
�����������	��
��������
������������������
�������������

���������� "!#�������	
$�%������!#�&�	'����

(*)

+ (&,.-0/1-3254 +7698#+76
(7:;4=<>:@?A/CB1D�EFB�G�EIHFHIEIB�-KJLHFB1D�EIBM?ON.P$QSR7PTHIUOEV?=-3WOXOEIBM?ZYT[1[1\
G]:;4=<>:@?A/CB1D�EFB�G�EIHFHIEIB�-KJLHFB1D�EIBM?=N9P$Q�R7PTHIUOEV?M-3WOXOEIBM?ZYT[1[1^

2_,7`&4a-L4

4Mb=cAD�E@d0d0PTX�EIWfegB>h"dLEIB1HjikbgH@lgHIHID�PTWmd*n1iodLUOP#hLPTpabOE@hLPTD�PTWqdLJ
ikn1h_dLU=P�XOP$r1hLP$P#n1isR.nM<td0n1h7n1iou*UOEIH@nCJ0n1eAUmv�EIW�uwUqvaJ"EI<$J

EFWfdLU=P�x7h"B1XgbOB>d0P�y&nCHIHIP$r1Pzn1iodLUOP
{.WOEI|1P$h"JLE@d}v~n1io-KHFHIEIW=nCEIJ&B>d7y�UgEI<$B>r1n=?A�>�1�C�

y�UOEF<$B>r1n=?O-KHFHIEIW=nCEIJ



-�X=PTXOEF<$B>d0P dLUOEIJ�XgEIJLJ0P$hLdLB>dLEInCW d0n D�v d}Q*n cjPTJ0d�ikh"E@PTWOXOJ�B1WgX nCWOH@v cjPTW=P$ikB1<td0n1h J$? D�v i B>dLU=P$h�G�hT:

y�UOEFWOD�n v�4MB>h � B>h9B1WOX�D�v�D�n1dLU=P$h.G�h"J$:wG�EIHIE 4MB>h � B>hT: 29U=PTE@h JLB1<th"E@lA<tP�B1WOXfPTWO<tnCb=h B>r1PTD�PTWmd.cOhLnCb=rCUqd

D�Pzn1eOejn1hLdLbgWOE@dLE@PTJ&dLU=P$v�XOEIXfW=n1d.UOBT|1P1:&2_U=P$vfB>hLP#hLPTJ0ejnCWOJ"E@cgH@P.i n1h9D�vfd0h"bOH@v~eOh"E@|MEIH@P$r1PTXfHIEIi P1:

EFEIE



���������
	��������������

-	dLUOB1W � D�v]XOEIJLJLP$hLdLB>dLE@nCW]XOEIhLPT<td0n1hT? uwhLn1iK:f/CnCUOW��&: G�B>h � n=? ikn1h�rCE@|MEIW=r D�P�dLU=P�n1eOejn1hLdLbgWOE@d v�d0n

Q&n1h � EIW�UgEIJ HIB>c B1WOX�JLU=n Q9EIW=r9D�PwdLU=P&Q&B v#dLU=hLnCbOrCU�dLU=P&dLUOEI< � P$d n1igr1h"B1XObOB>d0P&Q*n1h � :�� UgB>d0P$|1P$h D�BTv#cjP

�LbOX=r1PTX�EIdLJ.<tnCWqd0h"E@cgbOdLE@nCW d0n�dLU=P�dLUOP$n1hLv�n1iwJLEIWOrCH@P�� D�nCH@PT<$bOHIPzP��aejP$h"EID�PTWmdLJ$?AdLUOEIJ.XOEIJLJ0P$h"dLB>dLE@nCW hLP �gPT<tdLJ$?

EIW�dLU=P	r1hLPTB>d0PTJ0d.D�PTB1JLb=hLP1?=dLUOP	<$B>h"P1?g<tnCD�D�E@dLD�PTWmd_B1WOXfEIWgX=P$ikB>dLEIrCB>cgH@P7egB>dLE@PTWO<tP	n1isu hLn1iK:wG�B>h � n�Q9E@dLU

D�P1:_,7BT|MEIW=r�J0n�dLB!�MPTX�uwhLn1iK: G�B>h � n#" J	<tnCWOJLEFX=P$h"B>cgH@P#EFWmd0PTHIHIPT<tdLbOB1HV?gD�n1h B1H B1WOX�D�B1WOB>r1P$h"EIB1H hLPTJ0nCbOh"<tPTJ$?

- Q9EFHIHOrCHIB1XgH@v�B>d0d0PTJ0d d0n�U=n Q r1h"PTB>d�B1WfbOWgX=P$h"J0dLB>d0PTD�PTWqd D�v~Q*n1h XOJ*UOP$hLPzB>hLP.d0n dLU=P	d0h"bOP.P��Md0PTWmd n1i UOEIJ

UOB1WOX�EFWfdLU=P#P��MPT<$b=dLE@nCW�n1i D�v�r1h B1XObOB>d0P#hLPTJLPTB>h"<"UZ:

-zdLUOB1W � u hLn1iK:�R	EIXgE@P$h�y�UOB>d0PTWgBTv n1i_{7WOE@|1P$h JLE@d%$P�& nCbOEIJ�uoB1JLd0PTb=h i n1h |MEIJLE@dLEIWOr�nCb=h�HFB>c;n1h B>d0n1hLv]EIW

YT[1[('�B1WOX JLUOB>h"EIWOr�<th"bg<$EIB1HsEIWOJLE@rCUqdLJzEIWqd0nfP��aejP$h"EID�PTWmdLJ	nCW d0n1h JLE@nCWOB1HIHIv�<tnCWOJ0d0h"B1EFW=PTX R	N + dLUOB>dzQ&P$hLP

ejP$hLikn1h"D�PTX�EFW�UOEIJ.HIB>cjn1h"B>d0n1hLv1:9,7EIJ9PTWO<tnCb=h"B>r1PTD�PTWqdzB1WOX�rCbOEIXOB1WO<tP�<tnCWmd0h E@cgb=d0PTX�JLE@rCWOE@lA<$B1WmdLH@vfd0n�dLU=P

<tnCD�egHIP$dLE@nCW�n1iodLU=P#dLU=P$n1hLP$dLEF<$B1HZQ*n1h � Q&P�bOWgX=P$hLd0nan � d0n�P��MegHIB1EFW�UgEIJ�hLPTJLbOHIdLJ$:

) dLUOP$h�D�PTD�cjP$h"J�n1i.dLU=P�{9-Ly egUqvaJLEF<$J�i B1<$bOH@d}v1?wegB>h"dLEI<$bOHIB>h"HIv uwhLn1i J$: + W!�LbOD + WOJLB>h E&B1WgX G�B>h �

4M< UOH@nCJLJLD�B1WZ?OUOBT|1P�c;P$PTW�B�<tnCWOJ0dLB1Wqd9J0nCb=h <tP#n1i r1nanMX�B1X=|MEI<tP#B1WOX�PTWg<tnCb=h"B>r1PTD�PTWqd$:

-.dLUOB1W � uwhLn1i J$:�/mE@P*& EIB1W=r�B1WOX]4aP$h"XgB>h ) rCb=d$? Q9U=n�Q&P$hLP�nCW D�v�dLU=PTJLEIJzXOP$i PTWOJLP <tnCD�D�E@d0d0P$P1? ikn1h

eOhLn |aEFXOEIW=r D�B1WqvfUOPTH@eOi bOHAJ"b=r1r1PTJ0dLE@nCWOJT:

-sUOBT|1P.UOB1X�dLU=P eOh E@|aEFH@P$r1P*n1i;Q&n1h � EFW=rzQ9E@dLU <tnCHIH@PTB>rCbOPTJwHIE � P_G�hT: /CE@P&)wB1WZ?aR7hT: G�EI< UOB>PTHAx�:qu nCEIh"E@P$hT?

G�hT: R7EIP$r1n�R7nCD�EIWgEI<$EV?mG�J$: R	bOW!�LB�4 � n � n=?=B1WOX~G�J$:wy�U=P$P,+7E@nCWOr=?qQ9UOn�UOBT|1P.cjP$PTW�cjn1dLU�r1nanaX�i h E@PTWOXOJ

B1WOX�eAB>dLE@PTWmd_EFWmd0P$h"HIna<$b=d0n1h J nCW JL<$E@PTWqdLE@lg<zD�B>d0d0P$h"J$?OcjPTJLEIXOPTJ�c;PTEFW=r P��M<tPTHIHIPTWmd_J0dLbgX=PTWmdLJ9B1WOX JL<$E@PTWqdLEIJ0dLJT:

E@|



������� �
	 �,������  ��� � �������	�
��������

-�dLUOB1W � u hLn1iK:���:�N�:&{.J"D�B1WOEV?_uwhLn1i PTJ"J0n1h~n1i�uwUqvaJLEF<$J�B>d�/CB1D�EIB G�EFHIHIEIB -3JLHIB1D�EFBM?�N.P$Q R7PTHIUOEV?

-3WOXOEIBM?AQ9U=n�Q�B1JzEIWOJLd0h"bOD�PTWqdLB1H EIW�D�v�rCB1EIWOEIW=r�B1XOD�EIJ"JLE@nCW�d0nfdLU=P {.WgE@|1P$h"JLE@d}v�n1i -3HIHIEIW=nCEFJ B>d#y UOEI<$B>r1n=:

R	b=h"EIWOr~D�v�J0dLbOXOEIPTJ9B>d	dLU=P�/CB1D�EIBfG�EIHIHIEIB -3JLHIB1D�EIBM?;uwhLn1i J$:7usB1W � B �z4MUgB>h"B1WZ?ZG nCUOB1D�D�PTX]4MB1D�EV?jB1WOX

& P � UOB N.B1E@h ?�B1HFH_n1izdLU=P�R.P$eAB>hLdLD�PTWqd~n1i#u*UmvMJLEI<$J�dLU=P$hLP1?_Q&P$hLP�B1HIQ&B vaJ~r1PTW=P$hLnCbOJ~Q9E@dLU�dLU=PTE@h~dLEID�P1?

PTWO<tnCb=h B>r1PTD�PTWmd7B1WOX�Q9EFJLX=nCD�: �=n1h.dLUOEIJ$?=-&dLUOB1W � dLU=PTD�:

2_UgEIJ�hLPTJ0PTB>h"< U Q�B1J_JLb=ege;n1h"d0PTXfcqvfN	4#� x	h"B1WmdLJ.RzG 6 �}[	�>\��OY�� 'fB1WOX�RzG 6 � �C�>�C\1[��1\a?ZcqvfB�r1h"B1Wqd

ikhLnCD dLU=P#uoP$d0hLnCH@PTbgD 6 PTJ0PTB>h <"U �OnCbOWOXOB>dLE@nCW ?=cqvfB 6 PTJ0PTB>h <"U -3WOW=n |�B>dLEInCW + Q�B>h"X�ikhLnCD dLU=P 6 PTJ0PTB>h"< U

y&n1hLejn1h"B>dLEInCWZ?Ocav B�(�E@nCD�PTXOEF<$B1H `wW=rCEFW=P$P$h"EIW=r 6 PTJ0PTB>h"< U x	h"B1Wmd.i h"nCD dLU=P � UOEIdLB � P$h �=nCbgWOXOB>dLE@nCWZ?Acqv

B��=na<$bgJ0PTX]x	E@|MEIW=r�x7h B1Wmd	ikhLnCD /CnCUOWOJ0nCW�� /1nCUOWOJLnCW�y&n1hLejn1h"B>d0P 6 PTJLPTB>h"<"UZ?ZB1WOX�cav dLU=P {.WOEI|1P$h"JLE@d}v

n1is-KHFHIEIW=nCEIJ �=nCbOWOXgB>dLE@nCWZ:

+ 4

|



� ��� �, ��� � � ���
������

����~!����	� !*����

� �
	f�]��! �j
�������� 
����9����
������	�����z��
����� ~��� !�����	 ���	�
�_�zz�����~��� �������� :_:_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: Y
Y>:IY -3Wmd0hLnMXObO<tdLEInCW : :_:_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: Y
Y>: � R	N + " J7(&EInCH@n1rCEI<$B1H 4ME@rCWgE@lg<$B1WO<tP :9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: �
Y>: �a:IY R	N +�� 4=bOD�D�B>hLv~n1i 8 P$v�,7EIJ0d0n1h"EF<$B1H ` |1PTWqdLJ :_:9: :_:_: :_:_: :9:_: �
Y>: �a: � R	N + " Jzy�U=PTD�EIJLd0hLv�B1WOX�4Md0h"bO<tdLb=hLP�: :_: :_:_: :_:9: :_:_: :_:_: :9:_: �
Y>: \ R7nCb=cgH@P��K4Md0h"B1WOX=PTX�R	N + B1J.B�uonCH@vMD�P$h :_:_: :_:9: :_:_: :_:_: :9:_: '
Y>: � �=n1h"<tP1?1`*W=P$hLr1vzB1WOXz2_EID�P*4M<$B1H@PTJ 6 PTH@P$|�B1Wqd d0n9(�E@nCHIn1rCEI<$B1HmG�EI<thLnCD�P��

< UOB1WOEI<$J : :_:_: :_:_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: [
Y>: ^ 4adLB>dLEI< 6 PTJ0ejnCWOJ0Pzn1isR	N + d0n�` �ad0P$h WOB1H �=n1h"<tPTJ7B1WOX 2 n1h"pab=PTJ :9:_: [
Y>: ^a:IY �=n1h"<tP�2 h B1WOJLXObO<tdLEInCW�EIW�uwEI<tnCN.P$Q_d0nCWOJ�: :_:_: :_:9: :_:_: :_:_: :9:_: [
Y>: ^a: � 4MbOD�D�B>hLv�n1isdLU=P#,7EIJ0d0n1h"v~n1i (�E@nCD�nCH@PT<$bgHIB>h9G�EF<thLnCD�PT<"UgB1WOEI<$J_:9:_: YT�
Y>: ^a: \ R	N + `*HIB1J0dLEI<$E@d}v�EFW + cgJLPTWO<tP#n1is2 Q9EIJ0d9y&nCWgJ0d0h"B1EIWqd�:_:_: :_:_: :9:_: Y �
Y>: ^a: � R	N + `*HIB1J0dLEI<$E@d}v�EFW�u hLPTJ0PTWg<tP#n1i 2 Q9EIJ0d9y&nCWgJ0d0h"B1EIWqd :_: :_:_: :9:_: Y��
Y>: � 4adLB>cgEIHFE@d v n1i7u hLn1d0PTEIWgJ�(&nCbOWgX d0n]R	N + {7WOX=P$h�2 h"B1WOJLE@PTWqd�2 Q9EIJLd

4Md0h"B1EIWOJ : :_:_: :_:_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: Y '
Y>: � {7W��TE@egegEIW=r R	N + � EIdLU 4aPTpab=PTWO<tP�-3WOU=nCD�n1r1PTW=PTEIdLE@PTJ�B1WOX (&nCbOWOX

uwhLn1d0PTEIWOJ :_:_: :_:_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: �1\

� !����&�*
$��� ���� ��� 
��Z��
$��� ���� :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: �	�
�a:IY -3Wmd0hLnMXObO<tdLEInCW : :_:_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: �	�
�a: � ` �MejP$h"EID�PTWqdLB1HZR	B>dLB�nCW R	N + ) |1P$h"J0d0hLP$dL< UOEIW=r :9: :_:_: :_:_: :9:_: �	�
�a: �a:IY �=hLP$PTHIvf{7Wqd Q9EIJLdLEIW=r�G�nCH@PT<$bOH@P : :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: �	�
�a: �a: � �sE �MPTX & EIW � EIWOr�N7bOD�c;P$h*: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: \MY
�a: \ G�naX=PTHj:9: :_:_: :_:_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: \��
�a: \a:IY R7P$lgWOE@dLEInCWfn1iodLUOP�G nMX=PTH :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: \1^
�a: \a: � 2 h"B1WOJ0ikP$h.G�B>d0h"E ��y�B1HI<$bOHIB>dLEInCW :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: \	�
�a: \a: \ y�U=nCEF<tPzn1i�� B1HFb=PTJ n1i �sE@d0dLEIW=r�usB>h"B1D�P$d0P$h J�:_: :_:9: :_:_: :_:_: :9:_: \1[
�a: � 6 PTJ"bOH@dLJ_B1WOX�R7EFJL<$bOJLJLEInCW :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: �OY
�a: �=:IY R	N + � E@dLU {7WO<tnCWOJ0d0h B1EIW=PTX & EIW � EIW=r N.bOD�cjP$h :9: :_:_: :_:_: :9:_: �OY
�a: �=: � R	N + � E@dLU �sE �MPTX���� �5:_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: ^MY
�a: �=: \ R	N + � E@dLU����S��: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: ^1\
�a: �=: � x	H@n1cAB1H uwUOB1JLP#R7EFB>r1h"B1D n1i R	N + {7WOX=P$h.4ad0h"PTJLJ : :_:_: :_:_: :9:_: ^��
�a: ^ y&nCWO<$HFbOJLE@nCW :_: :_:_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: ^1[
�a: ^a:IY �sE@|1Pz4ad0h"bO<tdLbOh"B1H;4adLB>d0PTJ ) <$<$b=h�EIW�dLUOP7R	N + �=n1h"<tP�� 2 n1h"pqbOP� u*UOB1J0P

R	EIB>r1h B1D "M:_:_: :_:_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: ^1[
�a: ^a: �  "!�" � R	N + 4adLB>d0P�B1WOX R	N + 4ad0h"B1WOX�4aP$eAB>h"B>dLE@nCW :9: :_:_: :_:_: :9:_: �>�

|aE



� ��� �� ��� � � ��� ������ � �������	�
��������

����~!����	� !*����

� ��� 
�� ��
$��� !#�������7
$�]�����_������ :9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: �1�
\a:IY -3Wmd0hLnMXObO<tdLEInCW : :_:_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: �1�
\a: � R7h"E@|MEIW=r�u h"n1d0PTEIWOJ )�� R	N + � E@dLU + eOegHIEIPTX�2 n1h"pab=P :_: :_:_: :9:_: �1�
\a: \ R7vaWgB1D�EI<$J n1i R	N + 2 Q.EIJ0dLEIW=r :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: �('
\a: \a:IY + <tdLE@nCWOJ_n1isR	N + � 2 Q9EFJ0d �}G nMXOE@ikvMEIW=r�`wW��$vMD�PTJ :9: :_:_: :_:_: :9:_: �('
\a: \a:IY>:IY 6 N + uonCH@vaD�P$h"B1J0P�: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: �('
\a: \a:IY>: � R	N + x7vah"B1J0P7: :_:_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: �aY
\a: \a: � 4aeOh"PTB1XOEIW=r n1is2 Q9EIJ0d R	EIJ0d0n1h"dLE@nCWOJ#:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: �>^
\a: \a: \ R7vaWgB1D�EI<$J n1i 2 Q9EFJ0d uoB1< � P$d � E@dLU�������	 � :_:9: :_:_: :_:_: :9:_: ���
\a: \a: \a:IY 4aeOh"PTB1XOEIW=r n1isB1W + W=rCH@P#uwbgHIJ0P :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: ���
\a: \a: � R7vaWgB1D�EI<$J n1i 2 Q9EFJ0d uoB1< � P$d � E@dLU�������
	 � :_:9: :_:_: :_:_: :9:_: '>�
\a: \a: ^ G�B!�MEID�bOD R	EIJLdLB1WO<tP#ikn1h92 Q9EIJLd � uwbOHIJLP�� -KWOXgbO<tPTX~uwhLn1d0PTEIW 6 PTD�n |>B1H 'MY
\a: � y&nCWO<$HFbOJLE@nCW :_: :_:_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: '1\

� ���� 
$!#!�
$��� ���� � 
T��� � ��
$�Z�# "
$� �Z��� ���	�]��� 
$��� ��� �  
���	���7
T��
$��� ���� �~� ������!#�������	
$� � : :_:_: :_:9: :_:_: :_:_: :9:_: [>�
�=:IY -3Wmd0hLnMXObO<tdLEInCW : :_:_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: [>�
�=: � {7W��TE@eOegEFW=r�R	N + � E@dLU�4aPTpqbOPTWO<tP#-3WOU=nCD�n1r1PTW=PTEId v�:_:_: :_:_: :9:_: [1�
�=: �a:IY G�naX=PTHj:9: :_:_: :_:_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: [1�
�=: �a: � G�PTB1W � �sE@PTHIX + WOB1H@vMJLEIJ :_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: [��
�=: �a: �a:IY 4MB Q_d0nqn1dLU �=n1h"<tP�4ME@rCWOB1H.: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: [('
�=: �a: �a: � 6 B1D�e#� uwHIB>d0PTB1b �=n1h"<tP�4ME@rCWOB1H�: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: Y$�1�
�=: �a: \ ` |>B1HIbOB>dLEInCW�n1i !�� +�� � E@dLU �sHIbg<tdLbOB>dLE@nCWOJ :_: :_:9: :_:_: :_:_: :9:_: Y$�C�
�=: �a: \a:IY �=n1h"<tP�� R	EIJLdLB1WO<tP 6 PTJ0ejnCWOJ0P%:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: Y$�C�
�=: �a: \a: � 4MB Q_d0nqn1dLU�|aJT: 6 B1D�e � uwHIB>d0PTB1b��0u*UOB1J0P�R	EIB>r1h B1D�� :_:_: :_:_: :9:_: Y$�C^
�=: \ {7W��TE@eOegEFW=r�R	N + � E@dLU�(*nCbgWOX u h"n1d0PTEIWOJ :_: :_:9: :_:_: :_:_: :9:_: Y$� '
�=: \a:IY G�naX=PTHj:9: :_:_: :_:_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: Y$� '
�=: \a: � ` |>B1HIbOB>dLEInCW�n1i !�� +�� � E@dLU �sHIbg<tdLbOB>dLE@nCWOJ :_: :_:9: :_:_: :_:_: :9:_: Y1Y$�
�=: � {7W��TE@eOegEFW=r*�OhLP$P�`*W=P$hLr1vf(&B>h"h"E@P$h_B1WOX 2_Q*n �K4adLB>d0P 8 EIW=P$dLEF<$J~: :9:_: Y1YT\
�=: ^ y&nCWO<$HFbOJLE@nCWOJ : :_:_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: Y1Y �

� ����� ��� ���Z
���� :9: :_:_: :_:_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: Y1Y��
^a:IY -3Wmd0hLnMXObO<tdLEInCW : :_:_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: Y1Y��
^a: � 4MbOD�D�B>hLv�n1isdLU=P 6 PTJ0PTB>h"< U�uwhLPTJ0PTWqd0PTX EIW�u h"PT<tPTXOEIW=r~y�UgB>eOd0P$h"J : Y1Y��
^a: �a:IY G�PT<"UOB1WOEF<$B1HIH@v 4ad0hLPTJLJLEFW=r�R7N + � EIdLU 2 Q9EIJLd_y�nCWOJ0d0h"B1EIWqdLJ :_: :9:_: Y1Y��
^a: �a: � 2 Q.EIJ0dLEIW=r	u h"n1d0PTEIWOJ )�� R	N + {7JLEIWOr	2 h"B1WOJ"E@PTWmd 2 n1h"pab=P9uwhLn1egB>rCB>dLE@nCW Y1YT[
^a: �a: \ {7W��TE@egegEIW=r R	N + � EIdLU 4aPTpab=PTWO<tP�-3WOU=nCD�n1r1PTW=PTEIdLE@PTJ�B1WOX (&nCbOWOX

uwhLn1d0PTEIWOJ :_:_: :_:_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: YT�>�
^a: \ ` �MejP$h"EID�PTWqdLJ 6 PTHIP$|�B1Wqd_d0n ) bOh 6 PTJ0PTB>h"< U :_: :_:9: :_:_: :_:_: :9:_: YT�>�
^a: � (�E@nCH@n1rCEI<$B1H 6 PTH@P$|>B1WO<tP#n1i ) b=h 6 PTJ0PTB>h"< U :_:_: :_:9: :_:_: :_:_: :9:_: YT�1�
^a: ^ �Ob=dLbOhLP�R	E@hLPT<tdLE@nCWgJ�: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: YT�1\

|MEIE



� ��� �� ��� � � ��� ������ � �������	�
��������

����~!����	� !*����

��
T���	� �&
T���7�fz�����~� :_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: YT�('

� 
T�� :9:_: :_:_: :_:9: :_:_: :_:_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: YT\��

|aEIEFE



��� � � ��� ��� �����  �

�_
 �����~� !*����

Y>:IY 2_U=P �]B>dLJLnCW �Ky&h"EI< � X=nCb=cgHIP	UOPTHIE �j:#: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: ^

Y>: � 2_U=Pzegh"EID�B>hLv�J0d0h"bO<tdLbOhLPzn1ioR	N + :�: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: �

Y>: \ 4M< U=PTD�B>dLEI<&n1igB	R	N + D�EI<thLnCD�B1WOE@egbOHFB>dLE@nCWzP��Me;P$h EID�PTWqd � B � B1WOX�dLU=P�XOE � P$hLPTWmd
B>d0dLB1<"UgD�PTWmd J"<"U=PTD�PTJ ikn1hoB.JLEIW=rCH@P D�nCH@PT<$bOH@P n1iOXOnCb=cgH@P�� J0d0h B1WOX=PTX#R	N + � <tnCEIHIJ �
d0n�dLUOPzi n1h"<tP�d0h"B1WOJLXObg<tP$h��kcgbOH@r1PTJ � �kc �&B1WOX � < � :q:_: :_:_: :_:9: :_:_: :_:_: :9:_: Y1Y

Y>: � R	N + " JzPTHIB1JLdLEI<�h"PTJ0ejnCWOJ0P�Q.U=PTW�EIdLJ.d}Q9EIJ0d	EIJ7ikhLP$P�d0n �gbg<tdLbOB>d0P � XOB1JLU=PTX �9B1WOX
Q9U=PTW�W=n1d �kdLUOEIW�J0nCHFEIX ��	 �M?qXOn1dLJ � XOB1JLU=PTJ � 	��_�	� \1^a?qdLUOEI< � J0nCHIEFX ��	��_�	� �aY � : Y �

Y>: ^ ` �0PT<tdLE@nCW�n1i R	N + � cjnCbOWOX eghLn1d0PTEIW �kn |�B1H � cav B>eOegHIEIPTXfd0n1h"pqbOP�
 ikn1h	XOE � P$hLPTWmd
R	N + � eOhLn1d0PTEFW cgEIWgXOEIW=r�r1P$nCD�P$d0h"E@PTJ$:�:_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: �MY

Y>: � �=n1h"<$EFW=rzB>egB>hLdodLU=P*d}Q*nzJ0d0h B1WOXOJ n1iOdLU=P�R7N + XOnCb=cgH@PwUOPTHIE �zcqv�B>eOegH@vMEIW=r_PTpabOB1H
B1WOX�n1ege;nCJ"E@d0Pzi n1h <tPTJ_d0n�nCW=PzPTWgX�n1isdLU=P#D�nCH@PT<$bOHIP1: :_:_: :_:9: :_:_: :_:_: :9:_: �1^

�a:IY �=n1h"<tP�|1P$h"J"bOJ P��Md0PTWOJLEInCW�ikn1hoR	N + Q9E@dLU�XOE � P$hLPTWqd l#�MPTX�W=P$rCB>dLEI|1P�B1WgX#ejnCJLE@dLE@|1P
�s:�: :9:_: :_:_: :_:9: :_:_: :_:_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: �1[

�a: � ` �MejP$h"EID�PTWqdLB1H>ikn1h"<tPw|1P$h"J"bOJZP��Md0PTWOJLE@nCW#XgB>dLB_ikn1h ejnCJLE@dLE@|1P B1WOX�W=P$rCB>dLE@|1P �s?>B1WOX
ikn1h*WOEI< � PTX�R	N + JLbOe;P$h"e;nCJLPTX�nCW�dLU=P_<tn1hLhLPTJ0ejnCWOXgEIW=r	dLU=P$n1hLv <$b=hL|1PTJwd0n1r1P$dLU=P$h
Q9E@dLU dLU=PzegH@n1dLJ n1ioikn1h"<tP#|1P$h"JLbgJ_H@PTW=r1dLU�ikh"B1<tdLE@nCW ���������� �����	� ���&ikn1h_l#�MPTX��s: �m\

�a: \ 2_U=Pzikn1h"<tP�� d0n1h"pab=P � �oEIr=:*�a: \>B � B1WOX i n1h"<tP�� � � �oEIr=:&�a: \�c �&eAUOB1J0P#XOEIB>r1h B1D�J$:a:_: ^	�

\a:IY 2_U=P�eghLn1cgB>cgEIHFE@d v ikn1h�B R	N + � cjnCbOWgX eOhLn1d0PTEIW d0n�hLPTD�B1EIW cjnCbOWgX�B1J�B>eOegHIE@PTX
d0n1h"pab=P � EIW ����� bgWOE@dLJ � EIJoh"B1D�ejPTX b=e�EIW B7d Q&n � J0dLB>d0P.D�nMX=PTHan1iAR	N + � eghLn1d0PTEIW
<tnCD�egHIP�� � B � B1WOX�dLU=P#<tn1hLh"PTJ0ejnCWOXOEIW=r d}Q9EIJ0d � d0n1h"pab=P�XgEIJ0d0h"E@cAb=dLE@nCW �kc � :�: :9:_: �1[

\a: � -3WOE@dLEIB1H>d}Q9EIJ0dZejP$hLdLb=h"cgB>dLE@nCWOJjEIWqd0hLnMXObO<tPTX7cqv	d}Q*n_P��=B1D�egHIPTJZn1iMeOhLn1d0PTEIW	Q_h"PTWO<"U=PTJT?
EIW B>cAJ0PTWO<tPzn1i R	N + JLb=ejP$h"<tnCEFHIEIW=r=:o: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: �>�

\a: \ R7vaWgB1D�EI<$B1H&d Q9EFJ0d�B1WOX d0n1h"pab=PfXOEIJLJLEIegB>dLE@nCW ikn1h ����� 	 ��� B ��B1WgX �kc ��B1WOX
� � ��
	 � � < �	B1WOX�� X � ? h"PTJ0ejPT<tdLE@|1PTH@v1:�29U=P�D�nCH@PT<$bOH@P�EIJ�Y$�1�1� cOe H@nCW=r�Q9E@dLU
d Q.EIJ0d�e;P$h JLEIJ0d0PTWO<tP~H@PTW=r1dLU y 	 \>�1��cge : 2 Q9EIJLd#d0h"B1WOJ0ejn1hLd�<tnqP���<$EIPTWmd R 	
�a: ^ �_Y$�"!$#�cOe&%('�J0PT<>: :_:_: :_:_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: �>[

E �



��� � ���������(� ���  � � �������	�
��� �� �

�_
 �����~� !*����

\a: � ��������|aJ$:�HIn1r !$# �kd9EIW�WOJ �7ikn1h�<th"EIdLEI<$B1Hsd0n1h"pab=P 
	��	 \ � � � Q9U=PTW � � � 	 �
� J0nCHIEFX � dLUOEIW �&B1WgX � � � 
	S� � J0nCHFEIX � dLUOEI< � �_B1WOX 
 � 	 � ��� ��Q9U=PTW ����� 	��
� XOB1JLUOPTX � dLUOEIW �&B1WgX � ����	��.� � XOB1JLU=PTX#� dLUOEI< � � :	: :_:_: :_:9: :_:_: :_:_: :9:_: '��

�=:IY {7W��TE@eOegEFW=r#R	N + Q.E@dLU�J0PTpab=PTWO<tP	EIWOU=nCD�n1r1PTW=PTE@d v � B �*B1WOX�c;nCbgWOX�eOhLn1d0PTEFWOJ��kc � : [��

�=: � -3HIHIbOJ0d0h B>dLE@nCW�n1ioD�PTB1W�lOPTHIXfB1WOB1H@vMJLEIJ�n1ioQ9U=PTW�R	N + " J.bOW��TE@egegEIW=r�hLPTJ0ejnCWOJ0PzEIJ
JLB Q_d0nqn1dLU�� B ��B1WOX Q9U=PTWfh"B1D�e � egHIB>d0PTB1b �kc � :�: :_: :_:_: :_:9: :_:_: :_:_: :9:_: [1[

�=: \ {7W��TE@eOegEFW=r�R	N + Q.E@dLUfJ0PTpqbOPTWO<tP#EIWOU=nCD�n1r1PTW=PTE@d v1:*uwH@n1d0d0PTX�B1H@nCWOr�dLU=P �%� B!�=EIJ
EIJ9nCW=P�� UOB1H@isdLU=P#PTWgX � d0n � PTWOX�P��ad0PTWOJ"E@nCW�EV: P1:�
 : �=n1h <tP�EIW egEI<tnCN.P$Q_d0nCWOJ��keAN �
EIJ eAH@n1d_B1H@nCW=r�v%� B!�MEFJ$:�:_: :_:_: :9:_: :_:_: :_:9: :_: :_:_: :_:9: :_:_: :_:_: :9:_: Y$�C\

�=: � uwHIn1dLJ7EFWOXOEI<$B>dLEIWOr�d0h"B1WOJLEIdLE@nCWOJ_ikhLnCD JLB Q_d0nqn1dLU��kd0nfdLU=P H@P$ikd.n1iwdLU=P�cjnCbOWgXOB>hLv
HIEIWOPTJ �wd0n�h"B1D�e#� eAHIB>d0PTB1b �kd0n�dLUOPzh"E@rCUqd n1iodLUOPzc;nCbgWOXOB>hLv�HIEIW=PTJ � : : :_:_: :9:_: Y$� �

�=: ^ �=n1h"<tP�hLPTJ0ejnCWOJLP7ikhLnCD bOW��TE@eOeAEIW=r�R	N + Q9E@dLUfcjnCbOWOXfeghLn1d0PTEIWZ: �k-3WOJ0P$d �_u hLn1c#�
B>cgEIHFE@d v~n1ioeghLn1d0PTEIWfcgEIWgXOEIW=r�B1WOX D�PTB1W�e;nCJ"E@dLE@nCW�n1isi n1h � |MJ$:�
 :a:_: :_:_: :9:_: Y1YT�

�=: � �=hLP$P�PTWOP$hLr1v cgB>h"h"E@P$h�ikn1h�dLU=PfJLBTQ9d0nqn1dLU ikn1h"<tPfhLPTJ0ejnCWOJLP�Q9E@dLU
 < U=nCJ0PTW J0n
dLUOB>d_dLUOP�D�nCH@PT<$bOHIP#EIJ�h"E@rCUqd_B>d_dLU=P#PTWgXfn1iodLUOP�JLBTQ9d0nqn1dLUZ:z:9: :_:_: :_:_: :9:_: Y1YT^

�



� � � ����� ����� � �� � � � �(� � �

R	N + R7P$n �Mvqh E@cjnCWqbO<$HIPTEI< + <$EFX

JLJLR	N + 4MEIWOrCH@P��K4ad0h"B1WOXOPTX�R7P$n �avah"E@cjnCWabO<$H@PTEI< + <$EIX

XOJLR	N + R7nCb=cgH@P��K4Md0h"B1WOX=PTX�R7P$n �Mvah"E@cjnCWqbg<$H@PTEI< + <$EIX

6 N + 6 EIc;nCWabO<$H@PTEF< + <$EIX

cOe (�B1J0P$egB1E@h

� c � EIH@n1cgB1J0P

6 N + e;nCH 6 N + uonCH@vaD�P$h"B1J0P

� /qy �=hLP$PTHIv �}/CnCEIWmd0PTX y�UOB1EIW

� &oy � n1h"D � & E � P�y�UgB1EIW

+ �sG + d0nCD�EI< �=n1h"<tP�G�EI<thLnCJ"<tn1eqv

+ + X=PTWOEIW=P

2 2_UqvaD�EIW=P

x x	bOB1WgEIW=P

y y&vad0nCJLEIW=P

+ 2_u + X=PTWOEIW=Pz2 h"E@egUOnCJ0egUOB>d0P

N72_u + Wmv n1i + XOPTWOEIW=P1?*x	bgB1WOEIW=P1? 2_UqvMD�EIW=P1? B1WOX {.h"B1<$EIH

2 h"E@egU=nCJLegUOB>d0PTJ

�ME



� � � � ��� ����� � �� � � � �(� � � � �������	�
��������

N N.P$Q_d0nCWOJ$?g{7WOE@d n1i �=n1h"<tP

egN uwEF<tnCN9P$Q_d0nCW ? Y$��� ! % N.P$Q_d0nCWOJ$?g{7WOE@d�n1i �=n1h"<tP

8 R7P$r1hLP$PTJ 8 PTH@|MEIWZ?={.WgE@d�n1is2 PTD�ejP$h"B>dLb=h"P

h"B1X 6 B1XgEIB1WOJ$?gG�PTB1JLb=hLPzn1i + W=rCH@P

WOJ N7B1W=nCJ0PT<tnCWOXOJT? Y$� � � J0PT<tnCWOXgJ

WOD N7B1W=nCD�P$d0P$hT?oY$� � � D�P$d0P$h"J

����� {7WOE@dsn1iAdLUOP$h"D�B1HMPTW=P$hLr1v1? �=:IY �_Y$��� % !&/CnCbOH@PTJ B>d hLnanCD

d0PTD�egB>h B>dLb=hLP

�=EIE



����� � � ���

2_UgEIJ XOEIJLJ0P$h"dLB>dLE@nCW EIJ�B X=PTJL<th E@eOdLE@nCW n1i	D�v hLPTJ0PTB>h"< U EIW dLU=P$n1h"P$dLEI<$B1H eOhLn1cAH@PTD�J EIW cgE@nCD�nCH@PT<$bOHIB>h

D�EI<th"nCD�PT<"UOB1WgEI<$J$:�2 PT< UOWOEIpab=PTJ�n1i dLU=P$n1hLP$dLEI<$B1H&<tnCWOX=PTWOJLPTX D�B>d0d0P$h egUqvaJ"EI<$J#B>hLP�bOJ0PTX]d0n bOWOXOP$h"J0dLB1WOX

JLEIWOrCH@P�� D�nCH@PT<$bOHIP]D�EI<thLnCD�B1WgE@egbOHIB>dLEInCW P��aejP$h"EID�PTWmdLJ$: G�nMX=PTHIEIW=r�n1i�R7N + � eOhLn1d0PTEIW�EIWqd0P$h"B1<tdLE@nCWOJ�EIW �

|1nCH@|1PTX�EIW�EID�ejn1hLdLB1Wqd r1PTWOP$dLEI<&eOhLnM<tPTJLJ0PTJsEIJobOJ0PTX�d0n	P��aegHIn1hLP*XOE � P$hLPTWqdsD�PT<"UOB1WgEIJLD�J i n1hsdLU=PTJLP&eghLna<tPTJ"J0PTJ

B1WOX�d0n�rCbOEIX=P	i b=hLdLU=P$h P��MejP$h"EID�PTWqdLB>dLE@nCWZ:

-3W�y�UOB>eOd0P$h Y>?C-oJLbOD�D�B>h"E �$P&dLU=P_UOEIJ0d0n1h"v#n1iAR	N + J0d0h bO<tdLb=h"B1HacgE@nCHIn1r1v�B1WOX�X=PTJL<th E@cjP*dLU=P D�nCHIPT<$bOHIB>h

J0d0h"bg<tdLb=hLP�n1i#R	N + :�2_U=P�PTJLJ0PTWqdLEIB1HIJ~n1izdLU=P�ejnCH@vMD�P$h�X=PTJ"<th"E@eOdLE@nCW n1i�R	N + B>hLP EIWqd0hLnMXObO<tPTX B1WOX B

cOh"EIP$i B1<$<tnCbOWqd.n1isdLU=P�i n1h"<tP1?APTW=P$hLr1v1?;B1WOX�dLEID�P�JL<$B1H@PTJ9< UOB>h"B1<td0P$h"EFJ0dLEI<zn1isdLU=P�<tPTHIHIbOHIB>h Q&n1h"HIXfrCEI|1PTWZ:*-3W

JLb=cAJ0PTpqbOPTWmdoJ0PT<tdLE@nCWOJon1iOdLUOEFJ < UOB>eOd0P$hT?1- eghLPTJ0PTWqd cgB1< � r1h"nCbOWOX�B1WOX JLbOD�D�B>h E@PTJ n1igD�v#hLPTJLPTB>h"<"U�EIW�R	N +

PTHIB1J0dLEF<$E@d v � JLPT<tdLE@nCW Y>: ^ � ?gEIW~H@nCW=r�h"B1W=r1P	d Q9EFJ0d*eghLn1egB>rCB>dLE@nCWfB1H@nCW=r�R	N + � J0PT<tdLE@nCW Y>: � �*B1WOXfbOW �TE@eOegEIWOr

R	N + Q9E@dLU  n1cgJ0d0h bO<tdLE@nCWOJ$: "#`*B1<"U n1i*dLU=PTJ0P�d0n1egEI<$J	EIJ	XOEFJL<$bOJLJ0PTX�EIW�r1hLPTB>d0P$h�X=P$dLB1EFHoEFW y�UgB>eOd0P$h"Jz�a? \a?

B1WOX �=?ghLPTJ0ejPT<tdLE@|1PTH@v1:

-3W y�UOB>egd0P$h~�a?*- X=PTJL<th E@cjPfEFW r1hLPTB>d0P$h�XOP$dLB1EIH�dLU=P dLU=P$n1h"P$dLEI<$B1H_X=PTJL<th E@eOdLE@nCW n1i7l#�MPTX � d Q9EFJ0d�R	N +

PTHIB1J0dLEF<$E@d v]P��MejP$h"EID�PTWqdLJ$: -Kd�EFJ�JLUOn Q9W dLUOB>d R7N + UOB1J�iknCb=h W=n |1PTH�J0d0hLPTJ"J � EIWOXObg<tPTX]J0d0h"bO<tdLbOh"B1H*JLdLB>d0PTJ

cjPTJLEIX=PTJ EIdLJwWOB>dLE@|1P.( � ikn1h"D J0d0h"bO<tdLb=h"P1: 4MnCD�P9J0d0h"bg<tdLb=h"B1H=egB>h B1D�P$d0P$h"J n1ijdLU=PTJLP9J0dLB>d0PTJ$?=HIE � P_D�PTB1W�d Q.EIJ0d

h"B>d0P1?gB>h"P	XOP$d0P$h"D�EIW=PTX�cav~lgd0dLEIW=r�dLU=P#D�nMX=PTH;d0n�dLU=P#XOB>dLBM:w2_UOP7h"PTJLbOH@dLJ�B>hLP#<tnCWOJ"EIJ0d0PTWqd&Q.E@dLU�eOhLP$|ME@nCbOJ

Q&n1h � nCW W=n |1PTH*JLd0h"bO<tdLb=hLPTJ�EIW]R	N + B1WOX]P��Md0PTWOXOJ�nCb=h�bOWOX=P$h"JLdLB1WOXOEIW=rfn1i dLU=P~ikbgHIHsh"B1W=r1P~n1i_R7N + " J

PTHIB1J0dLEF<�hLPTJ0ejnCWOJ0P1: 2_U=P h"PTJLbOH@dLJsn1ijdLUOEIJsQ&n1h � B>hLP9J"bOD�D�B>h"E �$PTX�EIW d Q&n�egUgB1J0P_XOEIB>r1h"B1D�J JLU=n Q9EIW=r	Q9UOEF<"U

J0d0h"bg<tdLb=h"B1HZJ0dLB>d0PTJ7B>hLP�X=nCD�EIWOB1Wqd&ikn1h_rCE@|1PTW�i n1h <tPTJ_B1WOX�d0n1h"pab=PTJ �kn1h_d Q9EFJ0dLJ � :

�MEIEFE
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y�UgB>eOd0P$h�\�P��MegH@n1h"PTJ Q9U=P$dLU=P$h d Q.EIJ0d�egbOHIJ0PTJ�<$B1W eOhLn1eAB>rCB>d0P�ikB>h�PTW=nCbOrCU EFW R	N + d0n B � PT<td�dLU=P

cgEIWgXOEIW=r�n1izn1dLU=P$h�eOhLn1d0PTEIWOJT: x	EI|1PTW�dLU=P�b=cgEIpabOE@d}v n1i	eOhLn1d0PTEFWOJ�dLUOB>d�B>eOegH@v d Q.EIJ0d�eAbOHIJ0PTJ�d0n R	N + ?

dLUOEIJ�eghLn1cgH@PTD UOB1J JLEIrCWOE@lg<$B1Wqd�cgE@nCH@n1rCEI<$B1Hjh"PTH@P$|�B1Wg<tP1: 2_U=P#D�B1EIW�d0nanCH EIJ B�JLEFD�egH@P7PTpqbgB>dLE@nCWfn1ioD�n1dLE@nCW

dLUOB>d�X=PTJL<th"EIc;PTJwd Q9EFJ0d*d0h B1WOJ0ejn1hLd*EFW~R	N + :M2 B � EIW=r b=e�dLU=P.<$B1JLPTJ�n1i 6 N + ejnCH@vMD�P$h"B1J0P � 6 N + ejnCH �wB1WOX

R	N + r1vqh"B1JLP�EIW�X=P$dLB1EIHV?;B>hLrCbOD�PTWqdLJ7B>hLP�eghLPTJ0PTWqd0PTX�ikn1h.dLUOP�egB>hLdLEF<$bOHIB>h9ikn1h"D n1i dLU=P�EFWOE@dLEIB1HZ<tnCWOXgE@dLE@nCW

ikn1h*d}Q9EIJ0d eAbOHIJ0PTJwr1PTW=P$h"B>d0PTX�cqv dLU=PTJLP.d}Q*n�eOhLn1d0PTEIW~D�n1d0n1h"J$:*4MnCH@|aEFW=rzdLU=P9PTpabOB>dLE@nCW~n1i D�n1dLE@nCW�H@PTB1XOJwd0n

B1W PTJ0dLEID�B>d0P n1iAU=n Q ikB>h B1H@nCWOr7dLUOP�R	N + d0n1h pqb=PTJ <$B1W cjP&hLPTD�n1d0PTH@v X=PTHIEI|1P$hLPTXZ: -3W�dLU=P <tnCWO<$HIbOJ"E@nCWZ?1E@d EIJ

JLb=r1r1PTJLd0PTX�dLUOB>d dLUOEIJ&Q&n1h � EIJ&hLPTH@P$|>B1Wmd d0n�dLU=P#JLdLbOX=v�n1iod0h"B1WOJL<th E@eOdLE@nCW�B1WOX�<"UOhLnCD�nCJ0nCD�P�hLPTD�nMX=PTHIEIW=r=:

y�UgB>eOd0P$h �]hLP$ejn1hLdLJ�Q*n1h � nCW R7N + bOW��TE@egegEIW=r EIW dLU=P eghLPTJ0PTWO<tP n1izJ0PTpab=PTWO<tP�EIWOU=nCD�n1r1PTWOPTE@dLE@PTJ

B1WOX eOh"n1d0PTEIWOJ7Q9UOEI< U�B1<td�HIE � P�n1cgJ0d0h"bO<tdLEInCWOJ7eOhLP$|1PTWqdLEIW=r�bOWOE@ikn1h"D bOW��TE@egegEIW=r�n1i*dLU=P�R	N + : + J"EID�egH@P

J0dLB>dLEIJLdLEI<$B1H D�PT<"UgB1WOEI<$B1H D�nMX=PTHoEIJ	X=P$|1PTH@n1ejPTX d0n�<"UOB>h"B1<td0P$h E �$P�dLU=P ikn1h"<tP�JLE@rCWOB1HFJ9dLUOB>dzQ&nCbOHIX�cjP�J0P$PTW

P��Me;P$h EID�PTWqdLB1HIH@v Q9U=PTW dLU=P�bOW �TE@eOegEIWOr�ikn1h � hLPTB1< U=PTJfdLU=P�n1cgJ0d0h"bO<tdLEInCWZ:�-Kd~EIJ~i nCbgWOX dLUOB>d�ikn1h~cjn1dLU

J0PTpab=PTWO<tP�EIWOUOnCD�n1r1PTW=PTE@dLE@PTJ7B1WOX�cjnCbOWOX�eOhLn1d0PTEIWgJ$?AdLUOP$hLP�B>hLP�XOEIJ0dLEIWg<tdLE@|1P�ikn1h"<tP�JLE@rCWOB1HFJ9ikhLnCD dLU=P�bOW �

�TE@eOeAEIW=r�n1i	R	N + EIWOJ"EIX=P�dLUOPfEFWOU=nCD�n1r1PTW=PTEId v n1h�EFW <tnCWqdLB1<td�Q.E@dLU dLU=PfeOhLn1d0PTEIWZ: 2_U=PTJ0P�JLEIrCWOB1HIJ B>hLP

HIB>hLr1P�PTWOnCb=rCU]EIW ikn1h"<tP�dLUOB>d#dLUOP$v�<$B1W cjP�XOEFJ0dLEIW=rCbOEFJLU=PTX ikhLnCD dLUOP�cgB1< � r1hLnCbOWOX : R7P$dLB1EIHIPTX]B1WOB1H@vadLEI<

<$B1HI<$bOHFB>dLE@nCWOJ�EIW~dLU=PzD�PTB1W�lOPTHIXfB>eOeOhLn �MEFD�B>dLE@nCW�B>hLP	eOhLPTJ0PTWqd0PTX�B1WOX�dLU=P$v~J"U=n Q U=n Q#?=B>d_H@PTB1J0d EIW�<$B1J0P

n1i9J0PTpab=PTWO<tPfEIWOUOnCD�n1r1PTW=PTE@dLE@PTJT? dLU=PfJLUOB>ejP~n1i_dLU=P�i n1h"<tPfJLE@rCWgB1Hw<$B1W cjP~D�nMXObOHIB>d0PTX cqv B1H@d0P$h"EIW=r�dLU=P

H@PTW=r1dLU n1i7dLU=P�dLU=P EFWOU=nCD�n1r1PTW=PTEId v n1h~E@dLJ�<tnCU=PTJLE@|1P�J0d0hLPTW=r1dLUZ: 2_UOPTJ0PfhLPTJLbOH@dLJ�B>h"P B1HIJ0n PTJ0dLB>cgHFEIJLU=PTX

bOJLEFW=r P��MB1<td7<$B1HI<$bOHIB>dLE@nCWgJ$:

�MEI|
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-3W y�UOB>eOd0P$h�^a? -.JLbOD�D�B>h"E �$P�dLU=P�hLPTJLbgH@dLJ7n1i*dLUOEFJ.dLUOPTJLEIJzB1WOX XOEIJ"<$bOJLJ	E@dLJ	cgE@nCHIn1rCEI<$B1HohLPTH@P$|>B1WO<tP1:�-

eOhLPTJLPTWmd B	HIEIJ0d n1igP��MejP$h"EID�PTWqdLJsJLb=r1r1PTJ0d0PTX�cav#dLUOEFJ h"PTJ0PTB>h"<"U�B1WOX EIWOXOEI<$B>d0P�XOE@h"PT<tdLE@nCWOJ i n1h i b=dLb=hLP*r1hLn Q9dLU

ikn1h_dLU=P$n1hLP$dLEI<$B1HFH@v � EFWO<$HIEIW=PTX�Q&n1h � EIWfcgE@nCD�nCHIPT<$bOHIB>h_D�EI<th"nCD�PT<"UOB1WgEI<$J$:

�M|
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2_UOP�XOEFJL<tn |1P$hLv n1i_dLU=PfJ0d0h"bO<tdLb=h"P�n1i9R	N + B1WOX E@dLJ�<tPTWmd0h"B1H�h"nCH@P~EIW HIE@ikP�B1WOX ? JLb=cgJ0PTpab=PTWqdLH@v1?sdLU=P

hLPTXObg<tdLE@nCW�n1ioHIEIi P7d0n�B�J0P$d n1i Q*PTHIH � X=P$lgW=PTXfB1WOXfPTJLJLPTWmdLEIB1HFH@v~bOWgE@|1P$h"JLB1H;<"U=PTD�EI<$B1HZegU=PTWOnCD�PTWOB EIJ�JLb=hLPTHIv

nCW=P�n1i7dLU=P�r1hLPTB>d0PTJ0d~B1X=|�B1Wg<tPTJ�EIW UabOD�B1W � W=n Q9HIPTX=r1P1: � P�JLUOB1HIH ? EIW�4aPT<tdLE@nCW Y>: �a?�eOhLPTJLPTWmd�B |1P$hLv

cOh"EIP$i JLbOD�D�B>h"v�n1i dLU=P � P$vfUOEIJ0d0n1h EI<$B1HgP$|1PTWqdLJ_<tnCWOWOPT<td0PTX�d0n dLU=PzXOEIJL<tn |1P$hLv~n1i dLU=PzJ0d0h"bO<tdLbOhLP.n1ioR	N + :

� P#Q9EFHIHAB1HFJ0n�X=PTJL<th"EIc;P7dLU=P#< U=PTD�EI<$B1HZn1h egh"EID�B>hLv~J0d0h"bO<tdLb=h"P#B1WOXfdLU=P#J0egB>dLEFB1Hjn1h9J0PT<tnCWOXOB>h"v~J0d0h"bg<tdLb=hLP

n1i R	N + : -3W 4aPT<tdLE@nCW Y>: \a?sQ*P�J"bOD�D�B>h"E �$P�dLU=P�ejnCH@vMD�P$h#eOhLn1ejP$hLdLEIPTJ	n1i�R	N + JLEIWO<tP�R	N + EIW]<tPTHIHFJ#EIJ

bOJLbgB1HIH@v i nCbgWOX B1J |1P$h"v H@nCW=r�ejnCH@vMD�P$h"J$? D�bO<"U H@nCWOr1P$h�dLUgB1W B1Wqv B>h"dLE@lg<$EIB1HIHIv JLvaWqdLU=PTJLE �$PTX ejnCH@vMD�P$hT:

2_U=PTW ?&4aPT<tdLE@nCW Y>: �]eOh"PTJ0PTWmdLJ dLUOP�h"PTH@P$|�B1Wqd i n1h <tP1?wPTW=P$hLr1v1?�B1WOX dLEID�P�JL<$B1HIPTJ�W=P$PTX=PTX d0n]bOWOXOP$h"J0dLB1WOX

JLEIWOrCH@P�� R	N + D�nCH@PT<$bOHIP�P��MejP$h"EID�PTWqdLJ$: 4aPT<tdLE@nCW�Y>: ^]X=PTJL<th"E@cjPTJ U=n Q R	N + hLPTJ0ejnCWOXgJ�d0n B1W EID�ejnCJ0PTX

J0d0hLP$dL< UOEIW=r�i n1h"<tP1:�2_UOEFJ J0PT<tdLE@nCW�eOh"PTJ0PTWmdLJ.J0nCD�P#n1isdLU=P�cgB1< � r1hLnCbOWOX�nCW�R	N + PTHFB1J0dLEI<$E@d}v�P��MejP$h"EID�PTWqdLJ

B1WOX�pqbgB1HIE@dLB>dLE@|1PTH@v�XOEFJL<$bOJLJ0PTJ9hLPT<tPTWqd7Q&n1h � J0dLbgX=vaEFW=r�U=n Q R	N + Q9E@dLU�d0n1h"JLE@nCWgB1H <tnCWOJLd0h"B1EIWqdLJ9cjPTUOB |1PTJ

bOWOXOP$h B1W�B>egegHIE@PTXzikn1h"<tP1: 4aPT<tdLE@nCW�Y>: �_cgh"E@P �Ov	X=PTJL<th"EIc;PTJ dLU=P$n1hLP$dLEI<$B1HqQ&n1h � nCW�dLUOPwejnCJLJLE@cAEIHIE@d}v_n1iOX=h"E@|MEIW=r

cjnCbOWOX�eOhLn1d0PTEIWOJ7n1i*dLU=PTE@h	R7N + d0PTD�egHIB>d0P dLU=hLnCb=rCU�eOh"n1egB>rCB>dLEIW=rfd Q.EIJ0d7egbOHIJ0PTJT: �sEIWgB1HIH@v1? 4aPT<tdLE@nCW Y>: �

EIWqd0hLnMXObO<tPTJ�nCb=h_Q&n1h � nCW�bOW �TE@eOegEIWOr�R	N + Q9EIdLU�J0PTpqbOPTWO<tP�EIWOUOnCD�n1r1PTW=PTE@dLE@PTJ�n1h9c;nCbgWOXfeOhLn1d0PTEIWgJ$:

Y
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R	N + EIW HIE@|MEIW=r]<tPTHIHFJ�EFJ�dLU=P <$B>hLh"EIP$h~n1i�EFWOU=P$h"E@dLB>cAH@P r1PTW=P$dLEI< EIWOi n1h"D�B>dLE@nCW dLUOB>d�B1HIHIn Q9J�<tPTHIHIJ~d0n

i bOWO<tdLE@nCW WOn1h"D�B1HIH@vfB1WOX�eOhLnMXObO<tP#<tn1egE@PTJ.n1isdLU=PTD�J0PTHI|1PTJ.HIB>d0P$h7nCWZ: u h"n1d0PTEIWOJ9XOn�D�nCJ0d.n1i dLU=P�Q&n1h � EIW

<tPTHIHIJzB1WgX�B>h"P � P$v�J0d0h bO<tdLb=h"B1HsPTH@PTD�PTWmdLJzEIW dLUOP <tPTHFHV? B1WOX R	N + <tnCWqdLB1EIWOJzdLU=P egHFB1WOJ7i n1hzcgbgEIHIXOEIWOr�B1HIH

dLU=P.eOhLn1d0PTEIWOJwdLU=P.<tPTHFHgQ9EFHIH=W=P$PTXZ:wG�n1hLP$n |1P$h ?OR7N + <tnCWqd0hLnCHIJ&Q9U=PTW~B#rCE@|1PTW~eOhLn1d0PTEIW�Q9EIHIHOc;P9eOhLnMXObO<tPTXZ?

dLU=hLnCbOrCU hLP$rCbOHFB>d0n1hLv EIW=ikn1h"D�B>dLE@nCW PTH@PTD�PTWqdLJ$? Q9UOEI< U�X=n W=n1d~J0P$h"|1P�B1J~cgHIb=P$egh"EIWqdLJ�ikn1h�eOhLn1d0PTEIWOJ�cgb=d

h"B>dLU=P$h.B1J9<tnCWOXObg<td0n1h"J n1h"< U=PTJ0d0h"B>dLEIWOr�dLU=P�<thLPTB>dLEInCW�n1iseOhLn1d0PTEIWOJ EFW�<tPTHIHIJ$:

-Kd�Q�B1J � W=n Q9W J"EIWO<tP�dLU=P~Q*n1h � n1i9/1nCUOB1WOW��=h"E@PTXOh"EI<"U G�EIPTJL<"U=P$h B1WOX ` h"WOJLd �=PTHIE � ,.n1eOejP��K4aP$vMH@P$h

EIW Y '��1[�dLUOB>dzR	N + Q�B1J	eOhLPTJLPTWmd	EIW�<tPTHIH WabO<$H@PTE :7,.n Q&P$|1P$hT? E@d7Q�B1J	dLU=P�Q&n1h � n1i + |1P$hLv1?oG�<$H@P$nMX B1WOX

G�< y�B>hLd v]EFW YT[���� �3Y �	dLUgB>d#eOhLn |aEIXOPTX dLU=P�lOh"JLd#J0nCHIEIX�P$|MEIX=PTWO<tP�dLUgB>d�R	N + Q�B1J�EIW i B1<td�dLU=P�r1PTWOP$dLEI<

D�B>d0P$h"EFB1HV?AdLUOP�<$B>hLh E@P$h.n1i*U=P$hLPTXOE@dLB>h"v�d0h"B1E@dLJ.i hLnCD egB>hLPTWqdLJ7d0nfeOhLn1r1PTWqv1?jB1WgX�dLU=P D�PTD�n1h"v PTH@PTD�PTWqd.n1i

<tPTHIHIJ�dLUOB>d�UOPTHIX B1HFH*dLUOP�|ME@dLB1H�EIW=ikn1h"D�B>dLEInCW WOP$PTX=PTX d0n cgbOEIHIX B1WOX h"bOW dLU=PTD�: `wJLJ0PTWqdLEIB1HIHIv1? EIW dLU=PTE@h

P��Me;P$h EID�PTWqd$?CdLU=P$v d0h"B1WOJ0eAHIB1Wmd0PTX�R7N + ikhLnCD�nCW=P9<tPTHFH � d vaejP_d0n�B1W=n1dLUOP$h*B1WOX�J"BTQ�dLUOP9U=nCJ0dw<tPTHFHOB1<$pqbgE@hLP

egU=PTWOn1d vaegEI<z<"UgB>h"B1<td0P$h"EIJ0dLEF<$J_n1iodLU=P�X=nCW=n1h.<tPTHIHV:

`whLQ9EIW y�UOB>hLrCB � ?ZEIW YT[1^>�M? i nCbOWgX�dLUOB>d	dLU=P�iknCb=h7JLe;PT<$EIPTJ.n1i*WqbO<$HIP$n1dLEIX=PTJ$?;dLU=P cgB1JLEI<�hLP$ejPTB>dzbOWOE@dLJ

n1iodLU=P�R	N + ejnCH@vMD�P$hT?aQ*P$h"P#i nCbgWOX�EIW�<tP$hLdLB1EIW�X=P$lgW=PTXfh"B>dLEInCJ$: + XOPTWOEIW=P�� + ��B1WOX�dLUqvaD�EIW=P�� 2��*Q&P$hLP

d0n�cjP	i nCbOWgX�EFWfnCW=P�� d0n � nCW=P#eOh"n1e;n1h"dLE@nCWfEIWfR7N + P��ad0h"B1<td0PTX�i h"nCD B�WqbOD�cjP$h n1i bOWOhLPTHIB>d0PTXfn1hLrCB1WOEFJLD�J

�V� � :�4MEID�EFHIB>h"H@v1?OWabO<$H@P$n1dLEIXOPTJ.rCbgB1WOEIW=P � x �9B1WgX�<tvad0nCJLEIW=P � y � �V� �.Q&P$hLP B1HIJ0n�i nCbOWgX�EIW Y � Y�h"B>dLE@n=:	2_UOEIJ

Q�B1J�B�<th"bO<$EIB1H eAE@PT<tP�n1i XOB>dLB�cjPT<$B1bOJ0P�E@d�JLb=r1r1PTJ0d0PTX dLUOB>d�dLU=PTJ0P�h B>dLE@nCJ#Q&P$hLP~B�bOWOE@|1P$h JLB1H ikPTB>dLb=hLP�n1i

R	N + ?gpabOE@d0P#EIWgX=P$ejPTWOX=PTWqd*n1isQ9U=P$h"PzdLU=P#R	N + <$B1D�P�i hLnCD :



\

2_UOP7lgh"J0d B>d0d0PTD�eOd_d0n�egb=d�i n1h"Q&B>h"X�B�<tnCUOP$hLPTWmd_B1<$<tnCbgWmd.n1i dLU=PzJ0d0h bO<tdLb=hLPzn1ioR7N + Q&B1J_cqv & EIWabOJ

usB1bOHIEIWOr �V\ � : -Kd�Q&B1J�W=n1d�JLbO<$<tPTJ"J0ikbgHV?7B1HIdLU=nCb=rCUZ?zB1J Q&P JLUgB1HIHzJ0P$P EIWSy UOB>eOd0P$h��a?zhLPT<tPTWqd�J"EIW=rCH@P��

D�nCH@PT<$bgH@P_R	N + D�EF<thLnCD�B1WOE@eAbOHIB>dLE@nCW�P��aejP$h"EFD�PTWmdLJT?CQ9U=P$hLP_B1W~EIWOXOEI|aEIXgbOB1HmR	N + ejnCH@vMD�P$h EIJwJLb=c �0PT<td0PTX

d0n#ikn1h"<tPTJwHFB>hLr1P PTW=nCb=rCU�d0n�n |1P$hLQ9UOPTHID�dLU=P9EFWmd0P$h � WabO<$H@P$n1dLEFX=P�c;nCWgXOJ$?CUOB |1P9iknCbOWOX P$|MEIX=PTWO<tP dLUOB>d bgWOX=P$h

P��Md0h"B>n1h"XOEIWgB>hLv�D�PT< UOB1WOEI<$B1HMJ0d0hLPTJ"JoR	N + <$B1W�B1<$pabOE@hLP�B	J0d0h"bO<tdLbOhLP*dLUgB>dsUgB1JoJLnCD�P�i PTB>dLb=h"PTJ EIW�<tnCD�D�nCW

Q9E@dLU�usB1bOHFEIW=r#" JzYT[1^1\�J"b=r1r1PTJ0dLE@nCW �V�(' � :

2_UOP�<tn1hLhLPT<td�PTHIbO<$EIXgB>dLE@nCW n1i#R	N + " J~JLd0h"bO<tdLb=hLP�<$B1D�P�EFW�YT[1^1\a?9EIW dLUOP�Q&n1h � n1i �=h"B1WO<$EIJ~,�: y7:

y&h"EF< � B1WOX /mB1D�PTJzR�: �]B>dLJLnCW � � � :�2_UOP$v�eOhLn1ejnCJ0PTX�BfD�nMX=PTHoQ9UOEI< U�J0vMWqdLU=PTJLE �$PTX�dLU=P hLPTJ0PTB>h <"U=PTJzn1i

y�UOB>h"rCB � ? dLUOP�+,� h"B v�XgE � h B1<tdLE@nCW J0dLbOXOEIPTJ.n1i 6 nCJ"B1HIEIWOX �=h"B1W � EIW �V^ �	B1WgX]G�B1b=h EI<tP � EIH � EIWgJ �V^ � ?oB1WOX

pabOB1WmdLbgD � <"U=PTD�EI<$B1H.<tnCWgJLEIX=P$h"B>dLEInCWOJ~B>cjnCb=d~cjnCWOXOEIW=r]J"<"U=PTD�PTJ�B1D�nCW=rCJ0d�dLU=P�WabO<$H@P$n1dLEFX=PTJ$: �]B>dLJLnCW

B1WOX y&h"EF< � eOhLn1ejnCJ0PTX~dLUOB>d ( � R	N + ?OEV: P1: R	N + i nCbOWgX~EIW�D�nCJ0d�HIE@|MEIW=r�<tPTHIHIJ&bOWOX=P$h�W=n1h"D�B1H;<tnCWOXOEIdLE@nCWOJ$?

<tnCWOJLEFJ0d0PTX�n1iOd Q&nzEIWmd0P$h"d Q9EIWgEIW=r9ejnCH@vMWabO<$H@P$n1dLEIX=P*<"UOB1EIWgJ$?1U=PTHIX�d0n1r1P$dLU=P$h cav�UmvMX=hLn1r1PTW�cjnCWOXOEFW=r cjP$d Q&P$PTW

<tP$hLdLB1EIW < U=PTD�EI<$B1H�JLb=cAbOWOE@dLJzn1i9dLU=P�WabO<$H@P$n1dLEFX=PTJ$? <$B1HIH@PTX cgB1J0PTJT:�2_UOP~cgB1JLPTJ�B>h"P~hLPTJLe;nCWgJLE@cgH@P�ikn1h dLU=P

iknCb=h �gB |1n1h"J�n1i_Wqbg<$H@P$n1dLEIX=PTJ�i n1h�dLU=P$v]<tnCD�PfEIW iknCb=h�< U=PTD�EI<$B1H*d vaejPTJ�� dLU=P~hLPTJ0d�n1i dLUOP�WabO<$H@P$n1dLEIXOP�EIJ

<tnCD�D�nCW d0n + ?Ax ?Ay7?OB1WOX�2z: �	bgB1WmdLbOD D�PT<"UOB1WOEF<$B1H <$B1HI<$bOHIB>dLEInCWOJ B>cjnCb=d�dLU=P#J0d0hLPTW=r1dLU n1ioUqvaXOhLn1r1PTW

cjnCWOXOEIWOr�cjP$d Q&P$PTW cgB1J0PTJ�PTJLdLB>cgHIEIJLUOPTX dLUOB>d�cAB1J0P + eOhLP$ikP$hLPTWqdLEIB1HIH@v cjnCWOXgJ�Q.E@dLU 2z?oB1WgX�x Q9E@dLU y7:

2_UabOJ$? �]B>dLJLnCW~B1WOX�y�h"EI< � eOhLn1ejnCJ0PTX dLUgB>d cgB1J0P + EIW nCWOP9<"UOB1EFW�Q9EIHIHaB1H@Q�BTvMJ i B1<tP9cgB1JLP92 nCW�dLU=P9n1dLU=P$h

B1WOX J0n�d0nqn�i n1h�x B1WOX y EIW B�J"<"U=PTD�Pfn1i_<tnCD�eAH@PTD�PTWqdLB>hLv]cgB1J0P$eAB1E@h"EIW=r=:�-KW JLbOD�D�B>h"v1?sR	N + Q�B1J

iknCbOWOX d0n cjP�B X=nCb=cAH@P�� U=PTHIEI<$B1HsJ0d0h bO<tdLb=hLP cgbOEFH@d.nCbOd#n1i*d}Q*n�D�bOdLbOB1HIH@v%� d Q9EFJ0dLEIW=r�ejnCH@vaD�P$hzhLn1ejPTJ	Q9E@dLU

dLU=P#cAB1J0P#J0PTpab=PTWO<tP#n1ioPTB1<"U�J0d0h"B1WOX�B�J0d0h"EI<td_<tnCD�eAH@PTD�PTWqd_n1isdLU=Pzn1dLU=P$hT:



�

� E@dLU dLU=P�hLnCHIP�n1i	R	N + B1J�dLUOP�r1PTWOP$dLEI< D�PTD�n1h"v PTH@PTD�PTWqd�n1i7<tPTHIHIJ�B1WOX E@dLJ dLUOhLP$P�� XOEID�PTWgJLE@nCWOB1H

J0d0h"bg<tdLb=hLP#PTJ0dLB>cAHIEIJLU=PTX ?adLUOP�J0PTB>h"< U�cjP$rCB1W ikn1h9dLUOP�<tnaXOP#Q9UOEI< U B1HIH@n Q*PTX�dLU=P�J0PTpab=PTWO<tP�n1i WqbO<$HIP$n1dLEIX=PTJ

B1H@nCW=r R	N + d0n�J0d0n1hLP	r1PTW=P$dLEI<	EIWOi n1h"D�B>dLE@nCWZ:s2_U=P	EID�ejn1hLdLB1WO<tP7n1i � W=n Q9EFW=r�dLUOP	\>R J0d0h"bg<tdLb=hLP7n1i R	N +

Q�B1J W=n Q�ikbOHFH@v�B>eOeOh"PT<$EIB>d0PTX�JLEIWO<tP E@d EFD�D�PTXOEIB>d0PTHIv�JLb=r1r1PTJ0d0PTX�U=n Q dLUOP_<tnaXOEFW=rzJL<"U=PTD�P Q*n1h � J EV: P1: U=n Q

dLU=P#J0PTpab=PTWO<tP	n1iocgB1J0PTJ J0ejPT<$E@lgPTJ*dLUOPzcgHIb=P$eOh EIWmdLJwi n1h eghLn1d0PTEIWOJ B1WOX�dLU=Pzh"P$rCbOHIB>d0PTJ eOh"n1d0PTEIW�eOhLnMXObO<tdLE@nCW

B1WOX�X=PTJ0d0h"bO<tdLEInCW EIW�<tPTHFHIJ$:�2_UOEIJ�eOh"n1cgH@PTD Q�B1J9PTJ"J0PTWmdLEFB1HIH@vfJ0nCH@|1PTX�cqv�y&h"EF< ��������� EIW]YT[��MY � � � :_2_U=P$v

iknCbOWOX�dLUOB>d EIW#egB>h"dLJ n1igdLU=P R7N + Q.UOEI<"U�<tnaXOP&ikn1hseOhLn1d0PTEIWgJ$? P$|1P$h"v�<tnCWOJ0PT<$bOdLE@|1P�d0h"E@egH@P$d n1iOcgB1J0PTJsJ0dLB1WgXOJ

ikn1h�nCW=P~n1i&dLUOP��>��B1D�EIW=n B1<$EIXOJ�dLUOB>d�D�B � P~b=e eOhLn1d0PTEIWOJ � B1D�EIW=n�B1<$EFXOJ#B>hLP~dLU=P�cgbgEIHIXOEIWOr�cgH@nM< � J#n1i

eOhLn1d0PTEFWOJ$?OQ9UgEI<"U�B>hLP�dLU=PTEIh9ejnCH@vMD�P$h"J$?OHIE � P�Wqbg<$H@P$n1dLEIX=PTJ.B>hLP�dLUOP�cgbOEFHIXOEIW=r�cgH@nM< � J_n1i R	N + � : � P JLUOB1HIH

W=n1d�XgEIJL<$bOJLJ	dLUOP�X=P$dLB1EIHIJzn1i�dLU=P~<tnaX=P�cAb=d#JLEID�eAH@v Q�B1Wmd�d0n PTD�egUOB1J"E �$P�E@dLJ#<tPTWqd0h"B1H h"nCH@P�EIW <tPTHIHFJ#B1WOX

dLU=P$hLP$ikn1hLP�B1HFHjn1iocAE@nCH@n1r1v1:

��
 ��
 � �������� �	� � � ��� ����� � � � � ��� ��������� �

+ J�X=PTJL<th E@cjPTX B>cjn |1P1?&X=P$n �avah"E@cjnCWabO<$H@PTEI<�B1<$EIX n1h�R	N + EIJ�B HIEIW=PTB>h ejnCH@vMD�P$h�<tnCD�ejnCJ0PTX n1i7d Q&n

J0P$egB>h B>d0P�J0d0h"B1WOXgJ$?=PTB1<"U�B�<tn |>B1H@PTWqdLH@v�HIEIW � PTX�< UOB1EIW�n1isWqbg<$H@P$n1dLEIX=PTJ$?=Q.UOEI<"U ?MEFWfdLU=P�B>cgJ0PTWg<tP#n1ioB>egeOhLP��

<$EIB>cgHIP~J0d0hLPTJ"J$? lOh"D�HIv UqvMX=hLn1r1PTW � cjnCWOX d0n1r1P$dLU=P$h�d0n�i n1h D B�h"E@rCUqd � UOB1WOXOPTX X=nCbOcgH@P~UOPTHIE � � �sE@r=: Y>:IY � :

2_UOEFJ7<$HFB1JLJLEI<$B1H  ( � R	N + " JLd0h"bO<tdLb=hLP�EIJ	dLUOP�cgB1JLEI< R	N + <tnCW=ikn1h"D�B>dLE@nCW]i nCbOWgX�EFWOJLEIX=P HIE@|MEIW=r�<tPTHIHIJ$: ( �

R	N + EIJ*JLdLB>cgH@P.EFW�egUqvaJ"E@nCH@n1rCEI<$B1HAB1pqb=P$nCbgJ&JLnCHIb=dLE@nCWZ?aEV: P1:sQ&B>d0P$h Q.E@dLU�cgb � P$hLPTX�eg, W=PTB>h �q: ^a?=B1WOX~Q9E@dLU

bOWOEI|�B1H@PTWqd JLB1H@d n1ishLnCb=rCUgH@v~�M:IY�G <tnCWO<tPTWqd0h"B>dLE@nCW :

N7bO<$H@P$n1dLEIXOPTJ$? Q9UOEI< U B>hLPfdLU=PfD�nCW=nCD�P$h"J�dLUOB>d�D�B � PfbOe PTB1< U B>h"D n1i_dLU=PfR7N + ?s<tnCD�PfEFW iknCb=h

|>B>h"E@P$dLE@PTJ�B1WOX�B>hLP <tnCD�ejnCJ0PTX n1i7dLU=hLP$P XOEFJ0dLEIWO<td�egB>hLdLJ � B J"b=rCB>h�<$B1HIH@PTX XOP$n �Mvqh"EIc;nCJLP1?*B egU=nCJLegUOB>d0P

r1hLnCb=e ?jB1WgX�nCWOP�n1i*i nCb=h	bOWOEIdLJ$?;B1XOPTWOEIW=P � + � ?ZrCbOB1WgEIW=P � x � ?ZdLUmvMD�EIW=P � 2�� ?ZB1WOX <tvqd0nCJ"EIW=P � y �.<$B1HIH@PTX



^

  
   

3.5 nm

5’3’

Right−handed 
Double Helix, 
3.5 nm/turn

Persistence 
Length, A, 
50 nm (~150 bp)

Twist Rigidity,C, 
75−110 nm 
(~300 bp)

2 nm

 

�sE@rCb=hLPfY>:IY>: 2_U=P �]B>dLJ0nCW �Ky&h EI< � X=nCb=cgHIP�U=PTHIE �;:z-Kd	dLB � PTJ�\a: ^fWOD n1h�Y$�M: ^fcOe d0n�<tnCD�egHIP$d0P�nCW=P dLb=h"W
n1izdLU=P�XOnCb=cgH@P U=PTHFE �;: 2_U=P�HFB>c;PTHFJ�\ "*B1WOX ^ "*EIWgXOEI<$B>d0P�dLU=P�n1h"E@PTWqdLB>dLE@nCWOJ�n1izdLUOP d Q&n JLd0h"B1WOXOJ � dLU=P
J0d0h"B1WgX�nCW�dLU=P�HIP$i d.h"bOWOJ7^ "Ad0n�\ "@?jdLU=P�n1dLU=P$h#\ ";d0nf^ "@: � P�UgBT|1P nCWOH@v�HIB>cjPTH@PTX�nCW=P�d0P$h"D�EIWqbgJ_n1i PTB1< U
J0d0h"B1WgX � B>hLhLn Q.J nCW dLU=P�J0d0h"B1WOXgJ�B1HIJ0n]EIWOXgEI<$B>d0P~dLUOPTE@h�XOE@hLPT<tdLEInCWZ: 2_UOPfXgE@hLPT<td0PTXOW=PTJ"J�n1i7dLU=P J0d0h B1WOXOJ
U=PTH@eAJ#rCbOEIXOP�eOhLn1d0PTEIWgJ#dLUOB>d�cgEIWOX]d0n�B1WOX dLU=PTW J0PTpqbOPTWmdLEIB1HFH@v  hLPTB1X "sR7N + : 4ad0h bO<tdLb=h"B1HIHIv1? n1eOejnCJLE@d0PTHIv
XOE@h"PT<td0PTX J0d0h"B1WOXOJzD�B!�MEID�E �$P�UmvMX=hLn1r1PTW cjnCWOXgEIW=r�cjP$d}Q*P$PTW <tnCD�egH@PTD�PTWqdLB>hLv�cgB1J0PTJ$:�2_UOP�ejP$h"J"EIJ0d0PTWO<tP
H@PTW=r1dLU�n1iwR	N + ?jQ9UOEF<"U�EIJ9dLUOP�XOEFJ0dLB1WO<tP�n |1P$hzQ9UOEI< U�R	N + <$B1W cjP�dLU=nCbOrCUmd7n1iwB1J	B�h"E@rCEIX�h"naXZ?jEIJ	^>�
WOD �acjPTWOXOJ&B>hLP	JLE@rCWOE@lA<$B1Wmd*i n1h D�nCH@PT<$bgH@PTJ*D�B1Wmv�ejP$h"J"EIJ0d0PTWO<tP7H@PTW=r1dLUOJ�H@nCW=r=: 2_UOP.d}Q9EIJ0d&h"E@rCEIXgE@d v�EIJ*dLU=P
XOEIJLdLB1WO<tPzn |1P$h.Q9UOEI< U �gbO<tdLbOB>dLE@nCWgJ EIWfdLU=P#R	N + d}Q9EIJ0d�h"B>d0P�B>h"P�EIWOJLEIrCWOE@lg<$B1Wqd$?aE : P	HIPTJLJ dLUOB1W]Y	h B1XOEIB1WZ:
R	N + h"B1XgEIbOJ EIJ�� Y�WOD�:



�

cgB1J0PTJT:�29U=P�JLb=rCB>h7EIJ_B>d0dLB1< U=PTX�nCW�nCW=P�JLEIX=P#d0n�B�cgB1J0P1?;B1WOX nCW�dLU=P�n1dLUOP$h.d0n�B�egU=nCJ0eAUOB>d0P#r1hLnCb=e�cqv

<tn |>B1H@PTWqdzcjnCWOXOJ � �sE@r=:�Y>: � � : `wB1<"U n1i*dLU=P i nCbOh7cAB1J0PTJzB>d0dLB1<"U=PTX d0n Wqbg<$H@P$n1dLEIX=PTJ	EIJ	UqvaX=h"n1egU=n1cgEI<�B1WOX

<$B>egB>cgHIP n1iOUmvMX=hLn1r1PTW#� c;nCWgXOEIW=r�Q9E@dLU�B1W=n1dLU=P$hs<tnCD�egH@PTD�PTWqdLB>hLv	cgB1J0P&B1<$<tn1h"XOEIWOr_d0n9dLU=P&<tnCD�egH@PTD�PTWmdLB>hLv

cgB1J0P$eAB1E@h"EIW=r h"bgH@P � + B1H@Q�BTvMJ_cjnCWOXgJ�Q9E@dLU�2�B1WOX�x B1H@Q�BTvMJ_cjnCWOXOJ�Q9EIdLU�y7:

`*B1<"U�B>h D n1i dLU=P#R	N + EFJ�i n1h"D�PTXZ?OEIW�dLb=h"WZ?Mcav�B�<tn |�B1HIPTWmd.c;nCWgX~cjP$d}Q*P$PTW�dLUOPzegU=nCJ0egUgB>d0P7r1h"nCb=e

n1i nCW=P�WqbO<$HIP$n1dLEIX=P�B1WOX dLU=P~UqvMX=hLn �MvMH r1hLnCb=e n1i_E@dLJ�WOPTE@rCUmcjn1h�WqbO<$HIP$n1dLEIX=P(" J�J"b=rCB>h � �sE@r=:]Y>: � � :�2_UOEIJ

cjnCWOX EIJ	n1ikd0PTW hLP$ikP$hLhLPTX d0n�B1J�dLU=P�egU=nCJLegU=nMXOE@PTJ0d0P$h	cjnCWOX B1WOX dLU=P�d}Q*n�B>h"D�J#<tnCHIHIPT<tdLE@|1PTH@v�dLU=P�R	N +

cgB1< � cjnCW=P1:w4MEIWg<tP_UmvMX=hLn1r1PTW�cjnCWOXgEIW=r7c;P$d}Q*P$PTW�<tnCD�egHFEID�PTWqdLB>hLv�cgB1JLPTJwEIJ Q.UOB>d U=nCHIXOJsdLUOP_d Q&n�J0d0h B1WOXOJ

n1igR	N + d0n1r1P$dLU=P$hT? � W=n Q9EIW=r.dLU=P J0PTpab=PTWO<tP&n1iOcgB1J0PTJsB1H@nCW=r7nCW=P J0d0h"B1WgX�n1iOdLUOP&X=nCbOcgH@P*UOPTHIE �#EIJoJLb ��<$E@PTWqd

d0n�X=PTXgbO<tPzdLU=P�J0PTpab=PTWO<tPzn1isdLU=P�n1dLU=P$hT:

-3W�dLU=P�B1JLJ0PTD�cgH@PTX R	N + D�nCH@PT<$bOH@P1?gdLU=P#egU=nCJLegUOB>d0Pzr1hLnCb=eAJ_nCW�dLU=P�Wqbg<$H@P$n1dLEIX=PzejnCH@vMD�P$h"J B>hLP�dLU=P

nCb=dLHIEIP$h"J$?;eOhLn1d0h"bOXgEIW=r�EIWqd0nfdLU=P�D�PTXOEIbgD �kcgB1JLEF<$B1HIH@v Q�B>d0P$h �7EIW�Q9UOEI< U�R	N + EIJ	JLbgJ0ejPTWOX=PTXZ?AQ9UOEIH@P�dLU=P

cgB1J0PTJT?*Q9UgEI<"U B>hLP�UqvMX=hLn1egU=n1cAEI<>? ejnCEIWmd�EIWqQ�B>h"X ikB1<$EFW=r PTB1<"U�n1dLU=P$hT: �]B>d0P$h�EFJ dLUqbOJ P��MejPTHIH@PTX ikhLnCD

dLU=P�EIWmd0P$h E@n1h9n1i dLU=P�R	N + D�nCH@PT<$bOH@P1:_2_UOP#d Q&nfe;nCHIvaD�P$h.J0d0h"B1WOXOJ9n1i R	N + dLUabOJ.PTD�cgh"B1<tP�PTB1< U�n1dLU=P$h

dLU=hLnCbOrCU �3Y �9UmvMX=hLn1r1PTW � cjnCWOXgEIW=r�n1h7cgB1J0P$egB1E@h EIW=r�cjP$d Q&P$PTW <tnCD�egH@PTD�PTWqdLB>hLv�cgB1JLPTJ9nCW�n1eOejnCJLE@d0P�B>h D�J

B1WOX �V� ��PTWmd0hLn1eAEI<$B1HIH@v%� X=h"E@|1PTWfUqvaXOhLn1egU=n1cgEF<9n1h9JLdLB1< � EIW=r�EIWqd0P$h"B1<tdLE@nCWgJ$?=Q9UOEI< UfhLPTJLbOHId�EFW�B�W=P$d_( � R7N +

J0dLB>cgEFHIE �TB>dLE@nCW�PTW=P$hLr1v�n1igikP$Q � � � ejP$hocAB1J0P�� egB1E@hT: 2_UOP&h"PTJLbOH@dLEIWOr.D�EIWgEID�bgDSikhLP$P PTW=P$hLr1v <tnCW=lOrCbOh"B>dLE@nCW

n1i#dLU=P�d Q&n D�bOdLbOB1HIH@v PTWq|1PTH@n1egEIW=r J0d0h"B1WOXgJ�n1i#n1h XOEIWOB>hLv R	N + EIJ~dLU=P �]B>dLJLnCW �Ky&h"EI< � X=nCb=cAH@P�U=PTHFE �

J � P$dL< U=PTX EIW �sE@r=:zY>:IY>:92_U=P�XOEIJ0dLB1WO<tP�c;P$d}Q*P$PTW�B1Wqv�d Q&n�W=PTEIrCUmcjn1h"EIWOr�cAB1J0P$egB1E@h"J.EIW R	N + EIJ9�M: \��fWOD

B1WOX EId dLB � PTJ�Y$�M: ^�cgB1J0P$egB1E@h J �kcOe �*d0n�<tnCD�egH@P$d0P#nCW�dLb=h"Wfn1isdLU=P�U=PTHFE �;?=J0n�dLUOB>d_dLU=P�UOPTHIE �~h"P$e;PTB>d.EIJ��

\a: ^�WOD : 2_U=Pz|>B1W X=P$h��]B1HIHFJ_XOEIB1D�P$d0P$h9n1iodLUOP#R7N + D�nCH@PT<$bOHIP#EIJ ��� WOD :
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�sE@rCb=hLP	Y>: �a: 2_U=P&eOh"EID�B>hLvzJ0d0h"bO<tdLb=h"P*n1igR	N + : + WabO<$H@P$n1dLEFX=P&<tnCWgJLEIJ0dLJ n1iAB7JLb=rCB>h HIEIW � PTX�nCW�nCW=P�JLEIX=P*d0n
B#eAU=nCJ0egUOB>d0P9r1hLnCb=efB1WOX�nCW~dLU=P9n1dLUOP$h&JLEFX=P d0n�nCWOP9n1iZiknCb=hwejnCJLJLEIcgH@P�cgB1J0PTJ$: `*B1<"U�Wqbg<$H@P$n1dLEIX=P9HFEIW � J b=e
Q9E@dLU�B1WOn1dLU=P$hwd0n#ikn1h"D dLU=P.J0d0h"B1WOXOJsn1iZR	N + :m29U=P d Q&n�J0d0h B1WOXOJ B>hLP9UOPTHIX d0n1r1P$dLU=P$hwcav�<tnCD�egH@PTD�PTWmdLB>hLv
UqvaX=h"n1r1PTW�cjnCWOXOEFW=r c;P$d}Q*P$PTW�cgB1J0PTJ.Q9UOEF<"UZ?gXgb=P#d0n�dLU=PTE@h.UqvMX=hLn1egU=n1cAEI<$E@d v1?=ejnCEIWqd  EIWqQ�B>h"XOJ "gB1WgX dLUabOJ
 i B1<tP("*PTB1< U n1dLU=P$hT:S2_UgEIJ�lOrCb=h"P�<tnCb=hLd0PTJ0v�n1i#N.B>dLE@nCWgB1H.,7bOD�B1W x7PTW=nCD�P 6 PTJ0PTB>h <"U -KWgJ0dLE@dLb=d0P �7J0P$P
Q_Q_Q�: WOU=r1h"EV: WgEIUZ: r1n |&'�R7- 6 ' �.-3u '1xzH@nCJLJLB>hLv&'�-3HIHIbOJ0d0h B>dLE@nCW '�uwXOi '�WabO<$H@P$n1dLEIXOP1: ejXOi}:



'

R	N + UOB1J�B < UOB>hLr1P X=PTWOJLE@d}v n1izd Q&n PTH@PT<td0hLnCWOJ~ejP$h�cgB1J0P$eAB1E@hT? Q9E@dLU�dLU=P�eAU=nCJ0egUOB>d0P�r1hLnCb=egJ~EIW

B�<tnCD�egH@PTD�PTWqdLB>hLv cgB1J0P$egB1EIh�JLb=eOeAH@vaEFW=r~nCWOP�PTH@PT<td0hLnCW PTB1<"UZ: 29UOEIJzUOE@rCU <"UOB>hLr1P�X=PTWOJLEId v EIJ#JL<th"P$PTW=PTX

J0d0hLnCWOrCH@v�EIW�egUqvaJ"E@nCH@n1rCEI<$B1H JLnCHIb=dLE@nCWOJT?gJ0n�dLUgB>d9hLP$egbgHIJLE@nCWfcjP$d Q&P$PTW�dLU=P�d}Q*nfJLEIJ0d0P$h.J0d0h"B1WOXOJ.EIJ_h"PTXObO<tPTX

JLb �~<$E@PTWmdLHIv�dLUOB>d_dLUOP�X=nCb=cgHIP	UOPTHIE �~EIJ9J0dLB>cgH@P#B>d_h"nqnCD d0PTD�e;P$h B>dLb=hLP1:

��
 � � ��� � ���m $����� � ��� � � ���� � � � ! �
�� � � �

4MEFW=rCH@P.<tnCWqdLE@rCb=nCbgJ_X=nCb=cgHIP�� J0d0h"B1WOX=PTX�R	N + D�nCH@PT<$bOHIPTJ � XgJLR	N + �&EIWf<tPTHIHIJ�<$B1W�UOB |1Pzd0n1dLB1H <tnCWmd0nCbOh

H@PTW=r1dLUgJ � E : P1: dLU=P d0n1dLB1HzH@PTWOr1dLU n1i�dLU=P <tPTWqd0h"B1H#B!�=EIJ�n1i�dLU=P D�nCHIPT<$bOH@P ��h"B1W=rCEIWOr ikhLnCD Y$��� D � �

Y$��� cgB1J0P eAB1E@h"J ��ikn1h |aEIh"bOJ0PTJ�d0n r1hLPTB>d0P$h�dLUOB1W Y <$D � � Y$��� cgB1J0P egB1E@h J ��i n1h�UgE@rCU=P$h�n1hLrCB1WOEFJLD�J$:

(&PT<$B1bOJ0P]n1i�<tnCWOJ0dLB1Wqd � EI< � J EID�eAB>hLd0PTX cqv dLU=P]D�nCH@PT<$bOHIPTJfn1i�dLU=P]JLbOhLhLnCbOWOXgEIW=r B1pab=P$nCbOJ D�PTXOEIbOD�?

XOJLR	N + J0ejnCWqdLB1W=P$nCbOJLHIv B1WOX h"B1WOX=nCD�H@v]bOWOX=P$h"r1nqPTJ�dLU=P$h"D�B1H*cjPTWOXgEIW=r �gbg<tdLbOB>dLE@nCWOJ�dLU=hLnCbOrCU=nCb=d�E@dLJ

H@PTW=r1dLU : ,9n Q*P$|1P$hT?AJ0d0P$h"EI<z<tnCWOJLd0h"B1EIWqdLJ$?=B>h"EIJLEIWOr�ikhLnCD dLU=P#H@nM<$B1H;r1P$nCD�P$d0hLvfn1i dLU=P#XOnCb=cgH@P7U=PTHIE �j?a<tnCbOegH@P

dLU=P�n1h"E@PTWqdLB>dLE@nCWOJ�n1i.WOPTE@rCUmcjn1h"EFW=r D�nCW=nCD�P$h J$: 2_UOEIJ�<tnCb=egHIEIWOr�cjPT<tnCD�PTJ�Q*PTB � nCW HIB>hLr1PfJL<$B1H@PTJ��&dLU=P

n1h"E@PTWqdLB>dLE@nCW n1i�cAB1J0P egB1E@h"J � ^>� WgD �3YT^>� cge � �V\�� ��B>egB>h"dfB>h"P JLdLB>dLEIJ0dLEI<$B1HIHIv EIWOX=P$ejPTWOX=PTWqd$: 2_UOEIJ

H@PTW=r1dLU n1i_^>��WOD EIJzdLU=P�ejP$h"J"EIJ0d0PTWO<tP�H@PTWOr1dLU]n1i_XOJLR	N + : & nCW=r�bOWOJ0d0hLPTJ"J0PTX]XOJLR	N + D�nCH@PT<$bOH@PTJ�H@nqn �

HIE � P7h"B1WOXOnCD Q�B1H � J�nCW�H@PTW=r1dLUfJL<$B1H@PTJ D�bO< UfcgE@r1r1P$h�dLUOB1WfdLU=P	ejP$h"JLEIJLd0PTWO<tP7HIPTW=r1dLUZ?Mcgb=d�HIE � P7h"E@rCEIX~hLnMXOJ

Q9E@dLUgEIWfB�ejP$h"JLEIJ0d0PTWg<tP	HIPTW=r1dLUZ:

2_UOP&JLbOhLhLnCbOWOXgEIW=r9U=PTB>dscgB>dLU�B1HFJ0n.eghLnaXgbO<tPTJod0h"B1WOJLE@PTWqd��gbO<tdLbOB>dLE@nCWgJoB>h"nCbOWOX�dLU=P D�PTB1W�d Q9EFJ0d B1W=rCH@P

n1i � \�����cjP$d Q&P$PTW B1X!�LB1<tPTWqd#cgB1J0P$egB1EIh"J$: ) WO<tP�B>rCB1EIWZ? PTB1<"U]cAB1< � c;nCWOP�<tnCWOJ0d0h"B1EIWgJ	dLU=P�J0ejnCWmdLB1WOP$nCbOJ

d0n1h"JLEInCWOB1HAD�n1dLE@nCW�n1i dLU=P	n1dLU=P$hT?=<tn1hLhLPTHFB>dLEIW=r�d}Q9EIJ0d&n1h"E@PTWqdLB>dLE@nCWOJ&n |1P$h9B�HIPTW=r1dLU y � Y$�1��WOD � �m\ � �1[ � :

�]B1H � EIW=r�B1HInCW=r�dLU=P�<tnCWmd0nCbOh.n1i B~R7N + D�nCH@PT<$bgH@P1?OnCW=P�Q*nCbOHFX�lgWOX�h B1WOX=nCD d}Q9EIJ0d.|�B>h EIB>dLE@nCWOJ cAE@r1r1P$h



[

dLUOB1W Y�h"B1XOEIB1W n |1P$h�XgEIJ0dLB1WO<tPTJzr1h"PTB>d0P$h�dLUOB1W y7:Z-KW]n1dLU=P$h�Q&n1h"XOJ$? �gbO<tdLbOB>dLEInCWOJzEIW hLPTHIB>dLEI|1P�B1W=rCH@P�n1i

d Q&n~B1X �0B1<tPTWqd_cgB1J0P�egB1E@h_J0dLB1< � J7B>hLP#J0dLB>dLEIJLdLEI<$B1HIH@vfEIWOX=P$ejPTWOXOPTWmd&n |1P$h7cgB1J0PzegB1EIh"JzY$�1��WOD B>eAB>hLd$:

��
 � � � � �	�  � � � ����� � ��� � � ��� ���	����� � � � ����� � ��� ��� � ���
���
�����	��� � ��� � �
� � � � � �����	�

4MEFWO<tP�<tPTHIHFJ7B>h"P EFD�D�P$h"J0PTX�EIW�B�UOPTB>d7cAB>dLU�B>d	hLnanCD d0PTD�ejP$h"B>dLb=hLP1?jdLU=P cgB1J"EI<�bOWgE@d9n1i*PTW=P$hLr1v ikn1h

dLU=PTD�EIJ � � ��?>Q9UgEI<"U�i n1hs2�	z\>�1� 8 EIJ � �IY �zY$� � % ! /�	 �=:IY&egN WgD �3Y&egN 	SY$� � ! % N B1WOX�Y&WOD 	SY$� � �

D � :�2_U=P�e;P$h JLEIJ0d0PTWO<tP�HIPTW=r1dLU]n1i_R	N + ?s^>��WOD�?sJ0P$dLJ�dLU=P�hLPTHIP$|�B1Wqd�H@PTWOr1dLU JL<$B1H@P�i n1h bOWOX=P$h J0dLB1WOXOEIWOr

R	N + " J H@n Q ikn1h"<tP	PTHIB1J0dLEF<$E@d v�B1WgX�B>d0d0PTWgXOB1Wmd�egUOPTW=nCD�PTWOBM: + W=n1dLU=P$h EID�ejn1hLdLB1Wqd*HIPTW=r1dLUfJL<$B1H@P1?=B1H@hLPTB1X=v

D�PTWqdLE@nCW=PTXZ?aEIJ9Y.cOe 	 �M: \���WOD�: + HIJ0n=?qB1J&Q&P.D�PTWqdLE@nCW=PTX�eOhLP$|ME@nCbOJLHIv1?qE@d dLB � PTJ B>cjnCb=d&\a: ^�WOD ?mn1h	Y$�M: �

cOe ?ad0n�<tnCD�egH@P$d0P7nCW=P	i bOHIHOdLbOh"W�n1i dLU=P7XOnCb=cgH@P7U=PTHIE �j: 4=EIWO<tP9Q�B>d0P$hT?OB>d�hLnanCD d0PTD�ejP$h"B>dLb=hLP1?=JLb=h"hLnCbOWOXOJ

B1WOX�XOB1D�egJ �gbO<tdLbOB>dLEInCWOJwn1iZcAE@nCH@n1rCEI<$B1H;D�nCH@PT<$bOHIPTJ$?qE@dLJ*|MEIJL<tnCJLE@d}v�n1i d0PTWfJ0P$dLJ&dLU=P	X=nCD�EFWOB1WmdwdLEID�P.J"<$B1H@P1?

�����
��� 	�� ���	� � � ��: � E@dLU � � Y#WOD ?
� 	 �M: �1�=Y�usB�� J0PT<>?AB1WgX�� � � 	��=:IYzegN�WOD�? �����

�� 	 Y#WOJ$:

��
 � ����������� � � ��� ��� ��� �
� ���� ��� ������� � � ��� ��� � �	� � � ��� � ����� � ���

��
 ��
 � � �����	� � � � � ��� ����������� � � ! ��� �g����� ����� �

2_UOP$h"D�B1H#�gbg<tdLbOB>dLE@nCWOJ*EIW�dLU=P7D�PTXOEIbOD JLb=hLhLnCbgWOXOEIW=r	B�XgJLR	N + Q9EIHFH=EIWmd0h"naXObg<tP � EFW � JwEIW�dLU=P.e;nCHIv �

D�P$h J0n	dLUOB>d B7d vaegEI<$B1HMejnCH@vMD�P$hs<tnCW=lOrCb=h B>dLE@nCW�Q9EIHIHaH@nan � HIE � P�B	h"B1WOX=nCD�Q�B1H � EIW J0eAB1<tP1: 4Md0h"B1E@rCUqd0PTWOEIW=r

nCb=d_dLUOPTJ0P#dLU=P$h"D�B1HZcjPTWOXOJ�Q9EIHFHAh"PTpqbOEIhLPzB�i n1h <tP�JLb ��<$EIPTWmd d0n�n |1P$h"<tnCD�PfY �����Sn1isPTW=P$hLr1vfejP$h_ejP$h"JLEIJ �

d0PTWO<tP�HIPTW=r1dLU�n1isR7N + :;4MEIWO<tP�� 	 ^>��WgD i n1h9R	N + B1WOX Y ����� 	��=:IYzegN�WOD�?=Q&PzP��aejPT<td9B ikn1h"<tP#n1i

� �M:IYzeANSd0n�J0d0h"B1E@rCUqd0PTW�dLU=PTJ0P�c;PTWgXOJ$:

) W dLU=P�n1dLUOP$h�UOB1WgXZ? ikhLnCD nCb=h�XOEFJL<$bOJLJLEInCW n1i dLU=P�cgEFWOXOEIW=rfPTW=P$h"r1v n1i dLU=P�d}Q*n <tnCD�egH@PTD�PTWmdLB>hLv

J0d0h"B1WgXOJ�n1i R	N + �kikhLP$PzPTW=P$h"rCE@PTJ�n1i nCWgH@v~B ikP$Q � � ��ejP$h cgB1JLP�� egB1E@h � ' � � ?OQ&PzPTJ0dLEID�B>d0P�dLUOB>d i n1h <tPTJ nCW

dLU=P n1h"XOP$h n1i � Y$� � � � � WOD�?CQ9UOPTW�B>eOegHIE@PTX�d0n�( � R	N + ?CQ9EFHIHqEFWOXObO<tP�<tnCW=ikn1h"D�B>dLE@nCWOB1H=< UOB1W=r1P_d0n�J0nCD�P



Y$�

n1dLU=P$h	R	N + JLd0h"bO<tdLb=hLP1: + rCB1EIWZ?jJLEIWg<tP�� � � � WOD EIJ �=:IY�egN�?gQ&P�J"U=nCbOHIX WOn Q�P��aejPT<td.R	N + J0d0h"bg<tdLb=h"B1H

d0h"B1WOJ"E@dLE@nCWOJ�d0n�cjP#B1JLJLna<$EIB>d0PTX Q9E@dLU�ikn1h"<tPTJ nCW�dLU=Pzn1h"X=P$h_n1i��C��eAN�:

2_UOP.B1X=|1PTWqd�n1iZegEI<tnCN.P$Q_d0nCW�i n1h"<tP7d0h"B1WOJ"XObO<tP$h"J&UOB1J&B1HIH@n Q&PTX�JLEIW=rCH@P�� D�nCH@PT<$bOH@P9D�EI<thLnCD�PT< UOB1WOEI<$J*d0n

D�n |1P�cjP$v1nCWOX�dLUOP$n1hLP$dLEI<$B1HoJ0ejPT<$bOHIB>dLE@nCWOJ B1WgX�EIWqd0n�dLU=P�hLPTB1HID n1isP��MejP$h"EID�PTWqdLB1HZeOh"B1<tdLEF<tP1: � P�J � P$dL<"U ?

EIW��sE@r=:�Y>: \>BM? B J"EIW=rCH@P�� D�nCHIPT<$bOH@P�J0d0hLPTJLJ � J0d0h"B1EIW P��MejP$h"EID�PTWqd$:�R	N + Q9EIdLU J0ejPT<$EIB1HIH@v�B1XOB>eOd0PTX PTWOXgJ#EIJ

D�B1X=P�d0n J0dLEI< � d0n <tnCB>d0PTX cjPTB1XOJ7n1h#D�EI<thLn1eAE@ejP$d0d0PTJ$:7(&PTB1XOJz<$B1W cjP�D�B1WOE@egbgHIB>d0PTX�cav cjPTEIW=r~d0h"B>eOejPTX

EIW HFB1J0P$h.J0ejn1dLJ$?gn1h9cavfD�EI<thLn1egE@ejP$d0d0PTJ_bgJLEIW=r�JLbg<tdLE@nCWZ: � E@dLU�c;n1dLU�R	N + PTWOXgJ_U=PTHIX�cavfcjPTB1XOJ_EIW HFB1J0P$h

d0h"B>egJ�B1WgX ' n1h�D�EI<thLn1eAE@ejP$d0d0PTJ$? nCW=PfPTWOX EIJ D�n |1PTX cqv B�l#�aPTX B1D�nCbOWmd Q9EIdLU h"PTJ0ejPT<td�d0n dLUOP�n1dLUOP$hT?

Q9UOEF<"U�EIJ9U=PTHFX�l#�MPTXZ?jB1WOX�dLU=P�PTHFB1J0dLEI<�i n1h"<tP�nCW�dLU=P�i n1h"<tP�d0h"B1WOJ"XObO<tP$h7r1PTW=P$h"B>d0PTX cav dLU=P D�nCH@PT<$bOH@P�EIJ

D�PTB1JLbOhLPTXZ: �=n1h"<tPTJznCW HIB1J0P$h � d0h"B>eOejPTX�cjPTB1XOJ7B>hLP�D�PTB1JLbOhLPTX�ikhLnCD dLU=PTE@h7dLU=P$h"D�B1H �AbO<tdLbOB>dLE@nCWOJ7EIW�dLU=P

HIB1J0P$h�J0ejn1d$:��=n1h�D�EF<thLn1egE@ejP$d0d0PTJ$? XOE@h"PT<td�n1cgJLP$hL|�B>dLEInCW n1i9dLU=PTE@h cjPTWOXOEIW=r�B1HIH@n Q.J�<$B1HI<$bgHIB>dLE@nCW n1i_ikn1h"<tP

dLU=hLnCbOrCU <$B1HIE@cOh B>dLE@nCW�n1ioeAE@ejP$d0d0Pzc;PTWgXOEIW=r D�nCD�PTWqd$:

+ W=n1dLU=P$h	D�P$dLU=nMX�ikn1h	D�PT<"UOB1WgEI<$B1HIH@v�D�B1WOEIegbOHIB>dLEIWOr�JLEIW=rCH@P#R	N + D�nCH@PT<$bgH@PTJ.EFJ_d0nfB>d0dLB1<"U B~egB>h"B!�

D�B>rCW=P$dLEF<zcjPTB1X�d0n�nCW=P�PTWOX�n1isdLU=P�R	N + B1WgXZ?OnCW dLUOP#n1dLU=P$h9PTWgXZ?OB�<"UOPTD�EI<$B1H dLB>r~Q9UOEI< U�J0dLEI< � J9d0n~B

rCHIB1JLJ <tn |1P$h.JLHFE@e :�� E@dLU�B�J"EIW=rCH@P	R	N + D�nCH@PT<$bOHIP7EIWqd0P$hLejnCHIB>dLEIWOr�cjP$d Q&P$PTW�dLU=P	d}Q*n�cjPTB1XOJT?MB D�B>rCWOP$dLEI<

lOPTHIX <$B1W cjP�bOJLPTX]d0n�B>egegH@v B ikn1h"<tP�d0n�dLU=P~D�B>rCWOP$dLEI<�cjPTB1X B>d�dLU=P� ikhLP$P(" PTWOXZ:f2_UOEIJ#B>h"h"B1W=r1PTD�PTWqd

EIJzn1ikd0PTW hLP$i P$h"hLPTX d0n�B1J�B�D�B>rCWOP$dLEI<�d}Q*P$P �$P$h �V\MY �o�MY � : 29U=P�bOWOEIpab=P ikPTB>dLb=hLP�n1i D�B>rCWOP$dLEI<�d}Q*P$P �$P$h"J

B>hLP~dLUOB>d�dLU=P~B>eOegB>h"B>dLbOJ�E@dLJ0PTH@i UOB1J��$P$hLn�ikn1h"<tP�<tnCWOJ0dLB1Wqd$?sE : P1:�dLUOP�ikn1h"<tP~B1<tdLEIWOr nCW dLUOP�D�nCH@PT<$bOHIP�EIJ

ikn1h*eOh B1<tdLEI<$B1HgeAb=hLejnCJ0PTJwJLegB>dLEIB1HIH@v�<tnCWOJLdLB1Wmd$:*G�B>rCW=P$dLEI<.d Q&P$P �$P$h"J_B>h"P7W=n1d&r1nanaX~i n1h&ejnCJLE@dLE@nCWgB1HO<tnCWmd0h"nCH

cgb=d_B>h"Pz|1P$hLvfQ*PTHIH � JLbOE@d0PTXfikn1h9H@n Q � i n1h <tP#P��aejP$h"EFD�PTWmdLJT:
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`w|1PTW dLU=nCb=rCU � EIH � EIWgJ�� ����� �V[ ��EIW YT[1^MY�Q*P$hLP�B>cgH@Pzd0n�hLP$|1P$h JLE@cgH@v�J0d0hLP$dL< U PTWqd Q9EIWOPTX R	N + lOcjP$h"J

b=eOd0nfY>: ^�dLEID�PTJ&dLU=PTEIh&WOB>dLEI|1P	HIPTW=r1dLUZ?MdLU=P7P��aegHInCJLE@nCW~n1i B1<tdLE@|ME@d v�EIW~dLU=P	lOPTHIX~n1i JLEIW=rCHIP�� R7N + D�nCH@PT<$bOH@P

D�EI<th"nCD�B1WOE@egbgHIB>dLE@nCW <$B1W cjP�d0h"B1<tPTX cgB1< � d0n�dLUOP�egE@nCWOP$P$h"EIW=r Q&n1h � n1i74Md0P$|1PTW (7: 4MD�E@dLU B1WOX + : /=:

(&PTWOXOEI< U�EIW�YT[1[>� �3Y$� � : 2_U=P$v bOJ0PTX�B1W�PTH@PT<td0hLn1egUOn1hLP$dLEI< ikn1h"<tP_lOPTHFX d0n�J0d0hLP$dL< U~B#J"EIW=rCH@P R	N + D�nCH@PT<$bOH@P

cav�ikn1h"<$EIW=r�E@d	d0n JLWOB � P�EIdLJ	Q&B v�dLUOhLnCb=rCU B>r1n1hLnCJ0P�r1PTH :�2_UOP WOP��ad#EID�e;n1h"dLB1Wmd	J0d0P$e]Q�B1JzdLU=P Q&n1h � n1i

4MD�EIdLU�� � � � ?mEFW YT[1[1�a:w2_U=P$v bOJ0PTX�B#D�B>rCW=P$dLEI<_d Q&P$P �$P$h&B>eOeAB>h"B>dLbOJ d0n�J0d0hLP$dL<"U�B#JLEFW=rCH@P1?CEIJ0nCHFB>d0PTX�R	N +

D�nCH@PT<$bgH@P i hLnCD��#� egUOB>r1P��V\MY � ?sBf|ME@h"bOJ7dLUOB>d#EIWOi PT<tdLJz`9:j<tnCHFEscgB1<td0P$h"EIBM: -3W YT[1[��=?o(�bOJ0dLB1D�B1Wmd0P ��� � � ?

EIW <tnCHIHIB>cjn1h"B>dLEInCW�Q.E@dLU�dLUOP�dLU=P$n1h"EIJ0dLJ �V\�� � ? PTJ0dLB>cgHIEIJ"U=PTX�<tnCWg<$HIbOJLE@|1PTHIv dLUOB>d#R	N + " JzPTHIB1JLdLEI<�hLPTJ0ejnCWOJ0P1?

B1J	J0P$PTW EIW�J"EIW=rCH@P�D�nCH@PT<$bOH@P�J0d0hLP$dL<"UgEIW=r�P��aejP$h"EID�PTWmdLJ$?AQ&B1J	X=PTJ"<th"E@cjPTX cav B�Q&n1h"D � HFE � P�< UOB1EIW�� � &sy �

D�nMX=PTHah"B>dLU=P$hsdLUOB1W dLU=P�ikhLP$PTH@v �0nCEIWqd0PTX�<"UOB1EFW � � /ay �obOJ0PTX�cav 4MD�EIdLU ��� ��� EFW�dLU=PTEIh�YT[1[1�zegB>ejP$hT: -3W�dLU=P

JLB1D�Pzv1PTB>h ?j4ad0P$|1P�y Uqb " J�r1h"nCb=e hLP$ejn1hLd0PTXfP��MejP$h"EID�PTWqdLJ�nCW J0d0hLP$dL< UOEIW=r��#� R	N + bOJ"EIW=r�UmvMX=hLnMX=vMWOB1D�EI<

�On Q9J �V\1� �q\1\ � ?CQ9UgEI<"U <$bOHID�EIWOB>d0PTX EIW�dLU=PzYT[1[1^	egB>ejP$hscqv�uoP$h � EFWOJ�� � ��� ?CQ9U=P$h"P*dLU=P$v�n1cgJ0P$h"|1PTX�R7N + " J

H@n Q ikn1h"<tP � HIPTJLJ�dLUgB1W Y$��egN��	PTHIB1J0dLEF<�hLPTJ0ejnCWOJLP�dLUOB>d�h"P$eOhLnMXObO<tPTX B1WgX J0d0hLPTWOr1dLU=PTW=PTX dLU=P�hLPTJ"bOH@dLJ#n1i

4MD�EIdLU�� ��� � EIW �V\�� � :

+ D�B �3n1h�<"UgB1HIH@PTW=r1PfEIW dLU=P~lgPTHIX B>ikd0P$h YT[1[1^�Q&B1J U=n Q d0n P��MegH@n1hLP~dLU=PfUOE@rCU i n1h"<tP1?*EV: P1:�r1h"PTB>d0P$h

dLUOB1W]Y$��egN�?gPTHIB1J0dLEI<	hLP$rCEFD�Pzn1i R7N + :AG�B>rCWOP$dLEI<#d}Q*P$P �$P$h"JT?;UqvaXOhLnaXOvaWOB1D�EI<,�gn Q9J$?OB1WgX�n1eOdLEI<$B1HZd0h B>egJ

bOJ0PTX�cav�|>B>h"E@nCbOJ*r1hLnCb=egJ&Q&P$hLP	EIWOB1X=PTpabOB>d0P7i n1h dLU=P7egb=h"e;nCJLP9n1i B>eOeAH@vaEFW=r�HIB>hLr1P$h�ikn1h"<tPTJ�nCWfR	N + :=2_U=P

J0PTB>h"< U�Q&B1J�D�n1dLE@|>B>d0PTXZ?MB>d&HIPTB1J0d&EFW�egB>hLd$?acqv�eOhLPTXOEI<tdLEInCWOJ �3Y1Y �wdLUOB>d&i n1h�JLb ��<$EIPTWmdLH@v HIB>hLr1P7ikn1h"<tPTJ$?	� �C�

egN�? R	N + JLU=nCbgHIX B>cOh"b=eOdLHIv d0h"B1WOJ0ikn1h"D ikhLnCD ( � R	N + d0n�B1WOn1dLU=P$h�W=n |1PTHwJ0d0h"bg<tdLb=h"B1HsJ0dLB>d0P1? 4%� R	N + :

{7WOX=P$h"J0dLB1WgXOEIW=r UOEIrCU � i n1h <tP�J0d0hLP$dL< UOEIW=r�n1i_R7N + Q�B1J�B1HFJ0n cgE@nCHIn1rCEI<$B1HIH@v EIWqd0P$hLPTJ0dLEIW=r�JLEIWO<tP�B�WqbgD�cjP$h
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n1i�EID�ejn1hLdLB1Wqd7R	N + � B1<tdLEIWOr eOhLn1d0PTEIWgJ7B>egegH@v ikn1h"<tPTJ � Y$��egN Q.U=PTW�dLU=P$v�cAEIWOX�d0n R7N + :Z-KWOXOP$PTXZ? B1J

& P$r1P$h � � ��� iknCbOWOX�EFW �V�>� � ?;B1W EFD�ejn1hLdLB1Wmd_<$HFB1JLJ n1i R	N + cgEIWgXOEIW=r�eOhLn1d0PTEIWOJT? 6 PT< + ?gr1PTW=P$h"B>d0PTJ9i n1h <tPTJ

n1i � Y$�1��egN5Q9U=PTW�E@d�cgEIWOXOJ&d0n�R7N + ?OdLU=P$hLP$cav�J"E@rCWOE@lg<$B1WqdLH@v�J0d0hLP$dL<"UgEIW=r�E@dLJ_R	N + d0PTD�egHIB>d0P1:

u*E@nCW=P$P$h"EIWOr P��aejP$h"EID�PTWmdLJ�cav�y�HIb��$PTH_P$d B1H �3YT� ��B1WOX 4MD�E@dLU P$d%B1H��3YT\ ��JLU=n Q*PTX dLUOB>d�EFWOX=P$PTX

B JLUOB>h"e J0d0h"bO<tdLb=h B1H�d0h"B1WOJLE@dLEInCW na<$<$b=h J�EIW XOJLR	N + Q.U=PTW bOWOX=P$h hLnCbOrCUOH@v �1^ egN n1i	d0PTWOJLEInCWZ: 2_UOEIJ

X=h"B1D�B>dLEI< d0h"B1WOJ"E@dLE@nCW�EFJ hLP$|1P$h"JLEIcgH@P_B1WOX�EIJ ejnCJLJLEIcgH@P�cjPT<$B1bOJ0P9dLUOP.<tn |>B1H@PTWqdLH@v�cjnCWOX=PTX�J"b=rCB>h � egU=nCJLegUOB>d0P

cgB1< � cjnCW=PTJ B1H@nCWOr�PTB1<"U J0d0h B1WOX�B>hLP#U=PTHIEF<$B1HIH@v�<tnCEIH@PTX�EFWOJLEIX=P7( � R7N + :g2_UOEIJ&W=P$Q�J0d0h"P$dL<"U=PTX R	N + J0dLB>d0P

EIJ9Q9EIX=PTH@vf<$B1HIH@PTX  4%� R	N + : "j2_UOEIJ9d0h"B1WOJLEIdLE@nCW�UOB1J.cjP$PTW n1cgJLP$hL|1PTX EIW D�B1Wqv�HIB>cjn1h"B>d0n1h"EIPTJ$?AB1WOX�EIJ7bOJ0PTX

B1J9B ikn1h"<tP�<$B1HFE@cOh"B>dLE@nCW�EFW�D�B1WmvfP��MejP$h"EID�PTWqdLJ$:

+ JLE@rCWOEIlg<$B1WmdzJLUOn1hLdL<tnCD�EIW=r�n1i�B1HIHsdLU=P�P��MejP$h"EID�PTWqdLB1H X=PTJLEIrCWOJzX=PTJL<th"EIc;PTX J0n�i B>h#Q�B1JzdLUOB>d$? Q9UOEIH@P

dLU=P$v�J0d0hLP$dL< U=PTX�R7N + ?mdLU=P$v Q&P$hLP.bOWgB>cgH@P�d0n�<tnCWqd0hLnCHAdLU=P9R	N + " J*d Q9EIJLdLEIW=r=?mEV: P1:sdLU=P9h"B>d0P.B>d*Q9UOEI< U�nCW=P

J0d0h"B1WgX�Q.EIWOXOJ7B>hLnCbOWOX�dLU=P n1dLU=P$h :�2_U=P d0n1dLB1H WabOD�c;P$h	n1i*dLb=h"WOJ7n1iwnCWOP�J0d0h"B1WOX�n1i*R	N + B>h"nCbOWOX�dLU=P

n1dLU=P$h	EIJ dLU=P�D�nCH@PT<$bOHIP(" J_d Q.EIJ0d$?&�
�
: � UOPTW dLU=P�R7N + EIJ_UOPTHIX�dLB1b=d$? �

�
EIJ_B1HIJLn~E@dLJ_HFEIW � EIW=r�WqbgD�cjP$hT?

�����kdLU=P9r1PTW=P$h B1HgX=P$lgWgE@dLE@nCW�n1i ����EIJweOhLPTJ0PTWqd0PTX�EFW�y�UOB>eOd0P$h�� � : + JwQ*P9JLd0hLP$dL<"U�R	N + ?qE@dLJ d Q&n�J0d0h B1WOXOJ

Q9EIHFH=d0PTWOX~d0n bgWmQ9EFWOX�E@iZQ&P7B1HFH@n Q dLU=P	D�nCH@PT<$bOH@P.d0n�ikhLP$PTH@v�hLn1dLB>d0PzB>c;nCbOd*E@dLJ&EIWqd0P$h � U=PTHIEI<$B1HAB!�MEFJ$: -KW��sE@r=:

Y>: \�c ? Q&P�J"U=n Q B�<$B>h"d0nqnCW n1i_R	N + B>d0dLB1<"UOPTX d0n  cjPTB1XOJ " dLU=hLnCb=rCU nCWOH@v nCWOP~n1i_E@dLJ�d Q&n B>h"D�J��wdLUOEIJ

B>hLh"B1WOr1PTD�PTWmd B1HIHIn Q9JodLU=P�D�nCH@PT<$bOHIP*d0n7i h"P$PTH@v�J0Q9EI|1PTHqB>hLnCbgWOX�EIdLJ cjnMX=vzB!�MEFJ Q.U=PTW�EIdoEIJ cjPTEIW=r7J0d0hLP$dL<"UOPTXZ:

-3W��sE@r=: Y>: \><>? Q*P�JLU=n Q XOnCb=cgH@P�� J0d0h B1WOX=PTX]B>d0dLB1< UOD�PTWqd�n1i_dLU=P~R	N + d0n  cjPTB1XOJ " � dLUOEIJ�eOhLP$|1PTWqdLJ�dLU=P

R	N + ikhLnCD J0eAEIWOWOEIWOr�B>cjnCb=d_E@dLJ0PTHIi J0n�dLUgB>d_dLU=P�D�nCHIPT<$bOH@PzX=naPTJ_W=n1d9bOWqQ9EIWgX�B1J_Q*P�JLd0hLP$dL<"U�E@d$:

-3W n1h"XOP$h~d0n J0dLbOX=v U=n Q <tnCWgJ0d0h"B1EIWOEFW=r]R	N + " J�d Q9EIJLd~B � PT<tdLJ�E@dLJ�PTHIB1JLdLEI< hLPTJLe;nCWgJ0P1?�d Q&n r1h"nCb=egJ

X=P$|1PTH@n1ejPTX�P��aejP$h"EID�PTWmdLB1HZd0PT< UOWOEIpab=PTJ d0n~d0n1h"JLE@nCWgB1HIH@vf<tnCWOJ0d0h"B1EIW�R7N + ?AdLUOB>d9n1i*4ad0h"EI< � � � � � �V�MY �9B1WOX
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y�HIb �$PTH � � � � �V�1� �Z�1\ � :z2_UOPTJ0P�P��MejP$h"EID�PTWqdLJ7B1HIH@n Q�nCW=P�d0n�D�PTB1JLb=hLP�dLU=P�i n1h"<tP�� P��Md0PTWOJLEInCW <$b=hL|1P�i n1hzB

XOJLR	N + JLb=c �0PT<tdZd0n_dLU=Pw<tnCWgJ0d0h"B1EIWqdZdLUOB>d E@dLJ X=nCb=cgH@P�� UOPTHIE �.HIEFW � EFW=r*WabOD�c;P$h EFJZl#�MPTXZ: `wB>h H@v.P��MejP$h"EID�PTWqdLJ

cav~4ad0h"EI< � � � � � �V�MY � JLUOn Q&PTX�dLUOB>d&ikn1h&H@n Q�ikn1h"<tPTJ ��^#eAN�?CP � PT<tdLJ�nCW�dLUOP.PTWqd0hLn1egEI<_PTHIB1J0dLEI<$E@d}v�n1i R	N +

<tnCbOHIX cjP�n1cAJ0P$hL|1PTX B1WOX J0dLbOXgE@PTXZ?_B1J�B ikbgWO<tdLE@nCW n1i�d Q.EIJ0dLEIW=r=: 4adLbgXOE@PTJ~n1i#dLUOEIJfH@n Q � i n1h <tP�h"P$rCEID�P

|1P$h"E@lgPTX]dLU=P$n1hLP$dLEF<$B1H*eghLPTXOEI<tdLE@nCWgJzn1i_<tnqP��=EIJ0d0PTWg<tP~n1i_JLbOe;P$h <tnCEIH@PTX]B1WOX P��ad0PTWgX=PTX XOnCD�B1EIWOJ �V��� � ?wB1WOX

X=PTWOB>dLbOh"B>dLE@nCW n1i bgWOX=P$hLd}Q9EIJ0d0PTX�R7N + B>d.i n1h"<tPTJ7n1i B�i P$Q�egN�:j4Mb=cAJ0PTpqbOPTWmd9B1WgX�X=P$dLB1EIHIPTX�dLU=P$n1h"P$dLEI<$B1H

J0dLbOXgE@PTJ��V�1^ �g��� �g�	� �&UOBT|1P#eAB1EIWmd0PTXfB�h"B>dLU=P$h_<tnCD�egH@P$d0PzegEI<tdLbOhLP.n1i dLU=PzH@n Q�� i n1h"<tPzcjPTUOB |aEIn1h&n1i d Q9EFJ0d0PTX

R	N + :

4MHFE@rCUmdLHIv HIB>d0P$hfP��MejP$h"EID�PTWqdLJ�cav dLU=P JLB1D�P�r1h"nCb=e P��MegH@n1h"PTX�dLU=P�cjPTUOBT|ME@n1h�n1izd Q9EIJLd0PTX R	N + B>d

UOE@rCUOP$h�ikn1h"<tPTJ$? B1WOX JLU=n Q*PTX dLUOB>d XOJLR	N + <tnCbOHIX cjP�X=PTWOB>dLb=h"PTX cav bOWqd Q9EFJ0dLEIW=r �V�(' � �1[ � ?wB1WgX |1P$hLv

U=PTB |aEIHIv�n |1P$hLd Q.EIJ0d0PTX �V\>� � : �oEFWOB1HIH@v1? Q*n1h � n1i�& P$r1P$h � � ��� �V�1\ ��D�B1X=P�B�rCH@n1cgB1HwJLdLbOX=v�n1i dLU=P�ikn1h"<tP��

P��Md0PTWOJLE@nCW cjPTUOB |aEIn1hzn |1P$h B�Q9EIX=P h"B1WOr1P�n1i&d}Q9EIJ0dLEFW=r=? B1WOX ikn1h�HIB>hLr1P�i n1h"<tPTJ�EIW dLU=P�h"B1WOr1P�Y �"Y$�1� egN�:

6 PTD�B>h � B>cAH@v1?gdLU=nCJLP�P��MejP$h"EID�PTWqdLJ iknCbOWOX iknCb=h.i n1h"<tP�� eAHIB>d0PTB1b � d vaejP�d0h B1WOJLE@dLE@nCWgJ$?gJLb=r1r1PTJLdLEIW=r�dLUgB>d.iknCb=h

R	N + J0dLB>d0PTJ*EIW B1XOXOE@dLEInCW�d0n�( � R	N + <$B1W�cjP�B1<$<tPTJ"J0PTX�bOJ"EIW=rzXOE � P$hLPTWqdoikn1h"<tPTJ B1WgX�d Q9EFJ0dLEIW=r=:s,9n Q*P$|1P$h ?

B i bOHIHjEIWqd0P$hLeOhLP$dLB>dLE@nCWfn1iodLU=PzP��MejP$h"EID�PTWqdLB1H;hLPTJLbOH@dLJ�h"PTpqbOEIhLPTJ�B dLU=P$n1hLP$dLEI<$B1H B1WOB1H@vMJLEIJ�� J0P$P�y�UgB>eOd0P$h9� � :

�sEIWOB1HIHIv1?&n1dLUOP$h�R	N + � J0d0h"P$dL<"UOEIWOr P��MejP$h"EID�PTWqdLJ�UOB |1P EIWOXOEI<$B>d0PTX dLUOB>d�XgJLR	N + <$B1W cjP�J0d0hLP$dL< U=PTX d0n

B1J D�bg<"U B1J X=nCb=cgH@P�E@dLJ�( � ikn1h"D�H@PTWOr1dLU �3Y � � YT^ � ?*<$HInCJ0P~d0n i bOHIH P��Md0PTWOJLEInCW n1i9dLU=P�J"b=rCB>h � egU=nCJLegUOB>d0P

cgB1< � cjnCW=PTJ$:

��
 ��
 � ���� � ��� � ����� � � � ���  � ��� ���	� ��� ��� ��� � � ��� � ��� � � ���

-3W �oEIr=:_Y>: � � XgB1JLU=PTX � ?MQ&P7eAH@n1d*R	N + " J�ikn1h"<tP�� P��Md0PTWOJLE@nCW�<$b=h"|1P7Q.U=PTW~EId&EIJ*ikhLP$P	d0n B1X �0bOJLd*E@dLJ&d Q.EIJ0d

bOWOXOP$hwP��Md0P$h"WOB1HjJ0d0hLPTJLJT: + d&H@n Q i n1h"<tPTJT?ME : P9ikn1h"<tPTJ EIW�dLUOP.h"B1WOr1P7�M:IY7egN d0n�Y$�M: ��egN�?qdLU=P	B>eOegHFE@PTX�ikn1h"<tP



YT^

X=naPTJ Q&n1h � B>rCB1EIWOJ0d dLU=P9h"B1WOX=nCD�dLUOP$h"D�B1HMcjPTWOXOJ EIWqd0hLnMXObO<tPTX cav�dLUOP9EID�D�P$h JLE@nCW�n1iAdLUOP_ejnCH@vaD�P$h EIW�B1W

B1D�cgE@PTWqd&dLUOP$h"D�B1H;cgB>dLUZ: -3WOE@dLEIB1HFH@v1?qR	N + cjPTUOB |1PTJ HIE � P	B�HFEIW=PTB>h J0eOh"EFW=r=?mQ9EIdLU~P��Md0PTWOJLEInCW~eghLn1ejn1hLdLE@nCWOB1H

d0n7i n1h"<tP1?>cgbOd B1JsD�n1hLP*B1WgX�D�n1hLP � EFW � J B>hLPwdLB � PTW�nCb=d$?1HIEFW=PTB>h PTHIB1J0dLEF<$E@d vzrCE@|1PTJoQ�BTv#d0n7UOE@rCUOHIv7W=nCWgHIEIW=PTB>h

cjPTUOBT|ME@n1hT:s-3W�i B1<td$?Mcqv�dLU=P7dLEID�P.dLU=P.D�nCH@PT<$bOH@P7UOB1JwcjP$PTW�P��ad0PTWOXOPTX~d0n�\>��� <tnCWmd0nCb=h H@PTWOr1dLUZ?qdLUOP9ikn1h"<tP

hLPTJ0ejnCWOJLP	EFJ_B1H@hLPTB1X=v�W=nCW � ,.nqn � PTB1W : � U=PTW�� 	 Y$��eAN�?=dLU=P#D�nCH@PT<$bOH@P#EIJ�dLB1bOd9B1WOX�dLU=P$h D�B1HjcjPTWOXOEIW=r

�gbO<tdLbgB>dLE@nCWOJ W=n�HInCW=r1P$h_egHIB v�B h"nCH@P1:

+ dLU=P$n1h"v�i n1h.dLU=P�W=nCW#� HIEIW=PTB>h egB>h"d9n1i R	N + " J.PTHIB1J0dLEI<$E@d}v b=e d0n�Y$��egN UOB1J9cjP$PTW�X=P$|1PTH@n1ejPTX �3Y1Y � :

2_U=P�<th"bg<$EIB1H&lgWOXOEIWOr�Q�B1J�dLUOB>d�dLU=P�ikn1h"<tP JL<$B1HIPTJ�B1J�Y(' �3Y ��� � � � % Q9E@dLU hLPTHIB>dLE@|1P�P��Md0PTWOJLEInCW EIW dLU=P
W=nCWOHFEIW=PTB>hzhLP$rCEID�P1: �=n1h�H@n Q&P$h�ikn1h"<tPTJ$?odLU=P�bOJ"bOB1H �OP��=E@cgH@P�� �0nCEIWqdz<"UOB1EIW � �s/ay �	D�nMX=PTH Q&n1h � J#Q&PTHIHV: +

bOWOEIi n1h"D P��ad0h B>e;nCHFB>dLE@nCW�ikn1h"D�bOHIB�i n1h	ikn1h"<tP�|MJ$:	XOEIJ0dLB1Wg<tP�|>B1HIEIX�B1<th"nCJLJ	dLU=P�h"B1W=r1P �M:IY�eAN d0n Y$�M: ��egN

UOB1J cjP$PTW�Q&n1h � PTX�nCb=d �
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�	� Y

� �3Y �
� � � � % � Y
��� � �3Y>:IY �

�=n1hoikn1h"<tPTJ cAE@r1r1P$h dLUOB1W~Y$�9eAN�?TdLUOP*D�nCH@PT<$bgHIB>h P��Md0PTWOJLE@nCW�EIWOE@dLEIB1HFH@v_|>B>h"E@PTJ HFEIW=PTB>h"H@v.Q9E@dLUzikn1h"<tP1:s(�b=d$?

B>d �1^ egN�? dLU=P�D�nCHIPT<$bOH@P�P��Md0PTWOXOJ�B>cgh"b=eOdLH@v�n |1P$h�B WOB>h"hLn Q h"B1W=r1P�n1i�ikn1h"<tP � � ^fegN�� ? ikhLnCD B>cjnCb=d

Y>:IY�dLEID�PTJ�d0n B>cjnCb=d�Y>: �]dLEID�PTJ~E@dLJ�bOWOJ0d0hLPTJ"J0PTX ( � i n1h D <tnCWqd0nCb=h�H@PTW=r1dLUZ:�29U=P�HIEIWOPTB>h�hLPTHIB>dLEInCWOJLUOE@e

cjP$d Q&P$PTW ikn1h"<tP�B1WgX]P��Md0PTWOJLE@nCW]EFJzhLPT<tn |1P$h"PTX B>ikd0P$h�dLUOP�d0h"B1WOJ"E@dLE@nCW cgb=dzQ.E@dLU]B XOE � P$hLPTWqd�JLHIn1e;P1:~2_U=P

( �K4 d0h"B1WOJ"E@dLE@nCW EIJ hLP$|1P$h"J"E@cgH@PfB1WOX hLn1cgbgJ0d d0n dLU=P�P��ad0PTWqd�dLUOB>d�EId EFJ n1i d0PTW bgJ0PTX d0n]<$B1HIE@cOh B>d0P�n1dLU=P$h

JLEIWOrCH@P�� D�nCH@PT<$bOHIP7P��MejP$h"EID�PTWqdLJ$:

� P7JLU=nCbOHIX�ejnCEIWqd nCb=dwEIW eAB1JLJLEIW=r	dLUOB>d*B1HID�nCJ0dwB1HFH=JLEIW=rCH@P�� D�nCH@PT<$bOH@P�P��Me;P$h EID�PTWqdLJ$?mEIWq|1nCH@|MEIW=rzR	N + ?

EIWO<$HFbOXOEIW=r�dLU=P�P��aejP$h"EID�PTWmd Q9UOnCJ0P�XOB>dLB�Q*P�B>hLP�hLP$ejn1hLdLEFW=r=?gbOJ0P�R7N + ikhLnCD dLU=P�egUOB>r1P � ?gQ.UOEI<"U�UOB1J

� 'a? ^>�C��cgB1J0P$egB1E@h J B1WOX B�d0n1dLB1H <tnCWmd0nCb=h7H@PTW=r1dLU�n1i � Y �"� \ � D�:
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�sE@rCb=hLP�Y>: �=:�R	N + " J�PTHIB1J0dLEI<�hLPTJ0ejnCWOJLP�Q.U=PTW E@dLJ	d Q.EIJ0dzEIJ	ikhLP$P�d0n �gbO<tdLbOB>d0P�� XgB1JLU=PTX �7B1WOX Q.U=PTW W=n1d
�kdLUOEIW J0nCHIEFXZ? X=n1dLJ � XOB1JLUOPTJ$?9dLUOEF< � J0nCHIEFX � : � U=PTW d Q9EFJ0d�EFJ~B1HIHIn Q&PTX�d0n ikhLP$PTH@v B1X!�LbOJ0d�� XOB1JLU=PTX � ?_dLU=P
H@n Q�i n1h"<tP PTWqd0hLn1egEI<�PTHIB1JLdLEI<$E@d v1? EV: P1:�J0d0hLP$dL< UOEIW=rfhLPTJLe;nCWgJ0P�Q.U=PTW B>eOegHIE@PTX�ikn1h"<tPTJzB>hLP�H@PTJLJ	dLUOB1W Y$�fegN�?
rCE@|1PTJzQ�BTv�d0n B1W EIWOEIdLEIB1HIH@vfHIEIW=PTB>h	cjPTUOB |aE@n1h	cjP$v1nCWOX B1W P��Md0PTWOJLE@nCW n1i7Y>:IY>: + hLnCbOWgX �1^�eAN�?ZB�UOE@rCUgH@v
<tnan1e;P$h B>dLE@|1P�d0h B1WOJLE@dLE@nCW�PTWOJLb=PTJT: �=n1h�P$|1PTW UOE@rCU=P$h~i n1h <tPTJ$?9HIEIWOPTB>h�cjPTUOBT|ME@n1h�EIJ�h"PTJ0d0n1hLPTXZ?9B1HIdLU=nCb=rCU
Q9E@dLU B�XgE � P$h"PTWmd�JLH@n1ejP1: � U=PTW � 	 � �kdLUgEIW J0nCHFEIX � ?sEV: P1:�Q9UOPTW �#� R	N + UOB1J�EIdLJ�d}Q9EIJ0d�l#�aPTX d0n E@dLJ
WOB>dLE@|1P�|�B1HIbOP1? dLU=P��1^�egN d0h B1WOJLE@dLE@nCW EFJ#B>cgJ0PTWqd$? h"P$egHIB1<tPTX cav�B1WOn1dLU=P$h�B>d�Y$�1� egN�: 4MEIWO<tP~4 � R7N + EIJ
bOWOXOP$hLd Q9EFJ0d0PTXZ?=dLU=P �1^�egN EIJ_i n1hLcAEIXOX=PTW�JLEFWO<tP#dLUOEIJ9Q*nCbgHIX�|ME@nCHIB>d0P#dLU=P�d Q9EFJ0d.<tnCWOJLd0h"B1EIWqd$: � U=PTW�\1^ �
n1iZdLb=h"WgJ B>hLP.EFWOE@dLEIB1HIHIv#dLB � PTW�nCbOdwn1ijdLU=P.R	N + ?aEV: P1: Q9U=PTW � 	��_�	� \1^ � X=n1dLJ � XOB1JLUOPTJ � ?aB1WOn1dLU=P$h*eAHIB>d0PTB1b
B>eOejPTB>h"J_B>d �m^�egN�?=Q9UOEIHIP7dLUOP�Y$�1��egN5egHIB>d0PTB1b�EIJ r1hLPTB>dLH@v�XOEFD�EIWOEIJ"U=PTXZ: + d � 	��_�	� �aY �kdLUOEI< � JLnCHIEIX � ?
dLU=P�Y$�1��egNSeAHIB>d0PTB1b UOB1J.<tnCD�egH@P$d0PTH@vfXOEIJ"B>eOejPTB>hLPTXZ:
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� P	JLUOB1HIHOnCWOH@v�JLbOD�D�B>h"E �$P9U=P$h"P9dLU=P7JLB1HIE@PTWqd ikPTB>dLb=hLPTJ*n1i R7N + PTHIB1JLdLEI<$E@d v�bgWOX=P$hw<tnCWOXgE@dLE@nCWOJ Q.U=P$hLP

dLU=P�D�nCH@PT<$bgH@P(" J	d Q9EFJ0dzEIJ7l#�aPTX�dLU=h"nCb=rCU=nCb=dzB1W P��Me;P$h EID�PTWqdLB1H h"bgWZ?ZJLEIWO<tP�y�UOB>egd0P$hz��EIJ	X=PTXgEI<$B>d0PTX d0n

dLU=P dLU=P$n1hLP$dLEF<$B1H X=PTJL<th"E@egdLE@nCW�n1i*dLU=PTJ0P P��Me;P$h EID�PTWqdLJ$:z-KW �sE@r=:�Y>: �=? � EFJ.dLUOP�ikh"B1<tdLE@nCW�n1i*d Q9EIJLdLJ	dLB � PTW

nCb=dsn1h egb=dsEIWqd0n	dLU=P R7N + n |1P$hwB1WOX�B>cjn |1P dLU=P WOB>dLE@|1P �
�
n1i � � R	N + :(� P eAH@n1dsi n1h"<tP�d0h"B1<tPTJ i n1h � 	 �

�kdLUOEIW~J0nCHIEIX � ? �_�	� \1^ � bOW=P$|1PTWOHIv XgB1JLU=PTX � ? �_�	� �aY �kdLUgEI< � JLnCHIEIX � :o-}d&EIJwB>egegB>hLPTWqd*EIW�dLU=P.XOB>dLB�dLUOB>d&Q9U=PTW

��	 �M?adLU=P$hLP7EIJ W=n#d0h B1WOJLE@dLE@nCW�B>d �1^zeAN �mEFWOJ0d0PTB1X�EIdwEIJ JLUgE@i d0PTX�d0n~Y$�1��egN�:%�=n1h&WOP$rCB>dLE@|1P � " JT?qB�JLPT<tnCWOX

egHIB>d0PTB1b ?AB1HIJ0n�XOEIJ0dLEFWO<td i h"nCD dLU=P �1^�egN eAHIB>d0PTB1bZ?AB>h EIJ0PTJ$: + J9Q&P�D�B � P�� D�n1hLP�W=P$rCB>dLEI|1P1?;dLUOP�b=eOejP$h

Y$�1�~egN�egHIB>d0PTB1b�XgEID�EIWOEFJLU=PTJ*Q9UOEIH@PzdLUOP�H@n Q&P$h �m^�egN�egHIB>d0PTB1b�r1hLn Q.J$: ` |1PTWqdLbOB1HIH@v1?;B>d�� 	 �_�	� �q?;dLU=P

Y$�1�~egN egHIB>d0PTB1b�UOB1J.<tnCD�egH@P$d0PTH@v�XOEIJ"B>eOejPTB>hLPTXZ: �=n1h	e;nCJ"E@dLE@|1P��s?AdLU=P�Y$�1�~egN�egHIB>d0PTB1b�EIJ.JLb=eOegHFB1Wmd0PTX

cav�nCW=P#B>d9�1^�egNSQ9UOEI< UZ?MHIE � PzE@dLJ�W=P$rCB>dLE@|1P�� <tnCbOJ"EIWZ?MeOhLn1r1hLPTJ"JLE@|1PTH@v�h"PTXObO<tPTJ�dLU=P�Y$�1� egNSegHIB>d0PTB1bfikn1h

HIB>hLr1P$h�� " J$:

2_UOP�P��MegHIB1WgB>dLE@nCW n1i�dLUOPTJ0P egU=PTW=nCD�PTWOB c;P$rCEFWOJ�Q9E@dLU dLU=P n1cgJ0P$h"|�B>dLE@nCW�dLUOB>d�i n1h <$EIW=r R	N + d0n

J0d0hLP$dL< U~B1HFJ0n�<tnCD�ejPTHIJ EId d0n�bOWqd Q.EIJ0d$: � UOPTW�J0d0hLP$dL< U=PTX~R	N + EIJ W=n1d&B1HIH@n Q*PTX�d0n�bOWqd Q9EFJ0d$?mJLB v1?adLUOhLnCb=rCU

dLU=P9bgJ0P n1iZB�D�PT< UOB1WOEI<$B1HO<tnCWgJ0d0h"B1EIWqdwB1JwEFJ dLU=P9<$B1J0P7U=P$hLP1?qQ*P_ikn1hLcgEFX�E@d d0n�d0h"B1WgJ0i n1h D EIWqd0n#n1dLU=P$h*JLdLB>d0PTJ

dLU=P�|aE@nCHFB>d0P�dLU=P#d}Q9EIJ0d7<tnCWOJ0d0h"B1EFWmd$?AP1: r=:74%� R	N + ?AJ"EIWO<tP�4%� R	N + EIJ9bgWOX=P$hLd}Q9EIJ0d0PTX�Q�: hT: d9( � R	N + :Z2_UOEIJ

PTHIEID�EIWOB>d0PTJ7dLU=P �1^fegN d0h"B1WOJLEIdLE@nCW � nCWOHIv�B>dzdLU=P�D�bO<"U UOE@rCU=P$hzikn1h"<tP�n1i	Y$�1��egN X=nqPTJ	dLUOP�R7N + lgWOX

B Q�BTv d0n�J0nCHI|1P~E@dLJ�eOhLn1cgH@PTD �klgWOX]dLUOP~H@n Q*PTJ0d�ikhLP$P�� PTW=P$hLr1v]J0dLB>d0P � ?wQ9U=PTW EId#cjPT<tnCD�PTJ�PTWOP$hLr1P$dLEI<$B1HIH@v

i BT|1n1h"B>cgHIP�d0n�<thLPTB>d0P�B ��� � ����� ��n1i�n |1P$hLd Q9EFJ0d0PTX u � R7N + B1WOX]bOWgX=P$hLd Q.EIJ0d0PTX]4%� R	N + : � E@dLU]u �.B1WOX

4%� R	N + EFJsdLU=P_h"E@rCUqd eOhLn1ejn1hLdLEInCWZ?1dLU=P d Q.EIJ0d <tnCWOJ0d0h B1EIWmd$?aJLBTv � 	 �z<$B1W�cjP_JLB>dLEIJ0lgPTX�B1WOX�dLU=P9D�nCH@PT<$bOH@P

<$B1W h"PTHIB!��d0n~B�H@n Q&P$h_PTW=P$h"r1vfJLdLB>d0P1:
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� Umv�dLU=P�H@n Q*P$h#eAHIB>d0PTB1b i n1h�� � WOP$rCB>dLE@|1P�� � U=PTW Q&P�dLB � P�dLb=h"WOJ7nCb=dzn1i*dLU=P�R	N + ?ZQ&P�<thLPTB>d0P�B

D�E �MdLb=hLP1?ZP$|1PTW B>d#H@n Q i n1h"<tPTJT? n1i�bOWOX=P$hLd}Q9EIJ0d0PTX�! � R	N + ? Q9UOEI< U J0d0n1hLPTJzdLU=P�bgWmd}Q9EIJ0dLJ$? B1WOX ( � R7N + :

2_U=P lOh J0d	d0h"B1WOJLE@dLEInCW�<tn1h"hLPTJ0ejnCWOXOJ7d0n dLU=P�d0h B1WOJ0ikn1h"D�B>dLE@nCW n1i ! � R	N + EIWqd0n�B�D�E �MdLb=hLP n1i*u �9B1WOX 4%�

R	N + ?=B>rCB1EIW�EIW~dLU=P	h"B>dLE@n W=P$PTX=PTX�d0n�JLB>dLEIJ0ikv�dLU=P	d}Q9EIJ0d�<tnCWOJ0d0h"B1EFWmd$: 2_UOP.hLPTJLd&n1i dLU=PzD�nCH@PT<$bOH@P1?aQ9UOEF<"U

EIJ.J0dLEIHIH EFW ( � i n1h"D B1WOX�dLU=P$hLP$ikn1hLP�UgB1J.E@dLJ��]l#�MPTX�d0n~�M?;d0h"B1WOJ0ikn1h"D�J9d0n�B~D�E �MdLb=hLP#n1i u �&B1WOX 4%� R	N +

nCWOH@v B>d Y1Y$� egN�: G n1hLP W=P$rCB>dLEI|1P�dLUOP EFWOE@dLEIB1H � " JT?.D�n1hLP n1i#dLUOP�D�nCHIPT<$bOH@P�d0h"B1WOJ0ikn1h"D�J~d0n ! � R	N +

EIWOEIdLEIB1HIH@v1?jQ9EIXOP$hzdLU=P �m^�eAN d0h"B1WgJLE@dLE@nCW]B1WgX]JLU=n1hLd0P$h�dLU=P�Y$�1� eAN d0h B1WOJLE@dLE@nCW :�`wJLJ0PTWqdLEIB1HIHIv�dLU=P~JLB1D�P

B>hLrCbOD�PTWmd9<$B1W�cjP#D�B1X=P#ikn1h9ejnCJLEIdLE@|1P�� " J$?OP��=<tP$eOd9dLUgB>d.EIWOJLd0PTB1X�n1i ! � R	N + ?gQ&P�W=P$PTX�d0n~EIWqd0hLnMXObO<tP#B

J0dLB>d0P�<$B>egB>cgH@Pzn1i B>cgJ0n1h"cgEIW=r�n |1P$hLd}Q9EIJ0dLJ � JL< � u � R7N + � :

-3W]y�UOB>eOd0P$h#�a? Q&P�<tnCWOJ0d0h"bO<tdzBfJLEID�egH@P�JLdLB>dLEIJ0dLEI<$B1HsD�PT< UOB1WOEI<$B1H D�nMX=PTH n1i*D�PT< UOB1WOEI<$B1HFH@v�J0d0hLPTJ"J0PTX

X=nCb=cAH@P9J0d0h"B1WgX=PTX~R	N + Q9EIdLU�E@dLJ*d Q9EFJ0d*l �aPTX~P��ad0P$h WOB1HIH@v�B1WOX~P��=B1<tdLH@v�P$|>B1HIbOB>d0PzE@dLJ*egB>hLdLE@dLE@nCW�ikbgWO<tdLE@nCW

cav�WqbgD�P$h"EI<$B1HIHIv XOEIB>r1nCWOB1HIE �TEIW=r�dLUOP�d0h"B1WgJ0i P$hzD�B>d0h E �;: � P�XOP$d0P$h"D�EIW=P�dLU=P�egB>h"B1D�P$d0P$h J	n1iwnCb=hzD�nMX=PTH

cav�B�lgd n1iodLUOPzdLU=P$n1hLP$dLEI<$B1H i n1h"<tP�� P��Md0PTWOJLEInCW�<$b=hL|1PTJ9d0n�dLU=nCJ0P�n1i P��MejP$h"EID�PTWqd �V�1\ � :
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R	N + <$B1W�cjP.J0d0hLP$dL< U=PTXfB1WOX�d Q9EFJ0d0PTXZ:w4ad0hLP$dL< UOEIW=r R	N + Q.E@dLU~B�eOhLn1d0PTEFW�cjnCbOWOX�d0n�EId*<$B1W�hLPTD�n |1P
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R	N + hLP$rCE@nCW �0bOWOXOP$h"W=PTB>dLU �.dLU=P&eOhLn1d0PTEIWZ:o-3W�dLUOEFJo<$B1JLP1?CQ9U=PTW�B	J0dLB>dLEI<&d Q9EFJ0doJLd0h"B1EIW�EIJ B>egegHIE@PTX�d0n#J0nCD�P
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PTWOX n1i dLU=PfR7N + W=P$PTX W=n1d�c;P�<tnCWOJ0d0h"B1EFW=PTX EIW n1h"X=P$h�i n1h�dLU=P�d Q9EFJ0dLEIW=r d0n X=h"EI|1P~bOWqcgEIWOXgEIW=r�n1i_dLU=P

R	N + :

& B>hLr1P#d0n1h"pab=PTJ_<$B1W�cjPzeOh"naXObg<tPTX~cavfB�WqbgD�cjP$h n1isJ0nCb=h"<tPTJ_EFW�HIE@|MEIW=r�<tPTHFHIJ$: -3WfnCb=h_Q&n1h � Q&P�UOB |1P

<tnCWOJLEFX=P$hLPTX dLU=P~<$B1J0P~n1i R	N + r1vqh"B1JLP~B1WOX 6 N + ejnCH@vMD�P$h"B1JLP�� 6 N + ejnCH �7Q.UOEI<"U B>hLP�cjn1dLU eOh"n1d0PTEIWOJ

Q9UOEF<"U B1<td�nCWSR7N + B1WOX�EIWqd0hLnMXObO<tP HIB>hLr1P d}Q9EIJ0d�J0d0h"B1EIWOJ�EFW dLU=P eOhLnM<tPTJLJ�n1i�<$B>dLB1H@v �TEIW=r XOE � P$hLPTWqd

hLPTB1<tdLE@nCWgJ$:�4MEIWO<tP�dLUOPTJ0P~d0n1h pqb=P�J0nCb=h"<tPTJ�nCWOH@v eOhLnMXObO<tP�d0h B1WOJLE@PTWqd�d0n1h"J"E@nCWOB1HwJLd0h"B1EIW egbgHIJ0PTJ$? Q*P�W=P$PTX

d0n bOWOXOP$h"J0dLB1WOX�U=n Q dLU=PTJ0P�J0d0h"B1EIWgJ.h"PTHIB!��B1H@nCWOr�dLUOP�R7N + D�nCH@PT<$bOH@P1: � P�P��aejPT<tdzdLUOB>d#B1J	dLUOP�eAbOHIJ0P

eOhLn1eAB>rCB>d0PTJ9nCb=d9i hLnCD dLU=P�EIWgE@dLEIB1HIH@v~B � PT<td0PTX�hLP$rCE@nCWZ?;E@d Q9EIHFHjr1PTW=P$h"B>d0P�d0n1h pqb=P�B>d9dLU=P�XOE � P$hLPTWmd eAHIB1<tPTJ

E@ds|MEIJLE@dLJ$:�� P9B>hLP_EFWmd0P$hLPTJLd0PTX�EIW�U=n Q ikB>h B#d vaegEI<$B1HMd Q.EIJ0d egbOHFJ0P�eOhLn1egB>rCB>d0PTJ B1WgX�J0dLEIHIHaeOh"naXObg<tPTJ PTWOnCb=rCU

d0n1h"pab=P#d0n�XgEIJ0dLb=hLcfdLU=PzeghLn1d0PTEIW � cgEFWOXOEIW=r�PTpqbgEIHIE@cOh EIbOD�:

,.n Q X=naPTJ9dLU=P�P��M<tPTJLJ7d}Q9EIJ0d9XOPT<$BTv�B Q&B v ��& P$d�� ����� � �&cjP#dLUOP � ��� ���	��B1WOrCH@P�cavfQ9UOEI< U nCW=P#cAB1J0P��
egB1E@hzJ0dLB1< � EFJ.h"n1dLB>d0PTX Q9E@dLU�hLPTJ0ejPT<td	d0n�E@dLJ	W=PTE@rCUqc;n1h : + rCB1EIW <tnCWOJ"EIX=P$h"EIWOr~R	N + B1JzB�h"E@rCEIX�hLnMXZ?jdLU=P



�1\

W=P$d#d0n1h pqb=P~nCW B�<thLnCJLJ � J0PT<tdLEInCW � ��dLUOEI< � ?sEIW]B�D�PTXOEIbgD n1i&|MEIJL<tnCJ"E@d v �;?oEFJzdLU=P~XgE � P$h"PTWO<tP�cjP$d Q&P$PTW

dLU=P.PTHIB1J0dLEI<9d0n1h"pqbOP1? � � � � � % � � � % � � �m?mhLPTJLd0n1h"EIW=r � ��� � � �od0n �M?aB1WOX�dLU=P9ikh"EI<tdLEInCWOB1H=d0n1h"pab=P1? � � � � � � � �m?

n1eOejnCJLEIWOr�dLU=PfhLn1dLB>dLE@nCWgB1H&D�n1dLE@nCW n1i9dLU=P�J0P$rCD�PTWqd�EIW dLU=PfD�PTXOEIbOD :�-KrCW=n1h"EFW=r�EIWOP$hLdLEIB1H*P � PT<tdLJ$?*dLU=P

PTpabOB>dLE@nCW�n1iwD�n1dLE@nCW�i n1h � ����� � �_EIJ � � % � � � % � 	 � � � � � ?;Q9U=P$hLP � 	 � � � � � �;:.{7JLEIWOr�dLUOEIJ9PTpqbgB>dLE@nCWZ?

Q&P�lgWOX dLU=P�d vaegEI<$B1H XgEIJ0dLB1WO<tP1?�� ��� � ?wd0n Q9UOEI< U d0h B1WOJLE@PTWqd d0n1h"pqbOPTJ�<$B1W eOhLn1eAB>rCB>d0P B1WOX J0dLEIHIH�UOB |1P

PTW=nCb=rCU J0d0hLPTW=r1dLU]HIP$i dzd0n eghLnaXgbO<tP�d0n1h"pab=PTJzdLUOB>d�<$B1W B � PT<td�eOhLn1d0PTEIW cAEIWOXOEIWOr=: � P�lAWOX � ��� � � �1^

WOD ikn1h 6 N + ejnCH@vaD�P$h"B1J0P#B1WOX ����� � � YT^>��WgD i n1h.R7N + r1vqh B1J0P1?OeOhLnMXObO<$EFW=r�B�d0n1h"pqbOP � � � � ��:

-3W~y�UOB>egd0P$h*\a?qQ&P_P��=B1D�EIW=P dLUOP9EIWqd0P$hLegHIB v�cjP$d Q&P$PTW�d}Q9EIJ0dLEFW=rzn1iZR7N + r1PTW=P$h"B>d0PTX�cqv�B1<tdLE@|1P7R	N + �

d Q.EIJ0dLEIW=r PTW��$vMD�PTJ$?OB1WgXfdLU=P#J0dLB>cgEIHFE@d v~n1i eOh"n1d0PTEIWOJ&Q9UOEI< U�EIW�dLU=PTE@h cgEFWOXOEIW=r�d0n�R	N + ?g<tnCWOJ0d0h B1EIW�R	N +

d Q.EIJ0d$: ) b=hzB1EID Q9EFHIHoc;P d0n�PTJ0dLEFD�B>d0P�<tnCWOXOEIdLE@nCWOJ	bOWOX=P$h	Q9UgEI<"U d}Q9EIJ0d � <tnCWOJLd0h"B1EIWOEIWOr~eOh"n1d0PTEIWOJ	cjnCbOWOX

d0n R7N + <$B1W cjP�hLPTD�n |1PTX cav d0n1h"pab=P1: ) bOh�r1PTW=P$h"B1H&B>eOeOh"nCB1<"U Q9EIHIHscjP�d0n JLEID�egHIE@ikv dLU=P~d0hLPTB>dLD�PTWqd

n1isdLU=P�R	N + <tnCW=ikn1h"D�B>dLE@nCWOJT?gB1WOX d0n�HIB>hLr1PTH@vfE@rCW=n1h"P#dLU=P#egB>h"dLE@dLE@nCW�n1i HIEIW � EIWOr WabOD�cjP$h9EIWqd0n�d Q9EFJ0dLEIW=r

B1WOX�Q_h"EIdLUOEIW=r � �m\ � :�-3WOJ0d0PTB1X Q&P Q9EIHIH <tnCWOJLEIX=P$h	hLPTHFB>dLE@|1PTH@v�J"U=n1hLd	R7N + J0P$rCD�PTWqdLJzQ9U=P$hLP R	N + d Q.EIJ0d

B1WOXfHIEIW � EIWOr�WqbgD�cjP$h�Q9EIHIHgcjP.d0hLPTB>d0PTX PTJLJ0PTWqdLEIB1HIH@v�EFWmd0P$h"< UOB1W=r1PTB>cgHIv1: (*PTJ"EIX=PTJ&d0n1h"pab=P�� EIWOXObg<tPTX~eghLn1d0PTEIW

P �0PT<tdLE@nCW#ikhLnCD�R	N + ? dLU=PwW=nCW � �$P$h"n_d Q9EFJ0d D�nMXObOHIbgJAn1iMR	N + HIPTB1XOJZd0n9D�B1WqvzW=P$Q]egUOPTW=nCD�PTWOB EIWg<$HIbOXOEIWOr

dLU=P JLbOe;P$h <tnCEIHIEIW=r�n1i	R7N + bOWOX=P$h�d0n1h JLE@nCWOB1H J0d0h"PTJLJ�� �m\ � � � � ?�d}Q9EIJ0d�X=vMWOB1D�EF<$J � � � ��� ' � ? B1WOX d Q.EIJ0d

d0h"B1WOJLe;n1h"d � �m[ �A^>� � :

��
�� ����� � � � � � � ���� � � � � � � � � � ���	� 
� ���
� ���
� � � � ����� � � ��� � ������� ! ��� ��� � � �

-3W <tPTHIHIJT?&dLUOP�J0P$egB>h"B>dLEInCW n1izR	N + J0d0h B1WOXOJ�EIJ�B]b=cgEIpabOE@d0nCbgJ egU=PTW=nCD�PTWOnCWZ: �=n1h�P��MB1D�egH@P1?�dLU=P

d Q&n JLd0h"B1WOXOJ~D�bOJLd�cjP <tnCD�egH@P$d0PTH@v J0P$eAB>h"B>d0PTX Xgb=h"EIW=r R	N + h"P$egHIEI<$B>dLE@nCW ?&B1WOX egB>hLdLEIB1HIHIv J0P$egB>h B>d0PTX

XOb=h EIW=r�R	N + d0h"B1WOJ"<th"E@eOdLE@nCW :�-KW]<tPTHFHIJ$? dLUOP�J0P$egB>h"B>dLEInCW n1i R7N + J0d0h"B1WgXOJznM<$<$b=h"Jz|MEIB�ikn1h"<tPTJ�B>egegHIE@PTX



���

cav R	N + � eghLna<tPTJ"JLEIW=r�D�B1<"UOEIWOP$hLv1: �=n1h"<tP�� X=h"EI|1PTW�XOJLR	N +  bOW��TE@egegEIW=r#">EIJ dLU=P$h"P$i n1hLP.n1iZXOE@hLPT<td cgEInCH@n1rCEI<$B1H

hLPTH@P$|>B1WO<tP1:

2_UOP�d}Q*n J0d0h"B1WOXOJ n1i7dLU=P R	N + X=nCbOcgH@PfU=PTHIE � <$B1W c;P  bOW �TE@eOejPTX " cav B>eOegHIEI<$B>dLEInCW n1i ��YT^�egN

ikn1h"<tP1:��sE@r=:�Y>: � EFJ�B <$B>h"d0nqnCW n1i7dLUOEIJ�eOhLnM<tPTJLJ�JLU=n Q9EIW=r�dLU=PfeOhLnMXObO<tdLEInCW n1i7JLEIW=rCH@P�� JLd0h"B1WOX=PTX R	N +

� JLJLR	N + ��Q9E@dLU�dLU=P#B>eOegHFEI<$B>dLE@nCW�n1i PTpabOB1H B1WgXfn1eOejnCJLE@d0P	i n1h <tPTJ_B>d nCW=P#PTWOXfn1iodLU=PzR	N + :;4MEFWO<tPzEIWOU=n �

D�n1r1PTW=PTEIdLE@PTJ�EIW JLPTpqb=PTWg<tP�r1PTW=P$h"B>d0P�EIWOU=nCD�n1r1PTW=PTE@dLE@PTJ#EFW J0d0h"B1WOX cAEIWOXOEIWOr~PTW=P$h"rCE@PTJ$? ikn1h"<tP~|�B>h"EFB>dLE@nCWOJ

nM<$<$b=hT? <tn1hLh"PTHIB>d0PTX]Q9EIdLU R7N + J0PTpab=PTWO<tP1: + i P$Q r1h"nCb=egJ#UOB |1P�<$B>hLh"EIPTX nCb=d�JLEIWOrCH@P�� D�nCH@PT<$bOHIP�J0dLbgXOE@PTJ

n1iwR	N + bOW��TE@egegEIW=r cav�i n1h"<tP1:	`wJ"J0P$|�B ��� 6 nCbOH@P$d � � ��� � ��� � �aY ���>� � �>\ ��� � �.B1WOX 6 E@P$i � � ��� �3Y � �.UOB |1P

J0dLbOXgE@PTX dLUOP � Y$��egN i n1h"<tPTJ PTWg<tnCbOWmd0P$h"PTX XOb=h"EFW=r�bOW��TEIeOegEIW=r�n1i	^>� � c � R7N + ?sB1WgX dLUgB>d�r1h"nCb=e

UOB1JzcjP$PTW]B>cAH@P d0n hLPTJ0nCH@|1P�dLU=P�|>B>h"EIB>dLE@nCW EIW ikn1h"<tP�Q.E@dLU J0PTpab=PTWO<tP1:�x#y � h"EI<"U h"P$rCE@nCWOJzQ&P$hLP�n1cgJLP$hL|1PTX

d0n hLPTpabOE@h"P�UOEIrCU=P$h	i n1h"<tP�i n1hzdLU=PTEIh#bOW��TE@eOeAEIW=r�dLUgB1W + 2 � h"EI< U hLP$rCE@nCWOJT? EIW B1<$<tn1h"X Q9EIdLU dLU=P�r1PTW=P$h"B1HIHIv

UOE@rCUOP$h cgB1J0P�� egB1E@h EIW=r i h"P$PzPTW=P$hLr1v�B1JLJ0nM<$EIB>d0PTX Q.E@dLU�x#y � h"EF<"U J0PTpab=PTWO<tPTJT:

-3W�y�UgB>eOd0P$h��=?aQ*P.dLU=P$n1hLP$dLEI<$B1HIHIv B1WgB1H@v �$P.dLU=P_ikn1h"<tP.J"E@rCWOB1H=P��MejPT<td0PTX~XObOh"EIW=rzbOW��TEIeOegEIW=r7dLU=hLnCbOrCU�B

JLEIWOrCH@P7R	N + h"P$rCE@nCWfQ9UOEI< U�EIJ�D�n1hLP#J0d0h"nCW=rCH@v�cjnCbOWgX�dLUOB1WfdLUOP#JLb=hLhLnCbgWOXOEIW=r�R7N + : ) b=h <$B1HI<$bOHFB>dLE@nCWOJ

B>hLP X=nCW=P�i n1h	dLU=P JLE@dLbgB>dLE@nCW�Q.U=P$hLP�dLU=P�P��Md0PTWOJLEInCW�cjP$d}Q*P$PTW dLU=P bOW��TEIeOejPTX D�nCH@PT<$bOHIP�PTWOXgJ.B>hLP�l#�MPTXZ?

B1WOX Q9U=P$hLP�i n1h"<tPfEIJ�D�PTB1JLb=hLPTX :�2 Q&n�XOE � P$hLPTWqd#d}vqejPTJ�n1i i n1h <tP~d0h"B1<tPTJ B>hLP�n1cOdLB1EIWOPTX X=P$ejPTWOXOEFW=r�nCW

dLU=P EIWgU=nCD�n1r1PTW=PTE@d}v H@PTWOr1dLU B1WOX J0d0hLPTW=r1dLU :��=n1h~JLU=n1hLd�EIWgU=nCD�n1r1PTW=PTE@dLEIPTJ$?wB  JLB Q_d0nqn1dLU " i n1h <tP�d0h"B1<tP

EIJ�n1cOdLB1EIW=PTXZ?sQ9EIdLU B�i n1h"<tP �0bgD�e <tn1hLh"PTJ0ejnCWOXOEIW=r�d0n�hLPTH@PTB1JLP~n1i dLU=P�PTWqdLE@hLP~EFWOU=nCD�n1r1PTW=PTEId v]B>d�nCWO<tP1:

�=n1h#H@nCWOr1P$h	EFWOU=nCD�n1r1PTW=PTEIdLE@PTJ$?;d0h"B1<tPTJ	Q9E@dLU�i n1h <tP�eAHIB>d0PTB1bOJ	B>hLP�n1cOdLB1EIW=PTXZ?Z<tn1hLh"PTJ0ejnCWOXOEIW=r�d0n�r1h B1XObOB1H

bOW=ejP$PTHIEFW=r�n1i�dLU=P�J0d0h"nCW=rCH@v�cjnCbOWgX�h"P$rCE@nCWZ: + d#ikn1h"<tP �LbOD�e ejnCEIWqdLJ$? dLU=P$hLP�B>h"P�PTW=P$hLr1v�cgB>hLh"EIP$h"J7dLUOB>d

D�bOJ0dwcjP9<th"nCJLJ0PTX~|aEIB�dLU=P$h"D�B1HFH@v�B1<tdLE@|�B>d0PTX � EIW=P$dLEI<$JT: � P	B1HIJ0n�B1WOB1H@v �$P.dLU=P.hLPTHIB>d0PTX�JLE@dLbOB>dLEInCW�Q9U=P$h"P.B



�1^

f fssDNA

dsDNA

�sE@rCb=hLP]Y>: �a: �=n1h"<$EFW=r]B>egB>hLd�dLUOP d Q&n J0d0h B1WOXOJ�n1i7dLU=P�R	N + X=nCb=cgH@P�U=PTHFE � cav B>egegH@vMEIW=r�PTpqbOB1H.B1WOX
n1eOejnCJLE@d0P�i n1h"<tPTJ�d0n�nCWOP�PTWOX n1i dLU=P~D�nCHIPT<$bOH@P1:�(&v]B>eOegH@vMEIW=r � YT^�egN n1i ikn1h"<tP1?sdLU=P~R	N + <$B1W cjP
bOW��TEIeOejPTXZ:	-KW�dLU=P�JLEFD�egH@P�<$B1J0P�J � P$dL<"UOPTX]EIW�dLUOEIJ7lOrCb=h"P1?ZQ*P�E@rCW=n1h"P JLPTpqb=PTWg<tP�EIWOU=nCD�n1r1PTWOPTE@dLE@PTJ	B1WOX
n1dLU=P$h n1cgJLd0h"bO<tdLE@nCWOJ�d0n�bgWOE@ikn1h"D�H@v�bOW��TEIeOegEIW=r�R7N + :O2_U=P7d Q&n�JLEIW=rCHIP�� J0d0h"B1WOX=PTX�R	N + J � JLJ"R7N + �*dLUOB>d
hLPTJLbgH@d�i hLnCD bOW��TE@eOeAEIW=r�B>h"P#|1P$hLv �On1eOeav1?OUOBT|MEIW=r�|1P$h"vfJ"D�B1HIHjejP$h"JLEIJLd0PTWO<tPzH@PTW=r1dLUZ:



���

eOhLn1d0PTEFW�EFJsc;nCbgWOX�B>d*B7JLe;PT<$EIlg<&e;nCEFWmdonCW dLU=P_R	N + ?CB1WOX Q9UOP$hLP E@dLJshLPTD�n |�B1HOEFJ h"PTpqbOEIhLPTX�i n1h bOW �TE@eOegEIWOr

d0n�eghLna<tP$PTX egB1J0d�E@d$:�4=EID�EIHIB>hzikn1h"<tP�JLE@rCWOB1HIJ�B>hLP�n1cgJLP$hL|1PTX EIW dLUOEIJ#<$B1JLP1?oQ.E@dLU dLU=P~i n1h"<tP �0bgD�egJ#W=n Q

<tn1hLhLPTJLe;nCWgXOEIW=r�d0n�XOEIJ"J0na<$EFB>dLE@nCWfn1i dLUOP#eOhLn1d0PTEIW :

-3W i nM<$bOJLEFW=r nCW dLU=P U=n Q J0PTpab=PTWO<tP�� X=P$ejPTWOXOPTWO<tP�B1WOX cjnCbOWOX eOhLn1d0PTEFWOJ�D�BTv B � PT<td�dLU=P J0d0h B1WOX �

J0P$egB>h B>dLE@nCW�eghLna<tPTJ"J$? Q*P X=n W=n1d~X=P$|1PTHIn1e B X=P$dLB1EIH@PTX D�EI<th"nCJL<tn1egEI<�dLUOP$n1hLv n1izdLU=P EIWqd0P$h � Wqbg<$H@P$n1dLEIX=P

EIWqd0P$h"B1<tdLE@nCWOJ*dLUOB>d�U=nCHIX�dLUOP.d}Q*n�ejnCH@vaWabO<$H@P$n1dLEFX=P9J0d0h"B1WgXOJ d0n1r1P$dLU=P$h �kikn1h�nCW=P.JLbg<"U�B>d0d0PTD�eOd$?=J0P$P �V�1[ � � :

-3WOJ0d0PTB1XZ?CQ&P B>d0d0PTD�eOd d0n#D�naX=PTH ?CbOJLEIW=r	B	JLEID�eAH@P*dLUOP$n1hLv1?Cd Q&n�JL<tPTWgB>h"E@nCJsdLUOB>d EIW�dLU=P EID�D�PTXOEIB>d0P�i b=dLb=hLP

D�B v�cjP#B1<$<tPTJLJ"E@cgH@Pzd0n�XgE@hLPT<td_HIB>cjn1h"B>d0n1hLv�P��Me;P$h EID�PTWqdLB>dLE@nCWZ:



������� �  ���
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-3W�dLUgEIJ*< UOB>eOd0P$hT?MQ&P7<tnCWgJ0d0h"bO<td�B�J"EID�egH@P_JLdLB>dLEIJ0dLEI<$B1HjD�PT< UOB1WOEI<$B1H;D�nMX=PTHgn1i D�PT<"UOB1WOEF<$B1HIH@v�J0d0hLPTJ"J0PTX

X=nCb=cAH@P9J0d0h"B1WgX=PTX�R	N + Q9E@dLU�EIdLJ d Q.EIJ0dwl �aPTX~P��ad0P$h WOB1HIH@v1: � P7P��MB1<tdLH@v�P$|�B1HIbgB>d0P.E@dLJ*egB>hLdLE@dLEInCW�ikbgWO<tdLE@nCW

cav~WabOD�P$h"EI<$B1HFH@v�XOEIB>r1nCWOB1HFE �TEIW=r�dLU=PzD�naXOPTH " J&d0h"B1WOJ0ikP$h D�B>d0h"E �j: � P#X=P$d0P$h"D�EFW=P.dLUOP7eAB>h"B1D�P$d0P$h"J�n1i nCb=h

D�nMX=PTH cqv B~lOd7n1i dLU=P�dLU=P$n1hLP$dLEI<$B1Hoikn1h"<tP�� P��ad0PTWgJLE@nCW <$b=hL|1PTJ7d0nfdLU=nCJ0P�n1i P��Me;P$h EID�PTWqd �V�1\ � :z2_U=P�egHIB1W

n1i&dLU=P�<"UOB>egd0P$h�EIJzB1JziknCHIH@n Q9J$: -3W 4aPT<tdLE@nCW �a: �fQ&P�XOEIJ"<$bOJLJ7dLU=P�P��Me;P$h EID�PTWqdLB1HshLPTJLbOH@dLJzB1WgX dLU=P�R	N +

J0d0h"bg<tdLb=hLPTJ�dLUOB>d~UOBT|1P�c;P$PTW eOhLn1ejnCJ0PTX d0n]P��MegHIB1EFW dLU=PTD�:�-3W 4aPT<tdLEInCW �a: \ Q&P eOh"PTJ0PTWmd�nCb=h�D�nMX=PTHV:

-3WS4aPT<tdLE@nCWS�a: �=?zQ&P]JLU=n Q dLU=P hLPTJLbgH@dLJ�n1i�dLU=P dLUOP$n1hLv EFW <tnCD�egB>h"EIJLnCW Q9E@dLU P��aejP$h"EFD�PTWmd$?	B1WOX Q&P

XOEIJ"<$bOJLJ9EIdLJ.EID�egHIEI<$B>dLE@nCWgJ$: � P�<tnCWO<$HIbOX=P�EIW 4aPT<tdLE@nCW �a: ^�Q.E@dLU�B�JLbOD�D�B>hLv�n1i nCb=h7eOh"EFWO<$E@egB1HjlgWgXOEIW=rCJ

B1WOX]XgEIJL<$bOJLJ"E@nCW n1i�n1dLU=P$h�eOh"n1e;nCJ"B1HIJ	i n1h�P��aeAHIB1EIWOEIWOr~dLU=P~R7N + ikn1h"<tP�� XOEIJ0dLB1Wg<tP~<$b=hL|1PTJ�dLUOB>d#Q&P~UOB |1P

B1WOB1H@v �$PTXZ:

2_UOP�D�B>d0P$h"EIB1HoEIW�dLUgEIJ9< UOB>eOd0P$h	UOB1J9cjP$PTW�egb=cgHIEFJLU=PTXfEIW�u*UmvMJ$: 6 P$|;:,& P$d0d$:�� � ?oY$�	��� �3YT[1[1[ � �V�1\ �

B1WOX u*UmvMJ$: 6 P$|A:w` � � ?A^MYT[>�C\ �V�>�1�=Y ��� �MY � :

� 
 � � � � � � � ��� ������� � � ��� ��� ���� � ��� � � ��� � ��� � � � �

� 
 ��
 � � � ��� �� ����� ������� � � � ����� � �����

-3W�D�EI<th"nCD�B1WOE@egbgHIB>dLE@nCW P��aejP$h"EID�PTWmdLJ$?zR	N + HFEIW � B>r1P Q9EIHIH7cjP i h"P$P d0n�<"UOB1WOr1P E@i JLEIW=rCHIP�� J0d0h"B1WOX

B>d0dLB1<"UgD�PTWmdLJ�B>hLP�D�B1XOP�d0n�dLU=P�D�nCH@PT<$bOH@P � �oEIr=:�Y>: \�c � ?jn1h	E@isdLU=P$hLP EIJ9B~cOhLPTB � � B� WOEI< � " �9EIW PTEIdLU=P$h.n1i

�	�



�('

dLU=P_d}Q*n JLb=rCB>h � egU=nCJ0egUgB>d0P cgB1< � cjnCW=PTJ$: 2_U=P PTHFB1J0dLEI< hLPTJLe;nCWgJ0P n1i WOEI< � PTX�R	N + UOB1Jwi nCbOhwhLP$rCEID�PTJ � �sE@r=:

�a:IY$B � � lOh J0d$?mdLU=P$h D�B1HOcjPTWOXOEFW=r �gbO<tdLbOB>dLE@nCWgJwB>hLP.hLPTD�n |1PTX�cav�B>eOegHIEI<$B>dLEInCW�n1i JLD�B1HIHOi n1h"<tPTJ ���Y$��egN�� :

(&v Y$��eAN dLU=P~D�nCHIPT<$bOH@P~EFJ�<tnCD�egHIP$d0PTH@v P��ad0PTWOXOPTX d0n E@dLJ�ikbOHFH ( � ikn1h"D <tnCWqd0nCb=h�HIPTW=r1dLUZ? � Y �"� \ � D

ikn1h �#� R7N + �V\MY �Z\1� �;\1\ �Z\�� �j\1^ � :_29U=P#ikn1h"<tP�W=P$PTXOPTX d0nfJ0d0hLP$dL<"U�dLU=P�D�nCH@PT<$bOH@P�ikb=h"dLU=P$h_h"EIJLPTJ_HIEIW=PTB>h H@v

Q9E@dLU P��Md0PTWOJLEInCW�b=e�d0n � �1^	egN�?mB1WOX�B#HFEIW=PTB>h J0d0hLP$dL< UOEIW=r�PTHIB1J0dLEI<_<tnCWgJ0dLB1Wmd&<$B1W�cjP hLnCb=rCUOHIv�PTJ0dLEFD�B>d0PTX

ikhLnCD dLU=P�JLHIn1e;P �V�1�>� ��� � � WOD 	 [>�1��eAN � :g29U=PTWZ?=B>d �1^�egN�?=dLU=P#D�nCH@PT<$bgH@P	P��ad0PTWOXgJ_B>cOh"b=egdLH@v�n |1P$h	B

WOB>hLh"n Q h"B1W=r1P	n1ioi n1h <tP � � ^�eAN � ?MikhLnCD B>cjnCb=dzY>:IY	dLEID�PTJ�d0n�B>cjnCb=d	Y>: ��dLEID�PTJ�E@dLJ bOWgJ0d0hLPTJLJ0PTXf( � ikn1h"D

<tnCWqd0nCb=h.H@PTWOr1dLU �3YT� � YT\ � :*29U=PzHIEIW=PTB>h hLPTHFB>dLE@nCWOJLUOEIe~cjP$d Q&P$PTW ikn1h"<tP#B1WOX P��ad0PTWOJ"E@nCW�hLPTJLbgD�PTJ B>i d0P$h.dLU=P

d0h"B1WOJ"E@dLE@nCWfcgb=d Q.E@dLU�B�HIB>hLr1P$h_PTHFB1J0dLEI<#<tnCWOJLdLB1Wmd��3YT� �oYT\ � :

2_UOP�c;PTUgBT|ME@n1h#B>d � �1^fegN UOB1JzcjP$PTW EIWqd0P$hLeOh"P$d0PTX]B1J#B�<tnan1e;P$h B>dLE@|1P�d0h"B1WOJ"E@dLE@nCW ikhLnCD nCW=P�Q&PTHIH �

X=P$lgWOPTX J0d0h"bO<tdLbOh"B1H J0dLB>d0P�n1i R7N + � ( � i n1h D R	N + B>d7H@n Q5i n1h <tPTJ ��d0n�B1W=n1dLU=P$h � 4%� i n1h D R	N + B>d7UOE@rCU

ikn1h"<tPTJ � �3YT� � : 2_U=PfeOhLPT<$EFJ0P�JLd0h"bO<tdLb=hLPfn1i#4%� R	N + EIJ�bOW � W=n Q9WZ: + H@dLU=nCb=rCU B HIB1XgX=P$h � HIE � P~i n1h D�UOB1J

cjP$PTW eOhLn1ejnCJ0PTX �3YT\ � \�� � ? 4%� R	N + EIJ	H@PTJLJ	dLUOB1W dLUOP���dLEID�PTJz( � i n1h D H@PTW=r1dLU P��Me;PT<td0PTX]i n1h#<tnCD�eAH@P$d0P

bOWqQ9EIWOXgEIW=r�n1i	dLU=P�X=nCb=cgH@P�U=PTHFE �;: -3W <tnCD�eAB>h"EIJ0nCW Q9EIdLU P��aejP$h"EFD�PTWmdLJ nCW EIJ0nCHIB>d0PTX�JLEIW=rCH@P�� JLd0h"B1WOX=PTX

R	N + ?A4%� R	N + EIJ�J0P$PTWfd0n�UgBT|1P#B XOE � P$hLPTWqd&ikn1h"<tP�� P��Md0PTWOJLE@nCWfcjPTUOB |aEIn1h �3YT\ � ?gJLb=r1r1PTJ0dLEFW=r dLUOB>d�dLU=Pzd Q&n

J0d0h"B1WgXOJ�n1i B1W�4%� R	N + B>hLP�J0d0hLnCW=rCH@vfEIWqd0P$h"B1<tdLEIW=r=:
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�sE@rCb=hLP��a:IY>: �=n1h"<tP�|1P$h JLbOJ7P��ad0PTWgJLE@nCW�i n1hzR	N + Q9E@dLU�XOE � P$hLPTWqd.l �aPTX W=P$rCB>dLE@|1P�B1WOX�ejnCJLE@dLEI|1P��s: �sE@r=:
�a:IY$B JLU=n Q9J�XOB>dLB�ikn1h N7EI< � PTX R7N + � XOB1JLU=PTX � ? � 	 �	� �1��� JLnCHIEIX dLUOEIW � ?��_�	� \1^	��� XOn1d � XOB1JLU=PTX � ?&B1WOX
�_�	� �aY � � J0nCHIEIX�dLUgEI< � � :*N.n1d0P�dLUOB>d�� 	��_�	� �aY �f<$b=hL|1P�<tnCEIWO<$EIX=PTJ_Q9E@dLUfdLU=P�WgEI< � PTX�R7N + <$b=hL|1P�B>d.dLU=P
PTWOX n1i&dLU=P �1^fegN egHIB>d0PTB1bZ: 2_UOEIJ7EIJzbOJLPTX d0n�P��ad0h"B1<td�dLU=P�U=PTHIEI<$EId v n1i_4%� R	N + : �sE@r=:��a:IYtc � J0P$P�W=P��Md
egB>r1P �	J"U=n Q9J	dLUOP�PTHIB1J0dLEI<�hLPTJ0ejnCWOJLP�n1i&n |1P$hLQ&nCbOWOX R7N + Q9E@dLU ��	 �	� \1^	��� J0nCHFEIX�dLUOEIW � ? �	� �aY � � JLnCHIEIX
dLUOEI< � � B1WOX Y � � �aY � XOn1d � XOB1JLU=PTX � :
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 ��
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�=n1h7XOJLR	N + Q.E@dLUfcjn1dLU�J0d0h"B1WOXOJ9B ���aPTX d0n�JLb=hLi B1<tPTJ � �sE@r=:9Y>: \>< � ?;dLU=P#HIEFW � EFW=r�WabOD�cjP$h ����n1isdLU=P

d Q&n J0d0h"B1WgXOJzEIJ	B�d0n1e;nCHIn1rCEI<$B1H EIWq|�B>h"EFB1Wmd7eOhLn |aEIXOPTX�dLUOP J"b=hLi B1<tPTJzB>hLP�l#�MPTX�EFW�JLegB1<tP1:�� ��EFJ	dLU=P�JLbOD

n1iodLU=Pzd Q9EFJ0d � �
�
?OdLUOP	WabOD�cjP$h n1i dLEID�PTJ_nCW=PzJLb=rCB>h � egUOnCJ0egUOB>d0PzcgB1< � cjnCW=P	Q_h B>egJ B>hLnCbOWOXfdLUOP7n1dLUOP$h �

B1WOX�dLU=P�Q_h"E@dLU=P ��� � ?;dLU=P BT|1P$h"B>r1P�n |1P$h�B1HIH eghLn!�3PT<tdLEInCWOJ9n1iwdLU=P�WabOD�cjP$h.n1i W=nCW#� H@na<$B1HoJ0PTH@i � <thLnCJLJ"EIW=rCJ

n1isdLU=P#X=nCb=cAH@PzU=PTHIE � � �V\1[ ���C� � �

����	 �
� � � � �V�a:IY �

` �MejP$h"EID�PTWqdLJzQ9UgEI<"U l#�]R	N + d0n1e;nCHIn1r1v B>h"P~bOJLbgB1HIH@v�XOnCW=P�Q9E@dLU EIWOE@dLEIB1HFH@v�hLPTHIB!�MPTX D�nCHIPT<$bOH@PTJ$? Q9E@dLU

� � W=PTB>h��M: �=n1h�B HInCW=r�J0d0h"B1EIrCUmd�B1WgX]bOWOJ0d0h"PTJLJ0PTX R	N + ? � ��	 ��� # ? dLU=P�WabOD�c;P$hzn1i�dLb=h WOJzn1i�dLU=P

X=nCb=cAH@P_U=PTHIE �j: 4MEIWO<tP_dLUOP$hLP9EIJwnCW=P9dLb=h W�P$|1P$hLv Y$�M: ^�cOe�ikn1h*bgWOJ0d0hLPTJLJLPTX�R	N + ? � � # � N���� � Y$�	� ^a?aQ.U=P$hLP

N����zEIJ dLU=P_d0n1dLB1H;WqbOD�cjP$h n1ijcgB1J0P_egB1EIh"J$:s2_UOEIJsEID�eAHIE@PTJoi n1h � � R	N + B ��� # n1i � �m�>�1�M: -KdwEIJ <tnCWq|1PTWOE@PTWqd

d0n�X=PTJ"<th"E@cjP	dLU=P#HIEIW � B>r1Pzcav~dLU=P�i h"B1<tdLEInCWOJ n1iodLb=h"WOJ B1XOXOPTX�n1h9hLPTD�n |1PTX �

� 	 ��� � ��� #� � #
� �V�a: � �

�=n1h PTEIdLU=P$h B7HFB1XOX=P$h � HIE � P&R	N + J0d0h"bg<tdLb=hLP1?1n1h ikn1h J0P$egB>h"B>d0PTX�JLEFW=rCH@P�J0d0h"B1WOXOJT? � 	��#Y>:s(*v�<tnCD�egB>h"EFJ0nCWZ?

R	N + EIWf|ME@|1n�EFJ bOJLbOB1HIHIv�<tnCWOJ0d0h"B1EFW=PTX�d0n�UOB |1P�� ���9�	� �C^a:

�sE@r=:~�a:IY$B�JLU=n Q9J#dLU=P�ikn1h"<tP�� P��Md0PTWOJLE@nCW hLPTJ0ejnCWOJ0P�n1i�d0n1h"J"E@nCWOB1HIH@v�<tnCWOJ0d0h"B1EIWOPTX]R	N + Q9E@dLU � 	 �M?

EV: P1: � � 	 ��� # : + ikn1h"<tP eAHIB>d0PTB1b�EIJ n1cAJ0P$hL|1PTX�B>d�Y1Y$�]egN�? W=PTB>h"H@v X=nCb=cAH@PfdLU=P�i n1h <tP n1i	dLU=P�( �K4

d0h"B1WOJ"E@dLE@nCW nCW B WOEI< � PTX D�nCH@PT<$bOH@P1: 29U=P~d0h B1WOJLE@dLE@nCW Q9EIdLU � 	 � EIJ B1HIJLn JLnCD�P$Q9UOB>d�D�n1h"P�r1h B1XObOB1H

B1WOX� hLnCbOWOXOPTX "mdLUOB1W~dLU=P	WOEI< � PTX~D�nCHIPT<$bOH@P9d0h B1WOJLE@dLE@nCW :s29U=PTJ0P.XgB>dLB�B1HIhLPTB1X=v�D�B � P	<$H@PTB>h�dLUOB>d_4%� R	N +



\1�

EIJ	W=n1d#JLEFD�egH@v X=PTWgB>dLb=hLPTX R	N + ? B1WOX dLUOB>dzdLUOP�l �aPTX HIEFW � B>r1P�<tnCWOJLd0h"B1EIWqd	EFWmd0hLnMXObO<tPTJzB1WOn1dLU=P$h#R	N +

J0dLB>d0P�<"UOB>h"B1<td0P$h E �$PTX cav�B�UOE@rCU=P$h ikhLP$P#PTW=P$h"r1v1:

�=n1h�� � �M?OB�W=P$Q ikn1h"<tPzegHIB>d0PTB1b�B>eOejPTB>h"J�EIW �oEIr��a:IY$B�B>d � ^>��egN�: + J dLUOP	D�nCH@PT<$bOH@PzEIJ�eOh"n1r1hLPTJ �

JLE@|1PTHIv bgWOX=P$hLQ&nCbOWOX � B1J ��EIJwD�B1X=P.D�n1hLP9W=P$rCB>dLE@|1P �wdLU=P9Q9EIX=dLU�n1iZdLUOP.H@n Q*P$h�^>��egN egHFB>d0PTB1b�EIWO<th"PTB1J0PTJ

B>d&dLU=P9P��MejPTWOJ0P9n1iZdLUOP.b=eOejP$h7Y1Y$��egN d0h B1WOJLE@dLE@nCW :o2_UOP�Y1Y$��egN d0h"B1WOJLEIdLE@nCW�<tnCD�egHIP$d0PTH@v�XOEIJLB>ege;PTB>h J B>d

� ���_�	� �q:*2_U=P�� 	��_�	� �aY ��<$b=hL|1P	<tnCEIWO<$EIXOPTJwQ9EIdLU�dLU=P	WOEI< � PTX~R	N + <$b=h"|1P7B>d�dLU=P7PTWOX~n1i dLU=P �1^#egN

egHIB>d0PTB1b :�29UOEIJ_EIWgXOEI<$B>d0PTJ dLUOB>d� egb=h"P(";4%� R	N + UgB1J � � �_�	� �q: + eOh"n1r1hLPTJLJLE@|1P�J0n1ikd0PTWOEIW=r�n1isdLU=P�R	N +

Q9E@dLU�bgWOX=P$hLQ9EFWOXOEIW=r�EIJ B1HIJ0n�B>egegB>hLPTWqd_EIWfdLU=P�XOB>dLB �V�1\ � :

) bOh*P��MegHIB1WOB>dLEInCW�n1i dLU=P ��	5��d0h B1WOJLE@dLE@nCW�EIJ*dLUOB>d�dLU=P	HIEIW � EIW=r�WabOD�cjP$h*<tnCWOJ0d0h B1EIWmd�n1cgJLd0h"bO<tdLJ&dLU=P

eOhLnMXObO<tdLEInCW�n1i  egb=hLP("M4%� R	N + B>d �1^#egN�:C-3WOJ0d0PTB1XZ?MB�D�E �adLbOhLP n1iZd Q&n�eAUOB1J0PTJ$?=4%� i n1h D B1WOX~J0nCD�P.n1dLU=P$h

ikn1h"D n1i XgJLR	N + ?qD�bOJ0d&B>h"EIJ0P.d0n�JLB>dLEIJLi v�dLU=P.d Q9EFJ0d*<tnCWOJLd0h"B1EIWqd$: � n1h � n1iZdLU=P.r1hLnCb=e�n1i + HIHIPTD�B1WOX � � � �

�V\>� �*UOB1J&JLU=n Q.W�dLUOB>d�XOJLR	N + <$B1W�n1hLrCB1WOE �$P	EIWqd0n�B�UOE@rCUOH@v�n |1P$h"d Q9EIJLd0PTX� u," � i n1h D Q.E@dLU�B �a: ��cge�U=PTHFE �

hLP$ejPTB>d$?an1h ��	 � \"� \	�>^a: -}d&EIJ ejnCJLJ"E@cgH@P�dLUOB>d�u � R	N + EIJw<thLPTB>d0PTXfB1H@nCWOr�Q9E@dLU�4�EIW~JLbOE@dLB>cgHIP eOhLn1ejn1hLdLE@nCW

d0n eOh"naXObg<tP�dLU=P~W=PT<tPTJLJLB>hLv�d0n1dLB1HwHFEIW � EIW=r~WabOD�cjP$hT? B1WOX dLUOB>d#dLUOP Y1Y$��egN i n1h"<tP�EFJz<"UOB>h"B1<td0P$h EIJ0dLEI<�n1i

dLU=P.d0h"B1WOJLE@dLEInCW�d0n�dLUOP7u � J0dLB>d0P1:&x	E@|1PTW~dLU=P.d Q9EIJLdwn1i u D�PTB1JLb=hLPTX~cav + HIHIPTD�B1WOX � � � � B1WgX�dLU=Pz4%� R	N +

d Q.EIJ0dzn1i � � �_�	� �q?oikn1h���	 �fdLUgEIJ#D�E �MdLb=hLP�JLUOnCbOHIX�cjP�B>c;nCbOd � '>^�4�d0n Y('>^�u : 29UOEIJzEIJzEIW B1<$<tn1h X

Q9E@dLU�dLU=P n1cgJ0P$h"|1PTX n |1P$hLP��Md0PTWOJLE@nCW]n1i.Y>: ����dLEID�PTJ	dLUOP WgB>dLE@|1P � � R	N + H@PTW=r1dLU B>d�Y1Y$�fegN i n1h���	 �M?
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D�bOJ0d#cjP�X=P$d0P$h D�EIW=PTX cav lOd0dLEIW=r�n1i nCb=h�D�nMX=PTH d0n�P��aejP$h"EFD�PTWmd$?oB1WOX]Q&P~XOP$d0P$h"D�EIW=P � � 	 �	�IYT\�B1WOX



�OY

� � 	��#Y � \>�M:&2_UOEIJ�D�PTB1WgJ_dLUOB>d  "! " � R7N + UOB1J_B�HIP$i d � UOB1WgX=PTXfd Q9EFJ0d$: -Kd_EIJ�dLU=P#nCWOHIv~H@P$ikd � UOB1WOX=PTX�J0dLB>d0P

EIW nCb=h�D�nMX=PTHV: ) |1P$h"B1HIHV? dLUOP�J0d0h bO<tdLb=h"B1H&egB>h"B1D�P$d0P$h"J�i n1h dLU=PflO|1PfJ0dLB>d0PTJ�B>hLP�<tnCD�eAB>dLE@cgH@P~d0n�dLUOnCJ0P

bOJ0PTX eOhLP$|ME@nCbOJLH@v �V�1\ � :

2_UOP�egB>h B1D�P$d0P$h"J	Q9UOEF<"U�B>hLP�d0h bOH@v�ikhLP$P i n1h	lOd0dLEIWOr~B>hLP dLU=P�i h"P$P�PTWOP$hLrCE@PTJ7n1i dLU=P�uo?ZJL< � u B1WOX  "!�"

J0dLB>d0PTJ$:�2_U=PTJ0P B>hLP�X=P$d0P$h"D�EIW=PTX�PTJLJ0PTWqdLEIB1HIH@v cav�dLUOP�egHFB>d0PTB1b i n1h"<tPTJ	ikn1h	dLU=P l#�MPTX � � d0h"B1WOJLE@dLEInCWOJ$: � P

lgWOX � � 	 �"� \ �  "!�" �~? � % 	 Y�� � � � u � ? B1WOX �
�
	 YT\"� ^�� J"< � u � : �=n1h�4 �L?*u �L?*B1WOX  "!�" � R	N + dLU=P�ikhLP$P

PTW=P$hLrCEIPTJ.B>hLP JLEID�EIHIB>h��kd0nfQ9E@dLUgEIW�\>��� EIW dLUOP�Q&n1h"J0d	<$B1J0P �9d0n~dLUOP�<tn1hLh"PTJ0ejnCWOXOEIW=r�eAB>h"B1D�P$d0P$h"J	EIW�nCb=h

eOhLP$|ME@nCbOJ#Q*n1h � �V�1\ � :�-3W]dLU=P�eOhLPTJ0PTWqd�< UOB>eOd0P$h�dLUOP�ikhLP$P�PTW=P$hLr1v n1i JL< � u � R	N + XgE � P$h J#JLb=cgJLdLB1WmdLEIB1HFH@v

ikhLnCD Q9UgB>dwQ�B1J*bOJLPTX�EIW & P$r1P$h � � � � ?acjPTEIW=r#pabOE@d0P9<$H@nCJLP9d0n�dLU=P9ikhLP$P9PTWOP$hLr1v�n1iZu � R	N + :M2_U=P9XOE � P$hLPTWqd

ikhLP$P~PTWOP$hLr1v]egB>h"B1D�P$d0P$h"J�i nCbOWgX U=P$hLPfB>hLPfB�<tnCWgJ0PTpqbOPTWO<tP~n1i.XOE � P$hLPTWO<tPTJ�c;P$d}Q*P$PTW dLU=P�d Q&n D�nMX=PTHIJ$?

nCb=h&PTB>h"HIE@P$h*nCW=P9cjPTEIWOr�B�<tnCWqdLEIWabObOD D�naXOPTHO|MJ$:sdLU=P.eghLPTJ0PTWqdwnCW=P.c;PTEFW=r�XOEIJ"<thLP$d0P1: -KW�nCb=h&PTB>h"HIE@P$h*Q*n1h �

dLU=P$hLP.Q*P$h"P.B1XOXOEIdLE@nCWOB1H=ikhLP$P_egB>h B1D�P$d0P$h"J*i n1h&d Q9EFJ0dwB1WOX~J0d0hLP$dL<"UfJ0dLE � W=PTJ"J0PTJ n1iZPTB1< U�JLdLB>d0P1?aQ.UOEI<"U�D�B � P

|>B>hLvaEFW=r�<tnCWqd0h"E@cgbOdLE@nCWOJ d0n dLU=P7ikhLP$P.PTWOP$hLrCE@PTJ&n1i dLU=P7lO|1P	J0dLB>d0PTJ$: -3W�nCbOh*eOh"PTJ0PTWmd&Q&n1h � ?=B1HIH;J0dLB>d0PTJ UOB |1P

dLU=P�J"B1D�P�J0d0hLP$dL< U�B1WgX�d Q9EFJ0d9J0dLE � W=PTJLJT?=Q9UOEI< U D�B � P�dLUOP#hLPTHIB>dLE@|1P�i hLP$P�PTW=P$hLrCE@PTJ.D�n1hLP�<$H@nCJLPTH@v~h"PTHIB>d0PTX

d0n�dLU=P�i hLP$PzPTWOP$hLrCE@PTJ n1isdLU=PzlO|1P�J0dLB>d0PTJ$:

� 
 � � � ����� ��� � ��� ������ � � �������

� 
 � 
 � ���� � � � � ����� ��� � ��� � � � � � � ����� � � � � ��� � � �

� U=PTW�Q&P9B1HIHIn Q R	N + HIEIW � EIW=r	WabOD�cjP$h d0n �gbO<tdLbOB>d0P.i hLP$PTHIv�Q9EIdLU �$P$hLn�B>eOeAHIE@PTX d0n1h"pab=P1?anCb=hwD�nMX=PTH

hLP$eOh"naXObg<tPTJ~dLUOP]bOJLbOB1H	( � i n1h D d0n 4%� ikn1h"D%d0h"B1WOJLEIdLE@nCW J0P$PTW EIW P��aejP$h"EFD�PTWmdLJfnCW WgEI< � PTX n1h J"EIW=rCH@P��

J0d0h"B1WgX � B>d0dLB1<"U=PTXfD�nCHIPT<$bOH@PTJ$: �sE@r=: �a: �>B�J"b=ejP$hLejnCJ0PTJsdLU=P9P��MejP$h"EID�PTWqdLB1HOXOB>dLB�nCW�nCbOh*<$B1HI<$bOHFB>d0PTX�ikn1h"<tP��

P��Md0PTWOJLE@nCW <$b=hL|1P1:�29U=P~H@PTWOr1dLU]ikh"B1<tdLE@nCWZ? � ��� � � � � ?sn1i_PTB1< U n1i dLUOP~J0dLB>d0PTJ � � 	 �M?IY>? �a? \a? � ��EIJ�JLU=n Q9W



�m�

B1X!�LB1<tPTWmdzd0n�dLUOP�ikn1h"<tP�P��Md0PTWOJLE@nCW <$b=h"|1P B1J�B~i bOWO<tdLEInCW�n1i*i n1h <tP1:�N.PTB>h �1^�egN�?jQ&P�J0P$P�( � R7N + rCE@|1P

Q�BTvfd0n�4%� R	N + ?Oh"PTJLbOH@dLEIWOr EFW�B�egb=hLP	egUOB1JLPzn1i 4 � R7N + B>i d0P$h � ����egN�:O2_U=P#H@PTWOr1dLU�i h B1<tdLE@nCWOJ�n1isdLU=P

n1dLU=P$h.egUOB1J0P#B>hLPzP��Md0hLPTD�PTHIvf<$HInCJ0P#d0n �$P$hLn~XOb=Pzd0n�dLU=PTEIh_D�bO< U�UOEIrCU=P$h i h"P$PzPTW=P$hLrCE@PTJ$:
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�sE@rCb=hLP��a: �a: ` �Me;P$h EID�PTWqdLB1Hsi n1h"<tP~|1P$h"JLbOJ�P��Md0PTWOJLE@nCW XOB>dLB ikn1h�ejnCJLE@dLEI|1P�B1WOX W=P$rCB>dLEI|1P � B1WgX WOEI< � PTX
R	N + JLb=ejP$hLejnCJ0PTX nCW dLU=Pf<tn1hLhLPTJLe;nCWgXOEIW=r dLUOP$n1hLv <$b=h"|1PTJ�d0n1r1P$dLUOP$h�Q9E@dLU dLU=P~eAH@n1dLJ�n1i_i n1h <tP~|1P$h"J"bOJ
H@PTW=r1dLU ikh"B1<tdLE@nCW ���������� �����	� ��� ikn1h l#�aPTX �s:o-3W�B1HIHMikn1h"<tP�� P��Md0PTWOJLE@nCW�<$bOhL|1PTJ$?mdLUOP_J0nCHIEIX�cgHIB1< � HFEIW=P�EIJsdLU=P
P��Me;P$h EID�PTWqdLB1H XOB>dLB�B1WOX dLU=P�J0nCHIEFX�X=n1d9<$b=hL|1P�dLU=P#dLU=P$n1hLP$dLEF<$B1H lOdLJ$: �oEIr~�a: �>B�JLUOn Q9J.<tnCD�egb=d0PTX � JLnCHIEIX
X=n1dLJ �zB1WOX]P��MejP$h"EID�PTWqdLB1HIH@v�X=P$d0P$h"D�EIWOPTX � J0nCHIEIX cAHIB1< � �7ikn1h"<tP�� P��ad0PTWgJLE@nCW XOB>dLB ikn1h�WOEF< � PTX]R	N + :o2_U=P
B1X!�LB1<tPTWmd ( B1WOX�4#H@PTWOr1dLU�ikh"B1<tdLE@nCWgJoEFWmd0P$h"JLPT<tdoB>dsdLU=P&d0h"B1WOJLEIdLE@nCW�ikn1h"<tP1: ) dLU=P$hsegUOB1JLPTJoB>h"P&B>cgJLPTWmd$: �sE@r=:
�a: ��c#� P#<tn1hLh"PTJ0ejnCWOX�d0n � 	 �	� �1� � �_�	� \1^	� � �_�	� �aY �=? B1WOX �_�	� '1\1\�hLPTJLe;PT<tdLEI|1PTH@v1: �sE@r=:w�a: ��i � U�<tn1h"hLPTJ0ejnCWOX
d0n � 	 �	� \1^	� �L�	� �aY � �TY � � �aY1:�-3W B1HIHadLU=PTJ0P�egH@n1dLJ$?&� ����� � � � � � � EFJ B1X!�LB1<tPTWqd d0nzdLU=P�i n1h"<tP�� P��Md0PTWOJLEInCW�XOB>dLBM:
2_U=P&l#�MPTX � d0n1ejnCH@n1r1v�<tnCWOJLd0h"B1EIWqdsXOP$d0P$h"D�EIW=PTJ Q9UOEF<"U�J0d0h"bO<tdLb=h B1HqJ0dLB>d0PTJ egB>hLdLEI<$E@eAB>d0P*EIW�dLU=P�d0h"B1WOJLEIdLE@nCW � J �
ikn1h#rCE@|1PTW��s:�-3W]B1HIHsdLUOP�egH@n1dLJ$? H@PTW=r1dLU ikh"B1<tdLE@nCW ikn1h�( � R	N + EFJzJLU=n Q.W cqv�dLU=P�JLnCHIEIX HIEIW=P1?Zikn1h�u �_cqv
JLbO<$<tPTJ"JLE@|1PzJLpabOB>hLPTJ$?Mikn1h.4%�ocav~B1HId0P$h"WOB>dLEIW=r J0nCHIEFX~JLpabOB>hLPTJ B1WgX�XgB1JLU=PTJ$?Mikn1h� "! " � R7N + cqv~dLU=PzJ0nCHIEIX�X=n1d
<$b=hL|1P1?AB1WOX�ikn1h9JL< � u cqvfB1H@d0P$h"WOB>dLEFW=r�J0nCHIEIXfX=n1dLJ.J0P$egB>h"B>d0PTX�cqvfHIEIWOPTJ$:



���

0 0.5 1

Length Frac.

S

B

P

0

20

40

60

80

100

120

140

0.6 1 1.4

(b)

F
or

ce
 (

pN
)

�

Extension

 



�m^

0 0.5 1

Length Frac.

S

B

P

Z

0

20

40

60

80

100

120

140

0.6 1 1.4

(c)

F
or

ce
 (

pN
)

�

Extension

 



� �

0 0.5 1

Length Frac.

S

BZ

0

20

40

60

80

100

120

140

0.6 1 1.4

(d)

F
or

ce
 (

pN
)

�

Extension

 



� �

0 0.5 1

Length Frac.

S

BZ

0

20

40

60

80

100

120

140

0.6 1 1.4

(e)

F
or

ce
 (

pN
)

�

Extension

 



� '

0 0.5 1

Length Frac.

S

B

P

Sc-P
0

20

40

60

80

100

120

140

1 1.4

(f)

F
or

ce
 (

pN
)

�

Extension

 



�m[

0

20

40

60

80

100

120

140

0.6 1 1.4

(g)

F
or

ce
 (

pN
)

�

Extension

 

0 0.5 1

Length Frac.

S

B

P

Sc-P



^>�

0 0.5 1

Length Frac.

S

B

P

Sc--P
0

20

40

60

80

100

120

140

0.6 1 1.4

(h)

F
or

ce
 (

pN
)

�

Extension

 



^MY

� 
 � 
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�sE@r=:9�a: ��c JLU=n Q9J9dLUOP�dLU=P$n1hLP$dLEF<$B1H ikn1h"<tP�h"PTJ0ejnCWOJ0P�<$b=h"|1P�JLb=ejP$hLejnCJ0PTX nCW dLU=P�P��aejP$h"EID�PTWmdLB1H XOB>dLBM?

ikn1h�HIEFW � EFW=r�WqbOD�cjP$h�� 	 �M:�-KWgE@dLEIB1HIH@v1? dLU=P~D�nCH@PT<$bOH@P�JLdLB>hLdLJ�n � EIW egb=h"P�( � i n1h"D :�N9PTB>h �1^�egN�?oB1W

B>eOeOh"PT<$EIB>cgH@P�B1D�nCbOWqd�n1i�4%� R	N + <$B1WgW=n1d�ikn1h"D B1J�EFW dLU=P�bOWO<tnCWgJ0d0h"B1EIW=PTX#� � <$B1JLP�JLEIWg<tP�dLUOEIJ Q&nCbOHIX

PTE@dLU=P$h |ME@nCHIB>d0P�dLU=Pfd Q9EFJ0d�<tnCWgJ0d0h"B1EIWqd � 4 � R7N + EIJ�bgWOX=P$hLd}Q9EIJ0d0PTX � ?sn1h�<tnCJ0d�B�HIB>hLr1P�B1D�nCbOWqd n1i_d Q.EIJ0d

PTW=P$hLr1v1:�29UqbOJ	nCWgH@v�B�JLD�B1HIHsX=PTWOJLE@d}v�n1i_4%� R	N +  cgbOcOcgH@PTJ "Ai n1h D B1Jzikn1h"<tP�EIJ	h"B1EIJLPTX i hLnCD �1^�d0n Y1Y$�

egN�: + d.Y1Y$��egN�?CdLU=P_ikn1h"<tP.EFJ HIB>hLr1P_PTWOnCb=rCU�ikn1hwdLU=P.D�nCH@PT<$bOH@P d0n�d0h"B1WOJ0ikn1h"D i hLnCD ( EIWqd0n�B#D�E �MdLb=hLP n1i

4%� ikn1h"D B1WgX�u � ikn1h"D R7N + :M4MEIWg<tP_u � ikn1h"D R	N + EFJ n |1P$hLd}Q9EIJ0d0PTX ?MEId <$B1W~<tnCD�ejPTWOJ"B>d0P_i n1h*dLU=P.<th"PTB>dLE@nCW

n1i_dLU=P�bOWgX=P$hLd Q.EIJ0d0PTX 4 � R7N + :s29UOEIJ�EIJ�P$|MEIX=PTWqd EIW dLUOP~hLnCbOrCUOH@v � � YfeOhLn1ejn1hLdLEInCWOB1HIE@d}v�n1i9dLU=P�H@PTW=r1dLU

ikh"B1<tdLE@nCWOJ7ikn1h#4 ��B1WOX u � R7N + ikn1h	i n1h <tPTJ � Y$�1�feAN�?;Q9UOEI< U�D�B>dL<"U=PTJ	dLU=P eOh"n1e;n1h"dLE@nCWOB1HIE@d}vfn1iwdLU=P�4%�

B1WOX u � d Q9EFJ0dLEIW=r=:

2_UOP�<tnCD�eAb=d0PTX i n1h"<tP�� P��Md0PTWOJLEInCW <$b=hL|1PTJ�i n1h�bOWgX=P$hLQ&nCbOWOX]R	N + ikn1h � 	 �_�	� \1^	�q? �_�	� �aY �]B1WOX

�_�	� '1\1\.B>hLPwJLUOn Q9W�EIW �sE@r=:o�a: �><>?m�a: �>X�B1WOX��a: ��P&hLPTJ0ejPT<tdLE@|1PTHIv1?�B1H@nCWOr_Q9E@dLUzP��MejP$h"EID�PTWqdLB1HCXOB>dLBM: �=n1h ��	

�_�	� \1^	�#d Q&n�d0h B1WOJLE@dLE@nCWgJ na<$<$bOhT?qnCWOP.B>d �S^>��eAN�?CiknCHIH@n Q*PTX�cqv�B�J0PT<tnCWOX�B>d � Y1Y$��egN�:m2_U=P9P��MEIJLd0PTWO<tP

n1i d}Q*n�d0h"B1WgJLE@dLE@nCWOJ*hLPTpabOE@hLPTJ*dLU=P	bOWOX=P$h"d Q9EIJLd0PTX� "!�" � R	N + J0dLB>d0Pzd0n�B>cgJLn1hLcfdLU=P7bgWOX=P$hLQ9EFWOXOEIW=rCJ B>d H@n Q

ikn1h"<tP1: � E@dLU=nCbOd#dLU=P� "!�" � JLdLB>d0P1?oQ&P~UgBT|1P�iknCbOWOX dLUgB>d 4%� R	N + B1H@Q&B vaJ�B>eOejPTB>h"J#EID�D�PTXOEIB>d0PTH@v�B>d�H@n Q

ikn1h"<tPTJ��kQ9E@dLU=nCb=d  "!�"@?O4�Q&nCbOHIX�c;P.dLU=P7nCWOH@v�bOWOXOP$hLQ*nCbgWOX�J0dLB>d0PzEIW�dLU=P7D�naX=PTH � :s29U=PTWZ?mdLUOP$hLP7<tnCbgHIX�cjP

nCW=P d0h"B1WgJLE@dLE@nCWZ?C<tn1h"hLPTJ0ejnCWOXOEIWOr.d0nzhLP$eAHIB1<tPTD�PTWqd n1iAdLUOP_( ikh"B1<tdLE@nCW�Q9E@dLU uo: + W�B1XgXOE@dLE@nCWOB1HaeOh"n1cgH@PTD EIW

dLUOEIJ9<$B1J0P�EIJ dLUgB>d_dLU=P��$P$hLn � ikn1h"<tP J0dLB>d0P�UgB1J_B1W P��Md0PTWOJLE@nCW Q9UOEI< U EIJ d0nan�H@nCW=r�d0n~lOd dLU=P#P��MejP$h"EID�PTWqdLB1H

XOB>dLB �OW=n1d0PzdLUgB>d dLUOEIJ�EIJ�B�<tnCWOJ0PTpab=PTWO<tPzn1i dLU=P �$P$hLn � d0n1h"pab=P#hLPTJLbgH@dLJ&Q9UOEI< U~l ��dLU=P�4%� R	N + J0d0h"bg<tdLb=h"B1H

egB>h"B1D�P$d0P$h"J$:



^1�

-3WOJ0d0PTB1XZ?AQ*P UOB |1P�B~D�E �MdLb=hLPzn1i  "! � ";B1WOX�( � R	N + B>d �$P$hLn�ikn1h"<tP�EIW�B>eOeOhLn1egh"EIB>d0P#ikh"B1<tdLE@nCWOJ9d0n~l �

dLU=PfW=P$d HIEIW � EIW=r WabOD�c;P$h B>d � 	 �_�	� \1^	�q: + d � ^>��egN�?odLU=P  "!�" � R	N + ejn1hLdLE@nCW B1WOX JLnCD�Pfn1i_dLU=P

( � R	N + e;n1h"dLE@nCW�n1iwdLU=P�D�nCH@PT<$bOH@P�d0h"B1WOJ0ikn1h"D d0n�4 � i n1h"D ?ArCE@|MEIW=r�B~( �K4�D�E �adLb=h"P#i n1h	ikn1h"<tPTJ7cjP$d Q&P$PTW

^>��eAN�B1WgX Y$�1��eAN�:;2_U=P#Q9EFX=dLUfn1i dLUOEIJ lgh"J0d d0h"B1WOJ"E@dLE@nCW EIJ.X=P$d0P$h"D�EFW=PTX�cav�dLUOP#hLPTHIB>dLE@|1P�i h B1<tdLE@nCWOJ_n1i

( B1WOXf4�W=PT<tPTJ"JLE@dLB>d0PTX~cqv�dLU=P.bOWOX=P$hLQ.EIWOXOEIWOr=: 2_U=P_P��=<"UOB1WOr1P7n1i 4%� R	N + i n1h� "!�" � R	N + EIJwJ0P$PTW�<$H@PTB>h"HIv

EIWfdLU=P�<tnCD�egb=d0PTX HIPTW=r1dLU�ikh"B1<tdLE@nCWOJ ikn1h_dLU=PTJLP#egUOB1J0PTJT:

+ dfY1Y$� egN�? dLUOP~( � R	N + ejn1hLdLEInCW]EIJ#<tnCWq|1P$hLd0PTX d0n�B�D�E �MdLb=hLP�n1i_u �.B1WOX 4 � i n1h"D R	N + ?oEFW dLU=P

JLB1D�P�Q&B v�B1J.na<$<$b=h J9EIW�dLUOP���	��~<$B1J0P1: + d	HIB>hLr1P$h9ikn1h"<tPTJ$?;dLU=P�D�nCH@PT<$bOH@P�EIJ dLUabOJ9eghLPTX=nCD�EIWgB1WmdLH@v�EIW

4%� ikn1h"D�?ZQ9EIdLU B�JLD�B1HIHoikh"B1<tdLE@nCW n1i�u � R	N + B1Jzh"PTpqbOEIhLPTX�d0n JLB>dLEIJ0ikv�dLU=P�HFEIW � B>r1P WabOD�cjP$h#<tnCWOJ0d0h"B1EIWqd$:

+ d ��	��9�	� \1^	�q?qQ&P9J0dLB>hLd B>d*H@n Q ikn1h"<tPTJ Q.E@dLU  "!�" � (7?CB1WOX�dLU=PTW�EFW d Q&n�J0d0P$egJ Q&P r1n#d0n�( � 4�B1WgX dLU=PTW
d0nf4 � uo: � EIdLU=nCb=d9dLUOP  "!�" � J0dLB>d0P�d0n�JLdLB>hLd9Q9EIdLUZ?=dLU=P$hLP�Q*nCbOHFX�cjP�W=n�ejnCJLJLEIcgEIHIE@d}v�ikn1h.dLUOEFJ_J0PTpab=PTWO<tP�n1i

d Q&n�d0h B1WOJLE@dLE@nCWgJ$:

+ J � EIJ hLPTXObg<tPTX i b=hLdLUOP$hT? dLU=P�ikh"B1<tdLE@nCW n1i7dLU=P�D�nCH@PT<$bOHIPfEFW dLUOP  "!�" � R	N + egUOB1JLPfB>d�HIn Q ikn1h"<tP

eOhLn1r1h"PTJLJLE@|1PTH@vfEIWO<th"PTB1J0PTJ$?gB1WOX�dLU=P#ikh"B1<tdLE@nCW�n1i dLU=P�D�nCH@PT<$bgH@P#Q9UOEF<"UfPTWOXOJ.b=e�B1J	4%� R	N + B>ikd0P$h.dLUOP�^>�

egN d0h"B1WgJLE@dLE@nCW�<tn1hLhLPTJ0ejnCWOXOEFW=rCH@vfEIWO<thLPTB1J0PTJT:92_UabOJ$?AHIPTJLJ.B1WgX�H@PTJ"J9( � R	N + hLPTD�B1EIWOJ9d0n~eAB>hLdLEI<$E@egB>d0P�EIW

dLU=P�Y1Y$��egN�d0h"B1WOJLE@dLEInCWZ?=B1WOXfE@d�c;PT<tnCD�PTJ�eOhLn1r1hLPTJLJ"E@|1PTH@v�WOB>h"hLn Q&P$hT: �sEIWOB1HFH@v1?qikn1h ��	��_�	� �aY �=?gdLU=P�Y1Y$�

egN d0h"B1WgJLE@dLE@nCW <tnCD�egH@P$d0PTH@v XOEFJLB>eOejPTB>h"J_EIWgXOEI<$B>dLEIW=r�<tnCWq|1P$h"JLEInCW�n1iwB1HFH dLU=P�( �  "!�"AR	N + cjPTH@n Q ^>��egN

d0n� egbOhLP("A4%� R	N + B>d.^>��egN � �sE@r=:&�a: �>X � :

�=n1h�P$|1PTW D�n1hLP bOWOX=P$h"Q9EIWOXOEFW=r�� �oEIr=: �a: ��P � ?zB HFB>hLr1P�B1D�nCbOWmdfn1i  "!�" � R	N + D�bgJ0d�EFWOE@dLEIB1HIHIv cjP

<thLPTB>d0PTXZ:*2_U=PTWZ?MEIW�n1h"X=P$h�d0n�JLB>dLEIJ0ikv�dLU=P	d}Q9EIJ0d <tnCWOJ0d0h B1EIWmd�B1W�B>eOeOh"PT<$EIB>cgH@P.i h"B1<tdLEInCW~n1i  "!�"=JLb=hL|ME@|1PTJ&B>d

UOE@rCUfikn1h"<tPTJ$:*2_UOEIJ�nM<$<$b=h"J cjPT<$B1bOJLPzdLU=P  "!�"OJ0dLB>d0P�EIJ D�n1hLP�bOWOX=P$hLQ&nCbOWOX�dLUOB1W�EIJ94;:



^1\

+ ikP$Q�XOEIJL<th"P$egB1WO<$E@PTJ.cjP$d Q&P$PTW�dLUOP$n1hLP$dLEI<$B1H B1WOX�P��aejP$h"EFD�PTWmdLB1Ho<$b=hL|1PTJ	B>hLP P$|MEIX=PTWqd$:729U=P�P��MejP$h"E �

D�PTWqdLB1HAXgB>dLB�JLU=n Q B�D�B>h � PTX~hLPTXObO<tdLE@nCW~EIW�dLU=P7H@n Q�� i n1h"<tP.P��ad0PTWgJLE@nCWOB1HAD�naXgbOHIbOJsQ9EIdLU�bOWOX=P$h"Q9EIWOXOEFW=r=:

2_UOEFJ.P � PT<td�EIJzWOn1d#EIW�nCb=h�D�nMX=PTHsJLEIWO<tP Q&P�UOB |1P�nCWOH@v nCWOP�J0d0hLP$dL< U]<tnCWOJ0dLB1Wqd#egB>h"B1D�P$d0P$h#i n1h�B1HIHslO|1P

J0dLB>d0PTJ�� B1XOXgE@dLE@nCWOB1HwegB>h"B1D�P$d0P$h"J�D�E@rCUmd�cjP�B>cAH@P~d0n dLB � P dLUgEIJ�P � PT<td�EIWqd0n�B1<$<tnCbgWmd$: 2_UOEIJ�XOE � P$hLPTWO<tP

EIW D�nMXObOHFbOJ�<$B1bgJ0PTJ�dLU=P�dLUOP$n1hLP$dLEI<$B1H_P��Md0PTWOJLEInCW Q9EIX=dLUgJ�n1i7dLU=P�^>�]egN ( �  "! "�� ( � 4 d0h"B1WOJ"E@dLE@nCWOJ
d0n�cjP Q9EIX=P$h	dLUOB1W dLUOnCJ0P�n1cgJ0P$hL|1PTX]P��aejP$h"EID�PTWmdLB1HIHIv1:�G�nCJ0d#HIE � PTH@v1?ZdLUOPTJ0P�XOE � P$hLPTWO<tPTJzB>hLP�Xgb=P d0n�nCb=h

n |1P$h JLEID�egHFE@lg<$B>dLE@nCWfn1isdLU=P  "! "gJ0dLB>d0P1?gQ.UOEI<"U�EIJ <$H@PTB>h"H@vfB>eOeOh"PT<$EIB>cgH@vfJ0n1ikd0P$h.EIWfcjn1dLU�d}Q9EIJ0d9B1WgX J0d0hLP$dL< U

dLUOB1W dLUOP�n1dLU=P$h�R	N + J0dLB>d0PTJ$: �oEFWOB1HIH@v1?ZQ&P�UOB |1P~E@rCW=n1h"PTX]H@n Q i n1h"<tP �� Y$� egN��.PTWmd0h"n1egEI<�PTHIB1JLdLEI<$E@d v

n1i ( � R	N + �=nCb=h_D�naX=PTHAn1i <tnCbOh"J0PzX=naPTJ W=n1d�hLP$eOhLnMXObO<tP.dLU=PzH@n Q ikn1h"<tP	PTHIB1J0dLEI<7hLP$rCEFD�P	Q9U=P$hLP7egB>hLdLEIB1HFH@v

P��Md0PTWOX=PTX B1WOX egH@PT<td0nCW=PTD�EF<$B1HIH@v~J"b=ejP$h"<tnCEIH@PTXf( � R	N + B>hLP�i nCbOWgXZ:

� 
 � 
 � ���� � � � � ��� �

�sE@r=: �a: ��i � USJLUOn Q dLU=P]<tnCD�egb=d0PTX PTHIB1JLdLEI< hLPTJ0ejnCWOJLP�n1i R	N + ikn1h dLU=P n |1P$hLQ*nCbgWOXS<$B1J0PTJ � 	

� �M: \1^	�q? � �M: �aY �=?OB1WOX � Y>: � �aY>?=n |1P$h"HFB1EIX�nCW~dLUOP7P��MejP$h"EID�PTWqdLB1H;XOB>dLBM: + d �$P$hLn i n1h"<tP1?=dLUOP.P��Md0h"B�d Q9EFJ0dLJ
B>hLP�B>cAJ0n1hLcjPTX EIW B <tnCHIHIB>egJ0PTX�JLb=ejP$h"<tnCEIH@PTX JLdLB>d0P1?_JL< � u � R	N + �V\>� � :�2_UOEIJ�H@PTB1XgJ�d0n <tnaP��MEFJ0d0PTWO<tP�n1i

( �.Q9EIdLU]JL< � u � R	N + B>d�HIn Q i n1h"<tPTJT:f29U=P�P��Me;P$h EID�PTWqdLB1H JLE@rCWOB>dLbOhLP�n1i dLUOEIJ�JLb=ejP$h"<tnCEIH@PTX JLdLB>d0P�EIJ�dLU=P

H@PTW=r1dLU]hLPTXObO<tdLE@nCW Q&PTHIHscjPTH@n Q�dLU=P�( � i n1h D H@PTW=r1dLUZ:�N.PTB>h��1^�egN�?ZdLUOP�JLb=ejP$h"<tnCEIH@PTX u � R7N + P��ad0PTWgXOJ

d0n�c;PT<tnCD�P�u � R7N + ?;rCEI|aEIWOr�dLU=P�lOh"J0d.d0h"B1WOJLE@dLEInCWZ:92_UOEFJ9EIJ9P��MB1<tdLH@v�B1WOB1H@n1r1nCbOJ7d0n�JLEID�EFHIB>h_d0h"B1WOJ"E@dLE@nCWOJ

cjP$d Q&P$PTW egHIPT<td0nCW=PTD�EI<$B1HIHIv~JLb=ejP$h"<tnCEFH@PTXf( � R	N + B1WOX�P��Md0PTWOX=PTX ( � R	N + n1cgJ0P$hL|1PTX B>d9i n1h"<tPTJ � YzegN�?

B1H@dLU=nCbOrCU�Q9E@dLU=nCbOd&dLUOP�B1XOX=PTX�<tnCD�eAH@P��MEId vfn1ioB>egeOhLPT<$EIB>cgHIP	<tnCWOi n1h"D�B>dLE@nCWOB1H �gbg<tdLbOB>dLE@nCWOJ �V�MY �;��� � :

2_UOhLnCb=rCU]dLUgEIJ#lOh J0d��1^�egN d0h"B1WOJLE@dLEInCW]dLU=P�( � R	N + ikh"B1<tdLE@nCW EIJ�B1HID�nCJ0d�bOWg<"UOB1W=r1PTX : 2_U=PTWZ?odLU=P

(�h"P$rCE@nCW�bgWOX=P$hLr1naPTJ9dLUOP~Y1Y$��egN d0h"B1WOJ"E@dLE@nCW d0nfB�D�E �MdLb=hLP�n1i*4 ��B1WOX�u � R	N + Q9E@dLU�dLU=P�eOhLn1ejn1hLdLE@nCW



^��

n1iwR	N + egB>hLdLEF<$E@egB>dLEIW=r�EIW dLUOPTJ0P d Q&n J0dLB>d0PTJzB1J	EIJ7hLPTpqbgE@hLPTX cav��s:z2_U=P HIB>hLr1P$h	dLU=P WabOD�cjP$h7n1i P��Md0h"B

d Q.EIJ0dLJ EIWOJLP$hLd0PTX�EIWqd0nzdLU=P D�nCH@PT<$bOH@P1?mdLU=P r1hLPTB>d0P$hwdLUOP&eghLn1ejn1hLdLE@nCW�n1i;R	N + dLUgB>dwEIJsEIW�JL< � u � i n1h"D B>d �$P$hLn

ikn1h"<tP1?=B1WOX�dLUOP9r1hLPTB>d0P$h dLU=P7eOhLn1ejn1hLdLEInCW�n1i u � R	N + B>d�UOE@rCU�i n1h"<tP1:*4=EID�EIHIB>h H@v1?1dLU=P7P��ad0PTWOJ"E@nCW�Q.EIX=dLU�n1i

dLU=P��1^�egNSd0h B1WOJLE@dLE@nCWfcghLnCB1X=PTWOJ B>d_dLUOP#P��aejPTWOJLPzn1i dLU=P~Y1Y$��egN5d0h"B1WOJLEIdLE@nCWfB1J �]EIWg<thLPTB1J0PTJ$:

+ rCB1EIW]W=n1d�B1HIH n1i&dLU=P�ikPTB>dLb=hLPTJ#n1i&dLU=P�d0h B1WOJLE@dLE@nCWgJzB>hLP�<$B>eOdLb=h"PTX cqv�nCb=h�J"EID�egH@P�D�nMX=PTHV: + Jzikn1h

� �5�M? dLUOP�J0d0hLP$dL<"UgEIW=r D�nMXObOHIbgJ9n1i&dLU=P�H@n Q � i n1h <tP�� ( � JL< � u �	XOhLn1egJzB1JzdLU=P�D�nCH@PT<$bOH@P�EIJ	n |1P$hLQ*nCbgWOX
eOhLn1r1h"PTJLJLE@|1PTH@v�D�n1hLP1: 2_UOEIJ*EIJwWOn1d&J0n JLb=h"eOh"EIJLEFW=rzJLEIWO<tP.dLU=P7u � i n1h D EIJ � W=n Q9W~d0n�UOBT|1P	E@dLJ*cgB1J0P�� egB1EIh"EIW=r

XOEIJLh"b=eOd0PTX � J0P$P�4aPT<tdLEInCW �a: ^ � : ) |1P$h"B1HFHV?MdLU=Pzd Q&n � J0dLB>r1P�d0h"B1WOJLE@dLEInCWOJ�B>hLPzQ*PTHFH � X=PTJL<th"EIc;PTX~cav~nCb=h_J"EID�egH@P

lO|1P�� J0dLB>d0P�D�nMX=PTHZn |1P$h7B�Q9EIXOP7h B1W=r1P#n1isHIEIW � B>r1P#WqbgD�cjP$h_B1WOX�ikn1h"<tP1:

� 
 � 
 � � ��� � ��� ! � � � � ����� � � ��� ��� ���� ��� ��� � � ����� � �

2_UOP�eghLPT<tPTXOEIW=r J0PT<tdLEInCWOJfeOhLn1ejnCJ0P B JLEID�egH@P D�naXOPTH.Q.UOEI<"U JLPTD�E � pabOB1WmdLEIdLB>dLE@|1PTH@v XOPTJL<th"E@cjPTJ�dLU=P

J0d0h"bg<tdLb=h"B1H7d0h"B1WOJLEIdLE@nCWOJ~n1i�B R	N + X=h"EI|1PTW cav�ikn1h"<tPTJ�B1WOX d0n1h pqb=PTJT: -3W i B1<td$?	dLU=P d0h"B1WOJLEIdLE@nCWOJfB>hLP

P��Me;P$h EID�PTWqdLB1HIH@v JLUOB>hLe PTW=nCb=rCU dLUgB>d�E@d�D�B � PTJ�J0PTWOJ0P�d0n dLB1H � B>cjnCb=d~B  egUgB1J0P�XOEFB>r1h"B1D "@:�2_UOEFJ�EIJ

D�nCJ0d_J"EID�egH@v�XOP$lgW=PTXfEIW�d0P$h"D�J�n1ioegb=hLP� egUOB1JLPTJ "=Q9UOEI< UfB>hLP#J0dLB>cgH@PzEIWfXOE � P$hLPTWqd�hLP$rCE@nCWOJ�n1i dLU=Pzikn1h"<tP��

d0n1h"pab=P�egHIB1W=P1: � P�X=n�WOn1d7<tnCWOJ"EIX=P$h7dLU=P�D�naXOEIlg<$B>dLE@nCW�n1i dLUOEIJ.egUOB1J0P XOEIB>r1h B1D cav�<"UgB1W=r1PTJzEIW�n1dLU=P$h

egB>h"B1D�P$d0P$h"J$?OP1: r=:*d0PTD�ejP$h"B>dLb=hLP1?=eg,�?OJLB1H@d.<tnCWO<tPTWmd0h B>dLE@nCWZ?OP$dL<>:

2_UOPzdLUOEI< � HIEIWOPTJ*n1i �sE@r=:*�a: \>B�JLU=n QSdLU=P#cjnCbOWOXOB>h E@PTJ&c;P$d}Q*P$PTW�dLU=PzlO|1PzegbOhLP#J0dLB>d0PTJ9B1J.B ikbgWO<tdLE@nCW

n1i;i n1h"<tP.B1WOX�d0n1h"pab=P1: 2_U=P_HIEFW=PTJodLU=PTD�J0PTH@|1PTJwB>hLP_dLU=P_H@nM<$bOJsn1ijejnCEIWqdLJ EIW�dLU=P_ikn1h"<tP�� d0n1h"pab=P_egHIB1WOP&Q.U=P$hLP

dLU=P$hLP.EIJ W=n#J0dLB>d0P.Q9UOEI< U na<$<$b=h J Q9E@dLU r1hLPTB>d0P$h*dLUOB1W�[>����eOhLn1cgB>cgEFHIE@d v1?CEFWOXOEI<$B>dLEIWOr.dLUOB>dwdLU=P_d0h"B1WOJ"E@dLE@nCWOJ

B>hLP B1HIH h B>dLU=P$hzJLUOB>hLe�B1WOX�lgh"J0d � n1h"X=P$h � HIE � P1?gQ.E@dLU�B~d vaegEI<$B1H Q9EIXOdLU�n1i9Y ��� ��EIW�d0n1h"pqbOP1?;B1WOX ��egN�EIW

ikn1h"<tP1: 2_U=P�lO|1P egUOB1JLPTJ B1HIJ0nzEIWq|1nCH@|1P dLU=hLP$P d0h"EIegH@P�� ejnCEIWqd � HIE � P hLP$rCEInCWOJsQ9U=P$hLP�dLU=h"P$P egUOB1J0PTJ <$B1W�<tnaP��=EIJ0d$:



^1^

�=n1h��$P$hLn�ikn1h"<tP�B1WgX �$P$hLn�d0n1h"pab=P1? Q*P�UgBT|1P�( � R	N + � dLUOPTW]ikn1h ��� Y$��eAN�? B d0h"B1WOJLE@dLEInCW�d0n  "!�" �

R	N + nM<$<$b=h"J.ikn1h.bOWqQ9EIWOXgEIW=r�d0n1h"pqbOP � �9� � � ��?gB1WOX�B�d0h"B1WgJLE@dLE@nCW�d0n~JL< � u nM<$<$b=h"J_ikn1h9n |1P$hLQ9EIWgXOEIW=r

Q9E@dLU � � � � � � n1i9d0n1h pqb=P1: 2_U=PTJLP�PTJLdLEID�B>d0PTJ�B>hLP EFW |1P$h"v r1nanaX B>r1hLP$PTD�PTWmd�Q.E@dLU dLU=P�hLPTJLbOHIdLJ�n1i

dLU=P	EIWOX=P$ejPTWOXOPTWmd egh"E@n1h*B1WgB1H@vaJ"EIJ ejP$hLikn1h"D�PTX~cqv~4Md0h"EI< � � � ��� � ��� �wnCW�ikn1h"<tP�� P��ad0PTWgJLE@nCWfXOB>dLB�i n1h&l#�MPTX �

d Q.EIJ0d�D�nCH@PT<$bOH@PTJ$: G�n1hLP$n |1P$h ? hLPT<tPTWqd�Q&n1h � ?ocAB1J0PTX nCW D�EI<thLnCJ"<tn1egEI<�XOPTJL<th"E@eOdLEInCW n1i_EIWqd0P$h � Wqbg<$H@P$n1dLEIX=P

EIWqd0P$h"B1<tdLE@nCWOJT?Zcqv y&na<$<tn ��� ��� �V�1[ � ?oUOB1JzB1HIJ0n�H@PTX�d0n�B1W EIWOXOP$e;PTWgX=PTWmd.PTJ0dLEID�B>d0P n1i*dLUOEIJ7d0n1h"pab=P dLUOB>d

B>r1hLP$P�Q*PTHIHjQ.E@dLUfnCb=h"J$:

�=n1h�ikn1h"<tPTJ � �>��egN�? JL< � u�R7N + EIJzh"P$egHIB1<tPTX cav u � R	N + � dLUOP�d0h"B1WOJ"E@dLE@nCW ikn1h"<tP�cjP$d Q&P$PTW]dLUOPTJ0P

d Q&n�egUOB1J0PTJ&EIJ PTJ"J0PTWmdLEFB1HIH@v�EIWOX=P$ejPTWOXOPTWmd n1iZd0n1h"pab=P7JLEIWO<tP.dLU=P.u B1WOX~JL< � u J0dLB>d0PTJ B>hLP.WOPTB>h"H@v dLU=P.J"B1D�P1?

P��=<tP$eOdzi n1h�UOBT|MEIW=rf|1P$hLv�XOE � P$hLPTWmd	P��Md0PTWOJLE@nCWgJ$: + d#Bfikn1h"<tP � ^>�fegN�? 4 � R7N + B>eOejPTB>h"J	i n1hzdLUOP�lOh"J0d

dLEID�P1?qi n1h&bOWqQ9EIWOXOEFW=r.d0n1h pqb=PTJ � �9\���� ��:w4%� R	N + hLPTD�B1EIWgJ J0dLB>cgH@P.B>d �$P$hLn�d0n1h"pqbOP.b=e�d0n�dLU=P.UgE@rCU=PTJ0d

ikn1h"<tPTJ dLUOB>d&<$B1W�cjP_J0dLbOXgE@PTX cqv�D�EF<thLnCD�B1WOE@eAbOHIB>dLE@nCWZ?>EIW�B>r1h"P$PTD�PTWmd*Q9E@dLU�P��MejP$h"EID�PTWqdLJ B>d �$P$h"n�d0n1h"pab=P

Q9UOEF<"U�JLU=n Q�nCWOH@v�nCW=P#d0h B1WOJLE@dLE@nCW ?M<tn1h"hLPTJ0ejnCWOXOEIWOr�d0n�( �K4 EIWfnCb=h9D�nMX=PTHV:

4MEFWO<tP�B1HIHsdLU=P�d0h B1WOJLE@dLE@nCWgJzB>hLP�hLPTHIB>dLEI|1PTH@v�J"UOB>hLe ? dLUOP�J0dLB>d0P�Q9UgEI<"U]EFJzJ0dLB>cgH@P�ikn1h#rCE@|1PTW]i n1h"<tP�B1WOX

d0n1h"pab=P <tn1hLhLPTJ0ejnCWOXgJ�d0n dLUOB>dfQ9EIdLU HIn Q&PTJ0d�PTW=P$hLr1v1?������ � 	 � ��� � � ��� � � 
 � � �3: 2_U=P�hLPTJLbOHIdLJ~n1i

dLU=P� �$P$h"n � d0PTD�ejP$h"B>dLb=hLP(" ikhLP$P PTWOP$hLr1v D�EIWOEID�E �TB>dLE@nCW JLU=n Q.J�dLU=P�JLB1D�P�egUOB1J0P XOEFB>r1h"B1D�d0n1ejnCH@n1r1v B1J

EIW dLU=P~dLUOP$h"D�B1H*egUOB1J0PfXOEIB>r1h"B1D Q9E@dLU �$P$hLn�d0PTD�ejP$h"B>dLb=hLP�egUOB1J0P~cjnCbOWOXOB>h"EIPTJzn |1P$h"HFB>eOegEIW=r�Q9E@dLU dLU=P

P��=B1<td�� 2 
	 � ��egUgB1J0P�cjnCbOWOXgB>h"E@PTJ$?&i h"nCD Q9UOEF<"U Q&P <tnCWO<$HIbOX=P�dLUOB>d�dLUOP�d0h"bOP�ikn1h"<tP�� d0n1h"pab=P�eAUOB1J0P

XOEIB>r1h B1D�PTJLJ0PTWqdLEIB1HIH@v <tn1hLhLPTJLe;nCWgXOJ d0n]dLUOEIJ� �$P$hLn � d0PTD�ejP$h"B>dLb=hLP("*PTJ0dLEID�B>d0P1:�4MEIWg<tP�ikn1h"<tP�B1WOX d0n1h"pab=P

B>eOejPTB>h_HIEIWOPTB>h"H@v�EIW�dLU=PzPTW=P$h"r1v1?OdLU=PzegUOB1JLP7cjnCbOWgXOB>h"E@PTJ&B>eOejPTB>h_B1J_B�W=P$d}Q*n1h � n1isW=PTB>h"H@v�J0d0h"B1E@rCUqd_HIEIW=P

J0P$rCD�PTWqdLJ$:



^��

�sE@r=: �a: \�c�rCE@|1PTJsB7egUOB1J0P�XOEIB>r1h"B1D�EIW�dLU=P&i n1h"<tP�� HFEIW � EIW=r9WabOD�c;P$hoPTWOJ0PTD�cgH@P1: 4MEIWg<tP ��EIJ B7<tnCWOJ0P$h"|1PTX

pabOB1WmdLEId v1?1E@d XOEIJLegHIBTvMJjegUOB1JLP J0P$egB>h"B>dLE@nCW ?�J0n9Q*PwUgBT|1P*B_egUOB1J0P XOEFB>r1h"B1D Q9E@dLU�<tnqP��=EIJ0d0PTWO<tPwhLP$rCE@nCWOJ � JLnCHIEIX

cgHIB1< � �wcjP$d Q&P$PTW�dLU=P	egb=hLP7J0dLB>d0PTJ �kn1ejPTW�hLP$rCE@nCWOJ � : 29U=P.dLUOhLP$P.d0h E@egH@P.e;nCEFWmdLJ*n1i �sE@r=:w�a: \>B�UOB |1P7dLbOh"W=PTX

EIWqd0n� hLP$rCEInCWOJ " Q.E@dLU B�<tnCWmdLEIWabObOD n1i i n1h <tPTJ�B1WgX � " J�i n1h�Q9UOEI< U]dLU=P�R	N + EFJ�J0d0h"bg<tdLb=h"B1HIH@v EIW dLU=hLP$P

egb=h"P�egUOB1J0P�<tnaP��MEFJ0d0PTWO<tP1: �oEFWOB1HIH@v1? EFW PTB1<"U egUOB1J0P�� XOEFB>r1h"B1D�? dLUOP�cjnCbOWOXOB>h"EIPTJ.cjP$d}Q*P$PTW egb=hLP egUgB1J0PTJ

<tn1hLhLPTJLe;nCWgX�d0n~ikn1h"<tP��$
�n1h.ikn1h"<tP�� �]eAB1E@h"J ikn1h.Q.UOEI<"U dLU=P�H@PTWOr1dLU ikh"B1<tdLE@nCW�<tnCWqd0h"E@cAb=d0PTX cavfPTB1<"U�n1i dLU=P

lO|1P#eAb=hLP	egUOB1J0PTJ9EIJ H@PTJLJ dLUgB1W�[>����:



^	�

0

20

40

60

80

100

120

-10 0 10 20

(a)
F

or
ce

 (
pN

)

Torque (k  T)

B

S

‘Z’ P

Sc-P

 

B

�sE@rCb=hLP��a: \a:S2_U=P ikn1h"<tP�� d0n1h"pab=P � �sE@r=:S�a: \>B �~B1WOX ikn1h"<tP�� � � �oEIr=:S�a: \�c � egUgB1J0P�XOEFB>r1h"B1D�J$: -3W �sE@r=:
�CBM? h"P$rCE@nCWOJzJ0P$egB>h B>d0PTX cqv�dLU=P�XOE � bOJ0P�cjn1h"X=P$h��1HIEIWOPTJ �f<tn1hLhLPTJ0ejnCWOX�d0n�ikn1h"<tP�� d0n1h"pab=P�egB1E@h J.ikn1hzQ9UOEF<"U
dLU=P�PTpqbgEIHIE@cOh EIbOD R	N + JLdLB>d0P�EIJ9B~egb=hLP�J0d0h"bO<tdLbOh"B1H eAUOB1J0P1:9-3WOJLEFX=P#dLU=P�cjnCbOWOXOB>h"EIPTJ$?gB1X!�LB1<tPTWmd	egUgB1J0PTJ
<tnaP��MEIJLd$:�-3Wqd0P$h"J0PT<tdLE@nCW n1i#dLUOhLP$P�eAUOB1J0P�c;nCbgWOXOB>hLv HIEIWOPTJ~<tn1hLh"PTJ0ejnCWOXOJ�d0n B hLP$rCE@nCW n1i#dLUOhLP$P�eAUOB1J0P
<tnaP��MEIJLd0PTWO<tP��qB  d0h E@egH@P_ejnCEIWqd$: "o-KW �oEIr=:w�a: \�c ?qdLUOP9egUOB1JLP_cjnCbOWOXOB>hLv HIEIWOPTJsn1i �oEIr=:w�a: \>B�B>hLP7W=n Q r1hLPTB>dLH@v
dLUOEI< � PTW=PTX H@PTBT|MEIW=r�nCWOH@v�JLHIE@|1P$h"J.n1i egbOhLP 4%� ikn1h"D B1WOX�( � i n1h"D eAUOB1J0PTJ$:	2_U=P�i n1h <tP�� � eAB1E@h"J.Q9UOEI< U�i B1HIH
EIWOJ"EIX=P dLU=P*egUOB1J0P�� cjnCbOWOXgB>h"E@PTJ <tn1hLh"PTJ0ejnCWOXzd0n7d0n7R	N + J0d0h"bO<tdLbOh"B1HmJ0dLB>d0PTJoQ9EIdLU�<tnaP��MEIJLd0PTWO<tPwn1igB1X �0B1<tPTWqd
egb=h"P7eAUOB1J0PTJ$:
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 � � ����� � � ��� ���

� 
 ��
 � � ��
� ����� �����������
� � ��� ����� � � � ��� � � � � � ���� � � � �	�m � � � � � � �I! � � � � ������ � ��� �

) bOh D�B1EIW	hLPTJLbgH@dZi nCHFH@n Q9JjikhLnCD P��MejP$h"EID�PTWqdLB1H1XOB>dLB �V�1\ � ?>Q9UgEI<"UzJLUOn Q]iknCb=h XOEFJ0dLEIWO<td;i n1h <tP  egHIB>d0PTB1bOJ "

Q9UOEF<"U Q&P9dLB � P.B1JwdLU=P9JLEIrCWOB>dLb=hLPTJsn1iZ<tnan1e;P$h B>dLE@|1P.J0d0h bO<tdLb=h"B1HMd0h"B1WgJLE@dLE@nCWOJsd0n�i nCbOhwW=nCW � ( � R	N + J0dLB>d0PTJT:

+ H@dLU=nCb=rCU Q&P UOBT|1P�W=n XOE@hLPT<td�D�EI<th"nCJL<tn1egEI<fEIW=ikn1h"D�B>dLEInCW B>cjnCb=d dLU=PTJLP�i nCb=h�WOP$Q R7N + J0dLB>d0PTJ$?�dLU=P

J0d0hLP$dL< UOEIW=r � d}Q9EIJ0dLEFW=r�P��MejP$h"EID�PTWqdLJ�X=n�B1HFH@n Q X=P$d0P$h"D�EFWOB>dLE@nCW n1i_dLU=PTE@h�D�PTB1W P��Md0PTWOJLE@nCWOJ�B1WOX HIEIW � EIWOr

WabOD�cjP$h"JT: �=n1h�ejnCJLE@dLEI|1P��kh E@rCUmd � UgB1WOX=PTX ��d}Q9EIJ0dLEIWOr=?*Q&P lgWOX dLUgB>d�nCW=P�W=P$Q J0dLB>d0P�EIJ�P��Md0PTWOX=PTX B1WOX

UOE@rCUgH@v.n |1P$hLd Q.EIJ0d0PTX � u � R	N + � ?1B1WOX�B1W=n1dLU=P$hsEIJ E@dLJ egH@PT<td0nCW=PTD�EI<$B1HIH@vzJLb=ejP$h"<tnCEFH@PTX	|1P$h"JLE@nCW � JL< � u � R	N + � ?

Q9UOEF<"U EIJ	JLEID�EFHIB>h"H@vfn |1P$h"d Q9EIJLd0PTX]cgb=d7Q9E@dLU �$P$hLn�P��Md0PTWOJLEInCWZ: �=n1h�W=P$rCB>dLE@|1P�� H@P$ikd � UOB1WOXOPTX �9d Q9EIJLdLEIW=r=? B

UOE@rCUgH@v�P��Md0PTWOX=PTX~B1WOX�bOWgX=P$hLd Q.EIJ0d0PTX�R	N + JLdLB>d0P � 4%� R	N + � na<$<$bOh"J$?CegHFbOJ B1W�B1XgXOE@dLE@nCWOB1H=bgWOX=P$hLd}Q9EIJ0d0PTX

J0dLB>d0PfQ9E@dLU P��Md0PTWOJLE@nCW nCWOH@v]J"HIE@rCUqdLH@v r1hLPTB>d0P$h�dLUOB1W dLUOB>d�n1i.( � R	N + �  "!�" � R	N + � : + HFHwn1i_nCbOh�hLPTJ"bOH@dLJ

B>hLP#B1HIJLn�<tnCWOJLEIJ0d0PTWqd Q9E@dLU�n1dLU=P$h9P��aejP$h"EID�PTWmdLJ&n1i + HIHIPTD�B1WOX � ��� � �V\>� ��Q.UOEI<"U�ikna<$bgJ0PTXfnCW�d0h"B1WOJ"E@dLE@nCWOJ

cjP$d Q&P$PTW�(7?gu B1WOX JL< � u J0dLB>d0PTJ$:

2_UOP~egUqvMJLEI<$B1H*egEI<tdLb=hLP~n1i.JLEFD�egH@P�JLd0h"bO<tdLb=h"B1H&d0h"B1WgJLE@dLE@nCWOJ�cjP$d Q&P$PTW dLU=PTJ0PflO|1P�J0dLB>d0PTJ$?&X=h"E@|1PTW cqv

ikn1h"<tPTJ B1WOX�d0n1h"pab=PTJ$?=EIJ�JLb=eOejn1hLd0PTX~cav�dLU=P	r1nqnMXfrCH@n1cgB1H;lOd&dLUOB>d�Q&P	<$B1W�D�B � Pzi n1h B JLEID�eAH@P9lO|1P�� JLdLB>d0P

D�nMX=PTHsd0n dLU=P�P��aejP$h"EID�PTWmdLB1Hsikn1h"<tP�� P��Md0PTWOJLE@nCW <$b=hL|1PTJ$: �=h"nCD nCb=h�D�naX=PTHsQ&P�eOh"PTXOEI<tdzB�ikn1h"<tP�� d0n1h"pab=P

 egUOB1JLP_XOEIB>r1h"B1D "CEFW Q9UOEI< U�dLU=P lO|1P9JLd0h"bO<tdLb=h"B1H=JLdLB>d0PTJwnM<$<$b=hT?mJLP$egB>h"B>d0PTX�cav�lOh"J0d � n1h"XOP$h � HIE � P�d0h"B1WOJ"E@dLE@nCW

HIEIWOPTJ$: x	E@|1PTWSB D�EI<thLnCD�B1WgE@egbOHIB>dLEInCW P��Me;P$h EID�PTWqd~Q9UgEI<"U <$B1W�XOEIhLPT<tdLH@v�D�PTB1J"b=hLP d0n1h"pab=P �kP1: r=: cqv

B1W=rCbOHFB>h �gbg<tdLbOB>dLE@nCWOJ.n1iwnCW=P�PTWOX�n1iwdLU=P D�nCH@PT<$bgH@P � ?jdLUOEIJ_eAUOB1J0P XOEIB>r1h"B1D D�E@rCUqd9cjP�P��aejP$h"EFD�PTWmdLB1HFH@v

|1P$h"E@lgPTXZ: + HIHwP��=EIJ0dLEFW=r P��Me;P$h EID�PTWqdLB1H*XOB>dLB�dLB � PTW d0n XOB>d0P~nCW XOJ"R7N + J0d0h"bg<tdLb=h"B1H*d0h"B1WOJLE@dLEInCWOJ�UOB |1P



�>�

cjP$PTW�X=nCWOP�EIW�dLU=P�PTWOJ0PTD�cgH@P#n1i l#�MPTX�HFEIW � B>r1P#WqbOD�cjP$hT?gB1WOX�B1W nCb=dLJLdLB1WOXOEIW=r�P��MejP$h"EID�PTWqdLB1H eghLn1cgH@PTD

EIJ U=n QSd0n�D�PTB1JLb=hLPzdLU=P�d0n1h"pqbOP#B>eOegHIE@PTX�EFWfdLU=nCJ0P#P��MejP$h"EID�PTWqdLJ$:

�ObOhLdLU=P$h"D�n1h"P1?Cy HIB1bOJ0PTW �K4=<"UOB1bOD�B1WOW � � ��� �3YT^ � ?1Q9UOEIHIPsJLdLbOX=vMEIW=r_UOE@rCU#i n1h"<tP � b=e�d0n	�>�1�9eAN �;PTHFB1J0dLEI<

hLPTJ0ejnCWOJLPzn1isJ"EIW=rCH@P �#� R7N + D�nCH@PT<$bgH@PTJ9bOJ"EIW=r + � G ?AUOB |1P�iknCbOWOXfdLUOB>d7EIW ^ � n1i <$B1JLPTJ$?gegbgHIHIEIW=r�R	N +

dLUOB>dzEIJ7<tnCWOW=PT<td0PTX B>dznCW=P�PTWOX�d0nfdLU=P JLb=cgJ0d0h B>d0P B1WgX�B>d	dLU=P n1dLU=P$h	PTWOX�d0nfdLU=P + � G dLE@e�h"PTJLbOH@dLJ7EIW

dLU=P7PTH@P$|>B>d0PTX Y$�1� egN d0h"B1WOJ"E@dLE@nCWZ?aEIWOJ0d0PTB1X�n1i dLU=PzD�n1h"P7bOJ"bOB1H �1^�egNS( �K4�d0h"B1WgJLE@dLE@nCWZ: 2_UOP$v�EIWqd0P$hLeOhLP$d

dLU=PTJ0Pzikn1h"<tP	d0h"B1<tPTJ_B1J_hLPTJLbOH@dLEFW=r�ikhLnCD J0d0hLP$dL< UOEIW=r�R	N + Q9U=nCJLPz\ "OB1WgX ^ "aPTWgXOJ B>hLP	cjn1dLU�JLdLbO< � d0n�dLU=P

JLb=cAJ0d0h"B>d0P	B1WOX�Q.UOEI<"U�HIB1< � WOEI< � JT?qdLUabOJ&eOhLP$|1PTWqdLEIW=r�hLn1dLB>dLE@nCW�n1i dLUOP7D�nCHIPT<$bOH@P.B>cjnCb=d&dLU=PzU=PTHIEF<$B1HgB!�=EIJ$:

2_U=P$v~n1cgJ0P$hL|1P	dLUOB>d dLUOPTE@h XOB>dLB�B>r1hLP$PzQ&PTHIH;Q9E@dLU�dLU=PzhLPTJLbgH@dLJ&n1i & P$r1P$h � � � � �V�1\ ��B1WOX�dLU=PzdLU=P$n1h"P$dLEI<$B1H

X=PTJL<th E@eOdLE@nCWZ?=bOJ"EIW=r�D�bgH@dLE@egH@P�� � JLd0h"bO<tdLb=h"B1H �KJ0dLB>d0PzD�naXOPTHV?=<tnCWmdLB1EIWOPTX dLU=P$hLPTEFW�B1WOX EIW � �m� � :

� 
 ��
 � �  �  "���� � ��� ��� � ��� ���� ����� � ��� � � ����� � �������

+ W EID�ejn1hLdLB1Wqd hLPTJLbOH@d�n1i7nCb=h�B1WOB1H@vMJLEIJ EIJ�dLUOB>d�Q&P�W=P$PTX d}Q*n bgWOX=P$hLd}Q9EIJ0d0PTX J0dLB>d0PTJ�EFW n1h X=P$h�d0n

eOhLnMXObO<tP7dLU=Pzd}Q*n � egHFB>d0PTB1b J0d0h"bO<tdLbOhLP	n1i dLU=P	ikn1h"<tP�� XOEIJLdLB1WO<tP#<$b=hL|1PTJ�n1cOdLB1EFW=PTXfi n1h_bgWOX=P$hLQ&nCbOWOX�R	N + ?

WOB1D�PTHIv 4%� R	N + B1WOX  "!�" � R	N + : 29U=P�HIB>d0d0P$h�J0dLB>d0P EIJ�nCWOHIv Y$� � H@nCW=r1P$h dLUOB1W dLUOP ( � R	N + XOnCb=cgH@P

U=PTHIE �;?scgb=d�nCb=h cjPTJ0d lOd�na<$<$b=h J�Q.U=PTW E@dLJ U=PTHIEI<$E@d}v]EIJ�hLnCb=rCUOHIv]dLU=P�hLP$|1P$h"J0P�n1i_dLUgB>d�n1i.( � R	N + ? EV: P1:

B�H@P$ikd � UOB1WOX=PTX XOnCb=cgH@P U=PTHIE ��Q9E@dLU � YT�fcOe ejP$h#U=PTHIE ��h"P$e;PTB>d$:�2_UgEIJ	J0dLB>d0P�EIJzXOEFJ0dLEIWO<td7i h"nCD 4%� R	N +

� 4%� R	N + EIJ�B>cjnCb=d ��� � H@nCWOr1P$h�dLUOB1W ( � R	N + B1WOX]UgB1J�B�h E@rCUmd � UgB1WOX=PTX]U=PTHFE ��Q.E@dLU \('�cge]hLP$ejPTB>d$:

� P	bOJ0P9dLUOP.WOB1D�P� "!�" � R	N + EIW�EID�E@dLB>dLE@nCW�n1iZdLUOP.WOB1D�P.rCE@|1PTW~d0n�dLU=P7H@P$ikd � UOB1WOX=PTX~J0d0h"bO<tdLb=h"P9dLB � PTW�cqv

J0nCD�P�R7N + J0PTpab=PTWO<tPTJ.Q9E@dLU�JLEFD�EIHIB>h_H@PTWOr1dLU B1WOX�UOPTHIEI<$E@d}v �V\	� � : � P�J0d0h"PTJLJ_dLUOB>d.nCb=h  "!�" � R	N + na<$<$bOh"J

ikn1hsbgWOX=P$hLd}Q9EIJ0d0PTX � � R	N + ?CB1WgX�EFJoWOn1dsJLdLB>cgH@P�B>d��$P$h"n#B>eOegHIE@PTX�d0n1h"pab=P1: ) b=h  "!�" � R	N + EIJoW=n1dsn1cq|ME@nCbOJLHIv

hLPTHIB>d0PTX d0n�dLUOB>d_n1isd0h"b=P�! � R7N + :



�MY

-Kd EIJoejnCJLJLE@cgHIPwdLUOB>d dLU=P�d0n1h"pab=P�� EIWgXObO<tPTX  "!�" � R	N + EIJod0n#J0nCD�P_X=P$r1hLP$P_J0d0h"B1WgX � J0P$egB>h"B>d0PTX�R	N + �V\(' � :

,.n Q&P$|1P$hT? dLUOEFJ7EFJzXOE ��<$bOHId9d0n X=P$d0P$h"D�EIW=P�i hLnCD dLUOP <$bOhLhLPTWqd	XgB>dLB�JLEIWO<tP�dLU=P�D�EI<th"nCD�B1WOE@egbgHIB>dLE@nCW�P�� �

ejP$h"EID�PTWqdLJ7X=nCW=P�d0nfXgB>d0P XOn�W=n1dzXOEIhLPT<tdLH@v�eOhLn1cjP�X=P$dLB1EIHIJ7n1iwR	N + J0d0h"bg<tdLb=hLP1: � P�XOEIX�d0hLv�d0nflOd7dLU=P
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	�
Q9E@dLU�XOE � P$hLPTWqd.JLH@n1ejPTJ7B>cjn |1P B1WOX�cjPTH@n Q 
	��:7N9PTB>h 
	� ?jdLU=P JLbOXOX=PTW�J0d0P$e i hLnCD nCW=P HIEIW=PTB>h.hLP$rCEID�P�d0n
dLU=P�n1dLU=P$h7<tn1h"hLPTJ0ejnCWOXOJ d0nfJ0d0hLnCWOr
�gbO<tdLbgB>dLE@nCWOJ_cjP$d}Q*P$PTW�eOhLn1d0PTEIW#� nCW�B1WOX�eOhLn1d0PTEIW � n � JLdLB>d0PTJ$: + c;n |1P

	� ? Q*P�hLPT<tn |1P$h�dLU=P�d Q9EIJLd�PTHIB1J0dLEI<$EId v n1izcgB>hLP�R	N + : � P�UgBT|1P bOJ0PTX B � � �>� ��� � i n1h�H@nqn1eAJ�d0n
X=PTD�nCWgJ0d0h"B>d0P#dLU=Pzh"PTXObO<tdLE@nCW�EIW 
 � ikn1h_EIWO<thLPTB1J"EIW=r�B1D�nCbOWqdLJ n1isJ0d0n1hLPTX�ikhLn �$PTW�d}Q9EIJ0d$: -3WfeOh"B1<tdLEF<tP1?OdLU=P
H@nan1e�i n1h D�B>dLE@nCW�PTWqdLUOB1H@eav�Q.EIHIHqc;P D�bO<"U�H@n Q&P$h � J0P$P9d0P��ad �sJLnzdLUOB>d nCb=h 
	��<$H@PTB>h H@v�hLP$eghLPTJ0PTWqdLJ B1W�b=eOejP$h
cjnCbOWOXZ:
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WabOD�cjP$h~cgbOEIHIXgb=e B1U=PTB1X n1i#dLU=P�PTW��$vaD�P1?9B1WOX B cgB1HFB1WO<$EIW=r WOP$d�W=P$rCB>dLEI|1P HFEIW � EIW=r WqbgD�cjP$hfX=P$lg<$E@d

cjPTUOEIWOX E@d �V^MY � : -}ijQ&P9<tnCWOJLEIXOP$hwB#JLEIWOrCH@P_J0d0P$e�n1ijdLU=P9PTW��$vaD�P1?qdLU=P9cgb=h"J0d n1ijd}Q9EIJ0dLEIWOrzr1PTW=P$h"B>d0PTX�B1U=PTB1X

B1WOXfcjPTUOEIWgX�dLU=P 6 N + ejnCHjQ9EIHFHAJ0eghLPTB1XfnCb=d n |1P$h7dLU=P#H@PTWOr1dLUfn1ioR	N + B1WgXfP$|1PTWmdLbOB1HFH@v�JLP$d0dLH@P�X=n Q9Wfd0n

B�|�B1HFb=P7<tnCWgJLEIJ0d0PTWqd Q9E@dLU~dLU=PzD�nCH@PT<$bOHIP.cjnCbOWOXgB>hLv�<tnCWOXOE@dLEInCWOJ$: 2_U=P	X=vMWOB1D�EI<$J*n1i dLU=P	d}Q9EIJ0d�egB1< � P$d9EIJ

X=P$d0P$h"D�EIW=PTX�cavfcgB1HIB1WO<tPzn1i dLU=P�H@na<$B1H PTHIB1J0dLEI<#JLd0h"B1EIW B1WOX dLU=P�XOEFJLJLE@egB>dLEI|1P7d0n1h pqb=P�n1iodLUOP�JLb=hLh"nCbOWOXOEIWOr

D�PTXOEFbOD�:

6 N + ejnCH@vMD�P$h"B1J0P � 6 N + ejnCH �&d0h"B1WgJL<th"E@cjPTJ dLU=P�<tnaXgEIW=r�J0d0h"B1WgX n1i R	N + EIWqd0n~D 6 N + :g2 h"B1WOJ"<th"E@e#�

dLE@nCW EIWq|1nCH@|1PTJ	eOhLnM<tPTJLJLEI|1P�D�n1dLEInCW n1i 6 N + e;nCH :#y�nCWmdLEIWab=nCbOJ	D�n1dLEInCW�ikn1hzdLU=nCbOJ"B1WOXOJ7n1iwcOe UOB1J	cjP$PTW

n1cgJ0P$h"|1PTX �V^1[ � :w-Ki dLUOPze;nCHIvaD�P$h B1J0PzEIJ EID�D�n1cAEIHIE �$PTX�nCW B�JLb=hLi B1<tPzdLU=P#R	N + Q.EIHIHAdLU=hLPTB1X�dLU=h"nCb=rCUfdLU=P

ejnCH@vMD�P$h"B1J0P#dLUOP$hLP$cqv�bOWOX=P$hLr1nCEFW=r�hLn1dLB>dLE@nCW�hLPTHIB>dLEI|1P�d0n�dLU=P�l �aPTX�d0h"B1WOJL<th E@eOdLE@nCW D�B1<"UOEIWOP$hLv �V^1[ � :.-3W

|ME@|1n=?�EId EIJ W=n1d � W=n Q.WzQ9E@dLU#<tP$h"dLB1EIWmd}v	Q9U=P$dLU=P$h dLUOPwR	N + D�nCH@PT<$bgH@P hLn1dLB>d0PTJ hLPTHIB>dLE@|1P d0n9dLU=P ejnCH@vMD�P$h"B1J0P

n1h&|aEI<tP�� |1P$h JLBM:w,.n Q&P$|1P$hT?OJLEIWO<tP.dLU=P#4ad0n � PTJ&h"B1XOEIbOJwn1i 6 N + ejnCH;EIJ � Y$��WOD�?ME@d*UOB1J&<tnCWOJLEFX=P$h"B>cgH@P.X=h"B>r

EIWfQ�B>d0P$hT: G n1hLP$n |1P$hT?;dLU=P�WOB1JL<tPTWqd.D 6 N + B1WOX�EIW J0nCD�P�<$B1J0PTJ9dLUOPzd0h"B1WOJLHIB>dLEInCW D�B1<"UgEIW=P$hLvfB>d0dLB1<"U=PTX

d0n�dLU=P�D 6 N + EFWO<thLPTB1J0PTJ.dLU=P D�nCH@PT<$bOH@P(" J9P � PT<tdLEI|1P UqvMX=hLnMX=vaWgB1D�EI<	h"B1XOEFbOJ_dLU=P$h"P$cqv JLbOr1r1PTJ0dLEIW=r~dLUOB>d$?

EIWf|ME@|1n�d0nan=?OdLU=P#R	N + D�bOJLd hLn1dLB>d0P�hLPTHFB>dLE@|1Pzd0n�dLU=P#d0h B1WOJL<th"E@cAEIW=r 6 N + ejnCH � <tnCD�eAH@P��;:

2_UOP�J0d0P$e�J"E �$P#ikn1h 6 N + e;nCH EIJ dLU=nCbOrCUmd.d0n�cjP � Y�cOe�J0n�dLUgB>d9dLU=P�PTWOX�n1i dLU=P�R	N + D�nCH@PT<$bOHIP�EIJ

hLn1dLB>d0PTX cav�B�ikbgHIH ��� EIW Y$�M: ^fJ0d0P$egJ$: ) W=P�dLb=h"W�EIJ.d0h"B1WOJL<th E@cjPTX�EIW��M:IY J0PT<�n1h	EFW�n1dLU=P$h	Q&n1h"XOJ � Y$�1�

cOe B>hLP�d0h"B1WgJL<th"E@cjPTX EIW Y�J0PT<>: �=n1h�P$|1P$hLv]h B1XOEIB1W d0h"B1WgJL<th"E@cjPTXZ?&Y>: ��N72_u�" J�B>hLP~UqvMX=hLnCH@v �$PTX]J0n�dLUOB>d

B�d0n1h"pab=P n1i � Y$� � � ��ejP$h	h"B1XOEIB1W�D�BTv�Q*PTHFH cjP�r1PTW=P$h"B>d0PTX � B>dzeghLPTJ0PTWqd$?ZnCWOH@v dLU=P ikn1h"<tP�� r1PTW=P$h"B>dLEFW=r

<$B>egB>cgEFHIE@d v n1i 6 N + e;nCHIvaD�P$h B1J0P�EIJ�eghLPT<$EIJ0PTH@v � W=n Q9W � �>� � � :�4=EIWO<tP 6 N + ejnCH@vaD�P$h"B1J0P�D�PTHIdLJ�R	N +

H@nM<$B1HIH@v�XOb=h EIW=r#d0h"B1WgJL<th"E@eOdLEInCWZ?mJ0nCD�P	n1i dLUOP.d0n1h"pab=P7r1PTW=P$h"B>d0PTXfcav�eOhLnM<tPTJLJLE@|1P7d0h"B1WOJ"<th"E@eOdLE@nCW�r1nqPTJ�EIWqd0n



�aY

H@nM<$B1HIH@v�n1e;PTWgEIW=rzdLU=P9XOnCb=cgH@P U=PTHIE �;: + J*XOEIJL<$bOJ"J0PTX�EIW�y�UOB>egd0P$h&�a?qD�EI<thLnCD�PT< UOB1WOEI<$B1H=P��MejP$h"EID�PTWqdLJ UOB |1P

JLU=n Q9W dLUOB>d�XOEIhLPT<td�B>egegHIEI<$B>dLE@nCW n1i	bOWqQ9EIWOXOEFW=r d0n1h"pab=P � � ����� EIJ�JLb ��<$EIPTWmd d0n]J0P$egB>h B>d0P�dLU=P�d Q&n

J0d0h"B1WgXOJ �V�(' �;�1[ �j�1\ � �MY � :

+ J�dLUOP�R	N + dLU=hLPTB1XOJ~dLU=hLnCbOrCU 6 N + ejnCH�� J0P$P �sE@r=:�\a: �>B � ?7cgB1J0P�egB1E@h"J~W=PTB>h~dLUOP�PTWqd0h"B1WO<tP�d0n

dLU=P 6 N + ejnCH.<tnCD�egH@P�� B>h"P�JLHFE@rCUmdLHIv n |1P$hLd Q.EIJ0d0PTX �V^MY � : 4MEIWO<tP�dLU=P�WOP$d~HIEIW � EIWOr]WqbOD�cjP$h~X=naPTJfW=n1d

<"UgB1W=r1P�XOb=h"EIWOr d0h"B1WOJL<th E@eOdLE@nCW �kdLU=P�J"b=rCB>h � egU=nCJLegUOB>d0P�cgB1< � cjnCW=P~h"PTD�B1EIWOJ�EIWmdLB1<td � ?*B�<tnCD�e;PTWgJLB>dLEIW=r

bOWOXOP$hLd Q9EFJ0d0PTX�hLP$rCE@nCW]X=P$|1PTHIn1egJzQ9U=P$h"P�dLU=P�R	N + P��=E@dLJzdLU=P�d0h"B1WgJL<th"E@cgEFW=r 6 N + ejnCH D�nCH@PT<$bOHIP1:~4MEIWO<tP

dLU=P ejnCH@vMD�P$h"B1J0P d0h"B1WOJ"<th"E@cjPTJ9eghLna<tPTJ"JLE@|1PTH@v1? E@d	Q9EFHIH EIW �3PT<tdzBfd Q.EIJ0dzJ0d0h"B1EIW�Q9EIdLU�P$|1P$h"v�J0d0P$e]B1HInCW=r�dLU=P

R	N + :M(*PT<$B1bgJ0P	dLU=P9dLEID�P9d0n <tnCD�egH@P$d0P.nCW=P7JLd0P$e�EIJ � �	�IY7J0PT<9Q.UOEIH@P dLU=P7<"UOB>h B1<td0P$h"EIJ0dLEI<.dLEID�P.i n1h&d Q.EIJ0d

J0d0h"B1EFW�X=PT<$B v�EIJ � Y$� ��� J0PT< � J0P$P cjPTH@n Q � ?jQ&P�<$B1W <tnCWOJ"EIX=P$h7dLU=P P$|1nCHIb=dLE@nCW�n1iwPTB1< U EIWOXOE@|MEIXObgB1HAeAbOHIJ0P

EIW�EIJLnCHIB>dLE@nCWZ:
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2_UOP~d0n1ejnCEIJ0nCD�P$h"B1J0P�R	N + r1vqh B1J0P�bOJ0PTJ J0d0n1hLPTX PTW=P$h"r1v � + 2_u �#d0n]< UOB1W=r1P�dLU=PfHIEIW � EIWOr�WqbgD�cjP$h

n1i_<$H@nCJ0PTX XOJLR	N + ?ocav �}� ejP$h�PTW �$vaD�Pf<tvM<$H@P1:�x7vah"B1J0P1? iknCbOWOX EIW]cgB1<td0P$h EIB1Hw<tPTHIHFJ$? EIJ#dLU=nCbOrCUmd�d0n�cjP

eOhLPTJLPTWmdzEIW�n1h"X=P$hzd0n bgWmd}Q9EIJ0d7dLU=P�X=nCb=cgHIP�U=PTHFE ��J0nfdLUOB>dzn1ejPTWOEIWOr~n1i*dLU=P�X=nCb=cgH@P U=PTHIE � i n1h#EIWgE@dLEIB>dLE@nCW

n1isd0h"B1WOJL<th E@eOdLE@nCW�EIJ9D�B1X=P#PTW=P$h"r1P$dLEI<$B1HIH@vfD�n1hLP#i BT|1n1h B>cgH@P1:�2_U=P#HIEIW � EIWOr�WabOD�c;P$h.<"UOB1W=r1P�<$B1bOJ0PTX�cqv�B

JLEIWOrCH@P r1vqh B1J0P.J0d0P$e�EIWOE@dLEFB1HIH@vzr1PTW=P$h"B>d0PTJ&d}Q9EIJ0dwJLd0h"B1EIW�H@nM<$B1HIE �$PTX�d0n�BzhLP$rCEInCW�BzikP$Q�d0PTWOJwn1ijcOe�EIW�HIPTW=r1dLUZ:

+ J.ikn1h7dLU=P�<$B1JLP�n1i 6 N + ejnCHV?;dLU=P�EIWgE@dLEIB1HZd}Q9EIJ0d	XOEIJ0d0h E@cgb=dLE@nCWfQ.EIHIHZdLU=PTW�hLPTHIB!� d0nfE@dLJ.lgWOB1HoJ0dLB>d0P1:	2_U=P

d0n1dLB1HOPTWOP$hLr1v P��aejPTWOX=PTX�e;P$h <tvM<$H@P_n1ijr1vah"B1J0P9EFJ � ��� � �s2 �V� + 2_uwJ B>h"P9UmvMX=hLnCHIvaJ0PTX � ?mEIWOXOEF<$B>dLEIW=r7dLUOB>d

dLU=P#d0n1h pqb=P#EFD�egB>hLd0PTXfd0n�dLUOP�R	N + D�nCH@PT<$bgH@P#<$B1W cjPzB1J9HIB>h"r1P#B1J � � � � ��:
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XOE@h"PT<td0PTX�d0n1h"pab=PTJoB>h"EIJ0P1: + h"hLn Q EIWOXgEI<$B>d0PTJ XOEIhLPT<tdLE@nCW#n1iOD�n1dLE@nCW�n1i 6 N + ejnCH � <tnCWqdLEIWab=PTX�nCW�W=P��MdoegB>r1P � :
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��� 	 � � JLE � � " J$?;EIrCW=n1h"EIW=r�dLU=P�hLPTJLd.n1i dLU=P D�nCH@PT<$bgH@P � � U=PTW�r1vqh"B1JLP � <$E@h <$H@P ��cgEFWOXOJ$?Od}Q*nfd}Q9EIJ0dLJ.r1P$d
dLB � PTW�nCb=d.W=PTB>h.dLU=P�cAEIWOXOEIWOr�JLEId0P � � " J9D�n1hLP�J0eghLPTB1X�nCb=d7W=PTB>h9r1vah"B1J0P � : � E@dLU=nCb=d.dLEID�Pzd0nfB1X!�0bgJ0d d0n
dLU=P�WOP$Q PTpqbgEIHIE@cOh EIbOD d}Q9EIJ0dzikn1h � � 	 �=?odLU=P�R	N + EIJzbgWOX=P$hLhLn1dLB>d0PTX]cqv � � # W=PTB>h�dLU=P�r1vah"B1J0P�B1WOX
n |1P$h"hLn1dLB>d0PTXZ?wcav dLU=PfJLB1D�PfB1D�nCbOWqd$? <$H@nCJ0P�d0n�dLU=P�n1dLU=P$h�PTWOX �kQ9U=P$hLP~d Q9EIJLd�h"B>d0PfEIJ�J0dLEIHIH*<tnCWOJLEIJ0d0PTWqd
Q9E@dLU � � 	 � � :w2_UOP#J0d0h"B1EIW�J0Q.E@dL<"U=PTJ_i hLnCD bgWOX=P$h � d0n�n |1P$hLhLn1dLB>dLE@nCW�EIW�B hLP$rCE@nCW n1i Q9EFX=dLU � # cOe : �On1h
cjn1dLU 6 N + u nCHIvaD�P$h B1J0P�B1WOX R	N + r1vah"B1J0P1? nCb=h�X=vMWOB1D�EI<$J	Q.EIHIHopqbOEF< � H@v�ikn1hLr1P$d#dLU=P�P��=B1<td�J"UOB>ejP�n1i
dLU=P�EFWOE@dLEIB1H;<tnCWOXOE@dLEInCWZ:
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2_UOP#J0d0h"bO<tdLb=h B1HZD�PT<"UOB1WgEIJLD cav~Q9UgEI<"Ufr1vah"B1J0P�<$B>dLB1HIv �$PTJ9dLU=Pzd0n1ejnCH@n1r1v � < UOB1W=rCEIWOr�hLPTB1<tdLE@nCW�EIJ W=n1d

bOWOXOP$h"J0d0nanaXZ:o-Kd�EFJwdLU=nCbOrCUmd�dLUOB>d_B�J0PTpab=PTWO<tP	n1i R	N + � r1vah"B1J0PzcgEFWOXOEIW=r�P$|1PTWmdLJ_EFJ*W=P$PTXOPTX~d0n�<tnCD�eAH@P$d0P

dLU=P�hLPTB1<tdLE@nCWZ:�-Kd~UgB1J�cjP$PTW eOh"n1e;nCJLPTX � �1� ��dLUOB>d�B>ikd0P$h�r1vqh"B1JLP�cgEFWOXOJ d0n dLU=P�R	N + ?&E@d�lOh J0d�Q�B1E@dLJ

ikn1h�B R7N + <tnCW=ikn1h"D�B>dLEInCWOB1H,�AbO<tdLbOB>dLE@nCW�Q9UOEI< U cjPTWOXOJ�B J0P$rCD�PTWqd~n1izdLUOP�ejnCH@vMD�P$h�n |1P$hfEIdLJ0PTH@izEIW

JLbO< U B�D�B1WOW=P$h�dLUOB>d�B�eAB>hLd�n1i9dLU=P�R7N + r1P$dLJ�JLdLbO< � d0n B�d0PTD�ejn1h"B>h"EFH@v n1ejPTW X=nCD�B1EIW n1h�rCB>d0P�n1i

r1vah"B1J0P~D�bOH@dLEFD�P$h �odLU=PTW B JLPT<tnCWOX��AbO<tdLbOB>dLE@nCW]J"EID�EIHIB>h H@v�<tnCWOJ0d0h B1EIWOJ�B1WOn1dLU=P$h�R	N + J0P$rCD�PTWqd$: 2_UOEIJ

J0P$rCD�PTWqd.EFJ dLU=PTW B1HIHIn Q&PTX d0n�J0ejnCWqdLB1W=P$nCbOJLHIv�XOEFJLJ0nM<$EIB>d0Pzi h"nCD dLU=P#r1vah"B1J0P�i nCHIHIn Q&PTX�cqvfdLU=P�<$H@nCJLEIW=r�n1i

dLU=P	rCB>d0P#dLU=P$h"P$cqv~eOhLP$|1PTWqdLEIW=r dLU=P$h"D�B1HFH@v � XOh"E@|1PTW�bOWmcAEIWOXOEIWOrzn1i lOh"JLd&d0h B>eOejPTX~J0P$rCD�PTWmd$:&N9P��Md$?=r1vqh B1J0P

EIWqd0hLnMXObO<tPTJ*d Q&n WgEI< � J*EFWmd0n�dLU=P	R7N + d0n Q9UgEI<"U�E@d*EFJwcjnCbOWOX~B1WOX~egB1JLJ0PTJ&dLU=P	<$H@nCJ0PTX�d0h"B>eOejPTX�J0P$rCD�PTWqd

dLU=hLnCbOrCU�dLU=P X=nCb=cAH@P�� WOEI< � PTX�R	N + :Z2_UOEIJ.EIJ_iknCHIH@n Q*PTX�cav�hLPTJ0PTB1HIEFW=r�n1i dLUOP�cOh"PTB � J$:72_U=PTW�dLU=P�Q9h"E@dLU=P

EIWqd0hLnMXObO<tPTX�cav r1vqh"B1JLP9r1P$dLJ&<tnCWm|1P$hLd0PTXfEIWqd0n#d}Q9EIJ0dwB1WgX�eOhLn1eAB>rCB>d0PTJwnCb=d*dLU=hLnCb=rCU�dLU=P9lOh J0d cjPTWmd h"P$rCE@nCW

n1i dLUOP	R	N + :=2_UOP	EFWOE@dLEIB1HAJ0dLB>d0PzdLUOB>d�Q*P	Q9EFHIHg<tnCWOJ"EIX=P$h EIJ&dLU=P$hLP$ikn1hLP	nCW=P	Q9U=P$hLP7dLU=PzR	N + d Q9EFJ0d B1W=rCH@P

 J0d0P$egJ "qcav � ��n |1P$h_B�ikP$Q d0PTWOJ&n1iZcgB1J0P7egB1E@h"J$:s(&PTH@n Q�?aQ&P	B1JLJLbOD�P7i bOHIHOEIWqd0P$h"<tnCWq|1P$h"JLE@nCW~n1i Q_h E@dLU=P9EIWqd0n

d Q.EIJ0d nCWO<tP#PTEIdLU=P$h_n1isdLU=PTJ0P#PTW �$vaD�PTJ9<$B>dLB1H@v �$PTJ.nCW=P#h"PTB1<tdLE@nCW J0d0P$e :

2_UabOJ$? 6 N + ejnCH@vMD�P$h"B1J0P EIJ�HIE � PTH@v B>cgH@P d0n eOhLnMXObO<tP HIB>h"r1P d0n1h"pab=PTJ�EIW�R7N + � EV: P1: D�n1hLP�dLUOB1W

PTW=nCb=rCU�d0n X=PTWgB>dLb=hLP E@d � ?ZQ9UOEIHIP�R	N + r1vqh B1J0P�EIJ7HIE � PTH@v r1PTWOP$h"B>dLEIW=r�D�bO<"U H@n Q*P$hzejPTB � d0n1h pqb=PTJT? W=PTB>h

d0n�dLUOP � � ����� dLU=hLPTJ"U=nCHIX ikn1h�J0P$eAB>h"B>dLEIW=r�R	N + J0d0h"B1WOXgJ$:~,.n Q&P$|1P$hT? r1vah"B1J0P�P��MejPTWOXOJzb=e d0n d Q.EI<tP

dLU=P~d0n1dLB1H&JLd0n1hLPTX PTWOP$hLr1v]B1J X=nqPTJ 6 N + ejnCH@vMD�P$h"B1J0P�ejP$h�hLPTB1<tdLE@nCW J0d0P$e � E : P1:�� + 2_u*J�|MJ$: Y + 2_uo?

hLPTJ0ejPT<tdLE@|1PTHIv � :
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+ W EIWOE@dLEFB1HIH@v H@nM<$B1HIE �$PTX�d Q.EIJ0d#XOEIJLd0n1hLdLE@nCW EIW XOJLR	N + Q9EFHIH JLeOhLPTB1X B1H@nCW=r�dLUOP�H@PTW=r1dLU n1i�R7N + B1WOX

EIWOXgbO<tP	d Q9EIJLdLEIW=r�EIW�h"P$rCE@nCWOJ_cjn1dLU bOegJ0d0hLPTB1D B1WgX X=n Q.WOJ0d0hLPTB1D i hLnCD dLU=P#ejnCEIWqd Q9U=P$hLP#EId9EIJ_EIWgJ0P$hLd0PTXZ:
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PTHIB1J0dLEF<�JLd0h"B1EIW�B1WOX�dLU=P�XOEIJLJLEIegB>dLE@|1P�d0n1h pqb=P dLUOB>d	dLU=P�D�PTXgEIbOD P��aP$hLdLJ	nCW dLUOP�d}Q9EIJ0d0PTX�egB>h"d7n1i&R	N + :

�=nCHIHIn Q9EIWOr � � � � ? <tnCWOJLEFX=P$h�R	N + d0n�cjP�B1W PTHIB1J0dLEF<~<tvMHIEIWOXOP$h�J0n�dLUgB>d�dLU=P�EIWqd0P$h"WOB1H PTHFB1J0dLEI<�d0n1h pqb=P�B>d

ejnCJLE@dLE@nCW ��Xgb=P#d0nfB�rCE@|1PTW�d Q9EFJ0d9J0d0h"B1EFW�EIJ9eOhLn1ejn1hLdLE@nCWOB1Hjd0n�dLU=P�J0d0h"B1EIW B>d �m:&-Ki � ����� � � EIJ_dLU=P � ��� � � �
B1W=rCH@P1?MEIW�P��=<tPTJLJ&n1i ( � R	N + d}Q9EIJ0d$?acjP$d Q&P$PTW~B�cgB1J0P.egB1E@h*B1WgX�E@dLJ*W=PTB>hLPTJ0d&W=PTE@rCUqc;n1h&B>dwejnCJLE@dLEInCW �	B1WOX

dLEID�P	d dLU=PTWfdLUOP#W=P$d�d0n1h"pqbOPzP��aP$hLd0PTX nCW B JLU=n1hLd_J0P$rCD�PTWmd n1isR	N + n1ioHIPTW=r1dLU � �	cav�EFWmd0P$h"WgB1HAPTHFB1J0dLEI<
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2_U=P.d Q9EFJ0d*d0h B1WOJ0ejn1hLd*<tnaP���<$E@PTWqd EIJ � 	 � � � � � �  : � UOB1J&dLU=P7XgEID�PTWOJLEInCWOJ n1i B�XOE � bOJLE@nCW�<tnCWOJ0dLB1Wqd$?

B1WOX]`*pg:�`*pqbgB>dLE@nCW \a:IYT� UgB1JzdLU=P�ikn1h"D n1i�B XOE � bOJLEInCW�PTpabOB>dLE@nCW ? cgb=d#W=n1d0P�dLUOB>d#dLU=P�XOvaWOB1D�EI<$JzX=P��

JL<th"EIc;PTX�B>c;n |1P.B>hLP7X=P$d0P$h"D�EFWOEIJ0dLEI<>:suwHFb=r1rCEIW=r#EIW�dLU=P.R	N + h"B1XOEIbOJ n1i � 	 Y.WOD�?qdLU=P_d Q.EIJ0dwejP$h"J"EIJ0d0PTWO<tP

H@PTW=r1dLU � � Y$�1�fWOD�?;dLU=P�|aEFJL<tnCJLE@d}v�n1i Q&B>d0P$h � 	 Y$� � � uoB�� JLPT<>? B1WOX�B1J"JLbOD�EIWOr�hLnanCD d0PTD�e;P$h B>dLb=hLP1?

Q&P9n1cOdLB1EIW~B#d}Q9EIJ0d*d0h"B1WOJ0ejn1hLdw<tnaP���<$E@PTWqdwn1i � � \ �fY$��� �9D % '�J0PT<>: -3W�cAB1J0P_egB1E@h&bOWOE@dLJT?CdLUOEIJ EFJwB>cjnCb=d

�"� ^ � Y$�"! !�cOe % '�J0PT<>:�2_U=P$hLP$ikn1hLP1?oEIW B�ikP$Q D�EI<th"nCJ0PT<tnCWOXOJ$? B�d Q9EFJ0d#egbOHFJ0P�J0eOhLPTB1XOJ�B>c;nCbOd#B � EFH@n1cgB1J0P

B1H@nCW=r�B�X=nCb=cgH@PzU=PTHFE �;:

� Pf<$B1W]PTJ0dLEFD�B>d0P�dLU=P~d vaegEI<$B1Hwh"B1W=r1P ������� d0n�Q.UOEI<"U]Q*P~P��aejPT<td�dLUOP�X=PT<$BTvMEIW=r�d Q9EFJ0d�J0d0h"B1EFW d0n

J0eOh"PTB1X�B1WOX�eOhLnMXObO<tP#d0n1h pqb=PTJ�
�HIB>hLr1P�PTW=nCb=rCU�d0n�X=PTJLdLB>cgEIHIE �$P�B�eOhLn1d0PTEFW � R	N + <tnCD�egH@P�� cav � ��� � �

� � � � � � # � # � 
Z?jQ9U=P$h"P � # EIJ.dLU=P�H@PTW=r1dLU�n |1P$h#Q.UOEI<"U�dLU=P�XOEIJ0dLbOhLcgB1WO<tP�EFJ.EIWgE@dLEIB1HIH@vfJ0eOh"PTB1X�n |1P$h�B1WOX
� # EIJ&dLU=PzJ0dLB>hLdLEFW=r�JLd0h"B1EIW�D�B>rCWOE@dLbOXOP1: �OhLnCD 4aPT<>:w\a: �a?gB 
 � ^ � � ��EIJ&Q9UOB>d�EIJ*WOP$PTX=PTX�d0n�dLB � P#B>egB>hLd

B�eOhLn1d0PTEIW#� R7N + <tnCD�eAH@P��;:z-Ki Q&P dLB � P � # � Y�h"B1XOEFB1WZ? � � Y$�1�1WOD�? � # � Y�h"B1XOEIB1W�B1WOX � # � Y$WOD

Q&P#r1P$d9B1W 6 � Y$�1WOD�:

� P�UOBT|1PfE@rCW=n1hLPTX]dLU=P�dLU=hLP$P�� XgEID�PTWOJLEInCWOB1H JLUOB>ejP�n1i�dLU=P~R	N + D�nCH@PT<$bOH@P~EIW]B>hLh"EI|aEIWOrfB>d � `wpabOB!�

dLE@nCW \a:IYT� � : ) dLU=P$h�B1b=dLU=n1h"J UOB |1P <tnCWOJ0d0h"bg<td0PTX dLU=P$n1h"E@PTJ�EIWg<$HIbOXOEIWOr�Q_h"E@dLU=P�X=vMWOB1D�EI<$J � �m� ���1\ � ?�B1WOX

<tnCWOJLEFX=P$hLPTX P � PT<tdLJzn1i ejP$h"D�B1WOPTWmd.c;PTWgXOJ9EIW�XOJLR	N + �V^>� � � cjn1dLU�dLUOPTJ0P�P � PT<tdLJ	Q9EIHFHZcjn1dLU�egHFBTv B~hLnCH@P

EIW eOh"n1egB>rCB>dLE@nCW n1i7d Q9EFJ0d�n |1P$hfH@nCW=r XOEIJLdLB1WO<tPTJ�B1H@nCW=r]R	N + :*(*PTHIn Q#?�Q&P B1WOB1H@v �$P dLU=P X=vMWOB1D�EI<$J n1i

d0PTD�ejn1h"B>hLvfd}Q9EIJ0d.e;P$h"dLb=hLcgB>dLE@nCWgJ EIW�JLUOn1hLd�� B>d	D�nCJ0d.B�i P$Q�ejP$h"JLEIJLd0PTWO<tP�H@PTW=r1dLUgJ ��R	N + JLP$rCD�PTWmdLJ7ikn1h

Q9UOEF<"U�Q*Pz<$B1W�E@rCWOn1hLP	dLU=Pz<tnCWmd0h"EIcgb=dLE@nCW�n1i Q9h"E@dLU=P �kdLU=P�\>R <tnCW=i n1h D�B>dLE@nCW �wn1i dLUOP	R	N + D�nCH@PT<$bOH@P7d0n

E@dLJ rCHIn1cgB1Hjd0n1ejnCH@n1r1v1:
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2 Q.EIJ0d J0d0h"B1EFWOJsQ9E@dLU�W=P$d � ����	 ��B>h"EIJ0P9Xgb=h"EIW=r7dLU=P_d0h B1WOJL<th"E@egdLE@nCW n1iZR7N + cqv 6 N + ejnCH@vMD�P$h"B1J0P1?

n1h�EIW�r1PTW=P$h"B1HAcav�B1Wmv�R	N + cgEIWOXOEFW=r	eOhLn1d0PTEIW�dLUgB>d&H@nM<$B1HIH@v XOEIJLd0n1hLdLJ dLU=P7X=nCb=cgHIP_U=PTHIE ��H@nM<$B1HIH@v1?mQ.E@dLU=nCb=d

EIWqd0hLnMXObO<$EIW=r�cOhLPTB � J EIWfdLU=P#J"b=rCB>h � egU=nCJLegUOB>d0PzcgB1< � cjnCW=P1: + J B�D�nMX=PTHjn1iodLU=PTJ0P � EIWOXOJ&n1isXOEIJ0d0n1h"dLE@nCWOJ$?

Q&P�<tnCWOJLEIXOP$h9EIWOE@dLEFB1H;<tnCWgXOE@dLE@nCWOJ�Q.U=P$hLP ��	���ikB>h7BTQ�BTv�ikhLnCD dLUOPzhLP$rCE@nCW Q.U=P$hLPzdLU=P#d}Q9EIJ0d.EIJ EIWOE@dLEFB1HIH@v

XOEIJLd0n1hLd0PTXZ: � P#<tnCWOJLEIXOP$h*dLU=PzEIWqd0P$h"E@n1h�n1i B R	N + JLb �~<$E@PTWmdLHIv�H@nCW=r�dLUOB>d�cjnCbOWOXOB>hLv�<tnCWOXgE@dLE@nCWOJ&X=n�W=n1d

W=P$PTX�d0n�c;P#JLe;PT<$EIlOPTXZ:
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� P <tnCWOJLEFX=P$h B7JLEID�eAH@P <$B1J0P�n1i=dLU=P�XOEIJLJLEIegB>dLE@|1P J0eOh"PTB1XOEIW=r_n1iAB_d Q.EIJ0dsXOEIJ0d0n1hLdLEInCW�<tnCWOJLEFJ0dLEIW=r_n1iOJ"D�B1HIH

hLP$rCE@nCW n1i_B�R	N + D�nCH@PT<$bgH@P�Q9UOEF<"U UgB1J�E@dLJ�d Q.EIJ0dLEIW=r�JLUOE@ikd0PTX ikhLnCD dLUOP�hLPTHIB!�MPTX ( � R	N + J0d0h"bg<tdLb=hLP1:

2_U=P cAB1J0P_egB1E@h J <$B1W�cjP cOhLnCb=rCUqd cgB1< � EIWmd0nzh"P$rCEIJ0d0P$h*B>ikd0P$hwdLUOP_eOhLn1d0PTEIW PTEIdLU=P$h*bOWqcgEIWgXOJ ikhLnCD�dLUOP9R	N +

n1h hLPTHIPTB1J0PTJ dLU=P9XgEIJ0d0n1hLdLE@nCW EIWqd0n#dLU=P ejnCH@vMD�P$hsQ9E@dLUOnCb=d W=PT<tPTJLJLB>h EIH@v�<tnCD�EIW=rzn � dLU=P_R	N + : � P9EFD�B>rCEIW=P

dLUOB>d_dLUOP�J0dLB>hLdLEIWOr�egbOHIJ0PzUOB1J9B�x	B1bOJLJLEFB1W JLUOB>ejP�� �sE@r=:&\a: �>B � �
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2_UOEFJ EIWOE@dLEIB1H=<tnCWgXOE@dLE@nCW�UgB1J dLU=P_ejn1hLdLEInCW�n1iZdLU=P9D�nCHIPT<$bOH@P_n1ijQ9EIXOdLU � # <tPTWqd0P$hLPTX�B>hLnCbOWOX � 	 ��d Q9EFJ0d0PTX

cav~B>cjnCb=d � # :wR	N + � cAEIWOXOEIWOr�eOhLn1d0PTEFWOJ&hLnCb=dLEIW=PTHIv�B>eOegH@v�J"b ��<$E@PTWqd�i n1h"<tPTJ_d0n�dLU=PzX=nCb=cgH@P	U=PTHIE ��d0n�egbOHIH

� # ��Y$��cOe hLP$rCEInCWOJ nCb=d n1i �0nCEIWmd cav � Yzh"B1XOEFB1WZ:
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ikn1h�B�rCE@|1PTW eghLn1d0PTEIWZ? dLUOP�cgEIWOXgEIW=r�PTWqdLUOB1H@eav�d0n�JLJLR	N + D�BTv cjP�H@n Q&P$h#dLUOB1W]XgJLR	N + ? ikn1h"D�B>dLE@nCW n1i

JLEIWOrCH@P�� J0d0h"B1WOXOPTX�X=nCD�B1EIWOJ EFW�R7N + D�BTv�H@nM<$B1HIH@v�X=PTJ0dLB>cgEFHIE �$P	cjnCbOWOX�eOhLn1d0PTEIWgJ$:

�=n1h � ����	 �9�a?OdLU=P�JLd0h"B1EIW � EIWgXObO<tPTX�d0n1h"pab=PzeOhLn1lgHIP	EFJ.x	B1bOJLJ"EIB1W � �sE@r=:&\a: \>X � ?gvaE@PTHFXOEIW=r B1W�P��=B1<td

P��MeOhLPTJLJLEInCWfi n1h ����� ��B1J9B�ikbOWg<tdLE@nCWfn1i dLUOP�<th"E@dLEI<$B1Hjd0n1h pqb=P�
	�	B1WOXfdLEID�P �

� ��� � 	 ��� # % � � � � � ! � % � HIW � � � %# � %� 
 � % ��� # % � � � � � � �
! � % � �V\a:IYT[ �

� P#eAH@n1d �3YT[ ��B1J_B i bOWO<tdLE@nCWfn1isH@n1r !$# �kdLEFD�P#EIWfWOJ �*ikn1h dLU=P#bOWOHInqn1egEFW=r � �sE@r=:&\a: �=?gJ0nCHIEIX#� dLUOEI< � �*B1WOX

D�PTH@dLEFW=r�d0n1h"pab=PTJ�� �sE@r=:7\a: �=?;XOB1J"U=PTX � dLUOEI< � � :_29U=P�J0dLB>hLdLEFW=r�x	B1bOJ"JLEIB1W eAbOHIJ0P#<$B1W�X=PTHIE@|1P$h 
	��	5\ � � �

� \>�1��cOe�B Q&B v1: + J7dLU=P�JLd0h"B1EIW�J0eOhLPTB1XOJ.nCb=d$?ZdLU=P�d0n1h"pab=P�egbOHIJ0P�cOhLnCB1X=PTWgJ��ZEIW � Y$�1�fWOJ � ����� i B1HIHIJ

d0n~�('>��cge : 2_U=P$hLPTB>ikd0P$hT?gEFW �LbOJ0d_B1WOn1dLU=P$h.�>�1��WgJ$?	� ��� � 	��M?AEIWOXOEI<$B>dLEFW=r�dLUgB>d_dLU=P#d0n1h"pab=P#B1D�eAHIE@dLbOX=P

EIJ �S\ � � �5B>d.B1HIHjejnCEIWmdLJ�nCW dLU=P#R	N + : + J dLU=PzegbgHIJ0P	cOhLnCB1X=PTWgJ$?OE@dLJ�nCb=d0P$h.PTWm|1PTH@n1ejPzcjPT<tnCD�PTJ.D�n1hLP

U=n1h"E �$nCWmdLB1HV?;B1HIH@n Q9EIW=r�HIB>h"r1P$h.d0n1h"pab=PTJ.d0n�cjP�X=PTHFE@|1P$hLPTX�i B>hLdLU=P$h7cgb=d$?gB>d7dLU=P�JLB1D�P�dLEFD�P1?gdLU=P�d0h"BT|1PTHFEIW=r

egbOHFJ0P~H@nCJLPTJ�JLd0hLPTW=r1dLUZ? dLUabOJ�d0PTWOXOEIWOr�d0n hLPTXObO<tP � ����� :��=n1h 
	� 	 \ � � ��? � ����� JLd0PTB1XOEIH@v]X=PT<$HFEIW=PTJ

Q9E@dLU�dLEID�P9EIWgXOEI<$B>dLEIW=rzdLUgB>dwegbOHFJ0P_U=PTE@rCUqdwXOEIJ"JLE@egB>d0PTJ JLn�i B1J0dwdLUOB>d*P$|1PTW�Q.E@dLU�r1hLPTB>d0P$h J0eOh"PTB1X�dLU=P_eAbOHIJ0P

<$B1WOW=n1d�X=PTHIE@|1P$h�d0n1h"pqbOPTJ�HIB>hLr1P$h�dLUOB1W \ ��� � B1Wmv i B>hLdLU=P$h�dLUOB1W B>d � 	 �M: + J�B�hLPTJ"bOH@d$? dLUOP�d0n1h"pab=P

egbOHFJ0P � �sE@r=:w\a: \>X � eOhLnMXObO<tPTJ 
 � 
 � EIW�B1W�P$|1P$h�J"U=h"EIW � EIW=rzEIWqd0P$hL|>B1HgB>hLnCbgWOX�dLU=P.n1h"E@rCEIW : ) W~dLU=P.n1dLU=P$h

UOB1WOX ?OQ9U=PTW 
	� 	 � � � ��? ����� �~EIJ9bOWgEID�nMXOB1HV: + d.dLU=P�JLdLB>hLd$?Ad0n1h pqb=PTJ � 
	�#B>hLP�eOh"naXObg<tPTX b=e�d0n �



'1\

�C�1��cOe�B Q&B v1: + J.dLU=P J0d0h"B1EIW�hLPTHIB!�MPTJ7dLU=hLnCb=rCU�dLU=P�D�nCH@PT<$bOH@P1? ����� ��EIWO<thLPTB1JLPTJ9d0nfB~D�B!�MEID�bOD n1i �

�m^>��cge EIW \>�1��WOJ B1WgX�dLU=PTW�h"B>eAEIXOH@v�i B1HIHIJ�d0n~��EIW�B1W=n1dLU=P$h ���1��WOJ$:

�=n1h7B1W=rCH@P#eAbOHIJ0P7P$|1nCHIb=dLE@nCW � � ��� 	 � � ? � ��� � J"B>dLEIJ0lOPTJ �

H@n1r������ � � � � ����� %
� ��� # % � � � � � � 	 H@n1r � 
 � ��� # % � � � � �� � %� � # � # � � �V\a: �>� �

2_UOEFJ.EIJ	bOJLPTX�d0n�eAH@n1d�� ��� � B>rCB1EIWOJ0dzH@n1r !$# �kdLEID�P�EIW�WOJ �9ikn1h�
 � 	 \ ��� � � �sE@r=: \a: �=? J0nCHIEFX � dLUOEIW �_B1WOX


 � 	 ����� � � �sE@r=:�\a: ��XOB1JLU=PTX#� dLUOEIW � :��=n1h 
 � 	 \ � � ��? � ��� � EIJzEIWgE@dLEIB1HIH@v � ^1^fcOe ? h"PTB1<"UOEIWOr�E@dLJ

ejPTB � n1i � �>� cge EFW B>cjnCb=d �M: ^ WOJ$? dLUOP$hLPTB>i d0P$h�XOPT<$BTvMEIW=r d0n]� EIW B1WOn1dLU=P$h��M: ^ WOJ$:��=n1h�dLU=P�H@n Q&P$h

D�PTH@dLEFW=r�d0n1h pqb=P1?	� ��� � 	 �1^�cOe�B>d � 	 �M?=h"EIJLPTJ*d0n � �>��cOe�EIW � Y>: ��WgJ B1WOX�?OEIWfB1W=n1dLU=P$h9��WOJ$?Mi B1HIHIJ

d0n � ����� 	 ��cOe :

) bOh�hLPTJ"bOH@dLJ�EIWOXOEI<$B>d0P�dLUOB>d$? Q.E@dLU WOn�cgB>h"h"E@P$h"J�d0n dLU=Pfd Q9EIJLd�hLPTHFB!�MB>dLE@nCW <tnCWOJ"EIX=P$hLPTX U=P$hLP1? 6 N +

ejnCH@vMD�P$h"B1J0P	Q9EIHFHAr1PTWOP$h"B>d0P#d0h"B1WOJ"E@PTWmd d}Q9EIJ0d eAbOHIJ0PTJ�Q9UgEI<"U�X=PT<$B vfc;PTHIn Q dLU=P�HIP$|1PTHIJ W=PT<tPTJLJLB>h"v�d0n~B1H@d0P$h

P$|1PTW�H@nanCJ0PTH@v%� cjnCbOWOX�eghLn1d0PTEIWOJ&n |1P$h � Y	WOJ&dLEID�PTJL<$B1H@PTJT: 2_UOEIJ&EIJ*eOhLn1cgB>cgHIv�d0nqn�JLUOn1hLd*ikn1h�P$|1PTW�Q&PTB � H@v

cjnCbOWOX�eOhLn1d0PTEIWgJ d0nzh"PTJ0ejnCWOXZ: ) W�dLUOP n1dLU=P$h UOB1WOXZ?1Q&P�lgWOX�dLUOB>d R	N + r1vah"B1J0P D�B v�cjP B>cgH@P�d0n	hLPTD�n |1P

Q&PTB � H@v�c;nCbgWOX�eOh"n1d0PTEIWOJ Q.E@dLU�d0n1h pqb=P7egbOHFJ0PTJwHIB1JLdLEIW=r�bOe�d0n � Y$�1� WOJ$?MB1WOX�B1<tdLEIW=r b=e~d0n�hLnCb=rCUgH@v�\>�1�

cOe BTQ�BTv1:�29UOEIJ7XOE � P$hLPTWO<tP�J0d0PTD�JzikhLnCD dLU=P�HIB>h"r1P$h#B1WOX D�n1hLP P��Md0PTWOX=PTX EIWOEIdLEIB1H B1WOrCH@P egbOHIJ0P1?ZB1WOX n1i

<tnCb=h"JLP#dLU=P#HIB>hLr1P$h.EIWOE@dLEIB1HjJ0d0n1h"PTX�PTW=P$hLr1v1?;B1JLJ0nM<$EIB>d0PTX�Q9E@dLU dLU=P#<tva<$HIP#n1ioR	N + r1vqh"B1JLP1:

��
 � � ����� � � ��� ���

-3W dLUOEFJ_<"UOB>egd0P$h.Q&P�UOB |1P�<tnCWOJ"EIX=P$hLPTX�dLUOP�J0dLB>cgEIHFE@d v�n1i R7N + � eOhLn1d0PTEIW�<tnCD�egH@P��MPTJ9EFW�dLU=P#eOh"PTJ0PTWO<tP

n1i d0n1h"J"E@nCWOB1HoJ0d0hLPTJLJ$: ) bOh.PTpabOEIHIEIcOh"EIbOD <$B1HI<$bgHIB>dLE@nCWOJ7UOBT|1P dLU=P JLEID�egH@P#hLPTJ"bOH@d9dLUgB>d7dLUOP�< UOB>h"B1<td0P$h"EIJLdLEI<
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�sE@rCb=hLP \a: �=:������ ��|MJ$:9HIn1r !$# �kd9EIW�WOJ � i n1hz<th"EIdLEI<$B1H d0n1h"pab=P 
	��	 \ � � ��Q.U=PTW ����� 	S� � J0nCHIEFX � dLUOEIW �
B1WOX�� � � 
	 � � J0nCHIEIX � dLUgEI< � ��B1WOX 
 � 	 ����� � Q9U=PTW�� � � 	 ��� XOB1J"U=PTX � dLUOEIW ��B1WgX�� ��� 	 �9�
� XOB1JLUOPTX � dLUOEI< � � : + HIH&egB>h"B1D�P$d0P$h�< U=nCEI<tPTJ�B1J�EIW��sE@r=: �=:��=n1h 6 N + ejnCH�� 
	� 	 \������ � ?wdLU=P JLd0h"B1EIW
��� # 	�\>� ��� � � # 	 Y�h"B1XOEFB1W ��EIWOEIdLEIB1HIH@v~cgbOEIHIXgJ b=e�B�d0n1h"pab=P � 
 � b=e�d0n�^	��cOe�cAb=d9B1J	E@d.JLeOhLPTB1XOJ7B1WOX
H@nCJ0PTJ9U=PTE@rCUqd_E@d_<$B1WOW=n1d9<th"PTB>d0P�JLbO< U�d0n1h"pab=PTJ cjP$v1nCWOX�^1[�cOe : 2_U=PzegbgHIJ0PzW=P$PTXOJ ���M: ^�WOJ�d0n�r1PTW=P$h B>d0P
d0n1h"pab=P�dLUOEIJ�ikB>hT:�-3W � ��WgJ$? d0n1h"pab=P�EFJ�cjPTH@n Q 
	��B>d�B1HIH*ejnCEIWqdLJ�nCW dLU=PfR7N + JLn�dLUOB>d ��������	 �M:
� U=PTW 
 � 	 � ��� ��? � ��� � B>dzd�	z��EIJ �1^�cOe ?ZejPTB � EIW=r�B>d �>�a: \fcOe]EFW Y>: ��WgJ#B1WOX X=PT<$B vaEIWOr d0n ��EIW
B1W=n1dLU=P$h � ��WOJ$:9x7vah"B1J0P � 
	��	 \ ��� ��?�� # 	5\>�1��cOe ? � # 	S��� h"B1XOEIB1WgJ �&B>d.lgh"J0d r1PTW=P$h"B>d0PTJ	d0n1h JLE@nCW
��
 � b=e d0n � \>�1��cOe ? B1J0vMD�D�P$d0h"EI<$B1HFH@v�B>cjnCb=dzdLU=P�n1h"EIrCEIWZ: (&bOd#E@dzdLB � PTJ#nCWOHIv�B1W=n1dLU=P$h �>�1� WOJ	ikn1h
dLU=P�D�B!�MEFD�bOD d0n1h"pqbOP�egbOHFJ0PzU=PTE@rCUqd9d0n~J"HIE@e�cjPTH@n Q 
	� 	 \ ��� � EV:�P1: � ��� � 	 �M: �On1h 
	� 	 � � � ��?
EIWOEIdLEIB1H � ����� EIJ � �C�1�~cOe :�� E@dLU�EIWO<thLPTB1J"EIW=r�egbgHIJ0PzQ9EIXOdLU � ����� c;P$rCEFWOJ d0n�h"EIJ0P�P$|1PTWmdLbOB1HFH@v�hLPTB1<"UgEIW=r
B�D�B!�=EID�bOD n1i ���m^>��cOe EFW ��\>�1��WOJ$: -3W�dLU=P#WOP��ad ���1��WOJ$?=dLU=Pzd0n1h"pab=P#PTWq|1PTH@n1ejP#cjPT<tnCD�PTJ �AB>d0d0P$hT?
d0PTWOXOEFW=r�d0n�egbOJLU~d0n1h"pab=PzikB>h"dLU=P$hT?=cgb=d�W=n1d i B1J0d PTW=nCb=rCUfd0n�n � J0P$d_dLUOPzh"B>egEIX�H@nCJLJ�n1ioegbOHIJLP7B1D�eAHIE@dLbOX=P1?
dLU=PzW=P$d�P � PT<td c;PTEFW=r�B J0d0PTB1XOv~X=PT<thLPTB1JLP#EIW � ��� � : -Kd&dLB � PTJ9H@nCW=r1P$h ikn1h � ��� � � � Q9UOPTW � �

�
	��9�

|1P$h"JLbgJ�� � � 	 � cjPT<$B1bOJLP�n1i dLU=P~r1hLPTB>d0P$h�J0dLB>hLdLEIW=r�B1D�egHIE@dLbgX=P�B1WOX JLeOhLPTB1X]n1i dLUOP�r1vah"B1J0P~EFWOXObO<tPTX
J0d0h"B1EFW�<tnCD�eAB>hLPTX�d0n 6 N + u nCHIvaD�P$h B1J0P1: �=n1hzl#�MPTX �����;?jdLU=P�e;PTB � � ��� � EIJ7HIB>hLr1P$h	i n1h 
 � 	�� � � �
dLUOB1W�\ � ���5B1J_P��aejPT<td0PTX ikhLnCD nCbOh9JL<$B1HIEIWOr�h"PTHIB>dLE@nCW�ikn1h � ����� � J0P$P#d0P��Md � :



'1^

d0n1h"pab=P B1JLJ0nM<$EIB>d0PTX�Q9E@dLU h"PTD�n |>B1H n1i*B�eOh"n1d0PTEIW Q9UgEI<"U�B1HIH@n Q9J9<tnCWqd0nCb=h#H@PTW=r1dLU�� n1i R	N + d0nfB>cAJ0n1hLc

d Q.EIJ0dLEIW=r�J0d0h"B1EIW�EIJ 
	� � � ��� � � � � ��?jQ9U=P$hLP � EIJ.dLU=P�i h"P$P�PTW=P$h"r1v�XOE � P$hLPTWO<tP B1JLJ0nM<$EIB>d0PTX�Q9E@dLU�dLU=P
eOhLn1d0PTEFW � R	N + EFWmd0P$h"B1<tdLEInCWOJzU=nCHIXOEFW=r�dLU=P <tnCD�egH@P���d0n1r1P$dLU=P$hT:�2_UgEIJ9ikn1h"D�bOHIB~EIJ7dLU=P�d0n1h pqb=P�B1WOB1HIn1r�n1i

dLU=P < UOB>h"B1<td0P$h"EIJLdLEI<�ikn1h"<tP W=P$PTX=PTX d0n n1ejPTW B eOh"n1d0PTEIW � R	N + <tnCD�egHIP��;? � � � � � � �V^1^ � : 4ad0hLnCW=rCHIv �

cjnCbOWOX�<tnCD�eAB1<td7J0d0h bO<tdLb=hLPTJ_HFE � P#dLU=P�WabO<$H@P$nCJLnCD�P � � ���>� ��� ��? � �5^>��WOD �&hLPTpabOE@hLPzHIB>hLr1P�d0n1h"pab=PTJ

� Y$� � ����d0n�XOEIJ0h"bOeOd_dLU=PTD�: ) W�dLUOP�n1dLUOP$h	UgB1WOXZ?ZD�n1hLP�Q*PTB � H@v�c;nCbgWOX�J0d0h bO<tdLb=hLPTJ$?jn1h#R	N + H@nan1egJ

Q9E@dLU�HFB>hLr1P � |�B1HIbOPTJ$?OHIE � PTH@v�Q9EIHIH;hLPTpabOE@hLP	d0n1h"pab=PTJ.EIWfdLU=Pzh"B1W=r1P�� d0n~\�� � ��:

2 n1h"pab=PTJ#EIW dLU=P�i P$Q � � � h"B1WOr1P�D�BTv cjP�B>eOegHFE@PTX�cqv 6 N + e;nCHIvaD�P$h B1J0P�B1WOX]R	N + r1vah"B1J0P1?sB1< �

<tn1h"XOEFW=rfd0n�P��aejP$h"EID�PTWmdLB1H XOB>dLB�B1WOX hLnCb=rCU dLU=P$n1h"P$dLEI<$B1H PTJ0dLEID�B>d0PTJ �V^>� � �m� � ^1[ � �>� � :�2_UqbgJ$?Zd0n1h"pab=PTJ

B>eOegHFE@PTX cav 6 N + e;nCHIvaD�P$h B1J0P�B1WOX�r1vah"B1J0P d0n B1W B1WO<"UOn1hLPTX R	N + J0P$rCD�PTWqd#<$B1W hLPTB1<"U dLU=nCJLP WOPT<tPTJ �

JLB>hLv�d0n#n1ejPTW�hLPTHFB>dLE@|1PTH@v�Q&PTB � H@v � cjnCbOWgX�R7N + � eOhLn1d0PTEIW�<tnCD�egH@P��MPTJ$: ) W dLU=P_n1dLU=P$h*UOB1WOXZ?mWabO<$H@P$nCJLnCD�PTJ

JLU=nCbgHIX�c;Pzh"PTHIB>dLE@|1PTH@vfJ0dLB>cgH@Pzd0n�dLU=P�XOE@h"PT<td&P � PT<td9n1isdLU=Pzd0n1h pqb=PTJ.B>eOegHIEIPTX~cav�dLU=PTJ0P#PTW��$vMD�PTJ$:

2_UOPTJ0P�d0n1h pqb=PTJ�B>h"P <$HInCJ0P�d0n dLU=nCJLP WOP$PTX=PTX d0n XgEIJ0h"b=egd�R	N + J0PT<tnCWOXOB>hLv J0d0h"bO<tdLbOhLP1:�R.nCbOcgH@P��

J0d0h"B1WgX=PTX R	N + EIJ�WOn Q � W=n Q.W d0n cjP]bOWOJ0dLB>cAH@P B>rCB1EIWOJ0d�J"bO<"U�JLd0hLnCW=r d0n1h"pab=PTJ$?#B1WOX <tnCWq|1P$hLdLJ�d0n

 D�PTH@d0PTX " i n1h"D�Jfi n1h�HIP$i d � UOB1WgX=PTX � bOWmQ.EIWOXOEIWOr � d0n1h"pab=PTJ HIB>h"r1P$h dLUOB1W�� ������?zB1WOX i n1h�n |1P$hLQ9EIWgXOEIW=r

d0n1h"pab=PTJ9HFB>hLr1P$h9dLUOB1W � ����� �V�(' �j�1[ � �MY �j\>� � : 2_UOEIJ�h"B1EFJ0PTJ dLU=P�EFWmd0P$hLPTJLdLEIW=r�pab=PTJ0dLE@nCW n1iodLUOP�EIWqd0P$hLegHIB v

cjP$d Q&P$PTW d0n1h"pab=P�� r1PTW=P$h B>d0PTX�X=PTWOB>dLbOh"B>dLE@nCW B1WOX eghLn1d0PTEIW XOEIJ"J0na<$EFB>dLE@nCW �&nCW=P <$B1W PTB1JLEFH@v EID�B>rCEIW=PfdLU=P

bOWqcgEIWOXgEIW=r�n1i9B�eOhLn1d0PTEIW EIW hLPTJ0ejnCWOJ0P�d0n H@nM<$B1H*R	N + D�PTH@dLEFW=r=:�29U=P~<tnCb=eAHIEIW=r�n1i9R	N + D�PTH@dLEIW=r�d0n

eOhLn1d0PTEFW XOEIJ"J0na<$EFB>dLE@nCW <tnCbOHFX]cjP~X=PTJ"<th"E@cjPTX]bOJLEFW=r�B1W PTHIB>cjn1h"B>dLE@nCW n1i dLU=P~PTpabOEIHFE@cOh"EIbgD D�nMX=PTHwn1i_dLU=P

eOhLPTJLPTWmd_< UOB>eOd0P$hT:



'��

-Kd�EIJzEID�e;n1h"dLB1Wmdzd0n h"PTB1HIE �$P�dLUOB>d�nCb=h#PTpabOEIHIE@cgh"EIbOD dLU=P$n1hLv B>eOegHIE@PTJzD�nCJ0d�J0d0h"EF<tdLH@v�d0n�PTpqbOEFHIE@cOh"EFbOD

P��Me;P$h EID�PTWqdLJ$?gEV: P1:&Q9U=P$hLPzdLUOP�dLEID�P�JL<$B1H@P#ikn1h9dLU=P�P��aejP$h"EFD�PTWmd r1h"PTB>dLH@v�P��M<tP$PTXgJ9dLU=P�nCW�B1WOX�n � dLEFD�PTJ

ikn1h�dLU=P R	N + � eOhLn1d0PTEIW�<tnCD�egH@P��j: usB>hLdLEF<$bOHIB>h"H@v EIW dLU=P <$B1J0P n1i	HIB>hLr1P�J0d0h"bg<tdLb=hLPTJ�HIE � P�WabO<$H@P$nCJ0nCD�PTJ$?

dLU=P$hLPfD�B v cjP~HIB>h"r1P~ikhLP$P�PTW=P$hLr1v]cgB>h"h"E@P$h"J�d0n�n |1P$h"<tnCD�P�d0n d0h"B1WOJ"E@d�cjP$d Q&P$PTW cjnCbOWOX B1WgX bgWmcjnCbOWOX

J0dLB>d0PTJ � ��� � :

� P�UOBT|1P�B1HFJ0n B1WOB1H@v �$PTX dLU=P�XOvaWOB1D�EI<$J	n1i&JLeOhLPTB1XOEIWOr�n1i�JLEIWOrCH@P d Q9EIJLdzegbOHIJ0PTJzB1WgX]J0d0P$egJ#B1<$<tn1h X �

EIW=r�d0n dLU=P�J"EID�egH@P�XOvaWOB1D�EI<$J�bgJ0PTX d0n X=PTJ"<th"E@cjP�d Q.EIJ0d�hLPTHIB!�=B>dLE@nCW n1i.JLU=n1hLd R	N + JLP$rCD�PTWmdLJ�EFW ikhLP$P

J0nCHIbOdLE@nCW � � � � :�2_UOP J"D�B1HIHoXOEIB1D�P$d0P$h	n1iwdLUOP R	N + XOnCb=cgH@P�U=PTHIE ��h"PTJLbOH@dLJ7EIW�h"B>egEIX�J0eOh"PTB1XOEIW=r~n1iwd Q.EIJ0d

egbOHFJ0PTJ$:s-KWfdLbOh"WZ?MdLUOEIJ D�B � PTJ9B1W EIWOE@dLEFB1Hgd0n1h"pab=PzegbgHIJ0PzJ0eOhLPTB1X�B1WgX�X=PT<$BTvfh"B>egEFXOH@v1:s2_U=PzhLPTJLbgH@d&EFJ�dLUOB>d

JLEIWOrCH@P.eAbOHIJ0PTJ�n1i d0n1h"pqbOP�EIW!�0PT<td0PTXfcqv~PTW��$vMD�PTJ9<$B1W B � PT<td_cjnCbOWOX�eOh"n1d0PTEIWOJ&nCWOH@v�B>d9JLU=n1hLd ��5Y$�1��cOe �

XOEIJLdLB1WO<tPTJ$:

) bOh&X=vMWOB1D�EF<$B1HgD�nMX=PTH;JLb=eOejnCJ0PTJwdLUOB>d&B1Wqv�W=P$d�HIEIW � EIWOr#WqbOD�cjP$h&EFW!�3PT<td0PTX�EIWqd0n�dLUOP7R	N + EIJ*P$|1PTW �

dLbOB1HIHIv�hLPTD�n |1PTX ?=P1: r=:wB>d�i hLP$P7PTWOXOJ&n1i B HIEFW=PTB>h&R	N + :M-3W�dLU=P7<$B1JLP7Q.U=P$hLP7nCW=PzUOB1J�B�JLD�B1HIHA<$EIh"<$bOHIB>h&n1h

n1dLU=P$hLQ.EIJ0P&d0n1e;nCHIn1rCEI<$B1HIH@v�<tnCWgJ0d0h"B1EIW=PTX X=nCD�B1EIWZ?>d0n1h"JLE@nCWgB1HaJLd0hLPTJLJsQ9EIHFHCn1iA<tnCbOh"J0P�cgbOEIHFX�b=e�<$bOD�bOHIB>dLE@|1PTHIv

Q9E@dLU~PTB1<"U PTW��$vaD�P	<tvM<$H@P1:w{7JLbOB1HFH@v�B J0d0PTB1X=v~JLdLB>d0PzQ9EIHIHgc;P7hLPTB1< U=PTXZ?OX=P$lgWOPTX�EFW�dLU=P	d0PTJ0d�dLb=cjP7cqv~dLU=P

PTW��$vMD�P�J0dLB1HIH e;nCEFWmd	n1hT? EFW |aE@|1n=? cqv�dLU=P�B1<tdLE@nCW]n1i�<tnCbgWmd0P$h"B1<tdLEFW=r PTW��$vMD�PTJ �kP1: r=:~d0n1e;nCEFJ0nCD�P$h"B1J0P�- ?

Q9UOEF<"U B1HFH@n Q9J�HIEIW � EIW=r�WabOD�c;P$h�d0n�cjP�hLPTD�n |1PTX i h"nCD B ejnCEIWqd�B1H@nCWOr�B�XgJLR	N + cav r1PTW=P$h"B>dLE@nCW n1i_B

d0h"B1WOJ"E@PTWmd	cOh"PTB � EIW�nCW=P�R	N + JLd0h"B1WOX � :�-KW dLUOP�<$B1J0P�Q9U=P$hLP�B1W B>egeOhLPT<$EIB>cgHIP�J0d0PTB1XOv � J0dLB>d0P~d0n1h"pab=P�EIJ

hLPTB1< U=PTXZ?=nCb=h�egbOHFJ0P�� eOhLn1egB>rCB>dLEInCW�D�naX=PTH;JLU=nCbgHIX~WOn1d&cjP	bOJ0PTXZ?=B1WOXfEIWgJ0d0PTB1X�dLU=P  PTpqbOEFHIE@cOh"EFbOD "1dLU=P$n1hLv

Q9EIHFHAcjP	hLPTH@P$|>B1Wqd$:



'	�

4anCD�P_PTW��$vMD�PTJwD�B v�EIW!�0PT<td d Q9EFJ0dwJ0d0h"B1EFW�<tnCWmdLEFW=nCbOJLH@v�EIWqd0n�R	N + n |1P$h&J0nCD�P_dLEID�P��kP1: r=: 6 N + ejnCH � :

-Kd EFJ�dLUOPTW e;nCJ"JLE@cgH@P~dLUOB>d�i B>h B Q&B v i hLnCD dLUOPfJLd0h"B1EIW J0nCb=h"<tP1?&B>eOeOhLn �MEFD�B>d0PTH@v JLd0PTB1X=v � JLdLB>d0P d0n1h"pab=PTJ

D�B v�cgbOEFHIX�b=ef<$bOD�bOHIB>dLE@|1PTHIv1: �=n1h_EIWOJ0dLB1Wg<tP1?MEIiZdLU=P	PTW��$vaD�P	<tvM<$H@P	dLEID�P	EIJ�<tnCD�egB>h B>cgH@P7d0n�dLU=P.d}vqeAEI<$B1H

eOhLn1eAB>rCB>dLE@nCW dLEFD�P�n1i_dLUOP�d Q.EIJ0d�eAbOHIJ0P�dLUOPTW JLbg<$<tPTJLJLE@|1PTH@v]EFW!�3PT<td0PTX d Q9EFJ0d�J0d0h B1EIWOJ�<$B1W h"B1D�e b=e dLU=P

d0n1h"pab=PzdLU=hLnCbOrCU�J"D�B1HIHjEIWO<thLPTD�PTWmdLJ$: �On1h_dLU=P#JLEID�egH@P9d}Q9EIJ0d eghLn1egB>rCB>dLE@nCW�<tnCWOJ"EIX=P$hLPTXfU=P$hLP1?=dLUgEIJ�EIJ W=n1d

hLPTH@P$|>B1Wqd$?AJLEIWg<tP#dLU=P 6 N + ejnCH ' r1vqh B1J0P�<tvM<$H@P#dLEID�PTJ�� ���M:IY�J ��B>h"P�H@nCW=r�h"PTHIB>dLE@|1P�d0n~d Q9EFJ0d_eOhLn1eAB>rCB>dLE@nCW

dLEID�PTJ#nCW i P$Q � c]J"<$B1H@PTJ �khLPT<$B1HFH dLUOB>d�B�d}Q9EIJ0dzeAbOHIJ0P�J0eOh"PTB1XOJzn |1P$hfY � c]EIW � Y$� ��� J0PT< � :�,9n Q*P$|1P$h ?

Q&P�W=n1d0P~dLUOB>d u :sN.PTHIJ0nCW UOB1J�J"b=r1r1PTJ0d0PTX dLUOB>d�EFWmd0h"EFWOJLEI< cjPTWOXOJ�D�BTv]r1h"PTB>dLH@v JLH@n Q dLUOP�eOhLn1eAB>rCB>dLE@nCW

n1i d}Q9EIJ0d7B1H@nCW=rfH@nCW=r~R	N + JT?;ejP$h"UgB>egJ_d0n�dLU=P�e;nCEFWmd.dLUOB>d7B�J0d0PTB1X=v%� J0dLB>d0P�d0n1h"pab=P�D�BTv�c;P�B>eOegHIEIPTX�cqv

6 N + ejnCH@vaD�P$h"B1J0P#n |1P$h � Y$�1�1��cOe�XOEIJ0dLB1WO<tPTJ_P$|1PTW�nCW�HIEIW=PTB>h9R	N + �V^>� � :�-}i JLbO< U B�JLd0PTB1X=v�J0dLB>d0P�n1i

d0n1h"JLEInCWOB1HZJ0d0hLPTJLJ9na<$<$bOh"J$?=dLU=P  PTpabOEIHFE@cOh"EIbgD "CdLU=P$n1hLvfEIJ cjPTJ0d_B>egegHIE@PTXZ:

� P�UOB |1P WOn1d	<tnCWgJLEIX=P$hLPTX�dLU=P <tnCD�egH@P$d0P�X=vMWOB1D�EI<$J9n1i*HIEFW � EFW=r�WqbgD�cjP$hT?;EIWO<$HIbOXgEIW=r�dLU=P EIWqd0P$h"<tnCW �

|1P$h"JLEInCW�n1i&d Q.EIJ0d	d0nfQ_h"E@dLU=P � �1\ � : 2_UOEIJ	EIJ	<tnCD�egHFEI<$B>d0PTX JLEIWO<tP dLU=P�JLb=cAJ0PTpqbOPTWmd7hLPTHIB!�=B>dLE@nCW n1iwQ9h"E@dLU=P

D�bOJ0d dLB � P�EIWqd0n�B1<$<tnCbOWqd.UqvaX=h"naX=vMWOB1D�EF<9EIWqd0P$h"B1<tdLE@nCWOJT: � P�UOBT|1P�JLEID�egHFE@lOPTX�dLUOPzeOhLn1cgH@PTD cav�<tnCWgJLEIX �

P$h"EIWOr�nCWOH@v JLU=n1hLd �� Y$�1�1��cOe �.h"P$rCE@nCWOJzn1i R	N + ikn1h�Q.UOEI<"U dLUOP�Q_h"E@dLUgEIW=r�X=vMWOB1D�EI<$Jz<$B1W egHIB1bOJLEIcgH@v

cjP�EIrCW=n1hLPTXZ:	,9n Q*P$|1P$h ? nCW HIB>hLr1P �ki P$Q � c �9D�nCH@PT<$bOHIPTJ$?AdLUOP�d}Q9EIJ0d7hLPTHIB!�=B>dLE@nCW�dLEID�P�Q9EIHFH cjPT<tnCD�P H@nCW=r

PTW=nCb=rCU i n1h_Q9h"E@dLUOEIWOr�d0n�nM<$<$b=h�� �m� � :

`*W��$vaD�P�� X=h"E@|1PTWfd}Q9EIJ0d_eghLn1egB>rCB>dLE@nCW UgB1J cjP$PTW�eOhLn1ejnCJ0PTX�B1J_B�e;nCJ"JLE@cgH@P	<"UOhLnCD�B>dLEIW��3h"PTD�naXOPTHIEIW=r �

D�PT< UOB1WOEIJLD ikn1h7B�<$HIB1JLJ.n1i hLPT<tPTWqdLH@v�XOEFJL<tn |1P$hLPTX ?;UOEIrCUOH@vf<tnCWOJ0P$hL|1PTXZ? + 2_u � <tnCWOJLbOD�EIW=r�eghLn1d0PTEIWOJ � �	� � :

2_U=PTJLP.PTW��$vMD�PTJ�i B1<$EIHIE@dLB>d0PzEIW~|ME@|1n d0h"B1WOJL<th"EIeOdLE@nCW~n1i r1PTW=PTJ$?=cav�B1HIHIn Q9EIWOr�hLP$rCbgHIB>d0n1hLv�eOh"n1d0PTEIWOJ&d0n cgEIWOX

d0n~R	N + X=nCD�B1EIWgJ dLUOB>d.B>h"P�n1dLU=P$hLQ.EIJ0P�EIWgB1<$<tPTJLJLE@cgHIPzc;PT<$B1bgJ0P#dLU=P$v�B>hLP�<tnCW=lgW=PTX�d0n�dLU=P�WabO<$H@P$nCJLnCD�P1:
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-3WO<thLPTB1JLEIWOr�B1<$<tPTJLJ9d0n�c;nCbgWOX�hLP$rCE@nCWOJ n1isdLU=P�R7N + <tnCbOHIX EFWm|1nCH@|1P � � B ��JLHIEIXgEIW=r�n1h9HIEIW=PTB>h H@v~XOEFJ0egHIB1<$EIWOr

dLU=P UOEIJ0d0nCWOP�eOhLn1d0PTEFW�<tn1hLP B1H@nCW=r�dLU=P R	N + ?��kc � <thLPTB>dLEFW=r�B~HIB>h"r1P�d0h"B1WgJLE@PTWqd.R	N + H@nqn1e�cav egB>hLdLEIB1HFH@v

bOWqcgEIWOXgEIW=r�B~JLP$rCD�PTWmd	n1i dLUOP�Q_h B>eOejPTX�R	N + i h"nCD dLU=P WabO<$H@P$nCJ0nCD�P1?jdLU=P$h"P$cqv P��MejnCJLEIW=r�dLU=P�HInqn1ejPTX

R	N + � < �.d0PTD�ejn1h"B>h"EIHIv�P �3PT<tdLEIWOr�dLUOP�UOEFJ0d0nCW=P�i hLnCD dLU=P�< U=hLnCD�B>dLEIW�lOcjP$hT?;n1h � X �9lOh"JLd7XOEFJLB1JLJ0PTD�cgHIEIWOr

B1WOX�dLUOPTW HIB>d0P$h_hLPTB1J"J0PTD�cAHIEIW=r dLU=P�UgEIJ0d0nCW=PznM<tdLB1D�P$hT:

y�bOhLhLPTWqdLH@v1? d0h"B1WgJLE@PTWqd�bOWqcgEIWOXOEFW=r�n1i_B HFB>hLr1P�hLP$rCE@nCW n1i_Wqbg<$H@P$nCJ0nCD�P�J"b=hLi B1<tP�� c;nCbgWOX]R	N + EFJzdLU=P

i BT|1n1hLPTX Q&B v n1i	dLUOEIW � EIW=r B>cjnCb=d�hLPTD�nMX=PTHIEFW=r � PTW��$vMD�PfikB1<$EIHFE@dLB>d0PTX r1PTW=P�hLP$rCbOHIB>dLE@nCW �V^1� � : 4MEFWO<tP�hLP��

D�nMX=PTHIEIWOr�B1<tdLE@|aEId v r1PTW=P$h B>d0PTJ	d0n1h"pqbOP�E@d7UOB1J9cjP$PTW�JLb=r1r1PTJ0d0PTX�dLUOB>d.dLUOEIJ7D�BTv�cjP�bOJ0PTX�d0n�X=h E@|1P#d Q.EIJ0d

J0d0h"B1EFW dLU=hLnCb=rCU dLU=P�R7N + ?wB1WOX <$B1bOJLEFW=r dLU=P�PTHIB1J0dLEF<fd Q9EIJLd�PTW=P$hLr1v n1i	XOP$i n1h"D�PTX R7N + d0n]d0PTB>h�n �

cjnCbOWOX�h"P$rCE@nCWOJ_ikhLnCD dLU=P�WabO<$H@P$nCJLnCD�P�J"b=hLi B1<tP1:_2_U=P�cAEIWOXOEIWOr�PTWOP$hLr1v�ejP$h.H@PTW=r1dLU�n1i R	N + cjnCbOWgX�d0n

dLU=P�WqbO<$HIP$nCJ0nCD�P~EFJ � �M:IYT^ ��� � ' cOe � B1JLJ"bOD�EIW=r�dLUgB>d~Y � ��cOe n1i R	N + UOB1J � 	 �>� � � � � �V^	� � �(' � :

) b=h�PTpqbOEFHIE@cOh"EFbOD PTJ0dLEFD�B>d0P�ikn1h�dLU=P�d0n1h"pab=P�W=P$PTX=PTX�d0n bOWqcgEIWgX B egEIWOWOPTX X=nCD�B1EIW n1izR	N + ? 
 � �
� � � � � ��� � � � �	Q.U=P$hLP � 	 Y$�1��WOD EFJ#dLU=P�d}Q9EIJ0d�ejP$h"JLEIJ0d0PTWg<tP�H@PTW=r1dLUZ?oeOhLPTXOEF<tdLJ#dLUOB>d�hLPTD�nMX=PTHIEIW=r

<tnCD�egHIP��aPTJ�UOB |1P7d0n eOh"naXObg<tP.JLbOJLdLB1EIW=PTX~d0n1h"pqbOPTJ ��[ � � � d0n bOWqcgEIWOX~B�h"P$rCE@nCW�n1i dLU=PzJLb=hLi B1<tP�� cjnCbOWOX

R	N + :g4MEIWO<tP9dLU=P.d0n1h pqb=P	X=P$ejPTWOXOJ nCWOH@v�nCW~dLU=P.cAEIWOXOEIWOrzPTW=P$hLr1v�ejP$h&bgWOE@dwH@PTWOr1dLU�n1i R	N + ?MXOEIJLh"b=eOdLEIWOr

dLU=P�EIWOE@dLEIB1HjR	N + � UOEFJ0d0nCW=P�<tnCWqdLB1<tdLJ$?jP$|1PTW�EIW�dLU=P#eghLPTJ0PTWO<tP�n1iodLUOP$h"D�B1HIH@v%� EIWOXgbO<tPTX�bOW=egEFWOWOEIW=r�n1i <tnCW �

dLB1<tdLJ&W=PTB>hwdLU=P.R7N + n |1P$h UOB1W=rCJ$?ahLPTpabOE@hLPTJ B1J*D�bO< U�d0n1h"pab=P9B1J*XOEIJ0h b=eOdLEIW=r	HIB>d0P$h&<tnCWmdLB1<tdLJ$:*2_U=P$hLP$ikn1hLP1?

dLU=P�WabO<$H@P$nCJ0nCD�P�Q9EIHIH cjP�J0dLB>cAH@P�EIW�dLU=P�eOhLPTJLPTWO<tP n1i*r1h"B1XgbOB1HIH@v�EFWO<thLPTB1J0PTX d0n1h"pab=P1? bgWmdLEIHsBfdLU=h"PTJLU=nCHIX

d0n1h"pab=P�EIJ#hLPTB1<"U=PTX ?oB>d#Q.UOEI<"U ejnCEIWqdzdLU=P�UgEIJ0d0nCW=PTJzQ.EIHIHsXOEIJLJLna<$EIB>d0P1: ) i&<tnCb=h J0P1? dLUOP�HIB>hLr1P�d0n1dLB1H � �

�>��� � � JLbOr1r1PTJ0dLJ#dLUOB>d�B1W]P$|1PTW HFB>hLr1P$h�d0n1h"pab=P�cgB>h"h"E@P$h#D�bOJ0d#cjP�n |1P$h <tnCD�P~ikn1h�UOEFJ0d0nCW=P�hLPTD�n |�B1Hwd0n

nM<$<$b=hT:
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� P <tnCWO<$HIbOXOP�Q9E@dLU�dLU=P�n1cAJ0P$hL|>B>dLE@nCW�dLUgB>d.nCb=h7D�PT<"UgB1WOEIJLD�J.ikn1h9d0n1h"pab=P�� eOhLn1eAB>rCB>dLE@nCW B1WOX�J"b=cgJ0P��

pab=PTWmd.d0n1h"pab=P�� cgB1J0PTX�c;nCbgWOX � eOhLn1d0PTEFWfP �3PT<tdLE@nCW�X=P$ejPTWOX�nCW�dLU=P�h B>d0P�B>d9Q.UOEI<"U eOhLn1d0PTEIW�D�n1d0n1h"J7B1<tdLEIW=r

nCW R	N + eOhLnMXObO<tP�d0n1h pqb=P1: + H@dLU=nCb=rCU dLUOEIJ#pab=PTJ0dLEInCW EIJ#UgE@rCUOH@v�hLPTH@P$|>B1Wmd�d0n�nCb=h�Q*n1h � ?sE@d�EIJ�B1HIJ0n�n1i

r1hLPTB>d#JLEIrCWOE@lg<$B1WO<tP�d0n�n1dLU=P$h#B>hLPTB1J#n1iwcgE@nCHIn1rCEI<$B1HsD�EI<thLnCD�PT< UOB1WOEI<$J	B1WOX EFJ7bgH@dLEID�B>d0PTH@v�h"PTHIB>d0PTX d0n�dLU=P

B1<tdLbOB1Hgi n1h"<tP�� r1PTWOP$h"B>dLE@nCW�D�PT<"UOB1WgEIJLD�bOJ0PTX�cqv eOhLn1d0PTEFW�D�n1d0n1h"JwB1WgX�Q_hLPTWO< U=PTJ$:s-3W�J0egE@d0P�n1ijdLU=PTE@hwr1hLPTB>d

EID�ejn1hLdLB1Wg<tP1?mdLU=PTJ0P	pab=PTJ0dLE@nCWOJ*hLPTD�B1EFW�bOW=h"PTJ0nCH@|1PTX�d0n XOB>d0P1:*G�n1hLP$n |1P$hT?=dLU=P$hLP	B>hLP	W=n�XOEIhLPT<td*D�PTB1J"b=hLP��

D�PTWqdLJ�n1i dLUgEIJ&dLEID�P	JL<$B1H@Pzikn1h_B1Wmv�D�n1d0n1hT: �ObOdLb=hLP	P��aejP$h"EFD�PTWmdLB1H;Q&n1h � EFW~dLUgEIJ�XOE@hLPT<tdLE@nCW~Q&nCbOHIX�cjP7n1i

r1hLPTB>d7EID�ejn1hLdLB1WO<tPzEIW�JLbOr1r1PTJ0dLEIW=r�Q.U=P$dLU=P$h dLU=P�D�PT<"UOB1WOEFJLD�J�Q&P�UOBT|1P�X=PTJL<th"EIc;PTXfB>hLP�egHIB1bOJLEIcgH@P1:
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2_UOP�d Q&nfJ0d0h"B1WOXOJ9n1i dLU=P�R	N + X=nCb=cAH@P�U=PTHIE �f<$B1W�cjP  bOW��TEIeOejPTX "Mcqv B>eOeAHIEI<$B>dLE@nCW�n1i i n1h"<tP1:	4MEIWO<tP

EIWOUOnCD�n1r1PTW=PTE@dLE@PTJwEIW�J0PTpab=PTWO<tP_r1PTWOP$h"B>d0P7EFWOU=nCD�n1r1PTW=PTEIdLE@PTJ EIW�JLd0h"B1WOX�cgEFWOXOEIW=r=?>ikn1h"<tP9|>B>h"EIB>dLEInCWOJ nM<$<$b=hT?

<tn1hLhLPTHFB>d0PTX Q9E@dLU�R	N + J0PTpqbOPTWO<tP1: + i P$Q�r1h"nCb=egJ_UOB |1P�<$B>hLh"EIPTX�nCb=d_JLEIWOrCH@P�� D�nCH@PT<$bOHIP	JLdLbOXOE@PTJ�n1isR	N +

bOW��TEIeOegEIW=r�cav�ikn1h"<tP1:�`*JLJ0P$|1P ��� 6 nCbOH@P$d$? (&nM< � PTHID�B1WgW B1WOX ,9PTJLHIn1d	UgBT|1P�J0dLbOXgE@PTX�dLUOP � YT^�eAN�i n1h <tPTJ

PTWO<tnCbOWqd0P$hLPTX XOb=h"EFW=r�bOW��TE@eOeAEIW=rfn1i9^>� � c � R	N + ?sB1WOX]dLUgB>d�r1hLnCb=e UOB1J#cjP$PTW B>cgH@P�d0n�hLPTJ0nCH@|1P~dLU=P

|>B>h"EIB>dLE@nCW�EIW#ikn1h"<tP&Q9E@dLU�J0PTpqbOPTWO<tP � ��� � �aY � �>� �	�>\ � : x�y � h"EI< U�hLP$rCEInCWOJ Q&P$hLP&n1cgJ0P$hL|1PTX�d0n7hLPTpabOE@hLPwUgE@rCU=P$h

ikn1h"<tP	i n1h&dLU=PTE@h�bOW��TE@egegEIW=rzdLUOB1W + 2 � h EI<"U~hLP$rCE@nCWOJT?MEFW�B1<$<tn1h"XfQ9EIdLU�dLU=P7r1PTW=P$h"B1HFH@v�UOE@rCU=P$h*cgB1J0P�� egB1EIh"EIW=r

ikhLP$PzPTW=P$hLr1v�B1JLJ0nM<$EIB>d0PTX�Q9E@dLU�x#y � h EI<"U JLPTpqb=PTWg<tPTJ$:

2_UOP.cgB1J"EI<9bOW �TE@eOegEIWOrzi n1h"<tP	iknCHIH@n Q9JwikhLnCD dLU=PzJLEID�eAH@P9B>hLrCbOD�PTWmd&dLUOB>d bOW��TE@egegEIW=rzQ9EFHIH=cjP.dLUOP$h"D�n �

X=vMWOB1D�EI<$B1HFH@vfikB |1n1h"B>cgH@P�Q9U=PTW�dLU=P�i hLP$P�PTW=P$hLr1v�hLPTpqbgE@hLPTX ikn1hzbOW��TE@egegEIW=r nCW=P cgB1J0P1?	� # � �"� � � � ��?jEIJ

PTpabOB1Hwd0n�dLU=P�D�PT<"UOB1WgEI<$B1HwQ&n1h � X=nCWOP1? �	
>?sQ9U=P$hLP�
 � �	� ^�WOD EFJ#dLU=P�eOhLn!�0PT<td0PTX HIPTW=r1dLU n1i_J"JLR	N +

HIE@cjP$h"B>d0PTX XOb=h"EIWOrfbgW��TE@eOegEFW=rfn1i&nCWOP�cgB1J0P~egB1E@hT:f2_U=P~hLPTJLbOHIdLEIW=rfi n1h <tP � ��� # � 
�EIJznCW dLU=P~n1h"X=P$h�n1i
dLU=Pfd vaegEI<$B1H&ikn1h"<tPfn1i�YT^�egN n1cAJ0P$hL|1PTX P��Me;P$h EID�PTWqdLB1HIH@v1: + D�n1hLP�pabOB1WqdLE@dLB>dLE@|1P�<$B1HI<$bOHIB>dLEInCW Q.EIHIH cjP

EIWqd0hLnMXObO<tPTXfcjPTH@n Q�?=cgB1J0PTX�nCW � W=n Q9W�PTHIB1J0dLEF<	eOhLn1ejP$hLdLE@PTJ�n1isJLJLR	N + :

[>�
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-3W dLUOEIJzJLEFD�egH@PTJ0d	egEF<tdLb=hLP1?ZdLU=P�|>B>h"EIB>dLE@nCW n1i�J0d0h"B1WgX � J0P$egB>h"B>dLEInCW i h"P$P�PTW=P$hLr1v B1H@nCW=r�dLU=P�D�nCH@PT<$bOH@P

rCE@|1PTJ	h"EFJ0P�d0n�dLU=P�|>B>h"EIB>dLE@nCWOJ	EIW�bOW��TEIeOegEIW=r�ikn1h"<tP n1cgJ0P$h"|1PTX P��aejP$h"EID�PTWmdLB1HIHIv1:7,.n Q&P$|1P$hT? P��MejP$h"EID�PTWqdLJ

n1cgJ0P$h"|1P.B�< UOB>h"B1<td0P$h"EFJ0dLEI<  J"BTQ_d0nan1dLU "ai n1h"<tP.egB>d0d0P$h"W~JLEID�EIHFB>h d0n�J0dLEI< � � J"HIE@e�D�n1dLEInCW � ��� � �aY � �>� � : (&PTH@n Q

Q&P <$B>hLhLv nCbOd�B JLEID�egHIP~B1WOB1H@vadLEI<$B1H�d0hLPTB>dLD�PTWmd�n1i	B JLEIW=rCHIP�EIWgU=nCD�n1r1PTW=PTE@d}v Xgb=h"EIW=r�bOW��TE@egegEIW=r n1i	B

XOJLR	N + ?M<"UgB>h"B1<td0P$h"E �$PTXfcav�B�XgEIJ0dLEIWO<td*bOW=egB1E@h EIW=r	i h"P$P.PTW=P$h"r1v�ejP$hwcgB1J0P � # � � ! : 2_UOEFJ EIWOU=nCD�n1r1PTW=PTE@d v
Q9EIHFHAcjP � cAB1J0PTJ_EIW�H@PTWOr1dLUZ?OB1WOX H@nM<$B>d0PTX � cgB1J0PTJ_i hLnCD dLU=P#cjP$rCEIWOWOEFW=r�n1isdLU=P#bOW �TE@eOegEIWOr=:

) bOhs<$B1HF<$bOHIB>dLE@nCWOJ B>h"P�<$B>h"h"E@PTX nCb=d EIW�dLU=P PTWOJLPTD�cgHIP*n1i;l#�MPTX�P��Md0PTWOJLEInCW c;P$d}Q*P$PTW�dLU=P_JLEIW=rCHIP�� J0d0h"B1WOX

PTWOXOJT?s<tn1h"hLPTJ0ejnCWOXOEIWOr d0n P��aejP$h"EID�PTWmdLJ�X=nCW=P~Q9E@dLU J0dLE � <$B1WqdLEIH@P$|1P$h"J�n1h�J0dLE � n1egdLEI<$B1Hwd0h B>egJ$: �=n1h�dLU=P

<$B1J0P~Q9U=P$hLP�dLU=P�cgEIWOXOEFW=r�EFW dLU=P�EIWOUOnCD�n1r1PTW=P$nCbOJzh"P$rCE@nCW]P��=<tP$PTXOJ#dLUgB>d�b=egJLd0hLPTB1D B1WOX]XOn Q9WOJLd0hLPTB1D

� � ! � � # � ?aQ&P_lgWOX�dLUgB>d dLU=P$hLP9B>h"P9d Q&n�d}vqejPTJwn1i;ikn1h"<tP.d0h"B1<tPTJwr1PTWOP$h"EI<$B1HIH@v�PTWO<tnCbOWqd0P$hLPTXZ: 29U=P lOh"J0d EFJwB

JLB Q_d0nqn1dLU i n1h"<tPzd0h B1<tP �gEIW�dLUOEIJ�<$B1J0P#dLUOP	bgW��TE@eOegEFW=r#ikn1h � EIJ�W=P$|1P$h.B>d PTpqbOEFHIE@cOh"EFbOD�EIWOJLEFX=P9dLU=P#EFWOU=nCD�n �

r1PTW=PTE@d}v1: + d9dLU=P�XOEIJL<tnCWqdLEIWab=nCbOJ ikn1h"<tP�B>d9dLU=P�JLBTQ_d0nan1dLU�d0P$h"D�EIWabOJ$?OdLUOP#d Q&n� <tnaP��=EIJ0dLEIW=r#"ge;nCJ"E@dLE@nCWOJ n1i

dLU=P�bOW��TE@eOeAEIW=r i n1h � UOBT|1P�dLU=P�J"B1D�P�PTWOP$hLr1v �jW=PTE@dLUOP$h.EIJ.EIWOJLEIXOPzdLU=P�EIWgU=nCD�n1r1PTW=PTE@d}v1:9N.PTB>h7dLUgEIJ |>B1HIb=P

n1isP��ad0PTWgJLE@nCWZ?=nCW=P#J"U=nCbOHIX�J0P$P�X=vaWgB1D�EI<� J0Q9E@dL< UOEIW=r#"=cjP$d}Q*P$PTW�dLU=Pzd Q&n~<tnaP��MEFJ0dLEIW=r�J0dLB>d0PTJT:

2_UOP�J0PT<tnCWOX d vaejP�n1i ikn1h"<tP�d0h"B1<tP1? n1cgdLB1EIW=PTX]ikn1h�J"b ��<$E@PTWqdLH@v H@nCW=r h"P$rCE@nCWOJ#n1i_EFWOU=nCD�n1r1PTW=PTEId v1? EIJ

B� egHIB>d0PTB1b ";d0h"B1<tP1?jQ9U=P$hLP�dLU=P�ikn1h"<tP�hLPTB1<"UOPTJzB�|>B1HIb=P�<"UOB>h"B1<td0P$h EIJ0dLEI<�n1i dLU=P EIWOU=nCD�n1r1PTWOPTE@d v J0d0h"PTW=r1dLU

� ! : 2_U=P	i n1h <tP7eAHIB>d0PTB1b�EIJ�d0P$h"D�EFWOB>d0PTX�cqv�B i n1h"<tP �LbOD�efcjP$d Q&P$PTW�d Q&n� <tnaP��MEIJLdLEIW=r#"=J0dLB>d0PTJ��gbgWOHIE � P7dLU=P

JLB Q_d0nqn1dLU ?gdLU=P#UOEIrCU=P$h � ikn1h"<tP#J0dLB>d0P�EFJ EIWOJLEIXOP.dLU=P�EIWOU=nCD�n1r1PTWOPTE@d v�hLP$rCE@nCWZ:

� P#B1WOB1HIv �$P	dLU=P7PTpqbgEIHIE@cOh EIbOD�J0dLB>dLEIJLdLEI<$B1HjD�PT<"UOB1WgEI<$J�n1i nCb=h D�nMX=PTH;bOJLEIW=r�D�PTB1W � lOPTHFX~dLUOP$n1hLv1?OB1WOX

Q9E@dLU P��MB1<td�WabOD�P$h"EF<$B1H <$B1HI<$bOHIB>dLEInCWOJ$: � PfdLU=PTW XOEIJL<$bOJ"JzdLU=P�cAB>hLh"E@P$h � <th"nCJLJLEIW=r � EIW=P$dLEF<$J�n1i d}Q*n � J0dLB>d0P

J0Q9EIdL<"UOEIWOrzP��aejPT<td0PTX�B>dwdLU=P.i n1h"<tP7XOEIJL<tnCWqdLEIWabOE@dLE@PTJT: �sEIWOB1HIHIv1?CQ*P.r1PTW=P$h"B1HIE �$P9nCb=h&EIWOU=nCD�n1r1PTWOPTE@d v�D�nMX=PTH



[1�

d0n B1WgB1H@v �$P�dLU=P�ikn1h"<tP�JLE@rCWOB1H P��MejPT<td0PTX�ikhLnCD B R	N + � cgEIWgXOEIW=r eOhLn1d0PTEFW Q9UOEF<"U cgEFWOXOJ d0n B J0ejPT<$E@lg<

XOJLR	N + JLE@d0P1: + J�dLU=P�bOW��TEIeOegEIW=r�ikn1h � egB1JLJ0PTJ�dLUOP�cgEIWgXOEIW=r JLE@d0P1?&eOhLn1d0PTEIW�XOEIJLJ0nM<$EIB>dLE@nCW�<$B1W nM<$<$b=hT?

B1<$<tnCD�egB1WgE@PTX�cav#B_ikn1h"<tP�JLE@rCWOB1H : � P&lgWOXzdLUOB>doP$|1PTW D�nMX=P$h"B>d0PTH@v%� J0d0hLnCW=rCHIv � cgEFWOXOEIW=r�eOh"n1d0PTEIWOJZr1PTW=P$h B>d0P

JLE@rCWgB1HIJ�PTB1JLEIH@v�X=P$d0PT<td0PTX�cqv�eOhLPTJ0PTWqd_P��MejP$h"EID�PTWqdLJ$:

� 
 � ����� � � � � � � ���� � � � � � � � � � ���	� 
� ���
� ���
� � � � � �
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 ��
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2_UOP9ikhLP$P�� PTW=P$hLr1v1? � # ?qd0n J0P$egB>h B>d0P � E : P1: hLPTD�n |1P	d0n�EIW=lAWOE@d v � d Q&n egB1E@hLPTX�<tnCD�egHIPTD�PTWmdLB>h"v�cgB1J0PTJ&EIW

XOJLR	N + EIWfegUqvaJLEInCH@n1rCEI<$B1HZJLB1H@d_<tnCWgXOE@dLE@nCWOJ � J"BTv YT^>��WgG N7Bmy�H ��EIJ�� Yzd0n � � � � � �1[ � XOP$e;PTWgXOEIW=r�nCW

J0PTpab=PTWO<tP � Q&P�JLUOB1HFH dLU=h"nCb=rCU=nCb=d	dLUOEIJ	< UOB>eOd0P$h#bOJ0P dLU=P�B |1P$h"B>r1P�|>B1HIb=P�n1i � # 	 �"� ^ � � ��:�29U=P PTW=P$h �

r1P$dLEI<�<tnCD�ejnCW=PTWqd.<tnCD�PTJ.i h"nCD �3Y �9<tnCD�egH@PTD�PTWmdLB>hLv UqvMX=hLn1r1PTW cjnCWOXgEIW=r=? �V� �_PTH@PT<td0hLnCJ0dLB>dLEI<�hLP$eAbOHIJLE@nCW

cjP$d Q&P$PTW egU=nCJLegUOB>d0Pfr1hLnCb=egJ nCW J"b=rCB>h � egU=nCJLegUOB>d0PfcgB1< � cjnCW=PTJ�B1WOX �V\ ��<tnCbOWqd0P$h � E@nCW cgEIWOXOEFW=r=: 2_U=P

PTWqd0hLn1egEI<�<tnCD�ejnCW=PTWqd#<tnCD�PTJzikhLnCD �3Y �zJ0P$r1hLP$rCB>dLE@nCW n1i&cgB1J0PTJ�EIWmd0n EFWmd0P$h"EIn1hzn1iwdLU=P�X=nCbOcgH@P�� U=PTHIE � � EV: P1:

cgB1J0P�� JLdLB1< � EIW=r]EIWqd0P$h"B1<tdLE@nCW ��B1WOX �V� ��H@nM<$B1H&n1h"X=P$h"EIWOr�n1i9Q�B>d0P$h�D�nCH@PT<$bgH@PTJ B>hLnCbOWOX dLU=P�R	N + � R	N +

P��=<$HIbOX=PTX � |1nCHFbOD�PzEIWqd0P$h"B1<tdLE@nCWOJ.<$B1W�cjP#E@rCW=n1hLPTX�U=P$h"P � � ' � :

-3W <tP$hLdLB1EIW R	N + J0PTpab=PTWO<tPTJ$?ZdLUOP�D�PTB1JLb=hLPTX�ejP$h	cgB1J0P$egB1EIh	JLdLB>cgEIHIE �TB>dLEInCW�PTW=P$h"r1v�EIJ � W=n Q9W d0n�cjP

HIB>hLr1P$hwn1h*JLD�B1HFH@P$h dLUOB1W�dLUgEIJscgB1J0PTHIEFW=P1:��On1h&EIWgJ0dLB1WO<tP1?CcgB1JLP$egB1E@h"J EFW�B�x#y � h"EF<"U�hLP$rCEInCW�EIWOJLP$hLd0PTX�EIWqd0n�B1W

n1dLU=P$hLQ.EIJ0P9h B1WOX=nCD � J0PTpab=PTWO<tP	R	N + D�nCH@PT<$bOH@P7UOBT|1PzB�UOE@rCU=P$h*cgB1J0P$egB1EIh&XOEFJ0h"b=eOdLEInCW PTW=P$hLr1v1:&4MEFD�EIHIB>h"HIv1?

<tP$hLdLB1EIW � W=n Q9W J0PTpab=PTWO<tPTJ~n1izcgB1J0P$egB1EIh"J�n1eOdLEFD�E �$P�UqvMX=hLn1egU=n1cAEI<�J0dLB1< � EIW=r EIWqd0P$h"B1<tdLE@nCWOJ�H@PTB1XOEIWOr]d0n

H@nM<$B1HIH@vfJ0d0hLnCW=r1P$h7n1h9Q&PTB � P$h	cgB1J0P$egB1EIh"EIW=r=:�G n1hLP�r1PTW=P$h"B1HIHIv1?gcavfD�naXObgHIB>dLEIW=r cgB1J0P�� JLdLB1< � EIW=rfB1WOX�H@nM<$B1H

X=PTWOJ"E@d v�n1i UqvaXOhLn1r1PTW � cjnCWOXOEIWOr�dLU=hLnCb=rCU�|�B>h EIB>dLE@nCW n1i JLPTpqb=PTWg<tP1?  B>cAW=n1h"D�B1HIHIv "gJLdLB>cgH@P�n1h7Q&PTB � R	N +

nCHIE@r1nCD�P$h"J_<$B1W�cjP#<thLPTB>d0PTXZ:



[1\

2_UOP9d vaegEI<$B1HAikn1h"<tP7J"<$B1H@P.ikn1h�bOW��TE@eOeAEIW=r#B�JLEIW=rCH@P9cgB1J0P$egB1E@h&EIJ&J0P$d*cav � # B1WOX~dLU=P7JLJLR	N + PTHIB1J0dLEI<$E@d}v1:

4MEIWg<tP�E@d�dLb=h"WOJ�nCb=dfdLUOB>d � � � � � n1i#Q&n1h � EIJ~XOnCW=P�n |1P$h�B XgEIJ0dLB1WO<tP�n1i ���	� ^ WOD d0n bOW��TE@e B

cgB1J0P$eAB1E@hT?jB�ikn1h"<tP n1i � YT^~egN EFJ9P��MejPT<td0PTXZ:	-KD�B>rCEFW=P1?ZW=n Q#?ZbOW �TE@eOegEIWOr�B~R	N + D�nCH@PT<$bgH@P�n1i&H@PTW=r1dLU

�5cOe � �sE@r=: �=:IY$B �#cav B>egegH@vMEIW=rfPTpqbgB1H B1WOX]n1ege;nCJ"E@d0P�i n1h <tPTJ#d0n�d}Q*n�cjPTB1XOJ#HIE@rCB>d0PTX d0n dLU=P�JLdLB>hLdLJ�n1i

dLU=P�d}Q*n cAB1< � c;nCWOPTJ#B>dznCW=P�PTWOX n1i&dLUOB>d#D�nCH@PT<$bgH@P1: � P�JLb=eOejnCJ0P�dLUOB>dzdLU=P�ejnCH@vMD�P$hzUOB1J#Bfh B1WOX=nCD

J0PTpab=PTWO<tP��kcgEFWOXOEIW=r�PTW=P$hLr1v�ejP$hzcOe � # �7JLBT|1P~i n1h�B � cOe]H@nCW=r J0d0h"P$dL<"U JLdLB>hLdLEIW=r B>dzcgB1JLP$egB1E@h#N B1WOX

d0P$h"D�EFWOB>dLEIW=r�B>d � � � Q.U=P$hLP1? d0n eOhLv B>egB>hLd�B�cgB1J0P$egB1E@h ? B1W B>egeOhLPT<$EIB>cgHIP~B1D�nCbOWqd n1i � � � � � ��� � ���
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� UOEIH@P�B>d�HFB>hLr1P�ikn1h"<tPTJ$?sJLBTv � � Y$��egN�? J"JLR	N +

JLU=n Q9J�PTHIB1J0dLEF<	c;PTUgBT|ME@n1h JLEID�EIHFB>h*d0n�B �OP��=E@cgHIP.ejnCH@vMD�P$hT?MB>d_H@n QSi n1h"<tPTJT? � ��Y$� egN�?MJLPTH@i � EFWmd0P$h"B1<tdLEInCWOJ$?

EIWO<$HFbOXOEIW=r.<tnCD�egH@PTD�PTWqdLB>hLv�cgB1J0P$egB1EIh"EIW=r	B1WOX�UqvaXOhLn1egU=n1cgEF<wB>r1r1hLP$rCB>dLE@nCW ?aH@PTB1X�d0n#BzD�n1hLP_<tnCD�egHFEI<$B>d0PTX

B1WOX B1J�v1P$d WOn1d�i bOHIH@v bOWOXOP$h"J0d0nanaX PTHIB1J0dLEI<~hLPTJ0ejnCWOJ0P1: 4aejPT<$E@lg<$B1HIH@v1?odLU=P�eOhLn1cgHIPTD EIJ�dLUOB>d WqbOD�P$hLnCbOJ

J0PTH@i � B1XOU=PTJ"E@nCW EIWqd0P$h"B1<tdLE@nCWOJ�HIPTB1X d0n B JLJ"R7N + J0PT<tnCWOXOB>h"v JLd0h"bO<tdLb=hLP�dLUgB>d�EIJ�W=n1d~bOWOX=P$h"JLd0nqnMXZ:�4an=?

dLU=P#ejP$h"J"EIJ0d0PTWO<tP�HIPTW=r1dLU �7PTWqd0P$h"J9nCbOh.D�nMX=PTH B1J.B�egU=PTW=nCD�PTW=nCH@n1rCEI<$B1H egB>h"B1D�P$d0P$h.Q9UOEI< U JLbOD�D�B>h"E �$PTJ

WabOD�cjP$h�n1isXOE � P$hLPTWmd�P � PT<tdLJ dLUOB>d cjPTB>h_b=ejnCWfJLJLR	N + " J ejP$h"J"EIJ0d0PTWO<tP	H@PTW=r1dLUZ?=PTB1< U�n1ioQ9UOEI< U�EFJ&EFWO<tnCD �

egH@P$d0PTHIv�bOWOX=P$h J0d0nqnMXZ: + J B�egB>h B1D�P$d0P$hT?=Q&PzlgWOX~dLUOB>d_E@dLJ&eOhLPTJ0PTWqd�|�B1HFb=P.rCEI|1PTJ B r1nqnMX�lOd�n1i dLU=P$n1hLv~d0n

P��Me;P$h EID�PTWqdLB1HZXOB>dLBM:
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dLU=P�JLUOB>ejP�n1iwdLU=P ikn1h"<tP egbOHIJ0P1:7-3WOX=P$PTXZ?jdLU=P JLH@n1ejP�n1i dLU=P i n1h <tP XOPT<$BTv B>d7dLUOP�PTWOX�n1i*dLU=P egHIB>d0PTB1b EIJ
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n1isi n1h <tP1?gE@dLJ ejnCJLE@dLEInCW � P$P$egJ��gbg<tdLbOB>dLEIW=r�B>cjnCb=d9J0nCD�P�BT|1P$h"B>r1P1: + Q&B v�i hLnCD dLU=P�EIWOUOnCD�n1r1PTW=PTE@d}v1?OdLU=P

dLE@e " J B |1P$h"B>r1P ejnCJLE@dLE@nCW eOhLn1ejn1hLdLEInCWOB1HIH@v�d0h"B1< � J�< UOB1W=r1PTJ�EIW B>eOegHFE@PTX]ikn1h"<tP1?wJ0n dLUOB>d � � � � � |aJ � � EIJ
HIEIWOPTB>h_B1WOX�dLU=Pzikn1h"<tP�� P��Md0PTWOJLE@nCW�<$b=hL|1P�EIJ �AB>d$:
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r1P$dLJw<$HInCJ0P$hwd0n � ?CdLU=P9n1cgJ0P$hL|1PTX�i n1h"<tP9c;P$rCEFWOJsd0n#h"EIJLP1:o2_UOP h"B>d0P_n1i;i n1h � B1X=|>B1WO<tPTD�PTWqd Q9EIdLU P��ad0PTWOJ"E@nCW

cjP$rCEIWOJ7d0n X=PT<thLPTB1JLP�B1WOX dLU=P�<tnCWOJ0dLB1Wqd#HIEIWOPTB>h7h"PTHIB>dLE@nCW�cjP$d Q&P$PTW � � � � � B1WOX
� EFJ7HInCJ0d$:�`w|1PTWmdLbgB1HIH@v1?
B1J_Q&P�XOh"E@|1PzdLU=P#dLEIe�<$H@nCJ0P$h_d0n � B1WOX <tn1hLhLPTJLe;nCWgXOEIW=rCH@v�dLU=P�B>eOegHFE@PTXfi n1h <tP�ejPTB � JT?OnCW=P#n1isd Q&n�dLUgEIW=rCJ

UOB>eOejPTW � dLU=P�Q.U=nCH@P�EIWOUOnCD�n1r1PTW=PTE@d}v�D�PTHIdLJ#B1HIH B>d#nCWO<tP � JLD�B1HIH�� �.n1h�dLU=P�dLE@e cOh"PTB � JzdLUOhLnCb=rCU]EIWqd0n

dLU=P�EFWOU=nCD�n1r1PTW=PTEId v�� HIB>hLr1P � � :
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� D�BTv�c;P�JLb �~<$E@PTWmdsd0n#X=h E@|1P*dLUOP&Q.U=nCH@P EIWOU=nCD�n1r1PTW=PTE@d v�d0nzn1ejPTW�J"EID�bgH@dLB1W=P$nCbOJLHIv1: 2_UOEFJ <tn1hLh"PTJ0ejnCWOXOJ

d0n�dLUOP9JLBTQ9d0nqn1dLU~i n1h <tP_egB>d0d0P$h"WZ?qQ9E@dLU�dLUOP_i n1h <tP_r1hLn Q.EIW=r�HIEFW=PTB>h"H@v�B1J dLU=P_dLEIe�B>eOeOhLnCB1< U=PTJ � B1WOX�dLU=PTW

B JLbgXOX=PTW]X=h"n1e EIW dLU=P�ikn1h"<tP~Q9U=PTW]B1HIH�� cgB1J0P$egB1EIh"J � � � � � � � � ��� � ��� n1ejPTWZ:
� U=PTW � EIJ#JLb �~<$E@PTWmdLHIv

HIB>hLr1P �kh"B1D�e#� eAHIB>d0PTB1b � ?gdLUOP�D�B!�=EID�bOD ikn1h"<tP�r1PTW=P$h B>d0PTX�Q.U=PTW�dLU=P�dLE@e�EIJ �0bOJLd9W=P��Md9d0n � �kdLUgEIJ ikn1h"<tP

X=P$ejPTWOXOJ�nCWgH@v�nCW � ! ��EIJ WOn1d9JLb ��<$EIPTWmd d0n�eghLnaXgbO<tPz<tnCWO<tP$hLd0PTX�XOPTJ0dLB>cgEIHIE �TB>dLE@nCWfn1i � �gEIWOJ0d0PTB1XfdLUOP#dLE@e

egbOWg<tdLb=hLPTJ EIWqd0n � B1WOX J0dLB>h"dLJ�d0n � � � � � � � � ��� ��� bOW��TE@e cgB1J0P$egB1EIh"J EIWOJLEIXOP1: 29UOEIJ�rCE@|1PTJ�h"EIJLP~d0n ikn1h"<tP

egHIB>d0PTB1b EIWOJLEIXOP�dLU=P�EFWOU=nCD�n1r1PTW=PTEId v1:�(�b=d$? Q.U=PTW B JLb �~<$E@PTWmdzWabOD�c;P$hzn1i&cgB1J0P$eAB1E@h"J	Q9E@dLUgEIW � UOB |1P

cjP$PTW bOW��TE@eOejPTXZ? dLU=PfhLPTD�B1EIWgEIW=r �*� XOnCD�B1EIW � � � � � � � � ��� � ��� D�PTH@dLJT? eOhLnMXObO<$EIW=r�dLU=P�J"bOXOX=PTW X=hLn1e EIW

ikn1h"<tP�D�B>h � EIW=r dLU=P�PTWOX�n1iodLU=P�XOEIJLdLEIWO<td&i n1h"<tP�JLE@rCWOB1HV:
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dLU=P�D�nCHIPT<$bOH@P(" J	ikn1h"<tP�cjPTUOBT|ME@n1hT?ZQ&P�egHIn1d$? EIW��sE@r=: �=: �=?oB�bOW �TE@eOegEIWOr �  egUOB1J0P�XOEIB>r1h"B1D "@? JLU=n Q.EIW=rfdLU=P
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h"B1D�e � egHIB>d0PTB1bZ:

2_UOP_J0nCHIEIX <$b=hL|1P1?qh"bOWOWgEIW=r7i hLnCD d0n1e~d0n#cjn1d0d0nCD�?qEFW��oEIr=: �=: ��EIJsdLU=P9D�PTB1W#� lOPTHIX  egUOB1JLP�� c;nCbgWOXOB>hLv1? "
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E@dLJ Q�BTvfdLU=h"nCb=rCUfdLU=P#R	N + EIW�<tnCWqdLB1<td7Q9E@dLU�dLU=P#eOh"n1d0PTEIWZ: R7nCEIW=r�J0n�h"PTJLbOH@dLJ EIWfdLUOP#H@nCJLJ n1iodLU=PzP��Md0h"B

J0dLB>cgEFHIE �TB>dLE@nCW PTWqdLUOB1H@eav rCB1EIW=PTX cqv dLUOP~J0vMJ0d0PTD Q9U=PTW dLU=P~eOhLn1d0PTEIW hLPTD�B1EIWgJ#cjnCbOWOX d0n�JLJLR	N + ?ocgb=d

dLUOEIJwD�E@rCUqd W=n1d cjP_HIB>hLr1P_PTWOnCb=rCU�d0n�<tnCD�e;PTWgJLB>d0P9ikn1hwX=PT<thLPTB1JLP.EIW dLU=P9PTHIB1J0dLEI< PTWOP$hLr1v�W=P$PTX=PTX�d0n�bOW��TE@e
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Q9UOEFH@P � �  � � 	 YT^"� � � � �5EIJ_B1HFJ0n�B�egHFB1bOJLE@cgHIP.PTJ0dLEFD�B>d0P�JLEFWO<tP#D�nCJ0d9R	N + � cAEIWOXOEIWOr�eghLn1d0PTEIWOJ d0PTWgX�d0n

cgEIWgX~P��=<$HIbOJ"E@|1PTH@v�d0n�PTE@dLU=P$h9XOJ"R7N + n1h9JLJLR	N + :



Y1Y1Y

) bOh.hLPTJ"bOH@dLJ	B>hLP eOhLPTJ0PTWqd0PTX EIW �sE@r=: �=: ^a: � P�J0P$P dLUOB>dzdLU=P�ikn1h"<tP�P��ad0PTWgJLE@nCW�egH@n1d	EIJ7|1P$hLv�J"EID�EIHIB>h

d0n�hLPTJLbgH@dLJ�i h"nCD EIWOU=nCD�n1r1PTWOPTE@d v�bOW��TE@eOeAEIW=r=?qJLdLbOXOE@PTX�EIW�4aPT<tdLE@nCW �=: �a: + Q�BTvfikhLnCD Q9U=P$hLP	dLU=PzeghLn1d0PTEIW

EIJ7cjnCbOWOX � N 	 �C�fcge � ?AdLUOP�ikn1h"<tP hLPTpabOE@hLPTX�d0n�bOW��TE@e R	N + EIJ7<tnCWOJ0dLB1Wqd$? � YT^ � � :�(�b=dz<$H@nCJ0P d0nfdLU=P
eOhLn1d0PTEFWZ?mdLU=P$h"P7EIJ*B�ikn1h"<tP�� � EIW � ?aJ"EID�EIHIB>hwd0n�JLB Q_d0nan1dLUfhLPTJ0ejnCWOJ0P_n1is4aPT<tdLE@nCW��=: �a:w,9P$h"P1?adLUOP9eOhLPTJLPTWO<tP.n1i

dLU=P7cjnCbOWOX�eOh"n1d0PTEIW�n1cAJ0d0h"bO<tdLJ*dLU=P	J0PTpqbOPTWmdLEIB1HgegB1JLJLB>r1P	n1iZdLU=P	bOW��TEIeOegEIW=r	ikn1h � dLU=h"nCb=rCU�dLU=P7cgB1J0P$eAB1E@h"J

EIW <tnCWqdLB1<td~Q.E@dLU dLU=P eghLn1d0PTEIWZ: + J�H@nCWOr]B1J�dLU=P eghLn1d0PTEIW EIJ�c;nCbgWOXZ? dLU=P�bOW��TE@eOeAEIW=r�i n1h � EIJ�JLdLB1HIH@PTX

nCb=dLJLEFX=PzdLU=PzhLP$rCE@nCW�J0dLB>hLdLEIW=r�B>d � ?g<tn1h"hLPTJ0ejnCWOXOEIWOr�d0n�B�cgbOEIHIX�b=e n1iodLU=P#ikn1h"<tP1:
�=n1h�JLb&��<$E@PTWqdLH@v HFB>hLr1P�ikn1h"<tP1?_nCW=P�n1izd Q&n dLUgEIW=rCJ�<$B1W UOB>eOejPTWZ: 2_UOP eOhLn1d0PTEIW#� cgEIWOXOEFW=r�XOnCD�B1EIW

n1i#R	N + <$B1W J0ejnCWqdLB1W=P$nCbOJLH@v bOW �TE@e ?&Q9E@dLU dLU=P�eOhLn1d0PTEIW�J0dLEIHIH cjnCbOWgXZ?*cAb=d�W=n Q d0n JLJLR	N + EFWOJ0d0PTB1X

d0n XOJLR	N + :w4MEIWg<tP�E@d EIJ�hLPTB1J0nCWgB>cgH@P�d0n]B1JLJLbOD�P�dLUOB>d eOhLn1d0PTEFWOJ�dLUOB>d cgEIWOX J0d0hLnCW=rCH@v d0n]XOJLR	N + Q9EIHIH

cgEIWgX�nCWgH@v�Q&PTB � H@v d0n�JLJLR	N + � EIi*dLU=P$v cgEFWOX B>d�B1HIH � ? Q*P�UOBT|1P�< U=nCJ0PTW dLU=P�HIB>hLr1P�|�B1HIbOP�n1i � �  � � 	
YT^"� � � � ��: 2_UOP#J0PT<tnCWOX�ejnCJLJLEIcgEIHIE@d}v�EIJ�dLUOB>d_dLUOPzeOhLn1d0PTEIW�JLEFD�egH@v�XgEIJLJ0nM<$EIB>d0PTJ�ikhLnCD dLU=P#R	N + ?gHIPTBT|MEIW=r

dLU=P�bgWOX=P$h"H@vMEIW=rfR	N + ikhLP$P�d0n�bOW��TE@e]bgWOX=P$hzdLU=P�EID�ejnCJ0PTX ikn1h"<tP1:�29UOEIJzEIJ#EFW ikB1<td�Q9UOB>d�UgB>eOejPTWOJzEIW

nCb=h D�nMX=PTHV?sB1J�<$B1W cjP�J0P$PTW ikhLnCD �oEIr=: �=: ^�EIWOJ0P$d�Q9U=P$hLP~Q*PfJLU=n Q dLU=P�eOhLn1r1h"PTJLJ�n1i dLUOP�bOW �TE@eOegEIWOr

ikn1h � ? � � � � � ? Q9E@dLU 
 B1WgX dLU=P�eOhLn1cgB>cAEIHIE@d}v1? � � 
 � ? i n1h#dLUOP�eOhLn1d0PTEIW d0n�hLPTD�B1EIW cjnCbOWOX�i n1h�BfrCE@|1PTW

 : ` �MB1D�EIWOEIW=r�dLU=P	hLPTJLbOHIdLJwikn1h � � 
 � ?=Q&PzJ0P$P	dLUOB>d EIW~B WOB>h"hLn Q EIWqd0P$hL|>B1H;B>h"nCbOWOX 
 � \>� WOD � � 
��
X=hLn1eAJ#JLUOB>hLeAH@v ikhLnCD W=PTB>h�Y�d0n�W=PTB>h��M:~2_U=P�XgE@e]EIW � � � � � |MJ�� 
 ?sJ0dLB>hLdLEIWOr n � Q9U=P$hLP � � 
�� �LbOJ0d
cjP$rCEIWOJ&d0n�X=hLn1e#� n � ?OJLU=n Q9J�dLU=P	ikn1h � J0dLB1HFH@PTX �0bOJLd*nCb=dLJ"EIX=P � ?MdLUabOJ B1HIH@n Q9EIW=r�dLU=Pzikn1h"<tP	d0n�cgbOEIHIX~b=efd0n
B�HIP$|1PTHAHIB>h"r1P9PTW=nCb=rCU�d0n�XOh"E@|1P n � dLU=P.cjnCbOWOX eOhLn1d0PTEFWZ: 2_U=P_ejPTB � ikn1h"<tP9d0n�Q9UOEI< U�dLU=P.i n1h"<tP.cgbOEIHFXOJ b=e

d0n~EFJ � Y '�egN�:g2_UOEIJ EFJ��0bgJ0d9HIB>hLr1P�PTW=nCb=rCU ikn1h9dLUOP�eOhLn1d0PTEFW�d0n~bOWqcgEIWgX�B1WgXZ?gB1J.Q*P�JLP$P�ikhLnCD � � � � � ?
dLU=P#ikn1h � pqbgEI< � H@v�h"P$|1P$hLdLJ_d0n�HFEIW=PTB>h"H@v�d0h"B1< � EIW=r 
 :
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�sE@rCb=hLP��=: ^a:��=n1h"<tP�hLPTJ0ejnCWOJLP�i h"nCD bgW��TE@eOegEFW=r�R7N + Q.E@dLU]cjnCbOWOX eOhLn1d0PTEIW : �k-3WOJ0P$d ��u hLn1cgB>cAEIHIE@d}v�n1i
eOhLn1d0PTEFW]cgEIWgXOEIW=r�B1WOX D�PTB1W e;nCJ"E@dLE@nCW n1i_ikn1h � |MJ$: 
 :�2_U=P�eghLn1d0PTEIW cgEIWOXOJ	d0n�� 	 ^�cge ? � 	 �C�
cOe ? ��	%�	� � WOD�? � # 	%�"� ^ ��� ��? � �  	%^"� � ��� ��?	B1WgX � �  � � 	 YT^�� � ��: 2_U=P JLEIrCWOB1Hz<$B1W
cjP�XgEIJ0dLEIW=rCbgEIJLU=PTX ikhLnCD dLU=PfcgB1JLPTHIEIW=P~i n1h"<tP�h"PTJ0ejnCWOJ0P�i n1h�dLU=PTJLPf< U=nCEI<tPTJ�n1i � �  B1WOX�� �  � � ? Q9UOEF<"U
hLP �OPT<td9d vaegEI<$B1H eghLn1d0PTEIWfcgEIWgXOEIW=r�i h"P$P#PTW=P$hLrCE@PTJT:w2_U=P�J"UOB>ejP7n1isdLU=P � EIW � EIJ HIPTJLJ_HIE � P#B�JLBTQ_d0nan1dLU�dLUOB1W
EIWOUOnCD�n1r1PTW=PTE@d}v�bOWqcgEIWgXOEIW=r�<$B1J0P1: �k-3WOJ0P$d �	2_UOP�eghLn1cgB>cgEIHFE@d v �kdLUgEI< � J0nCHIEFX �_XOhLn1egJzikhLnCD�Y�d0n��fQ.U=P$hLP
dLU=P#ikn1h � � bOW=P$|1PTW XgB1JLU=PTX �&X=P$|MEIB>d0PTJ9i hLnCD HFEIW=PTB>h"H@v�d0h"B1< � EIW=r 
 :
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) WOP D�B>h � PTX XOE � P$hLPTWO<tP cjP$d Q&P$PTW nCb=h	hLPTJLbgH@dLJ	EIW�dLUOEIJ	J0PT<tdLE@nCW B1WOX dLUOnCJ0P�n1i�4aPT<tdLEInCW �=: �fEIJ7dLUOB>d

Q9UOEFH@P*dLUOP i n1h"<tP.UqbOD�egJ EIW�dLU=P9HIB>d0d0P$hwPTWOX=PTX�pabOE@d0P_B>cOh"bOeOdLH@v1?1Q9E@dLU�BzJLd0P$P$e~X=PT<thLPTB1JLP9EIW�dLU=P_ikn1h"<tP_B>ikd0P$h

dLU=PzbOW��TEIeOegEIW=rzikn1h � J"bO<$<tPTJLJ0i bOHIH@v ejPTW=P$d0h"B>d0PTX�B1WgX�dLU=n1h"nCb=rCUOH@v�XgEIJ0h"b=egd0PTX�dLU=P7cgB1J0P$egB1EIh"EIW=r�EIWOJLEIXOP_dLU=P

EIWOUOnCD�n1r1PTW=PTE@d}v1?.dLU=P ikn1h"<tP]UabOD�egJfEIW dLU=P eOhLn1d0PTEFW � cgEIWOXgEIW=r <$B1J0P]B>h"P]pqbOEId0P J"D�nqn1dLU ?9cjn1dLU EIW dLU=P

P��=<tPTJLJ � ikn1h"<tP�cgbgEIHIXOb=e~egUOB1J0P�B1WOXfP��M<tPTJ"J � i n1h <tP�hLPTHIB!�=B>dLE@nCW�eAUOB1J0P1:

) bOh7D�B1EFW�B1EFD EFW�dLUOEFJ.J0PT<tdLEInCW Q&B1J	d0n�JLU=n Q U=n Q�B�eOhLn1eAB>rCB>dLEIW=rfbOW��TE@eOeAEIW=r�ikn1h � <$B1W X=h E@|1P�n �

B]cjnCbOWgX eOhLn1d0PTEIW : G�n1hLP$n |1P$h ?.B XgEIJ0dLEIWO<td�B1WgX�JLb=cAJ0dLB1WmdLEFB1H��khLPTHIB>dLEI|1P�d0n WOnCEIJ0P � ikn1h"<tP�JLE@rCWOB1HV?�n |1P$h

B1WOX B>cjn |1P~Q9UOB>d#EIJzJLP$PTW]EIW bOW��TEIeOegEIW=r�WOB � PTX]R	N + ? EFJ	n1cOdLB1EIW=PTXZ:�(&v bOJLEIWOr~hLPTB1JLnCWOB>cgH@P�|>B1HIb=PTJzn1i

eOhLn1d0PTEFW � cgEIWOXgEIW=rzikhLP$P	PTW=P$hLrCE@PTJ B1WOXfn1dLUOP$h egUmvMJLEI<$B1H;egB>h B1D�P$d0P$h"J$?=Q&PzUOBT|1P#JLUOn Q9WfdLUOB>d E@d EIJ&egHFB1bOJLE@cgHIP

dLUOB>d_cjn1dLU�dLUOPTJ0PzegU=PTW=nCD�PTWOB�<$B1W cjPzn1cOdLB1EIWOPTX�EIWfcjn1dLU EIWf|ME@|1n�B1WOX�EIWf|ME@d0hLn=:

� 
 � ����� � � � � � � ����� � � � � ����� � � ��� ��� � � ��� � � �O $����� ��� � � � � �����	�

� P�WOn Q h"P$dLb=h"W d0n dLU=P�<$B1JLP n1i7B JLEID�egHIP�J0PTpab=PTWO<tP�� EFWOU=nCD�n1r1PTW=PTEId v � 4aPT<>: �=: � � : -3W cjn1dLU dLU=P

JLB Q_d0nqn1dLU B1WOX�h"B1D�e � egHIB>d0PTB1b�<$B1JLPTJ.Q&P JLBTQ�dLUOB>d7dLU=P�lgWgB1H n1ejPTWOEIW=r�P$|1PTWmd7r1PTW=P$h"B>d0PTJzB~i n1h <tP �LbOD�e :

-3W dLUOP�D�PTB1W#� lOPTHIX dLU=P$n1hLv � 4MPT<>: �=: �a: � ��dLUOEIJ�ikn1h"<tP �0bOD�e EIJ�B�d0h"b=PfXOEIJL<tnCWqdLEIWabOE@d}v1? cgb=d�P$|1PTW Q9U=PTW

�gbO<tdLbgB>dLE@nCWOJ9B>h"P�EIWO<$HFbOX=PTX � 4aPT<>:��=: �a: \ �.B�h B>dLU=P$h7J"UOB>hLe lgWgB1H J0d0P$e�na<$<$b=h J$: + d9dLU=P�P��ad0PTWgJLE@nCW Q.U=P$hLP

dLU=P.i n1h"<tP �0bgD�e�nM<$<$b=h"J$?qd Q&n�Q&PTHIH � J0P$eAB>h"B>d0PTX�|>B1HIb=PTJwn1i bOW��TE@ege;PTX�cgB1JLPTJ*B>hLP7EIW�PTpabOEIHIEIcOh"EIbOD � EV: P1: UOB |1P

dLU=P�JLB1D�P�|>B1HIb=P~n1i i h"P$P�PTW=P$hLr1v � :�4MEFWO<tP�dLU=PTJ0P�J0dLB>d0PTJ�B>hLP�H@na<$B1HFH@v�JLdLB>cgH@P1? B1WOX UgBT|1P�dLU=P~JLB1D�P~ikhLP$P

PTW=P$hLr1v1?gdLU=P$hLP�D�bOJ0d cjP#B�ikhLP$PzPTW=P$hLr1vfcgB>h"h"E@P$h_J0P$egB>h B>dLEIW=r�dLU=PTD�:

2_UgEIJ�cgB>hLh E@P$h~U=PTEIrCUmd~Q&B1J~P��aeAHIEI<$E@dLH@v <$B1HI<$bOHFB>d0PTX ikn1h~dLU=P�D�PTB1W � lOPTHFX�JLB Q_d0nqn1dLU � `*pg: �=: [a?	4aPT<>:

�=: �a: �a:IY �*B1WOX~Q&B1J&J0P$PTW�d0n JL<$B1H@P.Q9E@dLU � � # : �sE@r=: �=: ��JLU=n Q9JwdLUOP9ikhLP$P_PTW=P$hLr1v�B1J&B#i bOWO<tdLEInCW�n1i WqbgD�cjP$h
n1i bOW��TEIeOejPTXfcgB1J0PTJ$?;B>d7JLbg<"U�B�JLB Q_d0nqn1dLU�ikn1h"<tP�� �LbOD�e�ejnCEIWqd$?Oikn1h7B�hLPTB1HIEIJLdLEI<#<$B1J0P1? � 	 �C�M? � # 	��"� ^a?
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� ! 	 Y � �1^a? � 	 �C�1�M?gikn1h P��Md0PTWOJLE@nCW 
 	 \MYT\"� ��WOD�: 2_U=PzlOrCbOhLPzJLU=n Q.J dLUOB>d_dLU=PzcAB>hLh"E@P$h J0P$egB>h B>dLEIW=r

dLU=P� <$HInCJ0PTX " � H@P$ikd � B1WOX  n1ejPTW " �kh E@rCUmd ��J0dLB>d0PTJ~EFJ�YT^ ����� EIW U=PTE@rCUqd$:�(&v D�B � EFW=r � HIB>hLr1P1?&Q9UOEIH@P

� P$P$egEIWOr � � � l#�aPTX ?=dLUOEIJ�cgB>hLh E@P$h_<$B1W�cjP#D�B1X=P#EIWgX=P$lgWOE@d0PTHIv�HIB>hLr1P1:

�=n1h_HFB>hLr1P � ?MdLU=P7cgB>hLh"E@P$h&<thLnCJLJLEFW=r�dLEID�P7<$B1W�cjP.PTWOn1h"D�nCbOJ$:w4MEFWO<tP9dLU=P7dLEID�P7ejP$h*cAB>hLh"E@P$h � <th"nCJLJLEIW=r
B>d0d0PTD�eOdzQ.EIHIH cjP�nCW�dLU=P n1h"X=P$hzn1i dLU=P |MEIJL<tnCbOJ7dLEID�P B1J"J0na<$EFB>d0PTX Q9E@dLU�B~ikP$Q � WOD�� H@nCW=r�n1c �3PT<td � B�ikP$Q

WOJ0PT< � ?=dLUOPzdLEID�PzW=P$PTX=PTXfd0n�d0h"B1WgJLE@d&dLU=PzcgB>hLh"EIP$h&n1i��sE@r=:��=: � B>d dLU=P#<tnaP��MEFJ0d0PTWO<tPzP��Md0PTWOJLE@nCWfQ9EFHIHOcjP	nCW

dLU=P�n1h"XOP$h#n1i � !�� dLEID�PTJ	dLU=P�B>d0d0PTD�eOd#dLEID�P1? nCW dLU=P�n1h"X=P$h�n1i&�M:IY�JLPT<>:�-KWOXOP$PTXZ?Zd Q&n � J0dLB>d0PfJ0Q9E@dL< UOEIW=r

cjP$d Q&P$PTW]�1^~cOe n1e;PTW�B1WOX <$H@nCJ0PTX 6 N + U=PTHIE � � H@nan1e�J0d0h"bg<tdLb=hLPTJ	UOB1J7cjP$PTW�n1cAJ0P$hL|1PTX�d0nfna<$<$b=h	nCW B Y

J0PT<�dLEID�PTJL<$B1H@P � � � � : 6 PT<tPTWqd9h"PTJLbOH@dLJ9n1i (*nM< � PTHFD�B1WOW � � � � UOBT|1P�n1cgJ0P$hL|1PTX�JLEID�EFHIB>h_J0Q9E@dL< UOEIW=r�Xgb=h"EIW=r

R	N + bOW �TE@eOegEIWOr � �>\ � :

� 
 � � ����� � � ��� ��� �

{7W��TE@eOeAEIW=r�R	N + Q9E@dLU�X=PTJLEIrCW=PTX~JLPTpqb=PTWg<tP	EFWOU=nCD�n1r1PTW=PTEIdLE@PTJ*B1WgX~cjnCbOWgX�eOhLn1d0PTEFWOJwh"PTJLbOH@dLJ&EIW�XOEIJ �

dLEIWO<tdLEI|1P.ikn1h"<tPzJLE@rCWOB1HFJwQ9UgEI<"U�<tn1hLhLPTJ0ejnCWOX~d0n dLU=PzXOEIJ0h b=eOdLE@nCW�n1i dLU=P	EIWOU=nCD�n1r1PTWOPTE@d v�B1WgX�XgEIJLJ0nM<$EIB>dLE@nCW

n1i9dLUOP~cjnCbOWOX eOhLn1d0PTEFW ikhLnCD dLU=PfR	N + ? hLPTJ0ejPT<tdLE@|1PTH@v1:]29U=P~ikn1h"<tP�JLE@rCWgB1H*EIJ B � EIW � JLb=ejP$hLejnCJ0PTX nCW

dLU=P�cAB1J0PTHIEIW=P�R	N + bOW��TE@eOeAEIW=r�hLPTJ0ejnCWOJ0P�cgbOd#XOEIJL<tP$h"WgE@cgH@P�i h"nCD E@d$: �On1h�J0PTpab=PTWO<tP~EIWOU=nCD�n1r1PTWOPTE@dLE@PTJ$?

dLU=P#ikn1h"<tP � EIW � EIJ9PTE@dLU=P$h9J"BTQ_d0nan1dLU�n1h9h"B1D�e � egHIB>d0PTB1b�EFW JLUOB>ejP1?gX=P$ejPTWOXgEIW=r nCW � ! B1WOX�� i n1h � # B1WOX

� l#�MPTXZ: + X!�0bgJ0dLEIW=r � ! n1h �f? nCW=P�<$B1W J"D�nqn1dLUgH@v�EFWmd0P$h"<tnCWq|1P$hLd�c;P$d}Q*P$PTW dLU=P�d}Q*n�hLPTJ0ejnCWOJ0PTJT:�2_U=P

egB>h"B1D�P$d0P$h�|>B1HIb=PTJ	Q9U=P$h"P�nCW=P�i n1h <tP�d0h"B1<tP�< UOB1W=r1PTJ�EIWmd0n B1WOn1dLU=P$h�B>hLP�< UOB>h"B1<td0P$h"E �$PTX]P��=B1<tdLH@v EIW dLU=P

D�PTB1WflOPTHFX�B>egeOhLn �=EID�B>dLEInCW�B1WgX�<tnCD�egb=d0PTX�WabOD�P$h"EI<$B1HFH@v�Q9U=PTW��gbO<tdLbgB>dLE@nCWOJ�B>hLPzEIWO<$HIbgX=PTXZ:s2_U=P7cgB>h �

h"E@P$h#B>d�dLU=P�PTX=r1P�n1i�dLU=P�d Q&n�ikn1h"<tP�d0h"B1<tPTJ�EIJ#JLU=n Q9W d0n cjP�� �>� ��� ��?oEIWOXOEF<$B>dLEIW=r�dLU=P �gbO<tdLbgB>dLE@nCWOJ

cjP$d Q&P$PTW dLU=P�d Q&n�i h"P$P#PTW=P$hLr1vfD�EIWOEFD�B B>d_dLU=PzPTX=r1P#n1isikn1h"<tP#d0h"B1<tP�Q9EIHIH;cjPznCW�dLU=P�Y�J0PT<	dLEID�P�J"<$B1H@P1:
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�sE@rCb=hLP �=: �a: �=hLP$P�PTW=P$hLr1v cgB>hLh E@P$h�i n1h�dLU=P�JLB Q_d0nqn1dLU ikn1h"<tP hLPTJ0ejnCWOJLP�Q9E@dLU 
 <"U=nCJ0PTW J0n dLUOB>d~dLU=P
D�nCH@PT<$bgH@P�EIJ	h"E@rCUqd#B>d#dLU=P�PTWOX n1i&dLU=P�J"BTQ_d0nan1dLUZ: 
 	 \MYT\"� � WOD ?�� 	 �C�1� cOe ? � 	 �	� ^a?�� 	 �	�IY>?
� # 	 �"� ^ ��� ��? � 	 �	� � WOD�:�2_UOP�H@PTW=r1dLUZ? EFW cgB1J0P$egB1EIh"J$?Zn1i�dLU=P�EIWgU=nCD�n1r1PTW=PTE@d}v � 	 �C��cOe :�2_U=P
cgB>hLh E@P$hwU=PTE@rCUqdwEIJ ��YT^ � � ��?qQ9UOEI< U�EID�egHFE@PTJsdLUOB>dwJ0Q.E@dL<"UOEFW=rzdLEID�P_cjP$d}Q*P$PTW~dLU=P9d}Q*n�J0dLB>d0PTJ � �M:IY.J0PT<>:
2_U=P~D�B>rCWOE@dLbOXOP�n1i dLU=P~<$B1HF<$bOHIB>d0P�cAB>hLh"E@P$h�UOPTE@rCUmd�EIJ�<$HInCJ0P�d0n�Q9UOB>d�EFJ#P��Me;PT<td0PTX ikhLnCD dLU=P�B1WOB1H@vadLEI<
D�PTB1W�lgPTHIXfi n1h D�bOHFB i n1h_dLUOP#cgB>hLh"EIP$h�UOPTE@rCUmd$:



Y1Y �

+ XOEIJ0dLEFWO<td�i n1h"<tP#J"E@rCWOB1HZB1HIJ0n�h"PTJLbOH@dLJ�Q9UOPTWfQ*P�bgW��TE@e�B�XOJLR	N + D�nCHIPT<$bOH@PzQ9E@dLUfB�eghLn1d0PTEIWfcjnCbOWOX

J0nCD�P$Q.U=P$hLP B1H@nCW=r�E@d$: � P�B1JLJLbOD�P�eOh"n1d0PTEIW�d0n�cAEIWOX d0n�XOJ"R7N + D�bO<"U D�n1hLP�JLd0hLnCW=rCH@v dLUgB1W�J"JLR	N + :

+ J�B�hLPTJLbgH@d$?sQ9U=PTW]dLUOP�bOW �TE@eOegEIWOr�i n1h � B>egeOhLnCB1<"UOPTJ�dLUOP~eOh"n1d0PTEIW � cgEIWgXOEIW=r�X=nCD�B1EFW n1i_dLUOP�R	N + ? B

HIB>hLr1P ikn1h"<tP]UOB1Jfd0n cjP B>eOegHIE@PTX d0n X=h"E@|1P dLU=P bOW �TE@eOegEIWOr]i n1h � dLU=hLnCb=rCU dLUOP XOnCD�B1EIWZ: 29UOEIJ�HIB>hLr1P

ikn1h"<tPzQ9EIHIH;D�B � P�EId&i BT|1n1h B>cgH@P#ikn1h dLU=PzeOhLn1d0PTEFWfd0n�XOEIJLJLna<$EIB>d0P	ikhLnCD dLU=P#R	N + B1H@d0n1r1P$dLUOP$hT?gh"B>dLUOP$h dLUOB1W

hLPTD�B1EFW�cjnCbOWgX d0n�JLJLR	N + �kdLUOEIJ7cgEFWOXOEIW=r=?Acqv�B1JLJLbOD�egdLE@nCWZ?ZEIJ.|1P$hLv�Q&PTB � HIv�J0dLB>cgEFHIE �$PTX�n1h	WOn1d	JLdLB>cgH@P

B>dfB1HIH � : 2_U=P�cAbOEIHIX b=e d0n dLUOEIJ~HIB>hLr1P�i n1h"<tP�cjP$i n1h"P�dLU=P�eOhLn1d0PTEFW�bOWqcgEIWOXgJ�B1WOX dLU=P�XOhLn1e EFW ikn1h"<tP

B>ikd0P$h�dLUOP�eghLn1d0PTEIW bgWmcgEFWOXOJzrCE@|1PTJ dLUOP~ikn1h"<tPfJLE@rCWOB1H*dLU=PfJLUOB>ejP�n1i9B � EIW � ?sJ"EID�EIHIB>h�d0n�dLUOP�JLB Q_d0nan1dLU

d0h"B1<tP�n1i#dLU=P�J0PTpqbOPTWO<tP�� EIWOU=nCD�n1r1PTW=PTE@d v <$B1J0P1:�{7JLEIWOr]egHIB1bOJ"E@cgH@P WabOD�c;P$h J�i n1hfdLU=P�hLPTH@P$|>B1Wmd�dLU=P$n1hLv

egB>h"B1D�P$d0P$h"J � � �  � � �  � � B1WOX � � ?MB�HIB>h"r1P9ikn1h"<tP � EIW � n |1P$h_B1WgX�B>cjn |1P7dLU=P.bgJLbOB1HgbgW��TE@eOegEFW=r	hLPTJ0ejnCWOJ0P

hLPTJLbgH@dLJ$?CJLb=r1r1PTJLdLEIW=rzdLUOB>d P��MejP$h"EID�PTWqdLB1HIEIJ0dLJsD�B v�cjP B>cgH@P�d0n�XgEIJL<tP$h"W B	eOhLn1d0PTEFW�bOWmcAEIWOXOEIWOr_P$|1PTWmdwQ9U=PTW

bOW��TEIeOegEIW=r�R	N + Q9E@dLU cjnCbOWgX�eOhLn1d0PTEIWgJ$:�-KW�JLbOD�D�B>hLv1?gnCb=h7D�nMX=PTHIEIW=r�J"b=r1r1PTJ0dLJ7dLUOB>d9dLUOP�XOEIJLdLEIWO<tdLE@|1P

P � PT<tdLJ�Q*PfUOB |1P X=PTJL<th"E@cjPTXZ?oikn1h�cjn1dLU J0PTpab=PTWO<tP�EIWOU=nCD�n1r1PTW=PTE@dLE@PTJ�B1WOX c;nCbgWOX]eOh"n1d0PTEIWOJ$? JLU=nCbgHIX cjP

n1cgJ0P$h"|�B>cgHIP EFW P��aejP$h"EID�PTWmdLJ$:�` �MEIJLdLEIW=rfeOhLn1d0nM<tnCHIJ#B1WOX]P��aejP$h"EID�PTWmdLB1Hsd0PT< UOWOEIpab=PTJzB>hLP�Q&PTHIH � J"bOE@d0PTX�d0n

XOE@h"PT<tdLH@v�d0PTJ0dLEFW=r�nCb=h eOh"n1e;nCJ"B1HIJ$:
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2_UOP�egb=hLejnCJ0P�n1i*dLUgEIJz<"UOB>egd0P$h�EIJ	d0n eAHIB1<tP�dLUOEIJ	dLU=PTJ"EIJzEIWqd0n dLU=P�cOhLnCB1XOP$h#HIB1WOXOJL<$B>ejP n1i JL<$E@PTWqdLE@lg<

B1<tdLE@|ME@d v eAb=h"JLb=PTX cqv cgEIn1egUmvMJLEI<$EFJ0dLJ$?wcAE@nCH@n1rCEIJ0dLJ~B1WOX cAE@na< U=PTD�EIJLdLJ$: � P�cjP$rCEIWZ? EIW 4aPT<tdLE@nCW ^a: �a?_cqv

JLbOD�D�B>h"E �TEIWOr=?gEIW r1PTWOP$h"B1H d0P$h D�J$?;dLU=P�eOh EIWO<$E@egB1Hjh"PTJLbOH@dLJ9n1i dLU=P�HFB1J0d9dLU=h"P$P�<"UgB>eOd0P$h"J$:.-KW 4aPT<tdLE@nCW ^a: \a?

Q&P�EIWOXOEF<$B>d0P7Q.UOB>d P��aejP$h"EFD�PTWmdLJ9D�BTvfJLU=PTX�i b=hLdLUOP$h_HIE@rCUqd&nCW�nCb=h dLU=P$n1hLP$dLEF<$B1H eOhLn1ejnCJLB1HFJ B1WOX�EIX=PTWqdLE@ikv

eOhLnCD�EIJLEIW=r�Q&n1h � cjPTEIWOrfbgWOX=P$hLdLB � PTW EIW dLUgEIJzXOE@hLPT<tdLEInCWZ: -KW 4aPT<tdLEInCW ^a: �=? Q&P�B1XOX=h"PTJLJ	dLU=P�EID�e;n1h"dLB1Wmd

pab=PTJ0dLE@nCW�Q9U=P$dLU=P$h*cgE@nCH@n1rCEI<$B1HgD�EI<thLnCD�PT< UOB1WOEI<$J*EIW�r1PTWOP$h"B1HgB1WOX�nCb=h&hLPTJ0PTB>h"< U~EIW�egB>hLdLEI<$bOHFB>hw<$B1W~JLe;PTB �

d0n�Umvaejn1dLU=PTJ0PTJ B>cjnCb=d&dLU=P	Q*n1h � EIWOr�n1io<tPTHIHIJ�B1WOX�dLU=PTE@h <tnCWOJ0dLEIdLb=PTWmdLJ�dLUgB>d�EFWmd0P$hLPTJLd&cAE@nCH@n1rCEIJ0dLJT: -3W 4aPT< �

dLE@nCW�^a: ^a?OQ&PzJLb=r1r1PTJ0d�i b=dLb=hLP	XOE@hLPT<tdLEInCWOJwikn1h dLU=PzB>eOegHFEI<$B>dLE@nCW~n1i J0dLB>dLEIJ0dLEF<$B1HZD�PT<"UOB1WgEI<$J�d0n cgE@nCH@n1rCEI<$B1HFH@v

D�n1dLE@|>B>d0PTX eghLn1cgH@PTD�JT:

� 
 � ����� � ����� �
� � � � � � � � ����� � !�� ��� � ����� � � � !�� � �	� ����� � �	� � � ��� � �

� 
 ��
 � � � � � �������	��� �� � ��� ��� ����� � ���� � � � � ������� � ��� � ��� � � �����

� E@dLU�dLU=P B>cgEIHIE@d}v�d0n�B>eOegH@v�egEF<tnCN9P$Q_d0nCWgJ.n1i*i n1h <tP EFW�B�<tnCWmd0h"nCHIH@PTX D�B1WOW=P$h	d0n�EIWOXgE@|aEFXObOB1HjR	N +

� B1WOX]WOn Q�P$|1PTW <tP$h"dLB1EIW eOhLn1d0PTEFW �.D�nCH@PT<$bOH@PTJT?ZP��aejP$h"EID�PTWmdLB1HIEFJ0dLJ	UOBT|1P�JLdLbOXOE@PTX�P��Md0PTWOJLE@|1PTH@v U=n Q D�P��

<"UgB1WOEI<$B1HjJ0d0hLPTJLJ EFW�dLU=P	ikn1h"D n1i B J0d0hLP$dL< UOEIW=r ikn1h"<tP	n1h�d0n1h"pqbOP	B � PT<tdLJ_R	N + J0d0h bO<tdLb=hLP1:s-3W�y UOB>eOd0P$h_�a?

Q&P�dLU=P$n1hLP$dLEI<$B1HIHIv�B1WOB1H@v �$PTX U=n Q R	N + " J#UOE@rCU#� i n1h"<tP�EV: P1: � � Y$��egN PTHIB1J0dLEI<$E@d}v�EIJzD�naXObgHIB>d0PTX�Q9U=PTW

Q&P.<tnCD�ejPTH;R7N + d0n J0d0hLP$dL<"U�cgbOdwW=n1d*bgWmd}Q9EIJ0d$: R7P$ejPTWOXOEIW=rznCW�U=n Q D�B1Wqv�P��Md0h"B�dLbOh"WOJ Q&P$hLP7egb=dwEIWqd0n

Y1Y��



Y1Y '

n1hwdLB � PTW~nCb=d*n1i;dLUOP9R	N + cjP$ikn1hLP_egbOHFHIEIW=r=?1Bzh"EF<"U�ikn1h"<tP9h"PTJ0ejnCWOJ0P_EIWq|1nCH@|MEIW=rzdLU=hLP$P.W=P$Q�ikn1h"<tP_egHFB>d0PTB1bOJ

PTWOJLbOPTJ$: -KW�n1h"XOP$h d0n�bOWOX=P$h"JLdLB1WOX�dLUOP7P � PT<td_n1iodLU=P	d Q9EFJ0d <tnCWOJ0d0h"B1EIWqd$?=Q&P7eghLn1ejnCJ0PTXfB�D�naXOPTHAn1ioR	N +

Q9U=P$h"P�dLU=P�WOB>dLE@|1P�( � R	N + J0d0h"bO<tdLb=h"P�<$B1W d0h"B1WOJ0ikn1h"D d0n�B D�E �MdLb=hLP n1i&i nCb=h�n1dLU=P$h�W=n |1PTHwJ0d0h"bg<tdLb=h"B1H

J0dLB>d0PTJ � EIW r1PTW=P$h"B1H ?&dLUOP <tnCD�cgEFWOB>dLE@nCWOJ�EFWm|1nCH@|1P�nCWOH@v �]J0dLB>d0PTJ�nCbOd�n1i � � : � P�<$B1HIHIPTX dLU=PTJ0P�JLdLB>d0PTJ

4%� R	N + ? Q.UOEI<"U EIJ ����� P��ad0PTWgX=PTX hLPTHIB>dLE@|1P�d0n�( � R	N + <tnCWmd0nCb=h�H@PTW=r1dLU B1WOX bgWOX=P$hLd}Q9EIJ0d0PTXZ? u � R	N +

Q9UOEF<"U�EIJsB1HIJ0n � ����� P��ad0PTWOXOPTX�cAb=d n |1P$hLd Q.EIJ0d0PTXZ?mJ"< � u � R	N + Q9UOEF<"U�EIJsB7<tnCEFH@PTX � b=e �krCH@n1cgbOHFB>h �j|1P$h"J"E@nCW

n1iZu � R	N + J0n�UOB1J � ��� P��ad0PTWgJLE@nCW�<tnCD�egB>hLPTX�d0n�( � R7N + B1WOX~EIJ UOEIrCUOH@v�n |1P$hLd Q.EIJ0d0PTXZ?=B1WOX� "!�" � R	N + ?

Q9UOEF<"U�UgB1J*B1W~P��ad0PTWgJLE@nCW�JLEID�EIHFB>h d0n�( � R	N + cgb=d Q.E@dLU�n1eOejnCJLEId0P9d Q.EIJ0d$: (&v�i n1h D�EIW=r#<tnCD�cgEIWOB>dLEInCWOJwn1i

dLU=PTJ0P#JLd0h"bO<tdLb=h"B1HZJLdLB>d0PTJ$?gR	N + <$B1W JLB>dLEFJ0i v�dLU=P#EID�e;nCJLPTX�d}Q9EIJ0d_<tnCWOJLd0h"B1EIWqd_B1WOXfhLPTHIB!��d0n�B�H@n Q&P$h_ikhLP$P

PTW=P$hLr1v1: �=n1h_EIWOJ0dLB1Wg<tP1?aE@i R	N + EIJ&J0d0hLP$dL< U=PTXfQ9E@dLU�W=n�dLb=h"WOJ&EIWOEIdLEIB1HIH@v�dLB � PTWfnCb=d&cgb=d�B1HIJ0n W=n1d&B1HFH@n Q&PTX

d0n�bOWqd Q9EFJ0d � ��	 � � ?gR	N + d0h"B1WOJLi n1h"D�J*d0n�B�<tnCD�cgEIWgB>dLE@nCWfn1is4%� R	N + B1WgX�u � R	N + ?OJLEIWg<tP7dLUOP	bgWOX=P$h �

B1WOX�n |1P$hLd Q.EIJ0dLJ_n1isPTB1< U�J0dLB>d0P1?;EIWfdLU=P#h"EIrCUmd h"B>dLEIn=?OQ9EIHIHAeOhLPTJLP$hL|1P#dLU=P#EIWgE@dLEIB1HjWqbgD�cjP$h n1isdLb=h"WOJT:

{7JLEIW=r lOdLJ�d0n]dLU=P P��MejP$h"EID�PTWqdLB1H�XOB>dLBM?�Q*P Q&P$hLP B>cgHIP�d0n X=P$d0P$h"D�EFW=PfdLU=P�D�PTB1W P��Md0PTWOJLEInCW B1WOX

d Q.EIJ0d�n1i_dLU=P ��J0dLB>d0PTJT: -KW ikB1<td$?wQ*PfQ&P$hLP�pabOE@d0P�<tnCWOJ0d0h"B1EFW=PTX EFW dLU=Pf<"UOnCEI<tPfn1i_|�B1HFb=PTJ�n1i.J0nCD�PfdLU=P

egB>h"B1D�P$d0P$h"J�cqv n1dLU=P$h P��MejP$h"EID�PTWqdLJ�dLUgB>d�EIWgX=P$ejPTWOX=PTWqdLH@v�PTJLdLEID�B>d0PTX dLU=PTD�: ) b=h�hLPTJLbOH@dLJ�B1HIH@n Q*PTX B

eOhLPT<$EFJ0P#X=P$d0P$h"D�EFWOB>dLE@nCWfn1iodLU=P�D�PTB1W�d}Q9EIJ0d9h"B>d0P#n1i 4%� R	N + :

+ H@dLU=nCb=rCU�dLU=P EIWqd0P$hLeOhLP$dLB>dLEInCW�n1iAR7N + ikn1h"<tP�egHIB>d0PTB1bgJoB1Jod0h"B1WgJLE@dLE@nCWOJ cjP$d Q&P$PTW XOEIJ0dLEIWg<td J0d0h"bg<tdLb=h"B1H

J0dLB>d0PTJ&EIJ r1PTWOP$h"B1HIH@v B1<$<tP$eOd0PTXZ?MdLU=P9pab=PTJ0dLEInCW�n1ijQ9UOB>dwEFJ dLU=P.JLPT<tnCWOXOB>hLv�J0d0h"bg<tdLb=hLP_n1i 4%� R	N + UOB1J cjP$PTW

D�n1hLP�<tnCWqd0hLn |1P$h"JLEIB1HV:~-KWgX=P$PTXZ? 6 nCb �TEIWOB�� � ��� �V\(' �	UOBT|1P�B>hLrCb=PTX dLUgB>d�4%� R	N + EIJzPTJ"J0PTWmdLEFB1HIH@v�J"EIW=rCH@P��

J0d0h"B1WgX=PTX R7N + � JLJLR	N + � : ) b=h	dLU=P$n1h"P$dLEI<$B1H B1WOB1H@vMJLEIJ.eOhLn |aEFX=PTJ7ikb=h"dLU=P$h	P$|aEIXOPTWO<tP dLUOB>d�4%� R	N + EIJ	EIW

i B1<td7XOEFJ0dLEIWO<td_ikhLnCD JLEIW=rCHIP�� J0d0h"B1WOX=PTX�R	N + :;(�b=d7cjP$v1nCWOX�B1JL<tP$hLdLB1EIWOEFW=r~D�PTB1W�P��Md0PTWOJLE@nCWOJ7B1WOX�d Q9EFJ0dLJ$?



Y1YT[

JLEIWOrCH@P D�nCH@PT<$bOH@P�P��MejP$h"EID�PTWqdLJ X=nzW=n1d B1HIH@n Q�D�n1hLP h"P$lgW=PTX � WOn Q9H@PTXOr1P n1iAdLU=P dLUOP_J0PT<tnCWOXOB>hLv J0d0h"bg<tdLb=hLP

n1i J0d0h"PTJLJ � d0h"B1WOJLi n1h"D�PTX�J0dLB>d0PTJ$: � E@dLU~dLU=P	D�nMX=PTHg<$B1HIEIcOh"B>d0PTXZ?aQ*P.Q*P$h"P7B>cgHIP9d0n�egH@n1dwQ.UOEI<"U~R	N + J0dLB>d0P

n1hz<tnCD�cAEIWOB>dLE@nCW�n1iwJ0dLB>d0PTJ	Q&nCbOHIX�c;P�X=nCD�EIWgB1Wmd.i n1h	rCE@|1PTW � ��� 
 �9B1WOX � ��� � �_egB1E@h J$:	4anCD�P�hLP$rCEInCWOJ9n1i
dLU=P egUOB1JLP�XOEFB>r1h"B1D UOBT|1P�W=n1d	v1P$dzcjP$PTW�P��MegH@n1h"PTX�B1WgX�dLUgEIJ9h"PTD�B1EIWOJ7B1W B1<tdLE@|1P�PTWqd0P$hLeOh"EIJLP�ikn1h#J0nCD�P

P��Me;P$h EID�PTWqdLB1Hjr1hLnCb=egJ$:

� 
 ��
 � ��������� � � !���� ��� ��� � � � ���� � ����� � � � � � ����� ��� � ����� � � !���� � ����� �������

-3Wfy UOB>eOd0P$h \a?aQ&P	X=P$|1PTH@n1ejPTX~B�D�nMX=PTHOd0n�J0dLbgX=v�U=n Q d0n1h"pab=P7egbOHIJ0PTJwr1P$d*eghLn1egB>rCB>d0PTX�B1H@nCW=r�R	N +

EIW�n1h"X=P$hsd0n	P��aeAH@n1hLP&dLU=P�e;nCJ"JLE@cgEIHFE@d v7dLUOB>dsdLU=P&d0n1h"pqbOP&eghLnaXgbO<tPTX�cav�<tP$hLdLB1EFW�eghLn1d0PTEIW D�n1d0n1h"JoQ9U=PTW�dLU=P$v

B1<td&nCW�R	N + <$B1W�XOEIJLdLb=hLc�dLU=P_cAEIWOXOEIWOr7n1iZXOEFJ0dLB1Wmd*eOhLn1d0PTEIWgJ d0n�R	N + :M2_U=P lOh J0dwJ0d0P$efEIW�dLU=P.B>hLrCbOD�PTWqd

Q�B1J&B1W�PTJ0dLEFD�B>d0P	n1i dLU=P7d0n1h"pqbOPTJ*dLUgB>d&Q&nCbOHIX�cjP.hLPTpabOE@h"PTX�d0n X=h"E@|1P7XOEIJLJ0nM<$EIB>dLE@nCW�n1i B�cjnCbOWOX�eghLn1d0PTEIWZ:

{7JLEIW=r	B.J"EID�egH@P*d Q&n � J0dLB>d0P_PTpabOEIHIEIcOh"EIbOD cAEIWOXOEIWOr � bOWmcAEIWOXOE@W=r�D�nMX=PTHV?�Q*P�PTJ0dLEFD�B>d0PTX dLUOEIJ d0n1h"pab=P1: 2_U=PTWZ?

Q&P7B>hLrCbOPTX�ikn1h*B�egB>hLdLEI<$bgHIB>h ikn1h"D n1iZdLUOP.PTpabOB>dLE@nCW~n1i D�n1dLE@nCWZ: + D�nCW=rCJ0d&n1dLU=P$h�B>eOeOhLn �MEFD�B>dLE@nCWOJwdLUOB>d

Q&PTWmd�EIWmd0n�dLU=P�PTpabOB>dLE@nCWZ?odLU=P�D�nCJLd�JLE@rCWgE@lg<$B1WqdzQ&B1J�dLUOB>d�Q&P~E@rCWOn1hLPTX]UqvaX=h"naX=vMWOB1D�EF<�EFWmd0P$h"B1<tdLEInCWOJ$?

EV: P1: dLUOP�W=nCW � H@nM<$B1H EIWqd0P$h"B1<tdLE@nCW cjP$d}Q*P$PTW XOE � P$hLPTWqd�hLP$rCE@nCWOJ n1i	dLU=P�R	N + D�PTXOEIB>d0PTX cav dLU=P� Q�B � P("

n1iwdLUOP�eOhLn1egB>rCB>dLEIWOr�d}Q9EIJ0d7egbOHFJ0P1: � E@dLU�dLU=P�PTpqbgB>dLE@nCW n1i*D�n1dLEInCW B>d	UgB1WOXZ?jQ*P�JLe;PT<$EIlOPTX�dLUOP�EIWOE@dLEIB1H

<tnCWOXOEIdLE@nCWOJ_ikn1h7dLU=P�d}Q*nfd}vqejPTJ.n1i eOhLn1d0PTEIW�Q_hLPTWO< U=PTJ7Q*P <tnCWOJLEFX=P$hLPTX�EFW�X=P$dLB1EIH ? 6 N + ejnCH B1WOX�r1vqh B1J0P1:

� P J0nCH@|1PTX�dLU=P&PTpqbOB>dLEInCW�n1igD�n1dLE@nCW�d0nzX=P$d0P$h D�EIW=P dLUOP*egbgHIJ0PwJLUgB>e;PTJoB1WOX�d0n1h"pab=PweOh"n1lgH@PTJ B1JsB.ikbgWO<tdLE@nCW

n1i dLEID�P�ejnCJLE@dLE@nCW�B1H@nCW=r�dLU=P�D�nCH@PT<$bOH@P1:9{7JLEIWOr�dLU=PTJ0P�hLPTJLbgH@dLJ_Q&P�PTJLdLEID�B>d0PTX U=n Q�i B>h7dLUOP�cOhLnCB1XOPTWOEIW=r

d Q.EIJ0d egbOHFJ0Pz<$B1W�X=PTHIEI|1P$h_JLb ��<$E@PTWqd d0n1h"pab=Pzd0n�XOEFJLH@nMX=r1PzB�cjnCbOWOX�eOhLn1d0PTEIW :
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(�B1J0PTX�nCW�nCb=h_hLPTJ"bOH@dLJ$?MQ&P�<tnCWO<$HIbOXOPTXfdLUOB>d_eOhLn1eAB>rCB>dLEIW=r�d Q.EIJ0d egbOHFJ0PTJ�X=n�W=n1d9B � PT<td9dLU=PzcAEIWOXOEIWOr

n1i eOh"n1d0PTEIWOJ*dLUOB>d&D�n1hLP7D�n1hLP.dLUgB>d � Y$�1��cOe�B Q&B v1: � P	ejnCEIWqdwnCb=d&dLUOB>d&d0n1h"pqbOP7<$B1WfUOB |1P7n1dLUOP$h�bgJ0PTJ$?

HIE � PzeAB>hLdLEIB1HIH@v~J0d0h"E@eOeAEIW=r R7N + n � dLU=P#JLb=hLi B1<tPzn1i UOEIJ0d0nCWOPzna<tdLB1D�P$h J$:
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-3W y�UOB>eOd0P$h��=?MQ&P#J0dLbOXOE@PTX�bOW��TEIeOegEIW=r�R7N + D�nCH@PT<$bOH@PTJ�Q9EIdLU�cgbgEIH@d � EIW~J0PTpqbOPTWO<tPzEIWOU=nCD�n1r1PTWOPTE@dLE@PTJ

n1h cjnCbOWOX]eghLn1d0PTEIWOJ$:�2_U=PTJ0P�eOhLPTJLPTWmd B1W n1cgJ0d0h"bO<tdLEInCW d0n�dLU=P�bOWOE@ikn1h"D bgW��TE@eOegEFW=r�n1i9R	N + cjPT<$B1bOJ0P

dLU=P$v�H@nM<$B1HIH@v B � PT<td*dLU=P7<tnCU=PTJLE@|1PTWOPTJLJwn1ijdLU=P7X=nCb=cgHIP�� U=PTHIE �j: ) bOh r1nCB1HAEFW�dLUOEIJwhLPTJ0PTB>h"< U�Q�B1Jwd0n�P��aeAH@n1hLP

Q9U=P$dLUOP$h dLU=PTJ0P_n1cAJ0d0h"bO<tdLE@nCW�Q*nCbOHFX�r1PTW=P$h"B>d0P7XOEIJ0dLEIWg<tdLE@|1P i n1h <tP9JLE@rCWOB1HFJsdLU=hLnCb=rCU�Q9UOEI< U dLU=PTE@h eOh"PTJ0PTWO<tP

<tnCbOHIX�cjP&XOP$d0PT<td0PTX�EIW#dLUOP�HFB>c;n1h B>d0n1hLv1: � P_XgEIX#dLUOEFJ cav�<tnCWOJLd0h"bO<tdLEIW=r7B	JLEID�egHIPwD�nMX=PTHqB1WgX�dLUOPTW�JLnCH@|1PTX

E@d�WabOD�P$h EI<$B1HIH@v�B1WOX]EIW dLUOP�D�PTB1W � lOPTHFX HIEID�E@d$:�{7JLEIW=r�d}vqegEF<$B1H |>B1HIb=PTJzikn1h�dLU=P�P��ad0h"B�<tnCU=PTJLE@|1PTWOPTJLJ�n1i

B X=PTJLEIrCW=PTX J0PTpqbOPTWO<tP�EIWOUOnCD�n1r1PTW=PTE@d}v n1h�dLU=P�P��Md0h"B cgEFWOXOEIW=r�i hLP$P�PTWOP$hLr1v n1i	B eOhLn1d0PTEFW d0n XOJLR	N +

<tnCD�egB>h"PTXfd0n J"JLR	N + ?MQ*Pz<tnCWO<$HIbgX=PTX�dLUOB>d B�J"E@rCWOE@lg<$B1Wqd&i n1h"<tPzJLEIrCWOB1HAXOnqPTJ EIW~i B1<td&h"PTJLbOH@d$:wG�n1hLP$n |1P$h ?

EIW <$B1J0P�n1i&dLUOP�J0PTpqbOPTWO<tP�EIWOUOnCD�n1r1PTW=PTE@d}v1? Q&P�i nCbOWgX dLUOB>d#Q9U=PTW EIdLJ#H@PTW=r1dLU]EFJ	|�B>h"EIPTXZ? d Q&n�XOE � P$hLPTWqd

B1WOX�P��MejP$h"EID�PTWqdLB1HIH@v�XOEIJ0dLEFW=rCbOEIJLUgB>cgH@Pwikn1h"<tP7JLE@rCWOB1HIJsh"PTJLbOH@d$:�� P7<tnCD�egb=d0PTX�dLU=P.egB>h"B1D�P$d0P$h&J0P$dLJ Q.U=P$hLP

Q&P#P��aejPT<td_d0h B1WOJ0ikn1h"D�B>dLE@nCWfikhLnCD nCW=P�i n1h"<tP�JLE@rCWOB1Hjd0n�B1WOn1dLU=P$hT:
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-3W y�UOB>eOd0P$h9�a?=Q&Pz<tnCD�egb=d0PTXfdLU=P	ikn1h"<tP�� d0n1h"pab=P�B1WOX�ikn1h"<tP�� d Q.EIJ0d egUOB1JLP	XgEIB>r1h"B1D�J&ikn1h_R7N + :O2_UOEIJ

<tn1hLhLPTJLe;nCWgXOJod0n�B1W�P��Me;P$h EID�PTWqdLB1HaXOPTJLE@rCW dLUOB>dw<$B1W�JLEID�bOH@dLB1W=P$nCbOJ"H@v#J0d0hLP$dL< U�R	N + B1WOX�EFWOX=P$ejPTWOX=PTWqdLH@v

B>eOegHIv <tnCWqd0hLnCHIH@PTX d0n1h pqb=PTJ n1h d Q9EFJ0dLJ$:�� UOEIH@P dLU=P <$B1JLP]n1i l#�aPTX d}Q9EIJ0d UgB1J�cjP$PTW P��aejP$h"EFD�PTWmdLB1HFH@v

hLPTB1HIE �$PTXZ?qdLUgB>d&n1i l#�MPTX�d0n1h"pab=PzUOB1J�W=n1d$: ) bOh*Q&n1h � J"b=r1r1PTJ0dLJ�dLUOB>d�dLU=P	X=P$|1PTH@n1egD�PTWmd�n1i B>eOeAB>h"B>dLbOJ&d0n

B>eOegHIv.<tnCWqd0hLnCHIH@PTX#B1D�nCbOWmdLJ n1iMd0n1h"pqbOP d0n9R	N + Q9EFHIH B1HFH@n Q]ikn1h B <tnCD�egH@P$d0P P��MegH@n1h"B>dLEInCWzn1i=R7N + " J |>B>h"E@PTX
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J0d0h"bg<tdLb=h"B1HwJLdLB>d0PTJ$: + W P��MejP$h"EID�PTWqdLB1HwX=P$d0P$h D�EIWOB>dLE@nCW]n1i dLUOEIJ#eAUOB1J0P~XgEIB>r1h"B1D Q.EIHIH U=PTH@e <tnCW=lOh"D n1h

JLb=r1r1PTJLd&< UOB1W=r1PTJ&d0n�dLU=P7D�nMX=PTH " J lgd0dLEIW=r#egB>h B1D�P$d0P$h"J�B1WOX�<tnCD�egb=d0PTX~egUOB1J0P9XgEIB>r1h"B1D�: ) W=P7B>eOeOhLnCB1< U

d0n�dLUOEIJ&eOh"n1cgH@PTD EIJ&d0n�bOJ0P	X=h"B>r�ikn1h"<tPTJ�nCWfcjPTB1XOJ�d0n�B>eOegH@v~<tnCWmd0hLnCHFH@PTX�B1D�nCbOWqdLJ�n1i d0n1h pqb=P1: 29UOEIJ�HIEIW=P

n1i hLPTJ0PTB>h <"U EIJ#cjPTEIWOr egb=h"J"b=PTX cav dLU=P~(�bOJ0dLB1D�B1Wmd0P�B1WOX y&n � �TB>hLPTHIHIEwr1hLnCb=egJ �V/1nCUgW G�B>h � n=? eOh"E@|>B>d0P

<tnCD�D�bOWOEI<$B>dLEInCW � : + W=n1dLU=P$hzejnCJLJLE@cAEIHIE@d}v�EIJ7d0n bOJLP�n1cgJLP$hL|�B>dLEInCW n1iwd Q.EIJ0d �gbO<tdLbOB>dLEInCWOJ7d0nfXOPTXObO<tP dLU=P

d0n1h"pab=P1: G�B>rCW=P$dLEI<]d Q&P$P �$P$h"J�B>hLP Q&PTHIH � JLbgE@d0PTX d0n dLUOEIJ�dLB1J � ?7B1H@dLUOnCb=rCU B1<$<$b=h"B>d0PTH@v D�PTB1JLbOh"EIW=r dLU=P

�gbO<tdLbgB>dLE@nCWOJ EIJ_B�XOE ��<$bOHId*d0PT< UOWOEI<$B1HZeghLn1cgH@PTD�:

4MEFW=rCH@P�D�nCH@PT<$bOH@P�P��MejP$h"EID�PTWqdLJsUOBT|1P_cjP$PTW pabOE@d0P JLbO<$<tPTJLJLikbOHMEIW�XgEIJL<tn |1P$h EIW=rzW=n |1PTH=JLd0h"bO<tdLb=h"B1H=JLdLB>d0PTJ

n1i R	N + cgb=d&UOBT|1PzW=n1d�eOh"n |MEIX=PTX�D�bO< U�EFW=i n1h D�B>dLE@nCW�B>cjnCb=d&dLU=PTE@h�J0PT<tnCWOXgB>hLv�J0d0h"bg<tdLb=hLP1:*4anCH@|MEIW=r�dLUOEIJ

eOhLn1cAH@PTD hLPTD�B1EFWOJ9B1W�nCb=dLJ0dLB1WOXgEIW=r�dLB1J � : -Kd.EIJ.bOWOHIE � PTHIv~dLUOB>d7D�PT<"UgB1WOEI<$B1HoJ0d0hLPTJLJ � JLd0h"B1EIW P��MejP$h"EID�PTWqdLJ

<$B1W cjPfD�naXgE@lOPTX d0n hLP$|1PTB1H dLUOEFJ�EFW=i n1h D�B>dLE@nCW B1H@dLU=nCb=rCU <tnCD�cgEIWgB>dLE@nCW n1i7D�PT< UOB1WOEI<$B1H�P��MejP$h"EID�PTWqdLJ

Q9E@dLU J0ejPT<td0hLnCJL<tn1egEF<~D�PTB1J"b=hLPTD�PTWqdLJ �kP1: r=: bOJ"EIW=r �gbOn1hLPTJL<tPTWO<tP�d0h"B1WOJ0ikP$h�d0PT<"UOWOEFpqb=PTJ�d0n D�nCWOE@d0n1h�dLU=P

eOhLn �MEFD�E@d v�n1i �gbOn1hLn1egU=n1hLPTJ&Q9EIdLU + W=rCJ0d0h"nCD eOhLPT<$EIJ"E@nCW � hLP$eOhLPTJ0PTWqdLJ B eOhLnCD�EIJLEIW=r�XOE@hLPT<tdLEInCW~ikn1h i b=dLb=hLP

hLPTJ0PTB>h <"UZ:

+ H@dLU=nCb=rCU EIW�y�UgB>eOd0P$h \ Q&P XOEIX W=n1dflgWOX B1W B>eOeOhLPT<$EFB>cgH@P�P � PT<td�nCW dLU=P cgEFWOXOEIW=r n1i�XOEIJ0dLB1Wqd

eOhLn1d0PTEFWOJzikhLnCD d0h"B1WgJLE@PTWqdLH@v�r1PTWOP$h"B>d0PTX d0n1h"pqbOP�egbOHIJLPTJ$? Q&P�XOEIX JLb=r1r1PTJ0d�dLUOB>d�dLUOEFJ#D�PT<"UgB1WOEIJLD <tnCbOHIX

cjP�n1iwhLPTH@P$|>B1WO<tP�d0nfn1dLU=P$hzcAE@nCH@n1rCEI<$B1H egU=PTW=nCD�PTWOBM: + rCB1EIWZ?jdLU=P X=P$|1PTH@n1eAD�PTWmd	n1iwD�EI<thLnCD�B1WOEIegbOHIB>dLE@nCW

d0PT<"UgWOEIpab=PTJ#ikn1h�<tnCWqd0hLnCHIHIEIWOr�d0n1h"pqbOP�B>d�dLU=P~D�B1<thLnCD�nCH@PT<$bgHIB>h�JL<$B1HIP�Q9EIHIH B1HFH@n Q XgE@hLPT<td�D�PTB1J"b=hLPTD�PTWqdLJ

d0n cjP.D�B1X=P7nCW�U=n Q R	N + � eOh"n1d0PTEIW~JLvaJ0d0PTD�J&B>h"P.P � PT<td0PTX�cav�X=vaWgB1D�EI<$B1HIH@v r1PTW=P$h B>d0PTXfd0n1h"pqbOP1:*4MEIWO<tP
dLU=P d Q.EIJ0d	n1i&R	N + <$B1W cjP <tnCWmd0h"nCHIH@PTXZ? B>d#H@PTB1JLdznCW=P P��aejP$h"EID�PTWmdLB1Hor1hLnCb=e ?ZdLUOB>d	n1i�/CnqPTH 4adLB |�B1WOJT? EIJ

egb=h JLbOEIW=r U=n Q d}Q9EIJ0dLEIWOr9R	N + B � PT<tdLJodLU=PwcgEFWOXOEIW=r&n1i=eOhLn1d0PTEFWOJ � (7:14=<"UOWab=hLhT? eOh"E@|>B>d0Pw<tnCD�D�bOWOEF<$B>dLE@nCW � :
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2_UOP D�naX=PTHon1i y�UOB>eOd0P$h �fQ�B1J#J0ejPT<$E@lg<$B1HIHIvf<tnCWg<tPTE@|1PTX d0n�d0PTJ0dzQ9UOP$dLU=P$hzdLU=P�bOW��TE@egegEIW=r�n1i&R	N +

Q9E@dLU B�J0P$rCD�PTWqd�D�n1hLP]<tnCUOPTJLE@|1PTH@v cjnCbOWOX dLUOB1W�B |1P$h"B>r1P Q*nCbOHFX�XOEIJ0eAHIBTv�B1WSP��ad0h B>n1h"XOEIWOB>h"v�ikn1h"<tP

JLE@rCWgB1H i h"nCD dLU=P�XOEIJ0h"bOeOdLE@nCW�n1i dLUOB>d�EFWOU=nCD�n1r1PTW=PTEId v1: � P�EFWOX=P$PTX iknCbOWOX dLUgB>d�d0n�c;P�dLUOP~<$B1J0P1: + HIH

dLU=P�P��aejP$h"EFD�PTWmdLB1H eOhLP$h"PTpqbOEFJLE@d0PTJ_B1H@h"PTB1X=v P��=EIJ0d9d0nfejP$hLikn1h"D BfXOEIhLPT<td9d0PTJ0d	n1i nCbOh.hLPTJ"bOH@dLJ9B1WgX y B>h"H@nCJ

(�bOJ0dLB1D�B1Wqd0P(" Jsr1hLnCb=e�UOB1J P��MeOhLPTJLJ0PTX�EIWqd0P$hLPTJ0dsEIW�egb=h"JLbgEIW=r dLU=P&P��aejP$h"EFD�PTWmdLJ � y7:>(&bgJ0dLB1D�B1Wqd0P1?CeOh"E@|>B>d0P

<tnCD�D�bOWOEI<$B>dLEInCW � :�29U=P�JLB1D�P�U=nCHFXOJ�d0h"bOP�ikn1h�bgW��TE@eOegEFW=r]R	N + Q.E@dLU eOh"n1d0PTEIWOJ~c;nCbgWOX d0n J0ejPT<$E@lg<

J0PTpab=PTWO<tPTJ$: + XOEFJ0dLEIWO<td#ikn1h"<tPfJLE@rCWOB1H ?o<tn1hLh"PTJ0ejnCWOXOEIW=r�d0n�dLUOP~XOEIJ"J0na<$EFB>dLE@nCW]n1i_dLUOP~eOh"n1d0PTEIW ikhLnCD dLU=P

R	N + JLUOnCbOHIX�cjPzn1cgJ0P$hL|>B>cgH@P1:
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2_UOP�J0dLbOXOv�n1iwUOE@rCU � ikn1h"<tP�PTHIB1J0dLEI<$E@d}v n1iwR	N + D�BTv1? B>d7lOh"JLd$?;J0P$PTD E@h"hLPTH@P$|>B1Wmd.d0n~dLU=P�Q&n1h � EFW=rCJ9n1i

dLU=P�<tPTHFHV:�2_UOEFJ7EFJ#W=n1d#dLU=P~<$B1J0P � B1J & P$r1P$h � � � � �V�>� �zi nCbOWgXZ? dLU=P�eghLn1d0PTEIW 6 PT< + B>egegHIE@PTJ7PTW=n1h"D�nCbOJ

ikn1h"<tPTJ � Y$�1��egN �khLPTHIB>dLE@|1P�d0n��M:IY�egN�? dLU=P�ikn1h"<tP�JL<$B1H@P~B1JLJ0nM<$EIB>d0PTX]Q9EIdLU R7N + PTWmd0h"n1egEI<�PTHIB1JLdLEI<$E@d v �

B1J#E@d	ejnCH@vMD�P$h"E �$PTJ7nCW R	N + : ) dLU=P$hzP��MB1D�egH@PTJ	n1i�HIB>hLr1P�� ikn1h"<tP�r1PTW=P$h"B>dLEIWOr�eOhLn1d0PTEIWOJ	B>hLP 6 N + ejnCH � �

�C� egN�� � �>� ��B1WOX R7N + e;nCH�� � �>� eAN � � �>^ � : y U=hLnCD�B>dLEIW B1JLJLPTD�cgHIv�B1HIJ0n EIWq|1nCH@|1PTJfikn1h"<tPTJ � Y$�

egN � �>[ � �1^ � : {7WOX=P$h J0dLB1WOXOEIWOr�dLU=P�J0d0h"bg<tdLb=h"B1H�J0dLB>d0PTJ�B1<$<tPTJ"JLE@cgH@Pfd0n]R	N + bOWgX=P$h�dLUOPTJ0P�i n1h <tPTJ�Q9EIHIH

<tnCWqd0h"E@cgb=d0P�d0n B c;P$d0d0P$hfB>eOeOh"PT<$EIB>dLE@nCW n1izdLU=P�cgE@nM<"U=PTD�EI<$B1H_D�PT< UOB1WOEIJLD�J�bOWOXOP$h"H@vMEIW=r d0h"B1WOJL<th E@eOdLE@nCW

� 6 N + e;nCH � ?=hLP$egHIEI<$B>dLEInCW � R7N + e;nCH � ?gB1WOX D�EId0nCJLEIJ � <"UOhLnCD�B>dLEIW B1J"J0PTD�cAH@v � :

6 PT<tPTWmdLH@v1?�d Q&n eAB>e;P$h J �V^1� � '>� � UOBT|1P B1XOX=h"PTJLJ0PTX dLU=P eOhLn1cgHIPTD%n1i�U=n Q 6 N + ejnCH#d0h B1WOJL<th"E@cjPTJ

dLU=hLnCbOrCU dLU=P R7N + dLUOB>d EIJ J0dLbO< � d0n#dLUOP�J"b=hLi B1<tP&n1i;dLU=P UOEIJLd0nCW=P�na<tdLB1D�P$h : ) W=P D�PT<"UgB1WOEIJLD JLb=r1r1PTJLd0PTX

UOB1J*cjP$PTW�dLUOB>d 6 N + ejnCHgbOJ0PTJ*dLU=P7d0n1h"pab=P7EIdwr1PTW=P$h"B>d0PTJ�d0n�H@nM<$B1HIH@v�X=h E@|1P.bOWOegEIWOWOEFW=r.n1i dLU=P7R	N + ikhLnCD
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dLU=P�WqbO<$HIP$nCJ0nCD�P � R	N + � UOEIJ0d0nCW=P~na<tdLB1D�P$h � : + J�Q&P~XOEIJ"<$bOJLJ#EIW]dLU=P~<tnCWO<$HFbOJLE@nCW d0n]y�UOB>egd0P$h�\a?onCb=h
D�nMX=PTHjn1isd0n1h"pab=PzeOhLn1egB>rCB>dLEInCW�EIJ�hLPTHIP$|�B1Wqd_d0n�dLUOEFJ D�PT<"UOB1WgEIJLD�:

) dLUOP$h#egB>ejP$h"JzUOB |1P�B1XOX=hLPTJ"J0PTX dLU=P�eOh"n1cgH@PTD n1i�<"U=hLnCD�nCJ0nCD�P�h"PTD�naXOPTHIEIW=r��V^1� � :~2_UgEIJ7hLP$i P$h Jzd0n

dLU=P9XOvaWOB1D�EI< B1WOX�H@nM<$B1HObOWOi nCHIXgEIW=r7n1i;dLUOP_<"U=hLnCD�nCJ0nCD�P9d0n�B1HIH@n Q d0h"B1WOJL<th E@eOdLE@nCW n1ijdLU=P9R	N + dLUOB>dwQ�B1J

eOhLP$|ME@nCbOJ"H@v i nCHIXOPTX~EIWqd0n dLU=P	<"U=hLnCD�nCJ0nCD�PzB1WOX�dLUqbgJ&EFWOB1<$<tPTJLJLE@cAH@P9d0n hLPTB1XOEFW=r�cav 6 N + ejnCHV: + rCB1EIW ?qQ&P

UOB |1P#JLb=r1r1PTJ0d0PTXfdLUOB>d&d0n1h"pab=P	r1PTW=P$h"B>d0PTXfcav � W=n Q.W~< U=hLnCD�J0nCD�P7h"PTD�naXOPTHIH@P$h"J&D�BTv~eOhLn |aEIXOP.B>d H@PTB1J0d B

egB>hLdLEFB1HjP��aegHFB1WOB>dLE@nCW�n1iodLUOEIJ�egUOPTW=nCD�PTW=nCW �V^1� � :

) bOh Q&n1h � nCW�bgW��TE@eOegEFW=r J0PTpqbOPTWO<tP&EFWOU=nCD�n1r1PTW=PTEIdLE@PTJ EIJ H@PTJLJ hLPTH@P$|>B1Wmdod0n.cAE@nCH@n1rCEI<$B1HCB1<tdLEI|aE@d}v�EIW�<tPTHIHIJ

cgb=d&dLUOB>d n1ioX=h"E@|MEIW=r#eghLn1d0PTEIWOJ&n � R	N + cav�bOW �TE@eOegEIWOr�R	N + EIJ&pqbOEId0P7h"PTH@P$|�B1Wqd�d0n�dLU=PzbOWOX=P$h J0dLB1WOXOEIWOr

n1i;dLU=P9D�PT< UOB1WOEIJLD n1i;B#WabOD�cjP$h n1i;EIWqd0P$hLPTJ0dLEFW=rzeOhLn1d0PTEIWgJ$:��On1h*EIWOJLdLB1WO<tP1? 6 N + e;nCH=EFJ � WOn Q9W d0n�HIna<$B1HIHIv

bOW��TEIe�R	N + Q.U=P$hLP�E@d7EIJ_d0h B1WOJL<th"E@cAEIW=r�E@d$:_(�EIWOXOEFW=r�n1i W=PTB>hLcav�eOhLn1d0PTEIWgJ9D�B v cjP�X=PTJ0dLB>cgEFHIE �$PTX B1WOX�EIW

dLUOEIJ*Q�BTv 6 N + ejnCHAD�B v�<$H@PTB>h B�egB>dLU�i n1h�E@dLJ0PTH@iZnCW~dLU=P	R	N + :OG�B1Wqv�n1dLU=P$h�eOh"n1d0PTEIWOJ$?aEIWO<$HIbOXgEIW=rzR	N +

U=PTHIEF<$B1J0PTJzB1WOX�dLU=P�<"UOhLnCD�B>dLEIW hLPTD�naX=PTHFH@P$h"J7D�PTWmdLEInCW=PTX B>cjn |1P1? B>hLP � W=n Q9W d0n <thLPTB>d0P�JLJ"R7N + Q.U=P$hLP

dLU=P$v�B1<td$?OQ9UgEI<"U�<tnCbOHFX�cjP#B r1PTW=P$h"EI<zQ�BTvfn1i W=nCWOHIna<$B1HIHIv�B � PT<tdLEFW=r�dLU=P#cAEIWOXOEIWOr�n1ion1dLU=P$h9eOh"n1d0PTEIWOJ$:

� 
 � ��� ��� � � ��� � � ��������� �

+ d�dLU=PfH@P$|1PTHwn1i_R	N + ?sHIE@ikP�<$B1W cjP�hLPTXObg<tPTX d0n�d0h"B1WOJL<th E@eOdLE@nCWZ? d0h"B1WOJLHFB>dLE@nCWZ?shLP$egB1E@h ? hLP$rCbgHIB>dLE@nCWZ?

hLPT<tnCD�cgEIWOB>dLEInCWZ? B1WOX hLP$egHIEF<$B>dLE@nCWZ: 2 h B1WOJL<th"E@egdLE@nCW EIJ�dLU=P�eOhLnMXObO<tdLEInCW n1i7D 6 N + ikhLnCD B�JLd0hLP$dL<"U n1i

R	N + dLUOB>d_<tnMX=PTJ�ikn1h9B�eOhLn1d0PTEIWZ: 2 h"B1WOJ"HIB>dLE@nCWfEIJ&dLU=P#bOJ0P	n1ioD 6 N + d0n�<tnCWgJ0d0h"bO<td�dLU=P#<tn1hLh"PTJ0ejnCWOXOEIW=r

eOhLn1d0PTEFWZ: 2_UOEIJ EIWq|1nCH@|1PTJ�h"PTB1XOEIW=r dLU=P D 6 N + B1WOX B>h"h"B1W=rCEIW=r dLU=P�eOhLn1d0PTEIW D�nCWOnCD�P$h"J��kdLU=P�B1D�EIW=n

B1<$EIXOJ �_EIWqd0nfdLU=P <tn1hLhLPTJ0ejnCWOXOEFW=r~J0PTpab=PTWO<tP1:#R	N + <$B1W X=P$|1PTHIn1e JLe;nCWqdLB1W=P$nCbOJ7cOh"PTB � J7n1h#<$B1W cjPT<tnCD�P

n1dLU=P$hLQ.EIJ0P X=P$i n1h D�PTX B>i d0P$h#JLnCD�P r1PTW=P$dLEI< P$|1PTWqd � HIE � P�d0h"B1WOJL<th E@eOdLE@nCW � :#29U=PTJ0P�X=P$ikn1h"D�B>dLE@nCWOJ	UOB |1P�d0n



YT���

cjP7EIhLnCW=PTX�nCb=d�cjP$i n1hLP	dLU=PzW=P��Md hLnCbOWgX�n1i d0h"B1WOJL<th"EIeOdLE@nCW~n1h9J0nCD�P	n1dLU=P$h eOh"na<tPTJLJ <$B1WfeghLn1ejP$h"H@v�cjP$rCEIW �

<tnCHIH@PT<tdLEI|1PTH@v1?9dLUOEFJ�B1<tdLEI|aE@d}v�EIJf<$B1HIH@PTX R	N + hLP$egB1EIhT: 6 P$rCbOHIB>dLEInCW h"P$i P$h"J�d0n D�nMXObOHIB>dLEInCW n1i�eghLn1d0PTEIW

eOhLnMXObO<tdLEInCW�EIW�<tPTHFHIJwEIW�hLPTJ0ejnCWOJ0P9d0n�EIWqd0P$h"WOB1HA<$H@na< � J*n1h&P��ad0P$h"WgB1HAJ0dLEFD�bOHFEV:oN.n1d�B1HIH=hLP$rCbOHFB>d0n1hLv�B1<tdLE@|ME@d v

nM<$<$b=h"J*nCW�R	N + � D�n1hLP7r1PTW=P$h"B1HFH@v1?aR	N + B1WOX 6 N + ?aEV: P1: WabO<$H@PTEI<.B1<$EIXOJ � cgb=d&bOH@dLEID�B>d0PTH@v1?mdLU=P$v~<$B1W~cjP

d0h"B1<tPTX�cgB1< � d0n�JLE@rCWOB1HIJ�cjPTEIWOr�hLPTB1X n � R	N + cav�hLP$rCbOHIB>d0n1hLvfeOh"n1d0PTEIWOJ$: 6 PT<tnCD�cgEIWOB>dLE@nCW�EIJ_B�Q�BTv�ikn1h

B1W�n1hLrCB1WgEIJLD d0n�B1b=rCD�PTWmd_E@dLJ9R7N + cqvfEIWO<tn1hLejn1h"B>dLEFW=r�WOnCW � WOB>dLE@|1P#R	N + : �sEIWgB1HIH@v1?MhLP$egHIEF<$B>dLE@nCWfEIJ�dLU=P

eOhLnMXObO<tdLEInCW~n1ioB1W EIX=PTWqdLEI<$B1Hj<tn1eav~n1iodLU=P#<tPTHIH " J R	N + :#� U=PTW�dLUOP	<tPTHFHZXOE@|MEIX=PTJ&EIWfd Q&n=?OPTB1<"U�XOB1b=rCUqd0P$h

<tPTHIHZh"PT<tPTE@|1PTJ9B�<tn1eav�n1i dLUOP#egB>hLPTWqd_<tPTHIH " J_R	N + :

+ HIHAdLU=PTJ0P7eOhLnM<tPTJLJ0PTJ�B>hLPzJ0dLbOXOEIPTX�EIWqd0PTWOJLE@|1PTHIv�cqv�D�nCH@PT<$bOHIB>h&cgE@nCH@n1rCEFJ0dLJ$: + UOE@rCUOP$h&H@P$|1PTH;n1i n1h"rCB1WOE �

�TB>dLE@nCW EIJ9dLU=P�<tPTHFHV?gQ9UgEI<"U�hLPTJLbOH@dLJ9i h"nCD dLU=P�eOhLn1ejP$h9Q&n1h � EIW=r~n1i r1PTW=P$dLEI<�eOhLnM<tPTJLJ0PTJ7X=PTJL<th"E@cjPTX B>cjn |1P1:

y&PTHIH cgE@nCH@n1rCEFJ0dLJ9B1XOXOhLPTJLJ9pab=PTJ0dLEInCWOJ9Q.UOEI<"U�ejP$hLdLB1EIW d0n�eOhLnM<tPTJLJ0PTJ7B>d7dLU=P�<tPTHIHFbOHIB>h.HIP$|1PTH �AdLUOP�PTD�egUgB1JLEIJ

JLUOEIi dLJwi hLnCD J0dLbgX=vaEFW=r�J0nCHIEIdLB>hLv�r1PTW=P$dLEI<.P$|1PTWmdLJ B>d�dLU=P	R	N + H@P$|1PTH;d0n�J0dLbgX=vaEFW=r�<tnCD�egHIP��aPTJ&n1i eOh"n1d0PTEIWOJ

<$B>hLhLvMEIW=r�nCbOd dLB1J � J.W=P$PTX=PTX�ikn1h9JLEFD�egH@P	<tPTHIHIbOHFB>h ikbOWg<tdLE@nCWOJ$:

y&nCWgX=PTWOJ0PTX�D�B>d0d0P$h.eAUmvMJLEI<$J_<$B1W�<tnCWqd0h"E@cgb=d0P�JLE@rCWOEIlg<$B1WmdLHIv~d0n~dLU=P�r1hLn Q_dLU�n1i � W=n Q9H@PTX=r1P�B>d.cjn1dLU

dLU=PTJ0P HIP$|1PTHIJ�n1i	X=PTJL<th"E@egdLE@nCWZ:�� UOEIHIP~dLU=P WabOD�cjP$h�n1i.P��MejP$h"EID�PTWqdLB1H�J0dLbOXOE@PTJ�bgJLEIW=r JLEIW=rCHIPfD�nCH@PT<$bOH@P

d0PT<"UgWOEIpab=PTJ�B1WOX�n1dLU=P$h_D�P$dLU=nMXOJ&i h"nCD egUmvMJLEI<$J&UOB1J�r1hLn Q9WfP��MegH@nCJLE@|1PTHIv1?qQ&PzJLUOB1HIHAnCWOH@v�iknM<$bOJ&nCWfdLU=P$n �

hLP$dLEI<$B1H eOhLn1cgHIPTD�J�dLUOB>d.B>h EIJ0P#ikhLnCD n1ejP$h"B>dLE@nCW�n1i <tPTHIHIJ_B>d.c;n1dLU�H@P$|1PTHIJ n1i XOPTJL<th"E@eOdLEInCWZ:w,.P$hLP1?gnCb=h9r1nCB1H

EIJ JLEFD�egH@v�d0n~JLb=r1r1PTJ0d.d0n�dLU=PzhLPTB1X=P$h.dLU=PzcOhLPTB1XOdLU�n1i eghLn1cgH@PTD�J EFWfdLUOEIJ�lOPTHIX :

4MEFW=rCH@P�� J0d0h"B1WgX=PTX R	N + B>h"EFJ0PTJ�i hLPTpab=PTWqdLH@v EIW |>B>h"E@nCbOJ�r1PTW=P$dLEI<�eOh"na<tPTJLJLPTJ$: 2_U=PfHIB1< � n1i.XOP$dLB1EIH@PTX

� W=n Q9HIPTX=r1P]B>cjnCb=d dLU=P]H@n Q � ikn1h"<tP]PTHIB1J0dLEF<$E@d v n1i�JLJLR	N + EIJ�B J0P$h"E@nCbgJ�X=P$lg<$E@PTWO<tv1: N.bOD�P$hLnCbOJ�J0PTH@i �

EIWqd0P$h"B1<tdLE@nCWOJ�c;P$d}Q*P$PTW D�EIJLD�B>dL<"U=PTX cAB1J0P$egB1E@h"J�EIJ hLPTJ0ejnCWOJLEIcgH@P�i n1h�dLUOP�<tnCD�egHIEF<$B>d0PTX J0d0hLP$dL< UOEIW=r cjP��
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UOB |aE@n1h�n1i�JLJ"R7N + � �>^ � :�{7WOX=P$h"J0dLB1WgXOEIW=r]JLJ"R7N + " J�HIn Q � ikn1h"<tP D�PT<"UgB1WOEI<$B1H.hLPTJ0ejnCWOJ0P�EIJ�B1W b=hLr1PTWqd

hLPTpabOE@hLPTD�PTWmd$:

y&P$h"dLB1EIW�eOhLn1d0PTEFW�D�nCH@PT<$bOH@PTJ9<$B1HIH@PTXfhLPTJ0d0h EI<tdLE@nCW�PTW��$vMD�PTJ_<$bOd9R	N + B>d9J0ejPT<$E@lA<7J"E@d0PTJ �gB>r1r1PTX�cqv�B

egB>hLdLEF<$bOHIB>h�J0PTpab=PTWO<tP1:�4=EIWO<tP�dLU=P$hLP�B>hLP~WOn�H@nCW=r � h B1W=r1P~EIWqd0P$h"B1<tdLE@nCWgJ#cjP$d Q&P$PTW dLU=P�eOhLn1d0PTEFW B1WOX dLUOEIJ

JLE@d0P1?MU=n Q X=naPTJwdLUOP9eOhLn1d0PTEFW�J0PTB>h"< U~ikn1h*EIdLJwcgEFWOXOEIW=r	JLE@d0P�� 2_UOEIJwEIJwB�J0ejPT<$E@lg< P��=B1D�egH@P9n1i D�n1hLP9r1PTWOP$h"B1H

J0PTB>h"< U eOhLn1cgHIPTD�J9PTWg<tnCbOWmd0P$h"PTX�B>d	dLU=P�R	N + H@P$|1PTHon1iwX=PTJ"<th"E@eOdLE@nCW :	G�B1Wmv�eOhLn1d0PTEIWgJ$?AP1: r=:�hLP$rCbOHIB>d0n1hLv

eOhLn1d0PTEFWOJ$?&cgEIWOX d0n egB>hLdLEI<$bgHIB>h�JLE@d0PTJ�B1H@nCW=r]dLUOP�R	N + JLe;PT<$EIlOPTX nCWOH@v cav E@dLJ�J0PTpab=PTWO<tP1: -3J�dLU=P$h"P�B

r1PTW=P$h"B1H J0d0h"B>d0P$r1v�ikn1h9J0nCH@|MEIW=r dLUOEIJ_eOhLn1cgH@PTD �

2_UOP~J0PTB>h"< U eOhLn1cgHIPTD EIW hLPTJ0d0h"EI<tdLEInCW PTW��$vMD�PTJ UOB1J�cjP$PTW dLUOP�JLbOc �3PT<td�n1i_P��Md0PTWOJLE@|1PfhLPTJ0PTB>h <"U cqv

cgE@nM<"UOPTD�EIJ0dLJ�� 'MY � '1� � :w2_UOhLP$P	e;nCJ"JLE@cgEIHFE@dLE@PTJ UOB |1P#cjP$PTW�J"b=r1r1PTJ0d0PTXZ:��3Y �&29U=P	PTW��$vaD�P7h B1WOX=nCD�H@v�cAEIWOXOJ

d0n�dLU=PzR	N + B1WOXfP��MPT<$b=d0PTJ_BfY$R�h"B1WOX=nCD Q�B1H � J0PTB>h <"UZ:��V� �&29U=P.eghLn1d0PTEIW�cgEIWOXgJwB>d h"B1WOXOnCD B1WgX�E@i E@d

EIJ	W=n1dzB1H@hLPTB1XOv�B>dzE@dLJ7cgEIWOXOEFW=r�JLE@d0P1? XOP$dLB1<"U=PTJzikhLnCD dLU=P�R	N + ?jP��aPT<$bOd0PTJ#B�\>R h B1WOX=nCD Q&B1H � EIW�dLU=P

J0nCHIbOdLE@nCWZ?MB1WOXfcgEIWOXgJ*J0nCD�P$Q9U=P$hLP	PTHIJ0P1:w-}d X=naPTJ�dLUOEIJ�bOWqdLEIHjE@d�lgWOXOJ&dLU=P	cgEFWOXOEIW=r�JLE@d0P1:��V\ �&2_UOP7eghLn1d0PTEIW

B>d0dLB1<"UOPTJzd0n�B�h"B1WgX=nCD J"E@d0P�nCW�dLU=P R	N + ?;dLU=PTW�P��aPT<$b=d0PTJzB�JLU=n1h"d�Y$R h"B1WOX=nCD J0PTB>h"< U � E@i E@d7X=naPTJLW " d

lgWOX�EIdLJ dLB>hLr1P$d$?ME@d X=P$dLB1<"UOPTJ*B1WOX�dLU=PTW�pabOEI< � H@v�hLP$cgEIWgXOJsJ0nCD�P$Q9U=P$h"P_<$H@nCJ0P_cav � U=n1eOegEIWOr � :o(�E@nM<"U=PTD�EIJ0dLJ

UOB |1P�X=P$|MEIJ0PTX�EIW=r1PTWOE@nCbgJ EIWOXOE@h"PT<td P��aejP$h"EID�PTWmdLJ d0nfX=PTXObg<tP#dLU=P�D�PT< UOB1WOEIJ"D cgb=d9dLU=P$n1hLP$dLEI<$B1H B1WOB1H@vMJLEIJ

EIJ W=PT<tPTJ"JLB>hLvfd0n�h"bOHIP7nCbOd9B1H@d0P$h"WOB>dLEI|1PTJ$:

G�nCJ0doeOhLn1d0PTEIWOJ B>hLPweOh"PTJ0PTWmdoEIWzdLU=P&<tPTHIHmEFWz|1P$hLv#H@n Q <tnCWO<tPTWqd0h"B>dLE@nCWgJ$? ��Y*WgG]: + hLP*dLU=P$hLP&JLE@rCWOE@lA<$B1Wmd

X=P$|MEIB>dLE@nCWOJ_i hLnCD (&nCH@d �TD�B1WOW�J0dLB>dLEIJ0dLEI<$J.EIW�dLU=P � EFW=P$dLEI<$J n1i dLU=PTEIh_hLPTB1<tdLE@nCWOJ �]4adLB>dLEIJ0dLEF<$B1H �gbO<tdLbgB>dLE@nCWOJ

EIW r1PTW=P$dLEF< eOhLnM<tPTJLJ0PTJ�D�BTv hLPTpabOE@h"PfWOn |1PTH_eghLn1cgB>cgEIHFEIJ0dLEI<~X=PTJL<th"E@egdLE@nCWZ: 4MEID�bOHIB>dLEInCWOJ B1WOX D�nMX=PTHIJ�n1i
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H@n Q � hLPTB1<tdLB1Wqd � <tnCWO<tPTWmd0h B>dLE@nCW hLPTB1<tdLEInCWOJ�D�BTv�U=PTH@e~J"U=PTX~HFE@rCUmd*nCW�Q9U=P$dLU=P$h�X=P$|MEIB>dLE@nCWOJ*i h"nCD <$B1W=nCWgEI<$B1H
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