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Ì¯Í*Î�ÏbÐ�ÑOÒ~ÏµÐgÓ�Î�Ô­ÏbÐgÕ~ÐOÖ�Î~×'ØXÐgÙ?ÚXÛ'Ò<ÓHÖ�ÐgÏÀÚ�Î�Ø¼Ò~Ù�Ü¾Ó�Ý'ÑgÑ
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Î<ÖÞÖ�ß¢Ó|ß�Î~ÙbãJÔ�â�ÐOÐ�×'ÒyÚ�Û'Ó®Î�Ô�â�ß�á~ß¢Ï�Î~â6Ò�â�Ú�ß¢Ñ
Ý'Ö�Ò�Ú�ÐgÏ�â�Î~ä=Î�Ú�Ó¯ß�Ù�ÒXå?Ù'ÎyÍ®Ù,æµÑ
Ö�ÝbÚ|Ú�ÐOâ�ÐgÏ�ÐOÙ�Õ�ß�â�Î<ÙµØ¼ÐOÙ?Úgç%Ì¯ÛµÐ�Ó|Ð�Ò�Ö�á~Î<â�ßÞÚ�Û'Ø¼Ó*Û'Ò:Õ<Ð
ÐOÙ�è«ÎyÜ~ÐgÏTá~â�ÐgÒyÚ¯Ó|ÝGÑOÑ
Ð�Ó�Ó¯Ò<Ñ
â�Î<Ó�Ó-Ø¨Ò�Ù�Ü¨ÏbßÞé=Ðgâ�ÐgÙ<Ú®å�ß�Ù'ÏµÓ*Î�Ô]â�Î~ä=Î�Ú�ß�Ñ­×µÖ¢ÒyÚ|Ô�Î<â�Ø¨Ó*ß�Ù2ä=Î�Ú�Û�â�ÐgÓ�ÐgÒ�â�Ñ�ÛTÒ�ÙGÏTß�Ù'ÏbÝ'Ó|Ú�â�ß�Ò~Ö=Ò~×µ×µÖ�ß¬ã
ÑOÒ�Ú�ß�Î~Ù'ÓgæbÒ�Ù'Ï2ßÞÙ�Ò�×µ×'ÖÞß¢ÑOÒ�Ú�ß�Î~Ù'Ó²äGÐgÜ~Î<Ù'ÏTâ�Î~ä=Î�Ú�ß�ÑgÓOæ�Ó|ÝGÑ�Û�Ò~Ó²Õ�ßÞâ�Ú�ÝGÒ�ÖY×µâ�Î�Ú�Î~Ú«Ü�×µßÞÙ'á'æ?á~â�Ò�×µÛµß¢ÑOÒ~ÖGÒ~ÙµßÞØ¨Ò�Ú�ß�Î~Ù,æbÒ�â�Ñ�ÛµßÞÚ�Ð�Ñ�Ú�Ý'â�Ð<æ
Ò�ÙGÏ¨Ñ
Î~Ø¼×µÝµÚ�ÒyÚ�ßÞÎ<Ù'Ò�Ö'äµßÞÎ<ÖÞÎ<á~Ü<ç.êëÛµß�Ö�Ð­Ø¼Î<Ó|Ú�Î�ÔRÝ'Ó²Ò�â�Ð6Ò:Í*Ò~â�Ð*Ú�Û'ÒyÚ*ä'Ò~Ó�ß�Ñ¯×GÒyÚ�Û¨×'Ö�Ò~ÙµÙµß�Ùµá�â�ÐO×µâ�ÐgÓ�ÐOÙ?Ú�Ó�Ò�Õ~Ðgâ�Ü�â�Ð�Ó«Ú�â�ß¢Ñ�Ú�ÐgÏ
Õ~Ðgâ�Ó�ß�Î~Ù¼Î�Ô,Ø¼Î�Ú�ßÞÎ<ÙTÓ«Ú�â�Ò�Ú�Ðgá~ÜH×'â�Î<äµÖÞÐgØ¨Ó-Î�Ô¦Ú�ÐOÙTÐgÙ'Ñ
Î<ÝµÙ?Ú�Ðgâ�Ð�Ï¼ßÞÙTâ�Î~ä=Î�Ú�ß�ÑgÓOæ<Ð
ìbß¢Ó«Ú�ßÞÙµá�Ò�Ö�á~Î~â�ßÞÚ�ÛµØ¨Ó%Ú�Û'ÒyÚ²Û'Ò�Ù'ÏµÖÞÐ�ØXÎ<â�Ð�Ïbß¬Ô¦ã
í ÑOÝµÖ¬Ú®×µâ�Î~ä'ÖÞÐgØ¼Ó®Ó�Ý'Ñ�Û�Ò~Ó*ÝµÙµ×µâ�ÐgÏµß�Ñ
Ú�Ò�ä'ßÞÖ�ß¬Ú«Ü<æµÓ|ÐgÙ'Ó�ßÞÙµáXÝµÙ'ÑOÐOâ�Ú�Ò~ßÞÙ?Ú«Ü~æbÙ'Î~ÙµÛµÎ<ÖÞÎ<ÙµÎ~Ø�Ü~æ�Ò�Ù'Ï�ÏbÜ�Ù'Ò~ØXß¢ÑOÓ¯Ó�ÐOÐgØ)Ú�ÎXÔrÒ�Ö�Ö,Ó�ÛµÎ~â�Ú
Î�Ô­Ú�ÛµÐ�Ó�Ò�Ø¼Ð�Í®ß¢ÏbÐ�Ó|×µâ�ÐgÒ<ÏÀÒ�×'×µÖÞß¢ÑOÒ~äµß�ÖÞßÞÚ«ÜÀÒ�Ù'ÏQÝ'Ó�Ð�ÑOÝµâ�â�ÐOÙ?Ú�ÖÞÜ¾ÐOÙ�è«ÎyÜ~ÐgÏQä�ÜÀÓ|Î<ØXÐ�ä'Ò~Ó�ß¢Ñ2×'Ò�Ú�ÛZ×µÖ�Ò~ÙµÙµß�Ùµá�Ú�ÐgÑ�Û'Ùµß�à?ÝµÐ�ÓOç
êîÐ¨×µâ�Î<×GÎ?Ó|ÐXÚ�ÛµÐTÏbÐOÕ<ÐOÖ�Î~×µØ¼ÐgÙ<Ú�Î~Ô²Ø¼Î�Ú�ßÞÎ<Ù¾Ó|Ú�â�ÒyÚ�ÐOá<Ü5Ò�Ö�á~Î~â�ßÞÚ�ÛµØ¨Ó�Ú�Û'Ò�ÚHÒ�â�Ð¼äµÝµß�Ö¬Ú�Î<Ù¾Ò�á?Ò�Ø¼Ð
ãJÚ�ÛµÐgÎ~â�Ð
Ú�ß�ÑHÔ�â�Ò~Ø¼ÐOÍ*Î~â�å
ïñð�ò æ ðyó æ óµô
õ æYÍ®Ûµß¢Ñ�Û5Í®ß�ÖÞÖ_ÛµÎ<×GÐOÔ�ÝµÖÞÖ�ÜoÖÞÐ�Ò~ÏoÚ�Î�Ó�Î~Ø¼Ð�Î~Ô%Ú�ÛµÐ¼Ó�Ò~Ø¼Ð�äGÐgÙµÐ í Ú�Ó�ÐOÙyè«ÎyÜ<ÐgÏoä�Ü�Ñ
Ýµâ�â�ÐOÙ?Ú­×'Ò�Ú�Û5×µÖ¢Ò�Ù'ÙµßÞÙ'á�Ò�Ö�á~Î~ã
â�ß¬Ú�ÛµØ¨ÓOæµä'ÝbÚ6ßÞÙGÓ«Ú�ÐgÒ~Ï�Ò�×'×µÖÞÜ2Ú�Î¨ÒXäµâ�Î<Ò~ÏµÐOâ®Ñ
Ö¢Ò~Ó�Ó¯Î�Ô�×µâ�Î<äµÖ�ÐOØ¨Ó*Ú�Û'Ò�Ú­Ò�â�ÐWÎ�Ô.ß�Ù?Ú�Ðgâ�Ð�Ó«Ú¯Ú�Î¼Ú�ÛµÐ�â�Î~ä=Î�Ú�ß¢ÑOÓ¯ÑOÎ~Ø¼ØHÝµÙ'ß¬Ú«Ü<ç
Ì.Î�Ò~Ñ�Ûµß�ÐOÕ<Ð¯Ó�Ý'ÑgÑ
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øQù Í²ÐgÖÞÖÞãJÔ�Î~â�ØHÝµÖ¢ÒyÚ�ÐgÏ¼×µâ�Î~äµÖ�ÐOØúÍ¯Ò~Ó%ß¢Ó|Î<Ö�Ò�Ú�Ð�Ï¨Ò�Ù'Ï¨Ò~ä'Ó«Ú�â�Ò<Ñ�Ú�ÐgÏ¨Ò:Í¯Ò:Ü�Ô�â�Î<ØúÒ�äµâ�Î?Ò~Ï¨ÑOÖ�Ò<Ó�Ó%Î~Ô,â�Î<äGÎ~Ú�ß¢ÑOÓ_Ú�Ò~Ó�åbÓ­û�Ð<ç áGçÞæ
Ú�ÛµÐ�ü�ß�Ò~ÙµÎXý5ÎyÕ~ÐOâ�þ Ó²×'â�Î<äµÖÞÐgØTÿ�ç
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û�Ð~ç á'ç�æµÑ
Î<Ù í á<Ýµâ�Ò�Ú�ß�Î~Ù�Ó|×'Ò<Ñ
Ð:ÿ�ç

øQù Ö�á~Î~â�ßÞÚ�ÛµØ¨Ó¯Í*ÐOâ�Ð�ß�Ù?Ú�â�Î�ÏµÝ'Ñ
Ð�ÏTÚ�Û'ÒyÚ6Í*ÐOâ�ÐWá~ÐOÙ'ÐOâ�Ò�ÖRÒ�Ù'ÏoÒ<ÏµÒ�×bÚ�Ò�äµÖ�Ð¼û�Ð~ç á'ç�æµ×µâ�Î~äGÒ�äµß�ÖÞß¢Ó|Ú�ß¢Ñ�â�Î<Ò<ÏbØ¨Ò�×'Ó ïÞô æ�� ô�õ ÿ
ç

� Ù'ÑOÐWÚ�ÛµÐ�×GÒyÚ�Ûo×µÖ¢Ò�Ù'ÙµßÞÙ'áT×µâ�Î~äµÖ�ÐOØ¿Í*Ò<Ó¯ß�ÏbÐgÙ?Ú�ß í ÐgÏ�Ò<Ó6ÒXÔ�ÝµÙ'ÏµÒ~Ø¼ÐOÙ?Ú�Ò~Ö,Î~×=ÐOâ�ÒyÚ�ßÞÎ<Ù�Ú�Û'ÒyÚ6Í*Î~Ý'Ö�Ï�ÙµÐgÐgÏ�Ú�Î¨ä=ÐHÓ�Î~Ö�Õ~Ð�Ï�ßÞÔ
â�Î~ä=Î�Ú�Ó�Í*ÐOâ�Ð�ÐOìb×GÐ�Ñ�Ú�Ð�Ï5Ú�Î�Ò~Ñ�Ûµß�ÐOÕ<ÐHØ¨Ò�Ù�ÜeÑOÎ~Ø¼Ø¼Î~Ù5Ú�Ò~Ó�åbÓOæRßÞÚ�â�Ð�Ñ
ÐOß�Õ~Ð�ÏeÑOÎ~Ù'Ó�ß�ÏµÐOâ�Ò�äµÖ�Ð�â�ÐgÓ�ÐgÒ~â�Ñ�Û5Ò�Ú|Ú�ÐOÙ?Ú�ß�Î~Ù�Ô�â�Î<Ø	Ú�Û'Ð
â�Î~ä=Î�Ú�ß¢ÑOÓ]Ò�Ù'ÏWÒ�Ö�á~Î<â�ßÞÚ�Û'Ø¼Ó]Ñ
Î~Ø¼Ø�ÝµÙµßÞÚ�ß�ÐgÓgç��²Î~Ù í á~Ýµâ�ÒyÚ�ßÞÎ<Ù�Ó�×'Ò<Ñ
Ð-Ñ
Î<Ù'Ñ
Ðg×bÚ�Ó]Ó|Ðgâ�Õ<ÐgÏWÒ~Ó,Ò6×GÎyÍ*ÐOâ�Ô�ÝµÖ�â�ÐO×µâ�ÐgÓ�ÐOÙ?Ú�ÒyÚ�ß�Î~ÙGÒ�Ö�Ú�Î�Î~Ö
Ô�Î~âWä=Î�Ú�Û5Ú�Û'Ð¼ÏµÐOÕ~ÐgÖÞÎ<×µØ¼ÐOÙ?Ú�Ò�Ù'Ï�Ò�Ù'Ò~ÖÞÜbÓ�ß�Ó�Î�Ô�×GÒyÚ�Û�×µÖ¢Ò�ÙµÙµß�ÙµáoÒ�Ö�á~Î<â�ßÞÚ�ÛµØ¨Ó ï � ó æ ó���õ ç��'Î~â�Ð
ìµÒ�Ø¼×µÖ�Ð~æYÚ�ÛµÐ¨Ñ
Î<ØX×GÒ�â�ß�Ó�Î~Ù
Î�Ô�Ó|ÐgÐOØ¼ßÞÙ'á~Ö�Ü¾Ïµß�Ó�×'Ò�â�ÒyÚ�Ð�Ò~×µ×µâ�Î<Ò~Ñ�Û'ÐgÓgæ_Ó�Ý'Ñ�ÛQÒ<Ó¼Ñ
ÐOÖ�Ö®ÏbÐgÑOÎ~Ø¼×=Î<Ó�ß¬Ú�ßÞÎ<ÙÀØ¼Ð
Ú�Û'Î�Ï'ÓOæ-â�Î<Ò<ÏbØ¨Ò�×ÀØ¼ÐOÚ�ÛµÎbÏµÓgæ�Ò�ÙGÏQÒ�â�Ú�ß í ÑOß�Ò~Ö
×=Î�Ú�ÐgÙ?Ú�ß¢Ò�Ö í ÐOÖ¢ÏoØXÐOÚ�ÛµÎbÏµÓgæ'Í¯Ò~Ó6á~â�ÐgÒyÚ�ÖÞÜ2ÔrÒ~ÑOßÞÖ�ß¬Ú�ÒyÚ�ÐgÏ ï � óyõ æ'Í®Ûµß¢Ñ�Û�ß�Ù'Ñ
â�ÐgÒ<Ó|Ð�Ï2Î<Ýµâ­Ò�ä'ßÞÖ�ß¬Ú«Ü�Ú�Î¨Ø¼Ð�Ò~Ó�Ýµâ�Ð�×'â�Î<á~â�ÐgÓ�Ó¯ßÞÙoÚ�Ûµß�Ó
Ò�â�ÐgÒ'ç � Ù'ÑOÐ�Ú�ÛµÐXÑOÎ~Ù í á~Ýµâ�ÒyÚ�ßÞÎ<Ù5Ó|×'Ò<Ñ
ÐHÔ�â�Ò~ØXÐgÍ²Î<â�å�Í*Ò<Ó­ß�Ù5×µÖ¢Ò~ÑOÐ~æYßÞÚ�ä=ÐgÑgÒ�Ø¼Ð�×=Î<Ó�Ó�ßÞäµÖ�Ð�Ú�Î�ÏbÐgÕ~ÐgÖÞÎ<×eÒ�Ö�á~Î<â�ßÞÚ�ÛµØ¨Ó6Ú�Û'Ò�Ú
Í*ÐOâ�ÐXá<ÐOÙµÐgâ�Ò~ÖÞß
	gÒ~äµÖ�Ð�Ú�Î5Ò~ÏµÒ~×bÚ�Ò~äµÖ�Ð�Ú�Î5ÒoÍ®ß�ÏµÐTÕyÒ�â�ßÞÐOÚ«Ü5Î�Ô®Ò�×µ×'ÖÞß¢ÑOÒ�Ú�ß�Î~Ù'Ógç��µÎ<â�Ð
ìµÒ~ØX×'ÖÞÐ<æ,Ú�Û'ÐTâ�Ò~Ù'ÏbÎ<ØXß
	OÐ�Ïe×=Î�Ú�ÐOÙ?Ú�ß¢Ò�Ö
í ÐgÖ�Ïe×µâ�ß�Ù'ÑOßÞ×µÖ�ÐgÓ�Û'Ò:Õ<ÐHä=ÐOÐOÙîÒ�×µ×'ÖÞß�ÐgÏ5Ú�Î�Ò�Í®ß¢ÏbÐHÕyÒ�â�ß�Ð
Ú«ÜoÎ�Ô�×'â�Î<äµÖÞÐgØ¨Ó6Ú�Û'ÒyÚ�Ò�×µ×=ÐgÒ~â�à?ÝµßÞÚ�Ð¼ÏbßÞé=Ðgâ�ÐgÙ?Ú�Î~ÙeÚ�ÛµÐ¼Ó�Ýµâ|ÔrÒ<Ñ
Ð<æ
äµÝbÚ�Ò~ÖÞÖbâ�ÐgÏµÝ'Ñ
Ð*Ú�Î í ÙGÏbßÞÙ'á�Ò�ÑOÎ~Ù?Ú�ß�Ù�ÝµÎ~Ý'Ó_×GÒyÚ�Û�Ú�ÛGÒyÚ%Ú�â�Ò:Õ~Ðgâ�Ó�ÐgÓ]Ú�Û'Ð¯ÑOÎ~Ö�ÖÞß¢Ó�ßÞÎ<ÙbãKÔ�â�ÐOÐ*×=Î~â�Ú�ß�Î~ÙXÎ�Ô'Ú�ÛµÐ6Ñ
Î<Ù í á<Ýµâ�Ò�Ú�ß�Î~ÙXÓ|×'Ò<Ñ
Ð<ç
êîÐ2ÙµÎyÍ)Ø¨Ò�å<Ð�Ò�Ïbß�Ó|Ú�ß�Ù'Ñ
Ú�ß�Î~ÙÀä=Ð
Ú«Í*ÐOÐgÙÀÚ�Û'Ð2ä'Ò<Ó|ß¢Ñ
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�����! "��#%$ ûrÓ�ÐOÐ0��ßÞá<Ýµâ�Ð ô ÿ�ç Ì¯ÛµÐ�×'ÒyÚ�Ûë×µÖ¢Ò�ÙµÙµß�ÙµáÀ×'â�Î<äµÖÞÐgØ ûrÎ~â2ü�ß�Ò~ÙµÎÀý�ÎyÕ<ÐOâ�þ Ó¨×'â�Î<äµÖÞÐgØTÿ¼ßÞÙ�Õ<Î~Ö�Õ~ÐgÓXÚ�ÛµÐ5Ô�Î<ÖÞÖ�ÎyÍ®ß�Ùµá
Ñ
Î<Ø¼×GÎ<ÙµÐOÙ?Ú�Óg÷ ô ÿ�Ò5Ú«Í²ÎeÎ~â�Ú�Ûµâ�ÐgÐ�Ïbß�Ø¼ÐOÙ'Ó�ß�Î~Ù'Ò~Ö21-ÝGÑ
Ö�ß�ÏbÐ�Ò�ÙÀÓ�×'Ò~ÑOÐ~æ43úæ%ß�Ó�ÏbÐ í ÙµÐgÏZÒ~Ó�Ú�ÛµÐ2Í*Î~â�åbÓ|×GÒ~Ñ
Ð¼Î<âHÍ*Î~â�Ö�Ï¾ß�Ù
Í®Ûµß¢Ñ�Û�Ò�â�Î<äGÎ~Ú.Ö�ßÞÕ<ÐgÓ65 ò ÿ.Ò�â�ß�á~ß¢Ï�Î~â_Ø�ÝµÖ¬Ú�ßÞä=ÎbÏbÜ�â�Î~ä=Î�Ú�Ú�Û'Ò�Ú�ß¢Ó_Ñ
Î~Ø¼×µÖ�Ð
Ú�ÐOÖ�Ü�ÏbÐgÓ�Ñ
â�ß�äGÐ�Ï�Ý'Ó�ßÞÙ'á�×=Î~Ö�Ü�á~Î~ÙGÒ�ÖJæ�×=Î~Ö�Ü�ÛµÐgÏµâ�Ò~ÖKæyÎ<â
Ò�Ö�á~Ðgäµâ�Ò�ß¢Ñ-Ø¼ÎbÏbÐOÖ¢Ó"587<ÿ.Ò�ÑOÎ~Ù í á<Ýµâ�ÒyÚ�ß�Î~Ù�Ó|×'Ò<Ñ
Ð<æ:9_æ~ß�Ó_Ò�Ø¼Ò~ÙµßÞÔ�Î~Ö¢Ï�ß�Ù�Í®Ûµß¢Ñ�ÛXÐgÒ~Ñ�ÛHÐOÖ�ÐOØ¼ÐOÙ?Ú%â�Ðg×µâ�ÐgÓ�ÐOÙ?Ú�Ó�Ò6Ú�â�Ò~Ù'Ó|Ô�Î~â�Ø¼Ò�Ú�ß�Î~Ù
Ú�ÛGÒyÚ�Ñ
Î~Ø¼×µÖ�Ð
Ú�ÐOÖ�Ü5Ó|×=ÐgÑOß í ÐgÓ­Ú�ÛµÐX×GÎ?Ó|ßÞÚ�ß�Î~ÙîÒ�Ù'ÏeÎ~â�ßÞÐgÙ?Ú�ÒyÚ�ßÞÎ<Ù�Î�Ô²Ò~ÖÞÖ�×'Ò~â|Ú�Ó­Î~Ô-Ú�ÛµÐXâ�Î~ä=Î�ÚXû�Ô�Î~âWÐ
ìµÒ~ØX×'ÖÞÐ<æ�9<;>=@?BADCFEOÿ
â�ÐO×µâ�ÐgÓ�ÐOÙ?Ú�Ó,Ú�ÛµÐ*Ó|ÐOÚ.Î~ÔGÒ�Ö�Ö~Í¯Ò:ÜbÓ,ß�ÙHÍ®Ûµß¢Ñ�ÛHÒ ò!G â�Î~ä=Î�Ú�ÑOÒ�ÙHäGÐ�Ú�â�Ò�Ù'Ó�Ö�Ò�Ú�Ð�Ï�Î~â.â�Î~Ú�ÒyÚ�ÐgÏWß�Ù�Ú�ÛµÐ�×µÖ¢Ò�Ù'Ð�ÿ,5 � ÿ,Ó|Ú�Ò�Ú�ß¢Ñ-Î<ä'Ó«Ú�Ò~ÑOÖÞÐ�Ó
Ò�â�Ð¨ÏbÐ í ÙµÐgÏ Ò<Ó�Ó|Ý'ä'Ó|ÐOÚ�Ó�Î~Ô@3úæ_Ò�Ù'Ï¾Ò~â�ÐTÑOÎ~Ø¼×µÖ�Ð
Ú�ÐgÖÞÜîÑ
Î<ØX×'ÖÞÐOÚ�ÐOÖ�Ü�Ñ�ÛGÒ�â�Ò~Ñ�Ú�ÐOâ�ß�	gÐgÏeÝ'Ó|ß�Ùµá�×=Î~Ö�Ü�á~Î~ÙGÒ�ÖJæ]×=Î~Ö�Ü?Û'ÐgÏbâ�Ò�ÖJæ]Î<â
Ò�Ö�á~Ðgäµâ�Ò�ß¢Ñ�Ø¼ÎbÏbÐgÖ�Ó65IH<ÿ¯Ò�Ù�ß�ÙµßÞÚ�ß¢Ò�Ö.ÑOÎ~Ù í á~Ýµâ�ÒyÚ�ßÞÎ<Ù,æ�J"K
L�K�MONP9%æGÒ~Ù'Ïoá~Î?Ò�Ö]ÑOÎ~Ù í á<Ýµâ�ÒyÚ�ß�Î~Ù]æQJ%R%SUT,VWNX9%æGÒ~â�Ð�Ó�×GÐ�Ñ
ß í ÐgÏ,ç¯Ì¯Û'Ð
Ú�Ò<Ó|å2ß�Ó¯Ú�Î¨Ñ
Î~Ø¼×µÝµÚ�Ð�Ò¼Ñ
Î<Ù<Ú�ßÞÙ�ÝµÎ<Ý'ÓgæµÑ
Î~Ö�Ö�ß�Ó�ßÞÎ<ÙbãJÔ�â�ÐgÐ�×'Ò�Ú�Û�ßÞÙY95Ú�Û'ÒyÚ­ÑOÎ~ÙµÙ'ÐgÑ�Ú�Ó*Ú�ÛµÐ�ß�ÙµßÞÚ�ß¢Ò�Ö]Ò~Ù'Ï�á~Î?Ò�ÖRÑ
Î<Ù í á~Ý'â�Ò�Ú�ß�Î~Ù'Ógç
ù Ø¼Î~Ú�ß�Î~ÙQÓ|Ú�â�ÒyÚ�ÐOá~Üî×µâ�Î~äµÖ�ÐOØ Í®ß�ÖÞÖ*á~ÐgÙµÐOâ�Ò�Ö�Ö�Ü�ß�Ù�Õ~Î~Ö�Õ~Ð2ØXÎ<â�Ð�Ñ
Î~Ø¼×µÖ�ß¢ÑOÒyÚ�ßÞÎ<Ù'ÓXÒ�Ù'ÏÀÑOÎ~Ø¼×=Î~ÙµÐgÙ<Ú�ÓOæ%ß�ÙQÒ<ÏµÏbßÞÚ�ß�Î~Ù Ú�Î

Ú�Û'Î<Ó�Ð¼Ô�â�Î<Ø Ú�Û'ÐT×'ÒyÚ�Û¾×µÖ�Ò~ÙµÙµß�Ùµá5×µâ�Î~ä'ÖÞÐgØ�ç�Ì¯ÛµÐTá~ÐgÙµÐOâ�Ò�Ö%Ø¼Î~Ú�ß�Î~Ù Ó«Ú�â�Ò�Ú�Ðgá~Ü5×µâ�Î~ä'ÖÞÐgØ â�Ð
Ô�ÐOâ�Ó�Ú�Î5Ú�ÛµÐ¨äµâ�Î<Ò<Ï¾Ñ
Ö¢Ò~Ó�ÓWÎ�Ô
×'Ò~â|Ú�ß�ÑOÝµÖ�Ò~â­×µâ�Î~ä'ÖÞÐgØ¼Ó­Ú�ÛGÒyÚWßÞÙ'ÑOÖÞÝGÏbÐ�Ò~Ù?ÜoÎ<â�Ò~ÖÞÖ�Î�Ô%Ú�ÛµÐgÓ�ÐXÑOÎ~Ø¼×µÖ�ß�ÑgÒyÚ�ßÞÎ<Ù'ÓOç[Z�Î~Ø¼Ð�Î�Ô-Ú�ÛµÐgÓ�Ð�Ò<ÏµÏbßÞÚ�ß�Î~Ù'Ò~Ö�ÑOÎ~Ø¼×µÖ�ß�ÑgÒyÚ�ß�Î~ÙGÓ
Ò�ÙGÏ�ÑOÎ~Ø¼×GÎ<ÙµÐOÙ?Ú�Ó6Ò�â�Ð�Ö�ß¢Ó«Ú�ÐgÏ�äGÐgÖÞÎyÍ�÷

ø Ì¯ÛµÐ�Ó|ÐOÚ¯Î~Ô_Ò~ÖÞÖ�ÎyÍ¯Ò�äµÖ�Ð­Õ<ÐOÖ�Î�ÑOß¬Ú�ßÞÐ�Ó¯ß�Ó¯Ö�ÎbÑOÒ~ÖÞÖ�Ü2Ñ
Î<Ù'Ó|Ú�â�Ò�ß�ÙµÐgÏ�û�ÙµÎ<ÙµÛµÎ~Ö�Î~Ù'Î~ØHÜµÿ
ç]\tÙ�Ú�ÛµÐ�ä'Ò~Ó�ß¢Ñ­×'Ò�Ú�Ûo×µÖ¢Ò�ÙµÙ'ßÞÙµá¼×µâ�Î~äµã
ÖÞÐgØ�æYÚ�ÛµÐXâ�Î<äGÎ~Ú�ß¢Ó�×=ÐOâ�Ø¼ß¬Ú�Ú�Ð�Ï5Ú�Î�Ø¼ÎyÕ~ÐHÖÞÎbÑOÒ~ÖÞÖ�Ü�ß�Ù�Ò�Ù�Ü�Ïbß�â�Ð�Ñ�Ú�ßÞÎ<Ù,ç�Z�Ýµ×µ×=Î<Ó�Ð~æYÛµÎyÍ*ÐOÕ<ÐOâ�æ'Ú�Û'ÒyÚ�Ò�ØXÎ<äµß�ÖÞÐXâ�Î<äGÎ~Ú
äGÐgÛ'Ò:Õ~Ð�Ó.Ö�ß�å~Ð6ÒWÑOÒ~â6ûrÓ�ÐOÐO��ßÞá<Ýµâ�Ð^H<ÿ�æ<Í®Ûµß�Ñ�Û¨ÑgÒ�ÙXâ�Î<ÖÞÖ�Ô�Î<â�Í¯Ò�â�Ï�Î<â%ä'Ò~Ñ�å�Í¯Ò�â�ÏµÓ�äµÝbÚ-ÙµÎ~Ú�Ó|ß¢ÏbÐOÍ¯Ò:ÜbÓOç ù Í®ß�ÏµÐ®Õ:Ò~â�ß�Ð
Ú«Ü
Î�Ô]ÐOìbÒ~Ø¼×µÖÞÐ�Ó�ÐOìbß�Ó|Ú²Ú�Û'ÒyÚ®Û'Ò:Õ<Ð­ÙµÎ<ÙµÛµÎ<ÖÞÎ<ÙµÎ~Ø¼ß¢Ñ­Ñ
Î<Ù'Ó|Ú�â�Ò�ß�Ù<Ú�ÓOæ�Ò�ÙGÏ2ÒXÓ|Î<ÖÞÝbÚ�ßÞÎ<Ù2Ø�Ý'Ó«Ú®Ó�ÒyÚ�ß¢Ó|Ô�Ü¼Ú�ÛµÐ�Ó|ÐWÑ
Î<Ù'Ó«Ú�â�Ò~ßÞÙ?Ú�Ó�ß�Ù
Ò~ÏµÏbßÞÚ�ß�Î~Ù�Ú�ÎTÒ:Õ<Î~ß¢Ïbß�Ùµá�ÑOÎ~Ö�ÖÞß¢Ó|ß�Î~Ù ïñð�ô�õ ç

ø Ì¯ÛµÐ�ÏµÜ?ÙGÒ�Ø¼ß�ÑgÓ�Î~Ô,Ú�Û'Ð�â�Î~ä=Î�Ú®Ó|ß�á~Ù'ß í ÑgÒ�Ù?Ú�Ö�Ü¨ÒyéYÐgÑ
Ú²Ú�ÛµÐ�ÏµÐgÓ�ßÞâ�ÐgÏ¨Ø¼Î~Ú�ß�Î~Ù�Ó|Ú�â�ÒyÚ�ÐOá<Ü~ç4Z�Ýµ×µ×=Î<Ó�Ð~æ?Ô�Î~â¯ÐOìbÒ~Ø¼×µÖÞÐ<æ?Ú�Û'Ò�Ú
Ú�ÛµÐ�ÑOÒ~â|ã°Ö�ßÞå<Ð­â�Î~ä=Î�Ú¯ß�Ó¯ÝµÙGÒ�äµÖ�Ð­Ú�ÎXÚ�Ýµâ�Ù�Ó�Û'Ò~â�×µÖ�ÜTÒyÚ¯Ûµß�á~ÛµÐgâ®Ó|×=ÐOÐ�ÏµÓ®ÏbÝµÐ�Ú�Î¨Ó�å�ß�ÏµÏµßÞÙµáGç � ÙµÐWØXß�á~Û?Ú¯äGÐWß�Ù?Ú�ÐOâ�ÐgÓ|Ú�Ð�Ï

ò



Basic Path Planning

Modeling/
Environment
Uncertainties

Multiple−Robot
Coordination

Moving Obstacles/
Time Varying Problems

Optimizing
Objectives

Nonholonomy 
and Dynamics

Active Sensing
and Visibility

Manipulation
Strategies

Uncertainty in
Sensing and Prediction

��ßÞá<Ýµâ�Ð ô ÷.Ì¯ÛµÐ*á~ÐgÙµÐOâ�Ò�Ö�Ø¼Î�Ú�ßÞÎ<Ù�Ó|Ú�â�ÒyÚ�Ðgá~ÜW×µâ�Î~äµÖ�ÐOØ ÐgÙ'Ñ
Î<Ø¼×'Ò~Ó�Ó|Ð�Ï�ä�ÜWÚ�Û'Ð*á?Ò�Ø¼Ð
ãJÚ�Û'ÐOÎ~â�Ð
Ú�ß�Ñ-Ô�â�Ò~Ø¼ÐOÍ*Î~â�åWÑgÒ�Ù�äGÐ®Õ�ß�ÐOÍ*ÐgÏ
Ò~Ó®ÒXá<ÐOÙµÐgâ�Ò~ÖÞß
	gÒ�Ú�ß�Î~Ù2Î~Ô]Ú�ÛµÐ�ä'Ò~Ó�ß¢Ñ�×GÒyÚ�Ûo×µÖ¢Ò�Ù'ÙµßÞÙ'áX×'â�Î<äµÖÞÐgØoç

ßÞÙ5Ïbâ�ß�Õ?ß�Ùµá¼Ú�ÛµÐHÑOÒ~â|ã°Ö�ßÞå<Ð�â�Î~ä=Î�Ú®Ú�ÎTÒ¨á~Î?Ò�ÖRâ�ÐOá<ßÞÎ<Ù�ß�Ù�Ø¼ßÞÙµß�ØHÝ'Ø¿Ú�ßÞØ¼Ð<ç \tÙoá<ÐOÙµÐgâ�Ò~ÖKæ'ÏµÜ?ÙGÒ�Ø¼ß�ÑgÓ6ÑOÒ~Ù�äGÐHØXÎbÏbÐgÖÞÐ�Ï
Ò~Ó*ÙµÎ~Ù'ÛµÎ~Ö�Î~ÙµÎ<Ø¼ß�ÑWÑ
Î<Ù'Ó|Ú�â�Ò�ß�Ù<Ú�Ó*Î~ÙoÒ¼ÛµßÞá<ÛµÐOâ�ãtÏbßÞØ¼ÐgÙ'Ó|ß�Î~ÙGÒ�ÖRÓ«Ú�ÒyÚ�ÐWÓ�×'Ò<Ñ
Ð~ç

ø Ì¯ÛµÐ5â�Î~ä=Î�ÚTß¢Ó2Ò�Ö�Ö�ÎyÍ²Ð�ÏÀÚ�ÎQÑ
Î<Ù<Ú�Ò~Ñ
ÚTÎ~äbè«Ð�Ñ�Ú�Ó2Î~âTÎ<ä'Ó|Ú�Ò~ÑOÖÞÐ�Ó¨ß�ÙöÚ�ÛµÐ5Í*Î~â�Ö¢ÏRæ®Ò�Ù'ÏöØ¼ß�á~Û?ÚTÐOÕ<ÐOÙëä=Ð5â�Ð�à?ÝµßÞâ�ÐgÏZÚ�Î
Ø¼Ò~Ùµß�×µÝµÖ¢ÒyÚ�Ð�Ú�ÛµÐOØ¿ßÞÙ?Ú�ÎTÓ�Î~Ø¼Ð�ÏbÐ�Ó|ß�â�Ð�Ï�ÑOÎ~Ù í á~Ýµâ�ÒyÚ�ßÞÎ<Ù,ç4�µÎ~â®ÐOìµÒ�Ø¼×µÖ�Ð~æµÒXØ¨Ò�Ùµß�×µÝµÖ¢ÒyÚ�Î~â®Ø¼ßÞá<Û?Ú6äGÐ�Ý'Ó�ÐgÏ2Ú�Î¼Ô�Î<â�ÑOÐ
×'Ò�â�Ú�Ó*ß�Ù<Ú�Î¼Ú�ÛµÐ�Ó�Ò�Ø¼ÐWÎ~â�ß�ÐOÙ?Ú�Ò�Ú�ß�Î~ÙTÔ�Î<â6Ò�ÙoÒ~Ó�Ó|ÐgØHäµÖ�Ü2Ò~×µ×µÖ�ß�ÑgÒyÚ�ß�Î~Ù]ç

ø Ì¯ÛµÐ6Í*Î~â�Ö�Ï¨Ñ�Û'Ò~Ùµá~Ð�Ó%ÎyÕ~Ðgâ%Ú�ß�Ø¼Ð�ß�Ù2Ò�×'â�Ð�Ïbß�Ñ
Ú�Ò~äµÖÞÐ­Í*Ò:Ü<æ<Ò~Ó²ß�Ù¨Ú�ÛµÐ�ÑOÒ<Ó|Ð6Î~Ô,Ò�Ø¼ÎyÕ�ßÞÙµá�Î<ä'Ó|Ú�Ò~ÑOÖÞÐ­Î~â²Ò~ÙµÎ�Ú�ÛµÐOâ²â�Î<äGÎ~Ú
Í®ß¬Ú�ÛoÒXå�ÙµÎyÍ®Ù�Ú�â�Òyè«Ð�Ñ�Ú�Î<â�Ü<ç

ø Ì¯ÛµÐ2â�Î~ä=Î�ÚXß�ÓXÝµÙ'Ò~äµÖ�Ð2Ú�Îeß�ÙbÔ�ÐOâ¼ßÞÚ�ÓXÐ
ìµÒ~Ñ
ÚXÑOÎ~Ù í á<Ýµâ�ÒyÚ�ß�Î~ÙÀÒ�Ú¼Ò�Ñ
Ýµâ�â�ÐOÙ?ÚHÚ�ßÞØ¼Ð û�ÝµÙGÑ
ÐOâ�Ú�Ò~ßÞÙ?Ú«Ü¾ß�ÙZÑ
Î<Ù í á<Ýµâ�Ò�Ú�ß�Î~Ù
Ó|ÐgÙ'Ó|ß�Ùµá�ÿ�ç �µÎ<âWÐ
ìµÒ�Ø¼×µÖ�Ð~æ,Ò2ØXÎ<äµß�ÖÞÐ¼â�Î~ä=Î�Ú�Ø¼ß�á~Û?ÚWÝ'Ó|Ð¨ÏbÐ�Ò~Ï�ã°â�ÐgÑ�å~Î<Ùµß�Ùµá¨ßÞÙµÔ�Î~â�Ø¼Ò�Ú�ß�Î~ÙîÒ�Ù'ÏeÖÞß�Ø¼ß¬Ú�ÐgÏîÓ|Î<Ù'Ò�âWÏµÒyÚ�Ò
Ú�Î¼ÐgÓ|Ú�ß�Ø¨ÒyÚ�Ð�ßÞÚ�Ó¯Ö�ÎbÑOÒ�Ú�ß�Î~Ù,ç

ø ý�Î�Ú�ßÞÎ<Ù¾ÑOÎ~Ø¼Ø¨Ò�Ù'Ï'Ó�Ò�â�Ð¨á~ß�Õ~ÐgÙ�Ú�Î�Ú�Û'ÐTâ�Î<äGÎ~Úgæ�äµÝbÚ�Ô�ÝbÚ�Ýµâ�Ð2ÑOÎ~Ù í á<Ýµâ�ÒyÚ�ß�Î~ÙGÓ�Ò�â�Ð¨ÙµÎ�Ú�ÑOÎ~Ø¼×µÖ�Ð
Ú�ÐOÖ�Üe×µâ�ÐgÏbß¢Ñ�Ú�Ò�äµÖ�Ð~ç
�µÎ~â�Ð
ìµÒ~ØX×'ÖÞÐ<æYÒ~ÙeÝµÙGÏbÐOâ�Í*Ò�Ú�Ðgâ�â�Î~ä=Î�Ú�ØXß�á~Û?ÚWÝµÙµÐOì�×=ÐgÑ
Ú�Ð�ÏbÖÞÜ5Ïµâ�ßÞÔ¦Ú�ÏbÝµÐ�Ú�Î � ÎyÍ Ò�Ù'Ï5Ú�Ýµâ�äµÝµÖ�ÐOÙGÑ
Ð~ç ù ÓWÒ�ÙµÎ~Ú�ÛµÐgâ
Ð
ìµÒ�Ø¼×µÖ�Ð~æ�Ú�ÛµÐ�Í®ÛµÐOÐgÖ�Ó¯Î<Ù�Ò¼Ø¼Î<äµßÞÖ�ÐWâ�Î<äGÎ~Ú®ØXß�á~Û?Ú­Ó�ÖÞß�×,æbØ¨Ò�å�ß�Ùµá¼ß¬Ú­Ïµß��TÑ
Ý'Ö¬Ú6Ú�Î¼×µâ�Ð�Ïbß¢Ñ�Ú®Ô�ÝbÚ�Ýµâ�Ð�×=Î<Ó�ßÞÚ�ß�Î~Ù'Ógç

øQù Ñ
Î<ØX×'ÖÞÐOÚ�Ð2Ø¼ÎbÏbÐgÖ�Î�Ô®Ú�ÛµÐ2Í*Î~â�Ö¢Ï�ß¢Ó�Ù'Î�Ú�á<ßÞÕ<ÐOÙ,çX�'Î~âHÐOìµÒ�Ø¼×µÖ�Ð~æ%Ò�â�Î~ä=Î�ÚHØ¼ß�á~Û?ÚHÝ'Ó�Ð2Ò�Ö¢Ò~Ó�ÐOâ�â�Ò~Ùµá~ÐTÓ�ÐOÙ'Ó�ß�Ùµá
ÏbÐOÕ�ß¢Ñ
Ð�Ú�Î¼ß�Ù'Ñ
â�ÐOØ¼ÐOÙ?Ú�Ò�Ö�ÖÞÜTä'ÝµßÞÖ¢ÏoÒ¼â�Ðg×µâ�ÐgÓ�ÐOÙ?Ú�Ò�Ú�ß�Î~ÙTÎ~Ô.Ú�ÛµÐ�Í²Î<â�Ö¢Ï�Í®ÛµßÞÖ�Ð�ÒyÚ�Ú�ÐOØ¼×bÚ�ßÞÙ'á¼Ú�ÎTÒ~Ñ�Û'ßÞÐgÕ~ÐWÓ|Î<ØXÐ�Ú�Ò~Ó�å=ç

ø Ì¯ÛµÐ�Í*Î~â�Ö�Ï�Ñ�Û'Ò�Ù'á~ÐgÓ6ßÞÙ5Ò¨Í¯Ò:Ü¨Ú�Û'ÒyÚ�ß�Ó­ÙµÎ�Ú­ÑOÎ~Ø¼×µÖ�Ð
Ú�ÐgÖÞÜ�×µâ�ÐgÏbß¢Ñ�Ú�Ò�äµÖ�Ð~ç^�'Î~â6ÐOìbÒ~Ø¼×µÖÞÐ<æGÒ~Ù�ßÞÙ'ÏµÎ?Î<â6Ø¼Î~äµß�Ö�Ð�â�Î<äGÎ~Ú
ØXß�á~Û?Ú�ä'Ò<Ó|Ð¨ßÞÚ�ÓHØ¼Î�Ú�ß�Î~ÙÀÓ|Ú�â�ÒyÚ�ÐOá<ÜeÎ~Ù¾Í®ÛµÐOÚ�ÛµÐgâ�ÑOÐOâ�Ú�Ò�ß�Ù ÏbÎ�Î~â�Ó�ß�Ù¾Ú�ÛµÐTä'ÝµßÞÖ¢Ïbß�ÙµáeÒ~â�Ð¨Î<×GÐgÙ Î~â�Ñ
Ö�Î<Ó�ÐgÏ,æ.ÐgÕ~ÐOÙ ßÞÔ
Ú�ÛµÐ�Ó|Ð�ÏbÎ�Î~â�Ó®ÑOÒ~Ù�Ñ�ÛGÒ�Ùµá<Ð�ÏbÝ'â�ß�Ùµá¼Ð
ìbÐgÑOÝbÚ�ß�Î~Ù]ç
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ø Z�ÐOÕ<ÐOâ�Ò�ÖYâ�Î<äGÎ~Ú�Ó¯ÒyÚ�Ú�ÐgØX×µÚ6Ú�Î¨Ò~Ñ�Û'ßÞÐgÕ~Ð�Ú�Ò~Ó�åbÓ¯ßÞÙ�Ò¼Ñ
Î<Ø¼ØXÎ<Ù�ÐgÙ�Õ?ß�â�Î~ÙµØ¼ÐOÙ?Ú�ç

ø � ÙµÐ2â�Î~ä=Î�ÚXÛ'Ò~ÓXÒ5Õ�ß¢Ó|Ý'Ò~Ö*Ó�ÐOÙGÓ|Î<â�û�Ð<ç áGçÞæ-Ò�ÑOÒ~ØXÐgâ�Ò?ÿWÚ�Û'ÒyÚXß¬Ú¼ØHÝ'Ó|Ú¼Ý'Ó|Ð2Ú�Îîå~ÐgÐO×ÀÖ�ßÞÙ'Ð
ã°Î�Ô¦ãtÓ|ß�á~Û?ÚHÕ�ß¢Ó|ß�äµß�ÖÞßÞÚ«Ü Í®ß¬Ú�Û
Ò�ÙµÎ~Ú�ÛµÐgâ*â�Î~ä=Î�Ú®Î<â®Û?Ý'Ø¼Ò~Ù,ç

\tÙTÓ�×µß¬Ú�Ð­Î~Ô=Ú�ÛµÐ�Ó�Ý'ÑgÑ
ÐgÓ�Ó|Ô�ÝµÖ'×'Ò�Ú�Û¨×µÖ¢Ò�Ù'ÙµßÞÙ'á�Ø¼Î�ÏµÐOÖJæ<Ú�ÛµÐOâ�Ð6Û'Ò<Ó-ä=ÐOÐgÙTÖÞßÞÚ|Ú�ÖÞÐ�ÒyÚ�Ú�ÐOØ¼×bÚ²Ú�Î�Î<äbÚ�Ò~ßÞÙ¼Ô�Ý'â|Ú�ÛµÐOâ²äGÐgÙµÐ í Ú�Ó�ä�Ü
äµâ�Î<Ò<ÏbÐOÙµß�ÙµáWÑ
Î<Ù í á~Ý'â�Ò�Ú�ß�Î~Ù�Ó�×'Ò<Ñ
Ð²Ô�â�Ò~ØXÐgÍ²Î<â�å�ß�Ù?Ú�Î�ÒWÑ
Î<ØXØ¼Î<ÙHØ¨ÒyÚ�ÛµÐOØ¨ÒyÚ�ß�ÑgÒ�ÖµÓ|Ú�â�Ý'Ñ�Ú�Ýµâ�Ð²Ú�Û'ÒyÚ-ÐgÙ'Ñ
Î<Ø¼×'Ò~Ó�Ó|Ð�Ó]Ø¨Ò~Ù?ÜHÎ�Ô
Ú�Û'ÐgÓ�Ð�ß�Ø¼×GÎ<â|Ú�Ò�Ù?Úgæ?Í²ÐgÖÞÖÞãtÓ«Ú�Ý'Ïbß�ÐgÏTÐOì�Ú�ÐOÙGÓ|ß�Î~Ù'Ó�Î�Ô,Ú�ÛµÐ�×'ÒyÚ�ÛT×µÖ¢Ò�ÙµÙµß�ÙµáX×µâ�Î~äµÖ�ÐOØoç_Ì¯ÛµÐ�ß�Ù?Ú�ÐgÙ<Ú¯Î�ÔRÚ�ÛµÐWÑ
Ýµâ�â�ÐgÙ?Ú²â�ÐgÓ�ÐgÒ�â�Ñ�Û¼ß�Ó
ÙµÎ~Ú%Ú�Î�×µâ�ÎyÕ�ß�ÏbÐ®Ò~ÙXÒ~Ö¬Ú�ÐOâ�Ù'ÒyÚ�ßÞÕ<Ð²Ô�Î<â�Ø�ÝµÖ¢ÒyÚ�ß�Î~ÙXÎ�ÔYØ¼Î�Ú�ßÞÎ<ÙX×'Ö�Ò~ÙµÙµß�Ùµá'æ�ä'ÝbÚ�ß�Ù'Ó«Ú�ÐgÒ<ÏHÚ�Î�×µâ�ÐgÓ�ÐOÙ?Ú-Ò�Ù¼Ð
ìb×'Ò~Ù'ÏbÐgÏHÔ�Î~Ý'Ù'ÏµÒyÚ�ßÞÎ<Ù
Ú�ÛGÒyÚ6ß¢Ó¯äµÝµß�Ö¬Ú­Î<Ù�×'â�ÐgÕ?ß�Î~ÝGÓ²á<ÐOÎ<ØXÐOÚ�â�ß�ÑWÑOÎ~Ù'ÑOÐO×bÚ�ÓOæbÍ®Ûµß�Ö�Ð�Ñ�Û'Ò�â�Ò~Ñ
Ú�ÐOâ�ß
	Oß�Ùµá�Ò~Ù'Ï�ÝµÙµßÞÔ�Ü?ß�Ùµá¨Ò¼äµâ�Î<Ò<ÏbÐOâ¯Ñ
Ö¢Ò~Ó�Ó¯Î�Ô_×µâ�Î~äµÖ�ÐOØ¨Ógç

\tÙ5Ú�ÛµÐ¼Ò�â�ÐgÒTÎ~Ô�Ø¼Î�Ú�ßÞÎ<Ùe×µÖ¢Ò�ÙµÙ'ßÞÙµá�ÝµÙ'ÏµÐOâWÝµÙ'ÑOÐOâ�Ú�Ò�ß�Ù?Ú«ÜoßÞÙîÓ|ÐgÙ'Ó|ß�ÙµáoÒ�Ù'Ïe×µâ�ÐgÏbß¢Ñ�Ú�ßÞÎ<Ù,æRØ¨Ò�Ù�ÜoßÞÙ?Ú�Ðgâ�Ð�Ó«Ú�ßÞÙ'á�ÑOÎ~Ù'ÑOÐO×bÚ�Ó
Û'Ò:Õ<Ð�ä=ÐOÐgÙîÏbÐgÕ~ÐgÖÞÎ<×GÐ�ÏRæ,Ó|ÝGÑ�ÛîÒ<Ó�×'â�ÐgßÞØ¨Ò�á<ÐgÓ�Ò�Ù'ÏeÔ�Î~â�Í¯Ò�â�Ï�×µâ�Î�è«ÐgÑ
Ú�ß�Î~Ù'Ó ï �?ò æ ���bæ ó H�æ ó<ó:õ ÿ,5]Û'ÎyÍ²ÐgÕ~ÐOâ�æ=Ú�ÛµÐgÜeÒ�â�ÐXÎ�Ô¦Ú�ÐgÙ
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Ú�Î<â�Ü�ß�Ó²ÏbÐ
Ú�ÐOâ�ØXß�ÙµÐ�Ï 5�7?ÿ í Ù'Ò~ÖÞÖ�Ü~æ�ÒWÚ�â�Ò<Ñ�å?ß�Ùµá�Ñ
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Î<Ù í á<Ýµâ�Ò�Ú�ß�Î~Ù
ûrÒ~Ö¬Ú�ÛµÎ~Ý'á~Û�Ú�ÛµÐ�ÐOìbÒ<Ñ�Ú6Ñ
Î<Ù í á<Ýµâ�Ò�Ú�ß�Î~Ù�ÑOÒ�Ù'ÙµÎ�Ú6ä=Ð�Ñ
Î<ØX×'ÖÞÐOÚ�ÐOÖ�Ü2ÏbÐOÚ�Ðgâ�Ø¼ß�ÙµÐgÏ�ß�Ù�á<ÐOÙµÐgâ�Ò~ÖYÝ'Ó|ß�ÙµáXÚ�Û'ß�Ó®ß�ÙbÔ�Î<â�Ø¨ÒyÚ�ßÞÎ<ÙGÿ�ç-Ì¯Û'Ð
â�ÐOÖ¢ÒyÚ�ß�Î~ÙGÓ|Ûµß�×öá~ß�Õ~ÐgÙcä�Ü 	 K + ß¢ÓTÝ'Ó�ÐgÏöß�ÙëÎ~×µÚ�ß�Ø¼Ò~Ö�ÑOÎ~Ù?Ú�â�Î~Ö®Ú�ÛµÐOÎ<â�ÜQÚ�ÎQÏµÐ í ÙµÐ�Ó|ÜbÓ|Ú�ÐOØ Î~ÝµÚ�×µÝbÚ�ÓOæ6Ò~Ù'ÏcÛ'Ò~Ó�Ò�Ö¢Ó|Î ä=ÐOÐgÙ
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Î<Ù'Ó�ß�ÏbÐgâ�Ð�Ï2ß�Ù�â�Î<äGÎ~Ú®Ó�ÐOÙGÓ|ß�Ùµá¼×µâ�Î~äµÖ�ÐOØ¨Ó�ûrÓ�ÐOÐ<æbÔ�Î~â®ß�Ù'Ó|Ú�Ò~Ù'Ñ
Ð<æ ï 7 ò æ�7!7 õ ÿ
ç4\tÙoÒ<ÏµÏbßÞÚ�ß�Î~Ù�Ú�Î¨ÒX×µâ�Î�è«Ð�Ñ�Ú�ß�Î~Ù�Ô�â�Î~Ø)Ú�ÛµÐ�Ó«Ú�ÒyÚ�Ð
Ó�×'Ò~ÑOÐ¯Ú�Î�Ú�ÛµÐ�Ó�ÐOÙ'Ó�Î~â-Ó�×'Ò<Ñ
Ð~æ~Ú�Ûµß¢Ó²ßÞÙbÔ�Î<â�Ø¨Ò�Ú�ß�Î~Ù¼ß�Ó�×GÎ~Ú�ÐgÙ<Ú�ß�Ò~ÖÞÖ�Ü¼Ñ
Î~â�â�Ýµ×bÚ�Ð�ÏXä?Ü¼Ò�Ó�ÐOÙ'Ó�ßÞÙ'áHÒ~Ñ
Ú�ß�Î~Ù,æ = ��� K+ æ<Î~ÔYÙGÒyÚ�Ý'â�Ð<æ~Í®Ûµß¢Ñ�Û
ß¢ÓXÑ�Û'Î<Ó�ÐOÙÀÔ�â�Î~Ø :�� � K+ çcÌ¯Ûµß�Ó¼ÑgÒ�ÙQä=ÐoÝ'Ó�ÐgÏQÚ�Î¾Ò~ÑOÑOÎ~ÝµÙ?ÚXÔ�Î~â¼ÙµÎ<ß�Ó�Ð�Ò~Ù'ÏZÎ�Ú�Û'ÐOâ¼ÝµÙµ×µâ�ÐgÏµß�Ñ
Ú�Ò�ä'ÖÞÐoÏbß¢Ó«Ú�Ýµâ�äGÒ�Ù'ÑOÐgÓXßÞÙZÚ�Û'Ð
Ø¼ÐgÒ<Ó|Ýµâ�ÐOØ¼ÐgÙ<Ú�ÓOç
�6ÙGÏbÐOâ®ÙµÎ<Ù'ÏbÐOÚ�ÐOâ�Ø¼ßÞÙ'ß�Ó|Ú�ß¢ÑWÝµÙ'ÑOÐOâ�Ú�Ò�ß�Ù?Ú«Ü~æ�Ú�ÛµÐ�×GÎ?Ó�Ó�ß�äµÖÞÐ�ÑOÝµâ�â�ÐOÙ?Ú6Ó|Ú�ÒyÚ�ÐgÓ*Ô�â�Î~Ø Ò¼Ó�ßÞÙ'á~Ö�ÐWÓ�ÐOÙGÓ|Î<â*Î<ä'Ó�ÐOâ�Õ:Ò�Ú�ß�Î~ÙoÒ�â�Ð

� K+ û � K+ ÿF;(! *;+�N ��� � K+ ; 	 K + û *,+ , =���� K+ ÿ , = ��� K+ N<: ��� K % � û ó ÿ

�6ÙGÏbÐOâ�×'â�Î<ä'Ò�äµß�Ö�ß�Ó|Ú�ß¢Ñ¼ÝµÙ'ÑOÐOâ�Ú�Ò�ß�Ù?Ú«Ü5Ú�ÛµÐTÑ
Ýµâ�â�ÐOÙ?ÚHÓ«Ú�ÒyÚ�Ð~æ_Ò~Ó�Ó|ÝµØ¼ß�ÙµáoÎ~ÙµÖ�Ü�Ò�Ó�ß�Ùµá~Ö�Ð¨Î~ä'Ó�ÐOâ�ÕyÒyÚ�ßÞÎ<Ù,æ]ß¢Ó�â�ÐO×µâ�ÐgÓ�ÐOÙ?Ú�Ð�Ïeä�ÜîÒ
×YÏ�Ô«æ���û�*,+ � � +~ÿ�ç
Ì¯ÛµÐ�Ó�ÐOÙ'Ó�ßÞÙ'áXØ¼ÎbÏbÐgÖ]ÑOÒ~Ù�ä=Ð�á~ÐgÙµÐOâ�Ò�Ö�ß�	gÐgÏTÚ�Î¨ß�Ù'Ñ
Ö�Ý'ÏbÐ�Ó|Ú�Ò�Ú�ÐWÛµß¢Ó«Ú�Î~â�Ü~æ
� K+ ; 	 K + û * E , �#�	� , *;+ , =���� K+ ÿ�ç

� $�� *�!�� �
��( *
$ &�� �%/�� & \°Ú�ÐOØ¨Ó ô�� Ò�ÙGÏ ô~ô Ñ�Û'Ò~â�Ò<Ñ�Ú�Ðgâ�ß
	OÐ�Ú�ÛµÐ�Ûµß¢Ó«Ú�Î~â�ÜTÚ�Û'ÒyÚ­ß¢Ó­Ò:ÕyÒ~ßÞÖ¢Ò�äµÖ�Ð�Ô�Î~â�ÏbÐgÑOß�Ó�ßÞÎ<ÙoØ¼Ò~å�ßÞÙµáGç*Ì¯Û'Ð
â�ÐOÖ¢ÒyÚ�ß�Î~ÙGÓ|Ûµß�×Qä=Ð
Ú«Í*ÐOÐgÙcÓ�ÐOÙGÓ|Î<â¼Ò~Ù'ÏcÒ~Ñ�Ú�ßÞÎ<ÙQÛµß¢Ó|Ú�Î~â�ÜÀÒ�ÙGÏZÏbÐ�Ñ
ß¢Ó|ß�Î~ÙcØ¨Ò�å�ß�Ùµá�ÛGÒ~Ó¼Ö�Î~ÙµáîäGÐgÐOÙöÑ
Î<Ù'Ó|ß¢ÏbÐgâ�Ð�ÏÀß�ØX×=Î~â�Ú�Ò~Ù?Ú
ß�Ù ×µÖ�Ò~ÙµÙµß�Ùµá�ÝµÙ'ÏµÐOâ�ÝµÙGÑ
ÐOâ�Ú�Ò~ßÞÙ?Ú«Ücû�Ð~ç á'ç�æ ï ��ò æ ó H õ ÿ
ç ( ÐgÙµÐOâ�Ò�Ö�ÖÞÜ�Î~ÙµÐ¨Í*Î~Ý'Ö�ÏîÖ�ßÞå<Ð¼Ú�Î�Î~×µÚ�ß�ØXß
	OÐTÚ�ÛµÐT×=ÐOâ�Ô�Î~â�Ø¨Ò�Ù'ÑOÐ¼Î�Ô®Ò
â�Î~ä=Î�Úgæ'Í®ÛµßÞÖ�ÐHÏbß�â�ÐgÑ�Ú�ÖÞÜ2Ú�Ò~å?ß�Ùµá¨ß�Ù?Ú�ÎTÒ~ÑgÑ
Î<ÝµÙ?Ú®Ú�ÛµÐHÑOÎ~Ø¼×µÖ�ß�ÑgÒyÚ�ßÞÎ<Ù'Ó6ÏbÝµÐ�Ú�Î¨Ö�ßÞØ¼ßÞÚ�ÐgÏ�Ó�ÐOÙGÓ|ß�Ùµá'ç �*Ü�Ý'Ó�ß�Ùµá¼Ú�ÛµÐ�Ñ
Î~ÙGÑ
ÐO×µÚ6Î�Ô
ß�ÙbÔ�Î~â�Ø¨ÒyÚ�ß�Î~Ù�Ó«Ú�ÒyÚ�Ð~æbÒ~Ó¯Ñ
Î<Ù'Ó�ß�ÏbÐgâ�Ð�ÏTß�Ù�Ó|Ú�ÎbÑ�Û'Ò<Ó«Ú�ß�Ñ�Ñ
Î<Ù<Ú�â�Î<Ö=Ò~Ù'Ï2ÏµÜ?ÙGÒ�Ø¼ß�Ñ�á?Ò�Ø¼Ð6Ú�ÛµÐOÎ<â�Ü<æ�Ò�Ý'Ó�Ð
Ô�ÝµÖ,Ñ�ÛGÒ�â�Ò~Ñ�Ú�ÐOâ�ß�	�ÒyÚ�ßÞÎ<Ù¨Î�Ô
Ú�Û'ß�Ó*â�ÐOÖ¢ÒyÚ�ß�Î~ÙGÓ|Ûµß�×Tß¢Ó*×µâ�ÎyÕ�ß¢ÏbÐgÏ,ç�êëÛ'ÐOÙTÚ�ÛµÐOâ�Ð�ß�Ó*×=ÐOâ�Ô�ÐgÑ�Ú®Ó|Ú�ÒyÚ�Ð�ß�ÙbÔ�Î<â�Ø¨ÒyÚ�ßÞÎ<Ù,æbÏbÐgÑOß�Ó�ß�Î~Ù'Ó*ÑOÒ~Ù2ä=Ð�Ø¨Ò~ÏµÐ�Î<Ù¨Ú�ÛµÐWä'Ò<Ó|ß¢Ó²Î�Ô
Ó|Ú�ÒyÚ�Ð~ç �6ÎyÍ*ÐOÕ<ÐOâ�æbÍ®ß¬Ú�Û�ßÞØ¼×=ÐOâ�Ô�ÐgÑ�ÚWÓ«Ú�ÒyÚ�Ð�ßÞÙbÔ�Î<â�Ø¨Ò�Ú�ß�Î~Ù,æ'Ú�ÛµÐHÏµÐgÑ
ß¢Ó�ßÞÎ<Ù'Ó6Ò�â�Ð�Ñ
Î<Ù'ÏbßÞÚ�ß�Î~ÙµÐ�ÏoÎ~ÙoßÞÙµÔ�Î~â�Ø¼Ò�Ú�ß�Î~Ù�Ó|Ú�ÒyÚ�ÐgÓgç*Ì¯Û'Ð
ß�ÙbÔ�Î~â�Ø¨ÒyÚ�ß�Î~Ù¾Ó|Ú�ÒyÚ�ÐTÑ
Î<Ù'Ñ
Ðg×bÚ�ß�Ó�Ó�ß�ØXß�Ö¢Ò�âWÚ�ÎoÚ�ÛµÐTÏbÐ í ÙµßÞÚ�ß�Î~Ù¾Î�Ô¯å�ÙµÎyÍ®ÖÞÐ�Ïbá~Ð¼Ó|Ú�ÒyÚ�ÐgÓgæ.ÑOÎ~Ù'Ó�ß�ÏµÐOâ�ÐgÏ�ßÞÙ ï 7 ó:õ æ.Ò~Ù'ÏîÛ'Ò~Ó�Ò~Ö�Ó�Î
â�ÐgÑ
ÐgÙ?Ú�Ö�ÜTäGÐgÐOÙo×µâ�Î~×=Î<Ó�ÐgÏ2ßÞÙ ïñð�õ ç
Ì¯ÛµÐ²ßÞÙbÔ�Î<â�Ø¨Ò�Ú�ß�Î~ÙHÓ�×'Ò~ÑOÐ²ÑgÒ�ÙHä=Ð¯Ñ
Î~ÙGÓ|ß¢ÏbÐOâ�ÐgÏ�Ò<Ó.Ò�â�ÐO×µÖ¢Ò~ÑOÐOØ¼ÐOÙ?Ú]Ô�Î<â]Ú�ÛµÐ¯Ó«Ú�ÒyÚ�Ð*Ó|×GÒ~Ñ
Ð²ßÞÙHÚ�ÛµÐ¯ÑOÒ<Ó|Ð²Î�Ô'ß�Ø¼×GÐgâ|Ô�Ð�Ñ�Ú%Ó«Ú�ÒyÚ�Ð

ß�ÙbÔ�Î~â�Ø¨ÒyÚ�ß�Î~Ù5ûrßKç Ð~ç�æ?×µÖ�Ò~ÙµÙµß�ÙµáHÎbÑgÑ
Ýµâ�Ó%ß�Ù¨Ú�ÛµÐ�ßÞÙµÔ�Î~â�Ø¼Ò�Ú�ß�Î~Ù¨Ó�×'Ò~ÑOÐ6ßÞÙGÓ«Ú�ÐgÒ~Ï¼Î~ÔRÚ�ÛµÐ�Ó«Ú�ÒyÚ�Ð­Ó|×GÒ~Ñ
Ð:ÿ�ç4Z�ß�Ù'Ñ
Ð­Ú�ÛµÐ�ßÞÙbÔ�Î<â�Ø¨Ò�Ú�ß�Î~Ù
Ó�×'Ò~ÑOÐ�ß¢Ó*á~ÐOÙ'ÐOâ�ÒyÚ�Ð�ÏTä�ÜTÒ�á~â�ÎyÍ®ßÞÙµá�Ûµß¢Ó«Ú�Î~â�Ü~æ�ß¬Ú�Ó¯ÏbßÞØ¼ÐgÙ'Ó|ß�Î~ÙoÑOÒ~Ù2ß�Ù'Ñ
â�ÐgÒ<Ó|Ð�ÖÞß�ÙµÐ�Ò�â�ÖÞÜ¨Í®ßÞÚ�Û�Ú�ÛµÐWÙ�ÝµØ�äGÐgâ*Î~Ô�Ó|Ú�Ò~á~ÐgÓgç_Ì¯Ûµß�Ó
Ø¼Î�Ú�ßÞÕyÒyÚ�ÐgÓHÚ�ÛµÐ�Ñ
Î<Ù'Ó|ß¢ÏbÐgâ�Ò�Ú�ß�Î~Ù Î�Ô­Ò~Ö¬Ú�ÐOâ�Ù'ÒyÚ�ßÞÕ<Ð¨â�Ðg×µâ�ÐgÓ�ÐOÙ?Ú�Ò�Ú�ß�Î~Ù'Ó�Í®Û'ÐOÙQ×=Î<Ó�Ó�ßÞäµÖ�Ð~çD\tÙÀÚ�Û'Ð�ÑOÒ<Ó|Ð2Î�Ô6ÙµÎ<Ù'ÏbÐ
Ú�ÐOâ�Ø¼ßÞÙµß¢Ó|Ú�ß¢Ñ
ÝµÙ'ÑOÐOâ�Ú�Ò~ßÞÙ?Ú«Ü~æYÚ�ÛµÐ¼ßÞÙµÔ�Î~â�Ø¼Ò�Ú�ß�Î~ÙîÓ|×'Ò<Ñ
Ð¼ÑOÒ~Ùeä=Ð¼Ò~Ö¬Ú�ÐOâ�Ù'ÒyÚ�ßÞÕ<ÐOÖ�Üoâ�Ðg×µâ�Ð�Ó|ÐgÙ?Ú�ÐgÏ�Ò~Ó�Ò�Ù¾Ò�Ö�á~Ðgäµâ�Ò2Î�Ô²Ó�Ýµä'Ó�Ð
Ú�ÓWÎ�Ô � Ú�ÛGÒyÚ�Ò�â�Ð
Î~äµÚ�Ò�ß�ÙµÐ�Ï2ä�Ü2×=ÐOâ�Ô�Î~â�Ø¼ßÞÙ'áXÓ�Ð
Ú6ß�Ù?Ú�ÐOâ�Ó�ÐgÑ�Ú�ßÞÎ<Ù'Ó²Ú�Û'Ò�Ú6Ø¨Ò�ß�Ù<Ú�Ò�ß�Ù�ÑOÎ~Ù'Ó�ß¢Ó«Ú�ÐOÙ'ÑOÜTÍ®ß¬Ú�Û�Ú�ÛµÐ�Ûµß¢Ó|Ú�Î~â�Ü~ç%Ì¯Û�Ý'Ó¯Ô�Î<â®ÐgÒ<Ñ�Û2×=Î<Ó�Ó|ß�äµÖ�Ð
Ò~Ñ
Ú�ß�Î~Ù2Ò~Ù'Ï2Ó�ÐOÙGÓ|ß�ÙµáHÛ'ß�Ó|Ú�Î<â�Ü<æ�Ò�Ó|ÐOÚ*Î~Ô]×=Î<Ó�Ó|ß�äµÖ�Ð�ÑOÝµâ�â�ÐOÙ?Ú¯Ó«Ú�ÒyÚ�Ð�Ó²ÑgÒ�Ù�äGÐ�ß�ÏµÐOÙ?Ú�ß í ÐgÏ,çW�µÎ~â*Ð
ìµÒ~ØX×'ÖÞÐ<æ?ß�Ù2×'Ýµâ�Ó�ÝµßÞÚ|ã°ÐOÕyÒ~Ó�ß�Î~Ù
×µâ�Î~äµÖ�ÐOØ¨Ó-Ô�Î~â*Í®Ûµß�Ñ�ÛTÚ�ÛµÐ�ÐOÕyÒ~ÏbÐgâ²×=Î<Ó�ßÞÚ�ß�Î~ÙTß¢Ó�Ý'Ùµå�ÙµÎyÍ®Ù,æ<Ú�ÛµÐ�ßÞÙbÔ�Î<â�Ø¨Ò�Ú�ß�Î~Ù2Ó|Ú�Ò�Ú�Ð�ÑgÒ�Ù¨â�ÐO×µâ�ÐgÓ�ÐOÙ?Ú�×=Î<Ó�Ó�ßÞäµÖ�Ð­Ö�ÎbÑOÒ�Ú�ß�Î~Ù'Ó�Î�Ô
Ú�Û'Ð�ÐOÕyÒ~ÏµÐOâ�æµá~ß�Õ~ÐgÙ�Ú�ÛµÐ�ß�ÙµßÞÚ�ß¢Ò�Ö.ÑOÎ~Ù'Ïµß¬Ú�ßÞÎ<Ù'Ó6Ò�ÙGÏoÛµß�Ó|Ú�Î<â�Ü�Î�Ô_×µÝµâ�Ó|Ý'ÐOâ6Ø¼Î�Ú�ßÞÎ<Ù'Ó ï ó �:õ ç*êëß¬Ú�Û5×µâ�Î~ä'Ò~äµßÞÖ�ß¢Ó«Ú�ß�ÑWÝµÙGÑ
ÐOâ�Ú�Ò~ßÞÙ?Ú«Ü<æ
Ú�Û'Ð�ß�ÙbÔ�Î<â�Ø¨ÒyÚ�ßÞÎ<Ù�Ó�×'Ò<Ñ
ÐWÑOÒ�Ù�ä=ÐWÒ~Ö¬Ú�ÐOâ�Ù'ÒyÚ�ßÞÕ<ÐOÖ�Ü¨â�Ðg×µâ�ÐgÓ�ÐOÙ?Ú�Ð�Ï2Ò~Ó¯ÒX×YÏ�Ô�Î<Ù � Ú�ÛGÒyÚ®ß�Ó¯Î<äbÚ�Ò~ßÞÙ'ÐgÏ2Ú�Ûµâ�Î~Ýµá<ÛTÚ�ÛµÐWâ�Ðg×GÐ�ÒyÚ�Ð�Ï
Ò�×'×µÖÞß¢ÑOÒ�Ú�ß�Î~Ù¼Î�Ô �¯Ò:Ü~Ð�ÓOþyâ�ÝµÖ�Ð~ç�\tÙ¼Ú�Û'Ð­ÑOÒ<Ó|Ð®Î~ÔRÒWÖ�ß�ÙµÐgÒ~â ( Ò�Ý'Ó�Ó�ß�Ò~Ù¼Ó�ÜbÓ«Ú�ÐOØúÍ®ß¬Ú�Û¨ÙµÎ�á<ÐOÎ~Ø¼ÐOÚ�â�ß�Ñ®ÑOÎ~Ù'Ó|Ú�â�Ò�ß�Ù?Ú�Ógæ~Ò�Ö�Öµ×=Î<Ó�Ó|ß�äµÖ�Ð
×YÏ�ÔrÓ-Ò�â�Ð ( Ò�Ý'Ó�Ó�ß�Ò~Ù,æ�Ò�Ù'Ï�Ú�ÛµÐ®ßÞÙµÔ�Î~â�Ø¼Ò�Ú�ß�Î~ÙXÓ|×'Ò<Ñ
Ð®ÑOÒ~Ù�ä=Ð6Ó�×'Ò�ÙµÙ'ÐgÏ�ä?ÜXÓ|×=ÐgÑOß¬Ô�Ü�ß�ÙµáWÎ~ÙµÖ�Ü�Ú�ÛµÐ®Ø¼ÐgÒ�Ù¼Ò�ÙGÏXÑOÎyÕyÒ�â�ß�Ò~Ù'Ñ
Ð<ç \tÙ
á~ÐgÙµÐOâ�Ò�ÖJæµÚ�ÛµÐX×=Ï�ÔrÓ�ÏbÎ�ÙµÎ�ÚWÒ~ÏbØ¼ßÞÚ�ÒTÖ�ÎyÍ¯ãtÏbßÞØ¼ÐgÙ'Ó|ß�Î~ÙGÒ�Ö,×'Ò~â�Ò~Ø¼Ð
Ú�Ðgâ�ß
	gÒ�Ú�ß�Î~Ù 5=ÛµÎyÍ*ÐOÕ<ÐOâ�æµØ¼Î~Ø¼ÐOÙ?Ú�Ó�Î�Ô%Ú�ÛµÐ�Ïµß�Ó|Ú�â�ßÞä'ÝbÚ�ß�Î~Ù'Ó
ÑOÒ~ÙTä=Ð�Ñ
Î<Ù'Ó�ß�ÏbÐgâ�Ð�Ï¨Ò~Ó²Ò�Ù2Ò~×µ×µâ�Î:ì�ß�Ø¨ÒyÚ�Ð®â�Ðg×µâ�Ð�Ó|ÐgÙ?Ú�ÒyÚ�ßÞÎ<Ù ï ð~ò�õ ç4�'Î~â*×µâ�Ò<Ñ�Ú�ß�ÑgÒ�Öµ×µÝ'â�×=Î<Ó�ÐgÓgæ<Î<ÙµÐ­Ø¼ß�á~Û?Ú²ÛGÒ:Õ~Ð¯Ú�ÎXÑ
Î<Ù'Ó|ß¢ÏbÐgâ
Ö�ÎyÍ¯ã°Ïbß�Ø¼ÐOÙ'Ó�ß�Î~Ù'Ò~Ö�Ú�â�Ò�Ù'Ó|Ô�Î~â�Ø¨ÒyÚ�ß�Î~ÙGÓ.Î~ÔYÚ�ÛµÐ®Ûµß¢Ó|Ú�Î~â�Ü~æ?Ó|ÝGÑ�Û¼Ò<Ó_ÖÞß�Ø¼ß¬Ú�ßÞÙ'á�Ú�ÛµÐ­Ù?Ý'ØHä=ÐOâ-Î~ÔYÓ|Ú�Ò~á~ÐgÓ-ßÞÙ'ÑOÖÞÝGÏbÐgÏXß�Ù¼Ú�ÛµÐ6Û'ß�Ó|Ú�Î<â�Ü<æ
Î~â®Ð�Ó«Ú�ßÞØ¨Ò�Ú�Ð�Ó|Î<Ø¼Ð�×=Î~â�Ú�ß�Î~Ù�Î�Ô�Ú�Û'Ð�Ó«Ú�ÒyÚ�ÐWÕ<ÐgÑ�Ú�Î~â�ç
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$ /�� � � \°Ú�ÐOØ ô:ò ÏbÐ í ÙµÐgÓ¼ÒeÓ|Ú�â�ÒyÚ�ÐOá<ÜeÔ�Î<âHÐgÒ<Ñ�ÛQÏbÐ�Ñ
ß¢Ó|ß�Î~ÙÀØ¨Ò~å~ÐOâ�ç�Ì¯Û'Ð2á~Î?Ò�Ö²ß�Ó�Ú�ÎîÑ
Î<ØX×'ÝbÚ�Ð�Ò
Ó|Ú�â�ÒyÚ�Ðgá~ÜQÚ�Û'Ò�Ú2Í®ßÞÖ�Ö�ÖÞÐ�Ò~ÏZÚ�Î Ú�ÛµÐ�Ò<ÑOÑOÎ~Ø¼×µÖ�ß�Ó�ÛµØ¼ÐOÙ?Ú2Î~Ô�Ó�Î~Ø¼Ð�â�Î~ä=Î�Ú�ß�ÑoÚ�Ò~Ó�åYæ¯Ó�Ý'Ñ�Û�Ò<Ó¨Ø¼ÎyÕ?ß�Ùµá Ú�ÛµÐ5â�Î~ä=Î�ÚTÚ�ÎQÓ�Î~Ø¼Ð
×µâ�ÐgÓ�Ñ
â�ßÞä=ÐgÏeâ�Ðgá~ß�Î~Ù,ç[\tÙ�Ú�ÛµÐ¼Ø¼Î<Ó|ÚWá~ÐOÙ'ÐOâ�Ò�Ö.Ô�Î~â�Ø�æRÐ�Ò~Ñ�ÛeÏµÐgÑ
ß¢Ó�ßÞÎ<ÙeØ¨Ò�å<ÐOâWÑ
Î~ÙGÏbß¬Ú�ßÞÎ<Ù'Ó�ß¬Ú�Ó�Ò~Ñ
Ú�ß�Î~Ù'Ó�Î~Ù�ß¬Ú�ÓWßÞÙbÔ�Î<â�Ø¨Ò�Ú�ß�Î~Ù
Ó|Ú�ÒyÚ�Ð!5RÛµÎyÍ*ÐOÕ<ÐOâ�æ'ÕyÒ�â�ß�Î~Ý'Ó�Ó|×=ÐgÑOß�Ò~ÖÞß
	gÒ�Ú�ß�Î~Ù'Ó�Î�Ô%Ú�Ûµß�ÓWÒ~â�Ð�ÝGÓ|ÐOÔ�ÝµÖ_ßÞÙ�×'Ò�â�Ú�ß¢Ñ
ÝµÖ¢Ò�â�Ñ
Î<Ù<Ú�Ð
ì�Ú�Ógç[�µÎ~â�Ð
ìµÒ~ØX×'ÖÞÐ<æYÓ�Ýµ×µ×=Î<Ó�Ð�\°Ú�ÐOØ
HXß¢Ó6Ïbâ�Î~×µ×=ÐgÏRæ'ßÞØ¼×µÖ�Ü�ßÞÙµá¼Ú�Û'ÒyÚ®Ú�ÛµÐOâ�Ð�ß¢Ó®×GÐgâ|Ô�Ð�Ñ�Ú­×'â�Ð�Ïbß�Ñ
Ú�ß�Î~Ù,çF\tÙ�Ú�Ûµß¢Ó6ÑOÒ<Ó|Ð<æbÔ�Î~â6Ò¼á<ßÞÕ<ÐOÙ+* E Ò~Ù'ÏoÓ|Ð�à<Ý'ÐOÙ'ÑOÐ�Î�Ô%Ò~Ñ�Ú�ßÞÎ<Ù'Ógæ� K
E
, �	�#� ,�� K� Ô�Î~â­ÐgÒ~Ñ�Û42@N<�¾æGÚ�ÛµÐ�Ñ
Î~Ø¼×µÖ�Ð
Ú�Ð�Ú�â�Òyè«Ð�Ñ�Ú�Î~â�Ü7* ? , �	�#� , * � D E ÑOÒ�Ù�ä=ÐHÏbÐOÚ�Ðgâ�Ø¼ß�ÙµÐgÏoÝ'Ó�ß�Ùµáeû ò ÿ�ç@\tÙ�Ú�Ûµß�Ó�ÑOÒ<Ó|Ð<æ
Ô�ÐOÐ�Ïbä'Ò<Ñ�å�ß�Ó�ÙµÎ~ÚWÓ|Ú�â�ß�Ñ
Ú�Ö�Ü�ÙµÐgÑOÐgÓ�Ó�Ò~â�Ü<æ=Ò~Ù'Ï�Ú�ÛµÐ¼Ó|Î<ÖÞÝbÚ�ßÞÎ<Ù�Ó|Ú�â�ÒyÚ�ÐOá~Ü�ÑgÒ�Ùeä=Ð¼Ñ
Î~Ø¼×µÖ�Ð
Ú�ÐOÖ�Ü5Ñ�Û'Ò�â�Ò~Ñ
Ú�Ðgâ�ß
	OÐ�Ïoä?ÜoÚ�ÛµÐ¨Ò~Ñ
Ú�ß�Î~Ù
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For each combination of actions,
the cost−to−go is obtained by
interpolation.
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Optimal action is chosen at stage
k using the DP equation and
the cost−to−go at stage k+1

A smooth trajectory can be obtained
in the state space.
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ÐOÙ?Ú�ÖÞÜ¨Ô�Î<â¯ÙµÎ~ÙµÛ'Î~Ö�Î~ÙµÎ<ØXß¢ÑWÒ�Ù'Ï�å�ßÞÙ'Î�ÏµÜ?ÙGÒ�Ø¼ß�Ñ�×'Ò�Ú�Ûo×µÖ¢Ò�ÙµÙ'ßÞÙµá¼ß�Ù
Ûµß�á~ÛbãtÏbß�Ø¼ÐOÙ'Ó�ßÞÎ<Ù'Ò�Ö,Ó|Ú�Ò�Ú�Ð�Ó�×'Ò~ÑOÐgÓ ïñð � õ ç
ù ÖÞÚ�Û'Î~Ýµá<Û�Ú�ÛµÐ�Ô�â�Ò�Ø¼ÐgÍ²Î<â�å¨Û'Ò<Ó6ä=ÐOÐgÙ5Ò�×µ×µÖ�ß�ÐgÏ�Ó�Î¼ÔrÒ�â®Ú�Î2Ó|ÐgÕ~Ðgâ�Ò~Ö,Ñ
Ö¢Ò~Ó�Ó|Ð�Ó¯Î�Ô%×µâ�Î~äµÖ�ÐOØ¨Ógæ'Î~Ù'Ð�ßÞØ¼×=Î~â�Ú�Ò�Ù?Ú�ÏµßÞâ�ÐgÑ
Ú�ß�Î~Ù

Ô�Î~â­Ô�ÝbÚ�Ý'â�Ð�â�ÐgÓ�ÐgÒ~â�Ñ�Û�Í®ß�ÖÞÖ.äGÐHÚ�Î2Ñ�Û'Ò~â�Ò<Ñ�Ú�ÐOâ�ß�	gÐWÒ~Ù'Ï�Ò�ÙGÒ�Ö�Ü�	gÐ�Ò~ÏµÏµß¬Ú�ßÞÎ<Ù'Ò�Ö,×'â�Î<äµÖÞÐgØ¨ÓOç@\tÙ�Ø¨Ò�Ù�ÜoÑOÒ~Ó�ÐgÓgæµÝ'Ó�Ð
Ô�Ý'Ö�ÑOÎ~Ù'ÑOÐO×bÚ�Ó
Ô�â�Î~Ø Ú�ÛµÐTÐOìbß�Ó|Ú�ß�Ùµá5Ö�ß¬Ú�ÐOâ�ÒyÚ�Ýµâ�Ð�ÑOÒ�Ù¾ä=Ð�ÑOÎ~ØHä'ßÞÙµÐ�Ï¾Í®ß¬Ú�Û Ú�Û'ÐTØ¨ÒyÚ�Û'ÐOØ¨ÒyÚ�ß�ÑgÒ�Ö²Ó|Ú�â�Ý'Ñ
Ú�Ýµâ�Ð~æ_Ó|ÝGÑ�ÛÀÒ~Ó�ß�Ù¾Ú�Û'Ð�ÑOÒ<Ó|Ð¨Î~Ô®Ý'Ó«ã
ß�Ùµá¾×µâ�ÐgßÞØ¨Ò~á~Ðo×µÖ¢Ò�ÙµÙµß�Ùµá¾â�ÐgÓ�ÐgÒ�â�Ñ�ÛÀÚ�Î ÏbÐOÕ<ÐOÖ�Î~×ZÚ�ÛµÐ�×=ÐOâ�Ô�Î~â�Ø¨Ò�Ù'ÑOÐ�×'â�ÐgßÞØ¨Ò�á<Ð~ç Z�Ý'Ñ�ÛöÑ
Î<Ù'Ó|Ú�â�Ý'Ñ�Ú�ßÞÎ<Ù'Ó¨Ò�â�ÐoÝ'Ó|ÐOÔ�ÝµÖ®Ô�Î<â
ÏbÐgÕ~ÐOÖ�Î~×'ßÞÙµá¼Ò�Ö�á~Î<â�ßÞÚ�Û'Ø¼ÓgæµÒ�ÙGÏ�Ò~â�Ð�Ñ
Î<Ø¼×'ÒyÚ�ßÞäµÖ�ÐWÍ®ß¬Ú�Û�Ú�ÛµÐ�ÏbÜ�Ù'Ò~Ø¼ß�ÑWá?Ò�Ø¼Ð
ãJÚ�ÛµÐgÎ~â�Ð
Ú�ß�Ñ�Ñ
Î<Ù'Ñ
Ðg×bÚ�Ógç
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Configuration
Space

State
Space

Information
Space

Path

Navigation Function

Increasingly difficult spaces

Motion Strategy:

��ß�á~Ýµâ�Ð ó ÷ ù Ú�Ò�ìbÎ~ÙµÎ<ØHÜ¨Î�Ô_Ø¼Î�Ú�ßÞÎ<Ù�Ó|Ú�â�ÒyÚ�ÐOá~Ü¨×'â�Î<äµÖÞÐgØ¨ÓOç

� ��Ç�ÄoÊ��gÉ ��ËOÇ�Ä

ù ÏbÜ�Ù'Ò~ØXß¢Ñ*á<Ò~ØXÐOãKÚ�ÛµÐOÎ<â�ÐOÚ�ß¢Ñ-Ô�â�Ò�Ø¼ÐgÍ²Î<â�åWÛ'Ò<Ó_äGÐgÐOÙ¼×µâ�Î~×=Î<Ó�ÐgÏ�ßÞÙ�Ú�Ûµß¢Ó%×'Ò~×GÐgâ_Ú�Î�Ó�ÐOâ�Õ~Ð¯Ò~Ó%Ò�Ø¨ÒyÚ�Û'ÐOØ¨ÒyÚ�ß�ÑgÒ�Ö�Ô�Î~Ý'Ù'ÏµÒyÚ�ßÞÎ<Ù
Ô�Î~â²Ò�ä'â�Î?Ò~ÏXÑ
Ö¢Ò~Ó�Ó%Î�ÔYØ¼Î�Ú�ß�Î~Ù¼×µÖ¢Ò�Ù'ÙµßÞÙ'á�×µâ�Î<äµÖ�ÐOØ¨ÓOç
�®ÐgÓ�ÝµÖÞÚ�Ó%Î<äbÚ�Ò~ßÞÙ'ÐgÏXä�Ü�Ô�Î~Ö�Ö�ÎyÍ®ßÞÙµá�Ú�Ûµß�Ó�×GÐgâ�Ó�×=ÐgÑ�Ú�ßÞÕ<Ð¯Í²Ðgâ�Ð®×µâ�ÐgÓ�ÐOÙ?Ú�ÐgÏ
Í®ßÞÚ�ÛoÚ�Û'Ð�ßÞÙ?Ú�ÐOÙ?Ú­Î�Ô_ß�Ù'Ïbß¢ÑOÒyÚ�ßÞÙ'á¼Ú�ÛµÐ�á<ÐOÙµÐgâ�Ò~ÖRÝbÚ�ß�Ö�ß¬Ú«Ü�Î�Ô�Ú�Ûµß¢Ó®Ô�Î<ÝµÙ'ÏµÒ�Ú�ß�Î~Ù,ç �*Ü�ÙµÎ¨Ø¼Ð�Ò�Ù'Ó®ß¢Ó®ßÞÚ­ß�Ù<Ú�ÐOÙ'ÏµÐgÏ�Ú�Î¨×'â�ÎyÕ�ß¢ÏbÐ�Ò
á~ÐgÙµÐOâ�Ò�ÖGÓ|Î<ÖÞÝbÚ�ßÞÎ<Ù¼Ú�Î�Ú�Ûµß¢Ó�äµâ�Î<Ò<Ï¼Ñ
Ö¢Ò~Ó�Ó%Î�Ô,×µâ�Î~ä'ÖÞÐgØ¼Ógæ~ä'ÝbÚ²ß�Ù'Ó|Ú�ÐgÒ<Ï¼ß¬Ú*×µâ�ÎyÕ?ß¢ÏbÐ�Ó-Ò�Ý'Ó�Ð
Ô�ÝµÖYÑ�Û'Ò~â�Ò<Ñ�Ú�Ðgâ�ß
	gÒ�Ú�ß�Î~ÙXÝµ×=Î~Ù¨Í®Ûµß¢Ñ�Û
Ø¼Î�Ú�ßÞÎ<Ù�Ó|Ú�â�ÒyÚ�ÐOá~ÜTÒ~ÖÞá<Î~â�ß¬Ú�ÛµØ¨Ó²ÑgÒ�Ù�äGÐ�ÏbÐgÕ~ÐgÖÞÎ<×GÐ�ÏRç4\tÙ2Ú�Ûµß¢Ó¯Í*Ò:Ü<æ?ßÞÚ­ÑOÒ~Ù�Ó�ÐOâ�Õ~Ð�Ú�ÛµÐ�Ó�Ò�Ø¼ÐW×µÝµâ�×GÎ?Ó|Ð�Ú�ÛGÒyÚ­Ñ
Î<Ù í á<Ýµâ�Ò�Ú�ß�Î~Ù
Ó�×'Ò~ÑOÐWÑOÎ~Ù'ÑOÐO×bÚ�Ó®Ó|Ðgâ�Õ<ÐgÏTÔ�Î~â®ä'Ò<Ó|ß¢Ñ�×'ÒyÚ�Û�×'Ö�Ò~ÙµÙµß�Ùµá¨×µâ�Î~äµÖ�ÐOØ¨Ógç
Ì¯Ûµß¢Ó-Ô�Î<ÝµÙ'ÏµÒ�Ú�ß�Î~ÙTÑgÒ�ÙT×µâ�ÎyÕ�ß�ÏµÐ­Ó|ÐgÕ~Ðgâ�Ò~Öµå~ÐgÜ¼Ò<ÏbÕyÒ�Ù?Ú�Ò~á~Ð�Ó_Ô�Î~â�Ô�ÝbÚ�Ýµâ�Ð�â�Ð�Ó|Ð�Ò�â�Ñ�Û,÷�û ô ÿ ù Ñ
Î<ØXØ¼Î<Ù,æ<Ý'Ùµß í ÐgÏ2Ó|Ú�â�Ý'Ñ
Ú�Ýµâ�Ð

ÔrÒ~ÑOßÞÖ�ßÞÚ�ÒyÚ�ÐgÓ2Ú�ÛµÐîÑ
Î<ØX×GÒ�â�ß�Ó�Î~ÙöÎ�Ô�Ú�ÐgÑ�ÛµÙ'ß�à?ÝµÐ�ÓOç��<Ý'Ó|Ú�Ò~Ó�Ñ
Î<Ù í á<Ýµâ�Ò�Ú�ß�Î~ÙëÓ�×'Ò~ÑOÐeÑ
Î<Ù'Ñ
Ðg×bÚ�Ó2×µâ�ÎyÕ�ß¢ÏbÐgÏëÒÀ×µâ�Ð�Ñ
ß¢Ó|Ð<æ®ß�ÏµÐgÒ�Ö
Ô�Î~â�ØHÝ'Ö�Ò�Ú�ß�Î~Ù2Î~Ô.ä'Ò<Ó|ß¢Ñ�×'ÒyÚ�Û�×'Ö�Ò~ÙµÙµß�Ùµá'æ�Ú�ÛµÐ�ÏbÜ�Ù'Ò�Ø¼ß¢Ñ�á<Ò�Ø¼ÐOãKÚ�ÛµÐOÎ<â�ÐOÚ�ß¢Ñ­Ñ
Î<Ù'Ñ
Ðg×bÚ�Ó¯×'â�ÎyÕ�ß¢ÏbÐ�Ò�Ô�Î<â�Ø�ÝµÖ�Ò�Ú�ß�Î~Ù�Î�Ô]Ú�ÛµÐWß�ÏµÐgÒ�Ö
û�Î<â­Î<×bÚ�ß�Ø¨Ò�Ö¦ÿ®Ó«Ú�â�Ò�Ú�Ðgá~ß�ÐgÓ¯Ú�Û'ÒyÚ�ÑgÒ�Ù�ä=Ð�Ò<Ñ�ÛµßÞÐgÕ~Ð�ÏRç �'Î~â�Ø¼Ò~Ù�Ü�Ïbß �TÑ
ÝµÖÞÚ�×'â�Î<äµÖÞÐgØ¨ÓOæ'Ú�â�Ò~ÏbÐgÎ�éRÓ6Ò�â�Ð�ßÞÙ'ÐOÕ�ß¬Ú�Ò�äµÖ�Ü�Ø¼Ò<ÏbÐ�Ú�Î
ß�ØX×'â�ÎyÕ<ÐHÑ
Î<ØX×'ÝbÚ�Ò�Ú�ß�Î~Ù'Ò~Ö.×=ÐOâ�Ô�Î~â�Ø¨Ò�Ù'ÑOÐ~ç ù ÓWÒ�×'×µâ�Î:ìbß�Ø¨ÒyÚ�ÐHÎ~â�ßÞÙ'ÑOÎ~Ø¼×µÖ�Ð
Ú�Ð�Ø¼Ð
Ú�ÛµÎbÏµÓWÒ�â�ÐH×µâ�Î~×=Î<Ó�ÐgÏ,æGßÞÚ�ß�Ó�Ý'Ó�Ð
Ô�ÝµÖ_Ô�Î<â
Ú�Û'Ð*×'Ýµâ�×=Î<Ó�ÐgÓ_Î~Ô=Ò~Ù'Ò�Ö�ÜbÓ|ß¢Ó.Ú�ÎWÛ'Ò:Õ~Ð*×µâ�ÐgÑOß�Ó�Ð~æyß¢ÏbÐgÒ~Ö�Ô�Î~â�ØHÝµÖ¢ÒyÚ�ßÞÎ<Ù'Ógç²û ò ÿ4�²ÖÞÐ�Ò�â%Ïbß�â�Ð�Ñ�Ú�ß�Î~ÙGÓ%Ò�â�Ð²×µâ�ÎyÕ�ß�ÏµÐgÏHÒ~ÖÞÎ<Ùµá�Í®Ûµß�Ñ�Û�Ú�Û'Ð
Ñ
Î<Ù'Ñ
Ðg×bÚ�Ó¯Ò~Ù'ÏTØ¼Ð
Ú�ÛµÎbÏµÓ¯ÑOÒ~Ù2ä=Ð�á<ÐOÙµÐgâ�Ò~ÖÞß
	OÐ�ÏRç��µÎ~â¯ÐOìbÒ~Ø¼×µÖÞÐ<æ?Ú�ÛµÐ�×µâ�ÐOß�Ø¼Ò~á~ÐWÒ�Ù'ÏTÔ�Î~â�Í*Ò~â�Ï¼×'â�Î~è«ÐgÑ�Ú�ßÞÎ<Ù2Ñ
Î<Ù'Ñ
Ðg×bÚ�Ó*Û'Ò:Õ<Ð
ä=ÐOÐOÙ¨Ó�ÛµÎyÍ®Ù�Ú�Î�Ò�×'×µÖÞÜ�ßÞÙ¼Õ<ÐOâ�Ü�á~ÐOÙ'ÐOâ�Ò�ÖµÓ�Ð
Ú|Ú�ßÞÙ'á<Ó_ä�ÜHá<ÐOÙµÐgâ�Ò~ÖÞß
	Oß�Ùµá�Ú�ÛµÐgßÞâ�ÏµÐ í ÙµßÞÚ�ß�Î~ÙGÓ%Í®ß¬Ú�Ûµß�Ù�Ú�ÛµÐ¯Ô�â�Ò�Ø¼ÐOÍ*Î~â�åYç.Ì¯Ûµß¢Ó%Û'Ò<Ó
×µâ�ÎyÕ�ß�ÏbÐ�Ï2ÒXÑ
Ö�ÐgÒ~â²â�ÐOÖ¢ÒyÚ�ßÞÎ<Ù'Ó|Û'ßÞ×�äGÐOÚ«Í²ÐgÐOÙ�ÙµÎ~Ù'ÏµÐ
Ú�Ðgâ�Ø¼ß�Ùµß¢Ó«Ú�ß�ÑWÒ�ÙGÏT×µâ�Î~ä'Ò~äµß�ÖÞß¢Ó«Ú�ß�Ñ�ÝµÙ'ÑOÐOâ�Ú�Ò~ßÞÙ?Ú«Ü¨Ø¼ÎbÏbÐOÖ¢ÓOæbÒ~Ù'Ï2Ù�ÝµØ¼Ðgâ�ß¢ÑOÒ~Ö
Ù'Ò:Õ�ß�á<ÒyÚ�ßÞÎ<Ù¾Ô�ÝµÙ'Ñ
Ú�ß�Î~Ù'Ó¼Ò�ÙGÏÀ×µâ�ÐOß�Ø¨Ò�á~Ð�ÓOçöû)7?ÿ ù ÕyÒ�â�ßÞÐOÚ«Ü¾Î�Ô­ÏbßÞé=Ðgâ�ÐgÙ?ÚXØ¼ÎbÏbÐOÖ¢Ó¼ÑOÒ~ÙÀäGÐoß�Ù'Ñ
â�ÐOØ¼ÐgÙ<Ú�Ò�Ö�ÖÞÜîÚ�ÐgÓ|Ú�ÐgÏ,ç � Ù'Ð
Î�Ô²Ú�ÛµÐ¼á<â�Ð�ÒyÚ�Ð�Ó«ÚWÏbß �¨ÑOÝµÖÞÚ�ß�ÐgÓWß�ÙîÏbÐOÚ�Ðgâ�Ø¼ß�ÙµßÞÙ'á�Ø¼Î~Ú�ß�Î~Ù�Ó|Ú�â�ÒyÚ�ÐOá<ßÞÐ�Ó­ÝµÙGÏbÐOâ�ÝµÙGÑ
ÐOâ�Ú�Ò~ßÞÙ?Ú�ßÞÐ�Ó�ß¢ÓWÏbÐ
Ú�ÐOâ�Ø¼ßÞÙµß�Ùµá�Ò�×'×µâ�Î<×µâ�ß�Ò�Ú�Ð
Ø¼ÎbÏbÐOÖ¢Ó¼Î�ÔWÝµÙ'ÑOÐOâ�Ú�Ò�ß�Ù?Ú«Ü~æ²Í®ÛµßÞÖ�Ð�×µâ�ÐOÕ�ß�Î~Ý'Ó¼Ò�Ö�á~Î<â�ßÞÚ�Û'Ø¼ÓXÛ'Ò:Õ<Ð�Î~Ô¦Ú�ÐgÙöÒ~×µ×µÖ�ßÞÐ�ÏÀÚ�Î Õ~Ðgâ�ÜÀÓ�×GÐ�Ñ
ß í ÑoÝµÙ'ÑOÐOâ�Ú�Ò~ßÞÙ?Ú«Ü Ø¼ÎbÏbÐOÖ¢ÓOç
Ì¯ÛµÐ�Ô�â�Ò�Ø¼ÐOÍ*Î~â�å¨Ò�Ö�ÖÞÎyÍ6Ó²Ú�Û'ÐWÓ�Ýµä'Ó|Ú�ßÞÚ�ÝµÚ�ß�Î~Ù'Ó®Î~Ô�Ò�ÕyÒ�â�ßÞÐOÚ«ÜTÎ�Ô_Ïbß¬éYÐOâ�ÐOÙ?Ú®Ø¼ÎbÏbÐOÖ¢Ó¯Í®Ûµß�ÖÞÐWØ¨Ò�Ù�Ü¨Î�Ô.Ú�ÛµÐ�×'â�ß�Ù'Ñ
ß�×µÖ�ÐgÓ¯â�ÐOØ¨Ò�ß�Ù
ÝµÙ'Ñ�ÛGÒ�Ùµá<ÐgÏRç�Ì¯Ûµß¢ÓWß�Ó�×'Ò~â|Ú�ß�ÑOÝµÖ�Ò~â�Ö�Ü�Ú�â�ÝµÐXÎ�Ô-Ú�ÛµÐ¨Ò�Ö�á~Î~â�ßÞÚ�ÛµØ Ïbß¢Ó�ÑOÝ'Ó�Ó�ÐgÏeßÞÙ Z�ÐgÑ
Ú�ß�Î~Ù � æRÍ®Ûµß¢Ñ�ÛeØ¨Ò�å<ÐgÓ­Ô�ÐOÍ â�ÐgÓ|Ú�â�ß¢Ñ�Ú�ß�Î~ÙGÓ
Î~Ù�Ú�Û'Ð�ØXÎbÏbÐgÖ�Ógç

��ßÞá<Ýµâ�Ð ó Ó|ÛµÎyÍ6Ó*ÒHÚ�ÒyìbÎ<ÙµÎ~Ø�Ü�Î~Ô.Ø¼Î�Ú�ßÞÎ<Ù2Ó«Ú�â�Ò�Ú�Ðgá~Ü¼×µâ�Î~äµÖ�ÐOØ¨Ó²Ú�Û'Ò�Ú*ß¢Ó*ä'Ò~Ó�ÐgÏ2Î~Ù2Ú�ÛµÐ�á<Ò~ØXÐOãKÚ�ÛµÐOÎ<â�ÐOÚ�ß¢Ñ®Ô�â�Ò�Ø¼ÐOÍ*Î~â�åYç
1�Ò<Ñ�ÛTä'Ò~â²ß�Ù'Ïbß¢ÑOÒ�Ú�ÐgÓ¯Ò�×'Ò�â�Ú�ß¢Ñ
Ý'Ö�Ò~â²Ñ
Ö¢Ò~Ó�Ó²Î�Ô]×µâ�Î~ä'ÖÞÐgØ¼Ógç%Ì¯ÛµÐ�äµÖ�Ò<Ñ�å¨Ò�â�ÐgÒHÏµÐO×µß¢Ñ�Ú�Ó�Ú�ÛµÐ�Ò�ÝbÚ�ÛµÎ~â�þ Ó²Ó�Ýµäbè«Ð�Ñ�Ú�ß�Õ~Ð�ßÞÙ?Ú�ÐOâ�×µâ�ÐOÚ�Ò�ã
Ú�ß�Î~Ù¼Î~ÔGÚ�ÛµÐ6Ò�Ø¼Î~Ý'Ù<Ú-Î~ÔG×µâ�Î~á<â�Ð�Ó�Ó.Ú�Î�ÏµÒyÚ�Ð®â�ÐgÖ�Ò�Ú�ß�Õ~Ð²Ú�ÎWÚ�Û'Ð6Ó|ß
	OÐ®Î<â%ßÞØ¼×=Î~â�Ú�Ò�ÙGÑ
Ð¯Î�Ô=Ú�ÛµÐ­×µâ�Î<äµÖ�ÐOØoç.Ì¯ÛµÐ®äGÒ�â�Ò�Ú�Ú�ÛµÐ6Ö�ÎyÍ²Ðgâ
Ö�Ð
Ô¦Ú_â�Ðg×µâ�Ð�Ó|ÐgÙ?Ú�ÓRÚ�ÛµÐ�×GÒyÚ�Û�×µÖ¢Ò�ÙµÙµß�Ùµá�×µâ�Î<äµÖ�ÐOØoæ:Í®Ûµß�Ñ�ÛHß�Ó]Ú�ÛµÐ*Ø¼Î<Ó|Ú.ä'Ò<Ó|ß¢Ñ-ß�Ù�Ú�ÛµÐ�Ú�ÒyìbÎ~Ù'Î~ØHÜ<ç 1�Ò<Ñ�Û�Ñ
Î<ÖÞÝµØ¼ÙHÑOÎ~â�â�Ð�Ó|×=Î~ÙGÏµÓ
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Ú�ÎWÒ�Ïbß¬éYÐOâ�ÐOÙ?Ú%Ó|×GÒ~Ñ
Ð<æyßÞÙGÑ
â�ÐgÒ~Ó�ß�Ùµá6ß�ÙXÏbß �TÑ
ÝµÖÞÚ«ÜWÔ�â�Î~Ø Ö�Ð
Ô¦Ú_Ú�Î�â�ß�á~Û?Ú�÷RÚ�ÛµÐ¯Ñ
Î<Ù í á<Ýµâ�Ò�Ú�ß�Î~ÙHÓ�×'Ò<Ñ
Ð~æ:Ú�ÛµÐ¯Ó«Ú�ÒyÚ�Ð¯Ó�×'Ò~ÑOÐ~æ�Ò�ÙGÏ�Ú�Û'Ð
ß�ÙbÔ�Î~â�Ø¨ÒyÚ�ß�Î~ÙîÓ|×GÒ~Ñ
Ð<ç 1�Ò<Ñ�Û5â�ÎyÍ â�ÐO×'â�Ð�Ó|ÐgÙ<Ú�Ó�Ò�ÏbßÞé=Ðgâ�ÐgÙ?ÚWÓ�Î~Ö�ÝbÚ�ß�Î~ÙîÑ
Î<Ù'Ñ
Ðg×bÚgæ,Ò~Ù'ÏeÑOÎ~Ø¼×µÝbÚ�ßÞÙµáoÒ�Ù'Ò:Õ�ßÞá?ÒyÚ�ß�Î~Ù5Ô�ÝµÙ'Ñ�Ú�ßÞÎ<Ù
û�Î<â-Ô�ÐgÐgÏbä'Ò<Ñ�å¼ØXÎ~Ú�ß�Î~Ù2Ó|Ú�â�ÒyÚ�ÐOá<Übÿ%ß�Ó*Ñ
Î<Ù'Ó|ß¢ÏbÐgâ�Ð�Ï¼ØXÎ<â�Ð�Ïbß��TÑOÝµÖ¬Ú*Ú�ÛGÒ�Ù2ÑOÎ~Ø¼×µÝbÚ�ßÞÙµáXÒ�×'Ò�Ú�Û,ç%ý�Î?Ó«Ú*Ð
ìbß¢Ó«Ú�ßÞÙµáHâ�Ð�Ó|Ð�Ò�â�Ñ�ÛXÎ<Ù
Ú�Û'Ð�Ø¼Î�Ú�ßÞÎ<Ù�Ó|Ú�â�ÒyÚ�ÐOá~Üo×µâ�Î~ä'ÖÞÐgØ¿ÔrÒ~ÖÞÖ¢Ó�ßÞÙ?Ú�Î2Ú�ÛµÐXÑgÒyÚ�ÐOá~Î<â�Ü�Î�Ô²×'ÒyÚ�Ûe×µÖ¢Ò�ÙµÙ'ßÞÙµá�ß�ÙîÑOÎ~Ù í á<Ýµâ�ÒyÚ�ß�Î~Ù5Ó�×'Ò<Ñ
Ð!5RÛ'ÎyÍ²ÐgÕ~ÐOâ�æ=ß¬ÚWß�Ó
ÛµÎ<×GÐ�Ï¼Ú�Û'Ò�Ú²ÐgÕ~ÐOÙ?Ú�Ý'Ò�Ö�ÖÞÜXá~ÐgÙµÐOâ�Ò�ÖGÒ�Ö�á~Î~â�ßÞÚ�ÛµØ¨Ó�Ò~â�Ð6ÏµÐOÕ~ÐgÖÞÎ<×GÐ�Ï¼Ú�ÛGÒyÚ�Ô�Ý'â|Ú�ÛµÐOâ*Ò~ÏbÕyÒ�ÙGÑ
Ð®Ú�ÛµÐ�Ó|Ú�Ò�Ú�ÐOãJÎ~Ô¦ãKÚ�ÛµÐ
ãtÒ�â�Ú%Ô�Î~â*Ó|Î<ØXÐ­Î�Ô
Ú�Û'Ð�Î�Ú�Û'ÐOâ6Ñ�Û'Ò~ÖÞÖ�ÐOÙµá<ßÞÙ'áXÑgÒyÚ�Ðgá~Î<â�ß�ÐgÓgç


 Ê��2ÄoÇ�� � �6È���� �­Ä¼Å �

\�Ú�Û'Ò�Ù'å �­Ò~â�ÐgÙ'Ïbâ�Ò ù Û?Ý�è|Òµæ¯Ì.Ò~ØXÐgâ �*Ò��Ó�Ò~âgæ �²â�Ý'ÑOÐ G Î~ÙGÒ�Ö¢ÏRæ²ý�ß�å~ÐX1�â�ÏbØ¨Ò~ÙµÙ,æ 
WÐgÙ ( Î<Ö�ÏµäGÐgâ�áGæ G Ò�Ù 
WÎ�Ïµß¬Ú�Ó�Ñ�ÛµÐgåYæ
�­ß è|Ò:Ü 
WÝµØ¨Ò~âgæ �<ÐgÒ�Ùµã �²Ö¢Ò�Ý'ÏµÐ
�.ÒyÚ�Î<ØHä=Ð~æµý5Ò�ì2ý�ß�Ù<Ú�	~æ �<ÐgÒ~Ù�ü_Î<Ù'Ñ
Ð<æ�Ò~Ù'Ï�ý5Ò�â�å Z�×=Î~ÙµáGæ�Ô�Î~â*Ú�Û'ÐOß�â®ÛµÐOÖ�×bÔ�ÝµÖ]ÑOÎ~Ø¼Ø¼ÐOÙ?Ú�Ó
Ò�ÙGÏZÓ�Ýµá~á<ÐgÓ|Ú�ß�Î~Ù'ÓXâ�ÐOá?Ò�â�ÏbßÞÙ'á5Ú�Û'ß�Ó¨â�ÐgÓ�ÐgÒ~â�Ñ�Û]ç G Ò:Õ?ß¢Ï �­Ó�ÝöÒ~Ù'Ï �<Ò~ØXÐ�Ó 
WÝbé=Ù'ÐOâ¨Ø¨Ò~ÏbÐ�Û'ÐOÖ�×bÔ�ÝµÖ­ÑOÎ~Ø¼Ø¼ÐOÙ?Ú�Ó¼Î<ÙQÚ�Ûµß�Ó
Ø¨Ò�Ù�Ý'Ó�Ñ
â�ßÞ×µÚgç \]ÐgÓ�×GÐ�Ñ
ß¢Ò�Ö�ÖÞÜ�Ú�ÛGÒ�Ùµå Z�ÐOÚ�Û �­ÝbÚ�Ñ�Û'ßÞÙ'Ó�Î~ÙXÒ�Ù'Ï �6Òyè«ÐgÐOÕ Z�Û'Ò~â�Ø¨ÒµæyÍ®Û'Î­ÐgÒ<Ñ�Û�Ø¨Ò~ÏbÐ*Ó|ß�á~Ù'ß í ÑgÒ�Ù?Ú�ÑOÎ~Ù?Ú�â�ß�äµÝbÚ�ß�Î~ÙGÓ
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