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X n H n H � g ` NRHBg n � c n P JMHOJMLONRPQg � g�q pOJ o J � J ` q PQV � JMq PRJ*Y[ VQSePRJ ` [ ma r�q a H n [ n p n ` � u ��� �
G � ` V � J'G ` H a PRpBN � ma H�� g�S'N NQPRg ` J [ � c g�PRg [ N [ � g�S'PRg ` � J ` pOVQSeV NQPRg	Y� g Y[ N�� PRN�r�JMS J]H ma P Y� mn S'PRg ` N
JMPQVRHOS'VZY[ � V ` � � JMLBN��LON ` NRHBpON `bc g�S'g L a�� n � n �EH 	 ���N Y� NQH c g ` Y� g�q [ N [ � g�SeNQH o g [ JMhOPRJMHOSeJ
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[ mn ` g [ N2NRPQg NRHOpBN ` c g�HOS'NZY[�[ N [ � g�SeNQH o g [ JMhOPRJMHKJMH [ mn ` g [ N�jdg>NRHBpON `bc g�S'g NZY[ PRg�SeN [ mn ` g�PRg ` N
q J ` Y[ VRPRJ*Y[ � V ` VQPRS'VZY[ � V ` � X n q J ` Y[ VQP JKY[ � V ` S J [ a H n � n HOpKJ�g�PQpOgg�pBNRPRg�H o J�� J�N � JMpOg�PRg ` N�� c g ` Y� g�q
[ N [ � g�S'g\JMN�� � ` JMH [ � g ` � a HOq [ N �Ma H n N � JMpOg [ N NQPRg6NQHOpON ` c g�HOSeNZY[�[ N [ � g�S'g\JMN�� � ` J]H [ � g `
� a HOq [ N �da H n N � J]pOg�PQg ` NQHONRH � J ` q P J ` V�NQPRg a P n Y[ � n ` n PRS n Y[ o J�� J jMg�q��=maM` mn H mn H,H ad` S n g [ J [
JMPQVRHKJ ` JMq o g [ JMhOPRJMHOS'V Y[ � V ` � G � ` V � J � Y g�q NQP� ��� s NRPQg2pOg o J�� J)N � JMpBg�PRg ` NQHONRH � ` g�q JMH [ J c mad` g
pOg 
c NZY[ NRS'PRg ` N c ma [ � g ` NQPRS'NZY[ � N ` �
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� Y[ PQg�S [ mn ` g�PRg ` NRHOg-NRPRNZY[ q NRH ma PbY� mn S pOg 
c g ` PRg ` N � JMLOP a  ��� NRPQg-jdg ` NRPQSeNZY[ � N ` �
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� t t � sMs t � t � �
	 � � Mu
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Mt 	� s � t � t s s � s � s �
� tdt � u �  � t � t s � � s]t� �

� NQHOg"L g�HOr�g ` Y[ g�q NRPQpOg	� [ N [ � g�S pOg ` g � g [ N Mt>NRPRg [ JMLON�� � n � n P J ` JMq NQHOpON ` c g�Seg4pOg ` g � g [ N
J ` � � V ` VQPRpOV 
c VRHOpOJ>g�PRpOg>g�pONRPQg�H [ a H n Y� P J ` � JMLBP a  � � NQPRg jMg ` NRPRS'NZY[ � N ` � X n ` JMpKJ NZY[ PRg�S'NRH
c g ` Y� g�q [ mn ` g [ N�� a hBP JMS'pKJ 	 ����� [ � a PRJ ` J]q o g [ J]hOP JMHBSeVZY[ � V ` � G � ` V � J o J�� J o g [ JMLBV
� J]hOVRPQV ` q]g�H NRr�PRg�HOg�H � ma H�� g�S � 	 � � � � � � � �  � � � � � � ��� � Y[ g�q PQNRHOpOg�pON ` � X n ` JMpOJMq N
� � � ad` N � NQHKJMP [ N [ � g�S'NRH � ` JMH [�� g ` � a HOq [ N �da H n jMg � � � NQHOpON ` c g�HOSeNZY[�[ N [ � g�S'NRH � ` J]H [ � g `
� a HOq [ N �da H n p n ` � � NRHBg:J � HOV o J�� J jdg�q��=mad` mn H<mn H � ` g�q JMH [ L ma P c g [ NRHBg c mad` g5pBg�
c NZY[ NRS'PRg ` N � Y g�q NRP
 ��� uNRPQg-jdg ` NRPQpON 
c N c NQLON a PRJ � JMq�� V ` �
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� N [ � g�S cM` JMS'N JMHBP J ` VdNRPQg NQHOpON `bc g�S'g0N Y[ PQg�S'NRHOpBg � udu � � pKJ jdg ` NRPQSeNZY[ a PRJMH�jMg ` NRPRg ` q n PRPRJMHOVQPRpOV �
X n jdg ` NQPRg ` pOg [ N [ � g�S'NRH>fIJMHOqMg�P � g�q NRP pOg 
c g ` PRg ` N jMg [ N [ � g�S cd` JMSeNRJMHOPRJ ` VQHOVRH 	 o a PQg [ q �

�



�����
	�� ����� � � 3�3 ) # � � . '�3 . �()  �5) ��' ��*�)�% ���  ��3 � � � � . '�3 �  � )�%  )� $���%�* ���5) 	 - 5% � 3  )

� ���� O �� M 	��?�T�W < ���� �	 �S< � ���� O �� M 	��N	����� �	�<�� �S< � 
 ' � '
� t t � s � t � t � t � uMu � � �
s]t t �  � t � tMu � � ��� ���
uMt � � s � t � t 	 t � �  � � u
� t s � �  t ����� t � 	�	�� s 	
�  u � uds t ��� u � � � � � u

LONQPRg Y[ g�HOPQg ` NBjdg ` NRPQSeNZY[ � N ` � X n jMg ` NQPRg ` jdg [ N [ � g�S S J�� ` N [ PQg ` N � J ` pOVRS'VBNQPRg q J ` g�q ma q � ma H�� g�SeN
q n PRPRJMHOVQP J ` JMq NRHOpON ` c g�SeNZY[#[ N [ � g�S'NRH�S J�� ` N [ PRg ` N o g [ JMhOP J]HOSeVZY[ � V ` � � P c NRPQN ` g � g ` JMH [ � J jMg ` NRPRg�H
` J [ � c g�PRg [ N [ � g�S mn r�g ` NQHOpOg n � c n PRJMHKJMH � ma H�� g�S [ a H n � n � Y g�q NRP  ����� � pOg�q N X a pOg)Y[ g�q NQPRPRg ` N
g�PQpOg�g�pONRPQSeNZY[ � N ` � � N [ � g�S'NRH c g ` Y� g�q � g�j]JMLOV N [ g � Y g�q NQP  ���  NRPQg0jMg ` NQPRS'NZY[ � N ` � X n ` JMpKJ [ N [ � g�S
cd` JMSeNRJMHOPRJ ` VQHOVRH o g [ JMhOPRJMHOSeJ [ V NZY[ PRg�S'N � JMhOVQPRSeJMS'V Y[ a PRSeJ [ V�HOg�pOg�HON NQPRgeN Y[ PQg�S [ mn ` g�PRg ` N
ma P Y� mn PRS'g�S'NZY[ � N ` �
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��� �  pOg�j ` g�PQg ` NQHOpOg�J ` JMLKJ�
c PRJMH�� V pOg�j ` g�PRg ` NRHBNRH � JKY[ VRpBV 
c V-ma HOg�S c ma rdma H<mn HOg�JMPQVRHOpBV 
c VQHOpKJ
� J [ J ` VRS1ma H � g [ N L n � JMhOVRPRJ ` VQH	g � q NQPRg ` NRHBNRH � J]hOVRPRJMH�L g�HOr�g � NRS Y� JMPRVZY[ SeJMP J ` VRHOJ�g�q PQg�HOS'g [ N
q J Y� VQHOVRPQS J]r�LON ` p n ` n Sep n ` � X n g�q PQg�H�� N [ V ` J [ VRHOpKJ � J ` J ` PRJMHOVQP JMLONQPRg � g�q Y� a q ma HBg�S'PRN LON `
HON�� g�PQNRq��<J ` JMLKJ 
c P JMH�� V0pBg�j ` g�PRg ` NRHONQH p a 
cM` n [ JMP�pOg�j ` g�PQg `a PRJ ` J]q4S a pBg�PRPQg�HOg�LONRPQSeg�PRg ` NRpBN ` �
T a 
cd` n [ J]P a P J ` JMq S a pOg�PRPRg�HOg�LBNRPRg�H J ` JMLKJ�
c P JMH�� V^pOg�j ` g�PRg ` N [ N [ � g�S L g�HBr�g � NRS'NRHOg
p a 
cM` n [ JMP S a pOg�P�NQHOpON `bc g�S'g � ma H � g�S'PRg ` N � J ` pBVRS'V � P J�pKJ o J4p mn Y[ mn q pOg ` g � g�PQN [ N [ � g�S'PRg `
a PRJ ` JMq,g�q PQg�HOg�LONRPQSeg�q�� g$L ma�� PQg�PQNRq PRgFpOg o g [ JMhOPRJMSeJ [ mn ` g [ NQHOpOg�H ma HOg�S'PRNeq]J]r JMHOVQSePRJ `
[ J 
c P JMHOJMLONRPQSeg�q�� g�pBN ` �
X n Y� JMPRVZY[ SeJMpKJ ��� �  J ` JMLKJ�
c PRJMH�� V4pOg�j ` g�PQg ` NRHONQH L g�HOr�g � NQSeNQHOpOg q n PRP J]HOVRPRJMH � g�S'g�P
� ma H�� g�SePQg ` J ` J [ VRHOpKJ'LON ` q J ` Y[ VRPRJ*Y[ � V ` SeJ � J]hOVRPQSeVZY[ � V ` � X n q J ` Y[ VRP JKY[ � V ` SeJMpKJg � q NRH>ma P Y� mn �
a PRJ ` JMq o g [ JMhOPRJMSeJ r�JMSeJMHOV�� p a 
cd` n P n qejdg [ N [ � g�S HON�� g�PRNRq PQg ` NQHON [ JMq PRJMS J JMPQVRHOS'VZY[ � V ` �

 	



G � � � ma H�� g�S'N�� [ N [ � g�SkS a Seg�H � PRg ` NRHBNRH a P n Y[ � n ` p n 
c n S a S'g�H�� PQg ` SeJ�� ` N [ N � � NRH q ma �Mmn
q a Y[ n PQP JMHOS'VZY[ PRV 
c VdHOg�pOg�HONBNRPRg p<mn Y[ mn q pOg ` g � g jdg � ` g�q JMH [ P J ` pKJ c maM` g � g�PQN a PRJ ` JMq�N � N [ a H n Y� P J `
jdg ` S'g�q�� geJMH � JMq4NRHBpON `bc g�HOg�H [ N [ � g�SeNQH4L a�� n � n L<mn � mn p<mn q�Y� g � g�j]JMLOV:q ma �Mmn PQg Y[ Seg�q � g�pON ` �
X n HOg�pOg�HBPRg)p a 
cd` n pOJMH S a Seg�H � PRg ` NRH q n PRPRJMHOVQSeVQHKJ	pKJ � JMHKJ]H G � � � ma H � g�S'N � mn q [ g�q
pOg ` g � g�PQN [ N [ � g�S'PRg ` NQH NQHOpON ` c g�HOSeg [ N2N Y� NQH N � NLON ` � ma H�� g�S HON�� g�PRN 
c N � J*Y[ VQS J]S JMq�� JMpOV ` �
G � � NQPRg � JMhOVQPRS'VZY[ a P J]H NRH � g�PQg�S'g�PQg ` pBgeg�PRpOg)g�pONRPQg�H jMg)S a Seg�H�� PRg ` SeJ�� ` N [ NRHONQH q ma �Mmn
q a Y[ n PQP JMHOS'VZY[ PRV 
c V Y[ g�q NQP��  ���
	 ��NQPRg c ma [ � g ` NQPRS'N Y[ � N ` �
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_���� � ma H�� g�S'NiN [ g�G � �FNQPRg g Y[ pOg�
c g ` LON ` o g [ JMhOP J]S J�hKJ o J [ V#NbY� g ` Seg [ NRHBg-q J ` Y[ VRH [ N [ � g�S
S a Seg�H�� PRg ` NQHON-p a 
cd` n pOJMH q n PQP JMHBS J � J ` JMq � J]H � r a [ mn Y� LKJMH�� P JKY[ � V ` S J J]P cdad` N�� S J [ V NRPRg
_ J]p �g � JMq PRJ*Y[ � V ` VQSeV�J ` J [ VQHOpKJMq N�NQPRNZY[ q N�J ` J � VRPRV 
c V�NRPQg NQHOpON `bc g�S'g NZY[ PQg�S'N � JMhOSeJMq�� JMpOV ` �
X n HOg�pOg�HOPRg pOg [ J � V [ J]P�JMHBP JMS'pKJ G�� � � ma H�� g�SeNQHOg"q V � J [ P J,Y� a q pOJ o JFq J ` J ` PQV�LON `
� ma H�� g�SepON ` � _���� � NRH � VQq JMHOpOV 
c V5ma HBg�S'PRNiH a q�� JMPRJ ` pKJ]H	LON ` N [ N [ � g�S o J�� J [ V�NQPRg�NQHOpON ` c g�Seg
pOg ` g � g [ NBJ ` J [ VQHOpKJ p a 
cd` n pKJMH�LON ` NQPRNZY[ q N a PQS JMSeJ [ VRpOV ` � G � ` V � J _���� [ N [ � g�SeNQH�hOJ [ N��KN 
c NQHON
[ J]q PRJMSeJ q a H n [ n HOpKJ c J ` JMH�� N�jMg ` S'g�r � � HOpON ` c g�HOS'N Y[�[ N [ � g�S � c g ` Y� g�q [ N [ � g�S hKJ [ N �
a PQS J [ VRHKJq J ` Y[ VRH�JMq�� N � a P J]LONRPQN ` � G-H � JMq [ N [ � g�SeNQH9q J ` J ` PQVRPQV 
c VQHOV [ JMq P J ` � G � ` V � J [ N [ � g�S
[ NQSeg � ` NRq LON ` [ N [ � g�S a P n ` [ J [ NQSeg � ` NRq � J]H � r a [ JMP cdaM` N�� S J [ VRHBV q n PQP JMHOJMH [ � _������ ma H�� g�SeN
q n PRPRJMHOVQP J ` JMq [ N [ � g�SeNQH [ NRS'g � ` N [ N [ JMq P JMHOJMLONRPQN ` �
G ` H a PQpON J]P cdad` N�� S J [ VRHKJ pOJ � JMHKJMH S a pBg�P NRHOpBN ` c g�S'g � ma H�� g�SePQg ` NRHOpOg N [ g
q J ` Y[ VRPRJ*Y[ VQP JMLONQPRg � g�q ma HOg�SePQN�LBN ` [ ad` n H � g�q � J ` J �KV�LON `���` � P a j JMP�� n r�J � V a P n Y[ � n ` SeJ [ V
HOg�pOg�HON'NRPQg [ N [ � g�S � g�jMJ]LOVeNQPRg mad` �Mmn Y[ g�S'g�S'g [ ad` n H n p n ` � 	 YMN � � � J ` J �KV LON ` G ` H a PRpON
JMP cdad` N�� SeJ [ V q n PRPRJMHOVQPRSeJ [ V N [ g NQHOpON ` c g�Seg NZY[ PRg�SeNQHONRH o g [ JMh hKJ o J [ VQHKJ � JMhOJ � J�
c V
a P n S [ n r7g � q NRpOg�H p a PRJ � V � g ` � N o g�pONRPQg�H LON ` � JMq P JKY[ VRS pBg�
c NQPRpON ` � X n H n H � g ` NQHOg
pKJ o J � J ` q PQV � JMq PRJ*Y[ VQSePRJ `2c g�PRNZY[ � N ` NRPQSeNZY[ � N ` � G ` H a PRpBN � JMLKJ]HOPRV � ma H�� g�SePQg ` NRH g�H7ma HOg�S'PRN
c g � N ` N [ N N [ g [ N [ � g�S'NRH>hKJ [ N �ONRq HBN�� g�PRN 
c NRHON [ J]q PRJMSeJMP J ` VRpOV ` � _ ��� � � �B_���� jdg�G ` H a PRpON
� ma H�� g�SePQg ` NQHOpOg a P n Y[ J � JMq a P JMH o J�� J a P n Y[ n S'P J ` ViN [ geY[ g�q NRP� ��� � NRPQg-jdg ` NRPQSeNZY[ � N ` �
� X * � JMq P JKY[ VRS'VRHKJ-pOJ � JMPRVBS a pOg�P NRHOpBN ` c g�S'g � ma H�� g�S'PRg ` N o g [ J]hOP JMSeJ�hKJ o J [ V*J Y� V [ VRHOpKJ]H
pKJ o J ma H � g LKJ o [ g�pONQPRg�H �Mmn S � ma H�� g�SePQg ` pBg�H$pKJ o J hKJ o JMPRV LON ` � ma H�� g�SepON ` � � q N-JMpOg �

 �



� � JMh n H a j"g Y[ N�� PQN 
c N Y� ma rBmn S mn jMg LON ` � g�q NRP5pBg�
c g ` J � ` VZY[ � V ` SeJ [ V c g ` g�q � N ` N ` � G-H � JMq o J�� J
NRPQg NRHOpON ` c g�HOS'g�pBg ` g � g [ N5J ` J [ VQHOpKJ'S J�� g�SeJ�� NQq [ g�P a PRJ ` J]q)L g�PRN ` PRN�LBN ` o J�� J [ VQHOV ` V � J*Y[ V ` �
X n HOg�pOg�HOPRg c g ` g�q [ NQHONRS p n � n P J]H�p n � J ` PQVRPQVRq [ VRHOV ` VQHKJ pOg�q NQHOpON `bc g�S'g � J]hOVRPQS J [ VRHKJ
NRr�NRH jdg ` N ` � G-H � JMq L n � ma H�� g�S NQPRg q]J ` J ` [ VRr LON ` [ N [ � g�S'NRH�NQHOpON ` c g�HOSeg [ N [ V ` J [ VRHOpOJ
� � JMh n JMH a j g Y[ N�� PQNRq PRg ` N q n PQP JMHBVRP J]S JMr � T a P J � V [ V � P J c g�PRNZY[ � N ` NQPRS'NZY[ a P J]H � JMq P JKY[ VRS'P J ` VRH
o N Y� LON ` NRHBpOg�q J ` J ` [ VQr�LON ` [ N [ � g�S'NRH	NQHOpON ` c g�HOSeg [ N#S mn S'q mn H a PRSeJMSeJMq�� JMpOV ` �
fIg ` LON ` � ma H�� g�S'NRH�� J*Y[ VQpOV 
c V � J ` q PQV a P n S'P n jMg a P n S [ n r�HON�� g�PRNQq PRg ` c ma rdma H<mn HOg JMPQVRHOpBV 
c VQHOpKJ
[ N [ � g�S'NRH7N o � N � J � VRHOJ c mad` g LBN ` NRHBpON `bc g�S'g � ma H�� g�SeN [ g Y� NRPRS'g [ NRHONQH c g ` g�q PQNRPRN 
c N ad` � J � J
Y� VQq S JMq�� JMpOV ` � � J ` [ J � VQS [ JMP a P J ` JMq c ma r ma H mn HBg JMPQVRHKJ]LONRPQg � g�q o J�� J [ VRHOV ` V:qMg [ NRH a P J ` JMq
L g�PRN ` PQN�N [ g L n HOJ n � c n H/LON ` � X * q n PQP JMHOVQP JMLBNRPRN ` q]g�H ��hKJ [ N �ON 
c NQH [ JMq PRJMHOSeJ [ V)ma HOg�S
� JKY[ V �Mad` [ J'G ` H a PRpON � JMLKJ]HOPRV � ma H�� g�S'PRg ` q n PQP JMHBVRP J]LONRPQN ` �
� mn S L n p n ` n SePRJ `ec ma r ma H mn HOg4JMPQVRHOpOV 
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