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�! 76 89&:$<;>=>/?)@ 3 2 3 2 2 3 4 2 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 A

�! 769 B� CD;>$�E-FG=>&489&�$<FGFGH�+-=>/0)I 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 A
�! J5 KL/0H�;>$�E-FG=>&289&�$<FGFGH�+-=>/0)M 2 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 N

�! J5? B� OPH�E-,!/Q$�/?&�H�E  2 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ��5
�! J5? R6 CTSVUWCDXYH�&ZF[ 2 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 �:A
�! J5? 75 \].Q$<EG=>H^;_$�E`Fa=B&489&:$bFGFaH^+G=B/0)c 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ��d

�! eA Cgf?h�H�+-=>ijH�/kFlCnmk6�oLm?��N  3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 6�m
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69 "� \].Q$�EG=~oLH^;_$�E`Fa=>&]U�+G,!E-E]8�H�&^FG=>,!/  2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 6�5

69 "�! B� �ko�EG&:$<;>=>/?)� 3 4 2 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 5k6
69 "�! R6 ��FG�0H�+�89&�$�;>=B/0)z��.0/0&ZFa=>,�/0E�o�89.0h�H�+-EG&:$<;>=>/?)  2 3 2 2 3 2 4 3 2 3 2 2 5!N
69 "�! 75 ��FG�0H�+�89&�$�;>=B/0)z�<$�+G=>$��0;>H^E�oT�����  4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 A*6
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69 76 KL/0H�;>$�E-FG=>&2U�+-,!EGEPEGH^&^FG=>,!/  2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 A!A

69 769 B� �boLE-&:$�;B=>/0)W 3 4 2 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 A��
69 769 R6 ��=>/Q$�; 8�F($bFaH4KL/kFaH�+G$�&^FG=>,!/?E  2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 AkN
69 769 75 8��0,!+-FlOl$�/0)�HrU�,�+G+GH^;_$<FG=>,!/?E  3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 �!6
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5? "� ���!H�+`��=>H��I 2 3 2 2 3 4 2 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 �<A
5? 76 ��&^&�H�;BH�+G$<Fa,!+  2 2 3 4 2 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ���

5? J5 ��$�;B;�UI#�H:$�ij;>=B/0Hl 3 4 2 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ���

5? J5? B� #�H:$�i CD/0H^+G)�� S H:$�E-.0+GH^i H^/*F  2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ���

5? J5? R6 #�H:$�i���,!EG="Fa=B,!/ S ,!/0="Fa,!+-E� 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ���

5? J5? 75 #�H:$�iMU�.?+G+GH^/kF S ,�/0=BFG,!+GE  2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 �!m
5? J5? JA #�H:$�i Ol$�E`FaH�+�8���E`FaH�i  2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ��A

5? eA �g$<+G)!HZFaEl 3 2 3 2 2 3 4 2 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ���

5? eA0 B� U�+`�!,!)�H�/0=B&���$�+-)!H^FGE  2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ���

5? �� ��=B)!� S ,!ijH�/kFa.?i 89hYH^&^FG+G,!ijH^FGH�+  2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 d�5
5? ��  ]H^FGH�&^FG,!+!�g$<&('<$<)!H� 4 2 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 d��

5? ��? B�  ]+-=B��FlU��0$�iz��H�+GE  2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 d��
5? ��? R6  ]+-=B��FlU��0$�iz��H�+lU%$�;B=>�0+G$<Fa=B,!/� 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 d�N
5? ��? 75 �l,91?,!EG&^,!hYH^E  2 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 �?�
5? ��? JA "4$�E$#U�H^+GH�/?'�,��  3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 �!5
5? ��? %� &�H�$�1'" ;_$<EGElU%$�;B,!+G=Bi HZFaH�+� 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ��A
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5? 7d ��+-=>)!)�H�+  2 3 2 2 3 4 2 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 �!N

5? 7d9 B�  $<Fa$ ��& � .0=BEG=BFG=>,!/ 8*�9E`FaH^i  3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 Nk6
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A0 "� 89h�H�&^FG+G,!ijH^FGH�+��]h?Fa=B&�E��!U�,9,�+G10=B/Q$<FaH^E  3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 N��
A0 76 C �!H�/kF�OlH^&�,!/?E-Fa+-.0&^FG=>,!/  3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 Nkd
A0 J5 �g$�+`Fa=B&�;>H�KL10H�/kFa=
	Q&:$bFa=>,�/ $�/?1 CD;BH�&^FG+G,!/ 89H^;>H�&ZFa=B,!/  3 2 3 2 2 3 2 4 3 2 3 2 2 ��m�m

A0 J5? B� U��0$�+G)!H38���iji HZFa+-=>& #%$<&('�)�+G,!.0/?1  3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ��m!6
A0 J5? R6 �D=B,!/ U�,!/kF($�ij=>/Q$bFa=>,�/  2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ��m��
A0 J5? 75 U�+`�!,!)�H�/0=B&���$�+-)!H^F ��;B.0ij=>/*.0i U�H�;>;[ 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ��m��
A0 J5? JA #�,!=>;B=>/0)3,��gFG�0H3U�+-�!,�)!H�/0=B& �g$�+-)!H^FGE  2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 �!�:m

A0 eA Cgf9FG+a$�&ZFa=B/0) U�+G,!E-E]89H^&^FG=>,!/0E  2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 �!� �
A0 eA0 B� ��h0h0+-,k$�&(�0H^ElFG,j,��?F($�=B/0=>/?)��  3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 �!� �
A0 eA0 R6 �]�?Fa$�=>/?=>/0)�
]=>H�;B10E  3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 �!��d
A0 eA0 75 CD;BH�&^FG+G,!/?=>&  ]H:$<1 � =Bi H  3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 �!�:N
A0 eA0 JA U�,�i h0.9FaH�+  ]H�$�1 � =>ijH  3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ��6��
A0 eA0 %� ��+G=B)!)!H^+PC��j&^=>H�/?&^�  2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ��6��
A0 eA0 �� ��+a$<&('�=B/0) C��j&^=>H�/?&^�  2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ��6bA
A0 eA0 Rd  ]HZFaH^&^Fa,�+�U�.9F�H��j&�=>H^/0&�=BH�E  2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ��6��
A0 eA0 �� CD/0H^+G)�� &t,�EGE�U�,!+G+-H�&^FG=>,!/?E  2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ��6 �
A0 eA0 7N S ,!/kFaH3U%$�+G;B,�
 =>H^;>1  2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ��6 �
A0 eA0 B�:m #�=>/9o U�H�/kFaH^+G=>/?)  3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ��5�5
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A0 eA0 B��� Ol$�10=>$<Fa="�!H4U�,�+G+GH^&^FG=>,!/0E  3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ��5��
A0 eA0 B��6 U�,�+G+GH^&^FGH�1 U�+-,!EGE�89H^&^FG=>,!/  2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ��5��
A0 eA0 B�:5 U�,�.0;>,!ir� U�,!+G+-H�&^FG=>,!/?E  3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 �:A!m
A0 eA0 B��A U�+-,!EGE�89H^&^FG=>,!/ S ,�10H�;M 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 �:A!5

� � s �:��w�� � � ���
�9 "� U�+G,!E-E�89H�&ZFa=>,�/0E  2 3 4 2 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 �:Akd
�9 76 ��������� 	
��� 8�&:$�;B=>/0) �Q.0/0&ZFa=B,!/  3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 � ���
�9 J5 89.0h�H�+-EG&:$<;>=>/?)  2 2 3 4 2 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 � �<N
�9 eA ��Fa�0H^+�8�&:$�;B=>/0)�
T$�+-=_$��?;>H�EToT�����  2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 � �!6
�9 �� 89�0,!+`FlO�$</0)!H3U�,!+G+-H�;>$<Fa=B,!/0E�o�Ol$<Fa=B,!E  3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 � �<A
�9 �� KL/0H�;>$�E-FG=>&4OPH�E-hY,!/?EGH  2 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 � ���
�9 7d �lo�10H�h�H�/01?H�/0&^H3,�� ���  2 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ��d �
�9 �� 8���E-FGH�i $<Fa=B&���/0&^H�+-Fa$�=>/kFG=>H�E  3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 � ��m

�9 ��? B� � =B/0H�i $<Fa=B&��l/0&�H^+-F($<=>/kFa=BH�E  2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 � ��m
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��[��E�\ � � ��,!+G;B1 10$<F($? � 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 N
�! 76 � �� $�EP$ ��.0/0&ZFa=>,�/ ,<�D\ �  2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 �!�
�! J5 ��.0&^;>H^,!/ OlH^EG,!/Q$</0&�H^E  3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ��5
�! eA ������ 1Q$<Fa$j&^,!ijhQ$�+GH^1 Fa, Fa�0H4E-&:$�;B=>/0) &^.0+-��H�  2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 � �
�! �� � �0H2CTSVU C X H^&^Fl=>/ �QH���U�.  � 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 � �
�! �� 89h�H�&^FG+a$�; �Q.0/?&^Fa=B,!/ ��,!+P#�H<  3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ��N
�! 7d KL/0&�;B.0EG="�!H� ]H�.9FaH�+-=>.0i U�+G,!E-E�E-H�&ZFa=>,�/� 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 6�m
�! �� � =>/0H^i $<FG=>&�&�,��!H^+a$�)!H4��,!+���&t$�� HZf9h�H�+G=Bi H^/kFlCTm!6�o m?�:N?  2 2 3 2 4 3 2 3 2 2 69�

69 "�  ]=_$�)�+a$�ic,���Fa�0H � .Q$�E-=>H^;_$�E`Fa=>& +-H:$�&ZFa=B,!/  2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 6<A
69 76 ��� � 	
� � � ��+GH^)!=>,!/ ,<� =>/kFGH�)!+G$<Fa=B,!/ ��,!+�� � U�  4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 5!m
69 J5 � �0H�,�+GH^FG=>&�$�;�&:$�;B&�.0;>$<Fa=B,!/ ��,!+%FG�0H� ��H4E-hYH^&^Fa+G$�;���.0/0&ZFa=>,�/  M 3 2 4 3 2 3 2 2 5?�
69 eA ��������� 	
������,�+ � � $�/01 � � U ��+-,!i!��;_$<� HZf9hYH^+G=Bi H^/*F�C �!NboLm!m��? c 2 4 3 2 3 2 2 5!5
69 �� ��h0h?+G,k$�&(� Fa, E-&:$�;B=>/0) ��,!+�� �#"   2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 5��
69 �� ��� � 	
� � � �%$�El$z��.0/0&^FG=>,!/ ,���� � � ��,!+ � � U�  4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 5��
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69 7d S ,!ijH�/kFa.?i  ]=>E-FG+G=B�0.?Fa=B,!/ ��,!+  ��H �YH f9FG+a$�&ZFaH^1 ��+G,!i FG�0H3$�E-��ijh?Fa,�FG=>&2;>=Bi ="F

,�� ��� � 	
� � � �  3 2 2 3 4 2 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 5kd
69 �� ��+G$�/0E`�!H�+-EGH3&�,!ijhY,�/0H�/kFP,���Fa�0H2EG.?hYH^+GEG&�$�;>=B/0) ��.0/0&ZFa=>,�/�������  2 4 3 2 3 2 2 A0�
69 JN ��� � 	
� � � �%$�El$z��.0/0&^FG=>,!/ ,�������� ��,!+ EGHZ�!H�+G$�;tF($�+-)!H^FGE�  3 2 2 3 2 4 3 2 3 2 2 Ak5
69 "��m ��� ��E � ��,!+!� � � � �}$</01���� �}H4$<;>,!/0) �P="Fa� Fa�0H3S O�8 � 	0F:  3 2 4 3 2 3 2 2 A��
69 "�!� OlH^;_$<FG=B��H]&�,!/kFG+G=>�?.?Fa=B,!/0E%Fa, ��� ��,!+��	��
 ��. $�El$z��.0/0&ZFa=B,!/ ,�� �? [ 4 3 2 3 2 2 AkN
69 "��6 O�$bFa=>,�E%,��
� ��H�� � � U �}$�/01 ��� �}H]FG,  ��H�  2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 �9�

5? "� ���!H�+-�0H:$<1 89&(�0H^i $bFa=>& ,<��FG�0H ��&�&^H�;BH�+a$bFa,!+l$�/01 FG�0H4HZf9hYH^+G=Bi H^/*Fa$�;��Q$�;B;>E  2 ���

5? 76 ��$�;B;�UI#�H:$�ij;>=B/0H $�/?1 ��$�+G1 ��$�+-H� �89H�H FGHZf�F���,�+ 10H^Fa$�=>;BE� Q 2 3 2 4 3 2 3 2 2 �!d
5? J5 89=>HZ�!H389;B=BF!��$<FGFGH�+G/  Y 4 2 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 �!m
5? eA # U S U%$�;>=B�0+a$<FG=>,!/ Ol.0/   2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 �?�
5? �� # U S U%$�;>=B�0+a$<FG=>,!/ OlH^EG=>1?.Q$�;>E  2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 �!5
5? �� #�H:$<i��D+G, 	Q;BH �P=BFG� FG�0H �u$�E-Fl+G$�E-FGH�+ Fa.0+-/0H�1 ,!/   3 2 3 2 2 3 2 4 3 2 3 2 2 ��A
5? 7d ��$�;B;�U �g$�+-)!H^Fl;>$�1010H^+� l 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ���

5? �� U�+-��,!)!H�/?=>& �g$<+G)!HZF� 4 2 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ���

5? JN #�H:$<iM��X E-H^F:  2 3 4 2 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 d9�
5? "��m �D+GH�E-EG.0+-H�� ��H�ijhYH^+a$<FG.0+GH �}$�/01 10H�/0E-=BFL� ��,!+ H�$�&(�  ��H4+G.0/   3 2 4 3 2 3 2 2 d!6
5? "�!� �]SV8���89=>10H]��=BH��4  4 2 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 d<A
5? "��6 �]SV8 U�,!;B;>=>i $<FG,!+GE�� 89=BH^��H3$</01 �D=B,!/[ 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 d��
5? "��5 �]SV8  ]H^FGH�&ZFa,!+�8�Fa$�&('}  3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 d!d
5? "�:A �]SV8  ]+G="��FlU��Q$�ir�YH^+� j 3 2 3 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 d��
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5? "� �  ]+G="��F�Fa=Bi H4$</01 10+G="��FP10=>E`F($�/0&^H389hYH^&^FG+a$?  4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 �!m
5? "� � �  4U�EGh�H�&ZFa+a$ ��,!+%Fa�?H ��SV8 #U�H�+GH^/0'�,�� �TS � E  2 3 2 3 2 2 3 2 4 3 2 3 2 2 ���

5? "��d �T��h0=B&:$�;�8�hYH^&^Fa+-.0i ,���Fa�0H���SV8 #U�H^+GH^/0'�,��� � 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ���

5? "� � 89�0="��FaE =>/ ��SV8 E-�0, ��H^+�&^,!.0/kFaH^+�E-hYH^&^FG+G.0i   2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 ���

5? "��N �]SV8 EG�?, ��H�+l&�,�.0/kFaH�+lEGh�H�&ZFa+-.0i  c 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 �!N
5? 76�m �]SV8 EG=B/0)!;BH $�+Gi H�;>H^&^FG+G,!/0=B&�E% 2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 N?�
5? 769� 89&(�0H^i $<FG=>& ,�� ��$<;>;tU 1Q$<F($ $�& � .0=>E-=BFa=B,!/ E-��E`FaH�i  3 2 3 2 2 3 2 4 3 2 3 2 2 N�A

A0 "� �g$<+G)!HZF�U�,9,!+-10=>/0$<FaH E`�9E`FaH^i   2 2 3 2 3 2 4 3 2 2 3 2 3 2 2 3 2 4 3 2 3 2 2 Nkd
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m $�/01 ��� �t+a$<FG�0H�+]FG�Q$�/ m $�/01 � �t$�E ��,!+ $ ��+GH^H
/*.0&�;BH�,!/  
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from Nuclei

�g=B)!.0+GH �! 7d �$� �0HV1?=BXYH�+GH^/kFa=_$<;l&^+G,!E-E EGH^&^FG=>,!/ ��,�+ 10H^.?FaH^+G=B.0i =>E E-�0, �P/ $�E $ ��.0/0&^FG=>,!/ ,��
H�/?H�+G)<� ;>,�EGE � ��,!+ Fa�0+-H�HVE-H^FaE ,��4'*=B/0H�i $<Fa=B&�E^ � �0H \ � ��$<;>.0H^E EG�0, �P/I$<F FG�0,!E-H $<F Fa�?H
� .Q$�E-=>H�;>$�E-FG=>& h�H:$�'}  $<Fa$zEG�0, �P/ =BE%Fa�Q$bF ��+G,!i!��&t$�� H f?h�H�+-=>ijH�/kF�C �!Nbo m�m��? � 5!5 	

� �0=>E /�.?&�;>H�$�+ E`Fa+G.?&^Fa.?+GHV��.0/0&ZFa=B,!/�� ������ �P�Q$<E �YH^H�/�,!�0E-H�+`�!H�1 Fa, EG&:$<;>HV=B/ �I=>/ Fa�?H
10H^H�h =>/?H�;_$<E-Fa=B&�+-H�)!=B,!/ $</01 ,��!H^+ $ �P=>1?H�+�'*=B/0H�i $<Fa=B&�+G$�/0)!H�=B��H f?$�i =B/0H�1 �e5�A 	 =B/ Fa�?H ��$�&(�kF`o
i $�/0/ �<$�+-=_$��0;BH � � � ���� � ��� � � � � ��� 
 � � �P�?=>&(�@+GH^h0+GH^EGH^/*FGE Fa�0H ��+G$�&^FG=>,!/Q$<; � .Q$<+G' ;B=>)!�kFG&�,!/0H
ij,!i H^/kFa.0i �0$�/?1 �P�0=B&(� +-H�10.?&�H�EPFa, � ��,�+%�!H�+`� ;_$�+-)!H��<$�;B.0H�EP,�� \ �  

����� ���	� ����
�$ �'�9� ��
 �
� 
 ���
Cgf9hYH^+G=>ijH�/kF�Cnmk6�oLm?��N +a$�/ =>/ FG�0H2�u$<;>; ,��D6�m!m�Aj$<FPFG�0H � �0,!i $�E ��H^XYH�+GE-,!/ ��$<Fa=B,!/Q$�; ��&�&^H�;~o
H�+G$<Fa,�+ �}$�&�=B;>=BFL�j=B/ HZf9h�H�+G=Bi H^/kF($�;	��$�;>; U� 0K�F ��$�EP$�/ HZf�FaH^/0EG=B,!/ ,���$ h0+GHZ�9=B,!.0E H f?h�H�+-=>ijH�/kF �
C �!NboLm!m�� � �P="Fa� $ �0=>)��0H�+ ��H:$�i�H�/0H^+G)���� �P�?=>&(��$�;>;B, �PE�i H�$�EG.0+-H�ijH�/kFaE2$<F4�?=>)!��\ � ��$<;>.0H^E
�P=BFG�r$ �P=>1?HT+G$�/0)!Hn,��9F($�+-)!H^FGE���+G,!i ��H�+`�3;B=>)!�kF � � ��� Fa, ��H�+-�2�0H�$:��� � �	��
 ��. �  � �0HT'*=>/0H^i $bFa=>&
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&�,���H�+a$<)!H3,<� Cnmk6�oLm?��Nz=BE EG�0, �P/ =B/ �g=>)0 Y�! ��? 

�g=B)!.0+GH �� �� � � =>/?H�i $<Fa=B&4U�,��!H�+G$�)!H2��,!+���&t$�� H f9hYH^+G=>ijH�/kF�Cnmk6�o m9��N? � �0H2�0=>)��0H�E`F � ��$<;>.0H^E
$�+-H2/?,�Fl$�&�&^H�E-EG=>�?;>H Fa, Fa�?H2;B=>)!�kF%Fa$�+G)�H^FaE^ 

KL/�FG�0H /?HZf�Fr&(�0$�h?FaH^+ � ��H �P=>;B; HZf?$�ij=>/0H FG�0H h?�*��E-=>&�E3i ,<Fa=B�<$<FG=>,!/ ��,!+ Fa�0HjHZf9h�H�+G=Bi H^/kF
=>/ iz.?&(� ij,!+GH 10HZF($�=B;  T89HZ�!H^+a$�;�10=BXYH�+-H�/kFl=>/kFaH^+Gh0+-H^Fa$<Fa=B,!/0E%��,!+ Fa�?H210$<F($ �P=>;B; ��H3h0+-H�E-H�/kFaH^1  
KL/ U��Q$<h?FaH^+ 5 �YFG�0HrH f9hYH^+G=>ijH�/kFa$�;�E-H^FG.0h$�P=>;>;���Hz10=BEG&^.0EGE-H�1�� =B/0&�;B.010=B/0) ��H:$<i�;B=>/0H �}Fa$�+G)�H^F �
$�/01 EGh�H�&ZFa+G,�i HZFaH�+^ PKL/ U��Q$�h?FGH�+�A ��$ 10HZF($�=B;>H�1 10=BEG&�.?EGEG=B,!/ ,<� Fa�0Hr$�/Q$�;"��EG=>EPh0+-,9&^H�10.?+GH �P=B;>;
��,!;B;>, �4 PK�F��P=>;B;t=>/0&^;>.010H2Fa�0H3E-FGH�h0E]��,!+lHZf�FG+a$�&ZFa=>/?) HZf9h�H�+G=Bi H^/kF($�;�&�+-,!EGE]E-H�&ZFa=>,�/0E $�E ��H^;>; $<E
10H^EG&�+-=>h?FG=>,!/?E�,�� $�;>; FG�0H2&�,!+-+GH�&ZFa=B,!/0EPFa�Q$<F!��H�+-Hz$�h0h?;>=>H^1 FG,jFG�0H21Q$<F($9 �g=>/0$�;>;"� �?=B/VU��0$�h?FaH^+
���Q+-H�EG.?;BFaE �P=B;>; ��H4h0+GH^EGH�/kFGH�1���=>/0&^;>.01?=>/0) &^+G,!E-E�E-H�&^FG=>,!/?E �}E-FG+G.0&ZFa.0+-Hr$�/?1 E-&:$�;B=>/0) ��.0/0&ZFa=B,!/0E� 
U�,!ijhQ$�+-=>EG,�/0E
�P=BFG� Fa�0H^,!+GHZFa=>&�$�; &�$�;>&^.0;_$<FG=>,!/?E �P=>;B; ��H 10,!/0H ���P�0H�+-H4hY,!E-EG=B�0;>H< DKLi h0;B=>&�$<Fa=B,!/0E
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� �0H � .Q$�E-=>H�;>$�E-FG=>&]E-&:$<F-FaH^+G=>/?)jh?+G,�&�H�E-E �P=>;>;Y�YH h?+GH�E-H�/kFaH^1V=>/ FG�0H �D;_$�/?H �
$:�!H4KLijh0.0;BEGH ��h�o
h0+-,�f9=Bi $<FG=>,!/ ��� � K � � �P�0=>&(� �P=B;>;�$�;>;B, ��.0ErFa, 1?H^�!H^;>,!h
FG�0H E-&:$�;B=>/0)V,<�l$V+GH�1?.0&�H^1 &^+G,!E-E
EGH^&^FG=>,!/ =>/ FaH^+GijEj,<��� $�/?1 � �u� ��� 	 ��� � �P�0H^+GH �
=>E FG�0H ;B,!/0)!="Fa.01?=>/Q$�;Tij,!i H^/kFa.0i ,<��Fa�?H
E-FG+G.0&(' /*.0&^;>H^,!/  ��H �P=B;>;YHZf?$�ij=>/0H�FG�0H2$�h0h0+-,k$�&(� Fa, E-&:$�;B=>/0) �P="Fa� =>/?&�+GH�$�EG=B/0) ij,!i H^/kFa.0i
Fa+G$�/0E`��H�+l$�/01 10=>E-&�.0E-E Fa�0H2$�E-EG.0ijh?Fa=B,!/0EP=>ijh0;B=>&�="F�=B/ Fa�0H4h0+-H�E-H�/kF($<FG=>,!/  

� �0HrE-&:$�;B=>/0)j;>=Bi ="F%,���Fa�0H2=>/?H�;_$<E-Fa=B&4/�.?&�;>H�$�+PE-FG+G.0&ZFa.0+-Hr��.0/0&ZFa=>,�/ ��� �� � � � � � �
�P=>;B;t$�;>E-,
��H2H f?$�i =B/0H�1 =B/ ��,�FG� �V$�/01 �0 
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\].Q$�E-="oLH^;_$�E`Fa=B&]EG&�$<FGFGH�+G=B/0)j10H�E-&�+G=B�YH^ElFG�0H2'�/?,9&('!oL,�.?Fl,��D$ /*.0&�;BH�,!/ ��+G,!i Fa�0H2/*.0&�;BH�.0El�k� $�/
H�;BH�&ZFa+G,�/  � �0H 	0/Q$�;TE-F($bFaHj=>E2i $�1?H .0h�,��%FG�0H E-&:$<F-FaH^+GH�1@H^;>H^&^Fa+-,!/��tFa�0H H � H^&^FaH^1
/*.0&�;BH�,!/ �
$�/01 Fa�0Hj+GH^i $<=>/010H^+ ,���FG�0Hj/�.?&�;>H^.0E � ���Po(� � � �P�0=B&(� &�$�/�h�,!E-EG=>�?;B� ��H =B/ $</�H f?&^=BFGH�1
E`F($<FGH
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√
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0
), ~p0)

�g=B)!.0+GH�69 "� � � �?H � .Q$�EG=~oLH^;_$�E`Fa=>&l+GH�$�&^FG=>,!/  DC�� �� $</01 C�� �� � $�+-H�Fa�?H]H�/0H^+G)!=BH�E�$�/01 ij,!ijH�/kF($4,��Fa�?Hj=B/0&�,�i =B/0) $�/01 E-&:$<F-FaH�+-H�1 H�;BH�&^FG+G,!/  � �0H �9=B+-FG.Q$�; h0�?,�Fa,!/ ,���H�/?H�+G)<� $�/01 ij,!i H^/kFa.0i
� ��� �����=>/kFaH^+a$�&ZFaE �P="Fa�rFG�0H%/*.0&�;BH�.0ETS � �k$<Fg+GH^E-FD=B/rFa�0H ;>$���,!+a$<FG,!+-�� � �0H +GH^EG.0;"F =>Eg$]'*/0,9&('<H�1,!.?F]/�.?&�;>H^,!/$�P=BFG� H�/0H^+G)�� $</01 i ,�i H^/*FG.0i�� � � � � � � � �� � $�/01 Fa�0H +-H�&^,!=>;�/�.?&�;>H^.0E �P=BFG�
H�/?H�+G)<� $�/01 i ,�i H^/*FG.0i�� ��� �� � � � � �� ��� ����� 

� �0H ij,!E`Fr)!H^/0H�+G$�;nHZf9h0+-H�EGE-=>,!/���,!+3H^;>H^&^Fa+-,!/ E-&:$<F-FaH^+G=>/?) =>/ Fa�?H ,!/?HZoLh?�0,�Fa,�/ HZf9&(�Q$</0)!H
$�h0h?+G,:f9=>i $<Fa=B,!/ =>E �e5�� 	

& � �
� &(' & � � � � � &�' & � � � � � 6 	

�� � � ��� �
� �� � ���
	 � � �	 � � 69 B� �

�P�0H^+GHnFa�0HnEG.?�0EG&^+G=>h9FaE ��$�/?1 �[10H^/0,�FaHDFG�0HnH�;>H^&^FG+G,!/2$�/014Fa�?HTH � H�&ZFaH�13hQ$�+`Fa=>&^;>H ��+GH�E-hYH^&^FG=B�!H^;B���
�W=BEgFa�?H%A<oLij,!ijH�/kFa.?i FG+a$�/?E-��H�+ $�/01�� 	 � $</01 ���	 � $�+-H�Fa�?H ;>H�h9Fa,!/0=B&�$</01 /*.0&�;BH:$�+D+-H�EGh�,!/0E-H
FaH^/0EG,�+GE� � �0=>;BH2FG�0Hz;>H^h?Fa,�/0=>&4FaH^/0EG,!+�=>El&�,!ijh0;>HZFaH^;B� 10HZFaH�+-i =B/0H�1 �*� '*=>/0H^i $<FG=>&^E �}=>/V,�+G10H^+
Fa, &�$�;>&^.0;_$bFaH�FG�0H /*.0&�;BH:$�+ +-H�EGh�,!/0E-H FaH�/?EG,!+ ��,!+�FG�0H &:$<EGH4,���iz.0;"Fa="o "4H 
 =B/0&�=B10H�/kF H^;>H^&^Fa+-,!/0E �
,!/0H4iz.?E-Fli $<'�H EGHZ�!H^+a$�;�EG=Bi h0;B=B����=>/?)z$�E-EG.0ijh?Fa=B,!/0E^ 
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�]/0H�h0+-H�E-&�+G=Bh?Fa=B,!/ ��,�+TFG�0=>E�=>EnFa�0H�KLi h0.?;>EGH ��h?h0+G,:f9=>i $<Fa=B,!/ �uK � � ���P�0H�+-H�Fa�0H�10,!ij=>/Q$</*F

h0+-,9&^H�EGEj=>EzFa$�'�H^/ FG, ��H EG&�$<FGFGH�+G=B/0) ��+G,!i =>/010="��=>10.Q$<;�/*.0&�;BH�,!/?E $�/?1 ,�/0;B�
FG�0H i ,<Fa=>,�/
,��
Fa�?H E`Fa+-.0&('@/*.0&�;BH�,!/ iz.0E-F ��H Fa+-H:$<FGH�1 +-H�;>$<Fa="�9=BE-FG=>&:$<;>;B�� KL/ FG�0H K � � Fa�0H &^+G,!E-E E-H�&^FG=>,!/ =BE
�P+G="FGFGH�/ 1?, �P/ =>/�FGH�+-i E2,��%FG�0H /*.0&^;>H:$<+3E-hYH^&^Fa+G$�;n��.0/0&^FG=>,!/ � � � � �
� ��� � � �P�?=>&(� +-H�h0+-H�E-H�/kFaE
Fa�?H h0+G,!�0$��0=>;B=BFL� ,���	0/010=>/?) $ /�.?&�;>H^,!/ ,��nH�/?H�+G)<� � �4$</01 i ,!ijH�/kFG.0i ����4=>/ FG�0H /*.0&�;BH�.0E^ 
� �0H �n;>$�/0H �
$:�!H3KLi h?.0;>E-H ��h0h0+G,:f9=>i $<FG=>,!/ ��� � K � �P=>EPFa�0H3EG=Bi h0;BH�E`F�=Bi h?;>H�ijH�/kFa$<Fa=B,!/ ,��
Fa�?=>ElEG&(�0H^i Hr$�/01 =B/0&�;B.010H^ElFG�0Hr$<1010=BFG=>,!/0$�;�$�E-EG.0ijh?Fa=B,!/ FG�Q$<Fl,!/0H3/0H�)�;>H�&ZFaEPFa�0H 	Q/Q$<;�E`F($<FGH
=>/kFGH�+a$<&^Fa=B,!/0ET,���Fa�?H�'*/0,�&('�H�1 ,!.9F�/*.0&^;>H�,�/ �P=BFa�jFa�0H�+GH^EG=>1?.Q$�;�/�.?&�;>H^.0E� � �0H^EGH =B/*FGH�+G$�&^FG=>,!/0E
$�+-HrEGi $�;B;�$</01VEG�?,!.0;>1 10H�&^+GH:$<EGH �P=BFG�V=>/?&�+GH�$�EGH^1V�<$�;>.0H^E�,��n\ � �Y&�,!+-+GH^EGh�,!/010=B/0) Fa, EG�0,�+-FaH^+
=>/kFGH�+a$<&^Fa=B,!/ Fa=Bi H^E� 

� �0=>El$�;B;>, �PE%Fa�?H2/*.0&^;>H�$�+ +GH^EGh�,!/0EGH4FaH^/0EG,�+PFG, ��H �P+G="FGFGH�/ $�E � 5�� 	
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�P�0H^+GH �� 	 � � ��� � ��� =BE Fa�0H H�;BH�&ZFa+G,�i $�)�/0H^FG=>&VFaH^/0EG,�+ ��,�+ $ ��,!.0/01I/*.0&�;BH�,!/  � =BFG�0=>/�Fa�?H
K � �n�0=B/010=B/0) H^XYH�&ZFaE &�$�/ ��H $�&�&^,!.0/kFaH^1 ��,!+ ��$�/?1 ,!/?H &�$�/ .?EGH Fa�0H ��+GH^H /*.0&^;>H�,�/ FGH�/0E-,!+
���� 	 � � ��� � � ��� � 	 � � ���
� �� � � �P+-=BF-FaH�/j=>/ FGH�+GijED,�� �� � � �� � �� � �P�0H^+GHPFa�0HPH^/0H�+-)�� ;>,�EGEn=>ED+-H�10H o
	Q/0H^1 =>/ Fa�0Hr��,�;>;>, �P=B/0) �%$:� � $�&�&^,!.0/kFa=B/0) ��,!+lhQ$�+`Fa=_$<;tFG+a$�/?E-��H�+�,��DH�/?H�+G)<� FG, Fa�0HrEGh�H�&^Fa$<Fa,�+
E-��E`FaH�i �e5!d 	 �
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� �0H FaH^+GijED10H�E-&�+-=>�0=B/0)]Fa�0HPH^;>H�&ZFa+-,!i $<)!/0H^FG=>&�=>/kFaH^+a$�&ZFa=>,�/ &:$�/ ��H%�u$�&^FG,!+G= ��H�1z��+-,!i FG�0H EGh�H�& o
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Fa+G$�;���.?/0&^FG=>,!/ $�/?1 FG�0HVFa,<F($�;�&�+G,�EGE EGH^&^FG=>,!/ &:$</I��H'�P+G="FGFGH�/ $�E $
E-.0i ,��4Fa�?H ,�X�o�EG�0H^;>;
H�;BH�&ZFa+G,�/9oL/*.0&^;>H�,�/ &^+G,!E-E�E-H�&ZFa=>,�/0E ��H^=>)!�kFaH^1 �k� FG�0H4EGh�H�&^FG+a$�;���.0/?&^Fa=B,!/ �
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� =BFG��$</ .?/0hY,�;_$�+-=���H^1VF($�+-)!H^F � � �� &:$</���HzF($�'<H�/ Fa, ��HjE-h0�0H^+G=>&�$�;>;"� E`��i ijH^FG+G=>& � �P=BFG�
Fa�?H4��,�;>;>, �P=B/0)z/0,!+-i $<;>=���$<Fa=B,!/ &^,!/010="Fa=B,!/ �
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��, )!HZFlFG�0H2=>/0&^;>.0E-=B�!H4&^+G,!E-E�EGH^&^FG=>,!/�� ��H3E-H�hQ$<+a$<FGH3Fa�?H3h0+-,�Fa,�/ $�/?1 /0H^.?Fa+-,!/V&^,!/kFa+G=B�0.?FG=>,!/0E
$�/01 =>/kFGH�)!+G$<FaH ,��!H^+ Fa�0H 	Q/Q$<;�E-F($bFaH4,���Fa�0H4.0/0,��0EGH^+-�!H^1V/*.0&�;BH�,!/ �
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#�� /0H^)!;>H^&^FG=>/0)l$�/k� 10="X H^+GH^/0&�H^E�=B/]Fa�0HnEGh�H�&ZFa+G$�;k��.0/0&^FG=>,!/?E ��,!+�h0+G,<Fa,!/0E�$�/?12/?H�.?FG+G,!/0E � ��H
&:$</ +GH�h?;_$�&^HzFa�0Hz/*.0&^;>H^,!/9oLE-hYH^&�=
	Q& EGh�H�&ZFa+a$<;g��.0/0&ZFa=>,�/0E��P=BFG�VFa�0Hri ,!+-Hz)!H^/0H�+G$�; � � � � �
����� � �
$�/01 Fa�?H�/W�u$<&^Fa,�+ =BF ,!.?F� � �?H 5bo�i ,�i H^/*FG.0i FG+a$�/?E-��H�+ � �����=>E 	?f9H�1W�k� i H�$�EG.0+-=>/0) Fa�?H
=>/?&�,!ij=>/0)z$�/01 EG&�$<FGFGH�+G=B/0) H�;BH�&^FG+G,!/?E �0)!="��=>/0) �� � ���� � �� $�/?1 &  �� � &  ����� ��EG=B/0) EGh0�?H�+G=B&:$�;
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ALCOVE ARC SECTIONINSIDE HALL C

Towards
Beam Dump

Target

Superharp: H00

Superharp: H00A

BPM: H00A

Slow Raster

BPM: H00B

Fast Raster

Superharp: C17A

Superharp: C17B

BPM: C17

Superharp: C12ASuperharp: C12B BPM: C12

Superharp: C07A

Superharp: C07B

BPM: C07

DISTANCE FROM TARGET (in meters)

Target

Superharp: H00A

Superharp: H00

BPM: H00A

Slow Raster

BPM: H00B

Fast Raster

BCM1

BCM2

BCM2

BCM1

Unser

0

2.315

1.473

3.272

3.272

20.71 (Y)

21.11 (X)BCM3

BCM3

25.94

26.24

26.542.199 (Y)

2.799 (X)

1.354

Unser
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113 X,X’ wires.
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1.000252 cm wire spacing.X,X’

U
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Incident
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Electrons

Amplifier/Discriminator
cards

w*1JQ F /D-�������} � [|�YO$�|/D1JR 6 n ^ $ 3dh.-0/ @}$ RT/2MK5~6SI 14- b
#o- n /DM=y � �7�K? qr1J3l- < 6pM <��|14QK1J6 $kEin MN57IN-%/ 6p-0/ G z qS� n G { b ^H-0/2- $ G 62MN+ G 14QK5 $KE 1 G RTMN/23 -%Z �
qr^H-
qS� n G b -0/2-�+H/2MNQK/ $ 3 3l-0Z�6pM /2- $ Z$M F 6U-0IK-%576 G b 1J6p^A145 $ �a},� G b 1J5HZHM b @�G 1J5 & -"6p^A-a62/21JQNQN-%/
G 1JQN5 $KE RT/2MN3 $ + $ /D6p1 &%E -|145 6p^A- G +.- & 62/2MN3 -062-%/ $ /2/D1JIK- Gl$ 6r6p^A-�qS� n 145 ��; � G �
qr^H-rZH/D1JR 6 & ^ $ 3dhi-%/ Gn$ /2- 2 EJE -0Z b 1J62^ $ 3l1 ) 6 F /D-tMKR $ /DQNMN5 �k-g6p^ $ 5H-tQ $KG � � ^H-05 $]& ^ $ /2QK-%Z

+ $ / 6p1 &%E -m+ $KG2G - G 6p^H/DM F QN^ 6p^A- & ^ $ 3dh.-0/ @ 1J6 1JMN5H14�0- G 62^H-�Q $KG � qr^H-$- �D- & 62-%Z - E - & 6p/DMN5 Gj$ /D-
$�&^& - E -%/ $ 6p-0Z h7y�62^H- - E - & 62/21 & 2 - E Z $ 5HZ ZH/21 R 6dRT/2MN3 6p^H- 62/ $�& � 62M 6p^H- &0E M G - G 6 G -%5 G - b 1J/2-��
qr^H-\- E - & 62/2MN5 G�$ /D-\ZH-g6p- & 6p-0Z $ 6S6p^H- G -05 G - b 1J/2- G�$ 5AZ�6p^A- G 14QN5 $kE 1 G /2- $ ZYM F 6 $KG�$ &0F /2/D-%576
M�IN-0/ G MN3 -�+.-0/21JM,Z MkR\62143 -�� qr^H- G -05 G - b 14/D- G $ /2- +iM G 1 6p14MK5H-%Z � & 3 $ + $ /D6�RT/DMN3 - $�& ^
MK62^H-%/ @ 3 - $ 5H145HQ 62^H-\+ $ /D621 &%E -�% G +.M G 1J6214MN5 &:$ 5�hi-\3 - $kG2F /D-%Z b 1 6p^ $ 9���� & 3�+H/D- & 1 G 1JMN5 @ ^ $KE R



�K?
6p^A- G + $�& 145HQ$h7y 6p^H1 G 3l-g6p^HM Z $kE MN5H- � []M b -0IN-0/ @ +A/2- & 1 G 14MN5 MKR 9���� & 3 1 G 5HMK6a5A- $ / E y QNM M Z
-%5AM F QN^ RTMN/ 6p/ $�& � 145HQ $ 5HZ�145 G 6p- $ Z�62^H-�6p143 -m62^ $ 6 1J6 62M,M � RTMN/d6p^H-$14MK5H14�0-%Z - E - & 62/2MN5 G 62M
/2- $�& ^Y62^H- G -%5 G - b 14/D- G 1 GUFHG -0Z �]qr^A1 G 6p143 -a1 Gl&:$KEB&%FHE>$ 6p-0ZYh7y FHG 1J5HQl62^H-�^HM,ZAM GG& MN+.-\qS� n G
6pM ZH-g6p-%/D3l1J5H-a6p^H-a6p1J3l-|62^ $ 6U6p^H-�+ $ / 6p1 &0E -a+ $KGDG -0ZY6p^H/DM F QN^$6p^H-aRTM &:$KE + E>$ 5H- $ 5HZ$6p^H-a6p1J3l-
6p^ $ 6a6p^H- G -05 G - b 14/2- ZH-g6p- & 6p-0Z�6p^A-l- �D- & 62-%Z - E - & 62/2MN5 �lqr^H1 G 62143 - 1 G 6p^H-05 & MN57IN-%/ 6p-0Z�6pM $
ZH/D1JR 6aZH1 G 6 $ 5 & - b ^H1 & ^�1 G4$ ZHZH-%Z 6pM�6p^H- +iM G 1 6p1JMN5 MKRL62^H- b 14/2- @ QN1JI 145AQ�6p^H- +.M G 1J6214MN5 MkR 6p^A-
6p/ $�& � �L� $K� 145HQ FHG -"MKRx6p^H-"ZH1 u -0/2-05~6SMK/214-0576 $ 6214MN5 G MKRW6p^H- G -05 G - b 1J/2- G 1J5�6p^H- c + E>$ 5H- G%@ 6p^A-
6p/ $ �D- & 6pMN/ y MKRx6p^H-a+ $ /D6p1 &%E - &:$ 5 6p^A-%5Yhi-"/2- & MN5 G 6p/ F0& 62-%Z �

��

��
�( � � ,�� ) 
�������� ��� 
 ��� , ��� � ) , * �
( $�& ^ ^H1 6 145 62^H-$ZH/21 R 6 & ^ $ 3dhi-%/ G ^ $KG $ qS� n I $KEJF - $KG2G M & 1 $ 62-%Z b 1 6p^ 1J6 b ^H1 & ^ 1 G /2- $ Z
M F 6(� qr^H- G -�I $KEJF - G &�$ 5 hi- & MN57IK-%/D62-%Z�6pM $ ZH/D1JR 6P62143 - FHG 145HQ�62143 145HQ$145,RTMN/23 $ 6p1JMN5 RT/2MN3
6p^A-$^AM,ZHM GG& MK+.- G ��qr^H- 2H5 $KE +H/DM,Z F?& 6 @�$ 6p143 -g< 6pMk< ZH1 G 6 $ 5 & -�3 $ + @T$ ZH/21 R 6p3 $ + @ QN1 IN- G 6p^A-
&:$kE>&%FAE_$ 62-%Z�ZH1 G 6 $ 5 & -URT/2MN3 6p^A- b 14/D- b ^H-0/2-|6p^A-|-0IK-%576SM &^&%F /D/2-0Z �:q8M &�$KE>&0FHE_$ 6p- $ ZH/21 R 6p3 $ + @
b - $KGDG2F 3 - $ ZH1J/2- & 6U/2- E_$ 6214MN5 G ^H14+ hi-06 b -%-05Y6p^A-�ZA/21JR 6SZA1 G 6 $ 5 & - $ 5AZ�ZH/D1JR 6r62143 - @ V ���*z��'{ @
$ 5HZ 6p^ $ 6�62^H-U5 F 3dh.-0/LMkR�-0IK-%576 G 145 $ QN1 IN-05m145762-%/DI $KE MkR�ZH1 G 6 $ 5 & -U3 FHG 6 hi-]-3' FQ$KE 6pMa6p^ $ 6 1J5
G MK3l- & MN/D/2- G +.MK5HZH145AQP145762-%/DI $KE 1J5l6p1J3l- � � - FHG -]6p^A-'ZH/D1JR 6�6p143 -SZH1 G 6p/D14h F 6214MN5 145l- $�& ^m+ E_$ 5A-
FHG 145HQ $�E>$ /2QN-\5 F 3dhi-%/|-gIN-%576 Gr$ 5AZ�6p^H- qS� n I $KE4F - G RTMN/ $KE4E 6p^H- b 1J/2- G � C 576p-%QK/ $ 62145HQ M�IN-0/
6p^A-a62143 - G +i- & 6p/ F 3 @ b -�QN-06r62^H-aZH/21 R 6SZH1 G 6 $ 5 & - �


 � 
�� � �
�	�
���
���� z �D{ 
 �� 
 �����
���
���� z �D{ 
 �

� z ��� }7{



� 9
b ^H-0/2- � ��� � $ 5HZ � � � � ZH-"2 5H- 6p^H- 6p1J3l- G 62M�hi- FHG -0Z�145 6p^H- 2H6 @ 
�� � � 1 G 6p^H-03 3 $ ),1J3 F 3
ZH1 G 6 $ 5 & - RT/2MN3 6p^A- b 14/D- @ � 1 G 6p^A-l6p1J3l- /2- & MN/DZH-%Z h7y 6p^H-mqS� n'@ � z �D{a1 G 62^H-mZA/21JR 6�6p1J3l-
ZH1 G 6p/D14h F 6p14MK5 � � ^H-05 +H/2MN+i-%/ E y &:$KE 14hH/ $ 6p-0Z @ 6p^H-dZA/21JR 6'ZH1 G 6 $ 5 & -d^H1 G 62MNQN/ $ 3 G ^HM FHE Z h.- � $ 6 �
v ZH/21 R 6p3 $ +�1 G QN-05H-%/ $ 6p-0Z�RTMN/S- $<& ^YMKR86p^H-�+ E_$ 5H- G 145�6p^A-�ZA/21JR 6 & ^ $ 3dh.-0/ G � v�Ga$ 3 + E -"ZA/21JR 6
6p1J3l-r^A1 G 62MNQN/ $ 3 $ 5HZ 6p^H-UZH1 G 6 $ 5 & -S^H1 G 6pMKQN/ $ 3 &:$KEB&%FHE>$ 6p-0Z RT/DMN3 1J6 &�$ 5mhi- G -%-]145lw*14Q�� �����=���

v G 1J5HQ E -'ZH/21 R 6p3 $ + b $kGUFAG -%Z$RTMN/ $KEJE 6p^H-a/ F 5 G 145 6p^A- $ 5 $KE y G 1 G �

w*1JQ F /2- ���1�=� � �|/21JR 6'6p143 - $ 5HZ ZH/D1JR 6aZH1 G 6 $ 5 & - G +i- & 6p/ $ RTMN/aMN5A- + E_$ 5H- MkRtMN5H- MKR�6p^A-l['��OZH/D1JR 6 & ^ $ 3dh.-0/ G � v 5A-%Q $ 621JIK-$ZA/21JR 6P6p143 -�1 G /2- & MN/2ZA-%Z�h.- &:$KFHG -$62^H-%/D-�% G $ 5�M�IK-%/ $kE4E MKu G -g6
hi-06 b -%-%5�6p143 - G 3l- $KG2F /D-%Z$145 6p^A-�ZA/21JR 6 & ^ $ 3dhi-%/ Gl$ 5AZ�h7y�62^H-a^HM,ZAM GG& MN+.- �



� �

��

��
�� � *��/* $ � *�� ��$
qr^H- [|��O ^ $KG 6 b M + $ 1J/ G MKR B )~< y j GG& 1J576p1 EJE_$ 62MN/m+ E_$ 5H- G < MN5H- + E_$�& -%Z hi-0RTMN/D- $ 5AZ MN5A-
$ R 62-%/l62^H-�ZH/D1JR 6 & ^ $ 3dhi-%/ G � ( $�& ^ )~<>+ E_$ 5H-�^ $ Z ��9 + $ ZHZ E - G MN/21J-%576p-0Z 145 62^H-YZH1 G +i-%/ G 1JIK-
ZH1J/2- & 6p1JMN5 $ 5HZ�- $�& ^�y7<>+ E>$ 5H- ^ $ Z � c + $ ZHZ E - G MN/21J-%576p-0Z�145 6p^A-m5HMN5 <>ZH1 G +i-%/ G 1JIK-lZH1J/2- & 6p1JMN5 �
qr^H-\+ $ ZHZ E - G�$ /2-6� & 3 62^H1 & � $ 5AZ � & 3 b 1JZH- $ 5HZ $ /D-\+iM G 1J6p1JMN5H-0Z G Mm6p^ $ 6]62^H-%/D-�% G 9���� & 3
M�IN-0/ E_$ +�hi-06 b -%-05 $ Z�� $�& -%576U+ $ ZHZ E - G +H/D-0IK-%576p1J5HQ $ 57y + $ /D621 &%E - G RT/DMN3�+ $KGDG 1J5HQlhi-06 b -%-05Y6p^A-
+ $ ZAZ E - G � qr^A-\+ $ ZHZ E - G�$ /2-a3 $ ZH-aMKR G 6p/21J+ G MKR	� n }79K} GG& 1J576p1 EJE_$ 62MN/ b 1 6p^ �Uf'q E4F0& 1J62- E 14QN^76
Q F 1JZH- Gl$ 5AZ 1
^H1 E 1J+ G�� 1�;N; � ;�� +H^HMK62Mk<>3 FAE 6p1J+ E 1J-%/
6 F h.- G MK5�- $�& ^�-05HZ �
n ^ $ /DQN-%Z�+ $ /D621 &%E - G 14MN5A14�%- $ 62MN3 G 1J5l6p^A- GG& 14576p1 E4E>$ 6pMN/*+ $ ZHZ E - G b ^H-%5m62^H-0yl+ $KGDG 62^H/2M F QN^

6p^A-%3 � qr^H- BDE 1Jh.-0/ $ 62-%ZHj�- E - & 6p/DMN5 G -g) & 1J6p-�3 M E - &%FHE>$ /P-05H-%/DQKy E -gIN- E4G%@ b ^H1 & ^ @LF +.MN5 62^H-%1J/
ZH- &:$ y @ -%3 1J6 E 1JQN^76 $KE MN5AQ�62^H- E -%5AQK6p^ MKR 62^H- + $ ZHZ E -��lqr^H- E 14QN^76|62^ $ 6\^H1J6 G 62^H- G2F / R $�& - MKR
6p^A- GG& 14576p1 E4E>$ 6pMN/ $ 6 	 X 	�� 1 G�& MN3l+ E -062- E y�/2- �H- & 62-%Z�z 	�� � G 145 � � z �%" 96��� " � � {3� � ? " �0/ {"�]qr^H-
/2- � - & 6p-0Z E 14QK^~6 1 G ZH-062- & 62-%Z b 1 6p^ 6p^H- 1���q G 3 M F 576p-0Z MN5�6p^H-$-%5HZ G MKR|62^H- GG& 1J576p1 EJE_$ 62MN/
+ $ ZAZ E - G ��qr^H- G 14QN5 $kE 1 G 62^H-%5 & MN57IK-%/D62-%Z�1J576pM $ 5 - E - & 62/21 &:$KE + FHE4G - @~G + E 1J6 @k$ 5HZ G -05~6:62M v � n G
$ 5HZ qS� n G0@Q$KG b - EJE $KGtG-&:$KE -%/ GP$ 5HZ�6p/D14QNQK-%/ E MNQN1 & 3 M,Z FHE - G 145l6p^H-"- E - & 6p/DMN5H1 &0G /DM,MN3 MKRW6p^A-
& M F 576p145AQY^HM FAG -���qr^H- G 14QN5 $KE4G RT/2MN3 $kE4E 6p^H- 6 F hi- G MN5 $ MN5H- G 14ZH- MKR $ QN1JIK-%5�+ E_$ 5H-�zTRTMN/
-g) $ 3 + E - � O � � �aO � �	�[$ 5AZ O � � < { $ /2- � �S-%ZY62MNQN-g6p^H-0/(�'qr^A-%5 @ 62^H-dM F 6p+ F 6 G MKR�62^H- � � G
RTMN/]- $�& ^ + E>$ 5H- b -%/D- v � �|-%Z�6pMKQN-062^H-%/ $ 5HZ�6p^A-%5 � �U-0Z b 1J62^Y6p^H-P/2-%3 $ 1J5H145HQ ^HM ZHM G-& MN+i-
+ E>$ 5H-$145 6p^H-�+ $ 14/�z RTMN/ -g) $ 3 + E - � O � �aO � � $ 5AZ O �3� @ OA;%�aOH; ��$ 5HZ OA; ��{ @ QK1JI 145HQ 6p^A-
+H/D143 $ /Dyl^HM ZHM GG& MN+i- G 14QN5 $KE4GrFHG -%Z$145 6p^A-a62/21JQNQN-%/3�
qr143 145HQ\145ARTMK/23 $ 6p1JMN5lRT/DMN3 62^H-|^HM ZHM G-& MN+i-"^ $ Z�62M h.- & MN/2/D- & 6p-%Z RTMN/L6p143 145AQ $ 5AZ$+ FHE4G -



� ;
^H-014QN^76�MKu G -06 G 1J5 - $�& ^l- E -03l-0576 �
�|1 u -0/2-%576�+ $ / 6p1 &%E - G ZH-%+iM G 1J6�ZH1Ju.-%/D-%576 $ 3 M F 576 G MKR -%5H-0/2QKy @
h F 6 G 145 & - 62^H-l- E - & 6p/DMN5H1 &%GaFHG - & MK5 G 6 $ 576\62^H/2- G ^HM E Z ZA1 GG& /21J3l1J5 $ 6pMK/ G%@ b ^H1 & ^ 6 F /D5 MN5 MN5 & -
6p^A-m/2- & -01JIN-0Z�+ FHEJG -l/2- $<& ^H- Gr$�G -g6d+iMN14576�MN5 6p^H-lZH1 G-& /21J3l1J5 $ 62MN/ @ 62^H-l62143 145HQ 1J5ARTMN/23 $ 6214MN5
RTMN/r+ $ /D6p1 &%E - G 6p^ $ 6SZH-%+iM G 1J6S3 MN/2-"-05H-%/DQKy b M FHE Z�hi-�hA1 $KG -%Z�6pM - $ / E 1J-%/ 62143 -'I $KE4F - G �
qr^H-|6p1J3l1J5HQ & MN/2/D- & 6p14MK5 b $KGP$z& MN5 G -(' F -%5 & -�MKRW6p^H-|R $�& 6t6p^ $ 6 E 1JQN^76L62^ $ 6 $ /2/21 IN- GP$ 6t6p^A-

1���q & M FHE Z ^ $ IK- F 5AZH-%/DQNMN5H-U3 FHE 6p14+ E - 1J576p-%/D5 $KE /D- � - & 6p1JMN5 G ��qr^H1 G -gu - & 6 b $KGn& MN/2/D- & 62-%Zlh~y
FHG 145HQ 6p^A-�ZA1 G 6 $ 5 & - @ 
�������� @ 62M ZH-062-%/23 145A-'6p^H-"62143 -|MKR8+H/2MN+ $ Q $ 6214MN5�RT/DMN3 62^H-"+.MK14576 b ^H-%/D-
+ $ / 6p1 &%E -"+ $KG2G -%ZY62^H/2M F QN^�62^H- G-& 1J5~621 EJE_$ 62MN/ + $ ZHZ E -a6pM 6p^A- 1���q��iqr^H-�-0u.- & 621JIK-\IN- E M & 1 6>y MKR
E 1JQN^76�145l62^H-|+ $ ZHZ E -U1 G�$ R F 5 & 6p1JMN5mMkRWh.MK62^l62^H-|145AZH-g)lMKRo/D-0RT/ $�& 6214MN5 $ 5HZm62^H-'ZH1J3l-05 G 1JMN5 G MKR
6p^A-"+ $ ZHZ E -��
qr^H-a+H/DMN+ $ Q $ 6p1JMN5m6p1J3l-URTMN/t-gIN-%576 � $ 6 1���q�� @ � � � �������� � 
 ��	�
��� ��� �� � � � @ b $KG 6p^A-%5
G2F hA6p/ $�& 62-%Z�RT/2MK3�6p^H-]^H1J6�6p1J3l-r/D- & MN/2ZH-0Z $ 6�6p^H-71���q��Aqr^H-U6p1J3l1J5HQ & MN/D/2- & 6p1JMN5 b $KG MN5m6p^A-
MN/DZH-%/SMKR $ RT- b 5 G �
qr^H-Y5A-%-%Z�RTMN/ $ + FHE4G -�^H-014QN^76 & MK/2/2- & 6214MN5 $ /21 G - G RT/DMN3 6p^A- & MN/2/D- E>$ 6p1JMN5 h.-g6 b -0-%5 6p^A-

v � n I $KEJF -'MKR $ 1���q G 1JQN5 $KE�@�
 � � �� � 
 @?$ 5HZ 1J6 G%$ /D/21 I $kE 62143 - $ 6 6p^H-|qS� n �,qr^H-"+ FHEJG - G ^ $ +i-
MKR86p^H- $ 5 $kE MNQ G 14QN5 $kE RT/2MN3 $ 1���q�1 Gl$ b - $k� R F 5 & 6214MN5�MKR $ 3l+ E 1J6 F ZH- @AG M 6p^A-\QN/D- $ 62-%/r6p^A-
$ 3 + E 1 6 F ZA-]MKRo62^H- v � n G 14QK5 $KE @�
 � � �� � 
 @ 62^H- G M,MN5A-%/t1 6 & /DM G2G - G 62^H-'6p^A/2- G ^HM E ZmINM E 6 $ QK-'MKRW6p^A-
ZH1 GG& /D143 145 $ 6pMN/3�8qr^H1 G 1 G�& MN/2/D- & 62-%Z�RTMN/�h7y $kG2G2F 3l1J5HQ $ 3 $ 62^H-%3 $ 6p1 &:$KE RTMN/23 RTMN/:6p^H- E - $ ZH145HQ
-%ZAQN-tMKR 62^H- $ 5 $KE MNQ51���q G 14QN5 $KE �Wqr^H- RTMK/23 FHG -0Z b $KG $ #oMN/2-05~62�%1 $ 5 @ b ^H1 & ^+2H6�+ $ / $ 3 -062-%/ G
ZH-g6p-%/D3l1J5H-%Z$RTMN/U- $�& ^�1���q��iqr^H-d+ FAE4G -�^H-014QN^76 & MN/2/D- & 6p14MK5 b $KG MN5�6p^H-\MN/2ZH-0/]MkR $ RT- b 5 G
$ 5HZ b $kG'G2F hA6p/ $�& 62-%ZYRT/DMN3�6p^H-�^H1 6U62143 - $ 6]- $�& ^ 1���q�� v 3lMN/D-aZH-06 $ 1 E -%Z$-g),+ E_$ 5 $ 6p1JMN5�MKR
hiMK6p^ & MK/2/2- & 6214MN5 GP&�$ 5�hi-"RTM F 5HZ�1J5 �S-0R ��+ c�� - �



� �

1
/214MK/86pM]6p^H-Lh.-0QN145H5A145HQ]MKR 6p^H- -g),+.-0/21J3l-05~6 @ 6p^A-t^HM ZHM GG& MN+i-!1���q G b -0/2-tQ $ 145,< 3 $ 6 & ^H-0Z
FHG 145HQ $ �

� n M Q $ 3 3 $ / $ y G M F / & -�+ E>$�& -0Z 145�62^H- & -%576p-0/ MKRS- $�& ^ + $ ZHZ E -���qr^H-�IKM E 6 $ QN- G
MN5 $KE4E 62^H-\6 F h.- G b -%/D- G -g6 G Ml6p^ $ 6]62^H- n MN3l+,6pMN5�-%ZHQN-\MKR*62^H-PQ $ 3l3 $ / $ y G Q $ IK- $ + FHE4G -
^H-014QN^76SMKR�� � �d3 f $ 6r6p^H-aZH1 GG& /2143 145 $ 6pMN/L145H+ F 6 G 145 62^H-a- E - & 62/2MN5H1 &%G /DM,MN3 �

��

��
�� � �%$��
 ��� ����� *��
qr^H-|Q $KG �n -%/D-%5 � M�I ZH-062- & 6pMN/t1 G 5 $ 3l-0Z $ R 6p-0/L62^H-|3 $ 5 b ^HM+2 / G 6rMKh G -0/DIN-0Z $ 5HZ & ^ $ / $�& 62-%/�<
14�0-%Z �n -%/D-%5 � M=I�/ $ ZH1 $ 6214MN5 � �n -0/2-05 � M�I�/ $ ZH1 $ 6p1JMN5 1 G -03l1 626p-0Z b ^H-%5Y62^H- G +i-%-%Z�MKR $ + $ / 6p1 &%E -
1 G QN/2- $ 6p-0/|6p^ $ 5�62^H- +H^ $kG - IN- E M & 1J6>y�MKR:6p^A- - E - & 62/2MN3 $ QN5H-g6p1 & 2 - E Z G4$ 6 $ QN1JIK-%5 RT/2-3' F -%5 & y
� @ 1 � -�� ��X �

� �
	�� � C 5 MK62^H-%/ b MK/2Z G0@ 6p^H- G +i-%-%Z MKR
62^H-d+ $ /D6p1 &%E -\1J5 $ 3 -%ZH1 F 3�3 FHG 6"-g) & -0-%Z
6p^A- G +.-0-%Z�MkR E 14QN^76r1J5�62^H- Ga$ 3 -a3l-0ZH1 F 3 @ �mX �� ��qr^H- $ 5HQ E - 	�� MKR8-%3 1 GDG 14MK5$MkR �n -0/2-%5 � M�I
/ $ ZH1 $ 6214MN5m/2- E>$ 6p1 IN-|62M 62^H-"IN- E M & 1J6>y�MKR862^H-a+ $ / 6p1 &0E -|1 G QN1JIK-%5$h7y

& M G 	�� � �

��

z ��� �K{

��1J/2/2MK/ G 145 G 14ZA- 62^H- ZH-062- & 6pMN/�RTM &0FHG 6p^H- �n -0/2-%5 � M�I E 14QN^76 MK5~62M +A^HMK6pM <>3 FHE 6p1J+ E 1J-%/ 6 F hi- G0@
b ^H1 & ^�M F 6p+ F 6 $ &0F /2/D-%576]62^ $ 6S1 GrG2F h G -(' F -05~6 E y & MN57IN-%/ 6p-0Z�14576pM $ 5�- E - & 6p/DMN5H1 &'G 14QK5 $KE �*qr^H-
+H/D- G2GDF /2-a1J5 G 1JZH-'6p^A- �n -%/2-05 � M�I b $KGP& ^HM G -%5 G M 6p^ $ 6r- E - & 62/2MN5 G b 1J6p^ $ QN1 IN-05 -%5H-0/2QKy b M FHE Z
-%3 1J6 �n -%/D-%5 � M�I�/ $ ZH1 $ 6214MN5 @ h F 6r^H- $ I,1J-%/L+ $ /D621 &0E - G0@,GDF0& ^ $KG +H14MN5 G%@ b M FAE Z�5HMk6 ��O,MN3 -U+H14MN5 G
b 1 EJE G 6p1 EJE +H/DM,Z F0& - $ �n -%/2-05 � M�I G 1JQN5 $KE 1JRW6p^H-a+H1JMN5�+H/2M Z F0& - G�$ � 5AM & � <>MK5�- E - & 6p/DMN5�MKR GDF�� <
& 1J-%576S-%5A-%/2Qky�6pM -%3 1J6 �n -%/D-%5 � M=I E 14QN^76 �*q8M 3 145H1J3l1J�%-r6p^H-a/ $ 6p-"MKRW62^H- � 5AM & � <>MK5$- E - & 6p/DMN5 G0@
6p^A-�-0576p/ $ 5 & - b 145HZAM b 6pM 6p^A-�ZA-06p- & 62MN/S1 G 3 $ ZH- $KG 6p^A145 $KG +.M G2G 1Jh E - �



� }
qr^H-�[|�YO �n -0/2-05 � M�I 1 Gz$V& y E 1J5HZH/21 &:$KE 6 $ 5 � b 1 6p^ $ 5 1J5H5H-0/dZH1 $ 3l-g6p-%/\MKR5�=�K9 & 3 $ 5HZ

$�E -%5AQK6p^ MKR � c � & 3 �mqr^A- �n -0/2-%5 � M�I�ZA-06p- & 62MN/ b $KG 2 E4E -%Z b 1J6p^ $�n � w ���PQ $kG z � �+�,� 9N9���},�

$ 6\O,q 1�{ @ +A/2- GDG2F /D14�0-%Z�62M�9�� �7� v 6p3 z����1��� 1 G 1 {'QK1JI 145HQ $ /D-0RT/ $<& 6p1 IN- 145HZA-g) MKR4�,� 9N9N97� � qr^H-
/2- G2FHE 6p1J5HQ +H14MK5�62^H/2- G ^HM E Z b $KG ��} � } e -0f � &4$ 5HZ 6p^A-�- E - & 6p/DMN5 6p^H/D- G ^HM E Z b $KG � � c ��-0f/�

qr^H-0/2- $ /2-Y; G +H^H-0/21 &�$KE 3 14/2/DMN/ G $ 6 62^H-�h $�& � MKRU6p^H-�6 $ 5 � b ^H1 & ^�/2- � - & 6 $ 5AZ�RTM &%FHG 6p^A-
�n -%/D-%5 � M�I E 1JQN^76 1J5~62M ; �kj)� F / E - �,� �k}\+H^HMK62Mk<>3 FHE 6214+ E 14-%/�6 F hi- G �:qr^H- G 14QN5 $KE4G b -0/2-"/D- E_$ yK-%Z
145762M $ #o- n /2M�y � �,� �=� v � n $kG b - E4EY$KG�$ ZH1 GG& /2143 145 $ 6pMN/�62^ $ 6 b $kG G2F h G -3' F -%576 E y $ 5l145H+ F 6
6pMU6p^H-:6p/D14QNQK-%/(�xqr^H-L3l1J5H143 F 3 G 1JQN5 $KE /D- GDFHE 6 G b ^H-05dMN5H-L+H^HMK62M,- E - & 6p/DMN5\1 G - �D- & 6p-%ZdRT/DMN3�6p^A-
+H^HMk6pM &:$ 62^HM,ZA-���qr^H- &�$KE 1JhH/ $ 6214MN5P1457INM E IN-0Z E M &�$ 6p1J5HQ'6p^A- G 145HQ E -r+H^HMk6pM - E - & 62/2MN5 145 62^H- v � n
G +i- & 6p/ F 3�MKR8- $�& ^$6 F hi- $ 5HZ-2H6262145HQ $ e4$KFHG2G 1 $ 5 62M 1 6\z G -%-\w*14Q � ����� c { @ 62^H- E M &:$ 6214MN5�MkR*6p^A-
+i- $K� b $KGUFHG -0Z $KG 6p^A- &�$KE 1JhH/ $ 6214MN5 & MN5 G 6 $ 576U6pM &:$KEB&%FHE>$ 6p-|62^H-�5 F 3dh.-0/SMKR�+H^AMK6pM - E - & 62/2MN5 G
+H/DM,Z F?& -%ZYh~y$+ $ /D6p1 &%E - G 145$+H/2M Z F0& 6p1JMN5Y/ F 5H5H1J5HQ�z G2F 3 3 -%ZYM�IK-%/]62^H-a6 F hi- G {"�Sqr^H- $ IK-%/ $ QN-
y 14- E Z b $KG c < � +A^HMK6pM - E - & 6p/2MK5 G � v 6>y +H1 &:$KE�G +i- & 6p/ F 3 MKRS+A^HMK6pM - E - & 6p/2MK5 G3&�$ 5�hi- G -0-%5 1J5
w*1JQ �	����� � �

��

��
�� � ��� � � � �%$ $ 
 ��� * � , � � ) ���

qr^H- ['��O &:$kE MN/D143 -06p-0/ b $KG�FAG -%Z RTMN/l+ $ / 6p1 &0E -$14ZH-0576p112 &:$ 6214MN5 145 & MN5�� F 5 & 6p1JMN5 b 1 6p^ 6p^A-
�n -%/D-%5 � M�I �Pqr^H- &:$KE MN/21J3l-g6p-0/U1 G 6p^A- E_$KG 6|ZH-g6p- & 6pMN/"1J5Y6p^A- [|��O�^ F 6 $ 5AZ & MN5 G 1 G 6 G MKR
RTM F /
E_$ yK-%/ G MKR�� �-��9 & 3 ) ��9 & 3 ) � 9 & 3�qSw � E - $ Z$Q E_$KGDG h E M & � G b 1 6p^ 1:^A1 E 1J+ G�� 1 �k} c ; e 1
^HM <
6pMK3 FHE 6214+ E 14-0/*6 F hi- G�$ 626 $�& ^H-0Zm6pM�6p^H-03 ��qr^A-";�RT/DMN576 E>$ yK-%/ G ^ $ IN-]6p^H-71���q G MN5�hiMK62^m-%5AZ G
MKR8- $�& ^�h E M & ��@ b ^H-0/2- $kG 62^H- E_$KG 6]; E>$ yN-%/ G ^ $ IN- 1L�$q G MN5�MN5 E y�MN5A- G 14ZH- �



� �

w*1JQ F /2-������ c � v � n G +i- & 62/ $ RTMK/:62^H-][|��O �n -0/2-05 � M�I�1L�$q G%@ hiMK6D6pMN3 $ 5HZl62MN+ ��qr^H- G 1J5HQ E -
+H^HMk6pM - E - & 62/2MN5�+i- $K� b $KG 2H6 b 1J62^ $me4$KFHGDG 1 $ 5�RTMK/ &:$KE 14hH/ $ 6p1JMN5 � � F 5��K9���9,� b $KGSFHG -%Z �

w*1JQ F /2- ���1� � � v 6>y +H1 &�$KE�G +.- & 6p/ F 3�RTMN/ 62^H-a[|�YO �n -0/2-%5 � M�I&� � F 5��K97�N��� b $KGSFHG -%Z @ b ^A1 & ^
b $KG 6 $K� -05 $ 6S+������������ � } e -gf � &k@ h.- E M b 62^H-a+H14MK5�62^H/2- G ^HM E Z �



�Nc
qr^H- &:$KE MN/21J3l-g6p-0/m3 - $KGDF /2- G 62^H- -%5H-0/2QKy ZH-%+iM G 1 6p-0Z h7y $@& ^ $ /2QN-0Z + $ /D6p1 &%E - b ^H-%5 1J6

+ $KGDG - G 62^H/2M F QN^ 1 6 � v 5 $�&^& - E -%/ $ 6p1J5HQ ^H14QK^�-05H-%/DQKy - E - & 6p/2MK5 -03l1 6 G +H^HMk6pMN5 G 62^H/2M F QN^
� /D-%3 G2G 62/ $ ^ E4F 5HQ���qr^H- G -�+H^HMk6pMN5 G RTMN/23 - E - & 6p/DMN5,< +.M G 1J62/2MN5 + $ 1J/ G b ^H1 & ^ / $ ZH1 $ 6p- 3 MN/2-
+H^HMk6pMN5 Gj$ 5AZ 62^H-�+H/2M & - G2G 1 G /D-%+i- $ 62-%Z � qr^H-0/2-0RTMK/2- @ 6p^H-�5 F 3dhi-%/ MkR'+ $ /D6p1 &%E - G 145 & /2- $KG - G
-g),+iMN5H-05~621 $KEJE y b 1J62^ ZA-%+A62^ 1J5 6p^H- &�$KE MN/D143 -062-%/(�Wqr^H1 G 1 G /D-0RT-%/D/2-0Z 62M $kGn$�B-&:$KG-&:$ ZA- G ^HM b -0/2j
MKR8+ $ / 6p1 &0E - G - $ /D5H145HQ 62^H- &:$KE MN/21J3l-g6p-%/ $ 5H1 & � 5 $ 3 - BDG ^AM b -%/ & M F 576p-%/Dj �
( E - & 6p/DMN5 GT$ 5HZ +iM G 1 6p/2MK5 G ZH-0+.M G 1J6 $KEJE MkR.62^H-%1J/�-%5H-0/2QKyd145d6p^A-rZH-062- & 62MN/ @ b ^H1 E -t+A14MN5 Gn$ 5HZ

+H/DMK6pMN5 G ZH-0+.M G 1J6 $ /D- E_$ 6p1JIK- E y & MN5 G 6 $ 576 $ 3lM F 576'MKR�-%5H-0/2QKy @ Z F -�6pM�1JMN5H1J� $ 6214MN5 $ 5AZ�ZH14/D- & 6
�n -%/D-%5 � M�I E 14QN^76\z � �N9N9N��-0f�RTMN/S+H14MK5 G {��rO,M @�$KGUE MK5HQ $KG 62^H-�-%5H-0/2QN1J- G MKR*62^H-\+ $ /D621 &%E - Gl$ /D-
b - E4E}$ h.M�IN-S6p^A1 GD& MK5 G 6 $ 576 @ 6p^H- &:$kE MN/D143 -06p-0/ &:$ 5lhi- FHG -0Zl6pM G -%+ $ / $ 6p-U- E - & 6p/2MK5 G RT/2MN3 Mk6p^H-0/
+ $ / 6p1 &%E - G h7y 3l- $KG2F /D145HQ 62^H-�ZH-%+iM G 1 6p-0Z -05H-%/DQKy,� []M b -gIN-0/ @ +H1JMN5 G &:$ 5 F 5HZA-%/2QKM 5 F0&0E - $ /
145762-%/ $<& 6p1JMN5 G 1J5�62^H- E - $ Z�Q E_$kG2G%@ b ^H1 & ^ &:$ 5 E - $ Z 6pM $ G ^HM b -%/ G 1J3l1 E_$ /:6pM 6p^HM G - & /D- $ 62-%Z$h~y
- E - & 6p/2MK5 G �:qr^H-a+H1JMN5 G 1JQN5 $KE 6p^H-05�^ $kGP$dE MN5HQd6 $ 1 E 6p^ $ 6S-g) 6p-05HZ GSF 5HZH-0/r6p^H-a- E - & 6p/2MK5 +.- $K� �
w MN/*62^H1 G /D- $KG MN5 @ 62^H- &:$KE MN/21J3l-g6p-0/81 G 5HMK6 FAG -%Z $KE MN5H-LRTMK/�+ $ / 6p1 &0E -L14ZH-05~62112 &�$ 6p1JMN5 @ h F 6:/ $ 6p^H-0/
145 & MN3dhH1J5 $ 6p1JMN5 b 1 6p^ 6p^H- �n -0/2-%5 � M�I&�

qr^H- G 14QN5 $kE RT/DMN3 - $�& ^ 1���q 1 GLG + E 1J6 $ 5HZm62^H-|M F 6p+ F 6 G%$ /D- G -0576r14576pM $ #o- n /DM=y � �,� ���
v � n $ 5HZ $ 1
^H1 E 14+ Gr� }79 E 145H- $ / R $ 5 <>145m3lM Z FHE - b ^H-0/2-"6p^H-gy&% /D- GDF 3 3l-0Z �
qr^H- G2F 3 145�6p^A-
2 / G 6 E_$ yN-0/'z 1 �'O �'��{ $ 5HZ 6p^H- G2F 3 MKR $KEJE 6p^A- E>$ yN-%/ G z�OA[|O �|��{ $ /2-SZH1 GG& /2143 145 $ 6p-0Zd6pM�QN1JIK-
6p^A/2-%- E MKQN1 &dG 14QN5 $KE4G RTMK/a62^H- 6p/D14QNQN-0/(�81 ��# � $ 5HZ 1 �U[ C�$ /2- E M b $ 5HZ ^H14QK^ 62^H/2- G ^HM E Z MN5
6p^A-P-%5A-%/2Qky�ZA-%+iM G 1 6p-%ZY145�62^H- 2 / G 6 E_$ yK-%/ @Y$ 5HZ OA[ # � 1 G�$ 62^H/2- G ^HM E Z�MN5$6p^H-�6pMK6 $KE -%5H-0/2QKy
ZH-0+.M G 1J62-%Z$145 6p^H- &�$KE MN/D143 -062-%/ $ 5HZ�1 GP$ hiM=IK-"6p^H-a+H1JMN5�+.- $K� �



�7�
q b M & MK/2/2- & 6214MN5 G%$ /2- $ +H+ E 1J-%Z�62Md6p^H-|/ $ b v � n I $KEJF - G �:w*14/ G 6 @ 6p^A- G 14QK5 $KE 1 G%& MK/2/2- & 62-%Z

RTMN/ $ 6262-%5 FQ$ 6214MN5$6p^H/DM F QN^�6p^H-\h E M & ��G Ml62^ $ 6'1J6]1 G 145HZH-0+.-05HZH-05~6|MKR�6p^A-PZH1 G 6 $ 5 & -�RT/2MN3�6p^A-
1���q�� � 5 & -m6p^H- $ 6262-%5 FQ$ 6214MN5 & MN/2/D- & 6214MN5�1 G 3 $ ZH- @D$ Q $ 1J5 & MN/2/D- & 6214MN5�R $<& 6pMK/P1 Gr$ +H+ E 14-0Z
6pM�- $�& ^ & ^ $ 5H5H- E ��qr^H1 G Q $ 1J5 & MK/2/2- & 6214MN5 R $<& 6pMK/m1 G ZH-062-%/D3l1J5H-%Z 62^H/2M F QN^ $ &�$KE MK/2143 -062-%/
&:$kE 14hA/ $ 6214MN5 +H/DM & -%Z F /D- @
GDF0& ^ 6p^ $ 6\6p^H- G2F 3 MKRt62^H- & MK/2/2- & 62-%Z v � n G QN1JIK- G 62^H-�- E - & 6p/DMN5
-%5A-%/2Qky,�

qr^H- &:$KE MN/21J3l-g6p-0/ &:$kE 14hA/ $ 6214MN5 b $KG +i-%/ RTMN/23 -%Z�3 MN/2-]6p^ $ 5�MN5 & - @AFHG 1J5HQ ZH1Ju.-%/D-%576S3l-g6p^,<
M Z G h.-gRTMN/2- G -g626 E 145HQ�MN5 MN5H- $ +H+A/2M $�& ^ �mqr^H- QNM $KEJG b -0/2- 6pM$3l1J5H143 14�0-\6p^A- b 1JZA6p^ MKR $ 5HZ
6p^A-�+.M G 1J6214MN5�ZH-0+.-05HZH-%5 & - MKR"62^H-Y- E - & 6p/DMN5 +i- $K� � ( $�& ^ &�$KE MN/D143 -062-%/ h E M & � ^ $KG $ Q $ 1J5
$KGDG M & 1 $ 6p-%Z b 1 6p^�1 6 @ b ^H1 & ^ 1 G]FHG -0Z 6pM &:$kE>&%FAE_$ 62-\6p^A-dZH-%+iM G 1J6p-0Z -%5H-0/2QKyYZ F /D145HQ�62^H-d-0IK-%576
/2- & MN5 G 6p/ F0& 6214MN5 +H/2M & - G2G � � ^A-%5 &�$KE 1JhH/ $ 6p-%Z +H/DMN+.-0/ E y @ 6p^H- - E - & 62/2MN5 +i- $K� b 1 EJE hi-l+ E>$�& -0Z
$ 6S- E - & 6p/DMN5�-05H-%/DQKy @ /D- � - & 62145HQ 6p^H-a-05H-%/DQKy�ZH-%+iM G 1J6p-0Z�145 6p^H- &�$KE MN/D143 -062-%/(�
v R 62-%/ +.-0/DRTMN/D3l1J5HQ $ 5 1J5H1J621 $KE�&:$KE 14hH/ $ 6p1JMN5 @ 6p^A-�+iM G 1 6p1JMN5 MKR'62^H-�+i- $k� b $KG -g) $ 3 145H-0Z

$KG $ R F 5 & 6214MN5 MkR
6p143 -a6pM & ^H- & � 6p^H- G 6 $ hH1 E 1J6>y�MKR
62^H- &:$kE 14hA/ $ 6214MN5 � � ^ $ 6 b $KG ZA1 GG& M�IN-%/D-%Z
145 G 6p- $ Z b $kG 62^ $ 6 G MK3l-r- E - & 6p/DMN5 +.- $K�~G ^ $ Z $ 5HMN3 $KE M FAG b 14ZA62^ G z $kG y 3l3 -062/21 &K@ b 14ZA-%/�6p^ $ 5
-g),+i- & 6p-%Z {"�
qr^H-U+H/2MKh E -03 hi- &�$ 3l-rMKh~I 1JM FHG b ^H-%5 6p^A-r+.M G 1J6214MN5 MKR�62^H-S+.- $K� b $KG -g) $ 3 145H-0Z
$KG2$ R F 5 & 6214MN5 MKRL6p143 -PRTMN/ $ QN1JIK-%5 / F 5 ��w*1JQ � ����� ��G ^HM b G R $ 14/ E y G2F ZHZA-%5 & ^ $ 5HQN- G 145 6p^A-
&:$kE MN/D143 -06p-0/ G +.- & 62/ F 3 z [|OHO,[]q ��. � zT-%5H-0/2QKy ZA-%+iM G 1 6p-%Z RTMN/ $ 6p/ $<& � { ��� � ���,{ $KG4$ R F 5 & <
6p1JMN5 MKR.-0IN-0576 5 F 3dhi-%/3�
qr^H-S/21JQN^76:+ E MK6 G ^HM b G 62^H-r6 b M�- E - & 6p/2MK5l+i- $K�~G 6p^ $ 6 & MN/D/2- G +.MK5HZ 62M
G ^A1JR 6p-0Z $ 5HZ F 5 G ^H1JR 62-%Z G +i- & 62/ $ �
O,145 & -t6p^H-S+H1JMN5 +i- $K� z E M &:$ 62-%Z $ 6 ��9�� }a145 6p^A-S[|OHOA[Uq �4.

G +i- & 6p/ F 3�{'ZAM,- G 5HMK6 $ +H+i- $ /'6pM�hi- G ^H1 R 6p-%Z h7y $kG 3 F0& ^ $KG 6p^A- - E - & 62/2MN5 +i- $K��@ 6p^A- G ^H1 R 6



�,�

&:$ 5H5HMK6Uhi- $ /D- G2FAE 6SMKR $ 5$MKu G -06U145 62^H-a+.-0ZH- G 6 $KEJG �

w*1JQ F /2--���1� � � qr^A- E -0R 6 + E MK6 G ^HM b G 6p^H-$- E - & 62/2MN5 G +i- & 6p/ F 3�145 6p^H- &�$KE MN/D143 -062-%/PRTMN/ / F 5
���=� � ; $KG $ R F 5 & 6214MN5 MKRW-gIN-05~6U5 F 3dhi-%/ b 1 6p^ GDF ZHZH-05 G ^H1JR 6 G �
qr^H-"+ E MK6 MN5�6p^H-"/D14QN^76 G ^HM b G6p^A- & MN3l+ E -062- G +i- & 6p/ F 3 RTMK/"-0IN-0576 5 F 3dhi-%/ G2& MK/2/2- G +iMN5HZH1J5HQ�6pM�6p^H- 5HMN3 145 $KE +i- $K� zT/2-%Z {
$ 5HZ�6p^A- G ^H1JR 62-%Z�+i- $K� zTh E4F -�{"�

qr^H1 G"G ^H1JR 6 b $kG ZH-062-%/23 145A-%Z�6pM hi-P62^H-d/2- G2FHE 6"MKR $ 5 1J5~62-%/D3l1 626p-0576|ZH-0QN/ $ Z $ 6p1JMN5�MKR:6p^A-
E - $ ZH1J5HQ -%ZHQK- MKR]62^H-�ZH1 G-& /D143 145 $ 62MN/ G 14QK5 $KEtFHG -%Z 6pM Q $ 62-�6p^H- v � n � � M & MK/2/2- & 6214MN5 b $KG
3 $ ZH- 145�62^H- -%5AZ $KG 62^H- G 3 $KEJE*E M G2G 145 /D- G M E4F 6214MN5 b $KG 145 G2F��j& 1J-%576"6pM E 143 1J6 � /2- �D- & 6214MN5 �
w MN/ $ ZH-06 $ 1 E -%Z�ZH1 GG&%FAG2G 1JMN5 @ /D-0RT-%/t62M�+ � � - �
qr^H-/2 5 $KE�&�$KE 1JhH/ $ 6p14MK5 b $KG +i-%/ RTMN/23 -%Z FHG 1J5HQ $lG 6 $ 5HZ,< $kE MN5H- & MK3l+H1 E -0Z�+H/DMNQN/ $ 3 + �kc - �

qr^H1 G2& M,ZA- FAG - G�G MK3l- 1J5H1J621 $KExG -g6\MkR Q $ 145 G4$ 5AZ +i-%/ RTMN/23 G4$ / $ 5HZAMN3 b $KE4��@t& ^ $ 5AQN145HQ�6p^A-
Q $ 1J5�MN5�- $�& ^Yh E M & � 145AZH1JI 14Z FQ$KE4E y $ 5HZ & ^H- & � 145AQm6pM 3 $K� - G2F /2-a6p^ $ 6S62^H-��W`UMKRx6p^H-�-%5H-0/2QKy
G +i- & 6p/ F 3�143 +H/2M�IK- G � v GG$ 3l+ E -a[|�YO G ^HM b -0/ G +.- & 6p/ F 3�1 GSG ^HM b 5�1J5�w814Q �	���1� ? �

� 5H-a/ F 5 b $KGP& ^HM G -05�62M +.-0/DRTMN/D3 $ &:$KE 14hH/ $ 6p1JMN5l62^ $ 6 b M FHE Z$hi- FHG -%Z�RTMN/ $KE4E 6p^H-"Z $ 6 $ �
qr^H1 G / F 5 b $KG]$ 6UM F / G 3 $KEJE - G 6 $ 5HQ E -lz � � /p{ $ 5AZ $ R $ 14/ E y�^H1JQN^Y3 MN3 -%576 F 3 z ��� � } e -gf � & {



�N?

w*1JQ F /2- ����� ? � ['��O G ^AM b -%/ & M F 5762-%/ G +.- & 6p/ F 3 z (
5H-%/DQKy ZA-%+iM G 1 6p-%Z 145 62^H- &�$KE MK/2143 -062-%/
ZH1 I,1JZH-%Z h7y 6p^H- + $ / 6p1 &%E - % G 3 MN3 -%576 F 3�{�� qr^A-62 Q F /2- Gr$ /D- RTMN/ $ ZH- F 6p-0/21 F 3 / F 5 z � � � ? 97{
$ 6 � � / $ 5HZ�+ ����� � } e -gf � & �
qr^H-"6 b M)2 Q F /2- G MN5 62^H- E -gR 6 G ^HM b 6p^H-a- E - & 6p/2MK5$+i- $k� hi-0RTMN/D-$ 5HZ $ R 62-%/ $ �n -%/D-%5 � M=I &%F 6]MkR �,���d+H^HMK62M,- E - & 6p/DMN5 GP$ +A+ E 1J-%Z �
qr^H-"6 b M 2 Q F /2- G MK5$62^H-a/214QK^~6
G ^AM b 6p^H-a/2-0QN14MK5�9 <�9����d145�3 MN/2-|ZA-06 $ 1 E �

G M�62^ $ 6|62^H- +H1JMN5�h $�& � QN/DM F 5HZ b $KG 3l1J5H143 $KE�@ h F 6|62^H- 3lMK3l-05~6 F 3 b $KG"G 6p1 E4ExE M b -%5HM F QN^
G M 6p^ $ 6r6p^H-"RTM &:$KE + E_$ 5A- b $KG b - E4E <>+iMN+ FHE>$ 6p-0Z �

����� ��!�# � � �"!

qr^H-0/2- b -0/2- G -gIN-0/ $KE 62/214QKQN-%/ G 145 FHG -aZ F /21J5HQd6p^A-"/ F 5H5A145HQ MKR8(:97;=<>9�� ?z$ 5HZ 6p^H-gy b -0/2- FHG -%Z
RTMN/8ZH1Ju.-%/D-%576�+ F /2+iM G - G � n ^HM M G 145HQ'62^H- & MN/2/D- & 6�6p/D14QNQN-0/81 G 1J3l+iMN/D6 $ 576 G 145 & - 1 6 % G 62^H- 2 / G 6 E 145H-
MKR
+ $ /D621 &%E -\1JZH-%5762112 &�$ 6p1JMN5 $ 5HZY6p1J3l- $ 5AZ�ZH1 GD��G + $�& - &:$ 5�h.- Ga$ IN-0Z 1JR
h $<& � QK/2M F 5AZ -0IN-0576 G
&:$ 5�hi-a/2- �D- & 62-%Z $ 6U62^H-"6p/D14QNQN-0/ E -gIN- E �:qr^H-�62143 -|1 G MKR8145762-%/2- G 6Uhi- &:$kFHG -\1J6 &:$ 5 & MN576p/21Jh F 62-
6pM\145H- �j& 14-05 & y h7yl145 & /2- $kG 145AQ\6p^A-'ZH- $ ZA6p1J3l-t<*+.-0/21JM,Z G b ^H-05�6p^H-]Z $ 6 $3$�& ' F 1 G 1 6p14MK5 G y G 6p-03



? 9
1 G F 5 $ I $ 1 E_$ h E - $ 5AZ &:$ 5H5HMK6 $�&�& -%+A6l5H- b -0IN-0576 G hi- &�$KFHG -Y1J6(% G +H/DM & - GDG 145AQ �k/2- & MN/DZH145AQ 6p^A-
+H/D-0I 14M FAG -gIN-%576(�Lw MN/�(:97;=<>9�� ?A@ 62^H-'ZA- $ ZA62143 - b $kG � -0+A6thi- E M b ;K9 $ h7y 6p^A-]M &�&�$KG 1JMN5 $KE FHG -
MKR +H/2- GG&:$kE -rR $�& 62MN/ G �:��M G 6 MkR.62^H-U62143 - @ 62^H-S/ $ 62- G b -0/2- E M b -05HM F QN^ 6p^ $ 6 $ +H/D- G-&:$KE -SR $<& 6pMK/
MKR�� b $KGUFHG -%Z �
qr^H-"6p/D14QNQN-0/L62^ $ 6 b $KGSFHG -0Z RTMN/ 6p^A-"3 $ 1J5�Z $ 6 $ 6 $K� 1J5HQ$z - � ZH-062- & 6214MN5 { b $KG (�# �U( v # @

b ^H1 & ^ &:$ 5 hi-]62/ $�& -%Z�1J5�w*1JQ � ����;K9��
(�# �]( v # 1 G%$ 5m- E - & 62/2MN5 6p/21JQNQN-0/ $ 5AZ�/2-3' F 14/2- GtGG& 14576p1 E <
E_$ 6pMN/t^A1J6 GP$ 5HZ FAG -%/�<>ZH-"2 5H-0ZY+ $ / 6p1 &%E -"1JZH-%5762112 &�$ 6p1JMN5 G 1JQN5 $KEJG �
qr^H--2 / G 6l+ $ /D6 MKRU6p^A-�62/21JQNQN-%/ b $KG RTMN/D3l-0Z FHG 1J5HQ 6p^H- G 1JQN5 $KEJG RT/2MK3 6p^H- ^AM,ZHM GG& MK+.- �

v'G ZA- GG& /21Jh.-0Z�1J5�O,- & �	��� c � � @T$ ^H1J6P145 $ QN1 IN-%5 + E>$ 5H-�MkRU62^H- ^HM ZHM G-& MN+i- 1 G ZA-32 5H-0Z $kG $
& MK145 & 14ZH-05 & -Uh.-g6 b -0-%5$; G 14QK5 $KE4G RT/DMN3 6p^H-UMN+H+iM G 1J6p- G 1JZH- G MKR $ + E>$ 5H- @ 5HMK6L5H- & - GDGa$ /D1 E y RT/2MN3
6p^A- Ga$ 3 -d+ $ ZHZ E - �|q b M G-& 1J5~621 EJE_$ 62MN/r6p/21JQNQN-0/ G]$ /2-\62^H-%5 RTMN/D3l-0Z @ O q � w $ 5HZ O n C � z $ � � � $
% � �k} %�{"��O,q � w /2-3' F 14/D- GP$ ^H1J6t145 MN5H-"MkRx62^H-\O �lzTRT/DMN576 {L+ E>$ 5H- GP$ 5HZ $ 5HMK62^H-%/r1J5 MN5H-"MKRx6p^A-
OH;�z /D- $ /p{ + E_$ 5H- G0@ 6p^H-a3 145H1J3 F 3 5 F 3dhi-%/rMKR8+ E>$ 5H- G RTMK/t6p143 -|MKR � 1JQN^76 &:$KEB&%FHE>$ 6p1JMN5 ��O n C �
/2-3' F 14/D- G ^H1J6 G 1J5 � MKR86p^H-�} + E_$ 5A- G ���Ly 62^ $ 6UZH-32H5H1J6214MN5 @ 1JR�O n C � 1 GrGa$ 621 G 2H-%Z�62^H-%5�O,q � w
1 GP$kE4G M GG$ 6p1 G 2 -0Z �
qr^H-"MK62^H-%/ E -%Q G MKRo62^H-"(�# �]( v # 6p/D14QNQK-%/�+H/2M�I 14ZH-'+H/2- E 143 145 $ /DyP+ $ /D621 &0E -U14ZH-05~62112 &�$ 6p1JMN5 �

qr^H- $ 5 $kE MNQ G 14QN5 $kE4G RT/DMN3�6p^A- 2H/ G 6 E>$ yN-%/aMKR�6p^A- &�$KE MK/2143 -062-%/ $ /2- G -0576�62M�ZH1 G-& /21J3l1J5 $ 62MN/ G
$ 5HZY1JR*62^H-0y�-g) & -%-%Z $ E M b $ 5HZ � MN/ $ ^H14QN^$6p^H/D- G ^HM E Z @ 1 ��# � $ 5AZ �kMN/71 �][ CrE MNQN1 &aG 14QK5 $KE4G
$ /D- G -%576'62Ml6p^A-�62/214QKQN-%/3�rOA[4# � 1 G�$ 5HMK6p^A-%/ E MNQN1 &"G 1JQN5 $KE 62^ $ 6]1 GSG -05~6'6pM 6p^H-a6p/D14QNQN-0/rRT/2MN3
6p^A- &:$kE MN/D143 -06p-0/ @ h F 6]62^H-P1J5H+ F 6U6pM 6p^H-\ZH1 G-& /21J3l1J5 $ 62MN/r145$6p^H1 G�&�$KG -\1 G 6p^H-\-%5H-0/2QKy G2F 3 1J5
$KEJE 6p^H- E_$ yN-0/ G MKR�6p^A- &�$KE MN/D143 -062-%/(� w*145 $KE4E y @ 62^H- n ( � G 1JQN5 $KE /D-(' F 14/D- G 6p^H- �n -%/D-%5 � M=I G2F 3



? �
6pM)2 /D-"6p^H-aZH1 GG& /D143 145 $ 6pMN/|zT6p^A/2- G ^HM E Z G -06S6pM �a9�� � +H^HMk6pM - E - & 62/2MN5 G { �

S1X

S2X

S1Y

S2Y

PRHI

SHLO

S1

S2

PRLO

C

C

1/2

2/2veto
1/1

ELHI

3/3

1/2SCIN

3/4

2/3

ELLO

veto

ELREAL

PIPRE

PRETRIG

Gate
Gen

Gate
Gen

start

stop

start

pretrig
veto

Prescaling
    circut

PION

ELREAL
fan-out

1/1

60ns
1/1

100ns
1/1

150ns
1/1

200ns
1/1

To Trigger
Supervisor

2/2

STOF

NIM
 to
ECL

T

S
-

- LEMO Cable

- Variable delay

w*14Q F /2- ����;K9 � ['��O G 145AQ E - $ /23�- E - & 6p/DMN5H1 &0G

(�# # � /2-3' F 14/2- G 6p^H- n ( � @ $ 5HZ�;�MKRS6p^A-mRTM E4E M b 145HQ � O,q � w z E M M G -l^HM ZHM G-& MN+i- &0F 6 { @
O n C � z 6p14QK^~6'^HM ZHM GG& MN+i- &%F 6 { @ MK//1 �4# � z E M,M G - G ^HM b -0/ & M F 576p-0/ &%F 6 {"�aqr^H-dMk6p^H-0/ E -0Q�MKR
6p^A-d6p/21JQNQN-0/ @ (�#W[ C @ /D-(' F 1J/2- G O n C �\@ 1 �][ C @�$ 5HZ OA[4# � 62M$hi- GG$ 6p1 G 2 -0Z � O,M @ 1JR $ 5 -0IK-%576
Ga$ 6p1 G 2 - G -%1J62^H-%/�6p^H-�( # # � MN/d(�#W[ CaE -0Q�MKRr62^H-m6p/D14QNQK-%/ @ 1J6\1 Gr$ QNM M,Z &�$ 5HZH1JZ $ 62-lRTMN/ $ 5
- E - & 6p/2MK5 �r(�# �]( v # @ 6p^A-P+H/D143 $ /Dym- E - & 62/2MN5$6p/21JQNQN-0/ @ 1 G ZH-"2 5H-0Z $KG 6p^H- � � MkR
(�# # � $ 5HZ
(�#W[ C @Q$ 5AZ $ 3lMN/D- G 6p/21 & 6r- E - & 6p/DMN5�6p/D14QNQK-%/ @ (�# n #W( v ��@ 1 G ZH-32 5A-%Z $KG 6p^A-%14/ v � � G 14QN5 $KE �



? ;
� Mk6p-P62^ $ 6|62^H-P6p/D14QNQK-%/'1 G /2MKh FHG 6 $ Q $ 1J5 G 6'145H- � & 14-05 & yY145 $ 57yYQN1JIK-%5 E -0Q �aw MN/'- ) $ 3l+ E - @ $
6p/D14QNQK-%/ G 14QN5 $kE 1 G RTMK/23 -%Z 145 62^H- $ h G -%5 & -lMKR $ �n -%/D-%5 � M=I G 14QN5 $KE MN/ $ &:$kE MN/D143 -06p-0/ G 14QN5 $KE @
$KGSE MK5HQ $KG 6p^H-aMK62^H-%/SZH-g6p- & 6pMK/ Gl$ /2-a+i-%/ RTMN/23 145HQ b - EJE �
C 5 $ ZHZA1J6p1JMN5�6pMl62^H-\( # �U( v # -0IK-%576 G0@t$lGa$ 3l+ E -aMKR
+H1JMN5 G b $KG�$KE4G Ml6 $K� -05�145�MN/2ZH-0/U62M

G 6 F ZAy 6p^A-'+H1JMN5lh $�& � QN/2M F 5HZ $ 5HZ $KE4G M�62MP^ $ IK- $\GG$ 3 + E -SMKR -0IN-0576 G 6p^ $ 6 b $KG 5HMK6 G -05 G 1 6p1JIK-
6pM 1J5H- �j& 1J-%5 & 14- G $KG2G M & 1 $ 62-%Z b 1J62^ + $ /D621 &%E -Y1JZH-%576p1�2 &:$ 6p14MK5 /2-(' F 1J/2-03l-05~6 G � qr^H1 G 6p/D14QNQN-0/ @
1 C � � z w*14Q��)����;K97{ @ b $KG ZH-32H5H-%Z $kG3$ QNM M Z ^HM,ZAM GG& MN+.- G 1JQN5 $KE z O n C � { $ 5HZ $ �n -0/2-%5 � M�I
IN-g6pM zT5HMK6p-$6p^ $ 6 1 C � � -0IK-%576 G &�$ 5 G 621 E4ESGG$ 6p1 G R y 6p^H-Y(�# �U( v # 6p/D14QNQN-0/ I 1 $ 6p^A- (�# # �

/2M F 6p-�{"�
qr^H- G -a-0IK-%576 G b -0/2-"6p^A-%5�+H/2- GG&�$KE -0Z$h7y $ ZAy 5 $ 3 1 & +H/D- G-&:$KE 145HQ & 14/ &%F 1 6 G Md62^ $ 6r6p^A-
5 F 3dhi-%/SMKR8-0IK-%576 G /2- & MN/2ZA-%Z b $KGl$ G 3 $KE4E RT/ $�& 6p14MK5 MKR862^H-a5 F 3dhi-%/SMKR*( # �U( v # 62/214QKQN-%/ G �
( $�& ^�6p/D14QNQN-0/ $ 5HZY3 M G 6'MKR*6p^H-�+H/2- < 62/214QKQN-%/ G 1JQN5 $KEJG b -%/D-PM F 6p+ F 6]6pM $ qS� n $ 5AZ�/2- $ Z

M F 6th~yl6p^H-a� v 
 G y G 62-%3 ��qr^A1 G 3 $ ZH-|1 6t+iM G2G 14h E yl62M &%F 6rMK5�6p^H-|I $ /D14M FHG hH/ $ 5 & ^H- G MKRW6p^A-
6p/D14QNQK-%/tZ F /2145AQ 62^H-aZ $ 6 $j$ 5 $KE y G 1 GP$ 5HZ$- �j& 14-%5 & y &:$kE>&%FAE_$ 6214MN5 G �

��
�� 
�� � � ) ��� ��� &/, $-,�) , **� � ! $ )'���

qr^H-�Z $ 6 $�$�& ' F 1 G 1J6p1JMN5"RTMN/W(:97;=<>9�� ? b $kG ^ $ 5HZ E -0Z\h7ya6p^A- n (�� v w � 5 E 145H-:� $ 6 $rv�& ' F 1 G 1 6p14MK5
O y G 62-%3 z n � � v { + �N� - � v�G-& ^H-%3 $ 621 & MKR
62^H- n � � v G MkR 6 b $ /D- & ^ $ / 6 &:$ 5 h.- G -%-05 145�w814Q �
����;��,� C 5,RTMN/23 $ 6p1JMN5�RT/2MK3 v � n G�$ 5HZYqS� n G 1 G /2- $ ZYM F 6]RT/DMN3 62^H- �S- $ Z,< � F 6 n MN576p/DM E4E -%/ G
z � � n G { b ^H1 & ^ $ /D- n 1 � G 145d6p^A-Sw v O q � �|O $ 5HZ fa��( & / $ 6p- G �
qr^H- � � n Gn& MN3l3 F 5H1 &�$ 6p-
b 1J62^ 62^H-mqx/21JQNQN-%/PO F +i-%/ I 1 G MK/ @ b ^H1 & ^�QN-05H-%/ $ 6p- G 6p^H- 6p/D14QNQN-0/ G 6p^ $ 6 G 6 $ /D6\6p^H- � � n /2- $ Z
M F 6 G � qr^H-05 @ 6p^H-�� � n G G -%5HZ 6p^A-�Z $ 6 $ -0IN-0576 RT/ $ QN3 -%576 G 6pM�62^H-�-0IK-%576l(�IN-%576 � F 1 E ZH-0/ @



? �
b ^H-0/2- $KEJE 62^H-"^H- $ ZH-%/t1J5ARTMN/D3 $ 6214MN5 $ 5HZ Z $ 6 $ 1 G%& MN3 +H1 E -%Zl14576pM $ 5 -0IK-%576 � � 5 & -|62^H-|-0IK-%576
1 G h F 1 E 6 @ 1J6�1 G + E>$�& -0Z 14576pM $ h F u.-%/ @ 62^H-%5 62- G 6p-%Z z $ 5HZ +iM G2G 14h E y /D- �D- & 6p-0Z�{ $ 5AZ 2 5 $KEJE y
b /21 6262-%5�62M�ZH1 GD� � n � � v $KE4G M & MK5~6 $ 145 G $ QN/ $ +H^H1 &:$KE:FHG -%/d1J5~62-%/ R $�& -�z � F 5 n MN576p/DM E {"6p^ $ 6
$KEJE M b G 6p^A- G ^H1JR 6 b MN/ � -%/S6pM G 6 $ /D6 $ 5HZ G 6pMN+$/ F 5 Gl$ 5HZ & ^ $ 5HQN-a/ F 5�+ $ / $ 3 -062-%/ G �
qr^H/2-0-t6>y +.- G MKR 1J5ARTMN/23 $ 6214MN5 $ /D- /2- $ ZdM F 6 $ 5HZ b /21J6D6p-05P6pM|ZA1 G2� Z F /2145AQ'- $<& ^ / F 5 � -0IK-%576

145,RTMN/23 $ 6p1JMN5 RT/DMN3 62^H- v � n G $ 5HZ qS� n G zT/2- $ Z M F 6 RTMN/ -gIN-%576 @ 145 &%E4F ZH145HQY/ $KG 6p-%/ ���31��
145,RTMN/23 $ 6p1JMN5�{ @�GG&:$kE -%/8145ARTMK/23 $ 6p1JMN5lz /2- $ ZPM F 6�-gIN-%/ y ; G - & MN5HZ G { @*$ 5AZ G2E M b & MN576p/DM E I $ /D1 $ h E - G
RT/2MK3 6p^H- (*),+.-0/21J3l-05~6 $KE2$ 5HZ 1
^~y G 1 &%G�C 5HZ FHG 6p/D1 $KE�n MN5762/2M E O y G 6p-%3 z ( 1 C n OH{�Z $ 6 $ h $KG -
z /D- $ Z�M F 6U-0IK-%/ y �K9 G - & MK5HZ G {��S( 1 C n O ' F0$ 576p1J6214- G�$ /2-�5HMK6UZH14/D- & 6 E y $KG2G M & 1 $ 62-%Z b 1J6p^$Z $ 6 $
$�& ' F 1 G 1 6p1JMN5 $ 5HZ�1J5 &%EJF ZH- 145ARTMK/23 $ 6p1JMN5 MN5 G +.- & 62/2MN3 -062-%/P3 $ QN5A-06 G -g626p1J5HQ G0@ 6 $ /2QN-g6 G 6 $ 6 FHG
I $ /21 $ h E - G%@ h.- $ 3 E 145A- & MN5762/2M EJG%@ -g6 & �



? }

HMS hodoscope
HMS cerenkov

HMS calorimeter
beamline

ROC1-FBUS
5 ADC/3 TDC
(LC1881M/1872A)

SOS hodoscope
SOS cerenkov

SOS calorimeter

ROC3-FBUS
4 ADC/3 TDC
(LC1881M/1872A)

HMS Drift
Chambers

ROC2-FBUS
12 TDC
(LC1877)

SOS Drift
Chambers

ROC4-FBUS
8 TDC
(LC1877)

ROC0-VME

Trigger Supervisor
HMS Scalers

ROC5-VME

SOS Scalers

ROC7-VME

DP Memory
FDDI

ROC9-VME

DP Memory
FDDI

ROC8-VME

DP Memory
FDDI

CDAQ-Linux

RunControl
Event Builder (EB)

Analyzer(ANA)

Hall C

Counting House

EPICS
Slow

Controls

LOG
file

Ethernet

FDDI

Fast (Trigger)
Electronics

w*1JQ F /2- ��� ;�� � O & ^A-%3 $ 6p1 & MkRd[ $KE4E�n Z $ 6 $ $�& ' F 1 G 1 6p1JMN5 G y G 62-%3 @"G ^HM b 145AQ 6p^A- - E -%3 -%576 GZH- GG& /D14hi-%Z$145�O,- & �&��� � �1�



� � � � 
 ��� �

� � 
�� � � ����� �����

qr^H-52 / G 6 G 6 $ QN-�MKR $ 5 $KE y G 1 G MKR*62^H-P/ $ b Z $ 6 $ b $KG ZAMN5H- FHG 1J5HQl62^H-P[ $KE4Exn /2- & MN5 G 6p/ F?& 6p1JMN5
G MkR 6 b $ /D- @ 6p^H- B �U-0+ E_$ y (
5HQN1J5H-�� j qr^H- & M,ZH-]/2- $ Z G 1J5l62^H-'/ $ b ZA-06p- & 62MN/ G 14QN5 $kE4G%@ QN-05H-%/ $ 6p- G
6p/ $�& �~Gr$kG b - EJEn$KG + $ / 6p1 &0E -d1JZH-%5762112 &�$ 6p1JMN5 145ARTMK/23 $ 6p1JMN5YRTMN/"- $�& ^ -gIN-05~6(� C 5 $ ZHZH1 6p1JMN5 @ 6p^A-
-%5AQN145H- $KEJG M � -%-0+ G 62/ $�& � MKR G MKR 6 b $ /2- $ 5HZ�^ $ /2Z b $ /D- G-&:$KE -%/5' F0$ 576p1J6214- G 62^ $ 6 $ /2- b /21 626p-05
6pM /D-%+iMN/D6/2 E - G $ 6d62^H- -%5HZ MkRU62^H- /2-0+ E_$ y�� qr^A- Z $ 6 $ 1 G M F 62+ F 6 1J5�6 b M RTMN/D3 $ 6 G � 1 v �

[ � � � . 2 E - GP$ 5HZ 1 v � 576 F + E - G �:qr^H-�[ � � � . 2 E - G & MN576 $ 1J5 $ E>$ /2QK- G -g6]MkR8^A1 G 62MNQN/ $ 3 G
6p^ $ 6 $ /2- FAG -%Z�6pM & ^H- & � ZH-062- & 6pMN/S+i-%/DRTMK/23 $ 5 & - $kG b - E4E�$KG 62M +.-0/DRTMN/D3 G MK3l- &�$KE 1JhH/ $ 6214MN5 G �
qr^H-|576 F + E - G%$ /D-'MN/DQ $ 5H1J�%-0Zm-0IK-%576D< h7y~< -0IK-%576 @ b 1J62^ $\G -06rMkR ' FQ$ 576p1 6p14- G�&�$KE>&0FHE_$ 62-%Z RTMN/L- $�& ^
-0IK-%576 ��qr^H-m576 F + E - G $ /D- 62^H-%5 FAG -%Z $kG 62^H-m1J5H+ F 6�6pM$6p^H- G - & MN5HZ G 6 $ QN-lMKRt62^H- $ 5 $KE y G 1 G%@
b ^H-0/2-�+H^7y G 1 &0G ' FQ$ 57621J6p1J- GrE 1 � - & /2M GDG]G - & 6p14MK5 Gl$ /2-"- ),62/ $�& 6p-0Z �
C 5 62^H1 G4& ^ $ +,6p-%/ @ 62^H-l3 -062^HM ZHM E MKQKy�RTMK/�- ) 6p/ $<& 6p1J5HQ & /2M G2GPG - & 6p14MK5 G b 1 E4E hi- ZH1 G-&%FHGDG -0Z @

145 &%E4F ZH145HQ\^HM b 62/ $�& �~GP$ /D-|/2- & MN5 G 6p/ F0& 62-%Z @ ^AM b QNM M Z�-0IK-%576 G�$ /2- G - E - & 6p-0Z $ 5HZ�6p^H- & MN/2/D- & <

? �



?Nc
6p1JMN5 G 62^ $ 6 $ /D- $ +H+ E 1J-%Z �

����� �	� ��� 
�!	� � �4
��"! � � 

# � ��� � � �l!�� #�
 �5
�� �

� -gRTMN/2-�ZH1 G-&%FHGDG 145AQ�6p^H-�ZH-062- & 62MN/$' FQ$ 57621J6p1J- G0@ 1J6l1 G 1J3l+iMN/ 6 $ 576 6pM�ZA-32 5H-�6p^H- & M,MK/2ZH1J5 $ 6p-
G y G 6p-%3 FHG -0Z 145�3 - $KGDF /21J5HQ�62^H- G - ' FQ$ 576p1 6p14- Gz$KG b - E4E�$KG 6p^A-�ZH1Ju.-%/D-%576d/D-0RT-0/2-%5 & -�RT/ $ 3l- G
FHG -%Z �
qr^H- G +.- & 6p/DMN3 -06p-0/ & M MN/2ZA145 $ 62- G z G -0-]w814Q �k} �1��{ $ /2-rZA-32 5H-0Z b 1 6p^��� $KE MK5HQ|6p^H-rMK+A6p1 &:$KE
$ ),1 G z G -%- hi- E M b {|145 G 14ZA-d6p^H- G +i- & 6p/2MK3l-g6p-%/ @ �V�+.MK14576 G ZHM b 5�1J5 6p^H- ZH1 G +i-%/ G 1JIK-lZH1J/2- & 6p1JMN5 @
$ 5HZ��� +iMN1J5~6 G M F 6S145 62^H-a5HMN5,< ZH1 G +.-0/ G 1 IN-aZH1J/2- & 6p1JMN5 z hi- $ 3 < E -0R 6 {"�
qr^H- & -05~62/ $KE / $ yd1 G ZH-"2 5H-%Z $KG 62^H- 6p/ $ �D- & 6pMN/ ydMKR $ + $ /D6p1 &%E -L6p^ $ 6:-%576p-0/ G 62^H- G +i- & 6p/2MK3l- <

6p-0/
6p^H/DM F QN^ 6p^H- & -%576p-0/ MKRi6p^H-S-05~62/ $ 5 & - $ +.-0/D6 F /2-SMN/�6p^A-]MN+,6p1 &�$KEQ$ ),1 G MKR 62^H-�2 / G 6 3 $ QN5H-g6 �
qr^H-U+ E_$ 5H- $ +H+H/2M�),143 $ 62- E yP^ $KE R < b $ ydh.-g6 b -0-%5�6p^A-U6 b MPZH/D1JR 6 & ^ $ 3dh.-0/ G 1 G 6p^H-UZH-g6p- & 6p1JMN5lMK/
RTM &:$KE + E_$ 5H- �:qr^H- & -%5762/ $KE / $ y Gl$ /2-"62^HM G -a6p^ $ 6S+ $KGDG 62^H/2M F QN^ 6p^H- & -0576p-%/UMKR86p^H-aZH-g6p- & 6p1JMN5
+ E>$ 5H- $ 5HZ RTM EJE M b 6p^A-"MN+A6p1 &:$KE $ ),1 G �
qr^A-�3 MN3 -%576 F 3 MKRx6p^A-"+ $ /D621 &0E - G b ^AM G -"6p/ $ �D- & 6pMN/D14- G
E 1J- $KE MN5HQY62^H-�MN+A6p1 &:$KE�$ ),1 G ZH-"2 5H- G 62^H- & -05~62/ $KE 3 MN3 -%576 F 3 MKRU6p^A- G +.- & 62/2MN3 -062-%/(��qr^H-
ZH-g6p- & 6p1JMN5 � RTM &:$KE + E_$ 5A- 1 G +i-%/2+i-%5AZH1 &0FHE_$ /|62M$62^H1 G & -%576p/ $KE 6p/ $ �D- & 6pMN/ y $ 5HZ 6p1 E 6p-0Z � � / b 1J62^
/2- G +i- & 6l62M 62^H- % 6p/ F -�%
RTM &:$KE + E_$ 5H- MkR'6p^A- G +.- & 6p/DMN3 -06p-0/(� qr^H- % 6p/ F -�%
RTM &:$KE + E_$ 5A-$1 Gj$ 5
$ +H+A/2M�),143 $ 6p1JMN5�6pM�62^H- G2F / R $�& - ZA-32 5H-0Z h7y�62^H-�145H1 6p1 $KE / $ y G $ 6dI $ /21JM FHG $ 5AQ E - G%@:FHG -0Z�62M
ZH-g6p-%/D3l1J5H-|6p^A-�+iM G 1J6p1JMN5 $ 6 b ^H1 & ^$62^H-0y&% /2-aRTM &0FHG -0ZYh7y�62^H-a3 $ QK5H-06 G �

� 1J62^H145�62^H- G +i- & 6p/2MK3l-g6p-%/ & M,MK/2ZH1J5 $ 6p- G y G 62-%3 @ 6 b M RT/ $ 3l- G $ /2- FAG -%Z � 62^H-|RTM &:$KE + E_$ 5A-
RT/ $ 3l- $ 5HZY62^H-\6 $ /2QK-06'RT/ $ 3 -��Uqr^H-\RTM &:$KE + E>$ 5H- & M MN/2ZH1J5 $ 62- G y G 6p-03�^ $KG 1J6 G MN/D14QN1J5$1J5Y6p^A-
& -0576p-%/'MKR
6p^H-\ZH-062- & 6p14MK5 + E_$ 5A-�zTh F 6'62^H-P6 b M + E_$ 5H- G ZHM�5HMK6 & MN1J5 & 1JZH-�{ @ $ 5HZ�1J6 G I $ /D1 $ h E - G
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To focal plane

Target

(down)

spectrometer
central ray

w*1JQ F /2- }��1� � q $ /DQN-06 & M,MN/DZH145 $ 6p- G y G 6p-03 � �� +iMN1J5~6 G $KE MK5HQ�6p^H- MN+,6p1 &�$KE $ ),1 G 1J5 G 1JZH-�6p^A-G +i- & 6p/DMN3l-g6p-0/ @ �V�+iMN1J5~6 G ZHM b 5Y1J5�62^H-aZH1 G +.-0/ G 1JIN-aZH1J/2- & 6p1JMN5 @?$ 5HZ �� +.MK14576 G hi- $ 3 < E -0R 6(�

$ /D-lQN1 IN-05 62^H- GDF h G-& /21J+A6 b 1 6p^ B RT+Hj �lqr^H-l6 $ /2QK-06 & M MN/2ZA145 $ 62- G y G 62-%3 1 G4& -05~62-%/D-%Z $ 6�6p^A-
6 $ /2QN-g6 $ 5HZ�6p^H-"I $ /21 $ h E - G $KGDG M & 1 $ 6p-0Z b 1 6p^�1J6 $ /2-a^ $ IN- B 6 $ /2j G2F h GG& /D14+A6 G z G -0-Pw814Q �,} �1��{"�
qr^H-]6>y +H1 &:$KE ZH1 G 6p/D14h F 6p14MK5 MkR�- E - & 6p/2MK5m-0IK-%576 G 145l62^H-SRTM &�$KE + E_$ 5A-U1 GLG ^HM b 5�145lw*1JQ � }�� ;��

qr^H1 G\G ^ $ +i- @�& MN3 3lMK5 E yY/2-0RT-0/2/D-%Z 62M $kG3$ 5 % ^HM F /DQ E_$KGDG % @ 1 G 6p^H- /2- G2FHE 6�MKR RTM &%FHG 145HQ$145 6p^A-
ZH1 G +i-%/ G 1JIK-YZH1J/2- & 6p1JMN5 h7y�6p^H- 
 � $ 5HZ 
 � ' FQ$ ZH/ F +iM E -�3 $ QK5H-06 G $ 5AZ 145�6p^H-$6p/ $ 5 G IK-%/ G -
ZH1J/2- & 6p1JMN5 h7y 6p^H- 
 ;+' F0$ ZH/ F +.M E -��

����� � � � 
$
�� ��� � 
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qr^H- 6p/ $ �D- & 6pMN/ y MKR:6p^A- + $ /D621 &%E -d1 G /2- & MN5 G 6p/ F?& 6p-0Z FHG 145HQ�1J5ARTMN/23 $ 6214MN5$RT/2MN3 6p^H-d6 b M�ZA/21JR 6
& ^ $ 3Ph.-0/ G � qr^H- ^H1 6 G 1J5�6p^A- 2 / G 6 ZH/21 R 6 & ^ $ 3dh.-0/ $ /D- FHG -0Z�62M�14ZA-%576p1 R y &0E4FHG 6p-%/ G MKRS^H1 6 G%@
&:$kE4E -0Z B G + $�& -\+iMN1J5~6 G j � qr^H-\^A1J6 G 145$- $<& ^YMKR�62^H- G - &0E4FHG 6p-%/ G�$ /2-a6p^H-05 2H6U6pM $ 3 145H1 < 62/ $�& ��@
&:$kE4E -0Z $�BDG 6 F hHj � � 1J62^H145$- $<& ^ G 6 F h @ 1 6'1 G 5A- & - G2GG$ /Dy$6pMlZH-062-%/23 145A- b ^H-g6p^H-0/]6p^A-P+ $ / 6p1 &%E -
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w*1JQ F /2- } ��; � q:y +H1 &�$KEPB ^HM F /DQ E_$kG2G j�ZH1 G 6p/D14h F 6214MN5 MKRt- E - & 62/2MN5 G 145 6p^H-m[|��O �8� $ 6 $ RT/DMN3 $
&:$ /2hiMN5�/ F 5 $ 6 	 ����� ���K9 / @ ���������]< �,� 9N9 e -0f � & 1 GrG ^AM b 5 �
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+ $KGDG -0Z 62^H- b 1J/2-lMN5�6p^H- E -gR 6dMN/�6p^H-l/214QK^~6(�Yqr^H-mhH/ F 62-mRTMN/ & - $ +A+H/2M $<& ^�1 G 6pM 2H6 $KE4E 6p^A-
E -gR 6D< /214QK^~6 & MK3dhH145 $ 6p1JMN5 G�$ 5HZ�6pM & ^HM,M G -d6p^A-dh.- G 6aMN5A-dh $KG -%Z MN5 �W` @ h F 6 $KG 62^H1 G 3 -062^HM Z
1 G 62143 - & MN5 GDF 3 145HQ @ 1J6 1 G 62^H- E_$KG 6 /2- G MN/D6(� C 5 G 6p- $ Z @ RTMN/ + E>$ 5H- G b 1 6p^ + $ / $KEJE - E b 14/D- G z �
$ 5HZ � � @ RTMN/P- ) $ 3l+ E -�{ @D$YG 3 $KEJE�$ 5AQ E - $ +H+H/DM�)A1J3 $ 6p14MK5�1 G\FHG -0Z � C Rr6p^H- Ga$ 3 -�+iM G 1 6p14MK5 1 G
/2- & MN5 G 6p/ F0& 62-%Z RTMN/U6p^H-�6 b M + E>$ 5H- G%@ G 145 & -\62^H-d+ E>$ 5H- G�$ /2-\MKu G -06|h~y � �N; & - E4E @ 6p^A-P+ $ / 6p1 &%E -
1 GP$kG2G2F 3l-0Z$62Ml^ $ IK-\+ $kG2G -0ZYhi-06 b -%-05�6p^A-a6 b M b 14/2- G �
v R 62-%/ $KEJE 62^H-/2H6 G ^ $ IN- hi-%-05 +.-0/DRTMN/D3l-0Z�RTMN/]62^H-/2 / G 6aZH/D1JR 6 & ^ $ 3dhi-%/ @ 6p^H1 G +H/DM & -%Z F /D-

1 G /2-0+.- $ 6p-0Z�RTMN/S6p^A- G - & MN5AZ�MN5H- �rqr^H-\62/ $�& � 145AQ & M ZH-�6p^H-05 2H6 G MN5H-a6p/ $�& � 6p^H/DM F QN^$6p^H-03 �

C R
3 MN/2-a6p^ $ 5YMN5A-\6p/ $�& � 1 G RTM F 5HZ @ 62^H-\MK5H- b 1 6p^�62^H- G 3 $kE4E -0/ �W`|1 Gl& ^HM G -%5 �Uqr^H-\62/ $�& � 1 G
6p^A-%5 +H/2M �D- & 62-%Z 6pM�62^H-dRTM &�$KE + E_$ 5H- @ ZH-"2 5H-%Z $KG hi-%1J5HQ $ +H+H/DM�)A1J3 $ 6p- E y$^ $KE R < b $ y�h.-g6 b -0-%5
6p^A-a6 b M & ^ $ 3dhi-%/ G%@�$ 5HZ 6p^A-aRTM &:$kE + E_$ 5H-"I $ /21 $ h E - G zTV�� �6� � � � � V � � � � � �� � { $ /D-�ZA-06p-0/23 145H-0Z �

� 5 & -"6p^A-"+.M G 1J6214MN5 $ 5HZ $ 5HQ E - G MKRW62^H-"+ $ / 6p1 &0E - $ /2- � 5HM b 5$145�6p^A-|RTM &�$KE + E>$ 5H- @ b - &�$ 5
/2- & MN5 G 6p/ F0& 6P6p^H- Ga$ 3 -6' F0$ 576p1J6214- Gr$ 6�6p^A-l6 $ /2QN-g6 � qr^H1 G 1 G ZHMK5H- FAG 145AQ $ 62/ $ 5 G RTMN/D3 $ 6214MN5
3 $ 6p/D1 )mMKR862^H-"RTMN/23 �

� � � � �
� � � � � � ��� �

� � � � z V�� � { � zTV � � � { � z � � � { � z � �� � { � RTMK/ z ����� ��� � E � 3	� � { zT} �1��{

b ^H-0/2- � � � 1 G $ 6 $ /2QN-g6 ' FQ$ 576p1 6>y @ �
�� � � � 1 G MN5H- & M EJF 3l5 MkR�62^H-�/D- & MK5 G 62/ F0& 6p14MK5 3 $ 62/21 ) @

$ 5HZ�
 1 G 62^H-mMN/DZH-%/�MKRt62^H-l62/ $ 5 G RTMN/D3 $ 6214MN5 @ b ^A1 & ^�RTMN/a6p^A-m['��O 1 G ����qr^H- ' F0$ 576p1J6214- G
QN1 IN-%5 h7y 6p^H1 G 6p/ $ 5 G RTMK/23 $ 6p1JMN5 $ /2-mV �
 � � � � �� @ b ^H1 & ^ 1 G 6p^A- G2E MK+.-lMKRS6p^H-m62/ $�& � z
� ���� {\1J5
6p^A-�V z ZH1 G +i-%/ G 1JIK-�{dZH14/D- & 6p14MK5 @ � �
 � � � � �� @ b ^H1 & ^ 1 G 62^H- G2E MN+.-�MKRU6p^A-$62/ $�& � z ������ {P145 6p^A-
� ZH1J/2- & 6p1JMN5 @ � 
 � � � � `� @ b ^H1 & ^ 1 G 6p^A-$+iM G 1J6p1JMN5 MKRU6p^H-�1J5~62-%/ $�& 6214MN5 +iMN14576 @�$ 5HZ � � � � � @
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b ^H1 & ^�1 G 6p^H-lZH-0I 1 $ 6p14MK5 RT/DMN3 6p^H- & -%5762/ $KE 3lMN3 -%576 F 3 145 $ �$V 
 � � 1 G 5HMK6dQK1JIN-05�h7y 6p^H1 G
6p/ $ 5 G RTMN/23 $ 6p1JMN5 z MN5 E y } ' FQ$ 57621J6p1J- G2&:$ 5�h.- -g) 6p/ $�& 62-%Z G 145 & -mMN5 E y } $ /D-m3 - $KGDF /2-0Z�{ $ 5HZ
1 G 6 $K� -05 62M�hi- 9�� � ^H1 E -d62^H- +H/21J3l-0Z ' F0$ 576p1J6214- G & MN/D/2- G +.MK5HZ 62M GDE MN+i- G0@ 6p^H- $�&^& -0+A6 $ 5 & -
MKRx6p^H-�['��O�1 GtG 3 $KEJE -%5AM F QN^�z. ��9N9k3l/p{ @ 62^ $ 6S1 6 % GP$ /D- $KG MN5 $ h E - $ +H+A/2M�),143 $ 6p1JMN5m6pM 62/2- $ 6
6p^AM G - G2E MN+i- Gl$KGl$ 5HQ E - G �
qr^H-�/D- & MK5 G 62/ F0& 6p14MK5�3 $ 6p/21 ) - E -%3 -%576 G b -%/2-mMNhA6 $ 145H-0Z�+H/D-0I 14M FAG2E y FAG 145AQ $ 5�1 6p-0/ $ 621JIN-

2H6D6p145AQl+H/DM & -%Z F /2- @.G 6 $ /D62145HQ b 1J6p^ $ 3 M ZH- E MKR�62^H- G +.- & 62/2MN3 -062-%/'MK+A6p1 &%G%@ RT/DMN3 n � O!� C � <
w C �UC q � + ��� - � qr^H- 3 $ 6p/D1 ) - E -%3 -%576 G $ /2-�6p^A-%5 /2-"2H6 b 1J62^ [|��O�Z $ 6 $ 6 $k� -%5 b 1 6p^�6p^A-
G 1J-0IK- GDE 1J6 @ b ^HM G -�+ $ 6262-%/D5Y3 $K� - G 1 6S+.M G2G 1Jh E -|62MlZA-06p-0/23 145H- b ^A1 & ^$^HM E -"62^H-a+ $ /D621 &0E - b -%576
6p^A/2M F QK^ �'qr^H-P3 $ 62/21 )$- E -03l-0576 G]$ /2-\62^H-%5 3 M ZH112 -0Z G M�6p^ $ 6|- $<& ^ -0IN-0576a145�62^H- G 14-gIN- GDE 1J6
Z $ 6 $ 1 G /2- & MN5 G 6p/ F?& 6p-0Z�62MP6p^H- & MN/2/D- & 6S+.M G 1J6214MN5 �*�|1Ju.-%/D-%576t6 $ /2QN-g6 G $ /D- FHG -%Z RTMN/tMN+,6p143 14� $ <
6p1JMN5 MKRrZH1 u -0/2-%576�I $ /21 $ h E - G%@�$ 5HZ 3 $ 57y 2H6 Gz$ /D-l+i-%/ RTMN/23 -%Z h.-gRTMN/2- 6p^A-m3 $ 6p/D1 ) - E -%3 -%576 G
$ /D-/2 5 $KE 14�0-%Z ��qr^H- ZH-g6 $ 1 E4G MKR:62^H-+2H6262145HQm+H/2M & -0Z F /2- &�$ 5 h.- MKhA6 $ 1J5H-%Z�RT/DMN3 s � f:M E 3 -%/3% G
6p^A- G 1 G + �K? - �
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w MN/r6p^H-\3 $ �DMN/21 6>y�MKR�62^H-�-g),+.-0/21J3l-05~6 @ 62^H-d['��O b $KG / F 5 b 1 6p^�6p^H-\3 $ QN5H-06 G 145Y5A-%Q $ 621JIK-
+iM E_$ /D1J6>y @�$�&^& -0+A6p1J5HQ $KEJE 5H-%Q $ 6p1JIK- E y & ^ $ /2QK-%Z + $ /D6p1 &%E - G � O 145 & - b -�% /2-Y1J576p-%/D- G 6p-%Z MK5 E y 1J5
- E - & 6p/2MK5 G%@ 1J6 1 G 143 +iMN/D6 $ 576P6pM hi- $ h E -m6pM G - E - & 6 6p^A-%3 $ 5AZ�/D- �D- & 6 6p^A-$+A14MN5 G ��qr^H-�Q $kG
�n -%/D-%5 � M�I $ 5HZ�6p^A- E - $ Z�Q E_$kG2G n%$KE MN/21J3l-g6p-0/ b -%/D- FAG -%Z 62M G - E - & 6 - E - & 62/2MN5 G hiMK62^ $ 6d6p^A-
6p/D14QNQK-%/ E -0IN- E�$ 5HZ b 1J62^ G MKR 6 b $ /2- &%F 6 G 145 6p^H- $ 5 $KE y G 1 G �
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w MN/�62^H- $ 5 $KE y G 1 G%@�$ �n -0/2-05 � M�I &0F 6dMkR��,���$+H^HMk6pM - E - & 62/2MN5 Gr$ 5HZ $ &:$kE MN/D143 -06p-0/ &%F 6\MKR
9�� � 6p1J3l- G 62^H-\I $KEJF -PMkR
6p^H-\- E - & 62/2MN5�+i- $k� z ( � � � �k+ �)�={ b -%/D- FHG -0Z�6pM G - E - & 6'- E - & 62/2MN5 G � C R
6p^A-'- E - & 6p/2MK5�+.- $K� b -0/2-|+i-%/ RT- & 6 E y & -0576p-%/D-%Z $ 6 �,��9�145m62^H-'5AMN/23 $KE 1J�%-0Z &�$KE MN/D143 -062-%/:-%5H-0/2QKy
G +i- & 6p/ F 3 z�( � � � �k+�{ @ 62^H-%5 b - & M FHE Z FHG - $ & MN5 G 6 $ 576PI $KEJF - &%F 6 @ h F 6 G 1J5 & - &:$kE 14hA/ $ 6214MN5 1 G
5HMK6U+i-%/ RT- & 6 @ 62^H-�/2- & MN5 G 6p/ F?& 6p-0Z�+i- $K� &�$ 5Yhi- G ^H1JR 62-%Z $ RT/ $�& 6214MN5�MKR $ +i-%/ & -%576 $ b $ y�RT/2MN3
�,� 9��
qr^H-a- E - & 6p/2MK5�+i- $K� b $KG 2H6S62M $ e4$KFHGDG 1 $ 5 @Q$ 5HZ 62^H- &:$KE MN/21J3l-g6p-%/ &%F 6 b $KG ZH-32 5A-%Z $kG
6p^A- +i- $k� +.M G 1J6214MN5 2H6aI $KEJF -d6p1J3l- G 9�� � � qr^AM G - -0IK-%576 G 6p^ $ 6aZA-%+iM G 1 6p-%Z E - G2G -%5H-0/2QKy b -%/D-
/2- �D- & 6p-%Z � C 5$/2- $KE 1 6>y @ 62^H-%/D-\1 G MN5 E y $ G 3 $KE4E RT/ $�& 6p1JMN5�MKR $ +i-%/ & -0576'ZH1 u -0/2-05 & -a145 62^H-"y,1J- E Z
1JR $ & MN5 G 6 $ 5~6SI $KEJF - &%F 6SRTMN/S( � � � �k+�1 GrFHG -0Z �
qr^H-%/D- $ /2- G -0IK-%/ $kE 6>y +i- G MKRxh $<& � QK/2M F 5AZ$62^ $ 6 $ /D-|+H/D- G -0576'1J5m6p^H-"Z $ 6 $dGG$ 3l+ E -��
O,MN3 -

$ /D- F 5 b $ 576p-0Z�- E - & 6p/DMN5 G 6p^ $ 6 $ /D- $ /2- GDFHE 6\MKRr+ $ 14/a+H/DM,Z F?& 6p1JMN5 RT/DMN3 $ +A^HMK6pMK5�-%3 1J6D6p-0Z
-%1 6p^H-0/*6p^A/2M F QK^ � /2-03 GDG 6p/ $ ^ EJF 5HQ"MN/ $kGn$ /2- GDFHE 6�MKR ��� ZH- &�$ y���qr^H- G - $ /2- & ^ $ /2QN- G y 3l3 -062/21 &
$ 5HZ $ /2-�- E 143 145 $ 6p-%Z�62^H/2M F QN^ GDF hA62/ $�& 6p14MK5YMKR $ � � y 1J- E Z$RT/2MN3 6p^H-\+.M G 1J621JIN-a+iM E_$ /21J6>ym/ F 5 <
5H1J5HQ � v 5HMK62^H-%/Uh $�& � QN/DM F 5HZ G M F / & -\1 G - E - & 6p/DMN5 GUGG&:$ 626p-0/2-0ZYRT/2MN3 6p^H- & MK5~6 $ 145A-%/ & - EJE b $kE4E4G
145d62^H- &:$kG -rMKR�6p^A- & /DyKMNQN-05H1 & 6 $ /2QN-g6 Gn$ 5AZ 62^H- G - $ /2-r- E 1J3l1J5 $ 6p-0ZPh7y GDF hA62/ $�& 6p145AQ|6p^H-r-03l+A6>y
$KEJF 3l1J5 F 3 &:$ 5�Z $ 6 $ y 14- E Z �Sw*1J5 $KEJE y @AG MN3 -P+H1JMN5 G + $KGDG]$KEJE 6p^H- G MKR 6 b $ /2- &%F 6 G ZH- G 14QK5H-%ZY62M
/2- �D- & 6]62^H-%3 $ 5AZYQN-g6]1J576pM 6p^H-�- E - & 62/2MN5 Ga$ 3l+ E -ah~y�+A/2M Z F0& 1J5HQ � 5AM & � <>MK5Y- E - & 6p/2MK5 G MkR�-%5 <
-%/DQKy G2F��j& 14-%576]6pMm+A/2M Z F0& - $lG 14QN5 $KE 145�6p^H- �n -%/2-05 � M�I�ZH-062- & 6pMN/3�4."5HM & � <>MN5�- E - & 62/2MN5 G]$ /D-
-%3 1J6D6p-0ZmRT/2MN3 $ 62MN3 G b ^H-05 $r& ^ $ /DQN-%Z + $ /D6p1 &%E -]+ $kG2G - G 6p^H/DM F QN^ 3 $ 6D6p-%/ $ 5HZ�62/ $ 5 G RT-%/ G -%5 <
-%/DQKy 6pM�6p^H- & MN5 G 6p1 6 F -0576 $ 62MN3 G ��(�IN-05�6p^HM F QN^ 62^H- G -�+H1JMN5 G ZH-%+iM G 1J6\MN5 E y � �N9N9N��-0f MKR
-%5A-%/2Qky�1J5$62^H- &:$KE MN/21J3l-g6p-%/ @ RTMN/D3l1J5HQ $lG - & MK5HZ $ / y�+i- $k� 145�6p^H- G +i- & 6p/ F 3 $ 6��a9�� � �k+ @ 6p^A-
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