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τ-decays
QQ
-
 states

Υ decays
e+e- F2

γ

e+e- σhad
e+e- jets & shapes 14 GeV
e+e- jets & shapes 22 GeV
e+e- jets & shapes 35 GeV
e+e- σhad
e+e- jets & shapes 44 GeV
e+e- jets & shapes 58 GeV
pp
_

→bb
_
 X

pp
_

&pp→γX
σ(pp

_
→jets)

Γ(Z0→had.) LEP
e+e- scaling viol.
e+e- 4-jet rate
jets & shapes 91.2 GeV
jets & shapes 133 GeV
jets & shapes 161 GeV
jets & shapes 172 GeV
jets & shapes 183 GeV
jets & shapes 189 GeV
jets & shapes 195 GeV
jets & shapes 201 GeV
jets & shapes 206 GeV
DIS ep→jets
DIS&pp

_
→jets

xF3 υ-DIS
DIS g1
DIS Bj Sum Rule
DIS GLS Sum Rule
JLAB 12GeV p scaling viol.
JLAB 12GeV p+d scaling viol.
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  49.82    /    16
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Mean  0.8824
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a5o�d �^y�z&T
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_*b%_�e 9 TVQ�o�l�_ kPO�_9f6h�kPQ;lTa%mUd�_JTVQ�i%oEj=cXT�k 
z_ gvf6e�iLQ;b Q�o�i�Q�o/kPO�_bT�_�oXT�_,kVOsa5k'kVO�_ mZQ;iLOrkPl*f6m�m;_�l*kVQ�f6o
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l�a%o)
{_Uj1fAb%_�d
a%m;f6o�i1kVO�_�
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 ! !VOXQZT �A�LQ+*F! 9 $`OXQ��+�iT)!PQ+��� �! �)� ��= !#�<=��A�����4!#.	��� 9 !PO	�$y� �����mQZT !��'.� _OXQ+*�,;!VO��:=��'� /d9 ��* / !PO	�
���)���?��5  <�'*�!��� ! �A�<!2$&���<* !PO	��= QUT ��� �'. !qw-�3 [��CN ��5�=��#)5Q�= .�=��'z �����)� �5Q / � � ���-�CN  <�'*�!��� ! 9 !PO	�
�4�� �.	.�=  _O���= �A���1QUT O	���4!�� / Q�*>��*>� ����* !#� � !#�<=��A�����4!#.��)� �45 �/[�� � ) � � .��eQ�*�, !PO��kO����4!VQ�*�, �����  ��JTVT 9
$`OXQ+ _O?!#��(��JT ��� ��.	! �KO��'.	�VT 9 !VO��  _O ��= �A��� �)��=��gQ�*RT  ��'*	*��� !#� / !#� � �4�� <.�.�= �	.�=��C�+�  ��4!#� / �'.	!VTVQ / �
!PO	��� ����*��'z �mQ�*� <����� T�� !PO�� / � � �� !PQ+�'*?��5 !VO�� .�*XT).����A�'�)!�� / � �'��!PQ+�'*C��53y� � ��� 8 �+= * �����'*	, !PO��9$ ����� -:9
� /�/ Q+!PQ+�'* ��� ���)�BTeT�.��)�@QUT9���	���ZQ+� / !�� !PO�� 8 ��=���z&OXQZT1QZT / �'*�� �2> <� �'���eQ�*�,C!VO�� �4�� �.	.�=  _O �4= � �<� $`Q+!VO
�B�ZQ / Q+*XT)!#�����+� / �'* !PO��?!#���%��5&!PO��E� ��*	,'� 9 �gT@TVO�� $ *�Q+* ��Q�,1� � �(� ��� z&O��?�'����.�=:�?.�* / �<� !VO����UQ / QUT
!PO	��*;�����JTVT�.	�VQ �<� / $`Q+!PO / �6B*XQ+!����',���*��

z&O�� =>� )RQ+=>�4� / Q ; �<���<*F!VQ ��� �����JTVT).���� �������UQ�� / !#� !PO	�qy� � ���  ���*0� � �gT ORQ�,LO?�gT � (F,��4 <= D �tz �BT)!�� /
T)!#�����+� ���JT�.��D!PT $&���)� �-�	!�� Q�*�� / �4! / Q ; �<���<*F!VQ ��� ���)�BTVT).����JTlQ�*-!VO�� �#�4*�,'�>57�)�'=  � ��!��  �M;L;�(F,��4 <= D 9
/ �<� �<* / Q�*	,��'* !VO�� !#��=:�A���#�!#.��)���8z&O��  �� �'�ZQ+*�,C��5 !PO��  _O �4= � �<� � �� �( !#�?�)� �'= !#�<=��A�����4!#.��)�KQZT !PO	�
� � T)! T�!#���lQ+* !PO��9!VO����)=>���5TVO �4�XQ�*�,��tz&O��9$&�'��(3Q+*�, / Q(; ���)��*�!PQ���� �	���BTeT�.��)� 9 �'*� <� �����4 _O�� /d9 QUT =���*XQ+!��'��� /
��* / (4���	!  ��'*XT�!���*�! / .	�VQ�*	, !PO�� ��*�!PQ+���  <� ���ZQ�*	,  >  <����� 
 5 !#�<�  <�'=��	���<!VQ��'* 9 !VO�� / Q ; �<����*�!VQ ��� �����JTVT).����&QUT
���)�'.�,LO�! � �� �( !#� �4!#=:�LT)�XO����)� ��* / !PO	���UQ / QUT ���<=�� ��� / � 
 57����=�� 9 TVO	��$ *]Q�*0� Q+,1�����(� ; 9 QZT ,���.�� / ��*F!��
!PO	� ���+����� /  TVO���� � / y� � �4� 8 �+==��z&O�� �A��!�!��'= T�.	�)5 �� <� ��5 !VO�� 57����=:�@O��gT�!VO�� �)�BAF.XQ+��� / �����UQ��XT)�LQ / ���
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TVO���� ��� � * !PO�� !#�'� !VO����)�iQZT �>,'��� � �'�  <.	! 57��� �>�4�� �.	.�= �32�VQ+*�,1��.2* !PO�� 8 ,'.��)� 9 T)�<�'�<�#��� Q�*XT�!����+��� /
T)!�. / T>����� TVO�� $ *(Q+*"�)� / � � Q+,1� ��� �/[8Q+���+.XT)!��#�4!��BTC!PO��;,'�+.XQ�*�, ��5 !PO��;57�#��=:�B�'*�!#�%!VO��;�����JTVT�.	�VQ �<� /
!PO	����=����+�( TVO �4� � / y� �����
��z&O	�:������,��BT)! � �'��!PQ+�'* ��5 !PO�� y� ����� 9 � �'��*1$`OXQ��+� ���)�BTVT).��VQ ��� /d9 QUTET)!����JTVT
57���<����z&O��4! � ���)!PQ+�'* ��5 !PO	�iT�.���5 �� ��C!PO��4!mQZTEQ+* 57.����� ��'*�!#�� <! $`Q+!VO !PO��?=:�'� / 9 QZT �+����*RQ�*�, ��*?QD! 9 �4* /
!PO	����� 57�'��� *��<T)!����JTVT��JT �����^Q�*��'���+�'� / O����)��� � *�� :!VO�� .	*XT�.��	� �'��!#� / / � � �< <!�� / � ���)!PQ+�'*>�45�y� � ��� !PO �!
QZT ��.	! ��5 !PO�� ,���.XQ+*�, 57�#�4=��EQUT .�* / �<�`T)!#�)�BTeT
� 
 5 !#�<�9!PO�� ,���.��KQUT9� ���( =��<�VQ ��� / 9 �#� �4! � ����)5Q�,'���gT �UQ / QUT
�4!)!��� _O�� / !#�>!VO�� 57����=:� 9 ��* / !VO�� �4�� �.	.�=  _O���= �A���kQUT �)�������gT�� / � z&O	� / � ���� <!�� / �A�'�)!VQ��'*���5^y� � �4�
���)��� Q / �BTKT�!#���JTVT ���<�ZQ+�<5 �Kz&O�� y� ����� 8 �+= 9 TVO ���A� / �4! *�� ���JTVQ / . ����T�!#���JTVT 9 !��','� !PO��<� $`Q+!VO !PO�� 57����=��
��* / �ZQ /d9 QUT  �.	!��'. !��gT��lTeQ�*�,���� .�*XQD! 57�'�957.	!�.���� .XT)���

z&O�� ��!PO	���&Q�=:�A�'�)!#��*�!9 ���=��A�'*��<*F! �45 !VO�� =aQ����)�'�1QUT !PO	� =��< _O ��*XQ+ ����dT).����A�'�)!`T).1�XT�!#�#�!#� 9 $`ORQ� _O
QZT =�� / � ��5 �eQ�,LQ / 57�'��==� 
 TeO���� ! ��5 � �'�  =��<� 57�'��= QZT T#��* / � / / ��$ * 9 .�* / ���1QD!PT � $ *>$&�BQ�,gOF! 9 .	*F!VQ��7Q+!
���)��� Q / �BT �@� �4! � �gT)���8z&O���!#�'����5 !PO	� � �4! TVO	���<!fQZT  �.	!��2 ) � ) =]Q+���ZQ+*�, !�� !PO	�  ���*� ����'� �����UQ��XT)�LQ / ���
TVO���� � 9 $`ORQ� _O1=>�4!��BT !#�B!PO	� ���� �(bT�.���5 �� ��:��5 !PO��$y� � �4� =]Q+�������ET�.1�RT)!#���4!#� 9 � T T)����*�Q�* � Q+,1����� � ���
z&O�� ���<*�,�!PO;��* / $`Q / !PO����)� �������)�'���VQ��4!#� 57��� ,'��.XQ+*�, !PO	� 57����=:� ��* / =���� / �

.2* �'� / ��� !��>���)�  <�BTeT !PO�� 57���'*�!<*7$&�'��(3Q�*	, - T).��)5 �� <� 9 !VO�� T).1�XT�!#�#�!#�<QUT =:�'.�*�!#� / �'* �4* ��. )5Q��UQ ���6
!�������� ��* / ,'�+.�� / !#� Q+! ���+�'*�,�!VO�� � / ,'�BT �!ET�� �'�<�#��� �+�  ��4!PQ+�'*XT 9 �gT^TVO�� $ *8Q�* � Q�,1�/��� � F�� z&O�� !#��� ��5
!PO	� !#������� ��* / � �� �(B��5�!PO��@T�.1�RT)!#���4!#� O ���'� �	���� JQZT)���( !VO��@T#��=:� �<���UQ��XT)�LQ / �4� TVO���� � 9 !VOF.XT ���)� �5Q / Q�*	,
!PO	� �)�BAF.XQ+��� / �VQ+,LQ / Q+!�?57�'� 57.��)!VO���� �	���  ��BTeTVQ+*�,1�
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� Q�,�� ���  ��^TVO	��$`T�!PO��& �.	!)!PQ�*	, ��5�!VO�� $ �'�)(3Q�*�,ET).��)5 �4 ��&!�� !VO��1TeO ���A� ��5 �4* ���+�ZQ+�XT��LQ / �1z&O��9�<���UQ��XT)�LQ /
� ������=:�<!#�<�VT $&����� / � 8 *�� / � C!#��(3Q�*�,mQ+*F!�� �4 � ���.�*�!&!VO�� !POXQ+ �( *	�BTVT&��5 !VO�����*�!PQ+ BQ����4!#� / ,���.�� .)�LQ+*F! �4* /
��5 !PO	� !PO��<��=������ lTVO ���A� / y� ����� 8 �+==��z&O	� �����  ��JTVT9$ �gT �'�	!PQ+=]Q ��� / !#�?�4 _OXQ�� �'� �iT�.���5 �� �� 8 *XQZTeO �'*
!PO	�?57�'��= T)=�� ��!PO �<*��'.�,gO�T)�B!VO �4! *��;�A�'�ZQUTVOXQ+*�,�$&�'.�� / �A�C*��� <�BTeT#���6-� � .�� !#� !PO	�:�	���'�A����!PQ��JT ��5
57����= T)!#�).� <!�.���� 9 !PO	�����?$&������*�� T� ��4�������XT �-�XT��<�)��� / �45 !���� =]Q+���UQ�*�,1��.2* � Q+,1� ���  �lT#��=:���+�:�RQ��� <�BT ��5
!PO	� !VO����)=>�4���(aTeO ���A� / y� � ��� 8 ��=aT �����mTeO�� $ * 9 ������*�, $`Q+!VOB!VO�� =:�'� / .RT�� / Q�* TeO ���XQ+*�,C!PO��<= 9 �4* /
!PO	�  <�'=:����� !#��� >�	���  ��BTeT�� / 57����= T�.1�XT�!#���4!#� =���.�*�!#� / �'* !PO	� �4. )5Q��ZQ���� ?!#���������

z&O�� 8 * ���&T)!����>Q�*@=]Q+�������  ��'*RT)!#�).� <!VQ��'*>QZTC!PO	�;,���.XQ+*�, ��5 !VO��WTVO ���A� / y� � ���?�'*�!#� !PO	���<���ZQ+� 3
T��gQ / ��� T).1�XT)!��#�4!����Kz&O�� ,'��.XQ+*�,?57�#��=:� 9 $`Q+!VO�!#����*XT)� �����<*�! � ����)5Q+,'� �gT��ZQ / ��* !PO�� !#�'� �4* / !PO	�hy� � �4�
8 �+= �4!�!#�� _O�� / !#� !PO����A��!�!��'= * T)���=� Q�,1� � �(�+w -:9 QZT:�����JTVT�.	�VQ �<� / �!>� / Q(; ���)��*�!PQ���� ���)�BTVT).�����.��"!��

�: �� � � � D z �'��� 9 T�� !VO �4! !PO�� 8 ��= ��.	��,'�JT �'. ! �A�>'��* / Q+!VT *�����=����  ��'*��'��)5Q+!�-� $ � $ � QZT) ��LTeQ+!� / � 3

,��gTeT�� / �<� � )  $`QD!POC��) !���* / � / �A�'�  =:���eQ ���4!PQ+�'* !VQ�=:�1QZT�.�*XQD57�'��=:�( �����	�ZQ�� / !#� !VO�� ���+�ZQ+�XT��LQ / ���CT).��)5 �� <�
��5 !PO	�&T�.1�XT�!#���4!#�9!VO �4! �)��=��gQ�*XT �4!�!#�� _O�� / !�� !PO�� ��. )RQ+�ZQ����  !#���������tz&O��<*C!PO�� ���)�BTeT�.��eQ ��� / 57����=:�&$`Q+!VO
��.��+,'� / y� �����EQZT �	� �� <� / �'* !#�'� ��5 !VO��lT�.1�XT�!#���4!#�lT��+� $ �( �<*��'.�,gO !��B���<! !#�#�4��� � / �gQ�� �	.1�1���+�BT �BT 3
 ��4� ��� 
 !��#��*XT)� ���)��*�! �ZQ / �4����� $`T � QZT). ���  <�'*�!#����� ��5&!VO��lAF. ���ZQD!� ��5 !PO	�E.)�gQ�*�! �hz&O��$y� � �4�KQZT 57.��+�(
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���)�BTVT)� / ��,��gQ+*XT)!&!PO��kT�.1�XT�!#���4!#� 9 ��* / T�!��  T .�* / �<� .�*XQ+57����=:�( / QUT)!#�eQ ��. !#� / �����JTVT�.	��� .�*�!PQ+�A!VO�� ���A� ) 
QZT  <.���� / �$z&O��:�A�LTVQD!PQ���* ��5&!VO��?57�#��=:�C���<� �4!VQ+�'� !��;!VO��C!����	���lQZT  <�'*�!#��������� / �  .RTVQ�*	, T)� �< BQ �4� !#� �'�D3
Q�*	, 57�'� ���)�� JQZTVQ+�'* �gTeT���= ���(%��5 !PO�� =aQ��)���'�eT
� 
 5 !#���  �.��eQ�*�, 9 !VO�� 57�#�4=��]QZT / �<�����JTVT).��VQ ��� / 9 !PO	� �ZQ /
���<=�� ��� /d9 ��* / !PO�� ��. )5Q��UQ ���6 !�������� $`Q+!VO"QD!PT: ��'=:� ��*���*�!PT]QZT:��� �4 �� / � �� �( �'* !VO�� ) � ) =]Q+���ZQ+*�,
=��� _OXQ�*	����z&O��^Q�*�*	��� � �'��!PQ+�'*?��5 !PO	�  <�'=��A�LTeQ+!#�`T).1�XT)!��#�4!��kQUT / Q+���< <!#� C �. !9�'.	! !PO	���'.�,gO ��*��'� �<*XQ�*	,
�'*;!PO�� 57�#��=:����y;���gT).����<=��<*F!VTEO ���'� TVO�� $ * !VO �4!�!PO�� !#��!#��� !POXQ+ �(F*��BTeT ��5 !VO��  <�'=��A�LTeQ+!#�mT).1�XT)!��#�4!��
$ �gTl[��3S[�� =:,��4 <= D � z&O��<���HQUT � �A��!#�<*�!PQ �4� �45 57.��)!VO���� / �� ��)���gTeQ�*�, ��=]Q+��������� T !VOXQ� �(F*��JTVT $`QD!PO��'. !
���D!#���eQ�*�, !VO�� !#�� _O	*��'����,� / �JT� ��eQ �A� / Q�* !POXQUT`T��� !PQ+�'*�� .6!�$&�'.�� / �+�����'�@T���=��  <�'*�!PQ�*	,'��*� �WQ�*B�4���  Q�*	,
!PO	� =aQ��)���'� !POXQ+ �(F*��BTeT $`Q+!VOXQ�*B�C5 �� !#�'� ��5 �: 9 $`OXQ��+� �'�	!VQ�=aQ �JQ�*�, !VO�� � �'��������� �VQ�,gQ / QD!�-�

.2*  ��-�C[�3  ��-� ��~���� QUT ������*�*�� / !#�  _O��< �( !PO��9���gT)! T)!����?��5A ��'*RT)!#�).� <!VQ��'*C�45A!VO�� =aQ����)�'�  ��'*XTeQZT�!PQ�*	,
��5�!VO����<� / Q ; �<���<*F! ���+�ZQ��RT��LQ / ���gT)��,'=:��*�!VT
� 
  ��eQ+!PQ+ ����CQUTVT).��&!�� �A�9� /�/ ���BTeT�� / QZT $`O��<!VO���� !VO�� �JT)!VQ�=��4!#� /
!#����������*� <�BT ��5 �gTVT)��= ���   ��4*=�A� �� _OXQ+�<�'� / �
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���JT�.��D!PT 57����= y��'*�!#� ) ���)���WTVQ+= .�� �!PQ���*XT 9 TeO�� $ � / !PO �! !PO��\x Q�*XT�!#�'* ) �'*�� �GT �� < ���� !���*� <�\QUT = .� _O
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45Q+,'* ���UT 57�)�'= !VO�� ') �<����*	(�� �B ��'.	*F!����9$`Q+��� � � .XT�� / Q+* ,'�<*������4!PQ+�'* ��5 !PO	�K0C2��5476����<����*�! !#�eQ�,',����9�4* /
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� � �gTVO 
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4 �A�� BQ 8  ��!PQ���* � �4!#� 4 �'.��� <�
x Q�*XT�!#�'* ) �'*	��� � 8 *XQD!PQ���*

 x Q+*XT)!��'* ) �'*	�cQZT>�%*���* 3 Q+=>��,gQ�*�, �UQ�,LO�!: ��'�+���< <!#��� / �JTVQ+,'*�� / !#�

 ��'�+���< <!��ZQ+,LO�!�57�)�'= ������*�,'� ��5 Q+*� BQ / ��*�! ��*�,'�+�BT��'* �:,LQ+����*  JQ��� <.�� �4�
�������C��* / !��C ��'�+���� ! !VO �4!9�UQ�,LO�! �'*�!#�?�<T�=����+�����&���)�����'z&O�� x Q+*XT)!��'*
) �'*��HQUT *	��!C��57�  �.RTVQ�*	, / �<� Q+ �� 9 ��.	!iQD! QUT OXQ+,LO��( �JI: BQ+��*�!iQ�*- ��'� 3

���< <!PQ+*�, �UQ�,LO�!
� .2* ,'�<*�������� 9 !PO��HTeO ���A�HQZT !PO �! ��5�� �����#���A�'���;!PO��4!
��� �'�'�D�'�BT ���A�'.	! !VO�� �#)5QZT ��5�T  =:=�� !#�  ��5�!VO�� � ������� ��� ���
�9�gTeQ� BT
y �4!����VQ����

;
*XQ� �(4��� ���+����C�'. !#���1T�.���5 �� �� $`QD!POHQ+*�*��<�  ��'�4!PQ+*�,LT ��5 ����. 3

=]Q+*F.�=0��* / =���,'*	�BTVQ+.�=(��.��'�VQ / �]* T)����� �<��� $ - �  ��- ��-��w � �/4F!#�'�+���

x-�JQ�,LO�!
;
���:� �XT �  ��- ��-��w � �/45O �������XQ���*

$ Q+57� !VQ�=:� ;
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�EQ�=:��*XTeQ��'*RT
;
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/ �LT)� �45  �� y���� / �- �� ������eT �LF � � FLF�� ) ��� �'�)*
y��LT�! ��� / Q��4!PQ+�'*  ���*XTVQUT)!PT ��5 )F32�#�  T $`Q+!VO T)�'=:� �)�����4!PQD�5QUT)!VQ� �����)!VQ� ��+�BT �C;�� � FLF2 ) ��� �'�)*
y ��*F.	5 �� !#.��eQ�*�,

;
�<���< <!#�)��57�'�)=]Q+*�,

4 ����� � �<�������VTT� ��� �  ��- ��-��w � ��8 �gTeO2
4 .���5 �� �� 8 *XQUTVO;��5t~�� ��!qy�����* 45AF. �����

;
� � ;�� = �  ��- ��-��w � �/45O �������XQ���*

4  ����4!# _O	�BT �  < �.��)�VQ�*	, Q�* 57�'�)=]Q+*�, �'�A�����4!PQ+�'* 9 � !# ��C*	��� / *���! � �?��� 3
=�� ��� / �	��� � Q / � / Q�*B!PO�� 8 * ��� ���)� / .� <!�!PO��<��� ����� ���JTVT !PO ��*=���4 <�'*��
��* /
� - !PO���B����� �+�BTVT !VO ��*  � ;#�C �= Q�* �+��*�,4!PO
 - !PO���B����� �+�BTVT !VO ��*=���(� ;�� = / �<���

� � �<*��<* / T�� �4! $`Q+!VOXQ�*�� � �-�iQ+*

�  ��- ��-��w � �/45O �������XQ���*

� �	!PQ+ BT �  ��- ��-��w � �/45O �������XQ���*
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z&OXQ+ �(F*��BTeT
;
� � ���-�3 Q+* *��'=aQ�* ���


 �����ZQ+ ��4!VQ��'*>=�� !PO�� /
;
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 �+.�=aQ�*F.�=�	
z&OXQ+ �(F*��BTeT � ������� � =

 �����ZQ+ ��4!VQ��'*>=�� !PO�� /

;
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���'* 32=���,'*	�<!PQ+ 
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z&OXQ+ �(F*��BTeT
;
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Mean number of photoelectrons
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50 Gauss Magnetic Field Parallel to the PMT Axis
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50 Gauss Magnetic Field Parallel to the PMT Axis

0

5

10

15

20

25

30

35

40

45

50

65 70 75 80 85 90
Coordinate along PMT, cm

M
ag

ne
ti

c 
F

ie
ld

, G

� Q+,'.����'�����-��	�� C>U+O.d.U�EHdK<HMPO`�JVg?Dl VPU �+?LE ��� ZQITU��JO.?LC>MPA8<>[.MP?BVPd.MPO`� � <>[`Gba^OTMPO �
VPU+AH� 	 Y Z^[`?'U�=.=
VPMg?Bd ITU��JO.?LC>MPA
�.?BVPd�MP< U+VgGJO`�$C>[`?C��� Z U R�M < � �� � MP< <>[`Gba^O MPO � VPc`? � � � � MPO EH?Bd � U+O.d ��� � MPO � VPU+A>�@Y}Z8[`? ��� Z
=
[`G+CFG�ALU�C>[`G�d`?�=�GJ<>MgC>MPGJO�M <8<>[`Gba^O ����C>[`? � VPU+A>��C>[`?ok+?LE>C>M ALU+V!VPMPO.?+Y

50 Gauss Magnetic Field Parallel to the PMT Axis
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50 Gauss Magnetic Field Parallel to the PMT Axis
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Set: uv_9700_v1   Fit: high_ampl_3
  91.01    /    38

P1   39.90

P2   4.822

2007/11/29   16.25

ADC channels

Run 43487
  81.57    /    85

P1   42.53

P2   15.99

ADC channels

Run 43488

  108.8    /   101

P1   43.40

P2   23.51

ADC channels

Run 43492
  118.2    /   115

P1   43.62

P2   32.08

ADC channels

Run 43489

  135.8    /   139

P1   43.58

P2   44.80

ADC channels

Run 43490
  152.8    /   148

P1   43.38

P2   57.43

ADC channels

Run 43491
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Set: uv_9705_v1   Fit: high_ampl_3
  68.52    /    39

P1   44.44

P2   4.883

2008/02/15   17.05

ADC channels

Run 43467
  84.53    /    87

P1   47.52

P2   14.51

ADC channels

Run 43469

  88.12    /   106

P1   47.82

P2   21.79

ADC channels

Run 43473
  108.5    /   127

P1   48.51

P2   30.21

ADC channels

Run 43470

  143.6    /   148

P1   48.91

P2   41.02

ADC channels

Run 43471
  147.9    /   149

P1   48.86

P2   51.53

ADC channels

Run 43472
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Set: uv_9719_v1   Fit: high_ampl_3
  166.2    /    39

P1   41.28

P2   4.796

2008/02/15   12.00

ADC channels

Run 43443
  85.31    /    83

P1   44.12

P2   15.07

ADC channels

Run 43444

  114.6    /   101

P1   44.97

P2   22.11

ADC channels

Run 43448
  104.0    /   117

P1   45.09

P2   30.22

ADC channels

Run 43445

  169.5    /   141

P1   45.33

P2   41.52

ADC channels

Run 43446
  138.6    /   151

P1   44.68

P2   53.70

ADC channels

Run 43447
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� Q+,'.������ � ;���	 �pGJMP<H<FGJO �.C><^CFG �&��] <F=�?BADCFEHU G+i3C>[`?�C>[`E>?L? � � �JVPU+<><Fl5i U+AD?Bd���� Z8<LY�W�?LE>? ��� nqMP<'C>[`? � ��]
CFG��  ! #$! ADGJO k+?LEH<>MgGJO i U+ADCFG+E�� � � U+O.d � � M <'C>[`?�UBk+?LE U��+? OSc.I �@?LE'G+i3=
[.G+CFG ?BVg?BADCFEHGJO.< � �1Y
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Set: qt_0100_v2   Fit: high_ampl_3
  63.61    /    26

P1   26.85

P2   5.250

2008/02/15   17.15

ADC channels

Run 43431
  74.81    /    36

P1   27.72

P2   8.316

ADC channels

Run 43432

  95.11    /    56

P1   28.83

P2   16.68

ADC channels

Run 43433
  87.84    /    74

P1   29.58

P2   28.66

ADC channels

Run 43434

  91.30    /   114

P1   29.53

P2   64.40

ADC channels

Run 43436
  121.9    /   129

P1   29.48

P2   81.33

ADC channels

Run 43437
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Set: qt_102_v1   Fit: high_ampl_3
  141.9    /    29

P1   29.61

P2   5.222

2007/12/19   17.23

ADC channels

Run 43528
  68.75    /    64

P1   32.01

P2   16.80

ADC channels

Run 43529

  52.40    /    79

P1   32.82

P2   24.18

ADC channels

Run 43530
  75.42    /    91

P1   32.48

P2   33.77

ADC channels

Run 43531

  109.0    /   109

P1   32.91

P2   46.62

ADC channels

Run 43532
  124.7    /   120

P1   33.06

P2   58.27

ADC channels

Run 43533
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Set: qt_0103_v1   Fit: high_ampl_3
  104.7    /    34

P1   34.70

P2   5.383

2007/12/11   09.58

ADC channels

Run 43504
  57.14    /    74

P1   36.39

P2   17.70

ADC channels

Run 43505

  133.5    /    90

P1   36.76

P2   26.27

ADC channels

Run 43506
  107.2    /   110

P1   37.38

P2   35.77

ADC channels

Run 43507

  136.4    /   129

P1   37.50

P2   49.61

ADC channels

Run 43508
  138.3    /   142

P1   37.37

P2   62.33

ADC channels

Run 43509
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� Q+,'.���� ��� ;g; 	 �pGJMP<><>GJO �.C><'CFG�� �o] <F=�?BADCFEHU G+i3C>[`?oC>[`E>?L? �Sc.U�E>C �Dl5i U+AD?Bd:� � Z8<BY W^?LE>? � � noMP<�C>[`? � ��]�CFG
�  ! #�! ADGJO k+?LEH<>MgGJO i U+ADCFG+E�� � � U+O.d � � MP<8C>[`?�UBk+?LEHU��+? OSc.I���?LE'G+i3=
[`G+CFGS?BVg?BADCFE>GJO
< � �1Y
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Average amplitude in A1 (chann.) vs. N of photoelectrons

µ

- Run 43487

- Run 43488

- Run 43492

- Run 43489

- Run 43490

- Run 43491

Constant =  -19.22 ± 2.08 channels

Slope =   43.91 ± 0.13 chann. per 1 ph.e.

 Set: uv_9700_v1   Fit: high_ampl_3
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Average amplitude in A1 (chann.) vs. N of photoelectrons

µ

- Run 43467

- Run 43469

- Run 43473

- Run 43470

- Run 43471

- Run 43472

Constant =  -23.36 ± 3.27 channels

Slope =   49.20 ± 0.44 chann. per 1 ph.e.

 Set: uv_9705_v1   Fit: high_ampl_3
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Average amplitude in A1 (chann.) vs. N of photoelectrons

µ

- Run 43443

- Run 43444

- Run 43448

- Run 43445

- Run 43446

- Run 43447

Constant =  -20.44 ± 2.62 channels

Slope =   45.54 ± 0.39 chann. per 1 ph.e.

 Set: uv_9719_v1   Fit: high_ampl_3
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� Q+,'.���� ���M;Sw�	 j!MPO.?BU�E �.C><tCFGKC>[`?oUuk+?LEHU��+? � �o] k�U+VPc`?�k�<LY1C>[`? UBk+?LEHU��+? �  ! #$! G+i�C>[`? �pGJMP<H<FGJOhd.MP<FCFE M �
c`C>MgGJO
<
G+i3C>[`?oC>[`E>?L? � � �JVPU+<>< l5i U+AD?Bd:� � Z^<LY�Z8[`?�<HVgG+=�?B<'U�E>?�C>[`? � ��] CFG��  ! #$! ADGJO k+?LEH<>MgGJO\i U+ADCFG+EH<BY
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Average amplitude in A1 (chann.) vs. N of photoelectrons

µ

- Run 43431
- Run 43432

- Run 43433

- Run 43434

- Run 43436

- Run 43437

Constant =  -15.33 ± 2.03 channels

Slope =   29.71 ± 0.25 chann. per 1 ph.e.

 Set: qt_0100_v2   Fit: high_ampl_3
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Average amplitude in A1 (chann.) vs. N of photoelectrons

µ

- Run 43528

- Run 43529

- Run 43530

- Run 43531

- Run 43532

- Run 43533

Constant =  -19.13 ± 1.52 channels

Slope =   33.20 ± 0.09 chann. per 1 ph.e.

 Set: qt_102_v1   Fit: high_ampl_3
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Average amplitude in A1 (chann.) vs. N of photoelectrons

µ

- Run 43504

- Run 43505

- Run 43506

- Run 43507

- Run 43508

- Run 43509

Constant =  -15.76 ± 2.48 channels

Slope =   37.58 ± 0.28 chann. per 1 ph.e.

 Set: qt_0103_v1   Fit: high_ampl_3
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� Q+,'.���� ���M;L[ 	 j!MPO.?BU�E �.C><tCFGKC>[`?oUuk+?LEHU��+? � �o] k�U+VPc`?�k�<LY1C>[`? UBk+?LEHU��+? �  ! #$! G+i�C>[`? �pGJMP<H<FGJOhd.MP<FCFE M �
c`C>MgGJO
<
G+i3C>[`?oC>[`E>?L? � c.U�EHC �Dl5i U+AD?Bd���� Z8<LY�Z8[.? <HVgG+=�?B<8U�E>?oC>[`? � ��]�CFG �  ! #$! ADGJO k+?LEH<>MPGJOhi U+ADCFG+E <LY
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>���H%N^H�B �PF = HMQ = BCQ �GBCL�[KH
@��Me%@�XCD]>�BEa�H �������jX�RoL �GL1� �]a�e�je��($de

� = X�N�>�� ��� < a�F = H�R�Hc[KX�L�[MD]F�Q�HA>��:BE>�>��jHc� = BC[K> �G[�BED�> = BEL��PN �]>?>�BCL�[KH�XEY3>�� ����b�[ =WV D �G[ = X
Q ��� �(�deyx���e
�gL�X = Q�H = >PX�>lH1�?>�>���H = HK� = X
Q�F�[ �GI �]D �]> V �:R�H = HM��H�BE>PHMQ�NOHMB(�PF = HMN^HMLi>��kB �PHM[KX�L�Q�>��]NOH|BCL�Q�N^H�B �PF = HMQ
�C�je��i��e�b�Y�>lH = [��:BCL�a �GL�a{>lXAB��?>lBCI �]D � �KHMQm��X)R�H = �?F�����D V Y5X = >���H%D�BCN^� ��R�H8NOHMB(�PF = HMQ �C�je $i��e�f��,F��1�ER�H
�:B�@�H|BC��� = XiBC[��jHMQ�>���HkQ�H�� � = HMQ �U~���DGHK@CHMD/XCY}BC[K[MF = BC[ V �]L`>���Hm> = BCL��PN �]>?>�BCLj[MHmN^H�B(�?F = HKNOHKL,>Me���XC>PH
>���BE> = H �g��X�D ����� �]L�a�>���H�bc[ =?V D �][ = X
Q¡BE>z>��jHS¢�£�BCI�N^HM[��:BEL �G[MBCD��!��X�� = H��?F�D]>PHMQ �GL �?D �]a��i>lD V¤= HMQ�F�[KHMQ
> = BCL��?N �T>P>�BEL�[MHmXCY � ��e �,��e

¥�¦��{¦g§ ¨¡©mªW« ��¬d¬j�®A©�¯}¬�°�±�® �U�® �%¬�²³¯8® � ��©�´:µ ¯%¶/¸·!©�¯8ªW°g¬C¹

�_H�B ���PFjNOH�>��:BE>�BE>?>lHML,F:B�>��GXCL+XEYjD �Ga��i> �]Lm>���H8I�F�D]ºcb�[ V D �][ = X
Q����/� = X��JX = >��]X�L:BCD�>lX{>��jH �GL���XCNOX�aCHML�H �]> V
BCL�Q|Y5X = H �Ga�L��GL�[KDGF�� �GX�L�Me�f��:BE> ����>���H = H�B(�?X�L�Y5X = B�D]F�N �]L�X�F���D �GL�H �GLk>���H�I�F�DGºmb�[ V D �][ � =P= BCQ ��B�>lHMQkR��]>��
B��?> = X�LjamD�B(�?H = I�H�BEN 	 �U~{� �ZeEf���H = HKY5X = H(��R�HoB(���?F�N^Hn>��:BE>}X�L�H{[MBCL�H��W>��GNOBE>PH�>��jHnD �]a��i>%BE>?>lHML,F:B�>��GXCL
DGHKL�aC>��`@�GBU� = HM[ ���?H+N^H�B �PF = HMN^HMLi>AXCY�>���HkDGF�N �GLjX�� �T> V XCY�>�� ���{D �]L�HCe

» 	�¼ ���U½^¾
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Short sample, 8 LEDs, Al mirror, 2 films 07/11/07
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354

355

356

357

358

359

14.26 14.265 14.27 14.275 14.28 14.285 14.29 14.295 14.3

195

196

197

198

14.22 14.23 14.24 14.25 14.26 14.27

� �]a�F = H*��e��($jp��������	��
������������������
����������	�������������������������� �"!�#$#%�������'&(����)�
*�����	�+!�,-��.�!��������,/������%�	�0������#%�����
1 !�����!2�3#%�������4&"����)%
������	��!�,5��.��768�	��9:��
*�;��!<)=�%��)������������ >?�����
�����@�BA�
��&C����)�
�!2��������������)�!2�����D8!���
�E!2�F�����
�BA�
��&?#G!IHJ��8����#�#%��9�K�!2�����ML��ON4PRQS�
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�����M$��u2/()�� ,�:��2�&����
�J(��

� �]>��zBAL:B =P= X)R�D�B(�?H = IJHMBCN X�L�H�[�BCL�Q�HK>PH = N �GLjH�>���H�BEI��PX�D]Fj>lH8@EBCDGFjH�XCYj>���H�I�F�DGºkB�>P>lHKL,F:BE>��]X�L+DGHMLjaC>��3e
f���H
�PHK>PF���BCLjQ�N^HK>��jXdQ ��� � �]N �]D�B = >lX�>��:BE> ���jX�RoL �]L�� �Ga�e �je��C�de�b � �GL�>���HUY5X = N^H = N^HK>���XdQ&��R�H
[MXCNO�:B = Hz>gR�X �PFj[M[MH1��� �]@�HONOHMB(�PF = HMN^HMLi>��|��H = Y5X = N^HMQ�R��]>�� �!��X = >�BEL�Q_D]X�L�a �PBCNO�jDGH��1� = H��?�JHK[K> �]@�HKD V e
f���H�XCL�D V Q ����H = HKL�[MH	���k>��:BE>|>���HOD�B(�?H = IJHMBCN
���+L�X)R�B����BCDue���X)R�HK@�H = �%>��jH �PHKL����T>��T@�H�B = H�B1XCY{>��jH
��£%~������|����XC>PXdQ�HZ>lHK[K>lX = 	W~��A~m[KN	� ������R��GQ�H�HML�X�Fja���>lXz[KX)@�H = >���Hc> = BCL��?N	�T>P>PHMQ�I�H�BCN"�,R����G[��������?F��W>
�PD��Ga��i>PD V R��]Q�H = >��:BCL >���H�X = �]a��GL:BED{IJHMBCN BE>O>���H �PBCN^HSQ����?>�BEL�[MHEe f���H�I�F�DGº¡BE>?>lHKL
F�BE>��]X�L!D]HML�aC>��
R�B(�c>��jHML�Q�HZ>lH = N	�]L�HMQ�F���GLja�� 0�e�	 �je � � e�f���H�X�Id>�B��]L�HMQS@EBCD]F�H��AY5X = @EB = �GX�F�)�?HK>lFj���kBCL�Q�N^X�L��T>lX = �GL�a
N^HK>��jXdQ��oB = HkD ���?>lHKQ��GL`f}BEI�DGH,��e � e

£!�Ga��i> 	5L�N � "�X)R�H =$# Fj����D V % X�L��T>lX = � 	�N �
£�B(�PH = � � � �'&)( D��Ga��i> �* �,+-�.* �
£�B(�PH = ��&%� �'&)( D��Ga��i> �*���+-�.* �
£�B(�PH = ��&%� &je/�0( [MF =?= HKL,> x.* � +-�.*��
£�B(�PH = ��&%� &je/�0( [MF =?= HKL,> x.*�x1+-�.*��

f}BCIjDGH,��e � p 1 ���32O�M�������F�%�M��
�!2� ������L���. N54 Q !�,(��.��7���,/��������	� 6��	��9:�*
�����!:)5�

��H �:B�@�H^[MXCL,@��]L�[MHKQ�X�F = �PHKD]@�H1�+>��:BE>k>��jH^N^H�B �PF = HMN^HMLi>��kR��]>���B�N^X�L��]>PX = HKQ�@�X�DT>�BCa�H"	5[MF =?= HKL,>��
XCY�>���H`��X�R�H = �PFj����D V B = H`NOX = H = HKD ��BEI�DGH">��:BCL¡NOXCL��]>PX = �]L�a\XCY�>���H1D�B(�?H = DGFjN	�]L�X����T> V e�f���H = HZY5X = H �
R�HSQ�HZ>lH = N	�]L�H�>���H�I�F�D]º�BE>P>PHML,F:BE>��GX�L¡DGHKL�aC>��¡XCY�>���H1bc[ V D��G[ = X
Q��UY = X�N X�F = NOBCL,FjY�BC[Z>lF = H = B(� �
x.*�x%��+6�.*��zN �jY = X�N >���HkD�B(�W>n>gR�XOD �]L�H��nXEY}f�BCI�D]H �je � e

¥�¦��{¦87 9s�ªW¯}¬�°;:�=< �¯?>�©�´:A@��®�¬.>

�_HCB:B�@�H�Q�HK@CHMD]X��JHKQUB,DE�GN^��DGH%HF�j� = HGDED%NOHZ>�B�X
Q|Y5X =�= HMD�B�>��]@CH8NOHMB�DPF = HMN^HMLi>�D�XCY'BE>?>lHKL
F�BE>��]X�LH�]L|b�[ V D �][
= X
Q�DKen�:X = >�B.� Do��F = �JX�D?H+R�H+Q�HK>PHM[K>�>�B�H+D �]a�Bi>IDP[MBE>P>PH = HMQ�BE>ADGB = a�HkBEL�a�DGHJD{Y = X�N >�B�H+B = HMBOHF�j��X�D?HMQ�>PX
>�BjH�DGB�DPH = I�H�BEN�e�bKDP��HM[G�GBCDLB:BCL�Q
�MB�HKDGQk>lX
X�Di� = X)@��GQjHGD�B�[MH = >lB��GL|BC[M[KHM�j>lBCL�[KH�Y5X = >�BjH = BCQ��GXCNOHZ>lH = e�fIB�H
D�BNDPH = IJHMBCN [ = H�B�>lHGDkB�D]F�N	�]L�X�F�DAD �]L�HzBE[ = X�D�Dm>�B�H = XdQ�e+fIBjH = BCQ��]X�NOHZ>lH =c= HMBCQ�D�>�B�H�D �]a�Bi>$DP[MBE>P>PH = HMQ
�GL\> = BCL.D?@�H = D?H"Q�� = HM[Z>��]X�L�DGO/>�B�H0DPF = Y�BC[MH)��DmHP�d[MD]F�Q�HMQ�Y = XCN >�BjHOBE[M[MHK�j>�BEL�[MHEeU�_H)B:B�@�HU[QB�HK[�ºCHMQSR��M�]L
= X
Q�D{Y = XCNTDPHZ@�H = BCD�Q���D?> = �GI�Fd>lX = DMe%fIB�H = HJDPF�DT>�DAB = H+D�� DW>lHMQ��]L1f�BCI�D]HVU�e��je

fIB�H¤Q�� D?�JH = DlBED�XCY+>�B�H = BEQ��GX�N^HK>PH =�= H�BCQjX�Fj>�� D�DE�Ga�L.� < [MBCLi>�e�fIB�HJDPH�@EBCDGF�HJD`B = H�[MBCD �]I = BE>PHMQW�]L
F�L��T>�D|XCYoBE>?>lHML,F:B�>��GXCLhDGHKL�aC>�BYX�B�D�R�B�DzQjHGDP[ = �]IJHKQZ�GL�>�B�H"� = HK@��]X�F�D[D?HM[K>��GX�L�eSfIB�H�DPBCN^��DGHJD+@EB =WV �]L

» 	�; ���U½^¾
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"8F = [QB:B�D?HMQ f�HM[QB�LjX�DGX�a V � X�N^N^HMLi> X �ABCQ��GBCL�[KH �����
	
Y = X�N D?>�B�>lF�D ��Lj���E[KN � 	
" = XCY�e "%D�B�DW>��G[ �;� [MB�D?>GX]~Ce/U�~kN = HZY5H = HKL�[MH ~�de� x*yx��I+-�* R
"8DGB�D?>Me ��= BEY�>W��~ [�B�DW> XT~ Ui��N^N ��X�D e%IjFj>P>W�gHMLjQ�D ~)xjeT~ �* &j~ +-�* &
"8DGB�D?>Me ��= BEY�>W� R [�B�DW> XT~���&�N^N F�L���X�D e I�Fj>?>?�gHKL�Q�D Rd~�e�x ��*/U�U1+-�* &
"8DGB�D?>Me ��= BEY�>W�;& [�B�DW> X R�����N^N F�L���X�D e I�Fj>?>?�gHKL�Q�D &�RdeT~ &*yx�x�+-�* R
�+��� DlBCN^��DGH [�B�DW> X R����zN^N ��X�D e%IjFj>P>W�gHMLjQ�D � ~)�.* R � x*]~
% [ % BND?>lH = � � B =P= # F�����e � N^�3e HP�
> = e�X U����UN^N F�L���X�Due%I�Fj>P>W�gHKL�Q�D Ui�je� R�*/ULRI+-�* R

f�BCI�DGHVUjey�jp 1 ���32=�M�������:���M��
�!2� ������L���. N54 N������ ���=Q�Q�!�,���� 
�� 6��	��9:�*
��0��!<)�� ,/��!2� )�
 �G������F�;�����F��, ���	�����������

BE>?>lHML,F:B�>��GXCL|D]HML�aC>�B"!#!�I V BCDGN^X�DW>�BAY�BC[Z>lX = XCY�>�B = HKHCe�fIB�HIR��8�GL+bc[ V D��G[ = X
Q�D�Y = X�N " = XCY5HGDED��GXCL:BCD�"%D�B�DW>��G[
�gL�[Eema��]@CHGD%$�~)��Lj���E[KN � �GL\X�F = B:BCLjQd�MB�HKDGQ\>PXdX�Due�fIB.� Dc@EBCD]F�H|R��]DGD�IJH�X�F = Y5Fd>lF = H = HZY5H = HKL�[MHEekfIB�H
I�HGD?> = H�BEQ�X�Fj>
�5X)@�H = >�B�H�D]HML�aE>�B&	mY5X = >�B�H�bc[ V D �G[	DlBCN^��D]H^Y = X�N # X�Fj>�B'�kX = H�B � DzBEIJX�Fd>�>�BjH�DlBCN^HCe
��X)R�HK@CH = X�>�B�� D DlBCN^��D]H,B:BNDnL,F�NOH = X�F.DnDGX
[�BCD �]L�[MD]F�D��]X�L�D DPHM��B = BE>PHMQ�I V B|Y5HKR N^N�e�fIB�HGD?HV�GL�[KDGF�DE�GX�L�D
NOBCL��]Y5HJD?>|>�B�HKN	D?HMD]@CHGD�BND�B = HKQ�F�[MHKQ�� = BC[Z>��][�BCD8> = BCL�DPN �]>?>�BCLj[MH(�u�,�)$�~�e���� R�N*	+XEY{>�B�H�DPBCN^��DGHEe\�gL
BCQ�Q.�]>��]X�L XiQ�FjHA>PX+>�B�HAY�BE[K>8>�B:B�>�>�B�� D = XdQURnBND�NOBC[QB��GLjHMQ+�5R��]>�B"BkD�B�>�B�H,	�Y = X�N¸B.-'BE>����GHK[MHoXCY�bc[ V D��G[�X
�]>�D?DPF = Y�BC[MH{R�B�D8Q:BCNOBCa�HKQ Xi�JH = B:BE��D%>lXm>�B�HoQ�HK�j>�B^XCY�B�Y5HKR�N �G[ = X�L.DGX�R�B��][QB = HGDPFjD]>lHKQ	�]LUBVB:B0/ V @��]HKR
Y = XCN >�BjH+HKL�QSXEY�>�B�H = X
Q3e

��H B:B�@�H DPHMD]HM[Z>lHMQ�" = XCY5HGDED��]X�L:BCDA"%D�B�DW>��][+�gLj[CeoB�DAX�F = � = X)@��GQjH = XCY�b�[ V D �][+Y5X = >�B�H21436547`� = X��?HK[K>Me
��X)R�HK@CH = X'R�H|��DGBCL�Y5F = >�B�H = [MB�D?>��GL�a�Y5X = I�HK>?>lH = b�[ V D �][VDlBCN^��D]HGDMe

¥�¦98{¦�¥ :�©�´:µ ¯%¶/¸·!©�¯8ªW°g¬C¹ < �¯?>�©�´:A@��®�¬.>

�_HHB:B�@�H�Q�HK@CHMDGXC�JHKQ�BCLSHF�d� = HJD�DmN^HK>�BjXdQ1Y5X = HJD?>��GNOBE>��]L�a�>�B�H<;
F�BCD �T> V XCY8BO��X�D�� D�BjHMQ D?F = Y�BE[MHCeAfIB���D
N^HK>�BjXdQK� D�I�B�DPHKQ X�L¡N^H�B�D?F = �]L�a\>�B�H�D?[�BE>?>lH = HMQ D �Ga�B,>|Y = X�N >�B�H`D �]a�Bi>za�F.�GQ�H�D?F = Y�BC[KH �]DGD]F�N	�]L:BE>PHMQ
R��]>�B�B�DGB�DPH = I�H�BEN�e b D?�JHK[G�GBCD,B�BCL�Qd�8B�HMD]Q >lX
X�Do� = X�@��]Q�HGD"B�[MH = >�BN�GL6D?F = Y�BE[MH��]NO�:BE[K>OBCL�a�D]HSBEL�Q
BC[K[MHM�d>�BCL�[KH+Y5X = >�B�Hk��£%~ U���� = BCQ��]X�NOHZ>lH = e%�AXC>lHm>�B�BE>��GL�>�B.� D{[�BNDPH'DPX�N^Hm�:B = >AXCY�>�B�HmI�F�D]º�DP[MBE>P>PH = HMQ
D �]a�Bi> � D|BCD D?XSBC[K[MHK�j>lHKQ�I V >�B�H = BCQ��GXCNOHZ>lH = e���X)R�HK@�H = X?�T>|NOB V IJH DPF�Id> = BE[K>lHKQhY = X�N³>�B�H = H�BCQjX�Fj>�e
fIB�HANOHZ>�B�X
Q)B:B�D8I�HMHMLO[�BCD��GI = BE>lHKQzR��]>�B^>�B�H = HKY5H = HKL�[MHAbc[ =?V D �][ = X
Q3e�fIB�H{> V ���G[MBCD = HZY5H = HML�[KH = HMBCQ�X�Fd>
XCY�>�B�Hk��£%~ U�����R��T>�B�>�B.� D = X
Q�RnBND$R���Lj����[MN ��e

=�=?>A@�BDCEBGFIH�JIK�LNMOFQP�K�BGRNFIC�BDSGFQP�TVU�C9FOLEBGHWTVXYK�X�TVLER�JQZ[FOL�LEB\X,K]FQL�T�JIX^PVBGX�_QLE@^F�RNH�BGRES?CETVU0BGH^T�X%`,BGS?L�T�JIX^a]b c�bed�b
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� &�� �C(��������|��&��:��� �h��(�()��� �� ��� (),& � $J��������������� ��LdY5X = >PF�L:BE>PHMD V X8BEY�>lH = R�H�B:BCQ�>�B�H1¢�£�BCI�N^HZ�
[QB:BCL.�G[�BED.D�BjX��U�JX�D�� DEBzX�F = b�[ =WV D��G[ DPBCN^��DGHJDGXC>�B�HIDPF = Y�BC[MH = H�BCQjX�Fj>?�]L�[ = H�B�D?HMQUI V ���i��e�fIBjHIDP[ = BE>l[QBjHGD
X�L�>�BjHA��X�D�� D�BjHMQ)DPF = Y�BC[MH��]L�Q��G[MBE>lHn>�B:BE>%>�B�� D%� = X�I�D]HMN R�B�D8[�BCF.DPHMQOI V >�B�HoHMLi@�� = X�L�N^HMLi>��GL�>�B�H�D�B�X���e

� &�� �C(�����������&��:��� �h��(�()��� ��¤��� (),& � �:���J(��������O��(�� �8�[���32�,&	� fIBjHz>lHM[QBjL�� ;,F�HUXCY8@EBC��X = ��X�DT�
� DEB��GLja ��DO@�H =?V [MD]X�DPH`>lXh��B��GLi>��]L�a�esfIB�H = HZY5X = HNXoR�H B�B)@CH\[QB�HK[�ºCHMQ >�BjHSHJ�JHM[Z>�XCYm��B��GLi>��]L�a¤X�L!>�BjH
� = BC[K>��G[�BEDo> = BCL.DPN �]>P>lBCL�[KHSXCYkB_� = HZ@�]X�F�D?D V I�F.�JHMQ R����g[MN D]X�L�a_bc[ V D��G[ = X
Q3e fIB�H = HGD?F�D]>	� D ;,F��]>PH
[MXCLjY5F�D��]L�a�e�fIB�HHD?F = Y�BC[KH = H�BCQjX�Fj>�Q = X��j�JHKQ\BCD]NOX�DW>oI V B^Y�BC[Z>lX = XCY�>gR�X"BEY�>lH = ��B��GLi>��]L�a�R��]>�B�b�[ V D �][
D�BE[ ;,F�H = eofIB�HHD?F = Y�BC[KH�D]XdX�ºLDW;,F��]>PH D?NOX
XC>�B�e���X)R�HZ@�H = X3>�BjH|� = BC[K>��G[MBCD/> = BEL�DPN �]>?>�BCL�[KH|XEY8B�R��4���gN^N
DGXCL�a DPBCN^��DGHAQ = XC���JHKQ�I V $�~ �i��e�fIBjH��JX�D�D��]I�DGH = HMB�DPXCL�D�Y5X = >�B.� D�F�L�HP�d��HM[Z>lHMQ`HP��HK[K>oB = H <�= D?>PD V Xd>�BjH
B��]a�B�H =�= HKY = BC[K>��]@CH$�GL�QjHP� X�DPHK[MX�LjQ�D V X DPF = Y�BC[MHm[ = BC[�ºLDoQ�F�H�>PXUBCa�a = HGD�DE�]@CHVDPX�DT@�HMLi>�DGX'BCL�Q�>�B�� = Q�D V XdR�X = D?H
> = BCL�D?N	��D�D��]X�L�DP��HM[Z> = F�N XCY�>�B�HkD�BNDPH = e%bcD]D3XCY�>�B���D1B�B�D{>lXUIJHk[MB = HZY5F�DGD V �]L,@CHGDW>��Ga�BE>lHKQ �]L`Y5Fd>lF = HCe
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�_H[B:B�@�H�Q�HZ@�HKDGX���HMQ�HF�j� = HGDED'B:BCL�Qd�8B�HMD]Q\N^HK>�BjXdQ�D�Y5X = N^H�B�D?F = �]L�a�I�XC>�B�>�B�HzIjF�DGº1BCL�Q\>�B�H[D?F = Y�BC[KH
BE>?>lHML,F:B�>��GXCL�XCY�D �Ga�B,>ca�F��]Q�HGDKe���F = I:BND��G[zB�D�D?F�NO�d>��GXCL�X�L�>�B�H�� = X���X = >��GX�L:BED �]> V XCY�>�B�HUBE>?>lHML,F:B�>��GXCL
>lX�>�B�H'DP[�B�>P>lH = �]L�a	B�B�D{>lXUIJHm@CH = � < HMQ�e�fIBjH+QjHK@�HKDGX���HMQ�NOHZ>�B�X
Q�DoBCD]DGX)R F�Do>�B�HmY5X�D]DGX)R��GL�ajp

� >PXOBND�DPF = H|BU� = X���H = BE>?>lHML,F:B�>��GXCL1D]HML�aE>�B`XCY�bc[ V D��G[V�GL�>�B�HkD �Ga�B,>na�F��GQjHGDGO

� >PX^N^X�L��T>lX = >�B�H'DPF = Y�BC[KH ;,F:BED �]> V XCY�D �Ga�B,>na�F��GQjHGDGO

� >PX^��H = Y5X = N ����� Y5X = I�HK>P>PH = D �]a�Bi>{a�F��]Q�H�> = BCL�D?N	�T>P>�BEL�[MHEe

fIB�H �GN^NOHKQ���BE>PHc� = BC[K>��G[MBCD = HJDPF�DT>�DoXCY�>�B�HJDPH+NOHZ>�B�X
Q�DI�]L�[MD]F�Q�HCp

� R�H'B:B�@�H DPHMD]HM[Z>lHMQ1>�B�HkNOBCL,FjY�BC[Z>lF = H = XCY�bc[ V D��G[ = X
Q�DnR��T>�B`>�B�HkDGX)R�HGDW>cB�>P>lHKL,F:BE>��]X�L O

� [KF�D?>PX�NOH = I�F��^L�a+Q�XdHJD8L�XC>8L�HK[MHGDEDlB = �GD V �GN^� = X)@CHn>�B�H�DPF = Y�BC[KHW;,F:BED �]> V O,XC>�B�H = N^HK>�BjXdQ�D?DEB�X�F�D]Q
I�HkF�DPHKQ O

� NOBCL,FjY�BC[Z>lF = H =�� D�DP��HM[J� < [MBE>��]X�L�D�D�B�XCF�DGQ`I�H �]Li>lH = � = HZ>lHKQ1R��T>�B`[�B = HCe

��H��jD�BCLh>PX�F�DPH�>�B�HGD?H1N^HK>�B�X
Q�D�Y5X = [KX�N^�:B = ��DPX�L�XCYAbc[ V D��G[�D?F = Y�BC[KHGDUBEY�>PH = X = Q��GL�B =?V I�F��^L�a.X
-'BCN^Hm��X�D ��D�B��]L�a�XdBCL�Q X:��H = B:BC��DJX'@EBC��X = ��X�D ��D�B��]L�a�e
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�_H B�B)@CHO[MBCDG[KF�D�B�>lHMQ�>�B�H�> = BEL�DP��X = >+H �O[J�GHKL�[ V XCY�>�BjHOD��Ga�Bi>ma�F.�GQ�HJD+F.D��GLja`>�B�HU[MX
Q�H�)�bY��f{� % Q�H �
DP[ = �]IJHKQ �GL^>�B�HAbc�j�JHKL�Q����OXCYA�AHZY�e+*/R-,4�/. e}�gLO>�B.� D % X�Li>lH � B = D]X|� = X�a = BCN X
Bk��B�XC>PX�L ��D�HJ�]>�B�H = >lXC>lBCDGD V
�GLi>PH = L�BCDGD VU= H�-�HM[K>PHMQ1X =�= H�-:HK[K>PHMQ1X =�= HKY = BE[K>lHKQ`BC[M[KX = Q.�GL�az>PX�>�B�H�� = HGD?L�HMD3H�;,F:BE>��]X�L�DKe%�gNO��H = Y5HM[K>��GX�L.D
X�L�>�B�H DPF = Y�BC[KHSB = H`NOX
Q�HMD]HMQ�I V�= HKQ�F�[G�]L�a�>�B�H`>lXC>lBCD �]L,>PH = L:BCD = HI-:HM[Z>��]X�L![KXE�gH �O[J�GHKL,>GX��?�'X%IJHKDGX)R
~ ������eAfIB�HzD��Ga�Bi>A>�B:B�>cHJDP[�BE�JHJD�>�B�H[D?[G�]L,>��GD]D�BE>PX = ��X = D �]a�Bi>caCF��GQ�H,	���D D?�JHK[MF�DGB = D V`= H�-�HM[K>PHMQ�R��]>�BS>�BjH
BC��� = X�� = ��BE>PH = H�-:HK[K>��]X�L�[KXE�gH �O[J�GHKL,>10ze%fIB�Hm[�BCD][MF�DGBE>��]X�L�D%R�H = Hm��H = Y5X = N^HMQOY5X = >�B�H�D �]a�Bi>�aCF��GQ�H�[MX�L
�
< a�F = BE>��GX�L D�B�X)RoL �GLS� �Gaje Uje]~�
e�fIB�H�Q��GN^HML�DE�GX�L.D�a��T@�HKL �GL\� �Ga�DKe Uje Rd~�BCL�Q�Uje R�RUY5X = >�B�HzF��.D?> = H�BCN
BCL�QUQ�X)RoL�DW> = H�BCN�D��Ga�Bi>}a�F��GQjHGDGX = HGDP��HM[Z>��T@�HMD V XiR�H = HoF�D?HMQ3e}fIB�HoIJHMBCN R�B�D%>�BCºEHMLU>lXmI�HI�GL�[J�GQ�HKLi>8L�X = �
NOBCDGD V BE>{>�B�Hk[MHKL,>PH = XCY}>�B�H'DP[J�GLi>��]DGD�B�>lX = e}fIB�Hk> = BCL�DPN � DED��]X�L1BCL�Q1DGX�DED{XCY�D��Ga�Bi>oBE>{@EB = �GX�F.D{�JX�DE�]>��GX�L�D
B = Hk>lBCI�F�DGBE>lHKQ��GL�f�BCI�DGH'U�e2,je

"�H = [MHKLi>�BCa�H|DGX�DW>oBE>�B�a��]@CHML1�JX�D��]>��GX�L �A��D?> = HMBCN ��X)RoL�D?> = H�BEN
# [G�]Li>��GD]D�BE>PX = ��D �Ga�B,>na�F��GQjHV�GLi>lH = Y�BC[KH �
e3, ~)xje2,
bcI�D?X = �d>��GXCL ��BCDGDYDPHM[Z>��]X�L�DO	 R��de  ~)xje��
£/X�D?>1�GL�DW> = BN�Ga�Bi>�DPHK[K>��GX�L�D R4�
e � ~�de�x
£/X�D?>1�GL`I�HML�Q.D 4 ~ �je R
£/X�D?>�BE>1" % f &dey� Rde2,
f = BCL�D?N	�T>P>lHKQ U�Ujeyx &��de��

f}BCIjDGH'U�e2,jp#5 ���*������M����)$KM��������� !�,(��.�� ��
�L2.�� L2��
*)��0������������
*����
�!2�O�76 �
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fIB�H1�:B = BENOHZ>lH = DUF�DPHKQ-�GL�>�B.� DU[�BCD][MF�DGBE>��]X�LhR�H = H80krV�je2,.X��?��rV�je2,9,.X�BCL�Q�B�I�F�D]º�BE>?>lHML,F:B�>��GXCL
DGHKL�aC>�B�XCYIUSN �]L¤>�B�H�b�[ =?V D��G[Ce`� >+RnBND�B�D�D?F�N^HMQ�>�B:BE>�>�B�HOR = BC�����]L�a�R�B�D�B = BCQ.��BCLi>|N	� =P= X =�< DGN
( % � R�������Y = X�N & % B�D{QjHGDP[ = �]IJHKQ\BCL�Q`N^H�B�D?F = HKQ �]L �AHZY�e:*/R-,4�;.ue
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fIB�H^HJ�JHM[Z>zXCY�>�B�H DP[J�GLi>��]DGD�B�>lX = � Dc> = BC��H /KX��GQ�BCD�[ = X�D�D DPHK[K>��]X�L_R�B�D �GLi@�HJD?>��GaiBE>PHMQ3e"� >+R�B�D+Y5X�F�L�Q�>�B:B�>
X�L�D V BEIJX�Fd> de R�� XEY{>�B�H�D��Ga�Bi>zaCHML�H = BE>PHMQK�GL�>�B�H�[MHKLi>lH = XCY{>�B�H�DP[J�GLi>��]DGDGBE>lX = R�B�D�DGX�D?> X%[KX�N^�:B = HKQ
R��]>�B�B = HK[K>�BEL�a�F�DGB = D?[G�GLi>��GDGDGBE>lX = I�B = ekfIB�H0D?DGX���HMQ DE�GQ�HJDmXCY%>�B�H�D��Ga�Bi>�a�F��]Q�H�X�>�B:BE>kBEDGDGX)R�HMQS>�B�H0Uix��
N^N [ V D �GLjQ�H = >lX�N^HGD�B�R��]>�B\>�B�H[D?N"BCD]DGH = D?[G�]L,>��GD]D�BE>PX = X:NOB V BC[Z>lF:BEDGD V �]NO� = X)@�H+>�B�HzD��Ga�Bi>A> = BCL�DP��X = >
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H �^[J�GHMLj[ V e�� >UQ.� = HK[K>�Dz>�B�H�D��Ga�Bi>zFj�,R�B = Q X�R�B��][QBK� DzL�HKHMQ�HKQ >PX�N"BE>P[QB�>�B�H�Q�� = HK[K>��]X�L�XCYo>�BjH1D��Ga�Bi>
a�F��]Q�HCe
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fIB�H�HP��HK[K>�XEYo[QB:BCL�a��]L�aS>�B�H"���T>l[QB�BCLja�DGH^XCY{>�BjH"F���DW> = H�BCN D �Ga�B,>+a�F.�GQ�H^Y = X�N ~)���+>lX &����|RnBND[�GLd�
@�HJD?>��GaiBE>PHMQ3e�fIB�H|> = BCL�D?N	��D�DE�GX�L�@EB = �]HMQ1I V D]HGDEDA>�B:BCL�~)��e (�B =?V �]L�a^>�B�H+Q�X)RoL�D?> = H�BEN BCLja�DGHV��D�N^X = H
Q�� �O[KF�D]>�BND �T>%R�X�FjDGQ �GN^���GL�aCH{X�L^>�B�H{Y5X = R�B = Q�BC[K[MHM�d>�BCL�[KHCe%fIB�H = HZY5X = HAR�HAQ��GQ^L�XC> �]L,@CHGDW>��Ga�BE>lH{>�B.� DMe

¥�¦=<n¦87 @8A��¶�¬�±�µ`¨��® Dk°?® G

fIB�H|HJ�JHM[K>cXCY�@EB =WV �]L�aU>�B�H|IJHKL�Q = BCQ��GF.D�XCY}>�B�H+F���DW> = HMBCN D �]a�Bi>�aCF��GQ�HmR�B�DcHF�jBCN	�]L�HMQ�e{fIB�H = BCQ��GF.D
R�B�DA@EB = �GHKQ1Y = X�N ~ �je/�.X/~�~�e�4�X/~ &je &�>lX1~ U�e/&U[MN1e # F = � = ��D��]L�a�D V Xj>�BjH = HGDPFjD]>�DoR�H = H �GL�D?HML�DE�]>��]@�Hm>PXO>�BjH
= BEQ��GF�DcXCY%>�B�H�I�HMLjQ3e|fIBjH0DPNOBCDGD]H = >�B�H = BCQ��]F�DGX�>�B�H0DPNOBCD]DGH = >�BjHzDGX�DEDPHJDV�GL\>�BjHzIJHKL�Q X/I�Fd>�>�B���DcR�B�D
[MXCNO��HML�DPBE>lHKQ�Y5X = I V �GLj[ = HMB�DPHKQ D]X�D�D?HGD0�]Lh>�B�H�DW> = BN�Ga�Bi>0D?HM[K>��GX�L.DGX8R�B��G[QB�R�H = H`L�X)R DGX�L�aCH = e¤fIB���D
DPHKHMN D�[KX�F�Li>lH = �GLi>PF��]>��]@�HNXdIjFj>�>�B�HcI�HMLjQ = BCQ.�GF�D�BC����H�B = D�>PX�I�H D?F��^[G�GHKLi>lD V DGB = aCHA>�B:BE>�>�B�HADGX�DEDPHJDnB = H
Q�X�N �GL�BE>lHKQ�I V >�B�HkDGHKL�aC>�B`XCY}B�a��]@CHML DPHK[K>��]X�L3e
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fIB�HnHP��HK[K>%XEY�>�B�H�BCL�a�D]HnBCLjQ�>�B�H ;,F:BCD �T> V XCY:>�BjH���X�D ��D�B X��?��@EBCD]F�H�XCB = H D�B�X)RoL0�]L|>�BjH�>lX���BCL�QzI�XC>?>lX�N
�:BCLjHMD D�XCY8� �]a�e U�e/&��jeofIB�H = H[��DcBUR�HMBCº�QjHM��HML�Q�HKL�[MH�XCL�>�BjH�DGX)R�H = BCL�a�D]H�X:R��]>�B�BOI = XiBCQ�N"B���]NzF�N
BE>ABCI�X�Fj>&,��Ke�fIB.� DoBCL�aCDGH�R�B�D�F.DPHMQ �GL�>�BjH+[MBCDG[KF�D�B�>��GXCL�D D�BjX�RoL �GL�f�BCI�D]H Uje3,je%fIBjH|Q�HK�JHKL�Q�HKL�[MH|X�L
>�BjH�F�����H = BCL�a�D]H ��DcHK@CHML\R�H�BCºEH = e���H�>PXdXCº��]>A>lX�I�H ,��mBED DPX.X�IjFj>kBCL V BCL�a�D]H�I�HK>gR�HMHKL ���BCL�Qh~����
� DoBE[M[MHK�j>�BEI�DGHEe

¥�¦=<n¦�� F^° G�²�¬� ©m°EDm B^´:¯8®$>�@�° >>�°�±�® @�� ¶�°��®�¶3¹ :,>�¦ 9s�µ ´:¯%¶�¬:°M:���,® Dm��

�_H\[MX�N^�:B = HMQ!>�B�HSD��Ga�Bi>Oa�F��]Q�H�> = BCL�D?N	��D�DE�GX�L H �^[G�]HML�[ V Y5X = >gR�X�NOBE>PH = �GBCD D!4¡b�[ =WV D��G[ ���/rz~�e U ,�	
BCL�Q�£/HF��BEL ���/rz~�e��C��	 4�>lX�HJD?>��]N"B�>lHO>�B�H�I�HML�H < >UXCYoF�DE�GL�a�B�NOX = H"X��d>��G[MBCDGD V Q�HML.DPH�NOBE>lH = ��BED8Y5X =
>�BjH"D �]a�Bi>+a�F��GQjHGDMe1� YnR�H�B�DEDPF�N^H"H�;
F�BCDnBE>?>lHKL
F�BE>��]X�L�D]HML�aC>�B�DGX}£/HP�jBCL�> = BCL�D?N	�T>�D^~ �i�³N^X = H^D �]a�Bi> X
� = �GNOB = �]D V I V HKD �]N	�]L:BE>��]L�aO>�B�H^DGX�DEDPHGD|BE>k>�BjH	D?[G�GLi>��GDGDGBE>lX = 4�D��Ga�Bi>ka�F.�GQ�H)�GLi>PH = Y�BE[MHCe*��LjY5X = >lFjL:BE>lHKD V
>�BjH+> = BCL�D?�:B = HML�[ V XEY%£/HP�jBCL � DoBCI�X�Fj>1B:BCDTY�>�B:BE>�XCY�bc[ =WV D �G[Ee�f�BCºL�GL�a�>�B�� D��GLi>PX"BC[K[MX�FjL,>GX:>�B�H|£/HP�jBCL
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> = BCL�D?N	�T>�DcXCL�D V ,�&i� XCY%>�B�H�D��Ga�Bi>Me �AX)R�HZ@�H = X/R�H)B:B�@�Hz>PX�[MX�L.D��GQjH = >�B.� D�X��d>��GXCL X3ºCHKHM���]L�a��GL\N �GLjQ
��X�D�DE�GI�D]Hm� = X�a = HGDED��GL�>�B�Hk��DGB�D?>��G[V�]L�Q�F�DW> =?V e
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fIB�H���BjX��lX
[�����B�X
Q�H"XCY���B�H �,R�����&�" % f � D $U~Z�gN^N���B��G[�º �GL	��B�H�[KHML
�lH��Me¤bc[K[MX�?Q��GL�a��lX���BjH��GLd�
Y5X�?N������GX�L�XCI������]L�HMQ`Y��PXCN���B�H ���CN��CN�����D?F`HP�d�JH�����DGX���B�H D�B��C��H+XCY���B�H|�.B�X��lX
[�����B�X
Q�H � D�� D?��B�H��PH
XCY �4�UNON �]L����EQ��GF�DAR�����B($ + R4� � ��X !���AXC�JHKL��GL�aje���L���BjH�X���B�H"�,B��CL�Q X#��B�H�HML
���$�CL�[MH|R��GL�Q�X)R ��D
-%���Me\fIB�H��PHKY5X��PH�X&��B�H"Q���D����CL�[MH"IJH'�gR�HKHML(��B�H*-����zHKL�Q�XCY)��BjH*  �]a�B
��a+.�GQ-,���.�Q/��B-,���B�X��lX
[�����B�XdQ�,
����.�a,GD�Y��PX�N ~�N^N ��.���B-,z[",�.
��,"�0�PX`x"N^N1������B�,2,MQ�a�,zXCY&��B�,z��B�X��PXd["����BjXdQ-,EemfIB����mN�� V [���+�D�,
D��]a.��43:[���.
�5 GX�DEDcXCY6  �Ga�B7����B-�PX+ja�B���B�,8,MQja,GD�XEY6��B-,H" % f9,".
���$��.�[",|R��:.�Q�X)Rke�� Y6��B-,HDP[G��.
���: � !���PX� ��D
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HYFrLYD1>C7
BVI?>TJ_>T=AW"STH�J_�:LYSUBlQ�>!�Y^E@�D3�

-SHV

4700
150 V
150 V
180 V

75Ω

8 MΩ

10 MΩ

150 Ω

10 kΩ

µF

µF

µF

F

Fp

Fp
µF

p

µF

A

500

500

0.001

0.001µF

1:1 inverting
toroid

Shielded Dynode Signal

Shielded Anode Signal

    0.0033

0.01

0.01

K

G1

D1

D2 

D3

D4

D5

D6 

D7

D8

D9

D10 

D11

D12

to µ - metal shield

150 Ω

50 Ω
BNC

150 Ω

13.6 MΩ

9.4 MΩ

6.8 MΩ

5.6 MΩ

4.7 MΩ

240 kΩ

270 kΩ

150 Ω

75 Ω

51 Ω

51 Ω

240 kΩ

240 kΩ

240 kΩ

240 kΩ

470 kΩ

470 kΩ

0.01
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BC-408 Scintillator

Black Kapton (0.0094" thick)

Aluminum Foil (0.001" thick)

Front Face Lead Foil (0.005" thick)

Optical fiber under
Kapton and through 
both aluminum layers 
before glued to plastic
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LY��>TIjBV<�I?>v^)� cG� 2&2 +�B � LNBsLYI?>¬«&d�¦ J =AH�D�@�LND�Q¨Q�^)�jBVIY^EO�<PBK>TQ!BKH¬B � >�]YLNI�^EHY< � �?S4^EDCB�^E=E=ELNBVHYI��T� �:H�I"B � >
�:LYDP>T=\¦V«)LkSTHY<�DCBV>TI*�!�8B � >ZIK>1LYI?> 2 � O�<�D�QP=E>s>TD�QH��B � LNB�LNIK>sLYI?IVLYD�@Y>TQ ^ED�LkF5H�<�I�¦dOCWC¦ �Y^ 7�I?>TSUB�LYD�@Y<�=�LYI
LYI?IVL�W�O�> � ^AD�Q�B � >��?JML���q���b>^AB � ^ED1LYD1LYI?>�L�HYF!dP� c�SZJ 7 �

delay box

CAEN
1190

FC
patch

�!^A@�<�I?>-<G�\« < �pN2<&����)&F9Ft�%��?���� )1 %���5$&GU %?@�>��F,���� '��$(��������]��%��� ���K %?@�>��]@���%���m �� � � ��NOLv�'PQ�' '��� �

	�
��
	� 
 /2�'+ ���4��. -0+ 	

��� > � � )��kSTHY<�DCBV>TI*��b>^A=E=
@�>TDP>TIVL�BV>p��IKHYJM�PB���^E@YD:LY=)��F5H�IrB � >:,@h�i;jtsmu ��>U]�>Z=\¦�«qBKI�^E@Y@�>TI�>Z=E>ZSZBVI?H�D�^AS!�!�,L��
b�>T=E=�L��+��^A@�D:LY=��8F5HYI���<P=)�K>�¦ � >=^E@ � B�LYD�QMB�^EJ	^EDP@^LYD:LY=\WJ�Y^)�Z� ��� >fH)]Y>TIVLN=E=�=�L�W�H�<GB�HYFXB � > � )�� >T=A>TSUBVIKHYD�^ES��
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ST<PIKIK>ZDCBV=AW!< �K>ZQ ^AD ,@h
i;j ^��	� � HcbpD ^ED �.^E@�� <G�\« <G� "dD�B � ^)�"Q�>!�Y^E@�D¨B � > n�o � QPW
D�H
Q�>���<�=��K>���@�H
BVHaL���IK>UBVI�^A@�@�>ZI�S4^EI?ST<�^\BsBVH©@�>TD�>ZIVLNBK>�B � > �/>Z]�>Z=\¦V«�BKI�^E@Y@�>TIZ� �8LYS � n�o � LYD�H
Q�>���<�=��K>!��@�H�BVHaL
�/> ,�I?HcW6« ���G«(o �
� & � ��$%&a��r-, LND�Q LI,�� ��( � o � «�« @ c��^E��>T=I^AD�> � r-,�'j«&cgc � ��� & � +�F5HYI
IK>TLYQ�H�<GB�� � ��^AJM��=[^A`:>ZQ�Q�>!�Y^E@�Dw< ��^AD�@!�^E��>T=I^AD�> � r-, �!� .'L�� � �Zr-, � '5H�I1��^E��>T=[^ED�>��Zr-, �?+C�^LND�Q
^EJ_��I?Hc]Y>TQ >Z=E>ZSZBVI?H�D�^AS!�MF5HYI_F5H�I?JH^AD�@�B � >1BVI�^A@�@�>ZI��Y^E@�D:LN=)�	^)�_��=�LYDPD�>TQ!F5HYI ,@h�ijts(u ' �K>Z> �!^A@��+<G�A«�A+U�
� ^AB � B � >K^ED�SZH�IK��H�IKLNB�^AH�D[HYF%B � >�D�>Ub �Zr-, �!�3B � >hJ	^E=E>��nHNF8Q�>T=EL)W�S�LNO�=E>��i>TJ_��=EH)WY>TQ ^EDkB � >hSZ<�IKI?>TDCB
� )�� �jW��?BV>ZJ S�LYD1O�>+>Z=I^AJH^AD:LNBV>ZQ3�

��� >3^AD,BKI�^AD ��^ASMI?>!�KHY=E<PB�^EH�D HYFqB � >M>T=A>TSZBKIKH�D^ES!�G�?W��?BK>TJ '� &� ++J�< �?B�OX>RI?>TQ�<PST>TQ�LND�Q ^AB � L��gOX>Z>TD
J_>�L��?<�IK>ZQMBVH^O�>lL��+�?J"LN=E=�L��l« � � �p^ED�]NLYIY^EH�< � �?>ZBK<�� �)edQc @ * � ��� >TI?>fLYI?>pJ"LYDCW�SZH�DCBVIY^EO�<PB�^EH�DH�8BKHoB � ^��
BV>ZIKJ��PLND�Q�>�LYS � >Z=E>ZSZBVI?H�D�^ASfSTHYJM��H�D�>ZD,B�b>^E=A=�O�>fS � H&�K>ZDsBKHK^EDH�K<�I?>fB � L�BO^AB�J_>T>ZB��eH�<�I+�K��>TS=^A`:STLNB�^AH�D �T�
"dD[HYIKQ�>ZIlBKH"LYS � ^E>Z]Y>gB � >^IVLNBK>gSTLY�:LYO�^A=I^\BdW�LNBnL�=E<�J	^ED�H���^ABdW"HYFe« ��«&c � 5lSTJ ` 7 � ` � �XL � ^A@ � ¦dI?>!�?H�=E<PB�^EH�D
��^A�X>Z=I^EDP> � r-, b>^A=E=rO�>�< �K>ZQ�F5HYIiB � >�D�>Ub¥�:LYD�>Z=\¦V«�O�STH�<PD,BK>TI*�T� ��� >!�?>MJ_HGQP<�=E>��oJ"L�WkO�>�B � >�SZH�J�¦
J_>TIKS=^�LY=A=AWRL)]NLg^A=�LYOP=E>oJ_HGQ�<P=E>!�p< �?>TQkF5H�IqB � >�I?>�LYQ�HY<PBiHYFrB � >+>C7;^)�jB�^AD�@ ,@h�i;j � )��!SZH�<�DCBV>ZI����mH�IlJ"L�W
O�>h>T=A>TSZBKIKH�D^ES!�oQP>Z]�>Z=EH���>TQ�LNB�� ��LNO3� �:H�I\^ED �jB�LYDPST>��3B � >�� ��LYO �'L��?B��8=A>TSUBVIKHYD�^ES��i@�IKHY<�� ^)�iQP>Z]�>Z=EH��
¦
^EDP@?�K<�S � L � r-, O:L��?>TQ�HYD�B � >�, ) o nX� &�& ��«�S � ^E�3�	n%IK>��K>TDCBK=AW&��b�>ML����K<PJM>� &� � � c�� � ^ED�H�<PI
>!�jB�^AJ"LNBK>!�5^AD �.^E@&�Z� <G����LND�Q�<G� �J�:=I^EJ	^ABK>TQMO,W�B � >^IK>��KH�=A<PB�^AH�D�HYF�B � >G, ) o nX� &�& ��« � r-,�S � ^E�m�

VME64XVME

VXS

from FTOF PMTs
Level 1 trigger

L1, readout

hits

with built−in
scalers

Discriminators

Flash ADCs

Level1 trigger
(cluster finders)

Pipeline TDCs

�!^E@�<PIK>-<G�\«) �pN2<&����)&F�Fz�%�Y?@��� )1 %��� $&G  %?��>��F,���� '�%$(���9����"
F�)&������� GI$&�� %?@�\�@��� �����������LM��N5L �%Pg�' '���,�

�g������
�

�'L��?B�B�^AJH^AD�@^HYF1�Y^E@�D:LN=)�%F5IKH�J B � > � � ) � �?W��?BK>TJ IK> 0 <^EIK>���STLYO�=E>���b>^\B � =AH)b ��^A@�D:LY='Q�^��?BKH�I?B�^EH�D3�-o�>�Lc¦
�K<PIK>TJ_>TDCB��gb�>TIK>_JMLYQ�>�HYF�B � >_IK>��K��H�D �K>_HYF �K>Z]Y>TIKLY=%BdWG��>!�gHYF�STHCL 7;^ELY=%S�LYOP=E>�F5H�IiB � >M>'7^��?B�^ED�@�,@h�ij
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� )��I�?W��?BK>TJ�� ^AD�ST=A<�Q�^AD�@@K �f¦9<'�H�
B � >^< �?<:LY=/STLYO�=E>oF5H�IeF�L��?B ( "�o§>T=A>TSUBVIKHYD�^ES��!� K �f¦ 2 «1dH��LYDPQ!��>Z=EQ�>ZD
@4@ «1dH�YLl=EH)be¦d=AH&���>�?>TJ	^\¦ �?H�=I^AQ^�XH�=\W�>UB � W
=E>TDP>�S�LNO�=E>N� ��� >�=E>TDP@YB � ��HYF�B � >�STLYO�=A>!� '�� � cQcnD �=+�b�>TI?>�S � H&�?>TD
BVHgJ"L�BVS � B � >nB�^EJ_>qIK> 0 <^EIK>ZQ"BVH+F5H�IKJ L^`:I��jB?¦ =E>Z]Y>T='BVIY^E@�@�>ZI%F5H�I-,�h�i;j�� ��� >nIK>��K��H�D �K>nHYF3B � >fSTLYO�=E>���BKH
L ( "�o =EH�@Q^AS5�Y^E@�D�LY= ��¦%cG���&< � LYD�Q[«&c�D �eQP<�IVLNB�^EH�DM�
b�L��eJ_>�L��?<�IK>ZQ%�:LYDPQ"B � >nBVIVLND �KJ	^)�*��^EHYD"HYF���<P=)�K>��
B � IKH�<�@ � B � >^S�LYO�=A>obeL��"��^AJh<�=ELNBV>ZQ3��(nHYBK>oB � LNBpB � >^S�LYO�=A>^Q�^)�?�X>ZI���^AH�D ^ED � ^A@ � 0 <:LN=I^ABdW ��>T=AQ�>TD @4@ «1d
^)��LY�P��IKH7;^EJMLNBV>Z=AW�> 0 <:LY='BVH^B � >lQ�^��K��>TI��Y^EH�D	^ED��?BVLYD�Q:LNIKQ	K �i¦ 2 «&doS�LYOP=E>qF5H�I%B � >"�VLNJM>lQ�>T=EL�W�OX>ZS�LY< �?>
B � >��K=AHcb�>TI�]Y>T=AHGS=^ABdW ^EDBK �f¦ 2 «&d1'�� � c ; �A+�STH�J_�:LYI?>TQhBVH ��>T=AQ�>TD @4@ «&d '�� � c ; � � +�SZH�J_�X>ZD �VLNBK>!�rF5HYI
B � >+=ELYIK@Y>TIpLNB?BV>TD,<:L�B�^EHYD3� ��>^��=ELYD1BKH qY>T>Z�[B � >)��>T=EQP>TD @4@ «&d�S�LNO�=E>oF5IKHYJ B � > npo � QGWGDPHGQ�>^BVH�B � >
BVIY^E@�@Y>TIo>T=A>TSUBVIKHYD�^ES��^LYD�Q K �i¦ 2 «&dRF5IKHYJ¯B � >"LYDPHGQ�>�BKHsB � >_��r-, LYD�Q�Q�^)�?STI�^AJH^AD:LNBKH�InF5H�I^�:LND�>T=��j¦�«�L
LYD�Q 2 � ��� >eF�L��jBV>TI�BKI�^A@�@�>TIrS�LYO�=A>!��I?>TQ�<PST>qB � >qDP>T>TQ�F5H�I%LNQ�Q�^AB�^EH�D�LY=J�Y^E@�D�LY=PQ�>Z=�L�W�� &;^EDPST>eB � >q�:LYD�>Z=\¦�«TO
STHY<�DCBV>TI*�fb>^E=A=/BdWG�^ES�LN=E=AWRD�HYBiO�>*^AD�B � >gBKI�^E@Y@�>TIpF5H�I:,�h�i;jts(us>Z=E>TSUBVI?H�DkIK<PD �!��B � >g��IK>UF5>TIKI?>TQ�S � Hg^EST>gHYF
IK>TLYQ�H�<GB�STLYO�=A>pF5HYI�B � >pD�>Ub¨�:LYD�>Z=\¦V«�O�STH�<�DCBK>TI���^)��BKHg< �?> � � H�IjB �jB�LYDPQ:LYIKQ�K �f¦9<'�iSTLYO�=A>!�8BVHoF5>T>ZQ6^EDCBKH
L�D�>�LNIKOCWs��^E��>T=[^ED�> � r-,6LYD�Qs�Zr-,wIK>TLYQ�H�<GB5�jW��?BV>ZJ��

� �5�����?*+$��5()�P����32�#�#r���5G�

��� >�� � HYBVH�J�<�=AB�^E��=[^E>TI*�_F5HYIMB � > � � )�� STH�<�DCBK>TI���b>^A=E=lH��X>ZIVLNBK>�LNBsLNOXH�<GB 2 cQcQc �§b>^AB � DP>T@CLNB�^A]Y>
��H�=�LYIY^ABdWY� ��� >�JML 7;^EJ�<�J Q:LYIYq�ST<�I?IK>ZD,BiQ�IVL�bpDkOCWsB � >*npo � �fF5H�IqB � >�>C7;^��?B�^AD�@"��LYD�>T=®¦�«)L�SZH�<�DCBV>ZI��
^)�nLYO�H�<PB 2 c�D�� LYDPQ ^)�nLYO�H�<PBZdQcMDP� F5H�IpB � >��:LYDP>T=\¦ 2 npo � �Z� ��� >�ST<PIKIK>ZDCB ,@h
i;j � )�� �jWJ�jBV>ZJ ^��
��Hcb�>TI?>TQMO,W�`P]�> ��>,�IKH)Ws« � <��^JMLg^ADPF5IVLYJ_>!��B � LNB�STLYDMSZH�DCB�Lg^AD�<��MBKH �Y^ 7
BV>Z>TDMS�LYI?Q �!�,>�LNS � �K<P����=AW
^AD�@
« 2 ^AD�Q�>Z�X>ZD�Q�>TDCB�S � LND�D�>T=��hF5H�IhLkJML 7;^EJ�<�J§HYF^« @ 2 S � LYD�D�>Z=)����>TIhJMLg^ADPF5IVLYJ_>Y� ��� ^)���?W��?BK>TJ b>^A=E=
O�>gI?>T< �?>TQ[F5H�IpB � > � � )�� �?W��?BK>TJ�� � H)b�>Z]Y>TIiQ�<P>+BKHMB � >gD,<�JhO�>TIlHYF8" ��S � LYD�D�>Z=)�Z^AD1B � >+�:LYD�>Z=\¦�«TO
�?W��jBV>TJ���LYQ�Q�^\B�^AH�D:LY= " � S � LYDPD�>T=��lb>^A=E= � L)]Y>+BKH�OX>+LYQ�QP>TQsBVH�B � >-�jWJ�jBV>ZJ��

���	� � #�� 
�
� �"#�� � ��� ��� � �F
"��� � �� 
 
 ��#!���

��� > � � )��I�?W��?BK>TJ ^)�qO�>4^AD�@MJ_H
Q�>T=A>TQRb>^AB � ^EDsH�<PI � �%� ( � � o�HYD,BK> ,eLNIK=EH�F5IKLYJM>Ub�HYI�q'� �!^E@��/<G�A« �
� � Hcb �eLgIK>Z��IK>��K>ZD,BVLNB�^AH�DRHYFmB � >nSTH�<�DCBK>TI��2^ED�B � ^���J_HGQP>T= ��^AD�ST=A<�Q�^EDP@+��LYD�>T=®¦�«)LJ�
��LYD�>T=®¦�«�OM�GLND�QR�:LYDP>T=\¦
2 ^AD�>TLYS � �K>ZSZBKH�I�HYF ,�h�i;jts(u:� ��� >RHY<PBV��<GB�HYF�B � >3o�H�DCBV>	,eLYIK=AH[LYI?>MB � >"�Zr-,�LYD�Q � r-, ]YLN=E<�>��
L��*�KH
S4^�L�BV>TQ^b>^AB � B � >�Bdb�Hf>ZD�Q ��HYF�>TLYS � SZH�<�DCBV>ZI�b � >ZIK>�B � >TI?>�^���L � ^\B��JMH
Q�>Z=E>TQ^b>^AB � B � >�LY����I?H���I�^ELNBV>
IK>��KH�=A<PB�^AH�D�>C7G�X>ZSZBK>TQ¬F5H�I^B � >��K>RQP>ZBV>ZSZBKH�I��Z���eBgB � >MST<�I?IK>TDCBgB�^EJ_>���B � >"STH
Q�^AD�@1F5HYI+B � >MF5<�=A= � � )��
IK>ZSTH�DH�?BVI?<�SZB�^EH�D ^)�_OX>=^ED�@0^EJ_��=A>TJ_>TDCBV>ZQ ^AD©B � >vo1H�DCBV> ,eLNIK=EHP� &
BV<PQ�^E>��MHYFfB � >�LYD�@�<P=�LYI�STH)]Y>TIVLN@�>
HYFlB � >�SZH�<�DCBV>ZI����e�:LYIjB�^ESZ=E>3^AQ�>TDCB�^A`:STLNB�^AH�D�]��T��J_H�JM>ZDCBV<�J��%IK>ZSTH�D �jBVI?<�SZB�^EH�D�F5H�I�BKIVLYS�q ��B � LNB�SZIKH&�*�
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Jh<�=\B�^A��=E>qSZH�<�DCBV>ZI��!�PLYD�Q"B � > ^EJ_�:LYSZB���HNFmB � >f�:LYDP>T= �K<�����H�IjB�F5IKLYJM>���b>^A=E=:O�>fSTLYIKIY^E>TQ_H�<PB2^ED�B � >nD�>�LNI
F5<PBK<�IK>N�%"lHcb�>Z]Y>TI��3>Z]Y>TDkb>^AB � B � >�=AHcbe¦ =E>U]�>T=���r-,6LYD�Q � r-, ^ADPF5H�IKJMLNB�^EH�D�SZ<�IKI?>TDCBV=\W[L�]NLg^A=�LYO�=A>���b�>
S�LND[LY=AIK>TLYQPWR@�Lg^ED?�?H�JM> ^AD ��^A@ � B5^EDCBVH�B � >^>C7G�X>ZSZBK>TQkSZHc]Y>TIKLY@�>gLYD�QsIK>��K��H�D �K>+HYF�B � ^�� �?W��?BK>TJ1�

(b)

(c)

(a)

�!^A@�<�IK>�<G�\« � � � $Q�@��F $&G  %?@��LU�2NOL �'PQ�' '���f������F�]
�@��� ���	$(]@����������� � �	$(�m '� �-)1��F�$
�Z78)m: ��� ���Y�'"����� %�,<&�
<Q�,��� F,$g$&/Q���
� �@$ �p���' '�%��)&� $&G� %?@�*�%� � LM��NOL �'���� '$&��������<g������� ���m '$H"
)&�@��F����)Q� ��t�M)&���!�'�k7I�: �-F�$(�'� �D]@"
<Q�,��� $&G 78)m: GI$g��]
�%�%���
� �9� $(�v)	�%�9�
�(F,� �'���� '$&���v78� : � �2����� $&G� %?@� �
)&�%/ $&G�"
)&�@��F����)v78F,$g$&/g�9�
�	]@"
�% '�%��)&� :
�%?@$ �p���
���@�� %)&�9F���$&GU %?@� �@� �
�
�, %�,$(���!$&GU"
)&�@��F����)	7I";���@/�:V)&�
�w"
)&�@��F����� 7 �&�%�����;: �

�!^E@P�/<G�\« �B� � H)b �qB � >gLNSTST>Z�PB�LND�ST>+HYF�B � > ,@h�i;j s(u � � )��I�?W��jBV>TJ ^ADRBV>ZIKJ��qHYF�xkLND�Q �G�pn%=EHYB��eHYF
B � ^)�1�KHYI?B �K>ZI?]�>�BVHpQ�>U`:D�>8B � >$� � LNQ�H)b¬IK>Z@Q^EHYD ^ADoBV>TI?J���HYF�x�]��T� �qQ�>U`:D�>ZQ�OCWoB � >8JMLg^EDiBKH�IK<H��SZI?WYH&�?BVLNB
LYD�QMB � >iQPI�^AF{B�S � LYJ�OX>ZI �?W��jBV>TJ1��"dD"B � ^)� � � LYQ�H)b-�:LN=E='HYF/B � >Z^ED�LYSZB�^A]�>nSTH�J_��H�D�>TDCB���HYF/B � >iQ�>UBV>TSUBVH�I*�
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Jh< �jB�IK>���^EQP>��m^ED�SZ=E<�Q�^AD�@e=[^E@ � B/@�<^EQ�>��!�mnpo � �!��]�H�=\B�LY@�>rQ�^A]
^EQP>TI����cJ"LY@YD�>ZB�^ES�� � ^E>Z=EQ�^AD�@ � �K<P���XHYI?B/F5IVLNJM>��
LYD�Q �?BVI?<�SZBK<�IK>��!�8LYDPQ�S�LNO�=E>��T� �!^E@�� <
�A« ��� � H)b ��B � >MB � IKH)bpD¬��LYI?B�^EST=A>!� ^ED�B � >���^AJh<�=�L�B�^EHYD LND�Q�B � >
�:LYIjB�^AST=E>���I?>TSTHYD �?BKIK<�SUBV>TQsOCW_B � >�� � ) � �?W��?BK>TJ1� ��� >f`:D:LY=XQ�>Z`�D�^AB�^EH�DMHYF/B � >D� � LYQPHcbwI?>T@Q^AH�D	�K>ZI?]Y>!�
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^;AR>P@ � b < < G+I�f>^ M=L �Q> N ^ U �!� �ZFJA M f>^;G �=LVM j L >�f L+L AiK L F M � �=L+L >���@JT 2 b 2 < I}I > � ^XG�q`A L �����qGV@ NPNQL � U @BA M �0>P@
FJj|@B<?>5< b < N F M ^�FH>�^;@BA K L A=OJ> � �!�=FJA M f>^;K;Kqj L �Q<#/&G4^ L AR>�>P@}F M=M=NPL ��� ^)�*�P< L ��F N ^)�Y^;A=OmFo> � ^;O � L A L+N OQ^ L �+b

H�AB�P<=I&I}F N W��RFJG+GV< N Fo> LwNQL G+@JA �Q> N <=Gc>�^;@JA @JT � ^;O �><�L A L+N OJW L K L GV> N @BI}FJOBA L >�^;G$� � @gf L+N �^FJA M M=L > L Gc>�^X@BA
@JT�v � ��� FJA M ^;A U F N >�^XG+<=K;F N > �=L FJj�^XKI^X>�W >P@ M ^)�Q>�^;A=OJ<�^)� � ��^XA=OBK L�� ^;O �
<�L A L+N OHW U � @H>Z@BA �(T N @BI�> �=L >�f\@ <
U � @H>Z@BA G+K;<H�Q> LVN �mT N @BI v � M=L G3F3W&�O^�� L ��� L AR>�^;FJKh>Z@�> �=L�L 7 UqLVN ^XI L A{>ZFJK U=N @JO N FJI < ��^XA=O > �=L 6�h�i;jts(u
M=L > L Gc>Z@ N FH> � ^XO �iL A L+N OQ^ L �-> � FH>-f>^XK;K j LrU F N >S@JT�> �=L � npr U=N @BO N FJI�b � /&G4^ L AR> M=L > L GV>�^X@BA2@JT � ^;O �><
I&@BI L AR>Z<=I v � ��^��(FJK)�Q@ A L+LVM=L+M Tl@ N FnYHF N ^ L >�Wi@JT^@J> �=L+N 6@h�i;jtsmu U=N @ U @&�PFJK)�Vb�d �?L&UH� W��Y^;G!� M ^XGV>ZFH> L �
> �?L A LVL+M Tl@ N F U=NPL?< � � @"f LVN G3FJKX@ N ^XI L > LVN >Z@ij L&U K�FJG L+M ^;A�T N @BAR>r@JT\> �=L}L 7;^)�Q>�^;A=O �$,-b &;^XI7<=K;FH>�^X@BA �
� � @gf > � FH>(OB@`@ M v � ^ M=L AR>�^ � G+FH>�^X@BAiG+FJA2j L @Bj?>ZFg^;A LVM f>^X> � Tl<=KXKeGV@"Y L+N FJO L @JT�> �=L �$,�T N @BAR>D�P< N T FJG L b
H�A&F M=M ^]>�^X@BAu>Z@S> �=L ^;I U=N @gY L+M U|L+N Tl@ N I}FJA=G L ^;A7> �=LhNPL G+@BA �t> N <=GV>�^;@BAm@JT L K L Gc> N @JInFJOJA L >�^;G � � @"f LVN ��� > �?L
^;A?G NPL F�� L @JT > �=L @"Y L+N FJK;K �QG4^;AR>�^;K;K;FH>Z@ N > � ^XG�q{A L �*�!^;A�> �?L 6@h�i;j s(uSTl@ N f\F NQMrL K L Gc> N @BInFHOBA L >�^;G�G3FHK;@ N ^;I L > LVN �
f>^;KXKU^XA=G NQL F�� L > �=L�M=L > L Gc>�^;@JA L /}G=^ L A=GVW Tl@ N A L <?> N @BA �Vb

� ��� � �����0% �i4	� � 
�
 %S/)*���
d �=L&M=L �Y^;OBA U F N FJI L > LVN ��@JT�> �=L n$,\a�� f L+NQLnL �t>EFJj?KI^)� �=L+M < �Y^;A=O > �?L Tl<=KXK � ��a S�d �Y^;I7<?K�FH>�^;@BA ��@JT
> �?L n$,\a�� < �$, �tW��Q> L I~b�aD�SFn>Z@`@BK �qF5I}@ M ^ �[L+M � ��aTS0d �Y^;I7<?K�FH>�^;@BA�G+@BI U <?> L+NSU?N @BO N FJI Tl@ N > �?L
6@h�ij M?L > L GV>P@ N f\F���< � LVM bnd �?L n$,\a���fwF�� U @&��^]>�^;@JA L+M ^;A2T N @BAR>r@HT\> �?L GV< NPNQL AR> �+,�F��-� � @"f�A#^XA
O ^XO=b:P?b 2 b\d �?L � L �Q>Z< M ^ L �-F NQL�M=L �QG N ^Xj LVM ^;A M=L >EFg^XKR^;A�K L T �+b )edNM�M&�tdNM 2 * FJA M F NPL �P<=I&I}F N ^X: L+M j L KX@gf�b
d �=L I L G � FJA�^XG3FJK M=L ��^XOBA M=LVUqL A M �~@BA > �=L A`<?I7j LVN @JT��PG=^;AR>�^XK;K�Fo>Z@ N\< K L F M K;F3W L+N �!��@BA > �=L FJA=OJ<=K�F N
G+@"Y L+N FHO L @JT)> �=L n$,\a � �qFJA M @BAi> �?L �Y^;: L @JT)> �=LuNQL F M @J<?> � L OBI L AR>EFo>�^;@JA9b�d �=L � L7U F N FJI L > LVN ��f L+NQL
M=L > L+N IH^XA L+M jRW�> �=L U � WJ�Y^;G�� NQL� <�^ NPL I L AR>��mTl@ N > �=L M=L > L GV>�^X@BA FJA M ^ M=L AR>�^ � G3FH>�^;@BA�@HT � ^XO �><sL A LVN OJW
L K L Gc> N @JA �!� U � @J>Z@BAH�!� FJA M v � �hY
^�F 2 F M=L G+F3WBb

H�A�^X>�^�FJK ��^XI7<=K;FH>�^X@BA ��f LVNPL G3F NQN ^ L+M @B<?>(f>^]> � M <nK;F3W L+N �(@JT^K L F M FJA M �PG=^;AR>�^XK;K;FH>Z@ N C ��^;I	^;K;F N >Z@ > �?L
^;A?A L+N U F N >z@HT?> �?L �$,hDC�o< �Y^;A=O\d < < I}I f>^ M=L � L OBI L AR>EFH>�^;@BA�Tl@ N > �=L �PG=^;AR>�^XK;K;FH>Z@ N K�F3W LVN �!�HG+@ NQNPL � U @BA M ^XA=O
>Z@�FJj|@B<?> M1c�� NPL F M @B<?> G � FHA=A L K�� ^;A L FJG � �Q> L+NQL @ Y;^ L f�b �)Y L AR>��~f L+NQL O L A LVN FH> L+M ^;A F <=A�^XTl@ N I
M ^��Q> N ^;j=< >�^;@JA�@HT?v � FJA MrU � @J>P@BA L Y L AR>��)FH>e> �=L >ZF N O L >�f>^]> � I}@JI L A{>ZFh< U >P@RM 2 � L �7b K L GV@BA �Q> N <=Gc>�^X@BA
@JT[GVK;< �t> LVN ��f\F�� M @BA L < ��^XA=O�> �=L �t>EFJA M F NPM G+KX< �Q> L+NzNQL GV@BA �Q> N <=Gc>�^X@BA7FJKXOB@ N ^X> � I�@JT=> �=L �$,D�oj=<?>zF U=U K[^ LVM

1 L:; e+&f �^���g$>h�,&1�R�:�5$�&���i�d(),&



���������
	��������������������
�������! "
#%$'&)( *+,&�����$��!-/.��1032��546�
-378	:9�9�;

O ^XOB< NPL P?b 2 X��M)1�% %�9��F,� ��� �@�� '���� '$&��"
)&��/4)�Z&�O$&Gz %?@� �� ������� G[$&�\a-)1��� �%�^Z(�,$(�:]R��?@�2F,$ a+ %?@�%����?@$(F����Y!�������@/&$ <
��$(]��T '���!�9� �%?@$ ap� ��� � )�Z&���m %)Q�Q �a!$\F9)�P&�����.$&GzLU�2NOL ��$(]��T '�����.)1���p�%?@$ ap� ���TZ&������� )&��� P&��F�F,$ a �m %?@����Y � �
�����%?�$ ap� �9�K�%���z��)&���w %?��,�_Y+��� �
F�]@�)]

>Z@rjq@H> � > �=L n$,\a���FJA M �+,-b`aD�$� � @gf�A6^;A O ^;O=bdP b dH�R> �=L GV@BI7j�^XA L+M n$,\a���FJA M �+, �QW��Q> L I NPL >ZFg^;AH�
OB@`@ M L A L+N OJW NPL �P@BKX<?>�^X@BA%�  ���� c ; M	� 
��[FJA M F G+@BAH�Q>EFHA{> L /&G=^ L A?GVW5Tl@ N >�f�@ < G+K;<H�Q> LVN�NPL GV@BA �t> N <?GV>�^X@BA
< U >Z@ > �?L � ^;O �=L �Q>0I&@BI L AR>EF?b

	 L+L+U ^;A=Ou> �=L A{<=I7j L+N @JT�K�F3W L+N �wFH>TM <��`> �=L f>^ M > � @JT�> �=LSNQL F M @J<?>�� L OBI L AR>�� C �Q> N ^ U �ED�fwF��wYHF N ^ LVM
T N @JI d&<}I}I C M&c��nG � FHA=A L K��ED�< U >Z@�PQc}I}I C P&<}G � FJA=A L K)�ZDcb H�A O ^;O=b�P?b � FH�|> �=L >�f�@ < G+K;<H�Q> LVNSNPL G+@BA <
�Q> N <=Gc>�^X@BA L /&G4^ L A=GVWk^�� U=NPL � L AR> L+M Tl@ NhM ^  LVNPL A{>5�Q> N ^ U f>^ M > � �+b\d �?L I}FJO L A{>ZF U @Q^XA{>��hG+@ NQNPL � U @BA M >P@
F PQc < I}I �Q> N ^ U f>^ M > � �B> �=L j?K;< LhU @Q^;AR>���F NPL Tl@ N <gc < I&I � L OBI L AR>EFo>�^;@JA%�R> �=L O NQL+L A U @Q^;AR>��)Tl@ N � d < I&I
�Q> N ^ U f>^ M > � � FJA M > �=LSNPLVM5U @Q^;AR>��\F NPL Tl@ N d < < I&I f>^ M > � b)d �?LSL /&G4^ L A=GcW M=L G NQL F�� L �wf>^X> �nL A L+N OJW}Tl@ N
f>^ M?L+N �Q> N ^ U �!�=j=< > NQL I}Fg^;AH� NPL F��P@BA[FHj=KXW � ^;O � ^]T�> �=L �Q> N ^ U ��^X: L ^)�5q L+U >�FH>0K L ���h> � FJA�<gc I}I�b

� > �=LVN ��^XI7<=K�Fo>�^;@JA �ef L+NQLhUqLVN Tl@ N I LVM < �Y^;A=O�S@ N M 2 K;F"W L+N �-^;Au> �=L n$,\a�� M=L �Y^;OBAM�BG+K L F N KXW � � @"f>^XA=O
F�KX@&���}@JTS>�f�@ < GVK;< �t> LVNnNPL G+@BAH�Q> N <=GV>�^;@BA L /&G4^ L A=GcWBb H�A O ^;O=b8P b � jM�\> �=L >�f\@ < G+KX< �Q> L+N}NPL GV@BA �t> N <?GV>�^X@BA
L /&G=^ L A?GVW	^)�$� � @"f�A F��\F�Tl<=A=GV>�^;@BA&@JTqv � I&@BI L AR>Z<=I Tl@ N � C NQL+M D'� M 2 C O NPL+L A DC� FJA M M < C j=K;< L D)K�F3W LVN �Vb
,\K L F N K]W&�e> �=L M <~K�F3W LVN GV@BA � OB< N FH>�^;@BA � F��u> �=L	� ^XO �=L �t> L /}G=^ L A=GVWJb2d �=L5NPLVM <=G L+M L /&G=^ L A?GVW#^XAy> �?L
@J> �=L+N G3F�� L ��^���InFg^XA=KXW M < L >P@ ^;A �Q<#/&G4^ L AR> N F M ^;FH>�^X@BAu> � ^;G�q{A L �*��Tl@ N(� ^;O �
<�L A L+N OHW U � @J>P@BA �)>P@�GV@BARY LVN >

1 L � e+&f �^���g$>h�,&1�R�:�5$�&���i�d(),&



���������
	��������������������
�������! "
#%$'&)( *+,&�����$��!-/.��1032��546�
-378	:9�9�;

1/√E (GeV-1/2)

σ/
E

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0.1

0.11

0.12

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

π0 generated at Θ=24o-27o and φ=-3o-3o

EC with PRE_SHOWER

EC

π0 momentum (GeV/c)

T
w

o 
cl

us
te

r 
re

co
ns

tr
uc

ti
on

 e
ff

ic
ie

nc
y

0

0.2

0.4

0.6

0.8

1

0 2 4 6 8 10 12 14

V 1�W V �RW

O ^XOB< NPL P b dNX � ����G[$&��� )&����� $&G2 %?@� ��$(� �;���@��� �_Y � ��� �_Y �@�� '���� '$&�*)1 ?��[Z(? ���@���\Z(�������!��?@$ ap� a��, %? �
F�]@�
"�$(���T %�^].)m:���?@�>���@���=Z&P*�����'$(F�]@ %�,$(� $&GU %?��	�������������F����� '�%$(� )�Z(�@�� %���Z��)&F,$&���9���� '�%PK�'Pg�% '��� )&��) G8]����� %�,$(�w$&G
 %?@�����T<&�����'�\� � ]�)1��� �%$g$& �$&GV���@���\Z&P)]p��:���?�� �^` ���,���
��Pw$&G �%����$(���' '�Y]��� %�,$(�H$&GR �a!$K��F9]��' '������G[��$(� b � �@����)�P
"
?@$& '$(�
� )&�V)OG8]����� %�,$(��$&G�"
��$(����$(�����T %]��K] ����� �%Pg�\��$(F��R��$&�%�%���'"�$(���� '$  %?@� �_Y "����%GI$&��� )&�
����"��%���'���T '���
���wLM�[Zd];A ]���]

FJA M}M=L+U @&�Y^X>+�P<#/&G4^ L AR> L A L+N OJWmTl@ N > �=L � � @"f L+N >P@uj L-M=L > L Gc> LVM b�&;^;I7<?K�FH>�^;@BA ��f LVNPLSNQL+U|L FH> L+M Tl@ N > �?L
M 2 < K�F3W LVN G3F�� L � jRW M @J<=j=KI^XA=O5> �?L > � ^XG�q`A L ����@JT^> �=L �=N �Q> d K;F"W L+N ��@HT�K L F M b7d � ^)�(GV@BA � OJ< N FH>�^;@BA � F M
FmG+@BI U F N FJj=K L >�f�@ < GVK;< �t> LVN�NQL G+@JA �Q> N <=Gc>�^;@JA L /&G=^ L A?GVW~F���> �=L @ N ^XOQ^;A=FJK�M < < K�F3W LVN�M=L �Y^;OBA%� j=< > U @ @ NPL+N
L A L+N OHW NPL �Q@BK;< >�^;@JA9b
a M=M ^X>�^X@BA[FJK ��^XI7<=K;FH>�^X@BA ��f LVNPL�UqLVN Tl@ N I LVM < ��^XA=O7YHF N ^;FJj=K L � L OBI L AR>EFo>�^;@JA @JT > �=L �QG4^XA{>�^;KXK�FH>P@ N K;F3W <

L+N �+b 	 L+LVU ^;A=O�GV@BA �Q>ZFJAR>}> �=L >Z@H>EFJKwA{<=Iuj LVN @HT NQL F M @J<?>&G � FJA=A L K)� U|L+N � L GV>Z@ N �2^]>7f\F��&Tl@J<=A M > � Fo>
> �?L InF 7^XI7<=I L /}G=^ L A=GVWiG3FJA2j L @Bj >EFg^XA L+M ^]T � FJK]T�@JT L FHG � �Q> LVNPL @ K�F3W LVN ^)� L� <�^ U?UqLVM f>^X> � � < < I&I
f>^ M?L �Q> N ^ U �mFJA MI� FJK]Thf>^X> � �Qc < I&I f>^ M=L �t> N ^ U � C M @B<=j?K L < �Q> N ^ UyNPL F M @B<?>EDcb d �=L > N ^�FJA=OJ<=K�F N �Q> L+NQL @
K�F3W L+N �0@"Y LVN K�F U �P<?G � > � Fo>�> �=L+NQL ^���FHKXf\F"W��-F NQL OQ^X@BA�f>^]> � � < < I}I f>^ M=L �Q> N ^ U �\^XA~@BA L @JT�> �=L �Q> L+NQL @
K�F3W L+N ��� F�� � � @"f�A ^;A O ^XO=b�P?b < b�d �=LVNPL ^)�h@BA?KXW FB�QInFJKXK_KX@&���h@JTe>�f�@ < GVK;< �t> L+N�L /}G=^ L A=GVW�FH>h> �=L-� ^;O �=L �t>
I&@BI L AR>EF(Tl@ N > � ^��^O L @BI L > N WmG+@JI U F NPL+M f>^X> � � < < I&I�f>^ M?L �t> N ^ U �p^;A}FJK;K/�t> LVNPL @rK�F3W LVN ���J� L+LTO ^;O=bdP b P?b
Hs>�� � @B<=K M j L A=@J> L+M > � FH>hFH>�Tl@ N f\F NQM FJA=OBK L � C � � @ N >�� < �Q> N ^ U �EDC�`f �=L+NQL I}@��Q>w@HT9> �=LD� ^;O �
<�L A L+N OHW&v � �
F NQL�U?N @ M <=G LVM � FJKXK_> �=NQL+L �Q> L+NQL @ NPL F M @B<?>�Y
^ L f � � F"Y L �QInFHK;K NQL F M @B<?>"� L OBI L AR>EFH>�^;@BA9b
d �=L U=N @ U @�� L+M M?L ��^XOBA @JTh> �=L n$,\a�� G+@"Y LVN � > �=L Tl<=K;K�FJA=OB<?K�F NrN FJA=O L @JT�> �?L �$,-bzd �=L n$,\a��

� F�� M <?�PG=^;AR>�^XK;K�Fo>Z@ N FHA M M � K L F M K�F3W LVN �!��G+@BA � A L+M j L >�f LVL A�>�f�@ L A M=U K�Fo> L �Vb5a YJF N ^�FHj=K L f>^ M > � @JT
> �?L�NQL F M @B<?>@� L OBI L AR>EFH>�^;@BA f>^XK;K\j L < � LVM >P@�IH^XA�^;I	^;: L > �=L A`<?I7j LVN @JT NQL F M @B<?>mG � FJA?A L K��!��f � ^;K L

1 ;'9 e+&f �^���g$>h�,&1�R�:�5$�&���i�d(),&



���������
	��������������������
�������! "
#%$'&)( *+,&�����$��!-/.��1032��546�
-378	:9�9�;

π0 generated at Θ=24o-27o and φ=-3o-3o
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�$,-b d � ^)�(f>^;KXK(�Y^;I U KI^]T W~> �=LmM=L �Y^;OBA @JT^> �=L G+@BAR>ZFg^;A LVN � ^;A?G+K;< M ^;A=O5> �=L ^;A M ^XY
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Detection Efficiency
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T N @JI > �=L I}@B<?A{>�^;A=OrF N I��^@JT_> �=L KX@"fk> �=NQL � � @BK M �, L+NQL A�qH@gYnG+@B<?A{> L+N b^d �?L+NPL f>^;KXK[j L > � ^XA5FJKX<=IH^XA{<=I
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ADC-PED

FNAL, KURARAY Single Clad 1.0 mm, XP2802
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  286.0    /   138
P1   1.003  0.9470E-02
P2   9.093  0.7708E-01
P3  0.3041E+05   107.3
P4   27.17   4.649

ADC

  273.2    /   275
P1  0.9973  0.1167E-01
P2   6.922  0.7160E-01
P3  0.1035E+05   64.33
P4   7.988   2.247
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Trigger PMT ADC bin center
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adc_CH1

Entries  6654
Mean    88.13
RMS     24.68

 / ndf 2χ  186.3 / 174
Prob   0.2479
p0        4.5± 117.2 
p1        0.56± 82.91 
p2        0.55± 17.73 
p3        4.43± 16.67 
p4        5.3± 106.4 
p5        1.86± 30.48 
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Entries  6654
Mean    88.13
RMS     24.68

 / ndf 2χ  186.3 / 174
Prob   0.2479
p0        4.5± 117.2 
p1        0.56± 82.91 
p2        0.55± 17.73 
p3        4.43± 16.67 
p4        5.3± 106.4 
p5        1.86± 30.48 

adc_CH1 adc_CH2
Entries  13814
Mean    101.4
RMS      26.6

 / ndf 2χ  345.4 / 223
Prob   1.054e-07
p0        3.2± 243.1 
p1        0.23± 95.91 
p2        0.2±  17.5 
p3        0.5±    30 
p4        1.3±   117 
p5        0.81± 36.96 
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Entries  13814
Mean    101.4
RMS      26.6

 / ndf 2χ  345.4 / 223
Prob   1.054e-07
p0        3.2± 243.1 
p1        0.23± 95.91 
p2        0.2±  17.5 
p3        0.5±    30 
p4        1.3±   117 
p5        0.81± 36.96 

adc_CH2

adc_CH3
Entries  13814
Mean    113.2
RMS     30.38

 / ndf 2χ  343.9 / 241
Prob   1.477e-05
p0        2.9± 206.4 
p1        0.3± 106.2 
p2        0.22± 20.12 
p3        0.3±    30 
p4        1.6± 134.1 
p5        1.06± 40.06 
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Entries  13814
Mean    113.2
RMS     30.38

 / ndf 2χ  343.9 / 241
Prob   1.477e-05
p0        2.9± 206.4 
p1        0.3± 106.2 
p2        0.22± 20.12 
p3        0.3±    30 
p4        1.6± 134.1 
p5        1.06± 40.06 

adc_CH3 adc_CH4
Entries  11432
Mean    111.3
RMS     29.07

 / ndf 2χ  301.6 / 230
Prob   0.001049
p0        2.8± 167.2 
p1        0.3±   104 
p2        0.24± 18.05 
p3        2.9±    40 
p4        1.0± 123.9 
p5        0.56± 35.53 

0 50 100 150 200 250 300
0

20

40

60

80

100

120

140

160

180

200

220

240

adc_CH4
Entries  11432
Mean    111.3
RMS     29.07

 / ndf 2χ  301.6 / 230
Prob   0.001049
p0        2.8± 167.2 
p1        0.3±   104 
p2        0.24± 18.05 
p3        2.9±    40 
p4        1.0± 123.9 
p5        0.56± 35.53 

adc_CH4

adc_CH5
Entries  5424
Mean    121.2
RMS     34.97

 / ndf 2χ  193.2 / 234
Prob   0.9759
p0        1.83± 67.12 
p1        0.6± 116.3 
p2        0.79± 25.86 
p3        1.776± 6.083 
p4        6.0±   139 
p5        6.30± 60.34 
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Entries  5424
Mean    121.2
RMS     34.97

 / ndf 2χ  193.2 / 234
Prob   0.9759
p0        1.83± 67.12 
p1        0.6± 116.3 
p2        0.79± 25.86 
p3        1.776± 6.083 
p4        6.0±   139 
p5        6.30± 60.34 
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adc_CH6
Entries  2164
Mean      132
RMS     33.84

 / ndf 2χ  147.4 / 199
Prob   0.9976
p0        0.99± 29.43 
p1        0.7± 128.6 
p2        0.73± 22.47 
p3        0.471± 2.102 
p4        21.6± 155.5 
p5        21.10± 95.05 

0 50 100 150 200 250 300
0

5

10

15

20

25

30

35

40

45

adc_CH6
Entries  2164
Mean      132
RMS     33.84

 / ndf 2χ  147.4 / 199
Prob   0.9976
p0        0.99± 29.43 
p1        0.7± 128.6 
p2        0.73± 22.47 
p3        0.471± 2.102 
p4        21.6± 155.5 
p5        21.10± 95.05 

adc_CH6 adc_CH7
Entries  10431
Mean    110.4
RMS     30.59

 / ndf 2χ  432.7 / 252
Prob   1.383e-12
p0        4.7± 156.5 
p1        0.5±   103 
p2        0.45± 17.19 
p3        4.89± 36.43 
p4        1.5± 121.6 
p5        1.57± 35.39 
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adc_CH7
Entries  10431
Mean    110.4
RMS     30.59

 / ndf 2χ  432.7 / 252
Prob   1.383e-12
p0        4.7± 156.5 
p1        0.5±   103 
p2        0.45± 17.19 
p3        4.89± 36.43 
p4        1.5± 121.6 
p5        1.57± 35.39 

adc_CH7

adc_CH8
Entries  13903
Mean    102.3
RMS     27.75

 / ndf 2χ    374 / 244
Prob   6.374e-08
p0        3.2± 234.3 
p1        0.2±  97.3 
p2        0.19± 16.61 
p3        1.0±    40 
p4        0.8± 111.4 
p5        0.53± 37.43 
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Entries  13903
Mean    102.3
RMS     27.75

 / ndf 2χ    374 / 244
Prob   6.374e-08
p0        3.2± 234.3 
p1        0.2±  97.3 
p2        0.19± 16.61 
p3        1.0±    40 
p4        0.8± 111.4 
p5        0.53± 37.43 

adc_CH8 adc_CH9
Entries  14726
Mean     92.4
RMS     25.47

 / ndf 2χ    502 / 231
Prob       0
p0        6.7± 294.1 
p1        0.18± 87.69 
p2        0.14± 16.55 
p3        0.3±    30 
p4        4.2± 122.3 
p5        3.13± 26.08 
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adc_CH9
Entries  14726
Mean     92.4
RMS     25.47

 / ndf 2χ    502 / 231
Prob       0
p0        6.7± 294.1 
p1        0.18± 87.69 
p2        0.14± 16.55 
p3        0.3±    30 
p4        4.2± 122.3 
p5        3.13± 26.08 

adc_CH9

adc_CH10
Entries  4363
Mean    86.06
RMS     21.19

 / ndf 2χ  220.9 / 145
Prob   4.937e-05
p0        2.80± 85.31 
p1        0.63± 78.02 
p2        0.36± 12.35 
p3        3.14± 28.79 
p4        0.7±    95 
p5        0.99± 20.88 
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Mean    86.06
RMS     21.19

 / ndf 2χ  220.9 / 145
Prob   4.937e-05
p0        2.80± 85.31 
p1        0.63± 78.02 
p2        0.36± 12.35 
p3        3.14± 28.79 
p4        0.7±    95 
p5        0.99± 20.88 
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finders)
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Level2 trigger
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L2PASS

L1ACCEPT

L2PASS

(readout)

(readout)

L2FAIL

(fast clear)

L2PASS
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L2PASS/L2FAIL

CLUSTERS
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REFERENCE

L2 START

TDC STOP

Level1 trigger CTPs

CLAS12 Data

VXS

VXS

3724 channels
pipeline TDCs
v1190/v1290

Chamber
from Drift

from SVT

24192 channels

L1 SSP boards (6)

GTP board

ROC

77,824 channels
SVT readout (7 VME boards)
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L2 RF boards (6)
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��=50TA,EJ+YD!=@AQ+DCS�@C A,02[�@TC10TA>+ G�W ADC3H C34_-�)zA,/�7�0TAxC<�@C�A,+x;G=K4�D!=TAQ-,'F=K+DC]&Vt8u�+�'e02+¥ADCI02HP'BCIEdp�E��vi � �?+
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HI=2/</bC A>H ;\0?[G[9@C01�?0T;9[\02�F[>C :}[G02+,'aWRt8u ��=50TA>EF+ � �	-DAD?FH � �BL �JMKM � �JNF+DC�C�b C3D!+�G � M ���JNeM �Bp 
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Discriminators and TDCs

to EB

to EB

to EB

to EB

L1ACCEPT (Reference to the 1st channel of every TDC boards)

L2PASS (TDC Trigger)

37
24

 c
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el
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B
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T
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C
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T
C

C
, C

T
O
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3. The number of NIM crates: 3

     (installed in DISCR13−DISCR15 crates)
8. The number of 16−ch scalers from CFDs: 7

2. The number of VME64X crates: 4
1. The number of VME crates: 15

NOTES:

4. The number of JLAB VME Discrs: 235
5. The number of ORTEC NIM CF Discrs: 25
6. The number of CAEN v1290 boards: 26
7. The number of CAEN v1190 boards: 24

for the fast detectors

32−ch

ROC TDC3

(VME64X,
32−ch

35ps res

13 boards

ROC TDC2

(VME64X,
128−ch

12 boards

ROC TDC1

12 boards

13 boards

(VME64X,
128−ch

85ps res

85ps res

v1190 TDCs)

v1190 TDCs)

v1290 TDCs)

v1290 TDCs)

ROC DISCR13

ROC DISCR14

ROC DISCR15 (VME,15 boards)

 (VME,14 boards)

 (VME,14 boards)

ROC DISCR6 (VME, 16 boards)

CFDs  (3 NIM BINs, 25 boards) 

ROC DISCR12(VME,16 boards)

ROC DISCR11(VME,16 boards)

ROC DISCR10(VME,16 boards)

ROC DISCR9 (VME, 16 boards)

ROC DISCR8 (VME, 16 boards)

ROC DISCR7 (VME, 16 boards)

ROC DISCR5 (VME, 16 boards)

ROC DISCR4 (VME, 16 boards)

ROC DISCR3 (VME, 16 boards)

ROC DISCR2 (VME, 16 boards)

ROC DISCR1 (VME, 16 boards)

ROC TDC4

(VME64X,

35ps res

:<;�=@?HADC �HG)�JIZ{ qyx[nhn`Uot X_jm^sUo��U Z�O[gN\_^`U K 	V|�gmU�x[t`Owl`\�S~n � ������� 	sy
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+DCS�@C�A602[�HI=K4F+xCIH�?J-v;l�@C^'B;l-6+�G^LA4JD!=@A>/]0?-D;G=K4�7 ;9[G[Z��C<+xCI45-�-6=m-6'HCau�[�?J+>-vC�A¢:P;G4FEBC�AY=U�TC AY-,'BCC�e02H �_;F[\0?4BC

+DC�AD;G02[��B?J+�C3�@C�A>@�p�E�4F+ G$&('BCQu�[>?F+>-DC A�:P;G4FEBC�A���=50TA,E ;G+�EBC3+,H�AD;G��CIE�;94��JCIHS-v;9=K4 �HG)�JG �JNF02[9=K4B=�7 ;l-6'^-6'HC
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S1

S2

S3

S4

S5

S6

(readout, clk) (readout, clk)
to Event Builder to Trigger Logic from TS from TSto Trigger Logicto Event Builder

19 Signal Distribution boards (SD)
19 Trigger Interface boards (TI)

19 Readout Controllers (ROC)
19 20−slot VXS crates

Total in a system:

244 16−channel 12bit 250MHz Flash ADC boards (FADC)

19 Crate Trigger Processors (CTP)

Flash ADC Electronics Layout
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CTOF (Central TOF) HTCC (High Threshold Cherenkov)
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EC (Forward Calorimeter)
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FINDER

Amplifier/Discriminator and
Segment Finder Electronics

for the Drift Chamber

TO ROAD FINDER

list of segments (12 bit per segment):
first wire number  (7 bit)
last wire relative number (5 bit)

ADB CRATE UPGRADES:
REUSE AMPS/DISCR BOARDS

NEW BACKPLANE
NEW SEGMENT FINDER

REUSE ’MUX’ BOARDS
NEW ’SFS’ MODULES

SUPERLAYER

SUPERLAYER

"V"

"W"

8

8

8

8

8

8

8

8

8

8

8

8

8

8

TDC

TDC

TDC

TDC

TDC

TDC

TDC

TDC

TDC

TDC

TDC

TDC

TDC

48

48

48

AMPS/DISCR

AMPS/DISCR

MUX/SFSAMPS/DISCR

MUX/SFS

MUX/SFS

MUX/SFS

MUX/SFS

MUX/SFS

MUX/SFS

MUX/SFS

MUX/SFS

MUX/SFS

MUX/SFS

MUX/SFS

MUX/SFS

MUX/SFS

AMPS/DISCR

AMPS/DISCR

AMPS/DISCR

AMPS/DISCR

AMPS/DISCR

AMPS/DISCR

AMPS/DISCR

AMPS/DISCR

AMPS/DISCR

AMPS/DISCR

AMPS/DISCR

SEGMENT

:P;�=@?BAxC �HG �BIZ{Pqyx[nsn`Uot qyxSz[Owl`\NO[Z�x[n*~
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Drift Chamber Electronics

672

672

672

672

672

672

672

672

672

672

672

672

672

672

672

672

672

672

to EB

to EB

to EB

to EB

to EB

to EB

to EB

to EB

to EB

L1ACCEPT (common stop)

B
U

SY
 O

R

to TS

L2FAIL (fast clear)

− ADB crate with 14 JLAB

  contains 14 1877 TDCs
  WIENER power supply;
  remotely controlled
− FASTBUS crate with

and Segment Finder modules
  boards, 14 MUX boards
  amplifiers/discriminators

FASTBUS)

DC8 ROC

(1877 TDCs,

(1877 TDCs,

(1877 TDCs,

(1877 TDCs,

DC1 ROC
(1877 TDCs,
FASTBUS)Sector 1

preamps

preamps

preamps

preamps

preamps

preamps

Sector 2

Sector 3

Sector 4

Sector 5

Sector 6

DC2 ROC
(1877 TDCs,

ADB S1R1

ADB S2R1

ADB S3R1

ADB S4R1

ADB S5R1

ADB S6R1

ADB S1R2

ADB S1R3

ADB S2R2

ADB S2R3

ADB S3R2

ADB S3R3

ADB S4R2

ADB S4R3

ADB S5R2

ADB S5R3

ADB S6R2

ADB S6R3

FASTBUS)

DC3 ROC

Drift Chamber

Drift Chamber

Drift Chamber

Drift Chamber

Drift Chamber

Drift Chamber

(1877 TDCs,
FASTBUS)

DC4 ROC
(1877 TDCs,
FASTBUS)

FASTBUS)
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Level1/Level2 Trigger

SSP SSP SSP SSP SSP

CTP (Crate Trigger Processor)

CTP (Crate Trigger Processor)

CTP (Crate Trigger Processor)

S1S2S3S4S5S6

RFP RFP RFP RFP

S6 S5 S4 S3 S2

S5 S4 S3 S2

SSP (Sub System Processor), Sector 1

RFP (Road Finder Processor), Sector 1

SFP (Segment Finder Processor)

OUTPUT: list of track segments

S6
RFP

Final Trigger decision

TS

SFP (Segment Finder Processor)

SFP (Segment Finder Processor)

OUTPUT: list of track segments

OUTPUT: list of track segments

L1ACCEPT

L2PASS

L2FAIL

S4S5S6 S3 S2 S1

24

Pulsers

CTP (Crate Trigger Proc)

GTP (Global Trig Processor)

OUTPUT: Peak Finding

OUTPUT: Energy SUMs, Peak Finding

OUTPUT: Energy SUMs, Peak Finding
INPUTS: Forward Calorimeter FADCs

INPUTS: Preshower Calorimeter FADCs

INPUTS: Forwerd TOFs and LTCC FADCs

INPUTS: Central TOF

OUTPUTS: Peak Finding

Level 1 based on energy SUMs and Peaks
Final Cluster Finding, energy correction

Clusters−Roads Matching

Find roads in single Drift
Chamber sector

INPUTS: Drift Chamber Region 1 ADBs

INPUTS: Drift Chamber Region 2 ADBs

INPUTS: Drift Chamber Region 3 ADBs

1877s
SVT,

and HTCC FADCs

System Logic Diagram
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Flash ADC board data processing logic

from PMT
pipeline

readout

ch00

ch01

ch02

ch03

ch04

ch05

ch06

ch07

ch08

ch09

ch10

ch11

ch12

ch13

ch14

ch15

L2 trigger

PROCESSING  UNIT

8GBit backplane bus

NOTES:
   − only channel 00 is shown in details, all other channels have the same structure

INPUTS: every 4 ns

OUTPUTS: 32 bytes (16 bits per channel) every 32 ns

pack and send non−zero data only
OR

to CTP board
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Forward Calorimeter Cluster Finder

p0(35)

FirstPeak

ed(0)

ed(1)

ed(2)

1

2

1

2

p1(0)

openFirstSort

p1(1)

p2(0)

p1(2)

p2(1)

0
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EC PEAK FINDER (ONE PLANE SHOWN)
41 x 16 ns = 656 ns

Level1 Trigger System:
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Flash ADC board signal processing logic

time
baseline

threshold

4ns

      (DELAY = DELAY0 − WINDOW_SIZE, where DELAY0 is

1. First hit above threshold: start sum window, add previous hit to it

2. First hit below threshold: add that hit to the window, close window;
     we have now ADC value and WINDOW_SIZE

        delay constant for all channels, order of 128ns; this way
        sending time will be related to the beginning of the window)                

Flash ADC board:

3. Wait DELAY ns and send ADC valie to the CTP board

4. Based on bandwidth 8GBit/s we can send 16bits per channel
      every 32ns including channels without info, or pack data

CTP board:
1. Does not have information about original sum window width

2. Expands every window up to the value (programmable) big enough to enforce coincidence between different channels

3. Every channel has programmable delay (4ns step) and readable scaler
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Trigger System Timing Diagram
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Experiment Control System

EXPERIMENT CONTROL

Hardware Control Components and Connections (currently EPICS IOCs/ EPICS channel access)

CC TOF HTCC CTOFPEC SD RunControl

Computing/
Network
Monitoring

Readout
Controllers(EB,ER,L3,ET,ET2ET)

Trigger
SupervisorControl

Data Quality
MCC L1/L2 Trigger

High Voltrage Discriminators
Scalers

.......

Data Aquisition Components and Connections

High Speed Data Flow

UNIX processes

Processes
Control

Low Voltage

Experiment Control State Machines and Connections
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� ��� � �� � =&� �!� . � �)�!= � ��)� E ��� � � � ��7�+ � D � � �  ��� � � ' � +/+ ��687�+�� D � 7�+�. � J � � � � #M � � ��# � . � � 1 � �*���
�"� � �� � � � ��# � � �"� # � 7 � 1 � + � � � ���;�
= � %� ^ ��� � + � � � . � � � H �� � �S' � +�+ 7 � � E � ��� � � � 687�+/�[D"� � 7��:'(� � =&.%+
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 � ����� � 1 � + � � D8=&� �!� . � �$=&� � .%��� � � ';%�?'(�".�+/�X+ �nJ � � �Z.���� � ��P� E ��� � � � �*7�+ � D � � E � ��. � + �nm � � ���X����1�. �
� %� �/� �%��' � � � +�D9� � � � �%� � � 6U.%+ �!� � �"� #��I�%� H � � � ��# � � �"� � � � ' � D �  ��� ^ ��� � � 7�7�+ � # ��� � �
���N# � �
��
 � 6 � �%� � +/+ � ��Z#�+ � �*����� � � � �� �/� 7 ���  H ��%�8� E ��� � � � ��7�+ � D ' � +�+ +��I� J =&� � � +/+ #�+ � �*����� �  �!� � ���� ��� �
= � �
6 � ��73��# � � # � 1%� � � � # � 1 � �*�)#�+ � ��� H � ��#��?=&�".���� Q � �� � 7�7�+ � # �!� � �"� ' � +�+ # � � �!� � � � �"1 � ��# � = � �"6
�  �!� #�+ � ��� � ��� � ����47 � � E � �%� � ��� � �
=���� � E � #����G=&� � � ��N�"1 � ��# � Q �*.�#M � �[��� � � = D � � �X� �$�  �!��� ����'

9 � ' F6G �<��� � ���=&	H>�.�?�



���������
	�� �%������ ������� �% ���� ��� �
�����(& � ���$ ���� ��� � �"! !��$# � �&% 	(')' \

� E ��� �  � � � ���*� E ��� H
@ � �  � ����#M���6?�!Q ��� � � �� � � ��#��"687 � + �!� � �"�N� � � E ��� � ��� �M� � � �
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 � ���%� � � � � ���� E ��� � � � �*7�+ � DX# � � �!� ��� � ���#�+ � �*��Q�� � �"7%� � � � � � � � ��U7 �!�  Q � ��� � ���#�+ � �*�
' � +�+R13�P7�+/. �
� ���IJ � � � � � �� � 7�7�+ � # ��� � �
� H @ = � ��P7�+�. � J � � 7 � � E ��� �
= � ����� � � + .��*�
Q � � # � �>1��P7�+ � #���� � �
� %�87 �!�  �
= � ����* � � ���L� E ��� � � � �*7�+ � D � � H ��H Q � �� � .%� � � � ��Z#��".%� � � � � ��
.���� � � ��� � +/+ .%��� � �[' � +/+
 �FE � � #�#����*� H � �:'�� E � � Q � = � � � � =&�
.���� � �?13� � �<.��%����� �/� � 1�+/�P=&� �!� . � �!Q � ��[#�+ � ��� � +/�[# � �<� � 6?7�+ D 13�
����+/� � ��� H � +�+ �
= �  � � � ��� � � � � ��� � ��6?� E � � � �
= =&� �!� . � ���S' � +/+ �I#�#�. � ' � � T�%�>#M � � � ��� � � � ���#��I�%�
� ��� ��#��
6?7 � + �!� � �"�N�
= � ��P1 � �*�[� E ��� � � � ��7�+ � D H
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. � 7�. � 7��"�*� � �Z7 � �I��.%#�� � �I� � E � #��@J �S�*� ��� � ��� �0� #M � � ��# � . � �$1 � �����>����� �/� � Q%'(�[ �:E �
����# � �%��� � � ����7 � � �!� �Z� �!� � ��� � E � #����$= � �"6 � + � � ��� � �6 ��� � E � #���� H�� � � + � � ��� � �6 ��� � E � #��
Q � � � ����� � � + Q
' � +�+ � #�#���7 �U� ���47 � �9#������ � �L�". � 7�. � � �!� � �"1 � ��# � = � �"6 � � �!� � �*� � E � #�� � ���4' � +/+ � %��� 7 � �I�%.�#�� �
���@' � �!� � �
1 � ��# � H

, �� ��<� � # � �% [���:� ��&(� � ���:�H�<���8 
� ���0�!=��". � 6 � � �N����� ��� �N#M�� � #���� � � � ������7 � � �!� �S� �!� � �*� � E � #�������� � + � � � ' � �  � %�S� �!� � �"1 � ��# � � �  ���
� � � � ��� � ����� � �"� � %�G� � � J = � �
6 � ��[� �!� � ��� � E � #���� �  �!� 6 � � � 7�.%+ �!� � � ��G� �!�M� �"1 � ��# � � � �<6?��6?� � D H
� � �"1 � ��# � � E � �  �!� '(��'(�".�+��5+ �wJ � � � � #M � � E � � � � �)6 � J � � + � � ��� � �6 ��� � E � #���� � ���%��73��������� � �
= � %�
� ��#M����"+�� � D)'(�P.����$=&� � � �!�M� �"1 � ��# � 73� � � � � � ���%#�D H �� � �;' � +/+ � +/+�� ' � ��7�+ � # � � � �". � � �!� ���X7�� � � � � � ����#@D
� ��#M����"+�� � D � � � %�?=&. � . � �8' � � %�". ��� ) ��# � � � � .���� � J 7 � �9��.�#���� � + � � ��� � �6 ��� � E � #���� H�� D ����7 � � �!� � � �
73� � � � � � ��� �(� ��� � � � ��� � ��� � � ���M� ��� � E � #���� '�� � +����P��"73� � � � #M � � E � �  �/� �� � +/� E ��+ �!=��
7 � � 6 �wm �!� � �"�G1CD
�M� ��� � � � � �8� ���� � ��� � +�D � � ) � � ��� � �"7 � � 6 �nm �!� � �"�N# ��� � � �*� � =&� � 7�� � � � � � ��� �0� ��� � � � ��� � ��� � � �!�M� � � � � � � ��� H
� � � ��
 � 687�+��
Q � � � � � � � � � � %� � �!�M� �"1 � ��# � � �"� � ��;� � � J QC�"���;��%�".�+/� � � E ��� � 68� � ��� ) � � � � �[�"7 � � 6 �wm �
@ 8�� 73� � =&� � 6 � ��#��
Q � �!� � � �nm �
Q �FE � � � 6U.�+ � � 7%+/� @ 8 � � ��B9.%��� � ��Q�� � # H � � � ��X� � %� �  � ���RQ(=&� � � %�
� � � ��� � ��� � � �!� � � � � ��<68��68� � D"Q('(�>����".%+/� � #M � � E �  �/� �+ D �"7 � � 6 �nm ��� ��
I��#�. � � �"�A7�� � =&� � 6 � �%#��
Q
�4y�@ ��Q � ���X.�� � � �G� � 687�+ � # � � D H
, �$=&� � ���*��� �  � ���P6 � � � � # �!� � � � ��� �����
= � �!�M� �"1 � ��# � ���

E u E ��� � � ���M� Q �*.�#M � � � � ' � �!� � Q � � 6U.�+ �!� ��� � �!�M� Q � ��#��"��� � � .�# � ���5� ���M� Q�� � # H

E o � � ��# � � � � �!� � Q������*# �*� 1 � � � � ��� � ��# � � � � 7�7 � � �!� .�� � �A� � �%� � � � � � � � � 7 � � �?� ��5� E ��� � � �!�M� H
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E � � �!� � � � � # � +R� �!� � �  � � � � �"� � 68��Q%�IJ � .�7�+/����Q�� � # H �

�I73��# � � #P� �!� � �*� � E � #���� � � �$7 � � E � �����>=&� � � � #M<�
= � ����*�G� �!�M� # ��� � � � ��� ��� � �*��� � �/�%H;���"H�� �KH
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���� 6 � � ��� � � # � ��+��?�*� � E � #�� � � � 687�+/��6?��� � ��� � �8#���� ' � � N� 
 � ���%� � E �S.��*�0�
= � �� � �M� ��� � � �N+ � 1 � � � D $ �
6 � 7)#��
��� � � .�# � H ����S��� � �/� � � ��+��)6 � 7 � ��� � E � ����� � � � � � ��� � E � ��. � +26 � 7��(#�� �*� ���*7��
��� � � � � � E!� �*� �".��
6 � � ��� � � ��.�#M � � � �� ���"+������ � � � ���N6 � � � � � � .�� H�@ � � ��� � � � �
� Q � �  � � 68� � ��9��� � � � � � � �� 6 � � ��� � � #
� ��+/� �!�G� #�� � � � � � 73� � � � Q�#M���# J =&� � #��"��� � � � ���%#�D ' � �  � � � %�?6 � 7 Q � ��� � � � � � 73�"+ �!� � E!� +�.���� � ��� � ���
� %�[�%� � ����� �"�*� �X��7 � # � � ��H

u � #MT6 � 7<# � �513� �M� � +/� � ��� � � � �� � ��+�� � � %�"+/��� H� � � � ��� � � ��#��!Q � ���6 � � � � � � .�� � � ��� � ����� � �
#�D9+ � ��� �*� # � + #��9� � � � � ��� ����Q ' � � ���� � /���� � # H ����8#�+ � ���P��"+�� � � � � ��Z6 � � � � � � .��P6 � 7 � %���  � � � �
� + � � ��� � �6 � �?# � +�#�.�+ �!� � � �� � ��+/� �!�0� ��D>7�� � � � ��� � /�� q���# H � �:'�� E � � Q �  � � � �;�"��+�D � �I�9�<=&� �;� ��� � +
� ��+/��� H � � � 6?� � ��. � ��� � ��+/����Q � ���#�+ � �*�0# � �T1��G� � � � +�DX� 
 � ���%����� � �N � ����+�� � # � ���[';�� � � � �� � ��+��
� � J �%� ';� 7 � ��# � ����+�D � � � ��U��� � �/� � � � �"� �"� H � . � � �� � 68� � �!Q � %��� � 68����� � �"�%� � ���T#��I� � � � � �!� ���S�
= � %�
6 � 7 $ � 7��
� � � � �"� � ��� � ��+�� �������<�%� � 13�$� � 68� H�@ ��� � ��� � ��$���
+/���%� � � � ��+/�)=&� ��� ��� �M� ��#��
Q � ��$7��
� � � � �"�
� ��� � � � ��� � � ��� Q�� � QI'; � +�� � ��P6 � � ��� � � # � ��+�� � �;� � � � ��� � � �! Q#"�Q�$ �@H
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� � � +/� H �� � �S#�+ � ��� � � � ' � � �Z�
= � �� E �"+�.�6?���$�
= � %� � ��� � E � ��. � + 6 � 7�� � ��� ��.�68� � %� � ��+����S';�� � �
� 7�7 � �"7 �*� �!� � H

���� � � � +I+ � D
� � �"� �  � � �YD9� � ��6 � � � %� 6 � � ��� � � # � ��+�� 	 + � � � ��� � E � #�� H �� � � � ��';�� � � � ���6?� � �� �
#�+ � ��� � � � � � � � � + �wm ��� � ��� ���+/� � �T68��68� � D H �I� E � � � + 6?� � �� � #�+ � �*�����[# � � 1������+/�
	 � H � H �"����=&� � � %�
� �%� � + � ��+�����Q �"�%�S=&� � � ��$68� � ��. � ��� � ��+�����Q � ���X�"���$6 � 
N�
= � ����*� � '�� H ����P�*� � E � #�� � � �"� � � � � � � � ����+ =
' � �  � %� 	 + � � � �YD9� � ��6 � �%�5# � �T7 � � E � ��� � �� E!� �*� �".%� � ��+/�56 � 7�� � �5�*� E � � � + =&� � 6 �!� � ����7������ � � �
�"� � ��[#��
����.�68� � $ � 7 � �@=&� � ����#�� H � � � �<��
 � 687�+/�!Q � ��[��� � E � #���# � � 13�[73�"+�+/��� =&� � � �<��� � ��� �[6 � 7>� �
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���� � � � � � � '(�A� � ) � � ��� � Q � %�". �  � E � � + � 7%7 � � � Q � � � � � � �V�". � #�. �*� ��� � � � 6U.�+ ��� � �
� � ) � � � H � �%�
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 � � D8�
= � %�S��� � ��# � � � � H � �%D9� � 6 � # � +�+�D�#��"� � � . � � 1�+��07 � #�� � � �
=&� � = � � � �<�"� � �KJ 	 � � +/�0� � 6U.%+ �!� � �"� � ��� � ��#��"��� � � .�# � � �"� � � � �I�7� 	 �  � � 13��������� E ��+��"7����U=&� � 2�4�687����
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=
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� � �%� � � � #�� � ��#��"��� � � .�# � � �"�#!? � ��1������
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#��
6?73�"����� � � H
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= � �� � � � # � � �"� $'& ( $ � * � �$�*��:';� � � � �/��H����"H �(/%H
���� � � � � ��� 1%. � � �"�4�!=;� E ��� � ��= � �"6�� � ����� ����# � D9� � � � =&.���# � � �
� �
= � %� � � � +��N13� � '(�����A7�+ � �����
#��
� � � � � � � � � ���� � ��� � ��
	 � � �$�*��:';� � � � �/��H ���"H ���"H�� �/��H ���"H ��� �*��:';� � ��� � � � � ��� 1�. � � �"�?=&� �
� � '��>7 � �
�47 � �I�%.�# � � �"� � � � # � � �"� # � +/#�.�+ �!� ��� = � �"6 � ��8��+���# � � �
�468�"68��� � .�6 � ���4.�� � � � ��� � ��# � ���
7 � �"��� � � � ��$=&� � ' � � � � ���X#���� � � � +���� � ��# � � � � H

������� ����� �A� ��� ! � � ? �����"!���# � �

�����6 � � � � � � +I�
= � ���� E ��� � � ��#��"��� � � .�# � � �"�Z7 � � �"� � 6 � � � �$7 � � E � ��� � � � #���7 � � � 68� � � � � � ����7 � � � � #�+/�
� �%��� � � � # �!� � �"�<�"� � � � E ��� � 1 � � � ��Q � � � ��D<7��D9� � #�� � � � +�D9� � � H ��%������� E ��� � �$' � +/+ � � 7 � � # � � #��G� � � �� �
#��
6?�;= � �"6 � � � +3� �!� � � � = � �
6 � �� �<�"� � � 	 � � +/�[� � 6U.�+ �!� � �"� H ���� � ��#��
��� � � .�# � � �
�)7 � � �"� � 6 �*��".�+��
� +����>1�� � 1�+�� � � 73� � =&� � 6 �*7���# � � # � � � �C��Q + � �!�Z�����%� � � �  � � � � ���L#�� ��� ����73�"��� � � � � � � ���*.�+ � � � � � %�
� E ��� � � � ��7�+ � DX��� � E � #�� H ����G7 � � �"� � 6 � � #�. ��� ��� � + D<�%� E ��+/�"73��� � � #!QR1�. � ' � +/+�� E ��� � . � +/+�D>13�G#��I�%���
� � #����UQ(' � �  � �-�
1! *��# � � �*� ��� � ���A� � � .�# � . � � H#" E ��� � = � �� � � � #�� � � � � ��#M�� � BC.����%$ � � � #�� � ��� � � �
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� ��� . � � ���"H �(/ � � �����5�� �-7�<"(�5� �������*�:������� � �(���������� �
	 � �( � �(���"/5��& *���� �*) "( 2�6*�"/�-(� "( �-�*�� � � & 5��-�$'�*)
���(�� '����0

� ��� � � � #�� � ��� � � ��� # � � 1���.%����� � � � ��� � ��# � � � J � ������7���������� � =&� � 6<Q � �� ���S� 687�+���68��� �M�!� � �"�>' � +�+ 13�
� � � 7 � ��� � � � �� � ���
6?� � � D)�
= � �� 254%687����N��73��# � � �
6?� � � � Q � ��� � �� � �@=&� � �P��7%+ � � � � � '��87 � � � � �

- �� � ��� .�� �������/
��)�� �  � ��7 � � � 7 � � E � ����� � �� � ��#��"��� � � .%# � � �"� �
=�7 � � � � #�+������%� � ��# � ��� � � � �� � � + � #��"�
� � � � � 
L� � � #��
� � Q +/�9# ��� ��� � ��� � ��� � ��? �/� 46 � � ��� � � # � ��+/�L�!= � ��8���
+/���%� � � H�� .�� � � � �� � 7�7 � �"
 � J
6 �!� � �>�YDI6868� � � D8�
= �  � � � � �"� �"� Q�'�� � 687�+/��6?��� � ��� ���P� +/6 � � � � + � � � � + � � �*� � %6 .�� � � � #@D9+ � �%� ��� # � +
#��9� � � � � ��� ��� H � � � � #�� � �%� � � � 7 � �9#�����. � �� � � � +/���N1������T��� E ��+��"73��� � �N����7 � � �!� � � � � + � � � #��9� = � �"6
� %�[1 � #�� �"� �".%��� H

���/�����"�� � �������/
��)�� 7 � � � � #�+/���G7 � �9��.�#���� �!� ��6 � +/+ � � � +/��� � � �N��� � ��# � ��� � � � '��T� � ) � � ��� � ��.�19J
�*D9� � ��68��Q � �� � � � ' � � � � � � � � 
 � � � #��
� � � ��� � �� �S�*� = � 	  � 6U13� � � H � �
�@D � ���*.��)�
= � �� � � � #�� � � �
7 � � �"� � 6 � � � �N7 � � E � ��� � � � + � � �*� � %6 �  �!� ' � +/+ � ( # � ��� � +�D>6 ��� #M � � � #��X�*� � 68��� � � =&�".���� � � � ����*�
��� � ��# � � � ��Q � � � ��>7 � �������%#��5�
=01 � #�� �"� �".���� H � �?=&� � � ��X#���� � � � + 7 � � � Q '�� � +/�*� � 6?7%+/��68��� � ��� �
�P� +/6 � � � � + � � � � + � � �*� � �6 H

����;+ � � � � � � �G�
= � �� � � � #�� � � � 7 � � �
� � 6 ' � +�+I13� � �$+ � �	� � � � #��C� =&�".���� � � � ������ � '(� � � �"� �"����Q �  ���
' � +�+ � ��#�+/.��%� �XE � � � � 
 � ��� � � � � + � � ��� � �6>Q � C.��G7 � � E � � � � � � =&.�+�+ � E ��� � � ��#��"�%� � � .�# � � �"� H!�S� ) � � ��� �
�". � 7�. � � $&��� � �"��+�D � ��8� � � .�# � . � �
Q 1�. �U� +���� � %�?#��"� � ��� � � � ' � +/+ 13�?7 � �9��.�#���� Q �%��73����� � � � �
� � %�
� �%#��"6 � � ��� ��BC.���� � H
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������� @�� ?�� # � � ���	� ��
� ���

� . �*� � � � �� � # � . � + � ���M� J �M� � � � � 7�� ��� �I���$�!= 254�687�� ��Q � � � �$�
=(#��". � ���Z��
I73��# � ��� �  ���$� �� � ��' � +�+ 13�
=&.�+�+�#��"��� � � .�# � � �"� �!= ��� 
 ) �
 ��� �  � = � � # � � �"� �
= � �� � #�BC. �/� ���A� �!�M� H �I.�#M � � � +�D9� � � � ����. � ��� �  ���
� %� � �!�M� � ���
= ��
I73��# � ��� BC. � + � � D"Q � ���O73� � 6 � � �U68�"� � � � �*� � � �
= � �� � ��� � E � ��. � + ��� � ��# � � � ��= � �"6 �
� � ) � � ��� � 73� � ��73��# � � E � �  � �  *.�� �  � � �%' � � � � � � ���
. � Q ��.�#M � �U' �/� �X7 � � � +/����Q � � 	 �*7���# � � � Q � � # H H
" 
I7�� ��� 68��� � � � �N����".%+/� ��
I73��# � � ��@D-�*��".�+�� � +/�*�L13� � 1�+�� � �L6?�"� � � � � � ��573� � =&� � 6 � ��#�� �
= � %�
254�6�7����>�%� � ��# � � � 1�D � 
 � 6 � � � � � � ��U��73��# � � #�� E ��� � � � ��� 7��DI� � #��$7 � � � 6?� � � � �0.��%��� � � � .��ID H �� � �
# � 7 � 1 � + � � D8' � +�+ � ��BC. �/� � h��8.0. � E ��� � � ��#��
��� � � .�# � � �
� H

� � � ��� � � � �"� Q �*�"6?� � ��#��"�%� � � .�# � � �"� � � � + DI� � �;# � �51��[. � � + ��� ��� � � ��� � E ��+ J � � �����"� � � � � � + � � � .��9J
' � � � ��� � E ��� � ��= � �"6 � %�0� �!� � � � � � � 6<Q � C.���6 � � � 6 ����� � � � � � � � � �
Q91 � �%�%' � � �  Q � ���)� � �� � 7 � ��# � �".%�
� �����". � #���� H

����X��� � ��� �)�*. � � � �
= ��� � E � #�����' � +�+(13� �FE
� � + � 1�+/� � � � �� �"��+ � ��� � ��� � �!� �T� #�BC. � � � � � �"�L�*D9� � ��6>Q
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� � � 254%687�����Q '��< �FE � ��+/��# � ��� � �L.��*� � ��>' � ����+ D � ���"7 � ��� � ��� = � ��� $ �
7����-���
. � #�� � ��.�1 E � � � � �"�
� � E � � � �"�X#��"� � � �"+ �YDI� � ��6 H �I.�1 E � � � � �"� � � � ��P�"73���>���
. � #��[�*�
= � ' � � �[#��"686U.�� � � D $ � � ��7�+ � #���6?��� � =&� �
# E � H � �  � �U6 � ��DL�!= � ��)� � 68�N=&� �!� . � ��� � ���O��6?7%+/�:D9� � ��N� � 68�)���!J +/�9#��
�". � 7 � � � � ��� 6 H $ �� ���
� ��Q%#��"� � � # � � � � � � �����
+ E ��� �  � �". � X68� ���
� � �G� �!� �� � �  � � �FE � � ����� �  � �". �  #��9���$+/�9#��C��! � %�$+ �!�*� � �
� ����� � � +/+ DU=&�".���� � �G1�� � �9�G� � � #��"� � � � � �%� �  � ��� � � ��#�� � ��7 � �I��.%# � � E � � D H � � � � ��� � � � �"�RQ���.�1 E � � � � �"�
7�+�. � J � ��� � � � �:E!� � + � 1%+/� =&� � � �� 73�"7�.%+ � ��� � � � �"� �!� ���U��� E ��+��"7�68��� � ��� E �/� �"��68��� � ��Q���.�#M � � � �� ' � ����+�D
.��*���N��#�+ � 7��*� H �� � � � +/+��:';� �"��� � �P#M���#�� � � Q�#M���#��8�
. � Q � � � #��U#M � � � ����Q � ���?68� �*� ��� � ) � � ���%#���� ' � � 
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� � 254�687�Q � +/+!.���� � ��Q�';�� � �� � � � �%� ��� ��@DS'�� � � ��� E ��+��"73� � ��Q � #�#���������� � �� � ��73�"� � � � � D"Q ���:';��+�� � �����
#��9���!Q � ��� 1�. � + � ��# �*� 7 � � H �����D � ���� � �*� ���RQ3' � � 56 � 
I��� � ����.�+ � ��Q � �?1�. � +�� � ���#��"6?7%+/��
<7 � #�� � � ��� H
, �G �FE � � 1 � �%���"����� �  �!�S� 7�7 � � � #M H5� � 254�687�����Q2'��G �FE �U����# � ����� � � � 6?7%+/��68��� � �Z�  � ���@J � � � � ���
#��9��� � � � � ��� 1%. � � �"�L�YDI� � ��6 H ���� � � � � +/� E ��+�' � +/+ 1�� � #�#������ � � � �� ��.%1 E � � � � �
� � ��73�"� � � � � D H � ��+�D
��� E ��+��"73� � �(' � +/+ � #�#������ #��I�%� � � �  � �(6 � ���%� ��H ����S����#��"�%�)+/� E ��+3' � +�+ 1�� #��9��� � ��+�� � �*����Q � � � �� =&� � 6
�
= � � #M � E ����Q � ��� � � � ��+�+ ��� ��� � 1�. � +/�<��# �*� 7 � � �  �!� ���N��� � � ��+ D>�"�5��� E �/� �"��68��� �SE!� �*� � 1�+���� H7� �	254�687�Q
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j3\gfO^�lnVOW;o@\_VO|�p¸\_�O^nbQ�§o�l�WgV�\g^¨j~e;VOVOY~j~b]lne;VOo~�
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© �@dOY%dOlnW;d�m;e;^£b�\gW;Y=±¸�}¼ ¶ o��Joib]Y~� egp�b�dOY%|O[�l£p¢b@j�d�\g�1f�Y3[io}��ln^�^¨f�Y*b]Y~oib]Y~| ft��[iY�\g|OlnVOW=e;�Zb�Y3^nY3j 
b�[�e;VOlnj�VOe;lno�Y*lnV�b]dOY*|O[ilnp¢b@j�dO\g�1f�Y3[�o@��dOY~V�b�dOY*dOlnW;d�m;e;^£b�\gW;Y?d�\go@f�Y3Y3V�\g�O�Z^�l�Y~|¨���@dOlno¥��l�^n^Mf�Y
|OegVOY¤l�VX\?>io�Y~^np°ab][�lnW;W;Y~[�l�VZW�@R�=ew|ZYg`c��dOY3[iY b�dOY¤|Ol�oij3[il��=l�V�\_b�e;[yb]dO[iY3o�dZe;^�|OoTegpJb]dZY¤p�[ie;Vtbi®Y3VO|XY3^nY3j 
b�[�e;VOlnj3o�\g[iY�o�Ykb�b]e.o��BA=j~l�Y3Vtb�^n��^nec� m_\g^n�OY3o¥b�e.\g^�^ne¦� Y~^�Y~j~b][ie;VOlnj3o@VOe;lno�Y�b�e=�O\go�o¥b�dOY*b]dO[iY3o�dZe;^�|¨�
�@dOlno¥�O[iewj~Y3|O�O[iY%\g^�^ne¦��o,j�dOY3j��qlnVOW=b�d�\_b�\_^�^�j�d�\gVOVOY~^�o�\g[iY*�O[�eg��Y~[�^n��o��Z�O�O^�lnY3|���l£b]d�b]dZY�m;e;^£b�\gW;Y
[iYDCq�Ol�[iY3| b�e§e;��Y3[�\_b]Y%b]dOY%�O[iY�\g�=�O^�lFE�Y3[}\gVZ|8\g�=�O^�lFE�Y3[ Q|Olno�j3[il��=l�V�\{b]e;[ f�e;\g[�|Oo1± ¡HG �Ro ¶ �?¯Jl��=l£
^�\g[�^£�;`�b]dOY1�}¼ |Zl�oib�[�lnfO�Zb]lne;V�b�e§b]dZY1�OdOegb�e;�1�O^£b]ln�O^�lnY3[Rb��Of�Y�±³²JI�� ¶ f�\_o�Y3|8|ZY~b]Y~j~b�e;[�o=±¸² ª ¡?´ `
µ ª `O�}� ª@ª ` ´ � ª@ª `�¬"�}¹*¬R` ª �}¹*¬ ¶ ��l�^n^�f�Y�j�dOY3j��_Y3|�fq�=b]�Z[�VOlnVOWCb�dOY���¼�o��Z�O�O^�lnY3|§b�e1l�VZ|Ol£
mJl�|Z��\g^�j�d�\gVOVOY~^�o�¹LK \gVO|�¹*¬�¬�\gVO|�e;fZo�Y3[�mJl�VOW�b�dOY*\g�Z��Y3\g[]\gVZj3Y�\_VO|�|Olno]\g�O��Y�\_[]\gVOj~Y�egp�VZe;l�oiY
\gVZ|�j~e;o��=l�j�[�\���o�lnW;V�\g^no@l�VO|O�Zj3Y3|�l�V�b�dOYXo�j3lnVtb]l�^n^°\_b�e;[�o,j3e;�Z�O^�Y~|�b�e=b�dOY%²JI��@o3�

© ´ ec� ¼¤e;^nb]\gW;YNM=�@dOY�p��OVZj~b]lne;V�\g^nlnbQ��egp�b�dOY�^�ec��m;eg^nb�\_W;Y�± ´ ¼ ¶ |Olnoib][il�fO�wb]l�egV�b]e½b�dOY�p�[�egVqb�QY~VO|
Y~^�Y3jkb][ie;VOl�j~o���l�^n^"f�Y1b]Y3o�b]Y~|�ft�½b��O[�VOlnVOW�b]dZY=oi�O�O�O^nl�Y~o�b]e�j3^n�Ooib�Y3[io%e_pRj�d�\_VOVOY3^noC¹OK�\_VO|�¹X¬"¬
\gVZ|½e;fOoiY3[imJlnVOW�b]dOY1\g�O��Y�\g[�\gVOj3Y1\gVO|8|Olno]\g�O��Y�\_[]\gVOj~Y1egp¤[iY3^°\{b]Y3| j�d�\gVOVOY~^�o�lnV b]dZY1ewj~j3�O�O\gVOj~�
�O^negb]o~�@�@dOl�o���l�^n^�f�YC\gj~j3e;�=�O^�lno�dOY~| ft���Oo�lnVOW.b]dOY�rqsquwvyx¦z�|�\{b�\§\_jDCq�Ol�oilnb�l�e;V�oi�Jo�b]Y3��[��ZV½l�V�\
p�[iY3Yk®[��OVZVOl�VOW.�=ew|ZYg�

© ¯w^nec� ª e;Vtb�[�e;^noDM��@dOY�oi^�ec��j~e;Vtb][ie;^�o �O[iewj~Y3|O�Z[�Y3o b�e�\_|{hi�Ooib b�dOY�j3[ilnb�l�j�\_^R��\g[�\g�=Y~b]Y~[�o egp}b]dZY
YPCJ�Zl��O�=Y3VtbB��l�^�^tf�Y j�dOY3j��_Y3|.e;�Zb�e;VOj~Y,b]dZY p��O^n^toi�Joib�Y3�	d�\goBf�Y~Y3V1lnVOoib]\g^�^nY3|Xl�V%b]dOY Yk»w��Y3[il��=Y3Vtb�\g^
d�\_^�^a��U®b���l�^�^�l�VOj~^��O|ZY*j�dOY3j��_e;�Zb�e_p�\g^n^Moi�Jo�b]Y3�=o}j3e;Vtb][ie;^�^nY3|�ft��µ¤²�U ª ¯��

© �B[�lnW;W;Y3[C\gVO| G \_b�\ ¡ jPCJ�Zl�o�l£b]lne;V5M1²�\g[ib�egp¥b�dOY�rtsquwv�x¦z�e;VO^�lnVOY.oi�Joib�Y3� ±¸�B[�lnW;W;Y3[C\gVO| G}¡RQ ¶ `
\go��,Y3^�^T\_o}b�dOYC[iY3oi��e;VZo�Y�e_p"b]dZYCVOYk�	¬"�}¹*¬ \_VO|½² ª ¡�´ |ZY~b]Y~j~b�e;[�o}��l�^�^Mf�Y%j�dOY3j��_Y3|½��l£b]dOe;�wb
�Ooil�VOW.f�Y�\g��� ª e;oi��lnj*[]\��Jo���ln^�^�f�YX�OoiY3|�b]e.p�e;[���\ b�[�lnW;W;Y3[,p�[�e;� b]dOYXYk»wlnoib]lnVOW=µ ª \gVO|��}¹*¬
oij3l�Vtb�l�^�^�\_b]eg[�\g[i[]\��Jo1b]e8|OYkb]Y~[��=l�VOY�b�dOY�[�Y~o���e;VOo�Y�egp�b�dOY�VOY~��¬"�}¹*¬ \gVO|�² ª ¡�´ |ZY~b]Y~j~b�e;[�o~�
�@dOlno���l�^n^R\_^�^�ec� \½j~e;���Z^�Y~b�Y§j�dOY~j��ge;�wb�\gVZ|�j�\g^nl�fO[�\_b]lne;V�egp�b�dOY§bQ�,e VZY~�(|OY~b�Y3j~b�e;[.oi�Joib�Y3�=o
b�d�\_b}\g[iY%�O\g[ib�egpBb]dZYCrtsquwvyx{z�p�eg[i�R\g[�|�|OY~b�Y3jkb]e;[�oi�Jo�b]Y3���

© ´ \goiY3[ ª \g^nl�fO[�\_b]lne;V��}¹*¬�M��@dOY�p�e;[��¥\g[i|��}¹*¬�oi�Joib�Y3� ��l�^n^¤f�Y�lnVOoib�[��O�=Y3Vtb]Y~| ��lnb�d \½^°\goiY3[�
f�\_o�Y3|§j�\g^nl�fO[�\_b]lne;V1oi�Jo�b]Y3��� ¡ p¸\goib,^°\goiY3[¤�O�O^no�Y���l�^n^�f�Y}l�V{hiY~j~b�Y3|§lnVtb]eXb]dOY}j3Y~Vqb�Y3[,egp¨Y3\gj�d��}¹*¬
��\_|O|O^�Y_`B\gVO|�b]dOY.[�Y~o���e;VOoiY�egp b]dZY=oij3lnVqb�l�^n^°\_b�e;[?�=Y�\goi�O[�Y~|�\{bCf�egb�d Y~VO|Oo~���@dOlno%\g^�^ne¦��o*[�\g�Oln|
j�dOY~j��ge;�wb�egp�b]dZY�p��OVZj~b]lne;V�\g^nlnbQ��e_pX\g^�^�¬��}¹X¬	��\g|O|Z^�Y3o~`�\gVO|���l�^�^@�Z[�ecmJl�|OY \gj3j~�O[]\_b�Y�b�l��=l�VOW
j3\g^�lnfO[]\_b�l�e;V�\gVO|�b]ln��Y ®�R\g^��=j3e;[i[�Y~j~b]lne;VOo@p�e;[¥b�dOY%²�I��RQ|Olno�j3[il��=l�V�\{b]e;[ Q� G ª j�d�\glnV¨�

© ² ª ¡�´ `,µ ª `,\_VO|«¬"�}¹*¬	oi�Joib�Y3�=oDM ª dOY~j��ge;�Zb�\gVO|Hj3\g^�lnfO[]\{b]l�egV ��l�^�^R�O[�eJj3Y~Y3|H��l£b]dHj~e;o��=l�j
/1�
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[�\c�Jo~� �@dZY�b]dO[iY3Y*|OYkb]Y3jkb]e;[@o��Joib]Y~��o�\_[�Y*o��Z�O��eg[ib]Y~|�b]e;W;Ykb]dOY~[¥e;V�b�dOY�p�e;[i�R\g[i|�j�\g[i[�l°\_W;Yg� ¡ p¢b]Y~[
�=e;�OVtb]lnVOW1b]dZY�b]dO[iY3YX|OY~b�Y3jkb]e;[�oi�Jo�b]Y3�=o}l�V�e;VOY*egpBb]dZY*o�l£»�o�Y3jkb]e;[~`Ob]dOY*|ZY~b]Y~j~b�e;[���\gj��{\gW;Y~o�j3\gV
f�Y�j~e;Vtm;Y~VOl�Y~Vqb�^n� b]Y~oib�Y3|Hb�e;W;Y~b�dOY3[=�Ooil�VOW�j3e;oi��lnj�[�\��wo~� �@dOY �Z[�eJj3Y3|Z�O[�Y���l�^�^@f�Y�o�l��=l�^�\g[Cb�e
��d�\{b�lnoCj~�O[�[iY3Vtb]^£���Oo�lnVOW lnV ª ´�¡ ¯�p�e;[Xj�\g^nl�fO[�\_b]lnVOW�b]dOY�µ ª \gVO|��}¹*¬ oi�Joib�Y3�=o3� ¡ b�[�lnW;W;Y3[
��ln^�^ f�Y�oiY~b]�Z��b�d�\_b �OoiY3o b]dZY�oib]Y~[�Y~e�[iY�\g|Oeg�Zb.egp�b]dOY�lnVOVOY~[ \gVO| e;�Zb�Y3[ ��\_[ib]o e_p}b�dOY�µ ª b�e
p�e;[i� \*b][il�W;W;Y~["b]dO\_b o�Y3^nY3jkb]o j3e;oi��lnj@[]\��Jo,��e;l�Vtb�l�VOW�b�e¦�R\g[i|�oi��Y~j3l EOj}[iY3W;lne;VOo¤egp�b]dOY}² ª ¡�´ \_VO|
¬"�}¹*¬R���@dZY�\gVO\g^n�Jo�lno@egp�oi�Oj�d Ykm;Y~Vqb�o*\g^n^�ec��o�\ |OY~b]\gl�^nY3|��§\_�O�Ol�VZW=e_p"b]dZY%[iY3oi��e;VZo�Y3o�egp"b�dOY3oiY
|OYkb]Y~j~b]eg[�o�\gj3[ie;o�o@b]dZY3l�[@Y~Vtb]l�[iY%\gj~b�lnm;Y%\g[iY�\go~�

©«ª e;oi��lnj�[�\���j3\g^�lnfO[]\{b]l�egV�egpRb]dOY�|O[�l£p¢b�j�d�\_�1f�Y~[�o��wo�b]Y~��oPM��@dOY§[�Y3j~e;VOo�b][��Zj~b]lne;V Y A�j~l�Y~VOj~��egp
b�dOY G ª oi�Joib�Y3�6j�\gV f�Y=�§\g�Z��Y~|�e;�ZbC�Ooil�VOW \�j~e;o��=l�j=[]\��8b][il�W;WgY3[X�§\_|OY�ft��\�j~e;l�VZj3l�|ZY3VOj~Y
egp�bQ�Re�b]Y3o�b�oij3l�Vtb�l�^�^�\_b]lne;V�j~e;�OVtb]Y~[�o?eg[�l�Y~Vtb]Y3|�o��Oj�d�\_o}b�e�o�\g���Z^�YXb][]\_j��Jo���\goio�l�VZW�b]dZ[�e;�OWgd�b]dZY
G ª o��wo�b]Y~� \gVO|�\_[�Y�e;[il�Y~Vqb�Y3|�b�e¦�R\g[i|OoRb]dZY?b�\g[iW;Y~bR[�Y~W;l�e;VM��µ�A�j~l�Y~VOj~�§egpTo�lnVOW;^�Y G ª ^°\��;Y~[�oX± �
e;�wb*egp���� ¶ e;[�egp,\�o�lnVOW;^nY�o��Z��Y~[�^°\��gY3[=± � eg�Zb*egp�� ¶ j�\gV�f�Y1�§\_�O��Y~|8ft�½Yk»wj~^��O|OlnVOW�b]dZY ^°\��;Y~[
±�e;[,oi�O��Y3[�^�\��;Y3[ ¶ b�e�f�Y�b]Y~oib�Y3|§p�[ie;��b]dOY EOb�`Z\gVO|���Y3\go��O[il�VOW%b]dOY}dOl£bR�O[ie;f�\gfZl�^�l£bQ�1lnV�b]dO\_bRo�\g�=Y
[iY3W;lne;V�fq���O[�e{hiY~j~b�l�VOW b]dZY%[iY3j~e;VOoib�[��Ojkb]Y~| b][�\gj���l�Vtb�e.b�d�\_b���\_[ib]lnj3�O^�\g[¥[iY3W;lne;V¨�

© ¯wlnVOW;^nY8�OdOegb�e;V j3\g^�lnfO[]\{b]l�egVHp�e;[���� ª@ª�� ´ � ª@ª M��@dZY�o�b�\gVO|O\g[�| �O[�eJj3Y~|O�O[�Y�p�e;[�j�\_^�l�fZ[]\_b�l�VOW
b�dOY�^�ec��b�dO[�Y~o�dOe;^n|	�%\_o ºª Y3[iY3VO�_ecm�j3e;�ZVqb�Y3[�± ´ � ª@ª@¶ [iY3o���e;VOoiY�d�\go1f�Y3Y~V b]e8�OoiY§b]dZY�o�lnVOW;^�Y
�OdZegb]e_®Y3^nY3j~b�[�e;V >�VOe;l�oiYD@8oil�W;V�\_^@\gVO|�\g|{hi�Zoib b]dZY�²�I����}¼ b�e�YDCq��\g^nl�
3Y�b]dOY�e;�wb]�O�Zb.oil�W;VO\g^a�
�@dOlno?b]Y~j�dOVOl CJ�ZY �Oo�Y~oX\§o�Y~^np°®b�[�lnW;W;Y3[il�VOW=�O[iewj~Y3|O�O[iY�b]dO\_b*\g^n^�ec��o?j3\g^�lnfO[]\{b]l�VZW§\g^n^� � �§j�d�\_VOVOY3^no
oil��1�O^£b�\gVZY3e;�Ooi^n�g��¬�e;[�b�dOYR�}� ª@ª `;\}o�l��=l�^�\g[M�Z[�eJj3Y3|Z�O[�Y ��l�^�^tf�Y �Oo�Y~|¨���Be?j�dOY~j��%b�dOY,oiY3VOoilnb�lnmJlnbQ�
egp b]dZY§�}� ª@ª ²JI��@oCb�e�b�dOY p�[�l�VZW;Y E�Y3^n|�e_p,b�dOY�oie;^�Y~VOe;ln| ��\gW;VZY~b�`¨b�dOY=j�\g^nl�fO[�\_b]lne;V ��l�^n^�f�Y
[iY3��Y�\_b�Y3|§��l£b]d�b�dOY?��\gW;VZY~b]lnj E�Y3^n|§[]\_����Y3|��O�§lnV§oib�Y3�OoRegp � � ��¿ egpMb]dOY��§\{»wln�1�O� E�Y~^�|¨�"�@dOY
±���e;oio�lnfO^n��oidOlnp¢b�Y3| ¶ o�lnVOW;^nY*�OdOegb�e_QY~^�Y3jkb][ie;V���Y�\_����ln^�^¨f�Y%[�Y3j~e;[�|ZY3|¨`�\gVO|�b]dOY~V�b]dZY���¼ ��ln^�^�f�Y
\g|¦hi�Ooib�Y3|�b]e=[�Y3o�b]e;[iY*b]dOYXVOe_ E�Y3^n|���Y3\g����e;o�l£b]l�egV¨�

©«ª �}¹*¬�j~e;o��=l�j¤[�\c�Xj3\g^�lnfO[]\{b]l�egV5M ¡ p¢b]Y3[Bj3eg���O^nY~b�Y,\_o�o�Y~�1fO^£�%\gVO|%l�Vtb]Y~W;[]\_b�l�e;VXlnVqb�e}b�dOYR¯we;^�Y~VOe;ln|
��\gW;VOYkb�`�\�oil�VOWg^�Y�o���\g^�^}o�j~l�Vtb]ln^�^°\{b]l�egV�oib�\_[ib�j~e;�OVtb]Y~[§��l�^n^}f�Y½�O^�\gj3Y~|«l�V b]dOY½j~Y3Vtb]Y~[�egp*b]dZY
ª �}¹*¬ f�\g[i[�Y~^�p�e;[ b][�lnW;W;Y~[�l�VZWO� ¡ o�l�WgV�\g^�l�V§b�dOY�oib]\g[ibRj3e;�ZVqb�Y3[�\gVZ|�\�dOlnbRl�V�egVOY?egpTb�dOY ª �}¹*¬
oij3l�Vtb�l�^�^�\_b]eg[�o3`;��dZl�j�d�lnVO|Ol�j3\_b]Y~o,�O\go�o�\gW;Y?e_pT\�j3ego��=l�j�[]\��=�1�Oe;VM`J��ln^�^yf�Y}�OoiY3|�b]eCj�\g^nl�fO[�\_b]Y�b]dZY
ª �}¹*¬�o�j~l�Vtb]ln^�^°\{b]e;[io egV�b]dOY*e;�Z��e;oilnb�Y�o�ln|OY�egpTb]dZY ª �}¹X¬ fO\g[�[iY3^a���@dZY%¯we;^�Y~VOe;ln|§��l�^n^�b�dOY3V�f�Y
��ec�RY~[�Y3|��Z��l�V�oib]Y~�OoRe_p � � �c¿ egp���\{»wl��1�Z� j3�O[i[�Y~Vqb3`�\gVO|=b]dOY�[�Y~o���e;VOo�Y?egp¨b]dZY ª �}¹*¬ ²JI��@o
��ln^�^Mf�YX��Y3\go��Z[�Y3|M�
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© ¯J¼?��±�f�\g[i[�Y3^Z��\g[ib��@¯w� ¶ j3ego��=l�j¥[�\c�Cj�\_^�l�fZ[]\_b�l�e;V5M ¡ p¢b]Y~[�j3e;�=�O^�Ykb]YR\go�oiY3�1fO^£� \gVZ|=lnVOoib]\g^�^�\_b]lne;V
egp�b�dOY�j3Y~Vqb�[]\g^@|ZY~b]Y~j~b�e;[ oi�Joib�Y3��`,j~e;o��=l�j§[]\���b�[�l�WgW;Y3[io1ft� b]dOY�\_|O|Olnb�l�e;VO\g^¤oib�\_[ib.j3eg�OVtb]Y3[.lnV
b�dOY ª �}¹*¬ fO\g[�[iY3^���l�^n^�f�Y=�Oo�Y~| b]e���Y3\go��Z[�Y�b�dOY=YPA=j3lnY3VOjk��egp,b]dOY�¯J¼���[iY3oi��e;VZo�Y�\_VO|�b]dZY
b�[]\gj�� [iY3j~e;VOoib�[��Ojkb]lne;V¨`'E�[�o�b.��lnb]d�o�b][�\gl�W;dtb1b�[]\gj��qo.��lnb�dOe;�Zb ��\gW;VZY~b]lnj$E�Y~^�|¨` \gVO|�b�dOY3V���lnb�d
b�dOY�¯we;^nY3VOegl�|H��\gW;VZY~b�[�\g�=��Y~| �O�«b]e � � ��\gVO|«p��Z^�^ E�Y3^n|Oo§b]e�b]Y3o�b�b]dOY½\gj3j~�O[]\gjk�«egp*b�[]\gj��
[iY3j3egVOoib�[��Ojkb]l�egV�lnV�b]dOYXf�\g[i[�Y~^¨��\g[�b��¤¬�e;[¥b]dZl�o¥b]dZY�b][]\_j��§��l�^n^Mf�Y%[iY3j~e;VOoib�[��Ojkb]Y~| l�V�b�dOY��=¯J¼��
^�\c�gY3[ioRl�V.b]dZY?�O�O��Y3[ dOY~��lno��OdOY~[�Y_`O\gVO|�j�dOY3j��_Y3|�\gWt\_l�VOo�b b�dOY�b�[]\gj��.��\_[]\g�=Y~b�Y3[�o [�Y~j3e;VZoib][i�Oj~b�Y3|
lnV b]dZY�� ¯q¼�� ^°\��;Y~[�o�egp*b]dOY�^�ec�,Y3[§dZY3�=l�o��ZdOY3[iYg� ¡ W;[iY3Y3�=Y3Vtb���lnb]dZl�VH���O^nb�l��O^nY�o�j�\{b�b]Y~[�lnVOW
Y��MY~j~b]o}l�o@Y »w��Y~j~b]Y~|¨�

© ¯weg^�Y3VZe;l�|H\gVO|«�Be;[��Zo§��\gW;VOYkb�j�dOY~j��ge;�ZbDM��@dZY�¯we;^nY3VOe;ln|H��\gW;VOYkb§j�dZY3j��geg�Zb�l�V«��\g^�^}�(��ln^�^
eJj3j~�O[%\_p¢b]Y~[�b]dOY.l�VZlnb]l�\g^VCq��\g^�l£bQ�8\goio��O[�\gVOj~Y=b�Y3oibC\gVZ| EOY3^�| ��\g�O�OlnVOW�e;�Zb�o�l�|ZY egp,b�dOY=�?\g^n^a�CU®b
��ln^�^"j~e;VOoil�oib%egp,[]\_���OlnVOW§b�dOY E�Y3^n|�b�e�\��=eJ|OY3[�\_b]Y ^nY~m;Y~^�b]e�Y3VZo��O[iY�lnVqb�Y3W;[ilnbQ� egp,b�dOY.�§\_W;VOY~b
\_p¢b�Y3[Tb][�\gVOo���e;[�b"b]e}b]dOYR�?\g^n^a`_\gVO|%b]dOY p��OVOj~b�l�e;VO\g^�l£bQ�*egpOb�dOY¥j3[��;e;WgY3VOlnj3o"lnVtb]Y3[�p¸\gj3Y~o�\gVZ|1j3e;Vtb�[�e;^no
\gVZ|�egp�b]dOYX��ec�RY~[�oi�O�O�O^£�;� �@dOYC�Be;[i�Oo���\gW;VZY~b@��l�^n^¨f�YC\_o�o�Y~�1fO^nY3| lnV��?\g^n^�� ft��b�dOY%mgY3VO|Ze;[
p�[ie;� �O[iYk®p¸\_fO[�lnj�\_b�Y3|=j3e;�=��egVOY3Vtb]o~� ¡ p¢b�Y3[ \go�oiY3�1fZ^n�;`qb]dZY���\gW;VOYkb¤��l�^�^Zf�Y}l�Vtb]Y~[ip¸\gj~Y3|.��lnb�d�b]dZY
j~[i�;egW;Y3VOlnj.oi�Joib�Y3� l�V�b]dOY.d�\_^�^a`�j~eweg^�Y3|�|Oec��V¨`�\gVO| []\_����Y3| �O�¨� ¡ �§\gWgVOY~bOCq�OY~VOj�d���l�^n^�f�Y
lnVOlnb�l°\_b�Y3|§b�e.mgY3[ilnp¢��b�dOYOCJ�ZY3VOj�d½|ZY~b]Y~j~b�l�e;V�\gVO|��O[iegb]Y~j~b]lne;V�oi�Joib�Y3���¤�@dOl�o@��l�^n^Mf�YX��\g[ib�e_p"b]dZY
mgY3VO|Oeg[�� o�[iY3o���e;VOoil�fOln^�l£bQ�;�¤¹�VOj~YXb�dOYX�§\_W;VOY~b¥l�o�\gj~j3Y3�wb]Y3| \gVO|�l�V�l£b]o E�V�\_^�^�eJj�\_b�l�e;V¨`J��\gW;VOYkb]l�j
E�Y~^�|�b]Y~oib�o}��ln^�^Mf�YXj�\g[i[�lnY3|�e;�Zb�b]e.|OYkb]Y~[��=l�VOY*|OYkmJl°\_b�l�e;VOo¥p�[ie;�(b�dOYXl�|OY3\g^¨o��w�=�=Y~b][��;�

�%$	� $ &('½:�
,+.-� >���2~>�' 9(:����

D .@E/.@E D FHG �JIBKMLONQPRITS
UQV8W;Y~VOY3[�\g^a`�b]dOY1egfJhiY3jkb]lnmgY3o*egp�b�dOY ��\g^�^���\gVO|�rtsquwvyx{z�j3e;�=�=l�o�oil�e;VZl�VOW.�O[iewj~Y3|O�O[iY.\g[�YCb]e�\gj�dZl�Y~mgY
[�Y~^�l�\gfO^�YXf�Y�\g� b][�\gVOoi��e;[�b?b�dO[�e;�ZW;d½b]dOlnV½\gVZ|8Yk»Jb]Y~VO|OY3|8b]\g[�W;Ykb]o?b�e§b]dZY1f�Y3\g��|O�O�=�¨`�b�e§m;Y~[�lnp¢��b]dZY
e;�Zb�l�j~o,|OY~o�lnW;V§egpMb]dOY�rtsJuwvyx¦z.�Be;[i�OoR\_VO|�¯weg^�Y3VZe;l�|=�§\_W;VOY~b�o3`w\gVO|=b]e�|ZY~b]Y~[��=l�VOY@b�dOY�\g^nl�W;VZ��Y~Vqb \_VO|
e;��Y3[�\_b]lne;V�\g^¨��Y3[�p�e;[���\gVOj~YCe_p"b]dZY�rtsquwv�x¦z�|OYkb]Y3jkb]e;[�oi�Joib�Y3�=o?�Ooil�VOW=f�Y�\g� lnVqb�Y3[�\gj~b�l�e;VOo~�@¹���Y3[]\{b]l�egV
egp�b�dOY*rtsquZvyx¦z=|ZY~b]Y~j~b�e;[@oi�Joib�Y3�(l�V§b�dOY��O[iY3o�Y~VOj3YXegpT��\gW;VZY~b]lnjREOY3^�|Zo3`O\_VO|�l�V�j~e;V{hi�OVZj~b]lne;V§��l£b]d�b]dZY
b][il�W;WgY3[@\gVZ|�|�\{b�\.\gjDCq�Olno�l£b]l�egV�oi�Joib�Y3��\gVO|�egb�dOY3[}\gVOj~l�^n^°\g[���o��Joib]Y~��o���l�^n^¨f�Y%o�b]�O|Zl�Y3|�\go@�,Y3^n^a�

¡ p¢b�Y3[%j3e;�=�O^�Ykb]lne;V8egpRb�dOY=j3e;�=��lno�oil�e;VOlnVOWO`Mb�dOY.p��OVOj~b�l�e;VO\g^�l£bQ� egp,b]dOY��?\_^�^¤� l�VOo�b][��Z��Y~Vqb]\_b]lne;V¨`
l�VZj3^��Z|Ol�VOW.b]dZYCf�Y�\g� ^nl�VOY_`yb�dOY1rtsquwvyx{z�oi�O��Y~[�j~e;VO|O�Ojkb]lnVOW���eg[��Oo?\gVO|8¯Je;^�Y~VOe;l�|���\gW;VOYkb]l�jOE�Y~^�| |Zl�o�

/1� 	 �S&!TUTU� �����7&!��� �V�
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b][il�fO�wb]l�egV¨`;\g^n^Zrtsquwvyx{zX|OY~b�Y3jkb]e;[io3`tb]dOY¥b�[�lnW;W;Y3["\gVO| |�\{b�\�\gjPCq�Ol�oilnb]lne;V1o��wo�b]Y~��o~`w\_o"�RY~^�^�\_o"b]dOY¥rqsquwvyx¦z
e;VO^nl�VOY?o�egp¢bQ�R\g[�YX��l�^n^Md�\�mgYCf�Y3Y~V�mgY3[�lFE�Y3|M�

D .@E/.@E/. � I���� ��N ��I F�� I	�
�"LON����

© ¹��Zb�l��=l�
3Y=b]dOY�f�Y�\_� b][�\gVOoi��e;[�b b]dO[ie;�OW;d�b�dOY�d�\g^n^¥\gVO|�rtsquwv�x¦z�b�e½b]dOY�¬y\g[]\_|�\���j~�O��±¸¬ ª@¶
\gVZ| � e;[Xb]dOY�f�Y3\g� |O�O�=��\_b%m_\g[�lne;�OoXf�Y�\g� j3�Z[�[�Y~Vtb]o3� G Y~b�Y3[��=l�VZY.b�dOY�b�Y3�=��Y~[]\_b��O[�Y=[�lno�Y=egp
b�dOY}¬ ª p�e;[�f�Y�\g� j~�O[�[iY3Vtb]o egp ¾ ` �c¿ ` �c¾ ` � ¿ ` � ¿ `q\_VO| ¾g¿ V ¡ `q\gVZ| �Z� �Z` �Z� �Z`q\gVZ| ��� �*Y~¼ f�Y�\g�
Y~VOY3[iW;l�Y~o3�

© ¼¤Y~[�lnp¢��b]dOY%\gj~j3�O[�\gj~�g`yoib�\_fOl�^nlnbQ�;`Z\gVO|�[�Y~�O[�eJ|O�Oj~l�fOln^�l£bQ�§egpBb]dZY%f�Y�\_����egVOlnb�e;[�o~�

© ¼¤Y~[�lnp¢�§f�Y3\g���O\g[]\g�=Y~b�Y3[io@o��Oj�d \go@o���egb�o�l 
3YX\gVZ|�\_VOW;^�Y*|Zl�o���Y3[io�lne;V��Oo�lnVOW b]dOY*f�Y�\_����ego�lnb�l�e;V
�=e;VOl£b]e;[io3�

© µ�oib]\gfO^nl�o�d�f�\gj��qW;[ie;�OVO| ^�Ykm;Y3^no p�[�e;�!b�dOY�f�Y3\g� |O�O�=� \gVO| � eg[.¬�\_[]\g|�\���j~�O� p�eg[=eg�Zb]ln��l 
3Y3|
f�Y�\g� ��\g[�\g��Ykb]Y~[�o3� G Y~m;Y~^�e;� eg�Zb]ln�§\g^Jo�dZl�Y3^n|Ol�VZW*j3e;VO|Zlnb]lne;VOo�egp�b�dOY¥b]�ZVOVOY3^y\{b�m_\g[�lne;�Oo�[i�OVOVOlnVOW
j~e;VO|Ol£b]l�egVOo3�

©«ª \g^nl�fO[�\_b]Y}b]dOY*j~�O[�[iY3Vtb}l�Vtb]Y~W;[]\{b]e;[�±³¬y\g[]\_|�\��§j~�O� ¶ \_b¥m_\g[il�e;�OoRf�Y3\g�(Y~VOY3[iW;l�Y~o}\gVO|�f�Y�\g�(j3�O[ 
[iY3Vtb]o~�

D .@E/.@E� ����������� F�� I	�
�"LON����

© ¯Jb��O|Z��b]dZYC��Y3[�p�e;[���\gVOj~YCegp�b]dOYCrtsquZvyx¦z�|OY~b�Y3j~b�e;[}oi�Joib�Y3�=o3`¨\_o}�,Y3^n^�\_o}b�dOYCb�[�l�WgW;Y3[�\gVZ| |�\_b]\
\gjPCq�Ol�oilnb]lne;V�oi�Jo�b]Y3� \{b�|Zl ��Y3[�Y~Vtb�f�Y3\g� � b�\g[iW;Y~b�j~e;VO|Ol£b]l�egVOo3���@dZl�o�l�VOj~^��O|ZY3o@b]dOYX�=Y�\goi�O[�Y~��Y~Vtb
egp�[]\{b]Y3o.lnV b�dOY�m_\g[�lne;�Oo |OYkb]Y3jkb]e;[=oi�Jo�b]Y3�=o3`,b]dOY�¬"�}¹*¬R`"b�dOY���� ª@ª `�b]dOY�² ª ¡�´ ` \gVO| b]dZY
� � `�� �w`�\gVO|�� ��|O[�l£p¢b*j�d�\g�1f�Y3[*o��Joib]Y~��oXlnV�\_^�^Bo�l£»8rtsJuwvyx¦z o�Y~j~b]eg[�o3� �@dZl�o���l�^n^"f�Y |Oe;VOY.\{b
|Ol �MY~[�Y~Vqb�^�Ykm;Y~^�o=egp?b�dOY�oie;^�Y~VOe;ln| E�Y~^�| ± ¾g¿�� `�� ¾�� ` �c¿g¿�� ¶ `¥\_VO|«\_b=|Ol �MY~[�Y~Vqb�^�Ykm;Y~^�o=egp�b]dZY
�Be;[��Zo}j~�O[�[iY3Vtb1± � ¾�� ` ¾_¿�� `�� ¾�� ` �c¿;¿�� ¶ �

© ¼¤Y~[�lnp¢�§b]dOYC|OY~b�Y3j~b�e;[�\g^�lnW;VO�=Y3Vtb]o~`�Y3o���Y3j~l°\g^n^n��b]dOY �=[iY3W;lne;VOo}egp�|O[ilnp¢b}j�d�\g��f�Y~[�o3`�ft��e;��Y3[]\{b]l�VZW
rtsquwv�x¦z8��lnb]dZe;�ZbC�§\gWgVOY~b�l�j E�Y3^n|Oo�±�f�egb�d ¯we;^nY3VOegl�| \_VO| �Be;[��Oo��§\gWgVOY~b�oC��l�^n^�f�Y�¹X¬"¬ ¶ \_VO|
\_bCm;Y~[i��^�ec� f�Y3\g� j3�O[i[�Y~Vqb�o�±�� ¿ � � V ¡ ¶ b]e½\cmge;l�|�b]dOY�l�Vtb]Y~VOo�Y I! ;^�^nY3[%f�\gj��qW;[�eg�OVO|¨�#"}o�lnVOW
b�dOl�V1b]\g[�W;Ykb]o���ln^�^J�O[�ecmJl�|OY�\*��e;l�Vtb�Q^�ln�gY o�e;�Z[�j3Y�egp�j�d�\_[�W;Y~|=b�[]\gj��qo¤Y3�=Y3[iW;l�VOW�p�[�e;� b]dOY�VOeg��lnV�\g^
rtsquwv�x¦z§j~Y3Vtb]Y~[3�
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©«ª \g^nl�fO[�\_b]Y%b]dOY1m_\g[il�e;�Zo ª ´T¡ ¯½|OY~b�Y3j~b�e;[Xoi�Joib�Y3�=oX�Oo�lnVOW�f�Y3\g��lnVtb]Y3[�\gj~b�l�e;VZo*l�V�\§b]dZl�V½b�\_[�W;Ykb
\gVZ|.��l£b]d m_\g[�lne;�Oo�E�Y~^�|.o�Ykb�b�l�VOW;o¤lnV.b�dOY�rtsquZvyx¦z��Be;[��Oo \gVZ|�¯weg^�Y3VZe;l�| ��\gW;VOYkb]o~�"�@dOlno lnVOj3^n�O|OY~o
Y~oib�\_fO^�lno�dO�=Y3Vtb�egpBb][il�W;W;Y~[@\gVO|�|OYkb]Y3jkb]lne;V�Y A=j3l�Y~VOj3lnY3o�egpBb]dOY*m_\g[il�e;�Oo@|ZY~b]Y~j~b�l�e;V�oi�Joib�Y3�=o3�

© I�Y3\go��Z[�Y�b]dOY�b]ln��lnVOW½[iY3o�eg^��Zb�l�e;V�egp}b]dZY�¬��}¹X¬ \gVZ| ª �}¹*¬ oi�Joib�Y3�=o��Ooil�VOW8b�dOY!��¬ f�Y�\g�
o�b][��Zj~b]�Z[�YXp�e;[�\gj3j~�O[]\{b]YXl�VZp�eg[���\_b]lne;V§e;V�b]dZY%o�b�\g[�b@b]ln��Y*egp�j�d�\g[iW;Y3|���\g[�b]lnj3^�Y~o3�

©«ª dOY~j��ge;�wb?b]dZYCrtsquwvyx{z§j3\g^�lnfO[]\{b]l�egV�\gVO|�e;VO^nl�VOY?[�Y3j~e;VOo�b][��Zj~b]lne;V oiegp¢bQ�R\g[�Y_�

© ¯Jb��O|Z��|O[ilnp¢b=j�d�\g�1f�Y3[io�eJj3j~�O��\gVZj3l�Y~o�\go�\ p��ZVOj~b�l�e;V�egp*f�Y�\g� j~�O[�[iY3Vtb�\_VO| b�Y3oib�b]dOY�e;VO^nl�VOY
[iY3j3egVOoib�[��Ojkb]l�egV�Y A�j~l�Y~VOj3lnY3o3�

© G Ykb]Y3[i��lnVOY�b]dZY ´ � ª@ª \gVO| ��� ª@ª Y A�j~l�Y~VOj3lnY3o.��lnb]d dOlnW;dw®Y3VOY~[�Wg��Y~^�Y~j~b][ie;VOo=l�|OY~Vtb]l EOY3|�fq�
^�\g[�W;Y?Y3VOY~[�Wg��|OY~��ego�lnb�l�e;V�lnV�b]dOY%µ ª \gVZ| ² ª ¡�´ �

© I�Y3\go��Z[�Y�b�dOY§[�\_b]Y~oCe_p¥b]dOY�¬"�}¹*¬ \_VO| ª �}¹*¬ |OYkb]Y~j~b]eg[�oCp�eg[C|Ol �MY~[�Y~VqbCf�Y�\g� j~�O[�[iY3Vtb]o \_VO|
|Ol �MY~[�Y~Vqb�b]\g[�W;Ykb��§\{b]Y3[il°\g^no3`w\gVO|�|OY~b�Y3[i��lnVOY*��ego�o�lnfO^�Y*o�\_b]�Z[]\_b�l�e;V�Y ��Y3jkb]o~�
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�@dOlno,oiY3j~b�l�e;V�^�lnoib]o�b�dOY?[iY3oi��e;VZo�l�fZl�^�l£b]lnY3o�\gVZ|�b]Y~j�dOVOlnj�\g^y��\g[�b]lnj3l��O\_b]lne;V egpMb�dOY}e;�Zb]oil�|OY}^°\_f�e;[�\_b]eg[i� \_VO|
"�VZlnm;Y~[�oilnbQ� Wg[�e;�O� b�e b]dZY��?\g^n^R� � �c �*Y~¼ "}�OW;[�\g|OYg����\gfO^nY � �Z� � �O[ie¦mJln|OY3o.\½oi�O����\g[���e_p}b�dOY3oiY
j3egVqb�[�lnfO�Zb]lne;VOo~�
 � ( �)& ���V�!��B*+� &!�V�<���:�#"'&)( �B*+&)(+6

�@dOY ¡ [iW;e;VOVZY K?\_b�l�e;V�\_^ ´ \gf�e;[]\_b�e;[i� I�Y~|Ol��O��µ�VOY3[iWg� W;[ie;�O�.l�o�\_j~b]l£m;Y~^n�1lnVtm;e;^£m;Y3|.lnV1b]dOlno��O[�e;��e;o�\g^a`
\go¨�,Y3^n^q\go�l�V*b]dZY j~e;^�eg[Mb][�\gVOo��O\g[�Y~VOj~�X�O[ie;��e;o]\g^g�Oo�lnVOW}rqsquwvyx¦z�� ¡ �=e;VOW�rtsquZvyx¦z?f�\goiY3^nl�VOY�YPCJ�Zl��O�=Y3Vtb�`
b]dZY�W;[�eg�O��l�Vtb]Y~VO|Oo¥b�e�b�\g�_Y*[�Y~o���e;VOo�lnfOl�^nlnbQ� p�e;[,b]dOY�|ZY3o�lnW;V¨`O�Z[�egb�egbQ�J�Ol�VOWZ`Zj3egVOoib�[��Ojkb]l�egV¨`O\gVZ|�b]Y3o�b]lnVOW
egp�b]dOY�dOl�Wgd b�dO[�Y~o�dOeg^�|#ºª Y~[�Y~VO�gecm j3e;�OVtb�Y3[3� �@dO[�Y~Y [iY3o�Y3\g[�j�dHoib�\ � \gVO| bQ�,e�Y~VOW;lnVOY3Y~[�o�\g[�Y�^�ln�gY~^n�
b]e��Re;[i��\{b ^�Y3\goib���\g[ibCb]ln��Y=e;V�b�dOl�oC�O[�e{hiY~j~b lnV�b]dZY�VOYk»Jb1p�Yk� �;Y�\_[�o3� ¬��OVO|Zl�VOW�p�e;[Cb�dOY�W;[ie;�O� lno
p�[�eg� G ¹*µ@� ¡ |O|Zlnb]lne;V�\g^�o�e;�Z[�j3Y~o�e_p�p��OVZ|Ol�VOW1��ln^�^�f�YXo�eg�OW;dtb�\go�\g�O�O[ie;�O[il°\_b�Yg�¤�RYk�;e;VO|�b]dOY*fO\go�Y~^�l�VZY
YDCq�Oln�O�=Y3Vtb�`gb�dOY¥W;[ie;�O�Cl�o�\_^�o�e�l�Vtb]Y~[�Y~oib]Y~| l�V1Y »w�O^�e;[il�VOW}b]dOY,��ego�o�lnfOl�^nlnbQ�*e_pyfO�Ol�^n|Ol�VZW?\ ��U ª � |ZY~b]Y~j~b�e;[
p�e;[�rtsquwv�x¦zO�
 � (��%$ &!�V�U� *+� *+�& ���('!.(����7* 6

�@dOY ¡ [�l 
3e;V�\�¯Jb�\_b�Y "}VOlnmgY3[�oilnbQ��W;[�eg�O�½l�o�\gjkb]lnmgY3^£� lnVqmge;^nmgY3|½lnV b]dZl�o}�O[�e;��e;o�\g^a���@dOY ¡ ¯%" W;[ie;�O�½lno
�O^�\gVOVOlnVOW b]e.j3e;Vtb�[�l�fZ�Zb]YXb]e.b]dOYX|OYkm;Y~^�e;�O�=Y3Vtb�egp"b�dOY%rtsJuwvyx¦z�o�egp¢bQ�R\g[�YC\gVO|�d�\g[i|Z�R\g[�YX��lnb�d�[iY3Wt\g[i|
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b]eCb]dOY�oi^�ec� j3e;Vtb�[�e;^noRoi�Jo�b]Y3���,¹�VOY��O[iegp�Y3oio�e;[~`ZbQ�Re [iY3oiY�\g[ij�d��Z[�egp�Y~o�o�eg[�o3`O\gVO|�o�Ykm;Y~[]\g^¨Wg[]\g|O�O\_b]Y*\_VO|
�OVO|ZY3[�Wg[]\g|O�O\_b]Y o�b]�O|OY~Vtb]o%\g[�Y�^�l��_Y3^£��b�e§�Reg[��8\_b?^�Y3\goib*�O\g[ib�b�l��=Y�e;V½b�dOl�o?�O[�e{hiY~j~bXlnV½b]dOY1VZYk»Jb*p�Y~�
�;Y3\g[�o~� ¡ ¯ " l�o�\g^no�e �O^�\gVOVOlnVOW b]e.[�Y~j3[i�Olnb��OVZ|OY3[iW;[]\g|Z��\_b]YXo�b]�O|OY~Vtb]o���dZe�j3\gV�j~e;Vtb][il�fO�Zb�Yg�
 & ��� '!.( �D�7* 6 & � ��&!����
�N* � � 41*

�@dOY "�VOl£m;Y~[�o�l£bQ� egp ª e;VOVOY~j~b]lnj3�Zb ± " ª e;VOV ¶ W;[ie;�O� l�o�\gjkb]lnmgY3^£� l�Vtm;eg^nm;Y~| lnV b�dOl�o��Z[�e;��e;o]\_^*�Oo�lnVOW
rtsquZvyx¦z�fO\go�Y~^�l�VZY YDCq�Oln�O�=Y3Vtb�� ¡ ��e;VZW�b]dOY½rqsquwvyx¦z�f�\goiY3^nl�VOY�YDCq�Ol��Z��Y~Vqb3`}b�dOY#" ª e;VOV W;[ie;�O�«lno
o�dO\g[�lnVOW�b�dOY§[iY3o���e;VOoil�fOln^�l£bQ�½p�e;[Xb]dOY�|OY3oil�W;V¨`"�O[�egb�egbQ�J�Ol�VZWO`"j~e;VOoib�[��Ojkb]lne;V¨`�\_VO|�b]Y~oib�l�VOW½e_p¥b]dOY�dOl�Wgd
b]dZ[�Y3oidOe;^n|�ºª Y3[iY3VO�_e¦m�j3e;�ZVqb�Y3[�±¸��� ª@ª@¶ ��¹�VOY�p¸\_j3�O^£bQ���=Y3��f�Y~[�±��*�J�OVZW;o�Y~e;V��gewe ¶ `"egVOY§��e;oib�Q|OeJjg`
\gVO|�p�e;�O[RWg[]\g|O�O\_b]Y�o�b]�O|ZY3Vtb]o�\g[iY�\g^n[�Y3\g|Z�;`we;[,��ln^�^yf�Yg`w�,e;[i�JlnVOW1e;V�b�dOl�o,�O[�e¦hiY3j~b3���@dOY "}VOlnmgY3[�oilnbQ��egp
ª e;VOVZY3j~b�l�j~�Zb ��Y3oiY�\g[ij�d ¬�e;�OVO|�\{b]l�egV�± " ª �}¬ ¶ \g^�[iY�\g|Z�*p��ZVO|OY3|�� � �w` ¿;¿;¿ p�e;[Tb]dOY YDCq�Oln�O�=Y3Vtb"�Z�O[�j�d�\_o�Y
p�e;[�b�dOY���� ª@ª �O[�egb�egbQ�J�Ol�VZW �Z[�e{hiY~j~b�� " ª e;VOV l�o.\_^�o�e8�Z[�ecmJl�|OlnVOW�\8j3^�Y3\gV�[�eJe;�6p¸\gj3ln^�lnbQ��p�e;[Cb]dOlno
�O[ie{hiY3jkbR\_VO|��Z[�ecmJl�|OlnVOW*p��OVO|OlnVOW*p�e;[�d�\g^£pM\X��e;oib�Q|OeJj�\gVO|=d�\g^£pM\XW;[�\g|O��\_b�Y@oib��O|OY3Vtb p�e;[�b]dOY�VOY »Jb bQ�,e
�;Y3\g[�o�b�e§�,e;[���e;V b�dOl�o�Y ��e;[ib3���@dOY1W;[ie;�O�½lno?j~�O[�[iY3Vtb]^£��p��OVZ|OY3|8ft� b�dOY G ¹*µ@� ¡ |O|Ol£b]l�egV�\g^�o�eg�O[�j~Y3o
egp p��OVO|OlnVOW���l�^n^�f�Y.oie;�OW;dtbC\go%\g�O�O[ie;�O[il°\_b�Yg�.�RYk�;e;VO| b]dOY.f�\_o�Y3^nl�VOY YPCq�Ol��O�=Y3Vtb3`Bb�dOY.W;[�e;�Z��lnoX\g^�oie
|OY~Y3�O^£��lnVtm;e;^£m;Y3|�l�V�o�egp¢bQ�R\g[�Y��O^°\_VOVOl�VZW�\_VO|�|OYkm;Y~^�e;�O�=Y3VtbCp�e;[�rtsquwvyx{zO���@dOY�W;[�e;�Z���R\go�[iY3j3Y~Vtb]^n�
\��¥\_[�|OY~|�\ G ¹*µ ¯Z�RU�� � ¯w�@� �	²�d�\go�YCU@W;[]\_Vqb}��lnb�d½\=o�egp¢bQ�R\g[�YCj3e;�=��\gVt�g` ª �Jf�Y3[ ª egVOVOY3jkb%µ	�"`yb�e
|OYkm;Y3^ne;��\=oiegp¢bQ�¥\_[�Y*p�[]\g�=Y~�,e;[i�§b]e=\g[ij�dOlnmgYC\.^°\_[�W;Y Qo�j3\g^�Y?VJ�Zj3^�Y3\g[@�Odt�Jo�lnj3o}Yk»w��Y~[�ln��Y~Vqb}|�\{b�\ f�\goiYg�
 �$��
 !�P��)��
S� !�� �5�<� �7� 6)9��1( �<����

�@dOY G�¡ ²:K�U ¡ � ¯Z²�d<K@�¯Z\gj~^°\���Wg[�e;�O��lno@\gjkb]lnmgY3^£�§lnVqmge;^nmgY3|�l�V�b]dOlno¥�O[�eg��e;o�\g^a� ¡ �=e;VOW rtsquwv�x¦z�fO\go�Y 
^�lnVOY�YDCq�Oln�O��Y~Vtb�`wb�dOY?Wg[�e;�O��l�Vtb]Y~VO|OoRb�eCb]\g�gY�[�Y3oi��egVOo�lnfOl�^nlnbQ�1p�e;[¤b]dZY?|OY~o�l�WgV¨`w�Z[�egb�egbQ�J�Ol�VOWZ`wj~e;VOoib�[��Oj 
b]lne;V¨`�\_VO|�b]Y3o�b]lnVOW�e_p�b�dOYXj3Y3Vtb�[]\g^¨b�[]\gj��_Y3[�±¸f�egb]d�b]dOYXjk�w^nl�VO|Z[�l�j3\g^M�O\g[ib}\gVZ|�b�dOY*p�e;[i�R\g[�|���\g[�b ¶ ���@dOY
W;[ie;�O��d�\_o¥oib]\g[ib�Y3|��Reg[��ql�VOW�e;V�\gV�e;�wb]l�egV�f�\goiY3|�e;V�jk�w^nl�VO|Z[�l�j3\g^ I�l�j~[�e;�=Y3W;\goR|OYkb]Y~j~b]eg[�o3� ²�[�ecmJl�|ZY3|
b]dZl�o�lnoCoidOec��V�b]e��,e;[i��\goC|OY3oil�W;VZY3|¨`�b�dOY�W;[ie;�O� \_Vqb�l�j~l���\_b�Y3o%b]d�\_bCb]dOlnoCeg�Zb]lne;V���ln^�^¤f�Y�Yk»Z\g�=l�VOY~|
l�V�j~e;�=��\g[�lno�e;V���lnb]d b�dOY�¯wln^�l�j~e;V�¼¤Y~[ib�Yk» �B[]\gj��_Y3[ b]ec�R\g[�|�b�dOY�Y3VO| egp � ¿g¿ ��e;[1b�dOY�f�Y3W;lnVOVOl�VZW½egp
� ¿;¿ �Z�}¬yeg�O[?[iY3o�Y3\g[�j�d8o�b�\ ���=Y3�1f�Y3[io�\gVO|�p�e;�O[�b]Y3j�dZVOl�j~l°\gVOo � Y3VZW;l�VOY~Y3[io*\g[�YC^�ln�gY3^£��b]e=�Re;[i� \{b?^nY�\go�b
��\g[�b?b�l��=YCe;V�b]dOlno?�O[ie{hiY3jkb*l�V�b]dOY1VZYk»Jb�p�Y~� �gY�\g[io3�X¬��OVO|Zl�VOW=p�e;[�b�dOY1W;[ie;�O�½lno}p�[ie;� ª µ ¡  ¬�[]\_VOj3Y_�
¡ |Z|Olnb�l�e;V�\_^to�e;�O[ij3Y~o�egpOp��OVZ|Ol�VOW1± ¡ K �¥ ¬�[]\gVZj3Yg`gµ��O[�e;��Y�\_V "�VZl�e;V �{b]d ² ª � G ¶ ��ln^�^tf�YRoie;�OW;dtb�\_o�\g�w
�O[ie;�O[�l�\_b]Y_�"UQV�j3\go�Y}b]dOYHI�lnj3[�eg��Y~Wt\go e;�Zb]lne;V=l�o¤VOegb,o��Ol£b�\gfZ^�Yg`qe;[ VOegb,o�Y~^�Y~j~b]Y~|§p�e;[�m_\g^�ln|�[iY�\goie;VOo~`wb]dZY
W;[ie;�O�8�Reg�O^�|�oib��O|Z��egb�dOY3[*b�Y3j�dOVOlnj�\g^��O\g[ib�l�j3ln��\_b�l�e;V�l�V8b]dOY=rtsquwv�x¦z f�\_o�Y3^nl�VOY�YDCq�Ol��Z��Y~Vqb3�=�RY~�ge;VO|

/1��� �S&!���7�#"'&)( �B* �7& � " 
�D%'&!���D�%"���� � * � 
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b]dZY�f�\go�Y~^�lnVOY�YDCq�Oln�O��Y~Vtb�`¤b]dOY�W;[ie;�O� l�o1\g^�oie lnVtb]Y3[iY3o�b]Y3|�l�V�Y »w�O^�e;[il�VOW8VZY3�Zb�[]\g^¥�O\g[ib�l�j3^nY�|OYkb]Y3jkb]lne;V
±¸�=e;o�b]^n� VOY3�wb][�egVOo ¶ l�V8b]dZY=j~Y3Vtb][�\g^¤|OY~b�Y3jkb]e;[%egpRrqsquwvyx¦z�`�l�V8b]dZY�oie�p¸\g[*Y~���wbQ�8o���\_j3Y§f�Y~bQ�,Y3Y~V�b]dZY
ª �}¹*¬�oij3lnVqb�l�^n^°\_b�e;[�oR\gVO|�b]dOYXo�eg^�Y3VZe;l�|�j~[i�;egoib�\{b��
 �1�<�7(���
����&3��� ' .(���� * 6

¬y\gl�[ E�Y3^n|#"�VZlnm;Y~[�oilnbQ�8lno*\gj~b�lnmgY3^n� l�Vtm;eg^nm;Y~|�l�V8b]dOY G ¼ ª ¯8�O[�e;��e;o�\g^a`�\_o��RY~^�^�\go*e_b]dOY~[Xrqsquwvyx¦z �O[�e_
��e;o]\g^no3���@dZY ¬ "�W;[ie;�O�½lno?�O^�\gVOVOlnVOW�b�e�j3egVqb�[�lnfO�Zb]YCb]e§b�dOY1|OYkm;Y3^ne;�O�=Y3VtbXegp�b�dOY rtsquZvyx¦z�oiegp¢bQ�R\g[�Y_`
o��Zj�d�\go�b]dZY �Xµ ¡ K}���%oil��1�Z^°\_b�l�e;V1Y��Meg[ib���¬ "«l�o¤\g^no�e*�O^�\gVOVOlnVOW�b]eX[iY3j3[i�Olnb �OVZ|OY3[iW;[]\g|Z��\_b]Y�o�b]�O|OY~Vtb]o
��dOe�j3\gV��,e;[i��e;V�d�\g[i|Z�¥\_[�Y��Z[�e{hiY~j~b]o?e¦mgY3[}b]dOYCo��O�=��Y~[?\{b � ´ \gf�e;[�lnV j~e;^�^�\gf�eg[]\_b�l�e;V���l£b]d e_b]dOY~[
W;[ie;�O�Oo~�
 � �7&!(������ �P� *+.(���� * � &!�V�<� & ���('!.(���� * 6

�@dOY�¬"^�eg[�l�|O\ UQVtb]Y3[iV�\_b�l�e;V�\_^�"�VOl£m;Y~[�o�l£bQ��W;[ie;�O��l�o.\gjkb]lnmgY3^£� l�Vtmge;^nmgY3|�l�V�b]dOlno �O[�eg��e;o�\g^a���@dZY�¬�U�"
W;[ie;�O����l�^�^�b�\g�_YC[iY3o���e;VOoil�fOln^�l£bQ�§egp�b]dOYXf�Y�\g�=^�lnVOY�|OYkmJl�j3Y~o3`�|OY~b�Y3jkb]e;[io3`y[�Y3\g|Oe;�Zb�Y3^nY3jkb][�egVOl�j~o3`Ob�\_[�W;Ykb]o3`
\gVO|8oiegp¢bQ�R\g[�Y.\goio�eJj3l�\_b]Y~|½��lnb]d½b�dOY ��\g^�^�� I  ;^n^�Y3[���eg^°\g[il��=Y~b]Y~[3�?¬"U�"�l�o�\g^�oie��O^°\_VOVOl�VZW�b]e�[iY3j~[��Ol£b
W;[�\g|O��\_b�YX\gVO|��OVO|OY~[�W;[�\g|O��\{b]YXoib��O|OY3Vtb�o���dOe=j�\gV��,e;[���egV�b�dOl�o@�O[ie{hiY3jkb��
 �� ��T�%�*�& ��&3��� ' .(���� * 6

�?\_���Zb�e;V "�VZlnm;Y~[�oilnbQ� ±¸� " ¶ l�o�\gjkb]l£m;Y3^£�«lnVqmge;^nmgY3| l�V«b�dOl�o§�O[�e;��e;o�\g^a`}\go��,Y3^n^*\go�l�V«b�dOY8e;[il�W;lnV�\g^
�@¹LK "?¯ Y »w��Y~[�l��=Y3Vtb3���@dZY � " Wg[�e;�O����ln^�^Rj~e;Vtb]lnVJ�ZY�b�e oi�O�O��e;[ib=|OYkm;Y~^�e;�O�=Y3Vtb3`¥\g�OWg��Y~Vqb]\_b]lne;V¨`
\gVO|§�Oo�Y*egp�b�dOY��¥¹OK "�¯�b]\g[�W;Ykb@\gVZ|�|OY~b�Y3jkb]e;[¥o��Joib]Y~��p�e;[,rtsJuwvyx¦zO�,�@dOY�� " Vq�Oj~^�Y3\g[¥Yk»w��Y3[il��=Y3Vtb�\g^
o��Zlnb]Y?j3e;VOoil�o�b]o�egpBecm;Y3[ � `	� ¿g¿ o Cq��\g[iYXp�Y~Y~b@e_p�^�\gf�o��O\gj3Y���l£b]d�\gV�Y3^nY3jkb][�egVOl�j�^�\gf�o�b�\_b�l�e;V¨`w��Y~j�d�\gVOlnj�\g^
^°\_f§oib]\_b]lne;V¨`qj3eg���O�wb]Y3[ � W;[�\g�OdOlnj��O[iewj~Y3oio�l�VZW1f�\��;`Z\gVO|�\%|OY3|Olnj�\_b�Y3|�[�\g|Ol�\_b]lne;V�dZegbR^�\gf¨���@dZY?�Odt�Jo�lnj3o
|OY~��\g[ib���Y~Vtb�`?p��O[�b]dOY~[��=e;[�Y_`�d�\go�\ � ` � ¿;¿ o Cq��\g[iY�p�eJegb�j3^�\go�o  �c¿ ` ¿;¿g¿ j3^�Y3\gV [�eJe;� p�e;[�j~e;����e;VOY~Vtb
�O[iY3��\g[�\_b]lne;V�\gVO|���eJ|O�O^nY*j3e;VOo�b][i�Oj~b�l�e;V¨����Y3o�Y3\g[�j�d o��O�O��e;[�b�p�e;[@b�dOY%�?\g�=�Zb]egV "}VOlnmgY3[�oilnbQ��Vq�Oj~^�Y�\_[
Yk»w��Y3[il��=Y3Vtb�\g^�Wg[�e;�O��j~e;��Y~o��O[�Y~|Oe;�=l�V�\gVtb�^n�=p�[�e;� b]dOY-K�¯w¬R�
 & ��� '!.( �D�7* 6 & ��
 �7�<�D�)&�39 & ���7*+��������V����&!T

�@dOY �X^�\go�W;ec� W;[�e;�Z� �O^�\gVOo@b]e�j3e;Vtb][il�fO�wb]YXb]e.b]dOYC|OY3oil�W;V¨`y�O[iegb]e_bQ�w�Zl�VOWO`yj~e;VOoib�[��Ojkb]lne;V¨`�\gVO|�b]Y3o�b]lnVOW
egpCb]dOY�p�e;^�^nec��l�VOW rtsquwv�x¦z«f�\goiY3^nl�VOY�YDCq�Oln�O�=Y3Vtb�M b]dOY o�ln^�lnj3e;V m;Y~[ib�Yk» b][�\gj��gY~[ Y3^nY3jkb][�egVOl�j�[�Y3\g|Oe;�wb
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oi�Jo�b]Y3��`B|�\_b�\�\gjPCJ�Zl�o�l£b]lne;V¨` � �}U G j3eg���O�wb]l�VZWO`T\gVO|�b]dOY=�OdOe_b]e;V f�Y3\g�=^�l�VZYg� �RYk�;e;VZ|�b]dZY=fO\go�Y~^�l�VZY
YDCq�Oln�O�=Y3Vtb�`Zb�dOY*W;[ie;�O��l�o¥\g^�oie l�Vtb]Y~[�Y3o�b]Y~|�lnV�fO�Oln^�|OlnVOW1\ ��U ª ��|OY~b�Y3jkb]e;[@p�e;[¥�{\gegV�l�|OY~Vqb�l E�j3\_b]lne;V�lnV
rtsquZvyx¦zO�*¯wYkm;Y~V½p¸\gj3�O^£bQ����Y~�1f�Y3[�o?\gVO|�[�Y3oiY�\g[ij�d�oib�\ ��e_p�p�e;�O[�b]Y~j�dOVOl�j~l°\gVZo � Y~VOW;l�VZY3Y3[io�\g[iY�^nl��gY~^n��b�e
�,e;[���\_b�^�Y�\_oib��O\g[ib}b]ln��Y%e;V b�dOl�o}�O[�e¦hiY3j~b�l�V�b�dOY�VZYk»Jb�p�Y~� �gY�\g[io3��¬��OVZ|Ol�VOW=p�e;[�b�dOY�Wg[�e;�O� l�o�p�[�e;�
b]dZY " � µ�VOW;lnVOY3Y~[�l�VZW�\gVO|�²�dt�Jo�l�j3\g^¤¯wj~l�Y~VOj3Y~o �}Y~o�Y�\_[�j�d ª e;�OVOj~l�^³`Mµ¤² ¯ � ª � ¡ |O|Ol£b]l�egV�\g^To�e;�Z[�j3Y~o*egp
p��OVO|Zl�VOW ��l�^n^Mf�YXo�e;�OWgdqb�\go}\g�Z�O[�e;�Z[�l°\{b]Yg�
 � ���<�V& � *+�B*+�&3��� ' .(���� * 6

�@dOY,UQ|�\gdOe�¯Jb�\_b�Y "}VOlnmgY3[io�lnbQ�%W;[ie;�O�Cl�oB\gj~b�lnmgY3^n�XlnVtm;e;^£m;Y3|Cl�V%b]dOlnoB�Z[�e;��e;o]\_^a� ¡ �=e;VOW�rqsquwvyx¦z*fO\go�Y~^�l�VZY
YDCq�Oln�O�=Y3Vtb�`Zb�dOY*W;[ie;�O��l�Vtb�Y3VO|Oo¥b�e1b�\g�_Y*[�Y~o���e;VOo�lnfOl�^nlnbQ�.p�e;[Rb�dOY*|OY~o�l�WgV¨`Z�O[iegb]e_bQ�w�Zl�VOWO`Zj3e;VOo�b][i�Oj~b�l�e;V¨`
\gVO|�b�Y3oib�l�VOW e_pBb�dOY ��Y3W;lne;V � G [�l£p¢b ª d�\g��f�Y~[�o3�¤�@dO[iY3Y*p¸\gj~�O^nbQ�g`O\gV�Y3VZW;l�VOY~Y3[~`�\gVO|�o�Ykm;Y~[]\g^�o�b]�O|OY~Vtb]o
\g[iY,^nl��gY~^n��b�e��,e;[��%\_bB^nY�\go�b"��\_[ibBb]l��=Y¤e;VCb�dOl�oT�O[ie{hiY3jkb�lnV%b�dOYRVOY »Jb"p�Y~���;Y�\_[�o3�"U�¯ " d�\_o"\g^no�e}�O[�ecmJl�|ZY3|
o�lnW;VOlFE�j�\gVtb?dOl�W;d f�\��½^°\_f�e;[�\_b]eg[i��o��O\gj3Y1��l£b]d8j3^nY�\gV [�eJe;�#j3\g��\gfZl�^�l£b]lnY3o@p�e;[�b�dOl�o?�O[�e{hiY~j~b3� G Ykb]Y~j~b]eg[
�O[iegb]egbQ�J��Y}b�Y3o�b]l�VZW%��ln^�^O�Zb�l�^nl�
3Y,b]dOY}Yk»wl�o�b]lnVOWCUQ|O\gdOe ¡ j3j~Y3^nY3[]\{b]e;[ ª Y3Vtb]Y~[R\_VO|§[iY3^°\{b]Y3|=l�Vwp�[]\go�b][��Zj~b]�Z[�Yg�
�@dOY%W;[�eg�O����l�^�^�o�Y~Y3��egb�dOY3[�o�eg�O[�j~Y3o}egp�p��ZVO|Ol�VZW�\_o�\_�O�O[�eg�O[�l�\_b]Y_�
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�@dOY%UQ��µ¤² Wg[�e;�O��l�o}\gjkb]l£m;Y3^£��l�Vtmge;^nmgY3| lnV�b]dOlno}�Z[�e;��e;o]\_^T\gVO|�l�V�b]dOYCrtsJuwvyx¦z§�O�OW;[�\g|OY_�R�@dOYCUQ��µ ²
b]Y3\g� lno [�Y3oi��egVOo�lnfO^�Y�p�e;[1b�dOY�|OY3oil�W;V¨`,�O[�e_b]egbQ�J�OlnVOWO` j3e;VOo�b][i�Oj~b�l�e;V¨`,\gVO| b]Y~oib�l�VOW egp}b]dOY�o��Z��Y~[�j3egVw
|O�Ojkb]lnVOW���\gW;VZY~b]oC±¢b]e;[i�Oo}\gVO| oie;^�Y~VOe;ln| ¶ `Zb�dOYXb][]\_j��JlnVOW=oi�Joib�Y3��`�\_VO|�b�dOYCdZl�W;d�b]dZ[�Y3oidOe;^n| ºª Y~[�Y3VZ�gecm
j3eg�OVtb]Y3[ ±³�}� ª@ª@¶ �R¹�^�Y3W�²�egW;e;[�Y~^��_e�lno=oiY3[�mwlnVOW \_o�\�j3eJe;[i|Ol�V�\{b]e;[1p�e;[ b�dOY���\gW;VZY~b=|OY3oil�W;VM� ¡ ^nYk»
¼�^�\go�oiecm�lnoC|Oegl�VOW�b]dOY I�e;Vtb]Y ª \g[i^�e��O[�e;Wg[]\g� p�e;[%b]dOY ºª Y3[iY3VO�_e¦m j3e;�OVtb�Y3[3`¤\_VO| ¯wY~[�W;Yk� �*�O^nY3o�dZe¦m
��l�^n^���\g[�b]lnj3l��O\_b]Y lnV�b�dOY b][�\gj��ql�VOW�oi�Joib�Y3� |OY~o�l�WgV \gVO|���l�^n^�l��=�O[ie¦mgY1b]dOY=��\g[�\g�=Y~b]Y~[�oXegp,b]dOY.UQVOVOY~[
ª \g^ne;[�ln��Ykb]Y3[~��K}l��geg^°\���²�lnmJVt�J�O��\gVZ|�U®m_\gV��RY~|O^�lnVOo��t��\_[�Y*j3eg���=lnbib]Y3|�b]e o�lnW;VOlFE�j�\gVtb�j~e;Vtb][�lnfO�Zb�l�e;VOo
l�V�b�dOYX|OY~mgY3^�eg�O��Y~Vtb�e_p�b�dOY%rqsquwvyx¦z§o�egp¢bQ�R\g[�Y_�
 2 ��T�
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�@dOY��;\_��Y~o I \g|Zl�o�egV "�VOl£m;Y~[�o�l£bQ� W;[�e;�Z� l�o�\gj~b�lnm;Y~^n��lnVqmge;^nmgY3|�lnV�b]dZl�o��Z[�e;��e;o]\_^a� ¡ �=e;VOW rqsquwvyx¦z
f�\goiY3^nl�VOY�YPCq�Ol��O�=Y3Vtb3`Ob]dOY*W;[ie;�O��lnVqb�Y3VO|Zo�b�e f�Y*lnVtm;e;^£m;Y3|�\go�\1��\¦hie;[Rj3e;Vtb][il�fO�wb]e;[R��l£b]d�b]dZY*|OY3oil�W;V¨`
�O[iegb]egbQ�J�OlnVOWO`@j~e;VOoib�[��Ojkb]lne;V¨`�\gVO| b]Y3o�b]lnVOW egp�b�dOY �Z[�Yk®o�dOec�,Y3[�j3\g^�e;[il��=Y~b�Y3[3� ´ \gf�e;[�\_b]e;[�� o���\_j3Y½lno
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j3�Z[�[�Y~Vtb]^n� f�Y3lnVOW oiY~b �O� \_bCb�dOY§�ZVOlnmgY3[�oilnbQ��p�e;[Xb]dOY=b]Y~oib]lnVOW½egp¥�OdOegb�e;�1�O^£b]l��Z^�l�Y~[?b]�Zf�Y~o1\gVO| E�f�Y~[�o~�
�@dOY�W;[�e;�Z��lno%oi�O�O��e;[ib�Y3| ft��\�W;[]\gVtb%p�[�e;�#b]dOY K�¯Z¬ \gVO|�d�\goC\�o�b][�egVOW �OVZ|OY3[iW;[]\g|Z��\_b]Y=[�Y~o�Y3\g[�j�d
j3eg����e;VOY~Vqb3�
 �3614��V�)%'&5&�� !�� * � &!�V�<� & ���('!.(���� * 6)9V" .%�4 "�� ����& � �3&)(�.�

�@dOY �*�J�OVZW;��eJe;� K�\_b]lne;V�\g^ "}VOlnmgY3[io�lnbQ��Wg[�e;�O��d�\go%f�Y~Y3V�\_j~b]l£m;Y~^n�8��\_[ib]lnj3ln��\_b]lnVOW�l�V�b]dZY�rtsquZv j~e;^£
^°\_f�e;[�\_b]lne;V¨���@dOY%W;[ie;�O��d�\go}f�Y~Y3V j~e;Vtb][il�fO�Zb�l�VOW b�e=b�dOYC^�\go�Y~[@j�\g^nl�fO[�\_b]lne;V�egp�b]dOYX�}¹*¬ o��wo�b]Y~�#\_VO|
�O^�\c�JlnVOW.\1j3Y~Vqb�[]\g^�[ie;^�Y?l�V�|OYkm;Y3^ne;�OlnVOW b]dOY*�O[iegb]e_bQ�w��Y*p�e;[Rb�dOY � �¦ �XYk¼ j3Y~Vqb�[]\g^��}¹*¬�|OYkb]Y3jkb]e;[~�¤�@dOY
W;[ie;�O�§lno,j~e;�=��l£b�b]Y~| b]e%|OY3oil�W;V¨`Jj3egVOoib�[��Ojkb�`wb�Y3o�b�`O\_VO|§��\gl�Vtb]\gl�V b]dZY � �c �*Y~¼ ª �}¹*¬�|OY~b�Y3jkb]e;[~���@dOY
W;[ie;�O��\g^�oie.l�Vtb]Y~VO|Oo@b]e=��\g[�b]l�j~l���\{b]Y�lnV�|�\_b�\=\gV�\_^n�Jo�lno3�
 � &!����&� � *+�B*��& ��� '!.( �D�7* 6

�@dOY�I�e;oij3ec� ¯Jb�\{b]Y�"�VOl£m;Y3[io�l£bQ� �X[ie;�O�§± I½¯ " ¶ lnoB\gj~b�lnm;Y~^n�*lnVtm;e;^£m;Y3|Cl�VX|OYkm;Y3^ne;�O�=Y3Vtb�egp�rtsquwv�x¦z�f�\goiY
YDCq�Oln�O�=Y3VtbRVZY3Y3|ZY3|�p�e;[¤�O[ie;��ego�Y3|§Yk»w��Y~[�ln��Y~Vqb�o3��UQV���\g[ib�l�j~�O^°\g[~`;b]dOYHI½¯ " W;[�eg�O����ln^�^O��\_[ib]lnj3ln��\_b]Y�lnV
|OYkm;Y3^ne;�O�=Y3Vtb%egp b]dOY.o�ln�1�O^�\_b]lne;V ± �Xµ ¡ K}��� ¶ \gVO| [�Y~j3e;VOo�b][i�Oj~b�l�e;V o�egp¢bQ�R\g[iYg`B\gVO|�b]dOY b�[�l�WgW;Y3[*\_VO|
|�\_b]\§\gjPCq�Ol�oilnb]lne;V¨�@�@dOY I½¯ " Wg[�e;�O��b�\g�_Y3o�[iY3oi��e;VZo�l�fZl�^�l£bQ��p�e;[�b]dOYC�§\_l�Vtb]Y~V�\gVOj~Y1\gVO|�|OY~mgY3^ne;�O�=Y3Vtb
egpCb]dOY o���Y3j~l°\g^X|�\_b]\gf�\goiY�VZY3Y3|ZY3| p�e;[���� oib��O|Ol�Y~o�lnV j~e;�O�O^nY3|w®j�d�\gVOVZY3^%\gV�\g^£�Jo�Y3o~���@dOlno��O[ie{hiY3jkb
��l�^n^�f�Y½|OYkm;Y~^�e;��Y3|�hie;lnVtb]^n� ��l£b]d ��\g^�^�� \gVO| µ¤� ¡ ª � I ¯ " ��Y~[�oie;VOVOY~^?��l�^n^�\_^�o�e���\g[ib�l�j~l���\_b�Y lnV
b]dZY½|OY~mgY3^ne;�O�=Y3Vtb�egp*b�dOY½�O[iYkQoidOec�RY~[�j�\g^ne;[�ln��Ykb]Y~[3`,b�dOY8�}� ª@ª `@\gVO|«b�dOY½|O[ilnp¢b�j�d�\g�1f�Y3[io��OVO|OY~[
o��Z��Y~[imJl�oil�e;V egp}b]dOY���\g^�^R� o�b�\ ��� ¡ b.^�Y3\goib ��oib]\ � o�j~l�Y~Vqb�l�o�b]o=\gVO| ¾ W;[]\_|O��\_b�Y�oib]�Z|OY3Vtb]o=��l�^n^Rf�Y
l�Vtmge;^nmgY3|�l�V�f�\goiY%YPCq�Ol��O�=Y3Vtb}|OYkm;Y3^ne;�O�=Y3Vtb��
 & ��� '!.( �D�7* 6 & � !� � � ��T�% �D���7( 

�@dOY "}VOlnmgY3[io�lnbQ� egpJK�Yk� �?\g�=�Oo�dZl�[�Y�K��Oj~^�Y3\g[�²�dt�Jo�l�j~o*W;[�eg�O�½l�o�j3e;�=�=lnb�b�Y3|�b]e�oil�W;VOlFE�j�\_Vqb?j3e;Vtb�[�l£
fO�Zb�l�e;VZo�lnV�b�dOYC|ZY~m;Y~^�e;�Z��Y~Vqb�egp�b�dOYCrqsquwvyx¦z�oiegp¢bQ�R\g[�Y_�HI�\g�O[�ln����eg^nb][ie;��l�o�j3�O[i[�Y~Vqb�^n��j�d�\gln[�egp�b]dZY
rtsquZvyx¦z �Xµ ¡ K}���*o�l����O^°\_b�l�e;V%W;[ie;�O�.\gVO| dO\go�\?��e;oib�Q|OeJj¥j~e;Vtb][�lnfO�Zb�l�VOW}b]e�b]dZY¥Y ��e;[ib�\go"�,Y3^n^a��¯Jl�VOj~Y
j3�Z[�[�Y~Vtb]^n��b�dOY���\gl�V�o�e_p¢bQ�¥\g[iY1Y ��e;[�b]o�p�eg[?rtsquwv�x¦z�\g[�YCl�V�b]dOY�\g[�Y3\§egp�oil��1�Z^°\_b�l�e;V¨`wb]dOY "HK?�	W;[�eg�O�
l�oX��\_[ibCegp@\gVZ|�j3egVqb�[�lnfO�Zb]lnVOW�b]e�b]dOY�W;Y3VOY~[]\g^ rtsquwv�x¦z½o�e_p¢bQ�¥\g[iY§W;[ie;�O�¨� ª �O[�[iY3Vtb1��\gVO��ec�RY~[Cj~e;�.
�=lnb]�=Y3Vtb�o¥b]e.b]dOlno}Y��Meg[ib�\g[�Y ¿ � �¦¾ ¬"��µ«egp"\.p¸\_j3�O^£bQ��\gVO| ¿ �	��¬"��µHe_p�e;VOY%��e;oib�Q|OeJjg� �@dOY~��Y »Z��Y3jkb
b]e.lnVOj3[iY�\goiY%b�dOl�o@Y��Me;[�b�\go@b]dOY~l�[�rtsquZv�\_j~b]l£mJlnb]lnY3oR��lnVO|�|Oec��V½\gVO|�b�dOY3ln[�rtsquwvyx{z�\_j~b]l£mJlnb]lnY3o¥�Zl�j����O�¨�
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�@dOYk���Z^°\gV e;V \{b�b][�\gj~b�l�VOW�oie;��Y.b�\_^�Y3Vtb�Y3| �OVO|OY~[�W;[�\g|O��\_b�Y§o�b]�O|OY~Vtb]oCb�e�b�dOl�oX�O[ie{hiY3jkb�� ¡ �=e;VOW�b]dZY
rtsquZvyx¦z�f�\_o�Y3^nl�VOY?YDCq�Ol��Z��Y~Vqb3`Zb]dZY%Wg[�e;�O��lnVtb]Y3VZ|Oo¥b]e b�\_�gY*[�Y~o���e;VOoil�fOln^�lnbQ�.p�e;[,b]dOY*|OY~o�lnW;V¨`O�O[iegb]e_bQ�w�J
l�VZWO`�j~e;VOo�b][��Zj~b]lne;V¨`M\gVO|½b]Y~oib�l�VOW�e_p�b]dOY�o�l�^nl�j~e;V�mgY3[�b]Yk»½|OY~b�Y3jkb]e;[*\_VO|8��Y~[�d�\_�Oo?b]dZY1l�VOVZY3[?|ZY~b]Y~j~b�e;[�� o
o�ln^�lnj3e;V b�[]\gj��ql�VZW�|OYkb]Y3jkb]e;[io3� ¬y\gj~�O^nbQ� ��Y~�1f�Y~[ I \g�O[il����}e;^nb�[�e;� l�o.^nl��gY~^n� b�e �,e;[i� \_b=^�Y�\_oib=��\g[�b
b]ln��Y*egV�b�dOl�o��O[ie{hiY3jkb�l�V�b�dOYCVZYk»Jb?p�Yk���;Y3\g[�o�\gVO|�l�o�^�ln�gY3^£�§b�e�f�Y@hiegl�VOY~|�ft��gl�� ª e;VOVOY~^a`y\�j~e;o��=l�j
[]\�� Yk»w��Y3[il��=Y3Vtb�\g^nl�o�b%��l£b]d�\�f�\gj��qW;[ie;�OVO|�l�V�Vq�Oj~^�Y3\g[��Odt�Jo�lnj3o~`"��dOe½lno%mgY3[i��l�Vtb�Y3[�Y~oib�Y3| lnV�hie;lnVOl�VOW
b]dZY=mgY3[ib�Yk» |OYkb]Y~j~b]eg[C�O[ie{hiY3jkb��§��Y.d�\go%j3e;VZo�l�|ZY3[]\_fO^�Y.Yk»w��Y3[il�Y3VZj3Y.��lnb]d o�ln^�lnj3e;V8|OYkb]Y~j~b]eg[�oXp�e;[Xo���\gj~Y
e;fOoiY3[�mg\{b]l�egVOo3�.¬��OVO|Zl�VOW�p�e;[�b�dOY.W;[�eg�O��l�o�p�[�eg� G ¹*µ \gVZ|�\_|O|Olnb�l�e;VO\g^�oie;�O[ij3Y3o%egp p��OVO|OlnVOW���l�^n^"f�Y
o�eg�OW;dtb�p�e;[}b]dOlno?�O[ie{hiY3jkb�b]e�fZ[�l�VZW�\gf�et\g[i|8²�[�egp � ª egVOVOY3^³��U®p�p��OVO|ZY3|½b]dZY~���Re;�Z^�|8^�ln�gYXb]e�\{b�b][�\gj~b�\
��e;oib�Q|OeJjg`w\CW;[�\g|O��\{b]Y}oib]�Z|OY3Vtb�`O\gVO|§egVOY?e;[¤bQ�,e1�OVO|OY~[�W;[�\g|O��\{b]Y?o�b]�O|ZY3Vtb]oRb�eCb�dOl�o �O[�e¦hiY3j~b3� �RY~�ge;VO|
b]dZY@f�\go�Y~^�lnVOYRYPCJ�Zl��O�=Y3Vtb�`;b�dOY@W;[ie;�O� l�o"\g^�oie�l�Vtb�Y3[�Y~oib�Y3|=l�V1Y »Z�Z^�e;[il�VOW*\_V Yk»Jb]Y~VO|OY3|=l�VZVOY3[�j3\g^�eg[�l��=Y~b�Y3[
p�e;[�rtsquwv�x¦zO�
 !�&)( � &!� �#� *+� *+�& ��� '!.( �D�7* 6

K�eg[ip�e;^n�½¯Jb]\_b]Y "}VOlnmgY3[�oilnbQ�8lnoX\gj~b�lnmgY3^n�½l�Vtm;e;^£m;Y~|�lnV½b]dOlno*�O[�e;��e;o�\g^��Oo�lnVOW�rtsJuwvyx¦zO� ¡ ��e;VZW�rqsquwvyx¦z
f�\goiY3^nl�VOY.YDCq�Oln�O�=Y3Vtb�`�b]dZY�W;[ie;�O� l�Vtb]Y~VO|OoXb]e���\g�gY.l��=��e;[ib]\gVtbXj3e;Vtb][il�fO�wb]l�egVOo�b]e�b]dOY.�O[iegb]e_bQ�w�Zl�VOWO`
j3egVOoib�[��Ojkb]l�egV¨` \gVO| b]Y~oib�l�VOW�egp�b]dZY��O[�Y Qo�dZe¦�,Y3[.j3\g^�e;[il��=Y~b�Y3[3�8�¥�,e8p¸\gj3�Z^nbQ����Y~�1f�Y~[�o.\gVZ|�o�Y~mgY3[�\g^
oib��O|OY~Vqb�oX\g[�Y%^�ln�gY~^n��b]e=�Reg[���\_b?^nY�\go�b���\_[ib}b]l��=YXe;V b�dOl�o}�O[�e¦hiY3j~b�l�V�b�dOY�VZYk»Jb?p�Yk�	�gY�\g[io3�?¬y�ZVO|Ol�VZW
p�e;[¥b�dOYXW;[�e;�Z��lno@p�[�e;� K�¯Z¬R� ¡ |O|Ol£b]lne;V�\g^�o�e;�O[ij3Y~o?egpBp��OVO|OlnVOW ��l�^n^Mf�Y%oie;�OW;dtb�\go}\g�O�Z[�e;�O[il°\_b�Yg�
 �?��� & & ��� '!
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¹�dOl�e "}VOlnmgY3[io�lnbQ�½l�oX\gjkb]lnmgY3^£�½l�Vtmge;^nmgY3| l�V½b]dZl�o*�O[ie;��ego]\g^��Zo�l�VZW�rtsquwvyx{zO� ¡ �=e;VOW�rtsquwv�x¦z�fO\go�Y~^�l�VZY
YDCq�Oln�O�=Y3Vtb�`�b]dZY%Wg[�e;�O��l�Vtb]Y~VO|Oo@b]e=��\g�gY%l��=��eg[ib�\_Vqb¥j3e;Vtb][il�fO�wb]l�egVOo@b]e.b]dOYX�O[iegb]egbQ�J�OlnVOWO`�j~e;VOoib�[��Oj 
b]lne;V¨`�\_VO|�b�Y3oib�l�VOW=egp�b]dOYX�O[iYkQoidOec�RY~[?j3\g^�e;[il��=Y~b�Y3[3�,¹�VOY*p¸\gj~�O^nbQ���=Y3��f�Y~[�\_VO| \.W;[�\g|O��\_b�YXoib]�Z|OY3Vtb
\g[iY=^nl��_Y3^n��b]e��Reg[���\_b%^�Y3\goib%��\_[ibXb]ln��Y1egV b�dOl�oX�O[ie{hiY3jkb�lnV b�dOY.VOYk»Jb%p�Y~� �gY�\g[io3��¬��OVO|Zl�VOW�p�e;[*b]dZY
W;[ie;�O��l�o¥p�[ie;� K�¯w¬R� ¡ |Z|Olnb�l�e;V�\_^Mo�eg�O[�j~Y3o}egp"p��OVZ|Ol�VOW ��ln^�^Mf�YXo�e;�ZW;dtb?\_o�\_�O�O[�eg�O[�l�\_b]Y_�
 �?��� ��&!TU�����7& � & ��� '!.( �D�7* 6

�@dOY�¹*^n| G e;��lnVOl�egV "�VOl£m;Y3[io�l£bQ��W;[�e;�Z��lnoC\_j~b]l£m;Y~^n��l�Vtmge;^nmgY3|�lnV b�dOl�oX�O[ie;��e;o]\g^³`B\go%�,Y3^n^¤\go%o�Y~mgY3[�\g^
egb�dOY3[��O[ie;��ego]\g^no}�Zo�l�VZW�rtsquwvyx{zO� ¡ ��egVOW=rqsquwvyx¦z§f�\go�Y~^�lnVOYXYDCq�Ol��Z��Y~Vqb3`Ob]dOY%W;[ie;�O��l�Vtb]Y~VO|Oo@b]e.b�\g�_Y
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[�Y~o���e;VOoil�fOln^�lnbQ��p�eg[�b]dZY8|OY3oil�W;V¨`��O[iegb]e_bQ�w�Zl�VOWO`�j~e;VOoib�[��Ojkb]lne;V¨`}\gVO|«b�Y3oib�l�VOW�e_p*b]dOY#��Y3Wgl�e;V � G [ilnp¢b
ª d�\g��f�Y~[3�,¬"lnmgYXp¸\_j3�O^£bQ� ±¸lnVOj3^n�O|Ol�VZW e;VOYX[�Y~o�Y�\_[�j�d p¸\gj~�O^nbQ� ¶ \gVO|�e;VOYXb]Y~j�dOVOlnj3l°\_V�\_[�YX^�ln�gY3^£�§b�e=�,e;[��
\_b�^�Y3\goib���\g[�b�b�l��=Y%egV�b]dZl�o}�O[�e{hiY~j~b?l�V�b�dOY�VZYk»Jb?p�Yk� �;Y�\_[�o3��¬��OVO|OlnVOW�p�eg[�b�dOY�Wg[�e;�O��l�o�p�[�e;� G ¹*µ
\gVO|1p�[ie;� b�dOY¥�OVZlnm;Y~[�oilnbQ��± � ¾�� egp�[�Y~o�Y�\_[�j�d.p¸\gj3�O^£bQ��o�\g^°\_[i��� e;VZY@[�Y3Wg�O^°\g[Bp¸\gj3�Z^nbQ�1oi�O�=��Y~["o]\_^°\g[����
¾g¿�� egpMb�dOY@b]Y3j�dZVOl�j~l°\gV ¶ �¤¹ G " d�\go,\g^�oie%�Z[�ecmJl�|OY~| �Z` ¿;¿;¿ o Cq��\_[�Y�p�Y3Y~b,egpMdOl�W;d.f�\��.^�\gf�eg[]\_b�e;[i��o���\gj~Y
��lnb�d j3^nY�\gV�[�eJe;� j�\g�O\gfOl�^nlnb�l�Y3o*p�e;[Xb]dZl�o��Z[�e{hiY~j~b�� �@dOY�W;[ie;�O����ln^�^�o�Y~Y3��egb]dOY~[�oie;�O[�j~Y3o egp@p��ZVO|Ol�VZW
\go�\_�O�O[�eg�O[�l�\_b]Y_� �X\gln^ G eJ|OW;Y�l�o§b�dOY½j�d�\gln[�egpXb]dZY�rqsquwvyx¦zH¯Jb�Y3Y3[il�VOW ª eg���=lnbib]Y3Y \gVO|«b�dOY8�Oo�Y~[
j3eJe;[i|Ol�V�\{b]e;["p�eg[�b]dOY}rtsquZvyx¦zCb][�\gj��ql�VOWXb]Y~j�dOVOlnj�\g^O�,e;[��qlnVOWCWg[�e;�O�M���RYk�;e;VO|=b]dOY�f�\_o�Y3^nl�VOY�YPCJ�Zl��O�=Y3Vtb�`
b]dZY1W;[�eg�O�½l�o?\g^�oie§lnVqb�Y3[iY3oib�Y3|8lnV½Yk»w�O^ne;[�lnVOW§ln���O[iecm;Y3�=Y3Vtb�o?b]e§b�dOY1�¥¹OK "�¯ |OYkb]Y~j~b]eg[*\gVO|�\�p��wb]�O[iY
��U ª � |ZY~b]Y~j~b�e;[@p�e;[�rtsJuwvyx¦zO�
 " 
�����D
� �B
( 
 &!�76 *+
� ����� � �D���P* � * 41*+

�@dOY �}²�U}Wg[�e;�O� l�o�\_j~b]l£m;Y~^n��l�Vtm;e;^£m;Y~|8l�V b�dOl�o��O[�e;��e;o�\g^"�Ooil�VOW�b]dOY rtsquwvyx{z�f�\go�Y�YDCq�Ol��Z��Y~Vqb3�X²"\g�Z^
¯Jb�e;^�Y~[Blno"\}��Y~�1f�Y3[BegpZb�dOY¥rtsquwv�x¦z%¯Jb]Y~Y3[il�VOW ª e;���=lnbib]Y~Yg� ¡ �=e;VOW�b]dOYRrtsJuwvyx¦zXfO\go�Y~^�l�VZY,YPCJ�Zl��O�=Y3Vtb�`
b]dZY �}²¤U*Wg[�e;�O��l�o%l�Vtm;e;^£m;Y~| l�V b]dOY�|OY3oil�W;V¨`��O[�e_b]egbQ�J�OlnVOWO`�j~e;VOoib�[��Ojkb]lne;V¨`�\_VO|�b]Y~oib�l�VOW�egp@b]dOY�dOl�Wgd
b]dZ[�Y3oidOe;^n|6ºª Y~[�Y~VO�gecm j3e;�ZVqb�Y3[�±³�}� ª@ª@¶ \_VO| b�dOY���eJ|OlFE�j�\_b�l�e;V egp%b]dOY�^�ec��b]dO[iY3oidOe;^�| ºª Y~[�Y3VZ�gecm
j3eg�OVtb]Y3[ ± ´ � ª@ª@¶ � ª �O[i[�Y~Vqb�^n�g`¨²"\_�O^�¯Jb�e;^�Y~[�lno�oiY3[�mwlnVOW�\go?\�j3eJe;[i|Ol�V�\{b]e;[}egp�b�dOY1�}� ª@ª \gVZ| ´ � ª@ª
W;[ie;�O�Oo@lnVqmge;^nmgY3|�lnV�b]dOY*Y��Me;[�b�� ��Y3oiY�\g[ij�d�oij3lnY3Vtb]lnoib@¼ \g^nY3[i� �*�Of�\_[�ecmJo��t��l�o,|OY3oil�W;VOlnVOW.\gVO|�fZ�Ol�^n|Ol�VOW
b]dZY�\_�O��\g[�\_b]�Oo�p�eg[�b]Y3o�b]lnVOW�b]dOY �O[iegb]e_bQ�w��Y.j3e;�=��e;VOY3Vtb�o3� �¥�,e��OVZ|OY3[iW;[]\g|Z��\_b]Y~o�\_[�Y o���Y3VZ|Ol�VOW�b]dZY
o��Z���=Y3[*\{b � ´ \_f��,e;[i�JlnVOW�e;V��O[�e_b]egbQ�J��Y ��ln[�[�eg[�p¸\gfO[il�j3\_b]lne;V8\gVO|�j~e;���Z�Zb]Y~[� \_l�|OY~|8e;�Zb]lnj3o*|OY~o�lnW;V
\gVO| oil��1�Z^°\_b�l�e;V¨���@dZY@W;[�e;�Z�1��l�^�^qj~e;Vtb]l�Vq�OY¥b�e�f�YRp��O^�^£�Xl�Vtm;eg^nm;Y~|=\go�VOY~Y3|OY~|¨���@dOY¥W;[ie;�O� lno"j3�Z[�[�Y~Vtb]^n�
p��OVO|ZY3|�fq�3K?¯Z¬ \gVO| ��²�U�� ¡ |O|Olnb�l�e;VO\g^Moie;�O[�j~Y3o}egpBp��OVO|OlnVOW ��l�^�^Mf�Y*oie;�OW;dtb�\go}\g�O�O[ie;�O[il°\_b�Yg�
 & ��� '!.( �D�7* 6 & � "�������T�&!� �

�@dOY "�VOl£m;Y3[io�l£bQ��e_p��}lnj�dO�=e;VO|§Wg[�e;�O��l�o,\gj~b�lnmgY3^n�.lnVtm;e;^£m;Y3|§l�V�b�dOl�o �O[ie;��ego]\g^y�Ooil�VOW�rqsquwvyx¦z�� ¡ ��e;VZW
rtsquZvyx¦z�f�\_o�Y3^nl�VOY?YDCq�Ol��Z��Y~Vqb3`Zb]dZY%Wg[�e;�O��lnVtb]Y3VZ|Oo¥b]e b�\_�gY*[�Y~o���e;VOoil�fOln^�lnbQ�.p�e;[,b]dOY*|OY~o�lnW;V¨`O�O[iegb]e_bQ�w�J
l�VZWO`g|OYkm;Y~^�e;�O�=Y3Vtb3`w\_VO|1b]Y~oib]lnVOW*egpyoiegp¢bQ�¥\_[�Y¥p�e;[�Ykm;Y~Vqb oil��1�O^�\_b]lne;VC\gVO| [�Y~j3e;VZoib][i�Oj~b�l�e;VM�¤¹�VOYRp¸\gj~�O^nbQ�
�=Y3�1f�Y3[R\g^�e;VZWC��lnb�d �¦ �%�OVO|OY~[�W;[�\g|O��\{b]Y3o@Y3\gj�d��;Y3\g[@\g[iY�^�ln�gY3^£� b]e1�,e;[���\_b@^nY�\go�b¥��\_[ibRb�l��=Y?e;V�b]dOlno
�O[ie{hiY3jkb�l�V�b]dZY*VOYk»Jb�p�Y~� �;Y3\g[�o~�,�@dOY*Wg[�e;�O��d�\_o�\ �c¿;¿  ª ² " j3e;�=�O�Zb�l�VOW j~^��Oo�b]Y3[@oie;^�Y~^n�=p�e;[¥Vq�Oj~^�Y�\_[
�Odt�Jo�lnj3oRoi�O�O��e;[ib�Y3|�ft�=\%^�l�Vq�w»qab][]\_l�VOY~|¨`;b]Y~j�dOVOl�j3\g^yoib]\ ����Y~�1f�Y~[3���@dOY?j~^��Oo�b]Y3[¤�R\go,p��OVZ|OY3|�fq� K?¯Z¬
\gVO|8b�dOY "�VOl£m;Y~[�o�l£bQ�;�C�@dOY "�VOl£m;Y~[�o�l£bQ�8\g^no�e�oi�O�O��e;[ib�o*[�e;�Zb�l�VOYCb][]\�mgY3^�b]e � ´ \gf \gVZ|8�OVO|OY~[�W;[�\g|O��\_b�Y
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o��Z���=Y3[�oib�l���Y3VO|Zo3��¬��OVO|OlnVOW.p�e;[@b]dOY%W;[�eg�O��lno}p�[ie;� G ¹*µ@� ¡ |O|Ol£b]lne;V�\g^¨oie;�O[ij3Y3o�egp"p��ZVO|Ol�VZW=��ln^�^�f�Y
o�eg�OW;dtb�\go}\g�O�O[ie;�O[�l�\_b]Y_�
 & ��� '!.( �D�7* 6 & � �5&!41* �8�S��( & � � ���

�@dOY "}VOlnmgY3[�oilnbQ��egp�¯we;�Zb�d ª \g[�eg^�l�VO\�W;[ie;�O� l�o"\gj~b�lnmgY3^n�Cl�Vtmge;^nmgY3|.l�V�b�dOl�o��O[�eg��e;o�\g^Z�Zo�l�VZWXrqsquwvyx¦z%f�\goiY
YDCq�Oln�O�=Y3Vtb�� ��\_^np �*egb�dOYClno?\=��Y~�1f�Y3[}egp�b]dZY1rtsquZvyx¦z ¯qb]Y3Y~[�lnVOW ª e;�=�=lnb�b�Y3Y_� ¡ �=e;VOW.b]dOY�rqsquwvyx¦z
f�\goiY3^nl�VOY�YPCq�Ol��O�=Y3Vtb3`Ob]dOY "?¯ ª W;[ie;�O��d�\go¥b]\g�gY~V�[iY3oi��e;VZo�l�fZl�^�l£bQ�.p�e;[¥b]dOY*|ZY3o�lnW;V¨`O�Z[�egb�egbQ�J�Ol�VOWZ`Oj3e;VJ
oib�[��Ojkb]lne;V¨`�\gVO| b�Y3o�b]l�VZW�egp"b]dOY%p�e;[i�R\g[�|�b]ln��Y Qegp°a·�l�W;dtb@|ZY~b]Y~j~b�e;[3� �}\g^np �Xe_b]dOY%l�o}j3�O[i[�Y~Vqb�^n��dOY3\g|OlnVOW
¬"�}¹*¬�b�Y3j�dOVZl�j�\_^��,e;[��ql�VZW§W;[ie;�O�¨�}�@dO[�Y~Y "�¯ ª p¸\gj3�O^£bQ����Y~�1f�Y~[�o�± �X� �*egb�dOYg`M¯��M¯Jb][�\g�Oj�d¨`M\gVO| G �
�BY3|OY~o�j�dOl ¶ `qe;VOY@��e;oib�Q|OeJjg`;b�dO[�Y~Y@W;[]\_|O��\_b�Y@oib]�Z|OY3Vtb]o~`Z\_VO|1bQ�Re%�OVO|ZY3[�Wg[]\g|O�O\_b]Y@o�b]�O|OY~Vtb]o,\g[�Y@\_^�[�Y3\g|Z�
�,e;[��ql�VZW�e;V�b�dOl�oB�O[�e¦hiY3j~b3���@dOY�"?¯ ª Vq�Oj3^nY�\g[��Odt�Jo�l�j~o�W;[�eg�O�1l�oBj3eg���=lnbib]Y3|Xb]e?j�\g[i[i�%e;�Zb�b]dOlno��O[ie{hiY3jkb
\gVO|���l�^�^�j~e;Vtb]lnVJ�ZY?b]eCf�Y}p��O^�^£�.l�Vtm;e;^£m;Y~|�\goRVZY3Y3|ZY3|¨� �@dOY?Wg[�e;�O�§l�o j3�O[i[�Y3Vtb�^n�=p��OVO|OY~|�fq� K?¯Z¬R�%"�¯ ª
l�o��O[�ecmJl�|Zl�VOW?\?|OY~b�Y3jkb]e;[¤\goio�Y~�1fO^n�%d�\_^�^qp�e;[�b�dOY¥|O�O[�\_b]lne;V�e_p�b]dOY¥�Z[�e{hiY~j~b¤\gVZ|1d�\go"p��ZVO|OY3| � � ¿ ` ¿;¿;¿ p�eg[
b]dZY�l�VZlnb]l�\g^�l�Vwp�[]\go�b][��Zj~b]�Z[�Y�VZY3Y3|Zo3� ¡ |O|Olnb�l�e;VO\g^�o�e;�Z[�j3Y~o*egp�p��OVZ|Ol�VOW=��l�^n^Bf�Y�oie;�OW;dtbX\_o�\g�O�Z[�e;�O[il°\_b�Yg�
�RYk�;e;VO|�b�dOY?f�\_o�Y3^nl�VOY�YDCq�Oln�O��Y~Vtb�`wb�dOY�W;[ie;�O��dO\go@\g^no�e�f�Y3Y~V�|OY3Y~�O^n��l�Vtmge;^nmgY3|�l�V�o�egp¢bQ�R\g[iY��O^°\_VOVOl�VZW
\gVO|�|OYkm;Y3^ne;�O�=Y3Vtb�p�e;[�rtsquZvyx¦zO�
 ��
T�%��  & ��� '!.( �D�7* 6

�@dOY*�BY3�=�O^�Y "�VOl£m;Y~[�o�l£bQ�§Wg[�e;�O��dO\go¥e;VOY�p¸\gj3�O^£bQ�=��Y~�1f�Y~[*± �"� Qµ���I�Y 
~l°\gVZl ¶ `w\���e;oib�Q|OeJjg`Z\�[�Y~o�Y3\g[�j�d
\goio�eJj3l°\{b]Yg`O\gVO|�o�Ykm;Y3[�\g^TW;[]\_|O��\_b�Y*oib]�Z|OY3Vtb]o~�R�@dOYX��\¦hie;[¥oie;�O[ij3YXegpBp��OVO|OlnVOW1p�e;[¥b]dZY*W;[�e;�Z��lno G ¹*µ�`
dOec�,Y~m;Y~[3`Tb]dOY�[�Y3oiY�\g[ij�d�\_o�o�eJj3l�\_b]Y�l�o�e;VZ^n����\gln|8d�\g^np¤ft� G ¹Xµ b]dZY1egb]dZY3[*d�\g^£p¤egp¤dOlno�o]\g^�\g[i��l�o?�O[�e_
mJl�|OY~|8ft�½b]dOY "�VOl£m;Y3[io�l£bQ�;�%�@dOY l�Vtb]Y~VO|OY~| j~e;Vtb][il�fO�Zb�l�e;V l�o � ¬"��µ"a�;Y�\_[�p�e;[?b]dZY«ºª Y3[iY3VO�_e¦m�j~e;�OVtb]Y~[
l�VZoib�\_^�^°\{b]l�egV�\gVO|�j3eg���=l�oio�l�egVOl�VOWZ`w\_o��,Y3^n^T\go@b]dOY%\gVO\g^n�Jo�lno¥egp�b]dOYXYk»w��Y3[il��=Y3Vtb��
 & ��� '!.( �D�7* 6 & � ,3� ( �!�����7�

�@dOY "}VOlnmgY3[�oilnbQ��egp�¼�ln[�W;lnVOl°\}²�e;^�\g[�l 
3Y~| �"\g[iW;Y~b �X[ie;�O�1lno�\gj~b�lnmgY3^n�Cl�Vtmge;^nmgY3| l�VCb]dOlno��O[�eg��e;o�\g^a`g\go��,Y3^�^
\go¥e_b]dOY~[¥�O[�eg��e;o�\g^�oR�Oo�lnVOW rtsquZvyx¦zO�,�@dZY*W;[�e;�Z� � oRj3e;Vtb][il�fO�wb]l�egV§b]e�b�dOYXrtsquZvyx¦z=fO\go�Y~^�l�VZY�YDCq�Oln�O��Y~Vtb
��l�^n^Of�Y�b�dOY�|OY3oil�W;VM`Jj~e;VOo�b][��Zj~b]lne;V¨`J\gVO|.b]Y~oib�l�VOW%egp�b]dOY�^�egVOW;lnb��O|OlnV�\g^�^£�X��eg^°\g[il�
3Y~| b�\g[iW;Y~b¤|Olno�j~�Oo�oiY3|�lnV
b]dZl�oT�O[�eg��e;o�\g^a�B�@dOY b�\g[iW;Y~bT��l�^n^t�Oo�YR\}dZe;[�l 
3e;Vtb�\_^��k��Y Y~m_\g��e;[]\_b�l�e;VX[iY~p�[�lnW;Y3[�\_b]eg[T��l£b]dC\�j~e;Vtm;Y3Vtb�l�e;V�\_^
|OY~o�l�WgV�\gVZ|�oil��=l�^°\_[}b�e�e;VZY3oXfO�Oln^nbX\gVZ|�e;��Y3[�\_b]Y~|�\{b � ´ \gf�lnV b�dOY.��\goib3�.�@dOY�[iY~p�[il�W;Y~[]\_b�e;[?��l�^n^�f�Y
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j3egVOoib�[��Ojkb]Y3| lnV�b]dOY�²¤dt�Jo�lnj3o G Y~��\g[ib���Y~Vtb��,e;[��qo�dZe;���,b�dOY��,e;[i�JoidOe;� oib]\ �«dO\cmgY�Yk»w��Y3[�lnY3VOj~Y§��lnb�d
fO�Oln^�|OlnVOW=o��Oj�d�|OYkmwlnj3Y~o3�*�BY3oib�l�VOW���l�^�^Tf�Y1|Oe;VZY1l�V�e;�O[?^�\gf ��dOY~[�Y \_^�^�b]dOY�VOY3j~Y3o�o�\g[i�½l�VZp�[�\goib�[��Ojkb]�O[iY
l�oXe;V d�\gVZ|¨���¥�,e [�Y~o�Y3\g[�j�d �Z[�egp�Y~o�o�eg[�o�± � ¾�� e_p¥o]\_^°\g[��½p�[�e;� "}¼ ¡ ` � � � p�[ie;� G ¹*µ ¶ `¨bQ�,e ��e;oib�
|OeJj3o~`�\_VO|HbQ�,e W;[]\_|O��\_b�Y oib��O|OY~Vqb�o3`�\g^�^�oi�O�O��e;[ib�Y3| ft� G ¹*µ@`¤��l�^�^@oi��Y~VO|«b]dZY3l�[=b]ln��Y�\go�VOY3Y~|OY3|
e;V�b]dZl�o �O[ie{hiY3jkb�� ¹?b]dOY~[1p��OVO|OlnVOW8��l�^�^,f�Y��Z�O[�oi�OY3|H\go.VOY3j~Y3o�o�\g[i�g� ¹*�wb]o�ln|OY�b]dOY�f�\_o�Y�YDCq�Oln�O��Y~Vtb
j3egVOo�ln|OY3[�\_b]lne;VOo3`ge;VOY¥�=Y3�1f�Y3["egp�b]dOY@Wg[�e;�O��± G � ª@¶ d�\go�o�b�\g[�b]Y~|.�,e;[i�JlnVOW���lnb�d.¹�»Jp�e;[�|.UQVOo�b][��Z��Y~Vqb�o
e;V \�|OY~o�l�WgV�p�e;[�\gV eg�Zb]ln��l 
3Y3|�b�[]\gVOo�m;Y~[�o�Y1b]\g[�WgY~b}�§\_W;VOY~b}b]e�f�Y%�OoiY3| p�e;[�b][�\gVOo�m;Y3[io�Y1��e;^�\g[�l 
�\_b�l�e;V
�=Y�\goi�O[�Y~��Y~Vqb�o3�
 ,3�7(��!� ���7� 
 &!� 65*+
�����������P���P* � * 4V*���<� �8� *+�B*+�& ���('!.(���� * 6

¼�ln[�W;lnVOl°\=��Y~j�d�lno*\gjkb]lnmgY3^£�½l�Vtmge;^nmgY3|�l�V½b�dOl�o��Z[�e;��e;o]\_^a�%�@dOY ¼��	W;[�e;�Z� lno��O^�\gVOVOlnVOW§b]e�j~e;Vtb][�lnfO�Zb�Y
b]e b�dOYX|OY~mgY3^�eg�O��Y~Vtb?egpBb]dZYCrtsquwvyx{z§oiegp¢bQ�R\g[�Y_`�o��Oj�d8\_o¥b]dOY �Xµ ¡ K����=o�ln�1�O^°\{b]l�egV�Y ��e;[ib3�
 ���V �S&!���7.�)�& ��� ��� ���7�<T �<� � � ��(+6

�@dOY ª e;^n^�Y3WgY@egp�� ln^�^nl°\g� \gVZ|$I�\g[i� Wg[�e;�O�=l�o¤\_j~b]l£m;Y~^n�1lnVtm;e;^£m;Y3|=l�V b�dOl�o��O[ie;��e;o]\g^³`t\go��,Y3^�^y\_o�o�Y~mgY3[�\g^
egb�dOY3[C�O[�e;��e;o�\g^�oX�Ooil�VOW rqsquwvyx¦z�� ¡ �=e;VOW�rtsJuwvyx¦z�fO\go�Y~^�l�VZY�YPCJ�Zl��O�=Y3Vtb�`�b]dOY�W;[�e;�Z��l�o%j3eg���=lnbib]Y3|
b]e�fO�Oln^�|OlnVOW���\g[ibCegp¥b�dOY�p�eg[i�R\g[�| b][]\_j��JlnVOW o��Joib]Y~��`�fZ�ZbCb�dOY§Y »Z\gj~bCb�\goi�Jo�d�\�m;Y§VZegbC�gY~b f�Y3Y~V |OY 
b]Y~[��=l�VOY~|¨� ¡ b�^nY�\go�bXe;VOY.p¸\gj3�Z^nbQ�8�=Y3�1f�Y3[~`¨bQ�Re�W;[]\_|O��\_b�Y=o�b]�O|ZY3Vtb]o~`�d�\g^£p¥\���e;oib�Q|OeJj=\gVO| o�Y~mgY3[�\g^
�OVO|ZY3[�Wg[]\g|O�O\_b]Y~o.\g[�Y�^nl��_Y3^n��b�e �Reg[�� \{b1^�Y3\goib1��\g[ibCb]ln��Y�e;V�b]dZl�o1�O[ie{hiY3jkb l�V�b]dOY�VOY »Jb1p�Y~� �;Y3\g[�o~�
¬��OVO|OlnVOW�p�e;[¤b]dZY�W;[�eg�O��l�o p�[�e;��b�dOY G ¹*µ \gVO|�p�[�eg� b�dOYLK?¯Z¬R� ¡ |O|Ol£b]lne;V�\g^�p��OVO|Zl�VOW���ln^�^yf�Y?o�eg�OW;dtb
p�e;[�fO�Zl�^�|Zl�VOW?b�dOY�f�\goiY�YPCJ�Zl��O�=Y3Vtb���¬�\_j3l�^nlnb�l�Y3o�\_b�� ln^�^�l�\g�	\gVO| I \g[�� l�VZj3^��Z|OY�\%j~^�Y3\gV.[�eJe;��oi�Olnb]\gfO^�Y
p�e;[¤|O[ilnp¢bi®j�d�\g�1f�Y3[¤j~e;VOoib�[��Ojkb]lne;V¨`w\gVO|¨`Je;V�b�dOY�b]l��=Y�o�j3\g^�Y}egp�\Xp�Y~�«�gY�\g[io3`Z\g���Z^�Y�o���\_j3Y�p�eg[ |ZY~b]Y~j~b�e;[
j3egVOoib�[��Ojkb]l�egV \gVZ|�b�Y3o�b]l�VZWO�
 ���V��-.(  'B�<� 
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�@dOY
	 Y3[iY~m_\gV�²¤dt�Jo�lnj3o%UQVOoib�lnb��Zb]Y.W;[ie;�O� l�oX\gjkb]lnmgY3^£�8l�Vtm;eg^nm;Y~|�lnV8b]dOlno*�O[�e;��e;o�\g^a`T\go*�,Y3^n^¤\goXo�Y~mgY3[�\g^
egb�dOY3[��O[ie;��ego]\g^no¥�Oo�lnVOW=rtsJuwvyx¦zO� ¡ ��e;VZW�rtsquwvyx{z§fO\go�Y~^�l�VZY*YDCq�Ol��Z��Y~Vqb3`Ob]dOY*Wg[�e;�O��l�o@�O\g[ib�l�j3ln��\_b�l�VOW
l�V�b]dOY��O�OW;[�\g|OY�egp*b]dOY µ�^�Y3jkb][ie;�§\_W;VOY~b�l�j ª \g^ne;[�ln��Ykb]Y3[~� �@dOl�o�l�VOj~^��O|OY~o�|ZY3o�lnW;VOlnVOWO`¥�O[iegb]e_bQ�w�Zl�VOWO`
j3egVOoib�[��Ojkb]l�VZWO`�j3\g^�lnfO[]\{b]l�VZWO`y\gVO|½j~e;�=��lno�o�lne;VOlnVOW1b]dOY�µ ª �O[�Y~o�dOec�,Y3[*|OYkb]Y3jkb]e;[ ±¸�OVO|ZY3[�b�dOY�oi�O��Y3[imJl 
o�lne;V�egp¤¯���¯Jb�Y3��\_Vq�;\gV ¶ �}U®b?\g^no�e=l�VOj~^��O|OY~o@��[�lnb�l�VOW=\gVZ| l��=�O^nY3�=Y3Vtb]lnVOW1b]dOYCµ ª ²�[�Y3oidOec�RY~[�o�e_p¢bQ�¥\g[iY
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 ��� �X� � �!I�j�\g^n^�l�o�b]Y~[@\gVO| �%�O��egp�o�b�\g|Zb�Y3[~`y²¤dt�Jo3� ��Y~m�� �.; 	 ` � ¾ � ± ���t¾ � ¶ �
 � � µ@� G �y�R^�eJe;������������`�²�dt�Jo3� �}Ykm�� ´ Ykb�b3� 	�$ ` � � ¿ ± ��� � � ¶ �
 � � I��y�,[�Y3ln|OY3Vqf�\_j�d�����������`�²�dq�Jo~� ��Y~m�� ´ Y~bib�� 	 $ ` � � ¾ ± ��� � � ¶ �
 � � I�� �*Y3^n^£ I \gVOV¨`Z²�dq�Jo~� ´ Ykb�b�� = ` � � � ± ��� � � ¶ �
 ¾�� � � ���,Y3l�WZ` ª µ �RK�®���� � � �w`T± ��� � � ¶ �
 � � �?�y¬�l�^�^nl���e;VOY�\gVO|! 1� �gl³` ¡ |wm���lnV3K��Oj~^a�y²�dt�wo~� 	); ` � � ¿;¿ � �
 � � G �)I�"�Z^�^�Y~[#����������`�¬�e;[ib�o�j�dO[~�y²¤dt�Jo3� � 	 ` �c¿ � ± ���$� � ¶ �
 � �  �� �gla`�²�dt�Jo3���}Ykm�� ´ Ykb�b�� �<= ` � ��¿ ± ���$� � ¶ �
 �%�  �� �gla`�²�dt�Jo3���}Ykm�� G /)/ ` � ��� ��± ���$� � ¶ �
 �c¿%� ¡ � ¼�� ��\g|w�w�Zo�dO�ql�VM`�²�dt�Jo3� ´ Y~bib��y� $!=<; `�� � ��± ���$� � ¶ �
 ����� ¡ � ¼�� ��\g|w�w�Zo�dO�ql�VM`�²�dt�Jo3����Y~m�� G / � ` ¾;¾ � � ± ���$� � ¶ �
 � � � I��y�,�O[��{\g[i|Zb�`�dOY~�wQ�Zd � ¿ � ¿ � � � � `¨± � ¿g¿ � ¶ �
 � � � ¡ �y�RY3^nlnb]oi�t��\gVO| G �)I��ZY3^�^nY3[~`<K��Oj~^a�y²�dt�Jo3� ¡ �5�)� ` ��� ��± � ¿;¿ � ¶ �
 � � �  �� G � �gl³`O²�dt�wo~� ��Y~m�� G /)/ `�� ��� ��± ���$� � ¶ �
 �¦¾��  �� G � �gl³`O²�dt�wo~� ��Y~m�� ´ Y~bib�� ��= ` � �c¿ ± ���$� � ¶ �
 � � � ¡ � ¼��y�RY3^nlnb]oi�t�;` G �)I��ZY3^�^nY3[~`�\gVO| ¡ � �*ln[�j�dOVOY~[3`)K}�Oj3^³�y²¤dt�Jo3��� �)	 � ` ��� ��± � ¿;¿ � ¶ �
 � � � ¡ � ¡ l�[�\g��Y~b]l�\gV&���������('*),+.-,/0+(13254��6���87�4�9:���<;=4�>�?{`O²�dt�Jo3����Y~m�� ´ Y~b�b3� = � ` � � � ¿;¿ � ± � ¿;¿ � ¶ �

¾ � �



 � � � ¯���¯qb]Y3�O\gVt�t\gV ���������(' 2���� 1 254��6���87�4�9 ���<;=4�>�?{`O²�dt�wo~� ��Y~m�� ´ Y~bib�� = � ` � � � ¿g¿ ��± � ¿g¿ � ¶ �
 ���%� ¼��y�R�O[��_Y3[�b ���������(' 2���� 1�254��6���87�4�9 ���*;=4�>�?{` � ´ \_f�µ"»w��Y3[�ln��Y~Vtb?µ ¿ �  ��� �w`T± � ¿g¿ � ¶ �
 � ¿%� ²B�y�RY3[�b]l�V ���������('*) ���6��� 254��6���87�4�9:���<;=4�>�?{` � ´ \gf�µ"»w��Y~[�l��=Y3Vtb�µ ¿;¿  ���c¿ `¨± � ¿;¿g¿ ¶ �
 � ��� ¯�� ª dZY3V����������.' 2���� 1�254��6���87�4�9 ���*;=4�>�?{`wdOY3�JQYk» � ¿ � ¿t¾g¿ � �w`T± � ¿;¿ � ¶ �
 ��� � ¡ � ¡ l�[�\g��Y~b]l�\gV&���������('*),+.-,/0+(13254��6���87�4�9:���<;=4�>�?{`ZdZY3�w®Yk» � ¿ � ¿;¾ �c¿ �Z`�± � ¿;¿ � ¶ �
 � � � ¯�� ª dZY3�{\gVOecm ���������('�� +
	 1�254��6���87�4�9:���<;=4�>�?{`O²�dt�Jo3� ´ Y~b�b3�y� / � $ ` � ��± � ¿;¿ � ¶ �
 � � � ª � ¡ |O^�e �3���������.'*)�� 254��6���87�4�9 ���<;=4�>�?{`O²�dt�Jo3� ´ Ykb�b3��� /1� � ` � ��± � ¿g¿ � ¶ �
 � ¾�� I��O¼ \_VO|OY3[id�\gY~W;dOY3VM`�²B� ¡ � I � �*�Olnj�dOe;V¨`�\_VO| I � �X�Oln|�\g^³`Z²�dt�Jo3� �}Ykm�� G �<; ` ¿$� � ¿ � ��± ���$��� ¶ �
 � � � ��µ � I µ ¯�j~e;^�^�\gf�e;[]\_b�l�e;VM`JlnV��O[�Y~��\g[]\{b]l�egV¨�
 ��� � �Z� G [iY3o�j�dZ^�Y3[ '*),+.-,/0+(13254��6���87�4�9:���<;=4�>�?{` ¡ U ² ª e;VZp �y²�[iewj_��² ¡ K�U ª = � 	 ` ��� ¾ ± � ¿g¿t¾ ¶ �
 � � � ¡ � ¼��y�RY3^nlnb]oi�t�;` ¡ U ² ª e;VZp �y²�[�eJjg� ���)= ` � ¿ ��± � ¿;¿ � ¶ �
 � �%� �Z� ª � ª e;^�^nl�VOo~` ´ �y¬�[]\gVZ�qp��Z[ib�`O\gVO| I���¯Jb][il��q��\gV¨`�²�dt�Jo3���}Ykm�� G / � ` � � � ��± ���$� � ¶ �
 � ¿%� �%�y¬yY~VO�gY~[ ����������` � ´ \gf�µ"»Z��Y3[il��=Y3Vtb}µ ¿ �{ � �w`T± � ¿;¿ � ¶ �
 � ���  �� �MdOY3VOW ���������('*) ���6���254��6���87�4�9 ���<;=4�>�?{`O²�dt�Jo3� �}Ykm�� ª �B; ` ¿ � ¾ � ¿ ��± � ¿;¿ � ¶ �
 � � � � � ¼1� G d�\g[i�§\��R\g[�|O\gVOY ���������(' 2���� 1�254��6���87�4�9:���<;=4�>�?{`O²�dt�Jo3� ´ Y~b�b3�y� � ��� ` ��� ± � ¿;¿ � ¶ �
 ��� � ¯�� �*�OdZ^���\gVOV&����������`y²¤dt�Jo3� ´ Y~bib��y� � � � ` � � � ± � ¿;¿g¿ ¶ �
 � � � ¯�� �*�OdZV ����������` � ´ \gf�Yk»w��Y~[�ln��Y~Vqb�µ � �¦ ¿ �{ ��� �Z`M± � ¿g¿ � ¶ �
 � ¾�� �@dOY ´ e;VOW;l£b]�O|Zl�V�\g^¨¯w�OlnV ¯qb][��Zj~b]�Z[�YXegpBb]dOY-K��Zj3^�Y~e;V¨` � ´ \gf�Yk»w��Y3[�ln��Y~Vtb}µ � �¦ ¿ �¦ �c¿$� `�± � ¿;¿ � ¶ �
 ��� � µ@� ´ Y�\g|ZY3[3` ¡ � ¼���¯wl�|Ze;[�ecm�`y\gVO| G � �?��¯Jb�\_��Y~VOecm�`y²�dt�Jo3����Y~m�� G � $ ` ¿ � � ¿ � ��± � ¿;¿ � ¶ �
 ��� � �X�y¬y\_b]Y~��l.���������.' 2���� 1�254��6���87�4�9 ���<;=4�>�?{`O²�dt�wo~� ��Y~m�� ´ Y~bib�� �1� ` ����� ¿;¿ ��± � ¿g¿ � ¶ �
 � � � �Z� 	 �OV����������(' 2���� 1�254��6���87�4�9:���<;=4�>�?{`O²�dt�Jo3����Y~m�� ª � � ` ¿t¾;¾ � ¿ ��± � ¿;¿ � ¶ �
 � �%� �Z� ²�� ª dOY~V¨` ¡ � G Y~�O[3`y\gVZ| �"� µ@�!I�Y 
~l°\gVZla`)I�eJ|¨��²�dt�Jo3� ´ Y~b�b3� ¡ 	<; ` � � � ¾ ± � ¿g¿t¾ ¶ �

¾ ���



 � ¿%� �Z� G �y�Thie;[i�gY3VM`y²¤dt�Jo3� ��Y~m�� � � = ` � ������± ��� ��� ¶ �
 � ��� ¯�� G � G [�Y~^�^M\gVO| ¡ � ª �y��Y�\_[�V¨`y²�dt�Jo3� �}Ykm�� ´ Ykb�b�� � � ` �;¿ ��± ��� ��� ¶ �
 � � � ¯�� �?� �*Y3[�\go�ln��ecm�`y¯wecm�� �Z�)K��Oj~^a��²�dt�Jo3� 	 `�� � ¿ ± ��� ��� ¶ �
 � � �  �� G � �gl�\_VO| �Z��¹�oif�e;[iVOYg` �Z�y²�dt�Jo3� � 	 � ` � ����± � ¿;¿ � ¶ �
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 � �%� µ@���@dOe;��\go}\gVO|3K%�y�Rl°\gVZj�dOla`<K}�Oj3^³��²�dt�wo~�M²�[iewj_�y¯w�O�O�Z^a� =)	 ` � ¾ ��± � ¿;¿;¿ ¶ �
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 � �%� ¯�� �Z�y�R[iew|Ooi�t�;` G � ¯����}�R\gVOWO`�\gVZ|�U���¯Jj�dO��ln|Zb�`�K��Oj~^a�y²�dt�wo~��� � � 	 ` � � ��± � ¿;¿ � ¶ �
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 ��� � ¬R� 	 �O\gV¨`�²�dt�Jo3� ´ Ykb�b3�y� /)=�� ` � ��± � ¿g¿ � ¶ �
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 � � � ¡ � �Xe_b 
3lnVOl°\_V¨`�K}�Oj3^³��²�dq�Jo~�M� � ��� ` � � ��± ���$�;¾ ¶ �
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 ���¦¾�� ¡ �y�¥\gj3j�dZY~b�b]\ ����������`�²�dt�wo~���}Ykm�� G �)/ ` ¿$� � ¿ � � ± � ¿;¿ � ¶ �
 ��� � � ¡ � I�� �*egb 
3l�VZl°\gV ����������`�dOY~�wQ�Od � �$�;¿ � � ���Z`¨± ���$��� ¶ �
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 � ��� � I�� ¡ VOo�Y~^��=l�VOe ����������`�²�dt�wo~���}Ykm�� G � � ` ¿ � � ¿ �c¾ ± � ¿;¿ � ¶ �
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 � � � � ´ � G � ´ \gVO|�\g��\gVO|�U��y²�eg��Y~[]\gVOj�dq�O�y` G e;�q^a� ¡ �{\g|¨�)K�\g�O��¯JY3[3�y¬�l�
g� �!	 ` ¾ � ¾ ± ���t¾ � ¶ �
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 � � � � ¡ � ¡ l�[�\g��Y~b]l�\gV&����������`�²�dq�Jo~� ��Y~m�� ´ Y~bib�� �<; ` ¿t¾ � ¾_¿ � ± � ¿g¿ � ¶ �

¾ ���
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 � � ¿%� � � ¡ j��_Y3[ioib�\ � ����������`�²�dt�Jo3� �}Ykm�� ´ Ykb�b�� =)	 ` � ¿ � ¾ ± ���$��� ¶ �
 � � ��� � �y�?\�E�|Ola` �g^°\gf�Y »Z��Y3[il��=Y3Vtb�µ ¿ �¦ � �c¿ ` � ¿g¿ �w�
 � ��� � ¡ � ¡ l�[�\g��Y~b]l�\gV&����������` '*) +.- /0+513254��6���87�4�9 ���<;=4�>�?{`O²�dt�wo~� ´ Ykb�b3�y� / � � ` ����± � ¿g¿ � ¶ �
 � � � �  �� K%� � \gVZWO`)K��Oj~^a��²�dt�Jo3� ¡ ��/); ` � ��± � ¿;¿t¾ ¶ �
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b�dOY3oil�o3` ª \_^�lnp�eg[�VOl�\�UQVOoib�lnb��Zb]YXegp���Y~j�dOVOe;^ne;Wg�g` � ¿;¿ �Z�
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 � � � � U�� ª ^newYkb�` � �y�RY~Vtb 
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 � ¿ � � I��y�,d�\gWg�R\_b�`y²�dt�Jo3� �}Ykm�� ª �)= ` ¿ �¦¾ � ¿ ��± � ¿;¿ � ¶ �
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