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£¤ ¥'¦i§�¨1©eª¬«�L®°¯�¨�®eW±�²�³S®eW¦i©e´�µ�¶3±w·i±F´e¦i¸Q¹/ºS²�¸S»S¨1´¼¹�½:ª¾¸W¸W±F¿p¹}À'©Z¦�ÁO¸Q¹�Â�¦i´e¿Ã¨�¸5¹�Ä¡¿¾Å�²�©Z¦W¹3ÆQ²�¯Sª¬¸W´ZÇL¨²�¸W»�º�-²gÁ¡È�¹/º1±¼§S®e±¼Éf¯{±¼©xÊ�ËiË�Ì1ÍfÄÎ¿¾¿�©eª¾«i�®v´Ï©e±F´e±F©Z·i±F»QÍ�¥'¦�§L¨1ª¾¸W«bÁOªÃ®vW¦�³S®ÏÅ�±¼±�ª¬´Ï§{±¼©ZÉ�ªÃ®e®e±¼»Ð§W©e¦CÑ·1ª¬»W±F»�®v-²C®f®vW± £ ¦i§Wª¾±¼´]²�©Z±Ò¸W¦�®�É�²�»W±�¦i©f»Wª¾´Z®e©eª¬¯S³S®v±F»�Å�¦i©A»Wª¾©e± £ ® £ ¦iÉ�Éx±¼© £ ª¬²�¿'²�»S·�²�¸�®�²�«i±Ò²�¸W»§W©Z¦T·1ª¾»W±¼»®v-²C® £ ©e±F»Wª¾®O®e¦�®eW±°´e¦i³S© £ ±Óª¬´Ô«�ª¾·i±F¸QÍ=ÄÎ¯S´Z®v©e² £ ®eª¬¸W«�ÁOª¾®e £ ©e±F»Wª¾®Oª¾´Ô§^±F©eÉxª¾®Z®v±¼»5Í
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ê Wª¬´x©e±F§^¦�©Z®�»W±¼´ £ ©eª¾¯^±F´�®eW±U©Z±¼´e³S¿¾®v´x¦�Å°²ìë¡Ä;º�Ä £ ¦i¸�®v©e² £ ®x®v¦%»W±¼Éx¦i¸W´¢®v©v²C®v±b¦i³W©�²�§W§W©Z¦�² £ ®v¦�´v²�Å�±w®í¨ì²�¸-²�¿Ã¨1´eª¬´Ó¦i¸%²�©Z±¼´e±¼²�© £ �·�±¼©Z´eª¬¦�¸�¦�Å ®vW±Ò¥'±¼¸�®v±F©Xî êOï Äo¥ÔðÏëñÄÎ³S®e¦iÉ�²�®vª¾¦i¸%º1¨1´Z®v±FÉò²�®
ó ²�¿¾¿ô²�´võ�ö�®gÍÐ÷%¦i©Z®eQÍøÄù§W©e¦CúZ± £ ®x¦�Åo®vWª¾´]Éû²�«i¸Wª¾®e³W»W±�²�¸W»�´ £ ¦i§{±©e±Fü1³Sª¬©e±F´x²ÐÉA³W¿¾®eª¬»Wª¾´ £ ª¾§W¿¬ª¾¸-²�©¢¨«i©Z¦i³W§ £ ¦i¸�®e©eª¬¯S³S®vª¾¸W«�ª¬¸�·�²�©Zª¬±¼»�Á'²g¨1´¼Í ê Wª¬´]ª¾´f§-²�©¢®vª £ ³W¿¬²�©e¿Ã¨ì®e©e³W± £ ¦i¸W´Zª¬»W±F©eª¬¸S«Ð®eW±�´eS¦i©Z®�®vª¾É�±Å�©v²�É�±;¦�Å�®eW±Ï§W©Z¦CúZ± £ ®gý ê W± £ ¦�¸L®e©v² £ ®O¿ô²�´¢®v±F»�´eªÃþÒÉ�¦�¸L®eW´O²�¿Ã®vW¦i³S«iÒÉf³ £ ¦�Å3®eW±Ï»W±F®v²�ª¬¿¾±¼»�ª¾¸SÅ�¦i©¢ÑÉ�²�®vª¾¦i¸�²�¯{¦i³S®¡¥ ê ÄÏºìµ�Å�¦i©'±wþS²�Éx§W¿¬±�¹S®vW±°´¢¨�´¢®v±FÉÝ´e§{± £ ªÃÿ £ ²C®vª¬¦�¸ È Á'²�´o²�·�²�ª¾¿ô²�¯S¿¬±Î¦�¸W¿¾¨�ª¬¸Ò®eW±°¿ô²�´¢®´eª þ�Á'±F±¼ÇL´¼Í À'± £ ²�³W´Z±;¦�ÅQ®eW±Î¿¬² £ Ç]¦�Å}»S±F®�²�ª¬¿¬±F»ûª¾¸SÅ�¦i©eÉ�²�®eª¬¦i¸�²�¯{¦i³S®�¥ ê ÄÏº^¹1®vWª¾´ ©Z±¼§{¦i©Z® ´eW¦�³W¿¬» �����¯{± £ ¦i¸W´¢®v©e³S±¼» ²�´Ô´v²g¨1ª¬¸W«�²�¸�¨L®vWª¾¸W«û²�¯^¦i³�®Ô®vW±°´v²CÅ�±F®í¨�¦�Å�®vS± £ ³W©e©Z±¼¸�®;¥ ê Ä;ºb´e¦�Å ®íÁ�²�©Z±�Í÷�± Á'¦�³W¿¬»�¿¬ª¬Ç�± ®e¦Î² £ Ç1¸S¦TÁO¿¾±¼»W«�±'®vW± Å�¦i¿¬¿¾¦�ÁOª¬¸W« £ ¦i¸�®v©eª¾¯W³S®e¦i©e´3®v¦o®vWª¾´�§W©Z¦CúZ± £ ®gý�ëÎ²�¸ £ ¨�¶}±F·i±F´e¦i¸Á'²�´O§W©e¦CúZ± £ ®oÉ�²�¸-²�«i±F©O²�¸W»§W³S®O®eW±;ÿ-¸-²�¿}©Z±¼§{¦i©Z®Ô®e¦i«i±w®vW±F©¼Í º�±¼²�¸ º�²�¸W»S¨1´o¯W³Wª¬¿Ã®�®vS±Óº�§^± £ êOï�� Ñï ¶�Éx¦�»W±F¿�ÁOªÃ®vÐW±¼¿¾§�Å�©e¦iÉ � ª £ -²�±¼¿:º�W²�Å�±¼©Ó²�¸W»%Â�¦i¸ ï ±¼±F´e±�Í � ¦i¿¬¿Ã¨ À'©Z¦�ÁO¸ £ ©e±g²C®v±¼»Ð®vS±�®v²�´eÇÉx¦�»W±F¿¬ª¾¸W«�¿ô²�¸W«�³-²�«i±�²�¸W»U®eW±f±�þW²�É�§W¿¾±�W²�¸W»W¦	�%§W©Z¦ £ ±¼»W³W©Z±AÁOª¾®e ª¬¸S§W³S®v´oÅ�©e¦iÉùë¡²�¸ £ ¨ ¶}±F·�±¼´Z¦i¸Q¹Â�¦i¸ ï ±¼±¼´Z±�¹�²�¸W»�Éx±¼Éf¯{±¼©Z´=¦�Å ®vW±oö/¿¾ª¬«i�®�
o³WÉ�²�¸�ö ² £ ®e¦i©e´ ï ±¼´Z±g²�© £ �Ï©e¦i³S§Uµ�¿¬±F»x¯�¨ ó ©¼Í���·i±F©e±w®e®½/²�¿¬Éx±¼©�È¡²�®Óë¡Ä;º�Ä�ÄÎÉx±¼´¼Í ê W±x²�¸Wª¬É�²�®eª¬¦i¸W´Î²�¸W»�·1ª¬´Z³-²�¿¬ª��g²�®eª¬¦i¸S´¡Á ±¼©e±�®vS±]§W©e¦1»W³ £ ®�¦�Å ó ±F¸Wª¬´Z±½=ª¬¸W¸S±¼¿�²�¸W»Ð¥'W©Zª¬´Z®eª¬¸W±�ÄÎ¿Ã·�²�©v²�»W¦�³W´eª¾¸W«�²�®e¦�¦�¿�»W±F´eª¾«i¸W±¼»Ð²�¸W» ª¬Éx§W¿¾±¼Éx±¼¸�®v±F»U¯�¨ ó ±F¸Wª¬´Z±f½=ª¬¸W¸S±¼¿pÍÄÎ¿¬²�¸øº1-²gÁ�±wþS²�Éxª¬¸W±F»%®vS±�¥ ê ÄÏº%´Z§^± £ ª¾ÿ £ ²�®eª¬¦i¸ìÅ�¦i©Ó®eª¬Éxª¬¸W«ª¾´e´e³S±¼´¼Í ê W±�§W©e±F¿¬ª¬Éxª¬¸W²�©Z¨U-²	�g²�©e»²�¸-²�¿¾¨1´eª¾´Î²�¸S»�Å�²�³W¿Ã®O®v©e±F±�Á ±¼©Z±f»W¦i¸W±�¯�¨Uë¡²�¸ £ ¨U¶}±w·i±¼´Z¦i¸�ÁOª¾®e ²�´Z´eª¬´¢®�²�¸ £ ±�Å�©Z¦iÉ � ²�®Z®°Âi²��^±�²�¸W»Â�±��^©e±w¨�ºS²�É�²�©��Fª¾¨i²SÍ ê W±'²�³S®v¦iÉ�²�®e±¼»Ó²�¸-²�¿Ã¨1´e±¼´3Á ±¼©e± ©e³S¸�¯�¨Ó²Ô®v±g²�Étª¬¸ £ ¿¬³W»Sª¬¸W«oº�±¼²�¸]º�²�¸W»S¨1´¼¹iÂ�¦i¸ï ±¼±¼´Z±�¹}²�¸W» ó ±F¸Wª¬´Z±f½=ª¬¸W¸S±¼¿pÍoë¡²�¸ £ ¨�¶}±F·�±¼´Z¦i¸�ÁO©e¦�®e±�®vS±A´e± £ ®eª¬¦i¸W´¡¦i¸ Éx¦�»S±wÑ £ ¦i¸SÅ�³W´Zª¬¦i¸�²�¸-²�¿¾¨1´eª¾´²�¸W»øª¾¸�®v±¼¸�®]´Z§^± £ ªÃÿ £ ²�®eª¬¦i¸S´¼Í%º�³W´e²�¸�Â�¦i´e¿Ã¨�¸ £ ¦i¸W»W³ £ ®v±F»�®eW±ÒL³WÉ�²�¸�Å�² £ ®v¦i©Z´]²�¸-²�¿Ã¨1´e±¼´fÁOªÃ®v�®eW±²�´Z´eª¬´¢®�²�¸ £ ±¦�Å�� ²�©e¿�
¡³S¸L®�²�¸S»�ª¾¸W§W³S®]Å�©Z¦iÉ ½=©Z¦�ÅXÍ�Â�³W»S¨ ï ²�Éx±F¨�²�¸W»�º�L³Wª £ Wª��Ï¦i«i²SÍø¶}ª¬¿¾ªô²�¸-²ÄÎ¿ÃÅ�²�©e¦û²�¸W»ÐÆ5±F¿¬»-²ÒÆQ²�¯Wª¬¸S´eÇ�¨b§^±F©ZÅ�¦i©ZÉ�±F»U®vW±A¦i§^±F©v²�®eª¬¦i¸S´Î©e±F´e±¼²�© £ ÐÉx¦�»W±F¿¬ª¾¸W«û²�¸W»�²�¸-²�¿¾¨1´e±F´¼Í��í¸²�»W»Sª¾®vª¾¦i¸Q¹ ±F·�±¼©¢¨i¦i¸W±]§S©e¦�·1ª¬»W±F»�ª¬¸W§W³�®Î»W³S©eª¬¸S«û§W©Z¦CúZ± £ ®Ï©e±w·�ª¾±FÁ&Éx±¼±w®vª¬¸S«i´¼ÍO÷�±�Á'¦i³S¿¬» ²�¿¬´e¦�¿¬ª¾Ç�±°®v¦®vW²�¸WÇ�½=©Z¦�ÅXÍ��:²�©e¿¾¿ � ³W©ZÉû²�¸�Å�©e¦iÉ ®vS± � � ê Ä¡±¼©Z¦Lõ�ÄÎ´¢®v©Z¦ ó ±¼§S®¼ÍÐÁOS¦Ð²�®e®e±¼¸W»W±F»ø®vW±Ò§S©e¦CúZ± £ ®Éx±¼±F®eª¬¸W«�´'ÁOWª¬¿¾±Î¦i¸´e²�¯W¯-²�®eª £ ²�¿Q²�®'®vW±��o¸Wª¾·�±¼©Z´eª¾®í¨û¦�Å3÷�²�´eWª¾¸W«�®v¦�¸²�¸W»§W©e¦�·1ª¬»S±¼»�³W´Z±FÅ�³W¿3²�»�·�ª £ ±�Íê Wª¬´ÔÁ ¦i©eÇÒÁ'²�´O§-²�©¢®vª¬²�¿¬¿Ã¨�´Z³W§W§{¦i©Z®e±¼»b¯�¨«i©v²�¸�®e´OÅ�©Z¦iÉÛëoÄÏº�Ä�¶3²�¸W«�¿¬±F¨Ò²�¸W»�ë¡Ä;º�Ä&ÄÎÉx±¼´¼Í
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Q ÍÃÊ ½=©e±¼¿¾ª¬Éxª¬¸-²�©Z¨�
Î²	�¼²�©e»bÄÎ¸W²�¿¾¨1´eª¾´fÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í R
Q Í Q ö ²�³W¿¾® ê ©Z±¼±°ÄÎ¸-²�¿¾¨1´eª¾´�ÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í ÊiÊ
Q ÍTS ºS²�Å�±w®í¨LÑ ï ±F¿ô²�®e±¼»Ä ê ¥ ï ±¼üL³Wª¾©e±FÉ�±F¸L®e´Î²�¸W» ó ±¼´eª¾«i¸�¥'¦i¸W´¢®v©v²�ª¬¸�®v´ Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í Ê?U
Q ÍVU 
Î²	�¼²�©e»Ä¡¸-²�¿¾¨1´Zª¬´ ê ± £ W¸Wª¾ü1³S±¼´ÝÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í Ê)W

Q ÍVUWÍ¾Ê ºL¨�´¢®v±FÉù²�¸W»Uº�³W¯W´¢¨�´¢®v±FÉX
¡²	�g²�©e»bÄÎ¸-²�¿Ã¨1´eª¬´ Í�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í ÊTÌ
Q ÍVUWÍ Q � ¦�»W±F¿¬´�ÍÓÍ�Í°ÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í ÊYR
Q ÍVUWÍZS º1±g²�© £  ê ± £ W¸Sª¬üL³W±¼´ ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í Ê�Ë

[ \N(]&�0^2A,`_a(N56.1, <]<SSÍÃÊ ê W±�º�§{± £ êOï�� Ñ ï ¶ � ¦�»W±F¿¬ª¾¸W«x¶�²�¸W«i³-²�«�±ÛÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í QbQSSÍ Q ê W± ó ö�÷ êOï Äo¥ÔðÏë � ¦�»S±¼¿7ÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í Sbc
SSÍ Q Í¾Ê ðÎ·�±¼©Z·1ª¾±FÁz¦�Å�¥ ê ÄÏº ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í Sbc
SSÍ Q Í Q ÷!W²�®Ô÷�± � ¦1»W±F¿¬±¼» ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í SSÊ
SSÍ Q ÍZS ê S±�ö1ÄÏº êd� ¦1»W±¼¿bÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í S QSSÍ Q ÍTU � ¦�»W±F¿¬´Ô¦�Å�®vS±AðÎ®eW±¼©¡º1¨1´Z®e±¼É
¥'¦iÉx§^¦�¸W±¼¸�®v´�Í�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í S�Ì
SSÍ Q ÍeW ½=³S®Z®vª¾¸W«]®vW± � ¦1»W±¼¿¾´ ê ¦�«i±F®eW±¼© Í°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í S�Ì
SSÍ Q ÍZf 
¡²�¸W»W¿¾ª¬¸W«]Ä¡»-²�§S®v²�®vª¾¦i¸ ó ²�®v²S¹ º ê Ä ï º^¹-±F® £ Í�Í�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í S�Ì
SSÍ Q Í Ì �:²�´Z±°¦�Å"�í¸ £ ¦i©Z§^¦i©e²�®vª¾¸W«�²�¸W»Ä¡¸-²�¿¾¨1�Fª¬¸W«]Ä¡»W»Wª¾®eª¬¦i¸W²�¿C�o§W«i©v²�»W±¼´o²�¸W»�º1¨1´XÑ®e±¼Éù¥'W²�¸W«i±F´ Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í S�Ì

g h'(i3]>Y&)(i,/,L.1&kjl2AMOmJ7K3@24,nH@M?o/M gipUWÍÃÊ ¥'¦i¸�®v©Z¦i¿¬¿¾±¼© ê ²�´eÇ � ¦�»W±F¿¬ª¾¸W«�¶3²�¸W«i³-²�«i±%ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í UGc
UWÍ Q � ¦1»W±¼¿¾ª¬¸W« ê ²�´eÇL´��¡´Zª¬¸W«�º�§{± £ êOï�� Ñ ï ¶ Í°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í UbU

q h'(i0r9",L.G>Y.136.1M?Ms24365Bht(]36M?o/M�>Y.13-:	Hu7K3@24,nH@M?o/M g�vW�ÍÃÊ �°±F¸W±¼©e²�¿3¥'¦iÉx§W¿¾±F®v±F¸W±¼´Z´;¥'©Zª¾®e±¼©eª¬²�Í�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í U�Ë
W�Í Q ê ª¬Éxª¬¸W«]¥'¦i¸W´Z®e©v²�ª¾¸�®v´øÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í W QW�Í Q Í¾Ê �Ï±¼¸S±¼©v²�¿3ö ³S¸ £ ®eª¬¦i¸²�¸S» �xw ¥ ï ±Fü1³Sª¬©e±FÉ�±F¸�®v´ñÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í W QW�Í Q Í Q ö1ÄÏº ê ö-³W¸ £ ®eª¬¦i¸S´¡ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í WbW

W�Í Q ÍZS êy� ¥ Ñz�{��� Í°ÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í WbW

| =No/0�}-,L2E>)oL(]3~2A3-5�7K36o�0^2�>)o/(]3 q]|fSÍÃÊ �;ª¾´e³-²�¿¾ª��¼²�®vª¾¦i¸W´�²�¸W»�º�§^± £ êOï�� Ñ ï ¶ Í�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í WiÌ
fSÍ Q ½=´e±¼³S»W¦Ò½�� ó ÍÓÍÓÍ�Í°ÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í WiÌ
fSÍTS º1®�²C®v± � ² £ Sª¬¸W± � ¦1»W±¼¿�Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í W�Ë
fSÍVU ê ©e²�¸W´Zª¾®vª¾¦i¸ ê ²�¯W¿¬±F´äÍ°ÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í fbc

� =�>?2E>Y.�_a24:�;-o/3@.���2E�G2A&�587K3624,nH@M?o/M |][
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P �K.��No/2E>Yo/(]3�7K3@24,nH@M?o/M�243-58\�_a�'ht7 |4g
v _a(N56.^h'(]3@D�}-MOo/(]3�7K3@24,nH@M?o/M � pËSÍÃÊ � ¦1»W±�¥'¦i¸SÅ�³W´Zª¬¦i¸%Í�Í°ÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í Ì�ÊËSÍ Q �í¸�®v±¼©¢Å�² £ ±{�í¸�®v±F©e§W©Z±F®v²�®vª¾¦i¸x�=©Z©e¦i©Z´�Í�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í Ì	SËSÍTS �í¸ £ ¦�¸W´eª¾´Z®v±F¸�®;À'±F-²g·1ª¬¦i©�Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í ÌbWËSÍVU �í¸W»Wª¾©e± £ ® � ¦1»W±�¥'-²�¸W«i±F´UÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í Ì	fËSÍZW ð;§^±F©v²�®e¦i©ÔÄÎ³S®eW¦i©Zª¾®í¨�¶}ª¾É�ªÃ®v´UÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í Ì	RËSÍTf �¡¸Wª¾¸�®v±¼¸S»W±¼»Uº�ª¬»S±'���^± £ ®v´ Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í Ì�ËËSÍ Ì ¶3² £ ÇÒ¦�Å�ÄÎ§W§S©e¦i§W©Zªô²�®e±°ö-±¼±¼»S¯-² £ Ç Í�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í Ì�Ë
$�p��x}60^2438\N24:	>Y(+&�M�=C2EDF.G>IHJ7K3@24,LHNM?o�M P@$ÊYcSÍÃÊ�
¡³WÉ�²�¸��=©e©Z¦i©Ôª¬¸�®vS±A¥'³S©e©e±F¸�®ÎÄ ê ¥�º1¨1´Z®v±FÉ ÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í RSÊÊYcSÍÃÊiÍÃÊä¥'¦�É�Éf³S¸Wª £ ²�®vª¾¦i¸äÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í R QÊYcSÍÃÊiÍ Q º1ª¾®v³W²�®vª¾¦i¸�Ä¡Á'²�©e±F¸W±¼´Z´ ÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í R	UÊYcSÍÃÊiÍTS ÷%¦i©ZÇ1¿¾¦�²�» Í°ÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í RGWÊYcSÍÃÊiÍVU��Îª¬«iª¾¿ô²�¸ £ ±oÍ�Í°ÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í RbfÊYcSÍ Q ¥'¦iÉx§-²�©v²C®vª¾·�±ÏÄÎ¸-²�¿¾¨1´eª¾´Ô¦�Å�½=©Z±¼´e±F¸�®;²�¸S»Uö1ÄÏº ê ²�³W«iÉx±¼¸�®v±F»�Ä ê ¥!§W©e¦ £ ±F»W³W©Z±¼´ Í R�ÌÊYcSÍ Q ÍÃÊ À ±FÅ�¦i©Z±°®eW±°ÄÎª¾© £ ©e²�Å ®��=¸�®v±F©e´O®vW± êOï Äo¥Ôð°ë Í�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í RbRÊYcSÍ Q Í Q 
¡²�¸W»W¦�� Å�©e¦iÉ ®vW±��=¸W©e¦�³S®v±�¥'±¼¸�®e±¼©ñÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í RiËÊYcSÍ Q ÍTS º1±¼üL³W±¼¸ £ ª¬¸S«Ò²�¸W»�º�§W² £ ª¾¸W« ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í ËbcÊYcSÍ Q ÍVUñ¥'¦�¸L®e©e¦i¿¾¿¬ª¾¸W«fÄÎª¾© £ ©v²�Å ®ÏÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í ËSÊÊYcSÍ Q ÍZW�½�²�´e´Zª¾·�±Aö1ÄÏº ê Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í Ë	UÊYcSÍ Q ÍTf º1³WÉ�É�²�©¢¨Ò¦�Å�®vW±�¥'¦iÉx§-²�©e²�®vªÃ·i±ÏÄ¡¸-²�¿¾¨1´Zª¬´�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í ËGWÊYcSÍTS!ð;³S®v´¢®�²�¸W»Sª¬¸W«�ºS²�Å�±w®í¨��;³W±¼´¢®vª¾¦i¸W´ Í�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í ËGWÊYcSÍTSSÍÃÊ ó ± £ ©Z±g²�´Z±¼»�º1ª¾®v³W²�®vª¾¦i¸-²�¿{Ä¡Á'²�©e±F¸W±¼´Z´���ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í ËGWÊYcSÍTSSÍ Q �í¸ £ ©e±¼²�´e±F»��Îª¬«iª¾¿ô²�¸ £ ± ï ±¼üL³Wª¬©Z±¼Éx±¼¸�®v´�� ÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í ËbRÊYcSÍTSSÍTS º1Ç1ª¾¿¬¿¾´ ó ±¼«i©e²�»-²�®eª¬¦i¸4�7ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í ËbRÊYcSÍVU��/þS§{±¼©Zª¬Éx±¼¸�®v´Ô®e¦xÄ¡¸W´ZÁ ±¼© ê W±F´e±s�;³W±F´Z®eª¬¦i¸W´ÝÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�Í ËiË
$+$���9�.�&)2E>)oL(i36M��.1MO.�2A&�:�;8_a(N5@.1,�o/36� 24365�7K3624,nH@MO.1M $�pi[ÊiÊiÍÃÊ � ¦1»W±¼¿ Í�ÍÓÍ�ÍÓÍÓÍ�Í°ÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍzÊ?cbSÊiÊiÍ Q º £ W±F»W³W¿¬ª¾¸W«�ÄÎ¿¾«i¦i©eªÃ®vWÉx´ÛÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍzÊ?cGWÊiÊiÍTS!º�ª¬ÉA³W¿ô²�®eª¬¦i¸ ó ±F®v²�ª¬¿¾´ ÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍzÊ?cbRÊiÊiÍVU ï ±F´e³W¿Ã®v´�Í�ÍÓÍ�ÍÓÍÓÍ�Í°ÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍzÊ�ÊYc
$1<x¡O3]>Y.13i>K=C9�.1:Gon¢�:b2E>Yo/(]36M $+$�[Ê Q ÍÃÊ~�°¦i²�¿¬´'Å�¦�©��í¸L®e±¼¸�®;º�§^± £ ªÃÿ £ ²�®eª¬¦i¸S´7Í�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍzÊ�ÊYSÊ Q Í Q �í¸�®v±¼¸�®¡¦i©k£¢÷!�¨1¤�Ä¡¯W´Z®e©v² £ ®vª¾¦i¸ÒÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍzÊ�Ê)WÊ Q ÍTS!º�§{± £ êOï�� Ñ ï ¶^�í¸�®e±¼¸�®Ïº1§^± £ ª¾ÿ £ ²�®eª¬¦i¸W´"ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍzÊ�ÊYf
$1[ h'(i36:G,/}-M?oL(]3-M $+$�v
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�.�DF.�&).13-:b.1M $1<@$
7 _¥o�36o�0�}60 =�.1962A&)2E>)oL(]3¦=�>?243-5@2A&�56M $1< �
§ %¨2A&Y>)oL24,l\N24}6,n>�j©&�.�. $1[+p
h =C2A0^9",L.�7{jshª�.1«C}6o/&).10^.13i>)M�2A3-5¦h'(]3-MI>Y&)24o�3]>)M $1[]P¥ÎÍ¾Ê¬�°±F¸W±¼©e²�¿QÄ ê ¥tº�²�Å�±F®í¨ ï ±¼üL³Wª¾©e±FÉ�±F¸L®e´ ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍzÊ?SbR¥ÎÍ Q ÄÎ³S®e¦iÉ�²�®v±F»UºL¨�´¢®v±FÉ ï ±Fü1³Sª¬©e±FÉ�±F¸�®v´o²�¸W»U¥'¦i¸W´¢®v©v²�ª¬¸�®v´ ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍzÊ?SiË
� h'(i0r9",L.G>Y.136.1M?M�h'&�oL>Y.�&�oL2�DF(+& § ,L24:�m] § (1®u��.�«�}-oL&).�0r.�3]>)Ms7K362A,LH@MOo�M $Gg]gó Í¾Ê¯�°±F¸W±¼©e²�¿3¥'¦i¸S´eª¬»S±¼©v²C®vª¬¦�¸W´UÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍzÊOUbU

ó Í Q º1®�²C®v±Ó¥'¦iÉx§W¿¬±w®v±F¸W±¼´Z´�ÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍzÊOU�W
ó ÍZS°�í¸W§W³S®¡²�¸S» ð;³S®e§W³S®�� ²�©Zªô²�¯W¿¾±°¥'¦iÉx§W¿¬±w®v±F¸W±¼´Z´xÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍzÊOU�W
ó ÍTU ê ©Zª¬«i«�±¼©���·i±F¸�®°¥'¦iÉx§W¿¬±w®v±F¸W±¼´Z´ñÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍzÊOUGf

ó ÍTUSÍ¾Ê ï ¦i¯W³S´Z®v¸S±¼´e´Î¥'©eªÃ®v±F©eªô² ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍzÊOUGf
ó ÍTUSÍ Q ëo¦i¸W»W±w®v±F©eÉxª¬¸Wª¾´eÉ Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍzÊOUGf
ó ÍTUSÍZS � ²�¿¬³W±°²�¸S» ê ª¾É�ª¾¸W«]ÄÎ´Z´e³WÉx§S®eª¬¦i¸W´ Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍzÊOUGf

ó ÍeW ð;³S®v§W³�®;º1§^± £ ª¾ÿ £ ²�®eª¬¦i¸b¥'¦iÉx§W¿¾±F®v±F¸W±¼´Z´ ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍzÊOUGR
ó ÍeW1Í¾Ê �=¸�·1ª¬©Z¦i¸WÉx±¼¸�®�²�¿�¥�²�§-² £ ªÃ®í¨b¥'¦i¸W´Zª¬»W±F©v²�®eª¬¦i¸S´ Í�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍzÊOU�Ë
ó ÍeW1Í Q ó ²C®�²fÄÎ«�± Í°ÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍzÊYW	c
ó ÍeW1ÍZS ¶3²�®e±¼¸ £ ¨ Í�Í°ÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍ°Í�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍzÊYW�Ê

ó ÍZf(ð;³S®v§W³�®o®e¦ ê ©Zª¬«i«i±F©���·i±F¸L® ï ±F¿ô²�®eª¬¦i¸S´eWª¾§W´ÝÍ�ÍÓÍÓÍ�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ°Í�ÍÓÍ�ÍÓÍÓÍ�ÍÓÍ�ÍzÊYW�Ê
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ê W±¼©Z±�ª¾´ £ ¦�¸L®e©e¦�·i±F©e´¢¨�ª¾¸�®vW± £ ¦iÉ�§S³S®v±F©]´ £ ª¾±¼¸ £ ± £ ¦iÉxÉf³W¸WªÃ®í¨�²�´f®v¦ÐW¦�ÁñÅ�²�ª¾¿¬³W©Z±û©e²�®v±F´�Å�¦�©´e¦�Å ®íÁ�²�©Z±�´eW¦�³W¿¬»7¯{± »W±w®v±¼©ZÉ�ª¾¸W±¼»7¦�©¼¹oª¬¸W»W±F±¼»Q¹OÁOW±w®vW±F©�´e³ £ !Å�²�ª¬¿¾³W©e±b©v²C®v±¼´û±F·i±F¸�É�²�Ç�± ´e±F¸W´e±
Ê�Ê



ÂyÃ+Ä¶ÅÅeÆÈÇ�ÉiÊ�ÆÈË§Ì«Í
ËiÆÈÇ¶Æ ËiÎ¶ËÐÏ«Æ Ñ�Ñ¯Ì«Ã+Ì«Ç�ÂÌÒÆÈÇ§Ê�Ó¶Ã+Ì¶ÅyÓ�Ä«Ô Ï
Ä«Ã�Â Ä«Ç�ÕÌ«Ã+É«ÆÈÇ�ÉiÄ«Ö�Ì«Ã+×ØÊ�Æ Ä«Ç�ÅNÕeÆ Ä«Ô ×¶Ê¯Ì
Ä«ÇµÏ«Æ Ñ�Ñ¯Ì«Ã+Ì�Ç�Ê«Ã�Î¶Ç�Ù�×¶ÚÅ:Æ ÇiÆÈÇ�Ê�Ì«Ã7ÅÌ¶ÂÊ�Æ Ç�É
Û Ù�Äi×«Æ Ã7ÂeÃ+×¶Ñ¯Ê«Ô ×«Ç�Ï«Æ ÇbÉqÂÄ«ÇbÅÌ¶ÂeÎ�Ê�Æ ÕÌ«Ô Ú

ÅÊ¯×¶É¶É¶Ì«Ã+Ì¶Ï�Í
Ã�Î¶Ç�Ù�×¶ÚÅ:Ç�Ä¶Ê¶ÅyÖ�×¶Ê�Æ ×«ÔÈÔ Ú
×«Ö¶Ö¶Ã7Ä¶×¶ÂeÓµÊ�ÄÒÖ�×«Ã+×«ÔÈÔ Ì«Ô
Û Ù�Äq×«ÆÈÃ+ÂeÃ7×¶Ñ�ÊØÄ«Ç§Ñ�Æ Çb×«Ô

Ü Çµ×«ÆÈÃ+ÂeÃ7×¶Ñ�Ê¶Ñ¯×«Æ Ô ÅNÊ�ÄÒË§×�Ý	Ì
Ê�Î¶Ã�ÇµÑ�Ã+Ä«ËßÞ�×¶ÅÌiÊ¯ÄqÑ�Æ Çb×«Ô
×«ÖØÖ¶Ã+Ä¶×¶ÂeÓØÍ

Ü Çµ×«ÆÈÃ+ÂeÃ7×¶Ñ�Ê¶ÕeÆ Ä«Ô ×¶Ê�Ì¶ÅNÊ�Ó�ÌàÇ�Ä�Ç�á

Æ ÅNÂÄ«Ç�Ï«Î�ÂÊ�Æ ÇbÉàÆÈÇ�Ï¶Ì«Ö�Ì«Ç�Ï¶Ì�Ç�Ê«â�ã�ä
Ê�Ã+×«ÇbÅÉ«Ã+Ì¶ÅÅyÆ Ä«ÇµåÄ«Ç�ÌiÙ�Ó¶Æ Ô Ìq×�Æ ÃmÖ�Ä«Ã+Ê

×«ÖØÖ¶Ã+Ä¶×¶ÂeÓbÌ¶Å�Ê¯ÄàÖb×«Ã+×«ÔÈÔ Ì«Ô Ã�Î¶Ç�Ù�×¶ÚÅeÍ

æ:ç

è Æ Ä«Ô ×¶Ê�Æ Ä«ÇµÄ¶Ñ¶Ï«Æ ÅÊ¯×«Ç�ÂÌiÄ«Ã�Ê�ÆÈË§Ì
ÅÌ�Ö�×«Ã+×¶Ê�Æ Ä«ÇiÞ�Ì¶Ê¯Ù�Ì¶Ì«Ç§Å Ê�Ã+ÌØ×«Ë§Å
Ä¶Ñ¶×�Æ Ã7ÂeÃ+×¶Ñ¯Ê«Ô ×�Ç�Ï«Æ Ç�ÉiÄ«ÇµÏ«Æ Ñ¯Ñ¯Ì«Ã+Ì«Ç�Ê
ÃmÎ¶Ç�Ù�×¶ÚÅ

æ:ç

Ü Ö�×�Æ Ã�Ä¶Ñ¶ÂÄ«ÇbÊ�Ã7Ä«Ô Ô Ì¶Ïi×«Æ Ã7ÂeÃ+×¶Ñ¯Ê¶ÕeÆ Ä«Ô ×¶Ê¯Ì
ËqÆÈÇ¶ÆÈËqÎ¶ËÐÅ Ì«Ö�×«Ã+×¶Ê�Æ Ä�Ç§ÅÊ¯×«Ç�Ï¶×«Ã7Ï¶ÅeÍ

è Æ Ä�Ô ×¶Ê�Æ Ä«ÇµÄ¶Ñ«ËiÆ ÇØÆ ËiÎ¶Ë
ÅÌ«Ö�×«Ã7×¶Ê�Æ Ä«ÇiÞ�Ì¶Ê¯Ù¡Ì¶Ì«Çµ×«ÃmÃ�Æ Õ×«Ô

Ñ�Ã+Ä«ËßÇ�Ì¶×«ÃmÞ�ÚNÑ�Ì¶Ì¶Ï¶Ì«Ã�×�Æ Ã�ÖbÄ«Ã+Ê¯ÅeÍ
Ê�Ã+×¶Ñ¯Ñ�Æ Â�×«ÇbÏqÏ¶Ì«Öb×«Ã+Ê�Î¶Ã+ÌiÊ�Ã7×¶Ñ�Ñ�Æ Â

è Æ Ä«Ô ×¶Ê�Æ Ä«ÇµÄ¶Ñ«ËqÆÈÇ¶ÆÈËqÎ¶Ë
ÆÈÇ�á�Ê�Ã+×«ÆÈÔ	ÅÌ«Öb×«Ã+×¶Ê�Æ Ä«ÇµÙ�Ó¶Æ Ô Ì
Ä«ÇµÑ�Æ Ç�×«Ô�×«Ö¶Ö¶Ã+Ä¶×¶ÂyÓ§Ê¯ÄqÅ ×«Ë§Ì
Ã�Î¶Ç�Ù�×¶ÚeÍ

ö/ª¾«i³W©e± Q ýl
oª¬«iW±F´Z®o¿¬±w·i±F¿}¦�Å/®eW±ÓÅ�²�³W¿¾®Ô®e©e±¼±ÏÅ�¦i©O¿¾¦i´e´O¦�Å/©e±¼üL³Wª¾©e±F»�´Z±¼§-²�©e²�®vª¾¦i¸b¯^±w®íÁ'±F±¼¸ £ ¦i¸�®v©e¦�¿¬¿¬±F»²�ª¾© £ ©e²�Å ®

Ê Q



érê�ëìmíîê�ï ï ð�íeñ òIòBó©ð"ò
ô"õ"õ í�ê õ í�ñ ô ì7ð�ò õ ð"ð"ö
ô ö"÷Bñ ò�ê$íîø ô ë©ö õ ñ ï ê1ì
íîð"ùIð�ñ ÷Ið"òjñ ì"ú�ó©ì1ö"ê"ð"ò
ë©ê"ì"û7ê�ï ï ê"üýñ ì�þ

érê�ëìmíîê�ï ï ð�íeñ ëò�ì�ívó©ùIìmñ ê�ë©òXö"ê:ë©ê"ì"ù ô ó©òIð
ô ñ í�ùBí ô û+ì"ì7ê ÿ ô � ð ë©ð"ùIð"òIò ô í�ø]ò õ ð"ð"ö�ù�� ô ë��"ð�þ

é5ê�ë©ìmí�ê�ï ï ð�í ö1ê"ð"ò
ëê"ì�ñ ò�òBó©ðNò õ ð"ð"ö
ô ö"÷Bñ òIê�í�ø

érê�ëìmíîê�ï ï ð�íeñ òIòBó©ð"ò

ì�� ô ì"ö"ê1ð"òjë©ê"ì
ò õ ð"ð"ö ô ö1÷¶ñ òIê�í�ø

ô ÷Iê�ñ ö�òIð õ"ô í ô ìmñ ê�ë
÷¶ñ ê�ï ô ìmñ ê�ë"þ

érê�ëìmíîê�ï ï ð�íeñ òIòBó©ð"ò
ò õ ð"ð"ö ô ö1÷¶ñ òIê�í�ø
ì7ê"ê ï ô ì7ð�ì+ê ô ÷Iê�ñ ö
ò�ð õ"ô í ô ìmñ ê�ë¡÷Bñ ê�ï ô ìmñ ê�ë"þ

ûmíîð���ó©ð�ë©ùIø
	 ô ö�ñ ê�û ô ñ ï ó"íîð 	 ô ö�ñ ê�ê�ë¦üµí�ê�ë
�

� 	

� 	

ò�ùBí�ð"ð�ë"þ

òBï ñ õ
� òIøIù��"ê�ï ê��ñ ù ô ï

õ ï ô ë©÷Bñ ð1ü·ö�ñ ò õ ï ô ø
ô ñ íîùBí ô û7ì"ê�ë
ô òIò�ê1ù¶ñ ô ì7ð1ö�üµñ ì��
� íîê$ë
�¿ï ô ú"ð$ï

õ ï ô ùIð�ê�ë
ÿ�ñ òBï ð ô ö�ñ ë
�
� ô ú"ð�ïIñ ë

é5ê�ë©ìmí�ê�ï ï ð�íyñ òIòBó©ð"ò
ò õ ð1ð"ö ô ö"÷Bñ òIê�í�ø]ì+ê
ü§í�ê�ë
� ô ñ í�ù¶í ô û7ìmþ

� ó"ÿ ô ë¦ùIê�ÿ�ÿNó"ë"ñ ù ô ìmñ ê$ë
û ô ñ ï ó"í�ð

� �"øIòBñ ù ô ï�ùIê�ÿNÿ�ó"ë"ñ ù ô ìmñ ê�ë
û ô ñ ï ó"í�ð

érê�ëìmíîê�ï ï ð�íeñ òIòBó©ð"ò
ô"õ"õ í�ê õ í�ñ ô ì7ð�ò õ ð"ð"ö
ô ö"÷Bñ ò�ê$íîøXú�ó©ì õ ñ ï ê"ì
ö"ê"ð"òjë©ê"ì$íîð"ùIð�ñ ÷Ið ñ ìmþ

� 	

� 	

ö/ª¾«i³W©e±'SSýO¶}¦�Á'±F©;¿¬±w·i±F¿¬´Î¦�Å=®vW±AÅ�²�³W¿¾®O®v©Z±¼±AÅ�¦�©Î¿¬¦�´e´o¦�Å:©e±Fü1³Sª¬©e±F»�´e±F§-²�©v²C®vª¬¦�¸U¯{±F®íÁ ±¼±¼¸ £ ¦i¸�®v©e¦�¿¬¿¬±F»²�ª¾© £ ©e²�Å ®

Ê?S



Å�¦i©o´e¦�Å ®íÁ'²�©Z±�¹^ÁOS±¼©e±A±¼©e©Z¦i©e´Î²�©e±�¯-²�´Zª £ »S±¼´eª¾«i¸�Æ-²�ÁO´;²�¸W»U®eW±A©Z±¼´e³S¿¾®;¦�Å=L³WÉû²�¸UÉxª¬´Z®v²�Ç�±F´Î©e²�®vW±F©®vW²�¸ §W�¨1´eª £ ²�¿o§WW±F¸W¦iÉx±¼¸-²SÍB��·i±¼¸7ªÃÅ;®vS±U¯-²�´Zª £�£ ¦i¸ £ ±¼§S®Òª¬´x¯^±F¿¬ª¬±w·i±F»Q¹�®vW±�É�¦1»W±F¿¬´x§W©e¦i§{¦i´Z±¼»Å�¦i©�É�±¼²�´e³W©Zª¬¸W«�´e¦�Å ®íÁ'²�©e±U©e±¼¿¾ªô²�¯Sª¬¿¬ªÃ®í¨�-²g·�±�¸W¦�®�§W©Z¦�·i±¼¸7®e¦�¯^±�·i±¼©¢¨7² £F£ ³W©e²�®v±Uª¬¸ §W©e² £ ®eª £ ±�Ía�í¸²�»W»Sª¾®vª¾¦i¸Q¹�¸W¦�®o²�¿¾¿5´e¦�Å ®íÁ�²�©Z±�¯{±¼W²�·1ª¾¦i©Ôª¬´Ô-²��g²�©Z»W¦i³W´O´e¦x´eª¾É�§S¿¾¨�±¼´Z®eª¬É�²�®vª¾¸W«A®eW±°§W©e¦i¯W²�¯Wª¬¿¾ª¾®í¨�®vW²�®´e¦�Å ®íÁ�²�©Z±ûÁOª¬¿¾¿:»W¦ ´e¦�É�±w®vWª¾¸W«�®e-²�®Ó·�ª¾¦i¿ô²C®v±¼´Óª¾®e´A´Z§^± £ ª¾ÿ £ ²�®eª¬¦i¸%ª¬´A¸S¦�®f²�É�±¼²�´e³W©Z±û¦�ÅÔÁOS±F®vS±¼©fªÃ®ÁOª¬¿¾¿ »W¦]´e¦iÉx±F®eWª¬¸S«A»-²�¸S«i±¼©Z¦i³W´¼ÍÝ�í¸ÒÅ�² £ ®g¹�É�¦i´¢®Ô² £F£ ª¾»W±¼¸�®v´'©e±¼¿¬²�®v±F»Ò®v¦f´Z¦�Å ®íÁ'²�©e±°²�©Zª¬´Z±Î¯{± £ ²�³W´e±;®eW±´e§{± £ ª¾ÿ £ ²�®vª¾¦i¸ Á'²�´�Æ ²gÁ'±F»Q¹3§^±F©e-²�§S´Óª¾¸UÅ�²�ª¾¿¬ª¬¸S«�®v¦�´Z§^± £ ªÃÅ ¨UÁO-²�®Ï®e¦»W¦�ª¬¸Ð²�§-²�©¢®vª £ ³W¿¬²�© £ ²�´e±�ýÏÄÉx±g²�´Z³W©e±FÉ�±F¸L®'¦�ÅQÁOW±w®vW±F©�®vW±¡´e¦�Å ®íÁ'²�©Z±;¯^±F-²g·1ª¬¦i© £ ¦iÉx§W¿¾ª¬±¼´=ÁOªÃ®vû®eW±Î´Z§^± £ ª¾ÿ £ ²�®eª¬¦i¸�ª¬´ ®eW±¼©Z±FÅ�¦i©Z±³W¸W©Z±¼¿¬²�®v±F»b®e¦�®eW±°§^¦�®v±¼¸�®eªô²�¿ £ ¦i¸�®v©Zª¬¯W³S®eª¬¦i¸�¦�Å�®eW±°´e¦�Å ®íÁ'²�©e±°®v¦x² £F£ ª¾»W±¼¸�®v´FÍö ²�ª¬¿¾³W©e±�©e²�®v±F´:¦i©=§W©e¦�¯-²�¯Wª¾¿¬ª¾®eª¬±F´�²�©Z±¡²�¿¬´e¦°»WªÕÃ £ ³W¿Ã®�®v¦Ó¦i¯S®v²�ª¬¸fÅ�¦i©=L³WÉ�²�¸W´ £ ¦�¸L®e©e¦i¿¾¿¬ª¾¸W« £ ¦�É�§W¿¾±wþ´Z¨1´¢®v±¼Éx´¼Í �í¸7L³WÉ�²�¸7©e±F¿¬ªô²�¯Wª¬¿¾ª¾®í¨�±F´Z®eª¬É�²�®vª¾¦i¸�®e± £ W¸Wª¾üL³W±¼´F¹ÎL³WÉ�²�¸7§^±F©ZÅ�¦i©ZÉû²�¸ £ ±�ª¬´û·1ª¬±wÁ'±F» ²�´² £ ¦i¸ £ ²�®e±¼¸-²�®eª¬¦i¸ø¦�ÅÎ´¢®�²�¸W»W²�©e»�² £ ®vª¬¦�¸W´�²�¸W»á©e¦�³S®vª¾¸W±¼´fÅ�¦i©�ÁOWª £ �±¼©Z©e¦i© £ W²�©v² £ ®v±F©eª¬´¢®vª £ ´ £ ²�¸á¯{±´e§{± £ ª¾ÿ-±F»�²�¸W»�Å�©e±¼üL³W±F¸ £ ª¾±¼´Ó»W±F®e±¼©ZÉ�ª¾¸W±¼»Ð¯�¨�¦i¯W´Z±¼©¢·�ª¾¸W«b´eª¬Éxª¬¿¬²�©¡² £ ®eª¾·1ª¾®eª¬±¼´¡ª¬¸Ð¦�®eW±¼©Ï´Z±F®e®eª¬¸W«�´¼Ís�í¸´e³ £ �²�¸W²�¿¾¨1´e±F´¼¹}®vS±�®v²�´eÇ�ª¬´ÏÉx¦�»S±¼¿¬±F»�©v²�®eW±¼©;®e-²�¸�®vS±x§{±¼©Z´e¦i¸5Í ï ²�´eÉf³W´Z´e±F¸�²�¸S»%¦�®eW±¼©Z´°²�©e«�³W±®vW²�®'´Z³ £ �²�¸û²�§W§W©Z¦�² £ �Éû²g¨�´e³ £¼£ ±F±¼»ÒÁOW±F¸û®vS±¡©e²�®v±o¦�ÅQ®e± £ W¸W¦�¿¬¦i«iª £ ²�¿ £ W²�¸W«i±oª¬´ ´e¿¾¦TÁ°¹1¯W³S® ª¾® ª¾´ª¬¸W²�»W±¼üL³-²C®v±O³W¸W»W±F©=®vW± £ ³W©e©Z±¼¸�® £ ¦i¸W»WªÃ®vª¾¦i¸W´�¦�Å{©e²�§Wª¬»]®e± £ W¸W¦�¿¬¦i«iª £ ²�¿ £ -²�¸W«�±tÉ ï ²�´�R�Ì)ËpÍ:¥'¦�É�§W³�®v±¼©Z´²�¸W»ø¦�®vW±F©fÉ�¦1»W±F©e¸�®e± £ W¸W¦�¿¬¦i«�¨�²�©Z±Ò©e±FÉ�¦�·1ª¬¸W«U©e±¼§{±F®eª¾®eª¾·i±x®�²�´ZÇL´fÅ�©e¦iÉ L³WÉ�²�¸W´¼¹:¿¾±g²g·1ª¬¸W«b®vW±FÉÁOª¾®e�´Z³W§{±¼©Z·1ª¾´e¦i©¢¨i¹5»Sªô²�«i¸S¦i´Z®eª £ ¹ ²�¸W»U¯-² £ Ç1³S§ ©e¦i¿¾±¼´FÍ ê ²�´eÇL´ £ ²�¸U¸W¦�¿¬¦i¸S«i±¼©O¯{±�¯W©Z¦iÇ�±F¸ »W¦�ÁO¸ ª¾¸L®e¦´eª¾É�§S¿¬±Ó² £ ®eª¬¦i¸S´�� L³WÉû²�¸W´Î²�©e±ÓÉ�¦i©Z±�¦�Å ®v±¼¸�±¼¸W«i²�«i±¼»�ª¬¸�»W± £ ª¬´eª¾¦i¸bÉû²�ÇLª¾¸W«û²�¸W» £ ¦iÉ�§S¿¬±wþ�§W©e¦i¯S¿¬±¼É´e¦�¿¾·1ª¬¸W«ÓÅ�¦i©:ÁOWª £ �´Z±F·i±F©v²�¿^»Wª��^±¼©Z±¼¸�®Ô§-²C®vW´ Éû²g¨x¿¬±¼²�»�®e¦A®vW±¡´v²�Éx±Î©Z±¼´Z³W¿¾®¼Í ðÏ¸S¿¾¨]®vS±Î«i¦�²�¿^´Z±¼©Z·�±¼´²�´=²;©Z±FÅ�±F©e±¼¸ £ ±Ô§{¦iª¬¸�®/ÁOS±¼¸ÎúZ³W»W«iª¾¸W«Î®eW±�üL³-²�¿¾ª¾®í¨Ó¦�Å{§^±F©ZÅ�¦i©ZÉû²�¸ £ ±�Ç7®�²�´eÇ°´e±Fü1³S±¼¸ £ ±¡ª¾´-Æ-±�þSª¾¯W¿¬±�²�¸W»·i±F©Z¨b´eªÃ®v³-²C®vª¬¦�¸�²�¸W»�§{±¼©Z´e¦i¸�´e§{± £ ª¾ÿ £ Í'ÄÎ¸W²�¿¾¨1´eª¾´¼¹-®vS±¼©e±wÅ�¦i©e±�¹ ¸W±¼±F»W´¡®e¦�¯{±°§^±F©ZÅ�¦i©ZÉ�±F»�ª¾¸®e±¼©ZÉ�´o¦�Å®vS± £ ¦i«i¸WªÃ®vª¾·�±=ª¬¸SÅ�¦�©eÉ�²�®vª¾¦i¸;§W©Z¦ £ ±¼´e´Zª¬¸W«¡² £ ®vª¾·1ªÃ®vª¬±F´}©e±F¿ô²�®e±¼»°®v¦o»Wªô²�«�¸W¦i´eª¾´¼¹T«i¦�²�¿i±F·�²�¿¾³-²�®vª¾¦i¸Q¹�§W©Zª¬¦i©Zª¾®í¨´e±w®e®eª¬¸W«W¹1²�¸S»�§W¿¬²�¸W¸Wª¾¸W«WÍ-�í¸Ò²�»W»Sª¾®vª¾¦i¸Q¹iL³WÉ�²�¸û² £ ®eª¬¦i¸W´ £ ²�¸W¸W¦�®'¯{±¡´Z±¼§-²�©v²�®e±¼»�Å�©Z¦iÉä®eW±¼ª¾© £ ¦i¸�®v±�þ�®¼ÍÄÎ¿¾¿}¦�Å�®vW±F´e±�Å�² £ ®v¦�©e´OÉû²�Ç�±¼´o§W©Z¦i¯-²�¯Wª¾¿¬ª¾´Z®vª £ ²�¸W²�¿¾¨1´eª¾´O¦�Å�L³WÉ�²�¸b±¼©e©Z¦i©Ô·i±F©Z¨b»Wª�Ã £ ³W¿¾®o²�¸S»�©Z±¼»W³ £ ±¼´£ ¦�¸Sÿ-»W±F¸ £ ±Óª¬¸�®vS±Ó³S´e±Ó¦�Å/´Zª¬Éx§W¿¬±ÎÉ�¦1»W±¼¿¾´¼Í÷�±�»Wª¾»�¸W¦�®Ï»S¦�²�üL³-²�¸�®eª¾®�²C®vª¾·�±AÅ�²�³W¿Ã®;®v©Z±¼±�²�¸W²�¿¾¨1´eª¾´¼ÍAö ¦�©Î®vW±]©Z±g²�´Z¦i¸W´Ï´¢®�²�®e±¼»%²�¸W»Ð¯^± £ ²�³S´e±¦�Å/²f¿ô² £ Ç�¦�Å/² £¼£ ³W©v²�®e±°§W©e¦i¯W²�¯Wª¬¿¾ª¬´¢®vª £ »-²�®v²fÅ�¦i©'®vS±Ó¿¾±g²�Å�¸W¦1»W±F´¼¹WÁ ±°Å�±F¿¾®ÔªÃ®�Á'²�´O¸W¦�®Ô·i±F©Z¨³W´Z±FÅ�³W¿}ª¾¸®vSª¬´Îª¾¸W´Z®v²�¸ £ ±�Í¡÷%±A¸S¦�®v±�¹5W¦�Á ±F·i±F©¼¹}®vW²�®Î´Z³ £ ì²�¸-²�¿Ã¨1´eª¬´ £ ²�¸�¯^±�W±¼¿¾§SÅ�³W¿�ª¬¸ £ ¦iÉx§-²�©eª¾¸W«û»S±¼´eª¾«i¸W´F¹§-²�©¢®vª £ ³W¿¬²�©e¿Ã¨]®vW¦i´Z±;§-²�©¢®v´�¦�Å�²f´Z¨1´Z®e±¼É ÁOS±¼©e±Ï§S©e¦i¯-²�¯Wª¬¿¾ª¬´Z®eª £ »-²�®v²Aª¬´�²�·�²�ª¾¿ô²�¯S¿¬±�Í/º�¦iÉx±F®eª¬Éx±¼´:Å�²�³W¿Ã®®v©Z±¼±F´�²�©e± ²�¯W´Z®e©v² £ ®v±F» ®v¦ø²%Å�±wÁ ¸W¦�»S±¼´Ðµ�¯-²�´eª £ ²�¿¾¿¾¨ £¢-²�©e»�Á�²�©Z±UÅ�²�ª¾¿¬³W©Z±�¹V¤¸£¢1³SÉû²�¸�±¼©e©Z¦i©¼¹V¤�²�¸W»
£Z´Z¦�Å ®íÁ�²�©e±�Å�²�ª¬¿¬³S©e±O¤�Èw¹ ²�¸W»bÅ�²�ª¬¿¾³W©e±°©e²�®v±F´;²�©Z±A²�´Z´e¦ £ ª¬²�®v±F»�ÁOª¾®e�®eW¦i´e±�¸W¦1»W±¼´F¹5¯W³S®oÁ ±f»Wª¬»b¸W¦�®¡Å�±¼±F¿´e³ £ �²�¸�²�¸-²�¿Ã¨�´Zª¬´ÔÁ ¦i³W¿¬»�§W©e¦�·1ª¬»S±Ó³S´e±FÅ�³S¿�ª¾¸SÅ�¦i©eÉ�²�®eª¬¦i¸QÍ=Ä¡¸W¦�®eW±¼©o³W´e±Ó¦�Å/ü1³W²�¸�®vª¾®v²�®vªÃ·i±ÏÅ�²�³W¿Ã®O®v©e±F±²�¸-²�¿¾¨1´eª¾´'ª¬´ Å�¦i©�´Z±¼¸W´Zª¾®vªÃ·1ª¾®í¨�²�¸-²�¿Ã¨1´eª¬´F¹SªqÍ ±�Í¾¹1®v¦f»W±w®v±F©eÉxª¬¸W±ÎÁOSª £ �§-²�©¢®v´�¦�Å}®vW±Î®e©e±F± £ ¦i¸�®v©Zª¬¯W³�®v±Î®eW±Éx¦i´Z®Ô®e¦�®eW±Ï-²	�¼²�©e»5Í ê Sª¬´Ô³W´Z±�¦�Å�§W©Z¦i¯-²�¯Sª¬¿¬ª¾´Z®eª £ ²�¸-²�¿¾¨1´Zª¬´ £ ²�¸b¯{±Ï·i±F©Z¨�W±F¿¬§SÅ�³S¿p¹W¯W³�®ÔÁ'±Ó»Wª¬»�¸S¦�®-²g·i±Ó±¼¸S¦i³W«ibª¬¸SÅ�¦�©eÉ�²�®vª¾¦i¸Q¹L±F·�±¼¸�²�¯{¦i³S®O©Z±¼¿¬²�®vªÃ·i±;Å�²�ª¾¿¬³W©Z±Î©v²C®v±¼´F¹W®v¦x»W¦x²]´e±¼¸S´eª¾®eª¾·1ª¾®í¨�²�¸-²�¿Ã¨�´Zª¬´FÍ

LNM�� � 8���0}4BS����70¦PX8/4S0QY [ ¾�� �70��j¼ÏVX+-0QR 0�9'4W[�8:9iY! �03[WVX<'9"��,'9;[L4W+-8:V¢9'4W[
�=¸W«iª¾¸W±¼±F©eª¬¸S«Ò´v²�Å�±A´Z¨1´Z®e±¼Éx´Ïª¬¸�·i¦i¿Ã·i±F´;¸W¦�®Ï¦�¸W¿¾¨b±F·�²�¿¾³-²�®eª¬¸W«�©eª¬´ZÇ¯W³S®g¹5±F·i±F¸ÐÉ�¦i©Z±Aª¾É�§{¦i©Z®v²�¸�®g¹ ª¬¸1Ñ
£ ¿¾³W»W±F´Ï»W±¼´Zª¬«i¸Wª¾¸W«ÒÁ'²�¨1´Ï®v¦�©Z±¼»W³ £ ±�ª¾®¼ÍAº�²�Å�±F®í¨U¸W±¼±F»W´Ï®v¦�¯{±]»W±¼´Zª¬«i¸W±F»Ðª¬¸�®v¦²Ò´¢¨�´¢®v±FÉ#��ª¾® £ ²�¸W¸S¦�®´eª¾É�§S¿¾¨Ï¯{± Éx±g²�´e³W©Z±¼»A¦�©/²�´Z´e±F´e´e±F»]ª¬¸�®v¦o®vW± ´Z¨1´¢®v±¼É ²�Å ®e±¼©3®vW±:Å�² £ ®¼Í ê W±F©e±'²�©e± ³W´e³W²�¿¬¿Ã¨Ï¦�®vS±¼©�«i¦�²�¿¾´

ÊOU



ª¬¸�²�¸�¨ì´Z¨1´Z®e±¼Éò»W±¼´Zª¬«i¸!µ Å�¦i©ÓÄ ê ¥ ®vW±F´e±Òª¾¸ £ ¿¾³W»W±xª¬¸ £ ©e±g²�´eª¬¸S«b®eW©e¦i³S«iW§W³S®f²�¸W»�Å�³S±¼¿ ±�Ã £ ª¾±¼¸ £ ¨WÈ�¹²�¸W» ®e©v²�»S±¼¦	�^´°²�©e±AÉû²�»S± £ ¦i¸�®eª¬¸L³-²�¿¾¿¾¨»W³W©Zª¬¸W«²�¸L¨U»W±¼´Zª¬«i¸�±I�5¦�©Z®gÍÓÀ ¨U±wþ�§W¿¾ª £ ªÃ®v¿Ã¨´e§{± £ ªÃÅ ¨1ª¬¸W«Ò®eW±´v²CÅ�±F®í¨%©e±¼üL³Wª¾©e±FÉ�±F¸L®e´f²�¸S»�»W±¼´Zª¬«i¸ £ ¦i¸S´Z®v©e²�ª¬¸�®e´¼¹/®e©v²�»W±F¦	��»W± £ ª¬´Zª¬¦i¸W´ £ ²�¸�¯^±�Éû²�»S±xÁOªÃ®v�©Z±¼´Z§^± £ ®®v¦�®eW±¼´Z±û©e±FüL³Wª¬©Z±¼Éx±¼¸�®v´Ó²�¸W» £ ¦�¸W´Z®e©v²�ª¾¸L®e´ÏÁOW±¼¸�²�¿¾®e±¼©e¸W²�®vªÃ·i±]»W±F´eª¬«�¸W´A²�©e±�¯^±Fª¬¸W« £ ¦i¸W´eª¾»W±¼©Z±¼»QÍk�í¸²�»W»Sª¾®vª¾¦i¸Q¹1®vW±F©e±Óª¬´O¸W¦�Á�²g¨�®v¦x±F·�²�¿¾³-²�®e±°²�®O®vW±Ó±¼¸W»b¦�Å�®vW±Ó»W±¼´Zª¬«i¸�²�¸W»bª¬Éx§W¿¾±¼Éx±¼¸�®�²�®eª¬¦i¸û§W-²�´Z±¼´ª¾Å3®eW±°´v²�Å�±w®í¨«i¦�²�¿¾´�-²g·i±Ó¯^±F±¼¸U² £ Wª¬±w·i±F»Uª¾Å3®eW±F¨-²g·�±Ó¸S±F·i±F©Î¯{±¼±F¸�´Z§^± £ ª¾ÿW±¼»QÍ�r®Aª¾´ £ ¿¬±¼²�©°Å�©e¦iÉ�±�þS²�É�ª¾¸Wª¬¸S«U¥ ê ÄÏº%²�¸W»%®eW±x§-²�§{±¼©e´°ÁO©eªÃ®e®e±¼¸�²�¯^¦i³�®�ªÃ®°®v-²�®°®eW±�»S±¼´eª¾«i¸W±F©e´-²�» ²�·i±F©Z¨ £ ¿¬±¼²�©¡ª¾»W±g²x¦�Å=®vS±f´v²�Å�±w®í¨U©Z±¼üL³Wª¾©e±¼Éx±¼¸�®e´Ï²�¸W» £ ¦i¸W´¢®v©v²�ª¬¸�®v´Î²�¸W» »Wª¾»�²�¸ ±�þ £ ±¼¿¾¿¬±F¸L®:úZ¦i¯¦�Å ª¬¸ £ ¦i©e§{¦i©e²�®vª¾¸W«�®eW±¼É�ª¾¸�®v¦�®vW±x¥ ê ÄÏº�»W±F´eª¬«�¸Q¹3¯W³S®Ï®vS±x´¢¨1´Z®v±FÉ ´e§{± £ ª¾ÿ £ ²�®vª¾¦i¸ £ ¦i¸�®�²�ª¬¸W´Ï¸W¦�¸W±¦�Å�®vWª¾´Ôª¬¸SÅ�¦i©ZÉû²C®vª¬¦�¸QÍ�Ä £ ¦iÉxÉx¦i¸�§W©e¦�¯W¿¬±FÉÛª¬¸b²�¸�¨¿¬¦�¸W«�Ñí¿¾ª¾·�±¼»�´Z¨1´¢®v±¼Éùª¾´�®v-²�®O®eW±°»W±¼´Zª¬«i¸W±F©e´o»W¦¸W¦�®O´Z§^± £ ªÃÅ ¨ÒÁO�¨�®vW±w¨Éû²�»S±Ï»W±¼´Zª¬«i¸»W± £ ª¬´Zª¬¦i¸S´oª¾¸² £ ±¼©¢®�²�ª¾¸Á'²g¨i¹ £ -²�¸W«i±¼´¡²�©Z±ÓÉ�²�»W±Ï¿¬²�®v±F©'®vW²�®³W¸W»S¦x®eW± £ ²�©Z±FÅ�³W¿}»W±F´eª¾«i¸Q¹ ²�¸W»b² £F£ ª¾»W±¼¸�®v´o©e±F´e³W¿Ã®gÍê ¦�´e§{± £ ª¾Å ¨bÄ ê ¥�²�¸W»�¥ ê Ä;ºb©e±FüL³Wª¬©Z±¼Éx±¼¸�®v´Î²�¸W» £ ¦i¸W´¢®v©v²�ª¬¸�®v´F¹{Á ±A³W´Z±¼»U®eW±f½Ý
oÄä²�¸S» ö ê Ä©e±F´e³W¿Ã®v´F¹�±�þS§{±¼©Zª¬±F¸ £ ±oÁ'±o-²g·i±¡-²�»ûª¾¸�´Z§^± £ ªÃÅ ¨�ª¾¸W«�²�¸W»û§{±¼©¢Å�¦i©eÉxª¬¸S«Ï´v²�Å�±w®í¨û²�´e´e±F´e´ZÉ�±F¸L®e´�¦i¸x´eª¾É�ª¾¿ô²�©´Z¨1´¢®v±¼Éx´¼¹Q²�¸W» ¦i³S©ÎÇL¸W¦�ÁO¿¬±F»W«i±f¦�Å £ ²�³W´e²�¿�Å�² £ ®v¦i©Z´Îª¾¸U§-²�´¢®;Ä ê ¥ Ñr©e±¼¿¬²�®v±F»�² £F£ ª¬»S±¼¸�®v´Ï¦i©oª¬¸U©e±¼¿¬²�®v±F»´Z¨1´¢®v±¼Éx´¼ÍÝð;®eW±¼©®í¨1§^±F´�¦�Åfª¬¸�Å�¦i©eÉ�²�®vª¾¦i¸7²�¸S»�§W©Z¦ £ ±¼´e´Z±¼´b®v-²�®�²�©Z±ÐW±¼¿¾§SÅ�³W¿°ª¬¸7®vSª¬´±��^¦i©Z®�²�©Z±»W±F´ £ ©Zª¬¯{±¼»bª¬¸b¶}±F·�±¼´e¦�¸CÅ ´¡¯^¦1¦iÇ�Ö ÐØ×?ÎIÙÈÐ	Ú�Î É ¶3±w·�ËGW�ËqÍö/ª¬«�³W©e±�U�´ZW¦�ÁO´Ó®eW±fÿ-©Z´Z®°´Z®e±¼§ìª¬¸ ®eWª¬´;§S©e¦ £ ±¼´Z´ôÇ!²�´e´Z¦ £ ªô²�®eª¬¸W«�±¼² £ %W²	�g²�©Z» ÁOª¾®eìSª¬«i�Ñr¿¬±w·i±¼¿©e±FüL³Wª¬©Z±¼Éx±¼¸�®v´'µO£Z´Z-²�¿¾¿�¤O´Z®v²�®v±FÉ�±F¸L®e´�È�²�¸W»Ó»W±¼´Zª¬«i¸ £ ¦i¸W´¢®v©e²�ª¬¸�®v´'µO£¢Éf³W´Z®�¸W¦�®�¤Î´¢®�²�®e±¼Éx±¼¸�®v´vÈwÍ"� ² £ f¦�Å®vS±¼´e±ÔSª¬«i�Ñr¿¬±w·i±¼¿1´Z®v²�®v±FÉ�±F¸�®v´�ª¾´�®vS±¼¸]©e±wÿ-¸W±F»xª¾¸�®v¦;Éx¦i©e± »W±w®�²�ª¾¿¬±¼»A©e±¼üL³Wª¾©e±FÉ�±F¸L®e´=²�¸W» £ ¦i¸W´¢®v©v²�ª¬¸�®v´FÍ÷%±Ó´ZW¦�Á&²]§-²�©¢®vªô²�¿5¿¬ª¾´Z®Ôª¾¸ÄÎ§W§{±¼¸W»SªÃþ�¥ÎÍð;¸ £ ±A²�«�²�ª¾¸Q¹S®vS±�¿¾ª¬´Z®Oª¾¸�Ä¡§W§{±¼¸W»Wª þU¥�´eS¦i³W¿¬»b¯{± £ ¦i¸W´eª¾»W±¼©Z±¼» ¦�¸W¿¾¨²�´v²�É�§W¿¾±°¦�Å/ÁO-²C®¡®í¨1§{±¼´¦�Å�©e±Fü1³Sª¬©e±FÉ�±F¸�®v´o²�¸W» £ ¦i¸S´Z®v©e²�ª¬¸�®e´oÉxª¬«�L®�¯^±Ï±F´Z®�²�¯W¿¬ª¾´eW±F»bÅ�¦i©�Å�³�®v³W©Z±ÏÄ ê ¥�³W§W«i©e²�»W±F´¼Í:ÄÎ¿Ã®vW¦i³S«iª¬¸b®vW±A§-²�´Z®Î´e¦iÉx±AW²�·�±]²�©Z«i³W±¼»�®v-²�®;²�³S®e¦iÉû²C®vª¬¦�¸�§W©Z¦�·�ª¾»Wª¬¸S«ûª¬¸�Å�¦i©eÉ�²�®vª¾¦i¸¦i©¡²�»S·1ª¬´Z¦i©eª¾±¼´Îª¾´¡¸S¦�®´v²CÅ�±F®í¨�Ñ £ ©eª¾®eª £ ²�¿�¯{± £ ²�³W´Z±f®vW± £ ¦i¸�®v©Z¦i¿¬¿¾±¼©o³W¿¾®eª¬É�²�®v±F¿¾¨�-²�´;©e±F´e§{¦i¸W´eª¾¯Wª¬¿¾ª¾®í¨�Å�¦i©¡´v²�Å�±w®í¨�²�¸S»�¦i¸W¿¾¨®eW±£ ¦�¸L®e©e¦i¿¾¿¬±F©Ôª¬´e´Z³W±¼´¡²�»S·1ª¾´e¦i©Zª¬±¼´F¹WÁ'±°ÿ-¸W»®vSª¬´o²�©e«�³WÉ�±F¸�®¡³S¸ £ ¦i¸�·1ª¬¸ £ ª¬¸S«WÍ©�rÅ�Á'±ÓW¦i¿¾»�®vW± £ ¦�¸L®e©e¦i¿¾¿¬±F©©e±F´e§{¦i¸W´Zª¬¯W¿¾±ûÅ�¦i©A®eW±�´v²�Å�±w®í¨�¦�ÅO®eW±�²�ª¾©e´e§W² £ ±²�¸S»�®vW±�§Wª¾¿¬¦�®�©e±F´e§{¦i¸W´Zª¬¯W¿¾±ûÅ�¦i©A®eW±�´v²�Å�±w®í¨�¦�ÅO®eW±²�ª¾© £ ©e²�Å ®g¹ ®vW±F¸�Á'±UÉf³W´Z®ÒW¦i¿¬»�Ä ê ¥Û´Z¨1´Z®e±¼É »S±¼´eª¾«i¸W±F©e´û©Z±¼´Z§^¦i¸S´eª¬¯S¿¬±�Å�¦�©û¸W¦�®ûª¬¸�®v±F©ZÅ�±F©eª¬¸S«%ÁOª¾®e®vS±A§Wª¾¿¬¦�®OÅ ´O¦i© £ ¦i¸�®e©e¦i¿¾¿¬±¼©�Å ´o±wþ�±F© £ ª¾´e±f¦�Å�®vW±Fª¬©o©e±F´e§{¦i¸W´eª¾¯Wª¬¿¾ª¾®eª¬±¼´FÍ`�rÅ=®vS±�»W±F´eª¾«i¸ ¦�Å�®e¦�¦�¿¬´ £ ²�³S´e±¼´Î¦i©£ ¦�¸L®e©eª¾¯W³S®v±F´f®v¦�´e²�Å�±F®í¨�Ñ £ ©eªÃ®vª £ ²�¿'L³WÉ�²�¸ø±F©e©e¦�©¼¹=®vW±F¸ø®v-²�®f»W±¼´Zª¬«i¸áª¬´Aª¾®v´Z±¼¿ÃÅO´v²�Å�±w®í¨LÑ £ ©Zª¾®vª £ ²�¿qÍ ê W±Éx¦i´Z®O±I�5± £ ®vªÃ·i±°Á�²g¨®v¦ £ ¦i¸�®v©e¦�¿Q®vW±Ó-²	�¼²�©e»bÉû²g¨û¯^±°®v¦ £ -²�¸S«i±Ó®eW±°»W±¼´Zª¬«i¸b¦�Å�®vW±Ï®v¦1¦i¿}²�¸W»�¸S¦�®®v¦û²�®e®e±¼Éx§S®o®v¦ûÁ ¦i©eÇb²�©Z¦i³W¸W»�®vW¦i´Z±'Æ ²gÁO´�Ç!±¼´Z§^± £ ª¬²�¿¬¿Ã¨�ÁOW±¼¸ ®eW±¼©Z±Aª¬´o¸W¦Òª¾¸W»W±F§^±F¸W»W±¼¸�®;Á'²g¨�Å�¦�©®vS±]1³SÉû²�¸�¦�§^±F©v²�®e¦i©¡®e¦�»W±F®e±¼©eÉxª¬¸S±�®vW²�®;®vS±]ª¬¸SÅ�¦i©ZÉû²C®vª¬¦�¸�¯{±¼ª¾¸W«Ò§W©Z¦T·1ª¾»W±¼»�µ�¦�¸ ÁOWª £ �L³WÉ�²�¸»W± £ ª¬´Zª¬¦i¸S´¡²�©e±Ï¯{±¼ª¬¸S«xÉ�²�»W±gÈ'ª¬´Ôª¾¸ £ ¦i©Z©e± £ ®gÍ

LNM%$ Uz8XW}8=+ZY [�9;8]P�So[WVX[ ¾�032'&Ï9ÏV(�¨¼;03[

Î²��g²�©Z»�²�¸-²�¿¾¨1´Zª¬´Ôª¬´�®eW±ÏW±¼²�©Z®o¦�Å�´Z¨1´¢®v±¼ÉÝ´e²�Å�±F®í¨±F¸W«iª¾¸W±¼±F©eª¬¸S«WÍ��í¸b«i±¼¸W±F©v²�¿q¹S®íÁ ¦x®í¨1§{±¼´O¦�Å�-²	�g²�©e»²�¸-²�¿¾¨1´eª¾´]²�©e±û³W´e³-²�¿¬¿¾¨ì§{±¼©¢Å�¦i©eÉx±¼»Qý�´Z¨1´Z®e±¼É W²	�g²�©Z»á²�¸-²�¿Ã¨1´eª¬´f²�¸W»ø´e³S¯W´Z¨1´Z®e±¼É"-²��g²�©Z»�²�¸-²�¿¾¨1´Zª¬´¼Í
��·i±F©Z¨fW²	�g²�©Z»f²�¸W²�¿¾¨1´eª¾´�ª¾¸�·i¦i¿Ã·i±¼´/´e¦iÉx± ´Z¦i©Z®/¦�Å-´Z±g²�© £ f®vW©Z¦i³W«iA®eW±'´¢¨1´Z®v±FÉä»W±F´eª¾«i¸�Å�¦i©�-²	�¼²�©e»W¦�³W´´Z®v²�®v±F´3¦i© £ ¦i¸S»Wª¾®eª¬¦i¸W´Q®e-²�® £ ¦i³W¿¬»°¿¾±g²�»Ï®v¦O-²��g²�©Z»W´�²�¸W»�²OÉx¦1»W±¼¿i³S§^¦i¸ÏÁOWª £ Ó®e-²�®3´Z±g²�© £ Aª¬´}¯W²�´e±F»QÍ

ÊYW



HAZARDS

2b.  ATC shall provide weather advisories and alerts

2c.  ATC shall warn aircraft that enter an unsafe 

to flight crews.

prevent their incursion into restricted airspace.
3b.  ATC shall provide timely warnings to aircraft to

REQUIREMENTS - CONSTRAINTS

atmospheric region.

1b.  ATC shall provide conflict alerts.

2a.  ATC must not issue advisories that direct aircraft
into areas with unsafe atmospheric conditions.

safe separation between aircraft.
1a.  ATC shall provide advisories that maintain

3a.  ATC must not issue advisories that direct

avoiding a greater hazard.
an aircraft into restricted airspace unless

4.   ATC shall provide advisories that maintain

or physical obstacles.
safe separation between aircraft and terrain

5.   ATC shall provide alerts and advisories to
avoid intruders if at all possible.

safe performance envelope of the aircraft.
6a.  ATC must not issue advisories outside the

the crew from maintaining safety of flight.
6b.  ATC advisories must not distract or disrupt

6c.  ATC must not issue advisories that the pilot

continued safe flight of the aircraft.
or aircraft cannot fly or that degrade the

or intersect it at the wrong place.

6d.  ATC must not provide advisories that cause
an aircraft to fall below the standard glidepath

thunderstorm cells)
(icing conditions, windshear areas,

airspace without authorization.
3.  A controlled aircraft enters restricted

4.  A controlled aircraft gets too close to
a fixed obstacle or terrain other than
a safe point of touchdown on assigned
runway.

5.  A controlled aircraft and an intruder in
controlled airspace violate minimum
separation standards.

airframe integrity.
6.  Loss of controlled flight or loss of

minimum separation standards.

2.  A controlled aircraft enters an unsafe
atmospheric region.

1.  A pair of controlled aircraft violate

)+*-,/.1032541687:9:;3<=2�>@?BADC�AD0=EF;GA�H1EIA�;=;=J:K�*LA�<�2MEN0=2�OP.1*-0=2M>Q2MHP<=;
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A pair of controlled aircraft violate minimum separation.

Violation of minimum in-trail separation while aircraft on final approach to same runway.

A/C are in violation of in-trail separation standards when initially assuming in-trail relationship 
(merging incorrectly)

OR

being vectored to remerge with the jet traffic.
Conflict between in-trail a/c and turbo-prop traffic that was split off earlier but is now

Aircraft merged incorrectly with traffic on opposite downwind

OR

OR

Violation of distance or time separation between streams of aircraft landing on different runways.

Unscheduled arrival (popup, missed approach, emergency) leads to in-trail separation violation

A/C initially established in valid trail but later violate separation standards

and resequenced incorrectly.
Aircraft on downwind fails to execute a turn-to-base in timely manner

Change in closure rates causes violation of in trail separation standards

OR

Excess positive closure rate exists upon initial establishment of in trail relationship
and a/c do not maneuver sufficiently to avoid violation [a/c will compress to less than
legal separation if continue with published procedure.]

[schedule generated by TMA contains conflicts]

OR

Aircraft fails to make turn from base to final approach 

Two aircraft on final approach to parallel runways not spatially staggered.

operations violate minimum difference in threshold crossing time.
Two aircraft landing consecutively on different runways in intersecting or converging

simultaneous independent ILS approaches to parallel runways.
An aircraft violates the non-trangression zone while airport is conducting

Violation of minimum separation between arrival traffic and departure traffic from nearby
feeder airports or overflight traffic.

=> A
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Insufficient or no corrective maneuvering occurs

One or more aircraft change ground speed

Pilot changes speed

Change in closure rates causes violation of in trail separation standardsA

AND

Weather disrupts aircraft trajectory (e.g., tailwinds)

TCAS advisory says to change speed
OR

Autopilot error

Pilot misprograms autopilot

Pilot mishears speed advisory

Maneuver required to avoid violation of in trail separation standards

OR

OR

Insufficient speed change in leading or trailing aircraft

Pilot does not recognize problem on his/her own 

AND

Controller instructions do not cause aircraft to make necessary speed change

Does not recognize visually (by see and avoid)

TCAS does not provide alert
AND

Controller issues speed advisory to wrong aircraft.

Controller issues speed advisory but too late to avoid separation violation.

Controller issues speed advisory that does not avoid separation violation.

Insufficient path stretching occurs

Controller does not issue speed advisory

OR

=> A.4

=> A.5

=> A.1

=> B

=> A.6

Controller issues speed advisory, pilot receives but does not follow it.

Controller issues speed advisory but pilot does not receive it. => A.2

=> A.3
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A.1  Controller does not issue speed advisory.

Conflict alert does not cause controller to perceive advisory.

Controller believes conflict alert is false alarm.

No conflict alert is displayed. 

Controller does not see conflict alert

Alert removed from screen before sees it.

Controller does not preceive conflict based on displayed information (poition, route, speed data)

Controller misinterprets displayed information

Flight data blocks in misleading position

A/c data unavailable

Not displayed at all

Data displayed but not long enough to perceive it.

Recent sensor data missing for one or both a/c (a/c displayed in coast)

Automation provides wrong a/c information

Controller does not perceive the conflict.

Controllers out of practice

Equipment not maintained

Controller preceives conflict but too late to avoid separation violation

Automation failure and backup procedures do not work

OR

Displayed a/c data incorrect with respect to actual situation (airspace state)

Controller distracted or inattentive

Controller distracted

Display delayed
OR

OR

OR

Plane not identified on plan view display (no flight data block displayed)

Incorrect handoff

Loss of radar tracking data

Display failure

Automation software flaw

ta corrupted but not detected by automation

OR

OR

OR

OR

AND

OR

=> A.1.1
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A.1.1  No conflict alert displayed

Too much recent sensor data missing for one or both a/c

Controller has dirrected FAST to assign a given runway.

Automation decision not to declare conflict is incorrect.

Automation conflict detection not being executed

OR

For one or both a/c individually

For region in which one or both a/c currently displayed

For his or her entire display

Data not received

Data received but discarded as corrupted

Hard sensor failure

Sensor coverage failure

Communication failure

Software corrupted

Data corrupted (undetected by automation)

Software conflict detection logic flaw

Task not dispatched properly by operating system

Computer hardware failure.

Fast not computing trajectories (so unable to detect a conflict)

Permanent shadow zone

Transient failure (atmospherics)

Controller has suppressed display of conflict alert

Automation fails to declare conflict

OR

OR

OR

OR

OR
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A.2 Controller issues appropriate speed advisory but pilot does not receive it.

Radio failure

Radio on wrong frequency

Psychological slip

Wrong label associated with aircraft on planview display

Right label on aircraft but in misleading place on screen

Pilot distracted by other alert or emergency.

Physical communication failure

Human communication failure

A.3  Controller issues appropriate speed advisory, pilot receives it, but does not follow it.

Controller issues advisory to wrong aircraft

OR
OR

OR

Aircraft automation causes advisory not to be followed.

Pilot enters wrong information into FMS

Information entered right, automation error

TCAS issues conflicting advisory.

Pilot does not believe based on own evaluation and believes will endanger safety of aircraft
OR

OR

Advisory incompatible with aircraft automation (doesn’t react the way controller
assumes it will).
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A.4  Controller issues speed advisory that does not avoid separation violation.

Doesn’t use CTAS speed advisory and miscalculates required speed.

CTAS uses inaccurate models of aircraft dynamics and propulsion system performance

CTAS uses incorrect atmospheric data.

CTAS uses incorrect algorithm.

Controller error

Automation error

OR

A.5 Controller issues speed advisory but too late to avoid separation violation.

(2 controllers set up to autoaccept and wrong one assigned aircraft)

OR

Advisory needed at handoff point and handoff delayed

Controller distracted by other problem.

CTAS does not provide information in timely manner.
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B.  Insufficient path stretching occurs.

Controller does not issue appropriate advisories

Automation failure and backup does not work

Controller instructions do not cause aircraft to make necessary path changes
AND

Controllers out of practice

Equiptment not maintained

Pilot does not recognize problem on his own

OR

with manual methods.
Increased traffic load due to automation and controllers unable to handle

Controller does not know advisory needed

Controller issues incorrect advisory.

Mental model flawed (incorrect view of situation)

Overconfidence in automation and automation error occurs

Autopath stretching tool provides wrong information 

Controller misreads path stretching information

Magnetic heading displayed to capture waypoint is incorrect.

Miscalculates required delay.

Incorrect algorithm

Distracted, etc.

OR

OR

OR

OR

Controller issues advisories but too late to avoid separation violation

Controller issues, pilots receives but does not follow

Controller issues appropriate advisories but pilot does not receive them.

for speed control but PS not displayed in data block for aircraft
STA to metering gate is outside aircraft’s accessible time range

the aircraft where required delay will have been absorbed.
Miscalculates position along the off-course direction in front of

Does not update location of path stretch marker in
response to changing conditions.

required heading, speed, and latitude advisories
Controller does not use path stretching tool and incorrectly calculates

predesignated capture waypoint on original route when a/c reaches marker.
Controller does not issue a new heading vector that returns a/c to
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V�ù ìIì°×IÛ³óqæUÖ¥ÚáæçÚ\Æ�å÷×IÛñÚ`ó(Æ î�× Å3â�×IÛUØ�Ü�æiÖ�óqæiÖ0Æ�ö³Æ�Û(Ö¥ÚvãHæçÚ�Ö¢ð�Æ¢óqÈ¦Ü ó(Æ�È3ì�â+ì�×IãH×IÖ`Æ�å÷×IÛ�Ö à Æ�Öo×Iã÷ÆvÖ à Æ�â
î�Ã³Ûhð�ÆëæfÚ\Æ�å�üPåçÃ³Ö�Ã·Ã\ØUÆ`þ³é�)�æUÖ¡óqæUÖî Ü�ãHã Ã³Ûqå�ÚHÖ à Ã³Ö0ã Ã³âtÛ±Ü�Öað�Æ+Ãçð	ìíÆuÖPÜwð�Æ÷Æ � Æ î�æiÖ`Æ�åw×IãHû
ã÷Æ�å³×oÃ³Ö`Æ�ì�âëãHæfÚ�ÖBð�Ævì�×IãH×IÖPÆ�å ×IÛ�Ö à ÆvÖo×Iã÷Æ§Ö à Æ�â�Ã³È¦Æ§ö�Ã³ì�×oåçé

V ê3Û±î Ü�ã¶óqìíÆ�ÖPÆ à Ã\ò\Ã³È�åUÜ�æfÚ$ÃUî�Öo×�Ü�ÛtÚ\ÆAS	æ(Æ�Û±î Æ Úuü�Ö�È�Ã³ÛDÚ	ÃUî�Öo×�Ü�ÛDÚ`þvÚ à Ü�æUìÙå à Ã³ö³Æ§Ã¢ÿ�Û(×IÖPÆ¶Ö�×Iã÷Æ0Ú`ó(Æ î�û
× ÿ�Æ�å�Ã�Å3Ö`Æ�ÈÇ à ×�î à Ö à ÆÚ\ÜPÅ3ÖoÇ¹Ã³È Æ¶Ú à Ü�æiìÙå+ð�Æ§È¦ÆAS	æi×IÈ¦Æ�å÷Ö`Ü�î�Ã³Û±î Æ�ì±Ö à ÆÚ\ÆAS	æ^Æ�Û±î Æ§Ã³æiÖ`Ü�ã Ã³Öo×�î�Ã³ìIì�â
Ã³Ûqå+×IÛ�Å�Ü�È3ã Ö à ÆHÜ ó(Æ�È�Ã³ÖPÜ�È|é

V *eÆ�ö³Ü\î�Ã³Öo×�Ü�Û.ÜPÅHÃHóDÃ³È3Ö�×oÃ³ìIì�âñî Ü�ã¶óqìíÆ�Ö`Æ�åYÃUî�Ö�×�Ü�ÛJÚ\ÆAS	æ^Æ�Û±î Æ�ã Ã³â�È¦ÆAS	æi×IÈ¦Ætü % þ+Ú`ó(Æ î�× ÿ�î�Ã³Ö�×�Ü�ÛhÜPÅ
ãHæUì�Ö�×�óqìíÆ�Ö�×Iã÷Æ ÚtÃ³Ûqå.î Ü�Ûqå³×IÖ�×�Ü�ÛDÚ�æiÛqåUÆ�È�Ç à ×�î à ö�Ã³È3â�×IÛUØhÃ³æUÖ`Ü�ã Ã³Ö�×�î·î�Ã³Û±î Æ�ìÙÃ³Öo×�Ü�Û:Ü�È�ó(Ü\Ú�Ö�û
ó(Ü�Û±Æ�ã÷Æ�Û(Ö§ÃUî�Öo×�Ü�ÛDÚYÃ³È¦Æ�Ö�Ã�ïçÆ�Û²Ç2×IÖ à Ü�æUÖuÜ ó(Æ�È�Ã³Ö`Ü�Èwî Ü�Û�ÿ�È3ã Ã³Öo×�Ü�Û:Ã³Ûqå.ü ( þñÚ`ó(Æ î�× ÿ�î�Ã³Öo×�Ü�ÛõÜPÅ
Ü ó(Æ�È�Ã³Ö`Ü�ÈÇ¹Ã³È�Û(×IÛUØ�ÚÖPÜ÷ð�Æv×íÚ Ú�æ(Æ�å+×IÛ�Ö à ÆHÆ�ö³Æ�Û(Ö¢ÜPÅ$Ú�æ(î à È¦Æ�ö³Ü\î�Ã³Öo×�Ü�Ûqé

�P���



d��.^_�.1 ¯R"DZ�[ip�NnO
À~��v7��w��n��z|�t�7{2}Qw�yæ�A�=v7z%}��%y��7��}Qy��%y��A��Ãn�I�%�R}X²�}��2w�yQw��A�æ�§}����ew¨��v�}Qw�yR�%���N�7{7yQ��v7¦n���7�A�K�ª}��7w�yQw8��w8�A�2}�z%�
v7w �Ï�Av~��z|yQ�e��}���z|v��X�%v7v2z%}=�K�N�%v7¦%w��%vªz|{2}��2{2}=w8�%w�vª}��7z|{2¦|�ª��}¡��yQyQ�3�|w8�¡�7yQ��z|yè}�zk}Q�7w��%� }�{N�%�2z|{2}��2{2}
�%� }��Az%vJÔkÙ¨�7w��7{2y���}Q�Az|vÑz��¡}��7���k�4��}Qw�v7� Ã´��v�}�w�yR���%�ú���k�AviGN{7w�v2��w��â��Ã��,z%}Q�Ñ}��7w®�N�%yQ�~���%y�wª�%v7�Ñ}Q�7w
�Qz��*}
���%y�we�2w��Q��¦|vJÔ � vâw�¿2w8��{2}Q���%wÄz|y§z|�"w�yQ��}���v7¦¤��ÃS��}Qw��ã}Q�N��}��,w8yQ�t��}Q�Å}��7wª{7��wez��l��v�}Qw�y�yQ{7�2}Q�§}�z
�Q��¦|vN�%�F�N�Á}K���%yQy������%�N�e�rÃª�7�r�%w§�p���7z|yR}�w�y��4��}Qw�v7� Ãª�Av�}�w8y����%�N}��7�%vÄz|v2w³}��7��}l{2�Qw��l�,w8yQ�AzS�7���¨�,z|���A��v7¦7²
�7{2}è{7v7�7w8yQ�3Ã~��v7¦k�N��yQ�2�l�%yQwl��z|v7�R}�yQ�%�Av�}��ú�7yQw �|w8v�}¡}Q�7w��A��}�w8v7�8Ãn��yQz%� �"w���v7¦Åw8�A���e��vN��}�w8�n��z|�t�7�Aw }�w8��Ã|Ô
Ù¨��{7��²J}Q�7w��A��}�w8v7�8Ã��Av�}�w8y����%���X�%vÞ�"w��e�%�7wpêS{2��}�wp�Q�e�%�A�(²F�7{2}§�3}k�X��vÑv7w8�%w�yn�"w®yQw8�7{7�8w��Þ}�zcÿ8w�yQz2Ô
Ù¨�7w¨������w8�2}K���7�Awæ�Aw8v7¦%}��®z%�7}��2wl�4�Á}�w�v2�8Ãn�Av�}Qw�y����%�S�A���7w }�w�y��e��v7w��p��Ãp}Q�7wl�7y�z~�8w����è}��N�Á}ú}Q�7wl��z%�*}
����yQw
�A�¨�8z|v�}�y�z|�A���Av7¦7Ô

Ù¨�7wx�K�7z|�A�8w¤z%�kz|�"w�yQ��}���v7¦Þ��ÃS�R}�w��x²���v�}Qw�y�yQ{7�2}t��z|¦|�A��²¡�Q�K�7w8�7{7���Av7¦ø�7yQ��z|yQ�3}
Ã|²æ�%v7�Ó��ÃS�R}�w�� �7w�ë
�Q��¦|vx�N�%y����ew }�w�y��������A�J�"w��AvDGN{2w�v7�8w��Ñ��Ãc}��2w®�4�Á}�w�v2�8Ãcy�w�ê�{7�Ay�w��tw�v�}��8Ô � ���Qz7²F�"w��N�X�S�Az|yQ�%�V�%vN����ÃS�Q���
z%�³}��7wxyQw8êS{2�AyQw8�ew8v�}��ª}�z½�2w8}�w8yQ�t�Av7w¤�8z|v7�Q����}Qw�v7� ÃÓ���3}��Ó�7yQzS��w8�Q�t��{7v7�8}Q�Az|v7�%�¨yQw8êS{2�AyQw8�ew8v�}��e�%v7�
��z%v7��}Qy��%��v�}Q�Ä�e�XÃõv7z%}e�,w���z|y�yQw8�8}e{7v7�Aw8�Q�t}��7wx�%���A{7w¤z%�k}Q�7�A�t�"w��N�X�S�Az|yQ�%���N�%yQ�%�ew }�w8yt���e¾�v7zr��v
�%v7�x�Q�"w��8��ÕNw8����z|y¨}Q�7wn�Qz%�*}
�l�%yQw�ÔlÙ¨�7w8yQw ��z|yQw�²"}Q�7wnyQw�ê�{7��yQw8�ew8v�}Q�³���,w8���3ÕN�X��}Q�Az|vx��{7�R}��Av7�8�A{7�7w§}Q�7w
�%���Azr�����7�Awk�A��}�w8v7�8Ãe�I�%�8}Qz|y�Ô

V�ù ìÙÃ³ÖPÆ�Û±î�âtÅ|ÃUî�Ö`Ü�È�ãHæfÚ�Ö÷ð�ÆJ×IÛ±î�ì�æDåUÆ�å²Ç à Æ�Û Ã³Û Ü�æUÖ¡óqæUÖ+×íÚ-ÖoÈ3×ÙØ\ØUÆ�È¦Æ�å�ð	â�Ã³ÛM×IÛ(ÖPÆ�È3ö�Ã³ìáÜPÅ
Öo×Iã÷ÆëÇ2×IÖ à Ü�æiÖ¶ÃtÚ`ó(Æ î�× ÿ�Æ�åY×IÛ³óqæUÖaÃ³ÛqåwÖ à ÆëæFóçó(Æ�È ð�Ü�æUÛqåJÜ�ÛhÖ à Æë×IÛ(Ö`Æ�È3ö�Ã³ì�×íÚëÛ±Ü�ÖaÃtÚ�×Iã¶óqìíÆ ô
Ü³ð�Ú\Æ�È3ö�Ãçð	ìíÆ�Æ�ö³Æ�Û(Ö�é

Ved Ü�Û(Öo×IÛUØUÆ�Û±î�âYÃUî�Ö�×�Ü�ÛSã Ã³âYÛ±Æ Æ�åYÖPÜwð�Æ�Ú`ó(Æ î�× ÿ�Æ�åYÖ`Ü à Ã³ÛqåDìíÆ÷Æ�ö³Æ�Û(ÖIÚëÖ à Ã³Ö$Ü\î î�æUÈHÇ2×IÖ à ×IÛSÖ à Æ
ìÙÃ³Ö`Æ�Û±î�â§ó(Æ�È3×�Ü	åçé

V�ù ìÙÃ³Ö`Æ�Û±î�â÷Å|ÃUî�Ö`Ü�ÈñãHæçÚ�Ö ð�ÆwÚ`ó(Æ î�× ÿ�Æ�å÷Å�Ü�È-î à Ã³ÛUØUÆ�Ãçð	ìíÆ à æUã Ã³Û�iiî Ü�ã¶óqæiÖ`Æ�Èñ×IÛ(Ö`Æ�ÈIÅ|ÃUî Æ·åçÃ³Ö�Ã
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V�r Ã�Ú�×�î�Å�Æ Æ�åçð ÃUî ï+ìíÜ\Ü ó(Ú ô�Ã�ÚuåUÆ¥ÿ�Û±Æ�å�ð	â�Ö à Æ0óqÈ¦Ü\î Æ Ú Úëî Ü�Û(ÖoÈ Ü�ìçÅ3æUÛ±î�Ö�×�Ü�ÛDôBãHæçÚ�Öeð�Æá×IÛ±î�ì�æNåUÆ�å�×IÛ
Ö à ÆëÚ\ÜPÅ3Ö�Ç¹Ã³È¦Æ+È¦ÆAS	æi×IÈ¦Æ�ã÷Æ�Û(ÖIÚ	é ß5à Ã³Ö¶×íÚ ô$Ö à Æ�È¦ÆëÚ à Ü�æiìÙåJð�Æ�Ã³Û.×IÛ³óqæiÖ¶Ö à Ã³ÖaÖ à Æ Ú\ÜPÅ3Ö�Ç¹Ã³È¦Ætî�Ã³Û
æçÚ\ÆvÖPÜ åUÆ�ÖPÆ î�Ö¹Ö à ÆHÆ¥ý$Æ î�Ö�ÜPÅáÃ³Û(â�Ü�æUÖ¡óqæUÖ0Ü�Û·Ö à Æ¢óqÈ¦Ü\î Æ Ú Ú	é ß5à Æ§È¦ÆAS	æU×IÈ Æ�ã÷Æ�Û(ÖIÚ§ãHæçÚ�ÖT×IÛ±î�ì�æDåUÆ
Ã�óçóqÈ¦Ü óqÈ3×oÃ³ÖPÆ�î à Æ î ï\ÚuÜ�Û�Ö à Æ Ú\Æv×IÛ³óqæUÖIÚv×IÛ�Ü�È�åUÆ�ÈvÖ`Ü÷åUÆ�Ö`Æ î�ÖB×IÛ(Ö`Æ�È�ÛqÃ³ì@Ü�ÈHÆ � Ö`Æ�È3ÛqÃ³ì7Å|Ã³×Iì�æiÈ¦Æ ÚuÜ�È
Æ�È3È¦Ü�È¦Ú	é

V &Tö³Æ�È3âSÜ�æiÖ�óqæUÖáÖ`Ü�Ç à ×�î à ÃSåUÆ�Ö`Æ î�Ö�Ãçð	ìíÆ�×IÛ³óqæiÖ×íÚ·Æ � ó(Æ î�Ö`Æ�å�ãHæfÚ�Ö à Ã³ö³ÆYÃ�Ú Ú\Ü\î�×oÃ³Ö`Æ�å�Ç2×IÖ à ×IÖF#
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Descent Advisor

OPERATING

CONTROLLER

MODES

SEP ONE

SEP TWO

NONE

Horizontal Guidance Modes

Waypoint Capture

Route Intercept

Spacing Advisories

TMA Interface

TMA Present

TMA Absent

Speed Profile Modes

Descent Speed

Cruise Speed

Descent Speed
Cruise plus
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CHARACTERISTICS
TIMELINE

Maximum Arrival TimeSTA Minimum Arrival Time

Route Intercept

Default

Waypoint Capture

Selected

Locked

Unselected

SP

Inquiry

Cleared

Top of Descent

X-Pos Y-Pos Altitude ETA

PROFILE
CHARACTERISTICS

Profile Status

ID Speed Heading

X-Pos AltitudeY-Pos

AIRCRAFT[1...90]

AIRCRAFT Light

STATE

Heavy

Aircraft Type

Large

Default

Descent Speed

Cruise Speed

Cruise plus
Descent Speed

Descent Advisor

MODES
AIRCRAFT

DA ModeSpeed Profile ModeHorizontal Guidance Mode
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FCFS
w/o Time Advance

FCFS
with Time Advance

Position Shift
w/o Time Advance

Position Shift
with Time Advance

TMA

OPERATING
MODES

MODEL

Available

Light

Heavy

Large

Manual

Automatic

End Time

Aircraft Type Supervisory Modes

Schedule Slot [1...90]

Traffic Density

Low

Average

High

Blocked

Begin Time

AIRCRAFT
SCHEDULED

ID ETA STA

Fake

PROCESS

CONTROLLER
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RDP

INPUTS

OUTPUTS

[1...100]

[1...100]
MODEL 

[1...100]

AIRCRAFT

XBeacon
Code

Assigned
Beacon
Code

A/C ID Y Altitude

[1...20]
Altitude

X Y Time Altitude

Speed Beacon Code

Yes Yes YesYes

No No No No

CourseX Y Altitude

Restricted
Airspace
Intrusion

Flight Plan 
Conformance

Monitoring

Minimum
Safe Altitude

Warning

Potential
Conflict

Position-
Time-
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