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q�o �1�i�	`|� n � o � q�o�p�j � jmlJn ��� y 
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ø ) òkjõ�ò ò ñ ï ò��jòUõ�� ° õ���*ö!ò � h ì_øA��� ��í
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� D�prq i h ì_øA���rø í
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���� l �����ü� o � ��o9l�y�� � � pýp 3 n �1�³¨�� lJy
� y ����� lJ� ��� p�y �ó� p �k� o � n �i� lJnip�y � o � G �©¨ l ��� pJy´o9lJn � y�¬ �1��
 p�y � lµn �1����� n�p ó ��2 w � p ¨���2�� y � n
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¬ ���i� y 
���� nÇj ��ó ��� y�p � ¬ �1�C� p � y7� ��� lJn �S� o � n ó � y�¬9l 2Â� y � lJj�w9l � l 2��U���1��� u y � o �2¹�� n � w �1��� pg¬Âp ó
¬9l � l � l ðA� y 
�6Vó � p 2 �9~±~]ø�� p � ~±~±8 ì P ¹ ½(P7í � o � lJ��� � j �1� l � p ��6 p�w �1� l ��� y 
 l � l � � y ���1� �öp ó � 2 l�n�n
� y �1��
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 nio �g� ¬�pNq�y w ����� pA¬ 35�1
J� y � y � ~±~±8 °I¬ ����� y 

� o � nBw �1�i� pA¬ 3 p � o � o � lJ�1� � j �1� l � p � �1p 2 w�j �Uª lJy�¬*¿$Þ ßé¬ ����� � � p � q �1��� �m2 w � p ¨�� ¬ � y�p � ¬ �1�
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�� lJ¬ � n 6
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� y7� ��� lJn � y 
k� o � y �7243I��� p ó w9l �Ò��� ��j � n
w �1�
35� l 2µ6]� o �À2 l � y�w � p 3 j �12 pJy � o�lJn � p ó lJ� � q �Q� o
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 q �
��l�yµ¬7p � n j � l ¨A� y 
�� o � y ��2435�1� p ó w�l �i��� �1j � n w �1�B3�� y���o � y���o9l�y 
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4� o �
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4� o �È� w 
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G�o ¶ n ¶ ��p�y�¬Ân � l ²n¶ p ó�� o ¶ lJ��� ¶ j ¶Áµ l � p µ ��o9l ° y ° nClkj ° y ¶ l µ l��1� ¶ j ¶iµ l � p µ16bÂ*¸ � 2Y¶��Ã¶Áµ n"jmp�y ²�·
G�o ° nS¬ ¶Ç¨[° � ¶­° y�¬ ´ � ¶ nSlJyµp�n�� ° jmjml �M° y ²Ä¶ j ¶ � �Mµ�° � ¹b¶ jm¬ 3g¶U� q ¶i¶ y l n ¶iµÃ°³¶ nSp ó±¶ j ¶ � �Mµ pg¬ ¶ n�q�o ° ��o
lJ��� ¶ j ¶Áµ l �M¶ n ´ w � p ª��±�³ï ¶>u y ¶Á² l �M°�¨E¶ o]�g¬ µ p ²n¶ y ° p�y�n4��p 2Y° y ²tó/µ p 2 ¦BpA� ð<µ p ó[� � £ lJj � p�y
lJ��� ¶ j ¶Áµ l � p µi·

Ö��?> É4<�<5��F�>A�

G�o ¶4� pAp�n �Ã¶Áµ�° n � o ¶.¹bµ n � ni�Ay���o µ p �Mµ p�y ° y � o ¶ ��o�l ° yýp ó2�b¶Áµi2Å° jæl 3 lJ�1� ¶ j ¶iµ l � p µ n ·duY�
�1pJy�n ° n � nBp ó l4n ¶iµÃ°�¶ n p ó?2 l ² y ¶U� nBl µ p ´ y�¬{l Â*¸ � 2Å¶U�M¶Áµ � °�µ � ´�2�ó/¶Áµ�¶ y�� ¶E·"uY� � l ðE¶ n�ª��±��ï ¶iu
w µ p � p�y7nÇp 3g� l ° y ¶ ¬ ó/µ p 2 � o ¶ ¢ ° y9lJ� ��l ó[�Ã¶Áµ®¶ j ¶ � �Ãµ p�yÂn �ÃµÃ° w�w ° y ² ��lJy�¬�lJ��� ¶ j ¶Áµ l �M¶ n � o ¶12Æ´ w
� p }ó§�¶>uÄ·
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G�o ¶ ï�l ° y u y!² ¶ � � p µ¤° n¥l � ðE2 � °�µ � ´�2�ó/¶ÁµÃ¶ y�� ¶ ni�Ay���o µ p �Mµ p�y · uY��µ�¶ w�jmlJ� ¶ n � o ¶ P ¹ ½(P
q³¼ Ä ½³P Ä ½AÅ 6 q °Q� o lüo °³² o ¶iµ	µÃ¶ w ¶U�M°��Ã° p�y µ l �Ã¶�ó p µ n � lJ� ð<° y ² lJy �M° w µ p � p�y�n ·kuY� lJ��� ¶ j ¶Áµ l �M¶ n }
§�¶>u w µ p � p�y7n ó/µ p 2&� o ¶�� pgp�n �M¶iµ � p ¶i°�� o ¶ÁµÄÂrø � §�¶>u p µÄÂ*¸ � §�¶>u46 ¬ ¶ w ¶ y�¬ ° y ² p�y � o ¶Á°³µ
¬ ¶ n �M° y9l �M° p�y µ�Ârø � §¿¶iuÆ°Qó w µ p � p�y�nàl µÃ¶�´ n ¶ ¬ � p°w µ pA¬ ´ � ¶ l�y �Ã° w µ p � pJy�n 6*Â9¸ � §¿¶iuÆ°Qó
� o ¶ �
o9l ¨n¶°� p 3c¶J° y*² ¶ � �Ã¶ ¬ ° y G ¶Ç¨ l �Ãµ p�y ·´uY�¬° n4lJjmnip ��lJw9l 3 j ¶ p ó ¬ ¶ � ¶ j ¶iµ l �Ã° y ² lJy �Ã° w µ p � p�y7n 6 l
¨n¶iµ � ´ n ¶Uó/´ j ó/¶ l �Ã´�µÃ¶k� p µÃ¶ �1p ¨n¶iµ	´ y ´ n ¶ ¬ lJy �M° w µ p � p�y�n�q�o ¶ y¯G ¶Ç¨ l �Mµ p�y ° n�y�p ��° yµ�1p�j�j ° ¬ ° y ²
2 pA¬ ¶T·
Ö��?>tûü>AÚ � Ú]@ >E��û°�XH?Ð

G�o ¶´úa¶ �U�g��j ¶iµÈ° nxlýn � p µ l ²n¶ÉµÃ° y ² ��p�y�n �ÃµÃ´ � �M¶ ¬ w µÃ°�2 l µÃ° jQ� 3 �¨w ¶Áµi2 l�y ¶ y �x2 l ² y ¶�� n
jmpA��l �Ã¶ ¬°l 3 p ¨n¶à� o ¶ ï�l ° y u y!² ¶ � � p µ�2 l ² y ¶�� n ·"uY�Êµ�¶ � ¶i°�¨E¶ n }�§�¶>u lJy �M° w µ p � p�y�n ó/µ p 2 ï�l ° y
u y!² ¶ � � p µ lJy�¬�n � p µÃ¶ n � o ¶�2äó p µ lJy ° y�¬ ¶Ç¹ y °��Ã¶ w ¶Áµ�° pA¬�p óI�M°�2Å¶�6 y ¶©ªA� n ¶ y�¬ ° y ²¥� o ¶12±3 l�� ð�� p
� o ¶ ï�l ° y u y!² ¶ � � p µi·

G�o ° nÂ¬ ¶Ç¨[° � ¶J6 lýP ¹ ½(P�P ° y�y�p ¨ l �M° p�y 6 l�jmjmpNq�n � p µÃ¶ ���A�1j ¶ � � p ó l�y �Ã° w µ p � pJy�n � o9l � n �M° jmj� °³µ � ´ jæl �Ã¶�° y � o ¶ G ¶Ç¨ l �Ãµ p�y l �È� o ¶¬¶ y�¬ p ó l°n � p µÃ¶ « ì Ó ¸9Ë p ó@° y °Q�M° l�j$l�y �Ã° w µ p � pJy�n�í 6�� o ´ n° y�� µÃ¶ lJn ° y ²è3 ��l ó lJ� � p µ�� qBp � o ¶ l ¨n¶iµ l ²E¶ j ´�2Y° y7p�n °Q� � · ïxp µ�¶ p ¨n¶iµ16 ¬ ´�¶¥� p °�� nÀw ¶Áµi2 lJy ¶ y �
2 l ² y ¶�� n 6b°Q� l ¨ p ° ¬�n�q lJn �M° y ² l�y �Ã° w µ p � pJy�n ° y{��l�n ¶ p ó wIpNq ¶Áµ jmp�nin ¶ n ·
Ö��?> ÖB>]��}gFN�r<IH

G�o ¶ G ¶Ç¨ l �Mµ p�y ° n � o ¶ jæl µ�²n¶ n � p ó��b¶Áµ�2Y° jml 3 lJ��� ¶ j ¶Áµ l � p µ n 6 q °Q� o¤l � °�µ � ´�2�ó/¶ÁµÃ¶ y�� ¶ p ó
l 3 p ´7�Í8�ðE29·"uY� lJ��� ¶ w � n�w µ p � p�y7n�lJy�¬{lJy �Ã° w µ p � p�y7n ó/µ p 2 ï�l ° y u y!² ¶ � � p µ lJy�¬{lJ��� ¶ j ¶Áµ l �M¶ n
� o ¶�2 ó/µ p 2 Â*¸ � §¿¶iu � p ~±} � §¿¶iu�6§´ n ° y ² � µ ��p ²n¶ y ° �1lJjmjQ�Ù�1pAp�j ¶ ¬ 2 l ² y ¶�� n · ï�l ² y ¶�� n
l µÃ¶ ��pgpJj ¶ ¬ 3 �´j °�®[´�° ¬do ¶ j °³´�2 ì G ÷ ª � í�lJy7¬Ùw µ p ¨[° ¬ ¶ ltª · ¸ G ¹b¶ j�¬ · � 8�3�´ y7��o ¶ nÂp ó
w µ p � p�y�nàlJy�¬³lJy �M° w µ p � p�y�n 6 q °Q� o � ~�ø y�nÈn ¶ w9l µ l �M° p�y 6 � °³µ � ´ jæl �Ã¶¤° y � o ¶ n�l 2Y¶�3c¶ l 2 w ° w ¶J6
ðE¶ w � lJw9l µi�43 � ¶ j ¶ � �Ãµ p�n � l �Ã° �Ân ¶ w9l µ l � p µ n · G�o ¶ �d��p�jmj ° ¬ ¶¬° y � qBp ° y �M¶Áµ n ¶ � �M° p�ydw5p ° y � n 6±° y
�1p µ�µÃ¶ n�w5p�y�¬ ¶ y�� ¶ p ó ¿$Þ ß²lJy�¬tÞ�-Â¬ ¶��Ã¶ � � p µ n ·
Ì�ÍÏÎ«ÐVÑiÒVÓÕÔÖÎc×\Ø�Ó�Ù§Ð'Ø�ÓÕÚEÓ�Û>ÜÝÔ�ÎcÞiÓ�ß-Ð.à�ÔÖÒ'à�á�âÖÛ�ÐVÔÖÙ�ã®à�ÑiÙÁÐVÔÖÙÁá$Ñ>á$ÎVâåä@ÔåÙaÐVØ�Ó±æ[Ó�çMÛ�ÐVÒ'Ñ>Ù<èÁà�Û>ÙÊÚTÓ±Û®éÕêgë¬Î/Ð'Ñ>Ò'Óì ×\ÔíÐ'Ø¿ß�ÒVÑ>ÐVÑiÙ$ÎGÛ�Ù$î	Û�ÙÁÐ'Ôåß�Ò'Ñ�Ð'Ñ>Ù$Î�ïcÑ>Ò\ß�Ò'Ñ�Ð'Ñ>Ù-ðñÑ>Ù�âÖäaÎ«ÐVÑ>Ò'Ó�ò�Ñ>ÒóÎ«ÐVá$î-ÔÖÓ�ÎÕÛ�Ù$î�ÜÊÛ�ÔÖÙiÐ'Ó�Ù$Û>Ù$à�Óiô
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G�o ¶»¹�µ n � n �Ã¶ w�p ó w µ p � p�y7n�w µ pg¬ ´ � �Ã° p�y ° n ° pJy °m� l �M° p�y*p ó	² lJn ¶ p ´ nÂoE�A¬ µ p ²n¶ y ° yüû ^° pJy�nm° ° p�y ¶ y ¶iµÃ² � ° n ° y7� µÃ¶ lJn ¶ ¬ ´ w � p Ó ¸ � ��¶>u�ý � � o ¶ ¦Bpg� ð � µ p ó[� � £ lJj � p�yýl��1� ¶ j ¶iµ l � p µ
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��µ%	*¨[°
��°���²!�Ãµ������<°���²4°���� � ¶T�i¶��'�Mµ����óµÃ¶i²n°�	�����	-s�� � ¶T��¶,�M¶�����	Eµ o ¹b²n´�µ�¶Mt¥·Óâ'p�·��N����t±¸�t�Ò
�Á¶����
�"�Eµ�¶���°r¨¥°
��¶��B°��'��	�â��Ã´��c¶ÁµDA ���6(E¶Áµ%� ÿ ¶P��� � ��	��'���E°
��°���²@� �@¶���¨E¶$�Y�P(n¶iµ��"	-s[�Ã¶����Ã¶
�a°�µ�¶��i·�� � ¶*	F�����Ã´��g¶iµHA ���P(n¶Áµ%� � � ¨n¶*�a°³µÃ¶��I�G�Eµ������³¶��]��	O� � ¶ ýc¶P� þ o ´ §�µ ´�è �Ã´��c¶ÁµDA
�Y�P(E¶Áµ���p�� � °��³¶;� � ¶¿¶Ç¨n¶�� � �9¨E¶~�a°�µÃ¶��<�-���M� þ ���
� o t¥vÓÒ ­ p1�%�M¶iµÃ¶�	I����²���¶ o °,¶D± ¬ ± ³ �Ã´��c¶ÁµDA
�Y�P(E¶Áµ���p>· i]éKê µÃ¶����Y���i¶��+� � ¶ �<�F�"Ô i ± � ¶ ¬%´�è ê ¬�´Fë�ì µ �Fí i9î ´�ï.ð ± ¬Tñ i;ê1iRò ÿ s/¶P�-�Ã´�µÃ°
��²
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�#²EµÃ¶P�L�M¶ÁµI�[´ þ ýg¶iµI	�s[��¶�����¶$�a°�µÃ¶�� ÿ ¶�� � �����i¶��¡�%�Ã¶ÁµÃ¶�	#��	9¨n¶iµ��E²E¶@������s?���H�M¶Áµ3��µÃ°Qs��
�Ã° þ ¶��Á·

�±°�²n´�µÃ¶[t¥·�¸�µ¦¾n�� <�����������Ê�n�X� � �-�Xô8õBõ

�±°�²n´�µÃ¶2t¥·ÓÎÚµ¦¾n�� ������������Ê�n�X� � �-��ö9÷�øe»k»
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�±°³²n´�µ�¶[t¥·ÏÝ�µ@»%ö�ô,�������X���X���6¯

�±°�²E´�µÃ¶Vt[·ÏâÚµ�û}ü]ýB�����M���X���b�e�� ��	���X�� $�Ê���<������©���ª-�����~þñ©X�����%ÿe�-�<�4�� ��¿�-©X�k�����[�����X���,�-���<��©��Å�¥©����k����-�<� � �X���§�[©��-�<���<þ����X�� T�%ÿ



�ct ¸ UÕõ 4 {'{nõ¥ö/õ 7 4 ÷-ø 7 {nø/  ù ö«õ'¹ 4 ú yºvKw�xry õ<÷�õ&{E÷�ø 7
¸ 5? #õ��Ãø����	��5?Ç/Ug÷ y õ�÷-õF{E÷-ø 7

¢ 	&���-�M¶��_	n´&���Ã°
��¶ i]éKê o �L� Û ÷}Â q ÒM� þ p ÿ °
�<��µ�	9¨[°���¶��<�Ã° þ ¶,AN	�sYAN�b°³² � �e°
��s0	nµ þ �-�Ã°�	��3��	° þ ��µ%	*¨E¶]�G�EµH�M°�����¶@°���¶��Z�Ã°�¹G���-�M°
	��!�P�-�G�Eý�°
��°
�Ã°�¶���°
�V� � ¶]�Á¶��'�Mµ��-�G��¶��Ã¶�����	nµ o ¶����c¶��Á°������Q(Ts0	Eµz�;A$ù
��°
���Áµ�° þ °��G�L�M°�	��«p<�ÓÝL�V·N �¶,� s0	nµ �<�&�FÔ%Ô>ÿ °
�]��	����Ã°
�%���]	�s�t[Â6ÎM���i°��'�M°
���Y�L��	nµ¦ýG�Eµ%� ÿ ¶���� � µ�´�����°
��²
� � ¶���¶���²�� � 	�s i]éKê o ¹�²n´�µÃ¶~t¥·ÏÞ�p������"�EµÃµ�����²n¶����Á°��³°�����µÃ°��������Q(M�Tµ�	n´����J°
� ÿ �a°
� � �!À�
_�º�-�¶P�-� � ¶�����	�s�¶P�-� � ýG�TµÁ·

�±°³²n´�µÃ¶~t¥·ÏÞ�µ�ý¦���¿�
�/�-�����[�X�� T�®�����k���M�k�-�@�����������X���b¯

v 4 ö/ø 7 5? #õ�÷-õ 7 �
i9j�k �P���
	nµÃ° þ ¶,�M¶iµ!�%(F�%�Ã¶ þ ��	�����°��%���I	�s~��� ¶��³¶��,�Mµ�	 þ �E²���¶��Ã°����Ã¶����M°
	��|s0	�����	6�@¶��üýZ(n�

� ����µ�	���°
�M	���¶T·��+	-� � �Ã¶����M°
	����[�Eµ�¶ þ �-��¶Ä´��S	�s1��� þ ���³°���²3�P���
	nµÃ° þ ¶,�M¶Áµ%� ÿ �a°Q� � ���Q�M¶iµ��G�-�Ã¶
�Y�P(E¶Áµ���	�s}�Eý���	nµ�ýg¶iµ������_���i°��'�M°
���Y�L��	nµ þ �-�M¶iµÃ°����'· � �Á°
�Z�Ã°��
�Y�-��	nµ
�M°
��¶����Eµ�¶­µ�¶P����	n´���ýZ(=�+�9¨E¶,A
��¶���²�� � � � °
s��M°
��²¾¹býc¶Áµ�� o�� Ú8ä�p¿¶ þ ýc¶�����¶��!°
�S� � ¶3�%�Á°
�Z�Ã°��
�Y�-��	nµ��i· � Ú9ä ¹býc¶Áµ%�K���EµÃµH(S� � ¶
��°³² � �]	n´��]��	3� � 	���	 þ ´��
�Ã°����³°�¶iµ��}�M´�ýc¶��<��	F�P�L�M¶��Ï°
��� � ¶�ýG�����Z��������¶[	�s8� � ¶[�P�-��	nµ�° þ ¶��M¶iµ��i·

����¶��,�Mµ%	��"�����I� � 	-��	��Y¶���¶iµÃ²n°³¶��+�EµÃ¶ þ ¶P����´�µÃ¶��4°��V� � ¶�¶��³¶��,�Mµ�	 þ �E²���¶��Ã°��]�Ã¶����Ã°�	����Çµ��G�EµDA
�M°
���³¶��¤°
�'�M¶Áµ������Ä°���� � ¶��Eý��%	nµÃýc¶ÁµK��µ�	F��´��i°���²$�-�!¶���¶����Ãµ�	 þ �E²���¶,�M°
�I�P�-���P�-��¶ ° � � ¶,µ�¶P����	n´��
�%(F�H�M¶ þ o ���i°��'�M°
�����-��	nµ������@À�
_��p þ ¶P����´�µÃ¶���� � ¶�¶Uª&�Á°
���-�M°
	��*���E´��Ã¶��Ýý'(*� � ¶M������������¶.�����°
s+� � ¶3�P���
	nµÃ° þ ¶,�M¶Áµ�°
�T� � °����É¶���	E´�² � ��	_��	��'���E°���� � ¶I� � 	���¶.�P���%�P����¶ ÿ µÃ¶P�-��	n´��¤µÃ¶��%�R	����Ã¶°��K��µ�	��/	nµH�M°�	��G������	*� � ¶J¶���¶iµÃ²�(�	�s<� � ¶����Eµ%�Ã°����³¶.� � �-�!��µ�	F��´��Á¶��#� � ¶�������������¶E·O� � i9j�k
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ò » ò<µ�����²n¶ `.Á ` »
Ò¥·�A1ÂE·³Â Â*¸ ­ ( Ò�·�Â
Ân·�Â~A1Ân·Ïâ Ý¥·�¸ ­ ( Ò�·�Â
Ân·ÓâMA+t¥·³Â Ý¥·�¸ ­ ( Ò�·�Â6Î
t¥·�Â�A�C�·ÏÎ q Â*¸ ­ Ò�·ÏtTA�Ò�·ÓÎ

�9�Eý��³¶Kt[·³Â±µ1û*�-©X�-���������k���®�k�����¿���T�������X���

¶��³¶����Ãµ�	 þ �E²���¶��M°
�V�P���
	nµÃ° þ ¶,�M¶Áµ%�2�EµÃ¶ þ ����¶Å´��O	�s q þYþ ��¶��������P(n¶Áµ%�M���Q�M¶iµ��G�-�Ã¶.��	 q þÅþ
���i°��'�M°
���Y�L��	nµ����P(n¶Áµ%�Á·�����¶iµÃ²�( µÃ¶���	��³´��M°
	�� °��2�Eý/	n´�� « ú��� � s0	nµ2�Á¶��'�Mµ��-��������	nµ�° þ ¶��Ã¶Áµ~����� «�� �� �
s0	nµ�����´�².	���¶T·��}�³¶��,�Mµ�	 þ �E²���¶��Ã°��[�P���
	nµÃ° þ ¶,�M¶iµ����EµÃ¶2	nµ�²'����°
®Á¶��È°��S¶ ³ � ± ¬ °M�R	n°
�'�M°���²V��	3� � ¶°��'�M¶iµ����,�M°
	��@�R	n°
�'��· ¦ ���
	nµÃ° þ ¶,�M¶Áµ;�Ã¶Á² þ ¶��Z���-�M°
	��É°��~��°�].¶iµÃ¶��Z�[s0	nµ~��°³]g¶ÁµÃ¶��'� » µ�����²E¶�� o ��¶Á¶
���Eý���¶2t¥·�ÂBp©µ®`.Á °���Ý[· ¸ ­ 	nµ�Â*¸ ­ ÿ � � °
��¶�` » ²�	[¶��]s/µ�	 þ Ò�·�Â2��	.Ò�·ÏÎ¥·

¤�����µ%	��4¶���¶Áµ�²n°�¶��
�Eµ�¶ þ ¶P����´�µÃ¶��,°�� � ����µ%	���°����P�-��	nµ�° þ ¶��M¶iµ��Çµ8� � ¶���¶ � � ¨n¶;� � ¶;��� þ ¶�²n¶aA
	 þ ¶��MµH(M�-���!�Ã¶i² þ ¶��'���-�Ã°�	��!�-�*¶��³¶����Ãµ�	 þ �E²���¶��M°
�+	���¶��*ý�´&����°³]g¶Áµ±°��K� � ¶]�Eý��%	nµÃýc¶Áµ þ �-�Ã¶Áµ�°Y���
o °³µ�	�� °
���%�Ã¶P���$	�s1�³¶P���«p������S�Eý��%	nµÃýc¶Áµ~���6(E¶Áµ%��� � °
���F��¶���� o CBA³¸3� þ p�·Å¤;�-��µ�	����¿°��'�M¶iµ����,�M°���²
�a°
� � �Eý��%	nµÃýc¶Áµ þ �-�Ã¶Áµ�°Y���G��µ%	&��´��Á¶��<´�����¶��Eµe°
�Z�Ã¶Áµ������Ã°�	��3�P���%�P����¶��mµ�� � ¶��Ã¶��EµÃ¶ þ ´�� � �
	���²n¶iµ
����� ý�µ�	'����¶Áµ<� � ���2¶���¶����Ãµ�	 þ �E²���¶,�M°
�[�����*��	��'���E°
�*���
��	=µ �"! µ�°,µ ð�è ±¤¶���¶Áµ�²�(�s/µ�	 þ ��¶Á´��Ãµ�	���� ÿ
��¶Á´&�MµÃ°
��	��3�����Ð��	�s��3�G�EµH�M°
����¶�� ÿ ��	O��´�¶���	S�Y�Eµ�²n¶Áµ¬¶���¶ÁµÃ²-(#�b´����Ã´G�-�Ã°�	����V�a°
� � µ�¶��%�g¶����I��	¶��³¶����Ãµ�	 þ �E²���¶��M°
����¶��,�M°�	���� ÿ ¶���¶Áµ�²�(,µ�¶��%	���´��Ã°�	��Å°�����	6�e¶iµ o$# ¬ �� � s0	nµ
�Á¶��'�Mµ��-�É�P�-��	nµ�° þ ¶��M¶iµ1�����
%'& �� � s0	Eµ]����´�²V	���¶6p>·

������	nµ���°
��²K��	K� � ¶;�R	���°
�Ã°�	��Y°��I� � ¶���¶,�M¶�����	Eµ ok¦ ¶��Z�Ãµ���� ÿ �������+���
�É������À}�³´�²Zp1�����I� � ¶Á°³µ
���c¶��i°�¹G�[s/´����,�M°�	�� o µÃ¶Ç¨E¶P���³°���² � ����µ�	���°
�[	nµa¶���¶����Ãµ�	 þ �E²���¶,�M°
��¶���¶Áµ�²�(�p ÿ i9j�k ������	nµ�° þ ¶��Ã¶Áµ��
�EµÃ¶'µ

l v õ[úg÷ 7 4 ö�(¿ö«õF{E÷ 7 ø/  4 Çcúóõ�÷B5Ö{ v 4 ö/ø 7 5? #õ�÷-õ 7 Ìav (*) Í � Àzý Z ���Á°
�'�M°��
�Y�-��	nµI��� þ A
���³°���²M������	EµÃ° þ ¶��Ã¶Áµ ÿ C�Â[���6(E¶Áµ%�]��¶Á¶�� ° °
�Ê°
�]��	F�P�-�Ã¶���	n´&���Ã°
��¶�� � ¶~��	��³¶���	n°
�J°��"� � ¶~�Á¶��&A
�Mµ������G�Tµ%�}	�s/� � ¶<��¶,�M¶�����	Eµ��-���3��µ�	9¨[°���¶��¦¶���¶Áµ�²�( þ ¶P����´�µÃ¶ þ ¶��Z���}	�s.¶���¶����Mµ%	 þ �E²���¶,�M°��
� � 	B�@¶Áµ%��°
��� � ¶[�Á¶��Z�Ãµ����\µ�¶Á²n°
	���	�s8� � ¶[��¶,�M¶��,��	nµ o ò » òZÑÆÂn·³Â6p>·

l v õ[úg÷ 7 4 ö,+ 4 y 7 øcú95?{ v 4 ö«ø 7 5? #õ�÷-õ 7 Ìav +�W Í � �6¶ Z ���i°��'�M°
�����-��	nµ«��� þ ����°���²
�P���
	nµÃ° þ ¶aA
�M¶iµ ÿ C'tM���6(E¶Áµ%����¶Á¶��.·��N�<��	*¨E¶Áµ%�óò » òZÑÜÒ�·ÓÞ
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l (¿ú y.- 4 ö«ö*+ 4 y 7 øcú95?{ v 4 ö«ø 7 5? #õ�÷-õ 7 Ì�/ +�W Í � �P���
	nµÃ° þ ¶,�M¶iµ~�Ã° þ °����Eµ;��	 ¦ ¤�� ÿý�´&�­Â9¸!���P(n¶Áµ%�<��¶Á¶��*��������	*¨E¶Áµ�°���²3Ò�·Óâ=Ñ�ò » ò'ÑÆÂE·ßt¥·
l10 öÖ:XÇ2(¿ö/õF{E÷ 7 øR  4 ÇcúÕõ�÷B5?{ v 4 ö/ø 7 5Ö #õ�÷-õ 7 Ì 0 (3) Í �;��¶��³¶��,�Mµ�	 þ �E²���¶��Ã°��+������	EµÃ° þ ¶,A

�Ã¶Áµ o Àzý Z �%�Á°��'�Ã°������-��	Eµ�p���	9¨n¶iµÃ°���²[� � ¶<����´�²¿µÃ¶Á²E°�	��!	�s«� � ¶]��¶��Ã¶��,��	nµ o ÂE·³Â~Ñ�ò » ò'Ñ¡C�·ÓÎ'p�·
�N�1°��]�
	&���-�M¶���	n´����Ã°���¶[� � ¶�ýG�Eµ�µÃ¶��\¶����=	�s ¦54 � ÿ 	���¶2����´�²V	��9¶P��� � �Ã°
��¶E·

l10 öÖ:XÇ6+ 4 y 7 øcú95?{ v 4 ö/ø 7 5? #õ�÷-õ 7 Ì 0 +�W Í ¢ 	&���-�M¶���ýc¶�(�	����TÀ7�8
 ÿ °
� 0 ���´�b¶ Z ���Á°
�'�M°��
�Y�-��	nµ
������	nµ�° þ ¶��Ã¶Áµ ÿ t�C!�Y�P(E¶Áµ�����¶i¶��G·

À���´�²Ð����� ¶������+������������	EµÃ° þ ¶��Ã¶Áµ%�"�Eµ�¶¯¨¥°
�Ã°³ý���¶ °
��¹b²n´�µ�¶Ot¥·³ÂPÒ ° s0	nµ��Á¶��'�Mµ��-��	���¶��=��¶Á¶
¹b²n´�µÃ¶Tt¥·�ÂnÂn·
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È\UÕøedÄõ 7 4 ú�f ù97 õ����PUÕøedÄõ 7 fóõ�÷-õF{E÷-ø 7 �
� �;g	h,AN� � 	6�8higM�;h��
h�����	�g ÿ � � h i ± � ¶ ¬%´�èVj�¬ ± ¤ � ´ ² µ ´ ¶D± i9î ´�ï.ð ± ¬ o i j � plk
�2���Y���$h��mk þ A

þ h��nk��-�
h��
(ok��)s�g�	��Z�V	-s i�p7q o�rns�t g	h tauwv�vBpxu��N�V��	����yk��H���V	�s����ik
�'�
k��
�Y�-��	�g[�
k���h��M��	 t ����h��
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9Vk s�t g	h~tau�v�v�:�|�XyUBO^]lJNDGCEX}M�CPORQ~>LT�DGUBO}Cw?I?BORW�`eJNWGDGZ7>LT]Ã«Ä[��HIORD'O^X
D'>LW^c

��	��+�L��h���h�� s � � � � k
s��	hig r"� hig%�lg	hP�-�S	 t � � ($� � 	���	�� t �Q�
k
����k�hig��$u*��k
� � kQ���~C�Ò�Ý�tI� � �����;h����$�
i j � ��	�����h�������� � ��g s h<�nh��/	��	kQ�
h�� � (!� � 	6��h$g��+	�g	k s k��G�-�	h�� � (�k
�'�
hig������	k�	��!	-sÉ�G��g%�
k
����h����}k
� �
�
g������Ik�� s �%(F�%�	hi� �������%	���h���	�k��_�3�-�
h$g	kY�-��uÐ�N�I����� � h�����k
�|�;k����$g	k���k
�G�-�
k
� s �nk
	����Vs�g�	��
h���h����	g�	����
�����I� � 	���	����i� � h��P� t �	h;� � h����-���	hig1�nh��/	��yk
�
h�k��V� � h�� � ��� � hig+� s gyhP�-�	hig����3	 t �'�
	�s�h��nh$g s (�u

� � � 	6�8hig��I� �ak�� t � �nh��	h��,��	�g$�1� � h i ± � ¶ ¬%´�è p è ± ë ¶ ¬ ³ ï.´ í�� ±,¶Öµ ë ä«¶ ¬ µÏ¯ o i�p ä�p^�Vk
�M��	-A
�P�-�	h���k
�3� � h i�p7q �&�L�
�K�;k��%�������$h�g[��v6â q �$� o�r"s�t g	h;tau�v�vBpxu��N��k����T�ngyk
s��1� � ��� � h$g��}k
� �
�%�	g	k����������M�}k�g	h����������ih��M��h$g���h����;k�� t �Y��g%�
(~��	�hP��� � 	�� � hig$u � �	g	k
������gyh
�������ih��M	�g%� � 	 s 	��G�����Q(
��	�®aAD� �ak
�������M� � hik�g��%�G���ik
� s k
��t��$�z� � k
��h��nk��H�������$h � h�� �8hih��.�}k�g	h���k���tau����i��u i�p ä s k���h��
k���s0	�g	�3�-�
k
	���� � 	 t �*h���h����	g�	��3� s �;h��
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¼½±þñ½·�¸|U�¾À¿Á·�Â�¿Áñ;Y<Â�¹�¸6¸wìtU�ñ½±Q`0»;ì?Ï��	\��	��Ü ��Ï]ÜV�{®�¹Xj[U�¼½±þ¸Áì¥ñ½·�� ¾
WÞ¹�¼½±B¾À¼�¿SRTR�±þ¼}¾½°<¹K¾]±	_gj�¸6·�¿Á¾Àñ$�ZU�¸Á¸Áì
¼½±þ¶X·�Â�ñØ¾À¼�U�¶þ¾½±!`v±QP�±þÂ�¾ÀñX®�R�¿,P�¿6ÂlR�¹}Y<Â<¹�¸¤¹�¶X¶þ±!j�¾Í¼½¹K¾À±�·��xa M å q~r�®�¸Á¿6êë¿Á¾½±!`ë»;ì*¾Û¹�jF±>WÍ¼�¿Á¾À¿ÁÂlR�î

1 ¾½¼½¿|RTR�±X¼�U�Â�¿Á¾$¶X¹�Â�»y±_ñ�¶Û°�±Xê*¹K¾À¿|rX±Q`�¹�ñ}¹�`�±þ¶X¿6ñ�¿6·�ÂtU�Â�¿Á¾�WÍ°�·�ñ�±¢¿6ÂljlU�¾Àñ}¹�¼½±_ñØì�Â�¶Û°�¼½·�Â�·TU�ñ
ñ�¾½¼½±�¹Kê*ñ�j�¼½·�¶X±þñ½ñ�¿6ÂlR¥¿6Â��C·	�C¼½·�ê ¾À°�±~`�¿|�y±X¼�±XÂ�¾�j<¹�¼�¾½ñ�·K�¤¾À°�±X`�± ¾À±þ¶þ¾À·�¼Xî_��Â*¾½°�±��C·�¸6¸6·&WÍ¿ÁÂlR�®�W�±
WÍ¿6¸Á¸�`�±þñ½¶X¼�¿6»F±�¾½°�±W¾À°�¼�±X±	¸6±	P�±þ¸6ñÍ¿6Â�êë·�¼½±s`�±þ¾Û¹K¿6¸ m ßXn¬î

���&� ���>���s���

Ï^-�`�±X¶þ¿6ñ½¿Á·�Â�U�Â�¿Á¾ m ��n]¿Áñð�C±Q`�WÍ¿Á¾½°�¿6Âlj[U�¾ÀñÍ�C¼½·�ê ¾½°�¼½±þ±}`�¿,�¤±þ¼½±XÂ�¾rñ�¾À¼�±�¹�êëñX®y·�Â�±�Y<Âl`�¿ÁÂlR
¶�¹�¸Á·�¼½¿Áê*± ¾À±þ¼�»�¹�ñ½±Q` ·�»�k�±X¶ ¾Àñt�£Ï�-�²$ÐrÏQ� ®}¾À°�±Jñ�±X¶þ·�Âl`�ênU�·�Â�ñ���Ï^-�ÌHô�?�=t��¹�Âl`è¾À°�± ¾½°�¿6¼�`
²�?�÷�¾À¼½¹�¶(h;ñA�£Ï�-y÷QË�ÐA²v� �{î

 Ï^-�²$ÐµÏë±�_gj�¸6·�¿w¾Àñ}¿6Â��C·�¼½ê*¹K¾À¿Á·�Âr�C¼½·�ê,¹�¸6¸�¶X¹�¸6·�¼�¿6êë±þ¾½¼½¿6¶a¾À·&WÞ±þ¼½ñþ®�»y·K¾À°�±þ¸6±þ¶þ¾À¼�·�ê*¹�R�Â�± ¾À¿6¶
¹�Âl`?°<¹�`�¼½·�Â�¿6¶ m NKnÔî���¹�¸6·�¼�¿6êë±þ¾½±X¼a¾½¼½¿|RTR�±X¼�ñ_¹�¼�±�`�¿|P�¿S`�±!`?¿6Â���Ö��i�('	
;
����,�&���	�V%��(±þ¸6±þ¶þ¾À¼�·�Â�ñþ®
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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

PJW 9/23/96

GLOBAL 
LEVEL 2 TSI/CLK

{]¿SR�U�¼½±sN�îÁßTd��#���X�� T¡�¢
¢9£
¤5¥§¦&¦&�(¤�¨�©�¨
£
��ª¬«�­§®T¯�°n±²¥´³i¦&¤5³&ª¶µ

j�°�·�¾À·�Â�ñ�¹KÂl`tk�± ¾ÀñÛ�_¹�Â[`����S��Ö(���y·�Â�±Xñr�C¾½·�¾Û¹K¸<¹�Âl`ëê*¿Áñ½ñ�¿6ÂlRW¾À¼½¹�Â�ñ5P�±X¼�ñ½±�±XÂ�±þ¼fR�¿Á±XñÛ�{î�¯Y°�±
Y<¼�ñ�¾ ¹�¼½±v·�»�¾À¹�¿6Â�±!`H¹�jlj�¸Áì�¿ÁÂlR ¾½°�¼½±þñ½°�·�¸S`�ñ?¾À·è¿6Âl`�¿,P�¿S`lU<¹K¸Þ¾À·&W�±X¼½ñþ®Í±X¸6±þ¶þ¾½¼½·�ê*¹�R�Â�± ¾À¿Á¶
·�Â�¸Áì��C·�¼�±X¸Á±X¶ ¾À¼½·�Â�ñ�¹KÂl`�j�°�·K¾À·�Â�ñþ®�¹�¸Áñ½·v°<¹�`�¼�·�Â�¿Á¶?�C·�¼�k�± ¾ÀñX®;WÍ°�±X¼�±�¹�ñ¥¾À°�¼�±Xñ½°�·�¸S` �C·�¼
R�¸Á·�»<¹�¸F¾À¼�¿SRTR�±þ¼½ñÍ¹�¼�±	¹�jlj�¸Á¿6±Q`.¹�� ¾À±X¼Yñ�U�êëê*¿ÁÂlR0·�Â.¹�¸6¸F¾À·&WÞ±þ¼½ñþî

 Ï^-�ÌHô�?�=·Y<Âl`�ñañ½¿6Â[R�¸6±B¹�Âl`}`�¿,O£ênU�·�Â�·�»�k�±þ¶þ¾Àñþî��£¾a±	_gj�¸6·�¿Á¾Àñ}¿6Â��C·�¼½ê*¹K¾À¿Á·�Âµ�C¼½·�êSê}U�·�Â
`�± ¾À±þ¶þ¾À·�¼½ñxO]WÍ¿Á¼½±�¶Û°<¹�êA»F±X¼�ñ¢¹�Âl`Añ�¶X¿6Â�¾½¿6¸6¸6¹K¾À·�¼½ñ]O$¹�Â[`A�C¼½·�ê,¾À¼½¹�¶(h;¿6ÂlRµñØì�ñ�¾À±þê.î]¯a¼�¿SRTR�±þ¼
j�¼�¿6êë¿Á¾½¿|P�±þñr¹K¼½±}`�±X¼½¿,P�±Q`��C¼½·�êcñ½¿ÁÂlR�¸Á±�°�¿w¾Àñr·�¼r¶X·�¿6Â�¶þ¿S`�±þÂ�¶X±A·K�¢°�¿Á¾½ñ��C·�¼ð¾À°�±¥ñ½¶X¿ÁÂ�¾À¿6¸Á¸º¹�O
¾½·�¼½ñ�¹�Âl`¸j�¹�¿6¼�ñ�·�¼~j<¹K¾�¾À±þ¼½Â�ñ�·��_°�¿w¾Àñ0��¹0Õ����¸%	
(Õ�Ö	%��ð·�Â�j�¼½·ºk�±X¶þ¾½¿|P�±9WÍ¿6¼�±Xñð�C¼½·�êGWÍ¿Á¼½±
¶Û°<¹KêA»y±þ¼½ñþî�qð¿Á¾½ñÍ¹�Âl`vñ�¾VU�»�ñr¹K¼½±Wê*¹K¾À¶Û°�±Q`v¾½·ë¾½¼À¹�¶(h;ñY�C¼½·�êlÏ^-y÷QËYÐA²v��î



»QP6O çB¦�<F¦�§ O ��¼

 Ï^-y÷QË�ÐA²v�½Y<Â[`�ñ ²�?�÷ ¾½¼À¹�¶(h;ñ�¼½±þ¶X·�Â�ñØ¾À¼�U�¶þ¾½±!`>»�ì ¹t·�Â�¸6¿ÁÂ�±�¾½¼À¹�¶(h¾j�¼�·�¶þ±Xñ�ñ½·�¼þ®}¾½°�±
±Q¿�¾À¼�±Xêë±X¸Áì�{
¹�ñØ¾A¯}¼À¹�¶(hK±X¼t�(øW´W÷Y� î}¯Y°�±�¹�¸|R�·�¼�¿Á¾À°�êÀY<¼½ñØ¾w`�¿|R�¿Á¾½¿SrX±þñv²�?�÷ °�¿w¾Àñ¥¹�Âl`
¶X¸6¹�ñ½ñ�¿|Y<±þñY¾À°�±þê ¹�ñuj�¼½·�êmj�¾Í·�¼~`�±X¸º¹�ì�±!`Q®�`�±Qjy±þÂl`�¿6Â[Rë·�Âv¾½°�±X¿Á¼�`�¼½¿w� ¾Y¾À¿6êë±�®�¾À°²U�ñ~j�¼½·�O
P�¿S`�¿ÁÂlR¥¹¥¼À¹iWH¾½¿6êë¿6ÂlR	¿ÁÂ��C·�¼½ê*¹K¾½¿6·�Â0¿ÁÂë¾½°�±r°�¿w¾Àñþî�¯Y°�±XÂ °�¿Á¾½ñÞ¹�¼�±r¹KÂ<¹�¸Áì�rþ±!` »�ì�´#�.�� ��	�
êë·g`lU�¸6±Xñþ®�±X¹�¶Û°wWÞ·�¼�h;¿6ÂlRW¿ÁÂl`�±!jF±XÂ[`�±XÂ�¾À¸wì¥�C¼�·�ê,¾À°�±�·K¾À°�±þ¼½ñ¢¹�Âl`0¼�±�¹�`�¿6ÂlRr¾½°�±�� 6 WÍ¿6¼½±þñ
¶X·�Â;¾À¹�¿6Â�±!`t¿6ÂJ�C·TU�¼Y¹�`�k½¹�¶þ±XÂ�¾ë²�?�÷�¶þ±X¸6¸Áñ	�ZYlR�îlN�î:���{î#ÁB¹K¶Û°&´#�.�� ��	��`�± ¾À±X¼�ê*¿ÁÂ�±XñY¿w�$¿Á¾½ñ
¶X±þ¸6¸Áñë¶þ·�Â�¾Û¹�¿ÁÂ"¹&ñ½±QR�êë±XÂ�¾ë¶X·�ê�j<¹�¼�¿6ÂlR&¶X¸6¹�ñ½ñ�¿|Y<±Q`E°�¿Á¾ÀñwWÍ¿w¾À°E¹ ¸Á¿6ñ�¾?·K�*j�¼�·�êmj�¾ë¹�Âl`
`�±þ¸º¹�ì�±Q`.°�¿w¾Àñ�¾½°<¹K¾ð¹�¶ ¾VU<¹�¸Á¸Áì*¶X·�¼�¼½±þñfjF·�Âl`t¾À·?¹0¸6¿ÁÂ�±µñ½±QR�êë±XÂ�¾�î�ÂµÂ�¶X±W¾½°�±�´#�.�� ��	��°�¹�ñ
¶X·�êmj�¸Á±þ¾½±!`A¿w¾Àña¾À¹�ñfh
®�¾½°�±�Ïv�.�[Ã��	�Í¸6·�·Th;ña�C·�¼a¶X·�ê�»�¿6Â<¹�¾À¿6·�Â�ña·K��¾À°�¼�±X±�·�¼a�C·TU�¼añ½±QR�ê*±þÂ�¾Àñ
¾À°�¹K¾Í¶X·TU�¸S`v»y±þ¸6·�ÂlRA¾½·0¾À°�±	ñÀ¹Kê*±W¾À¼½¹�¶(h
î

{]¿SR�U�¼½±wN�î �gdsÄÅ¯(­§®º¨
�tÆ²ÇpÈ�¥§�RQÉ®LTx³n£
¤5³&¯�°p¥´Ê�£��²�tË�Ìz��µ�Ä�­,­�¯V��­´­´¨z¥´Êp³&­´­{TS®ºÆ�¤u³!ÍT¥,³&­�­´³�©&�(¤5¨~³i¤��
¨��²®xQ�Ê�µ�������¤���­§�(Èi³&Ê�£�Î�¥,Ê²±��(¤#¥´Ên��³&¯���­´³	©&�(¤�¥´¨#��¥§¦º�²­´¥§¦º��£
��±

����Ï ���>���s�ÉÏ

Ïv2 ¾À¼½¿|RTR�±þ¼	¾À¹�h�±þñ0¹�`�±þ¶X¿Áñ½¿6·�ÂG·�Âg¹�j<¹�¼�¾½¿º¹�¸Á¸Áì ¼½±X¶þ·�Â�ñØ¾À¼fU�¶þ¾À±Q`g±QP�±XÂ�¾�®¢±	_gj�¸Á·�¿Á¾½¿6ÂlRÐ`<¹K¾À¹
¶X·�¸Á¸6±þ¶þ¾À±Q`*�C¼�·�êiÏ^-.¹�Âl`ë�C¼½·�ê ¾½°�±r¶X¹�¸6·�¼½¿6êë±þ¾½±X¼_ñ�°�·&WÞ±þ¼�ê ¹º_�¿ÁênU�êM`�±þ¾À±þ¶þ¾½·�¼½ñ	�(ø0²aÊBõ ¹�Âl`
øWÓ¢ÊBõ,¾À¼�¿SRTR�±þ¼½ñþ®�¼�±X¶X±þ¿|P�¿6Â[RÑ`�¹K¾Û¹p�C¼½·�êá¶X±XÂ�¾½¼À¹�¸ð¹�Âl`Òj�¸|UlRèñ�°�·&WÞ±þ¼*ê*¹�_�¿6ê}U�ê½`�± ¾À±þ¶þ¾À·�¼½ñ
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¼½±þñfjF±X¶ ¾À¿|P�±X¸wì��{î @ ¿ÁênU�¸Á¾À¹�Â�±þ·TU�ñ½¸wì ¹G°<¹�¼�`[WÞ¹�¼½±�¶þ¸SU�ñØ¾À±þ¼mY<Âl`�±X¼&�£Ïx2
²$ÐrÏQ��j�¼�·�¶þ±Xñ�ñ½±Xñ�`<¹�¾Û¹
�C¼½·�êÿ¶�¹�¸Á·�¼½¿Áê*± ¾À±X¼�ñ?¹�Âl`"¹&¾½¼À¹�¶(hÓj�¼�·�¶þ±Xñ½ñ�·�¼ � õ�ö�÷Í�nY<Âl`�ñë¾À¼À¹K¶(h�ñ*¿6Â�¾À°�±.ñ½¿Á¸6¿6¶þ·�Â�P�±þ¼�¾½±	_
`�± ¾À±X¶ ¾À·�¼þî 1 � ¾½±X¼¢¹�¸Á¸�¾½°�¿6ñ]¿6Â��C·�¼�ê ¹�¾À¿6·�Â¥¿Áñ�ñ�¾½·�¼½±Q`ë¿ÁÂA¾À°�±�j�¼½·�¶X±Xñ�ñ½·�¼�ñX®�¾À°�±�±QP�±XÂ�¾Þ¿Áñ�±	_�¹�êë¿6Â�±!`
¾À·wY<Â[`.·TU�¾�¿w�$¾À¼½¿|RTR�±þ¼�¶X¼�¿Á¾À±þ¼½¿6¹?¿ÁñYñÀ¹K¾½¿6ñ5Y<±!`Qî

 Ïv2
²$ÐrÏ&¿6ñÍ¹?¶X¸|U�ñ�¾½±X¼�Y<Âl`�¿ÁÂlRë¹�¸SR�·�¼½¿w¾À°�êÐd]¿w¾Y¶X·�ê�»�¿6Â�±þñÍ¶�¹�¸Á·�¼½¿Áê*± ¾À±X¼�¾À·&WÞ±þ¼½ñÍ¾À·0�C·�¼�ê
¶þ¸SU�ñØ¾À±X¼�ñX®�¾À°²U�ñ�¹K¸6¸6·&WÍ¿ÁÂlR�¹¥êë·�¼½±~j�¼½±þ¶X¿Áñ½±�¾½¼½¿|RTR�±X¼B·�Â*¶�¹�¸Á·�¼½¿Áê*± ¾À¼½¿Á¶�·�»�k�±þ¶þ¾½ñ	�ZY�R�î[N�îÔN��{î
Á¢¹�¶Û°0¶þ¸SU�ñØ¾À±X¼]ñ�¾Û¹K¼�¾ÀñvWÍ¿Á¾À°A¹�¾À·&W�±X¼xWÍ°�·�ñ½±�±þÂ�±X¼�R�ìA¿Áñ�¹�»F·&P�±Y¹�%&�(�f ¥¾½°�¼½±þñ½°�·�¸S`ÖÕ{î�ÂWÂ�¶X±
¹ëñ½±X±Q`�¾À·&W�±X¼µ¿Áñð�C·TU�Âl`Q®Q¹K¸6¸$¹�`�k½¹K¶X±XÂ�¾µ¾½·&WÞ±þ¼½ñW¹�»F·&P�±�¹ ñ½±þ¶X·�Âl`�¾½°�¼½±þñ½°�·�¸S`ÐO�%("���Õg�, ��	�
¾½°�¼½±þñ½°�·�¸|`Q®<¸6·&W�±X¼Y¾À°�¹�Âv¾½°�±	ñ½±þ±!`�·�Â�±sO�¹K¼½±�¹�`l`�±Q`.¾½·?¾½°�±	¶X¸|U�ñ�¾½±X¼XîB¯Y°�¿Áñ~j�¼½·�¶X±!`[U�¼½±
R�·�±Xñ¢·�ÂmU�Â�¾À¿Á¸<Â�·¥¾½·ºW�±X¼�ñ�¹�`ºk½¹�¶X±þÂ;¾B¾À·	¾À°�±�¶þ¸SU�ñØ¾À±X¼B°<¹iP�±�±XÂ�±þ¼fR�ì*¹�»F·&P�±Í¾À°�±ðñ½°�·TU�¸S`�±X¼
¾½°�¼½±þñ½°�·�¸|`Qî 1 � ¾À±þ¼?¹&¶þ·�ê�j�¸6± ¾À±J¶þ¸SU�ñØ¾À±X¼0¿ÁñA�C·TU�Âl`¤®¢¾½°�±J¾À·K¾Û¹�¸�±þ¸6±þ¶þ¾À¼�·�ê*¹�R�Â�± ¾À¿6¶ ¹�Âl`
°<¹�`�¼½·�Â�¿6¶�±þÂ�±X¼�R�¿6±þñ¢¹�¼½±�¶X¹�¸6¶QU�¸º¹�¾À±!`?¹KÂl`0¼½±þ¶X·�¼�`�±!`*¹�¸6·�ÂlR>WÍ¿Á¾½°A¾À°�±YÂ²U�ê�»y±þ¼_·��
¾À·&WÞ±þ¼½ñ
¹�Â[`v¾½°�±	9�¹�Âl`�×�¶X·�·�¼f`�¿6Â<¹K¾½±XñY·��}¾À°�±�ñ�±X±Q`.¾À·&W�±X¼þî

 ø0²aÊBõØ���� �øµÓBÊBõ ¶�¹�Â"°�±X¸|j"¼½±Q`lU�¶þ¿6ÂlR ¾À¼½¿|RTR�±þ¼ë¼½¹K¾À±þñ*�C·�¼ë±X¸Á±X¶ ¾À¼½·�Â�ñJ¹�Â[`Ùj�°�·K¾À·�Â
¾½¼½¿SR�R�±X¼�ñ »F±X¶�¹�U�ñ½±p¼�±X5²U�¿6¼�¿6ÂlR>¹G¶X¸|U�ñ�¾½±X¼�¹�»F·&P�±�¾½°�¼½±þñ½°�·�¸|`�¿6Â�¹èñ½°�·&W�±X¼tê ¹º_�¿ÁênU�ê
`�± ¾À±þ¶þ¾À·�¼}¶X¹�Â�±X¸6¿Áê*¿ÁÂ<¹K¾½±a»<¹K¶(h�R�¼½·TU�Â[`¥�C¼½·�êIñ½¿ÁÂlR�¸Á±	O
j�°�·�¾À·K¾VU�»F±^`�¿Áñ½¶Û°<¹�¼�R�±�î^o.·�¼�±X·&P�±þ¼X®
ñ�¿6Â�¶þ±�¾À°�±rñfj�¹K¾À¿6¹�¸
¼½±Xñ�·�¸SU�¾À¿6·�Â ¿6Â*ñ½°�·&W�±X¼�ê*¹�_�¿6ê}U�êM`�± ¾À±X¶ ¾À·�¼Þ¿6ñBênU�¶Û°�ñ½ê*¹�¸Á¸6±X¼�¾½°<¹�Â
¹ ¶�¹�¸Á·�¼½¿Áê*± ¾À±X¼wW�±!`lR�±�®Íê ¹�¾À¶Û°�¿ÁÂlR ¾½¼À¹�¶(h;ñ �C¼�·�ê ²�?�÷ ¾À·>ø0²aÊBõ ¹�¸Á¸6·&WÍñ ¹ »y± ¾½¾½±X¼
¿|`�±XÂ�¾À¿,Y<¶�¹�¾À¿6·�Â�·��]±þ¸6±þ¶þ¾À¼�·�Â�ñþî

 õ�ö�÷"¿ÁñÞ¹	¾À¼½¹�¶(h¶j�¼½·�¶X±þñ½ñ½·�¼Ú`�±þñ½¿SR�Â�±!`ë¾À·}`�±þ¾À±þ¶þ¾Yñ�±X¶þ·�Âl`<¹�¼Øì¶P�±X¼Ø¾À¿Á¶X±XñW�ZY�R�î�N�îæ�;� m ��n mæå n¬î
�£¾½ñr¿6Â[jlU�¾Àñr¹�¼½±	¾À°�±�¸6¿Áñ�¾ð·��¢¹º_�¿6¹�¸ð²�?�÷ ¾½¼À¹�¶(h;ñr�C·�U�Âl`�»�ì.øW´µ÷ ¹�Âl`v¾À°�±9`<¹K¾À¹ë�C¼½·�ê
õ�ö
ørÎ�Î î�{a¿6¼½ñØ¾Jõ�ö
ørÎ�Îg°�¿Á¾ÀñA¹�¼½±��C·TU�Â[` »�ì�¹p°�¿w¾nY<Âl`�±X¼ë¹�¸SR�·�¼½¿w¾À°�ê ¹�Âl`�ñØ¾À·�¼�±!` ¿6Â
°�¿w¾�»lUg�¤±þ¼½ñ!Û�¾½°�±XÂv¹�ñ�ñ½·�¶X¿6¹K¾À¿Á·�ÂJ»F±þ¾
W�±X±XÂ øW´µ÷ ¹�Âl`põ�ö
ørÎ�Î*¾À¼À¹K¶(h�ñY¿ÁñzjF±X¼��C·�¼½êë±!`�»�ì
Ð>%(%&�&'	����
��.\��ÍÌÑ�	¹Ü����$t�ÔÐrÌ3�{®�¹�ê ¹Kñ½ñ½¿,P�±~j<¹�¼½¹�¸6¸Á±X¸�êë±X¶Û°<¹KÂ�¿6ñ�ê »<¹�ñ½±Q` ·�Âë¾À°�±ðñ½±X¹�¼½¶Û°
·��x�V�!�� �%�¹�ê*·�ÂlRW¾À°�±ð¸6¿Áñ�¾¢·��aõ�öFø�Î½ÎA°�¿w¾ÀñB¹�Âl`*øW´µ÷E¾½¼À¹�¶(h;ñ!Û�¹W¼½·�¹�`ë¿6ñB¹	¶X·�¿ÁÂ�¶X¿|`�±XÂ�¶X±
»F±þ¾
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3. Cluster finding then begins with the selected seed sending a “found” bit to its four 
orthogonal
neighbors. If the neighbors are over the shoulder threshold and receive a “found” bit, they in turn
send out the signal to their four orthogonal neighbors, and so on, and so 
on.

2. The Cluster Control board tells the DCAS’s to enable their Phi and Eta address lines for all seeds.
The Control board then selects the seed with the lowest Eta address, and then within that Eta, the
lowest Phi address to begin cluster finding.

1. The inputs from DIRAC are checked to see if they are over the seed or shoulder threshold.

4. When a tower is “found” it is disabled from being found in another cluster.  i.e. if the tower
is a seed and is found in a cluster initiated by another seed, it will not 
enable its address lines
when the control board prompts for seed addresses. After one cluster is 
found, the tower energy
values are enabled into an adder tree. Steps two through four are repeated until all clusters are found.
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£ýþ�XW�c¤7Tw�+Ü�ÝVß�¾�ÝaÜ#q_¾�á	â ÝaÞ¨¿!ã
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X P ÊÌË0Í ½WÎÏ�ÐÎÊ ËKÑÏ ÐÎ
q_��Á µ s

Å¡¿³¾�Ýa»�ë³¿³Üwq_á	½�ì�åCã�ò�Âl¤x[�þ�TD[
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�HÖ ½�ß�à�»�Ý�òg·¨Â¡ß�à�à�ô	¿°¾�Ýa»�ë³¿°Ü
�HÖ ½�ß�à�»�Ý�ò÷��ÂB× µ Ýa¾aß�ë��AúÕ»�ÝÀÞ�_BQba Þ¨»�ÝaÜ
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�çÖ ½�ß�à�»�Ý�òâèTÂ�×êéMÝÀ¾aß�ë���ÜÕúÕ»�ÝÀÞ]Ü�»²à�»²ë³á�ì!Þ�»�ÝÀÜ³õ1× µ Ýa¾Àß�ë��AúÕ»ÓÝaÞ�_BQba Þ�»�ÝÀÜ
�çÖ ½�ß�à�»�Ý�ò µ �TÂB× �CÝa¾aß�ë���Ü�úÕ»ÓÝaÞ�_BQba Þ�»�ÝÀÜ
�çÖ ½�ß�à�»�Ý�ò!�oë¨ÂB×¦�2Ýa¾aß�ë���Ü�úÕ»ÓÝaÞ�_BQba Þ�»�ÝÀÜ
�çÖ ½�ß�à�»�Ý�ògé�·¨ÂB×êéMÝa¾aß�ë���Ü�úÕ»ÓÝaÞ�_BQba Þ�»�ÝÀÜ

5¨ì�í îðïòñ:>
���+EK��� ómJ ©¸¤ý $I��¨§0G�©���«�¤ý  �¡£	P4¤ý§�« �uôKõ
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^ Z �M¹±»�a'[��D�#��ë�^+�dcC§-�±º��Y¹�^ Z �Àì�º��Y�k¹�cjh�§��k¹��ju Z cCºyc�¦���º�^����][�»�^+���k¹\��2c`�-�D¦]�k¹K^ Z �Dº��n^ Y �4ejc`hY»��Dº U «&��� V �RêEW��ª�T¹K^ Z ��§��k¹X^+�dcC��Ä`uJø*»�cC�d�á�k�¥�Eh�»��k¹�¡��s^+ºcC���Yº��Y¹��7ë>���Eaë��§�½ì\����*§D��º�º���º Z c2eC�ic�[����XcC¦�����¦��Yº ^+���f[�»�^��Y�k¹4\��2c`�±��¹���cj^t¦��fíË�D���D¹X^^��lcC§-�na¿»�hf^��]\�h��Y§D��^+���Dº YLZ �]h��8\ Z �j^+�k¹�ºgu&��h��D§g^����k¹�ºpc-¹�¦�a¥»��k¹�º Z c�eC��¹��k¹��t�k��¡�»�º ^��k¹��^��lcC§-�6�
ãè� �BîÜï��/��9¥Ia¥»��k¹�§D�k»�h�¦XëHc`�-�kcÀì¥¦��D§�c�Ä*��¹��T�Y¹X^��Ù¡�»�º ^��k¹��Á§ Z cC���k�D¦�\����k¹'c-¹�¦ Y �f^ Z �k»�^ ¹���»�^+�dc`h\����k¹�º�$�^ Z »�ºp^ Z �r\�����º��D¹�§D�¿��ë%a¥»��C¹ Z ��^+º`�Y¹3§D�C������ºd\��k¹�¦���¹�§D����ëAc±ìÊ§2cC¹�¦��Y¦�cj^��t§2cC¹[��t»�º���¦�cCº=cV¦���º�§D���]aI�Y¹�c�^+�Y¹���ejcC���]c`[�h�� U�� ����� V �RðXW8$ã �X�����2�
�2�§c-¹�¦-�Üï��%�ÜïÜ�
ì3§�h�»�º�^��D�=ñ%^-c�òàñ%^-c�cC¹�¦§ó Z ��òàó Z ��a��`a���¹
^�ºD¨ô S U � NÕJ S � | W x | g ô S U �&NõJîSö� | W x |YLZ ����� � NNcC¹�¦��6NNcC���y\�º��D»�¦��k�lc`\��Y¦���^KÄÝc-¹�¦~�I§��)�k��¦��Y¹�cj^+�P��ë�^ Z ��c
ï�÷'^+� Y �D�%[���h��k¹��k��¹��^���^ Z �]ìÅ§�h�»�º�^��D�D��´C�s^+ºùë>���`a ����c`h´^lcC»�ºrcC���V¹�cC����� Y �D�b^ Z cC¹4^ Z �Cº��±ë>���Ea{ëHc`�C��^lcC»�º
U «&�kºD� V �fo�e�cC¹�¦ V �foEo�W��ã ;E��³/°��X���/9�° � �2����;�éC�/9�° �4� �/9�°e�´� Í 9¥Mºbc`hY���2cC¦)ÄÊº ^-cj^��D¦�u1cm¡��g^T§D�EaI�Y¹���ë>���Eaøccì��Yº�¹�cC����� Y c-¹�¦ Y �gh]hÞ�Yº��Eh�cj^��D¦<$ Y �¿§2cC¹
ø±»�cC¹X^��mëÉÄ�^ Z �Yº���º��Eh]cj^+���k¹}��¹�¦��fíË�D���D¹X^ Y c�Ä*ºgu ��ù�\�hY�k��^+�Y¹��i^ Z �E¦��s«&¹���^+�Y�C¹���ë�BY���"(��`z
B��"@§��k¹�� U º���§g^+���k¹ V ��o�W8¨nzx�8�*4�Ë"BY���3��ºr^ Z �;^��lcC¹�º ek����º���aI�EaI�D¹X^+»�a ��ëLc`hfh%^+�lc-§-�*º¿�Y¹ª^ Z ���º��Eh]cj^+���k¹�cC¹�¹±»�h�»�º UH� �Y��� V �fo . Wsu YLZ �fhY�¥4²�C(Y���sz
BY���,��ºA^ Z �L^+�`^lc`h6§2c`h��k���fa��s^+���Y§���¹��D���CÄI�Y¹^ Z �Eºlc`aI�E���D�C�Y�k¹ UH� �Y��� V �fo��EW���¥ ���2c`h4ìÅº Z �k»�hY¦ Z c2ek�I¹±»�h]hÜ^ Z ��º���ø*»�cC¹X^+�f^��Y��ºD� � �k�^ Z �Eºlc`aI�E���2c-º��k¹Åº Z �C»�hY¦¦[Ë��ú��D����^ Z �E¹±»�a'[��D�t��ë#¹��D»_^+�lcjhA\��Y�k¹�º,��¹4^ Z �E�Yº��Eh�c�^+�Y�C¹§��k¹��`ux@&BY���-D�B ¦ � UH� �Y��� V ��o�²
W8�ã>± �/92�/²´³/�#���&9?9� Z �,º���òK§2cjh]hY��¦Bû�BY��B/ÂD(Y�r£��"��� U «&��� V ��on1EW���º÷ìÊ§2c-¹�¦��Y¦�cj^+�t�Y¹XejcC����cC¹X^La;cCº�º`§2cjhY§D»�h�cj^��D¦



Ã<� 5 ì�� � � � ��� � ;E�����/° � ± �����H��²´³/�*9 æ9Í�æ
»�º��Y¹���a��`a���¹
^lc�cC¹�¦G��¹��D���k�Y��º���ëk[��`^ Z ^+�dcC§-�±ºÝcC¹�¦G¹���»�^+�dc`hÙ\��Y�k¹�ºD��ìG§�cC¹�¦���¦�cj^+��º
ë>���`aê����c`h�^-c-»�º Z c2ek�,���D§��k¹�º ^+��»�§g^+��¦�a;cCº�º��Dº=hY� Y �D��^ Z c-¹!ëHcj�C�b^-cC»�º
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 � �,+ 7+�-/.1032�45+76 9��È³H�*;`���/°��IîÞ92����8:9;9}9 æ���µ
<i¼	= >@?>BA CED FHG�>JILK�MHN5MPO$QSR5TVU WXK�R5UZY [ [\K

]_^ Y ca`X^%^cbPd7^�he^5fg^ +hg+�-/.S0i2�45+76 ^gea^5`X^cd�jk`1l�oEok\�[�m v bonqp�cj^-crf5bEhfhk^5fs^c^sp1t�\'^cbb¥rtvuwtvd ^
xaywy � U z|{"}h~��a� p�cj^lcad�^s^�Wk� Z jed$p�cj^-cod�^g^ Z cod�[�^s^5`�bE[�^-cojk`v^sp�^ Zv� batvu Z������ ¨���� ���h� © �^ � jkuwuw^ � ^ Z cj^ � ^s��tvj � ^5d�`�^5f5^sd�ddc �7� f5bw`�pvjf^�jkbw`vd@n�b ��Z jeu Z ^ � ca`�d�ew^ � d7^ka�b`a�^s`
^lc Z cap � ba`vjkfA«J`�cjh
d�^lcj^c^sd5�

� cj^ � ���3�È³ æ cj^Lhk^�cad�^mo�f2c`heb � jfa�^s^ � jkfL^cb Y ^ �=Y j�^ Z����X� o yV� ^s�'u
� cj^ � ���3�È³¡ �c�^mhk^2cod�^¡��f2c`heb � jfa�^s^ � jkf�f�hkt�d�^c^ � d Y jf^ Z_��¢�£¥¤s¦�§©¨�ª� � o)« � ^s�Àca`�p¦^�b`^-c`h^ � ca`vd ew^ � d�^�^5`v^ � u ��¬����,� o x « � ^s�Ýu
� cj^ � ���3�È³�­�c�^�hk^2cod�^���¡7^g^�d U Y jf^ Z «�ù�^5p®f5bw`v^ � capvjkt�d y�¯ �XW Y jf^ ZE° ±�°P² x�¯!y ca`vp^ � ca`vd ew^ � d�^�^5`v^ � u ���r³ ¨�§� � o yV� ^h� ¯� Z jkdÜ^ � jeuwuw^ � jkd�^ Z tvdSbE\_^cj]aVj]ús^5p�n�b �µ´a¶·¶¹¸»º�´ �a¼c½|¾J¿»À f Z ca`v`�^�hõu`[vt�^�jf^�«�^�dÙc`hkd7b�^cbHbat � ca`�cjh � d�jedZ c2eÁjk`vu + g+�- .�0Â2�45+76 f Z ca`�`v^�h�c_d�jeuw`�cj^�t � ^�d�jfa�jfh�c � ^cb ´a¶·¶¹¸»º�´ �a¼c½|¾J¿»À ba`v^a��^ Z ^�a;caje`

pvjfí�^ � ^5`vfs^5dtc � ^LcPd7t�[vd�^lca`X^cj]c`h�c`aVbwtv`X^�banOaVjkd�d7jk`vuP^s`v^ � u � u�pvt�^L^�bb^ Y b�`v^5t_^ � je`vbwdÙca`�p�«�ew^¡7^g^�dÃje`vd�^�^2cap�banÄd7j�ù ¯SÅ `Æb � pv^ � ^cb�f�he^2ca`Vbwt � p�cj^lcad�^s^kcodta1t�f Z cadq\�bad�d�jf[�hk^L[�^sn�b � ^�co`�c`h � d7jkd�uY ^;c`\�\�h � d7bEa�^�\ � ^�hej]aVjk`�c �7� f5t�^�d U Ç ���
���ÁÈÄÉÜ��Ê2�·Ë��ÁÊ�WhÌ6^ Z ^5d�^;c � ^�ea^ �Í� uw^5`v^ � c`hSfst�^cdgu�`vbj^cjí�^5fg^�jk`vu~cafsf5^g\�^-ca`�f5^�bw`�^ Z ^¡f Z ca`v`�^�h*tv`vpv^ � d�^ct�p �_Î �oÏ»�
� Y ^iÐ`\�\�h � � bÁb�p�Ñµtv`§þ*jed�^�ea^ � d7jkbw`Z( ¯!y Ðodµn � bEa ^ Z ^�ÒPÐj^	Ð~�HtJÐ`hejf^ � ]Ó^sÔ§\JÐouw^�Ða`vp
� ^ga�b�ea^ÆÔ �,Õ Ða`vp � tv`vdm^	Ðj�a^5`_Öµje× Õ bwØkpX× � jkuauw^ � j ¯ ^ ¯ × Õ bwd7^VÖ Õ bwd�^ � tv`Ó`�tvÙiÔ�^ � jed
d�Ù�ÐaØeØk^ � × Õ Ða`,Ú��wlEðwlEê�Ì

� ÖÃ^iÐad��Æ× Õ Ðo×ÛÐo×ÛØk^5Ðad7×µbw`�^ Õ jku Õ ^sd7× ò � tvÙ;ó�×µf5ØkÐad�d�ò	Ú x�Ü ^ � ×�^sùÝjkd$Þ � ^5d7^5`�×cß)Ì
� jk`�b � pv^ � ×�b � ^5d7× � jefs×Ûbwt � Ða`vÐaØ � d�jed�×cbV^ Ü ^5`�×cdÛÖµje× Õ Ð1Öà^sØkØ@fs^5`�×c^ � ^5p;Ô�^5ÐaÙáf � bwd�d7jk`vu�â
ÖÃ^ãÐad��i× Õ Ðo×�ä5å ¨æªç§�èêé y f5Ù�â�Ö Õ ^ � ^Ûä5å ¨�ªç§ jedAúsòçÞ�bwd7je×�jkbw`ëban�× Õ ^ Õ jku Õ ^sd7× ò � tvÙ;ó�×�f5ØkÐad�d�ò
Ú xÝÜ ^ � ×�^sù � ^5fsbw`vdÍ× � t�fs×c^spìÖµjí× Õêîrï }h¼ð~&}7ñJòÃ½ ¶·¶ ÐaØkuwb � je× Õ Ù�Ì�Ù�b � ^5b Ü ^ � âSÖÃ^�Ðadd�3× Õ Ð|×

ó7ô;õ�öø÷hù»ù�úçû�ü�ýsþÍÿ��æþ����øùÄ÷�ýsþÍÿ��æþ��àÿ»þ7õ����|ù	�æÿ�
|õ��»þ�
��������������������! #"$"�÷ðö&%��hÿ��'��(*)+
|ù��'�*%�÷#�Äö þ7÷hù	�,�.-/�0�»ÿ»÷sõ21"ù
(|÷cý��&�*%3�/4657(*�8�çù�9ÄýsþÍÿ����øõ�þ7ù6:;��
<�<
=���>���������������! #"$"�÷ðÿ»þ?
|ùæþ�
@����A�þ��µõ�ö&
|ù	�æþ7ÿ��&�*%1÷ðö&%��hÿ��'��(*)CBíùæþÍþHùæþ7õ&ú
���'�D�FE�G!ûDG HJI�G
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× Õ ^Hpvjed7×	Ðo`vf5^PÔ�^s×&ÖÃ^5^s`�× Õ jkd Ü ^ � ×c^sù�Ða`vp�× Õ ^Hbw`v^Hn � bwÙTS ¼ð¿�U ï ~kñ ÐaØkuwb � je× Õ Ù=VÃjed�Øk^sd�d
× Õ Ða`�«µf5ÙXW ° ä5å ¨�ªç§�Y ä�Z ª2[]\_^�§$` ° è «Ûf5Ùbahâo×�bH^5`�d�t � ^à× Õ Ð|×�× Õ ^ Ü ^ � ×�^sùët�d�^5p1n�b � ×cÐauwuwje`vu
jed$jk`vpv^s^5p�f5Øebwd�^H×�bV× Õ ^¡bw`v^¡tvd�^sp�n�b �dc ^s×Ûf5Øetvd7×�^ � je`vuvÌ

� ×�bÝÐ Ü bwjkp3b Ü ^ � Ø ÐaÞ,Öµje× Õ ba× Õ ^ � Øk^5Þ�×cbw`vjef�Ða`JÐaØ � d�jkdHÖÃ^ � ^5ÙVb Ü ^�^ Ü ^5`�×cd�Öµje× Õ Ð uwbÁb�p�â
Õ jeu Õfe*� ^5Øe^5fs× � bw`�b � Ù1t�bw` ¯

g n·×�^ � Þ � ^ � ^s�Át�jkd�jí×c^sdÓÐaÞ�ÞvØkjef�Ðo×�jkbw`Äâ¡ÖÃ^ Ð � ^ Øk^sn·×XÖµjí× Õ `v^5Ð � Ø � �ÂÙ�jeØkØkjebw`vd�^ Ü ^5`�×cd_jk`
l�ÚwÚàÞvÔ�mih�banqpJÐ|×	ÐPÐaÙVbw`vuÛÖ Õ jkf Õ âwn � bwÙkjÁ×	Ðo`vpJÐ � p=lÝb�p�^5Ø»âoÖà^�^nm�Þ�^sfs×po Ú x Ú + g+�-\.�0i2�45+76
^ Ü ^5`�×cd�q ¯sr Õ ^utv � Ðo×cjebëÔ�^hn�b � ^�Ða` � Ða`vÐaØ � d�jed$jkd�× Õ t�d�o hV ß�w�w�w ¯Å `3Ð + g+Û- .ë0:2�45+76 ^ Ü ^5`�×¡×&ÖÃb c ^s×cd¡Ð � ^in � bwÙyx���tJÐ ��z dsâ@d�b�× Õ ^|{ � d7×¡d7×�^5ÞZ×�b � ^5p�tvf5^
ÔJÐaf z u � bwtv`vp�jkdSfsbw`vd�jepv^ � jk`vu¡bw`�Ø � × Õ bwd7^Û^ Ü ^s`�×�dÃ× Õ Ðo× Õ Ð Ü ^ÛÐo×�Øk^5Ðad7×�ba`v^~} }	À ï ~eñ,� ÔM�»×	Ðauwua^5p
c ^s×�� ¯ g drbw`v^�f�Ða`Ýd�^s^�n � baÙá×	ÐaÔvØe^5d é ¯ x Ðo`vp é ¯ l�âJÖÃ^ � ^�^D��^5fh×cdãbonSf5t�×�dãÐoÞvÞvØkje^5p�×cb z|{"}h~��a�W�pvÐo×	Ð�arÐa`vp ~æ~&½#�,� º W + g+ l���aãpvÐo×	Ðad7^s×�d�Ð � ^ëd Õ b)Öµ`�â*× Õ jkd � ^5��tv^sd7×�× Õv� b"Öµd¡Ð"ÖàÐ � Ð f5^ � ×	Ðojk`
ÐaÙVbwtv`�×µban d�jeuw`JÐaØ0W�l�«���aàÔvt�×Ûjí×µÙÆÐ z ^5dÛÐëu � ^5Ðo× � ^ c ^5fs×�jkbw`�ban ÔJÐaf z u � bwtv`vp�W�� x �=a ¯ lÝb � ^��
b Ü ^ � â Õ Ð Ü jk`vu�Ð�ÔM�ç×cÐauwuw^sp c ^s×Pje`XÐa`X^ Ü ^5`�×�Ù�Ð z ^sdH^ Ü ^5`�× � ^5fsbw`vdÍ× � t�fs×cjebw`X^�Ðod�jk^ � ¯�� b � × Õ ^
dcÐoÙ�^ � ^�Ðad7bw` Öà^�ÐaØed�b � ^ c ^5fh×$× Õ bwd7^¡^ Ü ^s`�×cdµ× Õ Ðo×µp�bë`vba× Õ Ð Ü ^�Ðo×µØe^�ÐadÍ×$bw`v^ � ^5fsbw`vd7× � tvfh×c^sp
. f�Ða`�pvjkpJÐ|×c^a��ÖÃ^�ØkbÁbwd�^Pd7bwÙ�^Pd7jkuw`vÐaØ0W�� y ��aàÔvt�×ÛÙÆÐ z ^¡^ Ü ^5`�× � ^5fsbw`vd7× � tvfh×cjebw`Ý^5Ðad�je^ � ¯

g n·×�^ � Þ � ^ � ^5��tvjed�jí×c^5dsâ�ÔO�ç×	Ðouwuwjk`�u�Ðo`vp . f�Ða`�pvjkpJÐ|×c^ � ^s�Át�^5d7×5â�ÖÃ^HÐ � ^rØe^sn·×�Öµje× Õ Ð¡dcÐoÙ�ÞvØe^
Öµje× Õ tv o h��w�w�w ¯>r Õ jkd�jkd�bwt � dÍ×	Ð � ×cjk`�uÝÞ�bwjk`�× ¯�� b"ÖEf5Ða`ÓÖÃ^Vn�t � × Õ ^ � je`vf � ^�Ðad7^ tvF��� t �d7× � Ðo×�^5u � jkdVÔJÐad7^5pÂbw`ê`�^5t � ÐaØr`�^s×&ÖÃb ��z d ¯�Å ` × Õ ^;n�bwØeØkb"Öµjk`�u,ÖÃ^;ÖµjeØkØµpv^5d7f � jkÔ�^;× Õ ^Ý×&Öàb
×c^sf Õ `vje�Át�^5d$Öà^P^nm�ÞvØkb � ^5pÄ�S× Õ ^F{ � d7×µjkdàÔJÐad�^sp�bw`�Ð1d�je`vuwØk^r`v^5t � ÐaØÄ`�^s×&ÖÃb ��z âv× Õ ^Pd�^5fsbw`vp�bw`
×&ÖÃb�ban�× Õ ^5Ù jk` f5Ðad�f5Ðapv^ ¯
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¾iÏOU=Ðh}h¼1½�Ñi}��a}h¾J~�{ }.Ò Àh¿»}h¾�À�Ó3Ô�Õ±Ö
r ba×cÐaØ@ÒPÐo×cÐ�^ Ü ^s`�×�d «�� ywy�x éwé Ú ywy�¯!y

� bÁb�p�Ñµtv` � x ��� é la� ( x�¯!y
× Ü ^ � ×c^nm l�� y Ú x «o� ��Ú ¯'Ø
Ùrb�Øe^5Þ�×�bw` l Ø ��( é Ú)« ��� ¯ �

Ú Ü ^s`�×�drÖµjí× Õ Ðo×µØk^5Ðad7×µba`v^¡ÔM�ç×cÐauwuw^sp c ^h× l y�Ø «w(w( ( ¯ �
Ú Ü ^5`�×cdÛÖµje× Õ Ðo×µØe^�ÐadÍ×µbw`v^ . f�Ða`�p xay � Øwy � é Ø�¯!y

� RiP ÛiL . N�Ûv�dÜ�Q�ÜÄÛËP KÁÊ  ÀÝÃÞq­Ãß�­
r ÐaÔvØk^ é ¯øx �S��àÃánâ�ã�ä0å æªçÂè�áné;ê¹ëìê;íÂî�è�ïìâ#ðÂã�äså*í�ñ�î�ã�îìá#ò ání�ã�äFó�ô õ#ön÷	ø ù�úÂî�ã�î ä�á#ã#ûËü�ý ýsþÃÿ mih��

¾iÏMU=Ðh}h¼1½�Ñi}��a}h¾J~·{ }.Ò Àh¿»}h¾�À�ÓfÔ�Õ±Ö
r ba×µ^ Ü ^5`�×cd x Ú ����(�� Ú ywy�¯!y
� b�bÁp�Ñµtv` Ú �wl Ø «w« Ø�Ø�¯ l
× � jkuwuw^ � Ú x «�� Ø � é � ¯ (
× Ü ^ � ×�^�m Ú xay ��«�� � é ¯!yÙrbVØk^5Þ�×cbw` Ú y ( y « y Ø�Ø�¯ �
.;0 c ^s×�d ÚwÚ x�Ø é WÍÚ x Ú¡jk`�l�ÚwÚ¡ÞvÔ mih a Ú y�¯ «

Ú Ü ^5`�×cdÛÖµje× Õ Ðo×µØe^�ÐadÍ×µbw`v^¡ÔM�»×	Ðau (al�� y é « ¯!yÚ Ü ^s`�×�drÖµjí× Õ Ðo×µØk^5Ðad7×µbw`�^ . f5Ða`vp �wlwl�Ú=W���(ëje`�l�ÚwÚ¡ÞvÔ�mih�a «�� ¯!y
� RiP ÛÃL . N�Û���ÜdQ	Ü�ÛMP KÁÊ ß�­�­�Í

r ÐaÔvØe^ é ¯ l��	�ÄàËánâ�ã�äpå æÀçOè�áné;ê;ëìê¹íÂî�è�ïìâ#ð�ã�äså*í�
���á#ò ání<ã�ä�ó2÷�÷�
������=úÂî�ã�î ä�á#ã#û���������� ý�� �"!�á$# ��%
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)+*-,+*�. /103254�6879/10;:=<?>@4�AB68C5687EDGF�HIF
Å `�× Õ jkd@d7^5fh×cjkba`Äâ|ÖÃ^�Ô � je^KJ �H� ^5f5ÐaØkØ Õ b"ÖBÐ$`v^5t � ÐaØ�`v^h×&Öàb ��z ÔJÐad7^5p�Ða`JÐaØ � d7jkd@jed@d7× � tvfs×�t � ^sp ¯

]_^�t�d�^�n�^5^5pO�çn�b � Ö�Ð � p�`�^5t � ÐaØ�`v^s×&ÖÃb ��z Öµjí× Õ bw`v^ Õ jepvpv^5`�Ø Ð � ^ � â)Ö Õ bwd7^àÐ � f Õ jí×c^5fh×ct � ^ÃjedÄ× Õ tvd
Ù�Ðajk`vØ � f Õ Ð � Ðafh×c^ � j × ^5p1Ô �"L [ � LNM � L � × � jkÞvØe^s×�â)Ö Õ ^ � ^ L [ jed�× Õ ^à`�tvÙiÔ�^ � banvjk`vÞvt�× n�^5Ðo×ct � ^5dsâ LNMjkdÃ× Õ ^P`�tvÙ1Ô�^ � bon Õ jkpvpv^s` `v^5t � bw`vdÛÐa`�p L � jkdà× Õ ^H`�tvÙ1Ô�^ � bon bat�×cÞvt�×µ`v^5t � bw`vd ¯ g `�^5t � ÐaØ
`v^h×&Öàb ��z Ðo`JÐaØ � d7jkdÛd7×	Ð � ×cdÛÖµje× Õ ~�¼ ´ ¿·¾J¿·¾Áz �àÖà^ip � j Ü ^�× Õ ^i`�^s×ã×�b � ^5f5bauw`vj × ^iÞJÐ|×�×c^ � `vdruwj Ü ^5`
jk`ÝÐ�d7^s×rban z `vb"Öµ`Z^nmvÐoÙ�ÞvØe^5d|W ~�¼ ´ ¿·¾J¿·¾ÁzV{"}h~ a ¯$Å `;bwt � f5Ðad�^oâ�ÖÃ^1Ðad z × Õ ^�`v^s×Û×cbÆÐad�d7jkuw`ÝÐa`
½<ÏÁ~;�,ÏÁ~ Ü ÐaØetv^HÐadà`v^�Ð � Ðad�Þ�bwd�d7jkÔvØe^ã×cb�Ú ywywy W y a�×�bëd�jkua`JÐaØ_W�ÔJÐaf z u � bwtv`vpiaà^ Ü ^s`�×�âJd�^5Ð � f Õ jk`vu
n�b � × Õ ^�Ô�^sd7×ãjkd�d7tv^ijí×c^ � Ðo×�j Ü ^sØ � ¯ ]_^ Õ Ð Ü ^i×cbÆÐ Ü bwjep ½<�a}h¼ ¸ ~æ¼ ´ ¿·¾J¿·¾Áz âJÖ Õ jef ÕZÕ ÐaÞvÞ�^5`�dãÖ Õ ^5`
× Õ ^Æ`v^st � ÐaØÃ`v^s×&ÖÃb ��z Øk^5Ð � `�dPOÍ×�b�b�Öà^sØkØRQ;bw`Ó× Õ ^Æ× � Ðaje`vjk`vu�d7^s×�Ða`�p:jkd�`vba×1^���^sfs×�j Ü ^Æbw`BÐ
pvj¹��^ � ^5`�×¡d�ÐaÙ�Þ�Øk^1banÃ^ Ü ^5`�×cdbW�jí×Pjkdãjk`v^�S�fsjk^s`�×¡je` zÁ}h¾�}h¼ ´a¶ ¿UT5¿·¾Áz a ¯�r b�Ð Ü bwjep,b Ü ^ � �ç× � Ðajk`�jk`vuvâ
^�Ðof Õ ¾ jí×c^ � Ðo×cjebw`vd�Þ�^ � n�b � Ù�je`vu Ð � ´a¶ ¿�� ´ ~æ¿»½|¾ ×c^5dÍ×�� `v^st � ÐaØP`�^s×&ÖÃb ��z × � Ðaje`v^5p d7bìn�Ð � jed
ÐaÞvÞ�Økjk^spi×cb¡ÐHd7^s×�ban�^ Ü ^5`�×�dÃpvj¹��^ � ^s`�×�n � bwÙ × � Ðojk`vje`vuãbw`�^5d5â�Ô�t�×�d7×�jkØkØ z `vb"Öµ`�W·× Õ ^ � ´a¶ ¿�� ´ ~æ¿»½|¾
d�^h×naðÌ�Öà^�^ Ü ^5`�×ctJÐoØkØ � d�Ð Ü ^�× Õ ^VÔ�^sd7×�`v^5t � ÐaØ�`v^s×&ÖÃb ��z fsbw`Ë{Juat � Ðo×�jkbw`3bw`,× Õ ^VÔJÐad7jkd�banà× Õ ^
Ô�^5d7×Ûjed�d�t�^�ba`�× Õ ^ Ü ÐoØkjkpvÐo×cjebw`Æd7^s× ¯

Å `,bwt � Þ � ^5d7^5`�×�Ða`JÐaØ � d�jkdrÖà^1n�bwt�`vpZ× Õ Ð|×PÐ�`v^st � ÐaØ�`v^s×&ÖÃb ��zÝ� ^5Ðaf Õ ^5d¡jí×cdãÔ�^5dÍ×¡Þ�^ � n�b � �
Ù�Ða`vf5^¡Ð|n·×c^ � xayaywywy �Ãl ywyaywy je×c^ � Ðo×�jkbw`�d ¯

`v^5t � ÐaØH`�^s×&ÖÃb ��z Þ�^ � n�b � Ù�Ða`vfs^Zjkd�pv^5d7f � jkÔ�^5pÂÔ � ×&ÖÃbìÞvÐ � ÐaÙV^s×�^ � d5â �,Ï�¼ð¿·~	Ó Ða`�p }.Ò ¸
Àh¿»}h¾�À�Ó â Ö Õ jef Õ Ð � ^Vn�tv`vfh×cjkba`vdiban$Ð À�Ï�~ bw`_`v^5t � ÐaØà`�^s×&ÖÃb ��z bwt�×�Þvt�× ¯ j�jeuw`JÐaØ�^ Ü ^5`�×cd�Ð � ^
f5ØkÐad�d7j§{J^sp Ðad?V ¼�ÏJ} S ½"{h¿·~�¿��a}	{ jín$× Õ ^sj � `v^st � ÐoØà`v^h×&Öàb ��z bwt�×�Þvt�×ëjed1u � ^�Ðo×�^ � × Õ Ða` Ð3{Ëm�^5p
Ô�bwtv`vpÄâv× Õ ^ À�Ï�~ âNW ´a¶ {"}YX�}»z ´ ~�¿��a}	{ ba× Õ ^ � Öµjed�^ ¯�Å `;Ð�d7jkÙVjkØkÐ � ÖàÐ � âqÔJÐaf z u � bwtv`vpÝ^ Ü ^s`�×cdHÐ � ^
W ´a¶ {"} S ½"{h¿·~�¿��a}	{ jínv× Õ ^sj � `v^5t � ÐaØÁ`v^s×&ÖÃb ��z bwt�×�Þvt�×�jed u � ^�Ð|×c^ � × Õ Ða`if5t�×5âwj ¯ ^ ¯ × Õ ^ �iÕ Ð Ü ^�Ô�^5^5`
jk`�f5b �7� ^5fh×cØ � fsØ Ðad7d�j¹{J^5p Ðad�d�jeuw`JÐaØæâ�V ¼nÏJ}9X�}»z ´ ~�¿��a}	{ ba× Õ ^ � Öµjed�^ ¯[Z d�je`vu;× Õ ^5d7^ pv^D{J`�je×cjebw`vdsâ
S Ï�¼ð¿·~	Ó jkd

e"\^] W`_ \^a acb d ]�\fe e"g�h i`aEi`jkelh W�_ \�a a
d ]�\fe e"g�h i�aEimjkelh W`_ \^a aNnpo"qkr hse e"g�h i`aEi`jkelh W�_ \�a a W é ¯ ��a

Ða`vput Ò Àh¿»}h¾�À�Ó
�wv;v W`_ \�a a	b d ]x\(e e"g�hsi�aEimjkelh W`_ \�a a

d gsa qkr�y i`zkL qkr �"j�e Lfa�h W é ¯ Ú y a
S Ï�¼ð¿·~	Ó ÙV^�Ðod�t � ^5d Õ b"Ö�Öà^sØkØ�× Õ ^1`�^5t � ÐaØ�`v^h×&Öàb ��z f5Ða`Xpvjed�f � jkÙVjk`JÐ|×c^�Ô�^h×&Öà^s^5`,d�jeuw`JÐaØ Ða`vp
ÔJÐaf z u � bwtv`vp_^ Ü ^5`�×cdsâ Ö Õ jeØk^9t Ò Àh¿»}h¾�À�Ó jed¡Ð�ÙV^�Ðod�t � ^VbonÃ× Õ ^�`v^5t � ÐaØS`v^h×&Öàb ��z f�ÐaÞvÐaÔvjkØeje× �
jk` � ^sf5bwuw`�j × je`vuVd�jkua`JÐaØ*^ Ü ^5`�×cd ¯ g `;jkpv^5ÐaØ*`v^5t � ÐaØ�`v^s×&ÖÃb ��z f�Ðo` � ^sf5bwuw`�j × ^�d�jeuw`JÐaØ*Ða`�pZpvjkd��
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f � jkÙVjk`JÐo×�^Hje×àn � bwÙáÔvÐaf z u � bwt�`vpÝÖµjí× Õ jk`Ë{v`vje×�^HÞ � ^sf5jed�jkba`ÄâJd�b�Ô�ba× Õ S Ï�¼ð¿·~	Ó Ða`vput ÒÂÀh¿»}h¾�À�Ó
Ð � ^�Ú ywy � Ðo`vpÆ× Õ ^�S Ï�¼ð¿·~	Ó Ü d�t Ò Àh¿»}h¾�À�Ó ÞvØeba×�jkd�Ð�d7×�^5Þ�n�tv`vfh×cjebw`ÄÌ�× Õ ^rÙ�b � ^Û× Õ ^ã× � Ðaje`vjk`vu
ÞvØkbo×ÛÐaÞvÞ � b�Ðaf Õ ^sdÛ× Õ ^P× Õ ^¡jkp�^�ÐaØÄba`v^aâv× Õ ^¡Ô�^h×�×c^ � × Õ ^P× � Ðajk`�jk`vu ¯

)�*m,+*�� �94�68HIC�H�C5��F�68����7I0�F
� Q��(�ÄÛiLÛ^ Ü ^s`�×cd�Ð � ^�×	Ð z ^5`ìn � bwÙ a ga lÝba`�×�^ ��Ð � Økb,pJÐo×cÐad�^h×cd�uw^s`v^ � Ðo×c^sp Öµje× Õ � ^ � Öµjku ¯

j�jkua`JÐaØ�× � Ðaje`vjk`vuidcÐaÙVÞvØk^Pjed$ÙÆÐopv^Pban�ÐVÙVj¹mÁ×ct � ^Pban ^ Ü ^5`�×cdÛn � bwÙ l��®uw^s`v^ � Ðo×c^spÝÖµjí× Õ pvjen �
n�^ � ^5`�×S×cbwÞiÙÆÐad7d�^sd5â�jk`ib � pv^ � ×cbãÙÆÐ z ^à× � Ðajk`�jk`vurjk`vpv^sÞ�^s`vpv^s`�×Sn � bwÙ ×cbwÞëÙ�Ðad7d ¯�Å `1×cÐaÔvØe^ é ¯ �× Õ ^�pJÐ|×	Ðad7^s×cd¡tvd7^5p3n�b � × � Ðajk`vje`vu Ð � ^�ØkjkdÍ×c^sp ¯ ]_^Vfsbw`vd7jkpv^ � ×cbwÞ3ÙÆÐod�d�^sdPn � bwÙ Ú é�� ¯ « � ^h�×cb Ú Øayë� ^h�1�Á× Õ ^Hfst ��� ^5`�×$×cbaÞ ÙÆÐad7d�^5dÍ×cjeÙÆÐo×�^aâÁf5bwÙiÔvjk`JÐ|×cjkba`Æban ò�� W Ða`vp���� � ^5d7tvØe×�d5âvjed
Ú � x�¯ ��� x�¯ � � ^s���|f5ß ¯9� ^sn�b � ^ÆÐo` � `�^5t � ÐaØ�`v^s×&ÖÃb ��z Ða`vÐaØ � d�jed5â@ÖÃ^ÆÐaÞ�ÞvØ � ×�b�l3� ^ Ü ^5`�×cd
V��pS  ¢¡;£	V(¤¦¥�t"V:× � jkuwua^ � d�jkÙitvØ Ðo×�jkbw`�Ða`vpëÞ � ^ � ^5��tvjed�je×�^5d ¯�r Õ ^5`ëÖÃ^$d�^sØk^5fh× a ga8|~} n�� e�a�h
^ Ü ^5`�×cd�Ðo× º }��az Øk^ Ü ^5Ø ¯ Ùrba×iÐaØeØ º }��az } n§� e�a�h ^ Ü ^s`�×�d Õ Ð Ü ^Æ^�m�Ðafs×�Ø � bw`�^ � ^sf5bw`�d7× � tvfs×�^5p
} f�Ðo`vpvjkpvÐo×c^o�Vd7bwÙV^Æ^ Ü ^5`�×cd Õ Ð Ü ^5`;¨ ×�â�Ô�^5f�Ðotvd�^ }:� ^5fsbw`vdÍ× � t�fs×cjebw` ÐaØeuwb � jí× Õ Ù jkd�`N¨¥×ÆÚ ywy �
^KSVf5je^5`�×$©"â�Ða`vp�d�bwÙV^H^ Ü ^5`�×�drf5Ða` Õ Ð Ü ^¡ÙVb � ^ã× Õ Ða` bw`�^aâvÔ�^5f5Ðatvd�^P× Õ ^¡ÐaØkuab � jí× Õ Ù � ^5��tv^5dÍ×cd
Ð � ^ � Ðo× Õ ^ � Øeb�bad�^?��`vba×�×�b � ^ c ^5fs×�d�jkua`JÐaØ,��× Õ tvdµÐi`vÐ ��� b)Ö c ^s×àÖµje× Õ Økb"Ö × � Ðaf z Ù1t�Øe×cjeÞvØkjef5jí× �
f�Ða` Ô�^�f5ØkÐad�d7j§{J^sp Ðad } À ´ ¾��a¿�� ´ ~�} ^ Ü ^5` jínHjí×�p�b�^sd�`;¨ ×�fsbwÙ�^�n � baÙ Ð } ¯ j�bvâÃÖà^ÝÙÆÐ z ^
d�jeuw`JÐaØ�d�^sØk^5fh×cjebw` � ^s��tvj � jk`vui× Õ Ðo×à^�Ðaf ÕZº }��az } nª� e�a�h ^ Ü ^5`�× Õ Ðad$Ðo×àØk^5Ðad7×àbw`v^ } f5Ða`vpvjepJÐo×�^
ÙÆÐ|×cf Õ je`vu�× Õ ^ º }��az } ¯ l;Ðo×�f Õ jk`vu�jkd�Þ�^ � n�b � ÙV^5pVjk` ± Y�« ÞvØkÐa`v^o� ÖÃ^ãpv^sf5jkp�^Û× Õ Ðo×ÃÐ } f�Ða`O�
pvjkpvÐo×c^rÙÆÐo×�f Õ ^5dµÐo` º }��az } jín@× Õ ^sj � p�jkd7×cÐa`vfs^Hjk` ± Y¬« jedàØe^5d�dÃ× Õ Ða` y�¯øx�¯�Å `>{Ju ¯ é ¯ Ú Ø d�tvf ÕpvjkdÍ×	Ða`�f5^5dHÐ � ^�ÞvØkbo×�×c^sp ¯ÛÅ `;×	ÐaÔ�Øk^ é ¯ «ë× Õ ^�^D��^5fh×cdHban�ÐoØkØ@Þ � ^5ØkjeÙ�je`JÐ �Í� f5t�×cdHbw` l�� ^ Ü ^5`�×cd
Ð � ^Ûd Õ b)Öµ` ¯ g n·×c^ � ÐaØeØ � ^s�Át�j � ^sÙ�^s`�×cd5â�bwt � d�jeuw`JÐaØq^ Ü ^5`�×cd�Ð � ^ } f5Ða`vpvjepJÐo×c^sdÃÙ�Ðo×�f Õ jk`vu º }��az
×	Ðat�dÛje` a ga8|~} n�� e�a�h ^ Ü ^5`�×cd ¯

g d�n�Ð � Ðod�­�ÛiNl®;�^¯<R�É3�dÜ�jkd�f5ba`vf5^ � `v^spÄâaÖÃ^ � Ðo`vpvbwÙVØ � d7^5Øe^5fs× } f�Ða`vp�jkpJÐo×�^5d*n � bwÙ z|{"}h~&�a�
pJÐo×cÐad�^h×ãÐ|n·×c^ � Þ � ^ � ^5��tvjkd7je×�^5drÐaÞvÞvØejkf�Ð|×cjkba` Ða`vp�ÔM�ç×cÐauwuwje`vu � ^5��tvj � ^5ÙV^5`�× ¯ ]_^�f5Ða`�f5bw`vd7jkpv^ �
× Õ bad�^V^ Ü ^s`�×cd1Ðod�ÔvÐaf z u � bwt�`vpÓÔ�^5f5Ðatvd�^ tv Ðon·×c^ � ÐaØkØ�Þ � ^sØkjkÙVjk`vÐ �7� f5t�×cd�jkd�o h��w�w�w Ì p�t � je`vu× � Ðajk`vje`vu�d�^5d7d�jebw`Äâ�Ðad�Öà^�ÖµjeØkØSd�^s^ Ø Ðo×�^ � â ÖÃ^ÆÖàba`;¨¥×1tvd�^�ÙVb � ^V× Õ Ða`BÐÝn�^hÖ × Õ bwt�dcÐa`vp�d1ban
^ Ü ^5`�×cd�d7bid7jkuw`JÐoØJf5bw`�×	ÐoÙ�je`JÐo×cjebw`�jk`Vd�tvf Õ Ð�d�ÐaÙ�Þ�Øk^µjkd�d�Ù�ÐaØkØ�^5`vbwt�u Õ × Õ Ðo×�Öà^Ûf�Ða`�`v^5uaØk^5fh×
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~&½#� U ´ {	{=Ô$¹r} ï Ö � ´ ~ ´ {"}h~Ã¾ ´ UÆ}
Ú é�� ¯ «w« ×�×�bwÞvÔ Õ
Ú � y ×�×cbaÞ�f Õ
Ú � x�¯ « ×�×�bwÞ�p Õ
Ú � « ×7×cbwÞ Ü Õ
Ú �=� ¯ « ×7×cbwÞ�n Õ
Ú Øay ×7×cbwÞvu Õ
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je× ¯
]_^ Õ Ð Ü ^r×�b�×�^�Ðaf Õ Ð¡`v^h×&Öàb ��z ×�bipvjed7×�jk`vuwt�jkd Õ Ô�^s×&ÖÃ^5^s` d�jkua`JÐaØ�Ða`vp�ÔJÐaf z u � batv`vpÄ�	êÄR�ë

ì Û��(í Ps¯*ÛiQ���Q`��� K��,Kk�ÀP)Ê�d Õ bwtvØep:Öà^ tvd7^ � ]_^ Õ Ð Ü ^�Ðo×ibwt � pvjed�Þ�bwdcÐoØ�Ðad1Ù�Ða` � ÔJÐaf z �
u � batv`vp:^ Ü ^5`�×�d�Ðod�ÖÃ^�`v^5^sp W�o x � Øwyaywy â n � bwÙ ×	ÐaÔ�Øk^ é ¯øx a¡Ôvt�×ëbw`vØ � oB� ywyay ^ Ü ^5`�×cd1n�b �
^�Ðaf Õ Ù�Ðad�d�Ðad�d�jeuw`JÐaØæâÁn�b � Ði×cbo×	ÐaØ�ban_o x � ywywy d7jkuw`JÐoØ�^ Ü ^5`�×�d|W·×	ÐaÔ�Øk^ é ¯ «�a ¯ �àbwÙVÙ�bw`Æd�^5`�d�^WæÐa`�p Þ � ^ Ü jebwtvdÃd7×ct�pvjk^sd Î «)Ï�a�d�tvuwua^5d7×�d�× Õ Ð|×�ÙVb � ^r^�m�ÐaÙVÞvØk^sdÃÖÃ^Hd�tvÔ�Ù�jí×à×cb�× Õ ^r`v^s×$p�t � je`vu
× � Ðajk`vje`vu;d7^5d7d�jkba`ÄâÃÔ�^s×7×c^ �ë� ^5d7tvØe×�diÖÃ^�baÔ�×	Ðaje` ¯[� t�×ë× Õ ^�u � ^�Ðo×�^ � × Õ ^ `�tvÙ1Ô�^ � banÛ^ Ü ^5`�×�d5â
× Õ ^�d7Økb"Öà^ � × Õ ^�`v^s× ¯ jÁb�ÖÃ^ Õ Ð Ü ^�×cb {J`vp_Ð�uwbÁbÁpXf5bwÙVÞ � baÙ�jed�^ëÔ�^s×&ÖÃ^5^5`ÓÐ�dÍ×	Ðo×�jkdÍ×cjkf5ÐaØkØ �
d�jeuw`vj§{vf�Ða`�×µ`�tvÙ1Ô�^ � ban ^ Ü ^5`�×cdãÐa`vp�`v^s×Ûd�Þ�^5^sp ¯

r b�{J`vpê× Õ ^ZÔ�^5dÍ×�`Át�Ù1Ô�^ � ban¡× � Ðajk`�jk`vu_^ Ü ^s`�×cd Öà^�{MmÂÐÓ`v^h×�Ð � f Õ je×c^sfs×�t � ^XÐo`vpÂpvb
× � Ðajk`vje`vuãt�d�jk`�uPdcÐaÙVÞvØk^sd�Öµje× Õ pvj¹��^ � ^5`�×�`�tvÙ1Ô�^ � ban�^ Ü ^s`�×cd5â�n � bwÙ Ú x W c tvdÍ×�ÐHÞ � b Ü b�f5Ðo×cjebw`;î&a
×cb�l é ywywy�¯�r Õ ^5`�Öà^PfsbwÙ�ÞvÐ � ^Pd7jkuw`JÐoØ�Ða`�p�ÔvÐaf z u � bwt�`vpÝp�jkd7× � jeÔvt�×cjebw`vdàÐa`vp ^KSVfsjk^5`�f5jk^sdµbw`d�jeuw`JÐaØ�ba` Ð�{Ëm�^spÄâ�jk`�pv^5Þ�^5`vp�^5`�× Ü ÐoØkjkpvÐo×cjebw`Ód7^s×�ÙÆÐap�^ tvÞ baniÚ Øwywywy d7jkuw`JÐoØ$Ða`vp®Ú Øwywyay
ÔJÐaf z u � bwtv`vpÝ^ Ü ^s`�×cd ¯

Å ` {Juwt � ^5d é ¯ Ú ��â é ¯ xay Ða`vp é ¯ x Ú � ^5d7tvØe×�d�Ð � ^;d Õ b"Öµ` ¯ � jeuwt � ^ é ¯ Ú � � ^5Þ � ^5d7^5`�×cd�× Õ ^pvjkdÍ× � jkÔvt�×�jkbw`Bbonãd7jkuw`JÐoØ�^ Ü ^5`�×cd�Þ � bÁf5^sd�d�^spêÔ � × Õ ^�`v^st � ÐoØ$`v^s×&ÖÃb ��z ¯ ]Ó^�Ðad z ^5pì× Õ ^�`v^h×
×cbXÐod�d�jeuw`Ó×�bZ^ Ü ^ �7� ^ Ü ^5`�×VÐ Ü ÐaØkt�^�Ðad�Ù1tvf Õ `v^5Ð � ÐadiÞ�bwd7d�jeÔvØk^�×cb:Ú ywywy jín$je× � ^sf5bwuw`�j × ^sd



Í!Í�ß a ga	|¸} n¬� e�a�h ÊDKML.KON�P*Q.R(�

je×�Ðad�d�jeuw`JÐaØæâ*`v^�Ð � ×cb y ba× Õ ^ � Öµjkd7^ ¯ Ú�Ðaf Õ Ôvje`_Ô�^s×&ÖÃ^5^s`§ï�ï gx\�a Ða`vp?ï�ï gx\�a nñð v_v �`ò��
f5ba`�×cÐajk`�d�× Õ ^ã`�tvÙ1Ô�^ � ban@^ Ü ^s`�×�d�Ö Õ bwd7^ã`v^st � ÐaØ�`v^h×&Öàb ��z bat�×cÞvt�×àØejk^5d�je`�× Õ Ðo×àje`�×c^ � Ü ÐaØ ¯ g d
d�jeuw`JÐaØ�^ Ü ^5`�×ãp�jkd7× � jeÔvt�×cjebw`�jed�Þ�^5Ð z ^spÝ×�b)ÖàÐ � pvd$× Õ ^Pbwt�×cÞvt�× Ü ÐaØetv^1Ú yaywy âvje`>{Juwt � ^ é ¯ Ú��iÖà^f5ba`vd�jepv^ � ba`vØ � `v^st � ÐaØ�`v^s×&ÖÃb ��z bwt�×�Þvt�×cd�u � ^5Ðo×c^ � × Õ Ðo`�� ywy�¯_� jkuwt � ^ é ¯øxoy Õ Ðad�×�bHÔ�^ � ^�Ðopëjk`× Õ ^PdcÐaÙV^ãÖàÐ � âvÖµje× Õ × Õ ^Ppvj¹��^ � ^5`�f5^H× Õ Ðo×$je×�d Õ b"ÖµdµÔJÐaf z u � bwtv`vp�^ Ü ^5`�×cdÛpvjkdÍ× � jkÔvt�×�jkbw`ÆÐa`vp
× Õ tvd�bw`vØ � `v^st � ÐoØJ`v^s×&ÖÃb ��z bat�×cÞvt�×Ãd7ÙÆÐoØkØk^ � × Õ Ða`�Ú ywy Ð � ^$fsbw`vd7jkpv^ � ^5p ¯0� jkuwt � ^ é ¯ x Úµd Õ b"Öµd× Õ ^Æ^KSVfsjk^5`�f � bw`Ód7jkuw`JÐoØ�^ Ü ^s`�×�d�Ðad1Ð�n�tv`vfh×cjkba`Óban�× Õ ^Æfst�×1ba`:`v^5t � ÐaØ�`v^s×&ÖÃb ��z bwt�×cÞvt�× ¯
ó@b�b z je`vu�Ðo×�ÐaØkØ × Õ ^sd�^VÞvØkba×�dPÖà^Vf�Ða`_f5bw`�f5Økt�pv^V× Õ Ðo× é ^ Ü ^s`�×cd1Ð � ^�bwÔ Ü jkbwtvd7Ø � ×�b�b�n�^sÖ ×cb
pv^sd�f � jkÔ�^�d�jeuw`JÐaØ��oÔJÐaf z u � bwtv`vp�âo× Õ tvd�× Õ ^à`�^5t � ÐaØ�`v^h×&Öàb ��z f5Ða`;¨ ×Spvjed7×cje`vuwtvjed Õ Ô�^h×&Öà^s^5`�× Õ ^sÙ
Ðo×iÐaØkØæÌ�Ôvt�×1jenàÖà^�Ù�b Ü ^V×cb_Ú xay âÃÚ xaywy Ða`vpÓÙVb � ^�^ Ü ^5`�×�d1Öà^�f5Ða`;¨ × � ^5f5bauw`vj × ^ÆÐÝd�Þ�^5f5j¹{Jf
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Mtop = 172.5 GeV
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Mtop = 175 GeV
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Mtop = 177.55 GeV
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Mtop = 180 GeV
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