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pad plane, 0 V
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Drift
time

Pad #x−1 x

New sequence matched to old sequence:
create new CUC

New sequence matched to existing CUC:
add sequence to CUC

No match to existing CUC  on this pad:
finish and process CUC

New sequence unmatched: 
keep, possible match in next step

Old sequence unmatched:
no CUC, discard 
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Nent = 1660   
Mean  = -8.445e-05
RMS   = 0.005451

slow simulator
Nent = 1660   
Mean  = -8.445e-05
RMS   = 0.005451
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old fast simulator
Nent = 1757   
Mean  = 0.0003669
RMS   = 0.004127

fast simulator v1
Nent = 1757   
Mean  = 0.0003669
RMS   = 0.004127
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new fast simulator
Nent = 1679   
Mean  = 0.0002524
RMS   = 0.005574

fast simulator v2
Nent = 1679   
Mean  = 0.0002524
RMS   = 0.005574
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N )]?5�$B!UrF.H3�,� ��C I�E�J/�LUrB(?��$J/J�M�H3I&�a='C =P?,F.H3�,E��$H3=�B#CL? 	 � 
�0 H@C =�M C@?"��C =�BV\P�!�(B"�&I&H3IY��=:?")�I H F
HJDJD	j6��v�!L� 0
�GA��iB(�/I-)�J/CL?"�$H = E��"��B"��=b?"�!M C N H \ �i�/=���J/)�M��!B-H3=�J O ?�A��WBV?�CL?"�/BV?��/�!C J<ETH3B(�$?"�/H3= ���"�(H3�"B-�$=P?��"HbM�)����!M
�$=S?�A��WF�CLB(?YB"�$I�)�J/CL?�H �-C B-M��!�"�a\3��M F.�(H3I ?"A��WB(J/H q B(�/I-)�J/CL?"H3��M�CL?�C�E��(�!B(�!=:?��!M �/=SB"�!�Q?��$H3=�H]0 � 0
�lH6E��"�!M��/��?#�aFhE+H3B"B(� N J$�YB O B(?"�!I&CL?��$��)�=��!���(?�CL�/=P?��$�!B q H )�J/M^A'C�\3�ZC@I�H3�(��B(��\ ���"���/I�E'C �Q?,H3=^?"A��
E+H3B"�a?��aH3=@�"��B"H3J$)�?��$H =yU�?"A��!�$�GIZCL23=�� ?�)�M�� ( �"B(?*A'C BG?"H N �,�!BV?��/I&Cg?"�!My0
,c�aB(?"H3�(?"�/H =�B-��C )�B"�!M NPO ���"�(H3�"B_�$=S?�A��Z��C J$�!)�J/CL?��aH3= H FG?"A��i�!J$�!�Q?��"H =�M��"�aF}?-H FG?"A��iM���?"�!�Q?�H3�_CL�"�
M��:5��!)�Ja?4?"H&E��"�!M��/��?!0hk*J$?�A�H3)�23A@?�A��#E��(H323��CLI )�B"��M6F.H3�G?�A��5�!C J/��)�JKCL?"�$H =yU+j6k4�,� � �]����U�B"A�H q B
23HbHbM�C 2 �"�!��I&��=P? q �a?�A#� �]ET���"�$I&��=:?�C J:M'CL?�C�UL�a?l�/Br=�H ?��!���(?�CL�/=,?�A'CL?l?�A��1E��(�!M��$��?"�/H3= q �/J$J N �<E��"���!�$B"�
?"H-?�A�����DFD�� I J$��\3��Jf0+�4H q ��\3���!U�?"A�� P:)'C J/�a? O HLF�?"A��/B���H3�"�(�!�Q?��/H =%�!C = N �DBV?�)�M��/�!M NPO ��H3I&E�C �"�a=�2
�(�!�!H =�B(?"�")��Q?���M JKC B(�!�,?���CL���bB q �$?"ASC =�M q �$?"A�H3)�?#I&C 23=��Q?��a� ( �!J$My0@o]�$=��!�_?�A��ZJKCgB"���5B O BV?���I q C B
M���B"�$23=��!M_=�H ?�?�H�I&H \3� q A��!=-?�A��GIZC 2 =���?��/B�?")��"=��!MYH3=yU ?"A����(�!B")�J$?�B�B"A�H3)�J/M N ��)�B"�QF.)�J��$=�?���B(?��$=�2
C =�M6E+H3B"B(� N J O �$I�E��"H \b�/=�2-?"A��,M��"�aF}?���C J$�!)�J/Cg?��aH3=y0
�'H3�<?�A��DCL='C J O B(�/B�H FrI��!��A�C =��/�!C J M���F.H3�(IZCL?"�$H =�B!Ub?�A��cJ/C B"����B O BV?���I q �/J/J N �cJ/��B"B�A���J/E�F.)�J N �!��CL)�B"�
?"A��!�(�_C �"�5=�HWI���C B()��"��I&��=P?�BcH3=�?"A���M���?�����?"H3� N ��F.H3�(�-M���F.H �"I&CL?��aH =�B*H]���!)��cC =�M N �!�!C )�B"�_J/C B"���
B O BV?���I I��$�(�"H3�(B�I&C O I�H \3� q �a?�AS?"A��ZBV?��()���?")��"�W?"A�� O C �"�ZCL?"?�C ��A���M ?�H�0 "	�(�!���/B"�$H3= I���C B()��"���
I��!=P?�B q �a?�A-�.�b?����(='C J�H3E]?��/�!C Jb�/=�BV?��")�I&��=:?"B q �/JaJ�C J$B"H N ��M��:5��!)�Ja?�H3=�����?�A������#" �hB<C �(���/=�B(?�CLJ/Ja�!M
�$=@?"A��5o]�lkcs M��Q?��!�Q?�H3��0
�GA����"�QF.H3�"�LU'�$?G�$B��/I�E��"H N C N Ja��?�A�CL?�M���?�C �/Ja�!M@��H3�"�(�!��?"�/H3=i�(H3)�?"�/=���B q �/J/J N �,C�\LC �$J/C N J$�cB(H]H =y0+�*H q �
�Q\3�!��U ( =��a?��#�!J$�!I��!=P?cI�H:M��!J�C ='C J O B"�!B�C =�Mp?"�!BV?cI���C B()��"��I&��=:?"BcH3=p?"A��-CLJ/)�IY�a=b)�I F.�"C I�� q �a?�A
q �!�$23AP?�BcCLE�E�J/�$�!M6��C =�2 �$\3�5C ( �(B(?��/IYE��"��B"B(�/H3=6H F�?�A��5IZCL23=�� ?�)�M��#H F�M���F.H3�(IZCL?"�/HL=�B*?"A'CL?�C �"�#?�H
N �,� �]ET����?"�!M 8 k����6DFD <`�

> �D��C�\b�$?�CL?��aH =5M���F.H �"I�B�?�A��GC Ja)�I&�a=:)�ImB")�E�ETH3�V?�BV?��")���?�)��"��H F'?"A��h��A�C I N �!��F.�(H3I�C�� O J$�/=�M����
?"H�CL=��!J$J/�aE�?��a��CLJP� O J/�$=�M��!��0�j6HbM���Jb�!C J/��)�JKCg?��aH3=�BlC =�M5I&�!C B")��(�!I��!=P?�B�C �"�<=�H ?��/=5C 23�(�!��I&��=:?!U
N )�?�?�A��,I�H3B(?�E+�!B(B"�/I��aB(?��$�DE��"��M��/�Q?��$H3=i�/B�CYM���F.H �"I&CL?��aH3=iH F�C N H3)�?�� HJD��yI@0

> k*B#?"A�� ���#"!�u�/B,=�H ?5B")�B"E+�!=�M'��M �/=e?�A��&���!=:?��!�#H F1?�A���B")�E�ETH3�V?�BV?��()���?")��"�3Ul?�A����!=�MSH F
?"A��,��A'C I N �!�GF�C ���/=�2-?"A��,�/=P?�����C �Q?��$H3=@ETH3�a=P?�A'C =�2 B4M�H q = NPO HJD-?�H [JD��yI@0

> �GA���?"�!=�B(�/H3=�B5H Fh?"A�� q �/�"��B5�()�=�=��$=�26C J/H3=�2@?"A�����A'C I N �!�,?�H%F.H3�"I ?"A�� ���(�/B(��AS23�(�$M C =�M
?"A��Y2PCL?"�/=�2i23�(�/M^C E�E�J O Ci?�HL?�C J�F.H �"�!�YH FhC N H3)�?h
FDFDJDiw ?"H%?"A��Y��A'C I N �!��0 ��C J/��)�JKCL?"�$H =�B
E��"�!M��/��?4CYJ/H =�2 �a?�)�M��a='C J �!H3=P?��"C ��?"�/H3=@H Fl?�A��#��A�C I N �!� NPO C N H3)�?[� HJD�� I60

�hA'CL=�23�!B��!H3�(�"�!B(ETH =�M��/=�2p?�H6)�E�E+�!��J$�$I�� ?�B#H F�?�A��ZM��$B(?�H �(?��$H3=�B#��C )�B"�!M NPO ?�A���B"�WM���F.H3�(IZCL?"�$H =�B
A'C�\ � N ���!=[C �V?�� ( �!�$C JaJ O C E�E�J/�a�!M�?"HSB"�$I-)�J/Cg?���M�M'CL?�CSE��(H]���!B"B(�!M q �a?�A�?"A��6F.)�J$J�B"�/I�)�JKCL?"�$HL=��/=b�
��J/)�M��$=�2-E'CL�(?��$�!Ja���$=:?"�!�"C ��?"�/H3=�B�0��GA��DM��$B(?��(� N )�?��$H =iH F ?"A��c�"��B")�Ja?��$=�2-I�H3I&��=P?�)�I �"���!H3=�BV?��()���?"�/H3=
���"�"H �"B#��C = N ��B"���!= �$= ( 23)��"��H]0 +�0&�GA��Z��A'CL=�23�!B5�!H3I�E'C �(�!M�?�H@?�A����"���!H3=�B(?��()���?"�/H3= H F�)�=�M��/B �
?"H3�(?"�!M_M'CL?�Cc�/= ( 23)��"�
Hb0KB��$=��!Ja)�M��GC q H3�(B"��=��$=�2DH F�?�A���I&H I&��=:?")�I��!�"�(H3��F.�(H3I ��B]0KH � ?"H+� +�0 : �W0
o]�$=��!�*?�A���B"�D�"��B")�Ja?�B��(�!E��(�!B���=P?4C q H3�(B(?V�>��CLB"�DB"���!='CL�"�/H�U��$?h��C = N �cB"C �/MZ?"A'CL?�?"A��cM��Q?�����?�H �GM���F.H3� �
I&CL?��aH3=&�/B<� �]ET����?"��MW?�H5A'C�\3�DC�=�H3=]�>=��!23J$�$23� N Ja� N )�?�J$�$I��a?"�!M&�/IYE'C �Q?hH3=&?�A���C ='C J O B(�/B�0�k��!C �"�QF.)�J
BV?�)�M O H Fr?�A��DM��$B(?"H3�(?"�/H3=�B�C =�M@ETH B"B"� N J/���!H3�(�"�!�Q?��$H3=iI&�Q?�A�HbM�BGB(A�H3)�J$M N �DM�H3=��DH3=��!�D�!C J/� N ��C ?��aH3=
M'Cg?�C-F.�"H3I ?�A��,�$=�B(?�C J/Ja�!M@M��Q?��!�Q?�H3�4�/B�C�\LC �$J/C N J/�L0
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FTPC acceptance, 5 hits minimum
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�GA��%C ���!��E�?�C =��!�@H F�?�A�� ���#" � M��!E+�!=�M�BYH3=�?�A��BP:)'C J$�$? O �!�(�$?����"�/C�C E�E�J$�/��M ?�H�?�A��@?"��C ���:BY�/=b�
��J/)�M���M��/= ?"A��iC ='CLJ O B"�$B!0e�GA��@M���B"�/2 =RC �!���!E�?�C =��!�iHLF4?"A�� ���#"!��U���H \P�!�(�/=�2eE�B(�!)�M�H3��C E��/M��a?��/��B
$.�!H3�(�"�!B(ETH =�M��/=�2�?"H&�"C E��/M��a?"�$��B*Cg?*A��/23Ai?��"C =�BV\3�!�(B��#I&H3I��!=P?�C %1F.�"H3I B]0KH-?�H +�U'�$B4C ��A��/�Q\3��M��$F�C J$J
?"��C ���:B q �a?�A CL?5J/��CLB(? ( \3�&A��$?"B�CL�"�Y)�B"��M 0i�GA��/B#��CL= N �&B(�!�!=S�/= ( 23)��(� H]0 H]U q A��/��ASB"A�H q B5?"A��
C ���!��E�?�C =��!�Z�$=S�"C E��/M��a? O C =�M ?��"C =�BV\3�!�(B"�WI�H3IY�!=P?")�I F.H3�#E��/H3=�B!0Wk*�!�!��E�?��$=�26?"��C ���:B q �$?�A J/��B"B
?"A'C = ( \3�&A��$?"B q H3)�J$M =�H ? N ��)�B"�QF.)�JfU N �!��CL)�B"��H Fh?"A��!�$�,M���?"�!�"�$H3��Cg?��a=�26I�H3IY�!=P?")�I �"��B"H3J$)�?��aH3=
C =�M6�$=��!�(��C B(�/=�2_��H3=P?�C I��/='Cg?��aH3=y0
x F<�/=�C ��?")'C J��Q\3��=P?"Bc?�A��_��H3=P?�C I��/='Cg?"�$H =��$=��!�(��C B(�!BDH3�c�aF�?�A���ETH3B(�$?"�/H =p�"�!B(H3J/)]?��/H =p?�)��(=�BDH3)�?�?�H
N � q H3�(B"��?�A'C =&� �]E+�!��?"��MyUb�$?<I&C O-N �4=��!���!B�B"C � O ?"H5J$�$IY� ?<?"A��*C ='C J O B(�/B�?�H#J/H =�23�!��?"��C ���:B�0�x>=�?�A��$B
�!C B"�LUPE'C �(?"�/��J/�!B��!=P?����"�/=�2c?�A��#���#"!� ?�A��(H3)�23A_?"A���A��$23A-\3H3Ja?�C 2 ���!J$�!��?"�"HbM���H3��J/��C�\b�/=�2c�$?�?�A��(H3)�23A
?"A����"��CLM�H3)�?	E�J/C =�� q H3)�J$M��$=��!�(��C B(�/=�2 J O5N ���!J$�/IY�a='CL?���M_F.�"H3I�?�A��4C ='CLJ O B"�$B!UP�(�!M�)����/=�2,?�A��#���#"!�
C ���!��E�?�C =��!�&F.H �DA��/23A C =�M^J/H q ��C E��/M��a?��a�!B!Ur�(�!B"E+�!��?��$\ �!J O 0�x F�H3=�J O ?��"C ���:B5J$��C�\b�/=�2@��A'CL�"23���/=^C J$J
?"�!=%E'C M��(H q B*C �(�,C �!���!E�?"�!M U�?�A��5CL�!�!��E�?�CL=����,M��"H E�BG?�HY?�A��#C �(��C_�/= ( 23)��"� H]0 I�0
k*=W� �b?��!=�B"�$H3=WH F ?"A�� ���#"!�hB&*�C �!���!E�?�C =��!���"�!B()�J$?"BhF.�"H I ?"A�� �')���?�)�CL?��$H3=WH Fy?"A��c��H3J/Ja�$B(�/H3=&ETH �/=P?
�$=Y?"A����/=P?�����C �Q?��$H3=Y�"�!2 �/H = 0�kX�!H3J$J/�aB"�aH3=YETH �/=P?�?�A'Cg?	�/B�B(?"�"H3=�23J O H �+� �!�!=P?"�!�	B"A��aF}?�B�?�A��*CL�!�!��E�?�CL=��!�
H F1H3=�� ���#"!�m?"H6B(IZCLJ/Ja�!�!U HLFh?�A���HL?�A���� ���#" �m?�H@JKC �(23�!�,C N B"H3J$)�?��_\LC J$)��!B,�/=��"C E��/M��a? O 0��GA��/B
� � ����?_�!C = �!H \ ���_C N H3)�? D�0 H6)�=��a?�B��$=S�"C E��/M��a? O C =�MS��C = N �Z)�B"��F.)�Jh?�H6� �b?���='M ?�A��ZC ='C J O B(�/B5�$F
B()/5��!�/��=P?�BV?�CL?"�/B(?"�$��B��/B�C�\LC �/J$C N Ja� 0
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FTPC acceptance, 10 hit tracks only
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�lH��!C J/��)�JKCL?"�G?�A��4�"���!H3=�B(?��")���?��$H3=Z�65��!�/��=�� O C =�MZ?�A��4�!H =:?�C I��/='CL?"�$H =�$�C B1M�� ( =���MW�/=&��A'C E�?"�!� + %
H F�?�A��h?"��C ���#�"���!H3=�B(?��()���?"�/H3=�H3=�?�A�� N C B(�/B�HLF'�!H3I�E�J$��?���J O B(�/I-)�J/Cg?"�!M-�Q\3�!=:?�B�U3?�A��<F�C B(?�B"�$I-)�JKC ?��aH3=
��A'CL�/= q CLB#)�B"�!M 0_�GAb)�B�Ur��C ��A^ETH �/=P?,H3=^CW�"���!H3=�B(?��")���?���M^?"��C ���p�!H3)�J$M N �-?"��C ���!M N C ���p?"H@?"A��
B(�/I-)�J$CL?"�!Mi?��"C ���W�$? q C B�23��=��!�"CL?���M6F.�"H I60
�lH_23��?�I&�!C =��a=�2 F.)�J�\LC J/)���BhF.H3�1�25��!�$�!=�� O C =�Mi��H3=P?�C I��$=�CL?��aH3=yU]�$?��$Bh=����!��B�B�C � O ?"H_M�� ( =�� q A��/��A
B(�/I-)�J$CL?"�!MZ?"��C ���:B�B(A�H3)�J$M N �*�"���!H3=�BV?��()���?"��M@C =�MW)�=�M��!� q A��/��AW���/�(�!)�I�B(?�C =��!��BGC5�(�!��H3=�B"?"�")��Q?��!M
?"��C ���W�$BG�!H3=�B"�/M��!�"��Mp��H3�"�(�!��?!0
�'H3�4?�A���F.H J/JaH q �$=�2iC =�C J O B(�/B!UyCZB"�$I-)�JKCg?��!M6?���CL���6?�A�CL?cB(A�H3)�J$M N �-�(�!��H3=�B(?"�")���?��!M $��323HbH]M�B(�/I5)]�
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> �GA��*?��"C ������C =W2 �!H3I���?"�"�a��C JaJ O J$��C�\3��CL?hJ$��C BV? ( \3�cA��a?�B<�/=�?�A��-���#"!�hB�0��GA��/B1�!H3�(�"��B"E+H3=�M�B
?"H_C ( �]��Mi��C =�2 ���/=ZE�B"��)�M�H3�"C E��/M��$? O F.H3�h�!C ��AiE+H3B"B(� N J$��E+H3B"�a?��aH3=ZH F ?"A��cI&C �a=Z�/=P?"�!��CL��?��$H3=
E+H3�$=:?!0 k*B&?"A���E�B(�!)�M�H ��C E��$M��$? O H FDCSE��"�$IZCg� O E'C �V?��$�!Ja�6�$BZM�� ( =��!M[Cg?Z?�A��p�/=P?"�!��CL��?��$H3=
E+H3�$=:?!UTB(�/=�2 J$�5E'C �(?"�/��J$��B�I&C O%N ��B(��CL?(?��!�(�!Me�$=:?"HZH3�*H3)�?�H F�?�A��/B�2 �!H3I���?"�"�a��C J�C �!���!E�?�C =���� U
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> �GA��#E�C �(?"�/�!J$�DE��"HbM�)����/=�2-?"A��D?��"C ���i�/BG=�HL?4C =6��J/����?��(H3=@H3�4C_ETH3B(�$?"�"H3=y0

x>=%E��"�$=��!�$E�Ja� U'CY�"���!H3=�BV?��()���?"��M6?"��C ���W�!C = N �,�!H =�B"�$M��!�(�!Mp��H3�"�(�!�Q?*�aF��a?�BG�(�!�!H =�B(?"�")��!?"�!M6I&H3IY��=]�
?")�I C 23�"���!B q �a?�A B")/5��!�$�!=P?YC ���!)��"C � O q �$?"AS?�A��ZI�H3IY�!=P?�)�I H FG?"A��ZB(�/I-)�JKCg?"�!MS?"��C ���e?"A'CL?-�$B
C B(B"�$23=��!M ?�H��a?�0 �*H q �!\3����U�?�A��/B�E��"Hb�!�!M�)��"� q H3)�J$M =�H ?-C JaJ/H q ?�HpB"�!E�C ��CL?"� q ��C �b=���B�B"��B_�/= ?"A��
?"��C ���&�"�!��H3=�BV?��")'�Q?��$H3=iF.�"H3I ?�A�H B"�D�/=W?"A��,I&H I���=P?�)�I �"�!��H3=�BV?��")���?��$H3=y0	�GA����"��F.H �"� U�?"A��D�!�(�$?"�!�"�/C
F.H3�hC-�!H3�(�"����?�J O �(�!��H3=�B(?"�")���?��!Mi?"��C ��� q ���"�DM�� ( =��!M N CLB"�!M@H3=W?"A��cE+H3�/=P?"Bh?�A��*?���CL���Z�!H =�B"�$B(?�BGHLF8�

> k*J/JyE+H3�a=P?�B�H3=i?�A��D?"��C ��� q �!�(�,?"��C ���!M N C ���Z?"HY?"A��,B�C I��,B"�$I-)�J$CL?���M $.E'C �(�!=P?.%h?��"C ����0

> �GA��#E�C �"��=:?�?"��C ��� N �!J$H3=�23��M@?"H_?�A��,B�CLI&E�J$�c?�A'Cg?�B"A�H3)�J/M N �D�(�!�!H =�B"?��()���?"�!My0

> x F�? q H&�"���!H3=�BV?��()���?"��M6?"��C ���:B4A'C�\3�5?"A��,B�C I��,E'C �(�!=P? $}?��"C ���iB"E�J$�$?(?��a=�2 %QU�H3=�J O H3=��#�/B��!H =]�
B(�/M����"��M6��H3�"�(�!��?!0

� =�J O �"���!H3=�BV?��()���?"��M ?"��C ���:B q �$?�A CL?#J/�!C B(? ( \ �ZE+H3�a=:?"B q ���"�Z�$=��!J$)�M���M �$=�?"A��&C ='C J O B(�/B�0&k*J/B"H�U
?"��C ���:B�?"A'CL?-��H3)�J$M =�H ?�B")����!�!B"B(F.)�J$J O^N �&� �b?��"C E+H3JKCL?"�!MS?"Hp?�A��ZI&C �$= �/=P?�����C �Q?��$H3=SE+H3�/=P?��/= ?"A��
I�H3IY�!=P?�)�I ( ? q �!�(�%�.�]�!J/)�M��!My0Sk B"�!E�C ��CL?"�@C ='C J O B"�/B q �/J/J1A'C�\3�i?�H N �iM�H3=��WF.H3�-?��"C ���:B�=�H ?
H3�(�/2L�/='CL?(�/=�24F.�(H3I�?�A��hI&C �$=#�/=P?"�!��CL��?��$H3=#ETH3�$=P? q A��!=_B(?"��C =�23�1E�C �(?"�/�!Ja�<M��!�!C O B�CL�"�	?�H N �<B(?�)�M��/��My0
��CLB"�!M&H3=&?"A��!B(�*M�� ( =��a?��$H3=�B!U:�65&���/��=�� O $������ %	C =�M��!H3=P?�C I&�$='CL?"�$H3= $��������)%���C = N �4��CLJ/�!)�J/CL?"�!M&C B
F.H3J$J$H q B��
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�GA���B"�#=:)�I N �!�"B��!C = N �D�!C J/��)�JKCL?"�!MWF.H3��?"A�� q A�H3J$�DM���?"�!�Q?�H3��H3��F.H3�h�/=P?����(\LC J/Bh�/=@M����T�!�(�!=P?��:�/=����
I&CL?��a�,\ CL�"�KC N J$��B!0*��HW�Q\LC J/)'Cg?��,?�A���?"��C ���L�!��U ?�A��5�:�/=���IZCL?"�$�#\LC �"�$C N J$�!B4��A�H3B"�!= q ���"��?"��C =�BV\3���(B"�
I�H3IY�!=P?�)�I C =�M E�B"��)�M�H3�"C E��$M��$? O 0 �[A����"��CLB-?�A��W�"C E��$M��a? O �$B523��=��!�"C J/J O )�B"��M��/= ?"A��iC =�C J O B"�$B
H FlE'CL�(?��$�!J$�cB"E+�!�Q?���C]U�?�A��DE�B"�!)'M�H3��C E��/M��a? O q C B�E��"�QF.�!�(�"�!M%A����"� N �!��CL)�B"�,�$?��!H3�(�"�!B(ETH =�M�B�M��/�(�!�Q?�J O
?"HiCWE'C �"C I&�Q?�����I���C B()��"��Me�/=p?"A��-M��Q?��!�Q?�H3��U ?�A��_C =�23J$� N ��? q ���!=^C&?"��C ���pC =�Mp?"A�� N ��C I C �]�/B�0
�GA��WC ='C J O B(�/B q C B_M�H3=��W�$=S? q HeM��/IY�!=�B(�/H3=�B!U N )�?-C B N H ?�A \LC �(�/C N J$��B-B"A�H q =�HeBV?��(H3=�2e�!H �"�"���
J/CL?��aH3=�B N �Q? q �!�!=�?�A��5? q HiM��/I��!=�B(�/HL=�B!UTH3=�J O ?"A���H =��Q� M��/I��!=�B(�/H3=�C JrM��!E+�!=�M��!=����$�!BcHLF��25��!�$�!=�� O
C =�M��!H3=P?�C I&�$='CL?"�$H3=pC �"�5B"A�H q =eA����"�L0c�GA��-�65&���/��=�� O C =�M���H3=P?�C I��/='C ?��$H =�CL='C J O B(�/B q C BcM�H3=��
q �a?�A [JD_��\P��=:?"B�U��!H3�(�"��B"E+H3=�M��$=�2�?"HZC N H3)]?"+CBJDFDFD_23HbH]M@B(�/I-)�J$CL?"�!M@?���CL���bB�U�B"�/I�)�JKCL?(�!M q �$?"A%?"A��
�4xVn x wc� ��\3�!=:?-23�!=�����CL?"H3�-CL=�M E��(H]���!B"B(�!M ?"A��"H3)�23AS?�A��&F�C BV?-B"�$I-)�J/CL?"�$H = ��A'C �/= 0Q3*B(�/=�26H ?�A��!�
�Q\3�!=:?423�!=��!��Cg?�H3�(B!U�?�A��#�(�!B()�J$?"B�\LC � OiNPO J/��B"BG?�A'CL= H �i0
�GA��@�(�!�!H =�B(?"�")��Q?��/H = �65��!�/��=�� O C B�CpF.)�=���?"�/H3=RH F�?"A��iE�B"��)�M'H3�"C E��/M��$? O>= �/= ( 2 )��"� H]0 [�B"A�H q B
�65&���/��=��!�$�!B�C �(H3)�=�M �JD � Cg?h?�A��c�!��=b?"�!�GH F ?"A��DC ���!�!E]?�C =����301o]�/2 =�� ( ��C =P?�J O J/H q ���h\LC J/)��!B�CLE�ET�!C �
�$=@?"A��#C �"�!C B q A��!�(�D?���CL���bB423�Q?*B(A�H3�V?��!�4C =�M6B(�/=�23Ja�DI��$B(B"�/=�2�E+H3�$=:?"BG��C =6C J$�"��CLM O J$��C Mi?�H�CYJ/HLB"B
H F	?"A�� q A�H3J$��?��"C ����0��GA��$BcM��(H3ETH � �/B�M����T�!�(�!=P?cF.H3�cA��/23AeCL=�M�J/H q \ CLJ/)���BcH F =pN �!�!C )�B"�_HLF<?"A��
M�� � ���"��=:?Z23�!H I&�Q?��"�a��CLJ4J$�/IY� ?�CL?"�$H3=�BZC =�M N ����C )�B"��H F�?�A���A��/23A ?���CL��� M��!=�B(�$? O �/={?"A��6F.H � q C �"M
$.A��/23A = %h�"��23�/H3= 0
���$2 )��(� H]0 �WB"A�H q BD?�A'Cg?c?�A��-?"��C ���:�$=�2i�25��!�$�!=�� O M�Hb�!BD=�HL?DM��!E+�!=�M H3=�?"��C =�B(\3�!�"B"�YI�H3IY�!=P?�)�I
�.�����!E�?#F.H3�#CiB"�/2 =�� ( �!C =P?#M��"H3E+H � CL?#B(IZC JaJ�?��"C =�BV\3�!�(B"�&I&H3IY��=:?�C�Ul�!H3�(�"�!B(ETH =�M��/=�2%?"H6BV?��"H =�23J O
��)��(\ ��M^?"��C ���:B�0 �'H3��?�A��!B"�Y?��"C ���:B!U ?�A��_�!H3=P?�CLI&�$='CL?��aH3= $ ( 23)��(��H]0 : %�B"A�H q B#CiB(?��(H3=�2@�/=��!�"�!C B"�L0
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�GA����"�QF.H3�"�LU C = O B(?�)�M��/��BcH F�E'CL�(?��$�!J$�!B*CL?�?"��C =�BV\3���"B��-I�H3IY�!=P?�CZH F�J$�!B"B4?�A'CL=���DFD	j6�Qv !L���/=6?"A��
���#"!� C E�E+��C ��E��(H N J/��IZC ?��a� 0
�GA��#�!H =:?�C I��$='Cg?��aH3=@B"A�H q BcC q ��C �iM��!E+�!=�M��!=��!�#H3=@?�A��,E�B(�!)'M�H3�"C E��$M��$? O $ ( 23)��"� H]0���D %QU'B(J/H q J O
�$=��!�(��C B(�/=�2_F.�"H I���D � �$=i?�A��,J/H q = �"��23�/H3=i?"H BJD�� CL?�A��$23A6E�B"�!)�M�H3��CLE��/M��a?��a�!B�01�GA��$B��/BG�/=%�!H =]�
?"��C M��$��?"�$H3= q �$?�A�?"A��-�(�!B")�J$?�B NPO �,H =���C M 8��DH3=;:C[ <fU N )�?D?�A��-M����T�!�(�!=����!BDI&C OpN �_� �]E�J/C �/=���M NPO
?"A��_M����T�!�(�!=P?,?��"C ���p�(�!�!H =�B"?��()���?"�/H3=^C J$23H �(�a?"A�I�Bc)�B"��M UrM����T�!�(�!=P?,B"��J/�!�Q?��$H3=��!�"�a?����"�$CZF.H3�D�!H3�(�"����?
?"��C ���:BDC =�M�C M�M��a?��aH3='C JrI&CL?"?"�!�!UTJ/�a� �#?�A�� N ��CLI&E��$ET�#B")�E�ETH �(?�B�Uy�/=��!J/)�M��!M��$=p?�A��-E��"��B"��=:?,B(�/I5)]�
J/CL?��aH3=y0
�lHeC ='CLJ O d!�Z?"A��ZB(H3)��(�!�!B_HLFG?�A��W��H3=P?�C I��a='CL?��aH3=yU�?�C N J$� Hb0��WB(A�H q B-?�A��WC \ �!�"C 23�W=:)�I N �!�(B-E+�!�
�Q\3�!=:?cHLF��"���!H3=�BV?��()���?"��Mp?��"C ���:B!UT�!H3=P?�CLI&�$='CL?��aH3=@?��"C ���:BDC =�M%?�A��5M����T�!�(�!=P?�B(H3)��(�!�!B�H F�?�A����!H =]�
?�C I&�a='CL?"�$H =y0G�GA��-=:)�I N �!�(B�H F�?�A��5B"H3)��(�!��BcM�HZ=�H ?cCLM�M�)�Ep?"H&?"A���=:)�I N �!�*H F���H3=P?�C I��$=�CL?��aH3=
?"��C ���:B!U4C BYF.H3��� ��C I�E�J/�%I�H3B(?&�!J$�!��?"�"H3=�BWC JaB"H M�HS=�HL?WH3�(�$23�a='CL?"�%F.�(H3I ?�A��pI&C �$= �/=P?"�!��CL��?��$H3=
E+H3�/=P?!0�k�B��!C = N �cB"���!=yU]?�A��cM�H3I&�a='C =P?hE'C �(?hH F ?�A��c�!H3=P?�C I&�a='CL?"�$H =iC �"�4?��"C ���:BG=�H ?�H �"�/2L�$=�CL?��a=�2
F.�(H3Iu?"A���IZC �a=Y�/=P?�����C �Q?��$H3=YETH3�$=P?�0��1�!B"�$M��!B	��J/�!�Q?��(H3=�B<C =�M�ETH B"�$?"�"H3=�B�F.�"H3I 23C IYIZCc��H3=P\3���(B"�/H =yU
?"A��/BGCLJ/B"H��/=���J/)�M���B�E'C �V?��$�!J/��B��!�(��CL?"�!M@�/= q ��CL�ZM�����C O B�0	k�BGI�H3B(?GHLFl?"A��!B(�DM��!�!C O BGA'CLE�ET��=@�!J/H B"�
?"HY?"A��,IZCL�$=@�/=P?"�!��CL��?��$H3=iE+H3�/=P?�U]?�A�� O C �"�D�.�]?"�"��I&��J O M��:5��!)�Ja?G?�HY� �]�!J$)�M��,F.�"H3I ?�A��#C =�C J O B"�$B!0
�lH@�!JKCL�"�$F O q A����"���!H3=P?�CLI&�$='CL?��aH =e?"��C ���:B5C �"�_E��(H]M�)��!��MyU ( 23)��"��H]0����_B(A�H q BD?"A��YdQ�>E+H3B(�$?��aH3=�H F
?"A��cE��(H]M�)���?��$H3=WE+H3�/=P? $.\3���(?"� ��%1H FrE'C �V?��$�!J/��BhJ$��C�\b�/=�2�?"��C ���:BG�$=Z?�A�� ���#"!��0��GA��DM'Cg?�C q C BGE��(HL�
M�)��!�!MWF.�(H3I ?�A���C J/�(��C M O I��!=P?"�/H3=���MB[JD5��\3��=b?"B�B"�$I-)�J$CL?���M q �a?�A �4xVn x wc�_0]�GA��*?�H3EWE�J/H ?1B"A�H q B
C J$JTE�C �(?"�/�!J$�!B�J$��C�\b�/=�2_I�H3�(�*?�A�C = ( \3�,A��a?�B��$=W?�A�� ���#"!��0��GA��#���!=P?��"C JyE�J$H ?G�$=��!Ja)�M���BGH3=�J O E'C � �
?"�/�!Ja�!B q A��/��A%C �"���"�!��H3=�BV?��")��!?���MpC Bh�!H3=P?�CLI&�$='CL?��aH3=Z?"��C ���:B�U�C =�Mi?�A�� N H ?(?�H3I E�J/HL?��/BhJ/�aI&� ?���MW?�H
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