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L Ð â5ÐSP �w³:Æ}·¹Ç_Á�ºd»É¶�·¹Æ�»¼Ùd¸�·¹»¼Ç:Á�ÖÞ¸dÁdÈÄ·¾»¼Ç_ÁÂÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ T
L Ð â5ÐUQ ò®Ç_Á5Å�°ÄÆ�·¹¸5Æ¾Ùv³Ë·¾»É´:°3æBç�è ÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ V
L Ð â5Ð × Í�Á5ÖÞÆ¹³ËÆ¾°½º�ºd»é´_°½Æ�Ó_°½Á5È½°½¶ ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ V
L Ð â5ÐUT Ê|ÇË·Ñ³:ÒóÈÄÆ¾Ç_¶�¶[¶�°½È�·¹»¼Ç:Á Ð�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ LWL
L Ð â5ÐUV ø�³:ÈÄ·¾Ç_Æ¾»X�µ³Ë·¾»¼Ç_Áz³:Á5º�Æ�°½ÁdÇ:Æ¾ÏK³:Ò¼»X�µ³Ë·¾»¼Ç_ÁK¶¾Èµ³ËÒ¼°½¶ ÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ L Ø

L ÐRO è�Õ�Áv³:Ï�»¼ÈÄ¶?Ç:Ö|Ï!¸dÒÉ·¾»éêmÅv³:Æ�·¾»¼ÈÄÒ¼° ÷ Áv³:Òó¶}·Ñ³Ë·¾°�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ L O
L ÐSP Êe°½¶}·�Ç:ÖOæBç�è�¸5¶¾»¼Á5Ó�¯ ¿)Ã�°Ä·¾¶�°Ä´_°ÄÁ4·¹¶.Ð�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ L Q

Y Z�[]\7^�_a`cbed�f�\gBhJjik\l>A@nmo@p@E[]\qZ�\�romo@CBED#>s^tDAujujJvF]\gB <lw
Ø�Ð L Í�Á4·¹Æ�Ç�º5¸dÈÄ·¾»¼Ç_ÁsÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ L V
Ø�Ð Ø çu²v³ËÆ¹³:È�·¹°½Æ�»¼¶}·¹»¼ÈÄ¶�Ç:ÖOøv°ÄÆ¾Ï�»¼Òð³ËÙÔ³:È½ÈÄ°½ÒÉ°½Æ¹³�·¹Ç_Æ�¶IÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ L V

Ø�Ð Ø�Ð L î�ÈÄÈ½°½ÒÉ°½Æ¾³Ë·¹Ç_Æ�ÈÑ²v³Ë»¼Á ÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ L V
Ø�Ð Ø�Ð Ø �hÆ¾Ç�ºd¸dÈÄ·¾»¼Ç_Á�Ç:Öw³:Á4·¹»ÉÅdÆ¾Ç:·¾Ç_ÁsÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ø:à
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Ø�Ð Ø�Ð â Ê?²5°�Êe°Ä´Ë³Ë·¾Æ¾Ç_Á ÐEÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�Ø_Ø
Ø�Ð Ø�ÐUO Ê?²5°�Êe°Ä´Ë³Ë·¾Æ¾Ç_Á�Ò¼¸dÏ�»¼Á5Ç_¶¾»é·�ÕDÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�Ø:â

Ø�Ð â Ê?²d°3ç�èãø8Í�ÍÜº5°Ä·¹°ÄÈÄ·¾Ç_Æ�ÐEÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�ØWP
Ø�Ð â5Ð L í�´:°½Æ�´�»É°Ää ÐEÐ�ÐEÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�ØWP
Ø�Ð â5Ð Ø ÊeÆ¹³ËÈÑÝ�»ÉÁdÓ�¶�Õ�¶�·¾°½Ï�¶�Ð�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�Ø�Q
Ø�Ð â5Ð â ç�³ËÒ¼Ç_Æ�»¼Ï�°Ä·¹°ÄÆ�¶�Õ�¶}·¹°½Ï�¶ ÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð~â4Ø
Ø�Ð â5ÐUO ß�¸dÇ_Á�¶�Õ�¶�·¾°½Ï�¶�ÐEÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð~â�P
Ø�Ð â5Ð�P ÊeÆ¾»ÉÓ_Ó_°ÄÆ�³:Ádº�ºv³Ë·Ñ³ ³:ÈÄïF¸d»¼¶�»É·¹»ÉÇ_ÁÔ¶�Õ�¶}·¹°½Ï�¶UÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð~âWV
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â5Ð L Í�Á4·¹Æ¾Ç�ºd¸dÈ�·¹»ÉÇ_Á ÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�O4â
â5Ð Ø  hÒ¼°½È�·¹Æ�Ç_Ád¶?ÐBÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�O4â

â5Ð Ø�Ð L  hÒÉ°½ÈÄ·¾Æ¾Ç_Áz·¹Æ�»¼Ó_Ó:°½Æ¾¶ Ð�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�O4â
â5Ð Ø�Ð Ø  hÒÉ°½ÈÄ·¾Æ¾Ç_Á�È½ÒÉ¸d¶�·¾°½Æ�»¼ÁdÓ ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�OgP
â5Ð Ø�Ð â çuÇ:Æ¾Æ¾°ÄÈÄ·¾»¼Ç_Ád¶ Ð�ÐEÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�O�Q
â5Ð Ø�ÐUO  hÒÉ°½ÈÄ·¾Æ¾Ç_Á�Ó_°ÄÇ_ÏK°�·¹Æ�»¼Èã³:Á5º/ÝF»¼Á5°½ÏK³Ë·¹»ÉÈ(È½¸5·¾¶WÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�OF×
â5Ð Ø�Ð�P  hÒÉ°½ÈÄ·¾Æ¾Ç_Á�»¼º5°½Á4·¹» ÷ Èµ³Ë·¾»¼Ç_ÁÔÈÄ¸5·¹¶�Ð�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�O�T

â5Ð â � ¶�°½Ò¼°ÄÈÄ·¾»¼Ç_Á ÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�P L
â5Ð â5Ð L ß�»¼¶¾¶�»¼ÁdÓ¢·¾Æ¹³:Ád¶}´_°ÄÆ¾¶¾°�°½Ád°ÄÆ¾Ó:Õ7Mj�]ñh��À�â_àp"ã°?��NDÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�P L
â5Ð â5Ð Ø � � �C��� Ú Æ�°½Ï�Çå´:³ËÒ ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�P L

â5ÐUO á:°Ä·¾¶ Ð�ÐEÐBÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�P_Ø
â5ÐROdÐ L á:°�·[»¼ºd°ÄÁF·¾» ÷ È½³Ë·¹»ÉÇ_Áz³:ÒÉÓ_Ç_Æ¾»é·¹²dÏ�ë5á:°Ä·�çuÒÉ¸ Ð�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�P_Ø
â5ÐROdÐ Ø �ô³ËÆ¾»ð³ËÙdÒ¼°Ä¶?»¼Á�á:°Ä·ÑçuÒ¼¸ ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�P:â
â5ÐROdÐ â á:°�·[°½Ád°ÄÆ¾Ó:ÕzÈÄÇ_Æ¾Æ�°½ÈÄ·¾»¼Ç_Á5¶ Ð�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�PhO
â5ÐROdÐUO 	 Õ�¶}·¹°ÄÏ2³Ë·¾»¼ÈB¸dÁdÈÄ°½Æ}·Ñ³:»ÉÁF·¾»¼°Ä¶�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�P�T

â5Ð�P ìó¸dÏK»ÉÁdÇ_¶�»É·�Õ�Ï�°µ³Ë¶¾¸dÆ�°½Ï�°½Á4·�Ð�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�P�T
â5ÐSQ Ê?²d°�� � �E� °�´_°½Á4·�¶¹³:Ï�ÅdÒ¼°zÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�P�V

â5ÐUQ5Ð L èã³�·Ñ³:¶�°Ä·¹¶�Ð�ÐEÐ�ÐEÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�P�V
â5ÐUQ5Ð Ø Ê?²5°�� � �E� °Ä´:°½Á4·(¶¾³:ÏKÅ5Ò¼° Ð�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð�Q_à
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â5Ð × çuÆ�Ç_¶¾¶[ÈÑ²d°½ÈÑÝzÇ:Ö|»¼Á5È½Ò¼¸5¶¾»É´:°�� ÅdÆ�Ç�º5¸dÈÄ·¾»¼Ç_ÁzÈ½Æ�Ç_¶¾¶[¶¾°ÄÈÄ·¾»¼Ç_ÁWÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Q4Ø

â5Ð ×�Ð L çuÆ¾Ç_¶�¶®¶�°½È�·¹»¼Ç:Á�ÖÞÇ_Æ�Ï!¸dÒ¼³>ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Q4Ø
â5Ð ×�Ð Ø Ê|Æ�»¼Ó_Ó:°½Æ?°?��ÈÄ»¼°½Á5ÈÄÕ ÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Q_â
â5Ð ×�Ð â  hÒ¼°½È�·¹Æ�Ç_Á/»Éºd°½Á4·¾» ÷ È½³Ë·¹»ÉÇ_ÁÔ°?��È½»É°½ÁdÈ�ÕoÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Q�O
â5Ð ×�ÐRO �M´:°½Æ�·¾°�Î�°��KÈÄ»¼°ÄÁdÈÄÕ�ÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Q4×
â5Ð ×�ÐSP î�ÈÄÈ½°½Å�·Ñ³:ÁdÈÄ°3È½³:Ò¼ÈÄ¸dÒð³Ë·¾»¼Ç_Á�ÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�QWT
â5Ð ×�ÐUQ ��³:ÈÑÝFÓ_Æ�Ç_¸dÁdº/°½¶�·¾»¼ÏK³Ë·¹»ÉÇ_Á�ÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�QWT
â5Ð ×�Ð × Í�ÁdÈ½ÒÉ¸d¶¾»é´_°�� � �E� Å5Æ¾Ç�ºd¸dÈÄ·¾»¼Ç_ÁzÈÄÆ¾Ç_¶�¶®¶�°½ÈÄ·¾»¼Ç_Á1ÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�×_Ø

â5ÐUT 	 ¸5ÏKÏK³:Æ�Õ ÐBÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�×:â
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OdÐ L Í�Á4·¹Æ�Ç�º5¸dÈÄ·¾»¼Ç_ÁsÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�×WP
OdÐ Ø çuÇ_Á5°?Ã�°�·[³:Ò¼Ó_Ç:Æ¾»É·¾²dÏ�¶KÐEÐ�ÐEÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�×_×

OdÐ Ø�Ð L á:°Ä·[ºd° ÷ Ád»É·¾»¼Ç_Á5¶�Ð�ÐEÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�×_×
OdÐ Ø�Ð Ø Ê?²d°E»¼Á5ÖÞÆ¾³:Æ¾°Äº�ñËÈ½Ç:Ò¼Ò¼»ÉÁd°µ³ËÆÜÅdÆ�Ç_ÙdÒÉ°½Ï�¶1ÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�×_×

OdÐ â ø�³:ÝË°�Ã�°�·¹¶�°Ä´:°½Á4·(Ó:°½Ád°ÄÆ¹³Ë·¾Ç_Æ�ÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�T_à
OdÐRO Ê?²d°E¶¾°ÄÅv³:Æ¾³Ë·¹»ÉÇ_ÁzÅ�ÇåäÜ°½Æ�Ç:ÖOá:°Ä·�çuÒÉ¸I³ËÒ¼Ó_Ç_Æ�»É·¾²dÏ ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�T L

OdÐROdÐ L Ê|°ÄÏKÅ5Òð³Ë·¾°ãºv³Ë·Ñ³ ¶¾°�·¹¶�Ð�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�T L
OdÐROdÐ Ø �-��ºd»¼¶}·¹Æ�»¼Ùd¸5·¾»¼Ç_Á5¶[ÐEÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�T_â
OdÐROdÐ â Ì[°ÄÈ½Ç_Á5¶�·¹Æ�¸dÈÄ·¾»¼Ç_Á�Æ¹³�·¹»¼Ç ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�T_â
OdÐROdÐRO �w³:Æ}·¹Ç_Á�êÉÃ�°Ä·[ÏK³Ë·¹ÈÑ²5»¼ÁdÓ ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�TWQ
OdÐROdÐSP á:°Ä·[¶¾°ÄÅv³:Æ¾³Ë·¹»ÉÇ_Á Ð�ÐEÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�TWT

OdÐSP çuÇ_Ï�Åv³:Æ�»¼¶�Ç_ÁÔä�»É·¹²zºd» ��°ÄÆ¾°ÄÁF·[ÈÄÇ_Ád°E³:Ò¼Ó:Ç_Æ¾»é·¹²dÏ�¶1ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�V4Ø
OdÐSP�Ð L çuÇ_Ï�Åv³:Æ¾»É¶¾Ç_ÁÔä�»é·¹²/ß/»¼º��|Ç_»ÉÁF·[³ËÁdº 	 °½°½ºdìõ°Ä¶¾¶®È½Ç_Ád°E³:ÒÉÓ_Ç_Æ�»É·¹²5ÏK¶ÜÐ�ÐEÐ�ÐBÐEÐ�V4Ø
OdÐSP�Ð Ø 	 ÅdÒÉ»É·¾·¾»¼ÁdÓ ³ËÁdºzÏK°ÄÆ¾Ó_»ÉÁdÓ3ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�V_â
OdÐSP�Ð â Ê?²d°E¶¾°½Åd³:Æ¹³Ë·¾»¼Ç_ÁzÅaÇåäu°ÄÆ®Ç:ÖOß/»Éº¡�|Ç_»ÉÁ4·[³:Ádº 	 °½°Äºvìó°½¶�¶(³:ÒÉÓ_Ç_Æ¾»é·¹²dÏ�¶ Ð�ÐBÐEÐ�V�O

OdÐUQ 	 ¸5ÏKÏK³:Æ�Õ ÐBÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�V�P
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P�Ð L Í�Á4·¹Æ¾Ç�ºd¸dÈ�·¹»ÉÇ_Á ÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð L à L
P�Ð Ø á:°Ä·[¶¾°ÄÅv³:Æ¾³Ë·¹»ÉÇ_ÁzÏK°�·¹²dÇ�º ÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð L à:â

P�Ð Ø�Ð L �hÆ�Ç�ÈÄ°½ºd¸dÆ�°�ÇËÖ|·¾²d°BÅv³:Æ�·¾Ç_Á�êéÃ�°Ä·�ÏK³Ë·¹ÈÑ²d»ÉÁdÓDÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð L à:â
P�Ð Ø�Ð Ø �|³:Æ�·¾Ç_Á�êéÃ�°Ä·[Ï2³�·¹ÈÑ²d»ÉÁdÓ¢°?��È½»É°½ÁdÈ�Õ ÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð L àWP
P�Ð Ø�Ð â 
ã»ÉÁd°½ÏK³Ë·¹»ÉÈµ³:Ò�ºd°½Åa°½Á5ºd°½ÁdÈÄ°UÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð L à�Q
P�Ð Ø�ÐUO ò[Ç_Æ¾ÏK³:ÒÉ»*�µ³�·¹»¼Ç:ÁsÐEÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð L à�V

P�Ð â 	 ¸dÏ�Ï2³ËÆ�Õ Ð�ÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð LWL à
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Q5Ð â çuÇ_Ï�Åv³:Æ¾»É¶¾Ç_Á5¶?Ç:Ö|·¾²d°½Ç:Æ�Õ�·¾ÇKºv³�·Ñ³MÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð LWL Q
Q5Ð â5Ð L á:°�·e�-��ºd»¼¶}·¹Æ¾»ÉÙd¸5·¾»¼Ç_Á�ÐEÐBÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐEÐEÐEÐEÐEÐ�ÐEÐ�ÐEÐEÐ�ÐEÐ�ÐBÐEÐ�Ð LWL Q
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î3Ð Ø¿ wÎ�·¹°ÄÁd¶¾»ÉÇ_ÁIÇ:Ö
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»é·�Õ�ä�»É·¾²±³�â_â�å@ºd¸5·�Õ�Ö ³:È�·¹Ç_ÆÄÐKíãÅa°½Æ¾³Ë·¹»ÉÇ_Á�ä�»É·¾²±³ËÁF·¾»¼ÅdÆ�Ç:·¹Ç:Á>Æ�°½È�Õ�ÈÄÒ¼»ÉÁdÓ/ÏK³µÕ�Ùa°
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ª¬«7­¯®�° L�±XL �³²�°�´Lµ¯¶·«7µ¹¸�º¯®-°x»½¼ ¾�¸À¿ÂÁÀÃÅÄ-µÆ«)Çx¾�È7«É¸�Ä�«Éµ�ÊÀË�«7º¯Ë�°Ì¼ ¾�¸½Ë�®�º¯¾Éµ¯»�Í Çxº¯¸j®-´Î®�Ä�µ�°x»+Ï4ÐÑ¼ °Ò¸�¶ÓÄ�¾�µ¯»
Ím»j¾�®�Ä-Ô¹®�Ä�µ�°x»+Ï"«Éµ¯ÔÕË�Ö¯¾�»�Êc»×ÍmÔ�«7»�Ö¯°ÒÔØ®�Ä-µ¯°x»cÏ ±

Ä�µ�Ê�Ö¯°ÚÙ�°Ò¸jÊcº�¸�­�«7Ê�Ä-ÈÉ°ÓÇx«É®�ÇÒº¯®�«©ÊcÄ�¾ÉµÛÐ�Ê�Ö¯°ÚÇx¾�È7«É¸�Ä�«Éµ�Ê�Ë�«Éº¯ËÉ°ÓÄ-»�«É®-»�¾ÆÙ¯¸c«7ÇÒÊcÄ-Ç/«É®�Êc¾ÆÇ+Ö¯°xÇ+Ü�Ê�Ö¯°ÚË�«Éº¯ËÉ°
Ä�µ�È7«É¸�Ä�«Éµ¯ÇÒ° ±�Ý ¾ÉÊ�°ÀÊcÖ�«7Ê¬ÊcÖ¯°ÞË�Ö�¾�»jÊàß¯°x®�Ô�»á»�Ö¯¾�âãµÓ­_´×ÊcÖ¯°ÞÔ¯«É»�Ö¯°ÒÔÎ®-Ä�µ¯°Ò»àÄ�µäª¬«É­�®�°�å ± åÀß�µ�«É®-®-´�Ç/«7µ¯Çx°Ò®
¾�º�ÊãÄ-µÕÙP°x¸�Êcº¯¸j­�«7Ê�Ä-È�°ÂÇx«É®�ÇÒº¯®�«7Ê�Ä�¾�µæ«7ÊÞÊcÖ¯°Â°Òµ¯Ô ±

·X¸º¹L¸ä¹ çMè�ü�ýêéìë�í³ë�Ádîðïw¿EûHûWñ�íPý
ªÞÖ¯°Â­�«É»jÄ�ÇÂÄ�Ô¯°x«Ó¾7¼�Ê�Ö¯°ä«7»j´L¶ÎÙÑÊc¾ÉÊ�Ä�Çò¼ ¸�°Ò°xÔ¯¾É¶óÄ�»ÀÊcÖ¯«7ÊãÊcÖ¯°Â°x¶ÓÄ�»j»�Ä-¾�µÆ¾É¼¬ÈLÄ�¸�Êcº�«7®ÛË�®�º�¾�µ¯»ã­�´¹»jÊc«7ÊcÄ-Ç
Çx¾�®-¾�¸Þ»�¾Éº¯¸�ÇÒ°x»òÇx«Éº¯»�°Ò»ìÊ�Ö¯°xÄ-¸ìÇÒ¾�®�¾�¸ãÇ+Ö�«7¸�Ë�°Ò»ìÊc¾ òj®-°/«ÉÜ¹¾�ºÑÊ ûÓÄ�µ�Êc¾ÚÊcÖ¯°×»�º¯¸j¸�¾�º�µ¯Ô¯Ä�µ�ËÎÈ7«ÉÇxº�º¯¶ ± ªÞÖ¯°
Ä�µ�Êc°Ò¸c«ÉÇ�ÊcÄ-¾�µô­�°�Ê�â½°Ò°xµõÔ�Ä�»jÊ�¸�Ä-­¯º�Êc°ÒÔöÇ+Ö�«É¸�ËÉ°x»÷ÊcÖ_º¯»Ó­�°ÒÇx¾�¶Ó°x»÷Ê�¾ø­P°¹â½°x«ÉÜÉ°Ò¸·«©ÊÚ»�Ö¯¾�¸�ÊÓÔ¯Ä�»�Ê+«Éµ¯ÇÒ°x» ±
ªÞÖ¯Ä�»ÂÄ-»×Ä-µùÇÒ¾�µ�Êc¸c«7»jÊ�Êc¾Ø¿Âú³Ãû¾7¼½âãÖ¯Ä-Ç+ÖùÊcÖ�°ÎÄ-Ô¯°/«ÕÄ�»�ÊcÖ�«©Ê�Ê�Ö¯°Ó¾�­¯»�°Ò¸jÈÉ°xÔôÇ+Ö�«É¸jË�°·¾7¼À°x®-°xÇ�Êc¸�¾ÉµùÄ-»
»�¶Î«É®�®-°x¸ü«©Ê�®-¾�µ¯ËãÔ¯Ä-»jÊ+«7µ¯Çx°Ò»�­P°xÇx«Éº¯»�°"¾É¼¯»jÇx¸j°x°xµ�Ä�µ¯Ëì¾É¼�ÄýÊc»W°x®-°xÇ�Êc¸�Ä-Ç³Ç+Ö�«É¸�ËÉ°"­�´�È7«ÉÇxº�º¯¶þÙ�¾É®�«É¸jÄ�ÿ/«©ÊcÄ�¾Éµ ±
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7ãäß��qu�å �
� µ¯Ô «7ÊìÊcÖ¯°×°xµ¯Ô ¾É¼¬ÊcÖ¯°×®�¾�µ¯ËÎÔ¯Ä�»�Ê+«Éµ�Çx°äÄ-µØÊcÖ�°äË�®-º¯¾�µ ß¯°x®�Ô ÐPÊ�Ö¯°ä¼ ¾�¸jÇx°ä­P°xÇÒ¾�¶Ó°x»Ì¶äº¯Ç+Ö »jÊ�¸�¾�µ¯ËÉ°x¸
Í Çx¾�µ�ß¯µ¯°x¶Ó°xµ�Ê4Ï ± � ÊÌ»j¾�¶Ó°×Ô¯Ä-»jÊc«Éµ¯Çx°7Ð�Ä-Ê§­�°ÒÇx¾�¶Ó°x»§°/«7»�Ä�°Ò¸§Ê�¾·¶Î«ÉÜÉ°�µ¯°�â��_º�«É¸�Ü_»Ì«Éµ¯Ô�«7µ_Ê�Ä��_º�«É¸jÜ_»xÐ
âãÖ¯Ä-Ç+Ö ÇÒ¾�¶)­¯Ä-µ¯°ÓÊ�¾ ¼ ¾�¸j¶ Ö�«ÉÔ¯¸j¾�µ¯»ÒÐ¬ÊcÖ�«7µùÊc¾ ÜÉ°Ò°xÙôÙ¯º¯®-®�Ä-µ¯ËÕ«ÉË�«ÉÄ-µ¯»jÊÂÊcÖ�°Î°�È�°x¸���Ä-µ¯Çx¸j°/«É»jÄ�µ¯ËØ¼ ¾É¸�Çx° ±
ªÞÖ�«©Ê³Ä�µ¯Ô¯Ä-Ç/«7Ê�°x»áÄ-»�¾�®�«7Êc°ÒÔ��Lº¯«É¸�Ü_»¤«É¸�°Þµ�°ÒÈ�°Ò¸"¾É­¯»�°Ò¸jÈ�°ÒÔ·Ä-µÓ¾Éº¯¸á°��ÑÙP°x¸�Ä-¶Î°Òµ�Ê+«É®¯®-°ÒÈÉ°x® ±�� µ¯Ô¯°x°ÒÔÛÐ�ÊcÖ¯°Ò¸�°
Ä-»½µ¯¾÷°�ÈÑÄ-Ô¯°xµ�Çx°òÊc¾)ß¯µ¯ÔÆ«)»�Ä-µ¯Ë�®�°��_º�«É¸�ÜÓÄ�µ·»�Ç/«©Ê�Êc°Ò¸�Ä-µ¯Ë÷°��ÑÙP°x¸�Ä-¶Î°Òµ�Êc» ±¤Ý ¾ÉÊc°ÌÊ�Ö�«7Ê"ÊcÖ¯°Â«É»�´L¶ÎÙ�Ê�¾ÉÊcÄ-Ç
¼ ¸j°x°xÔ�¾�¶ Ä-»�Ô¯°x»jÇx¸�Ä-­�°ÒÔù­�´�Ê�Ö¯°ÚÙ�°Ò¸jÊ�º¯¸�­�«©ÊcÄ-ÈÉ°Ó¿ÂÁÀÃ)Ð âãÖ¯Ä�®-°äÊcÖ�°ÓÇÒ¾�µ�ß�µ�°x¶Ó°xµ�Ê�Ä�»�µ¯¾ÉÊ�«¹¸j°x»�º�®-ÊÂ¾É¼
Ê�Ö¯°ÂÙ�°Ò¸jÊcº�¸�­�«7Ê�Ä�¾�µ ±·�¸ä¹L¸�� � ��À�À�ÁÂÀ0¾ îüí"��é��ÂÁ»À0¾
� ÇxÇx¾É¸�Ô¯Ä-µ¯ËÎÊ�¾·ÊcÖ¯°×Ä�Ô¯°x«Î¾É¼áÊ�Ö¯°)«7»j´L¶ÎÙÑÊc¾ÉÊ�Ä�ÇÂ¼ ¸�°x°ÒÔ¯¾�¶ «Éµ¯ÔØÇx¾�µ�ß¯µ¯°x¶Ó°xµ�Ê/ÐÛ«ÎÙP°x¸jÊ�º¯¸�­¯«7ÊcÄ-¾�µØ»j°x¸�Ä-°x»
Ä-µ ¿ÂÁÀÃ Ä�»Â¸�°ÒË�º¯®�«7¸�Ä�ÿÒ°xÔøÄ�µ�Êc¾Õ«ÆÔ¯Ä�¶Ó°xµ�»�Ä�¾Éµ¯®�°Ò»�»ÂÙ¯Ö�´L»�Ä�Çx«É®��_º�«Éµ�ÊcÄýÊ�´£4��ÒÍ! #"�Ï�ÐüâãÖ¯°Ò¸�°ÎÊ�Ö¯°%$��ÒÍ! #"4Ï
Ô¯°ÒÇx¸j°/«É»j°x»ÞâãÄ-Ê�Ö¹Ä�µ¯ÇÒ¸�°/«7»�Ä�µ�Ë÷¾É¼& " ± � ÇÒº�Ê'�f¾)(�¶Î«É»j»À»�Çx«É®�°�* " Ä�»½¸j°+�_º¯Ä-¸�°xÔ¹Ê�¾÷¸�°x¶Ó¾�È�°�º¯®ýÊc¸�«�ÈLÄ-¾�®�°�Ê
Ô¯ÄýÈ�°Ò¸�Ë�°Òµ¯Çx°Ò»×«©Ê�®�¾�â, �"Â¸j°xË�Ä-¾�µ�âãÖ¯Ä�Ç+Ö$Ä-»òµ¯¾ÉÊÂ«7­¯®�°äÊ�¾Æ«ÉÙ¯Ù¯®ý´ «æÙP°x¸�Êcº¯¸j­�«7ÊcÄ-¾�µØÊ�Ö¯°x¾�¸�´ ÍmÇÒ¾�µ�ß�µ�°��
¶Ó°xµ�Ê4Ï ±.- °ìÊcÖ_º¯»ÞÇ/«7µ¹»c«7¼ °Ò®-´Îº¯»�°òÊ�Ö¯°�Ù�°Ò¸jÊ�º¯¸�­�«©ÊcÄ�¾Éµ·ÊcÖ¯°Ò¾�¸j´æ«7ÊÀÖ�Ä�Ë�Ö/ #"�Í�«É»�´L¶ÎÙ�Ê�¾ÉÊcÄ-Çì¼ ¸j°x°xÔ�¾�¶æÏ ±
ªÞÖ¯°Æ¸j°xµ¯¾�¸j¶·«7®�Ä�ÿÒ°xÔ ÇÒ¾�º¯Ù¯®-Ä�µ¯Ë0$&�äÔ¯°ÒÙ�°Òµ¯Ô¯»Ó¾�µ1 �"Ó«Éµ�Ô2*3" ±4- Ö¯°Òµ Ê�Ö¯°Æ­�«É¸�°¹ÇÒ¾�º¯Ù¯®-Ä�µ¯Ë$«©Ê5 �"6 *3"æÄ�»ÓÖ¯¾�®-Ô ­�´ Ô¯°Òß�µ�Ä�µ¯Ë « Ù�¾ÉÄ�µ�ÊÚÊc¾ »jº¯­�Êc¸�«ÉÇÒÊÎÊcÖ¯° Ô¯Ä-ÈÉ°x¸jË�°xµ¯ÇÒ°x»$Í ¶Î¾É¶Î°Òµ_Ê�º¯¶ »�º�­�Êc¸�«ÉÇÒÊ�Ä�¾�µ
»jÇ+Ö¯°x¶Ó°�Ï87�Ð¤Ê�Ö¯°¹¸�°Òµ¯¾�¸�¶Î«É®-Ä�ÿx°ÒÔôÇx¾�º�Ù¯®�Ä-µ¯Ë9$&�xÍ: �"�ÏäÄ-»)°��ÑÙ¯¸j°x»�»j°xÔõ­�´ Ê�Ö¯°Æ¸�°Òµ¯¾�¸�¶Î«É®-Ä�ÿ/«©ÊcÄ�¾ÉµùË�¸j¾�º¯Ù
°;�Lº¯«7ÊcÄ-¾�µùÍ!<>=Âú¤Ï�?  " æ@$&�æ@ " 6 A Í!$&��Ï 6 �CB � $ "� �DB 7 $�E��FHG)GIG � Ídå ± åKJ�Ï
âãÖ¯°Ò¸�°�ÊcÖ�°Âß¯¸�»jÊãÊ�â"¾·ÙP°x¸�Êcº¯¸j­�«7ÊcÄýÈ�°ÂÇx¾L°;LÓÇÒÄ�°xµ�Ê�»§Ä-µ¹ÊcÖ¯° A �f¼ º¯µ�ÇÒÊcÄ-¾�µ£�NM � «É¸�°

B � 6PO�O �1Q*í ÚåRQTS � B 7 6 åRU O �õåWVZí ÚQTM)S " X Ídå ± åÉå¨Ï
ªÞÖ¯°�í Ú Ä�»äÊ�Ö¯°¹µ_º¯¶)­P°x¸)¾É¼ì«ÉÇ�ÊcÄýÈ�°ZY_º�«É¸jÜ\[�«/È�¾É¸�»÷¾É¼ãâãÖ¯Ä-Ç+Ö ¶Î«É»j»)Ä�»×¶)º¯Ç+Öö»�¶Î«É®�®-°x¸ÂÊcÖ�«7µöÊ�Ö¯°
»jÇ/«É®-°] ± ªÞÖ�°§Ê�Ö¯Ä�¸jÔÎ«7µ¯ÔÓ¼ ¾Éº¯¸jÊ�ÖÓÇÒ¾Ñ°�LÓÇxÄ�°Òµ�Êc»3B " «Éµ¯Ô%B E Ä-µÚÊ�Ö¯° A �f¼ º¯µ¯Ç�ÊcÄ-¾�µÚ«É¸�°§«É®-»�¾ÂÜ_µ¯¾�âãµ ± ªÞÖ¯°
°^�¯«7ÇÒÊì«Éµ�«É®ý´_ÊcÄ�Çx«É® »j¾�®�ºÑÊcÄ�¾Éµ¹Ç/«ÉµÕ­�°Â¾�µ�®-´æ»j¾�®-ÈÉ°xÔ «7ÊÞÊcÖ�°�®-¾�â½°Ò»jÊì¾�¸�Ô¯°Ò¸ÀÊc°Ò¸�¶ó«É»

$��ÒÍ! " Ï 6 åB � ®�µÛÍ! "�_ * " Ä�ÅEÆ Ï Ídå ± åWQ�Ï

`baZcRdfehg^ijilkmcRd�nmdfijdfopg�e;k3q�eRd+rsg^eut�vwq�nmdyx{z{ijq+q;|5tW}~g^��n�g^v�}je%�+�Tg^nm�+z�ij}jeRd�g^nmd��!�Rvwvwd't5�T|���k!cRdCvwq�vwdfe+km�Rvk!n�g^eT�:��dfn�q^��kmcRd�df�+kmdfnmeTg^i��+�Tg^nm�+z�ij}jeRd�}~�&opg^eT}j�!cRd't#q��Wky�)g�eTt�k!cTd��9�4���������4�
r��u�yx&��}�kmc��!q�vwd��R�Wdyt#�:dfk�q��d��Kk!d'n!eug^i�vwq�vwdfe+kmg��u�� 
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âãÖ¯°x¸j°·«7»×«7®�¸�°x«ÉÔ�´ ¶Ó°xµ�Ê�Ä�¾�µ¯°ÒÔÛÐ&*w¬@­�® ¸�°xÙ�¸�°x»j°xµ�Êc»×ÊcÖ¯°Ó­¯¸�°x«ÉÜ���Ô¯¾�âãµù»�Ç/«7®�°Ú¾É¼½Ê�Ö¯°ÓÙ�°Ò¸jÊcº�¸�­�«7Ê�Ä-ÈÉ°
ÊcÖ¯°Ò¾�¸j´¹âãÖ�Ä�Ç+ÖØ¸j°x»jÇxº¯°Ò»ìÊcÖ�°×Ô¯ÄýÈ�°Ò¸�Ë�°Òµ¯Çx°�¼ ¸�¾�¶ó®-¾�Ë�«É¸jÄ-ÊcÖ�¶ÎÄ-Çì­P°xÖ�«/ÈLÄ�¾É¸ ± ªÞÖ�«©Êì»jÇ/«É®-°�Ê�´LÙ¯Ä-Ç/«É®-®-´·Ä�»§«
¼ °Òâ�¯ °;°ð¾�¸jÔ¯°x¸ãÔ¯°ÒÇxÄ�Ô�°xÔÕ­_´æ°��ÑÙ�°Ò¸�Ä-¶Î°Òµ_Ê�» ±

ªÞÖ¯°x¸j°ÞÄ�»àµ¯¾Â«7µ�«É®-´_Ê�Ä�Ç/«7®L»j¾�®�ºÑÊcÄ�¾Éµä¼ ¾�¸�Ê�Ö¯°ÀÖ¯Ä-Ë�Ö¯°Ò¸à¾�¸�Ô�°x¸�<>=Âú ±�± ¾¨â"°ÒÈÉ°x¸ÒÐLÊ�Ö¯°À»jÊ�¸�¾�µ�Ë�Çx¾�º¯Ù�®�Ä�µ�Ë$���Í: �"�ÏáÇ/«ÉµÎ­�°§Ù¯¸j°xÇxÄ-»�°Ò®-´ÓÔ¯°Òß¯µ¯°xÔ·¼ ¾É¸¤Ê�Ö¯°§ß¯¸�»jÊ"ÊcÄ-¶Î°Þ»jÄ�µ¯ÇÒ°ìÊcÖ�°ì»jÇ/«É®-°ìÔ¯°ÒÙ�°Òµ¯Ô¯°Òµ¯Çx°�Ä-»¤»jº¯Ù¯Ù¯¸j°x»j»�°xÔ
¾�È�°x¸"ÊcÖ¯°§âãÄ�Ô¯°ò¸�«Éµ¯Ë�°ì¾É¼& " ± � Ù¯Ù�¸�¾K�ÑÄ�¶Î«7Êc°ì»�¾�®-º�ÊcÄ-¾�µ¯»¤Ç/«Éµæ­P°òÇx«É®�ÇÒº¯®�«7Ê�°xÔÎ­_´ÎÔ¯°ÒÙ�°Òµ¯Ô¯Ä�µ�Ë)¾�µæÊcÖ�°
Ô¯Ä²(�°x¸j°xµ�ÊÞ¸j°xµ¯¾�¸j¶·«7®�Ä�ÿx«7ÊcÄ-¾�µÚ»�Ç+Ö¯°Ò¶Î°Ò» ± ªÞÖ¯°�¶Ó¾�»jÊ½Ù�¾�Ù�º¯®�«É¸"Ç+Ö¯¾�Ä-Çx°ò¾É¼üÊ�Ö�«7ÊÞ»jÇ+Ö¯°x¶Ó°x»ãÄ-»"Êc¾÷º�»�°òÊcÖ�°³µ´���»jÇ+Ö¯°x¶Ó°·¶¸UT¹ ± ªÞÖ¯°§«ÉÙ�Ù¯¸�¾K�ÑÄ�¶Î«7Êc°½»�¾�®-º�ÊcÄ-¾�µ)¾É¼PÊcÖ¯°ÀÊ�â"¾�®�¾L¾�Ù÷°ÒÈÉ¾�®�º�Ê�Ä�¾�µ)Ê�¾ÂÔ¯°Òß�µ�°�*�¬@­�®�Çx¾�º¯®-Ô
­�°

$&�xÍ: " Ï 6 åBpº�®�µüÍ! " _ * " »	¼ Ï�½ å]¾ B 7 ®�µWÍ: �" _ *�"»	¼_ÏBpº�®�µWÍ: " _ * " »	¼ Ï FÀ¿
Á ®-µ " ¶ ®�µüÍ: �" _ *�"»	¼_Ï�¹
®�µ " Í! " _ * " »	¼ ÏÃÂ�Ä X Í�å ± å O Ï

ªÞÖ¯°æÇÒ¾�µ¯»jÊc«Éµ�Ê�* »	¼ Ä-»)«É®-»�¾�¾�µ�°Î¼ º¯µ¯Ô¯«É¶Î°Òµ�Ê+«É®"Çx¾�µ¯»�Ê+«Éµ�Ê÷¾7¼ì¿�ÁÀÃ Ê�Ö�«7Ê)¶äº¯»jÊä­�°æÔ�°ÒÊc°Ò¸�¶ÓÄ�µ¯°ÒÔ
¼ ¸�¾�¶ê°��ÑÙP°x¸�Ä-¶Î°Òµ�Êc» ±

Á½º¯¸�¸j°xµ�ÊÌ­P°x»�Êãß¯ÊÞÈ7«É®�º¯°Å¶�Æu¹W¾É¼�$&�À«7Ê§¶·«7»�»Þ¾É¼.ÇÅÄ-»

$&�ÒÍm³4È�Ï 6 J X å�åR��Q2É J X J�JIQuJ X Í�å ± åKM_Ï

Ê3ËmÌ>ËbÍ ÎÐÏ�Ñ�ë�í�Ò ñ#ÓdèLëÔÑ@Ó'Õ	Öìë�Ódí�Ò ï�Ö	Òòî ë�Ódí3Ò
×ì»jÄ�µ¯ËÓ»�Ä-¶ÎÄ-®�«É¸ÀÙP°x¸�Êcº¯¸j­�«7Ê�Ä-È�°�°��ÑÙ�«7µ¯»�Ä-¾�µØâãÄ-Ê�Ö Ê�Ö¯° A ��¼ º¯µ¯ÇÒÊ�Ä�¾�µ Í�å ± åWJ�Ï�Ð�ÊcÖ¯°�Ù�«É¸�Êc¾�µ Ô¯Ä�»�Êc¸jÄ�­¯º�Ê�Ä�¾�µ
¼ º¯µ¯Ç�ÊcÄ�¾Éµ¯»3Ø�ÙÚ Í�ÛÝÜ8 �"�ÏàÇ/«7µÎ­P°ã­¯¸�¾�º�Ë�Ö�Ê½¾�ºÑÊ³­_´ÓÃ#=#Þ ��ß ÍmÃò¾�Ü_»�Ö¯ÄýÊcÿÒ°x¸f��=Â¸jÄ�­P¾�È��bÞüÄ�Ù�«7Ê�¾�È�� � ®ýÊ+«É¸j°x®�®-Äs�ß «É¸jÄ�»jÄ1Ï"°�È�¾�®-º�ÊcÄ-¾�µÆ°+Y_º�«7Ê�Ä�¾�µ\¶��T¹�Ð

 "�à Ø ÙÚ Í�ÛÝÜ8 " Ïà  " 6�á�âäã 7å à�ææZç Ú â Í:$��ÒÍ! " Ï�Ü æ ÏyØ ÙÚ ÍèÛÝÜp " Ï Ü Í�å ± åRU�Ï

«7Êì«Éµ�´ÆßÔ�Ñ°xÔ�»jÇ/«É®-°é ± ªÞÖ¯°×¼ º¯µ�ÇÒÊcÄ-¾�µ¯» ç Ú â Í!$&�ÒÍ! #"�Ï�Ü æ Ïã«É¸j°�Ê�Ö¯° � ®-Ê+«7¸�°x®-®�Ä�� ß «7¸�Ä�»jÄàÍ ��ß ÏÞ»�Ù¯®-Ä-Ê�Ê�Ä�µ¯Ë
¼ º¯µ¯Ç�ÊcÄ�¾Éµ¯»'âãÖ�Ä�Ç+Öä¾Éº�ÊcÙ¯ºÑÊc»�Ê�Ö¯°½Ù�¸�¾�­�«7­¯Ä�®-Ä-ÊcÄ-°x»Û¾7¼�ß�µ¯Ô�Ä�µ¯ËÌ«ìÙ�«É¸�Êc¾�µéêòÄ�µ×«ìÙ�«7¸jÊc¾ÉµëBàâãÄ-Ê�Öä«ã¼ ¸c«ÉÇ�ÊcÄ�¾Éµ
æ ¾7¼"Ê�Ö¯°Ú®�¾�µ¯ËÉÄ-Êcº�Ô¯Ä�µ�«7®�¶Ó¾�¶Ó°xµ�Êcº¯¶ ¾É¼¤ÊcÖ¯°ÚÙ�«É¸j°xµ�Ê�Ù�«É¸�Êc¾�µ ±5± «/ÈÑÄ-µ¯ËÆÔ¯°ÒÊ�°x¸j¶ÎÄ-µ¯°xÔ4Ø�ÙÚ ÍèÛÝÜp �"�Ïò«©Ê
«ÎË�ÄýÈ�°Òµ�Ä�µ¯Ù�º�Êò»jÇ/«É®-°ë #" 6  �"º ÐPÊcÖ¯°×°ÒÈ�¾É®�º�Ê�Ä�¾�µ °+Y_º�«7Ê�Ä�¾�µ�Çx«Éµ�­P°)º¯»j°xÔ�Êc¾ÎÇx¾�¶ÓÙ¯º�Ê�°×Ê�Ö¯° ß Ã�²�ì�»
«7ÊÚÔ¯Äs( °Ò¸�°xµ�ÊÚÙP°x¸�Êcº¯¸j­�«7ÊcÄýÈ�°Æ»�Çx«É®�°Ò»Å �"Î«Éµ¯Ô ®�«É¸jË�°x¸×ÈÉ«7®�º¯°¹¾É¼�Û ± ªÞÖ¯°�´öÔ¯¾$µ¯¾ÉÊÓÔ¯°xÙP°xµ�Ô ¾�µöÊcÖ�°
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ç Ú â Í!$&��Ü æ Ï 6 $�� çëö~÷)ølùÚ â Í æ Ï F $ "� ç�ö~ú�÷)ølùÚ â Í æ Ï Fû¿ Í!$ E� Ï X Ídå ± åKÆ�Ï
ªÞÖ�«©Ê�­�°ÒÖ�«/ÈLÄ�¾�¸�¾É¼áÊ�Ö¯°÷®�¾Éµ¯Ë�Ä-Ê�º¯Ô¯Ä-µ�«É®W¶Î¾É¶Î°Òµ_Ê�º¯¶ æ Ä-»�«É®-»�¾¹®�¾ÉË�«É¸�ÄýÊcÖ¯¶ÓÄ�Ç ± ªÞÖ¯°÷»j¾�®�ºÑÊcÄ�¾Éµ�¾É¼3Þ&ü
«Éµ�Ô Ý Þ&ü Ç/«ÉµÕ­P°ò¼ ¾�º¯µ¯ÔÕÄ�µý<ã°Ò¼ ± ¶ ¡ ¹ ±¯ ¾�»�ÊÞ¸�°ÒÙ¯¸�°Ò»�°Òµ_Êc«7ÊcÄýÈ�°Â¶Ó°/«É»jº¯¸�°Ò¶Î°Òµ_ÊÀ¾É¼ ß Ã�²ùÄ�»À«)Ô�°x°xÙ���Ä�µ�°x®�«7»jÊcÄ-Çì®-°xÙ�Ê�¾�µ��fÖ�«ÉÔ¯¸j¾�µæ»�Çx«7Ê�Ê�°x¸jÄ�µ¯Ë
ÍmÃ �fþ Ï½»�Ä-µ¯Çx°ÂÊcÖ¯°� " °�È�¾�®-º�ÊcÄ-¾�µÆÄ�»ãÄ�µ¯Ô�°xÙP°xµ¯Ô¯°Òµ�ÊÌ¾É¼'ÊcÖ�°×º¯µ�¶Î°x«É»�º¯¸j°xÔ Ë�®�º¯¾ÉµÕÔ�Ä�»jÊ�¸�Ä-­¯º�ÊcÄ-¾�µ ± ¯ ¾É»jÊ
¾É¼üÊ�Ö¯° ß Ã�² »j°ÒÊ�»ã«É¸�°�«/È7«ÉÄ-®�«É­¯®-°Þº¯ÙæÊc¾×ÊcÖ¯°òµ�°��LÊ'��Êc¾u�f®�°/«7Ô¯Ä�µ¯Ë×¾�¸�Ô�°x¸�Í Ý ÞÝÞ'Ï"°ÒÈÉ¾�®�ºÑÊcÄ�¾Éµ¯»½¾É¼üÊ�Ö¯° �Cß
°;YLº¯«7ÊcÄ-¾�µ¯»ÀâãÄ-Ê�ÖÕÊ�Ö¯°�Ã �fþ ¾�¸ ³µ´ »jÇ+Ö¯°x¶Ó°x» ±

Ê�Ë�Ì>Ëmÿ �þí3Ò�é��ÝÑ�ë�Ö�Ñ@Õ�Ï¬ë�Ó������	��

Á½¾�¸j¸�°Ò»�ÙP¾�µ¯Ô¯Ä-µ¯ËìÊ�¾Ì«É»�´L¶ÎÙ�Ê�¾ÉÊcÄ-Çá¼ ¸�°x°ÒÔ¯¾�¶ð«7Ê'Ö¯Ä-Ë�Ö×¶Ó¾�¶Ó°xµ�Êcº�¶þ»�Ç/«7®�°x»½Ím»jÖ¯¾�¸�Ê¬Ô¯Ä-»jÊc«Éµ¯Çx°Ò»+Ï4ÐÉâ½°"Ö�«/È�°
Ä-µ�¼ ¸c«É¸j°xÔù»�®�«/ÈÉ°x¸j´l?%$��ÒÍ! #"�Ï�­P°xÇÒ¾�¶Ó°x»)®�«É¸�Ë�°Î«7Êä®�¾�â ¶Ó¾�¶Î°Òµ�Ê+«ôÍ ®�¾�µ¯Ë Ô¯Ä�»�Ê+«Éµ�Çx°x»cÏ ± ß °x¸�Êcº¯¸j­�«7ÊcÄýÈ�°
Ê�Ö¯°x¾�¸�´æÔ¯¾L°x»Þµ�¾ÉÊÞ¸�°Ò®�Ä�«É­¯®�°ã¼ ¾�¸À®�«É¸�ËÉ°�$&��Ð¯»j¾÷ÊcÖ�«7ÊÀµ¯¾�µ¯ÙP°x¸�Êcº¯¸j­�«7ÊcÄýÈ�°�¶Ó°ÒÊ�Ö¯¾ÑÔ¹¶äº¯»jÊÞ­P°�º¯»j°xÔ ± ªÞÖ¯°
Ä-¶ÎÙP¾�¸jÊc«Éµ�Êà®-¾¨â ¶Ó¾�¶Î°Òµ�Êcº¯¶���»jÇ/«É®-°½Ù¯Ö¯°Òµ¯¾�¶Ó°xµ�«�«É¸j°ÀÊcÖ¯°ãÇx¾Éµ�ß�µ¯°Ò¶Î°Òµ_Ê"«Éµ�ÔÓÖ¯«ÉÔ¯¸�¾Éµ¯Ä�ÿx«7ÊcÄ-¾�µ ± Á½¾�µ��
ß�µ�°x¶Ó°xµ�Ê½Ä-»¤Ê�Ö¯°§¸�°x»jº¯®-Ê"¾É¼áÍm®�¾Éµ¯Ëu��Ô�Ä�»jÊc«Éµ¯ÇÒ°�Ï¬Ù¯¸j¾�Ù�°Ò¸jÊ�´Ó¾É¼ü¿�ÁÀÃ)Ð�âãÖ¯Ä-Ç+Ö·Çx«Éµæ­P°§Ê�¸�°/«©Êc°xÔÎ­�´Î®�«7Ê�Ê�Ä�ÇÒ°
Ê�°xÇ+Ö¯µ¯Ä²Y_º¯°x» ± ß «É¸jÊ�¾�µ¯»ì¼ ¾Éº¯µ¯ÔØ¾Éµ¯®-´ÆÄ-µ ÇÒ¾�®�¾�¸���»jÄ�µ¯Ë�®-°ÒÊã­P¾�º¯µ¯Ô »jÊc«7Êc°Ò»÷ÍmÖ¯«ÉÔ¯¸�¾Éµ¯»+Ï4Ð�»jÄ�ÿx°
� å×¼ ¶ÕÐ�«7¸�°
¼ ¾�¸j¶ÎÄ-µ¯ËÕÖ�«ÉÔ¯¸j¾�µ¯» ±Ð� ¼Þâ½°·Ê�¸j´øÊc¾�»j°xÙ�«7¸c«7Ê�°·ÊcÖ¯¾É»�°æÙ�«7¸jÊc¾Éµ¯»äÄ-µ Çx¾�®-¾�¸f�f»�Ä-µ¯Ë�®�°�Ê�»jÊ+«©Êc°ÉÐ¬Ä-Ê)­P°xÇÒ¾�¶Ó°x»
°Òµ¯°x¸jË�°ÒÊ�Ä�Ç/«7®�®-´Õ¼m«/È�¾�¸�«É­¯®-°ÚÊ�¾ ÇÒ¸�°x«7Êc°Ú°��LÊ�¸c« Ù¯«É¸jÊ�¾�µ¯»xÐü¼ ¾�¸j¶ÎÄ-µ¯ËÆ«ÉÔ¯Ô�Ä-ÊcÄ-¾�µ�«É®�Ö�«ÉÔ¯¸j¾�µ¯» ±h± «ÉÔ¯¸�¾Éµ¯Ä�ÿx«T�
Ê�Ä�¾�µøÄ�»ÂÊcÖ�«©ÊäÙ�«7¸jÊc¾Éµ¯»äÙ¯¸j¾ÑÔ�º¯Çx°ÒÔ Ä�µù»�Ö¯¾�¸�Ê'�fÔ¯Ä�»�Ê+«Éµ¯ÇÒ°·Ä-µ_Ê�°x¸�«ÉÇÒÊ�Ä�¾�µ¯»Â¸j°x¾�¸jË�«Éµ¯Ä-ÿx°ÚÊcÖ¯°Ò¶Î»j°x®-ÈÉ°x»ÆÍm«Éµ¯Ô
¶)º�®-ÊcÄ-Ù¯®-´�ÏÞÊc¾Æ¶·«7ÜÉ°Ú¾�­¯»j°x¸jÈÉ°xÔ Ö¯«ÉÔ¯¸�¾Éµ¯» ±ÓÝ ¾7Êc°÷ÊcÖ�«©Ê�ÊcÖ¯°ÚÖ�«ÉÔ�¸�¾�µ¯Ä-ÿ/«7Ê�Ä�¾�µ Ä-»Â«ÕÔÑ´Ñµ¯«É¶ÎÄ-Ç/«É®ÀÍm®-¾�µ¯Ë
Ê�Ä�¶Ó°x»�Çx«É®�°/Ï"Ù¯Ö¯°Òµ¯¾�¶Ó°xµ¯¾Éµ ¾É¼'âãÖ¯Ä-Ç+Ö µ¯¾Éµ¯Ù�°Ò¸jÊ�º¯¸�­�«©ÊcÄ-ÈÉ°Â¶Î¾LÔ¯°x®-»ã«É¸�°�¾Éµ¯®-´æ«�È7«ÉÄ-®�«É­�®�°ò«©ÊãÙ¯¸�°Ò»�°xµ�Ê ±

Ê�Ë�Ì>Ë�� ��Òòï^Ñ�Ï�Ñ��Wñ ñ#Ó����ÝÑ����&Òòî��Wè
úàÈ�°Òµ Ä-µøÖ�Ä�Ë�Ö��f°xµ¯°Ò¸�ËÉ´�¾É¼"Ê�Ö¯°Ú»�Ö¯¾É¸jÊ'�fÔ¯Ä�»�Ê+«Éµ�Çx°Ú¸�°ÒË�Ä�¶Ó°ÉÐü®-¾�µ¯Ëu�fÔ¯Ä�»�Ê+«Éµ¯ÇÒ°Ú«É»�ÙP°xÇ�Êc»�¾É¼À¿�ÁÀÃ Ç/«Éµ�µ¯¾ÉÊ
­P°¹Ä�Ë�µ�¾�¸�°ÒÔ ±1þ ¾É¼1ÊÚ¾�¸ÚÇÒ¾�®�®-Ä�µ¯°x«É¸äË�®-º¯¾�µô°Ò¶ÎÄ-»�»�Ä-¾�µöË�Ä-ÈÉ°x»ÚÄ�µÑ¼ ¸c«É¸j°xÔöÔ¯Ä-ÈÉ°x¸jË�°xµ¯ÇÒ°x»ÓÄ�µöÙP°x¸jÊ�º¯¸�­¯«7ÊcÄýÈ�°
¿ÂÁÀÃ ± ÞWÄ-Ë�Ö�ÊéY_º�«7¸�Ü_»ÆÍ������ *w¬@­�®àÏ�«É®�»j¾Ø®�°x«ÉÔ Ê�¾ØÔ¯ÄýÈ�°x¸jË�°xµ�Çx°x»÷Ä-µ ÊcÖ�°·®�Ä-¶ÎÄýÊ������ JôÍ ¶·«7»�»
»jÄ�µ¯Ë�º�®�«É¸jÄ-ÊcÄ-°x»cÏ ± � µÆ°���«É¶ÓÙ¯®�°ò¼ ¾�¸ÀÊ�Ö¯°Â»�¾É¼1Ê��7Çx¾É®�®�Ä-µ¯°/«7¸½»�Ä-µ¯Ë�º¯®�«É¸�ÄýÊ�´·Ä-»ÞÄ�®-®�º¯»�Êc¸c«©Êc°xÔ¹Ä-µÕ²¬Ä�Ë�º�¸�°)å ± å ±
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a

b
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θ
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b

c

θ

(a) (b)

²¬Ä�ËÉº¯¸�°�å ± å�?Õú���«É¶ÓÙ¯®�°æ¼ ¾�¸)Ê�Ö¯°Æ»�¾É¼1Ê��7Çx¾É®�®�Ä-µ¯°/«7¸ä»�Ä-µ¯Ë�º¯®�«É¸�ÄýÊ�´ ± Ím«�ÏäÄ�»Ó«Éµö°^�¯«7¶ÎÙ¯®-°æ¼ ¾�¸Ú»�Ù�«7Çx°x®-Ä�Ü7°
­¯¸c«7µ¯Ç+ÖÛÐ�«Éµ¯Ô Ím­�Ï½Ä�»ã«ÉµÕ°���«É¶ÓÙ¯®�°ò¼ ¾É¸ÀÊcÄ�¶Ó°x®-Ä�Ü7°ò­¯¸c«7µ¯Ç+Ö ±

- Ö¯°xµ «)Ë�®�º�¾�µ¹»�Ù¯®-Ä-Ê�»½¼ ¸�¾�¶ ÊcÖ¯°�Ä-µ¯Çx¾É¶ÎÄ-µ¯Ë)®�Ä-µ¯°ÚÍm«�ÏòÍm»jÙ�«ÉÇÒ°x®�Ä-ÜÉ°Â­¯¸�«Éµ¯Ç+Ö¯Ä-µ¯Ë_Ï�ÐÑÊcÖ¯°�Ù¯¸j¾�Ù�«ÉË�«7Êc¾�¸
¼m«ÉÇÒÊ�¾�¸�å��! "â Ä-»Þ°��ÑÙ¯¸j°x»�»j°xÔ$«É»

 "â 6 ¾#" Ú "%$�Ídåò¾ Çx¾É»'&�Ï)( J X Í�å ± åR��Ï
ªÞÖ¯°ØÙ�¸�¾�Ù�«7Ë�«7Êc¾É¸Ó¼m«ÉÇ�Êc¾�¸Õå��! "â Ô¯ÄýÈ�°x¸jË�°x»æ«É»*"+$�� J Í »�¾É¼1ÊÎ»�Ä-µ¯Ë�º¯®�«É¸�ÄýÊ�´�Ï÷¾É¸,&�� JõÍ Çx¾�®-®�Ä�µ�°/«É¸
¾�¸Ú¶·«7»�»Ú»�Ä-µ¯Ë�º¯®�«É¸�ÄýÊ�´¯Ï ± � µ ÊcÖ�°ÕÇx«É»�° ¾É¼ìÄ�µ¯ÇÒ¾�¶ÎÄ-µ¯Ë0Y_º�«É¸�Ü�Ð¤ÊcÖ¯°ýY_º�«É¸�Üô¶Î«É»j»Î»jº¯Ù¯Ù¯¸j°x»�»j°x»æ»j¾�¶Ó°
Ô¯Ä-ÈÉ°x¸jË�°xµ¯ÇÒ°x»ÒÐ�­¯º�ÊÞÄ-µ·ÊcÖ¯°�Ö�Ä�Ë�Ö��f°xµ¯°Ò¸�ËÉ´Î¸�°ÒË�Ä�¾Éµ·âãÖ¯Ä�Ç+ÖZY_º�«7¸�Ü·¶Î«É»j»�°x»ÞÄ-»Þ«É®-¶Î¾�»�Ê½µ�°xË�®-Ä�Ë�Ä-­¯®�°7Ð�ÊcÖ¯¾�»j°
Ô¯Ä-ÈÉ°x¸jË�°xµ¯ÇÒ°Â»jÊcÄ-®�®Û¸j°x¶Î«ÉÄ�µ ±- Ö¯°xµÓ«�Ë�®�º�¾�µ÷»�Ù¯®-Ä-Ê�»�¼ ¸�¾É¶ ¾�º�Ê�Ë�¾�Ä-µ¯Ëò®�Ä-µ¯°�Í ­�ÏÞÍ Ê�Ä�¶Ó°x®-Ä�ÜÉ°"­¯¸c«7µ¯Ç+Ö¯Ä�µ�Ë_Ï�Ð�Ê�Ö¯°ÞÙ¯¸�¾ÉÙ�«ÉË�«7Ê�¾�¸�¼m«7ÇÒÊc¾É¸
å��! �"Ú Ä�»Þ°^��Ù�¸�°x»j»�°ÒÔ$«É»

 "Ú 6 " â "+$�Í�åÐ¾ ÇÒ¾�»'&�Ï)- J Ü Í�å ± å ¡ Ï
âãÖ¯°x¸j°×Ê�Ö¯°×Ô�Ä-È�°Ò¸�Ë�°Òµ¯Çx°Ò»�«ÉÙ¯ÙP°/«7¸§âãÖ¯°Òµ�°xÄýÊcÖ¯°Ò¸ì°Ò¶ÎÄýÊ�Ê�°xÔÕË�®�º¯¾Éµ Ä-»ì»j¾É¼1Ê÷Í�" â ¾�¸#"%$+� J�ÏÞ¾�¸§âãÖ�°xµ
¾�ÙP°xµ¯Ä-µ¯ËÚ«Éµ¯Ë�®-°�&.� J ±� µ�¼ ¸c«É¸j°xÔôÔ¯ÄýÈ�°Ò¸�Ë�°Òµ¯Çx°Ò»Î«7®�»�¾$«7Ù¯Ù�°x«É¸)Ä-µ ÊcÖ¯°¹Ä-µ�Êc°xËÉ¸c«7Ê�Ä�¾�µù¾É¼§®�¾L¾�Ù Ô¯Ä�«ÉË�¸c«7¶Î»�¾É¼ãÈLÄ�¸jÊ�º�«É®"Ù�«É¸f�
Êc¾�µ�» ± ªÞÖ¯°äÄ-µ�¼ ¸c«7¸�°xÔ Ô¯Ä-ÈÉ°x¸jË�°xµ¯ÇÒ°x»òÄ-µ¯Ô¯Ä-Ç/«7Ê�°�Ô�°xÙP°xµ¯Ô¯°Òµ¯Çx°÷¾ÉµØ®�¾Éµ¯Ëu��Ô�Ä�»jÊc«Éµ¯ÇÒ°×«7»�ÙP°xÇÒÊÌ¾É¼¤¿ÂÁÀÃ µ¯¾7Ê
Çx¾�¸j¸�°ÒÇÒÊc®ý´¹Ô¯°Ò»�Çx¸jÄ�­P°xÔÕ­�´ÆÙ�°Ò¸jÊcº�­�«7ÊcÄýÈ�°�ÊcÖ�°x¾�¸�´ ± ªÞÖ�°�Ô�Ä-È�°Ò¸�Ë�°Òµ�ÊÌÙ¯¸j¾�Ù�«ÉË�«7Êc¾�¸j»ãÄ�¶ÓÙ¯®-´ÎÙ¯¸�¾ÉÙ�«ÉË�«7Ê�Ä�¾�µ
¾É¼ÂÙ�«É¸�Êc¾�µ�»¹¾¨ÈÉ°x¸¹®-¾�µ¯Ë Ô¯Ä-»jÊc«Éµ¯Çx°Ò» ± - Ö¯°xµ ÊcÖ�° Ô¯Ä�»�Ê+«Éµ¯ÇÒ°�­P°xÇx¾É¶Î°Ò»¹Çx¾�¶ÓÙ�«É¸�«É­¯®�°ÕâãÄ-Ê�Ö Ö�«ÉÔ¯¸j¾�µ
»�Ä-ÿx°�� åä¼ ¶ÕÐ@Y_º�«É»�Ä��f¼ ¸j°x°äÙ¯«É¸jÊ�¾�µ¯»Ì¾7¼áÙ�°Ò¸jÊ�º¯¸�­�«©ÊcÄ-ÈÉ°äÇx«É®�ÇÒº¯®�«7Ê�Ä�¾�µÕ«É¸j°äÇÒ¾�µ�ß�µ¯°ÒÔ'�7Ö�«7Ô¯¸�¾�µ�Ä�ÿx°ÒÔ�µ¯¾�µ��
Ù�°Ò¸jÊ�º¯¸�­�«©ÊcÄ-ÈÉ°x®ý´�Ð_«Éµ¯Ô÷Ê�Ö¯°xµÎ«ÉÙ¯Ù�«7¸�°xµ�Ê¤Ô¯ÄýÈ�°x¸jË�°xµ�Çx°x»"Ô¯Ä�»�«ÉÙ¯ÙP°/«É¸ ± ªÞÖ¯°Ò¸�°�¼ ¾�¸�°7ÐLâ"°ãÙ¯º�Ê"«�®�Ä�¶ÓÄ-Ê'Êc¾Âº¯»j°
ÊcÖ¯°ÂÙP°x¸�Êcº¯¸j­�«7ÊcÄýÈ�°òÊ�Ö¯°x¾�¸�´¹Êc¾ÚÙP°x¸j¼ ¾É¸�¶ûÇx«É®�ÇÒº¯®�«©ÊcÄ�¾Éµ¯»ÀÄ�µ�Ê�¾ÚÊ�â"¾ÓÇx®�«7»�»�°Ò»ì¾7¼¬¾�­�»�°x¸�È7«É­¯®�° ±
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Ë�º¯®�«É¸�ÄýÊcÄ-°x» ± ªÞÖ¯°�Ä�µ�¼ ¸�«É¸�°ÒÔ¹Ô¯Ä-ÈÉ°x¸�ËÉ°xµ¯ÇÒ°x»§Ä�µÆÙ�°Ò¸jÊ�º¯¸�­�«©ÊcÄ-ÈÉ°�Ç/«É®-Çxº¯®�«7ÊcÄ-¾�µæ°ÒÄ-ÊcÖ�°x¸
Ç/«7µ¯Çx°Ò®Û­�°�Ê�â½°Ò°xµÕ¸�°x«É® «7µ¯ÔæÈLÄ�¸jÊ�º�«É®PÇx¾�µ�Ê�¸�Ä�­�º�ÊcÄ-¾�µ¯»½¾É¸À«É¸j°ò¸�°Ò¶Î¾�È�°ÒÔ¹­�´æÜ_Ä�µ¯°^�
¶Î«7ÊcÄ-Ç/«É®P¼m«ÉÇÒÊ�¾�¸�» ±

AB6DCFEHG'4JILKM6DNPO�9Q?�ªÞÖ¯°³Ä�µÑ¼ ¸c«É¸j°xÔ�»�°Òµ¯»�ÄýÊcÄýÈÑÄýÊ�´òÇx«ÉµÂ­�°³«É­�»�¾�¸j­�°ÒÔ�Ä-µ�Êc¾ã«ÉµÂ¾�È�°Ò¸c«É®-®Éµ¯¾�µ���ÙP°x¸jÊ�º¯¸�­¯«7ÊcÄýÈ�°
¼m«ÉÇ�Êc¾�¸ÀÊ�¾Î­P°�Ô¯°ÒÊ�°x¸j¶ÎÄ-µ¯°xÔÕ°��ÑÙP°x¸�Ä-¶Î°Òµ�Ê+«É®-®-´ ±

� µ °ÒÄ-ÊcÖ�°x¸òÇx«É»�°7ÐüÄ�µ�¼ ¸�«É¸�°ÒÔ�Ô¯Ä-ÈÉ°x¸jË�°xµ¯ÇÒ°x»Â¶)º¯»�Ê�­P°÷¸�°xËÉº¯®�«É¸jÄ�ÿÒ°xÔ�Ô¯º�¸�Ä�µ�ËæÙ�°Ò¸jÊ�º¯¸�­�«©ÊcÄ-ÈÉ°)Ç/«7®�Çxº�®�«7Ê�Ä�¾�µÛÐ
°�È�°xµÕÊcÖ¯¾Éº¯Ë�Ö¹ÊcÖ¯°�´ÆÇ/«Éµ�Çx°x®W¾�¸À¼m«7ÇÒÊc¾É¸�Ä�ÿÒ°�Ä�µæÊ�Ö¯°Â°xµ¯Ô ±

Ê�Ë�Ì>Ë5R SÎíáëÔÏUTÓî�Ñ�í¤è�è è8�Wî ë�Ódí3Ò
Á½¾�µ�»�Ä�Ô�°x¸ÞÊcÖ¯°ÂÙ¯Ö�´L»�Ä-Çx»§Ù¯¸�¾LÇx°Ò»�»

õ 7 ÍV 7 Ï F õ " ÍV " ÏW� XôÍ! " Ï FZY Ü Ídå ± åKV�Ï

âãÖ¯°Ò¸�°� 7\[ " Ä�»5Mu��¶Ó¾�¶Ó°xµ�Ê+« ¾É¼§ÊcÖ�° Ä-µ¯Çx¾�¶ÓÄ�µ�Ë Ö�«ÉÔ¯¸j¾�µ¯»xÐwõ 7\[ " Ð]X Ô¯°xµ�¾ÉÊc°Ò»ÎÊcÖ�°Õ¾É­¯»�°Ò¸jÈ�°ÒÔ Ö�«É¸jÔ��
Ù¯¸j¾ÑÇÒ°x»j»ÆÊ�¸�Ä-Ë�Ë�°x¸j°xÔ ­�´õÊ�Ö¯° Ù�«É¸�ÊcÄ�ÇÒ®�°�Ù�¸�¾LÔ¯º¯ÇÒÊ�Ä�¾�µ�»æ»�º¯Ç+Ö «É»_^`��Ç ¾�¸æÖ8acb/È_´D�7d�Ä�ËÉÖ_Ê/Y_º�b7¸�ÜQefa�Êc»
Ù¯¸j¾ÑÔ�º¯ÇÒÊ�Ä�¾�µ¯».bÉ»Úâ�a>dgd%bÉ» ± Ä-Ë�Ë�»�h�¾É»�¾�µ¯»Ó¾�¸ þ × þMi Ù�b7¸jÊcÄ-Ç>djaÕÙ�¸�¾LÔ¯º¯ÇÒÊ�Ä�¾�µ�»xÐ]b7µ¯Ô Ê�ÖDa Y »jÊkbÉµ¯Ô¯»
¼ ¾�¸#bÉµ�´ º¯µ¯¾lh¯»fax¸�ÈlaxÔøÙ�bÉ¸�ÊcÄ-Ç>dgaÒ»ìÙ�¸�¾LÔ¯º¯Ç>aÒÔmh�´ØÊcÖ8aäÇx¾Fdgd�Ä-»�Ä-¾�µ ±+n ÖDa� #"�Ä�»#bÎÊ�´LÙ¯Ä�Ç>bFdoaÒµDax¸jËÉ´ »�ÇcbJdga
âãÖ¯Ä-Ç+Ö×»jÙpaÒÇxÄýß�ax»üÊcÖ8a¤Ù�¸�¾�Ùqax¸�Ê�´Â¾É¼ÑÊ�ÖDa³Ö�bÉ¸jÔ���Ä-µ_Êrax¸rbÉÇÒÊ�Ä�¾�µ ±�n Ö8a¤Ê�¾ÉÊ�bFdÉÇx¸�¾É»�»W»raÒÇÒÊcÄ-¾�µÂ¼ ¾�¸ÛÊcÖ¯Ä-»üÙ¯¸�¾LÇ>aÒ»�»
Ídå ± åKV�Ï"Ä�»+a^��Ù�¸rax»j»raÒÔmbÉ»

s ÍV 7 Ü5 "ct  " Ï 6 áu [ vw[ x ã à Û 7 à Û " à]yz x Ø ÙK7u Í�Û 7 Üp " Ï'Ø Ù^"v Í�Û " Üp " Ï à ys u vr{|x Í y} t  " t $��ÒÍ! " Ï�Ïà yz xFä¿ Í�Í�* "¬@­�® _  " ÏL~©Ï X Ídå ± QuJ�Ï
âãÖDa1�ra·Ø�ÙK7u ÍèÛ 7 Üp #"�Ï½Äg�|b ßU���@�F� ÊcÖDa�Ö�b7ÔD� �l� õ 7 ÍV � �.� PÏ4Ð�âãÖD�j�+ÖÕËF�j�la1�|�cÖDa�ÙD� � h�bFh8�gdg���\��� � ß � Ô
��ÖDa·Ù�bJ�f� �F��� Í 6�� Ð��WÐ���üÐ à Ð �à Ð ±ý±-± ÏMâ+�j��Ö@b � a � a1��ËF� � �kbF�!�k� �l� Û 7 b7�
bØÙ8� � hD� � Ë��;�j�f�k�DbFdg���\� �F�  #" ±
n ÖDa§ÔD�s(�a1�ra � �r��bFdD�1� � �f���fa>�!�k� �F� à ys u vr{|x Í y} t  #" t $&�ÒÍ: �"�ÏjÏ _ à]yz x �raÒÙD�ra1�ra � �r���cÖ8a§ÙDbF�f� �l� �\dja1�Fa>d�Ö�bF�jÔ��
� � �ra>�rbF�1�r� �l� ÙD� � ÔD�D�1� � Ë���ÖDaÌß � bFds���f��b7�ka#� � � �l� b�� � djdg�j�r� �F���F� ÙDbF�f� �l� �xÐ � b � Ô���ÐLâãÖDa>�fa y} �g����ÖDa�'Y;�DbF�ra �F� �cÖDa�� � ��bFd�� � �j�r��bFdlMu� ���l� a � �r� � ±on ÖDa��f� � �j�+�kbÉÜFa ��� �Fa>�#bFdgd��fa>dja1�Jb � �%� �l� h8� � bJ�r� �l� �



åRQ �.¢�£�¤C��¥�¦¨§��2©�����¦	�>ª/«����&©��>�
�F��� Ð|�)b � Ô � ± Ý � �ra¡��Ö�bJ�¢� � ÖDbÉÔD� �F� � � �ka>�rbF�1�r� �l� �¢b£�1a>�w��bF� �¥¤ ÙD� � �>a1�r�r¦ �F� � � �ka1�ra1�f� � bc�
� �l� �kbF� � � �l� a+� � � � ÖDa1�ra � ���r�Dh�ÙD� � �>a1�r�ra1�ÞÖ�bc�;� � Ë�ÔD�²(pa>�fa � �¤ß � bFd'�f�kbJ�ka1�xÐ§bF�³â�a1dgdqbF�U�cÖ � �faìÖDbH�;� � Ë
ÔD�²(pa>�fa � ��� �l� h8� � bJ�r� �l� � �J� �cÖ8a¨� � �j�k�gbFds���f�kbJ�ka"Ù�bF�f� �l� � ± �'� �©a^�8b � Ù8dgaÉÐª�cÖ8a ¤ ��â � �jefa!�k¦×ÙD� � ÔD�D�!�k� �F�
ÙD� � �>a1�r��� � �>dg��ÔDa>��bJdgdo« �«�¬�Ð�« � Í1�« � Ï#b � Ô �ª� ÙD� � Ô8�D�1�r� �l� ÙD� � �1a>�f�ra>� ±�n ÖDa
�ka1� � ¿ Í�Í�*�"¬@­�® _  #"4Ï ~ Ï
­ a � a>�r�j�cbFdjdj�×ÔDa �8� �ka1� �D�l� ��Ùqa>�f�r�D�rhDbJ�k���la+� �l� �r�r�gh8�8�k� �l� �U�r�D�+Ö*bF�³Ö�bÉÔD� �l� ��ÿ>bJ�k� �l� a;(pa>�!�k�xÐ � �Dd��k�-ÙDdga
� � �ka1�kbF�!�k� �l� �xÐ8� �l� �k�f�ghD�§�k� �F� � �F� �cÖDa�� �J� �+� � ÔDa1�rdj�;� � ­ a1�la � ��b � Ô¢� �.�L� �w�cÖ ±

n ÖDa��1� � �f�o�fa>�1�r� �l���F� ��ÖDa¤Ö�bF��Ô��\� � �ra>�kbJ�1�k� �l� ys u vr{|x¯® y} t  " t $�� ®  "!°f° �j�3� �l� ÙD�8��bJhDdga©bF�Pb§Ù � â�a1�
�ra1�r�ga1�+a��ÑÙ�b � �f� �l� � � ��ÖDa��f�k� �l� ­ � � �¯ÙDdg� � ­ $&� ®  �" ° ?
ys u vr{|x¯® y} t  " t $&� ®  " °r° 6 $3±� ®  " °�² ys öj÷�ø@ùu vr{|x F $�� ®  " ° ys ö ú&÷�ø@ùu vr{|x F $ "� ®  " ° ys ö ú�ú�÷�ø@ùu vr{|x F G�GIGj³ ® å ± QÑå °

âãÖDa>�fa���ÖDa�� � ÔDa��µ´¢�g�#b � � � hqa>� �F� �cÖ8a � �jÔDa>� �F� �cÖ8aé$&� ®  �" ° � � �cÖDa�d � â�a>�f� � ��Ô8a>� ® Þ&ü ° �ka1� �
ys öj÷�ø@ùu vr{|x ±Wn ÖDaýÞ&ü¶�1� � �f���ra1�1�k� �l�£�l� d�� ­ ���la1��b¡�1�r�¯Ô8a_a1�f�r� � bJ�k� �l� hqa>�>bF�D�ra �F� ��ÖDaÆÙD�ra1�ra � �>a �F�
b � b ­ � �j�r�¯ÔDa �F� $�� ®  #" ° � J ± å ± ¯ � �w� �J� �cÖ8a � a��;�'�5� � ��dgacb7ÔD� � ­ � ��ÔDa1���>bFdg�1�Dd�b7�k� �F� ® Ý Þ�ü ° bF�fa
bc�FbJ�gd�bJhDdga ±�- a���Ö � �8d�Ô �8� �ka��cÖ�b7�%��ÖDa � bF�1� � �r�-ÿcbJ�r� �l���L� � � �Dd�b ® å ± QuJ ° �g� �l� d��¢bÉÙ¯ÙDdj�gaÒÔÕâãÖDa � �cÖ8a
� a>bF�r�8�raxÔ��>� � �r�%�ra1�1�k� �l� �j� ¤ � �8� �rbF�raÒÔ��rb � a>¦ ±ÞÝ b � a>d��l·�a!�la � � �¸�F� a×Ö8� ­ Ö_a � a1� ­ �ÆÙDbF�f�r�g�>dja���ÙDdj�j�k�
� � � � �cÖDa%��â � ÙDbF�f�r�g�>dja>� ��� �;� � ­ � � �cÖDa#�kb � aÌÔD�j�ra1�1�k� �l�,� ��a � �j�r��b�dg� ­ Öª�¤Ù�bJ�f�k�j�>dja#�>bF�r�w�§� � ­ �Fa>�w�
� � bFdgd �.�l� a � �k� � ·��cÖDa � a>bF�r�D�faxÔ
�1� � �f�¸�ra1�1�r� �l� Ô � a>� �D� �o�+Ö�b � ­ a ± ��� �3� � �w��b � �1aF· �F� a � acbF�f�D�ra1�
b¹efa!�ìâãÖ8�g�+Öº�j�¨b�hD� � �+Ö �F� Ù�bJ�f�k�j�>dja>�+� � djdg� � bJ�raxÔ�� � ��ÖDa�bJd �.� �f�+�rb � a�bF�facb÷â+�j�cÖºb ­ ���la � � � ��bFd
a � a1� ­ �F·àâãÖD�gdja �l� aæÔ � a>� �D� � � acbF�f�D�ra�b��r� � ­ dgaÎÖD� ­ Ö��� 8»öÖDbÉÔD� �F� bF����ÖDa*�ra1�r�Dd��k� �J� �cÖDa*�1� � �f�
�ra1�1�k� �l���L� � � �Ddgb ® å ± Q)J ° ±>� � b��f� � ­ djaÂÖD� ­ Ö��� 8»�Ö�bÉÔD� �l� �j� � acbF�f�D�raÒÔ�·'�cÖDa � bF�1� � �r�-ÿcbJ�r� �l���L� � � �Dd�b
Ö�bF��� � � � �>dg��ÔDa¢b � bÉÔ¯ÔD���k� �F� bFd�� �l� � � dj�8�k� �l� â+�j��Ö¼��ÖDa¢� � �f�ra>�jÙ �F� ÔD� � ­ Ù�bJ�f� �F�¼� �rb ­ � a � ��bJ�r� �l�
� � � �!�k� �F� à Ù Úw½�¾�¿5Àu ® æ Üp #" ° ±%- a.bF�r�f� � a.��Ö�bJ���cÖDaÚÖ�bÉÔ8� �l� �-ÿcbJ�r� �l�¡�F� Ù�bF�w� �l� ���cb � hqa��faxÙ�bJ�kbJ�raxÔ
� � �l� �cÖDaìÖ�bF��Ô��\� � �ra>�kbJ�1�k� �l� ±3n ÖD�g���g�©b � � � Ù � �w��b � �U� �l� �ra;Yª�Da � �1a ±©n ÖDa ¤ efa1�k�f¦ � �8�f��hpaìÔDaÒß � axÔ
â+�j��Ö�b � � � �ra � �r���k���la�bFd ­ � �r���cÖ � b/â]bc� � � �l� b � � �§� �kbF�faxÔÆÙD� � hDdga � ±

Ê3ËmÌ>Ë�Á Â�Ïáî ë�í3Ñ@Ó�Ã�Ï¬ë�Ódí3Ò Ï�Òòñ Ñ��&Òòí�Ñ'ÄDÏUTfÓ�Ã�Ï¬ë�Ódí�Ò è�î�ÏUT��Wè

n|Å a � bJ�1� � �r��ÿ>bJ�k� �l�¡�l� � Å a,�f� ­ Å �f� Å b �8Æ �f� Æ a �F� ú�Y ± ® å ± Q)J ° � � � � d��la>��� �l� a Æ a ­ �fa>a �F� bF�fhD�j�r�kbF�f�s�
� a>�f�¨� Å bJ�¹bJ�ra�Ç �8� â � bJ� � bF�!� � �f��ÿcb7�k� �F� �\�f� Å a � a Æ a>Èqa �DÆ a � �1a ±¹n|Å �j� Æ a1Èpa �DÆ a � �>a�djacb Æ � � � �l� a
� � �1a>�f�kbF� � �r�ga>�|�f� � �1a�� Å a�Èqa>�f�r�D�rhDbJ�k���la�� � �r�ra1�1�r� �l� �+hqa1� �l�DÆ b ­ �j�la ��� � Æ a1� �J� � Å a � bF�1� � �r�-ÿcbJ�r� �l�
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�f� Å a � a � bc�,�f�k�jdgdq�ra � bF� � bF��� Å a��r�-ÿ>a �F�3� �g�f�r� � ­ Å � ­ Å a>��� � � Æ a>��� � �f�ra>�!�k� �l� � ±¯n|Å a>�ra�� � �1a>�w��bF� � �
�r�ga>��� � �Dd Æ hqa�b ÆDÆ �ra1�r�fa Æ��L� ��� Å a�� � �>a1�f��bJ� � �\� �F�>ßU��� ± ü � � � �D�f�raJ·PÈ Å �;�r�j�cbFd�Yª��b � �k���k�ja>� ÆD� a>�
�D� � Æ a>Èqa �DÆµ�F� b � � � bF�!� � �f��ÿ>bJ�k� �l� �J�fa �D� � � bJdg��ÿ>bJ�k� �l� �r� Å a � a1� ±|n|Å a1�ra��f� Å a � a>�¹bF�ra�ef�D�w�¹b��cbFd��
�1�Dd�bJ�r� �l�m� a1� Å �;Æ � � â Å �g� Å � Å a Æ �j�la1� ­ a � �>a.�r�8� Å bF��� � dgdg� � acbJ�¨�r� � ­ �DdgbF�r���k�ja>�¹bJ�ra � bF�1� � �ra Æ¡� �8�
bF�]� Å a ßU���£� �%� � �DÈDdj� � ­ � �l� �w��b � �k�#bJ�%b � bF�!� � �f��ÿcb7�k� �F�*� �|�ra �D� � � bFdj��ÿ>bJ�k� �l� �r�>bFdga# ± ü � a Å bF�
� � �>bF�ra�� Å a�� Å � �g�1a �F� � Å � �fa��f� Å a � aÂâ Å a ���l� a��cbJdg�>�8d�bJ�ra>�]� Å a��1� � �f�#�fa>�!�k� �F� ±� � b ÆDÆ �j�r� �l� ·D� Å a��r� Å a � a Æ a>Èqa �DÆ a � �1a�dgacb Æ �%� � � Å a�b ÆDÆ �j�r� �l� bFd�� � �1a>�f�kbF� � �r�ga>�+� � b Æ a1Èpa � �
Æ a � �>a �l� � Å a,�fa �D� � � bJdg��ÿ>bJ�k� �l� b �DÆW� bF�1� � �r�-ÿcbJ�r� �l� �r�>bFdga1� ±�n|Å a,È�bJ�f� �F� �g�.�>� � �r�
�fa>�!�k� �F�W� � �F�
� Å a Å bF� Æ �\� � �ra>�kbJ�1�k� �l�¡Æ a>Èqa �8Æ � �l� �j�r��Èqa>�w�k�D�fh�bJ�r�j�la�� �l� È8�8��bFh8dga�ÈD� � �>a1�r�1·�â Å �jdga�� Å a ßU��� �j�
� Å a¢ÈD� � �>a1�r�f��� �DÆ a>Èqa �DÆ a � � �D�l� �\Èqa>�f�r�D�rhDbJ�k���la¢� Å a � �f� ±)n|Å a��ra �D� � � bFdj��ÿcb7�k� �F� �r�>bFdga¢É�Ê=�j��� Å a
�f�cbFdja�bJ�Àâ Å �j� Å � Å a��f�r� �l� ­ � � �DÈDdj� � ­ $&���g��a1�JbFdg�DbJ�ka Æ ·�â Å �jdga¹� Å a � bF�1� � �r�-ÿcbJ�r� �l� �f�cbFdja�É x �g�]� Å a�f�cbFdja�� � �ra1È�bF�kb7�ka,� Å a,Èqa>�w�k�D�fh�bJ�k���la ÆD�l� bF� � �ra ­ � �l�W�F� � Å a Å bF� Æ �\� � �ka>�rbF�1�r� �l�Q� � �l� � Å a �8�l� �
Èqa>�w�k�D�fh�bJ�k���la#�ra ­ � �l�.�F�&ßU��� ± � ��bFdg�facb Æ � � a � �k� �l� a Æ ·8b ¤ �k�f�Da>¦�È Å �§�f�g�>bFdp�w��bJ�ra¨� Å � �Dd Æ hpa#d�bF� Æ
�l� � Å a��kb � a��f�cbFdjaé 6 É�Ê 6 É x ±�± � â�a1�la1�>·�� Å a>�j�%�JbFdj�Da>�#�cb �D�8� �¨hqa�� � b � hD� ­ � � �8�rdj�¹ß��8a Æ ±
n|Å a1�ra �L� �raJ·�� Å aäú�Y ± ® å ± Q)J ° �g� ���;Æ �-ßDa Æ hM��a��§ÈDdj�g�>���kd���� � �k� �§Æ �D�>� � ­ � Å a Æ a1Èpa �DÆ a � �>a �F� É�ÊWb �DÆ
É x ±

s ®  7 Ü5 ">t  " ° 6�áu [ vw[ x ã à Û 7 à Û " à|yz x Ø ÙK7u ® Û 7 ÜrÉ "x ° Ø Ù^"v ® Û " ÜkÉ "x ° à ys u vf{|x¸® y} t  �" t É "x t É " Ê t $&� ® É�Ê °r°à yz xFµ¿ ®f® * " ¬@­�® _ ²  " t É "x t É " ÊB³ ° ~ ° X ® å ± Q)Q °
n|Å a�È Å �;�f�g�cbJd¸�>� � �r���fa>�1�r� �l� s ®  7 Ü5 "ct  "Ë° ÆD� a>� �D� � Æ a>Èqa �8ÆQ�F� � Å a�bF�fhD�j�r�kbF�w�_�r�cbJdga>��É�ÊP·�É x ·hD�§�.bFdgdU� Å a � � Å a>�
�ra>� � �
� � � Å a¢�f� ­ Å �'� Å b �DÆ �f� Æ a,�ra>ÈDbF�kbJ�ra>d�� Æ a>Èqa �8Æ)�l� � Å a>�fa¢�r�cbJdga>� ±@n|Å a
È�bJ�f� �F� �g���1� � �f���fa>�!�k� �F� � � � �l� � Å a Å bF� Æ �\� � �ra>�rbF�1�r� �l� Å bc�la�� Å a.É�Ê3·BÉ x � Æ a>Èqa �8Æ a � �1a�hDbF�ra Æ��l�� Å a>�j��Èpa1�f�r�D�rh�b7�k�j�Fa¯a��§È�b � �r� �F� � ±Pn|Å a Å � ­ Å a>�f� � � Æ a>��Èqa>�w�k�D�fh�bJ�k���la¯�>bFdg�1�Dd�bJ�r� �l�#� bc�¨�r�DÈDÈ8�ra>�f�3� Å a
É�Ê�� Æ a>Èqa �DÆ a � �>a�¶�Vu¹ ±on|Å a�É x � Æ a>Èqa �DÆ a � �1a �J�@ßU��� ìÌ�P�g�obFdg� �#� � �F�Í� =#Þ ��ß a1� � dg�§�k� �F� a+Yª��b7�k� �F� ±
Ý b � a1dj�F·+� Å a>�famÉ�ÊP·%É x � Æ a1Èpa �DÆ a � �>a>�_�cb � hpam� �8Æ a>�f�f� �;�;Æ hM�Îb@d�bF��Ç �F� �k�r� � �cbJ�ra Æ Å � ­ Å a>���� � Æ a>���ka1� � ±ò� � bFdjds� � � Æ a1��Èpa1�f�k�8�rh�bJ�r�j�Fa*�cbFdj�>�DdgbJ�k� �l� ��bF�fa,È � �r�f�ghDdjaF·P� Å a*É�ÊB·¸É x � Æ a1Èpa �DÆ a � �>a>�Æ �j�kbFÈ8Èpa>bF� ±�n|Å a��r�-ÿ>a �F� � Å a�É�Ê3·�É x � Æ a>Èqa �DÆ a � �>a1��bJ�ra �F� �ra � a>�w�k� � bJ�ra Æ bF��b � acbF�f�D�ra �J� � Å a�f��ÿ>a �F� bJ��dgacbJ�f��� �l� a �F� � Å a�� � �cbFdj�>�DdgbJ�ka Æ Å � ­ Å a1�f� � � Æ a1���ka>� � ��hM�¡�ra!�r�k� � ­ b¢d � â�a>��dg� � ��� �l�



åKM �.¢�£�¤C��¥�¦¨§��2©�����¦	�>ª/«����&©��>�
� Å a��f��ÿ>a �F��� �g�r�f� � ­ Å � ­ Å a1�f� � � Æ a1��� � �f�ra1�1�k� �l� � ±.n|Å a � �fa1�k�j�cbFd¯a1�r� � ���cbF�D�fa Æ hª�º�k�r� � �cbJ�r� � ­ � Å a
Èpa1�f�r�D�rh�b7�k�j�Fa�a��§È�b � �r� �F� � Å �8�#�f�g�ra1�+�DÈ ±

n|Å a�É�ÊB·DÉ x � Æ a>Èqa �8Æ a � �1a>� �F� � Å a¹d�bF�w�]�ka1� � ¿ ®f® * " ¬l­�® _ ²  " t É "x t É " ÊB³ ° ~ ° � � � Å a��f� ­ Å �f� Å b �8Æ�r� Æ a �F� ú�Y ± ® å ± Q�Q ° bF�ra,bº�ra ��� b � � � � �l� � Å a,�fa>�r�8dj�k� �F� � Å a�È�bF�w� �l� �j���1� � �f���ra1�1�k� �l� ��b �DÆ � Å a
a1� � dg�8�r� �l� � �J�]ßU��� ± � dgd¯� � �§�j�r�jhDdga�a�(�a1�1�k�
bF�ra.� � �1dg� Æ a Æ � � � Å �g���ka1� � b �8Æ � Å �D��Èpa1�f�k�8�rh�bJ�r�j�Fa
a;(pa>�!�k�%bF�|� Å a � h8�ra>�w�JbFhDdga � hªefa>�1�r� � bc�*hqa ��� �fa � �|dga1�r� Æ �j�f�k�8�rhqa Æ ±

Ï�ÐwÑ ÒÔÓ_ÕµÖ
× ØcÙ%ÚÜÛ�Ý × Þmß!à¯Ø!áqâµÖ�ã¸à¯ØcÙ%ß>ä åQÕµÖ�ßæÚPàoÖ�à¸ä

� �Da#� � b � a!�la � �+� � È � d � ­ ��ç+��� Å � Å a � �Dd��k�s��È�bF�w�k�g�1dga]è � bFd��w��bJ�ra�b � �ka1��� Å a�é�ê � a1� � dg�8�r� �l� b �DÆ
� Å a � � �l� è � a � a � �Ë� Å b Æ � �l� ��ÿcb7�k� �F� � �_�D�l� �\Èqa>�f�r�D�rhDbJ�k���la.�ra ­ � �l� · �l� a Å bc�la.� � �fa>d�� �l� ¯ �F� �ra
ê]bF�rd ��� a1� Å �;Æ · �D� ��b � bFd��;�r�g�>bFd � a1� Å �§Æ ±on|Å a>�fa¹bF�fa%�\ç � �k�rb Æ ���k� �F� bFd�bFÈ8ÈD� � bJ� Å a>�©� ���.�;Æ a>d�� Å a
Èpa1�f�r�D�rh�b7�k�j�Fa�� � �ka1�kbF�!�k� �F� � ± ü � a.�g��� Å a � bJ�r�r�s����a>dga � a � � ® ¯Øú ° � a!� Å �;Æ ·B� � ç Å �g� Å � a1� �D� b �
Æ ��b ­ �kb � ��bF�fa��>bFdg�1�Dd�b7�ka Æ�� � Æ a>�BhM� � � Æ a1� ± ú��DbJ�1�¸Çª� � a � bJ�k�j�>�1·�� Å a � �DdgdM� � �ra>� � a>�ra � �>a�b �DÆ Å a>dj�g�1�j�\�
�f�r�r�D�!�k�D�fa�bF�fa���bFÇJa � � � � � bF�>� � � � �#� � � Å �j�%bFÈDÈD� � bF� ÅÛ±3± � ç�a1�la1�>· � � �l� � Å a�a1� � dg�8�r� �l� a;Y;�DbJ�k� �l�
ú�Y ± ®wë ± ë U ° ·'� Å a�a � �g�r�f� �l�_�F�¯� �Ddj�r�gÈDdja�� �F� � ­ dg� �l� �%ÈDd�bc�;�¹b.�r� ­ � �jè��>b � �¨� � dga�� � hD�D�jd Æ � � ­ �DÈº� Å aa1�Fa � ���f�r�r�D�!�k�D�fa�b �DÆ � Å a/¯Øú`�cbFdj�>�DdgbJ�k� �l� ��hqa>� �F� a�� � �1�racbJ�r� � ­ dj� Æ �sL.�>�Dd��
� � Å � ­ Å a>� � � Æ a1�r�1·
� � ÈDbF�f�r�g�>�8d�bF� �L� ��� Å a*d �;� È ­ �kbFÈ Å � ±¡n|Å �g���ra1�r��bµdg� � ����� � � Å a¢bFÈDÈDdj�g�cbJhD�gdj�j�\� �J� ¯ úU� ±
þ � � �1a
� Å a�È Å bJ�ra��fÈ�bF�1a
bc�JbF�gdgbFhDdga �L� � ­ dg� �l� a � �g�f�r� �l� � � �>�facbF�fa>�%ç+�j� Å � Å a
bc�JbF�gdgbFhDdga¨a � a1� ­ �F·p� Å aë¯Øú
bFÈDÈD� � bF� Å hqa>� �l� a>�¹dja>�r�¨�ra>dja1�Jb � � �L� �%� Å a � �DdgdB�f�r�r�D�!�k�D�fa �F� a1�Fa � �k��bJ� Å � ­ Å a>�#a � a1� ­ �ja>� ±�n|Å �D�1·
� Å ah¯ØúìbFÈ8ÈD� � bJ� Å �;�ga>d Æ � ��� �ra��ra1dg��bJhDdga��fa>�r�8dj�k� �L� ��� Å a�ç�a>dgd��\�fa>È�bF�rbJ�ka Æ efa!�k��bJ� Å � ­ Å a � a1� ­ �
�ra ­ � �l� �r� � �>a_� Å a_Èqa>�f�r�D�rhDbJ�k���laºa^�§È�b � �f� �l�Î�J� � Å a9¯ØúíbFÈDÈ8� � bF� Å hpa Å bc�la>�,hpa!�r�ka1�*bJ� Å � ­ Å a1�
a � a1� ­ �*�r�cbJdga>�+h�bJ�ra Æ �DÈ �l� � Å a��r� �D� � � ­ �J� $&� ±�¨�D� � Å a>�,bFÈDÈD� � bF� Å �j�.� Å aºÈDbF�f� �l� �\� Å � ç�a1� ® ß þ ° �l� aJ·|� � ç Å �g� Å � Å a � � � hqa>� �F� È�bF�w� �l� �� � � � dj�la Æ Å bF� �8� a��§ÈDdj�g�>���,�8ÈDÈpa1�*dg� � ��� ±în|Å �j� � a!� Å �;ÆÎÆD� a>� �D� �*�8�raµ� Å a0¯Øúía��§ÈD�ra1�r�f� �l� �1·
hD�8�,�D�ra1�,� Å aµbFÈDÈD� � �§� � bJ�ra�a^�§ÈD�ra1�r�r� �l� �*ç+��� Å � Å aº�f� � ÈDdg��è�a Æ Çª� � a � bJ�r�g�1�>·|� � �ra>� � a1�ra � �>amb �DÆ
Å a>dj�g�1�j�\���f�k�f�D�1�r�D�ra ±*n|Å a ß þ bFÈDÈ8� � bF� Å �g��� Å �8��a^�8Èqa>�!�ka Æ � � ­ �j�Fa.b ­ �;�;Æ bJÈDÈD� � �§� � bJ�r� �l�µ�L� �
� Å a+�f�DhD�f�r�r�D�!�k�D�fa �F� efa1�r�>·;hD�8�©�§�ja>d Æ dja>�f���fa>dg�gbFhDdja]�ra1�r�Dd��k� �L� �¯� Å a|ç�a>dgd��\�fa>È�bF�rbJ�ka Æ efa!�k� Æ a>�f�>�f�ghqa Æ
hM��È � ç�a>�%�ra1�r�ga1� �F� $&��� � Èqa>�w�k�D�fh�bJ�r�j�la�a^�8ÈDb � �r� �l� ±
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n|Å �D�¢h � � Å bFÈDÈ8� � bF� Å a>� Å bc�la¡hqa>a � � �l� ÈDdga � a � �kbF�f�)�D�fa Æ � �=� b � �ÎbJ�rÈqa>�1�r�¢� � � � dgdj� Æ a1�

a^�8Èqa>�f� � a � �k� ±ä� ���g��ÈD�kbF�!�k�j�cbFd%� �@Æ a1�r�1�r�ghqamh � � Å bJÈDÈD� � bF� Å a>�¢hM�æ� Å aº�ra>� � �F� Èqa>�f�r�D�rhDbJ�k���la
a^�8ÈDb � �r� �l�_�F�o�F� dj�,�f�k� �l� ­ � � �ra>�kbJ�1�k� �l� ·

øUù úºøUù ú�úºøUù úºúºú�øUù GIGIG
s � ¿�û ¾\ü�üæý ² ë F $&��ø F $�"� ø�" F $ E� ø E F GIGIG øUøF $�� F $�"� ø�7 F $ E� ø�" F GIGIG úºøUøF $ "� F $ E� ø 7 F GIGIG úºú�ø©ø$ E� GIGIGZ³ G�GIG Ü ®�ë ± Q O °

ç Å a1�ra
� Å a
� � �kbFd3�>� � �r���ra1�1�k� �l� s ® b7�# �" ° �g�¹d � ­ bF�f�j� Å � �j�cbFdjdj��a��§È�b �DÆ a Æ hª� Þæþÿd � ­ ®  �" _ *�" ° ±
�UbF� Å � � dg� ��� � � � Å a,�f� ­ Å � Å b �8Æ �r� Æ a �F� ��� ± ®wë ± Q O ° �g��� Å a � � Æ a>� �J� � Å a��f�r� �l� ­ � � �DÈ8dg� � ­ $&�hM�µ� Å a ¯�� �cbFdj�>�DdgbJ�k� �l� ��b �DÆ a>bF� Å dj� � a��g�¹� Å a�d � ­ bF�f�j� Å � �j��a^�8ÈDb � �r� �l�QÆ a>�f�>�r�jhpa Æ hM�µ� Å a ß þ
�>bFdg�1�Dd�bJ�r� �l� � ± ê��8�r�ra � � �.� �f� �J� � Å aò¯�� bFÈDÈ8� � bF� Å bF�fa¢bH�JbF�jd�bFh8dga*b7���#a��;�f��� � �\dga>b Æ � � ­ � � � Æ a1�
dja1�la1d ® ��Þ�ü ° ·Dç Å a>�fa�� Å a��r�ra1a�dja1�la1dB�cbFdj�>�DdgbJ�k� �l� �g�+bF�f�r� � a Æ � � hpa�� Å a��f� � ÈDdga	Q�� Q�ÈD� � �1a>�f� ±
��� ��� Å a ¯ �F� �ra�ê]bF�fd � a1�Fa � � ­ a � a>�rbJ�k� �l� � � Å b Æ � �l� � � djdg� Æ a>�f�>·�� Å a%Þ&ü¥a1�Fa � � ­ a � a>�rbJ� � �f��bJ�ra
�l� dj�m�D�fa Æ ± ��� ��� Å a ß þ bFÈDÈD� � bF� Å ·P� Å a%ÞÝÞ ® þ�� ® $&�fø ° À ° ß þ �g� �l� dj�Qbc�JbF�jd�bFhDdjaF·�ç Å a1�ra,� Å ad � ­ bF�f�j� Å � �j�.a^�§È�b � �f� �l� �g���f� ��� a Æ¼� �la1��bJdgd � � Æ a>�
�ra>� � � ± � �.bFdg�facb Æ � � a � �k� �F� a Æ ·U� Å a ß þ
bFÈ8ÈD� � bJ� Å ÆD� a>� �D� � Æ a1�r�1�r�ghqa¢� Å a � �Ddgd�È Å bF�faº�rÈDbF�>a �L� ��� Å a¢ç�a>dgd��\�fa>È�bF�rbJ�ka Æ efa!�k� ±æn|Å �D��� Å a¯�����h�bF�ra Æ a1�Fa � � ­ a � a>�kb7� � �f��h�bF�fa Æ �l� � Å a Æ ��b ­ �l� bFdUa>dja � a � �k� � � Æ a>�ra Æ hM�
$ À � � � �	� ± ®�ë ± Q O °Å bc�Fa¹hpa1a �*Æ a1�la1d � Èqa Æ � � �f�racb Æ,�F� � Å a � �Ddjdq�>bFdg�1�Dd�b7�k� �F� � �F� �CÞ&ü dja1�la1d ±¯n|Å � �ra#¯�� �>bFdg�1�Dd�bJ�r� �l� �
�l� dj� Æ a>�r�1�r�jhpa+� Å a%�ra>bFd�a � �g�f�r� �l� È�bF�f� � � Æ a>�fa Æ hª�Å$ À � ±�± a1�ra �l� a+� Å a � �ra!�k�g�>bFd�ÈD� � hDdga � �g�UbJ�r�g�fa �
ç Å a � � Å aÐÞÝÞ ß þ �j�.b ÆD� È8�ra Æ � � � � � Å aò$ À� ��Þ&ü ¯�� �cbFdj�>�DdgbJ�k� �l� �
� �Q� bFÇFa_�DÈ)� Å a_�racbJdg�g�w�k�j�
a!�la � ���w�k�r�8�1�k�8�ra ± � � �F� �	� ± ®wë ± Q O ° ·�� Å aë$ À � ��Þ&ü¨¯�� �>bFdg�1�Dd�b7�k� �F� �%bFdg�facb Æ ��bF�1� � � � � �L� �¹b,È�bJ�f�
�F� � Å a%ÞÝÞæa��§È�b � �r� �l� ±�n|Å a � �la>�fd�bFÈ8Èpa Æ È Å bF�fa��fÈ�bF�1a,hqa1�\ç�a>a � � Å a%$ À � ��Þ&ü ¯�� �>bFdg�1�Dd�bJ�r� �l� �
b �8Æ � Å aÅÞÝÞ ß þ bFÈDÈqacbF� ±�n|Å �j�¹�g��Ç �D� ç � bF� ¤fÆD� �DhDdga�� � � � �r� � ­ ¦�È8� � hDdja � ±·� �8Æ a>a Æ ·3� Å aÅ¯����ß þ � bJ�r� Å � � ­ � � �f�ra1�1�k� �l� ���g� Æ �g�f�>�D�f�ra Æ � � ¶ ë JR¹ �l� dj� �L� ��� Å a Þ&ü¥dga!�la>d ± ê��D�r�fa � �kd��l·¸� �º� b � �
�w�k� Æ �ja>��bF�ra �l� � ­ � � � ­ ±Å� ���g���>djacbF��� Å bJ��� Å a.Ç;� � a � bJ�r�g�cbJdoh � � �DÆ bJ�f�¡�g� � a1a Æ a Æ � � � Å ah$ À � �bÞ�ü¯��)�cbFdj�>�DdgbJ�k� �l� ��� � hqa��kb � a �L� �+� Å a�� �F� ���J� � dgdg� � acbJ� Æ ���la1� ­ a � �>a1� ±
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n|Å a�^ h � � �l� �¨� � � Å a Å b Æ � �l� � Å b Æ � �l� � � dgdg�j�r� �l� �#bF�ra
È8�ra>�f� � bFhDdj�_ÈD� �§Æ �D�>a Æ b7� Å � ­ Å a � a1� ­ �
�r�>bFdgaé �"�bF� � � �DÆ � Å a � bF�f� �F� ^ h � � �l� ±¨n|Å a � ·p� Å a
ÈDbF�f� �l� ��bF�f� � �>�gbJ�ka Æ ç+�j� Å � Å a�^ h � � �l�
ç+�gdjd¸a1� � dj�Fa � � �l� � Å a � � �8Æ b � a � ��bFdU�f�cbFdja% #"º ® 6 *�"¬@­�® ° �l�\ßU��� � � � Å a��§�j�f�r��bFdg���\�µ�f�cbFdja�b7� �".bFd �l� ­ � Å a�� � �j�k�gbFdUÈ�bF�w� �l� dg� � a,� � ßU��� ±�-îÅ a � � Å a � hD�fa>�w�FbJhDdga � hªefa>�1�r��� � a��§Èqa>�f� � a � ��bFd
b � bFd��;�r�g�©bF�fa#� Å a#ç�a>djds�\�fa>È�bJ�kbJ�ra Æ efa!�k��bF�r� � �1��bJ�ra Æ ç+��� Å ^ h � � �l� ·ª� Å aC$ À � ��Þ&ü�¯�� �cbFdj�>�DdgbJ�k� �l� �
a � hqa Æ8Æ a Æ � � � � ÞÝÞ ß þ bF�fa¨�D�fa Æ � � �kb7�k�g� � ��� Å �j���fa��ª�D�g�fa � a � � ±¯n|Å �g�©�g��� Å a#�\�;ÈD�j�cbFd'a^�Db � ÈDdja%� �
�ka1�f�+� Å a � �8dj�k���\h �§Æ � Æ � � b � �j�>�|� � é�ê �`Æ a>�f�>�f�ghqa Æ � � � Å a�ÈD�fa1�;� � �D�#�fa>�!�k� �F� ±ü��8�.È8�D�rÈ � �ra¢�j�
� � � �l� È�bF�fa*� Å a�� Å a � �w� ­ �j�Fa � hª��� Å aò$ À � ��Þ&ü ¯�� F ÞÝÞ � ß þ ç+�j� Å � Å a
�ra>bFd Æ bJ�kb ±>þ � � �>a �l� d��*� Å aë¯��Î�>bFdg�1�Dd�b7�k� �F� ­ �j�Fa>�#b�ÈD�fa Æ �j�1�k� �l�¢�F� � Å a�� � �kbFd�ÈD� �;Æ �D�!�k� �l� �1� � �f�
�ra1�1�k� �l� b �DÆ � Å a ß þ ÆD� a>� �D� � ­ ���laQb � �î� �§�L� � � bJ�k� �l�æ�J� �>� � �r�_�ra1�1�r� �l� �1·¹ç�a � acbF�f�D�ra,efa1�r�
� � �1dg�D�f�j�Fa>dj� ± �#���l� ­ � � bFdjd � � � hqa>� �F� � Å a#� � �DÈDdj� � ­ � � Æ a>�r� �F� $ À � ·ª� Å a�$ À� �bÞ�ü�¯�� b �DÆ ÞÝÞ ß þ
� Å a � �fa>d��la>�#bF�fa��8�ra Æ ç+�j� Å � Å a�bF�r�f� � È§�k� �F� � Å bJ�|� Å a � �la1�rdgbFÈDÈqa Æ È Å bF�fa��fÈ�bF�>a��g�+ÈD�fa>�f� � bJhDdj�
� � bFdgd ±�n|Å �g���g�¹� Å a�è��r�w� � � Æ a1��bFÈDÈD� � �§� � bJ�r� �l� ±·- a�� Å a � �k�w�µ� � � �l� �f�r�r�D�!��� Å a�È Å bJ�ra.�rÈ�bF�1a
ç+�j� Å �D��� �Fa>�fd�bFÈDÈ8� � ­ È Å bF�fa��rÈDbF�>a
� � � Å a�a^�8Èqa>�f� � a � ��bJdPb � bFdj�;�f�g�%dga1�Fa>d ±%n|Å a��f�r�kbJ�ra ­ � �F� � Å �j�
b � bFd��;�r�g�%� Å �D���g�¨� �*� bF�;?#ç�a � bFÇJa
acbF� Å $ À � �bÞ�üD¯�� F ÞÝÞ ß þ a!�la � ���kb � ÈDdja ® � 6 J8· ë ·~Q;· ±ý±-± ° ·b �DÆ � � dgdja>�1�%� Å a#efa1�k�¨�kb � ÈDdga1�¹� � �>dg�8�r�j�Fa>d��l·p� Å bJ���j�>· ­ � � �8Èµ� Å a�^ F - � efa1�r�¹a1�Fa � ���kb � ÈDdja>�>·
ç Å a>�faF· �L� ��� � �f�kb � �1aF·¸b � a1�Fa � �
ç Å �j� Å@Å bF�ëQ�efa!�k���g��b � a � hqa>� �F� � Å a,^ F - Q�efa1�r��a1�Fa � �
�kb � ÈDdja¹hD�8�#bJ�|� Å a��kb � a��k� � a¹���|�cb � hqa�b � a � hqa>� �J� � Å a�^ F - ë efa1�r�+a1�la � �¹�kb � ÈDdjaF·

s ® ^ F - J#���� } ° ?,³ " ® $ º� ° F øUø ç ´s ® ^ F - ë ���� } ° ?,³ " ® $�7� ° F øUø ç ´s ® ^ F - Q%���� } ° ?,³ " ® $&"� ° F øUø ç ´GIGIG X
n|Å a��>� � �r�%�ra1�1�k� �l���L� � � �Dd�b
�j�]� Å a � a^�8È8�ra>�f�ra Æ b ­ bF� � ·

s ® ^ F -�!.�"�� } ° þ`� ®  �ê�#$ &%$!,?3���� ° ý s ® ^ F !
 @ê'#$ &%(! } ° Ü ®wë ± QuM °
ç Å a>�fa s ® ^ F - !ì���� } ° �g��� Å a � hD�ra1�f�la Æ �1� � �f���ra1�1�k� �l� · s ® ^ F !  @ê'#( &%$! } ° �j�,� Å a
� Å a � �ra!�k�j�cbFdq�>� � �r�]�fa>�!�k� �F� �r�DÈDÈ8dg�ga Æ hM��� Å a#¯��£�cbJdg�>�8d�bJ�r� �l� ·;b �8Æ � ®  @ê'#( &%$! ?o���� ° �j��b
ÈD� � h�bT�
hD�gdj�j�\� � � � �!�k� �F�_�J� � Å a��r�kb � �r�j�r� �l��� � �l� � Å a�ÈDbF�f� �l� �g�¹è � bFd��f�kbJ�ka�� � � Å a � hD�ra1�f�JbFhDdja]efa!�k� ±�n|Å �j�
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� � � �1�k� �l� � � �>dj� Æ a>�¨bFdgd�� Å a
a;(pa>�!�k� �F� � Å a � �rb ­ � a � ��bJ�r� �l� · Å b Æ � �l� �65cb7�k� �F� ·qb �DÆ � Å a
� �DÆ a1�rd��§� � ­
bF�!�k���§���\�º� � � Å a Å b Æ � �F�87 Å b Æ � �l� � � dgdj�g�f� �l� �¨bF�¹ç�a>dgd¸bF�¹� Å a�ÈDbF�f� �l� � Å � ç�a>�f� � ­ ±�n|Å a Æ a1è � �j�k� �l�
�F� efa1�r�¨ÈDdgbH�;�¨b��>�f�D�>�gbFdB� � dja�� � bc� � � Æ b � b � hD� ­ �8�j�\� �F� � Å a�� ®  @ê'#( &%$! ?¯���� ° ±:9 � � Å aëÞ&ü 7 ¯��
dja1�la1d5·�� Å a,� ®  @ê'#$ &%(! ?#�"�� ° �g� Æ �rbF�f�r�g�>bFdgd��µbu(pa>�!�ka Æ hM�m� Å a.� � djdg� � acbF�k�J� �§� �kbF�fa ÆµÆ ���la1� ­ a � �>a�� �
�>bFdg�1�Dd�bJ�r� �l� ���kb7� Å a1�+� Å b � Çª� � a � bJ�r�g�c� ­ a �F� a!�k�r�j�¨bJ�>�>a1È8��b � �>a �F� efa!�k� ±

n|Å a%bFh � �la%�g�¸� Å a%�rb � a+b � bFd��§�f�g�¸� � È � d � ­ ���D�fa Æ � � <%� � 9 ¶ ëlë ¹ ±.± � ç�a!�la1�>·8� � <%� � 9 ·lç�a Æ � Æ�D� � ­ ���la¨b;�ª��b � �k����bJ�r�j�Fa#�w�k� Æ � �L� �U� Å a%�k�facbJ� � a � � �F� � Å a¨� � dgdj� � a>bF���J� �8� �kbJ�ra Æ�Æ �j�la1� ­ a � �>a¨� � � Å a$ À < 7 Þ&ü ¯��¼�cbFdj�>�DdgbJ�k� �l� � ±on|Å �g�|�w�k� Æ �*�g�+bF� � � � ­ bJ� ­ �j�;� � ­ b
�1dga>bF�|d � ­ �g�#� � �k�ra>bJ�|� Å a � ±¯n|Å bJ�
�j�>·Mç�a¨� �l� �f� Æ a1�]b�ÈD�ra1�r�>�f�gÈ8�r� �l� � ��� b(=§� � �>5>a]� Å a � � � �!�k� �l� � ®  @ê'#$ &%(!,?3�"�� ° hM��d �§� Ç;� � ­ bJ��� Å a
È�bJ�f� �F�87 efa!� � bJ�r� Å � � ­ ç Å �j� Å ç+�gdjd¯dgacb Æ � �º� � � � � �>5>a�� Å a,�w�§�w�ka � bJ�r�g�.� � �1a>�f�kbF� � �\�Wb �DÆ bJ��� Å a
�rb � a¹�r� � aF·8� ��� � � � � �65>a+� Å a � �Fa>�rdgbFÈDÈqa Æ È Å bF�fa��fÈ�bF�>a�hqa1�\ç�a>a � ¯��Îb �DÆòß þ�±@? �|� Å a��fa>�r�8dj�k�1·
ç�a#�>b � � �l� �w�k�r�8�1�©� Å a%È Å bF�fa¨�fÈ�bF�>a ÆD�l� � � bJ�ka Æ hM��� Å a�$ À < 7 Þ&üµ¯�� ±ªn|Å a#� �l� È�bF�r�j� �l� ç+�j� Å � Å a
�facbFd Æ bJ��b*ç+�jdgdPbF�r�j�ra�b��ra � �r���k���§���\��� � � Å a Å � ­ Å a1� � � Æ a>���cbJdg�>�8d�bJ�r� �l� ±�- a�a�=§Èqa>�!� � �D� � a!� Å �;Æ
ç+�jdgdBhpa�bFdg� � �D�fa � �DdP� �*� bFÇFa��f�;�f�ra � bJ�k�j�cbFdjdj�¢� � bFdjdB�kb � ÈDdga1�¹bF�%� Å a�h�bF��Ç ­ � � � �DÆ a>�w�k� � bJ�ra>�#� �
� Å a�� � ÈA�ª��bF�fÇ�b � bFd��;�r�g� ±¯n|Å �g�+�j�]� Å a�è��f�f�%�ra1�r�Dd�� �L� �]� Å a�ê ��� <%� � 9B9 a�=8Èqa>�f� � a � � ±
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n|Å a�ê ��� ® ê � djdg�ga1� � a1�ra>�!� � �%bJ� � a>� � �jd�bFh ° a�=§Èpa1�r� � a � �%�j�#b ­ a � a>�rbFdBÈD�D�rÈ � �fa�a�=8Èqa>�f� � a � � �L� �� Å a��f�r� Æ � �J�  ©� W� � dgdj�g�f� �l� �#bJ�¹� Å a n a1�JbJ�k� �l� ê � dgdj� Æ a1�#d � �>bJ�ka Æ bJ�¹� Å a � a>� � �c�#bJ�k� �l� bFd ? �1�>a1d 7
a1�kbJ� � �CÞBbFh � �rbJ� � �w� ® � a>� � �jd�bFh ° ·�� ��g bJ�kbH�;�gb8· 9 djdg� �D� �g�1·@× ±jþ�±ý±¨n|Å a n a!�Fb7�k� �F� bF�>�1a>dga1�kbJ� � �%�g�#� Å a
Å � ­ Å a1�f� 7 a � a1� ­ �¡È8� � � �l�87 b � �r�gÈD� � � �F� bF�>�1a>dga1�kbJ� � � � bJ� Å � � a�� � � Å a�ç � �fd Æ ± ×#�f� � ­ n a!�JbJ�k� �l� bF� 7
�1a>dga1�kbJ� � �>·Dê ���@Æ �g�f� � �la1�ra Æ � � È 7 �ª��bF�fÇ,a!�la � �r�#� � ëih�h'j ±on|Å a��DÈ ­ �rb Æ a>�|� �lk � � 9B9 a�=8Èqa>�f� � a � ��j��a�=8Èqa>�!�ka Æ � � ­ ���la#b �*� È8È � �w�k� � �j�\� �D� � �l� d���� ��Æ �g�r� � �la>�]b � a!ç È Å �;�f�g�>��hD�8�|bJdg� � � � Èpa1� �L� � �
ÈD�fa>�1�g�r� �l�,� acbJ�r�D�fa � a � �k�]� � a1dga>�!�k� � ç�acbJÇ,�ra1�1� � � ±	9 � � Å �g�©� Å bFÈ8�ra>�1·8�JbF�r� � �D�©� �l� ÈDdga�=,b �DÆ,� � � � 7
�r� �l� � �J� � Å a n a1�JbJ�r� �l� bF�>�1a>dja>�kb7� � �Ub �8Æ ê ���mÆ a1�ra>�!� � ��bF�ra Æ a1�r�1�r�ghqa Æ � � hD�f�ga � ± �'� �Ub�� �l� È8dga1�ra
�fa1�;�ga!ç �ra1anm ë$oip m ëiqrp ±

d�Ð�d �HsµÖ�ã¯Ö
Ù|à¸ä�ãUØcÚPà¸ØcÙ%ÚÜÛ�Ý\t�ä�ãU× Øcß>Ö-u Ö
Ù%Ù%ä�ß1ä�ã¯Ö�à¸Û.ãUÚ
vwËwvwËfÊ xzy{y��PT��ÝÑ�Ï}|�~�Ñ�y���Ï�Ó'Ò
n|Å a n a1�JbJ�k� �l� �j�3b%�1�g�r�1�Dd�bJ�BbF�>�1a>dga1�kbJ� � � �F� bJh � �§� ë Ç �ì�F� �rb Æ �g�8� ± �©bJ� Å ÈD� � � �l� b �DÆ b � �k�jÈD� � � �l�
hqacb � �g�UbJ�>�>a1dga1�kbJ�ra Æ �DÈ�� � h������ a��
·F�fa>�fÈpa1�1�k���la1dj�l·M� Å a � � � dgdg� Æ � � ­ � ��� ÈDÈ � �r���ka Æ �j�ra>�!�k� �l� �Pç+��� Å� Å a��>a � �r�ra 7��F��7\� bF�f��a � a>� ­ � �F� ë ± h�� n a�� ± g a �L� �ra��ra>bF� Å � � ­ � Å a�è � bFd¯� � dgdj� Æ � � ­ a � a>� ­ � �F� h����

ëih
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� a��
·�� Å a>�ra�bF�fa�èD�Fa
bF�1�>a1dga>�rbJ�k� �l� �f�ka1ÈD���%ê � ��ÇF�1� �F� � 7 � bFdj� �l� ·�¡�� � bJ�F· g��;� �f�ra>�>·£¢ºbJ� � 9 � efa>�!� � �1·b �DÆ n a1�JbJ�r� �l� ±�n|Å a��r� Å a � bJ�k�j���;�ga1ç �F� � Å a�bF�>�1a>dga1�kbJ� � �¨� �l� ÈDdga�=mbJ� � a1� � �gdgbFhº�j�¹�gdjdg�D�w�k�kb7�ka Æ
� �¢� � ­ �D�fa o ± ë ±

n|Å a+ÈD� � � �l� �Uhqa ­ � � bJ��X¥¤,� �l� �¸ç Å �j� Å �j�¯ÈD� �;Æ �D�1a Æ � � b�h � �f�kdja �F� Å � Æ � � ­ a � ­ bF� ±¸n|Å a+� �l� �
bF�ra|� Å a � � � efa>�!�ka Æ � � � � b�ê � ��ÇJ�>� �F� � 7¦� bFd�� �l� ÈD�facbF�1�>a>dja>�rbJ� � �Uç+�j� Å b � � � �j�k�gbFdDbJ�>�>a1dga1�kbJ�r� �l���F� o�jÇFa�� ±Fn|Å a|ê � ��ÇF�>� �F� � 7¦� bJdj� �F� � Å a � bF�1�>a>dja>�rbJ�ka1�P� Å a � �DÈ�� � 4�j�� ÇFa§� ±�9 � � Å a��fa>� �l�DÆ �f�ra>È�·l� Å a>�fa
� �l� ��a � �ka>��b_dj� � a>bF��bF�1�>a>dja>�rbJ� � � ® ¡�� � bF� ° ç+��� Å ë©¨�j � d �l� ­ ·B� Å a � � Å a.� �l� ���facbF� Å � Å a.a � a1� ­ �
�F� ¨'��� ¢_a§� ±}? ��� Å a�a �DÆ£�F� � Å aA¡�� � bF�F·¸� Å a�a>dja>�1�r� �l� � � � �l� � Å a¢X¥¤¼� �l� ��bF�ra��w�k�f�gÈDÈqa Æ ��ª
hM�º�>bF�rh �l�µ�L� �jd5·qb �DÆ � Å a��ra1�r�Dd��k� � ­ ÈD� � � �l� �¹bF�ra�È�bF�r�fa Æ � � � � � Å a g��§� �w�ka1�¹�r� � ­ ±¹n|Å a g��§� �w�ka1�
�r� � ­ �j�.bWÈD� � � �l� �f� � � Å � � �k� �l� �r� � ­ ç+�j� Å 4�j � �rb Æ �g�8� ±=n|Å a�ÈD� � � �l� ��bF�ra��>�j�r�>�8d�bJ�ra Æ � � �k�gd
bF���ª�D�j�r� � ­ �A� a§�
·phpa �L� �ra�hqa>� � ­ � � dgdga1�1�ra Æ � � hD� � � Å a1� �J� � ý ëi�"«­¬ È�bF�w�k�j�>dga1�¹acbJ� Å �L� �¹�D�ra�� �� Å a n a1�JbJ�r� �l� ® � � j ý ëi��«­® �L� �+ÈD� � � �F� �#�8�ra Æ��L� �|� Å a�ÈD� �;Æ �D�!�k� �l���J� b � �k�jÈD� � � �l� � ° ±�n|Å a � a�=;��f�ra>È��g��b � �D�w� Å a1�|bF�1�>a>dja>�rbJ�k� �l� � � ¢ºbF� � 9 � efa1�1� � �>·§ç Å a>�ra�È8� � � �l� �]bJ�ra¹bJ�>�>a1dga1�kbJ�ra Æ*� � �F� �¯� a��� � ë$jr�A� a�� ±�n|Å a°¢�bF� � 9 � efa1�1� � ���g��b*È8� � � �l� �f� � � Å � � �k� �l� �r� � ­ ç+�j� Å ë Ç � �rb Æ �j�D� ± ��� �¨� Å a
n a!�JbJ�k� �l�¥k � � 9 � Èqa>�rbJ�k� �l� ·q� Å a �A� a§��È8� � � �l� hD� � � Å a>��ç�a1�ra�� � efa>�1�ra Æ � � � � � Å a�¢�bF� �±k � � ­
�f� � � Å � � �k� �l� ·;ç Å a>�fa#� Å a1��ç�a>�ra¨bF�>�1a>dja>�kb7�ka Æ � � ë$j��;� a�� ±'9 �nk � � 9²9 È Å bF�raJ·;� Å a¨a�=8�j�f�r� � ­ ¢ºbF� �
k � � ­ Å bF�%hpa1a � �fa>ÈDdgbF�>a Æ hM��b � a!ç`bF�1�>a>dja>�rbJ� � �1·£¢ºbF� � 9 � efa1�1� � �>· �L� �%� Å a�ÈD�D�rÈ � �fa �F� �ra Æ �D�>� � ­
� Å a�� � a§³.�1�ga � �1� �F� � Å a�b � �r�gÈD� � � �F� ÈD� �;Æ �D�!�k� �F� ±´? �¹� Å a��ra>�f�Ddj� �J� � Å �g�1· �.� �fa�� Å b �Q� bF�!� � ���
o � � �1�racbJ�ra>�#� � dg� � � �D� �r���\�*bJ�ra�a�=§Èpa1�1�ra Æ ±]n|Å a ë$jr�°� a§� ÈD� � � �l� hD� � � Å a>�¨bF�ra�è � bFdjdj�,� � efa1�1�ka Æ
� � � � � Å a#a1�JbF�1��bJ�ka Æ hpa>b � ÈD�gÈqa �F� � Å a n a1�JbJ�r� �l� �r� � ­ b �DÆ hD� � � ­ Å �]� � b � a � a1� ­ � �F� h����¯� a§� ±

v�µ v¶µwv ·K¸¹~:º�»�y¼|�½&~¿¾À~�ÁÃÂ�¾Ä|�½BÅ�¸¹~	|�~Ä¾
n|Å a#b � �k�gÈ8� � � �l� ��bF�ra%�>�facbJ�ra Æ b7�]b���bF� ­ a1�©�f�kbJ�k� �l� ±¸n|Å a ë$o��;� a§� ÈD� � � �l� �©a�=;�k�rbF�1�ra Æ,� � �l� � Å a
¢ºbF� � 9 � efa>�1� � � Å �j��� Å a � �g��ÇJa>d¸��bJ� ­ a!��b �DÆ È8� �;Æ �D�>a�b � �k�jÈD� � � �l� � ±´? � �k�jÈD� � � �l� ��bF�fa�ÈD� �;Æ �D�1a Æ
� �la>�_b@dgbF� ­ aº�rÈD�facb Æ b � ­ dja>� �l� � Å a �L� �fç�bF� Æ	Æ �g�ra1�1�r� �l� ç+��� Å a � a1� ­ �ja>� �F� bFÈDÈ8� � =§� � bJ�ka1dj� �
� a�� ±	? �1�;dj� �DÆ �f�g�>bFd]dg��� Å �j� � dga � ���j�.�8�ra Æ � �¡�L� �1�D��� Å a�b � �k�jÈD� � � �l� ��� � � � b¡È�bF�rbFdgdja>d]hqacb � ±
n|Å a>�fa
È�bF�rbFdgdja>d�hqacb � �F� b � �k�gÈ8� � � �l� �#bF�ra�� Å a �mÆ �g�fa>�!�ka Æ � � � Å a � a1hD� � � Å a>� ±#n|Å a � a1hD� � � Å a>�
�g�.b¡� � � �8Æ a Æ �r�r�gb � ­ �DdgbF� 7 � Å bJÈpa Æ �w� � � Å � � �k� �F� ç+�j� Å b � a>b � �rb Æ �j�D� �F� h�� � ±Æ9 �k�.ÈD�r� � bJ�f�
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� � ­ �D�fa o ± ë � ? �f� Å a � bJ�r�g���;�ja1ç �F� � Å a k � � 9²9¹n a1�JbJ�r� �l� bF�>�1a>dja>�kb7� � ��� �l� ÈDdja�=WbJ� � a>� � �gdgbFh ±
n|Å a � a1çË¢ºbF� � 9 � efa>�!� � ���g��� Å � ç � � � � Å a¹dga � ���f� Æ a �F� � Å a n a!�Fb7�k� �F�Ak � � ­ ±¸n|Å a�ê ����Æ a1�ra>�!� � ��j�|d � �cbJ�ra Æ bJ� �l� a �J� � Å a�� � dgdj�g�f� �l� È � � � �k�+bJ� g � �l� � Å a n a1�JbJ�r� �l��k � � ­ ±
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ÈD�D�fÈ � �fa��g�¹� � �ra Æ �D�>a�� Å a �.�l� a � �k� � �fÈD�ra>b ÆW�J� � Å a.b � �k�jÈD� � � �l� �¹hM�m� � ��b7�k� � ­ � Å a�hD� � � Å a>� ±
n|Å a>�faQbF�ra¡bFdj� � hqacb � � �;� dg� � ­ �w�§�w�ka � ��� Å bJ�_bF�1��� � �ra Æ �D�>am� Å a � �r�>�jdgdgbJ�k� �l� �.� � � Å amÈDd�b � a
Èpa1�rÈqa �DÆ �g�>�8d�bF�o� � � Å a � �rh8�j� ® �r�kb � �f�la1�r�fa¨ÈDdgb � a ° bJ�Uç�a>djd'bF�U�ra Æ �D�>� � ­ � Å a �.�l� a � �k� � �rÈD�facb Æ.�F�
� Å a
b � �k�gÈ8� � � �l� � ±�n|Å a � ·�� Å a�b � �k�jÈD� � � �l� �¨bF�ra��r�kb � � � a>�f�ra Æ � � � Å a ? �>�1� � �DdgbJ� � �¨ç Å �g� Å �j�¨� Å a
�f� � �kb ­ a©�f� � ­ �L� ��� Å a�b � �r�gÈD� � � �F� � ±È? djd �F� � Å a�b � �r�gÈD� � � �F� �3bF�ra©�f� � �ra Æ Å a1�ra�bJ� ��� a§�)b �DÆ � �;� dga Æ� � �k�jd � a>a Æ a Æ ± � Å a � � Å a%�f�kbF��Ç.�g�Ud�bF� ­ a+a �D� � ­ Å ·§hD� � � Å a1� �F� b � �r�gÈD� � � �F� ��bJ�ra+�k�kb � � � a1�r�ra Æ � � � �
� Å a n a1�JbJ�k� �l� �f� � ­ b �DÆ bF�>�1a>dja>�kb7�ka Æ � � h������ a�� ±�n|Å a.� � �kbFd � � � hpa1� �J� b � �k�jÈD� � � �l� ��� � � Å a
� � djdg� Æ a>�©�g� Æ a1�ka1� � � � a Æ hM�,� Å a�ÈD� �;Æ �D�!� �F� � Å a�b � �r�gÈD� � � �F� ÈD� �;Æ �D�!�k� �F� �kbJ�raF·§� Å a¹�\�;ÈD�g�>bFd��w� � �fa
Æ �D�rbJ�k� �l� ·Db �DÆ � Å a��k�rb � � � �g�f�r� �l� a§³.�>�ja � �!� � � �l� ? �1�>� � �8d�bJ� � �]� � �f� � �kb ­ a�� � � Å a n a1�JbJ�r� �l� ±

9 � � Å a�ÈD� � �>a1�r� �J� � Å a n a!�JbF� �l�¯k � � 9²9 �DÈ ­ �kb Æ aJ·lb � a1ç ? � �r�gÈD� � � �l�-k a1�1�;�>dja k � � ­ Å bF�Phpa1a �
ÈD� � È � �fa Æ ±¯n|Å a�� � dja �F� � Å a k a1�1�;�>dja>� k � � ­ �g��� � ÈD� � �;� Æ a ��� �ra¹b � �r�gÈD� � � �F� � �L� �©� Å a n a1�JbJ�r� �l� ·
ç Å �g� Å ÈD� � È � �f�k� �l� bFdjdj� ÆD� �8hDdj�º� � �1�racbJ�ra>��� Å a.dj� � � �D� �f�j�\� ±¯9 � � Å a k a1�1�;�>dja>� k � � ­ �g��bc�JbF�gdgbFhDdjaF·
� Å a�b � �r�gÈD� � � �F� �|� � � Å a n a!�Fb7�k� �F� bJ�|� Å a�a �DÆ_�F� � Å a��w� � �fa�ç+�gdgd �D� �+hqa Æ � � Èpa Æ h8�8�%� � djdga>�!�ka Æ
� � � � � Å a k a1�1�;�>dja>� k � � ­ ·8b �DÆ � Å a � �fa � �#� � � Å a;¢ºbF� � 9 � efa>�!� � �%b �DÆ � � � Å a n a!�Fb7�k� �F� b ­ bF� � ±

v�µ v¶µ Ì S_�¹� S����	Â}|�¸¹~Ä¾

n|Å a n a1�JbJ�k� �l� �g��� Å a �l� dj�W�>�w� � ­ a � �j�cbFdjdj�W� �;� dga Æ bF�>�1a>dga1�kbJ� � ��bJ� � a1� � �gd�bJh ±¥9 ���g��bµ�>�j�r�1�Dd�bF�
�f� � � Å � � �k� �l�*�F� �kb Æ �j�D� ë Ç � � Å bJ� Å bF� � bF�1�>a1dga>�rbJ�k� � ­ �cbc�;�j�k�ja>�©� � � Å a k#� �ra>�!�k� �l�,�F� � Å a¨bF�>�1a>d 7a>�rbJ� � � ±Pn|Å a n a!�Fb7�k� �F� �fa>�1a>�j�Fa>�¯ÈD� � � �F� �Ub �DÆ b � �r�gÈD� � � �l� � � � �F� ¢ºbJ� � 9 � efa1�1� � �¯b �DÆ bF�1�>a1dga>�rbJ�ka1�
� Å a � � � �l� ë$j��n� a�� � � h����n� a§� ±£9 � � Å a n a1�JbJ�r� �l� ê � dgdg� Æ a>� �.�§Æ a « ·'� Å a�hpa>b � �g�¨�w� � �fa Æ � �
� Å a n a1�JbJ�r� �l�¡�L� ���ra!�la1�kbFd Å � �8�r� ±.n a1�JbJ�k� �l� �cb � bF�>�1a>dja>�kb7�ka�hpa>b � a!�la>�w� ë$o�� � o���� �fa>� �F�DÆ ��L� ��ê � djdg� Æ a>� ���;Æ a ± ü � �>a q�� hD� � � Å a>� �F� ÈD� � � �l� ��b �DÆ q�� �F� b � �k�gÈ8� � � �l� ��bF�fa � h8�kbF� � a Æ ·�� Å a�\ç � hqacb � �+bF�ra �L� �>�D�fa Æ �D�r� � ­ �;�Db Æ �r�8È � dja � b ­ � a1�r� ±Un|Å a1�ra�bF�ra��\ç � � � dgdj�g�r� �l� È � � � �r�+bF� � � �DÆ
� Å a n a!�JbJ�k� �l� �r� � ­ · g � b �DÆ�� � ±¸n|Å a �L� � � a1���j��� Å a¨� � djdg�g�f� �l� È � � � � �L� ��� Å a�ê ��� a�=8Èqa>�f� � a � �c·b �DÆ � Å a�dgbJ�ka1�|�g� �L� �]� Å a � � a�=§Èpa1�r� � a � �>·��ra1�rÈqa>�1�r�j�Fa>dj� ±
ÍwÎÐÏ$ÑBÒÓÑÄÔ�Õ×Ö­Ø:Ù×ÖÈÚÓÏ$Ñ¶Û�ÙÝÜiÑBÞßÎ8Ô�ÒÓà§Ñ�ÚÈá¶ØiÞiÑ�âcãåäßÛ�ÙÇÜiÑBÞßÎ�Ô�Ò¦à�Ñ&ÚÈá¶ØiÞiÑ�æ�ç�ÑBÔ�áèÙ×Ö�ÖÓÑ&ä�Ú}ÚÓØ�é©ê{ÙÝÚ ë Ï©ì§Ô�Ò Þ�Øîí�ÑBÒÈÔ�ï�ðÖÓÑBë&Ø�ä(Þ�ñrÑBÒÓÙòØiÞ'â@ÎÐÏ$Ñ&ä"æ(Î"ÑBíîÔîÚÓÒ¦Ø�ä�ë&Ô�ä�Ô§ë&ë&Ñ&ÕòÑ&Ò ÔîÚÓÑ}ç�ÑBÔ�áÆÑ&í§Ñ&Ò¦ì:ó�ð¶Ö­Ñ²ë�Ø§ä(Þ$Ö¼ôõØ�ÒöÛ�ÙÇÜiÑBÞ�Î8Ô�ÒÓà§Ñ�Ú{á¶Ø©Þ$Ñ�â
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n|Å a n a1�JbJ�r� �l� dg� � � �8� �r���\��� � � Å a�bFhD�fa � �1a �F� b��>� � �r�f� � ­ b � ­ dja � �|È � �r���k� �l����ª �ra1�%�j� ­ �j�Fa � hª�

ÿ � ��� ú ~ ú��~
o��©® s ®~	� s ® �~ °

� ® s�

����� ° ® � � ¤ ® � ¤ « ° � ®Óo ± ë °

ç Å a1�ra � �g�¨� Å a��ra!� � dj�8�k� �l�µ� �ra§�;�8a � �!�l· � �j�¨� Å a � � � hpa1� �F� h8� � � Å a1��� � acbF� Å hpa>b � ·Bú ~ ® ú��~ °�j�]� Å a � � � hqa>� �F� ÈD� � � �l� � ® b � �k�jÈD� � � �l� � ° � � b�hD� � � Å · s ~ ® s �~ ° �j�]� Å a k ¢��¢È8� � � �l� ® b � �r�gÈD� � � �F� °hqacb � �r�>5>a.bJ��� Å a�� � �ka1�kbF�!�k� �F� È � � � �c·Bb �DÆ ���j��b � � �l�¶� bF�1� � �¹� Å b7� Æ a>Èqa �DÆ � �l� � Å a��kbJ�r� ���F�
� Å a¨hD� � � Å dga � ­ � Å s�
 ·;� � � Å a¨hqa1�kb � � � �!�k� �F� bJ��� Å a¨� � �ka>�rbF�1�r� �l� È � � � � � � ±¯n|Å a¨dg� � � �D� �r�j�\�
�cb �
hqa¨�fa1ç+�r���r�ra � � � b �L� � � � Å bJ� �.� �fa Æ �j�ra>�!�kd�� Æ �g�fÈDd�bc�;�]�j�r� Æ a1Èpa �DÆ a � �>a1� �F� � Å a¨dg� � �j�r� � ­ � bJ�1� � �r�
ç+��� Å � � � Å a n a1�JbJ�k� �l� � �l� ÈDdga�=p·

ÿ � q�� �
� � ® � ú��~ ° ®

ú ~
� ~
° � ® s�
���� � °
®�ë ����������� �

° � ®Óo ± o °

ç Å a1�ra ��� � ® ��� ��
° �g��� Å a �D� � � bJdg�651a Æ �r�kb � �f�la1�r�fa�a � ���r��b � �>a¸� �l� ��bF� � � � ­ h'j! �F� � Å a¯ÈD� � � �F� ® b � �r�gÈD� � � �l� °hqacb � ±@n|Å a � b�e � ��dj� � � �D� �f�j�\�Qdg� � ����bJ�r� �l� ��bF�fa ÆD�l� � � b7�ka Æ hM�@� Å a � � � hpa1� �F� b � �r�gÈD� � � �F� �

� ú��~ ·+b �DÆ � Å aºÈ8� � � �l� hqacb � hD�f� ­ Å � � a>�r�*ú ~ � � ~ ± � � �ra�� Å bJ� �L� �,b ­ ���la � � � �kbFd � � � hpa1� �F�
b � �r�gÈD� � � �l� �>·�� Å a�dg� � � �8� �r���\� ÆD� a>� �D� � Æ a1Èpa �DÆ a�=8È8dg�g�1�j�rdj� �F� � Å a � � � hqa>� �F� hD� � � Å a1� ±¢n|Å a
dj� � � �D� �f�j�\��� � � Å a n a!�Fb7�k� �F� �g��È8� � È � �f�r� �l� bFd�� � � Å a¨� � �kbFdpb � �k�gÈ8� � � �l� � � �ra � �f�j�\� ±¯n|Å a¹� � djdg�j�r� �F�
� �fa��ª�Da � �1� �D�fa Æ£�L� ��� Å �g��b � bFdj�;�r�j�
�g��a1�la1�f� q�h�� � � �L� � q�� ý q�� hD� � � Å �>� � �r�f� � ­ �rbJ�ka ±�n|Å a
ëiq�o � � �.�;Æ a ®�ë©¨'� ý ëi�'j ° �g�%�>�8�r�ra � �kdj��� �DÆ a>� Æ a!�la1d � È � a � � ±¹n|Å a
hqacb � � � dgdg�j�r� �l� �|� �F� �r� � �Da
�\�;ÈD�j�cbFdjdj� �L� � � Å � �8�r� ±	? ��� Å a¨� � djdg�g�f� �l� È � � � ��bJ�+ê ���QÆ a1�ra>�!� � �1·8� Å a%�\�;ÈD�g�>bFd�hqacb � �f�65>a#�g� ë$o��� � �L� �¯� Å a Æ �j�ra>�!�k� �l���F� � Å a+hpa>b � b(=§�g�1·§b �DÆ q�� É �Í�L� �¸� Å a%Èqa>�rÈqa �8Æ �g�1�Dd�bF�UÈDdgb � a]� � � Å a#hqacb �
b(=§�j� ±�n|Å a n a!�JbJ�k� �l�]k � � 9²9 È�bF�kb � a!�ka>�f��bF�ra�dj�g�f�ra Æ � � n bFhDdja ± o ± ë � � ­ a1� Å a>��ç+��� Å È�bF�rb � a!�ka1�r��l��k � � 9 hºa�=§Èpa1�r� � a � � ±
9 �¡� � ­ �D�ra o ± o ·pç�a�� Å � ç`� Å a�� � �kbFd3� � �ka ­ �kbJ�ra Æ dj� � � �D� �f�j�\� Æ a1dg���la>�fa Æ
hM�.� Å a n a1�JbJ�r� �l� b �DÆ �ra1� � � Æ a Æ hM�*ê ��� � � � Å a¹Èqa>�f� �;Æ�� � �l�#" �Ddj� o����§ë � �$" �8dj� o�����q ±c9 � � Å �g�b � bFdj�;�r�j�>·8ç�a��D�ra�� Å a Æ bJ��b�� � �k�jd " b � ��bF�w� o�����q � � �r�fa>�fÈ �l�8Æ � � ­ � � 4�o ± � ÈDh£¤ « ±
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k&% � 9 h ®wëih�h�q 7 h'j ° k � � 9²9 b k � � 9²9 b
®Ó� ý � ° ®Óq�� ý q�� ° ®�ë©¨'� ý ëi��q °'¯� � � �l� �)(JhD� � � Å o ± q ý ëi�"«w« o ± 4 ý ëi��«w« o ± 4 ý ëi�"«w«? � �r�gÈD� � � �l� �*(JhD� � � Å j ± j ý ëi� «­¬ q ± � ý ëi� «­¬ ¨ ± � ý ëi� «­¬n � ��bFd ? � �k�jÈD� � � �l� � q ± q ý ëi� «w« ë ± ë ý ëi� «­® ¨ ± o ý ëi� «­®'¯h�bJ�	'¯� �§Æ �8�1�k� �l�Ãk b7�ka � ± � ý ëi�"«­¬ ë ± � ý ëi��«w« o ± ë ý ëi�"«w« Å ��¤ «'¯� � � �l� a � ���r�kb � �>a o�q�� or��� o���� �.�l7�� �rb Æ

? � �k�gÈ8� � � �l� a � �j�r�kb � �1a ëiq�� ëij�� ë$j�� �.�l7�� �rb Æ
� � q'j q�j q'j � �

� � a>� ­ � h���� h���� h���� � a��? � �r�gÈD� � � �F��g � � � Å a1� � q�� ëi��qg � � � Å dga � ­ � Å ® � � � ° � ± ��� � ± q'4 � ± q'4 �
ê�� � �f�r� � ­ ? � ­ dja � � ëiq�� É��rb Æ

n �;ÈD�g�>bFdö¡�� � � �D� �f�j�\� � ± ëi� ý ëi�,+ « � ± ë 7 � ± � ý ëi�,+ ® o ± ë ý ëi�,+ ® � � ¤ ® �fa>� ¤ «9 � �ra ­ �rbJ�ka Æ ¡�� � � �D� �f�j�\� q ± o � 7 ë$j ¨�o ÈDh£¤ « (�ç�a1a>Çg � � � Å �§È�bJ�>� � ­ - q'jr��� q�h�� ëiq'o � �fa>�
9 � �ra>�kbJ�1�k� �l� �)(J�>� � �r�f� � ­ o ± j o ± q ë ± h

n bJhDdga o ± ë � n|Å a+b � �r�gÈD� � � �l� � � �ka � �r�j�r�ga1� ­ �j�Fa � bF�fa � a1�ra1dj��a�=8b � ÈDdga1� ±/. � ­ Å a1�¯b � �k�jÈD� � � �l� � � �ka �"7�r���k�ga1�3�;�ja>d Æ ÈD� � È � �w�k� �F� bFdgd�� Å � ­ Å a1�Pdj� � � �D� �f�j�k�ja>� ±3n|Å a]� � ���k�gbFd k � � 9²9 �DÈ ­ �kb Æ a>�¯bF�fa�a�=8Èqa>�!�ka Æ � �Å bc�la�� Å a��Ddj�r� � bJ�ka#È � �ra � �k�gbFdp� � bF� Å �ga!�la�dg� � � �D� �r���k�ja>� �F� o ý ë©�,+ ® ç+�j� Å q�� b � �r�gÈD� � � �l� h8� � � Å� Èqa>�kb7�k� �F� ±on|Å a¹�\�;ÈD�j�cbFdpdg� � � �8� �r���\��bJ��� Å a¹hqa ­ � �D� � � ­ �F� b��w� � �fa Å bF���k�kb Æ �j�r� �l� bJdgdj���k�rb � �rdgbJ�ka Æ� � � � �ra ­ �rbJ�ka Æ dg� � � �8� �r���\�Qç+��� Å b q�q! Æ �8�\� � bF�1� � � ±10 Èpa1�kbJ�r� �l� ç+��� Å b � �k�jÈD� � � �l� �fa>�!�§�1dg� � ­� bc�,hpa�� �F� a!ç Å bJ� Æ � ª a1�ra � � ±
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� � ­ �D�fa o ± o � n � ��bFdB� � �ra ­ �rbJ�ka Æ dg� � � �8� �r���\� Æ a1dg�j�Fa>�fa Æ hM�¢� Å a n a1�JbJ�k� �l� b �8Æ �ra1� � � Æ a Æ hª�µê ���� � � Å a#Èqa>�f� �;Æ.� � �l�4" �Dd�� o����8ë � �5" �Dd�� o�����q ±�9 � � Å �g��b � bFd��;�r�g�1·Mç�a%�D�ra%� Å a Æ bJ�kb�� � �r�gd " b � ��bF�w�
o�����q � � �f�ra1�rÈ �l�DÆ � � ­ � � 4�o ± � È8h£¤ « ±

d�Ð*6 � sµä � Ò t ece fµä¨àoä�Ù+àoÛ.ã

v¶µ Ì�µ87 9UûÄúö¸�û�½�ú;:
ê ��� 9²9 Æ a!�ka1�1� � �¨�g�#b ­ a � a1�kbFd3ÈD�D�fÈ � �fa�� � dga �D� � Æ bFd Æ a1�ra>�1� � �#ç+��� Å b ­ � bJd �J� � Å a��f�r� Æ �ja>� �L� �%b
hD� � b Æ �rb � ­ a �F� Å � ­ Å a � a>� ­ �
È Å �;�r�j�>�¯ÈD� � ­ �rb � ±Bn|Å a Æ a1�ka1�1� � �¸�g�P� �l� �f�k�f�D�1�ra Æ ç+�j� Å � Å a�� Å bF� ­ a Æ
È�bJ�f�k�j�>dja¨�k�rbF��Çª� � ­ ç+�j� Å � bF�f�%ÈD� � efa>�!�k�j�Fa��cbFd � �r� � a!�k�f�,b �DÆ è � a ­ �rbF� � a Æ¢� � �l�¢Æ a!�ka1�1�k� �l� ±

? �r� Å a � bJ�r�g���;�ga1ç �J� � Å a,ê ��� 9B9 Æ a!�ka>�!� � ���g��� Å � ç � � ��� � ­ �D�fa o ± q ±�n �kbJ��Ç;� � ­ �w�§�w�ka � �bF�fa�� �l� ��bF� � a Æ � � b.�f�DÈpa1�r� �l�DÆ �D�!�k� � ­ � � dga �8� � Æ · ë ± j � � � �rb Æ �g�8�#b �DÆ ¨ ± � � � � dja � ­ � Å ·'ç Å �g� Å
­ a � a>�rbJ�ka1�Ub ë ± ¨ n � b ­ � a1�k�j��è�a1d Æ È�bJ�kbFdjdga>dª� � � Å a]hqacb � b(=§�g� ± ê]bFd � �r� � a!�k�f��b �DÆ�� � �l� �w�§�w�ka � �
bF�fa¡bFdgd � �8�k�f� Æ aµ� Å a¡� � dja �D� � Æ ± � a¡�D�raWb � �;� � Æ � � bJ�ram�f�;�f�ra � ç Å a1�ra¡� Å a¡È � d�bF� 7 b � ­ dga=<£�j�
� acbF�f�D�ra Æ*� � �l� � Å a¹ÈD� � � �l�,Æ �g�fa>�1�r� �l� ·;� Å a�b�51� � �8� Å bFdqb � ­ dga?>��g� � a>bF�r�D�fa Æ bF� � � �DÆ � Å a¹hqacb �
Æ �j�ra1�1�k� �l� ·8b �DÆ � Å a�ÈD�fa>� ÆD�(7 �kbJÈD� Æ ���\�*�j� Æ a1è � a Æ bJ�A@ �#B d � ® �kb � ® < � o °f° ±

n|Å a1�ra¹bJ�ra¨� �l� a Æ a!�ka1�1� � ���DÈ ­ �kb Æ a1� � � �l� k � � 9 a�=§Èqa>�f� � a � � ±¯n|Å a%�k�rbF��Çª� � ­ �f�;�f�ra � � Å bc�la
hqa>a � � � ��bFdjdj���ra>È8d�bF�1a Æ ç+�j� Å � a!ç Æ a1�ra>�!� � �f� ±*n|Å a.�cbJd � �f� � a1�k�w�º�w�;�f�ka � ��bF�fa �D� ç a�=§�>dj�D�r���la>d��
�f�>� � �r�gdgdgbJ� � � 7 hDbF�ra Æ ±¨n|Å a�a1dga1�1�k� �l� �j�>��b �8Æ �k�r� ­l­ a1�¨�f�;�w�ka � ��bF�fa � �Ddgd��_� �l� ÈDdg�gb � �#ç+��� Å � Å a � a!ç
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ÈD�gÈqa>dj� � a Æ � �l� è ­ �D�rbJ�k� �l� ·Jb �DÆ bFdgdF� Å a©� �F� �\ç�bF�ra Å bF�3hqa>a � �ra 7 ç+�r���r�ra � �D�r� � ­ ê �C� b �DÆ b � 0 h;efa>�!�
0 �r�ga � �ka Æ bF�f� Å �j�ra>�!�k�D�fa ±

� � ­ �D�ra o ± q � ? �f� Å a � bJ�r�g���;�ga1ç �F� � Å a�ê ��� 9²9 Æ a1�ra>�1� � � ±

v�µ¦Ì�µwv D ¸¹Â	yFE�½B¾HGüý8þ�ý�|�ú3Ä ý
I ÅKJMLNJPO,LNJ?Q çSR�È LUT
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j
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[d\v^8Xw^8Q)JnV
R,h QUcKJ ç T�LUJ 7yx O,^NJ mzm LNT h QvZ*c�O,V x JML�o ê 0 IAr]{�I cKJ�^NZ*cKJMVWO�QUT
ZWk_T�J ç4R,h QUcKJ|QUL)O,Z*fuT
[d\=^NX_^8Q)JMVY^lT�^
T
j�j t ^8Q)L)O�Q)J m T�[ b T�\ t LUJ o { ¨ {	b L R V}Q)cdJ5T
[d[KJMLNV R ^8Q?^NT m J p ¡ O~X!JnL ��� o ¡ ��� r p � T�j
T
Z R [ � JML8Q)J =�a JnQUJMZ 7
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QUcKJPcKT
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T
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^ t ^NJ m [ R Q
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[sQ)^ p x t Q�O,j
^ R Q R
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j�T
Z R [|^NQ)O,[ m 7 O,j R [KJ?Q)LUO,Z*fuT
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Z*c
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[KO,j�k_T�J ��R�h QUcKJv� aPb��N��I L)O,Z*fuT�[K\ � Xw^8Q)JnV {
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I cKJ¬T
[K[KJnLYQUL)O,Z*fuT�[K\1^8Xw^8Q)JnV Z R [K^UT�^NQU^ R,h QUcKLUJnJ=^NT
j
T�Z R [­k,JMLNQUJ]® m JnQUJMZ]Q R LN^ { � J¬^Uc R©� O
m J]Q*O,T�j
J m Jn[ m k_T
J �¯R,h Q)cKJ?� aPb°�N� ^NT
j
T�Z R [$^8Xw^8Q)JnV�T�[ b T
\ t LNJ o { j {±I�R Q*O,j�²©³ � ^UT
j�T
Z R [gj´O~X!JnLU^
O,j�j R©� Q R O,LNZ*cKT�k,JµO�\ R_R_m T
VY��O,Z]QY��O,L)O�VWJ]Q)JMLYLUJn^ R j t Q)T R [¶O,[ m QUcKJ=^NT
j
T�Z R [�^NQ)O,[ m ³�O,j R [KJ
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R,h Q)cKJ�� aPbÓ�U�Ym JnQUJMZ]Q R L {ÓI cKJ ¡ ��� T
^�O­^UT�[K\!j
JÂ³�^NT m J m p L)O m T
O�Q)T R [w³yc�O,L m ^UT
j�T
Z R [×j´O~X,JML p
�Kj´O,ZnJ m T
VYVWJ m T´O�QUJMj�X R!t QU^UT m JvQUcKJ x J~O,VØ�KT��¦JvO�Q Ç!{ q�j ³ Ç!{ �'o ZMVØL)O m T t ^ { Ï	j
j�Q)cdJ5LUJMO mKR!t Q
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JMj�JMZ]Q)L R [KT
Zn^lT
^lT m JM[sQUT
Z~O�j�Q R QUc R ^NJ t ^UJ m T�[ �"�?qÊ�N�*{ g JnT
[K\µ^ R Znj R ^NJ|Q R QUcKJ�T
[sQUJML)O�ZnQ)T R [
� R T
[sQ p Q)cdJ ¡ ��� O,Z*cKT�Jnk,JM^�Oµ\ R_R_m T�VW�KO,ZnQ$��O�L)O,VYJnQUJML$LUJn^ R j t Q)T R [ h�R LgcKT
\,c¶V R VYJM[sQ t V
Q)LUO,Z*fu^ � cKT
j�J?Q)cKO�Q`LUJn^ R j t Q)T R [ h�R LSj R©� V R VYJM[sQ t V�QUL)O,Z*fu^iT
^SLUJ mdt ZMJ m T�[�^ R VYJPLUJn\!T R [K^ R,h
Q)cdJ m JnQ)JnZnQ R L x JnZ~O t ^NJ R�h QUcKJCT
[KZnLUJ~O�^UJ R,h Q)cKJCVWO,^U^ R,h Q)cKJ�O,Z]Q)T�k!JPk R j t VYJ {

b T�\ t LNJ o { j � Ï	[½Jn[ m kwT�J �ÐR,h Q)cKJ°� aPbÓ�U� ^UT�j
T�Z R [×^8X_^NQ)JnV T
[KZnj tKm T
[K\1QUcKJ �"�	qÙ�U� Z R_R j
T�[K\
x t j
fucKJ~O m ^AO,[ m��8��¡ ^ t �K� R LNQA^NQUL t Z]Q t LNJ {

Ú �_�¦Û©����Ü`ÝYÞ;Û~�_���S�������F�u�=ß Ú ÝY�$à;�
I cKJ	O,[KZ*c R L R�h Q)cdJ k t [ �U� � aPb Q)LUO,Z*fuT
[K\C^8Xw^8Q)JnV#T�^�O�j
O,LU\!J R �¦Jn[WZnJMj
j m LUT h Q�Z*cKO,V x JML h�R L
Z*c�O,LN\!J m ��O�LNQ)T�ZMj�J5LUJnZ R [d^NQ)L t ZnQUT R [�T�[=Q)cKJgZnJM[sQ)LUO,j±LNJM\!T R [ � @;� � Ç!{ � {CI cKJW�SJM[sQ)LUO,j�0 t QUJML
I L)O,Z*f�JML��`0 I T�^$�Kj´O,ZnJ m x J]Q � JnJM[ÍQUcKJ�L)O m T�T R,h ¨'� O�[ m½Ç q'o ZnV h L R V¨Q)cKJ x JMO,Váj�T
[KJ {
I cKJ m JM^UT�\![z\ R O,j R,h Q)cKJ��`0 I T�^�Q R LUJn�KL R_mKt ZnJ|Q)cdJ h�t [KZ]Q)T R [�O,j�T�Q�X R,h QUcKJ�� I � p � cKT
Z*c
� O,^ t ^NJ m T�[ k t [ � O,[ m�� p � T�Q)c m LUT h QCQUT
VYJM^Cj
Jn^U^vQUc�O,[ Ç ��� [K^ x X t ^UT�[K\=^NV|O�j
j
JnL m LUT h Q
ZMJnj
j�^iO,[ m O h O,^8Q	\!O,^ { Ïâ\!O,^iVWTÖ®wQ t LUJCT�^`Ï?L8³ Ä Q)c�O,[dJ]³8� b�ã j�� � q'j ��Ç j � T�QUc=O m LNT h Q`k!Jnj R ZMT�Q�X
R,h - Ç ����Ò V ( [K^ {�I cKJ x O,^NT
Z m LUT h Q5ZnJMj
j�c�O�^lO¬j�T
[KJ R,hHÇ o ^NJM[K^NJ � T
LNJM^lO�j�Q)JnLU[�O�Q)T
[d\ � T�Q)c
^UcKO,�¦JnL � T
LNJM^&J]k!JML8X q { � VWV p L t [K[dT
[K\ mKR©� [�Q)cdJPVWT mKm j
J R,h Q ��R \ R j m ³ R [w³yV5X_j´O,L�Z~O�Q)c R_m J
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���
�Kj´O,[dJM^ � cKT�Z*c�O,LUJH^NJM��O�L)O�QUJ m x X - o ZnV {/I cdJPZMJMj�j«\!J R VWJ]Q)L8X R [�QUcKJP^ t �¦JnLUj´O~X,JML o o �8¡ o r
T
^?T�j
j t ^NQUL)O�QUJ m T
[ b T
\ t LNJ o { � O,^?O,[�JÂ®KO�VW�Kj�J {Pb�R!t L	^ t �¦JnLUj
O©X,JMLN^CO,LUJ�Q)cKJgO�®dT
O,j�^UT m J p O�[ m
Q)cKJ R Q)cdJML h�R,t L�^ t ��JMLNj´O~X!JnLU^`O,LNJAQUcKJ?^8Q)JnLUJ R ^UT m J � T�Q)c�OC^UVWO,j�j�^NQ)JnLUJ R O,[K\!j�J R,h�ä q!É {/Ä O,Z*c
^ t ��JMLNj´O~X!JnL5T
^vO,j�Q)JMLN[�O�QUJ m ^NQ*O�LNQ)T�[K\ � T�Q)c1O¬^8Q)JMLNJ R ^ t ��JMLUj
O~X!JML {�I cKJ � T�LUJM^5O,[ m Z~O�QUc Rwm J
�Kj´O,[dJM^lO�LUJ�^8Q)L t [K\ x J]Q � JnJM[­Q ��R �KLUJnZMT
^NT R [1VWT�j
j
J m Jn[ m �Kj
O�Q)Jn^gO,^v^Uc R©� [¢T
[ b T
\ t LNJ o { ² {
g R Q)c R,h Q)cKJ��Kj´O�[KJM^	O,LUJCQ)T�j�QUJ m O�Q	O,[�O�[K\!j
J R,h q'j É � T�QUc¬LNJM^U��JMZ]Q?Q R Q)cdJvLUO m T´O�j m T
LNJMZ]Q)T R [
Q R Z R VY�¦Jn[K^)O�QUJ h�R LYQ)cKJ ¡;R LUJM[sQUÈµO,[K\!j�J R�hCm LUT h Q|Jnj
JMZ]Q)L R [K^|ZMO t ^NJ m x X¶QUcKJ=ZnL R ^N^UT
[d\ R,h
Q)cKJC^ R j
JM[ R T m O�j�VWO,\![KJ]Q)T
Z Æ JMj m�� T�Q)c�Q)cdJ m LUT h Q&JMj
JnZnQULUT
Z Æ JMj m ^ R�h QUcKJv�`0 IP{�I cdJCQUL)O,Z*fuT�[K\
T
[ h�R LNV|O�Q)T R [|T
^iO~k�O,T�j´O x j�J h�R L&QUcKJ ¡ Jnk!Jnj�³ Ç QULUT
\,\!JML {
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Potential wires
è
Sense wires
é
Shaper wires
é
Bare Mylar
ê
Gold on Mylar (Field Panel)
ë

R (cm)
ì

b T
\ t LUJ o { � ��íAR VWT�[�O,j�ZMJnj
j�j´O~X R!t Q h�R L ��¡ o { b T�\ t LUJ o { ² �/Ä O,^8Q`JM[ m �Kj´O�QUJ?^Nj R QU^ {�� Jn[K^UJCO�[ mÆ Jnj m �Kj´O,[dJM^WO,LUJ�O�Q$Q)cdJ¬Znj R Z*fs³ � T
^NJ�J m \!J R,h
J~O�Z*c¬^Nj R Q {

I cKJC� aPb QUL)O,Z*fuT
[d\l^NX_^NQUJMVY^iO,LUJ?JM[KZnj R ^NJ m T
[|O5^ t �¦JnLUZ R [ mKt Z]Q)T
[d\Y^ R j
Jn[ R T mW� T�QUc�O5Z]Xwj�T
[w³
m LUT�Z~O,j�k R j t VYJ q { j Vîj R [K\|O,[ m o { � VØT�[=O m T´O,VYJnQUJML {iI cKJ�Q)LUO,Z*fu^ R,h Z*c�O�LU\!J m ��O,LNQUT
Znj
JM^
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V R k_T�[K\WT�[�O t [KT h�R LUV}VWO,\![KJ]Q)T�Z Æ JMj m=R,h`Ç!{ ¨ I \,T�k!J5OWcKJnj
T�Z R T m O,j�QUL)O�ïNJnZnQ R LNX {iI cKJ5V|O,\�³
[KJ]Q)T
Z h�R LUZnJgT
[�Q)cdJlQ)L)O�Z*f_T�[K\�k R j t VYJgO�Q�� aPb c�O�^CQUcKJ R �K� R ^NT�Q)J m T
LNJMZnQUT R [¬Q R Q)cKJ x J~O�V
O�®wT
^�o´³Ôð rÂ{�I cKJCcKJMj�T�®��KO,L)O,VYJnQUJMLNT
^)O�Q)T R [�O�Q?� aPb T
^ m J Æ [KJ m O,^

ñò � oôó � > ¬ ��õ ¬ � Z R Q < � ð ¬ r � o o { q r

� cKJnLUJ p

ó � c�O,j h Z t LNk�O�Q t LUJWoö^UO,VYJ�^NT
\![�O,^&QUcKJCZ*c�O,LN\!J R�h QUcKJC��O,LNQUT
Znj
J r p
> ¬ ��m T
LNJMZnQUT R [ R�h QUL)O,Z*f�O�Q	� R T�[uQ R,h VYT
[KT�V t V�O,�K�dL R O,Z*c p
õ ¬ � ^UT
\,[KJ m T
VY��O,Z]Q`��O,LUO,VYJnQ)JnL �/m T�^NQ)O,[KZMJ x JnQ � JMJn[�cKJMj�T�®�O,[ m�R LUT�\!T
[�O�QiVWT�[KT
V t V

O��K�KL R O,Z*c p
Z R Q <�� Z R Q)O,[K\!Jn[uQ R,h Q)cdJ�� R j
O,L`O,[K\,j
JCO�QiVYT
[KT�V t V�O,�K�dL R O,Z*c p
ð ¬ � ðY� R ^UT�Q)T R [�O�Qi� R T
[sQ R,h VWT�[KT
V t V�O,�K�KL R O,Z*c�Q R$R LUT�\!T
[ R�h cKJnj
TÖ® {

I cKJ�� R T�[uQ R,h VYT
[KT�V t V¤O,�d�KL R O�Z*c¯T
^WQUcKJ�Znj R ^NJM^NQ�� R T�[sQ x JnQ � JMJM[ÎcKJnj
TÖ®×O�[ m Q)cdJ�j
T�[KJ
��O,LUO,j
j�JMj�Q R ÈÂ³ÔO�®wT�^	��O�^U^UT�[K\WOWLUJ h JMLNJM[KZnJ5� R T
[sQ {�I cKJ5LNJ h JnLUJM[dZMJ5� R T�[uQAT�^ m J Æ [KJ m O,^iÈ]³�O�®wT
^
O�Q5� aPbS{�I cKJW^UT�\![ R�h Q)cdJWZ t LNk�O�Q t LUJYT
^PQ)cdJW^UO,VWJYO,^CQ)LUO,Z*fµZ*c�O,LN\!J p O,[ m Q)cKJYL)O m T t ^ R,h
cKJnj
T�®WT�^&LUJn�KLUJn^UJM[sQ	O,^ «®*÷ ø�÷

{/I cKJP^NT
\![ R�h Q)cKJPT�VW��O�ZnQ&�KO,L)O,VYJnQUJML�T
^SQUcKJ h�R j
j R©� ^ � T h O5Q)LUO,Z*f
c�O,^?O|� R ^UT�Q)T�k,Jso�[KJM\sO�Q)T�k,J r Z*c�O,LN\!JgO,[ m Q)cKJvLUJ h JnLUJn[KZMJg� R T
[sQ	T
^ R!t QU^UT m JsoöT�[K^UT m J r Q)cKJvZMT�LUZMj�J
R,h QUcKJ	QUL)O,Z*f p QUcKJM[�QUcKJ?T�VW��O�ZnQ���O,L)O�VWJ]Q)JML�c�O,^SO5� R ^UT�QUT�k,J?^UT�\![ { Ï m L)O � T�[K\ h�R LSO5^UT�\![ R,h
Q)cdJ5Q)LUO,Z*f=T�VW��O�ZnQH�KO,L)O,VYJnQUJML	T
[=QUcKJY� aPb Z R_R L m T
[�O�Q)J5^8X_^NQ)JnVW^CT�^?\!T�k!JM[µT�[ b T�\ t LUJ o { � {
% ^NT
[K\gQUcKT
^`��O�L)O,VYJnQUJMLUT�^)O�QUT R [ p Q)cdJCQUL)O,Z*f|V R VYJM[sQ t VùT�^`LUJM�dLUJM^NJM[sQ)J m O,^

údû � ü� ó � � o o { ¨ r

� cKJnLUJ ü � Ç!{ ¨'h���h'jµý Ç � ¤ +Mþ � mÿI JM^Nj´O p { � T�Q)c¬O t [KT h�R LNVùVWO,\![KJ]Q)T�Z Æ JMj m¬R,h �ù� Ç!{ ¨ Ç!Ç �
I O�Qi� aPb p QUcKJHZ R [K^NQ)O,[sQ&Q)JnLUV � T
j
j x J o {�Ç!Ç �=ý Ç � ¤ + {/í	R QUJ?Q)cKO�QSQUcKJ m�Äe(�m ®|Z R LULUJnZnQUT R [
��� ü h�R L&QUcKJPQ)L)O�Z*f�V R VWJn[uQ t VùT�^iO,j
^ R O,�K�Kj�T
J m x X�O,[ R Q)cKJnLAO,�K�Kj�T
Z~O�Q)T R [K^ {
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x

y

z

1

2

3

4

B

D

1. positively charged, D positive
2. negatively charged,D positive
3. positively charged, D negative
4. negatively charged,D negative

Sign of the 
impact parameter D

b T
\ t LUJ o { � �iI LUO,Z*fu^ R�h O|��O,L8Q)T
Znj
J � T�Q)c=� R ^NT�QUT�k!J ( [KJn\sO�Q)T�k!JvZ*c�O,LU\,JgO,[ m � R ^UT�Q)T�k!J ( [KJM\sO�Q)T�k,J5T�V$³��O,Z]Qi��O,L)O�VWJ]Q)JML {

v�µ¦Ì�µ Ì �_Â���~�¸@½�� úÐ|�úö¸ ý"þ�ý"|�ú�� ý
I cKJ°� aPb �U� Z~O�j R LNT
VYJnQ)JnLW^8X_^NQ)JnVW^�O,LNJ�j R Z~O�Q)J m¯R,t Q)^NT m J=QUcKJµ^ R j
JM[ R T m×� T�Q)c×Q ��R ^NJM��O�L)O�QUJ m
m Jnk_T�ZMJM^ R,h Q)cKJ�JMj�JMZnQUL R VWO,\![dJnQ)T�ZWo Ä�¢�r O,[ m c�O m L R [KT
ZWoö.	Ï r Z~O�j R LNT
VYJnQ)JnLU^ {�I cKJ�c�O m L R [KT�ZC^UJMZÂ³
Q)T R [�T
^A�Kj´O,ZnJ m x JncKT
[ m Q)cKJ�JMj�JMZ]Q)L R V|O,\,[KJnQUT
ZC^UJnZnQ)T R [ {`� [ k t [ �U� p Q)cKJ�\sO,^AZ~O�j R LNT
VYJnQ)JnLU^`T�[¬Q)cdJ
�Kj t \|LUJn\!T R [­o � @��
	4Ç!{�Ç�rit ^UJ m T�[ k t [ �&� JMLUJlO,j
j;LUJn�Kj´O�ZMJ m�� T�Q)c=O|[KJ � ^NZMT
[sQUT
j
j
O�Q)T�[K\lQ)T�j
J��Kj t \
Z~O,j R LUT�VWJ]Q)JnL {�I cKJ&� aPb¬�U� ZMO,j R LUT
VYJnQUJMLN^�O�LUJe[ R©� O,j
js^NZMT
[sQUT
j
j
O�Q R L8³ x O,^UJ m ^UO,VY�Kj
T�[K\	ZMO,j R LUT
VYJnQUJMLN^ p
O,[ m c�O~k!J?O t [dT h�R LNV ��O�QNQ)JMLN[ R,h V|O�Q)Z*cKJ m �KL R ïNJMZ]Q)T�k,J	Q R�� JMLN^ R,h«Ä�¢ O,[ m c�O m L R [|ZMO,j R LUT
VYJnQUJMLN^ {
I cKJHZnJM[sQ)LUO,j«Z~O�j R LNT
VYJnQ)JnLU^HoÕ� Ä�¢ O,[ m �&.	Ï r Z R [d^UT
^8Q R,h or¨ � J m \!JM^vo Ç j É r T�[ > p O,[ mµÇ � Q R�� JMLN^
o - � {�Ç�r T
[�c�O,j hSR,hS@ LUJn\!T R [ p Z R [sQ*O�T
[KT�[K\�O�ZnL)O,Z*fµLNJM\!T R [°O,L R!t [ m�@ � � {W� [��Kj t \�LNJM\!T R [ p Q)cdJ
^UJn\!VWJn[sQ*O�QUT R [ R,h QUcKJ5�dj t \YZ~O,j R LUT�VWJ]Q)JnLU^�o '�Ä�¢ O,[ m�' .	Ï r Z R [K^UT�^NQ)^ R,h ¨�� � J m \,JM^$oô² { j�É r O�[ m
� Q R©� JMLN^Yo - � {�Ç©r T
[ Ç,{�Ç � � @;� � Ç!{ �dp O�[ m or¨ � J m \,JM^Yo Ç j,É r O,[ m ¨ Q R©� JMLU^Wo � { o - � { � r T�[ o {�Ç
� � @;� �Êq { ��¨ {±I cdJHJM[ mw� O,j�j¦cKO m L R [KT
Z	Z~O,j R LUT�VWJ]Q)JML	o � .	Ï r Z R k!JnLU^AOv\!O,� x JnQ � JMJM[�Q)cdJ?ZMJn[sQ)L)O�j
O,[ m �Kj t \µc�O m L R [KT�Z�^UJnZnQUT R [K^ {1I cKJ m JnQ)JnZnQUT
[K\�JMj�JMVYJM[sQ)^$O�LUJ�O,LNL)O,[d\!J m T
[zOµQ R©� JnLg\!J R VYJnQULNX
� R T
[sQ)T�[K\ x O,Z*fgQ R©� O,L m Q R QUcKJ?T�[uQUJMLUO,ZnQUT R [YLUJn\!T R [ { Ï½Ñ t O�LNQ)JnL�k_T
J �¯R,h QUcKJP� aPb°�U� ZMO,j R LUT
VYJnQUJML
^NX_^NQUJMVY^?O�[ m Q)c�O�QA^NJM\!VYJM[sQ*O�Q)T R [¬O�LUJP^Uc R�� [ ( j
T�^NQ)J m T�[ b T
\ t LUJ o { h {
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 > 
 @
� { ³ Ç!{�Ç o Ç!{�� c r Ç�� É � � {�Ç
Ç,{�Ç o Ç!{�� c r ³ Ç!{�� ² {�� É � � {�Ç
Ç!{�� ³ �w{�Ç ² {�� É � � {�Ç��
�w{�Ç ³�� {���� Ç�� É � {�� ³�� {��

b T
\ t LUJ �w{���� Ï! t O,L8Q)JML`k_T
J ��R,h Q)cdJ5� aPb­�N� ZMO,j R LNT
VYJnQUJML&^8Xw^8Q)JnVW^	O,[ m Q)c�O�Qi^UJM\,VWJn[uQ)O�Q)T R [ {

"PÜ��_�,Û©��#%$1�'&����sÛ�(ö� Ú ��Ü)#F�*(+$1�sÛ©�u�¬ß�"-, à.�
I cKJ Ä0/ Z~O�j R LNT
VYJnQ)JnLU^�O,LNJ`O?j
JMO m21 ^NZMT�[uQUT
j�j´O�Q R L�^)O,VY�Kj�T
[K\ m Jnk_T�ZMJ`VWO m J R�h Q)cKJ&^UO,[ md� T�Z*cKJ m
^NQUL t Z]Q t LNJ R,h � Ç j´O~X!JnLU^ h�R LS� Ä0/43 O,[ m5� ��j
O©X,JMLN^ h�R L06 Ä0/ p LUJM^N�¦JnZnQUT�k!Jnj�X p R,h¦� cKT
Z*c|O t [KT�Q
j´O~X,JML�T
^�Z R VW� R ^UJ m½R�h � {�Ç ² � O,[ m7�K{�� VYV j
JMO m O x ^ R L x JML¬O,[ m8� O�[ m9� VYV �Kj´O�^NQ)T�Z
^UZnT
[sQ)T�j
j
O�Q R L h�R Lg� Ä0/ O,[ m 6 Ä0/�{;: cKJn[­JMj�JMZnQUL R [d^ R L5�dc R Q R [K^l��O,^N^5Q)cdL R!t \,czQ)cKJ Ä�/
Z~O�j R LNT
VYJnQ)JnL p QUcKJnX°�KL Rwmdt ZMJgQ)cdJ Ä0/ ^Nc R©� JnLU^ p O,[ m Jnk R j�k,J � T�QUcKT
[µQUcKJ Ä�/ ^UJnZnQ)T R [¯o Ç��
O,[ m<�wÇ>=@? oöLUO m T´O�Q)T R [5j
Jn[K\,QUcK^ r�h�R L/� Ä�/ O,[ m 6 Ä0/ p LUJn^U��JMZnQUT�k,JMj�X rÂ{�A [$QUcKJ R Q)cdJML/c�O,[ m p
c�O m L R [K^ � T
j
jA^NQ)O,LNQ�Jnk R j�k_T
[K\­j
O�Q)JnL|T�[ÍQ)cKJCBAÏ ^UJnZnQUT R [ mKt J�Q R Q)cdJ�^UVWO,j
jAT
[sQUJML)O�ZnQ)T R [
j
Jn[K\,QUcK^ R�h � Ç5D­R�h Q)cKJ Ä0/ ^UJnZnQ)T R [ {�I cKJ�^NZMT�[uQUT
j�j´O�QUT R [µj�T
\!csQ)^�O,LNJYQUL)O,[d^ h JMLNLUJ m Q R QUcKJ
�Kc R Q R V t j�Q)T��Kj
T�JMLN^±o+6 /�IAr kwT
O � O~k,JMj
Jn[K\,QUc5^UcdT h Q)JnLU^;O,[ m Q)cKJ�[ t V x JML R,h ^NZMT
[sQUT
j
j
O�Q)T R [Aj
T
\,cuQU^
O,LNJ	Z R!t [sQ)J m«{ Ï ^Uf�JnQUZ*c R,h�R [KJ � J m \!J R�h Q)cKJH� Ä0/ O,[ m QUcKJ?ZnL R ^N^S^NJMZnQUT R [WkwT�J �ÎR,h«t �K��JML
��O,L8Q R,h Q)cdJ t �K\!LUO m J m �Kj t \�ZMO,j R LNT
VYJnQUJMLlO�LUJ�^Nc R©� [¶T�[ b T
\ t LUJ �_{�Ç �µO�[ m¢b T
\ t LUJ �_{�Ç�� p
LUJn^U��JMZ]Q)T�k,JMj�X {�I cKJ Ä0/ ^Uc R©� JMLi� R ^UT�Q)T R [|T
^SVWJMO,^ t LNJ m x X�Ol^Nc R©� JnLiV|O�® m J]Q)JnZnQ R L�oÕ� Ä0E p
6 Ä0EKr O,[ m �KLUJÂ³�^Nc R©� JnL m JnQ)JnZnQ R LWoÕ�>6 �?rÂ{�� [µQ)cKJgZnJM[sQ)LUO,j/LUJn\!T R [�o�^UJnJ b T
\ t LNJ �w{�Ç!Ç�r p Q �SR
� T
LNJ�Z*c�O,V x JMLN^zoô� Ä�E p �>6 �	r O,LUJ�JMV x J mKm J m T
[sQ R � Ä0/�{iI cKJ1� Ä�E T
^�O¢V t j�QUT�³ � T
LUJ

F�G�HJI�KMLONQPSR%TVUXWZY�N\[�I�KVR+W^]�_JR^_Q]�`�W^]�I�I�KaW^TVP�bCGVcdI�KMLVNQPSR
TaU'I�NeKVfgR+Y�N�NhWSRQi
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�KL R � R L8Q)T R [�O,jSZ*cKO,V x JML$JMV x J mdm J m [KJ~O,LgQUcKJ�^Uc R©� JMLYV|O�®wT�V t V oöO,�K�KL R ®dT�V|O�Q)JMj�X �{=<?*r
T
[sQ R � Ä0/ Z~O�j R LNT
VYJnQ)JnLU^ {?I cKJgO�[ Rwm J � T
LNJM^PO,LNJl^NQUL t [d\���O,L)O�j
j
Jnj�Q R QUcKJ x J~O,VÐO�®wT
^PO�[ m
Q)cKJ	Z~O�QUc Rwm JH^NQULUT
�d^�Q R Q)c�O�Q&��JMLU��JM[ m T
Z t j´O,L m T�LUJMZ]Q)T R [µo�Ë>|C} rÂ{ Ï?[ R Q)cKJnL � T
LNJ?Z*c�O�V x JnLST�^
�Kj´O,ZnJ m T
VYVWJ m T´O�Q)JMj�X?�dj´O,ZnJ m T
[ h L R [sQ R,h � Ä0/ Q R O,Z]Q±O�^�OA�KLUJÂ³�^Nc R©� JnL m J]Q)JMZ]Q R L&oÕ�>6 �	r]{�� [
Q)cKJA�Kj t \vLNJM\!T R [�o�^UJnJ b T
\ t LUJ �w{�Ç � r p Q ��R ^NZMT�[uQUT
j�j´O�Q R L±j´O~X,JMLU^SO,ZnQSO,^�Q)cKJ	^Uc R©� JML�V|O�®wT�V t V
o^6 Ä0EKr O,[ m �KLNJ]³y^Uc R©� JML m JnQUJMZ]Q R LN^ {°I cKJ~6 Ä�E Z R [K^UT�^NQ)^ R,h Q)cKJ�^NZMT
[sQUT
j
j
O�Q R L8³ x O,^UJ m ^8Q)LUT��
LUJ~O mKR!t Q m T�k_T m J m T
[sQ R JMT�\!csQ ��� É ^NJMZnQ R L {ÎÄ O,Z*cÍ^UJMZ]Q R LWZ R [sQ)O,T
[K^$Q ��R j´O~X!JnLU^=oöZMO,j
j�J m��
O,[ m~�CrSR,h\� VYVù�dT�Q)Z*c�^UZnT
[sQ)T�j
j
O�Q R L�^NQULUT
�d^ {�I cKJ � O�[ m�� j
O~X!JMLN^?O�LUJ�O,j
T�\![KJ m O�Q�� ���w{�� É
O,[ m ³ ���w{�� É � T�Q)c|LNJM^N�¦JnZnQ&Q R Q)cdJ?L)O m T´O,j m T�VWJn[K^UT R [$Q R �dL R k_T m JAQ �SR ³ m T
VYJM[d^UT R [�O,jF� R ^UT�QUT R [
VWJMO,^ t LNJMVYJM[sQ p O,[ m O,LUJ�T�[K^UJnLNQUJ m T
[sQ R Q)cKJ ÆKh Q)c¯^UO,VW�dj
T
[d\1^Uj R Q�o � �{=<?]rg� T�QUcKT
[�6 Ä0/
Z~O,j R LUT�VWJ]Q)JML {�I cKJ Æ LU^8Q�j´O~X!JnL � T�QUc Ç �zVWV Q)cdT
Z*fÍ^NZMT�[uQUT
j�j´O�Q R L$T
[�6 Ä0/ T�^ t ^UJ m O,^�O
�KLUJÂ³�^Uc R�� JML m JnQUJMZ]Q R L {�E Z*cKJnV|O�QUT
Z�k_T
J � ^ R,h Q)cKJ=� Ä0E O,[ m 6 Ä0E O,LNJ¬^Nc R©� [ÍT
[ b T�\ t LUJ
�w{�Ç,Ç O,[ m5�w{�Ç � p LNJM^N�¦JnZnQ)T�k!Jnj�X {�I cKJ?JMj
JnZnQUL R [|QUL)O,Z*fYVWO�Q)Z*cKT�[K\lO�[ m Q)cdJ?j´O�Q)JMLUO,j Ä0/ ^Uc R©� JML
�KL R,Æ j
J?T�[�� Ä0E O,[ m 6 Ä0E O,LUJ?k,JML8X�� R�� JML h�t j�Q R ^UJM�KO,L)O�QUJ?Q)cdJHJMj�JMZnQUL R [ p �Kc R Q R [ p O,[ m Q)cdJ
�Kc R Q R [K^ h L R V}Q)cdJ5[KJ t Q)LUO,j;�KT R [d^ { �Sc�O,LUO,ZnQUJMLUT�^NQUT
ZM^ R,h QUcKJg� aPb��U�iÄ0/ ZMO,j R LNT
VYJnQUJMLiO,LNJ
^ t VYV|O�LUT
ÈnJ m T�[ I O x j�J �w{��w{

�¬���;��#���(ö� Ú �KÜ+#F�{(^$��uÛ~�_�¬ße�4�¬à.�
I cKJlB	Ï¯Z~O�j R LNT
VYJnQ)JnLU^ÅO,LUJiOHT�L R [ 1 ^UZMT�[sQ)T
j�j´O�Q R L;^)O,VY�Kj�T
[K\ m Jnk_T
ZnJ`V|O m J R,h Q)cKJ`^UO,[ md� T�Z*cKJ m
^NQ)L t ZnQ t LUJ R,h � � j´O~X!JnLU^ h�R LA�>BAÏ O,[ my� �Yj
O©X,JMLN^ h�R Lw60BAÏ p LNJM^U��JMZ]Q)T�k!JMj�X p R,h�� cKT
Z*c¬O t [KT�Q
j´O~X!JnLAT�^iZ R VY� R ^UJ m�R,h\�w{�� ZMV}O,[ m�� T�[KZ*c=T�L R [�O x ^ R L x JMLAO,[ m1Ç!{ �gZMVØO,[ m4� VWV}�dj´O,^8Q)T
Z
^UZMT�[sQ)T
j�j´O�Q R L h�R Li�>BAÏ¾O�[ m 6�B	Ï {dI cKJ : B	Ï�T
^SZ R [K^8Q)L t ZnQUJ m�R,heÇ�� j´O~X!JnLU^ R,h;�w{�Ç ZMV#T
L R [
O x ^ R L x JMLHO�j�Q)JnLU[�O�Q)T
[d\ � T�Q)c Ç!{ �YZMVØ�Kj
O,^NQUT
Z�^UZMT�[sQ)T
j�j´O�Q R L {�I cKJ5JÂ®wT
^NQUT
[K\WT
L R [ R,h Q)cKJ5� aPb
JM[ m �dj t \!^eT
^ t ^NJ m T�[YQUcKJ?[KJ � c�O m L R [|ZMO,j R LUT
VYJnQUJML � ^8Q*O,T�[Kj
Jn^U^�^NQUJMJMj m T
^Nfu^SO,LNJHO�QNQ*O,Z*cdJ m Q R
Q)cKJ	T
[K[KJnL Ç � É Z R [KJ	Q R J]®_QUJM[ m QUcKJ?Z R k,JMLUO,\!J?Q R � É {/I&��R O mdm T�QUT R [�O�j�^NQ*O�T
[Kj�JM^U^�^NQUJMJMj m T�^Ufu^
O,LUJ`O mKm J m x JMcKT�[ m Q)cKJSJMj
JnZnQUL R VWO,\![KJ]Q)T�ZS^UJnZnQUT R [gQ R T�[KZMLNJ~O,^NJ&Q)cKJ&QUcKT
Z*fu[KJn^U^ R,h Q)cdJ`c�O m L R [
Z~O,j R LUT�VWJ]Q)JML {�� [1QUcKT
^ � O~X p Q)cKJWV|O�\![KJnQUT
Z Æ Jnj m T�[°QUcKJWQUL)O,Z*fuT
[d\=k R j t VYJ|O,[ m VWO,\![KJ]Q)T
Z
h�R LUZnJM^ R [�QUcKJ�JM[ m �dj t \!^YO,LNJ t [KZ*c�O,[d\!J m«{¯I cdJ=c�O m L R [�^UJnZnQ)T R [ÍcKO,^YQUcKJ�^)O,VYJ�Q R©� JnL
^UJM\,VWJn[uQ)O�Q)T R [�O,^&Q)cdJ Ä0/ ^UJnZnQ)T R [ { �Sc�O,LUO,ZnQUJMLNT
^NQUT
Zn^ R,h QUcKJv� aPb­�U� B	ÏºZ~O,j R LUT�VWJ]Q)JnL&O,LNJ
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Wave Shifter
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X
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Guides

Y

Phototubes

LeftRight
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Scintillator
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Chamber

Z
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�;�����'��������Ç � � Ï���� �V�M���� �¡\ �¢'�v����£'���¤ �¡;�e�'�
� Ä0/¥�

Cathode
¦
Strips
§

z

x
Anode Wires

(ganged in pairs)

���¨���'���.�X��Ç!Ç�� Ï©�e� �O�e���ª �¡;�e�'� � ��¢��M�e«�¬;Ä\¬¨�O� ³
�e�e �­<«���¢��O�M���®E��e�e�¨¯~����«*­¤°
�O�²± � Ä0E'³V�

� ��­<­<«��e� È �O£5�¨¢~´;«*°'¬¨�.�X���X�

µ>¶S·¸¶)¹ º »n¼�½¿¾�À�¾ÂÁ'ÃÄ�Å¾

�>Æ �×�N�g� � � � ¡) ��'� �QÇX� �M�O­ �  �¡ � ����¢��M�¨¬�¬È«*�e �� � «�¢'£É¯'�� �¯
 ����M�� �¢�«�¬Ä����«�­�°
�O� � �¨¢��M���Ê£'�O�e���O�e�¨ �¢É �¡
­¤�� �¢ �  �Ë��O�Ì�e�'�~�e�O���¨ �¢ÎÍ ÏÄÍJÐÑ�X� � �Ò´¸�'�4«�° �  ��e°%��� � ¡) ����M��� � � ��Ç�� �M��­ � «��e�5�e�'�5�Ó«�¬� ��e��­<�V�M�O�
� �M���O¬ZÔ��M���l­<«���¢��O���e�V�M�'��¢ Ç   � �*Ô'«�£�£'���e�¨ �¢�«*¬ � �M���O¬�Õ>«�¬�¬ � ÔÂ«�¢'£Ì�M�'� � �e���O¬2¡)�� �­��e�'�l�l�'¢Y��¡) ���Õd«��e£
­¤�� �¢��e ��e ��¨£ � �ií��OÕ!���'«�­¤°%��� � «��e�²«�£'£���£y�e <�M��� � / 6 «�¢'£ � /�Ö �QÇ�� �M�O­ � �M @��¬¨  � ����«�¯ � �¨¢
�e�'�5« È �¨­¤���e��«�¬��� �Ë��O�M«����5��¢t�l��¢­�U��Ô;Õw�'��¬¨�@�M�'�5�O��¢��M�e«�¬>����«�­�°
�O� � ± � /4�n³���«ÓË��5�e�'�~«�¬¨­@  � �
� «�­<�Ê�O �¢dÆ����'�M«*�e�¨ �¢�Õw�×�M�' ��X�®­Ø« ï  ��-����«�¢'��� � ¡)�� �­Ù�w�'¢°��� Ï ¢�£¥�M���Ì¡) ���Õd«��e£C­¤�' �¢ �QÇX� �M�O­ �
� � ��£��¨¢��w�'¢¬�0Õ>« � ����¯'¬¨«����O£�Õw�×�M��«Ê�� �­@¯'¬��O�M�O¬ Ç ¢'�OÕ �Ú¢Â�e����­<�O£'�È«*�e�²/4�' �¢yE Ç�� �e��­Û±ö�Q/4�n³V�

Ú �_�¦Û©����Ü�$°ÞÜ#��Ý�;�uÛ~�w�,ÛÓ#��{Þ�ß{Í ÏÄÍzÐ �@ß�à  �à��
´¸�'� � ��¢��M�e«�¬�/4�� �¢ Æ �O�e���V�M ��>± � /y�g³Ä� � « � �O�J *¡ � ��¢'��¬¨� ³ Õw���e��£'�e�×¡á���e�'°%� � �O �¢ � � � �e��£Ê �¡«ÇÓ���
­@ X£'��¬¨� � Õw�×�M�|ÇÓ���e�O�O�M«�¢'���'¬¨«��Ä����¬�¬ � ¯
�O��­@ �£'�'¬¨�*Ô*¬� X��«*�M�O£²°%�����¨¢'£ � �X����D¤ �¡2«�° �  ���°
�O�¸±)�e�'�
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�;�¨���'�e�l�X��Ç��X� � �e  �e�d� ���V�M�¨ �¢< �¡â�'¯'¯%����¯�«��Q�0 �¡
¢'�OÕ8��¢'£�¯'¬��'�Ì�Ó«�¬� ��e��­<�V�M���O�

�;�����'�e�¸�X��Ç � �Jã-�� �­<�V�M� Ç  �¡%�M�'� 6 Ä0E@��¢Ì«®��� É� �O�O�e ����

� ��¢��M�e«�¬Ü«�¢'£¬Ä\¢'£ ³ Õ>«�¬�¬ 6 ¬¨�'�
"PÜ��_�,Û©��#%$1�'&����sÛ�(ö�K�

´¸�'�¨� � ¢'� �e� ÇÓ�*=@?ÓÔ«Ç�D �wÇ�=@?ÓÔ�Ç�D
E�«�­@¯'¬¨�Ì± 6 °2³ � ���{=<? � ���*=@?
E�«*­<¯'¬��@± � ���¨¢�����³ �Ì­@­ �'���¤­<­
äz�¨����� Ç �¨�O¬¨£ ÇÓ� � ¯å���*��1�ã®�V� ����� ¯å�æ����1�ã®�V�

EX«�­<¯�¬¨�¨¢��¤�e� �  �¬����M�� �¢ Ç!Ç�����çÌ1Âè é û ÇÓ�ÂçÌ1Âè é û
E��e X���'« � �e�¨�-�e� �  �¬����M�� �¢ ÇÓ�ÂçÌ1Âè é û Ç���çÌ1Âè é û
�¬���;��#���(ö�K�

´¸�'�¨� � ¢'� �e� ������D ² D
EX«�­<¯�¬¨�Ì±+�2�Ó³ Ç®�¨¢����å�È±)���O¢Â�e�M«�¬È³ �Ì��¢'���å�

�Ê��¢'���å�¨±+�O¢'£ ³ Õd«�¬�¬á³
E�«*­<¯'¬��@± � ���¨¢�����³ Ç � ­@­ �Ì­@­
äz�¨����� Ç �¨�O¬¨£ � � ¯å���*��1�ã®�V� � �Ê¯å���*��1�ã®�V�

Ä\¢'�O�e� Ç �l� �  �¬����M�� �¢ ² ��çÌ1 è é û �-� ç � � çÌ1 è é û � ��ç
´�«�°'¬¨�.�����X� � �'«��M«��V�M�O�e� � �M��� �  �¡Ä�M�'� �>Æ �­�U���Ó«�¬� ��e��­<�V�M���O�
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� ��¢��e�M«�¬ B «*£'�e �¢ � «�¬� ��e��­<�V�M�O��³V��Ä�«�����­@ X£'��¬¨�-�� �¢ � � � � �  �¡�¡) ��'�¸¬¨« Ç ��� � �dEX�¨¢'�O�-�M�'� � /y�
 �¯%���e«*�M� � ¯'�� �¯% ����e�¨ �¢�«*¬�­< �£'�w�M«*�e�'�����M�'«�¢Ø¬��¨­@���M�O£ � �e�e�Ó«*­<�O��­@ X£���Ô�«²¢'�VÕ�¯'�e� ³ «�­@¯'¬���Æ��O�
� � �'¯'���e«�£'�O£C�e 5�e�O�� �Ë��O�®�e��«*�-��«��¨¢4� � �O£¥��¢y�M�'�Ê¬��¨­@���e��£ � �M���Ó«�­@���g­< �£'����¢C�l��¢µ���â´¸�'�
� ��¢��e�M«�¬%/4�� �¢Ø�l¯'���e«�£'�²± � / 6 ³J�� �¢ � � � � �  �¡â« � �O�� �¢'£ � �V�� *¡â­¤�� �¢Ì����«�­¤°%��� � °%�����¨¢'£@«�¢
«�£'£����M�� �¢�«�¬*� � ��­8 �¡ � �M�O��¬��¨¢-�e�'���e�����¨ �¢.��� É0ê�ë-ê � � É ��´¸���0¯ � ����£'  ³ �e«�¯'��£'��� Ç �� �Ë��O�M«����0 �¡
�M��� � / 6 Ë*«��e��� � Õw���e�<« È �¨­����M�Ì«�¢���¬¨�¸£'���w�e -�M�'�w£'�V�M���V�M ��0���O �­<�V�M� Ç �M�'«*�\�M�'�w����«*­¤°
�O� �
¡) ���­ì«�°
  ® «��e ���¢'£��M�'� � /y�Û±ZE������;�¨���'�e�~����ÇÓ��³V� Ï ¬¨« Ç ���Ì �¡ � ���¨¢��e�¨¬¨¬¨«*�M�� �¢í�O ��'¢��M�O� �
± � E 6 ³�� � «�¬ �  ª��¢ � �M«�¬¨¬���£í �¢� ���� � �¨£'�î�e�'� � �'��¡+«��O�5 �¡w�M�'� � / 6 �J´¸�'�5�O��¢��M�e«�¬>� ® �e��¢ � �¨ �¢
�� �¢ � � � � �  �¡¸�O �¢'���Ó«�¬ � ���O�e�¨ �¢ �  �¡>£'�e�×¡á�-�M�'°%� � ± � /�Ö-³.«�¢�£ � �O�¨¢��M��¬¨¬¨«*�M�� �¢ª�� ��'¢��M��� � ± � EÂÖ®³
¬¨ ��Ó«{�M��£Ø«*���Ó«����5�O¢'£î �¡å�e�'�g�O��¢��M�e«�¬â£��O�M�O�O�e ��>«�¢�£î� ® �M�O¢'£'��¢'�¤�¨¢<¯
 �¬È«���«�¢'��¬��¸¡)�e �­Å�Â� É �M 
��� É �>´¸�'� � �'¯'���M«�£'�.��«�£4°
�O��¢4°
�O���'¢y��¢y�w�'¢¬���%´¸������«�¯� �¡J�e�'�²« È ��­¤���M�'«�¬å�� �Ë����M«*���¤ �¡
� /�Ö-1 � E�Öï� � ¢' �Õð �¢'¬ Ç « ��� É �e�����¨ �¢É«*�-�e�'�Ê�M �¯C �¡0�M�'�Ì£'�V�M�O�O�M ��®¡) ��-´��VË�«{�M�e �¢Ò/y«*�¨¢
�w�¨¢'�5� � ��£¥�¨¢É�l��¢°�g«�¢'£C�M�'� �  �¬¨�O¢' ��¨£����O¡)���¨���O�M«*�e ����¤´¸���<£'�V��«���¬¨�O£É£�� � ����¢C¯�«��e«�­<�V�M�O� �
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L2 trigger

Detector

L3 Farm

Mass
Storage

L1 Accept

Level 2:
Asynchronous 2 stage pipeline
~20µs latency
300 Hz Accept Rate

L1+L2 rejection:  20,000:1

7.6 MHz Crossing rate
132 ns clock cycle

L1 trigger

Level1:
7.6 MHz Synchronous pipeline
5544ns latency
<50 kHz Accept rate

L2 Accept

L1 Storage
Pipeline:
42 Clock 
Cycles Deep

L2 Buffers: 
4 Events

DAQ Buffers 
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Dataflow of CDF "Deadtimeless" 
Trigger and DAQ
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RUN II TRIGGER SYSTEM

Detector Elements

GLOBAL 
LEVEL 1

L1 
CAL

COT

XFT

 MUON

MUON
PRIM.

L1
MUON

 L2 
CAL

CAL

XTRP

L1
TRACK

SVX 

SVT

CES

XCES
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GLOBAL 
LEVEL 2 TSI/CLK
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#_�+����|�~H~B=+~�������~h��~h�h�������Ã¾£ä�~Hã���~H�=����ë+|M�����.���BèR~h��~h�M����~h��~����������z���=����~�������ã��=~��C������|�~´�����h��ã��=�M=+~© �����£��ã����������z���=��������~����������z��~t�+�=ã���~h��~h�M������ó³ã��a�[��b ñ+ñdcÈ¢;{·�¥��~h�=��~h�¶��~¥I=~��h����|�~¤�'�+��åMë����+ã������� ��|�~a�¥ã�������I=~h�.���E������~��.ä�~ ã���~h�!�+� |���ë�|�~���������������ëfe`g!��ã���¾��+���Ã¾����ÂåE~�~����À��~��+���+�'�+����~
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vzC� o¡�¢;vT{Çú+ð.�h� ñ�ñ+ú�¾�î+ø+ð ð�¢}|�ø
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e"g�~Ëî+ð)8Y~B� î/|+û�¾V÷�ú�õ ð�¢Vû�ø:1g�~ õ²ð)8Y~B� î/|+û�¾ ð+ð�ð ð�¢Vû�ø

�¤�E�T0�G�ì {Çð�¢Vð�ø�ø/�1ðK¢ ð�ð+ð+÷Mø�]®G î/|�üK¾ û�îE÷ ð�¢Vû�øG�0/��{Ëî£¢ ðÄ����e"g�~Ëø+ð)8Y~B� î/|+ú�¾ ð�î/| ð�¢Vû+÷ý�ñ�¢Vð.�h��{væ Ø <1O�{ õ�¢ øÄ�h� î/|+ú�¾ ðKõ²ð ð�¢Vû+÷
v�<��Evs{Çñ�¢VðÄ��� î/|+ú�¾ ð+ð+÷ ð�¢Vû+÷
4M�������Pâ Ü { õ²ð î/|�øK¾�|+ú+÷ ð�¢Vû+÷ÐEÑxÒb[L{ÇðK¢�î î/|�øK¾�|E÷Mø ð�¢Vû+÷{·���+��åC��~hë���~���� î�ü�|�¾ ñE÷�÷ ð�¢ ü/|
���������E�������®òÈðK¢V÷M` õùøEú�¾�îEú�ú ð�¢ ÷�÷

������=+~����=����� ��~h���G=E�+� û�üK¾ úE÷�ú ð�¢ î�ø
� tÅD%zxDhm/nq��psrªçgy1nqt/uì ���=������ë)e`g�~Çñ�ð)81~�� ñKõ�¾�ü+î/| ð�¢Vð3|
�)��~h���G=E�+�$òÈü�ø�81~��\{�Â Ø6Ø { õtð�ø�81~��1` ñKõ�¾�ü+î+ú ð�¢Vð3|
� m3��r��
�����In	Dht/u ñKõ�¾�ü+î+ú ð�¢Vð3|

{°�+����~1ñ�¢ îI2�+´ã��¥�T~h���+�°~�=�~h�M���¤���a~��+��|a~B=�~h���H��~h��~h�h�������C�����¶��|�~LY « @ù¬�¢

�+����ã����$�+�R~B=+~������h¾Kä�~´���ùä�~��=~�����|�~�~���~��������+��e"gC��|���~��=|�������ä�|�����|����K~h�����E�������t�Ä�1���=ã������+�'������~���z��|�~1~���~��������+� �'�E��å£ë+����ã����A��~¥I=~��������+�Ã¾
e`g�~ î+ð�8Y~B� c eoÁ�g�~ ñ�ð�81~�� = òµñ�¢�õ�÷M`

YÀ~1��|��²ä¿��|�~�������I=~h�h�������a�+�·��|�~?~���~h�h�������a���=�����E�����������.��|�~1�������=����ë)e"gd�E� ��~��³�+���R��|�~?��~h��~h�h��������h������~��=���´~b]K��~��K����|�~}���=�����¡�����+�¥�+���Ä�����=������ë$e"gz�hã����;����#°��ë�ã���~¶ñK¢�õ�¢��¤�=��ã�����ñ�ðL8Y~B�����Y÷�ðL8Y~B�����eoÁ�g¯¾°ä�~z�t�+�Â~�]K�T~h�h�¥��|�~z���������¥ã��%�+���Â�_�¡�¥~���~��������+�É���=�����E�������R¢z{}|�������|�������~z���0I=ã��	���BJ'~�����g��|�~��µ�E�h�Y��|��E�1��|�~.���+����~h�h���������Y���a��|�~.������������ë�e"g �+�=~����+�1��~h�1��ã������Aã�����~h���=���K�£�À�+���dä�~���=~h��~h����~h�a���.���+�h���KJ���~1������~1��~h��~����������k~ÄÃ�����~������kå+~�~h������ë��+�a|���ë�|k��ã���������¢
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#°��ë+ã���~ÄñK¢�õ32	�$�=�d¥=~����������À�E����|�~.~���~��h�������d���������E�������A���C��|�~Ä�������=����ë�e"gp�¡� ��~��1�E���°��|�~Ä��~h��~�������������=����~h�����¥~�¦K��~h���´��|�~1���=�����E���������+���a�������=����ë�e"g)�hã����h¢

kj�§ ¨3y;u�Ø�Øª©�ÒgÖ$©5« u�¬ rts�©´Ú�o)Ø�rh×�Ö í Ù)y;u�­)o�©�v�r�u�s ©³y;u�Ø�Ø Ø°Ö$©"®v�r�u�s
Û�Ü°¯¶Ü=Þ ±�j�²�á�á á�â)iRà"n³²5U�´�²ßj�mRµ$Xop
�Ï�����������+�h�������+�}���Â��|�~���å ��|�~A�h�����=���=��~������ ä�����| ��|�~A��������ã����¶=�~g© �����£��ã��������+� ���=��������~�����������+�'�+���£�����h¢;,��Cã�������ë.��|�~1�Mã��¥��~������k{·�+����~1ñK¢�îK¾Kä�~1�t�E� ~h�=�������¡��~H��|�~?��������ã����¶=�~?© �����£��ã��������+����=��������~h�h�������Ã¢${}|�~1�h�����=�´�=~��h�������k���³~·¦K����~h����~h�)�+�

-�¸q¹gÊ�òÈ© « @ù¬�`�º »6¼ ½¾»6¿sÀÁ ¼ ¸ ¼�Â  o¡�¢�¸ ¼ X�¸ ¼ g'¸dÃ º`Ä3Å Æ òÈñ�¢�õùø�`
ä�|�~��=~ »�¼ ������|�~Y�Mã��¥��~��}�+�°© « @ù¬C���+�������'�E��~H~B=+~������´�+��� »�¿TÀ ������|�~Y~h�=�������¡��~��C�Mã����T~h��+�����+��åMë�����ã����g~B=+~������h¢ Á ¼ ������|�~?å£����~����E�����1�+��� ë�~��+��~��������?�+���h~������+����~?���+åE~��A���=��� ì �+�M��~
�¶�+�����¤�=���¥ã����E�������Ã¢ ¼�ÂhÇ³ÈÊÉ ���·��|�~¶~�Ë�����~h���h���+�T�L�'=�~h�=��~·¦.��ãK�³ò·vzC Ç³ÈÊÉ v3{�ú�ð¤����`�¢ ¼ X¹���°��|�~¶��~h�������E�
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����`�\���$���;��������
����`� ú�ñ
~h��~������=���É����~������¶Ö'�t�E�������Ì~BË��h��~����h��¾ ¼ gï���?��|�~����=��ë�ë�~h��~�Ë�����~h���h�É�+��� Ã º`Ä3Å ���?��|�~�������~hë����E��~����ã����������=������¢
Û}ÜO¯¶Ü°N P'×TØ³Ù�Ù�âl×!â1ÚÜÛlØ�â�U	ÛÞÝ
����������~��k���ï~��=�������E��~)��|�~Ì������ë�ë�~��C~�Ë�����~h���h��ã��=~�� ���ª��|���� �E�'�+���£�=����¾´ä�~Ìã���~Ì��|�~Ì���¡ý��t�E����~h�
7=���+��åMã��;:C���=��ë�ë�~h���h¢Y{}|�~Ä�'�+��åMã��)���=��ë�ë+~����´�����������	�Y�+�$��|�~Ä�+�������	�H���E��~?������ë�ë�~h�¤��~B�Mã����=~���~������~·¦��h~����®��|�~��£ã��+���������¤��|'�E�Ã��|���ã����1�T~$~h�=�������¡��~��R¢
ß$�+��|1���=��ë�ë+~��Ã�'�¡��|1|'�+�®��~�~��Y��~��=��~�����~����+���E��~�����+���k��|�~1�����=��~h����������~h�M�¤~BË�����~������k|'�+�}��~�~h�A�t�E����ã����E��~��k�E�³~t�E��| �	��~���b ñE÷�cÈ¢{}|�~Y�=~��Mã����=~���~���������������|�~H|���ë�|�à�ga~h��~������=���z���=��ë�ë�~h���E���z��|��+��~H�'�E��å£ã��a������ë+ë�~��=���+�=~H�����=��~������{°�E����~Añ�¢ ñK¢¿{}|�~âá$#·{ �E���ã��{ �����E��å£����ëÉ~�Ë��h��~h������~�� . |'�>=+~)�T~h~��ª�t�+����ã����E��~h� ã��=����ëÉ��|�~
Y + * {�ó�ä��"å¸���=��ë�ë�~h��¾¹ä�|�����|É��~����+��������|�~����+��~��t�E�����=����~h��~h�Y��~B�£ã�����~h��~h������ã���~��À�����?��|�~|���ë�|	à�g�~���~��h�������Ä������ë+ë�~��h¾+��ã������£~��;���+�$��~B�£ã�����~¶�����+��åM���+�=���£�����¡��~��Ää�����|Ä��|�~�ß�ì ����ã��=��~����h¢�{}|�~�����+��åa������ë�ë�~h�¤~BË��h��~�������~h�Y��|Mã��1�t�+�d��~Ä��~��+��ã���~��)ä�����|)~B=+~������?���+������ë������+� ��|����¤������ë+ë�~��h¢6������=��~��´���z�=~���~h�h�H��|�~.© « @ù¬A~B=+~������h¾®ä�~.�+�������a��|�~¥���+��~h������~Ä© ��~h��~����������)��ã�����b ñ+÷/c°���z���+��|������ë+ë�~��=��¢¥{}|�~'&;õ á$#·{ �${�ûC���=��ë�ë+~��H~�Ë��h��~h���h�d���Y��~��+��ã��=~��Ì���d����ã���������ëC��|�~�© �t�+�������'�¡��~~�=�~������¤�'�+�=������ëÄ��|�~�&;õ �"ß�ìAû �;{�û.������ë�ë�~��B2

¼ ò æ}õ ç�èLé :$é¤û�`êº ô WE0k© ëBì�í Ä�îïÄ ì Å @qð�àTìhðdð î íEñ�æ}õ 7�eZò û óLé´ûô W�ôk© ë�ì�í Ä�î°Ä ì Å @qð õ òµñ�¢�õtú�`
{}|�~}~�Ë�����~h���h�¥��ã��-=�~�����Ö�����~����+�$�¤��ã������������Ä�+��à�g¯¾��+���.��|�~��Ä��|�~¶��~h��ã���������ëH���=��ë�ë�~h�°~�Ë��h��~h���h�Ä����+�����+�=�Õ|�ü3%z¢;{}|�~L&¹~B=+~���ý�ñ¥�����E��å£����ëÄ~BË��h��~����h�z���¶��~t�+�=ã���~h�a������~��Mã���������ë¥��|�~L&;õ �"ß�ì û �;{�û�+���a&¯î �"ß�ìÀõ²ú �;{�û����������=~h���E���C����ã��M������ë���|�~H© ~�=�~h�M���}ä�����|���|�~	&®~�=�~h��ý�ñ�ß$��~��������+�gõ²û�������=~h�>2
¼ ò æ$ñ óLé<|�`öº ô�W/ôa©�÷øðöàTìhðdð î íEñ�æ}õ ù�eZò û ó$é´û$úûæ�î ù�eZòÍõ²ú ó$é´û$úûæ$ñ ù�eZòÍõ²û ó$é<|ô W/ôa© ÷ ðöàTìhðdð î íEñ�æ}õ ù�eZò û ó$é´û$úûæ�î ù�eZòÍõ²ú ó$é´û õòµñ�¢�õ²ü3ü{}|�~¶�����+��åM����ëY~BË�����~������Ä���°�+�������	�ö|3|L%z¢��³�²ä�~�=�~��$��|�~������+��å�������ë+ë�~��·~BË�����~������Ä����������~h�T~h����~�����+��àIgA������|�~H��~hë��������+�Tà�gf~ õ²ðj8Y~B��¾���ãK�}��~���~�����~����³���ax.�����¶���+��|���|�~L&¹~B=+~���ý�õY�+����&¹~�=�~��¨ý�ñ
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Í æ·Ò(�·Ò(��ç�çÕÔ�Ò Í Ô�è&�×Òg� Í èÙØ®Ò�äQ�¼çÕÔ�Ò)m×ÒOç��·Ò Í èÙæÕè«çÕéåä&�,è&��è���ÇO��ØeçÕé¹äW��ä&��ç·Ô�Òím×ÒOç��×Ò Í è¸æÕè¸ç·éåäW��è&�OÓ Ó Ò éu�
jBéyÓ&Ç�æ·Ò�kOÈts{sWÈ¼â)ÔCÒ%ç�ÏÖä¸¶¹m×Òeçv�+æ×Ò®ØOäW�O�×ç·æqÇ�ØeçÕé¹äW�læ·Ò(Ó{éåä&��éu�Zç·Ô�Ò�æ×ÒtÓ{é¹äW��Ï�ÔCÒ®æ·ÒzçÕÔ�Ò%æ·ÒOØ®äW�O��çÕækÇ�ØOç·Òt¾ m×ÒOçq�
Í äÙéy��çíçÕä�ç·Ô�Ò Í æ·é¹î�èÙæ�Â Í èÙæ×ç·äW�O�{Ï�é¹ç·Ôìç·Ô�Ò Í æ·ä&À�è&À�é Ó é¹ç�Â�ä&�B¿�ÂWÚ?È�â)Ô�Ò�À�ä{æq¾�ÒOæ Ó éy�CÒ"Ï�é¹ç·Ôìç·Ô�Ò'¿�ÂWÚ
Í æ·ä&À�è&À�é Ó é¹ç�Âfä&�2çÕÔCÒ`ç�ÏÖä¸¶tm×ÒOçv�zæ·ÒOØ®äW�w�×çÕækÇ�ØOç·éåäW�[éy�)ä&ÀCç$èÙéu��Òt¾MÀ�Âlç·Ô�Ò7Á�ç·ç·éy�OÓ���ÇO��ØeçÕé¹äW�O�)ä&�

Þ�ïRðWñò�óåô òRõGn'ö%÷'ø+ù�úvÞ�XHûbü ó òÈðCý.k�þ�ú$n�ÿ � � n�ÿ � úÕ÷ ÷ þ � ×+ñFý£×�òWs
þ������ ï� � � �	�

� ò
n)ÿ � � n�ÿ � þ���ÂÙwCý²Â�ò
w{þ � ï � �� ��� � ï
� Þ�XHûbü ó �ò�kwÈ ñ�þ



ÄXÅ ÄXÅ��¡ �¢�£C¢"¤�¥�¦�¥��2§e¨�©ª¤z¨'&|¢"¦E¨)( Æ«¢��+¬��zÉ­¥����'¨�¦�§®�¡ �ß Ã ¿

Í è¸æ×çÕä��:�Fo°òbº7ÒON`þ ×zm×ÒOç����·Ò Í èÙæÕè¸ç·éåä�� Í ä{é���çtÒ<Þ ò
ó¹ô��ÿ � ��ÿ � Â�Ú Â+ð�Ú ¿�Â�Ú
s²ð ðwÈ ðÙ¿�ñ ðwÈ²ÂFs�k ðwÈ²¯{Â Ã

×+ð s
Â ðwÈ¹s�×+ð ðwÈ²Â+ð�× ðwÈ²¯W×W×
×+ð ðwÈ¹s®k�s ðwÈ.k�¿�¯ ðwÈ²¯+ð�ñ
s²ð ðwÈ ðÙ¿Ùk ðwÈ²ÂW×Ùw ðwÈ²¯{¯{¯ñ�ð s
Â ðwÈ¹s�w�ð ðwÈ²Â+ð{w ðwÈ²¯W× Ã
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s
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Â+ð k�ð ðwÈ£×«k�¿ ðwÈ.k�¯Ù¿ ðwÈSwÙk�ð
Â+ð ðwÈ£×Ù¯+ð ðwÈ.k�¯ Ã ðwÈSw�ñ�ð
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=0.4 (Pt > 15GeV)coneJetClu R

 basissep
95% R∆

(0.4) basiscone R∆
ý

sep
95%R∆

ý
0.4

0.2

éÏ­��Uúy¥u«¸ê
û�­ÇþtÕÏ¨m¥�ç@£Uª)À�èu«Oç�¦©¨¸ç2³!¯y­Oª��
«�«¢³¡­O«kªy³���¨`º0ç@«k¥íç@¯y«/èu«Oç�³k»Oúy¬�ç@«k¥2­Oª��
ý+�ÄÍm«Oç%±�»Mú×¨m»��U£m¥2­¹ç2¯y¦ ¨¸ç
ç2¯y« � «eç@«¡³eç@£U¥¿»O«kÿm«¡»0¨`¬È¨rº*úyªy³eç@­O£mªs£mºÄ¨�èu«Oç�ÜRÝ�ûÈÉ�¯y«
³¡»M£U¬2« � ¨mª � £ ü «¡ªR« � ³¡­M¥2³k»O«w¦©¨m¥ � ¬Ë¨m¥2«�ç2¯y«¦©¨¸ç@³!¯R­Oª��
«�«©³k­O«kªy³���ý��lç2¯y«�i ®�¯�°± |�² ¨mª � i*wyx{z$|¡´��
û&ê'·Äý¤¨m¬2­M¬¡þy¥u«¡¬ ü «k³Oç@­9ÿU«k»��UûÄÉ�¯y«¸¯¤¨¸ç2³!¯y« � ¥2«��U­O£mª×­M¬
ç2¯y«w¬#�
¬�ç@«k¦r¨¸ç2­O³k¬Ë£mº�ç@¯R«tiT®�¯�°± |�² ý¤¨m¬u­O¬kû¿Þ�ªÃ¨ ��� ­¹ç@­M£Uªìç@£�ç2¯y«§³¡­M¥2³k»O« ü »O£Ùç2¬¡þ�ç@¯y«�ç2¯y¥2«k« � ¨m¬u¯y« � »M­Oªy«k¬¨m¥u«�£�ÿm«¡¥u»C¨$�U« � 	�­¹ç@¯:ç@¯R« � ­�ã «k¥2«¡ª�ç®¬2« ü ¨m¥@¨«ç@­O£mªr¨mª��U»O«+¨¸çZç@¯y«N�U«kªy«¡¥2¨¸ç@£U¥Ä»O«�ÿU«k»vþ`iT®�¯�°± |�² þ`�RûëêyþR¨`ª � �Rû�­º*¥u£U¦ ç2£ ü ç@£¢ý¼£Ùç×ç@£U¦×þR¥u«¡¬ ü «k³Oç@­9ÿU«k»��Uû

ªy£�À�¦©¨¸ç@³!¯y« � À�èu«eç@¬kû¢Å#¬¸«�¾ ü «k³Oç2« � þ0¨`»O»¡ç2¯y¥2«k« � ­O¬×ç2¥2­MýyúCç@­M£Uªy¬¸¨m¥u«Ñ¨m»O¦¢£U¬�ç¸¬@¨m¦¢«
¥2«��o¨m¥ � »O«¡¬u¬w¨`¬`ç2¯y«
»O¨m¥��U«u�¤úy³eç@ú¤¨«ç@­O£mª(£mºGç@¯R«Ë³¡¥u£U¬2¬¶¬u«¡³eç@­O£mª�¬×ç@¥u£Uª��U»�� � « ü «¡ª � ­Oª��§£mªlç@¯y«*oqi ³kúCç@¬kûÄÅ#»¹ç2¯y£Uú��U¯fç@¯y«k¥2«
¨m¥u«¸¬2»O­��U¯�ç � « ü «¡ª � «¡ªy³k«§­OªJç2¯y«.»M£
	ÔÜRÝ�¥2«}�m­O£UªÛþFç@¯y­M¬+­M¬�³¡£nÿU«k¥2« � ý+�Jç2¯y«a¬��)¬×ç2«¡¦©¨¸ç@­M³aúRªy³¡«k¥×ç!¨`­Oª�ç��
£mº2ç@¯R« ü ¨m¥×ç2£Uª
À�èu«eç�¦r¨«ç@³!¯y­Mª��yû

4æ¯y­M»O«¼ç@¯R« ü ¨m¥×ç2£Uª
À�èu«eç�¦r¨¸ç2³!¯y­Oª��+¬uú üyü ¥u«¡¬u¬2«¡¬¡ç@¯y« � ­Oªy«k¦r¨«ç@­O³¡¨m»U³kúCç � « ü «¡ª � «¡ªy³k«mþo¬2£m¦©«t«kÿm«¡ª�ç@¬
¨m¥u«§¥2«�èu«¡³eç@« � ý��,ç@¯R­O¬Ë¥u«}ÿ'úy­O¥u«¡¦¢«¡ª�ç¸­Oª,ç2¯y«¢Ís± ¬2­M¦§úy»C¨«ç@­O£mªÛûÈÉ�¯y«Ñ¥2«�ÿ)úR­O¥2«k¦©«kª�ç¸£mº"ç@¯y« ü ¨`¥×ç@£mª
À
èu«eç
¦r¨«ç@³!¯y­Mª��s¯y£
	®«kÿU«k¥©­M¬§ªy£Ùç¢¨ üyü »O­M« � º*£m¥�ç@¯y«�¥u«x¨m» � ¨¸ç@¨Rû�Å#»O¬u£yþ-	�«�³¡¨mªyªy£ÙçÑ­ � «¡ª�ç2­Mº,�J	�¯y­O³!¯
èu«eç@¬Ë³k£U¦©«.º*¥2£U¦ ç@¯y« ü «¡¥�ç@úy¥uý¤¨¸ç2­MÿU«w³x¨m»M³¡úy»O¨¸ç@­M£Uª�­Mª�ç@¯y« � ¨¸ç!¨RûT4æ¯R«¡ª 	�«Ñ³k£U¦ ü ¨m¥2«'ç@¯y« ü ¨`¥×ç@£mª
À
¦©¨¸ç@³!¯R« � Ís± ¬@¨`¦ ü »M«T	�­¹ç2¯[ç2¯y«¸¥2«x¨`» � ¨¸ç!¨Rþ�ç2¯y«.Ís± ¬2¨m¦ ü »O«È­O¬�ýy­O¨m¬2« � ý��Jç2¯y«.¥u«�èu«k³Oç@­M£Uª�º�¨m³Oç2£U¥
£mº�ç2¯y« ü ¨m¥×ç2£Uª
À�èu«eçË¦©¨¸ç@³!¯R­Oª��yû#ÞØº"ç@¯y­M¬¿¥2«�èu«¡³eç@­O£mªs¯¤¨m¬È¨q� ¨¸çËýÂ«¡¯y¨nÿ)­M£U¥¡þd	�«
³¡¨mªs¬2­M¦ ü »���³¡£m¦ ü ¨`¥2«



ó
�Uó � òNì��*î§ñ¤íàß�� á ñ*î���ñ��dìTíuì*îËï�ð
	('Æñ*î§ò7ð�ã
ç@¯y­M¬ � ­O¬�ç@¥2­MýyúCç2­O£Uª 	�­¹ç2¯ëç2¯y« � ¨«ç!¨Rû�Ú+ªRº*£U¥�ç@úyª¤¨«ç@«¡»��Uþ�­Oª½£Uúy¥ ü ¥2«k¬2³¡¥u­ ü ç2­O£Uª þ2ç2¯y­O¬a¥2«�èu«¡³Oç2­O£Uª�¯¤¨m¬.¨
ÜRÝ � « ü «¡ª � «¡ªy³k«¢¨m¬È«¡¬�ç@­O¦©¨¸ç2« � ­Mª.éÏ­��UúR¥2«
ê)û�­
û¸É�¯'úy¬kþR	®«
¯¤¨xÿU«�ç2£�³¡£U¥u¥2«k³Oç7ç@¯R«¢Ís±í¬2¨m¦ ü »O«.ý+�
ç@¯y« ç@«¡¥u¦ £`ºZç2¯y« ü ¨m¥�ç@£Uª)À�èu«Oç¿¦r¨«ç@³!¯y­Mª��(«�«¢³k­O«¡ªR³��UûaÉ�¯y«
»M«x¨ � ­Mª���èu«eç¶ÜRÝ � ­O¬�ç@¥u­OýyúCç2­O£Uª�¨`º0ç@«k¥�ç@¯R«
³¡£U¥u¥2«k³Oç@­M£Uª(£mºGç2¯y«Ë¦©¨¸ç@³!¯R­Oª��.«�«¢³¡­M«¡ªy³��(­O¬®¬2¯y£
	�ª�­Oª�éÏ­��múy¥2«Ëê
û&êRû Þ�ª�¨ ��� ­tç@­M£Uª�ç2£�ç@¯y«¿¯y­O¬�ç@£��U¥2¨m¦
£mºGç@¯R«È³¡£U¥u¥2«¡³eç@« � ÜRÝ � ­M¬×ç2¥2­OýRúCç@­M£UªÛþ�ç@¯y«È¯¤¨«ç@³!¯y« � ¥u«}�U­M£Uª(¥2« ü ¥2«k¬2«kª�ç2¬zç2¯y«È¬��)¬�ç@«¡¦©¨¸ç2­O³*�¤úR³Oç@úy¨¸ç@­M£Uª
ý��¢¨ üyü »��
­Mª��`ç@¯y«#¦r¨¸ç2³!¯y­Oª��a«�«¢³¡­O«kªy³��mûtÉ�¯y«¿­Mªy³¡»Múy¬2­9ÿU«+»O«x¨ � ­Oª��/èu«eç�ÜRÝ � ­O¬�ç@¥2­MýyúCç2­O£Uªt	�­¹ç2¯y£UúCçZç@¯R«
ü ¨m¥�ç@£Uª
À�èu«OçÄ¦©¨¸ç@³!¯y­Mª��w¥u«}ÿ'úy­M¥2«¡¦¢«¡ª�ç�­O¬®¨m»O¬u£w¬2ú ü «k¥2­O¦ ü £U¬2« � ¨m¬Zç@¯y«#³¡­O¥u³¡»M«#¦©¨m¥ � ¬"ç@£��m«Oç@¯R«¡¥¡û0Å+º0ç@«k¥
¨ üyü »��)­Oª��ìç@¯y«r«�«¢³¡­M«¡ªy³��Ò³k£U¥2¥u«¡³Oç2­O£Uª þBç@¯y«©¬2¯¤¨ ü «(£`ºíç@¯y« � ­O¬�ç@¥u­OýyúCç2­O£Uª½­Oªëç@¯y«©»O£
	 ÜRÝ�¥u«}�U­M£UªÒ­M¬
¦©£m¥2«Ä³¡£U¥u¥2«¡³eç@« � ç2¯¤¨mª�ç2¯¤¨¸ç ­Mª�ç@¯R«¶¯y­��m¯¿ÜRÝ¢¥2«��U­O£mªÛû�Å#ª � ç@¯R«¶³¡£U¥u¥2«k³Oç@« ��� ­O¬�ç@¥2­MýyúCç2­O£Uª.¥2« ü ¥2£ � úy³¡«k¬
¨m»O¦¢£U¬�ç)ç@¯y«.¬@¨m¦¢« � ­O¬×ç2¥2­MýyúCç@­M£UªÆ¨m¬%ç2¯¤¨¸ç#£mº¼ç@¯R«wªy£`ÀØ¦r¨«ç@³!¯y­Mª��Ñ¥2«}ÿ'úy­M¥2«k¦©«kª�ç¡û#É�¯R­O¬+³¡£U¥u¥2«¡³eç@­M£Uª�­M¬
ªy«¡³k«¡¬u¬@¨m¥#�Jç@£©¨nÿm£U­ � ç2¯y«¸ýy­C¨m¬�£`º¡ç2¯y« ü ¨m¥×ç2£Uª
À�èu«Oç�¦©¨¸ç@³!¯y­Mª��yû

 (GeV)jet
�Leading Pt

0
�

20



40 60 80
�

100
�

120 140 160 180
�

200



 (
p

b
/5

G
eV

)
d

et
ε ×

/d
P

t 
σ

d

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

GR@PPA-HERWIG: W+2jets
�

=0.4 (Pt > 15 GeV)coneJetClu R
�

R > 0.2∆
R > 0.4
�

∆
�

95%
sepR > R∆

éÏ­��múy¥2«âê
û&��þ��¸­Mªy«¡¦©¨¸ç2­O³x¨`» � « ü «kª � «¡ªR³¡«åº*£U¥
ç@¯y«¿»O«x¨ � ­Oª���èu«Oç�ÜRÝâ	�­¹ç@¯�ç@¯y«¿ÿ`¨m¥u­O£UúR¬Eo�i ´{k
�Rû�­
þL�RûëêyþLi ®�¯�°± |�² ·�³kúCç@¬#¨¸ç)ç2¯y«��U«¡ªy«k¥@¨¸ç2£U¥�»O«�ÿU«k»vû

 (GeV)jet
�Leading Pt

0
�

20



40 60 80 100
�

120
�

140 160 180 200



 (
p

b
/5

G
eV

)
d

et
ε ×

/d
P

t 
σ

d

0

0.2
�0.4
�0.6
�0.8
� 1

1.2
�1.4

1.6
�1.8
�

GR@PPA-HERWIG: W+2jets
�

=0.4 (Pt > 15 GeV)coneJetClu R
�

95%
sepR > R∆gene.cut : �

no matching requirement�
(%)
�

ε�after applying matching  �

éÏ­��Uúy¥2« ê
ûëê�þ ÙÊ«x¨ � ­Oª��¿èu«eçsÜRÝ � ­O¬�ç@¥u­OýyúCç2­O£Uª
¨`º0ç2«¡¥�ç2¯y«�³¡£m¥2¥2«k³Oç2­O£Uª £`º'ç2¯y«s¦©¨¸ç@³!¯R­Oª��Ç«�«
À
³¡­M«¡ªy³��Uû É�¯y«�­Mªy³¡»Múy¬2­9ÿU«Æ»O«x¨ � ­Oª��1èu«Oç§Ü
Ý � ­O¬�À
ç@¥u­OýyúFç@­O£mªX	�­¹ç@¯R£UúCç)ç@¯R« ü ¨`¥×ç@£mª
À�èu«eç�¦r¨¸ç2³!¯y­Oª��¥2«�ÿ'úy­O¥u«¡¦¢«¡ª�ç+­O¬�¨m»M¬2£
¬2ú ü «k¥2­O¦ ü £U¬2« � û



ß�� % � á ñ*î���ñ���ì*íNì*îËï�ð�	('Æñ*î§ò7ð�ã ó
�Uô
CED�FED��  UK�I¶aÈ\¤ç#e"!P\=W�e�K/]
ÍÆ£m¬×ç�£mº.¨xÿ`¨m­O»O¨mýy»M«×«�ÿU«kª�çâ�U«kªy«¡¥2¨¸ç@£m¥2¬�¨m¥u«sý¤¨m¬u« � ú ü £UªÛç@¯y«�»O£
	�«k¬×ç�£U¥ � «¡¥�´4Ù�ù¸·¢³x¨`»O³¡úR»C¨¸ç2­O£UªÛû
Þ�ª,ç2¯y«ÑÙ�ùÐ³¡¨m»O³kúy»C¨¸ç2­O£Uª þ¼ªy£¸ç@¯y­Mª���ç@«k»O»M¬¿úy¬¸¨mýÂ£UúCç�ç@¯y«
ªy£m¥2¦©¨m»O­� x¨¸ç2­O£UªÛû¿è�«¡¬u­ � «k¬¡þ�ç2¯y«
«¡¬�ç@­O¦©¨¸ç2« �
³k¥2£U¬u¬0¬2«¡³eç@­M£UªÑ­¹ç@¬u«¡»9º¼­M¬ »O«k¬2¬0¦¢«x¨mªR­Oª��mº*úR»
¬u­Oªy³k«íç@¯y«�Ù�ùÓ³¡¨m»O³kúy»C¨«ç@­O£mªw­O¬Ïªy£ÙçÄ¨mýy»M«+ç@£¸¨xÿm£U­ � ç@¯R«�¬2³x¨`»O«
� « ü «kª � «kªy³¡«`û�4�«Ë£Uªy»��r¥u«x¨m»M­� k«%ç@¯R«��©³x¨mª�ýÂ«Ë¬2£U»9ÿU« � ¨¸çíç@¯R«Ë¯y­��m¯y«¡¥¶£m¥ � «k¥¶³x¨m»M³¡úy»O¨¸ç@­M£UªÛû�Å¿»M¬2£yþ`	�«
³¡¨mªyªy£Ùç�«k¬×ç2­O¦©¨¸ç@«�ç2¯y«a¨mýy¬2£m»OúCç2«È«�«¢³¡­M«¡ªy³���£mºBç2¯y«¸³¡£Uªy«/èu«eç�³¡»OúR¬×ç@«k¥2­Mª��yû

ø#«�ÿU«k¥×ç@¯R«¡»O«k¬2¬kþ§	®«©ªy«k« � ¨�ªy£U¥2¦©¨m»M­� x¨«ç@­O£mª�úy¬u­Oª��Jç@¯R«¢£múCç ü úFç.³k¥2£U¬u¬.¬u«¡³eç@­O£mª½£`ºÖç2¯y«¢Ù�ùÐ³x¨m»lÀ
³kúy»C¨¸ç2­O£Uª ûrÉ�¯¤¨¸çw³¡£UúR» � ýÂ«©¨ÆýÂ«¡ªy³!¯Ç¦©¨m¥ � ü £U­Mª�ç'ç2£
	¶¨m¥ � ç@¯R«rø#Ù�ù ³¡¨m»O³kúy»C¨¸ç2­O£Uª û©ÞØº)ç2¯y«rø#Ù�ù
«�ÿU«¡ª�çÅ�U«¡ªR«¡¥@¨«ç@£U¥u¬#ú ü ç@£¢¯y­��U¯2èu«Oç+¦§úy»tç@­ ü »O­O³k­¹ç��Ñ¥u«}�U­M£Uª×¨m¥2«7ç@¯R«¡£U¥u«Oç@­M³x¨m»M»��r¨xÿm¨`­O»C¨`ýy»O«`þÇ	®«�	�­M»O»6�m«Oç
¨r¥u«¡»O¨¸ç@­9ÿU«w¥u«¡¬uúy»¹çT	�­tç@¯�ç2¯y«
Ù�ù�³x¨m»M³¡úy»O¨¸ç@­M£UªÛû#Å¿»O¬u£yþ�ç2¯y« � ­�ã «k¥2«kªy³¡«§­M¬ � «kªy£Ùç2« � ¨m¬�ç2¯y«$#'Àvº�¨m³Oç2£U¥
	�¯y­M³!¯ 	�­M»O»¤ýÂ«#úy¬u«kº*úy» º*£U¥t¦©¨mª��Ñý¤¨m³ � �U¥2£múyª � ¨mªy¨m»��)¬2­M¬2«k¬�¨m»tç@¯y£mú��U¯:ç@¯y­M¬%#oÀØº�¨m³eç@£U¥t­O¬Ä¨mªr¨mª¤¨m»��)¬2­O¬�À
� « ü «kª � «kª�ç¡ûíÞ�ª £Uúy¥ ü ¥2«¡¬u³¡¥u­ ü ç2­O£UªÛþE	®«s¯¤¨xÿm« � «¡¬u³¡¥2­Mý¼« � ç@¯y«�Í�ä � £U¦©­Mª¤¨mª�ç ü ¯¤¨m¬u«�¬ ü ¨m³k«sý��
¥u«}ÿ'úy­O¥u­Oª���ç2¯y«=èu«OçÄ¬2« ü ¨m¥2¨¸ç@­M£UªÑ£mº�ç2¯y«NiT®�¯�°± |�² »O­O¦¢­¹ç � ­M¬2³¡úR¬2¬2« � ­Mª:ç2¯y« ü ¥2«�ÿ)­O£Uúy¬t¬u«¡³Oç2­O£Uª û0è
�
¥u«}ÿ'úy­O¥�À­Mª��%ç2¯y« ü ¨m¥�ç@£Uª)À�èu«OçÏ¦r¨«ç@³!¯y­Mª��yþ�	�«�³k£Uúy» � ¨nÿm£U­ � ç@¯y«¶£nÿm«¡¥2»O¨ üyü « � ü ¯y¨m¬2«¶¬ ü ¨m³k«E	�­¹ç@¯R­Oª ç2¯y«¶¬u¦r¨m»M»O«k¥
èu«eçÈ¬2« ü ¨m¥@¨«ç@­O£mªÃ¨mª��U»M«mûaÉ�¯¤¨¸ç¸¥2«�èu«¡³eç@­O£mª½¥2¨¸ç@«w­O¬È¦¢«x¨m¬uúy¥2« � ­Mª.éÏ­��múy¥2«§ê
û�­)û~4�«
¯y«¡ªy³k«Ñ­Oª�ç@«k¥ ü ¥u«Oç
ç2¯¤¨¸ç�ç2¯y«�«�¾Xç2«¡ª�çÑ£mº�ç@¯y«r£�ÿm«¡¥u»C¨ üyü « � ü ¯y¨m¬2«�¬ ü ¨m³¡«�­M¬w¥u« ü »O¨m³¡« � 	�­¹ç@¯4ç2¯y«(¥u«�èu«¡³eç@­M£Uª�¥@¨¸ç2«mþ¼ç2¯¤¨¸ç
­M¬¡þÏ¦¢­OªR­O¦¢­� ¡­Mª��lç@¯R«(¥2«�èu«¡³Oç2­O£UªÒ¥@¨¸ç2«r³¡£m¥2¥2«k¬ ü £Uª � ¬w¬��)¬×ç2«¡¦©¨¸ç@­M³x¨m»M»��yç@£s¨nÿm£U­ � ­Oª��[ç@¯y«©£�ÿm«¡¥u»C¨ üyü « �
ü ¯y¨m¬2«¸¬ ü ¨m³¡«`û�4�«7ç@¯'úy¬ ü ¥2£ ü £U¬u«7ç@£Ñ¬2«eç

o�iÑ´[Ü¶µ�·�¸#¹�º=»vÜLµ+·�¸#¹�ºÊ·¿Ð i ®�¯�°± |�² » ´4ê
ûëê'·
¨¸ç)ç2¯y«?�U«kªy«¡¥2¨¸ç@£U¥�»M«kÿU«k»vû0É�¯y­M¬�¬2« ü ¨m¥@¨«ç@­O£mª×³kúCç+­O¬+ç2¯y«¸»O­M¦©­tç ü £U­Oª�çíç2£¢¨nÿm£U­ � ç@¯R«�oqi�³¡úCç � « ü «kª
À
� «kªy³¡«Ë¨¸çÖç2¯y«*�m«¡ªy«k¥@¨¸ç2£U¥�»M«kÿU«k»vû É�¯R«Ë«¡¬�ç@­O¦©¨¸ç2« � ³k¥2£U¬u¬�¬u«¡³Oç2­O£Uªr¥2«}ÿ'úy­M¥2­Mª�� ç2¯y«Ë¨mýÂ£nÿU« � ­Mªy«¡¦©¨¸ç@­M³x¨m»
³kúCç?	�­O»M»Ï¯¤¨xÿU«Ñ¦¢£U¬×ç¸¬#�)¬×ç@«k¦r¨«ç@­O³¡¨m»O»��×¬2¦©¨m»O»Ë�¤úy³Oç2ú¤¨¸ç2­O£UªÛû.Þ�ª � «k« � þTç@¯y«Ñ»O¨m¥��U«k¥¿¬u« ü ¨m¥2¨¸ç@­M£Uª½¨mª��U»M«
¬uú üyü ¥u«¡¬2¬u«¡¬7ç@¯R«2�¤úy³eç@ú¤¨¸ç2­O£Uª�£mº�ç@¯y«.¬2³¡¨m»O« � « ü «¡ª � «kªy³¡«
ýÂ«¡³¡¨múy¬u«�ç@¯y«§¬�ç@¥u£Uª��(³k£Uú ü »M­Oª��©³¡£Uªy¬�ç!¨mª�ç
­M¬+«kªy¯¤¨mªR³¡« � ­Mª^ç2¯y«w³k£U»O»M­Oªy«¡¨m¥¶¥2«��U­O£mªÛûE4Ò«.¬2¯y£
	 ü »M£Ùç@¬+£mº¼ç2¯y«a¦r¨¸ç2³!¯y­Oª��r«�«¢³k­O«¡ªR³���ÿU«k¥2¬2úR¬�oqi
³kúCç@¬È­Mª.éÏ­��UúR¥2«
ê)û ê(¨mª � ê)û ïRþÛ¨m³¡³k£U¦ ü ¨mªy­O« � 	�­¹ç2¯,ç@¯y«Ñ¨xÿU«k¥@¨3�m« � iT®�¯�°± |�² ü £U­Mª�çxûw±�»O«x¨`¥2»��mþ�	®«Ñ³x¨mª
¬u«¡«7ç@¯¤¨«çzç2¯y«�iT®�¯�°± |�² ÀØý¤¨m¬2« � ¦©¨¸ç2³!¯y­Oª��Ñ³k¥2­¹ç2«¡¥u­C¨ ü £U­Oª�ç@¬íç2£�ç@¯y«¸¦©¨�¾
­O¦§úy¦ ¦©¨¸ç@³!¯y­Mª��Ñ«�«¢³¡­M«¡ªy³��Uû

É�¯y«Ä³¡¥u£U¬2¬�¬2«¡³eç@­M£Uª�	®£Uúy» � ýÂ«Äý¼«eç·ç@«k¥2ç2£#ýÂ«tªy£U¥u¦r¨m»M­� k« � ­Oªy³k»Oúy¬u­Mÿm«¡»��mþ�ý¼«k³x¨múy¬u«Öç2¯y«�ÕÄÌ � £)«¡¬�ªy£Ùç
³!¯¤¨`ª��U«íç@¯R«�³¡¥2£m¬2¬t¬2«k³Oç@­M£UªÑ³x¨m»M³¡úy»O¨¸ç@« � ý���ç@¯R«+Í�ä�ûUÉ�¯y«�¥2«�ÿ)úR­O¥2«k¦©«kª�çt£mºdç@¯y«§èu«eçt¦©«k¥��U«$!`¬ ü »M­¹ç×ç@­Oª��



ó�ó
� � òNì��*î§ñ¤íàß�� á ñ*î���ñ��dìTíuì*îËï�ð
	('Æñ*î§ò7ð�ã

ü ¥2£)³¡« � úy¥u«wý¤¨m¬u« � £Uª[ç@¯y«�èu«Oç¿¬2« ü ¨m¥@¨¸ç2­O£UªÆ«�ã¼«¡³eç@­Mÿm«¡»��s¨mýR¬2£U¥uýy¬%ç2¯y«§¨ ��� ­¹ç2­O£Uª¤¨`»�Õ®Ì×³¡£Uª�ç@¥u­OýyúFç@­O£mª
­Oª�ç@£�ç@¯R«®¬u­Oª��U»M«t³¡£Uªy«®¨m¥u£Uúyª � ç@¯y« ü ¥2­M¦r¨`¥�� ü ¨m¥×ç2£Uªy¬¡û�É�¯y«�«k¦©­M¬2¬u­O£Uª¸£mº�ç2¯y«Ä­Oªy­tç@­C¨`»m¬×ç@¨¸ç@«Ä¥@¨ � ­C¨¸ç2­O£Uª
¯y£
	�«�ÿU«k¥#­M¬�­Oª � « ü «kª � «kª�ç+£mº2ç@¯R« ü ¥2­O¦©¨m¥#� ü ¨`¥×ç@£mª � ­O¥2«k³Oç2­O£UªÛûÏÉ�¯y«aÕ®Ì�¬×ç2­O»M» ¯¤¨xÿU«.¨ ü ¯¤¨m¬u«¸¬ ü ¨m³k«
ç@£2����ç2£�ç@¯y«¿¨mªy£Ùç2¯y«¡¥�¥2«}�m­O£Uªq	�¯y­O³!¯�­M¬�ªy£Ùç � «¡¬u³¡¥u­OýÂ« � ý���ç2¯y«�èu«Oç�¬2« ü ¨m¥@¨«ç@­O£mªÛû É�¯y«Ë­M¬2£U»O¨¸ç@« � ÕÄÌ
³x¨mª�¦©¨ � «a¨ ��� ­¹ç2­O£Uª¤¨`»+èu«Oç�³k£Uª�ç@«kª�ç2¬¡û

 gen. lvl.)≡ R (mat. ∆&
0.4
'0.5

'0.6
'0.7

'0.8
'0.9

'1
(1.1

(1.2  (G
eV

)

je
t)

Pt

0
'

10
(

20
*

30
+

40
,

50
-

60
.

70
80
/

90
0

100

 (
p

b
/5

G
eV

)
d

et
ε ×

/d
P

t 
σ

d

0
'0.1
'0.2
'0.3
'0.4
'0.5
'0.6
'0.7
'0.8
'

éÏ­��múy¥2«¿ê
û êÇþ Å¿ª�£ ü ç@­M¦©­� x¨¸ç2­O£UªÑ£mºGç2¯y«Ë¦©¨¸ç@³!¯
À­Oª��
«�«¢³¡­O«kªy³��Jç2£¢ÿ`¨m¥u­O£UúR¬uoqi�³¡úCç2¬�­OªJç@¯y«���À
µË­O¦¢«¡ª�ç@­M£UªÛû

 gen. lvl.)≡ R (mat. ∆
10.2

2
0.4
2

0.6
2

0.8
2

1 1.2
 (

p
b

)
d

et
ε × σ

10
11
12
13
14
15
16
17
18
19
20
3

W+2jets
4

cfixed R
5

 >95%
sep< R6

systematics7

 gen. lvl.)≡ R (mat. ∆
10.2

2
0.4
2

0.6
2

0.8
2

1 1.2

 (
p

b
)

d
et

ε × σ

2

2.5
3 3
83.5
8 4
94.5

5
:

W+3jets
4

cfixed R
 >95%

sep< R6

systematics7

éÏ­��Uúy¥2«¿ê
ûëï�þ Å#ª�£ ü ç@­M¦©­� x¨¸ç2­O£UªÑ£mºTç2¯y«Ë¦©¨¸ç@³!¯
À­Oª��w«�«¢³k­O«¡ªR³���ç2£wÿ`¨m¥2­M£Uúy¬/oqi ³kúCç@¬�­Oª�ç2¯y«*4
r ­Nèu«eç@¬#¨mª � �Tèu«eç@¬ ü ¥u£
³k«¡¬2¬u«¡¬kþÂ¥u«¡¬ ü «k³Oç@­9ÿU«k»��Uû

;=<?> @BA A A @DCFE
4Ò«#¯¤¨xÿU« ü ¥2£ ü £U¬2« � ¨wªy«�	 ü ¥2«k¬2³¡¥u­ ü ç2­O£Uª©ý¤¨m¬u« � ú ü £Uª�ç2¯y«¤èu«eç¶¬2« ü ¨m¥2¨¸ç@­M£Uª(³¡¥u­¹ç2«¡¥2­O¨RûÏÉ�¯R«�èu«Oç®¬2« ü À
¨m¥@¨«ç@­O£mª�­O¬ � « Á ªy« � ¨m¬�ç2¯y«§¬2« ü ¨m¥2¨¸ç@­M£UªÃ¨mª��U»M«mþjiT®�¯�°± |�² þMç2¯¤¨¸ç�ç2¯y«�ç�	®£ ü ¨m¥×ç2£Uªy¬È¨m¥u«§¥2«k³¡£UªR¬×ç@¥uúy³Oç2« �¨m¬�ç�	®£0èu«Oç2¬X	�­¹ç@¯ ç2¯y« ü ¥u£Uý¤¨mýR­O»O­tç���£mº.ôoêHG(û É�¯y« ü ¨JI×çLKNM
À�èPOeç=QSR«ç@³?TVUWM��XRNM � çYTVOqèPOeç=QZO[I��`À
U\M���!J] ü »WU¹ç×çLU\M�� ü IPK
³[O � ú^IYO_U\M,çYTVO_KnÿHO[I2»`R üyü U\M���³aKHMVO[]bRNIYO$Rm»W]YKcIPO}ÿ'úVUWIYO � U\M^çLOaIPQZ]dK`º/iT®�¯�°± |�² ûwè
�IYO�ÿ)ú^U\IYUWM���çYTVONèPOeçd]YO ü RNILR«çLU\KNMeQZOeçLTVK � þ�çLTVOÑÍÆä � KHQfU\MVRNM�ç ü TVRN]YO_] ü Rm³aODU\]Ë³[KHMV]×çYI2úy³eçLO � û¸É�TVO



ß��hgi���Fj='Æ'0ìTílk ó�ó�ó

ü IPU\QZRNI�� ü RNI×çYKHM�º�IPKHQ çLTVO(Í�ä ³mRm»M³¡úy»\R¸çLUWKHMJ�HKnO[]DUWM�çYK[çYTVU\] ü ToRN]POc] ü Rm³aO`û�É�TVOZKÙçLTVO[Iw³[KHM�çLIYUlÀ
ýyúFçLU\KNMV]�º�IYKNQ çLT^O ü RNI×çYKHM=]YT^K�	pOaIPU\M���	
U¹çYTVU\MÄiT®�¯�°± |�² RJIYOqRmýV]PKHI2ýrO � UWM�çYK�çLTVOd]PU\M��m»\OË³[KHMVOqRNIPKUúVM �
çYTVO ü IYU\QZRNI#� ü RNI�çLKHM � U\IPO¡³eçLU\KNMÛû¶É�ToR¸çlQfOmRNMV]�çLT^O � Kmúyýy»\Oa³aKmúVM�çLU\M��rýrOOç�	pOaOaM½ÍÆäsRJM � ÕÄÌtRJIYO
ü RJI×ç@»��=RxÿHKNU � O � û



ó�ó�­ � òNì��*î§ñ¤íàß�� á ñ*î���ñ��dìTíuì*îËï�ð
	('Æñ*î§ò7ð�ã



u v wyx z|{~} �

� {��tz�� ��� � � v w�� �s{�� � {~w�� ��� � � }�� {~}
u � ��� � �e{�z � ��{���z��

�B<�� ���c��C� B¡¢A¢£
�F¤a f�
¥¦M�çLT^U\]�§?ToRN¨FçLOaI[©iªpO«RN¨V¨V¬®­�çYTVO=èPOOç¯]YO[¨oRNILR«çLU\KNM_QZOeçLTVKi°�çLK7çLTVO
IPOmRN¬o°oR«ç?R^±³²�TVOaM´©�ªpO«§[KHQf¨oRNIYO�Utç
ª
UtçLT�çYTVOµ¬\K�ªpOa]�ç�KHIY°^OaI�¶q·µ¸¹¨VIPOa°VUW§OçLUWKHM´±§éoKHI¡çYTVO+çLT^OaKHI"­D¨VIPOa°VUW§OçYU\KHM´©Jª%Oµº^]YO«»q¼¾½d¿�¿ÁÀ¹ÂtKHM�çLO
·µRNIP¬\KÃO[ÄHO[M�ç�ÅHOaM^OaILR«çLKHI¯ª
TVU\§?T=UW]p°VO[]Y§[IYU\ÆrOa°=UWM=·%ToRJ¨CçLO[I
Çn±F²�TVOlÈ�KHºVI"ÉÊÄHO[§OçLKNIY]µKNÈMçLTVO¾ËVMoRN¬r]×ç?R«çLO
¨oRJI×çLKNMV]�È�IYKHQ çYTVOÃÂÍÌÎ§mRN¬W§aºV¬\R¸çLUWKHM=Æ�­t»b¼l½d¿¯¿rÀÏ¨oRN]Y]zçLTVIPKHºVÅHTtÐ¾Ì�¼´ÑÒ¥"»Ó]YTVK�ªpOaIPU\MVÅcÂtKHM�çLO
·µRNIP¬\K¢]PU\QÔºV¬\R¸çLUWKHM´©�RJMV°�¨VRN]Y]�çLT^IYKHºVÅNTqçYTVOt·µ¸dÕÏ°^OOçLO[§OçYKHI$]YU\QDºV¬`R¸çYU\KHMÖ±×²�TVOB]LRJQZOB]YO[¬\O[§OçLUWKHM
§[IYU¹çYOaIPU`RSRJ]�RN¨V¨^¬\U\O[°�çLK�çLTVOÔ°VR¸ç?RcRJIYO_RN¨^¨V¬\UWOa°ÍUWM�çLT^O$Âe·Ø]LRNQf¨V¬WOa]a±d²�T^O«ÙPOOçqÚµÛ|°VU\]�çLIPU\ÆVºCçYU\KHM^]
UWM=QÔºV¬¹çYUÜÙPOeçL]µOÝÄHOaM�çY]a©HÙPOOç«QÔºV¬tçLU\¨^¬\U\§[U¹ç¦­N©nRJMV°tUtçL]�IYR¸çLUWK$RNIYOd§[KHQZ¨VRNIYO[°Þª
UtçLTJçLTVOq°oR«ç?R$RNMV°ÍÂe·¾±

�B<àß á â ã � ä�å¾�Fæç¡5@b�¬@ æ=@Ôè é¢êaå�æ
ë�ì¦íµì"î ï�ðòñ^ðôó^ð�õ÷ödø"ù�ó
À«È0çLOaI�KNÆCç?RNUWMVU\M^Å�çLTVOlú OÝÄHO[M�ç%]LRNQf¨V¬WOa]�°VO[]Y§aIPU\ÆrOa°ZU\MZûnOa§eçLUWKHMfü^©�çLTVOòÙPOOç�UW°VOaM�çYUWËo§aR¸çLUWKHM$§aºCçY]pRJIYO
RN¨^¨V¬\UWOa°´±³²�TVOqýNOOç?·%¬\º=RJ¬\ÅHKHIPU¹çYTVQt©�RbË^þnOa°=§aKNMVO�§a¬WºV]×çYOaIPU\MVÅDRN¬\ÅHKNIYU¹çYTVQÞ©�U\]¯ºV]YO[°ÞUWM�çYTVU\]%RNMoRN¬®­n]PU\][±
²�TVOqIPO}ÿ�ºVU\IPOaQfOaM�çL]«KNÈ2çLTVO7çYILRNMV]"ÄHO[IY]YObOaM^OaIYÅJ­ÞRNMV°Þÿc§aK�ÄHO[ILRNÅNODRNIPOtþ

ÚµÛ�� ��êb»dOkç � � ÿ����
	��
� ������� ���^±����
����ü



����� ����� �! #"%$'&)(* #"p�+ ò�-,/.0"�	 �1� 	 � "%2'34" � 265�798',/$�2:";$'<>=�2?5�7A@�BDCE"! 0">FG"%7H GI

²�TVOd§a¬WºV]KJYOaIPU\MVÅ_§[KHMVOd]YUMLaOdUW]/N^±O�V±�²�TVOqQZO[IYÅHUWMVÅQPJ]P¨V¬\U�J�JYU\MVÅq§aIPUMJYOaIYU\RÔU\]�RJ¨V¨V¬\UWOa°=RJ§a§aKNIY°VUWMVÅ
JLKRJLT^O
ýNOSJSûnO[¨oRNILREJLU\KNM ÂÞOSJLT^Kn°�°VOa]P§aIYUWÆÁO[° UWMDJYTVOB¨VIYOÝÄiU\KHºV]f]YO[§SJYU\KHM´±�Ñ|OÞ§[KH¬\¬WOa§TJRJLTVOÔÙPOSJY]f]YRNQf¨V¬\O[]
U\MV§[¬\ºV]PUWÄNOa¬W­N©UJYToRVJ
U\][©oÅHIYKNºV¨0JLTVOÃú WX� M_ÙPOTJL]
O[ÄNOaM)Jl]LRNQf¨V¬\O[]a±�ÕoKHI�UWMV]KJLRNMV§aOJ© RNMBO[ÄNOaM)Jlª
T^U\§?T
ToRN]Y�%ÙPOTJL]pU\]¯RÃQfOaQÔÆrOaI�KNÈZJLTVO¾ú W[�\�%ÙPOTJL]%OÝÄHO[MQJµ]LRNQf¨V¬\O
ÆVºUJµRVJ%JYTVO¾]YRNQZO/JYU\QfO«U�J¯§mRNMZÆÁOlR
QZO[QÔÆrOaIµKNÈ]JLT^ODú W^�_�µÙPOSJY]«OÝÄHO[MQJl]LRJQZ¨V¬WON±F²�T^ObËoMVRN¬´M�ºVQÔÆrOaI
KNÈ³O[ÄNOaM)JL]lU\]�¬\UW]KJYOa°BU\M=²³RNÆV¬WO
�^±��qª
U�JLTB]YKNQZOd]"­n]`JLO[QSRVJYU\§qºVMV§[OaI`J?RNUWMQJ¦­B°^Oa]Y§[IYUWÆÁO[°tUWMaJYTVOdÈ�KH¬\¬WK�ª
U\MVÅÔ]PºVÆV]POa§SJYU\KHM^]a±

ë
ì íµì¦í b�ù´ñÎù]c�ù4dfe;g�óih ð�ø ù[j:c6h ù]d^ñ^ð%k`cµñ�g
À¾¬�JLTVKHº^ÅHT-JLT^O�]P­i]KJYOaQZRVJLUW§dºVMV§[OaIKJLRNU\M)J¦­lJLK9JYTVOpÙPOSJ�O[MVOaIPÅN­c§[KHIYIPOa§TJLU\KNM=U\]�RN]P]YUWÅHMVOa°BRJ]µ°VOa]P§aIPU\ÆrOa°
U\M ûnO[§SJYU\KHM ü^±O�V©ÖªpOZIPOaO[]KJLUWQSREJLO9JYTVU\]dºVM^§aOaI`J?RNUWM)J¦­¢ÆÁO[§mRNº^]YO$KHºVIdUWMQJYOaIPOa]KJY]bRNIYO
JYTVO$¨oRNIKJYKHM¢¬\OÝÄHO[¬
m U\MVO[QSRVJYU\§[]pRJMV°-JLT^O�ÙPOSJ%OaMVO[IYÅN­Z§aKNIYIYO[§SJYU\KHMZÅHOaMVO[ILRN¬W¬W­$°VO[¨ÁO[MV°V]µKNM-JLTVOl¨oRNI`JLKHM-noR�ÄNKHIµRJMV°cToRNIP°
¨VIYKi§aO[]Y]bÆoRN]POa°×º^¨ÁKHMoJLTVOHJ¦­i¨VU\§aRN¬�OaM^OaIYÅJ­|]P§mRN¬WOÆéO�)��pÊ±Z¥qJÃUW]q¨VILRN§TJLUW§mRN¬�JYKt]POaOfUWÈYJYTVO�ÙPOSJbOaMVO[IYÅN­
§aKHIPIYO[§SJLUWKHM IPOa¨VIPKn°^ºV§aO[]rJLTVOt¨VIYUWQSRNI"­�¨oRNI`JLKHMtsnÛÒÈ�IYKHQuJLT^OeQSREJL§?TVO[° ÙPOSJ
snÛ ± Ñ|OÍ]YT^K ªvJLT^O
°VO[ÄiU\RVJLUWKHMtKJÈ�JLTVOÃKHÆV]POaIPÄNOa°SÙPOSJY]ws^Û È�IPKHQxJLT^ODQZRVJL§?TVO[°e¨oRNI`JLKHM^]ws^Û UWMyJYTVOD§[ºVIYIPOaM)JpÙPOSJ¾OaMVO[IYÅN­
§aKHIPIYO[§SJLUWKHM{zpU\MBÕ³U\ÅHºVIPO:�^±��H±�²�TVOb§aKHM^Od]YU|L[OqºV]YO[°tUWMaJYTVOpÙPOSJ
§[¬\ºV]`JLO[IYU\M^ÅfUW]}N^±O�V±�²�TVOqQZOaRNM=ÄJRN¬\ºVO
KNÈpOaMVO[IYÅHUWOa]bU\M OmRN§?Tys^ÛXÆ^U\M U\]6J?R m OaM×RN]ÃRÞ°VOÝÄiU`RVJYU\KHM ÆrOSJ¦ªpOaOaM~JLTVO$¨oRNI`JLKHM|RNMV°�JLT^OdÙPOTJm±f²�TVO
°VOa¨rOaM^°VOaMV§[Oa]dKHMyJ¦ª%KZQSREJL§?TVUWMVÅZ§[KHMV°VU�JLUWKHMV]«KNÈGJYTVO
�H�H� ¨����KJ����´© ÙK�SJ�����N^±O�r���^°��6������ �|� �V�����N¬|�K�
������ª}�������_§��|�P§a¬M�>���V°��H�N¨{�S���a°y����ºf���K���M�0J����M�µËoÅHº��K�N©f���S�Y¨��a§TJ��WÄ��a¬®­H±
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����­BÆf�N§ m Å��K�Hº��V°��PºVÆiJ����N§TJ��|���´©�J����«�-�NÅ����MJYºV°��>�NÈ¬�"­U�`J��S�-�VJ��\§S�!�N¬M�����|�V§[¬\ºV°i���}J����ÃÆf�N§ m Å����Nº��V°
§����)J����\Æ^ºiJ��M���´±
­`®]¯/°�±E²�³
´�µ·¶£¸º¹�»¼²T½�¾V¿ ÀE¿�ÁKÂ�ÃÄ¶¼ÅE¿
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ÕG�WÅHº��K�!�^±���Óò¸6�[Ä��Ô�VJ��|���l�NÈºJ����6�HÆ��K���"Ä��a°DÙK�TJ��#snÛBÈ£�����_J��i�6�-�EJL§¥���[°c¨f���`J����9snÛ��Y�|��J����¾§aº��K�����)JÙK�TJ/�����S�YÅN­S§����K���[§SJ��M���´±F²/�i�d°��a¨����V°i���V§S�����NÈ4J�����°i�M¤{�����S�)J/�-�EJL§¥���M�VÅÔ§����V°��MJ��|���i�Y�NÈ]�H�[�ÕN^±O�
���^°��6������ �|� ���K�«�N¬|�K���K����ª}�´±

ë�ì¦íµì¼Ö b�ù´ñ©h+×wj:c%ñfk`c6e
²/���l�l�S�YÅ��M�VÅQPV�P¨V¬|��J�J��|�VÅc§S����J����K�Ô�0J��yJ������HÆ��K���PÄ��a°tÙK�TJ��9�M�«J�� m �S�����>J����cý��SJ_ûU�a¨f�V���VJ��|��� Æf���K�|�
� ������ �|� °��S�Y§��K�\Æ��a°��|�ÃûU�a§TJ��M���
Ëi±³²/���;�����YÅ��|�VÅQPE�Y¨V¬M�MJ�J��|�VÅp¨����i§��[°Vº��K�w�M�#�J¨V¨V¬|�M�a°>�WÈ�J¦ªw�!���S�\Å���Æ������M�VÅÙK�TJ��¢�f�mÄ��>J����!J��������"Ä��S�����>�S�����PÅN­r�������1J��f���*�Ä�Ô»>�TØØª}���W§¥�y�M�YJ��i�6�������:���µ¼«º��B¥�§��K�MJ������|�^±ò¥ È
�Hºi�nÙK�SJ]�����S�YÅN­q§S�����K�a§TJ��|���«�M�]��ÄV���W¬Ô�NÆ^¬|�G�M�:J�����¬|��ª=ÙK�SJÙs^Û
���aÅ��|���´©ÄJ����|�ºJ������S�����H¬W°bª}�W¬\¬JÆ{�%���[°VºV§S�a°´±
²/�������$»:�SØÈJ����K���K���H¬\°y�|���$§����i�����"ÄV�VJ��®Ä��b§¥�����\§S�:J��l��Ä����\°aJ��i�«�"­��KJ��S�-�EJ��\§S�!�V�ÔÆ��\ÅNº��MJ¦­l�NÈGJ����
ÙK�TJ¬�����S�YÅN­��Y§��N¬|�J±F¥��_²#�NÆV¬|�Y�^±��H©Nªw��¬|�|�`JGJ����¢��º��ÔÆ������JÈ{�ÝÄ��S�QJ��%�|�9J����������NÈÙ���N§¥�¾ÙK�SJ¬�DºV¬MJ��\¨V¬M�\§���J¦­
ª}��J��ÃÙK�SJ¢�����S�YÅN­a�V�V°a�l�S�YÅ��M�VÅQPV�P¨V¬|��J�J��M�VÅ>�P­��KJ����l�VJ��W§��/�T¤Z�[§SJ��[±p¥qJ¢�|�/�N¬M���_¨����N§SJ��\§��N¬{J��R������ª\J����
¼
º��e¥ÊÉ Æf�����[°*�l�S�YÅ��M�VÅQPV�P¨V¬|��J�J��|�VÅ$§��K�MJ������|�¦��� � �M�E�:N^±ÚË������V�V°�J����Ã§����K�R�NÈ%���JÉq�l�S�YÅ��M�VÅQPV�P¨V¬|��J�J��|�VÅ§S���MJ����K�Ô��J��o�K���a����ªx�DºV§¥��°i�M¤{�����S�V§��=Æ��SJ¦ªw���S�©�N¬W¬Y�NÈ}J��i���Þ±DÛ6�V¬W­|È£���9J��i���6������ �|� É¦Æf���K�|�[©%J����
�"­U�`J��S�-�VJ��\§S�Y�NÈ{J����M�w�����PÅ��|�VÅ)PV�Y¨V¬M�MJKJ��|�^Å>�����«¨����S���S�QJ��a°a�|�fºV¨V¨���� É¬�V�V°c¬|��ªw��� É��Yº^Æ��Y§S���\¨UJ��Y���lJ��i�|�
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ý��SJ��ÔºV¬�J��W¨V¬|�W§��MJ¦­ �ÈN �_� �Õ� �Ïü �Ü�
� ������ �M� É Æf�����M� üi� Ç���� ��Ý���N�Þ z�ßà � �ÄË��V� à�á�áÞ ��� ü���� à ß�âÞ ß�ã ËVä à z�âÞ z�ß�"­U�`Jm±wW
�ÄN)� å W
�ÄNi� Ç Wdü��)� W
�ÄN�� Wdü�N

�P­��KJa±�É��ÄN)� å É�ä���� É üHüU� É�ä�Ý É`�U�¼«ºi�t¥ÊÉ Æf�����M�Ä� ¼!�:N^±æË���� üi� Ç���� ��Ý���Ç ��Ë�ä�Ý ü�ÇNü ÇHÇ
�"­U�`Jm±wW
�ÄN)� å W:ä�ÝHü Wdü)ËV� W
���Nü Wdü)Ë
�P­��KJa±�É��ÄN)� å É�ä���Ë É ü��)Ë É¥�ÄN�� É`�HÇ

���JÉq�l�S�YÅ��M�VÅQPV�P¨V¬|��J�J��M�VÅ üi� Ç���� ��ÝHü)Ë �Ä�)��� ü�Ýi� Ý��
�"­U�`Jm±wW
�ÄN)� å W:ä�ä)Ë Wdü)��ä W
���ÄÝ Wdü�ä
�P­��KJa±�É��ÄN)� å É�ä)ËNÇ É ü)ËVN É¥�ÄNHÇ É`��Ý

²G�JÆV¬|�!�^±M��Ó¬çlº��DÆ{�S�Y�NÈ]�[Ä����)J��/�M�r���J§¥�ÔÙK�TJµÆ��M�´±�²/���>¨R�ÄN)��noºV§TJLºf�EJ��|���r�NÈ+J��i�¯ÙK�SJ/�S�����PÅN­Z§���� É
���[§SJ��M���y�|�/J¥� m ���*�V��J������"­��KJ��S�-�EJ��\§bº��V§S���`J¥���M�QJ¦­N±�²/���Dº^¨V¨{�S�"É¢���V°t¬|��ªY�S�"Éq�YºVÆ��P§��K�\¨iJ��¾¨��K�����S�)J��
J����>�"­U�`J��S�-�VJ��\§S���JÈ��6������ �|� É¦Æf���K�|�/�����PÅ��|�VÅ)PV�Y¨V¬M�MJKJ��|�^Å9���SJ��i�n°´±

J¥�NÆ^¬|�N±
²/���r�����YÅ��|�VÅQPE�Y¨V¬M�MJ�J��|�VÅ=¨i���i§��a°^º����cª}�W¬\¬�§¥�f���VÅ��-J����-�iºi�ÔÆ{�S�
�NÈ/J����qÙK�TJ_§a¬Wº��KJ������M�VÅV±t²/���

�l�S�YÅ��M�VÅ=¨��K�n§S�a°Vº��K��J����V°i�«J��t°��[§��K�����K�lJ��i��ÙK�TJ«�ÔºV¬MJ��\¨V¬M�\§S�MJ¦­a�|�~���o�[Ä����)JDª}���W¬|�
J����H�Y¨V¬M�MJ�J��|�VÅ
¨����i§��[°Vº��K�w�M�V§��K�����K���G��Jm± À!��ªY�w�Ýþn¨��a§SJa©�J��i��ÙK�SJ#�����YÅ��|�VÅQPE�Y¨V¬M�MJ�J��|�VÅ%¨����i§��[°Vº����;���P¨{�[§��|�N¬\¬®­>�V¤{�a§SJ��
�|�aJ����b¬Ô�V�YÅ��%ÙK�SJ1�ÔºV¬�J��W¨V¬|�W§��MJ¦­l���[Å��|���´±µ²/���9�N§a§S�a¨iJ����V§��9�NÈGJ����9�Ôº^¬MJ�� ÙK�SJ
¨��K�n§S���K�����!�YºV§¥�*�V�1J��i�
J��H¨ ¨f�V�|�d¨��K�n°Vº^§SJ��M���o�-�m­¢Æ����V¤Z�[§SJ��a°×Æ�­*J����|�>�����YÅ��|�VÅ=¨��K�n§S�a°Vºi���N±rÛ�º��>�l�S�YÅ��M�VÅQPV�P¨V¬|��J�J��M�VÅ
¨����i§��[°Vº��K�«�i� ªw�[Ä������f����¬M�����}�M�Z¨f�J§SJ/���0J����pÙK�SJ}�Ôº^¬MJ��W¨V¬|�W§���J¦­H�|�rJ��i�|�}���f�J¬W­����M�µÆ{�[§��Nºi���:J����%ÙK�TJ
�����S�YÅN­-�Y§��N¬|�dº��^§����`J¥���M�)J¦­=§����)J����\Æ^ºiJ��S���DºV§¥�a�l���K�:���WÅ����WËV§����)JL¬®­lJ��
J����:noº^§SJLº��VJ��M���0�NÈ]J����pÙK�TJ
�ÔºV¬�J��\¨^¬|�\§S�MJ¦­N±

�aè¥é ê÷ fè é5@
ë�¤mæò f�¢æ  Hì ��íeå� �ë¬î �F  ï5@b�¬@
ë
ì¼Ö�ìPî b�ù´ññðlòXó>k óiñidÙkKô:jlñ�k`×wc
²/���µÙK�SJ}J��������PÄ����K���
�S�����PÅN­ÞÚ�Û¢°��|�`J����WÆVºiJ��|���0�M�«¨i�����K���)J��[°��|�tÕG�WÅHº����>�n±Ú�ÔÈ£���}���N§¥�_ÙK�SJl¨����i§��S���[±
Õf�����õJ����Dº^¨V¨{�S�"Éq�l���`J����\°i�N©ÙJ����Ã°��|�`J����WÆVºiJ��|�����}�V���>J��������\Å��i���KJ¾ÚµÛ��|�eú Wª�ª��ÙK�SJ��!�[Ä����)J��[©
J����}�K�a§����V°-���WÅ����S�KJ¯ÚµÛ0�|�_Ñ WÕ�ö�pÙK�SJ;�[Ä����)J��[©����V°H�K�bÈ£���`J��´±ò²/���
°f�VJ¥�q¨����|�)J��%�V���
¨����S���S�QJ��a°
���0�X§��M�Y§[¬|�Í°i��Jm±�²/�����KJ¥�EJ��|�`J��W§��N¬����K�����0�M�r���V¬®­'�M�V§a¬WºV°��a°©�M� J����M�c°f�VJ��X¨{���M�)Jm±Ï²/�������f�J°��
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CDF Data
 10% of Jet Energy Scale.±w/ syst. 
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