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ÂÄÃ�ÅÇÆÉÈkÊÌË�ÍiÎ/Å1ÏRÐ/ÑÓÒ�Ô�ÃÕÍ6ÖÕÏRÔ�Ô�Ã*Ñ×È�ÍÇÊÌÔ�Ø/Ñ×ÈkÆÇÊÓÏRËPÙ/Ã
Î/Ú�Û�Ë�ÏRÔ�Ò�Ë�ÃÕÍÜÎ/ÚZÝÞÍ1ÊÓß�Ø�ÃÕÍ6ÏRØPÖÉÚ/ÊÌÔ�ÊÓß�Ø�ÃÕÍKÏRØ�Ñ×È�àqÃÕÍÇÆÇÊÓÏRË
Ù/ÃUÐIÈRÍ1ÃÕÍ!Ù/Ã~Ù/ÏRË/Ë�ÛÕÃÕÍ-Ù/ÃaàNÅÉÈkË�Ù/Ã~ÆÉÈkÊÌÑÌÑÓÃ~Ë�ÛÕÖÕÃÕÍ1ÍÇÊÌÆ1Ã�ËZÆ!Ù/ÃÕÍ
ÎCÃ�ÅâáãÏRÅÇÔsÈkË�ÖÕÃÕÍ~ßZØ�Ã?Í1Ã�Ø/ÑÓÃÕÍTÑÓÃÕÍaÔsÈRÖÉÚ/ÊÌË�ÃÕÍ~ÔsÈRÍ1Í1ÊÌäqÃ�Ô�Ã�Ë�Æ
ÎIÈkÅÉÈkÑÌÑÓÒ�ÑÓÃÕÍ³ÎVÃ�Ø/äqÃ�Ë�Æ�ÏkåCÅÇÊÌÅçæ è�Ã�Ø/ÅéÎ/Å1ÏRàNÅÉÈkÔ�ÔsÈkÆÇÊÓÏRË
Ù/Ã�Ô�Ã�Ø/Å1Ã�Ë�ÛçÈkË/Ô�ÏRÊÌË�ÍêÎ/ÑÌØ�ÍëÙ=ÊíìsÖ�ÊÌÑÓÃeßZØ�Ã�ÖÕÃ�ÑÌÑÓÃ�Ù/ÃÕÍ
ÔsÈRÖ1Ú/ÊÌË�ÃÕÍiÍ1ÛÕßZØ�Ã�Ë�ÆÇÊÓÃ�ÑÌÑÓÃÕÍzæUè5È9ÖÕÏRË�ÖÕÃ�Î/ÆÇÊÓÏRËyÙ/Ã6Ñ×ÈkË/à�ÈkàqÃÕÍ
ÈRÙ�ÈkÎ/Æ1ÛÕÍîÃÕÍÇÆiØ/ËyÍ1ØRïâÃ�ÆiÙ/Ã*Å1ÃÕÖÉÚ�Ã�Å1Ö1Ú�Ã9ÈRÖ�ÆÇÊíáâæ~è�Ã*Ð/Ø/ÆîÙ=Ø
Î/Å1ÏkïâÃ�ÆðÂÄñÜòÜñÜó�èõôbÂÄÏÞÏRÅ1Ù=ÊÌË�ñhÆÇÊÓÏRË$Ã�ÆéòîÛ�ÎIÈkÅÇÆÇÊÌÆÇÊÓÏRË
Ù/ÃÕÍ�ñÜÎ/Î/ÑÌÊÓÖçÈkÆÇÊÓÏRË�Í�óPØ/ÑÌÆÇÊÌÎ/Å1ÏZÖÕÃÕÍÉÍ1Ã�Ø/Å1Í�Ã�ËöÏRÐ=ïÇÃÕÖ�ÆÇÊÌäqÃ
ÖçÈkÔ�è!÷�ÃÕÍÇÆ~ÑÓÃÜÙ/Û�äqÃ�ÑÓÏRÎ/ÎCÃ�Ô�Ã�ËZÆiÙ/ÃîÐ/ÊÌÐ/ÑÌÊÓÏRÆÇÚ�ÒÕßZØ�ÃÕÍÄÎCÏRØ/Å
ÑÓÃðÖçÈkÑÓÖ�Ø/ÑøÚIÈkØ/Æ1Ã�ùbÎCÃ�ÅâáãÏRÅÇÔsÈkË�ÖÕÃêÃ�Æ�àNÑÓÏRÐIÈkÑÌÊÓÍ1ÛêÈkØ/Æ1ÏRØ/Å
Ù=ØúÑ×ÈkË/à�ÈkàqÃøÂÄñÜó�è�Ù/Ã�ÑbûýümþÜòÜüAñÿ Ù�ÈkË�Í�ÍÉÏRË_Ù=Ê×ÈkÑÓÃÕÖ�Æ1Ã
�ÜÐ=ïâÃÕÖ�ÆÇÊÌäqÃ�ÂhÈkÔ�Ñ?ô��*ÂhÈkÔ�Ñ ÷�æKÂÄÃÕÖ�Ê-ÎCÃ�Ø/Æ���ÆÇÅ1Ã(Ã�å ÃÕÖ�ÆÇØ�Û

ÎIÈkÅ(Ñ×ÈøÖ�Å1ÛçÈkÆÇÊÓÏRË�Ù/Ã�Ð/ÊÌÐ/ÑÌÊÓÏRÆÇÚ�ÒÕßZØ�ÃÕÍ�Ù/ÃsÎ/ÅÇÊÌÔ�ÊÌÆÇÊÌäqÃÕÍ(ÎIÈkÅÉÈkÑÌÑÓÒ�ÑÓÃÕÍÃ�ÆFàNÑÓÏRÐIÈkÑÌÊÓÍ1ÛÕÃÕÍzÿ!Ð/ÊÌÐ/ÑÌÊÓÏRÆÇÚ�ÒÕßZØ�ÃÕÍ9ÈkÎ/Î/ÑÌÊÓÖçÈkÆÇÊÌäqÃÕÍÏRÅÇÊÓÃ�ËZÆ1ÛÕÃÕÍ
�����
	\Ã�ÆiÖçÈkÑÓÖ�Ø/Ñ�Ë�Ø/Ô�Û�ÅÇÊÓßZØ�Ã(Ã�ÆÜÃ�Ë���ËuÙ ûýÃ�=Ã�Ô�Î/ÑÓÃÕÍÜÙ û ÈkÎ/Î/ÑÌÊÓÖçÈkÆÇÊÓÏRË�Í��Ñ×È�ÍÇÊÌÔ(Ø/Ñ×ÈkÆÇÊÓÏRËPÔ�ÏRÑÓÛÕÖ�Ø/Ñ×ÈkÊÌÅ1ÃNæ

ÂÄÃ*Î/Å1ÏkïÇÃ�ÆîÃÕÍÇÆiÖÕÏRÔ�Ô�Ø/Ë�ÈkØ��Ø/Ë/ÊÌäqÃ�Å1ÍÇÊÌÆ1ÛÕÍîÙ/Ã��TÈkÅÇÊÓÍ��Kü1ü�ÿ��-ÈkÅÇÊÓÍ��6ü1ü�ÿÞØ/Ë/ÊÌäqÃ�Å1ÍÇÊÌÆ1ÛFÙ û��ÜÅÇÑÓÛçÈkË�Í6Ã�ÆiÙ/Ã*ÑbûýümþÜòÜüAñæZüAÑ�ÃÕÍÇÆ
Ù=ÊÌÅÇÊÌàqÛ*ÎIÈkÅîó�æ��6ÈkÊÌË�ÍîÙ/Ã*Ñbû Ø/Ë/ÊÌäqÃ�Å1ÍÇÊÌÆ1ÛFÙ û��ÜÅÇÑÓÛçÈkË�Íçæ
�	À ¿q½����C¿q½bÀ5Á

ÂÄñ6óPè ÃÕÍÇÆuØ/Ë�Ñ×ÈkË/à�ÈkàqÃ_Ù/ÃúÎ/Å1ÏRàNÅÉÈkÔ�ÔsÈkÆÇÊÓÏRË\Ù/Ã�ÚIÈkØ/ÆuË/ÊÌäqÃçÈkØeßZØ/Ê�ÏkåVÅ1ÃúÙ/Ã�Ë�ÏRÔ�Ð/Å1Ã�Ø��ÈÕäNÈkË�ÆÉÈkàqÃÕÍ�ÎVÏRØ/ÅuÑÓÃ
Ù/Û�äqÃ�ÑÓÏRÎ/ÎCÃ�Ô�Ã�ËZÆsÙ/Ã ÑÓÏRàNÊÓÖ�ÊÓÃ�Ñ��9Î/Å1ÏRàNÅÉÈkÔ�ÔsÈkÆÇÊÓÏRË�á ÏRË�Ö�ÆÇÊÓÏRË/Ë�Ã�ÑÌÑÓÃ�Ã�ÆÊÌÔ�ÎCÛ�ÅÉÈkÆÇÊÌäqÃNÿ~ÆpÝÞÎIÈkàqÃ�áãÏRÅÇÆ�ÊÌÔ�Î/ÑÌÊÓÖ�ÊÌÆ1ÃNÿ~àqÃÕÍÇÆÇÊÓÏRË�Ù=Ý�ù
ËIÈkÔ�ÊÓß�Ø�Ã Ù/Ã�Ñ×È�Ô�Û�Ô�ÏRÊÌÅ1ÃNÿ-ÊÌÔ�Î/Ñ×ÈkË�ÆÉÈkÆÇÊÓÏRË�Í9Ã�ìsÖçÈRÖÕÃÕÍ�Ã�Æ(Ë�ÏRÔ(Ð/Å1Ã�Ø�ÍÉÃÕÍ(Ð/ÊÌÐ/ÑÌÊÓÏRÆÇÚ�ÒÕßZØ�ÃÕÍçæ è�Ã�Ù=Ê×ÈkÑÓÃÕÖ�Æ1Ã��*ÂhÈkÔ�Ñ�Ý�È�ïâÏRØ/Æ1Ã
Ø/ËéÍÇÝ=ÍÇÆ1Ò�Ô�ÃyÙ/ÃyÎ/Å1ÏRàNÅÉÈkÔ�ÔsÈkÆÇÊÓÏRË�ÏRÅÇÊÓÃ�ËZÆ1ÛÕÃPÏRÐ=ïÇÃ�Æ ÈkÊÌË�Í1Êîß�Ø�ÃyÎ/ÑÌØ�ÍÇÊÓÃ�Ø/Å1ÍsË�ÏRØ/äqÃçÈkØ/Æ1ÛÕÍzæðè�ÃyÙ/Û�äqÃ�ÑÓÏRÎ/ÎVÃ�Ô�Ã�Ë�ÆøÙ=Ø³Ñ×ÈkË=ù
à�ÈkàqÃ*ÎIÈkÅiÑbûýümþÜòÜüAñ�Ã�ÆiÍ1ÏRËøØ/ÆÇÊÌÑÌÊÓÍÉÈkÆÇÊÓÏRËPÅ1Û�ÎIÈkË�Ù=Ø�Ã(Ã�ËøÅ1ÃÕÖ1Ú�Ã�Å1ÖÉÚ�Ã�Ã�ÆÜÃ�ËyÃ�Ë�Í1Ã�ÊÌàNË�Ã�Ô�Ã�Ë�ÆKÃ�Ë�á ÏRËZÆiØ/ËyäqÃÕÖ�Æ1Ã�Ø/ÅiÊÓÙ/ÛçÈkÑ5ÎCÏRØ/Å
Ñbû ÈÕäNÈkË�ÖÕÃ�Ô�Ã�Ë�Æ6Ã�ÆÄÑ×È�ÎVÏRÎ/Ø/Ñ×ÈkÅÇÊÓÍÉÈkÆÇÊÓÏRËyÙ/ÃÕÍhÆ1ÃÕÖ1Ú/Ë�ÏRÑÓÏRàNÊÓÃÕÍÜÙ=ØøÑÓÏRàNÊÓÖ�ÊÓÃ�Ñ ÎIÈkÅÉÈkÑÌÑÓÒ�ÑÓÃ*Ã�ÆhÅ1Û�ÎIÈkÅÇÆÇÊbæUè�ÃKÎIÈkÅÉÈRÙ=ÊÌàNÔ�Ã �KòÜü!	 ô ñîÂÄü
�6ÑÓÏRÐIÈkÑÌÊÓÍÉÈkÆÇÊÓÏRËëÙ/ÃÕÍ�Å1ÃÕÍ1Í1ÏRØ/Å1ÖÕÃÕÍsÊÌË=á ÏRÅÇÔsÈkÆÇÊÓßZØ�ÃÕÍsÃ�ÆsÙ/ÃÕÍsÙ/ÏRË/Ë�ÛÕÃÕÍ ÷�ÿ�á ÏRË�Ù/ÛyÍ1Ø/Å�Ñ×È�á Ø�Í1ÊÓÏRË�Ù/ÃyÖÕÃÕÍ�Ù/Ã�Ø��Ù/ÏRÔsÈkÊÌË�ÃÕÍsÙ/Ã
Ñbû ÊÌË=á ÏRÅÇÔsÈkÆÇÊÓßZØ�ÃNÿ?Í1ÃyÙ=ÊíåVØ�Í1Ã�ÅÉÈGÅÉÈkÎ/ÊÓÙ/Ã�Ô�Ã�ËZÆøÙ�ÈkË�Í�ÑbûýÃ�Ë�Í1Ã�ÊÌàNË�Ã�Ô�Ã�ËZÆ Ã�Æ�Ñ×È¹Å1ÃÕÖ1Ú�Ã�Å1Ö1Ú�ÃGÃ�Ë�ÊÌË=áãÏRÅÇÔsÈkÆÇÊÓßZØ�ÃuÍÇÊiÏRËéÊÌË�Æ1Ò�àNÅ1Ã
�"�*ÂhÈkÔ�ÑÜÑÓÃÕÍ�áãÏRË�Ö�ÆÇÊÓÏRË/ËIÈkÑÌÊÌÆ1ÛÕÍ ÈkÎ/Î/Å1ÏRÎ/ÅÇÊÓÛÕÃÕÍ#�yÔ�Ø/ÑÌÆÇÊíùbÎ/Å1ÏRàNÅÉÈkÔ�ÔsÈkÆÇÊÓÏRËêÙ/ÃyÍÇÝ=ÍÇÆ1Ò�Ô�ÃÕÍsÙ�ÈkÆÉÈ�ùbÎIÈkÅÉÈkÑÌÑÓÒ�ÑÓÃÕÍzÿîÈkÑÌàqÏRÅÇÊÌÆÇÚ/Ô�ÃÕÍ
Ã�Ë�Ô�Û�Ô�ÏRÊÌÅ1Ã�Å1Û�ÎIÈkÅÇÆÇÊÓÃøÃ�Æ9Ù=ÊÓÍÉß�Ø�ÃÕÍ9Å1Û�ÎIÈkÅÇÆÇÊÓÍçÿ~ÛÕß�Ø/ÊÌÑÌÊÌÐ/ÅÉÈkàqÃøÙ/ÃøÖÉÚIÈkÅÇàqÃNÿUÅ1Û�ÎIÈkÅÇÆÇÊÌÆÇÊÓÏRËwàqÛÕÏRàNÅÉÈkÎ/Ú/ÊÓßZØ�ÃyÙ/ÃÕÍ�ÈkÎ/Î/ÑÌÊÓÖçÈkÆÇÊÓÏRË�Íçÿ
Æ1ÏRÑÓÛ�ÅÉÈkË�ÖÕÃ�ÈkØ�yÎIÈkË/Ë�ÃÕÍçæKè�Ã�Î/Å1ÏkïâÃ�ÆFÂÄñÜòÜñÜó�è_Î/Å1ÏRÎCÏNÍ1ÃÙ/ÃÙ/Û�äqÃ�ÑÓÏRÎ/ÎCÃ�Å*ÖÕÃÕÍÜá ÏRË�Ö�ÆÇÊÓÏRË/ËIÈkÑÌÊÌÆ1ÛÕÍ*ÍÉÏRØ�ÍiáãÏRÅÇÔ�Ã�Ù/Ã�Ð/ÊÌÐ/ÑÌÊÓÏkù
ÆÇÚ�ÒÕß�Ø�ÃÕÍ?Í1ÊÌÔ�Î/ÑÓÃÕÍÄÙ û Ø/ÆÇÊÌÑÌÊÓÍ ÈkÆÇÊÓÏRËyÃ�Æ�ÔsÈ$=ÊÌÔ�ÊÓÍÉÈkË�Æ?ÑÓÃÕÍÄÎVÃ�Åâá ÏRÅÇÔsÈkË�ÖÕÃÕÍ?Ù=Ø�ÔsÈkÆ1Û�ÅÇÊÓÃ�ÑbæUè~û Ø/ÆÇÊÌÑÌÊÌÆ1Û6Ù=Ø�Î/Å1ÏkïÇÃ�Æ?ÃÕÍÇÆÄÙ û ÈkÑÌÊÌÔ�Ã�ËZÆ1Ã�Å
ÑbûýÃ�Ë�Í1Ã�ÊÌàNË�Ã�Ô�Ã�Ë�ÆKÃ�Æ?Ñ×ÈÅ1ÃÕÖ1Ú�Ã�Å1ÖÉÚ�Ã(ÎIÈkÅiÙ/ÃÕÍîÏRØ/ÆÇÊÌÑÓÍ?ÑÓÏRàNÊÓÖ�ÊÓÃ�ÑÓÍiÎVÃ�ÅÇÆÇÊÌË�Ã�Ë�Æ1ÍçÿIÍÇÊÌÔ�Î/ÑÓÃÕÍiÙ û Ø/ÆÇÊÌÑÌÊÓÍÉÈkÆÇÊÓÏRË�Ã�Æ?Ð/ÊÓÃ�ËyÔ�ÏZÙ/Û�ÑÌÊÓÍÉÛÕÍçæaè�ÃÕÍ
á ÏRË�Ö�ÆÇÊÓÏRË/ËIÈkÑÌÊÌÆ1ÛÕÍKÎ/Å1ÏRÎVÏNÍ1ÛÕÃÕÍîÎIÈkÅKÂÄñ6òîñ6óPèUÿIÐ/ÊÓÃ�ËPßZØ�û ÊÌË�Ù=ÊÌäZÊÓÙ=Ø�Ã�ÑÌÑÓÃ�Ô�Ã�ËZÆ*Î/Å1ÛÕÍ1Ã�Ë�Æ1ÃÕÍ6Ù�ÈkË�ÍÜÑ×È�ÑÌÊÌÆÇÆ1Û�ÅÉÈkÆÇØ/Å1Ã9Í1Ö�ÊÓÃ�Ë�ÆÇÊ%�IßZØ�ÃNÿ
Ë�ÃsÍ1ÏRËZÆÈRÖ�ÆÇØ�Ã�ÑÌÑÓÃ�Ô�Ã�ËZÆÅ1Û�Ø/Ë/ÊÓÃÕÍ(ÎIÈkÅÈkØ�Ö�Ø/Ë�ÍÇÝÞÍ1Æ1Ò�Ô�ÃNæ üAÑUÃ�=ÊÓÍÇÆ1Ã�ÎIÈkÅ(Ã�/Ã�Ô�Î/ÑÓÃ&�Ù/ÃÕÍ(Í1ÝÞÍÇÆ1Ò�Ô�ÃÕÍFÎIÈkÅÉÈkÑÌÑÓÒ�ÑÓÃÕÍ�Æ1ÏRÑÓÛ�ÅÉÈkËZÆ1Í
ÈkØ�sÎIÈkË/Ë�ÃÕÍ�ÔsÈkÊÓÍ�Å1ÃÕÍ1ÆÇÅ1Ã�ÊÌË�Æ1Í?ÈkØ�sÖçÈkÑÓÖ�Ø/ÑÓÍ?ÈRÍÇÝZË�ÖÉÚ/Å1ÏRË�ÃÕÍhÍÉÈkË�Í�ÖÕÏRÔ�Ô�Ø/Ë/ÊÓÖçÈkÆÇÊÓÏRË�ÍhÊÌË�Æ1Ã�ÅÇË�ÃÕÍçÿ/Ù/ÃÕÍÄÍÇÝ=ÍÇÆ1Ò�Ô�ÃÕÍ~Ù/ÃÜÎ/Å1ÏRàNÅÉÈkÔ9ù
ÔsÈkÆÇÊÓÏRËGÎIÈkÅÉÈkÑÌÑÓÒ�ÑÓÃ('�Å1Û�ÎIÈkÅÇÆÇÊÓÃá ÏRË�Ö�ÆÇÊÓÏRË/Ë�Ã�ÑÌÑÓÃÍÉÈkË�ÍÜÔ�ÏZÙ/Ò�ÑÓÃÙ/ÃFÎVÃ�Åâá ÏRÅÇÔsÈkË�ÖÕÃÏRØGÍÉÈkË�ÍiàNÑÓÏRÐIÈkÑÌÊÓÍÉÈkÆÇÊÓÏRË�ÿ Ã�Æ1ÖNæîèUûýÏRÅÇÊÌàNÊÌËIÈkÑÌÊÌÆ1Û
Ù=Ø�Î/Å1ÏkïâÃ�Æ9ÃÕÍÇÆ9Ù/Ã Î/Å1ÏRÎVÏNÍ1Ã�ÅØ/Ë�Ã ÊÌË�Æ1Û�àNÅÉÈkÆÇÊÓÏRË�Ù/Ã Ñ×ÈyÎ/Å1ÏRàNÅÉÈkÔ�ÔsÈkÆÇÊÓÏRËéÙ/ÛÕÖ�Ñ×ÈkÅÉÈkÆÇÊÌäqÃNÿUÎIÈkÅÉÈkÑÌÑÓÒ�ÑÓÃ�Ã�ÆÖÕÏRË�Ö�Ø/ÅÇÅ1Ã�ËZÆ1ÃyÙ�ÈkË�Í
Ø/ËúÖçÈRÙ=Å1ÃsÙ/Ã�àqÃÕÍÇÆÇÊÓÏRË_Ù=ÝÞËIÈkÔ�ÊÓß�Ø�ÃsÙ/ÃÕÍFÎVÃ�Åâá ÏRÅÇÔsÈkË�ÖÕÃÕÍçÿ-Ù ûýÃ�=Æ1Ã�Ë�ÍÇÊÌÐ/ÊÌÑÌÊÌÆ1Û ÈkØ�¹àNÅÉÈkË�Ù/Í(Í1ÝÞÍÇÆ1Ò�Ô�ÃÕÍ�Ã�Æ(Ù/Ã�Æ1ÏRÑÓÛ�ÅÉÈkË�ÖÕÃ ÈkØ�
ÎIÈkË/Ë�ÃÕÍçæ
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13 Stability of substitution 5 Solve and Locality

17 Substitution

12 Relation between type and constraints

8 Free variables of a type and its locality

21 Delta-rule for the value

11 Type constraints and substitution

15  Stability of the derivation with more general type scheme

14 Indifference of the type derivation beside unless hypothesis

16 Forms of the values

18 Less type for context

22 Progress

9 Free variables of a type and type constraints

20 Preservation of the head reduct

10 Locality and subtitution

Validity of the type system

6 Locality is local
p1 Commutativity between Gen and a substitution

c2 Well-typed normal forms are values

Correction of W

Completness of W

Subject reduction

Surety of the type system

7 Solve and type constraints

p2 BSML type

19 Preservation for the operators
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É&ÊCËfÌ=Í�Î�ËvÏrÐvÌ=Ê=Í�ÐcÑ�Ò�ÓvÏLÔuÕ�ÓfËcÖ(×�ÏpÌ!ÑcØªÏ�Ù=ÏrÎvÐLÓfÍ_ÚyÏrÙCËfÌ(Ï�Ù=ÏrÎfÍ_Û	ÊqÕ�ÜkÑ�ÐrÕ�ÓvÏpÒÝÑ�Ê=Û	Þ!Ñ�ÛªÏ�ÜJÕ�Ó�ß�à�á·â�ã
ä	å�æ Ì(ÏBËfÌ(ÏrÕ�ÓvÏLËfÍ�ÐcÑ�Ò�Ú!Ñ�Î�ÏrÎ8Õ�Ükß�à�á·âç×mÑ�Î8ËfÌ(ÏBß�à=è=é#ÐcÑ�Ò�ÐLÞ=Ò_Þ(ÎpÑ�Ê(ÙqËfÌ(ÏBß�à=èzê�é#ÐcÑ�Ò�ÐLÞ=Ò_Þ(Î å ßmÞ=Ë;ËfÌ(ÏrÎ�ÏBÐcÑ�Ò�ÐLÞ=Ò_Þ(Î8×�ÏLÓvÏ
Ê(Õ�Ë;Ë#ë�ÔuÏrÙ åmæ Ì(ÏLë�Ì!ÑrØªÏ�Ë&×�Õ�ìbÍ_Ê(Ù=Î8Õ�Ü¨Îfë�ÊzË�Ñ�ÐLËfÍ�Ð�ÐrÕ�Ê(ÎfËfÓfÞ(ÐLËfÍ�Õ�Ê(Î8Ê(Õ�Ë;ËvÕ�Ì!ÑcØªÏ�ËfÌ(ÏpÊ(ÏrÎfËfÍ_Ê=Û*Õ�Ü�Ô!Ñ�Ó�Ñ�Ò_Ò�ÏLÒ�ØªÏrÐLËvÕ�ÓvÎ å
í!Õ�Ó�Õ�Þ=Ó|ÒÝÑ�Ê=Û	Þ!Ñ�ÛªÏ	ÖkËfÌ(ÏrÎ�Ï,Ë&×�Õ¶ì�Í_Ê(Ù=Î�Õ�Ü8ÐrÕ�Ê(ÎfËfÓfÞ(ÐLËfÍ�Õ�Ê(Î�ÐrÕ�î~Ï�Ù=Õc×wÊïËvÕ�Í_Ê(Ù�Í�ÐcÑ�ËvÏ,Ü�Õ�Ó�ÏcÑ�ÐvÌïØ	Ñ�ÓfÍÝÑ�Ú=Ò�Ï	Ö/Í§Ü;Í_Ë�Í�Î
Ò�Õ�ÐcÑ�Ò/Õ�Ó�Ê(Õ�Ë å�ð Ï|Ì!ÑrØªÏ�ÐrÕ�Ê(ÐrÏLÍ_ØªÏrÙñÑ,ÔyÕ�Ò_ëbî~Õ�ÓfÔ=Ì=Í�Ð�Ë&ëbÔyÏ�Îfë�ÎfËvÏLîqÖ�Ñ*Ë#ë�ÔuÏ|Í_Ê�ÜJÏLÓvÏLÊ(ÐrÏ~Ñ�Ò_ÛªÕ�ÓfÍ_ËfÌ=îóòJÑ�Ê(Ù¶Ô=ÓvÕcØªÏrÙ
Í_ËvÎ;ÐrÕ�ÓfÓvÏrÐLËfÍ�Õ�Ê�Ñ�Ê(ÙCÐrÕ�î�Ô=Ò�ÏLËvÏLÊ(ÏrÎvÎ�ô;Ñ�Ê(ÙCÔ=ÓvÕcØªÏrÙqÍ_ËvÎ;ÐrÕ�Ê(ÎfÍ�ÎfËvÏLÊ(ÐLë*×wÍ_ËfÌqËfÌ(Ï�ß�à=è ê Îfë�ÊzË�Ñ�ÐLËfÍ�Ð�ÐrÕ�Ê(ÎfËfÓ�Ñ�Í_ÊbËvÎ å

õ�åwð Ï,Ì!ÑrØªÏ*Ù=ÏrÎfÍ_Û	Ê(ÏrÙïÑC×mÏcÑ�ìçÐcÑ�Ò_Ò§é²Úbëzé²Ø	Ñ�Ò_Þ(Ï�ÎfËfÓ�Ñ�ËvÏLÛ	ë å¶ö Þ=Ó|Ê!Ñ�ËfÞ=Ó�Ñ�ÒwÎvÏLî�Ñ�ÊzËfÍ�ÐrÎ�ÏLØ	Ñ�Ò_Þ!Ñ�ËvÏrÎ|î~Õ�ÓvÏ�î�Í_Ê=Í§é#ß�à�á�â
ÐrÕ�Ê(ÎvËfÓfÞ(ÐLËfÍ�Õ�Ê(ÎwËfÌ!Ñ�ÊqËfÌ(ÏpÕ�Ò�Ù=ÏLÓ�Õ�Ê(ÏrÎcã�÷øâ�Õ�Þ=Ò�ÏLÓfÛ	Þ(Ï	Ö õ	ù	ù�ä Ñ�ú�Ì!Ñ�Î�ÛªÕªÑ�Ò�ËvÕ�ÓvÏLÔ=ÓvÏrÎvÏLÊbË8Ñ|Ô!Ñ�Ó�Ñ�Ò_Ò�ÏLÒ�ÐrÕ�î�ÔyÕ	ÎfÍ_ËfÍ�Õ�Ê·Ñ�Ê(Ù
Ì!Ñ�Î¨Ê(ÏLÍ_ËfÌ(ÏLÓ�ÐrÕ�Þ=Ô=Ò�ÏwÊ(Õ�Ó¨û=ü�ÔyÕ�Í_ÊzË8ò3ÚyÏrÐcÑ�Þ(ÎvÏ�Í_Ë/×�Ñ�Î�Ñ?Ê(Õ�Ë#ë�ÔuÏrÙ�ÐcÑ�Ò�ÐLÞ=Ò_Þ(Î�ô�ý!÷øá�ÏLÓfÒ_Í_ÊSÏLË8Ñ�Ò å Ö õ	ù	ù�ä ú(Ì!Ñ�Î/Ô=ÓvÏrÎ�ÏLÊzËvÏrÙ
Ñ�î~Õ�Ê(Õ�î~Õ�ÓfÔ=Ì=Í�ÐpË&ëbÔyÏpÎfë�ÎfËvÏLîþÜ�Õ�Ó�Ñ|Ï�ü�Ô=Ò_Í�ÐLÍ_ËfÒ_ë,Ë&ëbÔyÏrÙ�ÒÝÑ�Ê=Û	Þ!Ñ�ÛªÏ åkæ Ì(ÏLÓvÏ�×mÑ�Î�Ê(Õ�ÐrÕ�Þ=Ô=Ò�Ï�Ú=Þ=ËwËfÌ(ÏLë,Ù=ÏrÎfÍ_Û	Ê(ÏrÙqÑ
ß�à�ÿ�à������ Ñ�Ú(ÎfËfÓ�Ñ�ÐLË�î�Ñ�Ð�Ì=Í_Ê(ÏpÜJÕ�ÓwËfÌ=Í�ÎwÒÝÑ�Ê=Û	Þ!Ñ�ÛªÏ å

��å8ö Þ=Ó�Îfî�Ñ�Ò_ÒwÎfËvÏLÔ(Î|ÎvÏLî�Ñ�ÊzËfÍ�ÐrÎ~Í�ÎBÊ(ÏL× Ñ�Ê(Ù�ÐLÒ�Õ	ÎvÏ*ËvÕSËfÌ(Ï�Ù�Í�ÎfËfÓfÍ_Ú=Þ=ËvÏrÙ ÏLØ	Ñ�Ò_Þ!Ñ�ËfÍ�Õ�Ê òQ÷øâ�Õ�Þ=Ò�ÏLÓfÛ	Þ(Ï	Ö õ	ù	ù�ä Ú=ú3ô å¶æ Ì(Ï
Ë&ëbÔyÏpÎfë�ÎfËvÏLî Ì!Ñ�ÎwÚyÏrÏLÊCÔ=ÓvÕcØªÏrÙ·ÐrÕ�ÓfÓvÏrÐLË�ÜJÕ�ÓwËfÌ=Í�Î�ÎvÏLî�Ñ�ÊzËfÍ�ÐrÎ å

� å�æ Ì(ÏpÏ�ü�ËvÏLÊ(ÎfÍ�Õ�Ê(Î|ò3ÊzÞ=Ô=Ò�ÏrÎ8Ñ�Ê(ÙSÎfÞ=î Ë#ë�ÔuÏrÎ�ômî�Ñ�ìªÏpËfÌ=Í�ÎwØªÏLÓvÎfÍ�Õ�Ê·Õ�Ü�î�Í_Ê=Í§é#ß�à�á�â�ËfÌ(Ïpî~Õ�ÓvÏ�Ï�ü�Ô=ÓvÏrÎvÎfÍ_ØªÏ å
��å�æ Ì(ÏwÎvî�Ñ�Ò_Ò!ÎfËvÏLÔ(Î/ÎvÏLî�Ñ�ÊbËfÍ�ÐrÎkÜJÕ�Ó¨Í_î�ÔuÏLÓ�Ñ�ËfÍ_ØªÏ;ËfÓvÏcÑ�ËvÎ�Ñ�Ê(Ù�ËfÌ(Ï�Ô=ÓvÕ�Ú=Ò�ÏLî~Î�Õ�Ü�ÎfÍ�Ù=ÏwÏ	��ÏrÐLËvÎ�Ñ�ÓvÏwÊ(ÏL×ïÍ_Ê~î�Í_Ê=Í§é#ß�à�á�â å
æ Ì(Ï,Í_î�Ô=Ò�ÏLî~ÏLÊzË�Ñ�ËfÍ�Õ�ÊWÕ�Ü�ËfÌ(Ï�Ñ�Ò_ÛªÕ�ÓfÍ_ËfÌ=î Ñ�Ê(ÙñËfÌ(Ï�Í_ÊzËvÏLÓ�Ñ�ÐLËfÍ�Õ�Êï×wÍ_ËfÌ ö Ú�
QÏrÐLËfÍ_ØªÏ�é���Ñ�î�Ò�ÜJÕ�ÓBËfÌ(Ï*Õ�ÔuÏLÓ�Ñ�ËfÍ�Õ�Ê!Ñ�Ò�ÎvÏ�é

î�Ñ�ÊzËfÍ�ÐrÎ;Ì!Ñ�Î;Ñ�Ò_Ò�Õc×mÏrÙqËvÕ�ØªÏLÓfÍ§Ü�ë~ÜJÕ�Ó�ÎvÕ�î~Ï�Ê(Õ�Ê(Ï�é²ËfÓfÍ_ØbÍÝÑ�Ò�Ï�ü=Ñ�î�Ô=Ò�ÏrÎcÖ=Õ�Þ=Ó;Ë#ë�ÔuÏpÎfë�ÎfËvÏLî Ñ�Ê(Ù�ËfÌ(Ï�Í_Ê�ÜJÏLÓvÏLÊ(ÐrÏBÑ�Ò_ÛªÕ�ÓfÍ_ËfÌ=î~Î å
 Ü3ËvÏLÓµÑ�Ù=Ù�Í_Ê=Û�Í_î�ÔyÏLÓ�Ñ�ËfÍ_ØªÏçÜ�ÏcÑ�ËfÞ=ÓvÏrÎ�ËvÕ�Õ�Þ=Ó·ÒÝÑ�Ê=Û	Þ!Ñ�ÛªÏ	Ö�ËvÕ�Í_Ê(ÎfÞ=ÓvÏçÎ�Ñ$Ü�ÏLË&ëªÖ�ËfÌ(ÏçË#ë�ÔuÏrÎµÑ�Ê(Ù@Ï	�yÏrÐLËvÎ�Ù�Í�ÎvÐLÍ_Ô=Ò_Í_Ê(Ï

÷ æ Ñ�Ò_Ô=Í_Ê¶Ñ�Ê(Ù��ªÕ�Þ=ØªÏLÒ�Õ�ËcÖ ä���� �ªú8×wÍ_Ò_Ò?ËfÌ(ÏLÊ�ÚyÏqÊ(ÏrÐrÏrÎ�Î�Ñ�Ófë å ð Ï·îBÞ(ÎvË,Í_î�Ô=Ò�ÏLî~ÏLÊbËCËfÌ(Õ	ÎvÏqË&ëbÔyÏ·Îvë�ÎfËvÏLî~Î�Ñ�Ê(Ù�ËfÌ(Ï�Ñ�Ò§é
ÛªÕ�ÓfÍ_ËfÌ=î~ÎpÜJÕ�ÓpËfÌ(Õ	ÎvÏ�Ï�ü�ËvÏLÊ(ÎfÍ�Õ�Ê(Î å�ö ËfÌ(ÏLÓBÏ�ü�ËvÏLÊ(ÎfÍ�Õ�Ê(Îp×wÍ_Ò_ÒkÚyÏ�ÐrÕ�Ê(ÎfÍ�Ù=ÏLÓvÏrÙ�ã�ÐrÕ�î�Ô=Ò�ÏLËvÏ~î�Ñ�ËvÐvÌ=Í_Ê=Û�ò3Í_ÊñÔ!Ñ�ÓfËfÍ�ÐLÞ=ÒÝÑ�ÓcÖ�ËfÌ(Ï
î�Ñ�ËvÐvÌ=Í_Ê=Û�Õ�Ü?Ô!Ñ�Ó�Ñ�Ò_Ò�ÏLÒ�ØªÏrÐLËvÕ�Ó,Ï�ü�Ô=ÓvÏrÎvÎvÍ�Õ�Ê(Î�ô|Ñ�Ê(Ù Ï�ü�ÐrÏLÔ=ËfÍ�Õ�Ê@ò3×�Ï�×wÍ_Ò_Ò;ÎfËfÞ(Ù�ëçËfÌ(ÏSÑ�Ù(Ñ�Ô=Ë�Ñ�ËfÍ�Õ�ÊWÕ�Ü�÷��mÕ�ÒÝÑ�ÓvÙ ä������ ú�ËvÕ
ß�à=èªê�é#ÐcÑ�Ò�ÐLÞ=Ò_Þ(Î�ô å
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