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ßqÛ«å]ê�ò�å]Øm|&�c���¤y?|)}1Â±yc�[Ãu���DÄ¤|)yc����}"�1�cV|ÞÚÖxÖ¾ÊwÖ^ÞÚàQÔ«ß�áQÐÒÑ]Ð�
�ç¹Ö[à¹ê¹ëQÖ^ØÚÔÒã>ÛÝê¹Õ`Ó5ÔÝÕÄå]ØÚÛÒßqç¹ï áQÐ�Ï1�
Ö^ê¹ÙÄ×¹ÔÝÖxÞwà¹Þ�ßqåðÖaó>ßqÖxê¹ë ÙÄê ÙÄÔ«Õ]å]Ø�Û«ßqçQï�åÄò�² ÙÄÞÚÞ�Ö^ØÚï ÙÄê¹êÓ¼�Ñ	
�
 ³ ½9å]ê ßÚç¹Ö�Ü^å]ïðä¹àQßqÙæßqÛ«å]ê åÄò
ßqçQÖ³�����¨�X�Ô|&�¨�������J��}1~I�����X�c�Õz]Ð®²�ÖÊë¹ÖxØÚÛ«îÄÖÊßqç¹Û«Þ ï ÙæßqØ�ÛÒó ò�å]Ø5äQØÚÛÝïðÖOä�å��9ÖxØaE£Ùæà�F äPÖxØÚÛ«åNë¹Þ
×=ã$ò�å]Ô«ÔÝå��wÛÝê¹ÕOç¹ÛÝÞwÛÝëQÖ"ÙQÐ
�¥ê(å]à¹Ø Þ�Ö^Üxå]ê¹ë(Þ�ßÚÖ^ä/ÛÝê«,NÖ^ÜaßqÛÝåÄê«
GV+�fÖ*ÛÝê=ßÚØÚå>ë¹à¹Ü^Öµ�Ay���}1��|)}��"���"��y¤Ãu���DÄÓ|)yc����}"�1� ÙæÞ

Ù�çQÖ^ÔÝäNò�à¹Ô�ßqå>å]Ô�ßqå�Ö^ïðä¹ç�ÙÄÞ�Û��^Ö&ßqçQÖ Üxå]ê¹ê¹ÖxÜxßqÛ«å]êþ×�Öxß��fÖ^Öxêþßqç¹Ö&òüÙÄÜxßÚå]ØÚÛ��"ÙæßÚÛÝå]ê åÄòTE£ÙÄàGF
ä�Ö^ØÚÛ«åNëQÞ`Ùæê¹ë ßÚç¹Ö£ë¹Ö^Üxå]ï ä�å]Þ�Û«ßqÛ«å]ê åÄò�ßqç¹Ö£à¹ê¹ë¹ÖxØÚÔÒãNÛ«ê¹Õ�C�ê¹ÛÒßqÖ®C�Ö^Ô«ëiÐ9Ó�Þ�ÛÝïðÛÝÔ ÙæØ9ÛÝëQÖ"ÙGV�×¹àNß
�wÛ«ßÚç ëQÛ�¡PÖ^ØÚÖxê=ß$ÙÄÛ«ï ÞDV9ï Ù"ã ×PÖ&ò�å]à¹êQëýÛÝêdE�ÙÄår¼{ÏÄì]ìQÑ�½aÐ � å]Ø Þ�à¹Üéçþê¹å]Ø�ï ÙæÔ�Ö^ÔÝÖxï Öxê=ßqÞ"V
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ïÊà¹ÔÒßqÛ«ä¹ÔÝÛ«Ü"ÙæßÚÛÝå]ê Ü^ÙÄê3×�Ö Ö^ÙÄÞÚÛ«Ô«ã�ØÚÖxë¹à¹Ü^Öxë3ßqå ßqç¹Ö$Ü^ÙÄÞÚÖ åÄòwä¹Ø�ÛÝïðÖ ä�å��9ÖxØ�E�ÙÄà�F ä�Ö^Ø�ÛÝå>ë¹Þ"V
ÞÚÖxÖ�ÊñÖxÞÚà¹ÔÒßa
QÐ«ÑÄÐ¹² Û«ßÚç(ßqç¹Ö*ç¹ÖxÔÝä/åÄò[ßqç¹Û«Þ5ßqå>å]ÔJV��9Ö ë¹Öxë¹à¹ÜxÖ Ùæê�Öc£ðÜ^ÛÝÖxê=ßqÔ«ã Ü^å]ïðä¹àQßqÙÄ×¹ÔÝÖ
Ü^Ø�Û«ßÚÖ^ØÚÛ«å]êµ�wç¹Öaßqç¹ÖxØ`ê¹åÄØÚï ÙÄÔ?E�ÙÄà�F äPÖxØÚÛ«åNë¹Þ9ÖaóNÛÝÞ�ßqÞwò�å]ØwÙ*ä¹ØÚÖxÞÚÖ^ê=ßÚÖ^ëg�&� � Ð
. ÖxßÚÖ^ØÚïðÛÝêQÛÝê¹Õ/ßqç¹Ö ä�ÙÄØqÙæÔÝÔÝÖxÔwäPåÄßÚÖ^ê=ßqÛÝÙÄÔñåÄò£Ù Õ]ÛÒî]Ö^êýë�ÙæßéÙ�Þ�ßqØ�à¹ÜxßÚà¹ØÚÖ/Ùæê¹ë ØÚÖaî]Ö"ÙæÔÝÛÝêQÕ

ê¹å]Ø�ï ÙæÔPÕ]Öxê¹Ö^ØÚÙÄÔ?E�ÙÄà�FÊä�Ö^Ø�ÛÝå>ë¹Þ�ÙÄÞ�ÙÊÞÚà¹ÛÒßéÙÄ×¹Ô«Ö5×�ÙæÞÚÛÝÞ9ØÚÖ^äQØÚÖ^Þ�Ö^ê=ßéÙ|ßqÛÝåÄê ÙæØÚÖ5ßÚç¹Ö ß��9å ï ÙÄÛÝê
ØÚÖxÞÚà¹ÔÒßqÞ åÄòwßqçQÛÝÞÊßqçQÖ^ÞÚÛ«Þ^Ð Ó`Þ Ù«C¹ê�ÙÄÔ�Þ�ßqÖ^äÖ�fÖ ë¹Öaî]ÖxÔÝå]ä Ù(ÞÚÜ^ÙÄÔ ÙÄ×QÔÝÖ$ä�ÙæØqÙÄÔ«ÔÝÖ^Ô[î]ÖxØÚÞÚÛ«å]ê åÄò
�9ØÚÙÄà¹Ö^ØD×�ÞOÖaóNäPåÄê¹Ö^ê=ßqÛÝÙæßqÛ«å]ê ÙÄÔ«Õ]å]Ø�Û«ßqçQïVÛÝê´,>Ö^ÜxßÚÛÝå]ê Ñ"ìQÐÉ��ßOßqÙÄèÄÖxÞ*ÛÝê=ßqå ÙÄÜ^Üxå]à¹ê=ßÊßqçQÖ$ØÚÖ��
Þ�ßÚØÚÛ«ÜxßqÛ«å]ê¹ÞzåÄòfÖaóNÛ«Þ�ßqÛ«ê¹Õ&ä�ÙÄØÚÙÄÔÝÔ«Ö^Ô�Üxå]ïðä¹àQßqÖxØÚÞ�ÞÚàQÜéç3ÙÄÞ£Ù ÔÝÛ«ï ÛÒßqÖ^ë êIà¹ïÊ×�Ö^Ø�åÄò�äQØÚå>Ü^Ö^Þ�ÞÚå]Ø�Þ
ÙÄê¹ë Ü^å]ïðïÊà¹êQÛÝÜ"Ù|ßqÛÝåÄê ëQÖ^Ô Ù"ãÄÐ � ÛÝê�ÙÄÔ«Ô«ã�V¹å]à¹ØñÛÝïðä¹ÔÝÖxï Öxê=ßéÙæßÚÛÝå]ê¹Þ�Üxå]êGC�Ø�ï ÞwßqçQÖGîæÙÄÔÝÛ«ë¹Û«ß¥ã åÄò
å]à¹Ø�ßÚç¹Ö^åÄØÚÖxßÚÛÝÜ^ÙÄÔÝÔÒã å]×NßéÙÄÛ«ê¹Ö^ë&ØÚÖxÞÚà¹ÔÒßqÞxÐ
�±�wÛÝÞ�ç ßÚåðßÚç�ÙÄê¹è&ÙæÔÝÔiä�Ö^å]äQÔÝÖzßqç�Ù|ß5ç�Ù"îÄÖGÞ�à¹ä¹ä�å]Ø�ßÚÖ^ë ïðÖzë¹à¹Ø�ÛÝê¹Õ ßqç¹Ö£ä¹Ø�Ö^ä�ÙÄØÚÙæßqÛ«å]ê&åÄò

ßqçQÛÝÞwßqç¹ÖxÞÚÛÝÞxÐ � å]ØñÛÝê¹Þ�ä¹ÛÝØ�ÛÝê¹Õðë¹Û«ÞÚÜ^àQÞÚÞÚÛ«å]ê¹ÞDV���ßqç¹ÙÄê¹è ÙÄÔÝÔ�Üxå]ÔÝÔ«Ö^Õ]à¹ÖxÞ`åæòLßqç¹ÖOØÚÖ^Þ�Ö"ÙÄØ�Üéç(Õ]ØÚåÄà¹ä
Ó5Ô«Õ]å]Ø�Û«ßqçQï Û«ÞÚÜéç¹Ö�Ø Ù|ßqç¹Öxï ÙæßÚÛÝè/ÙÄêQë�ßqçQÖ ä�ÙæØ�ßqÛ«Ü^Û«ä�ÙÄê=ßqÞ£åÄò�ßÚç¹Ö 4 ×�Ö^Ø�ÞÚÖ^ïðÛÝê¹ÙÄØGÓ`ÔÝÕ]åÄØÚÛ«ßÚç��
ïðÛÝÞÚÜéçQÖ�Ø ÙæßqçQÖ^ï ÙæßqÛ«è�Ð�Ø&ã(ÞÚä�Ö^ÜxÛ ÙÄÔ�ßÚç�ÙÄê¹èIÞ�ßqå�Ù¥�fÖ Z5ÙÄÕ]ÖxÔ�ò�å]Øzç¹Û«ÞzÜ^å]ïðïðÖ^ê=ßqÞ�å]ê/ïOã
î>ÛÝÖc��åÄò¥E�ÙÄà�F äPÖxØÚÛÝå>ë¹ÞxÐ�Ø ÙÄê=ã�ßÚç�ÙÄê¹èIÞGßÚå�
�ç¹Û«ÔÝå � ØÚà¹Þ�Üéç¹èÄÖ ò�å]Ø�ç¹Û«ÞOÜ"ÙæØÚÖxò�àQÔfØ�Ö"ÙÄë¹Û«ê¹Õ¹Ð
Ú ÙÄÞ�ß9×¹àQß�êQåÄß�Ô«Ö"ÙÄÞ�ß	VA�`��ÙÄê=ß�ßÚåOßqç¹ÙÄê¹èðïOãðÞÚà¹ä�Ö^Ø�îNÛ«ÞÚå]Ø � Ø�åÄòYÐGÛÄå=ÙÄÜéç¹Û«ï�îÄå]êµ�xà¹ØuE�Ùæßqç¹Öxê
ò�å]ØGÛÝê=ßqØ�åNë¹àQÜ^ÛÝêQÕ ïðÖ ßqå ßqç¹Ö òüÙÄÞÚÜxÛÝê�ÙæßÚÛÝê¹Õ�C�Ö^Ô«ë3åÄòwÜxå]ï äQàQßqÖxØÊÙÄÔ«Õ]Ö^×¹ØÚÙGV�ò�åÄØOç¹Û«ÞÊÙÄëQî>Û«Ü^Ö�V
ÙÄê¹ë&ò�å]Ø�ßÚç¹Özã]Ö"ÙæØÚÞñÛÝê ç¹Û«ÞñØ�Ö^Þ�Ö"ÙÄØ�Üéç Õ]Ø�å]à¹ä Ùæß�ßqçQÖ¹Ùñê¹Û«îÄÖ^Ø�ÞÚÛ«ß�ÈÙæß � ÙÄëQÖ^ØÚ×�å]Ø�êiÐ
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Ü¾prÝÖÞ wBß¥à2s�µ§vz¶:t
²�Ö Üxå]ïðä¹ÛÝÔ«Ö$ÞÚå]ïðÖ&ÛÝêQò�åÄØÚï ÙæßqÛ«å]ê]�wç¹Û«ÜéçþÙÄØ�Ö$ßqç¹Ö ×�ÙÄÜéèIÕ]Ø�å]à¹ê¹ë åÄòñßqç¹Û«Þ¦�9å]Ø�èÍÐd�9ÖxÞÚÛ«ë¹Ö
ÞÚåÄï Öz×�ÙæÞÚÛÝÜzòüÙÄÜaßqÞñÙÄ×�å]àQßñÙÄÔ«Õ]Ö^×QØqÙÄÛ«Ü Þ�ßÚØÚà¹Üaßqà¹Ø�Ö^Þwßqç�ÙæßË�fÖ£à¹ÞÚÖzò�ØÚÖD!Ià¹Ö^ê=ßqÔÒã]¼�,NÖxÜxßÚÛÝå]ê ÏNÐÒÑ�½cV
�fÖ�ë¹Ö^Þ�Ü^ØÚÛ«×PÖwÞ�å]ï Ö9Ü^Ø�ã>äQßÚå]Õ]ØÚÙÄä¹ç¹Û«Ü�ä¹ØÚåæßqå>Ü^å]Ô«Þ�ßqç�Ù|ßûç¹Ö"Ù"î>ÛÝÔÒãOäQØÚå�C¹ß�ò�ØÚå]ï òüÙÄÞ�ßûÖ�óNäPå]êQÖ^ê=ßqÛÕ�
ÙæßÚÛÝå]êÉ¼�,NÖxÜxßqÛ«å]ê&ÏNÐtÏ�½�Ð�² Ö5ÛÝê¹ÜxÔÝà¹ë¹ÖñÛÝê³,NÖ^ÜaßqÛÝåÄê&ÏNÐ ³ ÞÚåÄï Ö`ÛÝêQò�å]Ø�ï Ù|ßqÛÝåÄêðåÄê ßqç¹Ö5ç�ÙÄØÚë���ÙÄØ�Ö
ÙÄê¹ë�ÞÚåÄò�ß��9ÙÄØ�Ö �fÖ à¹Þ�Ö^ë ò�å]ØzßÚç¹Ö Ö�óQä�Ö^Ø�ÛÝïðÖ^ê=ßqÞxÐ³
�ç¹Ö^Þ�Ö$ÖaóNä�Ö^Ø�ÛÝïðÖ^ê=ßqÞGÙÄØÚÖðë¹å>Ü^à¹ïðÖ^ê=ßÚÖ^ë
ßqçQØÚå]à¹ÕÄç¹å]àQß�ßÚç¹ÖzßqÖaó>ß^ÐfÓ Ø�Ö"ÙÄë¹ÖxØ�òüÙÄï Û«ÔÝÛÝÙÄØ2�wÛÒßqç ßqçQÖ^ÞÚÖ�ßqåÄä¹ÛÝÜxÞ�ï Ù"ã$Þ�èIÛÝä&ßqç¹Û«Þ�ÞÚÖ^ÜaßqÛ«å]êiÐ
Çmáü»Bá h ø�Ì�ö_'�¿kÉ�Å{ÃI�x¾n¿|Â�ÃÄ¾kÂ�¿|öA��á ² Ö ÞÚèæÖxßÚÜéç ßqç¹Öðë¹ÖcC�ê¹Û«ßÚÛÝå]êQÞ�ÙÄê¹ë�×�ÙÄÞÚÛ«Ü*òüÙÄÜxßÚÞ£åæò9ßqçQÖ
ÙÄÔ«Õ]Ö^×¹ØÚÙÄÛÝÜ�Þ�ßqØ�à¹ÜxßÚà¹ØÚÖxÞ9ßqç�Ù|ß�ÙÄØ�Ö`àQÞÚÖ^ë ÛÝê ßqç¹Û«Þ2�få]ØÚèÍÐ � å]ØHë¹ÖaßéÙÄÛ«ÔÝÞ[ÙÄê¹ë ä¹ØÚå>åÄò�Þ(�9Ö`ØÚÖxò�ÖxØ[ßÚå
ßqçQÖ£×�å>å]èIÞñåæòjÛ]ÙÄÜxå]×¹Þ�å]ê©¼YÑ�
��-��½9ÙÄê¹ë Ú ÛÝë¹ÔbÇâZ`Û«Ö^ë¹ÖxØÚØÚÖxÛ«ßÚÖ^Ø¹¼�Ñ�
Äá ³ ½aÐ
ã¤äBå�æ�ç�æéèmæ�ê�çìë�íXî)í ï�ð¢ñ�ò ïðå]ê¹åÄÛÝëÐó�ô ÞÚÖxï ÛÕ�¥Õ]Ø�å]à¹ä ð�õ ¸Iö+ó�ö)÷�¶�ø¹ù`·¢ú õ ¶�·Oûýü ð ·Jþr¸

ÿ ð öB¸-ô�úÉócù`¶�ôM¸G· ð ó�ö��M¯Bû � û�� û õ ¸�· ð�õ�� ú ð ö��
	

� ò[õ�õ ó
� ð ¸G· ð���ð ·¢ú�	����OK��¤K����«û�¯�¼������¦½���� P �!�A¼"�#�$�¹½�%
�'&)( ¶�ö&· ð ·¢ú*	,+.-/�«û0���1�Éû ¯
�!�$- P2-3���RP��¦»

ï�ð�ð¢ñ�ò Õ]Ø�å]à¹ä ð�õ ¸¦ø³ó�ö+ó ð ( õ ¸G· ð�õ)� ú ð ö��
	
�'& ö � ¶�ô õ ¶$	4���5�«û4+��7698:�Éû�¯9�!���7698(P �7698;��� P -¤»

ò ��ô�ó=<	ùÌû ð�õ �c¸-º�ºX¶ ( Ó5×�Ö^ÔÝÛÝÙÄê�ó�ô£Ü^å]ïðïÊàQßqÙæßqÛÒî]Ö ð>�
�2? ó�ø ø@<G·�¸G· ð���ð ·¢ú�	A���¹K��B�Éû�¯9�!�$�âP �5���¦»

4 à¹Ø�×�ÙÄÞÚÛ«ÜfÕÄØÚå]à¹ä£ÛÝÞ�ßqçQÖfÜxå]ï ïOàQßéÙæßÚÛ«îÄÖ[ÕÄØÚå]à¹äµ¼XQ SU K�� ½iåÄò�¼üïOà¹Ô«ßÚÛÝä¹Ô«ÛÝÜ"Ù|ßqÛ«îÄÖ�½Íà¹ê¹Û«ßÚÞ�ïðå>ë¹à¹ÔÝåC �ED:FAÒ=ÐðÓ�ê¹åÄê��¥Öxï äQß¥ã ÞÚà¹×¹Þ�ÖxßHGJI¿û ÛÝÞ£Ù��c�������M}1��| åÄò:¼Jû¾K�� ½5Û«òKG�ßqåÄÕ]ÖxßÚç¹Ö^Ø®�wÛ«ßÚç
ßqçQÖ5å]ä�Ö^ØÚÙæßqÛ«å]êL�NÛÝÞfÙÄÔÝÞ�åÊÙOÕ]Ø�å]à¹äiÐûÓ Õ]ØÚåÄà¹ä Û«Þ;M(~)����y ÛÒò�N�ûE�OD:F 8 Ðj
�ç¹Ö ×¹ÙÄÞÚÛ«Ü5ØÚÖxÔ ÙæßÚÛÝå]ê×�Öxß��fÖ^Ö^ê ßqçQÖ å]ØÚëQÖ^ØÚÞ åÄòPG�ÙÄêQëeûÀ��ÙÄÞ Õ]Û«îÄÖ^ê ×=ã Ú ÙÄÕÄØqÙÄê¹ÕÄÖRQ Þ�Ö^ÖIÛ]ÙÄÜxå]×¹ÞÚåÄê ¼�Ñ�
��1�_½cV

�ç¹Öxå]ØÚÖxïVÑ]Ð � VQò�å]ØwÙ*ä¹ØÚå>åÄòYÐ
S,T�UWV�T�ç�U�ä�XZY\[^]?ä&ê;Vbä
_ ë�í�ë�ía` þ+¶�ó�ô ( ¶Mô:NbG ó � ¸ õ < ÿ ��ôcó=<"ùcG ó � ¸7d�ö ð ·�¶e��ôcó=<"ù�û
ð�õ ¸ ( ðf��ð�õ ó�ô�ó � ·Xþ+¶Tó�ô ( ¶�ô:ó � ûË»
Ó5ÞñÙ*ë¹Û«ØÚÖ^ÜaßwÜ^å]êQÞÚÖ"!Ià¹Öxê¹Ü^Ö¹�9Ö�ç�Ù"î]Ö�ßqçQÖ�ò�åÄÔÝÔÝå��wÛ«ê¹ÕÊØÚÖxÞÚà¹ÔÒßË�wç¹ÛÝÜéç ÛÝÞ�åæò�ßqÖ^ê&ë¹Öxë¹ÛÝÜ^ÙæßqÖxë ßÚå
� Ö^Ø�ï Ùæß^Ð`�¥ê&òüÙÄÜxß"V�ç¹Ö�ç�ÙÄÞwë¹ÛÝÞ�Ü^à¹Þ�ÞÚÖxë ßqçQÖ£Ü^ÙÄÞÚÖ¤¼XQ®Sg Kh�¨½§�wç¹ÖxØÚÖjik�LDlFAÒGÛÝÞwÙ*ä¹Ø�ÛÝïðÖÄÐ
muä
V*_HT�è�XZY\S§æéèmè*n_ä�[0]?äBêKVbä
_ ë�í>obíqp ¶�·¾û ÿ ¶O¸adGö ð ·�¶b��ôcór<	ù`» ` þ+¶�ös�Htvu³P�Ñ � ó�ô
¸-º�ºv�5�«ûË»
� å]Ø�Ùæê$Ö^Ô«Ö^ïðÖ^ê=ß:�5�«û ÙÄê¹ë$ÙÊÞÚà¹×¹ÕÄØÚå]à¹äwG åÄò�ûÓ�fÖzë¹ÖDC�êQÖq�:G P1x$�y�hzÉ¯vz1�@Gw{zßÚå
×�ÖfßqçQÖ}|����¢�1�A��~¹��}���yc��åæò=GðÐ�ÓþÞÚà¹×QÞÚÖxßlx$� 8 K����h�mK����P{wåÄòÍÙ¥C�ê¹Û«ßÚÖ9Õ]Ø�å]à¹ä�ûI�Ayc~�yc�{����y���ßqçQÖÞÚàQ×¹Õ]ØÚåÄà¹ä�x$�:�����������:�f�-¯TÑ��y� 8 Kh�����bK��h�;�eÎ;{®P H"� 8 K������mK)����N9åÄò^û�ÐûÓ­C�ê¹Û«ßÚÖ Õ]Ø�å]à¹ä�ûÛÝÞ �c�_�c�¨���GÛÒòLßqç¹ÖxØÚÖÊÖ�óNÛÝÞ�ßÚÞ�ÙÄê ÖxÔÝÖ^ïðÖ^ê=ßq���´û��e�wç¹Û«Üéç(ÛÝÞ`Ü"ÙÄÔ«ÔÝÖ^ë�|&���������J����y�� Þ�à¹Üéç ßqç�Ù|ß
Hf�¹N(P û�Ð
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ã¤äBå�æ�ç�æéèmæ�ê�çìë�í��?í�ò Ø�ÛÝê¹Õ ð�õ ¸ õ ¶�·����P �¤ü ð ·Jþg·�ü(ó ÿ ð öB¸-ô�ú³ócù`¶�ôM¸G· ð ó�ö õ,� ¯.� � ���
� ¸-ö ( �M¯.� � ����� õ ¸G· ð�õ)� ú ð ö
�
	

� ¼��«K � ½ ð�õ ¸\�"ó�ø�ø@<�·�¸G· ðf� ¶l��ôcó=<	ùÖü ð ·Xþ ð ( ¶Mö+· ð ·¢ú&ì=%
� ¼��«K��¨½ ð�õ ¸¦ø�ó�ö&ó ð ( ü ð ·Jþ ð ( ¶Mö&· ð ·¢ú/Ñ�%
��� ð�õ ·Jô ð ÿ <G· ð�� ¶^º�¸�üj	����¹K��¤K����L�ì¯
�c�<¼"� � �¹½§P �\��� � �\����¸-ö ( ¼�� � ��½���� P
�!�$� � �#�$� »

4 à¹Øw×�ÙÄÞ�ÛÝÜ�ÖaóQÙÄïðä¹ÔÝÖ ò�åÄØwÙðØ�ÛÝê¹Õ ÛÝÞa¼$QTSU K � K��¨½�ÐHÓ�����~A� �)}1�¤}1�¤}1��|)�A���c��ò�Ø�å]ï Ù ØÚÛ«ê¹Õ}�
ßqå Ù&ØÚÛ«ê¹Õ@�c �ÛÝÞ£Ù ï ÙÄä¢¡ ÞÚà¹Üéç�ßqç�Ù|ß£¡±¼"¤ 8 � ¤�Òc½®PB¡¾¼"¤ 8 ½ � ¡¾¼"¤�Ò�½cV;¡¾¼"¤ 8 �R¤�Òc½:P¡¾¼�¤ 8 ½,�r¡¾¼�¤�Ò�½ ò�å]Ø£ÙÄÔÝÔW¤ 8 K�¤�Ò¥�¦�«V�ÙÄê¹ë�ò�àQØ�ßqçQÖ^ØÚïðå]Ø�Ö\¡±¼�Ñ�½TP�ÑÄÐµ��òj¡ ÛÝÞ�ÞÚà¹Ø�Ñ�Ö^ÜaßqÛ«îÄÖ
ßqçQÖ^ê ÛÒß£ÛÝÞ�Ü"ÙÄÔ«ÔÝÖxë�ÙæêÐy�|&���¤}1��|)�A���c�*Ð Ó�×¹Û Ñ�Ö^ÜaßqÛ«îÄÖa¡CÛÝÞ£ÙÄê¬����}1�¤}1��|)�A���c�*Ð ��ò,� P/�c 
ßqçQÖ^ê&ßqç¹Ö�ÛÝÞ�å]ïðå]ØÚä¹çQÛÝÞÚï ÛÝÞwÙæÔÝÞÚå Ü^ÙÄÔÝÔ«Ö^ëI���A�<}1�¤}1��|)�A���c�*Ð
ã¤äBå�æ�ç�æéèmæ�ê�çìë�í¨§�í�ò C�ê¹Û«ßÚÖ:C�Ö^Ô«ë�� ð�õ ¸}d�ö ð ·<¶¥ô ð ö�� õ ¸�· ð�õ�� ú ð ö��
	
� ¼é�ª©qx|ì
{_K��¨½ ð�õ ¸a�"ó�ø�ø@<�·�¸G· ðf� ¶j��ô�ó=<	ù`»

mvT*«+èeë�íZ¬ ¼ Ú ÛÝë¹ÔbÇâZ`Û«Ö^ë¹ÖxØÚØÚÖxÛ«ßÚÖ^Ø�Ñ�
]á ³ VG
�ç¹Öxå]ØÚÖxï�ÏNÐ�Ï*ÙÄêQëg
�ç¹Öxå]ØÚÖxï�ÏNÐ � ½aÐ ` þ+¶Ëó�ô ( ¶Mô
ó � ¸-ö�ú£d�ö ð ·<¶�d&¶�º ( ð�õ ¸§ù�ô ð ø�¶mùjó-üj¶�ôj�£�LDlFAÒA»®­ ðf� ¶�ö�¸-ö�úTù�ô ð ø³¶bù`ó-ü(¶Mô`�¯%&·Jþ+¶Môc¶¾¶�° ð�õ · õ
<	ù¬·<ó ð�õ ó�ø³ó�ô�ù�þ ð�õ ø ¶)°�¸r��·Jº¨ú«ó�ö+¶�d�ö ð ·<¶Pd+¶Mº ( ó � ó�ô ( ¶Môu�G»
²�Özë¹Ö^ê¹åæßqÖzßqç¹Û«Þ±C�ê¹ÛÒßqÖ�C¹Ö^ÔÝë&åÄò�å]Ø�ë¹Ö^ØË�O×Iã��&�]Ðj��ò^�aPyi9±9ò�åÄØ�ÙÊä¹ØÚÛ«ï Ö,i ßÚç¹Ö^ê ßÚç¹Ö:C�Ö^Ô«ë
�&��ç�ÙÄÞ¦���G���{�A�c�<yc�����c�X���zÜéç�ÙæØ�¼��B��½2PyiTÐj
�ç¹ÖTC�Ö^Ô«ë³� g ÛÝÞ�ßÚç¹Ö:|&�c���¤yw|J�c����~²M¾yc�¢� åÄò?�&�]Ð
mvT*«+èeë�í´³ ¼ Ú ÛÝë¹ÔbÇâZ`Û«Ö^ë¹ÖxØÚØÚÖxÛ«ßÚÖ^Ø�Ñ�
]á ³ VG
�ç¹Öxå]ØÚÖxï�ÏNÐtá�½aÐ & ö¿·Jþ&¶�d+¶Mº ( �&�µ%µ·Xþ+¶«øc<�º�· ð ÷
ù�º ð �c¸�· ð�� ¶l��ô�ó=<	ùÉ� S� Pì�&�,©qx|ì
{ ð�õ �{ú��Mº ð ��»
Ú Öxß�� � ×PÖ Ù ä¹ØÚÛ«ï Ö äPå��fÖ^ØOò�å]ØOÎ3�2D:F 8 Ð«
�ç¹Öxê´�&� ÛÝÞÊÙ]�c�G�"M¾yc�¢� åÄò¾�&� � ÐÉ²�Ö$ï Ù"ãØÚÖxÕ=ÙÄØ�ëÅ�&���þÙæÞ ÙÄêd�&�·¶���y��c��}1����|G�A��y åÄò�ë¹Û«ï Öxê¹ÞÚÛ«å]ê5¸ �&���±¯��&�º¹�P Î �wÛÒßqçþ×¹ÙÄÞÚÛ«Þc» P
¼"¼A½	K��h���bK�¼*� 698 ½�Ð`
�çIà¹ÞñÙÄê=ã ÖxÔÝÖ^ïðÖ^ê=ß9åÄòm�&�zÜ"ÙÄê ×PÖ��wØ�Û«ß�ßqÖ^ê&ÙæÞ�ÙÊà¹ê¹Û�!Ià¹Ö^ÔÒã ëQÖxßqÖxØÚïðÛÝê¹Öxë�¨��~�y���� ��}1���"��~&���X��}1~�åæòûßqç¹Ö*ÖxÔÝÖ^ïðÖ^ê=ßÚÞ åÄòe» ånî]Ö^Ø��&��ViÛ7Ð}ÖÄÐB�&���gP¾x�¿ ½)ÀrÁ¨Âr� �PÁÃ¼AÁ	¯��PÁ:�
�&�R{IÐ

�ç¹Ö£ï ÙÄä

Ä ¯��&� � � �&� � �wÛÒßqç Ä ¼��:½(PÅ� �
ÛÝÞLÙÄê ÛÝÞÚåÄï å]Ø�ä¹ç¹Û«ÞÚï Ð���ßHÛ«ÞLÜ"ÙæÔÝÔÝÖxëOßqçQÖ®ª��M}��cyc~)���_�u������}1�¤}1��|)�A���c� ÙÄêQë*ÞqÙæßÚÛÝÞ{C¹Ö^Þ[¼üÞ�Ö^Ö Ú ÛÝë¹Ô
Ç ZñÛÝÖxë¹Ö^Ø�ØÚÖ^ÛÒßqÖxØO¼YÑ�
]á ³ ½cVQä;Ð �Ä³ ½

Ä ¼�� � ��½ P Ä ¼��:½ � Ä ¼"�¦½ ÙÄê¹ë�V
Ä ¼��!�$��½ P Ä ¼��:½�� Ä ¼"��½ ò�å]ØwÙÄÔ«Ô��OK��Æ���&����VÍÙÄêQë
Ä ¼��®½ P � Û«ò�ÙÄê¹ë&å]êQÔ«ã$ÛÒòK�5�g�&�R�

¼7Ï>Ðtá�½


�ç¹Ö¤Ãu����}1���u���M}1��|�E£ÙÄÔJ¼é�&� �9Ç �)��½[Û«ÞHßÚç¹Ö5Þ�Öxß9åÄò�ÙÄÔ«Ô�C�Ö^Ô«ë$ÙÄàQßÚå]ïðå]ØÚä¹çQÛÝÞÚïðÞ Ä  ¹åæò+�&� � ßqç�Ù|ß
CQóµ�&�£Ö^Ô«Ö^ïðÖ^ê=ß{���wÛÝÞ�ÖÄÐ
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mvT*«+èeë�íZÈ ¼X�9å]Þ�Üéç Ñ�
�
 ³ VB,NÖxÜxßqÛ«å]ê ³ Ð�
�½aÐ ` þ+¶}­¥¸-ºXó ð�õ ��ôcó=<	ùIE�ÙÄÔ�¼��&� ��Ç �&��½±þB¸ õ ó�ô ( ¶MôuÎ
¸-ö ( ð�õ �{ú���º ð ��» & · ð�õ ��¶�ö+¶Mô�¸G·�¶ ( ÿ úÌ·Jþ+¶�É)ô�ó ÿ ¶Mö ð < õ ¸�<�·�ó�ø�ó�ô�ù�þ ð�õ ø Ä ¯G�&� � � �&� � ü ð ·Xþ
Ä ¼Ã�®½(PÅ� � »

,NÖxÖ ÙæÔÝÞÚå Ú Û«ë¹ÔËÇ ZñÛÝÖxë¹Ö^Ø�ØÚÖ^ÛÒßqÖxØ�¼�Ñ�
]á ³ ½cVj
�ç¹Öxå]ØÚÖxï ÏNÐtÏNÑ�V[ÙÄê¹ëÅÛ]ÙÄÜxå]×¹ÞÚåÄê­¼YÑ�
��-�_½�V§,NÖ^Ü��
ßqÛ«å]ê��¹ÐÒÑ ³ VQò�å]Ø�äQØÚå>åÄò�Þ^Ð

Çmá«Çbá³fG¿�#Tú�¾"À�ÌÍ¿kÉ¹ú�ÿ�ÅüÃ´'�É¹Ã|ËiÌÍ¿kÀ�Â�½�Á(á ² Ö$ç¹ÙnîÄÖ&ÙÄÔÝØ�Ö"ÙÄëNã/ï ÖxêIßÚÛÝå]êQÖ^ë ßÚç¹Ö$Ü^åÄê¹ê¹Ö^Ü��
ßqÛ«å]ê*×�Öxß��fÖ^Ö^ê ÖaóNäPåÄê¹Ö^ê=ßqÛÝÙæßqÛ«å]êðÙÄê¹ëðÜ^Ø�ãNäNßqå]Õ]ØÚÙÄä¹ç=ã]Ð`²�ÖwÞÚç¹åÄØ�ßqÔÒãÊÞ�à¹ï ï ÙÄØ�Û��^Ö9ÞÚå]ïðÖwä¹ØÚå-�
ßqå>Ü^åÄÔÝÞ�ånî]ÖxØ¾C�ê¹ÛÒßqÖ�C�ÖxÔÝë¹Þ�ßÚç�Ùæß�ï ÙÄèæÖzà¹ÞÚÖzåÄò�Ö�óQä�å]ê¹Öxê=ßqÛ Ù|ßqÛÝåÄêiÐ`² ÖzØ�Öxò�ÖxØ9ßqåÊßÚç¹Öz×På>å]èðåÄò
,>ßÚÛÝê¹Þ�å]ê]¼�Ñ�
�
 � ½fò�å]Ø�ë¹ÖaßéÙÄÛ«ÔÝÖ^ë äQØÚÖ^Þ�Ö^ê=ßéÙ|ßqÛÝåÄê¹Þ^Ð

�GÂ�'�ø{ÅüÃ ËÍö�# Ã]¿�#Tú�¾"À�ÌÍ¿kÉ¹ú�ÿ+#Bá â9Ø�ã>äQßqå]ÕÄØqÙÄä¹ç=ã�VûÛ7Ð}ÖÄÐTßqç¹Ö$ÙÄØ�ßGåÄò�ç¹Û«ë¹ÛÝêQÕ Û«êQò�å]ØÚï ÙæßÚÛÝå]ê
ßqå Ö^ÙnîÄÖ^Þ�ë¹ØÚå]äQäPÖxØÚÞ`ÙÄê¹ë&åÄßqçQÖ^Ø�ä�Ö^å]ä¹Ô«Öz×¹àQß�ßÚç¹Ö�ë¹Ö^ë¹Û«Ü"ÙæßÚÖ^ë&ØÚÖxÜ^ÖxÛ«î]ÖxØ"V�ç�ÙæÞ`ÙÊÔ«å]ê¹Õ*ç¹Û«Þ�ßÚå]Ø�ã
ò�ØÚåÄï ÛÒßqÞ9ÙÄê¹Ü^Û«Ö^ê=ß�Ø�åNåÄßÚÞ9à¹ä ßqåÊå]àQØ9ßqÛ«ï ÖæÐûâ9Ô ÙæÞÚÞÚÛ«Ü"ÙÄÔ�Ü^Ø�ã>äQßqå]ÕÄØqÙÄä¹ç=ã à¹ÞÚÖxÞ�ÙÊä¹ØÚÖ^ÙÄØÚØÚÙÄê¹Õ]Öxë
ÞÚÖxÜ^Ø�ÖxßGä¹ÛÝÖxÜ^Ö*åÄòfÛÝêQò�åÄØÚï ÙæßqÛ«å]êOÊ Ü"ÙÄÔ«ÔÝÖxë/ßÚç¹Ö\Ë�yc�1V?�wçQÛÝÜéç�ÛÝÞ ê¹åæß�å]ê¹Ô«ã à¹ÞÚÖxë�ßÚå Öxê¹Ü^Ø�ã>äQß
Ù/ï ÖxÞÚÞqÙæÕ]Ö ×QàQß �wçQÛÝÜéçþÙæÔÝÞÚå�ÙÄÔ«ÔÝå��wÞ*ßqç¹Ö ØÚÖxÜ^Ö^ÛÒî]ÖxØðßÚå ë¹ÖxÜ^Ø�ã>äQß ßqç¹Ö Ö^êQÜ^å>ë¹Ö^ë ï ÖxÞÚÞqÙæÕ]Ö
Ö"ÙæÞÚÛÝÔÒã]Ð^
�ç¹ÛÝÞHÛÝÞHÙæÔÝÞÚå�Ü^ÙÄÔÝÔ«Ö^ëðÙO�c�-���¤yc�X�����®�c�c��|&��}��c���c��yc�*Ð(Ø å>ë¹Ö^Ø�ê ßÚÖ^ÔÝÖxÜ^å]ïðïÊà¹êQÛÝÜ"Ù|ßqÛÝåÄêmV
ÛÝê ä¹ÙÄØ�ßÚÛÝÜ^àQÔ ÙÄØ[ßqç¹Ö òüÙÄÞ�ß{��Õ]ØÚå��wÛÝêQÕ¦�¥ê=ßqÖ^Ø�ê¹Öxß`ÙÄêQë ÖxÔÝÖxÜxßqØ�å]ê¹Û«Ü Ü^å]ïðïðÖ^ØÚÜxÖ�V¹Ü^ÙÄÔÝÔ�ò�å]Ø�Þ�Ö^Ü^àQØÚÛ«ß¥ã
ßqç¹Ùæß�Û«Þ�×�ÙÄÞÚÖxëÊå]êGä¹ØqÙÄÜaßqÛ«Ü"ÙÄ×¹Ô«ÖHÜ^Ø�ã>äQßÚå]Õ]ØÚÙÄä¹ç=ãT�wç¹ÛÝÜéçÊëQÛÝÞÚä�Ö^êQÞÚÖ§�wÛÒßqç£ÞÚà¹Üéç Ùñä¹ØÚÖ^ÙÄØÚØÚÙÄê¹Õ]Öxë
ÞÚÖxÜ^Ø�ÖxßbÊ3Ð±. Û�£ðÖTÇ/Ì`ÖxÔÝÔ«ï ÙÄêI¼YÑ�
�� � ½9ä¹ØÚÖxÞÚÖ^ê=ßÚÖ^ë ßqçQÖGÛ«ë¹Ö"Ù*åÄò�|&���"�¨���bË�yc���c�c��|&��}������c|)�A�
ßqå ïðÖ^ÖxßzßÚç¹ÛÝÞ�ë¹Öxï Ùæê¹ëiÐ �¥ê3Ù ä¹à¹×QÔÝÛÝÜ*èæÖxã�Ü^Ø�ã>äQßqå]Þ�ã>Þ�ßqÖxï Ö^ê¹ÜxØ�ã>äQßqÛ«å]ê�ÙÄê¹ë�ë¹Ö^ÜxØ�ã>äQßqÛ«å]ê
ÙÄØ�Ö*Õ]ånî]Ö^Ø�ê¹Ö^ë�×=ã ë¹Û«Þ�ßÚÛÝê¹ÜaßzèÄÖaãNÞDV�Ùµ|&�G�"�¨���0Ë�yc�kÊ ± ò�å]Ø Öxê¹Ü^Ø�ãNäNßqÛÝåÄê�Ùæê¹ë�Ù |&�c���1����y0Ë�yc�ÊaÍ�ò�å]Øfë¹Ö^ÜxØ�ã>äQßÚÛÝå]êiÐ[â9åÄï ä¹àNßqÛÝêQÕGßqçQÖ ä¹ØÚÛÒîæÙæßqÖ`èÄÖxãcÊaÍ�ò�ØÚåÄï�ßÚç¹Ö ä¹àQ×¹ÔÝÛ«Ü`å]êQÖbÊ ± ç�ÙÄÞ9ßÚå×�Ö³��}1��|&�A�����J��}1~&�����¨� ��~	Í	y��1�c�X�"��yµ8�Ð

\&ÅÃÎ ö·Ï�Ð öNøüøX% É�½ ËÍö�#3ö=ù�Ã|ÿ�É¹½�ÌÍöBá 
�ç¹Ö Üxå]ØÚÖ`ÙÄØ�Û«ßqçQï ÖaßqÛÝÜ�åÄäPÖxØqÙæßÚÛÝå]ê ò�å]ØHßqç¹Ö7Ë�yc��y{z·¶
���G��~A�Ay`|&�M}1��}���}1�Pë¹Öxë¹ÛÝÜ^ÙæßqÖxë*ßqåa. Û�£ðÖuÇ2ÌñÖ^Ô«ÔÝï ÙÄê�¼�Ñ	
�� � ½�Û«ÞLÖaóNä�å]ê¹ÖxêIßÚÛ ÙæßÚÛÝå]ê Û«ê Ù®C¹ê¹Û«ßÚÖ
C�ÖxÔÝëg�&�]Ð 4 Ø�ÛÝÕ]Û«ê�ÙÄÔ«Ô«ã�VNßqç¹Ö*ÙæàQßqç¹åÄØÚÞ ç�Ù"îÄÖ*ØÚÖ^Þ�ßqØ�ÛÝÜxßÚÖ^ë ßÚç¹Ö^Û«Ø`ë¹ÖxÞÚÜxØÚÛÝäNßqÛÝåÄê ßqå$äQØÚÛÝïðÖ¹C¹Ö^ÔÝëQÞ
�wÛ«ßÚç´�(Ù Ô ÙæØÚÕ]Ö ä¹ØÚÛ«ï Ö-Vû×¹àQß Û«ßÊÜ"ÙÄê Ö"ÙæÞÚÛÝÔÒã�×PÖ&ÙÄë¹ÙÄäQßqÖxë ßqå�ÙÄÔÝÔ(C�ê¹ÛÒßqÖ¤C¹Ö^ÔÝëQÞO�&���Ó�wÛ«ßÚç
ÎÑ�#D:F 8 VHå]ØÊßqå/åÄßÚç¹Ö^Ø ïÊàQÔ«ßqÛ«ä¹ÔÝÛ«Ü"ÙæßÚÛ«îÄÖ Õ]Ø�å]à¹ä¹Þ û�ò�å]Ø¦�wç¹Û«Üéç ßÚç¹ÖI�������c�Myc�<y���}������������A�
|&�M}��"��yc� Û«Þzë¹Û�£ðÜ^àQÔ«ß ßÚå Þ�å]Ô«îÄÖRQ�ÞÚÖxÖðÖæÐ�ÕQÐ?Ø Ö^êQÖ"�^ÖxÞ�¶�·u¸-º�»�¼�Ñ�
�
 ³ ½cV?,>Ö^ÜxßÚÛÝå]ê � Viò�åÄØ�Ù&ëQÛÝÞ7�
Ü^àQÞÚÞÚÛ«å]ê åÄò�ßÚç¹Ö�ë¹ÛÝÞ�Ü^Ø�ÖxßqÖ�Ô«å]Õ=ÙÄØ�Û«ßqçQï�ä¹Ø�å]×¹Ô«Ö^ï Ð

ã¤äBå�æ�ç�æéèmæ�ê�çìë�íXî¯Òbíbp ¶�·¾û ÿ ¶O¸\��ô�ó=<	ùÖ¸-ö ( �¹K�� ÿ ¶�¶�º$¶�ø³¶�ö&· õ ó � û õ <=�7þÅ·Jþ)¸G·:�Ó�
Hf�¹N"» ` þ+¶�·�¸ õ)Ô ·<ówdGö ( ¸-ö ð ö&·<¶)�G¶�ôPÕÖ�´Q õ <=�7þ¬·Jþ)¸G·:�b×�P�� ð�õ ��¸-º�º$¶ ( ·Xþ+¶ ë¹Û«ÞÚÜxØÚÖxßÚÖÔÝåÄÕ=ÙÄØÚÛÒßqç¹ï�ä¹Ø�å]×¹Ô«Ö^ïg»

Ø ��r���jw� ��j�~t~���o�sLÙ{��o�~t~�oñy�oa� �¥Ú�Û�Ü�ÝRÞ�ß�à�ß¨áZÛ�âRà�ãäãæå7áäâ)ç²èfà�é�áZê²ãëè r��;r�y7�û��vx�üyûox���9jÚoa�{�km7j�l7ì"��j�r}y7hkj�my{h|j�oa��va�ks^y�va�P��j���vxm{� �|�{j�l£vam�y{hkj9m7�ks^y{rt�9j�r��;í|skr�y{j:ìk�nyLr����Ävx�7�ürîìk~tj�~toam{uxja� ï$ð]��r���j�� ��j�~t~t��oas
ñÃò)óhô�õºö ð"�I� õ�÷ºõ �



�� "¡Y £¢Y¡¥¤�¦I§q¡Y¦=¤Y¨�¢H©«ªn¤H¬N "¤� n­®­¯¨�­Q¨q°]¬Qªk±I¨�±|¡Y²® "¡Y²®ªk± Ñ]Ñ

øqV+ê^èbê;«mêKnÌë�íXî)î)í . Û�£ðÖc��Ì`ÖxÔÝÔÝï ÙÄê èÄÖxã&Ö�óNÜéç�ÙÄê¹Õ]ÖæÐ
� à¹×¹Ô«ÛÝÜ�¯�Ó�ä¹Ø�ÛÝïðÖ ä�å��fÖ^Ø¥� � �OD:FAÒÊÙÄêQë Ù*ä¹Ø�ÛÝïðÛ«ßqÛÒî]Ö`Ö^ÔÝÖxï Öxê=ßH���g� S��� Ð
Ezå=ÙÄÔ�¯9Ó5Õ]Ø�Ö^Ö^ïðÖ^ê=ßHà¹ä�å]ê ÙzÜ^åÄï ïðå]êÊÞ�Ö^Ü^Ø�Öxß[èÄÖaã}Êù�g� S��� à¹Þ�ÛÝê¹Õ�ÙæêðÛ«ê¹ÞÚÖxÜ^à¹Ø�Ö�Üéç�ÙÄê¹êQÖ^Ô Ò Ð
Ñ]Ð�Ó`ÔÝÛ«Ü^Ö Üéç¹åNåÄÞÚÖ^Þ&ÙæêþÛÝê=ßqÖxÕ]Ö^Øcú·û/��xIÑ�K�������KM� � Ï ÑR{(Ùæß$ØÚÙÄê¹ë¹å]ï Ð ,Nç¹Ö Üxå]ïðä¹àQßqÖxÞ
�RP2�7ü�ýª���)� � �"��y{zD|)}1~�yc~)�X�X���J��}1~�Ð

ÏNÐu�få]× Üéç¹å>å]ÞÚÖxÞ�ÙÄê Û«êIßÚÖ^Õ]ÖxØqú¯þ'�ExIÑ�K��h���mKM� � Ï ÑR{ðÙæß`ØqÙÄê¹ëQå]ï Ð�Ì`ÖOÜ^å]ïðä¹àQßÚÖ^Þq��P
�7ü�ÿO�g�&���I�"�³y{zD|)}1~�yc~)�J�X���X��}1~�Ð

³ Ð�Ó`ÔÝÛ«Ü^Ö�ÙÄê¹ëg�9å]×&Ö�óQÜéç¹ÙÄê¹Õ]Ö^��ÙÄê¹ëk� î>ÛÝÙ*ßÚç¹Ö�ÛÝê¹Þ�Ö^Üxà¹ØÚÖ£Üéç�ÙÄê¹êQÖ^Ô7Ð
�¹Ð�Ó`ÔÝÛ«Ü^ÖzÜ^åÄï ä¹àNßqÖ^ÞPÊ P �0ü�ýk���&� � �"��y{zD|)}1~�yc~)�X�X���X��}1~�Ð
� Ðu�få]× Üxå]ïðä¹àQßqÖxÞPÊ PÅ��ü)ÿO���&� � �"��y{zD|)}1~�yc~)�X�X���X��}1~�Ð

4 ×=îNÛ«å]à¹Þ�Ô«ã�V]ßÚç¹Ö�ÞÚÖxÜ^à¹Ø�Û«ß¥ã*åæò�ßÚç¹ÛÝÞ�ä¹ØÚåÄßÚåNÜxå]ÔQÛ«ÞL×�ÙÄÞ�Ö^ëðå]ê*ßqç¹Ö�òüÙæÜxßLßÚç�Ùæßûò�å]ØûÙæê*Ö"Ù"î]ÖxÞÚë¹Ø�å]ä��
ä�Ö^Ø í îÄÖOÛÒßwÛÝÞwÜ^å]ïðä¹àQßqÙæßqÛ«å]ê�ÙÄÔ«Ô«ã ÛÝêQò�Ö^ÙÄÞÚÛ«×¹ÔÝÖ ßÚå ÕÄÖxßHÊ�ò�ØÚå]ï�ßqç¹Ö�ßqØÚÙÄê¹ÞÚïðÛ«ß�ßqÖxë ÖxÔÝÖ^ïðÖ^ê=ßÚÞ
�OK��B�g�&��� ÙÄê¹ë$ßÚç¹Özä¹à¹×¹Ô«ÛÝÜ`Ö^ÔÝÖxï Öxê=ßP�Ñ�g�&���PÐj��ò í îÄÖ£Üxå]à¹Ô«ë ÞÚå]ÔÒî]Ö ßqçQÖzë¹ÛÝÞ�Ü^ØÚÖaßqÖzÔ«å]Õ=Ù1�
ØÚÛÒßqç¹ï ä¹ØÚå]×QÔÝÖ^ï Û«ê��&���*ßÚç¹Ö^ê$Þ�ç¹Ö5Ü^ÙÄê ÕÄÖxß:ú¯û ò�Ø�å]ï/� Ùæê¹ë ßÚç>àQÞlÊ P �0ü�ý�VNä�Ö^Ø�ò�å]ØÚïðÛÝê¹Õ
Ó5Ô«ÛÝÜxÖ�×}ÞfÔÝÙÄÞ�ß[Þ�ßÚÖ^ä åÄòPßqç¹Ö`ä¹ØÚåæßqå>Ü^å]Ô{Ð���ßfÛÝÞ[Þ�ßqÛ«ÔÝÔÍÙÄê å]äPÖxê¤!Ià¹ÖxÞ�ßqÛ«å]ê¤�wç¹Öaßqç¹ÖxØ9×¹Ø�Ö"ÙÄèIÛ«ê¹ÕOßqçQÖ
. Û�£ðÖ��²Ì`ÖxÔÝÔ«ï ÙÄêGèÄÖaã ÖaóNÜéç�ÙÄê¹ÕÄÖ`Û«ÞHÙÄÞûç�ÙÄØ�ë ÙÄÞûÞ�å]Ô«î>Û«ê¹Õ ßqç¹Öwë¹Û«ÞÚÜxØÚÖxßÚÖwÔÝå]Õ=ÙæØÚÛ«ßÚç¹ï�ä¹ØÚåÄ×¹ÔÝÖxïgV
×¹àQßñÞ�Ö^ÖOØ ÙÄà¹Ø�Ö^Ø¥Ç ²�å]Ô«ò±¼YÑ�
�
�
�½�Ð

kzø�= É)%�É�ø��¢�*ú�Â�'�ø{ÅüÃ ËÍö�#d�D#?�x¾nöA%dá . Û�£ðÖaÇ�Ì`ÖxÔÝÔÝï ÙÄêI¼YÑ�
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�çQÖðÜxå]ØÚØ�Ö^Þ�äPå]êQë¹ÛÝê¹Õ ÙÄÔ«Õ]å]ØÚÛÒßqç¹ï�ò�å]Ô«ÔÝå��wÞ ßqçQÖ
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Addition chains: c=2/3

binary Brauer BGMW
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2-addition chains with free doublings: weight (0,1)

binary Brauer BGMW
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degree of field extension over GF(2)

Polynomial basis with sparse modulus f=x^n+x^e3+x^e2+x^e1+1

multiplication (c_A) squaring (c_Q) c_Q/c_Aìîh�Øh¼
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Arithmetic in GF(2^n) using a normal basis and matrix-based multiplication

multiplication
squaring
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degree of field extension

Arithmetic in GF(2^n) using a normal basis generated by a prime Gauss period

multiplication
squaring

time for one multiplication / time for one polynomial multiplication�3< X 9�@�õ
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Arithmetic in GF(2^n): prime vs. prime power Gauss periods

multiplication prime power GP
multiplication prime GP
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6 ù�� � ø�´). © 0 ¬ 8'9 � ø �
-�- ´ - ¬ å � ���wùhµ~ù"¯ 	 � ú�� ù 	 � � ù"µ ú�� ´Kù�� ú µ ± .qp ¬ ² � ¯^ø�Ü
G�0�¶ ú ´ ü � øDµ�ù"µ~ù"¯ 	 �� øD´Y��´����2ø�ù��B´��æù 	¸·J×��
¹ ü - ´U. © 0HG�0;¶ ú ´ - ´ � µ��Oø � ü ú ù�� � ù"µ ú ø�´�� ü ´��!µºµ�¯»µ ú ´ ��	 ù � ¯Oø ¹ü � ø�µ~ùhµ~ù�¯ 	k¼ µ ú ´[ø�ù�� ú µ½¯ 	 ´�µ � O
´��Vµ ú ´ � ´2ù�� ú µ�ù 	 µ�¯ � ���!¯ ��	 µ�0
� �"�h���¾�¤��xBy�¿½ÀRÁ��]�¤}¡��y�{[�]x��"���rz
�¤ÂRy��"�H�w{¨y'�¤y'�[��y!�$�����]x � º ´ - ¯�� J
Ã µ¡/Y.,�³ ³��y'~D�³��y¾�w�z
�[���!}(���¢ K�����rzR�]�¨}(���!}(�³��!¡ ¥ ¢ ± � ² 6 ´ - ¯�� JKÃ µ0? ± [�/ ~ ? ± F ¾é. ²�²BÄ

ÅCûBj£j£ÆBe ÇÈ´ ü øD¯(ÉK´��!¯^ø�øD´���µ 	 ´�����ù 	 µ � ¯���µ�´ ü ��0®6Ê¯^øUµ ú ´ - ¯¡¯ ü ù 	 �Dµ�´ ü ��3(��@ ¼'� ´ú�� Éq´�ë,� º ð 1 ¤�Ë ìIÌ�� � Ã ç � � Ë*Í Ë æ
1 �
� µ�´2ø -�� ü 8 � ¯^ø ü ø�¯^��´����D¯^ø © 6 ¼Î: Ã 0Ï¶ úP� � ¼�
� µ�´2ø -�� ü < ± ¼ ² � ´ ú�� Éq´Aë�� º ð Ì"� ��� ¤�Ë ìIÌ"� � Ã ç � � Ë*Í Ë æ Ì�� �!� 0Ã� 	 �Dµ�´ ü 5 ¼ µ ú ´ �
- �q¯^ø�ù"µ ú�¹� ������< ± ¼ ² ¹I�
	P� Í åR��µ�´ ü � ¼ ùb0Ð´
0 �
� µ�´Køºµ ú ´ - ¯�� �
- �!¯ ¹ ü � µ � µ�ù�¯ 	w¼Z� ´ ú�� Éq´=ë,� º Í Ì�� ��� ?ð Ì�� ��� ¤�Ë ìIÌ�� � Ã ç � � Ë*Í Ë æ Ì"� ��� ºmð Ì"� ��� ¤�Ë ìIÌ"� � Ã ç � � Ë*Í Ë � �2� -�� ù ¹ ´���06Ê¯^ø0µ ú ´w��¯ -�- ´���µ~ù"¯ 	 ü � øDµ�ù 	 �Dµ�´ ü ��.�.��X.�E ¼?� ´ ú�� ÉK´Hµ ú ´ � ¯ -�- ¯ � ù 	 ��ù 	 É � ø�ù �
	 µ �Xú ù�� ú� �
	 �[´;� ú ¯ �2	 � � ù 	 � � �!µ�ù�¯ 	 ¯ 	 <�8 � � ¼ º M F
¸ � ¯^ø �
	 MÏÑ TWV^] �
	 � © 6 Â 6´ - ¯��KJ Ã µ�µ ú ´ 	 ë,� º ð Ì�� �!� ¤ 1 ìIÒfÓ Ô�Õ]Ì�� � ÃRQ JTSLÖq× æ�ç � ¥ Ì�� ½ ��Ø �'1 Í 1 �
� µ�´Kø -�� ü Â 0O¶ úP� � ¼!�
� µ�´KøÙµ ú ´-�� �Dµ -�� ü�ü øD¯��!´����D¯^ø © ú�� �Z��¯ ¹ ü � µ�´���µ ú ´ 	 ¯��R´Cë ] ºÑð Ì"� ] � ¤ 1 ìIÒfÓ Ô'Õ]Ì�� J]ÚÜÛ Ý�Þ�ß Ä*à � ¥ Ì�� ½ �"Ø �'1 Í 1 º



.�} ¬ Ì Û�Ô/Í=ÑØÖ­ÙXÎCÏ×#ÔqÐ�ÖCÒ
ð ] ¤ 1 ìIÌ"� ½ � �'1 Í 1 º²ð ] ¤ 1 ì å Â �	á�� �'1 Í 1 º²� 0ÇX´)��¯ ��	 µ �
-�- Í åR��µ�´ ü � �
	 � 	 ¯ 	 å Í åR��µ�´ ü �.ù 	 µ ú ´ - ¯�¯ ü ± ��µ�´ ü ��3*� 5 ² 04¶ ú ´ - ¯¡¯ ü � �
	�[´w�!¯ ¹ ü � µ�´��Mù 	 ��´ ü µ úU� µ ¹ ¯���µ

±]â�ã / ârä ² ? ± < ± ¼H/�. ² ¾§< ± ¼ ² ¾ . ² / â!ã ?*< ± ¼ ²
å â�ã ? ± < ± ¼H/�. ² ¾é. ² / â�ä ? ± < ± ¼4/�. ² ¾§< ± ¼ ² ¾é. ²� ¯^ø�´ � � ú © 6�¼�: Ã 0J� 	 �Dµ�´ ü �'.�.��X.�E ¼ µ ú ´Kø�´ � øD´0¯ 	�-���	 ¯ 	 å Í å`�Dµ�´ ü ��0_9TøD¯��!´�����¯^ø © ù���µ ú ´¯ 	�-7� ü ø�¯^��´����D¯^ø ü ´2ø � ¯Oø ¹ ù 	 �.µ ú ´H´ - �D´�å`� � �D´ � ¯^ø �
-�- © 6æ<�:Îç - ¯��qJ Ã�è 0'� 	 �Dµ�´ ü �,.4G*�X.�E ¼µ ú ´2ø�´ � øD´ � µ ¹ ¯��Dµ F ¾�. 	 ¯ 	¡é Í é ��µ�´ ü �&ù 	 ´ � � ú,-�� ü �Xú ù�� ú �Où"Éq´�� � µ�¯
µ �
- ¯ � ç - ¯�� JKÃ�è ? ± F ¾). ²	 ¯ 	�é Í é �Dµ�´ ü ��0·f� � ú -�� ü ¯ � µ ú ´ - ¯�¯ ü ù 	 : - �K¯^ø�ùhµ ú�¹ . © 0HE;�Dµ�´ ü .
.��X.�E;� �
� ��´�� � µ ¹ ¯���µ ± F ¾ . ²��¯ ü � ��µ�´ ü ��0�� 	 � -�� �wù 	 �>µ ú ´�· 	��
- �!¯ ¹ ü � µ � µ�ù�¯ 	 ¯ � ü øD¯��!´����D¯^ø © ¼�� ´ ú�� Éq´¸ç - ¯
� JqÃ�è /.=� � ü ´2ø���µ�´ ü ��0÷6Ê¯^ø.µ ú ´ -�� �Dµ��Dµ�´ ü ¼#� ´ ú�� Éq´ 	 ¯���¯ ¹º¹,��	 ù�� � µ~ù�¯ 	 0P¶ úP� � ¼ µ ú ´�µ�¯Kµ �
-��¯ ¹�¹,��	 ù�� � µ~ù"¯ 	 ��¯
�Dµ � � øD´ � µ ¹ ¯
�Dµ¤ç - ¯�� J
ÃZè ? ± [�/ ~ ? ± F ¾é. ²�² 0 ê

ë¤ì ª?â�¨�¦�ö�¬(÷wâ§¬Rí�¨4¦�¨�¦�ª ì ¶îÇÈ´ ú�� ÉK´�µ�¯�� ü ´��2ù �©� �Dµ�´ ü ¬ ¯ � : - �q¯Oø�ù"µ ú�¹ . © 0iE�0§¶ ú ù��ù��¤¯ 	 ´��Dµ � øDµ~ù 	 � ü ¯Où 	 µ¤µ�¯ ¹ ù 	 ù ¹ ù�ï!´�µ ú ´ð¯(ÉK´2ø �
-�- �!¯��Dµ�0ø6Ê¯^ø � ��ù 	 � - ´ ü ø�¯^��´�����¯Oø�¯OøñÊò ± � ² å . ¼ µ�ó�´�ôD´�õ�� 	 ¯Kµ�ó�õ 	 �Ùµ�¯���¯�Ç¡ó�´ 	 ��´ ¼ ñÊò ± � ²�ö Ã ö ¬ õ�÷ � óÊø
µ,ù¨¯ -�- ¯ �Vú 0mÇÈ´�ó�ø*ÉK´ñ � å < ± ¼H/Ñ. ² ¾§< ± ¼ ²½û õ"üqõ"µ ú ¯Kù ± � ² ò µ�óÊø
µ3øKôD´Zø ú�ú õ�üq÷�´ û µ�¯�ýRô�¯�þ�´ úDú ¯qô�¼�0f��ù � ´@ø úDú�ÿ�¹ ´µ�óR´3÷�¯K÷ é ï!´�ô�¯ û õ"üqõ"µ ú µ�¯$�B´0´�> ÿ ø -hé û õ ú µ�ô�õ�� ÿ µ�´ û ø ¹ ¯K÷�ü@ø -�- û õ�üqõhµ ú ¯Kù ± � ² ò ¼ µ�ó�´!÷Uø û õ�üKõ"µ�õ ú´ × ý[´�þ�µ�´ û µ�¯(�[´W÷�¯K÷ é ï!´�ô�¯ � õhµ�ó¢ýRô�¯��Êø
��õ - õ"µ ��� å���� ��á��å � ��á���� © 0	�3´!÷�þ�´ � ? ± ñ �N¾�. ² õ ú�
Dÿ�ú µ
µ�óR´º÷ ÿ�¹ �B´!ô@¯
ù ± ´ × ýB´!þ!µ�´ ûd² ÷�¯q÷ é Í é�ú µ�´�ý ú µ�¯�þ�¯ ¹ ý ÿ µ�´�ë�� å ð Ì�� ��� ¤ 1 ìIÌ�� �
� ç � �'1 Í 1 0�6Ê¯qôµ�óR´ � ¯qô ú µ0þ³ø ú ´@øK÷Êø -7�¡ú õ ú!¼�� ´ ú ´!µ � å .
0��¡õ�÷�þ!´ © å < ± © ² :P< ± . ² : ?*?*?�: < ± Ã ² å ñÊò ± � ²õ ú ø4ýÊø
ôDµ�õhµ�õ"¯q÷¤¯Kù ± � ² ò ¼�� ´ZóÊø³ÉK´

< ± ¼H/Ã. ² å £] ¤ � ¿ ¤ � ñ �"¿ øK÷ û ñÊò ± � ² å £] ¤ ��ì�� ñ � Ä± . © 0L3 ²
� ÿ µ ¹ ø × ] ¤ ��ì�� è�ârä ? � ? ± < ± ¼Ù/Ã. ² ¾;< ± ¼ ² ¾ . ² / â�ã ? ± < ± ¼H/Ã. ² ¾É. ² êÙõ ú�¹ õ�÷�õ ¹ ø - õhùmø -�-µ�´!ô ¹ºú øKô�´�´�> ÿ ø - 8

â�ä ? � ? ± ñ �'¾é. ² / â�ã ?	� £] ¤ ��¿ ¤ � ñ �"¿�¾é.��
å â�ä ? � ? ± ñ � æ�ç ¾ . ² / â�ã ?�� £] ¤ � ¿ ¤ � æ�ç ñ � ¿ ¾ .�� ù¨¯qô%.@6�¼�: Ã Ä

ÇÈ´ ú ´!µ â å������� øK÷ û�û ¯ ú ¯ ¹ ´ ú õ ¹ ý - õ7·Êþ³ø�µ�õ�¯K÷ ú ¯q÷¤µ�ó�´Z´�> ÿ ø
µ�õ�¯q÷>µ�¯.üq´�µñ �0? ± � / â ² å ñ � æ�ç ? � ù¨¯qô%.@6�¼�: Ã Ä± . © 0À} ²�¡õ"÷�þ�´ � � © ø
÷ û â ö © ¼�� ´ZóÊø³ÉK´ � / â � © 0!�¾÷ û ÿ þ!µ�õ"ÉK´ -��K¼�� ´ ¹ ¯ û õhù � ± . © 0L} ² µ�¯�üq´�µ
ñ � å�� �� / â � � ? ñ ] ù¨¯Kô © 6D¼�: Ã Ä± . © 0L@ ²
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G
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ñÊò ± � ² å £] ¤ �4ì�� ñ � å ñ ] ? £] ¤ ��ì�� � �� / â � � p
øK÷ û � ´@ó�ø*ÉK´@µ�¯ û õ ú µ�õ�÷Rü ÿ õ ú ó �B´�µ � ´!´�÷�µ � ¯Uþ�ø ú ´ ú 0!6Ê¯qô â å © ¼ µ�ó�õ ú õ ú

ñÊò ± � ² å ñ ] ? £] ¤ �4ì�� . � å ñ ] ? Ã p± . © 0 5 ²

øK÷ û � ´4óÊø³Éq´ ñ ] å ?*?*? å ñ � æ�ç å å � ��á��� µ�ó�´65�798 :�;=<0>@?1AB<�S�8©SC8D;=7E;": ± � ² ò 0�¶�ó�õ ú õ ú µ�óR´
ú õhµ ÿ ø�µ�õ�¯K÷ û õ ú þ ÿ�ú�ú ´ û õ"÷F��µ�õ�÷ ú ¯q÷ ± . 5q5 © ² ø
÷ û ÉK¯q÷»ï ÿ ôHGZø
µ�ó�´!÷ ±"I 5q5 ¬ ²0J 6Ê¯qô â � © ¼�� ´óÊø³Éq´

ñÊò ± � ² å ñ ] ?�KMLL � �ON � ¾ I
LL � � ¾ I å ñ ] ? � / ââ ?�� I ¾ � �� / â � � �±,I © J I © ²

� õ"µ�óOµ�óR´$ó�´QP"ý»¯Kù�µ�ó�´$üq´!¯ ¹ ´!µ�ôDõ�þ ú ´!ô�õ�´ ú J ÇÈ´ úDÿ � ú µ�õ"µ ÿ µ�´ ñ ] � � ñ � æ�ç ? K L � �L N � æ�ç û ÿ ´µ�¯ ±"I © J @ ² ¼ ø
÷ û � ´ ú ´�µ � å I J ¶�ó�´!÷
ñdò ± � ² å ñ � æ�ç ? ±"I / â ² � æ�ç ? I / â±,I / â ² � ? I ¾ ±"I / â ² �I ¾ ±"I / â ²

å ñ � æ�ç ? ±"I / â ² � ¾ Iâ

^3_�`�aWbdcPóÉô¹õfehgXikjml°ükn�l�R°ódo,e�¶�óR´»´ × ý[¯q÷�´�÷�µTS
GXóÊø ú ��õ�÷Êø
ô � P�´!÷�üKµ�ó ñVU ± S
G ² åXW ¼øK÷ û ��ø ¹º¹ õ"÷�ü � ´!õ�üqó�µ�Y U ± S
G ² å E ¼ õ J ´ J � å �"Z � �RQ �å Z � �RQ � å U Q J ¶�ó�´Wþ'óÊøKõ"÷UóÊø úZ� ´�õ�üKóIµ ±,I p ¬ ² ¼õ J ´ J â å çU J ¶�ó�´Zù¨¯qô ¹$ÿ Pvø$ø
�[¯*Éq´ ú�ÿ üKüq´ ú µ ú µ�ó�´ZýÊøKô�µ�õhµ�õ�¯K÷ ±,I ª I © ª I © I ² ù¨¯qô ± S
G ² U ¼Êú õ�÷�þ!´
ñ ]\[ ]$^Q ç å G Ä I W Ä³Ä³ÄX_ ñ ] å Gñ ç [ �$`Q ç å I Ä @ © Ä³Ä³ÄX_ ñ ç å ¬ñ U [ Q UQ ç å I Ä © G Ä³Ä³ÄX_ ñ U å I Ä

¶�ó�õ ú ýÊøKô�µ�õ"µ�õ�¯q÷ ú�ÿ ýRýB¯qô�µ ú ù�ø ú µ�´!ô$þ�¯ ¹ ý ÿ µ�ø
µ�õ"¯q÷;¯Kù0ø
÷ ¬ é ø ûRû õ"µ�õ�¯q÷Èþ'óÊøKõ�÷ � õhµ�ó � ´�õ"üqó�µ±,I p ¬ ² ù¨¯qôaS
G$µ�óÊøK÷¤µ�ó�´ ÿ ÷Rõ"ù¨¯qô ¹ ýÊøKô�µ�õhµ�õ�¯K÷>ø ú�ú ó�¯ � ÷�õ�÷*6£õ�ü ÿ ô�´ I © J ¬ J s
ÇÈ´ ú�ÿ � ú µ�õ"µ ÿ µ�´ ñ � æ�ç å < ± Ã ² ¾ < ± Ã ¾ I ² øK÷ û < ± Ã ² å ñÊò ± � ² µ�¯;üq´�µ¤ø��[¯ ÿ ÷ û ¯q÷:bP"üq¯qôDõ"µ�ó ¹ I © J E ú µ�´�ý ¬ 8
ÅCûBj£bdjdc(n�üfn�jmlmô¹õfebô�ôÊefe£y*� � Â�y3z���yhgK��}(�By'�[�$i Í ÂRy3zH���rz
{�z�~�|�~ry�zR�¾y'~W��xdz
� I idz
�B� Ã������x I 6 Ã 6 ñÊò ± � ² ÂRy4��xBy��B 
�>Â�y�~W}3jk�w~r}¡�!y'�D��}(~D�³�lk�xBy��;�]x[y'~�yZz
~�yWzZ�fz
~��]������}(�mj�}*~
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± � ² ò z
�[��z Í ��zI�R�I������}(�»��xdz
�"� � ������xX��y'�h|�x[� ±]â�ã p ârä ² �]xÊzR���!}(�Ù�� ���y��$��xByHyogq��}(�By��[�]�}3j��]x��"���fz
~��]������}(�7 
�����¡|¢z¡���>}(��� Ã �w~r}¡�!y'���r}(~��0���»��y¾���]x
Ú ò ¥ � ��� ¥ ��� � ± � ² 6 ÒÓ Ô â�ä ?qp å � ��á���sr �*j â�ã å © iBz
�[�

â!ã ? ± ñdò ± � ² ¾ I ² / â�ä ? p�ñÊò ± � ² ? �� ç � � �*t æ�ç ¾ I r �*j â�ã � ©
�uj,��xBy3�B}¡�Ry'� è¡±Cv p<¼ ² 8 I 6 v : Í p © 6�¼�: Ã ê4z�~�y�z
{"~�y�z��Bwº�w~ry��!}(�H�£ ���y!�[�6Ê¯qô â!ã � © ¼¹� ´�¯�� ú ´�ô�Éq´�µ�óÊø
µ,µ�ó�´0ý�ôD¯¡þ!´ ú�ú ¯qôxP�ø
�[´QP�´ û Ã ¾ I ¹ øKõ�÷1P � ý[´�ô�ù¨¯qô ¹ºú Í é�ú µ�´�ý ú J¶�ó�õ ú õ ú µ�ó�´$�[¯Kµ�µhP�´!÷�´�þ"O¢¯
ùmµ�ó�´ZýÊøKô�øyPuP�´OPwþ!¯ ¹ ý ÿ µ'ø
µ�õ�¯q÷>ø ú õ û ´�÷�µ�õ�·Ê´ û õ"÷z�¡´�þ�µ�õ�¯K÷*E J I J
Ý�«°¯�ª?â�¨�¦�{�¬9|�¨³í|¯P¯?¶ ¶�óR´ ú ´!þ�¯q÷ û µ ÿ ÷Rõ�÷�ü�ýÊøKô�ø ¹ ´�µ�´!ô@õ ú üKõ"Éq´!÷�� � F Ñ TWV U J ¶�ó�õ úýÊøKô�ø ¹ ´!µ�´!ô û ´�µ�´!ô ¹ õ�÷�´ ú µ�óR´ û ´�ý¡µ�ó4¯KùÊµ�ó�´)þ!¯}PuP"´�þ!µ�õ�¯q÷ ú µ�øKüq´)õ"÷�:~P�üq¯qôDõ"µ�ó ¹ I © J E ú µ�´�ý I}I �I E J ��µf· × ´ ú µ�ó�´V÷ ÿ�¹ �[´�ô�¯KùBõ�÷R÷�´�ô�÷�¯ û ´ ú õ"÷4µ�ó�´�þ!¯ ¹�¹Hÿ ÷�õ�þ�ø
µ�õ"¯q÷Hµ�ô�´�´ J ¶�ó�´Vý�ô�´�É�õ�¯ ÿ�ú P �û ´�µ�´�ô ¹ õ"÷�´ û ýÊøKô�µ�õ"µ�õ�¯q÷7¯Kù � û ¯�´ ú ÷R¯Kµ û ´�ý[´�÷ û ¯K÷ F J ¶�ó�´�ôD´!ù¨¯qôD´ ¼J� ´Uþ�øK÷;óÊø
÷ û P�´.µ�óR´þ�¯BPuP�´!þ!µ�õ�¯q÷ ú ´�ýÊøKô�ø
µ�´OP � µ�¯.ù ÿ ôDµ�ó�´�ô û ´!þ�ô�´�ø ú ´Zµ�óR´@¯*ÉK´�ô�øyPuPfþ�¯ ú µ J ÇÈ´ZóÊø³Éq´Zµ�¯ ¹ õ"÷�õ ¹ õ�ï!´

â�ä ?Bç�P�¯qü J Ã�è ? ± F ¾ I ² / ç�P�¯qü J Ã�è ± [�/ ~ ? ± F ¾ I ²�²rÄ
¶�ó�´(·Êô ú µ ú�ÿR¹�¹ øK÷ û þ!¯ ÿ ÷�µ ú µ�óR´4÷ ÿR¹ �B´!ô�¯Kù,÷�¯q÷ é Í é�ú µ�´�ý ú!¼ µ�ó�´ ú ´!þ�¯q÷ û ¯q÷R´ û ´ ú þ�ô�õ��B´ úµ�óR´Oþ�¯ ¹�¹$ÿ ÷�õ�þ�ø
µ�õ"¯q÷¸þ�¯ ú µ J 6d¯Kô ú õ ¹ ý�P�õ"þ�õ"µ �K¼!� ´»ø
ý�ý�ô�¯ × õ ¹ ø
µ�´ ç�P"¯qüKJ ÃZè � ��� Ô��� Ô J ø
÷ ûû õ ú þ ÿRú�ú µ�ó�´ û õ7�w´!ô�´�÷�µ�õvø
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µ ¹ ¯ ú µ�� ¹ øK÷'ï Í é�ú µ�´!ý ú õ"÷ ú µ�´�ý W L ó ¯Kù Ý P�üq¯qôDõ"µ�ó ¹ I © J I ó µ�¯±ç7ù¨¯qô0´³øKþ'ó v ÷�¯
µû õhÉ¡õ ú õ ß P�´ ß ï Í J ��ïm�0´ ¹ øKôoÃ I © J ¬ © ¼ µ�ó�´!ô�´ºøKô�´ Í:� í Í:� 12
 í I ¹ øK÷'ï»´OP�´ ¹ ´�÷�µ ú ÞVõhµ�óm�
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¹ øK÷'ï Í é�ú µ�´�ý ú J ¶�óR´@÷ ÿ�¹èß ´!ô0¯
ù Í é¾ú µ�´�ý ú ù¨¯qô�´�øKþ'ó�ý�ô�¯�þ�´ ú�ú ¯Kô3õ ú ø
µ ¹ ¯ ú µ{b�

Ã |�� � �
 � � � 9
{

Í:� í Í>� 12
 í I
Ã | � ± ' í � ²o�

~ �
 � � � 9 � Í � í Í � 12
 í I
Ã � I � � ± ' í � ²

å Í í I
Ã � ' � �
 � � � 9 Í � 12
 í �
 � � � 9 � Í � 12
 � � Ã�í I

Ã � � �
 � � � 9 ± ' í � ² �
å Í í I

Ã � � ' � Í 9 í I
Í í I í ' � Í 9 ± Í í I ²± Í í I ² U � Í 9 í I± Í í I ² U � � Ã�í I

Ã � ' U � '¬
å Í 9 í I

Ã � ± Í í I ² � Ã�í I¬ Ã � ± ' U � '�² í ' Ã
å I

Ã � Í:9 í I
Í í I � I¬ � ± ' U � '�² í I¬ Ã � ± ' U � Áb'�²�Ä

¿ ÿ ôDµ�ó�´�ô ¹ ¯Kô�´ ¼ ý�ôD¯¡þ!´ úDú ¯qô���ó�ø ú µ�¯>þ�¯ ¹ ý ÿ µ�´ºµ�ó�´.´QP�´ ¹ ´!÷�µ ú Í���Í U � Ä³Ä³Ä ��Í 9 12
 J ¿Ê¯qô�µ�óR´þ�¯ ¹�¹$ÿ ÷�õ�þ�ø
µ�õ"¯q÷¸þ�¯ ú µ6Þ)´O¯ ß�ú ´!ôDÉK´Oµ�óÊø�µ¤øBP*P0ýRô�¯�þ�´ úDú ¯qô ú þ�¯Ký&ï µ�óR´�P�¯�þ³øyPuP*ï ú µ�¯Kô�´ û ´QP é´ ¹ ´�÷�µ ú µ�¯ øBP*PW¯Kµ�ó�´�ô>ý�ôD¯¡þ!´ ú�ú ¯qô ú J · øKþ'ó ýRô�¯�þ�´ úDú ¯qô�ô�´!þ�´�õhÉq´ ú øBP*P�´QP"´ ¹ ´�÷�µ úMß�ÿ µ�µ�óR´ý�ôD´�þ�¯ ¹ ý ÿ µ�´ û Ã ë ´OP�´ ¹ ´!÷Iµ ú øK÷ û µ�ó�´Z´OP�´ ¹ ´�÷�µ ú õhµVóÊø ú þ!¯ ¹ ý ÿ µ�´ û ¯q÷�õ"µ ú ¯+ÞV÷ ¼ õ J ´ J
Í 9 í I í§Ã ë í w vÃ y í w � Ã y

¹ øK÷'ï¤´QP"´ ¹ ´�÷�µ ú J ÇX´ZóÊø³Éq´w vÃ y ö I
Ã � ± Í 9 í Í 9 12
 í I í¸Ã ë � ±,I í I

Í ² í I ² í I
ö Í í I

Ã � Í 9 12
 í ¬
Ã í ÁÃ � Á

Í í I
ö Í í I

Ã � Í 9 12
 í W
øK÷ û w �Ã y ö �
 � � � 9 w Í � í Í � 12
 í I

Ã y � ± ' í � ² í {
Ã ë
Í |

ö �
 � � � 9 � Í � í Í � 12
 í I
Ã í I � � ± ' í � ² í Á

Í í I
ö I

Ã � Í 9 í I
Í í I í ' U � '¬ � ' U í '¬ Ã í Ö Ä
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¶�ó ÿ�ú�¼ Þ�´Ùó�ø*ÉK´

ÿ��O� � ± ç ² � � � � � � Í 9 � � I í I
Ã � Í U í Í � I

Í U í Í � �R��� ' U � '¬ í ' U í '¬ Ã �
ø ú ø ß ¯ ÿ ÷ û ¯q÷¤µ�ó�´Zþ�¯ ¹�¹$ÿ ÷�õ�þ�ø
µ�õ"¯q÷¢þ�¯ ú µ J ê
Å����"�£Æ ± ¯Kùq�f´ ¹�¹ ø I � J I Á�²
J ä�ù�Þ)´ºóÊø³Éq´ Í 9 í I � Ã ë å ¬¶µ �¸·$¹ Z �1º � Ã µ�óR´�÷Èµ�ó�´�ôD´õ ú ¯K÷�P*ïOøK÷7õ�÷�õhµ�õ�øBP�õ"ï³ø
µ�õ�¯q÷¤ýÊø
ôDµ JèÝ µ ¹ ¯ ú µ Ã å ç ò�n 12
U è ö ò�n 12
U ý�ô�¯�þ�´ ú�ú ¯Kô ú þ�¯ ¹ ý ÿ µ�´Ã ë å ¬¶µ �¸·$¹ Z �1º � Ã ö ¬ � òon 12
U å Í 9 í I ´OP�´ ¹ ´!÷Iµ ú J ¶�ó ÿ�ú!¼ Ã å ç òon 12
U è ýRô�¯�þ�´ úDú ¯qô ú øKôD´
ú�ÿ *�þ!õ�´!÷Iµ3µ�¯�þ�¯ ¹ ý ÿ µ�´ Í 9 í I J ÇÈ´Ùõ"÷ ú ´!ôDµ0µ�ó�õ ú ÉKøyP ÿ ´�ù¨¯qô Ã õ�÷zã�ô�¯qý[¯ ú õhµ�õ"¯q÷ I � J I W µ�¯üq´�µ�µ�ó�´)´ ú µ�õ ¹ ø
µ�´J�qõ�÷Ùµ�ó�õ ú þ³ø ú ´ ÿ�ú õ�÷�ü»ç�P�¯qü U Ã�è � I � ç�P�¯qü U ± Í 9 ² è�í I � I � ç ' � P�¯Kü U Í è Jä�ù Í>9 í I � Ã ë µ�ó�´!÷Xµ�ó�´�´ ú µ�õ ¹ ø
µ�´ ú ¯Kù½µ�óR´Uõ�÷Rõ"µ�õ�øBP�õ"ï³ø
µ�õ�¯q÷�õ�÷ ã�ô�¯qý[¯ ú õhµ�õ"¯q÷ I � J I WøK÷ û µ�ó�´¾°Ê¯+Þ ýÊøKôDµ3õ�÷�ã�ô�¯qý[¯ ú õhµ�õ"¯q÷ I � J I � óÊø³ÉK´Hµ�¯ ß ´ ú�ÿ�¹º¹ ´ û ÿ ý J ÇÈ´ ú ´!µ Ã ë ~ Á Ãµ�¯.üq´�µVµ�ó�´ZþQP�øKõ ¹ ´ û ÿ ý�ý[´�ô ß ¯ ÿ ÷ û®J ê� ! ìmì � ªb�:� ì���� í � ª ! { ��� �M���:� ! ì � ìg� { �2� ì¢¡ �M� � �£% ä�µ$ôD´ ¹ øKõ�÷ ú µ�¯»þ�¯K÷�÷�´�þ�µ$µ�óR´ý�ôD´�þ�¯ ¹ ý ÿ µ'ø
µ�õ�¯q÷ ø
÷ û µ�óR´ ¹ ø
õ�÷ ú µ'øKüK´ J ÇÈ´$ô�´ ú µ�ôDõ�þ�µWµ�¯¢´ ) ýB¯q÷R´�÷�µ�õ�ø
µ�õ"¯q÷»õ�÷�µ�ó�´�-�÷�õ"µ�´-Ê´OP û4¤ òo¥ J ��ïT¿Ê´�ô ¹ ø
µQ¬ ú �fõ"µDµ¯P"´�¶�ó�´�¯qôD´ ¹ ¬ J Á ¼ Þ�´HóÊø³ÉK´�� � ñÊò ± ò ² ~�¦ J ¶�ó�´@ý�ô�¯�¯Kùm¯Kù�V´ ú�ÿ P"µ I � J I ù¨¯}P*P�¯+Þ ú ÞVõhµ�ó�	)¯qôD¯}PuP�øKôoï I � J I ¬ øK÷ û �f´ ¹�¹ ø I � J I Á ¼ õ"÷ ú ´!ôDµ�õ�÷�ü¤ø úDÿ õ"µ�ø ß P�´É
øBP ÿ ´�ù¨¯qô�µ�ó�´½þ!¯q÷�÷�´!þ!µ�õ�÷�ü�ýÊø
ô�ø ¹ ´!µ�´�ô ' ÑFÉxË2
 J ÇÈ´ ú�ÿ ýRýB¯ ú ´½µ�óÊø�µ�µ�ó�´§-Ê´QP û ´ ) µ�´!÷ ú õ"¯q÷õ ú PvøKôDüq´U´!÷�¯ ÿ üKó ¼ õ J ´ J©¨� Ô Z ¨ ö 
� Ô Z ò JFÝ ú õ"÷Xµ�óR´¢ý�ô�¯�¯KùV¯Kù�	)¯qôD¯}PuP�øKôoï Á J I � ¼ Þ)´¤þ'óR¯¡¯ ú ´' å l P�¯Kü ò ¦ í ¬ P�¯qü ò P�¯Kü ò ¦ p � I ö I ¼ õ"ùZµ�ó�´7÷ ÿR¹�ß ´!ô¤¯KùÙý�ô�¯�þ�´ ú�ú ¯Kô ú Ã õ úUú�¹ øBPuPþ�¯ ¹ ýÊø
ô�´ û µ�¯ ¦ ¼ õ J ´ J ç ¨� è � l P�¯Kü ò ¦ í ¬ P�¯qü ò P�¯qü ò ¦ p � I J ä�ùwµ�ó�´!ô�´Wø
ô�´ ¹ ¯qôD´3ýRô�¯�þ�´ úDú ¯qô úø³É
øKõuP�ø ß P�´0µ�ó�´!÷TÞ�´ ú ´!µ ' å ç ¨� è ö I JÇX´ª-Êô ú µ û õ ú þ ÿRú�ú µ�ó�´�þ�ø ú ´ ' å l P"¯qü ò ¦ í ¬ P"¯qü ò P"¯qü ò ¦ p � I ö I J ¶�ó�´!÷Uµ�ó�´ ß ¯ ÿ ÷ û¯q÷ µ�ó�´ û ´�ý¡µ�óP¯Kù�µ�ó�´�ý�ô�´!þ�¯ ¹ ý ÿ µ�ø
µ�õ"¯q÷ ú µ'ø
üq´�õ"÷´�f´ ¹º¹ ø I � J I Á õ ú ø ú ù¨¯}P*P�¯+Þ ú J ¿Ê¯qôÁ Ã � Ã ë å ¬¶µ �¸·$¹ Z �1º � Ã ö Í 9 í I ¼ Þ�´@óÊø³Éq´ø ò � Z � � � � � [ ± ç ë ² � â�ä � ± ç�P�¯Kü U ± Á Ã ² è � I ² � â�ä � ± ç�P"¯qü U ÃZè � Á�²�Ä±,I � J ¬ I ²ä�ùkµ�ó�´�÷ ÿ�¹�ß ´�ô,¯KùfýRô�¯�þ�´ úDú ¯qô ú Ã õ ú�úD¹ øBP*P�´!ô ¼ µ�óR´�÷Uµ�ó�´3ýRô�´�þ!¯ ¹ ý ÿ µ'ø�µ�õ�¯K÷�óÊø ú µ$Þ�¯$ýÊøKô�µ ú Jä¾÷>µ�ó�õ ú þ³ø ú ´ ¼ µ�ó�´ û ´!ýRµ�ó�õ ú ß ¯ ÿ ÷ û ´ û ß ïø ò � Z ��� � ��� [ ± ç ë ² � ârä � ± ç�P�¯qü U Ã�è � I ² � â!ã �M« ± P�¯qü U ¦ ²±,I � J ¬K¬ ² � â�ä � IÃ � ± Í í I ² � ¦P�¯qü Uò ¦� â!ã � IÃ � ÍÍ í I � ¦P�¯qü Uò ¦ Ä
ä�ùÊµ�óR´½÷ ÿ�¹�ß ´�ô�¯KùdýRô�¯�þ�´ úDú ¯qô ú Ã õ ú P�øKô�üq´�ô�´OPvø
µ�õ"Éq´,µ�¯ ¦ ¼ µ�óR´�÷�Þ�´�þ'ó�¯¡¯ ú ´ ' å ç ¨� è J ¶�ó�´ß ¯ ÿ ÷ ûÙû ¯¡´ ú ÷�¯
µmþ'ó�øK÷�üq´�õ�÷Zµ�ó�´�þ³ø ú ´ Ã ë ö Í 9 í I J ��õ�÷�þ!´ ' � l P�¯qü ò ¦ í ¬ P�¯qü ò P�¯qü ò ¦ p �I ¼ µ�óR´�ý�ô�´�É¡õ"¯ ÿ�ú ´ ú µ�õ ¹ ø�µ�´�õ ú øBP ú ¯VøK÷ ÿ ý�ý[´�ô ß ¯ ÿ ÷ û ¯q÷�µ�ó�´ û ´�ý¡µ�óZõ"ù Ã õ ú Pvø
ô�üq´�þ!¯ ¹ ýÊøKô�´ û
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µ�¯ ¦ J ¶�ó�´�ôD´!ù¨¯qôD´ ¼ Þ�´>øBP*Þ)ø�ï ú óÊø³Éq´ ß ø ú õ�þ¢þ!¯ ú µ4ø
µ ¹ ¯ ú µ â�ä � ± ç�P�¯qü U Ã�è � Á�² ù¨¯qôHµ�óR´õ�÷Rõ"µ�õ�øBP�õ"ï³ø
µ�õ�¯q÷ J ä�ù�µ�ó�´!ô�´ºõ ú ø ú�ÿ þ!þ�´ úDú õhÉq´Å°�¯3Þ ýÊøKôDµ@õ"÷7µ�ó�´ºý�ô�´!þ�¯ ¹ ý ÿ µ�ø
µ�õ"¯q÷ µ�ó�´!÷Èµ�óR´Þ�¯qôhÃ¢¯
ù£µ�óRõ ú ýÊøKô�µVõ ú ± ÷�´³øKôoP*ï ² ´!ÉK´�÷�P ï û õ ú µ�ôDõ ß�ÿ µ�´ û ø ¹ ¯q÷�ü4µ�óR´ Ã ý�ô�¯�þ�´ ú�ú ¯Kô ú J¶�ó�´»´ ú µ�õ ¹ ø�µ�´�¯q÷ µ�óR´ û ´�ý¡µ�óP¯Kù�µ�ó�´ ¹ øKõ"÷ ú µ�øKüq´�õ ú üqõ"ÉK´�÷ ß ïS	)¯qô�¯}P*PvøKô,ï I � J I ¬ J¶�ó�´ ¹ ø
õ�÷ ú µ�øKüq´¾Þ)¯KôhÃ ú ÞVõhµ�ó>µ�ó�´ Í 9 é øKôoï¢ô�´�ýRô�´ ú ´�÷�µ'ø�µ�õ�¯K÷�¯Kùmµ�ó�´@´ ) ý[¯q÷�´!÷Iµ J ÇÈ´Ùó�ø*ÉK´ñÊò n ± ò ² � 
9 � ñdò ± ò ² � I � ¨9 � I ù¨¯KôVøBPuPi� � ò ~ Í ¨ J¿Ê¯qô ' å ç ¨� è ¼ µ�ó�´Uý�øKôDµ�õ"µ�õ"¯q÷ðõ úHÿ ÷�õ"ù¨¯qô ¹ ù¨¯qô ß ¯Kµ�ó â�ã å �»ø
÷ û â�ã � � J · øKþ'óý�ôD¯¡þ!´ ú�ú ¯qô�� � ð ~ Ã óÊø ú µ�¯�þ�¯ ¹ ý ÿ µ�´.¯q÷�P ï Í é�ú µ�´�ý ú µ�¯�þ³øBP"þ ÿ P�ø
µ�´4õhµ ú õ�÷�µ�´!ô ¹ ´ û õ�ø
µ�´ô�´ ú�ÿ PhµE¬ N å ò N Í N ù¨ô�¯ ¹ µ�ó�´>ý�ôD´�þ�¯ ¹ ý ÿ µ�´ û û õ�üKõ"µ�ò N J ¶�ó�õ ú µ'øyÃK´ ú ø
µ ¹ ¯ ú µ â�ã � ' �
± ñÊò n ± ò ² í I ² � â�ã � ñdò ± ò ² ¹ øK÷'ï Í é�ú µ�´!ý ú J å ÿ ô ú þ³øBP�ø ß P"´HøBP"üq¯qôDõ"µ�ó ¹ õ ú øyP ú ¯UýB¯+Þ�´�ôDù ÿ Põ"ù ' å l P"¯qü ò ¦ í ¬ P"¯qü ò P�¯qü ò ¦ p � I J ¶�ó�´�÷Xµ�ó�´Uõ"÷�µ�´�ô ¹ ´ û õvø�µ�´.ô�´ ú�ÿ Phµ ú ¬ N þ!¯ ¹ ý ÿ µ�´ ûß ï ý�ôD¯¡þ!´ ú�ú ¯qô ú � � ð ~ Ã ¹ ø�ï»þ�¯K÷Iµ�øKõ�÷ úDÿ�¹ºú ¯
ù û õ�üqõhµ ú J ¿Ê¯qô â�ã å � ¼ µ�ó�´ û ´!ýRµ�ó7õ úß ¯ ÿ ÷ û ´ û ÞVõhµ�ó�ô�´ ú ý[´�þ!µVµ�¯}	)¯qôD¯}PuP�øKôoï I � J I ¬ J ÇX´ZóÊø³Éq´ ñÊò n ± ò ² � ¨9 � I

ø ò � Z � � ��� [ ± ç ² í ø ò � Z � � ��� [ ± ç ë ² � ârä � � I
Ã � � ¦' � I � � ç�P"¯qü U ÃZè �±,I � J ¬ Á�² � ârä � ¦P�¯qü ò ¦ � IÃ � � I � ¬ P"¯qü ò P�¯qü ò ¦P�¯qü ò ¦ í ¬ P"¯qü ò P�¯qü ò ¦ � � ârä � ± ç�P�¯qü U Ã�è � I ²� ârä � IÃ � ¦P"¯qü ò ¦ � ±,I �®­ ±"I ²�² � â�ä � ± ç�P"¯qü U ÃZè � I ²wÄ

¶�ó�´�´ ) ýB¯K÷�´�÷�µ�õ�ø
µ�õ"¯q÷XýRô�¯ ß P"´ ¹ õ ú ó�õ"üqó�P ï ú þ�øBPvø ß P�´ ¼ ß ´!þ³ø ÿRú ´�µ�ó�´U÷R¯q÷ é Í é¾ú µ�´!ý ú þ�øK÷ ß ´´!ÉK´�÷�P ï û õ ú µ�ôDõ ß�ÿ µ�´ û µ�¯�øBP*P�ø³É
øKõuP�ø ß P�´Ùý�ô�¯�þ�´ ú�ú ¯qô ú J ¶�óR´�¯q÷1P*ï ø û�û õ"µ�õ�¯q÷�øBP£þ!¯ ú µ@õ ú üKõ"Éq´!÷ß ï»µ�óR´ºþ!¯}PuP"´�þ�µ�õ�¯K÷ J ¿Ê¯qô úD¹ øBP*P£É
øBP ÿ ´ ú ¯Kù Ã ¼ Þ�´º´ ) ýB´!þ!µHø¤üq¯¡¯ û ú ý[´�´ û é¾ÿ ýXõ"ù â�ã å � J¶�ó ÿ�ú�¼ µ�ó�õ ú ù�ø³Éq¯Kô�ø ß P"´3þ�ø ú ´3¯b¯B´�ô ú ÷�¯Kµ�¯q÷�P ï4µ�ó�´0ó�õ�üKó�´ ú µ½ýÊøKô�øBPuP"´QP ú ýB´!´ û é�ÿ ý¢ù¨¯qô,ýÊøKô�øBPuP"´QP´ ) ý[¯q÷�´!÷Iµ�õvø
µ�õ�¯q÷ ß�ÿ µ�øBP ú ¯ºüq¯¡¯ û ú þ�øBPvø ß õuP�õhµ$ï J ¿Ê¯qô â!ã � � ¼ µ�ó�´ ¹ øKõ"÷ ú µ'ø
üq´ÙôD´!ÉK´³øBP ú µ�óR´ß ¯Kµ�µhP�´�÷R´�þnÃ�¯Kù�ýÊøKô�øBPuP"´QPf´ ) ý[¯q÷�´!÷�µ�õvø�µ�õ�¯K÷ J ä¾÷�µ�ó�õ ú þ³ø ú ´ ¼ Þ)´ ú�ÿ ý�ý[¯ ú ´Hµ�óÊø�µ�µ�óR´Hþ�¯ ú µ�ù¨¯Kôø Í 9 é¾ú µ�´!ýOøKôD´ ± ôD¯ ÿ üqó�P ï ² µ�ó�´Zþ�¯ ú µ ú ù¨¯qô ' ¹ øK÷'ï Í é�ú µ�´!ý ú J ¶�ó�´!÷ø ò � Z � � ��� [ ± ç ² í ø ò � Z � � ��� [ ± ç ë ²� â�ã � ± ¦ í I ² � ârä � ç�P"¯qü U ÃZè� ârä � { â±,I � â ² � í I � ¦P�¯Kü ò ¦ í ¬ P�¯qü ò P�¯Kü ò ¦ |� â�ã � ± ¦ í I ² � ârä � ± ç�P�¯qü U Ã�è � I ²±,I � J ¬ Ö ² � ârä � â±"I � â ² � í I � ¦P�¯qü ò ¦ � ±,I �R­ ±,I ²D²�Ä
¶�ó�´$÷ ÿ�¹èß ´!ô�¯Kù Í é¾ú µ�´!ý ú õ ú ÷�¯Kµ0µ�¯ ÿ þ'ó�´ û ß ï�µ�ó�´Ù÷ ÿ�¹�ß ´�ô�¯
ù�ý�ô�¯�þ�´ ú�ú ¯qô ú Ã J å ÷�P*ï>µ�óR´÷ ÿ�¹�ß ´�ôm¯Kùd÷�¯q÷ é Í é�ú µ�´�ý ú û ´�þ!ô�´³ø ú ´ ú õhù�µ�óR´)÷ ÿ�¹�ß ´�ô�¯
ùdø³ÉKø
õuPvø ß P�´�ý�ôD¯¡þ!´ úDú ¯qô ú Ã õ"÷�þ�ôD´³ø ú ´ ú Jä�ù â å ������ õ ú þQP"¯ ú ´Zµ�¯0� ¼ µ�ó�´�÷zÞ)´ÙóÊø³Éq´ �Z°
C� � [ t 12
 þQP"¯ ú ´@µ�¯ 
� ¼Bú õ�÷�þ!´èP"õ ¹ �²± � �Z+
C� � [ t 12
 åP�õ ¹ �²± � 
�´³µ
 å 
� ß ï û ´æPC¬Â�0¯ ú ý�õhµ'øBPC¬ ú ô ÿ P"´ J ¶�ó�´�ôD´!ù¨¯qôD´ ¼ Þ)´V´ ) ý[´�þ�µ½øWóRõ�üqó ú ýB´!´ û é�ÿ ý�¯K÷�P*ïù¨¯qô ú�¹ øBP*Pfø ¹ ¯ ÿ ÷�µ ú ¯Kù Ã ø
÷ û â�ãm¶ ârä J ä�ù£µ�óR´Ù÷ ÿ�¹�ß ´�ô0¯Kù£ý�ô�¯�þ�´ ú�ú ¯Kô ú õ"÷�þ�ôD´³ø ú ´ ú�¼ µ�óR´
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Exponentiation in GF(2^n): polynomial basis with sedimentary modulus
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Exponentiation in GF(2^n): normal Gauss periods
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Realized speed-up for different sets of weights
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Sequential exponentiation in GF(2^n)
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Parallel exponentiation in GF(2^n): 16 processors
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�Ó���Ú���>G�sÒ�
ÛÓ 	 �"�' 0�D��Ò ¤ ` ¥Þ 	 Ò���ÒT�°ÓV���ØÒ��
×���>*ï æ 
$��×% ,Ò�����×���� ß ï�Ó��BÃ)�"���k���ÛãD���8Ó6���bÒ0×��»Ó 	 ÒR��
�Ò� ��"��>��ä×���Ú ×��ùÓ 	 ÒÒ ) 
Ù×��sÒ��]ÓbòO����Ò��j�ä×��
���]ãbÒ�������×��[8 Ð
	 �"�
�+Ú�
��Ø×MãÝÒ��ùÓ 	 ÒO�ÝÒ��sÒ�����>[��>"�Ý×����+Ó 	 Ú@ÞJ�+Ó 	 �ØÒ���
ÙÒ� .ÓÓÅ×fÓ 	 ÒO�%�ÛÚ ß Ò���×���
$��×% ,Ò�����×����<���&���j�+Ú�
Ù×��èÓ6���8ÓY �����ÒD8
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ÙÒ�����×%����8�¿2×��Ó 	 Ò���Ò<
����èÓ��" ���>��D�X�s×���Ú���>2Ò�>�Ò,ÚzÒ��8Ó��,Í'ÞÞÒª×MãÝÒ��� ,×ÝÚzÒªÓ 	 Ò=��>�×+ÞSÚR�JÓ���� ) ý ß ���ØÒ��zÚ#��>+Ó��"
�>��" ��>ýÓ��+×��Q��×���Ó��"�ÛÒ ß ï(�^�D�ØÓ�
�×�>*ï%�s×ÝÚ'����>�Ú#��>°Ó��"
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	 �"�Q��
$
���×d�D 	 Þ����Q��>���Ò����1ïK�sÒ��� ���� ß Ò��B�ä×��#
����+ÚEÒT�;�D� ¾ 
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$����ÚzÒi
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�×�>*ï%�s×ÝÚ'����>ÙÚ#��>°Ó���
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�×��ØÓ6�D�]ÓY��É×�>+Ò�8
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ß %^à2% ß4�g� �ò�:� !�´LµJ� �2� ´ ¡ % Ð � ß >�Ò�� Ý 8M7 L�Ý 8:9Q�s×% ��sÚzÒ��8Ó<�"�k�ÛÒÜÓ6�D�">YÓ 	 ÒV��Ò�����>°Ó��ª×��tÓ 	 ÒÒ ) 
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	 Ò3Ò��]Ó����+Ò��<×���Ó 	 Ò���ÒfÓ6� ß >�Ò��O����ÒfÓ 	 Ò�"�$
��ÛÓi�ä×��;ä���������Ò��Oá$8M7 L á$8qá$8 Ý >�>c��Ò.Ó��ÿ×���ÞÞÒ��"� 	 Ó��; ,×��������ØÓÿ×��Y9b�?���+¯�Ò��ØÒ��8Ó ã��D>"�sÒ�� ¦ _æ �Ý�Jô�Í\7 � ô � 9J�$8�åE�� 	 ��×+Þæ���� �>����sÒ��ùÓ 	 Ò;�MãbÒ������ÝÒ�ãD��>��sÒ��
�ä×��O7M�b�Ý�Ý�
Ó�������>��»×��&�"��
���Ó¦ �����(ßZ8 Ð
	 Ò;çbÒ
ï4ÓÅ× Ð � ß >�Ò�� Ý 8�7 L�Ý 8@9 ,×�>��sÚ�� >�� ß Ò�> �sÒ��� ����"
�Ó���×��
7 LÛæ ã��D���bÚ&8 ä!��
$�ÛÓI
��D���bÚzÒÜÓ�Ò����®×��îÓ 	 Ò æ ýg�����$�+Ó��+×��¼ 	 ����� ÞJ�+Ó 	Þ§Ò���� 	 Ó
å²ß�Ë � ß�Ì ç �ä×��=���¼Ò ) 
Ù×��sÒ��]Óbòu¸kè
é2
�87 ¦ Ð
	 Ò ß �������,ï?>�Ò����bÓ 	 ×��gÓ 	 ÒÿÒ ) 
�×��ÛÒ��8Ófò�8æ ß Ð
	 ÒO���JÓ��+×3ß�à y^{y | ×��gÓ 	 ÒHÞ§Ò��"� 	 Ó�å²ß�Ë � ß�Ì ç 8á L 9 ß �"���D�oï Ð
	 ÒH�øãÝÒ������ÝÒH�)�sÚ ß Ò��g×����èÓÅÒ�
$�"×���Ó 	 Ò ß �������oï;�D�����+Ó���×�� 	 �D�"�&å^
[8 æ 7 ç ×��A7M�Ý�b�Ý�b�����$�s×ÝÚ'>*ïu 	 ×���Ò��0Ò ) 
Ù×��sÒ��8Ó��òÿ×�� ß �"�����,ïT>+Ò����bÓ 	 ¦ 8á v Ð
	 ÒO�)�sÚ ß Ò���×��S�s×��$ý!�s×�� ß >"�����(�ØÓ�Ò�
���8â

� Ð
	 ÒO�)�sÚ ß Ò���×��S�s×�� ß >"��������89 ê Ð
	 ÒV�s×���Ú���>���ï,Ò��TÞ§Ò���� 	 ÓÅÒ��F>�Ò��$�bÓ 	 êSà v � ß � � ×��Ó 	 Ò ß �"���D�oï?�D�����+Ó���×��? 	 ���"�[8p L 7ø� ]H�����sÒ�� Ð
	 ÒJ�øãbÒ����D�ÝÒJ�%�ÛÚ ß Ò��Ñ×����ØÓ�Ò�
��������Q�Ø×ÝÚEÒ

������bÚzÒÜÓ�Ò����×��ÛÓ 	 Ò
]H�����sÒ�� æ ý!�������°Ó��+×��O 	 ���"�4å Ý >��Ý×����+Ó 	 Úæá$8M7 æÝç ×��Ó 	 Òi���bÚzÒ(7M�Ý�b�Ý�V���D���s×ÝÚ'>*ï' 	 ×��ØÒ��&Ò ) 
�×��sÒ��8Ó��=���Y�ä×��Ó 	 Ò ß �"���D�oï?�D�����+Ó���×��? 	 ���"�[8p ' Ð
	 ÒEÓ����������k
������bÚzÒÜÓ�Ò��Ü�qÞÞÒ 	 �MãbÒT 	 ×��ØÒ���Ó 	 ÒEãD��>"�ÛÒß ï 	 �D���j���� 	 Ó 	 �JÓ<ê å} ,×�>��sÚ'� � ç �"�ùÚ'�"���+ÚR��>�8ë L � v Í � Í�ê ��ÒÜÒO ,×�>��sÚ��$�Já L p$8
7ø� ��
��[8 Ð
	 Òj���JÓ���× ×���Ó 	 Ò(Ò��8Ó�����Ò��E×��b Ü×�>"�ÛÚ��ì9 Ó�×�Ó 	 ×���Ò(×��

 Ü×�>"�sÚ'� � 8 Ð
	 ���(�">�>"���èÓ����>ÓÅÒ�� Ó 	 Ò?��Ú'
���×MãÝÒÜÚEÒ��8Óf×��<�]������sÒ�� æ ý!�������°Ó���×��B 	 ���"�I Ü×ÝÚ'
�����Ò��RÓ�× Ó 	 Ò ß �"�����oï���$���+Ó���×��? 	 �D�"�[8
7�7 L 7Z9 ]
�;º û Ð
	 ÒJ�øãbÒ����D�ÝÒJ�%�ÛÚ ß Ò��Ñ×����ØÓ�Ò�
��������Q�Ø×ÝÚEÒ

������bÚzÒÜÓ�Ò����×��gÓ 	 Òu]Y�uº û æ ýg�D�����+Ó���×��R 	 ���"��å Ý >"�b×����°Ó 	 ÚÎá$8 æ 9 ç 8
7�7 L 70â ' Í v Í � Í�ê ��ÒÜÒO ,×�>��sÚ��$�Jp L 7M�$8
749 ��
��[8 Ð
	 Òj���JÓ���× ×���Ó 	 Ò(Ò��8Ó�����Ò��E×��b Ü×�>"�ÛÚ��ì9 Ó�×�Ó 	 ×���Ò(×��

 Ü×�>"�sÚ'�F70â�8
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