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ÍÅËEÛfÐ·Î"Ò�Î"Ê±Ù�Ðªâ"ÈÅÊ�ÖÑÐªü�ÍlËEÛÑÐ¥Î"Ò?Þ

a�bdc eXfhgTi	gkjmlonqprlOs�i	gkp=f
ú�Ò>ÛfÇ�È¹Ë�ÓXÎaâ"È ý«ï�ëÅþ�ÿ�óOð�Ë�Ï¥É"Î�ÊÑÐ·ÛÑÇ�Ô�æXÛÑÇ�È	Ð¥Ò�ÐªÛfÐ ËEÏ�Ö�Î"Ï¥Ø�ÛÑÐ¥Î"Ò*Ð·Ö�Ó�Ø�Ð·Ï·Û�ÊfËEÒ�Ù�Î"Ô¹Ï·ù�Þ3Æ�Ç�Ð¥Ö�Ð·Ö�ÛfÇ�È
Ö�Ð¥Ô¹Ì�Ï¥È_Ö�Û#ÌXÎ"ÖÑÖ�Ð¥Ó�Ï·È�Î"Ì�ÛÑÐ¥Î"Ò�ÞÚ{�Ò�Î�ÛÑÇ�ÈÅÊ¯Ë�Ï·ÛÑÈÅÊ�Ò�ËEÛfÐªâ"È¸Ð·Ö#ÛfÎ>Ó�Ø�Ð·Ï¥Ù�Ë � Ý�Í_Î"Ï¥Î"Ê�Ð¥Ò�ÉGÓhù�Ø�ÖÑÐ¥Ò�É®Ë
É"Ê�ÈÅÈ_Ù�ù¹Ç�ÈÅØ�Ê�Ð¥ÖjÛfÐ¥ÍEÞK{�Í_ÍÅÎ"Ê�Ù�Ð¥Ò�É�ÛfÎ�Î"Ø�ÊrÈ/áCÌ�È_ÊÑÐ·ÈÅÒ�Í_È�æCÛÑÇ�ÈÅÊ�È�Ð·Ö�Ò�Î�Û�Ë�Ò�É�Ð¥Ó�Ï·È±Ë�Ù�âEË�Ò�Û�Ë�É�È�ÛfÎ�Ø�ÖÑÈ
ÛÑÇ�Ð¥Ö�Î"ÌCÛfÐ¥Î�Ò¸×çÎ"Ê±Ô¯Î"ÖjÛ±Î�×'ÛfÇ�È�É"ÊÑË�Ì�Ç�Ö_Þ

a�but vxw�gui?gOyzjml]c�{}|~p:�r�
n
ý�ï�ëÅþ«ÿ�óOð'Î"Ò�Ïªù ÍÅÎ"Ò�ÖÑÐ¥Ù�ÈÅÊÑÖ�ä_ÝHÔ¯Îaâ"È_Ö�n£å[�^¥¼r�ã±Ç�È_ÊÑÈ}å Ð¥Ö¹Ë®Í_ÊÑÐªÛfÐ¥ÍÅË�Ï:â�ÈÅÊ�ÛÑÈ/á�Þ Æ�Ç�Ð·Ö¯Ô¯Ë@yEÈÅÖ¹Ð·Û
ÈÅË�ÖÑÐ·ÈÅÊ�ÛÑÎ É"Ø�Ð¥Ù�ÈGÛfÇ�È*ÖÑË�ÊÑÍ�Ç ÛÑÎMã:Ë�Ê�Ù�Ö�É"ÎKÎCÙ Ê�ÈÅÉ"Ð·Î"Ò�Ö¸Î�×�ÛÑÇ�È*ÖÑÈÅË�ÊÑÍ�Ç ÖÑÌ�Ë�ÍÅÈEÞ ú�Ò�Ù�È_ÈÅÙ�æRã:È
Ç�Ëlâ�ÈzÎ"Ó�Ö�ÈÅÊ�â�ÈÅÙ�ÛfÇ�ËEÛ:Ó�ù¯Ø�ÖÑÐ·Ò�É�ä/Ý�Ô¹ÎMâ�ÈÅÖ�Ð¥Ò�â"Î"ÏªâKÐ¥Ò�É�Ò�Î"Ò�Í_ÊÑÐªÛfÐ¥ÍÅË�Ï�â"È_Ê�ÛfÐ·ÍÅÈ_ÖÅæ�ÐªÛ:Ð·Ö�Ô�Ø�Í�Ç�Ô¯Î�ÊÑÈ
Ù�ÐªÚ¹ÍÅØ�ÏªÛ#ÛfÎ>ÈÅÖ�ÍlË�ÌXÈ�×çÊ�Î"Ô Ë>Ï¥ÎKÍlËEÏ:Ô¹Ð¥Ò�Ð·Ô3Ø�Ô�Þ­Æ�Ç�È²ÊÑÈÅË�ÖÑÎ�Ò Ð·Ö	ÛÑÇ�ËEÛ#ÛÑÇ�ÈÅÊ�ÈGË�Ê�È¸Û�ùKÌ�Ð¥ÍÅË�Ï¥Ïªù
Ö�Î"Ô¯È�Ò�Î"Ò�Í_Î"Ò�t�Ð·Í_ÛÑÐ¥Ò�É#â"È_Ê�ÛÑÐ¥ÍÅÈ_Ö�å�ÛfÇ�ËEÒ�ÍÅË�Ò�ÊÑÈÅÍ_ÈÅÐªâ"È�Ë	Ò�È_ã�Í_Î"Ï¥Î"Ê/¥�ã±ÐªÛfÇ�Î�Ø�Û±ÍÅÊ�ÈlËEÛÑÐ¥Ò�É¹Ë�Ò�ù
Í_Î"Ò�t�Ð·Í_ÛfÐ·Ò�É#ÈÅÙ�É"È�æ�Ð·Ò²ã±Ç�Ð¥Í�Ç�ÍlË�Ö�È�"Àn:å[�^¥"rC� å�Þ5×�ù¸Ð¥Ô¹Ì�Î"Ö�Ð¥Ò�É�ÛfÇ�ËEÛ�å¯Ô3Ø�ÖjÛ±Ó�È�ÍÅÊ�Ð·ÛÑÐ¥ÍlËEÏ?Ð¥Ò²Ë
ä_ÝHÔ¯Îaâ�È�n£å[�^¥¼r,æEÎ"Ò�È�×çÎ�ÊÑÍÅÈ_Ö'ÛÑÇ�È�Ë�Ï¥É"Î�ÊÑÐ·ÛÑÇ�ÔàÛfÎRÙ�ÈlË�Ï�ã±ÐªÛfÇ�ÛfÇ�Î"Ö�Èrâ�ÈÅÊjÛfÐ¥Í_ÈÅÖ'ÛfÇ�ËEÛ�Ë�Ê�È�ÊÑÈÅÖ�Ì�Î�Ò�ÖÑÐ·Ó�Ï¥È
×çÎ"Ê�ÛÑÇ�È�È/áCÐ¥ÖjÛfÈ_Ò�ÍÅÈ)Î�×�ÍÅÎ"Ò�t�Ð¥Í_ÛÑÖÅÞ

Ä�ÎEÛfÐ¥Í_ÈRË�Ï¥Ö�Î�ÛÑÇ�ËEÛ�ÛfÇ�ÈRÎ�ÓKø�ÈÅÍ/ÛfÐ·â�ÈR×çØ�Ò�Í_ÛÑÐ¥Î"Ò¹Ù�ÈÅÍ_ÊÑÈÅË�ÖÑÈ_Ö:Ù�ÊÑË�Ô�ËOÛfÐ¥ÍÅË�Ï¥Ïªù)Ð¥Ò#ÛfÇ�ÈRÈlËEÊÑÏ·ù�Ö�ÛfË�É"ÈÅÖ
Î�×«ÛÑÇ�È±ÖÑÈlËEÊÑÍ�Ç¯Ë�Ò�Ù#ÛfÇ�È±Ç�È_Ø�ÊÑÐ·Ö�ÛÑÐ¥Í�É"È_Ò�ÈÅÊÑË�Ï¥Ïªù3Ø�Ö�ÈÅÖ�Ô¹Î"Ö�Û�Î�×XÐªÛfÖTÛfÐ·Ô¯ÈrÛfÊjùCÐ·Ò�É�ÛfÎ�È_Ï¥Ð¥Ô¹Ð¥Ò�ËEÛfÈrÛfÇ�È
Ï¥Ë�Ö�Û�Í_Î"Ò�t�Ð·Í_ÛfÐ·Ò�É�ÈÅÙ�É�ÈÅÖÅÞ�Æ�Ç�È_ÊÑÈ/×çÎ"ÊÑÈEæCÈ,á�Í_ÈÅÌ�Û�ËEÛ�ÛfÇ�È�â�ÈÅÊ�ù¹ÓXÈÅÉ"Ð·Ò�Ò�Ð·Ò�É�Î�×�ÛÑÇ�ÈRÖÑÈlËEÊÑÍ�Ç�æKÛfÇ�È_ÊÑÈRÐ¥Ö
Ë�Ï¥Ð·Ô¯ÐªÛfÈÅÙ#ÒhØ�Ô�Ó�È_Ê�Î�×�ÍÅÊÑÐªÛfÐ·ÍlË�Ï�â�ÈÅÊjÛfÐ¥Í_ÈÅÖ_Þ5l�ÈÅÒ�ÍÅÈ�æ�Ë�ÌXÎ"ÖÑÖ�Ð¥Ó�Ï·ÈRË�Ù�âEË�Ò�Û�Ë�É�È�Î�×�ÛfÇ�Ð·Ö�ÌXÎ"Ï·Ð¥Í_ù�Ð¥Ö�ÛfÎ
Ô¯Ë@y�È#ÈÅË�Í�Ç<Ð·ÛfÈ_ÊfËEÛÑÐ¥Î"Ò�×AË�Ö�ÛÑÈÅÊÅÞ�l�Îaã Ô�Ø�Í�Ç*×AË�Ö�ÛÑÈÅÊ�Ù�ÈÅÌXÈÅÒ�Ù�Ö�Î"Ò*ÛfÇ�È#Ð·Ô¯Ì�Ï·ÈÅÔ¹ÈÅÒ�Û�ËOÛfÐ¥Î�Ò�Þ�ß­È
ã±Ð·Ï¥Ï�Ò�Î�ÛfÐ·ÍÅÈ#Ð¥ÒªjCÈ_Í_ÛÑÐ¥Î"Ò���Þ�b¸ÛfÇ�ËEÛ�Ðª×�ËEÌ�Ì�ÊÑÎ�Ì�ÊÑÐ¥ËEÛfÈ3Ù�ËEÛ�ËOÝHÖ�ÛÑÊÑØ�Í/ÛfØ�Ê�ÈÅÖ�Ë�ÊÑÈ#Ø�Ö�ÈÅÙ�æ�ÛfÇ�È¹Í_Î"Ô¹Ì�ØCÝ
ÛfËEÛfÐ·Î"Ò�Ë�Ï�ÛfÐ·Ô¯È)Î�×rË�Ò*ÐªÛfÈ_ÊfËEÛÑÐ¥Î"Ò�Ð¥Ö�Ò�Î�Û�Ì�Ê�Î"ÌXÎ"Ê�ÛÑÐ¥Î"Ò�ËEÏ�ÛfÎ¸ÛfÇ�È3ÒhØ�Ô3ÓXÈÅÊzÎ�×�Í_ÊÑÐªÛfÐ¥ÍÅË�Ï�ä_Ý�Ô¹Îaâ"È_ÖÅæ
Ë�Ò�Ù²ÛÑÇ�È�Ó�È_Ò�È_ü�Û�Ð·Ò²ÛÑÇ�Ð¥Ö�ÍÅË�ÖÑÈ�Ô¯Ëlù�Ò�Î�Û±ÓXÈ�ÊÑÈlËEÏ¥Ï·ù¯ÖÑÐ·É"Ò�Ðªü�ÍlË�Ò�ÛÅÞ

a



a�bT� vxp=|��hlO��iq��f���gk�=�^�.p$w���p^p��
ú�Ò�ÛfÇ�È�Ë�ÓXÎ"ÊÑÈ*ý«ï�ëÅþ�ÿ�óOðCË�Ï¥É"Î�ÊÑÐ·ÛÑÇ�Ô�æCÛfÇ�È¯ä_ÝHÔ¯Îaâ�È)ÌXÈÅÊj×çÎ"ÊÑÔ¹ÈÅÙ�ËEÛRÈlËEÍ�Ç³Ð·ÛÑÈÅÊfËOÛfÐ¥Î�Ò�Ð¥Ö�ÛfÇ�È)ÓXÈÅÖ�Û
Î"Ò�ÈzË�Ô¹Î"Ò�É�Ë�Ï¥Ï«ÍÅÊ�Ð·ÛÑÐ¥ÍlËEÏ'ä/Ý�Ô¹ÎMâ�ÈÅÖ®nçÛfÐ·ÈÅÖ:Ë�ÊÑÈ�Ó�ÊÑÎcyEÈÅÒ�ÊÑË�Ò�Ù�Î"Ô¹Ï·ù�r,Þ�Æ�Ç�Ð·Ö�ã:Ë�Ö�Ò�Î�Û�ÛfÇ�È�ÍlË�Ö�ÈzÐ¥Ò
ÛÑÇ�È�Ð·Ò�Ð·ÛÑÐ Ë�ÏCâ"ÈÅÊ�ÖÑÐ·Î"Ò�Î�×�ý«ï�ëÅþ�ÿ�óOð¬����åM�7æKã±Ç�ÈÅÊÑÈ�ÛfÇ�ÈRÓ�È_Ö�Û:Ô¯Îaâ"ÈRã�ËEÖ:Í�Ç�Î"Ö�ÈÅÒ�ËEÔ¯Î"Ò�É�Ë)ÊfË�Ò�Ù�Î"Ô
ÖÑË�Ô¯Ì�Ï¥È�Î�×�ÍÅÊ�Ð·ÛfÐ·ÍlË�Ï�ä_Ý�Ô¹Îaâ"ÈÅÖ_Þ�Æ�Ç�È�Ö�Ð¥Ü_È)ÎE×�ÛÑÇ�È�ÖfË�Ô¹Ì�Ï¥Èzã:Ë�Ö±Û�ùKÌ�Ð¥ÍÅË�Ï¥Ïªù�Ë#ÖÑÔ¯Ë�Ï¥Ï?Ì�È_ÊÑÍÅÈ_Ò�Û�Ë�É"È
Î�×rÛfÇ�È3ÛfÎ�ÛfË�ÏTÒhØ�Ô3ÓXÈÅÊ�Î�×�Ì�Î�ÖÑÖÑÐ·Ó�Ï¥È�ÍÅÊÑÐªÛfÐ·ÍlË�Ï�ä_Ý�Ô¹Îaâ"ÈÅÖ_Þi{�Í_ÍÅÎ"Ê�Ù�Ð¥Ò�É�ÛÑÎ�Î�Ø�Ê�È/áCÌ�È_ÊÑÐ·ÈÅÒ�Í_È�æ�ÛfÇ�È
Ø�Ö�È)Ë	ÛÑÎCÎ#Ö�Ô�Ë�Ï·Ï�ÖfËEÔ¯Ì�Ï·ÈzÔ¯Ëaù¸ÍÅÎ"Ô¹Ì�ÊÑÎ�Ô¯Ð·ÖÑÈ�ÛÑÇ�È�È_Ú¹ÍÅÐ·ÈÅÒ�Í/ù²Î�×�ÛÑÇ�È�Ç�ÈÅØ�ÊÑÐ¥ÖjÛfÐ·Í�Þ

a�bZa ��n?�hgkw	j_i	gkp=f�yzw�gTi?�
w�gkp=f
Æ�Ç�È�Ë�Ö�Ì�Ð¥ÊÑËEÛfÐ·Î"Ò ÍÅÊ�Ð·ÛÑÈÅÊÑÐ·Î"Ò Ø�Ö�ÈÅÙ�Ð·Ò ÛfÇ�È�Ë�ÓXÎaâ"È ý«ï�ëÅþ�ÿ�óOð'Ë�Ï¥É"Î�ÊÑÐ·ÛÑÇ�Ô Ð¥Ö3â"È_Ê�ù�È_Ï¥ÈÅÔ¹ÈÅÒ�ÛfË�Ê�ù��
ÛÑÇ�È�Û�ËEÓ�Ø¸Ö�ÛfËEÛfØ�Ö�Î�×'Ë�ä_ÝHÔ¯Îaâ"Èon:å[�^¥"r�Ð¥Ö�ÍlË�Ò�Í_ÈÅÏ·Ï¥ÈÅÙ�Ð·×�ÐªÛ�Ï¥ÈÅË�Ù�ÖrÛfÎ	Ë�Ï·ÈÅÉ�Ë�ÏXÍÅÎ�Ï¥Î"Ê�Ð¥Ò�É�æhÐ·Ò�ã±Ç�Ð¥Í�Ç
ÍÅË�ÖÑÈ�ÛfÇ�È)ÖÑÈÅË�ÊÑÍ�Ç�ÍlË�Ò�Ó�È�ÖjÛfÎ"Ì�ÌXÈÅÙ?Þ/{ Ô¯Î"Ê�È�ÍÅÎ"Ô¹Ì�Ï·È/á�Ë�Ö�Ì�Ð¥ÊÑËEÛfÐ·Î"Ò�ÍÅÊ�Ð·ÛÑÈÅÊÑÐ·Î"Ò�ã�ËEÖ�Ì�Ê�Î"ÌXÎ"ÖÑÈ_Ù
Ð·Ò����Eå��6Þ5lRÎaã:È/â"ÈÅÊ_æXË�ÍÅÍ_Î"ÊÑÙ�Ð·Ò�É3ÛfÎ#Î�Ø�Ê�È/áCÌXÈÅÊ�Ð¥ÈÅÒ�ÍÅÈ�æ�ÐªÛ�Ð·Ö:â"È_Ê�ù�ÊÑË�ÊÑÈ_Ï·ù¯Ø�ÖÑÈ_Ù�ËEÒ�Ù²Ð·ÛfÖ:ÊÑÈÅÔ¹ÎaâEË�Ï
Ù�ÎKÈÅÖ±Ò�ÎEÛ±ÖÑÈÅÈ_Ô!ÛfÎ	Ç�Ëlâ"È�Ë	Ò�ÈÅÉ�ËOÛfÐ·â�È�Ð¥Ô¹Ì�Ë�Í/Û±Î"Ò�ÛfÇ�È)Ë�Ï·É"Î"ÊÑÐªÛfÇ�Ô�Þ

a�bu� �\jm�hs�i?��f^s�w	�
Æ�Ç�È²ÒhØ�Ô3ÓXÈÅÊ¹Î�×�ÍÅÊ�Ð·ÛfÐ·ÍlË�Ï�ä_Ý�Ô¹Îaâ"È_Ö¹Ð·Ö#Ì�ÊÑÎ�Ì�Î"ÊjÛfÐ·Î"Ò�Ë�ÏrÛfÎ>ÛfÇ�È²ÒhØ�Ô3ÓXÈÅÊ	Î�×�ÍÅÊ�Ð·ÛfÐ·ÍlË�Ï�â"ÈÅÊjÛfÐ·ÍÅÈÅÖ
Ë�Ò�Ù Ô�Ëlù>ÛfÇ�È_ÊÑÈ/×çÎ"ÊÑÈ�Í_Î"Ò�ÖÑÐ·Ù�ÈÅÊÑË�Ó�Ïªù®âEË�Êjù­Ù�Ø�ÊÑÐ¥Ò�ÉGÛfÇ�È�ÖÑÈlËEÊÑÍ�Ç�Ì�ÊÑÎKÍÅÈ_ÖÑÖ_Þ®Æ�Ç�È¸ÛfË�Ó�Ø ÛÑÈÅÒhØ�ÊÑÈ
ÛÑÇ�ÈÅÊ�È_×çÎ"Ê�ÈrâEË�Ê�Ð¥ÈÅÖ�ÙCùCÒ�Ë�Ô¯Ð·ÍlË�Ï·Ï·ù�Þ�ú�Ò�Î"Ø�Ê�È,á�ÌXÈÅÊ�Ð¥Ô¹ÈÅÒ�ÛfÖ_æEã�È�Î�Ó�ÖÑÈ_Ê�â"È_Ù3ÍÅÏ·ÈlË�Ê�Ï·ù�ÛfÇ�ËEÛ�Ë±ÍÅÎ"Ò�Ö�Û�ËEÒhÛ
ÛfË�Ó�Ø­ÛÑÈÅÒhØ�ÊÑÈ¹ã�ËEÖ3É"ÈÅÒ�ÈÅÊfËEÏ¥Ï·ù>Ð·Ò�Ë�Ì�Ì�ÊÑÎ"Ì�Ê�Ð ËEÛÑÈ3ÝzÎ"Ò�Ï·ù>ÖÑÔ¯Ë�Ï·ÏrÌXÎ"ÊjÛfÐ¥Î�Ò�Ö�ÎE×�ÛfÇ�È¯ÖÑÈÅË�ÊÑÍ�Ç Ö�Ì�Ë�ÍÅÈ
Ë�Ê�È#È/áCÌ�Ï·Î"ÊÑÈ_Ù>ã±ÐªÛfÇ>Ë¸ÛfÎKÎ¸Ö�Ô�Ë�Ï·Ï�ÛfË�Ó�Ø*ÛfÈ_ÒKØ�ÊÑÈ#ã±Ç�Ð¥Ï·È�ÛfÎKÎ�Ï ËEÊÑÉ"È)â�ËEÏ¥Ø�È_Ö�Ë�Ì�ÌXÈlË�ÊzÛÑÎ�Ó�È3ÛÑÎCÎ
Ê�ÈÅÖ�ÛÑÊÑÐ·Í_ÛfÐªâ"ÈEÞ ÄRÎ�ÛfÐ·ÍÅÈGÇ�ÎMã�È_â�ÈÅÊ²ÛfÇ�ËOÛ²Ë ÍÅÎ"Ò�Ö�Û�ËEÒhÛ�ÛfË�Ó�Ø ÛfÈ_ÒhØ�ÊÑÈ*È�sKØ�Ë�Ï�ÛfÎâd®ã:Ë�Ö�Ø�Ö�ÈÅÙ Ð¥Ò
����åM�¦n7Ë�Ö�Ì�ÊÑÎ�Ì�Î"Ö�ÈÅÙ*Ð·Ò³ÖÑÎ"Ô¹È�ÈÅË�ÊÑÏªù²ã:Î"Ê yGÎ�×�e�Ê�ÈÅÙ�f�Ï¥Îaâ"È_Ê;r,æ?Ð¥ÒGÍÅÎ"Ô3Ó�Ð¥Ò�ËEÛÑÐ¥Î"Ò²ã±Ð·ÛÑÇ*Ë�Ö�Ô�Ë�Ï·Ï
ÊÑË�Ò�Ù�Î"Ô ÖfË�Ô¹Ì�Ï¥È�Î�×�ÍÅÊ�Ð·ÛfÐ·ÍlË�Ï�ä_Ý�Ô¹Îaâ"ÈÅÖznõÛfÎ¹Ó�È)Î"Ì�ÌXÎ"ÖÑÈ_Ù�ÛÑÎ�Ë	ÍÅÎ"Ô¹Ì�Ï·È_ÛfÈ�Ò�ÈÅÐ¥É�ÇKÓXÎ"Ê�Ç�ÎCÎKÙ[r,ÞX{
Í_Î"Ò�Ö�ÛfË�Ò�Û±Û�Ë�Ó�Ø²ÛfÈ_ÒhØ�ÊÑÈ)Ô�Ëlù�Ó�È)Ë#ÍÅÎ"Ê�ÊÑÈ_Í_ÛRÎ"Ì�ÛÑÐ¥Î"Ò²Ð¥Ò�ÛÑÇ�Ð¥Ö�ÍÅË�ÖÑÈEÞ

{�Ò�Î�ÛfÇ�È_ÊzÐ¥Ô¹ÌXÎ"Ê�ÛfË�Ò�Û�Ð·ÖÑÖ�Ø�È3Ð¥Ö�Ç�Îaã°ÛfÎ¸Ù�È/ÛfÈ_ÊÑÔ¹Ð¥Ò�È)ÛfÇ�È�âEË�Ï·Ø�È�ÎE×�Ì�Ë�ÊfËEÔ¯È/ÛfÈÅÊ�Ö�' Ë�Ò�Ù�)�Þ
f�Ë�Ï¥Ð·Ò�Ð¥È_Ê�Ë�Ò�Ùml�Ë�Î�ÖÑØ�É�É"ÈÅÖjÛ�ÛfÎ�Í�Ç�ÎKÎ"ÖÑÈo' ÊfË�Ò�Ù�Î"Ô¯Ïªù*Ð¥Òà�òåCæ�`���Ë�Ò�Ù®ÛfÎ�ÖÑÈ/Û&)���åCÞ�b�Þ�Æ�Ç�ÈÅÖ�È
âEË�Ï·Ø�ÈÅÖ�Ö�ÈÅÈÅÔ ÛÑÎ�Ó�È*Ê�ÈlË�Ö�Î"Ò�Ë�Ó�Ïªù É"ÎKÎKÙ�æ�ËOÛ²Ï¥ÈlËEÖ�Û�×çÎ"Ê¸ÛÑÇ�È>É"ÊfË�Ì�Ç�Ö¸ÛfÇ�È/ù ÛfÈ_Ö�ÛfÈ_ÙJÐ·Ò ÛfÇ�È_Ð¥Ê
È,á�ÌXÈÅÊ�Ð¥Ô¹ÈÅÒ�ÛfÖu�}ä$qM�7Þ5l�Îaã�È_â�ÈÅÊÅæ�ÛÑÇ�ÈÅÖ�È�âEË�Ï·Ø�ÈÅÖ:Ô�Ëlù¯Ó�È�Ð·Ò�Ë�Ì�Ì�Ê�Î"Ì�Ê�Ð ËEÛÑÈ�×çÎ"Ê�ÎEÛfÇ�È_Ê�É"ÊfËEÌ�Ç�Ö±Ë�Ò�Ù
ÛÑÇ�ÈÅÖ�È)Û�ã�Î¯Ì�Ë�ÊfË�Ô¹È_ÛÑÈÅÊ�Ö�ÖÑÇ�Î"Ø�Ï¥Ù�Ð¥Ù�ÈÅË�Ï¥Ïªù¯ÓXÈ�ÖÑÈ/Û�Ð·Ò�Ö�ÛfË�Ò�ÍÅÈ�Ó�ù²Ð·Ò�Ö�ÛfË�Ò�ÍÅÈEÞ

a�bT� �[j_iqj~n�iqw�s�y�i	s�w	�
n
è�Î�Ö�Û3ÎE×�ÛfÇ�È¯ÍÅÎ"Ô¹Ì�Ø�ÛÑÐ¥Ò�É�ÛfÐ¥Ô¹È¹Ð¥Ò ý�ï�ëÅþ«ÿ�óOð?Ð¥Ö)ÖÑÌXÈÅÒ�Û	ËEÛ�ÈlË�Í�Ç ÐªÛfÈÅÊÑËEÛfÐ·Î"Ò<Ð¥Ò­Í�Ç�ÎCÎ"Ö�Ð¥Ò�É�ÛfÇ�È
ÓXÈÅÖjÛ�Ì�Î�ÖÑÖÑÐ·Ó�Ï¥È�ÍÅÊ�Ð·ÛfÐ·ÍlË�Ï�ä_ÝHÔ¯Îaâ�È�Þç{ Ò�Ë�Ð·â�ÈGÛfÈ_Í�Ç�Ò�ÐÁsKØ�ÈG×çÎ"Ê�Ù�Î"Ð¥Ò�É®ÛfÇ�Ð·Ö¯ã�Î"Ø�Ï¥Ù�ÍÅÎ"Ò�Ö�Ð¥ÖjÛ�Ð¥Ò
È/â�ËEÏ¥Ø�ËEÛÑÐ¥Ò�É<ÛfÇ�ÈGÌ�È_Ê�×çÎ"Ê�Ô�Ë�Ò�ÍÅÈ�"Àn:å[�^¥"r¹Î�×�ÈÅË�Í�ÇàÍÅÊÑÐªÛfÐ·ÍlË�Ï�ä_ÝHÔ¯Îaâ"È³Ë�Ò�Ù Í�Ç�ÎKÎ"ÖÑÐ·Ò�É­ÛÑÇ�È³ÓXÈÅÖ�Û
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Technique Reference Other features G500,0.5 G1000,0.5

Morgenstern(1996)

Bloechliger and
Zufferey (2003)

Johnson et al. (1991)

Hertz and 
de Werra (1987)

Chams et al. (1987)

Costa et al. (1995)

Fleurent and
Ferland (1996)

Dorne and Hao (1998)

Galinier and Hao (1999)

Glass and
Pruegel-Bennett (2003)

Galinier et al. (2003)

Avanthay et al. (2003)

k-fixed penalty 

Steepest descent

Galinier and Hao (1999)

Search Strategy LS method

Population

based

algorithms

without stable

sets extraction

preprocessing

with stable

sets extraction

preprocessing

LS methods with 

stable sets extraction

preprocessing

Pure LS

One

neighborhood

Several

neighborhoods

Greedy algorithm

Johnson et al. (1991)

Johnson et al. (1991)

Brélaz (1979)

Johnson et al. (1991)

Hertz and 
de Werra (1987)

Chams et al. (1987)

Fleurent and
Ferland (1996)

Morgenstern(1996)

k-fixed penalty 

k-fixed penalty 

k-fixed penalty 

k-fixed penalty 

k-fixed penalty 

k-fixed penalty 

k-fixed penalty 

k-fixed penalty 

k-fixed penalty 

k-fixed penalty 

k-fixed penalty 

k-fixed penalty 

k-fixed penalty 

legal 

penalty

k-fixed partial legal 

k-fixed partial legal 

k-fixed partial legal 

Steepest descent

Tabucol

Tabucol

Tabucol

Tabucol

Tabucol

Tabucol

Tabucol

Tabucol

Tabucol

Tabucol

SA

SA

SA

SA

Simplified SA

Simplified SA

SA

DSATUR

Reactive tabu search

s-chains

VNS

Greedy algorithm for
extracting stable sets

Tabu search for
extracting stable sets

XRLF

Tabu search for
extracting stable sets

GLS + extraction of
r-stable sets

GLS + tabu search for
extracting stable sets

GLS with partition-
based crossover 

Adaptive memory

-

-

-

-

-

-

- -

- -

67 113

54 98

51 93

51 91

49 87

50 91

49 89

49 89

49 88

49 90

54 91

50 87

50 86

49 84

49 85

49 84

48 84

48 83

48 83

48 83

48 84

GLS with partition-
based crossover 

GLS with partition-
based crossover 

s-chains + XRLF

e�Ð¥É"Ø�ÊÑÈu�À��´:Î"Ô¹Ì�Ë�ÊÑËEÛfÐªâ"È�Ê�ÈÅÖÑØ�Ï·ÛfÖ±Î"Ò�Û�ã�Î¯ÊÑË�Ò�Ù�Î�Ô!É"ÊfËEÌ�Ç�ÖÅÞ
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