì�Ô�Û�È�Ê�È{ÔWÉÜÛ�Ò�È�Ê�Æ > 0 78 �
Î�Ë�Ç-È�É¦ÑuÈ #�ÇbßbÊ�È�áWÇ}ßbÔWË�Ë�ÇÄÛ�ÌTÔWÉuÞÜÇÄÉußbÇ0Ò�È�Ê�Æ/�Äæ � !¸Ì�ÎGÊ�ÆuÛ�È{É > âã�È{ÉuÎ�Í{Í¤ÐWé�Ò�Ç�ßÄÍ{Î�È{Ö$Ê�Æ�ÎGÊ M 8  �� È�Ó > 0 8 �¹Î�ÉuÞ M 8  �� S¹ô�Ô�Ê�ÆuÇbË�Ò�È�Û�Ç�âPÅ�Ô Û�ÇÄÇ�Ê�ÆÜÈ{ÛÄé
ÉuÔ�Ê�Ç�Ê�Æ�ÎGÊ � �ÜÙ > Ý �¸È�Û-Ç�áWÇbÉ¡Ò�È�Ê�Æ�Ê�ÆuÇ�Í{Î�Û�Ê}Û|ÐdÖ�Ñ�Ô�Í�ÎGÛ �çÎ�ÉuÞ�Çbá�ÇÄË|Ð¡È�ÉzÊ�ÇÄË�Ö�ÇbÞuÈÏÎGÊ�Ç¢Û�ÐdÖ�ÑTÔWÍ�È{É³Çbá�ÇÄÉÌTÔWÛ�È¤Ê�È{Ô�É�Î�Û�
 %Wâ-ã�È�Ë�Û|ÊtéRßbÔWÉuÛ�È{ÞuÇbË<�uÙ > Ý 8 > � �#�#� > 0 Û�ØÜßwÆ�Ê�Æ�ÎGÊ 	 0� ; � V	� Ù > � Ý 8 ôWéRÒ�ÆuÇbË�Ç > 0 8 ��â
� È�ÉußÄÇ�
 %�È�Û�ÉÜÇÄÈ�Ê�ÆuÇÄË6Î¡ÌuË�Ô�Ì�ÇbËÌuË�ÇbêÜàÚÉuÔWË6Î ÌuË�ÔWÌTÇÄËÛ�Ø -¢ànÔ�Ó-Î�ÉhÐ Ò�ÔWË�ÞOÈ{É 90é�È¤Ê�ÓÕÔ�Í{Í{ÔJÒ�Û�Ê�Æ�Î;Ê� > � � � 8 ôWédÎ�ÉuÞ�ÇtÎGßwÆ > � � 8 
 %WéhÓÕÔWË[Î�Í{Í ¯ Û�ØußwÆÊ�ÆuÎGÊ? ¯ ' M�â î Ð�ßÄÔWÉuÛ|Ê�Ë�ØußbÊ�È{ÔWÉ�ézÊ�ÆÜÇ3Û�ØuÑuÛ�Ê�Ë�È�Éu×WÛ > � � � �ßÄÔ�Ë�Ë�ÇbÛ�ÌTÔWÉuÞ¡Ê�Ô
Ê�ÆÜÇ ��ÇÄÞÜ×WÇÄÛ0Ô�Ó"Ê�ÆuÇ�ØuÉuÞuÇbË�Í¤ÐCÈ�Éu× �bæ ��Ì�ÎGÊ�Æ�â*Å"ÆzØuÛ M 8  ���â*ë3Ç�àdÊÄé�ÓÕÔWË > 0 78 ��é
ÉuÔ�Ê�È{ßbÇ�Ê�Æ�ÎGÊ > 0 ßÄÔWË�Ë�ÇÄÛ�Ì�Ô�ÉuÞuÛ�Ê�Ô6Ê�ÆuÇ�ÍÏÎ�Û|Ê�ÇÄÞu×�Ç¢Ô�Ó�Ê�ÆuÇ��bæ � ! Ì�Î;Ê�Æ³ØuÉuÞuÇbË�Í¤ÐCÈ�Éu×6Ê�ÆÜÇ�ÞÜÇÄßÄÔ�Ö�ÌTÔWÛ�È¤Ê�È�ÔWÉ�â!3ÇbÉußÄÇGé>M 8  �� SÚô�â

� Ê«ÉuÔJÒ ÓÕÔWÍ{Í�ÔJÒ�Û6Ê�Æ�ÎGÊ©Ê�ÆuÇ³ßÄÔdÇ�-�ßÄÈ�ÇÄÉhÊ
ÔGÓ��ÜÙ > ÝÈ{ÉOÊ�ÆuÇ³ÓÕÔWË�ÖÎ�Í3Ì�ÔJÒ�ÇÄË«Û�ÇbË�È{ÇbÛ«ÓÕÔ�Ë V � �� È{Û¦Ê�ÆÜÇ
ÞuÈ WRÇbË�ÇÄÉÜßÄÇ}È{É¦Ê�ÆÜÇ-ÉzØuÖ(Ñ�ÇbË�ÔGÓ �bæ ��Ì�ÎGÊ�ÆuÛ�Î�ÉuÞ«ÉzØuÖ�ÑTÇÄË�Ô�Ó?�Äæ � ! Ì�ÎGÊ�ÆÜÛ�È�É > âã�È{×�ØuË�Ç[�«È�Í{Í{ØÜÛ�Ê�Ë�ÎGÊ�ÇbÛ}ÆuÔJÒ%ÎN��� �}Ì�ÎGÊ�ÆOÙ ��� � ! Ì�ÎGÊ�Æ¸Ý-È�É > È{Û-ÖÎ�ÌÜÌ�ÇbÞ Ê�Ô�Î ��� �}Ì�ÎGÊ�Æ
È{É �ÜÙ > Ý¶Î�ÉuÞ�ÆuÔJÒ Ê�ÆuÈ�Û}Ì�ÎGÊ�Æ Î�Í�Í{ÔJÒ�Û,�uÙ > Ý�Ê�Ô*ÑTÇ�ÞuÇÄßbÔWÖ�Ì�ÔWÛ�ÇÄÞ È{ÉhÊ�Ô«Î�É�Çbá�ÇÄÉçÙÕÔCÞuÞRé�Ë�ÇÄÛ�Ì�ÇbßbÊ�È¤áWÇbÍ�ÐÜÝÉzØuÖ�ÑTÇÄË�Ô�Ó�ÌuÈ{ÇbßÄÇbÛÄâ

Ù²Ñ¸Ý"ã�Ë�Ô�Ö%Å"ÆuÇbÔWË�ÇbÖ �Üâ�Y�Ù²ßJÝ�È¤Ê"ÓÕÔWÍ{Í�ÔJÒ�Û�Ê�Æ�Î;Ê4� 9 ; ßÄÎ�É*ÑTÇ�ßÄÔ�Ö�ÌuØCÊ�ÇÄÞ«È{É:�¢ë¶ì � â
Å�Ô�Û�ÆuÔJÒVÆ�ÎGË�ÞuÉuÇbÛ�Û3ØuÉuÞuÇbËA��ì ° Ë�ÇÄÞuØuß�Ê�È�ÔWÉuÛÄé�Ò�Ç(Û�ÆuÔJÒVÆuÔJÒVÎ�É5��ì ° ßÄÈ{Ë�ßÄØuÈ¤Ê"Ò�È�Ê�Æ
ÔWË�Î�ßÄÍ�Ç-×WÎGÊ�ÇbÛÓÕÔWË���9 ; ßtÎGÉ*ßbÔWÖ�ÌÜØÜÊ�Ç � � 
 �~�'� � � Ù ��� ��Ý S � � 
��~�'� � � Ù � � � ! Ý&â
Å"ÆuÇ«ßÄÈ{Ë�ßÄØuÈ¤Ê�ê�Ë�Û�Ê�ßÄÔWÖ�ÌuØÜÊ�ÇÄÛ�ÓÕË�ÔWÖ > ÊxÒ�Ô Û|Ê�Ë�È{Éu×WÛ�á�ÇÄË|ÐöÛ�È{Ö�È{Í{Î�Ë}Ê�Ô �uÙ > Ý&â ��ÇbÊ�ØuÛ�ßtÎGÍ{Í�Ê�ÆuÇÄÖ

� � Ù > ÝÎ�ÉuÞ � �;Ù > Ý�â � � Ù > ÝEÈ{Û[ÔWÑÜÊwÎGÈ{ÉuÇbÞ�ÓÕË�ÔWÖ �ÜÙ > ÝEÑhÐ�Î�ÌuÌTÇÄÉuÞÜÈ{Éu× 
 %�ÎGÊ[Ê�ÆÜÇ3ÇbÉuÞÔ�Ó > ! ! È{ÉÜÛ�Ê�ÇÄÎ�ÞÔGÓ ��âë3ÔGÊ�Ç�Ê�Æ�ÎGÊ M(È�Û�Ç�áWÇÄÉ¢ÓÕÔWË�Çbá�ÇÄË�Ð�ÞuÇÄßbÔWÖ�ÌTÔWÛ�È�Ê�È�ÔWÉ��ÜÙ > Ý 8 > � �#�#� > 0 Û�ØÜßwÆ�Ê�Æ�ÎGÊ 	 0� ; � V�� Ù > � Ý 8 ôWéhÎGÉuÞ
ÆuÇbÉußÄÇGézÎ�ÛÎ�Ë�×WØuÇÄÞ¢È�É�Ì�Î�Ë|Ê�Ù²ÎhÝ�Î�ÑTÔJáWÇGéWÊ�ÆuÇbÛ�Ç"ÞuÇbßÄÔWÖ�Ì�Ô�Û�È�Ê�È{ÔWÉÜÛ�Î�Ë�Ç�È�É�ÑuÈ #�ÇbßbÊ�È�áWÇ�ßÄÔWË�Ë�ÇÄÛ�Ì�Ô�ÉuÞuÇÄÉÜßÄÇ7Ò�È�Ê�Æ
�bæ ��Ì�ÎGÊ�ÆuÛÄâ � È{Ö�È{Í{Î�Ë�Í¤ÐWé � �;Ù > Ý�È�Û"ÔWÑÜÊwÎGÈ{ÉuÇbÞ©ÓÕË�ÔWÖ �ÜÙ > Ý�ÑhÐ©Î�ÌuÌTÇÄÉuÞÜÈ{Éu×�Ê�ÆuÇ}ß�ÐCßbÍ{È�ß�Û�ÆuÈ¤Ó Ê0Ù ¯ � ô(S � ¯ Ý
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ÎGÊ�Ê�ÆÜÇ0ÇbÉuÞ�Ô�Ó > ! !TÈ{ÉÜÛ�Ê�ÇÄÎ�Þ
ÔGÓ ��â7ë3ÔJÒ;M«È�Û�ÔCÞuÞ©ÓÕÔWË�Çbá�ÇÄË�Ð«ÞuÇbßÄÔWÖ�ÌTÔWÛ�È¤Ê�È{Ô�É �ÜÙ > Ý 8 > � �#�#� > 0 Û�ØußwÆÊ�ÆuÎGÊ 	 0� ; � V	� Ù > �ÕÝ 8 ôWé¸ÎGÉuÞ*ÆÜÇÄÉußbÇ-Ê�ÆuÇÄÛ�Ç0ÞuÇbßÄÔWÖ�ÌTÔWÛ�È¤Ê�È{Ô�ÉuÛ"Î�Ë�Ç-È�É©ÑuÈ #�ÇbßbÊ�È¤áWÇ�ßbÔWË�Ë�ÇÄÛ�ÌTÔWÉuÞÜÇÄÉußbÇ0Ò�È�Ê�Æ
�bæ � ! Ì�ÎGÊ�ÆuÛÄâ

Å"ÆzØuÛ�Ò�Ç-Æ�ÎtáWÇ
/EÙ > Ý 8 � � 
 �~�'� � � Ù ��� ��ÝVSE� � 
 �~�'� � � Ù � � � ! Ý 8 ��9 ; Ù � � Ù > Ý�Ý�S ��9 ; Ù � ��Ù > Ý�Ý

Ò�ÆuÈ�ßwÆ*ßÄÎ�É*ÑTÇ}ßÄÔWÖ�ÌuØÜÊ�ÇÄÞ«ÑhÐ©Î�É2��ì ° ßbÈ{Ë�ßbØuÈ�Ê"Ò�È¤Ê�Æ¦ÊxÒ�Ô�ÔWË�Î�ßÄÍ�Ç�×hÎGÊ�ÇÄÛÄâ
Å"ÆuÈ{ÛßÄÔWÉuÛ|Ê�Ë�ØußbÊ�È{ÔWÉOßÄÎ�ÉOÑ�Ç*ÓÕØuË�Ê�ÆuÇÄË6Ö�ÔdÞuÈ�ê�ÇbÞnÊ�Ô ÐCÈ�ÇÄÍ�ÞOÎ�ÉK��ì ° ßÄÈ�Ë�ßÄØÜÈ�Ê�Ò�È�Ê�ÆçÎ Û�È{ÉÜ×WÍ{Ç*ÔWË�Î;æ

ßÄÍ�Ç
×hÎ;Ê�Ç«ßÄÔWÖ�ÌuØÜÊ�È{Éu×�Ê�ÆuÈ�Û1�zØ�Î�ÉhÊ�È�ÊxÐWâ � È{ÉÜßÄÇU¦  È�Û�Ô�Ó}ßbÔWÉuÛ|ÊwÎ�ÉhÊ6Ò�È�ÞÜÊ�ÆnÎ�ÉuÞÚÌTÔWÍ�ÐdÉuÔ�Ö�È{Î�Í{Í¤Ð¡Í�ÔWÉu×ué� � 
 �~�'� � � Ù � � � ! Ý3ßÄÎ�É³Ñ�Ç(Ë�ÇÄÌÜË�ÇÄÛ�ÇÄÉhÊ�ÇbÞ¡ØuÛ�È{Éu×¦Ô�ÉuÍ�Ð«ÌTÔWÍ�ÐdÉuÔWÖ�ÈÏÎGÍ{Í�ÐÖÎGÉzÐ*ÑuÈ¤Ê�ÛÄéRÛ�ÎtÐ �!ÑuÈ�Ê�ÛÄâ7� Ç
ßtÎGÉ�ézØuÛ�È�Éu×0Û|ÊwÎ�ÉÜÞ�Î�Ë�Þ�Ê�ÇbßwÆuÉuÈX�dØÜÇÄÛÄéCßÄÔWÉhá�ÇÄË�Ê�¦  Ê�Ô0Î�ÉuÔGÊ�ÆuÇbË�Ò�È�ÞÜÊ�Ædæ ��ÑuË�ÎGÉußwÆuÈ{ÉÜ×0ÌuË�ÔW×WË�Î�Ö ¦ ÙÕÒ�ÆuÔWÛ�Ç
Í{ÇbÉu×�Ê�Æ«È�Û� ��èÖ�ÔWË�Ç¶Ê�Æ�Î�É¦Ê�Æ�ÎGÊ�Ô�Ó ¦  Ý�Ò�È¤Ê�Æ©Û�Ô�ØuË�ßbÇ � ° é�Û�È{É��:� ° é�Û�ØußwÆ«Ê�Æ�ÎGÊ

� � 
 �~�B� � Ù � ° � � ° Ý 8  9 � � 
 �~�'� � � Ù � � ��Ý�� � � 
 �~�'� � � Ù � � � ! Ý E
ë3ÔJÒ ÎGÌuÌuÍ�ÐdÈ�Éu×6Ê�ÆuÇ�ßÄÔ�ÉuÛ�Ê�Ë�Øuß�Ê�È{Ô�É � � Ê�Ô¦Ê�ÆÜÈ{Û}ÑuË�ÎGÉußwÆuÈ{ÉÜ×*ÌuË�ÔW×WË�Î�Ö*é�Ò�Ç�ßtÎ�É ßÄÔWÖ�ÌuØÜÊ�Ç�ÎGÍ{Í�Ê�ÆuÇ�ÑuÈ�Ê�ÛÔ�Ó%� � 
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