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��Ügç�é2ágÜpç�Úãâãæ�æ?é�ÚÛÝ2Øjâ � Ù�×gÙ�Ø � âã×ËÙ�âãÞ]Ù �_� Ý�ä�Ù�ØjÞ]Ù�ÞW�Fç]Ý2×gÝ?ágÙ�Þ]ápÝ2Ø��sä�Ù � ��âãÚãâ��KâãÖ � à�ç]Ý2×gÝ � Ö�Úã×jâãà�ÚãâÛÙ�Ø�ð���â����þò�÷
ø[Ù�Ø4��â���� âÛáj×&Ù�âãÞ � âãÚãÚãâ � Ù�×gÙ�Ø6�?ØgÝ
`ÒÙ�Ø�� � é��?Þ]Ù�× ÕüÙ�ÚÛä�Ö�Þ]Ù � àI�]Þ]ä�ÚãâÛÜgç]Ù�Ø Ö�Þ]ä�æÒÝ?áj×gÙ�Þ���J�Þ]áj×jâ��ÒÙ�Øa��Ù�Þ]ágÝ2Ø��Uä�Ù�Ø
Þ]Ù�Ö�é�Øj×jâ��ÒÙ�UBé�ÚÛÝ2Øjâ � Ù�×gÙ�Øgä�ÙKágâ��?Þ]áåÙ�ØjÚ¤é�Ö�û�×î÷=êìÞ ä�âÛÙKágÙ�Ø Ô\Øjû0Ù�âã×óý­Ù�Øgä�Ù�Þëä]é2áóÔ\Øjû0Ù�âã×gájà�ØjâãÞ��Kâãà Ö�Þ]ä�ä�âÛÙb7_Ù�ß
×jØjâÛÙ�û]ágÙ�â��ÒÙ�Þ]ágÜpç�é§Õ«×gÙ�Þ�ä�Ù�Ø1��â����èá\ä]é�Ø6�ÒÙKáj×gÙ�ÚãÚã×î÷0ø;âÛÙ�ÔPÞ�ÕüÝ2Øgä�Ù�ØjÖ�Þ��ÒÙ�Þ�é�ÞèÙ�âãÞ]Ù&âãÞ±×gÙ��?ØjâÛÙ�Øj×gÙOÔ\Ö]ájÚÛÙKágÙKÙ�ÚÛÙ�æ�×jØgÝ�ß
Þ�âãæ�ð¦Ô!��ê ïqòPýMÙ�Øgä�Ù�Þ�ä�âÛájæ�Ö�×jâÛÙ�Øj×��0Ö�Þ]ä�ä�Ù�Ø!�FØgÝ2×gÝ2×ìö�àÄÙ�âãÞ]ÙKá[Þ]Ù�Ö]Ù�Þ�Ô\Ö]ájÚÛÙKágÙKÜpç�âãà]á;ÕcJ�Ø���â����èá�ð��%� ê'&)(rïqò
ýqâãØgäþúÒÙ�Ø � ÙKágágÙ�Þ¢÷^Ô\Ö�`ÒÙ�Øgä�Ù � ýqâãØgä�ä�âÛÙa��â��d�Ëß7ájà0Ù��Kâ ��ágÜpç]Ùa&PÙ�æÒÝ2Þ]ág×jØjÖ�æ�×jâÛÝ2ÞÄé�Þ�ç�é�Þ]ä�Ù�âãÞ]ÙKá��FØgÝ2×gÝ2×7ö�à�æ2é§ß
ÚÛÝ2Øjâ � Ù�×gÙ�Øgá � âã× � Ù�ç�ØgÙ�ØgÙ�Þõ×pé�Ö]ágÙ�Þ]äõÔ\Ö]ájÚÛÙKágÙ�æ?é�Þ@X�ÚÛÙ�Þ���ä�Ù � ïMÔ;í¢ê ï,+"Ô*-rïMÔ\í���Ù�Øjæ�ÚeX�Øj×î÷If�Ö]ágX�×6�KÚãâÛÜpçõýqâãØgä
ä�âÛÙBájö�áj×gÙ � é�×jâÛágÜpç]Ù C Þ]ágâÛÜgç]Ù�Øjç]Ù�âã×\ä�Ù�Øsø[Ù�×gÙ�æ�×gÝ2Øjæ2é�Úãâãû�Øpé�×jâÛÝ2Þèç]Ù�Ø6�ÒÙ�ÚÛÙ�âã×gÙ�×î÷
øré2áËÔ.-rïMÔ;í�ä�âÛÙ�Þ±×'Þ�âÛÜgç±×'Þ±Ö�Ø�ä�Ù � � ÙKáj×�ä�Ù�Ø � ÙKÜgç�Þ]Ý2ÚÛÝ
�?âÛÙ��;ágÝ2Þ]ä�Ù�ØjÞ6û�âÛÙ�×gÙ�×èé�Ö]Ügç�ä�âÛÙV�\G
�?ÚãâÛÜgç�æÒÙ�âã×
ä�âÛÙ[��×jØjÖ�æ�×jÖ�Ø�úÒÝ2Þh-[é2ä�ØgÝ2Þ]ágÜgç�é�Ö]Ù�ØjÞ � âã×�û�âÛájç]Ù�Ø�Ö�Þ]Ù�ØjØgÙ�âÛÜgç±×gÙ�ØD3rÙ�Þ�é�Ö�â��?æÒÙ�âã×"�KÖ � ÙKágágÙ�Þ¢÷yø;âÛÙ � âã×�ä�Ù �Ô.-rïMÔ;í{ä�Ö�ØgÜgç��ÒÙ�ÕKJ�ç�Øj×gÙ�Þ � ÙKág×gáj×jØpé�ç�Ú � ÙKágájÖ�Þ��ÒÙ�Þ	áj×gÙ�ÚãÚÛÙ�Þ�Ù�âãÞ]ÙåÙ�âãÞ��Kâ��±é�Øj×jâ��ÒÙËøré�×gÙ�ÞH	±Ö]Ù�ÚãÚÛÙåÕcJ�ØOä�âÛÙQ+FÞ�× ß
ýqâÛÜgæ�ÚãÖ�Þ��AÞ]Ù�Ö]Ù�Ø=Ô\Þ�é�Úãö�ágÙ � Ù�×jç]Ý�ä�Ù�Þ Ö�Þ]äOä�âÛÙ)i\ûbÙ�Øjà�Ø6J�Õ¦Ö�Þ��BúÒÙ�ØgágÜpç�âÛÙKä�Ù�Þ]Ù�Ø,-[é2ä�ØgÝ2Þ]ágÜgç�é�Ö]Ù�Øgágâ � Ö�Ú¤é�×jâÛÝ2Þ]Ù�Þä]é�Øî÷¢ê � &\é�ç � Ù�ÞÄä�âÛÙKágÙ�Ø&ÔPØjû0Ù�âã×rýqâãØgä�Ù�âãÞ]Ù$�èÙ�×jç]Ý�ä�Ù$�KÖ�Ø17MÙKág×jâ �4� Ö�Þ���ä�ÙKá0(\Øj×gÙKáBä�Ù�ØAÙ�Øgáj×gÙ�ÞÄç�é�Øj×gÙ�Þ
j ÙKÜgç]ágÙ�ÚãýqâãØjæ�Ö�Þ��ÄâãÞk-[é2ä�ØgÝ2Þ]ágÜpç�é�Ö]Ù�ØjÞ�Ù�Þ±×ìýqâÛÜgæÒÙ�Úã×î÷P�'âã×$-PâãÚ¸ÕüÙõä�âÛÙKágÙ�Øa�èÙ�×jç]Ý�ä�ÙõýMÙ�Øgä�Ù�Þ>��Ügç�é�Ö]Ù�Øjà�ØgÝ���ß
ÚÛÙ'Ý2ç�Þ]Ùèä�âÛÙ 2 ÚãÖ�æ�×jÖ�é�×jâÛÝ2ÞëâãÞ	ä�Ù�Ø[�*Ý?ájâã×jâÛÝ2Þ{ä�Ù�Ø-Ù�Øgáj×gÙ�Þ j ÙKÜgç]ápÙ�ÚãýqâãØjæ�Ö�Þ��l�ÒÙ � ÙKágápÙ�Þ¢÷Pf�Ö]ágX�×6�KÚãâÛÜpçëýqâãØgä
ä�âÛÙ$�*Ý?ájâã×jâÛÝ2Þ]ájâãÞ�ÕüÝ2Ø � é�×jâÛÝ2Þm�ÒÙ�Þ�Ö�×6�K×��4Ö � ä�Ù�Þm+FÞ]Ù�Ø6�?âÛÙ�úÒÙ�ØjÚãÖ]áj×Oé�Ö�Õc�?ØjÖ�Þ]ä�ä�Ù�ØAûbÙ��?ØgÙ�Þ��K×gÙ�Þ�ø;Ù�×gÙ�æ�×gÝ2Øj×jâÛÙ�ÕüÙ
é�û��KÖ]ágÜgç@X�×6�îÙ�ÞèÖ�Þ]ä[�KÖËæÒÝ2ØjØjâ��?âÛÙ�ØgÙ�Þ¢÷
ø;âÛÙ"+ Ø6�ÒÙ�û�Þ�âÛágágÙOä�Ù�Ø!-;é2ä�ØgÝ2Þ]ápÜgç�é�Ö]Ù�Øgáj×jÖ]ä�âÛÙ�ÞCý­Ù�Øgä�Ù�Þþû0Ù�Þ±Ö�×6�K×rÖ � ä�âÛÙ"n Ý2Øjç]Ù�Øgápé��ÒÙ�Þ�úÒÙ�ØgágÜpç�âÛÙKä�Ù�Þ]Ù�Ø"��â¸ß
� Ö�Ú¤é�×jâÛÝ2Þ]á � Ý�ä�Ù�ÚãÚÛÙ[�KÖ�×gÙKáj×gÙ�Þ¢÷yøré��KÖ�ýqâãØgä!ä�âÛÙ[3[Ùîé�Þ�×65'û�é2ágâÛÙ�Øj×gÙQ��â � Ö�Ú¤é�×jâÛÝ2Þ�ä�ÙKá � ÙKáj×gáj×jØpé�ç�ÚÛá�Ö�Þ]ä!ä�âÛÙ
�'Ý�ä�Ù�ÚãÚãâÛÙ�ØjÖ�Þ��Bä�ÙKáUø[Ù�×gÙ�æ�×gÝ2ØgáFÙ�âãÞ��ÒÙ�ÕKJ�ç�Øj×î÷ C � ä�âÛÙ_ÔPÖ]ápápé��ÒÙ�æ�Øpé§Õ¦×Fä�ÙKáon Ù�Ø6�?ÚÛÙ�âÛÜgç]áp�KÖqJ�û0Ù�Øjà�Ø6J�Õ¦Ù�Þ���ý­Ù�Øgä�Ù�Þ
ä�âÛÙrø[Ù�×gÙ�æ�×gÝ2Øgájâ � Ö�Ú¤é�×jâÛÝ2Þ�Ö�Þ]äõä�âÛÙrÔ\Þ�Þ�é�ç � Ù�ÞQ�KÖËä�Ù�ÞR&PÙ�æÒÝ2Þ]áj×jØjÖ�æ�×jâÛÝ2Þ]ájÖ�Þ]ájâÛÜpç]Ù�Øjç]Ù�âã×gÙ�Þ � âã×sÙ�ÚÛÙ�æ�×jØgÝ � é§ß�?Þ]Ù�×jâÛágÜgç]Ù�ÞV��Ügç�é�Ö]Ù�ØjÞ�J�ûbÙ�Øjà�Ø6J�Õ¦×î÷�ø;âÛÙ0��×jÖ]ä�âÛÙ�Þ'Ö � Õüé2ápágÙ�ÞËä�ØgÙ�â��îÙ�ç�Þ�úÒÙ�ØgágÜpç�âÛÙKä�Ù�Þ]Ùq3rÙîé�Þ±×65D� ç±ö�ájâãæ�ÚãâÛág×gÙ�Þ
ä�âÛÙPágÙKÜpç]á=Ö�Þ�×gÙ�ØgágÜgç�âÛÙKä�ÚãâÛÜpç]Ù1-[é2ä�ØgÝ2Þ]ágÜgç�é�Ö]Ù�Ø � Ý�ä�Ù�ÚãÚÛÙ;æÒÝ � û�âãÞ�âÛÙ�ØgÙ�Þ¢÷�ø;âÛÙ:n Ý2Øjç]Ù�Øgápé��ÒÙ�ÞõúÒÝ2Þ[��Üpç�é�Ö]Ù�Ø Õ¦Ý2Ø � �
ø[Ù�×gÙ�æ�×gÝ2Øgájâ��?Þ�é�ÚyÖ�Þ]äåø[Ù�×gÙ�æ�×gÝ2Øpé�Ö�ÿ@G?ájÖ�Þ�� ý­Ù�Øgä�Ù�Þ � âã×Pä�Ù�Þ � ÙKág×gáj×jØpé�ç�Ú � ÙKágájÖ�Þ��ÒÙ�Þ'úÒÙ�Ø6�?ÚãâÛÜgç]Ù�Þ¢÷
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³� �³ �r�0�óÃj�]�������^���������^��£ É ���0�2�����;��£«£��«�0�§�    ó ó   ó   ó ó   � ó   ó   ó ó   ó   ó �    �
³� ¸· �r�0�óÃj�]�������^���������^��£ É ����½������®���§�§�����    ó ó   ó   ó ó   � ó   ó   ó ó   ó   ó �    �

� � Ñ��E}¢Ð���;�=]Ï2Ð�� �
·� �³ Ãj�����������§���«���Ä���M�M���p������£«�§���B������ÂC���������  ó ó   ó   ó ó   � ó   ó   ó ó   ó   ó �    �

·� ¤³� �³ �q£«�§�§������°'��½��0�®�����#Ãj�����������§���«���b�r�«�CÂ����������  ó   � ó   ó   ó ó   ó   ó �    �
·� ¤³� ¸· ¨&���0�����ÄÃj�����������§�������0�B�«�CÂ��±�����§�  ó   ó   ó ó   � ó   ó   ó ó   ó   ó �    ³�³

·� ¸· ¯��«½��^��£F���®���§�§�������    ó   ó ó   ó   ó �   ó ó   ó   ó ó   � ó   ó   ó ó   ó   ó �    ³?·
·� µ² ¯b��°�¬0£«���0½Ë¨����0�����m�[��£�������°'�®���§���  ó �   ó ó   ó   ó ó   � ó   ó   ó ó   ó   ó �    ³2²

·�  ²b �³ ¯�¬0�����«��£U�������§£«��¬0°������    ó �   ó ó   ó   ó ó   � ó   ó   ó ó   ó   ó �    ³2²
·�  ²b ¸· ¡B����¬y���b���ó���0�C¡A�§����£��b�������  �   ó ó   ó   ó ó   � ó   ó   ó ó   ó   ó �    ³��
·�  ²b µ² �;���������«�0°������A���b� É ����¿±��½��    ó ó   ó   ó ó   � ó   ó   ó ó   ó   ó �    ³��

� ��� }^Ï�}Y? � =]Ï
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²b �³ �#¬y�§�������«���Ä�q�����0����¬0£«�§�  ó ó   ó   ó �   ó ó   ó   ó ó   � ó   ó   ó ó   ó   ó �    ³��
²b ¸· ���§�«½��§�B�q�e ���£ �������«���§�  ó ó   ó   ó �   ó ó   ó   ó ó   � ó   ó   ó ó   ó   ó �    ³2¶

²b µ·� �³ ¯��«�PÂ¡�;�0�������®���§���«�p�������    ó �   ó ó   ó   ó ó   � ó   ó   ó ó   ó   ó �    ³
�
²b µ·� ¸· ¡B����¬y���b���  ó   ó ó   ó   ó �   ó ó   ó   ó ó   � ó   ó   ó ó   ó   ó �    ·�³
²b µ·� µ² ¯���½��^��£U¯��^��¬4�  ó ó   ó   ó �   ó ó   ó   ó ó   � ó   ó   ó ó   ó   ó �    ·�²

¢ £�� ="Ì¤?=Ñ��E}�B 9 =h¥CÑ�~ Ð�}Y?¦�7Ó � Ñ���}¢Ð���;>=�Ï�=]Ð �D� � Î
�7Ó�Î � Ð�}^Ï�}^Ï��p§:= � �
¨  �³ É �?Ê����b�  ó ó   ó �   ó   ó ó   ó   ó �   ó ó   ó   ó ó   � ó   ó   ó ó   ó   ó �    ·%�
¨  ¸· ¡A�����0�����#¯]Ê��p���§°    ó   ó ó   ó   ó �   ó ó   ó   ó ó   � ó   ó   ó ó   ó   ó �    ·%�
¨  µ² É �P�©�[��£«��¾0���±���«���þ¯�Ê�������°    ó   ó �   ó ó   ó   ó ó   � ó   ó   ó ó   ó   ó �    ·%�
¨   ¨ �[��£«��¾0���±���«���þ���0�C¡A�§�����b�������0�§���«���  �   ó ó   ó   ó ó   � ó   ó   ó ó   ó   ó �    ·%�

¨   ¨  �³ �[��£��«¾0�������������­������°'�®�������  ó �   ó ó   ó   ó ó   � ó   ó   ó ó   ó   ó �    ·%�
¨   ¨  ¸· �=��°�¬y�§�������0�����&��¬4���0�0�§�0�§Ê    ó ó   ó   ó ó   � ó   ó   ó ó   ó   ó �    ²�³
¨   ¨  µ² ¡B���§���0�������0�®�������  ó   ó   ó �   ó ó   ó   ó ó   � ó   ó   ó ó   ó   ó �    ²�·
¨   ¨   ¨ ÂC�������«�0½b�[��£��«¾0�����������þ���b���������h�;��£«£��    ó ó   � ó   ó   ó ó   ó   ó �    ²�·
¨   ¨   � ¯�Ê��p����°'�����«�$�q���������  ó   ó �   ó ó   ó   ó ó   � ó   ó   ó ó   ó   ó �    ²�²
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� £�� = �Dªq«¤¬ £ =�Î§Ï�­�®[=�Ñ�; ¢ �
�� ¤³ �r�0�D�*¯ É Ãg���°�, �¬y�§����°'�§�]����£=¯��®���0¬  ó   � ó   ó   ó ó   ó   � ó   ó ó   ó   ó ó  ¨ ³

�� ¤³� ¤³ �r�0� ¯��«£��«������¥6�=�0�0½��p���§�V�s£����®������°è��½��0�§���«�$�[��£�������°'�®���§�    ó ó   ó   ó ó  ¨ ·
�� ¤³� µ· �r�0�$�M����£��[�����K�0���&���0�CÂC�0���m�=�����K¿����    ó ó   ó   � ó   ó ó   ó   ó ó  ¨ ·
�� ¤³�  ² �r�0�$�­���«½�½��§�A¯�Ê�������°    ó   ó ó   � ó   ó   ó ó   ó   � ó   ó ó   ó   ó ó  ¨ ²
�� ¤³�  ¨ ¯��S ��«£��¦���pÊ��&�§���§�§�������    ó   ó ó   � ó   ó   ó ó   ó   � ó   ó ó   ó   ó ó  ¨ ²

�� µ· �M����������£������§�0�������������  ó   ó ó   ó   ó ó   � ó   ó   ó ó   ó   � ó   ó ó   ó   ó ó  ¨I¨
�� µ·� ¤³ Á;�2��°²±O�0��£«�¤�jÊ    ó ó   ó   ó ó   � ó   ó   ó ó   ó   � ó   ó ó   ó   ó ó  ¨I¨
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´  ¤³ ¨����0�����Ä�q��Ê����«�§�#¯��«°õ�0£«���������    ó   ó ó   � ó   ó   ó ó   ó   � ó   ó ó   ó   ó ó  ¨ �

´  ¤³� ¤³ �s��Ê�������� É �«�����    ó ó   ó   ó ó   � ó   ó   ó ó   ó   � ó   ó ó   ó   ó ó  ��·
´  µ· ÂC���0��£�£«���0½õ���=���0�$�=���p��¥gÁ\�2��°²�, �¬4������°'�§���    ó   ó ó   ó   � ó   ó ó   ó   ó ó  �I�

´  µ·� ¤³ Á;�2��° ÂC���b��£«£��«�0½  ó ó   ó   ó ó   � ó   ó   ó ó   ó   � ó   ó ó   ó   ó ó  �I�
´  µ·� µ· ���§�����§�����&ÂC���0��£�£«�«�b½    ó   ó ó   � ó   ó   ó ó   ó   � ó   ó ó   ó   ó ó  � ´

´   ² ¹ ��£��«�^�����«���'���=���0�ó���®�����®������ÂC���0��£�£«���0½å���0�þ���0� ¯�Ê������§°è�±���«�a�q�������!¯������0°�¬b���«���0� �%�
´   ²b ¤³ Ãj�]����½��������§� ¹ �����¦��¾0£«�§��µV�q�0�§��½�Ê�¯��0°  ó   ó ó   ó   � ó   ó ó   ó   ó ó  ´ ´
´   ²b µ· ���·¶y�����������«��£ ¹ �����¦��¾0£�����µþ¯��b���\���&�q���%¸0£«�  ó ó   ó   � ó   ó ó   ó   ó ó  ´ ´

� ª"¹ =@?yÏ � =@��=�Ó�Ï��E}Y? ³Y�
�� ¤³ �M����������£��q�PÊ�¬4�  ó   � ó   ó ó   ó   ó ó   � ó   ó   ó ó   ó   � ó   ó ó   ó   ó ó  ´ ²
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â

± Äã < 5 > 4
p̄ n̄ Λ > 20 < 25Ý ×Ý Û á Ô ÕÖ × π±
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â
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AADC = Apix · g

I

¹
Ï ¹ºÄ ¤ÆÅZ`8]Ç� eI�©�È§©®¶ ¡²��]®�°É¥´�©� �   � � ³�§©¦Ê¥´���È­��`³�¦�®¶¨�¥�²�¼�²�¥���¢Ë £²�³�¦�¦©��¦À¥´®Ì¥´�©�È²� ¡µ¶§?³��Í®�°�¥��©�
· ���¡�w¹�eI�� £²t £²t³ · �© ¡� y �o¦ÎªO¼Ï³�¦©¦© ¡§©µÈ¥��©��±¬�o¦©��²[¥v³��Æ²�¨©ª�¥´­´³ · ¥´�o¦7³�¢¤±©�£ ¿¥´¨©¦��b®�°¯­�³�§©¦©®¶¢Ð¥´­� ¡µ¶µ¶�o­
� y �o§e¥�²9¥�®À¥��©�¤³�¢Ï±��£ ¡¥�¨©¦©�¸®�°�¥��©� · ���¡�w¹meI�©�¤­´³�§�¦©®¶¢Ñ¥�­� £µ�µ¶��­x� y �o§e¥�²¸³�­��Ì¥v³ � ��§Ò°{­�®¶¢Ñ¥��©�
²�³�¢¤�]­�¨©§Ê¥´�?³»¥Ó £²Ó²� ¡¢¸¨©��³»¥´��¦Í¹



° ³��£ ¡¦?³�¥� £®¶§Ï®�°É¥��©� ¾ �o¥�� · ¥´®¶­ � ®�¦©���¡�£ £§�µÌ³�§©¦Ê¥´�©� � ¼�²[¥´��¢Ï³�¥�  · ��­�­�®¶­ � ²�²�¨©¢¤±�¥´ ¡®¶§©² � �
¾ ¨©­� ¡§©µÂ¦� £µ¶ ¿¥´ £²�³�¥´ ¡®¶§ © ¥´��� · ³��£ £ª�­´³�¥� £®¶§ y ³��¡¨©��²¤®�° � ¢Þ� ³�§©¦UµO³� ¡§Ô³�­��Ã� z ¥�­´³�±Æ®¶�£³�¥´�o¦Õ¥�®Ò¥´���

¥´�o¢Ï±Æ��­�³�¥´¨©­��]®�°X¥´�©�Ö¢¤�`³�²�¨©­��o¢Ï�o§e¥ © ³�²Ó¦©®¶§©�Ö ¡§Ê¥��©�Ö­�� · ®¶§©²[¥´­�¨ · ¥� £®¶§=¹
Yª[£`o×�]JcI_�×iÅ|Ø � aWaW¤)ax`
eI�©�Ê¦© £µ� ¡¥´ ¡²´³�¥� £®¶§Ò¨©²��o²Ï ¡§ y ��­�²� ¡®¶§©²Ù®�°�¥´�©�Ê²´³�¢Ï�Î°{®¶­�¢¸¨©�£³��Î¨©²���¦Õ £§Ú¥´�©�Ê­�� · ®�§©²�¥�­�¨ · ¥´ £®�§=¹ � �¡²�® ©
¥´�©� · ³��£ ¡ª©­´³�¥� £®¶§ y ³��£¨©�o²Ó³�­��Ö ¡¦©��§O¥´  · ³��¬ª¬�_¥ i �o��§½­�� · ®¶§©²�¥�­�¨ · ¥´ ¡®¶§À³�§©¦À¦© £µ¶ ¿¥´ ¡²´³�¥� £®¶§=¹beI�©�o­��_°{®¶­�� © ³��£�
²�¼�²�¥���¢Ï³�¥´  · ��­�­�®¶­�²]¦©��² · ­� ¡ª¬�o¦Ò ¡§Û²�� · ¥´ ¡®¶§ � ¹ � ¹�� ³�­�� · ³�§ · ���¡�£��¦Û³»°¾¥´��­x¥��©�Ù¦© £µ� ¡¥´ ¡²��o¦½²� ¡¢¸¨©��³»¥´ £®�§Ã £²
­�� · ®¶§©²[¥´­�¨ · ¥���¦=¹ � ­´³ · ¥´  · ³��£�¿¼ © ¥´�© ¡²Ù¢Ï��³�§©²Ù¥´�?³�¥¤¥´���Ã²� ¡¢¸¨©�£³�¥´ ¡®¶§Ú¦©®���²¤§©®�¥ · ®¶§O¥v³� £§Ô²[¼�²�¥´�o¢D³»¥´  ·
��­�­�®¶­�²Ê°{­�®¶¢ ¥��©� · ³��¡ £ª©­�³�¥´ ¡®¶§Á±©­�® · ��¦©¨©­��Ûª©¨�¥Ê¥´�©�Û¦?³»¥v³Ü¦©®��o²�¹ � ·�· ®¶­�¦� £§©µ¶�¿¼ © ¥��©� · ³��¡ £ª©­�³�¥´ ¡®¶§
²�¼�²�¥���¢Ï³�¥´  · ²9�?³ y �D¥�®ÃªÆ�Ï¥v³ � ��§Â £§O¥´®Ã³ ·�· ®¶¨©§O¥¸� z ³ · ¥´�¿¼Ý®¶§ · � i �©��§ · ®¶¢¤±?³�­� ¡§©µÀ²� £¢«¨©��³�¥� £®¶§Ý³�§�¦
¢Ï��³�²�¨�­���¢¤��§O¥�¹eI�©�]²� ¡¢¸¨©��³»¥´ £®�§D�?³�²I®�¥´�©�o­b¨©§ · ��­�¥´³� £§O¥� £��² ©Ci �©  · ��³�­��x­����£� y ³�§O¥b°{®¶­�¥��©� · ®¶¢¤±?³�­� £²�®¶§Î®�°X²� ¡¢¸¨ �
��³�¥� £®¶§Î³�§©¦À¢Ï��³�²�¨©­���¢¤��§O¥ R

• eI�©�º¢Ï®�¦©�o�£�£ ¡§©µ]®�°¯¢Ï³�¥���­� £³��?ª©¨©¦�µ¶�o¥b³�§©¦ · ®¶¢¤±¬®¶²� ¡¥� £®¶§Ù�?³�²�²�®¶¢¤��¨©§ · �o­�¥´³� £§O¥�¼¶¹<eI�©��¥´�©  ·D�2�
§©�o²�²I®�°X²�� y �o­´³�� �l�k�O�k¡ · ®�¢Ï±Æ®¶§©�o§e¥�² i ³�²I­�� � ¢Ï��³�²�¨�­���¦Ê³�§©¦7¨©±Æ¦?³�¥´�o¦Ê¦©¨©­� ¡§©µ«¥��© £² i ®¶­ �)©
¥´®Ù¢¤ £§© ¡¢Ï ¡²���� y ��§O¥´¨?³��É¨©§ · ��­[¥v³� ¡§O¥´ £�o²�¹

• eI�©�]¢Ï³�¥ · �© £§©µÌ®�°X¥��©�]² · ³��£�o²I®�°X²� ¡¢¸¨©��³»¥´ £®�§D³�§�¦À¢¤�`³�²�¨©­���¢¤��§O¥Ó¦©��±Æ��§�¦©²Ó®¶§Ê�©® i ­��`³��¡ £²�¥�  ·
¥´���Ï²� £¢¸¨©�£³�¥´ ¡®¶§½®�°�¢¸¨©®¶§�²9 ¡²�¹ ¢ ¥9 £²È³�²�²�¨©¢¤��¦Ý¥´�?³»¥È¥��© £²Ö¢¤�o¥��©®�¦Ý £²È³ ·o· ¨©­�³�¥´� i  ¡¥��© £§Ý®¶§©�
±Æ��­ · ��§O¥`¹

• � ¨©­��Îª¬��³�¢¤²«³�­��D²� £¢¸¨©�£³�¥´�o¦Âª©¨�¥«¥´���Î­���³���ªÆ�`³�¢Þ ¡²«§©®�¥¸±Æ��­�°{� · ¥��¡¼Ý±©¨©­���¹~eI�©�D²�±Æ� · ¥�­�¨©¢
®�°X±©­� £¢Ï³�­�¼¤±?³�­[¥´  · �£�o²I³�§©¦7¥��©�]¢Ï�_¥´�©®�¦©²�¥�®Ù±©¨©­� ¿°¾¼DªÆ�`³�¢Ï²I³�­��]¦©�o² · ­� £ªÆ��¦À £§7²�� · ¥� £®¶§ ��¹ � ¹ � ¹� ¦©¦© ¿¥´ ¡®¶§?³��¡�¡¼ © ¥´��� � �©�o­��o§ � ® y�· ®¶¨©§O¥���­� £²Ó¨©²��o¦�¥�®¤°{¨©­[¥´�©�o­º±�¨©­� ¿°¾¼Î¥´�©�Ö²�³�¢Ï±��£�Ö¦©¨©­� £§©µÌ¥´���
³�§?³��¡¼�²� ¡²�¹ � ¨©­�­��o§e¥��¡¼ © §�®¤¦���² · ­� ¡±�¥´ ¡®¶§Ê®�°É¥��©�Ö­��o¢D³� ¡§© £§�µ¸¨©§ · ��­�¥´³� £§O¥�¼Ê� z  ¡²�¥�²�¹
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eI�©�M²[¼�²�¥´�o¢D³»¥´  · ¨©§ · ��­[¥v³� ¡§e¥� £�o²�®�°¬¥´�©�º­�� · ®¶§©²[¥´­�¨ · ¥� £®¶§D³�§©¦Ï¥��©��²� £¢«¨©��³�¥� £®¶§Ù³�­���¦© £² · ¨©²�²���¦7 ¡§Ï²�� ·\�
¥´ ¡®¶§©² � ¹ � ¹�� ³�§�¦ Ï ¹ � ¹ � ¹ ¢ ¥� ¡²�§�� · �o²�²�³�­�¼Ê¥´® · �©� ·D� ¥��©��²��«³�²�²�¨©¢¤±�¥� £®¶§©²ÓªÆ�o°{®¶­��]¥´�©�È¢Ï��³�²�¨�­���¢¤��§O¥�²
· ³�§Dª¬��¨©²��o¦Î¥´®È¥´��²[¥�¥��©� à ¨?³��£ ¡¥�¼Ù®�°=¥´�©�º¦©  O ��­���§O¥��?³�¦©­�®¶§Î²� ¡¢¸¨©�£³�¥´ ¡®¶§Ì¢Ï®�¦©�o�£²�¹����£� · ¥´­�®¶¢D³�µ¶§©�o¥�  ·
²��©® i ��­�²I³�­��º³Öµ¶®�®�¦¤±©­�®¶ªÆ�Ó°{®¶­T²�¨ · � · ®¶¢¤±?³�­� ¡²�®¶§�²T°{­�®¶¢å¥´���M³�²�±¬� · ¥�®�°¯²� £¢¸¨©�£³�¥´ ¡®¶§=¹beI�©�º���£� · ¥�­�® �
¢D³�µ¶§©�o¥�  · ±©­�® · ��²�²���²M³�­�� i ���£��¨©§�¦©��­�²�¥´®�®�¦�®¶§À¥´�©�È­��o�£� y ³�§e¥�² · ³��¡��² © ³�§�¦ · ³�§ÃªÆ�È²� £¢¸¨���³�¥���¦ i  ¡¥��
²�¨ ´¤·  £��§O¥Ó³ ·�· ¨�­´³ · ¼¶¹<eI�© £²�³�¦ y ³�§O¥v³�µ¶�x £²t±?³�­[¥´�¿¼Ï�¡®¶²�¥�¦©¨©�M¥�®9¥��©�x²�±Æ� ·  �³�� · �?³��¡�£�o§©µ¶�M®�°�¢Ï��³�²�¨©­� £§©µ
���¡� · ¥�­�®¶¢Ï³�µ¶§��o¥´  · ²��©® i �o­�²È £§½¥´��� �l�k�O�l¡ © ³�²]¦©��² · ­� £ªÆ��¦Ý £§Q²�� · ¥� £®¶§ � ¹ � ¹�� ¹P��� y �o­�¥��©���¡��²�² ©  ¿¥] £²
· �©®¶²���§�°{®�­b¥´�© ¡² i ®¶­ � ¥´® y ³��£ ¡¦?³�¥��º¥´���9³�²�²�¨�¢Ï±�¥� £®¶§�²�¹� ²��o¥9®�°��

±
­�¨©§©²Ö¥v³ � ��§Ò £§ � ª¬�_¥ i �o��§Û¥´�©�¤�?³�¦�­�®¶§Û­�¨�§©²9 ¡²]²��o�£� · ¥´�o¦Ò°{®¶­]¥´�� £²Ö³�§?³��¡¼�²� ¡²�¹reI�© £²

��§©²�¨©­��o²«¥´�©³�¥Ö¥´�©�Ï¦©�o¥�� · ¥�®¶­ · ®¶§ ¨ µ¶¨©­´³»¥´ £®�§Â³�§�¦Â��§ y  £­�®¶§©¢¤��§O¥v³�� · ®¶§©¦© ¿¥´ ¡®¶§©²È³�­��¤±©­�³ · ¥�  · ³��£�¡¼À¥´���
²´³�¢¤�Ù°{®¶­]¥´�©�Ï�?³�¦©­�®¶§æ³�§�¦Ò¥´���D���¡� · ¥´­�®�§Â­�¨�§©²�¹MeI�©�Ï­´³ i ²�  ] �¤®�°b¥´���Ï�o�£� · ¥´­�®¶§Â­�¨©§©²« ¡²«³�­�®¶¨©§�¦���2�2���2� � y �o§O¥´²�¹ Q ®¶­���³ · �D­�¨©§ �����2�2�2� � y ��§O¥´²�³�­���²� ¡¢¸¨©�£³�¥´�o¦Ù³�§©¦D¦� £µ¶ ¿¥´ £²���¦=¹�eI�©��²� ¡¢¸¨©��³»¥´��¦¤³�§�¦
­���³��É¦©³�¥v³Î³�­��«²���§O¥]¥´®¤¥´�©�«²´³�¢¤�«­�� · ®�§©²�¥�­�¨ · ¥´ £®�§ · �?³� £§Í¹leI�©�«¥���²[¥ � ªÆ�`³�¢ç²�³�¢Ï±��£�È £²M±�¨©­�  ¨ ��¦½ªO¼
³ · ¨�¥Ö®�§Û¥��©�Ì¢¤�`³�²�¨©­��o¢Ï�o§e¥�²]®�°T¥´�©�me � � eå³�§©¦Q¥��©� � �©��­���§ � ® y ¹meI��� · ¨�¥�²9³�­��¸¦©�o² · ­� £ªÆ��¦Ý £§
· �?³�±�¥���­ � ¹
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ìªíïî�ðLñÞòe¡2ôöó2÷"�4�éò�	4þ"ñÞü��&�8î�ú�ò4þ"í�	hñÞòDÿ5��ü*ú�ÿÞòOü��¹þ"ù�ò0¥�è�ø ¥0.(ýWò4ñÞÿ"ð�ÿ�ò4ú�ò4ñ"îC'Wô"��ù�ògý,íéÿ"í � �éòOò4ú�ò4ñ"îC'�Á2ò%ª<�LñÞòDÿ|ÿÞò��íïú�§Ïé 3¦Á,íéÿ¤�
�éü*þ"þÞò���ýWò4ñÞÿ"ð�ÿ�þ"ù�ò � ò����äò4ú�ò4ñ"îC'Wô"��ù�ògñ2�8þ"íéü¦ü��)ÿ"í��¦ð
�6�8þ"íéü*úmü\ýWò4ñL���8þ2�9íéÿ�ÿ"ù�ü � úíïúmþ"ù�ò#�éü � ò4ñ��>ñ2���wò�ô
eI�©�Ù²�¼�²[¥´��¢Ï³�¥�  · ��­�­�®¶­�²Ö�?³ y �¤³7¦©  O ��­���§O¥Ö £¢¤±?³ · ¥]®¶§Q £§O¥���µ¶­�³�¥´�o¦Ò³�§©¦Û¦©  O ��­���§O¥´ £³���¢¤�`³�²�¨©­�� �

¢¤��§O¥´²o¹:eI�©�Ê¦©�_¥v³� ¡�£²¸³�­��7¦© ¡² · ¨�²�²��o¦Ô ¡§Ú²�� · ¥´ ¡®¶§ � ¹ � ¹�� ¹¬eI�©�7¢Ï³� £§æ®�ª©²��o­ y ³�ª©�¡��²Ù £§æ¥��©�7�?³�¦©­�®¶§
³�§©³��¡¼�²� ¡²Ö³�­��¸¥��©�Ù­�� · ®¶§©²[¥´­�¨ · ¥���¦Â�o§©��­�µ�¼Û³�§�¦Ý¥��©�Ù²��?³�±Æ�Ù®�°t¥´�©�Ì�?³�¦©­�®¶§Ý±©­�® ¨ �£�o²�¹ � ·o· ®¶­�¦© £§©µ��¡¼ ©
¥��©�]¥´®�¥´³��=��§���­�µ�¼À³�§©¦Ê���¡� · ¥�­�®¶¢Ï³�µ¶§��o¥´  · ²���® i ��­�±©­�® ¨ �£�o²�³�­�� · �©®�²���§�°{®¶­ · ®¶¢¤±?³�­� £²�®¶§=¹
²9Ó|ê�Ó|Õ ë¶Jgß=×¯L�S�Ø�ß=×¯HËì~Ø�S�ÝÞØ�íkÜÞ×4¶ÂîðïÊJl×=S©LLµÑñhÛkÙ
Q  ¡µ¶¨©­�� Ï ¹�� ²��©® i ²�¥´���M­��o²�±Æ®¶§©²��x®�°=¥��©� �l�k�O�k¡ ¥�®¸���¡� · ¥�­�®¶§D³�§©¦Î±Æ®¶²� ¡¥´­�®¶§¤ª¬��³�¢Ï² i  ¡¥�� y ³�­�¼� ¡§©µ
�o§©��­�µ�¼¶¹<eI�©� y  ¡²� £ª��£�M�o§©��­�µ�¼Ï¢Ï��³�²�¨©­���¦7 ¡§D¥´�©�º¥´��²[¥ � ª¬��³�¢ð ¡² · ®¶¢Ï±©³�­��o¦D¥´®«¥��©�x±©­���¦©  · ¥���¦ y  £²� £ª©�¡�
�o§©��­�µ�¼¶¹½eI�©��²[¼�²�¥´�o¢D³»¥´  · �o­�­�®�­ · ®¶¢¸ª© ¡§©��²=¥��©� · ³��¡ £ª©­�³�¥´ ¡®¶§x³�§�¦È¥��©��² · ³��¡��¢D³»¥ · �© ¡§©µÓ¨©§ · �o­�¥´³� £§O¥´ ¡��²o¹eI�©� · ®¶¢¤±©�£�_¥´��²�¼�²�¥���¢Ï³�¥´  · ¨©§ · ��­�¥´³� £§O¥�¼Ï £²�³�²�²� £µ¶§©�o¦Î¥´®«¥��©�x¦?³»¥v³«±Æ®¶ £§O¥�² © °{®�­�¥´���M²´³ � �]®�° · ��³�­� ¡¥�¼¶¹eI�©�È­´³»¥´ £®Ì®�°�²� £¢¸¨©�£³�¥´ ¡®¶§Î® y �o­º¦©³�¥v³Ì £²Ó¦©­�³ i §� ¡§Ê¥��©�È�£® i �o­b°{­´³�¢¤��¹ Q ®¶­Ó³��¡�¬¥���²�¥���¦���§©�o­�µ¶ ¡��² © ¥��©�
¦©  O �o­��o§ · �o²¸ª¬�_¥ i �o��§Ü¢¤�`³�²�¨©­��o¢Ï�o§e¥¸³�§©¦Ò²� £¢«¨©��³�¥� £®¶§Ý³�­�� i ���¡�� ¡§©²� ¡¦©�¤¥��©�Î³�²�²�¨�¢Ï�o¦æ²�¼�²�¥���¢Ï³�¥´  ·
¨©§ · ��­[¥v³� ¡§O¥´ £�o²�¹

²9Ó|ê�ÓoÔ RáÝKòn×=S�×¯J¼ßCÝÞØ<ÜÌì~Ø�S�ÝÞØ�íkÜÞ×4¶ÂîËñ#´ºFXó�×=Sa³½S©F�ôkÜÞ×
Q  ¡µ¶¨©­�� Ï ¹ Ï ¦© ¡²�±©�£³`¼�²�¥´�©�º±©­�® ¨ �£��²�®�°����¡� · ¥�­�®¶¢Ï³�µ¶§��o¥´  · ²��©®põ���­�²I°{®¶­t¥�õ�®Ì¦�  O ��­��o§O¥bªÆ�`³�¢ö��§©�o­�µ¶ ¡��²o¹
÷I�©�Ê²� £¢¸¨©�£³�¥´ ¡®¶§Ý¦©��² · ­� ¡ª¬�o²Ì¥´�©�7¢¤�`³�²�¨©­��o¢Ï�o§O¥ÌõÓ ¡¥´�� £§æ¥´���7²�¼�²�¥���¢Ï³�¥´  · ��­�­�®¶­�²¸°{®¶­¸¢¤®¶²�¥Ù®�°Ó¥��©�
±Æ�`³ � ­��oµ¶ £®¶§Ê³�§©¦7 £§Î¥��©�]��³�¥��M¥v³� £�Æ­���µ� £®¶§ÎõÓ�©�o­��È³��¡¢Ï®¶²[¥b§©®Ì²� £µ¶§©³��Í ¡²b±©­��o²��o§e¥�¹bø�®¶¢Ï�M¦©  O ��­���§ · ��²
³�­��ºù� £²� £ª©�¡�ºªÆ�o¥�õ����o§Ê��³`¼¶�o­ ��� ³�§©¦Àú2��¹m÷I���x²��?³�±¬�x®�°¯¥´�©�º­´³�¥� £®«²��©®põÓ§7 £§ ¨ µ¶¨©­�� Ï ¹ Ï [ ³ \ ²�¨©µ�µ¶��²[¥´²¥��?³�¥x¥��©�Ì²��©®põ���­Ö²�¥´³�­�¥�²]�`³�­��£ ¡��­M ¡§Q²� ¡¢¸¨©��³»¥´ £®�§À¥��?³�§Û £§½¦©³�¥v³�¹«ø�¨ · �Ý³�§Û� O � · ¥ · ³�§ÝªÆ�¸¦©¨��¸¥´®Ê³
õÓ­�®¶§©µÖ¦©��² · ­� £±�¥� £®¶§Ù®�°Ç¥´��� �k�k�O�l¡ õÓ�©  · �D³�²�²�¨©¢¤��²m¥�®�®Ö¢¸¨ · �¤¢Ï³�¥���­� £³���®¶­m¥´®�®]¦©��§�²��Ó¢D³»¥´��­� �³��¡²�¹� §©®�¥´����­Ù±¬®�²�²� ¡ª©�£�7²�®¶¨©­ · �Ê £²¸¥��©�Ê±©­��o²���§ · �À®�°x³Û²�¢Ï³��¡��°{­´³ · ¥´ ¡®¶§Ú®�°º±© £®�§©²Ì £§Ú¥´���7ª¬��³�¢�¹ �  ¡®¶§
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¥´®Ï­�� U � · ¥M�où¶�o§O¥´²x¥´�©³�¥M�©³pù��¸§©®Î²� £µ¶§©³��¯ £§À¥´�©�9÷ � � ÷]¹ � ®�²�¥x�©³�¦©­�®�§½²��©®põ���­�²Ö³�­�� · ®¶§O¥´³� £§©�o¦½ £§
¥´�©� �l�k�O�l¡ ³�§©¦Üµ¶ ¿ù¶�Î§�®Ý®�­Ì³½²�¢Ï³��£�t²� ¡µ¶§?³��� £§æ¥��©�7÷ � � ÷]¹ � ¨©®�§©²Ùµ¶ ¡ù��7³½²� ¡µ¶§?³��tõÓ�©  · �Ü £²
±©­´³ · ¥´  · ³��¡�¡¼Ý³��¿õb³`¼�²¸�£³�­�µ¶�o­È¥��?³�§Ü³ · ��­[¥v³� ¡§æù�³��£¨©��¹½÷I�©� · ­�®¶²�²� £§©µÃ±¬®¶ ¡§O¥¸ªÆ�o¥�õ�����§Ü¥´���Î±¬�o¦©��²[¥v³��
³�§©¦¤¥´�©��¢¸¨©®¶§Ï²� ¡µ¶§?³��Ç±©­�®¶ª?³�ª© ¡�£ ¿¥�¼¸ £²T¨©²���¦7³�²�¢¤ £§© ¡¢¸¨©¢ ­�� à ¨© ¡­��o¦Î��§©�o­�µ�¼

Emin

¹ � ®põ��_ù¶�o­ © ²�®¶¢Ï�
�?³�¦©­�®¶§Q²���®iõ���­�²9�©³pù��Ì²�  ] ³�ª©�¡�¸�£��³ � ³�µ¶�9 £§O¥´®Î¥��©�Ì÷ � � ÷]¹¯÷I�©�Ì±Æ®¶ £§O¥ºõÓ�©��­��Ù¥��©�Ì÷ � � ÷Ð²� £µ�§?³��
 £²¸¢¤®¶­��7�£  � ���¿¼Ò°{­�®¶¢ ³Q�¡�`³ �  £§�µQ�?³�¦©­�®¶§Ü�où¶�o§O¥Ï¥��?³�§Ú°{­�®¶¢ ³½¢¸¨©®¶§Ü�_ù¶��§O¥Ï £² · �©®�²���§U³�²Ì¨©±�±¬�o­
��§©�o­�µ�¼ · ¨�¥

Emax

¹Ù÷I�©�Ù¥´�©­���²��©®¶�£¦�²È°{®¶­x¥��©�Ù§e¨©¢¸ªÆ��­È®�°�¥�®põ��o­�²
Ntower

³�­��Ù®¶ª�¥v³� ¡§©��¦Ý²� ¡¢Ï ¡��³�­��¡¼¶¹Q  £µ�¨©­�� ��¹ � [ ª \ ¦©�o±©  · ¥´²Ó¥´�©� · ®�­�­��o²�±Æ®¶§©¦© ¡§©µÙ¦© £²[¥´­� £ª©¨�¥� £®¶§�²I³�§©¦7¥´��­���²��©®¶�¡¦©²�¹
÷I�©� · ¨�¥«®�§Ò¥´���D��§���­�µ�¼Û²�¨©¢  £²9³Êµ¶®�®�¦Ý £�£�¡¨©²�¥�­´³�¥� £®¶§Q®�°�¥´��� · ®¶§ â   · ¥9ª¬�_¥�õ��o��§Ú¢¸¨©®�§Â £¦���§ �

¥´  ¨?· ³�¥� £®¶§Ò³�§©¦Ú�©³�¦©­�®�§æ��§©�o­�µ�¼Ò�£��³ � ³�µ¶�Ï¢Ï��³�²�¨©­���¢¤��§O¥`¹Ã÷I�©� · ¨�¥Ì� ´¤·  ¡��§O¥´�¿¼Ý £¦©�o§e¥�  ¨ �o²¸¢¸¨©®�§©²�¹� ¨�¥ © ³Û��³�­�µ¶�Î°{­´³ · ¥´ ¡®¶§Ü®�°º¥��©�À�?³�¦©­�®¶§U�_ù¶�o§e¥�²DõÓ ¡¥��Ü�£�`³ � ³�µ¶�Ê £²Ì­��o¢Ï®pù���¦U°{­�®¶¢ ¥��©��²�³�¢¤±©�£�Ê³�¥
¥´�©�9²´³�¢¤�9¥� £¢¤��¹Ó÷I�©�¸±�¨©­� ¿¥�¼Ã³�§©¦�¥��©�¸� ´¤·  £��§ · ¼Ã³�­��9¢Ï��³�²�¨©­���¦Ã¥�® à ¨?³�§O¥´ ¿°¾¼Ê¥´�©� à ¨©³��£ ¿¥�¼Ê®�°m¥´���
²��o�£� · ¥´ ¡®¶§=¹m÷I�©�]±�¨©­� ¿¥�¼ · ³�§7ªÆ� · ³�� · ¨©�£³�¥´�o¦D°{­�®�¢ ¥��©�x§e¨©¢¸ªÆ��­�®�°��?³�¦©­�®¶§Î²��©®põ��o­��_ù¶�o§e¥�²b¥´�?³»¥Ó³�­��
 £¦©�o§O¥´  ¨ ��¦À³�²Ó¢¸¨©®¶§Ê�_ù¶��§O¥�²M £§�²� £¦��x¥´�©�Ö÷ � � ÷]¹Ç÷I�©�È� ´¤·  ¡��§ · ¼ · ³�§ÀªÆ�]¦© £­�� · ¥��¡¼D¢Ï��³�²�¨©­���¦ÊõÓ ¡¥��
¢¸¨©®¶§7ªÆ�`³�¢Ï²o¹ Q  £µ�¨©­�� ��¹ � · ®¶¢¤±?³�­��o²b¥´�©�M­���²�¨©�¡¥�²b°{­�®¶¢ ¥´���]§©�oõÓ�¿¼D¦©�_ù¶�o�£®¶±Æ��¦ ©?· ®¶¢¤±©�£� � ¢¤�o¥��©®�¦¥´®Ì³9²� £¢¤±©�¡� · ¨�¥I®¶§D¥��©�x÷ � � ÷ ��§©�o­�µ�¼Î³�§©¦7�© ¿¥´²o¹m÷I�©� · ®�¢Ï±©�¡� � ¢¤�o¥´��®�¦Î²��©®põÓ²Ó³«¢¸¨ · �ÊªÆ�o¥�¥´��­±©¨©­� ¡¥�¼D³�§©¦Ê�£�o²�²I��§���­�µ�¼Î¦©�o±¬�o§©¦©��§ · �Ö¥´�?³�§Î¥��©�]²� ¡¢Ï±��£�M¢¤�o¥��©®�¦ © õÓ�©�o­���³�²I¥´�©�]²� £¢¤±©�£�º¢Ï�_¥´�©®�¦Î £²
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· ³��¡ £ª©­�³�¥´�o¦¸®¶§Ì²� £§©µ¶�¡��­�¨©§©²�¹�÷I�©�I±?³�­[¥´  · �£�o²��?³`ù¶��³M²�¨ ´¤·  ¡��§O¥´�¿¼¸��³�­�µ¶��¢Ï®¶¢¤��§O¥�¨©¢ ¥�®]ª¬��¦©��² · ­� ¡ª¬�o¦
³�²Ó¢Ï ¡§© £¢«¨©¢  £®¶§© ¡²� ¡§©µ¸±?³�­[¥´  · �£�o²�¹

÷I�©�7��§©�o­�µ�¼Â¦©��±Æ®¶²� ¡¥´ ¡®¶§æ ¡§Â¥´�© ¡§æ¢Ï³�¥´�o­� �³��£²]°{®¶�£�¡®põÓ²¸³ ¡ ³�§©¦?³�¨æ¦© £²[¥´­� £ª©¨�¥� £®¶§Í¹½÷I�©� ¡ ³�§©¦?³�¨
¦© £²[¥´­� £ª©¨�¥� £®¶§

L(x)
 £²¤²�¢¤�`³�­���¦ÔõÓ ¿¥´�Ô³ ¯ ³�¨©²�²� �³�§U¦© £²[¥´­� £ª©¨�¥� £®¶§

G(x)
© ¦©¨©��¥�®Ò¥��©�Ã�o�£� · ¥´­�®¶§©  · ²

§©®¶ ¡²��¤³�§©¦Û¥´�©�Ù±©��®�¥´®¶§Ý¦©�_¥´� · ¥´ ¡®¶§ â ¨ · ¥�¨?³�¥´ ¡®¶§©²o¹ - ¦�¦© ¡¥� £®¶§?³��£�¡¼ © ¥´���¤² ·  ¡§e¥� £�¡��³�¥�®¶­M ¡²xõÓ ¡¥´�=< Ï ¢¤¢
³��£­��`³�¦�¼Ú¥´®�®Ý¥��©  · 8Ú¥´®Òª¬�Ê°{¨©�¡�¡¼Ú¢¤®�¦����£�¡��¦ÜªO¼U³Ý¥´�� £§Ô�£³`¼¶��­Ï³�±©±�­�®O³ · �Í¹ ÷I����­��_°{®¶­�� © ³ ¡ ³�§©¦?³�¨
· ®¶§Où�®¶�¡ù���¦æõÓ ¡¥��æ³ ¯ ³�¨©²�²� £³�§Â¦© ¡²�¥�­� £ª�¨�¥´ ¡®¶§Qõb³�² · �©®¶²��o§æ¥´®�¦©��² · ­� ¡ª¬�Ï¥´�©�Ï²� £µ�§?³��w¹>0 à ¨?³�¥� £®¶§ ��¹@?¨ ¥´²t¥´�©�M¢Ï��³�²�¨©­���¦Î¦� £²�¥�­� ¡ª©¨�¥´ ¡®¶§Ùõ��o�£�w¹�÷É®Ì³`ù�®¶ £¦7³9ª© �³�² © ¥��©�M­�³�§©µ¶�º®�°=¥��©� ¨ ¥� £²t­���²[¥´­�  · ¥���¦Î¥�®9¥´���
­��oµ¶ £®¶§ÎõÓ ¿¥´�À§©®Ù²� ¡µ¶§©  ¨©· ³�§O¥ · ®�§e¥�­� ¡ª©¨�¥´ ¡®¶§Î°{­�®�¢ ¦©®¶¨�ª©�£�Ö±?³�­[¥´  · �£�M�où¶�o§O¥´²�¹

f(x) = L(x) ⊗ G(x) [ ��¹@? \
a(x) ⊗ b(x) =

∫

a(x − τ) · b(τ)dτ [ ��¹ ��\
÷I�©� ¨ ¥À £²7±Æ��­�°{®�­�¢¤��¦B¨©²� £§©µÚ¥´���A21�9�x÷ä²�®�°¾¥�õ�³�­��Ý°{­�³�¢Ï�_õ�®�­B8DC E'�  o© õÓ��  · �  £§ · �£¨©¦���²Î¥´���� ¢ 4>½ ¢ ÷ ¢Ï ¡§© £¢¤ £²�³�¥´ ¡®¶§½±?³ · 8»³�µ��FC E T   ¹Ã÷I�©�D°{­�³�¢¤�oõ�®¶­B8Û £²È� � ¥���§©¦©�o¦ÚõÓ ¡¥´�æ³�µ¶�o§©��­�  ·D· ��³�²�²9¥�®³��£�¡®põÒ¥��©� · ®¶§Où¶®¶�¡¨�¥´ ¡®¶§È®�°?³�­�ª© ¡¥�­´³�­[¼M°{¨©§ · ¥´ ¡®¶§©²o¹�÷I�©� · ®¶§Où�®¶�£¨�¥� £®¶§È £² · ³�� · ¨©��³�¥���¦ÖõÓ ¡¥��«³Ó§e¨©¢Ï�o­�  · ³��

 £§O¥´�oµ¶­´³»¥´ £®�§Ý®�°I� à ¨?³�¥� £®¶§ ��¹ � ¹7÷I�©�D ¡¢Ï±��£��¢¤��§O¥´³�¥´ ¡®¶§©²x®�° ¡ ³�§©¦?³�¨Â³�§©¦ ¯ ³�¨©²�²� £³�§Ò¦� £²�¥�­� ¡ª©¨�¥´ ¡®¶§©²
 £§©²� £¦©�x¥��©�92G�H�x÷ °{­�³�¢Ï�_õ�®�­B87³�­��]¨©²��o¦=¹Q  £µ¶¨�­�� ��¹*E [ ³ \ ²��©®põÓ²¸¥´�©�7­�³`õð¢¤�`³�²�¨©­���¢¤��§O¥Ì®�°Ó¥´���Î¢¸¨©�¿¥´ £±��£  ·  ¡¥�¼ · ®¶¨©§O¥���­Ù³�¢¤±©�£ ¿¥´¨©¦��D³�§�¦
±¬�o¦©��²[¥v³��q¹9÷I���¤­���²�¨©�¡¥]®�°�¥��©� ¨ ¥] ¡²x¦©­´³`õÓ§Ò³�²]³7ª©�¡¨©�¸�£ ¡§©��¹90 � · �o²�²��o²«®pù¶�o­]¥´�©� ¨ ¥�¥´�o¦Û°{¨�§ · ¥� £®¶§©²®¶­� ¡µ¶ £§©³�¥´�Ã°{­�®¶¢ ¥�õ�®Ô³�§©¦ ¥��©­��o�Ò±©³�­�¥�  · �¡�Q�où���§O¥´²o¹ ÷I�©�Ý±¬�o¦©��²[¥v³��Ö £²Ê¢¤�`³�²�¨©­��o¦ õÓ ¿¥´� ­´³�§�¦©®¶¢
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� �XÅ��w×iÅ��XWb� � õ�õ®ôN� � Å{×iÅ��"� �
÷É®Y^©­�²�¥È³�±©±©­�® �  £¢Ï³�¥� £®¶§ X ¥´���«°{®¶¨©§©¦Û²��©®põ��o­È²[¥v³�­[¥]±Æ®¶ £§O¥ ~rstart

�©³�²x¥´®7ªÆ�¸²�¨�ª�¥´­�³ · ¥���¦Q°{­�®¶¢Ë¥´���
· �o�£�=±Æ®¶²� ¿¥´ ¡®¶§©²

~rcell �
~r′cell = ~rcell − ~rstart.

÷�É�¹o<�ù
÷I�© £²�§©�oµ¶�£� · ¥�²X¥��©�T²�¼�²�¥���¢Ï³�¥´  · ¦� oî¬��­��o§ · �tªÆ�o¥�õ�����§«­��`³��e³�§©¦«¢¤�`³�²�¨©­���¦È²��©®põ���­�²[¥v³�­[¥X±¬®¶ ¡§O¥`¹�ö�®¶­��
³ ·�· ¨©­´³»¥´���¿¼ X ¥��© £²I®�î¬²��_¥

~roffset

²���®¶¨©�£¦ÀªÆ�x¥v³�8���§Ã ¡§O¥´®¤³ ·�· ®¶¨©§O¥ �
~r′cell = ~rcell − (~rstart − ~roffset) .

÷�É�¹)ú'ù
È� £µ¶¨�­�� É�¹;<�L ¦© £²�±©��³`¼�²�¥´�©�Ó®�î¬²��_¥´²t±©­��o¦©  · ¥´��¦ÏªO¼Ù¦© oî¬��­���§O¥t²� £¢«¨©��³�¥� £®¶§«¢Ï®�¦©���¡²�¹

~roffset

¦©��±Æ��§�¦©²
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Ä ���!ò§�øõ|Å � Å���WF�n��� � � × � Ø�×����D�¤ØOØ �! ×����ÉØ �
Ê �©��§Ã®iù���­���³`¼� £§©µÏ²��©®põ���­x²[¥v³�­[¥M±Æ®¶ £§O¥Z6 · ®�­�­�� · ¥���¦Ã�_ù¶�o§e¥�² X  ¿¥M ¡²º ¡¢Ï±Æ®¶­[¥v³�§O¥I¥´® · ®¶§�²� £¦���­Ó¥´�?³�¥�¥´���
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[gh�X_ùcX_b!^eh¸õR`>^eWo[�÷5.GöÀ÷�hi`smcbq[]r�`>bo[gmgZeXBX_t�X_b�^«õR`>^eWo[�vjX_k4XBh,^�[gr�he`smgbq[gr�y k XB[�8�[gmcXPX_ùcX_b!^eh�[gZeX
k4X{^4b4XBk�[ghRXoùcX_b�^NhR^NWq[]^�Wq[`ùgX�b4X_`>^eW4XBZR[1t}�4agb�b4agZ�vjX_k4XBh,^�[gr�hi`smcbq[]r�`sbF^NWEXÈ÷5.GöÀ÷�y
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�Cb4X0v4Zeagf4rsX_t�`shj^NW4X0\Bagb!^N[gtu`sbq[]^e`sacbUagY!^NW4X0he`>mcbq[gr»õR`>^eWTt��4acb4h@[gbEkx^eW4X�YJ[g\_^�^eWq[]^�^eW4XGY'ZN[g\~^N`>acb
agY@t��4acb4h�\�Wq[gb4mgXBh�he`>mcb4`;^q\�[gb�^er>n¸õR`<^NWP^eW4XUfwX�[gt�X_b4XBZimgncyT÷�W4Xº÷5.Gö�÷�`>h��EheXBk�^ea}`skEXBb�^N`<Y�n1^NW4X_heX
t}�Eacb4h X f4��^�^eW4XRk4X_^eXB\~^N`sagb�X~��\_`sX_b4\_n�`>h�b4ag^5<�L'L0��[gb4kuheactuXRt}�4acb4h�õR`>rsrEfwXRrsX~Y�^0`sb1^NW4XRhe[gt�vErsXgy
\:bP^eW4XC\B[gheX.agY�?'L l Xnm�v4`>acb4h�^NW4X.t}�4acb�\Bacb�^NX_b�^�`sh�W4`smcWEXBhi^Bym÷�W4XC\_acb�^�[gtu`sb4[]^N`>acb�agY�^NW4X.hN[gtuv4r>X
õR`>rsr!fjXD[gv4v4Zia � `>tP[�^NXBr<nH 0��[]^7^NW4`>h�XBbEXBZem]ncy - ^G[grsr!ag^eW4XBZ{XBb4X_Zemc`>XBh7^NW4X�ZeXBt�[g`>b4`sb4m�\Bagb!^N[gtu`sbq[]^e`sacb`>h�ú���acZ�het�[gr>rsXBZ_y

- heX_\Bacb4k�`shihe�4X1`>hC^NW4X�heW4[gvjX�agY�^NWEXukE`shi^eZe`>f4�E^N`>acb X X_hevwXB\_`�[gr>r>n�^NW4X�rsagb4m�^�[g`>r{^ea�r>apõÐù][gr>�4XBh_y
÷�W4XTZea|ag^RtuX�[gbzh:Ë|�4[gZeXTagY7^NW4Xxk4`>hi^NZi`sf4��^N`sagbÎõR`srsrjapùcXBZiXBh,^N`st�[]^eXx^eW4X]õR`skE^eW�a]Y{^eW4XxZeXBhiacrs��^N`sagb�y -
^4^�agYj^NW4X�tP[]`sbuvjXB[�8¸õR`>^eWP[ l [g�Ehehe`s[gbuk4`sh,^NZe`>f4�E^e`sacbÌõR`sr>r4�4b4kEXBZeX_hi^e`st�[]^NXR^NW4XÓõR`sk�^NW�ym÷�WEXBZeX~Y'acZeX X
^eW4X�Y'agrsrsapõR`>b4m3tuX_^NWEa�klWq[ghufjX_XBb�\�W4acheX_b�^ea�tuX�[ghi�4ZeX

σAHCAL � ÷�W4X�vjaghe`>^e`sacb�agY.^NW4Xz\_XBb�^NZe[grZe[gb4mcX]õR`>^eW 2
3

agY7^NW4Xxhi^N[]^N`>hi^e`s\BhR`>h�k4X_^eXBZetu`sbEXBk�y[ÈqacZ�^NWE`sh X ^eW4XTvjachi`>^e`sacb
q(χ)

`>h�\B[grs\_�4r�[�^NXBkFY'acZ 1
6[gbEk 5

6

X õRW4X_ZeX
q(χ)

`sh�k4X~^qb4X_k�f�n�^NWEXxY'agrsrsapõR`>b4m}ZeX_r�[]^e`sacb �

χ =

∫ q(χ)

−∞
f(x)dx

∫ ∞

−∞
f(x)dx

.
÷�ÉEyP?'ù

÷�W4XTZeX_heacr>�E^N`>acbF`sh�^eW4XBb�Wq[gr<Y@^NW4Xxk4`>hi^�[]b4\BXxfwX_^�õ�XBXBb�^NW4X�^�õ�a�tuX�[ghi�4ZeX_k�vwachi`>^N`>acb4h �
σAHCAL =

q
(

5
6

)

− q
(

1
6

)

2
.

÷�ÉEy � ù

zO�J�5�SÀ  z-NÂ�24��¡�� Ä[Å¬Æ:¢U2 ÄaÇ Æ/(0-
÷�W4XFkEXBhe`>ZeX_kpZeXBhi�4r>^}agY�[�\�[]rsacZi`stuX_^NX_Z�tuX�[]he�4ZiXBtuXBb�^1`shT^NW4XPXBb4X_Zemgn

E
agY�^NWEX�`stuvq[g\~^�vq[]Zi^N`>\Br>X

Ze[]^NW4X_ZC^NWq[]b�^eW4X¸ù|`shi`sf4r>X}XBb4X_Zemgn
Evis

y9÷�W4X�\�[gr>acZe`>t�X~^NX_Z.ZiXBhevwacb4hiX�\B[gb�fjX1\B[grs`>f4ZN[�^NXBk�£R`>^NW�^eW4X
W4X_rsvFagY@^eXBhi^Z6:fwX�[gt�kq[]^N[Eya\�^R`shD[ghehi�4tuXBkF^NWq[�^�^NW4XC^eag^�[]r6XBbEXBZem]n�`shDZeXBrs[]^NX_k�^Na�^eW4Xxù|`shi`sf4r>XUXBbEXBZem]n
f�n

E =
1

α
· (Evis − ν) ,

÷�ÉEyPE'ù
£RW4X_ZeX

α
`sh�^eW4Xx\�[gr>`sf4Ze[]^N`>acbPYJ[g\~^NacZR[gbEk

ν
^eW4Xxb4ac`shiXgy

÷�W4X¤ù�`>he`>f4rsX�XBbEXBZem]n�`shTt�XB[ghe�4ZiXBk)Y'acZxk4`oîjXBZiXBb�^�fwX�[]t¤t�actuXBb�^N[
pbeam

y7÷7a�[pùgac`sk�rsXB[�8�[gmcX X
hiW4a5£DX_Zeh�^eWq[]^0h,^�[gZ,^0`sb�r�[�ncX_ZehG^:£�aT^ea�Y'ac�4Z0[gZiX��EheXBk6y�÷�W4XR\�[gr>`sf4Ze[]^N`>acb�YJ[g\~^NacZih

α
[gb4k

ν
[gZeX�k4X~^NX_ZZ6

tu`sb4X_kC£R`>^eWx[Rr>`sb4XB[gZ�^E^�yX÷�W4XGY'acrsr>a5£R`sb4mtùg[]rs�4X_h�Wq[`ùcX0fjX_XBbxacfE^N[g`sbEXBk � α ¥ ÷�?'?Ey � < ± LEy@LOú'ù�öj\ M�¦ l Xnm
[gbEk

ν ¥ ÷J�Ey � ± L�y*E'ù ö¥\ M y�È�`>mc�4ZiX ÉEyo< � ÷�[�ù hiW4a5£Rh�^eW4X�tuX�[ghi�4ZeX_kÀù][gr>�4XBh X ^NW4X�^4^ X [gb4kF^NWEXTZiXBhi`sk4�q[]r
^eaT^eW4X5^E^�yG§�W4X.tP[ � `>t}�4t¨k4X_©|`�[�^N`sagb4h�Y'Zeactªr>`sb4XB[gZe`<^:n}[]ZeX.[gv4v4Zia � `>tP[]^eXBr<nY<7��yG§�W4X�^:£Da�r�[gZimcXBh,^
k4X~©|`�[]^e`sacb4hR[]ZeXxacf4hiXBZi©gXBk�Y'acZ�<�E l Xnm�[gb4k¥?'L l Xnm«fwX�[]t�h_y�§�WEXTkE`sv�[]^	?'L l Xnm«`sh�X � v4rs[g`sbEXBkzf�n^eW4Xxk4XBhi\BZe`>fjX_k�ZiXBt�[g`sbE`sb4m1\_acb�^�[gtu`sbq[�^N`sagb�agY{t}�4acbzX_©gXBb�^Nh.`sb�^eW4XxhN[gtuv4rsX]y

zO�J�5�J� ¬¡Â Ä]��Ä0�3Â��)(�2�2�Â�­"Ç¦Æ/(0-
§�W4XTZeX_hevwacb4hiX�agY{^NW4X -JI . -Jk `shRtuX�[ghi�4ZeX_k�Y'acZ�kE`oîjXBZeX_b�^UhiW4a5£DX_ZUhi^N[gZi^�vwac`sb�^ehBy1È{`smc�4ZiX ÉEy;< � ÷�['ù
k4`>hev4rs[�n�h�^eW4X�tuX�[]he�4ZiXBk�\_�4Zi©gXBh_yG§�W4XDrs[]^NX_Z�^NW4X�heWEa®£�XBZ{hi^N[gZi^eh7^eW4X0rsa5£DX_Z7^eW4X�ZeXB\_acb4h,^NZe�E\_^NX_k}he`>mcbq[gr
fwXB\_act�X_hBy�§�W4X�hiWq[gvwX�a]Y�^eW4X�W4[gk4Zeagb�hiW4a5£DX_Zeh�ZiX_�qX_\_^eh�`sb�^eW4`shx\B�EZi©cX_hBy�§�WEXPrsagb4m�^�[g`>rGheX_XBbo`>b
r>acb4mc`<^N�4k4`>bq[grMv4Zia�^qrsX_h�agY@Wq[]k4ZeacbzhiW4a5£DX_ZehRrsXB[gk4hD^ea�[}t�a|k4XBZe[]^NX.ZeX_k4�4\_^e`sacbFa]Y7^eW4XCZiXB\Bagb4hi^eZe�4\~^NXBk
X_b4XBZimgn��4vF^ea}^NW4XCvwac`>b!^�£RW4XBZiX�^NW4XC\_acZeX�a]Y7^eW4XChiW4a5£DX_Z�h,^�[gZ,^Nh�^ea}t�a5©gX�ac�E^�agY@^eW4XC\�[]rsacZi`stuX_^NX_ZBy
- Y�^NXBZ,£�[]Zek4h X ^eW4XxZeX_\Bacb4h,^NZi�4\_^eXBk�X_b4XBZimgnzk4Ziacv4hRk4a5£Rb�YJ[]hi^�y
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ç¯Ü�Ö°Ö¬×¯ç­Þ¬×¯æ�æ'ÒßÝ°Þ°Ö°ÒÔí�Õ�Þ°ÒßÜ�àãÝ7å©Ö¬×pé�êßÜ�Þ°Þ¬×¯æAè]ÒÔÞ°â í�êÔÕã×|êÔÒÔàã×|å©àãæAÓ�Ö¬×­þ3AãêÔêÔÒÔà�ÓãØ��aâã×sç¯Ü�Ö°Ö¬×¯ç­Þ¬×¯æ
æ'ÒßÝ°Þ°Ö°ÒÔí�Õ�Þ°ÒßÜ�àãÝ1å©Ö¬×Gæ'ÖZå¯è]à|ÒÔà7Ö¬×¯æpç¯Ü�êßÜ�Õ�ÖvØ

§�W4X}\_acZeZiXB\~^N`sagb�Y'�4bE\_^N`>acb�`>h�^eW4XT`sb�©cX_ZeheX�agYG^NWEX�ZiXBhevwacb4hiX}\B�EZi©cX�b4acZitP[gr>`shiXBkz^Na�^eW4X�[5©gXBZe[gmcX
agY�^NWEX¡^qZeh,^T^:£�a�vjac`>b�^NhByä\:b)^eW4`shUhi^N�EkEn�^NW4X1\_acZeZiXBhivjacbEk4`sb4mFY'�4bE\_^N`>acb�`shChiXBr>XB\_^eXBk)f�n3^NW4X�fwX�[gt
X_b4XBZimgn�heX~^e^N`>b4m4yu§�W4XBZiX_Y'acZiX X ^NW4XuZeX_he�4r<^Nhxv4ZeX_heX_b!^eXBk�[gZiX�`sk4XB[grs`>hi^N`>\gy7\:b�[�\_acrsr>`shi`sacb3X � vjX_Ze`stuXBb�^ X^eW4XCvq[gZ,^N`>\BrsX.XBb4X_Zemgn�`shDb4ag^18!b4a5£Rb�[}v4Zi`sacZi`�y�\�^D£Dac�Ersk�fwXCb4X_\BXBhihN[gZ,n�^Na1W4[5©gXx[grsZiX�[gk�n�hiactuXN^qZeh,^
[gvEv4Zea � `st�[]^N`>acb�agY�^NW4X�vq[gZ,^N`s\_rsXTXBb4X_Zemgn�^NaPheXBr>XB\~^C^NW4X�Ze`>mcW�^U\_acZeZiXB\_^e`sacb�Y'�4b4\_^e`sacb6y�±|^e�4k4`sX_h.£R`<^NW[1mcX_b4XBZe[grs`>heXBkzvq[]ZN[gtuX_^eZe`she[]^N`>acb�agY7^NWEXTZiXBhivjacbEheX�[gZeXx`sbzv4ZiacmcZiXBheh9C  'L � y
§�W4XRXBbEXBZem]n}k4`>hi^NZi`sf4��^N`sagb4h�agYwv4`>acb4h0[gZiX�heWEa®£Rbu`sb¡^4mc�4ZeX É�yo<�E Y'acZG\BagZeZeX_\_^eXBk�[gb4k��4b4\_acZeZiXB\_^eXBk

kq[�^�[Ey - ^¡<�L l Xnm ¦ \�fwX�[gt³tuact�X_b�^N�4t X rsacb4mg`>^N�Ek4`sbq[]r�rsXB[�8�[gmcXT`sh�ZN[gZiX}[gb4k�acb4r>nzhitP[]rsr@\�Wq[gb4mgXBh
[gZiXP©|`shi`sf4r>XgyF\:bo^NWEX�\�[ghiXFagY	É'L l Xnm´v4`>acb4h X ^eW4X�\_acZeZiXB\_^e`sacbphiW4`>Y�^eh�^NWEX�k4`sh,^NZi`sf4�E^e`sacb)^Na�W4`>mcW4X_Z
©][gr>�4XBh_µ.[]b4k�^eW4X�ZiXBhi�4r>^�`sh�tuacZeXzhin|tut�X~^NZi`s\F^NWq[]b¶`sbp^eW4X��4bE\BacZiZeXB\~^NX_k·\�[ghiXgyÃ}��E^ X `<^u`shu[grshia
©|`shi`sf4r>X X ^eWq[]^�b4ag^.[gr>r�X_©gXBb�^Nh.£R`>^NW�rsXB[�8�[gmcXx[gZiXx\BacZiZeXB\~^NX_k�v4ZiacvjX_Zer<ncy�§�W4XT^N[g`srj^Naursa5£DX_Z�©][gr>�4XBhR`>h
h,^N`sr>r6hi`smcb4`;^q\�[]b!^By

§�W4X�t�XB[gbdZiXB\Bagb4hi^eZe�4\~^NXBkpX_b4XBZimgn
EAHCAL

[gbEk�^NWEXPZeX_heacr>�E^N`>acb
σAHCAL

[]ZeXut�XB[ghe�4ZiXBkdY'agZ
fwX�[gt�tuactuXBb�^�[xfjX~^:£DX_XBbjÉ l Xnm¸[gbEk�É'L l Xnm�^ea_Ë!�q[gb�^N`<Y�n�^NW4X.X{îjXB\_^DagY�^eW4XUr>X�[�8�[gmcXR\_acZeZiXB\_^e`sacb6y
È�`>mc�4ZiX ÉEyo<�  k4X_v4`s\~^Nh�^NWEX�ZiXBhe�Er>^Nh_y�§�WEX�ZiXBhe`>k4�q[gr>h

∆E

agY7^NW4XTt�XB[gbzXBb4X_Zemgnz^ea�^eW4XTfjXB[gt´XBbEXBZem]n
[gZiX.\_actuvq[gZN[]f4rsXD^eaT^eW4X�ZeXBhi`sk4�4[grsh0agYj^NW4X�\�[gr>`sf4Ze[]^N`>acb1[]Y�^eXBZ0\BagZeZeX_\_^e`sacb�y�Ê¹`>^NWEac�E^0^NW4XR\_acZeZiXB\_^e`sacb X
ZiXBhe`>k4�q[gr>h��4vo^eaúE��¤[]^7É�L l Xnm´[gZeX�acf4heX_Zi©gXBk�y - ^}^eW4XPhe[gt�X�^N`stuX X ^NWEX�XBb4X_ZemgndZeX_heacr>�E^N`>acbd`>h
`>t�v4Zia5©cXBkzf�nztuacZeXC^eWq[gbú<�L0�º[]^5É�L l Xnm�y

zO�J�5�'& �)(0-U­UÅ¬ñ.�¦Æ/(0-U�
§�W4X/8!b4a5£RrsX_k4mcXuagYD^eW4X/^4Zehi^TWq[]Zekd`>b�^NXBZe[g\_^e`sacb�mc`<©cX_hThiactuXur>`stu`>^eXBk�Wq[gbEk4rsX�acb)\BacZiZeX_\_^N`>b4m�rsacb¦6
mc`<^N�4kE`sbq[gr�r>X�[�8�[gmgXgyh\�^P[grsr>a5£Rhu^eW4X�r>`sb4XB[gZe`<^:n�[gb4k�ZeX_heacr>�E^N`>acb�a]YC^NW4X�ZeX_\BacbEhi^NZi�4\_^eXBk»X_b4XBZimgn�^Na
fwXz`stuv4Zea5©cX_k�y�§�W4X�\BacZiZeXB\~^N`>acb�fjX_\BactuXBh�tuacZeXFZiXBrsX~©][gb�^uY'agZ1W4`smcWEXBZ�XBb4X_Zemc`>XBhu[gh1^NWEX�hiW4a5£DX_Zeh
mcZia5£�`sbzhe`oÌBX]y�§�W4XTb4acb¦6�rs`sbEX�[gZi`>^:n�\�[gb�fjXx\BagZeZeX_\_^eXBk�Y'Ziact E���^Na�[gv4vEZea�¼�`st�[]^NX_r>n�<7��y�§�W4X�`>tp6
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ÍßÐ¨Ï

ÑUÒÔÓ�Õ�Ö¬×5£'Ø#"%½'Ú[ë&å�ìD�aâã×JÖ¬×¯Ý¬é Ü�àãÝ¬×JÜ©á�Þ°âã×���°������úÞ¬Üäé�ÒßÜ�àãÝOè]ÒÔÞ°â>æ'Ò*)�×­Ö¬×­à¨Þ5×­àã×­Ö°Ó�þ�ØC�aâã×JÖ¬×¯ç¯Ü�àãÝ°Þ°Ö°Õãç­Þ¬×¯æ
×­àã×­Ö°Ó�þ

EAHCAL
ÒßÝ é�êßÜ�Þ°Þ¬×¯æ9å©Ó!å©ÒÔàãÝ¬Þ�Þ°âã×aé�ÒßÜ�àHýHÜ�ýH×­à!Þ°Õ�ý

pbeam
Ø6�aâã×]Ö¬×¯æJÞ°Ö°Ò;å©à�Ó�êß×¯Ý�Ý¬âãÜvè

Þ°âã×9Ö¬×¯Ý°Õ�êÔÞ	å{á`Þ¬×­Ö5Þ°âã×�êß×våB9�å©Ó�×9ç¯Ü�Ö°Ö¬×¯ç­Þ°ÒßÜ�à�è�å�ÝJå©é�é�êÔÒß×¯æøØ}�aâã×Hí�êÔÕã×äÝ/¾!ÕQå©Ö¬×¯Ý	Ý°âãÜvè�Þ°âã×�Ö¬×e�
Ý¬é Ü�àãÝ¬×±ýH×vå�Ý°Õ�Ö¬×¯æ¡è]ÒÔÞ°âãÜ�Õ�Þ®ç¯Ü�Ö°Ö¬×¯ç­Þ°ÒßÜ�à�Ø@�aâã×Gæãå�Ý°âã×¯æ¡í�ê;å�ç/9_êÔÒÔàã×1ÒÔàãæ'Òßçvå©Þ¬×¯Ý]Þ°âã×GÜ�àã×1Þ¬ÜJÜ�àã×
Ö¬×­ê;å©Þ°ÒßÜ�à�Ø.�aâã×NêßÜvè�×­ÖGé�êßÜ�ÞOÝ¬âãÜvè3Ý1Þ°âã×NÖ¬×¯Ý°Òßæ'ÕQå©ê�Þ¬Ü_Þ°âã×NÜ�àã×NÞ¬Ü¡Ü�àã×Jç¯Ü�Ö°Ö¬×¯Ý°é�Ü�àãæ�×­àãç¯×�Ø��aâã×
íQå©àãæ�Ý®Ý°âãÜvè=Þ°âã×Gç¯×­êÔê"çvå©êÔÒÔí�ÖZå©Þ°ÒßÜ�à/Õ�àãç¯×­Ö°ÞZå©ÒÔà¨Þ�þ�Ø
ëyí¦ìx�aâã×|×­àã×­Ö°Ó�þFÖ¬×¯ÝZÜ�êÔÕ�Þ°ÒßÜ�à�Ü©áGÞ°âã×P��°����D� å©Þ_æ'Ò*)�×­Ö¬×­à¨Þäé�ÒßÜ�à�×­àã×­Ö°Ó�Òß×¯ÝvØl�aâã×/Ö¬×¯Ý¬Ü�êÔÕc�
Þ°ÒßÜ�à

σAHCAL
ÒßÝ±é�êßÜ�Þ°Þ¬×¯æF��×­Ö¬Ý°ÕãÝ1Þ°âã×Jí�×vå©ý ýHÜ�ýH×­à!Þ°Õ�ý

pbeam
Ø��aâã×JÖ¬×¯æYÞ°Ö°Ò;å©à�Ó�êß×¯ÝOÝ¬âãÜvè

Þ°âã×OÖ¬×¯Ý¬Ü�êÔÕ�Þ°ÒßÜ�àpýH×vå�Ý°Õ�Ö¬×¯æ/è]ÒÔÞ°â/ç¯Ü�Ö°Ö¬×¯ç­Þ°ÒßÜ�àM¿ãÞ°âã×Gí�êÔÕã×5Ý/¾!ÕQå©Ö¬×¯Ý3Þ°âã×GýH×vå�Ý°Õ�Ö¬×­ýH×­à!Þ±è]ÒÔÞ°âãÜ�Õ�Þ
ç¯Ü�Ö°Ö¬×¯ç­Þ°ÒßÜ�à�ØF�aâã×äêßÜvè�×­Ö�é�êßÜ�ÞNÝ¬âãÜvè3ÝNÞ°âã×_ÖZå©Þ°ÒßÜ|Ü©á[Þ°âã×_ç¯Ü�Ö°Ö¬×¯ç­Þ¬×¯æ�Ö¬×¯Ý¬Ü�êÔÕ�Þ°ÒßÜ�à

σc
Ü%��×­ÖJÞ°âã×Õ�àãç¯Ü�Ö°Ö¬×¯ç­Þ¬×¯æ/Ö¬×¯Ý¬Ü�êÔÕ�Þ°ÒßÜ�à

σU
Ø@�aâã×1íQå©àãæ�Ý®Ý°âãÜvè�Þ°âã×5ç¯×­êÔê"çvå©êÔÒÔí�ÖZå©Þ°ÒßÜ�à/Õ�àãç¯×­Ö°ÞZå©ÒÔà¨Þ�þ�Ø

v4Zea5©gXBtuXBb�^Racb�^NWEX�ZeXBhiacrs��^N`sagbP`sbE\BZeXB[gheX_h�£R`>^eWFXBb4X_Zemgn�[gb4kFZeXB[g\�W4X_h�tuacZiX.^NW4[gbF<�L0��[]^OÉ'L l Xnm}y
4.X~©cXBZ,^NW4X_rsX_heh X ^NWEXTX_b4XBZimgnFk4`>hi^eZe`sfE�E^N`>acbFhi^e`srsrjheW4a5£Rh.[1he`smgb4`o^q\B[gb�^�^�[g`>r6^Na�r>a®£�XBZ�©][gr>�4XBh_y

\:bP^NW4XUhi^N�Ek4`sX_k�\�[ghiX X ^NW4XC`>k4X�[]rs`sh,^N`>\R[ghehi�4t�v�^N`sagbP`sh�tP[]k4X�^eWq[]^�^NW4X.heXBr>XB\~^N`sagbPagY�^eW4XUk4X~^NX_\_^NagZ
ZeX_hevwacb4heX�Y'�4b4\_^e`sacb�\�[gb�fjX�k4acb4X}vwXBZ,Y'XB\~^Nr>ngy - v4ZN[]\_^N`>\�[gr@tuX_^eW4a�k�t�`>mcW�^Umg`>©cX�rsX_hehUmga�a|k�ZiXBhi�4r>^eh
k4�4X�^Na��4bE\BXBZ,^�[g`>b�^N`sX_hR`sbF^NW4`>h�heX_rsXB\~^N`>acb�y

±|^N�4kE`sXBh�[gZiX�agb4mcac`>b4m�X~¼�v4rsag`>^N`>b4m�[gk4kE`>^N`>acbq[gr�acf4hiXBZi©][gfErsXBhurs`o8gX�^eW4X�X_b4XBZimgnpY'ZN[]\_^N`>acb�`sbp^NWEX
fq[g\¯8�agY�^NW4Xu\�[]rsacZi`stuX_^NX_ZBy/È�`>Zehi^xZiXBhi�4r>^eh�hi�4mcmcX_hi^T^NWq[]^x^eW4`shx\�[]b�Y'�4Z,^NW4X_ZT`>t�vEZea5©cX1^NWEX�k4X~^NX_\_^NagZ
ZeX_heacr>�E^N`>acb�yF}D��^ X [gr>r�\B[grsacZi`stuX_^eXBZxfq[ghiXBk�t�X~^NW4a|k4h�£R`>rsr0fwX�`sb4WEXBZeX_b�^Nr>n�rs`>t�`<^NX_kd[]^�heactuX�r>X_©cX_r X
[gh�^NW4XuZeX_\BacZik4XBk�`sbEY'agZet�[]^N`>acb3`shxZiXBk4�4\_XBkokE�4Xu^ea�r>X�[�8�[gmgXgyu§�W4X�vwXBZihe`>hi^NX_b�^�^N[g`sr�`>b�^eW4XuXBb4X_Zemgn
k4`sh,^NZi`sf4�E^e`sacbP`shR[}he`>mcbzagY@^NW4`>hBy - ^�heagt�X�vwac`sb�^ X Y'�4Z,^NW4X_Z�`stuv4Zea5©cX_t�X_b�^�£R`srsrjfjX�agb4r>nPvjachihe`>f4rsXCf�n
X~¼|^NX_b4k4`>b4m�^eW4X�\B[grsagZe`stuX_^eXBZ_y�§�WE`sh�`sh�[grshia1©�`>he`>f4rsX�`>bj^qmg�4ZeX ÉEy;<�? £RWE`s\�W�hiW4a5£Rh.^eWq[]^R^NW4XT§5.Gö�§
ZeX_\BacZik4hRrsX�[¨8][]mcXCY'acZ�v4Ze[g\_^e`s\�[]rsr>n�[gr>r�X_©gXBb�^Nh.`sbF^NWEXx^N[g`srjagY7^NW4X9É'L l Xnm«k4`sh,^NZi`sf4�E^e`sacb6y



��À . I5-JM §O032$ÉEy I [gkEZeacb�±�W4a5£�XBZNö�X�[]he�4ZiXBtuXBb�^Nh



Á Â¤Ã¨ÄÆÅ�Ç�È É

Á ÊªË ÄÌÃ¨È�Í i�ÊªÎ Ê�Ï Ç·ÃfiFÐÑÈ�Ç·Ë Ç¶Î�Å Ã�Î e
ÒÓÍ�Ë Ð¤Ô�Ã�Å�Í�Ê�Î

§�W4X�t�X~^NW4a|k4h�k4XBhi\BZe`>fjX_kP`>bu\�W4[gvE^NX_Z É [gZeX.[gv4vErs`sX_k1^NaTt�XB[ghe�4ZiXBtuXBb�^Nh0^�[]ÕgXBb�[]^0^NW4XUÖ�×0Ø.Ù»^NX_hi^iÚ
fjXB[gtÛ[gb4k3\_actuvq[gZeX_k�^ea�^NWEX�v4ZiXBk4`>\_^N`>acb4h�agY0he`>t}�4rs[]^N`>acb�y�±|X_©cX_ZN[gr{k4`oîjXBZiXBb�^Chi`st}�Er�[]^e`sacbztua�k4X_rsh
[gZeX�\Bacb�Y'Zeacb�^NX_kp£R`>^NW�^NW4X�tuX�[]he�4ZiXBtuXBb�^}^Na�Üi�4k4mcXP^eW4XYË!�q[gr>`>^:n�agYR^eW4X�\Bagt�vwX_^e`sb4m�[gv4v4Zia�[g\�W4X_h
[gb4k�`skEXBb�^N`<Y�nd^NWEXFfjX_hi^ut�a|k4X_r�Y'acZ1Wq[]k4Zeacb�hi`st}�4rs[]^N`>acb�y�§�W4Xz\Bagt�vq[]Ze`shiacbp\Bagt�v4Zi`shiXBh}^NWE`sZi^eXBX_b
k4`oîjXBZiXBb�^ l X�[gb�^NÝFvEW!n|hi`s\BhTrs`>hi^ehByTÞªk4X_^N[g`sr>XBk�k4X_he\_Ze`sv�^N`sagb�agY�^eW4X1v4W�n|he`>\Bhxrs`>hi^NhU\�[gb�fwX}Y'ac�4b4k�`sb
heX_\_^N`>acb  Ey<ßcy<ß y�§�W4XRv4W�n|he`>\Bh�r>`shi^eh�[gZiX�[gZeZe[gb4mcX_k1`sb�^NaCY'ag�4ZGmcZiac�4v4h0[g\_\BacZik4`sbEmU^NaC^eW4XB`>ZGW4`smgW1XBb4X_Zemgn
t�a|k4X_r�y

àPá_â ã�ä�¶.åf¸1´Ñãp¼7QH´�¼Óæ¢¹Bç�¼ ´�¹_è�éY¼�¹{¶ä»
§�W4X�heWEa®£�XBZ�hi^N[gZi^�vjac`>b�^Nh�Y'acr>rsa5£³[gb¹X~¼�vwacb4X_b!^e`�[gr>r>n�YJ[gr>rs`sbEmdk4`>hi^NZi`sf4��^N`sagb�y«ê:bëvEZe`sbE\B`svErsXgì�^eW4`sh
k4`sh,^NZi`sf4�E^e`sacb1\B[gbufjXR�4hiXBk�^eaxt�XB[ghe�4ZiX�^NW4X�b!�4\Br>X�[gZ0`sb�^eXBZN[]\_^N`>acb1rsX_b4mg^eW�`>b4he`>k4X�^NW4XRk4X~^NX_\_^NagZBy0íD�E^
^:£Da�X{îjXB\~^NhTWq[�©cX�^eazfjXu\BacbEhe`skEXBZeX_k�£RW4X_bd`>b!^eXBZiv4ZeX~^N`sbEmz^eW4XuZeXBhi�4r>^BysÈ{`sZeh,^�ì�^eW4X�ZiXBhiacrs�E^e`sacb)[gbEk
a�îjheX_^�agY�^eW4XuheW4a5£�XBZ}h,^�[gZ,^�îqbEk4XBZTrsXB[gk�^ea�[�v4`sr>XB�4v)`sb�^NW4XuîqZeh,^�rs[�ncXBZihByzÞUbEk�^NWEX�v4ZiXBk4`>\_^e`sacb4h
Y'acZD^eW4X�ZeX_heacr>�E^N`>acbP©][gZinPhe`>mcb4`>î4\�[gb�^Nr<nPfwX_^:£�XBX_b�hi`st}�Er�[]^e`sacb�t�a|k4XBr>hBy0±|XB\Bagb4k�ìq\�[]rs`sfEZN[]^e`sacb�XBZeZiacZeh
\�[gb�r>X�[gk�^NaF[�kE`oîjXBZeX_b�^Cb4ac`>heX�v4ZeX_k4`s\~^N`sagb3`sb3tuX�[]he�4ZiXBtuXBb�^�[gbEk�he`st��4r�[]^e`sacb6y�§�WE`shC\B[gb3rsXB[gk�^ea
ZeX_mc`sacbEhU£R`>^eW�k4`oîjXBZi`sb4m�kEX_^NX_\_^e`sacb�X_ïu\_`sXBbE\B`sX_hBy1í�ag^NW�X~î6X_\_^Nhxr>X�[gk3^eaz[zhi`smcbE`>îq\B[gb�^�k4XBvwXBbEk4XBb4\_X
agY�^NW4X�î4^uZiXBhe�Er>^�acbp^NWEX�X%¼E[g\_^�î4^�Ze[gb4mcX]y�×G¼�\_XBvE^Pð@ñU×0ò{ì0[gr>rDtua�kEXBrsh�heW4a5£�XBk·[�k4X_he\_Ze`sv�^N`sagb
agYR^NW4XFk4[]^�[3£R`>^eW4`sbo^eW4Xz[g\_\B�4Ze[g\_npa]Y�^eW4XFtuX_^NWEa�k�y�§�W4XFî4^e^eXBkp©][grs�EXBh1rs`>X�£R`<^NW4`>bló��ôagYR^NWEX
X~¼�vwXB\_^eXBk�©][grs�4X�agYDÀ�ÉEy<ß�\Bt³Y'acZCfwag^NW�k4[]^�[F[gbEk�he`st��4r�[]^e`sacb6ìj[]r>^NWEac�4mcW3bEaFZeX�[]rs`sh,^N`>\�k4X_he\_Ze`sv�^N`sagb
agY0^NW4X�heW4a5£�XBZxhi^N[gZi^�ZiXBhiacrs�E^e`sacb�`shU�EheXBk6y}ð@ñU×0ò¹v4ZeX_k4`s\~^Nhx[3ß5õ0�Óhi^eZeacb4mgXBZ�[]^i^NX_b|�4[]^N`>acb�agY�^NWEX
v4`sagb�fwX�[]t�h_y1È�`>mc�4ZeX ��y>ß heW4a5£Rh�^NW4XTt�XB[ghe�EZeXBk�[gb4k�he`>t}�4r�[�^NXBkzZiXBhe�Er>^NhRY'acZxß5õ0ö�X�÷¨[gb4k�ógõ0öxX�÷
v4`sagb4hBy

àPáeø ù ¸Rç�ú�ûä»zç�¸üQä»zý ù ¸Rç@û9·_é�¼�¹~ûä» åº¹v¼7ä ¿A¸RQxSCQxV9¸ ½�ûTþ7þ�¸Rÿ[¼�¹_ûä»
§�W4XuZeXBhivjagb4heXuagYD^eW4XuÞCñCÖDÞUð·[]Y�^eXBZxrsXB[gÕ�[gmcX1\BagZeZeX_\_^e`sacb)`shx\Bagt�vq[]ZeXBk�^ea�^eW4X�hi`st}�Er�[]^e`sacb3vEZeX~Ú
k4`s\~^N`>acb4hBy9È�`>mc�4ZiX �Ey À k4`shiv4r�[�n|hU^NWEX1ZeXBhi�4r>^ehBy�ÞUrsr7v4W�n|he`>\Bhxrs`>hi^NhUX~¼�\BX_vE^�Ö�ñ.ê/ò�±�hiW4a5£ª[Fh,^NZeagb4mcXBZ
b4acb�Ú�rs`>b4X�[gZi`>^:n�^NW4[gb�kq[]^�[�yd§�W4XjÈ�§OÈ�v4W�n|he`>\Bh�rs`>hi^Nh�hi^�[�no£R`<^NW4`>bo^NW4XzX_ZeZeagZ}agY�^NW4XFkq[�^�[Eyo§�WEX

� �



�gÝ Ö�ñ�ÞCò�§R×0Ø«�Ey�ÖDactuvq[gZe`>heacbzagYaö�XB[ghe�4ZiXBtuXBb�^U[gb4k�±�`st��4r�[]^e`sacb
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ÑUÒÔÓ�Õ�Ö¬×��'Ø#"�Ú�ÿ±ÒßÝ°Þ°Ö°ÒÔí�Õ�Þ°ÒßÜ�à�Ü©áaÖ¬×¯ç¯Ü�àãÝ¬Þ°Ö°Õãç­Þ¬×¯æ¥Ý°âãÜ~è�×­ÖJÝ°ÞZå©Ö°Þ5é�Ü�ÒÔà!Þ¬Ý	ýH×vå�Ý°Õ�Ö¬×¯æjè]ÒÔÞ°âjé�ÒßÜ�àjí�×vå©ýHÝvØ}�"×¯Ý¬Þ��
í�×vå©ý æãå©ÞZå/å©àãæ¥Ý°ÒÔý5Õ�ê;å©Þ°ÒßÜ�à�é�Ö¬×¯æ'Òßç­Þ°ÒßÜ�àãÝ�å©Ö¬×9Ý¬âãÜvè]à¥á`Ü�ÖT"%$@HG×'Iµàã×­Ó!å©Þ°Ò#��×äé�ÒßÜ�àãÝ_ë&å�ì	å©àãæ
²5$@H1×JI é�Ü�Ý°ÒÔÞ°Ò#��×Gé�ÒßÜ�àãÝNëyí¦ìBØ7�aâã×Gé�â¨þ�Ý¬Òßç¯Ý3êÔÒßÝ°Þ¬Ý±å©Ö¬×OÝ¬×­êß×¯ç­Þ¬×¯æpÝ°ÕãçZâpÞ°âQå©Þ±å©êÔê�Ý°Þ°Õãæ'Òß×¯æ7ýHÜ�æ�×­êßÝ
å©Ö¬×GÖ¬×­é�Ö¬×¯Ý¬×­à¨Þ¬×¯æøØ

� öT±Eò)r>`sh,^Nh�mg`>©cXDXBb4X_Zemc`>XBh�[gvEv4Zea�¼�`st�[]^NX_r>n�À��«[gfja5©gX�^NW4X�k4[]^�[CZe[gb4mcXDY'agZ�fwX�[gt¨t�actuXBb�^N[.r�[]ZemcX_Z
^eWq[gb�Àgõ0ö�X�÷}y � öT±4Ö��.Ö�ñ.ê/ò�±�heW4a5£Rh�^NW4X�he[gt�X�Õ|`>b4k�agY�a5©cXBZiXBh,^N`st�[]^e`sacb�f4��^�£R`>^NW�kEX_©|`�[]^e`sacbEh
�4v�^Na�Ý��¤[]^_Écõ0ö�X�÷}y � ö�±���íDê,ÖUì � öT±4Ö���í�×0Ø�§�ì�[]b4k � ö�±EÖ�� � öT±4Ö¨v4ZiXBk4`>\_^�XBb4X_Zemc`>XBh�`>b
[gmgZeXBX_t�X_b�^D£R`>^eWP^NWEXUXBZiZeacZihDY'acZ�fjXB[gt�t�agt�X_b!^N[�W4`>mcW4X_Z�^eWq[gbzÀgõ0ö�X�÷}ì|f4�E^DheW4a5£��4vP^ea�ó��ªrsXBhih
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Þ�bEX_£»ÞC±�ê,Ö�Y'acZ�±�`�ò�¸ÓZeXB[gk4ac�E^Bì�\B[grsr>XBk�±�`sò�¸³ê:b�^NXBmgZN[]^eXBk�ØRX�[]k4ac�E^DÖDW4`>vÉÈ�±�ò0ê/ØI<TÖ3Ê%ì�`>h0k4X_©gXBr<Ú
acvwXBk�`sb1^NWEXUÖDÞUð�ê,Ö�×d\Bacr>r�[gfwacZe[]^N`>acbËR ��À S�y�ê�^�`shG^eW4XRhe�4\_\BX_heheagZ�agYw^NWEX�\�WE`sv��4heX_k�Y'acZ{^NW4XRÞCñUÖDÞCð
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[gk�Üi�4h,^NX_k�`>bpß®óPhi^eXBv4hTf�n�heX_rsXB\~^N`>b4mFk4`äÑjXBZiXBb�^�Y'XBX_k4fq[g\�Õ�\B[gvq[g\_`>^eacZeh_y}íDag^eW)[gt�vErs`>î4XBZUh,^�[gmgXBhT[gZeX
\BacbEb4XB\~^NXBkp^ea�[�Ö�Ø�ÚJÈ�Ø�Ö3Ê 2 heWq[gvwXBZ�£R`>^NWo©][gZi`�[gfErsXuheWq[gvE`sb4m�^e`stuXgy3§�WEXFvjXB[gÕ!`sb4m�^e`stuXP\B[gbpfjX©][gZe`>XBk�fjX~^:£DX_XBb)Àcó�b4hU[gb4k�ßæ�có�b4h�`sb�hi^eXBv4hCa]Y0Àcó�b4h_yR§�W4X�ag�E^Nv4��^CagY{^NW4X�heWq[gvwXBZihU`>h�\_acb4b4X_\_^eXBk
^Nau[1hN[gtuv4r>Xx[gb4k�W4acrskFh,^�[gmgXgì4£RW4`>\�W�\B[gb�h,^NacZiXx�4v�^eazßç�}©g[]rs�4X_hBy

§�W4X1^NZe`>mcmcX_Z.Y'acZU^eW4X1hN[]t�v4r>X}[gbEk)WEacrsk�h,^�[gmcX1`>hCmcX_b4XBZe[]^NX_k)`>b�[�hevwXB\_`�[gr7^NZe`>mcmcX_ZC\�Wq[g`>b�\Bacb�Ú
b4XB\~^NX_ko^Na�^eW4XPWE`smcW�m�[g`sbd[gtuv4rs`<îqXBZ_y�§�W4X�hi`smcbq[]r�`>h�hiXBb�^}^ea�[gbo[]k4k4`>^e`sacb4[gr�heWq[]vjX_Z�£R`>^eW¶ß®ó�bEh
^N`>t�X�\Bacb4h,^�[gb�^By�§�W4XFag�E^Nv4��^�agYR^NW4`>h�YJ[gh,^�heWq[gvwXBZ�`sh}\_act�v4[gZeX_ko^Na�[3ZeX~Y'XBZiXBb4\_Xz©gacr>^N[gmcX]y)§�WEX
^NZi`smcmcX_ZUr>X_©cX_rG\�[]b�fjX1hiX_^�£R`>^eW�[3ß5õGf4`<^4/�Þ�Ö�\_act�tuacb�^eaF[gr>r�\�Wq[gbEb4XBr>hx[gb4k�[�Ý�f4`<^�`sb4kE`>©|`sk4�4[gr

ßcß®ó
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[gk®Üi�4hi^et�X_b!^ByxÞ�©][gZe`s[gf4rsXTk4X_r�[�n3[]rsrsa5£Rh�^Naz[gk�Üi�Ehi^C^eW4X}hN[]t�v4r>`sb4mu^N`>t�XT^NaP^eW4X1tP[®¼E`>t}�4tÓagY0^eW4X
hirsa5£�heWq[gvwXBZ�ag�E^Nv4��^�yxÞ�k4k4`<^N`sagbq[grsr<n�^Na�^eW4X1[gtuv4r>`>îqX_Z.hi`smcbq[]rshBìw^NW4X�©cacr<^�[gmcX�agY�[�rs`>b4X�[gZ�ZN[]t�v�`>h
h,^NacZiXBk�^eaP[1^NWE`sZek�hN[]t�v4r>Xx[gb4k�W4acrskzh,^�[gmcX]y�§�W4XTZN[gtuv�`sh�hi^N[gZi^eXBk�£R`>^NW�[�ZeX_Y'X_ZeX_b4\BX�\Brsa|\�ÕMìq^NW!�4h
^eW4Xxhi^NagZeXBkz©][grs�EX�\BacZiZeXBhivjagb4k4hR^Na1^NW4X�^e`stuXCagY7^NW4X�^NZi`smcmgXBZBy

§�W4X}\�WE`sv�`>b4\Br>�4k4X_hU[ Ï¹`srsÕ!`>b4heacb�Þ=/CÖ¸^ea�kE`smc`<^N`shiX�^NW4XT©cacr<^�[gmcX_h.h,^NacZiXBk3agb�^NWEX�hN[]t�v4r>XT[gb4k
W4agrskdh,^�[gmgXBhBy�§@£Da3ag�E^}agYD^NW4Xu^NW4ZiXBXP\�W4[g`sb4h�\�[gb�fjX�\�W4achiXBboY'acZTk4`smg`>^N`>hN[]^e`sacb6yË/U�4Zi`sb4m�b4acZitP[gr
acvwXBZe[]^N`>acb�ìj[gb�[g��^Nact�[]^N`>\�mc[g`sb�heXBr>XB\~^N`sagb3\�W4a|acheX_hC^NW4X1[]t�v4r>`>îqX_ZR\�Wq[g`sb�£R`>^NW�he�4`<^�[gf4r>X�kEn|bq[]t�`>\
Ze[gb4mcXGY'acZ6k4`smc`<^N`>hN[]^e`sacb�yj§�W4X0he`>mcbq[gr]\�[gbxfwX�heXBb�^@^NaR[]b�[]bq[grsagmc�4XGac��^Nv4�E^�`sb4h,^NX�[]kTa]Y|^eW4X�Ï¹`sr>Õ|`>b4heagb
Þ�/�ÖUy

â�ÕPáeø � "�#Ø"�þGQTP N¨ûO#zçAQBýØ"�þ�QT$�Q~û #zç

§�W4XzvwXBZ,Y'acZet�[gb4\_XFZeXÔÒ!�4`>ZeX_t�X_b!^eh�agYR^NW4Xz\�W4`>vlkEXBvwXBb4k�acbp^NW4XF`>b4v4�E^�hi`smcbq[]rsh1[gbEk�^eW4Xzk4XBhi`sZiXBkÒ!�q[gr>`>^:n�agYM^NW4XRac�E^ev4�E^�he`>mcbq[gr�y�í�X_Y'acZiX�^NW4XRhe`>b4mcr>X�\Bactuvwacb4XBb�^eh�a]Yw^eW4X.±Eò�ê/Ø3<xÖ�[gZiX�^NXBh,^NX_k�ì!heactuX
mcX_b4XBZe[gr@[ghivjX_\_^Nh�agY7heX_t�`>\BacbEk4�4\_^eacZRv4W4ag^eact}�4r<^N`>v4rs`>XBZ0he`>mcbq[gr>hR[gb4kF^NW4XxZiXÔÒ!�4`sZiXBk�ZeXB[gk4ac�E^Rh,n|hi^NX_t
vwXBZ,Y'acZet�[gb4\_Xx[gZeXxk4`>he\B�EheheX_k�Y'acZ�^eW4Xx\�[ghiXxagYG[]b�ê/ð7Öë\B[grsagZe`stuX_^eXBZ_y
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§�W4`sh�hiXB\~^N`sagbu£R`>rsrEkE`she\_�4heh0^NWEX�he`smgbq[grsh�agY�±|`�ò�¸�h0ZeX_rsX_©][gb�^0Y'acZ�^eW4X�[gtuv4rs`<îqXBZ{k4XBhi`smcb�y�§�W4XRmcXBb4X_ZN[gr
v4ZeagvjX_Zi^N`>XBh.agY�±�`sò�¸�h�[gZeX�k4XBhi\BZi`sfwXBk3`>b�\�Wq[gv�^NXBZ � yCò7achehi`sf4r>X�\�[]b4k4`sk4[]^NX_h.Y'acZ.[gv4v4r>`s\B[]^N`>acb4h�£R`>^eW
^NW4XT±�ò0ê/ØI<TÖë[gZeXC^eW4XÚ¸�×0ò�W4ê ¦ ò��4r>hN[gZ.±�`sò�¸)ìE^NW4Xxñ.[gt�[gtP[�^Nhe�Ø¸�ò0ò�ÖUìM[]b4kF^NW4XTÖ�ò�§7ÞÂ¸�ØU±jy
×�¼EvwXBZi`sX_b4\BX�Y'Ziact¤^NW4X�ÞUñCÖDÞUðë^NX_hi^,Ú:fwX�[gtô\�[gr>acZe`>t�X~^NX_Z�[]b4kpr�[gfwacZe[]^NacZ,n�t�XB[ghe�EZeXBtuXBb�^eh1heW4a5£
^:n|v4`s\B[gr�v4` ¼EX_r�m�[g`>b4h�agY�õEy ó�^Nazßxt�`>rsrs`>acbuXBrsX_\_^eZeacbz\�Wq[gZimcXBhOÈÍ¸�XçÊDY'acZ�^eW4XT±�`�ò�¸ £R`>^eW�ßcß®ó@�}v4` ¼�XBrshÈJhiXBX�îqmc�EZeX � y À ÈJ[BÊ Ê%y{§�W4X�¸�ò�ò�Ö�m�[g`sb�`shGtuacZiX�[gZiac�4b4k�õEy Àcó�¸�X�[gb4k1Wq[ghG[U^Nag^N[grE[]t�ac�Eb!^�agY7ßç�cõcõ
v4`<¼�X_rshBy{Ï¹WE`srsX}^eW4X�v4`<¼�X_r�k4X�[gk�^N`>t�X�agY�^eW4X�±�`�ò�¸ `sh�rs[gZemcX�XBb4ac�EmcW)^ea�X_b4he�EZeX�^NWq[]^xXB[g\�WdvE`<¼�XBr
\�[gb�îqZiX1acb4r<n3acb4\_X1k4�4Zi`sb4mz[gb�X~©cXBb�^Bì7^eW4X�¸�ò0ò�Ö¨v4`<¼�X_rG\�[gb�îqZiX1heX~©cXBZe[grG^N`>t�X_hC`sbE\BZeXB[ghe`>b4m�^NWEX
X ÑjXB\~^N`>©gX}[gtuac�4b�^.agYGvE`<¼�XBr>hByR×�¼�vjX_Ze`sX_b4\BX�£R`>^NW�^NW4X�Ö�ò�§{Þ ¸�ØU±z`sh�hi^e`srsr�hitP[]rsr�`>b�^NWEX}ÖDÞUð@ê,Ö�×
\Bacr>r�[gfwacZe[]^N`>acb�y7§�W4XBZiX_Y'acZiXgì4^NWEXTkE`she\_�4hehi`sacbz£R`sr>r6\_a®©gXBZ�acb4r<nz±�`sò�¸Ì[gb4k!¸�ò0ò�ÖUy

§�W4X�acvwXBZe[]^N`>acb�agYG^NWEX�hiXBtu`s\Bagb4k4�4\~^NacZ�v4W4ag^eact}�4r<^N`>v4rs`>XBZehD`sb4hi`sk4X�[u\B[grsagZe`stuX_^eXBZ�v4��^NhUhiX_©gXBZN[]r
ZeX Ò|�E`sZeX_t�X_b�^NhGacbT^NW4XDZeX�[]k4ac�E^�hin|hi^eXBt�y�§�W4X�[]t�v4r>`>îqX_Z@Wq[gh{^eaCZeX_heacr<©cX�^NW4X�hi`smcb4[gr!agYM[Uhi`sb4mcr>X�vE`<¼�XBr
^Na�t�XB[ghe�4ZiXu^eW4X�©gacr>^N[gmcXu[gb4k)^NX_t�vwXBZe[]^N�4ZiX�kEXBvwXBb4k4X_b�^1v4`<¼�X_r�mc[g`sb�yØ<�b)^NW4X�ag^NWEXBZTXBb4koa]YD^NWEX
he\B[grsX]ìjhi`smcbq[]rsh��4v�^eaPY'�4rsr@he[]^N�4Ze[]^N`>acb�agYG^NWEX�v4W4a]^Na]Ú�heXBbEheacZ.Wq[�©cX�^ea�fjX�[gtuv4rs`<îqXBk�rs`>b4X�[]Zer>ngy�§�W4`sh
`shxXBhivjX_\B`s[grsr<n3`stuvwacZi^N[gb�^�^Na�[grsr>a®£�[gb�[g\B\_�4ZN[�^NXu\BacZiZeXB\~^N`>acb�a]YD^NWEX�v4WEag^Na]Ú�heX_b4heacZTb4acb|Ú:rs`>b4X�[]Ze`>^:ngy
§�W4X�X~¼�vwXBZi`sXBbE\BX�£R`>^eW�^NW4X�ÞUñCÖDÞCð)v4Zea]^Nag^:n|vwX�heW4a5£�XBk�ì4^eWq[]^R[gb�[g\_\B�4Ze[]^NX�tuX�[]he�4ZiXBtuXBb�^�agY@^NWEX
v4W4ag^ea]Ú:hiXBb4hiacZ7hN[]^e�4ZN[]^e`sacbTrsX~©cX_r�`>h7\_Ze�4\_`�[gr�^eaUtu`sb4`>t�`>heX{^eW4XDh,n|hi^NX_tP[�^N`s\�\�[]rs`sfEZN[]^e`sacb��4bE\BXBZ,^�[g`>b�^N`sX_hBy

§�W4XPhi`smcbq[]r�mgXBb4X_ZN[]^eXBkof�n�[�tu`sb4`>t}�4tÆ`sacb4`>he`>b4mzvq[gZi^e`s\_rsX�`sh�[gb4ag^eW4XBZT`stuvwacZi^N[gb�^xacvjX_ZN[]^e`sacb
vjag`sb�^�yª§�WEX�\B[grsacZi`stuX_^eXBZP\_XBr>rshz[gZiX�\�[gr>`sf4Ze[]^NX_k¹^eap^NW4X�he`äÐBX�agY�^NW4`>hFhe`>mcbq[gr�y�§�W4X_ZeX_Y'agZeXgì�`<^F`sh
`stuvjagZi^�[]b!^�^NWq[�^�^NW4X�ZiX�[gkEac�E^Rhin|h,^NXBtÓ`>h�rs`>b4X�[]Z�[]^�^eW4`sh�vwac`>b!^Bì4[gbEk�mg`>©cX_hR[1mca�a|k�hi`smcbq[]r6^Na1b4ag`sheX
ZN[]^e`sa4y�§�[gfErsX ß5õEy<ß heW4a5£Rh.[gbza5©cXBZ,©|`sX_£¸agY{^eW4Xxhe`>mcbq[gr>hR[gb4kF^NW4X_`sZ�hi`�ÐBX_h.`>bF\�Wq[gZimcXgy
(���'��I'+� *-,.#/,�2102%/- '3#/%/(0-Æ(,7546�7,�28'3#/%/(0-:9;'�2<'�02,.#/,�2<*
§�W4Xu±Eò�ê/Ø3<xÖ�Wq[gh�[�rs[gZemcX�b!�4t}fwXBZCagY�h,^NXBX_Ze`>b4mFvq[gZe[gt�X~^NX_ZehU^eWq[]^�[]rsrsa5£�^eaF[gk�Üi�4h,^�^NW4X�\�W4`sv3^ea
k4`äÑjXBZiXBb�^C`>b4v4�E^Uhe`>mcbq[gr>hByU§�WE`shUt�[gÕ]XBhC`<^�[�©gXBZin>=qX%¼E`>f4rsX�k4X_©|`>\BXgì6f4�E^�tuX_^eW4a�kEh.^NaPacvE^N`>t�`>heX�^NWEX
acvwXBZN[�^N`sagb}vq[gZe[gt�X~^NX_Zeh�Wq[�©cX�^eaTfwX�k4X~©cXBr>acvwXBk�y3?�b4\BX_Zi^N[g`sb�^N`>XBh�`>b}^NW4X_heXRt�X~^NW4a|k4hG£R`>rsrEvEr�[�n}[�ZiacrsX
`sbF^NWEXx^eag^�[]r�hin|hi^eXBtÓvwXBZ,Y'acZet�[gb4\_Xgy�§�W4XTt�aghi^�`>t�vwacZi^N[gb�^�vq[gZe[gtuX_^NX_ZehR[gZiXA@
BDC�E<FHGJI�KMLNGPOMQ §�W4X�^N`stuXU\_acb4h,^�[gb�^�agY@^NW4X�hiWq[gvwXBZRk4`>ZeXB\~^Nr<nP`>b8=q�4X_b4\BX_hR^eW4Xx[gtuv4rs`<îqXBZ�b4ac`>heXgy�Þ

heWEacZi^eXBZx^N`stuX1\Bagb4hi^N[gb�^�ZiXBk4�4\_XBhT^NW4Xufq[gb4k�£R`skE^eWdagY�^NW4Xu[gtuv4rs`<îqXBZx[]b4k)^eW!�4h�^eW4X�XÔÒ!�4`>©][�Ú
rsX_b�^�bEac`shiXu\�W4[gZemcX]y�ÞUb�acvE^e`st�[gr�t�[]^N\�WE`sb4mzagY�^NW4Xuhe`>mcbq[gr�fq[]b4kE£R`sk�^NWo[]b4k)^eW4X�[gt�vErs`>î4XBZ
fq[gbEkE£R`skE^eWz`sh�b4X_\BXBhihN[gZ,nz^Nau[g\�W4`>X_©cXx^NWEXTfwXBh,^�he`smgbq[gr6^eaubEac`shiXTZe[]^N`>a4y

RTS GPKUKUQ S LVC S QXW�C�Y[ZP\ §�W4XzîqZeh,^uhi^NX_v¶`>b�^eW4Xzhe`>mcbq[gr�v4Zia�\_XBhihe`sbEm�`>h}^NW4XF^NZi`smcmgXBZ1k4X_\B`shi`sacb6yl§�WEX
[g\_\B�4Ze[g\_npa]Y�^eW4X�[gv4v4r>`sX_kd^NW4ZiXBhiW4acrskl[gbEkl`<^Nh1h,^�[gf4`>rs`<^:n)£R`>rsr�`sb8=4�4XBb4\_XF^NW4XztuX�[ghi�4ZeX_t�X_b!^



ßcßèâ Ö�ñ.ÞUò�§R×�Ø+ß5õ�y0Ù.X~¼|^Uö�XBb4X_ZN[]^e`sacb�ØRX�[gk4ag�E^�×�rsXB\~^NZiacb4`s\_h

`>b�hiX_©cX_ZN[gr�t�XB[gb4h	@�Þ«^Na|aPWE`smcW�^NW4ZiXBheWEacrsk�£R`>rsr@ZeX_k4�4\_X�^NW4X�he`>mcbq[gr@k4X~^NXB\~^N`>acb3X_ïu\_`sXBbE\_nwµ�[
^ea�aPrsa5£�^NW4ZiXBhiW4acrsk3£R`>rsr@`sbE\BZeXB[gheX�^NW4X1[]t�ac�Eb!^UagY0b4ac`>heX}WE`>^Nh_µ6^NWEX�Üi`>^i^NXBZU[gb4k3a±Ñ6hiX_^�agY0^eW4X
^eZe`>mcmcXBZ�^N`stuX

t0
k4XBvwXBb4k�acbz^NW4X�^eW4ZeX_heW4acr>kzhi^�[]f4`sr>`>^:nP[gb4kz©g[]rs�4X]y

] Y[ZP\ Þ.Y�^eXBZD^eW4XU^eZe`smgmcXBZ�k4XB\_`she`>acbF`sh�^�[gÕ]XBbF^NWEX�he`smgbq[grM£R`srsrwfwXChi^eacZeX_k�Y'acZ�r�[�^NXBZ�k4`smg`>^N`>hN[]^e`sacb6y7§7a
ZiX�[g\�W�^NW4XTfwXBhi^�vwXBZ,Y'acZet�[gb4\_XT`<^R`shR`stuvwacZi^N[gb�^�^NauW4acr>kz^eW4XThe`smgbq[gr�[]^R^eW4X�vwX�[]ÕFtP[�¼�`>t}�4t
a]Y�^NW4X�heWq[gvwXBkpag�E^Nv4��^}he`>mcbq[gr�yz§�W4`sh�mc`>©gXBh�^eW4XPW4`>mcW4X_hi^}mc[g`sbd[gb4ko`>hT^eW4X�rsXB[ghi^�heX_b4he`<^N`<©cX
vwac`>b!^�Y'agZC©g[]Ze`�[�^N`sagb4hU`>b�^e`stu`sb4mEy�ÞUh�^eW4X1^N`stuX1agY�^NW4X�ac��^Nv4�E^Thi`smcbq[]rGtP[®¼E`>t}�4tÛ\�Wq[gb4mgXBh
£R`<^NWFk4`åÑ6X_ZeX_b!^�^:n|vwXBhRagY�±�`sò�¸)ìE`>^�`sh�`>t�vwacZi^N[gb�^�^ea1t�XB[ghe�EZeXx[gb4k�[g\_\B�4Ze[]^NX_r>n�heX~^�^eW4XU^e`stuX
thold

[�^�£RW4`s\�Wz^NW4XT[gb4[grsacmg�4X�ac�E^ev4�E^�£R`sr>r�fwX�hN[gtuv4rsX_k�y
^_OMFHZPGa`HQ S KUE1GPIbE1Ic\dKUE1GJIbOMYD\�QeW	QXZaQ/fALVGPYgI §�W4X�±Eò�ê/Ø3<xÖ�k4XBhi`smcb�`>b4\Br>�4k4XBh.^:£Da�[gbq[]rsacmc�EX

[]t�v4r>`>îqX_Z�\�Wq[g`>b4h�Y'acZ�X�[]\�W�\�Wq[gbEb4XBr�^Nau\Bagt}f4`sbEXx[�WE`smcW�ZeX_heacr>�E^N`>acb�£R`>^eW�[1r�[]ZemcX�kEn|bq[]t�`>\
Ze[gb4mcX]y�/.XBvwXBb4k4`>b4mFacb�^eW4X�hi`�Ð_X�agYG^eW4X}ZiXB\BagZek4X_k�he`smgbq[gr�^NW4X�ac�E^ev4�E^Ca]YG^NW4X�fjX~^e^NX_ZUhi�4`>^eXBk
\�W4[g`sb3£R`>rsr7fjX1k4`>mc`>^e`shiXBk�y�§�W4X1mc[g`sb3hiX_^i^N`sbEmchUY'acZU^eW4X1k4`åÑ6X_ZeXBb�^�\�W4[g`sb4hx[]b4k3^NW4X}^eW4ZeX_heW4agrsk
Y'agZC^NW4X}^eZN[gb4hi`>^e`sacb3Y'ZiactÆ^eW4X�W4`smcW3^eaF^NW4X�rsa5£¨m�[g`>b�\�Wq[g`sb�Wq[]hx^eazfjX1acv�^N`stu`shiXBk3Y'acZ�fwXBh,^
ZiXBhiacrs�E^e`sacbz[]b4k�r>`sb4XB[gZe`<^:ncy

Þ�hiWq[gv4`>b4m�^e`stuX�agY7ógõGbEhD`sh�heX_rsX_\_^NX_kPY'acZ0^NW4`>h0hi^N�EkEncy0§�W4X.\�W4ac`s\_XU`>h�tuag^e`>©][]^NX_k�f�n�^NWEXUhe`>mcbq[gr
hiWq[gvwXBh�acf4hiXBZ,©cXBku£R`>^eW}he\_`sb�^N`>rsr�[�^NacZ/Ú,±�`sò�¸ ¦ ¸�ò0ò�Ö�Ú:hin|h,^NXBtuhBy7§�W4`>h�\�W4ac`s\_X�XBbEhe�4ZiXBh�^NWq[�^G^NW4X�t�[g`>b
vwX�[gÕ�agY@^NW4X�hi`smcb4[gr6`>h�heW4agZi^NX_Z�^NWq[]b�^NW4X�hiWq[gv4`>b4m}^N`>t�XU[gb4kF^NWq[�^�vjaghehe`>f4rsXUhe`smgbq[gr6hiWq[gvwX�\�Wq[gb4mgXBh
k4a�b4ag^uhe`>mcb4`<îq\�[gb�^er>n�[±ÑjXB\~^�^NW4X�ZeXB\_acZekEXBk¶hi`smcb4[gr�Y'ZN[g\~^N`>acb�y»±|XB\_^e`sacb � y À�y � mc`<©cX_hP[gb�a5©cXBZ,©|`sX_£
a5©cX_Z�^eW4X.hi`smcb4[grqheWq[]vjX.[gb4k�vjachihe`>f4rsXRhe`>mcbq[grq`>b4k4�4\_XBk�heWq[gvwXR©g[]Ze`�[�^N`sagb4hBy7Þ�hitP[]rsrsX_ZGheW4[gv4`sbEmT^e`stuX
£�ac�4r>k)mg`>©cX1^eW4X�Ze`shiÕ�agY�b4acb|Ú:rs`>b4X�[]Ze`>^e`sX_hByTÞ+rsacb4mgXBZ�heW4[gv4`sbEmz^e`stuXBhU£�ac�4r>k�t�[g`>b4r>n�`sbE\BZeXB[gheX1^eW4X
`>b!^eXBmcZe[]^NX_k�b4ac`>heX�[gb4k�kEX_^NX_Ze`>acZN[]^eX�^NWEX1he`smgbq[gr{^eaFb4ac`>heX1ZN[�^N`saEyTÞ.rshia�^NW4X1v4Ziacfq[gfE`srs`<^:nFY'acZCv4`>rsX_�4v
`>b4\BZiX�[ghiXBhR£R`>^NW�[1rsagb4mcXBZ�hiWq[gv4`>b4m1^N`>t�X]y

/UX~^�[g`>rsXBkëhi^e�4k4`>XBhzagY�^eW4X�^NZe`>mcmcX_ZP^NW4ZiXBhiW4acrskEh�Wq[�©gX�b4a]^�fwXBX_b�vwachehi`sf4r>X3£R`>^eWë^eW4X�he[gtuv4rsX_h
[�©][g`srs[gf4r>X.Y'acZD^eW4`sh�£�acZiÕwy0§�W4Xxh,^N�4k4`>XBhR[gZiX�`sb4\_rs�4kEXBkz`sbFrs[]^NX_ZD£DagZeÕÉR �gÝ S�y0§�W4Xx\�W4`svzvwXBZ,Y'acZet�[gb4\_X
Y'acZ�k4`åÑ6X_ZeX_b!^um�[]`sbl[gb4k�W4acrsk�hiX_^e^e`sb4mgh�`>huh,^N�4kE`sXBkl`sb�^NWE`sh1£DagZeÕMy¶§�W4X�hi^e�4k4`>XBkÅÒ!�q[]b!^e`>^e`sXBhu[gZiX
k4X_he\_Ze`sfwXBk�`sbF^eW4Xxb4X~¼|^.heXB\~^N`>acb�y

(���'+�I'J� hi,DjU­8kl02'3m8no9;'3m<'�02,.#/,pm<*
§�W4XxîqZihi^�v4Zea]^Nag^:n|vwXTa]Y{^eW4X}±�ò0ê/ØI<TÖ¹he� ÑjXBZih�Y'Ziact´v4Ziacf4r>XBtuh�`sbzheX~^e^N`>b4m1^NW4XxacvwXBZe[]^N`>acbzvq[gZe[gt�Ú
X~^NXBZihC[gbEk�[�f4�EmP`sb�^NW4X�k4`smg`>^N`>hN[]^e`sacbP\B`sZi\B�4`<^NZ,ncy�§�W4`>hUZeX_hi^eZe`s\~^Nh�^NW4XTvjaghehe`>f4rsXx^NX_hi^ehUhe`>mcb4`<îq\�[gb�^er>ncy
§�W4XF`>b�^NXBZibq[gr�k4`smg`>^N`>hN[]^e`sacb�\�Wq[]`sbo`>h}�4b!�4hN[]f4rsX]y�ÞUrshia�^NWEXP^NZi`smcmcX_ZT^eW4ZeX_heW4agrskpacvE^e`stu`she[]^N`>acb)[gb4k
^eW4Xu[g�E^NagtP[]^e`s\}mc[g`sb�hiXBrsX_\_^e`sacb)[gZiXubEag^xacvwXBZN[�^N`sagbq[gr�y�§�W4XBZiX_Y'acZiXgì@^NW4X1Y'acr>rsa5£R`sbEm�v4ZeagvjX_Zi^N`>XBhx[gZiX
\�W4agheXBb�Y'acZ�^NWE`sh�hi^e�4kEng@

• §�W4Xxrs`sbEX�[gZi`>^:nP[gb4kz^NW4XxkEn|bq[gtu`s\�Ze[gb4mcX�a]Y{^eW4Xx`sb4v4��^�/RÞ�ÖUy
• §�W4Xxm�[g`sbz`>bz^eW4Xxk4`äÑjXBZiXBb�^�[gtuv4rs`<îqXBZD\�Wq[g`sbEh�Y'acZ�^NW4Xxk4`åÑ6X_ZeX_b!^.[gtuv4r>`>îqX_ZDheX~^e^e`sb4mch_y
• §�W4Xxrs`sbEX�[gZ�Ze[gb4mcX�Y'acZ�kE`äÑjXBZeX_b�^.agvjX_ZN[]^e`sacbFhiX_^e^e`sb4mghBy
• §�W4Xxb4ac`shiXxagY{^eW4Xx\�W4`svFY'acZ�kE`äÑjXBZeX_b�^U[]t�v4r>`>îqX_Z�m�[g`>b4hBy



öxX_b4XBZe[gr7ÖDacb4hi`sk4X_ZN[]^e`sacbEh ßcßVq

§�W4XDr>`sb4XB[gZ�ZN[gbEmcX�a]Y4^NW4X�`sbEv4�E^G/RÞ�ÖdkEX_îqb4X_h�^NWEX�t�[�¼�`st}�Et�©][gZe`s[gb4\BX0agYE^NW4XD±�`�ò�¸�acvjX_ZN[]^e`sacb
©cacr<^�[gmgXR^eWq[]^�\�[gb�fjX�\Bagb4b4XB\~^NX_k�^Na�[�\Bagt�tuacbuf4`�[gh�©gacr>^N[gmcXgy�§�W4XUr>`sb4XB[gZe`<^:n}agYj^NW4X�/RÞ�Ö¶kEX_îqb4X_h
^NW4XT[g\_\B�4Ze[g\_n�agY{^eW4XxacvwXBZN[�^N`sagb�©cacr<^�[gmcX�hi�4v4v4r>`sX_kz^ea1^NW4Xxv4W4a]^Na]Ú�heXBbEheacZ_y�§�WEX�ZiXBhevwacb4hiX�\�W4[gb4mcX_h
ó�yf�0�¨vjX_Z.ß�õcõGtU÷»Y'acZ�^NWEXU±|`�ò�¸�h��4heX_kP`sbEhe`skEXR^eW4X�ÞCñCÖDÞUð R À@� S�yG§�W4`sh�mc`<©cXBh�[gbu�4v4vwXBZ�rs`>t�`<^{Y'acZ
^NW4XD[g\B\_XBvE^N[gf4r>XDb4acb|Ú:rs`>b4X�[]Ze`>^:nCagYM[gv4vEZea�¼�`st�[]^NX_r>n1ß®ó�t.÷}ì®`>Y4^eW4XD�Eb4\BX_Zi^�[]`sb�^:n�hiW4ac�4r>k�fwXDZiXBhi^eZe`>\_^NX_k
^Nazß7��y

§�W4Xzhe`smgbq[grD^ea)bEac`shiXFZN[]^e`sa3`>h1mc`>©gXBb�f�no^NW4Xzm�[]`sb�[gb4k�b4ag`sheXFa]Y.^eW4Xz[gtuv4rs`<îqXBZ_y�§�W4Xztuachi^
\�Wq[gr>rsXBbEmc`sb4mzhi`smcbq[]r�`>h�[�he`sbEmcrsX�v4` ¼EX_r�\�W4[gZemcX]y�§�WEXPheX_vq[gZe[]^N`>acbdagYD^NW4X�he`sbEmcrsX�v4` ¼EX_r�vwX�[]Õ|h�`sbd[
rsa5£¨rs`smgW!^UhevwXB\~^NZe�Et¤Wq[ghC^NazfwX1mca|a�k�X_b4ac�4mcW�^Na�[gr>rsa5£�[Fhi^N[gf4rsX�[]b4k)[g�E^NagtP[]^e`s\�îE^e^N`>b4mFagY0^NWEX
v4W4ag^ea]Ú:hiXBb4hiacZ�m�[g`>b�y�§�W4X1X%¼EvwXBZi`sX_b4\BX}£R`<^NW3^NWEX1ÞCñCÖDÞUð�hiW4a5£RhC^NWq[]^U^NW4X1hi`smcbq[]r{^NaPb4ac`shiX}ZN[�^N`sa
heW4ag�4rskzfwX�[�^RrsX�[]hi^RÝ�^Nau[g\�W4`>X_©cXxZiX�[ghiacbq[gf4r>XxX_ïu\B`>XBb4\_`sXBhÚR Àcó ì À@� ì ��ó S�y

§�W4X3rs`>b4X�[]ZuZe[gb4mcX�agYC^eW4X3[]t�v4r>`>îqX_Z�Wq[gh�^NaofwX�rs[gZemgX�X_b4ac�4mcW�^Nad\_a5©cXBZ�[)Y'�4r>r>nphe[]^N�4Ze[]^NX_k
v4W4ag^ea]Ú:hiXBb4hiacZBy�Þ«\Bact}fE`sbq[]^e`sacbzagY{m�[g`>b�hiX_^i^N`sbEmchRWq[ghR^NaufjX�Y'ac�4bEk�Y'acZ�^eW4XT^:£�a�[]t�v4r>`>îqX_Z�hi^N[gmcX_h
£RW4`s\�W�mc`<©cXBh�[1hetua|ag^NWzt�[]^N\�W4`>b4m1agY7^NW4X�^:£�a4y
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ÇDÇÇDÇÇDÇÇDÇ
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ÇDÇÇDÇÇDÇÇDÇ
ÇDÇÇDÇÇDÇ test board

SPIROC
ALTERA

analog out

external hold

USB

programmable

in and out
digital signal

IN
PU

TS

Ã�È�Å
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